
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 34 { 43��� 532.546��������� ������������� ��������� ������ ���������� ������� �� ����� �����������. �. �����, �. �. ���������áâ¨âãâ ¯à®¡«¥¬ ¬ â¥¬ â¨ç¥áª¨å ¬ è¨ ¨ á¨áâ¥¬ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 31.07.2001�à¥¤«®¦¥  ä¨§¨ç¥áª¨ ®¡®á®¢  ï ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì ä®à¬¨à®¢ ¨ï ¤®¦¤¥¢®£® áâ®ª  á ¬ «ëå ¢®¤®á¡®à®¢.� à ¬ª å ¬®¤¥«¨ ®¯¨áë¢ îâáï á«¥¤ãîé¨¥ ¯à®æ¥ááë: ¯¥à¥å¢ â ®á ¤ª®¢ à áâ¨â¥«ì®áâìî, ¨å § ¤¥à¦ ¨¥ ¢ ¬¨ªà®¤¥-¯à¥áá¨ïå à¥«ì¥ä , ¨ä¨«ìâà æ¨ï, ¯®¢¥àå®áâë© áâ®ª, á¬ë¢, âà á¯®àâ ¨ ¯¥à¥®â«®¦¥¨¥ ¯®ç¢¥ëå ç áâ¨æ. �¨-á«¥®¥ ¬®¤¥«¨à®¢ ¨¥ ä®à¬¨à®¢ ¨ï ¯®¢¥àå®áâ®£® áâ®ª  ®á®¢ë¢ ¥âáï  à¥è¥¨¨ ¥áâ æ¨® à®£® ¤¢ã¬¥à®£®ãà ¢¥¨ï ¬¥«ª®© ¢®¤ë, ¨ä¨«ìâà æ¨®®£® ãà ¢¥¨ï ¨ ãà ¢¥¨ï ¯¥à¥®á  ¢§¢¥è¥ëå  ®á®¢. �«ï ãà ¢¥¨©¬¥«ª®© ¢®¤ë ¨ ãà ¢¥¨ï ¯¥à¥®á  ¢§¢¥á¥© ¯®áâà®¥ë ¥ï¢ë¥ ª®á¥à¢ â¨¢ë¥ à §®áâë¥ áå¥¬ë ¯¥à¢®£® ¯®àï¤-ª   ¯¯à®ªá¨¬ æ¨¨. � §®áâ ï áå¥¬  ¤«ï ãà ¢¥¨© ¬¥«ª®© ¢®¤ë ¯®§¢®«ï¥â ¬®¤¥«¨à®¢ âì ¤¢¨¦¥¨¥ ¦¨¤ª®áâ¨ á®á¢®¡®¤®© £à ¨æ¥©. �¥à¨ä¨ª æ¨ï ¬®¤¥«¨ ¯à®¢¥¤¥  ¯® ¤ ë¬ ¤®¦¤¥¢ëå ¯ ¢®¤ª®¢ ¤«ï ¢®¤®á¡®à®¢ à.�ãâ¥ï.� ¯à®¯®®¢   äi§¨ç® ®¡£àãâ®¢   ¬ â¥¬ â¨ç  ¬®¤¥«ì ä®à¬ã¢ ï ¤®é®¢®£® áâ®ªã § ¬ «¨å ¢®¤®§¡®ài¢. �à ¬ª å ¬®¤¥«i ®¯¨áãîâìáï  áâã¯i ¯à®æ¥á¨: ¯¥à¥å®¯«¥ï ®¯ ¤i¢ à®á«¨iáâî, ��å¥ § âà¨¬ ï ¢ ¬iªà®¤¥¯à¥áiïåà¥«ìõäã, iäi«ìâà æiï, ¯®¢¥àå¥¢¨© áâiª, §¬¨¢, âà á¯®àâ i ¯¥à¥¢i¤ª« ¤¥ï £àãâ®¢¨å ç áâ®ª. �¨á¥«ì¥ ¬®¤¥«î-¢ ï ä®à¬ã¢ ï ¯®¢¥àå¥¢®£® áâ®ªã ¡ §ãõâìáï   àiè¥ïå ¥áâ æi® à®£® ¤¢®¢¨¬ià®£® ài¢ïï ¬i«ª®�� ¢®¤¨,iäi«ìâà æi©®£® ài¢ïï i ài¢ïï ¯¥à¥®áã § ¢¨á«¨å  ®ái¢. �«ï ài¢ïì ¬i«ª®�� ¢®¤¨ i ài¢ïï ¯¥à¥®áã áãá-¯¥§i© ¯®¡ã¤®¢ i ¥ï¢i ª®á¥à¢ â¨¢i ài§¨æ¥¢i áå¥¬¨ ¯¥àè®£® ¯®àï¤ªã  ¯à®ªá¨¬ æi��. �i§¨æ¥¢  áå¥¬  ¤«ï ài¢ïì¬i«ª®�� ¢®¤¨ ¤®§¢®«ïõ ¬®¤¥«î¢ â¨ àãå ài¤¨¨ § ¢i«ì®î £à ¨æ¥î. �¥à¨äiª æiï ¬®¤¥«i ¯à®¢¥¤¥  §  ¤ ¨¬¨ ¤®é®¢¨å¯ ¢®¤ªi¢ ¤«ï ¢®¤®§¡®ài¢ à.�ãâ¥i.A physically based mathematical model of a runo� formation in small catchments is developed. The processes of intercep-tion, depression storage, in�ltration, overland ow, soil particle detachment, their transport and deposition are consideredin the model. The numerical simulation of runo� formation requires the solution of the unsteady, two-dimensional shallowwater equations, an equation for the in�ltration process and the sediment transport equation. The shallow water equa-tions and the sediment transport equation are integrated numerically using conservative implicit di�erence schemes of the�rst order of approximation. The di�erence scheme for the shallow water equations allows simulating of a open ow withthe free boundary. Veri�cation of the model has been based on observed data for rain-induced sediment yield events atcatchments of the Buteni river.���������®¤¥«¨à®¢ ¨¥ ä®à¬¨à®¢ ¨ï ¤®¦¤¥¢®£® áâ®-ª    ¢®¤®á¡®à å ï¢«ï¥âáï ®¤®© ¨§ æ¥âà «ìëå¯à®¡«¥¬ £¨¤à®«®£¨¨. �¤ ª® ¢ ¯®á«¥¤¨¥ ¤¥áïâ¨-«¥â¨ï ¢ á¢ï§¨ á ¯¥à¥å®¤®¬ ®â ¡®ªá®¢ëå "ª®æ¥¯âã- «ìëå" ¬®¤¥«¥© ª à á¯à¥¤¥«¥ë¬ ¬®¤¥«ï¬ áâ®-ª    ¢®¤®á¡®à å [1{2], ®á®¢ ë¬   ãà ¢¥¨ïå¯à¨ª« ¤®© £¨¤à®¬¥å ¨ª¨ ¨ ¢ á¢ï§¨ á ¨á¯®«ì§®-¢ ¨¥¬ £¨¤à®¬¥å ¨ç¥áª¨å ¯®¤å®¤®¢ ª ®¯¨á ¨îä®à¬¨à®¢ ¨ï â¢¥à¤®£® áâ®ª  á ¢®¤®á¡®à®¢, â ª¨¥§ ¤ ç¨ ¢ § ç¨â¥«ì®© áâ¥¯¥¨ ¯¥à¥¬¥áâ¨«¨áì ¢¯à¥¤¬¥âãî ®¡« câì £¨¤à®¬¥å ¨ª¨ ®ªàã¦ îé¥©áà¥¤ë. �à¨ª« ¤®©  á¯¥ªâ íâ®© ¯à®¡«¥¬ë á¢ï§ ª ª á ¯à®£®§¨à®¢ ¨¥¬ ¯ ¢®¤ª®¢ ¨  ¢®¤¥¨©  ®á®¢¥ ¯à®£®§  ®á ¤ª®¢, â ª ¨ á à áç¥â ¬¨ íà®§¨¨áª«®®¢ [2] ¨ ¯à®£®§¨à®¢ ¨¥¬ á¬ë¢  § £àï§ïî-é¨å ¢¥é¥áâ¢, § ç¨â¥«ì ï ç áâì ª®â®àëå (à ¤¨-®ãª«¨¤ë, âï¦¥«ë¥ ¬¥â ««ë, ¯¥áâ¨æ¨¤ë) âà á-¯®àâ¨àã¥âáï á ¢®¤®á¡®à®¢ á  ®á ¬¨ (â¢¥à¤ë¬áâ®ª®¬) [4, 4].�®¢¥àå®áâë© áâ®ª   ¢®¤®á¡®à¥ ï¢«ï¥â-áï á«®¦ë¬ ¯à¨à®¤ë¬ ¯à®æ¥áá®¬ ¨ ®¯à¥¤¥«ï-¥âáï ¬¨ªà®à¥«ì¥ä®¬ áª«® , å à ªâ¥à¨áâ¨ª ¬¨
¯®¤áâ¨« îé¥© ¯®¢¥àå®áâ¨ ¨ £¨¤à®ä¨§¨ç¥áª¨¬¨á¢®©áâ¢ ¬¨ ¯®ç¢, ¤«ï ª®â®àëå å à ªâ¥à  áãé¥-áâ¢¥ ï ¯à®áâà áâ¢¥ ï ¥®¤®à®¤®áâì. �á¨«ã íâ®© ¯à®áâà áâ¢¥®© ¥®¤®à®¤®áâ¨ ª ªå à ªâ¥à¨áâ¨ª ¢®¤®á¡®à , â ª ¨ ¨â¥á¨¢®áâ¨®á ¤ª®¢, ä®à¬¨à®¢ ¨¥ ¯®¢¥àå®áâ®£® áâ®ª   à §ëå ãç áâª å ¢®¤®á¡®à  ¯à®¨áå®¤¨â ¥ ®¤®-¢à¥¬¥®. �  ç «ì®¬ ¯¥à¨®¤¥ ¤®¦¤ï ¢®¤®á¡®à®¡ëç® ¯à¥¤áâ ¢«ï¥â á®¡®© ç¥à¥¤®¢ ¨¥ ãç áâ-ª®¢ áâ®ª  ¨ ¡¥ááâ®çëå ®¡« áâ¥©. � ¨¡®«¥¥  ¤¥-ª¢ âë¬¨ ¬®¤¥«ï¬¨, ®¯¨áë¢ îé¨¬¨ ä®à¬¨à®¢ -¨¥ ¯®¢¥àå®áâ®£® áâ®ª    ¢®¤®á¡®à¥ ¨ ãç¨âë-¢ îé¨¬¨ ¥®¤®à®¤®áâì å à ªâ¥à¨áâ¨ª áª«® ,ï¢«ïîâáï ¬®¤¥«¨, ®á®¢ ë¥   à¥è¥¨¨ ¤¢ã¬¥à-ëå ãà ¢¥¨© ¬¥«ª®© ¢®¤ë (�¥-�¥  ) [1, 2].�«ï ç¨á«¥®£® à¥è¥¨ï ãà ¢¥¨© ¬¥«ª®© ¢®¤ë ¨¡®«¥¥ ç áâ® ¨á¯®«ì§®¢ «¨áì à §®áâë¥ áå¥-¬ë ¢â®à®£® ¯®àï¤ª  â¨¯  �à¥©áá¬  , � ªá -�¥¤à®¢ , � ª �®à¬ ª  ¨ â. ¯. [1, 2, 4, 3]. �¤ ª®áå¥¬ë â ª®£® â¨¯  ¥ ¢á¥£¤   ¤¥¦ë ¤«ï ¬®¤¥«¨-à®¢ ¨ï ¯®¢¥àå®áâ®£® áâ®ª  ¢ á¨«ã àï¤  ®á®¡¥-®áâ¥©.�®-¯¥à¢ëå, ¯®¢¥àå®áâë© áâ®ª   ¢®¤®á¡®à¥å à ªâ¥à¨§ã¥âáï ¥¡®«ìè®© £«ã¡¨®©, ª®â®à ï ¨§-34 c �. �. �¨¢¢ , �. �. �¥«¥§ïª, 2002



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 34 { 43¬¥ï¥âáï ®â ¥áª®«ìª¨å á â¨¬¥âà®¢ ¤® ¬¨««¨¬¥-âà®¢. �®¢¥àå®áâë© áâ®ª áãé¥áâ¢¥® § ¢¨á¨â®â â®¯®£à ä¨¨ §¥¬®© ¯®¢¥àå®áâ¨ ¨ ¢ à¨ æ¨¨ «®-ª «ìëå ãª«®®¢ ¯®¢¥àå®áâ¨. �à¨ íâ®¬ ¢ áà ¢¥-¨¨ á £«ã¡¨®© ¯®¢¥àå®áâ®£® áâ®ª  ¯¥à¥¯ ¤ ¢ë-á®â ¬¨ªà®à¥«ì¥ä  ¨¬¥¥â â®â ¦¥ ¯®àï¤®ª ¨«¨ § -ç áâãî ¤ ¦¥ ¡®«ìè¨©. �á¥ íâ® ¬®¦¥â ¯à¨¢®¤¨âìª ®áæ¨««ïæ¨ï¬ ¢ ç¨á«¥®¬ à¥è¥¨¨, ¯®ï¢«¥¨î®âà¨æ â¥«ìëå £«ã¡¨ ¨ ¢ à¥§ã«ìâ â¥ ª à §¢ «ãç¨á«¥®£® à¥è¥¨ï.�®-¢â®àëå, áãé¥áâ¢ã¥â ¡®«ìè®¥  ¯àï¦¥¨¥âà¥¨ï, ¢ë§¢ ®¥ è¥à®å®¢ â®áâìî ¯®¢¥àå®-áâ¨. �¨«ë âà¥¨ï   ¤¥ á®¢¬¥áâ® á ®á ¤ª -¬¨ ¨ ¨ä¨«ìâà æ¨¥© ®¯à¥¤¥«ïîâ à á¯à¥¤¥«¥ë©¨áâ®ç¨ª-áâ®ª ¢ ãà ¢¥¨ïå ¬¥«ª®© ¢®¤ë. �â®â¨áâ®ç¨ª-áâ®ª ï¢«ï¥âáï áãé¥áâ¢¥® ¥«¨¥©ë¬¨ ¬®¦¥â  ª« ¤ë¢ âì ¦¥áâª¨¥ ®£à ¨ç¥¨ï  ¢à¥¬¥®© è £ ¢ ï¢ëå à §®áâëå áå¥¬ å.� ¯®á«¥¤¥¥ ¢à¥¬ï ¤«ï ¯à¥®¤®«¥¨ï íâ¨å âàã¤-®áâ¥© ¯à¨¬¥ïîâ TVD ¢ à¨ âë ¨§¢¥áâëå ï¢-ëå áå¥¬ [5{8]. �à¨ â ª®¬ ¯®¤å®¤¥, ¨á¯®«ì§ãï ¬¥-â®¤ ¤à®¡ëå è £®¢ [9{10], ¥®¤®à®¤ë¥ ¤¢ã¬¥à-ë¥ ãà ¢¥¨ï ¬¥«ª®© ¢®¤ë à áé¥¯«ïîâáï   ®¤-®à®¤ë¥ ®¤®¬¥àë¥ ãà ¢¥¨ï ¨ á¨áâ¥¬ã ®¡ëª-®¢¥ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ¤«ï ¥®¤-®à®¤®£® ç«¥ . �¤®à®¤ë¥ ®¤®¬¥àë¥ ãà ¢-¥¨ï  ¯¯à®ªá¨¬¨àãîâáï ï¢ë¬¨ TVD áå¥¬ ¬¨,  á¨áâ¥¬  ®¡ëª®¢¥ëå ¤¨ää¥à¥æ¨ «ìëå ãà ¢-¥¨© ¤«ï ¥®¤®à®¤®£® ç«¥  - ¥ï¢®© à §®áâ-®© áå¥¬®©.� ¤ ®© à ¡®â¥ ¯à¥¤«®¦¥  ¤¢ã¬¥à ï ¬®¤¥«ìä®à¬¨à®¢ ¨ï ¯®¢¥àå®áâ®£® áâ®ª    ¢®¤®á¡®-à¥, ãç¨âë¢ îé ï â ª¨¥ ¯à®æ¥ááë ª ª: ¯¥à¥å¢ â®á ¤ª®¢ à áâ¨â¥«ì®áâìî, ¨å § ¤¥à¦ ¨¥ ¢ ¬¨ªà®-¯®¨¦¥¨ïå à¥«ì¥ä , ¨ä¨«ìâà æ¨®®¥ ¢¯¨âë-¢ ¨¥ ¤®¦¤¥¢ëå ¢®¤ ¢ ¯®ç¢ã, ¯®¢¥àå®áâ®¥ áâ¥-ª ¨¥, á¬ë¢, âà á¯®àâ ¨ ¯¥à¥®â«®¦¥¨¥ ¯®ç¢¥-ëå ç áâ¨æ. �«ï ¤¢ã¬¥àëå ãà ¢¥¨© ¬¥«ª®©¢®¤ë ¯®áâà®¥  ¥ï¢ ï à §®áâ ï áå¥¬  ¯¥à-¢®£® ¯®àï¤ª   ¯¯à®ªá¨¬ æ¨¨. � á¨«ã  ¯¯à®ªá¨-¬ æ¨¨ ãà ¢¥¨ï ¥à §àë¢®áâ¨ à §®áâ®© áå¥-¬®© ¢¢¥àå ¯® ¯®â®ªã ®¡¥á¯¥ç¨¢ ¥âáï ¥®âà¨æ -â¥«ì®áâì £«ã¡¨ë ¯®â®ª  ¤«ï «î¡ëå à¥¦¨¬®¢ â¥-ç¥¨ï. �à¨¢¥¤¥ë à¥§ã«ìâ âë ç¨á«¥®£® ¬®¤¥«¨-à®¢ ¨ï ¯®¢¥àå®áâ®£® áâ®ª    ¢®¤®á¡®à¥ �®£ �«®áª®£®.1. ��������������������������-��� �������������� �����1.1. �¥à¥å¢ â ®á ¤ª®¢ à áâ¨â¥«ì®áâìî�¥à¥å¢ â ®á ¤ª®¢ à áâ¨â¥«ì®áâìî ®¯à¥¤¥«ï¥â-áï ª®«¨ç¥áâ¢®¬ ¢®¤ë, ª®â®à®¥ § ¤¥à¦¨¢ ¥âáï ¯®-

�¨á. 1. �å¥¬ â¨§ æ¨ï ¯®â®ª  ¦¨¤ª®áâ¨ ¯® áª«®ã¢®¤®á¡®à ¢¥àå®áâìî à áâ¥¨© ¨ ¨á¯ à¥¨¥¬ á ¥¥. �¥à¥-å¢ â ®á ¤ª®¢ à áâ¨â¥«ì®áâìî ¬®¤¥«¨àã¥âáï ¢ ¢¨-¤¥  ªªã¬ã«¨àãîé¥© ¯à®æ¥¤ãàë ¤«ï ¥¬ª®áâ¨ ¯¥à¥-å¢ â , áª®à®áâì § ¯®«¥¨ï ª®â®à®© ®¯à¥¤¥«ï¥âáïá®®â®è¥¨¥¬ [11]@P@t = ( R� E0; 0 � P � Pmx;0; P > Pmx;£¤¥ P { â®«é¨  ¯«¥ª¨ ¢®¤ë   ¯®¢¥àå®áâ¨ à -áâ¨â¥«ì®áâ¨; Pmx { ¬ ªá¨¬ «ì ï ¥¬ª®áâì ¯¥-à¥å¢ â  ®á ¤ª®¢ à áâ¨â¥«ì®áâìî; R { ¨â¥á¨¢-®áâì ®á ¤ª®¢; E0 { ¨á¯ àï¥¬®áâì.1.2. �®¢¥àå®áâ®¥ § ¤¥à¦ ¨¥�®«¨ç¥áâ¢® ¢®¤ë, ª®â®à®¥ ¨¤¥â   § ¯®«¥¨¥¡¥ááâ®çëå ¥¬ª®áâ¥© ¬¨ªà®à¥«ì¥ä , ¢ëç¨á«ï¥âáï¯® ä®à¬ã«¥ [12]hd(t) = hmx exp (��I ) �1� exp�� Q(t)hmx exp (��I)�� ;£¤¥ hd { áà¥¤¨© ¯® ¯«®é ¤¨ á«®© § ¤¥à¦ ¨ï ¢®¤ë¢ ¬¨ªà®¤¥¯à¥áá¨ïå à¥«ì¥ä ; hmx { ¬ ªá¨¬ «ìë©á«®© § ¤¥à¦ ¨ï ¯à¨ ã«¥¢®¬ ãª«®¥ ¯®¢¥àå®áâ¨¢®¤®á¡®à ; I { ãª«® áª«®  ¢®¤®á¡®à ; Q { ªã¬ã-«ïâ¨¢ ï áâ®ª®®¡à §ãîé ï ç áâì ®á ¤ª®¢ á  ç « ¤®¦¤ï; � { ª®íää¨æ¨¥â, § ¢¨áïé¨© ®â áâà®¥¨ï¬¨ªà®à¥«ì¥ä  ¢®¤®á¡®à .1.3. �®¢¥àå®áâë© áâ®ª�ãáâì ¯®¢¥àå®áâì §¥¬«¨ ®¯¨áë¢ ¥âáï ãà ¢¥-¨¥¬ z = �(x; y; t),   á¢®¡®¤ ï ¯®¢¥àå®áâì ¦¨¤-ª®áâ¨ - z = �(x; y; t) (à¨á.1). �¢ã¬¥àë¥ ãà ¢¥¨ï¬¥«ª®© ¢®¤ë á ãç¥â®¬  ¯àï¦¥¨©   ¤¥ ¨ á¢®¡®¤-®© ¯®¢¥àå®áâ¨ ¦¨¤ª®áâ¨ ¢ë¢®¤ïâáï ¨â¥£à¨à®-¢ ¨¥¬ ¯® £«ã¡¨¥ âà¥å¬¥àëå ãà ¢¥¨© ¤¨ ¬¨-ª¨ ¯®â®ª  á ãç¥â®¬ ®£à ¨ç¥¨©, à áá¬®âà¥ëå¢ [1,3]. �«ï áª«®®¢®£® áâ®ª  íâ¨ ãà ¢¥¨ï § ¯¨-áë¢ îâáï ¢ ¢¨¤¥ [3]�. �. �¨¢¢ , �. �. �¥«¥§ïª 35



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 34 { 43@h@t + @@x (uh) + @@y (vh) = Rex(x; y; t); (1)@@t (uh) + @@x (uuh) + @@y (vuh)��u�R = �gh @�@x + 1� (� �x � ��x ); (2)@@t (vh) + @@x (uvh) + @@y (vvh)��v�R = �gh @�@x + 1� (� �y � ��y ); (3)£¤¥ u, v { ¯à®¥ªæ¨¨ ¢¥ªâ®à  áª®à®áâ¨ ¦¨¤ª®áâ¨  ®á¨ ª®®à¤¨ â x ¨ y á®®â¢¥âáâ¢¥®; g { ãáª®à¥-¨¥ á¢®¡®¤®£® ¯ ¤¥¨ï; � � { ¢¥ªâ®à  ¯àï¦¥¨©  á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¦¨¤ª®áâ¨; �� { ¢¥ªâ®à ¯àï¦¥¨©   ¤¥; u�, v� { £®à¨§®â «ìë¥ á®áâ -¢«ïîé¨¥ áª®à®áâ¨ ¤®¦¤ï; Rex { áâ®ª®®¡à §ãîé ïç áâì ¤®¦¤¥¢ëå ®á ¤ª®¢.�â¨ ãà ¢¥¨ï ®¯¨áë¢ îâ ª ª « ¬¨ à®¥, â ª¨ âãà¡ã«¥â®¥ â¥ç¥¨ï. �«ï « ¬¨ à®£® â¥ç¥-¨ï ¢ï§ª¨¥  ¯àï¦¥¨ï ¯à¥®¡« ¤ îâ ¨ à¥©®«ì¤-á®¢ë¬¨  ¯àï¦¥ï¬¨ ¬®¦® ¯à¥¥¡à¥çì. �®£¤  ¯àï¦¥¨¥ âà¥¨ï   ¯®¢¥àå®áâ¨ ¢®¤®á¡®à  § -¯¨áë¢ ¥âáï ¢ ¢¨¤¥��x = �cf8 u �u2 + v2�1/2 ;��y = �cf8 v �u2 + v2�1/2 ;£¤¥ cf { ä ªâ®à á®¯à®â¨¢«¥¨ï. �«ï « ¬¨ à®-£® â¥ç¥¨ï cf ®¯à¥¤¥«ï¥âáï ¨§ ãà ¢¥¨ï � àá¨-�¥©á¡ å  cf = K0=Re;£¤¥ Re = h(u2 + v2)1=2��1 { ç¨á«® �¥©®«ì¤á ; �{ ª¨¥¬ â¨ç¥áª ï ¢ï§ª®áâì; K0 { ¡¥§à §¬¥àë©¯ à ¬¥âà è¥à®å®¢ â®áâ¨ ¯®¢¥àå®áâ¨.�¡ëç® ¯à¥¤¯®« £ ¥âáï, çâ® â¥ç¥¨¥ ¯® ¯®¢¥àå-®áâ¨ ¢®¤®á¡®à   ç¨ ¥âáï ª ª « ¬¨ à®¥ â¥ç¥-¨¥ ¨ § â¥¬ áâ ®¢¨âáï âãà¡ã«¥âë¬ ¤«ï ¡®«ì-è¨å ç¨á¥« �¥©®«ì¤á  [2]. �®íâ®¬ã ¯®á«¥  ç « ¤®¦¤ï « ¬¨ àë© § ª® ¨á¯®«ì§ã¥âáï ¤® â¥å ¯®à,¯®ª  ç¨á«® �¥©®«ì¤á  ¥ ¯à¥¢ëè ¥â ¥ª®â®à®¥ªà¨â¨ç¥áª®¥ § ç¥¨¥.�«ï âãà¡ã«¥â®£® â¥ç¥¨ï à¥©®«ì¤á®¢ë  -¯àï¦¥¨ï ¯à¥®¡« ¤ îâ ¨ ¢ï§ª¨¬¨  ¯àï¦¥¨ï¬¨¬®¦® ¯à¥¥¡à¥çì. � íâ®¬ á«ãç ¥ ¤«ï ¢ëç¨á«¥¨ï

 ¯àï¦¥¨ï âà¥¨ï   ¤¥ ¬®¦¥â ¨á¯®«ì§®¢ âìáïä®à¬ã«  � ¨£ ��x = gn2h�1/3u �u2 + v2�1/2 ;��y = gn2h�1/3v �u2 + v2�1/2 ;£¤¥ n { ª®íää¨æ¨¥â è¥à®å®¢ â®áâ¨ � ¨£ .� ¯àï¦¥¨¥ âà¥¨ï   á¢®¡®¤®© ¯®¢¥àå®áâ¨¢®§¨ª ¥â ¢ à¥§ã«ìâ â¥ ¢®§¤¥©áâ¢¨ï ¢¥âà  ¨ ¯®-¯ ¤ ¨ï ¢ ¯®â®ª ª ¯¥«ì ¤®¦¤ï. � ¯«¨ ¤®¦¤ï, ¯ -¤ ï   ¯®¢¥àå®áâì ¯®â®ª , ®¡à §ãîâ ¡àë§£¨ ¨ ¯®-à®¦¤ îâ âãà¡ã«¥â®áâì ¯®â®ª . �à¨ íâ®¬ ¢®§-¤¥©áâ¢¨¥ â¥¬ ¡®«ìè¥, ç¥¬ £«ã¡¨  ¯®â®ª  ¬¥ì-è¥ ¨ â¥ç¥¨¥ « ¬¨ à®¥. �á¥ íâ® ¬®¦¥â ¯à¨¢®-¤¨âì ª ã¢¥«¨ç¥¨î £¨¤à ¢«¨ç¥áª®£® á®¯à®â¨¢«¥-¨ï. � â® ¦¥ ¢à¥¬ï ¢«¨ï¨¥¬ ¢¥âà    ä®à¬¨à®-¢ ¨¥ ¯®¢¥àå®áâ®£® áâ®ª    ¢®¤®á¡®à¥ ¬®¦®¯à¥¥¡à¥çì.� ¯àï¦¥¨¥ âà¥¨ï   á¢®¡®¤®© ¯®¢¥àå®áâ¨,¢ë§¢ ®¥ ¯ ¤¥¨¥¬ ª ¯¥«ì ¤®¦¤ï, § ¤ ¢ «®áì  ®á®¢¥ á®®â®è¥¨© [3]:� �x = ��Ru;� �y = ��Rv:1.4. �ä¨«ìâà æ¨ï�â¥á¨¢®áâì ¨ä¨«ìâà æ¨¨ ¬®¦¥â ®¯à¥¤¥-«ïâìáï ¨§ à¥è¥¨ï ãà ¢¥¨ï Richards [13] ¨«¨à ááç¨âë¢ âìáï ¯® ¬®¤¥«¨ Morel-Seytoux [16].�®£« á® ¬®¤¥«¨ Morel-Seytoux, ¨ä¨«ìâà æ¨-®ë© ¯à®æ¥áá ¢® ¢à¥¬ï ¤®¦¤ï á®áâ®¨â ¨§ ¤¢ãåä §: ¨ä¨«ìâà æ¨¨ ¤® ¬®¬¥â  ®¡¢®¤¥¨ï ¯®-¢¥àå®áâ¨ §¥¬«¨ tp, â® ¥áâì ª®£¤  ¨â¥á¨¢®áâì®á ¤ª®¢ ¯à¥¢ëá¨â ¨â¥á¨¢®áâì ¨ä¨«ìâà æ¨¨; ¨¯®á«¥¤ãîé¥© ¨ä¨«ìâà æ¨¨, ª®â®à ï å à ªâ¥à¨-§ã¥âáï ã¬¥ìè¥¨¥¬ ¥¥ ¨â¥á¨¢®áâ¨ ¢ â® ¢à¥-¬ï, ª ª ã¢¥«¨ç¨¢ ¥âáï ¢« £®á®¤¥à¦ ¨¥ ª®à¥¢®£®á«®ï ¯®ç¢ë.�® ®¡¢®¤¥¨ï ¯®¢¥àå®áâ¨ §¥¬«¨ ¯à¥¤¯®« £ -¥âáï, çâ® ¨â¥á¨¢®áâì ¨ä¨«ìâà æ¨¨ à ¢  ¨-â¥á¨¢®áâ¨ ®á ¤ª®¢ ¨ ¯®¢¥àå®áâë© áâ®ª ®âáãâ-áâ¢ã¥â. �®á«¥ ®¡¢®¤¥¨ï ¨â¥á¨¢®áâì ¨ä¨«ì-âà æ¨¨ ®¯à¥¤¥«ï¥âáï ¤®¯ãáâ¨¬®© ¨â¥á¨¢®áâìî¨ä¨«ìâà æ¨¨.�à¥¬ï ®¡¢®¤¥¨ï ¯®¢¥àå®áâ¨ ¢®¤®á¡®à  ¢ëç¨-á«ï¥âáï ¯® ä®à¬ã«¥ Morel-Seytoux [16{17]tp = t0 + 1R � SfR� � 1 �W 0� ;£¤¥ t0 { ¢à¥¬ï  ç «  â¥ªãé¥£® è £  ¯® ¢à¥¬¥¨; R{ áà¥¤ïï ¨â¥á¨¢®áâì ®á ¤ª®¢ ¢ â¥ç¥¨¥ ¤ ®-36 �. �. �¨¢¢ , �. �. �¥«¥§ïª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 34 { 43£® è £  ¯® ¢à¥¬¥¨; Sf { ¯ à ¬¥âà, å à ªâ¥à¨§ã-îé¨© ¨ä¨«ìâà æ¨®ãî á¯®á®¡®áâì ®â ¢« £®-á®¤¥à¦ ¨ï ¢¥àå¥£® á«®ï ¯®ç¢ë; R� { ®à¬¨à®-¢  ï ¨â¥á¨¢®áâì ®á ¤ª®¢ (®â®è¥¨¥ ¨â¥-á¨¢®áâ¨ ®á ¤ª®¢ R ª ª®íää¨æ¨¥âã ä¨«ìâà æ¨¨);W 0 { £«ã¡¨  ªã¬ã«ïâ¨¢®© ¨ä¨«ìâà æ¨¨ á  -ç «  ¤®¦¤ï ¤® ¬®¬¥â  ¢à¥¬¥¨ t0.� à ¬¥âà Sf  å®¤¨âáï ¯® ä®à¬ã«¥Sf = (� � �i)Hc(�i);£¤¥ � { ¯®ç¢¥®¥ á®¤¥à¦ ¨¥ ¢« £¨; �i {  ç «ì-®¥ á®¤¥à¦ ¨¥ ¢« £¨ ¢ ¢¥àå¥¬ ¯®ç¢¥®¬ á«®¥;Hc(�i) { ¯ à ¬¥âà, å à ªâ¥à¨§ãîé¨© ª ¯¨««ïà-ë© ¯®¤ê¥¬ ¦¨¤ª®áâ¨.�«ã¡¨  ªã¬ã«ïâ¨¢®© ¨ä¨«ìâà æ¨¨ ¢ ¬®¬¥â¢à¥¬¥¨ t ¢ëç¨á«ï¥âáï ¨§ ãà ¢¥¨ïK(t� tp) =W t �Wp � Sf ln Sf +W tSf +Wp ;£¤¥ W t { £«ã¡¨  ªã¬ã«ïâ¨¢®© ¨ä¨«ìâà æ¨¨ ¢ª®æ¥ â¥ªãé¥£® ¢à¥¬¥®£® è £ ;Wp { £«ã¡¨  ªã-¬ã«ïâ¨¢®© ¨ä¨«ìâà æ¨¨ ¢ ¬®¬¥â ¢à¥¬¥¨ ®¡-¢®¤¥¨ï.�à¥¤ïï ¨â¥á¨¢®áâì ¨ä¨«ìâà æ¨¨   â¥ªã-é¥¬ è £¥ ¯® ¢à¥¬¥¨ �t à ááç¨âë¢ ¥âáï ª ªF = W t �W 0�t :1.5. �¥à¥®á ¢§¢¥á¨�¤®¢à¥¬¥® á ¯®¢¥àå®áâë¬ áâ®ª®¬  ç¨ -¥âáï ¯à®æ¥áá á¬ë¢ , âà á¯®àâ  ¨ ¯¥à¥®â«®¦¥-¨ï ¯®ç¢¥ëå ç áâ¨æ. �¥à¥®á ¢§¢¥è¥ëå ç -áâ¨æ ¯®â®ª®¬ ¦¨¤ª®áâ¨ ®¯¨áë¢ ¥âáï á«¥¤ãîé¨¬ª®¢¥ªâ¨¢®-¤¨ääã§¨®ë¬ ãà ¢¥¨¥¬:@(hS)@t + @@x (uhS) + @@y (vhS) = @@x �hDx @S@x�++ @@y �hDy @S@y �� (1� �)�b @�@t ; (4)£¤¥ � { ¯®à¨áâ®áâì ¢¥àå¥£® á«®ï ¯®ç¢ë; �b { ¯«®â-®áâì áª¥«¥â  ¯®ç¢ë; S { ®¡ê¥¬ ï ª®æ¥âà æ¨ï¢§¢¥è¥ëå  ®á®¢.1.6. �à®§¨ï/®â«®¦¥¨¥ ¯®ç¢¥ëå ç áâ¨æ�§¬¥¥¨¥ à¥«ì¥ä  ¯®¢¥àå®áâ¨ ¢®¤®á¡®à  ®¯¨-áë¢ ¥âáï ãà ¢¥¨¥¬�b(1� �)@�@t = qs � qb;

£¤¥ qs ¨ qb { á®®â¢¥âáâ¢¥® ¨â¥á¨¢®áâ¨ ¯¥à¥-®â«®¦¥¨ï ¨ íà®§¨¨ ¯®¢¥àå®áâ¨ ¢®¤®á¡®à .�â¥á¨¢®áâì íà®§¨¨ qb áª« ¤ë¢ ¥âáï ¨§ ¨-â¥á¨¢®áâ¥© íà®§¨¨ ¯®ç¢ë ¢á«¥¤áâ¢¨¥ ¢®§¤¥©-áâ¢¨ï ¯ ¤ îé¨å ª ¯¥«ì ¤®¦¤ï qbs ¨ £¨¤à ¢«¨ç¥áª®©íà®§¨¨ qbh, ®¡ãá«®¢«¥®© ¯®¢¥àå®áâë¬ â¥ç¥¨-¥¬ ¢®¤ë, â® ¥áâì qb = qbs + qbh:�â¥á¨¢®áâì íà®§¨¨ ¯®ç¢ë ¯®¤ ¢®§¤¥©áâ¢¨¥¬¯ ¤ îé¨å ª ¯¥«ì ¤®¦¤ï ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥qbs = rfr(h)�R�ex;£¤¥ Rex { ¨â¥á¨¢®áâì ®á ¤ª®¢ (¬¬ ç á�1); rf{ ª®íä¨¨æ¨¥â ¯®ç¢¥®© íà®¤¨à®¢ ®áâ¨ ¢ à¥-§ã«ìâ â¥ ¢®§¤¥©áâ¢¨ï ª ¯¥«ì ¤®¦¤ï (�¦�1); r(h){ ã¬¥ìè îé¨© ä ªâ®à, ª®â®àë© ®¯à¥¤¥«ï¥âã¬¥ìè¥¨¥ ¢®§¤¥©áâ¢¨ï ª ¯¥«ì ¤®¦¤ï   íà®§¨î¯®ç¢ë ¢ á¨«ã ã¢¥«¨ç¥¨ï £«ã¡¨ë ¯®¢¥àå®áâ®-£® ¯®â®ª  ¢®¤ë; � ¨ � { í¬¯¨à¨ç¥áª¨¥ ª®íää¨æ¨-¥âë, § ç¥¨ï ª®â®àëå ¡ë«¨ ®¯à¥¤¥«¥ë à¥£à¥á-á¨®ë¬   «¨§®¬ ¤«ï ¢á¥¢®§¬®¦ëå ¨â¥à¢ «®¢¨§¬¥¥¨ï ¨â¥á¨¢®áâ¨ ®á ¤ª®¢ [18].�ãªæ¨ï r(h) ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ á®®â®-è¥¨¥¬ [19{20]:r(h) = ( exp(1� h=dm); h > dm;1; h � dm;£¤¥ h { £«ã¡¨  ¯®â®ª ; dm { áà¥¤¨© ¤¨ ¬¥âà ª -¯¥«ì ¤®¦¤ï.�à¥¤¨© ¤¨ ¬¥âà ª ¯¥«ì ¤®¦¤ï  å®¤¨âáï ¨§ãà ¢¥¨ï Laws-Parsons [21]dm = 0:00124R0:182ex :�â¥á¨¢®áâì £¨¤à ¢«¨ç¥áª®© íà®§¨¨ ¨ ¨â¥-á¨¢®áâì ®â«®¦¥¨ï  ®á®¢ à ááç¨âë¢ «¨áì  ®á®¢¥ ¯®¤å®¤  [22], ®¯à¥¤¥«ïîé¥£® ¨å ¯® à §®-áâ¨ ¬¥¦¤ã à ¢®¢¥á®© ª®æ¥âà æ¨¥© ¨ â¥ªãé¥©ª®æ¥âà æ¨¥© ¢§¢¥è¥ëå  ®á®¢:qs = maxf0; w0(S � S�)g ;qbh = maxf0; Erw0(S� � S)g ;£¤¥ S { ®¡ê¥¬ ï ª®æ¥âà æ¨ï  ®á®¢; S� {à ¢®¢¥á ï ª®æ¥âà æ¨ï  ®á®¢, á®®â¢¥âáâ¢ã-îé ï âà á¯®àâ¨àãîé¥© á¯®á®¡®áâ¨ ¯®â®ª ; w0{ áª®à®áâì ®á ¦¤¥¨ï  ®á®¢; Er { ª®íää¨æ¨¥âíà®¤¨à®¢ ®áâ¨ ¯®¢¥àå®áâ®£® ¯®â®ª .� ¢®¢¥á ï ª®æ¥âà æ¨ï  ®á®¢ ®¯à¥¤¥«ï¥â-áï á®®â®è¥¨¥¬S� = ph(u2 + v2)1=2 ;�. �. �¨¢¢ , �. �. �¥«¥§ïª 37



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 34 { 43£¤¥ p { âà á¯®àâ¨àãîé ï á¯®á®¡®áâì ¯®â®ª .�à á¯®àâ¨àãîé ï á¯®á®¡®áâì ¯®â®ª  ¤«ï § -¤ ®£® à §¬¥à   ®á®¢ ¬®¦¥â ¡ëâì ¢ëç¨á«¥-  á ¨á¯®«ì§®¢ ¨¥¬ ®¤®£® ¨§ ¯ïâ¨ ãà ¢¥¨©:Engelund-Hansen, Yalin, Einstein-Brown, Bagnold ¨Ackers-White [23].2. ���������� ��������������«ï ª®¥ç®-à §®áâ®©  ¯¯à®ªá¨¬ æ¨¨ ãà ¢-¥¨© (1)-(3) ®¡« áâì ¬®¤¥«¨à®¢ ¨ï ¯®ªàë¢ ¥â-áï ¥à ¢®¬¥à®© ¯àï¬®ã£®«ì®© á¥âª®© â ª, çâ®-¡ë £à ¨æ  ®¡« áâ¨  ¯¯à®ªá¨¬¨à®¢ « áì «®¬ ®©«¨¨¥©, ¥ ¯à®å®¤ïé¥© ç¥à¥§ ã§«ë á¥âª¨. �®-ªàã£ ª ¦¤®£® ã§«  á¥âª¨ ¢ë¤¥«ï¥âáï í«¥¬¥â à-ë© ®¡ê¥¬ V , ¡®ª®¢ë¥ ¯®¢¥àå®áâ¨ ª®â®à®£® ¯à®-å®¤ïâ ¯® á¥à¥¤¨¥ à ááâ®ï¨ï ¬¥¦¤ã á®á¥¤¨¬¨ã§« ¬¨ á¥âª¨. �«ï ã¯à®é¥¨ï à §®áâëå ¢ëà -¦¥¨©   á¥â®ç®¬ è ¡«®¥ á®á¥¤¨¥ ã§«ë á¥â-ª¨ ¡ã¤¥¬ ®¡®§ ç âì á®£« á® áâ®à® ¬ £®à¨§®â (à¨á.2). � ª, «¥¢ë© á®á¥¤¨© ã§¥« ®â æ¥âà «ì®-£® ã§«  è ¡«®  P ¯® ®á¨ X ¡ã¤¥¬  §ë¢ âì § -¯ ¤ë¬ ¨ ®¡®§ ç âì ¨¤¥ªá®¬ W , á®®â¢¥âáâ¢¥-® ¯à ¢ë© ã§¥« - ¢®áâ®çë¬ ¨ ®¡®§ ç âì ¨¤¥ª-á®¬ E. �«ï ®á¨ Y íâ¨ ã§«ë ¡ã¤ãâ á®®â¢¥âáâ¢¥®î¦ë¬ (S) ¨ á¥¢¥àë¬ (N ).
�¨á. 2. �¡®§ ç¥¨ï ã§«®¢ á¥â®ç®£® è ¡«® .2.1. �¯¯à®ªá¨¬ æ¨ï ãà ¢¥¨© ¯®¢¥àå®áâ®£®áâ®ª �â¥£à¨àãï ãà ¢¥¨¥ (1) ¯® í«¥¬¥â à®¬ã®¡ì¥¬ã V   ¢à¥¬¥®¬ ¨â¥à¢ «¥ [t; t+�t],¤«ï á¥â®ç®£® ã§«  P ¨¬¥¥¬:xPEZxPW yPNZyPS hjt+�tt dydx+ t+�tZt yPNZyPS (uh)jxPExPW dydt+ (5)+ t+�tZt xPEZxPW (vh)jyPNyPS dxdt = t+�tZt xPEZxPW yPNZyPS 'dydxdt;

£¤¥ xPJ = 0:5(xP + xJ ) ¨ yPJ = 0:5(yP + yJ ).� ¬¥ïï ¢ ãà ¢¥¨¨ (5) ¨â¥£à «ë ¨å ª¢ ¤à -âãàë¬¨ ä®à¬ã« ¬¨, ¯®«ãç ¥¬V ht+�tP � htP�t +XJ AJF (h)t+�tJ = V 't+�tP ; (6)£¤¥ J =W;E; S;N , â® ¥áâì, ¥á«¨ ¥ ®£®¢®à¥® ¯à®-â¨¢®¥, áã¬¬¨à®¢ ¨¥ ¡¥à¥âáï ¯® ¢á¥¬ ¡®ª®¢ë¬ã§« ¬ è ¡«® ; AJ - ¯«®é ¤ì ¡®ª®¢®© ¯®¢¥àå®-áâ¨ ¬¥¦¤ã í«¥¬¥â àë¬¨ ®¡ê¥¬ ¬¨ VP ¨ VJ .� «®£¨ç® ¤«ï ãà ¢¥¨© (2){(3) ¨¬¥¥¬V (uh)t+�tP � (uh)tP�t +XJ AJF (uh)t+�tJ ++ XI=W;EAIGt+�tI = V �t+�tP ; (7)V (vh)t+�tP � (vh)tP�t +XJ AJF (vh)t+�tJ ++ XI=S;N AIGt+�tI = V  t+�tP : (8)�®â®ª FJ ç¥à¥§ ¡®ª®¢ãî ¯®¢¥àå®áâì í«¥¬¥-â à®£® ®¡ê¥¬   ¯¯à®ªá¨¬¨àã¥âáï ¢¢¥àå ¯® ¯®â®-ªãF (w)J = 8<: [u]+PJ wP + [u]�PJ wJ ; J = W;E;[v]+PJ wP + [v]�PJ wJ ; J = S;N;£¤¥ ª¢ ¤à âë¥ áª®¡ª¨ á ¨¦¨¬ ¨¤¥ªá®¬ PJ ®¡®-§ ç îâ, çâ® ¤«ï  ¯¯à®ªá¨¬ æ¨¨ § ª«îç¥®£® ¢¨å è ¡«®®£® äãªæ¨® «    ¡®ª®¢®© ¯®¢¥àå-®áâ¨ í«¥¬¥â à®£® ®¡ê¥¬  ¬¥¦¤ã ã§« ¬¨ P ¨J ¬®¦¥â ¨á¯®«ì§®¢ âìáï ä®à¬ã«   ¨¡®«¥¥ ¯®¤-å®¤ïé¥£® ®áà¥¤¥¨ï (áà¥¤¥ à¨ä¬¥â¨ç¥áª®¥, £ à-¬®¨ç¥áª®¥ ¨«¨ £¥®¬¥âà¨ç¥áª®¥); w+ = max(0; w)¨ w� = min(0; w).�ãªæ¨® « GJ ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥GJ = 0:125(3hP + hJ )(�J � �P ):� ¬¥â¨¬, çâ®V (wh)t+�tP � (wh)tP�t = V htP wt+�tP � wtP�t ++V wt+�tP ht+�tP � htP�t = V htP wt+�tP � wtP�t ��wt+�tP XJ AJF (h)t+�tJ + V wt+�tP 't+�tP : (9)38 �. �. �¨¢¢ , �. �. �¥«¥§ïª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 34 { 43�®íâ®¬ã ãà ¢¥¨ï (7)-(8) ¯¥à¥¯¨è¥¬ ¢ ¢¨¤¥V htP ut+�tP � utP�t +XJ AJ�(u)t+�tJ ++ XI=W;E AIGt+�tI = V (�� u')t+�tP ; (10)V htP vt+�tP � vtP�t +XJ AJ�(v)t+�tJ ++ XI=S;N AIGt+�tI = V ( � v')t+�tP ; (11)£¤¥�(w)J =8<: [u]�PJ (wJ �wP )hJ ; J = W;E;[v]�PJ (wJ �wP )hJ ; J = S;N:� §®áâ ï áå¥¬  (6), (9)-(10) ¨¬¥¥â ¯¥à¢ë© ¯®-àï¤®ª  ¯¯à®ªá¨¬ æ¨¨ ¯® ¢à¥¬¥®© ¨ ¯à®áâà -áâ¢¥ë¬ ¯¥à¥¬¥ë¬. � á¨«ã  ¯¯à®ªá¨¬ æ¨¨ ¢ãà ¢¥¨¨ ¥à §àë¢®áâ¨ (1) ª®¢¥ªâ¨¢ëå ç«¥-®¢ à §®áâï¬¨ ¢¢¥àå ¯® ¯®â®ªã à §®áâ ï áå¥-¬  (6) ï¢«ï¥âáï ¬®®â®®© à §®áâ®© áå¥¬®© ¨,á«¥¤®¢ â¥«ì®, ¤«ï ¥®âà¨æ â¥«ì®© ¯à ¢®© ç áâ¨ãà ¢¥¨© (6) ®¡¥á¯¥ç¨¢ ¥â ¥®âà¨æ â¥«ì®áâì£«ã¡¨ë ¯®â®ª  ¯à¨ «î¡ëå à¥¦¨¬ å â¥ç¥¨ï.2.2. �¯¯à®ªá¨¬ æ¨ï ãà ¢¥¨ï ¯¥à¥®á   ®-á®¢�â¥£à¨àãï ãà ¢¥¨¥ (1) ¯® í«¥¬¥â à®¬ã®¡ì¥¬ã V   ¢à¥¬¥®¬ ¨â¥à¢ «¥ [t; t+�t], ¤«ïá¥â®ç®£® ã§«  P ¯®«ãç ¥¬:xPEZxPW yPNZyPS [hS + (1� �)�b�]jt+�tt dydx++ t+�tZt yPNZyPS �uhS � hDx @S@x�����xPExPW dydt++ t+�tZt xPEZxPW �vhS � hDy @S@y �����yPNyPS dxdt = 0: (12)� ¬¥ïï ¢ ãà ¢¥¨¨ (11) ¨â¥£à «ë ¨å ª¢ ¤à -âãàë¬¨ ä®à¬ã« ¬¨, ¨¬¥¥¬V (hS)t+�tP � (hS)tP�t + V (1 � �)�b �t+�tP � �tP�t +

+XJ AJ�t+�tJ = 0: (13)�®â®ª¨ �J ç¥à¥§ ¡®ª®¢ãî ¯®¢¥àå®áâì í«¥¬¥-â à®£® ®¡ì¥¬  á®áâ®ïâ ¨§ ¤¨ääã§¨®®© ¨ ª®¢¥ª-â¨¢®© á®áâ ¢«ïîé¨å. �¨ääã§¨® ï á®áâ ¢«ïî-é ï  ¯¯à®ªá¨¬¨àã¥âáï ¯® æ¥âà «ì®-à §®áâ®©ä®à¬ã«¥, â®£¤  ª ª ª®¢¥ªâ¨¢ ï á®áâ ¢«ïîé ï¢¢¥àå ¯® ¯®â®ªã�J = ( �xJ ; J = W;E;�yJ ; J = S;N;�xJ = [u]+PJ hPSP + [u]�PJ hJSJ + [hDx]PJ SP � SJ�J ;�yJ = [v]+PJ hPSP + [v]�PJ hJSJ + [hDy]PJ SP � SJ�J ;£¤¥ �J - à ááâ®ï¨¥ ¬¥¦¤ã ã§« ¬¨ P ¨ J .3. ������������� ����������������� §®áâë¥ áå¥¬ë (6), (9)-(10) ¨ (12) ¤«ï ãà ¢-¥¨© (1)-(3) ¨ (4) ¡ë«¨ ¯®«ãç¥ë ¤«ï ¢ãâà¥¨åã§«®¢ á¥âª¨. �¯¯à®ªá¨¬ æ¨ï ¤¨ää¥à¥æ¨ «ìëåãà ¢¥¨© (1)-(3), (4) ¤«ï ã§«®¢ á¥âª¨, «¥¦ é¨å¢®§«¥ £à ¨æë ®¡« áâ¨, ®â«¨ç ¥âáï ¥®¡å®¤¨¬®-áâìî ãç¥â  £à ¨çëå ãá«®¢¨©. �¡ëç® £à ¨ç-ë¥ ãá«®¢¨ï ®¯à¥¤¥«ïîâ «¨¡® § ç¥¨ï ®á®¢ëå¯¥à¥¬¥ëå (ãá«®¢¨ï �¨à¨å«¥), «¨¡® § ç¥¨ï ¯®-â®ª  (ãá«®¢¨ï �¥©¬   ¨«¨ �®è¨)   £à ¨æ¥.�§¢¥áâ®, çâ® ¤«ï ®¤®§ ç®£® à¥è¥¨ï ãà ¢-¥¨© (1)-(3) £à ¨çë¥ ãá«®¢¨ï ¤®«¦ë ã¤®¢«¥-â¢®àïâì á«¥¤ãîé¨¬ âà¥¡®¢ ¨ï¬: 1 {   ª ¦¤®©£à ¨æ¥ áâ ¢¨âáï áâ®«ìª® ãá«®¢¨©, áª®«ìª®   ¥©¨¬¥¥âáï ¢å®¤ïé¨å ¢ ®¡« áâì å à ªâ¥à¨áâ¨ª; 2 {ãá«®¢¨î ¤¨áá¨¯ â¨¢®áâ¨.�ç¥â £à ¨çëå ãá«®¢¨© ¤«ï ãà ¢¥¨© (1)-(3)®áãé¥áâ¢«ï¥âáï ¯®¤áâ ®¢ª®© á®®â¢¥âáâ¢ãîé¨å§ ç¥¨© ¢ äãªæ¨® «ë FJ , �J ¨ GJ ¢ ãà ¢¥¨-ïå (6), (9)-(10). �à¨ ¬®¤¥«¨à®¢ ¨¨ áâ®ª    ¢®¤®-á¡®à¥   áª«®¥ ¯¥à¥¬¥ë¥ ¢ ª¢ ¤à âëå áª®¡ª å®áà¥¤ïîâáï ¢¢¥àå ¯® ¯®â®ªã ¨ ¨ª ª¨å ¤®¯®«¨-â¥«ìëå £à ¨çëå ãá«®¢¨© ¥ áâ ¢¨âáï.�«ï ãç¥â  £à ¨çëå ãá«®¢¨© �¨à¨å«¥ ãà ¢¥-¨ï (4) ¢ à §®áâ®© áå¥¬¥ (12) ®á®¢ë¥ ¯¥à¥¬¥-ë¥ ¢ £à ¨çëå ã§« å § ¬¥ïîâáï ¨å § ç¥¨ï¬¨  £à ¨æ¥. � á«ãç ¥ £à ¨çëå ãá«®¢¨© �¥©¬  ¨«¨ �®è¨, § ç¥¨ï ¯®â®ª®¢   £à ¨æ¥ ®¡« áâ¨¯®¤áâ ¢«ïîâáï ¥¯®áà¥¤áâ¢¥® ¢ à §®áâãî áå¥-¬ã (12) ¢¬¥áâ® á®®â¢¥âáâ¢ãîé¨å ¯®â®ª®¢ ç¥à¥§¡®ª®¢ãî ¯®¢¥àå®áâì.�. �. �¨¢¢ , �. �. �¥«¥§ïª 39



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 34 { 434. ��������� ������� ������� ��-�������� ����������¨áâ¥¬  ¥«¨¥©ëå ãà ¢¥¨© (6), (9)-(10) ¬®-¦¥â ¡ëâì ¯à¥¤áâ ¢«¥  ¢ ¢¨¤¥R(x) = 0;£¤¥ R(x) : En ! En.�«ï ¥¥ à¥è¥¨ï ¨á¯®«ì§®¢ «áï ¬¥â®¤ �ìîâ® xs+1 = xs ��@R(xs)@x ��1R(xs);£¤¥ s ®¡®§ ç ¥â ®¬¥à ¨â¥à æ¨¨.�â¥à æ¨¨ ¯® ¥«¨¥©®áâ¨ ¢ë¯®«ï«¨áì ¤® ã¤®-¢«¥â¢®à¥¨ï ªà¨â¥à¨ï:max1�i�n ��xs+1i � xsi ��jxsi j � ";£¤¥ " { ¥ª®â®à ï  ¯¥à¥¤ § ¤  ï ª®áâ â .5. ���������� ���������� ����-����������® ¢¥à¨ä¨ª æ¨¨ ®¯¨á ®© ¢ëè¥ ¬ â¥¬ â¨ç¥-áª®© ¬®¤¥«¨ ¯® íªá¯¥à¨¬¥â «ìë¬ ¤ ë¬ ® ä®à-¬¨à®¢ ¨¨ ¯®¢¥àå®áâ®£® áâ®ª    à¥ «ìëå ¢®-¤®á¡®à å ¯à®¢®¤¨«®áì â¥áâ¨à®¢ ¨¥ à §®áâ®©áå¥¬ë (7), (10)-(11)   § ¤ ç å ® ¯à®àë¢¥ ¯«®â¨-ë.5.1. �¤®¬¥à ï § ¤ ç  ® ¯à®àë¢¥ ¯«®â¨ë� áá¬ âà¨¢ «áï £®à¨§®â «ìë© ª  « ¯®áâ®-ï®£® ¯®¯¥à¥ç®£® á¥ç¥¨ï ¤«¨®© 1000 ¬, ª®â®-àë© ¨¬¥« â®ªãî ¯¥à¥£®à®¤ªã ¢ á¥ç¥¨¨ x = 500¬. �® «¥¢ãî áâ®à®ã ®â ¯¥à¥£®à®¤ª¨ ãà®¢¥ì ¢®¤ëá®áâ ¢«ï« 100 ¬, ¯® ¯à ¢ãî áâ®à®ã { 1 ¬. �à¥¤¯®-« £ «®áì, çâ® ¯¥à¢® ç «ì® ¢®¤  ¯® ®¡¥ áâ®à®ë¯¥à¥£®à®¤ª¨  å®¤¨âáï ¢ á®áâ®ï¨¨ ¯®ª®ï. � ã-«¥¢®© ¬®¬¥â ¢à¥¬¥¨ ¯«®â¨  ¬£®¢¥® à §àã-è ¥âáï ¨ âà¥¡ã¥âáï ®¯à¥¤¥«¨âì ¯®á«¥¤ãîé¥¥ ¤¢¨-¦¥¨¥ ¢®¤ë [24].�¡« áâì ¬®¤¥«¨à®¢ ¨ï ¯®ªàë¢ « áì à ¢®¬¥à-®© á¥âª®© á è £®¬, à ¢ë¬ 10 ¬. �  à¨á. 3. ¯à¨-¢¥¤¥® áà ¢¥¨¥ ç¨á«¥®£® (èâà¨å®¢ ï «¨¨ï) ¨  «¨â¨ç¥áª®£® (á¯«®è ï «¨¨ï) à¥è¥¨© ç¥à¥§10 á ¯®á«¥ ¯à®àë¢  ¯«®â¨ë.5.2. �¢ã¬¥à ï § ¤ ç  ® ¯à®àë¢¥ ¯«®â¨ë�â  § ¤ ç  ¬®¤¥«¨àã¥â ç áâ¨ç®¥ à §àãè¥¨¥¤ ¬¡ë ¨«¨ ¡ëáâà®¥ ®âªàëâ¨¥ è«î§ëå ¢®à®â [6].�¢ ¤à â ï ®¡« áâì á® áâ®à®®© ¢ 250 ¬ à §¤¥«¥ 

�¨á. 3. �à ¢¥¨¥ ç¨á«¥®£® ¨   «¨â¨ç¥áª®£®à¥è¥¨ï § ¤ ç¨ ® ¯à®àë¢¥ ¯«®â¨ë ç¥à¥§ 10 á
�¨á. 4. �¥è¥¨¥ § ¤ ç¨ ® ¯à®àë¢¥ ¯«®â¨ë ç¥à¥§ 7:2á: á«ãç © § ¯®«¥®© ¢â®à®© ¯®¤®¡« áâ¨ (¢¢¥àåã) ¨¤¢¨¦¥¨¥ ¯®â®ª  ¯® áãå®¬ã ¤ã (¢¨§ã).¤ ¬¡®©   ¤¢¥ à ¢ë¥ ¯àï¬®ã£®«ìë¥ ¯®¤®¡« áâ¨.�à¥¤¯®« £ ¥âáï, çâ® ®¤  ¨§ ¯®¤®¡« áâ¥© § ¯®«-¥  ¢®¤®© ¨ ¥¥ £«ã¡¨  à ¢  10 ¬. �«ï ¢â®à®©¯®¤®¡« áâ¨ à áá¬ âà¨¢ îâáï ¤¢  á«ãç ï: 1) ª®£¤ ®  â ª¦¥ § ¯®«¥  ¢®¤®©, £«ã¡¨  ª®â®à®© á®-áâ ¢«ï¥â 5 ¬; 2) ª®£¤  ¢ ¯®¤®¡« áâ¨ ¥â ¢®¤ë. �¬®¬¥â ¢à¥¬¥¨ t = 0 ç áâì ¤ ¬¡ë è¨à¨®© ¢ 75¬ ¨ á æ¥âà®¬ ¢ 132:5 ¬ ¬£®¢¥® ã¤ «ï¥âáï. �®-¤   ç¨ ¥â ¢ëâ¥ª âì ç¥à¥§ ®¡à §®¢ ¢è¥¥áï ®â-¢¥àáâ¨¥, ä®à¬¨àãï ¡®à, ª®â®àë© à á¯à®áâà ï¥â-áï ¢¯¥à¥¤ ¨ à áâ¥ª ¥âáï £®à¨§®â «ì®. � â® ¦¥á ¬®¥ ¢à¥¬ï ®âà¨æ â¥«ì ï ¢®«  ¯®¨¦¥¨ï à á-¯à®áâà ï¥âáï ¢¢¥àå.�¡« áâì ¬®¤¥«¨à®¢ ¨ï ¯®ªàë¢ « áì à ¢®¬¥à-40 �. �. �¨¢¢ , �. �. �¥«¥§ïª
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�¨á. 5. �§®«¨¨¨ à¥«ì¥ä  ¨ ¯®«¥ áª®à®áâ¥©¯®¢¥àå®áâ®£® áâ®ª  á ¢®¤®á¡®à  «®£  �«®áª®£®ç¥à¥§ 30 ¬¨. ¯®á«¥  ç «  ¤®¦¤ï ¤«ï ¯ ¢®¤ª  13¨îï 1970 £.®© ª¢ ¤à â®© á¥âª®© á ¯à®áâà áâ¢¥ë¬ è -£®¬ ¢ 5 ¬. �  à¨á. 4. ¯®ª § ë à¥§ã«ìâ âë ¬®-¤¥«¨à®¢ ¨ï ç¥à¥§ 7:2 á. ¯®á«¥ à §àãè¥¨ï ¤ ¬-¡ë. �¨ å®à®è® á®£« áãîâáï á à¥§ã«ìâ â ¬¨, ¯®-«ãç¥ë¬¨ ¢ [8, 10].5.3. �®¢¥àå®áâë© áâ®ª á ¢®¤®á¡®à®¢� ë¥, á®¡à ë¥ �ªà ¨áª¨¬  ãç® ¨áá«¥-¤®¢ â¥«ìáª¨¬ £¨¤à®¬¥â¥®à®«®£¨ç¥áª¨¬ ¨áâ¨âã-â®¬ ¨ �¤¥ááª¨¬ £®áã¤ àáâ¢¥ë¬ ã¨¢¥àá¨â¥â®¬,¯® ¤®¦¤¥¢ë¬ ¯ ¢®¤ª ¬   ¢®¤®á¡®à å à.�ãâ¥ï(�®£ãá« ¢áª ï �����) ¨á¯®«ì§®¢ «¨áì ¤«ï ®æ¥-ª¨ á¯®á®¡®áâ¨ ¢ëè¥®¯¨á ®© ¬®¤¥«¨ ¬®¤¥«¨à®-¢ âì ¯®¢¥àå®áâë© áâ®ª   ¢®¤®á¡®à¥ [23]. � ¤ -®© à ¡®â¥ ¯à¨¢®¤ïâáï à¥§ã«ìâ âë ¬®¤¥«¨à®¢ -¨ï áâ®ª  ¢®¤ë ¨  ®á®¢ á ¢®¤®á¡®à  �®£  �«®á-ª®£®.�®£ �«®áª¨© § ¨¬ ¥â ¢¥àåîî ¯®«¥¢ãî ç áâì¢®¤®á¡®à  ¡ «ª¨ �®¢¦¨ª. �«®é ¤ì ¢®¤®á¡®à  á®-áâ ¢«ï¥â 0:085 ª¢.ª¬. �«¨  ¢®¤®á¡®à  ®â  ¨¡®-«¥¥ ã¤ «¥®© â®çª¨ ¢®¤®à §¤¥«  ¤® § ¬ëª îé¥£®áâ¢®à  0:54 ª¬, áà¥¤ïï è¨à¨  0:19 ª¬. �à¥¤¨©ãª«® ¢®¤®á¡®à  24:7%, â «ì¢¥£  - 22:6%. �®¤®-á¡®à «®£  ¤®¢®«ì® ¯«®áª¨© ¨ ¨¬¥¥â ¢ëâïãâãî áî£    á¥¢¥à ä®à¬ã. �®¤®à §¤¥«¨â¥«ì ï «¨¨ï,§  ¨áª«îç¥¨¥¬ ¢¥àå¥© ç áâ¨ ¢®¤®á¡®à , ¢ëà -¦¥  ¢¥áì¬  á« ¡® ¨ ¯®íâ®¬ã ¢®§¬®¦ë ®è¨¡ª¨ ¢®¯à¥¤¥«¥¨¨ ¢®¤®á¡®à®© ¯«®é ¤¨.�áï ¯«®é ¤ì ¢®¤®á¡®à  ¢¥á®© à á¯ å¨¢ ¥âáï¨ § á ¦¨¢ ¥âáï ¯è¥¨æ¥©, ªãªãàã§®© ¨ ®¢®é ¬¨¯® á¥¢®®¡®à®âã. �®ç¢ë ¢®¤®á¡®à  â¥¬®-á¥àë¥®¯®¤§®«¥ë¥, ªàã¯®¯ë«¥¢ â®-«¥£ª®áã£«¨¨áâë¥.�àãâ®¢ë¥ ¢®¤ë § «¥£ îâ   £«ã¡¨¥ 45� 50 ¬.�®¤®á¡®à ¯®ªàë¢ «áï à ¢®¬¥à®© ¯àï¬®ã£®«ì-®© á¥âª®© 11:5 � 11:5 ¬. �à¥¬¥®© è £ ¢ë¡¨-à «áï à ¢ë¬ 1 ¬¨. �ä¨«ìâà æ¨®ë¥ ¯®â¥-à¨ à ááç¨âë¢ «¨áì ¯® ¬®¤¥«¨ Morel-Seytoux. �¥-à¥å¢ â ®á ¤ª®¢ à áâ¨â¥«ì®áâìî ¨ ¯®¢¥àå®áâ®¥

§ ¤¥à¦ ¨¥ ¢ëç¨á«ï«¨áì ¨§ ãà ¢¥¨© �¥ä ¨.�à á¯®àâ¨àãîé ï á¯®á®¡®áâì ¯®â®ª  ®¯à¥¤¥«ï-« áì ¨§ ãà ¢¥¨© Engelund-Hansen ¨ Yalin. �¥-«ì¥ä ¢®¤®á¡®à  ¨ ¯®«¥ áª®à®áâ¥© ¤«ï ¯ ¢®¤ª  13¨îï 1970 £®¤  ç¥à¥§ 30 ¬¨. ¯®á«¥  ç «  ¤®¦¤ï¯®ª § ë   à¨á. 5.�  à¨á. 6-7. ¯à¨¢¥¤¥® áà ¢¥¨¥ à ááç¨â -ëå ¨  ¡«î¤ ¥¬ëå £¨¤à®£à ä®¢ ¦¨¤ª®£® ¨ â¢¥à-¤®£® áâ®ª®¢. �®«¥¢ë¥ ¨§¬¥à¥¨ï ¯®ª § «¨, çâ®äà ªæ¨ï ¢§¢¥è¥ëå  ®á®¢ á ¤¨ ¬¥âà®¬ ç áâ¨æ0:01 � 0:05 ¬¬ ï¢«ï¥âáï ¯à¥®¡« ¤ îé¥© (á®áâ -¢«ï¥â ¡®«¥¥ 70%). � ¢ëç¨á«¥¨ïå ¤¨ ¬¥âà ¢§¢¥-è¥ëå  ®á®¢ ¯®« £ «áï à ¢ë¬ 0:01 ¬¬, ¥á«¨âà á¯®àâ¨àãîé ï á¯®á®¡®áâì ¯®â®ª  ¢ëç¨á«ï-« áì ¨§ ãà ¢¥¨ï Yalin, ¨ 0:07 ¬¬ ¤«ï ãà ¢¥¨ïEngelund-Hansen.�¨á. 6. ¯®ª §ë¢ ¥â å®à®è¥¥ á®¢¯ ¤¥¨¥ ¬¥¦-¤ã à ááç¨â ë¬¨ ¨  ¡«î¤ ¥¬ë¬¨ £¨¤à®£à ä -¬¨ ¦¨¤ª®£® ¨ â¢¥à¤®£® áâ®ª®¢ ¤«ï ¤®¦¤¥¢®£® ¯ -¢®¤ª  13 ¨îï 1970 £®¤ . � ª ¢¨¤® ¨§ à¨á. 7. ¤«ï¤®¦¤¥¢®£® ¯ ¢®¤ª  16  ¢£ãáâ  1980 £. ¥  ¡«î¤ -¥âáï â ª®£® å®à®è¥£® á®¢¯ ¤¥¨ï ¬¥¦¤ã ¢ëç¨á«¥-ë¬¨ ¨  ¡«î¤ ¥¬ë¬¨ £¨¤à®£à ä ¬¨ ª ª ¢ ¯à¥¤ë-¤ãé¥¬ á«ãç ¥. � ¬¥â¨¬, çâ® £¨¤à®£à ä â¢¥à¤®£®áâ®ª  á¨«ì® § ¢¨á¨â ®â ¨á¯®«ì§ã¥¬®£® ãà ¢¥¨ï¤«ï ®¯à¥¤¥«¥¨ï âà á¯®àâ¨àãîé¥© á¯®á®¡®áâ¨¯®â®ª , ®á®¡¥® ¢ ®¡« áâïå ¬ «ëå áª®à®áâ¥© ¯®-¢¥àå®áâ®£® ¯®â®ª .�������à ¢¥¨¥ à¥§ã«ìâ â®¢ ç¨á«¥®£® ¬®¤¥«¨à®-¢ ¨ï á  ¡«î¤ ¥¬ë¬¨ ¤ ë¬¨ ¤¥¬®áâà¨àã¥âá¯®á®¡®áâì ¯à¥¤«®¦¥®© ¬ â¥¬ â¨ç¥áª®© ¬®¤¥-«¨ ¬®¤¥«¨à®¢ âì ä®à¬¨à®¢ ¨¥ áâ®ª    ¬ «ëå¢®¤®á¡®à å, ª®â®àë¥ ¬®¦® ®¯à¥¤¥«¨âì ª ª ¢®¤®-á¡®àë ä®à¬¨à®¢ ¨ï àãç¥©ª®¢®© á¥â¨. � «¨ç¨¥àãá¥« áà¥¤¨å ¨ ªàã¯ëå à¥ª á ¢®¤®åà ¨«¨é ¬¨  â¥àà¨â®à¨¨ ¢®¤®á¡®à  âà¥¡ã¥â ¢¢¥¤¥¨ï ¢ ¬®-¤¥«ì á®®â¢¥âáâ¢ãîé¨å ¯ à ¬¥âà¨§ æ¨©, ª®â®àë¥¥ ï¢«ï«¨áì ¯à¥¤¬¥â®¬  áâ®ïé¥© ¯ã¡«¨ª æ¨¨.�«ï ãà ¢¥¨ï ¬¥«ª®© ¢®¤ë ¯®áâà®¥  ¥ï¢ ïª®á¥à¢ â¨¢ ï à §®áâ ï áå¥¬  ¯¥à¢®£® ¯®àï¤-ª   ¯¯à®ªá¨¬ æ¨¨. � á¨«ã  ¯¯à®ªá¨¬ æ¨¨ ª®¢¥ª-â¨¢ëå ç«¥®¢ ¢ ãà ¢¥¨¨ ¥à §àë¢®áâ¨ ¢¢¥àå¯® ¯®â®ªã ®¡¥á¯¥ç¨¢ ¥âáï ¥®âà¨æ â¥«ì®áâì £«ã-¡¨ë ¯®â®ª  ¤«ï «î¡ëå à¥¦¨¬®¢ â¥ç¥¨ï. �¨-á«¥ë¥ íªá¯¥à¨¬¥âë ¯®ª § «¨ íää¥ªâ¨¢®áâì¯à¨¬¥¥¨ï áå¥¬ë ¤«ï à¥è¥¨ï â ª®© § ¤ ç¨ ®¤¢¨¦¥¨¨ ¦¨¤ª®áâ¨ á® á¢®¡®¤®© ¯®¢¥àå®áâìî ¨¯®¤¢¨¦®© £à ¨æ¥©, à áá¬ âà¨¢ ¥¬ëå ¢ à ¬ª åà §«¨çëå ¬®¤¨ä¨ª æ¨© ãà ¢¥¨© ¬¥«ª®© ¢®¤ë,ª ª ä®à¬¨à®¢ ¨¥ áâ®ª    ¬ «ëå ¢®¤®á¡®à å.�¥§ã«ìâ âë à áç¥â®¢ ¯® ¤¢ã¬¥à®© ¬®¤¥«¨�. �. �¨¢¢ , �. �. �¥«¥§ïª 41
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�¨á. 6. �à ¢¥¨¥ ç¨á«¥ëå ¨  ¡«î¤ ¥¬ëå £¨¤à®£à ä®¢ ¦¨¤ª®£® ¨ â¢¥à¤®£® áâ®ª  ¤«ï ¤®¦¤¥¢®£® ¯ ¢®¤ª 13 ¨îï 1970 £.

�¨á. 7. �à ¢¥¨¥  ¡«î¤ ¥¬ëå ¨ à ááç¨â ëå £¨¤à®£à ä®¢ áâ®ª  ¤«ï ¤®¦¤¥¢®£® ¯ ¢®¤ª  16  ¢£ãáâ  1980 £.42 �. �. �¨¢¢ , �. �. �¥«¥§ïª



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 34 { 43âà á¯®àâ  ¨ ¯¥à¥®â«®¦¥¨ï  ®á®¢ áãé¥áâ¢¥-® § ¢¨áïâ ®â ¨á¯®«ì§ã¥¬ëå á®®â®è¥¨© ¤«ï ¢ë-ç¨á«¥¨ï âà á¯®àâ¨àãîé¥© á¯®á®¡®áâ¨ ¯®â®ª .�à¨ íâ®¬ à¥§ã«ìâ âë ¬®¤¥«¨à®¢ ¨ï ¯®ª §ë¢ -îâ, çâ® ¢ á«ãç ¥ "«¨¢¥¢ëå" ¤®¦¤¥© ¨á¯®«ì§®¢ -¨¥ ãà ¢¥¨ï Engelund-Hansen,   ¢ á«ãç ¥ "¬®-à®áïé¨å" ¤®¦¤¥© - ãà ¢¥¨ï Yalin ¤ ¥â ¥¯«®å®¥á®£« á®¢ ¨¥ ç¨á«¥ëå à¥§ã«ìâ â®¢ á  ¡«î¤ ¥-¬ë¬¨   ¢®¤®á¡®à å.�®¤¥«ì ä®à¬¨à®¢ ¨ï ¤®¦¤¥¢®£® áâ®ª    ¥-¡®«ìè¨å ¢®¤®á¡®à å à §à ¡®â   ¯à¨ ¢ë¯®«¥¨¨¯à®¥ªâ  SPARTACUS ¯à®£à ¬¬ë �¢à®¯¥©áª®©�®¬¨áá¨¨ �ª®-�®¯¥à¨ªãá.1. �ãç¬¥â �. �., �¥¬¨¤®¢ �. �., �®â®¢¨«®¢ �. �.�®à¬¨à®¢ ¨¥ à¥ç®£® áâ®ª .{ �.: � ãª , 1983.{215 á.2. Singh V. P. (ed.) Computer Models of WatershedsHydrology.{ Highlands Ranch, Colorado: Water Re-source Publications, 1995.{ 1130 p.3. Woolhiser D. A., Smith R. E., Goodrich D. C.KINEROS, A Kinematic Runo� and Erosion Mod-el: Documentation and User Manual.{ USDA-ARS:ARS Publication No. 77, 1990.{ 211 p.4. Raskob W., Popov A., Zheleznyak M. J., Heling R.Radioecological Models for Inland Water Systems.{Karlsruhe: FZKA 6089, Forschungszentrum Karl-sruhe GmbH, 1998.{ 225 p.5. Yan M., Kahawita R. Modelling the Fate of Pollu-tant in Overland ow // Wat. Res.{ 2000.{ 34(13).{P. 3335{3344.6. Zhang W., Cundy T. W. Modeling of Two-Dimensional Overland Flow // Water Resour. Res.{1989.{ 25(9).{ P. 2019{2035.7. Louaked M., Hanich L. TVD scheme for the shal-low water equations // J. Hydr. Res.{ 1998.{ 36(3).{P. 363{378.8. Mingham C. G., Causon D. M. High-ResolutionFinite-Volume Method for Shallow Water Flows //J. Hydr. Engrg.{ 1998.{ 124(6).{ P. 605{614.9. Yost S. A., Rao P. M. S. V. A non-oscillatory schemefor open channel ows // Adv. in Water Resour.{1998.{ 22(2).{ P. 133{143.10. Zoppou C., Roberts S. Catastrophic Collapse of Wa-ter Supply Reservoirs in Urban Areas // J. Hydr.Engrg.{ 1999.{ 125(7).{ P. 686{695.
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