
������ö �����ö ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 3. �. 3 { 11��� 532.593�������������� �������������� ������� ���������� ������� ��� ���������������������� ��� � ����� �������. �. ��������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 03.04.2002�à¥¤« £ ¥âáï ¬¥â®¤ à áç¥â  ¢¤®«ì¡¥à¥£®¢ëå â¥ç¥­¨© ¨ âà ­á¯®àâ  ­ ­®á®¢ ¢ ¯à¨¡à¥¦­®© §®­¥ ¯à¨ ¯à®¨§¢®«ì­®©â®¯®£à ä¨¨ ¤­  ¨ «¨­¨¨ ¡¥à¥£ . �¥â®¤ ®á­®¢ ­ ­  à¥äà ªæ¨®­­®© ¬®¤¥«¨ á ¯à¨¬¥­¥­¨¥¬ ®áà¥¤­¥­¨ï  ¬¯«¨âã¤ ¢®«­,¯¥à¥á¥ª îé¨å áâ®à®­ë í«¥¬¥­â®¢ à áç¥â­®© á¥âª¨. �®«¥ ¢¤®«ì¡¥à¥£®¢ëå áª®à®áâ¥© ®¯à¥¤¥«ï¥âáï ç¥à¥§ à ¤¨ æ¨®­-­ë¥ ­ ¯àï¦¥­¨ï ¯® ä®à¬ã«¥ �®­£¥{�¨££¨­á  á ¨á¯®«ì§®¢ ­¨¥¬ à §«¨ç­ëå ¬®¤¥«¥© ¤«ï ®¯à¥¤¥«¥­¨ï ª®íää¨æ¨¥­â âãà¡ã«¥­â­®© ¢ï§ª®áâ¨. �® à ááç¨â ­­®¬ã ¯®«î ¢¤®«ì¡¥à¥£®¢ëå áª®à®áâ¥© ®¯à¥¤¥«ï¥âáï à áå®¤ ­ ­®á®¢ ¯® ¬®¤¥-«ï¬ � ©â {�ªª¥àá , �à ­â {� ¤á¥­  ¨ �¨©ª¥à . � ¥âáï áà ¢­¨â¥«ì­ë©  ­ «¨§ ¯à¥¤« £ ¥¬ëå ¯®¤å®¤®¢.�à®¯®­ãõâìáï ¬¥â®¤ à®§à åã­ªã ¢§¤®¢¦¡¥à¥£®¢¨å â¥çi© i âà ­á¯®àâã ­ ­®ái¢ ã ¯à¨¡¥à¥¦­i© §®­i ¯à¨ ¤®¢i«ì­i©â®¯®£à äiù ¤­  i «i­iù ¡¥à¥£ . �¯®ái¡ § á­®¢ ­¨© ­  à¥äà ªæi©­i© ¬®¤¥«i § § áâ®áã¢ ­­ï¬ ®á¥à¥¤­¥­­ï  ¬¯«iâã¤å¢¨«ì, é® ¯¥à¥â¨­ îâì áâ®à®­¨ ¥«¥¬¥­âi¢ à®§à åã­ª®¢®ù áiâª¨. �®«¥ ¢§¤®¢¦¡¥à¥£®¢¨å è¢¨¤ª®áâ¥© ¢¨§­ ç õâìáïç¥à¥§ à ¤i æi©­i ­ ¯àã£¨ ¯® ä®à¬ã«i �®­£¥{�¨££¨­á  § ¢¨ª®à¨áâ ­­ï¬ ài§­¨å ¬®¤¥«¥© ¤«ï ¢¨§­ ç¥­­ï ª®¥äiæiõ­â âãà¡ã«¥­â­®ù ¢'ï§ª®áâi. �  à®§à å®¢ ­¨¬ ¯®«¥¬ ¢§¤®¢¦¡¥à¥£®¢¨å â¥çi© ¢¨§­ ç õâìáï âà ­á¯®àâ ­ ­®ái¢ ¯® ¬®¤¥«ïå� ©â {�ªª¥àá , �à ­â {� ¤á¥­  i �¨©ª¥à . � õâìáï ¯®ài¢­ï«ì­¨©  ­ «i§ ¯à®¯®­®¢ ­¨å ¯i¤å®¤i¢.The method of calculation of longshore currents and sediment transport in a near-shore area for an arbitrary bottomcon�guration and the line of a beach is o�ered. The method is based on refraction model with applying of average-out ofamplitudes of water waves intersecting sides of grid elements. The �eld of longshore velocities is calculated on the baseof theoretical formula given by Lounguett{Higgins with radiation stress using various models for de�nition of horizontalmixing. The sediment transport is determined following the models of White{Ackers, Grant{Madsen and Bijker. Thecomparative analysis of the approaches o�ered is given.���������¤­¨¬¨ ¨§ ¢ ¦­¥©è¨å «¨â®¤¨­ ¬¨ç¥áª¨å å -à ªâ¥à¨áâ¨ª ¯à¨¡à¥¦­®© §®­ë ï¢«ïîâáï à á¯à¥-¤¥«¥­¨¥ ¯®«ï ¢¤®«ì¡¥à¥£®¢ëå áª®à®áâ¥© ¨ âà ­á-¯®àâ  ­ ­®á®¢, ¢ë§¢ ­­ëå ª®á®¯®¤å®¤ïé¨¬ ¢®«-­¥­¨¥¬. �¥â®¤¨ª¨, ¯à¨¬¥­ï¥¬ë¥ ¯à¨ ¨å à áç¥â¥,à §­ïâáï ¬¥¦¤ã á®¡®© ¨ ¯«®å® áâëªãîâáï á íªá¯¥-à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨ ¨ ­ âãà­ë¬¨ ­ ¡«î¤¥-­¨ï¬¨. �¡§®à íâ¨å ¬¥â®¤¨ª ¤ ­ ¢ [1, 2].� ¦­¥©è¨© ¢ª« ¤ ¢ à¥è¥­¨¥ ¯à®¡«¥¬ë à áç¥â ¢¤®«ì¡¥à¥£®¢ëå í­¥à£¥â¨ç¥áª¨å â¥ç¥­¨© ¡ë« á¤¥-« ­ �®­£¥{�¨££¨­á®¬ [3], ª®â®àë© ¤ « ¨áç¥à¯ë-¢ îéãî ä¨§¨ç¥áªãî ¨­â¥à¯à¥â æ¨î ï¢«¥­¨ï ­ ®á­®¢¥ ª®­æ¥¯æ¨¨ à ¤¨ æ¨®­­ëå ­ ¯àï¦¥­¨©. �®-£« á­® íâ®© ª®­æ¥¯æ¨¨ ¯à¨ ª®á®¬ ¯®¤å®¤¥ ¢®«­á®§¤ ¥âáï ¯ à ««¥«ì­ë© ¡¥à¥£ã ¯®â®ª ª®«¨ç¥áâ¢ ¤¢¨¦¥­¨ï Sxy. �§¬¥­¥­¨¥ Sxy ¯® ­®à¬ «¨ ª ¡¥-à¥£ã ¯®à®¦¤ ¥â ¯à®¤®«ì­ãî á¨«ã, ¯àï¬® ¯à®¯®à-æ¨®­ «ì­ãî áª®à®áâ¨ ¤¨áá¨¯ æ¨¨ í­¥à£¨¨. �«¥¤®-¢ â¥«ì­®, â¥ç¥­¨¥ ¢®§­¨ª ¥â â ¬, £¤¥ ¤¨ác¨¯ æ¨ï¢¥áì¬  §­ ç¨â¥«ì­ , ­ ¯à¨¬¥à, ¢ ¯à¨¡®©­®© §®­¥.�ª®à®áâì V ¢¤®«ì¡¥à¥£®¢®£® í­¥à£¥â¨ç¥áª®£® â¥-ç¥­¨ï, £¥­¥à¨àã¥¬®£® ª®á®¯®¤å®¤ïé¨¬ ¢®«­¥­¨¥¬,®¯à¥¤¥«ï¥âáï ãà ¢­¥­¨¥¬ ¡ « ­á  ¨¬¯ã«ìá  ¢ ¯à®-¤®«ì­®¬ ­ ¯à ¢«¥­¨¨.

� ®â«¨ç¨¥ ®â ¤àã£¨å ¬®¤¥«¥©, £¤¥ áª®à®áâì¢¤®«ì¡¥à¥£®¢®£® â¥ç¥­¨ï ®¯à¥¤¥«ï« áì â®«ìª® ¢­ã-âà¨ ¯à¨¡®©­®© §®­ë, �®­£¥{�¨££¨­á ¢¢¥« ª®íää¨-æ¨¥­â âãà¡ã«¥­â­®© ¢ï§ª®áâ¨. � ¯®ï¢«¥­¨¥¬ âãà-¡ã«¥­â­®© ¢ï§ª®áâ¨ â¥ç¥­¨¥ ¢ëå®¤¨â §  ¯à¥¤¥«ë¯à¨¡®©­®© §®­ë, è¨à¨­  ¥£® à áâ¥â,   áª®à®áâì¯ ¤ ¥â, ¯à¨ç¥¬ ¬ ªá¨¬ã¬ ¥¥ á¬¥é ¥âáï ¡«¨¦¥ ª¡¥à¥£ã. �à®¬¥ â®£®, ¢¢¥¤¥­¨¥ ª®íää¨æ¨¥­â  âãà-¡ã«¥­â­®© ¢ï§ª®áâ¨ ¯à¨¢®¤¨â ª ãáâà ­¥­¨î à §-àë¢  áª®à®áâ¨ ­  «¨­¨¨ ®¡àãè¥­¨ï. � à ¡®â å [3{7] ¡ë«¨ à áá¬®âà¥­ë à §«¨ç­ë¥ ¬®¤¥«¨ ¤«ï ®¯à¥-¤¥«¥­¨ï íâ®£® ª®íää¨æ¨¥­â .�® ¢á¥å ¯®¤å®¤ å ¯® à áç¥âã ¢¤®«ì¡¥à¥£®¢®£®í­¥à£¥â¨ç¥áª®£® â¥ç¥­¨ï ¯à¥¤¯®« £ «®áì, çâ® «¨-­¨ï ãà¥§  ¢®¤ë á« ¡® ®â«¨ç ¥âáï ®â ¯àï¬®«¨­¥©-­®©,   ¨§®¡ âë £«ã¡¨­ ¯®çâ¨ ¯ à ««¥«ì­ë ¡¥à¥£ã.� ­ áâ®ïé¥© áâ âì¥ ¯à¥¤áâ ¢«¥­  ¬¥â®¤¨ª  à á-ç¥â  ¢¤®«ì¡¥à¥£®¢ëå â¥ç¥­¨© ¯à¨ ¯à®¨§¢®«ì­®©â®¯®£à ä¨¨ ¤­  ¨ «¨­¨¨ ¡¥à¥£ . �¥â®¤¨ª  ®á­®-¢ ­  ­  à¥äà ªæ¨®­­®© ¬®¤¥«¨ âà ­áä®à¬ æ¨¨¢®«­ á ¯à¨¬¥­¥­¨¥¬ ¬¥â®¤  ®áà¥¤­¥­¨ï  ¬¯«¨-âã¤ ¢®«­, ¯¥à¥á¥ª îé¨å áâ®à®­ë í«¥¬¥­â®¢ à á-ç¥â­®© á¥âª¨, ª®â®à®© ¯®ªàë¢ ¥âáï ¨áá«¥¤ã¥¬ ï®¡« áâì ¯à¨¡à¥¦­®© §®­ë. �® à ááç¨â ­­®¬ã¯®«î ¢ëá®â âà ­áä®à¬¨à®¢ ­­ëå ¢®«­ á ¯®¬®-éìî ªà¨â¥à¨ï �¨è  ­ å®¤¨âáï «¨­¨ï ®¡àãè¥­¨ï.c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 3. �. 3 { 11�®«¥ ¢¤®«ì¡¥à¥£®¢ëå áª®à®áâ¥© ®¯à¥¤¥«ï¥âáï ç¥-à¥§ à ¤¨ æ¨®­­ë¥ ­ ¯àï¦¥­¨ï ¯® ä®à¬ã«¥ �®­£¥{�¨££¨­á .�® à ááç¨â ­­®¬ã ¯®«î ¢¤®«ì¡¥à¥£®¢ëå í­¥à-£¥â¨ç¥áª¨å â¥ç¥­¨© ®¯à¥¤¥«ï¥âáï ¢¤®«ì¡¥à¥£®¢®©âà ­á¯®àâ ­ ­®á®¢. �­®£®®¡à §¨¥ áãé¥áâ¢ãî-é¨å ¢¨¤®¢ à áç¥â­ëå § ¢¨á¨¬®áâ¥© ¢¤®«ì¡¥à¥£®-¢®£® âà ­á¯®àâ  á¢®¤¨âáï ª ®á­®¢­ë¬ ¤¢ã¬. �®{¯¥à¢ëå, íâ® § ¢¨á¨¬®áâ¨, ¯®§¢®«ïîé¨¥ ¯à®¨§¢®-¤¨âì à áç¥â ¢¤®«ì¡¥à¥£®¢®£® âà ­á¯®àâ  ¡¥§ à §-¤¥«ì­®£® à áá¬®âà¥­¨ï ¯® ¢¨¤ ¬ ¤¢¨¦¥­¨ï â¢¥à-¤ëå ç áâ¨æ [8{14]. � áç¥â ¢ íâ®¬ á«ãç ¥ ¯à®¨§¢®-¤ïâ, ¨áå®¤ï ¨§ ¯à®¯®àæ¨®­ «ì­®áâ¨ ¢¤®«ì¡¥à¥£®-¢®£® âà ­á¯®àâ  ­ ­®á®¢ ãá«®¢­ë¬ ­ ­®á®¤¢¨¦ã-é¨¬ á¨« ¬. �®{¢â®àëå, § ¢¨á¨¬®áâ¨, ¢ ª®â®àëå®â¤¥«ì­® à ááç¨âë¢ ¥âáï âà ­á¯®àâ ­ ­®á®¢ ¯®¤­ã, § â¥¬ ¢® ¢§¢¥è¥­­®¬ á®áâ®ï­¨¨, ¨ à¥§ã«ìâ -âë à áç¥â®¢ áã¬¬¨àãîâáï [15, 16]. � ª à §­®¢¨¤-­®áâì ¢â®à®£® á«ãç ï ¬®¦­® áç¨â âì ¬¥â®¤, ª®£¤ à ááç¨âë¢ ¥âáï áà¥¤­ïï ¯® £«ã¡¨­¥ ª®­æ¥­âà æ¨ï­ ­®á®¢ (¨­ ç¥ ¬ãâ­®áâì) ¯® ª ª®¬ã-«¨¡® ­®à¬¨-àãîé¥¬ã £®à¨§®­âã Z ®â ¤­ . �¯à¥¤¥«ï¥âáï ¯«®-é ¤ì á¥ç¥­¨ï ¢¤®«ì¡¥à¥£®¢®£® ¯®â®ª  ¨ à áå®¤ ¢®-¤ë ç¥à¥§ á¥ç¥­¨¥. � â¥¬ ®¯à¥¤¥«ï¥âáï âà ­á¯®àâ­ ­®á®¢ [17{19].�§ ®¡§®à  áãé¥áâ¢ãîé¨å ¯®¤å®¤®¢ ¯® à áç¥âã¢¤®«ì¡¥à¥£®¢®£® âà ­á¯®àâ  ­ ­®á®¢, ¯à®¢¥¤¥­­®-£® ¢ [14, 20], ­ ¨¡®«¥¥ ¯à¨¥¬«¥¬ë¬¨ ï¢«ïîâáï ¯®¤-å®¤ë � ©â {�ªª¥àá , �à ­â {� ¤á¥­  ¨ �¨©ª¥à .� íâ¨å ¯®¤å®¤ å ãç¨âë¢ ¥âáï è¨à®ª¨© á¯¥ªâà ä¨-§¨ç¥áª¨å ¯ à ¬¥âà®¢ ¯à®æ¥áá , ¯à®¨áå®¤ïé¥£® ¢¯à¨à®¤­ëå ãá«®¢¨ïå ¯à¨ ¯¥à¥¬¥é¥­¨¨ ­ ­®á®¢.� áâ âì¥ ¯à¨¢¥¤¥­ áà ¢­¨â¥«ì­ë©  ­ «¨§ ¯à¥¤-« £ ¥¬ëå ¯®¤å®¤®¢ ª ®¯à¥¤¥«¥­¨î ¢¤®«ì¡¥à¥£®¢®-£® âà ­á¯®àâ  ­ ­®á®¢ ¨ ¤ ­ë à¥ª®¬¥­¤ æ¨¨, ª -ª®© ¨§ íâ¨å ¯®¤å®¤®¢ á«¥¤ã¥â ¯à¨¬¥­ïâì ¢ â¥å ¨«¨¨­ëå ãá«®¢¨ïå.1. �������������� ����������������������®­£¥{�¨££¨­á áª®à®áâì ¢¤®«ì¡¥à¥£®¢®£® í­¥à-£¥â¨ç¥áª®£® â¥ç¥­¨ï ®¯à¥¤¥«ï« ç¥à¥§ ãà ¢­¥­¨¥¡ « ­á  ¨¬¯ã«ìá  ¢ ¯à®¤®«ì­®¬ ­ ¯à ¢«¥­¨¨ [3]:�y + ddx ���THdVdx�� hByi = 0; (1)£¤¥ �y { ã¢«¥ª îé ï á¨« , ®¡ãá«®¢«¥­­ ï à ¤¨ æ¨-®­­ë¬¨ ­ ¯àï¦¥­¨ï¬¨ ­  ¬¥«ª®© ¢®¤¥,�y = 54�2� (gH) 32 dHdx �sin�c � ;

� { ª®­áâ ­â , §­ ç¥­¨¥ ª®â®à®© § ª«îç¥­® ¬¥¦¤ã0.3 ¨ 0.5; H { £«ã¡¨­  ¢®¤ë; � { ã£®« ­ ¡¥£ ­¨ï¢®«­ë; c { ä §®¢ ï áª®à®áâì ¢®«­ë (c = pgH).hByi, ®¯¨áë¢ îé¥¥ ¤®­­®¥ âà¥­¨¥, ®¯à¥¤¥«ï¥âáï¢ëà ¦¥­¨¥¬ hByi = 2�Cf��pgHV;£¤¥ Cf { ª®íää¨æ¨¥­â âà¥­¨ï. �­¥ ¯à¨¡®©­®© §®-­ë �y = 0.�à¥¤­¨© ç«¥­ ãà ¢­¥­¨ï (1) ®¯¨áë¢ ¥â âãà¡ã-«¥­â­®¥ ¯¥à¥¬¥è¨¢ ­¨¥; �T { ª®íää¨æ¨¥­â âãà¡ã-«¥­â­®© ¢ï§ª®áâ¨, à ¢­ë© ¯à®¨§¢¥¤¥­¨î áª®à®áâ¨âãà¡ã«¥­â­ëå ¯ã«ìá æ¨© u0 ­  ¤«¨­ã ¯ãâ¨ á¬¥è¥-­¨ï l [21].�®­£¥{�¨££¨­á ¯à¨­ï« ¯ãâì á¬¥è¥­¨ï l ¯à®¯®à-æ¨®­ «ì­ë¬ à ááâ®ï­¨î ®â ¡¥à¥£  jxj,   ¢ ª ç¥-áâ¢¥ áª®à®áâ¨ âãà¡ã«¥­â­ëå ¯ã«ìá æ¨© ¢§ï« ä -§®¢ãî áª®à®áâì ¢®«­ë c [3]. � ª¨¬ ®¡à §®¬, ¯®�®­£¥{�¨££¨­áã ª®íää¨æ¨¥­â âãà¡ã«¥­â­®© ¢ï§-ª®áâ¨ ®¯¨áë¢ ¥âáï á®®â­®è¥­¨¥¬�T = N jxjpgH; (2)£¤¥ N{ ª®­áâ ­â ; 0 < N < 0:016.�®ãí­ ¨ �­¬ ­ [22] áà ¢­¨«¨ íâã § ¢¨á¨¬®áâì¤«ï ª®íää¨æ¨¥­â  âãà¡ã«¥­â­®© ¢ï§ª®áâ¨ �T á à¥-§ã«ìâ â ¬¨ ­ âãà­ëå ­ ¡«î¤¥­¨© ¨ íªá¯¥à¨¬¥­-â «ì­ë¬¨ ¤ ­­ë¬¨. �ë« á¤¥« ­ ¢ë¢®¤, çâ® ­ -¡«î¤ ¥âáï å®à®è¥¥ á®¢¯ ¤¥­¨¥ ¢ ¯à¨¡®©­®© §®­¥,®¤­ ª® ¢­¥ ¥¥ §­ ç¥­¨¥ �T ¤®«¦­® ã¬¥­ìè âìáï, ¢â® ¢à¥¬ï ª ª § ¢¨á¨¬®áâì (2) ¤ ¥â ã¢¥«¨ç¥­¨¥ âãà-¡ã«¥­â­®£® ¯¥à¥¬¥è¨¢ ­¨ï, çâ®, ®ç¥¢¨¤­®, ï¢«ï-¥âáï ­¥¢¥à­ë¬.�à ãá ¨ � á ª¨ [23] ¨áå®¤¨«¨ ¨§ â®£®, çâ® áª®-à®áâì âãà¡ã«¥­â­ëå ¯ã«ìá æ¨© { íâ® ¬ ªá¨¬ «ì-­ ï ®à¡¨â «ì­ ï áª®à®áâì um,   ¯ãâì á¬¥è¥­¨ï {íâ® à ááâ®ï­¨¥ ®â ¡¥à¥£  jxj, ã¬­®¦¥­­®¥ ­  í¬-¯¨à¨ç¥áª¨© ª®íää¨æ¨¥­â �(¯®¤®¡­® ª®íää¨æ¨¥­-âã N ¢ ¬®¤¥«¨ �®­£¥{�¨££¨­á ). �áå®¤ï ¨§ íâ®£®�T = 12�
pgH; (3)£¤¥ 
 { í¬¯¨à¨ç¥áª¨© ªà¨â¥à¨© ®¡àãè¥­¨ï(
 = h=H).�§ íâ®£® á®®â­®è¥­¨ï ¢¨¤­®, çâ® ¯à¨ 
 = 0:8¤«ï ¯®áâ®ï­­®£® ãª«®­  ¤­  ¢­ãâà¨ ¯à¨¡®©­®© §®-­ë §­ ç¥­¨¥ ª®íää¨æ¨¥­â  âãà¡ã«¥­â­®© ¢ï§ª®áâ¨�T ¢ ¬®¤¥«¨ �à ãá  ¨ � á ª¨ ¡ã¤¥â ¢ 2.5 à §  ¬¥­ì-è¥ §­ ç¥­¨ï â®£® ¦¥ ª®íää¨æ¨¥­â , à ááç¨â ­­®-£® ¯® ä®à¬ã«¥ �®­£¥{�¨££¨­á  (2).�®à­â®­ ¯à¥¤¯®«®¦¨« [24], çâ® áª®à®áâì âãà¡ã-«¥­â­ëå ¯ã«ìá æ¨© ¥áâì ¢¥«¨ç¨­  áà¥¤­¥© ®à¡¨-â «ì­®© áª®à®áâ¨,   ¯ãâì á¬¥è¥­¨ï l { íâ® ¬ ª-4 �. �. �®­¤ àì



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 3. �. 3 { 11á¨¬ «ì­®¥ §­ ç¥­¨¥  ¬¯«¨âã¤ë ®à¡¨â «ì­®© ¯à¨-¤®­­®© áª®à®áâ¨. �âáî¤ �T = h2gT4�H : (4)� ¬®¤¥«¨ �®à­â®­  ª®íää¨æ¨¥­â âãà¡ã«¥­â­®©¢ï§ª®áâ¨ ¢ëç¨á«ï¥âáï ­  ®á­®¢¥ «®ª «ì­ëå ¯ à -¬¥âà®¢ ¢®«­¥­¨ï ¨ £«ã¡¨­ë, ¢ ®â«¨ç¨¥ ®â ¬®¤¥-«¥© �®­£¥{�¨££¨­á  ¨ �à ãá  ¨ � á ª¨, ¢ ª®â®àëå¯à¨ ¢ëç¨á«¥­¨¨ íâ®£® ª®íää¨æ¨¥­â  ¢ ¦­ãî à®«ì¨£à ¥â ¡¥§à §¬¥à­ ï í¬¯¨à¨ç¥áª ï ª®­áâ ­â  (á®-®â¢¥âáâ¢¥­­® N ¨ �).� [5] ¡ë«  à ááç¨â ­  áª®à®áâì ¢¤®«ì¡¥à¥£®-¢®£® í­¥à£¥â¨ç¥áª®£® â¥ç¥­¨ï ¯® ¬®¤¥«¨ �®­£¥{�¨££¨­á  á ¨á¯®«ì§®¢ ­¨¥¬ âà¥å à §«¨ç­ëå á®-®â­®è¥­¨© ¤«ï ª®íää¨æ¨¥­â  �T . � áç¥âë ¯à®-¢®¤¨«¨áì ¯à¨ á«¥¤ãîé¨å §­ ç¥­¨ïå ¯ à ¬¥âà®¢:h = 0.75 ¬, T = 5.96 á, � = 30�, s = 0.016, 
 = 0.55.�§ ¯à¥¤áâ ¢«¥­­ëå ¢ [5] £à ä¨ª®¢ (à¨á. 1) á«¥-¤ã¥â, çâ® §­ ç¥­¨ï áª®à®áâ¥©, à ááç¨â ­­ëå á ¨á-¯®«ì§®¢ ­¨¥¬ ª®íää¨æ¨¥­â  �T ¯® ¬®¤¥«ï¬ �®à-­â®­  (¢ëà ¦¥­¨¥ (3), ªà¨¢ ï 3) ¨ �à ãá  ¨ � -á ª¨ (¢ëà ¦¥­¨¥ (4), ªà¨¢ ï 2) ¯à ªâ¨ç¥áª¨ á®-¢¯ ¤ îâ. �¤­ ª® §­ ç¥­¨ï áª®à®áâ¥©, à ááç¨â ­-­ëå á ¨á¯®«ì§®¢ ­¨¥¬ ä®à¬ã«ë �®­£¥{�¨££¨­á (2) (ªà¨¢ ï 1), ¤«ï �T ¢ à ©®­¥
�¨á. 1. �®¯¥à¥ç­ë¥ ¯à®ä¨«¨ áª®à®áâ¥©¢¤®«ì¡¥à¥£®¢®£® í­¥à£¥â¨ç¥áª®£® â¥ç¥­¨ï ¤«ïà §«¨ç­ëå á®®â­®è¥­¨© ª®íää¨æ¨¥­â  âãà¡ã«¥­â­®©¢ï§ª®áâ¨ �T¬ ªá¨¬ã¬  ¢­ãâà¨ ¯à¨¡®©­®© §®­ë (­  � 35%)¬¥­ìè¥, ç¥¬ §­ ç¥­¨ï áª®à®áâ¥©, à ááç¨â ­­ëå á¨á¯®«ì§®¢ ­¨¥¬ ¤«ï �T ¬®¤¥«¨ �®à­â®­ . �­¥ ¯à¨-¡®©­®© §®­ë ­ ¡«î¤ ¥âáï ®¡à â­ ï ª àâ¨­ .�à ¢­¨â¥«ì­ë©  ­ «¨§ [6] ¢¤®«ì¡¥à¥£®¢ëå â¥-ç¥­¨©, à ááç¨â ­­ëå ¯® ¬®¤¥«¨ �®­£¥{�¨££¨­á  á¨á¯®«ì§®¢ ­¨¥¬ ¢ëà ¦¥­¨ï (2) ¤«ï �T , á ¨§¬¥à¥­-­ë¬¨ ­  £¨¤à ¢«¨ç¥áª®© ¬®¤¥«¨ ¯®ª § «, çâ® ­ -¡«î¤ ¥âáï ¯à¥¢ëè¥­¨¥ §­ ç¥­¨© áª®à®áâ¨ ¢¤®«ì-¡¥à¥£®¢ëå â¥ç¥­¨© ­ ¤ ¨§¬¥à¥­­®© áª®à®áâìî.�â® ¯à¥¢ëè¥­¨¥ à áâ¥â ¯® ¬¥à¥ ã¢¥«¨ç¥­¨ï ã£« 

­ ¡¥£ ­¨ï ¢®«­ ª ¡¥à¥£ã. �®íâ®¬ã ¢ à ¡®â¥ [6]¯à¥¤«®¦¥­  § ¢¨á¨¬®áâì ¤«ï ®¯à¥¤¥«¥­¨ï âãà¡ã-«¥­â­®© ¢ï§ª®áâ¨ �T ª ª äã­ªæ¨ï ã£«  ­ ¡¥£ ­¨ï¢®«­ë ª ¡¥à¥£ã �:�T = 0:24 jxjpgHsin 32 �; (5)â.¥. §¤¥áì N = 0.24sin 32 �.�à¨ ¨á¯®«ì§®¢ ­¨¨ íâ®£® ¢ëà ¦¥­¨ï â¥®à¥â¨-ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥ áª®à®áâ¨ ¢¤®«ì¡¥à¥£®¢®£®â¥ç¥­¨ï ­ ¬­®£® «ãçè¥ á®®â¢¥âáâ¢ã¥â ¨§¬¥à¥­­®-¬ã ­  £¨¤à ¢«¨ç¥áª®© ¬®¤¥«¨ §­ ç¥­¨î áª®à®áâ¨.�  à¨á. 2 ¯à¥¤áâ ¢«¥­® áà ¢­¥­¨¥ íªá¯¥à¨¬¥­-â «ì­ëå ¤ ­­ëå (ªà¨¢ ï 1) á ¯à®ä¨«ï¬¨ áª®à®áâ¥©¢¤®«ì¡¥à¥£®¢®£® í­¥à£¥â¨ç¥áª®£® â¥ç¥­¨ï, à ááç¨-â ­­®£® ¯® ä®à¬ã«¥ �®­£¥{�¨££¨­á  ¤«ï á«ãç ï,ª®£¤  ª®íää¨æ¨¥­â âãà¡ã«¥­â­®© ¢ï§ª®áâ¨ ®¯à¥-¤¥«ï¥âáï ¯® ä®à¬ã«¥ (2) (N = const, ªà¨¢ë¥ 2, 3)¨ ¯® ä®à¬ã«¥ (5) (N = 0.24sin 32 �, ªà¨¢ë¥ 4, 5).
�¨á. 2. �à ¢­¥­¨¥ áª®à®áâ¥© ¢¤®«ì¡¥à¥£®¢®£®í­¥à£¥â¨ç¥áª®£® â¥ç¥­¨ï, à ááç¨â ­­®£® ¯® ä®à¬ã«¥�®­£¥{�¨££¨­á  á íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨� áç¥âë ¯à®¢®¤¨«¨áì ¢ à ¬ª å à¥äà ªæ¨®­­®©¬®¤¥«¨ [1] ¤«ï ¯«®áª®£® ¯àï¬®«¨­¥©­®£® ®âª®á  á¯®áâ®ï­­ë¬ ãª«®­®¬ ¤­  s = 0:0615 ¯à¨ á«¥¤ãî-é¨å §­ ç¥­¨ïå ¯ à ¬¥âà®¢: )� = 15�, T = 1 á, h = 10 á¬;¡) � = 40�, T = 1.1 á, h = 9 á¬.�¨­¨ï ®¡àãè¥­¨ï ®¯à¥¤¥«ï« áì ¯® à ááç¨â ­­®-¬ã ¯®«î ¢ëá®â âà ­áä®à¬¨à®¢ ­­ëå ¢®«­ á ¯®¬®-éìî ªà¨â¥à¨ï �¨è . �®«¥ ¢¤®«ì¡¥à¥£®¢ëå áª®à®-áâ¥© à ááç¨âë¢ «®áì ç¥à¥§ à ¤¨ æ¨®­­ë¥ ­ ¯àï-¦¥­¨ï ¯® ä®à¬ã«¥ �®­£¥-�¨££¨­á  (1).�  à¨á. 2 ªà¨¢ë¬¨ 2 ¨ 3 ¯à¥¤áâ ¢«¥­ë §­ ç¥­¨ïáª®à®áâ¥© ¯à¨ ª®íää¨æ¨¥­â¥ N = const; ªà¨¢ë-¬¨ 4 ¨ 5 { §­ ç¥­¨ï áª®à®áâ¥© ¯à¨ N = 0.24sin 32 �.�. �. �®­¤ àì 5



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 3. �. 3 { 11� §«¨ç¨ï ¢ §­ ç¥­¨ïå áª®à®áâ¥© ¬¥¦¤ã ªà¨¢ë¬¨2 ¨ 3 ®¡êïá­ïîâáï â¥¬, çâ® à¥äà ªæ¨®­­ ï § ¤ -ç  à¥è « áì á ¯®¬®éìî à §­ëå ¬®¤¥«¥©, ª®â®àë¥®¯¨á ­ë ¢ à ¡®â å [1] (ªà¨¢ ï 2) ¨ [6] (ªà¨¢ ï 3).�â¬¥â¨¬, çâ® à¥äà ªæ¨®­­ ï ¬®¤¥«ì ¢ [6] ï¢«ï-¥âáï ¬¥­¥¥ â®ç­®©, â ª ª ª ¥¥ ¬®¦­® ¯à¨¬¥­¨âìâ®«ìª® ¤«ï ¤­  á ¯®áâ®ï­­ë¬ ãª«®­®¬. �®¤¥«ì,®¯¨á ­­ ï ¢ [1], ¯à¨¬¥­¨¬  ¤«ï ¯à®¨§¢®«ì­®© â®-¯®£à ä¨¨ ¤­ .�§ ¯à¥¤áâ ¢«¥­­ëå £à ä¨ª®¢ á«¥¤ã¥â, çâ® ¤«ï¬ «®£® ã£«  ­ ¡¥£ ­¨ï ¢®«­ë (� = 15�) (à¨á. 2, )§­ ç¥­¨ï áª®à®áâ¥© ¯à¨ N = const (ªà¨¢ë¥ 2, 3)­¥§­ ç¨â¥«ì­® ¯à¥¢ëè îâ §­ ç¥­¨ï áª®à®áâ¥© ¢à ©®­¥ ¬ ªá¨¬ã¬  (� 20%), à ááç¨â ­­ëå ¯à¨N = 0.24sin 32 � (ªà¨¢ ï 4). �­¥ ¯à¨¡®©­®© §®­ë§­ ç¥­¨ï áª®à®áâ¥© (ªà¨¢ë¥ 2 ¨ 3) ¯à ªâ¨ç¥áª¨á®¢¯ ¤ îâ. �­ ç¥­¨ï íªá¯¥à¨¬¥­â «ì­ëå áª®à®-áâ¥© (ªà¨¢ ï 1) ¡«¨§ª¨ ª §­ ç¥­¨ï¬ ¢¤®«ì¡¥à¥£®-¢ëå áª®à®áâ¥©, à ááç¨â ­­ëå ¯® ¬®¤¥«¨ �®­£¥{�¨££¨­á . �® ¡®«¥¥ ¡«¨§ª¨¬¨ ï¢«ïîâáï ¬ ªá¨-¬ «ì­ë¥ §­ ç¥­¨ï áª®à®áâ¥© ­  íªá¯¥à¨¬¥­â «ì-­®© ªà¨¢®© 1 ¨ ªà¨¢®© 2, ¤«ï à áç¥â  áª®à®áâ¥©ª®â®à®© ¯à¨¬¥­ï« áì à¥äà ªæ¨®­­ ï ¬®¤¥«ì, ®¯¨-á ­­ ï ¢ [1].�«ï ¡®«ìè¨å ã£«®¢ ­ ¡¥£ ­¨ï ¢®«­ (� = 40�)(à¨á. 2,¡) ¢¤®«ì¡¥à¥£®¢ë¥ áª®à®áâ¨, ®¯à¥¤¥«¥­­ë¥íªá¯¥à¨¬¥­â «ì­ë¬ ¯ãâ¥¬ ¨ à ááç¨â ­­ë¥ ¯® ¬®-¤¥«¨ �®­£¥{�¨££¨­á  ¤«ï á«ãç ï N = 0.24sin 32 �(ªà¨¢ë¥ 4, 5), ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ îâ. �¤­ ª®áª®à®áâ¨, à ááç¨â ­­ë¥ ¯à¨ N = const (ªà¨¢ë¥ 2,3), ¢­ãâà¨ ¯à¨¡®©­®© §®­ë ­ ¬­®£® ¯à¥¢ëè îâ§­ ç¥­¨ï íªá¯¥à¨¬¥­â «ì­ëå áª®à®áâ¥©.�  à¨á. 1 ªà¨¢ë¬¨ 4 ¨ 5 ¯à¥¤áâ ¢«¥­ë §­ ç¥-­¨ï áª®à®áâ¥©, à ááç¨â ­­ë¥ ¯à¨ N = const ¨ N= 0.24sin 32 � á ¨á¯®«ì§®¢ ­¨¥¬ à¥äà ªæ¨®­­®© ¬®-¤¥«¨, ®¯¨á ­­®© ¢ [1]. �§ £à ä¨ª  ¢¨¤­®, çâ®, ª ª¨ ¢ ¯à¥¤ë¤ãé¥¬ á«ãç ¥, ¢­ãâà¨ ¯à¨¡®©­®© §®­ë§­ ç¥­¨ï áª®à®áâ¥©, à ááç¨â ­­ëå ¯à¨ N = con-st, áãé¥áâ¢¥­­® ¯à¥¢ëè îâ §­ ç¥­¨ï áª®à®áâ¥©,à ááç¨â ­­ëå ¯à¨ N = 0.24sin 32 �.�  à¨á. 3 ¯®áâà®¥­  «ãç¥¢ ï ª àâ¨­  âà ­áä®à-¬ æ¨¨ ¢®«­ ¢ ¡ãåâ¥ ¯ à ¡®«¨ç¥áª®© ä®à¬ë ¯à¨¤«¨­¥ ¢®«­ë �= 119.5 ¬ ¨ ¢ëá®â¥ ¢®«­ë �h= 3.24 ¬,[1],   ­  à¨á. 4 ¯®áâà®¥­ë á®®â¢¥âáâ¢ãîé¨¥ ¨¬ ¯®-¯¥à¥ç­ë¥ ¯à®ä¨«¨ ¢¤®«ì¡¥à¥£®¢ëå â¥ç¥­¨© ¢¤®«ì«ãç¥©, ¯à¨¢¥¤¥­­ëå ­  à¨á. 3, à ááç¨â ­­ë¥ ¯®¬®¤¥«¨ �®­£¥{�¨££¨­á  ¤«ï N = const (ªà¨¢ë¥ 1,2, à¨á. 4,  ¨ ªà¨¢ë¥ 1{3, à¨á. 4,¡) ¨ N = 0.24sin 32 �(ªà¨¢ë¥ 3,4, à¨á. 4,  ¨ ªà¨¢ë¥ 4{6, à¨á. 4,¡).�§ ¯à¥¤áâ ¢«¥­­®£® £à ä¨ª  á«¥¤ã¥â, çâ® ¤«ï¡®«ìè¨å ã£«®¢ ­ ¡¥£ ­¨ï ¢®«­ (60� < � < 20�),§­ ç¥­¨ï áª®à®áâ¥©, à ááç¨â ­­ëå ¯à¨ N =const (ªà¨¢ë¥ 1, 2, à¨á. 4, ) §­ ç¨â¥«ì­® ¯à¥-

�¨á. 3. �ãç¥¢ ï ª àâ¨­  âà ­áä®à¬ æ¨¨ ¢®«­¤«ï ¡ãåâë ¯ à ¡®«¨ç¥áª®© ä®à¬ë¯à¨ � = 119.5 ¬, h = 3.24¬¢ëè îâ §­ ç¥­¨ï áª®à®áâ¥©, à ááç¨â ­­ëå ¯à¨N = 0:24 sin32 � (ªà¨¢ë¥ 3, 4, à¨á. 4, ). �«ïã£«  ­ ¡¥£ ­¨ï � = 13:5� (ªà¨¢ ï 1, à¨á. 4,¡)§­ ç¥­¨¥ áª®à®áâ¨ ¯à¨ N = const ã¦¥ ­¥­ ¬­®-£® ¯à¥¢ëè ¥â §­ ç¥­¨¥ áª®à®áâ¨, ¯®«ãç¥­­®© ¯à¨N = 0:24 sin32 � (ªà¨¢ ï 4, à¨á. 4,¡). �«ï � = 12�§­ ç¥­¨ï áª®à®áâ¥©, à ááç¨â ­­ëå ¯à¨ N = const¨ N = 0.24sin 32 �, ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ îâ (ªà¨-¢ë¥ 2, 5, à¨á. 4,¡). �«ï ã£«®¢ ­ ¡¥£ ­¨ï ¢®«­� < 10� §­ ç¥­¨ï áª®à®áâ¥©, à ááç¨â ­­ëå ¯à¨N = 0:24 sin32 �, ã¦¥ ¯à¥¢ëè îâ §­ ç¥­¨ï áª®à®-áâ¥© ¯à¨ N = const (ªà¨¢ë¥ 3, 6, à¨á. 4,¡).� ª¨¬ ®¡à §®¬, ¤«ï à áç¥â  áª®à®áâ¥© ¢¤®«ì-¡¥à¥£®¢®£® í­¥à£¥â¨ç¥áª®£® â¥ç¥­¨ï ¯à¨ ¬ «ëåã£« å ­ ¡¥£ ­¨ï ¢®«­ (� < 15�) á«¥¤ã¥â ¨á¯®«ì§®-¢ âì ¬®¤¥«ì �®­£¥{�¨££¨­á  ¯à¨ N = const,   ¤«ï¡®«ìè¨å ã£«®¢ ­ ¡¥£ ­¨ï ¢®«­ á«¥¤ã¥â ¯à¨­¨¬ âìN = 0.24sin 32 �. �­ ç¥­¨ï áª®à®áâ¥©, à ááç¨â ­-­ëå á ¨á¯®«ì§®¢ ­¨¥¬ ¬®¤¥«¥© �®à­â®­  ¨ �à -ãá  ¨ � á ª¨ ¤«ï �T , ­ ¬­®£® ¯à¥¢ëè îâ §­ ç¥-­¨ï áª®à®áâ¥©, à ááç¨â ­­ëå ¤ ¦¥ ¯à¨ N = const.�«¥¤®¢ â¥«ì­®, ®­¨ ¡ã¤ãâ åã¦¥ á®®â¢¥âáâ¢®¢ âì­ âãà­ë¬ ¨ íªá¯¥à¨¬¥­â «ì­ë¬ ¤ ­­ë¬.2. �������������� �����������������¤®«ì¡¥à¥£®¢®© âà ­á¯®àâ ­ ­®á®¢ ¢ ®¡é¥¬¬®¦­® à áá¬ âà¨¢ âì ¤¢ã¬ï á¯®á®¡ ¬¨. �¤¨­ ¨§­¨å ®¯à¥¤¥«ï¥â £àã¯¯ã £«®¡ «ì­ëå ä®à¬ã«, ¢â®-6 �. �. �®­¤ àì
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�¨á. 4. �®¯¥à¥ç­ë¥ ¯à®ä¨«¨ ¢¤®«ì¡¥à¥£®¢ëå â¥ç¥­¨©¢¤®«ì «ãç¥©, ®â¬¥ç¥­­ëå ­  à¨á. 3, à ááç¨â ­­ë¥¯® ä®à¬ã«¥ �®­£¥{�¨££¨­á ¯à¨ N = const ¨ 0.24sin 32 �à®© { «®ª «ì­ëå ä®à¬ã«. �«ï ­ ¨¡®«¥¥ íää¥ªâ¨¢-­®£® ¢ë¡®à  ¬®¤¥«¨, ®¯¨áë¢ îé¥© âà ­á¯®àâ ¢«¥-ª®¬ëå ­ ­®á®¢, ¯à¨¬¥­ïîâáï âà¨ à §«¨ç­ëå ¬¥-â®¤  à áç¥â®¢. �ë¡®à íâ¨å ¬¥â®¤®¢ ¯à®¢®¤¨«áï­  ®á­®¢¥ ¯à®¢¥¤¥­­ëå à ­¥¥ ¨áá«¥¤®¢ ­¨© [25, 26].� ¢ë¡à ­­ë¬ ¬¥â®¤ ¬ ¢ ¤ ­­®© à ¡®â¥ ¯à¨­ ¤«¥-¦ â ¬®¤¥«ì �à ­â {� ¤á¥­  (£«®¡ «ì­ ï ¨«¨ ®¡-é ï ä®à¬ã« ),   â ª¦¥ ¬®¤¥«¨ �¨©ª¥à  ¨ � ©â {�ªª¥àá  («®ª «ì­ë¥ ¨«¨ á¯¥æ¨ «ì­ë¥ ä®à¬ã«ë).�¥â®¤ �à ­â {� ¤á¥­  ¢ëà ¦ ¥âáï á«¥¤ãîé¥©§ ¢¨á¨¬®áâìî:Q (y) = 1:7wD24 fcwg � ��s � 1�D353U5Bv (y) ; (6)£¤¥ w { áª®à®áâì ®á ¦¤¥­¨ï ç áâ¨æ; D { ¤¨ ¬¥âàç áâ¨æ; � ¨ �s { ¯«®â­®áâì ­ ­®á®¢ ¨ ¢®¤ë; fcw{ ª®-íää¨æ¨¥­â âà¥­¨ï; UB { ¬ ªá¨¬ «ì­ ï ®à¡¨â «ì-­ ï áª®à®áâì ¢®«­ë ã ¤­ ; v { áª®à®áâì ¢¤®«ì¡¥à¥-£®¢®£® â¥ç¥­¨ï.�®¤¥«ì �¨©ª¥à  { íâ® ¬¥â®¤ à áç¥â  âà ­á¯®à-â  ­ ­®á®¢, ¢ à ¬ª å ª®â®à®£® ®â¤¥«ì­® à ááç¨-âë¢ ¥âáï âà ­á¯®àâ ¢«¥ª®¬ëå ¨ âà ­á¯®àâ ¢§¢¥-è¥­­ëå ­ ­®á®¢:

Q (y) = Qb (y) + Qs (y) : (7)�à ­á¯®àâ ¢«¥ª®¬ëå ­ ­®á®¢ ®¯à¥¤¥«ï¥âáï § -¢¨á¨¬®áâìîQb (y) = 5D50 vChg 12 exp8<: �0:27�D50�g��c h1 + 12 �� UBv �2i9=; ;(8)£¤¥ �{ ª®íää¨æ¨¥­â àï¡¨ ­  ¯®¢¥àå­®áâ¨ ¤®­­ëå®â«®¦¥­¨© � = � ChCh90� 32 ;Ch { ª®íää¨æ¨¥­â �¥§¨,Ch = 18log�12Hr � ;Ch90 { ª®íää¨æ¨¥­â �¥§¨ ¤«ï ä¨ªá¨à®¢ ­­®©ªàã¯­®áâ¨ ¯¥áª ,Ch90 = 18log�12HD90 � ;D50 { ¤¨ ¬¥âà ç áâ¨æ, á®áâ ¢«ïîé¨© 50% ®â ®¡-é¥£® £à ­ã«®¬¥âà¨ç¥áª®£® á®áâ ¢ ; r { ª®íää¨æ¨-¥­â à¨ä¥«ì­®© è¥à®å®¢ â®áâ¨ ¤­ ; � { ®â­®á¨-â¥«ì­ ï ¯«®â­®áâì ¬ â¥à¨ « , � = (�s � �)�;�c { ¤®­­®¥ á¤¢¨£ îé¥¥ ­ ¯àï¦¥­¨¥, ®¡ãá«®¢«¥­-­®¥ â¥ç¥­¨¥¬; � { í¬¯¨à¨ç¥áª¨© ª®íää¨æ¨¥­â, à ¢-­ë© 0:575Ch.�«ï à áç¥â  âà ­á¯®àâ  ¢§¢¥è¥­­ëå ­ ­®-á®¢ �¨©ª¥à ¨á¯®«ì§®¢ « ãà ¢­¥­¨¥ ¤¨ääã§¨¨�©­èâ¥©­ {�®ã§  [11, 27], ¢¨¤®¨§¬¥­¨¢ ¥£® á«¥-¤ãîé¨¬ ®¡à §®¬:Qs (y) = 1:83Qb �I1ln�33Hr �+ I2� ; (9)£¤¥ I1; I2 { ¨­â¥£à «ë �©­èâ¥©­  [11].�à¥â¨© ¨§ ¯à¨¬¥­ï¥¬ëå ¬¥â®¤®¢, â® ¥áâì ¬®-¤¥«ì � ©â {�ªª¥àá , ¯à¥¤áâ ¢«ï¥âáï á«¥¤ãîé¥©§ ¢¨á¨¬®áâìî:Q = v 11 � pD35 " v0v0�c#n��CDgrAm 2664 v0 �v0�cv0 �nChn35Ch35g n2 (�D35) 12 �A3775m ; (10)£¤¥ 1=(1 � p) { ¡¥§à §¬¥à­ë© ª®íää¨æ¨¥­â ¯®à¨-áâ®áâ¨ ­ ­®á®¢, à ¢­ë© 1.45 [25]; D35{ ¤¨ ¬¥âà�. �. �®­¤ àì 7



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 3. �. 3 { 11� ¡«. 1.� T , á h, á¬ QB; QGM ; QWA; Qmeas; �à¨¬¥ç ­¨ïá¬3/á á¬3/á á¬3/á á¬3/á28.2 31.8 12.2 N = const150 1 10 15.5 27.7 5.9 15.2 N = 0.24sin 32 �74.5 40 10.5 N= const,[6]82.5 87.7 331.9 N = const400 1.1 9 42.8 43.8 15.2 21.1 N = 0.24sin 32 �118.2 58.5 45.1 N = 0.24sin 32 �,[6]ç áâ¨æ, á®áâ ¢«ïîé¨© 35% ®â ®¡é¥£® £à ­ã«®¬¥-âà¨ç¥áª®£® á®áâ ¢ ;v0 = v "1 + 12 ��0 UBv �2# 12 ;v0�c = v0�c "1 + 12 �� UBv �2# 12 ;�0 { ¯ à ¬¥âà �¨©ª¥à ; n;m;A;CDgr { ¡¥§-à §¬¥à­ë¥ ª®íää¨æ¨¥­âë, ¯à¥¤áâ ¢«¥­­ë¥ �¢ à-â®¬ á«¥¤ãîé¨¬¨ í¬¯¨à¨ç¥áª¨¬¨ § ¢¨á¨¬®áâï¬¨:n = 1� 0=2432ln (Dr) ;m = 9:66Dr + 1:34;A = 0:23Dr + 0:14;CDgr = exp h2:86ln (Dr) � 0:4343 (ln (Dr))2 � 8:128i ;§¤¥áì Dr { ¡¥§à §¬¥à­ë© ¤¨ ¬¥âà ç áâ¨æ.� â ¡«. 1 ¯à¥¤áâ ¢«¥­® áà ¢­¥­¨¥ íªá¯¥à¨¬¥­-â «ì­ëå ¤ ­­ëå [6] ¨ à áç¥â­ëå §­ ç¥­¨© ¢¤®«ì-¡¥à¥£®¢®£® âà ­á¯®àâ  ­ ­®á®¢, ¢ëç¨á«¥­­ëå ¯®¬®¤¥«ï¬ �à ­â {� ¤á¥­ , �¨©ª¥à  ¨ � ©â  �ªª¥à-á . � áç¥âë ¯à®¢®¤¨«¨áì ¤«ï ¤¢ãå ã£«®¢ ­ ¡¥£ ­¨ï¢®«­ � = 15� ¨ � = 40� ¯à¨ á«¥¤ãîé¨å §­ ç¥­¨ïå¯ à ¬¥âà®¢: D50 = 2 ¬¬, � = 2.65 £/á¬3, w == 0.31 ¬/á. �«ï áà ¢­¥­¨ï ¢ íâ®© ¦¥ â ¡«¨æ¥ ¯à¥¤-áâ ¢«¥­ë  ­ «®£¨ç­ë¥ à áç¥â­ë¥ ¤ ­­ë¥ à ¡®âë[6].�§ à¥§ã«ìâ â®¢, ¯à¨¢¥¤¥­­ëå ¢ íâ®© â ¡«¨-æ¥, á«¥¤ã¥â, çâ® ¢¤®«ì¡¥à¥£®¢®© âà ­á¯®àâ ­ ­®-á®¢, à ááç¨â ­­ë© ¯® ¬®¤¥«ï¬ �¨©ª¥à  ¨ �à ­â {� ¤á¥­  ¯à¨ N = const ¤«ï � = 15� ¯®çâ¨ ¢¤¢  à §  ¯à¥¢ëè ¥â âà ­á¯®àâ ­ ­®á®¢, ¯®«ãç¥­-­ë© íªá¯¥à¨¬¥­â «ì­ë¬ ¯ãâ¥¬. �«ï � = 40� ¯à¨

N = const ®â«¨ç¨¥ â¥®à¥â¨ç¥áª¨å à¥§ã«ìâ â®¢ ®âíªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå ¥é¥ ¡®«¥¥ ¢®§à áâ -¥â. � ¨«ãçè¥¥ á®®â¢¥âáâ¢¨¥ á íªá¯¥à¨¬¥­â «ì-­ë¬¨ ¤ ­­ë¬¨ ¤ ¥â ¬¥â®¤ � ©â {�ªª¥àá . �â-¬¥â¨¬ â ª¦¥, çâ® à¥§ã«ìâ âë à áç¥â®¢, ¯®«ãç¥­-­ë¥ ­  ®á­®¢¥ ¯à¥¤« £ ¥¬®© ¬¥â®¤¨ª¨, §­ ç¨â¥«ì-­® «ãçè¥ á®®â¢¥âáâ¢ãîâ íªá¯¥à¨¬¥­â «ì­ë¬ ¤ ­-­ë¬, ç¥¬ à¥§ã«ìâ âë à ¡®âë [6], â ª ª ª ¢ ­¥©¨á¯®«ì§ã¥âáï ¡®«¥¥ ®¡é ï ¬®¤¥«ì à¥äà ªæ¨¨ ¢®«­.� ¡«. 2.N t, ç á12 24 14 28 23 101� 170 170 170 170 1701 h,á¬ 26 29 35 45 32T ,á¬ 4.1 4.3 4.65 5.4 5.223 18 19 11 25 96� 400 400 360 320 3202 h,á¬ 33 60 66.5 50 50T ,á¬ 5. 6 6 5.6 5.6� â ¡«. 2 ¯à¨¢¥¤¥­ë à áç¥â­ë¥ ¤ ­­ë¥ ¤«ï ¤¢ãå¢®«­®¢ëå á¨âã æ¨©, ¯® ª®â®àë¬ ¨¬¥îâáï ­ âãà-­ë¥ ­ ¡«î¤¥­¨ï §  ¢¤®«ì¡¥à¥£®¢ë¬ âà ­á¯®àâ®¬­ ­®á®¢ ¢® ¢à¥¬ï íªá¯¥¤¨æ¨¨ �î¡ïâ®¢®{81 [6].�® íâ¨¬ ¤ ­­ë¬ ¢ë¯®«­¥­ë à áç¥âë ¢¤®«ì¡¥-à¥£®¢®£® âà ­á¯®àâ  ­ ­®á®¢ ¯® ¬®¤¥«ï¬ �à ­â {� ¤á¥­ , � ©â {�ªª¥àá  ¨ �¨©ª¥à . � ¯¥à¢®© ¢®«-­®¢®© á¨âã æ¨¨ à áå®¤ âà ­á¯®àâ  ­ ­®á®¢ ®¯à¥-¤¥«ï«áï §  101 ç á ¨ á®áâ ¢¨«:Qmeas = 1563 ¬3=101 ç á;QGM = 900 ¬3=101 ç á;(QGM = 1211 ¬3=101 ç á; [6]);QWA = 210 ¬3=101 ç á;(QWA = 500 ¬3=101 ç á; [6]);QB = 123 ¬3=101 ç á:8 �. �. �®­¤ àì



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 3. �. 3 { 11�® ¢â®à®© á¨âã æ¨¨ à áå®¤ ®¯à¥¤¥«ï«áï §  96ç á®¢ ¨ á®áâ ¢¨«:Qmeas = 6500 ¬3=96 ç á;QGM = 6832 ¬3=96 ç á;(QGM = 5000 ¬3=96 ç á; [6]);QWA = 2305 ¬3=96 ç á;(QWA = 300 ¬3=96 ç á; [6]);QB = 475 ¬3=96 ç á:�§ ¯à¨¢¥¤¥­­ëå ¤ ­­ëå ¬®¦­® á¤¥« âì ¢ë¢®¤,çâ® ¯® áà ¢­¥­¨î á ­ âãà­ë¬¨ ¤ ­­ë¬¨ ­ ¨«ãç-è¥¥ á®®â¢¥âáâ¢¨¥ ¤ ¥â ¬¥â®¤ �à ­â {� ¤á¥­ .�¥â®¤ë � ©â {�ªª¥àá  ¨ �¨©ª¥à  ¤ îâ § ­¨¦¥­-­ë¥ à¥§ã«ìâ âë.�à¥¤áâ ¢«¥­­ë¥ ¢ëè¥ à¥§ã«ìâ âë ®â­®á¨«¨áì ª¯«®áª¨¬ ®âª®á ¬ ¨ ¯àï¬®«¨­¥©­®© «¨­¨¨ ¡¥à¥£ .�¨¦¥ ¬ë à áá¬®âà¨¬ ¯à¨¬¥­¥­¨¥ íâ¨å ¬®¤¥«¥©¤«ï ¯à®¨§¢®«ì­®© â®¯®£à ä¨¨ ¤­  ¨ «¨­¨¨ ¡¥à¥-£ . � ª ç¥áâ¢¥ ¯à¨¬¥à  ¢§ïâ  ¡ãåâ  ¯ à ¡®«¨ç¥-áª®© ä®à¬ë (à¨á. 3). � íâ®© ¡ãåâ¥ ¨§®¡ âë £«ã-¡¨­ ®âá«¥¦¨¢ îâ ª®­âãà ¡¥à¥£  ¤® £«ã¡¨­ë ¬®àïH = 20 ¬. � «¥¥ ¤­® áç¨â ¥âáï à®¢­ë¬. �à¨âà ­áä®à¬ æ¨¨ ¢®«­ ¯¥à¢®­ ç «ì­® ¯àï¬ë¥ «ãç¨¯® à §­®¬ã ¨§£¨¡ îâáï ­  à §­ëå ãç áâª å ¡¥à¥-£®¢®£® áª«®­ . �®íâ®¬ã ¢ à ¬ª å ®¤­®© ¨ â®© ¦¥§ ¤ ç¨ ¬ë ¯®¯ëâ ¥¬áï ®æ¥­¨âì ¤«ï ª ª¨å ã£«®¢­ ¡¥£ ­¨ï ¯à¨ ­¥¯àï¬®«¨­¥©­®© «¨­¨¨ ¡¥à¥£  ¨á«®¦­®© â®¯®£à ä¨¨ ¤­  ¬®¦­® ¯à¨¬¥­ïâì â¥ ¨«¨¨­ë¥ ¬®¤¥«¨ âà ­á¯®àâ  ­ ­®á®¢.� â ¡«. 3 ¯à¥¤áâ ¢«¥­ë à¥§ã«ìâ âë à áç¥â®¢¢¤®«ì¡¥à¥£®¢®£® âà ­á¯®àâ  ­ ­®á®¢ ¢¤®«ì ¨§®¡ â¢ §®­¥ «ãç¥©, ®â¬¥ç¥­­ëå ­  à¨á. 3 ¦¨à­®© «¨-­¨¥© ¤«ï ¤¨ ¬¥âà  ç áâ¨æ ­ ­®á®¢ D = 0.5 ¬¬ ¨D = 0.1 ¬¬. �®«¥ ¢¤®«ì¡¥à¥£®¢ëå áª®à®áâ¥© ¢¤®«ìíâ¨å «ãç¥© à ááç¨âë¢ «®áì ¯® ä®à¬ã«¥ �®­£¥{�¨££¨­á  ¯à¨ N = const ¨ N = 0.24sin 32 � (à¨á. 4).�§ â ¡«. 3 ¢¨¤­®, çâ® ¢ ¬®¤¥«ïå � ©â {�ªª¥àá ¨ �à ­â {� ¤á¥­ , ç¥¬ ¡®«ìè¥ ¤¨ ¬¥âà ­ ­®á®¢,â¥¬ ¬¥­ìè¥ §­ ç¥­¨ï ¢¤®«ì¡¥à¥£®¢®£® ¯®â®ª  ­ -­®á®¢ Q. � ¬®¤¥«¨ �¨©ª¥à  ­ ¡«î¤ ¥âáï ®¡à â-­ ï ª àâ¨­ . �«ï ¡®«ìè¨å ã£«®¢ ­ ¡¥£ ­¨ï ¢®«­¢ ¬®¤¥«ïå � ©â {�ªª¥àá  ¨ �à ­â {� ¤á¥­  Q,à ááç¨â ­­®¥ ¯à¨ N = const ¢ ­¥áª®«ìª® à § ¢ë-è¥ §­ ç¥­¨© Q, à ááç¨â ­­®£® ¯à¨ N = 0.24sin 32 �.�«ï ®áâ «ì­ëå ã£«®¢ ­ ¡¥£ ­¨ï ¢®«­ §­ ç¥­¨ï ¢¥-«¨ç¨­ë Q, ®¯à¥¤¥«¥­­®© ¯® à §«¨ç­ë¬ ä®à¬ã« ¬¤«ï ª®íää¨æ¨¥­â  N , á®¨§¬¥à¨¬ë ¬¥¦¤ã á®¡®©.�«ï � < 10� Q, ¯®«ãç¥­­ë© ¯à¨ N = const,¬¥­ìè¥ à áå®¤  ­ ­®á®¢, à ááç¨â ­­®£® ¯à¨ N =0.24sin 32 �. � ª¨¬ ®¡à §®¬, ª ª ®â¬¥ç «®áì ¢ëè¥,

� ¡«. 3.N �, £à ¤ QB ;¬3=á QGM ;¬3=á QWA;¬3=áN = const, D = 0.1¬¬1 56 0.02 7.23 90.92 22.5 0.012 4.75 11.763 13.5 0.0091 3.55 4.334 12 0.0078 3.1 2.725 8 0.0072 2.98 1.96 0.2 0.0002 0.08 0.00002N = 0.24sin 32 �, D = 0.1¬¬7 56 0.0096 2.68 2.88 22.5 0.01 3.5 3.69 13.5 0.0088 3.2 2.910 12 0.0077 2.9 211 8 0.0072 3.1 2.212 0.2 0.0002 0.1 0.0001N = const, D = 0.5¬¬13 56 0.5 0.57 0.4614 22.5 0.35 0.37 0.07315 13.5 0.26 0.28 0.02716 12 0.22 0.24 0.01717 8 0.2 0.23 0.0118 0.2 0.006 0.006 0N = 0.24sin 32 �, D = 0.5¬¬19 56 0.26 0.21 0.02220 22.5 0.29 0.27 0.02521 13.5 0.24 0.25 0.01822 12 0.21 0.23 0.02623 8 0.2 0.24 0.01224 0.2 0.006 0.008 0¤«ï à áç¥â  ª ª ¢¤®«ì¡¥à¥£®¢®£® â¥ç¥­¨ï, â ª ¨¢¤®«ì¡¥à¥£®¢®£® âà ­á¯®àâ  ­ ­®á®¢ ¤«ï ¬ «ëåã£«®¢ ¯®¤å®¤  ¢®«­ á«¥¤ã¥â ¢ë¡¨à âì ª®íää¨æ¨-¥­â N = const,   ¤«ï ¡®«ìè¨å ã£«®¢ N = 0.24sin 32 �.�à®¬¥ â®£®, ¨§ â ¡«. 3 â ª¦¥ ¬®¦­® ã¢¨¤¥âì, çâ®¤«ï ¡®«ìè¨å ã£«®¢ ­ ¡¥£ ­¨ï ¢®«­ (60� < � < 20�)¯à¨ N = const ¨ D = 0.1 ¬¬ ¢¤®«ì¡¥à¥£®¢®©âà ­á¯®àâ QWA, ®¯à¥¤¥«¥­­ë© ¯® ¬®¤¥«¨ � ©â {�ªª¥àá , áãé¥áâ¢¥­­® ¯à¥¢ëè ¥â §­ ç¥­¨ï âà ­á-¯®àâ  ­ ­®á®¢ QGM , à ááç¨â ­­®£® ¯® ¬®¤¥«¨�à ­â {� ¤á¥­ . �«ï ®áâ «ì­ëå á«ãç ¥¢ à áç¥-â®¢ ¯à¨ D = 0.1 ¬¬ ­ ¡«î¤ ¥âáï ­¥áãé¥áâ¢¥­­®¥à §«¨ç¨¥ ¢ à¥§ã«ìâ â å, ®¯à¥¤¥«¥­­ëå ¯® íâ¨¬¬®¤¥«ï¬. �à¨ D = 0.5 ¬¬ QWA < QGM . �â® ª -á ¥âáï ¬®¤¥«¨ �¨©ª¥à , â® ¤«ï ¬ «®£® ¤¨ ¬¥âà ­ ­®á®¢ D = 0.1 ¬¬ ¢ëç¨á«¥­­ë© ¢¤®«ì¡¥à¥£®-¢®© âà ­á¯®àâ ­ ­®á®¢ QB ¯®«ãç¨«áï á¨«ì­® § -­¨¦¥­­ë¬ ¯® áà ¢­¥­¨î á ¤àã£¨¬¨ ¬®¤¥«ï¬¨,  ¯à¨ D = 0.5 ¬¬ ¥£® §­ ç¥­¨ï á®¯®áâ ¢¨¬ë á® §­ -�. �. �®­¤ àì 9



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 3. �. 3 { 11ç¥­¨ï¬¨ QWA ¨ QGM . �§  ­ «¨§  â ª¦¥ á«¥¤ã¥â,çâ® ¯à¨ N = const á ã¬¥­ìè¥­¨¥¬ ã£«  ­ ¡¥£ -­¨ï ¢®«­ë §­ ç¥­¨ï ã¬¥­ìè îâáï. �â® ¢ë§¢ ­®â¥¬, çâ® ¬¥¦¤ã ãà¥§®¬ ¢®¤ë ¨ «¨­¨¥© ®¡àãè¥­¨ï¤«ï N = const áãé¥áâ¢ã¥â ïàª® ¢ëà ¦¥­­ë© íªá-âà¥¬ã¬ ¢¤®«ì¡¥à¥£®¢®© áª®à®áâ¨, ª®â®àë© ã¬¥­ì-è ¥âáï ¯à¨ ã¬¥­ìè¥­¨¨ ã£«  ¯®¤å®¤  ¢®«­ë (à¨á.4,a, ªà¨¢ë¥ 1, 2 ¨ à¨á. 4,b, ªà¨¢ë¥ 1 { 3). �à¨ N== 0.24sin 32 � íªáâà¥¬ã¬ ¡®«¥¥ ¯®«®£¨©, ¬ ªá¨¬ã¬ëá¤¢¨£ îâáï ¡«¨¦¥ ª ãà¥§ã ¢®¤ë ¨ ¨å ¢¥«¨ç¨­  ­¥á¨«ì­® § ¢¨á¨â ®â ã£«  ­ ¡¥£ ­¨ï (à¨á. 4,a, ªà¨-¢ë¥ 3, 4 ¨ à¨á. 4,b, ªà¨¢ë¥ 4 { 6). �á«¥¤áâ¢¨¥ íâ®-£® à áå®¤ ­ ­®á®¢, ª®â®àë© ®¯à¥¤¥«ï«áï ¨­â¥£à¨-à®¢ ­¨¥¬ í«¥¬¥­â à­ëå à áå®¤®¢ ¯® «ãçã ¢®«­ë,¯à¨ ã¬¥­ìè¥­¨¨ ã£«  ¬®¦¥â ã¢¥«¨ç¨¢ âìáï. �à®-¬¥ â®£®, ¯®áª®«ìªã ¢¤®«ì¡¥à¥£®¢®© à áå®¤ ­ ­®á®¢à ááç¨âë¢ «áï ¯® «ãçã,   ç¥¬ ¡®«ìè¥ ã£®« ­ ¡¥-£ ­¨ï, â¥¬ ¬¥­ìè¥ £«ã¡¨­  ®¡àãè¥­¨ï ¢®«­ Hb ¨â¥¬ ¬¥­ìè¥ ®¡« áâì íää¥ªâ¨¢­®£® âà ­á¯®àâ  ­ -­®á®¢ l (â ¡«. 4), â® § ¢¨á¨¬®áâì ¢¥«¨ç¨­ë à á-å®¤  Q ®â ã£«  ®ª §ë¢ ¥âáï ¡®«¥¥ á«®¦­®©. �¤¥áì­¥â â ª®© ¬®­®â®­­®© § ¢¨á¨¬®áâ¨ à áå®¤  ­ ­®-á®¢ ®â ã£«  ­ ¡¥£ ­¨ï ¢®«­, ª ª ¯à¨ N = const(â ¡«. 3). � ¡«. 4.N �, £à ¤. l, ¬ hb, ¬1 56 787 4.22 22.5 888 4.33 13.5 896.4 4.434 12 898.4 4.485 8 901 4.56 0.2 903.5 4.6�§  ­ «¨§  à¥§ã«ìâ â®¢, ¯à¥¤áâ ¢«¥­ëå ¢â ¡«. 1{3, ¬®¦­® á¤¥« âì ¢ë¢®¤, çâ® ­ ¨¡®«¥¥ ¯®¤-å®¤ïé¨¬¨ ¬¥â®¤ ¬¨ ¤«ï à áç¥â  ¢¤®«ì¡¥à¥£®¢®-£® âà ­á¯®àâ  ­ ­®á®¢ ï¢«ïîâáï ¬¥â®¤ë � ©â {�ªª¥àá  ¨ �à ­â {� ¤á¥­ . �¥â®¤ �¨©ª¥à  á«¥-¤ã¥â ¯à¨¬¥­ïâì ®áâ®à®¦­®, â ª ª ª ®­ ¤ ¥â ­¥-á®®â¢¥âáâ¢¨¥ ¢ à¥§ã«ìâ â å ¯® áà ¢­¥­¨î á ¤àã-£¨¬¨ ¬¥â®¤ ¬¨. �, ª ª ã¦¥ £®¢®à¨«®áì à ­¥¥,¬¥â®¤ � ©â {�ªª¥àá  «ãçè¥ ®â®¡à ¦ ¥â íªá¯¥à¨-¬¥­â «ì­ë¥ ¤ ­­ë¥,   ¬¥â®¤ �à ­â {� ¤á¥­  {­ âãà­ë¥.�����������ë¯®«­¥­­ë© ¢ áâ âì¥ áà ¢­¨â¥«ì­ë©  ­ «¨§¯à¨¬¥­¨¬®áâ¨ ¬¥â®¤  �®­£¥{�¨££¨­á  ª à áç¥-âã ¢¤®«ì¡¥à¥£®¢ëå í­¥à£¥â¨ç¥áª¨å â¥ç¥­¨© á ¨á-¯®«ì§®¢ ­¨¥¬ à §«¨ç­ëå ¬®¤¥«¥© ¤«ï ®¯à¥¤¥«¥-

­¨ï ª®íää¨æ¨¥­â  âãà¡ã«¥­â­®© ¢ï§ª®áâ¨ ¯®ª -§ «, çâ® ­ ¨¡®«¥¥ ¯à¨¥¬«¥¬®© ï¢«ï¥âáï ¬®¤¥«ì�®­£¥{�¨££¨­á  ¯à¨ N = const ¤«ï ¬ «ëå ã£«®¢­ ¡¥£ ­¨ï ¢®«­ ¨ ¯à¨ N = 0.24sin 32 � { ¤«ï ¡®«ìè¨åã£«®¢ ­ ¡¥£ ­¨ï. �­ ç¥­¨¥ ¢¤®«ì¡¥à¥£®¢ëå áª®à®-áâ¥©, à ááç¨â ­­ëå á ¨á¯®«ì§®¢ ­¨¥¬ ¤àã£¨å ¬®-¤¥«¥© ¤«ï ®¯à¥¤¥«¥­¨ï ª®íää¨æ¨¥­â  âãà¡ã«¥­â-­®© ¢ï§ª®áâ¨, ­ ¬­®£® ¯à¥¢ëè ¥â §­ ç¥­¨ï áª®-à®áâ¥©, à ááç¨â ­­ëå ¤ ¦¥ ¯à¨ N=const. �®íâ®-¬ã ®­¨ ¡ã¤ãâ åã¦¥ á®£« á®¢ë¢ âìáï á íªá¯¥à¨¬¥­-â «ì­ë¬¨ ¨ ­ âãà­ë¬¨ ¤ ­­ë¬¨. �®ª § ­® â ª-¦¥, çâ® ¨§ ¨§¢¥áâ­ëå ¬®¤¥«¥© à áç¥â  âà ­á¯®àâ ­ ­®á®¢ ¤«ï ¯à®¨§¢®«ì­®© â®¯®£à ä¨¨ ¤­  ¨ «¨­¨¨¡¥à¥£  ­ ¨«ãçè¥¥ á®®â¢¥âáâ¢¨¥ á íªá¯¥à¨¬¥­â «ì-­ë¬¨ ¤ ­­ë¬¨ ¤ ¥â ¬®¤¥«ì � ©â {�ªª¥àá ,   á ­ -âãà­ë¬¨ ¨§¬¥à¥­¨ï¬¨ { ¬®¤¥«ì �à ­â {� ¤á¥­ .1. �.�. �®­¤ àì, �.�. �ª®¢«¥¢ �¤®«ì¡¥à¥£®¢ë¥ í­¥à-£¥â¨ç¥áª¨¥ â¥ç¥­¨ï ¤«ï ¯à®¨§¢®«ì­®© â®¯®£à -ä¨¨ ¤­  ¯à¨ à¥£ã«ïà­®¬ ¢®«­¥­¨¨ // �à¨ª« ¤­ ï£¨¤à®¬¥å ­¨ª .{ 2001.{ 3(75), 1.{ �. 12{19.2. �®©æ¥å®¢¨ç �.�., � ©âæ �.�. �­ «¨§ ¬¥â®¤®¢ à á-ç¥â  áª®à®áâ¥© ¢¤®«ì¡¥à¥£®¢®£® â¥ç¥­¨ï // �®¤-­ë¥ à¥áãàáë.{ 1985.{ 3.{ �. 34{40.3. M.S.Longuett-Higgins Longshore current generatedby obliquely incident sea waves, 2 // Journal ofGeophys.{ 1970.{ v.75, N 33.{ P. 6790{6801.4. McDougal W.G., Hudspeht R.T. In
uence of lateralmixing on longshore currents // Ocean Engineering.{1986.{ Vol. 13, No 5.{ P. 89{101.5. M. Szmytkiewich, M. Skaja Model pradow wzd-luzbrzegowych dla rewowego pro�lu dna i wielokrot-nego zalamanie fail // Rozprawy hydrotechniczne.{1993.{ N 56.{ �. 89{109.6. Z. Pruszak, M. Szmytkiewich Model transportu osad-ow i zmian dennych morza bezplywowego // Archi-wum hydrotechniki.{ 1987.{ 34, N 3{4.{ P. 253{275.7. �¥®­âì¥¢ �.�. � áç¥â ¢®«­, â¥ç¥­¨© ¨ ¢¤®«ì¡¥-à¥£®¢ëå ¯®â®ª®¢ ­ ­®á®¢ ¢ ¯à¨¡à¥¦­®© §®­¥ //�ª¥ ­®«®£¨ï.{ 1993.{ 33, 4.{ �. 429{434.8. � äà®­®¢  �.�., �¨¤®àçãª �.�., �ã§¤ «ìæ¥¢ �.�.� ®¯à¥¤¥«¥­¨î à áå®¤  ­ ­®á®¢ ¢® ¢¤®«ì¡¥à¥£®¢ëå¢®«­®¢ëå ¯®â®ª å // �̈ ¤à®¬¥å ­¨ª .{ 1976.{ 33.{�. 51-53.9. � ©æ �.�., �®¬¨æª¨© �.�. �áá«¥¤®¢ ­¨¥ ¢¤®«ì¡¥-à¥£®¢®£® áâ®ª  ­ ­®á®¢ ¯à¨ ¨§¬¥­ïîé¥¬áï ãª«®­¥¡¥à¥£®¢®© ®â¬¥«¨ // �̈ ¤à®¬¥å ­¨ª .{ 1978.{ 38.{�. 66{70.10. Ackers Pand, WhiteW,R. Sediment transport: Newapproach and analysis; Proc. ASCE // Journal ofthe Hydraulics Division.{ 1973.{ �Y 11, November.{P. 201{2060.11. Einstein H.A. The bed-load function for sedimenttransportation in open cannel 
ows // US. Dep.,Agric. Soil Conserv. Serv.{ 1950.{ B, N 1026.{P. 420{424.12. Komar P.D., Inman D.L. Longshore sand transporton beaches // J. of Geophysical Res.{ 1970.{ Vol. 75,N 30.{ P. 5914{5927.13. Swart D.H. Predictive equations regarding coastaltransports // Proc. Coastal Eng. Conf. 15th.{ 1976,Honolulu, Vol. 11, ch66.{ P. 254{259.10 �. �. �®­¤ àì
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