
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 41 { 49��� 532.5�������������� �������� ���������� ����������� ����������������. �. ����������� æ¨®­ «ì­ë© â¥å­¨ç¥áª¨© ã­¨¢¥àá¨â¥â �ªà ¨­ë "���", �¨¥¢�®«ãç¥­® 11.05.2000 � �¥à¥á¬®âà¥­® 14.02.2002� ¤ ç  ¤¢ã¬¥à­®© â¥®à¨¨ ãáâ ­®¢¨¢è¥£®áï ¤¢¨¦¥­¨ï ¯® ¢®«­®¢®© ¯®¢¥àå­®áâ¨ ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© ¢¥á®¬®©¦¨¤ª®áâ¨ ¢ £®à¨§®­â «ì­®¬ ­ ¯à ¢«¥­¨¨ á« ¡® ¨§®£­ãâ®© ¯« áâ¨­ë á¢®¤¨âáï ª á¨­£ã«ïà­®¬ã ¨­â¥£à «ì­®¬ã ãà ¢-­¥­¨î ®â­®á¨â¥«ì­® à á¯à¥¤¥«¥­¨ï ¤ ¢«¥­¨ï ­  ¯« áâ¨­¥. �¥è¥­¨ï ¨­â¥£à «ì­®£® ãà ¢­¥­¨ï ®¯à¥¤¥«ïîâáï ¢ âà¥åª« áá å äã­ªæ¨©, á®®â¢¥âáâ¢ãîé¨å ¤¢¨¦¥­¨î ­  à §«¨ç­ëå à¥¦¨¬ å £«¨áá¨à®¢ ­¨ï ¨ ¯« ¢ ­¨ï. �¨á«¥­­ë¥ à¥-è¥­¨ï ¯®«ãç¥­ë ¬¥â®¤®¬ ¤¨áªà¥â­ëå ¢¨åà¥©. �¥è¥­  § ¤ ç  ® £«¨áá¨à®¢ ­¨¨ á ­¥¨§¢¥áâ­®© á¬®ç¥­­®© ¤«¨­®©.� ¤ ç  ¤¢®¢¨¬ià­®ù â¥®àiù áâ «¥­®£® àãåã ¯® å¢¨«ì®¢®ù ¯®¢¥àå­i i¤¥ «ì­®ù ­¥áâ¨á«¨¢®ù ¢ £®¬®ù ài¤¨­¨ ã £®à¨§®­-â «ì­®¬ã ­ ¯àï¬ªã á« ¡® §i£­ãâ®ù ¯« áâ¨­¨ §¢®¤¨âìáï ¤® á¨­£ã«ïà­®£® i­â¥£à «ì­®£® ài¢­ï­­ï ¢i¤­®á­® à®§¯®¤i«ãâ¨áªã ­  ¯« áâ¨­i. �®§¢'ï§ªi i­â¥£à «ì­®£® ài¢­ï­­ï à®§èãªãîâìáï ã âàì®å ª« á å äã­ªæi©, é® ¢i¤¯®¢i¤ îâì àã-åã ­  ài§­¨å à¥¦¨¬ ¬ å £«iáã¢ ­­ï â  ¯« ¢ ­­ï. �¨á¥«ì­i à®§¢'ï§ª¨ ®âà¨¬ ­i §  ¬¥â®¤®¬ ¤¨áªà¥â­¨å ¢¨å®ài¢.�®§¢'ï§ ­  § ¤ ç  ¯à® £«iáã¢ ­­ï i§ ­¥¢i¤®¬®î §¬®ç¥­®î ¤®¢¦¨­®î.The problem of two-dimensional thery of steady motions on a wave surface of an ideal incompressible powerful liquid ina horizontal direction is gentle of a bent plate is reduced to a singular integral equation concerning pressure pro�le ona plate. The solutions of an integral equation are determined in three classes of functions conforming to motion withdi�erent modes of gliding and sailing. The numerical solutions are obtained by a method of discrete vortexes. The problemabout a gliding with obscure wetted length is resolved.���������­®£¨¥ § ¤ ç¨ ® ¤¢¨¦¥­¨¨ â¥« ¯® ¯®¢¥àå­®-áâ¨ ¦¨¤ª®áâ¨ ¢ à¥¦¨¬¥ £«¨áá¨à®¢ ­¨ï ¨«¨ ¯« ¢ -­¨ï á¢®¤ïâáï ¯à¨ ®¡®á­®¢ ­­ëå ¯à¥¤¯®«®¦¥­¨ïå ªã¯à®é¥­­®© § ¤ ç¥ ® ¤¢¨¦¥­¨¨ á« ¡® ¨§®£­ãâ®©¯« áâ¨­ë.�«®áª ï § ¤ ç  ®¡ ãáâ ­®¢¨¢è¥¬áï £«¨áá¨à®-¢ ­¨¨ ¯« áâ¨­ë ¯® ¯®¢¥àå­®áâ¨ ¢¥á®¬®© ¦¨¤ª®-áâ¨ ¢¯¥à¢ë¥ ¡ë«  à¥è¥­  �. �. �¥¤®¢ë¬ [1, 2],  § â¥¬ �.�.�®ç¨­ë¬, ª®â®àë© ¨á¯®«ì§®¢ « ¨­®©¬¥â®¤ à¥è¥­¨ï [3]. �¨á«¥­­ë¥ à áç¥âë ¯® ¬¥-â®¤ã �.�.�¥¤®¢  ¤«ï ¯«®áª®© ¯« áâ¨­ë ¯à®¢¥«�.�.� ¯«ë£¨­ [4], ¨¬ ¯®«ãç¥­ë ®á­®¢­ë¥ ¤ ­­ë¥¯® ª®íää¨æ¨¥­â ¬ á¨« ¨ ¬®¬¥­â®¢ (à¥§ã«ìâ âë [4]á®¤¥à¦ âáï ¢ [2]), ¯®§¦¥ ç¨á«¥­­ë¥ à áç¥âë ¯à®-¤®«¦¨«�. �. �¨ª®« ¥¢ [5,6], ¨áá«¥¤®¢ ¢è¨© ä®à¬ãá¢®¡®¤­®© ¯®¢¥àå­®áâ¨. �® ¬¥â®¤ã �. �. �®ç¨­ à áç¥âë, ¯®-¢¨¤¨¬®¬ã, ­¥ ¯à®¢®¤¨«¨áì. �¥â®¤ë�. �. �¥¤®¢  ¨ �. �. �®ç¨­  ®á­®¢ ­ë ­  ¨á¯®«ì-§®¢ ­¨¨  ¯¯ à â  â¥®à¨¨ äã­ªæ¨© ª®¬¯«¥ªá­®£®¯¥à¥¬¥­­®£® ¨ ¯à¨£®¤­ë â®«ìª® ª ¯«®áª¨¬ § ¤ -ç ¬.�®«¥¥ ã­¨¢¥àá «ì­ë¬ ï¢«ï¥âáï ¬¥â®¤ ¨­â¥-£à «ì­ëå ãà ¢­¥­¨©. � â¥®à¨¨ £«¨áá¨à®¢ ­¨ï¥£® ®á­®¢ë ¨áå®¤ïâ ¨§ à¥è¥­¨ï â ª ­ §ë¢ ¥¬®©®¡à â­®© § ¤ ç¨ â¥®à¨¨ ¢®«­®¢ëå ¤¢¨¦¥­¨© ¦¨¤-ª®áâ¨ { ®¯à¥¤¥«¥­¨ï ä®à¬ë á¢®¡®¤­®© ¯®¢¥àå­®-áâ¨ ¯à¨ ¤¢¨¦¥­¨¨ ¯® ­¥© § ¤ ­­®£® à á¯à¥¤¥«¥-­¨ï ¤ ¢«¥­¨ï [7]. �¥è¥­¨¥ â ª®© § ¤ ç¨ á¢®¤¨âáïª ¨­â¥£à «ì­ë¬ ¨ ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­ë¬ á®-

®â­®è¥­¨ï¬, ª®â®àë¥ ¬®¦­® ¨á¯®«ì§®¢ âì ¨ ¤«ïà¥è¥­¨ï ¯àï¬®© § ¤ ç¨ ® £«¨áá¨à®¢ ­¨¨ § ¤ ­­®-£® ¯à®ä¨«ï. �¤¨­ ¨§ ¢®§¬®¦­ëå ¯®¤å®¤®¢ ª â -ª®¬ã à¥è¥­¨î ¬®¦­® ­ ©â¨ ¢ ª­¨£¥ �. �. �à¥-â¥­áª®£® [8], £¤¥ à¥è¥­¨¥ á¢®¤¨âáï ª ¨­â¥£à®-¤¨ää¥à¥­æ¨ «ì­®¬ã ãà ¢­¥­¨î. �­ «®£¨ç­ë©¯®¤å®¤ ¨á¯®«ì§®¢ «¨ Maruo [9], Squire [10] ¨ ¤«ï¡®«ìè¨å ç¨á¥« �àã¤  Kumberbatch [11].�¥â®¤ ¨­â¥£à «ì­ëå ãà ¢­¥­¨©, ª ª ¨§¢¥áâ­®,è¨à®ª® ¨á¯®«ì§ã¥âáï ¢ â¥®à¨¨ ªàë« . � ¤ ç £«¨áá¨à®¢ ­¨ï ª ª ¯à¥¤¥«ì­ë© á«ãç © ¤¢¨¦¥­¨ïªàë«  ¯®¤ á¢®¡®¤­®© ¯®¢¥àå­®áâìî à áá¬ âà¨¢ -« áì ¢ à ¬ª å íâ®£® ¬¥â®¤  �. �. � ­ç¥­ª®¢ë¬¢ [12], £¤¥ ¢ á ¬®¬ ®¡é¥¬ ¢¨¤¥ § ¯¨á ­® ¨­â¥£à «ì-­®¥ ãà ¢­¥­¨¥ £«¨áá¨àãîé¥© ­¥áãé¥© ¯®¢¥àå­®-áâ¨.�«¥¤ã¥â ®â¬¥â¨âì, çâ®, ­¥á¬®âàï ­  ¨¬¥îéãî-áï  ­ «®£¨î á â¥®à¨¥© ªàë« , ¢ § ¤ ç å £«¨áá¨à®-¢ ­¨ï ¥áâì á¢®¨ áãé¥áâ¢¥­­ë¥ âàã¤­®áâ¨, ¬­®£¨¥¨§ ª®â®àëå ¤® ­ áâ®ïé¥£® ¢à¥¬¥­¨ ­¥ ¯à¥®¤®«¥-­ë. � â® ¦¥ ¢à¥¬,ï ¨­â¥£à «ì­ë¥ ãà ¢­¥­¨ï â¥-®à¨¨ ªàë« , ï¢«ïîé¨¥áï ¢ ¡®«ìè¨­áâ¢¥ á«ãç ¥¢á¨­£ã«ïà­ë¬¨, ã¦¥ ¤®áâ â®ç­® å®à®è® ¨áá«¥¤®¢ -­ë, ¤«ï ­¨å à §à ¡®â ­® ¬­®£® á¯¥æ¨ «ì­ëå ¬¥-â®¤®¢ ç¨á«¥­­®£® à¥è¥­¨ï. �¥â®¤ë á¨­£ã«ïà­ëå¨­â¥£à «ì­ëå ãà ¢­¥­¨© ¬®£ãâ ¡ëâì ãá¯¥è­® ¨á-¯®«ì§®¢ ­ë ¨ ¢ ¢®«­®¢ëå § ¤ ç å ¢¥á®¬®© ¦¨¤ª®-áâ¨.� ­ áâ®ïé¥© à ¡®â¥ ¤¢ã¬¥à­ ï § ¤ ç  ãáâ ­®-¢¨¢è¥£®áï ¤¢¨¦¥­¨ï ¯« áâ¨­ë ¯® ¯®¢¥àå­®áâ¨ ¢¥-á®¬®© ¦¨¤ª®áâ¨ á¢®¤¨âáï ª á¨­£ã«ïà­®¬ã ¨­â¥-c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 41 { 49£à «ì­®¬ã ãà ¢­¥­¨î. �¥è¥­¨ï ãà ¢­¥­¨ï à á-á¬ âà¨¢ îâáï ¢ âà¥å ª« áá å äã­ªæ¨©, á®®â¢¥â-áâ¢ãîé¨å à §«¨ç­ë¬ ä¨§¨ç¥áª¨¬ ãá«®¢¨ï¬ ¤¢¨-¦¥­¨ï. �â® ®âªàë¢ ¥â ¢®§¬®¦­®áâ¨ ¤«ï à¥è¥­¨ï­®¢ëå § ¤ ç { ­ ¯à¨¬¥à, à áá¬®âà¥­® ãáâ ­®¢¨¢-è¥¥áï ¤¢¨¦¥­¨¥ ¯« áâ¨­ë ¯® ¢®«­®¢®© ¯®¢¥àå­®-áâ¨ ¢ à¥¦¨¬¥ ¯« ¢ ­¨ï,   â ª¦¥ £«¨áá¨à®¢ ­¨¥ á§ ¤ ­­®© ­ £àã§ª®© «¨¡® ®á ¤ª®© § ¤­¥© ªà®¬ª¨,á ¯¥à¥¬¥­­®© á¬®ç¥­­®© ¤«¨­®©.1. ���������� �������® ¯®¢¥àå­®áâ¨ ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© ¢¥á®-¬®© ¦¨¤ª®áâ¨ ¤¢¨¦¥âáï á ¯®áâ®ï­­®© áª®à®áâìîV0 á« ¡® ¨§®£­ãâ ï ¯« áâ¨­  ¡¥áª®­¥ç­® ¡®«ìè®£®ã¤«¨­¥­¨ï, í«¥¬¥­âë ª®â®à®© ­ ª«®­¥­ë ¯®¤ ­¥-¡®«ìè¨¬¨ ã£« ¬¨ ª £®à¨§®­âã. �®¤¢¨¦­ãî á¨áâ¥-¬ã ª®®à¤¨­ â Ox0y0 á¢ï¦¥¬ á ¯« áâ¨­®© â ª, çâ®®áì x0 ­ ¯à ¢«¥­  £®à¨§®­â «ì­® ¢¤®«ì ­¥¢®§¬ã-é¥­­®£® ãà®¢­ï á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨¢ áâ®à®­ã, ¯à®â¨¢®¯®«®¦­ãî ¤¢¨¦¥­¨î ¯« áâ¨-­ë,   ®áì y0 ­ ¯à ¢«¥­  ¢¥àâ¨ª «ì­® ¨ ¯à®å®¤¨âç¥à¥§ ¥¥ ¯¥à¥¤­îî ªà®¬ªã. �«¨­ã ¯à®¥ªæ¨¨ ¯« -áâ¨­ë ­  ®áì x0 áç¨â ¥¬ à ¢­®© a. �¥ç¥­¨¥ ¦¨¤-ª®áâ¨ ®â­®á¨â¥«ì­® ¯« áâ¨­ë áç¨â ¥¬ ãáâ ­®¢¨¢-è¨¬áï ¨ ¡¥§¢¨åà¥¢ë¬, â. ¥. áãé¥áâ¢ã¥â ¯®â¥­æ¨- « áª®à®áâ¨ '0(x0; y0) ¢®§¬ãé¥­­®£® â¥ç¥­¨ï. � -¢«¥­¨¥ p0 ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¯®-áâ®ï­­® ¨ à ¢­® p0, ¯«®â­®áâì ¦¨¤ª®áâ¨ � ¯®áâ®-ï­­  ¯® ¢á¥¬ã ®¡ê¥¬ã. �  á¬®ç¥­­®© ¯®¢¥àå­®áâ¨¯« áâ¨­ë ¢ë¯®«­ï¥âáï ãá«®¢¨¥ ­¥¯à®â¥ª ­¨ï.�ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ¢¯¥à¥¤¨ ¯¥à¥¤ ¯« áâ¨-­®© ¬®£ãâ ¡ëâì ­¥§ ¢¨á¨¬ë¥ ®â ¥¥ ¤¢¨¦¥­¨ï ãáâ -­®¢¨¢è¨¥áï à¥£ã«ïà­ë¥ ¢®«­ë ¬ «®©  ¬¯«¨âã¤ë.�¢¥¤¥¬ ¡¥§à §¬¥à­ë¥ ¢¥«¨ç¨­ë { ª®®à¤¨­ âëx = x0=a, y = y0=a , ¤ ¢«¥­¨¥ p = (p0 � p0)=�V02,¯®â¥­æ¨ « ¢®§¬ãé¥­­®© áª®à®áâ¨ ' = '0=aV0.�ãáâì ä®à¬  ¯« áâ¨­ë ®¯¨áë¢ ¥âáï äã­ªæ¨¥©y = f(x), 0 � x � 1, ä®à¬  á¢®¡®¤­®© ¯®¢¥àå-­®áâ¨ y = �(x), x � 0, x � 1. �à¨ ¯à¥¤¯®«®¦¥-­¨ïå ® ¬ «®áâ¨ ã£«®¢ ­ ª«®­  í«¥¬¥­â®¢ ¯« áâ¨-­ë ª £®à¨§®­âã kf 0(x)k = " << 1, ® ¬ «®áâ¨  ¬-¯«¨âã¤ ­¥§ ¢¨á¨¬ëå ¢®«­ k�(x)kx!1 = O(") ¨ ®¬ «®áâ¨ ¢®§¬ãé¥­­ëå áª®à®áâ¥© k@'=@xk = O("),k@'=@yk = O("), £à ­¨ç­ë¥ ãá«®¢¨ï ¯®áâ®ï­áâ¢ ¤ ¢«¥­¨ï ­  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¨ ­¥¯à®â¥ª -­¨ï á¬®ç¥­­®© ¯®¢¥àå­®áâ¨ ¯« áâ¨­ë ¬®¦­® «¨-­¥ à¨§®¢ âì ¯ãâ¥¬ ®â¡à áë¢ ­¨ï ¢¥«¨ç¨­ ¯®àï¤-ª  "2 ¨ á­¥á¥­¨ï ãá«®¢¨© ­  ®áì x.�ª®à®áâì V� à á¯à®áâà ­¥­¨ï ¯à®£à¥áá¨¢­®©¢®«­ë ¯® ¯®¢¥àå­®áâ¨ ¦¨¤ª®áâ¨ ¡¥áª®­¥ç­®© £«ã-¡¨­ë, ª ª ¨§¢¥áâ­® [8], á¢ï§ ­  á ¤«¨­®© ¢®«­ë �á®®â­®è¥­¨¥¬ V� =pg�=2�. � á«ãç ¥ ãáâ ­®¢¨¢-è¥£®áï ¤¢¨¦¥­¨ï á«¥¤ã¥â ¯®«®¦¨âì V� = V0. �®-

£¤  ¡¥§à §¬¥à­ ï ¤«¨­  ãáâ ­®¢¨¢è¨åáï ¢®«­ ¡ã-¤¥â � = 2�Fr2, £¤¥ Fr = V0=pga { ç¨á«® �àã¤ ;g - ãáª®à¥­¨¥ á¢®¡®¤­®£® ¯ ¤¥­¨ï;  ¬¯«¨âã¤ã ¢®«­¡ã¤¥¬ § ¤ ¢ âì.�«ï ¯®â¥­æ¨ «  áª®à®áâ¨ ¢®§¬ãé¥­­®£® â¥ç¥-­¨ï ¨¬¥¥¬ á«¥¤ãîéãî «¨­¥ à¨§®¢ ­­ãî ªà ¥¢ãî§ ¤ çã [2]: ­ ©â¨ äã­ªæ¨î '(x; y), ã¤®¢«¥â¢®àï-îéãî ãà ¢­¥­¨î � ¯« á , ãá«®¢¨î ¯®áâ®ï­áâ¢ ¤ ¢«¥­¨ï ­  á¢®¡®¤­®© £à ­¨æ¥@'@x = ��(x); y = 0; x < 0; x > 1; (1)£¤¥ � = 1=Fr2; ãá«®¢¨î ­¥¯à®â¥ª ­¨ï á¬®ç¥­­®©£à ­¨æë ¯« áâ¨­ë:@'@y = f 0(x); y = 0; 0 < x < 1; (2)ãá«®¢¨î § âãå ­¨ï ¢®§¬ãé¥­¨© áª®à®áâ¨ ­  £«ã-¡¨­¥: @'@y ! 0; y !�1: (3)2. ������������ ����������á«®¢¨ï¬ (1) ¨ (3) ã¤®¢«¥â¢®àï¥â äã­ªæ¨ï'(x; y) = Re(e�i�zhA1 + iA2++ 1�i zZ�1 1Z0 
(�)ei�tt� � d�dti); (4)£¤¥ 
(x) = p(x; 0), z = x + iy { ª®¬¯«¥ªá­ ï ¯¥-à¥¬¥­­ ï; A1 ¨ A2 = { ¯à®¨§¢®«ì­ë¥ ¤®áâ â®ç­®¬ «ë¥ ¯®áâ®ï­­ë¥, ®¯à¥¤¥«ïîé¨¥  ¬¯«¨âã¤ã ­¥-§ ¢¨á¨¬ëå ¢®«­ (¯à¨ A1 = A2 = 0 ¢¯¥à¥¤¨ ¢®«­­¥â).�®â¥­æ¨ « (4) à áá¬ âà¨¢ «áï ¢ [2] ª ª à¥è¥-­¨¥ § ¤ ç¨ ® ¢®«­ å ¯à¨ ¯¥à¥¬¥é¥­¨¨ § ¤ ­­®£®¤ ¢«¥­¨ï ¯® ¯®¢¥àå­®áâ¨ ¢¥á®¬®© ¦¨¤ª®áâ¨. �«ï¯®«­®£® à¥è¥­¨ï ¯®áâ ¢«¥­­®© ­ ¬¨ § ¤ ç¨ ­¥®¡-å®¤¨¬® ­ ©â¨ â ªãî äã­ªæ¨î 
, çâ®¡ë ¢ë¯®«­ï-«®áì ãá«®¢¨¥ (2).�«ï ¢¥àâ¨ª «ì­®© á®áâ ¢«ïîé¥© áª®à®áâ¨ ­ ¤¥©áâ¢¨â¥«ì­®© ®á¨ ¨§ ¢ëà ¦¥­¨ï (4) ¬®¦­® ¯®-«ãç¨âì:�d'dy �y=0 = 1� 1Z0 
(s)x� sds++�hA1 cos �x+ A2 sin�x++ 1� xZ�1 1Z0 
(s) sin �(t� x)t� s dsdti:42 �. �. � ª á¥¥¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 41 { 49�¥à¢ë© ¨­â¥£à « ¢ ¯à ¢®© ç áâ¨ áãé¥áâ¢ã¥â ¢á¬ëá«¥ £« ¢­®£® §­ ç¥­¨ï. �¢®©­®© ¨­â¥£à « § -¯¨è¥¬ ¢ ¢¨¤¥:xZ�1 1Z0 
(s) sin �(t� x)t� s dsdt == 1Z0 
(s)R(x � s; �)ds; (5)£¤¥ R(x; �) = h�2 + Si(�x)i cos �x��Ci(�jxj) sin�x;Si(x) ¨ Ci(x) { ¨­â¥£à «ì­ë¥ á¨­ãá ¨ ª®á¨­ãá [13].�ã­ªæ¨ï R(x; �) ®£à ­¨ç¥­  ¯à¨ ¢á¥å x ¨ ª®­¥ç-­ëå �, ¢ ç áâ­®áâ¨, limx!0R(x; �) = �=2, ¯®íâ®¬ã¨­â¥£à « (5) áãé¥áâ¢ã¥â ¢ ®¡ëç­®¬ á¬ëá«¥.�  ®á­®¢ ­¨¨ ãá«®¢¨ï (2) â¥¯¥àì ¬®¦­® § ¯¨-á âì ¨­â¥£à «ì­®¥ ãà ¢­¥­¨¥ ®â­®á¨â¥«ì­® 
(x):1� 1Z0 
(s)x� sds+ �� 1Z0 
(s)R(x � s; �)ds == �f 0(x)� ��A1 cos �x+ A2 sin �x�;0 < x < 1: (6)�á¥ ®á­®¢­ë¥ £¨¤à®¤¨­ ¬¨ç¥áª¨¥ å à ªâ¥à¨-áâ¨ª¨ £«¨áá¨àãîé¥© ¯« áâ¨­ë ¨ ª¨­¥¬ â¨ç¥áª¨¥å à ªâ¥à¨áâ¨ª¨ â¥ç¥­¨ï ®¯à¥¤¥«ïîâáï ¯®á«¥ à¥-è¥­¨ï ãà ¢­¥­¨ï (6) ç¥à¥§ äã­ªæ¨î 
(x). � ç áâ-­®áâ¨, ª®íää¨æ¨¥­â ¯®¤ê¥¬­®© á¨«ëcy = 2 1Z0 
(x)dx; (7)ä®à¬  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¯à¨ x < 0 ¨ x > 1¢ëç¨á«ï¥âáï, á ãç¥â®¬ ¢ëà ¦¥­¨ï (4), ¯® ä®à¬ã«¥�(x) = nIm e�i�zhA1 + iA2++ 1�i zZ�1 1Z0 
(�)ei�tt� � d�dtioy=0 == �A1 sin �x+ A2 cos �x�� 1� 1Z0 
(s)ncos �(x� s)Ci(�jx� sj)++ sin �(x� s)h�2 + Si(�(x� s))iods: (8)�  ¡®«ìè®¬ ã¤ «¥­¨¨ ®â ¯« áâ¨­ë ¯à¨ x ! 1ä®à¬  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨, ª ª á«¥¤ã¥â ¨§ ä®à-

¬ã«ë (8), ¯à¥¤áâ ¢«ï¥â á®¡®© ãáâ ­®¢¨¢è¨¥áï ¢®«-­ë �(x)jx!1 = � 1Z0 
(s) sin �(x� s)ds��A1 sin �x+ A2 cos �x (9)á  ¬¯«¨âã¤®© B =pB21 +B22 , £¤¥B1 = � 1Z0 
(s) cos �sds�A1;B2 = 1Z0 
(s) sin �sds+A2:�®¤ê¥¬ á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¢¡«¨§¨ ¯¥à¥¤­¥©ªà®¬ª¨ ¯« áâ¨­ë ¡ã¤¥â:�(0) = � 1� 1Z0 
(x)ncos �xCi(�x)++ sin �xh�2 + Si(�x)iodx: (10)�à¨ � ! 0 (­¥¢¥á®¬ ï ¦¨¤ª®áâì), ãç¨âë¢ ï, çâ®Ci(�x) = ln
��x+ �xZ0 cos t� 1t dt;£¤¥ 
� - ¯®áâ®ï­­ ï �©«¥à , ¯®«ãç ¥¬�(0) = lim�!024� 1� 1Z0 
(x) ln 
��xdx35 :�âáî¤  á«¥¤ã¥â, çâ® ¯à¨ � ! 0�(0) = O cy2� ln 
��!;â. ¥. ¤«ï ¬®¤¥«¨ ­¥¢¥á®¬®© ¦¨¤ª®áâ¨ ¢ëá®â ¯®¤ê¥¬  ¯« áâ¨­ë ¯à¨ ¯®áâ®ï­­®© á¬®ç¥­­®© ¤«¨-­¥ áâà¥¬¨âáï ª ¡¥áª®­¥ç­®áâ¨, çâ® á®®â¢¥âáâ¢ã¥â¢ë¢®¤ ¬ [2]. �â®â ä ªâ ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ ¯à¨-­ïâ®£® ¢ áâ æ¨®­ à­®© ¯®áâ ­®¢ª¥ § ¤ ç¨ ¢ë¡®à á¬®ç¥­­®© ¤«¨­ë ¢ ª ç¥áâ¢¥ å à ªâ¥à­®©, ¨á¯®«ì-§ã¥¬®© ¤«ï ¢ëç¨á«¥­¨ï ç¨á«  �àã¤ . � à¥ «ì­ëåãá«®¢¨ïå ¢ëá®â  ¯®¤ê¥¬  £«¨áá¥à  ®£à ­¨ç¨¢ ¥â-áï ­ £àã§ª®© (¢¥á®¬ £«¨áá¥à ),   ¯à¨ ã¢¥«¨ç¥­¨¨áª®à®áâ¨ (ã¬¥­ìè¥­¨¨ �) ã¬¥­ìè ¥âáï á¬®ç¥­­ ï¤«¨­ .�. �. � ª á¥¥¢ 43



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 41 { 493. � �������� ������������� ����-������®«­®¥ á¨­£ã«ïà­®¥ ¨­â¥£à «ì­®¥ ãà ¢­¥­¨¥¯¥à¢®£® à®¤  (6), ª ª ¨§¢¥áâ­® [14], ¤®¯ãáª ¥â à¥-è¥­¨ï ¢ âà¥å ª« áá å äã­ªæ¨©. �« áá äã­ªæ¨©®¯à¥¤¥«ï¥âáï ä¨§¨ç¥áª¨¬¨ ãá«®¢¨ï¬¨ { ¯®¢¥¤¥­¨-¥¬ à¥è¥­¨ï 
 ­  ª®­æ å ®âà¥§ª  ¨­â¥£à¨à®¢ ­¨ï ¨á¢ï§ìî á ¢ë¡®à®¬ ª®­áâ ­âë � = 1R0 
(x)dx, ¨¬¥-îé¥© ä¨§¨ç¥áª¨© á¬ëá« æ¨àªã«ïæ¨¨ ¢®§¬ãé¥­­®©áª®à®áâ¨ ¨ à ¢­®©, ª ª á«¥¤ã¥â ¨§ ãà ¢­¥­¨ï (7),cy=2.�®  ­ «®£¨¨ á â¥®à¨¥© ªàë« , âà¥¡®¢ ­¨¥ ¢ë-¯®«­¥­¨ï ãá«®¢¨ï �ãââ -�ãª®¢áª®£® ® à ¢¥­áâ¢¥­ã«î ¯¥à¥¯ ¤  ¤ ¢«¥­¨ï ¢ â®çª¥ áå®¤  áâàã¨(
(1) = 0) ¤ ¥â ¥¤¨­áâ¢¥­­®¥ à¥è¥­¨¥ ãà ¢­¥-­¨ï (6) ¢ ª« áá¥ äã­ªæ¨©, ®£à ­¨ç¥­­ëå ¯à¨ x = 1¨ ­¥®£à ­¨ç¥­­ëå ¯à¨ x = 0. �â®¬ã ª« ááã à¥-è¥­¨© á®®â¢¥âáâ¢ã¥â £«¨áá¨à®¢ ­¨¥ ¯« áâ¨­ë á£« ¤ª¨¬ áå®¤®¬ áâàã¨ ¢ § ¤­¥© ªà®¬ª¥ ¨ ªà¨â¨-ç¥áª®© â®çª®© ¢ ¯¥à¥¤­¥© ªà®¬ª¥. �¥â®¤®¬ �. �.�¥¤®¢  ¢ [1,2,4{ 6] ¯à¨ § ¤ ­­®© á¬®ç¥­­®© ¤«¨­¥¨áá«¥¤®¢ «®áì à¥è¥­¨¥ ¨¬¥­­® ¨§ íâ®£® ª« áá .� â¥®à¨¨ ªàë«  à¥è¥­¨¥ ¢ ª« áá¥ äã­ªæ¨©,®£à ­¨ç¥­­ëå ­  ®¡®¨å ª®­æ å ®âà¥§ª  ¨­â¥£à¨-à®¢ ­¨ï, ¨§¢¥áâ­® ª ª "¡¥§ã¤ à­ë© ¢å®¤". �­®®¯à¥¤¥«ï¥âáï ¯à¨ ¤®¯®«­¨â¥«ì­ëå ®£à ­¨ç¥­¨-ïå ­  ¯à ¢ãî ç áâì á¨­£ã«ïà­®£® ¨­â¥£à «ì­®£®ãà ¢­¥­¨ï, â. ¥. ­  £¥®¬¥âà¨î ªàë«  { ªàë«®¤®«¦­® ¨¬¥âì â ª®¥ ¯®«®¦¥­¨¥ ®â­®á¨â¥«ì­® ¯®-â®ª  ¨ ¨¬¥âì ¢¡«¨§¨ ¯¥à¥¤­¥© ªà®¬ª¨ â ªãî ä®à-¬ã (ªà¨¢¨§­ã), çâ®¡ë ¯¥à¥¯ ¤ ¤ ¢«¥­¨ï ¢ ­¥© ®â-áãâáâ¢®¢ «. � ª®¥ ®£à ­¨ç¥­¨¥ ¬®¦¥â ¡ëâì ¢¢¥-¤¥­® ¨ ¢ á«ãç ¥ ¤¢¨¦¥­¨ï ¯® ¯®¢¥àå­®áâ¨ ¦¨¤-ª®áâ¨. � ¯à¨¬¥à, ¯à¨ ãáâ ­®¢¨¢è¥¬áï ¤¢¨¦¥­¨¨¯« áâ¨­ë ¢ à¥¦¨¬¥ ¯« ¢ ­¨ï ¯® ¢®«­®¢®© ¯®¢¥àå-­®áâ¨ ¯®âà¥¡ã¥¬, çâ®¡ë ¯« áâ¨­  ¯à¨­¨¬ «  â -ª®¥ ¯®«®¦¥­¨¥ ®â­®á¨â¥«ì­® ¢®«­ë, ¯à¨ ª®â®à®¬¯¥à¥¯ ¤ ¤ ¢«¥­¨ï ¢ ¯¥à¥¤­¥© ¨ § ¤­¥© ªà®¬ª å à -¢¥­ ­ã«î. �á«¨ ä®à¬ã ¯« áâ¨­ë ®¯à¥¤¥«¨âì ª ªf (x) = ��x + �f (x) + h, £¤¥ � { ã£®« ­ ª«®­ ; �f {äã­ªæ¨ï, § ¤ îé ï ¬ «ãî ªà¨¢¨§­ã; h { ª®­áâ ­-â  (¯®¤ê¥¬ ¯« áâ¨­ë, h = �(0)), â® ¬®¦­® áç¨â âì­¥¨§¢¥áâ­®© ¢¥«¨ç¨­®© ã£®« ­ ª«®­  ¯« áâ¨­ë �¨ § ¤ ­­®© �f . �®£¤  ãà ¢­¥­¨¥ (6) á«¥¤ã¥â à áá¬ -âà¨¢ âì ¢ ¢¨¤¥1� 1Z0 
(s)x� sds+ �� 1Z0 
(s)R(x � s; �)ds� � == � �f 0(x) � ��A1 cos �x+ A2 sin �x�;0 < x < 1 (11)

á ¤®¯®«­¨â¥«ì­ë¬ ­¥¨§¢¥áâ­ë¬ �. � áá¬®âà¥­¨¥â ª¨å ¤¢¨¦¥­¨© ¯à¥¤áâ ¢«ï¥â ¨­â¥à¥á ¯à¨ ¨áá«¥-¤®¢ ­¨ïå à¥¦¨¬®¢ § å¢ â  ¬ «ëå ¯« ¢ îé¨å â¥«¯®¢¥àå­®áâ­®© ¢®«­®© [15] ¢ á¢ï§¨ á ¯à®¡«¥¬ ¬¨¢®«­®¢®£® ¤à¥©ä ,   â ª¦¥ ¢ § ¤ ç å â¥®à¨¨ ª ç-ª¨ ª®à ¡«ï, ¨á¯®«ì§®¢ ­¨ï ¢®«­®¢®© í­¥à£¨¨.�¥è¥­¨ï ãà ¢­¥­¨ï ¢¨¤  (6) ¢ ª« áá¥ äã­ª-æ¨©, ­¥®£à ­¨ç¥­­ëå ­  ®¡®¨å ª®­æ å, áãé¥áâ¢ã¥â¯à¨ ¤®¯®«­¨â¥«ì­ëå ®£à ­¨ç¥­¨ïå ¢ ¨­â¥£à «ì-­®© ä®à¬¥ ­  ¨áª®¬ãî äã­ªæ¨î. � ¯à¨¬¥à, ¬®-¦¥â ¡ëâì § ¤ ­­®© æ¨àªã«ïæ¨ï áª®à®áâ¨ ¨«¨ ª®-íää¨æ¨¥­â ¯®¤ê¥¬­®© á¨«ë. �à ¢­¥­¨¥ (6) ¯à¨íâ®¬ á«¥¤ã¥â à¥è âì á ¤®¯®«­¨â¥«ì­ë¬ ãá«®¢¨¥¬(7). �ç¥¢¨¤­®, çâ® ¢ ª ç¥áâ¢¥ ¤®¯®«­¨â¥«ì­®£®ãá«®¢¨ï ¬®¦­® ¨á¯®«ì§®¢ âì ¨ á®®â­®è¥­¨¥ (10).�®£¤  § ¤ ­­ë¬ ¡ã¤¥â ¯®¤ê¥¬ ¯« áâ¨­ë, ¯® ª®â®-à®¬ã ®¯à¥¤¥«¨âáï ¢¥«¨ç¨­  ª®íää¨æ¨¥­â  ¯®¤ê¥¬-­®© á¨«ë.� ª« áá¥ äã­ªæ¨©, ­¥®£à ­¨ç¥­­ëå ­  ®¡®¨åª®­æ å, ¨§ ãà ¢­¥­¨ï (6) ¬®¦¥â ¡ëâì ­ ©¤¥­® à¥-è¥­¨¥ § ¤ ç¨ ® £«¨áá¨à®¢ ­¨¨ ¯« áâ¨­ë á ¨­-â¥àæ¥¯â®à®¬ ¢ § ¤­¥© ªà®¬ª¥ [16]. �®¯®«­¨â¥«ì-­ë¬ ãà ¢­¥­¨¥¬ ¢ íâ®¬ á«ãç ¥ ¡ã¤¥â ¨­â¥£à «ì-­®¥ á®®â­®è¥­¨¥, § ¯¨á ­­®¥ ¤«ï ¬ «®£® áª çª � = f(1) � �(1), ¬®¤¥«¨àãîé¥£® ¢ à ¬ª å «¨­¥©-­®© â¥®à¨¨ ¨­â¥àæ¥¯â®à.�à¥¡®¢ ­¨¥ ¢ë¯®«­¥­¨ï ãá«®¢¨ï �ãââ -�ãª®¢áª®£® ¢ â®çª¥ áå®¤  áâàã¨ ¯à¨ ¯®áâ®ï­­®¬ã£«¥ å®¤  ¨ § ¤ ­­®¬ ª®íää¨æ¨¥­â¥ ¯®¤ê¥¬­®© á¨-«ë ¨«¨ § ¤ ­­®© ­ £àã§ª¥ ¯à¨¢®¤¨â ª § ¤ ç¥ á ­¥-¨§¢¥áâ­®© á¬®ç¥­­®© ¤«¨­®©. �¥è¥­¨¥ ãà ¢­¥­¨ï(6) â®£¤  ­¥®¡å®¤¨¬® ¨áª âì ¢ ª« áá¥ äã­ªæ¨©, ­¥-®£à ­¨ç¥­­ëå ¢ ¯¥à¥¤­¥© ªà®¬ª¥ ¨ ®£à ­¨ç¥­­ëå¢ § ¤­¥©, á ¤®¯®«­¨â¥«ì­ë¬ ãá«®¢¨¥¬, § ¤ îé¨¬ª®íää¨æ¨¥­â ¯®¤ê¥¬­®© á¨«ë «¨¡® ­ £àã§ªã. �®-¯®«­¨â¥«ì­®¥ ãá«®¢¨¥ ¯à¨¢®¤¨â ª ­¥®¡å®¤¨¬®áâ¨¢¢¥¤¥­¨ï ¥é¥ ®¤­®© ­¥¨§¢¥áâ­®© ¢¥«¨ç¨­ë, ª®â®-à®© ¨ ¡ã¤¥â ¯¥à¥¬¥­­ë© ¢¥àå­¨© ¯à¥¤¥« ¨­â¥£à¨-à®¢ ­¨ï { á¬®ç¥­­ ï ¤«¨­ .�à¨ â ª®© ¯®áâ ­®¢ª¥ § ¤ ç¨ ­¥®¡å®¤¨¬® ¯®-­®¢®¬ã ®¯à¥¤¥«¨âì å à ªâ¥à­ãî ¤«¨­ã ¤«ï ¢ëç¨-á«¥­¨ï ç¨á«  �àã¤ . � § ¤ ç¥ á § ¤ ­­ë¬ ª®íää¨-æ¨¥­â®¬ ¯®¤ê¥¬­®© á¨«ë cy ¢ ª ç¥áâ¢¥ å à ªâ¥à-­®© ¤«¨­ë ¬®¦­® ¢§ïâì á¬®ç¥­­ãî ¤«¨­ã a = l0¯à¨ � ! 0 (¤«ï ­¥¢¥á®¬®© ¦¨¤ª®áâ¨). �¡®§­ ç¨¬­¥¨§¢¥áâ­ãî ¡¥§à §¬¥à­ãî ¤«¨­ã ç¥à¥§ l. �«ï®¯à¥¤¥«¥­¨ï 
(x) ¨ l ¡ã¤¥¬ ¨¬¥âì á¨áâ¥¬ã ¨­â¥-£à «ì­ëå ãà ¢­¥­¨©1� lZ0 
(s)x� sds+ �� lZ0 
(s)R(x � s; �)ds = �f 0(x)����A1 cos �x+A2 sin �x�; 0 < x < l: (12)44 �. �. � ª á¥¥¢
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 (x) dx = cy=2: (13)� ª ¢¨¤­®, íâ  § ¤ ç  ­¥«¨­¥©­  ®â­®á¨â¥«ì­® l.� § ¤ ç¥ á § ¤ ­­®© ­ £àã§ª®© ¢ ª ç¥áâ¢¥ å à ª-â¥à­®© ¤«¨­ë á«¥¤ã¥â ¢§ïâì [17] a = 2p�=�g, £¤¥� { ­ £àã§ª  (¢¥á £«¨áá¥à ) (¤«ï ¯à®áâà ­áâ¢¥­-­®© § ¤ ç¨ a = 3p�=�g). �®íää¨æ¨¥­â ¯®¤ê¥¬­®©á¨«ë â®£¤  cy = 2��V 20 a = 2Fr2 = 2�: (14)�ç¨âë¢ ï á®®â­®è¥­¨ï (7) ¨ (14), ãà ¢­¥­¨¥ (12)â¥¯¥àì ­ ¤® à¥è âì á ãá«®¢¨¥¬lZ0 
 (x)dx = �: (15)�«ï ¯®¤ê¥¬  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¢¡«¨§¨ ¯¥à¥¤-­¥© ªà®¬ª¨ ¯à¨ � ! 0 ¨§ ¢ëà ¦¥­¨ï (10) ¬®¦­®¯®«ãç¨âì: �(0) = O(� ln
��);â. ¥. ¢ëá®â  ¯®¤ê¥¬  ¯« áâ¨­ë ¯à¨ ¯®áâ®ï­­®©­ £àã§ª¥ á ã¢¥«¨ç¥­¨¥¬ áª®à®áâ¨ £«¨áá¥à  áâà¥-¬¨âáï ª ­ã«î.4. ������� ��������� áá¬®âà¨¬ ¤¢¨¦¥­¨¥ ¯«®áª®© ¯« áâ¨­ë, ª®£¤ f 0(x) = ��. �¥§ ¢¨á¨¬ë¥ ¢®«­ë ­  ¡¥áª®­¥ç­®áâ¨¯¥à¥¤ ¯« áâ¨­®©, ª ª á«¥¤ã¥â ¨§ ä®à¬ã«ë (8), ¨¬¥-îâ á¨­ãá®¨¤ «ì­ë© ¢¨¤: �(x)x!�1 = �A1 sin �x+A2 cos �x = �A sin (�x� �), £¤¥ A = pA12 + A22 { ¬¯«¨âã¤  ¢®«­ë. �®«®¦¥­¨¥ ¯« áâ¨­ë ®â­®á¨-â¥«ì­® ¢®«­ë § ¤ ¥âáï ¯ à ¬¥âà®¬ �, ¯à¨ íâ®¬A1 = A cos �, A2 = A sin �. �¥«¨ç¨­ã � ¤®áâ â®ç­®¡à âì ¨§ ¨­â¥à¢ «  [0; 2�].�«ï à¥è¥­¨ï ãà ¢­¥­¨ï (6) ¢®á¯®«ì§ã¥¬áï ç¨-á«¥­­ë¬ ¬¥â®¤®¬ ¤¨áªà¥â­ëå ¢¨åà¥© (���) [18,19]. �¥ ®áâ ­ ¢«¨¢ ïáì ­  ¯®¤à®¡­®áâïå, á¢ï§ ­-­ëå á à¥ «¨§ æ¨¥© ¬¥â®¤ , ®â¬¥â¨¬ «¨èì, çâ®ª« áá äã­ªæ¨©, ¢ ª®â®à®¬ ¨é¥âáï ç¨á«¥­­®¥ à¥è¥-­¨¥ á¨­£ã«ïà­®£® ¨­â¥£à «ì­®£® ãà ¢­¥­¨ï ¬¥â®-¤®¬ ¤¨áªà¥â­ëå ¢¨åà¥©, ¢ë¡¨à ¥âáï á ãç¥â®¬ ¢§ -¨¬­®£® à á¯®«®¦¥­¨¥ï â®ç¥ª ®¯à¥¤¥«¥­¨ï äã­ªæ¨¨
 ¨ â®ç¥ª, ¢ ª®â®àëå ã¤®¢«¥â¢®àï¥âáï ãá«®¢¨¥ ®¡-â¥ª ­¨ï (à áç¥â­ë¥ â®çª¨) ¨ ®¯à¥¤¥«ï¥âáï â ª ­ -§ë¢ ¥¬ë¬ �-ãá«®¢¨¥¬ ¬¥â®¤  ¤¨áªà¥â­ëå ¢¨åà¥©[19]: ª â¥¬ ªà®¬ª ¬, £¤¥ à¥è¥­¨¥ ¤®«¦­® ¡ëâì ­¥-®£à ­¨ç¥­­ë¬, ¡«¨¦ ©è¨¬¨ à á¯®« £ îâáï ¤¨á-ªà¥â­ë¥ ¢¨åà¨ (â®çª¨ ®¯à¥¤¥«¥­¨ï 
),   ª â¥¬, £¤¥®­® ®£à ­¨ç¥­® { à áç¥â­ë¥ â®çª¨.

4.1. �¥è¥­¨¥ ¢ ª« áá¥ äã­ªæ¨©, ®£à ­¨ç¥­­ëå¯à¨ x = 1 ¨ ­¥®£à ­¨ç¥­­ëå ¯à¨ x = 0�ã­ªæ¨ï 
 ®¯à¥¤¥«ï¥âáï ¢ â®çª å sj = (j �3=4)=N , j = 1; N ; ãá«®¢¨¥ £« ¤ª®£® ®¡â¥ª ­¨ï ¢ë-¯®«­ï¥âáï ¢ â®çª å xi = (i � 1=4)=N , i = 1; N .�à¨ íâ®¬ ãà ¢­¥­¨¥ (6) § ¬¥­ï¥âáï á¨áâ¥¬®© N«¨­¥©­ëå  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨© ®â­®á¨â¥«ì-­® N ­¥¨§¢¥áâ­ëå.�¥§ã«ìâ âë, ª®â®àë¥ ¤ ¥â ¬¥â®¤ ¨­â¥£à «ì­ëåãà ¢­¥­¨© ¢ íâ®¬ ª« áá¥ à¥è¥­¨©, ¯à ªâ¨ç¥áª¨á®¢¯ ¤ îâ á ¨§¢¥áâ­ë¬¨ ¤ ­­ë¬¨ �. �. �¥¤®¢ .�à¨¢¥¤¥¬ ­¥ª®â®àë¥ à¥§ã«ìâ âë, ­¥ á®¤¥à¦ é¨¥-áï ¢ à ¡®â å [1,2,4{ 6].�¨á. 1 ¨««îáâà¨àã¥â ¢«¨ï­¨¥ ç¨á«  �àã¤  ­ 
�¨á. 1. � á¯à¥¤¥«¥­¨¥ ¤ ¢«¥­¨ï ¯® £«¨áá¨àãîé¥©¯« áâ¨­¥ ¯à¨ à §«¨ç­ëå ç¨á« å �àã¤ à á¯à¥¤¥«¥­¨¥ ¤ ¢«¥­¨ï ¯à¨ £«¨áá¨à®¢ ­¨¨ ¯à¨®âáãâáâ¢¨¨ ¢®«­ ¢¯¥à¥¤¨ (A = 0). �®à¬  á¢®¡®¤-­®© ¯®¢¥àå­®áâ¨ ¯¥à¥¤ ¨ §  ¯« áâ¨­®© ¯®ª § ­  ­ à¨á. 2. �®à¬  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¯à¨ ­ «¨-ç¨¨ ¢®«­ ¯¥à¥¤ ¯« áâ¨­®© ¯®ª § ­  ­  à¨á. 3.�¬¯«¨âã¤  ¢®«­ë A=� = 1, ç¨á«® �àã¤  Fr =0:8.� à ¡®â¥ [6] ¯à¥¤«®¦¥­® à áá¬®âà¥âì ­¥áâ æ¨-®­ à­®¥ ¤¢¨¦¥­¨¥ ¯« áâ¨­ë ¯® ¢®«­¥ ¢ ¢¨¤¥ ¯®-á«¥¤®¢ â¥«ì­®áâ¨ ¥¥ ¯®«®¦¥­¨© ®â­®á¨â¥«ì­® ¢®«-­ë ¢ áâ æ¨®­ à­®© § ¤ ç¥. �¥â®¤ ¨­â¥£à «ì­ëåãà ¢­¥­¨© ¯à¥¤áâ ¢«ï¥â á®¡®© ¤®áâ â®ç­® ã¤®¡-­ë© ¨­áâàã¬¥­â ¤«ï à¥è¥­¨ï â ª®© ª¢ §¨áâ æ¨-®­ à­®© § ¤ ç¨, ¯à¨ íâ®¬ ­ ¤® ¯®«®¦¨âì � = vt,£¤¥ v { áª®à®áâì ¤¢¨¦¥­¨ï ¯« áâ¨­ë ®â­®á¨â¥«ì­®¢®«­ë; t { ¢à¥¬ï. � ¨§¬¥­¥­¨¥¬ ¢¥«¨ç¨­ë ¯ à -¬¥âà  �, ®¯à¥¤¥«ïîé¥£® ¯®«®¦¥­¨¥ ¯« áâ¨­ë ®â-­®á¨â¥«ì­® ¢®«­ë, ¨§¬¥­¥­¨ï ¢á¥å £¨¤à®¤¨­ ¬¨-ç¥áª¨å å à ªâ¥à¨áâ¨ª ¨¬¥îâ ¯¥à¨®¤¨ç¥áª¨© å -à ªâ¥à, ®¤­ ª® ¯à¨ ¯®¤ê¥¬¥ ¯« áâ¨­ë ­  £à¥¡¥­ì¢®«­ë ¨ ®¯ãáª ­¨¨ ¤® ¢¯ ¤¨­ë ®­¨ ¯à¨ ¯®áâ®ï­-­®¬ ã£«¥  â ª¨ ®â«¨ç îâáï, â. ¥. ­ ¡«î¤ ¥âáï�. �. � ª á¥¥¢ 45
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�¨á. 2. �®à¬  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¯à¨ ®âáãâáâ¢¨¨ ¢®«­ ¯¥à¥¤ ¯« áâ¨­®©¯à¨ à §«¨ç­ëå ç¨á« å �àã¤ 
�¨á. 3. �®à¬  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¯à¨ ­ «¨ç¨¨ ¢®«­ ¯¥à¥¤ ¯« áâ¨­®©Fr = 0:8; 1 { � = 1:047; 2 { � = 2:094; 3 { � = 4:189; 4 { � = 5:236

�¨á. 4. �̈ áâ¥à¥§¨á § ¢¨á¨¬®áâ¥©ª®íää¨æ¨¥­â  ¯®¤ê¥¬­®© á¨«ë cy=�¨ ®á ¤ª¨ § ¤­¥© ªà®¬ª¨ y(1)=� ®â sin �£¨áâ¥à¥§¨á å à ªâ¥à¨áâ¨ª. � ª ç¥áâ¢¥ ¯à¨¬¥à ­  à¨á. 4 ¯à¨¢¥¤¥­ë § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥­â ¯®¤ê¥¬­®© á¨«ë ¨ ®á ¤ª¨ § ¤­¥© ªà®¬ª¨ ¯« áâ¨­ë®â ¢¥«¨ç¨­ë sin �, ®¯à¥¤¥«ïîé¥© ¢ëá®âã ­¥¢®§¬ã-é¥­­®© ¢®«­ë ¢ â®çª¥, á®®â¢¥âáâ¢ãîé¥© ¯¥à¥¤­¥©ªà®¬ª¥ ¯« áâ¨­ë. �â¬¥â¨¬, çâ® ï¢«¥­¨¥ £¨áâ¥à¥-§¨á  £¨¤à®¤¨­ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¯à¨ ¯®¤ê-¥¬¥ ¨ ®¯ãáª ­¨¨ £«¨áá¥à  ãáâ ­®¢«¥­® íªá¯¥à¨¬¥­-â «ì­® �. �. �¯èâ¥©­®¬ (á¬. [20]).

4.2. �¥è¥­¨¥ ¢ ª« áá¥ äã­ªæ¨©, ®£à ­¨ç¥­­ëå¯à¨ x = 0 ¨ x = 1� ª ã¦¥ ®â¬¥ç «®áì, ¢ íâ®¬ á«ãç ¥ ¢ ç¨á«® ­¥-¨§¢¥áâ­ëå ¡ã¤¥â ¢å®¤¨âì â ª¦¥ ã£®« ­ ª«®­  ¯« -áâ¨­ë �. �­â¥£à «ì­®¥ ãà ¢­¥­¨¥ ¨¬¥¥â ¢¨¤ (11).�ã­ªæ¨ï 
 ®¯à¥¤¥«ï¥âáï ¢ â®çª å sj = (2j�1)=2N ,j = 1; N ; ãá«®¢¨¥ £« ¤ª®£® ®¡â¥ª ­¨ï ¢ë¯®«­ï¥â-áï ¢ â®çª å xj = (i � 1)=N , i = 1; N + 1. �à¨íâ®¬ ãà ¢­¥­¨¥ (11) § ¬¥­ï¥âáï á¨áâ¥¬®© N + 1«¨­¥©­ëå  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨© ®â­®á¨â¥«ì-­® N ­¥¨§¢¥áâ­ëå 
 ¨ ­¥¨§¢¥áâ­®£® �.�  à¨á. 5 ¯®ª § ­  ä®à¬  á¢®¡®¤­®© ¯®¢¥àå­®-áâ¨, ®â­¥á¥­­ ï ª  ¬¯«¨âã¤¥ ¢®«­ë, ®¡à §ãîé -ïáï ¯à¨ ¤¢¨¦¥­¨¨ ¯« áâ¨­ë á® áª®à®áâìî ¢®«­ë¯à¨ ç¨á«¥ �àã¤  Fr = 0:8. � á¯à¥¤¥«¥­¨¥ ¤ ¢«¥­¨ï¤«ï âeå ¦¥ ¢ à¨ ­â®¢, çâ® ¨ ­  à¨á. 5, ¯®ª § ­®­  à¨á. 6. �£®« ­ ª«®­  ¯« áâ¨­ë, ®â­¥á¥­­ë© ª ¬¯«¨âã¤¥ ¢®«­ë, ª ª äã­ªæ¨ï ¤¢ãå ¯¥à¥¬¥­­ëå{ ç¨á«  �àã¤  ¨ ¯ à ¬¥âà  � { ¯à¥¤áâ ¢«¥­ ­ à¨á. 7. � ª ¢¨¤­®, ã£®« ­ ª«®­  áâà¥¬¨âáï ª ­ã«îã¦¥ ¯à¨ ç¨á« å �àã¤  ¯®àï¤ª  2.5 { 3.� á«ãç ¥ ¤«¨­­ëå ¢®«­ §¤¥áì â ª¦¥ ¬®¦­® à á-á¬®âà¥âì ª¢ §¨áâ æ¨®­ à­ãî § ¤ çã ® ¯« ¢ îé¥©¯« áâ¨­¥ ¢ ãá«®¢¨ïå ¢®«­¥­¨ï, ¯à¨ íâ®¬ v = �=t ¡ã-¤¥â âà ªâ®¢ âìáï ª ª áª®à®áâì ­ ¡¥£ ­¨ï ¢®«­ë.4.3. �¥è¥­¨¥ ¢ ª« áá¥ äã­ªæ¨©, ­¥®£à ­¨ç¥­-­ëå ¯à¨ x = 0 ¨ x = 146 �. �. � ª á¥¥¢
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�¨á. 5. �®à¬  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¯à¨ á¢®¡®¤­®¬ ãáâ ­®¢«¥­¨¨ ã£«  ­ ª«®­  ¯« áâ¨­ë,Fr = 0:8: 1 { � = 1:571; 2 { � = 2:094; 3 { � = 2:618; 4 { � = 3:142

�¨á. 6. � á¯à¥¤¥«¥­¨¥ ¤ ¢«¥­¨ï ¯® ¯« áâ¨­¥¯à¨ 
(0) = 
(1) = 0;Fr = 0:8: 1 { � = 1:571; 2 { � = 2:094; 3 { � = 2:618; 4 {� = 3:142; 5 { � = 0; 6 { � = 0:524; 7 { � = 1:047�áâ ­®¢¨¢è¥¥áï â¥ç¥­¨¥ ¯à¨ ¤¢¨¦¥­¨¨ ¯« áâ¨-­ë á § ¤ ­­ë¬ ª®íää¨æ¨¥­â®¬ ¯®¤ê¥¬­®© á¨«ë¯à¨ ¯®áâ®ï­­®© á¬®ç¥­­®© ¤«¨­¥ ®¯à¥¤¥«ï¥âáï ¨§à¥è¥­¨ï ãà ¢­¥­¨ï (6) á ãá«®¢¨¥¬ (7) ¢ ª« áá¥äã­ªæ¨©, ­¥®£à ­¨ç¥­­ëå ­  ®¡®¨å ª®­æ å ®âà¥§-ª  ¨­â¥£à¨à®¢ ­¨ï. �ã­ªæ¨ï 
 ¢ íâ®¬ á«ãç ¥®¯à¥¤¥«ï¥âáï ¢ â®çª å sj = (j�1)=N , j = 1; N + 1;ãá«®¢¨¥ £« ¤ª®£® ®¡â¥ª ­¨ï ¢ë¯®«­ï¥âáï ¢ â®çª åxi = (2i�1)=2N , i = 1; N . �à¨ íâ®¬ ãà ¢­¥­¨ï (6)¨ (7) § ¬¥­ïîâáï á¨áâ¥¬®© N + 1 «¨­¥©­ëå  «£¥-¡à ¨ç¥áª¨å ãà ¢­¥­¨© á N + 1 ­¥¨§¢¥áâ­ë¬¨ 
j .�  à¨á. 8 ¯®ª § ­® à á¯à¥¤¥«¥­¨¥ ¤ ¢«¥­¨ï ¯à¨cy=� = 0 (¡¥áæ¨àªã«ïæ¨®­­®¥ â¥ç¥­¨¥) ¤«ï à §-«¨ç­ëå ç¨á¥« �àã¤  ¨ ¯à¨ ®âáãâáâ¢¨¨ ¢®«­ ¯¥-à¥¤ ¯« áâ¨­®©. �®à¬  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¤«ïíâ¨å ¦¥ §­ ç¥­¨© ¯ à ¬¥âà®¢ ¯®ª § ­  ­  à¨á. 9.4.4. �¥è¥­¨¥ á ­¥¨§¢¥áâ­®© á¬®ç¥­­®© ¤«¨­®©�¨á«¥­­®¥ à¥è¥­¨¥ á¨áâ¥¬ë (12), (13) á ¯®¬®-éìî ��� ®¯à¥¤¥«ï¥âáï ¯® áå¥¬¥ ¤¨áªà¥â¨§ æ¨¨,¨§«®¦¥­­®© ¢ ¯. 4.1. �¨áâ¥¬  ¨­â¥£à «ì­ëå ãà ¢-
�¨á. 7. �£®« ­ ª«®­  ¯« áâ¨­ë ª ª äã­ªæ¨ï ®â Fr ¨ �,0 � � � 2�

�¨á. 8. � á¯à¥¤¥«¥­¨¥ ¤ ¢«¥­¨ï ¯® ¯« áâ¨­¥ ¯à¨cy=� = 0 ¤«ï à §«¨ç­ëå ç¨á¥« �àã¤ ­¥­¨© ¢ à¥§ã«ìâ â¥ § ¬¥­ï¥âáï á¨áâ¥¬®© ­¥«¨­¥©-­ëå  «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨©. �¥«¨­¥©­®áâì ¢¤ ­­®¬ á«ãç ¥ á®§¤ ¥âáï ®¤­®© ¯¥à¥¬¥­­®© { á¬®-ç¥­­®© ¤«¨­®© l. �«ï à¥è¥­¨ï â ª®©  «£¥¡à ¨ç¥-áª®© á¨áâ¥¬ë ¢®á¯®«ì§ã¥¬áï ¬¥â®¤®¬ ¯®á«¥¤®¢ -�. �. � ª á¥¥¢ 47
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�¨á. 9. �®à¬  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ ¯à¨ cy=� = 0â¥«ì­®© ¬¨­¨¬¨§ æ¨¨ [21]. �«£¥¡à ¨ç¥áªãî á¨-áâ¥¬ã ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥C(l)X = b; (16)£¤¥ C { ¬ âà¨æ , á®áâ®ïé ï ¨§ N áâ®«¡æ®¢ ¨ N+1áâà®ª¨; b { áâ®«¡¥æ ¯à ¢ëå ç áâ¥© à §¬¥à­®áâ¨N +1; X { ¢¥ªâ®à-áâ®«¡¥æ ¨§ N ­¥¨§¢¥áâ­ëå §­ -ç¥­¨© äã­ªæ¨¨ 
. �«¥¬¥­âë ¬ âà¨æë C § ¢¨áïâ®â l. �¡é¥¥ à¥è¥­¨¥ ­¥«¨­¥©­®© á¨áâ¥¬ë (16)®¯à¥¤¥«ï¥âáï ª ª à¥è¥­¨¥ § ¤ ç¨ ¯®¨áª  ­ã«¥¢®-£® ¬¨­¨¬ã¬  ¯® l äã­ªæ¨¨F (l) = minX (C(l)X � b)â(C(l)X � b):�  à¨á. 10 ¯®ª § ­  § ¢¨á¨¬®áâì ¯à¨¢¥¤¥­­®©

�¨á. 10. � ¢¨á¨¬®áâì ¯à¨¢¥¤¥­­®© á¬®ç¥­­®© ¤«¨­ë®â ç¨á«  �àã¤  ¯à¨ à §«¨ç­ëå cy=�á¬®ç¥­­®© ¤«¨­ë £«¨áá¨àãîé¥© ¯« áâ¨­ë l��=cy®â ç¨á«  �àã¤  ¤«ï à §«¨ç­ëå § ¤ ­­ëå §­ ç¥-­¨© ª®íää¨æ¨¥­â  ¯®¤ê¥¬­®© á¨«ë. � ª ¢¨¤­®,¯à¨ ã¢¥«¨ç¥­¨¨ ç¨á«  �àã¤  (ã¢¥«¨ç¥­¨¨ áª®à®-áâ¨) ¯à¨ ¯®áâ®ï­­®© ­ £àã§ª¥ á¬®ç¥­­ ï ¤«¨­ £«¨áá¥à  ¢­ ç «¥ à áâ¥â,   § â¥¬, ­ ç¨­ ï á ­¥ª®-â®à®£® §­ ç¥­¨ï, ã¡ë¢ ¥â ¤® áâ æ¨®­ à­®£® §­ -ç¥­¨ï, á®®â¢¥âáâ¢ãîé¥£® ­¥¢¥á®¬®© ¦¨¤ª®áâ¨ ¨à ¢­®£® cy=��.

�¨á. 11. � ¢¨á¨¬®áâì á¬®ç¥­­®© ¤«¨­ë ¯à¨£«¨áá¨à®¢ ­¨¨ á ¯®áâ®ï­­®© ­ £àã§ª®© ®â ç¨á« �àã¤ 
�¨á. 12. � ¢¨á¨¬®áâì ®á ¤ª¨ § ¤­¥© ªà®¬ª¨¯« áâ¨­ë ®â ç¨á«  �àã¤  ¯à¨ £«¨áá¨à®¢ ­¨¨ á¯®áâ®ï­­®© ­ £àã§ª®©�¨áâ¥¬  ãà ¢­¥­¨© (12), (15) à¥è ¥âáï  ­ «®-£¨ç­®. �  à¨á. 11 ¨ 12 ¯à¥¤áâ ¢«¥­ë § ¢¨á¨-¬®áâ¨ á®®â¢¥âáâ¢¥­­® á¬®ç¥­­®© ¤«¨­ë ¯« áâ¨-­ë ¨ ®á ¤ª¨ § ¤­¥© ªà®¬ª¨ ®â ç¨á«  �àã¤  ¯à¨£«¨áá¨à®¢ ­¨¨ á § ¤ ­­®© ­ £àã§ª®©. �à¨ � ! 0(Fr ! 1) ¨ á¬®ç¥­­ ï ¤«¨­ , ¨ ¯®¤ê¥¬ ¯« áâ¨-48 �. �. � ª á¥¥¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 2. �. 41 { 49­ë áâà¥¬ïâáï ª ­ã«î, çâ® á®®â¢¥âáâ¢ã¥â à¥ «ì­®­ ¡«î¤ ¥¬ë¬ ­  ¯à ªâ¨ª¥ ï¢«¥­¨ï¬ ¯à¨ £«¨áá¨à®-¢ ­¨¨ á ¡®«ìè¨¬¨ áª®à®áâï¬¨.5. �����������áâ ­®¢¨¢è¨¥áï ¤¢¨¦¥­¨ï á« ¡® ¨§®£­ãâ®© ¯« -áâ¨­ë ¯® ¢®«­®¢®© ¯®¢¥àå­®áâ¨ ¢¥á®¬®© ¦¨¤ª®áâ¨®¯¨áë¢ îâáï á¨­£ã«ïà­ë¬ ¨­â¥£à «ì­ë¬ ãà ¢-­¥­¨¥¬ ®â­®á¨â¥«ì­® à á¯à¥¤¥«¥­¨ï ¤ ¢«¥­¨ï ¯®á¬®ç¥­­®© ¤«¨­¥. �¥è¥­¨¥ ãà ¢­¥­¨ï áãé¥áâ¢ã¥â¢ âà¥å ª« áá å äã­ªæ¨©, á®®â¢¥âáâ¢ãîé¨å ¤¢¨¦¥-­¨î ­  à §«¨ç­ëå à¥¦¨¬ å.�¥è¥­¨¥, ­¥®£à ­¨ç¥­­®¥ ¢ ¯¥à¥¤­¥© ªà®¬ª¥ ¨®£à ­¨ç¥­­®¥ ¢ â®çª¥ áå®¤  áâàã¨, á®®â¢¥âáâ¢ã-¥â £«¨áá¨à®¢ ­¨î á § ¤ ­­ë¬ ã£«®¬ å®¤  ¨ ¯à¨§ ¤ ­­®© á¬®ç¥­­®© ¤«¨­¥ á®¢¯ ¤ ¥â á ¨§¢¥áâ­ë¬à¥è¥­¨¥¬ �. �. �¥¤®¢ .� áá¬®âà¥­¨¥ à¥è¥­¨© ¢ ¤àã£¨å ª« áá å äã­ª-æ¨© ¤ ¥â ¢®§¬®¦­®áâì ¤«ï ¯®áâ ­®¢®ª ¨ à¥è¥­¨ï­®¢ëå § ¤ ç.� ª, à¥è¥­¨¥, ®£à ­¨ç¥­­®¥ ­  ®¡¥¨å ªà®¬ª å,á®®â¢¥âáâ¢ã¥â ¤¢¨¦¥­¨î ¯« áâ¨­ë á® áª®à®áâìî¢®«­ë ¨ á¢®¡®¤­ë¬ ãáâ ­®¢«¥­¨¥¬ ã£«  ­ ª«®­  (¢à¥¦¨¬¥ ¯« ¢ ­¨ï). � ª« áá¥ äã­ªæ¨©, ­¥®£à ­¨-ç¥­­ëå ­  ®¡¥¨å ªà®¬ª å ¯à¨ § ¤ ­­®© á¬®ç¥­­®©¤«¨­¥, ¬®¦­® ­ ©â¨ à¥è¥­¨¥ § ¤ ç¨ ® £«¨áá¨à®¢ -­¨¨ á ¤®¯®«­¨â¥«ì­ë¬¨ ®£à ­¨ç¥­¨ï¬¨ { ­  ¢¥«¨-ç¨­ã ª®íää¨æ¨¥­â  ¯®¤ê¥¬­®© á¨«ë, ®á ¤ªã § ¤-­¥© ªà®¬ª¨ ¨ ¤à. � íâ®¬ ¦¥ ª« áá¥ äã­ªæ¨© ®¯à¥-¤¥«ï¥âáï à¥è¥­¨¥ § ¤ ç¨ ® £«¨áá¨à®¢ ­¨¨ ¯« áâ¨-­ë á ¨­â¥àæ¥¯â®à®¬ ¢ § ¤­¥© ªà®¬ª¥.�¥è¥­¨¥ § ¤ ç¨ ® £«¨áá¨à®¢ ­¨¨ á § ¤ ­­ë¬ ª®-íää¨æ¨¥­â®¬ ¯®¤ê¥¬­®© á¨«ë ¨«¨ § ¤ ­­®© ­ -£àã§ª®© ¨ âà¥¡®¢ ­¨¥¬ ¢ë¯®«­¨¬®áâ¨ ¯®áâã« â �ãââ -�ãª®¢áª®£® ®¯à¥¤¥«ï¥âáï ¢ ª« áá¥ äã­ª-æ¨©, ­¥®£à ­¨ç¥­­ëå ­  ¯¥à¥¤­¥© ªà®¬ª¥ ¨ ®£à -­¨ç¥­­ëå ¢ § ¤­¥©, ­® á ­¥¨§¢¥áâ­®© á¬®ç¥­­®©¤«¨­®© £«¨áá¥à . �®ª § ­®, çâ® ¯à¨ £«¨áá¨à®¢ -­¨¨ á ¯®áâ®ï­­®© ­ £àã§ª®© ¯à¨ ã¢¥«¨ç¥­¨¨ áª®-à®áâ¨ ¤¢¨¦¥­¨ï ã¬¥­ìè ¥âáï á¬®ç¥­­ ï ¤«¨­  ¨ã¬¥­ìè ¥âáï ¢ëá®â  ¯®¤ê¥¬  £«¨áá¥à .�á¯®«ì§®¢ ­¨¥ à¥è¥­¨© ¢ à §­ëå ª« áá å äã­ª-æ¨© ¯®§¢®«ï¥â ¯®«ãç âì áâ æ¨®­ à­ë¥ £¨¤à®¤¨­ -¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ £«¨áá¨àãîé¨å ¨ ¯« ¢ -îé¨å â¥«, ªà®¬¥ â®£®, ¨å ¬®¦­® ¯à¨¬¥­ïâì ¤«ï®æ¥­®ç­ëå à áç¥â®¢ ­¥áâ æ¨®­ à­®£® ¤¢¨¦¥­¨ï ¢ª¢ §¨áâ æ¨®­ à­®¬ ¯à¨¡«¨¦¥­¨¨.�¢â®à ¢ëà ¦ ¥â £«ã¡®ªãî ¡« £®¤ à­®áâì ¯à®-ä¥áá®àã �. �. �äà¥¬®¢ã §  ¢­¨¬ ­¨¥ ª à ¡®â¥,¯®«¥§­ë¥ á®¢¥âë ¨ ªà¨â¨ç¥áª¨¥ § ¬¥ç ­¨ï.1. �¥¤®¢ �.�. �«®áª ï § ¤ ç  ® £«¨áá¨à®¢ ­¨¨ ¯® ¯®-¢¥àå­®áâ¨ âï¦¥«®© ¦¨¤ª®áâ¨ // �àã¤ë ª®­ä. ¯®

¢®«­®¢®¬ã á®¯à®â¨¢«¥­¨î.{ �.: ����.{ 1937.{�. 3-38.2. �¥¤®¢ �.�. �«®áª¨¥ § ¤ ç¨ £¨¤à®¤¨­ ¬¨ª¨ ¨ íà®¤¨­ ¬¨ª¨.{ �: � ãª , 1981.{ 448 á.3. �®ç¨­ �.�. �«®áª ï § ¤ ç  ® £«¨áá¨à®¢ ­¨¨ á« -¡® ¨§®£­ãâ®£® ª®­âãà  ¯® ¯®¢¥àå­®áâ¨ âï¦¥«®© ­¥-á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ // �àã¤ë ����.{ 1938.{ �ë¯.356.{ �. 3 { 24.4. � ¯«ë£¨­ �.�. �«¨áá¨à®¢ ­¨¥ ¯«®áª®© ¯« áâ¨-­ë ¡¥áª®­¥ç­®£® à §¬ å  ¯® ¯®¢¥àå­®áâ¨ âï¦¥«®©¦¨¤ª®áâ¨ // �àã¤ë ����.{ 1940.{ �ë¯. 508.{ �. 3{ 40.5. �¨ª®« ¥¢ �.�. �®à¬  á¢®¡®¤­®© ¯®¢¥àå­®áâ¨ âï-¦¥«®© ¦¨¤ª®áâ¨ ¯à¨ £«¨áá¨à®¢ ­¨¨ ¯« áâ¨­ª¨ ¡¥á-ª®­¥ç­®£® à §¬ å  // �àã¤ë ����.{ 1974.{ �ë¯.1548.{ �. 3 { 19.6. �¨ª®« ¥¢ �.�. � à¥è¥­¨î ¯«®áª®© § ¤ ç¨ ® £«¨á-á¨à®¢ ­¨¨ ¯® ¢§¢®«­®¢ ­­®© ¯®¢¥àå­®áâ¨ âï¦¥«®©¦¨¤ª®áâ¨ // ���.{ 1977.{ �. 41.{ �. 985 { 992.7. � ¬¡ �. �̈ ¤à®¤¨­ ¬¨ª .{ �.-�.: �®áâ¥å¨§¤ â,1947.{ 928 á.8. �à¥â¥­áª¨© �.�. �¥®à¨ï ¢®«­®¢ëå ¤¢¨¦¥­¨©¦¨¤ª®áâ¨.{ �.: � ãª , 1978.{ 550 á.9. Maruo H. Two-dimensional theory of the hy-droplane // Proceedings of the 1-st Japan Nation-al Congress for Applied Mechanics.{ Tokyo.{ 1952.{P. 409 { 415.10. Squire H.B. The motion of a simple wedge along thewater surface // Proceedings of the Royal Sosiety ofLondon. S. A. Math. And Phys. sc.{ 1958.{ vol. 243.{P. 48 { 64.11. Cumberbatch E. Two-dimensional planing at highFroude number // J. of Fluid Mech.{ 1958.{ vol. 4,part 5, september.{ P. 466 { 478.12. � ­ç¥­ª®¢ �.�. �̈ ¤à®¤¨­ ¬¨ª  ¯®¤¢®¤­®£®ªàë« .{ �¨¥¢: � ãª. ¤ã¬ª , 1965.{ 552 á.13. �­ª¥ �., �¬¤¥ �., �¥è �. �¯¥æ¨ «ì­ë¥ äã­ªæ¨¨.{�: � ãª , 1977.{ 342 á.14. �ãáå¥«¨è¢¨«¨ �.�. �¨­£ã«ïà­ë¥ ¨­â¥£à «ì­ë¥ãà ¢­¥­¨ï.{ �: �����, 1962.{ 600 á.15. � àç¥­ª® �.�. � à¥¦¨¬ å ¯« ¢ ­¨ï ¬ «®£® â¥-«  ¯®¤ ¢«¨ï­¨¥¬ ¯®¢¥àå­®áâ­®© ¢®«­ë // ���.{1999.{ 3.{ �. 489 { 496.16. �à¨¤¬ ­ �.�. �̈ ¤à®¤¨­ ¬¨ª  ­¥áãé¨å á¨áâ¥¬á ãç¥â®¬ ª ¢¨â æ¨¨ ¨ á¢®¡®¤­ëå £à ­¨æ ¯®â®ª ­  ®á­®¢¥ ¬¥â®¤  áà é¨¢ ¥¬ëå  á¨¬¯â®â¨ç¥áª¨åà §«®¦¥­¨©.{ � ­ªâ-�¥â¥à¡ãà£áª¨© £®á. ¬®àáª.â¥å­. ã­¨¢¥àá¨â¥â: �¢â®à¥ä. ¤¨áá. ¤®ªâ. â¥å­. ­ -ãª, 2000.{ 41 á.17. �¥¤®¢ �.�. �¥â®¤ë ¯®¤®¡¨ï ¨ à §¬¥à­®áâ¨ ¢¬¥å ­¨ª¥.{ �: � ãª , 1981.{ 448 á.18. �¥«®æ¥àª®¢áª¨© �.�. �®­ª ï ­¥áãé ï ¯®¢¥àå­®áâì¢ ¤®§¢ãª®¢®¬ ¯®â®ª¥ £ § .{ �.: � ãª , 1965.{ 244 á.19. �¥«®æ¥àª®¢áª¨© �.�., �¨ä ­®¢ �.�. �¨á«¥­­ë¥¬¥â®¤ë ¢ á¨­£ã«ïà­ëå ¨­â¥£à «ì­ëå ãà ¢­¥­¨ïå.{�.: � ãª , 1985.{ 256 á.20. �®â®¢ �.�. �«¨áá¨à®¢ ­¨¥ ¨ ¡ëáâàë© ¢å®¤ â¥« ¢¢®¤ã.{ �.: �§¤. ����, 1984.{ 108 á.21. �®¬ ­ �.�., � ª á¥¥¢ �.�. � áç¥â ä®à¬ë ª ¢¥à-­ë §  áã¯¥àª ¢¨â¨àãîé¨¬ ªàë«®¬ ª®­¥ç­®£® à §-¬ å  // �¨­ ¬¨ª  á¯«®è­®© áà¥¤ë á ­¥áâ æ¨®­ à-­ë¬¨ £à ­¨æ ¬¨.{ �¥¡®ªá àë: �§¤-¢® �ã¢ è. ã­-â .{ 1984.{ �. 103 { 109.�. �. � ª á¥¥¢ 49


