
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 4. �. 64 { 72��� 532.528������������� ������� ������������������� ���������� ��������������� ������. �. ��������áâ¨âãâ â¥å¨ç¥áª®© ¬¥å ¨ª¨ ��� ¨ ��� �ªà ¨ë, �¥¯à®¯¥âà®¢áª�®«ãç¥® 12.03.2003�à¥¤áâ ¢«¥ ¬¥â®¤ à¥è¥¨ï ¤¢ã¬¥àëå  ¢â®¬®¤¥«ìëå § ¤ ç ¢å®¤  â¥« ¢ ¢®¤ã. �¥â®¤ ®á®¢ë¢ ¥âáï   ¯®áâà®¥¨¨¢ëà ¦¥¨© ª®¬¯«¥ªá®© áª®à®áâ¨ ¨ ¯à®¨§¢®¤®© ª®¬¯«¥ªá®£® ¯®â¥æ¨ «  ¢ ®¡« áâ¨ ¯ à ¬¥âà¨ç¥áª®£® ¯¥à¥¬¥®-£®. �¥â®¤ ¯à¨¬¥¥ ¤«ï à¥è¥¨ï § ¤ ç¨ ¯®£àã¦¥¨ï ¥á¨¬¬¥âà¨ç®£® ª«¨ . �¨¤ª®áâì ¯à¥¤¯®« £ ¥âáï ¨¤¥ «ì®©¥¢¥á®¬®© ¨ ¥á¦¨¬ ¥¬®©. �à¥¤áâ ¢«¥ë à¥§ã«ìâ âë ¢ëç¨á«¥¨ï £¨¤à®¤¨ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¤«ï á«ãç ï¢¥àâ¨ª «ì®£® ¢å®¤  ¥á¨¬¬¥âà¨ç®£® ª«¨  ¢ ¯®«ã¯à®áâà áâ¢® ¦¨¤ª®áâ¨.�à¥¤áâ ¢«¥® ¬¥â®¤ àiè¥ï ¤¢®¢¨¬ià¨å  ¢â®¬®¤¥«ì¨å § ¤ ç ¢å®¤ã âi« ã ¢®¤ã. �¥â®¤ £àãâãõâìáï   ¯®¡ã¤®¢÷ª®¬¯«¥ªá®ù è¢¨¤ª®áâ÷ â  ¯®å÷¤®ù ª®¬¯«¥ªá®£® ¯®â¥æ÷ «ã ¢ ®¡« áâ÷ ¯ à ¬¥âà¨ç®£® §¬÷®£®. �¥â®¤ § áâ®-á®¢ ¨© ¤«ï à÷è¥ï § ¤ ç÷ § ãà¥ï ¥á¨¬¥âà¨ç®£® ª«¨ã. �÷¤¨  ¯à¨¯ãáª õâìáï ÷¤¥ «ì®î, ¥¢ £®¬®î â ¥áâ¨á«¨¢®î. �à¥¤áâ ¢«¥® à¥§ã«ìâ â¨ ®¡ç¨á«¥ï £÷¤à®¤¨ ¬÷ç¨å å à ªâ¥à¨áâ¨ª ã à §÷ ¢¥àâ¨ª «ì®£® ¢å®¤ã¥á¨¬¥âà¨ç®£® ª«¨ã ã ¯÷¢¯à®áâ÷à à÷¤¨¨.A method for solving two dimensional similar water entry problems is presented. The method is based on the expressionsof a complex velocity potential and a derivative of the complex potential constructed in the parameter domain. Themethod is used for solving the water entry problem of an asymmetric wedge. The uid is assumed to be ideal, weightlessand incompressible. The calculated hydrodynamics characteristics are presented for the cases of the asymmetric wedgeentering vertically into a half-space of a liquid.���������à®æ¥ááë ¢å®¤  â¥« ¢ ¢®¤ã ¯à¥¤áâ ¢«ïîâ ¨â¥-à¥á ¢ áã¤®áâà®¥¨¨ (§ ¤ ç¨ £«¨áá¨à®¢ ¨ï, ¯à®-¥ªâ¨à®¢ ¨ï ¯®«ã¯®£àã¦¥ëå £à¥¡ëå ¢¨â®¢)¨  ¢¨ æ¨¨ (¯®á ¤ª  £¨¤à®á ¬®«¥â ) ¤«ï à áç¥â  £àã§®ª, ¢®§¨ª îé¨å ¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ ¢ë-á®ª®áª®à®áâëå ¯®â®ª®¢ ¦¨¤ª®áâ¨ á í«¥¬¥â ¬¨ª®áâàãªæ¨©. �§ãç¥¨¥ íâ¨å ¯à®æ¥áá®¢ ¢® ¬®£¨åá«ãç ïå ¯à¨¢®¤¨â ª § ¤ ç ¬ ¢å®¤  â¥«  ¢ ¯®«ã¯à®-áâà áâ¢® ¦¨¤ª®áâ¨.� ¤ ç¨ ¢å®¤  â¥« ¢ ¢®¤ã ï¢«ïîâáï áãé¥áâ¢¥®¥áâ æ¨® àë¬¨ ¨ ¥«¨¥©ë¬¨. �¥®à¥â¨ç¥áª®¥¨§ãç¥¨¥ íâ®£® ª« áá  § ¤ ç ¡ë«®  ç â® � £¥-à®¬ [1], ¯®«ãç¨¢è¨¬ ¯à¨¡«¨¦¥®¥ à¥è¥¨¥ § ¤ -ç¨ ¤«ï ¢å®¤  ¢ ¢®¤ã ª«¨  á ¬ «ë¬¨ ã£« ¬¨ ª¨«¥-¢ â®áâ¨. �áá«¥¤®¢ ¨ï ¡ë«¨ ¯à®¤®«¦¥ë, ¢ ç áâ-®áâ¨, � à ¡¥¤ï®¬ [2], �®à£®¬ [3], �®¨á¥¥¢ë¬ ¨¤à. [4]. �á®¢ë¢ ïáì   ¢¢¥¤¥®© ¢ à áá¬®âà¥-¨¥ � £¥à®¬ äãªæ¨¨, �®¡à®¢®«ìáª ï [5] ¯®«ãç¨-«  â®ç®¥ à¥è¥¨¥ § ¤ ç¨ ¤«ï á«ãç ï á¨¬¬¥âà¨ç-®£® ¯®£àã¦¥¨ï ª«¨  á ¯®áâ®ï®© áª®à®áâìî¯ãâ¥¬  å®¦¤¥¨ï äãªæ¨¨ � £¥à  ¯® ¥¥ ¤¥©áâ¢¨-â¥«ì®© ç áâ¨   £à ¨æ¥ ®¡« áâ¨. � ¨á¯®«ì§®¢ -¨¥¬ ¨â¥£à «  �¢ àæ , �®¡à®¢®«ìáª ï ¯®«ãç¨« á¨£ã«ïà®¥ ¨â¥£à «ì®¥ ãà ¢¥¨¥ ¨ ¯à¥¤áâ ¢¨-«  à¥§ã«ìâ âë ¢ëç¨á«¥¨© ¤«ï ã£«®¢ ª«¨  < 60�.�¨á«¥®¥ à¥è¥¨¥ ¯®«ãç¥®£® á¨£ã«ïà®£® ¨-â¥£à «ì®£® ãà ¢¥¨ï ¤«ï ¡®«ìè¨å ã£«®¢ ª«¨ 

¯à¥¤áâ ¢«¥® ¢ à ¡®â¥ �¨¤ © ¨ �®ãª¥á [6]. �á¨¬-¯â®â¨ç¥áª ï â¥®à¨ï ¯®£àã¦¥¨ï â®ª¨å ª«¨ì¥¢à áá¬ âà¨¢ « áì �®®à®¬ [7] ¨ �à¥ª¥«¥¬ [8].�¥®à¨ï ¢å®¤  ¢ ¦¨¤ª®áâì â¥« ª®¥çëå à §¬¥-à®¢, ¤«ï ª®â®àëå ¯à¥¤¯®«®¦¥¨ï â¥®à¨¨ � £¥-à  ¥ ¢ë¯®«ïîâáï, à §à ¡®â   �®£¢¨®¢¨ç¥¬[9]. �¥®à¥â¨ç¥áª¨¥ ®æ¥ª¨, á¤¥« ë¥ �®£¢¨®¢¨-ç¥¬, áà ¢¥¨¥ ¨å á íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë-¬¨,   â ª¦¥ è¨à®ª®¥ ¯à ªâ¨ç¥áª®¥ ¨á¯®«ì§®¢ ¨¥â ª¨å ®æ¥®ª ¯®ª §ë¢ îâ ®¡®á®¢ ®áâì á¤¥« -ëå ¯à¥¤¯®«®¦¥¨©. �¨«ë, ¢®§¨ª îé¨¥ ¯à¨ ¯à®-¨ª ¨¨ ¢ ¢®¤ã â¥« á ¡®«ìè¨¬¨ áª®à®áâï¬¨, ¬®£ãâ§ ç¨â¥«ì® ¯à¥¢®áå®¤¨âì á®®â¢¥âáâ¢ãîé¨¥ áâ -æ¨® àë¥ § ç¥¨ï. � íâ®¬ á«ãç ¥ ¬®£ãâ ¯à®-ï¢«ïâìáï á¦¨¬ ¥¬®áâì ¦¨¤ª®áâ¨ ¨ ã¯àã£®áâì â¥«.�â¨ ¢®¯à®áë à áá¬ âà¨¢ «¨áì ¢ à ¡®â å � £®¬®-ï  [10], �à®è¨  ¨ ¤à. [11], �ã¡¥ª® [12], �®-à®¡ª¨  [13]. �®¤¥«¨à®¢ ¨¥ ¯à®æ¥áá®¢ ä®à¬¨à®-¢ ¨ï £ §® ¯®«¥ëå ª ¢¥à ¯à¨ ¢å®¤¥ ®á¥á¨¬-¬¥âà¨çëå â¥« ¢ ¦¨¤ª®áâì ¯à¥¤áâ ¢«¥® � ¢ç¥ª®¨ �¥¬¥¥ª® [14]. �®áâ â®ç® ¯®«ë© ®¡§®à à ¡®â¯® ¯à®¡«¥¬¥ ¢å®¤  â¥« ¢ ¦¨¤ª®áâì ¯à¥¤áâ ¢«¥ �®-à®¡ª¨ë¬ [15].�¥á¬®âàï   á®åà ïîé¨©áï ¨â¥à¥á ¬®£¨å¨áá«¥¤®¢ â¥«¥© ª § ¤ ç ¬ ¢å®¤  â¥« ¢ ¦¨¤ª®áâì,â®ç®£®   «¨â¨ç¥áª®£® à¥è¥¨ï § ¤ ç¨ ¯®£àã¦¥-¨ï ¥á¨¬¬¥âà¨ç®£® ª«¨  ¢ ¦¨¤ª®áâì ¤®  áâ®ï-é¥£® ¢à¥¬¥¨ ¥ ¯à¥¤áâ ¢«¥®. �¨á«¥ë¥ ¬¥â®¤ëà¥è¥¨ï ¥áâ æ¨® àëå § ¤ ç á® á¢®¡®¤®© £à -¨æ¥© à §à ¡ âë¢ îâáï ¤®áâ â®ç® ¨â¥á¨¢®,64 c�. �. �¥¬¥®¢, 2003
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�¨á. 1. � â¥ª ¨¥ ¯®«ã¯à®áâà áâ¢  ¦¨¤ª®áâ¨   ¥á¨¬¬¥âà¨çë© ª«¨:  { ä¨§¨ç¥áª ï ®¡« áâì â¥ç¥¨ï; b { ®¡« áâì ¯ à ¬¥âà ¢ â®¬ ç¨á«¥ ¤«ï § ¤ ç ¢å®¤  â¥« ¢ ¢®¤ã. �à¥¤-«®¦¥ë¥ � ® ¨ � «â¨á¥ [16], � äà â¨ [17]¬¥â®¤ë ¯®§¢®«ïîâ ¤®áâ â®ç® â®ç® ¢ëç¨á«¨âìå à ªâ¥à¨áâ¨ª¨ â¥ç¥¨ï ¢ á«ãç ¥ á¨¬¬¥âà¨ç®£®¯®£àã¦¥¨ï ª«¨ . �«ï ¥á¨¬¬¥âà¨ç®£® ¯®£àã-¦¥¨ï � ® ¨ � «â¨á¥ [16] ¥ ¯à¥¤áâ ¢¨«¨ à¥-§ã«ìâ â®¢ à áç¥â®¢,   à¥§ã«ìâ âë � äà â¨ [17],ª ª ¯®ª § ® ¢ ¤ ®© à ¡®â¥, ¨¬¥îâ à áå®¦¤¥-¨¥ á ¯®«ãç¥ë¬¨ à¥§ã«ìâ â ¬¨ ¢¡«¨§¨ ¢¥àè¨ëª«¨ . �¤®© ¨§ ¯à¨ç¨ íâ®£® ï¢«ï¥âáï ¯®ï¢«¥-¨¥ á¨£ã«ïà®áâ¨ ¢ ¢¥àè¨¥ ¢ á«ãç ¥ ¯®£àã¦¥¨ï¥á¨¬¬¥âà¨ç®£® ª«¨ . �®àï¤®ª á¨£ã«ïà®áâ¨¡¥§   «¨â¨ç¥áª®£® ¨áá«¥¤®¢ ¨ï § ¤ ç¨ ¥¨§¢¥-áâ¥, çâ® áãé¥áâ¢¥® § âàã¤ï¥â ¯®«ãç¥¨¥ â®ç-ëå ç¨á«¥ëå à¥§ã«ìâ â®¢.�à¥¤áâ ¢«¥®¥ à¥è¥¨¥ ®á®¢ë¢ ¥âáï   ¬¥â®-¤¥ ¯®áâà®¥¨ï ¢ëà ¦¥¨© ª®¬¯«¥ªá®© áª®à®áâ¨¨ ¯à®¨§¢®¤®© ª®¬¯«¥ªá®£® ¯®â¥æ¨ «  ¤«ï ¥-«¨¥©ëå § ¤ ç ¥áâ æ¨® àëå â¥ç¥¨© á® á¢®-¡®¤®© £à ¨æ¥© [18]. � íâ¨ ¢ëà ¦¥¨ï ¢ ï¢®¬¢¨¤¥ ¢å®¤¨â ¬®¤ã«ì áª®à®áâ¨   á¢®¡®¤®© £à -¨æ¥ v ¨ ¢¢¥¤¥ ï ¢ à áá¬®âà¥¨¥ äãªæ¨ï � == arctan (vs=vn), £¤¥ vs ¨ vn { á®®â¢¥âáâ¢¥® ª -á â¥«ì ï ¨ ®à¬ «ì ï ª®¬¯®¥âë áª®à®áâ¨  á¢®¡®¤®© £à ¨æ¥. � ª¨¬ ®¡à §®¬, à¥è¥¨¥ § ¤ -ç¨ á¢®¤¨âáï ª  å®¦¤¥¨î ãª § ëå äãªæ¨© ¯®§ ¤ ë¬ £à ¨çë¬ ãá«®¢¨ï¬. �«ï à áá¬®âà¥-®£® á«ãç ï  ¢â®¬®¤¥«ì®© § ¤ ç¨ £¨¤à®¤¨ ¬¨-ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ § ¢¨áïâ â®«ìª® ®â ®â®-è¥¨© x=v0t, y=v0t, £¤¥ x; y { ¤¥ª àâ®¢ë¥ ª®®à-¤¨ âë; t { ¢à¥¬ï; v0 { å à ªâ¥à ï áª®à®áâì â¥-ç¥¨ï. �à¨ ¨á¯®«ì§®¢ ¨¨  ¢â®¬®¤¥«ìëå ¯¥à¥-¬¥ëå ª¨¥¬ â¨ç¥áª®¥ ¨ ¤¨ ¬¨ç¥áª®¥ £à ¨ç-

®¥ ãá«®¢¨¥ á¢®¤ïâáï ª ¨â¥£à «ì®¬ã ¨ ¨â¥£à®-¤¨ää¥à¥æ¨ «ì®¬ã ãà ¢¥¨î ¤«ï ®¯à¥¤¥«¥¨ï¥¨§¢¥áâëå äãªæ¨© v ¨ �.�à¥¤áâ ¢«¥ë à¥§ã«ìâ âë à áç¥â®¢ á¢®¡®¤®©¯®¢¥àå®áâ¨, à á¯à¥¤¥«¥¨ï ¤ ¢«¥¨ï   é¥ª åª«¨ , ã£«  ª®â ªâ  á¢®¡®¤®© £à ¨æë á ª«¨®¬¨ ª®íää¨æ¨¥â®¢ £¨¤à®¤¨ ¬¨ç¥áª¨å á¨« ¤«ï à §-«¨çëå § ç¥¨© ã£«  ª«¨  ¨ ã£«  ®âª«®¥¨ï ®á¨á¨¬¬¥âà¨¨ ª«¨  ®â ¢¥àâ¨ª «¨.1. ���������� ������� â¥¬ â¨ç¥áª ï ä®à¬ã«¨à®¢ª   ¢â®¬®¤¥«ì®©§ ¤ ç¨ ¯®£àã¦¥¨ï ª«¨  ¤   ¢ à ¡®â å � £¥à [1], �®¡à®¢®«ìáª®© [5] (¤«ï ª«¨ , ¯à®¨ª îé¥£®¢ ¥¯®¤¢¨¦ãî ¦¨¤ª®áâì). � ¤ ®© à ¡®â¥ ¯à¨¯®áâà®¥¨¨ ¢ëà ¦¥¨ï ª®¬¯«¥ªá®£® ¯®â¥æ¨ « â¥ç¥¨ï ã¤®¡¥¥ à áá¬ âà¨¢ âì ®¡à â®¥ â¥ç¥¨¥,à¥ «¨§ãîé¥¥áï ¢ à¥§ã«ìâ â¥  â¥ª ¨ï ¯®«ã¯à®-áâà áâ¢  ¦¨¤ª®áâ¨   ¯®ª®ïé¨©áï ª«¨. �å¥¬ â¥ç¥¨ï ¯à¥¤áâ ¢«¥    à¨á. 1.�«¨ ä¨ªá¨à®¢ . � ç «® á¨áâ¥¬ë ª®®à¤¨ â å®¤¨âáï ¢ â®çª¥ ª®â ªâ  á¢®¡®¤®© ¯®¢¥àå®-áâ¨ á ª«¨®¬ � . �¤¥ «ì ï ¥á¦¨¬ ¥¬ ï ¨ ¥¢¥-á®¬ ï ¦¨¤ª®áâì ¨¬¥¥â   ¡¥áª®¥ç®áâ¨ áª®à®áâìv1,  ¯à ¢«¥ãî ¢¤®«ì ®á¨ y. �«¨ ¨¬¥¥â ¯à¨¢¥àè¨¥ ã£®« 2�. �áì ª«¨  ®âª«®¥  ®â ®á¨y   ã£®« �. �£®« ª¨«¥¢ â®áâ¨ á¯à ¢  ¨ á«¥¢ ¢ëà ¦ îâáï á®®â®è¥¨ï¬¨ �R = 900 � � + � ¨�L = 900 � �� �. �¢¥¤¥¨¥¬ ¢ à áá¬®âà¥¨¥ ¡¥§-à §¬¥àëå ª®®à¤¨ â ~x = x=v0t, ~y = y=v0t ®¡« áâìâ¥ç¥¨ï ¢ ä¨§¨ç¥áª®© ¯«®áª®áâ¨, ¨§¬¥ï¥¬ ï ¢®�. �. �¥¬¥®¢ 65



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 4. �. 64 { 72¢à¥¬¥¨, ¯à¥®¡à §ã¥âáï ¢ áâ æ¨® àãî ®¡« áâì¢ ¯«®áª®áâ¨ ¯¥à¥¬¥ëå ~x; ~y. �¤ ª® ä®à¬  á¢®-¡®¤®© ¯®¢¥àå®áâ¨ ¥¨§¢¥áâ  § à ¥¥ ¨ ¤®«¦ ¡ëâì ®¯à¥¤¥«¥  ¨§ à¥è¥¨ï § ¤ ç¨.�®¬¯«¥ªáë© ¯®â¥æ¨ «  ¢â®¬®¤¥«ì®£® â¥ç¥-¨ï ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ [5]W (z; t) = � (z; t) + i (z; t) = v20t ~W (~z) = (1)= v20th~�(~z) + i ~ (~z)i;£¤¥ ~z = x+ i~y.�®¬¯«¥ªá ï áª®à®áâì ¨ ¯à®¨§¢®¤ ï ª®¬¯«¥ªá-®£® ¯®â¥æ¨ «  ¨é¥âáï ¢ ®¡« áâ¨ ¯ à ¬¥âà¨ç¥-áª®£® ¯¥à¥¬¥®£® u = �+ i�. �®®â¢¥âáâ¢¨¥ â®ç¥ª¢ ä¨§¨ç¥áª®© ®¡« áâ¨ ¨ ¢ ®¡« áâ¨ ¯ à ¬¥âà  ¯®-ª § ®   à¨á. 1. �á«¥¤áâ¢¨¥ ¥á¨¬¬¥âà¨ç®£®®¡â¥ª ¨ï ª«¨ , â®çª  â®à¬®¦¥¨ï ¯®â®ª   å®-¤¨âáï   ®¤®© ¨§ é¥ª ª«¨ ,   áª®à®áâì ¢ ¢¥à-è¨¥ ª«¨  ®¡à é ¥âáï ¢ ¡¥áª®¥ç®áâì. �®¤ã«ìáª®à®áâ¨   á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¨§¬¥ï¥âáï ®â§ ç¥¨ï v0 ¢ â®çª¥ ª®â ªâ  á ª«¨®¬ � ¤® § -ç¥¨ï v1   ¡¥áª®¥ç®áâ¨ ¢ â®çª¥ D . �«ï £à ¨-æë DB ¬®¤ã«ì áª®à®áâ¨ ¨§¬¥ï¥âáï ®â § ç¥¨ïv1 ¢ â®çª¥ D ¤® § ç¥¨ï vB ¢ â®çª¥ B ª®â ª-â  á¢®¡®¤®© ¯®¢¥àå®áâ¨ á ª«¨®¬. �«ï â¥ç¥¨©á ¤¢¨¦ãé¨¬¨áï á¢®¡®¤ë¬¨ £à ¨æ ¬¨ ¢ à ¡®â¥[18] ¯à¥¤áâ ¢«¥ ¢¨¤ à¥£ã«ïà®© ç áâ¨ ¢ëà ¦¥¨ïª®¬¯«¥ªá®© áª®à®áâ¨ ¨ ¯à®¨§¢®¤®© ª®¬¯«¥ªá®-£® ¯®â¥æ¨ « . �à¨¬¥ïï ¬¥â®¤ ®á®¡ëå â®ç¥ª � -¯«ë£¨  [19] ¤«ï ãç¥â  ®á®¡ëå â®ç¥ª à áá¬ âà¨-¢ ¥¬®£® â¥ç¥¨ï, ¬®¦® ¯®«ãç¨âì ®ª®ç â¥«ì®¥¢ëà ¦¥¨¥ ª®¬¯«¥ªá®© áª®à®áâ¨ ¨ ¯à®¨§¢®¤®©ª®¬¯«¥ªá®£® ¯®â¥æ¨ «  ¢ ¢¨¤¥d ~Wd~z = �u� au+ a��u+ cu� c�(1�2�=�)� (2)� exp24� i� 1Z0 d lnvd� ln� i� � ui� + u�d� � i (� � �L)35;d ~Wdu = Nu(2�1=��1) u2 � a2(1 + u2)2� (3)� exp24� 1� 1Z0 d�d� ln ��2 + u2� d�35;£¤¥ N { ¬ áèâ ¡ë© ¬®¦¨â¥«ì; äãªæ¨ï�(�) = arctan (vs=vn) ¢ëà ¦ ¥âáï ç¥à¥§ ª á â¥«ì-ãî vs(�) ¨ ®à¬ «ìãî vn(�) ª®¬¯®¥âë áª®à®-áâ¨   á¢®¡®¤®© £à ¨æ¥. �®« £ ï ¢ ¢ëà ¦¥¨¨

(2) ¯®®ç¥à¥¤® u = � ¨ u = i�, ¬®¦® ã¢¨¤¥âì, çâ®  á¬ ç¨¢ ¥¬ëå ãç áâª å ª«¨  arg�d ~W=d~z� == ��R ¯à¨ 0 < � < c, arg �d ~W=d~z� = �(� � �L)¯à¨ c < � < 1. �  á¢®¡®¤ëå £à ¨æ å ¬®¤ã«ìª®¬¯«¥ªá®© áª®à®áâ¨ à ¢¥ § ¤ ®© äãªæ¨¨v(�), ª®â®à ï ¡ã¤¥â ®¯à¥¤¥«¥  ¨¦¥ á ¨á¯®«ì§®¢ -¨¥¬ ¤¨ ¬¨ç¥áª®£® £à ¨ç®£® ãá«®¢¨ï. �à®¢¥-àïï   «®£¨ç® ¢ëà ¦¥¨¥ ¯à®¨§¢®¤®© ª®¬¯«¥ªá-®£® ¯®â¥æ¨ «  (3), ¬®¦® ¢¨¤¥âì, çâ®   á¬ -ç¨¢ ¥¬ëå ãç áâª å ª«¨  ¯à®¨§¢®¤ ï ª®¬¯«¥ªá-®£® ¯®â¥æ¨ «  ¤¥©áâ¢¨â¥«ì ,     á¢®¡®¤ëå¯®¢¥àå®áâïå ¢ë¯®«ï¥âáï ãá«®¢¨¥ Imd ~WRed ~W = vnvs ,çâ® á®®â¢¥âáâ¢ã¥â ®¯à¥¤¥«¥¨î ª®¬¯«¥ªá®£® ¯®-â¥æ¨ « .�§ ¢ëà ¦¥¨© (1) ¨ (2) ¬®¦® ¯®«ãç¨âì ¢ëà -¦¥¨¥d~zdu = Nu(2�1� 12 ) (u+ a)2(1 + u2)2 �u� cu+ c�(1�2�� )�� exp24� 1� 1Z0 d�d� ln ��2 + u2� d�+ (4)+ i� 1Z0 d lnvd� ln�i� � ui� + u� d� + i (� � �2)35 ;¨â¥£à¨à®¢ ¨¥¬ ª®â®à®£® ¢ ®¡« áâ¨ ¯ à ¬¥âà ¬®¦® à ááç¨â âì ä®à¬ã á¢®¡®¤®© ¯®¢¥àå®áâ¨,  â ª¦¥, á ãç¥â®¬ ¢ëà ¦¥¨ï (2), ¢ëç¨á«¨âì £¨-¤à®¤¨ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ â¥ç¥¨ï.�¥¨§¢¥áâë¥ ¯ à ¬¥âàë a; c; N ¬®£ãâ ¡ëâì®¯à¥¤¥«¥ë ¨§ ãá«®¢¨ï ¤«ï áª®à®áâ¨   ¡¥áª®¥ç-®áâ¨, § ¤ ®© ¤«¨ë á¬®ç¥®© ç áâ¨ é¥ª¨ ª«¨-  OC ¨ ãá«®¢¨ï, çâ® ª®®à¤¨ â  y á¢®¡®¤®© £à -¨æë   ¡¥áª®¥ç®áâ¨ á¯à ¢  ¨ á«¥¢  ®¤¨ ª®¢ .�â¨ ãá«®¢¨ï ¨¬¥îâ ¢¨¤:� 1� 1Z0 d lnvd� ln ����� � 1� + 1 ����d� +�1� 2�� �� (5)��2 arctan 1c � ��� 2 arctan 1a + �=2 + �1 = 0;cZ0 ����d~zdu����u=�d� =v0; (6)Im0@ Iu=i d~zdudu1A = 0: (7)66 �. �. �¥¬¥®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 4. �. 64 { 72�«ï à¥è¥¨ï á¨áâ¥¬ë ãà ¢¥¨© (4) - (6) ¥®¡-å®¤¨¬® ¯®«ãç¨âì ãà ¢¥¨ï ¤«ï ®¯à¥¤¥«¥¨ï ¥¨§-¢¥áâëå äãªæ¨© v(�) ¨ �(�).2. ������������ �����������������â¥£à « �®è¨-� £à ¦ , § ¯¨á ë© ¢ ä¨§¨-ç¥áª®© ®¡« áâ¨ ¤«ï â®çª¨� ¨ ¯à®¨§¢®«ì®© â®çª¨®¡« áâ¨ â¥ç¥¨ï, ¨¬¥¥â ¢¨¤@�@t ����z + v22 + p� = @�@t ����z=0 + v202 + pa� : (8)�  á¢®¡®¤®© ¯®¢¥àå®áâ¨ p = pa. � áá¬®âà¨¬ä®à¬ã á¢®¡®¤®© ¯®¢¥àå®áâ¨ ª ª äãªæ¨î ¤ã£®-¢®© ª®®à¤¨ âë s ¢¤®«ì á¢®¡®¤®© ¯®¢¥àå®áâ¨¨ ¢à¥¬¥¨ t, â® ¥áâì z = z(s; t). �¢®¤ï  ¢â®¬®-¤¥«ìãî ¯¥à¥¬¥ãî ~s = s=(v0t), ¬®¦® ¢ëà §¨âìä®à¬ã á¢®¡®¤®© £à ¨æë z = z(s; t) ¢ ä¨§¨ç¥áª®©®¡« áâ¨ ¢ ¢¨¤¥ z(s; t) = v0t~z(~s);£¤¥ ~z = ~z(~s) { ä®à¬  á¢®¡®¤®© £à ¨æë ¢ áâ æ¨-® à®© ®¡« áâ¨ ~z = ~z(u).�á¯®«ì§ãï ®ç¥¢¨¤ë¥ á®®â®è¥¨ïW = W (s; t); dW = @W@s ����tds+ @W@t ����sdt;z = z(s; t); dz = @z@s ����tds+ @z@t ����sdt;¬®¦®  ©â¨ ¯à®¨§¢®¤ãî ¯®â¥æ¨ «  ¯® ¢à¥¬¥¨¢ ä¨§¨ç¥áª®© ¯«®áª®áâ¨ ¯à¨ z = const(dz = 0):@W@t ����z = @W@t ����s + @W@s ����t�� @z@t ����s� @z@s ����t� = (9)= @W@t ����s � @W@z ����t @z@t ����s:�ç¨âë¢ ï, çâ® @W@z ����t = �V { ª®¬¯«¥ªá® á®¯àï-¦¥ ï áª®à®áâì,   @z@t ����s = V { áª®à®áâì ¦¨¤ª®-áâ¨, ¯®á«¥¤¥¥ ¢ëà ¦¥¨¥ ¯à¥®¡à §ã¥âáï ª ¢¨¤ã@W@t ����z = @W@t ����s � v2; (10)

£¤¥ v2 = �V V { ª¢ ¤à â ¬®¤ã«ï áª®à®áâ¨. �ç¨âë-¢ ï, çâ® W (s; t) = v20t ~W � sv0t�, ¬®¦®  ©â¨@W@t ����s = v20 ~W (~s)� v20 d ~Wd~s ~s: (11)�ë¤¥«ïï ¤¥©áâ¢¨â¥«ìãî ç áâì ¢ëà ¦¥¨© (9)¨ (10), ¯®¤áâ ¢«ïï ¥¥ ¢ ãà ¢¥¨¥ (7) ¨ ¯®« £ ïW (0; t) = 0, ¯®«ãç¨¬ ãà ¢¥¨¥ ¤«ï áª®à®áâ¨  á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¢ ¢¨¤¥v2 = v20  1 + 2~�� 2d~�d~s ~s! : (12)�®áª®«ìªã v = pv2s + v2n, ¨§ ®¯à¥¤¥«¥¨ï äãª-æ¨¨ � = arctan(vs=vn) á«¥¤ã¥âvs = v sin �; vn = v cos �: (13)�¨ää¥à¥æ¨àãï ¢ëà ¦¥¨¥ (11) ¯® ~s, ãç¨âë¢ ïd~�=d~s = vs=v0 ¨ ¢ëà ¦¥¨¥ (12), ¯®«ãç¨¬ á«¥¤ãî-é¥¥ ¤¨ää¥à¥æ¨ «ì®¥ ãà ¢¥¨¥:dvd~s = � v~s cos �v=v0 + ~s sin � d�d~s : (14)�¬®¦ ï ¢ëà ¦¥¨¥ (13)   d~s=d�, ®ª®ç â¥«ì-® ¯®«ãç¨¬ ¨â¥£à®-¤¨ää¥à¥æ¨ «ì®¥ ãà ¢¥¨¥d lnvd� = � ~s cos �v=v0 + ~s sin � d�d� ; (15)£¤¥ ~s(�) = �Z0 ����d~zdu����u=i�d�.�«ï à¥è¥¨ï § ¤ ç¨ ¥®¡å®¤¨¬® ¯®«ãç¨âì ¢â®-à®¥ ãà ¢¥¨¥, á¢ï§ë¢ îé¥¥ äãªæ¨¨ v(�) ¨ �(�).�¨¥¬ â¨ç¥áª®¥ £à ¨ç®¥ ãá«®¢¨¥. �«¥-¬¥â á¢®¡®¤®© £à ¨æë dz ¨ áª®à®áâì ¦¨¤ª®áâ¨  ¥¬ ¬®¦® ¢ëà §¨âì á«¥¤ãîé¨¬¨ ®ç¥¢¨¤ë¬¨á®®â®è¥¨ï¬¨:V = vei ; dz = ei�ds;£¤¥  {  à£ã¬¥â ¢¥ªâ®à  áª®à®áâ¨; � {  à£ã¬¥âí«¥¬¥â  dz; ds = jdzj.�  á¢®¡®¤®© £à ¨æ¥ ¤ ¢«¥¨¥ ¯®áâ®ï®, ¯®-íâ®¬ã ãáª®à¥¨¥ ¦¨¤ª®© ç áâ¨æë ¯¥à¯¥¤¨ªã«ïà-® á¢®¡®¤®© ¯®¢¥àå®áâ¨, â® ¥áâìRe�@V@t dz� = 0: (16)�¨ää¥à¥æ¨àãï V = vei ¯® ¢à¥¬¥¨,@V@t = dVd� d�d~s @~s@t ;�. �. �¥¬¥®¢ 67



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 4. �. 64 { 72dVd� = vei �d lnvd� + idd��¨ ¯®¤áâ ¢«ïï ¯®«ãç¥®¥ ¢ëà ¦¥¨¥ ¢ ¢ëà ¦¥¨¥(15), ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãà ¢¥¨¥:cos( � �)d ln vd� � sin( � �)dd� = 0: (17)�§ ¢ëà ¦¥¨ï (4) ¯à¨ u = i� ¬®¦®  ©â¨ � =�=2� �+ . �¯à¥¤¥«ïï  à£ã¬¥â ª®¬¯«¥ªá®© áª®-à®áâ¨  ¨§ ¢ëà ¦¥¨ï (2) ¯à¨ u = i�, ¤¨ää¥à¥-æ¨àãï äãªæ¨î (�) ¯® � ¨ ¯®¤áâ ¢«ïï à¥§ã«ìâ â ¢ãà ¢¥¨¥ (16), ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ¨â¥£à «ì®¥ãà ¢¥¨¥ ®â®á¨â¥«ì® äãªæ¨¨ d lnv=d�:�tg �d ln vd� + 1� 1Z0 d lnvd�0 2�0�02 � �2d�0 = (18)= 2aa2 + �2 + 2�2�� � 1� 2cc2 + �2 :�¨áâ¥¬  ãà ¢¥¨© (4) { (6), (14), (17) ï¢«ï¥â-áï § ¬ªãâ®© ¨ ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì ¯ à ¬¥âàëa; c; N ¨ äãªæ¨¨ v(�) ¨ �(�).
�¨á. 2. �¡« áâì ¨§¬¥¥¨ï äãªæ¨¨ ��  à¨á. 2 ¯à¥¤áâ ¢«¥  ®¡« áâì ¨§¬¥¥¨ïäãªæ¨¨ �(�). � â®çª¥ O ª á â¥«ì ï ¨ ®à-¬ «ì ï ª®¬¯®¥âë áª®à®áâ¨ ¢ ¯à®¥ªæ¨¨   í«¥-¬¥â á¢®¡®¤®© £à ¨æë ds ®âà¨æ â¥«ì , ¯®íâ®-¬ã â®çª  O   à¨á. 2 à á¯®«®¦¥  ¢ 3 ª¢ ¤à â¥.� ¡¥áª®¥ç®áâ¨ (â®çª  D) vs = 0, vn = �v1,çâ® á®®â¢¥âáâ¢ã¥â �(1) = �. �  «¥¢®© ç áâ¨á¢®¡®¤®© £à ¨æë vs > 0 , vn < 0, â® ¥áâì�=2 < �(�) � �. �  áâ®à® å ª«¨  ®à¬ «ì ï

ª®¬¯®¥â  áª®à®áâ¨ à ¢  ã«î. � ª¨¬ ®¡à §®¬,ã£«ë ª®â ªâ  á¢®¡®¤®© ¯®¢¥àå®áâ¨ á ª«¨®¬ �1¨ �2 ®¯à¥¤¥«ïîâáï ª ª�1 = 32� � �(0); �2 = �(1) � �=2 :3. ���������� ���������� ����� ������â¥£à « �®è¨-� £à ¦  (7) ¯®§¢®«ï¥â à á-áç¨â âì ¤ ¢«¥¨¥   é¥ª å ª«¨ . �«ï íâ®£® ¥®¡-å®¤¨¬® ¢ëç¨á«¨âì ¯à®¨§¢®¤ãî ¯®â¥æ¨ «  â¥ç¥-¨ï @�=dt ¢ ä¨§¨ç¥áª®© ®¡« áâ¨ â¥ç¥¨ï ç¥à¥§ ¯®-â¥æ¨ « ~� ¢ áâ æ¨® à®© ®¡« áâ¨. �®®à¤¨ âëé¥ª ª«¨  z = z(s; t) ¬®¦® ¢ëà §¨âì á«¥¤ãîé¨¬¨á®®â®è¥¨ï¬¨:¤«ï ¯à ¢®© é¥ª¨ ª«¨ z(s; t) = v0t�1� sv0t� ei�R ; 0 < s < v0t;¤«ï «¥¢®© é¥ª¨ ª«¨ z(s; t) = v0t� sv0t � 1� ei�L ;v0t < s < (v0 + vB)t;£¤¥ ª®®à¤¨ â  s ®âáç¨âë¢ ¥âáï ®â â®çª¨ O .�§ ¯®á«¥¤¨å ¢ëà ¦¥¨© á«¥¤ã¥â @z@t ����s = v0 ¤«ï¯à ¢®© é¥ª¨ ª«¨  ¨ @z@t ����s = �v0 { ¤«ï «¥¢®© é¥ª¨ª«¨ . �®¤áâ ¢«ïï ¯®«ãç¥ë¥ § ç¥¨ï @z=@t ¢¢ëà ¦¥¨¥ (8) ¨ ãç¨âë¢ ï, çâ® ¬¨¬ ï ç áâì ª®¬-¯«¥ªá®£® ¯®â¥æ¨ «    é¥ª å ª«¨  à ¢  ã«î,¯®«ãç ¥¬@�@t ����z = @�@t ����s � vv0 = v20 ~�+ v0v~s � v0v;0 � ~s � 1;@�@t ����z = @�@t ����s + vv0 = v20 ~�� v0v~s + v0v;1 � ~s � 1 + vB=v0:�®¤áâ ¢«ïï  ©¤¥ë¥ ¢ëà ¦¥¨ï ¢ ¨â¥£à «�®è¨-� £à ¦  (7), ¯®«ãç ¥¬:¤«ï ¯à ¢®© áâ®à®ë ª«¨ 68 �. �. �¥¬¥®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 4. �. 64 { 72PR(~s) = p12�v21 = (19)= �2(~�+ ~sv=v0) + (1� v=v0)2(v1=v0)2 ;¤«ï «¥¢®© áâ®à®ë ª«¨ PL(~s) = p12�v21 == �2(~�� ~sv=v0) + (1 + v=v0)2(v1=v0)2 ; (20)1 � ~s � 1 + vB=v0:4. ���������� ���������¨á«¥®¥ à¥è¥¨¥ á¨áâ¥¬ë ãà ¢¥¨© (14),(17) ®áãé¥áâ¢«ï¥âáï ¬¥â®¤®¬ ¯®á«¥¤®¢ â¥«ìëå¯à¨¡«¨¦¥¨©. � ª ç¥áâ¢¥  ç «ì®£® ¯à¨¡«¨¦¥-¨ï ¯à¨¨¬ ¥âáï v(�) � v0, �(�) � �. �¨áâ¥¬  ¥-«¨¥©ëå ãà ¢¥¨© (4) { (6) à¥è ¥âáï   ª ¦¤®©¨â¥à æ¨¨. �  ¬¨¬®© ®á¨ ®¡« áâ¨ ¯ à ¬¥âà  ¢ë-¡à ë ä¨ªá¨à®¢ ë¥ â®çª¨ 0 < �i < 1, i = 1; N=2,á®®â¢¥âáâ¢ãîé¨¥ ¯à ¢®© ç áâ¨ á¢®¡®¤®© £à ¨-æë. � ç¥¨¥ § ¤ ¢ «®áì �1 = 10�5. �®çª¨, á®®â-¢¥âáâ¢ãîé¨¥ «¥¢®© ç áâ¨ á¢®¡®¤®© £à ¨æë, § -¤ ë ª ª �i = 1=�N�i, i = N=2+1; N . �¨á«® â®ç¥ª¤¨áªà¥â¨§ æ¨¨ N = 300 ®¡¥á¯¥ç¨¢ ¥â ¤®áâ â®ç®¢ëá®ªãî â®ç®áâì ¢ëç¨á«¥¨©.
�¨á. 3. �®à¬ë á¢®¡®¤ëå £à ¨æ ¯à¨ ¯®£àã¦¥¨¨á¨¬¬¥âà¨ç®£® ª«¨ �  à¨á. 3 áà ¢¨¢ ¥âáï à ááç¨â  ï ä®à¬ á¢®¡®¤®© ¯®¢¥àå®áâ¨ á à¥§ã«ìâ â ¬¨ à ¡®âë [5]

�¨á. 4. �®«ãã£®« á¨¬¬¥âà¨ç®£® ª«¨  ª ª äãªæ¨ïã£«  ª®â ªâ  á¢®¡®¤®© £à ¨æë¤«ï á«ãç ï á¨¬¬¥âà¨ç®£® ¢å®¤  ª«¨  ¢ ¦¨¤-ª®áâì. �  à¨á. 4 áà ¢¨¢ îâáï à ááç¨â ë¥ § -¢¨á¨¬®áâ¨ ã£«  ª®â ªâ  á¢®¡®¤®© ¯®¢¥àå®áâ¨ áª«¨®¬ á à¥§ã«ìâ â ¬¨ à¥è¥¨ï § ¤ ç¨ ¬¥â®¤®¬�®¡à®¢®«ìáª®© [5, 6]. �®¦® ¢¨¤¥âì, çâ® ç¨á«¥- ï ¯à®æ¥¤ãà  ®¡¥á¯¥ç¨¢ ¥â ¤®áâ â®ç® ¢ëá®ªãîâ®ç®áâì à¥è¥¨ï á¨áâ¥¬ë ãà ¢¥¨© (14), (17).
�¨á. 5. �®à¬ë á¢®¡®¤ëå £à ¨æ ¯à¨ ¯®£àã¦¥¨¨¥á¨¬¬¥âà¨ç®£® ª«¨ �  à¨á. 5 ¯à¥¤áâ ¢«¥ë ä®à¬  á¢®¡®¤®© ¯®-¢¥àå®áâ¨ ¤«ï ¥á¨¬¬¥âà¨ç®£® ¢å®¤  ª«¨  áã£«®¬ 2� = 600 ¨ ã£«®¬ ®âª«®¥¨ï ®á¨ ª«¨  ®â¢¥àâ¨ª «¨ � = �200,   â ª¦¥ ä®à¬  á¢®¡®¤®©£à ¨æë, á®®â¢¥âáâ¢ãîé ï ¢å®¤ã á¨¬¬¥âà¨ç®£®ª«¨  á ã£«®¬ 2� = 200¨ 2� = 1000. �â«¨ç¨¥ á¢®-¡®¤®© £à ¨æë ¯à¨ ¢å®¤¥ ¥á¨¬¬¥âà¨ç®£® ª«¨-  (á¯«®èë¥ «¨¨¨) ®â á®®â¢¥âáâ¢ãîé¥© £à ¨-æë ¤«ï á¨¬¬¥âà¨ç®£® ª«¨  (¯ãªâ¨àë¥ «¨¨¨)¯à¨ à ¢ëå ã£« å ª¨«¥¢ â®áâ¨ ¯®ª §ë¢ ¥â ¢§ ¨-¬®¢«¨ï¨¥ é¥ª ª«¨    á¢®¡®¤ãî £à ¨æã.�£®« ª®â ªâ  á¢®¡®¤®© £à ¨æë ¨ é¥ª¨ ª«¨-�. �. �¥¬¥®¢ 69
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�¨á. 6. �£®« ª®â ªâ  á¢®¡®¤®© £à ¨æë á ª«¨®¬¯à¨ ¯®£àã¦¥¨¨ ¥á¨¬¬¥âà¨ç®£® ª«¨  ª ª äãªæ¨ïã£«  ª¨«¥¢ â®áâ¨  ª ª äãªæ¨ï ã£«  ª¨«¥¢ â®áâ¨ ¯à¥¤áâ ¢«¥   à¨á. 6. �¯«®è ï «¨¨ï á®®â¢¥âáâ¢ã¥â ¢å®¤ã á¨¬-¬¥âà¨ç®£® ª«¨ , á¨¬¢®« ¬¨ ¯®ª §  ã£®« ª®-â ªâ    ¯à ¢®© áâ®à®¥ (ª¢ ¤à âë) ¨ á®®â¢¥â-áâ¢ãîé¨¥ ¨¬ § ç¥¨ï ã£«  ª®â ªâ    «¥¢®© áâ®-à®¥ ª«¨  (ªàã¦®çª¨) ¤«ï ª«¨  2� = 600 ¯à¨à §«¨çëå ®âª«®¥¨ïå ®á¨ ª«¨  ®â ¢¥àâ¨ª «¨.�®¦® ¢¨¤¥âì, çâ® ¤«ï ¥á¨¬¬¥âà¨ç®£® ª«¨   áâ®à®¥ á ¡®«ìè¨¬ ã£«®¬ ª¨«¥¢ â®áâ¨ ã£®« ª®-â ªâ  �1 ¯à¥¢®áå®¤¨â § ç¥¨¥, á®®â¢¥âáâ¢ãîé¥¥á¨¬¬¥âà¨ç®¬ã ª«¨ã á â¥¬ ¦¥ ã£«®¬ ª¨«¥¢ â®-áâ¨. �«ï áâ®à®ë á ¬¥ìè¨¬ ã£«®¬ ª¨«¥¢ â®áâ¨ã£®« ª®â ªâ  �2 ¡«¨§®ª ª § ç¥¨î, á®®â¢¥âáâ¢ã-îé¥¬ã á¨¬¬¥âà¨ç®¬ã ª«¨ã.
�¨á. 7. �â®è¥¨¥ ¤«¨ á¬®ç¥®© ç áâ¨ áâ®à®ª«¨  ª ª äãªæ¨ï ã£«  ®âª«®¥¨ï ®á¨ ª«¨  ®â¢¥àâ¨ª «¨�¬®ç¥ ï ¤«¨  é¥ª ª«¨  ®¯à¥¤¥«ï¥âáï áª®-à®áâìî ¦¨¤ª®áâ¨ ¢ â®çª¥ ª®â ªâ  á¢®¡®¤®© ¯®-¢¥àå®áâ¨ á ª«¨®¬ lOC = vOt, lBC = vBt. �  à¨á.

7 ¯à¥¤áâ ¢«¥® ®â®è¥¨¥ lBC=lOC = vB=vO ª ªäãªæ¨ï ã£«  ®âª«®¥¨ï ®á¨ ª«¨  ®â ¢¥àâ¨ª «¨.� á¯à¥¤¥«¥¨¥ ¤ ¢«¥¨ï   é¥ª å ª«¨  ¯®ª § -®   à¨á. 8 ¤«ï á«ãç ï ¬ «®£® ®âª«®¥¨ï ®á¨ª«¨  ®â ¢¥àâ¨ª «¨ (� = 50). � ¬ ¦¥ ¯®ª § ë¯ãªâ¨à®¬ à¥§ã«ìâ âë ç¨á«¥®£® ¬¥â®¤  � äà -â¨ [17]. �®¦® ¢¨¤¥âì, çâ® ¨¬¥¥âáï ã¤®¢«¥â¢®à¨-â¥«ì®¥ á®£« á®¢ ¨¥ ¯¨ª®¢ ¤ ¢«¥¨ï, ¢ë§¢ ëå¡®«ìè¨¬ ãáª®à¥¨¥¬ ¦¨¤ª®áâ¨   á¢®¡®¤®© ¯®-¢¥àå®áâ¨ ¢¡«¨§¨ ª«¨ . �¡«¨§¨ ¢¥àè¨ë ª«¨ ¨¬¥¥âáï à áå®¦¤¥¨¥ ¯®«ãç¥ëå à¥§ã«ìâ â®¢ áà¥§ã«ìâ â ¬¨ à ¡®âë [17]. � ëå ¯® à á¯à¥¤¥-«¥¨î ¤ ¢«¥¨ï   ª«¨¥ ¯à¨ ¡®«ìè¨å § ç¥¨ïå®âª«®¥¨ï ®á¨ ª«¨  ®â ¢¥àâ¨ª «¨ ¢ «¨â¥à âãà¥¥ ¯à¨¢¥¤¥®.
�¨á. 8. � á¯à¥¤¥«¥¨¥ ¤ ¢«¥¨ï   áâ®à® å ª«¨ ¯à¨ ¬ «®¬ ã£«¥ ®âª«®¥¨ï ®á¨ ª«¨  ®â ¢¥àâ¨ª «¨
�¨á. 9. � á¯à¥¤¥«¥¨¥ ¤ ¢«¥¨ï   áâ®à® å ª«¨ ,®â¥á¥®¥ ª tg�, ¯à¨ à §«¨çëå ã£« å ®âª«®¥¨ï®á¨ ª«¨  ®â ¢¥àâ¨ª «¨�  à¨á. 9 ¯à¥¤áâ ¢«¥ë à¥§ã«ìâ âë à áç¥â  ª®-íää¨æ¨¥â  ¤ ¢«¥¨ï ¤«ï ª«¨  á ã£«®¬ ¯à¨ ¢¥à-è¨¥ 2� = 600 ¨ ã£«®¬ ®âª«®¥¨ï ®á¨ ª«¨  ®â70 �. �. �¥¬¥®¢
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�¨á. 10. �®íää¨æ¨¥âë £¨¤à®¤¨ ¬¨ç¥áª¨å á¨«, ®â¥á¥ëå ª tg� ª ª äãªæ¨¨ ã£«  ®âª«®¥¨ï ®á¨ ª«¨ ®â ¢¥àâ¨ª «¨¢¥àâ¨ª «¨ � = 00; 100; 200. � ª ®¦¨¤ «®áì, á ã¢¥-«¨ç¥¨¥¬ ã£«  � ª®íää¨æ¨¥â ¤ ¢«¥¨ï   ®¤®©áâ®à®¥ ª«¨  ã¢¥«¨ç¨¢ ¥âáï, ¢ â® ¢à¥¬ï ª ª  ¤àã£®© ã¬¥ìè ¥âáï. �à¨ ¬ ªá¨¬ «ì®¬ § ç¥-¨¨ �max, ¤«ï ª®â®à®£® ¯®«ãç¥ë ç¨á«¥ë¥ à¥-§ã«ìâ âë, ã£®« ª¨«¥¢ â®áâ¨ á¯à ¢  ¥ ¤®áâ¨£ -¥â § ç¥¨ï 900. �® ¢á¥© ¢¨¤¨¬®áâ¨, ¤«ï § ç¥-¨© � > �max, ¯à¨ ª®â®àëå ª®íää¨æ¨¥â á¨«ë,®à¬ «ì®© ª áâ®à®¥ ª«¨ , áâ ®¢¨âáï ®âà¨æ -â¥«ìë¬, ¯à¥¤¯®«®¦¥¨¥ ® ¡¥§®âàë¢®¬ ®¡â¥ª -¨¨ ¢¥àè¨ë ª«¨  ¥ ¢ë¯®«ï¥âáï. �à¨ íâ®¬ à¥- «¨§ã¥âáï à¥¦¨¬ â¥ç¥¨ï, ª®£¤  â®«ìª® ®¤  áâ®-à®  ª«¨   å®¤¨âáï ¢ ª®â ªâ¥ á ¦¨¤ª®áâìî, çâ®á®®â¢¥âáâ¢ã¥â ¢å®¤ã ¢ ¢®¤ã ¯« áâ¨ª¨.�  à¨á. 10 ¯à¥¤áâ ¢«¥ë § ¢¨á¨¬®áâ¨ ª®íä-ä¨æ¨¥â®¢ á¨«ë, ®à¬ «ì®© ª áâ®à® ¬ ª«¨ CnR=tg�, CnL=tg�,   â ª¦¥ § ¢¨á¨¬®áâ¨ ª®íää¨-æ¨¥â  Cy=tg� ¨ ª®íää¨æ¨¥â  ¬®¬¥â  ®â®á¨-â¥«ì® ¢¥àè¨ë ª«¨  Cm=tan� ¤«ï 2� = 600 ¨2� = 900. �®íää¨æ¨¥âë ¢ëç¨á«¥ë ¢ á®®â¢¥â-áâ¢¨¨ á ¢ëà ¦¥¨ï¬¨CnR = 112�v21H cZ0 PR(~s)d~s;CnL = 112�v21H 1Zc PL(~s)d~s;Cy = CnR sin(�� �) + CnL sin(�+ �);Cm = 112�v21H28<: cZ0 [1� ~s(�)]PR[~s(�)]d~sd� d�+

+ 1Zc [1� ~s(�)]PL[~s(�)]d~sd� d�9=;:� ª ç¥áâ¢¥ å à ªâ¥à®© ¤«¨ë ¢ë¡à ® á¥ç¥¨¥ª«¨  ¥¢®§¬ãé¥®© á¢®¡®¤®© ¯®¢¥àå®áâìîH = v1t (tg (�� �) + tg (�+ �)) :�®¦® ¢¨¤¥âì, çâ® ¯à¨ § ç¥¨¨ ã£«  � � �max,ª®íää¨æ¨¥â ¤ ¢«¥¨ï   ¯à ¢®© áâ®à®¥ ª«¨ ¯à¨¨¬ ¥â ¥¡®«ìè¨¥ ®âà¨æ â¥«ìë¥ § ç¥¨ï.�«ï ª«¨  á ã£«®¬ ¯à¨ ¢¥àè¨¥ 2� = 600 § ¢¨á¨-¬®áâ¨ CnR=tg�, CnL=tg�, Cm=tan� ª ª äãªæ¨¨ã£«  � ¡«¨§ª¨ ª «¨¥©ë¬. �à¨ 2� = 900  ¡«î¤ -¥âáï à¥§ª®¥ ã¢¥«¨ç¥¨¥ ª®íää¨æ¨¥â®¢ CnR=tg�,Cm=tan� ¯à¨ ¡®«ìè¨å § ç¥¨ï � ¢á«¥¤áâ¢¨¥ áãé¥-áâ¢¥®£® ã¬¥ìè¥¨ï ã£«  ª¨«¥¢ â®áâ¨   ®¤®©¨§ áâ®à®.�����������¢â®¬®¤¥«ì ï § ¤ ç  ¢å®¤  ¢ ¢®¤ã ¥á¨¬¬¥-âà¨ç®£® ª«¨  à¥è¥  ¯ãâ¥¬ ¯®áâà®¥¨ï   -«¨â¨ç¥áª®£® ¢ëà ¦¥¨ï ª®¬¯«¥ªá®© áª®à®áâ¨ ¨¯à®¨§¢®¤®© ª®¬¯«¥ªá®£® ¯®â¥æ¨ «  ¢ ®¡« áâ¨¯ à ¬¥âà¨ç¥áª®£® ¯¥à¥¬¥®£®. �®«ãç¥® ¨â¥-£à «ì®¥ ¨ ¨â¥£à®-¤¨ää¥à¥æ¨ «ì®¥ ãà ¢¥¨¥¨ à §à ¡®â   ¯à®æ¥¤ãà  ¨å ç¨á«¥®£® à¥è¥¨ï.�à¥¤áâ ¢«¥ë à¥§ã«ìâ âë à áç¥â  £¨¤à®¤¨ ¬¨-ç¥áª¨å å à ªâ¥à¨áâ¨ª ¨ ä®à¬ë á¢®¡®¤®© ¯®¢¥àå-®áâ¨ ¤«ï à §«¨çëå ã£«®¢ ®âª«®¥¨ï ®á¨ ª«¨ ®â ¢¥àâ¨ª «¨.�. �. �¥¬¥®¢ 71
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