
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 79 { 87��� 533.6.013.2:533.693+532.58.001.24:518.12����� ������� ������������������� �������� � ���������������������{�������� �������,����������� � ������������ ������. �. ���������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 24.11.99�®ª § ­®, çâ® ¨á¯®«ì§ãï ãá®¢¥àè¥­áâ¢®¢ ­­ë© ¬¥â®¤ ¤¨áªà¥â­ëå ¢¨åà¥© ¨ ¨­â¥£à « �®è¨{� £à ­¦ , ¬®¦­® à á-áç¨âë¢ âì ¯®«¥ ¤ ¢«¥­¨ï ¢ ®¡« áâ¨ § ¢¨åà¥­­®áâ¨ ¯à¨ ­ «¨ç¨¨ ¢ ­¥© ¢à é îé¥£®áï ªàë« . �®«ãç¥­ë à áç¥â­ë¥ä®à¬ã«ë ¤«ï á«ãç ¥¢ ¤¢¨¦¥­¨ï ªàë«  ¢ ¡¥§£à ­¨ç­®© ¨ ®£à ­¨ç¥­­®© áà¥¤ å,   â ª¦¥ ¯à¨ ­ «¨ç¨¨ ¨ ®âáãâáâ¢¨¨¢­¥è­¥£® ¯®â®ª . �¯à®¡ æ¨ï ¬¥â®¤  ¤«ï á«ãç ¥¢ ¢à é â¥«ì­®£® ¤¢¨¦¥­¨ï â®­ª®£® ªàë«  (£¥­¥à â®à  § ¢¨åà¥­-­®áâ¨) ¢ ¡¥§£à ­¨ç­®© áà¥¤¥ ¨ ¢¡«¨§¨ íªà ­  ¯®ª § « , çâ® ®­ ¢¥áì¬  íª®­®¬¨ç¥­ ¨ ¯®§¢®«ï¥â á ¢ëá®ª®© áâ¥¯¥­ìîâ®ç­®áâ¨ à ááç¨âë¢ âì ¯®«ï á ¡®«ìè¨¬¨ £à ¤¨¥­â ¬¨ ª®íää¨æ¨¥­â  ¤ ¢«¥­¨ï.�®ª § ­®, é® ¢¨ª®à¨áâ®¢ãîç¨ ã¤®áª®­ «¥­¨© ¬¥â®¤ ¤¨áªà¥â­¨å ¢¨å®à÷¢ â  ÷­â¥£à « �®è÷{� £à ­¦ , ¬®¦­  ®¡ç¨-á«î¢ â¨ ¯®«¥ â¨áªã ¢ ®¡« áâ÷ § ¢¨å®à¥­®áâ÷ ¯à¨ ­ ï¢­®áâ÷ ã ­÷© ªà¨« , é® ®¡¥àâ õâìáï. �âà¨¬ ­® à®§à åã­ª®¢÷ä®à¬ã«¨ ¤«ï ¢¨¯ ¤ª÷¢ àãåã ªà¨«  ã ¡¥§¬¥¦­®¬ã â  ®¡¬¥¦¥­®¬ã á¥à¥¤®¢¨é å,   â ª®¦ ¯à¨ ­ ï¢­®áâ÷ â  ¢÷¤áãâ­®áâ÷§®¢­÷è­ì®£® ¯®â®ªã. �¯à®¡ æ÷ï ¬¥â®¤ã ¤«ï ¢¨¯ ¤ª÷¢ ®¡¥àâ®¢®£® àãåã â®­ª®£® ªà¨«  (£¥­¥à â®à  § ¢¨å®à¥­®áâ÷)ã ¡¥§¬¥¦­®¬ã á¥à¥¤®¢¨é÷ â  ¯®¡«¨§ã ¥ªà ­ã ¯®ª § « , é® ¢÷­ ¤®á¨âì ¥ª®­®¬­¨© â  ¤®§¢®«ïõ § ¢¨á®ª¨¬ áâ¥¯¥­¥¬â®ç­®áâ÷ ®¡ç¨á«î¢ â¨ ¯®«ï § ¢¥«¨ª¨¬¨ £à ¤÷õ­â ¬¨ ª®¥ä÷æ÷õ­âã â¨áªã.It is shown, that using the improved method of discrete vortices and Cauchy{Lagrange integral, it is possible to compute a�eld of pressure in area of a vorticity at presence rotating wing in it. The calculation formulas for cases of wing movementin unlimited and limited medium, and also at presence and absence of an external 
ow are obtained. Approbation ofa method for cases of thin wing rotation (vorticity generator) in unlimited medium and close to the screen has shown,that it is very economic and allows with high degree of accuracy to compute �elds with the large gradients of pressurecoe�cient.��������� áç¥â ­¥áâ æ¨®­ à­®£® ¯®«ï ¤ ¢«¥­¨ï ¤«ï ¯®-â¥­æ¨ «ì­®© ¨¤¥ «ì­®© áà¥¤ë ­¥ ¯à¥¤áâ ¢«ï¥ââàã¤­®áâ¨ ¨ ®á­®¢ë¢ ¥âáï ­  ¨á¯®«ì§®¢ ­¨¨ ¨­-â¥£à «  �®è¨{� £à ­¦ .�á«¨ ¦¥ ¢ ­¥ª®â®à®© ®¡« áâ¨ 	 ¨¤¥ «ì­®© áà¥-¤ë 
 (	 2 
) ¯à¨áãâáâ¢ã¥â § ¢¨åà¥­­®áâì, â® ¢â®çª å, ¯à¨­ ¤«¥¦ é¨å 	, áª®à®áâì ­¥ ¨¬¥¥â ¯®-â¥­æ¨ « , ¨ ­¥¯®áà¥¤áâ¢¥­­®¥ ¨á¯®«ì§®¢ ­¨¥ ãª -§ ­­®£® ¨­â¥£à «  áâ ­®¢¨âáï ­¥¢®§¬®¦­ë¬.�«ï à áç¥â  ­¥áâ æ¨®­ à­®£® ¯®«ï ¤ ¢«¥­¨ï ¢â®çª å, ¯à¨­ ¤«¥¦ é¨å 	, �¢®à ª ¨ �« ¯®¢ [1]¯à¥¤«®¦¨«¨ ç¨á«¥­­® ¨­â¥£à¨à®¢ âì ãà ¢­¥­¨ï�©«¥à , ¬®¤¥«¨àãï ¯®«¥ § ¢¨åà¥­­®áâ¨ ¬¥â®¤®¬¤¨áªà¥â­ëå ¢¨åà¥© [2].�à®£à ¬¬­ ï à¥ «¨§ æ¨ï  «£®à¨â¬ , ¯®áâà®¥­-­®£® ¢ [1], ¯®ª § « , çâ® ®­ âà¥¡ã¥â ¬­®£® ¢à¥¬¥­¨¤«ï ¢ëç¨á«¥­¨© ¨, ªà®¬¥ â®£®, ­¥ á¯®á®¡¥­ ã¤®¢«¥-â¢®à¨â¥«ì­® ®¯¨áë¢ âì ®¡« áâ¨ á ¡®«ìè¨¬¨ £à -¤¨¥­â ¬¨ ¤ ¢«¥­¨ï.� «¨ç¨¥ ¢ ®¡« áâ¨ 	 ¨«¨ ¢¡«¨§¨ ­¥¥ ¯®¤¢¨¦-­ëå â¢¥à¤ëå £à ­¨æ ¯à¨¢®¤¨â ª ­¥®¡å®¤¨¬®áâ¨¬¥­ïâì ¯ãâ¨ ¨­â¥£à¨à®¢ ­¨ï ­  ª ¦¤®¬ à áç¥â-­®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥­¨, çâ® â ª¦¥ áãé¥áâ¢¥­­®á­¨¦ ¥â ¯à ªâ¨ç¥áªãî æ¥­­®áâì íâ®£® ¬¥â®¤ .
�®ª ¦¥¬, çâ® á®¢¬¥áâ­®¥ ¨á¯®«ì§®¢ ­¨¥ ãá®-¢¥àè¥­áâ¢®¢ ­­®£® ¬¥â®¤  ¤¨áªà¥â­ëå ¢¨åà¥©(����) [3] ¨ ¨­â¥£à «  �®è¨{� £à ­¦  ¤«ï à¥-è¥­¨ï § ¤ ç ãª § ­­®£® â¨¯  ¤ ¥â ¢®§¬®¦­®áâìãá¯¥è­® ¯à¥®¤®«¥¢ âì ¨¬¥îé¨¥áï âàã¤­®áâ¨.�­â¥à¥á­® ®â¬¥â¨âì, çâ® � à¯ª ©ï [4] ¢ á¢®¥©®¡§®à­®© �à¨¬ ­®¢áª®© «¥ªæ¨¨ 1988 £®¤  ¢¥áì¬ á®¬­¨â¥«ì­® ®â§ë¢ «áï ® á¯®á®¡­®áâïå ¢ëç¨á«¨-â¥«ì­ëå ¬¥â®¤®¢ ¢¨åà¥© ã¤®¢«¥â¢®à¨â¥«ì­® à¥-è âì § ¤ ç¨ â ª®£® ãà®¢­ï á«®¦­®áâ¨.1. ������ �������� ������ ������������ ������ãáâì ¢ ­¥ª®â®à®© ®¡« áâ¨ 	 ¨¤¥ «ì­®© ­¥á¦¨-¬ ¥¬®© ­¥¢¥á®¬®© áà¥¤ë 
, ¯®ª®ïé¥©áï ¢ ¡¥áª®-­¥ç­® ã¤ «¥­­®© â®çª¥, ­ å®¤¨âáï § ¢¨åà¥­­®áâì,ª®â®à ï ¯à¨¡«¨¦¥­­® ¯à¥¤áâ ¢«¥­  ª®­¥ç­®© á®-¢®ªã¯­®áâìîM ¤¢ã¬¥à­ëå ¤¨áªà¥â­ëå ¢¨åà¥¢ëåè­ãà®¢ (à áá¬ âà¨¢ ¥âáï ¯«®áª¨© á«ãç ©). �à®-¬¥ íâ®£®, ¯ãáâì ¢ ®¡« áâ¨ 	 ­ å®¤¨âáï â¥«® S {£¥­¥à â®à § ¢¨åà¥­­®áâ¨. �«ï ¯à®áâ®âë ¯à¥¤¯®-«®¦¨¬, çâ® â¥«® S ï¢«ï¥âáï  ¡á®«îâ­® ¦¥áâª¨¬,­¥¯à®­¨æ ¥¬ë¬ ¨ ¯àï¬®«¨­¥©­ë¬.� á®®â¢¥âáâ¢¨¨ á £¨¯®â¥§®© �ãª®¢áª®£® ® ¦¨¤-ª®¬ ªàë«¥, ª®â®à ï ¨á¯®«ì§ã¥âáï ¢ ����, â¥«®c
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, ¤«ï ¥¥¯®â¥­æ¨ «ì­ëå ®¡« áâ¥© 
 n 	 ¡ã¤¥â á¯à ¢¥¤«¨¢®ãà ¢­¥­¨¥ � ¯« á  ¨ ¨¬¥¥â ¬¥áâ® ¨­â¥£à « �®è¨{� £à ­¦ .�á«¥¤áâ¢¨¥ «¨­¥©­®áâ¨ ãà ¢­¥­¨ï � ¯« á , ¯®-â¥­æ¨ « ¢®§¬ãé¥­­®£® ¤¢¨¦¥­¨ï ¢ ¯à®¨§¢®«ì­®©â®çª¥ (x; y) 2 
 n 	 ¬®¦­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥áã¬¬ë ¯®â¥­æ¨ «®¢ áª®à®áâ¥©, ¨­¤ãæ¨à®¢ ­­ëåN ¯à¨á®¥¤¨­¥­­ë¬¨ ¨ M á¢®¡®¤­ë¬¨ ¤¨áªà¥â­ë-¬¨ ¢¨åàï¬¨:�(x; y; t) = NXi=1��i (x; y; t) + MXi=1 �i(x; y; t); (1)£¤¥ ��i { ¯®â¥­æ¨ « ¯à¨á®¥¤¨­¥­­®£® ¤¨áªà¥â­®£®¢¨åàï; �i { ¯®â¥­æ¨ « á¢®¡®¤­®£® ¤¨áªà¥â­®£® ¢¨-åàï.�®£« á­® \ �{¯à¨­æ¨¯ã " ���� (¯à¨­æ¨¯ã ¬¨-­¨¬ «ì­®£® ¨áª ¦¥­¨ï âà ¥ªâ®à¨© ¤¢¨¦¥­¨ï á¢®-¡®¤­ëå ¢¨åà¥©), § ª®­ �¨®{� ¢ à  ­ã¦­® ¢ë¯®«-­ïâì ¢áî¤ã, §  ¨áª«îç¥­¨¥¬ ªàã£®¢ ¢®ªàã£ ¤¨á-ªà¥â­ëå ¢¨åà¥© á à ¤¨ãá ¬¨, à ¢­ë¬¨ ¯®«®¢¨­¥¬¥àë ¤¨áªà¥â­®áâ¨:Rs = �=2 = 1=(2N ): (2)�­ãâà¨ ª ¦¤®£® ¨§ íâ¨å ªàã£®¢ ( ­ «®£®¢ ï¤¥àª®­¥ç­®¬¥à­ëå ¢¨åà¥©), ¢® ¨§¡¥¦ ­¨¥ íää¥ªâ®¢á¨­£ã«ïà­®áâ¨, ¡ã¤¥¬ § ¤ ¢ âì «¨­¥©­®¥ ã¡ë¢ -­¨¥ ¨­¤ãæ¨à®¢ ­­®© áª®à®áâ¨.� ª¨¬ ®¡à §®¬, ¤«ï áª®à®áâ¨, ¨­¤ãæ¨à®¢ ­­®©¢¨åà¥¬ á æ¨àªã«ïæ¨¥© ~� ¢ â®çª¥, à á¯®«®¦¥­­®©­  à ááâ®ï­¨¨ j~Rj, ¨¬¥¥¬:~W (~�; ~R) = 8>>>>><>>>>>: ~� � ~R2�j~Rj2 ; ¯à¨ j~Rj � RS ;~� � ~R2�R2S ; ¯à¨ j~Rj < RS: (3)�â¬¥â¨¬, çâ® ¢ë¡®à § ª®­  á£« ¦¨¢ ­¨ï ¨­¤ã-æ¨à®¢ ­­®© áª®à®áâ¨ ¢­ãâà¨ ¢¨åà¥¢ëå ï¤¥à ¤«ï¡®«ìè¨­áâ¢  § ¤ ç ­¥áãé¥áâ¢¥­­® ¢«¨ï¥â ­  à¥-§ã«ìâ âë à áç¥â®¢, â ª ª ª ¯®£à¥è­®áâì, ¢­®á¨-¬ ï ¯à¨ íâ®¬, ­¥ ¯à¥¢ëè ¥â ¢¥«¨ç¨­ã ¯®£à¥è-­®áâ¨ ¤¨áªà¥â¨§ æ¨¨ ¢¨åà¥¢®£® á«®ï ¨ ¢¨åà¥¢®©®¡« áâ¨. �ë¯®«­¥­¨¥ ¢á¥å ®áâ «ì­ëå ­¥®¡å®¤¨-¬ëå ãá«®¢¨© áå®¤¨¬®áâ¨ ���� ®¡¥á¯¥ç¨¢ ¥â, ¯à¨N ! 1, ¢ë¯®«­¥­¨¥ § ª®­  �¨®{� ¢ à  ¢áî¤ã,§  ¨áª«îç¥­¨¥¬ ¡¥áª®­¥ç­® ¬ «®© ®ªà¥áâ­®áâ¨ ¢®-ªàã£ ª ¦¤®£® ¨§ ¤¨áªà¥â­ëå ¢¨åà¥©.�à® ­ «¨§¨àã¥¬ â¥¯¥àì ¢®§¬®¦­®áâì ¨ æ¥-«¥á®®¡à §­®áâì ¯à¨¬¥­¥­¨ï ¨­â¥£à «  �®è¨{� £à ­¦  ¤«ï à¥è¥­¨ï ¯®áâ ¢«¥­­®© § ¤ ç¨.

�ã¤¥¬ à áá¬ âà¨¢ âì  ¡á®«îâ­®¥ ¤¢¨¦¥­¨¥ â®-ç¥ª áà¥¤ë 
. � ª ª ª â¥«® S ï¢«ï¥âáï ¯®¤¢¨¦­ë¬,ã¤®¡­® ¢á¥ à áç¥âë ¯à®¨§¢®¤¨âì ¢ ­¥ª®â®à®© á¨-áâ¥¬¥ ª®®à¤¨­ â, á¢ï§ ­­®© á â¥«®¬ S. �«ï íâ®£®á«ãç ï ¨­â¥£à « �®è¨{� £à ­¦  ¨¬¥¥â á«¥¤ãî-é¨© ¢¨¤ [5]:@ 0�(x; y; t)@t + ~W 2a (x; y; t)2 � ~Wa(x; y; t) � ~W �(x; y; t)++V (x; y; t) + Z dp(x; y; t)�(x; y; t) = F (t); (4)£¤¥ ~Wa {  ¡á®«îâ­ ï áª®à®áâì; ~W � { ¯¥à¥­®á­ ïáª®à®áâì; V { ¯®â¥­æ¨ « ¢­¥è­¨å ¬ áá®¢ëå á¨«;p { ¤ ¢«¥­¨¥; � { ¯«®â­®áâì. �âà¨å ¯à¨ ç áâ-­®© ¯à®¨§¢®¤­®© ®§­ ç ¥â, çâ® ¤¨ää¥à¥­æ¨à®¢ -­¨¥ á®¢¥àè ¥âáï ¢ ¯®¤¢¨¦­®© á¨áâ¥¬¥ ª®®à¤¨­ â.� á¨«ã á¢®©áâ¢ áà¥¤ë 
 ¤«ï F (t) ¯®«ãç¨¬:F (t) = p1=�;£¤¥ p1 { ¤ ¢«¥­¨¥ ¢ ¡¥áª®­¥ç­® ã¤ «¥­­®© â®çª¥.�®« £ ï, çâ® à áá¬ âà¨¢ ¥¬ë¥ á¨«ë ¯à¨«®¦¥­ëª ¥¤¨­¨æ¥ ¬ ááë áà¥¤ë 
, ç¨á«® ­¥§ ¢¨á¨¬ëå à §-¬¥à­®áâ¥© á®ªà â¨âáï ¤® ¤¢ãå { ¤«¨­ë ¨ ¢à¥¬¥­¨.� ª ç¥áâ¢¥ å à ªâ¥à­®£® «¨­¥©­®£® à §¬¥à ¢®§ì¬¥¬ ¤«¨­ã â¥«  b,   ¢ ª ç¥áâ¢¥ å à ªâ¥à­®©áª®à®áâ¨ { ¬ ªá¨¬ «ì­ãî «¨­¥©­ãî ¯¥à¥­®á­ãîáª®à®áâì ~W �M â¥«  S §  à áç¥â­ë© ¯à®¬¥¦ãâ®ª¢à¥¬¥­¨.�®£¤  ¢ ¡¥§à §¬¥à­®¬ ¢¨¤¥ ¬®¦­® § ¯¨á âì: ª®-®à¤¨­ âë �x = x=b, �y = y=b; ¢à¥¬ï � = tj ~W �M j=b; «¨-­¥©­ãî áª®à®áâì ~w = ~W=j ~W �M j; ã£«®¢ãî áª®à®áâì~! = ~
b=j ~W �M j; ¯®â¥­æ¨ « ' = �=(j ~W �M jb), æ¨àªã-«ïæ¨î ~�� = ~�=(j ~W �M jb). (�¥àâ®çª¨ ¢ ¤ «ì­¥©è¥¬¡ã¤¥¬ ®¯ãáª âì).� ª¨¬ ®¡à §®¬, ¢¢®¤ï ¢ à áá¬®âà¥­¨¥ ª®íää¨-æ¨¥­â ¤ ¢«¥­¨ï ª ª CP = 2(p � p1)=(�j ~W �M j2), ¢¡¥§à §¬¥à­®¬ ¢¨¤¥ ¨¬¥¥¬:CP (x; y; � ) = 2~wa(x; y; � ) � ~w�(x; y; � )��~w2a(x; y; � )� 2@ 0'(x; y; � )@� : (5)�ãáâì ¢ ­ ç «ì­ë© ¬®¬¥­â ¢à¥¬¥­¨ � = 0 á¨áâ¥-¬  ª®®à¤¨­ â O 0X 0Y 0, á¢ï§ ­­ ï á â¥«®¬ S, ¡ë« á®¢¬¥é¥­  á ­¥¯®¤¢¨¦­®© á¨áâ¥¬®© OXY , ¯®á«¥ç¥£® ­ ç «  ¤¢¨£ âìáï á ¯¥à¥­®á­®© áª®à®áâìî ~w�(á¬. à¨á. 1.).�â® ¤¢¨¦¥­¨¥ ¬®¦­® ¯à¥¤áâ ¢¨âì ª ª áã¬¬ã ¯®-áâã¯ â¥«ì­®£® ¨ ¢à é â¥«ì­®£® ¤¢¨¦¥­¨ï:~w�(x; y; � ) = ~w0(� ) + ~!(� )� (~r(x; y)� ~r0(� )); (6)80 �. �. �¥å®¢æ®¢
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 79 { 87£¤¥ ~w0 { ¯®áâã¯ â¥«ì­ ï áª®à®áâì ­ ç «  O 0; ~! {ã£«®¢ ï áª®à®áâì á¨áâ¥¬ë ª®®à¤¨­ â O 0X 0Y 0; ~r{ à ¤¨ãá-¢¥ªâ®à â®çª¨ (x; y) ¢ á¨áâ¥¬¥ ª®®à¤¨­ âOXY ; ~r0 { à ¤¨ãá-¢¥ªâ®à ­ ç «  O 0.� á«ãç ¥, ¥á«¨ â®çª  (x; y) ­¥ ¯à¨­ ¤«¥¦¨â â¥«ãS, áª®à®áâì ~w� ­ã¦­® ¯®­¨¬ âì, ª ª áª®à®áâì â -ª®© â®çª¨ ¯®¤¢¨¦­®© ¯«®áª®áâ¨ O 0X 0Y 0, ¦¥áâª®á¢ï§ ­­®© á â¥«®¬ S, ª®â®à ï ¢ ¬®¬¥­â ¢à¥¬¥­¨� á®¢¯ «  á â®çª®© (x; y) ­¥¯®¤¢¨¦­®© ¯«®áª®áâ¨OXY .�®£¤  ä®à¬ã«  (5) ¤«ï ª®íää¨æ¨¥­â  ¤ ¢«¥­¨ï¯à¨¬¥â ¢¨¤:CP (x; y; � ) = 2~wa(x; y; � ) � ~w0(� ) + 2~!(� )� (~r(x; y)��~r0(� ))� ~wa(x; y; � )� ~w2a(x; y; � )�2@ 0'(x; y; � )@� : (7)� ª ª ª ¢ëç¨á«¥­¨¥ áª®à®áâ¥© ~wa ¢ ¯à¥¤¥« åá¨­£ã«ïà­ëå à ¤¨ãá®¢ ¢¨åà¥© rS ¬®¦­® ¯à®¨§¢®-¤¨âì, ¨á¯®«ì§ãï § ª®­ á£« ¦¨¢ ­¨ï (3), â® ¤«ï ¢ë-ïá­¥­¨ï ¢®§¬®¦­®áâ¨ ¯à¨¬¥­¥­¨ï ¢ëà ¦¥­¨ï (7)¢ ®¡« áâ¨ 	 ­ ©¤¥¬ ç áâ­ãî ¯à®¨§¢®¤­ãî ®â ' ¢¯®¤¢¨¦­®© á¨áâ¥¬¥ ª®®à¤¨­ â.�ãáâì ¢ â®çª¥ (x`; y`) ®¡« áâ¨ 	 áà¥¤ë 
 ­ å®-¤¨âáï ¤¨áªà¥â­ë© ¢¨åàì á æ¨àªã«ïæ¨¥© ~�`(� ) =�`(� )(�~k) (à¨á. 2). � ©¤¥¬ ¯®â¥­æ¨ « '` áª®à®áâ¨~w`, ¨­¤ãæ¨à®¢ ­­®© íâ¨¬ ¢¨åà¥¬ ¢ â®çª¥ (x; y).�®áâà®¥­­ ï ¬®¤¥«ì ®¡« áâ¨ 	 ¢áî¤ã ¢­¥ ¡¥á-ª®­¥ç­® ¬ «ëå ªàã£®¢ ¢®ªàã£ ª ¦¤®£® ¨§ N +M¤¨áªà¥â­ëå ¢¨åà¥© ï¢«ï¥âáï ¯®â¥­æ¨ «ì­®©. �®-íâ®¬ã, ãç¨âë¢ ï çâ® grad'` ï¢«ï¥âáï ¨­¢ à¨ ­-â®¬, ¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®~w`(x 0; y 0; � ) = grad'`(x 0; y 0; � ); (8)£¤¥ (x 0; y 0) { ª®®à¤¨­ âë â®çª¨ (x; y) ¢ á¨áâ¥¬¥ª®®à¤¨­ â O 0X 0Y 0.�¬­®¦ ï ®¡¥ ç áâ¨ ¢ëà ¦¥­¨ï (8) áª «ïà­® ­ ¢¥ªâ®à d~r 0 ¨ ¨­â¥£à¨àãï ¯® ­¥ª®â®à®¬ã ªà¨¢®«¨-­¥©­®¬ã ª®­âãàã ®â ¯à®¨§¢®«ì­®© ä¨ªá¨à®¢ ­­®©â®çª¨ (~x 0; ~y 0) ¤® â®çª¨ (x 0; y 0), ¯®«ãç ¥¬:'`(x 0; y 0; � ) = (x 0;y 0)Z(~x 0;~y 0) ~w`(x 0; y 0; � ) � d~r 0(x; y; � ) +C1;(9)£¤¥ C1 { ¯à®¨§¢®«ì­ ï ª®­áâ ­â .� ¬¥­  ®¡« áâ¨ § ¢¨åà¥­­®áâ¨ 	 ­  á®¢®ªã¯-­®áâì N + M ¡¥áª®­¥ç­® ¬ «ëå ªàã£®¢, á®¤¥à-¦ é¨å § ¢¨åà¥­­®áâì ¨ ®¤­ã ¢­¥è­îî ¯®â¥­æ¨- «ì­ãî ®¡« áâì, ¯à¨¢¥«® ª â®¬ã, çâ® ¤¢ãá¢ï§­ ï¯®â¥­æ¨ «ì­ ï ®¡« áâì 
 n 	 ¯à¥®¡à §®¢ « áì ¢N +M + 1-á¢ï§­ãî. �®íâ®¬ã ¨­â¥£à « ¢ ¢ëà ¦¥-­¨¨ (9) ï¢«ï¥âáï ¬­®£®§­ ç­ë¬, â® ¥áâì § ¢¨á¨â

®â ¢ë¡®à  ¯ãâ¨ ¨­â¥£à¨à®¢ ­¨ï. �¤­ ª®, â ª ª ª¯®â¥­æ¨ « '` ®¯à¥¤¥«ï¥âáï á â®ç­®áâìî ¤® ª®­-áâ ­âë, ¢ ª ç¥áâ¢¥ ª®­âãà  ¨­â¥£à¨à®¢ ­¨ï ¬®¦-­® ¢§ïâì «î¡®©.�ç¨âë¢ ï, çâ® â¥«® S ¨ ®¡« áâì 	 ¬®¤¥«¨àã-îâáï ª®­¥ç­ë¬ ç¨á«®¬ ¢¨åà¥© ¡¥áª®­¥ç­® ¬ «®£®á¥ç¥­¨ï, ¢ ª ç¥áâ¢¥ ª®­âãà  ¨­â¥£à¨à®¢ ­¨ï ¢®§ì-¬¥¬ ¯à®¨§¢®«ì­ë© «ãç, ­ ¯à¨¬¥à à á¯®«®¦¥­­ë©¢ ¯®«ã¯«®áª®áâ¨ y 0 > 0 ¨ ¯ à ««¥«ì­ë© ¯®¤¢¨¦­®©®á¨ O 0Y 0. �¥¬ á ¬ë¬, ¨§ ¡¥áª®­¥ç­®£® ¬­®¦¥-áâ¢  §­ ç¥­¨© à áá¬ âà¨¢ ¥¬®£® ªà¨¢®«¨­¥©­®£®¨­â¥£à «  ¡ã¤ãâ ®â¡¨à âìáï â®«ìª® ¯à¨­ ¤«¥¦ -é¨¥ ®¤­®¬ã ¨ â®¬ã ¦¥ ®¤­®§­ ç­®¬ã ãç áâªã. �®¥áâì ¢á¥ ª®íää¨æ¨¥­âë k` ¯à¨ æ¨ª«¨ç¥áª¨å ¯®áâ®-ï­­ëå �` 0 (æ¨àªã«ïæ¨ïå ¤¨áªà¥â­ëå ¢¨åà¥©) ¢ ¢ë-à ¦¥­¨¨(x 0;y 0)Z(~x 0;~y 0) ~w`(x 0; y 0; � ) � d~r 0(x 0; y 0; � ) == '`0(x 0; y 0; � ) + N+MX̀=1 �` 0(� )k`; (10)£¤¥ '`0 { ¯®«­ë© ®¤­®§­ ç­ë© ãç áâ®ª '`, ¡ã¤ãâà ¢­ë¬¨ ­ã«î.� ª¨¬ ®¡à §®¬, áª «ïà­® ã¬­®¦ ï ®¡¥ ç áâ¨ à -¢¥­áâ¢  (8) ­  ®àâ ~j 0(� ) ¯®¤¢¨¦­®© ®á¨ O 0Y 0, ¯®-«ãç ¥¬: w`y 0 (x 0; y 0; � ) = @ 0'`(x 0; y 0; � )@y 0 (11)®âªã¤  ¤«ï ¯®â¥­æ¨ «  '` ¨¬¥¥¬'`(x 0; y 0; � ) = � 1Zy 0 w`y 0(x 0; y 0; � )dy 0 + C1: (12)� ©¤¥¬ w`y 0 { ª®¬¯®­¥­âã áª®à®áâ¨ ~w` ¢ ¯®-¤¢¨¦­®© á¨áâ¥¬¥ ª®®à¤¨­ â O 0X 0Y 0. � á®®â¢¥â-áâ¢¨¨ á § ª®­®¬ �¨®{� ¢ à ,w`y 0(x 0; y 0; � ) = (13)= (~�` 0(� ) � (~r(x 0; y 0) � ~r`(x` 0(� ); y` 0(� )))) �~j 0(� )2� j (~r(x 0; y 0) � ~r`(x` 0(� ); y` 0(� ))) j2 ;®âªã¤ w`y 0 (x 0; y 0; � ) == � �` 0(� )(x 0 � x` 0(� ))2�((x 0 � x` 0(� ))2 + (y 0 � y` 0(� ))2) : (14)82 �. �. �¥å®¢æ®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 79 { 87�®¤áâ ¢«ïï ¢ëà ¦¥­¨¥ (14) ¢ (12), ¯®á«¥ ¨­â¥-£à¨à®¢ ­¨ï ¯®«ãç ¥¬:'`(x 0; y 0; � ) = �` 0(� )2� ��2�� arctg y 0 � y` 0(� )x 0 � x` 0(� )�+C1: (15)�âáî¤  ä®à¬ã«  ¤«ï ¯®â¥­æ¨ «  áª®à®áâ¨, ¨­-¤ãæ¨à®¢ ­­®© ¢¨åà¥¬ á ª®®à¤¨­ â ¬¨ (x`; y`) ¢â®çª¥ (x; y) ¯à¨  ¡á®«îâ­®¬ ¤¢¨¦¥­¨¨ áà¥¤ë 
 ¢¯®¤¢¨¦­®© á¨áâ¥¬¥ ª®®à¤¨­ â O 0X 0Y 0, § ¯¨á ­-­ ï ç¥à¥§ ¯¥à¥¬¥­­ë¥ ­¥¯®¤¢¨¦­®© á¨áâ¥¬ë ª®®à-¤¨­ â OXY , ¡ã¤¥â ¨¬¥âì ¢¨¤'`(x; y; � ) = � �`(� )2� arctg (y � y`(� )) cos �(� )�(x� x`(� )) cos �(� )+�(x � x`(� )) sin �(� )+(y � y`(� )) sin �(� ) + C: (16)(� ¤ «ì­¥©è¥¬ ¡ã¤¥¬ ¯®« £ âì C = 0).�¥®¡å®¤¨¬® ¯®¤ç¥àª­ãâì, çâ® ¢ ãà ¢­¥­¨¨ (16) àªâ ­£¥­á ­¥®¡å®¤¨¬® ¢ëç¨á«ïâì ª ª äã­ªæ¨î¤¢ãå  à£ã¬¥­â®¢ { §­ ¬¥­ â¥«ï x̂ ¨ ç¨á«¨â¥«ï ŷ,§­ ç¥­¨ï ª®â®àëå § ¢¨áïâ ®â à á¯®«®¦¥­¨ï â®ç-ª¨ (x; y) ¯® ®â­®è¥­¨î ª `-â®¬ã ¢¨åàî ¢ á¨áâ¥-¬¥ ª®®à¤¨­ â O 0X 0Y 0. � ª ï äã­ªæ¨ï Z(x̂; ŷ) ­ ¢á¥¬ ¬­®¦¥áâ¢¥ á¢®¨å §­ ç¥­¨© ¯à¥¤áâ ¢«ï¥â á®-¡®© ®¤¨­ ¢¨â®ª á¯¨à «¥¢¨¤­®© ¯®¢¥àå­®áâ¨, ®¡à -§®¢ ­­®© ¯à¨ ®¤­®¢à¥¬¥­­®¬ ¯®¢®à®â¥ ­  360�¯à®â¨¢ ç á®¢®© áâà¥«ª¨ ¨ ¯®áâã¯ â¥«ì­®¬ ¯¥à¥-¬¥é¥­¨¨ ¢ ­ ¯à ¢«¥­¨¨ ¢¥ªâ®à  ~k «ãç , ¢ëå®¤ïé¥-£® ¨§ ¢¨åàï ¨ ¯ à ««¥«ì­®£® ¯«®áª®áâ¨ O 0X 0Y 0.�¥¯¥àì ¬®¦­® ¢§ïâì ¯à®¨§¢®¤­ãî @ 0'`=@� ¢ ¯®-¤¢¨¦­®© á¨áâ¥¬¥ ª®®à¤¨­ â O 0X 0Y 0 :@ 0'`(x; y; � )@� = � 12� @ 0�`(� )@� �� arctg (y � y`(� )) cos �(� ) � (x� x`(� )) sin �(� )(x� x`(� )) cos �(� ) + (y � y`(� )) sin �(� )++�` 0(� )2�  @ 0�(� )@� �� (y � y`(� ))@ 0x`(�)@� � (x� x`(� ))@ 0y`(�)@�(x� x`(� ))2 + (y � y`(� ))2 ! : (17)� áªàë¢ ï áª®¡ª¨ ¢ íâ®¬ ¢ëà ¦¥­¨¨ ¨  ­ «¨-§¨àãï ä¨§¨ç¥áª¨© á¬ëá« á« £ ¥¬ëå, ¬®¦­® § ¬¥-â¨âì, çâ® áà¥¤¨ ­¨å ¯à¨áãâáâ¢ã¥â ¯®â¥­æ¨ « ¢¨-åàï '`, ç áâ®â  ¢à é¥­¨ï �(� ) = !(� )=(2�), ª®¬-¯®­¥­âë áª®à®áâ¨ ~w`, ¨­¤ãæ¨à®¢ ­­®© `-âë¬ ¢¨-åà¥¬ ¢ â®çª¥ (x; y) ¨ ª®¬¯®­¥­âë ®â­®á¨â¥«ì­®©áª®à®áâ¨ ~w`o = ~w`a � ~w�̀ íâ®£® ¢¨åàï.

�ç¨âë¢ ï íâ®,   â ª¦¥, çâ® � ¨ �` ï¢«ïîâáï¨­¢ à¨ ­â ¬¨, ¢ëà ¦¥­¨¥ (17) ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥@ 0'`(x; y; � )@� = '`(x; y; � )�`(� ) @�`(� )@� ��w`x(x; y; � )(w`ax(x`(� ); y`(� ); � )��w�̀x(x`(� ); y`(� ); � ))��w`y(x; y; � )(w`ay(x`(� ); y`(� ); � )��w�̀y(x`(� ); y`(� ); � )) + �`(� )!(� )2� : (18)�«¨, ¢ ¢¥ªâ®à­®© ä®à¬¥, ¨¬¥¥¬'` 0(x; y; � )@� = '`(x; y; � )~�`(� ) � @~�`(� )@� � ~�`(� ) � ~!(� )2� ��~w`(x; y; � ) � ~w`o(x`(� ); y`(� ); � ): (19)�âáî¤  ¢¨¤­®, çâ® â¥ ç áâ¨ á« £ ¥¬ëå, ª®â®àë¥á®¤¥à¦ â á¨­£ã«ïà­®áâì, ¯à¥¤áâ ¢«ïîâ á®¡®© áª®-à®áâì, ¨­¤ãæ¨à®¢ ­­ãî ¤¨áªà¥â­ë¬ ¢¨åà¥¬. �ë-ç¨á«¥­¨¥ ¥¥ ¢ á®®â¢¥âáâ¢¨¨ á ¯à ¢¨«®¬~w`(x; y; � ) = 8>>>><>>>>: ~�`(� ) ��~r2� j �~r j2 ; ¯à¨ j �~r j� rs;~�`(� ) ��~r2�r3s ; ¯à¨ j �~r j< rs; (20)£¤¥ �~r � ~r(x; y)� ~r`(x`(� ); y`(� )), ¤ ¥â £« ¤ª®¥ ¯®-¢¥¤¥­¨¥ ~w` ¢® ¢á¥å â®çª å ®¡« áâ¨ 	.� ª¨¬ ®¡à §®¬, ¨á¯®«ì§ãï ����, ¨­â¥£à « �®-è¨{� £à ­¦  ¬®¦­® ¯à¨¬¥­ïâì ¤«ï ¢ëç¨á«¥­¨ï¯®«ï ¤ ¢«¥­¨ï ¢ ¢¨åà¥¢®© ®¡« áâ¨ ¯à¨ ­ «¨ç¨¨ ¢­¥© ¤¢¨¦ãé¥£®áï â¥« , ­¥ ¢­®áï ¯à¨ íâ®¬ ¯®£à¥è-­®áâ¨ ¡®«ìè¥ â®©, ª®â®à ï § ª« ¤ë¢ ¥âáï ¯à¨¤¨áªà¥â¨§ æ¨¨ ¢¨åà¥¢®£® á«®ï S, § ¬¥­ïîé¥£® ¯®-¢¥àå­®áâì â¥« , ¨ ¢¨åà¥¢®© ®¡« áâ¨ 	.�á¯®«ì§ãï @ 0'`=@� ¢ ¢¨¤¥ (19) ¨ ¯à¥¤áâ ¢«ïï¯¥à¥­®á­ãî áª®à®áâì ¢ á®®â¢¥âáâ¢¨¨ á ¢ëà ¦¥­¨-¥¬ (6), ¤«ï ª®íää¨æ¨¥­â  ¤ ¢«¥­¨ï ¢ ¯à®¨§¢®«ì­®©â®çª¥ (x; y) ¨§ ®¡« áâ¨ § ¢¨åà¥­­®áâ¨ 	, ¬®¤¥«¨-àã¥¬®© M ¤¨áªà¥â­ë¬¨ ¢¨åàï¬¨, ¯à¨ à áá¬®âà¥-­¨¨  ¡á®«îâ­®£® ¤¢¨¦¥­¨ï áà¥¤ë 
 ¢ ¯®¤¢¨¦­®©á¨áâ¥¬¥ ª®®à¤¨­ â O 0X 0Y 0, á¢ï§ ­­®© á â¥«®¬ S,¬®¤¥«¨àã¥¬ë¬ N ¤¨áªà¥â­ë¬¨ ¢¨åàï¬¨, ¨¬¥¥¬:CP (x; y; � ) = 2N+MX̀=1  ~w`(x; y; � ) � (~!(� )� (~r(x; y)��~r`(x`(� ); y`(� )))+~w`a(x`(� ); y`(� ); � ))+~!(� )2� �~�`(� )��'`(x; y; � )~�`(� ) � @~�`(� )@� !� N+MX̀=1 ~w`(x; y; � )!2 ; (21)£¤¥ '` ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥ (16),   ~w` { ¯® ä®à-¬ã«¥ (20).�. �. �¥å®¢æ®¢ 83



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 79 { 872. ������ �������� ����� ������������� áá¬®âà¨¬ ¢ ¦­ë© á ¯à¨ª« ¤­®© â®çª¨ §à¥-­¨ï á«ãç ©, ª®£¤  à áá¬ âà¨¢ ¥¬ ï ®¡« áâì § ¢¨-åà¥­­®áâ¨ 	 ¨ ¯®¤¢¨¦­®¥ â¥«® S ­ å®¤ïâáï ¢¡«¨§¨â¢¥à¤®© ­¥¯à®­¨æ ¥¬®© ¯®¢¥àå­®áâ¨ G (íªà ­ ).� íâ®¬ á«ãç ¥, ª ª ¨§¢¥áâ­®, ­ «¨ç¨¥ íªà ­  ¬®-¤¥«¨àã¥âáï ¢¢¥¤¥­¨¥¬ ¢ ®¡« áâì â¥ç¥­¨ï ¨­¢¥àá¨¢-­ëå ¢¨åà¥© (á¬. à¨á. 2), ¤«ï ª®â®àëå á¯à ¢¥¤«¨¢®:x�̀(� ) = x`(� ); y�̀(� ) = �y`(� );~��̀(� ) = �~�`(� ): (22)�«ï áª®à®áâ¨ ~̂w, ¨­¤ãæ¨à®¢ ­­®© `{âë¬ ¢¨åà¥¬¢ â®çª¥ (x; y) ¯à¨ ­ «¨ç¨¨ íªà ­ , ¯®«ãç¨¬:~̂w`(x; y; � ) = ~w`(x; y; � ) + ~w�̀(x; y; � ) == ~�`(� )� (~r(x; y) � ~r`(x`(� ); y`(� )))2� j ~r(x; y)� ~r`(x`(� ); y`(� )) j2 ++~� �̀(� ) � (~r(x; y) � ~r �̀(x�̀(� ); y�̀(� )))2� j ~r(x; y) � ~r �̀(x�̀(� ); y�̀(� )) j2 : (23)�¤¥áì ¨ ¤ «¥¥ ¢¥àå­¨¥ ¨­¤¥ªáë \�" ®§­ ç îâ âà¨¡ãâ ¨­¢¥àá¨¢­®£® ¢¨åàï.�ª®à®áâì ~̂w ¢ à §«®¦¥­¨¨ ¯® ®àâ ¬ ­¥¯®¤¢¨¦-­®© á¨áâ¥¬ë ª®®à¤¨­ â OXY ¡ã¤¥â ¨¬¥âì ¢¨¤~̂w`(x; y; � ) = �`(� )2� � y � y`(� )(x� x`(� ))2 + (y � y`(� ))2 �� y + y`(� )(x� x`(� ))2 + (y + y`(� ))2�~i++ �`(� )2� � x� x`(� )(x� x`(� ))2 + (y + y`(� ))2 �� x� x`(� )(x� x`(� ))2 + (y � y`(� ))2�~j: (24)�«ï ¯®â¥­æ¨ «  '�̀ ®â ¨­¢¥àá¨¢­®£® `-£® ¢¨åàï,¢ á®®â¢¥âáâ¢¨¨ á ä®à¬ã«®© (16), ãç¨âë¢ ï (22),¯®«ãç ¥¬:'�̀(x; y; � ) = �`(� )2� arctg (y + y`(� )) cos �(� )�(x� x`(� )) cos �(� )+�(x � x`(� )) sin �(� )+(y + y`(� )) sin �(� ) : (25)�®£¤ , ¤«ï ¯®â¥­æ¨ «  '̂` áª®à®áâ¨ ~̂w`, ¨­¤ãæ¨-àã¥¬®© `-âë¬ ¢¨åà¥¬ ¢¡«¨§¨ íªà ­  ¢ â®çª¥ (x; y),¯à¨ à áá¬®âà¥­¨¨  ¡á®«îâ­®£® ¤¢¨¦¥­¨ï áà¥¤ë 
¢ ¯®¤¢¨¦­®© á¨áâ¥¬¥ ª®®à¤¨­ â, ¨¬¥¥¬'̂`(x; y; � ) = '`(x; y; � ) + '�̀(x; y; � ); (26)

£¤¥ '` ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥ (16); '�̀ { ¯® ä®à-¬ã«¥ (25).�ç¨âë¢ ï ¢ëà ¦¥­¨ï (23), (24) ¨ (25), ¤«ï ¯à®-¨§¢®¤­®© ®â ¯®â¥­æ¨ «  '�̀ ¨­¢¥àá¨¢­®£® ¢¨åàï ¢¯®¤¢¨¦­®© á¨áâ¥¬¥ ª®®à¤¨­ â O 0X 0Y 0 ¯®«ãç ¥¬¢ëà ¦¥­¨¥@ 0'�̀(x; y; � )@� = '�̀(x; y; � )~�`(� ) � @~�`(� )@� + ~�`(� ) � ~!(� )2� ++w�̀y(x; y; � )w`oy(x`(� ); y`(� ))��w�̀x(x; y; � ) �w`ox(x`(� ); y`(� )): (27)�®£¤ , á ãç¥â®¬ ãà ¢­¥­¨© (19) ¨ (27), ¤«ï ¯à®-¨§¢®¤­®© ®â ¯®â¥­æ¨ «  `-£® ¢¨åàï, à á¯®«®¦¥­-­®£® ¢¡«¨§¨ íªà ­ , ¨¬¥¥¬@ 0'̂`(x; y; � )@� = '`(x; y; � ) + '�̀(x; y; � )~�`(� ) � @~�`@� ��~w`(x; y; � )~w`o(x`(� ); y`(� ))++w�̀y(x; y; � )w`oy(x`(� ); y`(� ))��w�̀ox(x; y; � )w`ox(x`(� ); y`(� )): (28)�ç¨âë¢ ï ä®à¬ã«ë (6), (23) ¨ (28), ¤«ï ª®íää¨-æ¨¥­â  ¤ ¢«¥­¨ï CP ¢ ¯à®¨§¢®«ì­®© â®çª¥ (x; y) ¨§®¡« áâ¨ § ¢¨åà¥­­®áâ¨ 	, ¬®¤¥«¨àã¥¬®© M ¤¨á-ªà¥â­ë¬¨ ¢¨åàï¬¨ ¨ à á¯®«®¦¥­­®© ¢¡«¨§¨ íªà -­ , ¯à¨ à áá¬®âà¥­¨¨  ¡á®«îâ­®£® ¤¢¨¦¥­¨ï áà¥-¤ë 
 ¢ ¯®¤¢¨¦­®© á¨áâ¥¬¥ ª®®à¤¨­ â O 0X 0Y 0,á¢ï§ ­­®© á â¥«®¬ S, ¬®¤¥«¨àã¥¬ë¬ N ¤¨áªà¥â-­ë¬¨ ¢¨åàï¬¨, ¯®«ãç ¥¬:CP (x; y; � ) = 2N+MX̀=1  ~w`(x; y; � ) � (~!(� ) � (~r(x; y)��~r`(x`(� ); y`(� ))) + ~w`a(x`(� ); y`(� ); � ))++~w�̀(x; y; � ) � (~w0(� ) + ~!(� )� (~r(x; y)� ~r0(� )))++w�̀x(x; y; � )� (w`ax(x`(� ); y`(� ); � )��w0x(� ) + !(� )(y`(� )� y0(� )))��w�̀y(x; y; � ) (w`ay(x`(� ); y`(� ); � )��w0y(� ) � !(� )(x`(� ) � x0(� )))��'`(x; y; � ) + '�̀(x; y; � )~�`(� ) � @~�`(� )@� !�� N+MX̀=1 (~w`(x; y; � ) + ~w�̀(x; y; � ))!2 : (29)� á«ãç ¥, ¥á«¨ ~w1 6= 0, ä®à¬ã«  (21) ¯à¨®¡à¥-â ¥â ¢¨¤CP (x; y; � ) = 2(~i cos�+~j sin�) � (~w0(� ) + ~!(� )�84 �. �. �¥å®¢æ®¢
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 ¯®ª®¨âáï, ¢¨åà¨ ®âáãâáâ¢ãîâ,   ¯« áâ¨-­  à á¯®«®¦¥­  ¯ à ««¥«ì­® ®á¨ OY , ¯®á«¥ ç¥£®­ ç¨­ ¥â ¬£­®¢¥­­ë© ã£«®¢®© áâ àâ á ¥¤¨­¨ç®©ã£«®¢®© áª®à®áâìî ¢à é¥­¨ï ~! ¢®ªàã£ á¢®¥© «¥¢®©ªà®¬ª¨ ¯à®â¨¢ ç á®¢®© áâà¥«ª¨.�à¨ ­ «¨ç¨¨ íªà ­  G, ¢ ¬®¬¥­â � = 0 ¯« áâ¨-­  à á¯®« £ « áì ®â ­¥£® ­  à ááâ®ï­¨¨ 0.1 á¢®¥©¤«¨­ë.

�á«®¢¨¥ �ãââ {�ãª®¢áª®£®{� ¯«ë£¨­  ¢ë¯®«-­ï«®áì â®«ìª® ­  ¯®¤¢¨¦­®© ®áâà®© ªà®¬ª¥.� ª ª ª ¢ ¯à®æ¥áá¥ ¢à é¥­¨ï ¯« áâ¨­ë S ®¡à -§ã¥âáï á¢®¡®¤­ ï ¢¨åà¥¢ ï ¯¥«¥­ , ä®à¬ã ª®â®à®©­¥®¡å®¤¨¬® ®¯à¥¤¥«ïâì ¢ ¯à®æ¥áá¥ à¥è¥­¨ï, ¤ ­-­ë¥ § ¤ ç¨ ï¢«ïîâáï ­¥«¨­¥©­ë¬¨,   â ª ª ª à á-á¬ âà¨¢ ¥âáï ¬£­®¢¥­­ë© áâ àâ { ¨ ¢ëá®ª®­¥áâ -æ¨®­ à­ë¬¨.�áá«¥¤®¢ ­¨î íâ¨å ¨ ¯®¤®¡­ëå § ¤ ç ¯®á¢ïé¥-­ë à ¡®âë [6{22], ®¤­ ª® ¯®«ï ¤ ¢«¥­¨ï ¢ ­¨å ­¥¨§ãç «¨áì.�  à¨á. 3 ¨ 4 è £ ¬¥¦¤ã §­ ç¥­¨ï¬¨ á®á¥¤­¨å¨§®¡ à à ¢¥­ 0.5. �¯«®è­ë¥ «¨­¨¨ á®®â¢¥âáâ¢ã-îâ ®âà¨æ â¥«ì­ë¬ §­ ç¥­¨ï¬ CP , èâà¨å®¢ë¥ {¯®«®¦¨â¥«ì­ë¬. � ª ç¥áâ¢¥ ¤®¯®«­¨â¥«ì­®© ¨­-ä®à¬ æ¨¨ ¤«ï  ­ «¨§  ¯à®â¥ª îé¨å ¯à®æ¥áá®¢,­  ¯à¥¤áâ ¢«¥­­ëå à¨áã­ª å â ª¦¥ ¯®ª § ­ £« ¢-­ë© ¢¥ªâ®à ¢­¥è­¨å á¨«, ¤¥©áâ¢ãîé¨å ­  ¯« áâ¨-­ã. �£® ­ ç «® ¯®¬¥é «®áì ¢ â®çªã æ¥­âà  ¤ ¢«¥-­¨ï ­  ¯« áâ¨­ã,   ¤«¨­  ¤«ï ã¤®¡áâ¢  ¯à¥¤áâ ¢«¥-­¨ï à¥§ã«ìâ â®¢ ¡ë«  ã¬¥­ìè¥­  ¢ ¤¥áïâì à §.�  à¨á. 3,a ¨ 4,  ¯®ª § ­ë ª àâ¨­ë ¨§®¡ à¤«ï ¯¥à¢®£® à áç¥â­®£® ¬®¬¥­â  ¢à¥¬¥­¨, ª®£¤ ¯« áâ¨­  á®¢¥àè¨«  áâ àâ ¢ ¯®â¥­æ¨ «ì­®© áà¥-¤¥, â® ¥áâì ª®£¤  ¥é¥ ­¥ á®è¥« ­¨ ®¤¨­ ¤¨áªà¥â-­ë© ¢¨åàì; ­  à¨á. 3,¡ ¨ 4,¡ { ¢â®à®© à áç¥â­ë©¬®¬¥­â ¢à¥¬¥­¨; ¤¢¥ ¯®á«¥¤ãîé¨¥ ª àâ¨­ë ¡ë«¨¯®«ãç¥­ë ¯à¨ §­ ç¥­¨ïå ã£«  ¯®¢®à®â  60�.�§ ¯à¥¤áâ ¢«¥­­ëå à¥§ã«ìâ â®¢ ¢¨¤­®, çâ®¯à¥¤«®¦¥­­ë© ¬¥â®¤ ¯®§¢®«ï¥â à ááç¨âë¢ âì ­¥-áâ æ¨®­ à­®¥ ¯®«¥ ¤ ¢«¥­¨ï ¢ ®¡« áâ¨ § ¢¨åà¥­-­®áâ¨ ¯à¨ ­ «¨ç¨¨ ¯®¤¢¨¦­ëå £à ­¨æ á § ¤ ­­®©áâ¥¯¥­ìî â®ç­®áâ¨ (¬¥à  ¤¨áªà¥â­®áâ¨ ¢ ®¡®¨åá«ãç ïå à ¢­ï« áì 0.0125).�®«ãç¥­­ë¥ à¥§ã«ìâ âë á®®â¢¥âáâ¢ãîâ ¢á¥¬§ «®¦¥­­ë¬ £à ­¨ç­ë¬ ãá«®¢¨ï¬: ¢®ªàã£ ­¥¯®-¤¢¨¦­®© ªà®¬ª¨ ¯« áâ¨­ë, £¤¥ à §à¥è îâáï ¡¥á-ª®­¥ç­ë¥ à §à¥¦¥­¨ï, á£ãáâ¨«¨áì ®âà¨æ â¥«ì­ë¥¨§®¡ àë, â® ¥áâì ¨¬¥îâáï ¡®«ìè¨¥ ®âà¨æ â¥«ì-­ë¥ £à ¤¨¥­âë; å®à®è® ¢¨¤¥­ ¯¥à¥¯ ¤ ¤ ¢«¥­¨ï­  ¯« áâ¨­¥, ®¡ãá«®¢«¥­­ë© ¥¥ ­¥¯à®­¨æ ¥¬®áâìî;­ ¯à ¢«¥­¨¥ £« ¢­®£® ¢¥ªâ®à  ¢­¥è­¨å á¨« á®®â-¢¥âáâ¢ã¥â ®¡é¥© ª àâ¨­¥ à á¯à¥¤¥«¥­¨ï ª®íää¨-æ¨¥­â  ¤ ¢«¥­¨ï ¢¡«¨§¨ ¯« áâ¨­ë, å®âï ®­ à á-áç¨â ­ ¯® ¤àã£®© ¬¥â®¤¨ª¥; ª ¯®¤¢¨¦­®© ªà®¬-ª¥, ­  ª®â®à®© ¢ë¯®«­ï¥âáï ãá«®¢¨¥ �ãââ {�ã-ª®¢áª®£®{� ¯«ë£¨­ , ¢ ¯¥à¢ë© ¬®¬¥­â ¢à¥¬¥­¨¡«¨§ª® ¯®¤å®¤¨â ­ã«¥¢ ï ¨§®¡ à ,   ¢ ¯®á«¥¤ãî-é¨¥, ª®£¤  ¯« áâ¨­  ã¦¥ ¤¢¨¦¥âáï á ¯®áâ®ï­­®©ã£«®¢®© áª®à®áâìî, «¨­¨ï ­ã«¥¢ëå §­ ç¥­¨© CP­ ç¨­ ¥âáï ®â ¯®¤¢¨¦­®© ªà®¬ª¨ ¯« áâ¨­ë. �®¡®¨å á«ãç ïå «¨­¨ï CP = 0 ãå®¤¨â ¢ ¡¥áª®­¥ç-­®áâì, ®¤­ ª® ¢ á«ãç ¥ ¢à é¥­¨ï ¯« áâ¨­ë ¢¡«¨§¨áâ¥­ª¨, ª ª ¨ ®¦¨¤ «®áì, ¢®ªàã£ ¯« áâ¨­ë ¢®§­¨-86 �. �. �¥å®¢æ®¢
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