
ISSN 0387 -4086 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 1. �. 4 { 11��� 532.5����I������ �����I�� �������� ��������� �����I� ������I �� ������� �������I ��������������. �. �������, I. �. �������ö­áâ¨âãâ £÷¤à®¬¥å ­÷ª¨ ��� �ªà ù­¨, �¨ù¢�¤¥à¦ ­® 12.09.97� à ¬ª å ¯«®áª®ù § ¤ ç÷ à®§£«ï­ãâ÷ ¬®¦«¨¢®áâ÷ ãâ¢®à¥­­ï ªàã¯­¨å áâ æ÷®­ à­¨å ¢¨å®à÷¢ ¯à¨ ®¡â÷ª ­­÷ ªãâ®¢®ù®¡« áâ÷ â  § £«¨¡«¥­­ï (ªàã£®¢®ù «ã­ª¨). �¨ª®à¨áâ ­  ¬®¤¥«ì ÷¤¥ «ì­®ù ­¥áâ¨á«¨¢®ù à÷¤¨­¨. �«ï ¯®¡ã¤®¢¨ ¯®â¥­æ÷ -«ã è¢¨¤ª®áâ÷ ä÷§¨ç­  ®¡« áâì â¥ç÷ù ª®­ä®à¬­® ¢÷¤®¡à ¦ õâìáï ­  ¢¥àå­î ­ ¯÷¢¯«®é¨­ã. �¤¥à¦ ­® § «¥¦­®áâ÷ ¤«ï÷­â¥­á¨¢­®áâ÷ áâ æ÷®­ à­®£® ¢¨å®à  â  ©®£® ª®®à¤¨­ â ¢÷¤ £¥®¬¥âà¨ç­¨å ¯ à ¬¥âà÷¢, é® ®¯¨áãîâì ®¡« áâì â¥ç÷ù.�®ª § ­®, é® ¤® áãââõ¢¨å å à ªâ¥à¨áâ¨ª áâ æ÷®­ à­®£® ¢¨å®à  ­ «¥¦¨âì ©®£® ¢« á­  ç áâ®â . �®­  ¤®à÷¢­îõ ç -áâ®â÷ ¯à¥æ¥á÷ù ¢¨å®à  ­ ¢ª®«® áâ æ÷®­ à­®ù â®çª¨ ¯à¨ ¬ «¨å §¡ãà¥­­ïå ©®£® ¯®«®¦¥­­ï ¢ ¯®â®æ÷. � ï¢­÷áâì ¢« á­®ùç áâ®â¨ ¯à¨§¢®¤¨âì ¤® ¢¨¡÷àª®¢®ù à¥ ªæ÷ù áâ æ÷®­ à­®£® ¢¨å®à  â  ãâ¢®àî¢ ­®ù ­¨¬ «®ª «ì­®ù ¢÷¤à¨¢­®ù §®­¨ ­ ¬ «÷ ¯¥à÷®¤¨ç­÷ §¡ãà¥­­ï è¢¨¤ª®áâ÷ ¯®â®ªã. �®¢­÷è­÷ §¡ãà¥­­ï ¢¨ª«¨ª îâì ¢÷¤å¨«¥­­ï ¢¨å®à  ¢÷¤ ©®£® áâ æ÷®­ à-­®£® ¯®«®¦¥­­ï â  àãå ¯® ¯¥¢­÷© § ¬ª­ãâ÷© âà ¥ªâ®à÷ù. � «¥¦­÷áâì ¢¥«¨ç¨­¨ ¬ ªá¨¬ «ì­®£® §  ¯¥à÷®¤ ¢÷¤å¨«¥­­ï¢¨å®à  ¢÷¤ ç áâ®â¨ §®¢­÷è­÷å §¡ãà¥­ì ¬ õ à¥§®­ ­á­¨© å à ªâ¥à. �÷§ª¥ §¡÷«ìè¥­­ï  ¬¯«÷âã¤¨ §¡ãà¥­¨å àãå÷¢ ¢¨-å®à  ¯à¨ ­ ¡«¨¦¥­­÷ ç áâ®â¨ §¡ãà¥­ì ¤® ¢« á­®ù ç áâ®â¨ ¢¨å®à  ¢¥¤¥ ¤® ÷­â¥­á¨ä÷ª æ÷ù ¯à®æ¥á÷¢ ¯¥à¥¬÷èã¢ ­­ï ÷å ®â¨§ æ÷ù â¥ç÷ù ¢ «®ª «ì­¨å ¢÷¤à¨¢­¨å §®­ å, é® ä®à¬ãîâìáï áâ®ïç¨¬¨ ¢¨å®à ¬¨.� à ¬ª å ¯«®áª®© § ¤ ç¨ à áá¬®âà¥­ë ¢®§¬®¦­®áâ¨ ä®à¬¨à®¢ ­¨ï ªàã¯­ëå áâ æ¨®­ à­ëå ¢¨åà¥© ¯à¨ ®¡â¥ª ­¨¨ã£«®¢®© ®¡« áâ¨ ¨ ã£«ã¡«¥­¨ï (ªàã£®¢®© «ã­ª¨). �á¯®«ì§®¢ ­  ¬®¤¥«ì ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨. �«ï ¯®-áâà®¥­¨ï ¯®â¥­æ¨ «  áª®à®áâ¨ ä¨§¨ç¥áª ï ®¡« áâì â¥ç¥­¨ï ª®­ä®à¬­® ®â®¡à ¦ ¥âáï ­  ¯®«ã¯«®áª®áâì. �®«ãç¥­ë§ ¢¨á¨¬®áâ¨ ¤«ï ¨­â¥­á¨¢­®áâ¨ áâ æ¨®­ à­®£® ¢¨åàï ¨ ¥£® ª®®à¤¨­ â ®â £¥®¬¥âà¨ç¥áª¨å ¯ à ¬¥âà®¢, å à ªâ¥à¨-§ãîé¨å ®¡« áâì â¥ç¥­¨ï. �®ª § ­®, çâ® áâ æ¨®­ à­ë© ¢¨åàì ®¡« ¤ ¥â á®¡áâ¢¥­­®© ç áâ®â®©. �­  á®®â¢¥âáâ¢ã¥âç áâ®â¥ ¯à¥æ¥áá¨¨ ¢¨åàï ¢®ªàã£ áâ æ¨®­ à­®© â®çª¨ ¯à¨ ¬ «®¬ ¢®§¬ãé¥­¨¨ ¥£® ¯®«®¦¥­¨ï ¢ ¯®â®ª¥. � «¨ç¨¥á®¡áâ¢¥­­®© ç áâ®âë ¯à®ï¢«ï¥âáï ¢ ¨§¡¨à â¥«ì­®© à¥ ªæ¨¨ áâ æ¨®­ à­®£® ¢¨åàï ¨ ä®à¬¨àã¥¬®© ­¨¬ «®ª «ì­®©®âàë¢­®© §®­ë ­  ¬ «ë¥ ¯¥à¨®¤¨ç¥áª¨¥ ¢®§¬ãé¥­¨ï áª®à®áâ¨ ­ ¡¥£ îé¥£® ¯®â®ª . �­¥è­¨¥ ¢®§¬ãé¥­¨ï ¢ë§ë¢ -îâ ®âª«®­¥­¨¥ ¢¨åàï ®â ¥£® áâ æ¨®­ à­®£® ¯®«®¦¥­¨ï ¨ ¤¢¨¦¥­¨¥ ¯® ­¥ª®â®à®© § ¬ª­ãâ®© âà ¥ªâ®à¨¨. �à¨ íâ®¬§ ¢¨á¨¬®áâì ¢¥«¨ç¨­ë ¬ ªá¨¬ «ì­®£® §  ¯¥à¨®¤ ®âª«®­¥­¨ï ®â ç áâ®âë ¢­¥è­¨å ¢®§¬ãé¥­¨© ­®á¨â à¥§®­ ­á­ë©å à ªâ¥à. �¥§ª®¥ ã¢¥«¨ç¥­¨¥  ¬¯«¨âã¤ë ¢®§¬ãé¥­­®£® ¤¢¨¦¥­¨ï ¢¨åàï ¯à¨ ¯à¨¡«¨¦¥­¨¨ ç áâ®âë ¢®§¬ãé¥­¨© ªá®¡áâ¢¥­­®© ç áâ®â¥ ¢¨åàï ¢¥¤¥â ª ¨­â¥­á¨ä¨ª æ¨¨ ¯à®æ¥áá®¢ ¯¥à¥¬¥è¨¢ ­¨ï ¨ å ®â¨§ æ¨¨ â¥ç¥­¨ï ¢ «®ª «ì­ëå®âàë¢­ëå §®­ å, ä®à¬¨àã¥¬ëå áâ®ïç¨¬¨ ¢¨åàï¬¨.This paper deals with a numerical simulation of behaviour of two-dimensional stationary vortices in the near-wall 
ow thatdevelops either in an angular region or within a cross groove. The model of ideal incompressible 
uid is used. The complexpotential of 
ow is determined by conformal transformation of physical area into the upper half-plane of auxiliary plane.The strength and coordinates of the stationary vortices were obtained against geometrical parameters that characterizethe 
ow area. The stationary vortex was shown to have characteristic eigenfrequency. It corresponds to the frequencyof the vortex precession about the stationary point under small departure of the vortex from its equilibrium. Due toeigenfrequency, both the stationary vortex and the local separation zone generated by that respond selectively on periodicperturbations of the free-stream velocity. These external disturbances cause departure of the vortex from its equilibrium.As a result, the vortex moves periodically along a closed trajectory of �nite amplitude. Dependence of the amplitudeof this motion on the frequency of external perturbations is resonant one. When the frequency of external perturbationis near the vortex eigenfrequency, the amplitude of the vortex motion increases abruptly that leads to intensi�cation ofmixing as well as to chaotization of motion in the local circulation zones generated by stationary vortices.������¨åà®¢  áâàãªâãà  â¥ç÷ù, ùù ¢« áâ¨¢®áâ÷, áâ÷©-ª÷áâì, ª÷­¥¬ â¨ç­÷ â  ¤¨­ ¬÷ç­÷ å à ªâ¥à¨áâ¨ª¨ õ¢¨§­ ç «ì­¨¬¨ ä ªâ®à ¬¨ ¯à¨ à®¡®â÷ ¡÷«ìè®áâ÷ ¯ à â÷¢, é® àãå îâìáï ¢ ¢®¤÷  ¡® ¯®¢÷âà÷,   â -ª®¦ £÷¤à ¢«÷ç­¨å á¨áâ¥¬. � ¯à®¡«¥¬ ¬¨ ®¯â¨¬ «ì-­®ù âà ­áä®à¬ æ÷ù ¢¨åà®¢®ù áâàãªâãà¨ â¥ç÷ù â÷á­®¯®¢'ï§ ­¥ ¢¨à÷è¥­­ï æ÷«®£® àï¤ã ¯à ªâ¨ç­¨å ÷­¦¥-­¥à­¨å § ¤ ç. �ä¥ªâ¨¢­¨¬ § á®¡®¬, é® ¤®§¢®«ïõ÷áâ®â­® §¬÷­¨â¨ ïª ¢¨åà®¢ã áâàãªâãàã ¯®â®ªã, â ª÷ ª àâ¨­ã â¥ç÷ù ¢ æ÷«®¬ã, õ èâãç­¨© ¢÷¤à¨¢ ÷ ä®à-¬ã¢ ­­ï «®ª «ì­¨å ¢÷¤à¨¢­¨å §®­. �¨á¥«ì­÷ ¯à¨-ª« ¤¨ ãá¯÷è­®£® ¢¨ª®à¨áâ ­­ï èâãç­®£® ¢÷¤à¨¢ã
¬®¦­  §­ ©â¨ ¢ à®¡®â å [1 { 6]. �âãç­¨© ¢÷¤à¨¢¯®â®ªã ¬®¦­  à®§£«ï¤ â¨ ïª ®¤¨­ ÷§ ¬®¦«¨¢¨åè«ïå÷¢ à¥£ã«ïà¨§ æ÷ù ¯à¨áâ÷­­¨å â¥ç÷© ¯à¨ ¢¨á®-ª¨å ç¨á« å �¥©­®«ì¤á . �¥à¥å÷¤ ¢÷¤ âãà¡ã«¥­â-­®ù ¯à¨áâ÷­­®ù â¥ç÷ù § å ®â¨ç­¨¬ àãå®¬ ¤à÷¡­¨å¢¨åà®¢¨å ãâ¢®à¥­ì ¤® à¥£ã«ïà­®ù ªàã¯­®¬ áèâ ¡-­®ù ¢¨åà®¢®ù áâàãªâãà¨ ¬®¦¥ ¯à¨¢¥áâ¨ ¤® §­¨¦¥­-­ï ¥­¥à£®®¡¬÷­ã ¬÷¦ ¯®â®ª®¬ ÷ ¯®¢¥àå­¥î, é® ®¡-â÷ª õâìáï, §®ªà¥¬ , ¤® §¬¥­è¥­­ï £÷¤à®¤¨­ ¬÷ç­®-£® ®¯®àã [3, 4].�«ï ãâ¢®à¥­­ï ¢¨å®à÷¢ ¢¥«¨ª®£® ¬ áèâ ¡ã ¢ ¯à¨-áâ÷­­÷© â¥ç÷ù ¬®¦ãâì ¢¨ª®à¨áâ®¢ã¢ â¨áì èâãç­÷­¥à÷¢­®áâ÷ ¯®¢¥àå­÷: ¢¨áâã¯¨, § £«¨¡«¥­­ï, à¥¡à ,¢¨åà®¢÷ ª ¬¥à¨ ÷ â.¯. [2 { 4]. �÷ ¢¨å®à¨ ¬®-4 c
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ISSN 0387 -4086 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 1. �. 4 { 11¦ãâì ¡ãâ¨ ïª ­¥àãå®¬¨¬¨ (áâ®ïç¨¬¨), â ª ÷ àã-å â¨áì à÷¢­®¬÷à­® ¯®¡«¨§ã áâ÷­ª¨. �®«®¢­®î ¢¨-¬®£®î ¤® áâ¢®àî¢ ­¨å ¢¨åà®¢¨å áâàãªâãà õ ùåáâ÷©ª÷áâì ¢÷¤­®á­® ¬ «¨å §¡ãà¥­ì §®¢­÷è­ì®£® ¯®-â®ªã [7]. �  ¦ «ì, ¥ªá¯¥à¨¬¥­â¨ á¢÷¤ç âì ¯à® ¢¨-á®ªã çãâ«¨¢÷áâì â¥ç÷ù ¢ «®ª «ì­¨å ¢÷¤à¨¢­¨å §®-­ å ¤® ¬ «¨å §¡ãà¥­ì è¢¨¤ª®áâ÷ ®¡â÷ª ­­ï [4]. ö§§¡÷«ìè¥­­ï¬ ç¨á«  �¥©­®«ì¤á  æï çãâ«¨¢÷áâì §à®-áâ õ. �®¤ «ìè¨© ¯à®£à¥á ¢ à®§¢¨âªã  «£®à¨â¬÷¢ã¯à ¢«÷­­ï ¯à¨áâ÷­­¨¬¨ â¥ç÷ï¬¨ ¯®¢'ï§ãõâìáï, §®-ªà¥¬ , § ¤®á«÷¤¦¥­­ï¬¨ ¤¨­ ¬÷ç­¨å ¢« áâ¨¢®áâ¥©¢¨åà®¢¨å ãâ¢®à¥­ì à÷§­¨å ¬ áèâ ¡÷¢ â  ¯à¨à®¤¨ùå ­¥áâ ¡÷«ì­®ù å ®â¨ç­®ù ¯®¢¥¤÷­ª¨.�â¢®à¥­­ï ¢¨å®à÷¢ ¢ ¯à¨áâ÷­­¨å â¥ç÷ïå õ ®¤-­¨¬ § ¯à®ï¢÷¢ á¨« ¢'ï§ª®ù ¢§ õ¬®¤÷ù. �­ «÷§ ¯à®-æ¥á÷¢ £¥­¥à æ÷ù â  ¤¨äã§÷ù ¢¨å®à÷¢ ¢¨¬ £ õ à®§¢¨â-ªã áª« ¤­¨å ç¨á¥«ì­¨å  «£®à¨â¬÷¢ â  ¬®¤¥«¥©, é®£àã­âãîâìáï ­  à÷¢­ï­­ïå � ¢'õ-�â®ªá . � ÷­-è®£® ¡®ªã, ¤¨­ ¬÷ç­÷ ¢« áâ¨¢®áâ÷ ¢¨å®à÷¢ ¢ ¯à¨-áâ÷­­÷© ®¡« áâ÷, áâ÷©ª÷áâì, ®á®¡«¨¢®áâ÷ ¢§ õ¬®¤÷ù¢¨å®à÷¢ ¬÷¦ á®¡®î â  § £à ­¨æ¥î ¬®¦ãâì ¡ãâ¨¯à® ­ «÷§®¢ ­÷ ¢ à ¬ª å ¬®¤¥«÷ ÷¤¥ «ì­®ù à÷¤¨­¨.�­ ç­÷ ãá¯÷å¨ ã ¢¨¢ç¥­­÷ ¤¨­ ¬÷ª¨ á¨áâ¥¬ ¢¨å®à÷¢[8 { 10] ¯à¨¢¥«¨ ¤® ¯¥¢­®£® à®§ã¬÷­­ï ¯à¨à®¤¨ å -®â¨§ æ÷ù ¯®â®ª÷¢ à÷¤¨­¨. �¨ï¢«¥­÷ ®áâ ­­÷¬ ç -á®¬ § ª®­®¬÷à­®áâ÷ àãåã ¢¨å®à÷¢ ÷ ç áâ¨­®ª à÷¤¨-­¨ ¤®§¢®«¨«¨ ¢÷¤­ ©â¨ ­®¢÷ ¯÷¤å®¤¨ ¤® à®§¢'ï§ ­­ï¤¥ïª¨å ¯à ªâ¨ç­¨å § ¤ ç, §®ªà¥¬  ¯®¢'ï§ ­¨å §÷áâ¢®à¥­­ï¬ á¨áâ¥¬ ã¯à ¢«÷­­ï ¯®â®ª ¬¨ [11{ 13].�à¥¡  ¢÷¤§­ ç¨â¨, é® ®¤­÷õî § ¯¥à¥¢ £ ¬®¤¥«¥©¢¨åà®¢®ù ¤¨­ ¬÷ª¨, ïª÷ ¡ã¤ãîâìáï ¡¥§ ¢à åã¢ ­­ï¢'ï§ª¨å ¥ä¥ªâ÷¢, õ ùå ¢÷¤­®á­  ¯à®áâ®â . �¥ ÷ ¤ õ¬®¦«¨¢÷áâì ¢¨ª®à¨áâ®¢ã¢ â¨ ùå ¤«ï ¯®¡ã¤®¢¨  «-£®à¨â¬÷¢ ã¯à ¢«÷­­ï áâàãªâãà®î ¯à¨áâ÷­­¨å ¯®-â®ª÷¢ [11{ 13].�®á«÷¤¦¥­­ï ¤¨­ ¬÷ç­®ù ¯®¢¥¤÷­ª¨ ¢¨å®à÷¢ ¯®-¡«¨§ã ­¥à÷¢­®áâ¥© £à ­¨æ÷ ¯à®¢¥¤¥­÷ ¢ à®¡®â å[14{ 16]. �à®æ¥á¨ ä®à¬ã¢ ­­ï áâ®ïç¨å ¢¨å®à÷¢÷ áâ æ÷®­ à­¨å ¢÷¤à¨¢­¨å §®­,   â ª®¦ ùå ¢¯«¨¢ ­ à®§¢¨â®ª â¥ç÷ù ¢ ¤¨äã§®à å ¡ã«¨ à®§£«ï­ãâ÷ �÷­-£«¥¡®¬ [7]. � ¤ ­÷© à®¡®â÷ ¯à®¢¥¤¥­®  ­ «÷§ ¤¨-­ ¬÷ç­¨å ¢« áâ¨¢®áâ¥© áâ®ïç¨å ¢¨å®à÷¢, é® à®§-â è®¢ ­÷ ¢ ªãâ®¢÷© ®¡« áâ÷ â  ¯à¨ ®¡â÷ª ­­÷ § -£«¨¡«¥­­ï.1. �������ö ����������®§£«ï¤ õâìáï àãå ¢¨åà®¢¨å ­¨â®ª ¢ ¯®â®æ÷ ÷¤¥- «ì­®ù ­¥áâ¨á«¨¢®ù à÷¤¨­¨ ¯®¡«¨§ã £à ­¨æ÷ áª« ¤-­®ù ä®à¬¨. �¡¬¥¦¨¬®áì  ­ «÷§®¬ ¯«®áª®ù § ¤ ç÷,é® ¤®§¢®«ïõ ¢¨ª®à¨áâ â¨ ¤«ï ¯®¡ã¤®¢¨ à®§¢'ï§ªã¬¥â®¤¨ ª®­ä®à¬­¨å ¢÷¤®¡à ¦¥­ì.�  ¤®¯®¬®£®î ¬®¤¥«÷ â®çª®¢¨å á¨­£ã«ïà­¨å ¢¨-å®à÷¢ ¬®¦­  ­ ¡«¨¦¥­® ®¯¨á â¨ ¯®¢¥¤÷­ªã ÷ ¤¥-

ïª÷ ¢« áâ¨¢®áâ÷ «®ª «ì­¨å ¢÷¤à¨¢­¨å §®­ â  ÷­è¨åáâàãªâãà, ¢ ïª¨å § ¢¨åà¥­÷áâì à®§¯®¤÷«¥­  ­¥¯¥-à¥à¢­®. �à¨ æì®¬ã ¢¨å®à à®§â è®¢ãõâìáï ¢ æ¥­-âà÷ § ¢¨åà¥­®áâ÷,   ©®£® æ¨àªã«ïæ÷ï ¯à¨©¬ õâì-áï à÷¢­®î ÷­â¥£à «ì­÷© ÷­â¥­á¨¢­®áâ÷ § ¢¨åà¥­®áâ÷¢ ®¡« áâ÷. �¥ ¤®§¢®«ïõ ÷áâ®â­® á¯à®áâ¨â¨ ¤®-á«÷¤¦¥­­ï £÷¤à®¤¨­ ¬÷ç­¨å ¯®«÷¢ ÷ §¢¥áâ¨ § ¤ çã¤®  ­ «÷§ã àãåã â®çª®¢¨å ¢¨å®à÷¢, é® ®¯¨áãõâìáïá¨áâ¥¬®î ­¥«÷­÷©­¨å à÷¢­ï­ìdxvdt = vx(xv; yv; t) ; dyvdt = vy(xv; yv; t): (1)� ¢¨¯ ¤ªã, ª®«¨ è¢¨¤ª÷áâì ¯®â®ªã ­¥ §¬÷­îõâìáï§ ç á®¬, á¨áâ¥¬  (1) õ  ¢â®­®¬­®î.�«ï  ­ «÷§ã à®§¢'ï§ª÷¢ æ÷õù á¨áâ¥¬¨ ¬®¦¥ ¡ãâ¨¢¨ª®à¨áâ ­  â¥®à÷ï ªà¨â¨ç­¨å â®ç®ª [18, 19], ïª÷¢ ­ è®¬ã ¢¨¯ ¤ªã ¢÷¤¯®¢÷¤ îâì ¯®«®¦¥­­ï¬ à÷¢-­®¢ £¨ ¢¨å®à  ¢ ¯®â®æ÷: vx = 0; vy = 0. � § «¥¦-­®áâ÷ ¢÷¤ ¢¥«¨ç¨­¨ â  §­ ªã ¤¨¢¥à£¥­æ÷ù ÷ �ª®¡÷ ­ � = @vx=@x+ @vy=@y,J = (@vx=@x)(@vy=@y) � (@vx=@y)(@vy=@x)ªà¨â¨ç­  â®çª  ¬®¦¥ ¡ãâ¨ á÷¤«®¬ (J < 0), ¢ã-§«®¬ (J < ��2=4)  ¡® ä®ªãá®¬ (J > ��2=4).�à¨ æì®¬ã, ä®ªãá¨ ÷ ¢ã§«¨ ¬®¦ãâì ¡ãâ¨ áâ÷©ª¨¬¨(� < 0)  ¡® ­¥áâ÷©ª¨¬¨ (� > 0).�ªé® á¨áâ¥¬  (1) ª®­á¥à¢ â¨¢­  � = 0, ªà¨â¨ç-­  â®çª  ¬®¦¥ ¡ãâ¨  ¡® ­¥áâ÷©ª®î £÷¯¥à¡®«÷ç­®î(J < 0)  ¡® ¥«÷¯â¨ç­®î (J > 0). � ®áâ ­ì®¬ã ¢¨-¯ ¤ªã ¢¨å®à, ïª¨© §­ å®¤¨âìáï ¢ ¬ «®¬ã ®ª®«÷ ªà¨-â¨ç­®ù â®çª¨, àãå õâìáï ­ ¢ª®«® ­¥ù ¯® § ¬ª­ãâ÷©âà õªâ®à÷ù § ç áâ®â®î !0 = pJ . �¨ ¯®ª ¦¥¬®¤ «÷, é® ¢« á­  ç áâ®â  ¢¨å®à  !0 õ â ª®î ¦ ©®£®¢ ¦«¨¢®î å à ªâ¥à¨áâ¨ª®î, ïª æ¨àªã«ïæ÷ï â  ª®-®à¤¨­ â¨ áâ æ÷®­ à­¨å â®ç®ª. �÷¤ ­¥ù ÷áâ®â­® § -«¥¦¨âì ¤¨­ ¬÷ç­  à¥ ªæ÷ï ¢¨å®à  ­  ¯à¨áãâ­÷áâìã ¯®â®æ÷ ¬ «¨å §¡ãà¥­ì.�ã¤¥¬® à®§£«ï¤ â¨ àãå ¢¨å®à  ÷­â¥­á¨¢­®áâ÷ � ¢¯®â®æ÷ § ª®¬¯«¥ªá­¨¬ ¯®â¥­æ÷ «®¬ �(z). �«ï ¯®¡ã-¤®¢¨ à®§¢'ï§ªã ä÷§¨ç­  ¯«®é¨­  ª®¬¯«¥ªá­®ù §¬÷­-­®ù z(x; y) ¢÷¤®¡à ¦ õâìáï ­  ¢¥àå­î ¯÷¢¯«®é¨­ã¤®¯®¬÷¦­®ù ¯«®é¨­¨ �(�; �), ¤¥ ¯®â¥­æ÷ « ¢¨å®à §­ å®¤¨âìáï ¬¥â®¤®¬ ¤§¥àª «ì­¨å ¢÷¤®¡à ¦¥­ì:�(�) = �0(�) + �2�i ln � � �v� � �v ; (2)� = f(z).�ãâ zv; �v { ª®¬¯«¥ªá­÷ ª®®à¤¨­ â¨ ¢¨å®à  ¢ ¯«®-é¨­ å z ÷ �.�÷¢­ï­­ï ¤«ï è¢¨¤ª®áâ÷ ¢¨å®à  ¢ ä÷§¨ç­÷© ¯«®-�. �. �®à¡ ­ì, ö. �. �®à¡ ­ì 5



ISSN 0387 -4086 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 1. �. 4 { 11é¨­÷ ¬ õ ­ áâã¯­¨© ¢¨£«ï¤:V0 = V0x � iV0y = dxvdt � idyvdt == �d�0d� + �4��v�d�dz ����=�v+ �4�i�d2�dz2.d�dz�����=�v :(3)� à ¬¥âà¨ áâ æ÷®­ à­®£® ( ¡® áâ®ïç®£®) ¢¨å®-à  �0; z0 (x0; y0) ¢¨§­ ç îâìáï ÷§ ã¬®¢¨ à÷¢­®¢ -£¨ ¢¨å®à  ¢ ¯®â®æ÷:V0���z=z0= 0 ; (4)ïª  ¬®¦¥ ¡ãâ¨ § ¯¨á ­  ã ¢¨£«ï¤÷�d�0d� ����=�0+ �04��0�h� d�dz�2. d2�dz2i����=�0� i�04� = 0:(5)�¨¤÷«ïîç¨ ¤÷©á­ã â  ãï¢­ã ç áâ¨­¨ (5), ®¤¥à-¦ãõ¬® á¨áâ¥¬ã ­¥«÷­÷©­¨å à÷¢­ï­ì. �ªé® £à ­¨æï®¡« áâ÷ â¥ç÷ù ¬ õ £®áâà÷ ªà®¬ª¨, æî á¨áâ¥¬ã ­¥®¡-å÷¤­® ¤®¯®¢­¨â¨ ¢÷¤¯®¢÷¤­¨¬¨ à÷¢­ï­­ï¬¨, é® ¢¨-¯«¨¢ îâì ÷§ ã¬®¢ �ãââ -�ãª®¢áìª®£®.2. ������� ����� � �����ö� ������ö�®¦«¨¢÷áâì ÷á­ã¢ ­­ï áâ æ÷®­ à­¨å â®ç®ª â ¯¥à÷®¤¨ç­¨å à¥¦¨¬÷¢ àãåã ¢¨å®à÷¢ ¢ ùå ®ª®«÷à ­÷è¥ ¡ã«  ¯®ª § ­  ¢ à®¡®â å [15, 16] ç¨á¥«ì-­¨¬¨ ¬¥â®¤ ¬¨. � ¯à®áâ¨å ¢¨¯ ¤ª å, §®ªà¥¬ ¤«ï ªãâ®¢®ù ®¡« áâ÷, ¯ à ¬¥âà¨ áâ®ïç®£® ¢¨å®à ¬®¦­  ¢¨§­ ç¨â¨  ­ «÷â¨ç­®. �«ï ¯àï¬®£® ªãâ  ­ «÷§ ¯¥à÷®¤¨ç­¨å àãå÷¢ ¢¨å®à  â  à÷¤¨­¨ ¢ ªã-â®¢÷© ®¡« áâ÷ ¡ã«® ¯à®¢¥¤¥­® ¢ à®¡®â÷ [17].�®­ä®à¬­¥ ¢÷¤®¡à ¦¥­­ï ¢­ãâà÷è­®áâ÷ ªãâ  ¢¥-«¨ç¨­¨ � ­  ¯÷¢¯«®é¨­ã ¤ õ äã­ªæ÷ï � = z�=� .�ªé® §  å à ªâ¥à­¨© «÷­÷©­¨© à®§¬÷à ¢¨¡à â¨ ¢÷¤-áâ ­ì ¬÷¦ áâ æ÷®­ à­¨¬ ¯®«®¦¥­­ï¬ ¢¨å®à  â ¢¥àè¨­®î ªãâ ,   ¤«ï ¯®â¥­æ÷ «ã �0 ¢¨ª®à¨áâ -â¨ ¢¨à § �0 = �, â® ¬®¦­  ®¤¥à¦ â¨ à÷¢­ï­­ïàãåã ¢¨å®à  ¢ ªãâ®¢÷© ®¡« áâ÷ ¢ ¢¨£«ï¤÷dxvdt = � �4� sin 
' � 1�
 cos'(
 � 1)� �4�yv;dyvdt = �1� �4� sin
'�
 sin'(
 � 1) + �4�xv; (6)' = arctg yvxv , 
 = �� .�à¨à÷¢­îîç¨ ¯à ¢ã ç áâ¨­ã à÷¢­ï­ì ¤® ­ã«ï,®¤¥à¦¨¬® §­ ç¥­­ï æ¨àªã«ïæ÷ù ÷ ª®®à¤¨­ â áâ®ï-ç®£® ¢¨å®à :�0 = 
, x0 = cos(�=2); y0 = sin(�=2).

�  à¨á. 1, 2 ¯®ª § ­÷ ª àâ¨­  «÷­÷© â¥ç÷ù ¢ªãâ®¢÷© ®¡« áâ÷ § æ¨àªã«ïæ÷©­®î §®­®î, é® £¥-­¥àãõâìáï áâ®ïç¨¬ ¢¨å®à®¬, â  ä §®¢¨© ¯®àâà¥âàãå÷¢ ¢¨å®à . �áâ ­­÷© ï¢«ïõ á®¡®î ¬®¦«¨¢÷âà õªâ®à÷ù ¢¨å®à  § æ¨àªã«ïæ÷õî �0 ¯à¨ §¬÷­÷ ©®£®¯®ç âª®¢®£® ¯®«®¦¥­­ï. �à¨ ­ ¡«¨¦¥­­÷ ¯®ç â-ª®¢®£® ¯®«®¦¥­­ï ¤® áâ æ÷®­ à­®ù â®çª¨ ç áâ®â ¯à¥æ¥á÷ù ¢¨å®à  ¯àï¬ãõ ¤® ¢« á­®ù ç áâ®â¨ !0. � à¨á. 3 ­ ¢¥¤¥­÷ § «¥¦­®áâ÷ æ¨àªã«ïæ÷ù â  ¢« á­®ùç áâ®â¨ áâ®ïç®£® ¢¨å®à  ¢÷¤ ¢¥«¨ç¨­¨ ªãâ  �.�« á­  ç áâ®â  ¢¨å®à  !0 õ ¢ ¦«¨¢®î å à ªâ¥-à¨áâ¨ª®î ¤«ï  ­ «÷§ã ¯®¢¥¤÷­ª¨ ¢¨å®à  ¢ ¯®«÷ ¬ -«¨å ¯¥à÷®¤¨ç­¨å §¡ãà¥­ì §®¢­÷è­ì®£® ¯®â®ªã, ª®«¨è¢¨¤ª÷áâì â¥ç÷ù ¬ õ ¬ «ã ¯¥à÷®¤¨ç­ã áª« ¤®¢ã:U = U� (1 + a sin
t) ; U� = d�0dz ; a� 1 ; (7)¤¥ a, 
 {  ¬¯«÷âã¤  ÷ ç áâ®â  §¡ãà¥­ì ¢÷¤¯®¢÷¤­®.�«ï ÷­â¥£àã¢ ­­ï á¨áâ¥¬¨ à÷¢­ï­ì (6) â  à®§-à åã­ªã âà õªâ®à÷© ¢¨å®à  ¢¨ª®à¨áâ®¢ã¢ ¢áï ç¨-á¥«ì­¨© ¬¥â®¤ �ã­£¥{�ãââ . � ¯®ç âª®¢¨© ¬®-¬¥­â ç áã t = 0 ¢¨å®à æ¨àªã«ïæ÷ù �0 à®§â è®¢ã-¢ ¢áï ¢ áâ æ÷®­ à­÷© â®çæ÷ (x0; y0). �®§à åã­ª¨¯®ª § «¨, é® ¯à¨ ¬ «¨å §¡ãà¥­­ïå è¢¨¤ª®áâ÷ â¥ç÷ù¯® § ª®­ã (7) ¢¨å®à àãå õâìáï ¯¥à÷®¤¨ç­® ¯® § -¬ª­ãâ¨å âà õªâ®à÷ïå ­ ¢ª®«® á¢®£® áâ æ÷®­ à­®£®¯®«®¦¥­­ï.�®à¬  âà õªâ®à÷ù ¢¨§­ ç õâìáï ç áâ®â®î §¡ã-à¥­ì 
. �ªé® 
 ÷áâ®â­® ¢÷¤à÷§­ïõâìáï ¢÷¤!0 â  áã¡£ à¬®­÷ª !0=2, 2!0, ¢¨å®à àãå õâì-áï ¯¥à÷®¤¨ç­® ¯® § ¬ª­ãâ÷© âà ¥ªâ®à÷ù ¢ ¬ «®¬ã®ª®«÷ áâ æ÷®­ à­®ù â®çª¨. �®§¬÷à¨ æì®£® ®ª®«ã¯à®¯®àæ÷©­÷  ¬¯«÷âã¤÷ §¡ãà¥­ì a. �à õªâ®à÷ï ¢¨-å®à  §­ ç­® §¬÷­îõâìáï § ­ ¡«¨¦¥­­ï¬ ç áâ®â¨§¡ãà¥­ì 
 ¤® ¢« á­®ù ç áâ®â¨ ¢¨å®à  !0 ( ¡®áã¡£ à¬®­÷ª). �ã¤¥¬® å à ªâ¥à¨§ã¢ â¨ àãå ¢¨å®-à  ©®£® ¢÷¤å¨«¥­­ï¬ ¢÷¤ áâ æ÷®­ à­®ù â®çª¨:R(t) =rhxv(t) � x0i2 + hyv(t) � y0i2:�¨á¥«ì­¨©  ­ «÷§ ¯®ª § ¢, é® ¬ «÷ §¡ãà¥­­ï ¯®â®-ªã £¥­¥àãîâì ­¨§ìª®ç áâ®â­÷ àãå¨ ¢¨å®à  § ¢¥«¨-ª¨¬¨  ¬¯«÷âã¤ ¬¨ RmaxRmax = maxfR(t) ��� t = (0;1) g ,é® ¯®¢'ï§ ­¥ § ­¥«÷­÷©­®î ¯à¨à®¤®î à÷¢­ï­ì ¤¨-­ ¬÷ª¨ ¢¨å®à  ¢ ¯à¨áâ÷­­© ®¡« áâ÷. � «¥¦­÷áâì¬ ªá¨¬ «ì­®£® ¢÷¤å¨«¥­­ï ¢¨å®à  ¢÷¤ áâ æ÷®­ à­®ùâ®çª¨ Rmax ¢÷¤ ç áâ®â¨ §¡ãà¥­ì 
 ¬ õ à¥§®­ ­á-­¨© å à ªâ¥à. �à¨ ­ ¡«¨¦¥­­÷ ç áâ®â¨ ¢¨¬ãè¥-­¨å ª®«¨¢ ­ì è¢¨¤ª®áâ÷ ¯®â®ªã 
 ¤® ¢« á­®ù ç -áâ®â¨ ¢¨å®à  !0,  ¬¯«÷âã¤  ¯à¥æ¥á÷ù ¢¨å®à , â®¡â®¬ ªá¨¬ «ì­¥ ¢÷¤å¨«¥­­ï Rmax, à÷§ª® §à®áâ õ. �®§-à å®¢ ­÷ § «¥¦­®áâ÷ Rmax(
=!0) ¤«ï à÷§­¨å §­ -ç¥­ì ªãâ  � ¯®ª § ­÷ ­  à¨á. 4. �®­¨ á¢÷¤ç âì, é®6 �. �. �®à¡ ­ì, ö. �. �®à¡ ­ì
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�¨á. 1. � àâ¨­  â¥ç÷ù ¯à¨ ®¡â÷ª ­­÷ ¢¨å®à ¢ ªãâ®¢÷© ®¡« áâ÷, � = �=2 �¨á. 2. � §®¢¨© ¯®àâà¥â ¬®¦«¨¢¨å àãå÷¢ ¢¨å®à ¢ ªãâ®¢÷© ®¡« áâ÷, � = 3�=4
�¨á. 3. � «¥¦­÷áâì æ¨àªã«ïæ÷ù áâ®ïç®£® ¢¨å®à �0 (ªà¨¢  1) â  ¢« á­®ù ç áâ®â¨ !0 (ªà¨¢  2)¢÷¤ ¢¥«¨ç¨­¨ ªãâ  � �¨á. 4. � «¥¦­÷áâì ¬ ªá¨¬ «ì­®£® ¢÷¤å¨«¥­­ï¢¨å®à  ¢÷¤ áâ æ÷®­ à­®ù â®çª¨ Rmax ¢ ªãâ®¢i©®¡« áâi ¢÷¤ ¢i¤­®á­®ù ç áâ®â¨ §¡ãà¥­ì 
=!0 :a = 0:01; 1� � = 3�=4 ; 2�� = �=2 ; 3�� = �=3à¥§®­ ­á­÷ ¢« áâ¨¢®áâ÷ ¢¨å®à  ¯à®ï¢«ïîâìáï ­ ©-¡÷«ìè à÷§ª® ¤«ï ¢¨¯ ¤ªã âã¯¨å ªãâ÷¢.� «÷ §¡ãà¥­­ï ¯®â®ªã ¯à¨¢®¤ïâì ¤® ÷áâ®â­®ù÷­â¥­á¨ä¨ª æ÷ù ¯à®æ¥á÷¢ ¯¥à¥¬÷èã¢ ­­ï à÷¤¨­¨ ¢æ¨àªã«ïæ÷©­÷© §®­÷. �à¨ ¢÷¤áãâ­®áâ÷ §¡ãà¥­ì ç -áâ¨­ª¨ à÷¤¨­¨ ¢ æ¨àªã«ïæ÷©­÷© §®­÷ àãå îâìáï¯¥à÷®¤¨ç­® ­ ¢ª®«® ¢¨å®à  ¯® § ¬ª­ãâ¨¬ âà õª-â®à÷ï¬ (à¨á. 1). �à¨ ­ ï¢­®áâ÷ ¬ «¨å à¥§®­ ­á­¨å§¡ãà¥­ì è¢¨¤ª®áâ÷ ¯®â®ªã  ¤¢¥ªæ÷ï ç áâ¨­®ª à÷¤¨-­¨ ÷áâ®â­® ÷­â¥­á¨ä÷ªãõâìáï, ùå âà õªâ®à÷ù ãáª« ¤-­îîâìáï, àãå å ®â¨§ãõâìáï. �  à¨á. 5 ¯à¨¢¥¤¥­®¯¥à¥â¨­ �ã ­ª à¥ ¤«ï âà õªâ®à÷© àãåã ¢¨å®à  ÷ç áâ¨­®ª à÷¤¨­¨ ¢ ªãâ®¢÷© ®¡« áâ÷ (� = �=2) ¯à¨
 = !0; a = 0:01. �®çª¨ ¢÷¤¯®¢÷¤ îâì ¯®«®¦¥­-­ï¬ ¢¨å®à  â  ç áâ¨­ª¨ à÷¤¨­¨ ¢ ¬®¬¥­â¨ ç áã

tn = nT , ¤¥ T = 2�=
, n = 1; 2; :::. �¥§ã«ì-â â¨ à®§à åã­ª÷¢ á¢÷¤ç âì ¯à® å ®â¨§ æ÷î àãåãç áâ¨­®ª à÷¤¨­¨. �®ªà¥¬  ªà ¯ª¨, ïª÷ ¢÷¤®¡à ¦ -îâì ¬®¦«¨¢÷ ¯®«®¦¥­­ï à÷¤ª®ù ç áâ¨­ª¨, é÷«ì­®§ ¯®¢­îîâì ¯¥¢­ã ®¡« áâì. �  ¢÷¤¬÷­ã ¢÷¤ æì®£®,ªà ¯ª¨, ïª÷ ¢÷¤¯®¢÷¤ îâì ¯®«®¦¥­­ï¬ ¢¨å®à , à®§-â è®¢ ­÷ ¢§¤®¢¦ § ¬ª­ãâ®ù ªà¨¢®ù, é® á¢÷¤ç¨âì¯à® à¥£ã«ïà­¨© å à ªâ¥à àãåã ¢¨å®à  [18]. � à¨á. 6 ­ ¢¥¤¥­® ¯¥à¥â¨­ �ã ­ª à¥ ¤«ï âà õªâ®à÷©¤¢®å ¢¨å®à÷¢ ¢ ¯®â®æ÷ § à¥§®­ ­á­¨¬¨ §¡ãà¥­­ï¬¨.�¥àè¨© § ­¨å õ áâ®ïç¨¬: ©®£® æ¨àªã«ïæ÷ï ¤®à÷¢-­îõ �0 ÷ ¢ ¯®ç âª®¢¨© ¬®¬¥­â ç áã ¢÷­ à®§â è®¢ -­¨© ¢ áâ æ÷®­ à­÷© â®çæ÷ (x0; y0). �àã£¨© ¢¨å®à §¬ «®î æ¨àªã«ïæ÷õî �0=20 àãå õâìáï ­ ¢ª®«® ¯¥à-è®£®. �¥¯¥à ªà ¯ª¨, ïª÷ ¢÷¤¯®¢÷¤ îâì ¯®«®¦¥­­ï¬�. �. �®à¡ ­ì, ö. �. �®à¡ ­ì 7
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�¨á. 5. �¥à¥â¨­ �ã ­ª à¥ âà õªâ®à÷© àãåã ¢¨-å®à  ÷ ç áâ¨­®ª à÷¤¨­¨ ¢ ªãâ®¢÷© ®¡« áâ÷ ¯à¨­ ï¢­®áâ÷ ¢ ¯®â®æ÷ ¬ «¨å à¥§®­ ­á­¨å §¡ãà¥­ì:a = 0:01 ; � = �=2 �¨á. 6. �¥à¥â¨­ �ã ­ª à¥ âà õªâ®à÷© àãåã ¤¢®å¢¨å®à÷¢ à÷§­®ù ÷­â¥­á¨¢­®áâ÷ ¢ ªãâ®¢÷© ®¡« áâ÷:�1 = �0; �2 = �0=20 ; � = �=2áâ®ïç®£® ¢¨å®à  ¢ ¬®¬¥­â¨ ç áã tn = nT , § -¯®¢­îîâì ª÷«ìæ¥ ¯¥¢­®ù â®¢é¨­¨. �  æ÷© ¯÷¤áâ ¢÷¬®¦­  áâ¢¥à¤¦ã¢ â¨, é® ¯à¨ ­ ï¢­®áâ÷ ¢ §¡ãà¥­®-¬ã ¯®â®æ÷ ¬ «¨å ¢¨å®à÷¢ ¢÷¤¡ã¢ õâìáï ãáª« ¤­¥­­ïâà õªâ®à÷© ÷ å ®â¨§ æ÷ï àãåã ­¥ «¨è¥ ¤à÷¡­¨å ¢¨-å®à÷¢,   ÷ ¢¥«¨ª®£® ¢¨å®à , ïª¨© £¥­¥àãõ ¢÷¤à¨¢­ãæ¨àªã«ïæ÷©­ã §®­ã. � ª  ¤¨­ ¬÷ç­  ¯®¢¥¤÷­ª  áâ®-ïç®£® ¢¨å®à  õ ¢ ¦«¨¢¨¬ ä ªâ®à®¬, é® ¢¯«¨¢ õ­  à®§¢¨â®ª â¥ç÷ù ¢ æ÷«®¬ã.3. ������� ����� � ����������ö�®§£«ï¤ õâìáï ®¡â÷ª ­­ï ªàã£®¢®ù «ã­ª¨ (¯®¯¥-à¥ç­®ù ª ­ ¢ª¨), à®§â è®¢ ­®ù ­  ¯«®áª÷© ¯®¢¥àå­÷§ ãâ¢®à¥­­ï¬ «®ª «ì­®ù æ¨àªã«ïæ÷©­®ù §®­¨. � à-â¨­ã â¥ç÷ù ¯®ª § ­® ­  à¨á. 7. �®­ä®à¬­¥ ¢÷¤®-¡à ¦¥­­ï ®¡« áâ÷ â¥ç÷ù ­  ¯÷¢¯«®é¨­ã, ­¥®¡å÷¤­¥¤«ï ¯®¡ã¤®¢¨ ¯®â¥­æ÷ «ã �(z), ¤ õ äã­ªæ÷ï� = a0
 1 + �z � az + a�
1� �z � az + a�
 ; 
 = �� � � ; (8)âãâ 2a0 { å®à¤  «ã­ª¨; ªãâ � ¢¨§­ ç õ £«¨¡¨­ã«ã­ª¨ (� < 0). � «¥¦­÷áâì £«¨¡¨­¨ «ã­ª¨ ¢÷¤ ªãâ ¯®ª § ­® ­  à¨á. 8. �á÷ «÷­÷©­÷ à®§¬÷à¨ ¢÷¤­¥á¥­÷¤® ¯®«®¢¨­¨ å®à¤¨ «ã­ª¨ a0, æ¨àªã«ïæ÷ï ¢¨å®à ¢÷¤­¥á¥­  ¤® U1a0 , U1 - è¢¨¤ª÷áâì ­ ¡÷£ îç®£®¯®â®ªã.�®®à¤¨­ â¨ áâ æ÷®­ à­®ù â®çª¨ x0; y0 â  æ¨à-ªã«ïæ÷ï áâ®ïç®£® ¢¨å®à  �0 ¢¨§­ ç îâìáï ÷§ à÷¢-­ï­ì à÷¢­®¢ £¨ ¢¨å®à  ã ¯®â®æ÷ (5) ÷ ã¬®¢ �ãââ {�ãª®¢áìª®£® ¢ £®áâà¨å ªà®¬ª å £à ­¨æ÷. �ªé® ��{ â®çª  ¢ ¯«®é¨­÷ �, ­  ïªã ¢÷¤®¡à ¦ õâìáï £®áâà 

ªà®¬ª  £à ­¨æ÷ z�, â® ã¬®¢  �ãââ {�ãª®¢áìª®£®¯à® áª÷­ç¥­­÷áâì è¢¨¤ª®áâ÷ ¢ â®çæ÷ z� ¬®¦¥ ¡ãâ¨§ ¯¨á ­  ã ¢¨£«ï¤÷d�d� ����=��= 0 : (9)�¨áâ¥¬  âà ­áæ¥­¤¥­â­¨å à÷¢­ï­ì ¤«ï ¢¨§­ -ç¥­­ï ª®®à¤¨­ â â  ÷­â¥­á¨¢­®áâ÷ áâ®ïç®£® ¢¨å®-à  à®§¢'ï§ã¢ « áì ç¨á¥«ì­® § ¢¨ª®à¨áâ ­­ï¬  «£®-à¨â¬ã �à®©¤¥­ . �à®¢¥¤¥­÷ à®§à åã­ª¨ ¯®ª § «¨,é® ¢ ¯à¨áâ÷­­÷© â¥ç÷ù ­ ¤ ¯«®é¨­®î § ¯®¯¥à¥ç­®îª ­ ¢ª®î ÷á­ãõ âà¨ áâ æ÷®­ à­÷ ¯®«®¦¥­­ï ¢¨å®-à . �¢  § ­¨å à®§â è®¢ ­÷ ¯®¡«¨§ã ªà®¬®ª «ã­ª¨.�®­¨ õ ­¥áâ÷©ª¨¬¨, ÷ â®¬ã â¥ç÷ù § ¢÷¤¯®¢÷¤­®î ¢¨-åà®¢®î áâàãªâãà®î ­¥ à¥ «÷§ãîâìáï ¢ ä÷§¨ç­®¬ã¥ªá¯¥à¨¬¥­â÷. �«÷¯â¨ç­÷ áâ æ÷®­ à­÷ â®çª¨ â¨¯ãæ¥­âà  à®§â è®¢ ­÷ ¢§¤®¢¦ ¢÷á÷ «ã­ª¨ (x0 = 0).� «¥¦­÷áâì ¢¥àâ¨ª «ì­®ù ª®®à¤¨­ â¨ â ª®ù â®çª¨y0 ¢÷¤ ªãâ  �, é® å à ªâ¥à¨§ãõ £«¨¡¨­ã «ã­ª¨, ¯®-ª § ­  ­  à¨á. 8. �¢÷¤á¨ ¢¨¯«¨¢ õ ¬®¦«¨¢÷áâìä®à¬ã¢ ­­ï áâ÷©ª®ù «®ª «ì­®ù ¢÷¤à¨¢­®ù §®­¨ ­ ¤§ £«¨¡«¥­­ï¬ ¯à¨ ã¬®¢÷, é® ÷­â¥£à «ì­  ÷­â¥­á¨¢-­÷áâì § ¢¨åà¥­®áâ÷ ¢ §®­÷ ¤®à÷¢­îõ æ¨àªã«ïæ÷ù áâ®-ïç®£® ¢¨å®à  �0. �÷¤§­ ç¨¬®, é® æì®£® ¬®¦­  ¤®-áï£­ãâ¨ ­ ¢÷âì ¯à¨ ¬ «¨å £«¨¡¨­ å «ã­ª¨, ¢ â®©ç á, ª®«¨ áâ æ÷®­ à­÷ ¢¨å®à¨ ¢ ¯®â®æ÷ ­ ¤ ¯«®á-ª®î ¯®¢¥àå­¥î § ¢¦¤¨ ­¥áâ÷©ª÷. �ï ®¡áâ ¢¨­  ¬®-¦¥ ¡ãâ¨ ¢ ¦«¨¢®î ¤«ï ¯®¡ã¤®¢¨ áå¥¬ ã¯à ¢«÷­­ï¯à¨áâ÷­­¨¬¨ â¥ç÷ï¬¨ § ä®à¬ã¢ ­­ï¬ áâ÷©ª¨å «®-ª «ì­¨å æ¨àªã«ïæ÷©­¨å §®­: ¯à¨ ­ ï¢­®áâ÷ § £«¨-¡«¥­­ï ¥­¥à£®¢¨âà â¨ ­  ¢¨åà®¢¥ "§¬ é¥­­ï" ¬®-¦ãâì ¡ãâ¨ §¬¥­è¥­÷,   ¢÷¤¯®¢÷¤­÷  «£®à¨â¬¨ á¯à®-éãîâìáï.�  à¨á. 9 ­ ¢¥¤¥­® à¥§ã«ìâ â¨ à®§à åã­ª÷¢ ¤«ïæ¨àªã«ïæ÷ù áâ æ÷®­ à­¨å ¢¨å®à÷¢ �0 ÷ ¢« á­®ù ç -8 �. �. �®à¡ ­ì, ö. �. �®à¡ ­ì
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�¨á. 7. �®ª «ì­  ¢÷¤à¨¢­  §®­  i áâ®ïç¨© ¢¨å®à¯à¨ ®¡âiª ­­i § £«¨¡«¥­­ï, � = ��=2 �¨á. 8. � «¥¦­÷áâì ª®®à¤¨­ â¨ áâ®ïç®£® ¢¨å®à y0 (ªà¨¢  1 ) â  £«¨¡¨­¨ «ã­ª¨ h (ªà¨¢  2) ¢÷¤ªãâ  �
�¨á. 9. � «¥¦­÷áâì æ¨àªã«ïæ÷ù áâ®ïç®£® ¢¨å®à �0 (ªà¨¢  1) â  ©®£® ç áâ®â¨ !0 (ªà¨¢  2) ¢÷¤¢¥«¨ç¨­¨ ªãâ  �, é® å à ªâ¥à¨§ãõ £«¨¡¨­ã«ã­ª¨ �¨á. 10. � «¥¦­÷áâì ¬ ªá¨¬ «ì­®£® ¢÷¤å¨«¥­­ï¢¨å®à  ¢÷¤ áâ æ÷®­ à­®ù â®çª¨ Rmax ¢÷¤ ¢÷¤­®á­®ùç áâ®â¨ §¡ãà¥­ì 
=!0 ¯à¨ à÷§­¨å §­ ç¥­­ïå ªãâ � : 1� � = �5�; 2� � = �30�; 3� � = �150�;a = 0:01áâ®â¨ !0. �à¥¡  ¯÷¤ªà¥á«¨â¨, é® ¢­ á«÷¤®ª ¢¨-ª®­ ­­ï ã¬®¢¨ �ãââ {�ãª®¢áìª®£®, áâ®ïç¨© ¢¨-å®à §­¨¦ãõ ¤® ­ã«ï ÷­â¥­á¨¢­÷áâì ¢¨åà®¢¨å ¯¥-«¥­, ïª÷ ãâ¢®àîîâìáï ¢ £®áâà¨å ªà®¬ª å £à -­¨æ÷. �ª« ¤­÷áâì à¥ «÷§ æ÷ù â ª®ù ª àâ¨­¨ â¥ç÷ù¯®¢'ï§ ­  § ­ ï¢­÷áâî ¢« á­®ù ç áâ®â¨ !0 â  ¢¨á®-ª®î çãâ«¨¢÷áâî ¢¨å®à  ¤® §®¢­÷è­÷å ¯¥à÷®¤¨ç­¨åà¥§®­ ­á­¨å §¡ãà¥­ì, ïª÷ ¬ ©¦¥ § ¢¦¤¨ ¯à¨áãâ­÷¢ à¥ «ì­®¬ã ¯®â®æ÷. �®§à åã­ª¨ á¢÷¤ç âì ¯à® â¥,é® ¢¨å®à ¢ §¡ãà¥­®¬ã ¯®â®æ÷ àãå õâìáï ¯® ¤®á¨âìáª« ¤­¨¬ § ¬ª­ãâ¨¬ âà õªâ®à÷ï¬ ­ ¢ª®«® áâ æ÷®-­ à­®ù â®çª¨ [16]. �¥© àãå õ ¡ £ â®¯¥à÷®¤¨ç­¨¬ ÷å à ªâ¥à¨§ãõâìáï  ¬¯«÷âã¤­¨¬ ¢÷¤å¨«¥­­ï¬ ¢¨å®-à  ¢÷¤ ¯®«®¦¥­­ï à÷¢­®¢ £¨ Rmax. �÷¤§­ ç¨¬®,é® ¯à¨ ¢÷¤å¨«¥­­ïå ¢¨å®à  ¢÷¤ áâ æ÷®­ à­®ù â®ç-ª¨, ã¬®¢  �ãââ {�ãª®¢áìª®£® ­¥ ¢¨ª®­ãõâìáï. �ª

­ á«÷¤®ª, ¢ £®áâà¨å ªà®¬ª å £à ­¨æ÷ ¡ã¤ãâì £¥­¥-àã¢ â¨áì ¢¨åà®¢÷ ¯¥«¥­¨, ÷­â¥­á¨¢­÷áâì ïª¨å ¯à®-¯®àæ÷©­  ¢÷¤å¨«¥­­î Rmax. � ç á®¬, â ª÷ ¢¨åà®¢÷¯¥«¥­¨ à®§¯ ¤ îâìáï ­  ®ªà¥¬÷ §£ãáâª¨ [10, 20], ïª÷÷áâ®â­® âãà¡ã«÷§ãîâì ¯à¨áâ÷­­ã â¥ç÷î. �­ á«÷¤®ªæì®£® à÷§ª® ¯®£÷àèãõâìáï ª àâ¨­  ®¡â÷ª ­­ï, é®¯à¨§¢®¤¨âì ¤® §à®áâ ­­ï £÷¤à®¤¨­ ¬÷ç­®£® ®¯®àã.�ª ÷ à ­÷è¥ (à¨á. 4), § «¥¦­÷áâì  ¬¯«÷âã¤¨ ¢÷¤-å¨«¥­­ï ¢¨å®à  Rmax ¢÷¤ ¢÷¤­®è¥­­ï ç áâ®â¨ §¡ã-à¥­ì 
 ¤® ¢« á­®ù ç áâ®â¨ ¢¨å®à  !0 ­®á¨âìà¥§®­ ­á­¨© å à ªâ¥à (à¨á. 10, 11). �¥«¨ç¨­  à¥-§®­ ­á­¨å ¯÷ª÷¢ ¯®¬÷â­® § «¥¦¨âì ¢÷¤  ¬¯«÷âã¤¨§¡ãà¥­ì a â  £«¨¡¨­¨ «ã­ª¨ h ( ¡® ªãâ  �). �à¨a > 0; 1 ­  à¥§®­ ­á­÷© ªà¨¢÷© §'ï¢«ïîâìáï ¢â®-à¨­­÷ ¯÷ª¨ ­  ç áâ®â å ¡«¨§ìª¨å ¤® !0=2 â  2!0(à¨á. 11), é® ¯®ïá­îõâìáï ­¥«÷­÷©­¨¬ å à ªâ¥à®¬�. �. �®à¡ ­ì, ö. �. �®à¡ ­ì 9
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�¨á. 11. �¯«¨¢ i­â¥­á¨¢­®áâi §¡ãà¥­ì ­  § «¥¦-­÷áâì ¬ ªá¨¬ «ì­®£® ¢÷¤å¨«¥­­ï áâ®ïç®£® ¢¨å®à ¢ «ã­æi Rmax ¢÷¤ ç áâ®â¨ 
=!0: � = ��=6;1� a = 0:02; 2� a = 0:005 �¨á. 12. �¥à¥â¨­ �ã ­ª à¥ âà õªâ®à÷© àãåã ¤¢®å¢¨å®à÷¢ à÷§­®ù ÷­â¥­á¨¢­®áâ÷ ¢ § £«¨¡«¥­­i:�1 = �0; �2 = �0=25, a = 0:01; � = ��=3¤¨­ ¬÷ç­®ù á¨áâ¥¬¨.�¥à÷®¤¨ç­÷ §¡ãà¥­­ï è¢¨¤ª®áâ÷ ¯à¨áâ÷­­®ù â¥ç÷ù¯à¨§¢®¤ïâì â ª®¦ ¤® ÷­â¥­á¨ä÷ª æ÷ù ¯à®æ¥á÷¢ ¯¥-à¥¬÷èã¢ ­­ï à÷¤¨­¨ ¢ ®¡« áâ÷ § £«¨¡«¥­­ï. � -à ªâ¥à­®î õ §¬÷­  âà õªâ®à÷© ç áâ¨­®ª à÷¤¨­¨,ïª÷ à®§â è®¢ ­÷ ¢ §®¢­÷è­÷© ®¡« áâ÷ æ¨àªã«ïæ÷©-­®ù â¥ç÷ù, é® £¥­¥àãõâìáï áâ®ïç¨¬ ¢¨å®à®¬. �ªé®§¡ãà¥­­ï ¢÷¤áãâ­÷, â ª÷ ç áâ¨­ª÷ àãå îâìáï ¯¥à÷®-¤¨ç­®,   ùå âà õªâ®à÷ù ¬ îâì à¥£ã«ïà­¨© å à ª-â¥à. �à¨ ­ ï¢­®áâ÷ ¬ «¨å à¥§®­ ­á­¨å §¡ãà¥­ì,âà õªâ®à÷ù ç áâ¨­®ª ÷áâ®â­® ãáª« ¤­îîâìáï ÷ áâ -îâì ­¥à¥£ã«ïà­¨¬¨. �¥§ã«ìâ â¨ à®§à åã­ª÷¢ ¤«ï¯¥à¥â¨­ã �ã ª à¥ âà õªâ®à÷© àãåã ç áâ¨­®ª à÷¤¨-­¨ â  ¢¨å®à  ¢ § £«¨¡«¥­­÷  ­ «®£÷ç­÷ ¯®ª § ­¨¬­  à¨á. 5. �®çª¨, é® ¢÷¤¯®¢÷¤ îâì ¯®«®¦¥­­ï¬ ç -áâ¨­ª¨ à÷¤¨­¨ ¢ ¬®¬¥­â¨ ç áã tn = n�T , à®§â è®-¢ãîâìáï â¥¯¥à ­¥ ¢¤®¢¦ § ¬ª­ãâ®ù ªà¨¢®ù,   § ¯®¢-­îîâì ­¥¯¥à¥à¢­¨¬ ç¨­®¬ ¯¥¢­ã ®¡« áâì â¥ç÷ù.� æ¨àªã«ïæ÷©­ã â¥ç÷î, é® £¥­¥àãõâìáï ¢¨å®à®¬�0, ¡ã¤ãâì ¯®âà ¯«ïâ¨ â ª®¦ ¤à÷¡­÷ ¢¨åà®¢÷ áâàãª-âãà¨, ïª÷ ãâ¢®àîîâìáï ¢ ¯®£à ­¨ç­®¬ã è à÷ ­ ¤áâ÷­ª®î ¯¥à¥¤ § £«¨¡«¥­­ï¬. �ª ¯®ª § «¨ à®§-à åã­ª¨, ¬ «÷ à¥§®­ ­á­÷ §¡ãà¥­­ï ¯à¨¢®¤ïâì ¤®å ®â¨§ æ÷ù àãåã â ª¨å ¤à÷¡­¨å ¢¨å®à÷¢. � æì®¬ã¢¨¯ ¤ªã áâ õ ­¥à¥£ã«ïà­¨¬ ÷ àãå á ¬®£® ¢¨å®à �0. �à® æ¥ á¢÷¤ç¨âì ¢÷¤¯®¢÷¤­¨© ¯¥à¥â¨­ �ã ­ª à¥âà õªâ®à÷© áâ®ïç®£® ¢¨å®à  �0 â  ¢¨å®à  §­ ç­®¬¥­è®ù æ¨àªã«ïæ÷ù ¢ §¡ãà¥­®¬ã ¯®â®æ÷ ( 
 = !0 ),¯®ª § ­¨© ­  à¨á. 12. �¥àè¨© § ¢¨å®à÷¢ ¢ ¯®ç â-ª®¢¨© ¬®¬¥­â ç áã à®§â è®¢ ­¨© ¢ áâ æ÷®­ à­÷©â®çæ÷ xv1 = x0 ; yv1 = y0 ,   ¤àã£¨© (¤à÷¡­¨© ¢¨-å®à) { ¯®¡«¨§ã §®¢­÷è­ì®ù £à ­¨æ÷ æ¨àªã«ïæ÷©­®ùâ¥ç÷ù xv2 = x0 � 0:3 ; yv2 = y0 .

4. ���������à®¢¥¤¥­÷ ¤®á«÷¤¦¥­­ï ¯®ª § «¨, é® áâàãªâã-à  â¥ç÷ù ¯®¡«¨§ã ­¥à÷¢­®áâ÷ £à ­¨æ÷ áãââõ¢® § -«¥¦¨âì ¢÷¤ â ª¨å ùù â®¯®«®£÷ç­¨å ®á®¡«¨¢®áâ¥©,ïª ¬®¦«¨¢÷áâì ÷á­ã¢ ­­ï áâ æ÷®­ à­¨å ¢¨å®à÷¢ â â¨¯ áâ æ÷®­ à­¨å â®ç®ª. � ®ª®«÷ áâ÷©ª¨å ªà¨â¨ç-­¨å â®ç®ª ¯®â®ªã ¬®¦ãâì ä®à¬ã¢ â¨áì ªàã¯­÷ ¢¨-åà®¢÷ ãâ¢®à¥­­ï (áâ®ïç÷ ¢¨å®à¨), ïª÷ áâ ¡÷«÷§ãîâìâ¥ç÷î, § ¯®¡÷£ îç¨ ä®à¬ã¢ ­­î ÷­â¥­á¨¢­¨å ¢¨-åà®¢¨å è à÷¢ ¢ £®áâà¨å ªà®¬ª å £à ­¨æ÷.� à ªâ¥à­®î ¢« áâ¨¢÷áâî áâ®ïç¨å ¢¨å®à÷¢ õ ­ -ï¢­÷áâì ¢« á­®ù ç áâ®â¨, ¢­ á«÷¤®ª ç®£® ¢®­¨ ¢¨-¡÷àª®¢® à¥ £ãîâì ­  ¯¥à÷®¤¨ç­÷ §¡ãà¥­­ï §®¢­÷è-­ì®ù â¥ç÷ù. � «¥¦­÷áâì  ¬¯«÷âã¤¨ ¢÷¤å¨«¥­ì ¢¨å®-à  ¢÷¤­®á­® áâ æ÷®­ à­®£® ¯®«®¦¥­­ï ¢÷¤ ç áâ®â¨§®¢­÷è­¨å §¡ãà¥­ì ¬ õ à¥§®­ ­á­¨© å à ªâ¥à:  ¬-¯«÷âã¤  à÷§ª® §à®áâ õ ¯à¨ ­ ¡«¨¦¥­­÷ ç áâ®â¨ §¡ã-à¥­ì ¤® ¢« á­®ù ç áâ®â¨ ¢¨å®à .� «÷ à¥§®­ ­á­÷ §¡ãà¥­­ï ¯®â®ªã ¯®¡«¨§ã ­¥à÷¢-­®áâ÷ ¢¨ª«¨ª îâì §­ ç­ã ÷­â¥­á¨ä÷ª æ÷î ¯¥-à¥¬÷èã¢ ­­ï à÷¤¨­¨ ¢ æ¨àªã«ïæ÷©­÷© §®­÷. �®­¨á¯à¨ïîâì ãâ¢®à¥­­î ¢¨åà®¢¨å áâàãªâãà ¢ ®ª®«÷£®áâà¨å ªà®¬®ª £à ­¨æ÷, ¯à¨¢®¤ïâì ¤® å ®â¨§ æ÷ùàãåã ¤à÷¡­¨å ¢¨å®à÷¢ ÷ ­¥à¥£ã«ïà­¨å ¯ã«ìá æ÷©æ¨àªã«ïæ÷©­®ù â¥ç÷ù ¢ æ÷«®¬ã.�¤¥à¦ ­÷ à¥§ã«ìâ â¨ ¬®¦ãâì ¡ãâ¨ ª®à¨á­¨¬¨¤«ï ¯®¤ «ìè®£® à®§¢¨âªã  «£®à¨â¬÷¢ ã¯à ¢«÷­­ï¯à¨áâ÷­­¨¬¨ â¥ç÷ï¬¨.1. �e«®¢ �.A. �§ ¨¬®¤¥©áâ¢¨¥ ­¥à ¢­®¬¥à­ëå ¯®â®-ª®¢ á ¯à¥£à ¤ ¬¨.{ M.: Maè¨­®áâà®¥­¨¥, 1983.{166 á.2. �e«®¢ �.A., �¨â¢¨­®¢ �.�. � à ªâ¥à¨áâ¨ª¨ âãà¡ã-«¥­â­®£® ¯®£à ­¨ç­®£® á«®ï ­  ¯à®¤®«ì­® ®¡â¥ª ¥-¬®¬ æ¨«¨­¤à¥ ¯à¨ ­ «¨ç¨¨ ¯à¥¯ïâáâ¢¨ï // Tàã¤ë���� .{ 1987.{ N 6.{ �. 21{30.10 �. �. �®à¡ ­ì, ö. �. �®à¡ ­ì
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