
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 28 { 43��� 532.526 ����� ��������� ����������:���������� ��� ������ �� ��������� ������������ ���� ��������A. A. �������, �. ������������� �­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�� ISITEM, University of Nantes�®«ãç¥­® 20.03.99 � �¥à¥á¬®âà¥­® 18.01.2000� áá¬ âà¨¢ îâáï «®ª «ì­ë¥á¢®©áâ¢  à áâï¦¥­¨ï ¯ áá¨¢­ëå ¦¨¤ª¨å ®¡« áâ¥© á ¯à®¨§¢®«ì­ë¬¨ £à ­¨æ ¬¨ ¢ ¨§-¢¥áâ­®¬ ¯®«¥ áª®à®áâ¨. �­ «¨â¨ç¥áª®¥ à¥è¥­¨¥ ¤«ï «®ª «ì­®£® à áâï¦¥­¨ï ¯®§¢®«ï¥â ¢ë¤¥«¨âì íªá¯®­¥­æ¨ «ì­ë©ª®íää¨æ¨¥­â, ª®â®àë© ®¯¨áë¢ ¥â à áâï¦¥­¨¥ ¨áá«¥¤ã¥¬®© ®¡« áâ¨ ¨ ï¢«ï¥âáï  ­ «®£®¬ ­ ¨¡®«ìè¥£® ¯®ª § â¥«ï�ï¯ã­®¢ , ¨á¯®«ì§ã¥¬®£® ¢ å ®â¨ç¥áª®© ¤¨­ ¬¨ª¥. �â®â ª®íää¨æ¨¥­â áãé¥áâ¢ã¥â ¢® ¢á¥å à¥è¥­¨ïå; ®­ ­¥ § ¢¨á¨â®â ä®à¬ë ª®­âãà  ¨ ®¯à¥¤¥«ï¥âáï â®«ìª® £à ¤¨¥­â ¬¨ ª®¬¯®­¥­â ¯®«ï áª®à®áâ¨. �àã£®© «®ª «ì­ë© ¬¥å ­¨§¬ à -áâï¦¥­¨ï ®¯à¥¤¥«ï¥âáï ¨­â¥£à «ì­ë¬¨ å à ªâ¥à¨áâ¨ª ¬¨ ¯®â®ª  ¨ ¢¨¤®¬ à áá¬ âà¨¢ ¥¬®£® ª®­âãà . �®áâà®¥­¨¥ª àâ §­ ç¥­¨© «®ª «ì­ëå à áâï¦¥­¨© ¤«ï ä¨ªá¨à®¢ ­­ëå ¬®¬¥­â®¢ ¯®§¢®«ï¥â ­ £«ï¤­® ¯à® ­ «¨§¨à®¢ âì í¢®«î-æ¨î ®¡« áâ¥©, ¢ ª®â®àëå ¨¬¥¥â ¬¥áâ® ¨­â¥­á¨¢­®¥ à §¬¥è¨¢ ­¨¥.�à®æ¥áá ¯¥à¥¬¥è¨¢ ­¨ï à áá¬ âà¨¢ ¥âáï ­  ¯à¨¬¥à¥ § ¤ ç¨ ®¡  ¤¢¥ªæ¨¨ ¯ áá¨¢­®© ¯à¨¬¥á¨ ¢ ¯®«¥ áª®à®áâ¨,­ ¢¥¤¥­­®¬ á¨áâ¥¬®© â®ç¥ç­ëå ¢¨åà¥©, ¤¢¨¦ãé¨åáï ¯¥à¨®¤¨ç¥áª¨. �â®â à¥¦¨¬ ¢§ ¨¬®¤¥©áâ¢¨ï £¥­¥à¨àã¥â å ®â¨-ç¥áª®¥ ¤¢¨¦¥­¨¥ ¯ áá¨¢­ëå ¦¨¤ª¨å ç áâ¨æ. �®ª «ì­ë¥ ª àâë à áâï¦¥­¨ï ¯®ª §ë¢ îâ, çâ® ®¡« áâ¨ å ®â¨ç¥áª®£®¤¢¨¦¥­¨ï ¦¨¤ª¨å ç áâ¨æ ¨ ¨­â¥­á¨¢­®£® ¯¥à¥¬¥è¨¢ ­¨ï ­¥ á®¢¯ ¤ îâ. � ®â¨ç¥áª¨¥ ®¡« áâ¨ ¨¬¥îâ §®­ë á« ¡®£®¯¥à¥¬¥è¨¢ ­¨ï, ¢ ª®â®àëå ª®­âãàë ¯¥à¥­®áïâáï ¨§ ®¤­®© §®­ë ¨­â¥­á¨¢­®£® à áâï¦¥­¨ï ¢ ¤àã£ãî ¡¥§ ª ª®©-«¨¡®¤¥ä®à¬ æ¨¨.�®§£«ï¤ îâáï «®ª «ì­÷ ¢« áâ¨¢®áâ÷ à®§âï£ã ¯ á¨¢­¨å ài¤ª¨å ®¡« áâ¥© § ¤®¢÷«ì­¨¬¨ ¬¥¦ ¬¨ ã ¢÷¤®¬®¬ã ¯®«÷è¢¨¤ª®áâ÷. �­ «÷â¨ç­¨© à®§¢'ï§®ª ¤«ï «®ª «ì­®£® à®§âï£ã ¤®§¢®«ïõ ¢¨¤÷«¨â¨ ¥ªá¯®­¥­æ÷©­¨© ª®¥ä÷æ÷¥­â, é® ®¯¨áãõà®§âï£ ®¡« áâ÷, ïª  ¤®á«÷¤¦ãõâìáï ÷ õ  ­ «®£®¬ ­ ©¡÷«ìè®£® ¯®ª §­¨ªã �ï¯ã­®¢ , é® ¢¨ª®à¨áâ®¢ãõâìáï ¢ å ®â¨ç­÷©¤¨­ ¬÷æ÷. �¥© ª®¥ä÷æ÷¥­â ÷á­ãõ ¢ ãá÷å à÷è¥­­ïå; ¢÷­ ­¥ § «¥¦¨âì ¢÷¤ ä®à¬¨ ª®­âãà  ÷ ¢¨§­ ç õâìáï â÷«ìª¨ £à ¤÷õ­â -¬¨ ª®¬¯®­¥­â ¯®«ï è¢¨¤ª®áâ÷. ö­è¨© «®ª «ì­¨© ¬¥å ­÷§¬ à®§âï£ã ¢¨§­ ç õâìáï ÷­â¥£à «ì­¨¬¨ å à ªâ¥à¨áâ¨ª ¬¨áâàã¬ã ÷ ¢¨¤®¬ ª®­âãà , é® à®§£«ï¤ õâìáï. �®¡ã¤®¢  ª àâ §­ ç¥­ì «®ª «ì­¨å à®§âï£÷¢ ¤«ï ä÷ªá®¢ ­¨å ¬®¬¥­â÷¢¤®§¢®«ïõ ­ ®ç­® ¯à® ­ «÷§ã¢ â¨ ¥¢®«îæ÷î ®¡« áâ¥©, ¢ ïª¨å ¬ õ ¬÷áæ¥ ÷­â¥­á¨¢­¥ à®§¬÷èã¢ ­­ï.�à®æ¥á ¯¥à¥¬÷èã¢ ­­ï à®§£«ï¤ õâìáï ­  ¯à¨ª« ¤÷ § ¤ ç÷ ¯à®  ¤¢¥ªæiî ¯ á¨¢­®ù ¤®¬÷èª¨ ã ¯®«÷ è¢¨¤ª®áâ÷, ­ -¢¥¤¥­®¬ã á¨áâ¥¬®î â®ç¥ç­¨å ¢¨å®à÷¢, ïª÷ àãå îâìáï ¯¥ài®¤¨ç­®. �¥© à¥¦¨¬ ¢§ õ¬®¤÷ù ¢¨å®à÷¢ £¥­¥àãõ å ®â¨ç­¨©àãå ¯ á¨¢­¨å à÷¤ª¨å ç áâ®ª. �®ª «ì­÷ ª àâ¨ à®§âï£ã ¯®ª §ãîâì, é® ®¡« áâ÷ å ®â¨ç­®£® àãåã à÷¤ª¨å ç áâ®ª ÷ ÷­-â¥­á¨¢­®£® ¯¥à¥¬÷èã¢ ­­ï ­¥ á¯÷¢¯ ¤ îâì. � ®â¨ç­÷ ®¡« áâ÷ ¬ îâì §®­¨ á« ¡ª®£® ¯¥à¥¬÷èã¢ ­­ï, ¢ ïª¨å ª®­âãà¨¯¥à¥­®áïâìáï ÷§ ®¤­÷õù §®­¨ ÷­â¥­á¨¢­®£® à®§âï£ã ¢ ÷­èã ¡¥§ ¡ã¤ì-ïª®ù ¤¥ä®à¬ æ÷ù.The local stirring properties of a passive 
uid domain with arbitrary borders in known velocity �eld are discussed.Analytical solution for local stretching permits to single out an exponential coe�cient that describes stretching of thedomain studied and is analogous to the largest Lyapunov exponent used in chaotic dynamics. This coe�cient exist inall solutions; it does not depend on the shape of the contour, and is determined by the gradients of the velocity �eldcomponents only. Another local mechanism of stirring is determined by integral characteristics of the 
ow and the shapeof contour under consideration. Construction of maps for local stretching values in �xed moments allows to analyzeinformatively an evolution of regions, in which an intensive stirring takes place.The stirring process is explored in a sample of an advection problem of a passive impurity in the velocity �eld inducedby a system of point vortices moved periodically. This interaction regime generates a chaotic motion of passive 
uidparticles. Local stretching maps show that the regions of chaotic motion of 
uid particles and of intensive stirring do notcoincide. Chaotic region has a zone of weak stirring, in which contours are transported from one intensive stretching zoneto another without any deformation.1. ���������¥à¥¬¥è¨¢ ­¨¥ ¯à¥¤áâ ¢«ï¥â á®¡®© á«®¦­®¥¯à¨à®¤­®¥ ï¢«¥­¨¥, ¢ª«îç îé¥¥ à §«¨ç­ë¥ ¬¥å -­¨§¬ë, ¤¢  ¨§ ª®â®àëå ­ ¨¡®«¥¥ ¢ ¦­ë: à áâï-¦¥­¨¥ ¢ á¢ï§¨ á ­ «¨ç¨¥¬ ¯®«ï áª®à®áâ¨ ¨ ¤¨ä-äã§¨ï ¢ á¢ï§¨ á ¬®«¥ªã«ïà­ë¬ ¤¢¨¦¥­¨¥¬ [1, 2].� ®¡é¥¬ á«ãç ¥ ¯®«­®¥ ¬ â¥¬ â¨ç¥áª®¥ ®¯¨á ­¨¥ï¢«¥­¨ï ®ª §ë¢ ¥âáï á«®¦­ë¬, ¨ áâà®£®¥ à¥è¥-­¨¥ á®®â¢¥âáâ¢ãîé¥© § ¤ ç¨ á¥£®¤­ï ®âáãâáâ¢ã-¥â. �­®£¤  ¤¨ääã§¨®­­ë¬¨ íää¥ªâ ¬¨ ¬®¦­®
¯à¥­¥¡à¥çì ¨§-§  ä¨§¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¦¨¤-ª®áâ¨ ¨«¨ ¢à¥¬¥­­®£® ¬ áèâ ¡  ï¢«¥­¨ï, ¨ § ¤ ç á¢®¤¨âáï ª  ­ «¨§ã ¯à®æ¥áá  ¤¥ä®à¬ æ¨¨ ¦¨¤ª®©®¡« áâ¨ ¢ ¯®«¥ áª®à®áâ¨; ¯®«¥ áª®à®áâ¨ ¯à¥¤¯®« -£ ¥âáï § ¤ ­­ë¬  ¯à¨®à­®.� ¤ ç  ® ¤¥ä®à¬ æ¨¨ ®â¬¥ç¥­­ëå ¦¨¤ª¨å ®¡« -áâ¥©, ®¡ëç­® ¨¬¥­ã¥¬ ï ¢ «¨â¥à âãà¥ ª ª § ¤ -ç  ®¡  ¤¢¥ªæ¨¨ [1, 3], á¢®¤¨âáï ª  ­ «¨§ã âà ¥ªâ®-à¨© � £à ­¦¥¢ëå ç áâ¨æ ¦¨¤ª®áâ¨, ª®â®àë¥ ä®à-¬¨àãîâ £à ­¨æë ¨áá«¥¤ã¥¬®© ®¡« áâ¨, ¢ �©«¥à®-¢®¬ ¯®«¥ áª®à®áâ¨. � ¦¤ ï ¦¨¤ª ï ç áâ¨æ  ¬®-¦¥â âà ªâ®¢ âìáï ª ª ¯ áá¨¢­ ï ¦¨¤ª ï ç áâ¨æ ,28 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 28 { 43¨ ®á­®¢­ë¥ ãà ¢­¥­¨ï ¢ § ¤ ç¥ ¯à¥¤áâ ¢«ïîâ á®-¡®© á¨áâ¥¬ã (§ ¤ ç  �®è¨) [1,3]dxdt = V(x; t); x(0) = x0: (1)�¤¥áì x(t) { ¯®«®¦¥­¨¥ ¦¨¤ª¨å ç áâ¨æ (¬ àª¥à®¢);V(t) { ¯®«¥ áª®à®áâ¨. � ¤ «ì­¥©è¥¬ ¨áá«¥¤®¢ ­¨¥á¢®¤ïâáï ª ¨§ãç¥­¨î í¢®«îæ¨¨ ¦¨¤ª¨å ç áâ¨æ ¢â¥ç¥­¨¨. � ¦¤ ï â ª ï ç áâ¨æ  ¤¢¨¦¥âáï ¯® á¢®-¥© âà ¥ªâ®à¨¨, ¨ ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï ¬®£ãâ ¯à¥¤-áª § âì ¯®«®¦¥­¨ï ç áâ¨æë ¢ «î¡®© ¬®¬¥­â ¢à¥-¬¥­¨. �̄ ®àï¤®ç¥­­®¥ á®¥¤¨­¥­¨¥ ç áâ¨æ ¯à¨¢®-¤¨â ª ä®à¬¨à®¢ ­¨î £à ­¨æ ®¡« áâ¨ ¤«ï § ¤ ­-­®£® ¬®¬¥­â  ¢à¥¬¥­¨.�ë ®¡à é ¥¬áï ª § ¤ ç¥ ®¡  ¤¢¥ªæ¨¨ ¯ áá¨¢-­ëå ¦¨¤ª¨å ç áâ¨æ, â.¥. ª á¨âã æ¨¨, ¢ ª®â®à®©ä¨§¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ç áâ¨æ ¨ ¦¨¤ª®© áà¥-¤ë ®¤¨­ ª®¢ë¥. �â® ã¯à®é¥­¨¥ ¯®§¢®«ï¥â ¨áá«¥-¤®¢ âì ¤¥ä®à¬ æ¨î £à ­¨æ ®¡« áâ¨ ¢® ¢à¥¬¥­¨ ¨¨á¯®«ì§®¢ âì £¥®¬¥âà¨ç¥áª¨¥ ¯ à ¬¥âàë ¨áá«¥¤ã-¥¬®© ®¡« áâ¨ ¢ ª ç¥áâ¢¥ ªà¨â¥à¨ï à §¬¥è¨¢ ­¨ï.�¡é¥¯à¨­ïâ® [1, 3, 4 ¨ ááë«ª¨], ¥á«¨ ¤«¨­  ª®­âã-à®¢ ã¢¥«¨ç¨¢ ¥âáï íªá¯®­¥­æ¨ «ì­® á® ¢à¥¬¥­¥¬,¬ë ¨¬¥¥¬ å ®â¨ç¥áªãî á¨áâ¥¬ã; ¥á«¨ ¤«¨­  ª®­âã-à®¢ ã¢¥«¨ç¨¢ ¥âáï «¨­¥©­®, â®£¤  à áá¬ âà¨¢ ¥-¬ë© ¯à®æ¥áá ï¢«ï¥âáï à¥£ã«ïà­ë¬. � ¦¥ ¤«ï ¯à®-áâëå « ¬¨­ à­ëå â¥ç¥­¨© ­¥ª®â®àë¥ £¨¤à®¤¨­ -¬¨ç¥áª¨¥ á¨áâ¥¬ë ¬®£ãâ ¡ëâì ­¥¨­â¥£à¨àã¥¬ë¬¨¨ ¯à®ï¢«ïâì å ®â¨ç¥áª®¥ ¯®¢¥¤¥­¨¥, ­ ¯à¨¬¥à [1, 5- 7]. �à¥ä [3] ¯à¥¤«®¦¨« â¥à¬¨­ë å ®â¨ç¥áª ï  ¤-¢¥ªæ¨ï ¨«¨ � £à ­¦¥¢  âãà¡ã«¥­â­®áâì ¤«ï íâ®-£® ï¢«¥­¨ï, ¨ ®­® ï¢¨«®áì ¯à¥¤¬¥â®¬ ¨­â¥­á¨¢­®£®¨§ãç¥­¨ï ¢ à §«¨ç­ëå £¨¤à®¤¨­ ¬¨ç¥áª¨å á¨áâ¥-¬ å [1, 4, 8 - 11].�®£¤  ¯ áá¨¢­ ï ¦¨¤ª ï ç áâ¨æ  ¤¢¨¦¥âáï å ®-â¨ç¥áª¨, âà ¥ªâ®à¨ï ¨¬¥¥â á¨«ì­ãî § ¢¨á¨¬®áâì®â ­ ç «ì­ëå ãá«®¢¨©. � ááâ®ï­¨¥ ¬¥¦¤ã ¤¢ã-¬ï ¡«¨¦ ©è¨¬¨ ç áâ¨æ ¬¨ à áâ¥â íªá¯®­¥­æ¨ «ì-­® ¢ ¯à®áâà ­áâ¢¥ ¨, ª ª à¥§ã«ìâ â, ¨¬¥¥â ¬¥á-â® ¨­â¥­á¨¢­®¥ ¯¥à¥¬¥è¨¢ ­¨¥. �¡ëç­®, ¤«ï â®-£®, çâ®¡ë ­ ©â¨ ®¡« áâ¨ ¨­â¥­á¨¢­®£® à §¬¥è¨-¢ ­¨ï, ®¯à¥¤¥«ïîâ §®­ë å ®â¨ç¥áª®£® ¤¢¨¦¥­¨ï,¨á¯®«ì§ãï à §«¨ç­ë¥ ¬¥â®¤ë ¨ ªà¨â¥à¨¨: ä §®-¢ë¥ âà ¥ªâ®à¨¨ ¨/¨«¨ ¨å ¯à®¥ªæ¨¨ ¢ ä §®¢®¬ ¯à®-áâà ­áâ¢¥, á¯¥ªâà «ì­ë© ¨ ª®àà¥«ïæ¨®­­ë©  ­ -«¨§ë à §«¨ç­ëå å à ªâ¥à¨áâ¨ª ¤¢¨¦¥­¨ï, á¥ç¥-­¨¥ �ã ­ª à¥, ­ ¨¡®«ìè¨© ¯®ª § â¥«ì �ï¯ã­®¢ ¨ â.¤. [1, 12 - 14]. �¤­ ª® íâ® { £«®¡ «ì­ë¥ å -à ªâ¥à¨áâ¨ª¨ ¤¢¨¦¥­¨ï ¦¨¤ª¨å ç áâ¨æ, ª®â®àë¥®¯à¥¤¥«ïîâ £«®¡ «ì­ë¥ §®­ë ¨­â¥­á¨¢­®£® à §¬¥-è¨¢ ­¨ï.� ®á ï¢«ï¥âáï ­¥«¨­¥©­ë¬ ¯à®æ¥áá®¬. �«¨ï­¨¥­¥«¨­¥©­®áâ¨ ¨¬¥¥â ¢ ¦­ãî à®«ì ¯à¨ ¨­â¥£à¨à®-¢ ­¨¨ í¢®«îæ¨®­­®£® ãà ¢­¥­¨ï (1) ¤«ï ¡®«ìè¨å

¢à¥¬¥­­ëå ¨­â¥à¢ «®¢. �®«¥¥ â®£®, íâ¨ á¢®©áâ¢ ¨¬¥îâ ­ ª®¯¨â¥«ì­ë© å à ªâ¥à. �àã£¨¬¨ á«®¢ -¬¨, ¯à¨ ¨­â¥£à¨à®¢ ­¨¨ ¨§­ ç «ì­® á« ¡®¥ ¢«¨ï-­¨¥ ­¥«¨­¥©­®áâ¨ è £ §  è £®¬,  ªªã¬ã«¨àã¥âáï¨ ¯à¨¢®¤¨â ª §­ ç¨â¥«ì­ë¬ ¨§¬¥­¥­¨ï¬ ¢ ¯ à -¬¥âà å ¤¨­ ¬¨ç¥áª¨å á¨áâ¥¬. � à¥§ã«ìâ â¥ ¬®-¦¥â ­ áâã¯¨âì á¨âã æ¨ï, ª®£¤  â®ç­®¥ ¨­â¥£à¨-à®¢ ­¨¥ í¢®«îæ¨®­­®£® ãà ¢­¥­¨ï ­¥ ¬®¦¥â ¡ëâì¢ë¯®«­¥­® ç¨á«¥­­® ¤«ï ¤®áâ â®ç­® ¡®«ìè¨å ¢à¥-¬¥­­ëå ¨­â¥à¢ «®¢.� áâï¦¥­¨¥ { íâ® £«®¡ «ì­ë© ¯à®æ¥áá. �§­ -ç «ì­® ª®¬¯ ªâ­ ï ®¡« áâì ¬®¦¥â à áâï­ãâìáï ¯®¡®«ìè®© ®¡« áâ¨ ¨ ®æ¥­ª  à áâï¦¥­¨ï ¨áá«¥¤ã¥-¬®© £à ­¨æë ¤®áâ¨£ ¥â ­¥ª®â®à®£® áà¥¤­¥£® §­ -ç¥­¨ï. �â® ®§­ ç ¥â, çâ® ®¤­  ç áâì ª®­âãà ¬®¦¥â à áâï£¨¢ âìáï á¨«ì­¥¥, ç¥¬ ¤àã£¨¥. �®§-­¨ª ¥â ¢®¯à®á: ­  ª ª¨¥ ¯ à ¬¥âàë ­¥®¡å®¤¨¬®®à¨¥­â¨à®¢ âìáï ¨ ¨á¯®«ì§®¢ âì ¯à¨ à §à ¡®âª¥®¡®àã¤®¢ ­¨ï ¤«ï ¯¥à¥¬¥è¨¢ ­¨ï ¤«ï â®£®, çâ®¡ë¨¬¥âì íää¥ªâ¨¢­ë¥ à¥¦¨¬ë à §¬¥è¨¢ ­¨ï ¤«ï§ ¤ ­­ëå £¥®¬¥âà¨ç¥áª¨å ¨ í­¥à£¥â¨ç¥áª¨å ¯ à -¬¥âà®¢ â¥ç¥­¨©?� è¥ ¢­¨¬ ­¨¥ ­ ¯à ¢«¥­® ­  ¨áá«¥¤®¢ ­¨¥ «®-ª «ì­ëå á¢®©áâ¢ à áâï¦¥­¨ï à §«¨ç­ëå ®âà¥§ª®¢¨ ª®­âãà®¢, ¨§­ ç «ì­® ¯®¬¥é¥­­ëå ¢ ®ªà¥áâ­®-áâ¨ ¯à®¨§¢®«ì­®© â®çª¨ ¯®«ï áª®à®áâ¨. � íâ®©áâ âì¥ ¬ë ¢¢®¤¨¬ ª àâë à áâï¦¥­¨©, ¯®ª §ë¢ î-é¥¥ ª ª ¨§­ ç «ì­® ª®¬¯ ªâ­ë© ª®­âãà, ¯®¬¥é¥­-­ë© ®ª®«® â®çª¨ (x; y), ã¢¥«¨ç¨¢ ¥â á¢®î ¤«¨­ã § ª®à®âª¨© ¨­â¥à¢ « ¢à¥¬¥­¨ ¤«ï § ¤ ­­®£® ¬®¬¥­-â  ¢à¥¬¥­¨. �®á«¥¤®¢ â¥«ì­®áâì ª àâ à áâï¦¥-­¨© (¤«ï ­¥áâ æ¨®­ à­ëå ¤¢ã¬¥à­ëå á«ãç ¥¢ ¨«¨¤«ï â¨¯¨ç­ëå ¬®¬¥­â®¢ ¯¥à¨®¤¨ç¥áª¨å â¥ç¥­¨©)¯®§¢®«¨â ¯à®¨««îáâà¨à®¢ âì ¯®«®¦¥­¨ï ®¡« áâ¥©(¨ ¨å ¤à¥©ä á â¥ç¥­¨¥¬ ¢à¥¬¥­¨), ¯à®ï¢«ïîé¨å¨­â¥­á¨¢­®¥ ¨ á« ¡®¥ à áâï¦¥­¨¥ ¡¥§ ¯àï¬®£® ç¨-á«¥­­®£® ¬®¤¥«¨à®¢ ­¨ï § ¤ ç¨ ®¡  ¤¢¥ªæ¨¨.� áâ®ïé ï áâ âìï ®à£ ­¨§®¢ ­  á«¥¤ãîé¨¬®¡à §®¬. � à §¤¥«¥ 2 ¬ë ¯®«ãç ¥¬ ®á­®¢­ë¥ ãà ¢-­¥­¨ï, ®¯¨áë¢ îé¥¥ âà ¥ªâ®à¨î ¯ áá¨¢­®© ¦¨¤-ª®© ç áâ¨æë ¢ ®ªà¥áâ­®áâ¨ ¯à®¨§¢®«ì­®© â®ç-ª¨ ¯®«ï áª®à®áâ¨. � â¥¬  ­ «¨§¨àã¥âáï ¯à®æ¥ááà áâï¦¥­¨ï/á¦ â¨ï à §«¨ç­ëå ­ ç «ì­ëå ª®­âã-à®¢, áä®à¬¨à®¢ ­­ëå ¯®á«¥¤®¢ â¥«ì­®áâìî ¯ á-á¨¢­ëå ¬ àª¥à®¢. �â¨ à¥§ã«ìâ âë â¥áâ¨àãîâáï¢ à §¤¥«¥ 3 ¤«ï ¯à®æ¥áá  à áâï¦¥­¨ï, ¨­¤ãæ¨à®-¢ ­­®£® ¯®«¥¬ áª®à®áâ¨ â®ç¥ç­ëå ¢¨åà¥©. � á-á¬ âà¨¢ îâáï à¥£ã«ïà­®¥ ¯¥à¥¬¥è¨¢ ­¨¥, ª®â®-à®¥ ¨¬¥¥â  ­ «¨â¨ç¥áª®¥ à¥è¥­¨¥, ¢ ¯®«¥ áª®à®áâ¨®¤¨­®ç­®£® ¢¨åàï, ¨ ¨­â¥­á¨¢­ë© à¥¦¨¬ ¤«ï âà¥åâ®ç¥ç­ëå ¢¨åà¥©, ¤¢¨¦ãé¨åáï ¯¥à¨®¤¨ç¥áª¨. �¥-ª®â®àë¥ § ª«îç¨â¥«ì­ë¥ § ¬¥ç ­¨ï, ®¡áã¦¤¥­¨¥¨ ®á­®¢­ë¥ ¢ë¢®¤ë ¯à¨¢®¤ïâáï ¢ à §¤¥«¥ 4. �à¨«®-¦¥­¨¥ ¨««îáâà¨àã¥â ­¥ª®â®àë¥ ®á®¡¥­­®áâ¨  ­ -A.A.�ãà¦¨© ¨ �.�¥àå®á¥©­¨ 29



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 28 { 43«¨§ .2. �������� ���������� íâ®© ç áâ¨ ¨áá«¥¤ã¥âáï ¤¢¨¦¥­¨¥ ®â¤¥«ì­ëå¯ áá¨¢­ëå « £à ­¦¥¢ëå ¦¨¤ª¨å ç áâ¨æ ¨ ª®­âã-à®¢ ¢ ¤¢ã¬¥à­®¬ ­¥áâ æ¨®­ à­®¬ ¯®«¥ áª®à®áâ¨.� ª¨¥ ¤¨­ ¬¨ç¥áª¨¥ á¨áâ¥¬ë ¯à¨ ®¯à¥¤¥«¥­­ëåãá«®¢¨ïå ¯à®ï¢«ïîâ å ®â¨ç¥áª®¥ ¯®¢¥¤¥­¨¥ ¨ ¯à¨-¢®¤ïâ ª ¨­â¥­á¨¢­®¬ã £«®¡ «ì­®¬ã ¯¥à¥¬¥è¨¢ -­¨î [1, 4, 7, 15]. �¤¥áì ¬ë ®¡à â¨¬áï ª «®ª «ì­ë¬å à ªâ¥à¨áâ¨ª ¬ ï¢«¥­¨ï. �­ ç «  ¬ë ¨áá«¥¤ã-¥¬ â¥®à¥â¨ç¥áª¨ âà ¥ªâ®à¨¨ ¤¢ãå ¡«¨§«¥¦ é¨å¦¨¤ª¨å ç áâ¨æ. � â¥¬ ¯à® ­ «¨§¨àã¥¬ «®ª «ì­ë¥à áâï¦¥­¨ï à §«¨ç­ëå ª®­âãà®¢.2.1 �®ª «ì­®¥ ¤¢¨¦¥­¨¥ ®â¤¥«ì­ëå ¦¨¤-ª¨å ç áâ¨æ� áá¬®âà¨¬ ¯à®¨§¢®«ì­ãî â®çªã O(x0; y0) ¢¤¢ã¬¥à­®¬ ­¥áâ æ¨®­ à­®¬ ¯®«¥ áª®à®áâ¨ U[U (x; y; t); V (x; y; t)], ¢ ª®â®à®¬ ®¡¥ ª®¬¯®­¥­âë¬®£ãâ ¡ëâì à §«®¦¥­ë ¢ àï¤ �¥©«®à  ¤«ï ä¨ªá¨-à®¢ ­­®© â®çª¨ O(x0; y0) ¨ ¤«ï ¬®¬¥­â  ¢à¥¬¥­¨t0:U (x; y; t) = U0 + @U@x (x� x0) + @U@y (y � y0) ++ @U@t (t� t0) + : : : ; (2)V (x; y; t) = V0 + @V@x (x� x0) + @V@y (y � y0) ++ @V@t (t� t0) + : : : (3)�ªàã¦¨¬ â®çªã O(x0; y0) ¬ «®© ®¡« áâìî á å à ª-â¥à­ë¬ à §¬¥à®¬ " (à¨á. 1). �ë ®¯à¥¤¥«ï¥¬ "â ª®©, çâ®¡ë ¬®¦­® ¡ë«® ¢¢¥áâ¨ ¯®«¥ áª®à®áâ¨U (U; V ) ¢ «¨­¥ «¨§¨à®¢ ­­®© ä®à¬¥ (2), (3). �®£-¤  í¢®«îæ¨®­­®¥ ãà ¢­¥­¨¥ ¤«ï ¯ áá¨¢­®© ¦¨¤-ª®© ç áâ¨æë, ¨§­ ç «ì­® ¯®¬¥é¥­­®© ®ª®«® â®çª¨O(x0; y0), ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­® ¢ á«¥¤ãîé¥¬¢¨¤¥: 8><>: d�1d� = a�1 + b�2 + e� + g;d�2d� = c�1 + d�2 + f� + h (4)á ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨�1(0) = �01; �2(0) = �02; (5)£¤¥ �1 = x� x0; �2 = y � y0; � = t � t0;

�¨á. 1. �å¥¬ â¨ç¥áª ï ¤¨ £à ¬¬ , ¯®ª §ë¢ îé ï ­ -ç «ì­®¥ ¯®«®¦¥­¨¥ ¬ àª¥à  A ¢ ¬ «®© "-®ªà¥áâ­®áâ¨â®çª¨ Oa = @U@x ; b = @U@y ; c = @V@x ; d = @V@y ;e = @U@t ; f = @V@t ; g = U0; h = V0: (6)�¤¥áì ­ è ­ ç «ì­ë© ¨­â¥à¥á ­ ¯à ¢«¥­ ­  ¨§¬¥-­¥­¨¥ ¤«¨­ë ¢¥ªâ®à  j�(� )j = [�21(� ) + �22(� )]1=2 ¢®¢à¥¬¥­¨.�á¥ £à ¤¨¥­âë ¯à®¥ªæ¨© áª®à®áâ¨ ¢ ¯à ¢®© ç á-â¨ ãà ¢­¥­¨© (4) ï¢«ïîâáï ¯®áâ®ï­­ë¬¨ ¨ ®¯à¥-¤¥«ïîâáï ¢ O(x0; y0). �®¬¯®­¥­âë ¯®«ï áª®à®áâ¨U0(U0(x0; y0); V0(x0; y0)) ­¥ ®ª §ë¢ îâ ¢«¨ï­¨ï ­ ¨§¬¥­¥­¨¥ à ááâ®ï­¨© ¬¥¦¤ã à áá¬ âà¨¢ ¥¬ë¬¨â®çª ¬¨. �¤­ ª® íâ¨ §­ ç¥­¨ï ®¯à¥¤¥«ïîâ ¢à¥-¬¥­­®© ¬ áèâ ¡ � � "=jU j, ¢ â¥ç¥­¨¥ ª®â®à®£®à áá¬ âà¨¢ ¥¬ë¥ â®çª¨ ®áâ îâáï ¢ ®ªà¥áâ­®áâ¨". �¥è¥­¨¥ ãà ¢­¥­¨© (4) § ¢¨á¨â ®â à¥è¥­¨ï å -à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï á¨áâ¥¬ë, ª®¬¯«¥ªá-­ëå §­ ç¥­¨© p1 ¨ p2, ¨ ¢ ®¡é¥¬ á«ãç ¥ ¬®¦¥â¡ëâì § ¯¨á ­® ¢ á«¥¤ãîé¥¬ ¢¨¤¥ [16]:�1(� ) = exp(p1� )�A�01 + B�02 + E	 ;�2(� ) = exp(p1� )�C�01 +D�02 + F	 ; (7)£¤¥ p1 { §­ ç¥­¨¥, ª®â®à®¥ ¨¬¥¥â ­ ¨¡®«ìèãî ¤¥©-áâ¢¨â¥«ì­ãî ç áâì; A, B, C, D, E ¨ F { äã­ªæ¨¨,®¯à¥¤¥«ï¥¬ë¥ £à ¤¨¥­â ¬¨ ¯®«ï áª®à®áâ¨, ®æ¥­¨-¢ ¥¬®© ¢ â®çª¥ O(x; y) (á¬®âà¨ ¤¥â «¨ ¢ �à¨«®¦¥-­¨¨). �­¨ § ¢¨áïâ ®â à¥è¥­¨ï å à ªâ¥à¨áâ¨ç¥á-ª®£® ãà ¢­¥­¨ï ¨«¨, ¤àã£¨¬¨ á«®¢ ¬¨, ®â §­ ª äã­ªæ¨¨ D2c = (a + d)2 � 4(ad� cb): (8)30 A.A.�ãà¦¨© ¨ �.�¥àå®á¥©­¨



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 28 { 43�à ¢­¥­¨ï (7) ®¯¨áë¢ îâ í¢®«îæ¨î â®çª¨ A ¯®®â­®è¥­¨î ª â®çª¥ O. � ®¡é¥¬ á«ãç ¥ ¤«¨­  ¢¥ª-â®à  l = j�j ¬®¦¥â ¡ëâì à §«®¦¥­  ¢ àï¤ �¥©«®à ¯® ¬ «®¬ã ¯ à ¬¥âàã �� < � ¢ à áá¬ âà¨¢ ¥¬®©â®çª¥ (x0; y0):l(x0; y0; t0;�� ) = C0(x0; y0; t0) + (9)+C1(x0; y0; t0)�� + C2(x0; y0; t0)�2� +O(�3� ):� ááâ®ï­¨¥ l(x0; y0; t0;�� ) ¬®¦¥â ª ª ã¢¥«¨ç¨-¢ âìáï, â ª ¨ ã¬¥­ìè âìáï, ¯®áª®«ìªã äã­ªæ¨¨ A,B, C, D, E ¨ F ¢ ãà ¢­¥­¨¨ (7) ¬®£ãâ ¡ëâì ª ª ¯®-«®¦¨â¥«ì­ë¬¨, â ª ¨ ®âà¨æ â¥«ì­ë¬¨ ¨§-§  £à -¤¨¥­â®¢ áª®à®áâ¨ ¨ ­ ç «ì­ëå ãá«®¢¨© (4). �â-¬¥â¨¬, çâ® ¥á«¨ ¯®«¥ áª®à®áâ¨ ï¢«ï¥âáï áâ æ¨®-­ à­ë¬, ¢á¥ ª®íää¨æ¨¥­âë ¢ ¢ëà ¦¥­¨¨ (9) ­¥¨§¬¥­ïîâáï ¢® ¢à¥¬¥­¨: C0 = C0(x0; y0), C1 =C1(x0; y0) ¨ C2 = C2(x0; y0).� ¯à®æ¥áá¥ à áâï¦¥­¨ï ¨áå®¤­ ï ®¡« áâì ®¡ëç-­® âà ­áä®à¬¨àã¥âáï ¢ â®­ªãî «¨­¨î §  ¤®áâ -â®ç­® ¡®«ìè®© ¨­â¥à¢ « ¢à¥¬¥­¨. � §«¨ç­ë¥ ç á-â¨ íâ®© «¨­¨¨ ¯®¤¢¥à£ îâáï ª ª á¦ â¨î, â ª ¨à áâï¦¥­¨î. �á«¨ ¨áá«¥¤ã¥¬®¥ â¥ç¥­¨¥ ï¢«ï¥âáïáâ æ¨®­ à­ë¬, ¯à®¨§¢®«ì­ë© ®âà¥§®ª ¨«¨ ç áâìª®­âãà  à áâï£¨¢ îâáï ¯à ªâ¨ç¥áª¨ ¢ ­ ¯à ¢«¥-­¨¨ ¢¥ªâ®à  áª®à®áâ¨ [1]. �á¯®«ì§ãï ¯à¥¤ë¤ãé¨¥à¥§ã«ìâ âë (9), ¨§¬¥­¥­¨¥ ¤«¨­ë ®âà¥§ª  ¬®¦¥â¡ëâì ¯à® ­ «¨§¨à®¢ ­® â¥®à¥â¨ç¥áª¨.�®à®âª¨© ®âà¥§®ª ¢ â®çª¥ OA á å à ªâ¥à­ë¬à §¬¥à®¬ j�0j < " ¯®ª § ­ ­  à¨á. 2, . � ç «ì­ë¥ãá«®¢¨ï ¤«ï â®ç¥ª O(x0; y0) ¨ A(x0 + �01; y0 + �22),ä®à¬¨àãîé¨¥ ®âà¥§®ª, ¨¬¥îâ ¢¨¤xA(0) = j�0j U0pU20 + V 20 + x0;yA(0) = j�0j V0pU20 + V 20 + y0; (10)xO(0) = x0; yO(0) = y0¨, ¨á¯®«ì§ãï ãà ¢­¥­¨ï (7), (10), ®â­®á¨â¥«ì­®¥¨§¬¥­¥­¨¥ ¤«¨­ë ®âà¥§ª  ¡ã¤¥âLseg(x; y;�� ) = p�21 + �22j�0j == 1 + �� �U20 (p2 � d) + V 20 (p2 � a)U20 + V 20 ++V0U0(b+ c)U20 + V 20 + p1�+O(�2� ): (11)�â¨ ¯à¨¬¥àë ¯®ª §ë¢ îâ, çâ® à áâï¦¥­¨¥®âà¥§ª®¢ ¢ ®ªà¥áâ­®áâ¨ ­¥ª®â®à®© â®çª¨ ¯®«ïáª®à®áâ¨ § ¢¨á¨â ®â ¬­®£¨å ä ªâ®à®¢. � áâï¦¥-­¨¥ ¨«¨ á¦ â¨¥ ¨áå®¤­ëå ®âà¥§ª®¢ ¯à®ï¢«ï¥â à §-«¨ç­ë© å à ªâ¥à á® ¢à¥¬¥­¥¬ ¨§-§  ¯®«ï áª®à®á-
�¨á. 2. �å¥¬ â¨ç¥áª ï ¤¨ £à ¬¬ , ¯®ª §ë¢ îé ï ­ -ç «ì­®¥ ¯®«®¦¥­¨¥ ¯®á«¥¤®¢ â¥«ì­®áâ¨ ¬ àª¥à®¢, ¯®-¬¥é¥­­ëå ®ª®«® â®çª¨ O:   { ª®à®âª¨© ®âà¥§®ª ¢ ­ -¯à ¢«¥­¨¨ ¢¥ªâ®à  áª®à®áâ¨ ¢ â®çª¥ O; ¡ { ¬ «ë© ªàã£à ¤¨ãá  j�0jâ¨ ¨ ­ ç «ì­ëå ¯®«®¦¥­¨© à áá¬ âà¨¢ ¥¬ëå â®-ç¥ª. �«¨­  ª®­âãà®¢ ¬®¦¥â ¨§¬¥­ïâìáï «¨­¥©­®¨ ª¢ ¤à â¨ç­® á® ¢à¥¬¥­¥¬ ­  ­ ç «ì­ëå áâ ¤¨ïå¯¥à¥¬¥è¨¢ ­¨ï ¨§­ ç «ì­® ª®¬¯ ªâ­ëå ª®­âãà®¢.�®¤à®¡­ë©  ­ «¨§ à §«¨ç­ëå à¨áã­ª®¢ ¨ ¤ ­­ëå¢ ç¨á«¥­­ëå íªá¯¥à¨¬¥­â å [4,10,12,17,18] ¯à¨¢®-¤¨â ª § ª«îç¥­¨î ® ¤®áâ®¢¥à­®áâ¨ ¤®áâ¨£­ãâëåà¥§ã«ìâ â®¢. �¤­ ª®, ¯à¨ à §¬¥è¨¢ ­¨¨ à ááâ®-ï­¨¥ ¬¥¦¤ã â®çª ¬¨ ­¥ á®¢¯ ¤ ¥â â®ç­® á ¤«¨­®©®âà¥§ª , ¯®áª®«ìªã ¨§­ ç «ì­® ¯àï¬ ï «¨­¨ï â®-¦¥ ¤¥ä®à¬¨àã¥âáï. �â® âà¨¢¨ «ì­®¥ à ááã¦¤¥­¨¥¯à¨¢®¤¨â ª § ª«îç¥­¨î, çâ® § ¤ çã á«¥¤ã¥â à á-A.A.�ãà¦¨© ¨ �.�¥àå®á¥©­¨ 31



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 28 { 43á¬ âà¨¢ âì ­¥ â®«ìª® ¤«ï ¯®á«¥¤®¢ â¥«ì­®áâ¨ â®-ç¥ª ®ª®«® à áá¬ âà¨¢ ¥¬®© â®çª¨ (¡ §®¢®©), ­® ¨¤«ï ­¥¯à¥àë¢­ëå «¨­¨© ¨ ª®­âãà®¢.2.2 �®ª «ì­®¥ ¤¢¨¦¥­¨¥ ¯ áá¨¢­ëå ¦¨¤-ª¨å ª®­âãà®¢�¥¯à¥àë¢­ë© ª®­âãà ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢-«¥­ ¯®á«¥¤®¢ â¥«ì­®áâìî ¯ áá¨¢­ëå ¬ àª¥à®¢.� áá¬®âà¨¬ à áâï¦¥­¨¥ ¯à®¨§¢®«ì­®£® ª®­âãà ,®å¢ âë¢ îé¥£® â®çªã O(x0; y0) (à¨á. 2, ¡). �®-ª «ì­ë¥ ª®®à¤¨­ âë ¢á¥å ¬ àª¥à®¢, ª®â®àë¥ ä®à-¬¨àãîâ ¢ ­ ç «ì­ë© ¬®¬¥­â ª®­âãà, ¬®£ãâ ¡ëâì§ ¤ ­ë ª ª x(�) = j�0jf1(�) + x0;y(�) = j�0jf2(�) + y0; (12)£¤¥ � { ¯ à ¬¥âà ª®­âãà , ¨§¬¥­ïîé¨©áï ®â 0 ¤®�0; j�0j { ¬ áèâ ¡ ä¨£ãàë, j�0j < ". �«¨­  ª®­âã-à  ®¯à¥¤¥«ï¥âáï á ¯®¬®éìî ¨­â¥£à « lcon(x0; y0; � ) = j�0j �0Z0 (�@f1@� �2 + �@f2@� �2)1=2 d�:(13)�á¯®«ì§ãï ®¡é¥¥ à¥è¥­¨¥ (7), ¢ëç¨á«¨¬ ®â­®-á¨â¥«ì­ãî ¤«¨­ã ª®­âãà :L(x; y; � ) = lcon(x0; y0; � )j�0j = ep1� �� �0Z0 h _f21 (A2 +C2) + _f22 (B2 +D2)++ 2(AB +CD) _f1 _f2i1=2 d�; (14)£¤¥ äã­ªæ¨¨ A, B, C ¨ D ®¯à¥¤¥«ïîâáï ¢ á®®â¢¥â-áâ¢¨¨ á ãà ¢­¥­¨ï¬¨ (7). �¤¥áì â®çª  ®§­ ç ¥â¤¨ää¥à¥­æ¨à®¢ ­¨¥ äã­ªæ¨© ¯® ¨å  à£ã¬¥­âã.�­â¥£à « ¢ ¢ëà ¦¥­¨¨ (14) ¢á¥£¤  ¯®«®¦¨â¥«¥­.�®£¤  t ! 0, ª®íää¨æ¨¥­âë A ¨ D áâà¥¬ïâáï ª¥¤¨­¨æ¥, ¢ â® ¢à¥¬ï ª ª B ¨ C áâà¥¬ïâáï ª ­ã-«î, ®§­ ç ï, çâ® ¨­â¥£à « áâà¥¬¨âáï ª ª®­¥ç­®-¬ã §­ ç¥­¨î, à ¢­®¬ã ­ ç «ì­®© ¤«¨­¥ ª®­âãà .�­â¥£à « § ¢¨á¨â ®â ¢à¥¬¥­¨ ¨ íâ  § ¢¨á¨¬®áâì®¯à¥¤¥«ï¥âáï ¯®«¥¬ áª®à®áâ¨. �®£¤  Dc > 0 (á¬.¢ëà ¦¥­¨¥ (8)), ¨­â¥£à « ¢ ¢ëà ¦¥­¨¨ (14) å -à ªâ¥à¨§ã¥âáï íªá¯®­¥­æ¨ «ì­®© äã­ªæ¨¥© á ¯®-«®¦¨â¥«ì­ë¬  à£ã¬¥­â®¬, á¬. ¢ ¯à¨«®¦¥­¨¨ ¢ë-à ¦¥­¨¥ (34). �á«¨ Dc = 0, ¢á¥ ª®íää¨æ¨¥­âëã¢¥«¨ç¨¢ îâáï «¨­¥©­® á® ¢à¥¬¥­¥¬, (¢ëà ¦¥­¨¥(35)). �®£¤  Dc < 0, ®­¨ ®áæ¨««¨àãîâ, (¢ëà ¦¥-­¨¥ (36)). �¥®¡å®¤¨¬® ¯®¬­¨âì, çâ® ­ è  ­ «¨§

á¯à ¢¥¤«¨¢ â®«ìª® ¢ à ¬ª å ¢à¥¬¥­­®£® ¬ áèâ -¡ , á¢ï§ ­­®£® á ¬ áèâ ¡®¬ �� , â® ¥áâì ¢à¥¬¥­¨,¢ â¥ç¥­¨¥ ª®â®à®£® à áá¬ âà¨¢ ¥¬ë© ª®­âãà ­¥¯®ª¨¤ ¥â "-®ªà¥áâ­®áâ¨.�ªàã¦¨¬ â®çªã O(x0; y0) ¬ «ë¬ ªàã£®¬ à ¤¨ã-á  "0 (à¨á. 2, ¡) ¢ ª ç¥áâ¢¥ ¨««îáâà â¨¢­®£® ¯à¨-¬¥à . � íâ®¬ á«ãç ¥ ­ ç «ì­ë¥ §­ ç¥­¨ï ¬®¦­®¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ (áà ¢­¨ ¢ëà ¦¥­¨ï (6) ¨ (12))�01 = j�0jcos�; �02 = j�0jsin�: (15)�¤¥áì � ¬¥­ï¥âáï ®â 0 ¤® 2�.� ¯à®æ¥áá¥ à áâï¦¥­¨ï ­ ç «ì­ë© ªàã£ ¯®¤¢¥à-£ ¥âáï ­¥ª®â®à®© ¤¥ä®à¬ æ¨¨ ¨ ª ¦¤ë© ¬ àª¥à§ ­¨¬ ¥â ­®¢®¥ ¯®«®¦¥­¨¥ ¢ á®®â¢¥âáâ¢¨¨ á ãà ¢-­¥­¨ï¬¨ (7). �­â¥£à « (14) ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì®â­®á¨â¥«ì­®¥ ¨§¬¥­¥­¨¥ ¤«¨­ë ª®­âãà  (­¥ª®â®-àë¥ ¬ â¥¬ â¨ç¥áª¨¥ ¯à¥®¡à §®¢ ­¨ï ¯à¨¢¥¤¥­ë ¢�à¨«®¦¥­¨¨). � ª à¥§ã«ìâ â, ®â­®á¨â¥«ì­ ï ¤«¨-­  ª®­âãà , ä®à¬¨àãîé¥£® ¢ ­ ç «ì­ë© ¬®¬¥­âªàã£, ®¯à¥¤¥«ï¥âáï ¢ëà ¦¥­¨¥¬Lcir(x; y; � ) = ep1� � 2�p� + �E(k)� ; (16)£¤¥ � = �(a; b; c; d; x0; y0; t0);� = �(a; b; c; d; x0; y0; t0);k2 = 2�=(� + �):�¤¥áì E(k) { ¯®­ë© í««¨¯â¨ç¥áª¨© ¨­â¥£à « ¢â®-à®£® à®¤ ,   �, � { §­ ç¥­¨ï, ®¯à¥¤¥«ï¥¬ë¥ ¯®-«¥¬ áª®à®áâ¨ ¢ ¡ §®¢®© â®çª¥ (x0; y0). �ëà ¦¥­¨¥¢ ª¢ ¤à â­ëå áª®¡ª å ®¯¨áë¢ ¥â ¤«¨­ã í««¨¯á ,áä®à¬¨à®¢ ­­®£® ­®¢ë¬ ¯®«®¦¥­¨¥¬ ¬ àª¥à®¢; �¨ � + � { ¬¥­ìè ï ¨ ¡®«ìè ï ®á¨ í««¨¯á  [16]á®®â¢¥âáâ¢¥­­®. �ªá¯®­¥­æ¨ «ì­ë© ¬­®¦¨â¥«ìexp(p1� ) ¢ ¢ëà ¦¥­¨¨ (16) ®¯¨áë¢ ¥â ¤®¯®«­¨-â¥«ì­®¥ à áâï¦¥­¨¥ ª®­âãà  ¨ § ¢¨á¨â â®«ìª® ®â¯®«ï áª®à®áâ¨. �¨á«¥­­ë© íªá¯¥à¨¬¥­â ¯®ª §ë¢ -¥â: ¥á«¨ p1 = 0, â® ¨§­ ç «ì­® ªàã£®¢ ï ®¡« áâì¤¥ä®à¬¨àã¥âáï â®ç­® ¢ í««¨¯á. �á«¨ p1 6= 0, ¨¬¥-¥â ¬¥áâ® áª« ¤ª®®¡à §®¢ ­¨¥ (á¬.  ­ «®£¨î á £«®-¡ «ì­ë¬ ¯à®æ¥áá®¬, ç¥âª® ®¯à¥¤¥«¥­­ë¬ ¢ ¬®­®-£à ä¨¨ [1]) ¨ ªàã£ âà ­áä®à¬¨àã¥âáï ¢ ¡®«¥¥ á«®¦-­ãî ä¨£ãàã.�ëà ¦¥­¨¥ (16) ¬®¦¥â ¡ëâì à §«®¦¥­® ¢ àï¤ ¯®¬ «®¬ã ¯ à ¬¥âàã �� :Lcir(x; y;�� ) = 1 + �� �a+ d2 �+O(�2� ): (17)�à¥â¨© ç«¥­ ¢ ¢ëà ¦¥­¨¨ (17) ¯®ª § ­ ¢ �à¨«®-¦¥­¨¨. �®¦­® ¯à¥¤¯®«®¦¨âì, çâ® áâàãªâãà  ¢â®-à®£® ç«¥­  ¢ ¢ëà ¦¥­¨¨ (17) ï¢«ï¥âáï â¨¯¨ç­®©32 A.A.�ãà¦¨© ¨ �.�¥àå®á¥©­¨



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 28 { 43¤«ï ­ ç «ì­®£® à áâï¦¥­¨ï ä¨£ãà, ¯®¬¥é¥­­ëå ¢®ªà¥áâ­®áâïå ". �á«¨ â¥ç¥­¨¥ ­¥á¦¨¬ ¥¬®¥, â®a+ d = 0.� ¦­® ®â¬¥â¨âì, çâ® íªá¯®­¥­æ¨ «ì­ ï ç áâì ¢¢ëà ¦¥­¨¨ (14) § ¢¨á¨â ®â ¯®«ï áª®à®áâ¨. �­ ­¥ ®¯à¥¤¥«ï¥âáï â¨¯®¬ ª®­âãà  ¨«¨ ªà¨¢®©, ª®-â®à ï ®ªàã¦ ¥â â®çªã, ¨ ®¯¨áë¢ ¥â à áâï¦¥­¨¥,¢ë§¢ ­­®¥ â®«ìª® ¯®«¥¬ áª®à®áâ¨. � ­ è¥¬ á«ã-ç ¥, p1 = p1(x0; y0; t0) á®®â¢¥âáâ¢ã¥â ­ ¨¡®«ì-è¥¬ã ¯®«®¦¨â¥«ì­®¬ã ª®à­î å à ªâ¥à¨áâ¨ç¥áª®-£® ãà ¢­¥­¨ï á¨áâ¥¬ë ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥-­¨©, ª®â®àë¥ ®¯¨áë¢ îâ ®â­®á¨â¥«ì­®¥ ¨§¬¥­¥-­¨¥ à ááâ®ï­¨ï ¬¥¦¤ã â®çª ¬¨ ¢® ¢à¥¬¥­¨, ª®-â®àë¥ ¡ë«¨ ¨§­ ç «ì­® ¯®¬¥é¥­ë ®ª®«® ¡ §®¢®©â®çª¨ O(x0; y0). �àã£ ï ç áâì ¢ëà ¦¥­¨ï (14),®¯à¥¤¥«ï¥¬ ï ¨­â¥£à «®¬, ®¯¨áë¢ ¥â «®ª «ì­ë¥á¢®©áâ¢  à áâï¦¥­¨ï § ¤ ­­ëå ª®­âãà®¢ ¢ ¯®«¥áª®à®áâ¨ ¤«ï ¬®¬¥­â  ¢à¥¬¥­¨ t0.�­ «¨§, ¯à¥¤áâ ¢«¥­­ë© à ­¥¥, ¬®¦¥â ¡ëâì ¢ë-¯®«­¥­ ¤«ï ¤àã£¨å ¡ §®¢ëå â®ç¥ª (x0; y0) ¯®«ï áª®-à®áâ¨ ¤«ï ®¤­®£® ¨ â®£® ¦¥ ä¨ªá¨à®¢ ­­®£® ¬®-¬¥­â  t0. �á®¡¥­­®áâ¨ à áâï¦¥­¨ï ¬®£ãâ ¡ëâì¯à¥¤áâ ¢«¥­ë ¤«ï ¬®¬¥­â  t = t0 ­  â®¯®«®£¨ç¥-áª®© ª àâ¥ (ª àâë «®ª «ì­®£® à áâï¦¥­¨ï), £¤¥ã¤®¡­® ­ ­®á¨âì §­ ç¥­¨¥ C1(x0; y0), C2(x0; y0)¨«¨ p1(x0; y0) (á¬. ¢ëà ¦¥­¨ï (9) ¨«¨ (14) ¢ ®¡é¥¬á«ãç ¥) ¤«ï à §«¨ç­ëå ­ ç «ì­ëå à áá¬ âà¨¢ ¥-¬ëå ä¨£ãà. �®á«¥¤®¢ â¥«ì­®áâì ª àâ (¥á«¨ ¨¬¥¥¬­¥áâ æ¨®­ à­®¥ â¥ç¥­¨¥) ¯®§¢®«ï¥â ®âªàëâì ¤®-¯®«­¨â¥«ì­ë¥ ¢®§¬®¦­®áâ¨ ¤«ï  ­ «¨§  ¯®«®¦¥-­¨ï ¨ á¬¥é¥­¨ï ®¡« áâ¥©, ª®â®àë¥ ¨¬¥îâ ¨­â¥­-á¨¢­®¥ ¨«¨ á« ¡®¥ à áâï¦¥­¨¥ à §«¨ç­ëå ª®­âã-à®¢ ¢® ¢à¥¬¥­¨. �â®â  ­ «¨§ ¯à¥¤áâ ¢«¥­ ­¨¦¥.3. �������� �������� ������� ¤ ­­®¬ à §¤¥«¥ ¯à¨¬¥­¨¬ ¬¥â®¤, ®á­®¢ ­­ë© ­ ª àâ å «®ª «ì­®£® à áâï¦¥­¨ï ª â¥ç¥­¨î, £¥­¥-à¨àã¥¬®£® á¨áâ¥¬®© â®ç¥ç­ëå ¢¨åà¥©. �¢¨¦¥­¨¥â®ç¥ç­ëå ¢¨åà¥© ®¯¨áë¢ ¥âáï ¤¨ää¥à¥­æ¨ «ì­ë-¬¨ ãà ¢­¥­¨ï¬¨ ¯¥à¢®£® ¯®àï¤ª  [19, 20]. �­â¥-£à¨àã¥¬®áâì á¨áâ¥¬ë § ¢¨á¨â ®â ç¨á«  ¢¨åà¥© ¨,¤«ï á«ãç ï âà¥å ¨ ¡®«¥¥ ¢¨åà¥©, £¥­¥à¨àã¥¬®¥ ¯®«¥áª®à®áâ¨ ¯à¨¢®¤¨â ª å ®â¨ç¥áª®©  ¤¢¥ªæ¨¨ ¨, ª ªà¥§ã«ìâ â, ª ¨­â¥­á¨¢­®¬ã à §¬¥è¨¢ ­¨î. � ª ï¬®¤¥«ì ¤¢¨¦¥­¨ï ¦¨¤ª®áâ¨ ¯à¨¢®¤¨â ª ã¯à®é¥-­¨î ç¨á«¥­­®£® ¬®¤¥«¨à®¢ ­¨ï ¨  ­ «¨§ , ¨ á«¥-¤®¢ â¥«ì­®, ç áâ® ¨á¯®«ì§ã¥âáï ¢ ª ç¥áâ¢¥ â¥áâ à §«¨ç­ëå  «£®à¨â¬®¢ ¨ ¬¥â®¤®¢,   â ª¦¥ ¤«ï ª -ç¥áâ¢¥­­®£® ®¯¨á ­¨ï á«®¦­ëå â¥ç¥­¨© [18,21,22].�¨¦¥ ¯à¥¤áâ ¢«¥­ë ®á­®¢­ë¥ ãà ¢­¥­¨ï ¤¨­ ¬¨-ª¨ â®ç¥ç­ëå ¢¨åà¥© ¤«ï â®£®, çâ®¡ë ®¯à¥¤¥«¨âì­ è¨ ®¡®§­ ç¥­¨ï; ááë«ª¨ [4, 20, 23] á®¤¥à¦ â ¤®-¯®«­¨â¥«ì­ë¥ ¤¥â «¨.

�¢¨¦¥­¨¥ N â®ç¥ç­ëå ¢¨åà¥© ¨­â¥­á¨¢­®áâ¨k� á ª®®à¤¨­ â ¬¨ (x�; y�) ®¯¨áë¢ ¥âáï_z?� = 12�i NX�=1 0 k�z� � z� ; � = 1; : : : ; N (18)á ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨ z�(0) = z0�. �¤¥áì z� =x� + jy�, â®çª  ®§­ ç ¥â ¯à®¨§¢®¤­ãî ¯® ¢à¥¬¥-­¨, §¢¥§¤®çª  { ª®¬¯«¥ªá­®¥ á®¯àï¦¥­¨¥, èâà¨å {®¯ãé¥­¨¥ á¨­£ã«ïà­®£® ç«¥­  � = �.�¢¨¦¥­¨¥ á¨áâ¥¬ë â®ç¥ç­ëå ¢¨åà¥© ®¯à¥¤¥«ï-¥âáï � ¬¨«ìâ®­®¢®© ¤¨­ ¬¨ç¥áª®© á¨áâ¥¬®©k� _x� = @H@y� ; k� _y� = � @H@x� ;� = 1; : : : ; N; (19)£¤¥ H = � 14� NX�=1 NX�=1 0k�k� �� ln[(x� � x�)2 + (y� � y�)2]: (20)�à¨ ¯¥à¢ëå ¨­â¥£à «  á¨áâ¥¬ë (19), ¯®¬¨¬® H,¨¬¥îâ ¢¨¤Q = NX�=1k�x�; P = NX�=1 k�y�;I = NX�=1k�(x2� + y2�): (21)�à ¢­¥­¨¥ ¤¢¨¦¥­¨ï ¯ áá¨¢­®© � £à ­¦¥¢®©ç áâ¨æë ¢ ¯®«¥ áª®à®áâ¨, ­ ¢¥¤¥­­®© á¨áâ¥¬®© â®-ç¥ç­ëå ¢¨åà¥©, ¬®¦¥â ¡ëâì ¯®«ãç¥­®, à áá¬ âà¨-¢ ï ¬ àª¥à ¯à¨ Z = X + jY ª ª â®ç¥ç­ë© ¢¨åàì­ã«¥¢®© ¨­â¥­á¨¢­®áâ¨ [4, 18]. �à ¢­¥­¨¥ ¯ áá¨¢-­®© ¦¨¤ª®© ç áâ¨æë_Z? = 12�i NX�=1 k�Z � z� (22)á Z(0) = Z0 âà ­áä®à¬¨àã¥âáï ¢ � ¬¨«ìâ®­¨ ­®¢-áªãî ä®à¬ã:_X = @	@Y ; _Y = � @	@X ; (23)	 = � 12� NX�=1 k�ln[(X � x�)2 + (Y � y�)2]:�«¥¤®¢ â¥«ì­®, ¤¨­ ¬¨ç¥áª ï § ¤ ç  ¢à¥¬¥­¥-§ ¢¨á¨¬®© � ¬¨«ìâ®­¨ ­®¢áª®© á¨áâ¥¬ë á ®¤­®©A.A.�ãà¦¨© ¨ �.�¥àå®á¥©­¨ 33



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 28 { 43áâ¥¯¥­ìî á¢®¡®¤ë ï¢«ï¥âáï íª¢¨¢ «¥­â­®© ª¨­¥-¬ â¨ç¥áª®© § ¤ ç¥ ¯ áá¨¢­®© ¦¨¤ª®© ç áâ¨æë.3.1 �¥¦¨¬ à¥£ã«ïà­®©  ¤¢¥ªæ¨¨�­ ç «  à áá¬®âà¨¬  ¤¢¥ªæ¨î ¯ áá¨¢­ëå ¬ à-ª¥à®¢ ¢ ¯®«¥ áª®à®áâ¨ ®¤¨­®ç­®£® ¢¨åàï, ¯®¬¥é¥­-­®£® ¢ ­ ç «® ª®®à¤¨­ â á ¡¥§à §¬¥à­®© ¨­â¥­á¨¢-­®áâìî k1 = 1. �¨åàì ®áâ ¥âáï ­¥¯®¤¢¨¦­ë¬ ¨§-§  ãà ¢­¥­¨© (18), ¨ £¥­¥à¨àã¥¬®¥ ¯®â¥­æ¨ «ì­®¥¯®«¥ áª®à®áâ¨ ¬®¦¥â ¡ëâì ¯¥à¥¯¨á ­® ¢ ¯®«ïà­®©ª®®à¤¨­ â­®© á¨áâ¥¬¥ (r; �):U� = 1r ; Ur = 0: (24)� ¦¤ ï ¯ áá¨¢­ ï ¦¨¤ª ï ç áâ¨æ  (r; �) ¡ã¤¥â¤¢¨£ âìáï ¯® ªàã£®¢®© âà ¥ªâ®à¨¨ á ¯®áâ®ï­­®©ã£«®¢®© áª®à®áâìî U�, ª®â®à ï ¨§¬¥­ï¥âáï á à á-áâ®ï­¨¥¬ r ¤® ¢¨åà¥¢®£® æ¥­âà . � ¤¨ «ì­ ï áª®-à®áâì Ur ®âáãâáâ¢ã¥â.� ­ è¥¬  ­ «¨§¥ ¬®¦­® ¯à¨¬¥­¨âì â®«ìª® ®¤-­ã ª àâã à áâï¦¥­¨ï, ¯®â®¬ã çâ® ­ ¢¥¤¥­­®¥ ¯®«¥áª®à®áâ¨ ï¢«ï¥âáï áâ æ¨®­ à­ë¬. �á¯®«ì§ãï ¯à¥-¤ë¤ãé¨©  ­ «¨§, à áâï¦¥­¨¥ ®âà¥§ª , ®à¨¥­â¨-à®¢ ­­®£® á ­ ¯à ¢«¥­¨¨ ¢¥ªâ®à  áª®à®áâ¨ ¡ã¤¥âà ¢­® ­ã«î, (ãà ¢­¥­¨¥ (9)), ¯®áª®«ìªã ®¡¥ â®ç-ª¨ ¤¢¨£ îâáï á ¯®áâ®ï­­®© ã£«®¢®© áª®à®áâìî á®-£« á­® ãà ¢­¥­¨ï¬ (24). � ª à¥§ã«ìâ â, ®âà¥§®ª­¥ ¯®¤¢¥à£ ¥âáï ­¨ á¦ â¨î, ­¨ à áâï¦¥­¨î. � â®¦¥ ¢à¥¬ï, ¥á«¨ â®çª  ®ªàã¦¥­  ªàã£®¢ë¬ ª®­âã-à®¬, ª®íää¨æ¨¥­â C1(r) = 0, â®£¤  ª ª C2(r) ¯à®-¯®àæ¨®­ «¥­ 1=r4 (à¨á. 3). �®á«¥¤­¥¥ ãâ¢¥à¦¤¥-­¨¥ ¬®¦¥â ¡ëâì ¯®«ãç¥­® ­  ®á­®¢¥ á®®â­®è¥­¨©,¯à¨¢¥¤¥­­ëå ¢ �à¨«®¦¥­¨¨, ¨ ¢ëà ¦¥­¨ï (24).�­ «¨§, ®á­®¢ ­­ë© ­  à áâï¦¥­¨¨ à §«¨ç­ëåª®­âãà®¢ ¨ ä¨£ãà (ªàã£®¢, ®à¨¥­â¨à®¢ ­­ëå ®â-à¥§ª®¢, ªà¥áâ®¢ ¨ ¤à.) ¤ ¥â  ­ «®£¨ç­ë¥, ­® ­¥®¤¨­ ª®¢ë¥ à¥§ã«ìâ âë. �®«¨ç¥áâ¢¥­­ë¥ §­ ç¥-­¨ï § ¢¨áïâ ®â â¨¯  ¨áá«¥¤ã¥¬®£® ª®­âãà . �®¦-­® áª § âì, çâ® â®«ìª®  ­ «¨§ íªá¯®­¥­æ¨ «ì­®-£® à áâï¦¥­¨ï áâ ­®¢¨âáï «¨è¥­­ë¬ íâ®£® ­¥-¤®áâ âª . �ªá¯®­¥­æ¨ «ì­ë© ª®íää¨æ¨¥­â, çìïà®«ì § ª«îç « áì ¢ ¢ëà ¦¥­¨¨ à áâï¦¥­¨ï ¯à®-¨§¢®«ì­®£® ª®­âãà , à ¢¥­ p1 = 1=r4 (à¨á. 3).�®¦­® ¯®ª § âì, çâ® ¯¥à¢ë© ç«¥­ ¢ àï¤¥ �¥©«®-à  exp(p1�� ) = 1 +��=r4 +O(�2� ) ®¯à¥¤¥«ï¥â «¨-­¥©­®¥ ­ ç «ì­®¥ à áâï¦¥­¨¥ ª®­âãà  ¢ ®ªà¥áâ­®-áâ¨ ®¤¨­®ç­®£® ¢¨åàï. �¤­ ª® íâ®â ¢ë¢®¤ ¤®«¦¥­¡ëâì ®¡®¡é¥­ ®â¤¥«ì­® ¤«ï £«®¡ «ì­®£® ¯à®æ¥áá á ¨á¯®«ì§®¢ ­¨¥¬ ¨­â¥£à¨à®¢ ­¨ï ¢¤®«ì ª ¦¤®©à áá¬ âà¨¢ ¥¬®© ªà¨¢®© ¨ ¢® ¢à¥¬¥­¨.�¥¬ ­¥ ¬¥­¥¥, ¬®¦­® á¤¥« âì ¢ë¢®¤ ®¡ ®¡« áâ¨¨­â¥­á¨¢­®£® à áâï¦¥­¨ï, ­ å®¤ïé¥©áï ®ª®«® ¨§®-«¨à®¢ ­­®£® ¢¨åàï. �á«¨ ¦¨¤ª¨© ª®­âãà ¨«¨ ¥£®

�¨á. 3. � ¢¨á¨¬®áâì ª®íää¨æ¨¥­â  C2(r) ¢ ãà ¢­¥­¨¨(9), ¢ëà ¦ îé¥£® ®â­®á¨â¥«ì­®¥ à áâï¦¥­¨¥ ªàã£  ¢¯®«¥ áª®à®áâ¨, ­ ¢¥¤¥­­®¬ ®¤¨­®ç­ë¬ â®ç¥ç­ë¬ ¢¨-åà¥¬, ¨ íªá¯®­¥­æ¨ «ì­®£® ª®íää¨æ¨¥­â  p1(r) ¢ ãà ¢-­¥­¨¨ (16)ç áâì à á¯®«®¦¥­ë ¯à¨ r < 0:5 : : :0:6, ¨¬¥¥â ¬¥áâ®á¨«ì­®¥ à áâï¦¥­¨¥. � â¥ç¥­¨¥¬ ¡®«ìè®£® ¯à®-¬¥¦ãâª  ¢à¥¬¥­¨ ª®­âãà áâ ­¥â â®­ª®© «¨­¨¥©, ¨¥¥ à áâï¦¥­¨¥ ¡ã¤¥â ®¯à¥¤¥«ïâìáï à §­®áâìî à á-áâ®ï­¨© ®â ­ ¨ã¤ «¥­­®© ¨ ­ ¨¡«¨¦ ©è¥© â®ç¥ª ªæ¥­âàã ¢¨åàï. �ãé¥áâ¢®¢ ­¨¥ ®¡« áâ¥© ¨­â¥­á¨¢-­®£® à §¬¥è¨¢ ­¨ï ¨ ¨å á¢®©áâ¢  ã¦¥ ¡ë«¨ ¯®ª -§ ­ë ¨  ­ «¨§¨à®¢ «¨áì ¢ à §«¨ç­ëå ç¨á«¥­­ëåíªá¯¥à¨¬¥­â å [18,24]. �â® á®¢¯ ¤ ¥â á ¢ë¢®¤®¬ ®â®¬, çâ® á¨«ì­®¥ à §¬¥è¨¢ ­¨¥ («¨­¥©­®¥ ¢® ¢à¥-¬¥­¨) ­ å®¤¨âáï ®ª®«® (r < 0:5) â®ç¥ç­®£® ¢¨åàï.3.2 � ®â¨ç¥áª ï  ¤¢¥ªæ¨ï ¢ ¯®â¥­æ¨ «ì-­ëå â¥ç¥­¨ïå�à¥¤è¥áâ¢ãîé¨¥ ¨áá«¥¤®¢ ­¨ï [18] ¯®ª § «¨,çâ® å ®â¨ç¥áª¨© à¥¦¨¬ ¤¢¨¦¥­¨ï ¯ áá¨¢­®© ¦¨¤-ª®© ç áâ¨æë ­ ¡«î¤ ¥âáï ¯à¨ ®¯à¥¤¥«¥­­ëå ­ -ç «ì­ëå ãá«®¢¨ïå á¨áâ¥¬ë á âà¥¬ï ¨ ¡®«¥¥ â®ç¥ç-­ë¬¨ ¢¨åàï¬¨. � íâ®© á¢ï§¨, ¯¥à¨®¤¨ç¥áª®¥ ¤¢¨-¦¥­¨¥ á¨áâ¥¬ë á âà¥¬ï â®ç¥ç­ë¬¨ ¢¨åàï¬¨ ¯®§-¢®«ï¥â ­ ¬ ¯à®¤¥¬®­áâà¨à®¢ âì à §«¨ç¨¥ ¬¥¦¤ã£«®¡ «ì­ë¬¨ ®¡« áâï¬¨ å ®â¨ç¥áª®£® ¤¢¨¦¥­¨ï ¨«®ª «ì­ë¬¨ ®¡« áâï¬¨ ¨­â¥­á¨¢­®£® à §¬¥è¨¢ -­¨ï.� áá¬®âà¨¬ ¯¥à¨®¤¨ç¥áª®¥ ¤¢¨¦¥­¨¥ âà¥å â®-ç¥ç­ëå ¢¨åà¥© á® á«¥¤ãîé¨¬¨ ¡¥§à §¬¥à­ë¬¨ ­ -34 A.A.�ãà¦¨© ¨ �.�¥àå®á¥©­¨
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�¨á. 4. �à ¥ªâ®à¨¨ ¢¨åà¥© ¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨.�àã¦ª¨ ®¡®§­ ç îâ ­ ç «ì­®¥ ¯®«®¦¥­¨¥ ¢ á®®â¢¥â-áâ¢¨¨ á ¢ëà ¦¥­¨¥¬ (25), áâà¥«ª¨ ¯®ª §ë¢ îâ ­ ¯à -¢«¥­¨¥ ¤¢¨¦¥­¨ïç «ì­ë¬¨ ãá«®¢¨ï¬¨:k1 = 1:0; x01 = �0:497; y01 = �2:0;k2 = 1:0; x02 = 0:497; y02 = �2:0;k3 = �1:0; x03 = 0:0; y03 = �4:0: (25)� à ¡®â å [23, 25] ¯à¥¤áâ ¢«¥­  ¤®¯®«­¨â¥«ì­ ï¨­ä®à¬ æ¨ï ® § ª®­®¬¥à­®áâïå ¢§ ¨¬®¤¥©áâ¢¨ïâ ª®© á¨áâ¥¬ë â®ç¥ç­ëå ¢¨åà¥©.�à ¥ªâ®à¨¨ ¢¨åà¥© ®¯à¥¤¥«ï«¨áì á ¯®¬®éìîç¨á«¥­­®£® ¨­â¥£à¨à®¢ ­¨ï á¨áâ¥¬ë (18) á ¨á-¯®«ì§®¢ ­¨¥¬ áå¥¬ë �ã­£¥-�ãââ  ç¥â¢¥àâ®£® ¯®-àï¤ª  [16, 26]. �­¢ à¨ ­âë (20) ¨ (21) ¨á¯®«ì§®-¢ «¨áì ¤«ï ª®­âà®«ï ç¨á«¥­­®£® ¬®¤¥«¨à®¢ ­¨ï.�¢®«îæ¨ï ¢¨åà¥¢®© á¨áâ¥¬ë ¯®ª § ­  ­  à¨á. 4.� â¥ç¥­¨¥ ¢§ ¨¬®¤¥©áâ¢¨ï ¢¨åà¨ 1 ¨ 2 ä®à¬¨àãîâ¢¨åà¥¢ãî ¯ àã, ¤¢¨£ ïáì ¯¥à¨®¤¨ç¥áª¨, ¨ ®¡à §ã-¥âáï â ª ­ §ë¢ ¥¬®¥ ¤¢¨¦¥­¨¥ â¨¯  "ç¥å à¤ \, á«®ª «ì­ë¬ ¯¥à¨®¤®¬ TL [25]. � â®¦¥ ¢à¥¬ï âà¨¢¨åàï ¢à é îâáï ¢®ªàã£ æ¥­âà  § ¢¨åà¥­­®áâ¨xc = 0, yc = 0 á £«®¡ «ì­ë¬ ¯¥à¨®¤®¬ TG. � -ç «ì­ë¥ ª®®à¤¨­ âë ¢ë¡à ­ë â ª, çâ®¡ë ®â­®è¥-­¨¥ £«®¡ «ì­®£® ¨ «®ª «ì­®£® ¯¥à¨®¤®¢ ¡ë«® æ¥«®¥ç¨á«®,   ¨¬¥­­® TG=TL = 8.�­ ç «  ®¡à â¨¬áï ª å®à®è® ¨§¢¥áâ­ë¬ ¬¥â®-¤ ¬ [1, 12, 13] ¤«ï ¨¤¥­â¨ä¨ª æ¨¨ £«®¡ «ì­ëå å ®-â¨ç¥áª¨å ®¡« áâ¥© ¤¢¨¦¥­¨ï ¦¨¤ª¨å ç áâ¨æ. � à¨á. 5 ¯®ª § ­® á¥ç¥­¨¥ �ã ­ª à¥ ¤«ï ¦¨¤ª¨å ç á-â¨æ, ¤¢¨£ îé¨åáï ¢ ¯®«¥ áª®à®áâ¨ ¯à¨ ¢§ ¨¬®¤¥©-áâ¢¨¨ ¢¨åà¥©. �¥ç¥­¨¥ �ã ­ª à¥ ¡ë«® ¯®áâà®¥­®,ª®£¤  ¢¨åàì 3 ¯¥à¥á¥ª « ¯«®áª®áâì x = 0 ¢ ¯®«®¦¨-â¥«ì­®¬ ­ ¯à ¢«¥­¨¨. �¬¥îâáï ª ª à¥£ã«ïà­ ï,

�¨á. 5. �¥ç¥­¨¥ �ã ­ª à¥ ¤«ï á¨áâ¥¬ë â®ç¥ç­ëå ¢¨-åà¥© (25), ¯®ª §ë¢ îé¥¥ ®¡« áâ¨ à¥£ã«ïà­®£® ¨ å ®-â¨ç¥áª®£® £«®¡ «ì­®£® ¤¢¨¦¥­¨© ¯ áá¨¢­ëå ç áâ¨æâ ª ¨ å ®â¨ç¥áª ï ®¡« áâ¨ ¤¢¨¦¥­¨ï: ­¥ã¯®àï¤®-ç¥­­ë© ­ ¡®à â®ç¥ª á®®â¢¥âáâ¢ã¥â å ®â¨ç¥áª®¬ã¤¢¨¦¥­¨î, ¢ â® ¢à¥¬ï ª ª ã¯®àï¤®ç¥­­ë© ­ ¡®àâ®ç¥ª ®¯à¥¤¥«ï¥â ®¡« áâ¨ à¥£ã«ïà­®£® ¤¢¨¦¥­¨ï.�¨á. 6,  ¯®ª §ë¢ ¥â âà ¥ªâ®à¨î ®¤¨­®ç­®©¦¨¤ª®© ç áâ¨æë 1, ¨§­ ç «ì­® ¯®¬¥é¥­­®© ¢X01 = 0:0; Y 01 = �3:0. �â® { å ®â¨ç¥áª ï âà ¥ª-â®à¨ï, ª®â®à ï § ­¨¬ ¥â ª®­¥ç­ë© ä §®¢ë© ®¡ê-¥¬. � â® ¦¥ á ¬®¥ ¢à¥¬ï, ç áâ¨æ  2, ª®â®à ï à á-¯®«®¦¥­  ¢ à¥£ã«ïà­®© ®¡« áâ¨ á¥ç¥­¨ï �ã ­ª à¥(X02 = 0:0; Y 02 = 1:0), ¨¬¥¥â à¥£ã«ïà­®¥ ¤¢¨¦¥­¨¥(à¨á. 6, ¡).�®¤ã«ì á¯¥ªâà  jS(w)j ¯à®¥ªæ¨¨ âà ¥ªâ®à¨¨jS(w)j = 1p2� 1Z0 Y (t)ejwtdt (26)¤«ï ®¡¥¨å ç áâ¨æ (Y1(t) ¨ Y2(t)) ¯®ª § ­ ­  à¨á.7. �àª® ¢ëà ¦¥­­ë© ¤¨áªà¥â­ë© ­ ¡®à £ à¬®­¨ªá¢¨¤¥â¥«ìáâ¢ã¥â ® â®¬, çâ® ¬ àª¥à 2 ­ å®¤¨âáï ¢à¥£ã«ïà­®¬ ¤¢¨¦¥­¨¨. � ¯à®â¨¢, ¬ àª¥à 1 ¨¬¥¥â­¥¯à¥àë¢­® ¨§¬¥­ïîé¨©áï á¯¥ªâà, ª®â®àë© á®®â-¢¥âáâ¢ã¥â å ®â¨ç¥áª®¬ã ¤¢¨¦¥­¨î.�¨á. 8 ¨««îáâà¨àã¥â í¢®«îæ¨î ­ ¨¡®«ìè¥£®¯®ª § â¥«ï �ï¯ã­®¢  �(t). �«ï â®£®, çâ®¡ë ­ ©â¨íâã äã­ªæ¨î, ­¥®¡å®¤¨¬® à¥è¨âì ¢ à¨ æ¨®­ «ì-­®¥ ãà ¢­¥­¨¥d�dt = A�; �(0) = �0: (27)A.A.�ãà¦¨© ¨ �.�¥àå®á¥©­¨ 35



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 28 { 43

�¨á. 6. �à ¥ªâ®à¨¨ ¯ áá¨¢­ëå ¦¨¤ª¨å ç áâ¨æ, ¨§­ -ç «ì­® à á¯®«®¦¥­­ëå ¢ ( ) (0:0;�3:0) ¨ (¡) (0:0; 1:0) ¢¯®«¥ áª®à®áâ¨, ­ ¢¥¤¥­­®¬ á¨áâ¥¬®© â®ç¥ç­ëå ¢¨åà¥©�¤¥áì A = 0B@ @U@�1 @U@�2@V@�1 @V@�2 1CA ; �(t) = � �1(t)�2(t) � :� âà¨æ  A ®æ¥­¨¢ ¥âáï ¢¤®«ì âà ¥ªâ®à¨¨ ¬ à-ª¥à  X(t) = X(X(t); Y (t)). �  ¯à ªâ¨ª¥ ãà ¢­¥-­¨ï (4) ¨ (27) ¨­â¥£à¨àãîâáï ®¤­®¢à¥¬¥­­®. � -â¥¬ ¢ëç¨á«ï¥âáï äã­ªæ¨ï�(t) = 1t ln j�(t)jj�0j : (28)

�¨á. 7. �®¤ã«¨ á¯¥ªâà®¢ ä §®¢ëå ¯à®¥ªæ¨© âà ¥ªâ®-à¨© y(t) ¤«ï ®¡¥¨å ç áâ¨æ ­  à¨á. 6
�¨á. 8. � ¨¡®«ìè¨© ¯®ª § â¥«ì �ï¯ã­®¢  �(t) ¤«ï ®¡¥-¨å ç áâ¨æ ­  à¨á. 6�®á¥¤­¨¥ âà ¥ªâ®à¨¨ ¢ å ®â¨ç¥áª®© ®¡« áâ¨à áå®¤ïâáï ¨ �(t) ¯à¨¡«¨¦ ¥âáï ª ¯®«®¦¨â¥«ì­®-¬ã §­ ç¥­¨î � 0:3. � ¯à®â¨¢, ¤«ï à¥£ã«ïà­®£®¤¢¨¦¥­¨ï ­ ¨¡®«ìè¨© ¯®ª § â¥«ì �ï¯ã­®¢  áâà¥-¬¨âáï ª ­ã«î.�á¥ £«®¡ «ì­ë¥ ªà¨â¥à¨¨ á¢¨¤¥â¥«ìáâ¢ãîâ, çâ®®¡¥ ¯ áá¨¢­ë¥ ¦¨¤ª¨¥ ç áâ¨æë ¨¬¥îâ à §«¨ç­ë¥â¨¯ë ¤¢¨¦¥­¨ï.�¥ç¥­¨¥ �ã ­ª à¥ ¯®§¢®«ï¥â ­ ¬ ¯®ª § âì £«®-¡ «ì­ë¥ ®¡« áâ¨ ¨­â¥­á¨¢­®£® à §¬¥è¨¢ ­¨ï ¤«ïå ®â¨ç¥áª®£® ¤¢¨¦¥­¨ï. �¤­ ª®, ­¥ ®ç¥¢¨¤­® â®,çâ® â¥ ç áâ¨ å ®â¨ç¥áª®© ®¡« áâ¨, ª®â®àë¥ ­ å®-36 A.A.�ãà¦¨© ¨ �.�¥àå®á¥©­¨
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�¨á. 9. � àâ  ª®íää¨æ¨¥­â  «®ª «ì­®£® à áâï¦¥­¨ïC2(x; y) (á¬. ¢ëà ¦¥­¨¥ (17), C1(x; y) = 0 ¢¥§¤¥) ª®­-ä¨£ãà æ¨¨ "ªàã£\ ¢ ¯®«¥ áª®à®áâ¨, ­ ¢¥¤¥­­®© â®ç¥ç-­ë¬¨ ¢¨åàï¬¨. � §­¨æë ¢ â®¯®«®£¨ç¥áª¨å ãà®¢­ïåá®áâ ¢«ïîâ 1:0. �âà¨å®¢®© «¨­¨¥© ¯®ª § ­ë £à ­¨-æë á¥ç¥­¨ï �ã ­ª à¥ ­  à¨á. 5¤ïâáï ¢¤ «¨ ®â ¢¨åà¥© (á¬. à¨á. 5), á®®â¢¥âáâ¢ã-îâ ¨­â¥­á¨¢­®¬ã à¥¦¨¬ã à §¬¥è¨¢ ­¨ï. � ®¡®-à®â, ¢­ãâà¥­­ïï ®¡« áâì, à á¯®«®¦¥­­ ï ­¥ â ª¤ «¥ª® ®â ¢¨åà¥©, ¨¬¥¥â à¥£ã«ïà­ë© ®áâà®¢. �®-ç¥¬ã íâ  ®¡« áâì ®¡« ¤ ¥â à¥£ã«ïà­ë¬ à¥¦¨¬®¬à §¬¥è¨¢ ­¨ï, ¯à¨ â®¬, çâ® ¯®«¥ áª®à®áâ¨ ­¥¯à¥-àë¢­® ¨ ­¥â ®á®¡¥­­®áâ¥© ¢ íâ®© ®¡« áâ¨? �à¥¤-è¥áâ¢ãîé¨©  ­ «¨§ «®ª «ì­®£® à áâï¦¥­¨ï ¬®-¦¥â ¡ëâì ¯à¨¬¥­¥­ ¤«ï â®£®, çâ®¡ë ®â¢¥â¨âì ­ íâ®â ¢®¯à®á.� ¢ ©â¥ ®ªàã¦¨¬ ¯à®¨§¢®«ì­ãî â®çªã (x; y) ¬ -«ë¬ ªàã£®¬ ¨ ¨§ãç¨¬ ¥£® «®ª «ì­ãî ¤¥ä®à¬ æ¨î¢® ¢à¥¬¥­¨. �àã£¨¬¨ á«®¢ ¬¨, ¬ë å®â¨¬ ¢ëç¨á-«¨âì (á¬. ¢ëà ¦¥­¨ï (44), (45))C2(x; y) = 18(4�2 � �21 � 2�2 + �1�1 ++ 4p1�1 � 2p1�1 + 4p21) (29)¨ ¯à® ­ «¨§¨à®¢ âì ª àâã «®ª «ì­®£® à áâï¦¥­¨ï"ªàã£ ". �¥§ã«ìâ âë ¯à®áâëå ¢ëç¨á«¥­¨© ¯®ª -§ ­ë ­  à¨á. 9. �¤¥áì èâà¨å®¢®© «¨­¨¥© ¯®ª -§ ­ë £à ­¨æë £«®¡ «ì­® å ®â¨ç¥áª®£® ¤¢¨¦¥­¨ï,á¢ï§ ­­®£® á å ®â¨ç¥áª®© ®¡« áâìî á¥ç¥­¨ï �ã- ­ª à¥ (à¨á. 5). �®¯®«®£¨ç¥áª¨¥ ãà®¢­¨ ­ ­¥á¥­ëá ¨­â¥à¢ «®¬ 1:0. �ë ­¥ ­ ­®á¨«¨ ãà®¢­¨ ®ª®«®¢¨åà¥©, £¤¥ ¯®«¥ áª®à®áâ¨ ¨¬¥¥â á¨­£ã«ïà­®áâì.�­â¥­á¨¢­®¥ à §¬¥è¨¢ ­¨¥ ¨¬¥¥â ¬¥áâ® ¢ å ®â¨-ç¥áª®© ®¡« áâ¨ â®«ìª® ¢ â®© ç áâ¨, ¢ ª®â®à®© à á-¯®«®¦¥­ë â®ç¥ç­ë¥ ¢¨åà¨. �â  ª àâ  á®®â¢¥â-

áâ¢ã¥â ¬®¬¥­âã t = 0:0. �®£¤  ¢¨åà¨ ¨¬¥îâ  ­ -«®£¨ç­®¥ ¢§ ¨¬­®¥ ¯®«®¦¥­¨¥ (tn = TLn=FG, £¤¥n = 1; 2 : : :), ª àâë ¨¬¥îâ  ­ «®£¨ç­ãî áâàãªâã-àã. � íâ®¬ á«ãç ¥ ª àâ  ¤®«¦­  ¡ëâì ¯®¢¥à­ãâ á®®â¢¥âáâ¢¥­­® ­  ã£®« 2�nTL=TG.� â¥ç¥­¨¥ à §¬¥è¨¢ ­¨ï ­ ç «ì­ë© ª®­âãàâà ­áä®à¬¨àã¥âáï ¯®çâ¨ ¢ â®­ªãî «¨­¨î, ç áâ¨ª®â®à®© ®à¨¥­â¨à®¢ ­ë ¢ ­ ¯à ¢«¥­¨¨ ¢¥ªâ®à áª®à®áâ¨. �®­ïâ­®, çâ® ®à¨¥­â æ¨ï ®âà¥§ª®¢ ¨¢¥ªâ®à  áª®à®áâ¨ á®¢¯ ¤ ¥â â®«ìª® ¤«ï ãáâ ­®¢¨¢-è¥£®áï à¥¦¨¬  ¤¢¨¦¥­¨ï. � â¥¬ ­¥ ¬¥­¥¥, ª à-â  à áâï¦¥­¨ï ¨§­ ç «ì­® «¨­¥©­®£® ®âà¥§ª  ¢­ ¯à ¢«¥­¨¨, á®¢¯ ¤ îé¥¬ á ¢¥ªâ®à®¬ áª®à®áâ¨,¬®¦¥â ®æ¥­¨âì ¤¥ä®à¬ æ¨î ¤«ï ¬®¬¥­â®¢, ª®£¤ ¯à®æ¥áá ã¦¥ ¯à®¤®«¦ ¥âáï ¤®áâ â®ç­® ¤®«£®¥ ¢à¥-¬ï: C2(x; y) = U20 (p2 � d) + V 20 (p2 � a)U20 + V 20 ++ U0V0(b+ c)U20 + V 20 + p1; (30)£¤¥ U0 ¨ V0 { ª®¬¯®­¥­âë áª®à®áâ¨ ¢ â¥ªãé¥©â®çª¥ (x; y). � àâ  (à¨á. 10) ¨¬¥¥â ¯à ªâ¨ç¥áª¨ ­ «®£¨ç­ãî áâàãªâãàã: §®­ë ¨­â¥­á¨¢­®£® à á-âï¦¥­¨ï à á¯®«®¦¥­ë àï¤®¬ á ¢¨åàï¬¨,   á« ¡®©¤¥ä®à¬ æ¨¨ { ¢¤ «¨ ®â ­¨å. �á¨¬¬¥âà¨ï ¢ ®à¨-¥­â æ¨¨ ®âà¥§ª®¢ ¯® ®â­®è¥­¨î ª ¯®«î áª®à®áâ¨¯à¨¢®¤¨â ª  á¨¬¬¥âà¨¨ â®¯®«®£¨ç¥áª¨å ãà®¢­¥©.�â®â ¯à®áâ®© £à ä¨ç¥áª¨©  ­ «¨§ ¯®¤â¢¥à¦¤ ¥â¢ë¢®¤ ® â®¬, çâ® ¨­â¥­á¨¢­ ï  ¤¢¥ªæ¨ï ¨¬¥¥â ¬¥á-â® â®«ìª® ¢ ®¡« áâïå, à á¯®«®¦¥­­ëå ­¥¤ «¥ª® ®â¢¨åà¥©.� áá¬®âà¥­­ë¥ ¯à¨¬¥àë ¯®ª §ë¢ îâ à áâï¦¥-­¨¥ ®¯à¥¤¥«¥­­ëå ä¨£ãà ¨«¨ ¨å ç áâ¥©, ®à¨¥­â¨-à®¢ ­­ëå ¢ ¯à®áâà ­áâ¢¥. �®ª § ­®, çâ® ®¡« á-â¨ ¨­â¥­á¨¢­®£® à áâï¦¥­¨ï à á¯®«®¦¥­ë àï¤®¬á ¢¨åàï¬¨. �®«¨ç¥áâ¢¥­­ë¥ ®æ¥­ª¨ à áâï¦¥­¨ï§ ¢¨áïâ ®â ¢¨¤  ª®­âãà , ®á®¡¥­­® ­  ­ ç «ì­ëåáâ ¤¨ïå à §¬¥è¨¢ ­¨ï.� ª®­¥æ, ¬®¦­® ¢ëç¨á«¨âì ª àâã íªá¯®­¥­æ¨- «ì­ëå ª®íää¨æ¨¥­â®¢p1(x; y) = a+ d+Dc2 ; (31)ª®â®àë¥ ¨¬¥îâ ¤¥©áâ¢¨â¥«ì­ë¥ §­ ç¥­¨ï ¢¥§¤¥¤«ï ¯®â¥­æ¨ «ì­®£® ­¥á¦¨¬ ¥¬®£® ¯®â®ª , ª®£¤ a + d = 0 ¨ c � d = 0. � àâ  íªá¯®­¥­æ¨- «ì­®£® ª®íää¨æ¨¥­â  p1(x; y) ­ ­¥á¥­  ­  à¨á.11 ¯®  ­ «®£¨¨ á ¯à¥¤ë¤ãé¨¬¨ á«ãç ï¬¨. �¤¥áìp1(x; y) ®¯¨áë¢ ¥â à áå®¦¤¥­¨¥ ¡«¨§«¥¦ é¨å âà -¥ªâ®à¨©. �®¯®«®£¨ç¥áª ï ª àâ  ª ç¥áâ¢¥­­®  ­ -«®£¨ç­  á«ãç ï¬, à áá¬®âà¥­­ë¬ à ­¥¥. �­ ç¥-­¨¥ à áâï¦¥­¨ï ª®­âãà®¢ ¨§-§  íªá¯®­¥­æ¨ «ì­®-A.A.�ãà¦¨© ¨ �.�¥àå®á¥©­¨ 37
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�¨á. 10. � àâ  ª®íää¨æ¨¥­â  «®ª «ì­®£® à áâï¦¥­¨ïC1(x;y) (á¬. ¢ëà ¦¥­¨¥ (11)) ¤«ï ®âà¥§ª , ®à¨¥­â¨-à®¢ ­­®£® ¢ ­ ¯à ¢«¥­¨¨ ¢¥ªâ®à  áª®à®áâ¨ ¢ á¨áâ¥¬¥â®ç¥ç­ëå ¢¨åà¥©. � §­¨æë ¢ â®¯®«®£¨ç¥áª¨å ãà®¢­ïåá®áâ ¢«ïîâ 1:0. �âà¨å®¢®© «¨­¨¥© ¯®ª § ­ë £à ­¨æëá¥ç¥­¨ï �ã ­ª à¥ ­  à¨á. 5
�¨á. 11. � àâ  ª®íää¨æ¨¥­â  íªá¯®­¥­æ¨ «ì­®£® à -áâï¦¥­¨ï p1(x; y) (á¬. ¢ëà ¦¥­¨¥ (14) ª®­âãà®¢ ¢ ¯®-«¥ áª®à®áâ¨ â®ç¥ç­ëå ¢¨åà¥©. � §­¨æë ¢ â®¯®«®£¨-ç¥áª¨å ãà®¢­ïå á®áâ ¢«ïîâ 1:0. �âà¨å®¢®© «¨­¨¥©¯®ª § ­ë £à ­¨æë á¥ç¥­¨ï �ã ­ª à¥ ­  à¨á. 5£® ¬­®¦¨â¥«ï ¨¬¥¥â ¤®¬¨­¨àãîéãî à®«ì ¯® áà ¢-­¥­¨î á ¨­â¥£à «®¬ ¢ ¢ëà ¦¥­¨¨ (14). � ¤® ¯®¬-­¨âì, çâ® íâ®â ª®íää¨æ¨¥­â ­¥ § ¢¨á¨â ®â â¨¯ à áá¬ âà¨¢ ¥¬ëå ª®­âãà®¢ ¨«¨ «¨­¨© ¨ ®¯à¥¤¥«ï-¥âáï â®«ìª® ¯®«¥¬ áª®à®áâ¨.�¢®«îæ¨ï ª ¦¤®£® ®âà¥§ª  ª®­âãà  § ¢¨á¨â ®â¯®«ï áª®à®áâ¨, ­ ¢¥¤¥­­®£® ¢¨åàï¬¨. �á«¨ ­¥ª®-

â®àë¥ ®âà¥§ª¨ ª®­âãà , ¢ â¥ç¥­¨¥ ¯à®æ¥áá   ¤¢¥ª-æ¨¨, à á¯®«®¦¥­ë ¤ «¥ª® ®â ¢¨åà¥©, ®­¨ ­¥ ¯®¤¢¥à-£ îâáï á¨«ì­®© ¤¥ä®à¬ æ¨¨ ¨ ¤¢¨£ îâáï ¯®çâ¨ áâ®© ¦¥ ä®à¬®© ¨ à §¬¥à ¬¨, ¤ ¦¥ ¥á«¨ à á¯®«®-¦¥­ë ¢ å ®â¨ç¥áª®© ®¡« áâ¨. �â® §­ ç¨â, çâ®¯ áá¨¢­ë¥ ¦¨¤ª¨¥ ç áâ¨æë ¤¢¨£ îâáï ®â ®¤­®©ç áâ¨ å ®â¨ç¥áª®© ®¡« áâ¨ ª ¤àã£®©. �®â ¯®ç¥-¬ã å ®â¨ç¥áª ï ®¡« áâì ¨¬¥¥â â ª¦¥ §®­ë á« ¡®£®à §¬¥è¨¢ ­¨ï. �â¨ §®­ë à á¯®«®¦¥­ë ¯® ¡®ª ¬¨ ­ ¢¥àåã å ®â¨ç¥áª®© ®¡« áâ¨, ¨§®¡à ¦¥­­®© ­ á¥ç¥­¨¨ �ã ­ª à¥ (á¬. à¨á. 5).�â®¡ë ¯®ª § âì íâ®, ­¥®¡å®¤¨¬® á¬®¤¥«¨à®¢ âì¯à®æ¥áá  ¤¢¥ªæ¨¨ ¤«ï ¯ áá¨¢­ëå ¦¨¤ª¨å ç áâ¨æ ¢¯®«¥ áª®à®áâ¨, ­ ¢¥¤¥­­®¬ âà¥¬ï â®ç¥ç­ë¬¨ ¢¨å-àï¬¨. � ç «ì­ë¥ ª®®à¤¨­ âë ¢¨åà¥© á®®â¢¥â-áâ¢ãîâ ¢ëà ¦¥­¨î (25). �ëç¨á«¥­¨ï ¯à®¢®¤¨-«¨áì ¤«ï ¯ áá¨¢­®© ®¡« áâ¨, ­ ç «ì­® § ­¨¬ î-éãî ªàã£®¢ãî ®¡« áâì á à ¤¨ãá®¬ 0:5, ç¥© æ¥­âàà á¯®«®¦¥­ ¢ å ®â¨ç¥áª®© ®¡« áâ¨ ¤¢¨¦¥­¨ï á ª®-®à¤¨­ â ¬¨ xc = �2:5, yc = �2:0 (à¨á. 12, a).�¢®«îæ¨ï ¨§ãç ¥¬®£® ª®­âãà  ®¯¨áë¢ ¥âáï ãà ¢-­¥­¨ï¬¨ (22). �«ï â®£®, çâ®¡ë ¯®áâà®¨âì á¤¥-ä®à¬¨à®¢ ­­ãî ®¡« áâì ¤«ï ä¨ªá¨à®¢ ­­ëå ¬®-¬¥­â®¢ ¬ë ¨á¯®«ì§®¢ «¨ ¬¥â®¤ ªãá®ç­®© á¯« ©­-¨­â¥à¯®«ïæ¨¨ [27], ª®â®àë© ¯®§¢®«ï¥â áä®à¬¨à®-¢ âì £à ­¨æë § ¬ª­ãâ®© ®¡« áâ¨, ¨á¯®«ì§ãï ã¯®-àï¤®ç¥­­ãî ¯®á«¥¤®¢ â¥«ì­®áâì ¬ àª¥à®¢. �¨á-«¥­­®¥ ¬®¤¥«¨à®¢ ­¨¥ ¯à®¢¥àï«®áì ­  á®åà ­¥­¨¥¯«®é ¤¨ ¢® ¢à¥¬¥­¨, ¯®áª®«ìªã r � U = 0 ¤«ï ­¥-á¦¨¬ ¥¬®£® â¥ç¥­¨ï, ¨dSdt = I dUdt dC = ZSC ddt [r �U ]dS = 0; (32)£¤¥ C { à áá¬ âà¨¢ ¥¬ë© ª®­âãà; r { ®¯¥à â®à­ ¡«  [16].�®¬¥­â t = 2TL (à¨á. 12, ¡) á®®â¢¥âáâ¢ã¥â¤¢ã¬ ¯¥à¨®¤ ¬ ¢§ ¨¬®¤¥©áâ¢¨ï (¬¥¦¤ã ¢¨åàï¬¨1 ¨ 2), á¨áâ¥¬  â®ç¥ç­ëå ¢¨åà¥© ¯®¢¥à­ã« áì ­ ã£®« �=2 ®â­®á¨â¥«ì­® ¢¨åà¥¢®£® æ¥­âà  (xc =0; yc = 0) ¨ ¨¬¥¥â ¢§ ¨¬­®¥ à á¯®«®¦¥­¨¥,  ­ -«®£¨ç­®¥ ­ ç «ì­®¬ã ¬®¬¥­âã. �®à¬  ¯ áá¨¢­®©®¡« áâ¨ ¯à ªâ¨ç¥áª¨ ­¥ ¨§¬¥­¨« áì; â®«ìª® à á-áâ®ï­¨¥ ¬¥¦¤ã ¢¨åà¥¬ ¨ ®¡« áâìî ã¢¥«¨ç¨«®áì.� ª à¥§ã«ìâ â, ¢«¨ï­¨¥ ¢¨åà¥© ­  ¯à®æ¥áá à §-¬¥è¨¢ ­¨ï ã¬¥­ìè¨«®áì. � â®¬ã ¦¥, ¯ áá¨¢­ ï®¡« áâì ®áâ « áì ¢­ãâà¨ ®¡« áâ¨ å ®â¨ç¥áª®©  ¤-¢¥ªæ¨¨, ¯®ª § ­­®© èâà¨å®¢®© «¨­¨¥©.�¨á. 12, ¢ á®®â¢¥âáâ¢ã¥â ¬®¬¥­âã t = 4TL:à ááâ®ï­¨¥ ¬¥¦¤ã ¯ áá¨¢­ë¬ ª®­âãà®¬ ¨ ¢¨åàï-¬¨ ¬ ªá¨¬ «ì­®¥, ¨ ¢¨åà¨ ¯®çâ¨ ­¥ ®ª §ë¢ îâ¢«¨ï­¨ï ­  ¯à®æ¥áá ¯ áá¨¢­®©  ¤¢¥ªæ¨¨. �®à¬ ®¡« áâ¨ ¨ ¥¥ ¯®«®¦¥­¨¥ ¢ ¯à®áâà ­áâ¢¥ ­¥ ¬¥­ï-îâáï.38 A.A.�ãà¦¨© ¨ �.�¥àå®á¥©­¨
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�¨á. 12. �¢®«îæ¨ï ªàã£®¢®£® ª®­âãà  à ¤¨ãá  0:5, ¨§­ ç «ì­® à á¯®«®¦¥­­®£® ¢ â®çª¥ (�2:5;�2:0) ¢ å ®â¨ç¥-áª®© ®¡« áâ¨ ¤¢¨¦¥­¨ï ¢ ¯®«¥ áª®à®áâ¨, ­ ¢¥¤¥­­®© â®ç¥ç­ë¬¨ ¢¨åàï¬¨:   { t = 0:0, ¡ { t = 2TL, ¢ { t = 4TL,£ { t = 8TL, ¤ { t = 10TL, ¥ { t = 12TL. �âà¨å®¢®© «¨­¨¥© ¯®ª § ­ë £à ­¨æë á¥ç¥­¨ï �ã ­ª à¥ ­  à¨á. 5A.A.�ãà¦¨© ¨ �.�¥àå®á¥©­¨ 39
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�¨á. 13. �¢®«îæ¨ï ¢® ¢à¥¬¥­¨ ¤«¨­ ª®­âãà®¢, ¨§­ -ç «ì­® à á¯®«®¦¥­­ëå ¢ â®çª¥ (�2:5;�2:0) ¢ å ®â¨ç¥-áª®© ®¡« áâ¨ ¢ ¯®«¥ áª®à®áâ¨, ­ ¢¥¤¥­­®¬ â®ç¥ç­ë¬¨¢¨åàï¬¨. �¥¯à¥àë¢­ ï «¨­¨ï ¯®ª §ë¢ ¥â ¨§¬¥­¥­¨¥¨§­ ç «ì­® ªàã£®¢®© ®¡« áâ¨ á à ¤¨ãá®¬ 0:5, èâà¨å®-¢ ï «¨­¨ï á®®â¢¥âáâ¢ã¥â ¨§­ ç «ì­® ª¢ ¤à â­®© ®¡« -áâ¨ 1:0� 1:0.�â  á¨âã æ¨ï ¯à®¤®«¦ ¥âáï ¢¯«®âì ¤® ¯®«­®-£® ¯¥à¨®¤  ¢§ ¨¬®¤¥©áâ¢¨ï, t = 8TL (à¨á. 12, £).� ááâ®ï­¨¥ ¬¥¦¤ã ¢¨åàï¬¨ ¨ ¬ àª¥à ¬¨ ®¡« áâ¨ã¬¥­ìè¨«®áì. �¡« áâì à á¯®«®¦¥­  ®ª®«® ¢¨åà¥©,¨ ¢«¨ï­¨¥ ¢¨åà¥© ­  ¯à®æ¥áá à §¬¥è¨¢ ­¨ï §­ ç¨-â¥«ì­® ã¢¥«¨ç¨«áï. �­â¥­á¨¢­ë© à¥¦¨¬ ­ ç «áïâ®«ìª® ¢ íâ®â ¬®¬¥­â (à¨á. 12, ¤). �­ ç¨â¥«ì-­ ï ¤¥ä®à¬ æ¨ï ¨¬¥¥â ¬¥áâ®, ¨ ¨§ãç ¥¬ ï ®¡« áâìá¨«ì­® à áâï­ã« áì ¨ á¤¥ä®à¬¨à®¢ « áì ¯®çâ¨ ¢â®­ªãî «¨­¨î ¢ â¥ç¥­¨¥ á«¥¤ãîé¥£® ¯®«ã¯¥à¨®¤ ¢§ ¨¬®¤¥©áâ¢¨ï. �  à¨á. 12, ¥ ¯®ª § ­ë £à ­¨æë®¡« áâ¨ ¯à¨ t = 12TL.�  à¨á. 13 ¯®ª § ­® ¨§¬¥­¥­¨¥ ¤«¨­ë ª®­âãà ª ª äã­ªæ¨ï ¢à¥¬¥­¨. �­ ç « , ¯®áª®«ìªã ­ ç «ì-­ ï ®¡« áâì à á¯®« £ « áì ­¥¤ «¥ª® ®â ¢¨åà¥©, ®­ ¡ë«  ¯®¤¢¥à¦¥­  á« ¡®© ¤¥ä®à¬ æ¨¨. � áâï¦¥-­¨¥ ®¡« áâ¨ ¢ â¥ç¥­¨¥ 0 < t < 8TL ®ç¥­ì á« ¡®¥.� â¥¬ ª®­âãà ¯®¤¢¥à£ ¥âáï §­ ç¨â¥«ì­®© ¤¥ä®à-¬ æ¨¨: ¥£® ¤«¨­  ã¢¥«¨ç¨¢ ¥âáï íªá¯®­¥­æ¨ «ì­®(à¨á. 13). �â® ¯®¤â¢¥à¦¤ ¥â â®, çâ® ­ áâã¯¨«à¥¦¨¬ å ®â¨ç¥áª®©  ¤¢¥ªæ¨¨.�¥¯®áà¥¤áâ¢¥­­®¥ ¬®¤¥«¨à®¢ ­¨¥ ¯à®æ¥áá  à §-¬¥è¨¢ ­¨ï ¢ ¯®«¥ áª®à®áâ¨, ­ ¢¥¤¥­­®¬ á¨áâ¥¬®©â®ç¥ç­ëå ¢¨åà¥©, ïá­® ¤¥¬®­áâà¨àã¥â ­ «¨ç¨¥ª ª á¨«ì­ëå, â ª ¨ á« ¡ëå ¯à®æ¥áá®¢ ¯¥à¥¬¥è¨¢ -­¨ï ¢­ãâà¨ å ®â¨ç¥áª®© ®¡« áâ¨, ®â¬¥ç¥­­®© á¥-ç¥­¨¥¬ �ã ­ª à¥. �­ «¨§ íää¥ªâ®¢ à áâï¦¥­¨ï¯®ª §ë¢ ¥â, çâ® ®¡« áâ¨ ¨­â¥­á¨¢­®£® à §¬¥è¨-

¢ ­¨ï ­¥ ®¡ï§ â¥«ì­® á®¢¯ ¤ îâ á ®¡« áâìî å ®-â¨ç¥áª®£® ¤¢¨¦¥­¨ï. � ¤¥©áâ¢¨â¥«ì­®áâ¨, á¨«ì-­®¥ «®ª «ì­®¥ à áâï¦¥­¨¥ ¨¬¥¥â ¬¥áâ® ®ª®«® ¢¨å-à¥©, ¢ â® ¢à¥¬ï ª ª ®áâ «ì­ ï ç áâì å ®â¨ç¥áª®©®¡« áâ¨ ãç áâ¢ã¥â ¢ ¯¥à¥¬¥é¥­¨¨ ¦¨¤ª¨å ç áâ¨æ.4. ���������� � �������®áâà®¥­¨¥ «®ª «ì­ëå ª àâ à áâï¦¥­¨ï à §­ëåª®­âãà®¢ ¤«ï ä¨ªá¨à®¢ ­­ëå ¬®¬¥­â®¢ ¤ ¥â áãé¥-áâ¢¥­­®¥ ¯à¥¨¬ãé¥áâ¢® ¢ ¯à¥¤¢ à¨â¥«ì­®¬ æ¥«¥-­ ¯à ¢«¥­­®¬  ­ «¨§¥ ¯à®æ¥áá®¢  ¤¢¥ªæ¨¨ ¯ áá¨¢-­ëå ª®­âãà®¢ ¢ § ¤ ­­®¬ ¯®«¥ áª®à®áâ¨. �â¨ ª à-âë, ¯®¤®¡­® ¬£­®¢¥­­ë¬ á« ©¤ ¬ §­ ç¥­¨© à á-âï¦¥­¨© (¨«¨ ­®à¬¨à®¢ ­­ë¬ §­ ç¥­¨© à áâï¦¥-­¨©) ¤«ï à §­ëå ª®­âãà®¢, ¯®¬®£ îâ ­¥ â®«ìª®®¡­ àã¦¨âì áãé¥áâ¢®¢ ­¨¥ ®¡« áâ¥© ¨­â¥­á¨¢­®-£® à §¬¥è¨¢ ­¨ï, ­® ¨, ¨á¯®«ì§ãï ¯®á«¥¤®¢ â¥«ì-­®áâì ª àâ, ¢ëï¢¨âì ¨å ¤à¥©ä ¢® ¢à¥¬¥­¨.� á®¦ «¥­ìî, ®ç¥­ì âàã¤­® ¤ âì ¯à ªâ¨ç¥áª¨¥à¥ª®¬¥­¤ æ¨¨ ¢ ®â­®è¥­¨¨ â®£®, ª ª®© ª®­âãà ­¥-®¡å®¤¨¬® ¨á¯®«ì§®¢ âì ¯à¨  ­ «¨§¥ ¯à®¨§¢®«ì­®-£® ¯®«ï áª®à®áâ¨. �ç¥¢¨¤­®, ¥á«¨ ¬ë à áá¬ âà¨-¢ ¥¬ à¥£ã«ïà­®¥ áâ æ¨®­ à­®¥ â¥ç¥­¨¥, ­ ¨¡®«¥¥ã¤®¡­ë¬¨ ï¢«ïîâáï «®ª «ì­ë¥ ª àâë à áâï¦¥­¨©®âà¥§ª®¢, ®à¨¥­â¨à®¢ ­­ëå ¢ ­ ¯à ¢«¥­¨¨ ¢¥ªâ®-à  áª®à®áâ¨, ¯®â®¬ã çâ® ¢ áâ æ¨®­ à­®¬ â¥ç¥-­¨¨ ¨áå®¤­ë© ª®­âãà á® ¢à¥¬¥­¥¬ ¤¥ä®à¬¨àã¥âáï¢ «¨­¨î, á®¢¯ ¤ îéãî á âà ¥ªâ®à¨¥© ¯ áá¨¢­ëåç áâ¨æ. � ­ è¥© â®çª¨ §à¥­¨ï, ­ ¨¡®«¥¥ ã¤®¡-­ë¬¨ ª àâ ¬¨ ¤«ï å ®â¨ç¥áª¨å à¥¦¨¬®¢ ï¢«ïîâ-áï ª àâë íªá¯®­¥­æ¨ «ì­®£® à áâï¦¥­¨ï, ¯®â®¬ãçâ® å ®â¨ç¥áª®¥ à áâï¦¥­¨¥ å à ªâ¥à¨§ã¥âáï £«®-¡ «ì­ë¬ íªá¯®­¥­æ¨ «ì­ë¬ à áâï¦¥­¨¥¬ ª®­âã-à®¢.� áâï¦¥­¨¥ ª®­âãà®¢ ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥-­® ¨ ¢ íªá¯®­¥­æ¨ «ì­®© ä®à¬¥ ¤«ï ¢á¥å à áá¬®â-à¥­­ëå ª®­âãà®¢ (á¬. ãà ¢­¥­¨ï (7), (14), (16) ¨(11), £¤¥ íªá¯®­¥­â  ¬®¦¥â ¡ëâì ¢ë¤¥«¥­ ) á íªá¯®-­¥­æ¨ «ì­ë¬ ª®íää¨æ¨¥­â®¬, ®¯à¥¤¥«ï¥¬ë¬ £à -¤¨¥­â ¬¨ ¯®«ï áª®à®áâ¨. �­ ­¥ § ¢¨á¨â ®â â¨-¯  à áá¬ âà¨¢ ¥¬®£® ª®­âãà  ¨«¨ ®âà¥§ª  ¨ ®¯¨-áë¢ ¥â à áâï¦¥­¨¥ ¢ á¢ï§¨ á â¥ç¥­¨¥¬ ¦¨¤ª®áâ¨.�¤¥áì p1(x; y; t) = Re[p(x; y; t)], £¤¥ p(x; y; t) { ª®¬-¯«¥ªá­ë© ª®à¥­ì å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï(4) ¥áâì  ­ «®£ ­ ¨¡®«ìè¥£® ¯®ª § â¥«ï �ï¯ã­®¢ �(t), ®¡ëç­® ¨á¯®«ì§ã¥¬®£® ¤«ï ®¯à¥¤¥«¥­¨ï å ®-â¨ç¥áª¨å à¥¦¨¬®¢ ¤¢¨¦¥­¨ï ¢ å ®â¨ç¥áª®© ¤¨-­ ¬¨ª¥ [12, 13]. � ­ è¥¬ á«ãç ¥ p1(x; y; t) ®¯à¥-¤¥«ï¥âáï ¢ â¥ç¥­¨¥ ª®à®âª®£® ¨­â¥à¢ «  ¢à¥¬¥-­¨ � , t0 < � < t0 + �� , ¢ â® ¢à¥¬ï ª ª ­ ¨-¡®«ìè¨© ¯®ª § â¥«ì �ï¯ã­®¢  á«¥¤ã¥â ¢ëç¨á«ïâì¯à¨ t ! 1. �àã£¨¬¨ á«®¢ ¬¨, ¤«ï â®£®, çâ®¡ë®¯à¥¤¥«¨âì �(t) ¤«ï § ¤ ­­®£® ¬ àª¥à , ­¥®¡å®-40 A.A.�ãà¦¨© ¨ �.�¥àå®á¥©­¨



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 28 { 43¤¨¬® ãáà¥¤­¨âì p1(x; y; t) ¢¤®«ì âà ¥ªâ®à¨¨ X(t),Y (t). �â®â ¬ àª¥à ¯®á¥é ¥â à §«¨ç­ë¥ ®¡« áâ¨,ª ª ¨­â¥­á¨¢­®£®, â ª ¨ á« ¡®£® à §¬¥è¨¢ ­¨ï, ¨¨­ä®à¬ æ¨ï ® «®ª «ì­®¬ à áâï¦¥­¨¨ ¢ ¯®á¥é¥­-­ëå ®¡« áâïå ãáà¥¤­ï¥âáï ¨, á«¥¤®¢ â¥«ì­®, â¥àï-¥âáï. �®â ¯®ç¥¬ã §­ ç¥­¨¥ ­ ¨¡®«ìè¥£® ¯®ª § â¥-«ï �ï¯ã­®¢  ¤«ï ¬ àª¥à , ¨§­ ç «ì­® ¯®¬¥é¥­­®-£® ¢ â®çªã (x; y), ­¥ á®¢¯ ¤ ¥â á «®ª «ì­ë¬ §­ ç¥-­¨¥¬ p1(x; y; t) ¨ áà ¢­¨â¥«ì­ë©  ­ «¨§ [17, 28] ­¥¤ « â®ç­®£® á®¢¯ ¤¥­¨ï. �¥à®ïâ­® ®¡  ª®íää¨æ¨-¥­â  à ¢­ë, â®«ìª® ª®£¤  à áá¬ âà¨¢ ¥¬ ï â®çª ï¢«ï¥âáï â®çª®© à ¢­®¢¥á¨ï: ¬ àª¥à ­¥ ¤¢¨¦¥âáï¨ � = limt!1 1t tZ0 p1(x; y; t)dt = p(x; y): (33)�¤­®¢à¥¬¥­­®, áãé¥áâ¢ã¥â ¤àã£®© ¬¥å ­¨§¬ «®-ª «ì­®£® à áâï¦¥­¨ï. �­ ®¯à¥¤¥«ï¥âáï â¨¯®¬ª®­âãà , ¯®¬¥é¥­­®£® ®ª®«® § ¤ ­­®© â®çª¨. �£®¤«¨­  ã¢¥«¨ç¨¢ ¥âáï, § ¢¨á¨â ®â ä®à¬ë ª®­âãà  ¨®¯à¥¤¥«ï¥âáï ¨­â¥£à «®¬ (13). �«ï ­¥á¦¨¬ ¥¬ëå¢¨åà¥¢ëå â¥ç¥­¨© íªá¯®­¥­æ¨ «ì­ë© ¬­®¦¨â¥«ì¢ ãà ¢­¥­¨¨ (7) ¬®¦¥â ¡ëâì à ¢¥­ ­ã«î ¨«¨ ¬ -«®¬ã §­ ç¥­¨î. �«¥¤®¢ â¥«ì­®, ¢â®à®© ¬¥å ­¨§¬¨£à ¥â «¨¤¨àãîéãî à®«ì ¢ íâ®¬ á«ãç ¥.�®¦­® ¯à¥¤¯®«®¦¨âì, çâ® ®¡  ¬¥å ­¨§¬ , áª -¦¥¬ íªá¯®­¥­æ¨ «ì­ë© ¨ ¨­â¥£à «ì­ë©, ­¥ áãé¥-áâ¢ãîâ ®â¤¥«ì­®. �®¯à®á § ª«îç ¥âáï ¢ â®¬, ª -ª®© ¯à¥®¡« ¤ ¥â ¢ à §«¨ç­ëå á¨âã æ¨ïå. � ç áâ-­®áâ¨, èâà¨å®¢ ï «¨­¨ï ­  à¨á. 13 ¯®ª §ë¢ ¥â ¨§-¬¥­¥­¨¥ ¤«¨­ë ª¢ ¤à â­®© ®¡« áâ¨ ¯ á¨¢­®© ¯à¨-¬¥á¨ ¢ ¯®«¥ áª®à®áâ¨, ­ ¢¥¤¥­­®© á¨áâ¥¬®© âà¥åâ®ç¥ç­ëå ¢¨åà¥©, à áá¬®âà¥­­ëå à ­¥¥. �¢ ¤-à â­ ï ®¡« áâì ¨¬¥¥â à §¬¥à 1:0 ¨ ¥¥ æ¥­âà (¯¥-à¥á¥ç¥­¨¥ ¤¨ £®­ «¥©) á®¢¯ ¤ ¥â á æ¥­âà®¬ ªàã-£®¢®© ®¡« áâ¨, à áá¬®âà¥­­®© à ­¥¥. �§¬¥­¥­¨¥¤«¨­ë ¤¢ãå ª®­âãà®¢, ª ª ª®«¨ç¥áâ¢¥­­ ï ®æ¥­ª ¯à®æ¥áá  ¯¥à¥¬¥è¨¢ ­¨ï, ¯®çâ¨ ®¤¨­ ª®¢®. �â®¯®§¢®«ï¥â á¤¥« âì ¢ë¢®¤ ® â®¬, çâ® íªá¯®­¥­æ¨- «ì­®¥ à áâï¦¥­¨¥ ï¢«ï¥âáï ¯à¥®¡« ¤ îé¨¬ ¤«ïª ¦¤®£® «®ª «ì­®£® ®âà¥§ª  ª®­âãà®¢ ¢ § ¤ ­­®¬¯®«¥ áª®à®áâ¨: £«®¡ «ì­ë© ¯à®æ¥áá à áâï¦¥­¨ï¯®çâ¨ ­¥ § ¢¨á¨â ®â ä®à¬ë ­ ç «ì­®£® ª®­âãà .�®áâà®¥­¨¥ «®ª «ì­ëå ª àâ à áâï¦¥­¨ï ¤«ïà §«¨ç­ëå ª®­âãà®¢ âà¥¡ã¥â  ¯à¨®à­®£® §­ ­¨ïä®à¬ë ª®­âãà  ¤«ï â¥ªãé¥£® ¬®¬¥­â  ¯à®æ¥á-á   ¤¢¥ªæ¨¨, íâ® ®§­ ç ¥â, çâ® ­¥®¡å®¤¨¬® à¥-è¨âì £«®¡ «ì­ãî § ¤ çã ®¡  ¤¢¥ªæ¨¨, çâ® ï¢«ï¥â-áï âàã¤­®© ç¨á«¥­­®© § ¤ ç¥©. � ¯à®â¨¢, ¯®áâà®-¥­¨¥ «®ª «ì­ëå ª àâ íªá¯®­¥­æ¨ «ì­®£® à áâï¦¥-­¨ï (å ®â¨ç¥áª¨¥ à¥¦¨¬ë) ¯®§¢®«ïîâ ­ ¬ ã¯à®á-â¨âì ¨áá«¥¤®¢ ­¨ï ®¡« áâ¥© ¨­â¥­á¨¢­®£® à áâï-¦¥­¨ï ¨ ¨å ¯à®áâà ­áâ¢¥­­®¥ ¯®«®¦¥­¨¥ ª ª ¤«ï

áâ æ¨®­ à­ëå, â ª ¨ ­¥áâ æ¨®­ à­ëå â¥ç¥­¨©, ¨­¥ âà¥¡ã¥â á«®¦­ëå ¢ëç¨á«¥­¨©. �®â ¯®ç¥¬ã ¬ë¬®¦¥¬ § ª«îç¨âì, çâ® «®ª «ì­ë¥ ª àâë íªá¯®­¥­-æ¨ «ì­ëå ª®íää¨æ¨¥­â®¢ ­ ¨¡®«¥¥ ¨­ä®à¬ â¨¢-­ë ¤«ï á«®¦­ëå å ®â¨ç¥áª¨å à¥¦¨¬®¢ ¤¢¨¦¥­¨ï¢ £¨¤à®¤¨­ ¬¨ç¥áª¨å á¨áâ¥¬ å.�à¨¬¥à ¯ áá¨¢­®©  ¤¢¥ªæ¨¨ ¢ ¯®«¥ áª®à®áâ¨âà¥å â®ç¥ç­ëå ¢¨åà¥© ¯®§¢®«¨« ­ ¬ ­ £«ï¤­® ¢ë-ï¢¨âì ®¡« áâ¨ ¨­â¥­á¨¢­®£® à áâï¦¥­¨ï ¨ ¨å á¬¥-é¥­¨¥ ¢ ¯à®áâà ­áâ¢¥ á â¥ç¥­¨¥¬ ¢à¥¬¥­¨. �à®á-â®©  ­ «¨§ «®ª «ì­ëå à áâï¦¥­¨© ¯®ª §ë¢ ¥â,çâ® áãé¥áâ¢ãîâ ®¡« áâ¨ á« ¡®£® à §¬¥è¨¢ ­¨ï ¢å ®â¨ç¥áª®© ®¡« áâ¨ ¤¢¨¦¥­¨ï ¯ áá¨¢­®© ç áâ¨-æë. �â¨ ®¡« áâ¨ ¤¢¨£ îâáï ¢® ¢à¥¬¥­¨, ­® ®áâ -îâáï ¢­ãâà¨ å ®â¨ç¥áª®© ®¡« áâ¨. �à¥¤áâ ¢«¥­-­ë© ¬¥â®¤ ¨¤¥­â¨ä¨æ¨àã¥â ®¡« áâ¨ á¨«ì­®£® à §-¬¥è¨¢ ­¨ï ¨ ®æ¥­¨¢ ¥â íää¥ªâë «®ª «ì­®£® à á-âï¦¥­¨ï ¢ íâ¨å ®¡« áâïå.�« £®¤ à­®áâ¨�â¨ ¨áá«¥¤®¢ ­¨ï ¡ë«¨ ¢ë¯®«­¥­ë ¢ â® ¢à¥-¬ï, ª®£¤   ¢â®à ¯®á¥é « Thermo
uids and Com-plex Flows Research Group, LTI, URA-CNRS 869,ISITEM, University of Nantes, France (¢ à ¬ª å£à ­â  the Conseil G�ene�eral de Loire Atlantique), á®-âàã¤­¨ª ¬ ª®â®à®© (A. Mokrani and C. Castelain) ¢â®à ¢ëà ¦ ¥â á¢®î ¯à¨§­ â¥«ì­®áâì ¨ ¡« £®-¤ à­®áâì. �¢â®à â ª¦¥ ¡« £®¤ à¥­ ¯à®ä¥áá®àã�¥«¥èª® �. �. (�­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨, ����ªà ¨­ë) §  ¯®«¥§­ë¥ á®¢¥âë.�����������¥è¥­¨¥ ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï á ­ ç «ì­ë¬¨ ãá«®-¢¨ï¬¨ (4) § ¢¨á¨â ®â ª®à­¥© (p1 and p2)å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï [16] ¨ ¬®¦¥â ¡ëâì§ ¯¨á ­® ¢ ä®à¬¥ (7). �¬¥îâáï âà¨ á«ãç ï:a) ®¡  ª®à­ï å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï (p1and p2) ï¢«ïîáï ¤¥©áâ¢¨â¥«ì­ë¬¨, ª®£¤  D2c > 0:A = [p1 � d� (p2 � d)exp(�Dc� ))]=Dc;B = b[1� exp(�Dc� )]=Dc;C = c[1� exp(�Dc� )]=Dc; (34)D = [p1 � a� (p2 � a)exp(�Dc� ))]=Dc;E = � gDc + e(p1 � d) + (hp� dg)p1 + fbp21Dc ���� gDc + e(p2 � d) + (hb� dg)p2 + fbp22Dc ��� e�Dc� + �e+ hb� dgp1p2 ++ fb � edp21p22 (p1 + p2 + p1p2� )� e�p1� ;A.A.�ãà¦¨© ¨ �.�¥àå®á¥©­¨ 41



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2000. �®¬ 2 (74), N 1. �. 28 { 43F = � hDc + f(p1 � a) + (gc� ha)p1 + ecp21Dc � ��� hDc + f(p2 � a) + (gc � ha)p2 + ecp22Dc ��� e�Dc� + �f + gc � hap1p2 ++ ec � fap21p22 (p1 + p2 + p1p2� )� e�p1� ;b) ®¡  ª®à­ï á®¢¯ ¤ îâ (p1 = p2 = p0), â® ¥áâìD2c = 0:A = 1 + (p0 � a22); �B = a12�;C = a21�;D = 1 + (p0 � a11)�; (35)E = g� � e+ hb� gdp20 (1� p0� ) + fb � edp20 � �� 2(fb � ed)p30 + fe+ hb� gd++ (fb � ed)� + 2(fb � ed)p0 � e�p0�p20 ;F = h� � f + gc � hap20 (1� p0� ) + ec� fap20 � �� 2(ec� fa)p30 + ff + gc� ha++ (ec � fa)� + 2(ec� fa)p0 � e�p0�p20 ;c) ®¡  ª®à­ï å à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ïp1;2 = p0 � jjDcj=2, £¤¥ p0 = Re[p1] ï¢«ïîâáï ª®¬-¯«¥ªá­® á®¯àï¦¥­­ë¬¨, ª®£¤  D2c < 0:A = cosK� + [(p0 � a22)sinK� ]=K;B = [a12cosK� ]=K;C = [a21cosK� ]=K;D = cosK� + [(p0 � a11)sinK� ]=K; (36)E = �dg � e � hb� 2p0(fb � ed)p20 +K2 � cosK�p20 +K2 ++ �g � p0(e + hb� gd)p20 +K2 + (fb � ed)�� p20 �K2p20 +K2� sinK�K + fe + hb� dg++ fb � edp20 +K2 [2p0 + (p20 +K2)� ]� e�p0�p20 +K2 ;F = �ha� f � gc � 2p0(ec � fa)p20 +K2 � cosK�p20 +K2 ++ �h� p0(f + gc� ha)p20 +K2 + (ec � fa)�

�p20 �K2p20 +K2� sinK�K + ff + gc � ha++ ec� fap20 +K2 [2p0 + (p20 +K2)� ]� e�p0�p20 +K2 ;£¤¥ 4K2 = �D2c : (37)�«ï â®£®, çâ®¡ë ¢ëç¨á«¨âì ¤«¨­ã ¨§­ ç «ì­®ªàã£®¢®£® ª®­âãà  ¤«ï ¬®¬¥­â  ¢à¥¬¥­¨ � ­¥®¡å®-¤¨¬® ¢ëç¨á«¨âì (á¬. ¢ëà ¦¥­¨ï (13), (15))l = j�0jp2 exp(�Dc� ) 2�Z0 � (A2 + B2 + C2 +D2)++ [(B2 +D2 �A2 � C2)2 + (38)+ 4(AB +DC)2]1=2sin2��1=2 d�:�¢®¤ï ®¡®§­ ç¥­¨ï,� = A2 +B2 +C2 +D2 (39)� = (B2 +D2 � A2 �C2)2 + 4(AB +DC)2;¡¥§à §¬¥à­ ï ¤«¨­  ª®­âãà  ¢ëà ¦ ¥âáïL = l2�j�0j = exp(�Dc� )p8� 2�Z0 (� + �sin2�)1=2d� == 2exp(p1� )� �p� + �E(k)� ; (40)£¤¥ k2 = (2�)=(� + �) ¨ E(k) { ¯®«­ë© í««¨¯â¨ç¥á-ª¨© ¨­â¥£à « ¢â®à®£® à®¤ .� ¢ ©â¥ à áá¬®âà¨¬ á«ãç © D2c > 0. �«ãç ¨D2c = 0 ¨ D2c < 0 ¬®£ãâ âà ªâ®¢ âìáï ¯®  ­ «®-£¨¨. �ï¤ë �¥©«®à  (�� { ¬ «ë© ¯ à ¬¥âà) ¤«ï­¥¨§¢¥áâ­ëå äã­ªæ¨© ¨¬¥îâ ¢¨¤A = 1 +�� (p2 � d)��2� Dc2 (p2 � d) + O(�3� );B = b�� �1� Dc��2 + O(�2� )� ;C = c�� �1� Dc��2 + O(�2� )� ; (41)D = 1 + �� (p2 � a) ��2�Dc2 (p2 � a) + O(�3� ):� â¥¬ ¨§ ¢ëà ¦¥­¨ï (39) ¬ë ¬®¦¥¬ ­ ¯¨á âì2� = ���1 +�2��2 +O(�3� ); (42)� + � = 1 + ���1 +�2��2 +O(�3� ); (43)£¤¥ �1 = 2p(a22 + a11)2 + (a12 + a21)2;42 A.A.�ãà¦¨© ¨ �.�¥àå®á¥©­¨
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