
������ö �����ö ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 3 { 16��� 532.526������������� �������� � ���� ������������ �������� ������ �� �������������������� � ��������� ���������������� ��������A. A. �������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢, �ªà ¨­ �®«ãç¥­® 12.10.04� áá¬ âà¨¢ ¥âáï ¯à®æ¥áá ¯¥à¥¬¥è¨¢ ­¨ï ¯ áá¨¢­®© ¦¨¤ª®áâ¨ ( ¤¢¥ªæ¨ï) ¢ ¯®â®ª¥ ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© ¦¨¤-ª®áâ¨, ­ ¡¥£ îé¥¬ ­  ¡¥áª®­¥ç­ë© ªàã£®¢®© ¢ ¯®¯¥à¥ç­®¬ á¥ç¥­¨¨ æ¨«¨­¤à ¢ ­ ¯à ¢«¥­¨¨, ¯¥à¯¥­¤¨ªã«ïà­®¬ ¥£®®¡à §ãîé¥©. �­ «¨§¨àãîâáï ¤¢ãå¬¥à­ë¥ á«ãç ¨ ¯¥à¥¬¥è¨¢ ­¨ï ¢ ¯à¨áãâáâ¢¨¨ ¨ ®âáãâáâ¢¨¨ ¢¨åà¥¢®© ¯ àë â®-ç¥ç­ëå ¢¨åà¥© ¢ ®¡« áâ¨, ¯à¨«¥£ îé¥© ª æ¨«¨­¤àã. �®ª § ­®, çâ® áãé¥áâ¢ã¥â áâ æ¨®­ à­ë© à¥¦¨¬ ¤¢¨¦¥­¨ï¢¨åà¥¢®© ¯ àë ®ª®«® æ¨«¨­¤à , ª®â®àë© ï¢«ï¥âáï ¢ ®¡é¥¬ á«ãç ¥ ­¥ãáâ®©ç¨¢ë¬ ª ¬ «ë¬ ¢®§¬ãé¥­¨ï¬. �¤­ ª® ¢á«ãç ¥ á¨¬¬¥âà¨ç­ëå ¢®§¬ãé¥­¨© ¤¢¨¦¥­¨¥ ¢¨åà¥© ï¢«ï¥âáï ãáâ®©ç¨¢ë¬, ¯¥à¨®¤¨ç¥áª¨¬ ¢® ¢à¥¬¥­¨.�áá«¥¤®¢ ­¨ï¯®ª §ë¢ îâ, çâ® ¯à®æ¥áá ¯¥à¥¬¥è¨¢ ­¨ï ¦¨¤ª®áâ¨ ¢ ®âáãâáâ¢¨¨ ¢¨åà¥© ï¢«ï¥âáïà¥£ã«ïà­ë¬ ¨ ­¥á®¯à®¢®¦¤ ¥âáï ¨­â¥­á¨¢­ë¬ à áâï¦¥­¨¥¬ £à ­¨æë à áá¬ âà¨¢ ¥¬®© ¯®¤ªà è¥­­®© ®¡« áâ¨ á â¥ç¥­¨¥¬ ¢à¥¬¥­¨.�¤­ ª® ¯à¨áãâáâ¢¨¥ ¢¨åà¥¢®© ¯ àë, ª®â®à ï ¤¢¨¦¥âáï ¯¥à¨®¤¨ç¥áª¨ ®ª®«® â®çª¨ à ¢­®¢¥á¨ï, ª ª ¯¥à¥¤ æ¨«¨­¤à®¬,â ª ¨ ¯®§ ¤¨ ­¥£®, ¢­®á¨â áãé¥áâ¢¥­­ë¥ ¨§¬¥­¥­¨ï ¢ ¯à®æ¥áá ¯¥à¥¬¥è¨¢ ­¨ï. � áâï¦¥­¨¥ £à ­¨æë ¯®¤ªà è¥­­®©¯ áá¨¢­®© ®¡« áâ¨ áâ ­®¢¨âáï íªá¯®­¥­æ¨ «ì­ë¬ ¢® ¢à¥¬¥­¨, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ®¡ ¨­â¥­á¨¢­®¬, å ®â¨ç¥áª®¬à¥¦¨¬¥  ¤¢¥ªæ¨¨. � à ¡®â¥ ¯à¨¢®¤¨âáï áà ¢­¥­¨¥ à §«¨ç­ëå à¥¦¨¬®¢ ¯¥à¥¬¥è¨¢ ­¨ï ¢ ¯à¨áãâáâ¢¨¨ ¢¨åà¥¢®©¯ àë ®ª®«® ªàã£®¢®£® æ¨«¨­¤à  ¢ ­ ¡¥£ îé¥¬ ­¥¢®§¬ãé¥­­®¬ ¯®â®ª¥ ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨.�®§£«ï¤ õâìáï ¯à®æ¥á ¯¥à¥¬ièã¢ ­­ï ¯ á¨¢­®ù ài¤¨­¨ ( ¤¢¥ªæiï) ã ¯®â®æi i¤¥ «ì­®ù ­¥áâ¨á«¨¢®ù ài¤¨­¨, é® ­ ¡i£ õ­  ­¥áªi­ç¥­­¨© ªàã£®¢¨© ã ¯®¯¥à¥ç­®¬ã ¯¥à¥ài§i æ¨«i­¤à, ã ­ ¯àï¬ªã, ¯¥à¯¥­¤¨ªã«ïà­®¬ã ©®£® ãâ¢®àîîçi©. �­ «i-§ãîâìáï ¤¢®¬ià­i ¢¨¯ ¤ª¨ ¯¥à¥¬ièã¢ ­­ï ¢ ¯à¨áãâ­®áâi i ¢i¤áãâ­®áâi ¢¨åà®¢®ù ¯ à¨ â®çª®¢¨å ¢¨å®ài¢ ¢ ®¡« áâi, é®¯à¨«ï£ õ ¤® æ¨«i­¤à . �®ª § ­®, é® iá­ãõ áâ æi®­ à­¨© à¥¦¨¬ àãåã ¢¨åà®¢®ù ¯ à¨ ¡i«ï æ¨«i­¤à , é® õ ¢ § £ «ì­®¬ã¢¨¯ ¤ªã ­¥ áâi©ª¨¬ ¤® ¬ «¨å §¡ãàî¢ ­ì. �¤­ ª ã ¢¨¯ ¤ªã á¨¬¥âà¨ç­¨å §¡ãàî¢ ­ì àãå ¢¨åài¢ õ áâi©ª¨¬, ¯¥ài®¤¨ç-­¨¬ ã ç ái.�®á«i¤¦¥­­ï ¯®ª §ãîâì, é® ¯à®æ¥á ¯¥à¥¬ièã¢ ­­ï ài¤¨­¨ ã ¢i¤áãâ­®áâi ¢¨å®ài¢ õ à¥£ã«ïà­¨¬ i ­¥ áã¯à®¢®¤¦ãõâì-áï i­â¥­á¨¢­¨¬ à®§âï£­¥­­ï¬ ¬¥¦i à®§£«ï­ãâ®ù ¯i¤ä à¡®¢ ­®ù ®¡« áâi § ç á®¬. �¤­ ª ¯à¨áãâ­iáâì ¢¨åà®¢®ù ¯ à¨,é® àãå õâìáï ¯¥ài®¤¨ç­® ¡i«ï â®çª¨ ài¢­®¢ £¨, ïª ¯¥à¥¤ æ¨«i­¤à®¬, â ª i §  ­¨¬, ¢­®á¨âì iáâ®â­i §¬i­¨ ¢ ¯à®-æ¥á ¯¥à¥¬ièã¢ ­­ï. �®§âï£­¥­­ï ¬¥¦i ¯i¤ä à¡®¢ ­®ù ¯ á¨¢­®ù ®¡« áâi áâ õ ¥ªá¯®­¥­æi «ì­¨¬ y ç ái, é® á¢i¤ç¨âì¯à® i­â¥­á¨¢­¨©, å ®â¨ç­¨© à¥¦¨¬  ¤¢¥ªæiù. � à®¡®âi ­ ¢®¤¨âìáï ¯®ài¢­ï­­ï ài§­¨å à¥¦¨¬i¢ ¯¥à¥¬ièã¢ ­­ï ¢¯à¨áãâ­®áâi ¢¨åà®¢®ù ¯ à¨ ¡i«ï ªàã£®¢®£® æ¨«i­¤à  ¢ ­¥§¡ãà¥­®¬ã ¯®â®æi i¤¥ «ì­®ù ­¥áâ¨á«¨¢®ù ài¤¨­¨, é® ­ ¡i£ õ.The mixing process of a passive 
uid (advection) in oncomming 
ow of an ideal incompressible 
uid on an in�nite cylinderwith circular cross section in a perpendicular direction due to own generatrix is considered. The two-dimensional stirringcases with a presence and an absence of a point vortex pair in the region located nearby the cylinder. Is shown, thatthere is a stationary motion regime of vortex pair near the cylinder, which is generally unstable for small perturbations.However in case of symmetric perturbation, the vortex motion is steady, and periodic in time.The investigation shows that the mixing process of passive 
uid in absence of vortices is regular and is not accompaniedby an intensive stretching of border of dyed region under consideration in time. However, the presence of the vortex pair,which moves periodically around an equilibrium point both in front, and behind of the cylinder, leads to an essentialchanges in stretching process. The stretching of border of dyed passive region becomes an exponential in time, thattesti�es that an advection regime is intensive and chaotic. The comparison of various mixing modes with the presence ofvortex pair nearby the circular cylinder in incomming unperturbated 
ow of an ideal incompressible liquid is consideredin this work.��������� ¯®á«¥¤­¥¥ ¢à¥¬ï ¢ á®¢à¥¬¥­­®© «¨â¥à âã-à¥ ¯®ï¢¨«®áì ¬­®£® ¨áá«¥¤®¢ ­¨©, ¯®á¢ïé¥­­ëå¯à®¡«¥¬¥ ¯¥à¥¬¥è¨¢ ­¨ï ¦¨¤ª®áâ¥© « ¬¨­ à­ë-¬¨ â¥ç¥­¨ï¬¨. �§¢¥áâ­® [1-3], çâ® ¬¥¤«¥­­ë¥¯¥à¨®¤¨ç¥áª¨¥ â¥ç¥­¨ï ¯à¨ ®¯à¥¤¥«¥­­ëå ãá«®¢¨-ïå ¬®£ãâ ¯à®ï¢«ïâì ¨­â¥­á¨¢­ë¥ à¥¦¨¬ë ¯¥à¥¬¥-è¨¢ ­¨ï, ¯®«ãç¨¢è¨¥ ­ §¢ ­¨¥ å ®â¨ç¥áª®¥ ¯¥-à¥¬¥è¨¢ ­¨¥. �¥á¬®âàï ­  ¡®«ìè®© ¯¥à¥ç¥­ìªà¨â¥à¨¥¢ ¨ ¬¥â®¤®¢ ¯®¨áª  [4-6] ®¡« áâ¥© ¨­-â¥­á¨¢­®£® ¯¥à¥¬¥è¨¢ ­¨ï, § ¤ ç  ® ¯¥à¥¬¥è¨¢ -­¨¨ ¦¨¤ª®áâ¨, ¢ æ¥«®¬, ¯à¥¤áâ ¢«ï¥â ¤®áâ â®ç­®
á«®¦­ãî ­ ãç­ãî ¯à®¡«¥¬ã, ¨ ¢ ­ áâ®ïé¥¥ ¢à¥¬ï­¥ áãé¥áâ¢ã¥â ¥¤¨­®£® ª®­æ¥¯âã «ì­®£® ¯®¤å®¤  ª¥¥ à¥è¥­¨î [1, 6 ¨ ááë«ª¨ ¢ ­¨å].�à¥¤¨ ®á­®¢®¯®« £ îé¨å ¬¥å ­¨§¬®¢, ¯à¨¢®¤ï-é¨å ª ¯¥à¥¬¥è¨¢ ­¨î ¢ë¤¥«¥­­®© ®¡« áâ¨ ¦¨¤ª®-áâ¨ ¢ à áá¬ âà¨¢ ¥¬®¬ â¥ç¥­¨¨, á«¥¤ã¥â ¢ë¤¥«¨âìâà¨ ­ ¨¡®«¥¥ ¢ ¦­ëå: ¤¨ääã§¨®­­®¥ ¯¥à¥¬¥è¨-¢ ­¨¥, ¢ë§¢ ­­®¥ ¬®«¥ªã«ïà­ë¬ ¤¢¨¦¥­¨¥¬ ¦¨¤-ª®áâ¨, ª®­¢¥ªæ¨®­­®¥ ¯¥à¥¬¥è¨¢ ­¨¥1 , ¢®§­¨ª -1�¡ëç­® íâ®â ¬¥å ­¨§¬ á¢ï§ë¢ îâ ¢ ª®­¢¥ªâ¨¢­ë¬ ¯¥-à¥¬¥è¨¢ ­¨¥¬, ¯®áª®«ìªã ®­ á¢ï§ ­ á â¥ç¥­¨¥¬ á¯«®è­®©áà¥¤ë [2].c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 3 { 16îé¥¥ ¢ à¥§ã«ìâ â¥ ­¥®¤­®à®¤­®£® à á¯à¥¤¥«¥­¨ïáª «ïà­ëå ¯®«¥© (â¥¬¯¥à âãà , á®«¥­®áâì ¨ ¤à.)¢ à áá¬ âà¨¢ ¥¬®¬ â¥ç¥­¨¨, ¨ ª®­¢¥ªâ¨¢­®¥ ¯¥-à¥¬¥è¨¢ ­¨¥, ¢ë§¢ ­­®¥ ¤¢¨¦¥­¨¥¬ á ¬®© ¦¨¤-ª®áâ¨ ¨«¨ â¢¥à¤ëå ¯®¢¥àå­®áâ¥© [2]. �¥á¬®âàï ­ â®, çâ® ãª § ­­ë¥ ¬¥å ­¨§¬ë ®¤­®¢à¥¬¥­­® ¯à¨-áãâáâ¢ãîâ ¢ ¡®«ìè¨­áâ¢¥ ¢ ¦­ëå á ¯à ªâ¨ç¥áª®©â®çª¨ §à¥­¨ï â¥ç¥­¨© [7-9], ¢ ­¥ª®â®àëå á«ãç ïå¯à¥®¡« ¤ îé¨¬ ¢ ®â­®è¥­¨¨ ¬ áèâ ¡®¢ â¥ç¥­¨©®áâ ¥âáï ª®­¢¥ªâ¨¢­ë© ¬¥å ­¨§¬. �á«¨ ä¨§¨ç¥-áª¨¥ á¢®©áâ¢  ¦¨¤ª®áâ¨ ¢ë¤¥«¥­­®© ®¡« áâ¨ â¥-ç¥­¨ï ­¥§­ ç¨â¥«ì­® ®â«¨ç îâáï ®â ä¨§¨ç¥áª¨åá¢®©áâ¢ ¢­¥è­¥© áà¥¤ë, â® ¯à®æ¥áá ª®­¢¥ªâ¨¢­®£®¯¥à¥¬¥è¨¢ ­¨ï á¢®¤¨âáï ª ¤¥ä®à¬ æ¨¨ ¨áå®¤­®©¢ë¤¥«¥­­®© ®¡« áâ¨ ¦¨¤ª®áâ¨ (« £à ­¦¥¢ë ¯ á-á¨¢­ë¥ ¦¨¤ª¨¥ ç áâ¨æë) ¯®¤ ¤¥©áâ¢¨¥¬ ¯®«ï áª®-à®áâ¨ â¥ç¥­¨ï (�©«¥à®¢® ¯®«¥ áª®à®áâ¨) [3,10].�¢«¥­¨¥ ¯¥à¥¬¥è¨¢ ­¨ï ¯à¥¤áâ ¢«ï¥â á®¡®© ­¥-«¨­¥©­®¥ ï¢«¥­¨¥. � ­¥ª®â®àëå á«ãç ïå ­¥§­ -ç¨â¥«ì­®¥ ¨§¬¥­¥­¨¥ ­ ç «ì­ëå ãá«®¢¨© ¯à¨¢®-¤¨â ¢ áãé¥áâ¢¥­­ë¬ ¨§¬¥­¥­¨ï¬ ¢ à §¢¨â¨¨ â¥ç¥-­¨ï ¨, ª ª à¥§ã«ìâ â, ª §­ ç¨â¥«ì­ë¬ ¨§¬¥­¥­¨-ï¬ à¥¦¨¬®¢ ¯¥à¥¬¥è¨¢ ­¨ï. � ª ï ®á®¡¥­­®áâìâ¥ç¥­¨© ¦¨¤ª®áâ¨ ¢ á®¢à¥¬¥­­®© «¨â¥à âãà¥ (­ -¯à¨¬¥à, [3]) ¯®«ãç¨«  ­ §¢ ­¨¥ « £à ­¦¥¢  âãà-¡ã«¥­â­®áâì ¨«¨ å ®â¨ç¥áª ï  ¤¢¥ªæ¨ï.�­ «¨§ ®á®¡¥­­®áâ¥© ¯à®æ¥áá   ¤¢¥ªæ¨¨ ¢ ¢ï§-ª¨å â¥ç¥­¨ïå ¦¨¤ª®áâ¨ ¢áâà¥ç ¥â àï¤ âàã¤­®áâ¥©,®¡ãá«®¢«¥­­ëå ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¯®«ãç¥­¨¥¬  ­ -«¨â¨ç¥áª®£® ¯à¥¤áâ ¢«¥­¨ï ¯®«ï áª®à®áâ¨ [11-16].� ­¥ª®â®àëå á«ãç ïå  ­ «¨§ ¬ áèâ ¡®¢ â¥ç¥­¨ï¯®ª §ë¢ ¥â, çâ® ¨­¥àæ¨®­­ë¥ á¨«ë ¯à¥®¡« ¤ -îâ ­ ¤ ¢ï§ª®áâ­ë¬¨, ®á®¡¥­­® ­  ­ ç «ì­®© áâ -¤¨¨ ¯¥à¥¬¥è¨¢ ­¨ï á« ¡®¢ï§ª¨å ¦¨¤ª®áâ¥©. �®£-¤  ®ª §ë¢ ¥âáï ¢¯®«­¥ ¯à¨¥¬«¥¬®© ¤«ï ¨áá«¥¤®¢ -­¨© ¬®¤¥«ì ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨. �íâ®¬ á«ãç ¥ ¯®«¥ áª®à®áâ¨ â¥ç¥­¨ï ¬®¦¥â ¡ëâì¯à¥¤áâ ¢«¥­®  ­ «¨â¨ç¥áª¨ ¨  ­ «¨§ ®á­®¢­ëå § -ª®­®¬¥à­®áâ¥© ¯à®æ¥áá   ¤¢¥ªæ¨¨ ¯ áá¨¢­®© ¯à¨-¬¥á¨ ¬®¦¥â ¡ëâì ¯à®¢¥¤¥­ á® §­ ç¨â¥«ì­® ¬¥­ì-è¨¬¨ ãá¨«¨ï¬¨ (­ ¯à¨¬¥à, [3,10]).� ­ áâ®ïé¥© à ¡®â¥ à áá¬ âà¨¢ ¥âáï ¯à®æ¥áá¯¥à¥¬¥è¨¢ ­¨ï ¢ ¤¢ãå¬¥à­®¬ â¥ç¥­¨¨ ¨¤¥ «ì­®©¦¨¤ª®áâ¨ §  ¡¥áª®­¥ç­ë¬ æ¨«¨­¤à®¬ á ªàã£®¢ë¬¯®¯¥à¥ç­ë¬ á¥ç¥­¨¥¬ ¢ ¯«®áª®áâ¨, ¯¥à¯¥­¤¨ªã-«ïà­®© ¥£® ®¡à §ãîé¥©. �­ «¨§¨àãîâáï á«ãç ©¡¥§¢¨åà¥¢®£® ®¡â¥ª ­¨ï æ¨«¨­¤à  ¨ á«ãç ¨ ®¡â¥-ª ­¨ï ¢ ¯à¨áãâáâ¢¨¨ ¤¢ãå ¯àï¬®«¨­¥©­ëå ¢¨åà¥-¢ëå ­¨â¥©, ¯ à ««¥«ì­ëå æ¨«¨­¤àã. � ª ï ¬®¤¥«ìâ¥ç¥­¨ï ç áâ® ¨á¯®«ì§ã¥âáï ¯à¨  ­ «¨§¥ ®¡â¥ª -­¨ï ¢ï§ª®© ¦¨¤ª®áâìî â¥« á ¯« ¢­®© ®¡à §ãîé¥©¢ ª ç¥áâ¢¥ ¯¥à¢®£® ¯à¨¡«¨¦¥­¨ï [11,12].�§ãç¥­¨î ¤¢¨¦¥­¨ï á¨áâ¥¬ë â®ç¥ç­ëå ¢¨åà¥©®ª®«® ªàã£®¢®© â¢¥à¤®© ¯®¢¥àå­®áâ¨ ¯®á¢ïé¥­®

¬­®£® à ¡®â [11, 12, 16]. �à¥¦¤¥ ¢á¥£® á«¥¤ã¥â¢ë¤¥«¨âì ®¤­® ¨§ ¯¥à¢ëå ¯®¤à®¡­ëå ¨áá«¥¤®¢ -­¨© �®« ­¤®¬ [15], ¢ ª®â®à®¬ ¯à¨¢¥¤¥­ë ãà ¢-­¥­¨ï ¤¢¨¦¥­¨ï ¢¨åà¥© ®ª®«® ­¥¯®¤¢¨¦­®£® æ¨-«¨­¤à , ­ ©¤¥­ áâ æ¨®­ à­ë© á«ãç © ¤¢¨¦¥­¨ï¤¢ãå ¢¨åà¥© (¢¨åà¥¢ ï ¯ à ) ¨ ¯à¨¢®¤¨âáï  ­ «¨§ãáâ®©ç¨¢®áâ¨ ¤¢¨¦¥­¨ï ¢¨åà¥©. �­ «¨§ ¤¢¨¦¥­¨ïá¨áâ¥¬ë â®ç¥ç­ëå ¢¨åà¥© ¯à¨ ¡®«¥¥ ®¡é¥¬ á«ã-ç ¥ ¤¢¨¦¥­¨ï æ¨«¨­¤à  (¨«¨ ­ ¡¥£ îé¥£® ¯®â®ª )¬®¦­® ­ ©â¨ ¢ ­¥¤ ¢­¨å ¯ã¡«¨ª æ¨ïå [17-19].�§¢¥áâ­®, çâ® ¯à¨ ¯®¯¥à¥ç­®¬ ®¡â¥ª ­¨¨ æ¨-«¨­¤à  ¯à¨ ¤®áâ â®ç­® ¬ «ëå ç¨á« å �¥©­®«ì¤-á  ¢ â¥ç¥­¨¨ §  æ¨«¨­¤à®¬ ¢®§­¨ª ¥â ¯ à  ãáâ®©-ç¨¢ëå ¢¨åà¥© [20]. �à¨ ¬ «ëå ç¨á« å �¥©­®«ì¤-á  ¢¨åà¨ ¬®£ãâ ¤®áâ â®ç­® ãáâ®©ç¨¢® á«¥¤®¢ âì§  æ¨«¨­¤à®¬. �à¨ ã¬¥à¥­­ëå ç¨á« å �¥©­®«ì¤á ¢¨åà¨ ®âàë¢ îâáï ®â æ¨«¨­¤à , ®¡à §ãï â ª ­ -§ë¢ ¥¬ãî à¥è¥âªã � à¬ ­ . �ç¥¢¨¤­®, çâ® ¤¢¨-¦¥­¨¥ ¢¨åà¥¢®© ¯ àë §  æ¨«¨­¤à®¬ ¬®¦¥â ¡ëâìª ª áâ æ¨®­ à­ë¬, â ª ¨ ¯¥à¨®¤¨ç¥áª¨¬ ¯® § ¬-ª­ãâë¬ âà ¥ªâ®à¨ï¬ ®ª®«® ¯®«®¦¥­¨ï à ¢­®¢¥á¨ï.�¥ª®â®àë¥ ¯®¤à®¡­®áâ¨ ¤¢¨¦¥­¨ï ¢¨åà¥© ®ª®«®æ¨«¨­¤à  á ªàã£®¢ë¬ ¯®¯¥à¥ç­ë¬ á¥ç¥­¨¥¬ ¬®¦-­® ­ ©â¨, ­ ¯à¨¬¥à, ¢ [11, 12, 15]. �¤­ ª®  ­ -«¨§ ¯à®æ¥áá  ¯¥à¥¬¥è¨¢ ­¨ï ¦¨¤ª®áâ¨ ¢ íâ¨å ¯ã¡-«¨ª æ¨ïå ­¥ à áá¬ âà¨¢ ¥âáï. �§ãç¨âì, ­ áª®«ì-ª® ¢«¨ï¥â ­  ¯à®æ¥áá ¯¥à¥¬¥è¨¢ ­¨ï ¯à¨áãâáâ¢¨¥¢¨åà¥¢®© ¯ àë ¢ ¡«¨§«¥¦ é¥¬ ª æ¨«¨­¤àã â¥ç¥-­¨¨, ¯à¥¤áâ ¢«ï¥â ®á­®¢­ãî æ¥«ì ­ áâ®ïé¥© à -¡®âë.� ¯¥à¢®¬ à §¤¥«¥ áâ âì¨ ¯à¨¢®¤¨âáï ¢ëà ¦¥­¨¥¤«ï ª®¬¯®­¥­â ¯®«ï áª®à®áâ¨ ¤¢¨¦¥­¨ï á¨áâ¥¬ëâ®ç¥ç­ëå ¢¨åà¥© ¢ ­ ¡¥£ îé¥¬ ­  ªàã£®¢®© æ¨-«¨­¤à ¯®â¥­æ¨ «ì­®¬ ¯®â®ª¥. �® ¢â®à®¬ à §¤¥«¥¯®«ãç¥­® ¢ëà ¦¥­¨¥, á¢ï§ë¢ îé¥¥ §­ ç¥­¨¥ ¨­-â¥­á¨¢­®áâ¨ ¢¨åà¥¢®© ¯ àë á® áª®à®áâìî ­ ¡¥£ -îé¥£® ¯®â®ª  ¤«ï áâ æ¨®­ à­®£® ¢§ ¨¬®¤¥©áâ¢¨ï¢¨åà¥© á æ¨«¨­¤à®¬ ¨ ¯à®¢®¤¨âáï  ­ «¨§ ãáâ®©-ç¨¢®áâ¨ íâ®£® à¥è¥­¨ï ª à §«¨ç­ë¬ ¢¨¤ ¬ ¢®§-¬ãé¥­¨©. �á®¡¥­­®áâ¨ ¯à®æ¥áá  ¯¥à¥¬¥è¨¢ ­¨ï¯ áá¨¢­®© ¦¨¤ª®áâ¨ ¢ à áá¬ âà¨¢ ¥¬®¬ â¥ç¥­¨¨ ­ «¨§¨àãîâáï ¢ âà¥âì¥¬ à §¤¥«¥ áâ âì¨. �®á«¥¤-­¨© à §¤¥« ¯®á¢ïé¥­ ®¡áã¦¤¥­¨î ¯®«ãç¥­­ëå à¥-§ã«ìâ â®¢.1. ��������� ��������� áá¬®âà¨¬ ¤¢ãå¬¥à­®¥ â¥ç¥­¨¥ ¨¤¥ «ì­®© ­¥-á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ®ª®«® ¡¥áª®­¥ç­®£® æ¨«¨­¤-à  ¢ ¯«®áª®áâ¨, ¯¥à¯¥­¤¨ªã«ïà­®© ¥£® ®¡à §ãîé¥©(à¨á. 1). �ãáâì á¨áâ¥¬  á®áâ®¨â ¨§ N ¢¨åà¥© á¨­â¥­á¨¢­®áâï¬¨ �i (£¤¥ i = 1; :::; N ), ¢¨åà¨ à á-¯®«®¦¥­ë ¢ â®çª å (xi; yi) ¢ á¨áâ¥¬¥ ª®®à¤¨­ â,4 A.A. �ãà¦¨©
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�¨á. 1. �¥®¬¥âà¨ï § ¤ ç¨á¢ï§ ­­®© á æ¥­âà®¬ ¯®¯¥à¥ç­®£® á¥ç¥­¨ï æ¨«¨­-¤à , à ¤¨ãá ª®â®à®£® à ¢¥­ a. �¨«¨­¤à ®¡â¥ª ¥âáï­¥¢®§¬ãé¥­­ë¬ ¯®â®ª®¬ ¦¨¤ª®áâ¨ á® áª®à®áâìîU0 ¢¤ «¨ ®â æ¨«¨­¤à .�ã­ªæ¨î â®ª  	(x; y) ¯®«ï áª®à®áâ¨ à áá¬ â-à¨¢ ¥¬®£® â¥ç¥­¨ï § ¤ ¥¬ ¢ ¢¨¤¥ áã¯¥à¯®§¨æ¨¨äã­ªæ¨¨ â®ª  	1 â¥ç¥­¨ï á¨áâ¥¬ë â®ç¥ç­ëå ¢¨å-à¥© ®ª®«® ªàã£®¢®© ®¡« áâ¨ ¢ ¯®ª®ïé¥©áï ­  ¡¥á-ª®­¥ç­®áâ¨ ¦¨¤ª®áâ¨ [21] ¨ äã­ªæ¨¨ â®ª  	2 â¥-ç¥­¨ï ¯à¨ ¯®â¥­æ¨ «ì­®¬ ®¡â¥ª ­¨¨ ¡¥áª®­¥ç­®£®æ¨«¨­¤à  [12,15]:	(x; y) = 	1 + 	2 == 12� NXi=1 ln (x� xi)2 + (y � yi)2[x� (a=Ri)2xi]2 + [y � (a=Ri)2yi]2 ++U0y�1� a2x2 + y2� ; (1)£¤¥ Ri = (x2i + y2i )1=2 { à ááâ®ï­¨¥ ®â ¢¨åàï á ¨­-¤¥ªá®¬ i ¤® ­ ç «  ª®®à¤¨­ â.�á¯®«ì§ãï á¢ï§ì ¬¥¦¤ã áª «ïà­®© äã­ªæ¨¥© â®-ª  	(x; y) ¨ ª®¬¯®­¥­â ¬¨ ¯®«ï áª®à®áâ¨ ¤¢ãå¬¥à-­®£® â¥ç¥­¨ï ¦¨¤ª®áâ¨ U = [U (x; y); V (x; y)],U (x; y) = @	@y ; V (x; y) = �@	@x ; (2)­ å®¤¨¬ §­ ç¥­¨ï ¯à®¥ªæ¨© U (x; y) ¨ V (x; y) ¯®«ïáª®à®áâ¨ ¤«ï â¥ªãé¥© â®çª¨ â¥ç¥­¨ï á ª®®à¤¨­ -â ¬¨ (x; y):U (x; y) = 12� NXi=1 �i(yi � y)(x� xi)2 + (y � yi)2 �� 12� NXi=1 �i[(a=Ri)2yi � y][x� (a=Ri)2xi]2 + [y � (a=Ri)2yi]2 ++Uo �1� a2(x2 � y2)(x2 + y2)2 � ; (3)

V (x; y) = 12� NXi=1 �i(x� xi)(x� xi)2 + (y � yi)2 �� 12� NXi=1 �i[x� (a=Ri)2xi][x� (a=Ri)2xi]2 + [y � (a=Ri)2yi]2 ��Uo 2a2xy(x2 + y2)2 : (4)�¥à¢ë¥ áã¬¬ë ¢ ¢ëà ¦¥­¨ïå (3) ¨ (4) ¯à¥¤áâ ¢-«ïîâ á®¡®© ¯à®¥ªæ¨¨ ¯®«ï áª®à®áâ¨, ­ ¢¥¤¥­­ë¥á¨áâ¥¬®© â®ç¥ç­ëå ¢¨åà¥©, à á¯®«®¦¥­­ëå ¢ â®ç-ª å (xi; yi) [21]. �âàãªâãà  ¢â®àëå áã¬¬ ¢ íâ¨å¢ëà ¦¥­¨ïå ¯®§¢®«ï¥â ¨­â¥à¯à¥â¨à®¢ âì á« £ ¥-¬ë¥, ª ª á®®â¢¥âáâ¢ãîé¨¥ ª®¬¯®­¥­âë áª®à®áâ¨,­ ¢¥¤¥­­ë¥ ®â á¨áâ¥¬ë ¬­¨¬ëå ¢¨åà¥©, à á¯®«®-¦¥­­ëå ¢­ãâà¨ æ¨«¨­¤à  á ª®®à¤¨­ â ¬¨ (x?i ; y?i ).�à ¢­¥­¨¥ ¢ëà ¦¥­¨© ¯®¤ §­ ª ¬¨ áã¬¬ ¯®§¢®-«ï¥â § ª«îç¨âì, çâ® ¯à®áâà ­áâ¢¥­­®¥ ¯®«®¦¥-­¨¥ ¨ ¨­â¥­á¨¢­®áâ¨ ¬­¨¬ëå ¢¨åà¥© ¤«ï «î¡®-£® ¬®¬¥­â  ¢à¥¬¥­¨ á¢ï§ ­ë á á®®â¢¥âáâ¢ãîé¨¬¨¯ à ¬¥âà ¬¨ à¥ «ì­ëå ¢¨åà¥© à áá¬ âà¨¢ ¥¬®£®â¥ç¥­¨ï á«¥¤ãîé¨¬¨ ¢ëà ¦¥­¨ï¬¨:x?i = (a=Ri)xi; y?i = (a=Ri)yi; �?i = ��i: (5)�àã£¨¬¨ á«®¢ ¬¨, ¬­¨¬ë© ¢¨åàì ¢á¥£¤  ­ å®¤¨âáï­  ¯àï¬®©, á®¥¤¨­ïîé¥© ­ ç «® ª®®à¤¨­ â ¨ â¥-ªãé¨© ¢¨åàì (à¨á. 1), ¯à¨ç¥¬ ¤«ï «î¡®£® ¬®¬¥­â ¢à¥¬¥­¨ ¢ë¯®«­ï¥âáï ãá«®¢¨¥riRi = a2; (6)£¤¥ ri { à ááâ®ï­¨¥ ®â ­ ç «  ª®®à¤¨­ â ¤® ¬­¨-¬®£® ¢¨åàï á ¨­¤¥ªá®¬ i.�à¥âì¥ á« £ ¥¬®¥ ¢ ¢ëà ¦¥­¨ïå (3) ¨ (4) ¯à¥¤-áâ ¢«ï¥â ¤¢ãå¬¥à­®¥ ¯®«¥ áª®à®áâ¨ ¯®â¥­æ¨ «ì­®-£® â¥ç¥­¨ï ¦¨¤ª®áâ¨ ¯à¨ ®¡â¥ª ­¨¨ ¡¥áª®­¥ç­®£®æ¨«¨­¤à  ¢ ¯®¯¥à¥ç­®¬ ­ ¯à ¢«¥­¨¨ [12,15].�¥à¥å®¤ ª ¯®«ïà­®© á¨áâ¥¬¥ ª®®à¤¨­ âr2 = x2 + y2; � = arctgyx (7)¯®§¢®«ï¥â ¯à®¢¥à¨âì £à ­¨ç­®¥ ãá«®¢¨¥ (­¥¯à®-­¨æ ¥¬®áâì â¢¥à¤®© ¯®¢¥àå­®áâ¨) ­  ¯®¢¥àå­®áâ¨æ¨«¨­¤à , r = a. �®¤áâ ­®¢ª  (7) ¢ ¢ëà ¦¥­¨ï (3)¨ (4) ¯à¨¢®¤¨â ª â®¬ã, çâ® à ¤¨ «ì­ ï Ur ª®¬¯®-­¥­â  áª®à®áâ¨ â®¦¤¥áâ¢¥­­® ®¡à é ¥âáï ¢ ­®«ì:Ur = 0: (8)�®¢¬¥é ï ¢ ¢ëà ¦¥­¨ïå (3) ¨ (4) §­ ç¥­¨¥ â¥-ªãé¥© ª®®à¤¨­ âë â®çª¨ ¯®«ï (x; y) á ¯à®áâà ­-áâ¢¥­­ë¬ ¯®«®¦¥­¨¥¬ â¥ªãé¥£® ¢¨åàï (xj; yj), ¯®-«ãç ¥¬ á¨áâ¥¬ã ãà ¢­¥­¨©, ª®â®à ï ®¯¨áë¢ ¥â¤¨­ ¬¨ªã N â®ç¥ç­ëå ¢¨åà¥© á ª®®à¤¨­ â ¬¨A.A. �ãà¦¨© 5



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 3 { 16(xj; yj), j = 1; :::; N ®ª®«® ªàã£®¢®© ®¡« áâ¨ à ¤¨-ãá  a ¢ ­¥¢®§¬ãé¥­­®¬ â¥ç¥­¨¨ ¨¤¥ «ì­®© ­¥á¦¨-¬ ¥¬®© ¦¨¤ª®áâ¨ [15,18]:dxjdt = 12� NXi=1 0 �i(yi � yj)(xj � xi)2 + (yj � yi)2 �� 12� NXi=1 �i[(a=Ri)2yi � yj ][xj � (a=Ri)2xi]2 + [yj � (a=Ri)2yi]2 ++Uo "1� a2(x2j � y2j )(x2j + y2j )2 # ; (9)dyjdt = 12� NXi=1 0 �i(xj � xi)(xj � xi)2 + (yj � yi)2 �� 12� NXi=1 �i[xj � (a=Ri)2xi][xj � (a=Ri)2xi]2 + [yj � (a=Ri)2yi]2 ��Uo 2a2xjyj(x2j + y2j )2 : (10)� ¯à¨¢¥¤¥­­ëå ¢ëà ¦¥­¨ïå èâà¨å ã §­ ª  áã¬-¬ë ®§­ ç ¥â ®¯ãáª ­¨¥ ¯à¨ áã¬¬¨à®¢ ­¨¨ á¨­£ã-«ïà­®£® á« £ ¥¬®£® ¯à¨ i = j [11, 21]. �à ¢­¥­¨ï(9) ¨ (10) á®¢¬¥áâ­® á £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨xi(0) = x0i ; yi(0) = y0i (11)¤«ï § ¤ ­­®© áª®à®áâ¨ ­ ¡¥£ îé¥£® ¯®â®ª  ¦¨¤-ª®áâ¨ U0 ­  ¡¥áª®­¥ç­®áâ¨ ¯®«­®áâìî ®¯à¥¤¥«ïîââà ¥ªâ®à¨¨ ¤¢¨¦¥­¨ï â®ç¥ç­ëå ¢¨åà¥©.2. ������������ �������� ����������� áá¬®âà¨¬ á«ãç © ¢§ ¨¬®¤¥©áâ¢¨ï ¢¨åà¥¢®©¯ àë á ªàã£®¢®© ®¡« áâìî ¢ ­ ¡¥£ îé¥¬ ¯®â®ª¥¨ ¯à®¢¥¤¥¬  ­ «¨§ ãáâ®©ç¨¢®áâ¨ â ª®£® ¤¢¨¦¥­¨ï­  ¬ «ë¥ ¢®§¬ãé¥­¨ï. �¤­¨¬ ¨§ ¯¥à¢ëå íâã § -¤ çã à áá¬®âà¥« �®« ­¤ [15], ®¤­ ª® ¢ íâ®© à ¡®-â¥ § ¬¥ç¥­ë ­¥ª®â®àë¥ ®¯¥ç âª¨. � íâ®¬ à §¤¥-«¥ ªà âª® ¯à¨¢®¤ïâáï ®á­®¢­ë¥ íâ ¯ë ¨áá«¥¤®¢ -­¨ï ¤«ï ãáâ ­®¢«¥­¨ï á®®â¢¥âáâ¢¨ï á ¯à¨­ïâë¬¨¢ ¤ ­­®© à ¡®â¥ ®¡®§­ ç¥­¨ï¬¨.�ãáâì ¤¢  ¢¨åàï ¨¬¥îâ ®¤¨­ ª®¢ë¥ ¯® ¬®¤ã«î¨­â¥­á¨¢­®áâ¨ �1 = ��2 ¨ à á¯®«®¦¥­ë á¨¬¬¥â-à¨ç­® ®â­®á¨â¥«ì­® ®á¨ á¨¬¬¥âà¨¨ â¥ç¥­¨ï Ox ¢â®çª å á ª®®à¤¨­ â ¬¨ x01 = x02 ¨ y01 = �y02 . �¤ «ì­¥©è¥¬ ¢¥àå­¨© ¨­¤¥ªá ã ¯¥à¥¬¥­­ëå ®¯ãáª -¥¬.� ¯à¨­ïâëå ®¡®§­ ç¥­¨ïå ª®¬¯®­¥­âë áª®à®áâ¨¯¥à¢®£® ¢¨åàï ¯à¨­¨¬ îâ ¢¨¤_x1 = �12� � y1r21 � a2 + 12y1� (12)

�¨á. 2. � ¢¨á¨¬®áâì ®â­®è¥­¨ï j 2�U0=�1 j ®âª®®à¤¨­ âë x1 áâ æ¨®­ à­®£® ¤¢¨¦¥­¨ï ¢¨åà¥¢®©¯ àë� y1(r21 + a2)(r21 � a2)2 + 4y21a2�+ U0�1� a2(x21 � y21)r41 � ;_y1 = �12� � x1a2 � r21 + x1(r21 � a2)(r21 � a2)2 + 4y21a2� ��U0 2a2x1y1r41 : (13)�¤¥áì r21 = x21 + y21 { à ááâ®ï­¨¥ ®â ¢¨åàï ¤® ­ ç -«  ª®®à¤¨­ â,   â®çª  ­ ¤ ¯¥à¥¬¥­­®© ®¡®§­ ç -¥â ¤¨ää¥à¥­æ¨à®¢ ­¨¥ ¯® ¢à¥¬¥­¨. � á¨«ã á¨¬-¬¥âà¨¨ ¯à®áâà ­áâ¢¥­­®© ª®­ä¨£ãà æ¨¨ ¢¨åà¥©ª®¬¯®­¥­âë áª®à®áâ¨ ¢â®à®£® ¢¨åàï ¨¬¥îâ  ­ -«®£¨ç­ãî áâàãªâãàã.�áá«¥¤®¢ ­¨ï [15] ¯®ª §ë¢ îâ, çâ® á¨¬¬¥âà¨ç-­® à á¯®«®¦¥­­ë¥ ¤¢  ®¤¨­ ª®¢ëå (¯® ¬®¤ã«î) â®-ç¥ç­ëå ¢¨åàï ¬®£ãâ ­ å®¤¨âìáï ¢ áâ æ¨®­ à­®¬á®áâ®ï­¨¨ ¢ â¥ç¥­¨¨ §  ªàã£«ë¬ æ¨«¨­¤à®¬. �á«®-¢¨¥ áâ æ¨®­ à­®áâ¨ (®¤­®¢à¥¬¥­­®¥ à ¢¥­áâ¢® ­ã-«î ¢ëà ¦¥­¨© (12) ¨ (13)) ã¤®¢«¥â¢®àï¥âáï ¯à¨¢ë¯®«­¥­¨¨ ¤¢ãå ãá«®¢¨©:8<: 4r21y21 = (r21 � a2)2;2�U0�1 = � r51(r21 + a2)(r21 � a2)2 : : (14)�àã£¨¬¨ á«®¢ ¬¨, áâ æ¨®­ à­®¥ á®áâ®ï­¨¥ áã-é¥áâ¢ã¥â ¯à¨ ¯à®¨§¢®«ì­ëå §­ ç¥­¨ïå áª®à®áâ¨­ ¡¥£ îé¥£® ¯®â®ª  ¦¨¤ª®áâ¨ U0 ¨ ¨­â¥­á¨¢­®-áâ¨ ¢¨åàï �1. �®«¥¥ â®£®, ¢ á¨«ã á¨¬¬¥âà¨¨ ¢ë-à ¦¥­¨ï (14) ®â­®á¨â¥«ì­® ¯¥à¥¬¥­­®© x1, ¢¨¤­®,çâ® áâ æ¨®­ à­®¥ ¤¢¨¦¥­¨¥ ¢¨åà¥¢®© ¯ àë áãé¥-áâ¢ã¥â ¯à¨ à á¯®«®¦¥­¨¨ ¢¨åà¥© ª ª §  æ¨«¨­-¤à®¬, â ª ¨ ¯¥à¥¤ ­¨¬. �â­®è¥­¨¥ U0=�1 ®¯à¥¤¥-6 A.A. �ãà¦¨©
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�¨á. 3. �®®à¤¨­ âë ¯¥à¢®£® ¢¨åàï ¢ ¢¨åà¥¢®© ¯ à¥¯à¨ áâ æ¨®­ à­®¬ ¤¢¨¦¥­¨¨ §  ªàã£®¢®© ®¡« áâìî«ï¥â à ááâ®ï­¨¥ r1, ¯à¨ ª®â®à®¬ ¤®áâ¨£ ¥âáï áâ -æ¨®­ à­®¥ ¤¢¨¦¥­¨¥. �  à¨á. 2 ¯à¥¤áâ ¢«¥­  § -¢¨á¨¬®áâì ª®®à¤¨­ âë x1 ¢¨åà¥¢®© ¯ àë ®â ®â­®-è¥­¨ï (¯® ¬®¤ã«î) áª®à®áâ¨ ¯®â®ª  ¨ ¨­â¥­á¨¢-­®áâ¨ â®ç¥ç­®£® ¢¨åàï, j 2�U0=�1 j. � ã¢¥«¨ç¥-­¨¥¬ áª®à®áâ¨ ­ ¡¥£ îé¥£® ¯®â®ª  ¯à¨ ä¨ªá¨à®-¢ ­­®¬ �1 ¯à®¤®«ì­ ï ª®®à¤¨­ â  x1 áâ æ¨®­ à-­®£® á®áâ®ï­¨ï á¨áâ¥¬ë ¢¨åà¥© ã¢¥«¨ç¨¢ ¥âáï. �â® ¦¥ ¢à¥¬ï, á ã¢¥«¨ç¥­¨¥¬ ¨­â¥­á¨¢­®áâ¨ ¢¨åà¥©¯à¨ ­¥¨§¬¥­­®© áª®à®áâ¨ ­ ¡¥£ îé¥£® ¯®â®ª  U0áâ æ¨®­ à­®¥ ¤¢¨¦¥­¨¥ ­ ¡«î¤ ¥âáï ­  ¬¥­ìè¨åà ááâ®ï­¨ïå ®â ¢¨åà¥¢®© ¯ àë ¤® ªàã£®¢®© ®¡« -áâ¨. � ã¢¥«¨ç¥­¨¥¬ à ááâ®ï­¨ï r1 ¢ áâ æ¨®­ à-­®¬ ¯®«®¦¥­¨¨ ¢¨åà¥© ã¢¥«¨ç¨¢ ¥âáï à ááâ®ï­¨¥¬¥¦¤ã ¢¨åàï¬¨ ¢ ¢¨åà¥¢®© ¯ à¥. �¨á. 3 ¯®ª §ë¢ -¥â á¢ï§ì ¬¥¦¤ã ª®®à¤¨­ â ¬¨ ¯¥à¢®£® ¢¨åàï ¯à¨áâ æ¨®­ à­®¬ ¤¢¨¦¥­¨¨ ¢¨åà¥¢®© ¯ àë ¢ â¥ç¥­¨¨§  ªàã£®¢®© ®¡« áâìî, ª®â®àë¥ ­¥ § ¢¨áïâ ®â §­ -ç¥­¨© ¨­â¥­á¨¢­®áâ¨ ¢¨åà¥© (¯¥à¢®¥ ãà ¢­¥­¨¥ ¢(14)).�á«¨ ¢ ª ¦¤ë© ¨§ ¢¨åà¥© ¢ áâ æ¨®­ à­®¬ ¯®«®-¦¥­¨¨ ¢¢¥áâ¨ ¬ «®¥ ¯à®áâà ­áâ¢¥­­®¥ ¢®§¬ãé¥-­¨¥ (�1; �1) ¤«ï ¯¥à¢®£® ¢¨åàï ¨ (�2; �2) ¤«ï ¢â®à®£®¢¨åàï á®®â¢¥âáâ¢¥­­®, â® ãà ¢­¥­¨ï, ®¯¨áë¢ î-é¨¥ à §¢¨â¨¥ íâ¨å ¢®§¬ãé¥­¨© ¢® ¢à¥¬¥­¨, ¬®¦-­® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥2U0r91 � d�1dt = A�1 + B�1 + C�2 �D�2;2U0r91 � d�1dt = E�1 + F�1 + G�2 +H�2;2U0r91 � d�2dt = C�1 +D�1 + A�2 � B�2; (15)

2U0r91 � d�2dt = �G�1 +H�1 �E�2 + F�2;£¤¥ A = @ _x1@x1 = 2Rx1a4(3r21 � 2a2);B = @ _x1@y1 = 2r81 + 4r61a2 + r41a4 � 5r21a6 + 2a8;C = @ _x1@x2 = �2r51x1a2;D = @ _x1@y2 = �r41(2r41 + r21a2 + a4); (16)E = @ _y1@x1 = 2r81 � 3r41a4 � 5r21a6 + 2a8;G = @ _y1@y1 = �r21(3r21a4 � 2a6);F = @ _y1@x2 = �A; H = @ _y1@y2 = C:�­ «¨§ ãáâ®©ç¨¢®áâ¨ áâ æ¨®­ à­®£® ¤¢¨¦¥­¨ï¢¨åà¥¢®© ¯ àë á¢®¤¨âáï ª ®¯à¥¤¥«¥­¨î ª®à­¥© å -à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï�������� A � � B C �DE F � � G HC D A� � �B�G H �E F � � �������� = 0; (17)ª®â®à®¥ ¯®á«¥ à áªàëâ¨ï ®¯à¥¤¥«¨â¥«ï á ãç¥â®¬¯®á«¥¤­¨å à ¢¥­áâ¢ (16) ¯à¨­¨¬ ¥â ¢¨¤�4 � 2[A2 +C2 +DG +BE]�2 ++[(A+ C)2 + (B +D)(E +G)]� (18)�[(A� C)2 + (B �D)(E �G)] = 0:�­ «¨§ ¢ëà ¦¥­¨ï (18) ¯®ª §ë¢ ¥â, çâ® ¯à¨¯à®¨§¢®«ì­®¬ §­ ç¥­¨¨ áª®à®áâ¨ ­ ¡¥£ îé¥£® ¯®-â®ª  ¢ ¤¨ ¯ §®­¥ r1 > a áãé¥áâ¢ãîâ ¤¢  ¤¥©áâ¢¨-â¥«ì­ëå ª®à­ï (¯®«®¦¨â¥«ì­ë© ¨ ®âà¨æ â¥«ì­ë©)¨ ¤¢  ª®¬¯«¥ªá­®-á®¯àï¦¥­­ëå ª®à­ï. �à¨ ¯à¨-¡«¨¦¥­¨¨ ¢¨åà¥© ª ¯®¢¥àå­®áâ¨ â¢¥à¤®£® â¥«   ¡-á®«îâ­ë¥ §­ ç¥­¨ï ª®à­¥© å à ªâ¥à¨áâ¨ç¥áª®£®ãà ¢­¥­¨ï ã¢¥«¨ç¨¢ îâáï. �àã£¨¬¨ á«®¢ ¬¨, ¯®¬¥à¥ ¯à¨¡«¨¦¥­¨ï ¢¨åà¥© ª ¯®¢¥àå­®áâ¨ æ¨«¨­¤à áâ æ¨®­ à­ ï ª®­ä¨£ãà æ¨ï ¢¨åà¥¢®© ¯ àë áâ ­®-¢¨âáï ¡®«¥¥ ­¥ãáâ®©ç¨¢®©.�®á«¥¤­¥¥ ãâ¢¥à¦¤¥­¨¥ ¨¬¥¥â ¯à®áâãî ä¨§¨ç¥-áªãî ¨­â¥à¯à¥â æ¨î. �§¢¥áâ­® [12], çâ® ¯à¨ ¯®-â¥­æ¨ «ì­®¬ ®¡â¥ª ­¨¨ ªàã£®¢®© ®¡« áâ¨ â®çª  áª®®à¤¨­ â ¬¨ (a; 0), à ¢­® ª ª (�a; 0), ï¢«ï¥âáï£¨¯¥à¡®«¨ç¥áª®© â®çª®© â¥ç¥­¨ï. �® ¬¥à¥ ¯à¨-¡«¨¦¥­¨ï ¢¨åà¥¢®© ¯ àë ¢ áâ æ¨®­ à­®¬ á®áâ®ï-­¨¨ ª â¢¥à¤®© ¯®¢¥àå­®áâ¨ ¨­â¥­á¨¢­®áâ¨ ¢¨åà¥©(¯® ¬®¤ã«î) ã¬¥­ìè îâáï. � à¥§ã«ìâ â¥ ¢«¨ï­¨¥A.A. �ãà¦¨© 7



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 3 { 16
�¨á. 4. �à ¥ªâ®à¨¨ ¤¢¨¦¥­¨ï ¢¨åà¥© ¯®á«¥ ¢­¥á¥­¨ï¬ «®£® ¢®§¬ãé¥­¨ï ¢ ª®®à¤¨­ âã x ¯¥à¢®£® ¢¨åàï£¨¯¥à¡®«¨ç¥áª®© â®çª¨ â¥ç¥­¨ï ­  ¢¨åà¥¢ãî ¯ àãã¢¥«¨ç¨¢ ¥âáï,   ãáâ®©ç¨¢®áâì ¢¨åà¥© ­  ¬ «ë¥¢®§¬ãé¥­¨ï ã¬¥­ìè ¥âáï.� «¨ç¨¥ ¯ àë ¤¥©áâ¢¨â¥«ì­ëå ª®à­¥© á¢¨¤¥-â¥«ìáâ¢ã¥â ® â®¬, çâ® áâ æ¨®­ à­®¥ ¤¢¨¦¥­¨¥¢¨åà¥¢®© ¯ àë ¢ â¥ç¥­¨¨ §  æ¨«¨­¤à®¬ ï¢«ï¥â-áï ­¥ãáâ®©ç¨¢ë¬. �­¥á¥­¨¥ ¢ ¯à®áâà ­áâ¢¥­-­®¥ ¯®«®¦¥­¨¥ ¬ «ëå ¢®§¬ãé¥­¨© ¯à¨¢®¤¨â ª¨å à §¢¨â¨î ¢® ¢à¥¬¥­¨. � «¨ç¨¥ ª®¬¯«¥ªá­®-á®¯àï¦¥­­ëå ª®à­¥© á¢¨¤¥â¥«ìáâ¢ã¥â, çâ® âà ¥ª-â®à¨¨ ¢¨åà¥© à §¢¨¢ îâáï ¢® ¢à¥¬¥­¨ ¯® á¯¨à «¨.�  à¨á. 4 ¯®ª § ­ë âà ¥ªâ®à¨¨ ¤¢¨¦¥­¨ï ¤¢ãå â®-ç¥ç­ëå ¢¨åà¥© ¯à¨ U0 = 0:5 ¤«ï áâ æ¨®­ à­ëå ­ -ç «ì­ëå ãá«®¢¨©: x1 = x2 = 2:0, y1 = �y2 = 0:859.�â¨¬ ­ ç «ì­ë¬ ãá«®¢¨ï¬ á®®â¢¥âáâ¢ãîâ §­ ç¥-­¨ï r1 = r2 = 2:177, �1 = ��2 = �5:154. � â¥¬¢ ª®®à¤¨­ âã y1 ¯¥à¢®£® ¢¨åàï ¡ë«® ¢¢¥¤¥­® ¢®§-¬ãé¥­¨¥ �1 = 10�4. � à¥§ã«ìâ â¥ á¨¬¬¥âà¨ï ¢â¥ç¥­¨¨ ­ àãè ¥âáï ¨ ¢¨åà¥¢ ï ¯ à  á â¥ç¥­¨¥¬¢à¥¬¥­¨ à á¯ ¤ ¥âáï. �âà¥«ª ¬¨ ­  à¨áã­ª¥ ¯®ª -§ ­® ­ ¯à ¢«¥­¨¥ ¤¢¨¦¥­¨ï ¢¨åà¥©, ªàã¦®çª ¬¨®¡®§­ ç¥­ë ¯®«®¦¥­¨ï ¢¨åà¥© ç¥à¥§ íª¢¨¤¨áâ ­â-­ë¥ ¯à®¬¥¦ãâª¨ ¢à¥¬¥­¨, �t = 5:0. �àã¦®çª¨¤«ï ª ¦¤®£® ¨§ ¢¨åà¥© ¯à®­ã¬¥à®¢ ­ë: æ¨äà®©­®«ì ®¡®§­ ç¥­® ­ ç «ì­®¥ ¯®«®¦¥­¨¥.� áá¬®âà¨¬ ãáâ®©ç¨¢®áâì ¢¨åà¥¢®© ¯ àë ­ á¨¬¬¥âà¨ç­ë¥ ¢®§¬ãé¥­¨ï, �1 = �2 = � ¨ �1 == ��2 = �. � íâ®¬ á«ãç ¥ ãà ¢­¥­¨ï, ®¯¨áë¢ î-é¨¥ à §¢¨â¨¥ ¢®§¬ãé¥­¨© ¢® ¢à¥¬¥­¨, ¯à¨­¨¬ îâá«¥¤ãîé¨© ¢¨¤: 2U0r91 � d�dt = L� +M�;

2U0r91 � d�dt = N� + P�; (19)£¤¥ L = 2Rx1a2(3r21a2 � 2a4 � r41);M = 3r61a2 � 5r21a6 + 2a8; (20)N = �5r21a6 � 2r41a4 � 3r61a2 + 2a8;P = �L:�­ «¨§ ãáâ®©ç¨¢®áâ¨ áâ æ¨®­ à­®£® ¤¢¨¦¥­¨ï¢¨åà¥¢®© ¯ àë á¢®¤¨âáï ª ®¯à¥¤¥«¥­¨î ª®à­¥© å -à ªâ¥à¨áâ¨ç¥áª®£® ãà ¢­¥­¨ï���� L� � MN �L � � ���� = 0; (21)ª®â®à®¥ ¯®á«¥ ¯®¤áâ ­®¢ª¨ (20) ¯à¨­¨¬ ¥â ¢¨¤�2 = 2r41a4(�3r81 � 11r61a2 ++13r41a4 + 3r21a6 � 2a8); (22)¨ ¢ ¤¨ ¯ §®­¥ r1 > a ¨¬¥¥â ¢á¥£¤  ¯ àãª®¬¯«¥ªá­®-á®¯àï¦¥­­ëå ª®à­¥©, �2 < 0. �â®§­ ç¨â, çâ® ¢¢¥¤¥­¨¥ ¢ ­ ç «ì­®¥ ¯®«®¦¥­¨¥ ¯ -àë á¨¬¬¥âà¨ç­ëå ¢®§¬ãé¥­¨© ­¥ ¯à¨¢®¤¨â ª à §-àãè¥­¨î ¯à®áâà ­áâ¢¥­­®£® ¯®«®¦¥­¨ï ¢¨åà¥¢®©¯ àë. �¨åà¨ ¤¢¨¦ãâáï ®ª®«® ¯®«®¦¥­¨ï à ¢­®-¢¥á¨ï, ¤¢¨¦¥­¨¥ ï¢«ï¥âáï ãáâ®©ç¨¢ë¬ ­  á¨¬¬¥â-à¨ç­ë¥ ¢®§¬ãé¥­¨ï.3. �������� ������������������­ ç «  à áá¬®âà¨¬ ®á®¡¥­­®áâ¨ ¯à®æ¥áá  ¯¥-à¥¬¥è¨¢ ­¨ï, ¢ë§¢ ­­®£® ®¡â¥ª ­¨¥¬ æ¨«¨­¤à ¯®â¥­æ¨ «ì­ë¬ ¯®â®ª®¬ ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®©¦¨¤ª®áâ¨ ¯à¨ ®âáãâáâ¢¨¨ ¢¨åà¥©.�¤­¨¬ ¨§ ®á­®¢­ëå ¬¥â®¤®¢ ¨§ãç¥­¨ï ¯à®æ¥á-á®¢ ¯¥à¥¬¥è¨¢ ­¨ï ï¢«ï¥âáï  ­ «¨§ ¤¥ä®à¬ æ¨¨¢ë¤¥«¥­­®£® ®¡ê¥¬  ¯ áá¨¢­®© ¦¨¤ª®áâ¨, ®£à ­¨-ç¥­­®î § ¬ª­ãâ®© «¨­¨¥©. � â¥ç¥­¨¥¬ ¢à¥¬¥-­¨ ª ¦¤ë© ¦¨¤ª¨© í«¥¬¥­â (¬ àª¥à) ­  £à ­¨æ¥¤¢¨¦¥âáï ¯® á®¡áâ¢¥­­®© âà ¥ªâ®à¨¨. �®á«¥¤®-¢ â¥«ì­®¥ á®¥¤¨­¥­¨¥ ¬ àª¥à®¢ ¢à¥¬¥­¨ ¯®§¢®«ï-¥â áä®à¬¨à®¢ âì ¯®«®¦¥­¨¥ £à ­¨æë ª®­âãà  ªá«¥¤ãîé¥¬ã § ¤ ­­®¬ã ¬®¬¥­âã ¢à¥¬¥­¨. �á«¨¢ ­ ç «ì­ë© ¬®¬¥­â ¯®«®¦¥­¨¥ ¤¢ãå ¡«¨§«¥¦ -é¨å ¬ àª¥à®¢ ­  ª®­âãà¥ § ¤ ¥âáï ¡«¨§ª¨¬, â®c â¥ç¥­¨¥¬ ¢à¥¬¥­¨ íâ¨ ¬ àª¥àë ¬®£ãâ ã¤ «¨âáï­  ¤®áâ â®ç­® ¡®«ìè¨¥ à ááâ®ï­¨ï. �â® §­ ç¨â,çâ® ¢ ¯à®æ¥áá¥ ¯¥à¥¬¥è¨¢ ­¨ï íâ  ç áâì ¦¨¤ª®£®ª®­âãà  ¯®¤¢¥à£­ãâ  §­ ç¨â¥«ì­®¬ã à áâï¦¥­¨î.�®á«¥¤®¢ â¥«ì­®¥ á®¥¤¨­¥­¨¥ ¬ àª¥à®¢ ¯à¨ ä®à-¬¨à®¢ ­¨¨ £à ­¨æë ¢ ¡®«ìè¨­áâ¢¥ á«ãç ¥¢ ®ª -8 A.A. �ãà¦¨©



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 3 { 16§ë¢ ¥âáï § âàã¤­¨â¥«ì­ë¬. � áâ®, ¤«ï ¯à¥¤¢ -à¨â¥«ì­®£®  ­ «¨§  ¯à®æ¥áá   ¤¢¥ªæ¨¨ ¯ áá¨¢­®-£® ª®­âãà , ¨á¯®«ì§ã¥âáï ¯®áâà®¥­¨¥ ¤¢ãå¬¥à­ëåª àâ p1(x; y) «®ª «ì­®£® à áâï¦¥­¨ï [23] ¤«ï ä¨ª-á¨à®¢ ­­®£® ¬®¬¥­â  ¢à¥¬¥­¨ t:l(� ) = L(t + � )L(t) = C0exp(p1� ); (23)£¤¥ C0 { ­¥ª®â®à ï ª®­áâ ­â .�­ «¨§ ¯à®áâà ­áâ¢¥­­®£® à á¯à¥¤¥«¥­¨ï äã­ª-æ¨¨ p1(x; y) ¯®§¢®«ï¥â ¯à®¢¥áâ¨ ª ç¥áâ¢¥­­ãî®æ¥­ªã ¨­â¥­á¨¢­®áâ¨ ¯¥à¥¬¥è¨¢ ­¨ï ¦¨¤ª®áâ¨¢ à §«¨ç­ëå ®¡« áâïå â¥ç¥­¨ï2. � ¦¤®© â®ç-ª¥ ¤¢ãå¬¥à­®© ª àâë p1(x; y) á®®â¢¥âáâ¢ã¥â (¢¯¥à¢®¬ ¯à¨¡«¨¦¥­¨¨) §­ ç¥­¨¥ íªá¯®­¥­æ¨ «ì­®-£® à áâï¦¥­¨ï ¯à®¨§¢®«ì­®£® ª®­âãà  ¨«¨ ¥£® ç á-â¨, ¯®¬¥é¥­­®© ¢ ¡«¨§«¥¦ éãî ®¡« áâì ª íâ®©â®çª¥, ¢ â¥ç¥­¨e á«¥¤ãîé¥£® ª®à®âª®£® (¢ ¬ áèâ -¡ å § ¤ ç¨) ¨­â¥à¢ «  ¢à¥¬¥­¨ � . � ¦­® â®, çâ® ¢¡®«ìè¨­áâ¢¥ á«ãç ¥¢ ¯®áâà®¥­¨¥ ª àâ «®ª «ì­ëåà áâï¦¥­¨© ¬®¦¥â ¡ëâì ¢ë¯®«­¥­®  ­ «¨â¨ç¥áª¨,¡¥§ ¯à¨¢«¥ç¥­¨ï á«®¦­ëå ¢ëç¨á«¥­¨©.�«ï ¯®â¥­æ¨ «ì­®£® ®¡â¥ª ­¨ï ¨¤¥ «ì­®© ¦¨¤-ª®áâìî ªàã£®¢®£® æ¨«¨­¤à  §­ ç¥­¨¥ íªá¯®­¥­æ¨- «ì­®£® à áâï¦¥­¨ï ¢ æ¨«¨­¤à¨ç¥áª®© á¨áâ¥¬¥ ª®-®à¤¨­ â, á¢ï§ ­­®© á æ¥­âà®¬ ªàã£®¢®£® á¥ç¥­¨ïæ¨«¨­¤à , ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:p1(r) = 2U0a2r3 ; ¯à¨ r � a: (24)�«¥¤®¢ â¥«ì­®, ­ ¨¡®«ìè¥¬ã à áâï¦¥­¨î ¯®¤¢¥à-£ îâáï â¥ ãç áâª¨ ª®­âãà , ª®â®àë¥ ¡«¨¦¥ ¢á¥£®à á¯®«®¦¥­ë ª æ¨«¨­¤àã. � ã¢¥«¨ç¥­¨¥¬ à ááâ®-ï­¨ï ®â æ¨«¨­¤à  à áâï¦¥­¨¥ ª®­âãà®¢ ¯ ¤ ¥â.�á«¨ ¢ à áá¬ âà¨¢ ¥¬®¥ â¥ç¥­¨¥ ¦¨¤ª®áâ¨ ¯®-¬¥áâ¨âì â®ç¥ç­ë© ¢¨åàì, à á¯à¥¤¥«¥­¨¥ «®ª «ì­®-£® à áâï¦¥­¨ï áãé¥áâ¢¥­­® ¬¥­ï¥âáï. �  à¨á. 5¯®ª § ­® à á¯à¥¤¥«¥­¨¥ p1(x; y) ¤«ï â¥ç¥­¨ï á®áª®à®áâìî ­ ¡¥£ îé¥£® ¯®â®ª  U0 = 0:5 ¨ ¤¢ãåâ®ç¥ç­ëå ¢¨åà¥© (¢¨åà¥¢ ï ¯ à ), à á¯®«®¦¥­­ëåá¨¬¬¥âà¨ç­® ®â­®á¨â¥«ì­® ®á¨ Ox á® á«¥¤ãîé¨-¬¨ ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨:x01 = x02 = 1:5; y01 = y02 = 0:5; �1 = �2 = 1:0:�§®«¨­¨¨ ­ ­¥á¥­ë á è £®¬ �p1 = 0:5. �  à¨-áã­ª¥ ¢¨¤­®, çâ® ¢ â¥ç¥­¨¨ §  æ¨«¨­¤à®¬,   â ª¦¥2�âà®£® £®¢®àï, ¯®áâà®¥­¨¥ ª àâ «®ª «ì­®£® à áâï¦¥-­¨ï p1(x; y) ¬®¦¥â ¡ëâì ¯à®¢¥¤¥­® â®«ìª® ¤«ï ®¡« áâ¥©¨­â¥­á¨¢­®£® (å ®â¨ç¥áª®£®) ¯¥à¥¬¥è¨¢ ­¨ï, ¯à¨ ª®â®à®¬à áâï¦¥­¨¥ ª®­âãà  ­¥ § ¢¨á¨â ®â ¥£® ¯à®áâà ­áâ¢¥­­®©®à¨¥­â æ¨¨. �«ï à¥£ã«ïà­ëå â¥ç¥­¨© à áâï¦¥­¨¥ § ¢¨á¨â®â ®à¨¥­â æ¨¨ ®âà¥§ª  ª®­âãà  ¢ ®ªà¥áâ­®áâ¨ â®çª¨ (x; y)¨ ¯®íâ®¬ã ¯à¨¬¥­¥­¨¥ ¬¥â®¤  ï¢«ï¥âáï ­¥ á®¢á¥¬ ª®àà¥ªâ-­ë¬ [23].

�¨á. 5. � àâ  «®ª «ì­ëå à áâï¦¥­¨© ª®­âãà®¢ ¯à¨®¡â¥ª ­¨¨ ¯®â®ª®¬ ¨¤¥ «ì­®© ¦¨¤ª®áâ¨ ªàã£®¢®£®æ¨«¨­¤à  ¢ ¯®«¥ áª®à®áâ¨ ¤¢ãå â®ç¥ç­ëå ¢¨åà¥©¬¥¦¤ã ¢¨åàï¬¨ ¯®ï¢«ï¥âáï ®¡« áâì ¬¨­¨¬ «ì­®£®à áâï¦¥­¨ï ª®­âãà®¢. � æ¥«®¬, ¬®¦­® § ª«îç¨âì,çâ® ¯à¨áãâáâ¢¨¥ ¢¨åà¥¢®© ¯ àë ¢ â¥ç¥­¨¨ ®ª®-«® ªàã£®¢®£® æ¨«¨­¤à  ¤®«¦­® áãé¥áâ¢¥­­® ãá¨-«¨¢ âì ¯à®æ¥áá ¯¥à¥¬¥è¨¢ ­¨ï ¯ áá¨¢­®© ¦¨¤ª®-áâ¨. � ¨¡®«ìè¥¬ã à áâï¦¥­¨î ¯®¤¢¥à£ îâáï â¥ª®­âãàë, ª®â®àë¥ à á¯®«®¦¥­ë ¡«¨¦¥ ª â®ç¥ç­ë¬¢¨åàï¬.�«ï ¯à®¢¥àª¨ ¯®«ãç¥­­ëå à¥§ã«ìâ â®¢, ¯à®¢¥-¤¥¬ ç¨á«¥­­®¥ ¬®¤¥«¨à®¢ ­¨¥ ¯à®æ¥áá  ¯¥à¥¬¥è¨-¢ ­¨ï § à ­¥¥ ¢ë¤¥«¥­­®£® ®¡ê¥¬  ¯ áá¨¢­®© ¦¨¤-ª®áâ¨ ¯à¨ ®¡â¥ª ­¨¨ ªàã£®¢®£® æ¨«¨­¤à . �ãáâìæ¨«¨­¤à á à ¤¨ãá®¬ ¯®¯¥à¥ç­®£® á¥ç¥­¨ï a = 1:0§ ä¨ªá¨à®¢ ­ ¢ ­ ç «¥ ª®®à¤¨­ â ¨ ­  ­¥£® ­ -¡¥£ ¥â ¢ ¯®«®¦¨â¥«ì­®¬ ­ ¯à ¢«¥­¨¨ ®á¨ �x ¯®-â®ª ¦¨¤ª®áâ¨ á® áª®à®áâìî U0 = 0:5 ­  ¡¥áª®­¥ç-­®áâ¨. �ë¤¥«¨¬ ªàã£®¢ãî ®¡« áâì (¯®¤ªà è¥­-­ ï ®¡« áâì ¦¨¤ª®áâ¨ á ­¥¨§¬¥­­ë¬¨ ¯ à ¬¥âà -¬¨ ¯® ®â­®è¥­¨î ª ¯ à ¬¥âà ¬ ¦¨¤ª®áâ¨ ¢­¥è­¥-£® â¥ç¥­¨ï) ¯ áá¨¢­®© ¦¨¤ª®áâ¨ à ¤¨ãá  R0 = 1:0á æ¥­âà®¬ ¢ â®çª¥ (�5:0; 0:0), à¨á. 6, . �à ­¨æ ®¡« áâ¨ ­  à¨áã­ª¥ ¯à¥¤áâ ¢«¥­  100 ¬ àª¥à ¬¨.�à ¥ªâ®à¨¨ ¤¢¨¦¥­¨ï ª ¦¤®£® ¬ àª¥à  ®¯à¥¤¥«ï-îâáï ¨­â¥£à¨à®¢ ­¨¥¬ ¢® ¢à¥¬¥­¨ ãà ¢­¥­¨© (3) ¨(4), ¨«¨ ãà ¢­¥­¨ï¬¨ (9) ¨ (10), ¯à¨ íâ®¬ ª ¦¤ë©¯ áá¨¢­ë© ¬ àª¥à ¨­â¥à¯à¥â¨àã¥âáï ª ª â®ç¥ç-­ë© ¢¨åàì ­ã«¥¢®© ¨­â¥­á¨¢­®áâ¨ [10,21].�à¨ ¯¥à¥¬¥è¨¢ ­¨¨ ®â¤¥«ì­ë¥ ç áâ¨ £à ­¨æëª®­âãà  ¯®¤¢¥à£ îâáï ¤®áâ â®ç­® á¨«ì­®¬ã à á-âï¦¥­¨î. �«ï ¢ëç¨á«¥­¨ï ­®¢®£® ¯®«®¦¥­¨ï £à -­¨æë ¢ ¯à®æ¥áá¥ ¨­â¥£à¨à®¢ ­¨ï ¢® ¢à¥¬¥­¨ § -¤ ç¨  ¤¢¥ªæ¨¨ ¡ã¤¥¬ ¨á¯®«ì§®¢ âì ¬¥â®¤ ªãá®ç-­®© á¯« ©­-¨­â¥à¯®«ïæ¨¨ [22], ª®â®àë© ¯®§¢®«ï¥â­ å®¤¨âì ª®®à¤¨­ âë ¤®¯®«­¨â¥«ì­ëå ¬ àª¥à®¢A.A. �ãà¦¨© 9
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�¨á. 6. �¤¢¥ªæ¨ï ªàã£®¢®© ®¡« áâ¨ ¯ áá¨¢­®© ¦¨¤ª®áâ¨ ¯à¨ ¯®â¥­æ¨ «ì­®¬ ®¡â¥ª ­¨¨ æ¨«¨­¤à  ¤«ï¬®¬¥­â®¢ ¢à¥¬¥­¨:   { 0:0, ¡ { 12:0, ¢ { 18:0. �ª®à®áâì ­ ¡¥£ îé¥£® ¯®â®ª  U0 = 0:5

�¨á. 7. �¤¢¥ªæ¨ï ¯ áá¨¢­®© ¦¨¤ª®áâ¨ ¢ ¯®«¥ áª®à®áâ¨ ¢¨åà¥¢®© ¯ àë, ¢§ ¨¬®¤¥©áâ¢ãîé¥© á ªàã£®¢ë¬æ¨«¨­¤à®¬, ¢ ¯®â®ª¥ ¦¨¤ª®áâ¨ (U0 = 0:5) ¤«ï ¬®¬¥­â®¢ ¢à¥¬¥­¨:   { 0:0, ¡ { 10:0, ¢ { 16:0, £ { 20:0, ¤ { 30:0. ¥{ ¨§¬¥­¥­¨¥ ¤«¨­ë £à ­¨æë ®¡« áâ¨ á â¥ç¥­¨¥¬ ¢à¥¬¥­¨¢ ¨áá«¥¤ã¥¬®© £à ­¨æ¥ ¯à¨ ¤®áâ â®ç­® ¡®«ìè®¬à áâï¦¥­¨¨. �à¨ íâ®¬ ®¡é¥¥ ª®«¨ç¥áâ¢® ¬ àª¥-à®¢ ã¢¥«¨ç¨¢ ¥âáï, ®¤­ ª® ä®à¬¨à®¢ ­¨¥ £à ­¨æë¨áá«¥¤ã¥¬®© ®¡« áâ¨ §­ ç¨â¥«ì­® ã¯à®é ¥âáï3.3� ¬¥â¨¬, çâ® áãé¥áâ¢ãîâ ¤àã£¨¥ á¯®á®¡ë ä®à¬¨à®¢ -­¨ï £à ­¨æ ¢ë¤¥«¥­­®© ®¡« áâ¨. �¤¨­ ¨§ ­¨å [6] á¢ï§ ­ á �®ç­®áâì ¢ëç¨á«¥­¨© ®¯à¥¤¥«ï¥âáï á®åà ­¥­¨¥¬¢® ¢à¥¬¥­¨ ¯«®é ¤¨ ¢ë¤¥«¥­­®© ®¡« áâ¨. �à¨¯à®¢¥¤¥­¨¨ ç¨á«¥­­ëå íªá¯¥à¨¬¥­â®¢ ¢ ­ áâ®ïé¥©®¯à¥¤¥«¥­¨¥¬­ ç «ì­®©ª®®à¤¨­ âë ¤®¯®«­¨â¥«ì­®£®¬ à-ª¥à  ­  ¨áå®¤­®¬ ª®­âãà¥ ¨ ¨­â¥£à¨à®¢ ­¨¥¬ ãà ¢­¥­¨©¤¢¨¦¥­¨ï ¤® à áá¬ âà¨¢ ¥¬®£® ¬®¬¥­â  ¢à¥¬¥­¨.10 A.A. �ãà¦¨©



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2005. �®¬ 7 (79), N 1. �. 3 { 16à ¡®â¥ ¨§¬¥­¥­¨¥ ¯«®é ¤¨ ¯® ®â­®è¥­¨î ª ­ -ç «ì­®¬ã §­ ç¥­¨î ¢® ¢á¥å á«ãç ïå ­¥ ¯à¥¢ëè «®1%.�  à¨á. 6, ¡ ¯®ª § ­® ¯®«®¦¥­¨¥ ¢ë¤¥«¥­­®© ®¡-« áâ¨ ¢ ¬®¬¥­â ¢à¥¬¥­¨ t = 12:0. �¨¤­®, çâ® ¯®¤-ªà è¥­­ ï ¯ áá¨¢­ ï ¦¨¤ª®áâì á¨¬¬¥âà¨ç­® ®¡-â¥ª ¥â æ¨«¨­¤à, ¯à¨ íâ®¬ áãé¥áâ¢¥­­®¬ã à áâï-¦¥­¨î ¯®¤¢¥à£ ¥âáï â  ç áâì £à ­¨æë, ª®â®à ïà á¯®«®¦¥­  ¡«¨¦¥ ¢á¥£® ª £®«®¢­®© ç áâ¨ æ¨«¨­¤-à . � â¥ç¥­¨¥¬ ¢à¥¬¥­¨ ¯à¨¯®¢¥àå­®áâ­ë© á«®©¯®¤ªà è¥­­®© ¦¨¤ª®áâ¨ áâ ­®¢¨âáï ¢á¥ â®­ìè¥, ¢â® ¢à¥¬ï ª ª ®áâ «ì­ ï ç áâì ¢ë¤¥«¥­­®© ®¡« á-â¨ ã­®á¨âáï ­ ¡¥£ îé¨¬ ¯®â®ª®¬. � à ªâ¥à­ë©á«ãç ©, á®®â¢¥âáâ¢ãîé¨© ¬®¬¥­âã t = 18:0, ¯®ª -§ ­ ­  à¨á. 6, ¢. � ¤ «ì­¥©è¥¬ ®¡à §ã¥âáï ª ¯«¥-¢¨¤­ ï áâàãªâãà  §  æ¨«¨­¤à®¬, ª®â®à ï á®åà ­ï-¥â á¢®î ä®à¬ã. �­â¥à¥á­® ®â¬¥â¨âì, çâ® ¢¤ «¨®â æ¨«¨­¤à  ¤«¨­  ª®­âãà  ã¢¥«¨ç¨¢ ¥âáï á â¥ç¥-­¨¥¬ ¢à¥¬¥­¨ ¯® «¨­¥©­®¬ã § ª®­ã (¢ ¤ ­­®¬ á«ã-ç ¥ ç¨á«¥­­ë©  ­ «¨§ ¤ ¥â dL=dt � 2:0, £¤¥ L(t){ ¤«¨­  £à ­¨æë ¨áá«¥¤ã¥¬®© ®¡« áâ¨), çâ® á¢¨¤¥-â¥«ìáâ¢ã¥â ® à¥£ã«ïà­®áâ¨ ¯à®æ¥áá  ¯¥à¥¬¥è¨¢ -­¨ï [2,3].�¥áª®«ìª® á«®¦­¥¥ ¯à®¨áå®¤¨â ¯à®æ¥áá ¯¥à¥¬¥-è¨¢ ­¨ï ¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ ¤¢ãå ®¤¨­ ª®¢ëå â®-ç¥ç­ëå ¢¨åà¥© ¢ ­ ¡¥£ îé¥¬ ­  æ¨«¨­¤à ¯®â®ª¥¦¨¤ª®áâ¨. �§¢¥áâ­® [11,21], çâ® ¤¢  ®¤¨­ ª®¢ëå¢¨åàï (¢¨åà¥¢ ï ¯ à ) ¯à¨ á ¬®¨­¤ãæ¨à®¢ ­­®¬áâ æ¨®­ à­®¬ ¤¢¨¦¥­¨¨ ¢®¢«¥ª îâ ¢ á®¡áâ¢¥­­®¥¤¢¨¦¥­¨¥ ç áâì ¡«¨§«¥¦ é¥© ¦¨¤ª®áâ¨, ®¡à §ãïâ ª ­ §ë¢ ¥¬®¥ ¢¨åà¥¢®¥ ®¡« ª®, ¨«¨  â¬®áä¥àã¢¨åàï. �¨åà¥¢®¥ ®¡« ª® ¨¬¥¥â ä®à¬ã, ¡«¨§ªãîª í««¨¯â¨ç¥áª®© á à §¬¥à ¬¨ ¯®«ã®á¥© ¯®àï¤ª 1:73b ¨ 2:09b, £¤¥ b { à ááâ®ï­¨¥ ¬¥¦¤ã ¢¨åàï¬¨.�¤¢¥ªæ¨ï ¦¨¤ª®áâ¨, ª®â®à ï ¤¢¨¦¥âáï á®¢¬¥áâ-­® á ¢¨åà¥¢®© ¯ à®©, ¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ ¢¨åà¥©á ªàã£®¢ë¬ æ¨«¨­¤à®¬ ¯®ª § ­  ­  à¨á. 7. �¨å-à¨ ¨¬¥îâ ®¤¨­ ª®¢ë¥ ¯® ¬®¤ã«î ¨­â¥­á¨¢­®áâ¨�1 = ��2 = �1:0 ¨ ­ ç «ì­ë¥ ª®®à¤¨­ âë x01 == x02 = �5:0, y01 = �y02 = 1:0. �¨åà¥¢ ï ¯ à ®ªàã¦¥­  ­¥¢®§¬ãé¥­­®© ¢¨åà¥¢®©  â¬®áä¥à®©,à¨á. 7,  . �ã­ªâ¨à­ë¬¨ «¨­¨ï¬¨ ­  à¨áã­ª å ­ -­¥á¥­ë âà ¥ªâ®à¨¨ ¤¢¨¦¥­¨ï ¢¨åà¥©.� ç «ì­ ï ä §  ¯¥à¥¬¥è¨¢ ­¨ï ¢ ª ç¥áâ¢¥­-­®¬ ®â­®è¥­¨¨ ­ ¯®¬¨­ ¥â á«ãç © ¯®â¥­æ¨ «ì-­®£® ®¡â¥ª ­¨ï (à¨á. 6). �® ¬¥à¥ ¯à¨¡«¨¦¥­¨ï¢¨åà¥© ª ¯®¢¥àå­®áâ¨ ­ áâã¯ îâ ­¥§­ ç¨â¥«ì­ë¥®â«¨ç¨ï, ¢ë§¢ ­­ë¥ ­ ¢¥¤¥­­ë¬ ¯®«¥¬ áª®à®áâ¨¯à¨¡«¨¦ îé¥£®áï ¢¨åàï. �§ ¨¬®¤¥©áâ¢¨¥ ¢¨åà¥©á æ¨«¨­¤à®¬ ¯à¨¢®¤¨â ª § å¢ âã ­¥¯®¤ªà è¥­­®©¦¨¤ª®áâ¨ ¨§ ¡«¨§«¥¦ é¥£® ª â¢¥à¤®© ¯®¢¥àå­®áâ¨á«®ï ¢  â¬®áä¥àã ¢¨åàï (à¨á. 7, ¢). �â® ¢ë§¢ ­®ã¢¥«¨ç¥­¨¥¬ à ááâ®ï­¨ï ¬¥¦¤ã ¢¨åàï¬¨ ¢ ¢¨åà¥-¢®© ¯ à¥. �®á«¥ ¯à®å®¦¤¥­¨ï ¢¨åàï¬¨ æ¨«¨­¤à 

à ááâ®ï­¨¥ ¬¥¦¤ã ­¨¬¨ ã¬¥­ìè ¥âáï. � à¥§ã«ì-â â¥ ç áâì ¯®¤ªà è¥­­®© ¦¨¤ª®áâ¨ ¢ëâ¥á­ï¥âáï¢® ¢­¥è­îî ®¡« áâì â¥ç¥­¨ï ¯¥à¥¤ ¢¨åà¥¢®© ¯ -à®© (à¨á. 7, £). �¤ «¨ ®â æ¨«¨­¤à , á ­ áâã¯«¥­¨¥¬áâ æ¨®­ à­®£® ¤¢¨¦¥­¨ï ¢¨åà¥¢®© ¯ àë, ¢¨åà¥¢®¥®¡« ª® ¯à¨­¨¬ ¥â á¯¨à «¥¢¨¤­ãî áâàãªâãàã, ª®-â®à ï ï¢«ï¥âáï å à ªâ¥à­®© ¤«ï ¬­®£¨å ¢¨åà¥¢ëåâ¥ç¥­¨© ¢ à¥ «ì­®¬ íªá¯¥à¨¬¥­â¥ [20,21].� ª ¢¨¤­® ¨§ à¨á. 7, e, ¤«¨­  ª®­âãà  ¢ë¤¥-«¥­­®© ®¡« áâ¨ ã¢¥«¨ç¨¢ ¥âáï á â¥ç¥­¨¥¬ ¢à¥¬¥-­¨ «¨­¥©­®, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ® à¥£ã«ïà­®áâ¨¯à®æ¥áá  ¯¥à¥¬¥è¨¢ ­¨ï. �®¦­® § ª«îç¨âì, çâ®¢§ ¨¬®¤¥©áâ¢¨¥ ­ ¡¥£ îé¥© ¢¨åà¥¢®© ¯ àë á æ¨-«¨­¤à®¬ ­¥ ¯à¨¢®¤¨â ª ¨­â¥­á¨¢­®¬ã ¯¥à¥¬¥è¨-¢ ­¨î ¦¨¤ª®áâ¨ ¢  â¬®áä¥à¥ ¢¨åà¥¢®© ¯ àë.�¥¯¥àì à áá¬®âà¨¬ ®á®¡¥­­®áâ¨ ¯à®æ¥áá  ¯¥à¥-¬¥è¨¢ ­¨ï ¢ ¯®«¥ áâ æ¨®­ à­® ¤¢¨¦ãé¥©áï ¢¨å-à¥¢®© ¯ àë ¢ â¥ç¥­¨¨ §  æ¨«¨­¤à®¬. �â®â á«ã-ç © ¯®ª § ­ ­  à¨á. 8, ¥¬ã á®®â¢¥âáâ¢ãîâ á«¥-¤ãîé¨¥ ­ ç «ì­ë¥ ãá«®¢¨ï: �1 = �2 = �2:454,x01 = x02 = 1:5, y01 = �y02 = 0:467, U0 = 0:5.� ­ ç «ì­ë© ¬®¬¥­â ¢ë¤¥«¨¬ ªàã£®¢ãî ®¡« áâìà ¤¨ãá  R0 = 1:0 á æ¥­âà®¬ ¢ â®çª¥ (0:5; 0:0),à¨á. 8,  . �à®æ¥áá ¯¥à¥¬¥è¨¢ ­¨ï ­¥§­ ç¨â¥«ì­®®â«¨ç ¥âáï ®â ¯®â¥­æ¨ «ì­®£® ®¡â¥ª ­¨ï æ¨«¨­¤-à  (á¬. à¨á. 6). � §­¨æ  á®áâ®¨â ¢ â®¬, çâ® â¥-¯¥àì ¦¨¤ª®áâì ®¡â¥ª ¥â ®¤­®¢à¥¬¥­­® æ¨«¨­¤à ¨áâ æ¨®­ à­ãî  â¬®áä¥àã ¢¨åà¥¢®© ¯ àë. �  § -ª«îç¨â¥«ì­®© áâ ¤¨¨ ­ ¡«î¤ îâáï ¤¢¥  ­ «®£¨ç-­ë¥ ª ¯«¥¢¨¤­ë¥ ®¡« áâ¨, ª®â®àë¥ ã­®áïâáï ¢­¥è-­¨¬ ¯®â®ª®¬.�§ á¨¬¬¥âà¨¨ ãá«®¢¨ï (13) á«¥¤ã¥â, çâ® áâ -æ¨®­ à­®¥ ¯®«®¦¥­¨¥ ¢¨åà¥¢®© ¯ àë ¨¬¥¥â ¬¥á-â® â ª¦¥ ¯à¨ ¤¢¨¦¥­¨¨ ¢¨åà¥¢®© ¯ àë ¯¥à¥¤ æ¨-«¨­¤à®¬ ¢ ­ ¡¥£ îé¥¬ ¯®â®ª¥. �â®â á«ãç © ¯®-ª § ­ ­  à¨á. 9, ¥¬ã á®®â¢¥âáâ¢ãîâ ­ ç «ì­ë¥ãá«®¢¨ï: �1 = �2 = �2:454, x01 = x02 = �1:5,y01 = �y02 = 0:467, U0 = 0:5. � ­ ç «ì­ë© ¬®¬¥­âä®à¬  ¨ ¯®«®¦¥­¨¥ ¢ë¤¥«¥­­®© ®¡« áâ¨ ¯ áá¨¢­®©¦¨¤ª®áâ¨  ­ «®£¨ç­ë à áá¬®âà¥­­®¬ã à ­¥¥ á«ã-ç î.�â æ¨®­ à­ ï ¯ à  ¢¨åà¥©, ª ª ¨ ¢ ¯à¥¤ë¤ã-é¥¬ á«ãç ¥, ­¥ ¯®§¢®«ï¥â ¦¨¤ª®áâ¨ ¯à®­¨ª­ãâì¢­ãâàì  â¬®áä¥àë ¢¨åàï, ¯®íâ®¬ã ¯¥à¥¬¥è¨¢ ­¨¥¦¨¤ª®áâ¨ ¯à®¨áå®¤¨â ¯®  ­ «®£¨ç­®¬ã áæ¥­ à¨î.�  à¨á. 10 ¯®ª § ­  § ¢¨á¨¬®áâì ¨§¬¥­¥­¨ï ¤«¨-­ë ª®­âãà , ®å¢ âë¢ îé¥£® ¢ë¤¥«¥­­ãî ®¡« áâì¦¨¤ª®áâ¨, ®â ¢à¥¬¥­¨. �¯«®è­ ï «¨­¨ï á®®â¢¥â-áâ¢ã¥â á«ãç î, ª®£¤  ¢¨åà¥¢ ï ¯ à  ­ å®¤¨âáï § æ¨«¨­¤à®¬,   èâà¨å®¢ ï «¨­¨ï { ¯¥à¥¤ ­¨¬ ¢ ­ ¡¥-£ îé¥¬ ¨§ ¡¥áª®­¥ç­®áâ¨ ¯®â®ª¥. �¨¤­®, çâ® ¤«¨-­  ª®­âãà  ¢ ®¡®¨å á«ãç ïå ã¢¥«¨ç¨¢ ¥âáï «¨­¥©-­® á â¥ç¥­¨¥¬ ¢à¥¬¥­¨. �â® á¢¨¤¥â¥«ìáâ¢ã¥â ®¡ã¯®àï¤®ç¥­­®áâ¨ ¯à®æ¥áá  ¯¥à¥¬¥è¨¢ ­¨ï. �­â¥-A.A. �ãà¦¨© 11
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�¨á. 8. �¤¢¥ªæ¨ï ªàã£®¢®© ®¡« áâ¨ ¯ áá¨¢­®© ¦¨¤ª®áâ¨ ¯à¨ ¯®â¥­æ¨ «ì­®¬ ®¡â¥ª ­¨¨ æ¨«¨­¤à  á®áâ æ¨®­ à­®© ¢¨åà¥¢®© ¯ à®© (§  æ¨«¨­¤à®¬) ¤«ï ¬®¬¥­â®¢ ¢à¥¬¥­¨:   { 0:0, ¡ { 12:0, ¢ { 18:0. �ª®à®áâì­ ¡¥£ îé¥£® ¯®â®ª  U0 = 0:5
�¨á. 9. �¤¢¥ªæ¨ï ªàã£®¢®© ®¡« áâ¨ ¯ áá¨¢­®© ¦¨¤ª®áâ¨ ¯à¨ ¯®â¥­æ¨ «ì­®¬ ®¡â¥ª ­¨¨ æ¨«¨­¤à  á®áâ æ¨®­ à­®© ¢¨åà¥¢®© ¯ à®© (¯¥à¥¤ æ¨«¨­¤à®¬) ¤«ï ¬®¬¥­â®¢ ¢à¥¬¥­¨:   { 0:0, ¡ { 12:0, ¢ { 18:0. �ª®à®áâì­ ¡¥£ îé¥£® ¯®â®ª  U0 = 0:5à¥á­® ®â¬¥â¨âì, çâ® ¢ ª®«¨ç¥áâ¢¥­­®¬ ®â­®è¥­¨¨¢¨åà¥¢ ï ¯ à  §  æ¨«¨­¤à®¬ á¨«ì­¥¥ à áâï£¨¢ ¥â¨áå®¤­ë© ª®­âãà.� á«ãç ¥ ¯¥à¨®¤¨ç¥áª®£® ¤¢¨¦¥­¨ï ¢¨åà¥¢®© ¯ -àë ®ª®«® ¯®«®¦¥­¨ï à ¢­®¢¥á¨ï ¢ ­ ¡¥£ îé¥¬ ­ æ¨«¨­¤à ¯®â®ª¥ ¨¤¥ «ì­®© ¦¨¤ª®áâ¨ ¨­â¥­á¨¢-­®áâì ¯¥à¥¬¥è¨¢ ­¨ï ¯ áá¨¢­®© ¦¨¤ª®áâ¨ §­ ç¨-â¥«ì­® ãá¨«¨¢ ¥âáï. �  à¨á. 11 à áá¬ âà¨¢ ¥âáï­ ¨¡®«¥¥ å à ªâ¥à­ë© á«ãç © á® á«¥¤ãîé¨¬¨ ­ -ç «ì­ë¬¨ ãá«®¢¨ï¬¨: �1 = �2 = �2:0, x01 = x02 == 1:5, y01 = �y02 = 0:6, U0 = 0:5. � ª ¨ à ­¥¥, ¢­ ç «ì­ë© ¬®¬¥­â ¢ë¤¥«¨¬ ªàã£®¢ãî ®¡« áâì à -¤¨ãá  R0 = 1:0 á æ¥­âà®¬ ¢ â®çª¥ (0:5; 0:0), à¨á. 11, . � á¨«ã á¨¬¬¥âà¨¨ ­ ç «ì­ëå ãá«®¢¨© ¢¨åà¨¤¢¨¦ãâáï ¯¥à¨®¤¨ç¥áª¨ ®ª®«® ¯®«®¦¥­¨ï à ¢­®¢¥-á¨ï, âà ¥ªâ®à¨ï ¨å ¤¢¨¦¥­¨ï ¯®ª § ­  ­  à¨áã­-ª å ¯ã­ªâ¨à­ë¬¨ «¨­¨ï¬¨.� ç «ì­ ï ä §  ®¡â¥ª ­¨ï æ¨«¨­¤à  ¢ æ¥«®¬

 ­ «®£¨ç­  ¯®â¥­æ¨ «ì­®¬ã ®¡â¥ª ­¨î, ¯®áª®«ì-ªã ¢¨åà¨ à á¯®«®¦¥­ë §  æ¨«¨­¤à®¬ ¨ ¨å ¢«¨ï­¨¥­  ¤¥ä®à¬ æ¨î ¯®¤ªà è¥­­®© ®¡« áâ¨ ¥é¥ ®áâ -¥âáï ­¥§­ ç¨â¥«ì­ë¬ (à¨á. 11, ¡). � â¥ç¥­¨¥¬ ¢à¥-¬¥­¨ ®ªà è¥­­ ï ¦¨¤ª®áâì ¯à¨¡«¨¦ ¥âáï ª ¢¨åà¥-¢®© ¯ à¥ ¨ ­ ç¨­ ¥â ®¡â¥ª âì  â¬®áä¥àã ¢¨åà¥©¯®  ­ «®£¨¨ á à¨á. 8, ¡. � ¯à®æ¥áá¥ ¯¥à¨®¤¨ç¥áª®-£® ¤¢¨¦¥­¨ï à ááâ®ï­¨¥ ¬¥¦¤ã ¢¨åàï¬¨ ¬¥­ï¥â-áï ¯¥à¨®¤¨ç¥áª¨. � ª á«¥¤áâ¢¨¥,  â¬®áä¥à  ¢¨åàï¬¥­ï¥â á¢®¨ à §¬¥àë ¨ ç áâì ®ªà è¥­­®© ¦¨¤ª®-áâ¨ ¢®¢«¥ª ¥âáï ¢ ¢¨åà¥¢®¥ ®¡« ª®, (à¨á. 11, ¢).�à¨ íâ®¬ ä®à¬¨àã¥âáï å à ªâ¥à­ ï á¯¨à «¥¢¨¤-­ ï áâàãªâãà  ¢¨åà¥¢®£® ®¡« ª .� â¥ ¬®¬¥­âë ¢à¥¬¥­¨, ª®£¤  à ááâ®ï­¨¥ ¬¥¦-¤ã ¢¨åàï¬¨ ¢ ¢¨åà¥¢®© ¯ à¥ ã¬¥­ìè ¥âáï, à §¬¥-àë ¢¨åà¥¢®£® ®¡« ª  ã¬¥­ìè îâáï. � à¥§ã«ìâ â¥ç áâì ¡«¨§«¥¦ é¥© ª ¢¨åàï¬ ¦¨¤ª®áâ¨, ª®â®à ïà ­¥¥ ¯à¨­ ¤«¥¦ «  ¢¨åà¥¢®¬ã ®¡« ªã, ¢ëâ «ª¨-12 A.A. �ãà¦¨©
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�¨á. 11. �¤¢¥ªæ¨ï ¯ áá¨¢­®© ¦¨¤ª®áâ¨ ¢ ¯®«¥ áª®à®áâ¨ ¤¢ãå ®¤¨­ ª®¢ëå ¢¨åà¥© §  ªàã£®¢®© ®¡« áâìî,®¡â¥ª ¥¬®© ¦¨¤ª®áâìî (U0 = 0:5) ¤«ï ¬®¬¥­â®¢ ¢à¥¬¥­¨: a { 0:0, ¡ { 6:0, ¢ { 7:0, £ { 8:0, ¤ { 10:0. ¥ { 12:0¢ ¥âáï ¢® ¢­¥è­¥¥ â¥ç¥­¨¥. � à ªâ¥à­ë© ¬®¬¥­â¯®ª § ­ ­  à¨á. 11, £. �à¨ íâ®¬ ­ ç¨­ îâ ä®à¬¨-à®¢ âìáï ¤¢¥ ª ¯«¥¢¨¤­ë¥ áâàãªâãàë, ª®â®àë¥ â ª¦¥ ­ ¡«î¤ «¨áì ¯à¨ ®¡â¥ª ­¨¨ æ¨«¨­¤à  ª ª ¢ ®â-áãâáâ¢¨¨ ¢¨åà¥© (à¨á. 6), â ª ¨ ¢ ¯à¨áãâáâ¢¨¨ áâ -æ¨®­ à­® ¤¢¨£ îé¥©áï ¢¨åà¥¢®© ¯ àë (à¨á. 8). �¤ «ì­¥©è¥¬ ¯¥à¨®¤¨ç¥áª¨¥ \¢ëâ «ª¨¢ ­¨ï" ¦¨¤-ª®áâ¨ ¢¨åàï¬¨ ä®à¬¨àãîâ ¢ á«¥¤¥ §  æ¨«¨­¤à®¬å à ªâ¥à­ë¥ ª ¯«¥¢¨¤­ë¥ áâàãªâãàë ç¥à¥§ à ¢-­ë¥ ¨­â¥à¢ «ë ¢à¥¬¥­¨. � à ªâ¥à­®, çâ® ¯¥à-¢ ï ¯ à  ª ¯«¥¢¨¤­ëå áâàãªâãà á®áâ®¨â â®«ìª® ¨§®ªà è¥­­®© ¦¨¤ª®áâ¨, ¢ â® ¢à¥¬ï ª ª ¯®á«¥¤ãî-é¨¥ á®áâ®ïâ ª ª ¨§ ®ªà è¥­­®©, â ª ¨ ­¥®ªà è¥­-­®© ¦¨¤ª®áâ¥©. �®¦­® § ª«îç¨âì, çâ® ¯¥à¨®¤¨-ç¥áª®¥ ¤¢¨¦¥­¨¥ ¢¨åà¥¢®© ¯ àë ¯à¨¢®¤¨â ª ¡®«¥¥¨­â¥­á¨¢­®¬ã à¥¦¨¬ã ¯¥à¥¬¥è¨¢ ­¨ï ¦¨¤ª®áâ¥©.�á«¨ áâ æ¨®­ à­® ¤¢¨£ îéãîáï ¢¨åà¥¢ãî ¯ àãà á¯®«®¦¨âì ¯¥à¥¤ æ¨«¨­¤à®¬ ¢ ­ ¡¥£ îé¥¬ ¯®-â®ª¥ ¦¨¤ª®áâ¨, â® ¤¥ä®à¬ æ¨ï ¨áå®¤­®£® ª®­âãà ¨§ãç ¥¬®© ®¡« áâ¨ ¯ áá¨¢­®© ¦¨¤ª®áâ¨ ­ áâã¯ -¥â à ­ìè¥. �  à¨á. 12 ¯®ª § ­ å à ªâ¥à­ë© á«ã-ç ©, ª®â®à®¬ã á®®â¢¥âáâ¢ãîâ á«¥¤ãîé¨¥ ­ ç «ì-­ë¥ ãá«®¢¨ï: �1 = �2 = �2:0, x01 = x02 = �1:5, y01 == �y02 = 0:6, U0 = 0:5. �¥ä®à¬¨à®¢ ­­®¥ á®áâ®-
ï­¨¥ ¨áå®¤­®© ®¡« áâ¨ ¢ ¬®¬¥­â ¢à¥¬¥­¨ t = 4:0¯®ª § ­® ­  à¨á. 12, ¡. �¨¤ª®áâì ®ª®«® ¢¨åà¥©¨­â¥­á¨¢­® ¢à é ¥âáï ¨ ¢®¢«¥ª ¥â ¢ á¢®¥ ¤¢¨¦¥-­¨¥ ç áâì ®ªà è¥­­®© ¨ ­¥®ªà è¥­­®© ¦¨¤ª®áâ¨¨§ ®¡« áâ¨, ¯à¨«¥£ îé¥© ª æ¨«¨­¤àã. � ¬®¬¥­-âã ¢à¥¬¥­¨ t = 6:0  â¬®áä¥à  ¢¨åàï ¯à¥®¡à¥â ¥âá¯¨à «¥¢¨¤­ãî áâàãªâãàã (à¨á. 12, ¢). �à¨ íâ®¬ç áâì ®ªà è¥­­®© ¦¨¤ª®áâ¨, ª®â®à ï ­ å®¤¨âáï¤®áâ â®ç­® ¤ «¥ª® ®â ¢¨åà¥©, ¯®áâ¥¯¥­­® ®¡â¥ª -¥â æ¨«¨­¤à ¨ ã­®á¨âáï ¢­¥è­¨¬ ¯®â®ª®¬. � ¤ «ì-­¥©è¥¬ (à¨á. 12, ¤), ¢ á¨«ã ¯¥à¨®¤¨ç¥áª®£® ¤¢¨¦¥-­¨ï ¢¨åà¥¢®© ¯ àë, ¯¥à¨®¤¨ç¥áª¨ ¬¥­ï¥âáï  â¬®-áä¥à  ¢¨åà¥©. � â®â ¬®¬¥­â, ª®£¤  ¢¨åà¨ á¡«¨¦ -îâáï, ç áâì á¯¨à «¥¢¨¤­®© áâàãªâãàë ¢¨åà¥¢®£®®¡« ª  ¢ëâ «ª¨¢ ¥âáï ¢® ¢­¥è­¨© ¯®â®ª. � â¥ç¥-­¨¥¬ ¢à¥¬¥­¨ íâ  ¯¥à¥¬¥è ­­ ï ®¡« áâì ¦¨¤ª®-áâ¨ ã­®á¨âáï â¥ç¥­¨¥¬ §  æ¨«¨­¤à (à¨á. 12, ¥).�  à¨á. 13 ¯®ª § ­® ®â­®á¨â¥«ì­®¥ ¨§¬¥­¥­¨¥¤«¨­ë ª®­âãà  ¯® ®â­®è¥­¨î ª ¤«¨­¥ ª®­âãà  ¢­ ç «ì­ë© ¬®¬¥­â ¢à¥¬¥­¨, á â¥ç¥­¨¥¬ ¢à¥¬¥-­¨ ¤«ï á«ãç ¥¢ ¯¥à¨®¤¨ç¥áª®£® ¤¢¨¦¥­¨ï ¢¨åà¥-¢®© ¯ àë. �§¬¥­¥­¨¥ ¤«¨­ë ª®­âãà  ¯à¨ ¯¥à¨®-¤¨ç¥áª®¬ ¤¢¨¦¥­¨¨ ¢¨åà¥© §  æ¨«¨­¤à®¬ ¯®ª § -­® á¯«®è­®© «¨­¨¥©, ª®£¤  ¢¨åà¥¢ ï ¯ à  ¤¢¨£ ¥â-A.A. �ãà¦¨© 13
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�¨á. 12. �¤¢¥ªæ¨ï ¯ áá¨¢­®© ¦¨¤ª®áâ¨ ¢ ¯®«¥ áª®à®áâ¨ ¤¢ãå ®¤¨­ ª®¢ëå ¢¨åà¥© ¯¥à¥¤ ªàã£®¢®© ®¡« áâìî,®¡â¥ª ¥¬®© ¦¨¤ª®áâìî (U0 = 0:5) ¤«ï ¬®¬¥­â®¢ ¢à¥¬¥­¨: a { 0:0, ¡ { 4:0, ¢ { 5:0, £ { 6:0, ¤ { 8:0. ¥ { 15:0áï ¯¥à¥¤ æ¨«¨­¤à®¬ { ¯ã­ªâ¨à­®© «¨­¨¥©. �¨¤­®,çâ® ¡®«¥¥ ¨­â¥­á¨¢­®¥ ¯¥à¥¬¥è¨¢ ­¨¥ ­ ¡«î¤ ¥â-áï ¯à¨ ¤¢¨¦¥­¨¨ ¢¨åà¥© ¯¥à¥¤ æ¨«¨­¤à®¬. �à ¢-­¥­¨¥ á ¯à¥¤ë¤ãé¨¬¨ á«ãç ï¬¨ ¯¥à¥¬¥è¨¢ ­¨ï¯®§¢®«ï¥â § ª«îç¨âì, çâ® ­ ç «ì­ë¥ ¢®§¬ãé¥­¨ï®â ¯¥à¨®¤¨ç¥áª¨ ¤¢¨¦ãé¥©áï ¢¨åà¥¢®© ¯ àë ®ª®-«® ªàã£®¢®£® æ¨«¨­¤à  §­ ç¨â¥«ì­® ãá¨«¨¢ îâáï,®¤­ ª® ¢ª« ¤ ¢ ¯à®æ¥áá ¯¥à¥¬¥è¨¢ ­¨ï ¢¨åà¥¢®©¯ àë ¨ ªàã£®¢®£® æ¨«¨­¤à  ï¢«ïîâáï áãé¥áâ¢¥­-­® à §­ë¬¨. �á«¨ ¢¨åà¨ à á¯®«®¦¥­ë §  æ¨«¨­¤-à®¬, ­ ç «ì­®¥ ®¡â¥ª ­¨¥ ¯®¤ªà è¥­­®© ®¡« áâ¨æ¨«¨­¤à  ­¥ ¯à¨¢®¤¨â ª áãé¥áâ¢¥­­®¬ã ¯¥à¥¬¥è¨-¢ ­¨î ¦¨¤ª®áâ¨, ¦¨¤ª®áâì ¯¥à¥¬¥è¨¢ ¥â ¢¨åà¥-¢ ï ¯ à . �­â¥à¥á­® ®â¬¥â¨âì, çâ® ¤«¨­  ª®­âã-à , ®å¢ âë¢ îé¥£® ¯®¤ªà è¥­­ãî ¦¨¤ª®áâì, ã¢¥-«¨ç¨¢ ¥âáï á â¥ç¥­¨¥¬ ¢à¥¬¥­¨ ¯® íªá¯®­¥­æ¨ «ì-­®¬ã § ª®­ã. �à¨â¥à¨¨ ¯¥à¥¬¥è¨¢ ­¨ï, ®á­®¢ ­-­ë¥ ­   ­ «¨§¥ ¨§¬¥­¥­¨ï ¤«¨­ë ª®­âãà  ¢® ¢à¥-¬¥­¨ [2,10], á¢¨¤¥â¥«ìáâ¢ãîâ ® â®¬, çâ® ¯à¨ ¯¥à¨-®¤¨ç¥áª®¬ ¤¢¨¦¥­¨¨ ¢¨åà¥¢®© ¯ àë ®ª®«® æ¨«¨­¤-à  ­ ¡«î¤ ¥âáï ¨­â¥­á¨¢­®¥, å ®â¨ç¥áª®¥ ¯¥à¥¬¥-è¨¢ ­¨¥ ¦¨¤ª®áâ¥©.
���������� � ������� ­ áâ®ïé¥© áâ âì¥ à áá¬®âà¥­  § ¤ ç  ® ¯¥-à¥¬¥è¨¢ ­¨¨ ¯ áá¨¢­®© ¯à¨¬¥á¨ ¢ ­ ¡¥£ îé¥¬¤¢ãå¬¥à­®¬ ¯®â®ª¥ ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© ¦¨¤-ª®áâ¨ ­  ªàã£®¢®© æ¨«¨­¤à ¢ ¯¥à¯¥­¤¨ªã«ïà­®¬­ ¯à ¢«¥­¨¨ ¢ ¯à¨áãâáâ¢¨¨ ¨ ®âáãâáâ¢¨¨ ¤¢ãå â®-ç¥ç­ëå ¢¨åà¥©. �§ãç¥­¨¥ ¯à®æ¥áá  ¯¥à¥¬¥è¨¢ -­¨ï ­  ¯à¨¬¥à¥ ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨¯®§¢®«ï¥â ¢ëï¢¨âì ®á­®¢­ë¥ § ª®­®¬¥à­®áâ¨ ¯à®-æ¥áá   ¤¢¥ªæ¨¨ ¯ áá¨¢­®© ¦¨¤ª®áâ¨, ¯à¨« £ ï áã-é¥áâ¢¥­­® ¬¥­ìè¨¥ ãá¨«¨ï ¯® áà ¢­¥­¨î á  ­ -«¨§®¬ â¥ç¥­¨© ¢ï§ª®© ¦¨¤ª®áâ¨. �®«¥¥ â®£®, ¢­¥ª®â®àëå á«ãç ïå, ¢ ¦­ëå á ¯à ªâ¨ç¥áª®© â®ç-ª¨ §à¥­¨ï, ¬®¤¥«ì ¨¤¥ «ì­®© ­¥á¦¨¬ ¥¬®© ¦¨¤-ª®áâ¨ ï¢«ï¥âáï ¯à¨¥¬«¥¬®©. �­®£¤ , ¯à¨ ¨§ãç¥-­¨¨ ï¢«¥­¨ï ¯¥à¥¬¥è¨¢ ­¨ï á« ¡®¢ï§ª¨å ¦¨¤ª®-áâ¥© ¢ å¨¬¨ç¥áª¨å â¥å­®«®£¨ïå, ¯à¨  ­ «¨§¥ ¯à®-æ¥áá  à á¯à®áâà ­¥­¨ï ¯à¨¬¥á¥© ¢ íª®«®£¨ç¥áª¨å¯à®¡«¥¬ å, ¢«¨ï­¨¥¬ ¢ï§ª®áâ¨, à ¢­® ª ª ¨ ¢«¨ï-­¨¥¬ ¤¨ääã§¨¨ ­  ­ ç «ì­ëå áâ ¤¨ïå ¯¥à¥¬¥è¨-¢ ­¨ï, ¬®¦­® ¯à¥­¥¡à¥çì.14 A.A. �ãà¦¨©
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�¨á. 10. �ª®à®áâì ¨§¬¥­¥­¨ï ¤«¨­ë ª®­âãà ,®£à ­¨ç¨¢ îé¥£® ®¡« áâì ¯ áá¨¢­®© ¦¨¤ª®áâ¨, áâ¥ç¥­¨¥¬ ¢à¥¬¥­¨. �¯«®è­ ï «¨­¨ï á®®â¢¥âáâ¢ã¥âá«ãç î à á¯®«®¦¥­¨ï ¢¨åà¥© §  æ¨«¨­¤à®¬,¯ã­ªâ¨à­ ï «¨­¨ï { ¯¥à¥¤ æ¨«¨­¤à®¬
�¨á. 13. �ª®à®áâì ¨§¬¥­¥­¨ï ¤«¨­ë ª®­âãà ,®£à ­¨ç¨¢ îé¥£® ®¡« áâì ¯ áá¨¢­®© ¦¨¤ª®áâ¨, áâ¥ç¥­¨¥¬ ¢à¥¬¥­¨. �¯«®è­ ï «¨­¨ï á®®â¢¥âáâ¢ã¥â­¥áâ æ¨®­ à­®¬ã ¤¢¨¦¥­¨î ¢¨åà¥© §  æ¨«¨­¤à®¬,¯ã­ªâ¨à­ ï «¨­¨ï { ¯¥à¥¤ æ¨«¨­¤à®¬�à¨ ®¡â¥ª ­¨¨ ¦¨¤ª®áâ¨ ªàã£®¢®£® æ¨«¨­¤à áãé¥áâ¢ã¥â à¥¦¨¬ áâ æ¨®­ à­®£® ¤¢¨¦¥­¨ï ¢¨å-à¥¢®© ¯ àë. �áá«¥¤®¢ ­¨ï ¯®ª §ë¢ îâ, çâ® áâ -æ¨®­ à­®¥ ¤¢¨¦¥­¨¥ ¤¢ãå ¢¨åà¥© ¢ ¨¤¥ «ì­®© ¦¨¤-ª®áâ¨ ®ª®«® ªàã£®¢®£® æ¨«¨­¤à  ®ª §ë¢ ¥âáï ­¥-ãáâ®©ç¨¢ë¬ ª ¬ «ë¬ ¢®§¬ãé¥­¨ï¬ ¢ ¯à®áâà ­-áâ¢¥­­®¥ ¯®«®¦¥­¨¥ ¢¨åà¥©. �¥ãáâ®©ç¨¢®áâì ¤¢¨-¦¥­¨ï ¢¨åà¥¢®© ¯ àë ï¢«ï¥âáï, ®ç¥¢¨¤­®, ®á­®¢-­ë¬ ¬¥å ­¨§¬®¬ ®âàë¢  ¢¨åà¥© ¯à¨ ®¡â¥ª ­¨¨

ªàã£®¢®£® æ¨«¨­¤à  ¢ï§ª®© ¦¨¤ª®áâìî. �¤­ -ª® áâ æ¨®­ à­®¥ ¤¢¨¦¥­¨¥ ¢¨åà¥¢®© ¯ àë ®áâ -¥âáï ãáâ®©ç¨¢ë¬ ­  á¨¬¬¥âà¨ç­ë¥ ¢®§¬ãé¥­¨ï.�áâ®©ç¨¢®¥ ¤¢¨¦¥­¨¥ ¢¨åà¥¢®© ¯ àë ¢ â¥ç¥­¨¨ § æ¨«¨­¤à®¬ å®à®è® ¢¨¤­® ¢ íªá¯¥à¨¬¥­â å (á¬., ­ -¯à¨¬¥à, [20]).�®â¥­æ¨ «ì­®¥ ®¡â¥ª ­¨¥ ­¥ á®¯à®¢®¦¤ ¥âáïá¨«ì­ë¬¨ à¥¦¨¬ ¬¨ ¯¥à¥¬¥è¨¢ ­¨ï. �à¨ íâ®¬¤«¨­  ª®­âãà , ®å¢ âë¢ îé¥£® ¯®¤ªà è¥­­ãî ®¡-« áâì ¦¨¤ª®áâ¨, à áâï£¨¢ ¥âáï «¨­¥©­® á â¥ç¥­¨-¥¬ ¢à¥¬¥­¨, çâ® á®®â¢¥âáâ¢ã¥â à¥£ã«ïà­®¬ã à¥-¦¨¬ã ¯¥à¥¬¥è¨¢ ­¨ï [2,3,21]. �à¨ áâ æ¨®­ à­®¬à¥¦¨¬¥ ®¡â¥ª ­¨ï æ¨«¨­¤à  ¢ ¯à¨áãâáâ¢¨¨ áâ æ¨-®­ à­® ¤¢¨£ îé¥©áï ¢¨åà¥¢®© ¯ àë ¯à®æ¥áá ¯¥à¥-¬¥è¨¢ ­¨ï ¦¨¤ª®áâ¨ ®áâ ¥âáï à¥£ã«ïà­ë¬. �®-áª®«ìªã ®¡ê¥¬ ¡«¨§«¥¦ é¥© ª ¢¨åàï¬ ¦¨¤ª®áâ¨,ª®â®à ï ä®à¬¨àã¥â  â¬®áä¥àã ¢¨åàï, á â¥ç¥­¨¥¬¢à¥¬¥­¨ ­¥ ¬¥­ï¥âáï, â® ¯®¤ªà è¥­­ ï ¦¨¤ª®áâì­¥ ¯®ª¨¤ ¥â ¢¨åà¥¢®¥ ®¡« ª®, ¨ ­¥ ¯à®­¨ª ¥â ¢ ­¥-£®. �­¥è­¨© ¯®â®ª ¦¨¤ª®áâ¨ «¨èì ®¡â¥ª ¥â áâ -æ¨®­ à­ãî \áâàãªâãàã", á®áâ®ïéãî ¨§ â¢¥à¤®£®æ¨«¨­¤à  ¨ ¦¨¤ª®©  â¬®áä¥àë ¢¨åàï.�¤­ ª® ¯¥à¨®¤¨ç¥áª®¥ ¤¢¨¦¥­¨¥ ¢¨åà¥¢®© ¯ -àë ¯à¨¢®¤¨â ª ¨­â¥­á¨¢­®¬ã ¯¥à¥¬¥è¨¢ ­¨î. �íâ®¬ á«ãç ¥ à §¬¥àë ¢¨åà¥¢®£® ®¡« ª  ¬¥­ïîâ-áï, ¯à¨ç¥¬ ¯¥à¨®¤¨ç¥áª¨. � â®â ¬®¬¥­â, ª®£¤ à ááâ®ï­¨¥ ¬¥¦¤ã ¢¨åàï¬¨ ¢ ¯ à¥ ã¢¥«¨ç¨¢ ¥âáï,à §¬¥àë ¢¨åà¥¢®£® ®¡« ª  ã¢¥«¨ç¨¢ îâáï, ¨ ç áâì¦¨¤ª®áâ¨ ¨§ ¢­¥è­¥£® â¥ç¥­¨ï ¯à®­¨ª ¥â ¢­ãâàì¢¨åà¥¢®£® ®¡« ª . � ­ ®¡®à®â, ¯à¨ ã¬¥­ìè¥­¨¨à ááâ®ï­¨ï ¬¥¦¤ã ¢¨åàï¬¨ ç áâì ¡«¨§«¥¦ é¥© ª¢¨åàï¬ ¦¨¤ª®áâ¨ ¢ëâ¥á­ï¥âáï ¢® ¢­¥è­¥¥ â¥ç¥-­¨¥. �®áª®«ìªã ®ª®«® ¢¨åà¥© ¦¨¤ª®áâì ãç áâ¢ã-¥â ¢® ¢à é â¥«ì­®¬ ¤¢¨¦¥­¨¨, â® á®áâ®ïé ï ¨§¯®¤ªà è¥­­®© ¨ ­¥¯®¤ªà è¥­­®© ¨ ¯®¯ ¢è ï ¯®¤¢«¨ï­¨¥ ¢¨åà¥¢®© ¯ àë ®­  ¨­â¥­á¨¢­® § ªàãç¨-¢ ¥âáï, ä®à¬¨àãï å à ªâ¥à­ãî ¤«ï ¢¨åà¥¢®© ¯ àëá¯¨à «¥¢¨¤­ãî áâàãªâãàã ¢¨åà¥¢®£® ®¡« ª .�à¨ ®¡â¥ª ­¨¨ ¦¨¤ª®áâìî ¢¨åà¥¢®© ¯ àë ®ª®-«® ­¥¯®¤¢¨¦­®£® æ¨«¨­¤à  ¨¬¥îâáï ¤¢  ¯®á«¥¤®-¢ â¥«ì­ëå ¨áâ®ç­¨ª  ¯¥à¥¬¥è¨¢ ­¨ï. �¥à¢ë¬¨§ ­¨å ï¢«ï¥âáï æ¨«¨­¤à, ª®â®àë© ¢ ¡®«ìè¨­áâ¢¥à áá¬®âà¥­­ëå á«ãç ¥¢ ­¥ ¯à¨¢®¤¨â ª ¨­â¥­á¨¢-­®¬ã ¯¥à¥¬¥è¨¢ ­¨î ¯ áá¨¢­®© ¦¨¤ª®áâ¨. �â®-àë¬ ¨áâ®ç­¨ª®¬ ¯¥à¥¬¥è¨¢ ­¨ï á«ã¦¨â ¢¨åà¥-¢ ï ¯ à . �à¨ ¯¥à¨®¤¨ç¥áª®¬ ¤¢¨¦¥­¨¨ ¢¨åà¥-¢ ï ¯ à  ¨­â¥­á¨¢­® à §¬¥è¨¢ ¥â ¡«¨§«¥¦ éãî¦¨¤ª®áâì. �­â¥à¥á­® ®â¬¥â¨âì, çâ® ¥á«¨ ¢¨åà¥-¢ ï ¯ à  à á¯®« £ ¥âáï ¯®á«¥ æ¨«¨­¤à , â® ¦¨¤-ª®áâì á­ ç «  ¯®¤¢¥à£ ¥âáï ­¥§­ ç¨â¥«ì­®¬ã ¯¥-à¥¬¥è¨¢ ­¨î,   ¯®â®¬, ª®£¤  ¨áá«¥¤ã¥¬ë© ®¡ê-¥¬ ¦¨¤ª®áâ¨ ¤®áâ¨£ ¥â ®¡« áâ¨ ¢¨åà¥©, ¢«¨ï­¨¥¢¨åà¥¢®© ¯ àë ¯à¨¢®¤¨â ª áãé¥áâ¢¥­­®© ¨­â¥­-á¨ä¨ª æ¨¨ ¯à®æ¥áá  ¯¥à¥¬¥è¨¢ ­¨ï. �áá«¥¤®¢ -A.A. �ãà¦¨© 15
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