
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 2. �. 15 { 24��� 517.4 ������������� ������ ��������� ��������� ��� ����� ������ �����������. �. ��������, �. �. ��������, �. �. ����������� æ¨® «ìë© â¥å¨ç¥áª¨© ã¨¢¥àá¨â¥â �ªà ¨ë "���", ¨áâ¨âãâ "�������", �¨¥¢���áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 09.01.2001 � �¥à¥á¬®âà¥® 22.03.2001� áá¬ âà¨¢ ¥âáï ¤¢ã¬¥à®¥ â¥ç¥¨¥ �â®ªá , ®¡ãá«®¢«¥®¥ ¯¥à¨®¤¨ç¥áª¨¬ ¤¢¨¦¥¨¥¬ ªàã£®¢®© ¨ ¯àï¬®«¨¥©®©£à ¨æ¥© ¢ ¯®«ãªàã£¥. �à¨¢®¤ïâáï â®çë¥ à¥è¥¨ï ¤«ï ®¯¨á ¨ï ¯®«ï áª®à®áâ¨. �§ãç îâáï â ª¦¥ ®á®¡¥®áâ¨¯®«ï áª®à®áâ¨ ¨ ¨å ¢«¨ï¨¥   ¤¢¨¦¥¨¥ ¯ áá¨¢®© ¦¨¤ª®áâ¨ ¢ ¯®«ãªàã£¥. �«ï à §«¨çëå à¥¦¨¬®¢ ¨ § ç¥¨©áª®à®áâ¥© £à ¨æ ¢ëç¨á«ïîâáï ¨   «¨§¨àãîâáï á¥ç¥¨ï �ã ª à¥, âà ¥ªâ®à¨¨ ¤¢¨¦¥¨ï ¯ áá¨¢ëå ¦¨¤ª¨å ç á-â¨æ,  ¨¡®«ìè¨© ¯®ª § â¥«ì �ï¯ã®¢ , ª®â®àë¥ ¯®§¢®«¨«¨ ¢ëï¢¨âì §®ë ¨â¥á¨¢®£® (å ®â¨ç¥áª®£®) ¨ á« ¡®£®(à¥£ã«ïà®£®) ¯¥à¥¬¥è¨¢ ¨ï ¯ áá¨¢®© ®¡« áâ¨ â¥ç¥¨ï ¦¨¤ª®áâ¨ ¢ ¯®«ãªàã£¥.�®§£«ï¤ õâìáï ¤¢®¢¨¬÷à  â¥ç÷ï �â®ªá  ã ¯÷¢ª®«÷, ïª  §ã¬®¢«¥  ¯¥à÷®¤¨ç¨¬ pãå®¬ ªàã£®¢®£® â  ¯àï¬®«÷÷©®£®ª®âãàã. � õâìáï â®ç¨© à®§¢'ï§®ª ¤«ï ®¯¨áã ¯®«ï è¢¨¤ª®áâ÷, ¢¨¢ç îâìáï ®á®¡«¨¢®áâ÷ ¯®«ï è¢¨¤ª®áâ÷ â  ùå÷©¢¯«¨¢   àãå ¯ á¨¢®ù à÷¤¨¨ ã ¯÷¢ª®«÷. �«ï à÷§¨å à¥¦¨¬÷¢ â  § ç¥ì è¢¨¤ª®áâ¥© £à ¨æì ®¡ç¨á«îîâìáï ¯¥à¥-â¨ �ã ª à¥, âà õªâ®à÷ù àãåã ¯ á¨¢¨å ¤®¬÷è®ª,  ©¡÷«ìè¨© ¯®ª §¨ª �ï¯ã®¢ , ïª÷ ¤®§¢®«ïîâì ¢¨ï¢¨â¨ §®¨÷â¥á¨¢®£® (å ®â¨ç®£®) © á« ¡ª®£® (à¥£ã«ïà®£®) ¯¥à¥¬÷èã¢ ï ®¡« áâ÷ â¥ç÷ù à÷¤¨¨ ã ¯÷¢ª®«÷.A two-dimensional Stokes ow due to a periodic motion of a circular and rectilinear boundary in a semicircle is considered.An exact analytical solution for a description of a velocity �eld is given. It is also studied the peculiarities of the velocity�eld and their inuence on the motion of a surrounding passive uid in the semicircle. Poincar�e section, trajectories ofmotion of passive uid particles, largest Lyapunov exponent are calculated and analyzed for various regimes and valuesof boundary velocities, that allow to determine both zones of intensive (chaotic) and weak (regular) mixing of a markedregions of uid ow in the semicircle.��������� ¯®á«¥¤¨¥ £®¤ë ¥ â®«ìª® ¢ ¬¥å ¨ª¥ ¦¨¤ª®-áâ¨, ® ¨ ¢ ¤àã£¨å ®¡« áâïå  ãª¨ ¢®§à áâ ¥â ¨-â¥à¥á ª § ¤ ç ¬ å ®â¨ç¥áª®© ¤¨ ¬¨ª¨. �â® ¬®¦-® ®¡êïá¨âì â¥¬, çâ® ¬®£¨¥ íää¥ªâë ¨ á¢®©-áâ¢  á«®¦ëå ¥«¨¥©ëå á¨áâ¥¬ ¯à®ï¢«ïîâáï ¢  «®£¨ç®© ä®à¬¥ (ª ç¥áâ¢¥®, ¨ ¯®à®© ª®«¨ç¥-áâ¢¥®) ¢ ¤®áâ â®ç® ¯à®áâëå ¬®¤¥«ìëå ä¨§¨-ç¥áª¨å á¨áâ¥¬ å [1-3]. �áá«¥¤®¢ ¨ï ¬¥å ¨ç¥áª¨åá¨áâ¥¬ á ¬¥ìè¨¬ ç¨á«®¬ áâ¥¯¥¥© á¢®¡®¤ë ¯®§¢®-«ïîâ § ç¨â¥«ì® ¡ëáâà¥¥ ¤®áâ¨çì à¥§ã«ìâ â®¢,¨§ãç¨âì ®á®¡¥®áâ¨ ¨ á¢®©áâ¢  ¯à®ï¢«¥¨ï å ®á ¢ ¤¥â¥à¬¨¨à®¢ ëå á¨áâ¥¬ å [4-7].� å ®â¨ç¥áª¨¬ ï¢«¥¨ï¬ ®â®áïâáï ¯à®æ¥ááë¯¥à¥¬¥è¨¢ ¨ï ¯ áá¨¢®© ¦¨¤ª®áâ¨ « ¬¨ àë-¬¨ â¥ç¥¨ï¬¨ [8]. �§¢¥áâë â ª¨¥ à¥¦¨¬ë ¯¥-à¥¬¥è¨¢ ¨ï, ¯à¨ ª®â®àëå â¥ç¥¨¥   ¯à®âï¦¥-¨¨ ¤®áâ â®ç® ª®à®âª®£® ¯à®¬¥¦ãâª  ¢à¥¬¥¨¯à¨¢®¤¨â ª § ç¨â¥«ìë¬ ¤¥ä®à¬ æ¨ï¬ ®¡« áâ¨,§ ïâ®© ¯ áá¨¢®© ¦¨¤ª®áâìî ( ¯à¨¬¥à, [9, 10]).�¥è¥¨¥ â ª¨å § ¤ ç, ¤ ¦¥ ¢ à ¬ª å ã¬¥à¥®£®¯à®ï¢«¥¨ï å ®á , á¢ï§ ® á® § ç¨â¥«ìë¬¨ ¬ -â¥¬ â¨ç¥áª¨¬¨ ¨ ç¨á«¥ë¬¨ âàã¤®áâï¬¨, ®¡ã-á«®¢«¥ë¬¨ ¥®¡å®¤¨¬®áâìî á®¢¬¥áâ®£® à¥è¥-¨ï ãà ¢¥¨©, ®¯¨áë¢ îé¨å à §«¨çë¥ ¬¥å ¨§-¬ë ¯¥à¥¬¥è¨¢ ¨ï ¦¨¤ª®áâ¨. �¤¥áì ¬®¦® ¢ë¤¥-

«¨âì ª¨¥¬ â¨ç¥áª¨¥ ¯à®æ¥ááë, á¢ï§ ë¥ á ¯¥-à¥¬¥é¥¨¥¬ ¢ë¤¥«ï¥¬ëå ¯ áá¨¢ëå « £à ¦¥¢ëåç áâ¨æ (£®¢®àïâ ¬ àª¥à®¢) ¢ í©«¥à®¢®¬ ¯®«¥ áª®-à®áâ¨, ¤¨ääã§¨®ë¥ íää¥ªâë, ¢ë§¢ ë¥ â¥-¯«®¢ë¬ ¬®«¥ªã«ïàë¬ ¤¢¨¦¥¨¥¬, ¨ ¥ª®â®àë¥¤àã£¨¥ ¢ § ¢¨á¨¬®áâ¨ ®â ª®ªà¥âëå ä¨§¨ç¥áª¨åï¢«¥¨© [11-13].� ¥ª®â®àëå á«ãç ïå   «¨§ ¬ áèâ ¡®¢ ¨«¨ íªá-¯¥à¨¬¥â «ìëå ¤ ëå ¢ § ¤ ç¥ ® ¯¥à¥¬¥è¨¢ -¨¨ ¦¨¤ª®áâ¨ ¯®§¢®«ï¥â § ç¨â¥«ì® ã¯à®áâ¨âì¬ â¥¬ â¨ç¥áªãî ¯®áâ ®¢ªã § ¤ ç¨: ¯à¥¥¡à¥£ ï¢â®à¨çë¬¨ íää¥ªâ ¬¨, ¨áá«¥¤®¢ â¥«¨ ¯à¨¨¬ -îâ ¢® ¢¨¬ ¨¥ â®«ìª® ª¨¥¬ â¨ç¥áª¨¥ ¯à®æ¥á-áë. �àã£¨¬¨ á«®¢ ¬¨, à áá¬ âà¨¢ ¥âáï § ¤ ç ® ¯¥à¥¬¥è¨¢ ¨¨ ¨§ ç «ì® ¢ë¤¥«¥®© ®¡« áâ¨¦¨¤ª®áâ¨ ¢ ¯®«¥ áª®à®áâ¨ à áá¬ âà¨¢ ¥¬®£® â¥ç¥-¨ï [8]. � ¯®á«¥¤¥¥ ¢à¥¬ï ª íâ®© § ¤ ç¥, ¯®«ãç¨¢-è¥©  §¢ ¨¥ § ¤ ç  ®¡  ¤¢¥ªæ¨¨ ¯ áá¨¢®© ¯à¨-¬¥á¨ [14], ®â¬¥ç ¥âáï ¯®¢ëè¥ë© ¨â¥à¥á ¬®-£¨å ¨áá«¥¤®¢ â¥«¥©; ¢  ãç®© «¨â¥à âãà¥ ®¯ã¡«¨-ª®¢ ® ¬®¦¥áâ¢® íªá¯¥à¨¬¥â «ìëå ¨ â¥®à¥â¨-ç¥áª¨å à ¡®â [15-20].�à¥¤¨ à ¡®â ¯® å ®â¨ç¥áª®©  ¤¢¥ªæ¨¨ ¬®¦®¢ë¤¥«¨âì ª« ááë § ¤ ç, ¢ ª®â®àëå ¯®«¥ áª®à®áâ¨ ¢®¤¨âáï «¨¡® á¨áâ¥¬®© «®ª «¨§®¢ ëå ¢¨åà¥©[20-22], «¨¡® ¤¢¨¦¥¨¥¬ £à ¨æ [8,10,15], «¨¡®  -«¨ç¨¥¬ ¤àã£¨å ä¨§¨ç¥áª¨å íää¥ªâ®¢ [12, 13], ¯à¨-c �. �. �ã ¥¢ , �. �. �ãà¦¨©, �. �. �¥«¥èª®, 2001 15



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 2. �. 15 { 24¢®¤ïé¨å ¢ ¤¢¨¦¥¨¥ ¦¨¤ª®áâì. � «¨§ ¯®ª §ë-¢ ¥â, çâ® à §«¨çë¥ ®¡« áâ¨ â¥ç¥¨ï ¦¨¤ª®áâ¨®¤®¢à¥¬¥® ¬®£ãâ ®¡« ¤ âì ª ª à¥£ã«ïàë¬¨,â ª ¨ å ®â¨ç¥áª¨¬¨ á¢®©áâ¢ ¬¨. �«ï â®£®, çâ®-¡ë ¢ë¤¥«¨âì ¨å, ®¡ëç® ¯®«ì§ãîâáï â¥å¨ª®© ¯®-áâà®¥¨ï á¥ç¥¨© �ã ª à¥. �®ïâ®, çâ® á ¨§-¬¥¥¨¥¬ ¢¥è¨å ¯ à ¬¥âà®¢ â¥ç¥¨ï ¦¨¤ª®áâ¨íâ¨ ®¡« áâ¨ ¯à¥â¥à¯¥¢ îâ ¨§¬¥¥¨ï:  ¡«î¤ -¥âáï ¨áç¥§®¢¥¨¥, ¯®ï¢«¥¨¥ ®¢ëå ®¡« áâ¥©, ¨å¤à¥©ä. � ª ¦¤®¬ ª®ªà¥â®¬ ¯à¨¬¥à¥ § ª®®¬¥à-®áâ¨ ¨§¬¥¥¨ï §® à¥£ã«ïà®£® ¨ å ®â¨ç¥áª®£®¯¥à¥¬¥è¨¢ ¨ï ®áïâ ¨¤¨¢¨¤ã «ìë© å à ªâ¥à.�  áâ®ïé¥© à ¡®â¥ ¨áá«¥¤ã¥âáï â¥ç¥¨¥ ¦¨¤ª®-áâ¨ ¢ ®¡« áâ¨, ®£à ¨ç¥®© ¯®«ãªàã£®¬ ¢ ¯à¨¡«¨-¦¥¨¨ �â®ªá . � áá¬ âà¨¢ ¥âáï ª¢ §¨¯¥à¨®¤¨ç¥-áª®¥ â¥ç¥¨¥ ¦¨¤ª®áâ¨. �ãé¥áâ¢¥®© ®á®¡¥®-áâìî â ª®£® â¥ç¥¨ï ï¢«ï¥âáï ¯®á«¥¤®¢ â¥«ì®áâìáâ æ¨® àëå à¥¦¨¬®¢, ª®â®àë¥ á¬¥ïîâáï ç¥-à¥§ ®¯à¥¤¥«¥ë© ¯à®¬¥¦ãâ®ª ¢à¥¬¥¨ ¡¥§ ª ª¨å-«¨¡® ¨¥àæ¨®ëå íää¥ªâ®¢ [8,15].�¥«ìî ¤ ®© à ¡®âë ï¢«ï¥âáï ®¯à¥¤¥«¥¨¥ í¢®-«îæ¨¨ §® ¨â¥á¨¢®£® ¯¥à¥¬¥è¨¢ ¨ï, á®®â¢¥â-áâ¢ãîé¨å å ®â¨ç¥áª¨¬ à¥¦¨¬ ¬, ¨ §® à¥£ã«ïà-®£® ¯¥à¥¬¥è¨¢ ¨ï á ¨§¬¥¥¨¥¬ áª®à®áâ¥© ¤¢¨-¦¥¨ï £à ¨æ ¢ ¯à¥¤¥« å, ¢®á¨¬ëå ¯à¨¡«¨¦¥¨-¥¬ �â®ªá . �àã£¨¬¨ á«®¢ ¬¨, áãé¥áâ¢ãîâ «¨ â -ª¨¥ ®¡« áâ¨ â¥ç¥¨ï (å ®â¨ç¥áª¨¥ ¨«¨ à¥£ã«ïà-ë¥), ª®â®àë¥ ®áâ îâáï ¥¨§¬¥ë¬¨ ¯à¨ ¨§¬¥-¥¨¨ áª®à®áâ¨ ¤¢¨¦¥¨ï £à ¨æ ¢ è¨à®ª¨å ¯à¥-¤¥« å; áãé¥áâ¢ãîâ «¨ â ª¨¥ ªà¨â¨ç¥áª¨¥ à¥¦¨¬ë,¯à¨ ª®â®àëå ®¡é ï ª àâ¨  â¥ç¥¨ï ¯à¥â¥à¯¥¢ -¥â à¥§ª¨¥ ¨§¬¥¥¨ï.� ¡®â  ®à£ ¨§®¢   á«¥¤ãîé¨¬ ®¡à §®¬: ä®à-¬ã«¨à®¢ª  § ¤ ç¨ ¨   «¨â¨ç¥áª®¥ à¥è¥¨¥ ¤«ï¯®«ï áª®à®áâ¨ ¯à¥¤áâ ¢«¥ë ¢ à §¤¥«¥ 1. � «¨§âà ¥ªâ®à¨© ¤¢¨¦¥¨ï ¯ áá¨¢ëå ¦¨¤ª¨å ç áâ¨æ¨ ®¯à¥¤¥«¥¨¥  ¨¡®«ìè¥£® ¯®ª § â¥«ï �ï¯ã®¢ ¯à¨¢®¤ïâáï ¢ à §¤¥«¥ 2, á¥ç¥¨ï �ã ª à¥ ¤«ï à §-«¨çëå à¥¦¨¬®¢ ¨ § ç¥¨© áª®à®áâ¥© ¤¢¨¦¥¨ï£à ¨æ, ¯à®æ¥áá à áâï¦¥¨ï ªàã£®¢®£®  ç «ì®-£® ª®âãà    «¨§¨àãîâáï ¢ à §¤¥«¥ 3. �®á«¥¤¨©à §¤¥« ¯®á¢ïé¥ ®¡áã¦¤¥¨î ¯®«ãç¥ëå à¥§ã«ì-â â®¢, ¯à¨¢®¤ïâáï ¥ª®â®àë¥ ¢ë¢®¤ë ¨ à¥ª®¬¥-¤ æ¨¨.1. ���������� ������� ������������� �������� áá¬®âà¨¬ ¤¢ã¬¥à®¥ â¥ç¥¨¥ ¥á¦¨¬ ¥¬®©¢ï§ª®© ¦¨¤ª®áâ¨ ¢ ¯®«ãªàã£¥ 0 � r � a, 0 � � � �¢ ¯®«ïà®© á¨áâ¥¬¥ ª®®à¤¨ â, á¢ï§ ®© á æ¥-âà®¬ ¯®«ãªàã£  (à¨á. 1).�¥ç¥¨¥ ¦¨¤ª®áâ¨ ¢ë§¢ ® à ¢®¬¥àë¬ ¯®¯¥-à¥¬¥ë¬ ¤¢¨¦¥¨¥¬ ªàã£®¢®© (à¥¦¨¬ �) ¨ ¯àï-

�¨á. 1. �¥®¬¥âà¨ï § ¤ ç¨¬®«¨¥©®© £à ¨æë (à¥¦¨¬ B) á ¯®áâ®ïë¬¨ª á â¥«ìë¬¨ áª®à®áâï¬¨ V ¨ U   £à ¨æ å, á®-®â¢¥âáâ¢¥®. �«ï ª ¦¤®£® ¨§ à¥¦¨¬®¢ â¥ç¥¨¥¦¨¤ª®áâ¨ áç¨â ¥¬ áâ æ¨® àë¬.�¢ã¬¥à®¥ ¯®«¥ áª®à®áâ¨ ¤«ï ª ¦¤®£® ¨§ à¥¦¨-¬®¢ (ur; u�) ¬®¦¥â ¡ëâì ¢ëà ¦¥® ç¥à¥§ äãªæ¨îâ®ª   (r; �) [23]:ur = 1r @ @� ; u� = �@ @r : (1)� ¯à¨¡«¨¦¥¨¨ �â®ªá  (Re! 0, £¤¥ Re { ç¨á«®�¥©®«ì¤á  ¯® ®â®è¥¨î ª å à ªâ¥à®© áª®à®-áâ¨ ¤¢¨¦¥¨ï £à ¨æë ¨ à ¤¨ãá  ¯®«®áâ¨), ¯à¥-¥¡à¥£ ï ¨¥àæ¨®ë¬¨ íää¥ªâ ¬¨ ¢ ¬®¬¥â ¯¥-à¥ª«îç¥¨ï ®¤®£® à¥¦¨¬  â¥ç¥¨ï   ¤àã£®©,ãà ¢¥¨¥ ¤¢¨¦¥¨ï ¢ï§ª®© ¥á¦¨¬ ¥¬®© ¦¨¤ª®-áâ¨ ¬®¦¥â ¡ëâì á¢¥¤¥® ª ¡¨£ à¬®¨ç¥áª®¬ã ãà ¢-¥¨î ®â®á¨â¥«ì® äãªæ¨¨ â®ª   :�� = 0; (2)£¤¥ � = @2@r2 + 1r @@r + 1r2 @2@�2 (3)ï¢«ï¥âáï ®¯¥à â®à®¬ � ¯« á  ¢ ¯®«ïàëå ª®®à¤¨- â å (r; �).�à ¨çë¥ ãá«®¢¨ï ¤«ï ª ¦¤®£® ¨§ à áá¬ âà¨-¢ ¥¬ëå à¥¦¨¬®¢ â¥ç¥¨ï § ¯¨áë¢ îâáï ¢ ¢¨¤¥:à¥¦¨¬ A: = 0; @ @� = 0 ¯à¨ � = 0; �; 0 � r � a; = 0; @ @r = �V ¯à¨ r = a; 0 � � � �; (4)16 �. �. �ã ¥¢ , �. �. �ãà¦¨©, �. �. �¥«¥èª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 2. �. 15 { 24à¥¦¨¬ B: = 0; @ @� = Ur ¯à¨ � = 0; 0 � r � a; = 0; @ @� = �Ur ¯à¨ � = �; 0 � r � a; = 0; @ @r = 0 ¯à¨ r = a; 0 � � � �: (5)�«ï ¡¨£ à¬®¨ç¥áª®£® ãà ¢¥¨ï (2) ¨ £à ¨ç-®£® ãá«®¢¨ï (4), á®®â¢¥âáâ¢ãîé¥£® à¥¦¨¬ã �,¨¬¥¥âáï â®ç®¥ à¥è¥¨¥ ¤«ï äãªæ¨¨ â®ª   (r; �)¢ ¯®«ïà®© á¨áâ¥¬¥ ª®®à¤¨ â, ª®â®à®¥ ¬®¦¥â¡ëâì ¯à¥¤áâ ¢«¥® ¢ ¯àï¬®ã£®«ì®© á¨áâ¥¬¥ ª®-®à¤¨ â, á¢ï§ ®© á æ¥âà®¬ ¯®«ïà®© á¨áâ¥¬ëª®®à¤¨ â (á¬. à¨á. 1): A(x; y) = 2V�2 � 4 ��(a2 � (x2 + y2)) + 4ay2a ��arctg � 2aya2 � (x2 + y2)�� �y� : (6)� â® ¦¥ ¢à¥¬ï, ¤«ï ãà ¢¥¨ï (2) ¨ £à ¨ç®£®ãá«®¢¨ï (5), á®®â¢¥âáâ¢ãîé¥£® à¥¦¨¬ã B,   «¨-â¨ç¥áª®¥ à¥è¥¨¥ ¤«ï äãªæ¨¨ â®ª  ¬®¦¥â ¡ëâì§ ¯¨á ® ¢ ¢¨¤¥: B(x; y) = � 2U�2 � 4 ��ay + a2 � (x2 + y2)a ��arctg � 2aya2 � (x2 + y2)�� 12�2y� : (7)� ª¨¬ ®¡à §®¬, ¨á¯®«ì§ãï ¢ëà ¦¥¨ï ¤«ï äãª-æ¨¨ â®ª  ¤«ï ª ¦¤®£® ¨§ à¥¦¨¬®¢ (6), (7) ¨ á¢ï§ì¬¥¦¤ã äãªæ¨¥© â®ª  ¨ ª®¬¯®¥â ¬¨ ¯®«ï áª®à®-áâ¨ (1), ¬®¦® ®¯à¥¤¥«¨âì § ç¥¨¥ ¢¥ªâ®à  áª®-à®áâ¨ â¥ç¥¨ï ¢ ¯à®¨§¢®«ì®© â®çª¥ á ª®®à¤¨ â -¬¨ (x; y) ¤«ï ª ¦¤®£® ¨§ à áá¬®âà¥ëå à¥¦¨¬®¢â¥ç¥¨ï.�¢¨¦¥¨¥ ¯ áá¨¢®© ¦¨¤ª®© ç áâ¨æë (¬ àª¥à )á â¥ªãé¨¬¨ ª®®à¤¨ â ¬¨ [x(t); y(t)] ¢ ¯®«¥ áª®à®-áâ¨ V [Vx(x; y); Vy(x; y)] ®¯¨áë¢ ¥âáï ¤¨ää¥à¥æ¨- «ìë¬ ãà ¢¥¨¥¬ ¯¥à¢®£® ¯®àï¤ª  (§ ¤ ç  �®-è¨): dXdt = Vx(x; y) = @ (x; y)@y ;dYdt = Vy(x; y) = �@ (x; y)@x ; (8)á  ç «ìë¬¨ ãá«®¢¨ï¬¨X(0) = X0; Y (0) = Y 0: (9)�ãáâì ¢ãâà¨ ¢à¥¬¥®£® ¨â¥à¢ «  (kT; kT +T=2) (£¤¥ k = 0; 1; :::, a T { ¯¥à¨®¤ ¤¢¨¦¥¨ï ¢¥è-¨å £à ¨æ à áá¬ âà¨¢ ¥¬®© ®¡« áâ¨) ¤¢¨¦¥âáï

â®«ìª® ªàã£®¢ ï £à ¨æ ,   ¯àï¬®«¨¥© ï ¯®ª®-¨âáï (¤¥©áâ¢ã¥â à¥¦¨¬ �). � â¥¬ ¢áâã¯ ¥â ¢ á¨«ã¢â®à®© à¥¦¨¬, ª®â®àë© ¤¥©áâ¢ã¥â   ¯à®âï¦¥¨¨(kT + T=2; kT + T ), £¤¥ k = 0; 1; ::: � íâ®¬ á«ãç ¥äãªæ¨î â®ª  ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ ª®¬¡¨ -æ¨¨  (x; y) = v(t) A(x; y) + u(t) B(x; y); (10)£¤¥ v(t) ¨ u(t) { ¥¤¨¨çë¥ äãªæ¨¨, ®¯à¥¤¥«ï¥¬ë¥ª ª à¥¦¨¬ A: v(t) = 1; u(t) = 0;à¥¦¨¬ B: v(t) = 0; u(t) = 1; (11)�«ï ª ¦¤®£® ¨§ ¢à¥¬¥ëå ¨â¥à¢ «®¢, á®®â-¢¥âáâ¢ãîé¨å à¥¦¨¬ã � ¨«¨ B, äãªæ¨ï â®ª   ï¢® ¥ § ¢¨á¨â ®â ¢à¥¬¥¨, ¯®íâ®¬ã á¨áâ¥¬  (10)ï¢«ï¥âáï ¨â¥£à¨àã¥¬®© ¨ ®¡« ¤ ¥â ¯¥à¢ë¬ ¨â¥-£à «®¬ ¤¢¨¦¥¨ï  (x; y) = const. �«¥¤®¢ â¥«ì®,ç áâ¨æ , ¨§ ç «ì® à á¯®«®¦¥ ï   «¨¨¨ â®ª á ª®®à¤¨ â ¬¨ (xin; yin), ¤¢¨¦¥âáï ¢¤®«ì â®© ¦¥«¨¨¨ â®ª   (x; y) =  (xin; yin) = const   ¯à®-âï¦¥¨¨ ¯¥à¢®£® ¯®«ã¯¥à¨®¤ , 0 < t < T=2. �¬®¬¥â ¢à¥¬¥¨ t = T=2 ª àâ¨  ¬£®¢¥® ¬¥ï-¥âáï. �¥¯¥àì ç áâ¨æ  ¤¢¨¦¥âáï ¢¤®«ì ®¢®© «¨¨¨â®ª   (x; y) =  (x�in; y�in) = const   ¯à®âï¦¥¨¨¢â®à®£® ¯®«ã¯¥à¨®¤ , T=2 < t < T . � â¥¬ ¤¢¨-¦¥¨¥ ¯®¢â®àï¥âáï á ¯¥à¨®¤®¬ T . �â¬¥â¨¬, çâ®¯à®áâà áâ¢¥®¥ ¤¢¨¦¥¨¥ ç áâ¨æë ¥¯à¥àë¢®,  ¥¥ áª®à®áâì ¨¬¥¥â à §àë¢ ¢ ª ¦¤ë© ¨§ ¬®¬¥â®¢¯¥à¥ª«îç¥¨ï à¥¦¨¬®¢, tk = kT=2.2. ������ ���������� ��������������� ������� ¨¡®«¥¥ à á¯à®áâà ¥ë¬ ¬¥â®¤®¬ ¤«ï ¨¤¥-â¨ä¨ª æ¨¨ £«®¡ «ìëå à¥£ã«ïàëå ¨ å ®â¨ç¥áª¨å®¡« áâ¥© ¤¢¨¦¥¨ï ¦¨¤ª¨å ç áâ¨æ ï¢«ï¥âáï ¬¥-â®¤ ®â®¡à ¦¥¨ï �ã ª à¥ (á¥ç¥¨¥ �ã ª à¥).�â®â ¯®¤å®¤ ®ª §ë¢ ¥âáï ¢¥áì¬  íää¥ªâ¨¢ë¬ ¢â¥å á«ãç ïå, ª®£¤  ¨§¢¥áâë   «¨â¨ç¥áª¨¥ ¢ëà -¦¥¨ï, ®¯à¥¤¥«ïîé¨¥ ª®¬¯®¥âë ¯®«ï áª®à®áâ¨â¥ç¥¨ï [4,6,8].� ®¡é¥¬ á«ãç ¥ ¤¢¨¦¥¨¥ ¯à®¨§¢®«ì®© ¦¨¤-ª®© ç áâ¨æë ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ âà ¥ªâ®-à¨¨ ¢ âà¥å¬¥à®¬ ä §®¢®¬ ¯à®áâà áâ¢¥. �á«¨¢ ¥¬ ®¯à¥¤¥«¨âì ¯à®áâà áâ¢¥® ®à¨¥â¨à®¢ -ãî ¯«®áª®áâì ¨ á«¥¤¨âì §  â¥¬¨ â®çª ¬¨ âà ¥ª-â®à¨¨, ª®â®àë¥ ¯®«ãç îâáï ¢ à¥§ã«ìâ â¥ ¯¥à¥á¥-ç¥¨ï íâ®© ¯«®áª®áâ¨ âà ¥ªâ®à¨¥© ¢ ¢ë¡à ®¬ ¯à ¢«¥¨¨, â® ¯®«ãç ¥âáï ¤¢ã¬¥à ï ¯®á«¥¤®¢ -â¥«ì®áâì â®ç¥ª, ª®â®à ï ¨ ®¯à¥¤¥«ï¥â á¥ç¥¨¥�ã ª à¥. �«ï ¤¢ã¬¥à®£® ¯¥à¨®¤¨ç¥áª®£® â¥ç¥-¨ï ®¡ëç® [4,8] ¢¢®¤ïâ âà¥âìî ä §®¢ãî ¯¥à¥¬¥-�. �. �ã ¥¢ , �. �. �ãà¦¨©, �. �. �¥«¥èª® 17
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�¨á. 2. �¥ç¥¨¥ �ã ª à¥; V = 0:5, U = 1:5ãî ¢¨¤  _z = sin(2�t=T ), £¤¥ T { ¯¥à¨®¤ ¤¢¨¦¥-¨ï. � â¥¬ ®¯à¥¤¥«ïîâ ®à¨¥â¨à®¢ ãî ¯«®á-ª®áâì ( ¯à¨¬¥à, z = 0) ¨ ¯® ¬¥â®¤¨ª¥, ¯à¨¢¥¤¥-®© ¢ëè¥, áâà®ïâ á¥ç¥¨¥ �ã ª à¥.� ¤¢ã¬¥àëå ¯¥à¨®¤¨ç¥áª¨å â¥ç¥¨ïå á¥ç¥¨¥�ã ª à¥ ¯à¥¤áâ ¢«ï¥â á®¡®©  «®¦¥¨¥ á¥à¨¨¬®¬¥â «ìëå á¨¬ª®¢, ä¨ªá¨àãîé¨å ¯®«®¦¥¨¥¢ë¡à ®© ¬ â¥à¨ «ì®© â®çª¨ (¨«¨ á¨áâ¥¬ë â®-ç¥ª) ç¥à¥§ à ¢ë¥ ¨â¥à¢ «ë ¢à¥¬¥¨, á®®â¢¥â-áâ¢ãîé¨¥ ¯¥à¨®¤ã ¤¢¨¦¥¨ï £à ¨æ. �¨¤ á¥ç¥¨ï�ã ª à¥ ¤ ¥â ¢®§¬®¦®áâì ®¯à¥¤¥«¨âì ®¡« áâ¨à¥£ã«ïà®£® ¨ å ®â¨ç¥áª®£® ¤¢¨¦¥¨ï: ¡¥cä®à-¬¥ë©  ¡®à â®ç¥ª á®®â¢¥âáâ¢ã¥â ¥à¥£ã«ïà®-¬ã, å ®â¨ç¥áª®¬ã ¤¢¨¦¥¨î,   ª®¥çë©  ¡®à â®-ç¥ª ¨«¨ § ¬ªãâ ï ªà¨¢ ï á¢¨¤¥â¥«ìáâ¢ãîâ, çâ®à áá¬ âà¨¢ ¥¬®¥ ¤¢¨¦¥¨¥ ï¢«ï¥âáï à¥£ã«ïàë¬(¯®¤à®¡ ï ª« áá¨ä¨ª æ¨ï ¯à¨¢¥¤¥  ¢ [4,6]).� áá¬®âà¨¬ á«ãç ©, ¯à¨ ª®â®à®¬ ¢ â¥ç¥¨¥ ¯¥à-¢®£® ¯®«ã¯¥à¨®¤  ¤¢¨¦¥âáï â®«ìª® ªàã£®¢ ï £à -¨æ  (à¥¦¨¬ �) á® áª®à®áâìî V = 0:5,   ¢ â¥-ç¥¨¥ ¢â®à®£® ¯®«ã¯¥à¨®¤  { â®«ìª® ¯àï¬ ï £à -¨æ  (à¥¦¨¬ �) á® áª®à®áâìî U = 1:5. �¤¥áì ¨¢ ¤ «ì¥©è¥¬ ¨á¯®«ì§ãîâáï ¡¥§à §¬¥àë¥ ª®®à-¤¨ âë, ®â¥á¥ë¥ ª à ¤¨ãáã a, ¢à¥¬ï, ®â¥á¥-®¥ ª ¯®«ã¯¥à¨®¤ã T = 2, ¨ áª®à®áâ¨, ®â¥á¥ë¥ª a=T . �  à¨á. 2 ¯à¥¤áâ ¢«¥® á¥ç¥¨¥ �ã ª -à¥, ¤«ï ¯®áâà®¥¨ï ª®â®à®£® ¨á¯®«ì§®¢ ë ¢ëç¨-á«¥ë¥ âà ¥ªâ®à¨¨ ¤«ï 24 ¬ àª¥à®¢ (ãà ¢¥¨ï(8)), ¨§ ç «ì® à á¯®«®¦¥ëå ¢ à §«¨çëå â®ç-ª å ¯®«®áâ¨. �®á«¥¤®¢ â¥«ì®áâì § ä¨ªá¨à®¢ -ëå â®ç¥ª á®®â¢¥âáâ¢ã¥â ¬®¬¥â ¬ ¢à¥¬¥¨ Tn,£¤¥ n = 1; :::2000.�¥âà «ìãî ç áâì ¯®«ãªàã£  § ¨¬ ¥â à¥£ã-«ïà ï ®¡« áâì, æ¥âà ª®â®à®© á¬¥é¥ ¢ áâ®à®ã®âà¨æ â¥«ìëå § ç¥¨© ®á¨ OX á ¯¥à¨®¤¨ç¥áª®©í««¨¯â¨ç¥áª®© â®çª®© ¯¥à¢®£® ¯®àï¤ª  (�0:0965,0:372) ¢ æ¥âà¥. �â® § ç¨â, çâ® ¯ áá¨¢ë© ¬ à-ª¥à, ¨§ ç «ì® ¯®¬¥é¥ë© ¢ íâã â®çªã â¥ç¥¨ï,¤¢¨¦¥âáï ¯® à¥£ã«ïà®© âà ¥ªâ®à¨¨ ¨ ç¥à¥§ ®¤¨¯¥à¨®¤ ¢ â®ç®áâ¨ ¢®§¢à é ¥âáï ¢ ¨áå®¤ãî â®ç-

�¨á. 3. �à ¥ªâ®à¨¨ ç áâ¨æ, ¯¥à¢® ç «ì®à á¯®«®¦¥ëå ¢ â®çª å (a) (0:8; 0:1) ¨ (¡) (0:25; 0:4)ªã ¯®«ï â¥ç¥¨ï. �  à¨á. 2 § ¬¥â®, çâ® å ®â¨-ç¥áª ï ®¡« áâì ¯à¨¬ëª ¥â ª ª®âãàã ¯®«ãªàã£ .�¥¦¤ã å ®â¨ç¥áª®© ¨ à¥£ã«ïà®© §® ¬¨ å®à®è®¢¨¤ë è¥áâì ¡®«ìè¨å ®áâà®¢®¢ á í««¨¯â¨ç¥áª¨¬¨â®çª ¬¨ è¥áâ®£® ¯®àï¤ª . �¥¦¤ã íâ¨¬¨ ®áâà®¢ -¬¨ ¨¬¥îâáï £¨¯¥à¡®«¨ç¥áª¨¥ â®çª¨ è¥áâ®£® ¯®-àï¤ª  { ®¡« áâ¨, á®®â¢¥âáâ¢ãîé¨¥ å ®â¨ç¥áª¨¬§® ¬ â¥ç¥¨ï ¦¨¤ª®áâ¨.�«ï ¯®¤â¢¥à¦¤¥¨ï å à ªâ¥à  ¤¢¨¦¥¨ï ¯ áá¨¢-®© ¦¨¤ª®© ç áâ¨æë   à¨á. 3,   ¯®ª §   âà -¥ªâ®à¨ï ç áâ¨æë, ¯®¬¥é¥®© ¢  ç «ìë© ¬®-¬¥â ¢à¥¬¥¨ ¢ â®çªã á ª®®à¤¨ â ¬¨ X01 = 0:8,Y 01 = 0:1, ª®â®à ï á®®â¢¥âáâ¢ã¥â å ®â¨ç¥áª®© §®¥á¥ç¥¨ï �ã ª à¥. �à ¥ªâ®à¨ï ç áâ¨æë ®á¨â ¥-à¥£ã«ïàë© å à ªâ¥à, ®  ¯®«®áâìî ¯®ªàë¢ ¥âå ®â¨ç¥áªãî §®ã á¥ç¥¨ï �ã ª à¥. � â® ¦¥ ¢à¥-¬ï, ¢â®à ï ç áâ¨æ , ª®â®à ï ¨§ ç «ì® à á¯®« -£ « áì ¢ à¥£ã«ïà®© ®¡« áâ¨ (X02 = 0:25, Y 02 = 0:4),¤¢¨¦¥âáï ¯® à¥£ã«ïà®© âà ¥ªâ®à¨¨, § ¨¬ îé¥©æ¥âà «ìãî ®¡« áâì â¥ç¥¨ï (à¨á. 3,¡).�®¬¨¬® á¥ç¥¨ï �ã ª à¥ áãé¥áâ¢ãîâ ¤àã£¨¥¤¨ £®áâ¨ç¥áª¨¥ ªà¨â¥à¨¨, ¯®§¢®«ïîé¨¥ ®¯à¥¤¥-«¨âì ¢ ª ª®¬ à¥¦¨¬¥ ¤¢¨¦¥¨ï  å®¤¨âáï ¯ á-á¨¢ ï ¦¨¤ª ï ç áâ¨æ  ¢ ¨áá«¥¤ã¥¬®¬ ¯®«¥ áª®à®-áâ¨. �¤¨¬ ¨§  ¨¡®«¥¥ à á¯à®áâà ¥ëå ªà¨-â¥à¨¥¢ ï¢«ï¥âáï  ¨¡®«ìè¨© ¯®ª § â¥«ì �ï¯ã®¢ L [4,6,8]. �«ï ¥£® ®¯à¥¤¥«¥¨ï ¥®¡å®¤¨¬® à¥è¨âì18 �. �. �ã ¥¢ , �. �. �ãà¦¨©, �. �. �¥«¥èª®
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�¨á. 4. �§¬¥¥¨¥  ¨¡®«ìè¥£® ¯®ª § â¥«ï �ï¯ã®¢ �(t) ¤«ï ®¡¥¨å ç áâ¨æ, à áá¬®âà¥ëå   à¨á. 3.¢ à¨ æ¨®®¥ ãà ¢¥¨¥@�@t = A � �; �(0) = �0: (12)£¤¥A = 0B@ @Vx@x @Vx@y@Vy@x @Vy@y 1CA �(t) = � �1(t)�2(t) � (13)¢ á®®â¢¥âáâ¢¨¨ á ®¡®§ ç¥¨ï¬¨, ¯à¨ïâë¬¨ ¢ãà ¢¥¨¨ (8). � ç «ìë¥ ãá«®¢¨ï ¤«ï �(t) ¯à¨-æ¨¯¨ «ì®£® § ç¥¨ï ¥ ¨¬¥îâ [4, 6]. �¡ëç®¢  ç «ìë© ¬®¬¥â ¯®« £ îâ j�(0)j = 1:0. � -âà¨æ  A ®æ¥¨¢ ¥âáï ¢¤®«ì âà ¥ªâ®à¨¨ ¬ àª¥à (X(t); Y (t)). �àã£¨¬¨ á«®¢ ¬¨, ãà ¢¥¨ï (1) ¨(12) ¥®¡å®¤¨¬® ¨â¥£à¨à®¢ âì ®¤®¢à¥¬¥®. � -â¥¬ ¢ëç¨á«ï¥âáï äãªæ¨ïL = limt!1�(t) = limt!1 1t ln j�(t)jj�0j : (14)� ªâ¨ç¥áª¨  ¨¡®«ìè¨© ¯®ª § â¥«ì �ï¯ã®¢ ®¯à¥¤¥«ï¥â, á ª ª¨¬ áà¥¤¨¬ íªá¯®¥æ¨ «ìë¬¯®ª § â¥«¥¬ à áå®¤ïâáï (¨«¨ áå®¤ïâáï) ¡«¨§«¥¦ -é¨¥ âà ¥ªâ®à¨¨ ¦¨¤ª¨å ç áâ¨æ ¢¡«¨§¨ âà ¥ªâ®-à¨¨ ¨áá«¥¤ã¥¬®£® ¬ àª¥à . �¥â¥à¬¨¨áâ¨ç¥áª¨¥ªà¨â¥à¨¨ ¢ â¥à¬¨ å  ¨¡®«ìè¥£® ¯®ª § â¥«ï �ï-¯ã®¢  á«¥¤ãîé¨¥: ¥á«¨ � > 0, â® ¯ áá¨¢ë© ¬ à-ª¥à ¤¢¨¦¥âáï ¯® å ®â¨ç¥áª®© âà ¥ªâ®à¨¨; ¥á«¨� � 0 { âà ¥ªâ®à¨ï ¬ àª¥à  ®ª §ë¢ ¥âáï à¥£ã«ïà-®©.

�  à¨á. 4 ¯®ª § ® ¨§¬¥¥¨¥ á® ¢à¥¬¥¥¬  ¨-¡®«ìè¥£® ¯®ª § â¥«ï �ï¯ã®¢  ¤«ï à áá¬®âà¥-ëå à ¥¥ ¬ àª¥à®¢. �«ï ¯¥à¢®£® ¬ àª¥à  �(t)áâà¥¬¨âáï ª ¯®«®¦¨â¥«ì®¬ã § ç¥¨î � � 0:07,¢ â® ¢à¥¬ï ª ª ¤«ï ¢â®à®£® ¬ àª¥à   ¨¡®«ìè¨©¯®ª § â¥«ì �ï¯ã®¢  áâà¥¬¨âáï ª ã«î.� ª¨¬ ®¡à §®¬, ¯à¨¢¥¤¥ë©   «¨§ á¢¨¤¥â¥«ì-áâ¢ã¥â, çâ® ®¡¥ ¯ áá¨¢ë¥ ç áâ¨æë ¨¬¥îâ à §-«¨çë¥ â¨¯ë ¤¢¨¦¥¨ï. �à¨â¥à¨© â¨¯®¢ ¤¢¨¦¥-¨ï ¯ áá¨¢ëå ¬ àª¥à®¢, ®á®¢ ë©     «¨-§¥ á¥ç¥¨ï �ã ª à¥, ¤ ¥â  ¤¥ª¢ âë¥ à¥§ã«ìâ -âë ¤àã£¨¬ £«®¡ «ìë¬ ªà¨â¥à¨ï¬, ¨á¯®«ì§ã¥¬ë¬¯à¨   «¨§¥ â¨¯®¢ ¤¢¨¦¥¨ï ¯ áá¨¢ëå ¦¨¤ª¨åç áâ¨æ ¢ ¯®«¥ áª®à®áâ¨,  ¢¥¤¥®¬ ¯®¯¥à¥¬¥-ë¬ ¤¢¨¦¥¨¥¬ £à ¨æ ¢ ¯®«ãªàã£¥.3. ������������� ��������������áá«¥¤®¢ ¨¥ à¥¦¨¬®¢ ¯¥à¥¬¥è¨¢ ¨ï ¯à®¢¥-¤¥¬   ®á®¢¥   «¨§  á¥ç¥¨© �ã ª à¥ ¨ ¨§ãç¥-¨ï á¢®©áâ¢ ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª ¤«ï ¤¢ãå á«ãç -¥¢. � ¯¥à¢®¬ ¨§ ¨å § ä¨ªá¨àã¥¬ áª®à®áâì ¨¦-¥© £à ¨æë ¯®«ãªàã£    § ç¥¨¨ U = 1:5,  áª®à®áâì ªàã£®¢®© £à ¨æë V ¡ã¤¥¬ ¬¥ïâì ¢ ¤¨ -¯ §®¥ 0:1�1:5. �® ¢â®à®¬ á«ãç ¥,  ®¡®à®â, ä¨ª-á¨àã¥¬ áª®à®áâì ªàã£®¢®© £à ¨æë   § ç¥¨¨V = 1:5,   áª®à®áâì ¨¦¥© £à ¨æë ¯®«ãªàã£ U ¨§¬¥ï¥¬ ¢ ¤¨ ¯ §®¥ § ç¥¨© ®â 0:1 ¤® 1:5.�à¨ ¨§¬¥¥¨¨ áª®à®áâ¨ ªàã£®¢®© £à ¨æë V®â 0.1 ¤® 0.5 ¬®¦®  ¡«î¤ âì §  ¤®áâ â®ç® á«®¦-ë¬ ¯à®æ¥áá®¬ ¯®ï¢«¥¨ï ¨ à §¢¨â¨ï ®áâà®¢®¢ã¯®àï¤®ç¥®£® ¤¢¨¦¥¨ï ¦¨¤ª¨å ç áâ¨æ ¢ æ¥-âà «ì®©, à¥£ã«ïà®© §®¥ ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨, ¢¯®«ãªàã£¥. � ª, ¯à¨ § ç¥¨ïå áª®à®áâ¨ U = 1:5 ¨V = 0:1 (à¨á. 5, ) ¡®«ìèãî ç áâì ¯®«ãªàã£  § ¨-¬ ¥â ®¡« áâì à¥£ã«ïà®£® ¤¢¨¦¥¨ï á ã¦¥  ¬¥-â¨¢è¨¬¨áï è¥áâìî ¤®áâ â®ç® ¡®«ìè¨¬¨ ®áâà®-¢ ¬¨, «¥¦ é¨¬¨ ¬¥¦¤ã ¤¢ã¬ï § ¬ªãâë¬¨ ªà¨-¢ë¬¨ ¢ æ¥âà¥ à¥£ã«ïà®© ®¡« áâ¨. � ¢¥è¥©áâ®à®ë § ¬ªãâ®© ªà¨¢®©, à §¤¥«ïîé¥© ãç áâ®ªå ®â¨ç¥áª®£® ¨ à¥£ã«ïà®£® ¤¢¨¦¥¨©, ¯à®á«¥¦¨-¢ ¥âáï æ¥¯®çª  (¨§ è¥áâ¨ ¥¡®«ìè¨å ®áâà®¢®¢),ª®«¨ç¥áâ¢® ª®â®àëå ¯à¨ ã¢¥«¨ç¥¨¨ áª®à®áâ¨ V¯®áâ¥¯¥® ¢®§à áâ ¥â. �à¨ V = 0:3 (à¨á. 5, ¡) ª®-«¨ç¥áâ¢® ®áâà®¢®¢ ¢ ¯¥à¨ä¥à¨©®© ®¡« áâ¨ à¥£ã-«ïà®£® ¤¢¨¦¥¨ï ¢®§à áâ ¥â ¤® 13, ®â¤¥«ïï æ¥-âà «ìãî §®ã ã¯®àï¤®ç¥®£® ¤¢¨¦¥¨ï ¦¨¤ª¨åç áâ¨æ ®â å ®â¨ç¥áª®£® ¤¢¨¦¥¨ï ¢ ¯à¨áâ¥®ç®©®¡« áâ¨ â¥ç¥¨ï. � æ¥âà «ì®© ç áâ¨ â¥ç¥¨ïã¦¥ ¤®áâ â®ç® ®âç¥â«¨¢® áä®à¬¨à®¢ «¨áì è¥áâì¡®«ìè¨å í««¨¯â¨ç¥áª¨å ®áâà®¢®¢ á ¯¥à¨®¤¨ç¥áª¨-¬¨ â®çª ¬¨ è¥áâ®£® ¯®àï¤ª .� æ¥«®¬, á ã¢¥«¨ç¥¨¥¬ áª®à®áâ¨ ªàã£®¢®© £à -¨æë ®â 0:1 ¤® 0:5 à §¬¥àë ®áâà®¢®¢ ã¢¥«¨ç¨¢ -�. �. �ã ¥¢ , �. �. �ãà¦¨©, �. �. �¥«¥èª® 19
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�¨á. 5. �¥ç¥¨¥ �ã ª à¥ ¯à¨ U = 1:5 ¤«ï á«ãç ¥¢:   { V = 0:1, ¡ { V = 0:3, ¢ { V = 0:4, £ { V = 0:57îâáï ¨ § ¯®«ïîâ á®¡®© ¡®«ìèãî ç áâì à¥£ã«ïà-®© ®¡« áâ¨ (á¬. â ª¦¥ à¨á. 2). �á«¨ áª®à®áâìV ¯à¨¨¬ ¥â § ç¥¨¥, ¥§ ç¨â¥«ì® ¯à¥¢ëè -îé¥¥ 0:5, ¡®«ìè ï ç áâì ®áâà®¢®¢ á¥ç¥¨ï �ã -ª à¥ ¨áç¥§ ¥â. �«ãç © V = 0:57 ¯à¥¤áâ ¢«¥  à¨á. 5, £. �à¨ ¯®á«¥¤ãîé¥¬ ã¢¥«¨ç¥¨¨ áª®à®-áâ¨ ®ªàã¦®© £à ¨æë à¥£ã«ïàë¥ ®áâà®¢  ¢ æ¥-âà «ì®© ç áâ¨ â¥ç¥¨ï ¨áç¥§ îâ ¢®¢á¥. � ç¥-áâ¢¥ ï ª àâ¨  á¥ç¥¨© �ã ª à¥ ¥ ¬¥ï¥âáï¯à¨ ¤ «ì¥©è¥¬ ã¢¥«¨ç¥¨¨ áª®à®áâ¨ ®ªàã¦®©£à ¨æë ¢¯«®âì ¤® § ç¥¨ï V = 1:5. �¥ç¥¨¥®âç¥â«¨¢® à §¤¥«ï¥âáï   ¤¢¥ ®¡« áâ¨: æ¥âà «ì-ãî, ã¯®àï¤®ç¥ãî ®¡« áâì â¥ç¥¨ï ¦¨¤ª®áâ¨,¨ ¯¥à¨ä¥à¨©ãî, ¯à¨áâ¥®çãî ®¡« áâì, ª®â®à ï¯à®ï¢«ï¥â å ®â¨ç¥áª¨¥ á¢®©áâ¢ .�¥¯¥àì § ä¨ªá¨àã¥¬ áª®à®áâì ªàã£®¢®© £à ¨-æë   § ç¥¨¨ V = 1:5. �à¨ ¨§¬¥¥¨¨ áª®à®áâ¨¨¦¥© £à ¨æë U ¢ ¯à¥¤¥« å U = 0:1:::0:5 ª ç¥-áâ¢¥ ï ª àâ¨  á¥ç¥¨© �ã ª à¥ ®áâ ¥âáï ¥-¨§¬¥®©: ®á®¢ãî, æ¥âà «ìãî ç áâì ®¡« áâ¨â¥ç¥¨ï § ¨¬ ¥â ®¡« áâì à¥£ã«ïà®£® ¤¢¨¦¥¨ïá ¡®«ìè¨¬ ®áâà®¢®¬ ¢ æ¥âà¥ (à¨á. 6,  ). �ãâà¨®áâà®¢  à á¯®« £ ¥âáï í««¨¯â¨ç¥áª ï â®çª  ¯¥à-¢®£® ¯®àï¤ª . �«¥¤ã¥â ®â¬¥â¨âì â ª¦¥ ¥¡®«ì-è®¥ ®¡é¥¥ á¬¥é¥¨¥ á¥ç¥¨ï �ã ª à¥ ¢ áâ®à®-
ã ®âà¨æ â¥«ìëå § ç¥¨© ®á¨ OX. � íâ®¬ á«ã-ç ï ®¡« áâì å ®â¨ç¥áª®£® ¤¢¨¦¥¨ï à á¯®« £ ¥âáï¢¤®«ì ª®âãà  ¯®«ãªàã£ , áã¦ ïáì ¢¤®«ì ªàã£®¢®©£à ¨æë.�à¨ ã¢¥«¨ç¥¨¨ áª®à®áâ¨ U à¥£ã«ïà ï §®  ¯®-áâ¥¯¥® ã¬¥ìè ¥âáï,   å ®â¨ç¥áª ï ®¡« áâì ã¢¥-«¨ç¨¢ ¥âáï. �«ãç © U = 0:7 ¯à¥¤áâ ¢«¥   à¨á.6, ¡. �«¥¤ã¥â ®â¬¥â¨âì, çâ®,  ç¨ ï á íâ®£® § -ç¥¨ï áª®à®áâ¨ ¯àï¬®«¨¥©®© £à ¨æë, ¢ ®¡« -áâ¨ å ®â¨ç¥áª®£® ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ ®âç¥â«¨¢®áä®à¬¨à®¢ «¨áì ¯ïâì ¡®«ìè¨å à¥£ã«ïàëå ®áâà®-¢®¢.�à¨ ¯®á«¥¤ãîé¥¬ ¨§¬¥¥¨¨ áª®à®áâ¨, U = 0:8(à¨á. 6, ¢), å ®â¨ç¥áª ï ®¡« áâì ã¢¥«¨ç¨¢ ¥â-áï,   æ¥âà «ìë© ®áâà®¢ ¥é¥ ¡®«¥¥ á¬¥é ¥â-áï ¢«¥¢®. �®«ìè®© ®áâà®¢ á®®â¢¥âáâ¢ã¥â í««¨-¯â¨ç¥áª®© â®çª¥ ¯¥à¢®£® ¯®àï¤ª  á ª®®à¤¨ â -¬¨ (�0:116, 0:560),   ¥¡®«ìè¨¥ ®áâà®¢ , à á¯®-«®¦¥ë¥ ¢ ¯à¨áâ¥®ç®© ®¡« áâ¨ â¥ç¥¨ï, á®®â-¢¥âáâ¢ãîâ í««¨¯â¨ç¥áª¨¬ ¯¥à¨®¤¨ç¥áª¨¬ â®çª ¬¯ïâ®£® ¯®àï¤ª , (0:495, 0:756). �á«¨ à áá¬ âà¨-¢ âì ¤¢¨¦¥¨¥ ¯ áá¨¢®© ¦¨¤ª®© ç áâ¨æë, ¨§ -ç «ì® à á¯®«®¦¥®© ¢ â®çª¥ á ãª § ë¬¨ à ¥¥ª®®à¤¨ â ¬¨ í««¨¯â¨ç¥áª®© â®çª¨, â® ¥¥ ¤¢¨¦¥-¨¥ ¢ ¤ «ì¥©è¥¬ ¯à®¨áå®¤¨â á«¥¤ãîé¨¬ ®¡à §®¬:20 �. �. �ã ¥¢ , �. �. �ãà¦¨©, �. �. �¥«¥èª®
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�¨á. 6. �¥ç¥¨¥ �ã ª à¥ ¯à¨ V = 1:5 ¤«ï á«ãç ¥¢:   { U = 0:5, ¡ { U = 0:7, ¢ { U = 0:8, £ { U = 0:9¢  ç «ìë© ¬®¬¥â ¢à¥¬¥¨ ç áâ¨æ   å®¤¨âáï ¢æ¥âà¥ ¯à ¢®£® ¢¥àå¥£® ®áâà®¢  ¢ á¥ç¥¨¨ �ã -ª à¥. �¥à¥§ ®¤¨ ¯¥à¨®¤ ¤¢¨¦¥¨ï ¨áá«¥¤ã¥¬ ïç áâ¨æ  ¯¥à¥¬¥é ¥âáï ¢ æ¥âà ¢â®à®£® ®áâà®¢ ,à á¯®«®¦¥®£® ¢ ¢¥àå¥© ç áâ¨ ¯®«ãªàã£  á«¥¢ ®â ®á¨ OY . �é¥ ç¥à¥§ ¯¥à¨®¤ ç áâ¨æ  "¯®á¥é -¥â" âà¥â¨© ®áâà®¢ ¢ ¨¦¥© ç áâ¨ ¯®«ãªàã£ , ¯®-á«¥ âà¥âì¥£® ¯¥à¨®¤  { ç¥â¢¥àâë© ¨ ç¥à¥§ ¯ïâì¯¥à¨®¤®¢ ¢®§¢à é ¥âáï ¢ ¨áå®¤ãî â®çªã.� å ®â¨ç¥áª®© ®¡« áâ¨ â¥ç¥¨ï ¡ë«¨ ®¡ àã¦¥-ë ¤¢¥ £¨¯¥à¡®«¨ç¥áª¨¥ â®çª¨ ¯ïâ®£® ¯®àï¤ª  áª®®à¤¨ â ¬¨ (�0:040, 0:020) ¨ (�0:302, 0:256) á®-®â¢¥âáâ¢¥®. �à ¥ªâ®à¨ï ç áâ¨æë, ¨§ ç «ì®¯®¬¥é¥®© ¢ £¨¯¥à¡®«¨ç¥áªãî â®çªã á ª®®à¤¨ -â ¬¨ (�0:302, 0:256), ¢ ®â«¨ç¨¥ á«ãç ï, à áá¬®-âà¥®£® à ¥¥ ¤«ï í««¨¯â¨ç¥áª®© â®çª¨, ®£¨¡ -¥â ª ¦¤ë© ®áâà®¢ ¢ â®© ¦¥ ¯®á«¥¤®¢ â¥«ì®áâ¨,¥ § å®¤ï ¢ãâàì ¨å. �â¥à¥á® ®â¬¥â¨âì, çâ® «¨ç¨¥ £¨¯¥à¡®«¨ç¥áª¨å â®ç¥ª ¢ ®¡« áâ¨, ¡«¨§-«¥¦ é¥© ª í««¨¯â¨ç¥áª¨¬ â®çª ¬ ®¤¨ ª®¢®£® ¯®-àï¤ª , ï¢«ï¥âáï â¨¯¨çë¬ ¤«ï ¬®£¨å ¯¥à¨®¤¨ç¥-áª¨å â¥ç¥¨© [8].� àâ¨  á¥ç¥¨ï �ã ª à¥ ¯à¥â¥à¯¥¢ ¥â à¥§-ª¨¥ ¨§¬¥¥¨ï ¯à¨ ¤ «ì¥©è¥¬ ã¢¥«¨ç¥¨¨ áª®-à®áâ¨ ¯àï¬®«¨¥©®© £à ¨æë (à¨á. 6, £ ¯à¨
U = 0:9). �¨¤®, çâ® ¢ íâ®¬ á«ãç ¥ ¯ïâì ¯¥à¨-ä¥à¨©ëå ®áâà®¢®¢ á¬¥é îâáï ¨§ ®¡« áâ¨ å ®â¨-ç¥áª®£® ¤¢¨¦¥¨ï ¢ æ¥âà «ìãî ç áâì { ®¡« áâìà¥£ã«ïà®£® ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨. � ª á«¥¤áâ¢¨¥,à §¬¥àë à¥£ã«ïà®© ®¡« áâ¨ ã¢¥«¨ç¨¢ îâáï. � -«¨ç¨¥ ®áâà®¢®¢ ¯®¤â¢¥à¦¤ ¥âáï áãé¥áâ¢®¢ ¨¥¬í««¨¯â¨ç¥áª¨å â®ç¥ª ¯¥à¢®£® ((�0:130, 0:550) ¤«ïæ¥âà «ì®£® ®áâà®¢ ) ¨ ¯ïâ®£® (0:266, 0:735) ¯®-àï¤ª®¢ á®®â¢¥âáâ¢¥®. �¥¦¤ã ®áâà®¢ ¬¨ à á¯®-« £ ¥âáï £¨¯¥à¡®«¨ç¥áª ï â®çª  ¯ïâ®£® ¯®àï¤ª (�0:304, 0:304).�«ï ¯®¤â¢¥à¦¤¥¨ï ¯à®¢¥¤¥®£®   «¨§  á¥ç¥-¨© �ã ª à¥ ¨ ¤¨ ¬¨ª¨ ¨§¬¥¥¨© ¯¥à¨®¤¨ç¥-áª¨å â®ç¥ª â¥ç¥¨ï ¯à®¢¥¤¥¬ ¯àï¬®¥ ¬®¤¥«¨à®-¢ ¨¥ ¯à®æ¥áá   ¤¢¥ªæ¨¨ ¯à®¨§¢®«ì®© ¯ áá¨¢®©¦¨¤ª®© ®¡« áâ¨ ¢ ¯®«ãªàã£¥ ¤«ï á«ãç ï U = 0:8,V = 1:5, ª®â®àë© á®®â¢¥âáâ¢ã¥â à¨á. 6, ¢. �«ïíâ®£® ¢  ç «ìë© ¬®¬¥â ¢à¥¬¥¨ ®ªàã¦¨¬ £¨-¯¥à¡®«¨ç¥áªãî â®çªã á ª®®à¤¨ â ¬¨ (�0:3029,0:2568) á¨áâ¥¬®© ¬ àª¥à®¢, ä®à¬¨àãîé¨å ®ªàã¦-®áâì á à ¤¨ãá®¬ 0:05, ¨ ¯à®á«¥¤¨¬ §  ¤¥ä®à¬ -æ¨¥© ¨§ãç ¥¬®£® ª®âãà  ¢® ¢à¥¬¥¨. �«ï ¯à®-¢¥¤¥¨ï ç¨á«¥®£®   «¨§  ¢®á¯®«ì§ã¥¬áï ¬¥â®-¤®¬ ªãá®ç®© á¯« ©-¨â¥à¯®«ïæ¨¨ [25], ª®â®àë©¯®§¢®«ï¥â á ¤®áâ â®ç® ¢ëá®ª®© â®ç®áâìî ¯à®-�. �. �ã ¥¢ , �. �. �ãà¦¨©, �. �. �¥«¥èª® 21
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�¨á. 7. �¤¢¥ªæ¨ï ªàã£®¢®£® ª®âãà  r = 0:05 á æ¥âà®¬ ¢ â®çª¥ (�0:302, 0:256) ¯à¨ V = 1:5, U = 0:8 ¢®¢à¥¬¥¨:   { t = 12T , ¡ { t = 35T , ¢ { t = 50T , £ {t = 64Tá«¥¦¨¢ âì ¯à®æ¥áá  ¤¢¥ªæ¨¨ £à ¨æ ®â¬¥ç¥ëå®¡« áâ¥© ¢ ¯à®¨§¢®«ì®¬ ¯®«¥ áª®à®áâ¨.� â¥ç¥¨¥¬ ¢à¥¬¥¨ ¨§ ç «ì® ªàã£®¢ ï®¡« áâì ¤¥ä®à¬¨àã¥âáï. �¤ ª®    ç «ìëåä § å ¯à®æ¥áá   ¤¢¥ªæ¨¨ ¢ë¤¥«¥ë© ª®âãà ¥¯®¤¢¥à£ ¥âáï áãé¥áâ¢¥ë¬ ¤¥ä®à¬ æ¨ï¬: ¤«¨ ª®âãà  ä ªâ¨ç¥áª¨ ¥ ¯à¥â¥à¯¥¢ ¥â ¨§¬¥¥¨©.�  à¨á. 7,   ¯®ª § ® ¯®«®¦¥¨ï ª®âãà  ¢  -ç «ìë© ¬®¬¥â ¢à¥¬¥¨ ¨ ¢ ¬®¬¥â t = 12T , ª®-â®àë© á®®â¢¥âáâ¢ã¥â ¯®«ãâ®à  ®¡®à®â ¬ ¨áá«¥¤ã-¥¬®£® ª®âãà  ¢®ªàã£ æ¥âà «ì®© ®¡« áâ¨ â¥ç¥-¨ï.�â¥á¨¢ë© à¥¦¨¬ ¯à®æ¥áá  ¯¥à¥¬¥è¨¢ ¨ï¬®¦® ®â¬¥â¨âì,  ç¨ ï â®«ìª® á ¬®¬¥â  ¢à¥-¬¥¨ t = 35T , ¯à¥¤áâ ¢«¥®£®   à¨á. 7, ¡. � íâ® ¢à¥¬ï ª®âãà á¨«ì® ¢ëâïã«áï ¨ ¤¥ä®à¬¨-à®¢ «áï ¯®çâ¨ ¢ â®ªãî «¨¨î, ª®â®à ï § ¨¬ -¥â ¨¦îî ç áâì â¥ç¥¨ï. �â¥à¥á® ®â¬¥â¨âì,çâ® ª®âãà ¯®áâ¥¯¥® ¯¥à¥¬¥é ¥âáï ¢ å ®â¨ç¥-áªãî ¯à¨áâ¥®çãî ®¡« áâì â¥ç¥¨ï. � ¤ «ì¥©-è¥¬ íâ  â¥¤¥æ¨ï ¯à®¤®«¦ ¥âáï: ¢ ¬®¬¥âë ¢à¥-¬¥¨ t = 50T , ¨ t = 64T ª®âãà à áâïãâ ¯®çâ¨¯® ¢á¥© å ®â¨ç¥áª®© §®¥ (à¨á. 7, ¢,£).� ¯à®â¨¢®¯®«®¦®áâì íâ®¬ã á«ãç î, ¯à®æ¥áá
 ¤¢¥ªæ¨¨ ¯ áá¨¢®£® ª®âãà , ®å¢ âë¢ îé¥£® ¢ ç «ìë© ¬®¬¥â ¢à¥¬¥¨ í««¨¯â¨ç¥áªãî â®çªã,¯à®â¥ª ¥â ¢® ¢à¥¬¥¨ ¬¥¥¥ ¨â¥á¨¢®. �  à¨á.8 ¯®ª § ® ¤¢¨¦¥¨¥ ª®âãà  ¢ â¥ç¥¨¥ ¯¥à¢ëå¯ïâ¨ ¯¥à¨®¤®¢ ¯à¨ U = 0:8; V = 1:5, (çâ® á®®â¢¥â-áâ¢ã¥â à¨á. 6, ¢) á æ¥âà®¬ ¢ í««¨¯â¨ç¥áª®© â®çª¥á ª®®à¤¨ â ¬¨ (�0:1169; 0:5605). �«ï  £«ï¤®-áâ¨ à ¤¨ãá ª®âãà  ¡ë« ã¢¥«¨ç¥ ¤® 0:1. � «¨§¯®ª §ë¢ ¥â, çâ® ä®à¬  ª®âãà  ¬¥ï¥âáï á â¥ç¥-¨¥¬ ¢à¥¬¥¨ ¥§ ç¨â¥«ì®. �à ¨æë ¨áá«¥¤ã¥-¬®© ®¡« áâ¨ ¥ ¢ëå®¤ïâ §  ¯à¥¤¥«ë í««¨¯â¨ç¥áª®-£® ®áâà®¢  á¥ç¥¨ï �ã ª à¥ ¤ ¦¥ ¤«ï ¬®¬¥â®¢¢à¥¬¥¨ ®¤®£® ¯®àï¤ª  ¯® áà ¢¥¨î á® á«ãç ¥¬,à áá¬®âà¥ë¬   à¨á. 7.�  à¨á. 9 ¯®ª § ® ¨§¬¥¥¨¥ ¤«¨ë ªàã£®¢®-£® ª®âãà  á â¥ç¥¨¥¬ ¢à¥¬¥¨. �¯«®è ï «¨¨ïá®®â¢¥âáâ¢ã¥â ªàã£®¢®¬ã ª®âãàã, æ¥âà ª®â®à®-£® ¨§ ç «ì® ¯®¬¥é¥ ¢ £¨¯¥à¡®«¨ç¥áªãî â®çªã(à¨á. 7),   èâà¨å®¢ ï «¨¨ï { ªàã£®¢®¬ã ª®âãàã,æ¥âà ª®â®à®£® ¯®¬¥é¥ ¢ í««¨¯â¨ç¥áªãî â®çªã(à¨á. 8). �¨¤®, çâ®    ç «ìëå ä § å ¯à®æ¥á-á   ¤¢¥ªæ¨¨ ¢ë¤¥«¥ë¥ ª®âãàë ¥ ¯®¤¢¥à£ îâáïáãé¥áâ¢¥®© ¤¥ä®à¬ æ¨¨. � áâï¦¥¨¥ ®¡« áâ¥©§  ¢à¥¬ï 0 < t < 35 ®ª §ë¢ ¥âáï ¥§ ç¨â¥«ì-22 �. �. �ã ¥¢ , �. �. �ãà¦¨©, �. �. �¥«¥èª®
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�¨á. 8. �§¬¥¥¨¥ ªàã£®¢®£® ª®âãà  r = 0:1 §  ¯ïâì¯¥à¨®¤®¢ ¢ ®ªà¥áâ®áâ¨ í««¨¯â¨ç¥áª®© â®çª¨(�0:1169; 0:5605) ¯à¨ U = 0:8; V = 1:5

�¨á. 9. �§¬¥¥¨¥ ¢® ¢à¥¬¥¨ ¤«¨ ª®âãà®¢,¨§ ç «ì® à á¯®«®¦¥ëå ¢ å ®â¨ç¥áª®© (á¯«®è ï«¨¨ï) ¨ à¥£ã«ïà®© (èâà¨å®¢ ï) ®¡« áâïå.�¯¨á ¨¥ ¢ â¥ªáâ¥ë¬ ¢ ®¡®¨å á«ãç ïå. � â¥¬ ¤«¨  ¯¥à¢®£® ª®âã-à   ç¨ ¥â ã¢¥«¨ç¨¢ âìáï íªá¯®¥æ¨ «ì®, çâ®á¢¨¤¥â¥«ìáâ¢ã¥â ®  áâã¯«¥¨¨ à¥¦¨¬  å ®â¨ç¥-áª®©  ¤¢¥ªæ¨¨ [8,12,14,20,22]. � â® ¦¥ ¢à¥¬ï, ¤«¨-  ¢â®à®£® ª®âãà  ¯à ªâ¨ç¥áª¨ ¥ ¬¥ï¥âáï, çâ®ï¢«ï¥âáï å à ªâ¥àë¬ ¤«ï à¥£ã«ïàëå à¥¦¨¬®¢¯¥à¥¬¥è¨¢ ¨ï ¯ áá¨¢ëå ®¡« áâ¥© ¦¨¤ª®áâ¨.�����������à ¥ªâ®à¨ï ¤¢¨¦¥¨ï ¦¨¤ª®© ç áâ¨æë ®¯à¥-¤¥«ï¥âáï  ç «ìë¬ ¥¥ ¯®«®¦¥¨¥¬ ¢ ¨áá«¥¤ã¥-¬®¬ â¥ç¥¨¨: ¯ áá¨¢ ï ç áâ¨æ  (¬ àª¥à) ¬®¦¥âãç áâ¢®¢ âì ª ª ¢ à¥£ã«ïà®¬, â ª ¨ ¢ å ®â¨ç¥-áª®¬ ¤¢¨¦¥¨¨. �à¨ å ®â¨ç¥áª®¬ ¤¢¨¦¥¨¨ âà -¥ªâ®à¨¨ á®á¥¤¨å ç áâ¨æ á¨«ì® § ¢¨áïâ ®â  -ç «ì®£® ¯®«®¦¥¨ï. � ª à¥§ã«ìâ â, ¨§ ç «ì®ª®¬¯ ªâ ï ®¡« áâì â¥ç¥¨ï ¯à¥â¥à¯¥¢ ¥â § ç¨-â¥«ìë¥ ¤¥ä®à¬ æ¨¨,  áâã¯ ¥â ¨â¥á¨¢ë© à¥-¦¨¬ ¯¥à¥¬¥è¨¢ ¨ï. � â® ¦¥ ¢à¥¬ï, ¥á«¨ ¦¨¤-

ª¨¥ ç áâ¨æë ãç áâ¢ãîâ ¢ ã¯®àï¤®ç¥®¬ ¤¢¨¦¥-¨¨, ¦¨¤ª¨¥ ª®âãàë, ¨§ ç «ì® à á¯®«®¦¥ë¥¢ íâ¨å ®¡« áâïå, á â¥ç¥¨¥¬ ¢à¥¬¥¨ ¥ ¨á¯ëâë-¢ îâ áãé¥áâ¢¥ëå ¤¥ä®à¬ æ¨©.�«ï â®£®, çâ®¡ë ®¯à¥¤¥«¨âì ®¡« áâ¨ ¨â¥á¨¢-®£® ¯¥à¥¬¥è¨¢ ¨ï, ¥®¡å®¤¨¬® ãáâ ®¢¨âì §®ëå ®â¨ç¥áª®£® ¤¢¨¦¥¨ï, ¨á¯®«ì§ãï ¯à¨ íâ®¬ à §-«¨çë¥ ¬¥â®¤ë ¨ ªà¨â¥à¨¨ å ®â¨ç¥áª®© ¤¨ ¬¨-ª¨: ä §®¢ë¥ âà ¥ªâ®à¨¨, á¥ç¥¨¥ �ã ª à¥,  ¨-¡®«ìè¨© ¯®ª § â¥«ì �ï¯ã®¢ , â¨¯ ¯¥à¨®¤¨ç¥áª¨åâ®ç¥ª â¥ç¥¨ï.� «¨§ ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª ï¢«ï¥âáï äã¤ -¬¥â «ìë¬ á®áâ ¢«ïîé¨¬ ¯à¨ à¥è¥¨¨ § ¤ çå ®â¨ç¥áª®©  ¤¢¥ªæ¨¨. �¡ëç® ¯¥à¨®¤¨ç¥áª¨¥â®çª¨ ª« áá¨ä¨æ¨àãîâ ª ª í««¨¯â¨ç¥áª¨¥ ¨ £¨-¯¥à¡®«¨ç¥áª¨¥ ¢ § ¢¨á¨¬®áâ¨ ®â ¤¢¨¦¥¨ï ¦¨¤ª®-áâ¨ ¢®ªàã£ ¨å. �¢¨¦¥¨¥ ¦¨¤ª®áâ¨ ¢ ®¡« áâ¨,¡«¨§«¥¦ é¥© ª £¨¯¥à¡®«¨ç¥áª®© â®çª¥, ¢ª«îç -¥â ¢ á¥¡ï ¯à®æ¥ááë à áâï¦¥¨ï ¨ á¦ â¨ï. � ªà¥§ã«ìâ â, íâ¨ ®¡« áâ¨ â¥ç¥¨ï ®¡« ¤ îâ ¤®áâ -â®ç® á¨«ìë¬ ¯¥à¥¬¥è¨¢ ¨¥¬,   ¤«¨  ª®âã-à  á â¥ç¥¨¥¬ ¢à¥¬¥¨ íªá¯®¥æ¨ «ì® ã¢¥«¨ç¨-¢ ¥âáï. � â® ¦¥ ¢à¥¬ï, ¤¢¨¦¥¨¥ ¦¨¤ª®áâ¨ ¢®-ªàã£ í««¨¯â¨ç¥áª¨å â®ç¥ª å à ªâ¥à¨§ã¥âáï ¢à -é¥¨¥¬. �à¨ íâ®¬ à ááâ®ï¨¥ ¬¥¦¤ã ¤¢ã¬ï ¯à®-¨§¢®«ìë¬¨ ¡«¨§«¥¦ é¨¬¨ â®çª ¬¨ á â¥ç¥¨¥¬¢à¥¬¥¨ áãé¥áâ¢¥® ¥ ¬¥ï¥âáï. � ª à¥§ã«ì-â â, ¯à®æ¥ááë  ¤¢¥ªæ¨¨ ¥ á®¯à®¢®¦¤ îâáï áã-é¥áâ¢¥ë¬ à áâï¦¥¨¥¬, ¤«¨  § ¬ªãâ®£® ª®-âãà  ã¢¥«¨ç¨¢ ¥âáï á â¥ç¥¨¥¬ ¢à¥¬¥¨ ¯® «¨-¥©®¬ã § ª®ã. �««¨¯â¨ç¥áª¨¥ â®çª¨ ®ªàã¦¥ë¨¢ à¨ âë¬¨ § ¬ªãâë¬¨ ªà¨¢ë¬¨. � áâ¨æ ,¨§ ç «ì® «¥¦ é ï ¢ãâà¨ â ª®© ªà¨¢®©, ®áâ -¥âáï ¢ãâà¨ ¥¥ ¢á¥ ¢à¥¬ï. � á¨«ã ¥á¦¨¬ ¥-¬®áâ¨ â¥ç¥¨ï ¦¨¤ª®áâì,  å®¤ïé ïáï ¢ãâà¨ § -¬ªãâ®© ªà¨¢®©, ¨ª®£¤  ¥ á¬®¦¥â ¯¥à¥á¥çì § -¬ªãâãî ªà¨¢ãî, ®å¢ âë¢ îéãî í««¨¯â¨ç¥áªãîâ®çªã. �«¥¤®¢ â¥«ì®, ¯à®æ¥ááë ¯¥à¥¬¥è¨¢ ¨ï¢ ®¡« áâïå, ¡«¨§«¥¦ é¨å ª í««¨¯â¨ç¥áª¨¬ â®ç-ª ¬, ®ª §ë¢ îâáï á« ¡ë¬¨ ¨ ¥ ¯à¨¢®¤ïâ ª áãé¥-áâ¢¥ë¬ ¯à®æ¥áá ¬ ¯¥à¥¬¥è¨¢ ¨ï §  ¤®áâ â®ç-® ¡®«ìè¨¥ ¢à¥¬¥ë¥ ¨â¥à¢ «ë.� æ¥«®¬, ¬®¦® § ª«îç¨âì, çâ® ®¯à¥¤¥«¥¨¥ §®¨â¥á¨¢®£® ¯¥à¥¬¥è¨¢ ¨ï, ®á®¢ ®¥     -«¨§¥ á¥ç¥¨ï �ã ª à¥, ¢ § ¤ ç¥ ®¡  ¤¢¥ªæ¨¨ ¯ á-á¨¢ëå ¦¨¤ª¨å ®¡« áâ¥© ¢ ¯¥à¨®¤¨ç¥áª¨å â¥ç¥¨-ïå ¢ ¯®«ãªàã£¥ ®ª §ë¢ ¥âáï ¤®áâ â®ç® íää¥ªâ¨¢-ë¬. �àã£¨¥ ¤¨ £®áâ¨ç¥áª¨¥ ªà¨â¥à¨¨ (âà ¥ª-â®à¨¨ ¤¢¨¦¥¨ï ¦¨¤ª¨å ç áâ¨æ,  ¨¡®«ìè¨© ¯®-ª § â¥«ì �ï¯ã®¢ ,   «¨§ ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª¨ ¨å í¢®«îæ¨ï ¯à¨ ¨§¬¥¥¨¨ ¯ à ¬¥âà®¢ â¥ç¥-¨ï) á¢¨¤¥â¥«ìáâ¢ãîâ ® â®¬, çâ® ¯à®æ¥ááë ¯¥à¥-¬¥è¨¢ ¨ï ¦¨¤ª®áâ¨ ¢ ®¡« áâ¨, ®£à ¨ç¥®© ¯®-«ãªàã£®¬, ®¯à¥¤¥«ïîâáï á¢®©áâ¢ ¬¨ á¥ç¥¨ï �ã-�. �. �ã ¥¢ , �. �. �ãà¦¨©, �. �. �¥«¥èª® 23
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