
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 45 { 61��� 536.25���������� ���������� ���������. ����� 2.������������� ������� ������� ������������� ��������� ��������. �. �������������� , �. �. ��������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 22.03.2004 � �¥à¥á¬®âà¥® 24.09.2004� ¡®â  ¯®á¢ïé¥  ¨áá«¥¤®¢ ¨î ®á®¢ëå á¢®©áâ¢ ¤¨áâp¨¡ãâ¨¢®£® « ¬¨ p®£® á¬¥è¨¢ ¨ï ¢ ¤¢ãå¬¥pëå ®¡« -áâïå   ¯p¨¬¥p¥ ¯¥à¨®¤¨ç¥áª®£® ¯¥à¥¬¥è¨¢ ¨ï ¢ ª®«ìæ¥¢®© ª«¨®®¡à §®© ¯®«®áâ¨. �«ï ®¯à¥¤¥«¥¨ï ª®£¥à¥âëåáâàãªâãà á¬¥á¥© ¬¥â®¤®«®£¨ï   «¨§  « ¬¨ à®£® á¬¥è¨¢ ¨ï, ¨§«®¦¥ ï ¢ ç áâ¨ 1  áâ®ïé¥£® ¨áá«¥¤®¢ ¨ï [1],¤®¯®«ï¥âáï ¥®¡å®¤¨¬ë¬¨ íâ ¯ ¬¨ ¤«ï   «¨§  ¯¥à¨®¤¨ç¥áª¨å ¯à®æ¥áá®¢ á¬¥è¨¢ ¨ï. �®«ãç¥®   «¨â¨ç¥áª®¥p¥è¥¨¥ ¤«ï ¯®«ï áª®p®áâ¥© ¢ ¯®«®áâ¨ ¨ ¨á¯®«ì§®¢   «£®à¨â¬ á«¥¦¥¨ï §  ¤¥ä®à¬¨à®¢ ¨¥¬ ª®âãà®© «¨¨¨à §¤¥«  á¬¥è¨¢ ¥¬ëå ª®¬¯®¥â®¢. �p¨¢®¤¨âáï â¥å¨ª  ®¡ àã¦¥¨ï ¢á¥å ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª ¯®â®ª  ¨   «¨§¨-àãîâáï ª®£¥à¥âë¥ áâàãªâãàë. �âà®ïâáï áâ â¨áâ¨ç¥áª¨¥ ª®«¨ç¥áâ¢¥ëe ¬¥pë ®æ¥ª¨ ª ç¥áâ¢  ¯¥p¥¬¥è¨¢ ¨ï¢ «î¡®© ¬®¬¥â ¢p¥¬¥¨ ¨ ®¡®á®¢ë¢ ¥âáï ¨å ¯p¨¬¥¥¨¥.�®¡®â  ¯à¨á¢ïç¥  ¤®á«i¤¦¥î ®á®¢¨å ¢« áâ¨¢®áâ¥© ¤¨áâà¨¡ãâ¨¢®£® « ¬i à®£® §¬ièã¢ ï ã ¤¢ã¬ià¨å®¡« áâïå   ¯à¨ª« ¤i ¯¥ài®¤¨ç®£® ¯¥à¥¬ièã¢ ï ¢ ªi«ìæ¥¢i© ª«¨®®¡à §i© ¯®à®¦¨i. �«ï ¢¨§ ç¥ï ª®£¥à¥â-¨å áâàãªâãà áã¬iè¥© ¬¥â®¤®«®£iï   «i§ã « ¬i à®£® §¬ièã¢ ï, é® ¢¨ª« ¤¥  ¢ ç áâ¨i 1 ¤ ®£® ¤®á«i¤¦¥-ï [1], ¤®¯®¢îõâìáï ¥®¡åi¤¨¬¨ ¥â ¯ ¬¨ ¤«ï   «i§ã ¯¥ài®¤¨ç¨å ¯à®æ¥ái¢ §¬ièã¢ ï. �âà¨¬ ®   «iâ¨ç¨©à®§¢'ï§®ª ¤«ï ¯®«ï è¢¨¤ª®áâ¥© ¢ ¯®à®¦¨i â  ¢¨ª®à¨áâ ¨©  «£®à¨â¬ á«i¤ªã¢ ï §  ¤¥ä®à¬ã¢ ï¬ ª®âãà®ù«iiù à®§¯®¤i«ã §¬ièãîç¨å ª®¬¯®¥âi¢. �à¨¢®¤¨âìáï â¥åiª  § å®¤¦¥ï ãáiå ¯¥ài®¤¨ç¨å â®ç®ª â¥çiù â    «i-§ãîâìáï ª®£¥à¥âi áâàãªâãà¨. �®¡ã¤®¢ i áâ â¨áâ¨çi ªi«ìªiái ¬ià¨ ®æiª¨ ïª®áâi ¯¥à¥¬ièã¢ ï ã ¡ã¤ì-ïª¨©¬®¬¥â ç áã â  ®¡£àãâ®¢ãõâìáï ùå ¢¨ª®à¨áâ ï.The paper describes the new methodology for investigating and evaluating the basic properties of distributive laminarmixing in creeping ows [1] by analysing a periodic ow in a wedge annular cavity. The study is based on the constructionof Eulerian and Lagrangian representations of mixing process, determination of periodic points, and quanti�cation of themixed state. It addresses problems: how to organize steady or periodic distributive mixing in a two-dimensional wedgecavity (a prototype for an extruder mixer) and where to put a blob (or blobs) in order to achieve the best result ofmixing in �nite time. The central question is what determines coherent structures in mixing patterns. Numerical dataare presented showing the change in time of the statistical values of the square density, the entropy and the intensity ofsegregation. These data permit to estimate the dynamics of mixing and deviation from a uniform state at any momentin time. Time reversibility is an important issue in numerical simulations, it concerns the reversibility both of individualpoints and quality measures. We have concluded that computation of the measures shows a complete reversibility in spiteof irreversibility of some individual points.���������à®æ¥ááë á¬¥è¨¢ ¨ï ¦¨¤ª®áâ¥© ¡®«ìè®© ¢ï§-ª®áâ¨ «¥¦ â ¢ ®á®¢¥ à §«¨çëå â¥å®«®£¨© ¢ ¯¨-é¥¢®©, å¨¬¨ç¥áª®©, ¥äâ¥å¨¬¨ç¥áª®© ¯à®¬ëè«¥-®áâ¨ ¨ ¢ á®¢à¥¬¥ëå ¡¨®â¥å®«®£¨ïå [2]. �  -áâ®ïé¥¬ã ¢à¥¬¥¨  ª®¯«¥ë ®¡è¨àë¥ íªá¯¥à¨-¬¥â «ìë¥ ¤ ë¥ ® § ª®®¬¥à®áâïå « ¬¨ à-®£® á¬¥è¨¢ ¨ï [3] ¨ à §¢¨â  ¬¥â®¤®«®£¨ï [1]®æ¥ª¨ ª ç¥áâ¢  á¬¥á¨.� ¤ ®© áâ âì¥ ¨§« £ îâáï ¤®¯®«¨â¥«ìë¥ ª¨§«®¦¥ë¬ ¢ ç áâ¨ 1  áâ®ïé¥£® ¨áá«¥¤®¢ ¨ï [1] á¯¥ªâë ¬¥â®¤®«®£¨¨ ¨áá«¥¤®¢ ¨ï ¤¨áâà¨¡ãâ¨¢-®£® « ¬¨ à®£® ¬¥å ¨ç¥áª®£® á¬¥è¨¢ ¨ï ¤¢ãå®¤¨ ª®¢ëå ¯® ¯«®â®áâ¨ ¨ ¢ï§ª®áâ¨ ¦¨¤ª®áâ¥©¯à¨¬¥¨â¥«ì® ª ¯¥à¨®¤¨ç¥áª¨¬ ¯à®æ¥áá ¬. �®-«ãç¥ë¥ § ¨ï ¬®£ãâ á«ã¦¨âì ¯¥à¢ë¬ è £®¬ ¢¨áá«¥¤®¢ ¨¨ á¬¥è¨¢ ¨ï ¢ à §«¨çëå â¥å®«®£¨-ç¥áª¨å ¯à®æ¥áá å. �à¨ íâ®¬ ®â¬¥â¨¬, çâ® å à ª-â¥à ï ®á®¡¥®áâì ¬®£¨å â¨¯¨çëå â¥ç¥¨© ¢¯à®¬ëè«¥ëå ¬¨ªá¥à å § ª«îç ¥âáï ¢ â®¬, çâ®
®¨ ï¢«ïîâáï ®ç¥ì ¬¥¤«¥ë¬¨ (¯®«§ãé¨¬¨) ááãé¥áâ¢¥ë¬ ¯à¥®¡« ¤ ¨¥¬ á¨« ¢ï§ª®áâ¨  ¤¨¥àæ¨®ë¬¨ á¨« ¬¨. � ª¨¥ â¥ç¥¨ï á ¬ «ë¬¨ç¨á« ¬¨ �¥©®«ì¤á  ¢ ®£à ¨ç¥®© ®¡« áâ¨, ¢ë-§ë¢ ¥¬ë¥ ¤¢¨¦¥¨ï¬¨ ¥¥ £à ¨æë, ¬®£ãâ ¢ ¯¥à-¢®¬ ¯à¨¡«¨¦¥¨¨ ®¯¨áë¢ âìáï «¨¥©ë¬¨ ãà ¢-¥¨ï¬¨ �â®ªá . � ¨¥ ¯®«ï í©«¥à®¢®© áª®à®áâ¨¦¨¤ª®áâ¨ ¢ íâ®¬ ¯à¨¡«¨¦¥¨¨ ¤«ï ª ®¨ç¥áª¨å£¥®¬¥âà¨© ®¡« áâ¨ ¬®¦¥â ¡ëâì ¯®«ãç¥® «¨¡® ¨§áâà®£®£®   «¨â¨ç¥áª®£® à¥è¥¨ï á®®â¢¥âáâ¢ãî-é¨å «¨¥©ëå £à ¨çëå § ¤ ç [4{8], «¨¡® ¯àï-¬ë¬ ç¨á«¥ë¬ ¬®¤¥«¨à®¢ ¨¥¬ á ¯®¬®éìî á®-¢à¥¬¥ëå ¯à¨ª« ¤ëå ¯ ª¥â®¢ [9]. �«¥¤ã¥â ¯®¤-ç¥àªãâì, çâ® ¯à¨¡«¨¦¥ ï  ¯¯à®ªá¨¬ æ¨ï ¯®«ïáª®à®áâ¨ [3] ¯à¨¢®¤¨â ª § ç¨â¥«ìë¬ ®â«¨ç¨ï¬®â à¥ «ì®© ª àâ¨ë á¬¥á¨ [10]. �à®¬¥ â®£®, ¯®-«¥ áª®à®áâ¨ ¢ ®¡« áâ¨ ¯à¨¨¬ ¥âáï ¯¥à¨®¤¨ç¥áª¨¬¢® ¢à¥¬¥¨, § ¤ ¢ ¥¬ë¬ ¯¥à¨®¤¨ç¥áª¨¬ ¤¢¨¦¥¨-¥¬ £à ¨æë ®¡« áâ¨, çâ® ¡®«ìè¥© ç áâìî ¨ ®áã-é¥áâ¢«ï¥âáï â¥å®«®£¨ç¥áª¨.� ª ç¥áâ¢¥ ¡ §®¢®£® ®¡ê¥ªâ  ¤«ï ¯à¥¤áâ ¢«¥¨ïc �. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª®, 2004 45



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 45 { 61¤ ®© ¬¥â®¤®«®£¨¨ ¬ë ¢ë¡à «¨ ¤¢ã¬¥à®¥ â¥ç¥-¨¥ ¢ ¯®«®áâ¨ ¢ ¢¨¤¥ ç áâ¨ ª®«ìæ , ®£à ¨ç¥®©¤¢ã¬ï à ¤¨ãá ¬¨, ¢ ª®â®à®© ¤¢¨¦¥¨¥ ¦¨¤ª®áâ¨§ ¤ ¥âáï ¯®¯¥à¥¬¥ë¬ ª á â¥«ìë¬ ¤¢¨¦¥¨¥¬ªàã£®¢ëå £à ¨æ, çâ® ¢ ¯¥à¢®¬ ¯à¨¡«¨¦¥¨¨ ¬®-¤¥«¨àã¥â ®¤¨ ¨§ ¢®§¬®¦ëå ¢¨¤®¢ ¯à®¬ëè«¥-ëå ¬¨ªá¥à®¢. �à®¬¥ â®£®, â ª ï £¥®¬¥âà¨ï ¢¥áì-¬  ã¤®¡  ¤«ï áà ¢¨â¥«ì®£® íªá¯¥à¨¬¥â «ì®-£®   «¨§  ¯à®æ¥áá  á¬¥è¥¨ï ¤«ï à §ëå  ç «ì-ëå ¯®«®¦¥¨© ¯ïâ  ¯à¨ ®¤¨ ª®¢®¬ ¯à®â®ª®-«¥ ¤¢¨¦¥¨ï £à ¨æ. �«¥¤ã¥â ®á®¡® ¯®¤ç¥àªãâì,çâ® ¯à®¡«¥¬  ¬¥å ¨ç¥áª®£® á¬¥è¨¢ ¨ï, ª®â®-à ï à áá¬ âà¨¢ ¥âáï ¢ ¤ ®© áâ âì¥, ®â«¨ç ¥â-áï ¯® áãé¥áâ¢ã ®â ¬ â¥¬ â¨ç¥áª¨å § ¤ ç ¯® ¨§ã-ç¥¨î á¨áâ¥¬ á ¯¥à¥¬¥è¨¢ ¨¥¬ (£¤¥ âà ¤¨æ¨®-® à áá¬ âà¨¢ ¥âáï ¯à¥¤¥«ì®¥ ¯®¢¥¤¥¨¥ á¨áâ¥¬¯à¨ áâà¥¬«¥¨¨ ¢à¥¬¥¨ ª ¡¥áª®¥ç®áâ¨), ¯à¨-ç¥¬ ¡®«ìè¥© ç áâìî å ®â¨ç¥áª¨å, ®¡« ¤ îé¨å ¯®-«®¦¨â¥«ì®© �-íâà®¯¨¥©. �ë ¦¥ ®£à ¨ç¨¢ -¥¬ à áá¬®âà¥¨¥ ª®¥çë¬¨ ®âà¥§ª ¬¨ ¢à¥¬¥¨ ¨£« ¢ë¬ ®¡à §®¬ ¨â¥à¥áã¥¬áï â¥¬, ª ª ®à£ ¨§®-¢ âì á¬¥è¨¢ ¨¥ ¨ £¤¥ ¯®¬¥áâ¨âì ¯ïâ® ¤®¡ ¢ª¨(¨«¨ ¯ïâ ), çâ®¡ë ¤®áâ¨çì «ãçè¥£® à¥§ã«ìâ â á¬¥è¨¢ ¨ï íâ®£® ¯ïâ  §  ª®¥ç®¥ ¢à¥¬ï.�  à¨á. 1 ¤«ï ¨««îáâà æ¨¨ áª § ®£® ¯à¥¤-áâ ¢«¥ë ç¥âëà¥ â¨¯¨çëå ª àâ¨ë á¬¥è¨¢ ¨ï ç «ìëå ªàã£«ëå ¯ïâ¥ (¯®ª § ëå â¥¬ë¬¨ªàã£ ¬¨) ¢ ª®«ìæ¥¢®© ¯®«®áâ¨ ¯®á«¥ ¯¥à¨®¤¨ç¥áª®-£® ¯®®ç¥à¥¤®£® ¤¢¨¦¥¨ï ¢ãâà¥¥© ¨ ¢¥è¥©£à ¨æ á à ¢ë¬ á®¢®ªã¯ë¬ ¯¥à¥¬¥é¥¨¥¬ ®¡¥-¨å £à ¨æ ¤«ï ª ¦¤®© ¯®«®áâ¨. �à¨ íâ®¬ à á-á¬ âà¨¢ îâáï à §«¨çë¥ ¯à®â®ª®«ë á¬¥è¨¢ ¨ï,à §«¨çë¥ áª®à®áâ¨ ¨ ¯¥à¨®¤ë ¤¢¨¦¥¨© £à ¨æª ¦¤®© ¯®«®áâ¨, ® ¯à¨«®¦¥ ï í¥à£¨ï, ª®â®à ï¯à®¯®àæ¨® «ì  á®¢®ªã¯®¬ã ¯¥à¥¬¥é¥¨î £à -¨æ, ®¤¨ ª®¢  ¤«ï ¯à¥¤áâ ¢«¥ëå ª àâ¨ á¬¥-á¥©. �à ¢¥¨¥ ª àâ¨ ¯®ª §ë¢ ¥â, çâ®, ¥á¬®-âàï   à ¢ãî ¯®âà¥¡«¥ãî í¥à£¨î, à¥§ã«ìâ -âë á¬¥è¨¢ ¨ï ï¢«ïîâáï à §«¨çë¬¨. �¨ áãé¥-áâ¢¥® § ¢¨áïâ ®â  ç «ì®£® ¯®«®¦¥¨ï ªàã£«®-£® ¯ïâ  ¨ ¯à®â®ª®«  á¬¥è¨¢ ¨ï. �  ï áâ âìï¯®á¢ïé¥  ®¡êïá¥¨î ¯à¨ç¨ ¯®«ãç¥¨ï à §«¨ç-ëå à¥§ã«ìâ â®¢ á¬¥è¨¢ ¨ï ¨ ¨å ª®«¨ç¥áâ¢¥®©®æ¥ª¥.�à¥¤« £ ¥¬ ï ¬¥â®¤®«®£¨ï ¢ª«îç ¥â ¢ á¥¡ï ¢ë-¯®«¥¨¥ á«¥¤ãîé¨å è £®¢ ¢ ¨áá«¥¤®¢ ¨¨:(1) ¯®áâà®¥¨¥   «¨â¨ç¥áª®£® à¥è¥¨ï ¤«ï ¯®-«ï áª®à®áâ¥©;(2) ®¯à¥¤¥«¥¨¥ ¯®«®¦¥¨ï ª®âãà  £à ¨æëá¬¥è¨¢ ¥¬ëå ¦¨¤ª®áâ¥© ¢ § ¤ ë¥ ¬®¬¥âë¢à¥¬¥¨;(3)  å®¦¤¥¨¥ ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª ¨ ¨¢ à¨- âëå ¬®£®®¡à §¨©;(4) ®æ¥ª  ª ç¥áâ¢  á¬¥è¨¢ ¨ï ¢ «î¡®© ¬®¬¥â

�¨á. 1. �¥âëà¥ ª«¨®¢¨¤ëå ¯®«®áâ¨ á® á¬¥áï¬¨,¯®«ãç¥ë¬¨ ¯à¨ à ¢®© § âà ç¥®© í¥à£¨¨  ¯¥à¥¬¥è¨¢ ¨¥  ç «ìëå ªàã£«ëå ¯ïâ¥¢à¥¬¥¨.� ¯¥à¢®© ç áâ¨  è¥© à ¡®âë [1] ¬ë ¯®¤à®¡-® á ¯à¨¢«¥ç¥¨¥¬ ª®ªà¥âëå ¯à¨¬¥à®¢ ¯®ª § «¨¯à¨¬¥¥¨¥ ¢â®à®£® ¨ ç¥â¢¥àâ®£® ¨§ ãª § ëåíâ ¯®¢ ¬¥â®¤®«®£¨¨. �  áâ®ïé¥© áâ âì¥ ¯®ïá¨¬¯à¨¬¥¥¨¥ ®áâ «ìëå ¤¢ãå. � ª ®â¬¥ç «®áì ¢ë-è¥,  å®¦¤¥¨¥   «¨â¨ç¥áª®£® à¥è¥¨ï ï¢«ï¥â-áï ¡ §®¢ë¬ è £®¬, ¯®§¢®«ïîé¨¬ ¢ë¯®«¥¨¥ ¢á¥å¯®á«¥¤ãîé¨å íâ ¯®¢ ¨áá«¥¤®¢ ¨ï.�®£¤  ¤¢¨¦¥¨¥ £à ¨æ ¯®«®áâ¨ ®ª §ë¢ ¥âáï ¯¥-à¨®¤¨ç¥áª¨¬ ¢® ¢à¥¬¥¨, ¯®«¥ áª®à®áâ¥© ¢ãâà¨¥ñ â®¦¥ ¡ã¤¥â ¯¥à¨®¤¨ç¥áª¨¬. �§ãç¥¨¥ ¤¢¨¦¥-¨© ç áâ¨æë ¢ ¯¥à¨®¤¨ç¥áª¨ § ¤ ®¬ áª®à®áâ®¬¯®«¥ ¬®¦¥â ¡ëâì á¢¥¤¥® ª ¨§ãç¥¨î ¯®¢¥¤¥¨ï ¢¤¨áªà¥â®¬ ¢à¥¬¥¨ ¯®áà¥¤áâ¢®¬   «¨§  á¥à¨¨¯®«®¦¥¨© ¢ë¡à ®© ®¤®© â®çª¨, ¯®«ãç¥ëåáâà®¡®áª®¯¨ç¥áª¨ ç¥à¥§ ª ¦¤ë© ¯¥à¨®¤ ¢à¥¬¥¨.� ª®© ¯®¤å®¤ á¢®¤¨â ¨§ãç¥¨¥ ¤¨ ¬¨ç¥áª®© á¨-áâ¥¬ë ¢® ¢à¥¬¥¨ ª ¨§ãç¥¨î ¯®á«¥¤®¢ â¥«ì®áâ¨¤¨áªà¥âëå ®â®¡à ¦¥¨© â®ç¥ª   ¯«®áª®áâ¨ (â ª §ë¢ ¥¬ëå ®â®¡à ¦¥¨© �ã ª à¥ [11]), ® ¢á¥¦¥ á®åà ï¥â áãé¥áâ¢¥ë¥ § ª®®¬¥à®áâ¨ ¯à®-æ¥áá . �¨ªá¨à®¢  ï ¥¯®¤¢¨¦ ï â®çª  â ª®£®á¥ç¥¨ï á®®â¢¥âáâ¢ã¥â § ¬ªãâ®© ¯¥à¨®¤¨ç¥áª®©âà ¥ªâ®à¨¨ à áá¬ âà¨¢ ¥¬®© ç áâ¨æë, ¢ ª®â®àãîâ®çª  ¢®§¢à é ¥âáï ¯®á«¥ ®¤®£®, ¤¢ãå ¨«¨ ¡®«¥¥¯®«ëå ¯¥à¨®¤®¢. �®çª    â ª®© ¯¥à¨®¤¨ç¥áª®©âà ¥ªâ®à¨¨ ¢  ç «ìë© ¬®¬¥â ¢à¥¬¥¨  §ë¢ -¥âáï ¯¥à¨®¤¨ç¥áª®© â®çª®©. �®íâ®¬ã ¢ ¦®© § -46 �. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 45 { 61¤ ç¥© ï¢«ï¥âáï ®âëáª ¨¥ ¢á¥å â ª¨å ¯¥à¨®¤¨ç¥-áª¨å â®ç¥ª. �á«¨ § ¤ ®¥ ¯®«¥ áª®à®áâ¥© ®¡« -¤ ¥â ¥ª®â®à®© ¯à®áâà áâ¢¥®© á¨¬¬¥âà¨¥© ¢à áá¬ âà¨¢ ¥¬®© ®¡« áâ¨, â® ¤«ï ®âëáª ¨ï ¯®-«®¦¥¨© ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª ¬®¦® ¯à¨¬¥¨âì¬¥â®¤, à §à ¡®â ë© ¤«ï § ¤ ç á¬¥è¨¢ ¨ï ¢à ¡®â å [12{ 15], ª ª áãé¥áâ¢¥ ï ¬®¤¨ä¨ª æ¨ï¯®¤å®¤ , ¯à¥¤«®¦¥®£® ¢ à ¡®â å [16, 17]. �à®¬¥®¯à¥¤¥«¥¨ï ¯®§¨æ¨© ª ¦¤®© ¯¥à¨®¤¨ç¥áªo© â®ç-ª¨, ¢ ¦ë¬ è £®¬ ¨áá«¥¤®¢ ¨ï ï¢«ï¥âáï ª« á-á¨ä¨ª æ¨ï ¨å â¨¯®¢ (í««¨¯â¨ç¥áª¨©, ¯ à ¡®«¨ç¥-áª¨© ¨«¨ £¨¯¥à¡®«¨ç¥áª¨©), ¨§ãç ï «¨¥ à¨§¨à®-¢ ë¥ ¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë ¢ ¥¯®áà¥¤áâ¢¥-®© ¡«¨§®áâ¨ ª ¦¤®© â®çª¨ [18]. � ª ï ¬¥â®¤¨-ª  ®¯à¥¤¥«¥¨ï â¨¯  ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª ¯®¤®¡-  ª« áá¨ä¨ª æ¨¨ ¥¯®¤¢¨¦ëå â®ç¥ª ¢ ¯®«¥ áª®-à®áâ¥© ãáâ ®¢¨¢è¥£®áï â¥ç¥¨ï, ¢¯¥à¢ë¥ ¯à¥¤«®-¦¥®© �.�. �ãª®¢áª¨¬ ¢ ¬ £¨áâ¥àáª®© ¤¨áá¥à-â æ¨¨ [19]. � ¤ ®© à ¡®â¥ ¡ã¤¥â ¯®ª § ®, ª ª§ ¨¥ ¬¥áâ®à á¯®«®¦¥¨© ¨ â¨¯®¢ ¯¥à¨®¤¨ç¥áª¨åâ®ç¥ª ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì ®¯â¨¬ «ìë¥ à¥¦¨¬ëá¬¥è¨¢ ¨ï ¨ ¢®§¬®¦®áâì ¨¤¥â¨ä¨æ¨à®¢ âì ª®-£¥à¥âë¥ áâàãªâãàë ¢ ¯®«ãç¥ëå á¬¥áïå [20].� § ª«îç¨â¥«ì®© ç áâ¨ ¤ ®© à ¡®âë, á«¥¤ãï¯à¥¤«®¦¥®© ¬¥â®¤®«®£¨¨ ®æ¥ª¨ ª ç¥áâ¢  á¬¥-á¥© [1] ¬ë ¡ã¤¥¬ ¨á¯®«ì§®¢ âì "£àã¡ãî ¯«®â®áâì"à á¯à¥¤¥«¥¨ï ª ª ®á®¢ãî ¬¥àã ¤«ï ¯®áâà®¥¨ïâà¥å ªà¨â¥à¨¥¢ ª ç¥áâ¢  á¬¥á¨: áã¬¬ à®© áà¥¤-¥ª¢ ¤à â®© ¯«®â®áâ¨ [21], íâà®¯¨¨ [22] ¨ ¨-â¥á¨¢®áâ¨ á¥£à¥£ æ¨¨ [23]. �â¨ âà¨ ªà¨â¥à¨ï¯®ª §ë¢ îâ ¤¨ ¬¨ªã ¯¥à¥¬¥è¨¢ ¨ï ¢ ¨å á®¡-áâ¢¥ëå ¬ áèâ ¡ å ¨ ¬®£ãâ ¨á¯®«ì§®¢ âìáï ¤«ï®¯¨á ¨ï ¤¨ ¬¨ª¨ ¯à®æ¥áá . �á¯®«ì§ãï «î¡®© ¨§ªà¨â¥à¨¥¢, ¬®¦¥¬ ¤«ï ¢ë¡à ®£® à §¬¥à  ª¢ -¤à â  ("§¥à ") ®¯à¥¤¥«¨âì ¢à¥¬ï, ¥®¡å®¤¨¬®¥¤«ï ¯à®æ¥áá  ¯¥à¥¬¥è¨¢ ¨ï, çâ®¡ë ¤®áâ¨çì ®¤-®à®¤®£® (®æ¥¨¢ ¥¬®£® ¢ ¢ë¡à ®¬ ¬ áèâ ¡¥à áá¬®âà¥¨ï) á®áâ®ï¨ï. � ª ¯®ª § ® ¢ [1],ç¥¬ ¡®«ìè¥ à §¬¥à áâ®à®ë ª¢ ¤à â , â¥¬ ¡ë-áâà¥¥ íâ® § ¤ ®¥ ®¤®à®¤®¥ á®áâ®ï¨¥ ¤®áâ¨-£ ¥âáï. �à¨ ªà¨â¥à¨ï ¥ ï¢«ïîâáï ¥§ ¢¨á¨¬ë¬¨¨ á«ã¦ â áâ â¨áâ¨ç¥áª¨¬¨ ¬¥à ¬¨ ¯¥à¢®£® ¯®àï¤-ª  [24]. �«ï ¡®«¥¥ ¯®«®£® ®¯¨á ¨ï ª ç¥áâ¢  á¬¥-á¨ ¡ã¤¥¬ â ª¦¥ ¨á¯®«ì§®¢ âì â ªãî ¬¥àã ª ª ¬ á-èâ ¡ á¥£à¥£ æ¨¨ [23], ª®â®àë© ï¢«ï¥âáï áâ â¨áâ¨-ç¥áª®© ¬¥à®© ¢â®à®£® ¯®àï¤ª . � áèâ ¡ á¥£à¥-£ æ¨¨ ®¯¨áë¢ ¥â áà¥¤¨© à §¬¥à á¯«®èëå ¯ïâ¥á¬¥è¨¢ ¥¬®£® ª®¬¯®¥â .�â âìï ¨¬¥¥â á«¥¤ãîé¨¥ à §¤¥«ë: ¯®á«¥ ¢¢¥¤¥-¨ï á«¥¤ã¥â ¯®áâ ®¢ª  ¯à®¡«¥¬ë á¬¥è¨¢ ¨ï ¢¤¢ã¬¥à®© ª®«ìæ¥¢®© ª«¨®¢¨¤®© ¯®«®áâ¨, ¤ «¥¥¯à¥¤áâ ¢«¥ë   «¨â¨ç¥áª®¥ ¢ëà ¦¥¨¥ ¤«ï ¯®-«ï áª®à®áâ¥©,  «£®à¨â¬ ¯®¨áª  ¨ ª« áá¨ä¨ª æ¨ï¯¥à¨®¤¨ç¥áª¨å â®ç¥ª,   â ª¦¥ à áá¬®âà¥¨¥ ª®-

�¨á. 2. �¥®¬¥âà¨ï ª«¨®¢¨¤®© á¥ªâ®à®© ¯®«®áâ¨ªà¥â®£® ¯¥à¨®¤¨ç¥áª®£® ¯à®â®ª®«  á¬¥è¨¢ ¨ï ¨  «¨§ ª®£¥à¥âëå áâàãªâãà.1. ������������ ��������� áá¬®âà¨¬ ª¢ §¨áâ æ¨® à®¥ ¤¢ã¬¥à®¥ ¯®«-§ãé¥¥ â¥ç¥¨¥ ¥á¦¨¬ ¥¬®© ¢ï§ª®© ¦¨¤ª®áâ¨ ¢ª®«ìæ¥¢®© ª«¨®®¡à §®© ¯®«®áâ¨, a � r � b,j � j � �0 (à¨á. 2), ¢ë§¢ ®¥ â £¥æ¨ «ìë¬¨ ¯¥-à¨®¤¨ç¥áª¨ ¨§¬¥ïîé¨¬¨áï ¢® ¢à¥¬¥¨ áª®à®áâï-¬¨ Vbot(t) ¨ Vtop(t)   ¨§®£ãâëå ¨¦¥© ¨ ¢¥àå¥©£à ¨æ å r = a ¨ r = b, á®®â¢¥âáâ¢¥®. � áâ¨£à ¨æë a � r � b, j � j = �0 ¥¯®¤¢¨¦ë. �à¨íâ®¬ ¢ë¡¨à ¥¬Vbot(t) = 2 a�T ; Vtop(t) = 0;¯à¨ kT < t � �k + 12�T;Vbot(t) = 0; Vtop(t) = �2 b�T ;¯à¨ �k + 12�T < t � (k + 1)T; 9>>>>>>>>>>>>>>=>>>>>>>>>>>>>>; (1)(k = 0; 1; 2; :::::), â® ¥áâì â ª®© à §àë¢ë© ¢® ¢à¥-¬¥¨ ¯à®â®ª®« á¬¥è¨¢ ¨ï, ª®£¤  ¢ â¥ç¥¨¥ ª -¦¤®£® ¯®«ã¯¥à¨®¤  T=2 ¦¨¤ª®áâì ¢ ¯®«®áâ¨ ¤¢¨-¦¥âáï áâ æ¨® à® ¯®¤ ¤¥©áâ¢¨¥¬ áâ æ¨® à®£®¤¢¨¦¥¨ï ¨¦¥© ¨«¨ ¢¥àå¥© áâ¥ª¨   ã£®« � ¯®¨ ¯à®â¨¢ ç á®¢®© áâà¥«ª¨ á®®â¢¥âáâ¢¥®. �¥£ª®ã¡¥¤¨âìáï, çâ® â ª®© ¯à®â®ª®« à¥ «¨§ã¥âáï íªá¯¥-�. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª® 47



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 45 { 61à¨¬¥â «ì® ¤«ï ¯®«®£® ª®«ìæ , á®áâ®ïé¥£® ¨§ç¥âëàñå á¥ªâ®à®¢, ¯à¥¤áâ ¢«¥ëå   à¨á. 1.� ¤¨ «ìãî ur ¨  §¨¬ãâ «ìãî u� ª®¬¯®¥âëáª®à®áâ¨ â¥ç¥¨ï ¢ ¯®«®áâ¨ ¬®¦® ¢ëà §¨âì ç¥-à¥§ äãªæ¨î â®ª  	 ª ªur = 1r @	@� ; u� = �@ 	@r : (2)�«ï â¥ç¥¨© ¢ ¯à¨¡«¨¦¥¨¨ �â®ªá  äãªæ¨ï â®-ª  	 ã¤®¢«¥â¢®àï¥â ¡¨£ à¬®¨ç¥áª®¬ã ãà ¢¥¨îr2r2	 = 0 (3)(r2 { ®¯¥à â®à � ¯« á ) á £à ¨çë¬¨ ãá«®¢¨ï¬¨	 = 0; @	@r = �Vbot; ¯à¨ r = a; j � j � �0;	 = 0; @	@r = �Vtop; ¯à¨ r = b; j � j � �0;	 = 0; @	@� = 0; ¯à¨ a � r � b; j � j = �0: 9>>>>>>>>=>>>>>>>>;(4)�®íâ®¬ã ¤«ï äãªæ¨¨ â®ª  	 ¨¬¥¥¬ ª« áá¨ç¥áªãî¡¨£ à¬®¨ç¥áªãî § ¤ çã á § ¤ ë¬¨ § ç¥¨ï-¬¨ äãªæ¨¨ ¨ ¥¥ ®à¬ «ì®© ¯à®¨§¢®¤®©   £à -¨æ¥. � ¦® § ¬¥â¨âì, çâ® ®à¬ «ì ï ¯à®¨§-¢®¤ ï (¨«¨ â £¥æ¨ «ì ï áª®à®áâì u�) ï¢«ï¥â-áï à §àë¢®© äãªæ¨¥© ¢ ã£«®¢ëå â®çª å (a; ��0)¨ (b; ��0). �¤ ª® íâ® ®¡áâ®ïâ¥«ìáâ¢® ¥  àã-è ¥â ¥¯à¥àë¢®áâ¨ ¯®«ï áª®à®áâ¥© ¢ãâà¨ ¢á¥©¯®«®áâ¨,   «¨èì ¢ë§ë¢ ¥â ¥ª®â®àë¥ âàã¤®áâ¨ ¢¢ëç¨á«¥¨¨ á ¥®¡å®¤¨¬®© â®ç®áâìî áª®à®áâ¨ ¢®ªà¥áâ®áâ¨ íâ¨å â®ç¥ª.�¨áâ¥¬  ®¡ëª®¢¥ëå ¤¨ää¥à¥æ¨ «ìëåãà ¢¥¨© drdt = 1r @	@� ; d�dt = �@	@r (5)c  ç «ìë¬¨ ãá«®¢¨ï¬¨ r = rin; � = �in ¯à¨ t = 0®¯¨áë¢ ¥â ¤¢¨¦¥¨¥ ¯ áá¨¢®© « £à ¦¥¢®© ç -áâ¨æë ¢ ¨§¢¥áâ®¬ í©«¥à®¢®¬ ¯®«¥ áª®à®áâ¥©.�¨áâ¥¬  (5) ¬®¦¥â ¡ëâì § ¯¨á   ¢ £ ¬¨«ìâ®-®¢®© ä®à¬¥. �®¬¨¬® ®ç¥¢¨¤®£® ¯à¥®¡à §®¢ -¨ï ª ¯àï¬®ã£®«ìë¬ ª®®à¤¨ â ¬ x = r sin �; y =r cos �, ¢ ª®â®àëå á¨áâ¥¬  (5) ¬®¦¥â ¡ëâì ¯à¥¤-áâ ¢«¥  ¢ âà ¤¨æ¨®®¬ ¢¨¤¥dxdt = @ 	c@y ; dydt = �@ 	c@x (6)¯à¨ 	c(x; y; t) � 	�(x2 + y2)1=2; arctan xy ; t�, ® ¬®¦¥â ¡ëâì ¥¯®áà¥¤áâ¢¥® ¯à¥®¡à §®¢   ¢ á¨-áâ¥¬ã d(r2)dt = @ ~	@� ; d�dt = � @ ~	@ (r2) ;

~	(r2; �; t) � 2	((r2)1=2; �; t) (7)®â®á¨â¥«ì® r2 ¨ �, ï¢«ïîé¨åáï á®¯àï¦¥ë¬¨ª ®¨ç¥áª¨¬¨ ¯¥à¥¬¥ë¬¨.� ¯à¥¤¥« å ª ¦¤®£® ¨§ ¨â¥à¢ «®¢ ¢à¥¬¥¨(kT; kT + T=2), (kT + T=2; kT + T ), (k = 0; 1; 2; :::),ª®£¤  äãªæ¨ï â®ª  ï¢® ¥ § ¢¨á¨â ®â ¢à¥¬¥¨,á¨áâ¥¬  (5) ¨â¥£à¨àã¥¬  ¨ ¯à¨ íâ®¬ áãé¥áâ¢ã¥â¥¥ ¯¥à¢ë© ¨â¥£à « 	(r; �) = const. �«¥¤®¢ â¥«ì-®, ç áâ¨æ  (rin; �in) ¤¢¨¦¥âáï ¯® ãáâ ®¢¨¢è¨¬-áï «¨¨ï¬ â®ª  ¢ â¥ç¥¨¥ ¯¥à¢®© ¯®«®¢¨ë ¯¥à¨-®¤  (0; T=2). � ¬®¬¥â t = T=2 â®¯®«®£¨ï «¨¨©â®ª  ¬£®¢¥® ¨§¬¥ï¥âáï, ¨ ç áâ¨æ  ¤¢¨¦¥âáï¯® ®¢ë¬ «¨¨ï¬ â®ª  ¢ â¥ç¥¨¥ ¢â®à®© ¯®«®¢¨-ë ¯¥à¨®¤  (T=2; T ), ¨ â ª ¤ «¥¥. �à®áâà áâ¢¥-ë¥ ¯®«®¦¥¨ï ç áâ¨æë ¨§¬¥ïîâáï ¥¯à¥àë¢®,® ¥¥ áª®à®áâì ¨¬¥¥â à §àë¢ § ç¥¨© ¢ ª ¦¤ë©¬®¬¥â ¢à¥¬¥¨ tk = kT=2.�¬¥® ¨§-§  íâ¨å ¯¥à¨®¤¨ç¥áª¨å à¥§ª¨å ¨§-¬¥¥¨© ¯®«ï áª®à®áâ¥© ¢®§¨ª ¥â ¥®¡å®¤¨¬®áâì¨áá«¥¤®¢ âì ¢®¯à®á ãáâ®©ç¨¢®áâ¨ ¨ ¥ãáâ®©ç¨¢®-áâ¨ à¥è¥¨ï á¨áâ¥¬ë (5), ª ª ç áâ®£® á«ãç ï¯à®¡«¥¬ë  ¤¢¥ªæ¨¨ [25]. �áâ®©ç¨¢®áâì (¯® �ï-¯ã®¢ã) ¥¢®§¬ãé¥®£® ¤¢¨¦¥¨ï ®§ ç ¥â á«¥-¤ãîé¥¥ ¥£® á¢®©áâ¢®: ¢á¥£¤  ¬®¦® ¯®¤®¡à âì áâ®«ìª® ¬ «ë¥ ¢®§¬ãé¥¨ï  ç «ìëå ãá«®¢¨©,çâ®¡ë ¢®§¬ãé¥¨ï ª®®à¤¨ â ¥ ¢ëå®¤¨«¨ ¨§  -¯¥à¥¤ § ¤ ëå £à ¨æ ¢ â¥ç¥¨e ¢á¥£® ¢à¥¬¥-¨ ¤¢¨¦¥¨ï. �®£¤  á¨áâ¥¬  â ª®¢ , çâ® ¥§ -ç¨â¥«ì®¥ à §«¨ç¨¥  ç «ìëå ª®®à¤¨ â â®ç¥ª¯à¨¢®¤¨â â®«ìª® ª ¬ «®¬ã ¨§¬¥¥¨î ¨å ¯®«®¦¥-¨© á â¥ç¥¨¥¬ ¢à¥¬¥¨, â® áç¨â îâ, çâ® á¨áâ¥¬ ®¡« ¤ ¥â ãáâ®©ç¨¢ë¬ à¥è¥¨¥¬. �á«¨ ¦¥ ¬ «®¥à §«¨ç¨¥ ¢  ç «ìëå ¯®«®¦¥¨ïå ¢ë§ë¢ ¥â ª®-¥ç®¥ à ááâ®ï¨¥ ¬¥¦¤ã â®çª ¬¨ ç¥à¥§ ª®¥ç®¥¢à¥¬ï, â® áç¨â îâ, çâ® á¨áâ¥¬  ®¡« ¤ ¥â ¥ãáâ®©-ç¨¢ë¬ à¥è¥¨¥¬. �á«¥¤áâ¢¨¥ à §àë¢®áâ¨ ¯®«ïáª®à®áâ¥© á¨áâ¥¬  (5) ¬®¦¥â ¨¬¥âì ¥ãáâ®©ç¨¢ë¥à¥è¥¨ï, ª®£¤  ¢¥áì¬  ¡«¨§ª¨¥ ¢  ç «ìë© ¬®-¬¥â ç áâ¨æë §  ª®¥ç®¥ ¢à¥¬ï à áå®¤ïâáï ¤àã£®â ¤àã£    ª®¥ç®¥ à ááâ®ï¨¥, ®ª §ë¢ ïáì ¤ -¦¥ ¢ á®¢¥àè¥® à §ëå ç áâïå ¯®«®áâ¨. �¬¥-® â ª ï á¨âã æ¨ï ï¢«ï¥âáï ¯à¥¤¯®çâ¨â¥«ì®© ¢§ ¤ ç å ¯¥à¥¬¥è¨¢ ¨ï, ª®£¤  áâà¥¬ïâáï á®§¤ âìâ ª®¥ ¯®«¥ áª®à®áâ¥© ¨ ¤¢¨¦¥¨¥ ç áâ¨æ, ¯à¨ ª®-â®à®¬ ¡«¨§ª¨¥ ¯®  ç «ì®¬ã ¯®«®¦¥¨î ç áâ¨æë( ¯à¨¬¥à,  å®¤ïé¨¥áï ¢ ªàã£«®¬ ¯ïâ¥) á â¥ç¥-¨¥¬ ¢à¥¬¥¨ áâà¥¬ïâáï ã©â¨ ¤àã£ ®â ¤àã£   § ç¨â¥«ìë¥ ¨â¥à¢ «ë, ¯®ªàëâì ®¡« áâì ¢áî¤ã¨ \§ ¡ëâì" á¢®î ¡«¨§®áâì ¢  ç «¥ ¯à®æ¥áá  ¯¥à¥-¬¥è¨¢ ¨ï.� ¤ ç  ¨§ãç¥¨ï á¬¥è¨¢ ¨ï ¥ª®â®à®£® ®ªà -è¥®£® ª®«¨ç¥áâ¢  ¦¨¤ª®áâ¨ (¯ïâ ), ª®â®à®¥¨ª ª ¥ ¢«¨ï¥â   ¯®«¥ áª®à®áâ¥© ¢ à áá¬ âà¨¢ ¥-48 �. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 45 { 61¬®© ®¡« áâ¨ (â ª  §ë¢ ¥¬ ï ¯ áá¨¢ ï ¯à¨¬¥áì),á®áâ®¨â ¢ ¯à®á«¥¦¨¢ ¨¨ ¢® ¢à¥¬¥¨ §  ¯®«®¦¥-¨¥¬ ª®â¨ãã¬  ç áâ¨æ, ¯¥à¢® ç «ì® à á¯®«®-¦¥ëå ¢ãâà¨ ¥ª®â®à®© ®¡« áâ¨, áª ¦¥¬, ªàã£ à ¤¨ãá  R á æ¥âà®¬ ¢ (rc; �c). �®« £ ¥¬, çâ® â¥-ç¥¨¥ ®¡¥á¯¥ç¨¢ ¥â â®«ìª® ¥¯à¥àë¢®¥ ¤¥ä®à¬¨-à®¢ ¨¥ ¯¥à¢® ç «ì® á¢ï§ ®£® ª®âãà  ¯ïâ .�®íâ®¬ã ¨§ â®¯®«®£¨ç¥áª¨å á®®¡à ¦¥¨© á«¥¤ã¥â,çâ® ® ¯®«ãç¥®© ª àâ¨¥ á¬¥è¨¢ ¨ï ¯ïâ  ¬®¦-® áã¤¨âì «¨èì ¯® ¤¥ä®à¬¨à®¢ ®¬ã ¥£® ª®âã-àã.�®¯à®á ® â®¬, ª ª ®âá«¥¦¨¢ âì ¥¯à¥àë¢ë¥¨§¬¥¥¨ï § ¬ªãâ®£® ª®âãà  ¢ ¯¥à¨®¤¨ç¥áª¨ ¨§-¬¥ïîé¥¬áï ¯®«¥ áª®à®áâ¥© ¯à¥¤áâ ¢«ï¥â ®â¤¥«ì-ãî ç¨á«¥ãî ¯à®¡«¥¬ã. �ç¥¢¨¤®¥ à¥è¥¨¥ ¯ã-â¥¬ § ¬¥ë ¥¯à¥àë¢®£® ª®âãà  ¡®«ìè¨¬ ª®«¨-ç¥áâ¢®¬ íª¢¨¤¨áâ âëå â®ç¥ª, á®¥¤¨¥ëå ¬ -«ë¬¨ ®âà¥§ª ¬¨ ¯àï¬ëå, ¬®¦¥â ¨¬¥âì ¥¯à¥®¤®-«¨¬ë¥ âàã¤®áâ¨ ã¦¥ ¯®á«¥ ¥áª®«ìª¨å ¯¥à¨®¤®¢,ª®£¤  à ááâ®ï¨¥ ¬¥¦¤ã ¤¢ã¬ï  ç «ì® á®á¥¤¨-¬¨ â®çª ¬¨ áâ ¥â ª®¥çë¬ ¨ ®ª ¦¥âáï ¥ïá-ë¬ ª ª ¨å á®¥¤¨ïâì. �®íâ®¬ã ¢ ¦ ï ç áâì  -è¥© ¬¥â®¤®«®£¨¨   «¨§  á¬¥è¨¢ ¨ï ¯®á¢ïé¥ à §¢¨â¨î íää¥ªâ¨¢®£® ç¨á«¥®£®  «£®à¨â¬  [1]á«¥¦¥¨ï §  ¯à®æ¥áá®¬ ¤¥ä®à¬¨à®¢ ¨ï ª®âãà ¯ïâ .�à®¡«¥¬  ®¡ àã¦¥¨ï ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª¯®â®ª  ¯à¨ ¨á¯®«ì§®¢ ¨¨ ®â®¡à ¦¥¨ï �ã ª -à¥, ®ç¥¢¨¤®, á¢®¤¨âáï ª § ¤ ç¥ ¯®¨áª  ª®à¥© ¤¢ãå¥«¨¥©ëå ãà ¢¥¨©   ¯«®áª®áâ¨. � ª ¨§¢¥áâ-® [26], ¥ áãé¥áâ¢ã¥â å®à®è¨å ®¡é¨å ¬¥â®¤®¢¤«ï ®¯à¥¤¥«¥¨ï ª®à¥© ¥«¨¥©ëå  «£¥¡à ¨ç¥-áª¨å ãà ¢¥¨©. � à áá¬ âà¨¢ ¥¬®© § ¤ ç¥ ¯¥-à¥¬¥è¨¢ ¨ï á¨âã æ¨ï ¤ ¦¥ ¡®«¥¥ á«®¦ ï, â ªª ª ¯®«®¦¥¨¥ «î¡®© â®çª¨ ¯®á«¥ ª ¦¤®£® ®â®¡à -¦¥¨ï ®¯à¥¤¥«ï¥âáï á¨áâ¥¬®© ¤¨ää¥à¥æ¨ «ìëåãà ¢¥¨©. �«¥¤®¢ â¥«ì®, áâ ¤ àâë© ¯ãâì ¯®-¨áª  ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª ¬®¦¥â âà¥¡®¢ âì á«¨è-ª®¬ ¡®«ìè®£® ®¡ê¥¬  ª®¬¯ìîâ¥àëå ¢ëç¨á«¥¨©¨ ¥ ¢á¥£¤  ¯à¨¢®¤¨â ª æ¥«¨. �®íâ®¬ã ¬ë ¤®«¦ëà §¢¨âì ®¢ë©  «£®à¨â¬  å®¦¤¥¨ï ¢á¥å â ª¨åâ®ç¥ª ¨«¨, ¯® ªà ©¥© ¬¥à¥, â®ç¥ª ¨§è¨å ¯®àï¤-ª®¢.� ª®¥æ, ¥®¡å®¤¨¬® ¨á¯®«ì§®¢ âì ª®«¨ç¥áâ¢¥-ë¥ ¬¥àë, å à ªâ¥à¨§ãîé¨¥ ª ç¥áâ¢® á¬¥è¨¢ -¨ï, çâ®¡ë áà ¢¨¢ âì à¥§ã«ìâ âë à §«¨çëå¯à®â®ª®«®¢ ¯¥à¥¬¥è¨¢ ¨ï ¨ ¨§¬¥¥¨ï  ç «ì-ëå ¯®«®¦¥¨© ®ªà è¥®£® ¯ïâ .2. ������� ¤ ®¬ à §¤¥«¥ ®áâ ®¢¨¬áï   ®¯à¥¤¥«¥¨¨¯®«ï áª®à®áâ¥© (¢ ¯®¤à §¤¥«¥ 2.1),   â ª¦¥   ¬¥-â®¤¥ ¨¤¥â¨ä¨ª æ¨¨ ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª (¢ ¯®¤-

à §¤¥«¥ 2.2), â ª ª ª  «£®à¨â¬ á«¥¦e¨ï §  ¤¥ä®à-¬¨à®¢ ¨¥¬ ª®âãà  à §¤¥«  á¬¥è¨¢ ¥¬ëå ª®¬¯®-¥â®¢ ¨ ªà¨â¥à¨¨ ®æ¥ª¨ ª ç¥áâ¢  á¬¥á¥© ¡ë«¨¯®¤à®¡® ®¯¨á ë ¢ ç áâ¨ 1  áâ®ïé¥£® ¨áá«¥¤®-¢ ¨ï [1].2.1. � «¨â¨ç¥áª®¥ à¥è¥¨¥ ¤«ï ¯®«ï áª®à®áâ¥©�â®¡ë  ©â¨ ¯®«¥ áª®à®áâ¥© ¢ ª«¨®®¡à §®© ªàã-£®¢®© ®¡« áâ¨, ¯à¨¬¥¨¬ ¬¥â®¤ áã¯¥à¯®§¨æ¨¨ [27]ª £à ¨ç®© § ¤ ç¥ (3) - (4) ¨ ¯à¥¤áâ ¢¨¬ äãªæ¨îâ®ª  ª ª áã¬¬ã ¤¢ãå ¡¨£ à¬®¨ç¥áª¨å äãªæ¨©:	 = 	1 + 	2: (8)�â¨ äãªæ¨¨ ¢ë¡à ë ¢ ä®à¬¥ àï¤®¢ �ãàì¥ á ¤®-áâ â®çë¬ äãªæ¨® «ìë¬ ¯à®¨§¢®«®¬ ¤«ï ¢ë-¯®«¥¨ï £à ¨çëå ãá«®¢¨© (4) ¯à¨ r = a, r = b¨ ¯à¨ j�j = �0 á®®â¢¥âáâ¢¥®. �ãâì  å®¦¤¥-¨ï â ª¨å à¥è¥¨© ¤¥â «ì® ¨§«®¦¥ ¢ [4], §¤¥áì¦¥ ¯à¥¤áâ ¢¨¬ «¨èì ®ª®ç â¥«ìë¥ à¥§ã«ìâ âë.�¢¨¤ã ®¯à¥¤¥«¥®© á¨¬¬¥âà¨¨ § ¤ ç¨ ¯® ã£«ã �,äãªæ¨¨ 	1 ¨ 	2 ¬®£ãâ ¡ëâì § ¯¨á ë ª ª	1 = 1Xm=1 (�1)m�m �Xm ��ar��m � �ar��m�2++r�m�20 �rb��m+2 � r�m0 �rb��m���Ym ��rb��m+2 � �rb��m + r�m0 �ar��m ��r�m+20 �ar��m�2�� cos�m�; (9)	2 = 1Xn=1Zn r�nPn(�) sin �n�; (10)£¤¥ �m = �m � 12� ��0 ; �n = n�l0 ; l0 = ln ba ;r0 = ab ; � = ln ra ; (11)Pn(�) = ch �n�ch �n�0 cos � sin �0 � sh �n�sh �n�0 sin � cos �0:(12)� ª¨¬ ®¡à §®¬, ¬ë ¢ë¡¨à ¥¬ ¯à¥¤áâ ¢«¥¨¥ (8) ¢â ª®¬ ¢¨¤¥, çâ®¡ë ã«¥¢ë¥ £à ¨çë¥ ãá«®¢¨ï (4)ã¤®¢«¥â¢®àï«¨áì â®¦¤¥áâ¢¥®.�à¨ ¯®á«¥¤®¢ â¥«ì®áâ¨ ª®íää¨æ¨¥â®¢ Xm; Ym¨ Zn ®¡¥á¯¥ç¨¢ îâ ¤®áâ â®çãî äãªæ¨® «ìãîá¢®¡®¤ã ¤«ï ã¤®¢«¥â¢®à¥¨ï £à ¨çëå ãá«®¢¨© ¯®�. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª® 49



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 45 { 61®à¬ «ìë¬ ¯à®¨§¢®¤ë¬. �â¨ ãá«®¢¨ï ¤ îâ âà¨äãªæ¨® «ìëå ãà ¢¥¨ï, ª®â®àë¥ ¯®á«¥ àï¤ ¯à¥®¡à §®¢ ¨© ¯à¨¢®¤ïâáï ª ¤¢ã¬ ¥á¢ï§ ë¬á¨áâ¥¬ ¬  «£¥¡à ¨ç¥áª¨å ãà ¢¥¨©:�Xmsm � 1Xn=1;3;:::gmn �Zn = a�0 (Vbot � Vtop) ;m = 1; 2; 3; :::�Zn�n � 1Xm=1hnm �Xm = 0; n = 1; 3; 5; ::: 9>>>>>>>>>=>>>>>>>>>;(13)¨ �Ymtm � 1Xn=2;4;:::gmn �Zn = a�0 (Vbot + Vtop) ;m = 1; 2; 3; :::�Zn�n � 1Xm=1 hnm �Ym = 0; n = 2; 4; 6; ::: 9>>>>>>>>=>>>>>>>>;(14)¤«ï ¥¨§¢¥áâëå �Xm, �Zn (n { ¥ç¥â®¥) ¨ �Ym, �Zn(n { ç¥â®¥) á®®â¢¥âáâ¢¥®. �¤¥áì ¨á¯®«ì§®¢ ë®¢ë¥ ¥¨§¢¥áâë¥�Xm = � (Xm � Ymr0) �1 + r�m+10 � �1 + r�m�10 � ;�Ym = � (Xm + Ymr0) �1� r�m+10 � �1� r�m�10 � ;�Zn = Znal0 ch 2�n�0 + cos 2�02�0sh 2�n�0 ; (15)¨ ®¡®§ ç¥¨ïgmn = 8�2m�nl0[(�m � 1)2 + �2n][(�m + 1)2 + �2n] ;hnm = 4�m�2n�0[(�m � 1)2 + �2n][(�m + 1)2 + �2n] ;sm = 1� r2�m0 + �m(r�m�10 � r�m+10 )(1 + r�m�10 )(1 + r�m+10 ) ; (16)tm = 1� r2�m0 � �m(r�m�10 � r�m+10 )(1� r�m�10 )(1� r�m+10 ) ;�n = sh 2�n�0 + �n sin 2�0ch 2�n�0 + cos 2�0 :

�¥áª®¥çë¥ á¨áâ¥¬ë (13) ¨ (14) ï¢«ïîâáï ¢¯®«-¥ à¥£ã«ïàë¬¨ [28], â. e. ¤«ï ª ¦¤®© áâà®ª¨ ¡¥á-ª®¥ç®© ¬ âà¨æë áã¬¬  ¬®¤ã«¥© ¥¤¨ £® «ìëåç«¥®¢ ¡ã¤¥â ¬¥ìè¥   ¥ª®â®à®¥ ¯®«®¦¨â¥«ì®¥ç¨á«®, ç¥¬ ¤¨ £® «ìë© í«¥¬¥â. �«¥¤®¢ â¥«ì-®, ¤«ï ®£à ¨ç¥ëå ¯® ¢¥«¨ç¨¥ ¯à ¢ëå ç áâ¥©¥¤¨áâ¢¥®¥ ¨ ®£à ¨ç¥®¥ à¥è¥¨¥ ¬®¦¥â ¡ëâì ©¤¥® ¬¥â®¤®¬ ¯à®áâ®© à¥¤ãªæ¨¨, â. ¥.�Xm = 0; �Ym = 0;m > M; �Zn = 0; n > 2N;(17)á ¯®á«¥¤ãîé¨¬ à¥è¥¨¥¬ ª®¥çëå á¨áâ¥¬ M +Nãà ¢¥¨©, á®®â¢¥âáâ¢ãîé¨å á¨áâ¥¬ ¬ (13){(14).�¥â «ìë©   «¨§, ¤ ë© ¢ [4, 6], ¯®ª §ë¢ ¥âá«¥¤ãîé¥¥  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥¨¥:�Xm = X + �Xm; �Ym = Y + �Ym;�Zn = Ze + �Zn; (n� ç¥â®¥);�Zn = Zo + �Zn; (n � ¥ç¥â®¥); (18)£¤¥ X = �2a(�2 � 4)�0 (Vbot � Vtop) ;Y = �2a(�2 � 4)�0 (Vbot + Vtop) ;Zo = 2�X; Ze = 2�Y (19)¨ �Xm = O(��Re�1m ); �Ym = O(��Re�1m );�Zn = O(��Re�1n ); (20)¯à¨ m!1 ¨ n!1. �¤¥áì �1 = 2:739593++i1:119025 ï¢«ï¥âáï  ¨¬¥ìè¨¬ ¯®«®¦¨â¥«ìë¬ª®à¥¬ âà áæ¥¤¥â®£® ãà ¢¥¨ï sin(��=2) ++� = 0.� ª®£® à®¤   á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥¨¥ £®¢®à¨â® â®¬, çâ® ¬¥â®¤ ¯à®áâ®© à¥¤ãªæ¨¨ (17) ï¢«ï¥â-áï ¥ íää¥ªâ¨¢ë¬, â ª ª ª ¥ ¬®¦¥â ®¡¥á¯¥ç¨âì¥ã«¥¢ë¥ § ç¥¨ï ¥¨§¢¥áâë¬ á ¡®«ìè¨¬¨ § -ç¥¨ï¬¨ ¨¤¥ªá®¢. � ¨¥  á¨¬¯â®â¨ç¥áª®£® ¯®-¢¥¤¥¨ï ª®íää¨æ¨¥â®¢ àï¤®¢ �ãàì¥ áãé¥áâ¢¥-® ã«ãçè ¥â áå®¤¨¬®áâì àï¤®¢ ¢¡«¨§¨ £à ¨æ ¯ã-â¥¬ ¢ë¤¥«¥¨ï ï¢®© áã¬¬ë ¬¥¤«¥® áå®¤ïé¨åáïç«¥®¢. �®¥ç®, ¢«¨ï¨¥ â ª®£® à®¤  áã¬¬ ¬¥-¥¥ ¢ ¦® ¢ãâà¨ ®¡« áâ¨: à ¤¨ «ìë¥ ¨ ã£«®-¢ë¥ äãªæ¨¨ ¢ ¢ëà ¦¥¨ïå (9) ¨ (10) áâ ®¢ïâ-áï ¯à¥¥¡à¥¦¨¬® ¬ «ë¬¨ á ã¢¥«¨ç¥¨¥¬ ç¨á¥« m¨«¨ n á®®â¢¥âáâ¢¥®. �«¥¤®¢ â¥«ì®, ¬®¦® ¯®-ª § âì, çâ® «î¡ ï ¬ « ï ¢ à¨ æ¨ï ª®íää¨æ¨¥â®¢�Xm; �Ym; �Zn (¤ ¦¥ ¨å à ¢¥áâ¢® ã«î ¯à¨ m > M ¨n > 2N ) ¥ ¨§¬¥¨â ¯®«¥ áª®à®áâ¥© § ç¨â¥«ì®50 �. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 45 { 61¢ãâà¨ ®¡« áâ¨. �® ¢®¯à®á â®ç®áâ¨ ã¤®¢«¥â¢®-à¥¨ï £à ¨çë¬ ãá«®¢¨ï¬ ï¢«ï¥âáï áãé¥áâ¢¥®¢ ¦ë¬ ¤«ï â®ç®áâ¨ à¥è¥¨ï ¢á¥© § ¤ ç¨.�®£« á® ¢ëà ¦¥¨ï (20) ¥¨§¢¥áâë¥ �Xm, �Ym,�Zn ã¡ë¢ îâ ¤®áâ â®ç® ¡ëáâà® ¨ à¥è¥¨¥ íâ¨å®¢ëå ¡¥áª®¥çëå á¨áâ¥¬ ¬¥â®¤®¬ à¥¤ãªæ¨¨ ¬®-¦¥â ¡ëâì ¯®«ãç¥®   ®á®¢¥ ¥áª®«ìª¨å (®¡ëç®M ¨ N ¬¥ìè¥ ¯ïâ¨) ¯¥à¢ëå ¥¨§¢¥áâëå.�®§¢à é ïáì ª ª®íää¨æ¨¥â ¬ Xm; Ym; Zn, § -¯¨è¥¬ ¨å ª ªXm = Rb + xm; Ym = Rt + ym;Zn = Fb + (�1)nFt + zn (21)¯à¨ Rb = � �2aVbot�0(�2 � 4) ; Rt = � �2bVtop�0(�2 � 4) ;Fb = 4�aVbotl0(�2 � 4) ; Ft = 4�bVtopl0(�2 � 4) : (22)�à®¬®§¤ª¨¥ ¢ëà ¦¥¨ï ¤«ï xm; ym; zn §¤¥áì ¥ ¢ë-¯¨á ë, ®¤ ª® ¨ ®¨ ã¡ë¢ îâ ª ªxm = O(��Re�1m ); ym = O(��Re�1m );zn = O(��Re�1n ); (23)ª®£¤  m!1 ¨ n!1.�®¤áâ ®¢ª  ª®íää¨æ¨¥â®¢ (21) ¢ (9) ¨ (10) ¤ -¥â ®ª®ç â¥«ì®¥ ¢ëà ¦¥¨¥ ¤«ï äãªæ¨¨ â®ª  ¢ª®«ìæ¥¢®© ª«¨®¢¨¤®© ¯®«®áâ¨:	 = Rb � r2a2 � 1�S �ar ; ��� Rt �1� r2b2 �S � rb ; ��++Fb r P+(�; �) + Ft r P�(�; �)++r 1Xn=1 zn�nPn(�) sin �n��� 1Xm=1 (�1)m�m ��r2a2 � 1�hXmr�m0 �rb��m ��xm �ar��mi�1� r2b2�hYmr�m0 �ar��m ��ym �rb��mio cos�m�; (24)£¤¥ ¨á¯®«ì§®¢ ë á«¥¤ãîé¨¥ ®¡®§ ç¥¨ï ¤«ïáã¬¬: P+(�; �) = 1Xn=1 1�nPn(�) sin �n�;

P�(�; �) = 1Xn=1 (�1)n�n Pn(�) sin �n�; (25)S(�; �) = 1Xm=1 (�1)m�m ��m cos�m� == �0� ar ctan �2��=2�0 cos(��=2�0)1� ��=�0 � : (26)�ãªæ¨¨ P+(�; �) ¨ P�(�; �) ¬®£ãâ ¡ëâì ¯à¥-®¡à §®¢ ë ¢ ¡ëáâà® áå®¤ïé¨¥áï àï¤ë ¢¨¤ P+(�; �) = 1X�=1;3;:::fsin(�0 � �) [S+(�; 2� � �0 � �)�� S+(�; 2� + �0 + �)] ++ sin(�0 + �) [S+(�; 2� � �0 + �)�� S+(�; 2� + �0 � �)]g ;P�(�; �) = 1X�=1;3;:::fsin(�0 � �) [S�(�; 2� � �0 � �)�� S�(�; 2� + �0 + �)] ++ sin(�0 + �) [S�(�; 2� � �0 + �)�� S�(�; 2� + �0 � �)]g ; (27)£¤¥S+(�; �) = 1Xn=1 1�n e��n� sin �n� == l0� ar ctan � sin(��=l0)e��=l0 � cos(��=l0)� ;S�(�; �) = 1Xn=1 (�1)n�n e��n� sin �n� == � l0� ar ctan � sin(��=l0)e��=l0 + cos(��=l0)� :(28)�á«¥¤áâ¢¨¥  á¨¬¯â®â¨ç¥áª®£® ¯®¢¥¤¥¨ï (23), ¡¥á-ª®¥çë¥ áã¬¬ë (24),   â ª¦¥ ¨å ¯®ç«¥ë¥ ¯¥à-¢ë¥ ¯à®¨§¢®¤ë¥ ¯® r ¨ � ¡ëáâà® áå®¤ïâáï ¢® ¢á¥©®¡« áâ¨, ¢ª«îç ï ¨ £à ¨æë. �«¥¤®¢ â¥«ì®, ¯à¨ç¨á«¥ëå à áç¥â å ¤®áâ â®ç® ®áâ ¢¨âì ¥áª®«ì-ª® ¯¥à¢ëå ç«¥®¢ (®¡ëç®, ¤® ¯ïâ¨). �à®¬¥ â®£®,¯¥à¢ë¥ ¯à®¨§¢®¤ë¥ äãªæ¨© S(a=r; �) ¨ S(r=b; �)¤ îâ ª®¥çë© ¢ª« ¤ ¢ ¯®«¥ áª®à®áâ¥©   £à ¨æ¥,çâ® ¬®¦¥â ¡ëâì ¢ëç¨á«¥® ¯à¥¤¥«ìë¬¨ ¯¥à¥å®-¤ ¬¨.�â¬¥â¨¬, çâ® ç«¥ë Rb, Rt, Fb ¨ Ft ¢ ¢ëà ¦¥-¨¨ (24) á®®â¢¥âáâ¢ãîâ «®ª «ì®¬ã à¥è¥¨î �ã-¤ì¥à  [29] ¨ �¥©«®à  (á¬. [30]) ¤«ï â¥ç¥¨ï �â®ªá ¢ ç¥â¢¥àâì ¯«®áª®áâ¨ á à §àë¢®© â £¥æ¨ «ì-®© áª®à®áâìî, ¯à¨ª« ¤ë¢ ¥¬®© â®«ìª® ¢¤®«ì ®¤-®© £à ¨æë. �®ª «ì®¥ ¯à¥¤áâ ¢«¥¨¥ äãªæ¨¨�. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª® 51



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 45 { 61â®ª  ¢ ã£«®¢®© â®çª¥,   â ª¦¥  ¬¯«¨âã¤  ¢¨åà¥©�®ää ââ  [31] ¡®«¥¥ ¯®¤à®¡® ¯à¥¤áâ ¢«¥ë ¢ [4].� ª¨¬ ®¡à §®¬, ª®¬¯®¥âë ¯®«ï áª®à®áâ¥© ¬®-£ãâ ¡ëâì ¢ëç¨á«¥ë ª ª á®®â¢¥âáâ¢ãîé¨¥ ¯¥à¢ë¥¯à®¨§¢®¤ë¥ äãªæ¨¨ â®ª  (24) ¨ ¯à¥¤áâ ¢«ïîâáï¢ ¢¨¤¥ ¡ëáâà® áå®¤ïé¨åáï àï¤®¢ ¢® ¢á¥© ®¡« áâ¨,¢ª«îç ï £à ¨æë.2.2. �¥à¨®¤¨ç¥áª¨¥ â®çª¨ ¨ ¨¢ à¨ âë¥ ¬®-£®®¡à §¨ï�à¥¤« £ ¥¬ë©  «£®à¨â¬ ¤«ï ®âëáª ¨ï ¯¥à¨®¤¨-ç¥áª¨å â®ç¥ª ã¬¥ìè ¥â ¯®àï¤®ª ¯®¨áª  ¨§ ¤¢ãå-¬¥à®£® ¢® ¢á¥© ¯®«®áâ¨ ¢ ®¤®¬¥àãî ¯à®æ¥¤ãàã®âëáª ¨ï ª®à¥© r�   æ¥âà «ì®© «¨¨¨ � = 0.�â®â  «£®à¨â¬ ¯à¥¤áâ ¢«¥ ®ç¥ì ¯®¤à®¡® ¢ à -¡®â¥ [13] ¤«ï ¯àï¬®ã£®«ì®© ¯®«®áâ¨.� áá¬®âà¨¬ â®çªã (rT=4; 0), ª®â®à ï ¢ ¬®¬¥ât = T=4 à á¯®«®¦¥    «¨¨¨ á¨¬¬¥âà¨¨ � = 0.�§-§  á¨¬¬¥âà¨¨ ¯à®â®ª®«  (1) ¯® ¢à¥¬¥¨ ®ç¥-¢¨¤®, çâ® ¢ ¬®¬¥âë t = 0 ¨ t = T=2 íâ  â®ç-ª  § ¨¬ ¥â ¯®«®¦¥¨ï (r1;��1) ¨ (r1; �1) á®®â-¢¥âáâ¢¥®. �¥¯¥àì, ¥á«¨ ¢ ¬®¬¥â t = 3T=4 íâ â®çª  á®¢  ®ª ¦¥âáï   «¨¨¨ á¨¬¬¥âà¨¨ � = 0á ª®®à¤¨ â ¬¨ (r3T=4; 0), â® ¢ ¬®¬¥âë t = T=2¨ t = T ¥e ¯®«®¦¥¨ï ¡ã¤ãâ (r1; �1) ¨ (r1;��1)á®®â¢¥âáâ¢¥®. �®íâ®¬ã â®çª  (r1;��1) ï¢«ï-¥âáï ¯¥à¨®¤¨ç¥áª®© â®çª®© ¯¥à¨®¤ -1, ¨ áæ¥ à¨©[T=4 � 3T=4] ¤«ï ®âëáª ¨ï ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª¬®¦¥â ¡ëâì á«¥¤ãîé¨¬:{ ¢ ¬®¬¥â t = T=4 ¢§ïâì «î¡ãî â®çªã (rT=4; 0)  «¨¨¨ á¨¬¬¥âà¨¨, ¯à®¨â¥£à¨à®¢ âì á¨áâ¥¬ããà ¢¥¨©  ¤¢¥ªæ¨¨ (5) ¤® t = 3T=4 ¨ ¯à®¢¥à¨âì,à á¯®«®¦¥  «¨ â®çª  (r3T=4; �3T=4)   «¨¨¨ á¨¬-¬¥âà¨¨. � ª¨¬ ®¡à §®¬, ¥á«¨ r� { ª®à¥ì ãà ¢¥-¨ï �(T=4;3T=4)(r�; 0) = 0 (29)(§¤¥áì ¨ ¤ «¥¥ ¨¤¥ªáë ¢ ªàã£«ëå áª®¡ª å ¯®-ª §ë¢ îâ ¨â¥à¢ «, ¢ ¯à¥¤¥« å ª®â®à®£® á¨áâ¥-¬  (5) ¨â¥£à¨àã¥âáï,    à£ã¬¥âë ¯à¥¤áâ ¢«ï-îâ  ç «ìë¥ ãá«®¢¨ï ¤«ï íâ®© á¨áâ¥¬ë), â®â®çª  (r1;��1) á r1 = r(T=4;T=2)(r�; 0), �1 =�(T=4;T=2)(r�; 0) ï¢«ï¥âáï ¯¥à¨®¤¨ç¥áª®© ¯¥à¨®¤  1.�¥®¬¥âà¨ç¥áª¨ íâ  ¯¥à¨®¤¨ç¥áª ï â®çª  à á¯®-«®¦¥    ¯¥à¥á¥ç¥¨¨ ¤¢ãå ãáâ®©ç¨¢ëå «¨¨© â®-ª  	bot(r; �) = Cbot ¨ 	top(r; �) = Ctop, á®®â¢¥â-áâ¢ãîé¨å ¤¢¨¦¥¨î ¨¦¥© ¨ ¢¥àå¥© ªàã£®¢ëåáâ¥®ª. �®«ìª® ¯® íâ¨¬ ¤¢ã¬ «¨¨ï¬ ¯¥à¨®¤¨ç¥-áª ï â®çª  ¬®¦¥â ¢¥àãâìáï ¢ ¯¥à¢® ç «ì®¥ ¯®-«®¦¥¨¥.�« áá¨ä¨æ¨à®¢ âì â¨¯ ¯¥à¨®¤¨ç¥áª®© â®çª¨(í««¨¯â¨ç¥áª ï ¨«¨ £¨¯¥à¡®«¨ç¥áª ï) ¬®¦®   -«¨â¨ç¥áª¨, ®¯à¥¤¥«ïï á®¡áâ¢¥ë¥ § ç¥¨ï �1 ¨�2 ïª®¡¨   ¬ âà¨æë � «¨¥ à¨§®¢ ®© á¨áâ¥-

¬ë (5) ¢ ®ªà¥áâ®áâ¨ â®çª¨. �á«¨ �1 ¨ �2 ï¢«ï-îâáï ª®¬¯«¥ªá® á®¯àï¦¥ë¬¨, â® ¯¥à¨®¤¨ç¥-áª ï â®çª  ¨¬¥¥â í««¨¯â¨ç¥áª¨© â¨¯. �á«¨ �1 ¨�2 = 1=�1 ï¢«ïîâáï ¤¥©áâ¢¨â¥«ìë¬¨, â® ¯¥à¨®-¤¨ç¥áª ï â®çª  ¨¬¥¥â £¨¯¥à¡®«¨ç¥áª¨© â¨¯. � ª-¦¥ ¬®¦¥â ¨¬¥âì ¬¥áâ® á¨âã æ¨ï �1 = �2 = �1,çâ® á®®â¢¥âáâ¢ã¥â á«ãç î ¢ëà®¦¤¥¨ï, ª®£¤  ¯¥-à¨®¤¨ç¥áª ï â®çª  ï¢«ï¥âáï ¯ à ¡®«¨ç¥áª®©: ¯à¨íâ®¬ «î¡®¥ ¬ «®¥ ¨§¬¥¥¨¥ ¯à®â®ª®«  ¯¥à¥¬¥è¨-¢ ¨ï (â® ¥áâì ¢¥«¨ç¨ë �) ¢¥¤¥â ª â®¬ã, çâ® ¯¥-à¨®¤¨ç¥áª ï â®çª  ¨§ ¯ à ¡®«¨ç¥áª®© áâ ®¢¨âáïí««¨¯â¨ç¥áª®£® ¨«¨ £¨¯¥à¡®«¨ç¥áª®£® â¨¯ .�«¥¬¥âë ïª®¡¨   ¬ âà¨æë M ¬®¦® ¢ëç¨-á«¨âì, à¥è ï á¨áâ¥¬ã (5), § ¯¨á ãî ¢ ¯àï¬®-ã£®«ìëå ª®®à¤¨ â å x = r sin �; y = r cos � ª ªdxdt = ur sin � + u� cos �; dydt = ur cos � � u� sin �(30)¤«ï ç¥âëà¥å  ç «ìëå á®áâ®ï¨© (�x + "; �y), (�x�"; �y), (�x; �y+"), (�x; �y�") (§¤¥áì (�x; �y) { ¯àï¬®ã£®«ì-ë¥ ª®®à¤¨ âë ¯¥à¨®¤¨ç¥áª®© â®çª¨,   " { ¬ «ë©¯ à ¬¥âà,  ¯à¨¬¥à, " = 0:005a):Mxx = x(0;T )(�x+ "; �y)� x(0;T )(�x� "; �y)2" ;Mxy = x(0;T )(�x; �y + ") � x(0;T )(�x; �y � ")2" ;Myx = y(0;T )(�x+ "; �y) � y(0;T )(�x� "; �y)2" ;Myy = y(0;T )(�x; �y + ") � y(0;T )(�x; �y � ")2" : (31)�á«®¢¨¥, çâ® ¤¥â¥à¬¨ â ¬ âà¨æë M ¤®«¦¥¡ëâì à ¢¥ ¥¤¨¨æ¥, ¨á¯®«ì§ã¥âáï ¤«ï ¯à®¢¥àª¨â®ç®áâ¨ ¢ëç¨á«¥¨©.�à¨ [32] ¢¢¥« ¢¥«¨ç¨ã,  §¢ ãî ¢ëç¥â®¬ ¯¥-à¨®¤¨ç¥áª®© â®çª¨ ¨ ®¯à¥¤¥«¥ãî ª ªR = 12 � 14Tr(M) = 12 � 14(Mxx +Myy): (32)�¥£ª® ¯®ª § âì, çâ® ãá«®¢¨¥ 0 < R < 1 ®¯à¥¤¥«ï-¥â í««¨¯â¨ç¥áªãî ¯¥à¨®¤¨ç¥áªãî â®çªã (�1 ¨ �2ï¢«ïîâáï ª®¬¯«¥ªá® á®¯àï¦¥ë¬¨), ¢ â® ¢à¥¬ï,¥á«¨ R < 0 (�1 ¨ �2 { ¯®«®¦¨â¥«ìë¥) ¨«¨ R < 1(�1 ¨ �2 { ®âà¨æ â¥«ìë¥ ¢¥«¨ç¨ë), â® íâ¨ ãá«®-¢¨ï å à ªâ¥à¨§ãîâ £¨¯¥à¡®«¨ç¥áªãî ¯¥à¨®¤¨ç¥-áªãî â®çªã.�«ï £¨¯¥à¡®«¨ç¥áª®© ¯¥à¨®¤¨ç¥áª®© â®çª¨ áã-é¥áâ¢ãîâ ¤¢¥ ¨¢ à¨ âë¥ ªà¨¢ë¥ W (s)H ¨ W (u)H , §¢ ë¥ ãáâ®©ç¨¢ë¬ ¨ ¥ãáâ®©ç¨¢ë¬ ¬®£®-®¡à §¨ï¬¨. �â¨ ¬®£®®¡à §¨ï ¬®£ãâ ¡ëâì ¯®-áâà®¥ë, ®ªàã¦ ï ¯¥à¨®¤¨ç¥áªãî £¨¯¥à¡®«¨ç¥-áªãî â®çªã ¤®áâ â®ç® ¬ «ë¬ ªàã£®¬, áª ¦¥¬,52 �. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 45 { 61à ¤¨ãá  0:001a, ¨ § â¥¬ ¨á¯®«ì§ãï ã¯®¬ïãâë©¢ [1]  «£®à¨â¬ á«¥¦¥¨ï §  «¨¨¥© ª®âãà  á®£« á-® ¯àï¬®¬ã ¨ ®¡à â®¬ã ¯à®â®ª®«ã ¯¥à¥¬¥è¨¢ -¨ï (1). �¡à âë© ¯à®â®ª®« á®®â¢¥âáâ¢ã¥â ¨§¬¥-¥¨î ¢ (1) �  �� ¨  ç «ã ¤¢¨¦¥¨ï   ¢¥àå¥©ªàã£®¢®© £à ¨æ¥.�«ï ®¡ àã¦¥¨ï ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª ¡®«¥¥¢ëá®ª¨å ¯¥à¨®¤®¢ ¬®£ãâ ¡ëâì ¯à¨¬¥¥ë á«¥¤ã-îé¨¥   «®£¨çë¥  «£®à¨â¬ë.�¥à¨®¤-2.{ �æ¥ à¨© [T=4� 5T=4]: ¥á«¨ r�� { ª®à¥ì ãà ¢-¥¨ï �(T=4;5T=4)(r��; 0) = 0, â®£¤  â®çª  (r2; �2)á r2 = r(T=4;T=2)(r��; 0), �2 = ��(T=4;T=2)(r��; 0)ï¢«ï¥âáï ¯¥à¨®¤¨ç¥áª®©.{ �æ¥ à¨© [3T=4� 7T=4]: ¥á«¨ r�� { ª®à¥ì ãà ¢-¥¨ï �(3T=4;7T=4)(r��; 0) = 0, â®£¤  â®çª  (r2; �2) ár2 = r(3T=4;3T=2)(r��; 0), �2 = ��(3T=4;3T=2)(r��; 0)ï¢«ï¥âáï ¯¥à¨®¤¨ç¥áª®©.�¥à¨®¤-3.{ �æ¥ à¨¨ [T=4 � 7T=4], [3T=4 � 9T=4], [5T=4 �11T=4].�¥à¨®¤-4.{ �æ¥ à¨¨ [T=4� 9T=4], [3T=4� 11T=4], [5T=4�13T=4], [7T=4� 15T=4].�¥à¨®¤-5.{ �æ¥ à¨¨ [T=4� 11T=4], [3T=4� 13T=4], [5T=4�15T=4], [7T=4� 17T=4], [9T=4� 19T=4].�¥à¨®¤-6.{ �æ¥ à¨¨ [T=4� 13T=4], [3T=4� 15T=4], [5T=4�17T=4], [7T=4 � 19T=4], [9T=4 � 21T=4], [11T=4 �23T=4]. � â. ¤.� ¦¤ ï ¯¥à¨®¤¨ç¥áª ï â®çª  ¯¥à¨®¤ -n ¨¬¥¥ân�1 "á¯ãâ¨ª®¢", á®®â¢¥âáâ¢ãîé¨å ¥¥ ¯®«®¦¥¨-ï¬ ¢ ¬®¬¥âë T , 2T , ..., (n � 1)T . �®íâ®¬ã áæ¥- à¨¨ ¥ ¢á¥£¤  ¤ îâ ®¢ë¥ ¯¥à¨®¤¨ç¥áª¨¥ â®çª¨,¨®£¤  ®¨ ®¯à¥¤¥«ïîâ ¥ª®â®àë¥ á¯ãâ¨ª¨ ã¦¥ ©¤¥ëå â®ç¥ª. � «î¡®¬ á«ãç ¥ íâ¨  «£®à¨â-¬ë ®¡¥á¯¥ç¨¢ îâ íää¥ªâ¨¢ãî ¯à®æ¥¤ãàã ¯®¨áª ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª ¢ ª®«ìæ¥¢®© ¯®«®áâ¨ ª«¨ .3. ����������� �������������������� ë© à §¤¥« ¯®á¢ïé¥ ¯à¨¬¥¥¨î à §à ¡®-â ®© ¬¥â®¤®«®£¨¨ ¨áá«¥¤®¢ ¨ï ¯à®æ¥áá®¢ ¯¥à¨-®¤¨ç¥áª®£® á¬¥è¨¢ ¨ï ¢ï§ª¨å¦¨¤ª®áâ¥© ª   «¨-§ã á¬¥è¨¢ ¨ï ¦¨¤ª®áâ¥© ¢ ªàã£®¢®© ª«¨®®¡à §-®© ¯®«®áâ¨ ¯à¨ �0 = �=4 ¨ b=a = 2. �¥«ì   «¨-§  { ®¯à¥¤¥«¥¨¥  ¨¡®«¥¥ íää¥ªâ¨¢®£® ¯à®â®ª®-«  á¬¥è¨¢ ¨ï ¨  å®¦¤¥¨¥ ¯®«®¦¥¨ï  ç «ì®-£® § ªà è¥®£® ¯ïâ , ª®â®à®¥ ¡ã¤¥â ¢ ¯à®æ¥áá¥¯¥à¥¬¥è¨¢ ¨ï  ¨¡®«¥¥ ®¤®à®¤® à á¯à¥¤¥«ïâì-áï ¯® ¢á¥© ¯®«®áâ¨. �«ï áà ¢¥¨ï íää¥ªâ¨¢®-

áâ¨ à §«¨çëå ¯à®â®ª®«®¢ á¬¥è¨¢ ¨ï ¥®¡å®¤¨-¬® ã¬¥âì ®æ¥¨¢ âì § âà ç¥ãî ¢ ¯à®æ¥áá¥ í¥à-£¨î. �à¥¤¯®« £ ¥¬, çâ® ¢á¥ ¯à®â®ª®«ë ¨¬¥îâ®¤¨ ª®¢ãî ã£«®¢ãî áª®à®áâì 2�=T . �®£¤  á®-¢®ªã¯®¥ ¯¥à¥¬¥é¥¨¥, ¢ë¯®«¥®¥ áâ¥ª ¬¨ ¯®-«®áâ¨, ¬®¦¥â á«ã¦¨âì ¬¥à®© ª®«¨ç¥áâ¢  à ¡®âë,¯à®¤¥« ®© ¯à¨ ¯¥à¥¬¥é¥¨¨ £à ¨æ (â. ¥. ¬¥-à®© ¯®âà¥¡«¥®© í¥à£¨¨). �«ï ¯¥à¨®¤¨ç¥áª®£®¯à®â®ª®«  (1) íâ  í¥à£¨ï à ¢  �(a+b) ¤«ï ®¤®-£® ¯¥à¨®¤  ¨ �(a+b)Np ¤«ïNp ¯¥à¨®¤®¢ ¨«¨, ¢ ¡¥§-à §¬¥à®© ä®à¬¥, W = �(a + b)Np=(�0a) = 3HNp(£¤¥ ¡¥§à §¬¥àë© ¯ à ¬¥âà H = �=�0).�  à¨á. 3 ¯®ª §   ¡¨äãàª æ¨® ï ¤¨ £à ¬¬ ª®à¥© r� ãà ¢¥¨ï (29) (â. ¥. ¯®«®¦¥¨© r� ¯¥-à¨®¤¨ç¥áª®© â®çª¨ ¯¥à¨®¤ -1   æ¥âà «ì®© «¨-¨¨ ¯®«®áâ¨) ¢ § ¢¨á¨¬®áâ¨ ®â § ç¥¨© H, ¨§ª®â®à®© á«¥¤ã¥â, çâ® ¯à¨ H < 4:86 áãé¥áâ¢ã¥ââ®«ìª® ®¤¨ ª®à¥ì ãà ¢¥¨ï,   § ç¨â ¨ â®«ìª®®¤  ¯¥à¨®¤¨ç¥áª ï â®çª  ¯¥à¨®¤ -1. �  ¬¥ï¥âá¢®© â¨¯ ¯à¨ H = 3:05, ¯¥à¥å®¤ï ¨§ í««¨¯â¨ç¥áª®©(á®®â¢¥âáâ¢ãîé¥© á¯«®è®© «¨¨¨) ¢ £¨¯¥à¡®«¨-ç¥áªãî (èâà¨å®¢ ï «¨¨ï). �â®à ï ¡¨äãàª æ¨®- ï ªà¨¢ ï ¯®ï¢«ï¥âáï ¯à¨ H � 4:86. �à¨ íâ®¬¢¥àåïï ªà¨¢ ï ¯®ª §ë¢ ¥â ¨§¬¥¥¨¥ â¨¯  ¯¥à¨-®¤¨ç¥áª®© â®çª¨ ¯à¨ H = 5:48:   íâ®â à § ¯¥-à¨®¤¨ç¥áª ï â®çª  ¨§ £¨¯¥à¡®«¨ç¥áª®© áâ ®¢¨â-áï í««¨¯â¨ç¥áª®©. �â®à ï ¡¨äãàª æ¨® ï ªà¨¢ ïãª §ë¢ ¥â    «¨ç¨¥ ª ª í««¨¯â¨ç¥áª¨å (á¯«®è-ë¥ «¨¨¨), â ª ¨ £¨¯¥à¡®«¨ç¥áª¨å (èâà¨å®¢ë¥ãç áâª¨ ªà¨¢®©) ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª ¯¥à¨®¤ -1.� æ¥âà «ì®© ç áâ¨ £à ä¨ª  ¢ £¥®¬¥âà¨¨ à áá¬ -âà¨¢ ¥¬®© ¯®«®áâ¨ ¯à¨¢¥¤¥  â¨¯¨ç ï âà ¥ªâ®-à¨ï ¯¥à¨®¤¨ç¥áª®© â®çª¨ ¯¥à¨®¤ -1, ®¯¨áë¢ ¥¬ ïâ®çª®© E §  ¯¥à¨®¤.� ¤ «ì¥©è¥¬ ®£à ¨ç¨¬  è¥ à áá¬®âà¥¨¥á«ãç ¥¬ H = 4. �®®à¤¨ âë ¢á¥å ¯¥à¨®¤¨ç¥áª¨åâ®ç¥ª ¤® ¯¥à¨®¤ -6 ¢ª«îç¨â¥«ì® ¯à¥¤áâ ¢«¥ë  à¨á. 4, £¤¥ á¯«®è®© ª¢ ¤à â¨ª á®®â¢¥âáâ¢ã¥â£¨¯¥à¡®«¨ç¥áª®© â®çª¥ ¯¥à¨®¤ -1 (¤«ï H = 4 áã-é¥áâ¢ã¥â â®«ìª® ®¤  ¯¥à¨®¤¨ç¥áª ï â®çª  íâ®-£® ¯¥à¨®¤ ). �àã¦¥çª ¬¨   £à ä¨ª¥ ¨§®¡à ¦¥ëª®®à¤¨ âë ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª ¯¥à¨®¤ -2, ªà¥-áâ¨ª ¬¨ { ¯¥à¨®¤ -4 ¨ â®çª ¬¨ { ¯¥à¨®¤ -6. �¥-à¨®¤¨ç¥áª¨¥ â®çª¨ ¯¥à¨®¤®¢-3 ¨ -5 ¥ ¯®ª § ë,â ª ª ª ®¨ à á¯®«®¦¥ë ¢¡«¨§¨ £à ¨æë ¯®«®-áâ¨. �®ª § ë¥ ¯¥à¨®¤¨ç¥áª¨¥ â®çª¨ ¢ ®á®¢®¬ï¢«ïîâáï £¨¯¥à¡®«¨ç¥áª¨¬¨, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â® â®¬, çâ® ¢ë¡à ë© ¯à®â®ª®« á H = 4 ®¡¥á¯¥ç¨-¢ ¥â å®à®è¥¥ ¨ ¡ëáâà®¥ ¯¥à¥¬¥è¨¢ ¨¥. �«¥¤ã¥ââ ª¦¥ ®â¬¥â¨âì, çâ® âà ¤¨æ¨®ë© ¬¥â®¤ ®â®-¡à ¦¥¨© �ã ª à¥ ç¥à¥§ 2, 4 ¨ 6 ¯¥à¨®¤®¢ ¢àï¤«¨ ¬®¦¥â ®¡ àã¦¨âì  «¨ç¨¥ ¢á¥å ¯¥à¨®¤¨ç¥áª¨åâ®ç¥ª ¯¥à¨®¤®¢-2, -4 ¨ -6, â ª ª ª á®®â¢¥âáâ¢ãî-é¨¥ íâ¨¬ â®çª ¬ í««¨¯â¨ç¥áª¨¥ ®áâà®¢  § ¨¬ -�. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª® 53
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�¨á. 3. �¨äãàª æ¨® ï ¤¨ £à ¬¬  áãé¥áâ¢®¢ ¨ï¯¥à¨®¤¨ç¥áª¨å â®ç¥ª

�¨á. 4. � á¯®«®¦¥¨¥ ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª¯¥à¢®£®-è¥áâ®£® ¯®àï¤ª îâ á«¨èª®¬ ¬ «ë¥ ®¡« áâ¨.�  à¨á. 1 ¯à¥¤áâ ¢«¥ë ç¥âëà¥ ¯®«®áâ¨ á ª à-â¨ ¬¨ á¬¥á¥© ¨  ç «ìë¬¨ ¯®«®¦¥¨ï¬¨ ªàã£-«ëå ¯ïâ¥, ª®â®àë¥ ¡ë«¨ ¯®¤¢¥à£ãâë à §«¨ç-ë¬ ¯à®â®ª®« ¬ á¬¥è¨¢ ¨ï. �¥àåïï, ¨¦ïï¨ «¥¢ ï ¯®«®áâì ¯à¥¤áâ ¢«ïîâ à¥§ã«ìâ âë ¯¥à¥-¬¥è¨¢ ¨ï ¯à¨ ®¤®¬ ¯à®â®ª®«¥,   ¨¬¥®: ¯¥-

à¨®¤¨ç¥áª®¬ ¯à®â®ª®«¥ á H = 4 ¯®á«¥ 12 ¯¥à¨-®¤®¢ (Np= 12). �à ¢ ï ¯®«®áâì, ¢ ª®â®à®©  -ç «ì®¥ ¯ïâ® ¯à ªâ¨ç¥áª¨ ¥ à á¯à¥¤¥«¨«®áì ¯®¢á¥© ®¡« áâ¨, ¤¥¬®áâà¨àã¥â à¥§ã«ìâ â á¬¥è¨¢ -¨ï ¤«ï H = 2. �¥á¬®âàï   â®, çâ® ¯à®æ¥áá á¬¥-è¨¢ ¨ï ¯à®¢®¤¨«áï ¤«ï íâ®© ¯®«®áâ¨ ¢ ¤¢  à § ¤®«ìè¥, â. ¥. à¥§ã«ìâ âë á®®â¢¥âáâ¢ãîâ 24 ¯¥-à¨®¤ ¬, Np= 24, ¨ â ª¨¬ ®¡à §®¬, ®¡é ï à ¡®-â  W = �(a + b)Np=(�0a) = 3HNp ¤«ï ¢á¥å ¯®«®-áâ¥© ®¤¨ ª®¢ , à¥§ã«ìâ âë á¬¥è¨¢ ¨ï ¯à¨æ¨-¯¨ «ì® à §«¨çë. � ¨«ãçè¥¥ á¬¥è¨¢ ¨¥ á®®â-¢¥âáâ¢ã¥â á«ãç î, ¯à¥¤áâ ¢«¥®¬ã ¢ ¢¥àå¥© ¯®-«®áâ¨, ª®£¤   ç «ì®¥ ¯ïâ® à §¤¥«¥®   4 ¬ «ëåªàã£«ëå ¯ïâ , ¯®¬¥é¥ëå ¢ à §ëå à ©® å ¯®-«®áâ¨. �¨¦ïï ª àâ¨  á®®â¢¥âáâ¢ã¥â á«ãç îá¬¥è¨¢ ¨ï ®¤®£® ¯ïâ , ¯®¬¥é¥®£®  ç «ì-® ¢®ªàã£ ¥¤¨áâ¢¥®© ¤«ï ¯à®â®ª®«  á H = 4¯¥à¨®¤¨ç¥áª®© â®çª¨ ¯¥à¨®¤ -1 (ª ª íâ® ¯®ª § ®®ªàã¦®áâìî   à¨á. 4). �®áª®«ìªã ¢ë¡à  ï ¯¥-à¨®¤¨ç¥áª ï â®çª  ï¢«ï¥âáï £¨¯¥à¡®«¨ç¥áª®©, ç¥-à¥§ ¥¥ ¯à®å®¤¨â ¥ãáâ®©ç¨¢®¥ ¬®£®®¡à §¨¥,  â®çª¨ ¢ ¥¥ ®ªà¥áâ®áâ¨ å à ªâ¥à¨§ãîâáï å ®â¨ç¥-áª¨¬¨ âà ¥ªâ®à¨ï¬¨ (â. ¥. à §¡¥£ îâáï íªá¯®¥-æ¨ «ì® ¤àã£ ®â ¤àã£ ),  ç «ì®¥ ¯ïâ® ¤®¢®«ì®®¤®à®¤® à á¯à¥¤¥«¨«®áì ¯® ¢á¥© ¯®«®áâ¨. �¥-¢ ï ¯®«®áâì ¤ ¥â à¥§ã«ìâ â á¬¥è¨¢ ¨ï ¯à¨ â ª®¬¦¥ á ¬®¬ ¯à®â®ª®«¥ (ª ª ¨ ¢ ¨¦¥© ¯®«®áâ¨), ®¯à¨ ¤àã£®¬ (å®âï ¨ ¯®çâ¨ àï¤®¬)  ç «ì®¬ ¯®-«®¦¥¨¨ ¯ïâ . �§ à¨á. 1 ¢¨¤®, çâ® ¢ ª àâ¨¥á¬¥á¨ ¥áâì ¯ãáâ®âë, â.¥. ¥â áà ¢¨â¥«ì® ®¤¨ -ª®¢®£® ¯à®¨ª®¢¥¨ï § ªà è¥®© ¦¨¤ª®áâ¨ ¢®¢á¥ à ©®ë ¯®«®áâ¨. �à ¢ ï ¯®«®áâì ¨¬¥¥â  ¨-åã¤è¨© à¥§ã«ìâ â á¬¥è¨¢ ¨ï, ¯®áª®«ìªã  ç «ì-®¥ ¯®«®¦¥¨¥ ¯ïâ  ¢ë¡à ® ¢®ªàã£ í««¨¯â¨ç¥-áª®© â®çª¨ ¯¥à¨®¤ -1 (¥¤¨áâ¢¥®© ¤«ï ¯à®â®ª®-«  á H = 2), ¯®íâ®¬ã ¯à¨æ¨¯¨ «ì® ¤®áâ¨£ãâìå®à®è¥£® á¬¥è¨¢ ¨ï ¤«ï â ª®£®  ç «ì®£® ¯®«®-¦¥¨ï ¥¢®§¬®¦®. � ª á«¥¤ã¥â ¨§   «¨§  ª®£¥-à¥âëå áâàãªâãà, ¯à¥¤«®¦¥®£® ¢ à ¡®â¥ [20],®¡« áâ¨ ¢®ªàã£ í««¨¯â¨ç¥áª¨å â®ç¥ª ¢¥¤ãâ á¥¡ïª ª í« áâ¨ç®¯®¤®¡ë¥, ®¨ â®«ìª® á«¥£ª  ¤¥ä®à-¬¨àãîâáï, á®åà ïï ¢á¥ ¢¥é¥áâ¢® ¢ ®¡« áâ¨ ¢®-ªàã£ í««¨¯â¨ç¥áª®© â®çª¨.�à ä¨ª¨ ª àâ¨ á¬¥á¥© ¡ë«¨ ¯®áâà®¥ë   à¨á.1 á ¨á¯®«ì§®¢ ¨¥¬  «£®à¨â¬  á«¥¦¥¨ï §  ¤¥ä®à-¬¨à®¢ ¨¥¬ «¨¨¨ ª®âãà   ç «ì®£® ªàã£«®£®¯ïâ  (¨«¨ ¯ïâ¥), ¯à¥¤«®¦¥®£® ¢ ç áâ¨ 1  -áâ®ïé¥£® ¨áá«¥¤®¢ ¨ï [1]. �à¥¨¬ãé¥áâ¢  â ª®£® «£®à¨â¬  ¯à®¤¥¬®áâà¨à®¢ ë   à¨á. 5. � -ç «ìë© ªàã£«ë© ª®âãà à ¤¨ãá  R = 0:2a á æ¥-âà®¬ ¢ £¨¯¥à¡®«¨ç¥áª®© â®çª¥ ¯¥à¨®¤ -1 ¯à¥¤áâ -¢«¥ á ¨á¯®«ì§®¢ ¨¥¬ 25 â®ç¥ª   à¨á. 5,  . � à¨á. 5, b «¨¨ï ª®âãà  ¯®á«¥ ¤¢¥ ¤æ â¨ ¯¥à¨®¤®¢á¬¥è¨¢ ¨ï ¯®áâà®¥  á ¨á¯®«ì§®¢ ¨¥¬ ¯®«®¦¥-54 �. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 45 { 61

�¨á. 5. �®âãàë¥ «¨¨¨:¯®«ãç¥ë¥ á ¯à¨¬¥¥¨¥¬  «£®à¨â¬  {{   {  ç «ì®¥ ¯®«®¦¥¨¥ ¯ïâ ;b { ¯®á«¥ 12 ¯¥à¨®¤®¢;c, d { ¯®«ãç¥ë¥ âà ¤¨æ¨®ë¬ ¬¥â®¤®¬¨© 5 �104 â®ç¥ª. �à¨ íâ®¬ ¯à¨¬¥¥ë á«¥¤ãîé¨¥ªà¨â¥à¨¨: à ááâ®ï¨¥ ¬¥¦¤ã «î¡ë¬¨ ¤¢ã¬ï á®-á¥¤¨¬¨ â®çª ¬¨ ¡ë«® ¥ ¡®«ìè¥, ç¥¬ ldis = 0:03a¨ ¥ ¬¥ìè¥, ç¥¬ lcur = 0:015a (á¬. [1]). � ¦®¯®¤ç¥àªãâì, çâ® ¨§-§  íªá¯®¥æ¨ «ì®£® ¨ ¥®¤-®à®¤®£® ¢¤®«ì «¨¨¨ ª®âãà  à áâï¦¥¨ï ¯à¨-¡«¨§¨â¥«ì® 40% ¤«¨ë  ç «ì®© «¨¨¨ ª®âãà (¯ãªâ¨àë¥ ãç áâª¨   à¨á. 5, a) § ¨¬ ¥â «¨èìâ®«ìª® 0:2% § ª«îç¨â¥«ì®© ¤«¨ë (íâ¨ ãç áâª¨¯®ª § ë â ª¦¥ ¯ãªâ¨à®¬   à¨á. 5, b). � â®¦¥ ¢à¥¬ï, ç áâì  ç «ì®© «¨¨¨ ª®âãà , ¯®ª -§  ï á¯«®è®© «¨¨¥©, à áâï£¨¢ ¥âáï ¯à¨¡«¨-§¨â¥«ì® ¢ 103 à §. �á«¥¤áâ¢¨¥ íªá¯®¥æ¨ «ì®£®à §¡¥£ ¨ï á®á¥¤¨å â®ç¥ª ¢ ®ªà¥áâ®áâ¨ £¨¯¥à¡®-«¨ç¥áª®© â®çª¨, ¯®¤å®¤, ®á®¢ ë©   ¯à¥¤áâ -

¢«¥¨¨ ª®âãà  ª ¯«¨ á ¯®¬®éìî ¯¥à¢® ç «ì®íª¢¨¤¨áâ â® à á¯à¥¤¥«¥ëå ¯® ª®âãàã â®ç¥ª,¬®¦¥â ¤ âì «¨èì ª ç¥áâ¢¥ãî ª àâ¨ã á¬¥è¨-¢ ¨ï, ¥ á®åà ïï â®¯®«®£¨ç¥áª¨¥ á¢®©áâ¢ . � ª,  à¨á. 5, c ¯®ª § ® ¯®«®¦¥¨¥ 5 � 104 â®ç¥ª ¯¥à-¢® ç «ì® à ¢®¬¥à® à á¯à¥¤¥«¥ëå ¯® ®ªàã¦-®áâ¨ à ¤¨ãá  R = 0:2a á æ¥âà®¬ ¢ £¨¯¥à¡®«¨-ç¥áª®© â®çª¥ ¯¥à¨®¤ -1 (á¬. à¨áã®ª 5, a), ¯®á«¥¤¢¥ ¤æ â¨ ¯¥à¨®¤®¢. � á¯®«®¦¥¨¥ íâ¨å â®ç¥ªª ç¥áâ¢¥®  ¯®¬¨ ¥â ª àâ¨ã á¬¥á¨   à¨á. 5,b, ª ¦¤ ï â®çª  ¯®á«¥ 12 ¯¥à¨®¤®¢ § ¨¬ ¥â ¯à -¢¨«ì®¥ ¯®«®¦¥¨¥,  å®¤ïáì   ª®âãà¥, ® ¥á«¨á®¥¤¨¨âì íâ¨ â®çª¨, â® ª àâ¨  á¬¥á¨ ¡ã¤¥â â -ª®©, ª ª ¯®ª § ®   à¨á. 5, d. �«¨  «¨¨¨ ª®âã-à  (¥á«¨ ¬®¦® ¯à¨¬¥¨âì ¢ ¤ ®¬ á«ãç ¥ á«®¢®\¤«¨ ") â®«ìª®   4% ¬¥ìè¥, ç¥¬ ¤«¨  ª®âãà ,¯®ª § ®£®   à¨á. 5, b. � â® ¦¥ á ¬®¥ ¢à¥¬ï ¯«®-é ¤ì, ®£à ¨ç¥ ï â ª¨¬ ª®âãà®¬, ª ª   à¨á.5, d, ¡ã¤¥â ¢ è¥áâì à § ¡®«ìè¥ à¥ «ì®© ¯«®é ¤¨ ç «ì®£® ¯ïâ . � ¬¥â¨¬, çâ® ¤«ï â®£®, çâ®-¡ë ¯®«ãç¨âì ¢¥«¨ç¨ã à¥ «ì®© ¯«®é ¤¨ (¯®á«¥ 12¯¥à¨®¤®¢ á¬¥è¨¢ ¨ï), ® ¯à¨¬¥ïâì ¢  ç «ìë©¬®¬¥â íª¢¨¤¨áâ â® à á¯à¥¤¥«¥ë¥ ¯® ª®âãàãâ®çª¨, ¥®¡å®¤¨¬® ¨á¯®«ì§®¢ âì 5 � 107 â®ç¥ª.�®ç®¥ § ¨¥ à á¯®«®¦¥¨ï ª®âãà®© «¨¨¨¯ïâ  ¤ ¥â ¢®§¬®¦®áâì áâà®¨âì í©«¥à®¢® (â. ¥.¢ ¯à®áâà áâ¢¥) ®¯¨á ¨¥ ª àâ¨ë á¬¥á¨. �  à¨á.6, a ¤ ® â ª®¥ ¯à¥¤áâ ¢«¥¨¥ à¥§ã«ìâ â  á¬¥è¨-¢ ¨ï  ç «ì®£® ¯ïâ , ¯®ª § ®£®   à¨á. 5,  ¯®á«¥ 12 ¯¥à¨®¤®¢ ¯à¨ H = 4.�¬¥îâáï ¤¢  £« ¢ëå ª®¬¯®¥â  ¢ áâàãªâãà¥á¬¥á¨: ®¤¨ ª®¬¯®¥â, áä®à¬¨à®¢ ë© â®ª¨-¬¨ ¨âï¬¨ á ã¬¥ìè îé¥©áï ¢ ¯à®æ¥áá¥ á¬¥è¨¢ -¨ï â®«é¨®©, ¨ ¤àã£®©, á®®â¢¥âáâ¢ãîé¨© ¬ «ë¬\í« áâ¨çë¬" ®¡« áâï¬, ª®â®àë¥ ¥ à §¬¥è¨¢ -îâáï ¢®¢á¥ (  à¨á. 6, b ¯®ª §   â ª ï ç¥à ïâà¥ã£®«ì ï ®¡« áâì ¢ ã¢¥«¨ç¥®¬ ¢¨¤¥). �â®á®§¤ ¥â íâ¨ í«¥¬¥âë áâàãªâãàë? �à¥¦¤¥ ¢á¥-£®, ¥ãáâ®©ç¨¢®¥ ¬®£®®¡à §¨¥, ª®â®à®¥ ¯à®å®¤¨âç¥à¥§ æ¥âà  ç «ì®£® ¯ïâ  (ç¥àë© ª¢ ¤à â¨ª¢ æ¥âà¥   à¨á. 6, b). �  à¨á. 7,   ¯®ª § ®à á¯®«®¦¥¨¥ íâ®£® ¬®£®®¡à §¨ï ¢ ¨áá«¥¤ã¥¬®©¯®«®áâ¨. �§ áà ¢¥¨ï à¨áãª®¢ á¬¥á¨ ¨ ¬®£®-®¡à §¨ï ¢¨¤®, çâ® ®® ¨£à ¥â à®«ì \ ¢â®¬ £¨-áâà «¨", ¯® ª®â®à®© ¯à®¨áå®¤¨â á¬¥è¨¢ ¨¥. �à -ä¨ª ¬®£®®¡à §¨ï ¥ á®¤¥à¦¨â â®«ìª® \í« áâ¨ç-ãî" ®¡« áâì. �¥ á®§¤ îâ í««¨¯â¨ç¥áª¨¥ â®çª¨¯¥à¨®¤®¢-2, -4, -6, à á¯®«®¦¥¨¥ ª®â®àëå ¯®ª § -® ¡¥«ë¬¨ ª¢ ¤à â¨ª ¬¨   à¨á. 6, b.�  à¨á. 7, b ¢ë¤¥«¥  â  ¦¥ ®¡« áâì ¯®«®áâ¨, çâ®¨   à¨á. 6, b, ¢ ª®â®à®© ¯®ª § ® ª ª ¤¥ä®à¬¨-àãîâáï ¬ «¥ìª¨¥ ( ç «ì® ªàã£«ë¥) ¯®¤®¡« áâ¨,®ªàã¦ îé¨¥ ¯¥à¨®¤¨ç¥áª¨¥ â®çª¨, ¨¬¥îé¨¥ ª®-®à¤¨ âë, á®®â¢¥âáâ¢ãîé¨¥ ¡¥«ë¬ ª¢ ¤à â¨ª ¬�. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª® 55
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�¨á. 6. � àâ¨  á¬¥á¨: a) { ¢® ¢á¥© ¯®«®áâ¨; b) { ¢®¡« áâ¨  ç «ì®£® à á¯®«®¦¥¨ï ªàã£«®£®á¢¥â«®á¥à®£® ¯ïâ   à¨á. 6, b (áà ¢¨â¥ á à¨á. 4). �¥àå¨© ªàã¦¥-ç¥ª ®ªàã¦ ¥â £¨¯¥à¡®«¨ç¥áªãî â®çªã ¯¥à¨®¤ -4,¯®íâ®¬ã ® à áâï£¨¢ ¥âáï ¤® â®ª¨å ¨â¥©. � â®¢à¥¬ï ª ª âà¨ ¨¦¨å ªàã¦¥çª  â®«ìª® á«¥£ª  ¢ë-âï£¨¢ îâáï, ¥ â¥àïï ¬ â¥à¨ «  ªà è¥®© ¦¨¤-ª®áâ¨. �¬¥® ¨å \í« áâ¨çë©" ¬ â¥à¨ « ¨ á®-áâ ¢«ï¥â \í« áâ¨çãî" âà¥ã£®«ìãî ®¡« áâì, ¯®-ª § ãî ç¥àë¬ æ¢¥â®¬   à¨á. 6.�¥¯¥àì ¯à¨¬¥¨¬ à §à ¡®â ë¥  ¬¨ [14] ¨ ¨§-«®¦¥ë¥ ¢ ç áâ¨ 1  áâ®ïé¥£® ¨áá«¥¤®¢ ¨ï [1]ªà¨â¥à¨¨ ª ç¥áâ¢  á¬¥á¥©. �¨ ¬¨ª  ¢® ¢à¥¬¥¨âà¥å ªà¨â¥à¨¥¢, ®á®¢ ëå   \£àã¡®©" ¯«®â®-áâ¨ Dn, ¯®ª §     à¨á. 8 ¤«ï âà¥å à §«¨çëåà §¬¥à®¢ ïç¥¥ª (ªà¨¢ë¥ 1 á®®â¢¥âáâ¢ãîâ ¢ëç¨á«¥-¨ï¬ á ïç¥©ª ¬¨ á® áâ®à®®© ª¢ ¤à â  � = 0:1a;ªà¨¢ë¥ 2 { á � = 0:05a; ªà¨¢ë¥ 3 { á � = 0:025a).�à®â®ª®« á¬¥è¨¢ ¨ï ¨  ç «ì®¥ ¯®«®¦¥¨¥ ¯ïâ-  { â ª¨¥ ¦¥, ª ª   à¨á. 5 ¨ 6, a. �à®æ¥áá á¬¥è¨-¢ ¨ï å à ªâ¥à¨§ã¥âáï ã¬¥ìè¥¨¥¬ ª¢ ¤à â¨ç-®© ¯«®â®áâ¨ hD2i=hDi2 (à¨á. 8, a), ¨â¥á¨¢-®áâ¨ á¥£à¥£ æ¨¨ I (à¨á. 8, b) ¨ ã¢¥«¨ç¥¨¥¬ í-âà®¯¨¨ e=e0 (à¨á. 8, c) c ã¢¥«¨ç¥¨¥¬ ç¨á«  ¯®-«ã¯¥à¨®¤®¢ 2t=T . �§ à¨á. 8, a; b á«¥¤ã¥â, çâ® ¨-â¥á¨¢®áâì ¨ ª¢ ¤à â¨ç ï ¯«®â®áâì å à ªâ¥-

�¨á. 7. �«¥¬¥âë ª®£¥à¥âëå áâàãªâãà: a) {¥ãáâ®©ç¨¢®¥ ¬®£®®¡à §¨¥ ¢® ¢á¥© ¯®«®áâ¨; b) {\í« áâ¨çë¥" §®ë ¢ ®¡« áâ¨  ç «ì®£®à á¯®«®¦¥¨ï ªàã£«®£® ¯ïâ à¨§ãîâáï ¯®¤®¡®© ¤¨ ¬¨ª®© ¢® ¢à¥¬¥¨, ã¬¥ì-è ïáì ¢ à §ëå ¬ áèâ ¡ å. �à¨ç¥¬ ¯à¥¤¯®çâ¨-â¥«ì® ¨á¯®«ì§®¢ âì ¨â¥á¨¢®áâì, ¯®â®¬ã çâ®¥¥ § ç¥¨ï ¢á¥£¤   å®¤ïâáï ¢ ®¤®¬ ¨ â®¬ ¦¥¤¨ ¯ §®¥ (0,1). �à¨¬¥ïï íâ®â ªà¨â¥à¨©, ¬®¦®áà ¢¨¢ âì ¯à®æ¥ááë á à §«¨ç®© ¢¥«¨ç¨®©  -ç «ì®£® ¯ïâ , â. ¥. á à §«¨çë¬ ®â®è¥¨¥¬¯«®é ¤¥© § ªà è¥®£® ¯ïâ  ¨ ¯®«®áâ¨ Sb=S, ¨áà ¢¨¢ âì à §«¨çë¥ á¬¥á¨ á â¥¬ ¦¥ á ¬ë¬ ®â-®è¥¨¥¬ Sb=S. � ¯à¨¬¥à, «¥£ª® ®â¢¥â¨âì   ¢®-¯à®á, ª®£¤  ¨â¥á¨¢®áâì á¥£à¥£ æ¨¨ ¡ã¤¥â à ¢ § ¤ ®© ¢¥«¨ç¨¥ ¤«ï à §«¨çëå à §¬¥à®¢ ïç¥¥ª,â®«ìª® ¨á¯®«ì§ãï   à¨á. 8, b ¤®¯®«¨â¥«ìãî £®-à¨§®â «ìãî «¨¨î I = const. �á«¨ ¬ë áç¨â ¥¬,çâ® á¬¥áì ¤®áâ â®ç® ®¤®à®¤  (¤«ï ¤ ®£® ¢ë-¡à ®£® à §¬¥à  ïç¥©ª¨), ª®£¤  I { ¬¥ìè¥, ç¥¬¥ª®â®à ï ¢¥«¨ç¨  Imin, â® ¨§ à¨á. 8, b ¬®¦-® ®¯à¥¤¥«¨âì, ª ª ¤®«£® ¬ë ¤®«¦ë ¯à®¤®«¦ âìá¬¥è¨¢ ¨¥, çâ®¡ë ¯®«ãç¨âì â ªãî ¦¥ ®¤®à®¤-ãî á¬¥áì ¨ ¢ ¤àã£¨å ¬ áèâ ¡ å.�  à¨á. 9 ¯à¥¤áâ ¢«¥ë à¥§ã«ìâ âë á¬¥è¨-¢ ¨ï á ¨á¯®«ì§®¢ ¨¥¬ ®¤¨ ª®¢®£® ¯à®â®ª®«  áH = 4 ¢ ç¥âëà¥å à ¢ëå ª«¨®¢¨¤ëå ¯®«®áâïå56 �. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª®
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�¨á. 8. �¨ ¬¨ª  ªà¨â¥à¨¥¢ ª ç¥áâ¢  ¢ § ¢¨á¨¬®áâ¨®â ç¨á«  ¯®«ã¯¥à¨®¤®¢¯à¨ à §«¨çëå ¯®«®¦¥¨ïå  ç «ìëå ¯ïâ¥ (®¨¯®ª § ë â¥¬ë¬¨ ªàã£ ¬¨).� «¥¢®© ¨ ¯à ¢®© ¯®«®áâïå  ç «ì®¥ ¯ïâ-® á®áà¥¤®â®ç¥® ¢®ªàã£ £¨¯¥à¡®«¨ç¥áª®© â®çª¨¯¥à¨®¤ -2 ¨ ¯®ªàë¢ ¥â âà¨ £¨¯¥à¡®«¨ç¥áª¨å â®ç-ª¨ ¯¥à¨®¤ -6 ¨ ®¤ã ¯¥à¨®¤ -4. �®ª § ë¥ ¢ íâ¨å¯®«®áâïå ¨§®£ãâë¥ ç¥àë¥ à¨áãª¨ á¬¥á¥© ¯®«ã-ç¥ë ¯®á«¥ 18.5 (¯à ¢ ï ¯®«®áâì) ¨ 19 ¯¥à¨®¤®¢(«¥¢ ï). �®âãà ï «¨¨ï  ç «ì®£® ªàã£  ¯à¨

�¨á. 9. �¬¥á¨, ¨¬¥îé¨¥ à §«¨ç®¥ à áâï¦¥¨¥ ç «ì®£® ª®âãà íâ®¬ à áâï£¨¢ ¥âáï ¢ 1760 (¢ ¯à ¢®© ¯®«®áâ¨) ¨2010 (¢ «¥¢®©) à §. �¨§ã «ì®, ®¤ ª®, ¢¨¤ë ¯ã-áâ®âë, ¥ § ¯®«¥ë¥ ªà áª®© ¢ áà¥¤¥© ç áâ¨¯®«®áâ¥©. �¥©áâ¢¨â¥«ì®, ®æ¥¨¢ ï à á¯à¥¤¥«¥¨¥ªà áª¨ ¯® ¢á¥© ¯®«®áâ¨ ¨ ¯®¤áç¨âë¢ ï,  ¯à¨¬¥à,¨â¥á¨¢®áâì á¥£à¥£ æ¨¨ I [1] ¢ ¬ áèâ ¡¥ á ¢¥«¨-ç¨®© áâ®à®ë ïç¥©ª¨ � = 0:025a, ¯®«ãç ¥¬, çâ®ª ç¥áâ¢ã á¬¥á¨ ¢ ¯à ¢®© ¯®«®áâ¨ á®®â¢¥âáâ¢ã¥âI = 0:21,   ¢ «¥¢®© { I = 0:20. � ¢¥àå¥© ¯®-«®áâ¨  ç «ì®¥ ¯®«®¦¥¨¥ ¯ïâ  ¡ë«® ¢ë¡à ®¢®ªàã£ ¤àã£®© £¨¯¥à¡®«¨ç¥áª®© â®çª¨ ¯¥à¨®¤ -2.� áâï¦¥¨¥ ª®âãà®© «¨¨¨ ¢ íâ®¬ á«ãç ¥ ¯®-çâ¨ â ª®¥ ¦¥ ¡®«ìè®¥, ª ª ¨ ¢ ¯à¥¤ë¤ãé¨å,  ¨¬¥®, «¨¨ï à áâï£¨¢ ¥âáï ¢ 1850 à §. �® ª -ç¥áâ¢® á¬¥á¨ £®à §¤® «ãçè¥, â ª ª ª ¥â ¡®«ìè¨å¯ãáâ®â. �â® ®âà ¦ ¥â ¢¥«¨ç¨  ¨â¥á¨¢®áâ¨ ¢â®© ¦¥ èª «¥ á � = 0:025a, ª®â®à ï ¨¬¥¥â ¢¥«¨ç¨-ã I = 0:17. � ª®¥æ, ¢ ¨¦¥© ¯®«®áâ¨  ç «ì®¥¯®«®¦¥¨¥ ¯ïâ  ¡ë«® ¢ë¡à ® ¢®ªàã£ £¨¯¥à¡®«¨-ç¥áª®© â®çª¨ ¯¥à¨®¤ -1. � áâï¦¥¨¥ ª®âãà®©«¨¨¨  ç «ì®£® ¯ïâ  á ¬®¥ ¨§ª®¥, ¯®çâ¨ ¢ ¤¢ à §  ¬¥ìè¥, ç¥¬ ¢ ¢¥àå¥© ¯®«®áâ¨ (£àã¡® ¬®¦®¥£® ®æ¥¨âì ª ª ¢ ¤¢  à §  ¬¥ìè¥, ç¥¬ ¢® ¢á¥å®áâ «ìëå ¯®«®áâïå) ¨ à ¢® 986. �à¨ íâ®¬ ¨§à¨á. 9 ª àâ¨ë á¬¥á¨ ¢ ¨¦¥© ¯®«®áâ¨ ¢¨¤®, çâ®á¬¥áì à á¯à¥¤¥«¨« áì ¢® ¢á¥ ¯®¤®¡« áâ¨ ¯®«®áâ¨ ¨¨¬¥¥â ¨â¥á¨¢®áâì ª ç¥áâ¢   ¨¬¥ìèãî ( ¨-�. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª® 57
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�¨á. 10. � àâ¨ë á¬¥á¥© ( , á) ¨ à á¯à¥¤¥«¥¨¥¨â¥á¨¢®áâ¨ á¥£à¥£ æ¨¨ (b, d), ¢ëç¨á«¥ë¥à §«¨çë¬¨ ¬¥â®¤ ¬¨«ãçèãî) I = 0:15. � ª¨¬ ®¡à §®¬,  ¨¡®«ìè¥¥à áâï¦¥¨¥ ¤«¨ë  ç «ì®£® ª®âãà  ¥ £ à -â¨àã¥â  ¨«ãçè¥£® ¯® ª ç¥áâ¢ã á¬¥è¨¢ ¨ï, â ªª ª à áç¥âë ªà¨â¥à¨¥¢ ª ç¥áâ¢  ( ¯à¨¬¥à, ¨-â¥á¨¢®áâ¨ á¥£à¥£ æ¨¨) ¯®ª §ë¢ îâ, çâ® ¢ á«ã-ç ¥  ¨¡®«ìè¥£® à áâï¦¥¨ï («¥¢ ï ¯®«®áâì) ª -ç¥áâ¢® á¬¥è¨¢ ¨ï á®®â¢¥âáâ¢ã¥â â ª®¬ã ¦¥ ¯®ª ç¥áâ¢ã á¬¥è¨¢ ¨î ¤«ï  ¨«ãçè¥£®  ç «ì®£®¯®«®¦¥¨ï ¯ïâ  (¨¦ïï ¯®«®áâì), ª®£¤  à áâï-¦¥¨¥ ¡ë«® ¯®çâ¨ ¢ âà¨ à §  ¬¥ìè¥,   ¨¬¥®,®® á®®â¢¥âáâ¢ã¥â á¬¥á¨ ¢ ¨¦¥© ¯®«®áâ¨ ¯®á«¥18 ¯®«ã¯¥à¨®¤®¢ ¯à®æ¥áá  á¬¥è¨¢ ¨ï, ª®£¤  à -áâï¦¥¨¥ à ¢ï«®áì 560. �,  ®¡®à®â, á¬¥è¨¢ -¨¥ á  ¨åã¤è¨¬ à áâï¦¥¨¥¬ ¬®¦¥â ¯à¨¢®¤¨âìª  ¨«ãçè¥© ¯® ª ç¥áâ¢ã á¬¥á¨, çâ® ¢¨¤® ¨§ ª à-â¨ á¬¥á¥©   à¨á. 9.� ¯¥à¢®© ç áâ¨  áâ®ïé¥© à ¡®âë [1] ãª § -®   â®,  áª®«ìª® ¢ ¦® ¯à¨ ¢ëç¨á«¥¨ïå ªà¨-â¥à¨¥¢ ª ç¥áâ¢  ¯®«ì§®¢ âìáï  «£®à¨â¬®¬ á«¥¦¥-¨ï §  ¨§¬¥¥¨¥¬ «¨¨¨ ª®âãà , à §¤¥«ïîé¥£®¯®¤®¡« áâ¨ á ¦¨¤ª®áâï¬¨, ª®â®àë¥ á¬¥è¨¢ îâáï.�áâ ®¢¨¬áï   íâ®¬ ¯®¤à®¡¥¥. � áá¬®âà¨¬ á«ã-ç © á¬¥è¨¢ ¨ï á  ¨¡®«ìè¨¬ à áâï¦¥¨¥¬, ª®-â®àë© ¯®ª §    à¨á. 9 ¢ «¥¢®© ¯®«®áâ¨. �-â¥á¨¢®áâì á¥£à¥£ æ¨¨ I à ááç¨â   ¤«ï íâ®£®á«ãç ï ¨ ¤àã£¨¬ ¬¥â®¤®¬: á ¨á¯®«ì§®¢ ¨¥¬  ¡®-

à  N ®¤®à®¤® à á¯à¥¤¥«¥ëå ¢ãâà¨  ç «ì-®© ®¡« áâ¨ ¯ïâ  â®ç¥ª. �à¨ â ª®¬ âà ¤¨æ¨-®®¬ ¬¥â®¤¥ ¥ áãé¥áâ¢ã¥â ªà¨â¥à¨ï â®ç®áâ¨¢ëç¨á«¥¨©, ®á®¢ ëå   á®åà ¥¨¨ «¨èì ç¨-á«  â®ç¥ª N , â® ¥áâì   á®åà ¥¨¨ ¬¥àë �¥¡¥-£ . �ëç¨á«¥¨ï á N = 104, à ¢®¬¥à® à á¯à¥¤¥-«¥ë¬¨ ¢ãâà¨ ¯ïâ , ¤ «¨ ®è¨¡ªã ¢ ¢ëç¨á«¥¨-ïå I ¤® 35% ¢¥«¨ç¨ë ¨â¥á¨¢®áâ¨ á¥£à¥£ æ¨¨,¥á«¨ áà ¢¨¢ âì á à¥§ã«ìâ â ¬¨, ¯®«ãç¥ë¬¨  ®á®¢¥  «£®à¨â¬  á«¥¦¥¨ï §  ¤¥ä®à¬¨à®¢ ¨¥¬ª®âãà , ª®â®àë© ¯®§¢®«ï¥â ¯à®¢¥àïâì â®ç®áâì¢ëç¨á«¥¨©. �®«¥¥ â®£®, ¤«ï á¬¥è¨¢ ¨ï á íªá¯®-¥æ¨ «ìë¬ ¡®«ìè¨¬ à áâï¦¥¨¥¬ ª®âãà  ¢ë-ç¨á«¥¨ï á «î¡ë¬ ç¨á«®¬ â®ç¥ª N à ® ¨«¨ ¯®§¤-® â¥àïîâ â®ç®áâì. �®¤å®¤ ¦¥, ¨á¯®«ì§ãîé¨© «£®à¨â¬ á«¥¦¥¨ï §  «¨¨¥© ª®âãà , ¥ ¨¬¥¥ââ ª®£® ¥¤®áâ âª , â ª ª ª ¨§ ç «ì® ®á®¢   ¯à¨¬¥¥¨¨ ªà¨â¥à¨ï â®ç®áâ¨ ¢ëç¨á«¥¨©,  ¨¬¥®   ¯à®¢¥àª¥ â®ç®áâ¨ ¢ë¯®«¥¨ï § ª®-  á®åà ¥¨ï ¯«®é ¤¨  ç «ì®£® ¯®¤ªà è¥®£®¯ïâ . �à ¢¥¨¥ £àã¡®¯«®â®áâëå ¯à¥¤áâ ¢«¥-¨© ¨â¥á¨¢®áâ¨ á¥£à¥£ æ¨¨, ®¯à¥¤¥«¥®© á ¨á-¯®«ì§®¢ ¨¥¬  «£®à¨â¬  á«¥¦¥¨ï §  «¨¨¥© ª®-âãà , ¨ ¢ëç¨á«¥®© á à ¢®¬¥à® à á¯à¥¤¥«¥-ë¬¨ N = 104 â®çª ¬¨ ¯®ª § ®   à¨á. 10, b,d á®®â¢¥âáâ¢¥®. �«ï ãá¨«¥¨ï íää¥ªâ  â®«ìª®ç áâì à¨áãª  á¬¥á¨ («¥¢ ï ¯®«®áâì   à¨á. 9) ¯®-ª §     à¨á.10, a. �¨¤ª®áâì  ç «ì®£® ¯ïâ ¯®¤ªà è¥  á¢¥â«®-á¥à®© ªà áª®©,   ª®âãà ï «¨-¨ï à §¤¥«  ¦¨¤ª®áâ¥©  à¨á®¢   ç¥à®© «¨¨¥©.�§ à¨á. 10, a ¢¨¤®, çâ® ¢ â®© ç áâ¨ ¯®«®áâ¨,£¤¥ á¬¥áì ¨¬¥¥â ¬®¦¥áâ¢® â®ª¨å «¨¨© (à á-¯®«®¦¥ëå ¢¤®«ì \ ¢â®¬ £¨áà «¨" ¥ãáâ®©ç¨¢®-£® ¬®£®®¡à §¨ï ¨ ¯à¥¤áâ ¢«ïîé¨å á®¡®© ¯¥à¢ë©í«¥¬¥â ª®£¥à¥â®© áâàãªâãàë á¬¥á¨), ª àâ¨ ¢ë£«ï¤¨â ç¥à®©, å®âï á¥à®£® ¬ â¥à¨ «  ¯ïâ â ¬ ¬ «®. �®íâ®¬ã â ¬ ¬ «® â¥¬®-ç¥àëå ª¢ -¤à â¨ª®¢ ¢ £àã¡®¯«®â®áâ®¬ ¯à¥¤áâ ¢«¥¨¨ ¨-â¥á¨¢®áâ¨ á¥£à¥£ æ¨¨   à¨á. 10, b. �â  ¦¥ç áâì ª àâ¨ë á¬¥á¨, ¯à¥¤áâ ¢«¥ ï á ¨á¯®«ì§®-¢ ¨¥¬ à ¢®¬¥à® à á¯à¥¤¥«¥ëå N = 104 â®-ç¥ª, ¤     à¨á. 10, á, £¤¥ ¯à¨áãâáâ¢ã¥â ¡®«ìè®¥ª®«¨ç¥áâ¢® â®ç¥ª ¢á«¥¤áâ¢¨¥  «¨ç¨ï ®£à®¬®£®ª®«¨ç¥áâ¢  ¨â¥©   \ ¢â®¬ £¨áà «¨" ¥ãáâ®©ç¨-¢®£® ¬®£®®¡à §¨ï. �®íâ®¬ã  ¬®£® ¡®«ìè¥ â¥¬-ëå ª¢ ¤à â¨ª®¢   à¨á.10, d ¨  ¬®£® ¢ëè¥ ¢¥-«¨ç¨  I. �à ¢¥¨¥ à¨á. 10 b ¨ d ¯®ª §ë¢ ¥â®ç¥¢¨¤®¥ à §«¨ç¨¥ ¢ ¢ëç¨á«¥¨ïå,   ¨¬¥®: ¢¥-«¨ç¨  I, ¢ëç¨á«¥ ï ¯® âà ¤¨æ¨®®¬ã ¬¥â®¤ãá à ¢®¬¥à® à á¯à¥¤¥«¥ë¬¨ â®çª ¬¨,   35%¡®«ìè¥, ç¥¬ ¢ëç¨á«¥ ï á ¨á¯®«ì§®¢ ¨¥¬ ¬¥â®-¤  á«¥¦¥¨ï §  ¤¥ä®à¬¨à®¢ ¨¥¬ ª®âãà®© «¨-¨¨ ¨ ¯à®¢¥àª¨ â®ç®áâ¨ á®åà ¥¨ï ¯«®é ¤¨ ¯ïâ- .58 �. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 45 { 61�àã£®© ¢ ¦®© ¯à®¡«¥¬®© ¨áá«¥¤®¢ ¨ï å ®â¨-ç¥áª®£® á¬¥è¨¢ ¨ï ï¢«ï¥âáï ¯à®¡«¥¬  ®¡à â¨¬®-áâ¨ ¢® ¢à¥¬¥¨ ¢á¥å ¬¥à. �¬¥îâáï ¤¢  ¢®¯à®á  ¢íâ®© ¯à®¡«¥¬¥. �¤¨ { ®¡à â¨¬®áâì ¨¤¨¢¨¤ã «ì-ëå â®ç¥ª, ¯à¥¤áâ ¢«ïîé¨å «¨¨î ª®âãà  ¯®á«¥¥ª®â®à®£® ¢à¥¬¥¨ TR ª ¨å  ç «ìë¬ ¯®«®¦¥¨-ï¬ ç¥à¥§ ¢à¥¬ï 2TR. �â®à®© ¢®¯à®á á¢ï§  á á®-åà ¥¨¥¬ ¯«®é ¤¨ ¯ïâ  ¨ ¯®íâ®¬ã á ®¡à â¨¬®-áâìî ¢á¥å ¬¥à. �ëç¨á«¥¨ï á 30000 â®ç¥ª íª¢¨¤¨-áâ â® à á¯à¥¤¥«¥ëå ¯®  ç «ì®¬ã ª®âãàã,¯à¥¤áâ ¢«¥®¬ã   à¨á. 5, a, ¯®ª § «¨ â®çãî®¡à â¨¬®áâì ¨å ¢á¥å ¯®á«¥ ¤¥áïâ¨ ¯¥à¨®¤®¢ ¤¢¨-¦¥¨© ¢¯¥à¥¤ ¨ áâ®«ìª¨å ¦¥ ¤¢¨¦¥¨© ®¡à â®.�¥á¬®âàï   â®çë¥ ¢ëç¨á«¥¨ï ¨¤¨¢¨¤ã «ìëå¯®«®¦¥¨© â®ç¥ª ã¦¥ ¯®á«¥ ¤¢ãå ¯¥à¨®¤®¢ ¯«®é ¤ì¯ïâ  ¥ ¡ë«  á®åà ¥ , ¨ ®â®á¨â¥«ì ï ®è¨¡-ª  ¯®á«¥ ¤¥¢ïâ¨ ¯¥à¨®¤®¢ ¡ë« ,  ¯à¨¬¥à, 70% (â.¥. 70% ¯¥à¢® ç «ì®© ¯«®é ¤¨ ¯ïâ  ¡ë«  \¯®-â¥àï "). �ëç¨á«¥¨ï, ®á®¢ ë¥    è¥¬  «-£®à¨â¬¥ á ¥à ¢®¬¥à® à á¯à¥¤¥«¥ë¬¨ â®çª -¬¨, ¯®ª § «¨ á®åà ¥¨¥ ¯«®é ¤¨ ¤«ï ¤¢¥ ¤æ -â¨ ¯¥à¨®¤®¢ ¯àï¬®£® ¤¢¨¦¥¨ï ¨ ¤¢¥ ¤æ â¨ ¯¥-à¨®¤®¢ ®¡à â®£® (¯®£à¥è®áâì á®áâ ¢«ï«  ¬¥ì-è¥ 1%  ç «ì®© ¯«®é ¤¨ ¯ïâ ). � íâ®¬ á«ãç ¥¢ëç¨á«¥¨ï ¢á¥å £àã¡®¯«®â®áâëå ¬¥à [1], ®á®-¢ ë¥   á®åà ¥¨¨ ¯«®é ¤¨ ¯ïâ , ï¢«ïîâáï ¤¥¦ë¬. �¤ ª® ¨ ¤«ï â ª®£® à®¤  ¢ëç¨á«¥-¨© ¥ ¢á¥ â®çª¨ ¢®§¢à é îâáï   á¢®¨  ç «ì-ë¥ ¯®§¨æ¨¨. �®á«¥ ®¡à â®£® ¯à®æ¥áá  ¥ª®â®-àë¥ ¨§ â®ç¥ª à á¯®«®¦¥ë ¢¤®«ì «¨¨© ¥ãáâ®©-ç¨¢®£® ¬®£®®¡à §¨ï ¤«ï ®¡à â®£® ¤¢¨¦¥¨ï (ª®-â®à®¥ á®¢¯ ¤ ¥â á ãáâ®©ç¨¢ë© ¬®£®®¡à §¨¥¬ ¤«ï¯àï¬®£® ¤¢¨¦¥¨ï). �à¨ íâ®¬ ¢ª« ¤ ¯«®é ¤¨ íâ¨å«¨¨© ¢ ¯«®é ¤ì ¯ïâ  à ¢ï¥âáï ã«î. � ª¨¬®¡à §®¬, ¬®¦® § ª«îç¨âì, çâ® ¢ëç¨á«¥¨¥ ¬¥à¯®ª §ë¢ ¥â ¯®«ãî ®¡à â¨¬®áâì, ¥á¬®âàï   ¥-®¡à â¨¬®áâì ¥ª®â®àëå ¨¤¨¢¨¤ã «ìëå â®ç¥ª.� ª®¥æ, à áá¬®âà¨¬ ¯®¢¥¤¥¨¥ áâ â¨áâ¨ç¥áª¨å¬¥à ¢â®à®£® ¯®àï¤ª  [1],   ¨¬¥®, ¤¨ ¬¨ªã ¬ á-èâ ¡  á¥£à¥£ æ¨¨, ¯®áª®«ìªã ® ¯®ª §ë¢ ¥â áà¥¤-¨© à §¬¥à ¥á¬¥è¨¢ ¥¬ëå \í« áâ¨çëå" ®¡« -áâ¥©.�  à¨á. 11, a ¯®ª §   ¤¨ ¬¨ª  ¬ áèâ ¡®¢ á¥-£à¥£ æ¨ï ¢ ¤¢ãå  ¯à ¢«¥¨ïå x ¨ y ¤«ï â®£® ¦¥á ¬®£® ¯à®æ¥áá  á¬¥è¨¢ ¨ï, ª®â®àë© ¨á¯®«ì§®-¢ «áï ¤«ï ¢ëç¨á«¥¨© ¬¥à ¯¥à¢®£® ¯®àï¤ª  (¨§®-¡à ¦¥ëå   à¨á. 8) ¨ ¤«ï â¥å ¦¥ á ¬ëå âà¥åà §¬¥à®¢ ïç¥¥ª. �¥à¢® ç «ì® ¬ áèâ ¡ë ¢ x(á¯«®èë¥ «¨¨¨) ¨ y (èâà¨å®¢ë¥ «¨¨¨)  ¯à -¢«¥¨ïå ï¢«ïîâáï ¯®çâ¨ à ¢ë¬ ¨ ¤ îâ ¯à¨¡«¨§¨-â¥«ì® ¡¥§à §¬¥àë© à ¤¨ãá  ç «ì®£® ¯ïâ  0.2(R = 0:2a). �à¨ à áç¥â å á � = 0:1a (ªà¨¢ ï 1  à¨á. 11, a) ®è¨¡ª  ¢ ¢¥«¨ç¨¥ R á®áâ ¢«ï¥â ¯à¨-¡«¨§¨â¥«ì® 9%, ¢ ¯®¤áç¥â¥ á � = 0:05a (ªà¨¢ ï

�¨á. 11. �¨ ¬¨ª  ¬ áèâ ¡®¢ á¥£à¥£ æ¨¨ (a) ¨ãáà¥¤¥®£® ¬ áèâ ¡  (b)2),   â ª¦¥ ¯à¨ ¯®¤áç¥â¥ á � = 0:025a (ªà¨¢ ï 3)®  ¥áª®«ìª® ¡®«ìè¥. � â¥ç¥¨¥¬ ¢à¥¬¥¨, ¨§-§  ¨§®âà®¯¨¨ á¬¥á¥© (á¬. à¨á. 1, 6, a), ¡¥§à §¬¥à-ë¥ ¬ áèâ ¡ë á¥£à¥£ æ¨¨ ¢ x  ¯à ¢«¥¨¨ Lx = L(x)=a ¨ ¢ y  ¯à ¢«¥¨¨ Ly = L(y)=a ¡ã¤ãâ ®â«¨-ç âìáï ¯® ¢¥«¨ç¨¥. �¤ ª® ®¡  ®¨ ¨¬¥îâ â¥-¤¥æ¨î ã¬¥ìè âìáï, ® ¥ ®¤®à®¤® ¢® ¢à¥¬¥-¨. �  à¨á. 11, b ¤   § ¢¨á¨¬®áâì ãáà¥¤¥®£®¬ áèâ ¡  L = (Lx + Ly)=2 ¢® ¢à¥¬¥¨ ¤«ï âà¥åà §¬¥à®¢ ïç¥¥ª. �®á«¥ ¤¢ãå ¯¥à¨®¤®¢ á¬¥è¨¢ ¨ï£à ä¨ª¨ ãáà¥¤¥®£® ¬ áèâ ¡  ¬®£ãâ ¡ëâì  ¯-¯à®ªá¨¬¨à®¢ ë ¯®ª § â¥«ìë¬¨ äãªæ¨ï¬¨ ¢¨-¤  ci + c0e�ct=T . �â¨ äãªæ¨¨ ¯®ª § ë èâà¨å®-¢ë¬¨ «¨¨ï¬¨   à¨á. 11, b ª ª «¨¨¨ 4, 5 ¨ 6á®®â¢¥âáâ¢¥® á ¯ à ¬¥âà ¬¨ c0 = 0:03, c = 0:04,c4 = 0:03, c5 = 0:0 ¨ c6 = �0:02 (¤«ï «¨¨© ái = 4; 5; 6;). �à¨ ¨á¯®«ì§®¢ ¨¨ íâ¨å  ¯¯à®ªá¨¬ -æ¨© ¬ë ¬®¦¥¬ £àã¡® ®æ¥¨¢ âì, ¯®á«¥ áª®«ìª¨å ¯¥-à¨®¤®¢ ãáà¥¤¥ë© ¬ áèâ ¡ á¥£à¥£ æ¨¨ L ¡ã¤¥â¬¥ìè¥, ç¥¬ ¥ª®â®à ï § ¤  ï ¢¥«¨ç¨ . � -¯à¨¬¥à, ¯à¨ ¢ëç¨á«¥¨ïå á � = 0:05a (ªà¨¢ ï 2¨ «¨¨ï 5) L áâ ®¢¨âáï ¬¥ìè¥, ç¥¬ �=2 (¥á¬¥-è¨¢ ¥¬ ï \í« áâ¨ç ï" ®¡« áâì, ¬¥ìè¥ ¯«®é ¤¨ïç¥©ª¨), ¯à¨¡«¨§¨â¥«ì® ¯®á«¥ 35 ¯¥à¨®¤®¢.� ª¨¬ ®¡à §®¬, áãé¥áâ¢®¢ ¨¥ ¨ ¨§¬¥¥¨¥ ¥-á¬¥è¨¢ ¥¬ëå \í« áâ¨çëå" ®¡« áâ¥© ¢ ª àâ¨¥á¬¥á¨ ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥® ¯® ¯®¢¥¤¥¨î ¬ á-�. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª® 59



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 45 { 61èâ ¡®¢ á¥£à¥£ æ¨¨. �«ï ®¤®© §®ë, ¯®¤®¡®  -ç «ì®© á¨âã æ¨¨ á ®¤®© ªàã£«®© ª ¯«¥©, ¬ áèâ -¡ë ¥¯®áà¥¤áâ¢¥® ¤ îâ à §¬¥à ª ¯«¨. �«ï á¬¥-á¥© ¢ëá®ª®£® ª ç¥áâ¢  ¢¥«¨ç¨  ¬ áèâ ¡®¢, ®â-«¨ç ï ®â ã«ï, ãª §ë¢ eâ   áãé¥áâ¢®¢ ¨¥ ¥-á¬¥è ëå ®¡« áâ¥©, ª®â®àë¥ ¬®£ãâ ã¬¥ìè âì-áï ®ç¥ì ¬¥¤«¥® (¤ ¦¥ áâ ¡¨«¨§¨à®¢ âìáï, ª®-£¤  ®¡« áâ¨ ¥ ã¬¥ìè îâáï ¢®®¡é¥), ¥á¬®âàï  ¯à®¤®«¦¥¨¥ á¬¥è¨¢ ¨ï.�¨ ¬¨ª  ¢® ¢à¥¬¥¨ áâ â¨áâ¨ç¥áª¨å ¬¥à ¯¥à-¢®£® ¯®àï¤ª  (ª¢ ¤à â¨ç®© ¯«®â®áâ¨, ¨â¥á¨¢-®áâ¨ á¥£à¥£ æ¨¨ ¨ íâà®¯¨¨) ®â«¨ç îâáï ®â ¤¨- ¬¨ª¨ ¬ áèâ ¡®¢ á¥£à¥£ æ¨¨. �¥à¢ë¥ ®âà ¦ -îâ à á¯à¥¤¥«¥¨¥ â®ª¨å ¨â¥© ¯® ¢á¥© ¯®«®áâ¨,¢ â® ¢à¥¬ï ª ª ¯®á«¥¤¨¥ ¯®ª §ë¢ îâ ¯®¢¥¤¥¨¥¥á¬¥è ëå ®¡« áâ¥© ª®£¥à¥â®© áâàãªâãàë.�¨ â ª¦¥ ¨§¬¥ïîâáï ¯à®â¨¢®¯®«®¦ë¬ ®¡à -§®¬ ¯à¨ ¨§¬¥¥¨¨ à §¬¥à  ïç¥©ª¨: ç¥¬ ¬¥ìè¥à §¬¥à ïç¥©ª¨, â¥¬ åã¦¥ ª ç¥áâ¢® á¬¥è¨¢ ¨ï,á®£« á® áâ â¨áâ¨ç¥áª¨å ¬¥à ¯¥à¢®£® ¯®àï¤ª , ¨«ãçè¥, á®£« á® ¬¥àë ¬ áèâ ¡  á¥£à¥£ æ¨¨, ª®â®-à ï ã¬¥ìè ¥âáï á ã¬¥ìè¥¨¥¬ à §¬¥à®¢. �®-íâ®¬ã ¥®¡å®¤¨¬® ¨á¯®«ì§®¢ âì ¬¥àë ®¡®¨å ¯®-àï¤ª®¢, çâ®¡ë áã¤¨âì, ª ª å®à®è® ¨«¨ ¯«®å® ¦¨¤-ª®áâ¨ á¬¥è ë. �â®¡ë ®¯â¨¬¨§¨à®¢ âì á¬¥è¨-¢ ¨¥ ¤«ï ¤ ®£® ¯¥à¨®¤¨ç¥áª®£® ¯à®â®ª®«  ¥-®¡å®¤¨¬® ¢ë¡à âì  ¤«¥¦ é¥¥  ç «ì®¥ ¬¥áâ®-¯®«®¦¥¨¥ ¯ïâ  ¢ ¯®«®áâ¨. � ª®© ¢ë¡®à ¤®«¦¥¡ëâì ¢ë¯®«¥   ®á®¢ ¨¨ § ¨ï ¯®«®¦¥¨©¨ â¨¯®¢ ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª. � á¯®«®¦¥¨¥ ¥-ãáâ®©ç¨¢ëå ¬®£®®¡à §¨© £¨¯¥à¡®«¨ç¥áª¨å ¯¥à¨-®¤¨ç¥áª¨å â®ç¥ª ¢ ¯®«®áâ¨ (¯¥à¢ë© £« ¢ë© í«¥-¬¥â ª®£¥à¥â®© áâàãªâãàë) ¨ à §¬¥à \í« áâ¨ç-ëå" ®áâà®¢®¢, á®®â¢¥âáâ¢ãîé¨å í««¨¯â¨ç¥áª¨¬¯¥à¨®¤¨ç¥áª¨¬ â®çª ¬ (¢â®à®© í«¥¬¥â ª®£¥à¥â-ëå áâàãªâãà), ®¯à¥¤¥«ïîâ ª ç¥áâ¢® á¬¥á¥©.����������� ª¨¬ ®¡à §®¬, ¨á¯®«ì§®¢ ¨¥   «¨â¨ç¥áª®£®à¥è¥¨ï ¤«ï ¯®«ï áª®à®áâ¥©,  «£®à¨â¬  á«¥¦¥-¨ï §  ¨§¬¥¥¨ï¬¨ ª®âãà  à §¤¥«  á¬¥è¨¢ ¥-¬ëå ¦¨¤ª®áâ¥©,   â ª¦¥ íää¥ªâ¨¢ëå ¬¥â®¤®¢¯®¨áª  à á¯®«®¦¥¨ï ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª (¨ ¨åâ¨¯ ) ¯®§¢®«¨«¨:1) ®¯à¥¤¥«¨âì £« ¢ë¥ í«¥¬¥âë ª®£¥à¥âëåáâàãªâãà ª àâ¨ á¬¥á¥©. �¥à¢ë© í«¥¬¥â {â®ª¨¥ ¢ëâïãâë¥ ¨ ¨§®£ãâë¥ ¨â¨ á®§¤ îâáï¤¢¨¦¥¨¥¬ ¯® \ ¢â®¬ £¨áâà «ï¬" ¥ãáâ®©ç¨¢®£®¬®£®®¡à §¨ï. �â®à®© í«¥¬¥â ®¡à §ãîâ ¯«®-å® á¬¥è¨¢ ¥¬ë¥ \í« áâ¨ç®¯®¤®¡ë¥" ®¡« áâ¨ ¢®-ªàã£ í««¨¯â¨ç¥áª¨å ¯¥à¨®¤¨ç¥áª¨å â®ç¥ª;2) ®æ¥¨¢ âì ª ç¥áâ¢® á¬¥è¨¢ ¨ï   ®á®¢¥ ¨á-

¯®«ì§®¢ ¨ï ¤¢ãå ¥§ ¢¨á¨¬ëå ªà¨â¥à¨¥¢: áâ â¨-áâ¨ç¥áª¨å ¬¥à ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª . �à¨íâ®¬ ¯¥à¢ë© ªà¨â¥à¨© (¡ã¤ì â® ª¢ ¤à â¨ç ï¯«®â®áâì, ¨â¥á¨¢®áâì á¥£à¥£ æ¨¨ ¨«¨ íâà®-¯¨ï) ¯®ª §ë¢ ¥â  áª®«ìª® à ¢®¬¥à® ¯® ¢á¥© ¯®-«®áâ¨ à á¯à¥¤¥«¥  á¬¥áì,   ¢â®à®© (¬ áèâ ¡ á¥-£à¥£ æ¨¨) {  áª®«ìª® ¢¥«¨ª¨ ¥á¬¥è¨¢ ¥¬ë¥ ¯®¤-®¡« áâ¨;3) ¯®ª § âì, çâ® ¢á¥ ¬¥àë ª ç¥áâ¢  ¤¥¬®áâà¨-àãîâ ¥¬®®â®®¥ ¯®¢¥¤¥¨¥ ¢® ¢à¥¬¥¨, ¯à¨-¡«¨¦ ïáì ª ¯à¥¤¥«ìë¬ § ç¥¨ï¬ ¤«ï ®¤®à®¤®á¬¥è ®£® á®áâ®ï¨ï;4) ¤®ª § âì, çâ® á¬¥è¨¢ ¨¥ á  ¨¡®«ìè¨¬ à -áâï¦¥¨¥¬ ¥ ¢á¥£¤  á®®â¢¥âáâ¢ã¥â  ¨«ãçè¥© ¯®ª ç¥áâ¢ã á¬¥á¨.�  ®á®¢ ¨¨ ¢ëè¥¨§«®¦¥®£® ¬®¦® § -ª«îç¨âì, çâ®  ¬¨ à §à ¡®â   ®¢ ï ¬¥â®¤®«®-£¨ï ¨áá«¥¤®¢ ¨ï ¨ ®¯â¨¬¨§ æ¨¨ ¯à®æ¥áá®¢ « ¬¨- à®£® á¬¥è¨¢ ¨ï. �  ¯à¨¬¥à¥ ¯¥à¨®¤¨ç¥áª®£®á¬¥è¨¢ ¨ï ¢ï§ª¨å ¦¨¤ª®áâ¥© ¢ ª®«ìæ¥¢®© ª«¨®-¢¨¤®© ¯®«®áâ¨ ®¯à¥¤¥«¥ë ª®£¥à¥âë¥ áâàãªâã-àë ¨ ®¡êïá¥® ¨å ¯®ï¢«¥¨¥.1. �à á®¯®«ìáª ï �. �., �¥«¥èª® �. �. � ¬¨- à®¥ á¬¥è¨¢ ¨¥ ¦¨¤ª®áâ¥©. � áâì1. �¥â®-¤®«®£¨ç¥áª¨¥  á¯¥ªâë ¨áá«¥¤®¢ ¨ï. // �à¨ª«.�̈ ¤à®¬¥å.{ 2004.{ 3.{ �. ..{...2. Tatterson G. B., Brodkey R. S., Calabrese R. V.Move mixing technology into the 21st century //Chem. Eng. Prog.{ 1991.{ June.{ P. 45{48.3. Ottino J. M. The Kinematics of Mixing: Stretch-ing, Chaos and Transport.{ Cambridge: CambridgeUniversity Press, 1989.{ 364 p.4. Krasnopolskaya T. S., Meleshko V. V., Pe-ters G. W. M., Meijer H. E. H. Steady Stokes ow inan annular cavity // Quart. J. Mech. Appl. Math.{1996.{ 49.{ P. 593{619.5. Blake J. R., Otto S. R. Ciliary propulsion, chaot-ic �ltration and a `blinking' stokeslet // J. EngngMath.{ 1996.{ 30.{ P. 151{168.6. Meleshko V. V. Steady Stokes ow in a rectangu-lar cavity // Proc. R. Soc. London.{ 1996.{ A452.{P. 1999{2022.7. Meleshko V. V., Gomilko A. M. Two-dimensionalStokes ow in a semicircle // �à¨ª«. £¨¤à®¬¥å ¨-ª .{ 1999.{ 1 No 1.{ P. 35{37.8. Meleshko V. V., Malyuga V. S., Gomilko A. M.Steady Stokes ow in a �nite cylinder // Proc. R.Soc. London.{ 2000.{ A456.{ P. 1741{1758.9. Anderson P., Galaktionov O. .S., Peters G. W. M.,van de Vosse F. N, Meijer H. E. H. Analysis of mix-ing in 3-D time periodic cavity ows // J. FluidMech.{ 1999.{ 386.{ P. 149{166.10. Meleshko V. V., Galaktionov O. S., Peters G.W. M.,Meijer H. E. H. Three-dimensional mixing in Stokesow: the partitioned pipe mixer problem revisit-ed // Euro. J. Mech., B - Fluids.{ 1996.{ 18.{P. 783{792.11. �ã ª à¥ �. �§¡à ë¥ âàã¤ë. �®¬ 2.{ �.: � ã-ª , 1972.{ 1000 á.60 �. �. �à á®¯®«ìáª ï, �. �. �¥«¥èª®
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