
ISSN 0387 -4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 1. �. 26 { 34��� 532.542.4��������� ������������� ������� �����������. �. �����, �. �. �������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 20.09.98�®áâ ¢«¥ë ®áà¥¤¥ë¥ ¯® ¢¥à®ïâ®áâ¨ ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï, ®¯¨áë¢ îé¨¥ £ §®¢§¢¥áì ª ª âãà¡ã«¥â-ãî â¥à¬®¤¨ ¬¨ç¥áªãî áà¥¤ã. �à®¤¥¬®áâà¨à®¢   ¢®§¬®¦®áâì ¨á¯®«ì§®¢ ¨ï ¬ â¥¬ â¨ç¥áª®£®  ¯¯ à â  â¥-®à¨¨ ®¡®¡é¥ëå äãªæ¨© ¤«ï á®áâ ¢«¥¨ï â ª®£® à®¤  ãà ¢¥¨©. �®ª § ®, çâ® ä®à¬ã«  ¤¨ää¥à¥æ¨à®¢ ¨ï¯® ¢à¥¬¥¨ ¨â¥£à « , ¢§ïâ®£® ¯® ¯®¤¢¨¦®¬ã ®¡ê¥¬ã áà¥¤ë, ï¢«ï¥âáï ¨¢ à¨ â®¬ ¯à¨ ¯¥à¥å®¤¥ ®â ®¡ëçëå¯à®¨§¢®¤ëå ª ®¡®¡é¥ë¬.�¨¢¥¤¥® ®á¥à¥¤¥i ¯® ©¬®¢ià®áâi ¤¨ä¥à¥æi©i ài¢ïï, é® ®¯¨áãîâì áã¬iè £ §ã i â¢¥à¤¨å ç áâ®ª ïª âãà¡ã-«¥â¥ â¥à¬®¤¨ ¬iç¥ á¥à¥¤®¢¨é¥. �à®¤¥¬®áâà®¢ ® ¬®¦«¨¢iáâì ¢¨ª®à¨áâ ï ¬ â¥¬ â¨ç®£®  ¯ à âã â¥®àiùã§ £ «ì¥¨å äãªæi© ¤«ï ¢¨¢¥¤¥ï â ª®£® à®¤ã ài¢ïì. �®ª § ®, é® ä®à¬ã«  ¤¨ä¥à¥æiî¢ ï ¯® ç ái iâ¥£à -« , ã§ïâ®£® ¯® àãå®¬®¬ã ®¡`õ¬ã á¥à¥¤®¢¨é , õ i¢ ài â®¬ ¯à¨ ¯¥à¥å®¤i ¢i¤ §¢¨ç ©¨å ¯®åi¤¨å ¤® ã§ £ «ì¥¨å.Probability-averaged di�erential equations are written, describing the ows of suspension of solid dispersion materialsin gas as a turbulent thermodynamic medium. The possibility of using the mathematical apparatus of the theory ofgeneralized functions for writing such type of equations is demonstrated. It is shown that the formulae of di�erentiationwith respect to time of the integral taken with respect to the moving volume of the medium, is invariant in transitionfrom ordinary derivatives to generalized ones.��������� ®á®¢ë¬ ãà ¢¥¨ï¬, ®¯¨áë¢ îé¨¬ âãà-¡ã«¥â®¥ â¥ç¥¨¥ á¬¥á¨ £ §  ¨ â¢¥à¤ëå ç áâ¨æª ª â¥à¬®¤¨ ¬¨ç¥áª®© áà¥¤ë, ®â®áïâáï ®áà¥¤-¥ë¥ ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï ¥à §àë¢-®áâ¨, ¤¢¨¦¥¨ï ¨ ¯à¨â®ª  â¥¯« . �®¯à®á § -ª«îç ¥âáï ¢ â®¬, ª ª ¡®«¥¥ à æ¨® «ì® á®áâ ¢¨âìíâ¨ ãà ¢¥¨ï.�à¨ á®áâ ¢«¥¨¨ â ª®£® à®¤  ãà ¢¥¨© ¢ ¦-ë¬ ï¢«ï¥âáï ¢®¯à®á ® ¢ë¡®à¥ á¯®á®¡  ®áà¥¤¥¨ïå à ªâ¥à¨áâ¨ª ä §. � â¥®à¨¨ âãà¡ã«¥âëå ¯®-â®ª®¢ £ §®¢§¢¥á¥© ¨áå®¤ë¥ ãà ¢¥¨ï á®åà ¥¨ï§ ¯¨áë¢ îâ ®¡ëç® ¤«ï ª ¦¤®© ä §ë ª ª á¯«®è-®© áà¥¤ë, § â¥¬ ¨å ®áà¥¤ïîâ ¯® ¢à¥¬¥¨ [1, 2] .�à¥¤áâ ¢«¥¨¥ ® á¯«®è®áâ¨ ä § ®á¨â, ç é¥¢á¥£®, ä¥®¬¥®«®£¨ç¥áª¨© å à ªâ¥à ¨«¨ á¢ï§ ® á®áà¥¤¥¨¥¬ å à ªâ¥à¨áâ¨ª ä § ¯® í«¥¬¥â à®¬ã®¡ê¥¬ã. �à¨ íâ®¬ ¯®   «®£¨¨ á ®¡ëçë¬ ¯®ï-â¨¥¬ á¯«®è®áâ¨ ¤¥« ¥âáï ¤®¯ãé¥¨¥ ® â®¬, çâ®¢ «î¡®¬ í«¥¬¥â à®¬ ®¡ê¥¬¥ á®¤¥à¦¨âáï ¤®áâ -â®ç® ¡®«ìè®¥ ª®«¨ç¥áâ¢® ç áâ¨æ ¢§¢¥á¨, çâ®¡ë¢ á®¢®ªã¯®áâ¨ ¨å ¬®¦® ¡ë«® ¯à¨¡«¨¦¥® áç¨-â âì á¯«®è®© áà¥¤®© á ¥¯à¥àë¢® à á¯à¥¤¥«¥-ë¬¨ ¢ ¥© å à ªâ¥à¨áâ¨ª ¬¨ á®áâ®ï¨ï ¨ ¤¢¨-¦¥¨ï. � ª®¥ ¤®¯ãé¥¨¥  ª« ¤ë¢ ¥â ®£à ¨ç¥-¨¥   à §¬¥àë â¢¥à¤ëå ç áâ¨æ. �®áª®«ìªã íâ¨ç áâ¨æë ¤®«¦ë ¡ëâì ®ç¥ì ¬¥«ª¨¬¨, ®á®¡¥®¯à¨ ¨å ¬ «ëå ®¡ê¥¬ëå ª®æ¥âà æ¨ïå, ®¡« áâì¯à¨¬¥¥¨ï ãà ¢¥¨© áâ ®¢¨âáï ®£à ¨ç¥®©,çâ® ï¢«ï¥âáï ®¤¨¬ ¨§ ¨å ¥¤®áâ âª®¢. �àã£®©,

¡®«¥¥ áãé¥áâ¢¥ë© ¥¤®áâ â®ª ¨§¢¥áâëå ãà ¢-¥¨© ¤¨ ¬¨ª¨ £ §®¢§¢¥á¨ § ª«îç ¥âáï ¢ â®¬,çâ® ®¨ á®¤¥à¦ â ¬®¬¥âë ª®àà¥«ïæ¨¨ ¯ã«ìá æ¨©ª®æ¥âà æ¨¨ ¨ áª®à®áâ¥©,   ãà ¢¥¨ï £ §®¢®©ä §ë, ªà®¬¥ â®£®, ¨ ¯ã«ìá æ¨© ¯«®â®áâ¨ £ § .�ç¥â íâ¨å ª®àà¥«ïæ¨®ëå ¬®¬¥â®¢ ¢ ãà ¢¥¨-ïå ¥ â®«ìª® ãá«®¦ï¥â ¯à®¡«¥¬ã § ¬ëª ¨ï á¨-áâ¥¬ë ãà ¢¥¨©, ® ¨ ¯à¨¢®¤¨â ª ®¯à¥¤¥«¥ë¬«®£¨ç¥áª¨¬ ¯à®â¨¢®à¥ç¨ï¬, çâ® ¡ë«® ®¡ àã¦¥-® ¥é¥ ¢ 40-å £®¤ å ¢ â ª  §ë¢ ¥¬®© £à ¢¨â æ¨-®®© â¥®à¨¨ ¯¥à¥®á  ¢§¢¥è¥ëå  ®á®¢ âãà-¡ã«¥âë¬ ¯®â®ª®¬ ¦¨¤ª®áâ¨ [3]. �à®â¨¢®à¥ç¨ï§ ª«îç îâáï ¢ â®¬, çâ® ¢ £®à¨§®â «ì®¬ à ¢®-¬¥à®¬ ¤¢ãåä §®¬ ¯®â®ª¥ ®áà¥¤¥ë¥ ¢® ¢à¥¬¥-¨ ¢¥àâ¨ª «ìë¥ áª®à®áâ¨ ¤¢¨¦¥¨ï ä § ¥ à ¢ëã«î, å®âï ®áà¥¤¥ë¥ ¢® ¢à¥¬¥¨ ®¡ê¥¬ë¥ à á-å®¤ë íâ¨å ä § ¢ ¢¥àâ¨ª «ì®¬  ¯à ¢«¥¨¨ à ¢ëã«î.�¥«ìî ¤ ®© áâ âì¨ ï¢«ï¥âáï á®áâ ¢«¥¨¥áà ¢¨â¥«ì® ¯à®áâëå ¨ ¡®«¥¥ ®¡é¨å ãà ¢¥¨©¤«ï âãà¡ã«¥â®£® ¯®â®ª  £ §®¢§¢¥á¨, á¢®¡®¤ëå®â ¢ëè¥ãª § ëå ¥¤®áâ âª®¢. �¬¥áâ® ¯à®-áâà áâ¢¥®£® ¨ ¢à¥¬¥®£® ¬¥â®¤®¢ ®áà¥¤¥¨ï¨á¯®«ì§ã¥âáï ¢¥à®ïâ®áâë© ¬¥â®¤,   «®£¨çë©¯à¨ïâ®¬ã ¢ á®¢à¥¬¥®© áâ â¨áâ¨ç¥áª®© £¨¤à®-¬¥å ¨ª¥ [4]. �à¥¨¬ãé¥áâ¢® ¥£®, áª ¦¥¬,  ¤ ¯à®-áâà áâ¢¥ë¬ ¬¥â®¤®¬ á®áâ®¨â ¢ â®¬, çâ® ® ¥á¢ï§  á ¢ãâà¥¨¬ ¨ ¢¥è¨¬ «¨¥©ë¬¨ ¬ á-èâ ¡ ¬¨ ¯®â®ª  ¨ ¯®íâ®¬ã ¥  ª« ¤ë¢ ¥â ®£à -¨ç¥¨ï   ªàã¯®áâì ç áâ¨æ ¢§¢¥á¨, à §¢¥ çâ®  ¨å ¬¨¨¬ «ìë¥ à §¬¥àë: ®¨ ¤®«¦ë ¡ëâì  -¬®£® ¡®«ìè¥ ¬®«¥ªã«ïà®-ª¨¥â¨ç¥áª¨å ¬ áèâ -26 c �. �. �à¨«ì, �. �. �¥à¬ , 1999



ISSN 0387 -4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 1. �. 26 { 34¡®¢, çâ®¡ë ª ¦¤ãî ®â¤¥«ì® ¢§ïâãî ç áâ¨æã ¬®¦-® ¡ë«® áç¨â âì á¯«®èë¬ â¥«®¬.�¥à®ïâ®áâë© ¬¥â®¤ ®áà¥¤¥¨ï  è¥« è¨à®-ª®¥ ¯à¨¬¥¥¨¥ ¢ â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢ ¨ïåâãà¡ã«¥âëå ¢§¢¥á¥¥áãé¨å ¯®â®ª®¢ [5] ¨ £¨¤à ¢-«¨ç¥áª®£® âàã¡®¯à®¢®¤®£® âà á¯®àâ  ª ¯áã« ¯®âàã¡ ¬ [6]. �áâ â¨, ¯à¨ ¨áá«¥¤®¢ ¨¨ âà á¯®à-â¨à®¢ ¨ï ª ¯áã« âãà¡ã«¥âë¬ ¯®â®ª®¬ íâ®â ¬¥-â®¤ ®áà¥¤¥¨ï ®ª §ë¢ ¥âáï ¥¤¨áâ¢¥® ¢®§¬®¦-ë¬ ¤«ï ¬ â¥¬ â¨ç¥áª®£® ®¯¨á ¨ï á®¢¬¥áâ®£®¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ ¨ ª ¯áã« ª ª ¤¢ãåä §®© £¥-â¥à®£¥®© áà¥¤ë, à §¬¥à ç áâ¨æ â¢¥à¤®© ä §ëª®â®à®© á®¨§¬¥à¨¬ á ¤¨ ¬¥âà®¬ âàã¡ë. �â®â ¬¥-â®¤ ®áà¥¤¥¨ï ¨¦¥ à §¢¨¢ ¥âáï ¨ ®¡®¡é ¥âáï  á«ãç © âãà¡ã«¥â®£® ¯®â®ª  £ §®¢§¢¥á¨, ª®-£¤  ¥áãé ï áà¥¤  á¦¨¬ ¥¬ . �®áª®«ìªã ¢ ¤ ®©áâ âì¥ ® ¯à¨¬¥ï¥âáï ¥¯®áà¥¤áâ¢¥® ª à §àë¢-ë¬ å à ªâ¥à¨áâ¨ª ¬ ä §, ¥ ¤¨ää¥à¥æ¨àã¥¬ë¬¢ à ¬ª å ª« áá¨ç¥áª®£® ¬ â¥¬ â¨ç¥áª®£®   «¨§ ,¤«ï ®¯à¥¤¥«¥¨ï ¨å ç áâëå ¯à®¨§¢®¤ëå ¯® ª®®à-¤¨ â ¬ ¨ ¢à¥¬¥¨ ¨á¯®«ì§ã¥âáï ¬ â¥¬ â¨ç¥áª¨© ¯¯ à â â¥®à¨¨ ®¡®¡é¥ëå äãªæ¨©.�������� ���������������������� �����������®«ï £¨¤à®- ¨ â¥à¬®¤¨ ¬¨ç¥áª¨å å à ªâ¥à¨-áâ¨ª âãà¡ã«¥â®£® ¯®â®ª  £ §®¢§¢¥á¨ à áá¬ âà¨-¢ îâáï ª ª á«ãç ©ë¥ ¯®«ï, â ª çâ®   ®á®¢¥ â¥-®à¨¨ ¢¥à®ïâ®áâ¥© ¬®¦® ¯®áâà®¨âì ¢ë¡®à®ç®¥¯à®áâà áâ¢®, â®çª ¬¨ ª®â®à®£® ï¢«ïîâáï ¢á¥¢®§-¬®¦ë¥ ¯®«ï ¤ ®© å à ªâ¥à¨áâ¨ª¨ ¨ ª®â®à®¥á ¡¦¥® ¢¥à®ïâ®áâ®© ¬¥à®©, ®à¬¨à®¢ ®©¥¤¨¨æ¥©. �à¨ íâ®¬ ¢¥à®ïâ®áâ®¥ áà¥¤¥¥ â®©¨«¨ ¨®© å à ªâ¥à¨áâ¨ª¨ á«¥¤ã¥â ¯®¨¬ âì ª ªáà¥¤¥¥ ¯® áâ â¨áâ¨ç¥áª®¬ã  á ¬¡«î ¯®«¥© íâ®©å à ªâ¥à¨áâ¨ª¨.�ãáâì 'g, 'p ¨ ' { ª ª¨¥-«¨¡® ®¤®¨¬¥ë¥ å -à ªâ¥à¨áâ¨ª¨ £ § , â¢¥à¤ëå ç áâ¨æ ¨ £ §®¢§¢¥-á¨ á®®â¢¥âáâ¢¥®. �§-§  à §«¨ç¨ï ¢ ä¨§¨ª®-¬¥å ¨ç¥áª¨å á¢®©áâ¢ å £ §®¢®© ¨ â¢¥à¤®© ä § ¤®-¯ãáª ¥âáï, çâ® äãªæ¨¨ 'g ¨ 'p § ¤ ë áâà®£® ¢®¡« áâ¨ á¢®¥© ä §ë, £¤¥ ®¨ ®¤®§ çë ¨ ¥¯à¥-àë¢ë ¢¬¥áâ¥ á® á¢®¨¬¨ ç áâë¬¨ ¯à®¨§¢®¤ë-¬¨. �ãªæ¨ï ¦¥ ' ®¯à¥¤¥«¥  ¢® ¢á¥© ®¡« áâ¨¯®â®ª , à ¢  'g ¢ãâà¨ £ §®¢®© ¨ 'p { ¢ãâà¨â¢¥à¤®© ä §ë.�¢¥¤¥¬ äãªæ¨î ~'k (k = g; p), à ¢ãî:~'k = �k'; (1)£¤¥ �k { à §àë¢ ï äãªæ¨ï, ¯à¨¨¬ îé ï § -ç¥¨¥ ¥¤¨¨æë ¢ãâà¨ k -®© ä §ë ¨ § ç¥¨¥ ã«ì¢¥ ¥¥. �ãªæ¨ï ~'k, ª ª áà¥§ª  å à ªâ¥à¨áâ¨ª¨

' ¯® ®¡« áâ¨ k -®© ä §ë, à ¢  'k ¢ â®çª å k -®©ä §ë ¨ ã«î ¢ â®çª å, ¥ ¯à¨ ¤«¥¦ é¨å k -®©ä §¥.�¥à®ïâ®áâ®¥ áà¥¤¥¥ äãªæ¨¨ ~'k ®¯à¥¤¥«ï¥â-áï ä®à¬ã«®© [5]~'k = �k' = �kh'ki; (2)£¤¥ ç¥àâ®© á¢¥àåã ®¡®§ ç¥® ¡¥§ãá«®¢®¥ ¢¥à®ïâ-®áâ®¥ áà¥¤¥¥,   ã£«®¢®© áª®¡ª®© { ãá«®¢®¥ ¢¥-à®ïâ®áâ®¥ áà¥¤¥¥, ¯®«ãç ¥¬®¥ ¯à¨ ãá«®¢¨¨, çâ®¤  ï â®çª  § ïâ  k -®© ä §®©. �å®¤ïé ï ¢ (2)¢¥«¨ç¨  ��k ¯à¥¤áâ ¢«ï¥â á®¡®© «®ª «ìãî ¢¥à®-ïâ®áâãî ª®æ¥âà æ¨î k -®© ä §ë ¨ à ¢ï¥âáï¢¥à®ïâ®áâ¨ â®£®, çâ® ¤  ï â®çª  ¯®â®ª  ¯à¨- ¤«¥¦¨â k -®© ä §¥.�á«¨ å à ªâ¥à¨áâ¨ª¨ ä §  k á¢ï§ ë á ¯«®â®-áâï¬¨ íâ¨å ä § �k ¨ ¯à¥¤áâ ¢«¥ë ¢ ¢¨¤¥  k =�k'k, â® ¢¥à®ïâ®áâ®¥ áà¥¤¥¥ äãªæ¨¨ ~ k =�k�' ®¯à¥¤¥«ï¥âáï â ª:~ k = �k�' = �k�h'ki� == �kh�kih'ki�; (3)£¤¥ ã£«®¢®© áª®¡ª®© á® §¢¥§¤®çª®© ®¡®§ ç¥®áà¥¤¥¢§¢¥è¥®¥ ¯® ¬ áá¥ ¢¥à®ïâ®áâ®¥ § ç¥-¨¥ å à ªâ¥à¨áâ¨ª¨. � ç áâ®¬ á«ãç ¥, ª®£¤ �k = const, ¨§ (3) á«¥¤ã¥â, çâ®h'ki� = h'ki:� ª ¢¨¤¨¬, ä®à¬ã«ë ®áà¥¤¥¨© (2) ¨ (3) ï¢-® ¥ ãç¨âë¢ îâ ¬®¬¥â®¢ ª®àà¥«ïæ¨¨ ¯ã«ìá æ¨©®áà¥¤ï¥¬ëå ¢¥«¨ç¨. �â® á¢ï§ ® á ¢¢¥¤¥¨¥¬ãá«®¢ëå áà¥¤¨å h'ki ¨ h'ki�. � ¯à¨¬¥à, ¯à¨-¨¬ ï ¢ ª ç¥áâ¢¥ ®áà¥¤¥®£® § ç¥¨ï ¢¥«¨ç¨ãh'ki ¨ ¯à¥¤áâ ¢«ïï ¬£®¢¥ë¥ ¢¥«¨ç¨ë �k ¨ '¢ ¢¨¤¥ áã¬¬ë ¨å ®áà¥¤¥ëå § ç¥¨© ¨ ¯ã«ìá -æ¨©, â.¥. �k = ��k+�0k ¨ 'k = h'ki+'0k , ¯®«ãç ¥¬�k' = �kh'ki + �0k'0k: (4)�¤ ª®, ¯® ®¯à¥¤¥«¥¨î áà¥¤¥¥ h'ki = �k'=�k,¯®íâ®¬ã ¨§ (4)  å®¤¨¬, çâ® �0k'0k = 0.�î¡ë¥ £¨¤à®- ¨ â¥à¬®¤¨ ¬¨ç¥áª¨¥ å à ªâ¥-à¨áâ¨ª¨ ä § ~'k ¤®«¦ë ã¤®¢«¥â¢®àïâì á®®â¢¥â-áâ¢ãîé¨¬ ¤¨ää¥à¥æ¨ «ìë¬ ãà ¢¥¨ï¬ £¨¤à®-¨ â¥à¬®¤¨ ¬¨ª¨ ¨  ¤«¥¦ é¨¬ ªà ¥¢ë¬ ãá«®¢¨-ï¬. �®áª®«ìªã äãªæ¨¨ ~'k ¯à¥â¥à¯¥¢ îâ à §-àë¢ ¥¯à¥àë¢®áâ¨   £à ¨æ¥ à §¤¥«  ä §, ª®â®-àãî ®¡®§ ç¨¬ á¨¬¢®«®¬ S, ¨å ç áâë¥ ¯à®¨§¢®¤-ë¥ ¯® ¯à®áâà áâ¢¥ë¬ ª®®à¤¨ â ¬ ¨ ¢à¥¬¥¨ï¢«ïîâáï ®¡®¡é¥ë¬¨ äãªæ¨ï¬¨ ¨ ®¯à¥¤¥«ïîâ-áï ¨ ç¥, ç¥¬ ç áâë¥ ¯à®¨§¢®¤ë¥ ¢ ª« áá¨ç¥-áª®¬ ¬ â¥¬ â¨ç¥áª®¬   «¨§¥. � ª, ¯à®¨§¢®¤ ï�. �. �à¨«ì, �. �. �¥à¬  27



ISSN 0387 -4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 1. �. 26 { 34®â ~'k ¯® ª®®à¤¨ â¥ x ®¯à¥¤¥«ï¥âáï ä®à¬ã«®© [5,7]ri ~'k = fri ~'kg � ('k)snk;i�s; (5)£¤¥ ri { ®¯¥à â®à @=@xi; fri ~'kg { ®¡ëç ï ç áâ- ï ¯à®¨§¢®¤ ï, à ¢ ï ri'k ¢ãâà¨ k -®© ä -§ë, ¨ ã«î ¢¥ ¥¥; ('k)s { § ç¥¨¥ äãªæ¨¨ 'k  £à ¨æ¥ à §¤¥«  ä §; nk;i { ¯à®¥ªæ¨ï ¢¥è¥©¯® ®â®è¥¨î ª k -®© ä §¥ ®à¬ «¨ ª ¬¥¦ä §®©£à ¨æ¥   ®áì Oxi; �s { á¨£ã«ïàë© äãªæ¨® «,á®áà¥¤®â®ç¥ë©   £à ¨æ¥ S. �áà¥¤¨¢ ãà ¢¥-¨¥ (5), ¡ã¤¥¬ ¨¬¥âì [5]ri ~'k = �krih'ki � ('k)snk;i�s: (6)�§ (6) ¢ëâ¥ª ¥â, çâ® áà¥¤¥¥ § ç¥¨¥ ¯à®¨§¢®¤-®© ®â à §àë¢®© äãªæ¨¨ ~'k ¥ à ¢® ¯à®¨§¢®¤-®© ®â áà¥¤¥£® § ç¥¨ï íâ®© äãªæ¨¨.�¤¨áâ¢¥ë¬ ¨¢ à¨ â®¬ ¯à¨ ¯¥à¥å®¤¥ ®â®¡ëçëå ¯à®¨§¢®¤ëå ª ®¡®¡é¥ë¬ ï¢«ï¥âáï¯à®¨§¢®¤ ï ¯® ¢à¥¬¥¨ ®â ¨â¥£à « , ¢§ïâ®£® ¯®¯®¤¢¨¦®¬ã ®¡ê¥¬ã. �â® «¥£ª® ¤®ª §ë¢ ¥âáï á«¥-¤ãîé¨¬ ®¡à §®¬.� áá¬®âà¨¬ ¯à®¨§¢®¤ãîddt ZV ~'kdV; (7)£¤¥ ®â ¢à¥¬¥¨ t § ¢¨á¨â ¥ â®«ìª® ¯®¤ëâ¥£à «ì- ï äãªæ¨ï, ® ¨ ®¡ê¥¬ V . �á¯®«ì§ãï ¨§¢¥áâ-®¥ ¢ ¬¥å ¨ª¥ á¯«®è®© áà¥¤ë [8] ¯à ¢¨«® ¤¨ää¥-à¥æ¨à®¢ ¨ï ¯® ¢à¥¬¥¨ ¨â¥£à «  á ¯®¤¢¨¦®©®¡« áâìî ¨â¥£à¨à®¢ ¨ï, ¯®«ãç ¥¬ddt ZV ~'kdV = ZV �@ ~'k@t +r�( ~'kv�)� dV; (8)£¤¥ v� { ª®¬¯®¥â  áª®à®áâ¨, á ª®â®à®© ¤¢¨¦ãâáïâ®çª¨ ®¡ê¥¬  V ; ç áâë¥ ¯à®¨§¢®¤ë¥ ¯® ¢à¥¬¥¨¨ ¯à®áâà áâ¢¥ë¬ ª®®à¤¨ â ¬ { ®¡®¡é¥ë¥äãªæ¨¨. � ä®à¬ã«¥ (8), à ¢® ª ª ¨ ¢ ¯®á«¥¤ã-îé¨å, ¯® ¤¢ ¦¤ë ¯®¢â®àïîé¥¬ãáï ¢ ®¤®ç«¥®¬¢ëà ¦¥¨¨ ¨¤¥ªáã ¯à®¢®¤¨âáï áã¬¬¨à®¢ ¨¥ ®â¥¤¨¨æë ¤® âà¥å.� ¤àã£®© áâ®à®ë, ¬®¦®  ¯¨á âìddt ZV ~'kdV = ddt ZVk 'kdV == ZVk �@'k@t +r�'kv�� dV == ZV ��@ ~'k@t �+ fr� ~'kv�g�dV; (9)

£¤¥ Vk { ç áâì ®¡ê¥¬  V , § ïâ ï k -®© ä §®©.�à ¢¥¨¥ íâ®£® ¢ëà ¦¥¨ï á ¢ëà ¦¥¨¥¬ (8) ¤ -¥â à ¢¥áâ¢®ZV �@ ~'k@t +r� ~'kv�� dV == ZV ��@ ~'k@t �+ fr� ~'kv�g�dV; (10)ª®â®à®¥ á¢¨¤¥â¥«ìáâ¢ã¥â ®¡ ¨¢ à¨ â®áâ¨ ¯à®-¨§¢®¤®© (7) ¯à¨ ¯¥à¥å®¤¥ ®â ®¡ëçëå ¯à®¨§¢®¤-ëå ª ®¡®¡é¥ë¬. �â® à ¢¥áâ¢® ¯®«¥§® â¥¬,çâ® ¢ ä®à¬ã«¥ ¤¨ää¥à¥æ¨à®¢ ¨ï ¯® ¢à¥¬¥¨ ¨-â¥£à « , ¢§ïâ®£® ¯® ¯®¤¢¨¦®¬ã ¨¤¨¢¨¤ã «ì®¬ã®¡ê¥¬ã, ®® ¯®§¢®«ï¥â ®áãé¥áâ¢¨âì ¯¥à¥áâ ®¢-ªã ®¯¥à æ¨¨ ®áà¥¤¥¨ï á ¤¨ää¥à¥æ¨à®¢ ¨¥¬ ¯®ª®®à¤¨ â ¬ ¨ ¢à¥¬¥¨ ¢ ¯®¤ëâ¥£à «ì®¬ ¢ëà -¦¥¨¨, â ª çâ®@ ~'k@t +r� ~'kv� = @ ~'k@t +r� ~'kv�: (11)� áá¬ âà¨¢ ï ¢¥à®ïâ®áâë© ¬¥â®¤ ®áà¥¤¥-¨ï, ª®á¥¬áï ¥é¥ ¢®¯à®á  ® â®¬,  áª®«ìª® ¡«¨§ª¨í¬¯¨à¨ç¥áª¨¥ ¯à®áâà áâ¢¥®-¢à¥¬¥ë¥ áà¥¤-¨¥ ª á®®â¢¥âáâ¢ãîé¨¬ ¢¥à®ïâ®áâë¬ áà¥¤¨¬.�¥«® ¢ â®¬, çâ® è¨à®ª®¥ ¯à¨¬¥¥¨¥ ¯à®áâà -áâ¢¥®£® ¨ ¢à¥¬¥®£® ¬¥â®¤®¢ ®áà¥¤¥¨ï ¢ â¥-®à¨¨ âãà¡ã«¥âëå ¤¢ãåä §ëå ¯®â®ª®¢ ¬®â¨¢¨-àã¥âáï ®¡ëç® â¥¬, çâ® ¯à¨¬¥ï¥¬ë¥ ¢ íªá¯¥à¨-¬¥â «ìëå ¨áá«¥¤®¢ ¨ïå ¯à¨¡®àë ¨§¬¥àïîâ ¥¢¥à®ïâ®áâ®¥ áà¥¤¥¥,   áà¥¤¨¥ ¯® í«¥¬¥â à®-¬ã ®¡ê¥¬ã ¨ ¢à¥¬¥¨.�§¢¥áâ ï ¢ áâ â¨áâ¨ç¥áª®© £¨¤à®¬¥å ¨ª¥ íà-£®¤¨ç¥áª ï £¨¯®â¥§  ¤®¯ãáª ¥â áå®¤¨¬®áâì ¯à®-áâà áâ¢¥®£® ¨«¨ ¢à¥¬¥®£® áà¥¤¥£® ª ¢¥à®-ïâ®áâ®¬ã ¢ á«ãç ¥ ª¢ §¨®¤®à®¤®£® ¨«¨, á®®â-¢¥âáâ¢¥®, ª¢ §¨áâ æ¨® à®£® ¯®«ï £¨¤à®¤¨ -¬¨ç¥áª®© ¢¥«¨ç¨ë ¯à¨ ¥®£à ¨ç¥®¬ ®¡ê¥¬¥¨«¨ ¨â¥à¢ «¥ ®áà¥¤¥¨ï. �®«¥¥ ®¡é¨© á«ãç ©,ª®£¤  ¯®«¥ ª¢ §¨áâ æ¨® à®, ® ª¢ §¨¥®¤®à®¤-® ¢ § ¤ ®¬  ¯à ¢«¥¨¨, à áá¬®âà¥ ¢ à ¡®â¥[5], ¢ ª®â®à®© ¯®«ãç¥® ¤¨ää¥à¥æ¨ «ì®¥ ãà ¢-¥¨¥, á¢ï§ë¢ îé¥¥ ¯à®áâà áâ¢¥®-¢à¥¬¥®¥¨ ¢¥à®ïâ®áâ®¥ áà¥¤¨¥. �à¨ íâ®¬ ãáâ ®-¢«¥®, çâ® áâ¥¯¥ì ®âª«®¥¨ï ¯à®áâà áâ¢¥®-¢à¥¬¥®£® áà¥¤¥£® ®â ¢¥à®ïâ®áâ®£® § ¢¨á¨â®â ªà¨¢¨§ë ªà¨¢®© à á¯à¥¤¥«¥¨ï ¢¥à®ïâ®áâ®-£® áà¥¤¥£® ¢ § ¤ ®¬  ¯à ¢«¥¨¨ ¨ ®â ¯ à ¬¥-âà  &L, ¯à¥¤áâ ¢«ïîé¥£® á®¡®© ®â®è¥¨¥ å à ª-â¥à®£® ¬ áèâ ¡  í«¥¬¥â à®£® ®¡ê¥¬  ®áà¥¤-¥¨ï ª å à ªâ¥à®¬ã «¨¥©®¬ã ¬ áèâ ¡ã ¯®-â®ª . �ë¯®«¥ë¥   ®á®¢¥ ¢ëè¥ã¯®¬ïãâ®-28 �. �. �à¨«ì, �. �. �¥à¬ 



ISSN 0387 -4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 1. �. 26 { 34£® ãà ¢¥¨ï á¯¥æ¨ «ìë¥ ¨áá«¥¤®¢ ¨ï ¯®ª §ë-¢ îâ, çâ® ¤«ï § ç¥¨© &L, à ¢ëå ¨«¨ ¡«¨§ª¨åª 0,01, íâ¨ áà¥¤¨¥ á®¢¯ ¤ îâ ¤àã£ á ¤àã£®¬ áâ®ç®áâìî ¤® ¥áª®«ìª¨å ¯à®æ¥â®¢ ¯à¨ áà ¢¨-â¥«ì® ¡®«ìè®© ªà¨¢¨§¥ ªà¨¢®© à á¯à¥¤¥«¥¨ï¢¥à®ïâ®áâ®£® áà¥¤¥£®, ¨ á â®ç®áâìî ¤® ¤¥-áïâ®© ¨ ¬¥ìè¥ ¤®«¥© ¯à®æ¥â  ¯à¨ ¬ «®© ªà¨-¢¨§¥. � ¦¥ ¯à¨ § ç¥¨¨ &L = 0:1  ¡«î¤ ¥âáï¢ áà¥¤¥¬ ¢¯®«¥ ã¤®¢«¥â¢®à¨â¥«ì®¥ á®¢¯ ¤¥¨¥à áá¬ âà¨¢ ¥¬ëå áà¥¤¨å, ¨å ¢§ ¨¬ë¥ ®âª«®¥-¨ï ¢ ¤ ®¬ á«ãç ¥  å®¤ïâáï ¢ ¯à¥¤¥« å ®è¨-¡®ª ¨§¬¥à¥¨©. �®íâ®¬ã ãç¨âë¢ ï, çâ® ¯à¨¬¥ï-¥¬ë¥ ¢ íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨ïå á®¢à¥-¬¥ë¥ ¯à¨¡®àë,  ¯à¨¬¥à, « §¥àë© ¤®¯«¥à®¢-áª¨©  ¥¬®¬¥âà, ¯®§¢®«ïîâ ¨§¬¥àïâì ¯ à ¬¥âàë¤¢ãåä §®£® ¯®â®ª  ¢ ®ç¥ì ¬ «ëå í«¥¬¥â àëå®¡ê¥¬ å, å à ªâ¥à¨§ãîé¨åáï § ç¥¨ï¬¨ &L � 1,¬®¦® § ª«îç¨âì, çâ® ¯®«ãç ¥¬ë¥ í¬¯¨à¨ç¥áª¨¥¯à®áâà áâ¢¥®-¢à¥¬¥ë¥ áà¥¤¨¥ á ¤®áâ â®ç®¢ëá®ª®© áâ¥¯¥ìî â®ç®áâìî á®®â¢¥âáâ¢ãîâ ¢¥-à®ïâ®áâë¬ áà¥¤¨¬. � ª çâ® ¤ ¦¥ á â®çª¨ §à¥-¨ï á®®â¢¥âáâ¢¨ï â¥®à¥â¨ç¥áª¨å áà¥¤¨å í¬¯¨à¨-ç¥áª¨¬ áà¥¤¨¬ ¯à®áâà áâ¢¥ë© ¨ ¢à¥¬¥®©¬¥â®¤ë ®áà¥¤¥¨ï ¥ ¨¬¥îâ ¯à¥¨¬ãé¥áâ¢  ¤ ¢¥-à®ïâ®áâë¬ ª ª  ¨¡®«¥¥ ®¡ê¥ªâ¨¢ë¬ ¨ ã¨¢¥à-á «ìë¬ ¬¥â®¤®¬ ®áà¥¤¥¨ï.�¥à¥å®¤¨¬ ª ¢ë¢®¤ã ®áà¥¤¥ëå ¯® ¢¥à®ïâ®-áâ¨ ãà ¢¥¨© ¤«ï âãà¡ã«¥â®£® ¯®â®ª  £ §®¢§¢¥-á¨.��������� ������������� � ���-������¬¥áì £ §  ¨ â¢¥à¤ëå ç áâ¨æ à áá¬ âà¨¢ ¥âáïª ª ¥®¤®à®¤ ï á¯«®è ï áà¥¤ , ª®â®à ï ¢ ®â«¨-ç¨¥ ®â ®¤®à®¤®© á¯«®è®© áà¥¤ë á®¤¥à¦¨â £à -¨æã à §¤¥«  ä §, á¨£ã«ïàãî ®â®á¨â¥«ì® ¨åå à ªâ¥à¨áâ¨ª á®áâ®ï¨ï. �à¥¤¯®« £ ¥âáï, çâ®ä §®¢ë¥ ¯¥à¥å®¤ë ¨ å¨¬¨ç¥áª¨¥ à¥ ªæ¨¨ ®âáãâ-áâ¢ãîâ, £ § { á¦¨¬ ¥¬ ï áà¥¤ ,   ç áâ¨æë ¢§¢¥-á¨ {  ¡á®«îâ® â¢¥à¤ë¥ â¥« .�«ï «î¡®£® ¨¤¨¢¨¤ã «ì®£® ®¡ê¥¬  V £ §®-¢§¢¥á¨, ®£à ¨ç¥®£® ¯®¢¥àå®áâìî F , ¡ « á®-¢ë¥ ãà ¢¥¨ï ¬ ááë ¨ ª®«¨ç¥áâ¢  ¤¢¨¦¥¨ï ¨¬¥-îâ â ª®© ¦¥ ¢¨¤, ª ª ¨ ¤«ï «î¡®£® ¨¤¨¢¨¤ã «ì-®£® ®¡ê¥¬  ®¤®à®¤®© á¯«®è®© áà¥¤ë [8]:ddt ZV �dV = 0; (12)ddt ZV �vidV = ZV �gidV + ZF �i�n�dF (13)

(i = 1; 2; 3):�¤¥áì vi ¨ gi - ¯à®¥ªæ¨¨ ¢¥ªâ®à®¢ áª®à®áâ¨ ¨ ãáª®-à¥¨ï á¨«ë âï¦¥áâ¨   ®áì Oxi ¯àï¬®ã£®«ì®© á¨-áâ¥¬ë ª®®à¤¨ â; �i� ¨ n� { ª®¬¯®¥âë â¥§®à  ¯àï¦¥¨© ¨ ¢¥è¥© ª ¯®¢¥àå®áâ¨ F ®à¬ «¨.�ç¨âë¢ ï á¯¥æ¨ä¨ªã £ §®¢§¢¥á¨ ª ª £¥â¥à®£¥-®© áà¥¤ë, à §«®¦¨¬ â¥§®à  ¯àï¦¥¨© �i�  á®áâ ¢«ïîé¨¥ �(pg)i� ¨ �(pp)i� :�i� = �(pg)i� + �(pp)i� ; (14)£¤¥ �(pg)i� ¨ �(pp)i� {  ¯àï¦¥¨ï, ®¡ãá«®¢«¥ë¥ ¬¥¦-ä §®¢ë¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬ ¨ á®ã¤ à¥¨ï¬¨ â¢¥à-¤ëå ç áâ¨æ ®¤  ® ¤àã£ãî á®®â¢¥âáâ¢¥®. � -¯àï¦¥¨ï �(pg)i� à ¢ë �g;i� ¢ £ §®¢®© ¨ �p;i� ¢â¢¥à¤®© ä §¥, â®£¤  ª ª  ¯àï¦¥¨ï �(pp)i� à ¢ë��p;i� ¢ áâ «ª¨¢ îé¨åáï ¤àã£ á ¤àã£®¬ â¢¥à¤ëå ç -áâ¨æ å ¨ ã«î ¢¥ ¨å.�à¥¤áâ ¢¨¢ ¢å®¤ïé¨¥ ¢ ãà ¢¥¨ï (12) ¨ (13) å -à ªâ¥à¨áâ¨ª¨ ¢ ¢¨¤¥ áã¬¬ë áà¥§®ª ¨å ¯® ®¡« áâï¬£ §®¢®© ¨ â¢¥à¤®© ä § ¨ ¯à¨¬¥¨¢ ¯à ¢¨«® (8)¤¨ää¥à¥æ¨à®¢ ¨ï ¯® ¢à¥¬¥¨ ¨â¥£à « , ¢§ïâ®-£® ¯® ¨¤¨¢¨¤ã «ì®¬ã ®¡ê¥¬ã, ¯à¥®¡à §ã¥¬ íâ¨ãà ¢¥¨ï ª ¢¨¤ã:ZV Xk �@�k�@t +r��k�v�� dV = 0; (15)ZV Xk �@�k�vi@t +r��k�viv�� dV = (16)= ZV Xk �k�gidV + ZF  Xk �k�(pg)i� + �(pp)i� !n�dF:� «¥¥ à áá¬®âà¨¬ ª ¦¤®¥ ¨§ íâ¨å ãà ¢¥¨© ¢ ®â-¤¥«ì®áâ¨.�áà¥¤¨¢ ãà ¢¥¨¥ (15), ãç¨âë¢ ï ¢ëà ¦¥¨¥(11) ¨ ä®à¬ã«ë (1) ¨ (2), ¯®«ãç¨¬ZV Xk �@��kh�ki@t +r���kh�kihvk;�i��dV = 0¨«¨, â ª ª ª íâ® à ¢¥áâ¢® á¯à ¢¥¤«¨¢® ¤«ï «î¡®£®ª®¥ç®£® ®¡ê¥¬ , ¨¬¥¥¬ ®áà¥¤¥®¥ ¤¨ää¥à¥-æ¨ «ì®¥ ãà ¢¥¨¥ ¥à §àë¢®áâ¨ £ §®¢§¢¥á¨Xk �@��kh�ki@t +r���kh�kihvk;�i�� = 0: (17)�¤¥áì áà¥¤¥¬ áá®¢ ï áª®à®áâì ¤¢¨¦¥¨ï k -®© ä -§ë hvk;�i� ®¯à¥¤¥«¥  ª ªhvk;�i� = �k�v�=�kh�ki�. �. �à¨«ì, �. �. �¥à¬  29



ISSN 0387 -4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 1. �. 26 { 34¨ ¯à¥¤áâ ¢«ï¥â á®¡®© áà¥¤¥áâ â¨áâ¨ç¥áªãî áª®-à®áâì ¤¢¨¦¥¨ï æ¥âà  ¬ áá ¡¥áª®¥ç® ¬ «®£®®¡ê¥¬ , ¯®«ãç ¥¬ãî ¯à¨ ãá«®¢¨¨, çâ® íâ®â ®¡ê-¥¬ § ïâ k -®© ä §®©.�à ¢¥¨¥ (17) ¬®¦® § ¯¨á âì ¢ ®¡ëç®¬ ¤«ï¬¥å ¨ª¨ á¯«®è®© áà¥¤ë ¢¨¤¥@��@t +r����v�� = 0;£¤¥ �� ¨ �v�� { ®áà¥¤¥ë¥ ¯«®â®áâì ¨ áª®à®áâì¤¢¨¦¥¨ï £ §®¢§¢¥á¨:�� =Xk ��kh�ki�v�� = 1��Xk ��kh�kihvk;�i�;¯à¨ íâ®¬ áà¥¤¥¬ áá®¢ ï áª®à®áâì £ §®¢§¢¥á¨ �v��ä¨§¨ç¥áª¨ âà ªâã¥âáï ª ª áà¥¤¥áâ â¨áâ¨ç¥áª ïáª®à®áâì ¤¢¨¦¥¨ï æ¥âà  ¬ áá ¡¥áª®¥ç® ¬ «®-£® ®¡ê¥¬ , ¯®«ãç ¥¬ ï ¥§ ¢¨á¨¬® ®â â®£®, ª ª®©ä §®© ® § ¯®«¥.� §¤¥«¨¢ ãà ¢¥¨¥ (17) ¯® ä § ¬, ¡ã¤¥¬ ¨¬¥âì@��g@t +r���ghvg;�i� = 0; (18)@��p@t +r���phvp;�i� = 0; (19)£¤¥ ��g ¨ ��p { â ª  §ë¢ ¥¬ë¥ ¯à¨¢¥¤¥ë¥ ¯«®â-®áâ¨ £ §®¢®© ¨ â¢¥à¤®© ä §, à ¢ë¥��g = (1� ��p)h�gi;��p = ��p�p:�¥à¥å®¤ï ª ãà ¢¥¨ï¬ ¤¢¨¦¥¨ï (16), ¢ ç «¥§ ©¬¥¬áï ¯à¥®¡à §®¢ ¨¥¬ ¢å®¤ïé¥£® ¢ ¨å ¨â¥-£à «  ZF  Xk �k�(pg)i� + �(pp)i� !n�dF:�¡®§ ç¨¢ íâ®â ¨â¥£à « á¨¬¢®«®¬ Ri, § ¯¨è¥¬¥£® ¢ ¢¨¤¥Ri = ZF Xk �k�(pg)i� n�dF + ZF �(pp)i� n�dF: (20)�¥à¢ë© ¨â¥£à « á¯à ¢  ¢ (20) ¯à¥®¡à §ã¥¬ ¢ ¨-â¥£à « ¯® ®¡ê¥¬ã V . �á«¨ ãç¥áâì, çâ® ¢ ¤ -®¬ ¨â¥£à «¥ ¯®¤ëâ¥£à «ìë¥ äãªæ¨¨ �k�(pg)i� ,¯à¥¤áâ ¢«ïîé¨¥ á®¡®© áà¥§ªã ~�(pg)k;i� â¥§®à  �(pg)i�¯® ®¡« áâ¨ k -®© ä §ë, ¯à¥â¥à¯¥¢ îâ à §àë¢ë ¥-¯à¥àë¢®áâ¨   ¬¥¦ä §®© £à ¨æ¥ ¨ ¨å ç áâ-ë¥ ¯à®¨§¢®¤ë¥ ¯® ª®®à¤¨ â ¬ ®¯à¥¤¥«ïîâáï

ä®à¬ã«®© (5), â® ¯à¥®¡à §®¢ ¨¥ íâ®£® ¨â¥£à « á ¯®¬®éìî â¥®à¥¬ë � ãáá -�áâà®£à ¤áª®£® ¤ ¥â¢ëà ¦¥¨¥ ZF Xk �k�(pg)i� n�dF = (21)= ZV "Xk fr��k�(pg)i� g �Xk (�k;i�)snk;��s# dV:�®¤áâ ¢¨¬ ¢ëà ¦¥¨¥ (21) ¢ ãà ¢¥¨¥ (20), ¯®á«¥ç¥£® ®áà¥¤¨¬ íâ® ãà ¢¥¨¥, ãç¨âë¢ ï ä®à¬ã«ã(6). � à¥§ã«ìâ â¥ ¡ã¤¥¬ ¨¬¥âì�Ri = ZV �Xk ��kr�h�k;i�i �Xk (�k;i�)snk;��s�dV ++ ZF ��(pp)i� n�dF: (22)�®áª®«ìªã á¨«ë, ¯à¨«®¦¥ë¥ ª í«¥¬¥âã ¬¥¦-ä §®© £à ¨æë á® áâ®à®ë ®¡¥¨å ä §, à ¢ë¬¥¦¤ã á®¡®© ¨ ¨¬¥îâ ¯à®â¨¢®¯®«®¦ë¥ § ª¨,  £à ¨æ¥ S ¢ë¯®«ïîâáï ãá«®¢¨ï:(�g;i�)sng;� = �(�g;i�)snp;�; (23)(�p;i�)snp;� = (�g;i�)snp;�;£¤¥ (�g;i�)s {  ¯àï¦¥¨ï £ §®¢®© ä §ë ¢ â®çª å,¯à¨¬ëª îé¨å ª £à ¨æ¥ S. �á«¥¤áâ¢¨¥ ¢ë¯®«¥-¨ï £à ¨çëå ãá«®¢¨© (23) ¯®«ãç ¥¬ â®¦¤¥áâ¢®Xk (�k;i�)snk;��s = (24)= �(�g;i�)snp;��s + (�g;i�)snp;��s = 0:�å®¤ïé ï á à §ë¬¨ § ª ¬¨ ¢ ãà ¢¥¨¥ (24) ¨,á«¥¤®¢ â¥«ì®, ¢ (22) ¢¥«¨ç¨  (�g;i�)snp;��s ¥áâì¥ çâ® ¨®¥ ª ª i - ï ª®¬¯®¥â  ¢¥ªâ®à  áà¥¤-¥áâ â¨áâ¨ç¥áª®© á¨«ë, ¤¥©áâ¢ãîé¥© á® áâ®à®ë£ §    â¢¥à¤ë¥ ç áâ¨æë ¢ ¥¤¨¨æ¥ ®¡ê¥¬  £ §®-¢§¢¥á¨. �¡®§ ç¨¬ ¥¥ á¨¬¢®«®¬ �fi, â ª çâ®�fi = (�g;i�)snp;��s: (25)�®ï¢«¥¨¥ ¢ á®®â®è¥¨¨ (22) á« £ ¥¬ëå, ¢ëà -¦ îé¨å á¨«ã �fi, ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ â®£®, çâ®¯¥à¢ë© ¨â¥£à « ¢ ¯à ¢®© ç áâ¨ à ¢¥áâ¢  (20)¢ ç «¥ ¯à¥®¡à §®¢ «¨ ¢ ®¡ê¥¬ë© ¨â¥£à «,   § -â¥¬ ¥£® ®áà¥¤¨«¨. � ª ï ¯à®æ¥¤ãà  ¥ ª á ¥âáï¢â®à®£® ¨â¥£à «  ¢ ¯à ¢®© ç áâ¨ íâ®£® à ¢¥-áâ¢ , ¯®áª®«ìªã ® ¢ëà ¦ ¥â i -ãî ª®¬¯®¥âã ¯®-¢¥àå®áâ®© á¨«ë, ®¡ãá«®¢«¥®© ¢§ ¨¬®¤¥©áâ¢¨-¥¬ â¢¥à¤ëå ç áâ¨æ ¬¥¦¤ã á®¡®©,   ¥ á ¥áãé¥©30 �. �. �à¨«ì, �. �. �¥à¬ 



ISSN 0387 -4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 1. �. 26 { 34áà¥¤®©. �â®â ¨â¥£à « ¬®¦® ¯à¥®¡à §®¢ âì ¢®¡ê¥¬ë© «¨èì ¯®á«¥ ¥£® ®áà¥¤¥¨ï:ZF ��(pp)i� n�dF = ZV r���(pp)i� dV == ZV r� ��ph��p;i�idV; (26)£¤¥ �p { ¢¥à®ïâ®áâì ¢§ ¨¬ëå áâ®«ª®¢¥¨©â¢¥à¤ëå ç áâ¨æ,   ãá«®¢®¥ áà¥¤¥¥ h��p;i�i ®¯à¥-¤¥«ï¥âáï à ¢¥áâ¢®¬ h��p;i�i = ��(pp)i� =��p.� «¥¥, ¨§ £à ¨çëå ãá«®¢¨© (23) á«¥¤ã¥â, çâ®(�g;i�)sng;� + (�p;i�)snp;� = 0;¯®íâ®¬ã â¥§®à �(pg)i� ¬®¦® áç¨â âì ¥¯à¥àë¢-ë¬ ¢® ¢á¥© ®¡« áâ¨ ¯®â®ª . � ¤ ®¬ á«ã-ç ¥, ª ª ¯®ª § ® ¢ [5], ¢ë¯®«ï¥âáï à ¢¥áâ¢®h�p;i�i = h�g;i�i, ¢á«¥¤áâ¢¨¥ ç¥£®Xk ��kr�h�k;i�i = r�h�g;i�i: (27)� ãç¥â®¬ à ¢¥áâ¢ (24) { (27) ¢ëà ¦¥¨¥ (22)¯à¨¨¬ ¥â ¢¨¤�Ri = ZV (r�h�g;i�i+r� ��ph��p;i�i�� �fi + �fi)dV: (28)�¥á¬®âàï   â®, çâ® ¢å®¤ïé¨¥ ¢ ãà ¢¥¨¥ (28)á¨«ë ¬¥¦ä §®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¢§ ¨¬® á®ªà -é îâáï, ®¨ ä®à¬ «ì® ®áâ ¢«¥ë, â ª ª ª ¨¦¥¯® ¤®¡ïâáï ¯à¨ à §¤¥«¥¨¨ ãà ¢¥¨© ¤¢¨¦¥¨ï¯® ä § ¬.�â ª, ¢®§¢à é ïáì ª ãà ¢¥¨ï¬ ¤¢¨¦¥¨ï (16),®áà¥¤¨¬ ¨å ¯® ¢¥à®ïâ®áâ¨, ¯®¬ï ¯à¨ íâ®¬, çâ®¢å®¤ïé¨© ¢ ¨å ¯®¢¥àå®áâë© ¨â¥£à « ®¡®§ -ç¥ á¨¬¢®«®¬ Ri. � à¥§ã«ìâ â¥, ãç¨âë¢ ï ¢ëà -¦¥¨¥ (28), ¡ã¤¥¬ ¨¬¥âìZV hXk �@��khvk;ii�@t +r���khvk;ii�hvk;�i�����kgi �r� �Tk;i���r�h�g;i�i� (29)�r� ��ph��p;i�i+ �fi � �fiidV = 0;£¤¥ �Tk;i� = ���khvk̀;ivk̀;�i� ¥áâì â¥§®à ¤®¡ ¢®çëå ¯àï¦¥¨©, ®¡ãá«®¢«¥ëå âãà¡ã«¥âë¬¨ ¯ã«ì-á æ¨ï¬¨ áª®à®áâ¥© ä §.�á¢®¡®¦¤ ïáì ¢ (29) ®â ¨â¥£à¨à®¢ ¨ï ¯® ¯à®-¨§¢®«ì®¬ã ®¡ê¥¬ã V , § â¥¬ à §¤¥«ïï ãà ¢¥¨¥

¯® ä § ¬, ¯®«ãç ¥¬ ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï¤¢¨¦¥¨ï@��ghvg;ii�@t +r���ghvg;ii�hvg;�i� = (30)= ��ggi +r� �Tg;i� +r�h�g;i�i � �fi;@��phvp;ii�@t +r���phvp;ii�hvp;�i� = (31)= ��pgi +r� �Tp;i� +r� ��ph��p;i�i+ �fi:�å®¤ïéãî ¢ íâ¨ ãà ¢¥¨ï á¨«ã ¬¥¦ä §®£® ¢§ -¨¬®¤¥©áâ¢¨ï �fi ¬®¦® à §«®¦¨âì   ¤¢¥ á®áâ ¢«ï-îé¨¥ [5]: �fi = ��pr�h�g;i�i+ �foi ;£¤¥ ��pr�h�g;i�i { ®¡®¡é¥ ï  àå¨¬¥¤®¢  á¨« ,¤¥©áâ¢ãîé ï   â¢¥à¤ë¥ ç áâ¨æë ¢ ¥¤¨¨æ¥ ®¡ê-¥¬  £ §®¢§¢¥á¨; �foi { á¨«  £¨¤à®¤¨ ¬¨ç¥áª®£® á®-¯à®â¨¢«¥¨ï, ®¡ãá«®¢«¥ ï ®¡â¥ª ¨¥¬ â¢¥à¤ëåç áâ¨æ £ §®¬ ¨ ®â¥á¥ ï ª ¥¤¨¨æ¥ ®¡ê¥¬  £ §®-¢§¢¥á¨.� ®¡é¥¬ á«ãç ¥ ¥¨§®â¥à¬¨ç¥áª®£® ¤¢¨¦¥¨ï£ §®¢§¢¥á¨ ª ãà ¢¥¨ï¬ ¤¢¨¦¥¨ï (30) ¨ (31) á«¥-¤ã¥â ¤®¡ ¢¨âì ¨á¯®«ì§ã¥¬®¥ ¤«ï ¨¤¥ «ìëå £ §®¢ãà ¢¥¨¥ á®áâ®ï¨ï �« ¯¥©à® hPgi = h�giRhTgi;á¢ï§ë¢ îé¥¥ ®áà¥¤¥ë¥ ¤ ¢«¥¨¥ hPgi, â¥¬¯¥-à âãàã hTgi ¨ ¯«®â®áâì h�gi £ §  ¨ á®¤¥à¦ é¥¥£ §®¢ãî ¯®áâ®ïãî . �à¨ íâ®¬ â¥¬¯¥à âãà  hTgi®¯à¥¤¥«ï¥âáï ¨§ ãà ¢¥¨© â¥¯«®¯à®¢®¤®áâ¨, ¯®-«ãç ¥¬ëå   ®á®¢¥ ãà ¢¥¨© ¯à¨â®ª  â¥¯« .��������� ������� ������á«¨ ¬ áá®®¡¬¥ ¨ å¨¬¨ç¥áª¨¥ à¥ ªæ¨¨ ¢ á¯«®è-®© áà¥¤¥ ®âáãâáâ¢ãîâ, â® ãà ¢¥¨¥ ¯à¨â®ª  â¥-¯«  ¤«ï ¨¤¨¢¨¤ã «ì®£® ®¡ê¥¬  V ¨¬¥¥â ¢¨¤ [8]ddt ZV �"dV = � ZF q�n�dF + ZV ���r�v�dV; (32)£¤¥ " { ¢ãâà¥ïï (â¥¯«®¢ ï) í¥à£¨ï ¥¤¨¨æë¬ ááë; q� { ª®¬¯®¥â  ¢¥ªâ®à  ¯«®â®áâ¨ ¯®-â®ª  â¥¯« , ¢®§¨ª îé¥£® ¢á«¥¤áâ¢¨¥ ¬®«¥ªã«ïà-®© â¥¯«®¯à®¢®¤®áâ¨. � á«ãç ¥ ¯à¨â®ª  â¥¯-« , ®¡ãá«®¢«¥®£® ¤àã£¨¬¨ ä ªâ®à ¬¨,  ¯à¨-¬¥à «ãç¨áâ®© â¥¯«®¯à®¢®¤®áâìî, ª ¯à ¢®© ç áâ¨ãà ¢¥¨ï (32) ¤®«¦® ¡ëâì ¤®¡ ¢«¥® á« £ ¥¬®¥RV �q�dV , £¤¥ q� { ¤®¯®«¨â¥«ìë© ¯à¨â®ª â¥¯«   ¥¤¨¨æã ¬ ááë ¢ ¥¤¨¨æã ¢à¥¬¥¨.�. �. �à¨«ì, �. �. �¥à¬  31



ISSN 0387 -4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 1. �. 26 { 34�à¥®¡à §ã¥¬ ¯®á«¥¤¨© ¨â¥£à « ¢ ¯à ¢®© ç -áâ¨ ãà ¢¥¨ï (32). �«ï íâ®£® ¢®á¯®«ì§ã¥¬áï ®ç¥-¢¨¤ë¬ â®¦¤¥áâ¢®¬r�v� = 12(r�v� +r�v�)++12(r�v� �r�v�) = e�� + !��;£¤¥ á¨¬¢®« ¬¨ e�� ¨ !�� ®¡®§ ç¥ë, á®®â¢¥â-áâ¢¥®, â¥§®à áª®à®áâ¥© ¤¥ä®à¬ æ¨© ¨  â¨á¨¬-¬¥âà¨çë© â¥§®à, å à ªâ¥à¨§ãîé¨© ¢à é¥¨¥ç áâ¨æë á¯«®è®© áà¥¤ë ª ª  ¡á®«îâ® â¢¥à¤®£®â¥« . �á«¨ ¯à¥¤¯®«®¦¨âì, çâ® â¥§®à  ¯àï¦¥¨©��� á¨¬¬¥âà¨ç¥, â® ���!�� = 0 ¨ ¯®íâ®¬ãZV ���r�v�dV = ZV ���e��dV: (33)� ª çâ® ãà ¢¥¨¥ (32) ¯¥à¥¯¨è¥¬ á ãç¥â®¬ ¢ëà -¦¥¨ï (33) ¢ ¢¨¤¥ddt ZV �"dV = � ZF q�n�dF + ZV ���e��dV: (34)�«ï ¥®¤®à®¤®© á¯«®è®© áà¥¤ë, ª ª®© ï¢«ï¥â-áï £ §®¢§¢¥áì, ¢å®¤ïé¨¥ ¢ (34) ¨â¥£à «ë ¬®¦®¯à¥®¡à §®¢ âì á«¥¤ãîé¨¬ ®¡à §®¬:ddt ZV �"dV = ZV Xk �@�k�"@t +r��k�"v��dV; (35)ZF q�n�dF = ZV hXk fr��kq�g� (36)�Xk (qk;�)snk;��sidV;ZV ���e��dV = ZV �Xk �k�(pg)�� e�� + �(pp)�� e���dV:(37)� à¥§ã«ìâ â¥ ¯®¤áâ ®¢ª¨ ¢ëà ¦¥¨© (35) { (37)¢ ãà ¢¥¨¥ (34) ¨ ¯®á«¥¤ãîé¥£® ®áà¥¤¥¨ï ¢á¥å¥£® á« £ ¥¬ëå ¯®«ãç¨¬ZV Xk �@��kh"ki�@t +r���kh"ki�hvk;�i�++r���kh"0kv0k;�i��dV = (38)= � ZV �Xk r���khqk;�i �Xk (qk;�)snk;��s�dV+

+ ZV hXk ��k(h�k;��ihek;��i+ h�0k;��e0k;��i)++��p(h��p;��ihe�p;��i+ h�0�p;��e0�p;��i)idV ;£¤¥ he�p;��i { â¥§®à ®áà¥¤¥ëå áª®à®áâ¥© ¤¥ä®à-¬ æ¨© áà¥¤ë, ®¡à §®¢ ®© ¬®¦¥áâ¢®¬ áâ «ª¨¢ -îé¨åáï ¤àã£ á ¤àã£®¬ â¢¥à¤ëå ç áâ¨æ.�®áª®«ìªã ¯«®â®áâì ¯®â®ª  â¥¯«  q� ï¢«ï¥â-áï ¥¯à¥àë¢®© äãªæ¨¥© ¢® ¢á¥© ®¡« áâ¨ ¯®â®ª ,áà¥¤¥¥ hqp;�i à ¢ï¥âáï áà¥¤¥¬ã hqg;�i [9], ¯®íâ®-¬ã Xk r���khqk;�i = r�hqg;�i: (39)�à®¬¥ â®£®, ¢ á¨«ã ¥¯à¥àë¢®áâ¨ äãªæ¨¨ q�¬®¦® ¯®ª § âì,   «®£¨ç® ª ª ¨ ¯à¨ ¯®«ãç¥¨¨â®¦¤¥áâ¢  (24), çâ®Xk (qk;�)snk;��s = (40)= �(qg;�)snp;��s + (qg;�)snp;��s = 0;£¤¥ ¢¥«¨ç¨  (qg;�)snp;��s ¯à¥¤áâ ¢«ï¥â á®¡®©¬¥¦ä §ë© â¥¯«®®¡¬¥ ¨ à ¢ï¥âáï áà¥¤¥áâ -â¨áâ¨ç¥áª®¬ã ª®«¨ç¥áâ¢ã â¥¯« , ¯®¤¢¥¤¥®£® ªâ¢¥à¤®© ä §¥ á® áâ®à®ë £ §®¢®© ä §ë ¨ ®â¥á¥-®£® ª ¥¤¨¨æ¥ ®¡ê¥¬  £ §®¢§¢¥á¨. �âã ¢¥«¨ç¨ã®¡®§ ç¨¬ á¨¬¢®«®¬ �Q:�Q = (qg;�)snp;��s (41)� «¥¥, ¢ á¨«ã â®£®, çâ® â¢¥à¤ë¥ ç áâ¨æë áç¨â îâ-áï ¥¤¥ä®à¬¨àã¥¬ë¬¨ ¦¥áâª¨¬¨ â¥« ¬¨, ¢ãâà¨¨å â¥§®à áª®à®áâ¥© ¤¥ä®à¬ æ¨© ep;i� = 0, ¯®íâ®-¬ã Xk ��k(h�k;��ihek;��i+ h�0k;��e0k;��i) = (42)= (1� ��p)(h�g;��iheg;��i + h�0g;��e0g;��i):� ãç¥â®¬ ¢ëà ¦¥¨© (39)-(42) ãà ¢¥¨¥ (38) ¯à¥-®¡à §ã¥âáï ª ¢¨¤ãZV hXk �@��kh"ki�@t +r���kh"ki�hvk;�i�++r���kh"0kv0k;�i��+r�hqg;�i + �Q�� �Q� (1� ��p)(h�g;i�iheg;i�i+ h�0g;i�e0g;i�i)����p(h��p;i�ihe�p;i�i+ h�0�p;i�e0�p;i�i)idV = 0:32 �. �. �à¨«ì, �. �. �¥à¬ 



ISSN 0387 -4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 1. �. 26 { 34�âáî¤ , ®á¢®¡®¦¤ ïáì ®â ¨â¥£à¨à®¢ ¨ï ¨ à §¤¥-«ïï ãà ¢¥¨¥ ¯® ä § ¬, ¯®«ãç ¥¬ ãà ¢¥¨¥ ¯à¨-â®ª  â¥¯«  ¢ ¤¨ää¥à¥æ¨ «ì®© ä®à¬¥@��gh"gi�@t +r���gh"gi�hvg;�i� == �r���gh"0gv0g;�i�+ (43)+(1 � ��p)(h�g;i�iheg;i�i+ h�0g;i�e0g;i�i)��r�hqg;�i � �Q;@��ph"pi�@t +r���ph"pi�hvp;�i� == �r���ph"0pv0p;�i�+ (44)+��p(h��p;i�ihe�p;i�i+ h�0�p;i�e0�p;i�i) + �Q = 0:�®áª®«ìªã ¢å®¤ïé ï ¢ ãà ¢¥¨ï (43) ¨ (44) ¢¥-«¨ç¨  �Q ¢ëà ¦ ¥â ¯®«ë© ®¡¬¥ â¥¯«®¬ ¬¥¦¤ãä § ¬¨, ¥¥ ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ [9]�Q = ���pr�hqg;�i + �Q�;£¤¥ ��pr�hqg;�i { ¬¥¦ä §ë© â¥¯«®®¡¬¥ §  áç¥ââ¥¯«®¯à®¢®¤®áâ¨ ¢ á«ãç ¥, ¥á«¨ ¡ë â¢¥à¤ë¥ ç -áâ¨æë ¡ë«¨ § ¬¥¥ë £ §®¬; �Q� { ¬¥¦ä §ë© ª®-¢¥ªâ¨¢ë© â¥¯«®®¡¬¥, ®¡ãá«®¢«¥ë© à §®áâìîâ¥¬¯¥à âãà ä §.�®«ì§ãïáì § ª® ¬¨ ¨ ¯®«®¦¥¨ï¬¨ â¥à¬®¤¨ -¬¨ª¨, ãà ¢¥¨ï ¯à¨â®ª  â¥¯«  (43) ¨ (44) ¬®¦®¯à¨¢¥áâ¨ ª íª¢¨¢ «¥âë¬ ¨¬ ãà ¢¥¨ï¬ íâà®-¯¨¨,   â ª¦¥ ª ãà ¢¥¨ï¬ â¥¯«®¯à®¢®¤®áâ¨ ä §[9].�â ª, ¯®«ãç¥  á¨áâ¥¬  ®áà¥¤¥ëå ¯® ¢¥à®-ïâ®áâ¨ ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨© ¥à §àë¢-®áâ¨, ¤¢¨¦¥¨ï ¨ ¯à¨â®ª  â¥¯« , ®¯¨áë¢ îé¨å£¨¤à®- ¨ â¥à¬®¤¨ ¬¨ªã ª ¦¤®© ä §ë ª ª ¥ª®¥£®ª®â¨ãã¬  ¢ áâ â¨áâ¨ç¥áª®¬ á¬ëá«¥. �â¨ ãà ¢-¥¨ï, ¢ ®â«¨ç¨¥ ®â ¨§¢¥áâëå ãà ¢¥¨© ¤«ï âãà-¡ã«¥â®£® ¯®â®ª  £ §®¢§¢¥á¨, ®áïâ ¡®«¥¥ ®¡é¨©å à ªâ¥à, â ª ª ª ®¡« áâì ¨å ¯à¨¬¥¥¨ï ¥ ®£à -¨ç¥  ª®æ¥âà æ¨¥© ¨ ªàã¯®áâìî ç áâ¨æ ¢§¢¥-á¨. � â® ¦¥ ¢à¥¬ï ®¨ ®â®á¨â¥«ì® ¯à®áâë¥, ¯®-áª®«ìªã ¥ ãç¨âë¢ îâ ¬®¬¥â®¢ ª®àà¥«ïæ¨© ¯ã«ì-á æ¨© ª®æ¥âà æ¨© ¨ áª®à®áâ¥© ä § ¨ ¯ã«ìá æ¨©¯«®â®áâ¨ ¥áãé¥© áà¥¤ë. �®«ãç¥ë¥ ãà ¢¥¨ïá«ã¦ â ®á®¢®© ¤«ï ¯®áâà®¥¨ï ¬ â¥¬ â¨ç¥áª¨å¬®¤¥«¥© ¨ à¥è¥¨ï § ¤ ç, á¢ï§ ëå á âãà¡ã«¥â-ë¬¨ ¯®â®ª ¬¨ £ §®¢§¢¥á¥©.

�����������§¢¥áâë¥ ãà ¢¥¨ï ¤«ï âãà¡ã«¥âëå ¯®â®-ª®¢ £ §®¢§¢¥á¥©, á®áâ ¢«¥ë¥ ¬¥â®¤®¬ ¯®á«¥¤®¢ -â¥«ì®£® ¯à®áâà áâ¢¥®£® ¨ ¢à¥¬¥®£® ®áà¥¤-¥¨© å à ªâ¥à¨áâ¨ª ä §, ¨¬¥îâ ¤¢  ¯à¨æ¨¯¨- «ìë¥ ¥¤®áâ âª : ¢®-¯¥à¢ëå, ®¡« áâì ¨å ¯à¨¬¥-¥¨ï ®£à ¨ç¥  ®ç¥ì ¬¥«ª¨¬¨ ç áâ¨æ ¬¨ ¢§¢¥-á¨, ¢®-¢â®àëå, ãç¥â ¢ íâ¨å ãà ¢¥¨ïå ¬®¬¥â®¢ª®àà¥«ïæ¨© ¯ã«ìá æ¨© ª®æ¥âà æ¨© ¨ áª®à®áâ¥©ä § ¨ ¯ã«ìá æ¨© ¯«®â®áâ¨ ¥áãé¥© áà¥¤ë ãá«®¦-ï¥â ¯à®¡«¥¬ã § ¬ëª ¨ï á¨áâ¥¬ë ãà ¢¥¨© ¨¯à¨¢®¤¨â ª ®¯à¥¤¥«¥ë¬ «®£¨ç¥áª¨¬ ¯à®â¨¢®à¥-ç¨ï¬ â¥®à¨¨.�«ï á®áâ ¢«¥¨ï ¡®«¥¥ ®¡é¨å ¨ ¯à®áâëå ãà ¢-¥¨©, ®¯¨áë¢ îé¨å £ §®¢§¢¥áì ª ª âãà¡ã«¥â-ãî â¥à¬®¤¨ ¬¨ç¥áªãî áà¥¤ã, æ¥«¥á®®¡à §® ¨á-¯®«ì§®¢ âì áâ â¨áâ¨ç¥áª¨© ¬¥â®¤ ®áà¥¤¥¨ï. �¥ á¢ï§  á ¢ë¡®à®¬ ¢ãâà¥¨å ¨ ¢¥è¨å ¯à®-áâà áâ¢¥ëå ¬ áèâ ¡®¢ ¨, á«¥¤®¢ â¥«ì®, ¥  -ª« ¤ë¢ ¥â ®£à ¨ç¥¨ï   à §¬¥àë ç áâ¨æ ¢§¢¥-á¨. �à®¬¥ â®£®, ¢¢¥¤¥¨¥ ãá«®¢ëå ¢¥à®ïâ®áâ-ëå áà¥¤¨å å à ªâ¥à¨áâ¨ª ä § ¨áª«îç ¥â ¨§ãà ¢¥¨© ¢ëè¥ã¯®¬ïãâë¥ ª®àà¥«ïæ¨®ë¥ ¬®-¬¥âë, çâ® § ç¨â¥«ì® ã¯à®é ¥â ¯à®¡«¥¬ã § -¬ëª ¨ï á¨áâ¥¬ë ãà ¢¥¨© ¯à¨ à¥è¥¨¨ ¯à¨-ª« ¤ëå § ¤ ç.�®â ä ªâ, çâ® ¯à¨ íªá¯¥à¨¬¥â «ìëå ¨áá«¥-¤®¢ ¨ïå ¤¢ãåä §ëå âãà¡ã«¥âëå ¯®â®ª®¢ ¨§-¬¥àïîâáï ®¡ëç® ¯à®áâà áâ¢¥ë¥ ¨ ¢à¥¬¥ë¥áà¥¤¨¥ å à ªâ¥à¨áâ¨ª¨ ä §, ¥ ¬®¦¥â á«ã¦¨âì¯à¥¯ïâáâ¢¨¥¬ ¤«ï ¨á¯®«ì§®¢ ¨ï ¢¥à®ïâ®áâ®-£® ¬¥â®¤  ®áà¥¤¥¨ï ¢ â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢ -¨ïå, ¯®áª®«ìªã ¯à¨ á®¢à¥¬¥®© â¥å¨ª¥ ¨§¬¥-à¥¨© í¬¯¨à¨ç¥áª¨¥ ¯à®áâà áâ¢¥®-¢à¥¬¥ë¥áà¥¤¨¥ á ¤®áâ â®ç® ¢ëá®ª®© áâ¥¯¥ìî â®ç®áâ¨á®®â¢¥âáâ¢ãîâ ¢¥à®ïâ®áâë¬ áà¥¤¨¬. �â® ¤ -¥â ¯à ¢® á®¯®áâ ¢«ïâì à áç¥âë¥ ¢¥à®ïâ®áâë¥å à ªâ¥à¨áâ¨ª¨ ä § á á®®â¢¥âáâ¢ãîé¨¬¨ í¬¯¨à¨-ç¥áª¨¬¨ ¤ ë¬¨.�  áâ ¤¨¨ ¢¥à®ïâ®áâ®£® ®áà¥¤¥¨ï £¨¤à®- ¨â¥à¬®¤¨ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ä § ¯à¥â¥à-¯¥¢ îâ à §àë¢ ¥¯à¥àë¢®áâ¨   ¬¥¦ä §®© £à -¨æ¥, ¯®íâ®¬ã ¨å ç áâë¥ ¯à®¨§¢®¤ë¥ ¯® ¯à®-áâà áâ¢¥ë¬ ª®®à¤¨ â ¬ ¨ ¢à¥¬¥¨ áãé¥áâ¢ã-îâ ¢ á¬ëá«¥ ®¡®¡é¥ëå äãªæ¨©. �®ª § ®, ®¤- ª®, çâ® ¯à®¨§¢®¤ ï ¯® ¢à¥¬¥¨ ®â ¨â¥£à « ,¢§ïâ®£® ¯® ¨¤¨¢¨¤ã «ì®¬ã ®¡ê¥¬ã, ï¢«ï¥âáï ¨-¢ à¨ â®¬ ¯à¨ ¯¥à¥å®¤¥ ®â ®¡®¡é¥ëå ¯à®¨§-¢®¤ëå ª ®¡ëçë¬ ç áâë¬ ¯à®¨§¢®¤ë¬. �¡®¡-é¥®© äãªæ¨¥© ¢ ãà ¢¥¨ïå ¤¢¨¦¥¨ï ï¢«ï¥â-áï «¨èì ¤¨¢¥à£¥æ¨ï â¥§®à   ¯àï¦¥¨©, ®¡ãá«®-¢«¥ëå ¬¥¦ä §ë¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬,   ¢ ãà ¢-�. �. �à¨«ì, �. �. �¥à¬  33
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