
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 3. �. 41 { 47��� 532.542.4� ������� � ������� ������������ ������������� ��������� �� �������� ���������������. �. �����, �. �. �������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨¨, �¨¥¢�®«ãç¥® 03.03.2004�à¥¤«®¦¥ ®¢ë© ¯®¤å®¤ ª ®¯à¥¤¥«¥¨î áª®à®áâ¨ ¯ ¤¥¨ï ¬®¦¥áâ¢  ¢§¢¥è¥ëå â¢¥à¤ëå ç áâ¨æ ¢ ¦¨¤ª®áâ¨, ¢®á®¢ã ª®â®à®£® ¯®«®¦¥    «®£¨ï á íää¥ªâ¨¢®© ¢ï§ª®áâìî áãá¯¥§¨¨. �®«ãç¥  ¯à®áâ ï § ¢¨á¨¬®áâì ¤«ï ®¯à¥-¤¥«¥¨ï ®â®á¨â¥«ì®© áª®à®áâ¨ á¥¤¨¬¥â æ¨¨ áâ®ªá®¢ëå ç áâ¨æ ¨ ãáâ ®¢«¥  áâ¥¯¥ì ¢«¨ï¨ï ®¡ê¥¬®© ª®æ¥-âà æ¨¨ ¨ ä®à¬ë ç áâ¨æ   ¢¥«¨ç¨ã íâ®© áª®à®áâ¨. �à¨¢¥¤¥ë à¥§ã«ìâ âë á®¯®áâ ¢«¥¨ï íªá¯¥à¨¬¥â «ìëå§ ç¥¨© áª®à®áâ¨ á¥¤¨¬¥â æ¨¨ á à áç¥âë¬¨.� ¯à®¯®®¢ ® ®¢¨© ¯i¤åi¤ ¤® ¢¨§ ç¥ï è¢¨¤ª®áâi ¯ ¤iï ¡¥§«içi § ¢¨á«¨å â¢¥à¤¨å ç áâ¨®ª ã ài¤¨i, ¢ ®á®¢ãïª®£® ¯®ª« ¤¥    «®£iï § ¥ä¥ªâ¨¢®î ¢'ï§ªiáâî áãá¯¥§iù. �¤¥à¦ ® ¯à®áâã § «¥¦iáâì ¤«ï ¢¨§ ç¥ï ¢i¤®á®ùè¢¨¤ª®áâi á¥¤¨¬¥â æiù áâ®ªá®¢¨å ç áâ¨®ª â  ãáâ ®¢«¥® áâã¯iì ¢¯«¨¢ã ®¡'õ¬®ù ª®æ¥âà æiù i ä®à¬¨ ç áâ¨®ª  ¢¥«¨ç¨ã æiõù è¢¨¤ª®áâi. � ¢¥¤¥i à¥§ã«ìâ â¨ §iáâ ¢«¥ï ¥ªá¯¥à¨¬¥â «ì¨å § ç¥ì è¢¨¤ª®áâi á¥¤¨¬¥â æiù §à®§à åãª®¢¨¬¨.The new approach to de�nition of velosity of falling of set of the weighed �rm particles in a liquid in which basis theanalogy to e�ective viscosity of suspension is put is o�ered. Simple dependence for de�nition of relative velosity of stokesparticles sedimentation is received and the degree of inuence of volumetric concentration and the form of particles isestablished on size of this velosity. Results of comparison of experimental values of sedimentation velosity with settlementare resulted.�����������ã¤ ¬¥â «ì®¬ã ¨áá«¥¤®¢ ¨î áª®à®áâ¥©®á¥¤ ¨ï ¢§¢¥è¥ëå ¢ ¦¨¤ª®áâ¨ â¢¥à¤ëå ç áâ¨æ¯®á¢ïé¥® ¡®«ìè®¥ ª®«¨ç¥áâ¢® â¥®à¥â¨ç¥áª¨å ¨íªá¯¥à¨¬¥â «ìëå à ¡®â. �®«ë© ¨ ¯®á«¥¤®¢ -â¥«ìë© ®¡§®à à ¡®â, ®¯ã¡«¨ª®¢ ëå ¢ § àã¡¥¦-®© «¨â¥à âãà¥ ¢ ¯¥à¨®¤ ¤® á¥à¥¤¨ë 60-å £®¤®¢¯à®è«®£® áâ®«¥â¨ï, ¯à¥¤áâ ¢«¥ ¢ [1]. � ¡®«¥¥¯®§¤¨¬ à ¡®â ¬, ¢¯«®âì ¤®  áâ®ïé¥£® ¢à¥¬¥¨,®â®áïâáï, ¢ ç áâ®áâ¨ [2 {11]. � â¥®à¥â¨ç¥áª¨åà ¡®â å áª®à®áâì á¥¤¨¬¥â æ¨¨ ¨áá«¥¤ã¥âáï, ª ª¯à ¢¨«®, ¢ à ¬ª å £¨¤à®¤¨ ¬¨ª¨ ¬¥¤«¥ëå â¥-ç¥¨© ¢ï§ª®© ¦¨¤ª®áâ¨, å à ªâ¥à¨§ã¥¬ëå ¬ «ë-¬¨ ç¨á« ¬¨ �¥©®«ì¤á . � ç¥ £®¢®àï, â¥ç¥¨¥¦¨¤ª®áâ¨ ®â®á¨â¥«ì® ¯ ¤ îé¨å ç áâ¨æ à áá¬ -âà¨¢ ¥âáï « ¬¨ àë¬ ¨ ¤®áâ â®ç® ¬¥¤«¥ë¬,çâ®¡ë ¯à¨ à¥è¥¨¨ ãà ¢¥¨© � ¢ì¥-�â®ªá  ¬®¦-® ¡ë«® ¥ ãç¨âë¢ âì ¨¥àæ¨®ë¥ íää¥ªâë.�®£« á® à¥§ã«ìâ â ¬ ¢ë¯®«¥ëå ¨áá«¥¤®¢ -¨©,   ãà®¢¥ ¬¨ªà®áâàãªâãàë áãá¯¥§¨¨ ¯à®-æ¥áá ®á¥¤ ¨ï â¢¥à¤ëå ç áâ¨æ ¯®¤ ¤¥©áâ¢¨¥¬, ¯à¨¬¥à, á¨«ë âï¦¥áâ¨, ¢ ®¡é¥¬-â®, ¤®¢®«ì®á«®¦ë©. �â¥¯¥ì £¨¤à®¤¨ ¬¨ç¥áª®£® ¢§ ¨¬®-¤¥©áâ¢¨ï á¥¤¨¬¥â¨àã¥¬ëå ç áâ¨æ ¬¥¦¤ã á®¡®©§ ¢¨á¨â ¢ ®¡é¥¬ á«ãç ¥ ®â ¬®£¨å ¯ à ¬¥âà®¢,¢ ç áâ®áâ¨, ®â ä®à¬ë ¨ à §¬¥à®¢ ç áâ¨æ ¨ à á-áâ®ï¨© ¬¥¦¤ã ¨¬¨; ®à¨¥â æ¨¨ ª ¦¤®© ç áâ¨-æë ®â®á¨â¥«ì®  ¯à ¢«¥¨ï á¨«ë âï¦¥áâ¨; áª®-

à®áâ¥© ¯®áâã¯ â¥«ì®£® ¨ ¢à é â¥«ì®£® ¤¢¨¦¥-¨© ç áâ¨æ ¯® ®â®è¥¨î ª ¦¨¤ª®áâ¨   ¡¥áª®-¥ç®áâ¨. �à®æ¥áá ®á¥¤ ¨ï áãá¯¥§¨¨ § ç¨â¥«ì-® ãá«®¦ï¥âáï ¢ á«ãç ïå ¡à®ã®¢áª¨å ¨ ¯®«¨¤¨á-¯¥àáëå ç áâ¨æ. �  áª®à®áâì ®á¥¤ ¨ï ¬®£ãâ ¢«¨-ïâì â ª¦¥ áâ¥ª¨, ®£à ¨ç¨¢ îé¨¥ áãá¯¥§¨î.�§¢¥áâ® ¡®«ìè®¥ ª®«¨ç¥áâ¢® ä®à¬ã« ¤«ï ®¯à¥-¤¥«¥¨ï áª®à®áâ¨ á¥¤¨¬¥â æ¨¨, ¯®«ãç¥ëå à §-ë¬¨  ¢â®à ¬¨ ¤«ï à §«¨çëå á¨âã æ¨© £¨¤à®¤¨- ¬¨ç¥áª®£® ¢§ ¨¬®¤¥©áâ¢¨ï ç áâ¨æ ¬¥¦¤ã á®¡®©¨ á ®£à ¨ç¨¢ îé¨¬¨ áãá¯¥§¨î áâ¥ª ¬¨. �¤- ª®, ¥á¬®âàï   ª®àà¥ªâ®áâì ¯®áâ ®¢®ª ¨ à¥-è¥¨ï ªà ¥¢ëå £¨¤à®¤¨ ¬¨ç¥áª¨å § ¤ ç ¨ ¯à¨ï-â¨ï â¥å ¨«¨ ¤àã£¨å ä¨§¨ç¥áª¨ ¯à¨¥¬«¥¬ëå £¨¯®-â¥§, á¢ï§ ëå á ®¯à¥¤¥«¥¨¥¬ áª®à®áâ¨ á¥¤¨¬¥-â æ¨¨, ¬®£¨¥ ¨§ ¯®«ãç¥ëå ä®à¬ã«  å®¤ïâáï¢ ¥ á®¢á¥¬ ã¤®¢«¥â¢®à¨â¥«ì®¬ á®£« á¨¨ á ®¯ëâ-ë¬¨ ¤ ë¬¨.�¨¦¥ ¯à¥¤« £ ¥âáï ¯à®áâ ï ä®à¬ã«  á¥¤¨¬¥-â æ¨®®© áª®à®áâ¨, ª®â®à ï ¯®«ãç¥    ®á®¢¥  «®£¨¨ á ¢ï§ª®áâìî áãá¯¥§¨¨ ¨ ¢¯®«¥ ã¤®¢«¥-â¢®à¨â¥«ì® á®£« áã¥âáï á à¥§ã«ìâ â ¬¨ íªá¯¥à¨-¬¥â®¢. �¤ ª®, ¯à¥¦¤¥ ç¥¬ ¯¥à¥©â¨ ª ¥¥ ¢ë¢®¤ã,¯à®  «¨§¨àã¥¬ à¥§ã«ìâ âë â¥®à¥â¨ç¥áª®© à ¡®-âë [2], ¢ ª®â®à®© ¨áá«¥¤®¢ ® £¨¤à®¤¨ ¬¨ç¥áª®¥¢§ ¨¬®¤¥©áâ¢¨¥ ç áâ¨æ, ¬¥¤«¥® ¯¥à¥¬¥é îé¨å-áï ®â®á¨â¥«ì® ¦¨¤ª®áâ¨ ¢ ª®æ¥âà¨à®¢ ëå¤¨á¯¥àáëå á¨áâ¥¬ å, ¨ ¯®«ãç¥® ¢ëà ¦¥¨¥ á¨«ë¢ï§ª®£® á®¯à®â¨¢«¥¨ï, ¤¥©áâ¢ãîé¥©   ª ¦¤ãîc �. �. �à¨«ì, �. �. �¥à¬ , 2004 41



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 3. �. 41 { 47¨§ ç áâ¨æ.� [2] à áá¬ âà¨¢ îâáï áä¥à¨ç¥áª¨¥ áâ®ªá®¢ë¥ç áâ¨æë à ¤¨ãá  a, à ¢®¬¥à® à á¯à¥¤¥«¥ë¥ ¢¢ï§ª®© ¡¥§£à ¨ç®© ¦¨¤ª®áâ¨, ª®â®à ï ¯®ª®¨â-áï   ¡¥áª®¥ç®áâ¨. �«ï ®¯à¥¤¥«¥¨ï ¢ëè¥ãª -§ ®© á¨«ë ¢ï§ª®£® á®¯à®â¨¢«¥¨ï ¨á¯®«ì§ã¥âáïïç¥¥ç ï ¬®¤¥«ì. �¡« áâì, § ¯®«¥ ï áãá¯¥§¨-¥©, à §¡¨¢ ¥âáï   àï¤ ®¤¨ ª®¢ëå ïç¥¥ª, ¯à¨ç¥¬¢ ª ¦¤®© ¨§ ¨å  å®¤¨âáï à®¢® ®¤  ç áâ¨æ .�à¥¤¯®« £ ¥âáï, çâ® ïç¥©ª¨ áä¥à¨ç¥áª¨¥ ¨ ª®-æ¥âà¨ç¥áª¨¥ á ç áâ¨æ¥©. � ¤¨ãá ïç¥©ª¨ b ®¯à¥¤¥-«ï¥âáï ¨§ ãá«®¢¨ï, çâ® ¢ãâà¨ ¥¥ ®¡ê¥¬ ï ª®-æ¥âà æ¨ï â¢¥à¤®© ä §ë à ¢ï¥âáï áà¥¤¥© ®¡ê-¥¬®© ª®æ¥âà æ¨¨ áãá¯¥§¨¨ C. � íâ®¬ á«ãç ¥b=a = C�1=3, å®âï ¢ [2] ¨á¯®«ì§ã¥âáï ¡®«¥¥ ®¡é¥¥¢ëà ¦¥¨¥ ba = KC�1=3; (1)£¤¥ K { ¯®¯à ¢®çë© ª®íää¨æ¨¥â, ¡«¨§ª¨© ª ¥¤¨-¨æ¥. �®§¬ãé¥¨ï â¥ç¥¨ï, ¢®á¨¬ë¥ ®â¤¥«ì®©ç áâ¨æ¥©, «®ª «¨§®¢ ë ¢ ¯à¥¤¥« å ®¡ê¥¬  ïç¥©-ª¨, â ª çâ®  «¨ç¨¥ á®á¥¤¨å ç áâ¨æ ¢¥ ïç¥©ª¨¥ ¢«¨ï¥â   ¢®§¬ãé¥®¥ â¥ç¥¨¥ ¢ãâà¨ ¥¥.� â¥¬ â¨ç¥áª¨ íâ® ¢ëà ¦ ¥âáï ¢ § ¤ ¨¨   ¯®-¢¥àå®áâ¨ ïç¥©ª¨ ãá«®¢¨ï à ¢¥áâ¢  ã«î à ¤¨- «ì®© á®áâ ¢«ïîé¥© áª®à®áâ¨ ¢®§¬ãé¥¨ï, ¢®-á¨¬®£® ç áâ¨æ¥© ¢ á®®â¢¥âáâ¢ãîé¥© ¥© ïç¥©ª¥.�ãâà¨ ª®«ìæ¥¢®£® á«®ï a < r < b ¢®§¬ãé¥®¥ â¥-ç¥¨¥ ¦¨¤ª®áâ¨ ã¤®¢«¥â¢®àï¥â «¨¥ à¨§®¢ ë¬ãà ¢¥¨ï¬ � ¢ì¥-�â®ªá . �¥è¥¨¥ íâ¨å ãà ¢¥-¨© ¢ áä¥à¨ç¥áª¨å ª®®à¤¨ â å ¯®«ãç ¥âáï ¢ § -¬ªãâ®¬ ¢¨¤¥ ¨ ãç¨âë¢ ¥â ¯®áà¥¤áâ¢®¬ ¢ëè¥ãª -§ ®£® £à ¨ç®£® ãá«®¢¨ï   ¯®¢¥àå®áâ¨ ïç¥©-ª¨ ª®æ¥âà æ¨î áãá¯¥§¨¨ C. �  ®á®¢¥ ¯®«ãç¥-®£® à¥è¥¨ï ¢ [2]  ©¤¥® á«¥¤ãîé¥¥ ¢ëà ¦¥¨¥¤«ï á¨«ë ¢ï§ª®£® á®¯à®â¨¢«¥¨ï F , ¤¥©áâ¢ãîé¥©  ®¤ã ç áâ¨æã:F = 6��0aU �1 + 53M ( )� ; (2)M ( ) =  3(3�  2)2� 5 3 + 3 5 ;  = ab = 1KC1=3; (3)£¤¥ �0 { ¤¨ ¬¨ç¥áª ï ¢ï§ª®áâì ¦¨¤ª®áâ¨; U { áª®-à®áâì ¯¥à¥¬¥é¥¨ï ç áâ¨æ ®â®á¨â¥«ì® ¦¨¤ª®-áâ¨. � ª ¢¨¤¨¬, ¢¥áì íää¥ªâ ¢«¨ï¨ï ®¡ê¥¬®©ª®æ¥âà æ¨¨ â¢¥à¤ëå ç áâ¨æ   á¨«ã F § ª«îç¥¢ ¢¥«¨ç¨¥ 5=3M ( ).� «¨§ ¢ëà ¦¥¨ï (2) ¯®ª §ë¢ ¥â, çâ® ¢ á«ãç ¥ãáâ ®¢¨¢è¥£®áï £à ¢¨â æ¨®®£® ®á¥¤ ¨ï â¢¥à-¤ëå ç áâ¨æ áãá¯¥§¨¨, ª®£¤  á¨«  âï¦¥áâ¨, ¤¥©-áâ¢ãîé ï   ç áâ¨æã á ãç¥â®¬ ¢ëâ «ª¨¢ îé¥©á¨«ë, ãà ¢®¢¥è¨¢ ¥âáï á¨«®© ¢ï§ª®£® á®¯à®â¨-¢«¥¨ï, ¢¥«¨ç¨  5=3M ( ) ¥ ¬®¦¥â à áá¬ âà¨-

¢ âìáï ¢ ª ç¥áâ¢¥ ¯®¯à ¢ª¨ ª áª®à®áâ¨ U , ¯®áª®«ì-ªã á à®áâ®¬ ®¡ê¥¬®© ª®æ¥âà æ¨¨ áãá¯¥§¨¨ ¢®¯ëâ å  ¡«î¤ ¥âáï ã¬¥ìè¥¨¥ áª®à®áâ¨ U , â®-£¤  ª ª ¢ëè¥ãª §  ï ¢¥«¨ç¨  ¢ íâ®¬ á«ãç ¥ã¢¥«¨ç¨¢ ¥âáï. �¤¨áâ¢¥ë¬ ¯ à ¬¥âà®¬, ¯®®â®è¥¨î ª ª®â®à®¬ã ¢¥«¨ç¨ã 5=3M ( ) ¬®¦-® à áá¬ âà¨¢ âì ¢ ª ç¥áâ¢¥ ¯®¯à ¢ª¨, ï¢«ï¥âáï¢ï§ª®áâì ¦¨¤ª®áâ¨ �0. �®íâ®¬ã ¢¥«¨ç¨  (1 +5=3M ( )) ¤®«¦  ä¨§¨ç¥áª¨ âà ªâ®¢ âìáï ª ª ®â-®è¥¨¥ ¢ï§ª®áâ¨ áãá¯¥§¨¨ � ª ¢ï§ª®áâ¨ ¦¨¤ª®-áâ¨ �0, â. ¥. ��0 = �1 + 53M ( )� : (4)�à ¢®¬®ç®áâì ¢ëè¥áª § ®£® ¯®¤â¢¥à¦¤ ¥âáïâ ª¦¥ â¥¬, çâ® ¬®¤¥«¨, ¡«¨§ª¨¥ ª ïç¥¥ç®© ¢ [2],¨á¯®«ì§®¢ «¨áì à §ë¬¨ ¨áá«¥¤®¢ â¥«ï¬¨, ¢ ç áâ-®áâ¨, �¨¬å®© ¨ � ¯¯¥«¥¬, ¤«ï ¢ëç¨á«¥¨ï ¢ï§-ª®áâ¨ áãá¯¥§¨© [1]. �á¥ íâ® £®¢®à¨â ® â®¬, çâ®¢ëà ¦¥¨¥ (2) ¬®¦® ¯¥à¥¯¨á âì ¢ ¢¨¤¥F = 6��aU: (5)�«¥¤®¢ â¥«ì®, ¯à¨ ¢ëç¨á«¥¨¨ á¨«ë ¢ï§ª®£®á®¯à®â¨¢«¥¨ï, ¤¥©áâ¢ãîé¥©   ª ¦¤ãî ¨§ â¢¥à-¤ëå ç áâ¨æ, ¯¥à¥¬¥é îé¨åáï á ¯®áâ®ï®© áª®à®-áâìî U ®â®á¨â¥«ì® ¦¨¤ª®© ä §ë, ã¦® ãç¨âë-¢ âì ¢ï§ª®áâì áãá¯¥§¨¨. �à¨ íâ®¬ áâ¥¯¥ì ¤®áâ®-¢¥à®áâ¨ ä®à¬ã«ë (5) ¯à¨¬¥¨â¥«ì® ª â®© ¨«¨¤àã£®© á¨âã æ¨¨ £¨¤à®¤¨ ¬¨ç¥áª®£® ¢§ ¨¬®¤¥©-áâ¢¨ï ç áâ¨æ ¤àã£ á ¤àã£®¬ ¨ á ®£à ¨ç¨¢ îé¨¬¨áãá¯¥§¨î áâ¥ª ¬¨ ¡ã¤¥â ®¤®§ ç® ®¯à¥¤¥«ïâì-áï áâ¥¯¥ìî ¤®áâ®¢¥à®áâ¨ ¨á¯®«ì§ã¥¬®© ä®à¬ã-«ë ¤«ï ¢ï§ª®áâ¨ áãá¯¥§¨¨ ¯à¨¬¥¨â¥«ì® ª â®©¦¥ á¨âã æ¨¨.� ª¨¬ ®¡à §®¬, ¥á«¨ ®á®¢ë¢ âìáï     «®£¨¨á ¢ï§ª®áâìî áãá¯¥§¨¨, â® § ¤ ç  ®¯à¥¤¥«¥¨ï áª®-à®áâ¨ ®á¥¤ ¨ï â¢¥à¤ëå ç áâ¨æ ¯à¨ ¨å ®¡ê¥¬-®© ª®æ¥âà æ¨¨ C á¢®¤¨âáï ª § ¤ ç¥ ®¯à¥¤¥«¥-¨ï áª®à®áâ¨ ®á¥¤ ¨ï ®¤®© ç áâ¨æë ¢ ¥ª®â®à®©¦¨¤ª®áâ¨, ¢ï§ª®áâì ¨ ¯«®â®áâì ª®â®à®© à ¢ï-îâáï ¢ï§ª®áâ¨ ¨ ¯«®â®áâ¨ áãá¯¥§¨¨. �®ïâ®,çâ® ¯®«ãç¥ ï â ª¨¬ ®¡à §®¬ ä®à¬ã«  ¤«ï ®¯à¥-¤¥«¥¨ï áª®à®áâ¨ á¥¤¨¬¥â æ¨¨ ¡ã¤¥â ãç¨âë¢ âì¢«¨ï¨¥ ª®æ¥âà æ¨¨   íâã áª®à®áâì.1. ����������� �������� �������-����� �� ������ �������� � ���-������ ����������ãáâì ¢§¢¥è¥ë¥ ¢ ¦¨¤ª®áâ¨ ¬¥«ª¨¥ áä¥à¨ç¥-áª¨¥ ç áâ¨æë à ¤¨ãá  a ¯®¤ ¤¥©áâ¢¨¥¬ á¨«ë âï¦¥-áâ¨ ¯ ¤ îâ áâ æ¨® à® á® áª®à®áâìî U . �ã¤¥¬42 �. �. �à¨«ì, �. �. �¥à¬ 



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 3. �. 41 { 47¯®« £ âì, çâ® ¦¨¤ª®áâì ¥®£à ¨ç¥  ¨ ¯®ª®¨â-áï   ¡¥áª®¥ç®áâ¨,   â¢¥à¤ë¥ ç áâ¨æë à á¯à¥-¤¥«¥ë ¢ ¥© ¯à ªâ¨ç¥áª¨ à ¢®¬¥à®. �®áª®«ìªãà áá¬ âà¨¢ ¥¬ ï áãá¯¥§¨ï  å®¤¨âáï ¢ ª¢ §¨áâ -â¨ç¥áª®¬ á®áâ®ï¨¨ ¨ ¢§¢¥è¥ë¥ ç áâ¨æë ¯¥à¥-¤ îâ á¢®© ¢¥á ¦¨¤ª®áâ¨, £à ¤¨¥â ®áà¥¤¥®£®¤ ¢«¥¨ï ¢ ¥© rP ¡ã¤¥â:rP = ��g; � = �0 + (�0 � �0)C;£¤¥ �0, �0 ¨ � { ¯«®â®áâì ¦¨¤ª®áâ¨, â¢¥à¤ëå ç -áâ¨æ ¨ áãá¯¥§¨¨; g { ãáª®à¥¨¥ á¢®¡®¤®£® ¯ ¤¥-¨ï.�  ª ¦¤ãî ¨§ ç áâ¨æ áãá¯¥§¨¨ ¤¥©áâ¢ãîâ:á¨«  âï¦¥áâ¨ G, G = �0g43�a3;¢ëâ «ª¨¢ îé ï á¨«  R,R = ZV rPdV = ��g43�a3;á¨«  ¢ï§ª®£® á®¯à®â¨¢«¥¨ï F ,F = �6��aU:�§ à ¢¥áâ¢  ã«î  «£¥¡à ¨ç¥áª®© áã¬¬ë ¢á¥åíâ¨å á¨« ¢ëâ¥ª ¥â ¢ëà ¦¥¨¥ ¤«ï áª®à®áâ¨ á¥¤¨-¬¥â æ¨¨ U = 29(�0 � �0)ga2 1� C� : (6)� á«ãç ¥ ¯ ¤¥¨ï á ¯®áâ®ï®© áª®à®áâìî U0®¤¨®ç®© ç áâ¨æë ¢ ¥®£à ¨ç¥®© ®¤®à®¤®©¦¨¤ª®áâ¨, ª®â®à ï ¯®ª®¨âáï   ¡¥áª®¥ç®áâ¨, ¬®-¦¥¬  ¯¨á âì, ¯®   «®£¨¨ á (6),U0 = 29(�0 � �0)ga2 1�0 : (7)� §¤¥«¨¢ ãà ¢¥¨¥ (6)   ãà ¢¥¨¥ (7),  ©¤¥¬UU0 = 1�C�=�0 : (8)�î¡®¯ëâ® ®â¬¥â¨âì, çâ® ¥é¥ ¢ 50-å £®¤ å ¯à®-è«®£® áâ®«¥â¨ï àï¤®¬ ¨áá«¥¤®¢ â¥«¥© ¡ë«  ¯à¥¤-¯à¨ïâ  ¯®¯ëâª  ¯®áâà®¨âì ¯®«ãí¬¯¨à¨ç¥áªãîâ¥®à¨î ¢ï§ª®áâ¨ áãá¯¥§¨©   ®á®¢¥   «®£¨¨ áá¥¤¨¬¥â æ¨¥©. �à¨ íâ®¬ ¯®«ãç¥ë à §«¨çë¥¯®«ãí¬¯¨à¨ç¥áª¨¥ á®®â®è¥¨ï ¬¥¦¤ã ¢ï§ª®áâìîáãá¯¥§¨© ¨ áª®à®áâìî á¥¤¨¬¥â æ¨¨. � ª, ¢ [1]®â¬¥ç ¥âáï, çâ® ¢ à ¡®â¥ �®ªá«¨ íâ® á®®â®è¥-¨¥ ¨¬¥¥â ¢¨¤ ��0 = (1�C)2U=U0 ;

  ¢ à ¡®â¥ �¨ç { ��0 = 1� CU=U0 :�¨¤®, çâ® ¢â®à®¥ ¨§ íâ¨å á®®â®è¥¨© á®®â¢¥â-áâ¢ã¥â ä®à¬ã«¥ (8).� ª ¨§¢¥áâ®, ®â®á¨â¥«ì ï ¢ï§ª®áâì áãá¯¥-§¨¨ �=�0 ã¢¥«¨ç¨¢ ¥âáï á à®áâ®¬ ®¡ê¥¬®© ª®-æ¥âà æ¨¨ â¢¥à¤ëå ç áâ¨æ, ¯®íâ®¬ã, á®£« á® (8),áª®à®áâì ®á¥¤ ¨ï â¢¥à¤ëå ç áâ¨æ áãá¯¥§¨¨ ¡ã-¤¥â ¢ ¤ ®¬ á«ãç ¥ ã¬¥ìè âìáï. �¨§¨ç¥áª¨ íâ®®¡êïáï¥âáï â¥¬, çâ® ã¢¥«¨ç¥¨¥ ®¡ê¥¬®© ª®-æ¥âà æ¨¨ ¯à¨¢®¤¨â ª ã¢¥«¨ç¥¨î ¨â¥á¨¢®áâ¨à ¡®âë ¢ï§ª¨å  ¯àï¦¥¨© ¢®§¬ãé¥®£® â¥ç¥-¨ï ¦¨¤ª®áâ¨, ®ªàã¦ îé¥© â¢¥à¤ë¥ ç áâ¨æë, § áç¥â ç¥£® ¨ ã¢¥«¨ç¨¢ ¥âáï íää¥ªâ¨¢ ï ¢ï§ª®áâìáãá¯¥§¨¨.�«ï ®¯à¥¤¥«¥¨ï ¢¥«¨ç¨ë �=�0 ¨á¯®«ì§ã¥¬ä®à¬ã«ã [12] ��0 = 1 + 1:5C(1�C)2 ; (9)®¡« áâì ¯à¨¬¥¥¨ï ª®â®à®© ®£à ¨ç¥  § ç¥¨-ï¬¨ ª®æ¥âà æ¨¨ C � 0:3. �«ï ¯à¥¤¥«ì® ¬ «ëåª®æ¥âà æ¨© íâ  ä®à¬ã«  ã¯à®é ¥âáï ¨ ¯à¨¨-¬ ¥â ¢¨¤ ��0 = 1 + 3:5C: (10)�®à¬ã«  (9) ¯®«ãç¥    ®á®¢¥ áâàãªâãà® ¤¨- ¬¨ç¥áª®£® ¬¥â®¤  ¬ â¥¬ â¨ç¥áª®£® à¥®«®£¨ç¥-áª®£® ¬®¤¥«¨à®¢ ¨ï áãá¯¥§¨©, â.¥. ¯ãâ¥¬ ¢ëç¨-á«¥¨ï ®áà¥¤¥ëå ª á â¥«ìëå  ¯àï¦¥¨© ��ijáãá¯¥§¨¨. �«ï ç¨áâ® á¤¢¨£®¢®£® ¬¥¤«¥®£® â¥ç¥-¨ï áãá¯¥§¨¨ ¢ëà ¦¥¨¥ ¤«ï ��ij ¬®¦® ä®à¬ «ì-® § ¯¨á âì ¢ ¢¨¤¥��ij = 2�(1�C)�ij; (11)� = �0�1 + Ch�0iji2�0(1�C)�ij� ; (12)£¤¥ �ij { ¯®áâ®ïë© á¨¬¬¥âà¨ç¥áª¨© â¥§®à £à -¤¨¥â®¢ áª®à®áâ¥© ¥¢®§¬ãé¥®£® â¥ç¥¨ï ¦¨¤-ª®áâ¨; h�0iji { ®áà¥¤¥ë¥ ª á â¥«ìë¥  ¯àï¦¥-¨ï ¢ â¢¥à¤®© ä §¥. �«¥¤®¢ â¥«ì®, ¥¯®áà¥¤-áâ¢¥®¥ ¢ëç¨á«¥¨¥ íää¥ªâ¨¢®© ¢ï§ª®áâ¨ áãá-¯¥§¨¨ � ¯® ä®à¬ã«¥ (12) âà¥¡®¢ «® ¡ë ¨áá«¥¤®¢ -¨ï ®áà¥¤¥ëå ª á â¥«ìëå  ¯àï¦¥¨© ¢ â¢¥à-¤ëå ç áâ¨æ å, çâ® ¯à¥¤áâ ¢«ï¥âáï ¢¥áì¬  á«®¦-ë¬. �®íâ®¬ã ¤«ï ¢®§¬®¦®£® ¢ëç¨á«¥¨ï  ¯àï-¦¥¨© ��ij ¨á¯®«ì§ã¥âáï áâàãªâãà® ¤¨ ¬¨ç¥áª¨©¬¥â®¤, ¯à¨ íâ®¬, çâ® ®ç¥ì ¢ ¦®, ¢ [12] ¤®ª § ®à ¢¥áâ¢® ��ij = ��0ij1�C ; (13)�. �. �à¨«ì, �. �. �¥à¬  43



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 3. �. 41 { 47£¤¥ ��0ij { ®áà¥¤¥ë¥ ª á â¥«ìë¥  ¯àï¦¥¨ï ¢¦¨¤ª®© ä §¥ áãá¯¥§¨¨, ª®â®àë¥ ¢ëà ¦ îâáï ç¥-à¥§ ®áà¥¤¥ë¥ ª á â¥«ìë¥  ¯àï¦¥¨ï ¥¢®§-¬ãé¥®£® â¥ç¥¨ï ¦¨¤ª®áâ¨, à ¢ë¥ 2�0�ij, ¨ç¥à¥§ ¤®¯®«¨â¥«ìë¥ ª á â¥«ìë¥  ¯àï¦¥¨ï,á¢ï§ ë¥ á £¨¤à®¤¨ ¬¨ç¥áª¨¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬¦¨¤ª®áâ¨ ¨ â¢¥à¤ëå ç áâ¨æ. �ëà ¦¥¨¥ (13) ¯à¨-¨¬ ¥â á ãç¥â®¬ ¢ëç¨á«¥ëå  ¯àï¦¥¨© ��0ij á«¥-¤ãîé¨© ¢¨¤: ��ij = 2�01 + 1:5C1�C �ik: (14)�à ¢¨¢ ®¡  ¢ëà ¦¥¨ï (11) ¨ (14), ¯®«ãç¨¬ä®à¬ã«ã (9).�â® ª á ¥âáï ä®à¬ã«ë (10), â® ®  ®â«¨ç ¥âáï®â   «®£¨ç®© ä®à¬ã«ë �©èâ¥©  [13]��0 = 1 + 2:5Cª®íää¨æ¨¥â®¬ ¯à¨ C ¯® â®© ¯à¨ç¨¥, çâ® ¢ ¯à -¢®© ç áâ¨ ãà ¢¥¨© (13) ¨ (14) ¤®¯®«¨â¥«ì®ãç¨âë¢ ¥âáï ¬®¦¨â¥«ì (1� C)�1.�®à¬ã«ë (9) ¨ (10) ®â®áïâáï ª áä¥à¨ç¥áª¨¬ç áâ¨æ ¬ áãá¯¥§¨¨. �ç¨âë¢ ï, ®¤ ª®, çâ® ¢ï§-ª®áâì,   á«¥¤®¢ â¥«ì®, ¨ áª®à®áâì á¥¤¨¬¥â æ¨¨áãá¯¥§¨¨ § ¢¨áïâ â ª¦¥ ®â ä®à¬ë ç áâ¨æ, ¯®¯ë-â ¥¬áï ãç¥áâì ¥¥ ¢ (9) ¨ (10), ¤«ï ç¥£® ¯¥à¥¯¨è¥¬íâ¨ ä®à¬ã«ë ¢ ¡®«¥¥ ®¡é¥¬ ¢¨¤¥��0 = 1 + �C(1� C)2 ; (15)��0 = 1 + �C; (16)£¤¥ � ¨ � { ¯®¯à ¢®çë¥ ª®íää¨æ¨¥âë.� á«ãç ¥ ç áâ¨æ ¢ ¢¨¤¥ áä¥à®¨¤®¢ ¢à é¥¨ï ª®-íää¨æ¨¥âë � ¨ � § ¢¨áïâ ®â ®â®è¥¨ï a0=b0, £¤¥a0 ¨ b0 = c0 { ¯®«ã®á¨ áä¥à®¨¤®¢. �«ï â ª¨å ç áâ¨æç¨á«®¢ë¥ § ç¥¨ï ª®íää¨æ¨¥â ,   «®£¨ç®£®ª®íää¨æ¨¥âã �, ¯à¨¢¥¤¥ë ¤«ï ¥áª®«ìª¨å § ç¥-¨© ®â®è¥¨ï a0=b0 ¢ [14] ¨ ®â¢¥ç îâ ®¡®¡é¥¨îä®à¬ã«ë �©èâ¥©    á«ãç © áãá¯¥§¨¨ à áá¬ -âà¨¢ ¥¬ëå áä¥à®¨¤ «ìëå ç áâ¨æ. �à¨   «®£¨ç-®¬ ®¡®¡é¥¨¨ ¦¥ ä®à¬ã«ë (10) § ç¥¨ï ª®íää¨-æ¨¥â  � à ¢ïîâáï, ®ç¥¢¨¤®, § ç¥¨ï¬   «®-£¨ç®£® ª®íää¨æ¨¥â  ¢ [14], ã¢¥«¨ç¥ë¬   ¥¤¨-¨æã. �â® ª á ¥âáï § ç¥¨© ª®íää¨æ¨¥â  �, â®¨å ¬®¦® ®¯à¥¤¥«¨âì, ¯à¥¤áâ ¢¨¢ ¯à ¢ãî ç áâìãà ¢¥¨ï (15) ¢ ¢¨¤¥ áâ¥¯¥®£® àï¤  ¨ ¯à¨à ¢ï¢ª®íää¨æ¨¥â ¯à¨ C íâ®£® àï¤  ª  ©¤¥®¬ã ¢ëè¥ª®íää¨æ¨¥âã �. � à¥§ã«ìâ â¥ ¯®«ãç¨¬ � = ��2.�  ®á®¢ ¨¨ ¢ëè¥¨§«®¦¥®£® ¨¬¥¥¬:

a0=b0 = 0.1 0.2 0.5 1.0 2 5 10� = 7.04 3.71 1.85 1.5 1.91 4.81 12.6� = 9.04 5.71 3.85 3.5 3.91 6.81 14.6
�¨á. 1. � ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥â®¢ � ¨ � ®â ��à ä¨ç¥áª®¥ ¨§®¡à ¦¥¨¥ ªà¨¢ëå § ¢¨á¨¬®áâ¨ª®íää¨æ¨¥â®¢ � ¨ � ®â ¯ à ¬¥âà  � = lg a0=b0¯®ª § ®   à¨á. 1.� ª¨¬ ®¡à §®¬, ¯®¤áâ ¢«ïï ¢ëà ¦¥¨¥ (15) ¢(8), ¯®«ãç ¥¬ ä®à¬ã«ã ¤«ï ®¯à¥¤¥«¥¨ï ®â®á¨-â¥«ì®© áª®à®áâ¨ á¥¤¨¬¥â æ¨¨, á®®â¢¥âáâ¢ãî-éãî ã¬¥à¥ë¬ ª®æ¥âà æ¨ï¬ áãá¯¥§¨©:UU0 = (1�C)31 + �C ; (17)  ¢ á«ãç ¥ ¯®¤áâ ®¢ª¨ ¢ëà ¦¥¨ï (16) ¢ (8) {   -«®£¨çãî ä®à¬ã«ã, á®®â¢¥âáâ¢ãîéãî ¯à¥¤¥«ì®¬ «ë¬ ª®æ¥âà æ¨ï¬:UU0 = (1� C)1 + �C : (18)� ª ç¥áâ¢¥ ¯à¨¬¥à ,   à¨á. 2 ¯®ª § ë ®â-¢¥ç îé¨¥ ä®à¬ã«¥ (17) à áç¥âë¥ ªà¨¢ë¥ § ¢¨-á¨¬®áâ¨ ®â®á¨â¥«ì®© áª®à®áâ¨ á¥¤¨¬¥â æ¨¨U=U0 ®â ª®æ¥âà æ¨¨ C ¤«ï áä¥à¨ç¥áª¨å ç áâ¨æ(a0=b0 = 1) ¨ ç áâ¨æ ¢ ¢¨¤¥ á¯«îáãâ®£® (a0=b0 < 1)¨ ¢ëâïãâ®£® (a0=b0 > 1) áä¥à®¨¤®¢ ¢à é¥¨ï.�¨¤®, çâ® ¯à¨ ®¤®© ¨ â®© ¦¥ ®¡ê¥¬®© ª®-æ¥âà æ¨¨ ¢ëâïãâë¥ ç áâ¨æë ®á¥¤ îâ ¬¥¤«¥¥¥á¯«îáãâëå,   â¥, ¢ á¢®î ®ç¥à¥¤ì, ¬¥¤«¥¥¥ áä¥-à¨ç¥áª¨å.� áá¬®âà¨¬ à¥§ã«ìâ âë á®¯®áâ ¢«¥¨ï à áç¥â-ëå § ç¥¨© ®â®á¨â¥«ìëå ¢ï§ª®áâ¨ �=�0 ¨ áª®-à®áâ¨ á¥¤¨¬¥â æ¨¨ U=U0 á íªá¯¥à¨¬¥â «ìë¬¨.44 �. �. �à¨«ì, �. �. �¥à¬ 
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�¨á. 2. � ¢¨á¨¬®áâì ®â®á¨â¥«ì®© áª®à®áâ¨á¥¤¨¬¥â æ¨¨ U=U0 ®â C ¯à¨ à §«¨çëå§ ç¥¨ïå ®â®è¥¨ï a0=b0:1 { a0=b0 = 1; 2 { a0=b0 = 0:1; 3 { a0=b0 = 102. ��������� � ����������������«ï áà ¢¥¨ï íªá¯¥à¨¬¥â «ìëå § ç¥¨© íä-ä¥ªâ¨¢®© ¢ï§ª®áâ¨ áãá¯¥§¨© á à áç¥âë¬¨, ¯®-«ãç¥ë¬¨ ¯® ä®à¬ã«¥ (9), ¢ [12] ¨á¯®«ì§®¢ ë®¯ëâë¥ ¤ ë¥, á®¡à ë¥ �®¬ á®¬ [15] ¨ � ¯-¯¥«¥¬ [1] ¨ ¯à¨¢¥¤¥ë¥ ¢ [3]. �à®¬¥ â®£®, ®¡à ¡®-â ë, á æ¥«ìî ®¯à¥¤¥«¥¨ï �=�0, ®¯ëâë¥ ¤ ë¥¯® ¨§¬¥à¥¨î £à ¤¨¥â®¢ ¤ ¢«¥¨ï ¯à¨ ¤¢¨¦¥¨¨áãá¯¥§¨© ¢ âàã¡ å [16].�¥§ã«ìâ âë á®¯®áâ ¢«¥¨ï à áç¥âëå § ç¥¨©®â®á¨â¥«ì®© ¢ï§ª®áâ¨ �=�0 á íªá¯¥à¨¬¥â «ì-ë¬¨ ¯®ª § ë   à¨á. 3. �à¨ íâ®¬ â®çª ¬¨ ¨§®-¡à ¦¥ë íªá¯¥à¨¬¥â «ìë¥ § ç¥¨ï ¢¥«¨ç¨ë�=�0 ¤«ï á®®â¢¥âáâ¢ãîé¨å ª®æ¥âà æ¨©, á¯«®è-ë¬¨ «¨¨ï¬¨ 1 ¨ 2 { à áç¥â ¯® á®®â¢¥âáâ¢ãîé¨¬ä®à¬ã« ¬ (9) ¨ (10), ¯ãªâ¨à®© { à áç¥â ¯® ¯®-«¨®¬ã��0 = 5:2335C3+ 10:88C2+2:6343C+ 1:0336; (19)ª®â®àë©  ¯¯à®ªá¨¬¨àã¥â íªá¯¥à¨¬¥â «ìë¥ ¤ -ë¥ ¨ ¯®«ãç¥ ¬¥â®¤®¬  ¨¬¥ìè¨å ª¢ ¤à â®¢.� ª ¢¨¤¨¬, ¢ ¯à¥¤¥« å ã¬¥à¥ëå ª®æ¥âà æ¨©C � 0:3 á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã íªá¯¥à¨¬¥â «ìë¬¨¤ ë¬¨ ¨ ä®à¬ã«®© (9) ¢¥áì¬  å®à®è¥¥.�¤ ª® á ¤ «ì¥©è¨¬ à®áâ®¬ ª®æ¥âà æ¨¨ à á-ç¥âë¥ § ç¥¨ï ®â®á¨â¥«ì®© ¢ï§ª®áâ¨ �=�0  -ç¨ îâ ®âª«®ïâìáï ®â ®¯ëâëå. �â® ®¡êïáï-¥âáï â¥¬, çâ® ¯à¨ C > 0:3 ã¦¥ § ¬¥âë¬ áâ -®¢¨âáï £¨¤à®¤¨ ¬¨ç¥áª®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ â¢¥à-¤ëå ç áâ¨æ ¬¥¦¤ã á®¡®©, çâ® ¥ ãç¨âë¢ ¥â ä®à-

�¨á. 3. � ¢¨á¨¬®áâì ®â®á¨â¥«ì®© ¢ï§ª®áâ¨ �=�0®â C ¤«ï áãá¯¥§¨© áä¥à¨ç¥áª¨å â¢¥à¤ëå ç áâ¨æ:a, b, ¢ { ®¯ëâë¥ ¤ ë¥, § ¨¬áâ¢®¢ ë¥¨§ [1], [15], [16] á®®â¢¥âáâ¢¥®;1-3 { à áç¥â ¯® á®®â¢¥âáâ¢ãîé¨¬ ä®à¬ã« ¬(9), (10), (19)
�¨á. 4. � ¢¨á¨¬®áâì ®â®á¨â¥«ì®© áª®à®áâ¨á¥¤¨¬¥â æ¨¨ U=U0 ®â C ¤«ï áãá¯¥§¨¨áä¥à¨ç¥áª¨å ç áâ¨æ:1{3 { à áç¥â ¯® á®®â¢¥âáâ¢ãîé¨¬ ä®à¬ã« ¬ (18)¯à¨ � = 3:5, (20), (21);* { ®¯ëâë¥ ¤ ë¥ �¥  ¨ � å¬  ,§ ¨¬áâ¢®¢ ë¥ ¨§ [1]¬ã«  (9). �â® ª á ¥âáï ã¯à®é¥®© ä®à¬ã«ë (10),â® ®  å®à®è® á®£« áã¥âáï á ®¯ëâë¬¨ ¤ ë¬¨¯à¨ C < 0:05.�«ï ¯à®¢¥àª¨ ¤®áâ®¢¥à®áâ¨ ä®à¬ã«ë (18) ¨á-¯®«ì§®¢ ë ®¯ëâë¥ ¤ ë¥, § ¨¬áâ¢®¢ ë¥ ¨§[1] ¨ ¯®«ãç¥ë¥ �¥®¬ ¨ � å¬ ®¬. � íâ¨å ®¯ë-â å ¨áá«¥¤®¢ «¨áì áª®à®áâ¨ á¥¤¨¬¥â æ¨¨ ¬¥«ª¨åè à¨ª®¢, ®¡ê¥¬ ï ª®æ¥âà æ¨ï ª®â®àëå ¥ ¯à¥-¢ëè «  0.06. �§®¡à ¦¥ë¥   à¨á. 4 â®çª¨ ®â®-�. �. �à¨«ì, �. �. �¥à¬  45
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�¨á. 5. � ¢¨á¨¬®áâì ®â®á¨â¥«ì®© áª®à®áâ¨á¥¤¨¬¥â æ¨¨ U=U0 ®â C ¤«ï áãá¯¥§¨¨áä¥à¨ç¥áª¨å ç áâ¨æ:1{4 { à áç¥â ¯® á®®â¢¥âáâ¢ãîé¨¬ ä®à¬ã« ¬ (17)¯à¨ � = 1:5, (20), (21), (8) á ãç¥â®¬ (4) ¯à¨ K = 1áïâáï ª íªá¯¥à¨¬¥â «ìë¬ § ç¥¨ï¬ ¢¥«¨ç¨ëU=U0,   ªà¨¢ ï 1 á®®â¢¥âáâ¢ã¥â à áç¥âë¬ § -ç¥¨ï¬ íâ®© ¢¥«¨ç¨ë, ¯®«ãç¥ë¬ ¯® ä®à¬ã«¥(18) ¯à¨ � = 3:5. �à®¬¥ â®£®,   íâ®¬ à¨áãª¥¯à¨¢¥¤¥ë ¤«ï áà ¢¥¨ï ªà¨¢ë¥ 2 ¨ 3, ¯®áâà®¥-ë¥   ®á®¢¥ í¬¯¨à¨ç¥áª¨å ä®à¬ã«�¨ç à¤á®  ¨ � ª¨ [1]UU0 = (1� C)4:65 (20)¨ �®¤¥á  [17] UU0 = (1� C)3:75; (21)ª®â®àë¥ ®â®áïâáï ª áâ®ªá®¢ë¬ áä¥à¨ç¥áª¨¬ ç -áâ¨æ ¬ áãá¯¥§¨¨. �¨¤®, çâ® ä®à¬ã«ë (18) ¨ (20)¢¯®«¥ ã¤®¢«¥â¢®à¨â¥«ì® á®£« áãîâáï á íªá¯¥à¨-¬¥â «ìë¬¨ ¤ ë¬¨, â®£¤  ª ª ä®à¬ã«  (21)¤ ¥â ¥áª®«ìª® § ¢ëè¥ë¥ à áç¥âë¥ § ç¥¨ï.� ª®¥æ,   à¨á. 5 ¯à¨¢¥¤¥ë à áç¥âë¥ ªà¨¢ë¥1{3, á®®â¢¥âáâ¢ãîé¨¥ áä¥à¨ç¥áª¨¬ ç áâ¨æ ¬ ¨¯®«ãç¥ë¥ ¯® á®®â¢¥âáâ¢ãîé¨¬ ä®à¬ã« ¬ (17),(20) ¨ (21) ¯à¨ ª®æ¥âà æ¨ïå C � 0:3. �à®¬¥ â®-£®, ¯à¨¢¥¤¥  à áç¥â ï ªà¨¢ ï 4, ¯®«ãç¥ ï ¯®ä®à¬ã«¥ (8) á ãç¥â®¬ ¢ëà ¦¥¨ï (4) ¯à¨ § ç¥¨¨ª®íää¨æ¨¥â K, ¢å®¤ïé¥£® ¢ (3), à ¢®¬ ¥¤¨¨æ¥.�¨¤®, çâ® ªà¨¢ ï 1 § ¨¬ ¥â ¯à®¬¥¦ãâ®ç®¥ ¯®-«®¦¥¨¥ ¬¥¦¤ã í¬¯¨à¨ç¥áª¨¬¨ ªà¨¢ë¬¨ 2 ¨ 3, çâ®â®¦¥ á¢¨¤¥â¥«ìáâ¢ã¥â ® ¥¥ ¤®áâ®¢¥à®áâ¨. �à¨¢ ï¦¥ 4 à á¯®«®¦¥  ¥áª®«ìª® ¢ëè¥ ªà¨¢ëå 1{3, å®-âï ¨ ¡«¨§ª  ª ªà¨¢®© 3. �à¨ à áç¥â¥ ªà¨¢®© 4¬®¦® ¡ë«® ¡ë ¯®¤®¡à âì â ª®¥ § ç¥¨¥ ª®íää¨-æ¨¥â  K, ¤«ï ª®â®à®£® íâ  ªà¨¢ ï ¯à¨¡«¨§¨âáï,

 ¯à¨¬¥à, ª ªà¨¢®© 2. �¤ ª® ¢ íâ®¬ á«ãç ¥ ¨§«®-¦¥ ï ¢ [2] â¥®à¨ï áâ ®¢¨âáï ã¦¥ ¯®«ãí¬¯¨à¨-ç¥áª®©.����������� áãé¥áâ¢ãîé¨å â¥®à¥â¨ç¥áª¨å à ¡®â å, ¯®-á¢ïé¥ëå ¨áá«¥¤®¢ ¨î £¨¤à®¤¨ ¬¨ç¥áª®£®¢«¨ï¨ï ¤àã£   ¤àã£  ¢§¢¥è¥ëå â¢¥à¤ëå ç -áâ¨æ, ¯ ¤ îé¨å ¢ ¦¨¤ª®áâ¨, ¨á¯®«ì§ãîâáï à §-«¨çë¥ ¯®¤å®¤ë ª ®¯à¥¤¥«¥¨î áª®à®áâ¨ á¥¤¨-¬¥â æ¨¨. �¤ ª® ®¡é¨¬ ¤«ï ¨å ï¢«ï¥âáï â®,çâ®, ª ª ¯à ¢¨«®, à áá¬ âà¨¢ îâáï £¨¤à®¤¨ ¬¨-ç¥áª¨¥ ¢®§¬ãé¥¨ï, ¢®á¨¬ë¥ ¯ ¤ îé¨¬¨ ç áâ¨-æ ¬¨. �à¨ íâ®¬, ¢ ®¤¨å à ¡®â å à áá¬ âà¨¢ -îâáï £¨¤à®¤¨ ¬¨ç¥áª¨¥ ¢®§¬ãé¥¨ï, ¢®á¨¬ë¥®¤®© ®â¤¥«ì®© ç áâ¨æ¥©, ¯®á«¥ ç¥£® à¥§ã«ìâ âã¬®¦ ¥âáï   ª®«¨ç¥áâ¢® ç áâ¨æ ¢ ¥¤¨¨æ¥ ®¡ê-¥¬  á¬¥á¨ (á«ãç © à §¡ ¢«¥ëå áãá¯¥§¨©),   ¢¤àã£¨å ¯à¥¤¯®« £ ¥âáï, çâ® ®¡ãá«®¢«¥ë¥ ®â¤¥«ì-®© ç áâ¨æ¥© ¢®§¬ãé¥¨ï â¥ç¥¨ï áãé¥áâ¢¥ë«¨èì ¢ ¥ª®â®à®¬ ª®¥ç®¬ ®¡ê¥¬¥, ®ªàã¦ îé¥¬¤ ãî ç áâ¨æã, ¨ ®¨ ¥ ¯à®¨ª îâ ¢   «®£¨ç-ë¥ ®¡ê¥¬ë, ®ªàã¦ îé¨¥ á®á¥¤¨¥ ç áâ¨æë (ïç¥-¥ç ï ¬®¤¥«ì). �¬¥ìè¥¨¥ áª®à®áâ¨ á¥¤¨¬¥â -æ¨¨ ¬®¦¥áâ¢  ç áâ¨æ ¯® áà ¢¥¨î á® áª®à®áâìî¯ ¤¥¨ï ®¤¨®ç®© ç áâ¨æë ä¨§¨ç¥áª¨ ®¡êïáï-¥âáï ¥ª¨¬ íää¥ªâ¨¢ë¬ íªà ¨à®¢ ¨¥¬ ¤ «ì¥-£® £¨¤à®¤¨ ¬¨ç¥áª®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¯ ¤ îé¨åç áâ¨æ.�¢¨¤ã â®£®, çâ® ¯®¤å®¤ë,   «®£¨çë¥ ¢ëè¥-ãª § ë¬, ¨á¯®«ì§ãîâáï ¨ ¤«ï ¢ëç¨á«¥¨ï íä-ä¥ªâ¨¢®© ¢ï§ª®áâ¨ áãá¯¥§¨©, ¢  áâ®ïé¥© à -¡®â¥ áª®à®áâì á¥¤¨¬¥â æ¨¨ ¬®¦¥áâ¢  ç áâ¨æ®¯à¥¤¥«¥    ®á®¢¥   «®£¨¨ á ¢ï§ª®áâìî áãá-¯¥§¨¨. �à¨ íâ®¬ ãáâ ®¢«¥®, çâ® áª®à®áâì á¥-¤¨¬¥â æ¨¨ ç áâ¨æ, à ¢®¬¥à® à á¯à¥¤¥«¥ëå¢ ¥®£à ¨ç¥®© ¦¨¤ª®áâ¨, ª®â®à ï ¯®ª®¨âáï  ¡¥áª®¥ç®áâ¨, à ¢  áª®à®áâ¨ ¯ ¤¥¨ï ®¤¨®ç®©ç áâ¨æë ¢ ¥ª®â®à®© ¥®£à ¨ç¥®© ¦¨¤ª®áâ¨,¯«®â®áâì ¨ ¢ï§ª®áâì ª®â®à®© â ª ï ¦¥, ª ª ¯«®â-®áâì ¨ íää¥ªâ¨¢ ï ¢ï§ª®áâì áãá¯¥§¨¨. � -ç¥ £®¢®àï, áª®à®áâì á¥¤¨¬¥â æ¨¨ ¬®¦¥áâ¢  ç -áâ¨æ ¢ ®¤®à®¤®© ¦¨¤ª®áâ¨ à áá¬ âà¨¢ ¥âáï ª ªáª®à®áâì ¯ ¤¥¨ï ®¤¨®ç®© ç áâ¨æë ¢ ¥ª®â®à®©¦¨¤ª®áâ¨, ¡®«¥¥ ¯«®â®© ¨ ¢ï§ª®© ¯® áà ¢¥¨îá ®¤®à®¤®©. �â¨¬, á®¡áâ¢¥®, ä¨§¨ç¥áª¨ ®¡ê-ïáï¥âáï íää¥ªâ ã¬¥ìè¥¨ï áª®à®áâ¨ á¥¤¨¬¥â -æ¨¨ ç áâ¨æ á ã¢¥«¨ç¥¨¥¬ ¨å ®¡ê¥¬®© ª®æ¥-âà æ¨¨. � à¥§ã«ìâ â¥ ¯®«ãç¥  ¯à®áâ ï § ¢¨á¨-¬®áâì (17) ¤«ï ®¯à¥¤¥«¥¨ï ®â®á¨â¥«ì®© áª®à®-áâ¨ á¥¤¨¬¥â æ¨¨ áâ®ªá®¢ëå ¬®®¤¨á¯¥àáëå ç -áâ¨æ, ª®â®à ï ¤®áâ â®ç® å®à®è® á®£« áã¥âáï á®¯ëâë¬¨ ¤ ë¬¨ ¢ ¤¨ ¯ §®¥ ¨§¬¥¥¨ï ®¡ê-46 �. �. �à¨«ì, �. �. �¥à¬ 



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 3. �. 41 { 47¥¬®© ª®æ¥âà æ¨¨ ¤® 0.3. �®ª § ®, çâ® ¯à¨®¤®© ¨ â®© ¦¥ ®¡ê¥¬®© ª®æ¥âà æ¨¨ ®â®á¨-â¥«ì ï áª®à®áâì á¥¤¨¬¥â æ¨¨ ç áâ¨æ ¢ ¢¨¤¥ ¢ë-âïãâ®£® áä¥à®¨¤  ¬¥ìè¥   «®£¨ç®© áª®à®áâ¨á¥¤¨¬¥â æ¨¨ ç áâ¨æ ¢ ¢¨¤¥ á¯«îáãâ®£® áä¥à®¨-¤ , â®£¤  ª ª ¢â®à ï ¨§ ¨å ¬¥ìè¥ ®â®á¨â¥«ì-®© áª®à®áâ¨ á¥¤¨¬¥â æ¨¨ áä¥à¨ç¥áª¨å ç áâ¨æ.�à¨ íâ®¬ áâ¥¯¥ì ¢«¨ï¨ï áä¥à®¨¤ «ìëå ç áâ¨æ  ®â®á¨â¥«ìãî áª®à®áâì ¨å £àã¯¯®¢®£® ¯ ¤¥-¨ï â¥¬ ¡®«ìè¥, ¯à¨ ®¤®© ¨ â®© ¦¥ ®¡ê¥¬®©ª®æ¥âà æ¨¨, ç¥¬ ¡®«ìè¥ á®®â®è¥¨¥ ¯®«ã®á¥©áä¥à®¨¤ .�®«ãç¥ë¥ à¥§ã«ìâ âë ¨áá«¥¤®¢ ¨ï ¨¬¥îâ ¥â®«ìª®  ãç®¥, ® ¨ ¯à ªâ¨ç¥áª®¥ § ç¥¨¥ ¨ ¬®-£ãâ ¡ëâì ¨á¯®«ì§®¢ ë, ¢ ç áâ®áâ¨, ¢ á®¢à¥¬¥-ëå â¥å®«®£¨ïå ®ç¨áâª¨ ¢®¤.1. � ¯¯¥«ì �¦., �à¥¥à �. �̈ ¤à®¤¨ ¬¨ª  ¯à¨ ¬ -«ëå ç¨á« å �¥©®«ì¤á .{ �.: �¨à, 1976.{ 630 á.2. �ã¥¢¨ç �.�. �§ ¨¬®¤¥©áâ¢¨¥ ä § ¢ ª®æ¥âà¨à®-¢ ëå ¤¨á¯¥àáëå á¨áâ¥¬ å // �ãà « ¯à¨ª« ¤-®© ¬¥å ¨ª¨ ¨ â¥å¨ç¥áª®© ä¨§¨ª¨.{ 1966.{ N 3.{�. 115{117.3. �¨£¬ âã«¨ �.�. �á®¢ë ¬¥å ¨ª¨ £¥â¥à®£¥ëåáà¥¤.{ �.: � ãª , 1978.{ 336 á.4. Batchelor G.K. Sedimentation in a dilute dispersionof spheres // J. Fluid mech.{ 1972.{ 52.{ P. 245{268.5. Batchelor G.K., Wen C.-S. Sedimentation in a poly-disperse system of interacting spheres. Part. 2. Nu-merical results // J. Fluid mech.{ 1982.{ 124.{P. 495{528.

6. Caisch R.E., Luke J.H.C. Variance in the sedimen-tation speed of a suspension // Phys. Fluids.{ 1985.{N 3.{ P. 759{760.7. Koch D.L., Shaqfen E.S.G. Screening in sedimentingsuspension // J. Fluid mech.{ 1991.{ 224.{ P. 275{303.8. Ladd A.J.C. Sedimentation of homogeneous suspen-sions of non Brownian spheres // Phys. Fluids.{1997.{ N 9.{ P. 491{512.9. Brenner M.P. Screening mechanisms in sedimenta-tion // Phys. Fluids.{ 1999.{ N 11.{ P. 754{762.10. Guazzelli E. Evolution of particle-velocity correla-tions in sedimentation // Phys. Fluids.{ 2001.{ N13.{ P. 1537{1551.11. Bergougnox L, Ghicini S., Hinch J. Spreading frontsand uctuations in sedimentation // Phys. Fluids.{2003.{ N7.{ P. 1875{1887.12. �ài«ì �.I. �® ¯¨â ï ¯à® à¥®«®£iç¥ ¬®¤¥«î¢ -ï áãá¯¥§i© // �à¨ª« ¤  £i¤à®¬¥å iª .{ 2003.{5 (77), N 2.{ �. 20{26.13. �©èâ¥© �. �®¡à ¨¥  ãçëå âàã¤®¢. �. 3.{ �.:� ãª , 1966.{ 75{90 á.14. � ¤ ã �.�., �¨äè¨æ �.�. �¥®à¥â¨ç¥áª ï ä¨§¨ª ,VI. �̈ ¤à®¬¥å ¨ª .{ �.: � ãª , 1986.{ 730 á.15. Thomas D.G. The Viscosity of Newtonian Suspen-sions of Uniform Spherical particles // J. Colloid andInterface Sci.{ 1965.{ 20.{ P. 267{276.16. �®¡¥à¨ª �.�., �®©â¥ª® �.�. � ¯®àë© £¨¤à®-âà á¯®àâ å¢®áâ®¢ £®à®®¡®£ â¨â¥«ìëåª®¬¡¨ â®¢.{ �.: � ãª®¢  ¤ã¬ª , 1967.{ 140 á.17. �®à®èª® �.�., �®§¥¡ ã¬ �.�., �®¤¥á �.�.�à¨¡«¨-¦¥ë¥ § ª®®¬¥à®áâ¨ £¨¤à ¢«¨ª¨ ¯á¥¢¤®®¦¨-¦¥®£® á«®ï // �§¢. ¢ëáè. ãç¥¡. § ¢¥¤., �¥äâì¨ £ §.{ 1958.{ �. 1, N 1.{ �. 125{130.

�. �. �à¨«ì, �. �. �¥à¬  47


