
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 62 { 67��� 628.515������������� ������ ��������� ���������� �������� ������������� �������������� ����. �. �������, �. �. �������, �. �. ��������, �. �. ���������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 03.06.2004�à¨¢®¤¨âáï ®¡®á®¢ ¨¥ ¯à¥¤¯®áë«®ª ¨ ãá«®¢¨© ®á ¦¤¥¨ï ¢§¢¥è¥ëå ç áâ¨æ (¬ ªà®å«®¯ì¥¢ ¨« ) ¢® ¢â®à¨çëå¢¥àâ¨ª «ìëå ®âáâ®©¨ª å. � à¥§ã«ìâ â¥ ¢ë¯®«¥®£®   «¨§  ¨ áà ¢¨â¥«ìëå ®æ¥®ª áãé¥áâ¢ãîé¨å ¬®¤¥«¥©¨ ¬¥â®¤®¢ à áç¥â  ¯ à ¬¥âà®¢ ®á ¦¤¥¨ï ¯à¥¤«®¦¥  ¡®«¥¥ á®¢¥àè¥ ï £¨¤à®¤¨ ¬¨ç¥áª ï ¬®¤¥«ì ®á ¦¤¥¨ï,ª®â®à ï ãç¨âë¢ ¥â ®á®¡¥®áâ¨ ¨ ¬¥å ¨§¬ë ®á ¦¤¥¨ï ¢§¢¥á¥© ¯® ¢ëá®â¥ ®âáâ®©¨ª . �®¤¥«ì à¥ «¨§®¢   ç¨-á«¥ë¬¨ ¬¥â®¤ ¬¨. � §à ¡®â   «£®à¨â¬ à áç¥â  â¥å®«®£¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ®á ¦¤¥¨ï ¨ ª®áâàãªâ¨¢ëå¯ à ¬¥âà®¢ ®âáâ®©¨ª .�à¨¢¥¤¥® ®¡£àãâã¢ ï ¯¥à¥¤ã¬®¢ i ã¬®¢ ®á ¤¦¥ï § ¢¨á«¨å à¥ç®¢¨ (¬ ªà®¯« áâi¢æi¢ ¬ã«ã) ã ¢â®à¨¨å ¢¥àâ¨-ª «ì¨å ¢i¤áâi©¨ª å. � á«i¤®ª ¯à®¢¥¤¥®£®   «i§ã i ¯®ài¢ï«ì¨å ®æi®ª iáãîç¨å ¬®¤¥«¥© i ¬¥â®¤i¢ à®§à åãªã¯ à ¬¥âài¢ ®á ¤¦¥ï § ¯à®¯®®¢   ¡i«ìè ¤®áª® «  £i¤à®¤¨ ¬iç  ¬®¤¥«ì ®á ¤¦¥ï, ïª  ¢à å®¢ãõ ®á®¡«¨¢®áâii ¬¥å i§¬¨ ®á ¤¦¥ï § ¢¨á¥© ¯® ¢¨á®âi ¢i¤áâi©¨ª . �®¤¥«ì à¥ «i§®¢   ç¨á¥«ì¨¬¨ ¬¥â®¤ ¬¨. �®§à®¡«¥®  «£®-à¨â¬ ¤«ï à®§à åãªã â¥å®«®£iç¨å å à ªâ¥à¨áâ¨ª ®á ¤¦¥ï i ª®áâàãªâ¨¢¨å ¯ à ¬¥âài¢ ¢i¤áâi©¨ª .Substantiation of solids (activated sludge makroocks) sedimentation prerequisites and conditions in secondary verticalsettlers is presented. A more complete hydrodynamic sedimentation model has been developed on the basis of theperformed analysis and comprehensive examination of existing models and methods for calculating of sedimentationparameters. The model takes into account character properties and mechanisms of solids sedimentation over the settlerdepth. The calculation algorithm for operating characteristics of sedimentation process and settler design data has beendeveloped. The model has been realized by using a numerical simulation.��������� á¨áâ¥¬ å ¡¨®«®£¨ç¥áª®© ®ç¨áâª¨ £®à®¤áª¨å ¨¡ëâ®¢ëå áâ®çëå ¢®¤ ®â à §«¨çëå § £àï§¥¨©®¤¨¬ ¨§ ®á®¢ëå á®®àã¦¥¨© ï¢«ïîâáï ¢â®à¨ç-ë¥ ®âáâ®©¨ª¨, ª®â®àë¥ á«ã¦ â ¤«ï ®â¤¥«¥¨ï ªâ¨¢®£® ¨«  ®â ¡¨®«®£¨ç¥áª¨ ®ç¨é¥®© ¢®¤ë,¯®áâã¯ îé¥© ®â à §«¨çëå ¡¨®à¥ ªâ®à®¢. �ä-ä¥ªâ¨¢®áâì à ¡®âë ¢â®à¨çëå ®âáâ®©¨ª®¢ § -ç áâãî ®¯à¥¤¥«ï¥â ª®¥çë© íää¥ªâ ®ç¨áâª¨ ¢®-¤ë ®â ¢§¢¥è¥ëå ç áâ¨æ. �â®à¨çë¥ ®âáâ®©-¨ª¨ ¡ë¢ îâ ¢¥àâ¨ª «ìë¬¨, £®à¨§®â «ìë¬¨¨ à ¤¨ «ìë¬¨, ®¤ ª®  ¨¡®«ìè¥¥ à á¯à®áâà ¥-¨¥ ¢ ¨¦¥¥à®© ¯à ªâ¨ª¥ ¯®«ãç¨«¨ ¢¥àâ¨ª «ì-ë¥ ®âáâ®©¨ª¨ à §«¨ç®© ª®áâàãªæ¨¨. � ¯®-á«¥¤¥¥ ¢à¥¬ï à §à ¡®âª¥ ¬¥â®¤®¢ à áç¥â  ¢â®-à¨çëå ®âáâ®©¨ª®¢,   «¨§ã ¨ ®¡®á®¢ ¨î ¨åà ¡®âë ¯®á¢ïé¥® ¬®£® «¨â¥à âãàë, ®á®¡¥®¨®áâà ®© [1{12]. � ®¤®© áâ®à®ë, íâ® á¢ï-§ ® á ¯®¢ëè¥¨¥¬ âà¥¡®¢ ¨© ª ª ç¥áâ¢ã ®¡é¥©®ç¨áâª¨ áâ®çëå ¢®¤, á ¤àã£®© áâ®à®ë { á ¯®ï¢«¥-¨¥¬ ¡®«¥¥ á«®¦ëå ¬®¤¥«¥© ¡¨®«®£¨ç¥áª®© ®ç¨áâ-ª¨ áâ®çëå ¢®¤ ¢ ¡¨®à¥ ªâ®à å, ª®â®àë¥, ¢ á¢®î®ç¥à¥¤ì, âà¥¡ãîâ ¨á¯®«ì§®¢ ¨ï ¡®«¥¥ á®¢¥àè¥-ëå ¬®¤¥«¥© ¢â®à¨çëå ®âáâ®©¨ª®¢. � ª ¨§¢¥áâ-®, ¬®¤¥«¨à®¢ ¨¥ ¯à®æ¥áá®¢, ª®â®àë¥ ¯à®¨áå®-¤ïâ ¢® ¢â®à¨çëå ®âáâ®©¨ª å, ¨á¯®«ì§ã¥âáï ¯à¨

¯à®¥ªâ¨à®¢ ¨¨,   «¨§¥ ¨ ª®âà®«¥ à á¯à¥¤¥«¥-¨ï ¯®áâã¯ îé¨å ¯®â®ª®¢  ªâ¨¢®£® ¨« ,   â ª¦¥ª ª ç áâì ®¡é¥© ¬®¤¥«¨, ª®â®à ï ®¯¨áë¢ ¥â ¯à®-æ¥ááë ¢ á®®àã¦¥¨ïå á  ªâ¨¢ë¬ ¨«®¬ ¨ ¢¬¥áâ¥ á®âáâ®©¨ª ¬¨ ¯à¥¤áâ ¢«ïîâ á®¡®© ¥¤¨ë© íªá¯«ã- â æ¨®ë© ¡«®ª. � ª ¨§¢¥áâ® [8, 12 { 15], ¢â®-à¨çë¥ ®âáâ®©¨ª¨, ª ª ¯à ¢¨«®, ¢ë¯®«ïîâ ¤¢¥äãªæ¨¨: äãªæ¨î ®á¢¥â«¥¨ï áâ®çëå ¢®¤, ª®-â®àë¥ ¯®áâã¯ îâ ®â à¥ ªâ®à  á  ªâ¨¢ë¬ ¨«®¬,¨ äãªæ¨î ã¯«®â¥¨ï ¨« , ª®â®àë© ®á ¦¤ ¥âáï¢ áâ¥á¥ëå ãá«®¢¨ïå. � ®â«¨ç¨¥ ®â ¯¥à¢¨çëå®âáâ®©¨ª®¢, ¯à¥¤ § ç¥ëå ¤«ï ã¤ «¥¨ï ¢§¢¥-è¥ëå ¢¥é¥áâ¢ ¨§ áâ®ç®© ¢®¤ë á ¢®§¬®¦ë¬¨á¯®«ì§®¢ ¨¥¬ ¡®«¥¥ ¯à®áâëå ¬®¤¥«¥© ®á ¦¤¥-¨ï, ¢® ¢â®à¨çëå ®âáâ®©¨ª å ¯à®¨áå®¤¨â ®á -¦¤¥¨¥ ¯à¥¨¬ãé¥áâ¢¥® å«®¯ì¥¢  ªâ¨¢®£® ¨«  ¢á«®¦ëå ãá«®¢¨ïå ¨å âà áä®à¬ æ¨¨ ¨ ¡¨®ä«®ªã-«ïæ¨¨. �«®¦ë¥ ¯à®æ¥ááë ¨ ¬¥å ¨§¬ë áâ¥á¥-®£® (§®®£®) ¨ ª®¬¯à¥áá¨®®£® (ã¯«®â¥®£®)®á ¦¤¥¨ï âà¥¡ãîâ ¤«ï ¨å ®¯¨á ¨ï ¡®«¥¥ á«®¦-ëå ¬®¤¥«¥©. � á¢ï§¨ á íâ¨¬ à §à ¡®âª  áãé¥-áâ¢ãîé¨å ¬¥â®¤®¢ à áç¥â  â¥å®«®£¨ç¥áª¨å å -à ªâ¥à¨áâ¨ª ¨ ª®áâàãªâ¨¢ëå ¯ à ¬¥âà®¢ ¢â®-à¨çëå ®âáâ®©¨ª®¢ ¡ §¨à®¢ « áì   ¨á¯®«ì§®¢ -¨¨ à §«¨çëå í¬¯¨à¨çëå, ¯®«ãí¬¯¨à¨çëå ¨¯à®áâëå â¥®à¥â¨ç¥áª¨å ¯®¤å®¤®¢ ¨ ¨áá«¥¤®¢ ¨©.�à¨ íâ®¬ à §à ¡®âª  ¬®£¨å ¨§ ¨å ®á®¢ë¢ « áì62 c �. �. �«¥©¨ª, �. �. � «ã£¨, �. �. �â¥¯®¢ ï, �. B. �ï¡«¨ª®¢, 2004



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 62 { 67  ¨§ãç¥¨¨ ®á ¦¤¥¨ï å«®¯ì¥¢  ªâ¨¢®£® ¨«  ¢áâ â¨ç¥áª¨å ãá«®¢¨ïå, ¯à¨ ª®â®àëå á¥¤¨¬¥â æ¨-®ë¥ á¢®©áâ¢  ¨«®¢ëå á¬¥á¥© ®æ¥¨¢ «¨áì ¢ á®-®â¢¥âáâ¢¨¨ á ªà¨¢®© ª¨¥â¨ª¨ á¨¦¥¨ï ¢ëá®âë£à ¨æë à §¤¥«  ä § ¢® ¢à¥¬¥¨ (â ª  §ë¢ ¥¬®©ªà¨¢®© �¨è  [12, 13, 15]); ¨ â®«ìª® ¢ ¯®á«¥¤¥¥¢à¥¬ï ¨§ãç¥¨¥ íâ¨å ¯à®æ¥áá®¢ ®áãé¥áâ¢«ï¥âáï ¢¯à®â®ç®¬ à¥¦¨¬¥ à ¡®âë ¢â®à¨çëå ®âáâ®©¨-ª®¢ á ãç¥â®¬ à §ëå £¨¤à®¤¨ ¬¨ç¥áª¨å ä ªâ®-à®¢. �à¨ íâ®¬ ¯à¥¨¬ãé¥áâ¢¥® à áá¬ âà¨¢ îâ-áï ®¤®¬¥àë¥ ¯à®áâë¥ ¢¥àâ¨ª «ìë¥ ¬®¤¥«¨, ¢ª®â®àëå áª®à®áâì ®á ¦¤¥¨ï ®¯¨áë¢ ¥âáï à §«¨ç-ë¬¨ äãªæ¨ï¬¨,   £¨¤à ¢«¨ç¥áª¨¥ áª®à®áâ¨ ¤¢¨-¦¥¨ï ¯®â®ª  ¢ ®âáâ®©¨ª¥ ¯à¨¨¬ îâáï ¯®áâ®-ïë¬¨. �«ï à¥ «¨§ æ¨¨ â ª¨å ¬®¤¥«¥© ®âáâ®©-¨ª ¯® ¢ëá®â¥ à §¡¨¢ ¥âáï   ®â¤¥«ìë¥ £®à¨§®-â «ìë¥ á«®¨ ¨ ¤«ï ª ¦¤®£® á«®ï á®áâ ¢«ï¥âáï ¨à¥è ¥âáï ãà ¢¥¨¥ ¬ â¥à¨ «ì®£® ¡ « á  ¢¥é¥-áâ¢ . �¤ ª® ¤«ï ¡®«¥¥ £«ã¡®ª®£® ¨§ãç¥¨ï ¨   -«¨§  ¯®â®ª®à á¯à¥¤¥«¥¨ï ¨ ¯à®æ¥áá®¢ ®á ¦¤¥¨ï¢ãâà¨ ®âáâ®©¨ª  á ãç¥â®¬ £¨¤à®¤¨ ¬¨ç¥áª®£®à¥¦¨¬ , ¢ ç áâ®áâ¨ âãà¡ã«¥â®áâ¨ ¯®â®ª , ¥-®¡å®¤¨¬® à §à ¡ âë¢ âì ¡®«¥¥ á«®¦ë¥ ®¤®¬¥à-ë¥ ¬®¤¥«¨,   â ª¦¥ ¤¢ã¬¥àë¥ ¨ ¤ ¦¥ âà¥å¬¥à-ë¥ ¬®¤¥«¨ âãà¡ã«¥â®£® ¯¥à¥®á  ¢§¢¥è¥ëåç áâ¨æ ¨ ¯à®æ¥áá®¢ ®á ¦¤¥¨ï ¢ íâ¨å ãá«®¢¨ïå.�®á«¥¤¨¥ à¥ª®¬¥¤ã¥âáï à §à ¡ âë¢ âì ¤«ï £®-à¨§®â «ìëå ¨ à ¤¨ «ìëå ®âáâ®©¨ª®¢, çâ® ¯®-§¢®«ï¥â ãç¥áâì ¥ª®â®àë¥ ®á®¡¥®áâ¨ £¨¤à®¤¨- ¬¨ª¨ ¯¥à¥®á  ç áâ¨æ ¢ íâ¨å ®âáâ®©¨ª å, ¢ç áâ®áâ¨, ¢®§¬®¦ë© ®âàë¢ ¨ ¢á¯«ë¢ ¨¥ ç -áâ¨æ §  áç¥â ä®à¬¨à®¢ ¨ï § ç¨â¥«ì®£® ¯à¨-¤®®£® â¥ç¥¨ï ¯®¤ á«®¥¬ ®á ¤ª . �«®¦®áâ¨ ¢à¥ «¨§ æ¨¨ â ª¨å ¬®¤¥«¥© á®áâ®ïâ, ¯à¥¦¤¥ ¢á¥£®,¢ ¥®¡å®¤¨¬®áâ¨ § ¨ï ¡®«ìè®© ¨áå®¤®© ¨ä®à-¬ æ¨¨. �®«¥¥ ¯®¤à®¡®   «¨§ áãé¥áâ¢ãîé¨å ¬®-¤¥«¥© ¨ ¬¥â®¤®¢ à áç¥â  ¢â®à¨çëå ®âáâ®©¨ª®¢¯à¨¢¥¤¥ ¢ à ¡®â å [16, 17].1. �������� ��������� � ����-������� � ���������� �������� á¯à¥¤¥«¥¨¥ á®áâ ¢«ïîé¨å äà ªæ¨© ç áâ¨æ¢ áâ®ç®© ¦¨¤ª®áâ¨, ¯®áâã¯ îé¥© ¢ ®âáâ®©¨ª¨§ à¥ ªâ®à - íà®â¥ª , ¢ ª®â®à®¬ ¡¨®«®£¨ç¥áª¨¥¯à®æ¥ááë ¯à®å®¤ïâ ¢ á®®â¢¥âáâ¢¨¨ á ¨§¢¥áâ®©¬®¤¥«ìî  ªâ¨¢®£® ¨«  1, ¯à¨¢¥¤¥® ¢ à ¡®â å [2,4, 6]. � áá¬ âà¨¢ ¥âáï ¬®¤¥«ì ®âáâ®©¨ª , ª®-â®à ï á®áâ®¨â ¨§ âà¥å äà ªæ¨©: à áâ¢®à¥ëå¢¥é¥áâ¢ (¢ ¤¨á¯¥àá®¬ á®áâ®ï¨¨), ¬¨ªà®ç áâ¨æ(¯¥à¢¨çëå ç áâ¨æ 0.5{5 ¬ª¬), ª®â®àë¥ ¯à ªâ¨-ç¥áª¨ ¥ ®á ¦¤ îâáï, ¨ ¬ ªà®ç áâ¨æ (¬ ªà®å«®-¯ì¥¢ 10{5000 ¬ª¬), ª®â®àë¥ ®á ¦¤ îâáï. � áâ¢®-à¥ë¥ ¢¥é¥áâ¢ , ª®â®àë¥ ®¡ëç® ¯à¨áãâáâ¢ãîâ

¢ ¬®¤¥«¨ ®âáâ®©¨ª , ¡ã¤ãâ â ª¨¬¨ ¦¥ à áâ¢®à¥-ë¬¨ ¢¥é¥áâ¢ ¬¨, çâ® ¨ ¢ ¬®¤¥«¨  ªâ¨¢®£® ¨«  1,¨ ¥ ¡ã¤ãâ ®á ¦¤ âìáï ¨ ¯à¨ ª ª¨å ®¡áâ®ïâ¥«ì-áâ¢ å [4]. �®íâ®¬ã ¢ ¤ «ì¥©è¥¬ ¬®¦® à áá¬ -âà¨¢ âì ¯à¨áãâáâ¢¨¥ ¢ ®âáâ®©¨ª å ¤¢ãå äà ª-æ¨©. �®«¨ç¥áâ¢® ç áâ¨æ ª ¦¤®© äà ªæ¨¨ § ¢¨-á¨â ®â ¯à®æ¥áá®¢ ä«®ªã«ïæ¨¨ ¨ ¤¨á¯¥à£¨à®¢ ¨ï,ª®â®àë¥ ¢ á¢®î ®ç¥à¥¤ì § ¢¨áïâ ®â ãà®¢ï âãà¡ã-«¥â®áâ¨ (¯¥à¥¬¥è¨¢ ¨ï ¦¨¤ª®áâ¨ ¢ à¥ ªâ®à¥).�¤ ª®, ¥á«¨ ãç¥áâì, çâ® äà ªæ¨ï ¬¨ªà®ç áâ¨æ¢ à¥ «ìëå ãá«®¢¨ïå á®áâ ¢«ï¥â ¥ ¡®«¥¥ 1% ®âäà ªæ¨¨ ¬ ªà®å«®¯ì¥¢,   áà¥¤ïï áª®à®áâì ¨å ®á -¦¤¥¨ï ¥ ¯à¥¢ëè ¥â 0.01...0.05 ¬/ç á, â® ¬®£¨-¬¨  ¢â®à ¬¨, ãç¨âë¢ ï à¥ «ìãî ¯à®¤®«¦¨â¥«ì-®áâì ¯à¥¡ë¢ ¨ï ¨«  ¢ ®âáâ®©¨ª¥ (¤® 5{6 ç -á®¢), íâ  ¬¥«ª ï äà ªæ¨ï ®â¤¥«ì® ¥ ¢ë¤¥«ï¥âáï,¨ à áá¬ âà¨¢ ¥âáï ®¤®ª®¬¯®¥â ï ¬®¤¥«ì ®á -¦¤¥¨ï. �®«¥¥ ¯®¤à®¡® ¯à®æ¥ááë ®¡à §®¢ ¨ï ¨à á¯ ¤  å«®¯ì¥¢ ¨ ¢«¨ï¨¥   íâ¨ ¯à®æ¥ááë à §-«¨çëå ä ªâ®à®¢ ®¯¨á ® ¢ á¯¥æ¨ «ì®© «¨â¥à -âãà¥, ¢ ç áâ®áâ¨ [12, 13].�®«ìè¨áâ¢® ãª § ëå ¬®¤¥«¥© ¡ §¨àã¥âáï  ¨§¢¥áâëå äãªæ¨ïå, ª®â®àë¥ ãáâ  ¢«¨¢ îâ § -¢¨á¨¬®áâì ¬¥¦¤ã áª®à®áâìî áâ¥á¥®£® ®á ¦¤¥-¨ï ¨ ª®æ¥âà æ¨¥© ¢§¢¥è¥ëå ¢¥é¥áâ¢ (å«®-¯ì¥¢ ¨« ) ¢ ¤ ®© â®çª¥ ¨ ª®â®àë¥ ¢ ®¡é¥¬ á«ãç ¥¨¬¥îâ ¢¨¤ VS = VS0f(n;X): (1)� à ¡®â å [8, 9] ¯à®  «¨§¨à®¢ ë § ç¥¨ï äãª-æ¨¨ f(n;X) ¢¨¤  e�nX , e�nX=X, (1 � nX)3=X,(1 � nX)4=X ¨ ãáâ ®¢«¥®, çâ® ¯à¨ ¨§ª¨å ª®-æ¥âà æ¨ïå X, çâ® ¨¬¥¥â ¬¥áâ® ¯à¨ ®á ¦¤¥¨¨¨« ,  ¨¡®«¥¥ ã¤®¢«¥â¢®à¨â¥«ìë¥ à¥§ã«ìâ âë ¤ -¥â á«¥¤ãîé ï § ¢¨á¨¬®áâì ¤«ï ®¯à¥¤¥«¥¨ï áª®à®-áâ¨ ®á ¦¤¥¨ï: VS = VS0e�nX : (2)� ¥ª®â®àëå à ¡®â å [6, 7] c æ¥«ìî ¡®«¥¥ ¤¥â «ì-®£® ¨§ãç¥¨ï ª®æ¥âà æ¨¨ Xc   ¢ëå®¤¥ ¨§ ®â-áâ®©¨ª  à áá¬®âà¥ë ¬®¤¥«¨, ¢ ª®â®àëå ãç¨âë-¢ îâáï ¯à®æ¥ááë ®á ¦¤¥¨ï á ¨§ª®© ª®æ¥âà -æ¨¥©. � íâ®¬ á«ãç ¥ ¢ à ¡®â¥ [7] ¯à¨ ¨á¯®«ì§®¢ -¨¨ äãªæ¨¨ ®á ¦¤¥¨ï ¢ë¤¥«ïîâáï ç¥âëà¥ §®ë(à¨á. 1) ¨ áª®à®áâì ®á ¦¤¥¨ï ¢ ¤ «ì¥©è¥¬ ¢ ®¡-é¥¬ ¢¨¤¥ ®¯¨áë¢ ¥âáï ã¤¢®¥®© íªá¯®¥æ¨ «ì-®© § ¢¨á¨¬®áâìîVS = VS0e�nA(X�X1) � VS0e�nB(X�X1); (3)ª®â®à ï á¯à ¢¥¤«¨¢  ¤«ï §® II ¨ III, £¤¥ X1 { ª®-æ¥âà æ¨ï ¥®á ¦¤ ¥¬®© äà ªæ¨¨ (§®  I). �ãª-æ¨ï (3) ¢ §®¥ III ®£à ¨ç¨¢ ¥âáï ¬ ªá¨¬ «ì-®© áª®à®áâìî ®á ¦¤¥¨ï VSmax [7], ¯à¨ íâ®¬�. �. �«¥©¨ª, �. �. � «ã£¨, �. �. �â¥¯®¢ ï, �. B. �ï¡«¨ª®¢ 63
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�¨á. 1. �ãªæ¨ï ®á ¦¤¥¨ï á®£« á® à ¡®âë [7]¤«ï áª®à®áâ¨ ®á ¦¤¥¨ï á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢®VS < VSmax. �®  IV ®¯¨áë¢ ¥âáï ¢ëà ¦¥¨¥¬VS0e�nA(X�X1) ¨ á®®â¢¥âáâ¢ã¥â ª« áá¨ç¥áª®© â¥-®à¨¨ ®á ¦¤¥¨ï. � §®¥ ¨§ª¨å ª®æ¥âà æ¨© II¢â®à®© ç«¥ VS0e�nB(X�X1) áâ ®¢¨âáï § ç é¨¬¨ ¥£® ¥®¡å®¤¨¬® ãç¨âë¢ âì ¢ à áç¥â å. �®¬¨¨-à®¢ ¨¥ â®£® ¨«¨ ¨®£® íªá¯®¥æ¨ «ì®£® ç«¥ ¢ § ¢¨á¨¬®áâ¨ (3) § ¢¨á¨â ®â ¯ à ¬¥âà  nB, ª®-â®àë© ®¡ëç®   ¯®àï¤®ª ¡®«ìè¥, ç¥¬ ¯ à ¬¥âànA. � ª¨¬ ®¡à §®¬, ¤«ï à¥ «¨§ æ¨¨ ¯à¨¢¥¤¥®©¬®¤¥«¨ ¤®«¦ë ¡ëâì ¨§¢¥áâë ¯ïâì ¯ à ¬¥âà®¢VS0, VSmax, X1, nA, nB, ª®â®àë¥ ®¯à¥¤¥«ïîâáï®¯ëâë¬ ¯ãâ¥¬ [7]. �®«ãç¥ë¥ â ª¨¬ ®¡à §®¬®áà¥¤¥ë¥ § ç¥¨ï íâ¨å ¯ à ¬¥âà®¢ ¯à¨¢¥¤¥-ë ¢ â ¡«. 1.� ¡«.1. � ç¥¨ï ¨áå®¤ëå ¯ à ¬¥âà®¢¢ ä®à¬ã«¥ (3)VS0 VSmax nB nA X1¬/ç á ¬/ç á £/«8,9 6,25 5,7 0,36 1; 23 � 10�3�¤ ª® ¯à®¢¥¤¥ë©  ¬¨   «¨§ ¯®ª § «, çâ®¢ ¡®«ìè¨áâ¢¥ ¯à ªâ¨ç¥áª¨å á«ãç ¥¢ ¢ ª ç¥áâ¢¥à áç¥â®© ¬®¦® ¯à¨¨¬ âì § ¢¨á¨¬®áâì (2), ¢ª®â®à®©  ç «ì ï áª®à®áâì ®á ¦¤¥¨ï V0S ¨ ¯ -à ¬¥âà n ¯à¨¨¬ îâáï ¨¤¨¢¨¤ã «ì® ¤«ï ª ¦¤®-£® ®á ¤ª  (¨« ) ¨ ¢ ®á®¢®¬ § ¢¨áïâ ®â ¢¥«¨ç¨ë¨«®¢®£® ¨¤¥ªá  I ¢ ãáâ ®¢ª¥. � ª ¨§¢¥áâ® [12,13], ¨«®¢ë© ¨¤¥ªá å à ªâ¥à¨§ã¥â á¥¤¨¬¥â æ¨®-ë¥ á¢®©áâ¢  ¨« . � à ¡®â å [1, 2, 7] ¯à¥¤«®¦¥àï¤ ®¯ëâëå § ¢¨á¨¬®áâ¥© V0S = f(I) ¨ n = f(I),®¤ ª® ¤«ï à áç¥â®¢ ¬®£¨¥  ¢â®àë ¨á¯®«ì§ãîâ

§ ¢¨á¨¬®áâ¨VS0 = 17:4e�0:0113I + 3:931 (¬=ç á); (4)n = 1:043� 0:938e�0:00581I («=£); (5)¢ ª®â®àëå ¨«®¢ë© ¨¤¥ªá I ¨¬¥¥â à §¬¥à®áâìá¬3=£ ¨ ¯à¨¨¬ ¥âáï ¢ áà¥¤¥¬ I = 80:::150 á¬3=£¢ § ¢¨á¨¬®áâ¨ ®â ¢¨¤  áâ®çëå ¢®¤.�ç¨â ¥âáï, çâ® ª®æ¥âà æ¨ï ¢§¢¥è¥ëå ç -áâ¨æ, ª®â®àë¥ ¥ ãá¯¥¢ îâ ®á¥áâì §  ¢à¥-¬ï à ¡®âë ®âáâ®©¨ª , á®áâ ¢«ï¥â ¢ áà¥¤¥¬Xc � 10 ¬£/«. � à ¡®â¥ [4] ª â ª¨¬ ç áâ¨æ ¬ ®â-®áïâ ¬¨ªà®å«®¯ìï ¨« , ª®â®àë¥ ¥ ®áï¤ãâ ¨§-§ ¤¥¨âà¨ä¨ª æ¨¨, £¨¤à ¢«¨ç¥áª®©  £àã§ª¨ ¨ å -à ªâ¥à¨áâ¨ª ¨«  (¢ëá®ª¨å § ç¥¨© I). �  ®á®-¢ ¨¨ ¯à®¢¥¤¥®£®   «¨§  ®¯ëâëå ¤ ëå ¤«ï®¯à¥¤¥«¥¨ï ª®æ¥âà æ¨¨ ¬¥«ª¨å ç áâ¨æ Xc, ª®-â®àë¥ ¯®áâã¯ îâ á ¯®â®ª®¬, ® ¥ ®áï¤ãâ ¢ ®â-áâ®©¨ª¥, ¯à¥¤« £ ¥âáï § ¢¨á¨¬®áâìXc = Xmin +XNO3 XNO3KNO3 +XNO3 + (6)+Xh XeI QaAKh +XeI QaA :�¡®§ ç¥¨ï ¯à¨¢¥¤¥ëå ¢ ä®à¬ã«¥ (6) ¯ à ¬¥-âà®¢ ¤ ë ¢ à ¡®â å [4, 16].�«ï ¨¦¥¥àëå à áç¥â®¢ ¢¥àâ¨ª «ìëå ®â-áâ®©¨ª®¢ ¢ á«ãç ¥ ¡ëâ®¢ëå áâ®çëå ¢®¤ à¥ª®¬¥-¤ã¥âáï ¯à¨¨¬ âì § ç¥¨ï á®£« á® â ¡«. 2.� ¡«.2. � ç¥¨ï ¨áå®¤ëå ¯ à ¬¥âà®¢á®£« á® à ¡®âë [2]Xmin XNO3 KNO3 Xh£/« £/« £/« £/«5 � 10�3 25 � 10�3 12 � 10�3 25 � 10�3Kh I VS0 n¬3=(¬2áãâª¨) c¬3=£ ¬/ç á «/ç á1,5 150 5,71 0,37� à ¡®â¥ [6] ¤«ï ®¯à¥¤¥«¥¨ï ª®æ¥âà æ¨¨ ¯¥à-¢¨çëå ç áâ¨æ (¬¨ªà®å«®¯ì¥¢) Xc, ª®â®àë¥ ¯®-áâã¯ îâ ¢ ®âáâ®©¨ª ¨ ¥ ãá¯¥¢ îâ ®á¥áâì, ¯à¥¤-« £ ¥âáï § ¢¨á¨¬®áâìXc = Xmin + a1�QcA �a2 ; (7)¢ ª®â®à®© ¤«ï ¡ëâ®¢ëå áâ®çëå ¢®¤ ¯à¨¨¬ ¥âáïXmin = 3 � 10�3 £/«, a1 = 1, a2 = 3.64 �. �. �«¥©¨ª, �. �. � «ã£¨, �. �. �â¥¯®¢ ï, �. B. �ï¡«¨ª®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 62 { 672. ���������� � ���������� ����-���������������� ��������� ����������� ������������ ������-�����«ï ¨§ãç¥¨ï ¨   «¨§  ¯à®æ¥áá®¢, ª®â®àë¥¯à®¨áå®¤ïâ ¢ ¢¥àâ¨ª «ì®¬ ®âáâ®©¨ª¥, à ¡®â î-é¥¬ ¢ á¨áâ¥¬¥ á®®àã¦¥¨© ¡¨®«®£¨ç¥áª®© ®ç¨áâ-ª¨, ¤«ï ¤ «ì¥©è¥© à¥ «¨§ æ¨¨   ®á®¢ ¨¨ ¯à®-¢¥¤¥®£®   «¨§  ¯à¥¤« £ ¥âáï ¯à¨¢¥¤¥ ï ¨-¦¥ ¡®«¥¥ á®¢¥àè¥ ï £¨¤à®¤¨ ¬¨ç¥áª ï ®¤®-¬¥à ï ¬®¤¥«ì ®á ¦¤¥¨ï. �à¨¬¥¨â¥«ì® ª ¢â®-à¨çë¬ ¢¥àâ¨ª «ìë¬ ®âáâ®©¨ª ¬ ¢¥ § ¢¨á¨-¬®áâ¨ ®â ¯à¨ïâ®© â¥å®«®£¨ç¥áª®© áå¥¬ë ¯®¤¢®-¤  (¢¯ãáª ) áâ®ç®© ¦¨¤ª®áâ¨ ¢ ®âáâ®©¨ª ¢ ãá«®-¢¨ïå ¯à®â®ç®£® à¥¦¨¬  ¥£® à ¡®âë ®¡ëç® ¢ë¤¥-«ïîâ âà¨ å à ªâ¥àë¥ §®ë, ª®â®àë¥ ¨¬¥îâ á¢®¨®á®¡¥®áâ¨ ¢ ¯à®â¥ª ¨¨ ¯à®æ¥áá®¢ ®á ¦¤¥¨ï.� ãç¥â®¬ íâ¨å ®á®¡¥®áâ¥© ¨  ¡«î¤ ¥¬ëå ¬¥-å ¨§¬®¢ ¤«ï ª ¦¤®© §®ë ¢ ¤¨ää¥à¥æ¨ «ì®©ä®à¬¥ á®áâ ¢«ï¥âáï ãà ¢¥¨¥ ¬ â¥à¨ «ì®£® ¡ -« á , ®¯¨áë¢ îé¥¥ ¨§¬¥¥¨¥ ª®æ¥âà æ¨¨ ®á -¦¤ îé¨å ¢§¢¥è¥ëå ç áâ¨æ ¢ ¯à¥¤¥« å íâ®© §®-ë. � ª, ¯à¨¬¥¨â¥«ì® ª  ¨¡®«¥¥ à á¯à®áâà -¥®© áå¥¬¥ ¢¥àâ¨ª «ì®£® ®âáâ®©¨ª , ¯à¨¢¥-¤¥®£®   à¨á. 2, ®¡é ï ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì¨§¬¥¥¨ï ª®æ¥âà æ¨¨ ¬ ªà®å«®¯ì¥¢X ¯® ¢ëá®-â¥ ®âáâ®©¨ª  á ¤®áâ â®çë¬ ä¨§¨ç¥áª¨¬ ®¡®á®-¢ ¨¥¬ ¬®¦® ®¯¨á âì á«¥¤ãîé¥© á¨áâ¥¬®© ãà ¢-¥¨©: ) ¢ §®¥ ®á¢¥â«¥¨ï ¨ ®á ¦¤¥¨ï (h¢� 12h � z >0)@X@t = Vb@X@z � @(VSX)@z + @@z�D@X@z �+R(X); (8)¡) ¢ §®¥ ¯¨â ¨ï (à §¡ ¢«¥¨ï)(h¢ + 12h � z � h¢ � 12h)@X@t = (Vb + VH)Xeh � (Vb � VH )@X@z � (9)�@(VSX)@z + @@z �D@X@z �;¢) ¢ §®¥ áâ¥á¥®£® ®á ¦¤¥¨ï ¨ ã¯«®â¥¨ï(H > z � h¢ + 12h)@X@t = �VH @X@z � @(VSX)@z + (10)+ @@z �D@X@z �+ R(X):� ãà ¢¥¨ïå (8){(10) ¨   à¨á. 2 ¨¬¥¥¬Vb = Qc=A, VH = (Qr+Qw)=A, Vb+VH = Qa=A {

�¨á. 2. �å¥¬  ¢â®à¨ç®£® ¢¥àâ¨ª «ì®£® ®âáâ®©¨ª :1 { §®  ®á¢¥â«¥¨ï; 2 { §®  áâ¥á¥®£® ®á ¦¤¥¨ï;3 { §®  à §¡ ¢«¥¨ï;4 { §®  áâ¥á¥®£® ®á ¦¤¥¨ï ¨ ã¯«®â¥¨ïá®®â¢¥âáâ¢¥® áà¥¤¨¥ áª®à®áâ¨ £¨¤à ¢«¨ç¥áª®-£® ¯®â®ª  ¢ ¢¥àå¥© ¨ ¨¦¥© §® å ®âáâ®©¨ª ;Qc = Q(1 � w), Qa = Q(1 + r), Qr+w = Q(r + w),Qr = Qr, Qw = Qw, Q { à áå®¤ áâ®ç®© ¦¨¤ª®-áâ¨, ª®â®à ï ¯®áâã¯ ¥â   ®ç¨áâë¥ á®®àã¦¥¨ï;A { à ¡®ç ï ¯«®é ¤ì ®âáâ®©¨ª ; r ¨ w { á®®â-¢¥âáâ¢¥® ª®íää¨æ¨¥âë à¥æ¨àªã«ïæ¨¨ ¨ ¨§¡ë-â®ç®£® ¨« ; D { ª®íää¨æ¨¥â ª®¢¥ªâ¨¢®© ¤¨ä-äã§¨¨, ª®â®àë© ãç¨âë¢ ¥â âãà¡ã«¥âãî ¤¨ääã-§¨î ¨ ¤¨á¯¥àá¨î; R(X) { ç«¥, ª®â®àë© ãç¨âë¢ -¥â ¤®¯®«¨â¥«ìë¥ ¯à®æ¥ááë, ¯à®¨áå®¤ïé¨¥ ¢ ®â-áâ®©¨ª¥ ¨ ¢«¨ïîé¨¥   ¡ « á ª®æ¥âà æ¨¨ X(¡¨®à¥ ªæ¨¨, ä«®ªã«ïæ¨ï ¨  £«®¬¥à æ¨ï ç áâ¨æ ¨å«®¯ì¥¢ §  áç¥â âãà¡ã«¥â®áâ¨ ¨ ¤à.).� ª ¯®ª § « ¯à®¢¥¤¥ë©  ¬¨,   â ª¦¥ ¢ à -¡®â å [18, 19] ¬ â¥¬ â¨ç¥áª¨©   «¨§, ¥ãç¥â ¢¯à¨¢¥¤¥ëå ãà ¢¥¨ïå ¤¨ääã§¨®®£® ç«¥  ¥¯®§¢®«ï¥â ¯®«ãç¨âì ã¦®¥ ®¡é¥¥ à¥è¥¨¥ íâ®©§ ¤ ç¨.�¡é ï ¬®¤¥«ì à¥ «¨§ã¥âáï ç¨á«¥ë¬¨ ¬¥â®¤ -¬¨ ¯à¨ á«¥¤ãîé¨å  ç «ìëå ¨ £à ¨çëå ãá«®-¢¨ïå: ç «ì®¥ ãá«®¢¨¥t = 0; z > 0 X = X0; (11)  ¢¥àå¥© £à ¨æ¥z = 0; t > 0 VbX � VSX +D@X@z = 0; (12)  ¨¦¥© £à ¨æ¥z = H; t > 0 �VHX�VSX+D@X@z = 0; (13)  £à ¨æ å z = h¢ � 12h ¨ z = h¢ + 12h ¥¯®áà¥¤-áâ¢¥® à¥ «¨§ãîâáï ¨§¢¥áâë¥ ãá«®¢¨ï á®¯àï¦¥-¨ï, ¢ëà ¦ îé¨¥ ¥¯à¥àë¢®áâì ¨§¬¥¥¨ï ª®-�. �. �«¥©¨ª, �. �. � «ã£¨, �. �. �â¥¯®¢ ï, �. B. �ï¡«¨ª®¢ 65



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 4. �. 62 { 67æ¥âà æ¨© ¨ ¡ « á  ¯®â®ª®¢ ç áâ¨æ ç¥à¥§ íâ¨£à ¨æë.� ¯¨è¥¬ ªà ¥¢ãî § ¤ çã (8){(13) ¢ ¡¥§à §¬¥à-ëå ¥¤¨¨æ å�X = XXe ; �z = zH ; �t = VS0H t; �VS = VSVS0 ;�Vb = VbVS0 ; �VH = VHVS0 ; �hb = hbH ; �h = hH ; (14)�n = nXe; �X0 = X0Xe ; �D = DVS0H :� à¥§ã«ìâ â¥ ®ç¥¢¨¤ëå ¯à¥®¡à §®¢ ¨© ¯à¨R(X) = 0 ¯®«ãç ¥¬:¢ ¢¥àå¥© §®¥ (0 � �z � �h¢ � 12�h)@ �X@�t = @@�z ��Vb �X � �VS �X + �D@ �X@�z � (15)¯à¨ ��Vb �X � �VS �X + �D@ �X@�z �j�z=0 = 0; (16)¢ ¨¦¥© §®¥ (�h¢ + 12�h � �z � 1)@ �X@�t = @@�z�� �VH �X � �VS �X + �D@ �X@�z � (17)¯à¨ �� �VH �X � �VS �X + �D@ �X@�z �j�z=1 = 0; (18)¢ áà¥¤¥© §®¥ (�h¢ � 12�h � �z � �h¢ + 12�h)@ �X@�t = (�Vb + �VH ) �Xe�h � (19)� @@�z ��Vb + �VH + �VS �X + �D@ �X@�z �:� ¤ «ì¥©è¥¬ ¤«ï ¯à®áâ®âë ¨§«®¦¥¨ï ç¥àâ®ç-ª¨  ¤ ¯¥à¥¬¥ë¬¨ ®¯ãáª ¥¬, ®¤ ª® ¯®¬¨¬,çâ® á¢ï§ì á à¥ «ìë¬¨ ¯¥à¥¬¥ë¬¨ ®áãé¥áâ¢«ï-¥âáï ç¥à¥§ ¯à¨¢¥¤¥ë¥ ¢ëè¥ á®®â®è¥¨ï (14).�¨á«¥®¥ à¥è¥¨¥ ¯à®¨§¢®¤¨âáï ¨§¢¥áâë¬ ¬¥-â®¤®¬ �®è¨-�©«¥à  á ¨â¥à æ¨ï¬¨.� ª ç¥áâ¢¥ ¯à¨¬¥à    à¨á. 3, 4 ¯à¨¢¥¤¥ë ¥ª®-â®àë¥ à¥§ã«ìâ âë ç¨á«¥®£® íªá¯¥à¨¬¥â . � ª,  à¨á. 3 ¯à¨¢¥¤¥ë å à ªâ¥àë¥ ªà¨¢ë¥ ¨§¬¥¥-¨ï ¢® ¢à¥¬¥¨ �t ª®æ¥âà æ¨¨ �X ¯® ¢ëá®â¥ ®â-áâ®©¨ª  �z, ¯®«ãç¥ë¥ ¯à¨ á«¥¤ãîé¨å § ç¥¨-ïå ¡¥§à §¬¥àëå ¯ à ¬¥âà®¢: �X0 = 0:1, �n = 1:2,�D = 0:025, �Vb = �VH = 0:08, �h = 0:2,     à¨á. 4á®®â¢¥âáâ¢¥® ¯à¨ �X0 = 0:1, �n = 1:0, �D = 0:05,�Vb = �VH = 0:05, �h = 0:2. � ª ¢¨¤® ¨§ íâ¨å à¨-áãª®¢, ¯® ¢ëá®â¥ ®âáâ®©¨ª  ç¥âª® ¯à®á«¥¦¨¢ -¥âáï ä®à¬¨à®¢ ¨¥ âà¥å ®â¬¥ç¥ëå §® ®á ¦¤¥-¨ï, ¯à¨ç¥¬ ä®à¬¨à®¢ ¨¥ áà¥¤¥© §®ë à §¡ -¢«¥¨ï áâ ¡¨«¨§¨àã¥âáï   ª®¥æ à áç¥â®£® ¯¥-à¨®¤  ®âáâ ¨¢ ¨ï, ª®â®àë© ¯à¨ ¤®áâ â®ç® ã¤ ç-®¬ ¢ë¡®à¥ § ç¥¨© ¨áå®¤ëå ¯ à ¬¥âà®¢  áâã-¯ ¥â £¤¥-â® ¯à¨ �t = 4� 5.

�¨á. 3. �§¬¥¥¨¥ ª®æ¥âà æ¨¨ �X ¯® ¢ëá®â¥®âáâ®©¨ª  �z ¨ ¢® ¢à¥¬¥¨ �t
�¨á. 4. �§¬¥¥¨¥ ª®æ¥âà æ¨¨ �X ¯® ¢ëá®â¥®âáâ®©¨ª  �z ¨ ¢® ¢à¥¬¥¨ �t� íâ¨å ãá«®¢¨ïå, ª ª ¯®ª § « ¯à¥¤¢ à¨â¥«ìë©  «¨§ à¥§ã«ìâ â®¢ ç¨á«¥®£® íªá¯¥à¨¬¥â , ¤«ï¯à¨ïâëå â¨¯®¢ëå à §¬¥à®¢ ¢¥àâ¨ª «ìëå ¢â®-à¨çëå ®âáâ®©¨ª®¢ ¬®¦® à ááç¨â âì ¨ ®¡®á®-¢ âì ¥®¡å®¤¨¬ë¥ â¥å®«®£¨ç¥áª¨¥ å à ªâ¥à¨áâ¨-ª¨ ®âáâ®©¨ª ,   ¨¬¥®, ª®æ¥âà æ¨î ¢ ®á¢¥-66 �. �. �«¥©¨ª, �. �. � «ã£¨, �. �. �â¥¯®¢ ï, �. B. �ï¡«¨ª®¢
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�¨á. 5. �à ä¨ª¨ ¨§¬¥¥¨ï ª®æ¥âà æ¨© �Xr(ªà¨¢ ï 1) ¨ �Xc (ªà¨¢ ï 2) ¢ § ¢¨á¨¬®áâ¨®â ¢à¥¬¥¨ �t ¤«ï á«ãç ï�D = 0; 025, �Uc = �UH = 0; 10, �n = 1; 2â«¥®© ¢®¤¥ Xc ¨ ª®æ¥âà æ¨î ¢®§¢à â®£® ¨« Xr. �«ï íâ®£®   ®á®¢ ¨¨ ç¨á«¥ëå à áç¥-â®¢ ¯®áâà®¥ë à áç¥âë¥ £à ä¨ª¨ ¤«ï ®¯à¥¤¥«¥-¨ï ª®æ¥âà æ¨© Xc ¨ Xr ¢ § ¢¨á¨¬®áâ¨ ®â ¯à¨-ïâëå ®á®¢ëå ¨áå®¤ëå ¯ à ¬¥âà®¢, ®¤¨ ¨§ª®â®àëå ¢ ª ç¥áâ¢¥ ¯à¨¬¥à  ¯à¨¢¥¤¥   à¨á. 5.�¥â®¤¨ª  à áç¥â  ¯®§¢®«ï¥â â ª¦¥ ¯à¨ § ¤ -ëå ª®æ¥âà æ¨ïå Xc ¨ Xr ®¯à¥¤¥«¨âì ®á®¢ë¥ª®áâàãªâ¨¢ë¥ å à ªâ¥à¨áâ¨ª¨ ®âáâ®©¨ª  (¯«®-é ¤ì ¯®¯¥à¥ç®£® á¥ç¥¨ï A, ¢ëá®âã H ®âáâ®©-¨ª  ¨ ¯à®¤®«¦¨â¥«ì®áâì ¯à¥¡ë¢ ¨ï ¨«  ¢ ®â-áâ®©¨ª¥ t), ®¡¥á¯¥ç¨¢ îé¨¥ ®à¬ «ìë¥ ãá«®¢¨ï¥£® à ¡®âë.� ª¦¥ ãáâ ®¢«¥®, çâ® ¯à¨ �D > 0:005, â.¥. ¢¡®«ìè¨áâ¢¥ ¯à ªâ¨ç¥áª¨å á«ãç ¥¢, ¢¯®«¥ ¬®¦-® ®£à ¨ç¨âìáï ¯à¨ïâ¨¥¬ áª®à®áâ¨ ®á ¦¤¥¨ïá®£« á® § ¢¨á¨¬®áâ¨ (2).�à¨¢¥¤¥ ï ¬®¤¥«ì à¥ «¨§ã¥âáï á®¢¬¥áâ® á¨§¢¥áâë¬¨ ¬®¤¥«ï¬¨  ªâ¨¢®£® ¨«  ¢ á¨áâ¥¬ å¡¨®«®£¨ç¥áª®© ®ç¨áâª¨. �«ï íâ®£® ¯à¥¦¤¥ ¢á¥-£®, ¥á«¨ ¥®¡å®¤¨¬®, ª®¬¯®¥âë, ª®â®àë¥ à áá¬ -âà¨¢ îâáï ¨ ¨§¬¥àïîâáï ¢ ¬®¤¥«ïå  ªâ¨¢®£® ¨« (��� ¨«¨ ���), á«¥¤ã¥â á®£« á®¢ âì ¨ á¢ï§ âìá ª®¬¯®¥â ¬¨ (¢§¢¥è¥ë¬¨ ç áâ¨æ ¬¨), ª®â®-àë¥ à áá¬ âà¨¢ îâáï ¨ ¨§¬¥àïîâáï ¢ ®âáâ®©¨-ª å [4, 5, 19].
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