
ISSN 0387 -4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 1. �. 20 { 25��� 546.532����������������� ������ ��������������� ������� ��������� ��� �� �����������������. �. ��������, �. �. �����������¨¥¢áª¨© £®áã¤ àáâ¢¥ë© â¥å¨ç¥áª¨© ã¨¢¥àá¨â¥â áâà®¨â¥«ìáâ¢  ¨  àå¨â¥ªâãàë���áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 15.04.98 � �¥à¥á¬®âà¥® 11.11.98�®áâà®¥  £¨¤à®¤¨ ¬¨ç¥áª ï ¬®¤¥«ì ä¨«ìâà®¢ ¨ï ¯à¨ ã¤ «¥¨¨ ¦¥«¥§¨áâëå á®¥¤¨¥¨© ¨§ ¢®¤ë, á®áâ®ïé ï ¨§¤¢ãå ¢§ ¨¬®á¢ï§ ëå ¡«®ª®¢: £¨¤à®¤¨ ¬¨ç¥áª®£® (ä¨«ìâà æ¨®®£®) ¨ ¤¨ ¬¨ª¨ á®¥¤¨¥¨© ¦¥«¥§  ¢ ä¨«ìâàãî-é¥© ¯®à¨áâ®© áà¥¤¥. � áá¬®âà¥ë ç áâë¥ á«ãç ¨ ®¡é¥© ¬®¤¥«¨ ¯à¨ £®¬®£¥®© ¨ £¥â¥à®£¥®© áâ ¤¨ïå ®ª¨á«¥¨ï.�¡é ï ¬®¤¥«ì à¥ «¨§®¢   ç¨á«¥ë¬¨ ¬¥â®¤ ¬¨, ¤«ï ç áâëå ¬®¤¥«¥© ¯®«ãç¥ë   «¨â¨ç¥áª¨¥ à¥è¥¨ï. �à¥¤-«®¦¥  ¬¥â®¤¨ª  à áç¥â  ®á®¢ëå ¯ à ¬¥âà®¢ ®ç¨áâª¨.�®¡ã¤®¢   £i¤à®¤¨ ¬÷ç  ¬®¤¥«ì äi«ìâàã¢ ï ¯à¨ ¢¨«ãç¥i á¯®«ãª § «i§  § ¢®¤¨. �®¤¥«ì áª« ¤ õâìáï § ¤¢®å¢§ õ¬®¯®¢'ï§ ¨å ¡«®ªi¢: £i¤à®¤¨ ¬iç®£® (äi«ìâà æi©®£®) i ¤¨ ¬iª¨ á¯®«ãª § «i§  ¢ äi«ìâàãîç®¬ã ¯®à¨áâ®¬ãá¥à¥¤®¢¨éi. �®§£«ïãâ® ®ªà¥¬i ¢¨¯ ¤ª¨ § £ «ì®i ¬®¤¥«i ¯à¨ £®¬®£¥i© i £¥â¥à®£¥i© áâ ¤iïå ®ª¨á«¥ï. � £ «ì-  ¬®¤¥«ì à¥ «i§®¢   ç¨á¥«ì¨¬¨ ¬¥â®¤ ¬¨, ¤«ï ®ªà¥¬¨å ¬®¤¥«¥© ®¤¥à¦ i   «iâ¨çi àiè¥ï. � ¯à®¯®®¢  ¬¥â®¤¨ª  à®§à åãªã ¯® ¢¨§ ç¥î ®á®¢¨å ¯ à ¬¥âài¢ ®ç¨áâª¨.A hydrodynamic model of �ltration under removal iron combinations from water is developed which consists of two inter-related blocks: hydrodynamical one (�ltration) and iron combination dynamical one in porous media. Several particularcases of the general model in homogeneous and heterogeneous stages of oxigation is considered. The general model issolved by numerical methods, for particular models an analytical solution is obtained and a technique for determiningmain puri�cation parameters is o�ered.�¤ «¥¨¥ à §«¨çëå á®¥¤¨¥¨© ¦¥«¥§  ¨ ¤àã-£¨å í«¥¬¥â®¢ ¨§ ¢®¤ë, ¨á¯®«ì§ã¥¬®© ¤«ï å®§ï©-áâ¢¥®-¯¨âì¥¢®£® ¨ ¯à®¬ëè«¥®£® ¢®¤®á ¡¦¥-¨ï, ¯à¥¤áâ ¢«ï¥â ¢ ¦ãî  ãç®-â¥å¨ç¥áªãî¯à®¡«¥¬ã. �¤¨¬ ¨§  ¨¡®«¥¥ íª®®¬¨çëå, íä-ä¥ªâ¨¢ëå ¨ íª®«®£¨ç¥áª¨ ¡¥§®¯ áëå á¯®á®¡®¢®ç¨áâª¨ ¢®¤ë ®â ¦¥«¥§  ¨ ¤àã£¨å ¬¥â ««®¢ ï¢«ï¥â-áï ä¨«ìâà®¢ ¨¥ ç¥à¥§ ®ç¨áâë¥ ä¨«ìâàë, § ¯®«-¥ë¥ § £àã§ª®© ¨§ à §«¨çëå ¢¨¤®¢ ¯à¨à®¤ëå¨ ¨áªãááâ¢¥ëå ¬ â¥à¨ «®¢. �  áâ®ïé¥¥ ¢à¥-¬ï ¢ ¯à ªâ¨ª¥ ¢®¤®®ç¨áâª¨ ¢¥¤ãâáï ¨â¥á¨¢ë¥à §à ¡®âª¨ á æ¥«ìî ¯®¢ëè¥¨ï ¯à¨ ä¨«ìâà®¢ ¨¨íää¥ªâ¨¢®áâ¨ ¤¥©áâ¢¨ï áãé¥áâ¢ãîé¨å § £àã§®ª¯ãâ¥¬ ¨å ¯à¥¤¢ à¨â¥«ì®© ¯®¤£®â®¢ª¨ (¬®¤¨ä¨-ª æ¨¨) ¤«ï ¯®¢ëè¥¨ï ¥¥  ¤á®à¡æ¨®ëå ¨ ª â -«¨â¨ç¥áª¨å á¢®©áâ¢, á®§¤ ¨ï ®¢ëå ¨áªãááâ¢¥-ëå ¬ â¥à¨ «®¢, ®¡« ¤ îé¨å § ¤ ë¬¨ áâàãª-âãàë¬¨ ¨ ä¨§¨ª®-å¨¬¨ç¥áª¨¬¨ á¢®©áâ¢ ¬¨ [1{6].�ãé¥áâ¢ãîé¨¥ ¬¥â®¤ë à áç¥â  ®ç¨áâëå ä¨«ì-âà®¢ ®á®¢ ë   ¢¥áì¬  ¯à¨¡«¨¦¥ëå ¬®¤¥«ïå¨ ¥¤®áâ â®ç® ¯®«® ®âà ¦ îâ ¢§ ¨¬®á¢ï§ ë¥¯à®æ¥ááë ä¨«ìâà æ¨¨, ¬ áá®¯¥à¥®á , ¬ áá®®¡¬¥-  ¨ ª¨¥â¨ª¨ å¨¬¨ç¥áª¨å à¥ ªæ¨© [5 { 8].�§¢¥áâ®, çâ® ¯à¨ ä¨«ìâà®¢ ¨¨ § £àï§¥-ëå ¢®¤ ¢ à¥§ã«ìâ â¥ á«®¦ëå ä¨§¨ª®-å¨¬¨ç¥áª¨å¯à¥¢à é¥¨© ¨ ¢§ ¨¬®¤¥©áâ¢¨© ¢ á«®¥ § £àã§ª¨®¡à §ã¥âáï ®á ¤®ª, ¢ ç áâ®áâ¨, ¯à¨ ®¡¥§¦¥«¥-§ë¢ ¨¨ ¢®¤ë ®á ¤®ª £¨¤à®®ª¨á¨ ¦¥«¥§ , ª®â®-

àë© ®âª« ¤ë¢ ¥âáï ¢ ¯®à å ¨ ¬ â¥à¨ «¥ §¥à¥ § -£àã§ª¨, çâ® ¯à¨¢®¤¨â ª ¨§¬¥¥¨î £¨¤à ¢«¨ç¥-áª¨å ¨ ä¨§¨ª®-å¨¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ä¨«ì-âà . �®¤ ¢«¨ï¨¥¬ ãª § ëå ¯à®æ¥áá®¢ ¨§¬¥-ï¥âáï ¯®à¨áâ®áâì ¨ ª®íää¨æ¨¥â ä¨«ìâà æ¨¨ § -£àã§ª¨,   ¢ à¥§ã«ìâ â¥ ã¬¥ìè¥¨ï ª®íää¨æ¨¥â ä¨«ìâà æ¨¨ (¢®§à áâ ¨¥ £¨¤à ¢«¨ç¥áª®£® á®¯à®-â¨¢«¥¨ï ä¨«ìâà ) ¤«ï á®åà ¥¨ï § ¤ ®© ¯®-áâ®ï®© ¯à®¨§¢®¤¨â¥«ì®áâ¨ ä¨«ìâà  (¥¨§¬¥-®áâ¨ áª®à®áâ¨ ä¨«ìâà®¢ ¨ï) ¢®§à áâ ¥â  ¯®à¢® ¢å®¤®¬ á¥ç¥¨¨, çâ® ¬®¦® ¤®¯ãáâ¨âì â®«ìª®¤® ®¯à¥¤¥«¥ëå ¯à¥¤¥«®¢.�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¤®  áâ®ïé¥£® ¢à¥¬¥¨¥ ¨§ãç¥ë § ª®®¬¥à®áâ¨ ¨§¬¥¥¨ï ä¨«ìâà -æ¨®ëå á¢®©áâ¢ § £àã§ª¨ (ª®íää¨æ¨¥â  ä¨«ì-âà æ¨¨),   ¢¬¥áâ¥ á â¥¬ ¨ ¥¥ á®à¡æ¨®ëå á¢®©áâ¢,¢ § ¢¨á¨¬®áâ¨ ®â á®¤¥à¦ ¨ï ®á ¤ª , ¯®íâ®¬ãáãé¥áâ¢ãîé¨¥ ¬¥â®¤ë £¨¤à®¤¨ ¬¨ç¥áª¨å à áç¥-â®¢ ä¨«ìâà®¢ ®á®¢ ë   ã¯à®é¥ëå § ¢¨á¨¬®-áâïå, ¢ ®á®¢®¬ ¯®«ãç¥ëå íªá¯¥à¨¬¥â «ìë¬¯ãâ¥¬ [1, 2, 4, 5].�  áâ®ïé¥© áâ âì¥ â¥®à¥â¨ç¥áª¨¬ ¯ãâ¥¬ á¯à¨¢«¥ç¥¨¥¬ áãé¥áâ¢ãîé¨å ®¯ëâëå ¤ ëåà áá¬ âà¨¢ ¥âáï á®¢¬¥áâ ï § ¤ ç  ã¤ «¥¨ï ¦¥-«¥§  ä¨«ìâà®¢ ¨¥¬ á ãç¥â®¬ ¨§¬¥¥¨ï ¯à¨ íâ®¬ä¨«ìâà æ¨®ëå á¢®©áâ¢ áà¥¤ë §  áç¥â ®¡à §®¢ -¨ï ®á ¤ª  £¨¤à®®ª¨á¨ ¦¥«¥§ . �®¡áâ¢¥®, ®¡é ï¬®¤¥«ì á®áâ®¨â ¨§ ¤¢ãå ¢§ ¨¬®á¢ï§ ëå ¡«®ª®¢:20 c �. �. �¨á¥«¥¢, �. �. �«¥©¨ª, 1999



ISSN 0387 -4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 1. �. 20 { 25£¨¤à®¤¨ ¬¨ç¥áª®£® (ä¨«ìâà æ¨®®£®) ¨ ¤¨ ¬¨-ª¨ á®¥¤¨¥¨© ¦¥«¥§  ¢ ä¨«ìâàãîé¥© ¯®à¨áâ®©áà¥¤¥. � «®£¨çë¥ ¯®¤å®¤ë ¨ ¬¥â®¤¨ª¨ ¬®£ãâ¡ëâì ¨á¯®«ì§®¢ ë ¯à¨ ã¤ «¥¨¨ ¨§ ¢®¤ë ä¨«ì-âà®¢ ¨¥¬ ¤àã£¨å ¢¥é¥áâ¢ ¨ á®¥¤¨¥¨©. �á«¨¨áå®¤¨âì ¨§ â®£®, çâ® á®£« á® ¬®£®ç¨á«¥ë¬¨áá«¥¤®¢ ¨ï¬ ¤«ï à §«¨çëå â¨¯®¢ § £àã§ª¨ à¥-¦¨¬ ä¨«ìâà®¢ ¨ï ¡ã¤¥â «¨¥©ë¬, ¯®¤ç¨ïî-é¨¬áï ¨§¢¥áâ®¬ã § ª®ã � àá¨, â® ª®íää¨æ¨¥âä¨«ìâà æ¨¨ ª®«ì¬ â¨àã¥¬®£® ä¨«ìâà  k(x; t) ¬®-¦¥â ¡ëâì ¢ëà ¦¥ á«¥¤ãîé¨¬ ®¡à §®¬:k(x; t) = k0(x)F (�); (1)£¤¥ k0(x) { ª®íää¨æ¨¥â ä¨«ìâà æ¨¨ ç¨áâ®£®ä¨«ìâà , ¥ á®¤¥à¦ é¥£® ®á ¤ª ; F (�) { äãªæ¨ï,¢¨¤ ª®â®à®© ¯®¤¡¨à ¥âáï   ®á®¢¥ íªá¯¥à¨¬¥-â «ìëå ¨áá«¥¤®¢ ¨©.� à¥§ã«ìâ â¥ ®¡à ¡®âª¨ ¨   «¨§  áãé¥áâ¢ãî-é¨å ®¯ëâëå ¤ ëå ®¡¥§¦¥«¥§ë¢ ¨ï ¢®¤ë ¤«ïà §«¨çëå â¨¯®¢ § £àã§ª¨, § ¢¨á¨¬®áâì ª®íää¨-æ¨¥â  ä¨«ìâà æ¨¨ ®ç¨áâ®£® ä¨«ìâà  ®â áâ¥¯¥¨§ ¯®«¥¨ï ¥£® ®á ¤ª®¬ £¨¤à®®ª¨á¨ ¦¥«¥§  ¬®¦®¯à¥¤áâ ¢¨âì íªá¯®¥æ¨ «ì®© äãªæ¨¥©k(x; t) = k0(x)e���3(x;t); (2)£¤¥ �3 { ¬ áá®¢ ï ª®æ¥âà æ¨ï (ª®«¨ç¥áâ¢®) £¨-¤à®®ª¨á¨ ¦¥«¥§  ¢ â¢¥à¤®© (¥¯®¤¢¨¦®©) ä §¥ ¢¥¤¨¨æ¥ ®¡ê¥¬  ä¨«ìâà ; � { ®¯ëâë© ª®íää¨æ¨-¥â, § ¢¨áïé¨© ®â â¨¯  ¨ ¯ à ¬¥âà®¢ § £àã§ª¨.� ¢¨á¨¬®áâì (2) æ¥«¥á®®¡à §® ¯à¥¤áâ ¢¨âì ¢á«¥¤ãîé¥¬ ¢¨¤¥:k(x; t) = k0(x)e� �0��(x;t)n0���(x;t) ; (3)£¤¥ �� = �3=� = An0�3=�max; A { ª®íää¨æ¨¥â ¯à¥-¤¥«ì®£®  ª®¯«¥¨ï ®á ¤ª , A = ��max=n0; ��max == �max=�; � { ¯«®â®áâì ®á ¤ª  ¢ â¢¥à¤®© ä §¥,�max { ¯à¥¤¥«ì ï ¬ áá®¢ ï ª®æ¥âà æ¨ï (¯à¥-¤¥«ì®¥ ª®«¨ç¥áâ¢® ®á ¤ª ); n0 { ¯®à¨áâ®áâì "ç¨-áâ®£®" ä¨«ìâà . �¥§à §¬¥àë© ª®íää¨æ¨¥â �0á¢ï§  á à §¬¥àë¬ ª®íää¨æ¨¥â®¬ � § ¢¨á¨¬®-áâìî �0 = ��max(1�A)A : (4)�® ¤ ë¬ íªá¯¥à¨¬¥â®¢ [8 { 11] § ç¥¨ï ¯à¨-¢¥¤¥ëå ª®íää¨æ¨¥â®¢ ¨ ¯ à ¬¥âà®¢  å®¤ïâáï¢ ¯à¥¤¥« å �max = 4:5 � � �5:5 £/¤¬3, A � 0:4 � � �0:7,A = 1�", £¤¥ " { ¯®à¨áâ®áâì ®á ¤ª , � � 0:5 � � �1:30¤¬3/£, ¯à¨ç¥¬ ¡®«ìè¨¥ § ç¥¨ï � ¯à¨¨¬ îâáï¢  ç «¥,   ¬¥ìè¨¥ { ¢ ª®æ¥ ä¨«ìâà æ¨¨.�§ ä®à¬ã«ë (3) â ª¦¥ á«¥¤ã¥â, çâ® ¯à¨ ¯à¥-¤¥«ì®¬  ª®¯«¥¨¨ ä¨«ìâà  ®á ¤ª®¬, ª®íää¨æ¨-¥â ä¨«ìâà æ¨¨ ®¡à §®¢ ¢è¥©áï ¯®à¨áâ®© áà¥¤ë

®¯à¥¤¥«ï¥âáï ¢ëà ¦¥¨¥¬k(�max) = k0(x)e��0A1�A ; (5)â.¥. ã¬¥ìè ¥âáï ¢ ¤¥áïâì à § ¨ ¡®«¥¥.� «ì¥©è¥¥ ãá®¢¥àè¥áâ¢®¢ ¨¥ £¨¤à®¤¨ ¬¨-ç¥áª®© ¬®¤¥«¨ ¨ ¬¥â®¤®¢ à áç¥â  á¢ï§ ® á ¨§ãç¥-¨¥¬ ¯à®æ¥áá  ä¨«ìâà®¢ ¨ï ¢ ¥®¤®à®¤ëå § -£àã§ª å. �§ â¥å®«®£¨¨ ä¨«ìâà®¢ ¨ï ¨§¢¥áâ®[12, 13], çâ® ªà®¬¥ ®¤®à®¤®© § £àã§ª¨ á ¯®áâ®-ïë¬ ª®íää¨æ¨¥â®¬ ä¨«ìâà æ¨¨ ¯® ¢ëá®â¥ ç¨-áâ®£® ä¨«ìâà  k0 = const ¯à¨¬¥ïîâáï ä¨«ìâàëá ¤¢ãåá«®©®© ¨«¨ ¤ ¦¥ âà¥åá«®©®© § £àã§ª®©. �íâ®¬ á«ãç ¥ ¢ ¯à¥¤¥« å ª ¦¤®£® á«®ï ª®íää¨æ¨¥âä¨«ìâà æ¨¨ ¯à¨¨¬ ¥âáï ¯®áâ®ïë¬. �à®¬¥ â®-£®, á æ¥«ìî ¯®¢ëè¥¨ï íää¥ªâ¨¢®áâ¨ ®ç¨áâª¨ ¨®¡¥á¯¥ç¥¨ï à ¢®¬¥à®áâ¨ ¥£® à ¡®âë ¯® ¢ëá®â¥à¥ª®¬¥¤ã¥âáï ¯® å®¤ã ä¨«ìâà®¢ ¨ï ãáâà ¨¢ âìã¡ë¢ îéãî ¯® ªàã¯®áâ¨ §¥à¥ § £àã§ªã, ¯à®¨-æ ¥¬®áâì ª®â®à®© ¬®¦¥â ¨§¬¥ïâìáï ¯® «î¡®¬ã§ ª®ã, ¢ ç áâ®áâ¨, ¯® «¨¥©®¬ã ¨«¨ íªá¯®¥-æ¨ «ì®¬ã. � ãç¥â®¬ ¨§«®¦¥®£® ¢ëè¥ ¯à¥¤áâ -¢«ï¥âáï ¢®§¬®¦ë¬ áä®à¬ã«¨à®¢ âì £¨¤à®¤¨ -¬¨ç¥áª¨© (ä¨«ìâà æ¨®ë©) ¡«®ª ¬®¤¥«¨, á¢ï§ë-¢ î é¨© £¨¤à®¤¨ ¬¨ç¥áª¨¥ ¨ £¨¤à®å¨¬¨ç¥áª¨¥å à ªâ¥à¨áâ¨ª¨ ¯®â®ª .� ª ¨§¢¥áâ® [14], ãà ¢¥¨¥ ¤¢¨¦¥¨ï ¦¨¤ª®-áâ¨ ¢ ¯®à¨áâ®© áà¥¤¥ ¯à¨ ¯à¥¥¡à¥¦¥¨¨ á¨« ¬¨¨¥àæ¨¨ ¢ ãá«®¢¨ïå «¨¥©®£® § ª®  á®¯à®â¨¢«¥-¨ï (§ ª®  � àá¨) ¨¬¥¥â ¢¨¤v = �k � gradh; (6)£¤¥ h {  ¯®à ä¨«ìâàãîé¥© ¦¨¤ª®áâ¨.� ª ª ª ¤¢¨¦¥¨¥ ¦¨¤ª®áâ¨ ¯à¨ ¯®áâ®ï®© ¯«®-é ¤¨ á¥ç¥¨ï ä¨«ìâà  S ¯à®¨áå®¤¨â ¯à¥¨¬ãé¥-áâ¢¥® ¢ ®¤®¬  ¯à ¢«¥¨¨ (á¢¥àåã ¢¨§ ¨«¨á¨§ã ¢¢¥àå), â.¥. ¨¬¥¥â ¬¥áâ® ®¤®¬¥à ï ä¨«ì-âà æ¨ï ¢  ¯à ¢«¥¨¨ ®á¨ 0x, â® ¢ëà ¦¥¨¥ (6) áãç¥â®¬ (3) ¬®¦® ¯à¥¤áâ ¢¨âì ¢ â ª®¬ ¢¨¤¥:v(x; t) = �k0(x)e� �0��(x;t)n0���(x;t) @h@x: (7)�à ¢¥¨¥ ¥à §àë¢®áâ¨ ä¨«ìâà æ¨®®£® ¯®-â®ª  á ãç¥â®¬ ¨§¬¥¥¨ï ¯®à¨áâ®áâ¨ ä¨«ìâà  ¢à¥§ã«ìâ â¥  ª®¯«¥¨ï ¨ ¢ë®á  ®á ¤ª  £¨¤à®®ª¨-á¨ ¦¥«¥§  ¢ ¯®à®¢®¬ ¯à®áâà áâ¢¥ ¬ â¥à¨ «  § -£àã§ª¨ ¢ ®¡é¥¬ á«ãç ¥ ¨¬¥¥â ¢¨¤@@t ((n0 � ��)S�w ) = � @@x (�wvS): (8)�à¨ ¯«®â®áâ¨ ¦¨¤ª®áâ¨ �w = const ¨ S = const¨¬¥¥¬ @��@t � @v@x = 0: (9)�. �. �¨á¥«¥¢, �. �. �«¥©¨ª 21



ISSN 0387 -4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 1. �. 20 { 25� ª ¯®ª § «   «¨§, ¯à¨  «¨ç¨¨ á®¤¥à¦ ¨ïª¨á«®à®¤  ¢ ¦¨¤ª®áâ¨ (à áâ¢®à¥) C2 > 3� 5 ¬£=«,çâ® § ç áâãî ®¡¥á¯¥ç¨¢ ¥âáï â¥å®«®£¨¥© ®¡¥§-¦¥«¥§ë¢ ¨ï ä¨«ìâà®¢ ¨¥¬, ¢ ãá«®¢¨ïå ®ç¨áâª¨¯®¤§¥¬®© ¢®¤ë ®â ¦¥«¥§ , á®¤¥à¦ ¨¥ ª®â®à®£®¥ ¯à¥¢ëè ¥â C01 = 10� 15 ¬£/«, ¥£® ª®«¨ç¥áâ¢®¯à ªâ¨ç¥áª¨ ¥ áª §ë¢ ¥âáï   ª¨¥â¨ª¥ ®ª¨á«¥-¨ï. �®£¤  ¤«ï ¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ¨ ¯®à¨áâ®©áà¥¤ë (¦¥áâª®£® à¥¦¨¬   ¯®à®© ä¨«ìâà æ¨¨) ¨á ãç¥â®¬ ãà ¢¥¨ï (9) ä¨§¨ª®-å¨¬¨ç¥áª¨¥ ¯à®-æ¥ááë ¬¨£à æ¨¨, ®¡¬¥  ¨ âà áä®à¬ æ¨¨ à §«¨ç-ëå ä®à¬ ¦¥«¥§  ¢ ¯®à®¢®¬ à áâ¢®à¥ ¨   §¥à å§ £àã§ª¨ ®¯¨áë¢ îâáï á«¥¤ãîé¨¬¨ ãà ¢¥¨ï¬¨,§ ¯¨á ë¬¨ ®â®á¨â¥«ì® ª®æ¥âà æ¨© C ¢ à á-â¢®à¥ ¨ ª®æ¥âà æ¨© � ¢ â¢¥à¤®© (¥¯®¤¢¨¦®©)ä § å:¤«ï ¦¥«¥§  Fe2+ (ª®æ¥âà æ¨¨ C1 ¨ �1)(n0 � ��)@C1@t = @@x �D1 @C1@x �� v@C1@x ��@�01@t �K�C1; (10)@�1@t = @�01@t �K���1; (11)¤«ï £¨¤à®®ª¨á¨ ¦¥«¥§  Fe(OH)3 (ª®æ¥âà æ¨¨C3 ¨ �3)(n0 � ��)@C3@t = @@x �D3 @C3@x �� v@C3@x ��@�03@t +K�C1 + a�3; (12)@�3@t = @�03@t +K���1 � a�3: (13)� ãà ¢¥¨¨ (10) ¯¥à¢ë© ç«¥ ®¡®§ ç ¥â ªªã¬ã«ïæ¨î ( ª®¯«¥¨¥) ¢ à áâ¢®à¥, ¢â®à®©ç«¥ { ¤¨ääã§¨®ë© ¯¥à¥®á (¤¨á¯¥àá¨î), âà¥-â¨© ç«¥ { ª®¢¥ªâ¨¢ë© ¯¥à¥®á, ç¥â¢¥àâë©ç«¥ { ª¨¥â¨ªã ®¡¬¥ , â.¥. áª®à®áâì ¯¥à¥å®¤  ¢¥-é¥áâ¢  ¨§ ®¤®© ä §ë ¢ ¤àã£ãî, ¯ïâë© ç«¥ { áª®-à®áâì (à¥ ªæ¨î) ¯à¥¢à é¥¨ï (®ª¨á«¥¨ï) Fe2+ ¢à áâ¢®à¥. � ãà ¢¥¨¨ (11) ¯¥à¢ë© ç«¥ ®¡®§ -ç ¥â  ªªã¬ã«ïæ¨î ( ª®¯«¥¨¥) ¢ â¢¥à¤®© ä §¥ (¢áà¥¤¥ § £àã§ª¨), âà¥â¨© ç«¥ { áª®à®áâì ®ª¨á«¥¨ïFe2+  ¤á®à¡¨à®¢ ®£®   â¢¥à¤®© (¥¯®¤¢¨¦®©)ä §¥. � ãà ¢¥¨¨ (12) ç¥â¢¥àâë© ç«¥ { áª®à®áâì®¡¬¥  (®á ¦¤¥¨ï) ¢ áà¥¤¥, ¯ïâë© ç«¥ { áª®à®áâì¢®§¬®¦®£® ®âàë¢  ç áâ¨æ Fe(OH)3 ®â ¯®¢¥àå®-áâ¨ áà¥¤ë ¨ ¨å ¯®áâã¯«¥¨¥ ¢ à áâ¢®à.� ãª § ëå ãà ¢¥¨ïå: D1; D3 { ª®íää¨æ¨-¥âë ª®¢¥ªâ¨¢®© ¤¨ääã§¨¨, ª®â®àë¥ á®£« á®

áãé¥áâ¢ãîé¨¬ ¬®¤¥«ï¬ ¨ ®¯ëâë¬ ¤ ë¬ ®¯à¥-¤¥«ïîâáï ¯® ä®à¬ã« ¬ [13]:D1(v) = D10 + �1v;D3(v) = D30 + �3v; (14)§¤¥áì D10 ¨ D30 { ª®íää¨æ¨¥âë ¬®«¥ªã«ïà®©¤¨ääã§¨¨; �1 ¨ �3 { ª®íää¨æ¨¥âë £¨¤à®¤¨á¯¥-àá¨¨; K�, K�� { ª®áâ âë à¥ ªæ¨© ®ª¨á«¥¨ï ¢à áâ¢®à¥ ¨   â¢¥à¤®© (¥¯®¤¢¨¦®©) ä §¥; a {ª®áâ â  áª®à®áâ¨ ®âàë¢  ç áâ¨æ Fe(OH)3 ®â¯®¢¥àå®áâ¨ áà¥¤ë. � ª®áâ âë ®ª¨á«¥¨ï ¢ ª -ç¥áâ¢¥ ¯®áâ®ï®© ¢ª«îç¥ë ª®æ¥âà æ¨¨ ª¨á«®-à®¤  C02 ¨ �02 = �2C02, (�2 { ª®áâ â  �¥à¨¤«ï ª¨á«®à®¤ ), â.¥. ®â®á¨â¥«ì® ª¨á«®à®¤  ¨¬¥-¥¬ à¥ ªæ¨î ã«¥¢®£® ¯®àï¤ª .�®£« á® áãé¥áâ¢ãîé¨¬ ¯à¥¤áâ ¢«¥¨ï¬ ¤«ï¡®«ìè¨áâ¢  á«ãç ¥¢ (¯à¨ ®â®á¨â¥«ì® ¥¡®«ì-è®¬ á®¤¥à¦ ¨¨ ¦¥«¥§  ¤® 40 { 50 ¬£=«) ª¨¥â¨ªã®¡é¥£® ®¡¬¥  ¬®¦® ¯à¨¨¬ âì á®£« á® ãà ¢¥-¨ï ®¡à â¨¬®© «¨¥©®© ª¨¥â¨ª¨ ¯¥à¢®£® ¯®àï¤-ª , ª®â®à®¥ ¢ ¥à ¢®¢¥áëå ãá«®¢¨ïå ¨¬¥¥â ¢¨¤@�01@t = �1(C1 � �1�01); (15)£¤¥ �1 { ª®áâ â  áª®à®áâ¨ ®¡¬¥ ; �1 { ª®íää¨-æ¨¥â à á¯à¥¤¥«¥¨ï.�ï¤  ¢â®à®¢ [5, 7, 12] áç¨â ¥â, çâ® ¯®áª®«ìªã¯à®æ¥ááë ®¡¬¥  (á®à¡æ¨¨) Fe2+ ¯à¥¨¬ãé¥áâ¢¥-® ¨¤ãâ ¢ ®¤®¬  ¯à ¢«¥¨¨, íâ  ª¨¥â¨ª  ¥-®¡à â¨¬®© à¥ ªæ¨¨ ¬®¦¥â ¡ëâì ®¯¨á   ¢ ®¡é¥¬á«ãç ¥ á«¥¤ãîé¨¬ ãà ¢¥¨¥¬:@�01@t = '(�1)C1: (16)� ¨¡®«¥¥ ç áâ® ¯à¨¨¬ ¥âáï '(�1) = K1 == const, çâ® ¯à¨¢®¤¨â ãà ¢¥¨¥ (16) ª «¨¥©®-¬ã ãà ¢¥¨î ä¨§¨ç¥áª®© á®à¡æ¨¨ (¥®¡à â¨¬®©à¥ ªæ¨¨ ¯¥à¢®£® ¯®àï¤ª ), ¯à¨ ¤àã£¨å ¢¨¤ å äãª-æ¨¨ '(�1) ãà ¢¥¨¥ (16) § ç áâãî ¡ã¤¥â ¥«¨¥©-ë¬.�«ï ®¯à¥¤¥«¥¨ï ª®æ¥âà æ¨¨ �03, ¨á¯®«ì§ã¥â-áï ¬®¤¥«ì ª¨¥â¨ª¨ ®¡¬¥ , á¢ï§  ï á ®¡à §®-¢ ¨¥¬ ¨ ®á ¦¤¥¨¥¬ ®á ¤ª  £¨¤à®®ª¨á¨ Fe(OH)3¢ ä¨«ìâàãîé¥© § £àã§ª¥. �à®æ¥ááë ®¡¬¥  ¤«ïFe(OH)3 ¢ ®¡é¥¬ á«ãç ¥ á«¥¤ãîâ ãà ¢¥¨î:@�03@t = '(�03)C3: (17)� ¨¡®«¥¥ ¨§¢¥áâë¥ ¢ëà ¦¥¨ï ¤«ï äãªæ¨©'(�03) ¨¬¥îâ ¢¨¤'(�03) = �max � �03; (18)22 �. �. �¨á¥«¥¢, �. �. �«¥©¨ª



ISSN 0387 -4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 1. �. 20 { 25'(�03) = K3 = const: (19)�¤¥áì  { ª®áâ â  áª®à®áâ¨ ¯à¨«¨¯ ¨ï ¢§¢¥á¨ ª¯®¢¥àå®áâ¨ áà¥¤ë; K3 { ª®áâ â  áª®à®áâ¨ ®á -¦¤¥¨ï. � ª ª ª    ç «ì®© áâ ¤¨¨ ¯à®æ¥áá ¬®¦® áç¨â âì �max � �03, â® ãà ¢¥¨¥ (18) ¯¥-à¥å®¤¨â ¢ ãà ¢¥¨¥ (19) ¯à¨ K3 = �max.�¡é ï ¬®¤¥«ì à¥ «¨§®¢   ç¨á«¥ë¬¨ ¬¥â®¤ -¬¨ ¯à¨ á«¥¤ãîé¨å  ç «ìëå ¨ £à ¨çëå ãá«®-¢¨ïå [15]:¯à¨ t = 0, x > 0, C1 = C01 , C3 = 0, �1 = 0, �3 = 0¨«¨ �3 = �03, h = h0(x);¯à¨ x = 0, t > 0, C1 = C0, C3 = C03, ¨«¨ C3 = 0,h = h1;¯à¨ x = xL, t > 0, @Ci=@x = 0, i = 1; 3, h = h2.� à¥§ã«ìâ â¥ ç¨á«¥ëå à áç¥â®¢ ¯®«ãç¥ë§ ç¥¨ï ª®æ¥âà æ¨© C1(x; t), C3(x; t), �1(x; t) ¨�3(x; t) ¨ å à ªâ¥à¨áâ¨ª¨ ¯®â®ª  v(x; t) ¨ h(x; t)á ãç¥â®¬ ¨§¬¥¥¨ï ä¨«ìâà æ¨®ëå á¢®©áâ¢ § -£àã§ª¨.�ë¯®«¥ë©   «¨§ ¯®ª § «, çâ® ¯à¨ § ç¥¨¨ª®íää¨æ¨¥â  £¨¤à®¤¨á¯¥àá¨¨ �i < 0:1, çâ® § ç -áâãî ¢ë¤¥à¦¨¢ ¥âáï   ¯à ªâ¨ª¥, ¢ª« ¤ ¤¨ääã§¨-®®£® ç«¥  ¡ã¤¥â ¥§ ç¨â¥«ìë¬ ¨ ¨¬ ¢ à áç¥-â å ¬®¦® ¯à¥¥¡à¥çì, â.¥. ¢ ãà ¢¥¨ïå (10) ¨(12) ¯à¨¨¬ âì D1 = D3.�à¨¢¥¤¥ãî á¨áâ¥¬ã ãà ¢¥¨© ¬®¦® ã¯à®-áâ¨âì, ¥á«¨ ®â¤¥«ì® à áá¬ âà¨¢ âì ¤¢  ¢®§¬®¦-ëå á«ãç ï (áâ ¤¨¨) ¯à®æ¥áá  ®¡¥§¦¥«¥§ë¢ ¨ï¢®¤ë. � ¯à¥¤¥« å ¯¥à¢®© áâ ¤¨¨ ¢  ç «¥ ¯à®æ¥á-á , ª®£¤  ¨¬¥¥â ¬¥áâ® £®¬®£¥®¥ ®ª¨á«¥¨¥ Fe2+¯à¥¨¬ãé¥áâ¢¥® ¢ à áâ¢®à¥ ¨  ç¨ ¥â á®à¡¨à®-¢ âìáï ¨§ à áâ¢®à    §¥à å § £àã§ª¨ á ç « ¦¥«¥§®,   § â¥¬ ¨ ª¨á«®à®¤, ¢ ãà ¢¥¨ïå (11) ¨(13) ¬®¦® ¯®«®¦¨âì a = 0 ¨ K�� = 0.� ¯à¥¤¥« å ¢â®à®©, ®á®¢®© áâ ¤¨¨ £¥â¥à®£¥-®£® ®ª¨á«¥¨ï ¯à¥¨¬ãé¥áâ¢¥®   â¢¥à¤®© ä §¥á ®¡à §®¢ ¨¥¬ ¯«¥ª¨ ¨ ®á ¤ª  Fe(OH)3 ¢®§¬®-¦¥ ®âàë¢ ®á ¤ª  ¨ ¯¥à¥®á ¥£® ¢ ¨¦¨¥ á«®¨ä¨«ìâà , ¨ ¢ ãà ¢¥¨ïå (10) ¨ (12) ¬®¦® ¯®«®-¦¨âì K� = 0.�ãé¥áâ¢ãîé¥© â¥å®«®£¨¥© ®ç¨áâª¨ ¯à¥¤ãá¬ -âà¨¢ ¥âáï ¯®¤¤¥à¦ ¨¥   ¯à®âï¦¥¨¨ ¢á¥£®ä¨«ìâà®æ¨ª«  (¤® ¯à®¬ë¢ª¨ ä¨«ìâà ) ¯®áâ®ï®©áª®à®áâ¨ ä¨«ìâà®¢ ¨ï, çâ® ¤®áâ¨£ ¥âáï ¥®¡å®-¤¨¬ë¬ ã¢¥«¨ç¥¨¥¬  ¯®à    ¯à¥®¤®«¥¨¥ ¤®-¯®«¨â¥«ì®£® £¨¤à ¢«¨ç¥áª®£® á®¯à®â¨¢«¥¨ï § áç¥â ®¡à §®¢ ¨ï ®á ¤ª  ¢ § £àã§ª¥. �®íâ®¬ã ¨§ã-ç¥¨¥ ¯à®æ¥áá  ¤«ï ãª § ëå áâ ¤¨© ¢ë¯®«¥®¯à¨ v = const ¨ na � const ¨ ¤«ï à §«¨çëå ª¨¥-â¨ª ®¡¬¥ , çâ® ¯®§¢®«¨«® ¯®«ãç¨âì   «¨â¨ç¥-áª®¥ à¥è¥¨¥ § ¤ ç¨. � ç áâ®áâ¨, ¯à¨ D1 = 0 ¨'(�1) = K1, â.¥. ¯à¨ «¨¥©®¬ ãà ¢¥¨¨ á®à¡æ¨¨

(16), ¢ëà ¦¥¨¥ ¤«ï C1(x; t) ¢ á«ãç ¥ £®¬®£¥®©¨ £¥â¥à®£¥®© áâ ¤¨© ®ª¨á«¥¨ï ¯à¨ C01 = C01¨¬¥¥â ¢¨¤C1(�x; �t)C01 = e��t + �e��x � e��t� �(�t� �x); (20)£¤¥ �(�t� �x) = � 1 ¯à¨ �t > �x � 0;0 ¯à¨ �t < �x;�x = xK=v; �t = tK=na, â.¥. ¤«ï ¡®«ìè¨å § ç¥¨© �t¨¬¥¥¬ C1(�x; �t) = C01e��x: (21)� ãà ¢¥¨¨ (20) ¯à¨¨¬ ¥âáï K = K1+K� ¯à¨£®¬®£¥®© ¨ K = K1 ¯à¨ £¥â¥à®£¥®© áâ ¤¨ïå®ª¨á«¥¨ï.�à¨¢¥¤¥¬ â ª¦¥ ¥ª®â®àë¥ ¢ëà ¦¥¨ï ¤«ïC3(x; t), �1(x; t) ¨ �3(x; t) ¢ á«ãç ¥ £®¬®£¥®© áâ -¤¨¨ ®ª¨á«¥¨ï ¯à¨ D = 0, a = 0, K�� = 0 ¨'(�3) = �max � �3 , â.¥. ¯à¨ ¥«¨¥©®© ª¨¥â¨ª¥®¡¬¥  (17), ¨ ¯à¨ D = 0, K� = 0 ¨ '(�3) = K3=¢ á«ãç ¥ £¥â¥à®£¥®© áâ ¤¨¨ ®ª¨á«¥¨ï, ¯®«ãç¥-ë¥ á ¨á¯®«ì§®¢ ¨¥¬ ¬¥â®¤  ¯®á«¥¤®¢ â¥«ìëå¯à¨¡«¨¦¥¨©. � ç áâ®áâ¨, ¥á«¨ ®£à ¨ç¨âìáï¯¥à¢ë¬ ¯à¨¡«¨¦¥¨¥¬, â® ¢ á«ãç ¥ £®¬®£¥®© à¥- ªæ¨¨ ¤«ï �t > �x ¯®«ãç¨¬ á«¥¤ãîé¨¥ ¢ëà ¦¥¨ï:�1(�x; �t) = naC01K1K [1� e��x + (�t� �x)e��x]; (22)C3(�x; �t) = �03 + C01K�K (1 � e��x)++�maxn0 e���t(1� e���x); (23)�3(�x; �t) = �maxe���t; (24)£¤¥ � = naC03K : � á«ãç ¥ £¥â¥à®£¥®© à¥ ªæ¨¨¯à¨ �t > �x ¨ �x > 5 ¢ëà ¦¥¨ï ¤«ï ®¯à¥¤¥«¥¨ï¨áª®¬ëå ª®æ¥âà æ¨© ¨¬¥îâ ¢¨¤�1(�x; �t) = C01K1K�� e��x; (25)C3(�x; �t) = �03 +C01(1� e��x); (26)�3(�x; �t) = K(C03 + C01)a + C01(K1 �K3)a e��x: (27)�æ¥ª  ® ¤®áâ â®ç®áâ¨ â®£® ¨«¨ ¨®£® ¯à¨-¡«¨¦¥¨ï ¤«ï ¯à ªâ¨ç¥áª¨å à áç¥â®¢ (®¤®£® ¨«¨¤¢ãå) ¯®«ãç¥    ®á®¢¥ ç¨á«¥®£® íªá¯¥à¨¬¥-â .�à¨ à¥è¥¨¨ ª®ªà¥âëå â¥å®«®£¨ç¥áª¨å § -¤ ç ä¨«ìâà®¢ ¨ï ¢ ¦ë¬ ï¢«ï¥âáï ¨§ãç¥¨¥�. �. �¨á¥«¥¢, �. �. �«¥©¨ª 23



ISSN 0387 -4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1 (73), N 1. �. 20 { 25¤¨ ¬¨ª¨  ª®¯«¥¨ï ®á ¤ª  �3(x; t) ¢ ä¨«ìâà¥¨ ®¯à¥¤¥«¥¨¥ £¨¤à®¤¨ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ªä¨«ìâà æ¨®®£® ¯®â®ª  v(x; t) ¨ h(x; t) ¢ § ¢¨á¨-¬®áâ¨ ®â ¨§¬¥¥¨ï ä¨«ìâà æ¨®ëå á¢®©áâ¢ áà¥-¤ë.�ëà ¦¥¨ï ¤«ï ®¯à¥¤¥«¥¨ï å à ªâ¥àëå § -ç¥¨© �3(x; t) (¢ ä¨«ìâà¥, ¢ ¢¥àå¥© ç áâ¨ ä¨«ì-âà  x = 0, ¤«ï ¡®«ìè¨å § ç¥¨© ¢à¥¬¥¨ t!1)¯®«ãç¥ë ¢ à¥§ã«ìâ â¥ à¥è¥¨ï ãà ¢¥¨© (11)¨ (13) ¯à¨ C1 = C01, C3 = C03, '(�1) = K1,'(�3) = �max��3 ¨ ªà ¥¢ëå ãá«®¢¨ïå �1(x; 0) = 0,�3(x; 0) = �03.��3(x; t) = ��03 +  (t)'(x); (28)��3(0; t) = ��03 +  (t)'(0); (29)��3(x;1) = ��03 + '(x); (30)��3(0;1) = ��03 + '(0): (31)� ¯à¨¢¥¤¥ëå ä®à¬ã« å ¯à¨¨¬ ¥âáï (t) = 1� e�a�t � �1(e�K��t � e�a�t);'(x) = K3C0 � C01(K3 �K1)e� Kv0 xC0 + a� C01e� Kv0 x � ��03;'(0) = K3C03 + C01K1a� � ��03;�1 = �0��3(0;1) , �0 = K1C01a��K�� , a� = C03 + a,C0 = C01 +C03; ��3i = �3i=�max;£¤¥ ��03 {  ç «ì ï ª®æ¥âà æ¨ï ®á ¤ª  ¢ ä¨«ìâà¥.�ëà ¦¥¨ï ¤«ï v(x; t) ¨ h(x; t)  å®¤¨«¨áì ¢ à¥-§ã«ìâ â¥ ç¨á«¥®£® à¥è¥¨ï ãà ¢¥¨© (7), (9) ¨(13) ¤«ï ¤¢ãå á«ãç ¥¢ £à ¨çëå ãá«®¢¨©:1) �h = �h1 ¯à¨ �x = 0; �h = 0 ¯à¨ �x = 1, �x = x=xL;2) v = v0 ¯à¨ �x = 0; �h = 0 ¯à¨ �x = 1, �h = h=xL.� ª ãª §ë¢ «®áì ¢ëè¥,   ¯à ªâ¨ª¥  ¨¡®«ì-è¨© ¨â¥à¥á ¯à¥¤áâ ¢«ï¥â áå¥¬  ä¨«ìâà æ¨¨ á ¯®-áâ®ï®© áª®à®áâìî v0 (¢â®à®© á«ãç ©), çâ® ¤®-áâ¨£ ¥âáï ¥®¡å®¤¨¬ë¬ ã¢¥«¨ç¥¨¥¬ ¨ ¯®¤¤¥à¦ -¨¥¬ à ¡®ç¥£®  ¯®à    ¯à¥®¤®«¥¨¥ £¨¤à ¢«¨-ç¥áª®£® á®¯à®â¨¢«¥¨ï ¨ ®¯à¥¤¥«ï¥âáï ¢¥«¨ç¨®©¯®â¥àì  ¯®à ��h(�x) = �h(0)��h(�x) = v0 �xZ0 1k0(�)e �0��(�;�t)n0���(�;�t) d�: (32)�«ï ®¤®à®¤®£® ä¨«ìâà  á ª®íää¨æ¨¥â®¬ä¨«ìâà æ¨¨ k0 = const ¢ëà ¦¥¨¥ (32) ¡ã¤¥â¨¬¥âì ¢¨¤ ��h(�x) = v0k0 �xZ0 e �0��3(�;�t)1�A��3(�;�t) d�: (33)

� à¥§ã«ìâ â¥ ¨â¥£à¨à®¢ ¨ï ¢ëà ¦¥¨ï (33)¯à¨ § ç¥¨¨ �3(x; t), ®¯à¥¤¥«ï¥¬®¬ á®£« á® (28),¯®«ãç¨¬ á«¥¤ãîéãî § ¢¨á¨¬®áâì ¤«ï ®¯à¥¤¥«¥¨ï¯®â¥àì  ¯®à :��h(�x; �t) = �v20�k0 e� 2(�t)hP (U +  2(�t))��P (U0 +  2(�t))i� (34)� �v20�k0 e� 1(�t)hP (U +  1(�t))� P (U0 +  1(�t))i:�¤¥áì ¯à¨¨¬ îâáï:P (x) = xZ1 epdpp ;U = �0A��3(�x; �t)1� A��3(�x; �t) ; U0 = �0A��3(0; �t)1�A��3(0; �t) ; 1(�t) = �0A [�4 (�t) + ��03(1�  (�t))�0]�4A (�t) + �0(A��03(1�  (�t)) � 1) ; 2(t) == �0A[�4 + �1(�3 � 1)) (�t) + ��03(1�  (�t))�4](�4 + �1(�3 � 1))A (�t) + �4(A��03(1�  (�t)) � 1) ;�0 = �4 + �5, �1 = naC0=�max, �3 = K�=K,�4 = naC0=K, �5 = ana=K, �C01 = C01=C0,�C03 = C03=C0, ��03 = �03=�max, �v0 = v0=xLK,�k0 = k0=xLK. �ãªæ¨ï P (x) ¯à®â ¡ã«¨à®¢  .�à¨¬¥àë à áç¥â®¢ ¨§¬¥¥¨ï ª®æ¥âà æ¨© �C1,�C3, ��1 ¨ ��3, ¯®â¥àì  ¯®à  ��h ¯à¨¢¥¤¥ë  à¨á. 1, 2.�à¨ ¯à¥¤¥«ì®¬  ¯®«¥¨¨ ®¤®à®¤®£® ä¨«ì-âà  ®á ¤ª ¬¨ �3 = �max á®£« á® (33) ¨¬¥¥¬�h(x) = v0k0 e �0A1�A = �h0(x)e��max ; (35)£¤¥ �h0(x) = v0x=k0 { ¯®â¥à¨  ¯®à  ¯à¨ "ç¨-áâ®¬" ä¨«ìâà¥. � ª, ¯à¨ " = 0:6, A = 0:4,�max = 5 £=¤¬3, �0 = 4:5, xL = 1:5 ¬, v0 = 10 ¬/ç,K0 = 100 ¬/ç ¨¬¥¥¬�h0(xL) = 101001:5 = 0:15¬;�h(xL) = �h0(xL)e 4:5�0:40:6 = 20�h0(xL) == 20 � 0:15 = 3:0¬:� ª¨¬ ®¡à §®¬, ¤«ï ¯®¤¤¥à¦ ¨ï ¯®áâ®ï®©áª®à®áâ¨ ä¨«ìâà®¢ ¨ï v0 = 10 ¬=ç ¢ ä¨«ì-âà¥, § ¯®«¥®¬ á¢¥¦¨¬ (¥ã¯«®â¥ë¬) ®á ¤-ª®¬ ¯®à¨áâ®áâìî " = 0:6 ¨ ª®æ¥âà æ¨¥©24 �. �. �¨á¥«¥¢, �. �. �«¥©¨ª
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�¨á. 1. �§¬¥¥¨¥ ª®æ¥âà æ¨© ¯à¨¬¥á¥© ¯® ¤«¨¥ä¨«ìâà  ¯à¨ t = 100
�¨á. 2. �§¬¥¥¨¥ ¯®â¥àì  ¯®à  ¨ ª®æ¥âà æ¨© ¯à¨-¬¥á¥© ¢® ¢à¥¬¥¨ ¯à¨ �x = L�max = 5 £=¤¬3, à ¡®ç¨©  ¯®à   á®®àã¦¥¨¨ ¥-®¡å®¤¨¬® ã¢¥«¨ç¨âì ¯à¨ ¤®áâ¨¦¥¨¨ �3 = �max¢ 20 à § ¯® áà ¢¥¨î á à ¡®ç¨¬  ¯®à®¬ ¤«ï ç¨-áâ®£® ä¨«ìâà .�à¥¤«®¦¥ ï ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¨ à §à -¡®â  ï   ¥¥ ®á®¢¥ ¬¥â®¤¨ª  à áç¥â  ¯®-
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