
ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 73 { 78��� 581.1:631.4���������������� ������ ��������������������� ����������� �������. �. ��������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 15.06.98�®«ãç¥® íää¥ªâ¨¢®¥   «¨â¨ç¥áª®¥ à¥è¥¨¥ § ¤ ç¨ ® ¥ãáâ ®¢¨¢è¥¬áï ¥«¨¬¨â¨à®¢ ®¬ ¯à¨â®ª¥ í«¥¬¥â®¢¯¨â ¨ï ¢á«¥¤áâ¢¨¥ ¨å ¤¨á¯¥àá¨¨, ¬®«¥ªã«ïà®© ¤¨ääã§¨¨ ¨ á ¬ áá®¢ë¬ ¯®â®ª®¬ ª á®®¡é¥áâ¢ ¬ ª®à¥© á ãç¥â®¬ª®ªãà¥æ¨¨ ¯®á«¥¤¨å. �¡áã¦¤ ¥âáï ¯¥à¥å®¤ ®â áâàãªâãà®© ¬®¤¥«¨, ®¯¨áë¢ îé¥© ¤¨ ¬¨ªã ª®æ¥âà æ¨¨ ¨®®¢¢ ¯®ç¢¥®¬ à áâ¢®à¥   ¬¨ªà®ãà®¢¥, ª ¬®¤¥«¨ ¡¨®«®£¨ç¥áª®© á¯«®è®© áà¥¤ë.�¤¥à¦ ¨© íä¥ªâ¨¢¨©   «iâ¨ç¨© à®§¢'ï§®ª § ¤ çi ¯à® ¥áâ «¨© ¥«i¬iâ®¢ ¨© ¯à¨¯«¨¢ ¥«¥¬¥âi¢ ¦¨¢«¥ï¢ á«i¤®ª ùå ¤¨á¯¥àáiù, ¬®«¥ªã«ïà®ù ¤¨äã§iù i § ¬ á®¢¨¬ ¯®â®ª®¬ ¤® áãªã¯®áâi ª®à¥i¢ § ¢à åã¢ ï¬ ª®ªãà¥æiù®áâ iå. �¡£®¢®àîõâìáï ¯¥à¥åi¤ ¢i¤ áâàãªâãà®ù ¬®¤¥«i, ïª  ®¯¨áãõ ¤¨ ¬iªã ª®æ¥âà æiù i®i¢ ¢ £àãâ®¢®¬ãà®§ç¨i   ¬iªà®ài¢i, ¤® ¬®¤¥«i ¡i®«®£iç®£® áãæi«ì®£® á¥à¥¤®¢¨é .An e�ective analyticul solution to the unsteady nutrient transport problem has been obtained taking into account soilbu�er power, inter-root competition, dispersion of water velocity, molecular di�usion, mass ow toward a root. Thetransfer from the structural model, describing ion concentration dynamics in soil solution on microlevel to the model ofbiological continuous medium is discussed.���������¤¨¬ ¨§ ä ªâ®à®¢, ®¯à¥¤¥«ïîé¨å ¯à®¤ãªæ¨-®ë© ¯à®æ¥áá, ï¢«ï¥âáï, ª ª ¨§¢¥áâ®, á®¤¥à¦ -¨¥ ¯¨â â¥«ìëå í«¥¬¥â®¢ ¢ ¯®ç¢¥®¬ à áâ¢®-à¥ ª®à¥®¡¨â ¥¬®© §®ë. �à¨ íâ®¬ ª®«¨ç¥áâ¢¥- ï ®æ¥ª  ¨â¥á¨¢®áâ¨  à áâ ¨ï ¡¨®¬ ááë ¢¯à¨æ¨¯¥ ¬®¦¥â ¡ëâì ¯®«ãç¥  ¢ à¥§ã«ìâ â¥ à á-ç¥â  ¯®â®ª  ¢ ª®à¨ í«¥¬¥â®¢ ¯¨â ¨ï ¤ ¦¥ ®¤®-£® â¨¯ , ¥á«¨ ¨§¢¥áâ® ¨å å à ªâ¥à®¥ ª®«¨ç¥áâ¢®,á®¤¥à¦ é¥¥áï ¢ ¥¤¨¨æ¥ ¡¨®¬ ááë áãå®£® ¢¥é¥-áâ¢ . �«ï à áç¥â  ãª § ®£® ¯®â®ª  á ãç¥â®¬ «®-ª «ìëå ®á®¡¥®áâ¥© ¤¥©áâ¢¨ï ª®à¥© ¯à¨¬¥ï-îâáï á¯¥æ¨ «ìë¥ ¥áâ æ¨® àë¥ ¬®¤¥«¨, ª®â®-àë¥ ®âà ¦ îâ ®á®¢ë¥ § ª®®¬¥à®áâ¨ ä®à¬¨-à®¢ ¨ï ¯®â®ª  ¨®®¢ ª ®â¤¥«ìë¬ ª®àï¬ [1 { 4].� ª¨¥ ¬®¤¥«¨ ¨á¯®«ì§®¢ «¨áì ¤«ï   «¨§  ¢«¨ï¨ïª®à¥©   å à ªâ¥à¨áâ¨ª¨ ¯¨â â¥«ì®£® à¥¦¨¬ ,¨â¥á¨¢®áâ¨ ¯®£«®é¥¨ï ¨¬¨ ¨®®¢, ¨áå®¤ï ¨§¨§¢¥áâ®£® à á¯à¥¤¥«¥¨ï ª®à¥© ¯® §®¥ ¨å ®¡¨-â ¨ï ¨ ª¨¥â¨ª¨ �¨å í«¨á -�¥â¥ ¤«ï ¯à®æ¥áá ¯®£«®é¥¨ï. � â® ¦¥ ¢à¥¬ï ä¨§¨ª®-å¨¬¨ç¥áª¨¥,¬¨ªà®¡¨®«®£¨ç¥áª¨¥ ¯à®æ¥ááë, ®¡ãá« ¢«¨¢ îé¨¥âà áä®à¬ æ¨î ¨ ¬¨£à æ¨î  §®âëå á®¥¤¨¥¨©¢ ¢¥àâ¨ª «ì®¬  ¯à ¢«¥¨¨, ®¡ëç® ®¯¨áë¢ -îâáï   ¬ ªà®ãà®¢¥ ¢ à ¬ª å ¬®¤¥«¥© ¡¨®«®£¨-ç¥áª®© á¯«®è®© áà¥¤ë, ª®â®àë¥ ¤®ª § «¨ á¢®î¢ëá®ªãî íää¥ªâ¨¢®áâì ¯à¨ à¥è¥¨¨ ¬®¦¥áâ¢ ¯à¨ª« ¤ëå § ¤ ç. �¤ ª® ãï§¢¨¬ë¬ ¬¥áâ®¬ ¢â ª¨å ¬®¤¥«ïå ®áâ ¥âáï ãç¥â ¯®£«®é îé¥© á¯®-á®¡®áâ¨ ª®à¥©, ¤«ï ®¡®á®¢ ¨ï ª®â®à®© ¨ æ¥-

«¥á®®¡à §® ¨á¯®«ì§®¢ ¨¥ áâàãªâãàëå ¬®¤¥«¥©,à áá¬ âà¨¢ îé¨å ¤¥©áâ¢¨¥ ®â¤¥«ìëå ª®à¥© ¨á®¤¥à¦ é¨å «®ª «ìë¥ ¯ à ¬¥âàë ¯®£«®é¥¨ï.� ¨¡®«¥¥ ¤¥â «ì® ¨áá«¥¤®¢   áå¥¬  ¨§®«¨à®-¢ ®£® ª®àï [5 { 7], ª®â®à ï ¯à¨£®¤  ¨ ¤«ï ®æ¥-ª¨ ¤¥©áâ¢¨ï  á ¬¡«ï ª®à¥©   ¯¥à¢®¬ íâ ¯¥, ª®-£¤  ®âáãâáâ¢ã¥â ¨å ª®ªãà¥æ¨ï (§®ë ¢«¨ï¨ï á®-á¥¤¨å ª®à¥© ¥ ¯¥à¥ªàë¢ îâáï). �«¨â¥«ì®áâìâ ª®£® íâ ¯  ¬®¦¥â ¡ëâì ®â®á¨â¥«ì® ¡®«ìè®©¢ á«ãç ¥ ¬ «®¯®¤¢¨¦ëå ¨®®¢, ª ª,  ¯à¨¬¥à,ä®áä â-¨®. � â® ¦¥ ¢à¥¬ï ¯à¨ ¯®£«®é¥¨¨ ¬®-¡¨«ìëå ¨®®¢ ª®à¨  ç¨ îâ ª®ªãà¨à®¢ âì ç¥-à¥§ ª®à®âª®¥ ¢à¥¬ï. � «¨â¨ç¥áª®¥ à¥è¥¨¥, ¯à¨-¢¥¤¥®¥ ¢ [8], ¯®§¢®«ï¥â à ááç¨âë¢ âì ª®æ¥âà -æ¨î ¨®  ¢ ¯®ç¢¥®¬ à áâ¢®à¥ ¢¯«®âì ¤® ¬®¬¥â  ç «  ¥¥ á¨¦¥¨ï ¯®áà¥¤¨¥ ¬¥¦¤ã á®á¥¤¨¬¨ª®àï¬¨.���������� � ������� �������«ï ®¯¨á ¨ï ¤¨ ¬¨ª¨ ®â¤¥«ìëå ª®¬¯®¥â®¢¯¨â â¥«ì®£® à¥¦¨¬    á«¥¤ãîé¥¬ íâ ¯¥ ¥®¡-å®¤¨¬® ¤®¯®«¨â¥«ì® § ¤ ¢ âì ¯ à ¬¥âàë, å -à ªâ¥à¨§ãîé¨¥ ®á®¡¥®áâ¨ áâàãªâãàë  ªâ¨¢®©ç áâ¨ ª®à¥¢®© á¨áâ¥¬ë. � ¯¥à¢®¬ ¯à¨¡«¨¦¥-¨¨ ¤®áâ â®ç® ¨¬¥âì ¯«®â®áâì  ªâ¨¢ëå (á®-áãé¨å) ®ª®ç ¨© Lp, à ¢ãî ¨å áã¬¬ à®© ¤«¨-¥ ¢ ¥¤¨¨æ¥ ®¡ê¥¬ . �®£¤ , ¯à¨¨¬ ï ¯à®áâ¥©-èãî ¬®¤¥«ì à ¢®¬¥à® ¨ ¢§ ¨¬® ¯ à ««¥«ì®à á¯®«®¦¥ëå ª®à¥©,   § â¥¬ ãá«®¢® à §¡¨¢ ïc �. �. �®«ïª®¢, 1999 73



ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 73 { 78ª®à¥®¡¨â ¥¬ãî §®ã   á®®â¢¥âáâ¢ãîé¥¥ ç¨á«®í«¥¬¥â àëå ä¨§¨ç¥áª¨å ®¡« áâ¥© (¯à¥¤áâ ¢«ïî-é¨å ¢ á¥ç¥¨¨ ª¢ ¤à â á® áâ®à®®© 1=pLp), ¬®¦®®£à ¨ç¨âìáï à áá¬®âà¥¨¥¬ ¯®â®ª  ¨®®¢ ¢ ¯à¥-¤¥« å «î¡®© ¨§ ¨å. �®¤®¡ë¥ à ááã¦¤¥¨ï, â ªª ª ¥ ãç¨âë¢ ¥âáï ¤¢¨¦¥¨¥ ¨®®¢ ¢ ¢¥àâ¨ª «ì-®¬  ¯à ¢«¥¨¨ (¯® ®á¨ z), ¨¬¥îâ á¨«ã ¨ ¢ á«ã-ç ¥, ¥á«¨ Lp - ¥¯à¥àë¢ ï ¯® ª®®à¤¨ â¥ z äãª-æ¨ï. � ª¨¬ ®¡à §®¬, à §¬¥à ãª § ëå ®¡« áâ¥©¢ ®¡é¥¬ § ¢¨á¨â ®â ¢ëá®âë ¨å ¯®«®¦¥¨ï ¢ §®-¥ ®¡¨â ¨ï ª®à¥©. � ª á«¥¤áâ¢¨¥ íâ®£®, ¢ à á-á¬ âà¨¢ ¥¬®© ¨¦¥ § ¤ ç¥ ¯à¨â®ª  ¨®®¢ ª ª®à-î ¨§ ¥ª®â®à®© ª ®¨ç¥áª®© ®¡« áâ¨ á ¥¯à®-¨æ ¥¬®© ¡®ª®¢®© ¯®¢¥àå®áâìî ª®®à¤¨ â  z ¯®áãé¥áâ¢ã ï¢«ï¥âáï ¯ à ¬¥âà®¬. � ¦¤®¬ã § ç¥-¨î z á®®â¢¥âáâ¢ã¥â ®¯à¥¤¥«¥ ï ¢¥«¨ç¨  Lp,  § ç¨â ¨ à §¬¥à ä¨§¨ç¥áª®© ®¡« áâ¨. � ¤¥©áâ¢¨-â¥«ì®áâ¨ áâà®¥¨¥ ª®à¥¢®© á¨áâ¥¬ë § ç¨â¥«ì-® á«®¦¥¥ ¨§-§  áãé¥áâ¢¥®© ¯à®áâà áâ¢¥®©¥à ¢®¬¥à®áâ¨ ¨ ¯à®¨§¢®«ì®© ®à¨¥â æ¨¨ ª®à-¥©. �áá«¥¤®¢ ¨ï ®¡é¥© ¬®àä®«®£¨¨ ¨ £¥®¬¥âà¨¨à¥ «ìëå á¨áâ¥¬ ª®à¥© ¯®§¢®«¨«¨ ãáâ ®¢¨âì ®¡-é¨¥ § ª®®¬¥à®áâ¨ ä®à¬¨à®¢ ¨ï ¨å áâàãªâãàë¨ ¯®áâà®¨âì ¬®¤¥«¨ [9, 10]. �¤ ª® ®¨ ¥  è«¨¯à¨¬¥¥¨ï, çâ® ®¡êïáï¥âáï ¥ â®«ìª® ¨å á«®¦®-áâìî, ® ¨ ¤ ë¬¨ ¨áá«¥¤®¢ ¨© [11], ãª §ë¢ î-é¨¬¨   ¢®§¬®¦®áâì ¨ ¤®áâ â®ç®áâì ¨á¯®«ì§®-¢ ¨ï ã¯®¬ïãâ®© ¢ëè¥ ¯à®áâ®© ¬®¤¥«¨ ¤«ï ¯à¨-à®¤ëå á®®¡é¥áâ¢ ª®à¥©.�®£¤ , ¯à¨¨¬ ï ã¯à®é¥ë© ¯®¤å®¤ ª ®¯¨á -¨î áâà®¥¨ï ª®à¥¢®© á¨áâ¥¬ë, áª®à®áâì ¯®áâã¯-«¥¨ï ¢« £¨ ¢ ª®à¥ì v0 «¥£ª® à ááç¨â âì, ¨áå®¤ï¨§ ¨§¢¥áâëå ¢¥«¨ç¨ ã¤¥«ì®© ¨â¥á¨¢®áâ¨ ®â-¡®à  ¢« £¨ ª®àï¬¨ à áâ¥¨© (¨§ ¥¤¨¨æë ®¡ê¥¬ ¯®ç¢ë) fw, Lp ¨ ãáà¥¤¥®£® à ¤¨ãá  ª®àï r0:v0 = fw2�r0Lp : (1)�«ï ª®ªà¥âëå à áç¥â®¢ ¨á¯®«ì§®¢ «¨áì  -¤¥¦ë¥ ¤ ë¥ ¯® äãªæ¨¨ fw , ¯®«ãç¥ë¥ á ¯®-¬®éìî ®à¨£¨ «ìëå ãáâ ®¢®ª [12], ª®â®àë¥ ¯®-§¢®«ïîâ ¯à ªâ¨ç¥áª¨ â®ç® ®¯à¥¤¥«ïâì ª®«¨ç¥-áâ¢® ¯®£«®é ¥¬®© ª®àï¬¨ ¢« £¨ ¨§ ª ¦¤®£® í«¥-¬¥â à®£® (0,1-¬¥âà®¢®£®) á«®ï. �«ï ã¤®¡áâ¢ ä¨§¨ç¥áª ï ®¡« áâì ¯à¨¢®¤¨âáï ª à ¢®¢¥«¨ª®©æ¨«¨¤à¨ç¥áª®© á à ¤¨ãá®¬ ¢ á¥ç¥¨¨Rm = 1p�Lp :� ãá«®¢¨ïå à¥£ã«¨à®¢ ¨ï ¢« ¦®áâ¨ ¯®ç¢ë,®¡¥á¯¥ç¨¢ îé¥£® ¯®áâ®ï®¥ ¢®á¯®«¥¨¥ § ¯ -á®¢ ¢« £¨ ¢ ª®à¥®¡¨â ¥¬®© §®¥, ®¯à ¢¤ ® ¨á-¯®«ì§®¢ ¨¥ à¥è¥¨ï áâ æ¨® à®© ¬®¤¥«¨ ¢« £®-

¯¥à¥®á ,   ¨¬¥® rv = const. �®£¤  ªà ¥¢ ï § -¤ ç  ¤«ï ¡¥§à §¬¥à®© ª®æ¥âà æ¨¨ ¥«¨¬¨â¨à®-¢ ëå ¯¨â â¥«ìëå í«¥¬¥â®¢ �c(�r; �t)   ¢â®à®¬íâ ¯¥ ¨¬¥¥â ¢¨¤ [8]@@�r �(�r �D0 + ��)@�c@�r + �c� = b�r0 �r@�c@�t ; (2)�r = �r0; (�r0 �D0 + ��)@�c@�r + �c = �Im; (3)�r = 1; ( �D0 + ��)@�c@�r + �c = 0: (4)�¤¥áì �r = r=Rm; �r0 = r0=Rm; �D0 = D0=(r0v0);�� = �=Rm; �t = v0=(Rm��); �Im = Im=(v0c�);�c = c=c�; D0 { ª®íää¨æ¨¥â ¬®«¥ªã«ïà®© ¤¨ääã-§¨¨; � { ª®íää¨æ¨¥â £¨¤à®¤¨ ¬¨ç¥áª®© ¤¨á¯¥-àá¨¨; b { ª®íää¨æ¨¥â, å à ªâ¥à¨§ãîé¨© ¡ãä¥à-ãî á¯®á®¡®áâì ¯®ç¢ë; �� { áà¥¤ïï ¢« ¦®áâì¯®ç¢ë; Im { ¯à¥¤¥«ìë© ¯®â®ª í«¥¬¥â®¢ ¢ ª®à¨;c� { áà¥¤ïï ¢ ®¡« áâ¨ ª®æ¥âà æ¨ï í«¥¬¥â®¢ ¢ ç «¥ ¯¥à¢®© áâ ¤¨¨ (t = 0) ¨«¨ ¨å ª®æ¥âà -æ¨ï   ¢¥è¥© £à ¨æ¥ ®¡« áâ¨ ¢  ç «¥ ¢â®à®©áâ ¤¨¨ (t = t�).�¯¥æ¨ «ìë©   «¨§ ¤¨ ¬¨ª¨ ¢« £¨ ¢ à áá¬ -âà¨¢ ¥¬®© ®¡« áâ¨, ¢ë¯®«¥ë© ¤«ï â¨¯¨ç®©¤¥à®¢®-¯®¤§®«¨áâ®© ¯®ç¢ë, ¯®ª § «, çâ® ¤ ¦¥¯à¨ ®¯â¨¬ «ì®¬ ¢®¤®¯®âà¥¡«¥¨¨ ªã«ìâãà ¨¬¥-îâ ¬¥áâ® ®ç¥ì ¨§ª¨¥ £à ¤¨¥âë ¢« ¦®áâ¨ (¤ -¢«¥¨ï). � ª¨¬ ®¡à §®¬, ¢¥«¨ç¨  � ¯à ªâ¨ç¥áª¨¥ § ¢¨á¨â ®â r ¨ ¬®¦¥â ¯à¨¨¬ âìáï à ¢®© ��.� ª ç¥áâ¢¥  ç «ì®© ªà¨¢®© �c0(�r) ¬®¦¥â á«ã¦¨âìà á¯à¥¤¥«¥¨¥ �c(�r; �t�), ª®â®à®¥ ¨¬¥¥â ¬¥áâ® ¢ ª®-æ¥ ¯¥à¢®£® íâ ¯ , ª®£¤  §®ë ¢«¨ï¨ï á®á¥¤¨åª®à¥© á®¯à¨ª á îâáï, â ª çâ® �c(1; �t�) = 1:�c0(�r) = 1� 1� �Im1� �r0 (1� �r + 11 + �D0� (5)�"�r �D0 + ��� ( �D0 + ��)� �D0 + ���r �D0 + ��� 1�D0 #) :�¤ ª® á«¥¤ã¥â ¯®¤ç¥àªãâì, çâ® ®á®¡¥® ¯à¨¬ «®© ¤«¨â¥«ì®áâ¨ ¯¥à¢®£® íâ ¯  ¤«ï ¬®¡¨«ìëå¨®®¢ ¢¨¤ äãªæ¨¨ �c0(�r) áãé¥áâ¢¥®© à®«¨ ¥¨£à ¥â. � ¤ «ì¥©è¥¬ ç¥àâ®çª¨  ¤ ¯¥à¥¬¥ë¬¨¢ íâ®¬ à §¤¥«¥ ¤«ï ã¤®¡áâ¢  ®¯ãáª îâáï.�«ï ¯®«ãç¥¨ï íää¥ªâ¨¢®£®   «¨â¨ç¥áª®£®à¥è¥¨ï § ¤ ç¨ (2) { (5) ¯à ¢ ï ç áâì ãà ¢¥¨ï®áà¥¤ï¥âáï ¯® à áá¬ âà¨¢ ¥¬®© ®¡« áâ¨ ¨ ¢¢®-¤¨âáï ¢á¯®¬®£ â¥«ì ï äãªæ¨ï  : (t) = 11� r0 1Zr0 r@c@t dr:74 �. �. �®«ïª®¢
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+D1+ 1D00 " (r0D0)2� 1D02D0 � 1 � r0(r0D0)1� 1D0 #) :� á«ãç ¥ D0 ! 0 ¯ãâ¥¬ ¯à¥¤¥«ì®£® ¯¥à¥å®¤  ¢¢ëà ¦¥¨¨ (6)  ©¤¥®c = Im + Im1� r0 hr � r0 � �(1� e 1�r� )i eat; (8)£¤¥ a = (1� r0)r0b �1� r303 � (r0 + �)1� r202 ���2(1� r0exp1� r0� )� �3(1� exp1� r0� )��1 :� «¨§ ¢ëà ¦¥¨© ¤«ï ª®íää¨æ¨¥â  a á¢¨¤¥-â¥«ìáâ¢ã¥â ® ¢®§¬®¦®áâ¨ ®ç¥ì ¯à®áâ®£® ¨å ¢ë-ç¨á«¥¨ï. � ç áâ®áâ¨, ¯à¨ ¡®«ìè¨å � ¨§ ãà ¢¥-¨ï(8) ¢ëâ¥ª ¥â, çâ®a = 2(1� r0)r0b(1� r0 + r06� ) � 2r0b :�â® ¢ëà ¦¥¨¥ ¤«ï a ¯®¤â¢¥à¦¤ ¥â ¨§¢¥áâë©ä ªâ, çâ® ã¢¥«¨ç¥¨¥ áã¬¬ à®© ¡®ª®¢®© ¯®¢¥àå-®áâ¨ ª®à¥© ®¡ãá« ¢«¨¢ ¥â  ¤¥ª¢ â®¥ ãá¨«¥¨¥¯®£«®é¥¨ï ¨¬¨ í«¥¬¥â®¢ ¯¨â ¨ï.���������� � �����������à¨ ®âáãâáâ¢¨¨ ®¯¥à â¨¢®£® à¥£ã«¨à®¢ ¨ï¯¨â â¥«ì®£® à¥¦¨¬  § ¯ áë í«¥¬¥â®¢ ¯®áâ¥¯¥-® ¨áâ®é îâáï. �  ¨¡®«ìè¥© áâ¥¯¥¨ á¨¦ ¥â-áï ¨å ª®æ¥âà æ¨ï ¢¡«¨§¨ á®áãé¨å ª®à¥©, çâ®¬®¦¥â á® ¢à¥¬¥¥¬ ¯à¨¢®¤¨âì ª § ç¨â¥«ì®¬ãã¬¥ìè¥¨î ¨â¥á¨¢®áâ¨ ¯®£«®â¨â¥«ì®£® ¯à®-æ¥áá  I. �®£« á® â¥®à¨¨ �¨å í«¨á -�¥â¥, ¯à¥-¤¥«ì®¥ § ç¥¨¥ Im ¤®áâ¨£ ¥âáï â®«ìª® ¯à¨ ª®-æ¥âà æ¨¨ C ! 1 ¨ § ç¨â ¯à¨ «î¡ëå ª®¥ç-ëå § ç¥¨ïå C ¢ à ¬ª å ª®æ¥¯æ¨¨ ¡¨®«®£¨ç¥-áª®© á¯«®è®© áà¥¤ë I < Im. � ª ï ä®à¬ «¨§ -æ¨ï ¢¯®«¥ ®¯à ¢¤  , ¥á«¨ ¯à¨ ¡®«ìè¨å C I ¬ «®®â«¨ç ¥âáï ®â Im. �®£¤  æ¥«¥á®®¡à §® ãá«®¢®¢¢¥áâ¨ ¥ª®â®à®¥ ¯®à®£®¢®¥ § ç¥¨¥ Cn, ®£à ¨-ç¨¢ îé¥¥ á¨§ã ¬®¦¥áâ¢® § ç¥¨© C, ¯à¨ ª®-â®àëå I=Im � ",    ¯¥à¥¤ § ¤ ®¥ ç¨á«® " � 1.�®  è¨¬ ®æ¥ª ¬   ¡ §¥ ¤ ëå [1] ®à¨¥â¨-à®¢®çë¥ § ç¥¨ï Cn ¯à¨ " = 0; 05 á®áâ ¢«ïîâ¤«ï NO�3 ¨ ªãªãàã§ë 0,45 ¬¬®«ì/«, P ¨ á®¨ - 0,1¬¬®«ì/«,K ¨ ªãªãàã§ë - 0,3 ¬¬®«ì/«,   ¯à¨ " = 0,1¯à¨¡«¨§¨â¥«ì® ¢ ¤¢  à §  ¬¥ìè¥. � ª¨¬ ®¡à -§®¬, ¥áâ¥áâ¢¥® ¯®« £ âì, çâ® ¨áå®¤ ï ¬®¤¥«ì ¨¥¥ à¥è¥¨¥ à ¡®â îâ â®«ìª® ¤® ¬®¬¥â  tn, ¯à¨ª®â®à®¬ C(r0; t) áâ ®¢¨âáï à ¢®© Cn.�. �. �®«ïª®¢ 75



ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 73 { 78�®«ãç¥®¥ ¢ëè¥ à¥è¥¨¥ ¢ ®á®¢®¬ ®âà ¦ -¥â ®á®¡¥®áâ¨ ¬¨ªà®áâàãªâãàë ª®à¥¢®© á¨áâ¥-¬ë, å à ªâ¥àë¥ ¬¨ªà®¥®¤®à®¤®áâ¨ ¯®«ï ª®-æ¥âà æ¨© ¨ ¬®¦¥â á ãá¯¥å®¬ ¨á¯®«ì§®¢ âìáï ¤«ï®¡®á®¢ ¨ï íää¥ªâ¨¢ëå ¬®¤¥«¥© ¡¨®«®£¨ç¥áª¨åá¯«®èëå áà¥¤ [13]. �¥©áâ¢¨¥ ª®à¥© ¢ §®¥ ¨å®¡¨â ¨ï ¬®¤¥«¨àã¥âáï ¢ â ª¨å ¬®¤¥«ïå à á¯à¥-¤¥«¥ë¬ ¯® ãª § ®© §®¥ ®¡ê¥¬ë¬ áâ®ª®¬,¨â¥á¨¢®áâì ª®â®à®£® ï¢«ï¥âáï ¥¯à¥àë¢®© ¯®¯à®áâà áâ¢ã ¨ ¢à¥¬¥¨ äãªæ¨¥©. �ç¥¢¨¤®, çâ®¨â¥á¨¢®áâì ¯®£«®é¥¨ï ¯¨â â¥«ìëå í«¥¬¥-â®¢ ¨§ «î¡®£®  ¯¥à¥¤ ¢ë¤¥«¥®£® ®¡ê¥¬  ¯à¨íâ®¬ ¤®«¦  à ¢ïâìáï áã¬¬ à®© ¨â¥á¨¢®áâ¨¯®£«®é¥¨ï ¢á¥å  ªâ¨¢ëå ª®à¥©, à á¯®«®¦¥ëå¢ íâ®¬ ¦¥ ®¡ê¥¬¥. �®åà ¥¨¥ à áå®¤  í«¥¬¥-â®¢ ¢á«¥¤áâ¢¨¥ ¨å  ¡á®à¡æ¨¨ à áâ¥¨ï¬¨ ¯à¨ ¯¥-à¥å®¤¥ ª ¡®«¥¥ ä®à¬ «ì®© ¬®¤¥«¨ ¡¨®«®£¨ç¥áª®©á¯«®è®© áà¥¤ë ï¢«ï¥âáï ¯à¨æ¨¯¨ «ìë¬ ¨ á¯®-á®¡áâ¢ã¥â ¯®«ãç¥¨î   ¥¥ ¡ §¥ ¢ æ¥«®¬ ¯à ¢¨«ì-®© ª àâ¨ë. �¤ ª® ¤® á¨å ¯®à ¥à¥è¥®© ®áâ -¥âáï ¯à®¡«¥¬  ®¡®á®¢ ¨ï â ª®£® ¯¥à¥å®¤  â¥®à¥-â¨ç¥áª¨¬ ¯ãâ¥¬.�®«¨ç¥áâ¢® ¥«¨¬¨â¨àã¥¬ëå ¯¨â â¥«ìëå ¢¥-é¥áâ¢, ®â¡¨à ¥¬ëå ¢ ¥¤¨¨æã ¢à¥¬¥¨ ¨§ ¥¤¨¨ç-®£® ®¡ê¥¬  ¯®ç¢ë (ã¤¥«ìë© ®â¡®à) q, ¢ à §¬¥à-®© ä®à¬¥ ¡ã¤¥â q = 2�r0LpIm; (9)  ¢ â¥ç¥¨¥ ¯¥à¨®¤  ¢à¥¬¥¨ [t1; t2] ¯à¨ ¬¥ïîé¨å-áï ¢ å®¤¥ à §¢¨â¨ï ª®à¥¢®© á¨áâ¥¬ë ¯ à ¬¥âà åLp(t) ¨ Im(t) ¯®£«®é ¥âáï ¯¨â â¥«ìëå ¢¥é¥áâ¢2�r0 R t2t1 LpImdt:� ª ª ª ¯®ç¢¥ ï ¢« £   ªªã¬ã«¨àã¥â ¤®áâã¯-ë¥ à áâ¥¨ï¬ ¯¨â â¥«ìë¥ í«¥¬¥âë ¨ ï¢«ï¥â-áï ¨å ®á¨â¥«¥¬, â® ¥áâ¥áâ¢¥® á¢ï§ë¢ âì ¯®â®ª¨®®¢ ¢ ª®à¨ ¢ à ¬ª å ¬®¤¥«¨ á¯«®è®© áà¥¤ë á  «®£¨çë¬ ®â¡®à®¬ ¢« £¨. � áâ® ¤«ï íâ®© æ¥«¨¨á¯®«ì§ã¥âáï ¯à®áâ ï ¬®¤¥«ì [14, 15]Q = �fwC; (10)£¤¥ � { ª®íää¨æ¨¥â, âà¥¡ãîé¨© ¤®®¯à¥¤¥«¥¨ï ¨,ª ª ¯à ¢¨«®, ¢ë¡¨à ¢è¨©áï ¡¥§ ª ª®£®-«¨¡® ®¡®-á®¢ ¨ï; C { ª®æ¥âà æ¨ï í«¥¬¥â®¢, à ááç¨âë-¢ ¥¬ ï   ¡ §¥ ¬®¤¥«¨ á¯«®è®© áà¥¤ë. � ç¥¨¥ª®íää¨æ¨¥â  � ¬®¦® ä®à¬ «ì®  ©â¨, ¯à¨à ¢-ï¢ ¢ëà ¦¥¨ï (9) ¨ (10). �®£¤ � = c� �ImC : (11)�§ ¬®¤¥«¨ (2) { (5) ¯à¨ ¥¨§¬¥ëå § ¯ á å ¢« £¨¢ ®¡« áâ¨ ¤¢¨¦¥¨ï ¨ ®âáãâáâ¢¨¨ ¯à¨â®ª  ¨§¢¥¯¨â â¥«ìëå í«¥¬¥â®¢ ¢ëâ¥ª ¥âc�C = �1� 2 �r0�Imb �t��1 : (12)

�®«¥¥ à á¯à®áâà ¥ë ¬®¤¥«¨ ¯®£«®é¥¨ï ¤«ïá¯«®è®© áà¥¤ë,   «®£¨çë¥ ¯® ä®à¬¥ ãà ¢¥-¨î �¨å í«¨á -�¥â¥, ¨«¨ ¨å   «®£¨ ¤«ï ¬ «ëåª®æ¥âà æ¨© ¨®®¢ á®®â¢¥âáâ¢¥® [16, 17]:Q = QmCKg +C ; Q = kgC: (13)�§ á®¯®áâ ¢«¥¨ï ¢ëà ¦¥¨© (13) á ¢¥«¨ç¨ ¬¨q,  ©¤¥ë¬¨   ¡ §¥ ¬®¤¥«¨ (2) { (5) ¯à¨ ®¡é¥¬§ ª®¥ ¯®£«®é¥¨ï á«¥¤ã¥âQm = 2�r0LpIm; (14)Kg = Km Cc0 ;kg = 2�r0Lpkm c0C = QmKm c0C ; (15)£¤¥ c0 { ¢¥«¨ç¨  ª®æ¥âà æ¨¨ c   ¯®¢¥àå®áâ¨ª®àï (r = r0), ª®â®àãî ¬®¦® ¢ëç¨á«¨âì ¯® ä®à-¬ã« ¬ (6) { (8).�¡®á®¢ ®áâì ¯¥à¥å®¤  ®â áâàãªâãà®© ¬®-¤¥«¨ ª ¬®¤¥«¨ á¯«®è®© áà¥¤ë   ¡ §¥ á®®â®-è¥¨© (15) ®¯à¥¤¥«ï¥âáï ¤®áâ®¢¥à®áâìî ¢ë¡®à C. �âà®£® £®¢®àï ãª §  ï ¢¥«¨ç¨  ¤®«¦ ¡ëâì ¯®«ãç¥    ®á®¢¥ ®¡®¡é¥®© ¬®¤¥«¨ ¯¥-à¥®á , ®â¡®à  ª®àï¬¨ ¨ âà áä®à¬ æ¨¨ ¯¨â -â¥«ìëå í«¥¬¥â®¢ á ãç¥â®¬ ä ªâ®à®¢ ®ªàã¦ î-é¥© áà¥¤ë. �¬¥áâ¥ á â¥¬ â ª®© áâà®£¨© ¯®¤å®¤ ª¤¨ ¬¨ª¥ ¯¨â â¥«ìëå í«¥¬¥â®¢   ¬¨ªà®ãà®¢-¥ ¢àï¤ «¨ æ¥«¥á®®¡à §¥. �¥¬ ¥ ¬¥¥¥ ¯à¥¤áâ -¢«ï¥âáï ¢®§¬®¦ë¬ ¤«ï ®¯à¥¤¥«¥¨ï Kg , kg ¨á-¯®«ì§®¢ âì â ª¦¥ à¥è¥¨¥ áâàãªâãà®© ¬®¤¥«¨¢ ª ç¥áâ¢¥ ¨áª®¬®£® à¥è¥¨ï ®¡®¡é¥®© ¬®¤¥-«¨ ¯à¨ ã¯à®é¥ëå ãá«®¢¨ïå (¯à¥¥¡à¥£ ï ®¡¬¥-®¬ í«¥¬¥â ¬¨ ¯¨â ¨ï ¬¥¦¤ã ¬¨ªà®®¡« áâï¬¨,¤¥©áâ¢¨¥¬ ¢ãâà¥¨å ¨áâ®ç¨ª®¢ ¨ áâ®ª®¢ ªà®¬¥ ¡á®à¡æ¨¨ ª®àï¬¨, å à ªâ¥à®¬ ¯®£«®é¥¨ï ¨®-®¢ ¯à¨ ¨å ®£à ¨ç¥®¬ á®¤¥à¦ ¨¨ ¢ ¯®ç¢¥®¬à áâ¢®à¥). �®£¤  ¢¥«¨ç¨  C ¬®¦¥â ¡ëâì  ©¤¥ ¨«¨ ¯ãâ¥¬ ®áà¥¤¥¨ï ¯à¨¡«¨¦¥ëå à á¯à¥¤¥«¥-¨© c ¯® ®¡« áâ¨ ¤¢¨¦¥¨ï (®â r0 ¤® rm) (6), (7),¨«¨ ¨áå®¤ï ¨§ ¢ëà ¦¥¨ï (12), çâ® ¡®«¥¥ ¯à®áâ® ¨ ¤¥¦®. �áâ â¨, § ç¥¨ï C, à ááç¨â ë¥ ¤¢ã-¬ï ãª § ë¬¨ á¯®á®¡ ¬¨, ¬ «® ®â«¨ç îâáï (¤®1 { 3 %), çâ® ï¢«ï¥âáï ¥é¥ ®¤¨¬ ¯®¤â¢¥à¦¤¥¨-¥¬ ¢ëá®ª®© â®ç®áâ¨ ¯®«ãç¥®£®   «¨â¨ç¥áª®£®à¥è¥¨ï.�ïâ¨¥ ã¯®¬ïãâëå ¢ëè¥ ®£à ¨ç¥¨© ¤®«¦®¥áª®«ìª® ¯®¢ëè âì  ¤¥¦®áâì ãáâ ®¢«¥¨ïKg,kg ¯® (15), ® ¯à¨¢®¤¨â ª áãé¥áâ¢¥ë¬ ®á«®¦¥-¨ï¬ ¯à¨ ¨á¯®«ì§®¢ ¨¨ áâàãªâãà®© ¬®¤¥«¨ ª ª¡ §®¢®© ¤«ï ®¯à¥¤¥«¥¨ï C; c0. �®íâ®¬ã â ª®©76 �. �. �®«ïª®¢
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�¨á.1. �à¨¢ë¥ ¯®¨¦¥¨ï c(t)  ¢ãâà¥¥© (1, 3, 4) ¨ ¢¥è¥© (1, 2)£à ¨æ å ®¡« áâ¨ ¤¢¨¦¥¨ï:1 {  §®â; 2, 3 { ª «¨©; 4 { ä®áä®à�ë¡®à ª®íää¨æ¨¥â®¢ Kg , kg ¯à¨ ¨§¢¥áâëåKm, km ¨««îáâà¨àã¥âáï   ¯à¨¬¥à å á® á«¥¤ãî-é¨¬¨ ¨áå®¤ë¬¨ ¤ ë¬¨: �D0 = 50, 100, 200; �� =10, 20; b ¤«ï ¬®¡¨«ìëå (N ) ¨ ã¬¥à¥® ¯®¤¢¨¦-ëå (K) í«¥¬¥â®¢ ¯à¨¨¬ «áï 24, ¤«ï ¬ «®¯®-¤¢¨¦ëå (P )- 150; �Im=3 (N ), �Im=20 (K), �Im=100(P ); �ro =0.04. �  à¨á.1 ¯à¨¢¥¤¥ë ªà¨¢ë¥ á¨-¦¥¨ï ª®æ¥âà æ¨¨ c   ¢ãâà¥¥© ¨ ¢¥è¥©£à ¨æ å ®¡« áâ¨ ¤¢¨¦¥¨ï. �¥«¨ç¨  c ¤«ï N¯à ªâ¨ç¥áª¨ ¥ § ¢¨á¨â ®â r, â ª çâ® á®®â¢¥â-áâ¢ãîé¨¥ § ç¥¨ï c ¬ «® ®â«¨ç îâáï ¨ ªà¨¢ë¥c(1; t), c(ro; t) ¯®ª § ë ®¤®© «¨¨¥© (1). � ªá«¥¤áâ¢¨¥ íâ®£®, ¨§ ¢ëà ¦¥¨ï (15) ¢ëâ¥ª ¥â, çâ®¤«ï N ¬®¦® ¯®« £ âì Kg = Km, kg = 2�r0Lpkm.�¥¤«¥®¥ á¨¦¥¨¥ C ®¡êïáï¥âáï ®â®á¨â¥«ì®¡®«ìè¨¬¨ § ¯ á ¬¨ N ¢ ¯®ç¢¥. �á®¢®© ï¢«ï-¥âáï ¢â®à ï áâ ¤¨ï. � ç¥ ®¡áâ®¨â ¤¥«® ¯à¨ ¯®-£«®é¥¨¨ K, ® ç¥¬ á¢¨¤¥â¥«ìáâ¢ã¥â ¯à¥¦¤¥ ¢á¥£®å à ªâ¥à á¨¦¥¨ï ¥£® ª®æ¥âà æ¨¨ ®ª®«® ª®àï(ªà¨¢ ï 2) ¨   ¢¥è¥© £à ¨æ¥ (ªà¨¢ ï 3). � ¯¥à¢®© áâ ¤¨¨ (�t� = 0:54) �c(r0; t) ã¬¥ìè ¥âáï ¤®0,736,     ¢â®à®© áâ ¤¨¨ ¯à®¨áå®¤¨â à ¢®¬¥à®¥¯® ®¡« áâ¨ ¯®¨¦¥¨¥ �c. �à¨ " = 0:1 ¡¥§à §¬¥à®¥¯®à®£®¢®¥ § ç¥¨¥ �cn ¯à¨¬¥à® á®áâ ¢«ï¥â 0,4.�  à¨á.2 ¯®ª § ë £à ä¨ª¨ ¨§¬¥¥¨ï ®â®è¥¨ïKg=Km ¢® ¢à¥¬¥¨ ¤«ï à §«¨çëå á®ç¥â ¨© �D0¨ ��. �ª § ë¥ ªà¨¢ë¥ ¨¬¥îâ ¤®áâ â®ç® ¯®«®£¨¥ãç áâª¨, á®®â¢¥âáâ¢ãîé¨¥ ¢â®à®© áâ ¤¨¨ ¢¯«®âì¤® ¬®¬¥â  ªà¨â¨ç¥áª®£® á¨¦¥¨ï ª®æ¥âà æ¨¨ã ª®àï �tn. � «¨ç¨¥ íâ¨å ãç áâª®¢ ¯®§¢®«ï¥â ãáâ -®¢¨âì ª®áâ âã �, á ¯®¬®éìî ª®â®à®© § â¥¬¯à¨¡«¨¦¥® ¢ëç¨á«ï¥âáï Kg � �Km. �®áâ â®ç-® áâà®£® § ç¥¨¥ � ¬®¦¥â ¡ëâì  ©¤¥® ¯ãâ¥¬®áà¥¤¥¨ï ®â®è¥¨ï C=c0   ¨â¥à¢ «¥ [�t�; �tn].

�®£¤ � = 2�r0�Imab � 1a �1� 2 �r0�Im(�Im � )ab � 1�t¯ � �t���ln �Im �  � a(�t¯ � �t�)�Im �  ; (16)£¤¥  = � �Im(1 + �D0)(1� �r0)��"�r0 �D0 + ��� ( �D0 + ��)� �D0 + ���r0 �D0 + ��� 1�D0 # :
�¨á.2. �§¬¥¥¨¥ ¢® ¢à¥¬¥¨ ®â®è¥¨ï Kg=Km¤«ï ª «¨ï:1 { D0 = 50, � = 10; 2 { D0 = 50, � = 20; 3 { D0 = 100,� = 20
�¨á.3. �§¬¥¥¨¥ ¢® ¢à¥¬¥¨ ®â®è¥¨ï Kg=Km¤«ï ä®áä®à :1 { D0 = 50, � = 10; 2 { D0 = 50, � = 20; 3 { D0 = 200,� = 20�¯à¥¤¥«¥¨¥ � á ¨á¯®«ì§®¢ ¨¥¬ ¢ëà ¦¥¨ï(16) ¤ «® á«¥¤ãîé¨¥ § ç¥¨ï: ¤«ï ¯¥à¢®£® ¯à¨-¬¥à  (ªà¨¢ ï 1) - 1.911, ¢â®à®£® (ªà¨¢ ï 2) - 1.465âà¥âì¥£® (ªà¨¢ ï 3) - 1.296 (¯¥à¢ ï áâ ¤¨ï ¢ à á-ç¥â ¥ ¯à¨¨¬ « áì ¢á«¥¤áâ¢¨¥ ¥¥ ªà âª®¢à¥¬¥-®áâ¨).� á«ãç ¥ ¬ «®¯®¤¢¨¦ëå ¨®®¢ (P ) ª®æ¥âà -æ¨ï ®ª®«® ¤à¥ë ¡ëáâà® á¨¦ ¥âáï (à¨á.1, ªà¨¢ ï4) ¨ ã¦¥   ¯¥à¢®© áâ ¤¨¨ ¤®áâ¨£ ¥â ¯®à®£®¢®£®�. �. �®«ïª®¢ 77



ISSN 0387-4086 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 1999. �®¬ 1(73), N 1. �. 73 { 78§ ç¥¨ï. �à¨ íâ®¬ ®â®è¥¨¥ Kg=Km, ª ª ¢¨¤-® ¨§ à¨á.3, áãé¥áâ¢¥® ¬¥ï¥âáï á® ¢à¥¬¥¥¬,çâ® ®á«®¦ï¥â ¢ë¡®à ª®íää¨æ¨¥â  �. �®à¬ «ì-® ¤ ë© ª®íää¨æ¨¥â â ª¦¥ ¬®¦¥â ¡ëâì  ©-¤¥ ¯ãâ¥¬ ®áà¥¤¥¨ï ®â®è¥¨ï C=c0   ¨â¥à-¢ «¥ [0; �tn]. �¤ ª® íää¥ªâ¨¢®áâì â ª®£® ¯à¨¥¬ §¤¥áì ¢ë§ë¢ ¥â á®¬¥¨¥. �®«¥¥  ¤¥¦® § ç¥-¨¥ � ¬®¦¥â ¡ëâì  ©¤¥®   ¡ §¥ áâàãªâãà®©¬®¤¥«¨ «¨¬¨â¨à®¢ ®£® ®â¡®à  ¨®®¢ ®â¤¥«ìë-¬¨ ª®àï¬¨, à¥è¥¨¥ ª®â®à®© ¡ã¤¥â ¯à¥¤áâ ¢«¥®¢ ¤ «ì¥©è¥¬.�����������®£«®é¥¨¥ ¯¨â â¥«ìëå í«¥¬¥â®¢ ª®àï¬¨à áâ¥¨© ¨¬¥¥â ¢ ¦¥©è¥¥ § ç¥¨¥ ¤«ï äãª-æ¨®¨à®¢ ¨ï  £à®íª®á¨áâ¥¬. �®¤¥«¨à®¢ ¨¥  ¡-á®à¡æ¨®®£® ¯à®æ¥áá  ¢ â ª¨å á¨áâ¥¬ å âà¥¡ã-¥â íªá¯¥à¨¬¥â «ì®£® ®¯à¥¤¥«¥¨ï àï¤  ®¡®¡é¥-ëå ¯ à ¬¥âà®¢, çâ® á¢ï§ ® á ¡®«ìè¨¬¨ âàã¤®-áâï¬¨ ¢ ®à£ ¨§ æ¨¨ ¨ ¯à®¢¥¤¥¨¨ á¯¥æ¨ «ìëå¢¥£¥â æ¨®ëå ®¯ëâ®¢. �« £®¤ àï ¯®áâà®¥®¬ã  «¨â¨ç¥áª®¬ã à¥è¥¨î ¥áâ æ¨® à®© § ¤ ç¨® ¯à¨â®ª¥ ¨®®¢ ª  ªâ¨¢ë¬ ª®àï¬ ¢ ãá«®¢¨ïå¨å ª®ªãà¥æ¨¨ ¨ ¯à¥¤«®¦¥®¬ã ¯®¤å®¤ã ª ¨á-¯®«ì§®¢ ¨î íªá¯¥à¨¬¥â «ìëå à¥§ã«ìâ â®¢  ¬¨ªà®ãà®¢¥ ¤«ï ®¯¨á ¨ï ª®¬¯«¥ªá  ¯®ç¢¥ëå¯à®æ¥áá®¢ ¢ à ¬ª å ¬®¤¥«¨ ¡¨®«®£¨ç¥áª®© á¯«®è-®© cà¥¤ë áâ ®¢¨âáï ¯à¨æ¨¯¨ «ì® ¢®§¬®¦ë¬¯®«ãç âì ¥®¡å®¤¨¬ãî ®¡®¡é¥ãî ¨ä®à¬ æ¨î® ¯®£«®é îé¥© á¯®á®¡®áâ¨ á®®¡é¥áâ¢  à áâ¥¨©á ¡®«ìè¥© ¯®«®â®© ¨ ¬¥ìè¨¬¨ § âà â ¬¨.1. � à¡¥à �.�. �¨®«®£¨ç¥áª ï ¤®áâã¯®áâì ¯¨â â¥«ì-ëå ¢¥é¥áâ¢ ¢ ¯®ç¢¥.{ �.: �£à®¯à®¬¨§¤ â, 1988.{376 á.2. Cushman J. H. Completion of the list of analytical so-lutions for nutrient transport to roots: 1. Exact linearmodels // Water Resour. Res.{ 1980.{ 16.{ P. 891{906.3. Nye P. H., Marriott F. H. A. A theoretical study ofthe distribution of substances around roots resultingfrom simultaneous di�usion and mass ow // Plantand Soil.{ 1969.{ 30.{ P. 459{472.
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