
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 61 { 75��� 556.135+631.432������������� ��������� � ��������� �����2. ������ � ������ �������. �. ��������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 03.02.2000�ë¯®«¥ â¥®à¥â¨ç¥áª¨©   «¨§ ¨á¯ à¥¨ï ¢« £¨ á ®£®«¥®© ¯®ç¢ë ¤«ï ¢â®à®© ¨ âà¥âì¥© áâ ¤¨©   ¡ §¥ áâ æ¨®- à®© ¬®¤¥«¨ á®¢¬¥áâ®£® â¥¯«®{ ¨ ¢« £®¯¥à¥®á  ¢ á¨áâ¥¬¥ ¯®ç¢ { â¬®áä¥à  (¯à¨¯®¢¥àå®áâë© á«®©). �áá«¥-¤®¢ ® ¢«¨ï¨¥ â¥¯«®{ ¨ ¢®¤®ä¨§¨ç¥áª¨å á¢®©áâ¢ ¯®ç¢ë,   â ª¦¥ ¬¥â¥®í«¥¬¥â®¢   ¨â¥á¨¢®áâì ¨á¯ à¥¨ï¨ â®«é¨ã ¯à®áëå îé¥£® á«®ï. �®ª § ® à¥è îé¥¥ § ç¥¨¥ ¢®¤®¯à®¢®¤ïé¥© á¯®á®¡®áâ¨ ¯®ç¢ë ¨ ®¡®á®¢ ®£à ¨ç®¥ ãá«®¢¨¥   ¯®¢¥àå®áâ¨ ¯®ç¢ë, ®âà ¦ îé¥¥ áãé¥áâ¢¥ë¥ ®á®¡¥®áâ¨ ¢« £®®¡¬¥  ¬¥¦¤ã ¯®ç¢¥®© ¨¢®§¤ãè®© áà¥¤ ¬¨   à áá¬ âà¨¢ ¥¬ëå áâ ¤¨ïå. � áç¥âë ¯à®¢¥¤¥ë ¤«ï ¯ïâ¨ ®á®¢ëå â¨¯®¢ ¬¨¥à «ìëå ¯®ç¢.�¨ª® ¨© â¥®à¥â¨ç¨©   «÷§ ¢¨¯ à®¢ã¢ ï ¢®«®£¨ § ®£®«¥®£® £àãâã ¤«ï ¤àã£®ù â  âà¥âì®ù áâ ¤÷©, á¯¨à îç¨áì  ãáâ «¥ã ¬®¤¥«ì áã¬÷á®£® â¥¯«®{ i ¢®«®£®¯¥à¥®áã ¢ á¨áâ¥¬i £àãâ{ â¬®áä¥à  (¯®¢¥àå¥¢¨© è à). �®á«÷¤¦¥¨©¢¯«¨¢ â¥¯«®{ ÷ ¢®¤®ä÷§¨ç¨å ¢« áâ¨¢®áâ¥© £àãâã,   â ª®¦ ¬¥â¥®¥«¥¬¥â÷¢   ÷â¥á¨¢÷áâì ¢¨¯ à®¢ã¢ ï â â®¢é¨ã ¯à®á®å«®£® á«®î. �ª § ®   ¢¨à÷è «ì¥ § ç¥ï ¢®¤®¯à®¢÷¤®ù §¤ â®áâ÷ £àãâã ÷ ®¡£àãâ®¢   £à -¨ç  ã¬®¢    ¯®¢¥àå÷ ¯®ç¢¨, ïª  ¢÷¤§¥àª «îõ áãââõ¢÷ ®á®¡«¨¢®áâ÷ ®¡¬÷ã ¢®«®£®î ¬÷¦ £àãâ®¢¨¬ ÷ ¯®¢÷âàï¨¬á¥à¥¤®¢¨é ¬¨   à®§£«ïãâ¨å áâ ¤÷ïå. �®§à åãª¨ ¢¨ª®ã¢ «¨áì ¤«ï ¯'ïâ¨  ©¡÷«ìè ¯®è¨à¥¨å â¨¯÷¢ ¬÷¥à «ì®£®£àãâã.A theoretical analysis was done of evaporation for a bare soil and the second and third stages based on a stationarymodel of consistent heat and water transfer in the system soil { atmosphere (subsurface layer). The e�ect of thermal,hydrophysical soil properties and meteorological elements was investigated on evaporation intensity and thickness of adried layer. It was shown that hydraulic conductivity was of decisive value. A boundary condition at the soil surface isfound which reects the peculiarities of water exchange between soil and air media at the stages under consideration. Thecalculations were performed for �ve wide-spread soil types.��������� ¯à¨à®¤ëå ãá«®¢¨ïå ¨á¯ à¥¨¥ ¢« £¨ á ¯®-¢¥àå®áâ¨ ¯®ç¢ë (ä¨§¨ç¥áª®¥ ¨á¯ à¥¨¥) ¨§¬¥ï-¥âáï ¢ è¨à®ª¨å ¯à¥¤¥« å ¨ §  ¨áª«îç¥¨¥¬ ªà â-ª®¢à¥¬¥ëå ¯¥à¨®¤®¢ ª®âà®«¨àã¥âáï, £« ¢ë¬®¡à §®¬, ¥¥ ¢®¤®-ä¨§¨ç¥áª¨¬ á®áâ®ï¨¥¬. � ®â-¬¥ç¥ë¥ ¦¥ ¯¥à¨®¤ë ¢ á®®â¢¥âáâ¢¨¨ á ®á®¡¥®-áâï¬¨ ¨á¯ à¥¨ï   ¯¥à¢®© áâ ¤¨¨ ¥£® ¨â¥á¨¢-®áâì ®¯à¥¤¥«ï¥âáï ¬¥â¥®í«¥¬¥â ¬¨ [1{3]. �«¨-ï¨¥ â¥¯«®ä¨§¨ç¥áª¨å á¢®©áâ¢ ¯®ç¢ë §¤¥áì ¯à®-ï¢«ï¥âáï â®«ìª® ¢ íªáâà¥¬ «ìëå á¨âã æ¨ïå,  ¯à®¤®«¦¨â¥«ì®áâì ã¯®¬ïãâëå ¯¥à¨®¤®¢ à ááç¨-âë¢ ¥âáï   ®á®¢¥ ¬®¤¥«¨ ¢« £®¯¥à¥®á  á § ¤ -ë¬ ¯®â®ª®¬   ¯®¢¥àå®áâ¨ ¯®ç¢ë [4]. �â¥-á¨¢®¥ ¨á¯ à¥¨¥   ¯¥à¢®© áâ ¤¨¨ á¯®á®¡áâ¢ã¥â¡ëáâà®¬ã ¨ááãè¥¨î ¯®ç¢ë ¢¡«¨§¨ ¥¥ ¯®¢¥àå®-áâ¨, çâ® ®¡ãá« ¢«¨¢ ¥â å à ªâ¥à®¥ ¤«ï ¯®á«¥¤ã-îé¨å áâ ¤¨© ã¬¥ìè¥¨¥ ¯à¨â®ª  ¢« £¨ ª £à ¨-æ¥ ¬¥¦¤ã ¯®ç¢¥®© ¨ ¢®§¤ãè®© áà¥¤ ¬¨ [5, 6].� ¡«î¤ ¥¬®¥   ¢â®à®© áâ ¤¨¨ à¥§ª®¥ á¨¦¥¨¥á®¤¥à¦ ¨ï ¢« £¨ ¢ ¯®ç¢¥ ¢¥¤¥â ª ®¡à §®¢ ¨î ¤¥-ä¨æ¨â  ¢« ¦®áâ¨ ¯®ç¢¥®£® ¢®§¤ãå  ¨, ª ª á«¥¤-áâ¢¨¥, ¨á¯ à¥¨î ¢« £¨ ¢ãâà¨ ¯®à. �®«ì ¢ãâà¨-¯®ç¢¥®£® ¨á¯ à¥¨ï ¨ ¤¨ääã§¨®®£® ¬¥å ¨§-¬  ¯¥à¥®á  ¯ à  ¢ ¯®ç¢¥ ¡ëáâà® áâ ®¢¨âáï ®¯à¥-

¤¥«ïîé¥©,   ¯®â®ª ¦¨¤ª®© (¯® áãâ¨ ¯«¥®ç®©)¢« £¨ ¢ ¯à®áëå îé¥¬ á«®¥ ¯à¨ íâ®¬ ®ª §ë¢ ¥â-áï ¨çâ®¦® ¬ «ë¬. �à¨ ¤«¨â¥«ì®¬ ¨á¯ à¥¨¨¢« ¦®áâì ¨ ¤ ¢«¥¨¥ ¯®ç¢¥®© ¢« £¨ ®ª®«® ¯®-¢¥àå®áâ¨ ¯®ç¢ë ¯ ¤ îâ ¤® § ç¥¨© �o,  o, ¯à¨ª®â®àëå ¥ ã¤ ¥âáï ¤®áâ®¢¥à® ¨§¬¥àïâì ¯®â®ª¢« £¨ ¢ ¦¨¤ª®¬ á®áâ®ï¨¨. �®£¤  ¬®¦® ä®à¬ «ì-® ¯®« £ âì ª®íää¨æ¨¥â ¢« £®¯à®¢®¤®áâ¨K( o)à ¢ë¬ 0 ¨ £®¢®à¨âì ®¡ ®ª®ç ¨¨ ¢â®à®© ¨  ç -«¥ âà¥âì¥© áâ ¤¨¨ ¨á¯ à¥¨ï. �¬¥®   âà¥âì¥©áâ ¤¨¨ ¨á¯ à¥¨¥ ¢« £¨ ¯à®¨áå®¤¨â ¨áª«îç¨â¥«ì-® ¢ãâà¨ ¯®ç¢ë ¨ ä®à¬¨àã¥âáï ¯®«®áâìî ¯à®-á®åè¨© á«®©. � ¯à¨à®¤¥ ¯à®æ¥áá ¨á¯ à¥¨ï ¢« -£¨ á ¯®ç¢ë ¯à®â¥ª ¥â ¢ ãá«®¢¨ïå ¯®áâ®ï® ¬¥ï-îé¥©áï ¬¥â¥®¡áâ ®¢ª¨, ®á«®¦ï¥¬®© ¢ãâà¨áã-â®ç®© ¤¨ ¬¨ª®© ¬¥â¥®í«¥¬¥â®¢ ¨ ¢ ®¡é¥¬ ¤®«-¦¥ à ááç¨âë¢ âìáï   ¡ §¥ á«®¦ëå ¥áâ æ¨®- àëå ¬®¤¥«¥©, à¥ «¨§ æ¨ï ¨ ®¡¥á¯¥ç¥¨¥ ª®â®-àëå ¨áå®¤®© ¨ä®à¬ æ¨¥© á®¯àï¦¥® á® § ç¨-â¥«ìë¬¨ âàã¤®áâï¬¨ [7-11]. �«ï ¯à ªâ¨ç¥áª¨åæ¥«¥©, ®¤ ª®, ®¡ëç® ¤®áâ â®ç® ®¯à¥¤¥«¨âì ª®-«¨ç¥áâ¢® ¢« £¨, ¨á¯ àïîé¥©áï §  ¯¥à¨®¤ë, ¯à®-¤®«¦¨â¥«ì®áâì ª®â®àëå ã¢ï§ë¢ ¥âáï á ¡¨®«®£¨-ç¥áª¨¬ ¢à¥¬¥¥¬ ¨«¨ â¥å®«®£¨ç¥áª¨¬¨ ªà¨â¥à¨ï-¬¨, ¨ á®áâ ¢«ï¥â,  ¯à¨¬¥à, áãâª¨, ¤¥ª ¤ã, ¬¥áïæ.�à¨ â ª®¬ ¯®¤å®¤¥ ¢ ¯à¨æ¨¯¥ ¥â ¥®¡å®¤¨¬®-áâ¨ ¢ ¤¥â «ì®¬ ãç¥â¥ ®á®¡¥®áâ¥© ¤¨ ¬¨ª¨ ¯®-c �. �. �®«ïª®¢, 2002 61



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 61 { 75£®¤ëå ãá«®¢¨©, ¬¥â¥®ä ªâ®à®¢ ¨ ®¯à ¢¤ ®, ¢®-¯¥à¢ëå, ¯à¥¥¡à¥£ âì ¢ãâà¨áãâ®çë¬ å®¤®¬ ¬¥-â¥®í«¥¬¥â®¢, ¢®-¢â®àëå, ¯à¨¬¥ïâì áâ æ¨® à-ë¥ ¬®¤¥«¨. �®á«¥¤¥¥ ãâ¢¥à¦¤¥¨¥ â¥¬ ¡®«¥¥á¯à ¢¥¤«¨¢®, çâ® å à ªâ¥à®¥ ¢à¥¬ï ¯¥à¥å®¤ëå¯à®æ¥áá®¢ ¢ ¯®ç¢¥ ¨ ¯à¨§¥¬®¬ (¯à¨¯®¢¥àå®áâ-®¬) á«®¥  â¬®áä¥àë à §¨âáï   ¥áª®«ìª® ¯®-àï¤ª®¢. � â® ¦¥ ¢à¥¬ï, ¢ �ªà ¨¥ ç áâ® ¨¬¥îâ¬¥áâ® ¤«¨â¥«ìë¥ ¡¥§¤®¦¤¥¢ë¥ ¯¥à¨®¤ë, ¢ â¥ç¥-¨¥ ª®â®àëå ä¨§¨ç¥áª¨¥ ¯à®æ¥ááë ®áïâ ¯®çâ¨ãáâ ®¢¨¢è¨©áï å à ªâ¥à. �®íâ®¬ã æ¥«¥á®®¡à §-®áâì ¯à¨¬¥¥¨ï ¢ ¯à¨«®¦¥¨ïå ¯à¨ ®æ¥ª¥ ä¨-§¨ç¥áª®£® ¨á¯ à¥¨ï ¨¬¥® áâ æ¨® àëå ¬®¤¥-«¥© ¢« £®- ¨ â¥¯«®¯¥à¥®á  ¯à¥¤áâ ¢«ï¥âáï ¢¯®«¥®ç¥¢¨¤®©. �¬¥áâ¥ á â¥¬ ¨á¯®«ì§®¢ ¨¥ ¯®¤®¡ëå¬®¤¥«¥© ¯®§¢®«ï¥â § ç¨â¥«ì® ã¯à®áâ¨âì ¨ ®âç -áâ¨ ã£«ã¡¨âì   «¨§ ®á®¡¥®áâ¥© ¯à®â¥ª ¨ï ä¨-§¨ç¥áª¨å ¯à®æ¥áá®¢ ¢ á¨áâ¥¬¥ ¯®ç¢ { â¬®áä¥à ,  ¤«ï ¥ª®â®àëå ç áâëå á«ãç ¥¢ ¤ ¦¥ ¯®«ãç¨âì¯à®áâë¥   «¨â¨ç¥áª¨¥ § ¢¨á¨¬®áâ¨. �á®¢ë¢ -ïáì   à¥§ã«ìâ â å â ª®£®   «¨§ , ¢ á«¥¤ãîé¥©à ¡®â¥ ¯à¥¤¯®« £ ¥âáï ¯à¨¢¥áâ¨ ¨ à¥ «¨§®¢ âìáà ¢¨â¥«ì® ¯à®áâãî ¥áâ æ¨® àãî ¬ â¥¬ -â¨ç¥áªãî ¬®¤¥«ì á®¢¬¥áâ®£® ¢« £®- ¨ â¥¯«®¯¥à¥-®á  ¢ ãª § ®© á¨áâ¥¬¥, ª®â®à ï â¥¬ ¥ ¬¥¥¥¤ ¥â ¢®§¬®¦®áâì ¤®áâ®¢¥à® à ááç¨âë¢ âì ¨á¯ -à¥¨¥ ¢« £¨ á ¯®ç¢ë ¢ â¥¯«®¥ ¢à¥¬ï £®¤ . � ª¨¬®¡à §®¬, æ¥«ìî ¤ ®© à ¡®âë ï¢«ï¥âáï ¢ ¯¥à¢ãî®ç¥à¥¤ì  ¤¥¦ë© à áç¥â ¨â¥á¨¢®áâ¨ ä¨§¨ç¥-áª®£® ¨á¯ à¥¨ï ¤«ï áâ ¡¨«ìëå ¬¥â¥®ãá«®¢¨©,  â ª¦¥ ®¡áâ®ïâ¥«ìë©   «¨§ ¨ ®æ¥ª  § ç¨¬®áâ¨¢®¤®- ¨ â¥¯«®ä¨§¨ç¥áª¨å ä ªâ®à®¢ ¨ ¯ à ¬¥âà®¢á ¯®á«¥¤ãîé¥© à §à ¡®âª®© íää¥ªâ¨¢®© ¬®¤¥«¨¢« £®{ ¨ â¥¯«®®¡¬¥  ¬¥¦¤ã ¯®ç¢¥®© ¨ ¢®§¤ãè-®© áà¥¤ ¬¨ ¯à¨ à §®®¡à §ëå ¯à¨à®¤ëå ¨ ¬¥-â¥®à®«®£¨ç¥áª¨å ãá«®¢¨ïå.1. ���������� � ������� �������®ç¢¥ë© á«®©, ¨¬¥îé¨© à¥è îé¥¥ § ç¥-¨¥ ¤«ï ¯à®æ¥áá  ¨á¯ à¥¨ï ¢ á¨áâ¥¬¥ ¯®ç¢ { â¬®áä¥à    ¢â®à®© ¨ âà¥âì¥© áâ ¤¨ïå, á«®¦¥¨§ ®¤®à®¤®£® £àãâ , â ª çâ® ¥£® ¢®¤®- ¨ â¥¯«®-ä¨§¨ç¥áª¨¥ á¢®©áâ¢  ®¯¨áë¢ îâáï á¨áâ¥¬®© ¥¤¨-ëå ¤«ï ¢á¥£® á«®ï ä¨§¨ç¥áª¨å å à ªâ¥à¨áâ¨ª {ª®íää¨æ¨¥â ¬¨ ¢« £®¯à®¢®¤®áâ¨ �, â¥¯«®¯à®-¢®¤®áâ¨ �, ®¡ê¥¬®© â¥¯«®¥¬ª®áâìî � ¨ ®á®¢-®© £¨¤à®ä¨§¨ç¥áª®© å à ªâ¥à¨áâ¨ª®©. �®ç¢ ï¢«ï¥âáï ®£®«¥®©, â® ¥áâì à áâ¨â¥«ì®áâì ¨ á¢ï-§ ë¥ á ¥© ¢ãâà¥¨¥ ¨áâ®ç¨ª¨ (áâ®ª¨) ¢« -£¨ ¨ â¥¯«  ®âáãâáâ¢ãîâ. �®â¥à¨ ¢« £¨ ¨§ ¯®ç¢ë®¡ãá«®¢«¥ë ¨áª«îç¨â¥«ì® ä¨§¨ç¥áª¨¬ ¨á¯ à¥-¨¥¬ ¨ ª®¬¯¥á¨àãîâáï §  áç¥â ¢®áå®¤ïé¥£® ¯®â®-

ª , ä®à¬¨àãîé¥£®áï   ¨¦¥© £à ¨æ¥ ®¡« áâ¨¤¢¨¦¥¨ï. �ª §  ï ®¡« áâì ®£à ¨ç¥  á¢¥àåããà®¢¥¬ áâ ¤ àâëå ¨§¬¥à¥¨© ¬¥â¥®í«¥¬¥â®¢(z = za),   á¨§ã { ãà®¢¥¬ £àãâ®¢ëå ¢®¤ (���)¨«¨ ¢¥àå¥© £à ¨æ¥© ¢« £®®¡¨«ì®£® á«®ï (z =�zh) ¤«ï ¯®â®ª  ¢« £¨ ¨ £«ã¡¨®© (z = �zT ),  ª®â®à®© â¥¬¯¥à âãà  ¯®ç¢ë ¥ ¬¥ï¥âáï ¢ â¥ç¥-¨¥ à áç¥â®£® ¯¥à¨®¤ , ¤«ï ¯®â®ª  â¥¯« . �áì 0Z ¯à ¢«¥  ¢¥àâ¨ª «ì® ¢¢¥àå,  ç «® ª®®à¤¨ âà á¯®« £ ¥âáï   ¯®¢¥àå®áâ¨ ¯®ç¢ë. �áá«¥¤®¢ -¨ï ®£à ¨ç¥ë áâ æ¨® àë¬ á«ãç ¥¬ â ª, çâ®¢« £®§ ¯ áë ¢ à áá¬ âà¨¢ ¥¬®© ®¡« áâ¨ ¯®áâ®ï-® ¨ ¢ ¯®«®© ¬¥à¥ ¢®á¯®«ïîâáï §  áç¥â ¯à¨â®-ª  ª ¯¨««ïà®© ¢« £¨ á¨§ã. �ª § ë© á«ãç ©ï¢«ï¥âáï ç áâë¬, ® ¯®ª § â¥«ìë¬ ¨ ã¤®¡ë¬¤«ï ®æ¥ª¨ § ç¨¬®áâ¨ à §«¨çëå ä ªâ®à®¢, ä¨-§¨ç¥áª¨å ¯ à ¬¥âà®¢ ¨ ¯à®æ¥áá®¢ ¯® ®â®è¥¨îª ¨á¯ à¥¨î. �®áâ ¢ ¨ ä¨§¨ç¥áª¨¥ á¢®©áâ¢  ¯®ç-¢¥®£® ¨  â¬®áä¥à®£® ¢®§¤ãå  ¯®« £ îâáï ®¤¨- ª®¢ë¬¨.1.1. �â®à ï áâ ¤¨ï ¨á¯ à¥¨ï�¥à¥®á ¢®¤ï®£® ¯ à  ¨ â¥¯«  ¢ ¢®§¤ãè®© áà¥-¤¥ ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨ïâë¬¨ ¢ëè¥ ¤®¯ãé¥¨ï-¬¨ ®¯¨áë¢ ¥âáï á«¥¤ãîé¨¬¨ ãà ¢¥¨ï¬¨:E0 = ��D(q0 � qa);H = �cpD(T0 � Ta); (1)£¤¥ E0, H { ¯®â®ª¨ ¢« £¨ ¨ â¥¯«  á®®â¢¥âáâ¢¥-®; � { ¯¥à¥áç¥âë© ª®íää¨æ¨¥â (¢¢®¤¨âáï ¨§-§ ¯à¨ïâ®£® à áç¥â  E0 ¢ ¥¤¨¨æ å ¤«¨ë, ®â¥á¥-ëå ª ¥¤¨¨æ¥ ¢à¥¬¥¨ ¨,  ¯à¨¬¥à, ¯à¨ ¯¥à¥å®¤¥®â ª£=(¬2 � c) ª ¬=áãâ � = 86:4); � { ¯«®â®áâì ¢®§-¤ãå ; D { íää¥ªâ¨¢ë© ª®íää¨æ¨¥â ¯à®¢®¤¨¬®-áâ¨ á«®ï ¢®§¤ãå  ¬¥¦¤ã ¯®¢¥àå®áâìî ¯®ç¢ë z = 0¨ ãà®¢¥¬ z = za; q0, qa { ã¤¥«ì ï ¢« ¦®áâì ¢®§-¤ãå  ¯à¨ z = 0 ¨ z = za; cp { ã¤¥«ì ï â¥¯«®¥¬-ª®áâì ¢®§¤ãå ; T0, Ta { â¥¬¯¥à âãà  ¢®§¤ãå  ¯à¨z = 0 ¨ z = za. �ãé¥áâ¢ãîé¨¥ ¥§ ç¨â¥«ìë¥à §«¨ç¨ï ¢ ª®íää¨æ¨¥â å âãà¡ã«¥â®£® ®¡¬¥ ¨ ¯à®¢®¤¨¬®áâ¨ ¤«ï â¥¯« , ¯ à  ¨ ª®«¨ç¥áâ¢  ¤¢¨-¦¥¨ï «¥£ª® ãç¥áâì, ¢¢®¤ï á¯¥æ¨ «ìë¥ ª®íää¨æ¨-¥âë, ¯à¥¤áâ ¢«ïîé¨¥ á®¡®© ®â®è¥¨ï á®®â¢¥â-áâ¢ãîé¨å ª®íää¨æ¨¥â®¢ ®¡¬¥  ¯à¨ ¥©âà «ì-ëå ãá«®¢¨ïå. � ¤ ®© à ¡®â¥, ®¤ ª®, ¯à¨¨-¬ ï ¢® ¢¨¬ ¨¥ ¢ æ¥«®¬ ¥áãé¥áâ¢¥®áâì ¬¥â¥®-ä ªâ®à®¢ ¤«ï ¨á¯ à¥¨ï ¢« £¨ á ¯®ç¢ë ¨ ®¡ëç®¥®âáãâáâ¢¨¥ ¥®¡å®¤¨¬ëå ¤«ï íâ®£® ¤ ëå, ãª -§ ë¥ ª®íää¨æ¨¥âë áç¨â îâáï à ¢ë¬¨ 1. �®-íää¨æ¨¥â D ï¢«ï¥âáï ¨â¥£à «ì®© å à ªâ¥à¨-áâ¨ª®©, ®âà ¦ îé¥© ®á®¡¥®áâ¨ ¢¥àâ¨ª «ì®£®62 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 61 { 75¯¥à¥®á  ¯ à  ¢ á«®¥ è¥à®å®¢ â®áâ¨ ¨ ¢ëè¥ ¥£®¢¯«®âì ¤® ãà®¢ï z = za. �à¨ ®¯à¥¤¥«¥¨¨ ãª -§ ®£® ª®íää¨æ¨¥â  ¨á¯®«ì§ã¥âáï âà¥åá«®© ïáå¥¬  âãà¡ã«¥â®£® â¥ç¥¨ï ¢¤®«ì è¥à®å®¢ â®©¯®¢¥àå®áâ¨, ¢ª«îç îé ï « ¬¨ àë©, ¯¥à¥å®¤-®© ¨ ¤¨ ¬¨ç¥áª¨© á«®¨.� ¢¨á¨¬®áâì ¢« ¦®áâ¨  áëé¥®£® ¯ à®¬¢®§¤ãå  ®â â¥¬¯¥à âãàë áà¥¤ë T ¢ëà ¦ ¥âáï ¢è¨à®ª®¬ ¤¨ ¯ §®¥ ¨§¬¥¥¨ï T á ¯®¬®éìî ä®à-¬ã«ë � £ãá q� = q0� exp� 17:1T235 + T � ; (2)£¤¥ q0� { ¢« ¦®áâì  áëé¥®£® ¢®§¤ãå  ¯à¨T=273.15 K; T ¢ ä®à¬ã«¥ (2) ¨§¬¥àï¥âáï ¢ oC.�¨§¨ç¥áª®¥ á®áâ®ï¨¥ ¯®ç¢ë ¢¡«¨§¨ ¥¥ ¯®¢¥àå-®áâ¨ ¨ ¢ ®áâ «ì®© ç áâ¨   ¤ ®© áâ ¤¨¨ áã-é¥áâ¢¥® à §«¨ç ¥âáï. �®íâ®¬ã æ¥«¥á®®¡à §® ¢®¡é¥¬ ¯®ç¢¥®¬ á«®¥ ¢ë¤¥«¨âì ¯®¤á«®©, ¯à¨¬ë-ª îé¨© ª ¯®¢¥àå®áâ¨ ¯®ç¢ë, ¤«ï ª®â®à®£® å à ª-â¥àë ¤¢ãåä §ë© å à ªâ¥à â¥ç¥¨ï ¢« £¨, ¨§-ª®¥ ¢« £®á®¤¥à¦ ¨¥, ¡®«ìè¨¥ £à ¤¨¥âë ¤ ¢«¥-¨ï ¨ â¥¬¯¥à âãàë. � ª ç¥áâ¢¥ ¨¦¥© £à ¨-æë ¢ë¤¥«¥®£® (¯à®áëå îé¥£®) á«®ï ¥áâ¥áâ¢¥-® ¢ë¡à âì ¯®¢¥àå®áâì z = �ze,   ª®â®à®© ¤ -¢«¥¨¥ ¯®ç¢¥®© ¢« £¨ Pe (¢á áë¢ îé¥¥ ¤ ¢«¥¨¥ e) ¢ á®®â¢¥âáâ¢¨¨ á ®á®¢ë¬ â¥à¬®¤¨ ¬¨ç¥-áª¨¬ á®®â®è¥¨¥¬ ®¡ãá« ¢«¨¢ ¥â § ¬¥â®¥ á¨-¦¥¨¥ ¢« ¦®áâ¨ ¯®ç¢¥®£® ¢®§¤ãå . �ª § ®¥á®®â®è¥¨¥ ¨¬¥¥â ¢¨¤q = q0� exp�� MgRaT  � ; (3)£¤¥ M { ¬®«¥ªã«ïàë© ¢¥á ¢®¤ë; g { ãáª®à¥¨¥§¥¬®£® ¯à¨âï¦¥¨ï; Ra { £ §®¢ ï ¯®áâ®ï ï; { ¢á áë¢ îé¥¥ ¤ ¢«¥¨¥. �®£« á® á®®â®è¥¨ï(3), ¯à¨ ¬£®¢¥®¬ å à ªâ¥à¥ ®¡¬¥  ¬¥¦¤ã ¯ -à®®¡à §®© ¨ ¦¨¤ª®© ¢« £®© ¢« ¦®áâì q ã¬¥ì-è ¥âáï   1% ¯à¨ ¯®¢ëè¥¨¨  ®â 0 ¤® 142 ¬.¢.áâ.� ¤ «ì¥©è¥¬  e ¯à¨¨¬ ¥âáï à ¢ë¬ 142 ¬, çâ®ã¤®¡® ¤«ï ¯à ªâ¨ç¥áª¨å æ¥«¥© ¡« £®¤ àï ¥£® ¡«¨-§®áâ¨ ª å à ªâ¥à®© ¯®ç¢¥®-¡¨®«®£¨ç¥áª®© ª®-áâ â¥ { ¤ ¢«¥¨î § ¢ï¤ ¨ï  ¢§ (¤«ï ¬®£¨å ¯®ç-¢¥ëå à §®¢¨¤®áâ¥© ®ª §ë¢ ¥âáï  ¢§ � 150¬.¢.áâ.) ¨  «¨ç¨î ¢ «¨â¥à âãà¥ ¬®£®ç¨á«¥ëå¤ ëå ®â®á¨â¥«ì® ¢« ¦®áâ¨ § ¢ï¤ ¨ï (��),á®®â¢¥âáâ¢ãîé¥©  ¢§. �®¥ç®, ¯®¤®¡ë© ¢ë¡®à§ ç¥¨ï  e ¢® ¬®£®¬ ãá«®¢¥ ¨, ª ¯à¨¬¥àã, ¢[12] ¯à¥¤« £ ¥âáï  e, ®â¢¥ç îé¥¥ ¬ ªá¨¬ «ì®©£¨£à®áª®¯¨ç®áâ¨ (®ª®«® 500 ¬.¢.áâ.). �¤ ª®, ¯à¨íâ®¬ ¢« ¦®áâì q ®â«¨ç ¥âáï ®â  áëé¥®© ã¦¥¯®çâ¨   4%, ¨ ¥â ã¢¥à¥®áâ¨ ¢ â®¬,çâ® ¢ª« ¤¨á¯ à¥¨ï ¢« £¨ ¢ ç áâ¨ §®ë  íà æ¨¨, å à ªâ¥-

à¨§ãîé¥©áï ¤ ¢«¥¨¥¬  ¢ ¨â¥à¢ «¥ ®â 142 ¤®500 ¬, ¢ ¢¥«¨ç¨ã E0 ï¢«ï¥âáï ¥áãé¥áâ¢¥ë¬.�¢¨¦¥¨¥ ¯ à  ¢ ¯à®áëå îé¥¬ á«®¥ ¯à®¨áå®-¤¨â, ª ª ¯à ¢¨«®, ¢ áâ æ¨® à®¬ à¥¦¨¬¥ (¥áâ -æ¨® à®áâì §¤¥áì ä ªâ¨ç¥áª¨ ¯à®ï¢«ï¥âáï â®«ì-ª® ¢ á¢ï§¨ á ¨§¬¥¥¨¥¬ ¢® ¢à¥¬¥¨ ä¨§¨ç¥áª¨å å -à ªâ¥à¨áâ¨ª   £à ¨æ å á«®ï) ¨ á ãç¥â®¬ ¢ãâà¨-¯®ç¢¥®£® ¯ à®®¡à §®¢ ¨ï ®¯¨áë¢ ¥âáï ãà ¢¥-¨¥¬ ��Gd2qdz2 + Q(z) = 0; �ze � z � 0; (4)£¤¥ G { ª®íää¨æ¨¥â ¬®«¥ªã«ïà®© ¤¨ääã§¨¨ ¯ à ¢ ¯®ç¢¥, ª®â®àë©, á«¥¤ãï [13, 14], ¬®¦® ¢ëç¨á«¨âì¯® ä®à¬ã«¥ G = G0 � (ms � �)fs: (5)�¤¥áì G { ª®íää¨æ¨¥â ¬®«¥ªã«ïà®© ¤¨ääã§¨¨¯ à  ¢ ¢®§¤ãå¥; ms { ¯®à¨áâ®áâì ¯®ç¢ë; � { ¢« ¦-®áâì ¯®ç¢ë; fs { ä ªâ®à á®¯à®â¨¢«¥¨ï, ª®â®àë©§ ¢¨á¨â ®â � ¨ ®æ¥¨¢ ¥âáï, ¢ ç áâ®áâ¨, ¢ à ¡®-â å [13,15]; Q { ã¤¥«ì ï (  ¥¤¨¨æã ¢ëá®âë) ¨-â¥á¨¢®áâì ¯ à®®¡à §®¢ ¨ï. � ®á®¢®© ç áâ¨¥ áëé¥®© §®ë (�zh � z � �ze) ¢ãâà¨¯®ç-¢¥®¥ ¨á¯ à¥¨¥  áâ®«ìª® ¬ «®, çâ® ¥£® ¬®¦®¥ ¯à¨¨¬ âì ¢® ¢¨¬ ¨¥.�¥à¥®á ¢« £¨ ¢ ¦¨¤ª®© ä §¥, à á¯à¥¤¥«¥¨ï ¤ -¢«¥¨ï  1(z),  2(z) ¢ ¯®¤áëå îé¥¬ ¨ ¢« ¦®¬ á«®-ïå à ááç¨âë¢ îâáï   ®á®¢¥ á«¥¤ãîé¥© á¨áâ¥¬ëáâ æ¨® àëå ãà ¢¥¨© ¢« £®¯¥à¥®á :ddz �K( 1)�d 1dz � 1��+Q(z) = 0;�ze � z � 0; (6)ddz �K( 2)�d 2dz � 1�� = 0; �zh � z � �ze: (7)�«¨ï¨¥ â¥¯«®¢®£® à¥¦¨¬    ä¨§¨ç¥áª®¥ ¨á¯ -à¥¨¥ ï¢«ï¥âáï áãé¥áâ¢¥ë¬ ¨ ¯à®ï¢«ï¥âáï ç¥-à¥§ § ¢¨á¨¬®áâ¨ ¨áå®¤ëå £¨¤à®ä¨§¨ç¥áª¨å ¯ -à ¬¥âà®¢ ¨ å à ªâ¥à¨áâ¨ª ®â T . �¤ ª®, â ªª ª à¥çì ¨¤¥â ® ¢§ ¨¬®á¢ï§ ®¬ ¯¥à¥®á¥ ¢« -£¨ ¨ â¥¯« , â® ¨ â¥¯«®ä¨§¨ç¥áª¨¥ ¯ à ¬¥âàë ¨å à ªâ¥à¨áâ¨ª¨ ¢ á¢®î ®ç¥à¥¤ì § ¢¨áïâ ®â ¢« ¦-®áâ¨ ¯®ç¢ë (¤ ¢«¥¨ï). �®íâ®¬ã á ãç¥â®¬ ¢ëè¥¯à¨ïâëå ¤®¯ãé¥¨© áâ æ¨® àë© â¥¯«®¯¥à¥®á¢ ¤¢ãåá«®©®© ®¡« áâ¨ ¤¢¨¦¥¨ï (¨¦ïï ç áâì®¡« áâ¨ ¯à¨ zT > zh ¬®¦¥â ¡ëâì  áëé¥®©)®¯¨áë¢ ¥âáï á¨áâ¥¬®© ãà ¢¥¨©ddz ��1(�)dT1dz � � L�Q = 0; �ze � z � 0; (8)�. �. �®«ïª®¢ 63



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 61 { 75ddz ��2(�)dT2dz � = 0; �zT � z � �ze; (9)£¤¥ L { ã¤¥«ì ï â¥¯«®â  ¯ à®®¡à §®¢ ¨ï.�«¥¤ã¥â ¯®¤ç¥àªãâì, çâ® ¬®é®áâ¨ ¨¦¥£®á«®ï ¤«ï â¥¯«  ¨ ¢« £¨ ¢ ®¡é¥¬ á«ãç ¥ ¥ á®¢¯ ¤ -îâ (zT > zh ¨«¨ zT < zh).�¨áâ¥¬  ãà ¢¥¨© (1) { (3), (6) { (9) ¤®¯®«ï-¥âáï á«¥¤ãîé¨¬¨ ªà ¥¢ë¬¨ ãá«®¢¨ï¬¨:  ¨¦¨å £à ¨æ å ¯®â®ª®¢ ¢« £¨ ¨ â¥¯« z = �zh ;  =  h; z = �zT ; T2 = Ts; (10)  £à ¨æ¥ ¬¥¦¤ã ¢¥àå¨¬ ¨ ¨¦¨¬ á«®ï¬¨(z = � ze) q = q�(Te) = q�e; 1 =  2 =  e;K �d 1dz � 1� = K �d 2dz � 1� = �E0; (11)T1 = T2; �1dT1dz = �2 dT2dz ;  ¯®¢¥àå®áâ¨ ¯®ç¢ë (z = 0)q = q0; K �d 1dz � 1� = �Ewo;�1 dT1dz = �cpD(Ta � T1) + Rn � L�Ewo: (12)�¤¥áì Te { â¥¬¯¥à âãà  ¯®ç¢ë   £à ¨æ¥z = � ze; ãá«®¢¨¥ (12) ¯à¥¤áâ ¢«ï¥â á®¡®© ãà ¢-¥¨¥ â¥¯«®¢®£® ¡ « á , ¢ ª®â®à®¬ Rn { à ¤¨ -æ¨®ë© ¡ « á ¯à¨ z = 0; Ewo { ¨â¥á¨¢®áâì¨á¯ à¥¨ï ¦¨¤ª®© ¢« £¨ á ¯®¢¥àå®áâ¨ ¯®ç¢ë. �®-«¥§® § ¬¥â¨âì, çâ® ¢ ãá«®¢¨¨ (10)  h = 0 ¯à¨à á¯®«®¦¥¨¨ ���   £«ã¡¨¥ zh.�  ¤ ®© áâ ¤¨¨ ¯®«®áâìî ¯à®á®åè¨© á«®©®âáãâáâ¢ã¥â ¨ ®¡é¥¥ ¨á¯ à¥¨¥, ¨â¥á¨¢®áâìª®â®à®£® E0 ï¢«ï¥âáï ®á®¢ë¬ ¨§ ®¯à¥¤¥«ï¥¬ëå¯ à ¬¥âà®¢ § ¤ ç¨, ä®à¬¨àã¥âáï ¨§ ¨á¯ à¥¨ï¦¨¤ª®© ¢« £¨ ¥¯®áà¥¤áâ¢¥® á ¯®¢¥àå®áâ¨ ¯®ç-¢ë ¨â¥á¨¢®áâìî Ewo ¨ ¯®â®ª  ¯ à , ¨¬¥îé¥£®  íâ®© ¦¥ £à ¨æ¥ ¨â¥á¨¢®áâì Evo, â ª çâ®E0 = Ewo +Evo; (13)¯à¨ç¥¬ Ev = R z�ze Q(�)d�; Evo = Ev(0):�à¨¨¬ ï ¢® ¢¨¬ ¨¥ ®â®á¨â¥«ì® ¥¡®«ì-èãî à §¨æã ¬¥¦¤ã Ta ¨ Te, å à ªâ¥àãî ¤«ïáâ æ¨® àëå ãá«®¢¨©, ¬®¦® ¯à¨¡«¨¦¥® ¢ëà -§¨âì qe = q(�ze) ç¥à¥§ qa ¯ãâ¥¬ à §«®¦¥¨ï ¯à -¢®© ç áâ¨ ãà ¢¥¨ï (2) ¢ àï¤ ¯® áâ¥¯¥ï¬ Te�Ta.

�®£¤ , ¨á¯®«ì§ãï ãá«®¢¨¥ (11) ¤«ï q ¨ á®åà ïï ¯¥à-¢ë¥ ¤¢  ç«¥  àï¤ , ¥á«®¦® ¯®«ãç¨âìqe = q�a + q0�a(Te � Ta); (14)£¤¥ q�a = q�(Ta); q0�a = dq�dT jT=Ta :�¤ ª® ã¦¥ ¯à¨ Te�Ta = 20 oC, çâ® å à ªâ¥à®¤«ï ¯®ç¢ áà¥¤¥© §®ë, ¯®¤¢¥à£ îé¨åáï ¤«¨â¥«ì-®¬ã ¨ááãè¥¨î, ®è¨¡ª  ¯à¨ à áç¥â¥ ¢« ¦®áâ¨q ¢á«¥¤áâ¢¨¥ ¯à¨¬¥¥¨ï ¤¢ãåç«¥®£® ¢ëà ¦¥¨ï(14) ¯à¥¢ëè ¥â 15%. �¥ ã¤ ¥âáï ã¬¥ìè¨âì ¤®1%, ¥á«¨ ãç¥áâì ¢ ã¯®¬ïãâ®¬ à §«®¦¥¨¨ âà¥â¨©ç«¥. �®£à¥è®áâì ¯à¨  å®¦¤¥¨¨ § ç¥¨ï E0,®¡ãá«®¢«¥ ï íâ®© ¦¥ ¯à¨ç¨®©, ï¢«ï¥âáï ¯à¥¤-¬¥â®¬ á¯¥æ¨ «ì®£®   «¨§ .� ª ª ª Q = dEvdz , â® ¨â¥£à¨à®¢ ¨¥ ãà ¢¥¨ï(8) ¢ ¯à¥¤¥« å ®â z ¤® 0 á ãç¥â®¬ (13) ¤ ¥â�1 dT1dz �(Ev�Eo+Ewo)L� = Ho = �1 dT1dz jz=0; (15)  ãà ¢¥¨ï (9) ¢ ¯à¥¤¥« å ®â �ze ¤® z ¡ã¤¥â�2 dT2dz = He = �2 dT2dz jz=0 : (16)� à¥§ã«ìâ â¥ ¯®á«¥¤ãîé¥£® ¨â¥£à¨à®¢ ¨ï ¢ë-à ¦¥¨© (15), (16) á®®â¢¥âáâ¢¥® ¢ ¯à¥¤¥« å ®â�ze ¤® z ¨ ®â �zs ¤® z ¯®«ãç¥®T1 = Te + ! + �Ho � LEo + LEwo��1c (z + ze); (17)T2 = Ts + �He (18)¨, á«¥¤®¢ â¥«ì®,   £à ¨æ¥ z = �ze ¯®ç¢   £à¥-¥âáï (®å« ¤¨âáï) ¤® â¥¬¯¥à âãàëTe = Ts + �eHe: (19)�¤¥áì! = L��1c zZ�ze Ev(�)d�; � = zZ�zs d��2(�) ; �e = �(�ze);ª®íää¨æ¨¥â �1(�(z)) ¢á«¥¤áâ¢¨¥ ¨§ª®£® ¢« £®á®-¤¥à¦ ¨ï ¢ ¯à®áëå îé¥¬ á«®¥ ¨§¬¥ï¥âáï ¥§ -ç¨â¥«ì®, çâ® ®¯à ¢¤ë¢ ¥â ¯à¨¬¥¥¨¥ ¢ à áç¥-â å ¢¬¥áâ® ¥£® ª®áâ âë �1c, ¢ë¡¨à ¥¬®© ª ª§ ç¥¨¥ �1, ¯à¨ ¥ª®â®à®© ¯à®¬¥¦ãâ®ç®© ¢« ¦-®áâ¨ (� < ��).�§ ãá«®¢¨ï (12) á ãç¥â®¬ á®®â®è¥¨© (17) ¨(19) ¢ëâ¥ª ¥â ¢ëà ¦¥¨¥ ¤«ï ¯®â®ª  H0:Ho = h ~D[��1c(Ta � Ts) + L(�1c�e + ze)�64 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 61 { 75�(Eo �Ewo) ���1c!] + ��1cRn � �1cLEwo]== h�(�1c + ze ~D + �1c�e ~D)i ; (20)£¤¥ ~D = �cpD: � ª ¯à ¢¨«®, �e � ze=�1c ¨ â®£¤ ¯ãâ¥¬ ¯®¤áâ ®¢ª¨ ¢ ä®à¬ã«ã (17) ¢ëà ¦¥¨ï (20)á ãç¥â®¬ á®®â®è¥¨ï ¬¥¦¤ã ¯®â®ª ¬¨ â¥¯«  ¨¢« £¨ He = H0 + (Ewo � E0)L� ¬®¦®  ©â¨:Te = Ts + �e� � ~D(Ta � Ts � !) + �Rn � LEo1 + �e ~D : (21)�§ ¢ëà ¦¥¨ï (17) ¢ëâ¥ª ¥â ä®à¬ã«  ¤«ï à áç¥â â¥¬¯¥à âãàë T0   ¯®¢¥àå®áâ¨ ¯®ç¢ëTo = Te�1 + ze�1c�e�� zeTs�1c�e + !: (22)� à¥§ã«ìâ â¥ ¤¢®©®£® ¨â¥£à¨à®¢ ¨ï ãà ¢¥-¨ï (4) á ¨á¯®«ì§®¢ ¨¥¬ ãá«®¢¨© (11), (12) ¯®«ã-ç¥® q = qe � �1c!�GL (23)¨ § ç¨â ¢« ¦®áâì ¯®ç¢¥®£® ¢®§¤ãå  ¯à¨ z = 0á®áâ ¢«ï¥â qo = qe � �1c!o�GL ; (24)£¤¥ !o = !(0).�®¤áâ ®¢ª  ¢ëà ¦¥¨ï (24) ¢ ãà ¢¥¨¥ (1),  § â¥¬ ¨á¯®«ì§®¢ ¨¥ ¯à¥¤áâ ¢«¥¨ï ¤«ï qe (14) ¯®-§¢®«ï¥â ¢ëà §¨âì ®á®¢ãî ¨áª®¬ãî ¢¥«¨ç¨ã E0ç¥à¥§ Te ¨ ®¡®¡é¥ë© ¯ à ¬¥âà ¢ãâà¨¯®ç¢¥-®£® ¨á¯ à¥¨ï !o:Eo = ��D�do � q0�aTa + q0�aTe � �1c!o�GL � ; (25)£¤¥ do = q�a � qa { ¤¥ä¨æ¨â ¢« ¦®áâ¨ ¢®§¤ãå   ¢ëá®â¥ z = za. � â® ¦¥ ¢à¥¬ï, á¢ï§ì ¬¥¦¤ãqo ¨ ¤ ¢«¥¨¥¬  o ¯à¨ z = 0 ãáâ  ¢«¨¢ ¥âáï á¯®¬®éìî á®®â®è¥¨ï (3) (§¤¥áì ¢ ¦® ¯à ¢¨«ì®¢ë¡à âì ¯®«®¦¥¨¥ ¯®¢¥àå®áâ¨ z = 0 ¨ § ç¥¨¥ª®íää¨æ¨¥â  D), ¨ â®£¤  ¤«ï ¯ à ¬¥âà  !o á®¢ ¨á¯®«ì§ãï ¯à¥¤áâ ¢«¥¨¥ (14) ¨ à¥ «¨§ãï â ª®© ¦¥¯®¤å®¤ ¤«ï ®¯à¥¤¥«¥¨ï q0, ¥á«®¦® ¯®«ãç¨âì!o = (a1 + a2Te) exp�� MgRaTe e���(a1 + a2To) exp�� MgRaTo o� ; (26)

£¤¥ a1 = �GL�1c (q�a � q0�aTa); a2 = �GLq0�a�1c :�¡®¡é¥ë© ¯ à ¬¥âà �e, å à ªâ¥à¨§ãîé¨© ¯à®-¢®¤¨¬®áâì ¢« ¦®£® á«®ï ¤® £«ã¡¨ë zT ¤«ï â¥¯-« , § ¢¨á¨â ®â � ¨ ze. � «ìè¥ ¡ã¤¥â ¯®ª § ®, çâ®§ ¢¨á¨¬®áâì ®â ze á« ¡® ¢ëà ¦¥ , ¨ ¤«ï ¯à ª-â¨ç¥áª¨å à áç¥â®¢ ¢¬¥áâ® �e ¬®¦® ¨á¯®«ì§®¢ âì�o = �z(0),   â ª¦¥ ¥ª®â®àë© å à ªâ¥àë© ¤«ïà áá¬ âà¨¢ ¥¬®© á¨âã æ¨¨ ¯à®ä¨«ì. �®á«¥ à¥-è¥¨ï § ¤ ç¨ ¥á«®¦® ãâ®ç¨âì ¢¥«¨ç¨ã �e ¨¯®¢â®à¨âì ¢ëç¨á«¥¨ï, ®, ª ª ¯à ¢¨«®, à §«¨ç¨ï¬¥¦¤ã à¥§ã«ìâ â ¬¨ à áç¥â    ¯¥à¢®© ¨ ¢â®à®©¨â¥à æ¨ïå ¬ «ë ¨ ¯®¤®¡®¥ ãâ®ç¥¨¥ ¢ë¯®«ïâì¯à®áâ® ¥æ¥«¥á®®¡à §®. � ª¦¥ ¢ ¯¥à¢®¬ ¯à¨¡«¨-¦¥¨¨ áç¨â ¥âáï, çâ® ª®íää¨æ¨¥â K ¨ ¤ ¢«¥¨¥ e ¥ § ¢¨áïâ ®â T . �®£¤  ¤¢®©®¥ ¨â¥£à¨à®¢ -¨¥ (7) ¯à¨ ãá«®¢¨ïå (10), (11) ¯®§¢®«ï¥â  ©â¨¯à®ä¨«ì ¤ ¢«¥¨ï ¢® ¢« ¦®© ç áâ¨ §®ë  íà æ¨¨¨ ã¢ï§ âì Eo ¨ ze,   ¨¬¥®: Z h K(�)d�K(�) +Eo = zh + z; eZ h K(�)d�K(�) +Eo = zh � ze; (27)� ãà ¢¥¨¨ (6) ¢á«¥¤áâ¢¨¥ ®â®á¨â¥«ì®© ¬ «®-áâ¨ á¨«ë âï¦¥áâ¨ ¢ ¯à®áëå îé¥¬ á«®¥ ¬®¦® ¯à¥-¥¡à¥çì ¢â®àë¬ ç«¥®¬. � á¯à¥¤¥«¥¨¥ ¤ ¢«¥¨ï¢ íâ®¬ á«®¥ à ááç¨âë¢ ¥âáï   ®á®¢¥ § ¢¨á¨¬®-áâ¨, ª®â®à ï ¯®áâà®¥  ¢ à¥§ã«ìâ â¥ ¤¢®©®£® ¨-â¥£à¨à®¢ ¨ï (6) á ¨á¯®«ì§®¢ ¨¥¬ ãà ¢¥¨ï (4): Z e K(�)d� = Eo(z + ze)� ��G � (qe � q): (28)�®á¯®«ì§®¢ ¢è¨áì ¢ëà ¦¥¨¥¬ (26), ¨§ (28) ¬®¦-® ¯®«ãç¨âì § ¢¨á¨¬®áâì, á¢ï§ë¢ îéãîE0, ze,  o¨ !o, ª®â®à ï § ¬ëª ¥â á¨áâ¥¬ã à áç¥âëå á®®â-®è¥¨©. �â  á¨áâ¥¬  ¯®§¢®«ï¥â ®¯à¥¤¥«ïâì ¢á¥¥¨§¢¥áâë¥ ¯ à ¬¥âàë § ¤ ç¨ ¨ ¯à¥¦¤¥ ¢á¥£® ¨-â¥á¨¢®áâì ¨á¯ à¥¨ï á ¯®¢¥àå®áâ¨ ¯®ç¢ë. �̄ ®-¬ïãâ ï ¦¥ § ¢¨á¨¬®áâì ¨¬¥¥â ¢¨¤ oZ e K(�)d� = Eoze � ��1c!0L : (29)� ª¨¬ ®¡à §®¬, ¤«ï ®¯à¥¤¥«¥¨ï è¥áâ¨ ¥¨§¢¥áâ-ëå ¯ à ¬¥âà®¢ E0, ze,  o, !o, Te, T0 ¨¬¥îâáïè¥áâì á®®â®è¥¨© (21), (22), (25) { (27), (29).�. �. �®«ïª®¢ 65



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 61 { 75� áç¥âë § ¬¥â® ã¯à®é îâáï ¢ á«ãç ¥, ¥á«¨¢ëà ¦¥¨¥ ¤«ï K( ) ¤®¯ãáª ¥â ¯®«ãç¥¨¥ § ç¥-¨© ¨â¥£à «®¢ (27), (29) ¢   «¨â¨ç¥áª®© ä®à-¬¥. � ª, ¥á«¨ ¢®á¯®«ì§®¢ âìáï à¥ª®¬¥¤®¢ ë¬¨¢ à ¡®â å [16, 17] ®¡®¡é¥ë¬¨  ¯¯à®ªá¨¬ æ¨ï¬¨¤«ï £¨¤à®ä¨§¨ç¥áª¨å å à ªâ¥à¨áâ¨ª� = � �s ¯à¨ 0 �  <  i;a� 0;2 ¯à¨  i �  ;K = � ks ¯à¨ 0 �  <  i;ak �2 ¯à¨  i �  ; (30)§¤¥áì �s { ¯®« ï ¢« £®¥¬ª®áâì (¯à¨ ®âáãâáâ¢¨¨§ é¥¬«¥®£® ¢®§¤ãå  à ¢  ¯®à¨áâ®áâ¨); ks {ª®íää¨æ¨¥â ä¨«ìâà æ¨¨; a�, ak { í¬¯¨à¨ç¥áª¨¥ª®áâ âë, â® ¨§ (27) «¥£ª® ¯®«ãç¨âìzh � ze = ks( i �  h)ks +Eo +r akEo  arctanrEoak  e�� arctanrEoak  i! ¯à¨  i �  h; (31)zh � ze =r akEo  arctanrEoak  e � arctanrEoak  h!¯à¨  i �  h;  ¨§ ¢ëà ¦¥¨ï (29) á«¥¤ã¥âak� 1 e � 1 o� = zeEo � ��1c!oL : (32)�à®¬¥ â®£®, ¨§ ãà ¢¥¨ï (27) á ãç¥â®¬ (30) ¢ë-â¥ª îâ § ¢¨á¨¬®áâ¨, ®¯¨áë¢ îé¨¥ à á¯à¥¤¥«¥¨ï¤ ¢«¥¨ï ¨ ¢« ¦®áâ¨ ¢® ¢« ¦®¬ á«®¥: =r akEo tg (rEoak �z + zh � ks( i �  h)ks + Eo �++arctanrEoak  i) ¯à¨  �  i �  h; =r akEo tg "rEoak (z + zh) + arctanrEoak  i#¯à¨  i �  h �  :�¡ëç® rEoak  e � 1, zh � ze, â ª çâ® ¤«ï ¯à ª-â¨ç¥áª¨å æ¥«¥©,  ¯à¨¬¥à, ¢ ¢®¤®¡ « á®¢ëå à á-ç¥â å, ¯à¨ ¬ «ëå  i,  h ¨â¥á¨¢®áâì E0 ¬®¦®®æ¥¨¢ âì, ¨áå®¤ï ¨§ á®®â®è¥¨© (31), á«¥¤ãî-é¨¬ ®¡à §®¬: E0 = �2ak4z2h :

1.2. �à¥âìï áâ ¤¨ï ¨á¯ à¥¨ï�  ¤ ®© áâ ¤¨¨ ¢ á¢ï§¨ á ä®à¬¨à®¢ ¨¥¬ ¯®«-®áâìî ¯à®á®åè¥£® á«®ï ®¡é¨© ¯®ç¢¥ë© á«®© ¯®áãé¥áâ¢ã á®áâ®¨â ã¦¥ ¨§ âà¥å á«®¥¢ - ¢« ¦®£®,¯à®áëå îé¥£® ¨ ¯à®á®åè¥£®. �®é®áâì ¯à®á®å-è¥£® á«®ï zd ¢ ®â«¨ç¨¥ ®â ¬®é®áâ¨ ¯à®áëå î-é¥£® ze�zd, ¤«ï ª®â®à®©, ª ª á¢¨¤¥â¥«ìáâ¢ã¥â ¯®-á«¥¤ãîé¨©   «¨§, å à ªâ¥à® ¬ «®¥ ¯à¥¤¥«ì®¥§ ç¥¨¥, ¢ ¯à¨æ¨¯¥ â ª®£® ®£à ¨ç¥¨ï ¥ ¨¬¥-¥â. �à¨ § ç¨â¥«ì®¬ á¨¦¥¨¨ ¨â¥á¨¢®áâ¨E0 zd ¬®¦¥â § ¬¥â® ¯à¥¢®áå®¤¨âì ze � zd, ¨ â®-£¤  æ¥«¥á®®¡à §® ®¡ê¥¤¨¨âì ¯à®á®åè¨© ¨ ¯à®-áëå îé¨© á«®¨ ¢ ®¤¨ { ¨ááãè ¥¬ë©,   ¨á¯ à¥¨¥®â¥áâ¨ ª ¥£® ¨¦¥© £à ¨æ¥. � ª¨¬ ®¡à §®¬,®â¯ ¤ ¥â ¥®¡å®¤¨¬®áâì ¢ ãà ¢¥¨¨ (6), ãá«®¢¨ïå(12). �à®¬¥ â®£®, ¨§¬¥ïîâáï £à ¨çë¥ ãá«®¢¨ï  ¢¥àå¥© ¨ ¨¦¥© £à ¨æ å ¨ááãè ¥¬®£® á«®ï,  ¨¬¥®:z = 0; �1 dT1dz = ~D(Ta � T1) +Rn; (33)z = �ze; �1 dT1dt = �2 dT2dt + L�E0: (34)� ª®¥æ, ¢á«¥¤áâ¢¨¥ ¯à¨ïâ®£® ¤®¯ãé¥¨ï ® ¯ -à®®¡à §®¢ ¨¨ ¨áª«îç¨â¥«ì®   £à ¨æ¥ ¬¥¦¤ã¢« ¦ë¬ ¨ ¨ááãè ¥¬ë¬ á«®ï¬¨ Q = 0 ãà ¢¥¨¥¤¨ ¬¨ª¨ ¯ à  (4) ã¯à®é ¥âáï, â ª çâ®E0 = ��Gze (qe � q0): (35)�« £®¤ àï § ¬¥â®¬ã ã¯à®é¥¨î ¨áå®¤®© ¬®-¤¥«¨ áãé¥áâ¢¥® ®¡«¥£ç ¥âáï ¢ë¯®«¥¨¥ â¥®à¥-â¨ç¥áª®£®   «¨§ . � ç áâ®áâ¨, à á¯à¥¤¥«¥¨¥â¥¬¯¥à âãàë ¢ ¨ááãè ¥¬®¬ á«®¥ ¯à¨¨¬ ¥â ¢¨¤T1 = Te + �H0 � LE0��1c (z + ze);    £«ã¡¨¥ ze ¯®ç¢  ¢ â¥¯«®¥ ¢à¥¬ï  £à¥¥âáï ¤®â¥¬¯¥à âãàëTe = Ts + �e� � ~D(Ta � Ts) + �Rn � LE01 + �e ~D : (36)�¢ï§ì ¬¥¦¤ã E0 ¨ ze ãáâ  ¢«¨¢ ¥âáï á ¨á¯®«ì-§®¢ ¨¥¬ ãà ¢¥¨© (1), (35) ¨ ¤¢ãåç«¥®£® ¯à¥¤-áâ ¢«¥¨ï ¤«ï qe(T ) (14):E0 = ��DGd0 + q0a�(Te � Ta)zeD + G : (37)�§ á®®â®è¥¨ï (3) á ãç¥â®¬ (36) á«¥¤ã¥â, çâ® ze¢ëà ¦ ¥âáï ç¥à¥§ E0 á«¥¤ãîé¨¬ ®¡à §®¬:ze = b1E0 + b2; (38)66 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 61 { 75£¤¥ b1 = ��G"d0 + q0a�(Ts � Ta + �eRn)1 + �e ~D # ;b2 = �G~D � �G�eq0a�L1 + �e ~D :�à¨ ze = 0, çâ® á®®â¢¥âáâ¢ã¥â ¯¥à¢®© áâ ¤¨¨¨á¯ à¥¨ï, ¨§ ãà ¥¨ï (38) ¢ëâ¥ª ¥â ¯®«ãç¥ ï¢ [4] ®¡®¡é¥ ï ä®à¬ã«  ¤«ï à áç¥â  ¨â¥á¨¢-®áâ¨ ¨á¯ à¥¨ï á ¢« ¦®© ¯®ç¢ë, ãç¨âë¢ îé ï¢«¨ï¨¥   ãª § ë© ¯à®æ¥áá ¥¥ â¥¯«®ä¨§¨ç¥-áª¨å á¢®©áâ¢. � ®¡é¥¬ á«ãç ¥ ze > 0 ¨ ¯à®¨§-¢®«ì®© ä®à¬ë K( ) à áç¥â ï ä®à¬ã«  ¤«ï E0¢ë¢®¤¨âáï ¯ãâ¥¬ ¨â¥£à¨à®¢ ¨ï ãà ¢¥¨ï (7) á¨á¯®«ì§®¢ ¨¥¬ ãá«®¢¨© (10), (11) , ¢ëà ¦¥¨ï ¤«ïze (38) ¨ ¨¬¥¥â ¢¨¤ eZ h K( )d K( ) + Eo = zh + b1E0 + b2: (39)�á«¨ ª®íää¨æ¨¥â K( ) ¬®¦¥â  ¯¯à®ªá¨¬¨à®-¢ âìáï á ¯®¬®éìî ¢ëà ¦¥¨© (30), â® ãà ¢¥¨¥¤«ï à áç¥â  E0 ¯à¨¨¬ ¥â ¢¨¤r akEo  arctanrEoak  e � arctanrEoak  i!++ ks iks + Eo � b1E0 = zh + b2: (40)�à¨ ¤«¨â¥«ì®¬ ¨ááãè¥¨¨ ¯®ç¢ë ¢ ãá«®¢¨ïå¦ àª®£® ª«¨¬ â  (áà¥¤ïï §®  �ªà ¨ë) ¢ëá®-ª¨¥ à ¤¨ æ¨ï ¨ â¥¬¯¥à âãà  ¢®§¤ãå ,   â ª¦¥ ¨§-ª ï â¥¯«®¯à®¢®¤®áâì ¯®ç¢ë á¯®á®¡áâ¢ãîâ § -ç¨â¥«ì®¬ã ¯¥à¥£à¥¢ã ¯®ç¢ë ¢¡«¨§¨ ¥¥ ¯®¢¥àå®-áâ¨. �á«¥¤áâ¢¨¥ íâ®£® à §¨æ  ¬¥¦¤ã â¥¬¯¥à âã-à®© ¢®§¤ãå  ¨ ¯®ç¢ë ®ª §ë¢ ¥âáï § ç¨â¥«ì®©,¤®áâ¨£ ï ¤¥áïâª®¢ £à ¤ãá®¢. � ¯®¤®¡ëå ãá«®¢¨-ïå ¤¢ãåç«¥ ï  ¯¯à®ªá¨¬ æ¨ï (14), ¨á¯®«ì§ã¥¬ ï¤«ï ®¯¨á ¨ï á¢ï§¨ ¬¥¦¤ã ¢« ¦®áâìî ¨ â¥¬¯¥à -âãà®© ¯®ç¢¥®£® á«®ï, ¬®¦¥â ¡ëâì ¥¤®áâ â®ç®â®ç®© ¨ â®£¤  ¥¥ æ¥«¥á®®¡à §® ãâ®ç¨âì, á®åà -¨¢ ¢ à §«®¦¥¨¨ q� ¯® áâ¥¯¥ï¬ T âà¥â¨© ç«¥,  ¨¬¥®,q� = q�a + q0�a(T � Ta) + 0:5q00�a(T � Ta)2; (41)£¤¥ q00�a = d2q�dT 2 jT=Ta :� â ª®¬ á«ãç ¥ ¢¥«¨ç¨  E0 ¬®¦¥â ¡ëâì ¡®«¥¥  -¤¥¦® à ááç¨â     ®á®¢¥ § ¢¨á¨¬®áâ¨E0 = ��DGd0 + q0�a(Te � Ta) + 0:5q00�a(Te � Ta)2zeD +G ;(42)

£¤¥ Te ®¯à¥¤¥«ï¥âáï á®£« á® ¢ëà ¦¥¨ï (36),  â ª¦¥ ãà ¢¥¨ï (7), à¥è ¥¬®£® ¯à¨ ãá«®¢¨ïå (10),(11). � ¨â®£¥ ¤«ï E0 ¯®«ãç¥  á«¥¤ãîé ï ä®à¬ã«  eZ h K( )d K( ) +Eo = zh + c1E0 + c2 + c3E0; (43)£¤¥ c1 = b1 + 0:5�Gq00�a�Ts � Ta + �eRn1 + �e ~D �2 ;c2 = b2 � �Gq00�a�eLTs � Ta + �eRn(1 + �e ~D)2 ;c3 = �Gq00�a�2eL22(1 + �e ~D)2 :2. ���������� ��������� �� �������¥¤®áâ â®ª  ¤¥¦ëå íªá¯¥à¨¬¥â «ìëå ¬ -â¥à¨ «®¢ ®â®á¨â¥«ì® ¢®¤®-ä¨§¨ç¥áª¨å á¢®©áâ¢¯¥à¥®áãè¥ëå ¯®ç¢, ®á®¡¥®áâ¥© ä®à¬¨à®¢ -¨ï ¢®¤®£® ¨ â¥¯«®¢®£® à¥¦¨¬®¢ ¢ ®ªà¥áâ®áâ¨¯®¢¥àå®áâ¨ ¯®ç¢ë ¤® ¥¤ ¢¥£® ¢à¥¬¥¨ á¥àì¥§-® ¯à¥¯ïâáâ¢®¢ « ¤¥â «ì®¬ã ¨§ãç¥¨î ä¨§¨ç¥-áª®£® ¨á¯ à¥¨ï { ®¤®© ¨§ ¢ ¦¥©è¨å á®áâ ¢«ï-îé¨å ¢®¤®£® ¡ « á   £à®- ¨ ¢®¤®å®§ï©áâ¢¥ëå®¡ê¥ªâ®¢. � â®«ìª® ¢ ¯®á«¥¤¨¥ £®¤ë ¢ á¢ï§¨ á®¯ã¡«¨ª®¢ ¨¥¬ à¥§ã«ìâ â®¢ ¨áá«¥¤®¢ ¨© ä¨§¨-ç¥áª¨å å à ªâ¥à¨áâ¨ª ¢ íªáâà¥¬ «ìëå á¨âã æ¨ïå¯®ï¢¨« áì à¥ «ì ï ¢®§¬®¦®áâì ¨§ãç¥¨ï ¨á¯ -à¥¨ï á ¯®¢¥àå®áâ¨ ¯®ç¢ë ¢ è¨à®ª®¬ ¤¨ ¯ §®¥¯à¨à®¤ëå ãá«®¢¨©.2.1. �áå®¤ë¥ ¤ ë¥�á«¥¤áâ¢¨¥ ª«îç¥¢®© à®«¨ ¢®¤®£® à¥¦¨¬  ¯®ç-¢ë ¤«ï ¯à®æ¥áá  ¨á¯ à¥¨ï ®á®¡®¥ § ç¥¨¥ ¯à¨-®¡à¥â ¥â ¢ë¡®à £¨¤à®ä¨§¨ç¥áª¨å å à ªâ¥à¨áâ¨ª.� à ¡®â¥ ¨á¯®«ì§®¢ ë, ¢®-¯¥à¢ëå, ¤ ë¥ ¨§¬¥-à¥¨© ®á®¢®© £¨¤à®ä¨§¨ç¥áª®© å à ªâ¥à¨áâ¨-ª¨ (���) �( ) ¨ ª®íää¨æ¨¥â  ¢« £®¯à®¢®¤®áâ¨K( ) [18] ¤«ï ¤¥à®¢®-áà¥¤¥¯®¤§®«¨áâ®© ¯®ç¢ë,å à ªâ¥à®© ¤«ï § ¯ ¤®£® à¥£¨®  �ªà ¨ë, �¥-ç¥à®§¥¬®© §®ë �®áá¨¨, ¢®-¢â®àëå, ®¡®¡é¥-ë¥ ¯à¥¤áâ ¢«¥¨ï ¤«ï ��� ®á®¢ëå â¨¯®¢ ¬¨-¥à «ìëå ¯®ç¢ ��� [19], ª®â®àë¥   «®£¨çë¯® á¢®¨¬ ä¨§¨ª®-¬¥å ¨ç¥áª¨¬ á¢®©áâ¢ ¬ ç¥à®-§¥¬ã (Palouse B), áã£«¨¨áâ®© (Palouse), áã¯¥áç -®© (Royal) ¨ ¯¥áç ®© (L-soil) ¯®ç¢ ¬ �ªà ¨ë. ��. �. �®«ïª®¢ 67



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 61 { 75¤ «ì¥©è¥¬ ãª § ë¬ ¯®ç¢ ¬ ¤«ï ã¤®¡áâ¢  ¯à¨-á¢ ¨¢ îâáï ®¬¥à  á I ¯® V á®®â¢¥âáâ¢¥® ¢ ¯®-àï¤ª¥ ¨å ã¯®¬¨ ¨ï. �«ï ®¯¨á ¨ï £¨¤à®ä¨§¨ç¥-áª¨å å à ªâ¥à¨áâ¨ª ¯®ç¢ë I ¯à¨¬¥ïîâáï ¢ëà -¦¥¨ï (30) ¯à¨ á«¥¤ãîé¨å § ç¥¨ïå ¢å®¤ïé¨å ¢¨å ª®áâ â: �s = 0:534, a� = 0:307, ks = 0:0864¬/áãâ, ak = 3:78 � 10�4 ¬3=cãâ. � «¨â¨ç¥áª¨¥¯à¥¤áâ ¢«¥¨ï ¤«ï ª®íää¨æ¨¥â®¢ K( ) ãáâ ®-¢«¥ë ¢ á«ãç ¥ ¯®ç¢ II { V â¥®à¥â¨ç¥áª¨¬ ¯ãâ¥¬,¯à¨¨¬ ï ¢® ¢¨¬ ¨¥ ¢ëï¢«¥ãî ¢ àï¤¥ à ¡®â[20, 21] â¥áãî ¢§ ¨¬®á¢ï§ì ¬¥¦¤ã ��� ¨ K( ).�à¨ íâ®¬ ¨á¯®«ì§ãîâáï § ¢¨á¨¬®áâ¨ �( ), ¯®«ã-ç¥ë¥ ¨áå®¤ï ¨§ âà¥å¯ à ¬¥âà¨ç¥áª®© ¬®¤¥«¨,ª®â®àë¥ ¨¬¥îâ ®¡é¨© ¢¨¤��s = 1� r�1 2 ¯à¨ 0 �  �  i; (44)��s = �r�2 �r�3 + r�4 � r�5 ln ¯à¨  i <  �  d:� ç¥¨ï í¬¯¨à¨ç¥áª¨å ª®íää¨æ¨¥â®¢ r�1,...,r�5;  i ¤«ï íâ¨å ¯®ç¢ ¯à¨¢¥¤¥ë ¢ â ¡«. 1. �®-íää¨æ¨¥â  d ¤«ï ¢á¥å ¯®ç¢ ï¢«ï¥âáï ®¤¨ ª®¢ë¬¨ à ¢¥ 107 á¬. �®£¤    ®á®¢¥ ¯à¥¤«®¦¥®£®¢ [22] ®¡®¡é¥®£® ®¯¨á ¨ï K(�) ¢ ¨â¥£à «ì®©ä®à¬¥ ¯®«ãç¥ë á«¥¤ãîé¨¥ ¢ëà ¦¥¨ï ¤«ï ¡¥§-à §¬¥à®£® ª®íää¨æ¨¥â  �K = K=ks:�K = p1� r�1 2(2r�1 i + 1 � 2)2 (�2r�1 + 1 � 2)2¯à¨ 0 �  �  i;�K = qrr�3�2  �r�3 + r�4 � r�5 ln (2r�1 i + 1 � 2)2 � (45)�� r�3rr�3�2r�3 + 1 �r�3�1 + r�5 �1 � 2�¯à¨  i <  �  d;£¤¥ 1 = r�3rr�3�2r�3 + 1 �r�3�1i + r�5 �1i ;2 = r�3rr�3�2r�3 + 1 �r�3�1d + r�5 �1d :�¥¯«®¯à®¢®¤®áâì ®¡é¥£® ¯®ç¢¥®£® á«®ï(¢ª«îç îé¥£® ¯à¨ zT > zh ¨ ç áâì  áëé¥®©§®ë), ª®âà®«¨àãîé ï ®â¢®¤ â¥¯«  ®â ¥¥ ¯¥à¥-£à¥â®© ¯®¢¥àå®áâ¨, å à ªâ¥à¨§ã¥âáï ¢ § ¤ ç¥ ª®-íää¨æ¨¥â®¬ � ¨ ¯à®¨§¢®¤ë¬¨ ®â ¥£® ¯ à ¬¥-âà ¬¨ �e(z), �1c.

�¨á. 1. � ¢¨á¨¬®áâì ¬®é®áâ¨ ¢« ¦®£® á«®ï Z®â ®â®á¨â¥«ì®© ¨â¥á¨¢®áâ¨ ¨á¯ à¥¨ï �E0:1 { ¯®ç¢  I; 2 { ¯®ç¢  IV; 3 { ¯®ç¢  II;4 { ¯®ç¢  III; 5 { ¯®ç¢  V�¡é¥¥ ¯à¥¤áâ ¢«¥¨¥ ¤«ï �, ®âà ¦ îé¥¥ ¥£® § -¢¨á¨¬®áâì ®â ¢« ¦®áâ¨ � ¨ ¯«®â®áâ¨ â¢¥à¤®©ä §ë ¯®ç¢ë �s, á®£« á® [23{27] ¨¬¥¥â ®¡®¡é¥-ãî ä®à¬ã � = rT1 + rT2erT 3� + rT4�: (46)�«ï ¤¥à®¢®-¯®¤§®«¨áâ®© ¯®ç¢ë rT1 = 0:45�s��0:35 = 0:28, rT2 = 0:102,rT3 = 4:7, rT4 = 0 [18],  «®£¨çë¥ ª®íää¨æ¨¥âë ¤«ï ¯®ç¢ II { V ¯à¨¢¥-¤¥ë ¢ â ¡«. 1. � áç¥âë¥ § ç¥¨ï �e ®¡®á®¢ë-¢ îâáï   ¡ §¥ § ¢¨á¨¬®áâ¨ (46) ¢ á«¥¤ãîé¥¬ à §-¤¥«¥. � ª¦¥ ¤«ï ¯®ç¢¥®© áà¥¤ë ¯®« £ «¨áì zT =2 ¬, (ms��)fs = 0:1. �«ï ¢®§¤ãè®© áà¥¤ë ¯à¨¨-¬ «¨áì § ç¥¨ï ä¨§¨ç¥áª¨å ¯ à ¬¥âà®¢, å à ª-â¥àë¥ ¤«ï ª«¨¬ â¨ç¥áª¨å ãá«®¢¨© á¥¢¥àëå à ©-®®¢ �ªà ¨ë: D = 0:009 ¬/á ( ~D = 11:765�¦=(¬2 �á�K)), qa = 0:012, Ta = 293K, Rn = 200�¦=(¬2 �á).� ç¥¨ï � = 1:204ª£=¬3, L = 2:453 � 106�¦=ª£,cp = 1005�¦=(ª£ ��), Go = 2:536 � 10�5 ¬/á ¢ë¡¨-à «¨áì ¯à¨ â¥¬¯¥à âãà¥ áà¥¤ë 293 � ¨ ¢ àì¨à®¢ -«¨áì ¯à¨   «¨§¥ ¨å ¢«¨ï¨ï   à áç¥âë¥ å à ª-â¥à¨áâ¨ª¨. � ¢ëç¨á«¥¨ïå ¨á¯®«ì§®¢ «¨áì â ª¦¥Ra = 8:314�¦=(¬®«ì � �), M = 0:0018 ª£/¬®«ì,q0�a = 0:0009 K�1, q�a = 0:0146.2.2. �¡áã¦¤¥¨¥ à¥§ã«ìâ â®¢�® ¬®£¨å ¯à ªâ¨ç¥áª¨å á«ãç ïå ãà ¢¥¨¥ (27)ï¢«ï¥âáï ®á®¢®¯®« £ îé¨¬ ¤«ï ®æ¥ª¨ ¨â¥-á¨¢®áâ¨ ä¨§¨ç¥áª®£® ¨á¯ à¥¨ï ¨ ¢ æ¥«®¬ áâ -æ¨® à®£® ¢®¤®£® à¥¦¨¬  ª ª ¢ ¨§®â¥à¬¨ç¥-68 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 61 { 75� ¡«. 1. � ç¥¨ï í¬¯¨à¨ç¥áª¨å ª®íää¨æ¨¥â®¢ ¢  ¯à®ªá¨¬ æ¨®ëå ¢ëà ¦¥¨ïå ¤«ï �( ) ¨ �(�)�®íää¨æ¨¥âë r�1 r�2 r�3 r�4 r�5  i rT1 rT2 rT3 rT4�®ç¢  II 1.653 �10�4 1.1 0.15 0.377 0.029 19.6 0.2 0 0 3.514�®ç¢  III 1.731 �10�5 22.8 0.47 0.465 0.029 89.8 0.2 0 0 3.514�®ç¢  IV 1.551 �10�5 72.7 1.24 0.355 0.022 137.2 3.34 -3.11 -3.3 0�®ç¢  V 1.047 �10�4 32.7 1.83 0.403 0.025 57.1 2.506 -2.256 -14.0 0áª¨å, â ª ¨ ¥¨§®â¥à¬¨ç¥áª¨å ãá«®¢¨ïå. � ¯¥à-¢ãî ®ç¥à¥¤ì   ®á®¢¥ ãª § ®£® ãà ¢¥¨ï ¡ë-«  à ácç¨â   § ¢¨á¨¬®áâì E0(Z) ¯à¨ § ¤ ®¬   ¢¥àå¥© £à ¨æ¥ ¢« ¦®£® á«®ï ¬®é®áâìîZ(Z = zh � z¥) ¢ è¨à®ª®¬ ¤¨ ¯ §®¥ ¨§¬¥¥-¨ï ¢®¤®-ä¨§¨ç¥áª¨å á¢®©áâ¢. � ¥¥ ¤«ï àï¤ ¯à®áâ¥©è¨å ä®à¬ «ìëå ®¯¨á ¨© £¨¤à®ä¨§¨ç¥-áª¨å å à ªâ¥à¨áâ¨ª áâ æ¨® à ï ¬®¤¥«ì ¢« £®-¯¥à¥®á  ¡ë«  à¥ «¨§®¢  ,  ¯à¨¬¥à, ¢ [28]. �¥-§ã«ìâ âë à áç¥â®¢ ¬®é®áâ¨ ¢« ¦®£® á«®ï, ¯à¨ª®â®à®© ®¡¥á¯¥ç¨¢ ¥âáï ¨á¯ à¥¨¥ á ¯®¢¥àå®áâ¨¯®ç¢ë á®®â¢¥âáâ¢ãîé¥© ¥© ¯®áâ®ï®© ¨â¥á¨¢-®áâ¨, ¤«ï ¢ë¡à ëå â¨¯®¢ ¯®ç¢ ¯à¨¢¥¤¥ë  à¨á. 1. �®«¥§® § ¬¥â¨âì, çâ® ¢¥«¨ç¨ã E0 ¬®¦-® à áá¬ âà¨¢ âì ª ª ®¡®¡é¥ãî å à ªâ¥à¨áâ¨-ªã  ¯àï¦¥®áâ¨ ¬¥â¥®ãá«®¢¨©   ¯¥à¢®© áâ ¤¨¨¨ ¢®¤®¯à®¢®¤ïé¥© á¯®á®¡®áâ¨ ¢« ¦®© ç áâ¨ §®-ë  íà æ¨¨   ¢â®à®©. �«ï ¯®ç¢ë I á®®â¢¥âáâ¢ã-îé ï ªà¨¢ ï  å®¤¨« áì ¯® ä®à¬ã«¥ (31). �§ à¨á.1 ¢¨¤®, çâ® á ã¢¥«¨ç¥¨¥¬ ¯à®âï¦¥®áâ¨ ¥ -áëé¥®£® ¯®â®ª  ¢« £¨ (¬®é®áâ¨ Z) ¨â¥á¨¢-®áâì E0 ¯ ¤ ¥â, ¨ ¤«ï ¯®ç¢ á ¡®«¥¥ «¥£ª¨¬ ¬¥å -¨ç¥áª¨¬ á®áâ ¢®¬ («ãçè¨¬¨ ä¨«ìâà æ¨®ë¬¨á¢®©áâ¢ ¬¨) § ¤  ï ¢¥«¨ç¨  ¨á¯ à¥¨ï ®¡¥á¯¥-ç¨¢ ¥âáï ¢®áå®¤ïé¨¬ ¯®â®ª®¬ ª ¯¨««ïà®© ¢« £¨¯à¨ ¬¥ìè¥© £«ã¡¨¥ § «¥£ ¨ï ���.� ª ¨§¢¥áâ®,   ¢â®à®© ¨ âà¥âì¥© áâ ¤¨ïå ¯®-â®ª ¢« £¨ ª ®¡« áâ¨ ¨á¯ à¥¨ï (¯à®áëå îé¥¬ãá«®î) «¨¬¨â¨àã¥âáï, £« ¢ë¬ ®¡à §®¬, ¯®¨¦¥-ë¬ ¢« £®á®¤¥à¦ ¨¥¬ ¢ ¢¥àå¥© ç áâ¨ ¥ áë-é¥®© §®ë ¨, ¯® áãâ¨, ®¯à¥¤¥«ïîé¨¬¨ ¤«ï ä¨-§¨ç¥áª®£® ¨á¯ à¥¨ï   íâ¨å áâ ¤¨ïå ï¢«ïîâáï¢®¤®{ä¨§¨ç¥áª¨¥ á¢®©áâ¢  ¯®ç¢ë, ¢« £®¯à®¢®¤-®áâì. �¤ ª® ¢ íªáâà¥¬ «ìëå ãá«®¢¨ïå ¬¥â¥®-®¡áâ ®¢ª  â ª¦¥ ¬®¦¥â ®ª §ë¢ âì § ¬¥â®¥ ¢«¨-ï¨¥, ¬¥à®© ª®â®à®£® ¢ à ¬ª å ¯à¨ïâ®© ¯®áâ -®¢ª¨ § ¤ ç¨ á«ã¦ â ¬®é®áâì ¨ááãè ¥¬®£® á«®ï¨ ª®íää¨æ¨¥â ¢« £®¯à®¢®¤®áâ¨. �®, ¥á«¨ ¯ -à ¬¥âà z¥ § ¢¨á¨â ®â ¬¥â¥®í«¥¬¥â®¢ ¥¯®áà¥¤-áâ¢¥®, â® ª®íää¨æ¨¥â K ®¯®áà¥¤®¢ ® ç¥à¥§á¢ï§ì ¬¥¦¤ã â¥¬¯¥à âãà®© ¯®ç¢ë ¨ â¥¬¨ ¦¥ ¬¥-â¥®¯ à ¬¥âà ¬¨. � æ¥«ìî ®æ¥ª¨ ¢«¨ï¨ï ¬®é®-áâ¨ z¥   ¢¥«¨ç¨ã E0 ¨ ¯®£à¥è®áâ¨ ¢ à áç¥â åE0 ¢á«¥¤áâ¢¨¥ ¯à¥¥¡à¥¦¥¨ï ¨ááãè ¥¬ë¬ á«®¥¬

â ª¦¥ ¡ë«  à cáç¨â   ®â®á¨â¥«ì ï ¬®é®áâì�z¥ = zezh ¤«ï áâ ¤ àâëå ®â®á¨â¥«ìëå ®âª«®¥-¨© (®è¨¡®ª)� �E0 = �E0(Z + ze)� �E0(Z)�E0(Z) :�à¨¢ë¥ �ze( �E0), á®®â¢¥âáâ¢ãîé¨¥ � �E0 = 0.05; 0.1;0.2, ¤«ï ¯®ç¢ I ¨ II ¯®ª § ë   à¨á. 2. �áâ ®¢«¥-®, çâ® ®è¨¡ª  � �E0 ¯®çâ¨ ¥ § ¢¨á¨â ®â �E0 ¨«¨Z (¥§ ç¨â¥«ì® ã¢¥«¨ç¨¢ ¥âáï â®«ìª® ¯à¨ ¡®«ì-è¨å § ç¥¨ïå �E0) ¨ ¯à ªâ¨ç¥áª¨ «¨¥©® ¢®§à -áâ ¥â á ã¢¥«¨ç¥¨¥¬ �ze, â ª çâ® ¢ á«ãç ¥ ¬¨¥à «ì-ëå ¯®ç¢ ¯à¨ ¨§¬¥¥¨¨ E0 ¢ ¯à¥¤¥« å ®â 10�4 ¤®10�1 ¨ �E0 ®â 0 ¤® 0,2 ¬®¦® à¥ª®¬¥¤®¢ âì ¯à¨-¡«¨¦¥ãî ä®à¬ã«ã� �E0 = 1:6�ze: (47)�¯¨à ïáì   ä®à¬ã«ã (47), ¥á«®¦® ®æ¥¨¢ âì®è¨¡ªã ¢ ¢ëç¨á«¥¨ïå E0, á¢ï§ ãî á ä®à¬ «ì-ë¬ ¯¥à¥®á®¬ £à ¨ç®£® ãá«®¢¨ï  =  e á ¢¥àå-¥© £à ¨æë ¢« ¦®£® á«®ï   ¯®¢¥àå®áâì ¯®ç-¢ë, ¨   «¨§¨à®¢ âì § ç¨¬®áâì ¨áå®¤ëå ¯ à -¬¥âà®¢. � ª®© ¯à¨¥¬ ¯®§¢®«ï¥â ãáâà ¨âì áãé¥-áâ¢ãîéãî ¥®¯à¥¤¥«¥®áâì ¢ ¯®áâ ®¢ª¥ ¬ â¥-¬ â¨ç¥áª®© § ¤ ç¨ ¤«ï ¨á¯ à¥¨ï   ¢â®à®© áâ -¤¨¨, ®áâ ¢ ïáì ¯à¨ íâ®¬ ¢ à ¬ª å ¬®¤¥«¨ ¤¨ ¬¨-ª¨ ¨¬¥® ¦¨¤ª®© ä §ë. � ª ª ª   «¨§ § ¢¨á¨¬®-áâ¨ E0 ®â ze ¢ë¯®«ï«áï ¤«ï ¯à¥¤¥«ì®£® (áâ æ¨-® à®£®) á«ãç ï, â® ã¯®¬ïãâë© ¯à¨¥¬ â¥¬ ¡®-«¥¥ ®¯à ¢¤ ® ¯à¨¬¥ïâì ¨ ¤«ï ¥áâ æ¨® àëåãá«®¢¨©. �§ ¢ëè¥áª § ®£® ¢ëâ¥ª ¥â ¢ ¦®áâì®¯à¥¤¥«¥¨ï ¬®é®áâ¨ ze ¨   «¨§  ¢«¨ï¨ï   ¥¥¨áå®¤ëå ¯ à ¬¥âà®¢ ¤«ï ®¡®á®¢ ¨ï ¡®«¥¥ ¯à®-áâ®© ¬®¤¥«¨ ¨á¯ à¥¨ï ¯®ç¢¥®© ¢« £¨ ¨ á®®â-¢¥âáâ¢ãîé¥© à áç¥â®© ¬¥â®¤¨ª¨.�®á«¥¤ãîé¨©   «¨§ ¢ë¯®«ï¥âáï á ¨á¯®«ì§®¢ -¨¥¬ ¬®¤¥«ìëå ¯ à ¬¥âà®¢ ¨ ¤«ï ãá«®¢¨©, ¯à¨ ª®-â®àëå â¥¬¯¥à âãàë© ä ªâ®à ã¦¥ ¨£à ¥â ¢ ¦ãîà®«ì. � ¯®«ãç¥ëå ¢ ¯¥à¢®¬ à §¤¥«¥ à áç¥âëå§ ¢¨á¨¬®áâïå ¬¥à®© â¥¯«®¯à®¢®¤®áâ¨ ¢« ¦®£®¨ ¯à®áëå îé¥£® á«®¥¢ á«ã¦ â ¯ à ¬¥âàë �e ¨ �1c.�æ¥ª  äãªæ¨¨ �e(z) ¨ ª®áâ âë �1c ¢ë¯®«ï-¥âáï   ¡ §¥  ¯¯à®ªá¨¬ æ¨®®£® ¢ëà ¦¥¨ï (45).�. �. �®«ïª®¢ 69
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¡�¨á. 2. � ¢¨á¨¬®áâì ®â®á¨â¥«ì®© ¬®é®áâ¨¨ááãè ¥¬®£® á«®ï �ze ®â ¨â¥á¨¢®áâ¨ �E0:  { ¯®ç¢  I; ¡ { ¯®ç¢  II;1 { � �E0 = 0:2; 2 { � �E0 = 0:1; 3 { � �E0 = 0:05�«ï ¯®ç¢ë I § ç¥¨ï �e, �e0 ¯à¨ zT � zh ¯à¨¡«¨-¦¥® ¢ëç¨á«ï«¨áì á«¥¤ãîé¨¬ ®¡à §®¬ (z � zh):�e = zT � zhrT1 + rT2erT 3�s+ (48)+ zZ�zh d�rT1 + rT2 exp(0:307rT3 �2zh� tg �(� + zh)2zh ��0:2) :�à ä¨ª¨ äãªæ¨¨ �e(z) ¤«ï ¤ ®© ¯®ç¢ë ¯à¨zâ= 2 ¬ ¯à¨¢¥¤¥ë   à¨á. 3. � ç¥¨ï �e0¤«ï zh = 0,5; 1 ¨ 2 ¬ à ¢ë 2,865; 2,154 ¨ 1,88

�¨á. 3. �à ä¨ª¨ äãªæ¨¨ �e(z) ¤«ï ¯®ç¢ë I:1 { zh = 2 ¬; 2 { zh = 1 ¬; 3 { zh = 0:5 ¬¬2 � á ��=�¦ á®®â¢¥âáâ¢¥®. � §«¨ç¨ï ¬¥¦¤ã �e¤«ï ¤ ëå zh ¢®§à áâ îâ á ã¢¥«¨ç¥¨¥¬ z ¨ ¯à¨z = 0 ¤®áâ¨£ îâ 24,8% (á®¯®áâ ¢«¥¨¥ �e ¯à¨ zh= 2 ¨ 1 ¬) ¨ 34; 3% (¯à¨ zh = 2 ¨ 0,5 ¬). �«ï ¯®ç¢ I {V ªà¨¢ë¥ �e(z) ¯à¨ z = 2 ¬ ¯à¥¤áâ ¢«¥ë   à¨á.4. �ãé¥áâ¢¥® ¬¥ìè¨¥ § ç¥¨ï �e (¯® áà ¢¥-¨î á ¯®ç¢®© I) ®¡êïáïîâáï ¡®«ìè¥© â¥¯«®¯à®-¢®¤®áâìî ãª § ëå ¯®ç¢. � ç¥¨ï �e0 ¤«ï ¨åá®áâ ¢«ïîâ 1,246; 1,435; 1,026 ¨ 1,16 ¬2 � á ��=�¦.� æ¥«®¬, ®á®¡¥® ¥á«¨ áã¤¨âì ¯® à¨á. 4, à §¡à®á§ ç¥¨© �0 ¤«ï à §«¨çëå ¯®ç¢ ¨ ®¤¨ ª®¢ëå zh®â®á¨â¥«ì® ¥¡®«ìè®©, ¨ ¥£® ¨§¬¥¥¨¥ á ¢ë-á®â®© ®á¨â ¯®çâ¨ «¨¥©ëå å à ªâ¥à. � ç¥¨¥�1c ¯à¨¨¬ «®áì à ¢ë¬ 0,4 �¦=¬ � á ��, ¨áå®¤ï¨§   «¨§  ä ªâ¨ç¥áª®£® à á¯à¥¤¥«¥¨ï ¢« £¨ ¢§®¥  íà æ¨¨,   â ª¦¥ § ¢¨á¨¬®áâ¨ (46).�á¯®«ì§ãï ¯à¨¢¥¤¥ë¥ ¢ëè¥ ¨áå®¤ë¥ ¤ ë¥,¡ë«¨ à ááç¨â ë ¬®é®áâì �ze, â¥¬¯¥à âãà  Te¨ ¨â¥á¨¢®áâì ¯à¨â®ª  ¦¨¤ª®© ¢« £¨ ª ¯®¢¥àå-®áâ¨ ¯®ç¢ë, ®â¥á¥ ï ª ¬ ªá¨¬ «ì®© ¨â¥-á¨¢®áâ¨ E®m ¨á¯ à¥¨ï (¯à¨ ®âáãâáâ¢¨¨ «¨¬¨â¨-à®¢ ¨ï ¯à®æ¥áá  ¢®¤®{ä¨§¨ç¥áª¨¬¨ á¢®©áâ¢ ¬¨¯®ç¢), �Ewo ¯à¨ ¨§¬¥¥¨¨ �E0 ¯à ªâ¨ç¥áª¨ ¤® �Eom(¤«ï § ¤ ®© ®¡áâ ®¢ª¨ �Eom = 0,0625). � -ë¥ ¢ëç¨á«¥¨©, ¯à¥¤áâ ¢«¥ë¥   à¨á. 5, á¢¨-¤¥â¥«ìáâ¢ãîâ, ¢®-¯¥à¢ëå, ® à¥§ª®¬ ¢®§à áâ ¨¨¬®é®áâ¨ �ze ¢ ®¡« áâ¨ ®ç¥ì ¨§ª¨å § ç¥¨© �E0¨ ¥¥ áâà¥¬«¥¨¨ ª 0 (¤®áâ¨£ ¥âáï ¯à¨ �E0 = �Eom)¯® «¨¥©®¬ã § ª®ã ¯à¨ ¨â¥á¨¢®¬ ¨á¯ à¥¨¨,¢®-¢â®àëå, ® «¨¥©®¬ å à ªâ¥à¥ ¨§¬¥¥¨ï ¯ -à ¬¥âà  Te ¢® ¢á¥¬ à áá¬ âà¨¢ ¥¬®¬ ¤¨ ¯ §®¥§ ç¥¨© �Eo, ¢-âà¥âì¨å, ® áãé¥áâ¢¥®¬ ¢ª« ¤¥¨á¯ à¥¨ï ¦¨¤ª®© ¢« £¨ á ¯®¢¥àå®áâ¨ ¯®ç¢ë ¢ ®¡-é¨© ¯®â®ª ¢« £¨ ¢  â¬®áä¥àã â®«ìª® ¯à¨ ¡®«ìè¨å70 �. �. �®«ïª®¢
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�¨á. 4. �à ä¨ª¨ äãªæ¨¨ �e(z) ¯à¨ zh = 2 ¬:1 { ¯®ç¢  III; 2 { ¯®ç¢  II; 3 { ¯®ç¢  V; 4 { ¯®ç¢  IV
�¨á. 5. �à ä¨ª¨ § ¢¨á¨¬®áâ¥© �ze( �E0) (1);Te( �E0) (2); �Ewo( �E0) (3)§ ç¥¨ïå �E0 (¡®«¥¥ 0,045) ¨,  ®¡®à®â, ®á®¢®¬¢ª« ¤¥ ¢ãâà¨¯®ç¢¥®£® ¨á¯ à¥¨ï ¨ ¯®â®ª  ¯ -à  ¯à¨ ¬¥ìè¥© ¨â¥á¨¢®áâ¨.�«ï ®æ¥ª¨ ¯®£à¥è®áâ¨ � �E0   ¢â®à®© áâ ¤¨¨á®£« á® ä®à¬ã«ë (47) ã¤®¡® ¨á¯®«ì§®¢ âì ¬ ª-á¨¬ «ì® ¢®§¬®¦ãî (¯à¥¤¥«ìãî) ¬®é®áâì ¯à®-áëå îé¥£® á«®ï, ª®â®à ï ®¯à¥¤¥«ï¥âáï ¨áå®¤ï ¨§¢ëà ¦¥¨ï (28) ¯à¨  =  d, z = 0 ¨ ¡ã¤¥âze =  dR e K(�)d� + ��Gqe �e� MgRTe  e � e� MgRT0  d�E0 :(49)�§ à áá¬ âà¨¢ ¥¬ëå ¯®ç¢  ¨¡®«ìè ï ¢¥«¨ç¨-  ze ¨¬¥¥â ¬¥áâ® ¢ á«ãç ¥ ¯®ç¢ë I, ¤«ï ª®â®-

�¨á. 6. � ¢¨á¨¬®áâì ®â®á¨â¥«ì®© ¬®é®áâ¨¯à®áëå îé¥£® á«®ï �ze ®â ¨â¥á¨¢®áâ¨ �E0¯à¨ ä¨ªá¨à®¢ ëå Te:1 { Te = 303oK; 2 { Te = 293oK; 3 { Te = 283oK;4 { � �E0 = 0:05à®© ª®íää¨æ¨¥â K ¨¬¥¥â ¡�®«ìè¨¥ § ç¥¨ï ¯à¨ �  e. �®íâ®¬ã á¢®¥£® à®¤  ¬ ¦®à â  ¤«ï ¢®§-¬®¦ëå ze ¢ ¬¨¥à «ìëå ¯®ç¢ å ¢ëç¨á«ï¥âáï ¯®ä®à¬ã«¥ ze = ak + ��Gqe ee� MgRTe  e eE0 : (50)�®«¥¥ ç¥âª® ¯® áà ¢¥¨î á ¯à¥¤ë¤ãé¨¬ ¯à¨-¬¥à®¬ (à¨á. 5) ¯à®á«¥¦¨¢ ¥âáï ¢«¨ï¨¥ Te  ¬®é®áâì ze ¡« £®¤ àï à¥§ã«ìâ â ¬ à áç¥â �ze( �E0; Te), ¢ë¯®«¥ë¬ ¤«ï ¯®ç¢ë I ¯à¨ âà¥å å -à ªâ¥àëå § ç¥¨ïå Te - 283, 293 ¨ 303 K ¨ ¯®-ª § ëå   à¨á. 6. �«ï  £«ï¤®áâ¨ §¤¥áì â ª¦¥¤   ªà¨¢ ï �ze( �E0), å à ªâ¥à¨§ãîé ï á®®â®è¥-¨¥ ¬¥¦¤ã �ze ¨ �E0, ¯à¨ ª®â®ào¬ ®è¨¡ª  � �E0 ¢á«¥¤-áâ¢¨¥ ¯à¥¥¡à¥¦¥¨ï ¯à®áëå îé¨¬ á«®¥¬ (¯à¨-ïâ¨ï   ¯®¢¥àå®áâ¨ ¯®ç¢ë £à ¨ç®£® ãá«®¢¨ï¯¥à¢®£® à®¤ ) á®áâ ¢«ï¥â 5%. �§ à¨á. 6 á«¥¤ã¥â,çâ® Te ¢ æ¥«®¬ ®ª §ë¢ ¥â ¥§ ç¨â¥«ì®¥ ¢«¨ï-¨¥   ze,   ¨£®à¨à®¢ ¨¥ ¯à®áëå îé¥£® á«®ï ¬®-¦¥â § ¬¥â® ¢«¨ïâì   â®ç®áâì à áç¥â®¢ â®«ìª®¯à¨ ®ç¥ì ¨§ª¨å �E0 � (10�4 � 10�3). � ¨¡®«ì-è ï ¢« £®¯à®¢®¤®áâì ¯®ç¢ë I áà¥¤¨ ¨áá«¥¤ã¥¬ëå¯®ç¢ ¯à¨ ¯®¨¦¥®¬ ¢« £®á®¤¥à¦ ¨¨ ¢ ¥© ¤ ¥â®á®¢ ¨¥ à á¯à®áâà ¨âì ¯®«ãç¥ãî ®æ¥ªã  ¤àã£¨¥ à §®¢¨¤®áâ¨ ¬¨¥à «ìëå ¯®ç¢.� ç¨¬®áâì ¬¥â¥®ãá«®¢¨© ¨ ¥ª®â®àëå ®á®¡¥-®áâ¥© ä®à¬¨à®¢ ¨ï ¯®ç¢¥ëå à¥¦¨¬®¢ ¤«ï¯à®æ¥áá  ¨á¯ à¥¨ï ¯®ç¢¥®© ¢« £¨ ®æ¥¨¢ « áì  ®á®¢¥ á¯¥æ¨ «ì®£®   «¨§  ¢ à¨ ¡¥«ì®áâ¨¬®é®áâ¨ ze. �ã¢áâ¢¨â¥«ì®áâì ®â®á¨â¥«ì®©�. �. �®«ïª®¢ 71



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2002. �®¬ 4 (76), N 1. �. 61 { 75¬®é®áâ¨ ze ¯® ®â®è¥¨î ª ¬¥â¥®¯ à ¬¥âà ¬S = Rn; D; d0; Ta � Ts ¨««îáâà¨àã¥âáï ¤ ë¬¨à áç¥â®¢ ze(S) ¯à¨ ¨§¬¥¥¨¨ S ¤® ¤¢ãå à §, ¯à¨-¢¥¤¥ë¬¨   à¨á. 7. �á®¡¥® § ç¨â¥«ìë¬§¤¥áì ®ª §ë¢ ¥âáï ¢«¨ï¨¥ à ¤¨ æ¨®®£® ä ªâ®-à  (ã¢¥«¨ç¥¨¥ Rn   25% ¯à¨¢®¤¨â ¯à¨ zh= 0,5ª à®áâã �ze   70%). � ¯à®â¨¢®¯®«®¦®áâì íâ®¬ã¤ ¦¥ ¤¢ãªà â®¥ ã¢¥«¨ç¥¨¥ Ta � Ts ¨ D ¥ á¯®-á®¡áâ¢ã¥â áª®«ìª®-¨¡ã¤ì § ¬¥â®¬ã à®áâã �ze. �æ¥«®¬ á®¯®áâ ¢¨â¥«ìë©   «¨§ ¤ ëå (à¨á. 2 ¨7) ¯®¤â¢¥à¦¤ ¥â ¨§¢¥áâë© ¢ë¢®¤ ® á« ¡®¬ ¢«¨-ï¨¨ ¬¥â¥®ãá«®¢¨©   ä¨§¨ç¥áª®¥ ¨á¯ à¥¨¥ ¤«ï¢â®à®© ¨ âà¥âì¥© áâ ¤¨©. �âç áâ¨ ¯®£à¥è®áâì¢ à áç¥â å ¢®¤®- ¨ â¥¯«®ä¨§¨ç¥áª¨å å à ªâ¥à¨-áâ¨ª, ¢¥«¨ç¨ë �ze á¢ï§   á ¥ª®â®àë¬ ¯à®¨§¢®-«®¬ ¯à¨ ¢ë¡®à¥ ¨áå®¤ëå § ç¥¨© ä¨§¨ç¥áª¨å¯ à ¬¥âà®¢ �, G, L, cp, ª®â®àë¥, áâà®£® £®¢®àï,ï¢«ïîâáï äãªæ¨ï¬¨ ®â â¥¬¯¥à âãàë áà¥¤ë. � ªª ª à á¯à¥¤¥«¥¨¥ â¥¬¯¥à âãàë ¢ á¨áâ¥¬¥ ¯®ç¢ { â¬®áä¥à  ãáâ  ¢«¨¢ ¥âáï ã¦¥ ¢ å®¤¥ à¥è¥¨ï¬ â¥¬ â¨ç¥áª®© § ¤ ç¨, â® ¯à¨¨¬ «¨áì ®à¨¥â¨-à®¢®çë¥ § ç¥¨ï ã¯®¬ïãâëå ¯ à ¬¥âà®¢ (¯à¨� = 293�). � íªáâà¥¬ «ìëå ãá«®¢¨ïå, ®¤ ª®,¢®§¬®¦® áãé¥áâ¢¥®¥ ®âª«®¥¨¥ T ®â ®à¬ «ì-®©, çâ® ®¡ãá« ¢«¨¢ ¥â ®¯à¥¤¥«¥ë¥ ¨§¬¥¥¨ï,¢ â®¬ ç¨á«¥ ¨ ãª § ëå ä¨§¨ç¥áª¨å ¯ à ¬¥âà®¢.�à¨¨¬ ï ¯à¨à®áâ â¥¬¯¥à âãàë �T = 20�, ¡ë«¨¢ë¯®«¥ë à áç¥âë �ze ¯à¨ ¨å áª®àà¥ªâ¨à®¢ ëå¯® ä ªâ¨ç¥áª®© â¥¬¯¥à âãà¥ § ç¥¨ïå. �¥§ã«ì-â âë ¢ëç¨á«¥¨© ��ze ¤«ï �, G ¯à¨ �E0, ¬¥ïîé¥¬-áï ®â 0 ¤® 0,05, ¯®ª § ë   à¨á. 8 ¨ á¢¨¤¥â¥«ì-áâ¢ãîâ ® á« ¡®¬ ¢«¨ï¨¨ ¤ ëå ¯ à ¬¥âà®¢  ��ze ¨ â¥¬ ¡®«¥¥   �E0. � à ¬¥âàë L, cp ¢ ¥é¥¬¥ìè¥© áâ¥¯¥¨ ¢«¨ïîâ   �ze (¬¥¥¥ 1%). �®íâ®-¬ã ¯à¨ ¢ëç¨á«¥¨¨ �E0 ¤®áâ â®ç® ¢®á¯®«ì§®¢ âì-áï § ç¥¨ï¬¨ �, G, L, cp,  ¯à¨¬¥à, ¯à¨ T = Ta.� ª¦¥   à¨á. 8 ¨§®¡à ¦¥  ªà¨¢ ï (1), ¡« £®¤ àïª®â®à®© ¬®¦® ®æ¥¨âì ¯®£à¥è®áâì ¯à¨ ®¯à¥¤¥-«¥¨¨ �ze ¨ �E0 ¢á«¥¤áâ¢¨¥ ¯à¨ïâ¨ï ¤«ï qe ¤¢ãåç«¥-®©  ¯¯à®ªá¨¬ æ¨¨ (14). �®®â¢¥âáâ¢ãîé ï ®è¨¡-ª  ��ze  å®¤¨« áì ¯ãâ¥¬ áà ¢¥¨ï § ç¥¨© �ze,à ááç¨â ëå ¯à¨ ¤¢ãå- ¨ âà¥åç«¥ëå  ¯¯à®ª-á¨¬ æ¨ïå (¯®á«¥¤ïï ¢ á¨«ã ¯®çâ¨ ¯®«®£® á®®â-¢¥âáâ¢¨ï â®ç®© § ¢¨á¨¬®áâ¨ qe(T ) ¯à¨¨¬ ¥âáï¢ ª ç¥áâ¢¥ íâ «®®©). �¨¤®, çâ® ®  ¥ ¯à¥¢ë-è ¥â 35% ¨ ¡ëáâà® ã¡ë¢ ¥â á à®áâ®¬ �E0. � ª¨¬®¡à §®¬, áã¤ï ¯® à¨á. 8, ¨á¯®«ì§®¢ ¨¥ ¡®«¥¥ ¯à®-áâ®©  ¯¯à®ªá¨¬ æ¨¨ (14) ¯à¨ ¢ëç¨á«¥¨¨ ¨¬¥®E0 ¢¯®«¥ ®¯à ¢¤ ®. � ª®¥æ, ä®à¬ «ì® ®æ¥-¨¢ «®áì ¢«¨ï¨¥ ¯ à ¬¥âà  �e   ¬®é®áâì �ze¯ãâ¥¬ á®¯®áâ ¢«¥¨ï ¢¥«¨ç¨ë �ze( �E0), à ááç¨â -®© ¤«ï ¯®ç¢ë I ¯à¨ ªà ©¨å § ç¥¨ïå �eo 2,865 ¨1; 88¬2�c�K�¦ , á®®â¢¥âáâ¢ãîé¨å zh = 2 ¨ 0,5 ¬ (à¨á.

8, ªà¨¢ ï 4). � §«¨ç¨ï ¢ �ze ¥ ¯à¥¢ëè «¨ 5%, çâ®á¢¨¤¥â¥«ìáâ¢ã¥â ® á« ¡®¬ ¢«¨ï¨¨ �e ¨ ¢ ¯à ªâ¨-ç¥áª¨å à áç¥â å ¬®¦® ®£à ¨ç¨âìáï ¥£® ®à¨¥-â¨à®¢®çë¬ § ç¥¨¥¬.�ãé¥áâ¢¥ë¥ ¯à®£à¥¢ ¨«¨ ®å« ¦¤¥¨¥ ¯®ç¢ë¢¥¤ãâ ª á®®â¢¥âáâ¢ãîé¥¬ã ¨§¬¥¥¨î ¢ï§ª®áâ¨¢« £¨ ¨, ª ª á«¥¤áâ¢¨¥ íâ®£®, ª®íää¨æ¨¥â  ¢« £®-¯à®¢®¤®áâ¨. �ª § ë¥ ¨§¬¥¥¨ï ¢  ¨¡®«ìè¥©áâ¥¯¥¨ ¯à®ï¢«ïîâáï ¨¬¥® ¢ ¢¥àå¥© ç áâ¨ ®¡-é¥£® ¯®ç¢¥®£® á«®ï, ®â ª®â®à®© £« ¢ë¬ ®¡à -§®¬ ¨ § ¢¨á¨â ä®à¬¨à®¢ ¨¥ ¯®â®ª  ¢« £¨ ª ®¡« -áâ¨ ¨á¯ à¥¨ï. �  ¯à ªâ¨ª¥ ª®íää¨æ¨¥â K ®¯à¥-¤¥«ï¥âáï ¢ à¥§ã«ìâ â¥ ®à£ ¨§ æ¨¨ ¨ ¯à®¢¥¤¥¨ïâàã¤®¥¬ª¨å íªá¯¥à¨¬¥â®¢ ¢ á¯¥æ¨ «ìëå (« ¡®-à â®àëå) ãá«®¢¨ïå, ª®â®àë¥ ç áâ® § ç¨â¥«ì®®â«¨ç îâáï ®â  âãàëå. � ¨â®£¥ â¥¬¯¥à âãà-ë© ä ªâ®à ¬®¦¥â  ªâ¨¢® ¢«¨ïâì   ¯à®æ¥áá ¨á-¯ à¥¨ï á ¯®¢¥àå®áâ¨ ¯®ç¢ë ç¥à¥§ ¢ ¦¥©èãî£¨¤à®ä¨§¨ç¥áªãî å à ªâ¥à¨áâ¨ªã { K( ). �«ï®æ¥ª¨ â ª®£® ¢«¨ï¨ï §¤¥áì ¨á¯®«ì§®¢  ¯®¤å®¤,¯à¥¤«®¦¥ë© ¢ à ¡®â å [29, 30] ¨ ®¯¨à îé¨©áï  ãáâ ®¢«¥ë© íªá¯¥à¨¬¥â «ìë¬ ¯ãâ¥¬ ä ªâ® á®£« á®¢ ®¬ ¨§¬¥¥¨¨ ª®íää¨æ¨¥â  K ¨ ¤¨- ¬¨ç¥áª®© ¢ï§ª®áâ¨ �. � ç áâ®áâ¨, ã¬¥ìè¥-¨¥ ª®íää¨æ¨¥â  � ®â íâ «®®£® § ç¥¨ï �o ¤®¥ª®â®à®£® â¥ªãé¥£®, ®¡ãá«®¢«¥®¥ ¯®¢ëè¥¨¥¬â¥¬¯¥à âãàë ¯®ç¢¥®© áà¥¤ë ¢ ¯à¥¤¥« å ®â T o¤® T , ¢ë§ë¢ ¥â â ª¦¥ ã¢¥«¨ç¥¨¥ ª®íää¨æ¨¥â �, ¯à¨ç¥¬ K(T )K(T 0) = �0� : (51)� ª¨¬ ®¡à §®¬, ä¨§¨ç¥áª¨ ¡®«¥¥ ®¡®á®¢  ï ¢¥-«¨ç¨  K, ª®â®à ï ®âà ¦ ¥â ®á®¡¥®áâ¨ ¢« £®-¯à®¢®¤®áâ¨ ¯®ç¢ë ã¦¥ ¯à¨ à¥ «ìëå à á¯à¥¤¥«¥-¨ïå ¢ ¯®ç¢¥ ¨ ¢« £¨, ¨ â¥¬¯¥à âãàë, ¨á¯®«ì§ã¥-¬ ï ¯à¨   «¨§¥ ¢«¨ï¨ï â¥¯«®¢®£® à¥¦¨¬  ¯®ç¢ë  ä¨§¨ç¥áª®¥ ¨á¯ à¥¨¥, ¢ëç¨á«ï¥âáï á«¥¤ãîé¨¬®¡à §®¬: K = K(T 0)�0� : (52)�¥«¨ç¨ã � ¢ ¯à¥¤¥« å ¨§¬¥¥¨ï T ®â 283 ¤®303 K ¬®¦®  ¯¯à®ªá¨¬¨à®¢ âì § ¢¨á¨¬®áâìî� = �0:0254T + 8:482: (53)� ª®¥æ, ãâ®ç¥ ï ¡« £®¤ àï ãç¥âã § ¢¨á¨¬®-áâ¨ K ®â T ¢¥«¨ç¨  E0 à ááç¨âë¢ « áì ¢ à¥§ã«ì-â â¥ à¥è¥¨ï ãà ¢¥¨ïK0�0�(T2) �d dz � 1� = E0 (54)¯à¨ ãá«®¢¨ïå: z = �zh,  = 0; z = 0,  =  e, £¤¥Ko = K(T o), �(T2) ®¯à¥¤¥«ï« áì ¯® ä®à¬ã«¥ (53),  T2 ¯® (36).72 �. �. �®«ïª®¢
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�¨á. 7. �â®á¨â¥«ì®¥ ¨§¬¥¥¨¥ ¬®é®áâ¨¨ááãè ¥¬®£® á«®ï ��ze ¢ § ¢¨á¨¬®áâ¨®â ¬¥â¥®¯ à ¬¥âà®¢ S = Rn; D; d0; Ta � Ts:1, 3, 5, 7 { ¯à¨ zh = 0:5; 2, 4, 6 { ¯à¨ zh = 2:0;1, 2 { Rn; 3, 6 { d0; 4, 5 { D; 7 { Ta � Ts�¥§ã«ìâ âë à áç¥â®¢ ®â®á¨â¥«ì®© ¢¥«¨ç¨ë� �E0 = �E0 � �E0��E0� ( �E0� { § ç¥¨¥ �E0 ¯à¨ � = �o)¯à¨ ¨§¬¥¥¨¨ å à ªâ¥à®© â¥¬¯¥à âãàë T o ¢¯à¥¤¥« å ®â 283 ¤® 293 K ¨ £«ã¡¨ å § «¥£ ¨ï��� zh = 0:5; 1 ¨ 2 ¬ ¤«ï ¯®ç¢ I ¨ IV ¯à¥¤áâ ¢«¥ë  à¨á. 9. � ª ç¥áâ¢¥ K( ; T o) ¨á¯®«ì§®¢ ë ¯à¨-ïâë¥ ¢ëè¥  ¯¯à®ªá¨¬ æ¨®ë¥ ¢ëà ¦¥¨ï (30),(45). �®¢¥¤¥¨¥ ªà¨¢ëå � �E0(T o) ¤«ï ¢á¥å à áá¬®-âà¥ëå ¯®ç¢ ¨¬¥¥â áå®¤ë© å à ªâ¥à. �á®¡¥-® ®éãâ¨¬® ¢«¨ï¨¥ â¥¬¯¥à âãà®£® ä ªâ®à   ¯à®æ¥áá ¨á¯ à¥¨ï ¯à¨ ¬¥ìè¨å § ç¥¨ïå T o ¨¡®«¥¥ ¨§ª®¬ áâ®ï¨¨ £àãâ®¢ëå ¢®¤. � ª, ¢ á«ã-ç ¥ T o=283 K ¨ zh = 1 ¬ ®âª«®¥¨¥ �E0 ®â �E0�,®¡ãá«®¢«¥®¥ ¥¥ ¥à ¢®¬¥àë¬ ¯à®£à¥¢®¬ (®å« -¦¤¥¨¥¬), ¤«ï ¯®ç¢ë I ¤®áâ¨£«® 43:7%,   ¤«ï ¯®ç-¢ë IV á®áâ ¢¨«® 33:2%. � ®¡®à®â, ¯à¨ ¡«¨§ª®¬ ª¯®¢¥àå®áâ¨ ¯®ç¢ë § «¥£ ¨¨ £àãâ®¢ëå ¢®¤ ®â-¬¥ç¥®¥ ¢«¨ï¨¥ áãé¥áâ¢¥® ®á« ¡¥¢ ¥â,   ¯à¨T o=293 K ¨¬ ¢®®¡é¥ ¬®¦® ¯à¥¥¡à¥£ âì. �â-áî¤  á«¥¤ã¥â ¢ë¢®¤ ® æ¥«¥á®®¡à §®áâ¨ ¤«ï ®æ¥-ª¨ ¥¯à®¤ãªâ¨¢®£® ä¨§¨ç¥áª®£® ¨á¯ à¥¨ï íªá¯¥-à¨¬¥â «ì®£® ®¯à¥¤¥«¥¨ï å à ªâ¥à¨áâ¨ª¨ K( )¯à¨ â¥¬¯¥à âãà¥ ¯®ç¢ë, á®®â¢¥âáâ¢ãîé¥© ä ªâ¨-ç¥áª®© (¯à¥¨¬ãé¥áâ¢¥®  ¡«î¤ ¥¬®©   ®¡ê¥ª-â¥ ¨áá«¥¤®¢ ¨©) T0.�����������â æ¨® àë¥ ¬®¤¥«¨ ¢« £®- ¨ â¥¯«®¯¥à¥®á  ¢á¨áâ¥¬¥ ¯®ç¢ {¯®¢¥àå®áâë© á«®©  â¬®áä¥àë ¢

�¨á. 8. �â®á¨â¥«ì®¥ ¨§¬¥¥¨¥ ��ze ¢ § ¢¨á¨¬®áâ¨®â ¨â¥á¨¢®áâ¨ �E0:1 { qe(T ) ¯® ä®à¬ã«¥ (14); 2 { G(T ); 3 { �(T )æ¥«®¬ ¯à ¢¨«ì® ®âà ¦ îâ ®á®¡¥®áâ¨ ¯à®â¥ª -¨ï ä¨§¨ç¥áª¨å ¯à®æ¥áá®¢ §¤¥áì ¯à¨ áâ ¡¨«ìëå¬¥â¥®ãá«®¢¨ïå. �¨ ï¢«ïîâáï íää¥ªâ¨¢ë¬ ¨-áâàã¬¥â®¬ ¨áá«¥¤®¢ ¨ï § ª®®¬¥à®áâ¥© ä®à-¬¨à®¢ ¨ï ¢®¤®£® ¨ â¥¯«®¢®£® à¥¦¨¬®¢ ¢ ãª -§ ®© á¨áâ¥¬¥, ¯®§¢®«ïï  ¤¥¦® ®æ¥¨¢ âì ¨-â¥á¨¢®áâì ¨á¯ à¥¨ï ¢« £¨ á ®£®«¥®© ¯®ç¢ëE0   ¢â®à®© ¨ âà¥âì¥© áâ ¤¨ïå,   «¨§¨à®¢ âì§ ç¨¬®áâì ¨áå®¤ëå ¯ à ¬¥âà®¢, å à ªâ¥à¨§ãî-é¨å ä¨§¨ç¥áª®¥ á®áâ®ï¨¥ ¤ ®© á¨áâ¥¬ë, ¢« £®-¨ â¥¯«®®¡¬¥ ¬¥¦¤ã ¯®ç¢®© ¨  â¬®áä¥à®©. C æ¥-«ìî à áè¨à¥¨ï ®¡« áâ¨ ¯à¨¬¥¥¨ï à¥§ã«ìâ â®¢¯à®¢¥¤¥®£® â¥®à¥â¨ç¥áª®£®   «¨§  ¯à¨¢«¥ª -«¨áì ¬®£®ç¨á«¥ë¥ ¤ ë¥ ¨§¬¥à¥¨© £¨¤à®- ¨â¥¯«®ä¨§¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¤«ï ®á®¢ëå â¨-¯®¢ ¬¨¥à «ìëå ¯®ç¢: ç¥à®§¥¬ , áã£«¨¨áâ®©,áã¯¥áç ®© ¨ ¯¥áç ®© (å à ªâ¥àë ¤«ï �ªà ¨ë¨ ¤àã£¨å áâà  ¡«¨¦¥£® ¨ ¤ «ì¥£® § àã¡¥¦ìï).�¯à¥¤¥«ïîé¥¥ § ç¥¨¥ ¤«ï ¨á¯ à¥¨ï á ¯®-¢¥àå®áâ¨ ®£®«¥®© ¯®ç¢ë ¥¥ ¢®¤®-ä¨§¨ç¥áª¨åá¢®©áâ¢ ¯®§¢®«ï¥â ¢ ¯¥à¢®¬ ¯à¨¡«¨¦¥¨¨ à áá¬ -âà¨¢ âì ¢« £®¯¥à¥®á ¢ ¯®ç¢¥ ¯à¨ ãáà¥¤¥ëå â¥-¯«®ä¨§¨ç¥áª¨å ãá«®¢¨ïå ¨ ¯ à ¬¥âà å, § ç¥¨ïª®â®àëå ¤®áâ â®ç® ¢ë¡à âì ¨áå®¤ï ¨§ å à ªâ¥à-®© ¤«ï ¨áá«¥¤ã¥¬®£® ®¡ê¥ªâ  â¥¬¯¥à âãàë. �¥-áãé¥áâ¢¥®¥ ãâ®ç¥¨¥ ¢¥«¨ç¨ë E0 ¨ ¤àã£¨åå à ªâ¥à¨áâ¨ª á®áâ®ï¨ï ¯®ç¢ë ¢®§¬®¦® ¯®á«¥ª®àà¥ªâ¨à®¢ª¨ ¬®¤¥«ìëå ¯ à ¬¥âà®¢ á ¨á¯®«ì-§®¢ ¨¥¬ à ááç¨â ëå ¢®¤®£® ¨ â¥¬¯¥à âãà®-£® à¥¦¨¬®¢. �«¨ï¨¥ ¯à¨à®¤ëå (¬¥â¥®à®«®£¨ç¥-áª¨å ¨ ¯®ç¢¥ëå) ãá«®¢¨©   ¯à®æ¥áá ¨á¯ à¥¨ï¤«ï ¢â®à®© ¨ âà¥âì¥© áâ ¤¨©   «¨§¨à®¢ «®áì  ®á®¢¥ § ¢¨á¨¬®áâ¥© ¬®é®áâ¨ ¨ááãè ¥¬®£® á«®ï�. �. �®«ïª®¢ 73
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¡�¨á. 9. �â®á¨â¥«ì®¥ ¨§¬¥¥¨¥ � �E0¢ § ¢¨á¨¬®áâ¨ ®â T o:  { ¯®ç¢  I; ¡ { ¯®ç¢  IV1 { zh = 1 ¬; 2 { zh = 2 ¬; 3 { zh = 0:5 ¬ze ®â ¢ ¦¥©è¨å ä¨§¨ç¥áª¨å ¯ à ¬¥âà®¢. �§¬¥-¥¨¥ ¬¥â¥®í«¥¬¥â®¢   ãª § ëå áâ ¤¨ïå § ¨áª«îç¥¨¥¬ à ¤¨ æ¨®®£® ä ªâ®à  ®âà ¦ «®áì  ¢¥«¨ç¨¥ ze ¢ ¥§ ç¨â¥«ì®© áâ¥¯¥¨ ¨ ¯à ª-â¨ç¥áª¨ ¥ ¢«¨ï«®   ¨â¥á¨¢®áâì E0. �¨à®-ª® ¨á¯®«ì§ã¥¬®¥ ¯à¨ â¥®à¥â¨ç¥áª®¬ ¨§ãç¥¨¨ ¯à®-æ¥áá®¢ ¢« £®- ¨ â¥¯«®¯¥à¥®á  ¢ á®¯à¥¤¥«ìëå ¢®§-¤ãè®© ¨ ¯®ç¢¥®© áà¥¤ å ¯à¨¡«¨¦¥®¥ ®¯¨á -¨¥ § ¢¨á¨¬®áâ¨ ¬¥¦¤ã  áëé¥®© ¢« ¦®áâìî¨ â¥¬¯¥à âãà®© ¢®§¤ãå  á ¯®¬®éìî ¤¢ãåç«¥®-£® ¢ëà ¦¥¨ï ï¢«ï¥âáï ¯à ¢®¬®çë¬ ¨ ¯à¨ áãé¥-áâ¢¥®¬ (¤® 20 £à ¤ãá®¢) ¨§¬¥¥¨¨ T áà¥¤ë ¢¯à¥¤¥« å ¤ ®© á¨áâ¥¬ë.� «¨§ ¯®£à¥è®áâ¨ ¯à¨ à áç¥â å ¢¥«¨ç¨ë

E0, ®¡ãá«®¢«¥®© ¯à¥¥¡à¥¦¥¨¥¬ ¨ááãè ¥¬®£®á«®ï, á¢¨¤¥â¥«ìáâ¢ã¥â ¢ ¯®«ì§ã ¯à¨ïâ¨ï ¤«ï ¢â®-à®© áâ ¤¨¨ ¯®áâ®ï®£® ¢á áë¢ îé¥£® ¤ ¢«¥¨ï e   ¢¥àå¥© £à ¨æ¥ ¯®â®ª  ¯®ç¢¥®© ¢« £¨(¯®¢¥àå®áâ¨ ¯®ç¢ë). � ç¥¨¥  e ¢ë¡¨à «®áì ¨á-å®¤ï ¨§ ®á®¢®£® â¥à¬®¤¨ ¬¨ç¥áª®£® á®®â®è¥-¨ï ª ª å à ªâ¥à¨áâ¨ª  ¯¥à¥å®¤  ®â ®¤®ä §®£®ª ¤¢ãåä §®¬ã â¥ç¥¨î ¯®ç¢¥®© ¢« £¨. � ¨â®£¥¯à¨ïâ®  e = 142 ¬ ¢.áâ., çâ® ¯à¨¡«¨¦¥® á®®â-¢¥âáâ¢ã¥â å à ªâ¥àë¬ ¯®ç¢¥ë¬ ª®áâ â ¬ {¤ ¢«¥¨î ¨ ¢« ¦®áâ¨ § ¢ï¤ ¨ï.1. �ã¤ £®¢áª¨© �. �.�á¯ à¥¨¥ ¯®ç¢¥ëå ¢®¤ / �¨-§¨ª  ¯®ç¢¥ëå ¢®¤.{ �.: � ãª , 1980.{ 13{95 á.2. �¥¬  �. �. � áâ¥¨ï ¨ ¢« £ .{ �.: �̈ ¤à®¬¥â¥®-¨§¤ â, 1968.{ 162 á.3. Katul G. G., Parlange M. B. A Penman - Brutsaertmodel for wet surface evaporation // Water Resour.Res.{ 1992.{ 28.{ P. 121{126.4. �®«ïª®¢ �. �. �®¤¥«¨à®¢ ¨¥ ¨á¯ à¥¨ï á ®£®-«¥®© ¯®ç¢ë. 1. �¥à¢ ï áâ ¤¨ï // �à¨ª«.£¨¤à®¬¥å ¨ª .{ 2001.{ 3(75), N 4.{ �. 28{37.5. �ã¤ £®¢áª¨© �. �. �á¯ à¥¨¥ ¢®¤ë ®£®«¥®© ¯®ç-¢®© // �®¤. à¥áãàáë.{ 1998.{ 25, N 3.{ �. 304{311.6. Idso S. B., Reginato R. J., Jackson R. D., KimballB. A., Nakayama F. S. The three stages of drying ofa �eld soil // Soil Sái. Soc. Am. Proc.{ 1974.{ 38.{P. 831{837.7. �¥«¨ç¥ª® �. �., �®ª®«¥ª® �. �. � â¥¬ â¨ç¥áª®¥¬®¤¥«¨à®¢ ¨¥ ¯à®æ¥áá  ¨á¯ à¥¨ï ¢« £¨ ¨§ ¯®ç-¢ë // �¨®«®£.  ãª¨.{ 1988.{ N 12.{ �. 11{18.8. �àã¡ ç¥¢  �. �., �¥à¯¨ �. �., �ë¬è¨ �. �.�¥®à¨ï ¨ ¬ â¥¬ â¨ç¥áª®¥ ¬®¤¥«¨à®¢ ¨¥ ¯à®æ¥á-á®¢ ¨á¯ à¥¨ï ¨ ª®¤¥á æ¨¨ ¢« £¨ ¢ ¯®ç¢¥ //�®ç¢®¢¥¤¥¨¥.{ 1988.{ N 5.{ �. 42{51.9. Chanzy A, Bruckler Z. Signi�cance of soil surfacemoisture with respect to daily bare soil evapora-tion // Water Resour. Res.{ 1993.{ 29.{ P. 1113{1125.10. Previot Z., Bernard R., Faconet O., Vidal-MadjarEvaporation from a bare soil evaluated using a soilwater transfer model and remotely sensed surface soilmoisture data // Water Resour. Res.{ 1984.{ 20.{P. 311{316.11. Regnolds W. D., Wacker G. K. Development and val-idation of a numerical model simulating evaporationfrom short cores // Soil Sci. Soc. Am. J.{ 1984.{ 48.{P. 960{969.12. �®¢ ª �. �¢¨¦¥¨¥ ¢®¤ë ¢ ¯®ç¢¥ ¯à¨ ¨á¯ à¥¨¨/ �¨§¨ª  ¯®ç¢¥ëå ¢®¤.{ �.: � ãª , 1981.{ C.160{181.13. � © �., �¨ª¥à � �¢¨¦¥¨¥ à áâ¢®à®¢ ¢ á¨áâ¥¬¥¯®ç¢  - à áâ¥¨¥.{ �.: �®«®á, 1980.{ 368 á.14. Kreamer D. K., Weeks E. P., Thompson G. M. A �eldtechnique to measure the tortuosity and sorption-a�ected porosity for gaseous di�usion of materialsin the unsaturated zone with experimental results //Water Resour. Res.{ 1988.{ 24.{ P. 331{341.74 �. �. �®«ïª®¢
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