
ISSN 1561-9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 4. �. 28 { 37��� 556.135+631.432������������� ��������� � ��������� �����1. ������ ������ (������� �����)�. �. ��������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 03.02.2000�  ®á®¢¥ á®¢¬¥áâ®£® à áá¬®âà¥¨ï ¤¨ ¬¨ª¨ â¥¯«  ¨ ¢« £¨ ¢ á®¯à¥¤¥«ìëå ¢®§¤ãè®© ¨ ¯®ç¢¥®© áà¥¤ å ¯®-«ãç¥® ¢ëà ¦¥¨¥ ¤«ï ¨â¥á¨¢®áâ¨ ¨á¯ à¥¨ï á ®£®«¥®© ¯®¢¥àå®áâ¨ ¢« ¦®© ¯®ç¢ë, ãâ®çïîé¥¥ ¨§¢¥áâë¥â¥®à¥â¨ç¥áª¨¥ ä®à¬ã«ë ¤«ï à áç¥â  ¯®â¥æ¨ «ì®£® ¨á¯ à¥¨ï (�¥¬  , �ã¤ £®¢áª®£® ¨ ¤à.). �ë¯®«¥  ®æ¥ª ¢«¨ï¨ï ª ª ¯¥à¥å®¤ëå ¯à®æ¥áá®¢ ¢ ¯®ç¢¥, ®¡ãá«®¢«¥ëå à¥§ª¨¬ ¨§¬¥¥¨¥¬ ¬¥â¥®ãá«®¢¨©, â ª ¨ ä¨§¨ç¥áª¨å ¯ -à ¬¥âà®¢, å à ªâ¥à¨§ãîé¨å ¥¥ á®áâ®ï¨¥. �ª § ë ªà¨â¥à¨¨, ¯à¨ ¢ë¯®«¥¨¨ ª®â®àëå ¢®¤®-ä¨§¨ç¥áª¨¥ á¢®©áâ¢ ¯®ç¢ë, ¬¥â¥®í«¥¬¥âë ¥ «¨¬¨â¨àãîâ ¯à®æ¥áá ¨á¯ à¥¨ï. �«ï ¤¥à®¢®-áà¥¤¥¯®¤§®«¨áâ®© ¯®ç¢ë à ááç¨â ë ¤«¨-â¥«ì®áâì ¯¥à¢®© áâ ¤¨¨ ä¨§¨ç¥áª®£® ¨á¯ à¥¨ï, à áå®¤ë ¢« £¨ ¢ ¯®ç¢¥®¬ ¯à®ä¨«¥ ¨   á¢®¡®¤®© ¯®¢¥àå®áâ¨¯à¨ à §«¨çëå £«ã¡¨ å § «¥£ ¨ï £àãâ®¢ëå ¢®¤ ¨  ç «ìëå à á¯à¥¤¥«¥¨ïå ¢« £¨ ¢ §®¥  íà æ¨¨.�¯¨à îç¨áì   áã¬iá¨© à®§£«ï¤ ¤¨ ¬iª¨ â¥¯«  i ¢®«®£¨ ã áã¬i¦¨å ¯®¢iâàï®¬ã i £àãâ®¢®¬ã á¥à¥¤®¢¨é å ®âà¨-¬ ¨© ¢¨à § ¤«ï ®¡ç¨á«¥ï iâ¥á¨¢®áâi ¢¨¯ à®¢ã¢ ï § ®£®«¥®ù ¯®¢¥àåi ¢®«®£®£® £àãâã, ïª¨© ãâ®çîõ ¢i¤®¬iâ¥®à¥â¨çi ä®à¬ã«¨ ¤«ï ¯®â¥æi©®£® ¢¨¯ à®¢ã¢ ï (�¥¬ , �ã¤ £®¢áìª¨© â  ièi). �¨ª®   ®æiª  ¢¯«¨¢ã ïª¯¥à¥åi¤¨å ¯à®æ¥ái¢ ã £àãâi, §ã¬®¢«¥¨å ài§ª®î §¬i®î ¬¥â¥®ã¬®¢, â ª i äi§¨çiå ¯ à ¬¥âài¢, é® å à ªâ¥à¨§ãîâì©®£® áâ . � ¢¥¤¥i ªà¨â¥àiù, ¯à¨ ¢¨ª® i ïª¨å ¢®¤®-äi§¨çi ¢« áâ¨¢®áâi £àãâã i ¬¥â¥®¥«¥¬¥â¨ ¥ «i¬iâãîâì¯à®æ¥á ¢¨¯ à®¢ã¢ ï. �«ï ¤¥à®¢®-á¥à¥¤ì®¯i¤§®«¨áâ®£® £àãâã à®§à å®¢ i âà¨¢ «iáâì ¯¥àè®ù áâ ¤iù äi§¨ç®-£® ¢¨¯ à®¢ã¢ ï, ¢¨âà â¨ ¢®«®£¨ ¢ ¬¥¦ å £àãâ®¢®£® ¯à®äi«î i   ¢i«ìi© ¯®¢¥àåi ¯à¨ ài§ª¨å £«¨¡¨ å ài¢ï£àãâ®¢¨å ¢®¤ i ¯®ç âª®¢¨å à®§¯®¤i« å ¢®«®£¨ ¢ §®i  ¥à æiù.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.���������á¯ à¥¨¥ ¯®ç¢¥®© ¢« £¨ ¨£à ¥â ¨áª«îç¨-â¥«ì® ¢ ¦ãî à®«ì ¢ ªàã£®¢®à®â¥ ¢®¤ë ¢ ¯à¨à®¤¥¨ ¯®íâ®¬ã ¯®áâ®ï®  å®¤¨âáï ¢ æ¥âà¥ ¢¨¬ -¨ï á¯¥æ¨ «¨áâ®¢, § ¨¬ îé¨åáï â¥®à¥â¨ç¥áª¨-¬¨ ¨ ¯à¨ª« ¤ë¬¨ ¢®¯à®á ¬¨ ¤¢¨¦¥¨ï ¢®¤ë ¨à áâ¢®à®¢ ¢ ¯®ç¢¥ëå íª®á¨áâ¥¬ å ¨  â¬®áä¥-à¥ [1-5]. �¥¬ ¥ ¬¥¥¥, ¥á¬®âàï   ¡®«ìè®¥  -ãç®¥ ¨ ¯à ªâ¨ç¥áª®¥ § ç¥¨¥ íâ®© ¯à®¡«¥¬ë, ®¥¥ à¥è¥¨¨   á®¢à¥¬¥®¬ íâ ¯¥ à §¢¨â¨ï ä¨§¨-ª¨  â¬®áä¥àë ¨ ¯®ç¢ë £®¢®à¨âì ¯à¥¦¤¥¢à¥¬¥®.�¡êïá¥¨¥ §¤¥áì á«¥¤ã¥â ¨áª âì ¢ § ç¨â¥«ìëåâàã¤®áâïå, á ª®â®àë¬¨ ¯à¨å®¤¨âáï áâ «ª¨¢ âì-áï ¯à¨ ä¨§¨ç¥áª®¬ ¨ ¬ â¥¬ â¨ç¥áª®¬ ¬®¤¥«¨à®-¢ ¨¨ ¢§ ¨¬®á¢ï§ ëå âãà¡ã«¥â®£® ¢®§¤ãè®-£® ¯®â®ª , ¢®¤®£® ¨ â¥¯«®¢®£® à¥¦¨¬®¢ ¯®ç¢ë,ª®âà®«¨àãîé¨å ¢« £®- ¨ â¥¯«®®¡¬¥ ¢ á¨áâ¥¬¥¯®ç¢ {¯à¨§¥¬ë© (¯à¨¯®¢¥àå®áâë©) á«®©  â¬®-áä¥àë. �«®¦ë© å à ªâ¥à ¢§ ¨¬®¤¥©áâ¢¨ï ä¨§¨-ç¥áª¨å ¯à®æ¥áá®¢ ¢ ¢®§¤ãè®© ¨ ¯®ç¢¥®© áà¥¤ å,áãé¥áâ¢¥® ®â«¨ç îé¨åáï ¯® á¢®¨¬ á¢®©áâ¢ ¬,á¯®á®¡áâ¢®¢ « à¥ «¨§ æ¨¨ ã¯à®é¥ëå ¯®¤å®¤®¢,ª®â®àë¥ ¤®¯ãáª îâ,  ¯à¨¬¥à, ¯à¥¨¬ãé¥áâ¢¥®¥
¨§ãç¥¨¥ ãª § ëå ¯à®æ¥áá®¢ ¢ ®¤®© ¨§ áà¥¤. �ç áâ®áâ¨, ¢ à ¡®â å [6-9] ¨áá«¥¤®¢ «®áì ¨á¯ à¥-¨¥ á ¢« ¦®© ¯®ç¢ë (¯¥à¢ ï áâ ¤¨ï ¨á¯ à¥¨ï) áãç¥â®¬ ®á®¡¥®áâ¥© ¢¥àâ¨ª «ì®£® ¯¥à¥®á  ¯ -à  ¨ â¥¯«  ¢ ¢®§¤ãè®¬ ¯®â®ª¥ (  ¯à ªâ¨ª¥ {¬¥â¥®ãá«®¢¨©). � â¥ç¥¨¥ ¤«¨â¥«ìëå ¡¥§¤®¦¤¥-¢ëå ¯¥à¨®¤®¢ ¯® ¬¥à¥ ¨ááãè¥¨ï ¢¥àå¥£® á«®ï¯®ç¢ë ¨â¥á¨¢®áâì ¨á¯ à¥¨ï, ª ª ¨§¢¥áâ® [10-13], ¢á¥ ¢ ¡®«ìè¥© áâ¥¯¥¨ ®¯à¥¤¥«ï¥âáï ¥¥ ä¨-§¨ç¥áª¨¬ á®áâ®ï¨¥¬ ¨ á¢®©áâ¢ ¬¨(¢â®à ï ¨ âà¥-âìï áâ ¤¨¨ ¨á¯ à¥¨ï). �¬¥® ¯¥à¢ ï áâ ¤¨ï¨§ãç¥  ¡®«¥¥ ®¡áâ®ïâ¥«ì®, ¡« £®¤ àï ¢®§¬®¦®-áâ¨ ®â®á¨â¥«ì® ¯à®áâ®£® ä®à¬ «ì®£® ®¯¨á ¨ï¤«ï ¥¥ ¤¨ ¬¨ª¨ ¢« £¨ ¨ â¥¯«  ¢  â¬®áä¥à¥ ¨¯®ç¢¥. � ¦¥©è¨¬ à¥§ã«ìâ â®¬ â ª¨å à §à ¡®-â®ª á«¥¤ã¥â áç¨â âì íää¥ªâ¨¢ë¥ â¥®à¥â¨ç¥áª¨¥ä®à¬ã«ë ¤«ï à áç¥â  ¨â¥á¨¢®áâ¨ ¨á¯ à¥¨ï á¯®¢¥àå®áâ¨ ¢« ¦®© ¯®ç¢ë [14-16]. �ãé¥áâ¢¥-ë¬ ¥¤®áâ âª®¬ ä®à¬ã« ï¢«ï¥âáï ¯à¨áãâáâ¢¨¥¢ ¨å ¥¨§¢¥áâ®£® ¯®â®ª  â¥¯« ,  ¯à ¢«¥®£®¢ãâàì ¯®ç¢ë. � å®¦¤¥¨¥ ¢¥«¨ç¨ë â ª®£® ¯®-â®ª , à §à ¡®âª    íâ®© ®á®¢¥ ¡®«¥¥ ä¨§¨ç¥áª¨®¡®á®¢ ®© ¬¥â®¤¨ª¨ à áç¥â  ¯®â¥æ¨ «ì®£®¨á¯ à¥¨ï,  ª®¥æ ª®«¨ç¥áâ¢¥ ï ®æ¥ª  ¢«¨ï-¨ï ¢®¤®- ¨ â¥¯«®ä¨§¨ç¥áª¨å á¢®©áâ¢ ¯®ç¢ë  28 c �. �. �®«ïª®¢, 2001



ISSN 1561-9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 4. �. 28 { 37¢®¤®®¡¬¥ ¬¥¦¤ã ¥© ¨  â¬®áä¥à®©, å à ªâ¥à¨-áâ¨ª ¢®¤®£® à¥¦¨¬  ¯®á«ã¦¨«¨ æ¥«ìî ¤ ®© à -¡®âë. � ¤¥©áâ¢¨â¥«ì®áâ¨, ®¤ ª®, ¨â¥á¨¢®¥ä¨§¨ç¥áª®¥ ¨á¯ à¥¨¥ ¢ â¥¯«®¥ ¢à¥¬ï £®¤  ¯à®¤®«-¦ ¥âáï ¥¤®«£® (®¡ëç® áãâª¨{¤¢®¥) ¨§-§  ®£à -¨ç¥®áâ¨ § ¯ á®¢ ¯®ç¢¥®© ¢« £¨ ¯à¥¦¤¥ ¢á¥-£® ¢ ¯à¨¯®¢¥àå®áâ®¬ á«®¥ ¨ à¥§ª®£® á¨¦¥¨ï¢« £®¯à®¢®¤®áâ¨ ¯®ç¢ë ¯à¨ ¨å áà ¡®âª¥. �á®¢-ãî ¦¥ ç áâì ¢à¥¬¥¨ ¨á¯ à¥¨¥ ¯à®¨áå®¤¨â ¯à¨¨§ª®© ¢« ¦®áâ¨ ¢ ¢¥àå¥© ç áâ¨ §®ë  íà æ¨¨.� å®âï íâ® ®¡ãá« ¢«¨¢ ¥â § ç¨â¥«ì®¥ ã¬¥ìè¥-¨¥ ¯à¨â®ª  ª ¯¨««ïà®© ¢« £¨ ª ®¡« áâ¨ ¨á¯ -à¥¨ï, ® ¢á¥-â ª¨ ®á®¢ë¥ ¯®â¥à¨ ¢« £¨ §  ¢¥áìá¥§® (à ïï ¢¥á  { ¯®§¤ïï ®á¥ì) ¨¬¥îâ ¬¥áâ®§  áç¥â ¨á¯ à¥¨ï   ¢â®à®© ¨ âà¥âì¥© áâ ¤¨ïå.�®íâ®¬ã § ª®®¬¥à®áâ¨ ä®à¬¨à®¢ ¨ï ¯®â®ª®¢¢« £¨ ¨ â¥¯«  ¢ ¯à®áëå îé¥© ¯®ç¢¥ § á«ã¦¨¢ îâá¯¥æ¨ «ì®£® à áá¬®âà¥¨ï ¨ ¡ã¤ãâ ¯à¥¤¬¥â®¬ ¨á-á«¥¤®¢ ¨© ¢ á«¥¤ãîé¥© à ¡®â¥.1. ���������� � ������� �������á®¢ã ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ â¥¯«®- ¨ ¢« -£®®¡¬¥  ¢ á¨áâ¥¬¥ ¯®ç¢ { â¬®áä¥à  ¯à¨ à áç¥-â¥ ¨á¯ à¥¨ï   ¯¥à¢®© áâ ¤¨¨ á®áâ ¢«ïîâ ãà ¢-¥¨¥ ¯¥à¥®á  ¯ à®®¡à §®© ¢« £¨ ¢ ¯à¨§¥¬®¬á«®¥  â¬®áä¥àë ¨ § ¢¨á¨¬®áâì ã¤¥«ì®© ¢« ¦®-áâ¨ ¢®§¤ãå  ¯à¨  áëé¥¨¨ ®â â¥¬¯¥à âãàë (ä®à-¬ã«  � £ãá ):E = aq�D(q0 � qa); (1)q� = q�0 exp� 17:1T235 + T � ; (2)£¤¥ E { âãà¡ã«¥âë© ¯®â®ª ¢« £¨, ª£H2O¬2 � á ; aq {¯®¯à ¢®çë© ª®íää¨æ¨¥â, ãç¨âë¢ îé¨© ®á®¡¥-®áâ¨ âãà¡ã«¥â®£® ¯¥à¥®á  ¯ à ; � { ¯«®â®áâì¢« ¦®£® ¢®§¤ãå  ª£=¬3; D { âãà¡ã«¥â ï ¯à®¢®-¤¨¬®áâì á«®ï ¢®§¤ãå  ¬¥¦¤ã ¯®¢¥àå®áâï¬¨ ¯®ç¢ë(z = 0) ¨ áâ ¤ àâëå ¨§¬¥à¥¨© ¬¥â¥®¯ à ¬¥-âà®¢ (z = za), ¬/á; q0, qa { ã¤¥«ìë¥ ¢« ¦®áâ¨¢®§¤ãå  ã ¯®¢¥àå®áâ¨ ¯®ç¢ë ¨   ¢ëá®â¥ z = za;q�, q�0 { â¥ªãé ï ¨ áâ ¤ àâ ï (¯à¨ T = 0oC)  -áëé îé¨¥ ¢« ¦®áâ¨ ¢®§¤ãå ; T { â¥¬¯¥à âãà ¢®§¤ãå , oC.�«¥¤ãï [1, 17], ¢¬¥áâ® ä®à¬ã«ë (2) ¨á¯®«ì§ã¥âáï¥¥ ã¯à®é¥ë©   «®£, ¯®«ãç¥ë© ¢ à¥§ã«ìâ â¥à §«®¦¥¨ï äãªæ¨¨ q� ¢ àï¤ �¥©«®à  ¢ ®ªà¥áâ®-áâ¨ T = Ta(z = za). �®£¤ , á®åà ¨¢ ¤¢  ç«¥ àï¤ , ¬®¦® ¯®«ãç¨âì ¢ëà ¦¥¨¥q0 = q�(T0) = q� + q0�a(T0 � Ta); (3)

£¤¥ T0, Ta { § ç¥¨ï â¥¬¯¥à âãàë ¢®§¤ãå    ¯®-¢¥àå®áâ¨ ¯®ç¢ë ¨   ¢ëá®â¥ za; q�a {  áëé -îé ï ã¤¥«ì ï ¢« ¦®áâì ¢®§¤ãå  ¯à¨ T = Ta,q0�a = dq�dT ����T=Ta :�à ¢¥¨ï (1), (3) ¢ ®â«¨ç¨¥ ®â è¨à®ª® ¯à¨¬¥-ï¥¬®£® ¯®¤å®¤  á ¨á¯®«ì§®¢ ¨¥¬ ãá«®¢¨ï â¥¯«®-¢®£® ¡ « á  ¯à¨ z = 0, ¤®¯®«ïîâáï ¥áâ æ¨® à-®© ¬®¤¥«ìî â¥¯«®¯¥à¥®á  ¢ ¯®ç¢¥®¬ á«®¥ [18],¢ª«îç îé¥© ãà ¢¥¨¥ â¥¯«®¯à®¢®¤®áâ¨@@z ��@T@z � = C @T@t ; (4)  â ª¦¥ á«¥¤ãîé¨¥ £à ¨çë¥ ¨  ç «ìë¥ ãá«®-¢¨ï: z = �zs; T = Ts;z = 0; �@T@z = �cpD(Ta � T ) + Rn � LE; (5)T = T0;t = 0; T = T 0:�¤¥áì � { ª®íää¨æ¨¥â â¥¯«®¯à®¢®¤®áâ¨, �¦=(¬ �á � �); C { ®¡ê¥¬ ï â¥¯«®¥¬ª®áâì, �¦=(¬3 � �);zs { £«ã¡¨  § «¥£ ¨ï á«®ï ¯®ç¢ë á ¯®áâ®ï®© ¢â¥ç¥¨¥ à áç¥â®£® ¯¥à¨®¤  â¥¬¯¥à âãà®© Ts, ¬;cp { ã¤¥«ì ï â¥¯«®¥¬ª®áâì ¢®§¤ãå  ¯à¨ ¯®áâ®ï-®¬ ¤ ¢«¥¨¨, �¦=(ª£ ��); Rn { à ¤¨ æ¨®ë© ¡ -« á   ¯®¢¥àå®áâ¨ ¯®ç¢ë, �¦=(¬2 � c); L { ã¤¥«ì- ï â¥¯«®â  ¯ à®®¡à §®¢ ¨ï, �¦=ª£; T 0(z) {  -ç «ì®¥ à á¯à¥¤¥«¥¨¥ â¥¬¯¥à âãàë ¢ ¯®ç¢¥.�«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ à¥ «ìëå ãá«®¢¨ïå¢á«¥¤áâ¢¨¥ áãé¥áâ¢¥®£® ¨§¬¥¥¨ï ¢« ¦®áâ¨ ¨¢®¤®-ä¨§¨ç¥áª¨å á¢®©áâ¢ ¯®ç¢ë á £«ã¡¨®© ¨ ¢®¢à¥¬¥¨ ª®íää¨æ¨¥âë � ¨ C ä ªâ¨ç¥áª¨ ï¢«ïîâ-áï äãªæ¨ï¬¨ ®â z ¨ t. �¥¬ ¥ ¬¥¥¥ ¤«ï ¢« ¦-®© ¯®ç¢ë ¨§-§  ®â®á¨â¥«ì® á« ¡®£® ¢§ ¨¬®¤¥©-áâ¢¨ï ¢®¤®£® ¨ â¥¯«®¢®£® ¯®ç¢¥ëå à¥¦¨¬®¢,  â ª¦¥ ¢ëá®ª®£® ¢« £®á®¤¥à¦ ¨ï ¤®áâ â®ç® ¯à¨¬®¤¥«¨à®¢ ¨¨ ä¨§¨ç¥áª¨å ¯à®æ¥áá®¢ ¨á¯®«ì§®-¢ âì íää¥ªâ¨¢ë¥ (®áà¥¤¥ë¥ ¯® t,   ¢ ¥ª®â®-àëå á«ãç ïå ¨ ¯® z) ¢¥«¨ç¨ë �(z) ¨ C(z).�«ï à¥ «¨§ æ¨¨ ¯®áâ ¢«¥ëå æ¥«¥© ¡ë«® ¯®«ã-ç¥® ¯à¨¡«¨¦¥®¥   «¨â¨ç¥áª®¥ à¥è¥¨¥ ¬®¤¥-«¨ (4), (5), ¯à®áâ®¥ ¯® ä®à¬¥, ¡«¨§ª®¥ ª â®ç®¬ã¨ ã¤®¡®¥ ¤«ï ¨á¯®«ì§®¢ ¨ï ¢ ¯à¨«®¦¥¨ïå. �à¥§ã«ìâ â¥ ç áâ¨ç®£® ®áà¥¤¥¨ï ¯à ¢®© ç áâ¨ãà ¢¥¨ï (4) ¯®áâà®¥  § ¢¨á¨¬®áâì ¤«ï à á¯à¥-¤¥«¥¨ï â¥¬¯¥à âãàë ¯® ¢ëá®â¥ ¯®ç¢¥®£® á«®ï:T = Ts + �dTcdt + �H0; (6)�. �. �®«ïª®¢ 29



ISSN 1561-9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 4. �. 28 { 37£¤¥� = zZ�zs Czdz� ; Tc = 1zs 0Z�zs Tdz; � = zZ�zs dz� ;H0 = �@T@z ����z=0; Cz = Z Cdz:� ª®© ¯à¨¥¬ ¯à¨¢®¤¨â ª ¯®â¥à¥ ç áâ¨ ¨ä®à¬ -æ¨¨ ®  ç «ì®¬ ¯à®ä¨«¥ â¥¬¯¥à âãàë (ä ªâ¨ç¥-áª¨ ¯®«ãç ¥¬®¥ à¥è¥¨¥ ®â¢¥ç ¥â ®áà¥¤¥®¬ã ¢¯à¥¤¥« å à áç¥â®£® á«®ï  ç «ì®¬ã â¥¯«®á®¤¥à-¦ ¨î).�§ á®®â®è¥¨ï (6) ¢ëâ¥ª ¥â, çâ® â¥¬¯¥à âãà ¯®ç¢ë   ¥¥ ¯®¢¥àå®áâ¨ ¡ã¤¥âT0 = Ts + �0dTcdt + �0H0; (7)£¤¥ �0 = �(0; t), �0 = �(0; t).�á«¨ ®¡®§ ç¨âì ¤¥ä¨æ¨â ¢« ¦®áâ¨ q�� qa ç¥-à¥§ d0, â® á ¨á¯®«ì§®¢ ¨¥¬ ãà ¢¥¨ï (7), ¢ëà -¦¥¨ï ¤«ï ¨â¥á¨¢®áâ¨ EE = aq�D[d0 + q0�a(T0 � Ta)]; (8)  â ª¦¥ £à ¨ç®£® ãá«®¢¨ï ¯à¨ z = 0 (5) ¯®á«¥á«®¦ëå ¯à¥®¡à §®¢ ¨© ¬®¦® ¯®«ãç¨âì áãé¥-áâ¢¥® ¡®«¥¥ ¯à®áâãî ¬®¤¥«ì ®â®á¨â¥«ì® áà¥¤-¥© ¢ ¯à¥¤¥« å à áç¥â®£® á«®ï â¥¬¯¥à âãàë Tc:dTcdt + Tc = �; (9)t = 0; Tc = T 0c = 1zs 0Z�zs T 0dz:�¤¥áì  = (�c�c'� �c)�1; � = Ts + �c ;�c = 1zs 0Z�zs �dz; �c = 1zs 0Z�zs �dz;' = �D cp + q0�aL1 + �cp�cD + ��cq0�aLD ; = �D(cp + q0�aL)(Ta � Tc) + Rn � �d0LD1 + �cp�cD + ��cq0�aLD :� ª ã¦¥ ®â¬¥ç «®áì, ¢ ®¡é¥¬ á«ãç ¥ ¯ à ¬¥âàë�0, �0, �c, �c,   á«¥¤®¢ â¥«ì®, ¨ , � ¬®¦® áç¨-â âì ¨§¢¥áâë¬¨ äãªæ¨ï¬¨ ®â t, â ª çâ®Tc(t) = 24T 0c + tZ0 � exp( �Z0 d�)d�35 exp(� tZ0 d�):(10)

� ¤ «ì¥©è¥¬, ®¤ ª®, ¯à¨¢®¤ïâáï à áç¥âë¥§ ¢¨á¨¬®áâ¨ ¨ ¢ë¯®«ïîâáï ¢ëç¨á«¥¨ï ¤«ï ª®-íää¨æ¨¥â®¢ �, C, ¬¥ïîé¨åáï â®«ìª® ¯® £«ã¡¨-¥. �«ï ®¡®á®¢ ¨ï ¯®¤®¡®£® ã¯à®é¥¨ï ¡ã¤¥â¯à®¢¥¤¥   «¨§ çã¢áâ¢¨â¥«ì®áâ¨ ¢¥«¨ç¨ë E ¯®®â®è¥¨î ª ¯ à ¬¥âà ¬ �, �. �®£¤  ä®à¬ «ì-ë¥ ¢ëà ¦¥¨ï áãé¥áâ¢¥® ã¯à®é îâáï, ®âà -¦ ï â¥¬ ¥ ¬¥¥¥ ¢ ¦¥©è¨¥ ®á®¡¥®áâ¨ ä®à¬¨-à®¢ ¨ï â¥¯«®¢®£® à¥¦¨¬  ¢ ¯®ç¢¥. �¡®¡é¥¨¥  á«ãç © �(z; t) ¨ C(z; t) ¯à¨ ¥®¡å®¤¨¬®áâ¨ ¥-á«®¦® ¢ë¯®«¨âì, ®¯¨à ïáì   á®®â®è¥¨¥ (10).�á«¨ ¦¥ � = �(z), C = C(z), â® § ¢¨á¨¬®áâì (10)¯à¨¢®¤¨âáï ª ¢¨¤ãTc = (T 0c � �) exp(�t) + �: (11)�¥«¨ç¨  T0(t)  å®¤¨âáï ¢ à¥§ã«ìâ â¥ ¯®¤áâ ®¢-ª¨ ¢ëà ¦¥¨ï (11) ¢ ãà ¢¥¨¥ (7):T0 = Ts+�0 +(T 0c �Ts��0 )�0�0' � �0�0�c' � �c exp(�t):(12)�®â®ª â¥¯«  ¢ ¯®ç¢ã ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥H0 =  + �0'(T 0c � �) exp(�t): (13)�â¥á¨¢®áâì ¨á¯ à¥¨ï ¢« £¨ á ãç¥â®¬ ¯¥à¥å®¤-ëå ¯à®æ¥áá®¢ ¢ ¯®ç¢¥ ¢ëà ¦ ¥âáï § ¢¨á¨¬®áâìîE(t) = E0 + aq�q0�aD � (T 0c � Ts � �0 )� (14)��0�0'� �0�0�c'� �c exp(�t);£¤¥E0 = aq�D (1 + �cp�0D)dc � q0�a(Ts � Ta � �0Rn)1 + �cp�0D + ��0q0�aLD :(15)�®áâ ¢«ïîé ï E0 ¤ ¥â ®á®¢®© ¢ª« ¤ ¢ ¢¥«¨ç¨ãE(t), ¨ ¤«ï ¢®¤®¡ « á®¢ëå à áç¥â®¢ ¤®áâ â®ç®§ âì § ç¥¨¥ E0. �à¨ �cp�0D � 1 ä®à¬ã«  (15)ã¯à®é ¥âáï ª ¢¨¤ãE0 = �cpd0Dcp + q0�aL + q0�acp + q0�aL �Rn � Ta � Ts�0 � (16)¨ ä®à¬ «ì® á®¢¯ ¤ ¥â á ä®à¬ã«®© �.�. �ã¤ £®¢-áª®£® [14], ¥á«¨ ¯®«®¦¨âì G = (Ta � Ts)=�0.�à¨ ¨§¢¥áâëå ¨ ¯®áâ®ïëå E ¨ Rn Tc â ª¦¥®¯à¥¤¥«ï¥âáï á®£« á® § ¢¨á¨¬®áâ¨ (11), ¯à¨ç¥¬ =  �0�c ~D1 + �c ~D � �c!�1 ; (17)� = Ts + �c ~D(Ta � Ts) + Rn � LE1 + �0 ~D ; ~D = �cpD:30 �. �. �®«ïª®¢



ISSN 1561-9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 4. �. 28 { 37�¥¬¯¥à âãà  ¨ ¯®â®ª â¥¯«    £à ¨æ¥ ¢®§¤ãè®©¨ ¯®ç¢¥®© áà¥¤ ¡ã¤ãâT0 = Ts+ �0 ~D(Ta � Ts)1 + �0 ~D + �01 + �0 ~D (��T 0c ) exp(�t);(18)H0 = ~D(Ta � Ts) +Rn � LE1 + �0 ~D �� �0 ~D1 + �0 ~D (� � T 0c ) exp(�t):�®«ãç¥®¥ ¯à¨¡«¨¦¥®¥ à¥è¥¨¥ ¬®¦¥â ¤ -¢ âì § ¬¥âãî ¯®£à¥è®áâì ¢ à áç¥â å å à ªâ¥-à¨áâ¨ª â¥¯«®¢®£® à¥¦¨¬  (à á¯à¥¤¥«¥¨¥ â¥¬¯¥-à âãàë, ¯®â®ª â¥¯« ) ¢  ç «ìë© ¯¥à¨®¤ ¢à¥¬¥-¨, ¥á«¨ ¢ ¬®¬¥â ¢à¥¬¥¨, ä®à¬ «ì® á®®â¢¥â-áâ¢ãîé¨© t = 0, ¨¬¥¥â ¬¥áâ® à¥§ª®¥ ¨§¬¥¥¨¥¬¥â¥®ãá«®¢¨©. �®£¤  ¯à®¨áå®¤¨â ªà âª®¢à¥¬¥®¥¯¥à¥à á¯à¥¤¥«¥¨¥ â¥¯«  ¢ á«®¥, á®¯à®¢®¦¤ îé¥-¥áï ¯¥à¥áâà®©ª®© ¯à®ä¨«ï â¥¬¯¥à âãàë, ª®â®à®¥¥ ®ç¥ì å®à®è® ®¯¨áë¢ ¥âáï ¯®«ãç¥ë¬ ¯à¨¡«¨-¦¥ë¬ à¥è¥¨¥¬. �¬¥áâ¥ á â¥¬ ¯à¨ ¯« ¢®¬ ¨§-¬¥¥¨¨ ¬¥â¥®ãá«®¢¨© ãª § ®¥ à¥è¥¨¥, ª ª ¡ã-¤¥â ¯®ª § ® ¤ «ìè¥, ®ª §ë¢ ¥âáï ¢ à ¢®© ¬¥à¥¯à¨£®¤ë¬ ¤«ï ¢ëç¨á«¥¨© ¢ â¥ç¥¨¥ ¢á¥£® à á-ç¥â®£® ¢à¥¬¥¨. �§ ¯®«ãç¥®£® à¥è¥¨ï á«¥¤ã-¥â, çâ® á  ¨¬¥ìè¥© ¯®£à¥è®áâìî ®¯à¥¤¥«ïîâ-áï ¨áª®¬ë¥ å à ªâ¥à¨áâ¨ª¨ ¯à¨ ä®à¬¥  ç «ì®£®¯à®ä¨«ï T o(z), ¢ëà ¦¥®© ãà ¢¥¨¥¬T 0(z) = Ts��(T 0c � �)�(z) + [ + �0'(T 0c � �)]�(z): (19)�à®¬¥ â®£®, ¤«ï à áç¥â  â¥ªãé¥£® ¡¥§à §¬¥à®£®¯à®ä¨«ï â¥¬¯¥à âãàë ¯®ç¢ë ¯à¥¤« £ ¥âáï § ¢¨-á¨¬®áâìv(z; t) = T (z; t)� TsTa � Ts = � ~D + Rn � LETa � Ts � �(z)1 + �0 ~D�� T 0c � �Ta � Ts  �(z) � �0 ~D1 + �0 ~D�(z)! exp(�t): (20)� ¦®¥ § ç¥¨¥ ¤«ï â¥¯«®¢®£® à¥¦¨¬  ¯®ç-¢ë ¨ ¨á¯ à¥¨ï ¢« £¨   ¯¥à¢®© áâ ¤¨¨ ¨¬¥-¥â á¯®á®¡®áâì ¢®§¤ãè®© áà¥¤ë ¯®áà¥¤áâ¢®¬ ¬¥-å ¨§¬  âãà¡ã«¥â®áâ¨ ®â¢®¤¨âì â¥¯«® á ¯®-¢¥àå®áâ¨ ¯®ç¢ë (å à ªâ¥à¨§ã¥âáï ª®íää¨æ¨¥-â®¬ D). �®íâ®¬ã ¤«ï ®¯à¥¤¥«¥¨ï D ¯à¨¢«¥ª « áìå®à®è® ®¡®á®¢  ï ¤«ï à §®®¡à §ëå ãá«®¢¨©âà¥åá«®© ï áå¥¬  âãà¡ã«¥â®£® â¥ç¥¨ï ¢¡«¨-§¨ â¢¥à¤®© áâ¥ª¨, ¢ª«îç îé ï ¢ï§ª¨©, ¯¥à¥å®¤-®© ¨ ¤¨ ¬¨ç¥áª¨© á«®¨ [21, 22], ¨ á®®â¢¥âáâ¢ã-îé ï ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì. �à¨¨¬ « áì «¨-¥© ï ä®à¬  ¤«ï ª®íää¨æ¨¥â®¢ âãà¡ã«¥â®£®

¯¥à¥®á  ¢ ¯¥à¥å®¤®¬ kt ¨ ¤¨ ¬¨ç¥áª®¬ kd á«®-ïå. �®é®áâ¨ á«®¥¢ zl, zt � zl ¨ z� � zt ¨ § -ç¥¨¥ D ¢ëç¨á«ï«¨áì á ¨á¯®«ì§®¢ ¨¥¬ ¬¥â®¤¨ª¨�.�.�à âá¥àâ  [23]   ®á®¢¥ ä®à¬ã«ëD = 24(u�St0)�1 + z�Zzt dzkd35�1 ; (21)£¤¥ ç¨á«® �âíâo  St0 ¤«ï ¯à¨¯®¢¥àå®áâ®£®á«®ï ¢ëà ¦ ¥âáï ç¥à¥§ ª®íää¨æ¨¥âë kl (ª®íää¨-æ¨¥â ¯¥à¥®á  â¥¯«  ¢ ¢ï§ª®¬ á«®¥) ¨ kt,   â ª¦¥¤¨ ¬¨ç¥áªãî áª®à®áâì u�:u�St0 = 0@ zlZ0 dzkl + ztZzh dzkt1A�1¨ ¤«ï ¥£® à áç¥â  ¢ «¨â¥à âãà¥ ¨¬¥¥âáï àï¤ ¤¥¦ëå í¬¯¨à¨ç¥áª¨å ä®à¬ã«. �à¨ ¢ë¡à -ëå â¨¯¨çëå § ç¥¨ïå è¥à®å®¢ â®áâ¨ zom =0:005 ¬ (¯ å®â ) ¨ ¤¨ ¬¨ç¥áª®© áª®à®áâ¨ u� =0:3 ¬/á (ã¬¥à¥ë© ¢¥â¥à) ¯®«ãç¥® § ç¥¨¥ D =0:009 ¬/á, ¨ á«¥¤®¢ â¥«ì®, ~D = 11:765 �¦=(¬2 � á �K).2. ������� �������� � ���������������������� áç¥âë å à ªâ¥à¨áâ¨ª â¥¯«®¢®£® à¥¦¨¬  ¯®ç-¢ë ¢ë¯®«ï«¨áì   ¡ §¥ ¯à¨¢¥¤¥ëå § ¢¨á¨¬®-áâ¥© á æ¥«ìî, ¢®-¯¥à¢ëå, ®æ¥ª¨ íää¥ªâ¨¢®áâ¨¯à¨¡«¨¦¥®£® à¥è¥¨ï § ¤ ç¨ â¥¯«®¯¥à¥®á  ¢¯®ç¢¥ ¨, ¢®-¢â®àëå, ãáâ ®¢«¥¨ï £à ¨æ, ¢ ª®â®-àëå ¢«¨ï¨¥ â¥¯«®¢®£® à¥¦¨¬    ¯à®æ¥áá ¨á¯ à¥-¨ï áãé¥áâ¢¥®. �®ç®áâì ¯®«ãç¥®£® à¥è¥¨ï  «¨§¨à®¢ « áì ¤«ï á«ãç ï ¯®áâ®ïëå ª®íää¨-æ¨¥â®¢ � ¨ C á ¨á¯®«ì§®¢ ¨¥¬ áâà®£®£®   «¨â¨-ç¥áª®£® à¥è¥¨ï. �ë«¨ § ¤ ë �=C = 9:091 � 10�7¬/á, Ts = 15oC, Ta = 20oC (¯à®£à¥¢ ¯®ç¢ë),Rn = 0, zs = za = 2 ¬ ¨ ¤¢  ¢¨¤   ç «ì®£®ãá«®¢¨ï: T o = Ts = 15oC; (22)T o = 3:202z2 + 8:541z + 19:274: (23)�á«®¢¨¥ (23) à ááç¨â ® ¯® ä®à¬ã«¥ (19), ¯à¨ç¥¬áã¬¬ à®¥ â¥¯«®á®¤¥à¦ ¨¥ ¯®ç¢ë ¢  ç «ìë©¬®¬¥â ¤«ï ®¡®¨å ¢ à¨ â®¢ ®¤¨ ª®¢®¥. � ª -ç¥áâ¢¥ íâ «®  ¯à¨   «¨§¥ ¯à¨¡«¨¦¥®£® à¥è¥-¨ï ¨á¯®«ì§®¢ «®áì â®ç®¥ à¥è¥¨¥ ªà ¥¢®© § ¤ -ç¨ (4),(5) ¯à¨ ¯®áâ®ïëå � ¨ C, ª®â®à®¥ ¬®¦¥â¡ëâì ¯à¥¤áâ ¢«¥  ¢ ¢¨¤¥v(z; t) = ~D(z + zs)~Dzs + � + 2zs 1Xn=1 �n � sin�n� zzs + 1��n � sin�n cos �n ��. �. �®«ïª®¢ 31



ISSN 1561-9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 4. �. 28 { 37� 0Z�zs " �T o � ~D(z + zs)~Dzs + � # sin�n� zzs + 1�dz�� exp���2n �tCz2s� ; (24)£¤¥ § ç¥¨ï ª®à¥© �n  å®¤ïâáï ¨§ å à ªâ¥à¨-áâ¨ç¥áª®£® ãà ¢¥¨ï tan�n = ���n=( ~Dzs), �T o =T o � TsTa � Ts . �¥§ã«ìâ âë à áç¥â®¢ Tc, T0 ¨ T   £«ã-¡¨¥ 0,5 ¬ ¯® ä®à¬ã« ¬ (11), (12), (20) (¯à¨¡«¨-¦¥®¥ à¥è¥¨¥) ¨ (24) (áâà®£®¥) ¯à¨  ç «ìëåãá«®¢¨ïå (22), (23) ¯à¨¢¥¤¥ë ¢ ¡¥§à §¬¥à®¬ ¢¨¤¥(�t = t)   à¨á. 1 ¨ á¢¨¤¥â¥«ìáâ¢ãîâ ¯à¥¦¤¥ ¢á¥£®® â®¬, çâ® â®ç®¥ à¥è¥¨¥ ¯à¨  ç «ì®¬ ãá«®¢¨¨(23) ¨ ¯à¨¡«¨¦¥®¥ à¥è¥¨¥ (ä®à¬ã«  (20)) ¤ îâ¬ «® ®â«¨ç îé¨¥áï à¥§ã«ìâ âë (¥ ¡®«¥¥ 5% ¤«ïvá = To � TsTa � Ts , v(�0:5; t) ¨ ¤® 1% ¤«ï vc = Tc � TsTa � Ts )  ¢á¥¬ à áç¥â®¬ ¨â¥à¢ «¥. �®íâ®¬ã ª ¦¤ ï¯ à  á®®â¢¥âáâ¢ãîé¨å ªà¨¢ëå   à¨á. 1 ¨§®¡à -¦¥  ®¤®© «¨¨¥©. �á¯®«ì§®¢ ¨¥ ãá«®¢¨ï (22)¯à¨¢®¤¨â ¢  ç «ìë© ¯¥à¨®¤ ª ¥áª®«ìª® ¨®¬ãà á¯à¥¤¥«¥¨î â¥¬¯¥à âãàë, á ª®â®àë¬, ®¤ ª®,ã¦¥ ¯à¨ �t > 0:03� 0:05 ¯®çâ¨ á®¢¯ ¤ ¥â ¯à¨¡«¨-¦¥ë© ¯à®ä¨«ì â¥¬¯¥à âãàë. � §«¨ç¨ï ¢ ¢¥«¨-ç¨ å vc, ¢ëç¨á«¥ëå ¯® ä®à¬ã« ¬ (11) ¨ (22),(24), ®ª §ë¢ îâáï ¬ «ë¬¨ ¯à¨ «î¡ëå § ç¥¨ïåt. � «®£¨ç ï ª àâ¨   ¡«î¤ ¥âáï ¨ ¯à¨ à á-ç¥â å ¯®â®ª  â¥¯«  ¢ ¯®ç¢ã H0 (à¨á. 2). �¡é¥¥ª®«¨ç¥áâ¢® â¥¯«  G, ¯®áâã¯¨¢è¥£® ¢ ¯®ç¢¥ë©á«®© ª â¥ªãé¥¬ã ¬®¬¥âã �t, à ¢® R �t0 H0(� )d� ¨ ¡ë-áâà¥¥ ¢®§à áâ ¥â ¢  ç «ìë© ¯¥à¨®¤ ¯à¨ ãá«®¢¨¨(22) (ªà¨¢ ï 3   à¨á. 2). �à¨ t ! 1 áã¬¬ à®¥â¥¯«®,  ªªã¬ã«¨à®¢ ®¥ ¢ íâ®¬ á«®¥, ¥ § ¢¨á¨â®â ¢¨¤   ç «ìëå ãá«®¢¨©. �¥«¨ç¨ë H0 ¨ Q,à ááç¨â ë¥ ¯® ä®à¬ã« ¬ (13) ¨ (23), (24), â ª-¦¥ ¯®çâ¨ ¥ ®â«¨ç «¨áì ¨ ¯®íâ®¬ã ¯®ª § ë  à¨á. 2 ®¤¨¬¨ «¨¨ï¬¨. � ª ª ª  ç «ì®¥ ãá«®-¢¨¥ (22) ä®à¬ «ì® ®âà ¦ ¥â á¨âã æ¨î, ª®â®à ïáª« ¤ë¢ ¥âáï ¯à¨ à¥§ª®¬ ¨§¬¥¥¨¨ ¬¥â¥®ãá«®¢¨©¨, ª ª á«¥¤áâ¢¨¥ íâ®£®, â¥¬¯¥à âãàë   ¯®¢¥àå-®áâ¨ ¯®ç¢ë,   ãá«®¢¨¥ (23) áª®à¥¥ á®®â¢¥âáâ¢ã¥âá¨âã æ¨¨ á ¯« ¢®¬¥ïîé¨¬¨áï ¬¥â¥®ä ªâ®à ¬¨,â®, ¨áå®¤ï ¨§ à¥§ã«ìâ â®¢ ¯à®¢¥¤¥ëå ¢ëç¨á«¥-¨©, ¬®¦® á¤¥« âì ¢ë¢®¤, çâ® ¯à¨¡«¨¦¥®¥ à¥-è¥¨¥ § ¤ ç¨ â¥¯«®¯¥à¥®á  ¢ ¯®ç¢¥ ¨ â¥¯«®®¡-¬¥  á  â¬®áä¥à®©, ¢ëà ¦¥®¥ § ¢¨á¨¬®áâï¬¨(10), (13), (20), ¤ ¥â  ¤¥¦ë¥ à¥§ã«ìâ âë ¯à¨à áç¥â å å à ªâ¥à¨áâ¨ª â¥¯«®¢®£® à¥¦¨¬  ¯®ç¢ë¢ ãá«®¢¨ïå ¯®áâ¥¯¥® ¬¥ïîé¥©áï ¬¥â¥®à®«®£¨-ç¥áª®© ®¡áâ ®¢ª¨ ¨ ¥áª®«ìª® åã¤è¨¥ (¢  ç «ì-ë© ¯¥à¨®¤), ® ¢¯®«¥ ¤®áâ®¢¥àë¥ ¯à¨ ¡ëáâà®©á¬¥¥ ¯®£®¤ëå ãá«®¢¨© (¢ ¯à¨ïâ®© ¬®¤¥«¨ ¤¨-

�¨á. 1. �§¬¥¥¨¥ ¡¥§à §¬¥àëå ®â®á¨â¥«ìëåâ¥¬¯¥à âãà v(z; �t) (ªà¨¢ë¥ 1 { 4) ¨ vc(�t) (ªà¨¢ë¥ 5, 6)á® ¢à¥¬¥¥¬: 1, 3, 6 { ¯® ¢ëà ¦¥¨î (24) ¯à¨ãá«. (23) ¨ ¯® ¢ëà ¦¥¨î (20);2, 4, 5 { ¯® ¢ëà ¦¥¨î (24) ¯à¨ ãá«. (22);1, 2 { z = 0; 3, 4 { z = �0:5
�¨á. 2. �à¨¢ë¥ ¨§¬¥¥¨ï Q (1, 2) ¨ H0 (3, 4)á® ¢à¥¬¥¥¬: 1 { á ¨á¯. ¢ëà ¦¥¨ï (24)¯à¨ ãá«. (22); 2 { á ¨á¯. ¢ëà ¦¥¨© (13) ¨ (24)¯à¨ ãá«. (23); 3 {   ®á®¢¥ (22), (24);4 {   ®á®¢¥ (13) ¨ (23), (24) ¬¨ª  ¬¥â¥®ãá«®¢¨© ®¡ãá«®¢«¥  ¨§¬¥¥¨¥¬ ¢®¢à¥¬¥¨ ¯ à ¬¥âà  Ta). �®íâ®¬ã ¬®¦® áç¨â âì,çâ® ¯à¨¬¥¥¨¥ ãª § ®£® à¥è¥¨ï ¤«ï ®æ¥ª¨¢«¨ï¨ï â¥¯«®ä¨§¨ç¥áª¨å á¢®©áâ¢ ¯®ç¢ë   ¯à®-æ¥áá ¨á¯ à¥¨ï ¢« £¨ ï¢«ï¥âáï ¯à ¢®¬®çë¬.�ª §  ï ®æ¥ª  ¢ë¯®«ï« áì   ®á®¢¥   -«¨§  à áç¥â®¢ E(t) ¯à¨ á«¥¤ãîé¨å ¤®¯®«¨â¥«ì-ëå ¤ ëå: � = 1:295 ª£=¬3, cp = 1005 �¦=(ª£ ��), L = 2:453 � 106 �¦=ª£, d0 = 2:6 � 10�3,q0�a = 9 � 10�4K�1, Rn = 200 �¦=(¬2 � c),C = 1:1 � 106 �¦=(ª£ ��). � ¯¥à¢®¬ ¯à¨¡«¨¦¥¨¨ã¢¥«¨ç¥¨¥ ª®íää¨æ¨¥â  � á £«ã¡¨®© ¢á«¥¤áâ¢¨¥¯®¢ëè¥¨ï ¢« ¦®áâ¨ ¯®ç¢ë ¬®¦® ãç¥áâì, § ¤ -¢ ï ¥£® ¢ ¢¨¤¥ «¨¥©®© äãªæ¨¨ ®â z:�(z) = �0 + �1z: (25)�«ï «¥£ª®áã£«¨¨áâëå ¨ áã¯¥áç ëå ¯®ç¢ â¨¯¨ç-32 �. �. �®«ïª®¢



ISSN 1561-9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 4. �. 28 { 37ë¬¨ ï¢«ïîâáï § ç¥¨ï �0 = 1 �¦=(¬2 � á � �),�1 = 0:5 �¦=(¬ � á � �). �¥«¨ç¨ë �, � ¯à¨ íâ®¬¢ëç¨á«ï«¨áì á®£« á® ãà ¢¥¨© (6) ¨ (25). �¥-â «ì® ¢«¨ï¨¥ ¯ à ¬¥âà  �   ä¨§¨ç¥áª®¥ ¨á¯ -à¥¨¥ ¡ã¤¥â ¯à®  «¨§¨à®¢ ® ¯à¨ à áá¬®âà¥¨¨¨ááãè¥¨ï à §®®¡à §ëå ¯®ç¢ (¤«ï ¢â®à®© ¨ âà¥-âì¥© áâ ¤¨©). �ã¤ï ¯® ¢ëà ¦¥¨î (15), ¢«¨ï¨¥â¥¯«®¢®£® à¥¦¨¬  ¯®ç¢ë   áâ ¡¨«¨§¨à®¢ ¢è¨©-áï ¯à®æ¥áá ¨á¯ à¥¨ï ª®«¨ç¥áâ¢¥® ®æ¥¨¢ ¥âáïá ¯®¬®éìî ¯ à ¬¥âà®¢ �0 ¨ Ts. � ª¦¥ ¢ ®¯à¥¤¥-«¥ëå ãá«®¢¨ïå áãé¥áâ¢¥® ¢«¨ï¥â   ¢¥«¨ç¨-ã E0 ¨ ª®íää¨æ¨¥â D, ª®âà®«¨àãîé¨© ¯®â®ªH0. �®£à¥è®áâì ¢ ¢ëç¨á«¥¨ïå ¯®â¥æ¨ «ì®£®¨á¯ à¥¨ï (  ¯¥à¢®© áâ ¤¨¨), ¢®§¨ª îé ï ¨§-§  ¨£®à¨à®¢ ¨ï ®á®¡¥®áâ¥© â¥¯«®¯¥à¥®á  ¢¯®ç¢¥,  å®¤¨« áì ¯ãâ¥¬ á®¯®áâ ¢«¥¨ï ¨â¥á¨¢-®áâ¥© ¨á¯ à¥¨ï, ¢ëç¨á«¥ëå á ¨á¯®«ì§®¢ ¨-¥¬ ä®à¬ã« (15) ¨ (16), ¯à¨ç¥¬ á¢®¥£® à®¤  íâ «®-®¬ §¤¥áì á«ã¦¨«  ¡®«¥¥ ®¡é ï § ¢¨á¨¬®áâì (15).�  à¨á. 3 ¯à¨¢¥¤¥ë ªà¨¢ë¥ § ¢¨á¨¬®áâ¨ ¯ à ¬¥-âà  L = j(E0�E0�)=E0�j (E0� { ¨â¥á¨¢®áâì á®-£« á® (15)) ®â �0 ¯à¨ § ç¥¨ïå D= 0,002, 0,006,0,01 ¬/á ¨ Ta�Ts { 8 ¨ 15o�. � à ««¥«ì® à ááç¨-âë¢ «¨áì ¤¢  ¢ à¨ â  § ¤ ¨ï ¯®â®ª  â¥¯«  H0¢ (16): H0 = 0 ¨ H0 = (T0 � Ts)=�0. �¥§ã«ìâ âë¢ëç¨á«¥¨© ¯®§¢®«ïîâ § ª«îç¨âì, çâ® â¥¯«®¢®©à¥¦¨¬ ¯®ç¢ë ¢ æ¥«®¬ ¥ ¨£à ¥â ¢ ¦®© à®«¨ ¯à¨¨á¯ à¥¨¨ á ¯®¢¥àå®áâ¨ ¢« ¦®© ¯®ç¢ë. �¥¬ ¥¬¥¥¥, ¢ ®â¤¥«ìëå á«ãç ïå,  ¯à¨¬¥à, ¯à¨ ã¢« ¦-¥¨¨ ¯®ç¢ë ¤®¦¤¥¢ ¨¥¬, á« ¡®¬ ¢¥âà¥, ¨â¥-á¨¢®áâì ¨á¯ à¥¨ï á«¥¤ã¥â ãáâ  ¢«¨¢ âì á ãç¥-â®¬ â¥¯«®ä¨§¨ç¥áª¨å á¢®©áâ¢ ¯®ç¢ë. �¥à¥å®¤ë¥¯à®æ¥ááë ¢ ¥©, ¯®à®¦¤ ¥¬ë¥ ¯« ¢ë¬ ¨§¬¥¥-¨¥¬ ¬¥â¥®¯ à ¬¥âà®¢, ®ª §ë¢ îâ ®ç¥ì á« ¡®¥¢«¨ï¨¥   ¨á¯ à¥¨¥, çâ® ¢ ¤ ®¬ á«ãç ¥ ¯®¤-â¢¥à¦¤ ¥âáï à ááç¨â ®© ¢¥«¨ç¨®© E(t):E = 5:88� 0:115e�0:328t; ¬¬áãâ: (26)�á«¥¤áâ¢¨¥ à¥§ª®£® ¨§¬¥¥¨ï ¬¥â¥®ãá«®¢¨© ¢â®-à®¥ á« £ ¥¬®¥ ¢ ¢ëà ¦¥¨¨ (26), å à ªâ¥à¨§ãî-é¥¥ ¢ª« ¤ ¥áâ æ¨® à®áâ¨ â¥¯«®¯¥à¥®á  ¢ ¯®ç-¢¥ ¢ ¢¥«¨ç¨ã ä¨§¨ç¥áª®£® ¨á¯ à¥¨ï, ¬®¦¥â ¬¥-ïâìáï ¢ ¤¢  ¨ ¡®«¥¥ à § , ®¤ ª® ¨ ¢ â ª®© á¨âã- æ¨¨ ãª § ë© ä ªâ®à ï¢«ï¥âáï ¬ «®áãé¥áâ¢¥-ë¬.� àï¤ã á ¨â¥á¨¢®áâìî ¨á¯ à¥¨ï ¢ ¦¥©-è¥© ª®«¨ç¥áâ¢¥®© å à ªâ¥à¨áâ¨ª®© ¤«ï ¯¥à¢®©áâ ¤¨¨ ï¢«ï¥âáï ¥¥ ¤«¨â¥«ì®áâì, ª®â®à ï ®¯à¥-¤¥«ï¥âáï ¥ â®«ìª® ¬¥â¥®à®«®£¨ç¥áª¨¬¨ ãá«®¢¨ï-¬¨, ® ¨ ¢®¤®-ä¨§¨ç¥áª¨¬¨ á¢®©áâ¢ ¬¨ ¯®ç¢ë,¥¥ ¢®¤ë¬ à¥¦¨¬®¬ [24, 25]. �¬¥® ¯à®¤®«¦¨-â¥«ì®áâì ¯¥à¢®© áâ ¤¨¨ ä¨§¨ç¥áª®£® ¨á¯ à¥¨ï,  â ª¦¥ ª®¥çë© ¯à®ä¨«ì ¢« ¦®áâ¨ (¤ ¢«¥¨ï)

�¨á. 3. �à ä¨ª¨ § ¢¨á¨¬®áâ¥© L(�0):1 { 3 { D = 0:002; 2, 4 { 6 { Ta � Ts = 8;1, 2, 4, 6 { H0 = 0; 1 { Ta � Ts = 15;3 { Ta � Ts = 15, H0 6= 0; 4 { D = 0:006;5 { D = 0:006, H0 6= 0; 6 { D = 0:01
�¨á. 4. �à ä¨ª¨ § ¢¨á¨¬®áâ¨ �t�( �E0):1 { zh = 2, ãá«. (31); 2 { zh = 1, ãá«. (32), z0 = 2;3 { zh = 1, ãá«. (31); 4 { zh = 1, ãá«. (32), z0 = 0:5; 5 {zh = 0:5, ãá«. (31)¥®¡å®¤¨¬® § âì ¤«ï  ¤¥¦®£® à áç¥â  áã¬¬ à-®£® ª®«¨ç¥áâ¢  ¯®ç¢¥®© ¢« £¨, ¨á¯ à¨¢è¥©áï ¢â¥ç¥¨¥ ¤«¨â¥«ìëå ¯à®¬¥¦ãâª®¢ ¢à¥¬¥¨. �®-íâ®¬ã ¥áâ¥áâ¢¥®, çâ®   ¯¥à¢®© áâ ¤¨¨ ¤®«¦-  ®âá«¥¦¨¢ âìáï ¨ ¤¨ ¬¨ª  ¢« £¨ ¢ ¯®ç¢¥. �-â¥á¨¢®¥ ¨á¯ à¥¨¥ ¢« £¨ á ¯®¢¥àå®áâ¨ ¢« ¦-®© ¯®ç¢ë ¯à¥¯ïâáâ¢ã¥â § ç¨â¥«ì®¬ã ¯®¢ëè¥-¨î â¥¬¯¥à âãàë   £à ¨æ¥ ¬¥¦¤ã ¯®ç¢¥®© ¨¢®§¤ãè®© áà¥¤ ¬¨, ¯¥à¥£à¥¢ã ¯à¨¯®¢¥àå®áâ®-£® á«®ï ¯®ç¢ë. �á«¥¤áâ¢¨¥ íâ®£®   ¯¥à¢®© áâ -¤¨¨ â¥¬¯¥à âãà  ¯®ç¢ë ¬¥ï¥âáï ¢ ®£à ¨ç¥ëå¯à¥¤¥« å (§  ¨áª«îç¥¨¥¬ íªáâà¥¬ «ìëå á¨âã -æ¨©) ¨ ®¯à ¢¤ ® ¯à¥¥¡à¥£ âì ¢«¨ï¨¥¬ ¥¥ â¥¯«®-¢®£® à¥¦¨¬    ¢®¤®-ä¨§¨ç¥áª¨¥ å à ªâ¥à¨áâ¨-�. �. �®«ïª®¢ 33



ISSN 1561-9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 4. �. 28 { 37ª¨. �«¥¤ã¥â § ¬¥â¨âì, çâ® ¯à ¢®¬®ç®áâì â ª®-£® ¤®¯ãé¥¨ï ¯à¨¬¥¨â¥«ì® ª® ¢â®à®© ¨ âà¥âì¥©áâ ¤¨ï¬ ¨á¯ à¥¨ï, ª®£¤  â¥¯«®¯à®¢®¤®áâì ¯®ç-¢ë áãé¥áâ¢¥® á¨¦ ¥âáï, ¯à¥¤áâ ¢«ï¥âáï ¤ «¥-ª® ¥ ®ç¥¢¨¤®© ¨ ¡ã¤¥â ¯à¥¤¬¥â®¬ á¯¥æ¨ «ì®£®  «¨§ . � á«ãç ¥ ®¤®à®¤®© §®ë  íà æ¨¨ ¢¥à-â¨ª «ìë© ¢« £®¯¥à¥®á ®¯¨áë¢ ¥âáï ãà ¢¥¨¥¬@@z �K( )�@ @z � 1�� = c( )@ @t ; (27)£¤¥  { ¢á áë¢ îé¥¥ ¤ ¢«¥¨¥; K( ) { ª®íää¨æ¨-¥â ¢« £®¯à®¢®¤®áâ¨; c( ) = @�@ { ¤¨ää¥à¥æ¨- «ì ï ¢« £®¥¬ª®áâì ¯®ç¢ë, ®¯à¥¤¥«ï¥¬ ï ¨áå®¤ï¨§ ®á®¢®© £¨¤à®ä¨§¨ç¥áª®© å à ªâ¥à¨áâ¨ª¨. � ¯®¢¥àå®áâ¨ ¯®ç¢ë (z = 0) ¯®â®ª ¢« £¨ ¯®« £ ¥âáïà ¢ë¬ E0, â ª çâ®K �@ @z � 1� = E0; (28)£¤¥ E0 ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥ (15) ¨ ¯à¨ ¥-áâ ¡¨«ìëå ¬¥â¥®ãá«®¢¨ïå ¬®¦¥â ¡ëâì äãªæ¨¥©®â ¢à¥¬¥¨. �  ¯à ªâ¨ª¥ ç áâ® ¢ ¦®¥ § ç¥¨¥¤«ï ¯®¯®«¥¨ï § ¯ á®¢ ¯à®¤ãªâ¨¢®© ¢« £¨ ¨¬¥-¥â ª ¯¨««ïà®¥ ¯®¤¯¨âë¢ ¨¥  ªâ¨¢®£® á«®ï ¯®ç-¢ë. �«ï ãç¥â  ª ¯¨««ïà®© ¢« £¨, ¯®áâã¯ îé¥© áãà®¢ï £àãâ®¢ëå ¢®¤ (���) ¨«¨ ¨§ ¨¦¥«¥¦ é¥©¢« £®®¡¨«ì®© §®ë,   ¨¦¥© £à ¨æ¥ ®¡« áâ¨¤¢¨¦¥¨ï § ¤ ¥âáï á«¥¤ãîé¥¥ ãá«®¢¨¥:z = �zh;  =  h (� = �h): (29)� ç «ì®¥ ãá«®¢¨¥, å à ªâ¥à¨§ãîé¥¥ à á¯à¥¤¥«¥-¨¥ ¢« £®§ ¯ á®¢ ¯® ¯®ç¢¥®¬ã ¯à®ä¨«î ª  ç «ãà áç¥â®£® ¯¥à¨®¤ , ¨¬¥¥â ¢¨¤t = 0;  =  0(z): (30)�áå®¤ë© ¯à®ä¨«ì ¤ ¢«¥¨ï ®âà ¦ ¥â ¯à¥¤ëáâ®-à¨î à §¢¨â¨ï ¢®¤®-ä¨§¨ç¥áª¨å ¯à®æ¥áá®¢ ¨ ¬®-¦¥â á®®â¢¥âáâ¢®¢ âì à ¢®¢¥áë¬ ¨«¨ ¥à ¢®-¢¥áë¬ ãá«®¢¨ï¬ (¨§¡ëâ®ª ¨«¨ ¥¤®áâ â®ª ¢« £¨¢ §®¥  íà æ¨¨), çâ® áãé¥áâ¢¥® ¬¥ï¥â å à ª-â¥à ¯¥à¥à á¯à¥¤¥«¥¨ï ¯®ç¢¥®© ¢« £¨ ¢  ç «ì-ë© ¯¥à¨®¤ ¨ ã¤«¨ï¥â ¨«¨ á®ªà é ¥â ¤«¨â¥«ì-®áâì ¯¥à¢®© áâ ¤¨¨. � ¯à¨¬¥à å ¯à¨¨¬ îâáïâà¨ áãé¥áâ¢¥® ®â«¨çëå ¢¨¤   ç «ì®£® ãá«®-¢¨ï. � ç áâ®áâ¨, ¯à¨ à ¢®¢¥áëå ãá«®¢¨ïå ¢  -ç «ìë© ¬®¬¥â ¢à¥¬¥¨ (���  å®¤¨âáï   £«ã-¡¨¥ zh)  o = z + zh; 0 � z � �zh; (31)¯à¨ ¥¤®áâ âª¥ ¨«¨ ¨§¡ëâª¥ ¢« £¨ ¢ ¥ áëé¥®©§®¥  o = z + z0; (32)

�¨á. 5. �§¬¥¥¨¥ ¯®â®ª  ¢« £¨ ¯® £«ã¡¨¥ §®ë íà æ¨¨: 1 { zh = 2, ãá«. (31); 2 { zh = 1, ãá«. (32),z0 = 2;3, 4 { zh = 1, ãá«. (31); 5 { zh = 1, ãá«. (32), z0 = 0:5;6 { zh = 0:5, ãá«. (31); 1 { 3, 5, 6 { t = 0:5 áãâ.;4 { t = 1:4 áãâ.
�¨á. 6. �à ä¨ª¨ § ¢¨á¨¬®áâ¨ ql�( �E):1 { zh = 2, ãá«. (31); 2 { zh = 2, ãá«. (32), z0 = 1;3 { zh = 1, ãá«. (32), z0 = 2; 4 { zh = 1, ãá«. (32),z0 = 1;5 { zh = 1, ãá«. (32), z0 = 0:5; 6 { zh = 0:5, ãá«. (32),z0 = 1; 7 { zh = 0:5, ãá«. (31)¯à¨ç¥¬ ¥¤®áâ â®ª ¨¬¥¥â ¬¥áâ® ¯à¨ zo > zh,   ¨§-¡ëâ®ª ¯à¨ zo < zh ¨ ä ªâ¨ç¥áª¨ §¤¥áì ¢« ¦®áâì¢ ¨¦¥© ç áâ¨ ãª § ®© §®ë (�zh < z < �z0)à ¢  ¯®«®© ¢« £®¥¬ª®áâ¨. � ª¨¬ ®¡à §®¬, ¢ ¯®-á«¥¤¥¬ á«ãç ¥ à áå®¤ ¢« £¨   ¨¦¥© £à ¨æ¥®¡« áâ¨ ¤¢¨¦¥¨ï ¢  ç «ìë© ¯¥à¨®¤ à ¢¥ ks.�á®¡¥®áâ¨ ä®à¬¨à®¢ ¨ï ¢®¤®£® à¥¦¨¬ ¯®ç¢ë   ¯¥à¢®© áâ ¤¨¨ ¨á¯ à¥¨ï   «¨§¨à®¢ -«¨áì á ¨á¯®«ì§®¢ ¨¥¬ ®¡é¨å  ¯¯à®ªá¨¬ æ¨®ëå¢ëà ¦¥¨© ¤«ï £¨¤à®ä¨§¨ç¥áª¨å å à ªâ¥à¨áâ¨ª34 �. �. �®«ïª®¢



ISSN 1561-9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 4. �. 28 { 37[26]: � = �s ¯à¨ 0 �  �  i;� = �� �� ¯à¨  >  i;K = ks ¯à¨ 0 �  �  i; (33)K = �K � ¯à¨  >  i:� à áç¥â å ¯à¨¨¬ «¨áì â¨¯¨çë¥ ¤«ï ¤¥à®¢®-¯®¤§®«¨áâëå ¯®ç¢ § ç¥¨ï ª®áâ â [27] �s =0:534,  i = 0:063¬, �� = 0:307, � = 0:2, ks =8:64 � 10�2¬=áãâ, ak = 3:78 � 10�4¬3=áãâ,  = 2.�®¤¥«ì (27) { (30) à¥ «¨§®¢   ¬¥â®¤®¬ ª®¥çëåà §®áâ¥©.� ¯¥à¢ãî ®ç¥à¥¤ì ®æ¥¨¢ «®áì ¢«¨ï¨¥ ¨â¥-á¨¢®áâ¨ ¨á¯ à¥¨ï E0 ¨ £«ã¡¨ë § «¥£ ¨ï ���zh   ¤«¨â¥«ì®áâì ¯¥à¢®© áâ ¤¨¨. � íâ®© æ¥«ìî¡ë«® à ááç¨â ® ¢à¥¬ï ®ª®ç ¨ï ¯¥à¢®© áâ ¤¨¨t� ¯à¨ ¨§¬¥ïîé¥©áï ®â 0 ¤® 0,005 ¬/áãâ. ¨â¥-á¨¢®áâ¨ E0 ¤«ï âà¥å ¨áå®¤ëå ¢®¤®-ä¨§¨ç¥áª¨åá®áâ®ï¨© ¯®ç¢ë, ®¯¨áë¢ ¥¬ëå ãá«®¢¨ï¬¨ (31),(32) (zh, z0 =0,5; 1 ¨ 2 ¬). �®«ãç¥ë¥ â ª¨¬®¡à §®¬ ªà¨¢ë¥ �t�( �E0) ¯à¨¢¥¤¥ë   à¨á. 4. �¤¥áì�t� = t�E0=zh, �E0 = E0=Es, Es { áâ ¤ àâ®¥ § -ç¥¨¥ E0, å à ªâ¥à¨§ãîé¥¥ ª«¨¬ â¨ç¥áª¨¥ ãá«®-¢¨ï ¢ à áá¬ âà¨¢ ¥¬®¬ à ©®¥ (¢ ¤ ®¬ á«ãç ¥¢ë¡à ® E0 =0,005 ¬/áãâ). �¬¥ìè¥¨¥ £«ã¡¨-ë zh ¯à¨ ®¤®© ¨ â®© ¦¥ ¢¥«¨ç¨¥ E0 ¢¥¤¥â ªáãé¥áâ¢¥®¬ã ã¢¥«¨ç¥¨î ¤«¨â¥«ì®áâ¨ ¯¥à¢®©áâ ¤¨¨. �à¨ ä¨ªá¨à®¢ ®© £«ã¡¨¥ zh ªà¨¢ë¥�t�( �E0) ¨¬¥îâ ¢¥àâ¨ª «ìë¥  á¨¬¯â®âë (ªà¨¢ ï 5,á®®â¢¥âáâ¢ãîé ï zh =0,5 ¬, { �E0 = 0; 746, ªà¨-¢ë¥ 2 { 4 ¯à¨ zh =1 ¬ { �E0 = 0; 187, ªà¨¢ ï 1¯à¨ zh =0,5 ¬ { �E0 = 0; 047). �â® ãª §ë¢ ¥â  áãé¥áâ¢®¢ ¨¥ ¤¨ ¯ §®  § ç¥¨© �E0, ¯à¨ ª®-â®àëå ¢ ¯à¨æ¨¯¥ ¢®§¬®¦® ¨á¯ à¥¨¥ ¢ áâ æ¨-® à®¬ à¥¦¨¬¥ ã¦¥   ¯¥à¢®© áâ ¤¨¨. �¥àå-¥© £à ¨æ¥© â ª®£® ¤¨ ¯ §®  á«ã¦¨â ¥ª®â®à®¥¯à¥¤¥«ì®¥ § ç¥¨¥ Eom, § ¢¨áïé¥¥ ¨ ®â ¬¥â¥®-í«¥¬¥â®¢, ¨ ®â ¯®ç¢¥ëå ¯ à ¬¥âà®¢. � ª¨¬®¡à §®¬, ¢®¤®-ä¨§¨ç¥áª¨¥ á¢®©áâ¢   áëé¥®-¥ áëé¥®© ¯®ç¢ë ¯à¨ 0 � E0 � Eom ¤®¯ãá-ª îâ ä®à¬¨à®¢ ¨¥ áâ æ¨® à®£® ¢®áå®¤ïé¥£®¯®â®ª  ª ¯¨««ïà®© ¢« £¨   «®£¨ç®© ¨â¥á¨¢-®áâ¨. � ç¥¨¥ Eom ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥® ¨§à¥è¥¨ï ãà ¢¥¨ï (27) ¢ áâ æ¨® à®© ä®à¬¥�@ @t = 0�. �®à¬ «ì® ®® ¯à¨ £à ¨çëå ãá«®-¢¨ïå (28), (29) ¢ëà ¦ ¥âáï ¨â¥£à «®¬ eZ h Kd K + Eom = zh; (34)£¤¥  e { å à ªâ¥à®¥ ¢á áë¢ îé¥¥ ¤ ¢«¥¨¥, á¯®-á®¡áâ¢ãîé¥¥  ç «ã § ¬¥â®£® ¯ à®®¡à §®¢ ¨ï

¢ãâà¨ ¯®à. �á«¨ § ¢¨á¨¬®áâì K( ) ®¯¨áë¢ ¥âáï¢ëà ¦¥¨¥¬ (33), â® ¥£® ¯®¤áâ ®¢ª  ¢ (34) ¨ ¯®-á«¥¤ãîé¥¥ ¨â¥£à¨à®¢ ¨¥ ¤ ¥â á«¥¤ãîé¥¥ ãà ¢-¥¨¥ ¤«ï ¢ëç¨á«¥¨ï § ç¥¨ï Eom:Br1 ( 1 ; 1� 1 )� Br2 ( 1 ; 1� 1 ) = Eomzh; (35)£¤¥ Br { ¥¯®« ï ¡¥â -äãªæ¨ï [28],r1 = Eom e1 +Eom e ; r2 = Eom h1 + Eom h :� ç áâ®¬ è¨à®ª® à á¯à®áâà ¥®¬ á«ãç ¥  = 2ãà ¢¥¨¥ (36) ã¯à®é ¥âáï ª ¢¨¤ãarctanrEomaK  e � arctanrEomaK  h = zhrEomaK :(36)�à®¤®«¦¨â¥«ì®¥ ¨á¯ à¥¨¥   ¯¥à¢®© áâ ¤¨¨ ç -é¥ ¢á¥£®  ¡«î¤ ¥âáï ¢ ¢¥á¥¨© ¯¥à¨®¤ ¨§-§  ®â-®á¨â¥«ì® ¥¡®«ìè®£® ¯®â®ª  ¯à¨å®¤ïé¥©   ¯®-¢¥àå®áâì ¯®ç¢ë à ¤¨ æ¨¨. �§ § ¢¨á¨¬®áâ¨ (15)¥á«®¦®  ©â¨ £à ¨ç®¥ § ç¥¨¥ Rnm, â ª çâ®¯à¨ Rn � Rnm ¨ ¯®áâ®ïëå ¤àã£¨å ¬¥â¥®¯ à -¬¥âà å ¯¥à¢ ï áâ ¤¨ï ¬®¦¥â ä®à¬ «ì® ¤«¨âìáï¥®£à ¨ç¥® ¤®«£®,   ¨¬¥®Rnm = 1aq�0 �E0� 1�D + cp�0 + q0�a�0L�� (37)�aqd0(1 + �cp�0D) + aqq0�a(Ts � Ta)�:�ç¥¢¨¤®, çâ® ¯à¨ 0 � E0 � Eom ä¨§¨ç¥áª®¥ ¨á¯ -à¥¨¥ ¢ «î¡®© ¬®¬¥â ¢à¥¬¥¨ ¡ã¤¥â ®¯à¥¤¥«ïâìáï¬¥â¥®ãá«®¢¨ï¬¨,   E0 §¤¥áì ¬®¦® à áá¬ âà¨¢ âìª ª ®¡®¡é¥ë© ¯ à ¬¥âà, å à ªâ¥à¨§ãîé¨© ¨å ¯àï¦¥®áâì. �¥¤®áâ â®ª ¨«¨ ¨§¡ëâ®ª ¢« £¨¢ §®¥  íà æ¨¨, ª ª ¢¨¤® ¨§ á®¯®áâ ¢«¥¨ï ªà¨-¢ëå 2, 3, 4   à¨á. 4, ®¡ãá« ¢«¨¢ ¥â áãé¥áâ¢¥®¥ã¬¥ìè¥¨¥ ¨«¨ ã¢¥«¨ç¥¨¥ ¤«¨â¥«ì®áâ¨ ¯¥à¢®©áâ ¤¨¨ ¯à ªâ¨ç¥áª¨   ¢á¥¬ ¨â¥à¢ «¥ [Eom; Es],® ¥áâ¥áâ¢¥® ¥ ¢«¨ï¥â   § ç¥¨¥ Eom.� áå®¤®¢ ¨¥ ¯®ç¢¥®© ¢« £¨   ¨á¯ à¥¨¥¯à¨¢®¤¨â ¯à¥¦¤¥ ¢á¥£® ª ¨áâ®é¥¨î ¥¥ § ¯ á®¢¢¡«¨§¨ ¯®¢¥àå®áâ¨ ¯®ç¢ë. �  à¨á. 5 ¯à¥¤áâ ¢«¥-ë ¤ ë¥ à áç¥â®¢ ¡¥§à §¬¥à®£® à áå®¤  ¢« -£¨ �q = q=E0 ¢ ¥ áëé¥®¬ ¯®ç¢¥®¬ ¯à®ä¨«¥.� ç¥¨ï zh ¨ z0 §¤¥áì â ª¦¥ ¯à¨¨¬ «¨áì à ¢ë-¬¨ 0,5; 1 ¨ 2 ¬. �à¨  «¨ç¨¨ ¢« £¨ ¢ §®¥  íà -æ¨¨ á¢¥àå à ¢®¢¥á®© (¢ ãá«®¢¨¨ (32) z0 = 0; 5 ¬)®¡à §ãîâáï ¤¢  à §® ¯à ¢«¥ëå ¯®â®ª  ¢« £¨¢ ¢¥àå¥© (¯à¨ t = 0:5 áãâ: 0 � z � �0:2 ¬) ¨ ¨¦-¥© (�0:2 > z � �1:0 ¬) ç áâïå ãª § ®© §®ë(ªà¨¢ ï 5), £¤¥ ¯à¥¢ «¨àãîâ ¨«¨ ª ¯¨««ïàë¥ á¨-«ë, ¨«¨ á¨«  âï¦¥áâ¨ á®®â¢¥âáâ¢¥®. � ç¨â¥«ì-ë© ¯®â®ª ¯à¨ z > �0:2 ¬, ¨â¥á¨¢®áâì ª®â®à®-£® ¯à¨ z = �zh ¨ t = 0:5 áãâ: ¤®áâ¨£ ¥â § ç¥¨ï�. �. �®«ïª®¢ 35



ISSN 1561-9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 4. �. 28 { 378.88, ®¡êïáï¥âáï ¢ëá®ª¨¬¨ ¢« £®á®¤¥à¦ ¨¥¬ ¨¢« £®¯à®¢®¤®áâìî ¯®ç¢ë ¢ íâ®© ¥¥ ç áâ¨. �à¨®âáãâáâ¢¨¨ ¨§¡ëâ®ç®© ¢« £¨ ¨á¯ à¥¨¥ á ¯®¢¥àå-®áâ¨ ¯®ç¢ë á¯®á®¡áâ¢ã¥â ä®à¬¨à®¢ ¨î ãáâ®©-ç¨¢®£® ¢®áå®¤ïé¥£® ¯®â®ª  ¢« £¨, ¨â¥á¨¢®áâìª®â®à®£® ¢®§à áâ ¥â ¯® ¬¥à¥ á¨¦¥¨ï  ç «ì®-£® á®¤¥à¦ ¨ï ¯®ç¢¥®© ¢« £¨ (ªà¨¢ë¥ 2, 3). �§à¨á. 5 â ª¦¥ ¢¨¤®, çâ® ¢  ç «ìë© ¯¥à¨®¤ ¨ááã-è¥¨ï ¥¯¥à¥ã¢« ¦¥®© ¯®ç¢ë áãé¥áâ¢ã¥â ¬ ª-á¨¬ «ì ï §®  ¢«¨ï¨ï ¨á¯ à¨â¥«ì®£® ¯à®æ¥áá ,ª®â®à ï ã¢¥«¨ç¨¢ ¥âáï á® áª®à®áâìî, § ¢¨áïé¥©®â á®®â®è¥¨ï ¢¥«¨ç¨ E0 ¨ K. � à áá¬®âà¥-®¬ á«ãç ¥ E0 = 0:005 ¬/áãâ. ¨ ¯à¨ zh = 1 ¨ 2 ¬¯à®¢®¤¨¬®áâì ¯®ç¢ë ®ª §ë¢ ¥âáï ¥¤®áâ â®ç®©¤ ¦¥ ¤«ï â®£®, çâ®¡ë ã¯®¬ïãâ ï §®  ¢«¨ï¨ï¤®áâ¨£«  ��� ¢ â¥ç¥¨¥ ¯¥à¢®© áâ ¤¨¨,   § ç¨â¯®â¥à¨ ¯à®¤ãªâ¨¢®© ¢« £¨ «®ª «¨§ãîâáï ¢ ¯à¨-¯®¢¥àå®áâ®© ç áâ¨ ¯®ç¢ë (ªà¨¢ë¥ 1, 6). � â -ª®© á¨âã æ¨¨ ¢« £®®¡¬¥ ¬¥¦¤ã  áëé¥®© §®-®© ¨  ªâ¨¢®© ç áâìî ¥ áëé¥®© §®ë ¬®¦®¥ ¯à¨¨¬ âì ¢® ¢¨¬ ¨¥. � áå®¤ ¢« £¨ á ���áâ ®¢¨âáï § ç¨¬ë¬ ¯à¨ ¢ëá®ª®¬ áâ®ï¨¨ £àã-â®¢ëå ¢®¤ ¨ ¬ «®© ¨â¥á¨¢®áâ¨ ¨á¯ à¥¨ï. � -ç¥¨¥ ª ¯¨««ïà®£® ¯®¤¯¨âë¢ ¨ï ¤«ï ¨á¯ à¥¨ï  ¯¥à¢®© áâ ¤¨¨ ¨««îáâà¨àã¥âáï à¨á. 6,   ª®â®-à®¬ ¤ ë à¥§ã«ìâ âë à áç¥â®¢ à áå®¤  ¢« £¨ ¯à¨z = �zh ¢ ª®æ¥ ¯¥à¢®© áâ ¤¨¨ ql�, ®â¥á¥®£® ªá®®â¢¥âáâ¢ãîé¥© ¢¥«¨ç¨¥ E0 ¯à¨ ¨§¬¥¥¨¨ ¡¥§-à §¬¥à®© �E0 ¢ ¯à¥¤¥« å ®â 0 ¤® 1. �á«¨ zh = 0:5,â® ¯à¨ à ¢®¢¥áëå ãá«®¢¨ïå ¢  ç «ìë© ¬®¬¥â¢à¥¬¥¨ ¨ �E0 ¢ ¤¨ ¯ §®¥ ®â 0 ¤® 0.746 ¯®â®ª ¢« -£¨ á ��� ¢ á®áâ®ï¨¨ ¯®«®áâìî ª®¬¯¥á¨à®¢ âì¯®â¥à¨ ¯à®¤ãªâ¨¢®© ¢« £¨   ¨á¯ à¥¨¥,   ¯à¨�E0 > 0:746 ç áâ¨ç®. �à¨ ¬¥ìè¥¬  ç «ì®¬¢« £®á®¤¥à¦ ¨¨ (¢ ãá«®¢¨¨ (32) z0 = 1¬) ä®à-¬¨àã¥âáï ¡®«ìè¨© ¯®â®ª, ª®â®àë© ã¦¥ ¬®¦¥â ¥â®«ìª® ®¡¥á¯¥ç¨âì ¯®â¥æ¨ «ì®¥ ¨á¯ à¥¨¥, ® ¨ã¬¥ìè¨âì ¤¥ä¨æ¨â ¢« £¨ ¢ ¯®ç¢¥ (ªà¨¢ ï 6). �«ï¨áå®¤ëå à ¢®¢¥áëå ãá«®¢¨© ¢ á«ãç ¥ zh = 1 ¬ ¨�E0 > 0:6 ¨«¨ zh = 2 ¬ ¨ �E0 > 0:15  áëé¥ ï §®-    ¯¥à¢®© áâ ¤¨¨ ¥ ®ª §ë¢ ¥â áª®«ìª®-¨¡ã¤ì§ ¬¥â®£® ¢«¨ï¨ï   ¢®¤ë© ¡ « á ¢ §®¥  íà -æ¨¨. �¬¥áâ¥ á â¥¬ ¢ ¤¨ ¯ §® å 0:187 < �E0 < 0:6¯à¨ zh = 1 ¬ ¨ 0:047 < �E0 < 0:15 ¯à¨ zh = 2 ¬ à á-å®¤ �ql� ¯® ¬¥à¥ á¨¦¥¨ï �E0 ¡ëáâà® ¢®§à áâ ¥â ¤®1 ¨ ã¦¥ ¯à¨ § ç¥¨ïå �E0, ¬¥ìè¨å 0,187 ¨ 0,047,¯®â®ª ª ¯¨««ïà®© ¢« £¨ á ��� à ¢¥ ¯®â®ªã ¨á-¯ àïîé¥©áï ¢« £¨. � «¨ç¨¥ ¨§¡ëâ®ç®© ¢« £¨ (¢ãá«®¢¨¨ (32) z0 = 0:5 ¨ 1 ¬) ï¢«ï¥âáï ¯à¨ç¨®©â®£®, çâ® ¢ ª®æ¥ ¯¥à¢®© áâ ¤¨¨ ¯à®¤®«¦ ¥âáï ¥¥áâ¥ª ¨¥   á¢®¡®¤ãî ¯®¢¥àå®áâì ¯à¨ �E0 > 0:46¨ zh = 1 ¬ ¨«¨ ¯à¨ �E0 > 0:115 ¨ zh = 2 ¬. �à¨¬¥ìè¨å �E0  áëé¥ ï §®   ç¨ ¥â ¯®¤¯¨âë-¢ âì §®ã  íà æ¨¨.

�����������à®æ¥áá ¨á¯ à¥¨ï ¢« £¨ á ®£®«¥®© ¯®ç¢ë¨¬¥¥â ¢ëà ¦¥ãî áâ ¤¨©®áâì {   ¯¥à¢®© áâ -¤¨¨ ¨â¥á¨¢®áâì ¨á¯ à¥¨ï ®¯à¥¤¥«ï¥âáï ¬¥â¥®-à®«®£¨ç¥áª¨¬¨ ãá«®¢¨ï¬¨,   ¢â®à®© ¨ âà¥âì¥© {¢®¤®-ä¨§¨ç¥áª¨¬¨ ãá«®¢¨ï¬¨ ¢ ¯®ç¢¥, ¥¥ £¨¤à®-ä¨§¨ç¥áª¨¬¨ á¢®©áâ¢ ¬¨. �¤ ª® ¢ íªáâà¥¬ «ì-ëå ãá«®¢¨ïå,  ¯à¨¬¥à, ¯à¨ ¢ëá®ª®© ã¢« ¦¥-®áâ¨ ¯®ç¢ë, á« ¡®¬ ¢¥âà¥, § ¬¥â®¥ ¢«¨ï¨¥  ¢¥«¨ç¨ã ¨á¯ à¥¨ï ¬®¦¥â ®ª §ë¢ âì ¥¥ â¥¯«®¢®©à¥¦¨¬, â¥¯«®ä¨§¨ç¥áª¨¥ á¢®©áâ¢ . �®«¨ç¥áâ¢¥- ï ®æ¥ª  ¢«¨ï¨ï ¯®ç¢¥®£® â¥¯«  ¯à¨ ¨á¯ à¥-¨¨   ¯¥à¢®© áâ ¤¨¨ ¢ë¯®«ï¥âáï   ®á®¢¥ ¬®-¤¥«¨ ¢« £®- ¨ â¥¯«®¯¥à¥®á  ¢ ¯à¨§¥¬®¬ (¯à¨¯®-¢¥àå®áâ®¬) á«®¥  â¬®áä¥àë, ¤®¯®«¥®© ¬®¤¥-«ìî â¥¯«®¯¥à¥®á  ¢ ¯®ç¢¥. � ¯à ªâ¨ç¥áª¨å à á-ç¥â å  àï¤ã á ¢¥«¨ç¨®© ¯®â¥æ¨ «ì®£® ¨á¯ à¥-¨ï ¥®¡å®¤¨¬® § âì ¨ ¤«¨â¥«ì®áâì ¯¥à¢®© áâ -¤¨¨, ª®¥ç®¥ ¤«ï íâ®© áâ ¤¨¨ ¢®¤®-ä¨§¨ç¥áª®¥á®áâ®ï¨¥ ¯®ç¢ë. �à¥¬ï ®ª®ç ¨ï ¯¥à¢®© áâ -¤¨¨, ®á®¡¥®áâ¨ ä®à¬¨à®¢ ¨ï ¯®â®ª  ¯®ç¢¥-®© ¢« £¨, à®«ì  áëé¥®© §®ë ¢ ¢®¤®¬ ¡ « -á¥ §®ë  íà æ¨¨ ¯à¨  «¨ç¨¨ ä¨§¨ç¥áª®£® ¨á¯ -à¥¨ï ãáâ  ¢«¨¢ îâáï   ¡ §¥ áãé¥áâ¢¥® ¥«¨-¥©®© ¬®¤¥«¨ ¢« £®¯¥à¥®á , ãç¨âë¢ îé¥© á¯¥-æ¨ä¨ªã ¤¥©áâ¢¨ï ª ¯¨««ïàëå ¨ £à ¢¨â æ¨®ëåá¨« ¢ è¨à®ª®¬ ¤¨ ¯ §®¥ ¨§¬¥¥¨ï ¢« ¦®áâ¨¯®ç¢ë. �ãé¥áâ¢¥®¥ ¢«¨ï¨¥   ä®à¬¨à®¢ ¨¥¢®¤®£® à¥¦¨¬  ¯®ç¢ë, ¥£® å à ªâ¥à¨áâ¨ª¨ ¢ ª®-æ¥ ¯¥à¢®© áâ ¤¨¨ ®ª §ë¢ ¥â  ç «ì®¥ ¢« £®á®-¤¥à¦ ¨¥ ¢ §®¥  íà æ¨¨, ® ç¥¬ á¢¨¤¥â¥«ìáâ¢ãîâà¥§ã«ìâ âë   «¨§  ¢«¨ï¨ï ¨áå®¤ëå à ¢®¢¥á-ëå ¨ ¥à ¢®¢¥áëå ãá«®¢¨©   ¯à®¤®«¦¨â¥«ì-®áâì ¤ ®© áâ ¤¨¨, à áå®¤ ¯®ç¢¥®© ¢« £¨.1. �ãá¥¢ �. �. �á¯ à¥¨¥ ¢®¤ë ¯à®áëå îé¥© ¯®ç-¢®© // �®ç¢®¢¥¤¥¨¥.{ 1998.{ N 8.{ �. 921{926.2. �®áâ â¨®¢ �. �. �á¯ à¥¨¥ ¢ ¯à¨à®¤¥.{ �.: �̈ -¤à®¬¥â¥®¨§¤ â, 1968.{ 532 á.3. �®¢ ª �. �¢¨¦¥¨¥ ¢®¤ë ¢ ¯®ç¢¥ ¯à¨ ¨á¯ à¥¨¨ //�¨§¨ª  ¯®ç¢¥ëå ¢®¤.{ �.:� ãª .{ 1980.{ �. 13{95.4. Nassar J. N., Horton R. Salinity and compaction ef-fects on soil water evaporation and water solute dis-tribution // Soil Sci. Soc. Am. J.{ 1999.{ 63.{ P. 752{758.5. Yakirevich A., Berliner P., Sorek S. A model for nu-merical simulating of evaporation from bare solinesoil // Water Resour. Res.{ 1997.{ 33.{ P. 1021{1033.6. �ã¤ £®¢áª¨© �. �. �â®ç¥¨¥ ¬®¤¥«¥© ¨á¯ à¥¨ï¯®ç¢¥ëå ¢®¤ // �®¤. à¥áãàáë.{ 1986.{ N 5.{�. 58{69.36 �. �. �®«ïª®¢
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