
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 3. �. 72 { 82��� 581.1: 631.4������������ ������������ �������.1. ���������. �. ��������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 03.10.2002�ë¯®«¥® â¥®à¥â¨ç¥áª®¥ ¨áá«¥¤®¢ ¨¥ ¢¯¨âë¢ ¨ï ¢®¤ë ¢ ¤¢ãåäà ªæ¨®ë© £àãâ, á«®¦¥ë© ¨§ ç áâ¨æ ¤¢ãåá®àâ®¢ - áâàãªâãàëå ¨ áãää®§¨®ëå. �ä®à¬ã«¨à®¢   ¨ áâà®£® à¥è¥  ¬ â¥¬ â¨ç¥áª ï § ¤ ç  á®¢¬¥áâëåä¨«ìâà æ¨¨ ¨ ¯¥à¥®á  â¢¥à¤ëå ç áâ¨æ ¯à¨ ¯à®¬ ç¨¢ ¨¨ áãå®£® £àãâ    ®á®¢¥ ¯®¤å®¤  �à¨ -�¬¯â . �â¥-á¨¢®áâì ¯à¨â®ª  ¢®¤ë ¢ £àãâ ï¢«ï¥âáï ¨§¢¥áâ®© äãªæ¨¥© ®â ¢à¥¬¥¨, ¯à¨ç¥¬ ¤«ï ¥¥ à áá¬®âà¥ë ¯®«¨®¬¨- «ì®¥ ¨ ¯®ª § â¥«ì®¥  ¯¯à®ªá¨¬ æ¨®ë¥ ¢ëà ¦¥¨ï. �¥â «ì® ¯à®  «¨§¨à®¢ ë ®á®¡¥®áâ¨ ¯¥à¥à á¯à¥¤¥-«¥¨ï ¥áâàãªâãàëå ç áâ¨æ ¢ ®¡« áâ¨ ä¨«ìâà æ¨®ëå ¤¥ä®à¬ æ¨© ¯à¨ ãá¨«¥¨¨ ¯à¨â®ª  ¢®¤ë. �§ãç¥® ¢«¨ï¨¥¬¥å ¨ç¥áª¨å á¢®©áâ¢ £àãâ  (¨áå®¤®¥ á®¤¥à¦ ¨¥ ¨ à §¬¥àë ç áâ¨æ)   ¥£® ¯à®¨æ ¥¬®áâì.�¨ª® i â¥®à¥â¨çi ¤®á«i¤¦¥ï ãá¬®ªâã¢ ï ¢®¤¨ ¢ ¤¢®åäà ªæi©¨© £àãâ, ïª¨© áª« ¤¥¨© § ç áâ¨®ª ¤¢®åá®àâi¢ { áâàãªâãà¨å i áãä®§i©¨å. �ä®à¬ã«ì®¢   i áâà®£® à®§¢'ï§   ¬ â¥¬ â¨ç  § ¤ ç  áã¬iá¨å äi«ìâà æiùi ¯¥à¥®áã â¢¥à¤¨å ç áâ¨®ª ¯à¨ ¯à®¬®çã¢ i áãå®£® £àãâã   ®á®¢i ¯i¤å®¤ã �ài -�¬¯â . Iâ¥á¨¢iáâì ¯à¨-â®ªã ¢®¤¨ ¢ £àãâ õ ¢i¤®¬®î äãªæiõî ç áã. �«ï ¥ù à®§£«ïãâi ¯®«i®¬i «ì¨© i ¥ªá¯®¥æi «ì¨©  ¯à®ªá¨¬ æi©i¢¨à §¨. �¥â «ì® ¯à®  «i§®¢ i ®á®¡«¨¢®áâi ¯¥à¥à®§¯®¤i«ã ¥áâàãªâãà¨å ç áâ¨®ª ¢ ®¡« áâi äi«ìâà æi©¨å ¤¥-ä®à¬ æi©, ïªé® ¯à¨â®ª ¢®¤¨ ¯®á¨«îõâìáï. �¨¢ç¥¨© ¢¯«¨¢ ¬¥å iç¨å ¢« áâ¨¢®áâ¥© £àãâã (¢¨åi¤¨© ¢¬iáâ ià®§¬ià¨ ç áâ¨®ª)   ©®£® ¢®¤®¯à®¨ªiáâì.A theoretical investigation is performed of water in�ltration into two-fraction soil composed of particles of two sorts -structural and unstructural. A mathematical problem is developed of joint ground water ow and solid particles transportduring wetting dry soil on the basis of the Green-Ampt model. An exact solution to the problem is obtained. The intensityof water inow is considered to be known. Two approximation expressions (polinomial and exponential) are used for theintensity mentioned. A thorough analysis is conducted of unstructural particles re-distribution within the accumulationzone when inow inoreasing. An inuence of soil mechanical properties (initial content, averaged size of particles) on soilpermeability is closely studied.���������à¨ ¨á¯®«ì§®¢ ¨¨ ¢ áâà®¨â¥«ìáâ¢¥, â¥å®«®£¨-ïå ®ç¨áâª¨ ¬ãâëå ¢®¤ à §®à®¤ëå ¥á¢ï§ëå£àãâ®¢, áë¯ãç¨å ä¨«ìâàãîé¨å ¬ â¥à¨ «®¢ á«¥-¤ã¥â ¯à¨¨¬ âì ¢® ¢¨¬ ¨¥ ®á®¡¥®áâ¨ ¯®¢¥¤¥-¨ï ¡®«¥¥ ¬¥«ª¨å ç áâ¨æ, á®áâ ¢«ïîé¨å áãää®§¨-®ãî ª®¬¯®¥âã â¢¥à¤®© ä §ë íâ¨å ¯®à¨áâëåáà¥¤. � ª¨¥ ç áâ¨æë, ª ª ¯à ¢¨«®, ¥ ãç áâ¢ãîâ¢ ä®à¬¨à®¢ ¨¨ áâàãªâãàë £àãâ  (¬ â¥à¨ « ) ¨¯à¨ ®¯à¥¤¥«¥ëå ä¨§¨ç¥áª¨å ãá«®¢¨ïå á¯®á®¡ë¯¥à¥¬¥é âìáï á ä¨«ìâà æ¨®ë¬ ¯®â®ª®¬ (¬¥å -¨ç¥áª ï áãää®§¨ï) [1 { 4]. � § ¢¨á¨¬®áâ¨ ®â ª®-ªà¥â®© á¨âã æ¨¨, áª« ¤ë¢ îé¥©áï ¯®¤ ¢«¨ï¨¥¬¥áâ¥áâ¢¥ëå ¨«¨ â¥å®£¥ëå ä ªâ®à®¢, ®¨ ¬®-£ãâ ¨«¨ ç áâ¨ç® ¢ë®á¨âìáï §  ¯à¥¤¥«ë ®¡« áâ¨ä¨«ìâà æ¨¨ (¢®¤®§ ¡®àë, ®áãè¨â¥«ìë¥ ¤à¥ ¦¨,à §£àã§ª  ä¨«ìâà æ¨®ëå ¯®â®ª®¢ ¢ ¯®¢¥àå®áâ-ë¥ ¨ ¯®¤§¥¬ë¥ ¢®¤®¨áâ®ç¨ª¨), ¨«¨ æ¥«¨ª®¬ ¯¥-à¥à á¯à¥¤¥«ïâìáï ¢ ¯à¥¤¥« å ãª § ®© ®¡« áâ¨( £¥â â¥«ìë¥ áª¢ ¦¨ë, ã¢« ¦¨â¥«ìë¥ ¤à¥- ¦¨, ®à®è¥¨¥ ¨  â¬®áä¥à®¥ ¯¨â ¨¥ ¯®¤§¥¬-ëå ¨ £àãâ®¢ëå ¢®¤) [5 { 11]. � ¯®á«¥¤¥¬ á«ãç ¥®¡ëç®  ¡«î¤ ¥âáï à¥§ª®¥ ¯®¢ëè¥¨¥ á®¤¥à¦ -¨ï ¥áâàãªâãàëå ç áâ¨æ   ®â¤¥«ìëå ãç áâ-ª å ä¨«ìâà æ¨®®£® ¯®â®ª . � à¥§ã«ìâ â¥ áãé¥-

áâ¢¥® ¨§¬¥ïîâáï ¢®¤®-ä¨§¨ç¥áª¨¥ á¢®©áâ¢ £àãâ , ¨ ¢ ¯¥à¢ãî ®ç¥à¥¤ì § ç¨â¥«ì® á¨¦ -¥âáï (¨®£¤    ¯®àï¤ª¨) ¥£® ¯à®¨æ ¥¬®áâì [12],çâ® ¬®¦¥â ¯à¨¢¥áâ¨ ¤ ¦¥ ª ª à¤¨ «ì®¬ã ¨§¬¥-¥¨î ¢á¥© ä¨«ìâà æ¨®®© ª àâ¨ë ¢ §®¥ ¢«¨-ï¨ï ªàã¯®£® ¢®¤®£® ®¡ê¥ªâ .�¨«ìâà æ¨®ë¥ ¤¥ä®à¬ æ¨¨, ®¡ãá«®¢«¥ë¥¬ áá®¢ë¬ ¯¥à¥®á®¬ ¬¥«ª¨å ç áâ¨æ £àãâ , ¢®§-¨ª îâ â®«ìª® ¯à¨ ¨â¥á¨¢®¬ ä¨«ìâà æ¨®-®¬ â¥ç¥¨¨. � ¦¤®© £àã¯¯¥ áãää®§¨®ëå ç -áâ¨æ ¯à¨¬¥à® ®¤®£® à §¬¥à  (äà ªæ¨¨) ¯à¨áã-é¥ ®¯à¥¤¥«¥®¥ § ç¥¨¥ ªà¨â¨ç¥áª®© áª®à®áâ¨uk, ¯à¨ ¤®áâ¨¦¥¨¨ ª®â®à®£® áª®à®áâìî â¥ç¥¨ï£àãâ®¢¨å ¢®¤ u ãª § ë¥ ç áâ¨æë ¯¥à¥å®¤ïâ ¢®¢§¢¥è¥®¥ á®áâ®ï¨¥. �¥¬ á ¬ë¬ ®¨ ®ª §ë-¢ îâáï ¯®¤£®â®¢«¥ë¬¨ ª ¯¥à¥®áã, ®  ç¨ -îâ ¤¢¨¦¥¨¥ ¯à¨ ¯®á«¥¤ãîé¥¬ ãáª®à¥¨¨ â¥ç¥-¨ï. �áâ â¨, ¯à¨ ¥¯®«®¬  áëé¥¨¨ £àãâ  ¢¥-«¨ç¨  u, ª ª ¯à ¢¨«®, § ¬¥â® ¬¥ìè¥ uk ¨ ¥ ¢á®áâ®ï¨¨ ¨¨æ¨¨à®¢ âì ¤¥ä®à¬ æ¨¨. �¤¨¬ ¨§å à ªâ¥àëå ¯à¨¬¥à®¢ ¤¥ä®à¬¨à®¢ ¨ï £àãâ®¢¯®¤ ¤¥©áâ¢¨¥¬ ä¨«ìâà æ¨®ëå ¯à®æ¥áá®¢ ï¢«ï-¥âáï ¯à®¬ ç¨¢ ¨¥ áãää®§¨®®£® £àãâ , ª®â®-à®¥ ®¡áâ®ïâ¥«ì®   «¨§¨àã¥âáï ¢ ¤ ®© à ¡®-â¥. �ëá®ª ï (á¢¥àåªà¨â¨ç¥áª ï) áª®à®áâì ¯®áâã¯-«¥¨ï ¢®¤ë ¢ £àãâ ¬®¦¥â ¡ëâì ®¡¥á¯¥ç¥  ¯ã-72 c �. �. �®«ïª®¢, 2003



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 3. �. 72 { 82â¥¬ á®§¤ ¨ï   ¥£® ¯®¢¥àå®áâ¨ á«®ï ¢®¤ë  ¤«¥-¦ é¥© £«ã¡¨ë [13, 14]. �®£®ç¨á«¥ë¥ â¥®à¥-â¨ç¥áª¨¥ ¨áá«¥¤®¢ ¨ï § ª®®¬¥à®áâ¥© ä¨«ìâà -æ¨¨ ¢ á¢ï§ëå £àãâ å ¢ë¯®«ï«¨áì ¯à¥¦¤¥ ¢á¥£®  ¡ §¥ ®¡é¥© ¬®¤¥«¨  áëé¥®-¥ áëé¥®£®¯®â®ª  £àãâ®¢ëå ¢®¤,  ¯à¨¬¥à [15 { 20]. �®-®¡é¥, ¯à®¡«¥¬ ¬ áãää®§¨¨ ¨ ¨ä¨«ìâà æ¨¨ ¯®-á¢ïé¥  ®¡è¨à ï «¨â¥à âãà . �¤ ª®, ¢ ¤ ®©áâ âì¥ ã¯®¬ï¥¬ â®«ìª® ¥ª®â®àë¥ ®á®¢®¯®« £ -îé¨¥ ¨«¨ íâ ¯ë¥ à ¡®âë. � ª, ãáâ ®¢«¥®, çâ®¬¥¦¤ã ¯à®¬®ç¥ë¬ ¨ áãå¨¬ ãç áâª ¬¨ ®¡à §-æ  £àãâ  ®¡à §ã¥âáï á¢®¥£® à®¤  ¯¥à¥å®¤ ï §®- , ¢ ª®â®à®© ¢« ¦®áâì ¨§¬¥ï¥âáï ®â ¨áå®¤®©¤® ¯®«®© ¢« £®¥¬ª®áâ¨. � §¬¥àë §®ë à áâãâá® ¢à¥¬¥¥¬, ® ¯à¨ íâ®¬ ®áâ îâáï áãé¥áâ¢¥®¬¥ìè¨¬¨ ¯® áà ¢¥¨î á ®¡é¥© ¯à®âï¦¥®áâìîä¨«ìâà æ¨®®£® ¯®â®ª . � ®¥ ®¡áâ®ïâ¥«ìáâ¢®¯®§¢®«ï¥â ãá«®¢® ¢¢®¤¨âì äà®â ¯à®¬ ç¨¢ ¨ï ¨¤®¯ãáª âì, çâ® ¥ áëé¥®¥ á®áâ®ï¨¥ £àãâ  ¢®âá«¥¦¨¢ ¥¬®¬ ¬¥áâ¥ ¬£®¢¥® ¬¥ï¥âáï    -áëé¥®¥ ¯®á«¥ ¯à®å®¦¤¥¨ï ç¥à¥§ ¥£® ã¯®¬ïã-â®£® äà®â . � ãª § ®© §®¥ ¢á«¥¤áâ¢¨¥ ¥¯®«-®£® § ¯®«¥¨ï ¯®à ¢®¤®© ¤¥©áâ¢ãîâ ª ¯¨««ïà®-á®à¡æ¨®ë¥ á¨«ë, ª®â®àë¥ ®¡ãá« ¢«¨¢ îâ ã¢¥-«¨ç¥¨¥ £à ¤¨¥â   ¯®à  ¢ ®¡« áâ¨ ä¨«ìâà æ¨¨¨ ãáª®à¥®¥ â¥ç¥¨¥ £àãâ®¢ëå ¢®¤. �â¬¥ç¥-ë© íää¥ªâ ¢ ã¯à®é¥ëå ¯®¤å®¤ å ãç¨âë¢ ¥âáïá ¯®¬®éìî ª®àà¥ªâ¨à®¢ª¨  ¯®à  (¤ ¢«¥¨ï)  ¨¦¥© £à ¨æ¥ íâ®© ®¡« áâ¨ [21, 22]. �à¨ ¯à¨ï-â®¬ ¯®¤å®¤¥, ª®â®àë© ¢ ¤ «ì¥©è¥¬ ¡ã¤¥â á®¢¥à-è¥áâ¢®¢ âìáï, ¨â¥á¨¢®áâì ¯à¨â®ª  ¢®¤ë ¨§-¢¥ áç¨â ¥âáï ¨§¢¥áâ®©, â ª çâ® ¥®¡å®¤¨¬®áâì¢ ¯àï¬®¬ ãç¥â¥ íää¥ªâ  ¯®¤á áë¢ ¨ï ¢« £¨ § áç¥â ª ¯¨««ïàëå á¨« ®â¯ ¤ ¥â. � ª¦¥ ¢ëïá¨-«®áì, çâ® áª®à®áâì â¥ç¥¨ï ¢®¤ë ¢ ®á®¢®© ç -áâ¨ ¯à®¬®ç¥®£® á«®ï ¯à ªâ¨ç¥áª¨ ¥ ¬¥ï¥âáï.�â¬¥ç¥ë¥ ®á®¡¥®áâ¨ ®¡êïáïîâ ¢ëá®ªãî íä-ä¥ªâ¨¢®áâì ¨ è¨à®ª®¥ ¯à¨¬¥¥¨¥ ¢  ãçëå ¨¯à ªâ¨ç¥áª¨å æ¥«ïå ¬®¤¥«¨ �à¨ -�¬¯â  [23 { 28].�§¬¥¥¨¥ ¯à®¨æ ¥¬®áâ¨ £àãâ  ¯à¨ ¥£® ¤¥-ä®à¬¨à®¢ ¨¨ ¡¥§ ¢ë®á  áãää®§¨®ëå ç áâ¨æ¨§ ®¡« áâ¨ ä¨«ìâà æ¨¨ ®¡ãá« ¢«¨¢ ¥â ¢ æ¥«®¬ãåã¤è¥¨¥ ¢®¤®-ä¨§¨ç¥áª¨å ãá«®¢¨©. � ª á«¥¤-áâ¢¨¥, áª®à®áâì ¢¯¨âë¢ ¨ï, ¥á«¨ ¥ ¯à¨ïâì á¯¥-æ¨ «ìë¥ ¬¥àë, ¡ã¤¥â á¨¦ âìáï. �¬¥áâ¥ á â¥¬,¡ëáâà®  à é¨¢ ï á«®© ¢®¤ë   ¯®¢¥àå®áâ¨ £àã-â , à¥ «ì® ¤®¡¨âìáï å®âï ¡ë ªà âª®¢à¥¬¥®£®ã¢¥«¨ç¥¨ï ãª § ®© áª®à®áâ¨. � ª ¨«¨ ¨ ç¥,®   ¯à ªâ¨ª¥ áª®à®áâì (ã¤¥«ìë© à áå®¤) ¢®¤ë  ãª § ®© ¯®¢¥àå®áâ¨ I ¨§¬¥ï¥âáï á® ¢à¥¬¥-¥¬. � à ªâ¥à íâ®£® ¨§¬¥¥¨ï ¢ ®¡é¥¬ á«ãç ¥®¯à¥¤¥«ï¥âáï ä¨§¨ª®-¬¥å ¨ç¥áª¨¬¨ ãá«®¢¨ï¬¨ ¢á¨áâ¥¬¥ £àãâ { ¢®¤®¨áâ®ç¨ª ¨ ¤®«¦¥ ¢ëï¢«ïâì-áï ¢ å®¤¥ à¥è¥¨ï § ¤ ç¨, ®¯¨áë¢ îé¥© á®¢¬¥áâ-

ãî ¤¨ ¬¨ªã £àãâ®¢ëå ¨ ¯®¢¥àå®áâëå ¢®¤.�¤ ª®, ãç¨âë¢ ï, çâ® ¤  ï à ¡®â , £« ¢ë¬®¡à §®¬,  ¯à ¢«¥    ¨§ãç¥¨¥   «¨â¨ç¥áª¨¬¨¬¥â®¤ ¬¨ ¢«¨ï¨ï ä¨«ìâà æ¨®ëå ¤¥ä®à¬ æ¨©  ¯à®æ¥áá ¯à®¬ ç¨¢ ¨ï £àãâ  ¨ ¥£® ¯à®¨æ -¥¬®áâì, ¯à¥¤áâ ¢«ï¥âáï ®¯à ¢¤ ë¬, ¯® ªà ©¥©¬¥à¥,   ¯¥à¢®¬ íâ ¯¥ ¯®¤®¡ëå ¨áá«¥¤®¢ ¨© áç¨-â âì ¢¥«¨ç¨ã I ¨§¢¥áâ®©. �¨¤ ¦¥ äãªæ¨¨ I(t)á«¥¤ã¥â ¯®¤¡¨à âì â ª¨¬ ®¡à §®¬, çâ®¡ë ¯à¨¨-¬ ¥¬ë¥ § ç¥¨ï I á®£« á®¢ë¢ «¨áì á à¥ «ìë¬¨.�®   «®£¨¨ á à ¡®â ¬¨ [12, 29] ¯à®¤®«¦ ¥âáï ¨á-á«¥¤®¢ ¨¥ ¤¥ä®à¬¨à®¢ ¨ï áãää®§¨®ëå £àã-â®¢, ¨¬¥îé¨å  ¨¡®«¥¥ ¯à®áâ®© ¨§ ¢®§¬®¦ëå¤«ï ¯®«¨¤¨á¯¥àáëå áà¥¤ ¬¥åá®áâ ¢,   ¨¬¥®, ®¨á«®¦¥ë ¨§ ç áâ¨æ ¤¢ãå á®àâ®¢ { áâàãªâãàëå ¨áãää®§¨®ëå.�à®¤®«¦¨â¥«ì®¥ ¯®¢ëè¥¨¥ á®¤¥à¦ ¨ï ¥-áâàãªâãàëå ç áâ¨æ   ¨¦¥à á¯®«®¦¥®¬ ãç -áâª¥ ä¨«ìâà æ¨®®£® ¯®â®ª  ( ªªã¬ã«¨àãîé ï§® ) ¬®¦¥â, ¢ ª®æ¥ ª®æ®¢, ¯à¨¢¥áâ¨ ª ¯ ¤¥¨îáª®à®áâ¨ â¥ç¥¨ï ¢®¤ë ¢ ¯®à å ¨¦¥ ªà¨â¨ç¥áª®£®ãà®¢ï. �®£¤   ç¨ ¥âáï ®á ¦¤¥¨¥ ¯®¤¢¨¦ëåç áâ¨æ ¨ ¯®à®¢®¥ ¯à®áâà áâ¢® ¯® áà ¢¥¨î á ¨á-å®¤ë¬ á®ªà é ¥âáï. � ª ª ª â¥ç¥¨¥ ¢®¤ë ¢  ª-ªã¬ã«¨àãîé¥© §®¥ ï¢«ï¥âáï ¥à ¢®¬¥àë¬, â®á«®© ª®«ì¬ â ¦  ä®à¬¨àã¥âáï ¯®áâ¥¯¥®. �®-¤à®¡® ®á®¡¥®áâ¨ ¥£® ®¡à §®¢ ¨ï ¢ ¯à®¬ ç¨-¢ ¥¬®¬ áãää®§¨®®¬ £àãâ¥ ¯à¥¤¯®« £ ¥âáï à á-á¬®âà¥âì ¢® ¢â®à®© ç áâ¨ ¤ ®© à ¡®âë.1. ���������� � ����� ��������������������� �������®¢¬¥áâ®¥ ¤¢¨¦¥¨¥ ¢®¤ë ¨ áãää®§¨®ëå ç -áâ¨æ ¯à¨¡«¨§¨â¥«ì® ®¤®£® à §¬¥à  ¨ ä®à¬ë¢ ¢¥àâ¨ª «ì®¬  ¯à ¢«¥¨¨ (¢¤®«ì ®á¨ Oz) ¯à¨¯à®¬ ç¨¢ ¨¨ £àãâ  ¬®¦® ®¯¨á âì á¨áâ¥¬®© ®¤-®¬¥àëå ãà ¢¥¨© [12, 30]@nw@t = � @@z (nwu); (1)@nc@t = � @@z [nc(u� uk)];£¤¥ nw { ¤®«ï ¯®à ¢ £àãâ®¢®¬ ¯à®áâà áâ¢¥; nc {®¡ê¥¬ ï ª®æ¥âà æ¨ï ¥áâàãªâãàëå ç áâ¨æ;u { ¤¥©áâ¢¨â¥«ì ï áª®à®áâì â¥ç¥¨ï ¢®¤ë ¢ ¯®-à å. �¥«¨ç¨ë nw, nc á¢ï§ ë á ®¡ê¥¬®© ª®æ¥-âà æ¨¥© áâàãªâãàëå ç áâ¨æ ms á«¥¤ãîé¨¬ á®®â-®è¥¨¥¬: nw + nc = 1�ms: (2)� ¨áå®¤®¬ £àãâ¥ áãää®§¨®ë¥ ç áâ¨æë à á-¯à¥¤¥«¥ë à ¢®¬¥à®,   ¨å ®¡ê¥¬ ï ª®æ¥-âà æ¨ï á®áâ ¢«ï¥â mc. �§ á¨áâ¥¬ë (1) á«¥¤ã¥â,�. �. �®«ïª®¢ 73



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 3. �. 72 { 82çâ® ¨â¥á¨¢®áâì ¯®â®ª  £¨¤à®á¬¥á¨ ¥ ¬¥ï¥â-áï ¢¤®«ì ®¡« áâ¨ ¤¥ä®à¬ æ¨© ¨ ¢ «î¡®© ¬®¬¥ât à ¢  à áå®¤ã ¢®¤ë   ¯®¢¥àå®áâ¨ £àãâ , â®¥áâì nwu+ nc(u� uk) = I: (3)�¢ï§ì ¬¥¦¤ã u ¨ nc á®£« á® ãà ¢¥¨© (2), (3)¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥  ¢ ¤¢ãå ä®à¬ å:u = 11�ms (I + uknc); (4)nc = 1uk [(1�ms)u� I]:�®á«¥ ¥á«®¦ëå ¯à¥®¡à §®¢ ¨© á¨áâ¥¬ã (1) ã¤ -¥âáï á¢¥áâ¨ ª ãà ¢¥¨î ®â®á¨â¥«ì® áª®à®áâ¨ u:@u@t + (2u� uk � I1�ms )@u@z = 11�ms dIdt : (5)�¡« áâì ¤¢¨¦¥¨ï ®£à ¨ç¥  á¢¥àåã ¯®¢¥àå®-áâìî £àãâ ,   á¨§ã äà®â®¬ ¯à®¬ ç¨¢ ¨ï, ª®-â®àë© ¯¥à¥¬¥é ¥âáï ¢¨§ ¨ ®¤®¢à¥¬¥® ï¢«ï-¥âáï ¢¥è¥© £à ¨æ¥ ®¡« áâ¨ ¤¥ä®à¬ æ¨© ¨  ª-ªã¬ã«¨àãîé¥© §®ë. � ª®®¬¥à®áâì ¥£® ¯¥à¥¬¥-é¥¨ï za = za(t),   â ª¦¥ § ç¥¨ï ¨áª®¬ëå å -à ªâ¥à¨áâ¨ª   ¥¬ ua = u(za; t), nca = nc(za; t)§ à ¥¥ ¥¨§¢¥áâë ¨ ãáâ  ¢«¨¢ îâáï, ¨áå®¤ï ¨§ãá«®¢¨© ¡ « á  ®¡ê¥¬®¢ ¢®¤ë ¨ ¯®¤¢¨¦ëå ç -áâ¨æ   £à ¨æ¥ z = za. �ª § ë¥ ãá«®¢¨ï á¢ï-§ë¢ îâ áª®à®áâì dza=dt á® áª®à®áâï¬¨ ¤¢¨¦¥¨ï¢®¤ë ¨ ç áâ¨æ ¢â®à®© (¥áâàãªâãà®©) äà ªæ¨¨.�«ï ¢®¤ë â ª®¥ ãá«®¢¨¥ á®¢¯ ¤ ¥â á ª¨¥¬ â¨ç¥-áª¨¬ ãá«®¢¨¥¬, ª®â®à®¥ ¯à¨¬¥ï¥âáï ¢ á«ãç ¥ ¯à®-¬ ç¨¢ ¨ï ®¡ëçëå (¥áãää®§¨®ëå) £àãâ®¢:dzadt = ua: (6)�á«¨ ¤¥ä®à¬ æ¨¨ ®âáãâáâ¢ãîâ, â® nw = const ¨¨§ ãà ¢¥¨© (1), (6) ¯à¨ § ¤ ®¬ ã¤¥«ì®¬ à á-å®¤¥ I áà §ã  å®¤¨âáï ¯à®áâ®¥ à¥è¥¨¥ ¨áå®¤®©§ ¤ ç¨ u = Inw ; za = It: (7)� íâ®¬ ¦¥ á«ãç ¥, ® ¯à¨ ¥¨§¢¥áâ®¬ à áå®¤¥I, ¥®¡å®¤¨¬® ¤®¯®«¨â¥«ì® § ¤ ¢ âì ¤¨ ¬¨ªã£«ã¡¨ë á«®ï ¢®¤ë   ¯®¢¥àå®áâ¨ £àãâ . �®-£¤  à áå®¤ I ¢ëà ¦ ¥âáï ç¥à¥§ ¯®áâ®ïë© ª®íä-ä¨æ¨¥â ä¨«ìâà æ¨¨ ¨  ¯®à   ®¡¥¨å £à ¨æ å®¡« áâ¨ ¤¢¨¦¥¨ï ¨ ¢ â ª®© ä®à¬¥ ¯®¤áâ ¢«ï¥âáï¢ ãà ¢¥¨¥ (7) ¤«ï za. �¥è¥¨¥ ¯®«ãç¥®£® â -ª¨¬ ®¡à §®¬ ¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ï ¨ ¤ -¥â ¨áª®¬ãî § ª®®¬¥à®áâì za(t). � à ¬ª å à¥- «¨§ã¥¬®© ¯®áâ ®¢ª¨ ¯®¬¨¬® ãá«®¢¨ï (6) â ª¦¥

¨á¯®«ì§ã¥âáï ãá«®¢¨¥ ¬ â¥à¨ «ì®£® ¡ « á  ¥-áâàãªâãàëå ç áâ¨æ, ª®â®à®¥ áâà®£® ¯®«ãç¥® ¢á«¥¤ãîé¥¬ ¢¨¤¥:dzadt = nca ua � uknca �mc :� ãç¥â®¬ ¢ëà ¦¥¨ï (4) ®® âà áä®à¬¨àã¥âáï,â ª çâ® dzadt = [(1�ms)ua � I](ua � uk)(1�ms)ua � I �mcuk : (8)�à¨à ¢¨¢ ï ¯à ¢ë¥ ç áâ¨ á®®â®è¥¨© (6), (8),«¥£ª® ¯®«ãç¨âì ua = I1�ms �mc : (9)�á«®¢¨ï (6), (9) ¢¬¥áâ¥ á ãà ¢¥¨¥¬ (5) ¯à¥¤áâ -¢«ïîâ § ¤ çã �®è¨, ¨§ à¥è¥¨ï ª®â®à®©  å®¤¨â-áï áª®à®áâì u ¢ ®¡« áâ¨ 0 � z � za. �«ï ¯®«®£®à¥è¥¨ï ¤ ®© § ¤ ç¨ â ª¦¥ ¥®¡å®¤¨¬® ®¯à¥-¤¥«¨âì ¯®«®¦¥¨¥ ¢¥àå¥© £à ¨æë  ªªã¬ã«¨àã-îé¥© §®ë zb(t), ®â¤¥«ïîé¥© ¥¥ ®â §®ë ¯®«®©¤¥ä®à¬ æ¨¨. � íâ®© æ¥«ìî ¯à®é¥ ¢á¥£® á®áâ -¢¨âì ®¡é¨© ¬ â¥à¨ «ìë© ¡ « á áãää®§¨®ëåç áâ¨æ ¢ ®¡« áâ¨ ¤¥ä®à¬ æ¨©, ª®â®àë© ¢ ®âáãâ-áâ¢¨¨ ¨å ¢ë®á  §  ¯à¥¤¥«ë ãª § ®© ®¡« áâ¨¡ã¤¥â zaZzb ncdz = zaZzo medz = mc(za � zo): (10)�¤¥áì z0 ¥áâì  ç «ì ï ¬®é®áâì ¯à®¬®ç¥®£®á«®ï £àãâ , çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ® ¯à®¨áå®¤¨¢-è¥¬ à ¥¥ ¢¯¨âë¢ ¨¨ ¢®¤ë ¢ ®âáãâáâ¢¨¨ áãää®-§¨®®£® ¯à®æ¥áá . �§ ãá«®¢¨ï (10) ¢¨¤®, çâ® ¯®áãé¥áâ¢ã ¥ãçâ¥ë¬¨ ®áâ îâáï ¥áâàãªâãàë¥ç áâ¨æë, ¯¥à¢® ç «ì® à á¯®« £ ¢è¨¥áï ¢ á«®¥[0; z0]. � ¤ «ì¥©è¥¬ ®¨ á®áà¥¤®â ç¨¢ îâáï ¢á«®¥, ¯à¨¬ëª îé¥¬ ª £à ¨æ¥ z = zb(t). � §¬¥-àë íâ®£® á«®ï ¨ ª®æ¥âà æ¨ï ¬®¡¨«ìëå ç áâ¨æ¢ ¥¬ ®¯à¥¤¥«ïîâáï å à ªâ¥à®¬ ¨§¬¥¥¨ï ¢¥«¨-ç¨ë I ¢  ç «ìë© ¬®¬¥â. �âà®£® £®¢®àï, ¤ -ë© á«®© ï¢«ï¥âáï á®áâ ¢®© ç áâìî  ªªã¬ã«¨àã-îé¥© §®ë. � ¯®á«¥¤ãîé¥¬ ª®«¨ç¥áâ¢¥®¬   -«¨§¥ á«ãç © z0 6= 0 ¥ à áá¬ âà¨¢ ¥âáï. � ª¦¥ ¥-§ ¢¨á¨¬® ¯®«ãç¥® íª¢¨¢ «¥â®¥ ãá«®¢¨¥ ¡ « á ¢ ¤¨ää¥à¥æ¨ «ì®© ä®à¬¥dzbdt = ub � uk: (11)�®à¬ë (10) ¨ (11) ï¢«ïîâáï à ¢®æ¥ë¬¨, â ªª ª ¢ëâ¥ª îâ ®¤  ¨§ ¤àã£®©. � ç áâ®áâ¨, çâ®-¡ë ¯®«ãç¨âì ãá«®¢¨¥ (11), ¤®áâ â®ç® ¯à®¤¨ää¥-à¥æ¨à®¢ âì ¯® ¢à¥¬¥¨ ®¡¥ ç áâ¨ à ¢¥áâ¢  (10)¨ ¨á¯®«ì§®¢ âì ¯à ¢¨«® �¥©¡¨æ .74 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 3. �. 72 { 82� «¨§ ¯à®æ¥áá  ¯à®¬ ç¨¢ ¨ï áãää®§¨®®£®£àãâ  æ¥«¥á®®¡à §® ¢ë¯®«ïâì ¯®á«¥ ¢¢¥¤¥¨ï¡¥§à §¬¥àëå ¯¥à¥¬¥ëå �u = u=uk, �z = z=Z,�t = ukt=Z, �I = I=(uk(1 �ms)), £¤¥ Z { ¥ª®â®àë©å à ªâ¥àë© ¤«ï ãá«®¢¨© § ¤ ç¨ «¨¥©ë© ¬ á-èâ ¡. � ª ç¥áâ¢¥ â ª®£® ¬®£ãâ á«ã¦¨âì,  ¯à¨-¬¥à,  ç «ì ï £«ã¡¨  á«®ï ¢®¤ë   ¯®¢¥àå®áâ¨£àãâ  ¨«¨ ¨áå®¤ ï â®«é¨  ¯à®¬®ç¥®£® á«®ï.�®£¤  ¨áå®¤ ï ¬ â¥¬ â¨ç¥áª ï § ¤ ç  ¯à¥®¡à -§ã¥âáï ª á«¥¤ãîé¥¬ã ¢¨¤ã:@�u@�t + (2�u� 1� �I)@�u@�z = d�Id�t ; (12)z = �z0 + 11� � tZ0 �I(� )d�; �u = �I1� � ; (13)£¤¥ �z0 = z0=Z, �� = mc=(1 � ms). � «¥¥ ç¥àâ®çª¨ ¤ ¯¥à¥¬¥ë¬¨ ¤«ï ã¤®¡áâ¢  ®¯ãáª îâáï. �¥è¥-¨¥ § ¤ ç¨ (12), (13) ¯®áâà®¥® ¬¥â®¤®¬ å à ªâ¥-à¨áâ¨ª. � à ªâ¥à¨áâ¨ç¥áª ï á¨áâ¥¬  ¤«ï ãà ¢¥-¨ï (12) [31] ¨¬¥¥â ¢¨¤dzdt = 2u� 1� I; dudt = dIdt : (14)�â¥£à¨à®¢ ¨¥ á¨áâ¥¬ë (14) á ãç¥â®¬ ãá«®¢¨©(13) ¤ ¥â ¨áª®¬®¥ à¥è¥¨¥ ¢ ¯ à ¬¥âà¨ç¥áª®©ä®à¬¥ u = I(t) + �1� � I(�); (15)z = z0 + �1� � �Z0 I(� )d� + h 2�1� � I(�) � 1i(t� �)++ tZ0 I(� )d�: (16)�§ § ¢¨á¨¬®áâ¥© (15), (16) ¯à¨ � = t á«¥¤ã¥âu = ua, z = za. �¥è¥¨¥ (15), (16) ã¤ ¥âáï ¯à¥¤-áâ ¢¨âì ¢ ¡®«¥¥ ¯à®áâ®© ¨ ã¤®¡®© ¤«ï à áç¥â®¢ä®à¬¥ ¢ â¥å á«ãç ïå, ª®£¤  ®ª §ë¢ ¥âáï ¢®§¬®¦-ë¬, ®¯¨à ïáì   à¥è¥¨¥ (15) ¨«¨ (16), ¢ëà §¨âì¯ à ¬¥âà � ç¥à¥§ u, t ¨«¨ z, t. � ç áâ®áâ¨, ¥á«¨�  ©¤¥® ¨§ à¥è¥¨ï (15) ¨ ä®à¬ «ì® ®¯à¥¤¥«ï-¥âáï ª ª � = I�1h1� �� (u� I)i; (17)â® ¯®¤áâ ®¢ª  ¢ëà ¦¥¨ï (17) ¢ (16) ¤ ¥â à¥è¥-¨¥ ¢ ä®à¬¥ z = f(u; t). �á«¨ ¦¥ ¨§ § ¢¨á¨¬®áâ¨(16) ¬®¦®  ©â¨ � = �(z; t), â® ¨áª®¬®¥ à¥è¥¨¥¯à¥¤áâ ¢¨âáï ¢ ï¢®¬ ¢¨¤¥u = I(t) + 1� �� Ih�(z; t)i: (18)

� ¦¥©è¨¬ á«¥¤áâ¢¨¥¬ ¯®«ãç¥®£® à¥è¥¨ïï¢«ï¥âáï ä®à¬ã«  ¤«ï à áç¥â  ®â®á¨â¥«ì®© ª®-æ¥âà æ¨¨ ¬®¡¨«ìëå ç áâ¨æ Nc ¢  ªªã¬ã«¨àãî-é¥© §®¥ Nc = I(�)1� � ; (19)£¤¥ Nc = nc=mc. �®â®ª âà á¯®àâ¨àã¥¬ëå ä¨«ì-âà æ¨®ë¬ â¥ç¥¨¥¬ ç áâ¨æ ¡ã¤¥âIc = �Nc(u� 1): (20)� à áç¥â å ¯à¨¬¥à®¢ ¤«ï ®¯à¥¤¥«¥¨ï ¢¥àå¥© £à -¨æë  ªªã¬ã«¨àãîé¥© §®ë ¯à¨¬¥ï«®áì ãá«®¢¨¥(10) ¢ ¡¥§à §¬¥à®© ä®à¬¥,   ¨¬¥®:zaZzb Ncdz = �(za � z0): (21)�â ª, ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨ïâë¬¨ ¤®¯ãé¥¨ï¬¨¤«ï ¯à®¢¥¤¥¨ï à áç¥â®¢ ä¨«ìâà æ¨®ëå ¨ áãä-ä®§¨®ëå å à ªâ¥à¨áâ¨ª ¥®¡å®¤¨¬® ª®ªà¥â¨-§¨à®¢ âì äãªæ¨î I(t). � à ªâ¥àë¥ á«ãç ¨  ¯-¯à®ªá¨¬ æ¨®ëå ¢ëà ¦¥¨© ¤«ï ¨ä¨«ìâà æ¨®-®© äãªæ¨¨ I(t) à áá¬ âà¨¢ îâáï ¢® ¢â®à®¬ à §-¤¥«¥ à ¡®âë.2. ��������� ������������â¥¯¥ì ¨ áª®à®áâì ¤¥ä®à¬¨à®¢ ¨ï £àãâ ®¯à¥¤¥«ïîâáï áª®à®áâìî I ¯®áâã¯«¥¨ï ¢®¤ë ¢£àãâ. � à¥ «ìëå ãá«®¢¨ïå ¯®¢¥¤¥¨¥ äãªæ¨¨I(t) ®â«¨ç ¥âáï ¡®«ìè¨¬ à §®®¡à §¨¥¬. � ®â-¤¥«ìë¥ ¨â¥à¢ «ë ¢à¥¬¥¨ ®â¬¥ç ¥âáï ¥¥ ¬®®-â®®¥ ¨§¬¥¥¨¥. �¤ ª® ¯® ¬¥à¥ ã¢¥«¨ç¥¨ï¤«¨â¥«ì®áâ¨ ¯¥à¨®¤   ¡«î¤¥¨© áª®à®áâì I ¬¥-ï¥âáï ¢® ¢á¥ ¡®«¥¥ è¨à®ª¨å ¯à¥¤¥« å, ¯®¯¥à¥¬¥-® ¢®§à áâ ï ¨ ã¡ë¢ ï. �á¥ íâ¨ ®á®¡¥®áâ¨ ä®à-¬ «ì® ¬®¦® ®âà §¨âì á ¯®¬®éìî  ¯¯à®ªá¨¬ -æ¨®®£® ¢ëà ¦¥¨ï ¤«ï I(t) ¢ ¢¨¤¥ ¯®«¨®¬  ¯à®-¨§¢®«ì®© áâ¥¯¥¨ m:I(t) = mXi=0 �iti: (22)�®¤áâ ®¢ª  ¢ëà ¦¥¨ï (22) ¢ ®¡é¥¥ à¥è¥¨¥(15), (16) ¯®§¢®«¨«  ¯®«ãç¨âì à áç¥âë¥ § ¢¨á¨-¬®áâ¨, ª®â®àë¥ ¯à¥¨¬ãé¥áâ¢¥® ¨ ¨á¯®«ì§ãîâ-áï ¯à¨ ¯à®¢¥¤¥¨¨ ª®«¨ç¥áâ¢¥®£®   «¨§  ¢ âà¥-âì¥¬ à §¤¥«¥. � ®ª®ç â¥«ì®¬ ¢¨¤¥ ®¨ ¡ã¤ãâu = �01� � + mXi=1 �i�ti + ��i1� � �; (23)z = z0 + �1� ��01� � �� + �1 + �1� ��0 � 1�t+ (24)�. �. �®«ïª®¢ 75



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 3. �. 72 { 82+ mXi=1 �ih� �(2i + 1)(1� �)(i + 1)�i+1 + 2�t1� � �i + ti+1i + 1i:� ¡®«¥¥ ã¤®¡®© ¤«ï à áç¥â®¢ ¥ï¢®© ä®à¬¥ à¥-è¥¨¥ ¯à¥¤áâ ¢«ï¥âáï ¯à¨ m = 3. �®£¤  ¯ à ¬¥âà� á®£« á® ãà ¢¥¨ï (23) ¢ëà ¦ ¥âáï ç¥à¥§ u, tá«¥¤ãîé¨¬ ®¡à §®¬:� = � �12�2+ (25)+s �214�22 � 1� ���2 (�2t2 + �1t+ �01� � � u):� áç¥â áª®à®áâ¨ u ¢ë¯®«ï¥âáï ¯® ä®à¬ã«¥ (24) áãç¥â®¬ (25). � ª®¥æ, ¯à¨ m = 2 � ®¯à¥¤¥«ï¥âáïª ª äãªæ¨ï ®â z, t, ¨áå®¤ï ¨§ (24). �®£¤ � = �1 + 2t3 �p (t) � �2(z � z0); (26)£¤¥ �1 = 1� � � ��03��1 , �2 = 2(1� �)3��1 , = � + 39� t2 + 2(��0 � 1 + � + 3�0)9��1 t+ �21;¨ à áç¥â ï § ¢¨á¨¬®áâì ¯à¨¨¬ ¥â ¢¨¤ (18) áãç¥â®¬ ¢ëà ¦¥¨ï (26). �®«®¦¥¨¥ ¢¥àå¥© £à -¨æë zb(t) ¢ëç¨á«ï¥âáï   ®á®¢¥ ¨â¥£à «ì®£®ãá«®¢¨ï (21), ª®â®à®¥ ¯®á«¥ àï¤  ¯à¥®¡à §®¢ ¨©¯à¨®¡à¥â ¥â ¢¨¤mXi=0 ��i ti+1 � �i+1bi + 1 � ��2i �2ib1� � ��� 2�1� � m�1Xi=0 mXj=1�i�j�i+jb = (1� �)(za � z0); (27)£¤¥ �b = �(zb; t). �à¨ «¨¥©®¬ § ª®¥ ¨§¬¥¥¨ïI ãà ¢¥¨¥ (27) § ¬¥â® ã¯à®é ¥âáï,   ¨¬¥®:(�0 + �1�1 + 2�13 t)zb + 2�13�2 ( � �2zb)3=2 == (�0 + �1�1 � 1 + � + 2�13 t)za+ (28)+(1� �)z0 + 2�13�2 ( � �2za)3=2:�â®á¨â¥«ì ï ª®æ¥âà æ¨ï Nc ¨ à áå®¤ Ic ¥-áâàãªâãàëå ç áâ¨æ à ááç¨âë¢ îâáï ¯® ä®à¬ã-« ¬ (19), (20), ¢ ª®â®àëå �  å®¤¨âáï ¨§ § ¢¨á¨-¬®áâ¥© (25),(26).�¥à¥¤ª® ¨â¥á¨¢®áâì I  ¤¥¦¥¥ ®¯¨áë¢ ¥â-áï äãªæ¨ï¬¨ ¤àã£®£® ¢¨¤ . �à¥¤¨ ¨å á«¥¤ã¥â¢ë¤¥«¨âì ¯®ª § â¥«ìë¥ äãªæ¨¨,  ¯à¨¬¥à,I(t) = �1e�2t: (29)

�®£¤  à¥è¥¨¥ ¨áå®¤®© § ¤ ç¨ (12),(13) ¯à¨ I(t)á®£« á® ãà ¢¥¨ï (29) ¢ëà ¦ ¥âáï § ¢¨á¨¬®-áâìî z = z0 + ��(1� �)�2 (e�2� � 1)+ (30)+� 2��11� � e�2� � 1�(t � �) + �1�2 (e�2t � 1);£¤¥ � = 1�2 ln h1� ���1 (u� �1e�2t)i:�®®à¤¨ â  ¨¦¥© £à ¨æë ®¡« áâ¨ ¤¥ä®à¬ æ¨©¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥za = z0 + �1(1� �)�2 (e�2t � 1); (31)  ª®®à¤¨ â  zb  å®¤¨âáï   ®á®¢¥ ãà ¢¥¨ï��211� � (�b � t)e2�2�b � �1�2 e�2�b = (32)= (1� �)(za � z0)� �1�2 e�2t;¯à¨ç¥¬ á ç «  ¨§ ãà ¢¥¨ï (32) ¤«ï ä¨ªá¨à®-¢ ®£® t ®¯à¥¤¥«ï¥âáï �b,   § â¥¬ íâ® § ç¥¨¥¯®¤áâ ¢«ï¥âáï ¢ (30). �®«ãç¥®¥ â ª¨¬ ®¡à §®¬ç¨á«® ¨ ¥áâì ¨áª®¬®¥ § ç¥¨¥ zb. � ª®¥æ, ®â®-á¨â¥«ì ï ª®æ¥âà æ¨ï áãää®§¨®ëå ç áâ¨æ ¢ ªªã¬ã«¨àãîé¥© §®¥ à ¢ Ne = �11� � e�2�: (33)3. ������� ��������.������ ������������ ª®®¬¥à®áâ¨ ¯à®¬ ç¨¢ ¨ï £àãâ , á®¯à®¢®-¦¤ îé¥£®áï ä¨«ìâà æ¨®ë¬¨ ¤¥ä®à¬ æ¨ï¬¨ ¨¨§¬¥¥¨¥¬ ¥£® ¢®¤®-ä¨§¨ç¥áª¨å á¢®©áâ¢, ¨áá«¥-¤®¢ «¨áì   á¥à¨¨ ¯à¨¬¥à®¢, ¯à¨ç¥¬   ¯¥à¢®¬íâ ¯¥ ¡ë« ¢ë¡à  á«ãç © ¢®§à áâ îé¥£® ã¤¥«ì®-£® à áå®¤  I(t). �â®à®© à á¯à®áâà ¥ë© á«ã-ç ©, ª®£¤  I ã¡ë¢ ¥â ¨ á®§¤ îâáï ¯à¥¤¯®áë«ª¨ ¤«ï®á ¦¤¥¨ï âà á¯®àâ¨àã¥¬ëå ç áâ¨æ, ä®à¬¨à®-¢ ¨ï á«®ï ª®«ì¬ â ¦ , ¯à¥¤¯®« £ ¥âáï ®¡áã¤¨âì¢® ¢â®à®© ç áâ¨ à ¡®âë. � ¡®«ìè¨áâ¢¥ à ááç¨-â ëå ¯à¨¬¥à®¢ ¯à¨¨¬ ¥âáï à ¢®¬¥à®¥ ã¢¥-«¨ç¥¨¥ ¨â¥á¨¢®áâ¨ I, â ª çâ®I = �0 + �1t: (34)� à ¬¥âà �, å à ªâ¥à¨§ãîé¨© ¨áå®¤®¥ á®¤¥à¦ -¨¥ áãää®§¨®ëå ç áâ¨æ, ¢ àì¨àã¥âáï ¢ è¨à®-ª¨å ¯à¥¤¥« å (0.05...0.3). �¥¬ á ¬ë¬ ®å¢ âë¢ ¥â-áï ä ªâ¨ç¥áª¨ ¢¥áì ¤¨ ¯ §® ¢áâà¥ç îé¨åáï  76 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 3. �. 72 { 82¯à ªâ¨ª¥ § ç¥¨© �. � ç «ì®¥ § ç¥¨¥ �0 à á-å®¤  I ¢ë¡à ® ¤«ï ¢á¥å ¯à¨¬¥à®¢ ®¤¨ ª®¢ë¬ ¨à ¢ë¬ 2. �ª®à®áâì ¨§¬¥¥¨ï I ¯à¨ «¨¥©®¬§ ª®¥ (34) ¯à¨¨¬ ¥âáï �0 = 0:5. � ¨áå®¤®¬ á®-áâ®ï¨¨ ¢¥áì á«®© £àãâ  ï¢«ï¥âáï áãå¨¬, â ª çâ®äà®â ¯à®¬ ç¨¢ ¨ï ¢  ç «ìë© ¬®¬¥â á®¢¯ -¤ ¥â á ¥£® ¯®¢¥àå®áâìî (z0 = 0). �«ï ¡�®«ìè¨åã¤®¡áâ¢  ¯à¥¤áâ ¢«¥¨ï ¨  £«ï¤®áâ¨ à¥§ã«ìâ -â®¢ ¢ëç¨á«¥¨© ¨á¯®«ì§ãîâáï ®à¬¨à®¢ ë¥ ¯¥-à¥¬¥ë¥ ~z = (z � zb)=(za � zb), ~t = t=t¯, ª®â®-àë¥ ¨§¬¥ïîâáï ®â 0 ¤® 1. �¤¥áì t¯ { ¬®¬¥â  -ç «  ¯®«®£® § ¯®«¥¨ï ¯®à £àãâ  ¯®¤¢¨¦ë-¬¨ ç áâ¨æ ¬¨. �à¨ à®áâ¥ I á ç «  § ªã¯®àª ¯®à ¤®«¦  ¯à®¨§®©â¨   äà®â¥ ¯à®¬ ç¨¢ ¨ï,  § ç¥¨¥ t¯ ãáâ  ¢«¨¢ ¥âáï á ¯®¬®éìî ãá«®¢¨ïNc(�(za; t¯)) = 1� :� ç áâ®¬ á«ãç ¥, ®¯¨áë¢ ¥¬®¬ ãà ¢¥¨¥¬ (34),t¯ = 1� � � ��0��1 :� ª¦¥ ¯à®áâ® ¢ëç¨á«ï¥âáï t¯ ¨ ¯à¨ m = 2. � ç¥-¨¥ t¯ ¢ íâ®¬ á«ãç ¥ ¡ã¤¥â ª®¥çë¬ ¯à¨ �2 < 0,¥á«¨ ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢®� �12�2�2 � ��0 + � � 1��2 > 0:� ¬®¬¥â t = t¯ £àãâ áâ ®¢¨âáï ¢®¤®¥¯à®¨-æ ¥¬ë¬ ¨ ä¨«ìâà æ¨ï ¤®«¦  ¯à¥ªà â¨âìáï. �¤¥©áâ¢¨â¥«ì®áâ¨, ®¡ëç® ¯® â¥å¨ç¥áª¨¬ ¯à¨ç¨- ¬ ¥¢®§¬®¦® ®¡¥á¯¥ç¨âì âà¥¡ã¥¬ãî ¤«ï § ç¨-â¥«ì®£® ¯®¢ëè¥¨ï ª®æ¥âà æ¨¨ áãää®§¨®ëåç áâ¨æ ¯à¨â®ç®áâì ¢®¤ë ¢ £àãâ. � ª¦¥ á«¥¤ã¥â¨¬¥âì ¢¢¨¤ã, çâ® ¯à¨ ¢ëá®ª®¬ á®¤¥à¦ ¨¨ â¢¥à-¤ëå ç áâ¨æ ¢ £¨¤à®á¬¥á¨ ¨å ¢«¨ï¨¥   ä¨«ìâà -æ¨®ë© ¯®â®ª áâ ®¢¨âáï § ç¨¬ë¬ ¨ ¨áå®¤ ï¬®¤¥«ì ã¦¤ ¥âáï ¢ á¥àì¥§®© ¤®à ¡®âª¥. �® íâ®ã¦¥ ¡ã¤¥â ¯à¥¤¬¥â®¬ ¯®á«¥¤ãîé¨å ¨áá«¥¤®¢ ¨©.�¤ ª® §¤¥áì áãää®§¨®ë© ¯à®æ¥áá ¨§ãç ¥âáï ¢à ¬ª å ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ (1), (6), (9) ä®à-¬ «ì®   ¯®«®¬ ¨â¥à¢ «¥ ¢à¥¬¥¨ (¢¯«®âì ¤®¬®¬¥â  t¯).� ¯¥à¢ãî ®ç¥à¥¤ì, ¯® ä®à¬ã« ¬ (24), (26) ¨ (28)à ááç¨âë¢ «®áì ¯¥à¥¬¥é¥¨¥ ®¡¥¨å £à ¨æ  ªªã-¬ã«¨àãîé¥© §®ë. � ë¥ ¢ëç¨á«¥¨© za, zb ¤«ïà §ëå § ç¥¨© � ¯à¥¤áâ ¢«¥ë   à¨á.1. � ã¢¥-«¨ç¥¨¥¬ � ¯à¨ ®¤®© ¨ â®© ¦¥ ¢¥«¨ç¨¥ I(t), ¢®-¯¥à¢ëå, ã¯®¬ïãâë¥ £à ¨æë ¤¢¨¦ãâáï ¡ëáâà¥¥,¢®-¢â®àëå, ¯à®âï¦¥®áâì  ªªã¬ã«¨àãîé¥© §®ëâ®¦¥  à áâ ¥â. �à¨ ¬¥ìè¨å § ç¥¨ïå � ¬ ª-á¨¬ «ì ï ¤«¨  ¤ ®© §®ë ¨§¬¥àï¥âáï ¥áª®«ì-ª¨¬¨ ¤¥áïâª ¬¨ ¨ ¤ ¦¥ á®âï¬¨ ¥¤¨¨æ («¨¥©-ëå ¬ áèâ ¡®¢). � ª, ¤«ï ¯à¨¬¥à , ¯à¨ � = 0:1

�¨á. 1. �à ä¨ª¨ âà ¥ªâ®à¨© ¨¦¥© (~za) ¨¢¥àå¥© (~zb) £à ¨æ  ªªã¬ã«¨àãîé¥© §®ë:1{3 { ~za; 4{6 { ~zb; 1, 6 { � = 0:3; 2, 5 { � = 0:2;3, 4 { � = 0:1
�¨á. 2. �à®ä¨«¨ ®â®á¨â¥«ì®© ª®æ¥âà æ¨¨Nc ¢  ªªã¬ã«¨àãîé¥© §®¥:1 { ~t = 1; 2 { ~t = 0:5; 3 { ~t = 0:1; 4 { ~t = 0:02za(t¯) = 85:556, ® ã¦¥ ¯à¨ � = 0:3 za(t¯) = 2:064.�á®¢®¥ ¢¨¬ ¨¥ ¢ à áç¥â®© ç áâ¨ à ¡®âë ã¤¥-«ï«®áì ¤¥â «ì®© ®æ¥ª¥ á®¤¥à¦ ¨ï áãää®§¨®-ëå ç áâ¨æ, ª®â®àë¥  ª ¯«¨¢ îâáï ¢  ªªã¬ã«¨-àãîé¥© §®¥ ¥à ¢®¬¥à®. � ¯à¥¦¤¥ ¢á¥£® ¢ë-ç¨á«ï«¨áì ¯à®ä¨«¨ ®â®á¨â¥«ì®© ª®æ¥âà æ¨¨ãª § ëå ç áâ¨æ Nc ¯à¨ � = 0:1 ¤«ï à §ëå § -ç¥¨© ~t, ¢ª«îç ï ¨ ¯à¥¤¥«ì®¥ ~t = 1, ª®£¤  ä¨«ì-âà æ¨ï § ª ç¨¢ ¥âáï (à¨á.2). �®áâ ¢¥«¨ç¨ë Nc¢ ¨¦¥© ç áâ¨  ªªã¬ã«¨àãîé¥© §®ë ®¡êïáï-¥âáï ãá¨«¥¨¥¬ ¯à¨â®ª  ¢®¤ë ¢ £àãâ. �â¥á¨¢-�. �. �®«ïª®¢ 77



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 3. �. 72 { 82
�¨á. 3. �à®ä¨«¨ ®â®á¨â¥«ì®© ª®æ¥âà æ¨¨Nc ¢  ªªã¬ã«¨àãîé¥© §®¥:1 { � = 0:05; 2 { � = 0:1; 3 { � = 0:2; 4 { � = 0:3
�¨á. 4. � áå®¤ áãää®§¨®ëå ç áâ¨æ ¢¤®«ì ªªã¬ã«¨àãîé¥© §®ë:1 { ~t = 1; 2 { ~t = 0:5; 3 { ~t = 0:1; 4 { ~t = 0:02®¥ ¢¯¨âë¢ ¨¥ ¢®¤ë ¢  ç «ìë© ¬®¬¥â ®¡ã-á« ¢«¨¢ ¥â áª çª®®¡à §®¥ ã¢¥«¨ç¥¨¥ ã¤¥«ì®£®á®¤¥à¦ ¨ï ¥áâàãªâãàëå ç áâ¨æ ¢ ®¢®®¡à §®-¢ ¢è¥©áï  ªªã¬ã«¨àãîé¥© §®¥ ¢ �0=(1 � �) à §.� «®£¨çë¬ ®¡à §®¬   ª®æ¥âà æ¨¨ Nc ®âà -¦ ¥âáï ¨ ¨§¬¥¥¨¥ ¯ à ¬¥âà  �. �«ï ®æ¥ª¨ ¥£®¢«¨ï¨ï   á®¤¥à¦ ¨¥ ¬®¡¨«ìëå ç áâ¨æ ¡ë«¨¢ë¡à ë â ª¨¥ ¬®¬¥âë ¢à¥¬¥¨, çâ® ~t = 0:5 ¨¥¬®£® ¡®«¥¥ ¯®«®¢¨ë ¨áå®¤®£® ¯®à®¢®£® ¯à®-áâà áâ¢  ¢¡«¨§¨ äà®â  ¯à®¬ ç¨¢ ¨ï § ¯®«¥-® ¨¬¨. �à®ä¨«¨ Nc(z) ¤«ï å à ªâ¥àëå § ç¥-¨© � ¨§®¡à ¦¥ë   à¨á.3. �áâ¥áâ¢¥®, çâ®

áª®à®áâì  ª®¯«¥¨ï ¥áâàãªâãàëå ç áâ¨æ à -áâ¥â á ã¬¥ìè¥¨¥¬ �. �¬¥áâ¥ á â¥¬ ¤®«ï ¯®-à®¢®£® ¯à®áâà áâ¢ , § ïâ®£® â ª¨¬¨ ç áâ¨æ -¬¨, ¡ã¤¥â ¡®«ìè¥ ¯à¨ ¢ëá®ª®¬ ¨å ¨áå®¤®¬ á®-¤¥à¦ ¨¨. �̄ ®¬ïãâë¥ ç áâ¨æë à á¯à¥¤¥«ïîâ-áï ®á®¡¥® ¥à ¢®¬¥à® ¯à¨ ¬ «ëå § ç¥¨ïå�, çâ® á¢ï§ ® á ¡®«ìè¥© ¤«¨â¥«ì®áâìî ¯à®â¥-ª ¨ï ä¨§¨ª®-¬¥å ¨ç¥áª¨å ¯à®æ¥áá®¢. �¥©áâ¢¨-â¥«ì®, § ç¥¨ï t¯ ¤«ï � = 0:5, 0.1, 0.2, 0.3 à ¢ëá®®â¢¥âáâ¢¥® 34, 14, 4 ¨ 0.667. �®«¥¥ ¯®«®¥¯à¥¤áâ ¢«¥¨¥ ® ¯®¢¥¤¥¨¨ ¥áâàãªâãàëå ç áâ¨æ¢ ®¡« áâ¨ ¤¥ä®à¬ æ¨© ¤ îâ à¥§ã«ìâ âë à áç¥â®¢¨å à áå®¤®¢ ¢ ¯à¥¤¥« å  ªªã¬ã«¨àãîé¥© §®ë ¨  äà®â¥ ¯à®¬ ç¨¢ ¨ï. �  à¨á. 4, 5 ¯®ª § ®¨§¬¥¥¨¥ ®â®á¨â¥«ì®£® à áå®¤  ~Ic ¬®¡¨«ìëåç áâ¨æ á £«ã¡¨®© ¨ ¢à¥¬¥¥¬. �¥«¨ç¨  Ic ®¯à¥-¤¥«ï« áì ¯® ä®à¬ã«¥ (20) ¨ § â¥¬ á®®â®á¨« áìá ®¡é¨¬ à áå®¤®¬ £¨¤à®á¬¥á¨ I. �«¥¤®¢ â¥«ì®,~Ic ¢ëà ¦ ¥â ¤®«î â¢¥à¤®© ª®¬¯®¥âë ¤¢ãåä §-®£® ¯®â®ª . �ãªæ¨ï ~Ic(z) à ááç¨âë¢ « áì ¯à¨� = 0:1 ¤«ï àï¤  ¬®¬¥â®¢ ¢à¥¬¥¨, ¢ â®¬ ç¨á«¥ ¨  ¬®¬¥â t = t¯ (~t = 1, ªà¨¢ ï 1, à¨á.4). � ª ¢¨¤-® ¨§ à¨á.4, ¢ ¨¦¥© ç áâ¨  ªªã¬ã«¨àãîé¥© §®ë¨¬¥¥â ¬¥áâ® áãé¥áâ¢¥ë© à®áâ à áå®¤  ~Ic á® ¢à¥-¬¥¥¬. � ªá¨¬ «ì® ¢®§¬®¦®¥ § ç¥¨¥ ~Ic = 1¤®áâ¨£ ¥âáï ¯à¨ ~t = 1   ¨¦¥© £à ¨æ¥ ®¡« áâ¨¤¢¨¦¥¨ï. � «®£¨çë© ¢ë¢®¤ ¬®¦® á¤¥« âì ¨  ®á®¢ ¨¨ ¤ ëå ¢ëç¨á«¥¨© ~Ic(za; t), ª®â®-àë¥ ¯à¨¢¥¤¥ë   à¨á.5 ¤«ï â¨¯¨çëå § ç¥¨©�. �â®á¨â¥«ìë© à áå®¤ ã¢¥«¨ç¨¢ ¥âáï ¯® «¨-¥©®¬ã § ª®ã, ¯à¨ç¥¬  ç «ì®¥ ¥£® § ç¥¨¥~Ic0 ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥~Ic0 = ��01� �� �01� � � 1�:�à¨ ¢ëá®ª¨å ¨áå®¤ëå á®¤¥à¦ ¨¨ áãää®§¨®-ëå ç áâ¨æ ¨ áª®à®áâ¨ ¯à¨â®ª  ¢®¤ë ¢ £àãâ®á®¢ãî ç áâì ¯®â®ª  £¨¤à®á¬¥á¨   ¯à®âï¦¥-¨¨ ¢á¥£® (¯®«®£®) à áç¥â®£® ¯¥à¨®¤  á®áâ ¢«ï-¥â â¢¥à¤ ï á®áâ ¢«ïîé ï (ªà¨¢ ï 1).� ª®¥æ, ¤«ï ®æ¥ª¨ ¢«¨ï¨ï ¥à ¢®¬¥à®áâ¨¨§¬¥¥¨ï I   áª®à®áâì § ¯®«¥¨ï ¯®à £àãâ â¢¥à¤ë¬¨ ç áâ¨æ ¬¨ ¢ à áç¥â å â ª¦¥ ¨á¯®«ì§®-¢ «áï ¯®ª § â¥«ìë© § ª® (29). �ëç¨á«¥¨ï ¢ë-¯®«ï«¨áì ¤«ï â¥å ¦¥, çâ® ¨ à ¥¥, § ç¥¨© �,¯à¨ �1 = 2 ¨ ~t = 0:5. �®íää¨æ¨¥âë �2 ¯®¤¡¨à -«¨áì â ª¨¬ ®¡à §®¬, çâ®¡ë ¤«ï ª ¦¤®£® � ª®¥ç-ë¥ ¬®¬¥âë t¯ ¯à¨ «¨¥©®¬ (�0 = 2, �1 = 0:5) ¨¯®ª § â¥«ì®¬ § ª® å ¤«ï I(t) á®¢¯ ¤ «¨. �®£¤ ä®à¬ã« , ¨á¯®«ì§®¢ ¢è ïáï ¤«ï ¢ë¡®à  �2, ¨¬¥¥â¢¨¤ �2 = 1t¯ ln 1� ���1 :78 �. �. �®«ïª®¢
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�¨á. 5. � áå®¤ áãää®§¨®ëå ç áâ¨æ  äà®â¥ ¯à®¬ ç¨¢ ¨ï:1 { � = 0:3; 2 { � = 0:2; 3 { � = 0:1; 4 { � = 0:05

�¨á. 6. �à®ä¨«¨ ®¡ê¥¬®£® á®¤¥à¦ ¨ï ç áâ¨æ¢  ªªã¬ã«¨àãîé¥© §®¥:1, 3, 4 { «¨¥©ë©; 2, 5, 6 { ¯®ª § â¥«ìë©; 1, 2 {� = 0:2; 3, 5 { � = 0:1; 4, 6 { � = 0:05� ë¥ ®  ª®¯«¥¨¨ ¢ ¯®à å £àãâ   ªªã¬ã«¨àã-îé¥© §®ë ç áâ¨æ ¢â®à®© äà ªæ¨¨ ¯à¥¤áâ ¢«¥ë  à¨á. 6. � ç¥áâ¢¥ë© å à ªâ¥à à á¯à¥¤¥«¥¨ïç áâ¨æ ¢® ¢á¥å à áá¬®âà¥ëå ¢ à¨ â å ®áâ ¥â-áï ¯®å®¦¨¬. �¥¬ ¥ ¬¥¥¥ ¢ ª®«¨ç¥áâ¢¥®¬ ®â®-è¥¨¨ ®¡  à¥ «¨§ã¥¬ëå § ª®  ¤ îâ áãé¥áâ¢¥®®â«¨ç îé¨¥áï à¥§ã«ìâ âë ¢ ¡®«ìè¥© ç áâ¨ §®ë.�®íâ®¬ã ª ¢ë¡®àã  ¯¯à®ªá¨¬ æ¨®ëå ¢ëà ¦¥-¨© ¤«ï äãªæ¨¨ I(t) á«¥¤ã¥â ¯®¤å®¤¨âì á ¡®«ìè®©®áâ®à®¦®áâìî.�  ç «ìë© ¯¥à¨®¤ ¢¯¨âë¢ ¨ï ¢®¤ë ¢ £àãâ

�¨á. 7. �à®ä¨«¨ ®â®á¨â¥«ì®© ¯à®¨æ ¥¬®áâ¨¢  ªªã¬ã«¨àãîé¥© §®¥:1 { ~t = 1; 2, 4, 5 { ~t = 0:5; 3 { ~t = 0:1;4 { K = Kmax; 5 { K = Kmin¯à¨ ¨§ª®© áª®à®áâ¨ I (¢ ®¡« áâ¨ ¤®ªà¨â¨ç¥áª¨åáª®à®áâ¥© â¥ç¥¨ï ¢®¤ë) ä¨«ìâà æ¨®ë¥ ¤¥ä®à-¬ æ¨¨ ®âáãâáâ¢®¢ãîâ. �à¨ ¯« ¢®¬  à áâ ¨¨¯à¨â®ª  ¢®¤ë ¢ £àãâ ¥£® ¤¥ä®à¬¨à®¢ ¨¥  ç¥â-áï ¢ ¬®¬¥â t0, ª®â®àë©  å®¤¨âáï ¨§ ãá«®¢¨ïI(t0) = 1� �:�®«é¨  ¯à¥¤¢ à¨â¥«ì® ¯à®¬®ç¥®£® á«®ï ¯à¨íâ®¬ á®áâ ¢«ï¥âz0 = 11� � t0Z0 I(� )d�:� á«ãç ¥ «¨¥©®£® § ª®  (34) t0, z0 ¡ã¤ãât0 = 1� ��0 ; z0 = 0:5�0(1� �)2:� ¤ «ì¥©è¥¬ ¢á¥ ç áâ¨æë ¨§ ãª § ®£® á«®ï ®¤-®¢à¥¬¥® ¯à¨å®¤ïâ ¢ ¤¢¨¦¥¨¥. �å ¯¥à¥®á ®áã-é¥áâ¢«ï¥âáï á¨åà®®, â® ¥áâì ¤¢¨¦ãâáï ®¨ ª ª®¤® æ¥«®¥ á ¥¤¨®© áª®à®áâìî, ª®â®à ï, ª®¥ç-®, ¬¥ï¥âáï á® ¢à¥¬¥¥¬. �âáî¤  ¨ ª®æ¥âà -æ¨ï íâ¨å ç áâ¨æ ¢ ¯à¥¤¥« å § ïâ®£® ¨¬¨ á«®ï¡ã¤¥â â ª¦¥ ¯®áâ®ï®© ¨ à ¢  ¨áå®¤®©. �®-íâ®¬ã ¤ ë© ãç áâ®ª ¯®â®ª  £¨¤à®á¬¥á¨ ¬®¦®®â¥áâ¨ ª  ªªã¬ã«¨àãîé¥© §®¥ â®«ìª® á ®£®¢®à-ª ¬¨. �®¢¥àè¥® ¨ ï á¨âã æ¨ï áª« ¤ë¢ ¥âáï¯à¨ áª çª®®¡à §®¬ ¨§¬¥¥¨¨ I ¢ ¬®¬¥â t0. �®-£¤  ª®æ¥âà æ¨ï ¥áâàãªâãàëå ç áâ¨æ ¢ ¯¥à¢®- ç «ì® ¯à®¬®ç¥®¬ á«®¥ £àãâ  â ª¦¥ áª çª®-®¡à §® ¢®§à áâ¥â ¨ ãç áâ®ª ¯®â®ª  £¨¤à®á¬¥á¨,�. �. �®«ïª®¢ 79



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2003. �®¬ 5 (77), N 3. �. 72 { 82  ª®â®à®¬ ®¨ ¡ã¤ãâ á®áà¥¤®â®ç¥ë, â¥¯¥àì ®ª -¦¥âáï á®áâ ¢®© ç áâìî  ªªã¬ã«¨àãîé¥© §®ë.�â¤¥«ì® â ª®© á«ãç ©, ®¤ ª®, ¥ à ááç¨âë¢ «-áï, â ª ª ª ¯à¨æ¨¯¨ «ì® ¨ç¥¬ ¥ ®â«¨ç ¥âáï®â à áá¬®âà¥®£® ¢ëè¥.�ç¥¢¨¤®, çâ® á®á áãää®§¨®ëå ç áâ¨æ ¢¨§¯® â¥ç¥¨î ¢¬¥áâ¥ á ¢¯¨âë¢ ¥¬®© ¢®¤®© ¯à¨¢®-¤¨â ª ®¡à §®¢ ¨î ¢ £àãâ¥ §® á ¯®¢ëè¥®©¨ ¯®¨¦¥®© ¯à®¨æ ¥¬®áâìî [32]. � æ¥«®¬¦¥ ä¨«ìâà æ¨®ë© ¯à®æ¥áá ®¯à¥¤¥«ï¥âáï ¢®¤®-ä¨§¨ç¥áª¨¬¨ ãá«®¢¨ï¬¨   á ¬®¬ ®â¢¥âáâ¢¥®¬ãç áâª¥ ¯®â®ª  £¨¤à®á¬¥á¨, £¤¥ â¢¥à¤ ï ä §  ®ª -§ë¢ ¥â  ¨¡®«ìè¥¥ á®¯à®â¨¢«¥¨¥ ¤¢¨¦¥¨î ¢®-¤ë. �¬¥® ¯®íâ®¬ã ¤¨ ¬¨ª  ¯à®¨æ ¥¬®áâ¨£àãâ  ¢ ¯à¥¤¥« å  ªªã¬ã«¨àãîé¥© §®ë ¤®«¦-  ¡ëâì ¯à¥¤¬¥â®¬ á¯¥æ¨ «ìëå ¨áá«¥¤®¢ ¨©. �¥¯®¢¥¤¥¨¥   «¨§¨à®¢ «®áì   ¡ §¥ ¯à¥¤«®¦¥ëå¨  ¯à®¡¨à®¢ ëå ¢ à ¡®â¥ [12] § ¢¨á¨¬®áâ¥© ¤«ï®â®á¨â¥«ì®© ¯à®¨æ ¥¬®áâ¨ K. �¥«¨ç¨  K¯à¥¤áâ ¢«ï¥â á®¡®© ®â®è¥¨¥ ä ªâ¨ç¥áª®© ¯à®-¨æ ¥¬®áâ¨ á ãç¥â®¬ ¤¢ãåäà ªæ¨®®£® á®áâ ¢ â¢¥à¤®© ä §ë ¨ ¯®¤¢¨¦®áâ¨ ¢â®à®© äà ªæ¨¨,  â ª¦¥ ¯à®¨æ ¥¬®áâ¨ ¨áå®¤®£® £àãâ . �«ï®æ¥ª¨ ¯à®¨æ ¥¬®áâ¥© (ª®¥ää¨æ¨¥â®¢ ä¨«ìâà -æ¨¨) ¤¥ä®à¬¨à®¢ ëå £àãâ®¢, £« ¢¨¬ ®¡à -§®¬, ¯à¨¬¥ï« áì ä®à¬ã«  [12]K = �K(1� �Nc)4u4D2N2c + (� +  � �Nc)2u;£¤¥ �K = 4D2 + (� +  � �)2(1 � �)4 ,  = mcms , D = dsdc ,ds, dc { áà¥¤¨¥ ¤¨ ¬¥âàë áâàãªâãàëå ¨ áãää®-§¨®ëå ç áâ¨æ. � ¯à®¨áå®¤ïé¨å ¯à¨ ¤¥ä®à¬¨-à®¢ ¨¨ £àãâ  ¨§¬¥¥¨ïå ¥£® ä¨«ìâà æ¨®ëåá¢®©áâ¢ ¬®¦® á¤¥« âì ¥ª®â®àë¥ ¢ë¢®¤ë, ¥á«¨á®¯®áâ ¢¨âì à ááç¨â ë¥ ¯à®ä¨«¨K(z). �  à¨á.7 ¯à¥¤áâ ¢«¥ë ãª § ë¥ ¯à®ä¨«¨ ¤«ï � = 0:1 ¢ ç «¥, á¥à¥¤¨¥ ¨ ª®æ¥ ¯®«®£® à áç¥â®£® ¯¥à¨-®¤ . �¥§ª®¥ ¯ ¤¥¨¥ ¯à®¨æ ¥¬®áâ¨ ¨¬¥¥â ¬¥áâ®®ª®«® äà®â  ¯à®¬ ç¨¢ ¨ï, çâ® ¢ë§¢ ® § ç¨-â¥«ìë¬ ã¢¥«¨ç¥¨¥¬ §¤¥áì á®¤¥à¦ ¨ï ¥áâàãª-âãàëå ç áâ¨æ. � ª, ª ¬®¬¥âã t = 7 (~t = 0:5)¯à®¨æ ¥¬®áâì £àãâ  ¢ íâ®¬ ¬¥áâ¥ ã¬¥ìè ¥â-áï ¯®çâ¨ ¢ 40 à § ¨ ®¡à é ¥âáï ¢ 0 ¯à¨ t = 14.� à ««¥«ì® ¢ëç¨á«ï«¨áì ¯à¨ ~t = 14 ¨ ¯à¨¡«¨-¦¥ë¥ § ç¥¨ï ¯à®¨æ ¥¬®áâ¨ K, ®£à ¨ç¨¢ -îé¨¥ ¥¥ ä ªâ¨ç¥áª¨¥ § ç¥¨ï á¢¥àåã Kmax ¨ á¨-§ã Kmin. � ¦®à â  Kmax ¥ ãç¨âë¢ ¥â ¢«¨ï¨ï¬®¡¨«ìëå ç áâ¨æ   ä¨«ìâà æ¨®®¥ â¥ç¥¨¥,  ¯à¨ ®¯à¥¤¥«¥¨¨ Kmin ¤ ë¥ ç áâ¨æë ãá«®¢®áç¨â îâáï ¥¯®¤¢¨¦ë¬¨. � áç¥âë¥ ä®à¬ã«ë¤«ï Kmin, Kmax ¯à¨¢¥¤¥ë ¢ à ¡®â¥ [12]. �§ áà ¢-¥¨ï ªà¨¢ëå 2, 4, 5 ã¬¥áâ® § ª«îç¨âì ® æ¥«¥-á®®¡à §®áâ¨  ªªãà â®£® ¨, £« ¢®¥, ä¨§¨ç¥áª¨

�¨á. 8. �à®ä¨«¨ ®â®á¨â¥«ì®© ¯à®¨æ ¥¬®áâ¨¢  ªªã¬ã«¨àãîé¥© §®¥:1 { � = 0:05; 2 { � = 0:2; 3 { � = 0:3®¡®á®¢ ®£® ãáâ ®¢«¥¨ï ¯à®¨æ ¥¬®áâ¨ áãä-ä®§¨®®£® £àãâ . �® ¬¥à¥ ã¢¥«¨ç¥¨ï ¯ à ¬¥-âà  � ¯à®¨áå®¤¨â ãáª®à¥®¥  ª®¯«¥¨¥ ¥áâàãª-âãàëå ç áâ¨æ ¢  ªªã¬ã«¨àãîé¥© §®¥, ¯à¨ç¥¬¢ à áá¬®âà¥ëå ¯à¨¬¥à å ¯à¥¨¬ãé¥áâ¢¥® ¢¨¦¥© ¥¥ ç áâ¨, çâ® ®âà ¦ ¥âáï á ¬ë¬ ¥¡« £®-¯à¨ïâë¬ ®¡à §®¬   ä¨«ìâà æ¨®®© á¯®á®¡®-áâ¨ £àãâ . �¥§ã«ìâ âë à áç¥â®¢ ¯à®ä¨«¥© K(z)¯à¨ ~t = 0:5 (à¨á. 8) á¢¨¤¥â¥«ìáâ¢ãîâ ® á¨«ì®¬á¨¦¥¨¨ K ¢® ¢á¥¬ ¤¨ ¯ §®¥ § ç¥¨© �. �ç áâ®áâ¨, ¯à¨ � = 0:3 ¢¥«¨ç¨  K ã¬¥ìè¨« áì¢ 30 { 5000 à §. � áç¥âë ¯à®ä¨«¥© K(z) ¢ë¯®«ï-«¨áì ¯à¨ ã¬¥à¥®© à §¨æ¥ ¢ à §¬¥à å ç áâ¨æ®¡®¨å á®àâ®¢ (D = 3). �¬¥áâ¥ á â¥¬ ¢ à¥ «ì-ëå £àãâ å ¨ ¬ â¥à¨ « å ®â®è¥¨¥ ¤¨ ¬¥âà®¢D ¬®¦¥â ¡ëâì   ¯®àï¤®ª ¡®«ìè¥, ¤®áâ¨£ ï ¤ -¦¥ 40 [33, 34]. � ë¥ ¢ëç¨á«¥¨© ®â®á¨â¥«ì®©¯à®¨æ ¥¬®áâ¨ K   äà®â¥ ¯à®¬ ç¨¢ ¨ï, ¯à¥¤-áâ ¢«¥ë¥   à¨á. 9, ãª §ë¢ îâ   ®éãâ¨¬®¥(¯à¨¬¥à® ¢ 2 { 3 à § ) ¥¥ ã¬¥ìè¥¨¥ ¯à¨ ã¢¥«¨-ç¥¨¨ D á 3 ¤® 10.�����������à¨ ¨â¥á¨¢®¬ ¢¯¨âë¢ ¨¨ ¢®¤ë ¢ áãå®© ¥-á¢ï§ë© £àãâ ç áâ® ¢®§¨ª îâ ä¨«ìâà æ¨®ë¥¤¥ä®à¬ æ¨¨. �á«¥¤áâ¢¨¥ ¯¥à¥à á¯à¥¤¥«¥¨ï áãä-ä®§¨®ëå (¥áâàãªâãàëå) ç áâ¨æ ¢ ¯à®¬®ç¥-®¬ á«®¥ £àãâ  ä®à¬¨àãîâáï  ªªã¬ã«¨àãîé ï§® , ¢ ª®â®à®© á®áà¥¤®â ç¨¢ îâáï ¢á¥ ¯®¤¢¨¦-ë¥ â¢¥à¤ë¥ ç áâ¨æë, ¨ §®  ¯®«®© ¤¥ä®à¬ æ¨¨,¨§ ª®â®à®© â ª¨¥ ç áâ¨æë ¯®«®áâìî ¢ë¥á¥ë.� à ªâ¥à à á¯à¥¤¥«¥¨ï ¬®¡¨«ìëå ç áâ¨æ ®¯à¥-80 �. �. �®«ïª®¢
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�¨á. 9. �§¬¥¥¨¥ ®â®á¨â¥«ì®© ¯à®¨æ ¥¬®áâ¨  äà®â¥ ¯à®¬ ç¨¢ ¨ï:1 { � = 0:1, D = 3; 2 { � = 0:1, D = 10;3 { � = 0:2, D = 3; 4 { � = 0:2, D = 10¤¥«ï¥âáï áª®à®áâìî ¯à¨â®ª  ¢®¤ë ¨§ ¯®¢¥àå®áâ-®£® ¨áâ®ç¨ª  (á«®ï ¢®¤ë   ¯®¢¥àå®áâ¨ £àã-â ) I. � ¤¥©áâ¢¨â¥«ì®áâ¨ à áå®¤ I ¥áâì ®¡ëç-® à¥§ã«ìâ â ¢§ ¨¬®¤¥©áâ¢¨ï £àãâ®¢ëå ¨ ¯®¢¥àå-®áâëå ¢®¤. � ¯à¨æ¨¯¥, à¥£ã«¨àãï £«ã¡¨ã ãª -§ ®£® á«®ï ¢®¤ë, ¬®¦® ¯® ªà ©¥© ¬¥à¥ ¢ â¥-ç¥¨¥ ª®à®âª®£® ¢à¥¬¥¨ à¥ «¨§®¢ âì ¯à ªâ¨ç¥-áª¨ «î¡ãî äãªæ¨î I(t). �  ¯¥à¢®¬ íâ ¯¥ ¨á-á«¥¤®¢ ¨© ã¢« ¦¥¨ï ¤¢ãåäà ªæ¨®®£® £àãâ ¢¥«¨ç¨  I(t) § ¤ ¥âáï, ¯à¨ç¥¬ á ãç¥â®¬ ®á®¡¥-®áâ¥© ¥¥ ¯®¢¥¤¥¨ï ¢ à¥ «ìëå á¨áâ¥¬ å £àãâ{¢®¤®¨áâ®ç¨ª. �®¤à®¡® ¡ë«¨ à áá¬®âà¥ë ¤¢ ¢¨¤   ¯¯à®ªá¨¬ æ¨®ëå ¢ëà ¦¥¨© ¤«ï à áå®-¤  I(t) { ¯®«¨®¬¨ «ìë© ¨ áâ¥¯¥®©. � ¯à¨¬¥-à å ¤  ï äãªæ¨ï ¯à¨¨¬ « áì ¬®®â®® ¢®§-à áâ îé¥©. �®£¤  ä¨«ìâà æ¨®ë© ¯à®æ¥áá ¬®-¦¥â ¯à®¤®«¦ âìáï â®«ìª® ¤® ¬®¬¥â  t¯ § ªã¯®à-ª¨ ¯®à   äà®â¥ ¯à®¬ ç¨¢ ¨ï áãää®§¨®ë¬¨ç áâ¨æ ¬¨. �  ¯à ªâ¨ª¥ áãé¥áâ¢¥®¥ ã¢¥«¨ç¥-¨¥ ª®æ¥âà æ¨¨ ãª § ëå ç áâ¨æ ¨, á«¥¤®¢ -â¥«ì®, ã¬¥ìè¥¨¥ ¯®à®¢®£® ¯à®áâà áâ¢  ®¡ã-á« ¢«¨¢ îâ § ç¨â¥«ì®¥ á¨¦¥¨¥ ¯à®¨æ ¥¬®-áâ¨ £àãâ . � ª¦¥ á¥àì¥§®¥ ¢«¨ï¨¥   ¯à®¨æ -¥¬®áâì ®ª §ë¢ ¥â á®®â®è¥¨¥ à §¬¥à®¢ (¤¨ ¬¥-âà®¢) ç áâ¨æ ®¡¥¨å äà ªæ¨©. �®¢à¥¬¥ë¥ â¥å¨-ç¥áª¨¥ áà¥¤áâ¢ , ª ª ¯à ¢¨«®, ¥ ¢ á®áâ®ï¨¨ ¤®«-£® ¯®¤¤¥à¦¨¢ âì áª®à®áâì â¥ç¥¨ï ¢®¤ë ¢ ¯®à å¢ëè¥ ªà¨â¨ç¥áª®©. �à¨ à¥§ª®¬ á¨¦¥¨¨ íâ®©áª®à®áâ¨ á®§¤ îâáï ¯à¥¤¯®áë«ª¨ ¤«ï ®á ¦¤¥¨ï¢§¢¥è¥ëå ç áâ¨æ ¨ ®¡à §®¢ ¨ï á«®ï ª®«ì¬ -â ¦ . � ª®¥ç®¬ ¨â®£¥ ¯à®¬ ç¨¢ ¨¥ áãää®§¨-®ëå £àãâ®¢ ¬®¦¥â ª à¤¨ «ì® ¨§¬¥¨âì ¨å

ä¨«ìâà æ¨®ë¥ á¢®©áâ¢ , çâ® ¨®£¤  ¥®¡å®¤¨¬®ãç¨âë¢ âì,  ¯à¨¬¥à, ¢ ¢®¤®å®§ï©áâ¢¥®¬ áâà®-¨â¥«ìáâ¢¥ ¯à¨ äãªæ¨®¨à®¢ ¨¨ ¢®¤ëå íª®á¨-áâ¥¬, ®ç¨áâëå á®®àã¦¥¨©.1. �ëá¥ª® �.�. �®áâ ¢ ¨ ä¨§¨ª®-¬¥å ¨ç¥áª¨¥á¢®©áâ¢  £àãâ®¢.{ �.: �¥¤à , 1980.{ 272 á.2. �¨à®¥ª® �.�., �¥áâ ª®¢ �.�. �á®¢ë £¨¤à®£¥-®¬¥å ¨ª¨.{ �.: �¥¤à , 1974.{ 296 á.3. �¥åâ¬  �.�. �¨«ìâà æ¨ï ¬ «®ª®æ¥âà¨à®-¢ ëå áãá¯¥§¨©.{ �.: �§¤-¢® �� ����, 1961.{211 á.4. Mackie R.J., Zhao Q. A framework for modellingremoval in the in�ltration of polydisperse suspen-sions // Wat. Res.{ 1998.{ 33, 3.{ P. 794{806.5. �«¥ªá¥¥¢ �.�., �®¬¬ã à �.�. �®«ì¬ â ¦ ä¨«ì-âà®¢ ¨ ¯à¨ä¨«ìâà®¢ëå §® ¢®¤®§ ¡®àëå áª¢ -¦¨ // �®¤. à¥áãàáë.{ 1974.{ N 5.{ �. 170{174.6. �¨ª¥¥¢ �.�., �àâ ¬®®¢  �.�., � «¨¨ �.�. �¥-ª®â®àë¥ ®á®¡¥®áâ¨ ¤¥ä®à¬¨à®¢ ¨ï ¨ à §àãè¥-¨ï ¬ áá¨¢®¢ £®àëå ¯®à®¤ ¯à¨ â¥å®£¥®¬ ¨§-¬¥¥¨¨ à¥¦¨¬  ¯®¤§¥¬ëå ¢®¤ // �¥®íª®«®£¨ï.{2000.{ N 3.{ �. 249{256.7. �ãà èª® �. �., � ¯®¦¨ª®¢ �.�. � é¨â  ¤à¥ ¦ ®â § ¨«¥¨ï.{ �.: �à ¤¦ ©, 1978.{ 168 á.8. �«¥©¨ª �.�., �ã£ © �.�. �®¤¥«¨à®¢ ¨¥ ¯à®æ¥á-á®¢ ª®«ì¬ â ¦  ¨ áãää®§¨¨ ¢ ¯à¨ä¨«ìâà®¢®© §®¥áª¢ ¦¨ë // �®ª«. ��� �ªà ¨ë.{ 2001.{ N 9.{�. 190{194.9. �à¨á ®¢ �.�., � ¬¡ãà®¢ �.�. � â¥¬ â¨ç¥áª®¥¨ ä¨§¨ç¥áª®¥ ¬®¤¥«¨à®¢ ¨¥ ä¨«ìâà æ¨®ëå ¤¥-ä®à¬ æ¨© £àãâ  ¯à¨ à ¡®â¥ § ªàëâ®£® ¤à¥ -¦  // �¡. áâ â¥©.{ �.: �®«®á.{ 1973.{ �. 345{353.10. Lennoz-Gratin Ch. E�ect of envelopes on ow patternnear drain pipe // J. Irrig. and Drain. Div., ASCE.{1989.{ 115, 4.{ P. 626{641.11. Willardon L.S., Walker R.E. Synthetic drainenvelope-soil interaction // J. Irrig. and Drain. Div.,ASCE.{ 1979.{ 105, 4.{ P. 367{373.12. �®«ïª®¢ �.�. � ä¨«ìâà æ¨®ëå ¤¥ä®à¬ æ¨ïå£àãâ  á ®¡à §®¢ ¨¥¬  ªªã¬ã«¨àãîé¨å §® //�à¨ª« ¤  £i¤à®¬¥å iª .{ 2003.{ �. 5(77), N 2.{�. 45{56.13. �ãá¥¢ �.�. �ªá¯¥à¨¬¥â «ì®¥ ¨áá«¥¤®¢ ¨¥  -¯®à®£® ¢¯¨âë¢ ¨ï // �¨§¨ª  ¯®ç¢¥ëå ¢®¤.{�.: � ãª .{ 1981.{ �. 195{205.14. Freyberg D.Z., Reeder J.W., Franzini I.B., Remson I.Application of the Qreen-Ampt model to in�ltrationunder time dependent surface water depths // WaterResour. Res.{ 1980.{ 16.{ P. 517{528.15. Basha H.A. Multidimensional linearized nonsteadyin�litration with prescribed boundary conditions atthe soil surface // Water Resour. Res.{ 1999.{ 35.{P. 75{83.16. Clausnitzer V., Hormans J.W., Starr J.Z. Parameteruncertainty analysis of common in�ltration models //Soil Sci. Soc. Am. J.{ 1998.{ 62.{ P. 1477{1487.17. Giraldez J.V. In�ltration in swelling soils // WaterResour. Res.{ 1985.{ 21.{ P. 33{44.�. �. �®«ïª®¢ 81
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