
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 2. �. 44 { 59��� 532.546:627.11� �������� �������� � ������ �����������. �. ��������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 03.08.2003� áá¬®âà¥® â¥®à¥â¨ç¥áª¨¬¨ ¬¥â®¤ ¬¨ ¤¢¨¦¥¨¥ ¦¨¤ª®áâ¨ ¨ ¯¥à¥®á § £àï§ïîé¥£® ¢¥é¥áâ¢  (��) ¢ ®¤®à®¤ëå¤®ëå ®â«®¦¥¨ïå (��), ¯®à¨áâ®¥ ¯à®áâà áâ¢® ª®â®àëå á®áâ®¨â ¨§ ¯®à ¤¢ãå â¨¯®¢: ¬¨ªà®- ¨ ¬ ªà®¯®à. �¡« áâì¤¢¨¦¥¨ï ãá«®¢® à §¤¥«¥    à ¢®¢¥«¨ª¨¥ æ¨«¨¤à¨ç¥áª¨¥ ¬¨ªà®®¡« áâ¨ á ¬ ªà®¯®à®© ¢ æ¥âà¥ ª ¦¤®© ¨§ ¨å.� ©¤¥® â®ç®¥   «¨â¨ç¥áª®¥ à¥è¥¨¥ § ¤ ç¨ ä¨«ìâà æ¨¨ ¢ â ª®© ¬¨ªà®®¡« áâ¨ ¨ ¢ë¯®«¥ ®¡áâ®ïâ¥«ìë©   -«¨§ ¢«¨ï¨ï ¬ ªà®¯®à   ä¨«ìâà æ¨®ãî ª àâ¨ã. �áâ ®¢«¥® á®®â®è¥¨¥ ¬¥¦¤ã ¨áå®¤ë¬¨ ¯ à ¬¥âà ¬¨,¯à¨ ª®â®à®¬ ¢ ¢¥àå¥© ç áâ¨ �� ®¡à §ã¥âáï § áâ®© ï §®  ¨ ¦¨¤ª®áâì ¢ ¨å ¯®áâã¯ ¥â ¨áª«îç¨â¥«ì® ç¥à¥§¬ ªà®¯®àë. �æ¥¥ë ¨§¬¥¥¨ï ä¨«ìâà æ¨®®£® à áå®¤ , ®¡ãá«®¢«¥ë¥ ¤¥©áâ¢¨¥¬ ®â¤¥«ìëå ¬ ªà®¯®à. �§ã-ç¥  £¨¤à ¢«¨ª  ¯®â®ª  ¦¨¤ª®áâ¨ ¢ãâà¨ ¬ ªà®¯®àë ¨ ¥¥ ¢ª« ¤ ¢ ¤¨ ¬¨ªã ¢¥è¥£® â¥ç¥¨ï. �¯à¥¤¥«¥ ®¡é¨©à áå®¤ ¦¨¤ª®áâ¨ ¯à¨ ãç áâ¨¨ á¨áâ¥¬ë ¬ ªà®¯®à, å à ªâ¥à¨§ã¥¬®© íªá¯®¥æ¨ «ì®© äãªæ¨¥© ¨å à á¯à¥¤¥«¥¨ï¯® ¤«¨¥. �áå®¤ï ¨§ à¥è¥¨ï ä¨«ìâà æ¨®®© § ¤ ç¨ á ¨á¯®«ì§®¢ ¨¥¬ íää¥ªâ¨¢ëå £¨¤à®å¨¬¨ç¥áª¨å ¯ à ¬¥-âà®¢ ¨ ¯¥à¥¬¥®£® à áå®¤  £àãâ®¢ëå ¢®¤, ¯à®¢¥¤¥® ¨áá«¥¤®¢ ¨¥ ãáâ ®¢¨¢è¥£®áï ¤¨ääã§¨®®-ª®¢¥ªâ¨¢®£®¯¥à¥®á  ¥áâ ¡¨«ì®£® �� (¤¥£à ¤ æ¨ï á®£« á® ª¨¥â¨ª¥ ã«¥¢®£® ¯®àï¤ª ) ¯à¨  «¨ç¨¨ ¢â®à¨ç®© ¯®à¨áâ®áâ¨.�®§£«ïãâ® â¥®à¥â¨ç¨¬¨ ¬¥â®¤ ¬¨ àãå ài¤¨¨ i ¯¥à¥®á § ¡àã¤îîç®ù à¥ç®¢¨¨ (��) ¢ ®¤®ài¤¨å ¤®¨å ¢i¤-ª« ¤¥ïå (��), ¯®à®¢¨© ¯à®áâià ïª¨å áª« ¤ õâìáï § ¯®à ¤¢®å â¨¯i¢: ¬iªà®- i ¬ ªà®¯®à. �¡« áâì àãåã ã¬®¢®¯®¤i«¥®   ài¢®¢¥«¨ªi æ¨«i¤à¨çi ¬iªà®®¡« áâi § ¬ ªà®¯®à®î ¢ æ¥âài ª®¦®ù § ¨å. �âà¨¬ ® â®ç¨©   «iâ¨ç-¨© à®§¢'ï§®ª § ¤ çi äi«ìâà æiù ¢ â ªi© ¬iªà®®¡« áâi i ¢¨ª® ® £àãâ®¢¨©   «i§ ¢¯«¨¢ã ¬ ªà®¯®à   äi«ìâà æi©ãª àâ¨ã. �áâ ®¢«¥® á¯i¢¢i¤®è¥ï ¬i¦ ¢¨åi¤¨¬¨ ¯ à ¬¥âà ¬¨, §  ïª®£® ã ¢¥àåi© ç áâ¨i �� ãâ¢®àîõâìáï § -áâi©  §®  i ài¤¨  ¢ ¨å ¯®áâã¯ õ ¢¨ª«îç® ç¥à¥§ ¬ ªà®¯®à¨. �æi¥i §¬i¨ äi«ìâà æi©®ù ¢¨âà â¨, ®¡ã¬®¢«¥i¤iõî ®ªà¥¬¨å ¬ ªà®¯®à. �¨¢ç¥  £i¤à ¢«iª  ¯®â®ªã ài¤¨¨ ¢ á¥à¥¤¨i ¬ ªà®¯®à¨ i ùù ¢¥á®ª ã ¤¨ ¬iªã §®¢ièì®ùâ¥çiù. �¨§ ç¥  § £ «ì  ¢¨âà â  ài¤¨¨ ã ¢¨¯ ¤ªã á¨áâ¥¬¨ ¬ ªà®¯®à, ïª  å à ªâ¥à¨§ãõâìáï ¥ªá¯®¥æi «ì®îäãªæiõî ùå à®§¯®¤i«ã ¯® ¤®¢¦¨i. �¨å®¤ïç¨ § à®§¢'ï§ªã äi«ìâà æi©®ù § ¤ ç¨ § ¢¨ª®à¨áâ ï¬ ¥ä¥ªâ¨¢¨å £i¤à®-åi¬iç¨å ¯ à ¬¥âài¢ i §¬i®ù ¢¨âà â¨ £àãâ®¢¨å ¢®¤, ¤®á«i¤¦¥¨© ãáâ «¥¨© ¤¨äã§i©®-ª®¢¥ªâ¨¢¨© ¯¥à¥®á¥áâ ¡i«ì®ù �� (¤¥£à ¤ æiï §£i¤® ªi¥â¨ª¨ ã«ì®¢®£® ¯®àï¤ªã) ¯à¨  ï¢®áâi ¢â®à¨®ù ¯®àã¢ â®áâi.Solution movement and contaminant transport is considered in uniform sediment with porous space consisted of two-type pores, namely, micro- and macropores by theoretical methods. The motion domain is conditionally divided in equalcylindrical microdomains with a macropore in the center of each one. An exact analytical solution is obtained to a problemof groundwater ow within such a microdomain and a detailed analysis is conducted of macropore e�ect on water regime.A relationship between initial parameters is found which promotes forming a stagnant zone. An estimation is performedof changes in groundwater recharge due to separate macropores action. Hydraulics of water ow inside a macropore andits inuence on external ow is studied. A general water recharge is determined in case of macropores system describedby exponential function of their distribution with length. Steady di�usive-convective transport of unstable contaminants( degradation occurs according to kinetics of zero order) is investigated in presence of secondary porosity coming fromgroundwater.��������� ¯®á«¥¤¥¥ ¢à¥¬ï ¯à¥¤¬¥â®¬ ¨â¥á¨¢®£® ¨§ã-ç¥¨ï áâ «¨ ä¨«ìâà æ¨®ë¥ ¨ £¨¤à®å¨¬¨ç¥áª¨¥¯à®æ¥ááë ¢ ¯®à¨áâëå áà¥¤ å á® á«®¦®© ®à£ ¨§ -æ¨¥© ¯®à®¢®£® ¯à®áâà áâ¢ . �á®¡®¥ ¢¨¬ ¨¥ ¢â¥®à¥â¨ç¥áª¨å ¨ íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨-ïå ã¤¥«ï¥âáï £àãâ ¬ ¨ ¬ â¥à¨ « ¬ á ¤¢®©®© ¯®-à¨áâ®áâìî ¢ á¨«ã ¨å è¨à®ª®£® à á¯à®áâà ¥¨ï ¢¯à¨à®¤¥ ¨ â¥å¨ª¥. �¯¥æ¨ä¨ç¥áª®© ®á®¡¥®áâìîâ ª¨å £àãâ®¢ ï¢«ï¥âáï  «¨ç¨¥ ¢ ¨å ¯ãáâ®â ¤¢ãåâ¨¯®¢,   ¨¬¥®: ¬¨ªà®- ¨ ¬ ªà®¯®à. � é¥ ¢á¥-£® á¥âì ¬ ªà®¯®à ®¡à §ã¥âáï   ä®¥ ¨§®âà®¯®©¯®à¨áâ®áâ¨, ¯à¨ç¥¬ ¥ ¢ à¥§ã«ìâ â¥ ¤«¨â¥«ìëåáâàãªâãà®ä®à¬¨àãîé¨å ¯à®æ¥áá®¢,   ¢á«¥¤áâ¢¨¥®â®á¨â¥«ì® ªà âª®¢à¥¬¥ëå ¢¥è¨å ¢®§¤¥©-áâ¢¨© â¥å¨ç¥áª¨¬¨ áà¥¤áâ¢ ¬¨ ( £à®â¥å¨ç¥áª ï®¡à ¡®âª  §¥¬¥«ì), ¯à¥¤áâ ¢¨â¥«ï¬¨ ¡¨®âë (¦¨§-¥¤¥ïâ¥«ì®áâì à áâ¥¨© ¨ ¦¨¢®âëå), £¥®â¥ª-
â®¨ç¥áª®© ¤¥ïâ¥«ì®áâ¨ §¥¬«¨ [1 { 6]. �¡ì¥¬,§ ¨¬ ¥¬ë© ¬ ªà®¯®à ¬¨, ª ª ¯à ¢¨«®, § ç¨-â¥«ì® ãáâã¯ ¥â áã¬¬ à®¬ã ®¡ì¥¬ã ¬¥«ª¨å ¯®à[7, 8]. �¥¬ ¥ ¬¥¥¥, § ç¥¨¥ ¡®«ìè¨å ¯®à ¤«ïä¨«ìâà æ¨®®£® â¥ç¥¨ï ¨ ¯¥à¥®á  à áâ¢®à¥-ëå ¢¥é¥áâ¢, â¢¥à¤ëå ç áâ¨æ, ¥á¬®âàï   ¨å ®â-®á¨â¥«ìãî ¬ «®ç¨á«¥®áâì, ®ª §ë¢ ¥âáï ¢¥áì-¬  ¢ ¦ë¬,   ¢ ¥ª®â®àëå á«ãç ïå (á¨«ì® âà¥-é¨®¢ âë¥ ¯®à®¤ë ¨  £à¥£¨à®¢ ë¥ ¯®ç¢®£àã-âë) ¬®¦¥â ¡ëâì ¨ ¢®¢á¥ à¥è îé¨¬. �¡êïáï¥âáïíâ® áà ¢¨â¥«ì® ¯à ¢¨«ì®© £¥®¬¥âà¨¥© ¬ ªà®-¯®à ¨ áãé¥áâ¢¥® ¬¥ìè¨¬ ¯® ®â®è¥¨î ª ¬¨-ªà®¯®à ¬ á®¯à®â¨¢«¥¨¥¬, ª®â®à®¥ £àãâ ®ª §ë-¢ ¥â ¤¢¨¦ãé¥©áï ¢ ¨å ¦¨¤ª®áâ¨. �«¥¤ã¥â § ¬¥-â¨âì, çâ® á¨áâ¥¬  ¬ ªà®¯®à ®¡ëç® ®â«¨ç ¥âáï¢ëá®ª®© ¤¨ ¬¨ç®áâìî ¨ ¯®¤¤¥à¦¨¢ âìáï ¢ ª¢ -§¨ãáâ®©ç¨¢®¬ á®áâ®ï¨¨ ¬®¦¥â â®«ìª® §  áç¥â á¨-áâ¥¬ â¨ç¥áª®£® ¢ë¯®«¥¨ï  £à®â¥å¨ç¥áª¨å ¬¥-à®¯à¨ïâ¨©, ¡« £®¤ àï ¤«¨â¥«ì®¬ã ®¡¨â ¨î á®-44 c �. �. �®«ïª®¢, 2004



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 2. �. 44 { 59®¡é¥áâ¢ ¯®¤§¥¬ëå ¦¨¢®âëå, ¬®£®«¥â¥¬ã ¨á-¯®«ì§®¢ ¨î á¥«ìáª®å®§ï©áâ¢¥ëå ã£®¤¨©. �áâ -â¨, ¬®¤¥«¨ ¤¢®©®© ¯®à¨áâ®áâ¨ (¯à®¨æ ¥¬®áâ¨)¯®«¥§ë ¨ ¯à¨ à áá¬®âà¥¨¨ ªàã¯®¬ áèâ ¡ëåä¨«ìâà æ¨®ëå ¨ íª®«®£¨ç¥áª¨å § ¤ ç, ª®£¤  å -à ªâ¥àë¥ à §¬¥àë §® ¢«¨ï¨ï ¨áâ®ç¨ª®¢ ¦¨¤-ª®áâ¨ ¨ § £àï§ïîé¥£® ¢¥é¥áâ¢  (��) ¨§¬¥àïîâáïá®âï¬¨ ¬¥âà®¢ ¨ ª¨«®¬¥âà ¬¨. �®£¤  à®«ì ¬ -ªà®¯®à ¨£à îâ å®à®è® ¯à®¨æ ¥¬ë¥ £®à¨§®âë,¯à®á«®©ª¨, «¨§ë, ¨§-§  ª®â®àëå à á¯à®áâà ¥-¨¥ �� ¬®¦¥â ¬®£®ªà â® ãáª®à¨âìáï [9, 10].� â¥®à¥â¨ç¥áª¨å à §à ¡®âª å ¯®á«¥¤®¢ â¥«ì®à¥ «¨§ãîâáï ¤¢  ¯®¤å®¤ . �à¨æ¨¯¨ «ì®¥ ®â«¨-ç¨¥ ¬¥¦¤ã ¨¬¨ ¯à¥¦¤¥ ¢á¥£® § ª«îç ¥âáï ¢ à §-®© áâ¥¯¥¨ ¤¥â «¨§ æ¨¨ áâà®¥¨ï £àãâ . �à¨¯¥à¢®¬ ¯®¤å®¤¥ £àãâ à áá¬ âà¨¢ ¥âáï ª ª  -á ¬¡«ì ¬®¦¥áâ¢  áâàãªâãàëå í«¥¬¥â®¢ ( £à¥-£ âë, ¡«®ª¨) ¨ ¨§ãç îâáï ä¨§¨ª®-å¨¬¨ç¥áª¨¥ ¯à®-æ¥ááë ¢ â¨¯¨ç®© ¥£® ïç¥©ª¥, ¢ª«îç îé¥© ®â¤¥«ì-® ¢§ïâë© í«¥¬¥â ¨ ¯à¨¬ëª îé¨¥ ¨«¨ à á¯®«®-¦¥ë¥ ¢ãâà¨ ¬ ªà®¯®àë [11 { 14]. �®«ãç¨âìá®¤¥à¦ â¥«ìë¥ à¥§ã«ìâ âë §¤¥áì ã¤ ¥âáï «¨èì¯à¨ á¥àì¥§®© áå¥¬ â¨§ æ¨¨ áâà®¥¨ï ¯®à¨áâ®©áà¥¤ë. � ¦¥©è¥¥ ¤®áâ®¨áâ¢® â ª®£® ¯®¤å®¤ á®áâ®¨â ¢ ¢®§¬®¦®áâ¨ ®¡®á®¢ë¢ âì ¨â¥£à «ì-ë¥ (íää¥ªâ¨¢ë¥) ä¨§¨ª®-¬¥å ¨ç¥áª¨¥ ¨ £¨¤à®-å¨¬¨ç¥áª¨¥ ¯ à ¬¥âàë ¤ ®© áà¥¤ë, ¨áå®¤ï ¨§¥¥ «®ª «ìëå á¢®©áâ¢. �«ï ¢â®à®£® ¯®¤å®¤  å à ª-â¥à® ®¯¨áë¢ âì £àãâë ª ª ¬®£®ä §ãî áà¥¤ã á®¤®à®¤ë¬ (¥á¢ï§ë¥, á« ¡® £à¥£¨à®¢ ë¥) ¨¤¢ãåª®¬¯®¥âë¬ (á¢ï§ë¥) ¯®à®¢ë¬ ¯à®áâà -áâ¢®¬,   ®á®¢ë¥ âàã¤®áâ¨ ¢®§¨ª îâ ¨§-§  ¥-®¡å®¤¨¬®áâ¨  å®¤¨âì ¨áå®¤ë¥ å à ªâ¥à¨áâ¨ª¨®â¤¥«ìëå ª®¬¯®¥â®¢ ¨ ª®íää¨æ¨¥â®¢ ®¡¬¥ ¬¥¦¤ã ¨¬¨ [15 { 17]. �¤ ª® ¯à¨ íâ®¬ á¨¬ îâ-áï ¦¥áâª¨¥ ®£à ¨ç¥¨ï,  ª« ¤ë¢ ¥¬ë¥   ä®à¬ã¬ ªà®¯®à ¨  £à¥£ â®¢ [18 { 20], çâ® á¢®©áâ¢¥®áâàãªâãà®¬ã ¯®¤å®¤ã.� ¤ ®© à ¡®â¥ ¢ ª ç¥áâ¢¥ ä¨§¨ç¥áª®© áà¥¤ë¢ë¡à ë ¤®ë¥ ®â«®¦¥¨ï (��) ¨ ¯à¨ïâ ¨§-§ á¯¥æ¨ä¨ç¥áª¨å ®á®¡¥®áâ¥© ¨å á«®¦¥¨ï ¨ äãª-æ¨®¨à®¢ ¨ï ¯¥à¢ë© ¯®¤å®¤. �¬¥® �� ï¢«ï-îâáï ®¤¨¬ ¨§ ¢ ¦¥©è¨å ä ªâ®à®¢ á¤¥à¦¨¢ ¨ïà á¯à®áâà ¥¨ï �� ¢ ¯à¨à®¤®© áà¥¤¥, ¨ ¥áâ¥-áâ¢¥®, çâ® ¯à®£®§ ¯®¢¥¤¥¨ï § £àï§¥¨© ¢ ¨å¢ ãá«®¢¨ïå à¥§ª®  à áâ îé¥©  âà®¯®£¥®©  -£àã§ª¨ ¯à¨®¡à¥â ¥â ®á®¡ë© á¬ëá«. � �� á®áà¥-¤®â®ç¥ë ¬®£®ç¨á«¥ë¥ ¨ à §®®¡à §ë¥ ®à£ -¨§¬ë, ¦¨§¥ë© æ¨ª« ª®â®àëå á¥àì¥§® ®âà -¦ ¥âáï   á¢®©áâ¢ å áà¥¤ë. � ç áâ®áâ¨, ¨¬¥îâ¬¥áâ® á¨áâ¥¬ë ¬ ªà®¯®à ¢ ¢¨¤¥ ¢¥àâ¨ª «ìëå ª - «®¢, ¯à®àëâëå ¬ ªà®¡¥â®áë¬¨ ¦¨¢®âë¬¨.�á®¢ ï ¨å ç áâì  å®¤¨âáï   ¢¥àå¥¬ ãç áâª¥��, å®âï ¥ª®â®àë¥ ¯à®¨ª îâ ¨ § ¬¥â® £«ã¡-

¦¥. � á¯®« £ îâáï ¢ ¯« ¥ ª  «ë-¯®àë å ®â¨ç-®, â ª çâ® ã¬¥áâë¬ ¡ë«® ¡ë ¨á¯®«ì§®¢ ¨¥  ¯-¯ à â  â¥®à¨¨ ¢¥à®ïâ®áâ¥©. �¤ ª® ¢¢¨¤ã ®â-áãâáâ¢¨ï ¢  áâ®ïé¥¥ ¢à¥¬ï  ¤«¥¦ é¥© áâ â¨-áâ¨ç¥áª®© ¨ä®à¬ æ¨¨ ® ¯®«®¦¥¨¨ ¨ à §¬¥à å¬ ªà®¯®à ¯®¤®¡ë©   «¨§ ¯®ª  á«¥¤ã¥â ¯à¨§ âì¯à¥¦¤¥¢à¥¬¥ë¬. �®íâ®¬ã ¯à¨å®¤¨âáï ®£à ¨-ç¨¢ âìáï ¬ â¥¬ â¨ç¥áª¨¬ ®¦¨¤ ¨¥¬ ¨å à á¯à¥-¤¥«¥¨ï ¯® ¢á¥¬ã ¤¨ ¯ §®ã ¢®§¬®¦ëå ¤«¨, â®¥áâì ãáà¥¤¥ë¬ ¯® ¬®¦¥áâ¢ã ¯®à ¬¥¦¯®à®¢ë¬à ááâ®ï¨¥¬, ª®â®à®¥ § â¥¬ ¯à¨¢®¤¨âáï ª à ¤¨ãáã¯à¨ïâ®© ¢ æ¨«¨¤à¨ç¥á®© ä®à¬¥ ¬¨ªà®®¡« áâ¨ä¨«ìâà æ¨¨R [21]. �ªã¤®áâì ¤ ëå ® áâàãªâãà¥¯®à®¢®£® ¯à®áâà áâ¢  ¢ �� ®¯à ¢¤ë¢ ¥â ã¢ï§ë-¢ ¨¥ ¯«®â®áâ¨ ¬ ªà®¯®à á ç¨á«¥®áâìî ¨ ¯«®â-®áâìî à®îé¨å ®à£ ¨§¬®¢, ¨§¬¥àï¥¬ëå áà ¢¨-â¥«ì® ¯à®áâ® ¯® ®âà ¡®â ë¬ ¬¥â®¤¨ª ¬.�à¨ á¢¥àåâ®ª¨å ¨áâ®ç¨ª å ¦¨¤ª®áâ¨, ª ª®â®-àë¬ ¥áâì ¢á¥ ®á®¢ ¨ï ®â®á¨âì ¥ª®â®àë¥ ¨§¬ ªà®¯®à, ¢ãâà¨ ¨å ¬®£ãâ ¨¬¥âì ¬¥áâ® ®éãâ¨-¬ë¥ ¯®â¥à¨ ¬¥å ¨ç¥áª®© í¥à£¨¨ (á®¯®áâ ¢¨¬ë¥á   «®£¨çë¬¨ ¯®â¥àï¬¨ ¢ ¯à¨«¥£ îé¥¬ £àã-â¥). � ¯®¤®¡ëå á¨âã æ¨ïå ã¦¥ ¥«ì§ï ¨£®à¨à®-¢ âì ¢ãâà¨¯®à®¢ãî £¨¤à ¢«¨ªã ¨, áâà®£® £®¢®àï,¥®¡å®¤¨¬® ¨§ãç âì ¤¢¨¦¥¨¥ ¦¨¤ª®áâ¨ ¢ãâà¨ ¨¢¥ ¯®à á®¢¬¥áâ®. �¥¬ ¥ ¬¥¥¥, ¢ ¯¥à¢®¬ ¯à¨-¡«¨¦¥¨¨ §¤¥áì, ¯®-¢¨¤¨¬®¬ã, ¤®áâ â®ç® ãç¨âë-¢ âì íâ®â ä ªâ®à ¯à¨¡«¨¦¥®. �«ï íâ®£® ®¡ëç-® ãáâ  ¢«¨¢ îâáï ¯®â¥à¨  ¯®à  ¢ãâà¨ ¯à®-âï¦¥®£® ¨áâ®ç¨ª  (áâ®ª ), ¨áå®¤ï ¨§ â¥®à¥â¨-ç¥áª¨å ¯à¥¤¯®áë«®ª ¢ ®â®è¥¨¨ ¢ãâà¥¥£® â¥-ç¥¨ï [22 { 24] ¨ à¥è¥¨ï ¢¥è¥© (ä¨«ìâà æ¨®-®©) § ¤ ç¨, ¯®«ãç¥®£® ç é¥ ¢á¥£® ¯à¨ ¯®áâ®ï-®¬  ¯®à¥   ¥£® ¡®ª®¢®© ¯®¢¥àå®áâ¨. � â®«ìª®§ â¥¬ ®æ¥¨¢ ¥âáï ®¡à â®¥ ¢«¨ï¨¥ £¨¤à ¢«¨ª¨¨áâ®ç¨ª    ¢¥è¥¥ â¥ç¥¨¥ [25]. �¬¥® â -ª¨¬ ¯ãâ¥¬  ©¤¥® ¨¦¥ á®®â®è¥¨¥ ¬¥¦¤ã ¯ -à ¬¥âà ¬¨ ¢ãâà¥¥© ¨ ¢¥è¥© § ¤ ç, ¯à¨ ª®-â®à®¬ ãª §  ï £¨¤à ¢«¨ª  áâ ®¢¨âáï § ç¨¬®©¤«ï ä¨«ìâà æ¨®®£® â¥ç¥¨ï.�ª®«®£¨ç¥áª¨¥ ¨áá«¥¤®¢ ¨ï á®áâ®ï¨ï �� ¯à®-¢®¤ïâáï, ¢ ¯¥à¢ãî ®ç¥à¥¤ì, á â¥¬, çâ®¡ë ®¯à¥-¤¥«¨âì á®¤¥à¦ ¨¥, à á¯à¥¤¥«¥¨¥ ¨ ¯à¥¤áª § âì¢®§¬®¦®¥ ¯¥à¥¬¥é¥¨¥ �� ¢ ¨å. �¥®à¥â¨ç¥áª¨©  «¨§ ¤®«¦¥ ®á®¢ë¢ âìáï   à¥è¥¨¨ á®®â¢¥â-áâ¢ãîé¥© ä¨«ìâà æ¨®®© § ¤ ç¨, â ª ª ª ¤¢¨-¦¥¨¥ ¦¨¤ª®áâ¨ ¢ ¯®à å ¨¨æ¨¨àã¥â ®¡  £« ¢ëå¬¥å ¨§¬  ¯¥à¥®á  �� { ¤¨á¯¥àá¨®ë© ¨ ª®-¢¥ªâ¨¢ë©. �ç¥¢¨¤®, çâ® ¬ ªà®¯®àë ¡ã¤ãâ ãáª®-àïâì ¯à®¨ª®¢¥¨¥ �� ¢£«ã¡ì ��. �¤ ª® ®¡®-á®¢ ® áã¤¨âì ®¡ íâ®¬ ¬®¦®, â®«ìª® ®¯¨à ïáì  à¥è¥¨ï § ¤ ç ª®¢¥ªâ¨¢®-¤¨ääã§¨®®£® ¯¥-à¥®á  ¢ £àãâ å á ¤¢®©®© ¯®à¨áâ®áâìî [26 { 28].�«ï à áá¬ âà¨¢ ¥¬ëå ãá«®¢¨© ¡ §®¢ ï ¬ â¥¬ â¨-�. �. �®«ïª®¢ 45



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 2. �. 44 { 59ç¥áª ï ¬®¤¥«ì ¢ ®¡é¥¬ ï¢«ï¥âáï ¤¢ãå¬¥à®©, ¥-áâ æ¨® à®© á ¯¥à¥¬¥ë¬¨ ª®íää¨æ¨¥â ¬¨ ¨  «¨â¨ç¥áª¨¥ ¬¥â®¤ë ¢ â ª®¬ á«ãç ¥ ®ª §ë¢ -îâáï ¥íää¥ªâ¨¢ë¬¨. �¤ ª®, ¥á«¨ ¨¬¥âì ¢ ¢¨-¤ã ¤®«£®áà®çë© ¯à®£®§, â® ®¯à ¢¤ ® ®£à ¨-ç¨¢ âìáï ¨§ãç¥¨¥¬ ¨áª«îç¨â¥«ì® ¢¥àâ¨ª «ì®-£® âà á¯®àâ  ��. �¥¦¤ã ¯à®ç¨¬, ¤®¯ãáâ¨¬®áâìã¯à®é¥®£® (®¤®¬¥à®£®) à áá¬®âà¥¨ï ¯®¢¥¤¥-¨ï �� ¢ £àãâ®¢ëå íª®á¨áâ¥¬ å ¯®¤â¢¥à¦¤ ¥â-áï ¨ à¥§ã«ìâ â ¬¨ íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ -¨©, ¢ë¯®«ï¢è¨åáï ¤«ï ãá«®¢¨© äãªæ¨®¨à®¢ -¨ï á«®¦®© à §¢¥â¢«¥®© ª®à¥¢®© á¨áâ¥¬ë [29].�®áª®«ìªã ¦¥ à¥çì ¨¤¥â «¨èì ® ¢ëïá¥¨¨ ®à¨-¥â¨à®¢®ç®£® ¢ª« ¤  ¬ ªà®¯®à ¢ ¤¨ ¬¨ªã �� ¢��, ¢¯®«¥ ¬®¦® ®¡®©â¨áì ¨ áâ æ¨® àë¬   -«®£®¬ ¬®¤¥«¨.�áå®¤ï ¨§ ¢ëè¥áª § ®£®, ¢ ¤ ®© à ¡®â¥¯à¥á«¥¤®¢ «¨áì ¤¢¥ ®á®¢ë¥ æ¥«¨. �¥à¢ ï ¨§¨å á®áâ®ï«  ¢ ª®«¨ç¥áâ¢¥®© ®æ¥ª¥ § ç¥¨ï®â¤¥«ìëå ¢¥àâ¨ª «ìëå ¬ ªà®¯®à ¤«ï ä¨«ìâà -æ¨¨ ¦¨¤ª®áâ¨ ¨ ¯¥à¥®á  �� ¢ ��,   â ª¦¥ãáâ ®¢«¥¨¨ ¯à¨¬¥àëå ¤¨ ¯ §®®¢ ¨§¬¥¥¨ïä¨§¨ª®-¬¥å ¨ç¥áª¨å ¨ £¨¤à®å¨¬¨ç¥áª¨å ¯ à ¬¥-âà®¢, ®¡ãá« ¢«¨¢ îé¨å ¯à¨ íâ®¬ áãé¥áâ¢¥®¥ã¢¥«¨ç¥¨¥ à áå®¤®¢ ¦¨¤ª®áâ¨ ¨ ��. �â®à ï ¦¥§ ª«îç « áì ¢ ¢ëà ¡®âª¥ ¥ª®â®àëå ¯à¥¤«®¦¥¨©¯® ®¡®á®¢ ¨î ®¡®¡é¥ëå ¬®¤¥«ìëå ¯ à ¬¥-âà®¢, ãç¨âë¢ îé¨å ¢ æ¥«®¬ ®á®¡¥®áâ¨ ¤¥©áâ¢¨ïá¥â¨ ¬ ªà®¯®à.1. ���������� ���������¥à¢® ç «ì® ¨áá«¥¤®¢ ¨¥ ä¨«ìâà æ¨¨ ¦¨¤-ª®áâ¨ áª¢®§ì á«®© ®á ¦¤¥¨© á¢®¤¨âáï ª ¨§ãç¥¨î  «¨â¨ç¥áª¨¬¨ ¬¥â®¤ ¬¨ ä¨«ìâà æ¨®®£® ¯à®-æ¥áá  ¢ §®¥ ¢«¨ï¨ï ®â¤¥«ì®© â¨¯¨ç®© ¬ ªà®-¯®àë. �¢¨¤ã ®â®á¨â¥«ì®© ¬ «®áâ¨ ¢à¥¬¥¨ à¥-« ªá æ¨¨ ãª § ®£® ¯à®æ¥áá  ¢ ��,   â ª¦¥ ¯à®-¢¥¤¥®© áå¥¬ â¨§ æ¨¨ ¢®¤®-ä¨§¨ç¥áª¨å ãá«®¢¨©,¡ë«  áä®à¬ã«¨à®¢   ¨ à¥è « áì áâ æ¨® à ï§ ¤ ç  ¢ æ¨«¨¤à¨ç¥áª®© ®¡« áâ¨ ¤¢¨¦¥¨ï á å®-à®è® ¯à®¨æ ¥¬ë¬¨ ®á®¢ ¨ï¬¨ ¨ ¥¯à®¨æ ¥-¬®© ¡®ª®¢®© ¯®¢¥àå®áâìî. � ª ª ª £àãâ ¯à¨¨-¬ «áï ®¤®à®¤ë¬, â® ¢ ®á®¢¥ ¨áå®¤®© ¬ â¥¬ -â¨ç¥áª®© ¬®¤¥«¨ ä¨«ìâà æ¨¨ «¥¦ â:ãà ¢¥¨¥ � ¯« á  ¢ æ¨«¨¤à¨ç¥áª¨å ª®®à¤¨ -â å ®â®á¨â¥«ì®  ¯®à  H1r @@r�r@H@r �+ @2H@z2 = 0; (1)ãá«®¢¨ï   ¢¥è¨å £à ¨æ år = R; @H@r = 0; z = 0; H = H1;

z = m; H = H2: (2)�¤¥áì m { ¬®é®áâì �� (¢ëá®â  ®¡« áâ¨);  ç «®ª®®à¤¨ â  å®¤¨âáï ¢ æ¥âà¥ ¢¥àå¥£® ®á®¢ ¨ï®¡« áâ¨; ®áì OZ  ¯à ¢«¥  ¢¨§. �®¤®¡ë¥ § -¤ ç¨, ® ¤«ï ¤àã£¨å ªà ¥¢ëå ãá«®¢¨© ¨ ¨ë¬¨ ¬¥-â®¤ ¬¨ à¥è «¨áì,  ¯à¨¬¥à, ¢ [30, 31]. �«¨ï¨¥¨áâ®ç¨ª  (¬ ªà®¯®àë)   ä¨«ìâà æ¨®ë© à¥-¦¨¬ �� ãç¨âë¢ ¥âáï ¯®áà¥¤áâ¢®¬ á¯¥æ¨ «ì®£®ãá«®¢¨ï, § ¤ ¢ ¥¬®£®   ¥£® ¯®¢¥àå®áâ¨. � íâ®¬ªà ¥¢®¬ ãá«®¢¨¨ ®âà ¦ îâáï å à ªâ¥à ¤¥©áâ¢¨ï¨áâ®ç¨ª , ¥£® ä®à¬ , à §¬¥àë ¨ ¬¥áâ®¯®«®¦¥-¨¥. �®®¡é¥ £®¢®àï, à¥ «ìë¥ á¨áâ¥¬ë ¨áâ®ç¨-ª®¢ (áâ®ª®¢) ¬®£ãâ ¡ëâì ¨áªãááâ¢¥®£® (áª¢ ¦¨-ë) ¨«¨ ¥áâ¥áâ¢¥®£® (¬ ªà®¯®àë) ¯à®¨áå®¦¤¥-¨ï. �¥à¥¤ª® â ª¨¥ á¨áâ¥¬ë á®áâ®ïâ ¨§ ¥áª®«ì-ª¨å áå®¤ëå ¯® á¢®¨¬ å à ªâ¥à¨áâ¨ª ¬ £àã¯¯ ¨á-â®ç¨ª®¢. �à®¬¥ â®£®, ¥á«¨ ¨áâ®ç¨ª¨ à á¯®«®-¦¥ë ¡®«¥¥-¬¥¥¥ à¥£ã«ïà®, â® ¨å £àã¯¯ë ã¤ ¥â-áï ¨®£¤  § ¬¥¨âì ®¤¨¬ íª¢¨¢ «¥âë¬ ¯® ¤¥©-áâ¢¨î ¨ ¯à®âï¦¥ë¬ ¢ ¯« ¥. �¥¬ á ¬ë¬ ¤®-áâ¨£ ¥âáï § ç¨â¥«ì®¥ ã¯à®é¥¨¥ ¨ å®¤  à¥è¥-¨ï, ¨ ¢¨¤  ª®¥çëå § ¢¨á¨¬®áâ¥© ¯à¨ ¬¨¨¬ «ì-ëå ¤®¯®«¨â¥«ìëå ¯®£à¥è®áâïå. �¨¦¥ ¨áª®-¬ ï äãªæ¨ï H(r; z)  å®¤¨âáï ¢ à¥§ã«ìâ â¥ à¥-è¥¨ï ¥ ãà ¢¥¨ï (1) ¯à¨ ãá«®¢¨ïå (2),   áå®-¦¥© ¨ § ¬¥â® ¡®«¥¥ ¯à®áâ®© § ¤ ç¨ ® ¤¥©áâ¢¨¨í«¥¬¥â à®£® (â®ç¥ç®£®) ¨áâ®ç¨ª . �«ï ¡®«ì-è¥© ®¡é®áâ¨ íâ®â ¨áâ®ç¨ª ¯à¨¨¬ ¥âáï ¢ ä®à-¬¥ ª®«ìæ  á ã¤¥«ì®© ¨â¥á¨¢®áâìî qe ¨ à ¤¨ã-á®¬ re. �®¤®¡ ï ª®ä¨£ãà æ¨ï ®ª §ë¢ ¥âáï ¯®¤-å®¤ïé¥© ¯à¨ ¬®¤¥«¨à®¢ ¨¨ £àã¯¯ë â®ç¥çëå ¨á-â®ç¨ª®¢ (¤à¥), à á¯®«®¦¥ëå ¯® ªàã£ã. �̄ ®¬ï-ãâ ï § ¤ ç  ¤«ï í«¥¬¥â à®£® ¨áâ®ç¨ª  ¨¬¥¥â¢¨¤1r @@r�r@h@r �+ @2h@z2 = � qe2�k�(r � re)�(z � �);r = R; @h@r = 0; z = 0; h = 0; (3)z = m; h = 0;£¤¥ k { ª®íää¨æ¨¥â ä¨«ìâà æ¨¨; ¨áâ®ç¨ª à §¬¥-é¥   £«ã¡¨¥ �; ¢ ª ç¥áâ¢¥ ¥¤®áâ îé¥£® ¯à¨¨-¬ ¥âáï ãá«®¢¨¥ ®£à ¨ç¥®áâ¨  ¯®à  h   æ¥-âà «ì®© ®á¨ (r = 0). �¥è¥¨¥ § ¤ ç¨ (3) ¯®-áâà®¥® á ¨á¯®«ì§®¢ ¨¥¬ ª®¥ç®£® ¨â¥£à «ì®-£® ¯à¥®¡à §®¢ ¨ï �ãàì¥. �à®¬¥¦ãâ®çë¥ ¢ë-ª« ¤ª¨ ®¯ãé¥ë. � ¨â®£¥ ¯®«ãç¥ë á«¥¤ãîé¨¥¯à¥¤áâ ¢«¥¨ï ¤«ï h(r; z; �):h = Q�mk 1Xn=12664K1�n�Rm �I1�n�Rm � I0 �n�r0m �+K0 �n�r0m �3775�46 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 2. �. 44 { 59�I0 �n�rm � sin n��m sin n�zm ; ¯à¨ r � re; (4)h = Q�mk 1Xn=12664K1�n�Rm �I1�n�Rm � I0 �n�rm �+K0 �n�rm �3775��I0 �n�rem � sin n��m sin n�zm ; ¯à¨ r > re;£¤¥ Q { ¬®é®áâì í«¥¬¥â à®£® ¨áâ®ç¨ª ; I� ,K� { äãªæ¨ï �¥áá¥«ï ¬¨¬®£®  à£ã¬¥â  �-£® ¯®-àï¤ª  ¯¥à¢®£® ¨ ¢â®à®£® à®¤ . � ¯®á«¥¤ãîé¨å¯à¥®¡à §®¢ ¨ïå, ¨¬¥ï ¢¢¨¤ã æ¥âà «ì®¥ ¯®«®-¦¥¨¥ ¬ ªà®¯®àë, § ¤¥©áâ¢®¢ ® ¢ëà ¦¥¨¥ ¤«ïh(r; z; �) ç áâ®£® ¢¨¤ ,   ¨¬¥®, ª®£¤  ª®«ìæ®áâï£¨¢ ¥âáï ¢ â®çªã (re ! 0). �ëâ¥ª ¥â ®® ¨§¢ëà ¦¥¨ï (4) ¨ ¨¬¥¥â ¢¨¤h = Q�mk 1Xn=12664K1�n�Rm �I1�n�Rm � I0 �n�rm �+K0 �n�rm �3775�� sin n��m sin n�zm : (5)�  á«¥¤ãîé¥¬ íâ ¯¥ ®¯à¥¤¥«¥¨ï äãªæ¨¨ H(r; z),¢®-¯¥à¢ëå, ®áãé¥áâ¢«ï¥âáï ¯¥à¥å®¤ ®â â®ç¥ç®-£® ª «¨¥©®¬ã ¨áâ®ç¨ªã ¯ãâ¥¬ ¨â¥£à¨à®¢ ¨ïãà ¢¥¨ï (5) ¢¤®«ì ¥£®, ¢®-¢â®àëå, ãç¨âë¢ ¥âáï¥®¤®à®¤®áâì £à ¨çëå ãá«®¢¨©   ®á®¢ ¨ïå®¡« áâ¨ ¤¢¨¦¥¨ï. �®£¤ H = H1 � H1 �H2m z + lZ0 h(r; z; �)d� == H1 � H1 �H2m ++ q0�2k 1Xn=12664K1�n�Rm �I1�n�Rm � I0 �n�rm �+K0 �n�rm �3775��1� cos�n�lm �n sin�n�zm �; (6)£¤¥ q0 = Q=l { ã¤¥«ì ï (  ¥¤¨¨æã ¤«¨ë) ¬®é-®áâì «¨¥©®£® ¨áâ®ç¨ª , ª®â®à ï § à ¥¥ ¥¨§-¢¥áâ  ¨ ¤«ï ¥¥  å®¦¤¥¨ï ¯à¨¨¬ ¥âáï ãá«®¢¨¥¯®áâ®ïáâ¢   ¯®à    ¯®¢¥àå®áâ¨ ¬ ªà®¯®àë:H(r0; z) = H0; ¯à¨ 0 � z � l: (7)� ¤¥©áâ¢¨â¥«ì®áâ¨  ¯®à ¢ ¬ ªà®¯®à¥ ¡ã¤¥â á£«ã¡¨®© á¨¦ âìáï,   § ç¨â ¨ ¥¥ ¢«¨ï¨¥  

ä¨«ìâà æ¨®ë© à¥¦¨¬ ¡ã¤¥â ¥áª®«ìª® ¬¥ì-è¨¬, ç¥¬ ¯à¨ ãá«®¢¨¨ (7). �®®â¢¥âáâ¢ãîé¨¥®æ¥ª¨ á¤¥« ë ¢ á«¥¤ãîé¥¬ à §¤¥«¥. � ç¥¨¥q0 á«¥¤ã¥â ¨§ ¢ëà ¦¥¨© (6), (7), â ª çâ®H0 = 1l lZ0 H(r0; �)d� = H1 � H1 �H22m l + �mq0�lk ;(8)®âªã¤  ¢ëâ¥ª ¥â, çâ®q0 = �lk�m�H0 �H1 + H1 �H22m l�: (9)�¤¥áì� = 1�2 1Xn=12664K1�n�Rm �I1�n�Rm � I0 �n�r0m �+K0 �n�r0m �3775���1� cos�n�lm ��2n2 :�«ï ã¤®¡áâ¢  ¯®á«¥¤ãîé¥£®   «¨§  ¢¢®¤ïâáï ¡¥§-à §¬¥àë¥ ª®®à¤¨ âë ¨ ¯ à ¬¥âàë: �r = r=m,�r0 = r0=m, �R = R=m, �z = z=m, �l = l=m,   â ª-¦¥ ¯à¨¢¥¤¥ë©  ¯®à ~H = (H1 �H)=(H1 � H2).�«ï ¢¥«¨ç¨ë ~H, ¨áå®¤ï ¨§ § ¢¨á¨¬®áâ¥© (6) ¨ (9),¯®«ãç ¥¬ á«¥¤ãîé¥¥ ¢ëà ¦¥¨¥:~H = �z + �l� � ~H0 � �l2� f(�r; �z); (10)£¤¥ ~H0 = (H1 �H0)=(H1 �H2),f(�r; �z) = 1� 1Xn=1 �K1(n� �R)I1(n� �R) I0(n��r) +K0(n��r)���1� cos(n��l)n sin(n��z):�  ¡®ª®¢®© £à ¨æ¥ ®¡« áâ¨ ¤¢¨¦¥¨ï (�r = �R)f( �R; �z) = 1�2 �R 1Xn=1 1� cos(n��l)n2I1(n� �R) sin(n��z):�à¨ ¡�®«ìè¨å § ç¥¨ïå �l (�l � 0:75) ¨«¨ ¬¥ìè¨å�R ( �R � 0:05) ¤«ï à áç¥â  f( �R; �z) ¬®¦® à¥ª®¬¥-¤®¢ âì ¯à®áâë¥ ä®à¬ã«ë:f( �R; �z) = 1�R2� �z3 � �l36 + �z � �l3 +�l2 � �l�z22 � ¯à¨ �z � �l;f( �R; �z) = �l22 �R2 (1� �z) ¯à¨ �z > �l:�. �. �®«ïª®¢ 47



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 2. �. 44 { 59�§ ¢ëà ¦¥¨ï (10) á«¥¤ãîâ § ¢¨á¨¬®áâ¨ ¤«ï ¢ë-ç¨á«¥¨ï ¢¥àâ¨ª «ì®© ¨ £®à¨§®â «ì®© áª®à®-áâ¥© ä¨«ìâà æ¨¨, ä¨«ìâà æ¨®®£® à áå®¤ . �ç áâ®áâ¨, ®â®á¨â¥«ìë¥ ª®¬¯®¥âë áª®à®áâ¨ä¨«ìâà æ¨¨ ¡ã¤ãâ�vr = @ ~H@�r = �l� � ~H0 � �l2� f 0�r(�r; �z); (11)�vz = @ ~H@�z = 1 + �l� � ~H0 � �l2�f 0�z(�r; �z);£¤¥f 0�r(�r; �z) = 1Xn=1 �K1(n� �R)I1(n� �R) I1(n��r)�K1(n��r)����1� cos(n��l)� sin(n��z);f 0�z(�r; �z) = 1Xn=1�K1(n� �R)I1(n� �R) I0(n��r) +K0(n��r)����1� cos(n��l)� cos(n��z):�¤¥áì ¢¥«¨ç¨ë �vr , �vz ¯à¥¤áâ ¢«ïîâ á®¡®© ®â®-è¥¨ï à §¬¥àëå áª®à®áâ¥© vr , vz ª ¯®áâ®ï®©áª®à®áâ¨ ä¨«ìâà æ¨¨ v0, ª®â®à ï ¨¬¥«  ¡ë ¬¥áâ®¢ �� ¢ ®âáãâáâ¢¨¨ ¬ ªà®¯®à, v0 = k(H1 �H2)=m.�®  ¨¡®«¥¥ ¯®ª § â¥«ìë¬¨ ¨ ¯®«¥§ë¬¨ ¤«ï®æ¥ª¨ à®«¨ ¬ ªà®¯®à ¢ ä®à¬¨à®¢ ¨¨ £¨¤à®å¨-¬¨ç¥áª®£® à¥¦¨¬  ï¢«ïîâáï § ¢¨á¨¬®áâ¨ V (z),®¯¨áë¢ îé¨¥ ¨§¬¥¥¨¥ ä¨«ìâà æ¨®®£® à áå®-¤  ¢ ®¡« áâ¨ ¤¢¨¦¥¨ï ¯® £«ã¡¨¥. � à áç¥â å¯¥à¥®á  �� ¨á¯®«ì§ã¥âáï ¡¥§à §¬¥àë© à áå®¤�V (�z), ¤«ï  å®¦¤¥¨ï ª®â®à®£® V á®®â®á¨âáï áV0 (§¤¥áì V0 = �R2k(H1 � H2)=m {   «®£¨çë©à áå®¤ ¢ �� ¡¥§ ¬ ªà®¯®à). � ç «¥ �V (�z) ¯à¥¤-áâ ¢«ïîâáï ¢ ¢¨¤¥ å®à®è® áå®¤ïé¥£®áï àï¤ :�V (�z) = 1 + 2�l�2� �R2 � ~H0 � �l2��� 1Xn=11�cos(n��l)n2 cos(n��z); (12)áã¬¬¨à®¢ ¨¥ ª®â®à®£® ¯®§¢®«¨«® ¯®«ãç¨âì ã¤®¡-ë¥ ¤«ï ä¨«ìâà æ¨®ëå ¨ íª®«®£¨ç¥áª¨å à áç¥-â®¢ äãªæ¨¨ à áå®¤®¢:V1 = 1 + �l� �R2 � ~H0 � �l2���l � �l22 � �z� ;¯à¨ 0 � �z � �l; (13)V2 = 1� �l32� �R2 � ~H0 � �l2� ; ¯à¨ �l < �z � 1: (14)

�®à¬ «ì® ¨§ ä®à¬ã«ë (13) ¢ëâ¥ª ¥â, çâ® à á-å®¤ V1 ¯à¨ ®¯à¥¤¥«¥ëå á®®â®è¥¨ïå ¬¥¦¤ã �l, �R¨ �r0 ¢ ¢¥àå¥© ç áâ¨ ®¡« áâ¨ ¤¢¨¦¥¨ï áâ ¥â ®â-à¨æ â¥«ìë¬. �§ ä¨§¨ç¥áª¨å á®®¡à ¦¥¨© â ª®©à¥§ã«ìâ â ¬®¦® âà ªâ®¢ âì, ª ª á¢¨¤¥â¥«ìáâ¢®ä®à¬¨à®¢ ¨ï § áâ®©®© §®ë, ¢ ¯à¥¤¥« å ª®â®-à®© ä¨«ìâà æ¨®ë© à áå®¤ ¢ ¢¥àâ¨ª «ì®¬  -¯à ¢«¥¨¨ à ¢¥ 0. �¨¦ïï £à ¨æ  íâ®© §®ë å®¤¨âáï   £«ã¡¨¥ z�, ¯à¨ç¥¬�z� = �l � �l22 + 2� �R2�l(2 ~H0 � �l) : (15)�á¯®«ì§ãï ãà ¢¥¨¥ (15), «¥£ª® ¢ë¢¥áâ¨ ãá«®¢¨¥®âáãâáâ¢¨ï § áâ®©®© §®ë,  ¯à¨¬¥à, ¯à¨ �l >2 ~H0: �l4 � 2( ~H0 + 1)�l3 + 4 ~H0�l2 + 4� �R2 � 0:�«¥¤®¢ â¥«ì®, ¢ á«ãç ¥ �z� � 0 ¢áï ¦¨¤ª®áâì ¯®-áâã¯ ¥â ¢ �� ¨áª«îç¨â¥«ì® ç¥à¥§ ¬ ªà®¯®àë,¯à¨ç¥¬ "à ¡®â âì" ¡ã¤ãâ â®«ìª® ¨å ¨¦¨¥ ç -áâ¨ ¢ ¯à¥¤¥« å ®â �z� ¤® �R. � ¢ § ª«îç¥¨¥ ä¨«ì-âà æ¨®ëå ¨áá«¥¤®¢ ¨© ¡ë«  ©¤¥ ®â®á¨â¥«ì-ë© à áå®¤ ®âá®¥¤¨ï¥¬®© ¨§ ¬ ªà®¯®àë ¦¨¤ª®-áâ¨ �Qw(�z), ª®â®à®©   ãç áâª¥ ¬¥¦¤ã ®â¬¥âª ¬¨(£«ã¡¨ ¬¨) �z ¨ �l ®¯à¥¤¥«ï¥âáï ª ª�Qw = 2��r0 �lZ�z �vr(�r0; �)d� = (16)= 2�r0�l� �R2 � ~H0 � �l2� 1Xn=1 hK1(n� �R)I1(n� �R) I1(n��r0)��K1(n��r0)i1� cos(n��l)n (cos(n��z)� cos(n��l)):�ç¥¢¨¤®, çâ® ¯®«ë© à áå®¤ ®âá®¥¤¨ï¥¬®© ¦¨¤-ª®áâ¨ �Qw(�z�) á®¢¯ ¤ ¥â á ¬ ªá¨¬ «ìë¬ à áå®¤®¬¢ãâà¨ ¬ ªà®¯®àëQpo, à áå®¤®¬ V2 ¨ ¯®íâ®¬ã ¬®-¦¥â à ááç¨âë¢ âìáï ¯® ä®à¬ã«¥ (14). �¤¨áâ¢¥-®¥ § âàã¤¥¨¥, á ª®â®àë¬ ¯à¨å®¤¨âáï áâ «ª¨-¢ âìáï ¯à¨ ®¯à¥¤¥«¥¨¨ �V , Qpo, á¢ï§ ® á ¢ëç¨-á«¥¨¥¬ ¯ à ¬¥âà  �. � ©â¨ â®çãî áã¬¬ã àï¤ ,á®¤¥à¦ é¥£®áï ¢ ¢ëà ¦¥¨¨ ¤«ï �, ¥ ¯à¥¤áâ ¢«ï-¥âáï ¢®§¬®¦ë¬. �¬¥áâ® íâ®£® ¯à¥¤« £ ¥âáï íä-ä¥ªâ¨¢ ï ¯à¨¡«¨¦¥ ï ä®à¬ã« � = �l2 ln 2��r0 + �l3�R2�13 � �l4�; (17)£¤¥  { ¯®áâ®ï ï �©«¥à . �®£à¥è®áâì ¯à¨ ¢ë-ç¨á«¥¨ïå � ¯® íâ®© ä®à¬ã«¥ ¥ ¯à¥¢ëè ¥â 15 {20% ¯à¨ �l � 0:75 ¨ �R � 0:05,   ¯à¨ �R � 0:01 á¨¦ -¥âáï ¤® 2%. �«¥¤ã¥â ¥é¥ ¤®¡ ¢¨âì, çâ® ¨ íâ  âàã¤-®áâì ãáâà ï¥âáï ¢ á«ãç ¥ ¨§¢¥áâ®£® à áå®¤  ¨á-â®ç¨ª  Q. �®£¤  á ãç¥â®¬ �Q = Q=(kl(H1 �H2))48 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 2. �. 44 { 59¨¬¥¥¬:~H = �z � �Q�2 1Xn=1 hK1(n� �R)I1(n� �R) I0(n��r)+ (18)+K0(n��r)i1� cos(n��l)n sin(n��z);V1 = 1 + �l2 �Q4� �R2 (l2 � 2�l + 2�z); ¯à¨�z � �l;V2 = 1 + �l4 �Q4� �R2 ; ¯à¨�z > �l: (19)2. ������������� �����������à¨ïâ®¥ ¢ ¯à¥¤ë¤ãé¥¬ à §¤¥«¥ ¤®¯ãé¥¨¥ ®¯®áâ®ïáâ¢¥  ¯®à    ¯®¢¥àå®áâ¨ ¨áâ®ç¨ª ¢á«¥¤áâ¢¨¥ ¬ «®áâ¨ ¤¨ ¬¥âà  ¯®á«¥¤¥£® âà¥¡ã¥ââé â¥«ì®© ¯à®¢¥àª¨. �¡®á®¢ ¨¥ ã¯®¬ïãâ®£®¤®¯ãé¥¨ï ¡ §¨àã¥âáï   ãà ¢¥¨ïå ¤¢¨¦¥¨ï ¨¥à §àë¢®áâ¨ ¢ ¬ ªà®¯®à¥, ãç¨âë¢ îé¨å ®âá®-¥¤¨¥¨¥ ¬ ááë ¢¤®«ì ¯ãâ¨. � à §¬¥à®© ä®à¬¥ãª § ë¥ ãà ¢¥¨ï ¨¬¥îâ ¢¨¤ [23]�dHpdz = �2�2gr40 dQ2pdz + �h4�2gr50Q2p; (20)dQpdz = �q = �2�r0vr : (21)�¤¥áì Hp, Qp {  ¯®à ¨ à áå®¤ ¦¨¤ª®áâ¨ ¢ãâà¨¬ ªà®¯®àë; � { ª®íää¨æ¨¥â, å à ªâ¥à¨§ãîé¨©áª®à®áâì ¨  ¯à ¢«¥¨¥ ®âá®¥¤¨¥¨ï ¦¨¤ª®áâ¨;g { ãáª®à¥¨¥ §¥¬®£® ¯à¨âï¦¥¨ï; �h { ª®íää¨-æ¨¥â £¨¤à ¢«¨ç¥áª®£® âà¥¨ï. � «¥¥ ¯à¨¨¬ ¥â-áï ¢® ¢¨¬ ¨¥, çâ® ¤¢¨¦¥¨¥ ¦¨¤ª®áâ¨ ¢ ¬ ªà®-¯®à å �� ¯à®¨áå®¤¨â, ª ª ¯à ¢¨«®, ¢ « ¬¨ à®¬à¥¦¨¬¥ ¨ á®¢  ¢¢®¤ïâáï ¡¥§à §¬¥àë¥ ¢¥«¨ç¨ë.�®£¤  ãà ¢¥¨¥ (20) âà áä®à¬¨àã¥âáï á«¥¤ãî-é¨¬ ®¡à §®¬:�d �Hpd�z = �' �R42�r40 d �Q2pd�z + 8' �R2�r40 �Qp; (22)£¤¥ �Hp = HpH1 �H2 ; ' = �kgm2 ; = k(H1 �H2)� ; �Qp = mQp�R2k(H1 �H2) ;� { ª¨¥¬ â¨ç¥áª ï ¢ï§ª®áâì. �ëà ¦¥¨¥ ¤«ï�Qp(�z)  å®¤¨âáï ¨§ ä®à¬ã«ë (13) ¨ à ¢¥áâ¢ d �Qp=d�z = �d�V =d�z, ª®â®à®¥ «¥£ª® ¯®«ãç¨âì ¯ã-â¥¬ ¨â¥£à¨à®¢ ¨ï ¤¢ãå¬¥à®£® ãà ¢¥¨ï ¥-à §àë¢®áâ¨. � ¨â®£¥  å®¤¨¬~Hp(�z) = �H1 � �Hp = �2(�z2 � 2�l�z); (23)

£¤¥ � = 8'�l��r40 � ~H0 � �l2��1 + � �l8� � ~H0 � �l2�� :�â ª, ¯®« ï ¯®â¥àï ¯à¨¢¥¤¥®£®  ¯®à  ¢ ¬ -ªà®¯®à¥ ~Hpm ¡ã¤¥â~Hpm = ~Hp(�l) = ���l22 : (24)� ª ª ª ¬ ªà®¯®àë ®¡à §ãîâáï, £« ¢ë¬ ®¡à §®¬,¯à¨ ¯¥à¥¬¥é¥¨¨ à®îé¨å ¦¨¢®âëå ¢£«ã¡ì �� á¨å ¢¥àå¥© £à ¨æë ¨«¨ ¯à¨ ¤¢¨¦¥¨¨ ¢ ®¡à â®¬ ¯à ¢«¥¨¨, § ª ç¨¢ îé¨¬áï   â®© ¦¥ £à ¨-æ¥, â® á ç «  ¯®« £ «®áì ~H0 = 0. �áâ¥áâ¢¥-®, çâ® ¢ãâà¨¯®à®¢ ï £¨¤à ¢«¨ª  ¡ã¤¥â ¥áãé¥-áâ¢¥®© ¤«ï ä¨«ìâà æ¨®®£® ¯à®æ¥áá  ¯à¨ ãá«®-¢¨¨ ~Hpm � 1¨«¨ ¢ à §¢¥àãâ®¬ ¢¨¤¥4'�l2��r40 �1� � �l216� � = "� 1: (25)�®«¨ç¥áâ¢¥ë©   «¨§ § ç¨¬®áâ¨ íâ®£® ä ªâ®-à  ¢ë¯®«ï¥âáï ¢ ¯ïâ®¬ à §¤¥«¥ ¤ ®© à ¡®âë.3. �������� ������������ áá¬ âà¨¢ ¥âáï ¤«¨â¥«ì ï ¬¨£à æ¨ï �� ¢ ��¯à¨  «¨ç¨¨ ¢â®à¨ç®© ¯®à¨áâ®áâ¨, çâ® ¤ ¥â®á®¢ ¨¥ ¯à¨¬¥¨âì áâ æ¨® àãî ¬®¤¥«ì ¥£®¤¨ääã§¨®®-ª®¢¥ªâ¨¢®£® ¯¥à¥®á  ¨ à¥§ã«ìâ -âë ä¨«ìâà æ¨®ëå ¨áá«¥¤®¢ ¨© ¨§ ¯¥à¢®£® à §-¤¥« . �®«ìè¨áâ¢® § £àï§ïîé¨å ¢¥é¥áâ¢ ï¢«ï-îâáï ¥ãáâ®©ç¨¢ë¬¨ ¢ å¨¬¨ç¥áª®¬ ®â®è¥¨¨, ¨¨å â®ªá¨ç®áâì ¢ á¨«ã à §ëå ¯à¨ç¨, ª®â®àë¥§¤¥áì ¥ ®¡áã¦¤ îâáï, ¯®áâ¥¯¥® ã¡ë¢ ¥â. �¥-£à ¤ æ¨ï �� áãé¥áâ¢¥® áª §ë¢ ¥âáï   £¨¤à®-å¨¬¨ç¥áª®¬ à¥¦¨¬¥ ��. �á«¨   ¢¥àå¥© £à ¨-æ¥ �� ¨«¨   ¥ª®â®à®© £«ã¡¨¥ ¢ ¢ëè¥«¥¦ -é¥¬ ¢®¤®¨áâ®ç¨ª¥ ª®æ¥âà æ¨ï �� ¥ ¬¥ï¥âáï(C(r; 0) = C0 = const), â® ¯à¨ t ! 1 â ª ï ¦¥ª®æ¥âà æ¨ï ¤®«¦  ãáâ ®¢¨âìáï ¢® ¢á¥¬ á«®¥,¢ª«îç ï ¨ ¬ ªà®¯®àë (0 � �z � 1). � á«ãç ¥ ¥-áâ ¡¨«ì®£® �� ¥£® ª®æ¥âà æ¨ï ¢áî¤ã ¢ �� ¡ã-¤¥â ¨¦¥ C0, ¯à¨ç¥¬ ®âª«®¥¨¥ ®â ¯à®áâ¥©è¥£®£¨¤à®å¨¬¨ç¥áª®£® à¥¦¨¬  C(r; z) = C0 ¡ã¤¥â â¥¬®éãâ¨¬¥¥, ç¥¬ ¡®«ìè¥ ¥ãáâ®©ç¨¢®áâì ��. �®®¡-é¥ ¢ ¯à¨à®¤ãî áà¥¤ã ¯à®¨ª ¥â ®£à®¬®¥ ª®«¨-ç¥áâ¢® å¨¬¨ç¥áª¨å ¢¥é¥áâ¢ á çà¥§¢ëç ©® ®â«¨-ç îé¨¬¨áï ä¨§¨ª®-å¨¬¨ç¥áª¨¬¨ á¢®©áâ¢ ¬¨. �®-¢¥àè¥® ¥áâ¥áâ¢¥®, çâ® ¨ ª¨¥â¨ª  ¨å ¤¥£à -¤ æ¨¨ â ª¦¥ ®â«¨ç ¥âáï ¡®«ìè¨¬ à §®®¡à §¨-¥¬. � ¤ ®© à ¡®â¥, ®¤ ª®, áâ ¢¨« áì § ¤ ç  ¥�. �. �®«ïª®¢ 49



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 2. �. 44 { 59ã£«ã¡«¥®£® ¨§ãç¥¨ï ¯®¢¥¤¥¨ï à §«¨çëå ¢¨-¤®¢ ��,   § ¤ ç  ª®«¨ç¥áâ¢¥®© ®æ¥ª¨ ¢«¨ï¨ïá¨áâ¥¬ë ¬ ªà®¯®à   ä¨«ìâà æ¨®ë¥ ¨ ¬¨£à -æ¨®ë¥ ¯à®æ¥ááë ¢ ��. �®íâ®¬ã ¤«ï ¯®á«¥¤ãî-é¨å â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢ ¨© ¢ë¡à   ª¨¥â¨-ª  ã«¥¢®£® ¯®àï¤ª , ª®â®à ï, ¢®-¯¥à¢ëå, å à ª-â¥à  ¤«ï ¬®£¨å ¢¨¤®¢ ��, ¢®-¢â®àëå,  ¨¡®«¥¥¯®¤å®¤¨â ¤«ï à¥ «¨§ æ¨¨ ¬ â¥¬ â¨ç¥áª¨å ¬®¤¥-«¥©   «¨â¨ç¥áª¨¬¨ ¬¥â®¤ ¬¨. �é¥ ®¤® ¢ ¦®¥¯à¥¨¬ãé¥áâ¢® â ª®© ª¨¥â¨ª¨ § ª«îç ¥âáï ¢ â®¬,çâ® ¯®¤¡®à®¬ ª®íää¨æ¨¥â  áª®à®áâ¨ ¤¥£à ¤ æ¨¨�� ¬®¦® ¤®¡¨âìáï à á¯à¥¤¥«¥¨ï ��, á¢®©áâ¢¥-®£® «î¡®¬ã íâ ¯ã § £àï§¥¨ï ��. � ª ª ª ��¢ £àãâ ¯®áâã¯ ¥â £« ¢ë¬ ®¡à §®¬ ç¥à¥§ ¨¦-¨© ãç áâ®ª ¬ ªà®¯®à (0 � �z � �z�), â® ¨áå®¤ ï¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¢ª«îç ¥â ¤¢  ãà ¢¥¨ï¤¨ääã§¨®®-ª®¢¥ªâ¨¢®£® ¯¥à¥®á  ¤«ï ®â®á¨-â¥«ìëå ª®æ¥âà æ¨© �C1 = C1=C0 ¨ �C2 = C2=C0¢ á«®ïå �z� � �z � �l ¨ �l < �z � 1. � ¡¥§à §¬¥à®©ä®à¬¥ ãà ¢¥¨ï ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:dd�z h( �D0 + �� �V )d �C1d�z � �V �C1i+ a� �� = 0;�Dm d2 �C2d�z2 � �Vm d �C2d�z � �� = 0: (26)�¤¥áì �� = �=m, � { ª®íää¨æ¨¥â £¨¤à®¤¨ ¬¨ç¥-áª®© ¤¨á¯¥àá¨¨; �V (z) ¤«ï ã¤®¡áâ¢  ¯à¥¤áâ ¢«ï¥âáïª ª a�z + b ¨ ¢ á®®â¢¥âáâ¢¨¨ á ¢ëà ¦¥¨¥¬ (13)a = �l22� �R2 ; b = 1� �l32� �R2 �1� �l2� ;�Dm = �D0 + �� �Vm; �D0 = D0k(H1 �H2) ;D0 å à ªâ¥à¨§ã¥â ¬®«¥ªã«ïàãî ¤¨ääã§¨î ¨ ¢¨«¨áâëå ®á ¤ª å ¯à¨¡«¨¦ ¥âáï ª ª®íää¨æ¨¥âã¬®«¥ªã«ïà®© ¤¨ääã§¨¨;�Vm = a�l + b; �� = m�kC0(H1 �H2) :�«ï ®¯¨á ¨ï ¬¨£à æ¨¨ �� ¢ ¬¨ªà®®¡« áâ¨ ¤¢¨¦¥-¨ï ¯®   «®£¨¨ á ä¨«ìâà æ¨®®© § ¤ ç¥©, áâà®-£® £®¢®àï, á«¥¤®¢ «® ¡ë ¨á¯®«ì§®¢ âì ¤¢ãå¬¥àãî¬®¤¥«ì. �¬¥áâ¥ á â¥¬ ¤«ï ®æ¥®ç®£®   «¨§ § ç¨¬®áâ¨ ¬ ªà®¯®à ¢¯®«¥ ¤®áâ â®ç® ®£à ¨-ç¨âìáï ®¤®¬¥à®© ¬®¤¥«ìî (26), ª®â®à ï ä®à-¬ «ì® ¯®«ãç ¥âáï ¯ãâ¥¬ ¨â¥£à¨à®¢ ¨ï ¢ à ¤¨- «ì®¬  ¯à ¢«¥¨¨ ã¯®¬ïãâ®© ¤¢ãå¬¥à®© ¬®-¤¥«¨ ¨ ¢¢¥¤¥¨ï íää¥ªâ¨¢ëå ¯ à ¬¥âà®¢ § ¤ ç¨,¢ ç áâ®áâ¨, ®áà¥¤¥ëå ¯® r ª®æ¥âà æ¨© �C1,�C2. �à¨ § ¤ ¨¨ ªà ¥¢ëå ãá«®¢¨© âàã¤®áâ¨ ¢®§-¨ª îâ â®«ìª® á ãá«®¢¨¥¬   £à ¨æ¥ �z = �z�, â ªª ª §¤¥áì ¯® áãé¥áâ¢ã ¥¨§¢¥áâ  ¨ ª®æ¥âà æ¨ï,

¨ à áå®¤ ��. �¬¥ï, ®¤ ª®, ¢¢¨¤ã ã§®áâì ®¡« áâ¨¤¢¨¦¥¨ï ( �R� 1) ¨ ®¯à¥¤¥«ïîé¥¥ ¢«¨ï¨¥ ¬ ªà®-¯®àë   ¯®«¥ ª®æ¥âà æ¨© ¢ ¢¥àå¥© ç áâ¨ ��,¨áª®¬ãî ¢¥«¨ç¨ã C� (áà¥¤¥¥ § ç¥¨¥ �C1   ãª -§ ®© £à ¨æ¥) ã¤ ¥âáï ¯à¨¡«¨¦¥® ¢ëç¨á«¨âì¨§ à¥è¥¨ï ®¤®¬¥à®© ®á¥á¨¬¬¥âà¨ç®© § ¤ ç¨á ãá«®¢¨¥¬ ¯¥à¢®£® ¨ ¢â®à®£® ào¤    ¢ãâà¥¥©�r = �r0 ¨ ¢¥è¥© �r = �R £à ¨æ å. �à¨ ¡®«ìè¨å§ ç¥¨ïå ª®íää¨æ¨¥â  �� ¢ ¢¥àå¥© ç áâ¨ ��¢¡«¨§¨ ¢¥è¥© £à ¨æë r = R ¢®§¬®¦® ®¡à -§®¢ ¨¥ ç¨áâ®© §®ë. �¥ ¯®«®¦¥¨¥ ®¯à¥¤¥«ï¥âáï£à ¨æ¥© �r = �r�. � ç¥¨¥ �r� ¯à¥¦¤¥ ¢á¥£® § ¢¨-á¨â ®â áª®à®áâ¨ ¤¥£à ¤ æ¨¨ �� ¨ ¢ëç¨á«ï¥âáï ¨§ãà ¢¥¨ï 2�r2� ln �r��r0 � �r2� = 4 �D0��0 � �r20: (27)�à¥¤ïï ¢¥«¨ç¨  C� ¢ ®¡é¥¬ á«ãç ¥ à ááç¨âë¢ -¥âáï ¯® ä®à¬ã«¥C� = �r2� � �r20�R2 � �r20 h1 + 3��0�r2�8 �D0 � (28)� ��0�r208 �D0 � ��0�r4�2 �D0(�r2� � �r20) ln �r��r0 i;¯à¨ç¥¬ ¯à¨ �r� � �R ¢ (28) á«¥¤ã¥â ¯®«®¦¨âì�r� = �R. �áâ «ìë¥ ªà ¥¢ë¥ ãá«®¢¨ï ¡ã¤ãâ�z = �l; �C1 = �C2; d �C1d�z = d �C2d�z ;�z = 1; d �C2d�z 0: (29)� à¥§ã«ìâ â¥ ¨â¥£à¨à®¢ ¨ï ¢â®à®£® ãà ¢¥¨ïá¨áâ¥¬ë (26) ¯®«ãç¥®�C2 = �C1(�l) � ���Vm (�z � �l)+ (30)+ �� �Dm�V 2m �e �Vm�Dm (�z�1) � e �Vm�Dm (�l�1)�:�«ï ¯®«®£® à¥è¥¨ï ¯®áâ ¢«¥®© § ¤ ç¨ § ¢¨á¨-¬®áâì (30) ¥®¡å®¤¨¬® ¤®¯®«¨âì à¥è¥¨¥¬ ¯¥à¢®-£® ãà ¢¥¨ï (26), ® ã¦¥ ¯à¨ ãá«®¢¨ïå�z = �z�; �C1 = C�;�z = �l; d �C1d�z = A = ���Vm �e �Vm�Dm (�l�1) � 1�:�â® à¥è¥¨¥ ¢ëà ¦ ¥âáï á«¥¤ãîé¥© § ¢¨á¨¬®-áâìî: �C1 = e �Va ~D0 ��z + ba + ~D0�� ~D0�� � (31)50 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 2. �. 44 { 59� �C� ~D ~D0��0 � a� ��a�� Y1��z + ba�� BY2��z + ba�� :�¤¥áì~D0 = �D0a�� ; Y1(x) = Z x0 �(� + ~D0) ~D0�� �1e� ��� d�;Y2(x) = Z x0 (� + ~D0) ~D0�� �1e� ��� d�;B = n�1� �D0�Dm��C� ~D ~D0��0 � a� ��a�� Y1��l + ba����24��A� �Dma�� � ~D0�� + a� ��a2 � �Dma�� � ~D0�� �135 e� �Vma�� o==n�1� �D0�Dm�Y2��l + ba�+ ��� �Dma�� � ~D0�� �1 e� �Vma�� o:�®¤áâ ®¢ª   ©¤¥®£® á ¯®¬®éìî ¢ëà ¦¥¨ï(31) § ç¥¨ï �C1   ãà®¢¥ �z = �l ¢ (30) ¯®§¢®-«ï¥â, ¨á¯®«ì§ãï íâã ¯ àã § ¢¨á¨¬®áâ¥©, à ááç¨-â âì ¯à®ä¨«ì ®â®á¨â¥«ì®© ª®æ¥âà æ¨¨ �� ¢¯à¥¤¥« å ®â �z� ¤® 1. �â®à®© ¢ ¦®© £¨¤à®å¨¬¨-ç¥áª®© å à ªâ¥à¨áâ¨ª®© ï¢«ï¥âáï à áå®¤ �� Ic(�z),ª®â®àë© «¥£ª® ®¯à¥¤¥«ï¥âáï ¯à¨ ¨§¢¥áâ®¬ �C1(�l)¨§ ä®à¬ã«Ic = (a� ��)(�z � �l)� �DmA+ �Vm �C1(�l);¯à¨ �z� � �z � �l; (32)Ic = ��(�l � �z)� �DmA + �Vm �C1(�l);¯à¨ 1 � �z > �l:�à ªâ¨ç¥áª®¥ ¯à¨¬¥¥¨¥ ®á®¢ëå ä®à¬ã«, ¯®-«ãç¥ëå ¢ à §¤¥« å 1 { 3, ¤¥¬®áâà¨àã¥âáï ¢ ¯ï-â®¬ à §¤¥«¥   ¬®£®ç¨á«¥ëå ¯à¨¬¥à å à áç¥-â®¢.4. ����������� ��������������������� à¥ «ìëå �� à §¬¥àë ¬ ªà®¯®à, ¨ ¢ ¯¥à-¢ãî ®ç¥à¥¤ì ¨å ¤«¨ , á¨«ì® à §«¨ç îâáï, å®âï¡�®«ìè ï ¨å ç áâì á®áà¥¤®â®ç¥  ¢¡«¨§¨ £à ¨æë¬¥¦¤ã �� ¨ ¢®¤®¨áâ®ç¨ª®¬. � ª, ¯ à ¬¥âà �l ¢¯à¨æ¨¯¥ ¬®¦¥â ¬¥ïâìáï ¢ ¯®«®¬ ¤¨ ¯ §®¥ ®â0 ¤® 1 (¯à¨ ¥¡®«ìè®© ¬®é®áâ¨ ��). �«ï ®æ¥ª¨¢«¨ï¨ï ¢â®à¨ç®© ¯®à¨áâ®áâ¨   ä¨«ìâà æ¨®-ë© ¯à®æ¥áá æ¥«¥á®®¡à §® ¢®á¯®«ì§®¢ âìáï ¯à¨-¢¥¤¥ë¬ ¢ ¯¥à¢®¬ à §¤¥«¥ à¥è¥¨¥¬ ® ¤¥©áâ¢¨¨®â¤¥«ì®© ¬ ªà®¯®àë ¨ ¨¬¥âì ¤®áâ®¢¥àãî ¨-ä®à¬ æ¨î ® ¯®¢¥àå®áâ®© ¯«®â®áâ¨ â ª¨å ¯®à

N0 (¨å ª®«¨ç¥áâ¢®, ¯à¨å®¤ïé¥¥áï   ¥¤¨¨æã ¯«®-é ¤¨ ¢¥àå¥© £à ¨æë ��) ¢ ®¡é¥¬,   â ª¦¥¨å ¤«¨¥. �®¤®¡ãî ¨ä®à¬ æ¨î § â¥¬ á«¥¤ã¥â®¡®¡é¨âì ¢ æ¥«ïå ã¯à®é¥¨ï   «¨§  ä¨«ìâà -æ¨®®£® à¥¦¨¬ . �à¨ íâ®¬ áâà®¨âáï äãªæ¨ïà á¯à¥¤¥«¥¨ï ¬ ªà®¯®à ¯® ¨å ¤«¨¥, ª®â®à ï ¬®-¦¥â ¡ëâì ªãá®ç®-¯®áâ®ï®© ¨«¨ ¥¯à¥àë¢®©.�ãáâì ¨¬¥îé¨¥áï ¤ ë¥ ¯®§¢®«ïîâ ãá«®¢® à §-¤¥«¨âì á¨áâ¥¬ã   â ª¨¥ £àã¯¯ë, çâ® ¬ ªà®¯®àë«î¡®© ¨§ ¨å ¨¬¥îâ ¯à¨¬¥à® ®¤ã ¤«¨ã. �®ïâ-®, çâ® ç¨á«® å à ªâ¥àëå ¤«¨ ¤®«¦® á®¢¯ ¤ âìá ª®«¨ç¥áâ¢®¬ ¢ë¤¥«¥ëå £àã¯¯ (¤«ï ®¯à¥¤¥«¥-®áâ¨ íâ® ç¨á«® ¯à¨¨¬ ¥âáï à ¢ë¬ s). � ª¦¥¯®« £ ¥âáï, çâ® ¬ ªà®¯®àë ¨§ i-© £àã¯¯ë ¯«®â®-áâìî Ni ¨¬¥îâ áà¥¤îî ¤«¨ã li,   ®â®á¨â¥«ìë¥í«¥¬¥â àë¥ à áå®¤ë ¢ ¨å §® å ¢«¨ï¨ï á®£« á-® ¢ëà ¦¥¨© (13), (14), ¡ã¤ãâ�Vi(�z; �li) =8<: 0; ¯à¨ 0 � �z � �z�i;Vi1(�z; �li); ¯à¨ �z�i < �z � �li;Vi2(�li); ¯à¨ �li < �z � 1; (33)£¤¥ �z�i = �z�(�li) { £«ã¡¨  § áâ®©®© §®ë ¢ ¬¨ªà®-®¡« áâ¨ ¤¢¨¦¥¨ï, á®¤¥à¦ é¥© ¬ ªà®¯®àã ¤«¨®©li; lj+1 > lj. �ç¥¢¨¤®, çâ®1N0 sXj=1Ni = 1:�¡é¨© à áå®¤ ¦¨¤ª®áâ¨ (¡¥§à §¬¥àë©) áª¢®§ìç áâì £®à¨§®â «ì®£® á¥ç¥¨ï ¢ �� ¥¤¨¨ç®©¯«®é ¤¨   ¯à®¨§¢®«ì®© £«ã¡¨¥ �Vt(�z) áª« ¤ë¢ -¥âáï ¨§ í«¥¬¥â àëå à áå®¤®¢ ¢® ¢á¥å §® å ¢«¨ï-¨ï à áá¬ âà¨¢ ¥¬ëå ¬ ªà®¯®à   â®© ¦¥ £«ã¡¨-¥. �ëç¨á«ïîâáï íâ¨ à áå®¤ë ¢ § ¢¨á¨¬®áâ¨ ®âá®®â®è¥¨ï ¬¥¦¤ã �z, �lj , �z�k. � ç áâ®áâ¨, ¯à¨�lj � �z � �lj+1 ¢ª« ¤ ¢ ¢¥«¨ç¨ã �Vt ¬¨ªà®¯®â®ª®¢¨§ £àã¯¯ë ¬¨ªà®®¡« áâ¥© á ¨áâ®ç¨ª ¬¨ ¤«¨®©�lj á®áâ ¢¨â Nj �Vj2(�lj)=N0. � â® ¦¥ ¢à¥¬ï ¢ª« ¤ ¬¨-ªà®¯®â®ª®¢, ®¡à §®¢ ëå á ãç áâ¨¥¬ ¨áâ®ç¨ª®¢¤«¨®© �lj+1, ¯à¨ �z > z�;j+1, ®æ¥¨¢ ¥âáï ¢¥«¨ç¨-®© Nj+1 �Vj+1;2(�lj+1)=N0,   ¯à¨ �z < �z�;j+1 ¢®®¡é¥®âáãâáâ¢ã¥â. �«ï ®¯à¥¤¥«¥¨ï à¥§ã«ìâ¨àãîé¥£®ã¤¥«ì®£® à áå®¤  (¯®â®ª ) ¦¨¤ª®áâ¨ �Vt(�z) ¥®¡-å®¤¨¬® ¢á¥ ®â®á¨â¥«ìë¥ í«¥¬¥â àë¥ à áå®¤ëá«®¦¨âì. �ª®ç â¥«ì® ä®à¬ã«  ¤«ï à áç¥â  �Vt¯à¨ �z�k � �z � �z�;k+1 ¨ �li � �z � �li+1 ¯à¨¨¬ ¥â ¢¨¤�Vt = 1N0 h iXj=1Nj �Vj2(�lj) + kXj=i+1Nj �Vj1(�z; �lj)i: (34)�à¨ �z > �z�s § áâ®©ë¥ §®ë ¢ �� ¥ ¢«¨ïîâ   �Vt¨ â®£¤  ¢® ¢â®à®© áã¬¬¥ ¨§ ä®à¬ã«ë (34) á«¥¤ã¥âk § ¬¥¨âì   s.�. �. �®«ïª®¢ 51



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 2. �. 44 { 59�ãªæ¨ï à á¯à¥¤¥«¥¨ï ¬ ªà®¯®à ¯® ¨å ¤«¨¥N (�l) ¬®¦¥â ¡ëâì ¨ ¥¯à¥àë¢®©, â ª çâ® ¤«ï ¥¥®à¬¨à®¢ ®£®   «®£  �N = N=N0 á¯à ¢¥¤«¨¢®à ¢¥áâ¢® Z �l0 �N(�)d� = 1: (35)�á«¨ § áâ®©ë¥ §®ë ¥ ®¡à §ãîâáï, â® ¢ á®®â-¢¥âáâ¢¨¨ á ä®à¬ã«®© (34)�Vt = Iw1 + Iw2 = (36)= �zZ0 �N (�l) �V2(�l)d�l + 1Z�z �N (�l) �V1(�z; �l)d�l:�«®¦¥¥ à ááç¨âë¢ âì �Vt ¯à¨  «¨ç¨¨ ãª § ëå§®. � íâ®¬ á«ãç ¥ á ç «  ¥®¡å®¤¨¬®  ©â¨ § -¢¨á¨¬®áâì �l�(�z) ¨§ ãà ¢¥¨ï�z = �l� � �l2�2 + 2�(�l�) �R2�l�(2 ~H0 � �l�) ;¨ â®«ìª® § â¥¬ ¨áª®¬ãî �Vt ¢ëç¨á«¨âì ¯® ä®à¬ã«¥�Vt == �zZ0 �N (�l) �V2(�l)d�l + �l�Z�z �N (�l) �V1(�z; �l)d�l: (37)� ¯à®áâ¥©è¥¬ á«ãç ¥ á¨áâ¥¬ë ¬ ªà®¯®à ®¤®©¤«¨ë �l0 äãªæ¨ï �N (�l) ¨¬¥¥â ¢¨¤ äãªæ¨¨ �¨à ª �(�l��l0), ¨ ¨§ ä®à¬ã«ë (37) ¤«ï �z � �l0 ¨ �z > �l0 «¥£ª®¯®«ãç¨âì ¢ëà ¦¥¨ï (13), (14). �¨¤ äãªæ¨¨ N (�l)¨ ®á®¡¥®áâ¨ à áç¥â  ¤¥©áâ¢¨ï á«®¦®© á¨áâ¥¬ë¬ ªà®¯®à ®¡áã¦¤ îâáï ¢ á«¥¤ãîé¥¬ à §¤¥«¥.5. ���������� ��������������������®«ãç¥ë¥ ¢ ¯à¥¤ë¤ãé¨å à §¤¥« å â¥®à¥â¨ç¥-áª¨¥ à¥§ã«ìâ âë ¢   «¨â¨ç¥áª®© ä®à¬¥ ¯®§¢®«ï-îâ ¢ë¯®«ïâì à §®áâ®à®¨©   «¨§ ä¨«ìâà -æ¨®®£® ¨ £¨¤à®å¨¬¨ç¥áª®£® à¥¦¨¬®¢ ¢ ��, á®-¤¥à¦ é¨å á¥âì ¢¥àâ¨ª «ìëå ¬ ªà®¯®à. �¢¨-¤ã ¬®£®®¡à §¨ï ¯à¨à®¤ëå ãá«®¢¨© ¨ ä¨§¨ª®-å¨¬¨ç¥áª¨å á¢®©áâ¢ ®á ¤ª®¢ ¥ ¯à¥¤®áâ ¢«ï¥âáï¢®§¬®¦ë¬ ¢ à ¬ª å ®¤®© áâ âì¨ ®å¢ â¨âì ¢á¥å à ªâ¥àë¥ á«ãç ¨. �®íâ®¬ã ¯à¨å®¤¨âáï  ªæ¥-â¨à®¢ âì ¢¨¬ ¨¥   à §¬¥à å ¨ ¯«®â®áâ¨ ¬ -ªà®¯®à, ¨å ¢«¨ï¨¨   ¯®â®ª¨ £àãâ®¢ëå ¢®¤ ¨��.� á¥àì¥§®áâ¨ âà áä®à¬ æ¨¨ ä¨«ìâà æ¨®®©ª àâ¨ë ¯®¤ ¤¥©áâ¢¨¥¬ ãª § ëå ¯®à ¯à¥¦¤¥¢á¥£® á¢¨¤¥â¥«ìáâ¢ãîâ ¤ ë¥ à áç¥â®¢ ¯à¨¢¥¤¥-®£®  ¯®à  ~H, ª®â®àë¥ ¯à®¢®¤¨«¨áì ¯à¨ ¤¢ãå à -¤¨ãá å ®¡« áâ¨ ¤¢¨¦¥¨ï ( �R =0.01 ¨ 0.1) ¨ âà¥å

�¨á. 1. �à®ä¨«¨ ¯à¨¢¥¤¥®£®  ¯®à  ~H(�z):1 { �l = 0; 2 { �l = 0:25; 3 { �l = 0:5; 4 { �l = 0:75
�¨á. 2. �à®ä¨«¨ ¯à¨¢¥¤¥®£®  ¯®à  ~H(�z):1 { ~l = 0; 2 { ~l = 0:25; 3 { ~l = 0:5; 4 { ~l = 0:75§ ç¥¨ïå ¤«¨ë ¬ ªà®¯®àë (�l =0.25, 0.5, 0.75).�  à¨á.1, 2 ¯à¨¢¥¤¥ë á®®â¢¥âáâ¢ãîé¨¥ ¯à®ä¨«¨~H(�z). �á®¡¥® à¥«ì¥ä® ¯à®á¬ âà¨¢ ¥âáï § ç¥-¨¥ ¢ãâà¥¨å ¨áâ®ç¨ª®¢ ¤«ï ä¨«ìâà æ¨®®£®â¥ç¥¨ï ¯à¨ á®¯®áâ ¢«¥¨¨ ãª § ëå ¯à®ä¨«¥©á ªà¨¢®© 1   ®¡®¨å à¨áãª å, ª®â®à ï ®¯¨áë¢ -¥â «¨¥©®¥ á¨¦¥¨¥  ¯®à  á £«ã¡¨®© ¢ ��¡¥§ ¬ ªà®¯®à. �áâ¥áâ¢¥®, çâ® ¡®«ìè¥¥ à áå®-¦¤¥¨¥ ¬¥¦¤ã ¥© ¨ ¤àã£¨¬¨ ªà¨¢ë¬¨ ¨¬¥¥â ¬¥-áâ® ¯à¨ ¬¥ìè¥¬ �R. � ¯®à ~H(�z) ¢® ¢á¥å ¢ë¡à -ëå ¢ à¨ â å, ªà®¬¥ ®¤®£® ( �R =0.1, �l =0.25),®¡à é «áï ¢ 0 ¯à¨ �z > 0, çâ® ãª §ë¢ ¥â   ®â-áãâáâ¢¨¥ â¥ç¥¨ï ¢ ¢¥àå¥© ç áâ¨ ��. �¡à §®¢ -¨¥ § áâ®©®© §®ë á¢®©áâ¢¥® ¨¬¥® ä¨«ìâà -æ¨®ë¬ ¯à®æ¥áá ¬ ¢ ®¡« áâ¨ ¤¢¨¦¥¨ï á £ãáâ®©á¥âìî ¨áâ®ç¨ª®¢ ¨ ¯à ªâ¨ç¥áª¨ ¥  ¡«î¤ ¥âáï¢ § ¤ ç å ¯®¤§¥¬®© £¨¤à ¢«¨ª¨ ¨§-§  § ç¨â¥«ì-®© ã¤ «¥®áâ¨ ¨áâ®ç¨ª®¢ (áâ®ª®¢) ¤àã£ ®â ¤àã-52 �. �. �®«ïª®¢
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�¨á. 3. �à ä¨ª¨ § ¢¨á¨¬®áâ¨ �z�(�l):1 { �R = 0:01; 2 { �R = 0:05; 3 { �R = 0:1

�¨á. 4. �§¬¥¥¨¥ ®â®á¨â¥«ì®£® ä¨«ìâà æ¨®®£®à áå®¤  ¯® £«ã¡¨¥ ��:1, 3, 5 { �R = 0:1; 2, 4, 6 { �R = 0:01;1, 2 { �l = 0:25; 3, 4 { �l = 0:5; 5, 6 { �l = 0:75£ . � à áá¬ âà¨¢ ¥¬®© ¦¥ á¨âã æ¨¨ ®¡« áâì ä¨«ì-âà æ¨¨ ®ª §ë¢ ¥âáï á¨«ì® ¢ëâïãâ®© ¯® ¢¥àâ¨-ª «¨,   ¥¥ ¡®«ìè ï ç áâì ¯à®¨§ë¢ ¥âáï ¨áâ®ç-¨ª®¬. �®áà¥¤áâ¢®¬ íâ®£® ¨áâ®ç¨ª   ¯®à H1¯®çâ¨ ¡¥§ ¨§¬¥¥¨ï ¯¥à¥¤ ¥âáï ¤ «¥ª® ¢£«ã¡ì ä¨-§¨ç¥áª®© ®¡« áâ¨ ¨ ª ª á«¥¤áâ¢¨¥ íâ®£® ¢¢¥àåã ��£à ¤¨¥â  ¯®à  áâà¥¬¨âáï ª 0,   ä¨«ìâà æ¨®-ë© ¯à®æ¥áá â®à¬®§¨âáï ¢¯«®âì ¤® ¯®«®£® ¥£®¯à¥ªà é¥¨ï. � §¬¥àë (£«ã¡¨ ) § áâ®©®© §®ëá¨«ì® § ¢¨áïâ ¨ ®â �R, ¨ ®â �l,   çâ® ãª §ë¢ ¥âà¨á. 3. �à¨ ®â®á¨â¥«ì® ¬ «®© ¤«¨¥ ¨áâ®ç¨-ª  § áâ®© ï §®  ¥ ®¡à §ã¥âáï. � ¯à¨¬¥à, ¤ ¦¥¯à¨ �R =0.01 íâ  §®  ¡ã¤¥â ®âáãâáâ¢®¢ âì ¢ á«ã-ç ¥ �l �0.04. � ª¨¬ ®¡à §®¬, ¨§ ¢á¥å à ááç¨â -ëå á«ãç ¥¢ (à¨á. 1, 2) â®«ìª® ¢ ®¤®¬, ¢ë¤¥«¥-®¬ ¢ëè¥, ¢¥àåïï £à ¨æ  �� ¡ã¤¥â á«ã¦¨âì ¢ª ç¥áâ¢¥ ª®âãà  ¯¨â ¨ï. � ®áâ «ìëå ¦¥ ¦¨¤-

�¨á. 5. �à ä¨ª¨ § ¢¨á¨¬®áâ¨ Gw(�l):1 { �R = 0:01; 2 { �R = 0:05; 3 { �R = 0:1;4 { �R = 0:5; 5 { �R = 1ª®áâì ¯à¨â¥ª ¥â ¢ £àãâ ¨áª«îç¨â¥«ì® ¨§ ¨¦-¥© ç áâ¨ ¬ ªà®¯®à. � ª¦¥ ¢ à¥§ã«ìâ â¥ ¤¥©áâ¢¨ï¬ ªà®¯®à áãé¥áâ¢¥® ¬¥ï¥âáï ¨ å à ªâ¥à ä¨«ì-âà æ¨®®£® â¥ç¥¨ï, çâ® ¢ëà ¦ ¥âáï ¢ ¢®§¨ª-®¢¥¨¨ ¥£® ¥à ¢®¬¥à®áâ¨   ¢¥àå¥¬ ãç áâª¥�� (�z� � �z � �l). �¨«ìâà æ¨®ë© à áå®¤ «¨¥©-ë¬ ®¡à §®¬ ¢®§à áâ ¥â ®â 0 ¯à¨ �z� � 0 (ªà¨¢ë¥2 { 6   à¨á. 4) ¤® á¢®¥£® ¬ ªá¨¬ «ì®£® § ç¥-¨ï   ãà®¢¥ �z = l, ª®â®à®¥ § â¥¬ á®åà ï¥â-áï ¢¯«®âì ¤® ¨¦¥£® ®á®¢ ¨ï. � ª ª ¢¨¤® ¨§à¨á. 4, â®«ìª® ¢ á«ãç ¥ �R =0.1 ¯®â®ª ¦¨¤ª®áâ¨®å¢ âë¢ ¥â ¢¥áì á«®© ��, ¯à¨ç¥¬ à áå®¤ ¢® ¢å®¤-®¬ á¥ç¥¨¨ (�z = 0) §¤¥áì á®áâ ¢¨« ¢á¥£® 6:7% ®âíâ «®®£® (áä®à¬¨à®¢ ®£® ¡¥§ ãç áâ¨ï ¬ ªà®-¯®à). �®, ¯®¦ «ã©, «ãçè¥ ¢á¥£® ãïá¨âì à®«ì á¨-áâ¥¬ë ¢â®à¨ç®© ¯®à¨áâ®áâ¨ ¢ ãá¨«¥¨¨ ä¨«ìâà -æ¨®®£® â¥ç¥¨ï ã¤ ¥âáï, ®¯¨à ïáì   ¤ ë¥ ¢ë-ç¨á«¥¨© ®â®á¨â¥«ì®© ¢¥«¨ç¨ë Gw ¨§¬¥¥¨ïà áå®¤  V ,   ¨¬¥® Gw = (V (m) � V0)=V0. � à -¬¥âà Gw à ááç¨âë¢ «áï ¢ § ¢¨á¨¬®áâ¨ ®â ¤«¨ë�l ¯à¨ ä¨ªá¨à®¢ ëå �R (à¨á. 5) ¨ ¢ § ¢¨á¨¬®-áâ¨ ®â �R ¯à¨ ¯®áâ®ïëå �R (à¨á. 6). � à ¬¥âà�l ¨§¬¥ï«áï ¢ ¯®«®¬ ¤¨ ¯ §®¥ [0,1], â® ¥áâì ¤®-¯ãáª «®áì ¯à®à¥§ ¨¥ ¬ ªà®¯®à®© ¢á¥£® á«®ï ®á ¤-ª®¢, ® ¦¨¤ª®áâì, ¯à®å®¤ïé ï ç¥à¥§ �� âà §¨-â®¬ (¬¨ãï £àãâ), ¢® ¢¨¬ ¨¥ ¥ ¯à¨¨¬ « áì.�¥©áâ¢¨â¥«ì®, ¯®¤®¡ë¥ ¯®àë ¢áâà¥ç îâáï ªà ©-¥ à¥¤ª® ¨ ¢ ¯à¨æ¨¯¥ âà §¨âë© ¯®â®ª ¯à®áâ®¥ ¢ á®áâ®ï¨¨ ¤ âì ®éãâ¨¬ãî ¤®¡ ¢ªã ª ä¨«ìâà -æ¨®®¬ã à áå®¤ã. �§ à¨á.6 á«¥¤ã¥â, çâ® ¢¥«¨ç¨-  Gw á ã¢¥«¨ç¥¨¥¬ l à áâ¥â ¥«¨¥©®, ¯à¨ç¥¬,®á®¡¥® à¥§ª® ¯à¨ ¬ «ëå § ç¥¨ïå �R. �®íâ®-¬ã ¤ ¦¥ ¯à¨ ¬ «®¬ ª®«¨ç¥áâ¢¥ ¤«¨ëå ¬ ªà®¯®à¨å ¢ª« ¤ ¢ ®¡éãî ä¨«ìâà æ¨®ãî ª àâ¨ã ¬®-¦¥â ®ª § âìáï ¢ ¦ë¬. �«¨ï¨¥ à ¤¨ãá  ®¡« áâ¨ä¨«ìâà æ¨¨   à áå®¤ £àãâ®¢ëå ¢®¤ ¯à®ï¢«ï¥â-áï ¯® à §®¬ã ¯à¨ ¬ «ëå ¨ ¡®«ìè¨å ¥£® § ç¥¨ïå�. �. �®«ïª®¢ 53
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�¨á. 6. �à ä¨ª¨ § ¢¨á¨¬®áâ¨ Gw( �R):1 { �l = 0:75; 2 { �l = 0:5; 3 { �l = 0:25

�¨á. 7. � «¨§ çã¢áâ¢¨â¥«ì®áâ¨ ¬®¤¥«¨£¨¤à ¢«¨ª¨ ¬ ªà®¯®àë:1 { P = R; 2 { P = l; 3 { P = k; 5 { P = m;4 { P = H1 �H2; 6 { P = r0( �R ¢ ¯à¨¬¥à å ¨§¬¥ï«áï   ¤¢  ¯®àï¤ª ). �à¨ £ã-áâ®© á¥â¨ ¬ ªà®¯®à ( �R <0.05) à áå®¤ ¦¨¤ª®áâ¨ ¢�� ã¢¥«¨ç¨¢ ¥âáï §  áç¥â ¤¥©áâ¢¨ï ¬ ªà®¯®à ¤ -¦¥   á®â¨ ¯à®æ¥â®¢ (¯à¨ �l = 0:75, �R = 0:01 { ¢2.3 à § ), ¯à¨ç¥¬ íâ®â à®áâ ¯®çâ¨ ¥ § ¢¨á¨â ®â�R. � ¤¨ ¯ §®¥ § ç¥¨© �R ®â 0.05 ¤® 1  ¡«î¤ -¥âáï â¥á ï á¢ï§ì ¬¥¦¤ã Gw ¨ �R { á ã¢¥«¨ç¥¨¥¬�R ¯à®¨áå®¤¨â à¥§ª®¥ á¨¦¥¨¥ ¢¥«¨ç¨ë Gw, ¯à¨-ç¥¬ ¢  ¨¡®«ìè¥© áâ¥¯¥¨ ¯à¨ �l = 0:75. � ª®¥æ,¯à¨ �R = 1 (à §à¥¦¥ ï á¥âì ¬ ªà®¯®à) ¢«¨ï¨¥¬ ªà®¯®à ¯®çâ¨ ¥®éãâ¨¬® ¢¥ § ¢¨á¨¬®áâ¨ ®â¨å ¤«¨ë.�§ãç¥¨î § ç¨¬®áâ¨ ¢ãâà¨¯®à®¢®© £¨¤à ¢-«¨ª¨ ¯à¥¤è¥áâ¢®¢ «   «¨§ çã¢áâ¢¨â¥«ì®áâ¨ £¨-¤à ¢«¨ç¥áª®© ¬®¤¥«¨ (20), (21) ª ¨§¬¥¥¨ï¬ ¯ -à ¬¥âà®¢ § ¤ ç¨. �«ï íâ®£® ¨á¯®«ì§®¢ « áì à §-

¬¥à ï ä®à¬  ãá«®¢¨ï (25):2�kl4gm2�r40 �1� �kl2(H1 �H2)16�m2� � = ": (38)�® ®ç¥à¥¤¨ ¨§¬¥ï«¨áì ¢ ¥áª®«ìª® à § § ç¥¨ïä¨§¨ç¥áª¨å ¯ à ¬¥âà®¢ (§ ç¥¨ï ¤àã£¨å ¯ à ¬¥-âà®¢ ¯à¨ íâ®¬ á®åà ï«¨áì ¥¨§¬¥ë¬¨), ª®â®-àë¥ å à ªâ¥à¨§ãîâ ä¨«ìâà æ¨®ë¥ á¢®©áâ¢  ��(k;m), à §¬¥àë ¬ ªà®¯®àë (r0; l), ¨å á¨áâ¥¬ã ¢ æ¥-«®¬ (R), ¢®¤®-ä¨§¨ç¥áª¨¥ ãá«®¢¨ï ¢ á¬¥¦ëå áà¥-¤ å (H1;H2), ¨ ¢ ª ¦¤®¬ â ª®¬ ¢ à¨ â¥ ¢ëç¨á«ï-« áì ¢¥«¨ç¨  ". � ë¥ à áç¥â®¢ ®â®á¨â¥«ì®£®¯ à ¬¥âà  �" = "="0 ("0 { ®â¢¥ç ¥â ¡ §®¢®¬ã ¯à¨-¬¥àã á ¨áå®¤ë¬¨ § ç¥¨ï¬¨ ¢ëè¥ã¯®¬ïãâëå¯ à ¬¥âà®¢) ¯®ª § ë   à¨á. 7. �áâ¥áâ¢¥®,çâ®  ¨¡®«ìèãî çã¢áâ¢¨â¥«ì®áâì à á¯à¥¤¥«¥¨¥ ¯®à  ¢ ¬ ªà®¯®à¥ ®¡ àã¦¨¢ ¥â ª ¥¥ à ¤¨ãáã r0.� ª, ¥£® ã¢¥«¨ç¥¨¥ ¢ 2 à §  ¢¥¤¥â ª ã¬¥ìè¥¨î¯®â¥àì  ¯®à  ¯®çâ¨ ¢ 16 à §. � ª¦¥ ¢ ¦ë¬¨¢ íâ®¬ ®â®è¥¨¨ ¥áâì ¨ ¯ à ¬¥âàë l, R. �«¥¤ã-¥â ¯®¤ç¥àªãâì, çâ® ¢ãâà¥ïï £¨¤à ¢«¨ª  ®áâà®à¥ £¨àã¥â   ¨§¬¥¥¨¥ R â®«ìª® ¯à¨ R � m,  ¯à¨ R > 0:5 íâ®â ¯ à ¬¥âà á« ¡® ®âà ¦ ¥âáï   ¯®à¥ Hp. �®çâ¨ ®¤¨ ª®¢® ¨ ¢¥áì¬  ®éãâ¨¬®¢«¨ïîâ   ¯®â¥à¨  ¯®à  ¢ ¬ ªà®¯®à¥ ä¨«ìâà -æ¨®ë¥ ¯ à ¬¥âàë,   ¢®â ¨§¬¥¥¨¥ H1�H2 ¯®-çâ¨ ¥ áª §ë¢ ¥âáï   ". � ª¨¬ ®¡à §®¬, ®¯à¥¤¥-«ïîé¨¬ ¯ à ¬¥âà®¬ §¤¥áì  ¤® ¯à¨§ âì à ¤¨ãár0. �§ ãá«®¢¨ï (25) ¥á«®¦® ¢ë¢¥áâ¨ ¢ëà ¦¥¨ï¤«ï ®æ¥ª¨ ¯à¨¢¥¤¥®£® à ¤¨ãá  ~r0 ¢ ã¤®¡®© ¤«ïà áç¥â®¢ ä®à¬¥ ¨ ¢ § ¢¨á¨¬®áâ¨ ®â ¯à ªâ¨ç¥áª¨åâà¥¡®¢ ¨© ª ¨§¬¥¥¨ï¬  ¯®à  ¢ãâà¨ ¬ ªà®-¯®àë, ¨¬¥ï ¢¢¨¤ã ~r0 = �r0'�0:25:� ª ç¥áâ¢¥ å à ªâ¥àëå ¨ ¢ ®¯à¥¤¥«¥®¬ á¬ëá«¥¯à¥¤¥«ìëå § ç¥¨© ¤«ï �" ¡ë«¨ ¢ë¡à ë 0.1 ¨�l. � ¯¥à¢®¬ á«ãç ¥ ã¬¥ìè¥¨¥  ¯®à  ¢ ¬ ªà®-¯®à¥ á®áâ ¢¨«® ¢á¥£® 10% ®â ¯®«®£® ¨§¬¥¥¨ï ¢®¡« áâ¨ ä¨«ìâà æ¨¨ H1 � H2. �® ¢â®à®¬ á«ãç ¥¯à®¨áå®¤¨â á¨åà®®¥ á¨¦¥¨¥  ¯®à  ¢ãâà¨¨ ¢¥ ¬ ªà®¯®àë. �®á«¥¤¥¥ § ç¨â, çâ® ¢á«¥¤-áâ¢¨¥ ®ç¥ì ¬ «®£® r0 íää¥ªâ ®â ¤¥©áâ¢¨ï ¢á¥©á¥â¨ ¬ ªà®¯®à â®¦¤¥áâ¢¥¥ íää¥ªâã, ®¡ãá«®¢«¥-®¬ã ¯à¨à®¤®© ¯®à¨áâ®áâìî. �®£¤  ¢®®¡é¥ ¥âá¬ëá«  ¢ë¤¥«ïâì á¨áâ¥¬ã ¬ ªà®¯®à ª ª ®â¤¥«ì-ãî ª®¬¯®¥âã ¯®à®¢®£® ¯à®áâà áâ¢ . �¥à¢®¬ã¯à¥¤¥«ì®¬ã á«ãç î ®â¢¥ç ¥â § ç¥¨¥ ¯à¨¢¥¤¥-®£® à ¤¨ãá  ~r�1, ¢â®à®¬ã { ~r�2, ¨ ¢ëç¨á«ïîâáï®¨ ¯® ä®à¬ã« ¬:~r�1 = �ls20� �1� � �l216� �; (39)54 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 2. �. 44 { 59~r�2 = �l�2�l3� �1� � �l216� �� 14 :�¥§ã«ìâ âë à áç¥â®¢ § ¢¨á¨¬®áâ¥© ~r�i( �R),i = 1; 2 ¯à¨¢¥¤¥ë   à¨á. 8. �à¨ ¡®«ìè®©¯«®â®áâ¨ ¬ ªà®¯®à ¢ �� ~r�1 ¨ ~r�2 á« ¡® ®â«¨ç -îâáï,   ¢ãâà¥îî £¨¤à ¢«¨ªã ¥®¡å®¤¨¬® ãç¨-âë¢ âì «¨èì ¯à¨ ®ç¥ì ¬ «ëå § ç¥¨ïå ~r0, r0®á®¡¥® ª®£¤  ¨¬¨ ¯à®à¥§ ¥âáï â®«ìª® ¢¥àåïïç áâì ®á ¤ª®¢. �à¨ § ç¥¨ïå R, ª®â®àë¥ á®¨§-¬¥à¨¬ë á ¬®é®áâìî á«®ï �� ( �R � 0:5), ªà¨¢ë¥~r�i( �R) áâ ®¢ïâáï ¡®«¥¥ ¯®«®£¨¬¨ ¨ § ç¨â ¢¥«¨-ç¨ë ~r�i ã¦¥ ¯®çâ¨ ¥ § ¢¨áïâ ®â R. �®®¡é¥, ¯à¨¤¥©áâ¢¨¨ á¨áâ¥¬ë ¢¥àâ¨ª «ìëå ¬ ªà®¯®à ç áâ®¥«ì§ï § à ¥¥ ¡ëâì ã¢¥à¥ë¬ ¢ ¢ ¦®áâ¨ ¨«¨¬ «®áãé¥áâ¢¥®áâ¨ ¨å £¨¤à ¢«¨ª¨ ¤«ï ä¨«ìâà -æ¨®®£® à¥¦¨¬  ��. �¥©áâ¢¨â¥«ì®, áà¥¤¨ à á-á¬®âà¥ëå ¬®£®ç¨á«¥ëå ¯à¨¬¥à®¢ á à¥ «ìë-¬¨ ¨áå®¤ë¬¨ ¤ ë¬¨ ¢áâà¥ç «¨áì ¨ â ª¨¥, ¢ª®â®àëå �" ¤®å®¤¨«® ¤® ¥áª®«ìª¨å ¤¥áïâª®¢ ¯à®-æ¥â®¢. �«¥¤®¢ â¥«ì®, § ç¨¬ë¥ ¯®â¥à¨  ¯®à ¢ãâà¨ ¬ ªà®¯®à ¢ ¯à¨æ¨¯¥ ¢®§¬®¦ë. � ¯®¤®¡-ëå á¨âã æ¨ïå ¯à ¢¨«ìãî ä¨«ìâà æ¨®ãî ª à-â¨ã ã¤ ¥âáï ¯à¥¤áª § âì â®«ìª® ¯à¨ á®¢¬¥áâ®¬à¥è¥¨¨ ¢¥è¥© ä¨«ìâà æ¨®®© ¨ ¢ãâà¥¥©£¨¤à ¢«¨ç¥áª®©,   § ¢¨á¨¬®áâ¨ ¨§ ¯¥à¢®£® à §¤¥« ¢ «ãçè¥¬ á«ãç ¥ âà¥¡ãîâ ª®àà¥ªâ¨à®¢ª¨. �¥¦¤ã¯à®ç¨¬, ®¯¨à ïáì   ãª § ë¥ § ¢¨á¨¬®áâ¨, ¤®-áâ â®ç® «¥£ª® ãáâ ®¢¨âì ¯à®ä¨«¨  ¯®à  ¢ ®¡« -áâ¨ ¤¢¨¦¥¨ï, ª®â®àë¥  ¢¥àïª  ¡ã¤ãâ ®£à ¨-ç¨¢ âì ä ªâ¨ç¥áª¨© ¯à®ä¨«ì á¢¥àåã Hu ¨ á¨§ãHb. �¥àåïï ¬ ¦®à â  Hu(r; z) à ááç¨âë¢ ¥â-áï ¯® ä®à¬ã«¥ (10) ¯à¨ ~H0 = 0. �«ï ®¯à¥¤¥«¥¨ï¨¦¥© Hb ¯à¥¦¤¥ ¢á¥£® ¥®¡å®¤¨¬® ¢ëç¨á«¨âì¯à¨¢¥¤¥ë©  ¯®à   ¨¦¥¬ ª®æ¥ ¬ ªà®¯®àë~Hp(�l), ª®â®àë© § â¥¬ ¯à¨¬¥ï¥âáï ®¯ïâì-â ª¨ ¢¢ëà ¦¥¨¨ (10) ¢ ª ç¥áâ¢¥ ~H0. � æ¥«ìî ¨««îáâà -æ¨¨ ¬¥â®¤¨ª¨ ®æ¥ª¨ ¢§ ¨¬®¢«¨ï¨ï ä¨«ìâà æ¨¨¨ ¢ãâà¨¯®à®¢®© £¨¤à ¢«¨ª¨ á ç «  ¡ë«¨  ©¤¥-ë ¯à®ä¨«¨ Hu(R; z), Hb(R; z) ¯à¨ ¨áå®¤ëå ¤ -ëå ~r0 = 1, �R = 0:01, �l =0.25, 0.5 ¨ 0.75,   § â¥¬®â®è¥¨¥ � �H = Hu �HbH1 �H2 :�  à¨á. 9 ¨§®¡à ¦¥ë ªà¨¢ë¥, á¢¨¤¥â¥«ìáâ¢ãî-é¨¥ ®¡ ®â®á¨â¥«ì® ¬ «®© ®è¨¡ª¥ ¯à¨ ¢ëç¨á«¥-¨ïå ¢ ¤ ®¬ ¯à¨¬¥à¥  ¯®à  ¡¥§ ãç¥â  £¨¤à ¢-«¨ª¨ ¬ ªà®¯®àë. �¦¨¤ ¥¬ ï ®è¨¡ª  ¯®á«¥ ¯à¨ï-â¨ï   ¯®¢¥àå®áâ¨ ¬ ªà®¯®àë ¯®áâ®ï®£®  ¯®-à  H1 ¥ ¤®«¦  ¯à¥¢ëè âì 12%. �,  ª®¥æ, £¨-¤à ¢«¨ª®© ¬ ªà®¯®à ¢¯à ¢¥ ¯à¥¥¡à¥£ âì ¯à¨ ¨å¡®«ìè®© ¯«®â®áâ¨ ( �R < 0:1) ¨ ®£à ¨ç¥®© ¤«¨-¥ (�l � 0:5).�¥©áâ¢¨¥ ¬ ªà®¯®à â ª¦¥ á¨«ì® áª §ë¢ ¥âáï ¨

�¨á. 8. �à ä¨ª¨ § ¢¨á¨¬®áâ¥© ~r�1( �R), ~r�2( �R):1{3 { ~r�1; 4{6 { ~r�2; 1, 4 { �l = 0:75; 2, 5 { �l = 0:5;3, 6 { �l = 0:25
�¨á. 9. �à®ä¨«¨ ®â®á¨â¥«ì®© ¯®£à¥è®áâ¨ � �H(�z):1 { �l = 0:75; 2 { �l = 0:5; 3 { �l = 0:25  £¨¤à®å¨¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª å ¢ ��, ® ç¥¬¬®¦® áã¤¨âì ¯à¥¦¤¥ ¢á¥£® ¯® ¯à®ä¨«ï¬ ®áà¥¤-¥®© ª®æ¥âà æ¨¨ �� �C(�z)   à¨á. 10. �ª -§ ë¥ ¯à®ä¨«¨ á®áâ®ïâ ¨§ ¤¢ãå ç áâ¥©, å à ª-â¥à¨§ãîé¨å à á¯à¥¤¥«¥¨¥ �� ¢ ¯à¥¤¥« å á«®¥¢[�z�; �l] ¨ [�l; 1]. �®®â¢¥âáâ¢ãîé¨¥ ®â®á¨â¥«ìë¥ ¢¥-«¨ç¨ë �C1, �C2 à ááç¨â ë ¯® ä®à¬ã« ¬ (30), (31)¯à¨ �l =0.25, 0.5, 0.75; �R =0.01, 0.05 ¨ ¨§®¡à ¦¥-ë   à¨á.10 ªà¨¢ë¬¨ 1 { 4. �à®¬¥ â®£®, § ¤ -¢ «¨áì �r0 = 0:001, �� = 0:05, �D0 = 0:002. �¨á«®�¥ª«¥   ãà®¢¥ �z = �l P em = �Vm= �Dm ¢® ¢á¥åíâ¨å ¯à¨¬¥à å ¯à¨¡«¨¦¥® à ¢ï¥âáï 19.5. � -ç¥¨ï �C   £à ¨æ å ®¡« áâ¨ á¥àì¥§®£® § £àï§¥-�. �. �®«ïª®¢ 55
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�¨á. 10. �à®ä¨«¨ ª®æ¥âà æ¨¨ �� ¢ ��:1{4 { �l = 0:5; 5{7 { �l = 0; 1 { �� = 0:1;2, 5 { �� = 0:4; 3, 6 { �� = 1; 4, 7 { �� = 2

�¨á. 11. �§¬¥¥¨¥ à áå®¤  ��   £«ã¡¨¥ �l ¢§ ¢¨á¨¬®áâ¨ ®â áª®à®áâ¨ ¥£® ¤¥£à ¤ æ¨¨:1{4 { �l > 0; 5{7 { �l = 0; 1, 3, 4 { �R = 0:05;2 { �R = 0:01; 1, 7 { �l = 0:75; 2, 3, 6 { �l = 0:5;4, 5 { �l = 0:25¨ï (�z� � �z � 1) ®ª § «¨áì § ç¨â¥«ì® ¬¥ìè¨-¬¨, ç¥¬ ¢ãâà¨ ¥¥ ã¦¥ ¯à¨ �� = 0:4, ¨ â¥á® á¢ï-§ ë á ª®íää¨æ¨¥â®¬ ��. � ª, �C� à¥§ª® ã¡ë¢ ¥â¯à¨ ã¢¥«¨ç¥¨¨ ��,  ¯à¨¬¥à, á 0.802 ¯à¨ �� = 0:1¤® 0.21 ¯à¨ �� = 0:4. �¥¬ á ¬ë¬ §  áç¥â ¬®«¥ªã-«ïà®© ¤¨ääã§¨¨ á®§¤ ¥âáï ¯®â®ª �� ¢ § áâ®©ãî§®ã, £¤¥ ¯® ¬¥à¥ ¥£® ¤¥£à ¤ æ¨¨ ¦¨¤ª®áâì ®ç¨é -¥âáï ¢¯«®âì ¤® ®¡à §®¢ ¨ï ç¨áâ®© §®ë. �¤ ª®¯®¤ ¢«ïîé ï ç áâì �� ¢á¥-â ª¨ ¬¨£à¨àã¥â ¢¬¥-áâ¥ á ¨áå®¤ïé¨¬ ä¨«ìâà æ¨®ë¬ ¯®â®ª®¬. �¨¬¥® ª®¢¥ªâ¨¢ë© ¯¥à¥®á ��, ª®â®àë© ¨â¥-á¨ä¨æ¨àã¥âáï ¬ ªà®¯®à ¬¨, ¬®¦¥â ¯à¥¤áâ ¢«ïâì¡®«ìèãî ®¯ á®áâì ¤«ï ®ªàã¦ îé¥© áà¥¤ë ¢ ®â¤ -«¥®¬ ¡ã¤ãé¥¬. �®© å à ªâ¥à ¨¬¥îâ ¯à®ä¨«¨�C(�z) ¢ �� á ¨§®âà®¯®© ¯®à¨áâ®áâìî (�l = 0). �®-æ¥âà æ¨ï �C ¬®®â®® ã¡ë¢ ¥â ®â 1   ¢¥àå¥©£à ¨æ¥ �� ¤® ¬¨¨¬ «ì®£® § ç¥¨ï   ¢ëå®¤¥¯®â®ª  �� (ªà¨¢ë¥ 5 { 7). � à®áâ®¬ �� à §«¨ç¨ï¬¥¦¤ã ¯à®ä¨«ï¬¨ ¤«ï á«ãç ¥¢ �� > 0 ¨ �� = 0 § -¬¥â® ã¢¥«¨ç¨¢ îâáï. �à¨ ¡®«ìè¨å �� �� «®ª -

�¨á. 12. �à ä¨ª¨ § ¢¨á¨¬®áâ¨ Gc(��):1, 2 { �l = 0:75; 3, 4 { �l = 0:5; 1, 3 { Pem = 19:5;2, 4 { Pem = 4:9«¨§ãîâáï ¢ ¢¥àå¥© ç áâ¨ �� ¨ ¨¦ïï ç áâì ¥¡ã¤¥â § £àï§¥ , çâ® ª ª à § ä®à¬ «ì® á®®â¢¥â-áâ¢ã¥â  ç «ì®¬ã íâ ¯ã ¨å § £àï§¥¨ï. � §¬¥-àë ç¨áâ®© §®ë ¢¨§ã �� § ç¨â¥«ì® ã¬¥ìè -îâáï ¨§-§  ¤¥©áâ¢¨ï ¬ ªà®¯®à (ªà¨¢ë¥ 4 ¨ 7). �¤- ª®, ¯®¦ «ã©,  ¨¡®«¥¥ ¯®ª § â¥«ìë¬ ¥áâì ¢«¨-ï¨¥ ¬ ªà®¯®à   ¯®â®ª �� ¨ ¢ë®á ¥£® ¢ ¯®¤áâ¨-« îé¨© £àãâ, ª®â®à®¥ ¢ëà ¦ ¥âáï ¢ ã¢¥«¨ç¥¨¨à áå®¤  �� Ic ¢ãâà¨ ��. �  à¨á. 11 ¤ ë § ¢¨-á¨¬®áâ¨ à áå®¤  Ic   £«ã¡¨¥ �l ®â ª®íää¨æ¨¥â �� â ª¦¥ ¤«ï ¤¢ãå á¨âã æ¨© { �l = 0 (ªà¨¢ë¥ 5 {7) ¨ �l > 0 (ªà¨¢ë¥ 1 { 4). � ª ¢¨¤®, ã¢¥«¨ç¥¨¥Ic ¤®áâ¨£ ¥â ¤¥áïâª®¢ ¨ ¤ ¦¥ á®â¥ ¯à®æ¥â®¢ ¨®á®¡¥® ¢¥«¨ª® ¤«ï ¤«¨ëå ¬ ªà®¯®à. �¤ ª®«ãçè¥¥ ¯à¥¤áâ ¢«¥¨¥ ® áâ¥¯¥¨ à §«¨ç¨ï ¬¥¦¤ãà áå®¤ ¬¨ ��   £«ã¡¨¥ �l ¢ ��, á®¤¥à¦ é¥¬ ¨¥ á®¤¥à¦ é¥¬ ¬ ªà®¯®àë, ¤ ¥â à¨á. 12. �  ¥¬¯®ª § ë ªà¨¢ë¥ § ¢¨á¨¬®áâ¨ ®â®á¨â¥«ì®© ¢¥-«¨ç¨ë Ge = (Ic�I0)=I0 (I0 { à áå®¤ �� ¯à¨ �z = �l ¨®âáãâáâ¢¨¨ ¢â®à¨ç®© ¯®à¨áâ®áâ¨) ®â ª®íää¨æ¨-¥â  �. � áç¥âë ¢ë¯®«ï«¨áì ¤«ï ¤¢ãå ¯ à § ç¥-¨© { �l(0.5, 0.75) ¨ Pem(4.6, 19.5). �¡é¨© ¯¥à¥®á�� ®ª § «áï çã¢áâ¢¨â¥«ìë¬ ª á®®â®è¥¨î ª®-¢¥ªâ¨¢®© ¨ ¤¨ääã§¨®®© á®áâ ¢«ïîé¨å. �¢¥-«¨ç¥¨¥ Pe ¢¥¤¥â, á ®¤®© áâ®à®ë, ª ®éãâ¨¬®¬ãà®áâã ®¡é¥£® à áå®¤  ��, çâ® ®á®¡¥® § ¬¥â®¯à¨ á¨¦¥¨¥ áâ ¡¨«ì®áâ¨ ¢¥é¥áâ¢,   á ¤àã£®©áâ®à®ë { ª ã¬¥ìè¥¨î ¯à®âï¦¥®áâ¨ (£«ã¡¨-ë) ç¨áâ®© §®ë ¢¨§ã ��.�¨«ìâà æ¨®ë© ¬ ªà®¯®â®ª, á®áâ ¢«¥ë© ¨§¬®¦¥áâ¢  í«¥¬¥â àëå ¯®â®ª®¢, ¨¬¥¥â ¢ëà -¦¥ãî ¥à ¢®¬¥à®áâì, ª®â®à ï ¯à¥¦¤¥ ¢á¥£®¢ë§¢   ¨áâ¥ç¥¨¥¬ ¦¨¤ª®áâ¨ ¨§ ¬ ªà®¯®à, ¨,ªà®¬¥ â®£®, ¯à¥®¡« ¤ ¨¥¬ ª®à®âª¨å ¨áâ®ç¨ª®¢.� ª ¨§¢¥áâ® [32], à®îé¨¥ ¦¨¢®âë¥, á ¤¥ïâ¥«ì®-áâìî ª®â®àëå ã¢ï§ë¢ ¥âáï á®§¤ ¨¥ á¥â¨ ¬ ªà®-¯®à, á®áà¥¤®â®ç¥ë ¢¡«¨§¨ £à ¨æë �� á ¢®¤®¨-56 �. �. �®«ïª®¢
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�¨á. 13. �ãªæ¨ï ¯«®â®áâ¨ à á¯à¥¤¥«¥¨ï N(�l):1 { ! = 10; 2 { ! = 5; 3 { ! = 2

�¨á. 14. �§¬¥¥¨¥ ®â®á¨â¥«ì®£® à áå®¤ ¦¨¤ª®áâ¨ ¢ �� á £«ã¡¨®©:1 { ! = 10; 2 { ! = 5; 3 { ! = 2áâ®ç¨ª®¬. �¤®¡¥¥ ¢á¥£® ®¯à¥¤¥«ïâì ª®«¨ç¥áâ¢®¬ ªà®¯®à â®© ¨«¨ ¨®© ¤«¨ë, ¨á¯®«ì§ãï äãª-æ¨¨ ¯«®â®áâ¨ à á¯à¥¤¥«¥¨ï N (l) ¨«¨ à á¯à¥¤¥-«¥¨ï F (l). � ª, äãªæ¨ï N (l) ¯®§¢®«ï¥â ¯à®-áâ®  ©â¨ ¤®«î ¬ ªà®¯®à ®â ®¡é¥£® ¨å ª®«¨ç¥-áâ¢  á ¤«¨®©, ¯à¨ ¤«¥¦ é¥© «î¡®¬ã § ¤ ®-¬ã ¨â¥à¢ «ã § ç¥¨© l. � á¢®î ®ç¥à¥¤ì, äãª-æ¨ï F (l) = R l0 N (�)d� ãª §ë¢ ¥â   ¤®«î ¬ ªà®-¯®à ¥ ¡®«ìè¥ l. �®á¯®«ì§®¢ ¢è¨áì áãé¥áâ¢ãî-é¥©   «®£¨¥© ¬¥¦¤ã ¯à®áâà áâ¢¥ë¬ à á¯à¥-¤¥«¥¨¥¬  ªâ¨¢ëå ª®à¥© ªã«ìâãàëå à áâ¥¨©¢ á¥«ìáª®å®§ï©áâ¢¥ëå ¯®ç¢ å ¨ ¬ ªà®¡¥â®áëå®à£ ¨§¬®¢ ¢ �� æ¥«¥á®®¡à §® ¢ á®®â¢¥âáâ¢¨¨ áà¥ª®¬¥¤ æ¨ï¬¨ à ¡®â [33, 34] ¢ë¡à âì ¤«ï N (�l)íªá¯®¥æ¨ «ìãî ä®à¬ã:N = !1� e�! e�!�l: (40)�®íää¨æ¨¥â ¯à¨ íªá¯®¥â¥ ¯®¤®¡à  â ª, çâ®-¡ë ®¡¥á¯¥ç¨âì ®à¬¨à®¢ªã ¨â¥£à «  (35),   ª®-íää¨æ¨¥â ! ¢ ¯®ª § â¥«¥ áâ¥¯¥¨ ª®âà®«¨àã¥âá®®â®è¥¨¥ ¬¥¦¤ã ¯«®â®áâï¬¨ ¤«¨ëå ¨ ª®-

à®âª¨å ¬ ªà®¯®à. ��®«ìè¨¬ ! ®â¢¥ç îâ á¨áâ¥-¬ë ¬ ªà®¯®à á ¯à¥®¡« ¤ ¨¥¬ ª®à®âª¨å í«¥¬¥-â®¢. � ¯à è¨¢ ¥âáï á¢ï§ì ¬¥¦¤ã ¢¥«¨ç¨®© !¨ ª ç¥áâ¢®¬ ãá«®¢¨© ®¡¨â ¨ï ¬ ªà®¡¥â®á ,  -¯à¨¬¥à, ª®æ¥âà æ¨¥© à áâ¢®à¥®£® ª¨á«®à®¤ ¢ ��. �  à¨á. 13 ¯à¨¢¥¤¥ë ªà¨¢ë¥ N (�l) ¤«ï § -ç¥¨© ! =2, 5, 10. �ã¤ï ¯® ¨¬¥îé¨¬áï à §à®§¥-ë¬ ¤ ë¬, à¥ «ìë¥ á¥â¨ ¬ ªà®¯®à á®áâ®ïâ ¯®-çâ¨ ¨áª«îç¨â¥«ì® ¨§ ¡®«¥¥ ª®à®âª¨å ¬ ªà®¯®à.�®£¤ , ¯®-¢¨¤¨¬®¬ã, ªà¨¢ ï 1 ¡ã¤¥â «ãçè¥ á®®â-¢¥âáâ¢®¢ âì ¤¥©áâ¢¨â¥«ì®¬ã ¨å à á¯à¥¤¥«¥¨î.�áå®¤ï ¨§ (35) ¯® ä®à¬ã« ¬ (36), (37) ¡ë« à ááç¨-â  ®â®á¨â¥«ìë© à áå®¤ �Vt. � ë¥ ¢ëç¨á«¥-¨© ãª § ®£® à áå®¤  ¯à¥¤áâ ¢«¥ë   à¨á. 14.�à¨ íâ®¬ ¨á¯®«ì§®¢ «®áì  ¯à®ªá¨¬ æ¨®®¥ ¢ëà -¦¥¨¥ (17), çâ® ¯®§¢®«¨«® ®¯à¥¤¥«ïâì ¨â¥£à «ëIW1, IW2 ¨§ (36) ¯® á«¥¤ãîé¨¬ ä®à¬ã« ¬:IW1 = 4!3(1� e�!) e� 43!� (41)� �Ei� �4!3 �� Ei��4!3 � !�z�� ;IW2 = !1� e�! �3�z2 �Ei ��!�l��� Ei (�!�z)�++e� 43! �3�z2 � 23��� �Ei��4!3 � !�z��Ei��4!3 � !�l���� :�¤¥áì Ei�(x) = xR�1 e�� d� , ¨â¥£à «ì ï ¯®ª § -â¥«ì ï äãªæ¨ï Ei(x) = � �xR�1 e�� d� . �à¨ £ãáâ®©á¥â¨ ¬ ªà®¯®à ( �R � 0:05) ¨§ (15) ¨ (17) ¢ëâ¥ª ¥â�l � 3�z,   ¯®£à¥è®áâì ¢á«¥¤áâ¢¨¥ ¯à¨¬¥¥¨ï á®-®â®è¥¨ï (40) ¡ã¤¥â ¬¨¨¬ «ì®© (¤® ¯à®æ¥â ).�®ïâ®, çâ® ¢ ¢ à¨ â¥ á  ¨¡®«ìè¨¬ á®¤¥à¦ -¨¥¬ ª®à®âª¨å ¬ ªà®¯®à (! = 10) ¨áª®¬ë© à á-å®¤ ¡ã¤¥â ¬¥ìè¥, ® â®«ìª® ¢ ¨¦¥© ç áâ¨ ��.�¡à â ï ª àâ¨   ¡«î¤ ¥âáï   ¢¥àå¥¬ ãç áâ-ª¥. �¡êïáï¥âáï íâ®â ä ªâ ¬ «ë¬¨ £«ã¡¨ ¬¨ § -áâ®©ëå §® ¯à¨ ¤¥©áâ¢¨¨ ª®à®âª¨å ¬ ªà®¯®à (¯®áà ¢¥¨î á ¤«¨ë¬¨).����������� áâ® �� ¬®¦® ®â®á¨âì ª ¡¨®«®£¨ç¥-áª¨  ªâ¨¢ë¬ ¯®à¨áâë¬ áà¥¤ ¬, å®âï ä¨§¨ª®-¬¥å ¨ç¥áª¨¥ ãá«®¢¨ï ¢ ¨å ¤ «¥ª¨ ®â ®¯â¨¬ «ì-ëå ¤«ï áãé¥áâ¢®¢ ¨ï ¡¨®âë (¬ «®¥ á®¤¥à¦ ¨¥�. �. �®«ïª®¢ 57
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