
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 2. �. 45 { 56��� 532.546:626.862.9� �������������� ����������� ������� ������������ �������������� ����. �. ��������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 03.09.2002�ä®à¬ã«¨à®¢ ­  ®á¥á¨¬¬¥âà¨ç­ ï ¬ â¥¬ â¨ç¥áª ï § ¤ ç  ¯¥à¥à á¯à¥¤¥«¥­¨ï ­¥áâàãªâãà­ëå ç áâ¨æ ¢ ¯à¥¤¥« å®¡« áâ¨ ä¨«ìâà æ¨®­­ëå ¤¥ä®à¬ æ¨© ­¥á¢ï§­®£® ¤¢ãåäà ªæ¨®­­®£® £àã­â . �  ®á­®¢¥ ¯®«ãç¥­­®£® áâà®£®£®  ­ -«¨â¨ç¥áª®£® à¥è¥­¨ï ¤ ­­®© § ¤ ç¨ ¯à®¢¥¤¥­ ®¡áâ®ïâ¥«ì­ë©  ­ «¨§ ®á®¡¥­­®áâ¥© ­ ª®¯«¥­¨ï ¬®¡¨«ì­ëå ç áâ¨æ ¢á¯¥æ¨ «ì­®© ( ªªã¬ã«¨àãîé¥©) §®­¥. �¯¨à ïáì ­  í¬¯¨à¨ç¥áª¨¥ § ¢¨á¨¬®áâ¨ �®§¥­¨-� à¬ ­  ¨ áâ¥á­¥­­®£® ®á -¦¤¥­¨ï  ­á ¬¡«ï ç áâ¨æ, ¢ë¯®«­¥­ë ®æ¥­ª¨ ¨§¬¥­¥­¨ï ¯à®­¨æ ¥¬®áâ¨ (ª®íää¨æ¨¥­â  ä¨«ìâà æ¨¨) ¢ áãää®§¨®­­®©¨  ªªã¬ã«¨àãîé¥© §®­ å á ãç¥â®¬ ¯®¤¢¨¦­®áâ¨ ®¤­®© ¨§ äà ªæ¨©.�ä®à¬ã«ì®¢ ­  ®á¥á¨¬¥âà¨ç­  ¬ â¥¬ â¨ç­  § ¤ ç  ¯¥à¥à®§¯®¤i«ã ­¥áâàãªâãà­¨å ç áâ¨­®ª ¢ ¬¥¦ å ®¡« áâi äi«ì-âà æi©­¨å ¤¥ä®à¬ æi© ­¥§¢'ï§­®£® ¤¢®åäà ªæi©­®£® £àã­âã. �  ®á­®¢i ®âà¨¬ ­®£® áâà®£®£®  ­ «iâ¨ç­®£® à®§¢'ï§ªã¤ ­®ù § ¤ çi ¢¨ª®­ ­¨© ¢á¥¡iç­¨©  ­ «i§ ®á®¡«¨¢®áâ¥©­ ª®¯¨ç¥­­ï ¬®¡i«ì­¨å ç áâ¨­®ª ã á¯¥æi «ì­i© ( ªã¬ã«îîçi©)§®­i. �¯¨à îç¨áì ­  ¥¬¯iàiç­i § «¥¦­®áâi �®§¥­i-� à¬ ­  â  áâ¨á­¥­®£® ®á ¤¦¥­­ï, §­ ©¤¥­i ®æi­ª¨ §¬i­¨ ¯à®­¨ª-­®áâi (ª®¥äiæiõ­âã äi«ìâà æiù) £àã­âã ¢ áãä®§i©­i© i  ªã¬ã«îîçi© §®­ å § ¢à åã¢ ­­ï¬ àãå«¨¢®áâi ®¤­iõù § äà ªæi©.An axissymmetric mathematical problem of unstructural particles redistribution within the domain of �ltration defor-mations is formulated for two-fraction incoherent soil. A thorough analysis of the mobile particles accumulation nearbydrainage (the accumulation zone) is carried out on the basis of the exact solution to the given problem. Proceeding fromsome empirical relationships (Kozeni-Carman and straitened deposition of particle association) a number of estimationsare conducted of soil permeability (hydraulic conductivity) within the failure zone taking into account mobility of sedimentfraction.� §­®®¡à §­ë¥ ¤¥ä®à¬ æ¨®­­ë¥ ¯à®æ¥ááë,¯à®â¥ª îé¨¥ ¢ £àã­â å, è¨à®ª® à á¯à®áâà ­¥­ë¢ ¯à¨à®¤¥, ¨­¦¥­¥à­®© ¯à ªâ¨ª¥ ¨, ª ª ¯à ¢¨«®,á¢ï§ ­ë á å®§ï©áâ¢¥­­®© ¤¥ïâ¥«ì­®áâìî ç¥«®¢¥ª .�á®¡®¥ ¬¥áâ® áà¥¤¨ ­¨å § ­¨¬ îâ ä¨«ìâà æ¨®­-­ë¥ ¤¥ä®à¬ æ¨¨, ®¡ãá«®¢«¥­­ë¥ ¤¥©áâ¢¨¥¬ ä¨«ì-âà æ¨®­­ëå á¨« ­  â¢¥à¤ãî ä §ã £àã­â . � -à ªâ¥à­ë â ª¨¥ ¤¥ä®à¬ æ¨¨, £« ¢­ë¬ ®¡à §®¬,¤«ï ­¥á¢ï§­ëå £àã­â®¢, ª®â®àë¥ ¯à¥®¡« ¤ îâ ­ á¥¢¥à®-§ ¯ ¤¥ �ªà ¨­ë,   ¨å ¤®«ï ¢ §¥¬¥«ì­®¬ä®­¤¥ à¥á¯ã¡«¨ª¨ ¢¥áì¬  §­ ç¨â¥«ì­ . �âáî¤ á«¥¤ã¥â ¡®«ìè®¥ ­ ãç­®¥ ¨ ¯à ªâ¨ç¥áª®¥ §­ ç¥-­¨¥ ¨áá«¥¤®¢ ­¨© ï¢«¥­¨© ¢§¢¥è¨¢ ­¨ï, ¯¥à¥­®á ¨ ®á ¦¤¥­¨ï ­¥áâàãªâãà­ëå (áãää®§¨®­­ëå) ç -áâ¨æ ¬¨­¥à «ì­®© ª®¬¯®­¥­âë ¢ £àã­â å. �¬¥­-­® ®â¬¥ç¥­­ë¥ ï¢«¥­¨ï, á®áâ ¢«ïîé¨¥ áãé­®áâì¯à®æ¥áá®¢ áãää®§¨¨ ¨ ª®«ì¬ â æ¨¨, ¯®á«ã¦¨«¨¯à¥¤¬¥â®¬ æ¥«¥­ ¯à ¢«¥­­®£® ¨§ãç¥­¨ï ¢ ¬­®£®-ç¨á«¥­­ëå â¥®à¥â¨ç¥áª¨å ¨ íªá¯¥à¨¬¥­â «ì­ëåà ¡®â å £¥®«®£®-¬¥«¨®à â¨¢­®£®, £¨¤à®â¥å­¨ç¥-áª®£®, å¨¬¨ª®-â¥å­®«®£¨ç¥áª®£® ­ ¯à ¢«¥­¨©, ­ -¯à¨¬¥à [1 { 6]. �®«¥¥ ®¡áâ®ïâ¥«ì­ë© ®¡§®à «¨â¥-à âãàë ¯® íâ®© â¥¬ â¨ª¥ ¬®¦­® ­ ©â¨, ¢ ç áâ­®-áâ¨, ¢ à ¡®â å [7, 8].� ª ¯à ¢¨«®, ä¨«ìâà æ¨®­­ë¥ ¤¥ä®à¬ æ¨¨ ¯à®-¨áå®¤ïâ ¯à¨ ¤®áâ¨¦¥­¨¨ áª®à®áâìî â¥ç¥­¨ï £àã­-â®¢ëå ¢®¤ ­¥ª®â®à®£® ¯à¥¤¥«ì­®£® §­ ç¥­¨ï,   ­¥-¯®áà¥¤áâ¢¥­­®© ¯à¨ç¨­®© ¨å ¢®§­¨ª­®¢¥­¨ï ç áâ®¡ë¢ îâ ¤à¥­ ¦­ë¥ ¨ ä¨«ìâàãîé¨¥ ãáâà®©áâ¢ 

à §«¨ç­®© ª®­áâàãªæ¨¨ ¨ ­ §­ ç¥­¨ï. �à¨ à ¡®â¥¤à¥­ ¦  ¢ ª ç¥áâ¢¥ á®¡¨à â¥«ï (®áãè¨â¥«ï) ¯®çâ¨¢á¥ á¯®á®¡­ë¥ ¤¢¨£ âìáï ç áâ¨æë, ¯¥à¢®­ ç «ì­®­ å®¤¨¢è¨¥áï ¢ ®ª®«®¤à¥­­®© §®­¥, ¢ë­®áïâáï ¢á ¬® ãáâà®©áâ¢®, çâ® ­¥à¥¤ª® ¯à¨¢®¤¨â ª ¥£® § ¨-«¥­¨î ¨ ¤®«¦­® ãç¨âë¢ âìáï ¢ à áç¥â å ¢­ãâà¨-¤à¥­­®© £¨¤à ¢«¨ª¨. �®¤®¡­ ï å à ªâ¥à­ ï ¤«ï¬­®£¨å ¯à¨«®¦¥­¨© á¨âã æ¨ï ¢á¥áâ®à®­­¥  ­ «¨-§¨à®¢ « áì à ­¥¥ [7] ­  ¯à¨¬¥à¥ áãé¥áâ¢¥­­® à §-­®à®¤­®£® £àã­â , á«®¦¥­­®£® ¨§ ç áâ¨æ ¤¢ãå à¥§-ª® ®â«¨ç îé¨åáï à §¬¥à ¬¨ á®àâ®¢. �¥áì¬  á¥-àì¥§­ë¬ ®£à ­¨ç¥­¨¥¬ ¯à¨ íâ®¬ ¡ë«® ¤®¯ãé¥­¨¥® ­¥¤¥ä®à¬¨àã¥¬®áâ¨ áª¥«¥â . �«¥¤ã¥â ¨¬¥âì ¢¢¨-¤ã, çâ® ¯à¨ ¢ëá®ª®¬ ¨áå®¤­®¬ á®¤¥à¦ ­¨¨ áãää®-§¨®­­ëå ç áâ¨æ áãé¥áâ¢ã¥â à¥ «ì­ ï ®¯ á­®áâìãá ¤ª¨ £àã­â  ¨, ª ª á«¥¤áâ¢¨¥, ¥£® ¯¥à¥ã¯«®â­¥-­¨ï. �¤­ ª® áâàãªâãà­ë¥ ¤¥ä®à¬ æ¨¨ ¢ëå®¤ïâ§  à ¬ª¨ ¤ ­­ëå ¨áá«¥¤®¢ ­¨©. �¬¥áâ¥ á â¥¬ ¢à¥§ã«ìâ â¥ ¯®¢ëè¥­¨ï ª®­æ¥­âà æ¨¨ ­¥áâàãªâãà-­ëå ç áâ¨æ ¢¡«¨§¨ ¯à¨¥¬­®£® ãáâà®©áâ¢  ¯à¨ ­ -«¨ç¨¨ ¢§ ¨¬®¤¥©áâ¢¨ï á® áª¥«¥â®¬ £àã­â , ç áâì¨å § ¤¥à¦¨¢ ¥âáï. �à¨­¨¬ ï ¢® ¢­¨¬ ­¨¥ áà ¢-­¨â¥«ì­® ¬ «ë¥ à §¬¥àë ãç áâª  § å¢ â  ¨ ¢ëá®-ª®¥ á®¤¥à¦ ­¨¥ ¯à¨¢­®á¨¬ëå ¢ ­¥£® ¤¢ãåä §­ë¬¯®â®ª®¬ ç áâ¨æ, ®á ¦¤¥­¨¥ ¤ ¦¥ ­¥§­ ç¨â¥«ì­®-£® ¨å ª®«¨ç¥áâ¢  § ¬¥â­® ãåã¤è ¥â ä¨«ìâà æ¨®­-­ë¥ ãá«®¢¨ï, ¯® áãâ¨, ¢ ­ ¨¡®«¥¥ ®â¢¥âáâ¢¥­­®¬¬¥áâ¥ ¯®â®ª  £àã­â®¢ëå ¢®¤ [9, 10]. � ¢ ¨â®£¥®¡é ï ä¨«ìâà æ¨®­­ ï ª àâ¨­  ¬®¦¥â ª®à¥­­ë¬c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 2. �. 45 { 56®¡à §®¬ ¢¨¤®¨§¬¥­¨âìáï. � ª®£® à®¤  ª®«ì¬ â -æ¨ï á®¯ãâáâ¢ã¥â ¨ à ¡®â¥ ä¨«ìâà®¢ ¢ ®ç¨áâ­ëåá®®àã¦¥­¨ïå.� ¥é¥ ¡®«ìè¥© áâ¥¯¥­¨ âà ­áä®à¬¨àã¥âáïä¨«ìâà æ¨®­­®¥ â¥ç¥­¨¥ ¯à¨ ¯¥à¥à á¯à¥¤¥«¥­¨¨áãää®§¨®­­ëå ç áâ¨æ ¢ ®âáãâáâ¢¨¨ ¨å ¢ë­®á  § ¯à¥¤¥«ë ®¡« áâ¨ ¤¢¨¦¥­¨ï. � ª, ¯à¨ ¨á¯®«ì§®¢ -­¨¨ ¤à¥­ ¦¥© ¢ à®«¨ ¨áâ®ç­¨ª®¢ (ã¢« ¦­¨â¥«¥©)­¥áâàãªâãà­ë¥ ç áâ¨æë ª®­æ¥­âà¨àãîâáï ­  ®â-­®á¨â¥«ì­® ã§ª®¬ ãç áâª¥ ä¨«ìâà æ¨®­­®£® ¯®â®-ª . �®®¡é¥ £®¢®àï, ¥áâì ¢á¥ ®á­®¢ ­¨ï à áá¬ -âà¨¢ âì ª®«ì¬ â æ¨®­­ë© ¯à®æ¥áá ª ª ¤¢ãåáâ -¤¨©­ë©. �¬¥­­® ­  ¥£® ¯¥à¢®© áâ ¤¨¨ ¯à®¨áå®¤¨â¨­â¥­á¨¢­®¥ ¯¥à¥¬¥é¥­¨¥ áãää®§¨®­­ëå ç áâ¨æá ®¡à §®¢ ­¨¥¬ áãää®§¨®­­®© §®­ë ¨ ¯à®£à¥áá¨-àãîé¨¬ ¨å ­ ª®¯«¥­¨¥¬ ¢® ¢â®à®© ç áâ¨ ®¡« áâ¨¤¥ä®à¬ æ¨¨ {  ªªã¬ã«¨àãîé¥© §®­¥. � à¥§ã«ìâ -â¥ íâ®£® ¯à®­¨æ ¥¬®áâì ¢ ãª § ­­®© ç áâ¨ £àã­-â  ¯ ¤ ¥â ¨, çâ® á ¬®¥ ¢ ¦­®¥, ¢ æ¥«®¬ ­ à áâ -¥â á®¯à®â¨¢«¥­¨¥ ä¨«ìâà æ¨®­­®¬ã ¯®â®ªã, ®ª -§ë¢ ¥¬®¥ á® áâ®à®­ë â¢¥à¤®© ä §ë. �¥¬ á ¬ë¬á®§¤ îâáï ¯à¥¤¯®áë«ª¨ ª ä®à¬¨à®¢ ­¨î ­¥¯®-áà¥¤áâ¢¥­­® ª®«ì¬ â æ¨®­­®© §®­ë (á«®ï). �á«¨â¥å­¨ç¥áª¨¥ ¢®§¬®¦­®áâ¨ ¨­¦¥­¥à­®£® áà¥¤áâ¢ ,®¡¥á¯¥ç¨¢ îé¥£® à¥£ã«¨à®¢ ­¨¥ ¢®¤­®£® à¥¦¨¬ £àã­â , ¯®§¢®«ïîâ ¢ â¥ç¥­¨¥ ¤«¨â¥«ì­®£® ¢à¥¬¥-­¨ ¯®¤¤¥à¦¨¢ âì ¥£® à áå®¤ ­  ­ ¤«¥¦ é¥¬ ãà®¢-­¥ ¨«¨, ¯® ªà ©­¥© ¬¥à¥, ¯à¥¯ïâáâ¢ãîâ ¡ëáâà®-¬ã á­¨¦¥­¨î à áå®¤ , â® ¨¬¥¥â á¬ëá« ä®à¬ «ì-­®¥ à áá¬®âà¥­¨¥ ¯¥à¢®© áâ ¤¨¨ ­¥®£à ­¨ç¥­­®©¯à®¤®«¦¨â¥«ì­®áâ¨. � ¤¥©áâ¢¨â¥«ì­®áâ¨, ­ ¯à¨-¬¥à, ­ ¯®à ¢ ¤à¥­¥ ¨§¬¥­ï¥âáï ¢ ®¯à¥¤¥«¥­­ëå¯à¥¤¥« å, ¤¨ªâã¥¬ëå ª®­áâàãªâ¨¢­ë¬¨ ®á®¡¥­­®-áâï¬¨, íª®­®¬¨ç¥áª¨¬¨ á®®¡à ¦¥­¨ï¬¨. �®íâ®¬ãáª®à®áâì â¥ç¥­¨ï £àã­â®¢ëå ¢®¤ ¢ ¡«¨¦­¥© (¯® ®â-­®è¥­¨î ª ¨áâ®ç­¨ªã) ç áâ¨  ªªã¬ã«¨àãîé¥© §®-­ë ¯®áâ¥¯¥­­® ã¬¥­ìè ¥âáï ¤® ªà¨â¨ç¥áª®©, ¨ ¬®-¡¨«ì­ë¥ ç áâ¨æë §¤¥áì ¯¥à¥å®¤ïâ ¢® ¢§¢¥è¥­­®¥á®áâ®ï­¨¥. �  íâ®¬ § ª ­ç¨¢ ¥âáï ¯¥à¢ ï áâ ¤¨ï,  ¯®á«¥¤ãîé¥¥ ã¢¥«¨ç¥­¨¥ ª®­æ¥­âà æ¨¨ áãää®-§¨®­­ëå ç áâ¨æ ¢ íâ®© §®­¥ á¯®á®¡áâ¢ã¥â ¨å ¡ë-áâà®¬ã ®á ¦¤¥­¨î. �¥¯®áà¥¤áâ¢¥­­® § ª®­®¬¥à-­®áâ¨ ®á ¦¤¥­¨ï ¯®¤¢¨¦­ëå ç áâ¨æ, ¯à®â¥ª î-é¥£® ­  ä®­¥ á­¨¦ îé¥©áï ¨­â¥­á¨¢­®áâ¨ ä¨«ì-âà æ¨®­­®£® ¯®â®ª , ¨ ®¡à §®¢ ­¨ï â ª¨¬ ®¡à -§®¬ ª®«ì¬ â ¦  ¡ã¤ãâ ¨áá«¥¤®¢ ­ë ¢ á«¥¤ãîé¥©à ¡®â¥. �¥«ì ¤ ­­®© à ¡®âë { ¤¥â «ì­ë©  ­ «¨§®á®¡¥­­®áâ¥© ¯à®¤®«¦¨â¥«ì­®£® ¯¥à¥à á¯à¥¤¥«¥-­¨ï ­¥áâàãªâãà­ëå ç áâ¨æ ¯à¨ ¯®¤ ç¥ á ¯®áâ®ï­-­ë¬ à áå®¤®¬ ¦¨¤ª®áâ¨ ¢ áãää®§¨®­­ë© £àã­â,  â ª¦¥ ¤¨­ ¬¨ª¨ ¥£® ¯à®­¨æ ¥¬®áâ¨ ¯à¨ ¨§¬¥­¥-­¨¨ ä¨§¨ª®-¬¥å ­¨ç¥áª¨å ¯ à ¬¥âà®¢ ¢ è¨à®ª®¬¤¨ ¯ §®­¥. �®  ­ «®£¨¨ á [7] ä¨«ìâà æ¨®­­ë¥ ¤¥-ä®à¬ æ¨¨ ¨áá«¥¤ãîâáï ­  ¯à¨¬¥à¥ ¤¢ãåäà ªæ¨®­-

­®£® ­¥á¢ï§­®£® £àã­â , çâ® ®¯à ¢¤ë¢ ¥â ¯à¨¬¥-­¥­¨¥ ®â­®á¨â¥«ì­® ¯à®áâëå ¬ â¥¬ â¨ç¥áª®© ¬®-¤¥«¨ ¨ à áç¥â­ëå § ¢¨á¨¬®áâ¥©.1. ���������� � ��������������������� �������®¢¬¥áâ­®¥ ®á¥á¨¬¬¥âà¨ç­®¥ ¤¢¨¦¥­¨¥ áãää®-§¨®­­ëå ç áâ¨æ ¨ ¢®¤ë ®â ¨áâ®ç­¨ª  ¢ £àã­-â¥, â¢¥à¤ ï ä §  ª®â®à®£® á®áâ®¨â ¨§ ¤¢ãå äà ª-æ¨©, ¬®¦­® ®¯¨á âì á«¥¤ãîé¥© á¨áâ¥¬®© ãà ¢­¥-­¨© [11]: @nw@t = �1r @@r (rnwu); (1)@nc@t = �1r @@r [rnc(u� uk)]:�¤¥áì nw, nc { ¤®«¨ ®¡é¥£® ¯à®áâà ­áâ¢  (£àã­â ),§ ­ïâë¥ á®®â¢¥âáâ¢¥­­® ¢®¤®© ¨ ­¥áâàãªâãà­ë-¬¨ ç áâ¨æ ¬¨; u, uk { ¤¥©áâ¢¨â¥«ì­ ï ¨ ªà¨â¨ç¥-áª ï (à §¬ë¢ îé ï) áª®à®áâ¨ â¥ç¥­¨ï £àã­â®¢ëå¢®¤. �¢ãåä §­ë© ¯®â®ª ¢ £àã­â¥ ä®à¬¨àã¥âáï ¢à¥§ã«ìâ â¥ ¢ëâ¥ª ­¨ï ¢®¤ë á ¯®áâ®ï­­ë¬ ¯®£®­-­ë¬ à áå®¤®¬ Q ¨§ ¤à¥­ë ¡®«ìè®© ¯à®âï¦¥­­®-áâ¨. �®íâ®¬ã à áá¬ âà¨¢ ¥¬®© § ¤ ç¥ á¢®©áâ¢¥­-­  ®á¥¢ ï á¨¬¬¥âà¨ï. � ¨áå®¤­®¬ £àã­â¥ áãä-ä®§¨®­­ë¥ ç áâ¨æë à á¯à¥¤¥«¥­ë à ¢­®¬¥à­®,  ¨å ª®­æ¥­âà æ¨ï ¯à¨ íâ®¬ á®áâ ¢«ï¥â mc. � ª¨¬®¡à §®¬, ­ ç «ì­®¥ ãá«®¢¨¥ ¤«ï â¥ªãé¥© ª®­æ¥­-âà æ¨¨ nc ¡ã¤¥ât = 0; nw = nc: (2)� «¥¥ ¯à¥¤¯®« £ ¥âáï, çâ® ¤¥ä®à¬¨à®¢ ­¨¥ £àã­-â  (¯¥à¥¬¥é¥­¨¥ ­¥áâàãªâãà­ëå ç áâ¨æ) ­ ç¨­ -¥âáï ­  ä®­¥ ãáâ ­®¢¨¢è¥£®áï ¤¢¨¦¥­¨ï £àã­â®-¢ëå ¢®¤. � ªâ¨ç¥áª¨ ¦¥ ä¨«ìâà æ¨®­­ë¥ ¤¥ä®à-¬ æ¨¨ ¨­¨æ¨¨àãîâáï á¥àì¥§­ë¬¨ ¨§¬¥­¥­¨ï¬¨ä¨«ìâà æ¨®­­®£® à¥¦¨¬  £àã­â  ¨ ¯®íâ®¬ã â¥á­®á¢ï§ ­ë á ¯¥à¥å®¤­ë¬¨ ¯à®æ¥áá ¬¨ ¢ ­¥¬. � ¢á¥-â ª¨, ¯à¨­¨¬ ¥¬ ï ­  ­ ç «ì­®¬ íâ ¯¥ ¤¥ä®à¬ -æ¨© áå¥¬ â¨§ æ¨ï ä¨§¨ª®-¬¥å ­¨ç¥áª¨å ¯à®æ¥á-á®¢ ­¥ ¯à®â¨¢®à¥ç¨â ¨å áãé­®áâ¨ ¨ ¯à ªâ¨ç¥áª¨­¥ ®âà ¦ ¥âáï ­  ®ª®­ç â¥«ì­®© ª àâ¨­¥ (¯®á«¥§ ¢¥àè¥­¨ï ¤¥ä®à¬ æ¨©). �«¥¤®¢ â¥«ì­®, ¬®¦­®áç¨â âì, çâ® áãää®§¨®­­ë¥ ç áâ¨æë ¯à¨å®¤ïâ ¢¤¢¨¦¥­¨¥ ®¤­®¢à¥¬¥­­® ¢ ¬®¬¥­â t = 0 ­  ãç áâ-ª¥, ¢ ¯à¥¤¥« å ª®â®à®£® ­ ç «ì­ ï áª®à®áâì â¥-ç¥­¨ï ¡®«ìè¥ ªà¨â¨ç¥áª®©. �¥á«®¦­® ã¡¥¤¨âìáï,çâ® ­ ç «ì­ë© à ¤¨ãá ¢­¥è­¥© £à ­¨æë ®¡« áâ¨¤¥ä®à¬ æ¨¨ ¨  ªªã¬ã«¨àãîé¥© §®­ë rao à ¢¥­Q=(2�uk(1�ms�mc)),   ¢­ãâà¥­­ïï £à ­¨æ  ãª -§ ­­®© §®­ë, å à ªâ¥à¨§ã¥¬ ï ª®®à¤¨­ â®© rbo, ¢­ ç «ì­®¬ ¯®«®¦¥­¨¨ á®¢¯ ¤ ¥â á ¯®¢¥àå­®áâìî¨áâ®ç­¨ª  (¤à¥­ë) ¨ §­ ç¨â rbo = ro. �§ á¨áâ¥¬ë46 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 2. �. 45 { 56(1) ¢ëâ¥ª ¥â, çâ® ¢¥«¨ç¨­ë nc ¨ u á¢ï§ ­ë á®®â-­®è¥­¨¥¬ nc = 1�msuk u� Q2�ukr ; (3)£¤¥ ms { ã¤¥«ì­ë© ®¡ê¥¬ (¤®«ï) áª¥«¥â  £àã­â .�ç¥¢¨¤­®, çâ® ¤«ï áãää®§¨®­­®© ¨  ªªã¬ã«¨àã-îé¥© §®­,   â ª¦¥ ­¥¤¥ä®à¬¨à®¢ ­­®£® £àã­â á¯à ¢¥¤«¨¢ë ¢ëà ¦¥­¨ïms + nw = 1;ms +mc + nw = 1; (4)ms + nc + nw = 1:�®  ­ «®£¨¨ á à ¡®â ¬¨ [7, 12] ¨áå®¤­ ï ¬®¤¥«ì(1), (2) á ãç¥â®¬ á®®â­®è¥­¨ï (3) á¢®¤¨âáï ª § ¤ -ç¥ �®è¨ ®â­®á¨â¥«ì­® áª®à®áâ¨ u:@u@t + �2u� uk � Q2�(1�ms)r� @u@r = �u2 � ukur ;t = 0; u = uk1�msmc + Q2�(1�ms)r : (5)�¢¥¤¥­¨¥ ¡¥§à §¬¥à­ëå ¯¥à¥¬¥­­ëå ¯®§¢®«ï¥â § -¬¥â­® ã¯à®áâ¨âì ¢¨¤ § ¤ ç¨ (5):@�u@�t + (2�u� 1� 1�r )@�u@�r = � �u� �u2�r ;�t = 0; �u = 1�r + �; (6)£¤¥ �u = u=uk, �r = (2�uk(1�ms)r)=Q, �t = (2�u2k(1�ms)t)=Q, � = mc=(1�ms). � ¤ «ì­¥©è¥¬ ç¥àâ®ç-ª¨ ­ ¤ ¯¥à¥¬¥­­ë¬¨ ¢¥«¨ç¨­ ¬¨ ®¯ãáª îâáï. �à¨¨á¯®«ì§®¢ ­¨¨¦¥ à §¬¥à­ëå ¢¥«¨ç¨­ ¡ã¤ãâ á¤¥« -­ë á®®â¢¥âáâ¢ãîé¨¥ ®£®¢®àª¨. �à®¬¥¦ãâ®ç­ë¥¢ëª« ¤ª¨ ¢ á¨«ã ¨å £à®¬®§¤ª®áâ¨ ­¥ ¯à¨¢®¤ïâáï(¤«ï  ­ «®£¨ç­®© § ¤ ç¨ ç¨áâ®© áãää®§¨¨ ®­¨ ¤ -­ë ¢ à ¡®â¥ [12]). �®ç­®¥ à¥è¥­¨¥ § ¤ ç¨ (5) ¢ë-à ¦ ¥âáï § ¢¨á¨¬®áâìît = F (r; u) = (2ru2�2ru�2u+1) ln �(1 + r � ru)(1� �)(ru� 1)�� (1 + �r � ru)(2�u � u+ 1� �)�(1 � �) ; (7)¨§ ª®â®à®© á«¥¤ã¥â, çâ® ¯à¨ t!1 u ! 1=t+ r.�®£« á­® á®®â­®è¥­¨î (3) ¤«ï nc ¨ Nc = nc=mcá¯à ¢¥¤«¨¢ë ¢ëà ¦¥­¨ïnc = (1�ms)�u� 1r� ; Nc = 1� �u� 1r� : (8)

�âáî¤  ¢¨¤­®, çâ® ¯à¨ t ! 1 nc ! 1 � ms,Nc ! 1=�. � ª¨¬ ®¡à §®¬, áãää®§¨®­­ë¥ ç áâ¨-æë ¡ã¤ãâ áâà¥¬¨âìáï § ¯®«­¨âì ¢á¥ ¯®à®¢®¥ ¯à®-áâà ­áâ¢® ¢  ªªã¬ã«¨àãîé¥© §®­¥, ¯à¨ç¥¬ íâ®â¯à®æ¥áá ¡ã¤¥â ¯à®¤®«¦ âìáï ¡¥áª®­¥ç­® ¤®«£®.� ¢¨á¨¬®áâì (7) ®âà ¦ ¥â ®á®¡¥­­®áâ¨ ¯®¢¥¤¥-­¨ï ¢¥«¨ç¨­ë u ­  ¯®«ã¯àï¬®© 0 < r < 1, ­®ä¨§¨ç¥áª¨© á¬ëá« ®­  ¨¬¥¥â â®«ìª® ¢ ¯à¥¤¥« å ªªã¬ã«¨àãîé¥© §®­ë ra � r � rb. �ª § ­­ ï§®­  ¨¬¥¥â ¯®¤¢¨¦­ë¥ ¢­¥è­îî ¨ ¢­ãâà¥­­îî£à ­¨æë, ª®®à¤¨­ âë ª®â®àëå ®¡®§­ ç îâáï ra ¨rb. � ª®­®¬¥à­®áâì ¯¥à¥¬¥é¥­¨ï ¢­¥è­¥© £à ­¨-æë ¬®¦­® ¯®«ãç¨âì ¨§ § ¢¨á¨¬®áâ¨ (7), ¥á«¨ ¯®-«®¦¨âì u = 1. �®£¤  ¯®á«¥ ­¥ª®â®àëå ¯à¥®¡à §®-¢ ­¨© ¢à¥¬ï ta ¤®áâ¨¦¥­¨ï íâ®© £à ­¨æ¥© â®çª¨(á¥ç¥­¨ï) á ª®®à¤¨­ â®© ra ¡ã¤¥âta = ln (1� �)(ra � 1)� � 1� ra + �ra1� � : (9)�ç¥¢¨¤­®, çâ® ¯à¨ ta ! 1 §­ ç¥­¨¥ ra â ª¦¥­¥®£à ­¨ç¥­­® à áâ¥â. �¥áª®«ìª® á«®¦­¥¥ ®¯à¥-¤¥«ïâì ¯®«®¦¥­¨¥ ¢­ãâà¥­­¥© £à ­¨æë rb(t). �«ïíâ®© æ¥«¨ ã¤®¡­® ¢®á¯®«ì§®¢ âìáï à¥è¥­¨¥¬ å -à ªâ¥à¨áâ¨ç¥áª®© á¨áâ¥¬ë ¤«ï ãà ¢­¥­¨ï (6) ¯à¨á«¥¤ãîé¨å ­ ç «ì­ëå ãá«®¢¨ïå:uo = u(rb; 0) = 1ro + �; rb(0) = ro: (10)�®£¤  áª®à®áâì â¥ç¥­¨ï ¢®¤ë ­  ¢­ãâà¥­­¥© £à -­¨æ¥ ub ¨ ª®®à¤¨­ â  rb ®ª §ë¢ îâáï á¢ï§ ­­ë¬¨á®®â­®è¥­¨¥¬rb = ub � uo + rouo(uo � 1)ub(ub � 1) : (11)� ááç¨âë¢ âì ub ¯à¨ § ¤ ­­®¬ §­ ç¥­¨¨ rb ¯à®-é¥, ¥á«¨ ¯à¥¤¢ à¨â¥«ì­® ®¡à â¨âì ¢ëà ¦¥­¨¥(11), â ª çâ® ub = 12 �1 + 1rb�+ (12)+s14 �1 + 1rb�2 � uo(1 + ro � rouo)rb :�à¨ à¥è¥­¨¨ ª¢ ¤à â­®£® ãà ¢­¥­¨ï, á«¥¤ãîé¥-£® ¨§ á®®â­®è¥­¨ï (11), â®«ìª® ®¤¨­ ª®à¥­ì ¨¬¥¥âä¨§¨ç¥áª¨© á¬ëá«,   ¨¬¥­­® (12). � ª®­®¬¥à­®-áâ¨ ¨§¬¥­¥­¨ï ¢¥«¨ç¨­ ub, rb á® ¢à¥¬¥­¥¬ áà ¢-­¨â¥«ì­® «¥£ª® ãáâ ­®¢¨âì, ¨á¯®«ì§ãï ¢ëà ¦¥­¨¥(11) ¨«¨ (12) ¨ § ¢¨á¨¬®áâì (7), ¢ ª®â®à®© á«¥¤ã-¥â ¯®«®¦¨âì r = rb, u = ub. �¥â «ì­ë©  ­ «¨§®á®¡¥­­®áâ¥© ¯®«ãç¥­­®£® áâà®£®£® à¥è¥­¨ï ¢ë-¯®«­¥­ ¢ âà¥âì¥¬ à §¤¥«¥.�. �. �®«ïª®¢ 47



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 2. �. 45 { 562. ������������� ������� ������� �������������������������ââ¥á­¥­¨¥ ­¥áâàãªâãà­ëå ç áâ¨æ ä¨«ìâà æ¨-®­­ë¬ ¯®â®ª®¬ ®â ¯®¢¥àå­®áâ¨ ¤à¥­ë ¢­ãâàì áãä-ä®§¨®­­®£® £àã­â  ¯à¨¢®¤¨â ª ®¡à §®¢ ­¨î áãä-ä®§¨®­­®©,  ªªã¬ã«¨àãîé¥©,   ¯à¨ ®¯à¥¤¥«¥­­ëåãá«®¢¨ïå ¨ ª®«ì¬ â æ¨®­­®© §®­, ¢ ª®â®àëå ä¨«ì-âà æ¨®­­ë¥ å à ªâ¥à¨áâ¨ª¨ ¨ ¢ ¯¥à¢ãî ®ç¥à¥¤ì¯à®­¨æ ¥¬®áâì £àã­â  k ¬®£ãâ áãé¥áâ¢¥­­® ¬¥-­ïâìáï. �à¨ ç¨áâ® áãää®§¨®­­®¬ ¯à®æ¥áá¥ ¤¥ä®à-¬¨à®¢ ­¨¥ £àã­â  ¯à ªâ¨ç¥áª¨ á¢®¤¨âáï ª ¢ë­®-áã ã¯®¬ï­ãâëå ç áâ¨æ ¨§ ®â­®á¨â¥«ì­® ­¥¡®«ìè®-£® ®ª®«®¤à¥­­®£® ãç áâª  £àã­â , çâ® á¯®á®¡áâ¢ã-¥â ­¥§­ ç¨â¥«ì­®¬ã ¯®¢ëè¥­¨î ¥£® ¯à®­¨æ ¥¬®-áâ¨ [7]. � ¤ ­­®¬ ¦¥ á«ãç ¥ ¨§¬¥­¥­¨¥ k ­®á¨â£®à §¤® ¡®«¥¥ á«®¦­ë© å à ªâ¥à ¨ ¢ ª ç¥áâ¢¥­-­®¬, ¨ ¢ ª®«¨ç¥áâ¢¥­­®¬ ®â­®è¥­¨ïå. � ª ®â-¬¥ç «®áì à ­¥¥, ­ ª®¯«¥­¨¥ ¡®«ìè®£® ª®«¨ç¥áâ¢ ¬®¡¨«ì­ëå ç áâ¨æ ¢  ªªã¬ã«¨àãîé¥© §®­¥ ®¡ã-á« ¢«¨¢ ¥â §¤¥áì ¯ ¤¥­¨¥ ¯à®­¨æ ¥¬®áâ¨ £àã­â .� â¥ç¥­¨¥¬ ¢à¥¬¥­¨ ¨¬¥­­® íâ  §®­  ­ ç¨­ ¥â®¯à¥¤¥«ïâì ¨­â¥­á¨¢­®áâì ä¨«ìâà æ¨®­­ëå ¯à®-æ¥áá®¢ ¢® ¢á¥© ®¡« áâ¨ ¤¢¨¦¥­¨ï. �âáî¤  á«¥¤ã-¥â ¢ ¦­®áâì ª®«¨ç¥áâ¢¥­­ëå ®æ¥­®ª à®áâ  ¯à®­¨-æ ¥¬®áâ¨  ªªã¬ã«¨àãîé¥© §®­ë. � §®© ¤«ï ¯®-¤®¡­ëå ®æ¥­®ª ¬®£ãâ á«ã¦¨âì § ¢¨á¨¬®áâ¨ ¯à®­¨-æ ¥¬®áâ¨ ®â ä¨§¨ª®-¬¥å ­¨ç¥áª¨å ¯ à ¬¥âà®¢, ¢ª ç¥áâ¢¥ ª®â®àëå, ª ª ¯à ¢¨«®, ¨á¯®«ì§ãîâáï å -à ªâ¥à­ë© (áà¥¤­¨©) ¤¨ ¬¥âà §¥à¥­ ¨ ¯®à¨áâ®áâì£àã­â . � ¨¡®«ìèãî ¯®¯ã«ïà­®áâì ¯à¨®¡à¥« ä®à¬ã«  �®§¥­¨-� à¬ ­ , ­ ¤¥¦­® à ¡®â îé ï¢ ­¥á¢ï§­ëå £àã­â å á ¯®çâ¨ ®¤­®à®¤­ë¬ ¬¥å -­¨ç¥áª¨¬ á®áâ ¢®¬. �¤­ ª® ¤«ï £àã­â®¢, â¢¥à¤ ïä §  ª®â®àëå á®áâ®¨â ¨§ ¤¢ãå ¨ ¡®«¥¥ ¢ëà ¦¥­-­ëå äà ªæ¨©, ¢ â®¬ ç¨á«¥ ¨ á¯®á®¡­ëå ¤¢¨£ âì-áï, ãª § ­­ãî ä®à¬ã«ã æ¥«¥á®®¡à §­® ãá®¢¥àè¥­-áâ¢®¢ âì. � à ¡®â¥ [7] ¤«ï à áç¥â  ®â­®á¨â¥«ì­®©¯à®­¨æ ¥¬®áâ¨ áãää®§¨®­­®© §®­ë ¢ ¤¢ãåäà ªæ¨-®­­®¬ £àã­â¥ ¯à¥¤«®¦¥­  ¯à®áâ ï ä®à¬ã« . �®-á«¥ ­¥ª®â®àëå ¯à¥®¡à §®¢ ­¨© ®­  ¯à¥¤áâ ¢«¥­ ¢ ã¤®¡­®© ¤«ï  ­ «¨§  ®â­®á¨â¥«ì­®© ¯à®­¨æ ¥-¬®áâ¨  ªªã¬ã«¨àãîé¥© §®­ë Ksc ä®à¬¥:Ksc = (1 + 
D)2(1� �Nc)3(u+ 
Nc)2(1� �)3(1 + 
Nc)2(u + 
DNc)2 ; (13)£¤¥ 
 = mc=ms; D = ds=dc; ds; dc { ¤¨ ¬¥âàëáâàãªâãà­ëå ¨ ­¥áâàãªâãà­ëå ç áâ¨æ. �¤¥áì ¨¢ ¤ «ì­¥©è¥¬ ¯à®­¨æ ¥¬®áâì ¤¥ä®à¬¨à®¢ ­­®£®£àã­â  á®®â­®á¨âáï á ¯à®­¨æ ¥¬®áâìî ¨áå®¤­®£®(­¥¤¥ä®à¬¨à®¢ ­­®£®) £àã­â .�¤­ ª® ¡®«¥¥ ä¨§¨ç¥áª¨ ®¡®á­®¢ ­­ë¬ ¯à¥¤áâ -¢«ï¥âáï ¯®¤å®¤, ª®â®àë© ®¯¨à ¥âáï ­  í¬¯¨à¨-

ç¥áª¨¥ ä®à¬ã«ë, ¯à¥¤­ §­ ç¥­­ë¥ ¤«ï ®¯à¥¤¥«¥-­¨ï áª®à®áâ¨ ®á ¦¤¥­¨ï ¢§¢¥è¥­­ëå ç áâ¨æ ¨ ¯®-§¢®«ïîé¨¥ ­ ¤¥¦­® ®æ¥­¨¢ âì ¢§ ¨¬­®¥ ¢«¨ï­¨¥â¢¥à¤®© ¨ ¦¨¤ª®© ä § ®¡é¥£® ¤¢ãåª®¬¯®­¥­â­®£®¯®â®ª  ¢ áâ¥á­¥­­ëå ãá«®¢¨ïå (¯à¨ ­ «¨ç¨¨ ¢§ -¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¯®¤¢¨¦­ë¬¨ ç áâ¨æ ¬¨). � -ª¨¥ ä®à¬ã«ë ­ è«¨ è¨à®ª®¥ ¯à¨¬¥­¥­¨¥, ­ ¯à¨-¬¥à, ¢ â¥å­®«®£¨ïå ®¡à ¡®âª¨ à áâ¢®à®¢ ¨ ¬­®£®-ä §­ëå ¦¨¤ª®áâ¥©. � ç áâ­®áâ¨, ¯à ªâ¨ª  á¢¨¤¥-â¥«ìáâ¢ã¥â ®¡ íää¥ªâ¨¢­®áâ¨ á«¥¤ãîé¨å § ¢¨á¨-¬®áâ¥© [14]:uc = 10�1:82(1�") � "2u­á ¯à¨ " > 0:7; (14)uc = 0:123 "21� "u­á ¯à¨ " � 0:7;£¤¥ uc, u­á { áª®à®áâ¨ áâ¥á­¥­­®£® ¨ ­¥áâ¥á­¥­­®-£® ®á ¦¤¥­¨ï ¢§¢¥è¥­­ëå è à®®¡à §­ëå ç áâ¨æ;" { ¤®«ï ¯à®áâà ­áâ¢  £àã­â , § ¯®«­¥­­ ï ¦¨¤ª®-áâìî (¢ £àã­â¥ ¥¥  ­ «®£®¬ ¥áâì ¯®à¨áâ®áâì). �§§ ¢¨á¨¬®áâ¨ (14) ¢ëâ¥ª îâ ä®à¬ã«ë ¤«ï ¢ëç¨á«¥-­¨ï ¯à®­¨æ ¥¬®áâ¨ k ®¤­®à®¤­®© â¢¥à¤®© ä §ë:k = d2 � 101:82(1�")18"(1� ") ¯à¨ " > 0:7; (15)k = 0:452d2"2 ¯à¨ " � 0:7:�¥ «ì­ë¬ ¤¨ ¯ §®­ ¬ ¨§¬¥­¥­¨ï ¯ à ¬¥âà®¢(ª®­æ¥­âà æ¨©) nc, mc, ms, ª ª ¯à ¢¨«®, ®â¢¥ç îâ§­ ç¥­¨ï " � 0:7. �®íâ®¬ã ¢ ¯®á«¥¤ãîé¥¬  ­ -«¨§¥ ¯à®¯ãáª­®© á¯®á®¡­®áâ¨ £àã­â  ¡ã¤¥â § ¤¥©-áâ¢®¢ ­  â®«ìª® ¢â®à ï ¨§ ä®à¬ã« (15). �¬¥­­®­  ¥¥ ®á­®¢¥ ¨ ¡ë«¨ ¯®áâà®¥­ë ¡ §®¢ë¥ § ¢¨á¨¬®-áâ¨ ¤«ï à §¤¥«ì­®£® à áç¥â  ¯à®­¨æ ¥¬®áâ¥© ®â-¤¥«ì­ëå äà ªæ¨© ¬®¤¥«ì­®£® £àã­â . � ¯à¥¦¤¥¢á¥£® ¯®­ ¤®¡¨«®áì áª®àà¥ªâ¨à®¢ âì §­ ç¥­¨ï ¯®-à¨áâ®áâ¨ ", â ª ª ª ª ¦¤ ï äà ªæ¨ï â¢¥à¤®© ä -§ë ¢¬¥áâ¥ á ¦¨¤ª®© ä §®© § ­¨¬ ¥â â®«ìª® á®-®â¢¥âáâ¢ãîéãî ç áâì ®¡é¥£® ¯à®áâà ­áâ¢ . �®-£¤  ¯à¨ ®¯à¥¤¥«¥­¨¨ ¯à®­¨æ ¥¬®áâ¨ ¯¥à¢®© äà ª-æ¨¨ (áª¥«¥â ) ¯®¤ " á«¥¤ã¥â ¯®­¨¬ âì ¢¥«¨ç¨­ãnw(1� nc)�1,   ¯à®­¨æ ¥¬®áâ¨ ¢â®à®© äà ªæ¨¨ {¢¥«¨ç¨­ã nc(1 � mc)�1. � ª¨¬ ®¡à §®¬, ¤«ï ¯à®-­¨æ ¥¬®áâ¨ áª¥«¥â  £àã­â  ks ¢ ¯à¨áãâáâ¢¨¨ ­¥-áâàãªâãà­ëå ç áâ¨æ ª®­æ¥­âà æ¨¥© nc ¬®¦­®, ¨á-å®¤ï ¨§ ä®à¬ã«ë (15), à¥ª®¬¥­¤®¢ âì ¯à®áâ®¥ ¢ë-à ¦¥­¨¥ ks = d2sn4w146:3m2s(1� nc)2 : (16)�­ «®£¨ç­ë¬ ®¡à §®¬ ¯®«ãç¥­  ¨ § ¢¨á¨¬®áâì¤«ï ®¯à¥¤¥«¥­¨ï ¯à®­¨æ ¥¬®áâ¨  ­á ¬¡«ï (äà ª-æ¨¨) áãää®§¨®­­ëå ç áâ¨æ kc ¯à¨ ãá«®¢¨¨, çâ®48 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 2. �. 45 { 56¤®«ï ¯à®áâà ­áâ¢  £àã­â , § ­ïâ ï áâàãªâãà­ë-¬¨ ç áâ¨æ ¬¨, á®áâ ¢«ï¥â ms:kc = d2cn4w146:3(1�ms)2n2c : (17)�ç¥¢¨¤­®, çâ® ¯à®­¨æ ¥¬®áâì £àã­â  ¢ áãää®§¨-®­­®© §®­¥ kse ¬®¦­® ­ å®¤¨âì, â ª¦¥ ¨á¯®«ì§ãï¢ëà ¦¥­¨¥ (16) ¯à¨ nc = 0:kse = d2s(1�ms)4146:3m2s : (18)� ç áâ­®¬ á«ãç ¥, ª®£¤  â¢¥à¤ ï ä §  £àã­â  á«®-¦¥­  ¨§ ¤¢ãå ­¥¯®¤¢¨¦­ëå äà ªæ¨© (­¥¤¥ä®à¬¨-à®¢ ­­ë© ¬®¤¥«ì­ë© £àã­â), ¥¥ ®¡é ï ¯à®­¨æ -¥¬®áâì ko ­ å®¤¨âáï ª ª áà¥¤­¥¥ £¥®¬¥âà¨ç¥áª®¥¯à®­¨æ ¥¬®áâ¥© ks ¨ kc, ®¯à¥¤¥«ï¥¬ëå ¢ëà ¦¥­¨-ï¬¨ (16) ¨ (17) á®®â¢¥âáâ¢¥­­® ¯à¨ nc = mc (®¡®-§­ ç îâáï kso ¨ kco):ko = ksokcokso + kco : (19)�«ï à áç¥â  ®¡é¥© ¯à®­¨æ ¥¬®áâ¨  ªªã¬ã«¨àãî-é¥© §®­ë ksc ¯à¨ áâà®£®¬ ãç¥â¥ ¯®¤¢¨¦­®áâ¨ ¢â®-à®© äà ªæ¨¨ ¯à¨¬¥­ï¥âáï á«¥¤ãîé ï ä®à¬ã« :ksc = kskcuks + kcu: (20)�®à¬ã«ë (19), (20) ¯®«ãç¥­ë ¨§ ®¡®¡é¥­­®£®ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï £àã­â®¢ëå ¢®¤. �¤­ ª® ã¤®¡-­¥¥ ¢á¥£® ®æ¥­¨¢ âì ¯®á«¥¤áâ¢¨ï ®â ¤¥ä®à¬¨à®¢ -­¨ï £àã­â  ¤«ï ¥£® ¢®¤­®£® à¥¦¨¬  ¯ãâ¥¬ á®¯®áâ -¢«¥­¨ï §­ ç¥­¨© ¯à®­¨æ ¥¬®áâ¨ ®¡« áâ¨ ¤¥ä®à-¬ æ¨© á ¯à®­¨æ ¥¬®áâìî ­¥¢®§¬ãé¥­­®£® ãç áâ-ª  ä¨«ìâà æ¨®­­®£® ¯®â®ª . � æ¥«ìî ã¯à®é¥­¨ï¯®¤®¡­ëå à áç¥â®¢ ¡ë«¨ ¯®áâà®¥­ë § ¢¨á¨¬®áâ¨¤«ï ®â­®á¨â¥«ì­ëå ¯à®­¨æ ¥¬®áâ¥© Ksc = ksc=ko¨ Kso = kso=ko:Ksc = �(1 � �Nc)4u
4D2N2c + (� + 
 � �
Nc)2u; (21)Kse = �(� + 
)2 : (22)�¤¥áì � = (
4D2 + (� + 
 � �
)2)=(1 � �)4. �¯à¨­æ¨¯¥ ­¥á«®¦­® ¢ë¯®«­¨âì  ­ «®£¨ç­ë¥ ®¡®¡-é¥­¨ï ¤«ï ¯à®­¨æ ¥¬®áâ¥© ¤¥ä®à¬¨à®¢ ­­®£® ¨­¥¤¥ä®à¬¨à®¢ ­­®£® ¬­®£®äà ªæ¨®­­ëå £àã­â®¢.� ª¨¥ ä®à¬ã«ë ¯®«ãç¥­ë, ­® §¤¥áì ­¥ ¯à¨¢®¤ïâáï,¯®áª®«ìªã ­¥ ¨¬¥îâ ¯àï¬®£® ®â­®è¥­¨ï ª à áá¬ -âà¨¢ ¥¬®¬ã ¤¢ãåäà ªæ¨®­­®¬ã £àã­âã.

�¨á. 1. �¥à¥¬¥é¥­¨¥ ¢­¥è­¥© £à ­¨æë ªªã¬ã«¨àãîé¥© §®­ë:1 { � = 0:4; 2 { � = 0:3; 3 { � = 0:2;4 { � = 0:1; 5 { � = 0:05
�¨á. 2. �¥à¥¬¥é¥­¨¥ ¢­ãâà¥­­¥© £à ­¨æë ªªã¬ã«¨àãîé¥© §®­ë:1 { � = 0:4; 2 { � = 0:3; 3 { � = 0:2;4 { � = 0:1; 5 { � = 0:053. ������ ����������� ���������à¨ à áç¥â å ¬­®£®ç¨á«¥­­ëå ¯à¨¬¥à®¢ ®á­®¢-­®¥ ¢­¨¬ ­¨¥ ã¤¥«ï«®áì ¤¨­ ¬¨ª¥ ¨ å à ªâ¥àã à á-¯à¥¤¥«¥­¨ï ¢ ¯à¥¤¥« å  ªªã¬ã«¨àãîé¥© §®­ë ®â-­®á¨â¥«ì­ëå ª®­æ¥­âà æ¨© áãää®§¨®­­ëå ç áâ¨æNc ¨ ¯à®­¨æ ¥¬®áâ¨ Ksc. �ë¡à ­­ë© ¤¨ ¯ -§®­ ¨§¬¥­¥­¨ï ®á­®¢­®£® ¯ à ¬¥âà  § ¤ ç¨ � {0:05�0:4 ¢ á®ç¥â ­¨¨ á® §­ ç¥­¨ï¬¨ 
 = 0:1, 0.2 ¨D = 3, 10 ¢ æ¥«®¬ ®âà ¦ ¥â ¬­®£®®¡à §¨¥ áãää®-§¨®­­ëå £àã­â®¢, á®¤¥à¦ ­¨ï ¢ ­¨å áâàãªâãà­ëå¨ ­¥áâàãªâãà­ëå ç áâ¨æ, á®®â­®è¥­¨ï ¨å à §¬¥-à®¢.�. �. �®«ïª®¢ 49



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 2. �. 45 { 56� ¯¥à¢ãî ®ç¥à¥¤ì à ááç¨âë¢ «®áì ¨§¬¥­¥­¨¥¯®«®¦¥­¨ï ¢­ãâà¥­­¥© ¨ ¢­¥è­¥© £à ­¨æ  ªªã¬ã-«¨àãîé¥© §®­ë ¯à¨ â¨¯¨ç­ëå §­ ç¥­¨ïå � = 0:05,0.1, 0.2, 0.3, 0.4. �à®âï¦¥­­®áâì íâ®© §®­ë ­ àï-¤ã á ª®­æ¥­âà æ¨¥© ¢ ­¥© áãää®§¨®­­ëå ç áâ¨æâ¥á­® á¢ï§ ­ë á ¨­â¥­á¨¢­®áâìî ä¨«ìâà æ¨®­­®-£® ¯®â®ª . �¥«¨ç¨­  ra(t) ¢ëç¨á«ï« áì ¯® ä®à¬ã-«¥ (9),   ¯®«ãç¥­­ë¥ ¯à¨ íâ®¬ à¥§ã«ìâ âë ¯à¥¤-áâ ¢«¥­ë ­  à¨á. 1. �¥£ª® ã¡¥¤¨âìáï ¨§ ä®à¬ã«ë(9), çâ® ­ ç «ì­®¥ §­ ç¥­¨¥ â¥ªãé¥© ¢¥«¨ç¨­ë raoà ¢­® 1=(1��),   áª®à®áâì ¤¢¨¦¥­¨ï ¢­¥è­¥© £à -­¨æë dra=dt á®áâ ¢«ï¥â (ra � 1)=ra. �«¥¤®¢ â¥«ì-­®, áª®à®áâì dra=dt ¡ã¤¥â ¯®áâ®ï­­® ¢®§à áâ âì®â §­ ç¥­¨ï � ¯à¨ t = 0 ¤® 1 ¯à¨ t!1. �¥áª®«ì-ª® ¨­®© å à ªâ¥à ¨¬¥¥â ¯¥à¥¬¥é¥­¨¥ ¢­ãâà¥­­¥©£à ­¨æë. �¡ íâ®¬ á¢¨¤¥â¥«ìáâ¢ãîâ ¤ ­­ë¥ ¢ë-ç¨á«¥­¨© ¢¥«¨ç¨­ë rb(t), ¢ë¯®«­¥­­ë¥ ¤«ï â¥å ¦¥§­ ç¥­¨© � á ¨á¯®«ì§®¢ ­¨¥¬ ãá«®¢¨ï (11) ¨ ¯à¨¢¥-¤¥­­ë¥ ­  à¨á. 2. � ª, å à ªâ¥à¨áâ¨ª¨ ¤¢¨¦¥­¨ïã¯®¬ï­ãâ®© £à ­¨æë ã¦¥ § ¢¨áïâ ®â ¯®«®¦¥­¨ï¢å®¤­®£® á¥ç¥­¨ï ä¨«ìâà æ¨®­­®£® ¯®â®ª  (¯ à -¬¥âà  ro). � ­ ç «ì­ë© ¬®¬¥­â ¢à¥¬¥­¨ rb ¯à¨«î¡ëå � à ¢­  ro,   áª®à®áâì ¥¥ ¯¥à¥¬¥é¥­¨ï ¡ã-¤¥â drbdt = 12rbp(1 + rb)2 � 4rb(1� �)(1 + �ro):� §­¨æ  ¬¥¦¤ã áª®à®áâï¬¨ dra=dt ¨ dra=dt ¯à¨t = 0 á®áâ ¢«ï¥â(1 � ro)2 + 4�r0(1� ro):� ª ª ª ro < 1 (¢ á«ãç ¥ ro � 1 à áå®¤ ¤à¥­ë Q­¥ ¢ á®áâ®ï­¨¨ ®¡¥á¯¥ç¨âì ¢ ®¡« áâ¨ ä¨«ìâà æ¨¨áª®à®áâì â¥ç¥­¨ï u > uk), â® ãª § ­­ ï à §­¨æ ï¢«ï¥âáï ¯®«®¦¨â¥«ì­®© ¨ ®¡¥ £à ­¨æë áà §ã ­ -ç¨­ îâ á¡«¨¦ âìáï,  á¨¬¯â®â¨ç¥áª¨ ¯à¨¡«¨¦ -ïáì ¤àã£ ª ¤àã£ã. �«¥¤®¢ â¥«ì­®, ¯à¨ t ! 1drb=dt! 1, ¯à¨ç¥¬ ¢á¥£¤  drb=dt > dra=dt. �®áâ -â®ç­® ¯®«­®¥ ¯à¥¤áâ ¢«¥­¨¥ ® å à ªâ¥à¥ ¯¥à¥¬¥-é¥­¨ï íâ¨å £à ­¨æ ¨ ¢«¨ï­¨¨ ­  ­¥£® ®â­®á¨â¥«ì-­®£® á®¤¥à¦ ­¨ï ­¥áâàãªâãà­ëå ç áâ¨æ ¤ îâ à¨á.1, 2.�¡ê¥¬  ªªã¬ã«¨àãîé¥© §®­ë ¯® ªà ©­¥© ¬¥-à¥ ­  ­ ç «ì­®¬ íâ ¯¥ ¤¥ä®à¬ æ¨© á®ªà é ¥âáï,çâ® ¢¥¤¥â ª à¥§ª®¬ã ã¢¥«¨ç¥­¨î ª®­æ¥­âà æ¨¨ ¬®-¡¨«ì­ëå ç áâ¨æ ¢ ­¥©. � ª¨¬ ®¡à §®¬, á®¤¥à¦ -­¨¥ ¯®¤¢¨¦­ëå ç áâ¨æ ¢ ãª § ­­®© §®­¥ á à §-¢¨â¨¥¬ ¤¥ä®à¬ æ¨®­­®£® ¯à®æ¥áá  ¯à¨®¡à¥â ¥âà¥è îé¥¥ §­ ç¥­¨¥ ¤«ï ä¨«ìâà æ¨®­­®£® à¥¦¨-¬  ¢ æ¥«®¬. �®íâ®¬ã ®á®¡®¥ ¢­¨¬ ­¨¥ ¡ë«® ã¤¥-«¥­® ª®«¨ç¥áâ¢¥­­®¬ã  ­ «¨§ã ¨§¬¥­¥­¨ï ®â­®á¨-â¥«ì­®© ª®­æ¥­âà æ¨¨ Nc ¢® ¢à¥¬¥­¨ ¨ ¯à®áâà ­-áâ¢¥. �  à¨á. 3 ¯®ª § ­ë à á¯à¥¤¥«¥­¨ï ¢¥«¨ç¨-­ë Nc ¢ à ¤¨ «ì­®¬ ­ ¯à ¢«¥­¨¨ ¯à¨ � = 0:2 ¢

�¨á. 3. �à®ä¨«¨ ®â­®á¨â¥«ì­­®© ª®­æ¥­âà æ¨¨áãää®§¨®­­ëå ç áâ¨æ ¢  ªªã¬ã«¨àãîé¥© §®­¥:1 { t = 2; 2 { t = 1:5; 3 { t = 1;4 { t = 0:5; 5 { t = 0:3; 6 { t = 0:1
�¨á. 4. �à®ä¨«¨ ®â­®á¨â¥«ì­®© ª®­æ¥­âà æ¨¨ Nc¯à¨ t = 0:5:1 { � = 0:05; 2 { � = 0:2; 3 { � = 0:4à §«¨ç­ë¥ ¬®¬¥­âë ¢à¥¬¥­¨ t = 0:1, 0.3, 0.5, 1,1.5, 2. �¥à¢®­ ç «ì­® à ¢­®¬¥à­®¥ à á¯à¥¤¥«¥­¨¥(nc = mc, Nc = 1) ã¦¥ ª ¬®¬¥­âã t = 0:1 (ªà¨-¢ ï 6) áâ ­®¢¨âáï § ¬¥â­® ­¥à ¢­®¬¥à­ë¬. �¡«¨-§¨ ¢­ãâà¥­­¥© £à ­¨æë ç áâ¨æë ­ ª ¯«¨¢ îâáï¡ëáâà¥¥. �­ ç¥­¨ï ª®­æ¥­âà æ¨¨ nc ­  ®¡¥¨å £à -­¨æ å ®â«¨ç îâáï ­  20 { 30%. �à¥¤¥«ì­®¥ §­ -ç¥­¨¥ Nc ¯à¨ t = 2 ¯à¥¢ëè ¥â 3 (ªà¨¢ ï 1), â ªçâ® áãää®§¨®­­ë¥ ç áâ¨æë ¡ã¤ãâ § ­¨¬ âì á¢ë-è¥ 60% ¬ ªá¨¬ «ì­® ¢®§¬®¦­®£® ¯®à®¢®£® ¯à®-áâà ­áâ¢  (¥£® ¤®«ï ®â ¯à®áâà ­áâ¢  £àã­â  á®-áâ ¢«ï¥â 1 �ms). �ç¥¢¨¤­®, çâ® á à®áâ®¬ ¨áå®¤-­®£® á®¤¥à¦ ­¨ï â ª¨å ç áâ¨æ ¨å ­ ª®¯«¥­¨¥ ¢  ª-50 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2003. �®¬ 5 (77), N 2. �. 45 { 56ªã¬ã«¨àãîé¥© §®­¥ ¯à®¨áå®¤¨â ¨­â¥­á¨¢­¥¥. �¤-­ ª®, ª ª ¢¨¤­® ¨§ à¨á. 4, Nc ¯® ¬¥à¥ ã¢¥«¨ç¥­¨ï �áâ ­®¢¨âáï ¬¥­ìè¥, çâ® ®¡êïá­ï¥âáï áãé¥áâ¢¥­­®¡®«ìè¨¬¨ ¯à¨ íâ®¬ ¯à®âï¦¥­­®áâìî (ra � rb) ¨®¡ê¥¬®¬ ¤ ­­®© §®­ë. � ª ª ª ­ ¨¡®«¥¥ ­¥¡« £®-¯à¨ïâ­ë¥ ä¨«ìâà æ¨®­­ë¥ ãá«®¢¨ï áª« ¤ë¢ îâáï¢¡«¨§¨ ¢­ãâà¥­­¥© £à ­¨æë íâ®© §®­ë, â® ¯®¢¥-¤¥­¨¥ ¢¥«¨ç¨­ë Nc ¯à¨ r = rb à áá¬ âà¨¢ «®áì®â¤¥«ì­®. � à ªâ¥à ¥¥ ¨§¬¥­¥­¨ï ¯à¨ à §«¨ç­ëå� ¯à¥¤áâ ¢«¥­ ­  à¨á. 5 (ªà¨¢ë¥ 1 { 5). �¤¥áì ¦¥¯à¨¢¥¤¥­ë ªà¨¢ë¥ Nc(t) ¤«ï ä¨ªá¨à®¢ ­­ëå á¥ç¥-­¨© r = 1 ¨ r = 1:5 (6, 7), ª®â®àë¥ ­ å®¤ïâáï¢­ãâà¨ ¨ ¢­¥ ®¡« áâ¨ ¤¥ä®à¬ æ¨© ¢ ¨áå®¤­®¬ ¯®-«®¦¥­¨¨. � á¥ç¥­¨¨ r = 1 à®áâ Nc ­ ç¨­ ¥âáïáà §ã ¨ ¯à®¤®«¦ ¥âáï ¤® ¬®¬¥­â  t = 0:618 ¯à®å®-¦¤¥­¨ï ç¥à¥§ ­¥£® ¢­ãâà¥­­¥© £à ­¨æë (rb = 1).� á¥ç¥­¨¨ r = 1:5 ­ ª®¯«¥­¨¥ ç áâ¨æ ¯à®¨áå®¤¨â á¬®¬¥­â  t = 0:943 ¨ ¤® t = 1:43, ª®â®àë¥ ®â¢¥ç îâ§­ ç¥­¨ï¬ ra = rb = 1:5. � ªá¨¬ «ì­ë¥ §­ ç¥­¨ïNc à ¢­ë á®®â¢¥âáâ¢¥­­® 2.048 ¨ 2.807,   § â¥¬ª®­æ¥­âà æ¨ï ç áâ¨æ ¬£­®¢¥­­® ¯ ¤ ¥â ¤® 0 (ã¯®-¬ï­ãâë¥ á¥ç¥­¨ï ®ª §ë¢ îâáï ¢ áãää®§¨®­­®© §®-­¥). �®«ï ¬ ªá¨¬ «ì­®£® ¯®à®¢®£® ¯à®áâà ­áâ¢ 1 �ms ¢  ªªã¬ã«¨àãîé¥© §®­¥, á¢®¡®¤­ ï ®â ç -áâ¨æ £àã­â , à ¢­  �Nc ¨ ¯®áâ¥¯¥­­® á®ªà é ¥âáï(à¨á. 6), ¯à¨ç¥¬ ¡ëáâà¥¥ ¯à¨ ¡®«ìè¨å §­ ç¥­¨ïå�. � æ¥«®¬ ¢¥«¨ç¨­  �Nc ¬¥­ï¥âáï ®â ­ ç «ì­®£®§­ ç¥­¨ï � ¤® 1 ¯à¨ t ! 1, ­®, ­ ¯à¨¬¥à, ãª -§ ­­®¥ ¯à®áâà ­áâ¢® ¡ã¤¥â § ¯®«­¥­® ç áâ¨æ ¬¨¢â®à®© äà ªæ¨¨ ­ ¯®«®¢¨­ã ª ¬®¬¥­âã t = 0:71¯à¨ � = 0:4 ¨ â®«ìª® ª ¬®¬¥­âã t = 1:822 ¯à¨� = 0:2. � ª®­¥æ ¯à¨ t = 2:3 ¨ � = 0:4 ¦¨¤ª®áâì¡ã¤¥â § ­¨¬ âì ¬¥­¥¥ 20% íâ®£® ¯à®áâà ­áâ¢ . �§¤¥áì á«¥¤ã¥â ¯®¤ç¥àª­ãâì, çâ® à¥ «ì­ ï ª àâ¨­ ¢ ¤¥ä®à¬¨àã¥¬®¬ £àã­â¥ ¯à¨ ¢ëá®ª®¬ á®¤¥à¦ -­¨¨ ­¥áâàãªâãà­ëå ç áâ¨æ ¤ ¦¥ ­  ãç áâª¥ ¤¢ãå-ä §­®£® ¯®â®ª  ¬ «®© ¯à®âï¦¥­­®áâ¨ ¡ã¤¥â áãé¥-áâ¢¥­­® ®â«¨ç âìáï ®â à ááç¨â ­­®© ­  ¡ §¥ ¬®¤¥-«¨ (1), (2),   ¯à¨ç¨­ã â ª®£® à áå®¦¤¥­¨ï ¯à¥¦¤¥¢á¥£® á«¥¤ã¥â ¨áª âì ¢ ®£à ­¨ç¥­­®áâ¨ à¥áãàá®¢â¥å­¨ç¥áª¨å áà¥¤áâ¢, ã¯à ¢«ïîé¨å ¢®¤­ë¬ à¥¦¨-¬®¬ £àã­â . �¥¯®áà¥¤áâ¢¥­­® ¨­â¥­á¨¢­®áâì ¯¥-à¥à á¯à¥¤¥«¥­¨ï áãää®§¨®­­ëå ç áâ¨æ ¢ §®­¥ ¤¥-ä®à¬ æ¨© å à ªâ¥à¨§ã¥âáï ¨å ¡¥§à §¬¥à­ë¬ à á-å®¤®¬ Qc,   ¨¬¥­­®:Qc = �rNc(u� 1):�¥«¨ç¨­  Qc á®åà ­ï¥âáï ¯®áâ®ï­­®© ¢¤®«ì  ªªã-¬ã«¨àãîé¥© §®­ë ¨ § ¢¨á¨â ®â �. � ç áâ­®áâ¨,¯à¨ � = 0:05, 0.1, 0.2, 0.3 ¨ 0.4 ®­  à ¢­  á®®â-¢¥âáâ¢¥­­® 0.0476 , 0.0955, 0.192, 0.2895 ¨ 0.388.�à¨â®ª ç áâ¨æ ª ¢­ãâà¥­­¥© £à ­¨æ¥ ãª § ­­®©§®­ë ¢ë§ë¢ ¥â ¯®¢ëè¥­¨¥ ¨å ª®­æ¥­âà æ¨¨ §¤¥áì

�¨á. 5. �§¬¥­¥­¨¥ ¢® ¢à¥¬¥­¨ ®â­®á¨â¥«ì­®©ª®­æ¥­âà æ¨¨ Nc ­  £à ­¨æ¥ r = rb (1{5)¨ ¯à¨ r = 1 (6), r = 1:5 (7):1 { � = 0:05; 2 { � = 0:1; 3, 6, 7 { � = 0:2;4 { � = 0:3; 5 { � = 0:4
�¨á. 6. �§¬¥­¥­¨¥ ¢® ¢à¥¬¥­¨ ¤®«¨ ¯®à®¢®£®¯à®áâà ­áâ¢  �Nc ¯à¨ r = rb:1 { � = 0:4; 2 { � = 0:2; 3 { � = 0:1;4 { � = 0:05¨ ¯à®¨áå®¤¨â á ¨­â¥­á¨¢­®áâìîqc = rb�2N2cb; Ncb = Nc(rb; t):�à ä¨ª¨ ¨§¬¥­¥­¨ï qc ¢® ¢à¥¬¥­¨ ¤«ï à §­ëå �¯à¥¤áâ ¢«¥­ë ­  à¨á. 7.� ¦­¥©è¥¥ §­ ç¥­¨¥ ¯à®­¨æ ¥¬®áâ¨ ®¡« áâ¨¤¥ä®à¬ æ¨© ¢ ä®à¬¨à®¢ ­¨¨ ä¨«ìâà æ¨®­­®£®à¥¦¨¬  áãää®§¨®­­ëå £àã­â®¢ § ª«îç ¥âáï ¢â®¬, çâ® ®­  ®¯à¥¤¥«ï¥â ¬¥áâ®, ¢à¥¬ï ­ ç « ®¡à §®¢ ­¨ï,   ¢¯®á«¥¤áâ¢¨¨ ¨ ä¨«ìâà æ¨®­­ë¥á¢®©áâ¢  §®­ë ª®«ì¬ â ¦ . � á¢ï§¨ á íâ¨¬ ¯à¨-®¡à¥â îâ ®á®¡®¥ §­ ç¥­¨¥ ª®«¨ç¥áâ¢¥­­ë¥ ®æ¥­ª¨®â­®á¨â¥«ì­ëå ¯à®­¨æ ¥¬®áâ¥©  ªªã¬ã«¨àãîé¥©¨ áãää®§¨®­­®© §®­ Ksc, Kso, ª®â®àë¥ ¢ë¯®«­¥­ë�. �. �®«ïª®¢ 51
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�¨á. 7. �­â¥­á¨¢­®áâì ¯®â®ª  â¢¥à¤ëå ç áâ¨æª ¢­ãâà¥­­¥© £à ­¨æ¥  ªªã¬ã«¨àãîé¥© §®­ë:1 { � = 0:4; 2 { � = 0:3; 3 { � = 0:2;4 { � = 0:1; 5 { � = 0:05­  ®á­®¢¥ ä®à¬ã« (13), (21), (22). �«¥¤ã¥â ®â¬¥-â¨âì, çâ® á¨«ë ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã â¢¥à¤®© ¨¦¨¤ª®© ä § ¬¨ £àã­â  ¨ ¨å ¬¥à  (¯à®­¨æ ¥¬®áâìk) â¥á­® á¢ï§ ­ë ­¥ â®«ìª® á á®¤¥à¦ ­¨¥¬ â¢¥à-¤ëå ç áâ¨æ, ­® ¨ á¯®á®¡®¬ ¨å ª®¬¯®­®¢ª¨. �®íâ®-¬ã ¤«ï ¤®áâ®¢¥à­®© å à ªâ¥à¨áâ¨ª¨ ¢¥«¨ç¨­ k, K­¥®¡å®¤¨¬® ¤®¯®«­¨â¥«ì­® ¨á¯®«ì§®¢ âì ¯ à ¬¥-âàë 
, D,   ¢ ãá«®¢¨ïå ¤¢¨¦¥­¨ï ®¤­®© ¨§ äà ªæ¨¨â¢¥à¤®© ä §ë â ª¦¥ ¨ áª®à®áâì u. �«¨ï­¨¥ ª ¦¤®-£® ¨§ ¯¥à¥ç¨á«¥­­ëå ¯ à ¬¥âà®¢ § ¤ ç¨ ­  ¯à®­¨-æ ¥¬®áâì £àã­â  á¯¥æ¨ä¨ç­® ¨ ¤«ï ¯®«­®âë  ­ -«¨§  ®æ¥­¨¢ «®áì à §¤¥«ì­®. � à ««¥«ì­ë¥ à áç¥-âë ®â­®á¨â¥«ì­®© ¯à®­¨æ ¥¬®áâ¨ Ksc ¯® ä®à¬ã-« ¬ (13) ¨ (21) ¢ë¯®«­ï«¨áì á æ¥«ìî á®¯®áâ ¢«¥-­¨ï ®¡®¨å ¯®¤å®¤®¢ ª à áç¥âã ¯à®­¨æ ¥¬®áâ¨ à §-­ëå äà ªæ¨© £àã­â , ®¯¨á ­­ëå ¢® ¢â®à®¬ à §-¤¥«¥, ¨ ¢ëïá­¥­¨ï ¨å á®£« á®¢ ­­®áâ¨. � ¯¥à¢ãî®ç¥à¥¤ì ¡ë«® ¯à® ­ «¨§¨à®¢ ­® ¢«¨ï­¨¥ ¯®¤¢¨¦-­®áâ¨ ¢â®à®© äà ªæ¨¨ ­  ¯à®­¨æ ¥¬®áâì  ªªã¬ã-«¨àãîé¥© §®­ë. �«ï íâ®£® ¢¥«¨ç¨­  Ksc áà ¢­¨-¢ « áì á ¯à¥¤¥«ì­ë¬¨ ®â­®á¨â¥«ì­ë¬¨ ¯à®­¨æ -¥¬®áâï¬¨ Kmax, Kmin, ª®â®àë¥ ¢ëç¨á«ï«¨áì ¯®á«¥¤ãîé¨¬ ä®à¬ã« ¬:Kmax = �(1 � �Nc)4(� + 
 � �
Nc)2 ; (23)Kmin = �(1� �Nc)4
4D2N2c + (� + 
 � �
Nc)2 : (24)�¤¥áì Kmax å à ªâ¥à¨§ã¥â ¯à®­¨æ ¥¬®áâì  ª-ªã¬ã«¨àãîé¥© §®­ë ¯à¨ á¨­åà®­­®¬ ¤¢¨¦¥­¨¨£àã­â®¢ëå ¢®¤ ¨ ç áâ¨æ ¢â®à®© äà ªæ¨¨. � íâ®¬á«ãç ¥ â¢¥à¤ ï ä §  ®ª §ë¢ ¥â ¬¨­¨¬ «ì­®¥ á®-

¯à®â¨¢«¥­¨¥ ¯®â®ªã £àã­â®¢ëå ¢®¤,   ¯à®­¨æ ¥-¬®áâì ãª § ­­®© §®­ë ¬ ªá¨¬ «ì­ . �àã£®© ªà ©-­¨© á«ãç © ¨¬¥¥â ¬¥áâ®, ¥á«¨ áç¨â âì áãää®§¨-®­­ë¥ ç áâ¨æë §¤¥áì ­¥¯®¤¢¨¦­ë¬¨. �®£¤  ¯à®-­¨æ ¥¬®áâì  ªªã¬ã«¨àãîé¥© §®­ë ¡ã¤¥â ­ ¨¬¥­ì-è¥©,   ®â­®á¨â¥«ì­ ï ¢¥«¨ç¨­  Kmin ®£à ­¨ç¨â¢®§¬®¦­ë¥ §­ ç¥­¨ï Ksc á­¨§ã. �¥§ã«ìâ âë à á-ç¥â®¢ ®â­®á¨â¥«ì­®© ¯à®­¨æ ¥¬®áâ¨ Ksc ¨ ¬ ¦®-à ­â Kmax, Kmin ¤«ï §­ ç¥­¨© � = 0:1 ¨ 0:4 
 =0:2, D = 3 ­  ¬®¬¥­â t = 1,   â ª¦¥ ¤«ï � = 0:2 ­ ¬®¬¥­âë t = 0:3, 0.5 ¨ 1 ¯à¥¤áâ ¢«¥­ë ­  à¨á. 8, 9á®®â¢¥âáâ¢¥­­®.�à®é¥ ¢á¥£® á¤¥« âì ®æ¥­ªã ¬ ªá¨¬ «ì­®© ¯®-£à¥è­®áâ¨ ¯à¨ ®¯à¥¤¥«¥­¨¨ ¯à®­¨æ ¥¬®áâ¨ ¤¥-ä®à¬¨àã¥¬®£® £àã­â , ª®â®à ï ®¡ãá«®¢«¥­  ­¥ª®à-à¥ªâ­ë¬ á ä¨§¨ç¥áª®© â®çª¨ §à¥­¨ï ãç¥â®¬ ¯®¢¥-¤¥­¨ï ¬®¡¨«ì­ëå ç áâ¨æ. �­ ç¥­¨ï â ª®© ¯®£à¥è-­®áâ¨ P ¢ëç¨á«ï«¨áì ¯® ä®à¬ã«¥P = �KmaxKmin � 1� � 100%¨ ¯à¨ ¢ë¡à ­­ëå ¯ à ¬¥âà¥ �, ¬®¬¥­â å ¢à¥¬¥-­¨ ¢ àì¨à®¢ «¨áì ¢ è¨à®ª¨å ¯à¥¤¥« å - ®â 25 ¤®380%,   ¢ áà¥¤­¥¬ ¯à¥¢ëè «¨ 100%. �¦¥ ®âáî¤ ¬®¦­® § ª«îç¨âì, çâ® ¤«ï ­ ¤¥¦­®£® ­ å®¦¤¥­¨ïâ¥ªãé¥© ¯à®­¨æ ¥¬®áâ¨ £àã­â  (¯à¨ ¥£® ¤¥ä®à¬¨-à®¢ ­¨¨) ­¥®¡å®¤¨¬® ¯à¨­¨¬ âì ¢® ¢­¨¬ ­¨¥ ¯®-¤¢¨¦­®áâì áãää®§¨®­­ëå ç áâ¨æ. � ªâ¨ç¥áª ï¢¥«¨ç¨­  Ksc(r) à á¯®« £ ¥âáï ¬¥¦¤ã Kmax(r) ¨Kmin(r), ¯à¨ç¥¬ § ¬¥â­® ¡«¨¦¥ ª Kmin (¢ á«ã-ç ¥ � = 0:2 ¨ t = 2 Ksc ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ ¥âá Kmin). �à®¬¥ â®£®, ­  ¢­¥è­¥© £à ­¨æ¥  ªªã-¬ã«¨àãîé¥© §®­ë Ksc = Kmin ¯® ®¯à¥¤¥«¥­¨î,â ª ª ª §¤¥áì u = 1. � ª¦¥ ¨§ à¨á. 8, 9 ¢¨¤­®,çâ® á ã¢¥«¨ç¥­¨¥¬ � âà¥¡®¢ ­¨ï ª â®ç­®áâ¨ ¢ë-¡®à  â¥ªãé¥© ¯à®­¨æ ¥¬®áâ¨ ¬®¦­® á­¨¦ âì,  á ã¢¥«¨ç¥­¨¥¬ ¢à¥¬¥­¨ ®­¨ ¤®«¦­ë ¯®¢ëè âìáï.�®, ¯®¦ «ã©, ­ ¨¡®«¥¥ áãé¥áâ¢¥­­ë© ¢ ¯à ªâ¨-ç¥áª®¬ ®â­®è¥­¨¨ ¢ë¢®¤ ¬®¦­® á¤¥« âì ­  ®á­®-¢ ­¨¨ à¨á. 10, ¨««îáâà¨àãîé¥£® â¨¯¨ç­ãî ¤¨-­ ¬¨ªã ¯à®­¨æ ¥¬®áâ¨  ªªã¬ã«¨àãîé¥© §®­ë k(� = 
 = 0:2, D = 5). �áâ ­®¢«¥­®, çâ® ¯à®£à¥áá¨-àãîé¥¥ ¯¥à¥à á¯à¥¤¥«¥­¨¥ ­¥áâàãªâãà­ëå ç áâ¨æ¢ §®­¥ ¤¥ä®à¬ æ¨© ¢ ª®­æ¥ ª®­æ®¢ ®¡ãá« ¢«¨¢ ¥âà¥§ª®¥ ¯®­¨¦¥­¨¥ k (¢ ¤ ­­®¬ ¯à¨¬¥à¥ ª ¬®¬¥­âãt = 1:5 k ã¬¥­ìè¨«®áì ¯à¨¬¥à­® ¢ 10 { 50 à §).�®âï ®¯ïâì-â ª¨ ¢ à¥ «ì­ëå ãá«®¢¨ïå ¢á«¥¤áâ¢¨¥à ­­¥£® ä®à¬¨à®¢ ­¨ï ª®«ì¬ â æ¨®­­®£® á«®ï ¯®-¤®¡­®¥ ¯ ¤¥­¨¥ ¯à®­¨æ ¥¬®áâ¨ ¬®¦¥â ¨ ­¥ ¯à®-¨§®©â¨.�¯¥æ¨ «ì­®£® à §êïá­¥­¨ï âà¥¡ã¥â ¯®¢¥¤¥­¨¥Ksc ­  ­ ç «ì­®¬ íâ ¯¥ ¤¥ä®à¬ æ¨© (t < 0:3).� ª á«¥¤ã¥â ¨§ ¢ëà ¦¥­¨© ¤«ï Ksc(r; t) (13), (21),¨áå®¤­®¥ à á¯à¥¤¥«¥­¨¥ Ksc(r; 0) ­¥ à ¢­® â®¦¤¥-52 �. �. �®«ïª®¢
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�¨á. 8. �à®ä¨«¨ Ksc(r), Kmax(r), Kmin(r)¢  ªªã¬ã«¨àãîé¥© §®­¥ ¯à¨ t = 0:5:1{3 { � = 0:1; 4{6 { � = 0:4;1, 4 { Kmax; 2, 5 { Ksc; 3, 6 { Kmináâ¢¥­­® 1. �®«¥¥ â®£®, Ksc(r; 0) > 1 ¯à¨ ro � r <rao = 1=(1 � �) ¨ â®«ìª® ¯à¨ r = rao Ksc(r; 0) =1. �®«ãç¨âì ­ ç «ì­ë© ¯à®ä¨«ì Ksc(r; 0) ¬®¦-­®, ¯®¤áâ ¢¨¢ ¢ ¢ëà ¦¥­¨ï (13), (21) ¢¥«¨ç¨­ãu(r; 0) = 1=r + �. �®£¤  ¢ á«ãç ¥, ­ ¯à¨¬¥à, ä®à-¬ã«ë (13),Ksc(r; 0) = (1 + 
D)2(1 + �r + 
r)2(1 + 
)2(1 + �r + 
Dr)2 :�§¡ëâ®ç­ ï ¯à®­¨æ ¥¬®áâì  ªªã¬ã«¨àãîé¥© §®-­ë (¯® áà ¢­¥­¨î á ­¥¤¥ä®à¬¨à®¢ ­­ë¬ £àã­â®¬)¯à¨ ¬ «ëå §­ ç¥­¨ïå t ®¡êïá­ï¥âáï ¯à¥­¥¡à¥¦¥-­¨¥¬ á¨« ¬¨ ¨­¥àæ¨¨ ¢ ¨á¯®«ì§ã¥¬®¬ ãà ¢­¥­¨¨¤¢¨¦¥­¨ï £àã­â®¢ëå ¢®¤ (áâà®£® £®¢®àï, ®­® ¯à -¢®¬®ç­® â®«ìª® ¤«ï ãá«®¢¨© ¤¨­ ¬¨ç¥áª®£® à ¢­®-¢¥á¨ï). �ç¥¢¨¤­®, çâ® ä¨§¨ç¥áª¨© á¬ëá« ¡ã¤ãâ¨¬¥âì â®«ìª® §­ ç¥­¨ï Ksc < 1, ª®â®àë¥ ¤®áâ¨£ -îâáï ¢ à ááç¨â ­­ëå ¯à¨¬¥à å ¯à¨ t = 0:2:::0:3.�ãé¥áâ¢¥­­ë¬ ®¡à §®¬ ®âà ¦ ¥âáï ­  ¢¥«¨ç¨-­¥ Ksc ¨ §­ ç¥­¨¥ �, ® ç¥¬ ¬®¦­® áã¤¨âì ¯® à¨á.11. � ¯à¨¬¥à¥ á 
 = 0:2, D = 3 ¨ ¤«ï t = 0:5¯®«ãç¥­®, çâ® á à®áâ®¬ � ®â 0,05 ¤® 0,4 ¯à®­¨-æ ¥¬®áâì Ksc ¢¡«¨§¨ ¢­ãâà¥­­¥© £à ­¨æë (r = rb)ã¬¥­ìè ¥âáï ¯à¨¬¥à­® ¢ 2.5 à § , ­® ¬ «® ¬¥­ï¥â-áï ®ª®«® ¢­¥è­¥© £à ­¨æë (r = ra). �à¨â¨ç¥áª®¥á¥ç¥­¨¥ (á ­ ¨¬¥­ìè¨¬ §­ ç¥­¨¥¬ k) á¬¥é ¥âáï®â ra ¤® rb, çâ® £®¢®à¨â ® ¡®«¥¥ ¡ëáâà®© âà ­á-ä®à¬ æ¨¨ ¯à®ä¨«¥© Ksc(r) ¢ £àã­â å á ¢ëá®ª¨¬á®¤¥à¦ ­¨¥¬ áãää®§¨®­­ëå ç áâ¨æ. �®«¥¥ â®ç-­®¥ ¯à¥¤áâ ¢«¥­¨¥ ® ¢«¨ï­¨¨ ­  Ksc ¬¥å ­¨ç¥áª¨åá¢®©áâ¢ £àã­â  ¤ îâ ¤ ­­ë¥ à áç¥â®¢ ¯® ä®à¬ã-«¥ (21) ¯à¨ å à ªâ¥à­ëå §­ ç¥­¨ïå 
 = 0:1, 0.2 ¨D = 3, 10 ¤«ï t = 0:5, ª®â®àë¥ ¯à¨¢¥¤¥­ë ­  à¨á.

�¨á. 9. �à®ä¨«¨ Ksc(r), Kmax(r), Kmin(r)¢  ªªã¬ã«¨àãîé¥© §®­¥:1{3 { t = 0:3; 4{6 { t = 0:5; 7{9 { t = 1;1, 4, 7 { Kmax; 2, 5, 8 { Ksc; 3, 6, 9 { Kmin
�¨á. 10. �à®ä¨«¨ ®â­®á¨â¥«ì­­®© ¯à®­¨æ ¥¬®áâ¨ ªªã¬ã«¨àãîé¥© §®­ë Ksc(r):1 { t = 0:1; 2 { t = 0:3; 3 { t = 0:5;4 { t = 1; 5 { t = 1:512. �à¨ ã¢¥«¨ç¥­¨¨ ®â­®è¥­¨ï ¤¨ ¬¥âà®¢ ç áâ¨æà §­ëå äà ªæ¨© D á 3 ¤® 10 ­ ¡«î¤ ¥âáï § ª®­®-¬¥à­®¥ ã¬¥­ìè¥­¨¥ ¢¥«¨ç¨­ë Ksc ¢ 1.25 { 2 à § .�®áâ ¤®«¨ ­¥áâàãªâãà­ëå ç áâ¨æ ¨­â¥­á¨ä¨æ¨àã-¥â ­ ª®¯«¥­¨¥ ãª § ­­ëå ç áâ¨æ ¨ á¯®á®¡áâ¢ã¥â§ ¬¥â­®¬ã á­¨¦¥­¨î Ksc, ¢ ç áâ­®áâ¨, ¯à¨ ã¤¢®¥-­¨¨ 
 Ksc áâ ¥â ¬¥­ìè¥ ­  15 { 100%. � ­­ë¥ à á-ç¥â®¢ ¡®«ìè®£® ª®«¨ç¥áâ¢  ¯à¨¬¥à®¢ ¡ë«¨, ªà®¬¥â®£®, ®¡®¡é¥­ë á æ¥«ìî «ãçè¥£® ¯®­¨¬ ­¨ï § ¢¨-á¨¬®áâ¨ ¯à®­¨æ ¥¬®áâ¨ Ksc ®â � ¢ ¯®«­®¬ ¤¨ ¯ -§®­¥ [0, 0.4] ¯à¨ ¢ë¡à ­­ëå ¢ëè¥ §­ ç¥­¨ïå 
 ¨D. � à¥§ã«ìâ â¥ íâ®£® ¯®áâà®¥­ë ªà¨¢ë¥ Ksc(�)¯à¨ r = rb ¨ t = 0:5 (à¨á. 13), ª®â®àë¥ ¯®§¢®-�. �. �®«ïª®¢ 53
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�¨á. 11. �à®ä¨«¨ Ksc(r):1 { � = 0:1; 2 { � = 0:2; 3 { � = 0:3;4 { � = 0:4«ïîâ á¤¥« âì ¢ë¢®¤ ® §­ ç¨¬®¬ ¢«¨ï­¨¨ ãª § ­-­ëå ¯ à ¬¥âà®¢, £« ¢­ë¬ ®¡à §®¬ ¯à¨ � � 0:2.�®¯ãâ­® ®æ¥­¨¢ «®áì ¢«¨ï­¨¥ ¬¥å ­¨ç¥áª¨å ¯ à -¬¥âà®¢ �, 
, D ­  ®â­®á¨â¥«ì­ãî ¯à®­¨æ ¥¬®áâìáãää®§¨®­­®© §®­ëKse. �ëïá­¨«®áì, çâ® ¢¥«¨ç¨-­  Kse ¢ ­ ¨¡®«ìè¥© áâ¥¯¥­¨ § ¢¨á¨â ®â � { ¯à¨¥£® ã¢¥«¨ç¥­¨¨ ®â 0.05 ¤® 0.4 Kse ã¬¥­ìè ¥âáï ¢áà¥¤­¥¬ ¢ 2.5 à § . � â® ¦¥ ¢à¥¬ï ¯à¨ � = 0:05¨ ¨§¬¥­¥­¨¨ 
 á 0.1 ¤® 0.2 Kse ¢ëà®á«  ¯®çâ¨ ­ 80%,   ¯à¨ ¡®«ìè¨å � ¯®çâ¨ ­  ¬¥­ï« áì. � áã-é¥áâ¢¥­­®¬ ¢«¨ï­¨¨ á®®â­®è¥­¨ï ¤¨ ¬¥âà®¢ ç -áâ¨æ ®¡¥¨å äà ªæ¨© ­  ®â­®á¨â¥«ì­ãî ¯à®­¨æ ¥-¬®áâì ­ £«ï¤­® á¢¨¤¥â¥«ìáâ¢ã¥â à¨á. 14. �  ­¥¬¯à¨¢¥¤¥­ë ªà¨¢ë¥ ¨§¬¥­¥­¨ï Ksc ­  ¢­ãâà¥­­¥©£à ­¨æ¥ (r = rb) ®â lgD ¤«ï §­ ç¥­¨© � = 0:05,0.1, 0.2, 0.4 ¨ 
 = 0:1, 0.2. � ­ ¨¡®«ìè¥© áâ¥¯¥­¨â ª®¥ ¢«¨ï­¨¥ ¯à®ï¢«ï¥âáï ¢ ¤¨ ¯ §®­¥ D 3...10.�¬¥­­® ¯®íâ®¬ã ¢ à ááç¨â ­­ëå ¯à¨¬¥à å ¢ ª ç¥-áâ¢¥ å à ªâ¥à­ëå §­ ç¥­¨© ¢ë¡¨à «¨áì D = 3 ¨10. �à¨ ®ç¥­ì ¡®«ìè¨å á®®â­®è¥­¨ïå D (D > 20),çâ® á¢®©áâ¢¥­­®, ­ ¯à¨¬¥à, §®«®®â¢ « ¬ [15], ¯à®-­¨æ ¥¬®áâì £àã­â  ¯®çâ¨ ­¥ § ¢¨á¨â ®â íâ®£® ¯ -à ¬¥âà .�¥ «¨§ æ¨ï ¯¥à¢®£® ¯®¤å®¤ , ¡ §¨àãîé¥£®áï ­ ¬®¤¨ä¨æ¨à®¢ ­­®© ä®à¬ã«¥ �®§¥­¨-� à¬ ­ , ¤ -«  ®ç¥­ì ¡«¨§ª¨¥ à¥§ã«ìâ âë ¤«ï ¢á¥£® à áç¥â-­®£® ¯¥à¨®¤ . �  à¨á. 15 ¨§®¡à ¦¥­ë ¯à®ä¨-«¨ Ksc(r), à ááç¨â ­­ë¥ ¯® ®¡®¡é¥­­®© ä®à¬ã-«¥ (13) ¯à¨ � = 
 = 0:2, D = 3 ¨ 10 ­  ¬®¬¥­-âë ¢à¥¬¥­¨ t = 0:1, 0.3, 0.5, 1. �à ¢­¨â¥«ì­ë© ­ «¨§ à¨á. 10 ¨ 15 á¢¨¤¥â¥«ìáâ¢ã¥â ® ¡«¨§®áâ¨ã¯®¬ï­ãâëå ¯à®ä¨«¥© ¯à¨ ¢á¥å §­ ç¥­¨ïå t. �®-áâ â®ç­® áª § âì, çâ® ®â­®á¨â¥«ì­ ï à §­¨æ  ¢

�¨á. 12. �à®ä¨«¨ ®â­®á¨â¥«ì­­®© ¯à®­¨æ ¥¬®áâ¨¢  ªªã¬ã«¨àãîé¥© §®­¥ ¯à¨ t = 0:5:1{3, 6 { � = 0:1; 4, 5 { � = 0:2; 1, 3, 4 { 
 = 0:1;2, 5, 6 { 
 = 0:2; 1, 2, 4, 5 { D = 3; 3, 6 { D = 10
�¨á. 13. � ¢¨á¨¬®áâìKsc(�) ¯à¨ r = rb:1 { 
 = 0:1; D = 3; 2 { 
 = 0:2; D = 3;3 { 
 = 0:1; D = 10; 4 { 
 = 0:2; D = 10á®®â¢¥âáâ¢ãîé¨å §­ ç¥­¨ïå Ksc ¡ë«  ¯à¥¨¬ãé¥-áâ¢¥­­® ¢ ¯à¥¤¥« å ®â 10 ¤® 30%. �â  à §­¨æ  ­¥§ ¢¨á¥«  ®â ¢à¥¬¥­¨ ¯à¨ â®¬, çâ® ¯à®­¨æ ¥¬®áâì£àã­â  ¢  ªªã¬ã«¨àãîé¥© §®­¥ ã¬¥­ìè¨« áì ¢ ­¥-áª®«ìª® ¤¥áïâª®¢ à §. �¤¥áì ¯®«¥§­® ­ ¯®¬­¨âì,çâ® â®ç­®áâì ¨§¬¥à¥­¨© ª®íää¨æ¨¥­â  ä¨«ìâà -æ¨¨ (¯à®­¨æ ¥¬®áâ¨) ­  ¯à ªâ¨ª¥, ª ª ¯à ¢¨«®,¬¥­ìè¥. �â® ¤ ¥â ®á­®¢ ­¨¥ áç¨â âì ®¡  ¯®¤å®-¤  ª ®¯à¥¤¥«¥­¨î ¯à®­¨æ ¥¬®áâ¨ ¤¥ä®à¬¨àã¥¬®-£® £àã­â  à ¢­®æ¥­­ë¬¨, å®âï ¯® ä¨§¨ç¥áª¨¬ á®-®¡à ¦¥­¨ï¬ ¯à¥¤¯®çâ¨â¥«ì­¥¥ ¢ë£«ï¤¨â ¢á¥-â ª¨¢â®à®© ¯®¤å®¤. � ª®­¥æ, ¢ëá®ª ï áâ¥¯¥­ì á®£« á®-¢ ­­®áâ¨ à¥§ã«ìâ â®¢ ª®á¢¥­­® ¯®¤â¢¥à¦¤ ¥â ä¨-54 �. �. �®«ïª®¢
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�¨á. 14. �à ä¨ª¨ ¨§¬¥­¥­¨ï Ksc ¯à¨ r = rb®â á®®â­®è¥­¨ï ¤¨ ¬¥âà®¢ D:1{3 { 
 = 0:1; 4, 5 { 
 = 0:2; 1 { � = 0:05;2 { � = 0:1; 3, 4 { � = 0:2; 5 { � = 0:4

�¨á. 15. �à®ä¨«¨ Ksc(r) ­  ®á­®¢¥ ®¡®¡é¥­­®©ä®à¬ã«ë �®§¥­¨-� à¬ ­:1 { t = 0:1; 2 { t = 0:3; 3 { t = 0:5;4, 5 { t = 1; 4 { D = 3; 5 { D = 10§¨ç¥áªãî ®¡®á­®¢ ­­®áâì ¯à¥¤«®¦¥­­ëå ¯®¤å®¤®¢¨ ä®à¬ã« (13), (21).����������� áãää®§¨®­­®¬ £àã­â¥ ¤¥©áâ¢¨¥ á®áà¥¤®â®ç¥­-­®£® ¨áâ®ç­¨ª  á à áå®¤®¬, ®¡¥á¯¥ç¨¢ îé¨¬ áª®-à®áâì â¥ç¥­¨ï £àã­â®¢ëå ¢®¤ ¡®«ìè¥ ªà¨â¨ç¥-áª®©, ®¡ãá« ¢«¨¢ ¥â ¯¥à¥à á¯à¥¤¥«¥­¨¥ ­¥áâàãª-âãà­ëå ç áâ¨æ ¢ ®¡« áâ¨ ¤¥ä®à¬ æ¨© á ®¡à §®¢ -­¨¥¬ áãää®§¨®­­®© ¨  ªªã¬ã«¨àãîé¥© §®­. �­-

â¥­á¨¢­®áâì ¯à®æ¥áá®¢ ¯¥à¥­®á  â ª¨å ç áâ¨æ ¨¨å ­ ª®¯«¥­¨ï ¢  ªªã¬ã«¨àãîé¥© §®­¥ ®¯à¥¤¥«ï-¥âáï ä¨§¨ª®-¬¥å ­¨ç¥áª¨¬¨ ãá«®¢¨ï¬¨ ¢ ä¨«ìâà -æ¨®­­®¬ ¯®â®ª¥, à¥¦¨¬®¬ à ¡®âë à¥£ã«¨àãîé¥£®ãáâà®©áâ¢  (¤à¥­ ¦ ). � ®âáãâáâ¢¨¨ ¢ë­®á  ¬®-¡¨«ì­ëå ç áâ¨æ ¨§ £àã­â  ¨å ª®­æ¥­âà æ¨ï ­  ¯¥-à¨ä¥à¨¨ ®¡« áâ¨ ¤¥ä®à¬ æ¨© ¡ëáâà® ­ à áâ ¥â.�¡ê¥¬  ªªã¬ã«¨àãîé¥© §®­ë á® ¢à¥¬¥­¥¬ ã¢¥«¨-ç¨¢ ¥âáï,   ¥¥ ¯à®âï¦¥­­®áâì á®ªà é ¥âáï. �®à-¬ «ì­® ¯à¨ t!1 â¢¥à¤ ï ä §  ¢ ­¥© ¤®«¦­  ¯®«-­®áâìî ¢ëâ¥á­¨âì ¦¨¤ª®áâì, ¯®áâ¥¯¥­­® § ¯®«-­¨¢ ¢á¥ ¯®à®¢®¥ ¯à®áâà ­áâ¢®, ­® ­  ¡¥áª®­¥ç­®¡®«ìè®¬ à ááâ®ï­¨¨ ®â ¤à¥­ë (rb !1). �  ¯à ª-â¨ª¥ ¯®¤®¡­®¥ ­¥ ¯à®¨áå®¤¨â ¢ á¢ï§¨ á â¥¬, çâ®á¥àì¥§­®¥ ãåã¤è¥­¨¥ ä¨«ìâà æ¨®­­ëå ãá«®¢¨© ¨¢ë§¢ ­­®¥ íâ¨¬ á­¨¦¥­¨¥ à áå®¤  ¨áâ®ç­¨ª  ¢ª®­æ¥ ª®­æ®¢ ¯à¨¢®¤¨â ª ®á ¦¤¥­¨î ¯®¤¢¨¦­ëåç áâ¨æ ¨ ä®à¬¨à®¢ ­¨î ª®«ì¬ â æ¨®­­®£® á«®ï,®¡« ¤ îé¥£® ã¦¥ ãáâ®©ç¨¢®© áâàãªâãà®©. �®áà¥-¤®â®ç¥­¨¥ ¡®«ìè®£® ª®«¨ç¥áâ¢  ç áâ¨æ ¢ ã¤ «¥­-­®© ç áâ¨ ®¡« áâ¨ ¤¥ä®à¬ æ¨© ï¢«ï¥âáï ¯à¨ç¨­®©ã¬¥­ìè¥­¨ï ¯à®­¨æ ¥¬®áâ¨ £àã­â  §¤¥áì ¢ ¤¥áïâ-ª¨ ¨ ¤ ¦¥ á®â­¨ à §.�«ï ¤®áâ®¢¥à­®£® à áç¥â  â¥ªãé¨å §­ ç¥­¨©¯à®­¨æ ¥¬®áâ¨ (ª®íää¨æ¨¥­â  ä¨«ìâà æ¨¨) ­¥®¡-å®¤¨¬® ¤¥â «ì­® ãç¨âë¢ âì ­¥ â®«ìª® ¬¥å ­¨ç¥-áª¨¥ á¢®©áâ¢  £àã­â , ­® ¨ ª¨­¥¬ â¨ªã ä¨«ìâà æ¨-®­­®£® â¥ç¥­¨ï. �®íâ®¬ã ¢¥«¨ç¨­ã ¯à®­¨æ ¥¬®-áâ¨ £àã­â  ¢ å®¤¥ ¥£® ¤¥ä®à¬¨à®¢ ­¨ï ãáâ ­®¢¨âìáãé¥áâ¢¥­­® ¯à®é¥ â¥®à¥â¨ç¥áª¨¬ ¯ãâ¥¬, ®¯¨à -ïáì ­  ®á­®¢®¯®« £ îé¨¥ ¯à¥¤áâ ¢«¥­¨ï â¥®à¨©ä¨«ìâà æ¨¨ ¨ ¢§¢¥á¥­¥áãé¨å ¯®â®ª®¢. �à®­¨æ ¥-¬®áâì ª ¦¤®© äà ªæ¨¨ á«¥¤ã¥â ®æ¥­¨¢ âì ®â¤¥«ì-­® á ãç¥â®¬ ¥¥ áâàãªâãà­ëå ¨«¨ ¤¨­ ¬¨ç¥áª¨å®á®¡¥­­®áâ¥©. �®£¤  ®¡é ï (íää¥ªâ¨¢­ ï) ¯à®-­¨æ ¥¬®áâì â¢¥à¤®© ä §ë ®¯à¥¤¥«ï¥âáï ­  ®á­®-¢¥ ®¡®¡é¥­­®£® ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï £àã­â®¢ëå¢®¤. � á«ãç ¥ ­¥á¢ï§­ëå £àã­â®¢ à¥ª®¬¥­¤ã¥âáï¨á¯®«ì§®¢ âì ¨«¨ ä®à¬ã«ë, ¯®áâà®¥­­ë¥ ­  ¡ §¥í¬¯¨à¨ç¥áª¨å ¬®¤¥«¥© áâ¥á­¥­­®£® ®á ¦¤¥­¨ï ç -áâ¨æ ¢ ¦¨¤ª®© áà¥¤¥, ¨«¨ ¬®¤¨ä¨æ¨à®¢ ­­ãî ä®à-¬ã«ã �®§¥­¨-� à¬ ­ , ª®â®àë¥ ¤ îâ ¯®çâ¨ ¨¤¥­-â¨ç­ë¥ à¥§ã«ìâ âë. � å®¦¤¥­¨¥ â¥ªãé¥© ¯à®­¨-æ ¥¬®áâ¨ £àã­â  ¡¥§  ªªãà â­®£® ãç¥â  ®á®¡¥­­®-áâ¥© ¢§ ¨¬®¤¥©áâ¢¨ï â¢¥à¤®© ¨ ¦¨¤ª®© ä § ¯à¨¤¢¨¦¥­¨¨ äà ªæ¨© áãää®§¨®­­ëå ç áâ¨æ çà¥¢ -â® ®è¨¡ª ¬¨, ª®â®àë¥ ¨§¬¥àïîâáï á®â­ï¬¨ ¯à®-æ¥­â®¢. � § ¬¥â­® ¡®«ìè¥© áâ¥¯¥­¨ ­  ¯à®­¨æ ¥-¬®áâì ¤¥ä®à¬¨àã¥¬®£® £àã­â  ¢«¨ï¥â á®¤¥à¦ ­¨¥áâàãªâãà®®¡à §ãîé¨å ¨ ­¥áâàãªâãà­ëå ç áâ¨æ,  ¢ ¬¥­ìè¥© { ¨å ®â­®á¨â¥«ì­ë¥ à §¬¥àë (á®®â-­®è¥­¨¥) ¤¨ ¬¥âà®¢.�. �. �®«ïª®¢ 55
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