
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 1. �. 25 { 35��� 581.1: 631.4������������ ������������ �������.II. ���� ���������� - ������������ �������������. �. ��������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 03.06.2003�  ®á­®¢¥ áâà®£®£® â¥®à¥â¨ç¥áª®£®à¥è¥­¨ï ®¤­®¬¥à­®© ­¥áâ æ¨®­ à­®© § ¤ ç¨ á®¢¬¥áâ­ëå ä¨«ìâà æ¨¨ ¨ ¬ áá®¯¥-à¥­®á  ¢ ¯à®¬ ç¨¢ ¥¬®¬ áãää®§¨®­­®¬ £àã­â¥ ¨áá«¥¤ãîâáï ä¨«ìâà æ¨®­­ë¥ ¤¥ä®à¬ æ¨¨ ¢ ãá«®¢¨ïå áãé¥áâ¢¥­­®-£® á­¨¦¥­¨ï ¨­â¥­á¨¢­®áâ¨ ¨­ä¨«ìâà æ¨®­­®£® ¯¨â ­¨ï I. �­ «¨§¨àãîâáï § ª®­®¬¥à­®áâ¨ ®á ¦¤¥­¨ï ¯®¤¢¨¦­ëå­¥áâàãªâãà­ëå ç áâ¨æ ¨ ®¡à §®¢ ­¨¥ ª®«ì¬ â æ¨®­­®£® á«®ï. � áá¬®âà¥­ë á«ãç ¨ à ¢­®¬¥à­®£® ¨ ­¥à ¢­®¬¥à­®-£® ¨§¬¥­¥­¨ï I ¯à¨ ¢ àì¨à®¢ ­¨¨ ¨áå®¤­®£® á®¤¥à¦ ­¨ï áãää®§¨®­­ëå ç áâ¨æ ¢ è¨à®ª¨å ¯à¥¤¥« å. �áâ ­®¢«¥­ë£à ­¨æë ®¡« áâ¨ ¯à¨¬¥­¥­¨ï ¯à¨­ïâ®© ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ ¨ ®¡áã¦¤ îâáï ¯ãâ¨ ¥¥ á®¢¥àè¥­áâ¢®¢ ­¨ï. �ë¯®«-­¥­  ª ç¥áâ¢¥­­ ï ®æ¥­ª  ã¬¥­ìè¥­¨ï ¯à®­¨æ ¥¬®áâ¨ £àã­â  ¢á«¥¤áâ¢¨¥ ¯¥à¥à á¯à¥¤¥«¥­¨ï ¨ ®á ¦¤¥­¨ï ¬®¡¨«ì­ëåç áâ¨æ.� ¢¨ª®à¨áâ ­­ï¬ â®ç­®£®  ­ «iâ¨ç­®£® à®§¢'ï§ªã ®¤­®¢¨¬ià­®ù ­¥ãáâ «¥­®ù § ¤ ç¨ áã¬iá­¨å äi«ìâà æiù i ¬ á®¯¥-à¥­®áã ¢ áãä®§i©­®¬ã £àã­âi ¯à¨ ©®£® ¯à®¬oçã¢ ­­i ¤®á«i¤¦ãîâìáï äi«ìâà æi©­i ¤¥ä®à¬ æiù ¢ ã¬®¢ å áãââõ¢®£®§­¨¦¥­­ï i­â¥­á¨¢­®áâi i­äi«ìâà æi©­®£® ¦¨¢«¥­­ï I. �­ «i§ãîâìáï § ª®­®¬ià­®áâi ®á ¤¦¥­­ï àãå®¬¨å ­¥áâàãª-âãà­¨å ç áâ®ª i ãâ¢®à¥­­ï ª®«ì¬ â æi©­®£® è àã. �®§£«ï­ãâi ¢¨¯ ¤ª¨ ài¢­®¬ià­®ù i ­¥ài¢­®¬ià­®ù §¬i­¨ I ¯à¨¢ àiî¢ ­­i ¢¨åi¤­®£® ¢¬iáâã áãä®§i©­¨å ç áâ®ª ã è¨à®ª¨å £à ­¨æïå. �áâ ­®¢«¥­i £à ­¨æi ®¡« áâi § áâ®áã¢ ­­ï¯à¨©­ïâ®ù ¬ â¥¬ â¨ç­®ù ¬®¤¥«i i ®¡£®¢®àîîâìáï è«ïå¨ ùù ¢¤®áª®­ «¥­­ï. �¨ª®­ ­  ªi«ìªiá­  ®æi­ª  §¬¥­è¥­­ï¯à®­¨ª­®áâi £àã­âã ¢­ á«i¤®ª ¯¥à¥à®§¯®¤i«ã i ®á ¤¦¥­­ï ¬®¡i«ì­¨å ç áâ®ª.Filtration deformations are considered under conditions of signi�cant decreasing in�ltration rate I based on an exactanalytical solution to one-dimensionel unsteady problem of joint groundwater and mass transfer within su�osion soil.Regularities of mobile unstructural particles fallout and colmatage layer formation are analyzed. The cases of uniformand nonuniform changing rate I are under study at various initial particle contents. Limits of �eld of mathematicalmodel application are established and ways of its developing are discussed. An estimation are performed for reducing soilpermeability due to redistribution and fallout of mobile particles.���������¥å ­¨ç¥áª ï áãää®§¨ï, ¢ë§¢ ­­ ï ¤¥©áâ¢¨¥¬¢®¤®¨áâ®ç­¨ª  (¯®¢¥àå­®áâ­®£® ¨«¨ ¢­ãâà¥­­¥-£®) ¢ ­¥á¢ï§­®¬ £àã­â¥, ­  ¯à ªâ¨ª¥ ç áâ® ®¡ã-á« ¢«¨¢ ¥â áãé¥áâ¢¥­­®¥ ãåã¤è¥­¨¥ ¥£® ¢®¤­®-ä¨§¨ç¥áª¨å á¢®©áâ¢ ¨ ¯à¥¦¤¥ ¢á¥£® ¯à®­¨æ ¥¬®-áâ¨ [1 { 5]. �ââ¥á­¥­¨¥ áãää®§¨®­­ëå ç áâ¨æ®â ¨áâ®ç­¨ª  ¢¥¤¥â ª ­ à áâ ­¨î ¨å ª®­æ¥­âà -æ¨¨ ­  ã¤ «¥­¨¨ ®â ­¥£®. �¥¬ á ¬ë¬ ¢ §®­¥,  ª-ªã¬ã«¨àãîé¥© íâ¨ ç áâ¨æë, ä ªâ¨ç¥áª ï ¯®à¨-áâ®áâì ã¬¥­ìè ¥âáï,   á®¯à®â¨¢«¥­¨¥, ®ª §ë¢ ¥-¬®¥ ä¨«ìâà æ¨®­­®¬ã ¯®â®ªã á® áâ®à®­ë â¢¥à¤®©ä §ë £àã­â , à áâ¥â. �à®£à¥áá¨àãîé¥¥ à §¢¨â¨¥áãää®§¨®­­ëå ¯à®æ¥áá®¢ á® ¢à¥¬¥­¥¬ ¬®¦¥â ¯à¨-¢¥áâ¨ ª ¬ áá®¢®¬ã ®á ¦¤¥­¨î ¯®¤¢¨¦­ëå ç áâ¨æ¨ ®¡à §®¢ ­¨î â ª¨¬ ®¡à §®¬ á«®ï ª®«ì¬ â ¦ . �á¢ï§­ëå £àã­â å, ¨áªãááâ¢¥­­ëå ¯®à¨áâëå ¬ â¥-à¨ « å á ®à£ ­¨§®¢ ­­®© áâàãªâãà®© ¬®¡¨«ì­ë¥ç áâ¨æë § å¢ âë¢ îâáï á¢®¥£® à®¤  «®¢ãèª ¬¨ {áã¦¥­­ë¬¨ ¬¥áâ ¬¨ ¯®à®¢ëå ª ­ «®¢, âã¯¨ª®¢ë-¬¨ ¯®à ¬¨ [6 { 8]. �® áãé¥áâ¢ã, ä®à¬¨à®¢ ­¨¥á«®ï ª®«ì¬ â ¦  ¢ â ª¨å £àã­â å ­®á¨â á«ãç ©-­ë© å à ªâ¥à,   ­ ¨¡®«¥¥ íää¥ªâ¨¢­ë¬¨ ¤«ï ¨§ã-ç¥­¨ï ª®«ì¬ â æ¨®­­®£® ¯à®æ¥áá  ¯à¥¤áâ ¢«ïîâ-
áï ¬¥â®¤ë â¥®à¨¨ ¢¥à®ïâ­®áâ¥©. �¤­ ª® ¨å ¯à ª-â¨ç¥áª®¥ ¨á¯®«ì§®¢ ­¨¥ ¢ § ¤ ç å ª®«ì¬ â ¦  ¢­ áâ®ïé¥¥ ¢à¥¬ï â®à¬®§¨âáï ¨§-§  ®âáãâáâ¢¨ï ®¡-è¨à­ëå íªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå, ª®â®àë¥ ­¥-®¡å®¤¨¬ë ¤«ï ãáâ ­®¢«¥­¨ï ¢¥à®ïâ­®áâ­ëå § ª®-­®¬¥à­®áâ¥© ¬ áá®®¡¬¥­  ¬¥¦¤ã áâàãªâãà­®© ¨­¥áâàãªâãà­®© ª®¬¯®­¥­â ¬¨ £àã­â . � ®â«¨-ç¨¥ ®â íâ®£® ¢ ­¥á¢ï§­ëå £àã­â å ¨ ¬ â¥à¨ « å®á ¦¤¥­¨¥ ¯®¤¢¨¦­ëå ç áâ¨æ ï¢«ï¥âáï ä¨§¨ª®-¬¥å ­¨ç¥áª¨¬ ¯à®æ¥áá®¬, ¤«ï ä®à¬ «ì­®£® ®¯¨-á ­¨ï ª®â®à®£® ¯à¥¤¯®çâ¨â¥«ì­¥¥ ¯à¨¬¥­ïâì ¤¥-â¥à¬¥­¨áâ¨ç¥áª¨© ¯®¤å®¤. �¨à®ª®¥ ¯à¨¬¥­¥­¨¥¢ â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢ ­¨ïå ¬ áá®®¡¬¥­  ¬¥¦-¤ã ¤¢ãåä §­ë¬ ¯®â®ª®¬ £àã­â®¢ëå ¢®¤ ¨ áª¥«¥â®¬£àã­â , ¢ ç áâ­®áâ¨, ï¢«¥­¨ï ª®«ì¬ â ¦ , ­ è«¨¬®¤¥«¨ å¨¬¨ç¥áª®© ª¨­¥â¨ª¨ [9 { 12], ¢ ª®â®àëå ¨åª®¬¯®­¥­âë âà ªâãîâáï á ¯®§¨æ¨© ¬¥å ­¨ª¨ ¬­®-£®ä §­ëå áà¥¤. �¤­ ª® §¤¥áì ¢®§­¨ª îâ ­¥¬ «ë¥®á«®¦­¥­¨ï ¯à¨ ¢ë¡®à¥ ¬®¤¥«ì­ëå ª®íää¨æ¨¥­-â®¢, ª®â®àë¥ ®¡®á­®¢ë¢ îâáï ç¨áâ® ä®à¬ «ì­ë¬¯ãâ¥¬ ¯®¤£®­ª¨ à áç¥â­ëå à¥§ã«ìâ â®¢ ª ®¯ëâ-­ë¬. �¬¥áâ¥ á â¥¬ ¬­®£®ç¨á«¥­­ë¥ ®¯ëâë, ®á®-¡¥­­® ¢ë¯®«­¥­­ë¥ ¢ ä¨«ìâà æ¨®­­ëå ª®«®­ª å á¨áªãááâ¢¥­­ë¬¨ (¯à¨£®â®¢«¥­­ë¬¨ ¨§ á¯¥æ¨ «ì­®®âá®àâ¨à®¢ ­­ëå ç áâ¨æ) ¨ ¥áâ¥áâ¢¥­­ë¬¨ £àã­-c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 1. �. 25 { 35â ¬¨ ¢ ª ç¥áâ¢¥ ­ ¯®«­¨â¥«ï [13, 14], á¢¨¤¥â¥«ì-áâ¢ãîâ ® áãé¥áâ¢®¢ ­¨¨ ¤«ï ª ¦¤®£® á®àâ  ¯®¤®¡-­ëå ç áâ¨æ å à ªâ¥à­®© áª®à®áâ¨ ¤¢¨¦¥­¨ï ¢®¤ë¢ ¯®à å, ¯à¨ ¤®áâ¨¦¥­¨¨ ª®â®à®© ä¨«ìâà æ¨®­-­ë¬ â¥ç¥­¨¥¬ ®­¨ ¬¥­ïîâ á¢®¥ ¬¥å ­¨ç¥áª®¥ á®-áâ®ï­¨¥. �®íâ®¬ã ­¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ ®¡à §®-¢ ­¨ï á«®ï ª®«ì¬ â ¦  ¢ ­¥á¢ï§­®¬ £àã­â¥ ï¢«ï¥â-áï â ª®¥ á­¨¦¥­¨¥ ¤¥©áâ¢¨â¥«ì­®© áª®à®áâ¨ £àã­-â®¢ëå ¢®¤ u ­  á®®â¢¥âáâ¢ãîé¥¬ ãç áâª¥ ä¨«ì-âà æ¨®­­®£® ¯®â®ª , ¢ à¥§ã«ìâ â¥ ª®â®à®£® ¡ã¤¥âu � uk. �â¬¥ç¥­­®¥ ¨§¬¥­¥­¨¥ áª®à®áâ¨ u ¬®-¦¥â ¡ëâì ¨­¨æ¨¨à®¢ ­® ª ª ¢­¥è­¨¬¨ ¯à¨ç¨­ -¬¨ (ã¬¥­ìè¥­¨¥ ¬®é­®áâ¨ ¢®¤®¨áâ®ç­¨ª ), â ª ¨¢­ãâà¥­­¨¬¨ (¯ ¤¥­¨¥ ä¨«ìâà æ¨®­­®© á¯®á®¡­®-áâ¨ £àã­â ). �¤­ ª® ¢ ¤ ­­®© à ¡®â¥ íâ¨ ¯à¨ç¨-­ë ­¥ ®¡áã¦¤ îâáï,   â®«ìª® ª®­áâ â¨àã¥âáï ä ªâ¯®áâ¥¯¥­­®£® á­¨¦¥­¨ï áª®à®áâ¨ ¢¯¨âë¢ ­¨ï ¢®-¤ë ¢ £àã­â I. �®®¡é¥ ¯à¨à®¤­ë¥ £àã­âë ¯à¥¤-áâ ¢«ïîâ á®¡®© á¯¥æ¨ä¨ç¥áª¨¥ ¤¨á¯¥àá­ë¥ á¨áâ¥-¬ë, ®¡« ¤ îé¨¥ á«®¦­ë¬ ¬¥åá®áâ ¢®¬ { à §¬¥-àë ¨å ç áâ¨æ, ¯® áãâ¨, ­¥¯à¥àë¢­® ¬¥­ïîâáï ¢¢¥áì¬  è¨à®ª¨å ¯à¥¤¥« å. �¡ëç­® ¯à ªâ¨ªã¥¬®¥ãá«®¢­®¥ à §¤¥«¥­¨¥ â¢¥à¤®© ä §ë £àã­â  ­  £àã¯-¯ë ¡«¨§ª¨å ¯® à §¬¥à ¬ ç áâ¨æ (äà ªæ¨©) ¯à¨-¬¥­¨â¥«ì­® ª áãää®§¨®­­ë¬ ¥£® à §­®¢¨¤­®áâï¬®§­ ç ¥â, çâ® ¯à®æ¥ááë ¢§¢¥è¨¢ ­¨ï ¨ ®á ¦¤¥­¨ï¢ ­¥¬ ¡ã¤ãâ å à ªâ¥à¨§®¢ âìáï ­ ¡®à®¬ §­ ç¥­¨©uki ¯® ç¨á«ã äà ªæ¨© ¢ áãää®§¨®­­®© ª®¬¯®­¥­â¥íâ®© ä §ë. �®áª®«ìªã æ¥«ì à ¡®âë § ª«îç ¥âáï ¢â¥®à¥â¨ç¥áª®¬ ¨§ãç¥­¨¨ ®¡é¨å á¢®©áâ¢ ä¨«ìâà -æ¨®­­ëå ¤¥ä®à¬ æ¨© ¨ § ª®­®¬¥à­ëå ¨§¬¥­¥­¨©¢®¤­®-ä¨§¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¯à®¬ ç¨¢ ¥¬ëåáãää®§¨®­­ëå £àã­â®¢, â® ¢ ª ç¥áâ¢¥ ä¨§¨ç¥áª®-£® ®¡ê¥ªâ  ¨áá«¥¤®¢ ­¨© ¢ë¡à ­, ª ª ¨ ¢ ¡®«¥¥à ­­¨å à ¡®â å, £¨¯®â¥â¨ç¥áª¨© £àã­â, á«®¦¥­-­ë© ¨§ ç áâ¨æ áª¥«¥â ,   â ª¦¥ ­¥áâàãªâãà­ëåç áâ¨æ ¯à¨¬¥à­® ®¤­®£® à §¬¥à . � ­­ ï à ¡®â ¯à®¤®«¦ ¥â ª®«¨ç¥áâ¢¥­­ë©  ­ «¨§ ­  ¡ §¥  ­ «¨-â¨ç¥áª¨å ¬¥â®¤®¢ áãää®§¨®­­ëå ¨ ª®«ì¬ â æ¨®­-­ëå ¯à®æ¥áá®¢ ¯à¨ ¨­â¥­á¨¢­®¬ ¢¯¨âë¢ ­¨¨ ¢®¤ë¢ ¤¢ãåäà ªæ¨®­­ë© áãää®§¨®­­ë© £àã­â.1.������������� ������������ áå®¤ ¢®¤ë, ¯à¨â¥ª îé¥© ¢ £àã­â á ¥¤¨­¨ç­®©¯«®é ¤¨ ¥£® ¯®¢¥àå­®áâ¨, ¯®  ­ «®£¨¨ á ¯¥à¢®© ç -áâìî ¤ ­­®© à ¡®âë [15] ï¢«ï¥âáï § ¤ ­­®© äã­ª-æ¨¥© ¢à¥¬¥­¨ I(t). � áç¥â­ë¥ § ¢¨á¨¬®áâ¨ ¢ë-â¥ª îâ ¨§ áâà®£®£® à¥è¥­¨ï ¬ â¥¬ â¨ç¥áª®© § -¤ ç¨ ¯à®¬ ç¨¢ ­¨ï áãää®§¨®­­®£® £àã­â , ¯®«ã-ç¥­­®£® â ¬ ¦¥. �¤­ ª® ¢ ¤ ­­®© ç áâ¨ à ¡®âë¤¥â «ì­® à áá¬ âà¨¢ îâáï ã¦¥ á«ãç ¨ à ¢­®¬¥à-­®£® ¨ ­¥à ¢­®¬¥à­®£® á­¨¦¥­¨ï I, ¯à¨ç¥¬ ¢¯«®âì¤® §­ ç¥­¨©, ¯à¨ ª®â®àëå ¨«¨ ¯à¨­ïâ ï ¬®¤¥«ì

áâ ­®¢¨âáï ­¥ª®àà¥ªâ­®©, ¨«¨ (¥á«¨ íâ® ¤®¯ãáª -¥âáï ¢®¤­®-ä¨§¨ç¥áª¨¬¨ ãá«®¢¨ï¬¨ ¨ á ¬®© ¬®¤¥-«ìî) ä®à¬¨àã¥âáï ª®«ì¬ â æ¨®­­ë© á«®©. �¥¬ á -¬ë¬ ¬®¤¥«¨àã¥¬ ï ä¨«ìâà æ¨®­­ ï ª àâ¨­  ¢ ®¡-é¨å ç¥àâ å ¡ã¤¥â á®£« á®¢ë¢ âìáï á à¥ «ì­®©, ¤«ïª®â®à®© å à ªâ¥à­® ¬®­®â®­­®¥ ã¬¥­ìè¥­¨¥ ¨­-â¥­á¨¢­®áâ¨ ¨­ä¨«ìâà æ¨¨ ¨ áª®à®áâ¨ ä¨«ìâà -æ¨®­­®£® â¥ç¥­¨ï. �¨¦¥ ¯à¥¤áâ ¢«¥­ë ¢ ®á­®¢-­®¬ § ¢¨á¨¬®áâ¨, ª®â®àë¥ § â¥¬ ¯à¨¬¥­ïîâáï ¢à áç¥â å ¯à¨¬¥à®¢ ¨ ¨¬¥îâ ¯à¨­æ¨¯¨ «ì­ë¥ ®â-«¨ç¨ï ®â ¨å  ­ «®£®¢, ¯à¨¢¥¤¥­­ëå ¢ ¯¥à¢®© ç -áâ¨ ¤«ï àï¤  á«ãç ¥¢ ãá¨«¥­¨ï ¨­ä¨«ìâà æ¨¨. �ª -§ ­­ë¥ § ¢¨á¨¬®áâ¨ ¯à¥¤­ §­ ç¥­ë ¤«ï à áç¥â®¢ª®­æ¥­âà æ¨¨ ¯®¤¢¨¦­ëå ¨ ®á ¦¤¥­­ëå áãää®§¨-®­­ëå ç áâ¨æ, ¤¥©áâ¢¨â¥«ì­®© áª®à®áâ¨ â¥ç¥­¨ï£àã­â®¢ëå ¢®¤, ¯®«®¦¥­¨ï £à ­¨æ  ªªã¬ã«¨àãî-é¥© §®­ë ¨ á«®ï ª®«ì¬ â ¦ , ®â­®á¨â¥«ì­®© ¯à®-­¨æ ¥¬®áâ¨ £àã­â  ¨ ¤ ­ë ®â¤¥«ì­® ¤«ï «¨­¥©­®-£® ¨ ¯®ª § â¥«ì­®£® (íªá¯®­¥­æ¨ «ì­®£®) § ª®­®¢¨§¬¥­¥­¨ï I.�«ãç © I: I = �1 + �2t:�¥à¢®áâ¥¯¥­­®¥ §­ ç¥­¨¥ ¤«ï ã£«ã¡«¥­¨ï ¯à¥¤-áâ ¢«¥­¨© ®¡ ®á®¡¥­­®áâïå ä¨«ìâà æ¨®­­ëå ¤¥-ä®à¬ æ¨© ¨¬¥¥â ®â­®á¨â¥«ì­ ï ª®­æ¥­âà æ¨ï ¯®-¤¢¨¦­ëå ç áâ¨æ Nc, ª®â®à ï ¯®§¢®«ï¥â ­¥ â®«ì-ª® ®¡®á­®¢ ­­® áã¤¨âì ® ¤¨­ ¬¨ª¥ ¯®à¨áâ®áâ¨,¯à®­¨æ ¥¬®áâ¨ ¯à®¬ ç¨¢ ¥¬®£® £àã­â , ­® ¨ ª®-«¨ç¥áâ¢¥­­® ®æ¥­¨¢ âì ä¨«ìâà æ¨®­­ë¥ á¢®©áâ¢ ª®«ì¬ â æ¨®­­®£® á«®ï. �®®â¢¥âáâ¢ãîé¥¥ ¢ëà -¦¥­¨¥ ¤«ï Nc § ¨¬áâ¢®¢ ­® ¨§ [15]:Nc = �1 + �2�1�ms ; (1)£¤¥ Nc = nc=mc, nc { ®¡ê¥¬­ ï ª®­æ¥­âà æ¨ï ¯®-¤¢¨¦­ëå ç áâ¨æ, mc { ¤®«ï áãää®§¨®­­ëå ç áâ¨æ¢ ­¥¤¥ä®à¬¨à®¢ ­­®¬ £àã­â¥ (à á¯à¥¤¥«¥­ë à ¢-­®¬¥à­®); � = mc=(1 � ms), ms { ¤®«ï ç áâ¨æ,®¡à §ãîé¨å áª¥«¥â £àã­â ; � { ¯ à ¬¥âà, ª®â®àë©¯à¨ ã¡ë¢ ­¨¨ áª®à®áâ¨ I (�2 < 0) ¢ëç¨á«ï¥âáïá«¥¤ãîé¨¬ ®¡à §®¬:� = �1 + 23 t+p (t) � �2z: (2)�¤¥áì �1 = 1� � � ��13��2 ; �2 = 2(1� �)3��2 ; (t) = b2t2 + b1t+ b0; b2 = � + 39� ;b1 = 2(3�1 + ��1 + � � 1)9��2 ; b0 = �21:�®«®¦¥­¨¥ ­¨¦­¥© £à ­¨æë  ªªã¬ã«¨àãîé¥©§®­ë, á®¢¯ ¤ îé¥© á äà®­â®¬ ¯à®¬ ç¨¢ ­¨ï ¤®26 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 1. �. 25 { 35¬®¬¥­â  ­ ç «  ®¡à §®¢ ­¨ï á«®ï ª®«ì¬ â ¦ , ¡ã-¤¥â å à ªâ¥à¨§®¢ âìáï ª®®à¤¨­ â®© za, ª®â®à ïà ááç¨âë¢ ¥âáï ¯® ä®à¬ã«¥za = 11� � ��1t+ 12�2t2�: (3)�®®à¤¨­ â  zb ¢¥àå­¥© £à ­¨æë ¢ëè¥ã¯®¬ï­ãâ®©§®­ë ­ å®¤¨âáï ¨§ ãá«®¢¨ï á®åà ­¥­¨ï ¨áå®¤­®£®ª®«¨ç¥áâ¢  (¬ ááë) ­¥áâàãªâãà­ëå ç áâ¨æ ¢ ¯à¥-¤¥« å ®¡« áâ¨ ¤¥ä®à¬ æ¨© ¯®á«¥ ¨å ¢§¢¥è¨¢ ­¨ï ¨¯¥à¥à á¯à¥¤¥«¥­¨ï. �à¨ á®ªà é îé¥¬áï ¯à¨â®ª¥¢®¤ë ¢ £àã­â (�2 < 0) íâ® ãá«®¢¨¥ ¯à¥®¡à §ã¥âáïª ¢¨¤ã��1 + �1�2 + 23�2t� zb � 2�23�2 ( � �2zb) 32 = (4)= ��1 + �1�2 + � � 1 + 23�2t� za� 2�23�2 ( ��2za) 32 :�¥§à §¬¥à­ãî áª®à®áâì ä¨«ìâà æ¨®­­®£® â¥ç¥-­¨ï u ¬®¦­® à ááç¨âë¢ âì ¨«¨ ¢®á¯®«ì§®¢ ¢è¨áì­¥¯®áà¥¤áâ¢¥­­® à¥è¥­¨¥¬ áãää®§¨®­­®© § ¤ ç¨[15], ¨«¨ ¨áå®¤ï ¨§ â¥ªãé¨å §­ ç¥­¨© Nc, I, ¨ â®-£¤  u = �Nc + I: (5)�¨áâ® áãää®§¨®­­ë© ¯à®æ¥áá (¢§¢¥è¨¢ ­¨¥ ¨¯¥à¥­®á ­¥áâàãªâãà­ëå ç áâ¨æ) ¡ã¤¥â ¯à®¤®«-¦ âìáï ¤® ¬®¬¥­â  ¢à¥¬¥­¨ t0, ª®£¤  áª®à®áâì u­  äà®­â¥ ¯à®¬ ç¨¢ ­¨ï ¯®­¨§¨âáï ¤® ¥¤¨­¨æë(à §¬¥à­ ï { ¤® ªà¨â¨ç¥áª®©). �ª § ­­ë© ¬®¬¥­â¢ á®®â¢¥âáâ¢¨¨ á ¢¨¤®¬ ª¨­¥¬ â¨ç¥áª®£® ãá«®¢¨ï­  äà®­â¥ ¨ äã­ªæ¨¨ I(t) ¡ã¤¥ât0 = 1� � � �1�2 : (6)�®á«¥ íâ®£® ­ ç¨­ ¥âáï ä®à¬¨à®¢ ­¨¥ ª®«ì¬ â -æ¨®­­®£® á«®ï. �®«®¦¥­¨¥ ­¨¦­¥© £à ­¨æë ¤ ­-­®£® á«®ï ­¥ ¬¥­ï¥âáï á® ¢à¥¬¥­¥¬,   ¥¥ ª®®à¤¨-­ â  zk0 à ¢­  za(t0), â® ¥áâì ­ å®¤¨âáï á®£« á-­® ä®à¬ã«ë (3) ¯à¨ t = t0. � â® ¦¥ ¢à¥¬ï ¢â®-à ï £à ­¨æ  ãª § ­­®£® á«®ï ¯¥à¥¬¥é ¥âáï ¢¢¥àå®â ­ ç «ì­®£® ¯®«®¦¥­¨ï zbk(t0) = zk0 ¤® ª®­¥ç­®-£® zbk(te) = zke, ª®â®à®¥ ®­  ¤®áâ¨£ ¥â ¢ ¬®¬¥­âte. � ¢¨á¨¬®áâì zk(t) á«¥¤ã¥â ¨§ à¥è¥­¨ï ¨áå®¤­®©§ ¤ ç¨ ¯à¨ u = 1 ¨ ¨¬¥¥â ¢¨¤zk = 
2t2 + 
1t+ 
0; (7)£¤¥ 
2 = �3�22� ; 
1 = 2� � � 3�1� ;
0 = (�1 + � � 1)(1� � � 3�1 + 2��1)2�(1 � �)�2 :

�®­æ¥­âà æ¨ï ®á ¦¤¥­­ëå ª ¯à®¬¥¦ãâ®ç­®¬ã¬®¬¥­âã t (t0 < t < te) ç áâ¨æ ¢ ¯à¥¤¥-« å ã¦¥ áä®à¬¨à®¢ ­­®© ç áâ¨ ª®«ì¬ â æ¨®­­®-£® á«®ï Nck (®ª®­ç â¥«ì­ë© ¢¨¤ ®­ ¯à¨®¡à¥â ¥â¯à¨ t = t0) ­¥ ¬¥­ï¥âáï á® ¢à¥¬¥­¥¬, â® ¥áâìNck = Nck(z). �¥«¨ç¨­  Nck â ª¦¥ ä®à¬ «ì­®®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥ (1),   ¯ à ¬¥âà � { á®-£« á­® (2), ­® á ãç¥â®¬ § ¢¨á¨¬®áâ¨ t(z), ª®â®à ï¢ ¤ ­­®¬ á«ãç ¥ ¨¬¥¥â ¢¨¤t = � 12
2 �
1 +q
21 � 4
0
2 + 4
2z� : (8)�¥à¥¬¥é¥­¨¥ ¢¥àå­¥© £à ­¨æë  ªªã¬ã«¨àãîé¥©§®­ë ­  ¯à®âï¦¥­¨¨ ¯¥à¨®¤  ®¡à §®¢ ­¨ï ª®«ì¬ -â æ¨®­­®£® á«®ï zbk(t) à ááç¨âë¢ ¥âáï ­  ®á­®¢¥ãá«®¢¨ï á®åà ­¥­¨ï ®¡ê¥¬  (¬ ááë) ¢§¢¥è¥­­ëå ª¬®¬¥­âã t0 áãää®§¨®­­ëå ç áâ¨æ. �®£¤  ¢ «î¡®¥ä¨ªá¨à®¢ ­­®¥ ¢à¥¬ï t (t0 � t � te) ¤®«ï áã¬¬ë®¡ê¥¬®¢ £àã­â , § ­ïâëå ¢§¢¥è¥­­ë¬¨, ¯®¤¢¨¦-­ë¬¨ ¨ ã¦¥ ®á ¦¤¥­­ë¬¨ ç áâ¨æ ¬¨, à ¢­  zk0,  ãà ¢­¥­¨¥ ¡ « ­á  ãª § ­­ëå ç áâ¨æ ¢ ®¡é¥©ä®à¬¥ ¯à¥¤áâ ¢«ï¥âáï â ª¨¬ ®¡à §®¬:zkZzk0 Nck(�(t(z); z))dz + zbkZzk Nc(�(z; t))dz = zk0: (9)�®á«¥ ¨­â¥£à¨à®¢ ­¨ï äã­ªæ¨© Nck(�), Nc(�)ãà ¢­¥­¨¥ ®â­®á¨â¥«ì­® zbk áâ ­®¢¨âáï çà¥§¬¥à-­® £à®¬®§¤ª¨¬ ¨ ¯®íâ®¬ã §¤¥áì ­¥ ¯à¨¢®¤¨âáï.�®«ì¬ â æ¨®­­ë© ¯à®æ¥áá § ª ­ç¨¢ ¥âáï ª ¬®-¬¥­âã ¯®«­®£® ®á ¦¤¥­¨ï ¢á¥å ¯®¤¢¨¦­ëå ¨ ¢§¢¥-è¥­­ëå ç áâ¨æ, ¨ â®£¤  Nc = 0, zk(te) = zb(te) == zke,   ãà ¢­¥­¨¥ ¤«ï zke § ¬¥â­® ¯à®é¥, ç¥¬ ¤«ïzbk,   ¨¬¥­­®:S(zke) = S(zk0)� (1� �)zk0; (10)£¤¥Sk(zki) = ��1+�1�2� 
1�23
2 �zki� 4�29p
2 (zki+�)3=2++2�2�2 "G3=2i3 � �1(2�2pzki + �+ �1)8�2 G1=2i #���2�1(4�0�2 � �21)8�2 Li;i = e; 0; � = 
21 � 4
0
24
2 ;�2 = b2
2 � �2; �1 = b2
1 � b1
2
3=22 ;�0 = b2(
21 � 2
0
2)2
22 � b1
12
2 + b0 � �� b2
2 � �2�;�. �. �®«ïª®¢ 27



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 1. �. 25 { 35Gi = �2(zki + �) + �1pzki + � + �0;Li = 1p�2�� ln j 2q�22(zki + �) + �1�2pzki + � + �0�2++2�2pzki + �+ �1 j :� à¥§ã«ìâ â¥  ­ «¨§  ãà ¢­¥­¨ï (10) ãáâ ­®¢«¥-­®, çâ® ª®íää¨æ¨¥­â ¯à¨ äã­ªæ¨¨ ­  ¤¢  ¨ ¡®«¥¥¯®àï¤ª®¢ ¬¥­ìè¥ ®áâ «ì­ëå ª®íää¨æ¨¥­â®¢. �®-íâ®¬ã á®®â¢¥âáâ¢ãîé¨¥ á« £ ¥¬ë¥ ¢ (10) ¬®¦­®®¯ãáâ¨âì, çâ® ¢ æ¥«®¬ ®¡«¥£ç ¥â ­ å®¦¤¥­¨¥ zke.�«ãç © II: I = �1e�2t:�«ï à áç¥â  ®â­®á¨â¥«ì­®© ª®­æ¥­âà æ¨¨ Ncâ ª¦¥ ¯à¨¬¥­ï¥âáï ä®à¬ã«  ¨§ [15]:Nc = �11� � e�2� ; (11)£¤¥ � = 1�2h ln 1� ���1 + ln �u� �1e�2t� i: (12)�®®à¤¨­ âë ­¨¦­¥© ¨ ¢¥àå­¥© £à ­¨æ  ªªã¬ã«¨-àãîé¥© §®­ë ¢ëç¨á«ïîâáï á«¥¤ãîé¨¬ ®¡à §®¬:za = �1�2(1� �) (e�2t � 1); (13)zb = ��1�2(1 � �) e�2�b +� 2��11� � e�2�b � 1� (t � �b)++�1�2 e�2t � �1�2(1� �) ; (14)£¤¥ ¯ à ¬¥âà �b ®¯à¥¤¥«ï¥âáï ¨§ à¥è¥­¨ï ãà ¢­¥-­¨ï ��1�2(1� �) (t� �b)e2�2�b + e�2�b = 1: (15)�á ¦¤¥­¨¥ áãää®§¨®­­ëå ç áâ¨æ ­ ç¨­ ¥âáï ¢¬®¬¥­â t0 = 1�2 ln 1� ��1 : (16)� á¯à¥¤¥«¥­¨¥ ®á ¦¤¥­­ëå ç áâ¨æ ­  ®¡à §®¢ ¢-è¥¬áï §  ¢à¥¬ï ®â t0 ¤® t (t � te) ãç áâª¥ á«®ï ª®«ì-¬ â ¦  (®â­®á¨â¥«ì­ ï ª®­æ¥­âà æ¨ï Nck) â ª¦¥ãáâ ­ ¢«¨¢ ¥âáï ¨áå®¤ï ¨§ ä®à¬ã«ë (11), ­® á ãç¥-â®¬ á¢ï§¨ ¬¥¦¤ã z ¨ �:z = 1�2n1� �1 � ��11� � +� 2��11� � e�2� � 1�� (17)�h ln� 1�1 � �1� � e�2��� �2�io:�à ¢­¥­¨¥ (17) ¢¬¥áâ¥ á ¢ëà ¦¥­¨¥¬ ¤«ï â¥ªãé¥£®¬®¬¥­â  t = 1�2 ln� 1�1 � �1� � e�2�� (18)

¯®§¢®«ï¥â à ááç¨â âì ­ àï¤ã á Nck ¨ ¯¥à¥¬¥é¥­¨¥¢¥àå­¥© £à ­¨æë á«®ï ª®«ì¬ â ¦ , â® ¥áâì zk(t).� ï¢­®¬ ¦¥ ¢¨¤¥ íâ  § ¢¨á¨¬®áâì ¨¬¥¥â ¢¨¤zk = 1�2�1� �11� � �+ (1� 2�1e�2t)� (19)�ht� 1�2 ln 1� ���1 � 1�2 ln(1� �1e�2t)i:�®«®¦¥­¨¥ £à ­¨æë z = zb(t) ¢ ¯¥à¨®¤ ®á ¦¤¥­¨ï­¥áâàãªâãà­ëå ç áâ¨æ ­ å®¤¨âáï á ¨á¯®«ì§®¢ ­¨-¥¬ ãá«®¢¨ï (9). � ¬®¬¥­â te ¢¥àå­¨¥ £à ­¨æë  ªªã-¬ã«¨àãîé¥© §®­ë ¨ á«®ï ª®«ì¬ â ¦  á®¢¯ ¤ îâ,  §­ ç¨â ¢á¥ à ­¥¥ ¢§¢¥è¥­­ë¥ ç áâ¨æë ¯¥à¥©¤ãâ¢ ®á ¦¤¥­­®¥ á®áâ®ï­¨¥ ¨ ¤¥ä®à¬ æ¨®­­ë© ¯à®-æ¥áá ¯®«­®áâìî ¯à¥ªà â¨âáï. �®¬¥­â te ¨ ª®®à-¤¨­ â  zke ®¯à¥¤¥«ïîâáï ­  ¡ §¥ á«¥¤ãîé¥£® ãà ¢-­¥­¨ï ®â­®á¨â¥«ì­® �e:R(�e) = R(�0)� �2(1� �)2��21 zk0; (20)R(�i) = e2�2�i ln �1� � � ��1e�2�i���[�2�i + ln(�i � ��i)]e2�2�i + 1� ���1 e�2�i ;£¤¥ i = e; 0; �0 ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥ (12) ¯à¨t = t0. �®á«¥ ­ å®¦¤¥­¨ï �e ¬®¬¥­â te à ááç¨-âë¢ ¥âáï ¯® ä®à¬ã«¥ (18),   ª®®à¤¨­ â  zke { ¯®(19).2. ������� ��������, ������ ��-���������� ááç¨â ­ë ¬­®£®ç¨á«¥­­ë¥ ¯à¨¬¥àë á ¨á¯®«ì-§®¢ ­¨¥¬ àï¤  ä®à¬ã«, ¯à¥¤áâ ¢«¥­­ëå ¢ ¯à¥¤ë-¤ãé¥¬ à §¤¥«¥ ¨ ¯¥à¢®© ç áâ¨ ®¡é¥© à ¡®âë [15]¤«ï ®¡®¨å ¢¨¤®¢ («¨­¥©­®£® ¨ íªá¯®­¥­æ¨ «ì­®£®)äã­ªæ¨¨ I(t). �­ ç¥­¨ï ª®íää¨æ¨¥­â®¢ �1, �2,�1, �2 ¨ ¯ à ¬¥âà  � ¢ àì¨à®¢ «¨áì ¢ è¨à®ª¨å¯à¥¤¥« å á â¥¬, çâ®¡ë ¡®«¥¥ ¯®«­® ®å¢ â¨âì à §-­®®¡à §­ë¥ ä¨§¨ª®-¬¥å ­¨ç¥áª¨¥ ãá«®¢¨ï, ¢áâà¥-ç îé¨¥áï ¢ ¯à¨à®¤¥ ¨ ¨­¦¥­¥à­®© ¯à ªâ¨ª¥. �ç áâ­®áâ¨, ¨áå®¤­ ï ª®­æ¥­âà æ¨ï áãää®§¨®­­ëåç áâ¨æ ¯à¨ ¯à®¢¥¤¥­¨¨ ª®«¨ç¥áâ¢¥­­®£®  ­ «¨§ ¨§¬¥­ï« áì ä ªâ¨ç¥áª¨ ®â 0 ¤® ¢¥«¨ç¨­, á®¨§¬¥à¨-¬ëå á á®¤¥à¦ ­¨¥¬ áâàãªâãà­ëå ç áâ¨æ, ®¡à §ã-îé¨å áª¥«¥â £àã­â . �®íää¨æ¨¥­âë �1, �1 ®¡®¡-é¥­­® ®âà ¦ îâ ®á®¡¥­­®áâ¨ ¯à®â¥ª ­¨ï ­  ­ -ç «ì­®© áâ ¤¨¨ ¤¥ä®à¬ æ¨© ¯¥à¥å®¤­ëå ¯à®æ¥á-á®¢, ¢ ª®â®àëå ¢ ¦­ãî à®«ì ¨£à îâ á¨«ë ¨­¥à-æ¨¨. �«ï áâà®£®£® ®¡®á­®¢ ­¨ï íâ¨å ª®íää¨æ¨¥­-â®¢ ¨áå®¤­ãî ¬ â¥¬ â¨ç¥áªãî ¬®¤¥«ì ­¥®¡å®¤¨¬®28 �. �. �®«ïª®¢
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�¨á. 1. �§¬¥­¥­¨¥ ª®®à¤¨­ â zb (ªà¨¢ë¥ 1, 3, 5, 7)¨ zm (ªà¨¢ë¥ 2, 4, 6) ¢® ¢à¥¬¥­¨:1, 2 { � = 0:2; 3, 4 { � = 0:15; 5, 6 { � = 0:1;7 { � = 0:05®¡®¡é¨âì, ¤®¯®«­¨¢ ãà ¢­¥­¨ï ¤¢¨¦¥­¨ï á®®â¢¥â-áâ¢ãîé¨¬¨ á« £ ¥¬ë¬¨. �¤­ ª® ¢ ¤ ­­®© à ¡®-â¥ ¯®¤®¡­ ï æ¥«ì ­¥ áâ ¢¨« áì, ¨ ¯®íâ®¬ã ¯à¨­¨-¬ «¨áì ®à¨¥­â¨à®¢®ç­ë¥ §­ ç¥­¨ï ¢á¥å ¢ëè¥ã¯®-¬ï­ãâëå ª®íää¨æ¨¥­â®¢ ¢ á®®â¢¥âáâ¢¨¨ á ¨¬¥î-é¥©áï íªá¯¥à¨¬¥­â «ì­®© ¨­ä®à¬ æ¨¥©. �®íää¨-æ¨¥­âë �2, �2 å à ªâ¥à¨§ãîâ áª®à®áâì, á ª®â®-à®© ¯à¨â®ª ¢®¤ë ¢ £àã­â ã¡ë¢ ¥â ¨§-§  á­¨¦¥­¨ï¬®é­®áâ¨ ¯®¢¥àå­®áâ­®£® ¨áâ®ç­¨ª  ¨«¨ ãåã¤è¥-­¨ï ä¨«ìâà æ¨®­­ëå ãá«®¢¨©. �¬¥áâ¥ á �1, �1 ®­¨®¯à¥¤¥«ïîâ, á ®¤­®© áâ®à®­ë, ¤«¨â¥«ì­®áâì ¯¥à¨-®¤  ¤¥ä®à¬ æ¨©,   á ¤àã£®© { £à ­¨æë ®¡« áâ¨¯à¨¬¥­¥­¨ï ¨áå®¤­®© ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨.�á®¡®¥ ¢­¨¬ ­¨¥ ¯® ä®à¬ «ì­ë¬ á®®¡à ¦¥­¨-ï¬ ã¤¥«¥­® á«ãç î «¨­¥©­®£® ¨§¬¥­¥­¨ï I. �à¥-¦¤¥ ¢á¥£® à áá¬ âà¨¢ « áì ¤¨­ ¬¨ª  ¯®¤¢¨¦­ëåç áâ¨æ ¤® ­ ç «  ä®à¬¨à®¢ ­¨ï á«®ï ª®«ì¬ â -¦  (t < t0). � áç¥âã ¯à®ä¨«¥© ®â­®á¨â¥«ì­®©ª®­æ¥­âà æ¨¨ Nc ¨ áª®à®áâ¨ u ¢  ªªã¬ã«¨àãî-é¥© §®­¥ ­  à §«¨ç­ë¥ ¬®¬¥­âë ¢à¥¬¥­¨ ¯à¥¤è¥-áâ¢®¢ «® ãáâ ­®¢«¥­¨¥ ¥¥ £à ­¨æ. �«ï íâ®£® ¨á-¯®«ì§®¢ «¨áì ä®à¬ã«ë (3) ¨ (4). � å®¤¥ ¢ëç¨-á«¥­¨© ª®®à¤¨­ âë zb ¢ëïá­¨«®áì, çâ® äã­ªæ¨ïzb(t) ¯à¨ ¡�®«ìè¨å §­ ç¥­¨ïå � ®£à ­¨ç¥­  á¢¥à-åã ¨ ¯®íâ®¬ã ¤ «ì­¥©è¥¥ ã¢¥«¨ç¥­¨¥ zb ¢ à ¬ª å¯à¨­ïâ®© ¬®¤¥«¨, áâà®£® £®¢®àï, ­¥¢®§¬®¦­®. � à¨á. 1 ¯®ª § ­ë ªà¨¢ë¥ zb(t), à ááç¨â ­­ë¥ ¤«ï� = 0:05, 0.1, 0.15, 0.2 ¢¯«®âì ¤® ¬ ªá¨¬ «ì­® ¤®-¯ãáâ¨¬ëå á ä¨§¨ç¥áª®© â®çª¨ §à¥­¨ï §­ ç¥­¨© zb.�â¨ §­ ç¥­¨ï ¢ ¤ «ì­¥©è¥¬ ®¡®§­ ç îâáï z� ¨ á®-áâ ¢«ïîâ ¯à¨ � = 0:15, 0.2 á®®â¢¥âáâ¢¥­­® 1.28¨ 0.63. �£à ­¨ç¥­¨ï ­  à®áâ zb ­ ª« ¤ë¢ îâáï¨áå®¤­®© ¬®¤¥«ìî, ­¥á®¢¥àè¥­áâ¢® ª®â®à®© ¯à®-ï¢¨«®áì ¯à¨ ¢ëá®ª®¬ á®¤¥à¦ ­¨¨ áãää®§¨®­­ëå

ç áâ¨æ. �®®¡é¥ ­  ä¨ªá¨à®¢ ­­ë© ¬®¬¥­â ¢à¥¬¥-­¨ t äã­ªæ¨¨ u(z) ¨ Nc(z) ®¯à¥¤¥«¥­ë ­  ¯®«ã¯àï-¬®© z � zm(t), ¯à¨ç¥¬ ¯à¨ z > zm ®­¨ ï¢«ïîâáï¤¢ã§­ ç­ë¬¨. �¤­ ª® ä¨§¨ç¥áª¨© á¬ëá« ¨¬¥îââ®«ìª® ¨å ­¨¦­¨¥ ¢¥â¢¨, ®âà ¦ îé¨¥ à¥ «ì­®¥á­¨¦¥­¨¥ áª®à®áâ¨ u ¨ ª®­æ¥­âà æ¨¨ Nc á ã¢¥-«¨ç¥­¨¥¬ z. �® ¬¥à¥ ¯à¨¡«¨¦¥­¨ï z ª zm á¯à -¢  @u=@z ­¥®£à ­¨ç¥­­® ¢®§à áâ ¥â ¨ ¯à¨ z = zm®¡à é ¥âáï ¢ ¡¥áª®­¥ç­®áâì. �®£¤  ¤ ¦¥ ¯à¨ ¬ -«ëå §­ ç¥­¨ïå ª®íää¨æ¨¥­â  ª®­¢¥ªâ¨¢­®© ¤¨ä-äã§¨¨ (ª®íää¨æ¨¥­â®¢ £¨¤à®¤¨á¯¥àá¨¨ ¨ ¬®«¥ªã-«ïà­®© ¤¨ääã§¨¨), å à ªâ¥à­ëå ¤«ï ¯®â®ª  ­¥-áâàãªâãà­ëå ç áâ¨æ ¢ ¯®à¨áâëå áà¥¤ å, ¤¨ääã-§¨®­­ë© ¬¥å ­¨§¬ ¨å ¯¥à¥­®á  ¬®¦¥â ®ª § âìáï­¥ â®«ìª® á®¨§¬¥à¨¬ë¬ á ª®­¢¥ªâ¨¢­ë¬, ­® ¨ ¡®-«¥¥ §­ ç¨¬ë¬. � ª¨¬ ®¡à §®¬, ¯à¨ ¤®áâ â®ç­®¡®«ìè®¬ á¡«¨¦¥­¨¨ zb ¨ zm ¢ ­¥¯®áà¥¤áâ¢¥­­®©¡«¨§®áâ¨ ®â ­¨å ¯à¨®¡à¥â ¥â ¢ ¦­®¥ §­ ç¥­¨¥ï¢«¥­¨¥ ¤¨ääã§¨¨, ¨ ¥áâì ¢á¥ ®á­®¢ ­¨ï ¢ë¤¥«¨âìá¢®¥£® à®¤  ¯®£à ­¨ç­ë© á«®©, ¢ ª®â®à®¬ «®ª -«¨§ãîâáï à¥§ª¨¥ ¨§¬¥­¥­¨ï ä¨§¨ª®-¬¥å ­¨ç¥áª¨åå à ªâ¥à¨áâ¨ª. �«ï  ªªãà â­®£® ãç¥â  ¢«¨ï­¨ï¤ ­­®£® ¯®£à ­á«®ï ­  ¤¢ãåä §­®¥ â¥ç¥­¨¥ ¤®áâ -â®ç­® ¢®á¯®«ì§®¢ âìáï ãà ¢­¥­¨¥¬ ª®­¢¥ªâ¨¢­®-¤¨ääã§¨®­­®£® (¤¨á¯¥àá¨®­­®£®) ¯¥à¥­®á . �à¨íâ®¬, ®¤­ ª®, ¬¥­ïîâáï â¨¯ ¨ ¯®àï¤®ª ¨áå®¤­®©á¨áâ¥¬ë ãà ¢­¥­¨©, á«¥¤ã¥â ¤®¯®«­¨â¥«ì­® § ¤ -¢ âì £à ­¨ç­®¥ ãá«®¢¨¥ ¨ ª®íää¨æ¨¥­â ª®­¢¥ªâ¨¢-­®© ¤¨ääã§¨¨. � ¨â®£¥, ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì§­ ç¨â¥«ì­® ãá«®¦­ï¥âáï,   ¨áá«¥¤®¢ ­¨¥ ¥¥  ­ -«¨â¨ç¥áª¨¬¨ ¨ ç¨á«¥­­ë¬¨ ¬¥â®¤ ¬¨ ®ª §ë¢ ¥â-áï ®ç¥­ì § âàã¤­¨â¥«ì­ë¬. � æ¥«®¬, ª ª ¨§¢¥áâ­®[16 { 19], ¤¨ääã§¨®­­ë© ¯à®æ¥áá ¢ ¯®â®ª å à á-â¢®à®¢, ¤¨á¯¥àá­ëå á¬¥á¥© ¯à¥¯ïâáâ¢ã¥â ®¡à §®-¢ ­¨î §®­ á à¥§ª® ®â«¨ç îé¨¬¨áï ª®­æ¥­âà æ¨-®­­ë¬¨ å à ªâ¥à¨áâ¨ª ¬¨, á¯®á®¡áâ¢ãï à §¬ë¢ -­¨î £à ­¨æë ¬¥¦¤ã ­¨¬¨. �à¨¬¥­¨â¥«ì­® ª § ¤ -ç¥ ¬¥å ­¨ç¥áª®© áãää®§¨¨ ¢ ¯à®¬ ç¨¢ ¥¬®¬ £àã­-â¥ íâ® ®§­ ç ¥â, çâ® ¯à®âï¦¥­­®áâì  ªªã¬ã«¨àã-îé¥© §®­ë à áâ¥â,   ¯¨ª ª®­æ¥­âà æ¨¨ áãää®§¨-®­­ëå ç áâ¨æ (¯à¨ z = zb) á£« ¦¨¢ ¥âáï. �á«¨¢á¥-â ª¨ ®áâ ¢¨âì ¬ â¥¬ â¨ç¥áªãî ¬®¤¥«ì ¡¥§ ¨§-¬¥­¥­¨©, â® ®â¬¥ç¥­­ë¥ ¢ëè¥ ®á®¡¥­­®áâ¨ ¯¥à¥-à á¯à¥¤¥«¥­¨ï â ª¨å ç áâ¨æ ¢ ®¡« áâ¨ ¤¥ä®à¬ -æ¨© ¬®¦­® ¯® ªà ©­¥© ¬¥à¥ ¯®¯ëâ âìáï ãç¥áâì,¨á¯®«ì§ãï ¢ à áç¥â å ¯à¨ z < zm ¢â®àë¥ ¢¥â¢¨äã­ªæ¨© u(z) ¨ Nc(z). �®£¤  ®âç áâ¨ ¨§¬¥­¨âáïãà ¢­¥­¨¥ (4) ¤«ï ª®®à¤¨­ âë zb, ª®â®à ï ¡ã¤¥ââ¥¯¥àì ¬¥­ìè¥ zm. �¥¬ á ¬ë¬ ¯®ï¢«ï¥âáï ä®à-¬ «ì­ ï ¢®§¬®¦­®áâì ¯à®¢®¤¨âì à áç¥âë ¨ ¯à¨t > t� (t� { ¢à¥¬ï ¯¥à¥á¥ç¥­¨ï ªà¨¢ëå zb(t), zm(t)¨ zb(t�) = zm(t�) = z�). �à¨ ¯®¤®¡­®© ¨­â¥à¯à¥â -æ¨¨ ¯®«ãç¥­­®£® à¥è¥­¨ï à®áâ ª®­æ¥­âà æ¨¨ Nc ¢®ªà¥áâ­®áâ¨ z = zb ¯à®¤®«¦¨âáï, ¯®áâ¥¯¥­­® § -�. �. �®«ïª®¢ 29
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�¨á. 2. �à®ä¨«¨ ª®­æ¥­âà æ¨¨ ¯®¤¢¨¦­ëåáãää®§¨®­­ëå ç áâ¨æ:1{4 { t = 0:3; 5{7 { t = 1; 8, 9 { t = 2;1 { � = 0:2; 2, 5 { � = 0:15;3, 6, 8 { � = 0:1; 4, 7, 9 { � = 0:05¬¥¤«ïïáì, ¨, çâ® á ¬®¥ ¢ ¦­®¥, ã¤ ¥âáï á®åà ­¨âì¡ « ­á ¬ ááë ­¥áâàãªâãà­ëå ç áâ¨æ ¢ ®¡« áâ¨ ¤¥-ä®à¬ æ¨©. �¥¬ ­¥ ¬¥­¥¥ áãé¥áâ¢ãîâ á¥àì¥§­ë¥®¯ á¥­¨ï, çâ® â ª®© ¨áªãááâ¢¥­­ë© ¯à¨¥¬ ¬®¦¥â¯à¨¢¥áâ¨ ª §­ ç¨â¥«ì­®¬ã ®âª«®­¥­¨î à áç¥â­®©ª àâ¨­ë ®â ä ªâ¨ç¥áª®©, ®á®¡¥­­® ¢ ¢¥àå­¥© ç -áâ¨  ªªã¬ã«¨àãîé¥© §®­ë. � ª¦¥ ­  ®á­®¢¥ ¯®áãé¥áâ¢ã íâ®© ¦¥ ¬®¤¥«¨ ¢®§¬®¦¥­ ¨ ¡®«¥¥ ­ ¤¥¦-­ë© ¢ ä¨§¨ç¥áª®¬ ®â­®è¥­¨¨ ãç¥â ¤¨ääã§¨®­­®-£® ä ªâ®à . �®®â¢¥âáâ¢ãîé¥¥ ãâ®ç­¥­¨¥ â¥®à¥-â¨ç¥áª¨å à¥§ã«ìâ â®¢ ¤®áâ¨£ ¥âáï ¯ãâ¥¬ ª®àà¥ª-â¨à®¢ª¨ á¢®¡®¤­®£® ç«¥­  ¢ ãà ¢­¥­¨¨ (5) à ¡®âë[15], ¨áå®¤ï ¨§ ¢ëà ¦¥­¨ï ¤«ï ¤¨ääã§¨®­­®© ª®¬-¯®­¥­âë ¯®â®ª  â¢¥à¤ëå ç áâ¨æ ¨ á ¯à¨¬¥­¥­¨-¥¬ ¢ ª ç¥áâ¢¥ ­ã«¥¢®£® ¯à¨¡«¨¦¥­¨ï ¯®«ãç¥­­ëåâ ¬ ¦¥ â®ç­ëå § ¢¨á¨¬®áâ¥© ¤«ï u, Nc. �à¨ â -ª®¬ ¯®¤å®¤¥ ¢ª« ¤ ¤¨ääã§¨®­­®£® ¬ áá®¯¥à¥­®á ¢ ®¡éãî ¤¨­ ¬¨ªã â¢¥à¤®© ¨ ¦¨¤ª®© ä § £àã­-â  à¥ «¨§ã¥âáï ç¥à¥§ ¤®¯®«­¨â¥«ì­ë© à á¯à¥¤¥-«¥­­ë© ¨áâ®ç­¨ª ç áâ¨æ (áª®à®áâ¨). �ç¥¢¨¤­®,çâ® §¤¥áì ¢ ®â«¨ç¨¥ ®â ®¯¨á ­­®£® ¢ëè¥ ¯à¨¥¬  ¨¬®¤¥«ì, ¨ ¥¥ à¥è¥­¨¥ ¡ã¤ãâ á®¤¥à¦ âì ª®íää¨æ¨-¥­â, ­¥¯®áà¥¤áâ¢¥­­® å à ªâ¥à¨§ãîé¨© ¤¨ääã§¨-®­­ë© ¯à®æ¥áá.�®, ª®­¥ç­®, ¢ ¯®«­®© ¬¥à¥ ¤®áâ®¢¥à­ë¬¨ ¢á¥-â ª¨ á«¥¤ã¥â áç¨â âì â®«ìª® à¥§ã«ìâ âë, ¯®«ãç¥­-­ë¥ ­  ¡ §¥ â®ç­®£® à¥è¥­¨ï [15], ª®â®àë¥ ¯à ¢®-¬®ç­ë ¢ áâà®£® ®¯à¥¤¥«¥­­ëå ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­ëå ¨ ä¨§¨ç¥áª¨å à ¬ª å. �®¤®¡­ë¥ ®£à -­¨ç¥­¨ï áâ ­ãâ ¯à¥¤¬¥â®¬ ¤ «ì­¥©è¥£® ¤¥â «ì­®-£®  ­ «¨§ . �à¨ à áç¥â¥ ¯à¥¤¥«ì­ëå ¤«ï zb §­ -ç¥­¨© z� á®®â¢¥âáâ¢ãîé¨¥ ¨¬ ¬®¬¥­âë t� ­ å®-¤¨«¨áì ª ª  ¡áæ¨ááë ®¡é¨å â®ç¥ª ªà¨¢ëå zb(t) ¨

�¨á. 3. �à®ä¨«¨ ®â­®á¨â¥«ì­®© ¯à®­¨æ ¥¬®áâ¨:1{4 { t = 0:3; 5{7 { t = 1; 8, 9 { t = 2;1, 5, 8 { � = 0:05; 2, 6, 9 { � = 0:1;3, 7 { � = 0:15; 4 { � = 0:2zm(t), ¯à¨ç¥¬ zm ¢ëç¨á«ï«®áì ¯® ä®à¬ã«¥zm =  (t)�2 : (21)�¥«¨ç¨­  zm(t) ¤«ï � = 0:1, 0.15, 0.2 â ª¦¥ ¨§®¡à -¦¥­  ­  à¨á. 1,    ­ «®£¨ç­ ï ªà¨¢ ï ¤«ï � = 0:05­ å®¤¨âáï ­¨¦¥ ®á¨  ¡áæ¨áá ¨ ¯®íâ®¬ã ­¥ ¯®¯ « ¢ ¯®«¥ £à ä¨ª .�¥¯®áà¥¤áâ¢¥­­® ¬®¬¥­âë t� ®¯à¥¤¥«ï«¨áì ¨§à¥è¥­¨ï á«¥¤ãîé¥£® ãà ¢­¥­¨ï: (t�)��1 + �1�2 + 23�2t��� �21� � ��1 + �1�2++23�2t� � 1 + ����1t� + �2t2�2 �+ (22)+2�23 " (t�) � �21� ���1t� + �2t2�2 �# = 0:� áç¥âë ¯à®ä¨«¥© Nc(z) ¢ë¯®«­ï«¨áì ¯® ä®à¬ã-«¥ (1) ­  ¬®¬¥­âë ¢à¥¬¥­¨, ª®â®àë¥ ¢ë¡¨à «¨áìá ãç¥â®¬ §­ ç¥­¨© t� á®£« á­® (22),   ¨¬¥­­®:t = 0:3 (� = 0:05, 0.1, 0.15, 0.2), t = 1 (� = 0:05,0.1, 0.15) ¨ t = 2 (� = 0:05, 0.1). � ­­ë¥ à áç¥â®¢¨««îáâà¨àãîâáï ªà¨¢ë¬¨ ­  à¨á. 2. �áâ¥áâ¢¥­-­®, çâ® á ã¢¥«¨ç¥­¨¥¬ � ª®­æ¥­âà æ¨ï ¯®¤¢¨¦­ëåç áâ¨æ ¢®§à áâ ¥â ¨ ¯®íâ®¬ã ¯à®ä¨«¨ Nc(z) ¯à¨¡�®«ìè¨å � à á¯®«®¦¥­ë ¢ëè¥. �à®âï¦¥­­®áâì ªªã¬ã«¨àãîé¥© §®­ë á® ¢à¥¬¥­¥¬ â ª¦¥ à áâ¥â.�®­æ¥­âà æ¨ï Nc ­  ­¨¦­¥© £à ­¨æ¥ ãª § ­­®©§®­ë á­¨¦ ¥âáï ¢ á¢ï§¨ á ã¬¥­ìè¥­¨¥¬ ¨­â¥­á¨¢-­®áâ¨ ¨­ä¨«ìâà æ¨¨,   ­  ¢¥àå­¥© { ­¥§­ ç¨â¥«ì-­® ã¢¥«¨ç¨¢ ¥âáï (¢ ¬¥­ìè¥© áâ¥¯¥­¨ ¯à¨ ¬ «ëå30 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 1. �. 25 { 35�). � ª®¯«¥­¨¥ â¢¥à¤ëå ç áâ¨æ ¢ ­¨¦­¥© ç áâ¨®¡« áâ¨ ¤¥ä®à¬ æ¨© ®¡ãá« ¢«¨¢ ¥â §¤¥áì § ¬¥â-­®¥ á­¨¦¥­¨¥ ¯à®­¨æ ¥¬®áâ¨ £àã­â . �¥«¨ç¨­ ®â­®á¨â¥«ì­®© ¯à®­¨æ ¥¬®áâ¨ K à ááç¨âë¢ « áì­  ®á­®¢¥ § ¢¨á¨¬®áâ¥© ¤«ï ¯à®­¨æ ¥¬®áâ¨ ®¤­®-à®¤­®© ¨ ¤¢ãåäà ªæ¨®­­®© â¢¥à¤ëå ä § [20], ¨§ª®â®àëå ¢ëâ¥ª ¥â á«¥¤ãîé ï ä®à¬ã«  [21]:K = �K(1 � �Nc)4u
4D2N2c + (� + 
 � �
Nc)2u; (23)£¤¥ �K = 
4D2 + (� + 
 � �
)2(1� �)4 ; 
 = mcms ;D { ®â­®è¥­¨¥ ¤¨ ¬¥âà®¢ áâàãªâãà­ëå ¨ ­¥áâàãª-âãà­ëå ç áâ¨æ. �ãé¥áâ¢¥­­ë¬ ¢ ä®à¬ã«¥ (23)¥áâì ãç¥â ¢«¨ï­¨ï ­  ¯à®­¨æ ¥¬®áâì £àã­â  ­¥â®«ìª® á®¤¥à¦ ­¨ï ¨ à §¬¥à®¢ ç áâ¨æ ®¡®¨å á®à-â®¢, ­® ¨ ¯®¤¢¨¦­®áâ¨ ®¤­®© ¨§ äà ªæ¨©. �¥§ã«ì-â âë ¢ëç¨á«¥­¨© ¯à®ä¨«¥© K(z) ¢  ªªã¬ã«¨àãî-é¥© §®­¥ ¤«ï â¥å ¦¥ t = 0:3, 1, 2 ¨ � ¯à¨ 
 = 0:2,D = 10 ¯à¨¢¥¤¥­ë ­  à¨á. 3. �ç¥¢¨¤­®, çâ® ¢ëá®-ª®¥ á®¤¥à¦ ­¨¥ áãää®§¨®­­ëå ç áâ¨æ ¢ ­¥¤¥ä®à-¬¨à®¢ ­­®¬ £àã­â¥ ¢¥¤¥â ª ¡ëáâà®¬ã ¨ à¥§ª®¬ãá­¨¦¥­¨î ¥£® ¯à®­¨æ ¥¬®áâ¨. � ç áâ­®áâ¨, ¯à¨� = 0:2 ®­  ¢¡«¨§¨ £à ­¨æë z = zb ã¦¥ ª ¬®¬¥­-âã t = 0:3 ¯ ¤ ¥â ¡®«¥¥, ç¥¬ ¢ 10 à §. � ¬¥­ì-è¥© áâ¥¯¥­¨ ¬¥­ï¥âáï ¯à®­¨æ ¥¬®áâì ¯à¨ ¬ «ëå�, å®âï ¤ ¦¥ ¯à¨ � = 0:05 ¢ ª®­æ¥ ª®­æ®¢ K ã¬¥­ì-è ¥âáï ¢ 3 à § . �¬¥áâ¥ á â¥¬ ã äà®­â  ¯à®¬ ç¨-¢ ­¨ï ®â­®á¨â¥«ì­ ï ¯à®­¨æ ¥¬®áâì ¢®§à áâ ¥â ¨á® ¢à¥¬¥­¥¬ áâà¥¬¨âáï ª 1. �¥¬¯ë ¨§¬¥­¥­¨ï K,¯® áãâ¨, ¤¨ªâãîâáï äã­ªæ¨¥© I(t).� ª®­¥æ, ¨¬¥­­® ¨­ä¨«ìâà æ¨®­­ ï äã­ªæ¨ïI(t) ®¯à¥¤¥«ï¥â ¬®¬¥­â ¢à¥¬¥­¨ t0, ª®£¤  ¤¥©áâ¢¨-â¥«ì­ ï áª®à®áâì â¥ç¥­¨ï ¢®¤ë ¢ ¯®à å á­¨§¨â-áï ­  äà®­â¥ ¯à®¬ ç¨¢ ­¨ï ¤® ªà¨â¨ç¥áª®©. �®-á«¥¤ãîé¥¥ ã¬¥­ìè¥­¨¥ I á¯®á®¡áâ¢ã¥â ®¡à §®¢ -­¨î á«®ï ª®«ì¬ â ¦ . �à¥¬ï ­ ç «  ¬ áá®¢®£®®á ¦¤¥­¨ï áãää®§¨®­­ëå ç áâ¨æ ¢ëç¨á«ï«®áì ¤«ïà §­ëå �, �1, �2 á®£« á­® ä®à¬ã«ë (6). � ª ª ª®¡ëç­® �1 � �, â® ¯à¨ ­¥¨§¬¥­­ëå �1, �2 §­ -ç¥­¨ï t0 ¬ «® ®â«¨ç îâáï. �®«®¦¥­¨¥ ­¥¯®¤¢¨¦-­®© ­¨¦­¥© £à ­¨æë ª®«ì¬ â æ¨®­­®£® á«®ï ãáâ -­ ¢«¨¢ «®áì ¨áå®¤ï ¨§ ä®à¬ã«ë (3) ¯à¨ �1 = 2,t = t0,   ¯®¤¢¨¦­®© ¢¥àå­¥© { ¢ á®®â¢¥âáâ¢¨¨ áä®à¬ã«®© (7). �  à¨á. 4 ¯®ª § ­® ¨§¬¥­¥­¨¥ ª®-®à¤¨­ âë zk ¢ § ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥­¨ �t, ¨áâ¥ª-è¥£® á ¬®¬¥­â  t0, ­  ¯à®âï¦¥­¨¨ ¢á¥£® ¯¥à¨®¤ ä®à¬¨à®¢ ­¨ï ã¯®¬ï­ãâ®£® á«®ï (�tmax = te� t0)¤«ï � = 0:05, 0.1. �à®¤®«¦¨â¥«ì­®áâì íâ®£® ¯¥à¨-®¤  ­ à áâ ¥â á ã¬¥­ìè¥­¨¥¬  ¡á®«îâ­®© ¢¥«¨ç¨-­ë ª®íää¨æ¨¥­â  �2, ¯à¨ç¥¬ te � t0 ®ª §ë¢ ¥âáï

�¨á. 4. �§¬¥­¥­¨¥ ¯®«®¦¥­¨ï ¢¥àå­¥© £à ­¨æëá«®ï ª®«ì¬ â ¦  ¢® ¢à¥¬¥­¨:1, 3, 5 { � = 0:1; 2, 4, 6 { � = 0:05; 1, 2 { �2 = �0:25;3, 4 { �2 = �0:5; 5, 6 { �2 = �1
�¨á. 5. �à®ä¨«¨ ª®­æ¥­âà æ¨¨ ¯®¤¢¨¦­ëå¯à¨ t = tko (1{4, 6, 7) ¨ ®á ¦¤¥­­ëå¯à¨ t � tke (1, 3, 5, 6, 8) áãää®§¨®­­ëå ç áâ¨æ:1, 3, 6 { � = 0:05; 2, 4, 5, 7, 8 { � = 0:1;1, 2 { �2 = �1; 3{5 { �2 = �0:5; 6{8 { �2 = �0:25¯à ªâ¨ç¥áª¨ ¯à®¯®àæ¨®­ «ì­ë¬ j �2 j. �­ ç¥­¨ïzke, te ­ å®¤¨«¨áì ¯® ä®à¬ã« ¬ (8), (10). �® ¢á¥åà áá¬®âà¥­­ëå ¯à¨¬¥à å ¯à®æ¥áá ®á ¦¤¥­¨ï ­¥-áâàãªâãà­ëå ç áâ¨æ ¯à®â¥ª « áà ¢­¨â¥«ì­® ¡ë-áâà® (¯® ®â­®è¥­¨î ª áãää®§¨®­­®¬ã ¯à®æ¥ááã).�áâ â¨, ¯à®¤®«¦ îé¥¥áï ¢ â¥ç¥­¨¥ ¯¥à¨®¤  [t0; te]¯¥à¥¬¥é¥­¨¥ ¢¥àå­¥© £à ­¨æë  ªªã¬ã«¨àãîé¥©§®­ë ­ è«® ®âà ¦¥­¨¥ ­  à¨á. 1 (ãç áâª¨ ªà¨-¢ëå 5, 7 ¯à¨ t > 2:2 ¨ 2.1 á®®â¢¥âáâ¢¥­­®). �¬¥­-­® ¢ëá®ª ï áª®à®áâì ¯à®â¥ª ­¨ï ª®«ì¬ â æ¨®­­®-£® ¯à®æ¥áá  ï¢¨« áì ¯à¨ç¨­®© â®£®, çâ® ¯à®ä¨«¨ª®­æ¥­âà æ¨¨ ¯®¤¢¨¦­ëå ç áâ¨æ, áä®à¬¨à®¢ ¢-è¨¥áï ª ¬®¬¥­âã t0, ­¥ ãá¯¥¢ îâ áª®«ìª®-­¨¡ã¤ì�. �. �®«ïª®¢ 31



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 1. �. 25 { 35áãé¥áâ¢¥­­® âà ­áä®à¬¨à®¢ âìáï §  ¢à¥¬ï te�t0.�  à¨á. 5 ¯à¥¤áâ ¢«¥­ë ¯à®ä¨«¨ Nc(z), Nck(z),à ááç¨â ­­ë¥ â ª¦¥ ¤«ï � = 0:05, 0.1 ¯à¨ �2 = -0.25, -0.5, -1 ­  ¬®¬¥­âë t0 ¨ te. �à¨ ¬¥­ìè¥¬� ªà¨¢ë¥ Nc(z) ¨ Nck(z) ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ îâ¨ ¯®íâ®¬ã ¯®ª § ­ë ¥¤¨­ë¬¨ «¨­¨ï¬¨ (ªà¨¢ë¥1, 3, 6). �à¨ � = 0:1 à §«¨ç¨ï ¬¥¦¤ã ãª § ­-­ë¬¨ ¯à®ä¨«ï¬¨ áâ ­®¢ïâáï å®à®è® § ¬¥â­ë¬¨,®á®¡¥­­® ¢ ¢¥àå­¨å ¨å ç áâïå, £¤¥ ä¨«ìâà æ¨®­-­®¥ â¥ç¥­¨¥ ¤®«ìè¥ âà ­á¯®àâ¨àã¥â áãää®§¨®­-­ë¥ ç áâ¨æë. �á«¥¤áâ¢¨¥ íâ®£® ¢¥àå­ïï £à ­¨-æ   ªªã¬ã«¨àãîé¥© §®­ë ãá¯¥¢ ¥â §  ¢¥áì ¯¥à¨®¤[t0; te] á¬¥áâ¨âìáï, ­ ¯à¨¬¥à ¯à¨ �2 = �0:25, ­ �zb = 0:068,   ª®­æ¥­âà æ¨ï Nc ¯à¨ íâ®¬ ã¢¥«¨-ç¨¢ ¥âáï ­  �Nc = 0:068. �â¬¥ç¥­­ë¥ ¯à¨à -é¥­¨ï, ¯® ªà ©­¥© ¬¥à¥ ¢ à áá¬®âà¥­­ëå ãá«®¢¨-ïå, ­ áâ®«ìª® ¬ «®áãé¥áâ¢¥­­ë, çâ® ¯à¨ à¥è¥­¨¨¯à ªâ¨ç¥áª¨å § ¤ ç ¨¬¨ ¬®¦­® ¯à¥­¥¡à¥£ âì ¨ ¢ª ç¥áâ¢¥ ®ª®­ç â¥«ì­®£® à á¯à¥¤¥«¥­¨ï ­¥áâàãª-âãà­ëå ç áâ¨æ (¯®á«¥ ¯à¥ªà é¥­¨ï ¤¥ä®à¬ æ¨©)¯à¨­¨¬ âì ¯à®ä¨«ì ª®­æ¥­âà æ¨¨ íâ¨å ç áâ¨æ ­ ¬®¬¥­â t0, ª®£¤  ®­¨ ¥é¥ ­ å®¤ïâáï ¢ ¯®¤¢¨¦­®¬á®áâ®ï­¨¨. �¥§ãá«®¢­®, çâ® á à®áâ®¬ ¯¥à¢®­ -ç «ì­®© ¤®«¨ â ª¨å ç áâ¨æ ¢ â¢¥à¤®© ä §¥ £àã­â ¯à®ä¨«¨ Nc(z; t0) ¨ Nck(z) ¡ã¤ãâ ¢á¥ ¡®«ìè¥ ®â«¨-ç âìáï. � á®¦ «¥­¨î, à¥ «¨§ã¥¬ ï ¢ ¤ ­­®© à ¡®-â¥ ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¨§-§  á¢®¥© ®£à ­¨ç¥­-­®áâ¨ ­¥ ¯®§¢®«ï¥â âé â¥«ì­® ¯à® ­ «¨§¨à®¢ âìª®«ì¬ â æ¨®­­ë© ¯à®æ¥áá ¤ ¦¥ ¢ ¤¢ãåäà ªæ¨®­-­®¬ áãää®§¨®­­®¬ £àã­â¥ ¯à¨ � > 0:12. � â® ã¤ -¥âáï ç¥âª® ®ç¥àâ¨âì £à ­¨æë ¯à¨¬¥­¨¬®áâ¨ íâ®©¬®¤¥«¨. �ää¥ªâ¨¢­® ®­  ¡ã¤¥â à ¡®â âì ¯à¨ á®-¡«î¤¥­¨¨ ãá«®¢¨ï zb � zm;£¤¥ zb ä®à¬ «ì­® ­ å®¤¨âáï ¨§ à¥è¥­¨ï ãà ¢­¥-­¨ï (4),   zm { á®£« á­® (2), (21). �ã¤ï ¯® ¯®-¢¥¤¥­¨î äã­ªæ¨© zb(t), zm(t), ¤®«¦­ë áãé¥áâ¢®-¢ âì ¢§ ¨¬®á¢ï§ ­­ë¥ ¯à¥¤¥«ì­ë¥ ¬®¬¥­â ¢à¥¬¥-­¨ t� ¨ ª®®à¤¨­ â  z�, ª®â®àë¥ ª ª à § ®£à ­¨ç¨-¢ îâ ¤«¨â¥«ì­®áâì à áç¥â­®£® ¯¥à¨®¤  ¨ ®¡« áâì¤®¯ãáâ¨¬ëå ¯®«®¦¥­¨© ¢¥àå­¥© £à ­¨æë  ªªã-¬ã«¨àãîé¥© §®­ë. �â® ®§­ ç ¥â, çâ® à áç¥âä¨§¨ª®-¬¥å ­¨ç¥áª¨å å à ªâ¥à¨áâ¨ª á ¨á¯®«ì§®-¢ ­¨¥¬ ä®à¬ã« ¨§ ¯¥à¢®£® à §¤¥«  ¯à¨ t > t� ¨zb < z� ¯® ä¨§¨ç¥áª¨¬ á®®¡à ¦¥­¨ï¬, ¢®®¡é¥ £®-¢®àï, ­¥¢®§¬®¦¥­. � ª á«¥¤ã¥â ¨§ ¯®«ãç¥­­®£® à¥-è¥­¨ï ¬ â¥¬ â¨ç¥áª®© § ¤ ç¨, ª ¬®¬¥­âã t� áãä-ä®§¨®­­ë¥ ç áâ¨æë ¢ ®ªà¥áâ­®áâ¨ £à ­¨æë z = zbà á¯à¥¤¥«ïîâáï çà¥§¢ëç ©­® ­¥à ¢­®¬¥à­® (¯à¨z ! z�, t ! t� @Nc=@z ! 1) ¨ ¯®á«¥¤ãîé¥¥ ¨å¯¥à¥à á¯à¥¤¥«¥­¨¥ ¡ã¤¥â ã¦¥ ª®­âà®«¨à®¢ âìáï ¨¤¨ääã§¨®­­ë¬ ¬¥å ­¨§¬®¬ ¬ áá®¯¥à¥­®á . �ª -§ ­­ë¥ ¯à¥¤¥«ì­ë¥ ¢¥«¨ç¨­ë â¥á­® á¢ï§ ­ë á ¯ -

�¨á. 6. �à¨¢ë¥ § ¢¨á¨¬®áâ¨ �(��2t):1 { �1 = 1; 2 { �1 = 2; 3 { �1 = 3; 4 { �1 = 4à ¬¥âà®¬ �. �ç¥¢¨¤­®, çâ® ¢ £àã­â¥ á ¡®«ìè¨¬á®¤¥à¦ ­¨¥¬ ­¥áâàãªâãà­ëå ç áâ¨æ ®­¨ ¡ëáâà¥¥­ ª ¯«¨¢ îâáï ¢  ªªã¬ã«¨àãîé¥© §®­¥, ¯à¨ç¥¬¯à¥¨¬ãé¥áâ¢¥­­® ¢ ¥¥ ¢¥àå­¥© ç áâ¨. �®íâ®¬ã¨ ¬®¬¥­â t� ­ áâã¯¨â ¡ëáâà¥¥, ¨ ¢¥àå­ïï £à ­¨-æ  ¤ ­­®© §®­ë ¡ã¤¥â à á¯®«®¦¥­  ¡«¨¦¥ ª ¯®-¢¥àå­®áâ¨ £àã­â . � ª¨¬ ®¡à §®¬, ¨¬¥îâ ¬¥áâ®t� = t�(�), z� = z�(�). �¨á. 6 ¤ ¥â ¢¥áì¬  ¯®«-­®¥ ¯à¥¤áâ ¢«¥­¨¥ ® á®®â­®è¥­¨¨ ¬¥¦¤ã t ¨ �, ¢å®¤¥ à áç¥â®¢ ª®â®àëå ¡ë«® ãáâ ­®¢«¥­® ­ «¨ç¨¥®¤­®§­ ç­®© § ¢¨á¨¬®áâ¨ � ­¥ â®«ìª® ®â t�, ­®¨ ®â ¯à¨¢¥¤¥­­®£® ��2t�. �¨¤ ªà¨¢ëå �(��2t�)¤«ï à §«¨ç­ëå ä¨ªá¨à®¢ ­­ëå �1 ¨««îáâà¨àã¥â-áï à¨á. 6. �â¨ ªà¨¢ë¥ ¯®áâà®¥­ë ç¨áâ® ä®à-¬ «ì­ë¬ ¯ãâ¥¬ ¨ ä¨§¨ç¥áª¨© á¬ëá« ¨¬¥îâ â®«ì-ª® ¨å ®â¤¥«ì­ë¥ ãç áâª¨. �ë¤¥«¨âì ãª § ­­ë¥ãç áâª¨ «¥£ª®, ¨áå®¤ï ¨§ ¢¥«¨ç¨­ I ¨ t0. �à¨­¨-¬ ï ¢® ¢­¨¬ ­¨¥ ®â­®á¨â¥«ì­® ¢ëá®ªãî áª®à®áâì¯à®â¥ª ­¨ï ª®«ì¬ â æ¨®­­®£® ¯à®æ¥áá  ¨ á æ¥«ìîã¯à®é¥­¨ï  ­ «¨§  ¢ ª ç¥áâ¢¥ ¢à¥¬¥­¨ ®ª®­ç ­¨ïä¨«ìâà æ¨®­­ëå ¤¥ä®à¬ æ¨© ¢ë¡¨à «áï ¬®¬¥­ât0. �®£¤  ¢¥áì à áç¥â ¤¥ä®à¬ æ¨®­­ëå ¯à®æ¥áá®¢®â ¨å ­ ç «  ¨ ¢¯«®âì ¤® § ¢¥àè¥­¨ï ®á ¦¤¥­¨ï¢§¢¥è¥­­ëå ç áâ¨æ ¬®¦­® ¯à®¢®¤¨âì ¯à¨ ãá«®¢¨¨,çâ® � � I(t�)� 1:�«¥¤®¢ â¥«ì­®, ­¨¦­ïï (¯à ¢ ï) ç áâì ª ¦¤®©ªà¨¢®© �(��2t), ãá«®¢­® ®â¤¥«ï¥¬ ï ®â ®áâ «ì­®©ç áâ¨ â®çª®© á  ¡áæ¨áá®© �1 + �2t� � 1, ­¥ ­¥-á¥â ¯®«¥§­®© ¨­ä®à¬ æ¨®­­®© ­ £àã§ª¨. � ª¦¥¨ ¯à¥¤¥«ì­®¥ ¨§ ¤®¯ãáª ¥¬ëå ¯à¨­ïâ®© ¬®¤¥«ìî¯®«®¦¥­¨© ¢¥àå­¨å £à ­¨æ  ªªã¬ã«¨àãîé¥© §®­ë¨ á«®ï ª®«ì¬ â ¦  ¢ § ¢¨á¨¬®áâ¨ ®â � ¬®¦­® ®å -à ªâ¥à¨§®¢ âì ªà¨¢ë¬¨, ¯®ª § ­­ë¬¨ ­  à¨á. 7.32 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2004. �®¬ 6 (78), N 1. �. 25 { 35
�¨á. 7. �à¨¢ë¥ § ¢¨á¨¬®áâ¨ zm(�):1 { �1 = 5; 2 { �1 = 4; 3 { �1 = 3; 4 { �1 = 2

�¨á. 8. �®­¥ç­ë¥ ¯à®ä¨«¨ ®â­®á¨â¥«ì­®©¯à®­¨æ ¥¬®áâ¨ £àã­â :1, 3, 5 { � = 0:05; 2, 4, 6 { � = 0:1; 1, 2 { �2 = �1;3, 4 { �2 = �0:5; 5, 6 { �2 = �0:25�®«ãç¥­ë íâ¨ ªà¨¢ë¥ ã¦¥ á ãç¥â®¬ ­ ª« ¤ë¢ ¥-¬ëå ­  ¬®¤¥«ì ®£à ­¨ç¥­¨©, ¨ «¨è­¨© à § á¢¨¤¥-â¥«ìáâ¢ãîâ ® ¥¥ ¢ëá®ª®© íää¥ªâ¨¢­®áâ¨ ¯à¥¦¤¥¢á¥£® ¢ ®¡« áâ¨ ­¨§ª¨å §­ ç¥­¨© �.� § ª«îç¥­¨¥ ¢ ¯¥à¢®© á¥à¨¨ à áç¥â®¢ ®¯à¥¤¥-«ï«¨áì ¯®«­ë¥ ¯à®ä¨«¨ ®â­®á¨â¥«ì­®© ¯à®­¨æ ¥-¬®áâ¨ £àã­â  K(z), ª®â®àë¥ ­ ¡«î¤ îâáï ¢ ­¥¬¯®á«¥ ¯à¥ªà é¥­¨ï ä¨«ìâà æ¨®­­ëå ¤¥ä®à¬ æ¨©.� ¯à¥¤¥« å ª®«ì¬ â æ¨®­­®£® á«®ï íâ  ¢¥«¨ç¨­ à ááç¨âë¢ « áì ­  ®á­®¢¥ ä®à¬ã«ë (23), ¯à¨ç¥¬ ¢­¥© ¢á«¥¤áâ¢¨¥ ­¥¯®¤¢¨¦­®áâ¨ áãää®§¨®­­ëå ç -áâ¨æ ¯®« £ «®áì u = 1. �à®­¨æ ¥¬®áâì £àã­â ¢ ¢¥àå­¥© ç áâ¨ ®¡« áâ¨ ¤¥ä®à¬ æ¨©, ¨§ ª®â®à®©¢á¥ ­¥áâàãªâãà­ë¥ ç áâ¨æë ¢ë­¥á¥­ë ä¨«ìâà -æ¨®­­ë¬ ¯®â®ª®¬ (áãää®§¨®­­ ï §®­ ), ¢ëç¨á«ï-« áì á«¥¤ãîé¨¬ ®¡à §®¬ [21]:K = 
4D2 + (� + 
 � �
)2(1� �)4(� + 
)2 :

�¨á. 9. �à®ä¨«¨ ®â­®á¨â¥«ì­®© ª®­æ¥­âà æ¨¨¯®¤¢¨¦­ëå ç áâ¨æ Nc(z) (ªà¨¢ë¥ 1{5, 7) ¨®á ¦¤¥­­ëå Nck(z) (ªà¨¢ ï 6):1{3 { t = 0:5; 4, 5 { t = 1:5; 7 { t = 2:433;1 { � = 0:15; 2, 4 { � = 0:1; 3, 5, 7 { � = 0:05� ¢ëç¨á«¥­¨ïå ¯à¨­¨¬ «¨áì: �1 = 2; 
 = 0:2;D = 10; � = 0:05, 0.1; �2 = -0.25, -0.5, -1. �áª®¬ë¥¯à®ä¨«¨ ¨§®¡à ¦¥­ë ­  à¨á. 8. �¥à¢ë¥ ¨å ç -áâ¨, ®â­®áïé¨¥áï ª áãää®§¨®­­®© §®­¥, ¯à¥¤áâ -¢«ïîâ á®¡®© ¯àï¬ë¥ ®âà¥§ª¨, ¯ à ««¥«ì­ë¥ ®á¨ ¡áæ¨áá. � å®¤ïâáï ®­¨ ­  ®¤­®¬ ãà®¢­¥ ¯à¨ à §-­ëå �2. � §­¨æ  ¦¥ ¢ §­ ç¥­¨ïå K §¤¥áì ¨¬¥¥â¬¥áâ® ¯à¨ � = 0:05, ¨ á®áâ ¢«ï¥â ¢á¥£® 0.064, çâ®®¡êïá­ï¥âáï ¬ «ë¬ ¨áå®¤­ë¬ á®¤¥à¦ ­¨¥¬ áãä-ä®§¨®­­ëå ç áâ¨æ ¢ ®¡®¨å á«ãç ïå. � áà¥¤­¥¬¯à®­¨æ ¥¬®áâì £àã­â  ¢ áãää®§¨®­­®© §®­¥ ¢ëà®-á«  ¢ 1,7 à § . �¬¥áâ¥ á â¥¬ ¢ á«®¥ ª®«ì¬ â ¦  ®­ ã¬¥­ìè¨« áì, ¯à¨ç¥¬ ¢ § ¬¥â­® ¡®«ìè¥© áâ¥¯¥­¨.�¤¥áì §­ ç¥­¨ï K ­  ¢¥àå­¥© £à ­¨æ¥ íâ®£® á«®ï¯à¨ � = 0:05, 0.1 à §«¨ç îâáï ¢ 2 à § . �®áâ �2®¡ãá« ¢«¨¢ ¥â ã¤«¨­¥­¨¥ á«®ï ª®«ì¬ â ¦  ¨ ¡®«¥¥à ¢­®¬¥à­®¥ à á¯à¥¤¥«¥­¨¥ ®á ¦¤¥­­ëå ç áâ¨æ ¢­¥¬. � ª«®­ ªà¨¢ëå K(z) ã¬¥­ìè ¥âáï,   ¬ ªá¨-¬ «ì­®¥ ¨å §­ ç¥­¨¥ ¤®áâ¨£ ¥âáï ­  ­¨¦­¥© £à -­¨æ¥ ¤ ­­®£® á«®ï (z = zko) �¬¥­­® ­  íâ®© £«ã-¡¨­¥ ­ ç¨­ ¥âáï ­¥¤¥ä®à¬¨à®¢ ­­ë© £àã­â, â ªçâ® ¯à¨ z � zko (âà¥âìï ç áâì ¯à®ä¨«¥© K(z) ­ à¨á. 8) K = 1. �«¥¤ã¥â ¨¬¥âì ¢¢¨¤ã, çâ® ¢®®¡é¥¢¥«¨ç¨­  K ®ç¥­ì çã¢áâ¢¨â¥«ì­  ¯® ®â­®è¥­¨î ª�, ¨ á ¥£® ã¢¥«¨ç¥­¨¥¬ ¡ã¤¥â ¯à®¨áå®¤¨âì à¥§ª®¥á­¨¦¥­¨¥ ¯à®­¨æ ¥¬®áâ¨ £àã­â  ¢ ¢¥àå­¥© ç áâ¨ª®«ì¬ â æ¨®­­®£® á«®ï.�à¨ ¢ë¡®à¥ ¤«ï äã­ªæ¨¨ I(t) íªá¯®­¥­æ¨ «ì­®©ä®à¬ë ¯®¢¥¤¥­¨¥ ä¨§¨ª®-¬¥å ­¨ç¥áª¨å ¢¥«¨ç¨­§ ¬¥â­® ¬¥­ï¥âáï,   ®¡« áâì ¯à¨¬¥­¨¬®áâ¨ ¨áå®¤-­®© ¬®¤¥«¨ ¬®¦¥â á®ªà â¨âìáï. �â®¡ë ¨¬¥âì ¢®§-¬®¦­®áâì á®¯®áâ ¢¨âì ¤ ­­ë¥ à áç¥â®¢ ¯¥à¢®© ¨¢â®à®© á¥à¨© ¯à¨¬¥à®¢, §­ ç¥­¨ï ª®íää¨æ¨¥­â®¢�1, �2 á¯¥æ¨ «ì­® ¯®¤¡¨à «¨áì á ãç¥â®¬ à ­¥¥ ¨á-¯®«ì§®¢ ­­ëå §­ ç¥­¨© �1, �2. B ç áâ­®áâ¨, ª®íä-ä¨æ¨¥­â �1, å à ªâ¥à¨§ãîé¨© ¢«¨ï­¨¥ ­  áãää®-�. �. �®«ïª®¢ 33
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�¨á. 10. �§¬¥­¥­¨ï ¢® ¢à¥¬¥­¨zb (ªà¨¢ë¥ 1, 3, 5) ¨ zm (ªà¨¢ë¥ 2, 4, 6):1, 2 { � = 0:15; 3, 4 { � = 0:1; 5, 6 { � = 0:05§¨®­­ë© ¯à®æ¥áá ¯¥à¥å®¤­ëå ¯à®æ¥áá®¢ ¢ ­ ç «ì-­ë© ¯¥à¨®¤ ¤¥ä®à¬ æ¨©, ¯à¨­¨¬ «áï à ¢­ë¬ 2,â ª çâ® I(0) ¢® ¢â®à®© á¥à¨¨ ¨ ¡®«ìè¨­áâ¢¥ ¯à¨-¬¥à®¢ ¯¥à¢®© á¥à¨¨ ï¢«ï¥âáï ®¤¨­ ª®¢ë¬. �­ ç¥-­¨¥ ¦¥ �2 § ¤ ¢ «®áì â ª¨¬ ®¡à §®¬, çâ®¡ë ®¡¥á-¯¥ç¨âì ¯®áâã¯«¥­¨¥ ¢ £àã­â ®¤­®£® ¨ â®£® ¦¥ ª®-«¨ç¥áâ¢  ¨­ä¨«ìâà æ¨®­­®© ¢« £¨ ¯à¨ «¨­¥©­®©¨ íªá¯®­¥­æ¨ «ì­®©  ¯¯à®ªá¨¬ æ¨ïå I(t) ¢ â¥ç¥-­¨¥ å à ªâ¥à­®£® ¯¥à¨®¤  ¢à¥¬¥­¨ [0; T ]. � ª ç¥-áâ¢¥ ¬®¬¥­â  ¢à¥¬¥­¨ T ¨á¯®«ì§®¢ «®áì §­ ç¥­¨¥tk0, ª®â®à®¥ ¢ëç¨á«ï«®áì ¯® ä®à¬ã«¥ (6). �áå®-¤ï ¨§ �2 = �0:5 ¤«ï � = 0:05, 0.1, 0.15, 0.2 ¡ë-«¨ ¯®«ãç¥­ë �2 = -0.306, -0.31, -0.313, -0.317 á®®â-¢¥âáâ¢¥­­®. �§ ¡®«ìè®£® ª®«¨ç¥áâ¢  à¥§ã«ìâ â®¢à áç¥â®¢ ¯à¨ à¥ «¨§ æ¨¨ ¢â®à®© ä®à¬ë I(t) ¢ë-¡à ­ë, ¯®¦ «ã©, ­ ¨¡®«¥¥ ¯®ª § â¥«ì­ë¥ à¥§ã«ì-â âë { ¯à®ä¨«¨ ®â­®á¨â¥«ì­®© ª®­æ¥­âà æ¨¨ ¯®-¤¢¨¦­ëå ç áâ¨æ Nc(z) ­  à §­ë¥ ¬®¬¥­âë ¢à¥¬¥-­¨ ¨ ®á ¦¤¥­­ëå ç áâ¨æ ¯®á«¥ ®ª®­ç ­¨ï ª®«ì¬ -â æ¨®­­®£® ¯à®æ¥áá  Nck(z) (à¨á. 9). �á«¥¤áâ¢¨¥ãáª®à¥­­®£® ã¡ë¢ ­¨ï ¨­â¥­á¨¢­®áâ¨ I (¯® áà ¢-­¥­¨î á ¯¥à¢®© ä®à¬®©) ¤ ¦¥ ¯à¨ � = 0:1 ­¥ ã¤ -¥âáï à ááç¨â âì ä¨«ìâà æ¨®­­ë¥ ¤¥ä®à¬ æ¨¨ ¢¯®«­®¬ ®¡ê¥¬¥. �®íâ®¬ã ­  à¨á. 9 ¯à¨¢¥¤¥­ â®«ì-ª® ¯à®ä¨«ì Nck(z) ¤«ï � = 0:05 (ªà¨¢ ï 6). �à¥¬ï®á ¦¤¥­¨ï ¢§¢¥è¥­­ëå ç áâ¨æ ®ª § «®áì ­ áâ®«ì-ª® ¬ «ë¬, çâ® ¯à®ä¨«ì Nc(z; t0), âà ­áä®à¬¨àã-ïáì ¢ ¯à®ä¨«ì Nck(z), ­¥ ãá¯¥¢ ¥â áª®«ìª®-­¨¡ã¤ì§ ¬¥â­® ¢¨¤®¨§¬¥­¨âìáï. � ¨â®£¥ ªà¨¢ë¥ 6, 7, ®â-¢¥ç îé¨¥ ãª § ­­ë¬ ¯à®ä¨«ï¬, ¯à ªâ¨ç¥áª¨ á®-¢¯ «¨. �¥áª®«ìª® ¡®«¥¥ á«®¦­ë¬ ¡ë«® ®¯à¥¤¥«¥-­¨¥ äã­ªæ¨¨ zm(t) ¨ ãáâ ­®¢«¥­¨¥ £à ­¨æ, ¢ ª®â®-àëå ®¯à ¢¤ ­® ¯à¨¬¥­¥­¨¥ ¯à¨­ïâ®© ¬®¤¥«¨. � à¨á. 10 ¤ ­ë ªà¨¢ë¥ ¨§¬¥­¥­¨ï zm ¨ zb ¢® ¢à¥¬¥­¨¤«ï � = 0:05, 0.1, 0.15. � à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥¢¥«¨ç¨­  zm ­ å®¤¨« áì ¯ãâ¥¬ à¥è¥­¨ï á«¥¤ãî-

é¥© á¨áâ¥¬ë ãà ¢­¥­¨©:1um � I � 2 ln(um � I) = 1 + 2 ln 1� ���1 � 2�2t;zm = 1�2�um � �11� ��+ (2um � 2I � 1)��"t� 1�2 ln (1� �)(um � I)��1 #;£¤¥ um { ¤¥©áâ¢¨â¥«ì­ ï áª®à®áâì ä¨«ìâà æ¨®­-­®£® â¥ç¥­¨ï ­  ãà®¢­¥ z = zm ¢ ¬®¬¥­â t. �®-¯®áâ ¢¨¢ à¨á. 1 ¨ 10, ¬®¦­® § ª«îç¨âì, çâ® zm¯à¨ íªá¯®­¥­æ¨ «ì­®© ä®à¬¥ I à áâ¥â ¡ëáâà¥¥ ¨,¯à¨­¨¬ ï ¯à¨ � = 0:05 á® ¢à¥¬¥­¥¬ ã¦¥ ¯®«®-¦¨â¥«ì­ë¥ §­ ç¥­¨ï, ãá¯¥¢ ¥â §­ ç¨â¥«ì­® ¯à¨-¡«¨§¨âìáï ª zb(t). � æ¥«®¬ à¥§ã«ìâ âë à áç¥â®¢®¡¥¨å á¥à¨© ¯à¨¬¥à®¢ ¯®¤â¢¥à¦¤ îâ ¢ ¦­®¥ §­ -ç¥­¨¥ ¤«ï ä¨«ìâà æ¨®­­ëå á¢®©áâ¢ áãä®§¨®­­ëå£àã­â®¢ ¢§ ¨¬®á¢ï§ ­­ëå ä¨«ìâà æ¨®­­ëå ¨ ¤¥-ä®à¬ æ¨®­­¨å ¯à®æ¥áá®¢ ®á®¡¥­­® ­  ­ ç «ì­®©áâ ¤¨¨ ¨å ¯à®â¥ª ­¨ï.�����������­â¥­á¨¢­ë© ¢®¤®¨áâ®ç­¨ª, ¤¥©áâ¢ãîé¨© ­ ¯®¢¥àå­®áâ¨ ¨«¨ ¢­ãâà¨ áãää®§¨®­­®£® £àã­â ,ª ª ¯à ¢¨«®, á¯®á®¡áâ¢ã¥â ¢®§­¨ª­®¢¥­¨î §­ ç¨-â¥«ì­ëå ä¨«ìâà æ¨®­­ëå ¤¥ä®à¬ æ¨©. �® ¢à¥¬¥-­¥¬ áãää®§¨®­­ë¥ ç áâ¨æë ®â­®áïâáï ¢á¥ ¤ «ì-è¥ ®â ¨áâ®ç­¨ª  ¨ ¯¥à¢®­ ç «ì­® à ¢­®¬¥à­®¥ ¨åà á¯à¥¤¥«¥­¨¥ áâ ­®¢¨âáï áãé¥áâ¢¥­­® ­¥à ¢­®-¬¥à­ë¬. �à¨ íâ®¬ ®¡à §ãîâáï ¤¢¥ å à ªâ¥à­ë¥§®­ë { áãää®§¨®­­ ï (ãª § ­­ë¥ ç áâ¨æë ¯®«­®-áâìî ¢ë­¥á¥­ë) ¨  ªªã¬ã«¨àãîé ï (á®áà¥¤®â®ç¥-­ë ¢á¥ ¯®¤¢¨¦­ë¥ ç áâ¨æë ¨§ ®¡« áâ¨ ¤¥ä®à¬ -æ¨©). � ª®¯«¥­¨¥ ­¥áâàãªâãà­ëå ç áâ¨æ ¢ ã¤ -«¥­­®© ®â ¨áâ®ç­¨ª  ç áâ¨ ä¨«ìâà æ¨®­­®£® ¯®-â®ª  ®¡ãá« ¢«¨¢ ¥â §¤¥áì à¥§ª®¥ á­¨¦¥­¨¥ ¯à¥¦¤¥¢á¥£® ¯à®­¨æ ¥¬®áâ¨ £àã­â ,  , á«¥¤®¢ â¥«ì­®, ¨áª®à®áâ¥© ¢¯¨âë¢ ­¨ï ¢®¤ë, â¥ç¥­¨ï £àã­â®¢ëå¢®¤. � à ªâ¥à ¯¥à¥à á¯à¥¤¥«¥­¨ï â ª¨å ç áâ¨æ¯à¨ ¤¥ä®à¬¨à®¢ ­¨¨ £àã­â  ¢® ¬­®£®¬ § ¢¨á¨â®â ®á®¡¥­­®áâ¥© ¯à®â¥ª ­¨ï ä¨«ìâà æ¨®­­ëå ¨áãää®§¨®­­ëå ¯à®æ¥áá®¢ ­  ¨å ­ ç «ì­®© áâ ¤¨¨.�®áâ¥¯¥­­®¥ á­¨¦¥­¨¥ áª®à®áâ¨ ¯à¨â®ª  ¢®¤ë ¢¯à®¬ ç¨¢ ¥¬ë© £àã­â ¢¥¤¥â ª ¯à¥¨¬ãé¥áâ¢¥­­®©ª®­æ¥­âà æ¨¨ ¯®¤¢¨¦­ëå ç áâ¨æ ¢ ¢¥àå­¥© ç áâ¨ ªªã¬ã«¨àãîé¥© §®­ë. �à¨ ¢ëá®ª®¬ ¨áå®¤­®¬á®¤¥à¦ ­¨¨ ­¥áâàãªâãà­ëå ç áâ¨æ £à ¤¨¥­â ¨åª®­æ¥­âà æ¨¨ ­  ¢¥àå­¥© £à ­¨æ¥ íâ®© §®­ë ­¥-®£à ­¨ç¥­­® à áâ¥â, ¨ ¯®íâ®¬ã ¢¡«¨§¨ ãª § ­­®©£à ­¨æë ¢ ¦­ãî à®«ì ¢ ¬ áá®¯¥à¥­®á¥ ­ ç¨­ ¥â34 �. �. �®«ïª®¢
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