
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 4. �. 60 { 73��� 581.1: 631.4������������ �������� � ������������������. �. ��������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 05.03.2002�  ®á­®¢¥ ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ ¬¥å ­¨ç¥áª®© áãää®§¨¨ ¢ ¤¢ãåäà ªæ¨®­­®¬ ­¥á¢ï§­®¬ £àã­â¥ à áá¬ âà¨¢ ¥âáïà §¢¨â¨¥ ¢ ­¥¬ ä¨«ìâà æ¨®­­ëå ¤¥ä®à¬ æ¨©. �ãää®§¨®­­ë© ¯à®æ¥áá ¨­¨æ¨¨àã¥âáï ¤à¥­ ¦¥¬, ¤¥©áâ¢ãîé¨¬ ¢à §«¨ç­ëå à¥¦¨¬ å. �ë¢¥¤¥­® ãà ¢­¥­¨¥ ¤«ï áª®à®áâ¨ ¢®¤ë ¯à¨ ¨§¬¥­¥­¨¨ á®¤¥à¦ ­¨ï â¢¥à¤®© ä §ë. �®«ãç¥­®áâà®£®¥ à¥è¥­¨¥ ­¥áâ æ¨®­ à­®© § ¤ ç¨ ¯à¨ ¯®áâ®ï­­®¬ à áå®¤¥ ¤à¥­ë Q ¨ ãáâ ­®¢«¥­® ­ «¨ç¨¥ ¢ ®¡« áâ¨ ¤¥ä®à-¬ æ¨© ¤¢ãå å à ªâ¥à­ëå §®­. � á«ãç ¥ ¯¥à¥¬¥­­®£® Q ¬­®£®ç¨á«¥­­ë¥ à áç¥âë ¢ë¯®«­¥­ë, ¨áå®¤ï ¨§ ç¨á«¥­­®£®à¥è¥­¨ï å à ªâ¥à¨áâ¨ç¥áª®© á¨áâ¥¬ë. �à®¢¥¤¥­ ¤¥â «ì­ë©  ­ «¨§ ¨§¬¥­¥­¨ï ¢ ¦­¥©è¨å ä¨§¨ª®-¬¥å ­¨ç¥áª¨åå à ªâ¥à¨áâ¨ª. �¯¨à ïáì ­  ¬®¤¨ä¨æ¨à®¢ ­­ãî ä®à¬ã«ã �®§¥­¨-� à¬ ­ , ®æ¥­¥­® ®â­®á¨â¥«ì­®¥ ã¢¥«¨ç¥­¨¥¯à®­¨æ ¥¬®áâ¨, ª®â®à®¥ ®¡ãá«®¢«¥­® ¯¥à¥à á¯à¥¤¥«¥­¨¥¬ ¨ ¢ë­®á®¬ áãää®§¨®­­ëå ç áâ¨æ.�  ®á­®¢i ¬ â¥¬ â¨ç­®ù ¬®¤¥«i ¬¥å ­iç­®ù áãä®§iù ã ¤¢®äà ªæi©­®¬ã ­¥§¢'ï§­®¬ã £àã­âi à®§£«ï¤ õâìáï à®§¢¨â®ª ã­ì®¬ã äi«ìâà æi©­¨å ¤¥ä®à¬ æi©. �ãä®§i©­¨© ¯à®æ¥á i­iæiîõâìáï ¤à¥­ ¦¥¬, ïª¨© ¤iõ ã ài§­¨å à¥¦¨¬ å. �âà¨¬ ­®ài¢­ï­­ï ¤«ï è¢¨¤ª®áâi ¢®¤¨ ¯à¨ §¬i­i ¢¬iáâã â¢¥à¤®ù ä §¨ £àã­âã. �­ ©¤¥­® â®ç­¨© à®§¢'ï§®ª ­¥ãáâ «¥­®ù § ¤ çi¯à¨ ¯®áâi©­i© ¢¨âà âi ¤à¥­¨ Q i ¢áâ ­®¢«¥­  ­ ï¢­iáâì ¢ ®¡« áâi ¤¥ä®à¬ æiù ¤¢®å å à ªâ¥à­¨å §®­. � ¢¨¯ ¤ªã§¬i­­®£® Q ç¨á«¥­­i à®§à åã­ª¨ ¢¨ª®­ ­i, ¢¨å®¤ïç¨ § ç¨á¥«ì­®£® à®§¢'ï§ªã å à ªâ¥à¨áâ¨ç­®ù á¨áâ¥¬¨. �¥â «ì­®¯à® ­ «i§®¢ ­i §¬i­¨ ­ ©¢ ¦«¨¢iè¨å äi§¨ª®-¬¥å ­iç­¨å å à ªâ¥à¨áâ¨ª. �¯¨à îç¨áì ­  ¬®¤¨äiª®¢ ­ã ä®à¬ã«ã�®§¥­i-� à¬ ­ , ®æi­¥­® ¢i¤­®á­¥ §¡i«ìè¥­­ï ¯à®­¨ª­®áâi, ïª¥ ®¡ã¬®¢«¥­¥ ¯¥à¥à®§¯®¤i«®¬ i ¢¨­®á®¬ áãä®§i©­¨åç áâ¨­®ª.Filtration deformations in two-fraction cohesionless soil due to solid particles transport are considered.The mass transferis initiated by drainage acting under di�erent conditions. An equation for the velocity of ground-water is deduced whenthe content of solid phase is changing. An exact solution to the transient problem is obtained at the constant drainagedischarge and existence of two distinctive zones is established in the deformation domain.In the case of variable drainagedischarge a great number of computations are performed coming from a numerical solution to the characteristic system.A detailed analysis is conducted of the changes in physical and mechanical values. On the basis of the Cozeny-Carmanformula modi�ed a relative increase in hydraulic conductivity owing to solid particles re-distribution is evaluated.��������� à ªâ¥à­®© ®á®¡¥­­®áâìî ¬­®£¨å ­¥á¢ï§­ëå£àã­â®¢ ï¢«ï¥âáï á®¤¥à¦ ­¨¥ ¢ ­¨å áà ¢­¨â¥«ì-­® ¡®«ìè®£® ª®«¨ç¥áâ¢  (¤® 10% ¨ ¢ëè¥ ®â ¬ á-áë â¢¥à¤®© ä §ë) ¬¥«ª¨å (¯ë«¥¢ âëå) ç áâ¨æ [1].� ®â«¨ç¨¥ ®â ¡®«¥¥ ªàã¯­ëå áâàãªâãà®®¡à §ãî-é¨å ç áâ¨æ ®­¨ ¬®£ãâ § å¢ âë¢ âìáï ¨ ¯¥à¥­®-á¨âìáï ä¨«ìâà æ¨®­­ë¬ ¯®â®ª®¬. �å ¢§ ¨¬®¤¥©-áâ¢¨¥ á® áª¥«¥â®¬ £àã­â  ­®á¨â ç¨áâ® ¬¥å ­¨ç¥-áª¨© å à ªâ¥à,   ¬¥å ­¨§¬ â ª®£® ¢§ ¨¬®¤¥©áâ¢¨ï¯®¤à®¡­®  ­ «¨§¨àã¥âáï ¢ [2]. �¥à¥­®á ¥é¥ ¡®-«¥¥ ¬¥«ª¨å ª®««®¨¤­ëå ç áâ¨æ, ª®â®àë© ¢ ­¥ª®-â®àëå á«ãç ïå ¬®¦¥â ¤ ¢ âì §­ ç¨¬ë© ¢ª« ¤ ¢®¡é¨© ¬ áá®¢ë© à áå®¤ [3, 4], ¢ëå®¤¨â §  à ¬ª¨¤ ­­ëå ¨áá«¥¤®¢ ­¨©. �à¨ ¨­â¥­á¨¢­®¬ ¤¢¨¦¥-­¨¨ ¯®¤§¥¬­ëå ¢®¤ ª ãç áâª ¬ ¨å à §£àã§ª¨ (¢®-¤®â®ª¨, ¢®¤®åà ­¨«¨é ), ª ¢®¤®¯à¨¥¬­ë¬ ¨ ¢®¤®-à¥£ã«¨àãîé¨¬ ãáâà®©áâ¢ ¬, á®®àã¦¥­¨ï¬ (áª¢ -¦¨­ë, § ¢¥áë, £®à¨§®­â «ì­ë¥ ¤à¥­ë) ç áâ® â¥-ç¥­¨¥ ¢¡«¨§¨ ¢ëå®¤­®£® á¥ç¥­¨ï ¯®â®ª  áâ ­®¢¨â-áï áãé¥áâ¢¥­­® ­¥à ¢­®¬¥à­ë¬ (£à ¤¨¥­â ­ ¯®à ¬¥­ï¥âáï ­  ¯®àï¤ª¨). �¬¥­­® §¤¥áì á®§¤ îâáï®á®¡ë¥ ä¨§¨ª®-¬¥å ­¨ç¥áª¨¥ ãá«®¢¨ï, á¯®á®¡áâ¢ã-îé¨¥ á­ ç «  ¢§¢¥è¨¢ ­¨î,   § â¥¬ ¨ ¯¥à¥¬¥é¥-
­¨î â¢¥à¤ëå ç áâ¨æ, ¨å ¢ë­®áã ¨§ ®¡« áâ¨ ä¨«ì-âà æ¨¨ (¬¥å ­¨ç¥áª ï áãää®§¨ï) [5{7]. �áâ â¨, ¢¯à¨­æ¨¯¥ áå®¤­ ï ª àâ¨­  ­ ¡«î¤ ¥âáï ¯à¨ ¤¢¨-¦¥­¨¨ ¢§¢¥á¥­¥áãé¨å ¯®â®ª®¢ ¨ ­ ­®á®¢ [8, 9],¢ë¯ ¤¥­¨¨ ®¡¨«ì­ëå ®á ¤ª®¢ [10], à ¡®â¥ ä¨«ì-âà®¢ ¢ ®ç¨áâ­ëå á®®àã¦¥­¨ïå [11, 12]. � ¨â®£¥,¢ £àã­â¥ ¯à¥¦¤¥ ¢á¥£® ®¡à §ã¥âáï §®­  á ­¨§ª®©ª®­æ¥­âà æ¨¥© áãää®§¨®­­ëå ç áâ¨æ ¨, á«¥¤®¢ -â¥«ì­®, ¬¥­ìè¨¬ á®¤¥à¦ ­¨¥¬ â¢¥à¤®© ä §ë ¢ æ¥-«®¬. �à¨ ¯¥à¢®­ ç «ì­® ¡®«ìè®¬ ª®«¨ç¥áâ¢¥ â -ª¨å ç áâ¨æ áãé¥áâ¢ã¥â ®¯ á­®áâì, çâ® ¯à¨«®¦¥-­¨¥ ¢­¥è­¨å ­ £àã§®ª ¢ë§®¢¥â ­¥®¡à â¨¬ë¥ ¤¥-ä®à¬ æ¨¨ á¦ â¨ï [13]. �¡áâ®ïâ¥«ì­® § ª®­®¬¥à-­®áâ¨ ¤¥ä®à¬ æ¨© ®¡ê¥¬  £àã­â  §  áç¥â á«®¦­®-£® ­ ¯àï¦¥­­®£® á®áâ®ï­¨ï ®¯¨á ­ë, ­ ¯à¨¬¥à, ¢[14, 15]. �¥à¥ã¯«®â­¥­¨¥ £àã­â , ¯à¨ç¥¬ ­  ®â¢¥â-áâ¢¥­­®¬ ãç áâª¥ ¯®â®ª  £àã­â®¢ëå ¢®¤, ¢¥¤¥â ªà¥§ª®¬ã ãåã¤è¥­¨î ä¨«ìâà æ¨®­­ëå ãá«®¢¨©. �â® ¦¥ ¢à¥¬ï, ­ ¡«î¤ ¥âáï § ¨«¥­¨¥ ¯à¨à®¤­ëå ¨¨­¦¥­¥à­ëå ®¡ê¥ªâ®¢,  ªªã¬ã«¨àãîé¨å ¢ë­®á¨-¬ë¥ ç áâ¨æë. � ª, ¢ á«ãç ¥ ¬¥«¨®à â¨¢­®£® ¤à¥-­ ¦  ¯à¨ç¨­®© íâ®£® ï¢«¥­¨ï ®ª §ë¢ ¥âáï ®â­®-á¨â¥«ì­® ¬ « ï áª®à®áâì ¢®¤ë ¢ ¤à¥­ å, ª®â®à®©ç áâ® ­¥¤®áâ â®ç­® ¤«ï ã¤ «¥­¨ï ¡®«¥¥ ªàã¯­ëåç áâ¨æ ¨§ ¯ë«¥¢ âëå ¨«¨ ¯¥áç ­ëå [1].60 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 4. �. 60 { 73�é¥ ¡®«¥¥ ­¥¡« £®¯à¨ïâ­ë© ä¨«ìâà æ¨®­­ë©à¥¦¨¬ ¢ áãää®§¨®­­ëå £àã­â å ¬®¦¥â áä®à¬¨-à®¢ âìáï ¢ ®âáãâáâ¢¨¨ ¢ë­®á  ¯®¤¢¨¦­ëå ç áâ¨æ.�®£¤  ¬ áá®¯¥à¥­®á ®¡ãá« ¢«¨¢ ¥â §­ ç¨â¥«ì­ãî­¥®¤­®à®¤­®áâì ¢ à á¯à¥¤¥«¥­¨¨ ¯®¤®¡­ëå ç áâ¨æ¢ ®¡« áâ¨ ä¨«ìâà æ¨¨ á ®¡à §®¢ ­¨¥¬ ­ àï¤ã ááãää®§¨®­­ë¬¨ §®­ ¬¨ ¨ §®­ á ¨å ¯®¢ëè¥­­ë¬á®¤¥à¦ ­¨¥¬ (ª®«ì¬ â æ¨®­­ë¥ §®­ë). �á«¥¤-áâ¢¨¥ ¯®áâ¥¯¥­­®£® ­ ª®¯«¥­¨ï ç áâ¨æ ¢ ª®«ì¬ -â æ¨®­­ëå §®­ å ã¬¥­ìè ¥âáï ¯®à¨áâ®áâì £àã­â (¢®§¬®¦­  ¤ ¦¥ § ªã¯®àª  ¡®«¥¥ ¬¥«ª¨å ¯®à) ¨,¢ ª®­æ¥ ª®­æ®¢, ¬®¦¥â § ¬¥â­® á­¨§¨âìáï íää¥ª-â¨¢­®áâì ®áãè¨â¥«ì­ëå ¨ ã¢« ¦­¨â¥«ì­ëå ¬¥à®-¯à¨ïâ¨©, ®á«®¦­¨âìáï à ¡®â  ¯®¤§¥¬­ëå ¢®¤®§ -¡®à®¢, ä¨«ìâà®¢ ¨ â. ¤. [16 { 18].� ¦­®¥ §­ ç¥­¨¥ áãää®§¨®­­ëå ¨ ª®«ì¬ â æ¨-®­­ëå ¯à®æ¥áá®¢ ¤«ï £¨¤à®â¥å­¨ç¥áª®£®, ¬¥«¨®à -â¨¢­®£® áâà®¨â¥«ìáâ¢ , ®åà ­ë ®ªàã¦ îé¥© áà¥-¤ë,   â ª¦¥ â¥å­®«®£¨© ®ç¨áâª¨ ¯à®¬ëè«¥­­ëå¨ ¡ëâ®¢ëå áâ®ª®¢ ¯à¥¤®¯à¥¤¥«¨«¨ ®¡è¨à­ë¥ ¨á-á«¥¤®¢ ­¨ï à §¢¨â¨ï ãª § ­­ëå ¯à®æ¥áá®¢ ¨ ¯®-ï¢«¥­¨¥ ¢ íâ®¬ ­ ¯à ¢«¥­¨¨ §­ ç¨â¥«ì­®© ¯® ®¡ê-¥¬ã ¨ á®¤¥à¦ ­¨î «¨â¥à âãàë. � áãé¥áâ¢¥­­ë¬â¥®à¥â¨ç¥áª¨¬ à¥§ã«ìâ â ¬ á«¥¤ã¥â ®â­¥áâ¨ àï¤ä¨§¨ç¥áª¨å ¨ ¬ â¥¬ â¨ç¥áª¨å ¬®¤¥«¥© ä¨«ìâà -æ¨®­­ëå ¤¥ä®à¬ æ¨© ­¥á¢ï§­ëå £àã­â®¢, ¨å  ­ -«¨§  ­ «¨â¨ç¥áª¨¬¨ ¨ ç¨á«¥­­ë¬¨ ¬¥â®¤ ¬¨ [19 {22]. � ¯®¤®¡­ëå à ¡®â å, ®¤­ ª®, ­¥ ¨á¯®«ì§®¢ -«¨áì ¢ ¤®«¦­®© ¬¥à¥ ¬ â¥à¨ «ë ¬­®£®ç¨á«¥­­ëåíªá¯¥à¨¬¥­â®¢, ­ ¯à¨¬¥à [23 { 26], ¢ å®¤¥ ª®â®-àëå ¨§ãç «¨áì ªà¨â¥à¨¨ ¤¥ä®à¬¨à®¢ ­¨ï £àã­-â , å à ªâ¥à ¤¥ä®à¬ æ¨© ¨ ¢«¨ï­¨¥ ­  ­¨å à §­®-®¡à §­ëå ä ªâ®à®¢. �¡ê¥ªâ®¬ ­ âãà­ëå ¨ « ¡®-à â®à­ëå ¨áá«¥¤®¢ ­¨© ¤¥ä®à¬ æ¨®­­ëå ¯à®æ¥á-á®¢ á«ã¦¨«¨ ¨ à¥ «ì­ë¥ £àã­âë, ¯à¥¤áâ ¢«ïîé¨¥á®¡®© á«®¦­ë¥ ¤¨á¯¥àá­ë¥ á¨áâ¥¬ë, ¨ ¬®¤¥«ì­ë¥£àã­âë, ¯à¨£®â®¢«¥­­ë¥ ¯ãâ¥¬ á¬¥è¨¢ ­¨ï â¢¥à-¤ëå ç áâ¨æ ¤¢ãå-âà¥å á®àâ®¢. �à¨ ¨áªãááâ¢¥­­®áä®à¬¨à®¢ ­­®¬ ¬¥å ­¨ç¥áª®¬ á®áâ ¢¥ £àã­â  ¢§­ ç¨â¥«ì­®© ¬¥à¥ ®¡«¥£ç ¥âáï ãáâ ­®¢«¥­¨¥ á¯¥-æ¨ä¨ç¥áª¨å ®á®¡¥­­®áâ¥© ¢ ¯®¢¥¤¥­¨¨ áãää®§¨®­-­ëå ç áâ¨æ ¨, ¢ ¯¥à¢ãî ®ç¥à¥¤ì, ãá«®¢¨© ¨å ¢§¢¥-è¨¢ ­¨ï, ¤¨­ ¬¨ª¨ ¢§ ¨¬®¤¥©áâ¢¨ï á ä¨«ìâà æ¨-®­­ë¬ ¯®â®ª®¬, áâàãªâãà­®© ç áâìî â¢¥à¤®© ä -§ë. � ¤ ­­®© à ¡®â¥ ¯à¥á«¥¤®¢ « áì æ¥«ì ã£«ã-¡¨âì ¯®­¨¬ ­¨¥ ¬¥å ­¨§¬  ¨ ®¡é¨å § ª®­®¬¥à­®-áâ¥© ¤¥ä®à¬¨à®¢ ­¨ï ­¥á¢ï§­ëå £àã­â®¢. � á¢ï-§¨ á íâ¨¬ ¡ë«® ¯à®¢¥¤¥­® ¤¥â «ì­®¥ ¨§ãç¥­¨¥ á®-¢¬¥áâ­®© ä¨«ìâà æ¨¨ ¨ ¬ áá®¯¥à¥­®á  â¥®à¥â¨-ç¥áª¨¬¨ ¬¥â®¤ ¬¨ ¯à¨¬¥­¨â¥«ì­® ª ¤¢ãåäà ªæ¨-®­­®¬ã £àã­âã. �¤­  ¨§ äà ªæ¨© ®¡à §ã¥â áª¥-«¥â £àã­â ,   ¢â®à ï á®áâ ¢«¥­  ¨§ áãää®§¨®­-­ëå ç áâ¨æ ¯à¨¬¥à­® ®¤­®£® à §¬¥à . �­ «¨-§¨à®¢ «¨áì ¢ë§¢ ­­ë¥ áãää®§¨®­­ë¬ ¯à®æ¥áá®¬

¨§¬¥­¥­¨ï ä¨«ìâà æ¨®­­ëå å à ªâ¥à¨áâ¨ª £àã­-â  (¯®à¨áâ®áâì, ¯à®­¨æ ¥¬®áâì),   â ª¦¥ ª¨­¥¬ -â¨ª  ä¨«ìâà æ¨®­­®£® â¥ç¥­¨ï ¯à¨ ¯®áâ®ï­­®¬¨ ¯¥à¥¬¥­­®¬ ¯à¨â®ª¥ £¨¤à®á¬¥á¨ (¢®¤  ¨ â¢¥à-¤ë¥ ç áâ¨æë) ª ¤à¥­¥. �¥ç¥­¨¥ ¢®¤ë ¢ £àã­â¥ ¤®­ ç «  ¤¥ä®à¬ æ¨© ­®á¨«® áâ æ¨®­ à­ë© å à ª-â¥à ¨ ¯à ªâ¨ç¥áª¨ ¯®«­®áâìî ®¯à¥¤¥«ï«®áì ¨áå®¤-­ë¬ à áå®¤®¬ ¤à¥­ë. �¥à ¢­®¬¥à­®áâì ¤¢¨¦¥­¨ï£àã­â®¢ëå ¢®¤, ¬®¡¨«ì­®áâì ç áâ¨æ ¢â®à®© äà ª-æ¨¨ ­ àï¤ã á ¨§¬¥­¥­¨¥¬ ¢® ¢à¥¬¥­¨ ãª § ­­®-£® à áå®¤  ®¡ãá« ¢«¨¢ îâ ­¥áâ æ¨®­ à­®áâì ä¨«ì-âà æ¨¨ ¨ ¬ áá®¯¥à¥­®á  ­  ¯à¨¤à¥­­®¬ ãç áâª¥ä¨«ìâà æ¨®­­®£® ¯®â®ª  (®¡« áâì ¤¥ä®à¬ æ¨©).�à¨ §­ ç¨â¥«ì­ëå ¤«¨­¥ ¤à¥­ë ¨ ¥¥ ã¤ «¥­¨¨ ®âª®­âãà  ¯¨â ­¨ï ä¨§¨ª®-¬¥å ­¨ç¥áª¨¬ ¯à®æ¥áá ¬¢¡«¨§¨ ¤à¥­ë á¢®©áâ¢¥­­  ®á¥¢ ï á¨¬¬¥âà¨ï, çâ®ï¢«ï¥âáï ®á­®¢ ­¨¥¬ ¤«ï ®á¥á¨¬¬¥âà¨ç­®© ¯®áâ -­®¢ª¨ ¬ â¥¬ â¨ç¥áª®© § ¤ ç¨.�à¨ ¯®áâà®¥­¨¨ ¨áå®¤­®© ¬ â¥¬ â¨ç¥áª®© ¬®-¤¥«¨ ¨á¯®«ì§®¢ ­® áãé¥áâ¢¥­­®¥ ¤®¯ãé¥­¨¥ ®â­®-á¨â¥«ì­® ä®à¬ë á¢ï§¨ áª®à®áâ¥© ç áâ¨æ ¨ ¢®¤ë,å à ªâ¥à¨§ãîé¥© ¢§ ¨¬®¤¥©áâ¢¨¥ á®®â¢¥âáâ¢ãî-é¨å ¯®â®ª®¢. �ª § ­­®¥ ¤®¯ãé¥­¨¥ á¤¥« ­® ­ ®á­®¢¥  ­ «¨§  à ¢­®¢¥á¨ï á¨«, ¤¥©áâ¢ãîé¨å ­ áãää®§¨®­­ë¥ ç áâ¨æë, ¨ à¥§ã«ìâ â®¢ á¯¥æ¨ «ì-­ëå íªá¯¥à¨¬¥­â®¢. � ª¨¬ ®¡à §®¬, ¥áâì ¢á¥ ®á­®-¢ ­¨ï áç¨â âì, çâ® ¯®¤®¡­ë¥ ç áâ¨æë ¯à¨å®¤ïâ ¢¤¢¨¦¥­¨¥ â®«ìª® ¯®á«¥ ¯à¨«®¦¥­¨ï ®¯à¥¤¥«¥­­®©£¨¤à®¤¨­ ¬¨ç¥áª®© á¨«ë [27]. �¥«¨ç¨­  ã¯®¬ï­ã-â®© á¨«ë ¢á«¥¤áâ¢¨¥ ¬ «®© ¨­â¥­á¨¢­®áâ¨ ä¨«ì-âà æ¨®­­ëå ¯à®æ¥áá®¢ (¯à¨ « ¬¨­ à­®¬ à¥¦¨¬¥â¥ç¥­¨ï) ¯à®¯®àæ¨®­ «ì­  áª®à®áâ¨ ¤¢¨¦¥­¨ï ¨«¨à áå®¤ã ¢®¤ë. � àï¤¥ à ¡®â, ¯®á¢ïé¥­­ëå ï¢«¥-­¨î áãää®§¨¨, ®¯à¥¤¥«ï«®áì ¯®à®£®¢®¥ §­ ç¥­¨¥£à ¤¨¥­â  ¤ ¢«¥­¨ï (­ ¯®à ) Ik, ¯à¨ ª®â®à®¬ ­ -¡«î¤ ¥âáï ¢§¢¥è¨¢ ­¨¥ ç áâ¨æ ¨ â¥¬ á ¬ë¬ á®-§¤ îâáï ¯à¥¤¯®áë«ª¨ ª ¬ áá®¯¥à¥­®áã [24, 25].�¤­ ª® ¡®«¥¥ ã­¨¢¥àá «ì­®© ä¨§¨ç¥áª®© å à ªâ¥-à¨áâ¨ª®© ï¢«ï¥âáï ªà¨â¨ç¥áª ï áª®à®áâì ¢®¤ë uk,â ª ª ª ¢¥«¨ç¨­  Ik ¢ëà ¦ ¥âáï ç¥à¥§ uk, ª®íää¨-æ¨¥­â ä¨«ìâà æ¨¨ ¨ ¯®à¨áâ®áâì £àã­â ,   §­ ç¨â¢ ®â«¨ç¨¥ ®â uk ¬¥­ï¥âáï ¢ § ¢¨á¨¬®áâ¨ ®â ¢ë¡®-à  ä¨«ìâà æ¨®­­ëå ¯ à ¬¥âà®¢.�«ï ®¯¨á ­¨ï ®¡¬¥­  áãää®§¨®­­ë¬¨ ç áâ¨æ -¬¨ ¬¥¦¤ã â¢¥à¤®© ¨ ¦¨¤ª®© ä § ¬¨ ¯®à¨áâ®© áà¥-¤ë ¡ë«® ¯à¨­ïâ® ¯à¨¬¥­ïâì ¬®¤¥«¨, § ¨¬áâ¢®¢ ­-­ë¥ ¨§ å¨¬¨ç¥áª®© ª¨­¥â¨ª¨ [28, 29]. �¤­ ª® â -ª®© ç¨áâ® ä®à¬ «ì­ë© ¯®¤å®¤ ¢àï¤ «¨ ã¬¥áâ¥­¨§-§  ¯à¨­æ¨¯¨ «ì­ëå ®â«¨ç¨© ¢ ¬¥å ­¨§¬ å ®¡-¬¥­­ëå ¯à®æ¥áá®¢ ¯à¨ ¬¥å ­¨ç¥áª®© áãää®§¨¨ ¨,­ ¯à¨¬¥à,  ¤á®à¡æ¨¨, ¨®­­®¬ ®¡¬¥­¥, à áâ¢®à¥-­¨¨. �®íâ®¬ã ¯à¥¤áâ ¢«ï¥âáï ¡®«¥¥ ¯¥àá¯¥ªâ¨¢-­ë¬ ¯®¤å®¤, à¥ «¨§®¢ ­­ë© ­¨¦¥, ¯à¨ ª®â®à®¬¯¥à¥å®¤ â¢¥à¤ëå ç áâ¨æ ¢ ¯®¤¢¨¦­®¥ á®áâ®ï­¨¥�. �. �®«ïª®¢ 61



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 4. �. 60 { 73¨, ­ ®¡®à®â, ¨å ®á ¦¤¥­¨¥ ®¡êïá­ïîâáï ¤®áâ¨¦¥-­¨¥¬ áª®à®áâìî ¢®¤ë (£¨¤à ¢«¨ç¥áª®© á¨«®©) á®-®â¢¥âáâ¢ãîé¥£® §­ ç¥­¨ï uk. �ç¥¢¨¤­®, çâ® uk§ ¢¨á¨â ®â à §¬¥à®¢ ¨ ä®à¬ë ç áâ¨æ, ¨ ¯®íâ®-¬ã ¢ á«ãç ¥ à¥ «ì­ëå £àã­â®¢, ï¢«ïîé¨åáï, ª ª¯à ¢¨«®, ¯®«¨¤¨á¯¥àá­ë¬¨ áà¥¤ ¬¨, á«¥¤ã¥â ¢¢®-¤¨âì ­¥áª®«ìª® §­ ç¥­¨© uk ¯® ª®«¨ç¥áâ¢ã äà ª-æ¨© áãää®§¨®­­®© á®áâ ¢«ïîé¥© â¢¥à¤®© ä §ë.�®£¤  ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ¤¢ãåäà ªæ¨®­­®-£® £àã­â  ®¡¬¥­­ë© ¯à®æ¥áá ¤®áâ â®ç­® ®å à ªâ¥-à¨§®¢ âì ¥¤¨­ë¬ §­ ç¥­¨¥¬ uk.���������� � ��������������������� �������¢¨¦¥­¨¥ áãää®§¨®­­ëå ç áâ¨æ ®áãé¥áâ¢«ï¥â-áï ¯à¥¨¬ãé¥áâ¢¥­­® §  áç¥â ¨å ª®­¢¥ªâ¨¢­®£® ¯¥-à¥­®á . �®«¥ªã«ïà­ ï ¨ ¤¨á¯¥àá­ ï á®áâ ¢«ïî-é¨¥ ®¡é¥£® ¤¨ääã§¨®­­®£® ¬¥å ­¨§¬  ¬ áá®¯¥-à¥­®á  § ¬¥â­®© à®«¨ ¢ ¡ « ­á¥ ãª § ­­ëå ç -áâ¨æ ­¥ ¨£à îâ. � ç áâ­®áâ¨, à §¬¥àë ¯ë«¥¢ -âëå ¨ ¯¥áç ­ëå ç áâ¨æ ï¢«ïîâáï á«¨èª®¬ ¡®«ì-è¨¬¨ ¤«ï à¥ «¨§ æ¨¨ �à®ã­®¢áª®£® ¤¢¨¦¥­¨ï ¨¬®«¥ªã«ïà­®© ¤¨ääã§¨¨ [29]. � ª¦¥ ®ª §ë¢ ¥â-áï ­¥áãé¥áâ¢¥­­ë¬ ¨ ¤¢¨¦¥­¨¥ ç áâ¨æ ¢á«¥¤áâ¢¨¥­¥à ¢­®¬¥à­®áâ¨ ä¨«ìâà æ¨¨ ¢ ¯®à å (£¨¤à®¤¨-­ ¬¨ç¥áª ï ¤¨á¯¥àá¨ï) ¯à¨ ¨§¬¥­¥­¨¨ ä¨§¨ª®-¬¥å ­¨ç¥áª¨å ¯ à ¬¥âà®¢ ¢ å à ªâ¥à­ëå ¤«ï áãä-ä®§¨®­­®£® ¯à®æ¥áá  ¤¨ ¯ §®­ å [28].�á­®¢ã ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ á®¢¬¥áâ­ëå¯«®áª®-à ¤¨ «ì­®© ä¨«ìâà æ¨¨ ¨ ¯¥à¥­®á  áãää®-§¨®­­ëå ç áâ¨æ ¢ ®¡« áâ¨ ä¨«ìâà æ¨®­­ëå ¤¥-ä®à¬ æ¨© á®áâ ¢«ï¥â á¨áâ¥¬  ãà ¢­¥­¨© [28]@nw@t = 1r @@r (rnwu); (1)@nc@t = 1r @@r [rnc(u� uk)] ;£¤¥ nw, nc { ¤®«¨ ®¡ê¥¬  £àã­â , ¯à¨å®¤ïé¨¥áï ­ ¢®¤ã, ç áâ¨æë ¢â®à®© äà ªæ¨¨ ¢ ¯®¤¢¨¦­®¬ ¨«¨¢§¢¥è¥­­®¬ á®áâ®ï­¨¨ á®®â¢¥âáâ¢¥­­®; u { ¤¥©-áâ¢¨â¥«ì­ ï áª®à®áâì ¢®¤ë; r { à ¤¨ «ì­ ï ª®®à-¤¨­ â , t { ¢à¥¬ï. � ¤ «ì­¥©è¥¬, ¯® áãé¥áâ¢ã­¥§ ¢¨á¨¬®, à¥è îâáï ¤¢¥ § ¤ ç¨ �®è¨: á¨áâ¥¬ (1) ¨ ­ ç «ì­ë¥ ãá«®¢¨ïu(0; r) = w1(r); nc(0; r) = mc; (2)á¨áâ¥¬  (1) ¨ £à ­¨ç­ë¥ ãá«®¢¨ïu(t; r0) = w2(t); nc(t; r�0) = mc: (3)�¤¥áì r0, r�0 { ¢­ãâà¥­­¨© ¨ ¢­¥è­¨© à ¤¨ãáë®¡« áâ¨ ¤¥ä®à¬ æ¨©, mc { ¤®«ï ®¡ê¥¬  ¨áå®¤­®£®

£àã­â , § ­ïâ®£® ç áâ¨æ ¬¨ ¢â®à®© äà ªæ¨¨ (à á-¯à¥¤¥«¥­ë à ¢­®¬¥à­®). �¥®¡å®¤¨¬®áâì ¢ ¯ à «-«¥«ì­®¬ à¥è¥­¨¨ § ¤ ç (1), (2) ¨ (1), (3) ¯à¨ â¥®à¥-â¨ç¥áª®¬ ¨áá«¥¤®¢ ­¨¨ ä¨§¨ª®-¬¥å ­¨ç¥áª¨å ¯à®-æ¥áá®¢ ¢ ãª § ­­®© ®¡« áâ¨ ¤¨ªâã¥âáï áãé¥áâ¢¥­-­ë¬¨ ®â«¨ç¨ï¬¨ ¢ ¯®¢¥¤¥­¨¨ áãää®§¨®­­ëå ç -áâ¨æ ­  à §­ëå ¥¥ ãç áâª å (§®­ å). �¥«¨ç¨-­ë nw, nc, å à ªâ¥à¨§ãîé¨¥ á®¤¥à¦ ­¨¥ ¢®¤ë ¨à á¯à¥¤¥«¥­¨¥ ¢§¢¥è¥­­ëå ¨ ¯®¤¢¨¦­ëå ç áâ¨æ ¢¯à¥¤¥« å ®â r0 ¤® r�0, á¢ï§ ­ë á ®¡ê¥¬­ë¬ á®¤¥à-¦ ­¨¥¬ áâàãªâãà­ëå ç áâ¨æ ms á®®â­®è¥­¨¥¬nw + nc = 1�ms: (4)� áå®¤ ¢®¤ë ¨ â¢¥à¤ëå ç áâ¨æ, ¯à¨â¥ª îé¨åª ¤à¥­¥, ¢ § ¢¨á¨¬®áâ¨ ®â äã­ªæ¨®­ «ì­®£® ­ -§­ ç¥­¨ï ¤à¥­ ¦ , ¥£® ª®­áâàãªâ¨¢­ëå ®á®¡¥­­®-áâ¥©, â¥å­¨ª®-íªá¯«ã â æ¨®­­ëå ®£à ­¨ç¥­¨© ¬®-¦¥â ¡ëâì ¨«¨ ¯®áâ®ï­­ë¬ (à áå®¤ ­  ¥¤¨­¨æã ¤«¨-­ë ¤à¥­ë Q = const), ¨«¨ ¨§¬¥­ïâìáï á® ¢à¥¬¥­¥¬(Q = Q(t)). �á«¨ ¢¥«¨ç¨­  à áå®¤  à¥£ã«¨àã¥âáï­¥¯®áà¥¤áâ¢¥­­® â¥å­¨ç¥áª¨¬¨ áà¥¤áâ¢ ¬¨, â® ®­ ­¥ § ¢¨á¨â ®â ¯à¨à®¤­ëå ãá«®¢¨© ¨ ¯à¥¤áâ ¢«ï¥âá®¡®© ¨§¢¥áâ­ãî äã­ªæ¨î ®â t. �à¨ ¤àã£¨å íªá-¯«ã â æ¨®­­ëå à¥¦¨¬ å, ­ ¯à¨¬¥à, ¯à¨ ¯®áâ®-ï­­®¬ ­ ¯®à¥ ­  ¤à¥­¥, à áå®¤ Q â¥á­® á¢ï§ ­á ¢®¤­®-ä¨§¨ç¥áª¨¬¨ ãá«®¢¨ï¬¨ ¢ ®¡« áâ¨ ä¨«ì-âà æ¨¨ ¨ ­  ¥¥ £à ­¨æ å. � â ª®¬ á«ãç ¥ ®­ § -à ­¥¥ ­¥¨§¢¥áâ¥­ ¨ ¤®«¦¥­ ­ å®¤¨âìáï ¨§ à¥è¥-­¨ï ä¨«ìâà æ¨®­­®© § ¤ ç¨. �¤­ ª® ¨ ¢ ¯®á«¥¤-­¥¬ á«ãç ¥ ç áâ® ¢¥«¨ç¨­ã Q(t) ã¤ ¥âáï ®æ¥­¨âì á¨á¯®«ì§®¢ ­¨¥¬ ¤ ­­ëå ­ ¡«î¤¥­¨©, ¯®«ãç¥­­ëå­  ®¡ê¥ªâ å- ­ «®£ å, ¨«¨ ¡« £®¤ àï ¯à®¢¥¤¥­¨îá¯¥æ¨ «ì­ëå ¨á¯ëâ ­¨©. � ¤ ­­®© à ¡®â¥ à áå®¤áç¨â ¥âáï § ¤ ­­®© äã­ªæ¨¥© ®â t. �¬¥áâ¥ á â¥¬®â¤¥«ì­® ¨ ®¡áâ®ïâ¥«ì­® ¨§ãç¥­ ç áâ­ë© á«ãç ©Q = const ¢¢¨¤ã ¥£® á ¬®áâ®ïâ¥«ì­®£® ¯à ªâ¨ç¥-áª®£® §­ ç¥­¨ï ¨ ¡®«ìè¨å ¢®§¬®¦­®áâ¥© ¢ ¨áá«¥-¤®¢ ­¨ïå  ­ «¨â¨ç¥áª¨¬¨ ¬¥â®¤ ¬¨.�ª« ¤ë¢ ï ãà ¢­¥­¨ï á¨áâ¥¬ë (1) ¨ ¯à¨­¨¬ ï¢® ¢­¨¬ ­¨¥ á®®â­®è¥­¨¥ (4), «¥£ª® ¯®«ãç¨âì@@r [rnwu+ rnc(u� uk)] = 0:�âáî¤  ¢ëâ¥ª ¥â, çâ® ¯®â®ª £¨¤à®á¬¥á¨ ¢ ®¡« -áâ¨ ¤¥ä®à¬ æ¨© ¢ ®¡é¥¬ á«ãç ¥ á® ¢à¥¬¥­¥¬ ¬¥-­ï¥âáï, ­® ­¥ § ¢¨á¨â ®â r. � ª¨¥ ¨§¬¥­¥­¨ï ®¡ã-á«®¢«¥­ë ¯¥à¥¬¥­­®© ¢¥«¨ç¨­®© Q(t), ¯à¨ç¥¬nwu+ nc(u� uk) = Q2�r : (5)� ª¨¬ ®¡à §®¬, áª®à®áâì u ¨ ª®­æ¥­âà æ¨ï nc ¢ë-à ¦ îâáï ç¥à¥§ à áå®¤ Q á«¥¤ãîé¨¬ ®¡à §®¬:u = uk1�msnc + Q2�(1�ms)r ; (6)62 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 4. �. 60 { 73nc = 1�msuk u� Q2�ukr : (7)� §¬¥àë ®¡« áâ¨ ¤¥ä®à¬ æ¨© ®¯à¥¤¥«ïîâáï ­ -ç «ì­ë¬ à áå®¤®¬ ¤à¥­ë, á®¤¥à¦ ­¨¥¬ ç áâ¨æ®¡¥¨å äà ªæ¨© â¢¥à¤®© ä §ë ¢ ­¥¤¥ä®à¬¨àã¥¬®¬£àã­â¥ ¨ ®áâ îâáï ­¥¨§¬¥­­ë¬¨. �®®à¤¨­ â ¢­¥è­¥© £à ­¨æë r�0 ¡ã¤¥âr�0 = Q(0)2�uk(1 �ms �mc) : (8)� ¨á¯®«ì§®¢ ­¨¥¬ ¡¥§à §¬¥à­ëå ¯¥à¥¬¥­­ëå�u = uuk , �r = rL , �t = tT § ¤ ç  (1) { (3) ¯à¨­¨¬ ¥â¢¨¤ @nw@�t = 1�r @@�r (�rnw�u); (9)@nc@�t = 1�r @@�r [�rnc(�u� 1)] ;�u(0; �r) = �w1(�r); nc(0; �r) = mc; (10)�u(�t; �r0) = �w2(�t); nc(�t; �r�0) = mc; (11)£¤¥ �r0 = r0L , �r�0 = r�0L . � áèâ ¡ë ¤«¨­ë L ¨¢à¥¬¥­¨ T à ¢­ë á®®â¢¥âáâ¢¥­­® Q(0)2�uk(1�ms) ,Q(0)2�u2k(1�ms) ¨ ¯®¤¡¨à «¨áì á æ¥«ìî ¬ ªá¨¬ «ì-­®£® ã¯à®é¥­¨ï à áç¥â­ëå § ¢¨á¨¬®áâ¥©. � ¡¥§-à §¬¥à­®© ä®à¬¥ ¢ëà ¦¥­¨ï (6), (7) ¡ã¤ãâ�u = nc1�ms + �Q�r ; (12)nc = (1�ms)��u� �Q�r � ; (13)£¤¥ �Q = QQ(0) . �à¨ ¯®á«¥¤ãîé¥¬ ­ ¯¨á ­¨¨ ¯¥à¥-¬¥­­ëå ç¥àâ®çª¨ ­ ¤ ­¨¬¨ ¤«ï ã¤®¡áâ¢  ®¯ãáª -îâáï. � á«ãç ¥ ¨á¯®«ì§®¢ ­¨ï à §¬¥à­ëå ¢¥«¨ç¨­¡ã¤ãâ á¤¥« ­ë á®®â¢¥âáâ¢ãîé¨¥ ®£®¢®àª¨.� à¥§ã«ìâ â¥ ­¥á«®¦­ëå ¯à¥®¡à §®¢ ­¨© á ãç¥-â®¬ ¢ëà ¦¥­¨ï (13) ¢ë¢¥¤¥­® ãà ¢­¥­¨¥ ®â­®á¨-â¥«ì­® u, ¯®á«ã¦¨¢è¥¥ ®á­®¢®© ¤«ï â¥®à¥â¨ç¥-áª¨å ¨áá«¥¤®¢ ­¨©:@u@t ��2u� 1� Qr � @u@r = (14)= 1r �u2 � u+ dQdt � :� ¯¥à¢ãî ®ç¥à¥¤ì à áá¬ âà¨¢ ¥âáï ¯®ª § â¥«ì-­ë© ¢ ¯à ªâ¨ç¥áª®¬ ¨ â¥®à¥â¨ç¥áª®¬ ®â­®è¥­¨ïåá«ãç © Q = const, ¤«ï ª®â®à®£® ã¤ ¥âáï ¯®«ãç¨âì

â®ç­ë¥  ­ «¨â¨ç¥áª¨¥ à¥è¥­¨ï, ¯à¨ç¥¬ ¢ ª®­¥ç-­®¬ ¢¨¤¥. �¥è¥­¨ï ®¡¥¨å § ¤ ç ¯®«ãç¥­ë ¢ ¯ à -¬¥âà¨ç¥áª®© ä®à¬¥. �«ï § ¤ ç¨ (9), (10) à áç¥â-­ë¥ § ¢¨á¨¬®áâ¨ ¯à¥¤áâ ¢«ïîâáï ¢ ¢¨¤¥r = u� � + ��(� � 1)u2 � u ;t = �(1 + 2�) ln �(u � 1)(� � 1)u� (15)�(1 + �)� uu� 1 � �� � 1� + ��u� 1u � � � 1� �;� = w1(�):� á¢®î ®ç¥à¥¤ì à¥è¥­¨¥ § ¤ ç¨ (9), (11) ¢ëà ¦ -¥âáï § ¢¨á¨¬®áâï¬¨r = u� � + r0�(� � 1)u2 � u ;t� � = �(1 + 2�0) ln �(u� 1)(� � 1)u� (16)�(1 + �0)� uu� 1 � �� � 1� + �0�u� 1u � � � 1� �;� = w2(�):�¤¥áì � = ��(� � 1)� �, �0 = r0�(� � 1)� �.� à¥§ã«ìâ â¥ ¤¥â «ì­®£®  ­ «¨§  íªá¯¥à¨¬¥­-â «ì­ëå ¤ ­­ëå ¨ á¢®©áâ¢ à¥è¥­¨© (15), (16) ãáâ -­®¢«¥­®, çâ® ¯®¢¥¤¥­¨¥ áãää®§¨®­­ëå ç áâ¨æ ­ à §­ëå ãç áâª å ®¡« áâ¨ ¤¥ä®à¬ æ¨© ¯à¨­æ¨¯¨- «ì­® ®â«¨ç ¥âáï, ¯à¨ç¥¬ ç¥âª® ¯à®á¬ âà¨¢ îâ-áï ¤¢¥ å à ªâ¥à­ë¥ §®­ë. � ®¤­®© ¨§ ­¨å (®á­®¢-­®©, ¥á«¨ áã¤¨âì ¯® ¥¥ ®â­®á¨â¥«ì­®¬ã à §¬¥àã)ç áâ¨æë ¯®áâ®ï­­® ­ å®¤ïâáï ¢ ¯®¤¢¨¦­®¬ á®-áâ®ï­¨¨. �å ª®­æ¥­âà æ¨ï § ¬¥â­® ­¨¦¥, ç¥¬¢ ®áâ ¢è¥©áï ç áâ¨ ®¡« áâ¨, ¨, ¡ëáâà® ã¡ë¢ ï,áâà¥¬¨âáï ª 0, â ª çâ® ã¬¥áâ­® íâã §®­ã å à ªâ¥-à¨§®¢ âì ª ª §®­ã ¯®«­®© ¤¥ä®à¬ æ¨¨. �® ¢â®à®©§®­¥ ç áâì ¬®¡¨«ì­ëå ç áâ¨æ á®åà ­ï¥âáï áª®«ì-ã£®¤­® ¤®«£®, ­ å®¤ïáì ¢® ¢§¢¥è¥­­®¬ á®áâ®ï­¨¨,¨ ¯® áãé¥áâ¢ã ¥¥ ¬®¦­® à áá¬ âà¨¢ âì ª ª §®­ãç áâ¨ç­®© ¤¥ä®à¬ æ¨¨. �®«®¦¥­¨¥ £à ­¨æë ¬¥¦-¤ã ãª § ­­ë¬¨ §®­ ¬¨ r� ¨§¬¥­ï¥âáï á® ¢à¥¬¥­¥¬,â® ¥áâì r� = r�(t), ¨ ¬®¦¥â ®¯à¥¤¥«ïâìáï ¨«¨ ¨§ à¥-è¥­¨ï (15) ¯à¨ u = 1, ¨«¨ á ¨á¯®«ì§®¢ ­¨¥¬ § ¢¨-á¨¬®áâ¥© (16) ¨ ¢ëâ¥ª îé¥© ¨§ ­¨å ä®à¬ã«ë ¤«ïà áç¥â  à á¯à®áâà ­¥­¨ï £à ­¨ç­®£® §­ ç¥­¨ï u.�«ï ¯à®¨§¢®«ì­®£® ¢¨¤  äã­ªæ¨© wi(i = 1; 2)¯à¥¤áâ ¢¨âì  ­ «®£¨ç­ë¥ à¥è¥­¨ï (15), (16) ¢ ¡®-«¥¥ ¯à®áâ®© ¨ ã¤®¡­®© ¤«ï à áç¥â®¢ ä®à¬¥ ­¥ ã¤ -¥âáï. �¥¬ ­¥ ¬¥­¥¥, ¢ ­¥ª®â®àëå ¢ ¦­ëå ¤«ï¯à ªâ¨ª¨ á«ãç ïå ¢á¥-â ª¨ ¢®§¬®¦­® ¨§¡ ¢¨âì-áï ®â ¯ à ¬¥âà®¢ �, �, � ¨ á¢¥áâ¨ ¯ à ¬¥âà¨ç¥-áª¨¥ ¯à¥¤áâ ¢«¥­¨ï à¥è¥­¨© ª ­¥ï¢­ë¬ äã­ªæ¨ï¬�. �. �®«ïª®¢ 63



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 4. �. 60 { 73Fi(r; t; u) = 0. � ç áâ­®áâ¨, ¨áá«¥¤ã¥¬ë¬ ä¨§¨ª®-¬¥å ­¨ç¥áª¨¬ ¯à®æ¥áá ¬ ¢ ¯®«­®© ¬¥à¥ ®â¢¥ç îâ¤¢  ¢¨¤  äã­ªæ¨¨ w1. �á«¨ ¡ë ¢ ­ ç «ì­ë© ¬®-¬¥­â ¢à¥¬¥­¨ ç áâ¨æë ¢â®à®© äà ªæ¨¨ ¡ë«¨ ­¥¯®-¤¢¨¦­ë¬¨,   §­ ç¨â ¢ ¤à¥­ã ¯¥à¢®­ ç «ì­® ¯à¨-â¥ª «  â®«ìª® ¢®¤ , â® á«¥¤®¢ «® ¡ë ¯à¨­¨¬ âìw1(r) = �r ; (17)£¤¥ � = 1�ms1�ms �mc . �¤­ ª® â®ç­¥¥ ®âà ¦ ¥âá¯¥æ¨ä¨ªã áãää®§¨®­­®£® ¯à®æ¥áá  ¢ ­ ç «ì­ë©¯¥à¨®¤ ¤àã£®© ¢¨¤ w1,   ¨¬¥­­®w1(r) = 1r + �; (18)£¤¥ � = mc1�ms . �«ï ãá«®¢¨ï ¢ ä®à¬¥ (2), (17)(ä ªâ¨ç¥áª¨ íâ® á¢®¥£® à®¤  ¯à¥¤¥«ì­ë© á«ãç ©á ¬ ªá¨¬ «ì­ë¬ ¯à¨â®ª®¬ ª ¤à¥­¥ ¢®¤ë ¨ ¬¨­¨-¬ «ì­ë¬ ¢ë­®á®¬ ç áâ¨æ) § ¢¨á¨¬®áâ¨ (15) ¯à¥-®¡à §ãîâáï ¢ á«¥¤ãîé¥¥ ¢ëà ¦¥­¨¥:t = (2u+ 2ru� 2ru2 � 1) ln �� ru+ u(ru� 1)u(ru� 1) +(19)+� � ru� (u� 1)(�� ru)(r � ru+ 1)�� ru+ u(ru� 1) :�«ï £à ­¨ç­®£® ãá«®¢¨ï (2), (18) ¨§ à¥è¥­¨ï (15)á«¥¤ã¥ât = (2u+ 2ru� 2ru2 � 1) ln �(1 � ru+ r)(1� �)(ru � 1)+ (20)+(1 + �r � ru)(2�u� u+ 1� �)�(1� �) :� ¢¨á¨¬®áâ¨ (19), (20) ¯®§¢®«ïîâ à ááç¨âë¢ âì¨§¬¥­¥­¨¥ áª®à®áâ¨ ¢®¤ë ¢ «î¡®© ¬®¬¥­â ¢à¥-¬¥­¨, ­® â®«ìª® ¢ §®­¥ ¯®«­®© ¤¥ä®à¬ æ¨¨(r0 � r � r�). �«ï à áç¥â  áª®à®áâ¨ u ¢ §®­¥­¥¯®«­®© ¤¥ä®à¬ æ¨¨ (r� � r � r�0) ­¥®¡å®-¤¨¬® ¨á¯®«ì§®¢ âì ã¦¥ à¥è¥­¨¥ (16), ª®â®à®¥ ¯à¨w2 = 1 á¢®¤¨âáï ª ¢¨¤ãu = 1; t = �� r� � ln r� � 1�� 1 : (21)�§ ¢ëà ¦¥­¨ï (21) ¤«ï r� ¢ëâ¥ª ¥â, çâ® ¯à¨t ! 1 r� ! 1. �«¥¤®¢ â¥«ì­®, ¢ ª ç¥áâ¢¥ å -à ªâ¥à­®© ¤«¨­ë ä ªâ¨ç¥áª¨ ¡ë«  ¢ë¡à ­  ®ª®­-ç â¥«ì­ ï ¯à®âï¦¥­­®áâì §®­ë ¯®«­®© ¤¥ä®à¬ -æ¨¨.�à¨ à ¡®â¥ ¤à¥­ ¦­ëå ãáâà®©áâ¢ á ¯¥à¥¬¥­-­ë¬ à áå®¤®¬ ä¨§¨ç¥áª ï ª àâ¨­  ¢¡«¨§¨ ­¨å ¬®-¦¥â § ¬¥â­® ¨§¬¥­¨âìáï, ¥á«¨ å à ªâ¥à­®¥ ¢à¥-¬ï ¯¥à¥å®¤­ëå ¯à®æ¥áá®¢ ¢ ¤à¥­¥ á®¯®áâ ¢¨¬® ¨«¨

¯à¥¢®áå®¤¨â  ­ «®£¨ç­®¥ ¢à¥¬ï ¯®¤®¡­ëå ¯à®æ¥á-á®¢ ¢ ®¡« áâ¨ ¤¥ä®à¬ æ¨©. �¯à ¢¥¤«¨¢®áâì íâ®£®§ ¬¥ç ­¨ï ¯®¤â¢¥à¦¤ ¥âáï à¥§ã«ìâ â ¬¨  ­ «¨§ ¤¨­ ¬¨ª¨ áãää®§¨®­­ëå ç áâ¨æ, ¢ë¯®«­¥­­®£® ­ ®á­®¢¥ ãà ¢­¥­¨ï (14) ¯à¨ Q = Q(t). �¥è¥­¨¥ § -¤ ç¨ (14), (10) ¯à¨ ¢ë¡®à¥ äã­ªæ¨¨ w1 ¢ ¢¨¤¥ (17)¨«¨ (18) á¢®¤¨«®áì ª à¥è¥­¨î å à ªâ¥à¨áâ¨ç¥áª®©á¨áâ¥¬ë [30] dudt = 1r �u2 � u+ dQdt � ; (22)drdt = �2u+ 1 + Qr ;¯à¨ ­ ç «ì­ëå ãá«®¢¨ïå:t = 0; u = �; r = �� ¨«¨ r = 1� � � : (23)� ª®¥ à¥è¥­¨¥ à ¡®â ¥â ¢ §®­¥ ¯®«­®© ¤¥ä®à¬ -æ¨¨. �«ï ¢â®à®© §®­ë ­  ¡ §¥ á¨áâ¥¬ë (22) ¯®«ã-ç¥­®, çâ® u = 1; r� � r � r�0; (24)  ¯®«®¦¥­¨¥ £à ­¨æë ¬¥¦¤ã §®­ ¬¨ r� ®æ¥­¨¢ ¥â-áï ¨§ à¥è¥­¨ï § ¤ ç¨dr�dt = Qr� � 1; r�(0) = r�0; (25)ª®â®à®¥ ¬®¦­® ¯à¥¤áâ ¢¨âì ¢  ­ «¨â¨ç¥áª®© ä®à-¬¥ â®«ìª® ¤«ï ­¥ª®â®àëå ¢¨¤®¢ Q(t). � ¯à¨¬¥à,¥á«¨ Q = Q0 � at (0 � t � Q0=a), â®r� = (at� Q0) � s(t); (26)£¤¥ s(t) ­ å®¤¨âáï ¨§ ãà ¢­¥­¨ïY (s; s0) = �1a ln(Q0 � at);Y = 12a ln as2 + s + 1as20 + s0 + 1 � 1ap4a� 1���arctg 2as+ 1p4a� 1 � arctg 2as0 + 1p4a� 1� ¯à¨ 4a > 1;Y = 12a ln as2 + s + 1as20 + s0 + 1 � 1ap1� 4a�� ln�2as+ 1�p1� 4a2as+ 1 +p1� 4a � 2as0 + 1 +p1� 4a2as0 + 1�p1� 4a�¯à¨ 4a < 1;s0 = �r�0Q0 . � ç áâ­®¬ á«ãç ¥ a = 0, Q = Q0 == const ¢ëà ¦¥­¨¥ (26) á ãç¥â®¬ r�0Q0 = � ¯à¥®¡à -§ã¥âáï ª (21).64 �. �. �®«ïª®¢
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�¨á. 1. �à®ä¨«¨ ¯à¨¢¥¤¥­­®© áª®à®áâ¨ £àã­â®¢ëå¢®¤ ¢ ®¡« áâ¨ ¤¥ä®à¬ æ¨© U(R):1 { t = 0:03; 2 { t = 0:1; 3 { t = 0:3; 4 { t = 1

�¨á. 2. �§¬¥­¥­¨¥ ¢® ¢à¥¬¥­¨ ¯à¨¢¥¤¥­­®©áª®à®áâ¨ £àã­â®¢ëå ¢®¤ U :1 { R = 0:7239; 2 { R = 0:9; 3 { R = 0:3872;4 { R = 0:1768; 5 { R = 0������� ��������, ������������������¥å­¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¤à¥­ ¦¥©, ä¨«ì-âà æ¨®­­ë¥ ¨ ¬¥å ­¨ç¥áª¨¥ á¢®©áâ¢  ­¥á¢ï§­ëå£àã­â®¢ ¢ ¯à¨à®¤¥ ¢ àì¨àãîâáï ¢ è¨à®ª¨å ¯à¥¤¥-« å. � ç áâ­®áâ¨, áà¥¤­¨© ¤¨ ¬¥âà áãää®§¨®­­ëåç áâ¨æ ¢ ®á­®¢­®¬ ¬¥­ï¥âáï ®â 0.01 ¤® 0.05 ¬¬, ­®¤®áâ¨£ ¥â 0.5 ¬¬ [1, 24], ª®íää¨æ¨¥­â ­¥®¤­®à®¤-­®áâ¨ (à §­®§¥à­¨áâ®áâ¨) ¯à¥¢ëè ¥â 10...20 [31].�¤­ ª® ­  ¯¥à¢®¬ íâ ¯¥ ¨áá«¥¤®¢ ­¨© ä¨«ìâà æ¨-®­­ëå ¤¥ä®à¬ æ¨©, à¥§ã«ìâ âë ª®â®àëå ç áâ¨ç-­® ¯à¥¤áâ ¢«¥­ë ¢ ¤ ­­®© à ¡®â¥, ®¡ê¥ªâ®¬ ¨§ã-ç¥­¨ï ï¢«ï¥âáï ¤¢ãåäà ªæ¨®­­ë© £àã­â á ¡ §®¢ë-¬¨ ¯ à ¬¥âà ¬¨ ms = 0:54,mc = 0:1. � ª®© £àã­â¨­â¥à¥á¥­ ¯à¥¦¤¥ ¢á¥£® ¢ ­ ãç­®¬ ®â­®è¥­¨¨, â ª

ª ª ¯®§¢®«ï¥â £«ã¡¦¥ ¯®­ïâì ®¡é¨¥ § ª®­®¬¥à­®-áâ¨ á®¢¬¥áâ­®£® ¯à®â¥ª ­¨ï ä¨«ìâà æ¨®­­ëå ¨áãää®§¨®­­ëå ¯à®æ¥áá®¢, å®âï ¨§¬¥­ç¨¢®áâì ¥£®¬¥å ­¨ç¥áª¨å ¨ ä¨«ìâà æ¨®­­ëå á¢®©áâ¢, ª®­¥ç-­®, ¬¥­¥¥ ¢ëà ¦¥­ . �®íâ®¬ã ®á­®¢­®¥ ¢­¨¬ ­¨¥ã¤¥«ï«®áì ¨áá«¥¤®¢ ­¨î áãää®§¨¨ ¢ â¨¯¨ç­ëå ¨ªà¨â¨ç¥áª¨å ãá«®¢¨ïå ¯à¨ áãé¥áâ¢¥­­®¬ ¨§¬¥­¥-­¨¨ ¤¢ãå ¯ à ¬¥âà®¢ § ¤ ç¨ { ¨áå®¤­®£® á®¤¥à-¦ ­¨ï áãää®§¨®­­ëå ç áâ¨æ mc ¨ ¨­â¥­á¨¢­®áâ¨¯¥à¥å®¤­ëå ¯à®æ¥áá®¢ ¢ ¤à¥­¥. �à¥¤¬¥â®¬  ­ -«¨§  ¡ë«  ¤¨­ ¬¨ª  ä¨«ìâà æ¨®­­ëå (áª®à®áâì¢®¤ë, ª®íää¨æ¨¥­â ä¨«ìâà æ¨¨) ¨ áãää®§¨®­­ëå(ª®­æ¥­âà æ¨ï ç áâ¨æ ¢â®à®© äà ªæ¨¨, ¨­â¥­á¨¢-­®áâì ¨å ¢ë­®á  ¨§ ®¡« áâ¨ ä¨«ìâà æ¨¨) å à ª-â¥à¨áâ¨ª. �¥à¢ ï £àã¯¯  ¯à¨¬¥à®¢ ®â­®á¨âáï ªá«ãç î ¯®áâ®ï­­®£® à áå®¤  Q. � áç¥âë ¢ë¯®«-­ï«¨áì ­  ®á­®¢¥ â®ç­ëå à¥è¥­¨© ¨áå®¤­ëå § -¤ ç, ¢ëà ¦¥­­ëå § ¢¨á¨¬®áâï¬¨ (19) { (21). �ª®-à®áâì ¢®¤ë ¢ ®¡« áâ¨ ¤¥ä®à¬ æ¨© ¢ íâ®¬ á«ãç ¥¬¥­ï« áì ¯® ¤¢ã¬ ¯à¨ç¨­ ¬: ¢®-¯¥à¢ëå, ¨§-§  ®á¥-¢®© á¨¬¬¥âà¨¨ ¯à®æ¥áá®¢, ¯à®â¥ª îé¨å ¯à¨ ­¥-¨§¬¥­­®¬ ¢¤®«ì ãª § ­­®© ®¡« áâ¨ (¢ à ¤¨ «ì­®¬­ ¯à ¢«¥­¨¨) à áå®¤¥ £¨¤à®á¬¥á¨ ¢ ª ¦¤ë© ä¨ªá¨-à®¢ ­­ë© ¬®¬¥­â ¢à¥¬¥­¨, ¢®-¢â®àëå, ¢á«¥¤áâ¢¨¥ã¢¥«¨ç¥­¨ï ¯®à¨áâ®áâ¨. �¯à¥¤¥«ïîé¥© ï¢«ï¥â-áï ¯¥à¢ ï ¯à¨ç¨­ . �¥©áâ¢¨â¥«ì­®, áª®à®áâì u¯à¨ ¯à¨¡«¨¦¥­¨¨ ª ¤à¥­¥ ¢®§à áâ ¥â ­  ¯®àï¤®ª¨ ¡®«¥¥,   ¢ë­®á ç áâ¨æ ¬¥¦¤ã â¥¬ á¯®á®¡áâ¢ã-¥â ã¬¥­ìè¥­¨î u ­  ¯à®æ¥­âë. �áâ¥áâ¢¥­­®, çâ®¯à¨ ª®«¨ç¥áâ¢¥­­®© ®æ¥­ª¥ áãää®§¨®­­®£® ¯à®-æ¥áá  ¢ æ¥­âà¥ ¢­¨¬ ­¨ï ­ å®¤ïâáï ª ª à § ¬ «ë¥á­¨¦¥­¨ï áª®à®áâ¨ ¢®¤ë, ¢ë§¢ ­­ë¥ ¢â®à®© ¯à¨-ç¨­®©, ª®â®àë¥ ¤«ï ­ £«ï¤­®áâ¨ á®¯®áâ ¢«ïîâáïá ¬ ªá¨¬ «ì­ë¬ á­¨¦¥­¨¥¬ ¢ íâ®¬ á«ãç ¥ (¢á«¥¤-áâ¢¨¥ ã¡ë¢ ­¨ï ª®­æ¥­âà æ¨¨ nc ®â mc ¤® 0). �®-íâ®¬ã ¡®«ìè®© ¨­â¥à¥á ¯à¨ ¨§ãç¥­¨¨ ä¨«ìâà æ¨-®­­ëå ¤¥ä®à¬ æ¨© ¢ë§ë¢ ¥â ¯®¢¥¤¥­¨¥ ¯à¨¢¥¤¥­-­®© áª®à®áâ¨ U = u(t; r)� u(1; r)u(0; r)� u(1; r), £¤¥ u(1; r) {¬¨­¨¬ «ì­ ï ¢ ªàã£®¢®¬ á¥ç¥­¨¨ ¯®â®ª  r = constáª®à®áâì ¢®¤ë, ª®â®à ï ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥(12) ¯à¨ nc = 0. � §­¨æ  ¬¥¦¤ã u(0; r) ¨ u(1; r)¯à¨ ­ ç «ì­®¬ ãá«®¢¨¨ (10), (17) à ¢­  (��Q)=r,  ¯à¨ ãá«®¢¨¨ (10), (18) ­¥ § ¢¨á¨â ®â r ¨ à ¢­  �.�¬¥­­® äã­ªæ¨ï U (t; r) ¬®¦¥â ¤ âì ¢¥áì¬  ¯®«­®¥¯à¥¤áâ ¢«¥­¨¥ ® âà ­áä®à¬ æ¨¨ ä¨«ìâà æ¨®­­®£®à¥¦¨¬  ¯à¨ à §¢¨â¨¨ ¤¥ä®à¬ æ¨®­­®£® ¯à®æ¥á-á . �  à¨á. 1, 2 ¯à¨¢¥¤¥­ë à¥§ã«ìâ âë à áç¥â®¢ãª § ­­®© äã­ªæ¨¨ á ¯à¨¬¥­¥­¨¥¬ ãá«®¢¨© (10),(17) ¢ §®­¥ ¯®«­®© ¤¥ä®à¬ æ¨¨. �¤¥áì ¨ ¯à¨ ¯®-á«¥¤ãîé¥¬ ¨§«®¦¥­¨¨ ¬ â¥à¨ «®¢ â¥®à¥â¨ç¥áª®-£®  ­ «¨§  ¨á¯®«ì§ã¥âáï ¯à¨¢¥¤¥­­ ï ª®®à¤¨­ â R = r � r0r�0 � r0 , â ª çâ® ¢ ¯à¥¤¥« å ®¡« áâ¨ ¤¥ä®à¬ -�. �. �®«ïª®¢ 65
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�¨á. 3. �à®ä¨«¨ ¯à¨¢¥¤¥­­®© áª®à®áâ¨£àã­â®¢ëå ¢®¤ ¢ ®¡« áâ¨ ¤¥ä®à¬ æ¨© U(R):1 { t = 0:1; 2 { t = 0:3; 3 { t = 1; 4 { t = 3æ¨© 0 � R � 1. � ª ¢¨¤­® ¨§ à¨á. 1, ¢ §®­¥ ç áâ¨ç-­®© ¤¥ä®à¬ æ¨¨ U = 0 (á®£« á­® ¢ëà ¦¥­¨î (21)¢ íâ®© §®­¥ u = 1). �¥à¥á¥ç¥­¨¥ à ááç¨â ­­ëå­  à §­ë¥ ¬®¬¥­âë ¢à¥¬¥­¨ ªà¨¢ëå U (R) á ®áìî ¡áæ¨áá ¯à®¨áå®¤¨â ¢ â®çª å á ª®®à¤¨­ â ¬¨ R�,ª®â®àë¥ â ª¨¬ ®¡à §®¬ ãª §ë¢ îâ ¨ ­  ¬¥áâ®¯®-«®¦¥­¨¥ £à ­¨æë ¬¥¦¤ã §®­ ¬¨, ¨ ­  áª®à®áâì ¥¥¯¥à¥¬¥é¥­¨ï. �¥§ª®¥ ¨§¬¥­¥­¨¥ äã­ªæ¨¨ U ¯à¨¬ «ëå R ®¡êïá­ï¥âáï §¤¥áì ¡ëáâàë¬ à®áâ®¬ ¤®«¨â¢¥à¤ëå ç áâ¨æ ¢ ¯®â®ª¥ £¨¤à®á¬¥á¨, ¯à¨â¥ª î-é¥© ª ¤à¥­¥. � æ¥­âà «ì­®© ç áâ¨ à áá¬ âà¨¢ -¥¬®© ®¡« áâ¨ (¯à¨¬¥à­® 0:55 < R < 0:75) ¯à¨-¢¥¤¥­­ ï áª®à®áâì ä ªâ¨ç¥áª¨ § ¢¨á¨â â®«ìª® ®â¢à¥¬¥­¨. �¨á. 2 á¢¨¤¥â¥«ìáâ¢ã¥â ® áãé¥áâ¢¥­­ëå®â«¨ç¨ïå ¢ å à ªâ¥à¥ á­¨¦¥­¨ï áª®à®áâ¨ U ¢ à §-­ëå á¥ç¥­¨ïå ¯®â®ª . �® ¬¥à¥ ã¤ «¥­¨ï ®â ¤à¥­ëã¡ë¢ ­¨¥ äã­ªæ¨¨ U (t) § ¬¥¤«ï¥âáï (ªà¨¢ë¥ 1, 3,4, 5). � ¯à¥¤¥« å §®­ë ¯®«­®© ¤¥ä®à¬ æ¨¨ ªà¨¢ë¥U (t) ¯à¨ t!1  á¨¬¯â®â¨ç¥áª¨ ¯à¨¡«¨¦ îâáï ª®á¨  ¡áæ¨áá. �  ãç áâª¥ r� < r < r�0 äã­ªæ¨ïU (t) ®¡à é ¥âáï ¢ 0 ¢ ª®­¥ç­ë¥ ¬®¬¥­âë ¢à¥¬¥-­¨ t�, §­ ç¥­¨ï ª®â®àëå § ¢¨áïâ ®â ¢ë¡à ­­®£®à ¤¨ãá  r (¨«¨ R). � ª, ¤«ï R = 0:9 U = 0 ¯à¨t� = 0:712 (ªà¨¢ ï 2).�­¨¦¥­¨¥ áª®à®áâ¨ U ¯à¨R = 0:9 ¯à®¨áå®¤¨â ¬¥¤«¥­­¥¥, ç¥¬ ¯à¨ R = 0:723¢á«¥¤áâ¢¨¥ â®£®, çâ® ¯à¨ r� � r < r�0 u(1; r) = 1(¯à¨ r0 � r < r� u(1; r) = 1=r).�¤­ ª® ®á­®¢­®¥ ¢­¨¬ ­¨¥ ¡ë«® ã¤¥«¥­®  ­ -«¨§ã ¤¥ä®à¬ æ¨¨ £àã­â , ­ ç «ì­®¥ ä¨§¨ª®-¬¥å ­¨ç¥áª®¥ á®áâ®ï­¨¥ ª®â®à®£® å à ªâ¥à¨§ã¥â-áï ãá«®¢¨ï¬¨ (10), (18). � ¯¥à¢ãî ®ç¥à¥¤ì ®¯à¥¤¥-«ï«¨áì §­ ç¥­¨ï ¯à¨¢¥¤¥­­®© áª®à®áâ¨ U ¢ å à ª-â¥à­ë¥ ¬®¬¥­âë ¢à¥¬¥­¨ ­  à §«¨ç­®¬ ã¤ «¥­¨¨®â ¤à¥­ë. �  à¨á. 3 ¯®ª § ­ë ¯à®ä¨«¨ ¯à¨¢¥¤¥­-

�¨á. 4. �§¬¥­¥­¨¥ ¢® ¢à¥¬¥­¨ ¯à¨¢¥¤¥­­®©áª®à®áâ¨ £àã­â®¢ëå ¢®¤ U :1 { R = 0:38; 2 { R = 0; 3 { R = 0:85;4 { R = 0:9; 5 { R = 0:95­®© áª®à®áâ¨ U (R) ¯à¨ t = 0:1, 0.3, 1, 3. �¨¤-­®, çâ® ¯®­¨¦¥­¨¥ áª®à®áâ¨ U ¯à®¨áå®¤¨â ¢ ¡®«ì-è¥© ç áâ¨ §®­ë ¯®«­®© ¤¥ä®à¬ æ¨¨ ¡®«¥¥ à ¢­®-¬¥à­®. � íâ®¬ á®áâ®¨â ¯à¨­æ¨¯¨ «ì­®¥ à §«¨ç¨¥¬¥¦¤ã à¨á. 1 ¨ 3, ª®â®à®¥ á¢ï§ ­® á à §­ë¬ á®-áâ®ï­¨¥¬ á®¤¥à¦ ­¨ï â¢¥à¤ëå ç áâ¨æ ¨ ¢®¤ë ¢ ®¡-é¥¬ ª®«¨ç¥áâ¢¥ £¨¤à®á¬¥á¨, ¯®áâã¯ îé¥© ¢ ¤à¥­ã¢ ­ ç «ì­ë© ¯¥à¨®¤ áãää®§¨¨. �  ãç áâª¥ ¢¡«¨-§¨ £à ­¨æë ¬¥¦¤ã §®­ ¬¨ ¢«¨ï­¨¥ ¢¨¤  äã­ªæ¨¨w § ¬¥â­® á« ¡¥¥, ¯®íâ®¬ã ä®à¬ë á®®â¢¥âáâ¢ã-îé¨å ªà¨¢ëå U (R) ­  à¨á. 1 ¨ 3 ¬ «® ®â«¨ç -îâáï. �­¨¦¥­¨¥ áª®à®áâ¨ ¢®¤ë ¢ ®á­®¢­®© §®­¥(r0 < r < r�), ®¡ãá«®¢«¥­­®¥ ¢ë­®á®¬ ç áâ¨ £àã­-â , ¯à®¨áå®¤¨â ¡ëáâà¥¥ ¢¡«¨§¨ ¤à¥­ë (ªà¨¢ë¥ 1,2 ­  à¨á. 4, à ááç¨â ­­ë¥ ¯à¨ ä¨ªá¨à®¢ ­­®¬ r).�® ¢â®à®© §®­¥ ¢á«¥¤áâ¢¨¥ ¯¥à¥¬¥é¥­¨ï £à ­¨æër� ¨ u(1; r) = 1 ­ ¡«î¤ ¥âáï ¯ ¤¥­¨¥ U ¤® 0. �ª -§ ­­ ï £à ­¨æ  ¯à®å®¤¨â ç¥à¥§ â®çª¨ á ª®®à¤¨­ -â ¬¨R = 0:95, 0.9, 0.85 á®®â¢¥âáâ¢¥­­® ¢ ¬®¬¥­âët� = 0:267, 0.712, 1.277. �® ¬¥à¥ ã¢¥«¨ç¥­¨ï ¯à®-âï¦¥­­®áâ¨ §®­ë ç áâ¨ç­®© ¤¥ä®à¬ æ¨¨, ¢¯«®âì¤® ¬ ªá¨¬ «ì­®©, ¢¥«¨ç¨­  (r� = 1) t� à áâ¥â ­¥-®£à ­¨ç¥­­®.�§¬¥­¥­¨ï áª®à®áâ¨ u, ¯à®¨áå®¤ïé¨¥ á® ¢à¥¬¥-­¥¬ ¨ ¨««îáâà¨àã¥¬ë¥ à¨á. 1 { 4, ®¡ãá«®¢«¥­ë¢ë­®á®¬ áãää®§¨®­­ëå ç áâ¨æ ¨ ª®­âà®«¨àãîâáï¨å ª®­æ¥­âà æ¨¥© ¢ §®­¥ ¯®«­®© ¤¥ä®à¬ æ¨¨. �¥-¯®áà¥¤áâ¢¥­­® à á¯à¥¤¥«¥­¨¥ â ª¨å ç áâ¨æ ¢¤®«ì®¡« áâ¨ ¤¥ä®à¬ æ¨© ¢ à §«¨ç­ë¥ ¬®¬¥­âë ¢à¥¬¥-­¨, â® ¥áâì äã­ªæ¨ï nc(t; r), ­ å®¤¨âáï ¯à¨ ¨§¢¥áâ-­®© áª®à®áâ¨ U ¯® ä®à¬ã«¥ (13), ¯à¨ç¥¬ ¢ ®¡¥¨å§®­ å ®¤­®¢à¥¬¥­­®. �¤­ ª® ¥á«¨ ¢ ®á­®¢­®© §®­¥¢¥«¨ç¨­  u § ¢¨á¨â ®â ¢à¥¬¥­¨, â® ¢ §®­¥ ç áâ¨ç-­®© ¤¥ä®à¬ æ¨¨ u = 1,   §­ ç¨â ç áâ¨æë ­¥¯®-66 �. �. �®«ïª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2002. �®¬ 4 (76), N 4. �. 60 { 73
�¨á. 5. �à®ä¨«¨ ª®­æ¥­âà æ¨¨ áãää®§¨®­­ëå ç áâ¨æ¢ ®¡« áâ¨ ¤¥ä®à¬ æ¨© nc(R):1 { t = 0:1; 2 { t = 0:3; 3 { t = 1; 4 { t = 3¤¢¨¦­ë ¨ ¨áª®¬ ï nc(r) ¢ ­¥© ¡ã¤¥ânc = (1�ms)(1� 1r ): (27)�§ ä®à¬ã«ë (27) á«¥¤ã¥â, çâ® ª ¬®¬¥­âã t ¢ §®­¥­¥¯®«­®© ¤¥ä®à¬ æ¨¨  ªªã¬ã«¨àã¥âáï ª®«¨ç¥áâ¢®ç áâ¨æ ¢ ®¡ê¥¬­®¬ ¢ëà ¦¥­¨¨N = Z r�0r� ncdr = (1�ms)(r�0 � r� + ln r�r�0 ); (28)£¤¥ r� ¢ à áç¥â­ë© ¬®¬¥­â ¢à¥¬¥­¨ ¢ëç¨á«ï¥âáïá®£« á­® ¢ëà ¦¥­¨ï (21). � ª¨¬ ®¡à §®¬, ®ª®­ç -â¥«ì­®¥ ª®«¨ç¥áâ¢® ç áâ¨æ N1, á®åà ­¨¢è¨åáï ¢®¡« áâ¨ ¤¥ä®à¬ æ¨¨, á®áâ ¢¨âN1 = (1�ms)(r�0 � 1� ln r�0): (29)�  à¨á. 5 ¯®ª § ­ë ¯à®ä¨«¨ ª®­æ¥­âà æ¨¨ áãää®-§¨®­­ëå ç áâ¨æ ¢ ®¡¥¨å §®­ å ­  ¬®¬¥­âë t = 0:1,0.3, 1, 3. �à¨¢ë¥ 1 { 4, å à ªâ¥à¨§ãîé¨¥ á®-¤¥à¦ ­¨¥ â ª¨å ç áâ¨æ ¢ ®á­®¢­®© §®­¥, ®£à ­¨-ç¥­ë á¯à ¢  ªà¨¢®© á®¤¥à¦ ­¨ï ¢§¢¥è¥­­ëå ç -áâ¨æ, à ááç¨â ­­®© á®£« á­® ¢ëà ¦¥­¨ï (27). � ª¢¨¤­® ¨§ à¨á. 5, ã¦¥ ª ¬®¬¥­âã t = 3 ¯®¤ ¢«ïî-é ï ç áâì áãää®§¨®­­ëå ç áâ¨æ ¨§ §®­ë ¯®«­®©¤¥ä®à¬ æ¨¨ ¡ã¤¥â ¢ë­¥á¥­  (¢ ­¥© ¥é¥ ®áâ ­¥â-áï ®ª®«® 6% ®â ¨å ¯¥à¢®­ ç «ì­®£® ª®«¨ç¥áâ¢ ).�áâ ¢è¨¥áï ç áâ¨æë â ª¦¥ ¯®áâ¥¯¥­­® ¯®áâã¯ïâ¢ ¤à¥­ã §  ¨áª«îç¥­¨¥¬ ¤®«¨ ¯à®æ¥­â , ª®â®à ï ¢ª®­æ¥ ª®­æ®¢ ®ª ¦¥âáï ¢® ¢â®à®© §®­¥. �¡é¥¥ ª®-«¨ç¥áâ¢® ç áâ¨æ ¢â®à®© äà ªæ¨¨, á®åà ­¨¢è¨åáï¢ ®¡« áâ¨ ¤¥ä®à¬ æ¨¨, ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥(29) ¨ ¢ ¤ ­­®¬ ¯à¨¬¥à¥ à ¢­® ¯à¨¬¥à­® 0.015, â®¥áâì ®ª®«® 15%.

�¢¥«¨ç¥­¨¥ ¯®à¨áâ®áâ¨ £àã­â  §  áç¥â ¢ë­®á â¢¥à¤ëå ç áâ¨æ ¨ ã¬¥­ìè¥­¨ï ®¡ê¥¬  â¢¥à¤®© ä -§ë ¢¥¤¥â ª à®áâã ¯à®­¨æ ¥¬®áâ¨ £àã­â  k ¨ ª®-íää¨æ¨¥­â  ä¨«ìâà æ¨¨. �æ¥­ª  ¢¥«¨ç¨­ë k ª ªäã­ªæ¨¨ ®â r ¨ t ¤«ï ¤¢ãåäà ªæ¨®­­®£® ¤¥ä®à-¬¨àã¥¬®£® £àã­â  ¯à¨ ¯®áâ®ï­­®¬ à áå®¤¥ ¤à¥-­ë ¤®«¦­  ¢ë¯®«­ïâìáï ­  ¡ §¥ ä®à¬ã«ë (13) á¯à¨¢«¥ç¥­¨¥¬ § ¢¨á¨¬®áâ¨ ¬¥¦¤ã k ¨ nw. �à¥¤-«®¦¥­ àï¤ í¬¯¨à¨ç¥áª¨å ä®à¬ã« ¤«ï à §­ëå â¨-¯®¢ £àã­â®¢ [32 { 34]. � á«ãç ¥ ­¥á¢ï§­ëå £àã­-â®¢ ¢ ¯à¨«®¦¥­¨ïå è¨à®ª® ¨á¯®«ì§ã¥âáï ä®à¬ã-«  �®§¥­¨-� à¬ ­ , ®âà ¦ îé ï ¨ ®á®¡¥­­®áâ¨¬¥å ­¨ç¥áª®£® á®áâ ¢  £àã­â  (¯®áà¥¤áâ¢®¬ ¢ë-¡®à  å à ªâ¥à­®£® à §¬¥à  §¥à¥­ â¢¥à¤®© ä §ë),¨ á¯®á®¡ ¨å ª®¬¯®­®¢ª¨. �áâ¥áâ¢¥­­®, çâ® ¡®-«¥¥ íää¥ªâ¨¢­®© íâ  ä®à¬ã«  ®ª §ë¢ ¥âáï ¯à¨-¬¥­¨â¥«ì­® ª £àã­â ¬, á«®¦¥­­ë¬ ¨§ ç áâ¨æ ®¤-­®£® á®àâ  (áå®¤­ëå à §¬¥à  ¨ ä®à¬ë). �¬¥-áâ¥ á â¥¬ ¨á¯®«ì§®¢ ­¨¥ áà¥¤­¥£® (íää¥ªâ¨¢­®-£®) ¤¨ ¬¥âà  ¢ ª ç¥áâ¢¥ ¨­â¥£à «ì­®£® ¯®ª § â¥-«ï ªà¨¢®© £à ­ã«®¬¥âà¨ç¥áª®£® á®áâ ¢  ¤«ï áãä-ä®§¨®­­ëå £àã­â®¢ ­¥¦¥« â¥«ì­®. �®-¯¥à¢ëå,â¢¥à¤ ï ä §  â ª¨å £àã­â®¢ à §­®à®¤­  ¨ á®áâ®-¨â, ª ª ¬¨­¨¬ã¬, ¨§ ¤¢ãå äà ªæ¨©, ¯à¨ç¥¬ à §-¬¥àë ç áâ¨æ à §­ëå äà ªæ¨© á¨«ì­® ®â«¨ç îâ-áï, ¢®-¢â®àëå, á®®â­®è¥­¨¥ ¬¥¦¤ã áã¬¬ à­ë¬ ª®-«¨ç¥áâ¢®¬ ç áâ¨æ äà ªæ¨© ¯à¨ áãää®§¨¨ ¯®áâ®-ï­­® ¬¥­ï¥âáï. �®íâ®¬ã æ¥«¥á®®¡à §­® ä®à¬ã«ã�®§¥­¨-� à¬ ­  ­¥áª®«ìª® ¬®¤¨ä¨æ¨à®¢ âì, ¯à¨-á¯®á®¡¨¢ ¥¥ ª ¯®«¨¤¨á¯¥àá­®¬ã £àã­âã. �ãáâì ¢á®áâ ¢ â¢¥à¤®© ä §ë £àã­â  ¢å®¤ïâ, ¯®¬¨¬® ç -áâ¨æ áâàãªâãà®®¡à §ãîé¥© äà ªæ¨¨ á ®¡ê¥¬­ë¬á®¤¥à¦ ­¨¥¬ ms ¨ ¤¨ ¬¥âà®¬ (áà¥¤­¨¬) ds, â ª¦¥p äà ªæ¨© ¬¥«ª¨å ç áâ¨æ, å à ªâ¥à¨§ã¥¬ëå ¯ à -¬¥âà ¬¨ mci, dci (i = 1; 2; :::; p). �®£¤  ãª § ­­ ïä®à¬ã«  âà ­áä®à¬¨àã¥âáï ¢ á«¥¤ãîéãî:k = �2 d2sn3w180(1� nw)2 ; (30)£¤¥ � = 1 + pPi=1�i1 + pPi=1�iDi , �i = mcims , Di = dsdci , k ¨§¬¥-àï¥âáï ¢ ¬2, ds ¢ ¬.� á«ãç ¥ ¤¢ãåäà ªæ¨®­­®£® £àã­â � = 1 + �1 + �D ; (31)£¤¥ � = mcms , D = dsdc , dc { áà¥¤­¨© ¤¨ ¬¥âà áãä-ä®§¨®­­ëå ç áâ¨æ. �à®¬¥ â®£®, ¤¢¨¦ãé¨¥áï á®áª®à®áâìî u (uc � u) â¢¥à¤ë¥ ç áâ¨æë ®ª §ë¢ -îâ ®¯à¥¤¥«¥­­®¥ á®¯à®â¨¢«¥­¨¥ ä¨«ìâà æ¨®­­®¬ã�. �. �®«ïª®¢ 67
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�¨á. 6. �à®ä¨«¨ ®â­®á¨â¥«ì­®© ¯à®­¨æ ¥¬®áâ¨K(R): 1 { �t!1; 2 { �t = 3; 3 { �t = 1;4 { �t = 0:3; 5 { �t = 0:1â¥ç¥­¨î, çâ® â®¦¥ ¤®«¦­® áª §ë¢ âìáï ­  ¢¥«¨-ç¨­¥ k. � ¯¥à¢®¬ ¯à¨¡«¨¦¥­¨¨ ä®à¬ã«ã (30), (31)¬®¦­® ®¡®¡é¨âì ­  íâ®â á«ãç ©, áª®àà¥ªâ¨à®¢ ¢ª®íää¨æ¨¥­â �,   ¨¬¥­­® ¯à¨­ï¢ ¥£® à ¢­ë¬ � ncms .�­ ç¥­¨¥ � § ¢¨á¨â ®â u, uc ¨ ­ å®¤¨âáï, ¨áå®¤ï¨§ ¤¢ãå ¯à¥¤¥«ì­ëå á«ãç ¥¢ ¯¥à¥­®á  ç áâ¨æ. � ª,¯à¨ uc = u ¢â®à ï äà ªæ¨ï ¢®®¡é¥ ­¥ ¢«¨ï¥â ­ ¯à®­¨æ ¥¬®áâì £àã­â  ¨ §­ ç¨â � = 0. �à¨ ­¥-¯®¤¢¨¦­ëå ç áâ¨æ å íâ®© äà ªæ¨¨ � = 1. �á«¨¢ë¡à âì ¤«ï § ¢¨á¨¬®áâ¨ � ®â ®â­®è¥­¨ï à §¬¥à-­ëå áª®à®áâ¥© ç áâ¨æ ¨ ¢®¤ë «¨­¥©­ãî ä®à¬ã, â®«¥£ª® ­ ©â¨ � = 1u; � = ncmsu: (32)�â ª, äã­ªæ¨î k(t; r) ¤«ï ¯à®áâ¥©è¥£® ¤¥ä®à-¬¨àã¥¬®£® £àã­â  ¯à¥¤« £ ¥âáï à ááç¨âë¢ âì ¯®ä®à¬ã« ¬ (30), (31), ­® ¯à¨ §­ ç¥­¨¨ �, ¢ëà ¦¥­-­®¬ á®£« á­® á®®â­®è¥­¨ï (32). �à¨  ­ «¨§¥ ¢«¨ï-­¨ï áãää®§¨¨ ­  à¥¦¨¬ ä¨«ìâà æ¨¨ ¡®«¥¥ ¯®ª § -â¥«ì­  ®â­®á¨â¥«ì­ ï ¯à®­¨æ ¥¬®áâì K = k=k0,£¤¥ k0 - ¯à®­¨æ ¥¬®áâì ¨áå®¤­®£® £àã­â . �ëà -¦¥­¨¥ ¤«ï K ¢ëâ¥ª ¥â ¨§ á®®â­®è¥­¨© (31), (32)¨ ¬®¦¥â ¡ëâì ¯à¨¢¥¤¥­® ª ¢¨¤ãK = (1�ms � nc)3(msu+ nc)2(ms +Dmc)2(1�ms �mc)3(ms + nc)2(msu+Dnc)2 :(33)�¥§ã«ìâ âë à áç¥â  ®â­®á¨â¥«ì­®© ¢¥«¨ç¨­ë K¯® ä®à¬ã«¥ (33) ­  à §«¨ç­ë¥ ¬®¬¥­âë ¢à¥¬¥-­¨ ¯à¨¢¥¤¥­ë ­  à¨á. 6. � ¨¡®«ìè¥¥ §­ ç¥­¨¥K = 7:738 ¤®áâ¨£ ¥âáï ¢ §®­¥ ¯®«­®© ¤¥ä®à¬ æ¨¨(ªà¨¢ ï 1) ¯à¨ t ! 1. � §®­¥ ç áâ¨ç­®© ¤¥ä®à-¬ æ¨¨ ¢¥«¨ç¨­  K ¨§¬¥­ï¥âáï â®«ìª® ­  £à ­¨æ¥

�¨á. 7. �â­®á¨â¥«ì­®¥ ¨§¬¥­¥­¨¥ ä ªâ¨ç¥áª®© ¨¯à¥¤¥«ì­ëå ¢¥«¨ç¨­ ¯à®­¨æ ¥¬®áâ¨:1, 2, 4 { t = 1; 3, 5, 6 { t = 0:1; 1, 4 { Kmax;2, 5 { k(u); 3, 6 { Kminá® ¢â®à®© §®­®© ¯® ¬¥à¥ ¥¥ ¯¥à¥¬¥é¥­¨ï (ªà¨¢ ï6). � æ¥«®¬, ¯à¥¤áâ ¢«¥­­ë¥ ­  à¨á. 6 ¤ ­­ë¥ á¢¨-¤¥â¥«ìáâ¢ãîâ ® ¢®§¬®¦­®áâ¨ §­ ç¨¬®£® ã¢¥«¨ç¥-­¨ï ¯à®­¨æ ¥¬®áâ¨ ¨ ª®íää¨æ¨¥­â  ä¨«ìâà æ¨¨ ¢®¡« áâ¨ ¤¥ä®à¬ æ¨©.�¥«¥á®®¡à §­®áâì ¢ë¯®«­¥­­®£® ®¡®¡é¥­¨ïä®à¬ã«ë �®§¥­¨-� à¬ ­  ­  á«ãç © ¯®¤¢¨¦­ëåç áâ¨æ ¯®¤â¢¥à¦¤ ¥âáï à¥§ã«ìâ â ¬¨ á®¯®áâ ¢«¥-­¨ï ¢¥«¨ç¨­ëK á ¯à¥¤¥«ì­ë¬¨ ¢¥«¨ç¨­ ¬¨Kmax,Kmin, ª®â®àë¥ ®£à ­¨ç¨¢ îâ K á¢¥àåã ¨ á­¨§ã.�ëà ¦¥­¨¥ ¤«ï Kmax ¯®«ãç¥­® á ¨á¯®«ì§®¢ ­¨-¥¬ ¤®¯ãé¥­¨ï ®¡ ®âáãâáâ¢¨¨ ¢§ ¨¬­®£® ¢«¨ï­¨ïä¨«ìâà æ¨®­­®£® ¯®â®ª  ¨ ¢«¥ª®¬ëå ¨¬ ç áâ¨æ:Kmax = (ms +Dmc)2(1 �ms � nc)3(1 �ms �mc)3(ms + nc)2 :�ëà ¦¥­¨¥ ¤«ï Kmin, â ª¦¥ ¢ëâ¥ª îé¥¥ ¨§ ä®à-¬ã«ë (33), ¨¬¥¥â ¢¨¤Kmin = (ms +Dmc)2(1�ms � nc)3(1 �ms �mc)3(ms +Dnc)2 :¨ ¯à¥¤¯®« £ ¥â, çâ® â ª¨¥ ç áâ¨æë à áá¬ âà¨¢ -îâáï ª ª ç áâì áª¥«¥â  £àã­â . �  à¨á. 7 ¯®ª § -­ë ¯à®ä¨«¨ ®â­®á¨â¥«ì­®© ¯à®­¨æ ¥¬®áâ¨ ­  ¬®-¬¥­â t = 0:1 ¨ 1 (ªà¨¢ë¥ 5 ¨ 2) ¢¬¥áâ¥ á á®®â¢¥â-áâ¢ãîé¨¬¨ ¬ ¦®à ­â ¬¨. � ª, ªà¨¢ ï 2 (t = 0:1)à á¯®«®¦¥­  ¬¥¦¤ã ªà¨¢ë¬¨ Kmax(R) ¨ Kmin(R),¯¥à¥á¥ª ïáì á ¯®á«¥¤­¥© ­  £à ­¨æ¥ ¬¥¦¤ã §®­ ¬¨R�. �­ «®£¨ç­® ªà¨¢ ï 5 (t = 1) ®£à ­¨ç¨¢ ¥âáïªà¨¢ë¬¨ 4 (Kmax) ¨ 6 (Kmin). �®®¡é¥ å à ªâ¥à¢§ ¨¬­®£® à á¯®«®¦¥­¨ï ªà¨¢ëå K(R), Kmax(R),Kmin(R) £®¢®à¨â ® â®¬, çâ® ª®íää¨æ¨¥­â ä¨«ì-âà æ¨¨ ¤¥ä®à¬¨àã¥¬ëå £àã­â®¢ ¬®¦¥â § ¬¥â­®68 �. �. �®«ïª®¢
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�¨á. 8. �¤¥«ì­ë© à áå®¤ áãää®§¨®­­ëåç áâ¨æ ¯à¨ r = r0:1 { ms = 0:49; mc = 0:15; 2 { ms = 0:59; mc = 0:1;3 { ms = 0:54; mc = 0:1; 4 { ms = 0:49; mc = 0:1;5 { ms = 0:59; mc = 0:05¬¥­ïâìáï ¢á«¥¤áâ¢¨¥ ¤¢¨¦¥­¨ï áãää®§¨®­­ëå ç -áâ¨æ.� àï¤ã á ¯®¢ëè¥­¨¥¬ ¯®à¨áâ®áâ¨ ¨ ª®íää¨æ¨-¥­â  ä¨«ìâà æ¨¨ £àã­â , á¯®á®¡áâ¢ãîé¨¬ ¡®«¥¥íää¥ªâ¨¢­®© à ¡®â¥ ¤à¥­ ¦ , ¢ë­®á â¢¥à¤ëå ç -áâ¨æ ¬®¦¥â ¯à¨¢®¤¨âì ª § ¨«¥­¨î ¢®¤®¯à¨¥¬­ëå¨ ¢®¤®¯à®¢®¤ïé¨å ¤à¥­ ¦­ëå á¨áâ¥¬, ®â¤¥«ì­ëåãáâà®©áâ¢, çâ® ¨¬¥¥â ®¡à â­ë© íää¥ªâ. �®íâ®-¬ã ¤«ï ¯à¥¤®â¢à é¥­¨ï çà¥§¬¥à­®£® ­ ª®¯«¥­¨ïç áâ¨æ ¢ ãª § ­­ëå á¨áâ¥¬ å ¨ ãáâà®©áâ¢ å ­¥-®¡å®¤¨¬® ¯®¤¡¨à âì ª®­áâàãªæ¨î ¤à¥­ ¦  ¨ à¥-¦¨¬ ¥£® à ¡®âë, ®¯¨à ïáì ­  ¯à®£­®§ ¤¨­ ¬¨ª¨¯à¨â®ª  ç áâ¨æ ¢ ¤à¥­ã. �®«ãç¥­­ë¥ ¢ëè¥ à¥-è¥­¨ï ¯®§¢®«ïîâ ¯à®áâ® à ááç¨âë¢ âì ã¤¥«ì­ë©®¡ê¥¬­ë© ¯®â®ª ç áâ¨æ ­  ¤à¥­¥ Ic(t), ¨á¯®«ì§ãïá«¥¤ãîé¥¥ ¢ëà ¦¥­¨¥:Ic = nc(u� 1): (34)�«ï ª®­ªà¥â­ëå à áç¥â®¢ ¨­â¥­á¨¢­®áâ¨ ¢ë­®á ç áâ¨æ ¢â®à®© äà ªæ¨¨ ¢ë¡¨à «¨áì £àã­âë á áã-é¥áâ¢¥­­® à §«¨ç­ë¬¨ §­ ç¥­¨ï¬¨ mc (0.05, 0.1¨ 0.15). �®«ï ç áâ¨æ áª¥«¥â  ¬¥­ï« áì ¯à¨ íâ®¬®â 0.49 ¤® 0.59. �®®â¢¥âáâ¢ãîé¨¥ ªà¨¢ë¥ I(t) á­¥®¡å®¤¨¬ë¬¨ ¯®ïá­¥­¨ï¬¨ ¤ ­ë ­  à¨á. 8. �ç¥-¢¨¤­®, çâ® ¨­â¥­á¨¢­®áâì Ic ¢ ¡®«ìè¥© áâ¥¯¥­¨§ ¢¨á¨â ®â ¨áå®¤­®£® ª®«¨ç¥áâ¢  áãää®§¨®­­ëåç áâ¨æ, ¯à¨ç¥¬ ã¢¥«¨ç¥­¨¥ mc ¢¥¤¥â ª  ­ «®£¨ç-­®¬ã à®áâã Ic. �® ¢à¥¬¥­¥¬ ç áâì ®¡é¥£® ¯®â®-ª  £¨¤à®á¬¥á¨, ä®à¬¨àãîé ïáï §  áç¥â ¯¥à¥­®á ãª § ­­ëå ç áâ¨æ, ¡ëáâà® á®ªà é ¥âáï (ª ¬®¬¥­-âã t = 1 ¯à¨¬¥à­® ¢ 4 à § ).� ª¦¥ ¡ë« ¢ë¯®«­¥­ ¤¥â «ì­ë©  ­ «¨§ ¢§ -¨¬®á¢ï§ ­­ëå ä¨«ìâà æ¨®­­®£® ¨ áãää®§¨®­­®-

�¨á. 9. �§¬¥­¥­¨¥ ¯à¨¢¥¤¥­­®© áª®à®áâ¨ Uá® ¢à¥¬¥­¥¬ ­  ¤à¥­¥ (r = r0):1 { � = 0; 2 { � = 0:01; 3 { � = 0:1; 4 { � = 1£® ¯à®æ¥áá®¢ ¯à¨ ¯¥à¥¬¥­­®¬ à áå®¤¥ ¤à¥­ëQ = Q(t). � ª á¢¨¤¥â¥«ìáâ¢ãîâ ­ ¡«î¤¥­¨ï § à ¡®â®© ¤à¥­ ¦  ¢ ­ âãà­ëå ãá«®¢¨ïå, ¤«ï ªà¨-¢®© á¯ ¤  à áå®¤  å à ªâ¥à­  íªá¯®­¥­æ¨ «ì­ ïä®à¬  [35, 36]. �¬¥ï ¢ ¢¨¤ã, çâ® ¤à¥­ ¦ ¯à¨ãáâ®©ç¨¢®¬ ¯¨â ­¨¨ ä¨«ìâà æ¨®­­®£® ¯®â®ª  ¬®-¦¥â äã­ªæ¨®­¨à®¢ âì ¨ ¢ ­¥áâ æ¨®­ à­ëå, ¨ ¢áâ æ¨®­ à­ëå ãá«®¢¨ïå, äã­ªæ¨ï Q(t) ¢ë¡¨à « áì¢ á«¥¤ãîé¥¬ (¡¥§à §¬¥à­®¬) ¢¨¤¥:Q(t) = � + (1� �)e��t; (35)£¤¥ � ¥áâì áâ æ¨®­ à­®¥ §­ ç¥­¨¥ Q. �¯¥à¢ãî ®ç¥à¥¤ì ¨§ãç «®áì ¢«¨ï­¨¥ ­  ä¨§¨ª®-¬¥å ­¨ç¥áª¨¥ ¯à®æ¥ááë ¯¥à¥å®¤­ëå ¯à®æ¥áá®¢ ¢¤à¥­¥, å à ªâ¥à¨§ã¥¬ëå ¯®ª § â¥«¥¬ �. �®íâ®¬ãá­ ç «  ¯®« £ «®áì � = 0. �­ ç¥­¨ï ¦¥ � ¨§¬¥­ï-«¨áì ¢ à §­ëå ¯à¨¬¥à å ­  ¤¢  ¯®àï¤ª  (� = 0:01,0.1 ¨ 1) á â¥¬, çâ®¡ë ¯®«­¥¥ ®æ¥­¨âì §­ ç¨¬®áâì¯¥à¥å®¤­ëå ¯à®æ¥áá®¢ ¤«ï áãää®§¨¨ ¯à¨ à §­®-®¡à §­ëå à¥¦¨¬ å à ¡®âë ¤à¥­ ¦ .�¦¥ ¨§ à¥§ã«ìâ â®¢ à áç¥â®¢ ¯à¨¢¥¤¥­­®© áª®-à®áâ¨ U , ¯à¥¤áâ ¢«¥­­ëå ­  à¨á. 9, 10, ¬®¦­® á¤¥-« âì ¢ë¢®¤ ® á®¯®áâ ¢¨¬®¬ ¢«¨ï­¨¨ áãää®§¨®­­®-£® ¨ ¯¥à¥å®¤­ëå ¯à®æ¥áá®¢ â®«ìª® ¯à¨ ¬ «ëå §­ -ç¥­¨ïå �. �¥©áâ¢¨â¥«ì­®, ¨§¬¥­¥­¨ï áª®à®áâ¨ u­  ¤à¥­¥ á® ¢à¥¬¥­¥¬ (à¨á. 9) ¯à¨ Q = const (ªà¨-¢ ï 1) ¨ §  áç¥â ¬¥¤«¥­­®£® á­¨¦¥­¨ï Q (� = 0:01,ªà¨¢ ï 2) ¯®çâ¨ ®¤¨­ ª®¢ë¥. �«¥¤ã¥â § ¬¥â¨âì,çâ® ¤«ï ª®àà¥ªâ­®£® áà ¢­¥­¨ï áª®à®áâ¨ ¢®¤ë ¢á«ãç ïå Q = const ¨ Q = Q(t) ¯à¨ ¢ëç¨á«¥­¨-ïå U (r; t) ¨á¯®«ì§®¢ «¨áì ®¤­¨ ¨ â¥ ¦¥ ¢¥«¨ç¨­ëu(1; r), u(0; r). �® ¯à¨ � = 0:1 (ªà¨¢ ï 3) ¨ â¥¬¡®«¥¥ ¯à¨ � = 1 (ªà¨¢ ï 4) ¢«¨ï­¨¥Q(t) ­  ¤¨­ ¬¨-ªã ä¨«ìâà æ¨®­­®£® à¥¦¨¬  ¢¡«¨§¨ ¤à¥­ë ¡ã¤¥â�. �. �®«ïª®¢ 69
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�¨á. 10. �à®ä¨«¨ ¯à¨¢¥¤¥­­®© áª®à®áâ¨ U(R)¯à¨ t = 0:1:1, 5 { � = 0; 2, 5 { � = 0:01; 3, 5 { � = 0:1; 4, 5 { � = 1

�¨á. 11. �à ä¨ª¨ § ¢¨á¨¬®áâ¨ R�(t�):1 { � = 0; 2 { � = 0:01; 3 { � = 0:1; 4 { � = 1à¥è îé¨¬. �® ¬¥à¥ ã¤ «¥­¨ï ®â ¤à¥­ë, ª ª ¢¨¤-­® ¨§ à¨á. 10, ¢ª« ¤ ¯¥à¥å®¤­ëå ¯à®æ¥áá®¢ áâ ­®-¢¨âáï ¬¥­¥¥ áãé¥áâ¢¥­­ë¬, çâ® ®á®¡¥­­® § ¬¥â­®¢ §®­¥ ç áâ¨ç­®© ¤¥ä®à¬ æ¨¨. �à¥®¡« ¤ ­¨¥ ­ £à ä¨ª å à¨á. 10 ¯®«®¦¨â¥«ì­ëå §­ ç¥­¨© U £®¢®-à¨â ® â®¬, çâ® áª®à®áâì ¢®¤ë ¯à¨ ¯®­¨¦ îé¥¬áïà áå®¤¥ Q ¢ ­ ç «ì­ë© ¯¥à¨®¤ (t � 0:1) ®áâ ¥âáï¢ ¤¨ ¯ §®­¥ ¢®§¬®¦­ëå §­ ç¥­¨© ¤¥©áâ¢¨â¥«ì­®©áª®à®áâ¨ ¯à¨ Q = const. � ã¢¥«¨ç¥­¨¥¬ � ª®®à-¤¨­ âë â®ç¥ª, ¢ ª®â®àëå U ®¡à é ¥âáï ¢ 0, á¬¥-é îâáï ¢«¥¢®. �â® ®§­ ç ¥â, çâ® ¯ ¤¥­¨¥ Q ®¡ã-á« ¢«¨¢ ¥â ãáª®à¥­­®¥ ¯¥à¥¬¥é¥­¨¥ £à ­¨æë R�¬¥¦¤ã §®­ ¬¨ á ¯®¤¢¨¦­ë¬¨ ¨ ¢§¢¥è¥­­ë¬¨ áãä-ä®§¨®­­ë¬¨ ç áâ¨æ ¬¨. � æ¥«®¬ å à ªâ¥à â ª®-£® ¯¥à¥¬¥é¥­¨ï (t � 2) ¨««îáâà¨àã¥âáï à¨á. 11, ­ ª®â®à®¬ ¨§®¡à ¦¥­ë ªà¨¢ë¥ R� = R(t�) ¯à¨ � = 0(Q = const) ¨ � = 0:01:::1 (Q = Q(t)). �ç¥¢¨¤­®¥

ãáª®à¥­¨¥ ¤¢¨¦¥­¨ï £à ­¨æë ¬¥¦¤ã §®­ ¬¨ ¨¬¥¥â¬¥áâ® ¯à¨ � � 0:1, çâ® ®âà ¦ ¥âáï ­  ¨­â¥­á¨¢-­®áâ¨ ¢ë­®á  ç áâ¨æ ¨ áâ¥¯¥­¨ ¤¥ä®à¬ æ¨¨ £àã­-â . �ã¤¨âì ¦¥ ® á®áâ®ï­¨¨ £àã­â , ãáâ®©ç¨¢®-áâ¨ ¥£® áâàãªâãàë ¯à¥¤¯®çâ¨â¥«ì­¥¥, ®á­®¢ë¢ -ïáì ­  ¤ ­­ëå ¢ëç¨á«¥­¨© ª®­æ¥­âà æ¨¨ ç áâ¨æ¢â®à®© äà ªæ¨¨ ¢ ®¡« áâ¨ ¤¥ä®à¬ æ¨©. �à®ä¨«¨ª®­æ¥­âà æ¨¨ â ª¨å ç áâ¨æ nc(R), ¢ ç áâ­®áâ¨,¯®ª § ­ë ­  à¨á. 12 ¤«ï ¤¢ãå ¬®¬¥­â®¢ ¢à¥¬¥­¨(t = 0:1 ¨ 1). �¥à¢ë© ¬®¬¥­â ®â¢¥ç ¥â ­ ç «ì­®-¬ã ¯¥à¨®¤ã à §¢¨â¨ï áãää®§¨®­­®£® ¯à®æ¥áá ,  ¢â®à®© áª®à¥¥ ®â­®á¨âáï ª § ¢¥àè îé¥¬ã ¯¥à¨®-¤ã, ª®£¤  ¡®«ìè ï ç áâì ­¥áâàãªâãà­ëå ç áâ¨æ ¨§ãª § ­­®© ®¡« áâ¨ ã¦¥ ¢ë­¥á¥­ . �¥à¢®­ ç «ì-­® £àã­â ¤¥ä®à¬¨àã¥âáï ¯à¨ 0 � � � 1 áå®¤­ë¬®¡à §®¬, ® ç¥¬ á¢¨¤¥â¥«ìáâ¢ã¥â ¯à ªâ¨ç¥áª®¥ á®-¢¯ ¤¥­¨¥ ­ ç «ì­ëå ¯à®ä¨«¥© nc(R) ¤«ï ¢á¥å à á-á¬®âà¥­­ëå §­ ç¥­¨© � ¢ §®­¥ ¯®«­®© ¤¥ä®à¬ æ¨¨(­  à¨á. 12 á®®â¢¥âáâ¢ãîé¨¥ ¯à®ä¨«¨ ¨§®¡à ¦¥-­ë ®¤­®© ªà¨¢®© 1). �¨¤¨¬ë¥ ®â«¨ç¨ï ¨¬¥îâ ¬¥-áâ® â®«ìª® ¯à¨ ¡®«ìè¨å §­ ç¥­¨ïå R ¨ ®¡êïá­ïîâ-áï à §­®© áª®à®áâìî ¯¥à¥¬¥é¥­¨ï £à ­¨æë ¬¥¦¤ã§®­ ¬¨. �® ¢à¥¬¥­¥¬ ¢«¨ï­¨¥ ¯¥à¥å®¤­ëå ¯à®æ¥á-á®¢ ­  ä®à¬ã ¯à®ä¨«¥© nc(R) à áâ¥â ¨ ª ¬®¬¥­âãt = 1 áâ ­®¢¨âáï ®ç¥¢¨¤­ë¬ ¯à¨ � > 0:1, ¯à¨-ç¥¬ ¢ ®¡¥¨å ¢ë¤¥«¥­­ëå §®­ å. �á«¨ à áå®¤ Q ¯à¨t ! 1 áâà¥¬¨âáï ª ­¥ª®â®à®¬ã ª®­¥ç­®¬ã §­ ç¥-­¨î (� > 0), â® ¤¨ ¯ §®­ ¨§¬¥­¥­¨ï Q ¯® áà ¢­¥-­¨î á ¯à¥¤¥«ì­ë¬ á«ãç ¥¬ � = 0 áã¦ ¥âáï ¨ ¢«¨ï-­¨¥ ¯¥à¥å®¤­ëå ¯à®æ¥áá®¢ ¢ ¤à¥­¥ ­  áãää®§¨®­-­ë© ¯à®æ¥áá ¤®«¦­® ®á« ¡¥¢ âì. �¥©áâ¢¨â¥«ì­®,ª ª «¥£ª® ã¡¥¤¨âìáï ¨§ à¨á. 12, 13, à §«¨ç¨ï ¬¥¦-¤ã ¯à®ä¨«ï¬¨ nc(R) ¯à¨ � = 0 ¨ � > 0 ­ à áâ îâá ã¢¥«¨ç¥­¨¥¬ �, ¤®áâ¨£ ï ¬ ªá¨¬ã¬  ¯à¨ � = 1.�à¨¢ë¥ 5 { 7 ­  à¨á.12 ¨ 6 { 8 ­  à¨á. 13 å à ª-â¥à¨§ãîâ ª®«¨ç¥áâ¢® ¢§¢¥è¥­­ëå ç áâ¨æ ¢ §®­¥ç áâ¨ç­®© ¤¥ä®à¬ æ¨¨ ­  á®®â¢¥âáâ¢ãîé¨¥ ¬®-¬¥­âë ¢à¥¬¥­¨. �«ï ¨å ¯®á«¥¤ãîé¥£® ã¤ «¥­¨ï ¨§£àã­â  ­¥®¡å®¤¨¬® ãá¨«¨âì ®áãè îé¥¥ ¤¥©áâ¢¨¥¤à¥­ ¦ . � á«ãç ¥ ¯®áâ®ï­­®£® ¨«¨ ¯ ¤ îé¥£®à áå®¤  Q ä®à¬ë ãª § ­­ëå ªà¨¢ëå ­¥ ¬¥­ïîâ-áï, ­® á ¬¨ ªà¨¢ë¥ ­¥®£à ­¨ç¥­­® ¤®«£® ã¤«¨­ï-îâáï. � â®«ìª® ¢ áâ æ¨®­ à­ëå ãá«®¢¨ïå à á¯à¥-¤¥«¥­¨ï ª®­æ¥­âà æ¨¨ ¢§¢¥è¥­­ëå ç áâ¨æ ¯à¨­¨-¬ îâ ®ª®­ç â¥«ì­ë© ¢¨¤. �à¨¢ë¥ â ª¨å à á¯à¥-¤¥«¥­¨© à ááç¨â ­ë ¤«ï ®á­®¢­ëå ¢ à¨ ­â®¢ á®-ç¥â ­¨ï �, � ¨ ¯à¨¢¥¤¥­ë ­  à¨á. 14. �¬¥­­® íâ¨ªà¨¢ë¥, ¤®¯®«­¥­­ë¥ ®âà¥§ª ¬¨ ¯àï¬®© nc = 0 ¢¯à¥¤¥« å §®­ë ¯®«­®© ¤¥ä®à¬ æ¨¨, ¯à¥¤áâ ¢«ïîâá®¡®© áâ æ¨®­ à­ë¥ ª®­æ¥­âà æ¨®­­ë¥ ¯à®ä¨«¨.�§ à¨á. 14 ¢¨¤­®, çâ® á ã¢¥«¨ç¥­¨¥¬ ¯®ª § â¥«ï� ¯à®âï¦¥­­®áâì §®­ë ç áâ¨ç­®© ¤¥ä®à¬ æ¨¨ ¨á®¤¥à¦ ­¨¥ á®åà ­¨¢è¨åáï ¢ ®¡« áâ¨ ¤¥ä®à¬ æ¨©áãää®§¨®­­ëå ç áâ¨æ ¢®§à áâ ¥â,   á ã¢¥«¨ç¥­¨-70 �. �. �®«ïª®¢
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�¨á. 12. �à®ä¨«¨ ª®­æ¥­âà æ¨¨ áãää®§¨®­­ëåç áâ¨æ ¢ ®¡« áâ¨ ¤¥ä®à¬ æ¨© nc(R):1 ¨ 5; 1 ¨ 6; 1 ¨ 7 { t = 0:1;2 ¨ 5; 3 ¨ 6; 4 ¨ 7 { t = 1;1, 2 { � = 0:01; 1, 3 { � = 0:1; 1, 4 { � = 1
�¨á. 13. �à®ä¨«¨ ª®­æ¥­âà æ¨¨ áãää®§¨®­­ëåç áâ¨æ nc(R):1 ¨ 7 { t = 0:1; � = 0:1; � = 0:5;1 ¨ 8 { t = 0:1; � = 0:1; � = 0:2;2 ¨ 6 { t = 0:1; � = 1; � = 0:5;3 ¨ 7 { t = 1; � = 0:1; � = 0:2;4 ¨ 8 { t = 1; � = 0:1; � = 0:5;5 ¨ 6 { t = 1; � = 1; � = 0:5¥¬ � ­ ¡«î¤ ¥âáï ®¡à â­ ï ª àâ¨­ . �® áãé¥-áâ¢¥­­ë¬¨ â ª¨¥ ¨§¬¥­¥­¨ï ®ª §ë¢ îâáï â®«ìª®¯à¨ � > 0:01.�â­®á¨â¥«ì­®¥ ã¢¥«¨ç¥­¨¥ ¯à®­¨æ ¥¬®áâ¨£àã­â , ®¡ãá«®¢«¥­­®¥ ­ àï¤ã á ¢ë­®á®¬ ç áâ¨æ¢â®à®© äà ªæ¨¨ â ª¦¥ ¨ ¯¥à¥å®¤­ë¬¨ ¯à®æ¥áá ¬¨¢ ¤à¥­¥, ®¯à¥¤¥«ï«®áì ­  ¬®¬¥­âë ¢à¥¬¥­¨ t = 0 ¨1 (à¨á. 15). � áç¥âë ¯à®ä¨«¥© K(R) ¢ë¯®«­ï«¨áì¯® ä®à¬ã«¥ (35) á ãç¥â®¬ ¯®«ãç¥­­ëå ¢ëè¥ à á-¯à¥¤¥«¥­¨© u(R), nc(R) ¯à¨ � = 0 ¨ � = 0:01, 0.1 ¨1. � ­ ç «ì­ë© ¯¥à¨®¤ ¯¥à¥ä®à¬¨à®¢ ­¨ï ä¨«ì-

�¨á. 14. �â æ¨®­ à­ë¥ ¯à®ä¨«¨ ª®­æ¥­âà æ¨¨áãää®§¨®­­ëå ç áâ¨æ:1 { � = 1; � = 0; 2 { � = 1; � = 0:5;3 { � = 0:1; � = 0; 4 { � = 0:1; � = 0:5;5 { � = 0:01; � = 0; 6 { � = 0
�¨á. 15. �à®ä¨«¨ ®â­®á¨â¥«ì­®© ¯à®­¨æ ¥¬®áâ¨K(R):4 ¨ 5; 4 ¨ 6; 4 ¨ 7 { t = 0:1;1 ¨ 5; 2 ¨ 6; 3 ¨ 7 { t = 1;1, 4 ¨ 5 { � = 1; 2, 4 ¨ 6{ � = 0:1;3, 4 ¨ 7{ � = 0:01âà æ¨®­­®£® à¥¦¨¬  ¯®¤ ¤¥©áâ¢¨¥¬ áãää®§¨¨ ¯®-ª § â¥«ì � á« ¡® ¢«¨ï¥â ­  ¢¥«¨ç¨­ã K. �¤­ ª®ã¦¥ ¯à¨ t = 1 â ª®¥ ¢«¨ï­¨¥ ®ª §ë¢ ¥âáï áãé¥-áâ¢¥­­ë¬ ®á®¡¥­­® ¢ §®­¥ ç áâ¨ç­®© ¤¥ä®à¬ æ¨¨(ªà¨¢ë¥ 5 { 7), ­  çâ® ãª §ë¢ îâ §­ ç¨â¥«ì­ë¥à §«¨ç¨ï ¢ á®¤¥à¦ ­¨¨ ¢§¢¥è¥­­ëå ç áâ¨æ ¯à¨§ ¤ ­­ëå §­ ç¥­¨ïå � (à¨á. 14). � à ªâ¥à ¨§¬¥-­¥­¨ï ¢¥«¨ç¨­ëK ¢ ®¡¥¨å §®­ å ®¡« áâ¨ ¤¥ä®à¬ -æ¨© â ª¦¥ § ¬¥â­® ®â«¨ç ¥âáï, çâ® á¢ï§ ­® á ®á®-¡¥­­®áâï¬¨ ä¨«ìâà æ¨¨ ¨ ¬ áá®¯¥à¥­®á  ¢ íâ¨å§®­ å. �®íâ®¬ã ª ¦¤ë© ¨§ ãª § ­­ëå ¯à®ä¨«¥©K(R) ä ªâ¨ç¥áª¨ á®áâ®¨â ¨§ ¤¢ãå ªà¨¢ëå, ®¯¨áë-�. �. �®«ïª®¢ 71
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�¨á. 16. �â­®á¨â¥«ì­ë© à áå®¤ ç áâ¨æ¢ ¢ëå®¤­®¬ á¥ç¥­¨¨ (r = r0):1 { � = 0:1; � = 0:5; 2 { � = 0:1; � = 0;3 { � = 1; � = 0:5; 4 { � = 1; � = 0¢ îé¨å ¯®¢¥¤¥­¨¥ K ¢ §®­ å à §¤¥«ì­®, ­® ¨¬¥î-é¨å ®¡é¥¥ §­ ç¥­¨¥ K ­  £à ­¨æ¥ §®­ (R = R�).� æ¥«®¬ à®áâ ª®íää¨æ¨¥­â  k ¯à¨ ¯¥à¥¬¥­­®¬ Q­¥áª®«ìª® ¬¥­ìè¨©, ç¥¬ ¯à¨ Q = const, ¨ â¥¬ ­¥¬¥­¥¥ ¤®áâ â®ç­ë© ¤«ï ª®­áâ â æ¨¨ ­¥®¡å®¤¨¬®-áâ¨ ®æ¥­¨¢ âì âà ­áä®à¬ æ¨î ä¨«ìâà æ¨®­­®£®à¥¦¨¬  ¢¡«¨§¨ ¤à¥­ë ¢ à¥ «ì­ëå áãää®§¨®­­ëå£àã­â å. �ãé¥áâ¢¥­­®áâì ¯¥à¥å®¤­ëå ¯à®æ¥áá®¢¢ ¤à¥­¥ ¤«ï áãää®§¨¨ ¯à¨ � � 0:1 ¯®¤â¢¥à¦¤ -¥âáï ¨ ¤ ­­ë¬¨ à áç¥â®¢ ®â­®á¨â¥«ì­®© ¨­â¥­-á¨¢­®áâ¨ ¢ë­®á  ç áâ¨æ £àã­â  Ic, ¯à¨¢¥¤¥­­ë¬¨­  à¨á. 16. �â­®á¨â¥«ì­ ï ¢¥«¨ç¨­  Ic ­ å®¤¨â-áï ¯ãâ¥¬ á®¯®áâ ¢«¥­¨ï ¯®â®ª®¢ â¢¥à¤ëå ç áâ¨æ­  ¤à¥­¥ ¯à¨ ¥¥ ¯¥à¥¬¥­­®¬ ¨ ¯®áâ®ï­­®¬ à áå®-¤ å (­ ç «ì­ë¥ à áå®¤ë á®¢¯ ¤ îâ). � ª®­®¬¥à-­®, çâ® ¯à¨ t = 1 ¨ � = 0, � = 1 ¨­â¥­á¨¢­®áâìIc ã¬¥­ìè ¥âáï ­  ¯®àï¤®ª (ªà¨¢ ï 4), ¯à¨ç¥¬ ¯®-¤¢¨¦­ëå ç áâ¨æ ¢ §®­¥ ¯®«­®© ¤¥ä®à¬ æ¨¨ ª íâ®-¬ã ¢à¥¬¥­¨ ®áâ ¥âáï ¢á¥£® ®ª®«® 3% (à¨á. 12) ®â ¨å¨áå®¤­®£® ª®«¨ç¥áâ¢  ¢ ®¡« áâ¨ ¤¥ä®à¬ æ¨©. �®-®¡é¥, áã¤ï ¨§ à¨á. 16, ¯à¨â®ª ­¥áâàãªâãà­ëå ç -áâ¨æ ª ¤à¥­¥ ®ª §ë¢ ¥âáï ¢¥áì¬  çã¢áâ¢¨â¥«ì­ë¬ª ¥¥ à áå®¤­ë¬ ¯ à ¬¥âà ¬ � ¨ �. � ª¨¬ ®¡à -§®¬, ¤«ï ¤®áâ®¢¥à­®£® à áç¥â  ä¨«ìâà æ¨®­­®£® ¨áãää®§¨®­­®£® ¯à®æ¥áá®¢ ­  ä®­¥ ¤à¥­ ¦  ¢ ¦­®ãç¨âë¢ âì ¨ ­ ç «ì­®¥, ¨ áâ æ¨®­ à­®¥ §­ ç¥­¨ï¥£® à áå®¤ , å à ªâ¥à­®¥ ¢à¥¬ï ¯¥à¥å®¤­ëå ¯à®-æ¥áá®¢ ¢ ¤à¥­¥.������1. �ãää®§¨®­­ë¥ £àã­âë à á¯®«®¦¥­ë ¢ �ªà -¨­¥ ¯à¥¨¬ãé¥áâ¢¥­­® ¢ á¥¢¥à®-§ ¯ ¤­ëå à ©®­ å,¢ �¥«®àãáá¨¨, �®áá¨¨. � áâ® ¬¥å ­¨ç¥áª ï áãä-

ä®§¨ï ¨­¨æ¨¨àã¥âáï ¤à¥­ ¦¥¬, à §¢¨¢ ïáì ¢á«¥¤-áâ¢¨¥ ¢®§­¨ª­®¢¥­¨ï «®ª «ì­ëå ­¥®¤­®à®¤­®áâ¥©¢ ä¨«ìâà æ¨®­­®¬ â¥ç¥­¨¨, ¨ ¯à¥¤áâ ¢«ï¥â ¤«ï­¥£® ¢¥áì¬  á¥àì¥§­ãî ®¯ á­®áâì. �à¥¦¤¥ ¢á¥-£®, ¯®áâã¯«¥­¨¥ ¢ ¤à¥­ë ¡®«ìè®£® ª®«¨ç¥áâ¢  ç -áâ¨æ £àã­â  ¨ ¨å ­ ª®¯«¥­¨¥ ¢ ¤à¥­ ¦­®© ¨«¨¢®¤®¯à®¢®¤ïé¥© á¥âïå ï¢«ï¥âáï ¯à¨ç¨­®© § ¨«¥-­¨ï ãª § ­­ëå í«¥¬¥­â®¢ ¤à¥­ ¦­ëå á¨áâ¥¬. � ª-¦¥ ã¬¥­ìè¥­¨¥ á®¤¥à¦ ­¨ï â¢¥à¤ëå ç áâ¨æ ¢¡«¨-§¨ ¤à¥­ë ¨ ¢ à¥§ã«ìâ â¥ ã¢¥«¨ç¥­¨¥ ¯®à¨áâ®-áâ¨ £àã­â  ¯à¨¢®¤ïâ ª á­¨¦¥­¨î ¥£® ¯à®ç­®áâ¨,çâ® á¯®á®¡áâ¢ã¥â ¯à®á¥¤ ­¨î £àã­â  ¨ ãåã¤è¥-­¨î ä¨«ìâà æ¨®­­ëå á¢®©áâ¢ ­  ­ ¨¡®«¥¥ ®â¢¥â-áâ¢¥­­®¬ ãç áâª¥ ä¨«ìâà æ¨®­­®£® ¯®â®ª .2. �¡« áâì ä¨«ìâà æ¨®­­ëå ¤¥ä®à¬ æ¨© ¯à¨-¬ëª ¥â ª ¤à¥­¥ ¨ ¨¬¥¥â ¯à®âï¦¥­­®áâì, ®¯à¥¤¥«ï-¥¬ãî ¥¥ ­ ç «ì­ë¬ à áå®¤®¬. �®áâ®¨â ãª § ­­ ï®¡« áâì ¨§ ¤¢ãå §®­ { ¯®«­®© ¨ ç áâ¨ç­®© ¤¥ä®à-¬ æ¨¨. � §®­¥ ¯®«­®© ¤¥ä®à¬ æ¨¨ áãää®§¨®­­ë¥ç áâ¨æë ¯®¤¢¨¦­ë ¨ âà ­á¯®àâ¨àãîâáï ª ¤à¥­¥ä¨«ìâà æ¨®­­ë¬ ¯®â®ª®¬ á® áª®à®áâìî, ¬¥­ìè¥©áª®à®áâ¨ ¢®¤ë ­  ¢¥«¨ç¨­ã ªà¨â¨ç¥áª®© áª®à®áâ¨.� §®­¥ ç áâ¨ç­®© ¤¥ä®à¬ æ¨¨ áª®à®áâì ¢®¤ë à ¢-­  ªà¨â¨ç¥áª®© áª®à®áâ¨, ¯®íâ®¬ã â ª¨¥ ç áâ¨æë­ å®¤ïâáï ¢® ¢§¢¥è¥­­®¬ á®áâ®ï­¨¨, ®áâ ¢ ïáì ¢­¥© ­¥®£à ­¨ç¥­­® ¤®«£®. �à ­¨æ  ¬¥¦¤ã íâ¨¬¨§®­ ¬¨ ¯¥à¥¬¥é ¥âáï á® áª®à®áâìî, ª®â®à ï â¥á-­® á¢ï§ ­  á à¥¦¨¬®¬ à ¡®âë ¤à¥­ ¦ .3. �à¥­ ¦ ­  ¯à ªâ¨ª¥ à ¡®â ¥â ¢ ¤¢ãå à¥-¦¨¬ å { á ¯®áâ®ï­­ë¬ ¨ ¯¥à¥¬¥­­ë¬ à áå®¤®¬.�áª®à¥­­®¥ ¯®­¨¦¥­¨¥ à áå®¤  ¢¥¤¥â ª á®åà ­¥-­¨î ¢ §®­¥ ç áâ¨ç­®© ¤¥ä®à¬ æ¨¨ ¡®«ìè¥£® ª®«¨-ç¥áâ¢  áãää®§¨®­­ëå ç áâ¨æ (¤®¯®«­¨â¥«ì­® ¤¥-áïâª¨ ¯à®æ¥­â®¢ ®â ¨áå®¤­®£® á®áâ®ï­¨ï),   §­ -ç¨â ª ã¬¥­ìè¥­¨î ¨å ¢ë­®á .4. �ëà ¦¥­­ ï ­¥®¤­®à®¤­®áâì ¬¥å ­¨ç¥áª®£®á®áâ ¢  áãää®§¨®­­ëå £àã­â®¢, ¨§¬¥­¥­¨ï ¢® ¢à¥-¬¥­¨ á®¤¥à¦ ­¨ï ¨ áª®à®áâ¨ ç áâ¨æ â¢¥à¤®© ä §ëâà¥¡ãîâ á®®â¢¥âáâ¢ãîé¨å ®¡®¡é¥­¨© ¨§¢¥áâ­ëå§ ¢¨á¨¬®áâ¥© ¬¥¦¤ã ¯à®­¨æ ¥¬®áâìî (ª®íää¨æ¨-¥­â®¬ ä¨«ìâà æ¨¨) ¨ ¯®à¨áâ®áâìî. � ®âáãâáâ¢¨¨¯« áâ¨ç¥áª¨å ¤¥ä®à¬ æ¨© áãää®§¨®­­ë© ¯à®æ¥áá¬®¦¥â ®¡ãá« ¢«¨¢ âì, ª ª á«¥¤ã¥â ¨§ ¬®¤¨ä¨æ¨à®-¢ ­­®© ä®à¬ã«ë �®§¥­¨-� à¬ ­ , § ¬¥â­®¥ (¯®-çâ¨ ­  ¯®àï¤®ª) ã¢¥«¨ç¥­¨¥ ª®íää¨æ¨¥­â  ä¨«ì-âà æ¨¨ ®ª®«® ¤à¥­ë (¢ ®¡« áâ¨ ¤¥ä®à¬ æ¨©).5. �¥¯®áà¥¤áâ¢¥­­® ª®­æ¥­âà æ¨ï áãää®§¨®­-­ëå ç áâ¨æ ã¬¥­ìè ¥âáï ¢ §®­¥ ¯®«­®© ¤¥ä®à¬ -æ¨¨, ¯à¨ç¥¬ ®á­®¢­ ï ¨å ç áâì ã¤ «ï¥âáï ¨§ £àã­-â  ã¦¥ ª ¬®¬¥­âã ¢à¥¬¥­¨ t = 3. �¥¬ ­¥ ¬¥­¥¥ ¯®«-­ë© ¢ë­®á íâ¨å ç áâ¨æ ¨§ §®­ë ¢®§¬®¦¥­ â®«ìª®ç¥à¥§ ¡¥áª®­¥ç­® ¡®«ìè®¥ ¢à¥¬ï. � ¯à¥¤¥« å ãª -§ ­­®© §®­ë ¯®­¨¦¥­¨¥ ª®­æ¥­âà æ¨¨ ¯®¤¢¨¦­ëåç áâ¨æ ­®á¨â ¯®çâ¨ à ¢­®¬¥à­ë© å à ªâ¥à. � á-72 �. �. �®«ïª®¢
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