
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 32 { 41��� 532.542.4 ����������� �������������� ���������������� - ����������������� ��� ������������� ������ ����������. �. �����, �. �. �������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 03.10.2000�®áâ ¢«¥­® ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå, á¢ï§ë¢ îé¥¥ ¢¥à®ïâ­®áâ­®¥ ¨ ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®¥ áà¥¤­¨¥ ¤«ï ­¥®¤­®à®¤­®£® áâ æ¨®­ à­®£® ¯®«ï ®áà¥¤­¥­­®© £¨¤à®¤¨­ ¬¨ç¥áª®© ¢¥«¨ç¨­ë âãà¡ã«¥­â­®£®¯®â®ª  áãá¯¥­§¨¨. �  ¥£® ®á­®¢¥ à §à ¡®â ­ ¬¥â®¤ ¯¥à¥áç¥â  í¬¯¨à¨ç¥áª¨å ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­ëå áà¥¤­¨å­  ¢¥à®ïâ­®áâ­ë¥ á ãç¥â®¬ ¢«¨ï­¨ï ­¥®¤­®à®¤­®áâ¨ ¯®«ï £¨¤à®¤¨­ ¬¨ç¥áª®© ¢¥«¨ç¨­ë,   â ª¦¥ ä®à¬ë ¨ à §¬¥-à®¢ ®¡ê¥¬  ®áà¥¤­¥­¨ï ­  ®â­®á¨â¥«ì­®¥ ®âª«®­¥­¨¥ §­ ç¥­¨© à áá¬ âà¨¢ ¥¬ëå áà¥¤­¨å ¤àã£ ®â ¤àã£ . � ©¤¥­®ãá«®¢¨¥, ¯à¨ ª®â®à®¬ í¬¯¨à¨ç¥áª¨¥ ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­ë¥ áà¥¤­¨¥ ¯® á¢®¥© ¢¥«¨ç¨­¥ ¯à ªâ¨ç¥áª¨ á®¢¯ ¤ îâá ¢¥à®ïâ­®áâ­ë¬¨, ¨ ¢ ¤ ­­®¬ á«ãç ¥ ¨§¬¥à¥­­ë¥ ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­ë¥ áà¥¤­¨¥ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ­ë¤«ï á®¯®áâ ¢«¥­¨ï à¥§ã«ìâ â®¢ áâ â¨áâ¨ç¥áª®© ¬®¤¥«¨ âãà¡ã«¥­â­®áâ¨.�ª« ¤¥­® ¤¨ä¥à¥­æi©­¥ ài¢­ï­­ï ã ç áâª®¢¨å ¯®åi¤­¨å, é® §¢'ï§ãõ i¬®¢ià­®á­¥ â  ¯à®áâà®¢®-ç á®¢¥ á¥à¥¤­i ¤«ï­¥®¤­®ài¤­®£® áâ æi®­ à­®£® ¯®«ï ®á¥à¥¤­¥­®ù £i¤à®¤¨­ ¬iç­®ù ¢¥«¨ç¨­¨ âãà¡ã«¥­â­®£® ¯®â®ªã áãá¯¥­§iù. �  ©®£®®á­®¢i à®§à®¡«¥­® ¬¥â®¤ ¯¥à¥à åã­ªã ¥¬¯ià¨ç­¨å ¯à®áâà®¢®-ç á®¢¨å á¥à¥¤­iå ­  ©¬®¢ià­®á­i § ãà åã¢ ­­ï¬ ¢¯«¨¢ã­¥®¤­®ài¤­®áâi ¯®«ï ®á¥à¥¤­¥­®ù £i¤à®¤¨­ ¬iç­®ù ¢¥«¨ç¨­¨,   â ª®¦ ä®à¬¨ ÷ à®§¬iài¢ ®¡'õ¬ã ®á¥à¥¤­¥­­ï ­  ¢i¤­®á­¥¢i¤å¨«¥­­ï §­ ç¥­ì æ¨å á¥à¥¤­iå ®¤­¥ ¢i¤ ®¤­®£®. �­ ©¤¥­® ã¬®¢ã, §  ïª®ù ¥¬¯ià¨ç­i ¯à®áâà®¢®-ç á®¢i á¥à¥¤­i¯® á¢®ù© ¢¥«¨ç¨­i ¯à ªâ¨ç­® á¯i¢¯ ¤ îâì § i¬®¢ià­®á­¨¬¨, i ¢ ¤ ­®¬ã ¢¨¯ ¤ªã ¢¨¬iàï­i ¯à®áâà®¢®-ç á®¢i á¥à¥¤­i¬®¦ãâì ¢¨ª®à¨áâ®¢ã¢ â¨áì ¤«ï á¯i¢áâ ¢«¥­­ï à¥§ã«ìâ âi¢ áâ â¨áâ¨ç­®ù â¥®àiù âãà¡ã«¥­â­®áâi.A partial di�erential equation has been set up relating the probability-averaged mean value to the spatial-temporal-averaged one for the nonuniform stationary �eld of an averaged hydrodynamic quantity of turbulent suspension 
ow.Based on it, a method has been developed of transformation of empirical spatial-temporal mean values into probabilisticones with allowance made for the in
uence of hydrodynamic quantity �eld nonuniformity as well as of the averagingvolume form and size on the relative di�erence of the studied mean values from each other. A condition has been foundwherein empirical spatial-temporal mean values by its magnitude practically coincide with probabilistic ones, and in thiscase the spatial-temporal mean values measured can be used for comparing results of the turbulence statistical model.��������� â¥®à¨¨ âãà¡ã«¥­â­®áâ¨ áãá¯¥­§¨© è¨à®ª®¯à¨¬¥­ïîâáï ¯à®áâà ­áâ¢¥­­ë© ¨ ¢à¥¬¥­­®© ¬¥-â®¤ë ®áà¥¤­¥­¨ï £¨¤à®¤¨­ ¬¨ç¥áª¨å ¯ à ¬¥âà®¢.�®áâ®¨­áâ¢®¬ ¨å ï¢«ï¥âáï ­ £«ï¤­®áâì, ¯à®áâ®â ¨, çâ® á ¬®¥ £« ¢­®¥, á®£« á®¢ ­­®áâì á ¯à ªâ¨ç¥-áª¨¬ ®¯à¥¤¥«¥­¨¥¬ áà¥¤­¨å ¢¥«¨ç¨­, ¯®áª®«ìªã ¢íªá¯¥à¨¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨ïå ¨áª«îç¨â¥«ì­®¨á¯®«ì§ãîâáï áà¥¤­¨¥ ¯® ª ª®©-«¨¡® ®¡« áâ¨ ¯à®-áâà ­áâ¢  ¨ ¯à®¬¥¦ãâªã ¢à¥¬¥­¨. �¬¥áâ¥ á â¥¬,íâ¨ ¬¥â®¤ë ®áà¥¤­¥­¨©, ª ª ¨§¢¥áâ­®, ¨¬¥îâ áã-é¥áâ¢¥­­ë¥ ­¥¤®áâ âª¨ [1 { 3].� â®çª¨ §à¥­¨ï á®¢à¥¬¥­­®© â¥®à¨¨ âãà¡ã«¥­â-­®áâ¨, ã¤®¡­ë¬ ¯à¥¤áâ ¢«ï¥âáï ¢¥à®ïâ­®áâ­ë©¬¥â®¤ ®áà¥¤­¥­¨ï. �­ ï¢«ï¥âáï ®¡ê¥ªâ¨¢­ë¬ ¨ ¡®-«¥¥ ã­¨¢¥àá «ì­ë¬ ¯® á¢®¥© ¯à¨à®¤¥ ¨ áâà®£® ã¤®-¢«¥â¢®àï¥â ¢á¥¬ ¯à ¢¨« ¬ ®áà¥¤­¥­¨ï �¥©­®«ì¤-á  [3]. �¤­ ª® ¯à¨ ¥£® ¨á¯®«ì§®¢ ­¨¨ ¢®§­¨ª îââàã¤­®áâ¨, á¢ï§ ­­ë¥ á ¯à ªâ¨ç¥áª¨¬ ®¯à¥¤¥«¥­¨-¥¬ ¢¥à®ïâ­®áâ­ëå áà¥¤­¨å, ¯®áª®«ìªã ¢ íªá¯¥à¨-¬¥­â «ì­®¬ ¨áá«¥¤®¢ ­¨¨ â ª®© ¬¥â®¤ ®áà¥¤­¥­¨ï­¨ª®£¤  ­¥ ¯à¨¬¥­ï¥âáï. � íâ®© á¢ï§¨ ¢®§­¨ª ¥â¢®¯à®á: á ç¥¬ áà ¢­¨¢ âì à¥§ã«ìâ âë áâ â¨áâ¨ç¥-
áª®© â¥®à¨¨ âãà¡ã«¥­â­®áâ¨. �«ï á®¯®áâ ¢«¥­¨ï¨å á íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨ ¢ áâ â¨áâ¨-ç¥áª®© £¨¤à®¬¥å ­¨ª¥ ¯®«ì§ãîâáï "íà£®¤¨ç¥áª®©£¨¯®â¥§®©" [3]. �­  ¤®¯ãáª ¥â áå®¤¨¬®áâì ¯à®-áâà ­áâ¢¥­­®£® ¨«¨ ¢à¥¬¥­­®£® áà¥¤­¥£® ª ¢¥à®-ïâ­®áâ­®¬ã ¢ á«ãç ¥ ª¢ §¨®¤­®à®¤­®£® ¨«¨ ª¢ §¨-áâ æ¨®­ à­®£® ¯®«ï £¨¤à®¤¨­ ¬¨ç¥áª®© ¢¥«¨ç¨­ë¯à¨ ­¥®£à ­¨ç¥­­®¬ ®¡ê¥¬¥ ¨«¨ ¨­â¥à¢ «¥ ®áà¥¤-­¥­¨ï. � ¤àã£¨å á«ãç ïå íâ¨ áà¥¤­¨¥, ª®­¥ç­®, ­¥¨¤¥­â¨ç­ë.�á­®¢­ ï § ¤ ç  ¤ ­­®© áâ âì¨ { ¢ëïá­¨âì ­ -áª®«ìª® ®â«¨ç ¥âáï ¨§¬¥à¥­­®¥ ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®¥ áà¥¤­¥¥ ®â ¢¥à®ïâ­®áâ­®£® ¢ § ¢¨á¨¬®-áâ¨ ®â áâ¥¯¥­¨ ­¥®¤­®à®¤­®áâ¨ ¯®«ï ®áà¥¤­¥­­®©£¨¤à®¤¨­ ¬¨ç¥áª®© ¢¥«¨ç¨­ë,   â ª¦¥ ®â à §¬¥-à®¢ ¨ ä®à¬ë ®¡ê¥¬  ®áà¥¤­¥­¨ï. �«ï íâ®£® á®-áâ ¢«¥­® ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ ¢ ç áâ­ëå¯à®¨§¢®¤­ëå, á¢ï§ë¢ îé¥¥ ¬¥¦¤ã á®¡®© à áá¬ -âà¨¢ ¥¬ë¥ áà¥¤­¨¥ ¨ £¥®¬¥âà¨ç¥áª¨¥ ¯ à ¬¥âàë®¡ê¥¬  ®áà¥¤­¥­¨ï ¢ á«ãç ¥ ãáâ ­®¢¨¢è¥£®áï à ¢-­®¬¥à­®£® âãà¡ã«¥­â­®£® â¥ç¥­¨ï áãá¯¥­§¨¨. � ¥£® ®á­®¢¥ ãáâ ­®¢«¥­ë á®®â­®è¥­¨ï ¢¥à®ïâ­®áâ-­ëå ¨ í¬¯¨à¨ç¥áª¨å ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­ëåáà¥¤­¨å ¤«ï ª®­ªà¥â­ëå ®¯ëâ­ëå ¤ ­­ëå ¯® ¨§-32 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 32 { 41¬¥à¥­¨î ®áà¥¤­¥­­ëå ª®­æ¥­âà æ¨¨ ¨ áª®à®áâ¥©¢ ¯®â®ª¥.����� ����� �������������� ��������������� - ����������������� ��� ������������ ��-��� ����������������� �������� íªá¯¥à¨¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨ïå âãà¡ã«¥­â-­ë¥ ¯®â®ª¨ áãá¯¥­§¨© ¢ âàã¡ å ¨«¨ ª ­ « å ï¢«ï-îâáï, ç é¥ ¢á¥£®, ãáâ ­®¢¨¢è¨¬¨áï ¨ à ¢­®¬¥à-­ë¬¨. �­¨ å à ªâ¥à¨§ãîâáï â¥¬, çâ® ¯®«ï ®áà¥¤-­¥­­ëå ª®­æ¥­âà æ¨¨ ¨ áª®à®áâ¥© ¯®áâ®ï­­ë ¢®¢à¥¬¥­¨ ¨ ­¥ ¨§¬¥­ïîâáï ¯à¨ ¯¥à¥å®¤¥ ®â ®¤­®-£® ¯®¯¥à¥ç­®£® á¥ç¥­¨ï ¯®â®ª  ª ¤àã£®¬ã. �â¨¯®«ï ­¥®¤­®à®¤­ë â®«ìª® ¢ ¯®¯¥à¥ç­ëå á¥ç¥­¨-ïå ¯®â®ª . �¬¥­­® â ª¨¥ ¯®â®ª¨ ¡ã¤¥¬ à á-á¬ âà¨¢ âì ¯à¨ ¢ë¢®¤¥ ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢-­¥­¨ï, á¢ï§ë¢ îé¥£® ¢¥à®ïâ­®áâ­®¥ áà¥¤­¥¥ á¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­ë¬.� ¤ ¤¨¬ ­¥¯®¤¢¨¦­ãî ¯àï¬®ã£®«ì­ãî á¨áâ¥¬ãª®®à¤¨­ â Oxyz, ®á¨ Ox ¨ Oy ª®â®à®© à á¯®«®-¦¥­ë ¢ ¯«®áª®áâ¨ ¯à®¨§¢®«ì­®£® ¯®¯¥à¥ç­®£® á¥-ç¥­¨ï ¯®â®ª ,   ®áì Oz { ­  ­¨¦­¥© áâ¥­ª¥ ª -­ «  ¨«¨ âàã¡ë. � ¯à ¢¨¬ íâ¨ ®á¨ á«¥¤ãîé¨¬®¡à §®¬: Ox { ¯®¯¥à¥ª ¯®â®ª , Oy { ¢¥àâ¨ª «ì-­® ¢¢¥àå,   Oz { ¢¤®«ì ­ ¡«î¤ ¥¬®£® â¥ç¥­¨ï.�à®¬¥ â®£®, ¯®áâà®¨¬ ¢á¯®¬®£ â¥«ì­ãî ¯àï¬®-ã£®«ì­ãî á¨áâ¥¬ã ª®®à¤¨­ â O0x0y0z0, ¯à®å®¤ï-éãî ç¥à¥§ ¯à®¨§¢®«ì­® § ¤ ­­ãî â®çªã ¯®â®ª O0(x; y; z), ¯à¨ íâ®¬ ®á¨ O0x0, O0y0 ¨ O0z0 ­ ¯à -¢¨¬ ¯ à ««¥«ì­® á®®â¢¥âáâ¢ãîé¨¬ ®áï¬ Ox, Oy¨ Oz.�ãáâì '(x; y; z; t) { ¯®«¥ «î¡®© ¬£­®¢¥­­®© £¨-¤à®¤¨­ ¬¨ç¥áª®© ¢¥«¨ç¨­ë ¢ âãà¡ã«¥­â­®¬ ¯®â®-ª¥. �áà¥¤­¨¬ ¥£® ¯® ¯à®áâà ­áâ¢ã ¨ ¢à¥¬¥­¨. �«ïíâ®£® ¢ ®¡« áâ¨ ¯®â®ª  ¢ë¤¥«¨¬ ¢®ªàã£ § ¤ ­­®©â®çª¨ O0(x; y; z) ®¡ê¥¬ ®áà¥¤­¥­¨ï V ¢ ¢¨¤¥ ¯ à «-«¥«¥¯¨¯¥¤  ¨«¨ æ¨«¨­¤à  á æ¥­âà®¬ ¢ íâ®© â®çª¥¨ £¥®¬¥âà¨ç¥áª®© ®áìî, ¯ à ««¥«ì­®© ®á¨ O0z0 .�­â¥à¢ « ¦¥ ¢à¥¬¥­¨ T ¡ã¤¥¬ áç¨â âì ¡¥áª®­¥ç-­® ¡®«ìè¨¬.�à¥¤­¥¥ §­ ç¥­¨¥ äã­ªæ¨¨ ' ¯® ¢ëè¥ãª § ­­ë¬®¡ê¥¬ã ¨ ¨­â¥à¢ «ã ¢à¥¬¥­¨ ®¡®§­ ç¨¬ á¨¬¢®«®¬�'�. � á«ãç ¥ ãáâ ­®¢¨¢è¥£®áï à ¢­®¬¥à­®£® âãà-¡ã«¥­â­®£® â¥ç¥­¨ï ¢¥«¨ç¨­  �'� ®¯à¥¤¥«ï¥âáï ª ª�'� = 1V ZZV Z �'(x+ x0; y + y0)dx0dy0dz0 == 1F ZZF �'(x + x0; y + y0)dx0dy0; (1)�'(x+ x0; y + y0) = (2)

= limT!1 1T T=2Z�T=2 '(x+ x0; y + y0; : : : ; t0)dt0;£¤¥ F { ¯«®é ¤ì ¯®¯¥à¥ç­®£® á¥ç¥­¨ï ®¡ê¥¬ ®áà¥¤­¥­¨ï V ; ¢¥«¨ç¨­  �', á®£« á­® "íà£®¤¨ç¥-áª®© £¨¯®â¥§¥" { ¢¥à®ïâ­®áâ­®¥ ¡¥§ãá«®¢­®¥ áà¥¤-­¥¥ §­ ç¥­¨¥ äã­ªæ¨¨ '.� §«®¦¨¢ äã­ªæ¨î �'(x+ x0; y + y0) ¢ áâ¥¯¥­­®©àï¤ �í©«®à , ¯®«ãç¨¬ ­  ®á­®¢ ­¨¨ (1):�'�(x; y) = (3)= 1F ZZF 1Xn;m=0 1n!m! @n+m �'(x; y)@xn@ym dx0dy0:� á«ãç ¥, ª®£¤  ®¡ê¥¬ V ¯à¥¤áâ ¢«ï¥â á®¡®©¯ à ««¥«¥¯¨¯¥¤, ®¡« áâìî ¨­â¥£à¨à®¢ ­¨ï ¢ (3)ï¢«ï¥âáï ¯àï¬®ã£®«ì­¨ª�a2 � x0 � a2 ;� b2 � y0 � b2 ; (4)  ¢ á«ãç ¥ æ¨«¨­¤à¨ç¥áª®© ä®à¬ë ®¡ê¥¬  V { ªàã£x02 + y02 � r2; (5)£¤¥ a ¨ b { è¨à¨­  ¨ ¢ëá®â  ¯àï¬®ã£®«ì­¨ª ; r {à ¤¨ãá ªàã£ .�­â¥£à¨àãï ¢ ¢ëà ¦¥­¨¨ (3) ¯® ¯«®é ¤¨ ¯àï-¬®ã£®«ì­¨ª , ¨¬¥¥¬�'�(x; y; a; b) = (6)= 1ab 1Xn;m=0 1n!m! @n+m@xn@ym a=2Z�a=2 b=2Z�b=2 x0ny0mdx0dy0:¨«¨, ¯®á«¥ ¢ëç¨á«¥­¨ï ¨­â¥£à «®¢,�'�(x; y; a; b) = (7)= 1Xn;m=0 a2nb2m22(n+m)(2n+ 1)!(2m+ 1)! @2(n+m) �'(x; y)@x2n@y2m :�âáî¤  ¯®«ãç ¥¬ ¢ à §¢¥à­ãâ®¬ ¢¨¤¥�'� = �' + (8)+a224 @2 �'@x2 + b224 @2 �'@y2 + a2b2576 @4 �'@x2@y2 + � � � :� ¯à ¢®© ç áâ¨ ãà ¢­¥­¨© (7) ¨ (8) ®âáãâáâ¢ãîâ­¥ç¥â­ë¥ ¯à®¨§¢®¤­ë¥, ¯®áª®«ìªã ¢å®¤ïé¨¥ ¢ (6)¨­â¥£à «ë à ¢­ïîâáï ­ã«î ¯à¨ ­¥ç¥â­ëå §­ ç¥-­¨ïå n ¨ m.�. �. �à¨«ì, �. �. �¥à¬ ­ 33



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 32 { 41�à¨ ¨­â¥£à¨à®¢ ­¨¨ ¢ ãà ¢­¥­¨¨ (3) ¯® ¯«®é -¤¨ ªàã£  ¡ã¤¥¬ ¨¬¥âì�'�(x; y; r) = (9)= 1Xn;m=0 1n!m! @n+m �'(x; y)@xn@ym rZ�r pr2�x2Z�pr2�x2 x0ny0mdx0dy0:�ë¯®«­¨¢ ¢ ¢ëà ¦¥­¨¨ (9) ¯®ç«¥­­®¥ ¨­â¥£à¨à®-¢ ­¨¥, § â¥¬ § ¬¥­¨¢ à ¤¨ãá r ­  ¯®«®¢¨­ã ¤¨ ¬¥-âà  ªàã£  d=2, ¯®«ãç¨¬ ®ª®­ç â¥«ì­®:�'� = �'+ (10)+d232 @2 �'@x2 + d232 @2 �'@y2 + d41536 @4 �'@x2@y2 + � � � :� ãà ¢­¥­¨¥ (10),  ­ «®£¨ç­® ª ª ¨ ¢ (8), ­¥ ¢å®-¤ïâ á« £ ¥¬ë¥, á®¤¥à¦ é¨¥ ­¥ç¥â­ë¥ ¯à®¨§¢®¤-­ë¥.�ãáâì x = �L; y = �L;a = �aL; b = �bL; d = �dL;£¤¥ L { ­¥ª®â®à ï å à ªâ¥à­ ï ¤«ï ¯®â®ª  ¤«¨­ ;�, �, �a,�b ¨ �d { ¡¥§à §¬¥à­ë¥ ¢¥«¨ç¨­ë. �®¤áâ ¢¨¢íâ¨ §­ ç¥­¨ï x, y, a, b ¨ d ¢ ãà ¢­¥­¨ï (8) ¨ (10),¯®«ãç¨¬ �'� = �' + (11)+�a224 @2 �'@�2 + �b224 @2 �'@�2 + �a2�b2576 @4 �'@�2@�2 + � � � ;�'� = �'+ (12)+ �d232 @2 �'@x2 + �d232 @2 �'@y2 + �d41536 @4 �'@x2@y2 + � � � :�®áª®«ìªã à §¬¥àë ¯®¯¥à¥ç­®£® á¥ç¥­¨ï ®¡ê¥¬ ®áà¥¤­¥­¨ï áç¨â îâáï ¬ «ë¬¨ ¢ áà ¢­¥­¨¨ á å -à ªâ¥à­ë¬ à §¬¥à®¬ ¯®â®ª , ¢å®¤ïé¨¥ ¢ (11) ¨(12) ¢¥«¨ç¨­ë �a � 1, �b � 1 ¨ �d � 1. �®íâ®-¬ã, ®â¡à áë¢ ï ¢ ¯à ¢®© ç áâ¨ ãà ¢­¥­¨© (11) ¨(12) á« £ ¥¬ë¥ ¢ëáè¥£® ¯®àï¤ª  ¬ «®áâ¨, ¯®«ãç -¥¬ ã¯à®é¥­­ë¥ ãà ¢­¥­¨ï�a224 @2 �'@�2 + �b224 @2 �'@�2 + �' = �'�;�d232 @2 �'@�2 + �d232 @2 �'@�2 + �' = �'�:�å ¬®¦­® § ¯¨á âì ®¡é¨¬ ãà ¢­¥­¨¥¬p@2 �'@�2 + q@2 �'@�2 + �' = �'�; (13)

¢ ª®â®à®¬ ª®íää¨æ¨¥­âë p ¨ q ¡ã¤ãâp = �a232 ; q = �b232 (14)¢ á«ãç ¥ ¯àï¬®ã£®«ì­®£® ¯®¯¥à¥ç­®£® á¥ç¥­¨ï®¡ê¥¬  ®áà¥¤­¥­¨ï, p̈ = q = �d232 (15)¢ á«ãç ¥ ªàã£«®£® ¯®¯¥à¥ç­®£® á¥ç¥­¨ï.�à ¢­¥­¨¥ (13) á¢ï§ë¢ ¥â ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®¥ áà¥¤­¥¥ �'�(�; �; �a;�b) ¨«¨ �'�(�; �; �d) á ¡¥§-ãá«®¢­ë¬ ¢¥à®ïâ­®áâ­ë¬ áà¥¤­¨¬ �'(�; �) ¨ ¯ à -¬¥âà ¬¨ ®¡ê¥¬  ®áà¥¤­¥­¨ï. �§ íâ®£® ãà ¢­¥­¨ïá«¥¤ã¥â, çâ® à §­®áâì §­ ç¥­¨© ¢¥«¨ç¨­ �'� ¨ �'¢ ¯à®¨§¢®«ì­® § ¤ ­­®© â®çª¥ ¯®â®ª  (�0; �0) § -¢¨á¨â ª ª ®â ªà¨¢¨§­ë «¨­¨© �'(�; �0) ¨ �'(�0; �) ­ ¯®¢¥àå­®áâ¨ �'(�; �) ¢ íâ®© â®çª¥, â ª ¨ ®â ä®à¬ë ¨à §¬¥à®¢ ¯®¯¥à¥ç­®£® á¥ç¥­¨ï ®¡ê¥¬  ®áà¥¤­¥­¨ï.�§ ãà ¢­¥­¨ï (13) ¢ëâ¥ª ¥â â ª¦¥, çâ® §­ ç¥­¨ïáà¥¤­¨å �'� ¨ �' ®¤¨­ ª®¢ë ¢® ¢á¥© ®¡« áâ¨ ¯®â®ª ¢ ¤¢ãå á«ãç ïå: ª®£¤  �' «¨­¥©­® ¨§¬¥­ï¥âáï ¢¤®«ì®á¥© ª®®à¤¨­ â ��� ¨ �� ¨«¨ ï¢«ï¥âáï ¯®áâ®ï­­®©¢¥«¨ç¨­®©, ¨ ¢ ¯à¥¤¥«ì­®¬ á«ãç ¥, ª®£¤  �a ! 0,�b! 0 ¨ �d! 0.� «¥¥, á­ ¡¤¨¬ å à ªâ¥à¨áâ¨ª¨ â¢¥à¤®© ¨ ¦¨¤-ª®© ä § á®®â¢¥âáâ¢ãîé¨¬¨ ­¨¦­¨¬¨ ¨­¤¥ªá ¬¨ p¨ f ¨ ¢ëà §¨¬ ¢¥à®ïâ­®áâ­®¥ áà¥¤­¥¥ £¨¤à®¤¨­ -¬¨ç¥áª®© å à ªâ¥à¨áâ¨ª¨ áãá¯¥­§¨¨ �' ç¥à¥§ ¡¥§-ãá«®¢­ë¥ ¢¥à®ïâ­®áâ­ë¥ áà¥¤­¨¥ ®¤­®¨¬¥­­ëå £¨-¤à®¤¨­ ¬¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ä § �'p ¨ �'f ¯®ä®à¬ã«¥ [1] �' =Xk �'k; (k = p; f): (16)�®£¤  ãà ¢­¥­¨¥ (13) ¯à¥®¡à §ã¥âáï á ãç¥â®¬ (16)ª ¢¨¤ãpXk @2 �'k@�2 + qXk @2 �'k@�2 +Xk �'k =Xk �'�k:� á¨«ã «¨­¥©­®áâ¨ íâ®£® ãà ¢­¥­¨ï ¨¬¥¥¬p@2 �'k@�2 + q@2 �'k@�2 + �'k = �'�k: (17)�à ¢­¥­¨¥ (17) á¢ï§ë¢ ¥â ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®¥ áà¥¤­¥¥ £¨¤à®¤¨­ ¬¨ç¥áª®© å à ªâ¥à¨-áâ¨ª¨ k-â®© ä §ë �'�k á ¡¥§ãá«®¢­ë¬ ¢¥à®ïâ­®áâ-­ë¬ áà¥¤­¨¬ å à ªâ¥à¨áâ¨ª¨ íâ®© ä §ë �'k. �å®-¤ïé¥¥ ¢ (17) ¡¥§ãá«®¢­®¥ ¢¥à®ïâ­®áâ­®¥ áà¥¤­¥¥ �'k¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ �'k = ��kh'ki; (18)34 �. �. �à¨«ì, �. �. �¥à¬ ­



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 32 { 41£¤¥ ��k { ¢¥à®ïâ­®áâ­ ï ª®­æ¥­âà æ¨ï k-â®© ä -§ë, à ¢­ ï ¢¥à®ïâ­®áâ¨ â®£®, çâ® § ¤ ­­ ï â®ç-ª  ¯®â®ª  ¢ ä¨ªá¨à®¢ ­­ë© ¬®¬¥­â ¢à¥¬¥­¨ ¡ã¤¥â¯à¨­ ¤«¥¦ âì k-â®© ä §¥ áãá¯¥­§¨¨; h'ki { ãá«®¢-­®¥ ¢¥à®ïâ­®áâ­®¥ áà¥¤­¥¥, ¯®«ãç ¥¬®¥ ¯à¨ ãá«®-¢¨¨, çâ® ¤ ­­ ï â®çª  ¯®â®ª  § ­ïâ  k-â®© ä §®©.�à¥¤­¥¥ ¦¥ ¯® ¯à®áâà ­áâ¢ã ¨ ¢à¥¬¥­¨ �'�k § ¯¨-è¥¬ â ª: �'�k = �ckh'�ki; (19)£¤¥ �ck { áà¥¤­ïï ¢® ¢à¥¬¥­¨ ®¡ê¥¬­ ï ª®­æ¥­â-à æ¨ï k-â®© ä §ë; h'�ki { äà ­ª«¥¢® ¯à®áâà ­áâ-¢¥­­®-¢à¥¬¥­­®¥ áà¥¤­¥¥, ®¯à¥¤¥«ï¥¬®¥ ä®à¬ã«®©[4]h'�ki = 1�ck 1Z ZZZZZ'k(x+x0; y+y0; z0; t0)dx0dy0dz0dt0 == 1Zk ZZZkZZ '(x+ x0; y + y0; z0; t0)dx0dy0dz0dt0;£¤¥ Z { "ç¥âëà¥å¬¥à­ë© æ¨«¨­¤à", ®á­®¢ ­¨¥ ª®-â®à®£® { ®¡ê¥¬ V ,   ¢ëá®â  { ¨­â¥à¢ « ¢à¥¬¥­¨®áà¥¤­¥­¨ï T ; Zk { ç áâì æ¨«¨­¤à , § ¯®«­¥­­ ïk-â®© ä §®©.�¨áâ¥¬  ãà ¢­¥­¨© (17) { (19) á¢ï§ë¢ ¥â ãá«®¢-­®¥ ¢¥à®ïâ­®áâ­®¥ áà¥¤­¥¥ h'ki á äà ­ª«¥¢ë¬¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­ë¬ áà¥¤­¨¬ h'�ki,   â ª-¦¥ ¢¥à®ïâ­®áâ­ãî ª®­æ¥­âà æ¨î ��k á® áà¥¤­¥© ¯®¢à¥¬¥­¨ ®¡ê¥¬­®© ª®­æ¥­âà æ¨¥© �ck.� ãà ¢­¥­¨ïå (13) ¨ (17) § ¤ ­­ë¬¨ áç¨â îâáïäã­ªæ¨¨ �'� ¨ �'�k, ¯à¥¤áâ ¢«ïîé¨¥ á®¡®©  ¯¯à®ª-á¨¬ æ¨¨ ®¯ëâ­ëå ¤ ­­ëå,   â ª¦¥ §­ ç¥­¨ï ª®íä-ä¨æ¨¥­â®¢ p ¨ q, á®®â¢¥âáâ¢ãîé¨¥ ä®à¬¥ ¨ à §¬¥-à ¬ í«¥¬¥­â à­®© ¯«®é ¤ª¨, ¯® ª®â®à®© ®áà¥¤­¥-­ë ¨áá«¥¤ã¥¬ë¥ ¢¥«¨ç¨­ë ¢ ¯à®æ¥áá¥ ¨§¬¥à¥­¨ï.�®íâ®¬ã à¥è¥­¨¥ ¢ëè¥ãª § ­­ëå ãà ¢­¥­¨© ¯®-§¢®«ï¥â ­ ©â¨ ¨áª®¬ë¥ ¢¥à®ïâ­®áâ­ë¥ áà¥¤­¨¥ �'¨ �'k ¨, á«¥¤®¢ â¥«ì­®, ®¯à¥¤¥«¨âì áâ¥¯¥­ì ®âª«®-­¥­¨ï í¬¯¨à¨ç¥áª¨å áà¥¤­¨å �'� ¨ �'�k ®â á®®â¢¥â-áâ¢ãîé¨å ¢¥à®ïâ­®áâ­ëå áà¥¤­¨å �' ¨ �'k. �®ª -¦¥¬ íâ® ­  ª®­ªà¥â­®¬ ¯à¨¬¥à¥, ¨á¯®«ì§®¢ ¢ ¯à¨-¢¥¤¥­­ë¥ ¢ [5] ®¯ëâ­ë¥ ¤ ­­ë¥ ¯® ¨§¬¥à¥­¨î «®-ª «ì­ëå ®áà¥¤­¥­­ëå ª®­æ¥­âà æ¨¨ ¨ áª®à®áâ¥©¢ ­ ¯®à­®¬ ¯®â®ª¥ áãá¯¥­§¨¨. �ëè¥ãª § ­­ë¥¯ à ¬¥âàë ¨§¬¥à¥­ë á ¯®¬®éìî ­ ¯®à­®© âàã¡-ª¨, ¨§¢¥áâ­®© ¯®¤ ­ §¢ ­¨¥¬ ¤¨ää¥à¥­æ¨ «ì­®-£® ¯ã«ì¯®¬¥à  �à«®¢ -�ä¨­ . �®­áâàãªâ¨¢­ë¥®á®¡¥­­®áâ¨ ¨ ¯à¨­æ¨¯ à ¡®âë íâ®© âàã¡ª¨ ®¯¨-á ­ë ¢ [5, 6].

�¨á. 1. �¯îàë à á¯à¥¤¥«¥­¨ï ª®­æ¥­âà æ¨¨ �cp(1) ¨¯à®¤®«ì­®© áª®à®áâ¨ �u�(2) ¯® ¢¥àâ¨ª «ì­®¬ã¤¨ ¬¥âàã âàã¡ë����������� ��������������� ��������������� - ����������������� ��� ���������� ������� �������� ������� ®á­®¢¥ à ¡®âë ¨§¬¥à¨â¥«ì­®£® ¯à¨¡®à , ª ª®-¢ë¬ ï¢«ï¥âáï ­ ¯®à­ ï âàã¡ª , «¥¦¨â «®ª «ì­ë©®â¡®à ¯à®¡ë áãá¯¥­§¨¨ ¨§ ¯®â®ª  ¢ ¬¥à­ë© á®áã¤.�§¬¥à¨¢ ¬ ááã m ¨ ®¡ê¥¬ V áãá¯¥­§¨¨, ¯®áâã¯¨¢-è¥© §  ¢à¥¬ï T ¢ á®áã¤, ®¯à¥¤¥«ïîâ «®ª «ì­ë¥®áà¥¤­¥­­ãî ¯® ¢à¥¬¥­¨ ®¡ê¥¬­ãî ª®­æ¥­âà æ¨îâ¢¥à¤ëå ç áâ¨æ �cp ¨ ®áà¥¤­¥­­ãî áª®à®áâì ¤¢¨¦¥-­¨ï áãá¯¥­§¨¨ �u� á®£« á­® ä®à¬ã« ¬�cp = m � V �fV (�p � �f ) ; (20)�u� = � VTF ; (21)£¤¥ �f ¨ �p { ¯«®â­®áâ¨ ¦¨¤ª®© ¨ â¢¥à¤®© ä §;� { â à¨à®¢®ç­ë© ª®íää¨æ¨¥­â; F { ¯«®é ¤ì ¯®-¯¥à¥ç­®£® á¥ç¥­¨ï ­®áª  ­ ¯®à­®© âàã¡ª¨. � ¤ ­-­®¬ á«ãç ¥ ¯à®áâà ­áâ¢¥­­®¥ ®áà¥¤­¥­¨¥ ¨§¬¥àï¥-¬ëå ¯ à ¬¥âà®¢ ®áãé¥áâ¢«ï¥âáï ¯® ¯«®é ¤¨ ¯®¯¥-à¥ç­®£® á¥ç¥­¨ï ­®áª  ­ ¯®à­®© âàã¡ª¨,   ¢à¥¬¥­-­®¥ { ¯® ¢à¥¬¥­¨ ®â¡®à  ¯à®¡ë áãá¯¥­§¨¨. �â­®-á¨â¥«ì­ ï ¯®£à¥è­®áâì ¨§¬¥à¥­¨ï ª®­æ¥­âà æ¨¨¨ áª®à®áâ¥© ­¥ ¯à¥¢ëè ¥â ¢ áà¥¤­¥¬ 2 { 3%.�  à¨á. 1 ¯®ª § ­ë § ¨¬áâ¢®¢ ­­ë¥ ¨§ [5] í¯î-àë à á¯à¥¤¥«¥­¨ï ª®­æ¥­âà æ¨¨ �cp ¨ ¯à®¤®«ì­ëåáª®à®áâ¥© �u� ¯® ¢¥àâ¨ª «ì­®¬ã ¤¨ ¬¥âàã âàã¡ë,¯®«ãç¥­­ë¥ ¢ à¥§ã«ìâ â¥ ¨áá«¥¤®¢ ­¨ï â¥ç¥­¨ïá¬¥á¨ ¢®¤ë ¨ ¯¥áª  áà¥¤­¥© ªàã¯­®áâìî 0.4 ¬¬ ¢�. �. �à¨«ì, �. �. �¥à¬ ­ 35



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 32 { 41£®à¨§®­â «ì­®© ªàã£«®æ¨«¨­¤à¨ç¥áª®© âàã¡¥ ¤¨ -¬¥âà®¬ D = 103 ¬¬. � íâ¨å ®¯ëâ å áà¥¤­¨¥¯® ¯®¯¥à¥ç­®¬ã á¥ç¥­¨î âàã¡ë áª®à®áâì ¯®â®ª ¨ ®¡ê¥¬­ ï ª®­æ¥­âà æ¨ï â¢¥à¤ëå ç áâ¨æ à ¢­ï-îâáï á®®â¢¥âáâ¢¥­­® 2.4 ¬/á ¨ 0.121,   ¢­ãâà¥­-­¨© ¤¨ ¬¥âà ­®áª  ­ ¯®à­®© âàã¡ª¨, á ¯®¬®éìîª®â®à®© ¨§¬¥àï«¨áì ¯ à ¬¥âàë, á®áâ ¢«ï¥â 8 ¬¬.�â­®è¥­¨¥ ¢­ãâà¥­­¥£® ¤¨ ¬¥âà  ­®áª  ­ ¯®à­®©âàã¡ª¨ d ª ¢­ãâà¥­­¥¬ã ¤¨ ¬¥âàã âàã¡ë D, â.¥.¢¥«¨ç¨­  �d, à ¢­ï¥âáï 0.0777.�à¥¤áâ ¢«¥­­ë¥ ­  à¨á. 1 ¯à®ä¨«¨ ®áà¥¤­¥­­ëåª®­æ¥­âà æ¨¨ ¨ áª®à®áâ¥©  ¯¯à®ªá¨¬¨àãîâáï á®-®â¢¥âáâ¢ãîé¨¬¨ § ¢¨á¨¬®áâï¬¨:�cp = 0:978e�6:94�; (22)�u� = �u�m �1 + f(�) ln ��m� ; (23)0:125 � � � 0:95; (24)£¤¥ � = y=D { ¡¥§à §¬¥à­ ï ®à¤¨­ â ; �u�m { ¬ ª-á¨¬ «ì­ ï ¢ ¯®¯¥à¥ç­®¬ á¥ç¥­¨¨ ¯®â®ª  ®áà¥¤­¥­-­ ï áª®à®áâì, à ¢­ ï 3,2 ¬/á; �m { §­ ç¥­¨¥ ®à¤¨-­ âë �, á®®â¢¥âáâ¢ãîé¥¥ ¬¥áâ®¯®«®¦¥­¨î áª®à®-áâ¨ �u�m, à ¢­®¥ 0.6. �å®¤ïé ï ¢ ãà ¢­¥­¨¥ (23)äã­ªæ¨ï f(�) ¨¬¥¥â ¢¨¤f(�) = 0:2767 + 0:922�� 2:3053�2 (25)¢ ¯à®¬¥¦ãâª¥ 0:125 � � � 0:6, ¨f(�) = 1:065� 1:775� (26)¢ ¯à®¬¥¦ãâª¥ 0:6 < � � 0:95.� ãª § ­­ëå ¢ëè¥ ¯à®¬¥¦ãâª å ¨§¬¥­¥­¨ï ®à-¤¨­ âë � äã­ªæ¨ï f(�) ¯à¨­¨¬ ¥â à §«¨ç­ë© ¢¨¤¯® â®© ¯à¨ç¨­¥, çâ® ¯à®ä¨«ì ®áà¥¤­¥­­ëå áª®à®-áâ¥© �u�  á¨¬¬¥âà¨ç¥­ ®â­®á¨â¥«ì­® £¥®¬¥âà¨ç¥-áª®© ®á¨ âàã¡ë. �§®¡à ¦¥­­ë¥ ­  à¨áã­ª¥ á¯«®è-­ë¥ «¨­¨¨ ®â­®áïâáï ª à áç¥â­ë¬ §­ ç¥­¨ï¬ ¯ -à ¬¥âà®¢ �cp ¨ �u�, ¯®«ãç¥­­ë¬ ¯® á®®â¢¥âáâ¢ãî-é¨¬ ä®à¬ã« ¬ (22) ¨ (23),   â®çª¨ { ª ¨§¬¥à¥­-­ë¬. �â¬¥â¨¬ â ª¦¥, çâ® ¯à®ä¨«ì ª®­æ¥­âà -æ¨¨ (22) å à ªâ¥à¨§ã¥âáï íªá¯®­¥­æ¨ «ì­®© ­¥®¤-­®à®¤­®áâìî,   ¯à®ä¨«ì áª®à®áâ¥© (23) { «®£ à¨ä-¬¨ç¥áª®©.�â ª, § ¤ ç  § ª«îç ¥âáï ¢ â®¬, çâ®¡ë ¯® § -¤ ­­ë¬ äã­ªæ¨ï¬ �cp, �u� ¨ §­ ç¥­¨î ¯ à ¬¥âà  �d®¯à¥¤¥«¨âì ¯à®ä¨«¨ ¢¥à®ïâ­®áâ­®© ª®­æ¥­âà æ¨¨��p ¨ ®áà¥¤­¥­­ëå ¯® ¢¥à®ïâ­®áâ¨ áª®à®áâ¥© �u,  § â¥¬ ãáâ ­®¢¨âì áâ¥¯¥­ì ®â­®á¨â¥«ì­®£® ®âª«®-­¥­¨ï §­ ç¥­¨© ¨§¬¥à¥­­ëå ¯ à ¬¥âà®¢ �cp ¨ �u� ®â§­ ç¥­¨© ¢¥à®ïâ­®áâ­ëå áà¥¤­¨å ��p ¨ �u á®®â¢¥â-áâ¢¥­­®. �âã § ¤ çã à¥è¨¬ ¢­ ç «¥ ¤«ï ª®­æ¥­-âà æ¨¨, ¨á¯®«ì§®¢ ¢ ãà ¢­¥­¨¥ (13) á ª®íää¨æ¨-¥­â ¬¨ p ¨ q, á®®â¢¥âáâ¢ãîé¨¬¨ ªàã£«®¬ã ¯®¯¥-à¥ç­®¬ã á¥ç¥­¨î ®¡ê¥¬  ®áà¥¤­¥­¨ï. �®¤áâ ¢¨¢

¢ íâ® ãà ¢­¥­¨¥ ¢¬¥áâ® �' ¢¥à®ïâ­®áâ­ãî ª®­æ¥­-âà æ¨î ��p,   ¢¬¥áâ® �'� { ®áà¥¤­¥­­ãî ¯® ¢à¥¬¥­¨®¡ê¥¬­ãî ª®­æ¥­âà æ¨î �cp, ¨ ¯à¨­ï¢ ¢ ª ç¥áâ¢¥å à ªâ¥à­®£® à §¬¥à  ¯®â®ª  ¤¨ ¬¥âà âàã¡ë D,¯®«ãç¨¬ �d232 �@2��p@�2 + @2��p@�2 �+ ��p = �cp; (27)£¤¥ � = x=D, � = y=D.�®£« á­® íªá¯¥à¨¬¥­â «ì­ë¬ ¤ ­­ë¬, ¯à¨ ¤¢¨-¦¥­¨¨ áãá¯¥­§¨© ¯® £®à¨§®­â «ì­ë¬ ¯àï¬ë¬ âàã-¡ ¬ ª®­æ¥­âà æ¨ï â¢¥à¤ëå ç áâ¨æ ¯à ªâ¨ç¥áª¨à ¢­®¬¥à­® à á¯à¥¤¥«ï¥âáï ¯® £®à¨§®­â «ì­ë¬å®à¤ ¬ ¯®¯¥à¥ç­®£® á¥ç¥­¨ï âàã¡ë. �®íâ®¬ã ¢ãà ¢­¥­¨¨ (27) ¯à®¨§¢®¤­ãî @2��p=@�2 ¬®¦­® ­¥ãç¨âë¢ âì, ¢ á¢ï§¨ á ç¥¬ íâ® ãà ¢­¥­¨¥ ¯à¨­¨¬ -¥â ã¯à®é¥­­ë© ¢¨¤"2 d2��pd�2 + ��p = �cp; (28)£¤¥ "2 = �d2=32 { ¬ «ë© ¯ à ¬¥âà. �á«¨ ¯®¤áâ -¢¨âì ¢ ãà ¢­¥­¨¥ (28) ¢¬¥áâ® �cp ä®à¬ã«ã (22) ¨¯à¨­ïâì §­ ç¥­¨¥ ¯ à ¬¥âà  "2 à ¢­ë¬ 1:887��10�4, çâ® á®®â¢¥âáâ¢ã¥â ¢¥«¨ç¨­¥ �d = 0:0777, â®¢ íâ®¬ á«ãç ¥ ãà ¢­¥­¨¥ (28) ®¯¨áë¢ ¥â ¯à®ä¨«ì¢¥à®ïâ­®áâ­®© ª®­æ¥­âà æ¨¨ ��p, á®®â¢¥âáâ¢ãî-é¨© § ¤ ­­®¬ã í¬¯¨à¨ç¥áª®¬ã ¯à®ä¨«î ®áà¥¤-­¥­­®© ¯® ¢à¥¬¥­¨ ®¡ê¥¬­®© ª®­æ¥­âà æ¨¨ �cp.�à¨ ®âëáª ­¨¨ ç áâ­®£® à¥è¥­¨ï ®¡ëª­®¢¥­-­®£® ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï (28) ¢®§­¨ª -îâ âàã¤­®áâ¨, á¢ï§ ­­ë¥ á ®¯à¥¤¥«¥­¨¥¬ ª®­áâ ­â¨­â¥£à¨à®¢ ­¨ï. �¥«® ¢ â®¬, çâ® ¢® ¢á¥¬ ¯à®¬¥-¦ãâª¥ ¨§¬¥­¥­¨ï ®à¤¨­ âë �, ¢ ª®â®à®¬ ®¯à¥¤¥-«¥­  äã­ªæ¨ï �cp, ¢¥à®ïâ­®áâ­ ï ª®­æ¥­âà æ¨ï ��p­¥¨§¢¥áâ­ , ¯®íâ®¬ã § ¤ ­¨¥ §­ ç¥­¨© ª®­æ¥­âà -æ¨¨ ��p ¨ ¥¥ ¯à®¨§¢®¤­ëå ­  ª®­æ å íâ®£® ¯à®¬¥-¦ãâª  á æ¥«ìî ®¯à¥¤¥«¥­¨ï ª®­áâ ­â ¨­â¥£à¨à®-¢ ­¨ï ­¥ ¯à¥¤áâ ¢«ï¥âáï ¢®§¬®¦­ë¬. � ¤ ­¨¥ ¦¥¯à¨¡«¨¦¥­­ëå £à ­¨ç­ëå ãá«®¢¨© ¤«ï ãà ¢­¥­¨ï(28) â®¦¥ ­¥ ¯à¨¢®¤¨â ª ãá¯¥åã, ¨¡® íâ® ãà ¢­¥­¨¥®¡« ¤ ¥â á¨­£ã«ïà­®© ®á®¡¥­­®áâìî, â ª ª ª ª®-íää¨æ¨¥­â "2 ¯à¨ ¯à®¨§¢®¤­®© d2��p=d�2 ï¢«ï¥âáï¬ «®© ¢¥«¨ç¨­®©, ¨ ¯®íâ®¬ã ç áâ­®¥ à¥è¥­¨¥ à á-á¬ âà¨¢ ¥¬®£® ãà ¢­¥­¨ï ®ª §ë¢ ¥âáï çã¢áâ¢¨-â¥«ì­ë¬ ª £à ­¨ç­ë¬ ãá«®¢¨ï¬. �­ ç¥ £®¢®àï,­¥§­ ç¨â¥«ì­®¥ ¨§¬¥­¥­¨¥ £à ­¨ç­ëå ãá«®¢¨© ¬®-¦¥â ¯à¨¢¥áâ¨ ª § ¬¥â­®¬ã ¨§¬¥­¥­¨î à áç¥â­®£®¯à®ä¨«ï ª®­æ¥­âà æ¨¨ ��p.�à¨ à¥è¥­¨¨ ãà ¢­¥­¨ï (28) ¡ã¤¥¬ ¯®«ì§®¢ âìáï¬¥â®¤®¬ ¯®á«¥¤®¢ â¥«ì­ëå ¯à¨¡«¨¦¥­¨©, ¯¥à¥¯¨-á ¢ íâ® ãà ¢­¥­¨¥ ¢ ¢¨¤¥��p = �cp � "2 d2��pd�2 : (29)36 �. �. �à¨«ì, �. �. �¥à¬ ­



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 32 { 41�¡®§­ ç¨¬ ç¥à¥§ ��p;1 ¯¥à¢®¥ ¯à¨¡«¨¦¥­¨¥ ª ¨á-ª®¬®© äã­ªæ¨¨ ��p, ¢ ª ç¥áâ¢¥ ª®â®à®£® ¯à¨¬¥¬äã­ªæ¨î �cp, â ª çâ® ��p;1 = �cp. �®¤áâ ¢«ïï ¢ ¯à -¢ãî ç áâì ãà ¢­¥­¨ï (29) ¢¬¥áâ® ��p äã­ªæ¨î ��p;1¯®«ãç¨¬ á«¥¢  ­®¢ãî äã­ªæ¨î ��p;2, ï¢«ïîéãîáï¢â®àë¬ ¯à¨¡«¨¦¥­¨¥¬ ª ��p. �®¤áâ ¢«ïï â¥¯¥àì ¢¯à ¢ãî ç áâì ãà ¢­¥­¨ï (29) ��p;2 ¢¬¥áâ® ��p, ¡ã¤¥¬¨¬¥âì âà¥âì¥ ¯à¨¡«¨¦¥­¨¥ ¨ â.¤. �¡é ï ä®à¬ã« ,¤ îé ï n -¥ ¯à¨¡«¨¦¥­¨¥, ¨¬¥¥â ¢¨¤��p;n = nXk=1(�1)k�1"2(k�1)d2(k�1)�cpd�2(k�1) : (30)�®ª § ­®, çâ® ¯®«ãç¥­­ ï ¯®á«¥¤®¢ â¥«ì­®áâìäã­ªæ¨© ��p;1, ��p;2, : : :, ��p;n à ¢­®¬¥à­® áâà¥¬¨â-áï ª ¯à¥¤¥«ã, ï¢«ïîé¥¬ãáï ¨áª®¬®© äã­ªæ¨¥© ��p,¯à¨ n!1.�ç¨âë¢ ï, çâ® "2 ¨¬¥¥â ç¥â¢¥àâë© ¯®àï¤®ª ¬ -«®áâ¨, ¤®áâ â®ç­® ®£à ­¨ç¨âìáï ¢ (30) ¢â®àë¬¯à¨¡«¨¦¥­¨¥¬ ª ��p. �â­®á¨â¥«ì­ ï ¯®£à¥è­®áâì®¯à¥¤¥«¥­¨ï ª®­æ¥­âà æ¨¨ §  áç¥â ®â¡à áë¢ ­¨ï¢ (30) á« £ ¥¬ëå ¢ëáè¥£® ¯®àï¤ª  ¬ «®áâ¨ (¯à¨n � 3) á®áâ ¢«ï¥â 0:008%. � ª çâ® ¢ ¤ ­­®¬ á«ã-ç ¥ ¬®¦­® ¢¬¥áâ® ä®à¬ã«ë (30) ­ ¯¨á âì��p = �cp � "2 d2�cpd�2 : (31)�®¤áâ ¢«ïï ¢ (31) ¢¬¥áâ® �cp äã­ªæ¨î (22) ¨ ãç¨-âë¢ ï, çâ® "2 = 1:887 � 10�4, ¯®«ãç ¥¬ ¨áª®¬®¥¢ëà ¦¥­¨¥ ¯à®ä¨«ï ¢¥à®ïâ­®áâ­®© ª®­æ¥­âà æ¨¨��p = 0:9691e�6:94�: (32)� ª¨¬ ®¡à §®¬, à¥è¥­  ¯àï¬ ï § ¤ ç , á¢ï§ ­-­ ï á ®¯à¥¤¥«¥­¨¥¬ ¯à®ä¨«ï ¢¥à®ïâ­®áâ­®© ª®­-æ¥­âà æ¨¨ ¢ á«ãç ¥ § ¤ ­¨ï ¯à®ä¨«ï ®áà¥¤­¥­­®©¯® ¢à¥¬¥­¨ ®¡ê¥¬­®© ª®­æ¥­âà æ¨¨, á®®â¢¥âáâ¢ã-îé¥£® ª®­ªà¥â­®¬ã §­ ç¥­¨î ¯ à ¬¥âà  �d.�¥¯¥àì à¥è¨¬ ®¡à â­ãî § ¤ çã, § ª«îç îéã-îáï ¢ â®¬, çâ®¡ë ¯® ­ ©¤¥­­®¬ã ¯à®ä¨«î ¢¥-à®ïâ­®áâ­®© ª®­æ¥­âà æ¨¨ ®¯à¥¤¥«¨âì ¯à®ä¨«¨®áà¥¤­¥­­®© ¯® ¢à¥¬¥­¨ ®¡ê¥¬­®© ª®­æ¥­âà æ¨¨,  á«¥¤®¢ â¥«ì­®, ¨ ®â­®á¨â¥«ì­ë¥ ®âª«®­¥­¨ï ¨å®â ¯à®ä¨«ï ¢¥à®ïâ­®áâ­®© ª®­æ¥­âà æ¨¨ ¯à¨ à §-«¨ç­ëå, ­® ¬ «ëå ¢ áà ¢­¥­¨¨ á ¥¤¨­¨æ¥©, §­ ç¥-­¨ïå ¯ à ¬¥âà  �d. �¥è¥­¨¥ íâ®© § ¤ ç¨ ¯®§¢®«ï-¥â ¢ëïá­¨âì ¨­â¥à¥áãîé¨© ­ á ¢®¯à®á ® â®¬, ª ª¢«¨ï¥â ¤¨ ¬¥âà ­®áª  ­ ¯®à­®© âàã¡ª¨ �d ­  áâ¥-¯¥­ì ®â­®á¨â¥«ì­®£® ®âª«®­¥­¨ï ¨§¬¥à¥­­®© ª®­-æ¥­âà æ¨¨ ®â ¢¥à®ïâ­®áâ­®©.�«ï à¥è¥­¨ï ®¡à â­®© § ¤ ç¨ ¨á¯®«ì§ã¥¬ ãà ¢-­¥­¨¥ (28). �ç¨âë¢ ï, çâ® "2 = �d2=32 ¨, á®£« á­®(32), d2��pd�2 = 6:942��p;

¯®«ãç ¥¬ ­  ®á­®¢ ­¨¨ (28):�cp = (1 + 1:506�d2)��p: (33)�â­®á¨â¥«ì­®¥ ®âª«®­¥­¨¥ §­ ç¥­¨© ª®­æ¥­âà -æ¨© �cp ¨ ��p ®¡®§­ ç¨¬ á¨¬¢®«®¬ �c ¨ ®¯à¥¤¥«¨¬¯® ®¡ëç­®© ä®à¬ã«¥:�c = j�cp � ��pj��p :�¥«¨ç¨­ã �c ¬®¦­® ­ ©â¨ ¤¢ã¬ï á¯®á®¡ ¬¨: ¯®¤-áâ ­®¢ª®© ¢ ç¨á«¨â¥«ì ¢ëè¥ãª § ­­®© ä®à¬ã«ë¢¬¥áâ® ��p ¥£® ¢ëà ¦¥­¨¥ (32) ¨«¨ ¢¬¥áâ® �cp { ¢ë-à ¦¥­¨¥ (33). �¥à¢ë¬ á¯®á®¡®¬ ¯®«ãç ¥¬�c = "2��p :d2�cpd�2¨«¨, ãç¨âë¢ ï ¢ëà ¦¥­¨ï (22) ¨ (32) ¨ à ¢¥­áâ¢®"2 = �d2=32, �c = 1:519�d2: (34)�®£« á­® ¢â®à®¬ã á¯®á®¡ã, �c = 1:506�d2, çâ® ­¥-áª®«ìª® ®â«¨ç ¥âáï ®â ¢ëà ¦¥­¨ï (34). �â® ®¡ê-ïá­ï¥âáï â¥¬, çâ® ¢ ¯¥à¢®¬ á¯®á®¡¥ ãç¨âë¢ ¥â-áï ¯à®¨§¢®¤­ ï d2�cp=d�2,   ¢® ¢â®à®¬ { d2��p=d�2.�®áª®«ìªã ¯à®¨§¢®¤­ ï d2�cp=d�2 á¢ï§ ­  á® ¢â®-àë¬ ¯à¨¡«¨¦¥­¨¥¬ ¯à¨ ®¯à¥¤¥«¥­¨¨ ª®­æ¥­âà -æ¨¨ ��p, ¤«ï ®æ¥­ª¨ ¢¥«¨ç¨­ë �c ¡ã¤¥¬ ¯®«ì§®¢ âì-áï ä®à¬ã«®© (34). �à ä¨ª äã­ªæ¨¨ �c, ¯®áâà®-¥­­ë© á®£« á­® (34) ¢ ¯à®¬¥¦ãâª¥ 0 � �d � 0:1,¨§®¡à ¦¥­ ­  à¨á. 2. �§ ­¥£® á«¥¤ã¥â, ¢ ç áâ­®-áâ¨, çâ® ¤«ï §­ ç¥­¨ï ¯ à ¬¥âà  �d = 0:0777, á®®â-¢¥âáâ¢ãîé¥£® ¨á¯®«ì§ã¥¬ë¬ ®¯ëâ­ë¬ ¤ ­­ë¬ ¯®¨§¬¥à¥­¨î ª®­æ¥­âà æ¨¨, ¢¥«¨ç¨­  �c á®áâ ¢«ï-¥â 0:92%. �â® ®âª«®­¥­¨¥ ¢ ­¥áª®«ìª® à § ¬¥­ìè¥¯®£à¥è­®áâ¨ ¨§¬¥à¥­¨ï ª®­æ¥­âà æ¨¨. �á«¨ ¡ë¢ ¤ ­­ëå ¨§¬¥à¥­¨ïå ®â­®á¨â¥«ì­ë© ¤¨ ¬¥âà ­ -¯®à­®© âàã¡ª¨ �d à ¢­ï«áï, ­ ¯à¨¬¥à, 0.05 ¨«¨ 0.1,â® ¢¥«¨ç¨­  �c ã¦¥ á®áâ ¢«ï«  ¡ë 0.38 ¨«¨ 1:52%á®®â¢¥âáâ¢¥­­®.�¥à¥©¤¥¬ ª ®¯à¥¤¥«¥­¨î áâ¥¯¥­¨ ®â­®á¨â¥«ì­®-£® ®âª«®­¥­¨ï §­ ç¥­¨© ¨§¬¥à¥­­ëå, ®áà¥¤­¥­­ëå¯® ¯à®áâà ­áâ¢ã ¨ ¢à¥¬¥­¨, ¯à®¤®«ì­ëå áª®à®-áâ¥© ¯®â®ª  ®â ¢¥à®ïâ­®áâ­ëå áà¥¤­¨å §­ ç¥­¨©.�®¤áâ ¢¨¢ ¢ ¢ëà ¦¥­¨¥ (13) ¢¬¥áâ® �' ®áà¥¤­¥­-­ãî ¯® ¢¥à®ïâ­®áâ¨ áª®à®áâì ¤¢¨¦¥­¨ï áãá¯¥­§¨¨�u,   ¢¬¥áâ® �'� { ®áà¥¤­¥­­ãî ¯® ¯à®áâà ­áâ¢ã ¨¢à¥¬¥­¨ áª®à®áâì �u�, ¨ ®¡®§­ ç¨¢ ¢¥«¨ç¨­ã �d2=32ç¥à¥§ "2, ¡ã¤¥¬ ¨¬¥âì"2�@2�u@�2 + @2�u@�2�+ �u = �u�: (35)�¤¥áì, ª ª ¨ ¢ ãà ¢­¥­¨¨ (27), ¡¥§à §¬¥à­ë¥ ª®®à-¤¨­ âë � = x=D, � = y=D. �á«¨ ¢ ¢ëà ¦¥­¨¨ (35)�. �. �à¨«ì, �. �. �¥à¬ ­ 37
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�¨á. 2. �à ä¨ª äã­ªæ¨¨ �c( �d)¯à¨­ïâì ¢ ª ç¥áâ¢¥ äã­ªæ¨¨ �u� ¯à®ä¨«ì ®áà¥¤-­¥­­ëå áª®à®áâ¥© (23), â® á« £ ¥¬ë¥ «¥¢®© ç -áâ¨ ãà ¢­¥­¨ï (35) ¤®«¦­ë à áá¬ âà¨¢ âìáï ª ªäã­ªæ¨¨ ®à¤¨­ âë � ¢ ¯«®áª®áâ¨ � = 0. �®áª®«ì-ªã, ¢ ®â«¨ç¨¥ ®â ª®­æ¥­âà æ¨¨, ®áà¥¤­¥­­ë¥ ¯à®-¤®«ì­ë¥ áª®à®áâ¨ ¯®â®ª  à á¯à¥¤¥«ïîâáï ­¥à ¢-­®¬¥à­® ¢¤®«ì £®à¨§®­â «ì­ëå å®à¤ ¯®¯¥à¥ç­®£®á¥ç¥­¨ï âàã¡ë, ¯à®¨§¢®¤­®© @2�u=@�2 ¢ ãà ¢­¥­¨¨(35) ¯à¥­¥¡à¥çì ­¥«ì§ï ¨ ®­  ¤®«¦­  ¡ëâì ¯à¥¤-áâ ¢«¥­ , ¢®®¡é¥ £®¢®àï, ¢ ¢¨¤¥ § ¤ ­­®© äã­ª-æ¨¨ ¯¥à¥¬¥­­®© �. �¤­ ª® § ¤ ­¨¥ íâ®© äã­ªæ¨¨¢ ¤ ­­®¬ á«ãç ¥ ­¥ ¯à¥¤áâ ¢«ï¥âáï ¢®§¬®¦­ë¬,¯®áª®«ìªã ¢ ¨á¯®«ì§ã¥¬ëå ­ ¬¨ ®¯ëâ­ëå ¤ ­­ëå­¥ ¨áá«¥¤®¢ ­ë í¯îàë à á¯à¥¤¥«¥­¨ï ®áà¥¤­¥­­ëåáª®à®áâ¥© ¢¤®«ì £®à¨§®­â «ì­ëå å®à¤ ¯®¯¥à¥ç­®-£® á¥ç¥­¨ï âàã¡ë. � á¢ï§¨ á íâ¨¬ ¯®¯ëâ ¥¬áïãç¥áâì ¯à®¨§¢®¤­ãî @2�u=@�2 ¯®  ­ «®£¨¨ á â ª®-¢®© ¢ ®á¥á¨¬¬¥âà¨ç­®¬ ¯®â®ª¥.� áá¬®âà¨¬ ®á¥á¨¬¬¥âà¨ç­®¥ â¥ç¥­¨¥ áãá¯¥­-§¨¨ ¢ ªàã£«®æ¨«¨­¤à¨ç¥áª®© âàã¡¥ à ¤¨ãá®¬ R.�à¨­ï¢ íâ®â à ¤¨ãá ¢ ª ç¥áâ¢¥ å à ªâ¥à­®£® à §-¬¥à  ¯®â®ª , ¢¢¥¤¥¬ ¯¥à¥¬¥­­ë¥ �� = x=R ¨�� = y=R, á¢ï§ ­­ë¥ á � ¨ � à ¢¥­áâ¢ ¬¨ � = RD ��¨ � = RD��. � «¥¥, ¯¥à¥©¤¥¬ ¢ ãà ¢­¥­¨¨ (35) ª ­®-¢ë¬ ¯¥à¥¬¥­­ë¬ �� ¨ ��, ¢ à¥§ã«ìâ â¥ ç¥£® ¡ã¤¥¬¨¬¥âì "2� �@2�u@�2� + @2�u@�2��+ �u = �u�; (36)£¤¥ "2� = 1(RD )2 "2:� ãà ¢­¥­¨¨ (36) ®à¤¨­ â  �� ¨§¬¥­ï¥âáï ®â ­ã«ï­  áâ¥­ª¥ âàã¡ë ¤® ¥¤¨­¨æë ­  ®á¨ âàã¡ë.�à ¢­¥­¨¥,  ­ «®£¨ç­®¥ (36), ­® ­ ¯¨á ­­®¥ ¢¯®«ïà­ëå ª®®à¤¨­ â å, ¨¬¥¥â ¤«ï ®á¥á¨¬¬¥âà¨ç-

­®£® ¯®â®ª  ¢¨¤"2��1� d�ud� + d2�ud�2�+ �u = �u�; (37)£¤¥ � = r=R { ¡¥§à §¬¥à­ë© à ¤¨ãá-¢¥ªâ®à, ­ ç «®ª®â®à®£® (¯®«îá) ­ å®¤¨âáï ¢ æ¥­âà¥ ¯®¯¥à¥ç­®-£® á¥ç¥­¨ï âàã¡ë. �à¨ § ¬¥­¥ ¢ ãà ¢­¥­¨¨ (37)­¥§ ¢¨á¨¬®© ¯¥à¥¬¥­­®© � ­  ��, á¢ï§ ­­ãî á �ä®à¬ã«®© � = 1� ��, ¯®«ãç ¥¬"2��� 11� �� d�ud�� + d2�ud�2��+ �u = �u�: (38)�à ¢­¨¢ ï ãà ¢­¥­¨¥ (38) á (36), ã¡¥¦¤ ¥¬áï,çâ® ¢¥«¨ç¨­  � 11� �� d�ud�� ¢ (38) à ¢­®§­ ç­  ¯à®-¨§¢®¤­®© d2�u=d�2� ¢ (36). � ª çâ® ¢ á«ãç ¥ ®á¥-á¨¬¬¥âà¨ç­®£® ¯à®ä¨«ï ®áà¥¤­¥­­ëå áª®à®áâ¥©ãà ¢­¥­¨¥ (36) ¬®¦­® § ¬¥­¨âì íª¢¨¢ «¥­â­ë¬¥¬ã ®¡ëª­®¢¥­­ë¬ ¤¨ää¥à¥­æ¨ «ì­ë¬ ãà ¢­¥­¨-¥¬ (38).�â® ª á ¥âáï  á¨¬¬¥âà¨ç­®£® ¯à®ä¨«ï ®áà¥¤-­¥­­ëå áª®à®áâ¥©, ¯à¥¤áâ ¢«¥­­®£® ­  à¨á. 1, â®­¨¦­îî ¨ ¢¥àå­îî ç áâ¨ ¥£® ¡ã¤¥¬ ®â¤¥«ì­® à á-á¬ âà¨¢ âì ª ª í¯îàë ®áà¥¤­¥­­ëå áª®à®áâ¥© ­¥-ª®â®àëå ®á¥á¨¬¬¥âà¨ç­ëå ¯®â®ª®¢ ¢ âàã¡ å à -¤¨ãá ¬¨ R­ ¨ Rb á®®â¢¥âáâ¢¥­­®, £¤¥ R­ { à ááâ®-ï­¨¥ ®â ­¨¦­¥© áâ¥­ª¨ âàã¡ë ¤® ª¨­¥¬ â¨ç¥áª®©®á¨ ¯®â®ª , ­  ª®â®à®© ®áà¥¤­¥­­ ï áª®à®áâì ¯à¨-­¨¬ ¥â ¬ ªá¨¬ «ì­®¥ §­ ç¥­¨¥,   Rb { à ááâ®ï­¨¥®â ¢¥àå­¥© áâ¥­ª¨ âàã¡ë ¤® íâ®© ®á¨. �­ ç «¥à áá¬®âà¨¬ ­¨¦­îî ç áâì ¯à®ä¨«ï.�à¨­ï¢ ¢ ª ç¥áâ¢¥ å à ªâ¥à­®£® à §¬¥à  ¢®-®¡à ¦ ¥¬®£® ®á¥á¨¬¬¥âà¨ç­®£® ¯®â®ª  à ¤¨ãáR­, ¬®¦¥¬ ­ ¯¨á âì ¯®  ­ «®£¨¨ á (38):"2­�� 11� �­ d�u­d�­ + d2�u­d�2­ �+ �u­ = �u�­: (39)£¤¥ "2­ = "2 1�R­D �2 = "2=�2m; �­ = y=R­:�®áª®«ìªã ¯¥à¥¬¥­­ ï �­ á¢ï§ ­  á � ä®à¬ã«®©� = �m�­,   ­¨¦­ïï ç áâì ¯à®ä¨«ï áª®à®áâ¥© ­ à¨á.1 ®¯à¥¤¥«¥­  ¢ ®¡« áâ¨ 0:125 � � � �m, §­ ç¥-­¨ï ¯¥à¥¬¥­­®© �­ ®â­®áïâáï ª ¯à®¬¥¦ãâªã0:208 � �­ � 1: (40)� §¤¥«¨¢ ®¡¥ ç áâ¨ ãà ¢­¥­¨ï (39) ­  �u�m, ¯®«ãç¨¬"2­�� 11� �­ d�v­d�­ + d2�v­d�2­ �+ �v­ = �v�­: (41)38 �. �. �à¨«ì, �. �. �¥à¬ ­



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 32 { 41�¤¥áì ¡¥§à §¬¥à­ë¥ áª®à®áâ¨ �v­ = �u­=�u�m,�v�­ = �u�­=�u�m.� «¥¥ ¯¥à¥©¤¥¬ ¢ ãà ¢­¥­¨ïå (23) ¨ (25) ª ¯¥à¥-¬¥­­®© �­,   ¢ (23), ªà®¬¥ â®£®, ª ¡¥§à §¬¥à­®©áª®à®áâ¨ �v�­. �®£¤  íâ¨ ãà ¢­¥­¨ï ¯à¥¤áâ ¢ïâáïâ ª: �v�­ = 1 + f­(�­) ln�­; (42)f­(�­) = 0:2767+ 0:5532�­� 0:8299�2­: (43)�¥è¥­¨¥ ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï (41) ¬¥-â®¤®¬ ¯®á«¥¤®¢ â¥«ì­ëå ¯à¨¡«¨¦¥­¨©, á®®â¢¥â-áâ¢ãîé¥¥ ¢â®à®¬ã ¯à¨¡«¨¦¥­¨î ª �v­, ¨¬¥¥â ¢¨¤�v­ = �v�­ + "2­� 11� �­ d�v�­d�­ � d2�v�­d�2­ � : (44)� (44) äã­ªæ¨ï �v�­ ®¯à¥¤¥«ï¥âáï á®£« á­® ä®à-¬ã« ¬ (42) ¨ (43),   ¥¥ ¯à®¨§¢®¤­ë¥ d�v�­d�­ ¨ d2�v�­d�2­ {á®®â­®è¥­¨ï¬¨d�v�­d�­ = f 0­ ln �­ + f­�­ ; (45)d2�v�­d�2­ = �1:66 ln�­ + 2f 0­�­ � f­�2­ ; (46)£¤¥ f 0­ = 0:5532� 1:6598�­: (47)�â ª, ä®à¬ã«ë (42) ¨ (43) ¯®§¢®«ïîâ ®¯à¥¤¥-«¨âì ¢ «î¡®© â®çª¥ ¯à®¬¥¦ãâª  (40) §­ ç¥­¨¥®áà¥¤­¥­­®© ¯® ¯à®áâà ­áâ¢ã ¨ ¢à¥¬¥­¨ áª®à®áâ¨�v�­,   ãà ¢­¥­¨¥ (44) { §­ ç¥­¨¥ ®áà¥¤­¥­­®© ¯®¢¥à®ïâ­®áâ¨ áª®à®áâ¨ �v­. �â­®á¨â¥«ì­®¥ ®âª«®-­¥­¨¥ §­ ç¥­¨© íâ¨å áª®à®áâ¥© ¤àã£ ®â ¤àã£  ®¡®-§­ ç¨¬ á¨¬¢®«®¬ �­ ¨ ­ ©¤¥¬ á®£« á­® ä®à¬ã«¥�­ = j�v�­ � �v­j�v­ :�®¤áâ ¢«ïï ¢ëà ¦¥­¨¥ (44) ¢ ç¨á«¨â¥«ì íâ®© ä®à-¬ã«ë ¨ ãç¨âë¢ ï à ¢¥­áâ¢  "2­ = �d232 1�2m == 0:0868�d2, ¯®«ãç ¥¬�­ = 0:0868 �d2�v­ � 11� �­ d�v�­d�­ � d2�v�­d�2­ � : (48)�â¬¥â¨¬, çâ® ¢ (48) ¯ à ¬¥âà �d2 ï¢«ï¥âáï ¯¥à¥-¬¥­­®© ¢¥«¨ç¨­®©, ®¤­ ª® áª®à®áâì �v­ §¤¥áì ®¯à¥-¤¥«ï¥âáï ¯® ä®à¬ã«¥ (44) ¯à¨ ¯®áâ®ï­­®¬ §­ ç¥-­¨¨ �d = 0:0777. �¯à¥¤¥«ï¥¬ ï ¯® ä®à¬ã«¥ (48)¢¥«¨ç¨­  �­ ï¢«ï¥âáï äã­ªæ¨¥© ¯¥à¥¬¥­­®© �­ ¨¯ à ¬¥âà  �d. �«ï ®æ¥­ª¨ áâ¥¯¥­¨ ®â­®á¨â¥«ì­®-£® ®âª«®­¥­¨ï §­ ç¥­¨© áª®à®áâ¥© �v�­ ¨ �v­ ¡ã¤¥¬

�¨á. 3. �à ä¨ª äã­ªæ¨¨ �­:cà( �d)¯®«ì§®¢ âìáï ­¥ á ¬®© äã­ªæ¨¥© �­,   áà¥¤­¨¬ ¥¥§­ ç¥­¨¥¬ �­:áà ¢ ¯à®¬¥¦ãâª¥ 0:208 � �­ � 1:�­:áà( �d) = 10:792 1Z0:208 �­(�­; �d)d�­: (49)� à¥§ã«ìâ â¥ ¢ëç¨á«¥­¨ï ¨­â¥£à «  ¢ ãà ¢­¥-­¨¨ (49) ãáâ ­®¢«¥­  § ¢¨á¨¬®áâì�­:áà = 0:42�d2: (50)�à ä¨ª äã­ªæ¨¨ �­:áà, ¯®áâà®¥­­ë© ¢ ¯à®¬¥-¦ãâª¥ 0 � �d � 0:1, ¨§®¡à ¦¥­ ­  à¨á. 3. �§­¥£® á«¥¤ã¥â, ¢ ç áâ­®áâ¨, çâ® ¢ à áá¬ âà¨¢ ¥-¬®© ­¨¦­¥© ç áâ¨ ¯à®ä¨«ï ®áà¥¤­¥­­ëå áª®à®-áâ¥©, ¨§¬¥à¥­­ëå á ¯®¬®éìî ­ ¯®à­®© âàã¡ª¨¯à¨ �d = 0:0777, ¢¥«¨ç¨­  �­:áà à ¢­ï¥âáï 0:25%,çâ® ­  ¯®àï¤®ª ¬¥­ìè¥ ¯®£à¥è­®áâ¨ ¨§¬¥à¥­¨ï.�á«¨ ¡ë §­ ç¥­¨¥ ¯ à ¬¥âà  �d ¢ ¤ ­­ëå ®¯ëâ åà ¢­ï«®áì, áª ¦¥¬, 0.05 ¨«¨ 0.1, â® ¢ íâ®¬ á«ãç ¥¢¥«¨ç¨­  �­:áà á®áâ ¢¨«  ¡ë 0.1 ¨«¨ 0:42%.�¥à¥å®¤ï ª à áá¬®âà¥­¨î ¢¥àå­¥© ç áâ¨ ¯à®ä¨-«ï ®áà¥¤­¥­­ëå áª®à®áâ¥© ­  à¨á.1, ¡ã¤¥¬ à ááã-¦¤ âì  ­ «®£¨ç­®, ª ª ¨ ¯à¨ à áá¬®âà¥­¨¨ ­¨¦-­¥© ç áâ¨ íâ®£® ¯à®ä¨«ï. �à¨­ï¢ ¢ ª ç¥áâ¢¥å à ªâ¥à­®£® à §¬¥à  ¢®®¡à ¦ ¥¬®£® ®á¥á¨¬¬¥-âà¨ç­®£® ¯®â®ª  à ¤¨ãá Rb, ¬®¦¥¬ ­ ¯¨á âì ¯® ­ «®£¨¨ á ãà ¢­¥­¨¥¬ (41):"2b �� 11� �b d�vbd�b + d2�vbd�2b �+ �vb = �v�b : (51)£¤¥ "2b = "2=(1��m)2; �b = (D�y)=Rb; �vb = �ub=�u�m,�v�b = �u�b=�u�m,�. �. �à¨«ì, �. �. �¥à¬ ­ 39



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 3. �. 32 { 41�®áª®«ìªã ¯¥à¥¬¥­­ ï �b á¢ï§ ­  á � ä®à¬ã«®©� = 1� (1��m)�b,   ¢¥àå­ïï ç áâì ¯à®ä¨«ï áª®à®-áâ¥© ­  à¨á.1 ®¯à¥¤¥«¥­  ¢ ®¡« áâ¨ 0:6 � � � 0:95,§­ ç¥­¨ï ¯¥à¥¬¥­­®© �b ­ å®¤ïâáï ¢ ¯à®¬¥¦ãâª¥0:125 � �b � 1: (52)�å®¤ïé ï ¢ ãà ¢­¥­¨¥ (51) áª®à®áâì �v�b ¡ã¤¥â:�v�b = 1 + fb(�b) ln 1� 0:4�b0:6 ; (53)£¤¥ fb(�b) � 0:71(1� �b): (54)� à¥§ã«ìâ â¥ à¥è¥­¨ï ãà ¢­¥­¨ï (51) ¬¥â®¤®¬¯®á«¥¤®¢ â¥«ì­ëå ¯à¨¡«¨¦¥­¨© ¢â®à®¥ ¯à¨¡«¨¦¥-­¨¥ ª �vb ¤ ¥â�vb = �v�b + "2b � 11� �b d�v�bd�b � d2�v�bd�2b � : (55)� (55) ¯ à ¬¥âà "2b = 1:179 � 10�3, äã­ªæ¨ï �v�b®¯à¥¤¥«ï¥âáï á®£« á­® ãà ¢­¥­¨© (53) ¨ (54),   ¥¥¯à®¨§¢®¤­ë¥ { ª ªd�v�bd�b = 0:71 ln 1� 0:4�b0:6 � 0:41� 0:4�b � fb; (56)d2�v�bd�2b = � 0:81� 0:4�b �0:71 + 0:2fb1� 0:4�b� : (57)�â­®á¨â¥«ì­®¥ ®âª«®­¥­¨¥ §­ ç¥­¨© áª®à®áâ¥©�v�b ¨ �v�b , â.¥. ¢¥«¨ç¨­ã �b = j�v�b � �vbj�vb ­ å®¤¨¬ ¯®ä®à¬ã«¥�b = 0:1953 �d2�vb � 11� �b d�v�bd�b � d2�v�bd�2b � : (58)�à¥¤­¥¥ §­ ç¥­¨¥ äã­ªæ¨¨ �b ¢ ¯à®¬¥¦ãâª¥ (52)¡ã¤¥â �b:áà( �d) = 10:875 1Z0:125 �b(�b; �d)d�b¨«¨ ¢ à¥§ã«ìâ â¥ ¢ëç¨á«¥­¨ï ¨­â¥£à « �b:áà = 0:31�d2: (59)�à ä¨ª äã­ªæ¨¨ (59), ¯®áâà®¥­­ë© ¢ ¯à®¬¥¦ãâ-ª¥ 0 � �d � 0:1, ¯à¥¤áâ ¢«¥­ ­  à¨á.4. �§ ­¥£® á«¥-¤ã¥â, çâ® ¯à¨ �d = 0:0777 ¢¥«¨ç¨­  �b:áà = 0:19%,â®£¤  ª ª, ­ ¯à¨¬¥à, ¯à¨ �d = 0:05 ¨«¨ 0.1 ®­  á®-áâ ¢«ï¥â 0.08 ¨«¨ 0:31%.�â ª, ¢ëè¥ ¯à¨¢¥¤¥­ë à¥§ã«ìâ âë ¯¥à¥áç¥-â  ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­ëå áà¥¤­¨å ­  ¢¥à®-ïâ­®áâ­ë¥ ¤«ï ®¯ëâ­ëå ¤ ­­ëå ¯® ¨§¬¥à¥­¨î

�¨á. 4. �à ä¨ª äã­ªæ¨¨ �b:cà( �d)®áà¥¤­¥­­ëå ª®­æ¥­âà æ¨¨ ¨ áª®à®áâ¥© á ¯®¬®-éìî ­ ¯®à­®© âàã¡ª¨. � ¤ ­­®¬ á«ãç ¥ ¯®¯¥-à¥ç­®¥ á¥ç¥­¨¥ ®¡ê¥¬  ®áà¥¤­¥­¨ï ¨¬¥¥â ªàã£«ãîä®à¬ã. �­ «®£¨ç­ë¥ à áç¥âë ¢ë¯®«­¥­ë ­ ¬¨¤«ï ¯à¨¢¥¤¥­­ëå ¢ [5] ®¯ëâ­ëå ¤ ­­ëå ¯® ¨§¬¥à¥-­¨î ®áà¥¤­¥­­ëå ª®­æ¥­âà æ¨¨ ¨ áª®à®áâ¥© ¬¥-â®¤®¬ ª¨­®áê¥¬ª¨. � íâ¨å ®¯ëâ å ¯®¯¥à¥ç­®¥á¥ç¥­¨¥ ®¡ê¥¬  ®áà¥¤­¥­¨ï ¨¬¥¥â ¯àï¬®ã£®«ì­ãîä®à¬ã,   ®â­®è¥­¨¥ å à ªâ¥à­®£® ¥£® à §¬¥à  ª£«ã¡¨­¥ ¯®â®ª  á®áâ ¢«ï¥â 0.067. � à¥§ã«ìâ â¥ãáâ ­®¢«¥­®, çâ® ®â­®á¨â¥«ì­ë¥ ®âª«®­¥­¨ï í¬¯¨-à¨ç¥áª¨å ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­ëå áà¥¤­¨å ®â¢¥à®ïâ­®áâ­ëå â®¦¥ ­  ¯®àï¤®ª ¬¥­ìè¥ ¯®£à¥è-­®áâ¨ ¨§¬¥à¥­¨ï.����������� §à ¡®â ­ ¬¥â®¤ ¯¥à¥áç¥â  í¬¯¨à¨ç¥áª®£®¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®£® áà¥¤­¥£® ­  ¢¥à®ïâ-­®áâ­®¥ ¤«ï ­¥®¤­®à®¤­®£® áâ æ¨®­ à­®£® ¯®«ï®áà¥¤­¥­­®© £¨¤à®¤¨­ ¬¨ç¥áª®© ¢¥«¨ç¨­ë âãà¡ã-«¥­â­®£® ¯®â®ª  áãá¯¥­§¨¨. � ®á­®¢¥ ¥£® «¥-¦¨â ¯®«ãç¥­­®¥ ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ ¢ç áâ­ëå ¯à®¨§¢®¤­ëå, á¢ï§ë¢ îé¥¥ ¬¥¦¤ã á®-¡®© íâ¨ áà¥¤­¨¥ ¨ £¥®¬¥âà¨ç¥áª¨¥ ¯ à ¬¥âàë®¡ê¥¬  ®áà¥¤­¥­¨ï. �áâ ­®¢«¥­  áâ¥¯¥­ì ¢«¨ï-­¨ï ­¥®¤­®à®¤­®áâ¨ ¯®«ï ¨§¬¥àï¥¬®© ®áà¥¤­¥­-­®© £¨¤à®¤¨­ ¬¨ç¥áª®© ¢¥«¨ç¨­ë,   â ª¦¥ à §-¬¥à®¢ ¨ ä®à¬ë ®¡ê¥¬  ®áà¥¤­¥­¨ï ­  ®â­®á¨-â¥«ì­®¥ ®âª«®­¥­¨¥ ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®£®áà¥¤­¥£® ®â ¢¥à®ïâ­®áâ­®£®. �®ª § ­®, ¢ ç áâ-­®áâ¨, çâ® ¢ á«ãç ¥, ª®£¤  ¯®«¥ ®áà¥¤­¥­­®© £¨-¤à®¤¨­ ¬¨ç¥áª®© ¢¥«¨ç¨­ë å à ªâ¥à¨§ã¥âáï íªá-¯®­¥­æ¨ «ì­®© ¨«¨ «®£ à¨ä¬¨ç¥áª®© ­¥®¤­®à®¤-­®áâìî,   ®â­®è¥­¨¥ å à ªâ¥à­®£® à §¬¥à  ®¡ê-40 �. �. �à¨«ì, �. �. �¥à¬ ­
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