
48 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 6������������ 537.86:519.2; 537.876.23:551.510; 550.3����� ������ � ���������������� ��������������� ��������������� ����� ��������-������������ ������������� ������. �. �®«®£¤¨, �. �. �ãá¥¢(ª ä¥¤à  ä¨§¨ª¨  â¬®áä¥àë)�à¥¤«®¦¥ ®¢ë© ¨ ¯à®áâ®© ¯®¤å®¤ ª ¯à®¡«¥¬¥ ¯à®áâà áâ¢¥®© íà£®¤¨ç®áâ¨: ¯à®áâà áâ-¢¥ë¥ áâ â¨áâ¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ä §ë ¯à¨ ®à¬ «ì®¬ ¯ ¤¥¨¨ ¢®«ë   ¯«®áª®á«®¨áâãîá«ãç ©®-¥®¤®à®¤ãî áà¥¤ã ¯®«ãç¥ë ¯ãâ¥¬ ãáà¥¤¥¨ï ¢¤®«ì ¯à®¨§¢®«ì®© £®à¨§®â «ì®©¯àï¬®© «¨¨¨ ¢¬¥áâ® ãáà¥¤¥¨ï ¯® ®¡ê¥¬ã. �à¨ â ª®¬ ãáà¥¤¥¨¨ (¢ ®â«¨ç¨¥ ®â ®¡ê¥¬®£®) ¥¬ áª¨àãîâáï à¥£ã«ïàë¥ á¢®©áâ¢ . �®ª § ®, çâ® â®«ìª® ¯à¨ ¤à¥©ä¥ ¥®¤®à®¤®áâ¥© á ¯®áâ®ï®©£®à¨§®â «ì®© áª®à®áâìî ¯à®áâà áâ¢¥ë¥ áâ®å áâ¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¬®¦® ®¯à¥¤¥«¨âì ¯®¢à¥¬¥ë¬ ¨§¬¥à¥¨ï¬.� à §«¨çëå § ¤ ç å à ¤¨®§®¤¨à®¢ ¨ï âà®-¯®áä¥àë ¨«¨ ¨®®áä¥àë ¢®§¨ª ¥â ¥®¡å®¤¨¬®áâì®¯à¥¤¥«¥¨ï áâ®å áâ¨ç¥áª¨å á¢®©áâ¢ à ¤¨®¢®«, à á-á¥ïëå   á«ãç ©ëå ¥®¤®à®¤®áâïå áà¥¤ë. �à¨®¯à¥¤¥«¥¨¨ ¢¥à®ïâ®áâëå å à ªâ¥à¨áâ¨ª ¢ ¯à¨à®¤-ëå áà¥¤ å ¢¢¨¤ã ¥¢®§¬®¦®áâ¨ ¯®¢â®à¥¨ï  âãà-ëå ãá«®¢¨© ®¡ëç® ¢ë¤¢¨£ îâ £¨¯®â¥§ã ®¡ íà£®-¤¨ç®áâ¨. �¥è¥¨¥ ®¡é¨å ¯à®¡«¥¬ ¯à®áâà áâ¢¥-®© íà£®¤¨ç®áâ¨ ¢ ®£à ¨ç¥ëå á«ãç ©®-¥®¤®-à®¤ëå áà¥¤ å ¬ë ¯à®¢¥¤¥¬ ¤«ï à áá¥ï¨ï ¢®« ¢¥®¤®à®¤®© (¢ áà¥¤¥¬) áà¥¤¥, ª®â®à®¥ å à ªâ¥à-® ¤«ï à á¯à®áâà ¥¨ï à ¤¨®¢®« ¢ ¨®®áä¥à¥, £¤¥¥®¡å®¤¨¬ ãç¥â à¥äà ªæ¨¨.�â ¤ àâ®¥ ãá«®¢¨¥ ¯à®áâà áâ¢¥®© íà£®¤¨ç-®áâ¨ ¤«ï á«ãç ©®£® áâ â¨áâ¨ç¥áª¨ ®¤®à®¤®£® ¯®-«ï f = f (x; y; z) , ¯®¤ ª®â®àë¬ ¢  è¥© § ¤ ç¥ ¯®¨-¬ ¥âáï á«ãç © ï äãªæ¨ï ª®®à¤¨ â, ä®à¬ã«¨àã¥â-áï ¢ ¢¨¤¥ [1]hf (x; y; z)i= f (x; y; z)V!1 �� limV!1 1V ZV f (x; y; z)dxdydz: (1)�¥®¡å®¤¨¬® ¯®¤ç¥àªãâì, çâ® ¯à¥¤¥« ¤®«¦¥ áãé¥áâ-¢®¢ âì, ¯à¨ç¥¬ § ç¥¨¥ ¥£® ¥ § ¢¨á¨â ®â ä®à-¬ë ®¡ê¥¬  [2]. �£«®¢ë¥ áª®¡ª¨ §¤¥áì ®§ ç îâãáà¥¤¥¨¥ ¯®  á ¬¡«î à¥ «¨§ æ¨©, â. ¥. áâ â¨áâ¨-ç¥áª®¥ ãáà¥¤¥¨¥,   ¯àï¬ ï ç¥àâ  | ãáà¥¤¥¨¥¯® ¯à®áâà áâ¢¥®¬ã ®¡ê¥¬ã. �à¥¤¥«ìë© ¯¥à¥å®¤V !1 ¬®¦® ¯à ªâ¨ç¥áª¨ à áá¬ âà¨¢ âì ª ª ãá«®-¢¨¥ L � V 1=3� lf [1], £¤¥ L | ¯®¯¥à¥çë© à §¬¥à®¡« áâ¨ á ®¡ê¥¬®¬ V ,   lf | à ¤¨ãá ¯à®áâà áâ¢¥-®© ª®àà¥«ïæ¨¨ ¯®«ï f = f (x; y; z) .� § ¤ ç å, á¢ï§ ëå á à á¯à®áâà ¥¨¥¬ ¢®«à §«¨ç®© ¯à¨à®¤ë ¢ á«ãç ©®-¥®¤®à®¤ëå £¥®-ä¨§¨ç¥áª¨å áà¥¤ å, ª®â®àë¥ ¥ ï¢«ïîâáï ¡¥§£à ¨ç-ë¬¨, ¢®§¬®¦®áâì ãá«®¢¨ï V !1 ¥ ï¢«ï¥âáï ®ç¥-¢¨¤®©. � ¯à¨¬¥à, ¢ á«ãç ©®-¥®¤®à®¤®© ¨®®-

áä¥à¥ à ¤¨ãá ª®àà¥«ïæ¨¨ ¥®¤®à®¤®áâ¥© ¨®¨§ -æ¨¨ ¨ à §¬¥àë á ¬®© ¨®®áä¥àë ¬®£ãâ ¨¬¥âì á®¯®-áâ ¢¨¬ë¥ ¬ áèâ ¡ë.�à®¬¥ â®£® (  ¬®¦¥â ¡ëâì, íâ® £« ¢®¥), ¥¨§¢¥áâ-®, ª ª   à¥§ã«ìâ â¥ ãáà¥¤¥¨ï ¯® ®¡ê¥¬ã V !1áª ¦¥âáï ä ªâ  «¨ç¨ï à¥£ã«ïà®© ¥®¤®à®¤®á-â¨ áà¥¤ë, ¢ ª®â®à®© áà¥¤¥¥ § ç¥¨¥ ¤¨í«¥ªâà¨ç¥á-ª®© ¯à®¨æ ¥¬®áâ¨ áà¥¤ë ï¢«ï¥âáï,  ¯à¨¬¥à, äãª-æ¨¥© ª®®à¤¨ âë z : h" (r)i = "0 (r) = "0 (z) (¨«¨ä ªâ ®£à ¨ç¥®áâ¨ ®¤®à®¤®© áà¥¤ë ¢ ª ª®¬-«¨-¡®  ¯à ¢«¥¨¨). �à¨¥¬«¥¬ë© à¥§ã«ìâ â ¢®§¬®¦¥,¯®-¢¨¤¨¬®¬ã, â®«ìª® ¥á«¨ ®¡ê¥¬ ¨â¥£à¨à®¢ ¨ï ®â-®á¨â¥«ì® ¬ « (çâ®¡ë ¥ ¬ áª¨à®¢ « áì à¥£ã«ïà- ï ¥®¤®à®¤®áâì áà¥¤ë). �¤ ª® ¨â¥£à¨à®¢ ¨¥¯® ®â®á¨â¥«ì® ¬ «®¬ã ®¡ê¥¬ã ¥ ¯®§¢®«ï¥â ¯®«ã-ç¨âì ®¡ê¥¬ ¢ë¡®àª¨, ¤®áâ â®çë© ¤«ï  å®¦¤¥¨ï¤®áâ®¢¥àëå ¯à®áâà áâ¢¥ëå áâ â¨áâ¨ç¥áª¨å å -à ªâ¥à¨áâ¨ª. �¢¥«¨ç¥¨¥ ¦¥ ®¡ê¥¬  ¨â¥£à¨à®¢ ¨ï¥¨§¡¥¦® ¯à¨¢¥«® ¡ë ª ¬ áª¨à®¢ª¥ § ¢¨á¨¬®áâ¨ ®âª®®à¤¨ âë z .�à¨ ä®à¬ã«¨à®¢ª¥ ãá«®¢¨ï íà£®¤¨ç®áâ¨ (1) ¢à ¡®â¥ [1] ¥ ®£®¢ à¨¢ « áì ä®à¬  ®¡ê¥¬  ¨â¥£-à¨à®¢ ¨ï. � ¥®¤®à®¤®© (¢ áà¥¤¥¬) áà¥¤¥ ¯à¨h" (r)i = "0 (r) = "0 (z) ¨«¨ ¢ áà¥¤¥, ®£à ¨ç¥®©¢  ¯à ¢«¥¨¨ ®á¨ z , ¬®¦® ¡ë«® ¡ë, ¯®-¢¨¤¨¬®-¬ã, ¯®«ãç¨âì ¯à¨¥¬«¥¬ë© à¥§ã«ìâ â,  ¯à¨¬¥à, ¥á-«¨ ¡ë ¨â¥£à¨à®¢ ¨¥ ¢¥«®áì ¯® ®¡ê¥¬ã, ¨¬¥îé¥¬ãä®à¬ã ¯ à ««¥«¥¯¨¯¥¤  á ä¨ªá¨à®¢ ë¬ à §¬¥à®¬¢¤®«ì ®á¨ z ,   ãá«®¢¨¥ V ! 1 ¢ë¯®«ï«®áì ¯à¨ã¢¥«¨ç¥¨¨ ¤¢ãå ¤àã£¨å à¥¡¥à ¯ à ««¥«¥¯¨¯¥¤ . �¤- ª® ®ç¥¢¨¤®, çâ® íâ® ¯à ªâ¨ç¥áª¨ ¥ ã¯à®é ¥â§ ¤ çã.�ä®à¬ã«¨àã¥¬   «®£¨ç® â®¬ã, ª ª íâ® ¡ë«®á¤¥« ® ¢ à ¡®â¥ [3], ¢§ ¬¥ ãá«®¢¨ï (1) ¤àã£®¥ ®¯à¥-¤¥«¥¨¥ (£¨¯®â¥§ã) íà£®¤¨ç®áâ¨, ¯à¨ ª®â®à®¬ ¨-â¥£à¨à®¢ ¨¥ ¢¥¤¥âáï ¢¤®«ì ¯à®¨§¢®«ì®© £®à¨§®-â «ì®© ¯àï¬®© «¨¨¨ (¤«ï ®¯à¥¤¥«¥®áâ¨ ¡¥à¥¬®áì x):



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü6 49hf (x; y; z)i= f (x; y; z)L!1 � limL!1 1L LZ0 f (x; y; z)dx:(2)�â¬¥â¨¬, çâ® ¢ íâ®¬ á«ãç ¥ { ¯à¨ ¨â¥£à¨à®¢ -¨¨ ¢¤®«ì ¯àï¬®©, ¯¥à¯¥¤¨ªã«ïà®© ®á¨ z , | á¨-âã æ¨ï áãé¥áâ¢¥® ¤àã£ ï. � ®¤®© áâ®à®ë, ¥áâì¢®§¬®¦®áâì ¯®«ãç¥¨ï ¤®áâ®¢¥àëå ¯à®áâà áâ¢¥-ëå áâ â¨áâ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª, â ª ª ª ¥â ®£à -¨ç¥¨ï ¤«ï ã¢¥«¨ç¥¨ï ¨â¥à¢ «  ¨â¥£à¨à®¢ ¨ï(0; L) . � ¤àã£®© áâ®à®ë, ¥â ¯à¥¯ïâáâ¢¨ï ¤«ï ®¯à¥-¤¥«¥¨ï áãé¥áâ¢ãîé¥© áà¥¤¥© (à¥£ã«ïà®©) § ¢¨-á¨¬®áâ¨ ¢¤®«ì ®á¨ z . �à®¬¥ â®£®, ®ç¥¢¨¤®, çâ®¬ â¥¬ â¨ç¥áª ï á«®¦®áâì ¢ëç¨á«¥¨© áãé¥áâ¢¥®ã¬¥ìè ¥âáï.� áá¬®âà¨¬ à á¯à®áâà ¥¨¥ ¯«®áª®© ¢®«ë ¢á«ãç ©®-¥®¤®à®¤®© ¯«®áª®á«®¨áâ®© áà¥¤¥ ¯à¨®à¬ «ì®¬ ¯ ¤¥¨¨ ¢ ¯à¨¡«¨¦¥¨¨ £¥®¬¥âà¨ç¥áª®©®¯â¨ª¨. �¢¥¤¥¬ ¯àï¬®ã£®«ìãî á¨áâ¥¬ã ª®®à¤¨ âá ®áìî z ¢  ¯à ¢«¥¨¨ à á¯à®áâà ¥¨ï ¯«®áª®©¢®«ë. � ç «® ª®®à¤¨ â à á¯®«®¦¨¬   £à ¨æ¥à §¤¥«  ¯«®áª®á«®¨áâ®© áà¥¤ë á® á¢®¡®¤ë¬ ¯à®-áâà áâ¢®¬. �¨í«¥ªâà¨ç¥áªãî ¯à®¨æ ¥¬®áâì áà¥¤ë¯à¨ z > 0 ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ áã¬¬ë áà¥¤¥£® § ç¥-¨ï ¨ ä«ãªâã æ¨®®© á®áâ ¢«ïîé¥©:" (r) = h" (r)i+ "1(r);¯à¨ íâ®¬ h" (r)i = "0 (r) = "0 (z) ¨ h"1i = 0 ,j"1j ="0(z)� 1 . � á¢®¡®¤®¬ ¯à®áâà áâ¢¥, â. ¥. ¯à¨z < 0 , ¨¬¥¥¬ " (r) � 1 , "1 (r) � 0 . �«ãªâã æ¨®- ï á®áâ ¢«ïîé ï ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨ª ª äãªæ¨ï âà ¥ªâ®à¨¨ «ãç  r = r (�) ¨ ¢à¥¬¥¨ tï¢«ï¥âáï ç¥âëà¥å¯ à ¬¥âà¨ç¥áª¨¬ á«ãç ©ë¬ ¯®«¥¬"1 = "1 (x; y; z; t) . �â® ¯®«¥ áç¨â ¥¬ áâ â¨áâ¨ç¥áª¨®¤®à®¤ë¬. � ¢¨á¨¬®áâì "1 ®â ¢à¥¬¥¨ ¢ á«ãç ©-®-¥®¤®à®¤®© áà¥¤¥ (¨®®áä¥à¥), ª®â®à ï ®¯à¥¤¥-«ï¥âáï á®¡áâ¢¥®© ¨§¬¥ç¨¢®áâìî ¥®¤®à®¤®áâ¥©¢® ¢à¥¬¥¨, á¢ï§ ®© á ¤¨ääã§¨®ë¬¨ ¯à®æ¥áá -¬¨ ¨ âãà¡ã«¥â®áâìî, à áá¬ âà¨¢ âì ¥ ¡ã¤¥¬, â. ¥."1 = "1 (x; y; z) .� à ¬ª å £¥®¬¥âà¨ç¥áª®© ®¯â¨ª¨ ä §ã ¢®«ë  ¢ëå®¤¥ ¨§ ¥®¤®à®¤®© áà¥¤ë ¯®á«¥ ®âà ¦¥¨ï ¢â®çª¥ á ª®®à¤¨ â ¬¨ (x = 0 , y = 0 , z = l ) ¬®¦®¯à¥¤áâ ¢¨âì ¢ ¯¥à¢®¬ ¯à¨¡«¨¦¥¨¨ â¥®à¨¨ ¢®§¬ãé¥-¨© [1] ¢ ¢¨¤¥ '� '0+'1;£¤¥ à¥£ã«ïà ï ª®¬¯®¥â  (á®áâ ¢«ïîé ï) ä §ëà ¢  '0 = 2k lZ0 p"0 (z) dz;  k | ¢®«®¢®¥ ç¨á«®. �à¨ íâ®¬ ä«ãªâã æ¨®- ï ª®¬¯®¥â  ä §ë '1 ¢ëà ¦ ¥âáï ç¥à¥§ ¨â¥£à «¢¤®«ì âà ¥ªâ®à¨¨ ¥¢®§¬ãé¥®£® «ãç :'1 = '1 (x; y; l) = k lZ0 "1 (x; y; z)p"0 (z) dz: (3)

� áá¬®âà¨¬ ¤«ï ä«ãªâã æ¨®®© ª®¬¯®¥âë ä -§ë ãá«®¢¨¥ (2):h'1 (x; y; l)i= '1 (x; y; l)L!1 �� limL!1 1L LZ0 '1 (x; y; l)dx:�¡à â¨¬áï ª ª®¥ç®¬ã ¨â¥à¢ «ã (0; L) . � ç¥-¨¥ ®æ¥ª¨ ¤«ï ä«ãªâã æ¨®®© ª®¬¯®¥âë ä §ë¢¤®«ì ¯àï¬®© (®á¨ x)   ª®¥ç®¬ ¨â¥à¢ «¥ á ãç¥-â®¬ (3) ¨¬¥¥â ¢¨¤'1 (x; y; l)L = '1L � kL lZ0 dzp"0 (z) LZ0 "1 (x; y; z) dx:(4)�â  ®æ¥ª  ï¢«ï¥âáï á«ãç ©®© ¢¥«¨ç¨®©. �«ï ®¯à¥-¤¥«¥¨ï ¥á¬¥é¥®áâ¨ ¨ á®áâ®ïâ¥«ì®áâ¨ ®æ¥ª¨'1L ¢ëç¨á«¨¬ ¥¥ ¬ â¥¬ â¨ç¥áª®¥ ®¦¨¤ ¨¥ ¨ ¤¨á-¯¥àá¨î   íâ®¬ ª®¥ç®¬ ¨â¥à¢ «¥ (0; L) .�«ï ¬ â¥¬ â¨ç¥áª®£® ®¦¨¤ ¨ï ¯®«ãç¨¬h'1Li= 1L LZ0 h'1 (x; y; l)idx== 1L LZ0 dx 1Z�1 '1 (x; y; l)W1 ('1)d'1 ==h'1 (x; y; l)i 1L LZ0 dx= h'1 (x; y; l)i ;£¤¥ W1 (U) | ®¤®¬¥à ï ¯«®â®áâì ¢¥à®ïâ®á-â¨ ¯®«ï. �â®â à¥§ã«ìâ â ¤®ª §ë¢ ¥â ¥á¬¥é¥®áâì®æ¥ª¨ '1L .�«ï ¤¨á¯¥àá¨¨ ®æ¥ª¨ (4) ¯®«ãç ¥¬, ãç¨âë¢ ï, çâ®h'1Li= 0 ,�2 = 1L2 LZ0 LZ0 h'1 (x1; y; l)'1 (x2; y; l)idx1dx2 == 2k2L 1Z0 d� lZ0 lZ0 dz1dz2B (�; 0; z2� z1)p"0 (z1) "0 (z2) ; (5)£¤¥ B (�; 0; z2� z1) | ¯à®áâà áâ¢¥ ï  ¢â®ª®àà¥-«ïæ¨® ï äãªæ¨ï á«ãç ©®£® ¯®«ï ¤¨í«¥ªâà¨ç¥á-ª®© ¯à®¨æ ¥¬®áâ¨ "1 = "1 (x; y; z) . �â®â à¥§ã«ì-â â ¯®«ãç¥ ¯à¨ ¨á¯®«ì§®¢ ¨¨ § ¬¥ë ¯¥à¥¬¥ëå� = x2 � x1 , � = x1 ¨ ¤ «ì¥©è¥£® ¨â¥£à¨à®¢ ¨ï¯® � ,   â ª¦¥ ¯à¨¬¥¥¨ï ¯à¨ L!1 ä®à¬ã«ë [4]limL!1 LZ0 �1� xL�f (x)dx= 1Z0 f (x)dx:



50 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü 6�¤¥« ¥¬ ¢ (5) ¥é¥ ®¤ã § ¬¥ã ¯¥à¥¬¥ëå:z1 = �0� �=2 , z2 = �0+ �=2 , â®£¤ �2 = 2k2L 1Z0 d� lZ0 d� B (�; 0; �)�� l��=2Z�=2 d�0p"0(�0� �=2)"0(�0+ �=2) : (6)�à¥¤¯®«®¦¨¬, çâ® ¯«®áª®á«®¨áâ ï áà¥¤  ¨¬¥¥â«¨¥©ë© § ª® ¨§¬¥¥¨ï áà¥¤¥© ¤¨í«¥ªâà¨ç¥áª®©¯à®¨æ ¥¬®áâ¨:h" (r)i= "0 (z) = 1� z=l;£¤¥ l { ª®®à¤¨ â  ®âà ¦¥¨ï. � íâ®¬ á«ãç ¥ ¢ëà -¦¥¨¥ (6) ¨¬¥¥â ¢¨¤�2 = 2k2L 1Z0 d� lZ0 d� B (�; 0; �)�� l��=2Z�=2 d�0p(1� �0=l)2� (�0=2l)2 ;¯à¨ç¥¬ ¢ãâà¥¨© ¨â¥£à « (®¡®§ ç¨¬ ¥£® I ) ¯®á-«¥ § ¬¥ë ¯¥à¥¬¥®© u = 1 � �0=l0 (�0 = l � lu ,d�0 = �l du) ¬®¦¥â ¡ëâì ¢ëç¨á«¥ á ¯à¥¤¥« ¬¨ ¨-â¥£à¨à®¢ ¨ï u1 = 1� �=2l , u2 = �=2l :I = �l u2Zu1 dupu2� (�=2l)2 == l"ln 2l� � 1+ 2l� r1� �l!#< l ln 4l� :�ç¨âë¢ ï íâ®â à¥§ã«ìâ â, ¤«ï ¤¨á¯¥àá¨¨ ¯®«ãç¨¬�2 < 2k2lL 1Z0 d� lZ0 d� B (�; 0; �) ln 4l� :�á«¨ ¯à¥¤¯®«®¦¨âì, çâ® ¯à®áâà áâ¢¥ ï  ¢â®ª®à-à¥«ïæ¨® ï äãªæ¨ï á«ãç ©®£® ¯®«ï ¤¨í«¥ªâà¨-ç¥áª®© ¯à®¨æ ¥¬®áâ¨ ¨§®¬¥à  á £ ãáá®¢®© ä®à¬®©äãªæ¨¨  ¢â®ª®àà¥«ïæ¨¨B (�; �; �) = �2" exp���2 + �2+ �2a2 � ;â® ¯®á«¥ ¨â¥£à¨à®¢ ¨ï ¯® ¯¥à¥¬¥®© � ¯®«ãç¨¬¥à ¢¥áâ¢® ¤«ï ¤¨á¯¥àá¨¨:�2 < ak2�2" lp�L lZ0 d� exp ���2=a2� ln 4l� :

�®áª®«ìªã ®¡ëç® à ¤¨ãá ª®àà¥«ïæ¨¨ ä«ãªâã -æ¨© ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨ ¬®£® ¬¥ìè¥â®«é¨ë à áá¥¨¢ îé¥£® á«®ï, â® ¢¥àå¨© ¯à¥¤¥« ¢¯®á«¥¤¥¬ ¨â¥£à «¥ ¬®¦® ã¢¥«¨ç¨âì ¤® ¡¥áª®¥ç-®áâ¨. � à¥§ã«ìâ â¥ (¯®á«¥ ¢ëç¨á«¥¨ï ¨â¥£à «  [5])¤¨á¯¥àá¨ï ¨¬¥¥â ¢¨¤�2 < a2k2�2" l�L �ln 8la + C2 � ;£¤¥ C | ¯®áâ®ï ï �©«¥à .�§ ¯®«ãç¥®£® á®®â®è¥¨ï ïá®, çâ® ¯à¨ ãá«®-¢¨¨ L!1 limL!1 �2 = 0:�â® ¯®§¢®«ï¥â ãâ¢¥à¦¤ âì, çâ® ¥á¬¥é¥ ï ®æ¥ª ä«ãªâã æ¨®®© ª®¬¯®¥âë ä §ë ¢®«ë (4)  á¨¬¯-â®â¨ç¥áª¨ á®áâ®ïâ¥«ì .� ª¨¬ ®¡à §®¬, ãâ¢¥à¦¤¥¨¥ (2) á¯à ¢¥¤«¨¢®, â. ¥.¬ â¥¬ â¨ç¥áª®¥ ®¦¨¤ ¨¥ ä«ãªâã æ¨®®© ª®¬¯®-¥âë ä §ë ¢®«ë ¬®¦® ¯®«ãç âì ãáà¥¤¥¨¥¬¢¤®«ì ¯à®¨§¢®«ì®© £®à¨§®â «ì®© ¯àï¬®© «¨¨¨¢¬¥áâ® ãáà¥¤¥¨ï ¯® ®¡ê¥¬ã.�¥§ã«ìâ â íâ®© à ¡®âë ¬®¦® ¯à¨¬¥¨âì ¤«ï®¯à¥¤¥«¥¨ï ¯à®áâà áâ¢¥ëå áâ â¨áâ¨ç¥áª¨å å -à ªâ¥à¨áâ¨ª á«ãç ©ëå ¯®«¥© ¯ãâ¥¬ ¨á¯®«ì§®¢ ¨ï¢à¥¬¥ëå ¨§¬¥à¥¨©, çâ® ¨¬¥¥â ¯à ªâ¨ç¥áªãî ¢ ¦-®áâì. �«¥¤ã¥â § ¬¥â¨âì, çâ® ¢ áà¥¤ å â¨¯  ¨®®-áä¥àë ¨«¨ âà®¯®áä¥àë á«ãç ©ë¥ ¥®¤®à®¤®áâ¨,ª®â®àë¥ ®¯à¥¤¥«ïîâ á¢®©áâ¢  ¤¨í«¥ªâà¨ç¥áª®© ¯à®-¨æ ¥¬®áâ¨, ãç áâ¢ãîâ ¢ ®¡é¥¬ ¯à®áâà áâ¢¥®¬¤¢¨¦¥¨¨ | ¤à¥©ä¥ (¢¥âà¥). �â® ¥®¡å®¤¨¬® ãç¨âë-¢ âì ¯à¨   «¨§¥ ¢ à¨ æ¨© ¯ à ¬¥âà®¢ à áá¥ïëåà ¤¨®á¨£ «®¢ ¢ ¨®®áä¥à¥ ¨«¨ âà®¯®áä¥à¥.� áá¬®âà¨¬ á«ãç ©®-¥®¤®à®¤ãî ¤¢¨¦ãéãî-áï áà¥¤ã, ¢ ª®â®à®© ¢á«¥¤áâ¢¨¥ ¤à¥©ä  ¯à®áâà -áâ¢¥ë¥  à£ã¬¥âë ä«ãªâã æ¨®®© ª®¬¯®¥-âë ä §ë ¢®«ë (3) ¡ã¤ãâ äãªæ¨ï¬¨ ¢à¥¬¥¨:'1 = '1 (x (t) ; y (t) ; z (t)) . �®£¤  áª®à®áâì áà¥¤ë ¯®-áâ®ï  ¨ £®à¨§®â «ì , â. ¥. Vx = V = const ,Vy = 0 , Vz = 0 , ®â ¢à¥¬¥¨ ¡ã¤¥â § ¢¨á¥âì â®«ìª®®¤  ª®®à¤¨ â : x (t) = x0 + V t . �¢¥ ¤àã£¨¥ ®â¢à¥¬¥¨ ¥ § ¢¨áïâ: y (t) = y0 , z (t) = z0 . �®£¤  ä«ãª-âã æ¨® ï ª®¬¯®¥â  ä §ë ¢®«ë (3)   ¢ëå®¤¥ ¨§¯«®áª®á«®¨áâ®© áà¥¤ë à ¢ '1 (x0 + V t; y0; 0) = k lZ0 "1 (x0 + V t; y0; z0)p"0 (z0) dz0:� áá¬®âà¨¬ ¢à¥¬¥®¥ áà¥¤¥¥ ä«ãªâã æ¨®®©ª®¬¯®¥âë ä §ë ¢®«ë:�����������������'1 (x0 + V t; y0; 0) = limT!1 1T TZ0 '1 (x0 + V t; y0; 0) dt== k lZ0 dz0p"0 (z0) 24 limT!1 1T TZ0 "1 (x0 + V t; y0; z0) dt35 :



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2000. ü6 51�ç¥¢¨¤®, çâ® ¢ ª¢ ¤à âëå áª®¡ª å áâ®¨â ¢à¥¬¥-®¥ áà¥¤¥¥ ä«ãªâã æ¨®®© ª®¬¯®¥âë ��"1 . �¥« ï§ ¬¥ã ¯¥à¥¬¥®© ¨â¥£à¨à®¢ ¨ï x0 + V t = x0 ,¯®«ãç¨¬, ãç¨âë¢ ï, çâ® L= V T ,��"1 = limL!1 1L x0+LZx0 "1 �x0; y0; z0� dx0 = "1;������������������'1 (x0+ V t; y0; 0) = limL!1 kL lZ0 dz0p"0 (z0)�� x0+LZx0 "1 �x0; y0; z0� dx0 = '1:�ëà ¦¥¨ï, áâ®ïé¨¥ á¯à ¢  ¢ íâ¨å à ¢¥áâ¢ å, ¯à¥¤-áâ ¢«ïîâ á®¡®© áà¥¤¨¥ § ç¥¨ï ä«ãªâã æ¨®ëåª®¬¯®¥â ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨ ¨ ä §ë¢®«ë, ª®â®àë¥ ¢ëç¨á«¥ë ¯ãâ¥¬ ãáà¥¤¥¨ï ¢¤®«ì¯àï¬®© «¨¨¨ (®á¨ x0 ),  ¯à ¢«¥®© ¯® ¢¥ªâ®àãáª®à®áâ¨. �¥¬ á ¬ë¬, ®¯¨à ïáì   ¤®ª § ®¥ ¢ë-è¥, ¬®¦® ãâ¢¥à¦¤ âì, çâ® ¯à¨ ¢ë¯®«¥¨¨ ãá«®¢¨ï¯à®áâà áâ¢¥®© íà£®¤¨ç®áâ¨ (2)  ©¤¥ë ¯à®-áâà áâ¢¥ë¥ áâ â¨áâ¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨.�«¥¤®¢ â¥«ì®, ¢ á«ãç ©®-¥®¤®à®¤ëå áà¥¤ å,¤¢¨¦ãé¨åáï á ¯®áâ®ï®© áª®à®áâìî, ¯à®áâà áâ-

¢¥ë¥ áâ â¨áâ¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ª ª ¤¨í«¥ª-âà¨ç¥áª®© ¯à®¨æ ¥¬®áâ¨, â ª ¨ ä §ë ¢®«ë ¬®£ãâ¡ëâì ®¯à¥¤¥«¥ë ¯ãâ¥¬ ¨§¬¥à¥¨ï ¢à¥¬¥ëå áà¥¤-¨å. �®¤ç¥àª¥¬ §¤¥áì, çâ® â ª®© á¯®á®¡  å®¦¤¥-¨ï ¯à®áâà áâ¢¥ëå á¢®©áâ¢ ¢®§¬®¦¥ â®«ìª® ¤«ï¤¢¨¦ãé¨åáï áà¥¤.�¥§ã«ìâ âë à ¡®âë ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ë ¯à¨®¡à ¡®âª¥  âãàëå ¤ ëå, ¯®«ãç¥ëå ¯à¨ à á-¯à®áâà ¥¨¨ ¢®« à §®© ¯à¨à®¤ë (¨ ç áâ®âë) ¢à §«¨çëå á«®ïå  â¬®áä¥àë,   â ª¦¥ ¢ ®ª¥ ¥.� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ ���� (£à â98-02-16834).�¨â¥à âãà 1. �ëâ®¢ �. �., �à ¢æ®¢ �.�., � â àáª¨© �.�. �¢¥¤¥¨¥ ¢áâ â¨áâ¨ç¥áªãî à ¤¨®ä¨§¨ªã. �. II. �«ãç ©ë¥ ¯®«ï. �.:� ãª , 1978.2. �íâç¥«®à �¦. �¥®à¨ï ®¤®à®¤®© âãà¡ã«¥â®áâ¨. �.:��, 1955.3. �®«®£¤¨ �.�., �ãá¥¢ �.�. // �¥áâ. �®áª. ã-â . �¨§.�áâà®. 2000. ü1. �. 46.4. �¨âç¬ àè �. �¢¥¤¥¨¥ ¢ â¥®à¨î ¨â¥£à «®¢ �ãàì¥. �.;�.: �®áâ¥å¨§¤ â, 1948.5. �à ¤èâ¥© �.�., �ë¦¨ª �.�. � ¡«¨æë ¨â¥£à «®¢,áã¬¬, àï¤®¢ ¨ ¯à®¨§¢¥¤¥¨©. �.: � ãª , 1971.�®áâã¯¨«  ¢ p¥¤ ªæ¨î21.01.00��� 551.465.552 ����������� ����������� ������� C ����������������, ��������� ��������� ������. �. � ¬®«î¡®¢, �. �. � ¬ à èª¨, �. �. �¨« ¥¢, �. �. �«ã¥¢(ª ä¥¤à  ä¨§¨ª¨ ¬®àï ¨ ¢®¤ áãè¨)�  ®á®¢ ¨¨   «¨§  à¥§ã«ìâ â®¢  âãàëå ¨§¬¥à¥¨© ¢ëï¢«¥  í¢®«îæ¨ï ¯à¨¤®®£® ¯«®â®áâ-®£® â¥ç¥¨ï ¯à¨ ãá¨«¥¨¨ ¢¥âà . �§¬¥à¥ë¥ à á¯à¥¤¥«¥¨ï áª®à®áâ¨ á®¯®áâ ¢«¥ë á à áç¥âë¬¨.�áâ ®¢«¥®, çâ® ¯®¤ ¢®§¤¥©áâ¢¨¥¬ ¢ãâà¥¥© ¢®«ë ¯à®¨áå®¤¨â ¯¥à¥¤ ç  ¨¬¯ã«ìá  ®â ¤à¥©ä®¢®£®¯®â®ª  ª ¯à¨¤®®¬ã, ¯®«ãç¥ë ¯®«ãí¬¯¨à¨ç¥áª¨¥ ¢ëà ¦¥¨ï ¤«ï å à ªâ¥à¨áâ¨ª íâ®£® ¯à®æ¥áá  áãç¥â®¬ ¢«¨ï¨ï £à ¤¨¥â  ¤ ¢«¥¨ï ¨ ¯«®â®áâ®© áâà â¨ä¨ª æ¨¨   â¥ç¥¨¥.�¢¥¤¥¨¥�â¥á¨¢®¥ ¨§ãç¥¨¥ ¯à¨¤®ëå ¯«®â®áâëå¯®â®ª®¢ ®¡ãá«®¢«¥® ¢ ¦®áâìî ¨å ãç¥â  ¯à¨ ¯à®-£®§¨à®¢ ¨¨ à á¯à®áâà ¥¨ï ¯à¨¬¥á¥© ¢ ¯à¨à®¤-ëå ¢®¤®¥¬ å ¨ ¯à¨ ¨á¯®«ì§®¢ ¨¨ í¥à£¥â¨ç¥áª¨å¨ áëàì¥¢ëå à¥áãàá®¢ ¬®à¥©, ®§¥à ¨ ¢®¤®åà ¨«¨é.�¥á¬®âàï    ªâ¨¢ë¥ ¨áá«¥¤®¢ ¨ï íâ¨å ¯®â®ª®¢,¤ ë¥ ® ¯«®â®áâëå â¥ç¥¨ïå ¢ ¢ëá®ª®¯à®â®çëå¡ áá¥© å ¢áâà¥ç îâáï ¢ ¯ã¡«¨ª æ¨ïå ªà ©¥ à¥¤ª®[1{4]. �¡ëç® ¯à¥¤¯®« £ ¥âáï, çâ® ¯«®â®áâë¥ â¥-ç¥¨ï ¢ â ª¨å ¡ áá¥© å ®âáãâáâ¢ãîâ ¨§-§  á¨«ì®£®¯¥à¥¬¥è¨¢ ¨ï, ¢¥¤ãé¥£® ª ¤¥áâà â¨ä¨ª æ¨¨ ¢®¤.�¬¥áâ¥ á â¥¬ ¨áá«¥¤®¢ ¨ï, ¯à®¢¥¤¥ë¥ íªá¯¥¤¨æ¨-ï¬¨ ��� «¥â®¬ 1998 ¨ 1999 ££. ¢ ¢ëá®ª®¯à®â®ç-®¬ �¢ ìª®¢áª®¬ ¢®¤®åà ¨«¨é¥, á¢¨¤¥â¥«ìáâ¢ãîâ® áãé¥áâ¢®¢ ¨¨ ¢ ¥¬ ¯à¨¤®®£® áâà â¨ä¨æ¨à®-
¢ ®£® ¯®â®ª . �¥§ã«ìâ âë ¨áá«¥¤®¢ ¨© í¢®«îæ¨¨®¡ àã¦¥®£® â¥ç¥¨ï ¢® ¢à¥¬¥¨ ¨ ¯® £«ã¡¨¥¯à¨¢¥¤¥ë ¢  áâ®ïé¥© áâ âì¥.1. �¡ê¥ªâ ¨ ¬¥â®¤¨ª  ¨áá«¥¤®¢ ¨©�¢ ìª®¢áª®¥ ¢®¤®åà ¨«¨é¥ à á¯®«®¦¥®  à ¢¨¥, ¯à®à¥§ ®© ¤®«¨®© à. �®«£¨. �«¨  ¢®-¤®åà ¨«¨é  á®áâ ¢«ï¥â 120 ª¬, £«ã¡¨  ¤® 20 ¬,¬ ªá¨¬ «ì ï è¨à¨  4 ª¬. �à¥¤¨© ãª«® ¤ is � 10�4 ,   ¢ ®â¤¥«ìëå ¬¥áâ å   ãç áâª å ¯à®âï-¦¥®áâìî 1�2 ª¬ ¬®¦¥â ¤®áâ¨£ âì 2�10�3 . �à¥¤¥¥§ ç¥¨¥ ª®íää¨æ¨¥â  ¢®¤®®¡¬¥  8,3 £®¤�1 [2, 5].�¡áã¦¤ ¥¬ë¥ ¢ áâ âì¥ à¥§ã«ìâ âë ¯®«ãç¥ë ¯à¨ ¢ë-¯®«¥¨¨ 5-ç á®¢®© á¥à¨¨ ¯®á«¥¤®¢ â¥«ìëå §®¤¨-à®¢ ¨© ¢ ¢¥àå¥© ç áâ¨ ¢®¤®åà ¨«¨é    áâ æ¨¨�®è  (¢®«¦áª¨© ä à¢ â¥à). �¤®¢à¥¬¥® à¥£¨áâ-à¨à®¢ «¨áì ¯à®ä¨«¨ áª®à®áâ¨ ¯®â®ª  U (z) , â¥¬¯¥-


