
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò5 45��� 551.465 � ������ ��������� ���� ��������� ������� � �������.�. �àá¥ì¥¢, �.�. �¨ª®« ¥¢áª¨©, �.�. �¥«ª®¢¨ª®¢(ª ä¥¤à  ä¨§¨ª¨ ¬®àï ¨ ¢®¤ áãè¨)�  ®á®¢¥ â¥®à¨¨ ¢¨åà¥¢®© âãà¡ã«¥â®áâ¨ ¯®ª § ®, çâ® â®ª ï áâàãªâãà  ¯®«ï áª®à®áâ¥©â¥ç¥¨© ¢ ®ª¥ ¥ ®¡ãá«®¢«¥   «¨ç¨¥¬ ¢ ¯®â®ª¥ ¢à é îé¨åáï ¢¨åà¥© ¨ ¨å ¢§ ¨¬®¤¥©áâ¢¨¥¬á âãà¡ã«¥âë¬¨  ¯àï¦¥¨ï¬¨.�¢«¥¨¥ â®ª®© áâàãªâãàë ä¨§¨ç¥áª¨å ¯®«¥© ¢®ª¥ ¥ ¨  â¬®áä¥à¥  ¡«î¤ ¥âáï ª ª à §¤¥«¥¨¥¢¥àâ¨ª «ì®© â®«é¨   â®ª¨¥ á«®¨ £«ã¡¨®© ®â¥áª®«ìª¨å ¤¥áïâª®¢ ¬¥âà®¢ ¤® ¥áª®«ìª¨å á â¨-¬¥âà®¢ ¢ ®ª¥ ¥ [1{5],   ¢  â¬®áä¥à¥,  ¯à¨¬¥à,�¥¥àë ¤® ¥áª®«ìª¨å ¤¥áïâª®¢ ª¨«®¬¥âà®¢ [6].�§ áãé¥áâ¢ãîé¨å â¥®à¨© ¬®¦® ¢ë¤¥«¨âì à ¡®âë[1, 3, 5] ¯® £¥¥à æ¨¨ â®ª®© áâàãªâãàë ¥«¨¥©ë-¬¨ ¢ãâà¥¨¬¨ ¢®« ¬¨ ¡¥§ ãç¥â  âãà¡ã«¥â®áâ¨.� áç¥âë, ¯à®¢¥¤¥ë¥ ¢ à ¡®â å [3, 5], ¯®ª §ë¢ îâ,çâ® ®¡à §ãîé ïáï ¢ ¯®«¥ ¥«¨¥©ëå ¢ãâà¥¨å¢®« â®ª ï áâàãªâãà  áª®à®áâ¥© â¥ç¥¨© ¢ëà ¦¥ á« ¡®:  ¬¯«¨âã¤ë ª®«¥¡ ¨© áª®à®áâ¥© â¥ç¥¨© ¥¯à¥¢ëè îâ 0.5 á¬/á (à¨á. 40, 42 ¢ [5]),   £à ¤¨¥âëáª®à®áâ¨ ¨¬¥îâ ¯®àï¤®ª 10�4{10�3 �æ (â ¡«. 3  á. 225 ¢ [5]). � ª ç¥áâ¢¥ ¯à¨¬¥à    à¨á. 1 ¯®ª §  â®ª ï áâàãªâãà  ¬®¤ã«ï áª®à®áâ¨ â¥ç¥¨©, ¨§¬¥à¥- ï  ¢â®à ¬¨ [2]  ªãáâ¨ç¥áª¨¬ §®¤®¬ <�à®áá¡¨¬> ¢

íª¢ â®à¨ «ì®© §®¥ �¤¨©áª®£® ®ª¥  . �  ãç áâ-ª å á ¯®áâ®ïë¬  ¯à ¢«¥¨¥¬ â¥ç¥¨ï ª®«¥¡ ¨ïáª®à®áâ¨ á®áâ ¢«ïîâ 1{5 á¬/c,   ¯à¨ ¨§¬¥¥¨¨ ¯à ¢«¥¨ï â¥ç¥¨ï ª®«¥¡ ¨ï ¬®£ãâ ¤®å®¤¨âì ¤®25 á¬/á. �ëç¨á«¥ë¥ ¯®  ¡«î¤ ¥¬ë¬ ¯à®ä¨«ï¬â¥ç¥¨© ¢¥àâ¨ª «ìë¥ £à ¤¨¥âë áª®à®áâ¨ ¤®áâ¨-£ îâ 0.04 �æ, çâ®   1{2 ¯®àï¤ª  ¡®«ìè¥, ç¥¬¯à¥¤áª §ë¢ ¥¬ë¥ â¥®à¨¥© ¥«¨¥©ëå ¢ãâà¥¨å¢®« [1, 3, 5]. �â  â¥®à¨ï ¢ ¯à¨æ¨¯¥ ¥ ¬®¦¥â®¡êïá¨âì áãé¥áâ¢®¢ ¨¥ ¡®«ìè¨å £à ¤¨¥â®¢ áª®-à®áâ¥© â¥ç¥¨©, â ª ª ª ¯à¨ ¨å  «¨ç¨¨ ¢ãâà¥¨¥¢®«ë áâ ®¢ïâáï ¥ãáâ®©ç¨¢ë¬¨ ¨ à §àãè îâáï á®¡à §®¢ ¨¥¬ âãà¡ã«¥â®áâ¨. �®  ¡«î¤¥¨ï¬ [4], ¯à¨¬¥à, ¢ãâà¨ áâàãªâãàëå á«®¥¢ ç¥âª® ¯à®ï¢«ï-îâáï âãà¡ã«¥âë¥ ¢¨åà¨ á £®à¨§®â «ìë¬¨ ®áï¬¨¢à é¥¨ï.� ª¨¬ ®¡à §®¬, ¬ë ¯à¨å®¤¨¬ ª ¥®¡å®¤¨¬®áâ¨¯®áâà®¥¨ï â¥®à¨¨ ®¡à §®¢ ¨ï â®ª®© áâàãªâãàë
���������	
�������������������¨á. 1. �§¬¥à¥¨ï ¬®¤ã«ï áª®à®áâ¨ ¨  ¯à ¢«¥¨ï â¥ç¥¨© §®¤®¬ <�à®áá¡¨¬> ¯à¨ á¯ãáª¥ ¨ ¯®¤ê¥¬¥ [2]



46 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò5¢¨åàï¬¨, ¢á¥£¤  ¨¬¥îé¨¬¨áï ¢ âãà¡ã«¥â®¬ ¯®â®ª¥(¢ ®â«¨ç¨¥ ®â « ¬¨ à®£® â¥ç¥¨ï). �  áâ®ïé¥¥¢à¥¬ï á®§¤   â¥®à¨ï âãà¡ã«¥â®áâ¨, ¢ª«îç îé ï¢ á¥¡ï, ¯®¬¨¬® ®á®¢ëå ãà ¢¥¨© á®åà ¥¨ï¨¬¯ã«ìá  ¨ ¬ ááë, ¤®¯®«¨â¥«ìë¥ ãà ¢¥¨ï ¤«ï¬®¬¥â  ¨¬¯ã«ìá  ¨ í¢®«îæ¨¨ ¬®¬¥â  ¨¥àæ¨¨¢à é îé¨åáï ¢¨åà¥©, ¯®«ãç îé¨å í¥à£¨î ®â áà¥¤-¥£® ¤¢¨¦¥¨ï ¨ ¢§ ¨¬®¤¥©áâ¢ãîé¨å á ¨¬ [7{12].�«ï áâ æ¨® àëå ¤à¥©ä®¢ëå ¨ £à ¤¨¥âëå â¥ç¥-¨©, â¨¯¨çëå ¤«ï ®ª¥   ¨  â¬®áä¥àë, ãà ¢¥¨ïâ¥®à¨¨ ¢¨åà¥¢®© âãà¡ã«¥â®áâ¨ [7{12] ¬®¦® § ¯¨-á âì ¢ ¢¨¤¥ ddz �Adudz + 2N!y�= g; (1)ddz �2�d!xdz �+ ddz ��!xdJdz �= 4N!x; (2)ddz �2�J ddz (
y +!y) + �(
y +!y)dJdz �= 4N!y; (3)ddz �2�J d!zdz �+ ddz ��!z dJdz �= 4N!z; (4)ddz �� dJdz �= 0: (5)�¤¥áì ¢¢¥¤¥ë ®¡®§ ç¥¨ï: A | áã¬¬ àë© ª®-íää¨æ¨¥â á¤¢¨£®¢®© âãà¡ã«¥â®© ¨ ¬®«¥ªã«ïà®©¢ï§ª®áâ¥©; N | ª®íää¨æ¨¥â ¢à é â¥«ì®© ¢ï§ª®á-â¨, ¯®ï¢«ïîé¨©áï ¢ âãà¡ã«¥â®¬ ¯®â®ª¥; � | ª®íä-ä¨æ¨¥â ¬®¬¥â®© ¢ï§ª®áâ¨, á¢ï§ë¢ îé¨© £à ¤¨-¥â ¯®«®© § ¢¨åà¥®áâ¨ �i =
i+!i (
i | § ¢¨å-à¥®áâì áà¥¤¥£® â¥ç¥¨ï, !i | á¯¨®¢ ï ã£«®¢ ïáª®à®áâì ¢à é¥¨ï ¢¨åà¥©, i = x; y; z | ª®®à¤¨- âë© ¨¤¥ªá) c ¬®¬¥âë¬¨  ¯àï¦¥¨ï¬¨ Mij ;� | ª®íää¨æ¨¥â ¨¥àæ¨®®© ¢ï§ª®áâ¨, á¢ï§ë¢ -îé¨© £à ¤¨¥â ¬®¬¥â  ¨¥àæ¨¨ J á ¬®¬¥âë¬¨ ¯àï¦¥¨ï¬¨ Mij ; g | ãáª®à¥¨¥ á¨«ë âï¦¥áâ¨; = @�=@x | ãª«® ¯®¢¥àå®áâ¨ ¢®¤ë, ¢®§¨ª îé¨©¢ £à ¤¨¥âëå â¥ç¥¨ïå, ª®â®àë© ¬®¦® ¢ëç¨á«¨âì,§ ï,  ¯à¨¬¥à, ¯®«ë© à áå®¤ ¢®¤ë ¢ ¤ ®¬ â¥ç¥-¨¨ [7]. �¥àâ¨ª «ì ï ª®®à¤¨ â  z ®âáç¨âë¢ ¥âáï¢¨§ ®â ¥¢®§¬ãé¥®© ¯®¢¥àå®áâ¨ ®ª¥   z = 0 ,¡ãª¢®© � ®¡®§ ç¥® ¢®§¬ãé¥¨¥ íâ®© ¯®¢¥àå®áâ¨,®áì x  ¯à ¢«¥  ¢¤®«ì ®á®¢®£® â¥ç¥¨ï, ¨¬¥îé¥-£® áª®à®áâì u . �áì y  ¯à ¢«¥  ¯¥à¯¥¤¨ªã«ïà®®á¨ x , ¢¯à ¢®. �ãª¢®© J ®¡®§ ç¥ ®â¥á¥ë©ª ¬ áá¥ ¬®¬¥â ¨¥àæ¨¨ ¢¨åàï, § ¢¨áïé¨© ®â ¥£®ä®à¬ë ¨ à §¬¥à®¢. � áá¬ âà¨¢ îâáï ¥ § ¢¨áïé¨¥®â ¢à¥¬¥¨ â¥ç¥¨ï ¢ ®ª¥ ¥. �®íää¨æ¨¥âë A; N; �¨ � ï¢«ïîâáï ¯®áâ®ïë¬¨ ¢® ¢à¥¬¥¨ ¨ ¯à®áâà -áâ¢¥. � ¤ «ì¥©è¥¬ ¡ã¤¥¬ áç¨â âì, çâ® N > A ,¯®« £ ï, çâ® ¤®¬¨¨àã¥â ¢¨åà¥¢ ï âãà¡ã«¥â®áâì,  á¤¢¨£®¢ë¥ íää¥ªâë ï¢«ïîâáï ¡®«¥¥ á« ¡ë¬¨.� ®¡à â®¬ á«ãç ¥, ¯à¨ A >N , à¥è¥¨ï ãà ¢¥¨©(1){(5) ®áïâ £« ¤ª¨© å à ªâ¥à, ¡¥§ ®áæ¨««ïæ¨©.�â®â á«ãç © ¨§ãç «áï  ¬¨ à ¥¥ ¢ à ¡®â å [7, 8], £¤¥¡ë«® ¯®ª § ®, çâ® â¥®à¥â¨ç¥áª¨¥ ¯à®ä¨«¨ â¥ç¥¨©å®à®è® á®®â¢¥âáâ¢ãîâ  ¡«î¤¥¨ï¬,  ¯à¨¬¥à, § 

®áà¥¤¥ë¬¨ â¥ç¥¨ï¬¨ �à®¬¢¥««  ¨ �®¬®®á®¢ ¢ íª¢ â®à¨ «ì®© §®¥ ®ª¥  .�à ¢¥¨¥ (5) «¥£ª® ¨â¥£à¨àã¥âáï:J = J0 + (JH � J0)z=H: (6)�¤¥áì H | ¯®« ï £«ã¡¨  ¯®â®ª . �®áª®«ìªã¢¥«¨ç¨  J ¯à®¯®àæ¨® «ì  r2 , £¤¥ r | à §¬¥à¢¨åà¥©, ¨§ à¥è¥¨ï (6) ¢¨¤®, çâ® ¬®¬¥â ¨¥àæ¨¨J «¨¥©® § ¢¨á¨â ®â £«ã¡¨ë z;   à §¬¥àë ¢¨åà¥©¯à®¯®àæ¨® «ìë z1=2: �¤ ª® ¨¬¥îâáï « ¡®à â®à-ë¥  ¡«î¤¥¨ï [7, 8], ª®â®àë¥ ¯®ª §ë¢ îâ, çâ®¨§-§  á®¡áâ¢¥®£® ¢à é¥¨ï á® áª®à®áâìî !y ¢¨åà¨®ª §ë¢ îâáï ãáâ®©ç¨¢ë¬¨ ¨ ¨å à §¬¥à á £«ã¡¨-®© ¥ ¬¥ï¥âáï. �â® ®§ ç ¥â, çâ® ¬®¦® áç¨â âìJ0 = JH = J = const ¨ § ¯¨á âì à¥è¥¨¥ ãà ¢¥¨©(2), (4) ¢ ¢¨¤¥!x = !Hx � sh(�z)sh(�H)�+!0y �sh[�(H � z)]sh(�H) � ; (7)!z = !Hz � sh(�z)sh(�H)�+!0z � sh[�(H � z)]sh(�H) � : (8)�¤¥áì � = (2N=J�)1=2 | ª®íää¨æ¨¥â ¨§¬¥¥¨ïáª®à®áâ¨ ¢à é¥¨ï ¢¨åà¥© á £«ã¡¨®©, !0i ¨ !Hi |§ ç¥¨ï á¯¨®¢®© áª®à®áâ¨ ¢à é¥¨ï ¢¨åà¥© ã¯®¢¥àå®áâ¨ ¢®¤ë ¨ ã ¤ .�áâ îé¨¥áï ¤¢  ãà ¢¥¨ï (1) ¨ (3) ¬®¦® á¢¥áâ¨ª ®¤®¬ã, ¨â¥£à¨àãï ãà ¢¥¨¥ (1) ®â ¯®¢¥àå®áâ¨®ª¥   z = 0 ¤® â¥ªãé¥£® ãà®¢ï z :!y = 12N �T 0 �Adudz � gz� (9)á ãç¥â®¬ £à ¨ç®£® ãá«®¢¨ï   ¯®¢¥àå®áâ¨ ®ª¥  z = 0 : T 0 =�Adudz � 2N!0y : (10)�¤¥áì T 0 - ®â¥á¥®¥ ª ¯«®â®áâ¨ ¢®¤ë â £¥-æ¨ «ì®¥  ¯àï¦¥¨¥ ¢¥âà    ¯®¢¥àå®áâ¨ ®ª¥-  , á¢ï§ ®¥ á® áª®à®áâìî ¢¥âà  W   ¢ëá®-â¥ ä«î£¥à  ¨§¢¥áâ®© ä®à¬ã«®©: T 0 = �W 2 , £¤¥� = 2 � 10�6 = const . �®¤áâ ¢«ïï ãà ¢¥¨¥ (9) ¢ãà ¢¥¨¥ (3), ¯®«ãç¨¬J��1� AN� d3udz3 +2Adudz +2gz +2T 0 = 0: (11)�à ¢¥¨¥ ¤«ï áª®à®áâ¨ â¥ç¥¨ï (11) á®¤¥à¦¨â âà¥-âìî ¯à®¨§¢®¤ãî, ¯®íâ®¬ã ¯®¬¨¬® ãá«®¢¨ï (10) ¬ë¤®«¦ë § ¤ âì ¥é¥ ¤¢  ãá«®¢¨ï:u= U ¯à¨ z = 0; (12)u= 0 ¯à¨ z =H; (13)£¤¥ U | ¨§¢¥áâ ï ¨§  ¡«î¤¥¨© áª®à®áâì â¥ç¥¨ï  ¯®¢¥àå®áâ¨ ®ª¥  .� áá¬®âà¨¬ ç¨áâ® ¤à¥©ä®¢®¥ â¥ç¥¨¥, áç¨â ï¢ (11)  = 0 . �¡®§ ç ï ¢á¥ ¢¥«¨ç¨ë, ®â®áïé¨¥áï ª¤à¥©ä®¢®¬ã â¥ç¥¨î, ¨¤¥ªá®¬ 1, ¨§ ãà ¢¥¨ï (11)¯®«ãç¨¬ d3u1dz3 + �21 du1dz + �1 = 0; (14)
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�������������������� !"#$%&'()*+,-./01234567�¨á. 2. � áç¥âë ¢¥àâ¨ª «ìëå ¯à®ä¨«¥©: ( ) ¤à¥©ä®¢®£® â¥ç¥¨ï u1 ; (¡) £à ¤¨¥â®£® â¥ç¥¨ï u2 , á¢ï§ ®£®á ªàã¯®¬ áèâ ¡®© æ¨àªã«ïæ¨¥© ®ª¥  ; (¢) ¯à¨«¨¢®£® â¥ç¥¨ï u3 (á¬. ¨¦¥)£¤¥ ¢¢¥¤¥ë ®¡®§ ç¥¨ï�1 =s 2A1J1�1[1� (A1=N1)] ;�1 = 2T 0J1�1[1� (A1=N1)] : (15)�¥è ï ãà ¢¥¨¥ (14) á £à ¨çë¬¨ ãá«®¢¨ï¬¨(11){(13), ¯®«ãç¨¬u1 = T 0A1 � 2N1!0yA1 ! sin�1z�1 �� (f1 ��1U)(1� cos�1H) cos�1z�1 � �1z�21 + (f1 � �1U1 cos�1H)�1(1� cos�1H) ;(16)£¤¥ f1 = �1H�1 � T0A1 � 2N1!0yA1 ! sin(�1H): (17)� «®£¨ç® ¬ë ¬®¦¥¬  ©â¨ à¥è¥¨¥ ¨ ¤«ï ç¨áâ®£à ¤¨¥â®£® â¥ç¥¨ï, áç¨â ï, çâ® ¢¥â¥à ®âáãâáâ¢ã¥â(T 0 = 0; !0y = 0; �1 = 0), ® ¨¬¥îâáï ãª«®ë

¯®¢¥àå®áâ¨ ®ª¥    6= 0: �¡®§ ç ï ¢á¥ ¢¥«¨ç¨ë,®â¥á¥ë¥ ª £à ¤¨¥â®¬ã â¥ç¥¨î ¨¤¥ªá®¬ 2, ¨§ãà ¢¥¨ï (10)  ©¤¥¬d3u2dz3 +�22 du2dz + �2z = 0; (18)£¤¥ �2 =s 2A2�2J2[1� (A2=N2)] ;�2 = 2g2J2�2[1� (A2=N2)] : (19)�¥è ï ãà ¢¥¨¥ (18) á £à ¨çë¬¨ ãá«®¢¨ï¬¨(11){(13) ¯à¨ T 0 = 0; !0y = 0 , ¯®«ãç¨¬u2 =� �2U2 � f21� cos�2H� cos(�2z)�2 �� �2z22�22 + f2 � �2U2 cos�2H�2(1� cos�2H) : (20)£¤¥ f2 = �2H2=(2�2): �ª«®ë ¯®¢¥àå®áâ¨ ®ª¥   ¬®£ãâ ¡ëâì á¢ï§ ë ¥ â®«ìª® á ªàã¯®¬ áèâ ¡-ë¬¨ â¥ç¥¨ï¬¨ 2; ® ¨ á ¯à¨«¨¢®®¡à §ãîé¨¬¨
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���������������������¨á. 2, ¢á¨« ¬¨ 3: � á«ãç ¥ ¯à¨«¨¢®¢ ¢®§¨ª ¥â ¥é¥ ®¤®£à ¤¨¥â®¥ â¥ç¥¨¥, ª®â®à®¥ ¬®¦® ®¯¨á âì á ¯®-¬®éìî ä®à¬ã« (19), (20), § ¬¥ïï § ç¥¨ï 2; A2;N2; U2; �2   § ç¥¨ï 3; A3; N3; U3; �3; â¨¯¨çë¥¤«ï ¯à¨«¨¢®£® â¥ç¥¨ï u3 ¯à¨ ®âáãâáâ¢¨¨ ¤àã£¨åä ªâ®à®¢.� ª ç¥áâ¢¥ ¯à¨¬¥à    à¨á. 2,  ¯®ª § ë à¥-§ã«ìâ âë ¢ëç¨á«¥¨© ¤«ï ¤à¥©ä®¢®£® â¥ç¥¨ï u1¯® ä®à¬ã« ¬ (15){(17). �¨¤®, çâ®   ¥£® ¯à®ä¨«¥¢®§¨ª«¨ á£« ¦¥ë¥ áâã¯¥ìª¨ ¢ëá®â®© ®ª®«® 20 ¬¨  ¬¯«¨âã¤®© ®áæ¨««ïæ¨© áª®à®áâ¨ ¯à¨¡«¨§¨â¥«ì®5 á¬/á. �à¨ à áç¥â å ¡ë«¨ ¯à¨ïâë á«¥¤ãîé¨¥§ ç¥¨ï ¯ à ¬¥âà®¢: H = 220 ¬, T 0 =�0:1 á¬2 /á,A1 = 100 á¬2 /á, N1 = 200 á¬2 /á, !0y = 10�3 �æ,U1 = �20 á¬/á, �1 = 0:1 á¬2 /á. �âã¯¥ìª¨ ¯®-à®¦¤ îâáï ¢ëâïãâë¬¨ æ¨«¨¤à¨ç¥áª¨¬¨ ¢¨åàï¬¨¤«¨®© L1 = 880 ¬ ¨ à ¤¨ãá®¬ ®á®¢ ¨ï r1 = 4 ¬,¤«ï ª®â®àëå ®â¥á¥ë© ª ¬ áá¥ ¬®¬¥â ¨¥àæ¨¨J1 = (L21 + 3r21)=12: � áç¥âë ®áæ¨««ïæ¨© ¬®¤ã«ïá¤¢¨£  jG1j= du1=dz ¯® ä®à¬ã«¥ (16) ¤«ï íâ®£® ¯à®-ä¨«ï ¤ «¨ ¤¨ ¯ §®  ¬¯«¨âã¤ ®â 0:0014 ¤® 0:1 �æ.�  à¨á. 2, ¡ ¯®ª § ë à¥§ã«ìâ âë à áç¥â®¢ ¯à®ä¨-

«ï ªàã¯®¬ áèâ ¡®£® £à ¤¨¥â®£® â¥ç¥¨ï u2 ¯®ä®à¬ã« ¬ (19), (20) ¯à¨ H = 220 ¬, U2 = 27:21 á¬/c,2 = 1:1 � 10�9 , A = 9 á¬2/á, N = 100 á¬2 /á,� = 10 c¬2 /á. �¡à §®¢ ¢è ïáï â®ª ï áâàãªâãà áª®à®áâ¨ ¨¬¥¥â à §¬¥àë ¯® ¢¥àâ¨ª «¨ ®ª®«® 3 ¬¨  ¬¯«¨âã¤ã ª®«¥¡ ¨© 3 á¬/á. �®à®¦¤ îé¨¥ ¥¥¢¨åà¨ ¨¬¥îâ ä®à¬ã £®à¨§®â «ìëå æ¨«¨¤à®¢ áà ¤¨ãá®¬ ®á®¢ ¨ï r2 = 1 ¬ ¨ ¤«¨ã L2 = 1:73 ¬.� áç¥âë ¬®¤ã«ï á¤¢¨£  áª®à®áâ¨ jG2j = du2=dz ¯®ä®à¬ã«¥ (20) ¤ «¨ ¤¨ ¯ §® ç áâ®â ®â 3:3 � 10�4 ¤®0:034 �æ. �  à¨á. 2, ¢ ¯®ª § ë à¥§ã«ìâ âë à áç¥â®¢¯à®ä¨«ï ¯à¨«¨¢®£® â¥ç¥¨ï u3 ¯® ä®à¬ã« ¬ (19),(20) ¯à¨ H = 220 ¬, U3 = 46 á¬/c, 3 = 10�8 ,A3 = 50 á¬2 /c, N3 = 100 á¬2/c, �3 = 10 á¬2 /c. �¥à-â¨ª «ìë¥ à §¬¥àë ¢®§¨ªè¨å áâã¯¥¥ª á®áâ ¢«ïîâ8{10 ¬,    ¬¯«¨âã¤  ª®«¥¡ ¨© áª®à®áâ¨ 2{3 á¬/á.�¨åà¨, £¥¥à¨àãîé¨¥ ¬¨ªà®áâàãªâãàã, ¨¬¥îâ ä®à-¬ã £®à¨§®â «ìëå æ¨«¨¤à®¢ á à ¤¨ãá®¬ r3 = 35 á¬¨ ¤«¨®© L3 = 61 á¬. �®¤ã«ì á¤¢¨£  áª®à®áâ¨jG3j= du3=dz ª®«¥¡«¥âáï ®â 4:9 � 10�3 ¤® 0:21 �æ.�¨§¨ç¥áª¨© á¬ëá« ¢®§¨ª îé¨å ¯à®áâà áâ¢¥-ëå ®áæ¨««ïæ¨© áª®à®áâ¥© â¥ç¥¨© ¬®¦® ¯®ïâì á¯®¬®éìî á«¥¤ãîé¨å à ááã¦¤¥¨©. � ¯¨è¥¬ ãà ¢-¥¨¥ (11) ¢ ¢¨¤¥d2Gdz2 + �2G= F (z; t); (21)£¤¥ F (z; t) =��z�� . �®®â®è¥¨¥ (21) ¯à¥¤áâ ¢«ï-¥â á®¡®© ãà ¢¥¨¥ ®¤®¬¥à®£® ¯à®áâà áâ¢¥®£®®áæ¨««ïâ®à , ª®«¥¡«îé¥£®áï ¢®ªàã£ ¯®«®¦¥¨ï à ¢-®¢¥á¨ï ¯®¤ ¤¥©áâ¢¨¥¬ ¢ëã¦¤ îé¥© á¨«ë F . �â á¨«  § ¢¨á¨â ¥ â®«ìª® ®â ª®®à¤¨ âë z , ® ¨ ®â¢à¥¬¥¨ t , â ª ª ª ãª«®  ¨  ¯àï¦¥¨¥ ¢¥âà  T 0¨§¬¥ïîâáï á® ¢à¥¬¥¥¬. �à ¢¥¨¥ (21) ®¯¨áë¢ ¥ââ ª¦¥ ¨ á¢®¡®¤ë¥ ¯ã«ìá æ¨¨, ¢®§¨ª îé¨¥ ¯à¨¢¥§ ¯®¬ ¯®ï¢«¥¨¨ ¨ ¨áç¥§®¢¥¨¨ ¢¥âà  T 0 ¨«¨ãª«®   . � íâ®¬ á«ãç ¥ ¢ (21) ¬®¦® áç¨â âì F = 0¨ § ¯¨á âì à¥è¥¨¥ ¤«ï á¢®¡®¤ëå ®áæ¨««ïæ¨© ¢¢¨¤¥ G=m cos(�z +'); m=pC1 +C2;'=� arctg�C2C1� ; (22)£¤¥ C1 ¨ C2 | ¯®áâ®ïë¥ ¨â¥£à¨à®¢ ¨ï,§ ¢¨áïé¨¥ ®â £à ¨çëå ãá«®¢¨©. �«ï ãá«®¢¨©(10), (12), (13) ¨ ¯à¨ T 0 = 0; !0y = 0  ¬¯«¨-âã¤  ¨ ä §  ¯ã«ìá æ¨© á¤¢¨£  áª®à®áâ¨ ¥áâìm = �U=(1 � cos�H); ' = �=2;   á¢®¡®¤ë¥ ®á-æ¨««ïæ¨¨ á ¬®© áª®à®áâ¨ ¯à®¨áå®¤ïâ ¯® § ª®ãu= U(cos�z�cos�H)=(1�cos�H): � ª¨¬ ®¡à §®¬,¬ë ¢¨¤¨¬, çâ® ¢¡«¨§¨ ¯®«®¦¥¨ï à ¢®¢¥á¨ï áª®-à®áâì â¥ç¥¨ï ¨ ¥¥ ¢¥àâ¨ª «ìë© á¤¢¨£ ®áæ¨««¨àãîâá ¯à®áâà áâ¢¥®© ç áâ®â®© �; ª®â®à ï ¥ § ¢¨á¨â®â ª®ªà¥âëå £à ¨çëå ãá«®¢¨©.�ãªæ¨ï � £à ¦ , á®®â¢¥âáâ¢ãîé ï ãà ¢¥¨î(21), ¯à¨ F = 0 ¨¬¥¥â ¢¨¤�= J2 �d2udz2�2�k2 �dudz�2 ; k � 2A�[1� (A=N)] : (23)



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2004. ò5 49�  á®¤¥à¦¨â ª®¬¡¨ æ¨î k ª®íää¨æ¨¥â®¢ âãà¡ã-«¥â®£® ®¡¬¥ , ¢å®¤ïé¨å ¢ à¥®«®£¨ç¥áª¨¥ á®®â®-è¥¨ï â¥®à¨¨ ¢¨åà¥¢®© âãà¡ã«¥â®áâ¨ [7{12]. �§(23)  å®¤¨¬ ª¨¥â¨ç¥áªãî Ek = (J=2)(d2u=dz2)2¨ ¯®â¥æ¨ «ìãî Ep = (k=2)(du=dz)2 í¥à£¨¨ ¯à®-áâà áâ¢¥ëå ¯ã«ìá æ¨© á¤¢¨£  áª®à®áâ¨ â¥ç¥¨©.�®« ï í¥à£¨ï ®áæ¨««ïæ¨© E = Ek +Ep . �®¤áâ ¢-«ïï áî¤  à¥è¥¨¥ (22),  å®¤¨¬Ek = J2m2�2 sin2(�z +'); Ep = k2m2 cos2(�z + ');E = J2m2�2;â. ¥. ¯®â¥æ¨ «ì ï ¨ ª¨¥â¨ç¥áª ï í¥à£¨ï ®áæ¨««¨-àãîâ á® á¤¢¨£®¬ ¯® ä §¥   �=2 ®â®á¨â¥«ì® ¤àã£¤àã£ , å®âï ¯®« ï í¥à£¨ï ®áâ ¥âáï ¯®áâ®ï®©. �â®®§ ç ¥â ¯¥à¥¤ çã ª¨¥â¨ç¥áª®© í¥à£¨¨ ¢¨åà¥© á¬®¬¥â®¬ ¨¥àæ¨¨ J ¢ ¯®â¥æ¨ «ìãî í¥à£¨î ¢à -é â¥«ìëå ¨ á¤¢¨£®¢ëå  ¯àï¦¥¨©, ®¯à¥¤¥«ï¥¬ãîª®íää¨æ¨¥â ¬¨ âãà¡ã«¥â®£® ®¡¬¥  A; N ¨ � .�®£¤  ª¨¥â¨ç¥áª ï í¥à£¨ï ¢¨åà¥© ®¡à é ¥âáï ¢ã«ì, ¯®â¥æ¨ «ì ï í¥à£¨ï  ¯àï¦¥¨© ¤®áâ¨£ ¥â¬ ªá¨¬ã¬ . �¤ ª® á®áâ®ï¨¥ á ¬ ªá¨¬ã¬®¬ ¯®â¥-æ¨ «ì®© í¥à£¨¨ ï¢«ï¥âáï ¥ãáâ®©ç¨¢ë¬. �®íâ®¬ã¤ «¥¥  ç¨ ¥âáï ®¡à â ï ¯¥à¥¤ ç  í¥à£¨¨  ¯àï-¦¥¨© ¢ ª¨¥â¨ç¥áªãî í¥à£¨î ¤¢¨¦¥¨ï ¢¨åà¥©.�¥à£¥â¨ç¥áª¨¥ ¯¥à¥å®¤ë ¨ ¢ë§ë¢ îâ ®áæ¨««ïæ¨¨¢¥àâ¨ª «ìëå á¤¢¨£®¢ ¨ áª®à®áâ¥© â¥ç¥¨©. � ª¨¬®¡à §®¬, â®ª ï áâàãªâãà  ¯®«ï áª®à®áâ¨ â¥ç¥¨© ¢®ª¥ ¥ ®¡ãá«®¢«¥   «¨ç¨¥¬ ¢¨åà¥© ¨ ¨å ¢§ ¨¬®-¤¥©áâ¢¨¥¬ á âãà¡ã«¥âë¬¨  ¯àï¦¥¨ï¬¨.� § ª«îç¥¨¥ áâ âì¨ ®â¬¥â¨¬, çâ® à¥ «ìë¥â¥ç¥¨ï ¢ ®ª¥ ¥ á«®¦ë, ¨§¬¥ïîâáï á® ¢à¥¬¥-¥¬ ¨ ç áâ® á®áâ®ïâ ¨§ â¥ç¥¨© ¥áª®«ìª¨å ª« á-á®¢. �ãáâì,  ¯à¨¬¥à, ¢  ç «ìë© ¬®¬¥â ¢à¥¬¥¨¨¬¥¥âáï â®«ìª® £à ¤¨¥â®¥ â¥ç¥¨¥, ¨§®¡à ¦¥®¥  à¨á. 2,¡. � ¯®á«¥¤ãîé¨© ¬®¬¥â ¯®ï¢«ï¥âáï¢¥â¥à ¨ ¢®§¨ª ¥â ¤à¥©ä®¢®¥ â¥ç¥¨¥, ¯®áâ¥¯¥®§ ¯®«ïîé¥¥ ¯®â®ª á¢¥àåã ¢¨§,   â ª¦¥ ¯à¨«¨¢®¥â¥ç¥¨¥,  à áâ îé¥¥ ¢® ¢à¥¬¥¨. �®£¤  ¤à¥©ä®-¢®¥ â¥ç¥¨¥ § ¯®«¨â ¢áî â®«éã ¢¥àå¥£® á«®ï®ª¥   (à¨á. 2, ),   £à ¤¨¥â ¯à¨«¨¢®£® â¥ç¥¨ï¤®áâ¨£¥â § ç¥¨ï 3 = 10�8; á®®â¢¥âáâ¢ãîé¥£®à¨á. 2, ¢, ¬ë ã¢¨¤¨¬ á«®¦ãî ª àâ¨ã, ¨§®¡à ¦¥-ãî   à¨á. 3 ¨ 4, £¤¥ ¯®ª §  à áç¥â ¯®«®£®â¥ç¥¨ï u; ª¢ ¤à â  ¥£® ¢¥àâ¨ª «ì®£® á¤¢¨£  G2¨ áª®à®áâ¨ ¢à é¥¨ï æ¨«¨¤à¨ç¥áª¨å ¢¨åà¥© !y .�«ï à áç¥â  ¢¥«¨ç¨ë !y ¨á¯®«ì§®¢ «®áì ãà ¢¥¨¥(9) ¯à¨ ¬ ªá¨¬ «ìëå § ç¥¨ïå A = 100 á¬2 /c,N = 200 á¬2 /c ¨  = 10�8: �à ¢¨¢ ï à¨á. 3 áà¥§ã«ìâ â ¬¨ ¨§¬¥à¥¨©, ¨§®¡à ¦¥ë¬¨   à¨á. 1,®â¬¥â¨¬, çâ® ®á®¢ë¥  ¡«î¤ ¥¬ë¥ ç¥àâë â®ª®©áâàãªâãàë ¢®á¯à®¨§¢®¤ïâáï â¥®à¨¥©. �áª«îç¥¨¥¬ï¢«ïîâáï â¥ ãç áâª¨   à¨á. 1, £¤¥ ¯à®¨áå®¤ïâª®«¥¡ ¨ï  ¯à ¢«¥¨ï â¥ç¥¨ï. �¤¥áì  ¡«î¤ îâáï¡®«ìè¨¥ ®áæ¨««ïæ¨¨ áª®à®áâ¨, ¤®å®¤ïé¨¥ ¤® 30% ®â¬ ªá¨¬ «ì®© áª®à®áâ¨ 70 á¬/c. � ¯à¥¤« £ ¥¬®©  -¬¨ â¥®à¥â¨ç¥áª®© ¬®¤¥«¨ ¬®¦® ¯®«ãç¨âì ¡®«ìè¨¥

���������	
�����������������¨á. 3. � áç¥â ¢¥àâ¨ª «ì®£® ¯à®ä¨«ï ¯®«®£® â¥ç¥¨ï u¢ ¢¥àå¥¬ á«®¥ ®ª¥  ®áæ¨««ïæ¨¨ áª®à®áâ¨, ¨§¬¥¨¢,  ¯à¨¬¥à, à §¬¥àë¢¨åà¥©. �¤ ª®, à ááç¨â ë¥ â ª¨¬ ®¡à §®¬ ®á-æ¨««ïæ¨¨ ®ª §ë¢ îâáï ¥ á¢ï§ ë¬¨ á ¨§¬¥¥¨¥¬ ¯à ¢«¥¨ï ¯®«®£® â¥ç¥¨ï, ¯®íâ®¬ã ¥®¡å®¤¨¬®¤ «ì¥©è¥¥ à §¢¨â¨¥ â¥®à¨¨,   â ª¦¥ ¯à®¢¥¤¥¨¥á¯¥æ¨ «ìëå íªá¯¥à¨¬¥â®¢.�á®¡ë© ¨â¥à¥á ¯à¥¤áâ ¢«ïîâ à áç¥âë ª¢ ¤à -â  ¢¥àâ¨ª «ì®£® £à ¤¨¥â  (à¨á. 4, ) ¨ áª®à®áâ¨¢à é¥¨ï ¢¨åà¥© (à¨á. 4, ¡), â ª ª ª ¢¥«¨ç¨  G2¢å®¤¨â ¢ ãà ¢¥¨¥ ¡ « á  í¥à£¨¨ âãà¡ã«¥â®áâ¨,®¯à¥¤¥«ïï ¥¥ £¥¥à æ¨î [9]. �®«é  ®ª¥   ¨¬¥¥âá«®¨áâãî áâàãªâãàã, â. ¥. à á¯ ¤ ¥âáï   ®â¤¥«ìë¥¯« áâë á ¡®«ìè¨¬¨ ¨ ¬ «ë¬¨ § ç¥¨ï¬¨ G2 ¨ !y:� á«®ïå á ¡®«ìè¨¬¨ § ç¥¨ï¬¨ G2 ¯à®¨áå®¤¨â¨â¥á¨¢®¥ ¯¥à¥¬¥è¨¢ ¨¥ ¡« £®¤ àï ¯®à®¦¤¥¨îâãà¡ã«¥â®áâ¨ á¤¢¨£®¢®© ¥ãáâ®©ç¨¢®áâìî â¥ç¥-¨©, ¡ëáâà®¬ã ¢à é¥¨î ¢¨åà¥© ¨ ®¡àãè¥¨î ¢ãâ-à¥¨å ¢®«. �¨á«® �¨ç à¤á®  Ri = (Va)2=G2; £¤¥Va | ç áâ®â  �ï©áï«ï{�à¥â , ¢ íâ¨å á«®ïå ¬ «®,â ª ª ª G2 ¢¥«¨ª®. � ®¡®à®â, ¢ á«®ïå á ¬ «ë¬¨§ ç¥¨ï¬¨ G2 âãà¡ã«¥â®áâì ¨ ¯¥à¥¬¥è¨¢ ¨¥à §¢¨âë á« ¡® ¨ á¢ï§ ë â®«ìª® á ¬¥¤«¥® ¢à é -îé¨¬¨áï ¢¨åàï¬¨. �¤¥áì ¬®£ãâ áãé¥áâ¢®¢ âì (¯à¨ «¨ç¨¨ áâà â¨ä¨ª æ¨¨ ¯«®â®áâ¨) ª®à®âª®¯¥à¨®¤-
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