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��� 537.874:519.63 �������������� ������������� ����������������� �� �������� �����������.�. �®£®«î¡®¢, �.�. �¥à¥£¨­(ª ä¥¤à  ¬ â¥¬ â¨ª¨)E-mail: seregin@afrodita.phys.msu.su�­ «¨§¨àãîâáï ¬¥â®¤ë ¬®¤¥«¨à®¢ ­¨ï ¨ à áç¥â  § ¤ ç ¤¨äà ªæ¨¨ ­  ¤®¬¥­­ëå £à ­¨æ å ¨¢¥àâ¨ª «ì­ëå ¡«®å®¢áª¨å «¨­¨ïå ®¤­®®á­ëå ä¥àà®¬ £­¥â¨ª®¢ á æ¨«¨­¤à¨ç¥áª¨¬¨ ¬ £­¨â­ë-¬¨ ¤®¬¥­ ¬¨. � áá¬ âà¨¢ ¥âáï âà¥å¬¥à­ ï ªà ¥¢ ï § ¤ ç  ¤¨äà ªæ¨¨ ¯«®áª®© í«¥ªâà®¬ £­¨â-­®© ¢®«­ë ­  ¤®¬¥­­ëå £à ­¨æ å ¨ ¢¥àâ¨ª «ì­ëå ¡«®å®¢áª¨å «¨­¨ïå ¢ ä¥àà¨â å-£à ­ â å.� á®®â¢¥âáâ¢¨¨ á ¬¥â®¤®¬  ­¨§®âà®¯­®£® â¥¬­®¯®«ì­®£® ­ ¡«î¤¥­¨ï à¥è¥­¨¥ ¨é¥âáï ¢¢¨¤¥ áã¯¥à¯®§¨æ¨¨ ­¥¤¨äà £¨àãîé¥© ¨ ¬ £­¨â®®¯â¨ç¥áª®© ç áâ¥©. �®«ãç¥­­ë¥ à¥§ã«ìâ âëáà ¢­¨¢ îâáï á íªá¯¥à¨¬¥­â «ì­ë¬¨ ¤ ­­ë¬¨.�ãé¥áâ¢ã¥â ­¥áª®«ìª® ¬®¤¥«¥© ¤«ï ®¯¨á ­¨ï ¤¨-äà ªæ¨¨. �à® ­ «¨§¨àã¥¬ âà¨ ¨§ ­¨å: ¯ à ¡®«¨-ç¥áª®¥ ãà ¢­¥­¨¥, â¥®à¨î ¢®§¬ãé¥­¨ï ¢ «¨­¥©­®¬¯à¨¡«¨¦¥­¨¨ ¯® ¯ à ¬¥âàã £¨à æ¨¨, ¬¥¦¤®¬¥­­ãî®¡« áâì ¢ ª ç¥áâ¢¥ ¢®«­®¢®¤ . �ãáâì í«¥ªâà®¬ £-­¨â­ ï ¢®«­  ¯ ¤ ¥â ­®à¬ «ì­® ­  ¯«®áª®¯ à «-«¥«ì­ãî ¯« áâ¨­ªã â®«é¨­ë L , ¢ëà¥§ ­­ãî ¯¥à-¯¥­¤¨ªã«ïà­® ®á¨ á¨¬¬¥âà¨¨ ®¤­®®á­®£® ªà¨áâ «« .�¨äà ªæ¨ï ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ ª®®à¤¨­ â­®© § ¢¨-á¨¬®áâ¨ â¥­§®à  ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâ¨ ¢®¡« áâ¨ ¤®¬¥­­®© £à ­¨æë. � ä¥àà®¬ £­¥â¨ª å íâ § ¢¨á¨¬®áâì á¢ï§ ­  á «¨­¥©­ë¬ ¨«¨ ª¢ ¤à â¨ç­ë¬¬ £­¨â®®¯â¨ç¥áª¨¬ íää¥ªâ®¬. � áá¬®âà¨¬ á«ãç ©,ª®£¤  ª¢ ¤à â¨ç­ë© íää¥ªâ ¬ « ¯® áà ¢­¥­¨î á«¨­¥©­ë¬. � á¯®«®¦¨¬ ®áì z ¯¥à¯¥­¤¨ªã«ïà­® £à -­ï¬ ¯« áâ¨­ë, ¢ ­ ¯à ¢«¥­¨¨ ¯ ¤ îé¥© ¢®«­ë,  ®áì x | ¯® ­®à¬ «¨ ª ¤®¬¥­­®© £à ­¨æ¥. �®£¤ â¥­§®à ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâ¨ ¯à¨¬¥â ¢¨¤(á¬. [1])"xx = "yy = "0 = const; "xy =�"yx =�i"0�Mz;"zz = const :� ¯àï¦¥­­®áâì í«¥ªâà¨ç¥áª®£® ¯®«ï ¢®«­ë ¢ ¯« á-â¨­¥ ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥E= F+(x; z) eikz +F�(x; z) eik(L�z) :�¨¯¨ç­ë¥ §­ ç¥­¨ï �� 10�4 , ¯®íâ®¬ã ã£«ë ¤¨äà ª-æ¨¨ ¬ «ë, § ¢¨á¨¬®áâì F+ ¨ F� ®â z ¬®¦­® áç¨-â âì á« ¡®© ¨ ¤«ï ®¯¨á ­¨ï ¤¨äà ªæ¨¨ ¯à¨¬¥­¨¬®¯ à ¡®«¨ç¥áª®¥ ãà ¢­¥­¨¥. �â¡à áë¢ ï ¢ ¢®«­®¢®¬

ãà ¢­¥­¨¨ ç«¥­ë ¢â®à®£® ¯®àï¤ª  ¬ «®áâ¨, ¯®«ãç¨¬(á¬. [2])�2ik@F�x@z + "0"zz @2F�x@x2 + i�k2 th xdF�y = 0;�2ik@F�y@z + @2F�y@x2 + i�k2 th xdF�x = 0:�ã¤¥¬ áç¨â âì, çâ® ®¯â¨ç¥áª ï  ­¨§®âà®¯¨ï ¬ « :����"zz"0 � 1����<< 1;¨ § ¤ ç  á¢®¤¨âáï ª ¨§ãç¥­¨î ¤¢ãå ­¥§ ¢¨á¨¬ëå¢®«­, à á¯à®áâà ­ïîé¨åáï ¯®¤ ã£«®¬ 45� ª ¤®-¬¥­­®© £à ­¨æ¥. �¨äà ªæ¨®­­ë¥ ª àâ¨­ë ¤«ï íâ¨å¢®«­ á¨¬¬¥âà¨ç­ë ®â­®á¨â¥«ì­® ¤®¬¥­­®© £à ­¨æë,¯®íâ®¬ã à áá¬®âà¨¬ â®«ìª® ®¤­ã ¨§ ­¨å. �à¨ � > 0íâ® ¡ã¤¥â ¯à ¢®¯®«ïà¨§®¢ ­­ ï ¢®«­ , ¯à¨ � < 0 |«¥¢®¯®«ïà¨§®¢ ­­ ï. � á®®â¢¥âáâ¢¨¨ á ¬¥â®¤®¬, à §-¢¨âë¬ ¢ à ¡®â¥ [1], ¨­â¥­á¨¢­®áâì ¤¨äà £¨à®¢ ­­®©¢®«­ë ¢ëà ¦ ¥âáï ¢ ª¢ ¤à âãà å, ¥á«¨ ¨§¢¥áâ­ëá®¡áâ¢¥­­ë¥ äã­ªæ¨¨ ªà ¥¢®© § ¤ ç¨:d2'd�2 + ��+ j�jk2d2 th ��'= 0;j'(�)j <1; �!�1:�á­®¢­ë¬ ®£à ­¨ç¥­¨¥¬ ¤ ­­®£® ¬¥â®¤  ï¢«ï¥âáï¬ «®áâì ã£«®¢ ¤¨äà ªæ¨¨.�á«¨ ¤®¬¥­­ ï £à ­¨æ  à áá¬ âà¨¢ ¥âáï ¢ ª -ç¥áâ¢¥ ¢®«­®¢®¤ , â® ®á­®¢­®© ¨­â¥à¥á ¯à¥¤áâ ¢«ï-îâ í«¥ªâà®¬ £­¨â­ë¥ ¢®«­ë, à á¯à®áâà ­ïîé¨¥áï4 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò4



8 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò4¢¤®«ì ­¥¥. �ãáâì ¬ £­¨â­ ï áà¥¤  ­ ¬ £­¨ç¥­  ¢¤®«ì®á¨ z , ¤®¬¥­­ ï £à ­¨æ  «¥¦¨â ¢ ¯«®áª®áâ¨ (yz) ¨®¯¨áë¢ ¥âáï ãà ¢­¥­¨¥¬d�dx = �� sin �;£¤¥ � | ã£®« ¬¥¦¤ã ®áìî z ¨ ­ ¯à ¢«¥­¨¥¬ ¢¥ªâ®à ¬ £­¨â­®£® ¬®¬¥­â , � | â®«é¨­  áâ¥­ª¨, � =�1 |¯®«ïà¨§ æ¨ï ¤®¬¥­­®© £à ­¨æë (å à ªâ¥à¨§ã¥â ­ -¯à ¢«¥­¨¥ ¢à é¥­¨ï á¯¨­®¢). � à áá¬ âà¨¢ ¥¬®¬á«ãç ¥ â¥­§®à ¤¨í«¥ªâà¨ç¥áª®© ¯à®­¨æ ¥¬®áâ¨ ¨¬¥-¥â ¢¨¤ (á¬. [3])̂"=0BB@ "1 ig1 �ig2�ig1 "2 0ig2 0 "3 1CCA ;g1 = g0mz = g0 cos �; g2 = g0 sin �:� á ¨­â¥à¥áãîâ í«¥ªâà®¬ £­¨â­ë¥ ¢®«­ë ¯®¢¥àå-­®áâ­®£® â¨¯ , à á¯à®áâà ­ïîé¨¥áï ¢¤®«ì ¤®¬¥­­®©£à ­¨æë, ¯®íâ®¬ã ¡ã¤¥¬ ¨áª âì à¥è¥­¨¥ ãà ¢­¥­¨ï� ªá¢¥««  ¢ ¢¨¤¥�= 1; k0 = !c ;�r2E+grad divE= k20 "̂E; (1)E=E(x) eiky : (2)� áá¬®âà¨¬ á«ãç ©, ª®£¤  g2 = 0 . �â® ãá«®¢¨¥ à¥- «¨§ã¥âáï ¤«ï â ª¨å ¤®¬¥­­ëå £à ­¨æ, ¢ ª®â®àëå­ ¬ £­¨ç¥­­®áâì ¨§¬¥­ï¥âáï ¯® ¢¥«¨ç¨­¥, ­® ­¥¯® ­ ¯à ¢«¥­¨î. �®¤áâ ­®¢ª  (2) ¢ (1) ¯à¨¢®¤¨â ªá«¥¤ãîé¥© á¨áâ¥¬¥ ãà ¢­¥­¨©:Ex �k2 � "1k20�+ ikE0y � ig1(x)k20Ey = 0; (3)�E00y + ikE0x + ig1(x)k20Ex � "2k20Ey = 0; (4)�E00z + �k2 � "3k20�Ez = 0; (5)£¤¥ èâà¨å ®§­ ç ¥â ¯à®¨§¢®¤­ãî. �à ¢­¥­¨¥ (5)¨¬¥¥â âà¨¢¨ «ì­®¥ à¥è¥­¨¥ (¯«®áª ï ¢®«­ , ­¥ ¢§ -¨¬®¤¥©áâ¢ãîé ï á® áâ¥­ª®©). �à ¢­¥­¨ï (3), (4)¢á«¥¤áâ¢¨¥ § ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥­â  g1 ®â x ¬®-£ãâ ®¯¨áë¢ âì «®ª «¨§®¢ ­­ë¥ ¢®«­ë, â. ¥. â ª¨¥, çâ®Ex; Ey! 0; x!�1:�¥§ã«ìâ â ¬®¦­® ­ ©â¨ ¢ à ¡®â¥ [4]. �¥â®¤ ¯à¨¬¥-­¨¬ ¤«ï ¤®¬¥­­ëå £à ­¨æ á ­¥¨§¬¥­­®© ¯® ­ ¯à ¢«¥-­¨î ­ ¬ £­¨ç¥­­®áâìî, çâ® ¢ à¥ «ì­ëå ¬ â¥à¨ « å­¥ ¢áâà¥ç ¥âáï.� à áá¬®âà¥­­ëå ¬¥â®¤ å ­¥ ãç¨âë¢ «¨áì ¢¥àâ¨-ª «ì­ ï ¡«®å®¢áª ï «¨­¨ï (���) ¢ ¤®¬¥­­®© £à -­¨æ¥, ¨§¬¥­¥­¨¥ ­ ¬ £­¨ç¥­­®áâ¨ ¯® ­ ¯à ¢«¥­¨î ¢®¡« áâ¨ ¤®¬¥­­®© £à ­¨æë,   â ª¦¥ ­ ª«®­ ¤®¬¥­-­®© £à ­¨æë ¢ ®¡« áâ¨ ���.�¤¨­ ¨§ ¯®¤å®¤®¢ § ª«îç ¥âáï ¢ ¨á¯®«ì§®¢ ­¨¨â¥®à¨¨ ¢®§¬ãé¥­¨ï [5]. �«¥ªâà¨ç¥áª®¥ ¯®«¥ ¬®¦­®à §¡¨âì ­  ¯®¯¥à¥ç­ãî (á®«¥­®¨¤ «ì­ãî) ¨ ¯à®¤®«ì-­ãî (¡¥§¢¨åà¥¢ãî) á®áâ ¢«ïîé¨¥. �«ï ¯®«¥© ¯®«ã-ç îâáï ­¥®¤­®à®¤­ë¥ ¢®«­®¢ë¥ ãà ¢­¥­¨ï, à¥è¥­¨¥

íâ¨å ãà ¢­¥­¨© ¯à¥¤áâ ¢«ï¥âáï ¢ ¢¨¤¥ áã¯¥à¯®§¨-æ¨¨ ¯«®áª¨å ¯®¯¥à¥ç­ëå ¢®«­, ª®â®àë¥ ¤«ï ãç¥â ®âà ¦¥­¨ï ®â £à ­¨æ ¯«¥­ª¨ à áª« ¤ë¢ îâ ­  s- ¨p-ª®¬¯®­¥­âë.�¯¨è¥¬ â¥¯¥àì ¯®¤å®¤, ª®â®àë© ¨ ¡ë« ¯à¨¬¥­¥­ ¢â®à ¬¨ ¤«ï à áç¥â  íªá¯¥à¨¬¥­â «ì­®© § ¤ ç¨ ¤¨-äà ªæ¨¨ ¨ ¨áª«îç îé¨© ¯¥à¥ç¨á«¥­­ë¥ ­¥¤®áâ â-ª¨. � ®á­®¢ã ¯®«®¦¥­ ¬¥â®¤  ­¨§®âà®¯­®£® â¥¬­®-¯®«ì­®£® ­ ¡«î¤¥­¨ï. � áá¬ âà¨¢ ¥âáï âà¥å¬¥à­ ï§ ¤ ç  ¤¨äà ªæ¨¨ ¯«®áª®© í«¥ªâà®¬ £­¨â­®© ¢®«­ë­  ¤®¬¥­­®© £à ­¨æ¥ ¨ ��� ¢ ä¥àà¨â å-£à ­ â å.�¥§ã«ìâ âë íªá¯¥à¨¬¥­â  [6] ¯® ­ ¡«î¤¥­¨î ���¡ë«¨ ¨á¯®«ì§®¢ ­ë ¤«ï ¯à®¢¥àª¨ ¤ ­­®£® ¬¥â®¤ .� íªá¯¥à¨¬¥­â¥ [6] ¨á¯®«ì§ã¥âáï ¬¥â®¤  ­¨§®âà®¯­®-£® â¥¬­®¯®«ì­®£® ­ ¡«î¤¥­¨ï [7] (PADO| polarizedanisotropic dark field observation). �â®â ¬¥â®¤ ¯®§-¢®«ï¥â ¨áª«îç¨âì ¨§ ¨§®¡à ¦¥­¨ï à áá¥ï­¨¥ á¢¥â ®â ¤®¬¥­®¢ ¨ ¤ ¥â ¢®§¬®¦­®áâì ®¯â¨ç¥áª®£® ¤¥â¥ª-â¨à®¢ ­¨ï ¤®¬¥­­®© £à ­¨æë ¨ ���. �®áª®«ìªã¯«®áªãî ¢®«­ã ¢á¥£¤  ¬®¦­® à §«®¦¨âì ­  ¤¢¥á®áâ ¢«ïîé¨¥: «¥¦ éãî ¢ ¯«®áª®áâ¨ ¯ ¤¥­¨ï ¨¯¥à¯¥­¤¨ªã«ïà­ãî ¥©, â® ¡¥§ ®£à ­¨ç¥­¨ï ®¡é­®áâ¨¬®¦­® à áá¬®âà¥âì â®«ìª® á®áâ ¢«ïîéãî, ¯¥à¯¥­-¤¨ªã«ïà­ãî ¯«®áª®áâ¨ ¯ ¤¥­¨ï. � íâ®¬ á«ãç ¥ à¥-è ¥âáï ªà ¥¢ ï § ¤ ç  ®â­®á¨â¥«ì­® ­ ¯àï¦¥­­®áâ¨í«¥ªâà¨ç¥áª®£® ¯®«ï ¤«ï á¨áâ¥¬ë ãà ¢­¥­¨©, ¯®«ã-ç¥­­ëå ¨§ ãà ¢­¥­¨© � ªá¢¥«« . �ãáâìM | ¢¥ªâ®à­ ¬ £­¨ç¥­­®áâ¨. � ¯¥à¢®¬ ¯®àï¤ª¥ ¯® ¯ à ¬¥âàã£¨à æ¨¨ g ¨­¤ãªæ¨ï í«¥ªâà¨ç¥áª®£® ¯®«ï § ¯¨è¥âáï¢ ¢¨¤¥ D= "E+ ig [M�E] :�à¥¤áâ ¢¨¬ ¯®«¥ ¢ ¢¨¤¥ áã¯¥à¯®§¨æ¨¨ ­¥¤¨äà £¨-àãîé¥© ç áâ¨ E0 á g = 0 ¨ ¬ £­¨â®®¯â¨ç¥áª®©ç áâ¨ E1 , ¯à®¯®àæ¨®­ «ì­®© g . � ¯¨è¥¬ ãà ¢­¥­¨ï� ªá¢¥««  ¤«ï ª®¬¯«¥ªá­ëå  ¬¯«¨âã¤, ®â¡à áë¢ ïç«¥­ë ¡®«¥¥ ¢ëá®ª®£® ¯®àï¤ª :E=E0 +E1; (6)div ("E+ ig [M�E]) = 0; (7)rotE= ikB;divB= 0;rotB=�ik ("E+ ig [M�E]) : (8)�®áª®«ìªã ¢«¨ï­¨¥ ­ ¬ £­¨ç¥­­®áâ¨ ­  ®¯â¨ç¥áª¨¥ï¢«¥­¨ï ¬ «®, â® ¢ ãà ¢­¥­¨¨ (8) ¬ £­¨â­®©  ­¨§¨-âà®¯¨¥© ¬®¦­® ¯à¥­¥¡à¥çì ¨ ¯®«®¦¨âì � = 1 . �®¤-áâ ¢«ïï (6) ¢ (7) ¨ ®áâ ¢«ïï â®«ìª® ç«¥­ë ¯¥à¢®£®¯®àï¤ª  ¯® g , ¯®«ãç¨¬divE1 = div��E0 + ig" [E0 �M]� : (9)�à¨¬¥­ïï ®¯¥à â®à à®â®à  ª (8), ãç¨âë¢ ï á®®â­®-è¥­¨ï rot rotE= grad divE�r2E¨ (9) ¨ ¯à¨à ¢­¨¢ ï ç«¥­ë ®¤­®£® ¯®àï¤ª  ¯® g , ¢à¥§ã«ìâ â¥ ¯®«ãç¨¬r2E0 + k2"E0 = 0; (10)



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2002. ò4 9r2E1 + k2"E1 == ig" �grad div [E0 �M] + k2" [E0 �M]	 : (11)�§ ãà ¢­¥­¨© � ªá¢¥««  (7), (8), ®â¡à áë¢ ï ç«¥­ë¡®«¥¥ ¢ëá®ª®£® ¯®àï¤ª , ¯®«ãç ¥¬ ªà ¥¢ë¥ § ¤ ç¨¤«ï á®áâ ¢«ïîé¨å E0 ¨ E1 . � ª ç¥áâ¢¥ £à ­¨ç­ëåãá«®¢¨© ¨á¯®«ì§ã¥¬ ãá«®¢¨¥ ­¥¯à¥àë¢­®áâ¨ â ­£¥­-æ¨ «ì­ëå á®áâ ¢«ïîé¨å í«¥ªâà¨ç¥áª¨å ¨ ¬ £­¨â-­ëå ¯®«¥©. �®áª®«ìªã ¤®¬¥­ë ¯à¥¤áâ ¢«ïîâ á®¡®©¯¥à¨®¤¨ç¥áªãî áâàãªâãàã, â® ¤«ï ¨å ®¯¨á ­¨ï ¯®¯¥à¥¬¥­­ë¬ x; y áâ ¢ïâáï ¯¥à¨®¤¨ç¥áª¨¥ £à ­¨ç­ë¥ãá«®¢¨ï. � ¤ ç  à¥è « áì ¤«ï ¤¢ãå ¤®¬¥­®¢ á ¯à®â¨-¢®¯®«®¦­® ®à¨¥­â¨à®¢ ­­ë¬¨ ¢¥ªâ®à ¬¨ ­ ¬ £­¨-ç¥­­®áâ¨ ¨ ®¤­®© ��� ¢ ¤®¬¥­­®© £à ­¨æ¥. �«ï®¯¨á ­¨ï ­ ¬ £­¨ç¥­­®áâ¨ ¨á¯®«ì§®¢ « áì ¬®¤¥«ì180� ¤®¬¥­­®© áâ¥­ª¨ [8]. �à ¥¢ë¥ § ¤ ç¨ ¨¬¥îâ ¢¨¤8>>>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>>>:
r2E0 + k2"E0 = 0;1p" @E0@z + ik0zE0 = 2ik0z eik0xx; z = 0;1p" @E0@z � ik0zE0 = 0; z = h;E0(0; y; z) =E0(l; y; z);@E0@x (0; y; z) = @E0@x (l; y; z);E0(x; d; z) =E0(x;�d; z);@E0@y (x; d; z) = @E0@y (x;�d; z);£¤¥ E0 | ¥¤¨­áâ¢¥­­ ï ®â«¨ç­ ï ®â ­ã«ï ª®¬¯®­¥­â ¢¥ªâ®à  E0 ,8>>>>>>>>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>>>>>>>>:

r2E1 + k2"E1 == ig" �grad div [E0 �M] + "k2 [E0�M]	 ;1p" @E1@z + ik0zE1 = 0; z = 0;1p" @E1@z � ik0zE1 = 0; z = h;E1(0; y; z) =E1(l; y; z);@E1@x (0; y; z) = @E1@x (l; y; z);E1(x; d; z) =E1(x;�d; z);@E1@y (x; d; z) = @E1@y (x;�d; z):�®«ãç¥­­ë¥ ªà ¥¢ë¥ § ¤ ç¨ à¥è «¨áì ¬¥â®¤®¬ à §-¤¥«¥­¨ï ¯¥à¥¬¥­­ëå, ¨ à¥è¥­¨¥ ¯à¥¤áâ ¢«ï«®áì ¢¢¨¤¥ àï¤  ¯® á®¡áâ¢¥­­ë¬ äã­ªæ¨ï¬ á®®â¢¥âáâ¢ã-îé¨å ®¤­®¬¥à­ëå § ¤ ç. �«ï áå®¤¨¬®áâ¨ ¡ë« ¨á-¯®«ì§®¢ ­ ¬¥â®¤ à¥£ã«ïà¨§ æ¨¨ [9]. �® ¯®«ãç¥­­®¬ãà¥è¥­¨î, â. ¥. ¯® ­ ¯àï¦¥­­®áâ¨ í«¥ªâà¨ç¥áª®£® ¯®-«ï, áâà®¨«®áì à á¯à¥¤¥«¥­¨¥ ¨­â¥­á¨¢­®áâ¨, ª®â®à ïáà ¢­¨¢ « áì á íªá¯¥à¨¬¥­â «ì­ë¬ à á¯à¥¤¥«¥­¨¥¬.

�  à¨á. 1 ¯à¨¢¥¤¥­ë à¥§ã«ìâ âë ¯à®¢¥¤¥­­®£®ä¨§¨ç¥áª®£® íªá¯¥à¨¬¥­â ,   ­  à¨á. 2 ¯®ª § ­ëà¥§ã«ìâ âë à áç¥â®¢ ¯® ¯à¥¤«®¦¥­­®© ¬®¤¥«¨ ¤«ïá«ãç ¥¢, ª®£¤  ¢®«­®¢®© ¢¥ªâ®à «¥¦¨â ¢ ¯«®áª®áâ¨,¯¥à¯¥­¤¨ªã«ïà­®© ( ) ¨ ¯ à ««¥«ì­®© (¡) ¯«®áª®áâ¨¤®¬¥­­®© £à ­¨æë.
���������	
��
��¨á. 1. �ªá¯¥à¨¬¥­â «ì­®¥ à á¯à¥¤¥«¥­¨¥ ¨­â¥­á¨¢­®áâ¨ ¢á«ãç ¥, ª®£¤  ¯«®áª®áâì ¯ ¤¥­¨ï ¯¥à¯¥­¤¨ªã«ïà­  ¤®¬¥­-­®© £à ­¨æ¥ ( ) ¨ ¯ à ««¥«ì­  ¥© (¡)�  à¨á. 1,   ¨ 2, , á®®â¢¥âáâ¢ãîé¨å ¯¥à¢®¬ãá«ãç î, ç¥âª® ¢¨¤­ë <¢á¯«¥áª> ¨ <¯à®¢ «> ¨­â¥­-á¨¢­®áâ¨ ¢ ®¡« áâ¨ ¤®¬¥­­®© £à ­¨æë, çâ® á¢ï§ ­®á ¯à¨áãâáâ¢¨¥¬ ��� ¨ ­ ª«®­®¬ ¤®¬¥­­®© £à ­¨æë¢ âã ¨«¨ ¤àã£ãî áâ®à®­ã ®â­®á¨â¥«ì­® ¯«®áª®áâ¨¤®¬¥­­®© £à ­¨æë. �®¤ç¥àª­¥¬, çâ® ­ ª«®­ ¯à®¨áå®-¤¨â ¨¬¥­­® ¢ ®¡« áâ¨ «®ª «¨§ æ¨¨ ���. �¥§ã«ìâ âë,¯®«ãç¥­­ë¥ ­  ®á­®¢¥ à áá¬ âà¨¢ ¥¬®© ¬ â¥¬ â¨-ç¥áª®© ¬®¤¥«¨, ¯®«­®áâìî á®®â¢¥âáâ¢ãîâ ¤ ­­ë¬ä¨§¨ç¥áª®£® íªá¯¥à¨¬¥­â .
���������	
��
��¨á. 2. �®¤¥«ì­®¥ à á¯à¥¤¥«¥­¨¥ ¨­â¥­á¨¢­®áâ¨ ¤«ï á«ã-ç ï, ª®£¤  ¯«®áª®áâì ¯ ¤¥­¨ï ¯¥à¯¥­¤¨ªã«ïà­  ¤®¬¥­­®©£à ­¨æ¥ ( ) ¨ ¯ à ««¥«ì­  ¥© (¡). �¨áã­®ª ¡ á®®â¢¥â-áâ¢ã¥â ®¡« áâ¨ íªá¯¥à¨¬¥­â «ì­®£® £à ä¨ª , ®â¬¥ç¥­­®£®áâà¥«ª®© ­  à¨á. 1, ¡�  à¨á. 1, ¡ ¨ 2,¡, á®®â¢¥âáâ¢ãîé¨å ¢â®à®¬ãá«ãç î ®à¨¥­â æ¨¨ ¢®«­®¢®£® ¢¥ªâ®à , ­ ¡«î¤ ¥âáï¤¨äà ªæ¨ï ­  ���. �¨¤­®, çâ® ¨ ¢ íâ®¬ á«ãç ¥à¥§ã«ìâ âë ¬®¤¥«ì­ëå à áç¥â®¢ å®à®è® á®£« áãîâáïá íªá¯¥à¨¬¥­â®¬, ¯à¨ç¥¬ ¨§ ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨á«¥¤ã¥â, çâ® à¨á. 1, ¡ ¨««îáâà¨àã¥â ª àâ¨­ã ¤¨-äà ªæ¨¨ ¨¬¥­­® ­  ���, ª®â®à ï ¯® ¨­â¥­á¨¢­®áâ¨áãé¥áâ¢¥­­® ¯à¥¢ëè ¥â ¤¨äà ªæ¨î ­  ¤®¬¥­­®©£à ­¨æ¥.5 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò4
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5. �¥â¥àá®­ �.�. // ���. 1981. 23, ò3. �. 910.6. �®££¨­®¢ �.�., �¨ª®« ¥¢ �.�., �­¨éãª �.�. // �à. ª®­ä.<�¨§¨ª  ª®­¤¥­á¨à®¢ ­­®£® á®áâ®ï­¨ï>. �. 2. �â¥à«¨â -¬ ª, 1997. �. 50.7. Thiaville A., Boileau F., Miltat J., Arnaud L. // J. Appl.Phys. 1988. 63, No. 8. P. 3153.8. � «®§¥¬®¢ A., �«®­§ãáª¨ �¦. �®¬¥­­ë¥ áâ¥­ª¨ ¢ ¬ â¥à¨- « å á æ¨«¨­¤à¨ç¥áª¨¬¨ ¤®¬¥­ ¬¨. �.: �¨à, 1982.9. � «¨âª¨­ �.�. �¨á«¥­­ë¥ ¬¥â®¤ë. �.: � ãª , 1978.�®áâã¯¨«  ¢ p¥¤ ªæ¨î26.11.01��� 536.75 � ������������� ����������� ���������� ������������� ���������.�. � ©å ­®¢(ª ä¥¤à  ª¢ ­â®¢®© áâ â¨áâ¨ª¨ ¨ â¥®à¨¨ ¯®«ï)�  ®á­®¢¥  ­ «¨§  ª¢ ­â®¢®£® å à ªâ¥à  ­¥®¡à â¨¬®áâ¨ ¯à¥¤« £ ¥âáï ¤¢ãåãà®¢­¥¢ ï ¬®¤¥«ìâ¥®à¥â¨ç¥áª®£® ®¯¨á ­¨ï ­¥à ¢­®¢¥á­ëå á¨áâ¥¬. �  ¯¥à¢®¬, «®ª «ì­®¬ ãà®¢­¥ ®áãé¥áâ¢«ï¥âáïáâ â¨áâ¨ç¥áª®¥ ®¯¨á ­¨¥ ª¢ §¨à ¢­®¢¥á­ëå ¯®¤á¨áâ¥¬ ­¥à ¢­®¢¥á­®© á¨áâ¥¬ë, ­  ¢â®à®¬,£«®¡ «ì­®¬, | ª¨­¥â¨ç¥áª®¥ ¬®¤¥«¨à®¢ ­¨¥ á ¨á¯®«ì§®¢ ­¨¥¬ ¢ ª ç¥áâ¢¥ ®¯à¥¤¥«ïîé¥©å à ªâ¥à¨áâ¨ª¨ ­¥®¡à â¨¬®£® ¯à®æ¥áá  ¯à®¨§¢®¤áâ¢  í­âà®¯¨¨ ¢á¥© ­¥à ¢­®¢¥á­®© á¨áâ¥¬ë.�®ª § ­®, çâ® ª¨­¥â¨ç¥áª®¥ ¬®¤¥«¨à®¢ ­¨¥ á«¥¤ã¥â ®áãé¥áâ¢«ïâì ­  ®á­®¢¥ ®¡®¡é¥­¨ï ¯à¨­-æ¨¯  ¬¨­¨¬ «ì­®£® ¯à®¨§¢®¤áâ¢  í­âà®¯¨¨.�¢¥¤¥­¨¥�¤­¨¬ ¨§ £« ¢­ëå ¢®¯à®á®¢ áâ â¨áâ¨ç¥áª®© â¥à-¬®¤¨­ ¬¨ª¨ ï¢«ï¥âáï ¢®¯à®á ® â®¬, ­ áª®«ìª® ®¡é¥©®­  ¬®¦¥â ¡ëâì ¯à¨ ®¯¨á ­¨¨ á¨áâ¥¬, ¤ «¥ª¨å ®âà ¢­®¢¥á¨ï [1]. � ­ áâ®ïé¥¥ ¢à¥¬ï, ­¥á¬®âàï ­  ¬­®-£®ç¨á«¥­­ë¥ ãá¨«¨ï ¨áá«¥¤®¢ â¥«¥©, ­¥ áãé¥áâ¢ã¥â¥¤¨­®© â¥®à¥â¨ç¥áª®© áå¥¬ë ¤«ï ®¯¨á ­¨ï ­¥à ¢-­®¢¥á­ëå á¨áâ¥¬ ­  ®á­®¢¥ áâ â¨áâ¨ç¥áª®© â¥à¬®-¤¨­ ¬¨ª¨. �à¨ íâ®¬ áãé¥áâ¢ãîé¨¥ ª¨­¥â¨ç¥áª¨¥ãà ¢­¥­¨ï, ¯®«ãç¥­­ë¥ ¢ à ¬ª å áâ â¨áâ¨ç¥áª®©â¥à¬®¤¨­ ¬¨ª¨, ¨¬¥îâ ¤®áâ â®ç­® ®£à ­¨ç¥­­ë© å -à ªâ¥à ¯à¨¬¥­¥­¨ï [2, 3].� ­ áâ®ïé¥© à ¡®â¥ ¯®ª § ­®, çâ® ­  ®á­®¢¥ ­ «¨§  ª¢ ­â®¢®£® å à ªâ¥à  ­¥®¡à â¨¬®áâ¨ ã¤ -¥âáï ¯®áâà®¨âì ¥¤¨­ãî â¥®à¥â¨ç¥áªãî áå¥¬ã ®¯¨-á ­¨ï ­¥à ¢­®¢¥á­ëå á¨áâ¥¬. �®¤¥«¨à®¢ ­¨¥ ­¥-®¡à â¨¬®£® ¯à®æ¥áá  ¯à®¨§¢®¤¨âáï ¢ ¯à®áâà ­áâ¢¥í­¥à£¥â¨ç¥áª¨å ãà®¢­¥© ­¥à ¢­®¢¥á­®© á¨áâ¥¬ë ¨¯à¨¢®¤¨â ª ¤¢ãåãà®¢­¥¢®¬ã ®¯¨á ­¨î. �  ¯¥à¢®¬,«®ª «ì­®¬ ãà®¢­¥ ®áãé¥áâ¢«ï¥âáï áâ â¨áâ¨ç¥áª®¥®¯¨á ­¨¥ ª¢ §¨à ¢­®¢¥á­ëå ¯®¤á¨áâ¥¬ ­¥à ¢­®¢¥á-­®© ¯®¤á¨áâ¥¬ë, í«¥¬¥­âë ª®â®àëå ¨¬¥îâ ¡«¨§-ª¨¥ §­ ç¥­¨ï í­¥à£¨©. �  ¢â®à®¬, £«®¡ «ì­®¬, |ª¨­¥â¨ç¥áª®¥ ¬®¤¥«¨à®¢ ­¨¥ ­  ®á­®¢¥ ®¡®¡é¥­¨ï¯à¨­æ¨¯  ¬¨­¨¬ «ì­®£® ¯à®¨§¢®¤áâ¢  í­âà®¯¨¨ ¢¬ áèâ ¡¥ ¢á¥© ­¥à ¢­®¢¥á­®© á¨áâ¥¬ë.

1. � ª¢ ­â®¢®© ¯à¨à®¤¥ ­¥®¡à â¨¬®áâ¨�­ «¨§¨àãï ª®­æ¥¯æ¨î ­¥®¡à â¨¬®áâ¨ ¢ áâ â¨á-â¨ç¥áª®© â¥à¬®¤¨­ ¬¨ª¥, �« ­ª ®â¬¥ç ¥â, çâ® <­¥-®¡à â¨¬®áâì ­ å®¤¨â á¢®¥ ¨áç¥à¯ë¢ îé¥¥ ®¡®á­®-¢ ­¨¥ ¢ áãé¥áâ¢®¢ ­¨¨ äã­ªæ¨¨ í­âà®¯¨¨> [4]. �à¨íâ®¬ í­âà®¯¨ï <®¡à §ã¥â ¯¥à¢¨ç­®¥, ®¡é¥¥ ¯®­ïâ¨¥,¨¬¥îé¥¥ ª à¤¨­ «ì­®¥ §­ ç¥­¨¥ ¤«ï ¢á¥å â¨¯®¢á®áâ®ï­¨© ¨ ¨§¬¥­¥­¨© á®áâ®ï­¨ï, ¢ â® ¢à¥¬ï ª ªâ¥¬¯¥à âãà  ¢ë¢®¤¨âáï ¨§ íâ®£® ¯®­ïâ¨ï «¨èì ¯à¨¤®¡ ¢«¥­¨¨ á¯¥æ¨ «ì­®£® ãá«®¢¨ï â¥¯«®¢®£® à ¢­®-¢¥á¨ï, ¯à¨ ª®â®à®¬ í­âà®¯¨ï ¤®áâ¨£ ¥â á¢®¥£® ¬ ª-á¨¬ã¬ > [4]. �  ®¯à¥¤¥«ïîé¨© å à ªâ¥à í­âà®¯¨¨ ¨¢â®à®£® ­ ç «  â¥à¬®¤¨­ ¬¨ª¨ ¢ <ä¨§¨ª¥ ¢®§­¨ª î-é¥£®> ãª §ë¢ ¥â â ª¦¥ �à¨£®¦¨­ [3].�§¢¥áâ­®, çâ® ¢ ä®à¬ã«¨à®¢ª¥ �®«ìæ¬ ­ {�« ­-ª  í­âà®¯¨ï ¯à¨£®¤­  ¤«ï ®¯¨á ­¨ï ­¥®¡à â¨¬ëå¯à®æ¥áá®¢ ª ª ¢ à ¢­®¢¥á­ëå, â ª ¨ ¢ ­¥à ¢­®-¢¥á­ëå á¨áâ¥¬ å. �¤­ ª® á®¡áâ¢¥­­® ¯« ­ª®¢áª®¥®¯à¥¤¥«¥­¨¥ í­âà®¯¨¨ ¯®§¢®«ï¥â ¯®-­®¢®¬ã ¯®¤®©â¨ª ¢®¯à®áã ® ­¥®¡à â¨¬®áâ¨.�­âà®¯¨î ä¨§¨ç¥áª®© á¨áâ¥¬ë �« ­ª ®¯à¥¤¥«ï¥â¯® ä®à¬ã«¥, ¬ â¥¬ â¨ç¥áª¨ ¨¤¥­â¨ç­®© ä®à¬ã«¥�®«ìæ¬ ­ : S = k lnP;£¤¥ P | ç¨á«® à §«¨ç­ëå áâ æ¨®­ à­ëå á®áâ®ï­¨©,ª®â®àë¥ ¯à¨ í­¥à£¨¨ E ¬®¦¥â ¯à¨­¨¬ âì á¨áâ¥¬ ;


