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��� 621.535 ������� ���������������� �������������� ������� ��������������� ������� ��� ��������� ������. �. �®«ã¡ª®¢, �. �.� ª à®¢(ª ä¥¤à  ®¡é¥© ä¨§¨ª¨ ¨ ¢®«®¢ëå ¯à®æ¥áá®¢)�®ª § ®, çâ® ¢®¯à¥ª¨ ¬¥¨î àï¤   ¢â®à®¢  ¡«î¤ ¢è¨¥áï ¢ ¯®á«¥¤¥¥ ¢à¥¬ï ¯®«ïà¨§ æ¨®ë¥íää¥ªâë ¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ á¢¥â  ¬ «®© ¨â¥á¨¢®áâ¨ á ªà¨áâ «« ¬¨ ª« áá  43m (GaAs,InSb) ¥ ï¢«ïîâáï á¢¨¤¥â¥«ìáâ¢®¬  àãè¥¨ï ¯à¨æ¨¯  á¨¬¬¥âà¨¨ ª¨¥â¨ç¥áª¨å ª®íää¨æ¨¥â®¢¢ íâ¨å ªà¨áâ «« å, â ª ª ª ®¡ãá«®¢«¥ë £« ¢ë¬ ®¡à §®¬ ¯à¨¯®¢¥àå®áâ®© ¥®¤®à®¤®áâìî¨å ®¯â¨ç¥áª¨å á¢®©áâ¢. �ª § ë ¯®«ïà¨§ æ¨®ë¥ íää¥ªâë, ®¡ àã¦¥¨¥ ª®â®àëå ¤¥©áâ¢¨â¥«ì®¯®¤â¢¥à¤¨«® ¡ë  àãè¥¨¥ ¯à¨æ¨¯  á¨¬¬¥âà¨¨ ª¨¥â¨ç¥áª¨å ª®íää¨æ¨¥â®¢ ¢ íâ¨å ªà¨áâ «« å.� ¯®á«¥¤¥¥ ¢à¥¬ï ¡ë«® ®¯ã¡«¨ª®¢ ® ¥áª®«ìª®¨â¥à¥áëå íªá¯¥à¨¬¥â «ìëå à ¡®â [1{3], ¢ ª®â®àëåá®®¡é ¥âáï ®  ¡«î¤¥¨¨ ¯®«ïà¨§ æ¨®ëå íää¥ªâ®¢¯à¨ ®à¬ «ì®¬ ®âà ¦¥¨¨ á¢¥â  ¬ «®© ¨â¥á¨¢®áâ¨®â ¯®¢¥àå®áâ¨ [001] ªà¨áâ ««®¢ ª« áá  43m (GaAs,InSb),   â ª¦¥ ¯à¨ ¯à®å®¦¤¥¨¨ á¢¥â  ¢¤®«ì ®¯â¨ç¥áª®©®á¨ â ª¨å ªà¨áâ ««®¢. �à¨ íâ®¬ ãâ¢¥à¦¤ ¥âáï, çâ® ¡«î¤ ¥¬ë¥ íää¥ªâë ®¡ãá«®¢«¥ë ®â«¨ç¨¥¬ ®â ã«ïá¨¬¬¥âà¨ç®© (¯® ¯¥à¥áâ ®¢ª¥ ¯¥à¢ëå ¤¢ãå ¨¤¥ªá®¢)ç áâ¨ â¥§®à  ijk, ®¯¨áë¢ îé¥£® ¥«®ª «ì®áâì ®¯â¨- ç¥áª®£® ®âª«¨ª  áà¥¤ë ¢ ¯®¤å®¤¥ � ¤ ã{�¨äè¨æ :Di = "ijEj + 4�ijkrkEj; (1)¨ ¤¥« ¥âáï ¢ë¢®¤, çâ® ¢ ãª § ëå ªà¨áâ «« å ¨¬¥¥â¬¥áâ®  àãè¥¨¥ ¯à¨æ¨¯  á¨¬¬¥âà¨¨ ª¨¥â¨ç¥áª¨åª®íää¨æ¨¥â®¢, á¢¨¤¥â¥«ìáâ¢ãîé¥¥ ®  «¨ç¨¨ ¢ ¨åá« ¡ëå ¬ £¨âëå áâàãªâãà ( â¨á¨¬¬¥âà¨ç ï ¯® ¯¥-à¥áâ ®¢ª¥ ¯¥à¢ëå ¤¢ãå ¨¤¥ªá®¢ ç áâì ijk ¢ ªà¨áâ «-« å ª« áá  43m ¢á¥£¤  à ¢  ã«î ¯® ¯à¨ç¨¥ á¨¬¬¥â-à¨¨). � ª®¥ ®¡êïá¥¨¥  ¡«î¤ ¢è¨åáï ¢ à ¡®â å [1{3]



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 1 33íää¥ªâ®¢ ã¦¥ ¯®¤¢¥à£ «®áì ªà¨â¨ª¥ [4]. �¤ ª® íâ ªà¨â¨ª  ®á¨«  ¨áª«îç¨â¥«ì® ª ç¥áâ¢¥ë© å à ªâ¥à.�¥«ìî  áâ®ïé¥£® á®®¡é¥¨ï ï¢«ï¥âáï ª®«¨ç¥áâ-¢¥ë©   «¨§ ®â¬¥ç¥ëå íää¥ªâ®¢, ¯®ª §ë¢ îé¨©,çâ® ¨§ íªá¯¥à¨¬¥â «ìëå à¥§ã«ìâ â®¢ à ¡®â [1{3]  á ¬®¬ ¤¥«¥ á«¥¤ãîâ ¢ë¢®¤ë, ¯à®â¨¢®¯®«®¦ë¥ â¥¬, ª®-â®àë¥ á¤¥« ë ¨å  ¢â®à ¬¨. � ¤ ®© à ¡®â¥ â ª¦¥ ¢ë-ï¢«¥® ¯à¨æ¨¯¨ «ì® ®¢®¥  ¯à ¢«¥¨¥ íªá¯¥à¨¬¥-â «ì®£® ¯®¨áª  ¯à®ï¢«¥¨© ¢®§¬®¦®£® ¥à ¢¥áâ¢ ã«î á¨¬¬¥âà¨ç®© ç áâ¨ â¥§®à  ¯à®áâà áâ¢¥®©¤¨á¯¥àá¨¨ ijk.�à¥¤¯®«®¦¨¬, çâ® ¢ ®¡à §æ å, ¨áá«¥¤®¢ ëå ¢à ¡®â å [1{3], ¢ á¨«ã ª ª¨å-â® ¯à¨ç¨ á¨¬¬¥âà¨ç ï(¯® ¯¥à¥áâ ®¢ª¥ ¯¥à¢ëå ¤¢ãå ¨¤¥ªá®¢) ç áâì â¥§®à ijk ¤¥©áâ¢¨â¥«ì® ¥ à ¢  ã«î, ¨ à áá¬®âà¨¬ ®à-¬ «ì®¥ ¯ ¤¥¨¥ á¢¥â    ¯®¢¥àå®áâì ªà¨áâ ««  ª« áá 43m, ¯¥à¯¥¤¨ªã«ïàãî ¥£® ªà¨áâ ««®ä¨§¨ç¥áª®© ®á¨[001] (®áì X3). �à¨ ®âáãâáâ¢¨¨ ¯®¢¥àå®áâëå ¤¥ä¥ª-â®¢ íâ  ¯®¢¥àå®áâì ¨¬¥¥â âà¨ í«¥¬¥â  á¨¬¬¥âà¨¨:¯®¢®à®âãî ®áì á¨¬¬¥âà¨¨ ¢â®à®£® ¯®àï¤ª  (2X3) ¨¤¢¥ ¢§ ¨¬® ¯¥à¯¥¤¨ªã«ïàë¥ ¯«®áª®áâ¨ á¨¬¬¥âà¨¨(mX1X2 ;m�X1X2 ) [5]. �ë¬¨ á«®¢ ¬¨, ª« áá á¨¬¬¥âà¨¨¯®¢¥àå®áâ¨ | mm2, ® ¥¥ ªà¨áâ ««®ä¨§¨ç¥áª¨¥ ®á¨x ¨ y ¯®¢¥àãâë   45� ®â®á¨â¥«ì® ªà¨áâ ««®ä¨§¨-ç¥áª¨å ®á¥© X1 ¨ X2 á ¬®£® ªà¨áâ «« . � ¤ «ì¥©è¥¬¬ë ¡ã¤¥¬ ¢ ®á®¢®¬ ¯à®¢®¤¨âì ¢ëç¨á«¥¨ï ¢ á¨áâ¥¬¥ª®®à¤¨ â x, y, z (z = X3). � íâ®© á¨áâ¥¬¥ ¬ â¥à¨ «ì-ë¥ â¥§®àë, å à ªâ¥à¨§ãîé¨¥ «¨¥©ë© ®¯â¨ç¥áª¨©®âª«¨ª à áá¬ âà¨¢ ¥¬ëå áà¥¤, ¨¬¥îâ ¢¨¤"ij = "1�ij ; 113 = 131 = 311 = 0;223 = 232 = 322 = �0; (2)®áâ «ìë¥ ijk = 0. �¤¥áì i; j; k = 1; 2; 3; �ij | á¨¬¢®«�à®¥ª¥à ,   ¨¤¥ªáë 1, 2 ¨ 3 á®®â¢¥âáâ¢ãîâ ®áï¬ x, y¨ z.�à®áâ ï ¯®¤áâ ®¢ª  ¢ ¢®«®¢®¥ ãà ¢¥¨¥k2E� k(kE) = !2c2D (3)¤ ¥â ¢®§¬®¦®áâì «¥£ª® ã¡¥¤¨âìáï, çâ® ¢ ¯¥à¢®¬ ¯à¨-¡«¨¦¥¨¨ ¯® ¯ à ¬¥âàã ¯à®áâà áâ¢¥®© ¤¨á¯¥àá¨¨� = !j0j=c ¢®«ë E(+)(z; t) ¨ E(�)(z; t), à á¯à®áâà -ïîé¨¥áï á®®â¢¥âáâ¢¥® ¢ ¯®«®¦¨â¥«ì®¬ ¨ ®âà¨æ -â¥«ì®¬  ¯à ¢«¥¨ïå ®á¨ z, ¬®£ãâ ¡ëâì ¯à¥¤áâ ¢«¥ë¢ ¢¨¤¥E(+)(z; t) =�E1xe��0zex + E1ye�0zey� exp (ik1z � i!t) ;(4:)E(�)(z; t) =�E2xe��0zex + E2ye�0zey� exp (�ik1z � i!t) ;(4:)£¤¥ �0 = 2�0!2=c2, k21 = !2"1=c2, ex ¨ ey | ¥¤¨¨çë¥®àâë ®á¥© x ¨ y á®®â¢¥âáâ¢¥®, ! | ç áâ®â  ¯ ¤ îé¥-£® á¢¥â .�«ï  å®¦¤¥¨ï å à ªâ¥à¨áâ¨ª ®âà ¦¥®£® ¨ ¯à®-è¥¤è¥£® á¢¥â  ¢®á¯®«ì§ã¥¬áï ãâ®ç¥ë¬¨ £à ¨çë-¬¨ ãá«®¢¨ï¬¨, ¯®§¢®«ïîé¨¬¨ ¢ ¬®¤¥«¨ à¥§ª®© £à ¨æë

ãç¨âë¢ âì ¢«¨ï¨¥ à¥ «ì® áãé¥áâ¢ãîé¥© ¯à¨¯®¢¥àå-®áâ®© ¥®¤®à®¤®áâ¨ áà¥¤ë [6, 7]. � á«ãç ¥ ®à¬ «ì-®£® ¯ ¤¥¨ï á¢¥â  ¨å ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥E(2)x;y = E(1)x;y; hn;B(2) �B(1)i = 4��̂c @S@t ; (5)£¤¥ n | ¢¥ªâ®à ¥¤¨¨ç®© ®à¬ «¨,  ¯à ¢«¥ë©¨§ áà¥¤ë 1 ¢ áà¥¤ã 2, B | ¨¤ãªæ¨ï ¬ £¨â®£®¯®«ï ¢®«ë, B(m), E(m) | § ç¥¨ï ¯®«¥© ¢ áà¥¤¥ m(m = 1; 2) ¢¡«¨§¨ £à ¨æë, S = E + (D � E;n)n,   �̂å à ªâ¥à¨§ã¥â ¤¨í«¥ªâà¨ç¥áª¨¥ á¢®©áâ¢  ®âà ¦ îé¥©¯®¢¥àå®áâ¨. � ãç¥â®¬ á¨¬¬¥âà¨¨ ¯®á«¥¤¥© â¥§®à �̂¨¬¥¥â ¤¨ £® «ìë© ¢¨¤ [5] ¥§ ¢¨á¨¬® ®â ¥£® ¢ãâà¥-¥© á¨¬¬¥âà¨¨.�ªá¯¥à¨¬¥âë [1{3] ¯à®¢®¤¨«¨áì ¯à¨ ¯®çâ¨ ®à-¬ «ì®¬ ¯ ¤¥¨¨ á¢¥â  (®âª«®¥¨ï á®áâ ¢«ï«¨ � 1�).�à¨ à áç¥â å íâ® ¯®§¢®«ï¥â, á ®¤®© áâ®à®ë, áç¨-â âì ¯ ¤¥¨¥ á¢¥â  áâà®£® ®à¬ «ìë¬,   á ¤àã£®© |¯à¥¥¡à¥çì íää¥ªâ ¬¨, á¢ï§ ë¬¨ á ¬®£®ªà âë¬¨®âà ¦¥¨ï¬¨ ®â ¯à®â¨¢®¯®«®¦ëå £à ¥© ªà¨áâ «« .� íâ®¬ ¯à¨¡«¨¦¥¨¨, ¯®«ì§ãïáì (4) ¨ (5), ¬®¦® ¯®ª -§ âì, çâ® E(r), E ¨ E(r)2 | á®®â¢¥âáâ¢¥®  ¬¯«¨âã¤ë®âà ¦¥®©, ®¤®ªà â® ¯à®è¥¤è¥© áà¥¤ã ¨ ¤¢ ¦¤ë¯à®è¥¤è¥© áà¥¤ã (âã¤  ¨ ®¡à â® ¯®á«¥ ®âà ¦¥¨ï ®âà á¯®«®¦¥®£® §  ªà¨áâ ««®¬ §¥àª « ) ¢®« á«¥¤ãî-é¨¬ ®¡à §®¬ á¢ï§ ë á  ¬¯«¨âã¤®© ¯ ¤ îé¥© ¢®«ëE(i): E(r)x;y = ��R+ r(1)x;yT0�E(i)x;y;Ex;y = T0T1 �1 + r(1)x;y��1 + r(2)x;y� exp (��0L)E(i)x;y; (6)E(r)2x;2y = �T 20 T 21 �1 + r(1)x;y�2 �1 + r(2)x;y�2E(i)x;y;£¤¥ L | ¤«¨  áà¥¤ë, R = (k1 � k0)=(k1 + k0),T0 = 2k0=(k1 + k0), T1 = 2k1=(k1 + k0), k0 = !=c,r(m)x;y = i�(m)x;y =(k1 + k0), �(m)x;y = �(m)1;2 � (�1)m�0,�(m)1;2 = 4�!2�(m)1;2 =c2, �(m)1 = �(m)11 , �(m)2 = �(m)22 , m = 1; 2,�̂(1) ¨ �̂(2) å à ªâ¥à¨§ãîâ ¤¨í«¥ªâà¨ç¥áª¨¥ á¢®©áâ¢ ¯¥à¥¤¥© ¨ § ¤¥© ¯®¢¥àå®áâ¥© á®®â¢¥âáâ¢¥®. �®-®â®è¥¨ï (6) ¯®«ãç¥ë ¢ ¯¥à¢®¬ ¯à¨¡«¨¦¥¨¨ ¯®¯ à ¬¥âà ¬ � ¨ �1, £¤¥ �1 / j�̂j=k1 å à ªâ¥à¨§ã¥â¢«¨ï¨¥ ¯à¨¯®¢¥àå®áâ®© ¥®¤®à®¤®áâ¨ ªà¨áâ ««   ®âà ¦¥¨¥ ¨ ¯à¥«®¬«¥¨¥ á¢¥â . � íâ®¬ ¦¥ ¯à¨¡«¨-¦¥¨¨ ¨ ¢ ¯à¥¤¯®«®¦¥¨¨ �0L � 1 (¯®á«¥¤¥¥ á«¥¤ã¥â¨§ ¬ «®áâ¨ íää¥ªâ®¢,  ¡«î¤ ¢è¨åáï ¢ à ¡®â¥ [2])¨§ (6) ¥âàã¤® ¯®«ãç¨âì, çâ® ¢ á«ãç ¥ ¯ ¤¥¨ï  ªà¨áâ «« «¨¥©® ¯®«ïà¨§®¢ ®£® á¢¥â  ¯®¢®à®â ¥£®¯«®áª®áâ¨ ¯®«ïà¨§ æ¨¨ ¢ à áá¬ âà¨¢ ¥¬ëå âà¥å á«ãç -ïå ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬¨ á®®â®è¥¨ï¬¨:¯à¨ ®âà ¦¥¨¨ á¢¥â ��r = Im8<:k0 ��(1)2 ��(1)1 + 2�0�k21 � k20 9=; cos (2�0) ; (7:1)¯à¨ ®¤®ªà â®¬ ¯à®å®¦¤¥¨¨ á¢¥â  ç¥à¥§ ªà¨áâ ««��t = (Ref�0Lg+ Imf�sg) cos (2�0) ; (7:2)



34 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 1¯à¨ ¯à®å®¦¤¥¨¨ á¢¥â  ç¥à¥§ ªà¨áâ «« ¨ ®¡à â®��2r = 2 Imf�sg cos (2�0) : (7:3)� (7) �s = ��(1)1 ��(1)2 +�(2)1 ��(2)2 �. [2(k1 + k0)],�0 | ã£®« ¯®¢®à®â  ¯«®áª®áâ¨ ¯®«ïà¨§ æ¨¨ ¯ ¤ îé¥£®á¢¥â  ®â®á¨â¥«ì® ªà¨áâ ««®ä¨§¨ç¥áª®© ®á¨ X1 ([100])ªà¨áâ ««  (  ¥ ®á¨ x, ¯®¢¥àãâ®© ®â®á¨â¥«ì® ®á¨X1   45�). �«ï áà ¢¥¨ï ¢®á¯à®¨§¢¥¤¥¬ (¢  è¨å®¡®§ ç¥¨ïå) ä®à¬ã«ë ¤«ï ��r ¨ ��t, ¯à¨¢¥¤¥ë¥¢ à ¡®â¥ [2] (ä®à¬ã«  ¤«ï ��2r ¢ [2] ®âáãâáâ¢ã¥â):~��r = Im� 4k0�0k21 � k20� cos (2�0) ; (8:1)~��t = Re f�0Lg cos (2�0) : (8:2)�¥âàã¤® ¢¨¤¥âì, çâ® (8.1) ¬®¦® ¯®«ãç¨âì ¨§ (7.1),¥á«¨ ¯à¥¤¯®«®¦¨âì, çâ®�(1)2 ��(1)1 = 2�0: (9)�¬¥áâ¥ á â¥¬ á«¥¤ã¥â ¨¬¥âì ¢ ¢¨¤ã, çâ® ¢ëà ¦¥¨¥ (8.1)¡ë«® ¯®«ãç¥® ¢ [8] ¨áå®¤ï ¨§ £à ¨çëå ãá«®¢¨©, ¯à¥¤-«®¦¥ëå ¢ áâ âì¥ [9]. �®á«¥¤¨¥ ¦¥, ª ª ¯®ª § ® ¢ [6],ï¢«ïîâáï ¥ª®àà¥ªâë¬¨, â ª ª ª ¬®£ãâ ¯à¨¢®¤¨âì ªà¥§ã«ìâ â ¬, ¯à®â¨¢®à¥ç é¨¬ § ª®ã á®åà ¥¨ï í¥à-£¨¨.�â® ª á ¥âáï á®®â®è¥¨ï (8.2), â® ®® ¯®«ãç ¥âáï¨§ (7.2) ¢ ¯à¥¤¯®«®¦¥¨¨ á« ¡®£® ¢«¨ï¨ï ¯à¨¯®¢¥àå-®áâ®© ¥®¤®à®¤®áâ¨   ®âà ¦¥¨¥ ¨ ¯à¥«®¬«¥¨¥á¢¥â : Imf�sg � Ref�0gL: (10)�¤ ª® ¯à¨¢¥¤¥ë¥ ¢ [2] à¥§ã«ìâ âë ¨§¬¥à¥¨© ��2r¨ ��t ¯®ª §ë¢ îâ, çâ® ��2r � 2��t. �®á«¥¤¥¥ ¢ á¨«ã(7.2) ¨ (7.3) ®§ ç ¥â, çâ® ®á®¢®© ¢ª« ¤ ¢ ¨§¬¥¥¨¥¯®«ïà¨§ æ¨®ëå å à ªâ¥à¨áâ¨ª ®¤®ªà â® ¨ ¤¢ ¦¤ë¯à®è¥¤è¥£® áà¥¤ã á¢¥â  ¢®á¨â  ¨§®âà®¯¨ï ¯à¨¯®-¢¥àå®áâ®£® á«®ï. � á«¥¤®¢ â¥«ì®, ¯à¥¤¯®«®¦¥¨¥(10), á¤¥« ®¥ ¢ [2], ¥®¡®á®¢ ®. � ª¨¬ ®¡à §®¬,á®®â®è¥¨ï (8) ¥ ¬®£ãâ ¨á¯®«ì§®¢ âìáï ¤«ï ¨â¥à¯à¥-â æ¨¨  ¡«î¤ ¥¬ëå ¢ à ¡®â å [1{3] íää¥ªâ®¢.�®á¬®âà¨¬ â¥¯¥àì   à¥§ã«ìâ âë [1{3], ¨¬¥ï ¢ ¢¨¤ãá®®â®è¥¨ï (7). �§ (7) á«¥¤ã¥â, çâ® ��2r = 2��t, ¥á«¨â®«ìª® Ref�0g = 0. �«¥¤®¢ â¥«ì®, ®á®¢®© ¨â¥à¥á¢ à ¡®â¥ [2] (¢®¯à¥ª¨ ¬¥¨î  ¢â®à®¢) ¯à¥¤áâ ¢«ï¥â ¡«î¤ ¢è¥¥áï â ¬ ¥¡®«ìè®¥ ®â«¨ç¨¥ ��2r ®â 2��t,¯®áª®«ìªã ¨¬¥® ®® ¬®¦¥â ®§ ç âì, çâ® Ref�0g 6= 0.�«¥¤ã¥â, ®¤ ª®, ¨¬¥âì ¢ ¢¨¤ã, çâ® íâ® ®â«¨ç¨¥ ¬®-¦¥â ¡ëâì ¢ë§¢ ® ¨ ¤àã£¨¬¨ ¯à¨ç¨ ¬¨,  ¯à¨¬¥àíää¥ªâ ¬¨ ¢â®à®£® ¯®àï¤ª  ¬ «®áâ¨ ¯® � ¨ (¨«¨) �1.� á®¦ «¥¨î, ¨§ â¥ªáâ  à ¡®âë [2] ¥ ïá®, ¬®¦¥â «¨â®ç®áâì ®¯¨á ®£® â ¬ íªá¯¥à¨¬¥â  £ à â¨à®¢ âì,
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