
52 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2002. ò1��� 539.1 ����������� ����������� �������� ��������������� ��������� ������ � ��� ��������.�. �¨«®®¢, �.�. �¥¨¥¢, �.�. � à« ¬®¢ (ª ä¥¤à  ä¨§¨ª¨ â¢¥à¤®£® â¥« )E-mail: silonov v@mail.ru� áç¥â ¯®«¥© á¬¥é¥¨© ¢¡«¨§¨ ®¤¨®çëå ¯à¨¬¥áëå  â®¬®¢ § ¬¥é¥¨ï ¢ ��� áâàãªâãà¥,¢ë¯®«¥ë© ¢ ¬¨ªà®áª®¯¨ç¥áª®¬ ¯à¨¡«¨¦¥¨¨, ¢ëï¢¨« ¥å ®â¨çë© å à ªâ¥à à á¯®«®¦¥¨ï¢¥ªâ®à®¢ á¬¥é¥¨©  â®¬®¢ ¬ âà¨æë. �â® ®¡ãá«®¢«¥® ª ª à §«¨ç¨¥¬ à §¬¥à®¢ ¯à¨¬¥á®£® â®¬  ¨  â®¬®¢ ¬ âà¨æë, â ª ¨ ®á®¡¥®áâï¬¨ ��� áâàãªâãàë.�®¯ëâª¨ à áç¥â  ¯®«¥© áâ â¨ç¥áª¨å á¬¥é¥¨©¢®ªàã£ â®ç¥çëå ¤¥ä¥ªâ®¢ ¢ ��� áâàãªâãà¥ ¯à¥¤-¯à¨¨¬ «¨áì ¥é¥ ¢ 1957 £. [1] (à áá¬ âà¨¢ «¨áì«¨èì ¤¥ä¥ªâë ¢ â¢¥à¤®¬  à£®¥). � à ¡®â å [2{4] ¢à ¬ª å ¬ ªà®áª®¯¨ç¥áª®© â¥®à¨¨ ¯à®¢®¤¨«¨áì à á-ç¥âë áâ â¨ç¥áª¨å á¬¥é¥¨© ¢¤ «¨ ®â ¤¥ä¥ªâ®¢. �á-¯®«ì§®¢ ¨¥ ¬¨ªà®áª®¯¨ç¥áª®£® ¯à¨¡«¨¦¥¨ï ¤«ï��� áâàãªâãàë ¯à¨¢¥«® ª ¢ëï¢«¥¨î ¥å ®â¨ç-®áâ¨ ¢ à á¯®«®¦¥¨¨ ¢¥ªâ®à®¢ á¬¥é¥¨©  â®¬®¢¬ âà¨æë ¢®ªàã£ ®¤¨®çëå ¯à¨¬¥áëå  â®¬®¢ § -¬¥é¥¨ï [5]. �  áâ®ïé¥© à ¡®â¥ ¢ë¯®«¥ à áç¥â¯®«¥© áâ â¨ç¥áª¨å á¬¥é¥¨© ¢ ��� ¬¥â ««¥ ¢¡«¨§¨®¤¨®ç®© ¯à¨¬¥á¨ § ¬¥é¥¨ï ¢ à ¬ª å ¬®¤¥«¨�®à {�¥£¡¨.� à ¬ª å ¬¥â®¤  ä«ãªâã æ¨®ëå ¢®« [6, 7] ¯à¨ «¨ç¨¨ ¤¥ä¥ªâ®¢ ¢ ªà¨áâ ««¥ ®¡ àã¦¨¢ ¥âáï á¬¥-é¥¨¥ ¥£®  â®¬®¢ ¨§ ã§«®¢ ¨¤¥ «ì®© ¯¥à¨®¤¨ç¥áª®©à¥è¥âª¨   ¢¥«¨ç¨ã�Rs = iXk Rk e�ikRs ;£¤¥ k | ¢®«®¢®© ¢¥ªâ®à ¢®«ë á¬¥é¥¨©, Rs |¢¥ªâ®à s-£® ã§«  ¨¤¥ «ì®© à¥è¥âª¨ ªà¨áâ «« ,  |¨¤¥ªá ¯®¤à¥è¥âª¨, i = p�1 , Rk | äãàì¥-®¡à §¢¥ªâ®à  áâ â¨ç¥áª¨å á¬¥é¥¨©:Rk =� iN NXs=1 �Rs eikRs ;N | ç¨á«®  â®¬®¢ ªà¨áâ «« . � «¨¥©®¬ ¯à¨-¡«¨¦¥¨¨ ¢¥«¨ç¨  Rk á¢ï§   á äãàì¥-®¡à §®¬®âª«®¥¨© ç¨á¥« § ¯®«¥¨ï cs ®â ª®æ¥âà æ¨¨c á®®â®è¥¨¥¬Rk =� iN Xs X Akck ;£¤¥ ck = 1N NXs=1 (cs � c) eikRs :�®íää¨æ¨¥âë ¯à®¯®àæ¨® «ì®áâ¨ Ak ¬®£ãâ¡ëâì  ©¤¥ë ¨§ á¨áâ¥¬ë «¨¥©ëå ãà ¢¥¨©D̂11kijAkj1 + D̂12kijAkj2 = P 1ki ;

D̂21kijAkj1 + D̂22kijAkj2 = P 2ki :�®ªà¥âë¥ ¢ëà ¦¥¨ï ¤«ï ¤¨ ¬¨ç¥áª¨å ¬ â-à¨æ D0kij0 ¨ ª¢ §¨ã¯àã£¨å c¨« ¡ë«¨ ¯®«ãç¥ë ¢ ¬®-¤¥«¨ �®à {�¥£¡¨ [8]. �«ï ��� ¬¥â ««®¢ ¤¨ ¬¨-ç¥áª ï ¬ âà¨æ  Dkij ¢ ¯à¨¡«¨¦¥¨¨ �®à {�¥£¡¨¨¬¥eâ ¢¨¤ [7]D11kxx =�3 (�1 + �1 +�2 + �2) + (�1 +3�2)CxCy++2�1Cxx;D11kyy =�3 (�1 + �1 +�2 + �2) + (�2 +3�1)CxCy++2�2Cxx;D11kzz =�6 (�3 + �3) + 2�3 (2CxCy +Cxx) ;D11kxy =�p3 (�1 � �2)SxSy � i�4Sx (Cx �Cy) ;D11kyx =�p3 (�1 � �2)SxSy + i�4Sx (Cx �Cy) ;D11kxz =D11kzx =D11kyz =D11kzy = 0;D21kxx = 2�1Cz ei2y1 +(�1 + 3�2)CxCz e�iy1 ;D21kyy = 2�2Cz ei2y1 +(�2 + 3�1)CxCz e�iy1 ;D21kzz = 2�3Cz �ei2y1 +Cx e�iy1� ;D21kxy =Q21kyx = ip3 (�1 � �2)CzSx e�iy1 ;D21kxz =Q21kzx =�2p3�4SzSx e�iy1 ;D21kyz =Q21kzy =�i � 2�4Sz �Cx e�iy1 � ei2y1� :�¤¥áì k | ¢®«®¢®© ¢¥ªâ®à, ¯à¨¢¥¤¥ë© ª¯¥à¢®© ïç¥©ª¥ ®¡à â®© à¥è¥âª¨,Cx = cos x; Cy = cos y; Cz = z; Cxx = cos 2x;Sx = sinx; Sy = sin y; Sz = sin z;x= kxa2 ; y = kyap32 ; z = kzc2 ; xx= 2x; y1 = y3 ;a; c | ¯ à ¬¥âàë à¥è¥âª¨ â¢¥à¤®£® à áâ¢®à , cij |ã¯àã£¨¥ ¯®áâ®ïë¥ ��� â¢¥à¤®£® à áâ¢®à , �i ¨�i | á¨«®¢ë¥ ¯®áâ®ïë¥.



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2002. ò1 53�®íää¨æ¨¥âë P 0ki ®¯à¥¤¥«ïîâáï á¨«®¢ë¬¨ ¯®-áâ®ïë¬¨ W ¨ W 0 :P 11kx = 2W (Sxx + SxCy) ; P 11ky = 2p3WSyCx;P 11kz = 0; P 12kx =K � 4p3aW 0SxCz eiy1 ;P 12ky = iK � 4aW 0Cz �ei2y1 �Cx e�iy1� ;P 12kz =K � 2p3cW 0Sz �e�i2y1 +2Cx eiy1� ;£¤¥ K = 1=p4a2 + 3c2 . �¨«®¢ë¥ ¯®áâ®ïë¥ W ¨W 0 ¬®¦® ¢ëà §¨âì ç¥à¥§ ¢¥«¨ç¨ë, å à ªâ¥à¨-§ãîé¨¥ § ¢¨á¨¬®áâì ¯ à ¬¥âà®¢ à¥è¥â®ª a; c ®âª®æ¥âà æ¨¨ à áâ¢®à  C :W = 14p3ca �(c11 + c12) 1a @a@C + c13 1c @c@C ��� 13p3a2 �2c13 1a @a@C + c33 1c @c@C � ;W 0 = a2p4a2 + 3c212c �2c13 1a @a@C + c33 1c @c@C � :�¨«®¢ë¥ ¯®áâ®ïë¥ �i ¨ �i á¢ï§ ë ¤àã£ á ¤àã£®¬á®®â®è¥¨¥¬3�3 + �3 = 3c24a2 (�1 + �2) ;¢ëâ¥ª îé¨¬ ¨§ âà¥¡®¢ ¨ï ®âáãâáâ¢¨ï ¢ãâà¥¨å ¯àï¦¥¨©. �å á¢ï§ì á ¬®¤ã«ï¬¨ ã¯àã£®áâ¨ ªà¨á-â ««®¢ á ��� à¥è¥âª®© ¨¬¥¥â ¢¨¤c11 = p32c �3�1 + �2 + 2�2 (�1 + �2)(�1 � �2) � ;c66 = 12 (c11 � c12) = 12p3c�� 3 (�1 + 3�2) + (3�1 + �2) + (�1 + �2)2(�1 � �2) ! ;c33 = p3ca2 �3;c44 = 2p3c �3;c13 � c44 =�23�4:� á«ãç ¥ ��� áâàãªâãàë ¢¥ªâ®àë á¬¥é¥¨© â®¬®¢ ¬ âà¨æë ¤«ï ª ¦¤®© ¨§ ¯®¤à¥è¥â®ª á¢ï§ ëá áãé¥áâ¢¥® à §«¨çë¬¨ ª®íää¨æ¨¥â ¬¨ Ak11¨ Ak21 : �Rs1 = iN Z Ak11 e�ikRs1 dk; (1)�Rs2 = iN Z Ak21 e�ikRs2 dk: (2)� áç¥âë ¯®«¥© áâ â¨ç¥áª¨å á¬¥é¥¨© ¡ë«¨¯à®¢¥¤¥ë   ¯à¨¬¥à¥ ®¤¨®çëå ¯à¨¬¥á¥© ¨-¤¨ï ¢ à¥è¥âª¥ ¬ £¨ï. �ë«¨ ¢ë¡à ë á«¥¤ãî-

é¨¥ ¯ à ¬¥âàë: aMg = 3:21 �A, cMg = 5:21 �A,c11 = 0:594 �1012 , c12 = 0:256 �1012 , c13 = 0:214 �1012 ,c33 = 0:616 � 1012 , c44 = 0:164 � 1012 (¤¨/á¬2 ),1a @a@c =�0:04; 1C @C@c = 0:005:�à®¢¥àª  ¯à ¢¨«ì®áâ¨ ¨á¯®«ì§®¢ ëå ¢ à ¡®â¥¢ëà ¦¥¨© ¤«ï ¤¨ ¬¨ç¥áª¨å ¬ âà¨æ ¯à®¢®¤¨« áì¯ãâ¥¬ à áç¥â  ä®®ëå á¯¥ªâà®¢ � (k) . �ª § «®áì,çâ® à ááç¨â ë¥ ¨ íªá¯¥à¨¬¥â «ìë¥ [9] ªà¨¢ë¥ä®®ëå á¯¥ªâà®¢ ã¤®¢«¥â¢®à¨â¥«ì® á®£« áãîâ-áï. � áç¥âë @Rs ¯à®¢®¤¨«¨áì ç¨á«¥ë¬ ¨â¥£-à¨à®¢ ¨¥¬ (1), (2) ¯® ¥¯à¨¢®¤¨¬®© ç áâ¨ §®ë�à¨««îí , ¯à¨ íâ®¬ ç¨á«® â®ç¥ª áã¬¬¨à®¢ ¨ï
���������	
�������������������� !"#�à®¥ªæ¨¨ ¢¥ªâ®à®¢ áâ â¨ç¥áª¨å á¬¥é¥¨©  â®¬®¢ ¬ £¨ï¢¡«¨§¨  â®¬  ¨¤¨ï, «¥¦ é¨å ¢ ¯«®áª®áâïå: z = 0 ( ),z = 0:5c (¡), z = c (¢)



54 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2002. ò1ã¢¥«¨ç¨¢ «®áì ¤® â¥å ¯®à, ¯®ª  ¥ ¤®áâ¨£ « áìáå®¤¨¬®áâì à¥§ã«ìâ â®¢. � ��� áâàãªâãà¥ ªà¨áâ «-«¨ç¥áª ï à¥è¥âª  à §¡¨¢ ¥âáï   ¤¢¥ ¯®¤à¥è¥âª¨.� á®®â¢¥âáâ¢¨¨ á íâ¨¬ ã§«ë, ¯à¨ ¤«¥¦ é¨¥ ª¯¥à¢®© ¨ ¢â®à®© ª®®à¤¨ æ¨®ë¬ áä¥à ¬, ¨¬¥îâ¢¥áì¬  ¡«¨§ª¨¥ à ¤¨ãáë (3.20 ¨ 3.21 �A ¢ á«ã-ç ¥ ¬ £¨ï) ¨ ®â®áïâáï ª à §ë¬ ¯®¤à¥è¥âª ¬.� ¯¥à¢®© ¯®¤à¥è¥âª¥ ®â®áïâáï ã§«ë [[10�10]],[[11�20]], [[01�10]], [[�1010]], [[�1�120]], [[0�110]] (¢â®-à ï ª®®à¤¨ æ¨® ï áä¥à ),   ª® ¢â®à®© | ã§«ë[[ 23 13�1 12 ]], [[ �13 13012 ]], [[ �13 �23112 ]] ¨ [[ 23 13�1 �12 ]], [[ �13 130�12 ]],[[ �13 �231�12 ]] (¯¥à¢ ï ª®®à¤¨ æ¨® ï áä¥à ). �§ à¥-§ã«ìâ â®¢ à áç¥â®¢ á¬¥é¥¨©, ¢®§¨ª îé¨å ¨§-§ ¯à¨áãâáâ¢¨ï ®¤¨®çëå ¯à¨¬¥á¥© ¨¤¨ï ¢ ¬ âà¨æ¥¬ £¨ï (à¨áã®ª), c«¥¤ã¥â, çâ® å à ªâ¥à á¬¥é¥¨© â®¬®¢,  å®¤ïé¨åáï ¢ ã§« å ¢â®à®© ¯®¤à¥è¥âª¨,à §«¨ç¥. � ª, á¬¥é¥¨ï  â®¬®¢ ¢ ã§« å [[ �13 13012 ]],[[ �13 130�12 ]] ¨ [[ �13 �23112 ]], [[ �13 �231�12 ]] ¯à ªâ¨ç¥áª¨ â £¥-æ¨ «ìë¥,   á¬¥é¥¨ï  â®¬®¢ ¢ ã§« å [[ 23 13�112 ]] ¨[[ 23 13�1 �12 ]] ¨¬¥îâ § ç¨â¥«ìë¥ à ¤¨ «ìë¥ á®áâ ¢-«ïîé¨¥.� ®â«¨ç¨¥ ®â  â®¬®¢ ¯¥à¢®© ª®®à¤¨ æ¨®®©áä¥àë, ¢® ¢â®à®© ª®®à¤¨ æ¨®®© áä¥à¥ á¬¥é¥¨ï¤¢ãå  â®¬®¢: [[11�20]] ¨ [[�1�120]] ¯à ªâ¨ç¥áª¨ à -¤¨ «ìë¥, ¢ â® ¢à¥¬ï ª ª á¬¥é¥¨ï ¤àã£¨å  â®¬®¢®áïâ £« ¢ë¬ ®¡à §®¬ â £¥æ¨ «ìë© å à ªâ¥à.�¬¥é¥¨ï  â®¬®¢,  å®¤ïé¨åáï ¢ ã§« å [[0001]]¨ [[000�1 ]], ¯à¨ ¤«¥¦ é¨å ª ç¥â¢¥àâ®© ª®®à¤¨ -æ¨®®© áä¥à¥ ¨ ¢â®à®© ¯®¤à¥è¥âª¥, ¯à ªâ¨ç¥áª¨â £¥æ¨ «ìë¥.�¬¥é¥¨ï  â®¬®¢ ¢ âà¥âì¥© ª®®à¤¨ æ¨®®©áä¥à¥,  å®¤ïé¨åáï ¢ ã§« å [[ 23 43�2 12 ]] ¨ [[ 23 43�2 �12 ]],®áïâ ¢ ®á®¢®¬ à ¤¨ «ìë© å à ªâ¥à,   ¢ ¤àã£¨åã§« å | á¬¥è ë© (¨ à ¤¨ «ìë© ¨ â £¥æ¨ «ì-ë©).�à¨¢¥¤¥ë¥ ¤ ë¥ £®¢®àïâ ® â®¬, çâ® ¢ ���áâàãªâãà¥ § ¬¥é¥¨¥ ®¤®£®  â®¬  ¬ £¨ï  â®¬®¬

¨¤¨ï ¯à¨¢®¤¨â ª ª®àà¥«¨à®¢ ë¬ á¬¥é¥¨ï¬¡«¨¦ ©è¨å  â®¬®¢ ¬ £¨ï. �®«ìè¨áâ¢® ¢¥ªâ®à®¢áâ â¨ç¥áª¨å á¬¥é¥¨©, ª ª ¢¨¤® ¨§ à¨áãª , «¥-¦ â ¢ ¯«®áª®áâïå, ¯à ªâ¨ç¥áª¨ ¯ à ««¥«ìëå ¯«®á-ª®áâ¨ (1�100). �®-¢¨¤¨¬®¬ã, íâ® á¢ï§ ® á ®á®¡¥-®áâï¬¨ ¢§ ¨¬®¤¥©áâ¢¨ï ¯à¨¬¥á®£®  â®¬  ¨¤¨ïá á®á¥¤¨¬¨  â®¬ ¬¨ ¬ £¨ï, à á¯®«®¦¥ë¬¨ ¢®¡¥¨å ¯®¤à¥è¥âª å ��� ¬ âà¨æë. �¡ àã¦¥ë©¢ à ¡®â¥ [5] áª®àà¥«¨à®¢ ë© å à ªâ¥à á¬¥é¥¨©¤«ï ��� áâàãªâãàë ¢¬¥áâ¥ á ¯®«ãç¥ë¬¨ ¢  -áâ®ïé¥© à ¡®â¥ à¥§ã«ìâ â ¬¨ á¢¨¤¥â¥«ìáâ¢ãîâ ®¡®¡é¥¬ å à ªâ¥à¥ ª®àà¥«ïæ¨¨ á¬¥é¥¨© ¢ à §¡ ¢-«¥ëå â¢¥à¤ëå à áâ¢®à å á à §«¨ç®© ªà¨áâ «-«¨ç¥áª®© áâàãªâãà®©. �¯¨á ë¥ à¥§ã«ìâ âë ¡ë«¨¯®«ãç¥ë ¢ à ¬ª å ¬¨ªà®áª®¯¨ç¥áª®© â¥®à¨¨ ¢¤«¨®¢®«®¢®¬ ¯à¨¡«¨¦¥¨¨. �à¥¤áâ ¢«ï¥â ¨â¥-à¥á ¯à®¢¥¤¥¨¥ ¯®¤®¡ëå à áç¥â®¢ ¬¥â®¤®¬ ¬®¤¥«ì-®£® ¯®â¥æ¨ « .�¨â¥à âãà 1. Kanzaki H. // J. Phys. Chem. Solids. 1957. 2. P. 24.2. Flocken J.W., Hardy J.R. // Phys. Rev. B. 1970. 1, No. 6.P. 2472.3. Dederichs P.H., Pollman J. // Z. f. Phys. 1972. 255, No. 4.P. 315.4. Soma T. // Physica B. 1977. 92. P. 17.5. �¨«®®¢ �.�., � à« ¬®¢  �.�., �¥¨¥¢ �.�. // �¥áâ.�®áª. ã-â . �¨§. �áâà®. 2001. ò3. C. 79.6. �à¨¢®£« § �.�. �¥®à¨ï à áá¥ï¨ï à¥â£¥®¢áª¨å «ãç¥© ¨â¥¯«®¢ëå ¥©âà®®¢ à¥ «ìë¬¨ ªà¨áâ «« ¬¨. �.: � ãª ,1967.7. �à¨¢®£« § �.�., �î � ® // �¥â ««®ä¨§¨ª . 1968. ò24.P. 63.8. Begbie G.H., Born M. // Proc. Roy. Soc. 1947. A188. P. 179.9. Shaw R.W., Pynn R. // J. Phys. C. 1969. 2. P. 2071.�®áâã¯¨«  ¢ p¥¤ ªæ¨î26.10.01


