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3. �¥«ãå¨ �.�. �¥£ ãáá®¢áª¨¥ ¯à®æ¥ááë ¢ à ¤¨®â¥å¨ª¥.�.: � ¤¨® ¨ á¢ï§ì, 1999.4. �ª¨¬®¢ �.�., � ªãâ �.�., �®£¤ ®¢¨ç �.�. ¨ ¤à. �¥®à¨ï®¡ àã¦¥¨ï á¨£ «®¢. �.: � ¤¨® ¨ á¢ï§ì, 1984.5. � «¥¥¢ �.�., �®®¯®«ìáª¨© �.�. // � ¤¨®â¥å. ¨ í«¥ªâp®-¨ª . 1981. 26, ò 11. C. 2301.6. �¨å®®¢ �.�. �â â¨áâ¨ç¥áª ï à ¤¨®â¥å¨ª . �.: � ¤¨® ¨á¢ï§ì, 1982.7. �®áã«¨ �.�. �¥®à¥â¨ç¥áª¨¥ ®á®¢ë à ¤¨®«®ª æ¨¨ ¨ à -¤¨® ¢¨£ æ¨¨. �.: � ¤¨® ¨ á¢ï§ì, 1992.8. �¥¢¨ �.�. �¥®à¥â¨ç¥áª¨¥ ®á®¢ë áâ â¨áâ¨ç¥áª®© à ¤¨®-â¥å¨ª¨. �.: � ¤¨® ¨ á¢ï§ì, 1989. �®áâã¯¨«  ¢ p¥¤ ªæ¨î14.05.01�������� � ������������ ��������� 534.222 ��������� ������� ��������� � ������������������������ ������ �������� � ������� ������. �. � «« ¤, �. �. �®àè ª, �. �. �®¦ ¥¢, �. �. �®«®¤®¢(ª ä¥¤à   ªãáâ¨ª¨)E-mail: balade@mail.ru�¥â®¤®¬ ¢ à¨ æ¨¨ ¯®áâ®ï®© à¥è¥® ãà ¢¥¨¥ ¤¢¨¦¥¨ï ç áâ¨æ ¢ â¢¥à¤®¬ â¥«¥ ¢ ¯à¨¡«¨-¦¥¨¨ ¤¥¢ïâ¨ª®áâ â®© â¥®à¨¨ ã¯àã£®áâ¨. �®«ãç¥ë ¢ëà ¦¥¨ï, ®¯¨áë¢ îé¨¥ £¥¥à æ¨îâà¥âì¥© £ à¬®¨ª¨   ª¢ ¤à â¨ç®© ¨ ªã¡¨ç¥áª®© ¥«¨¥©®áâ¨ â¢¥à¤®© áà¥¤ë. �à¥¤«®¦¥ ¬¥â®¤¨ª  ®¯à¥¤¥«¥¨ï ¥«¨¥©ëå ¯ à ¬¥âà®¢ £¥¥à æ¨¨ âà¥âì¥© £ à¬®¨ª¨. �ªá¯¥à¨¬¥-â «ì® ¨áá«¥¤®¢   £¥¥à æ¨ï ¢â®à®© ¨ âà¥âì¥© £ à¬®¨ª ¯®¢¥àå®áâëå  ªãáâ¨ç¥áª¨å ¢®«¢ ªà¨áâ ««¥ LiNbO3 ¨   ª®â ªâ®© £à ¨æ¥ â¢¥à¤ëå â¥«. �ë¯®«¥ë ®æ¥ª¨ ¢¥«¨ç¨¥«¨¥©ëå ¯ à ¬¥âà®¢ £¥¥à æ¨¨ ¨ íää¥ªâ¨¢ëå ª®¬¡¨ æ¨© ã¯àã£¨å ¬®¤ã«¥© ç¥â¢¥àâ®£®¯®àï¤ª  ¨áá«¥¤®¢ ®£® ¬ â¥à¨ « .�¢¥¤¥¨¥�áá«¥¤®¢ ¨ï ¥«¨¥©ëå  ªãáâ¨ç¥áª¨å ï¢«¥¨©¢ â¢¥à¤®¬ â¥«¥ ®¡ëç® á¢ï§ ë á ®¯à¥¤¥«¥¨¥¬®âª«®¥¨© á¨«ë ã¯àã£®áâ¨ ¨¤¥ «ì®© à¥è¥âª¨ ®â§ ª®  �ãª . �à¨ ¬ «ëå ¤¥ä®à¬ æ¨ïå â ª¨¥ ®âª«®-¥¨ï ¥§ ç¨â¥«ìë, ¨ ¯®íâ®¬ã ¢ ¯®¤ ¢«ïîé¥¬¡®«ìè¨áâ¢¥ à ¡®â ®£à ¨ç¨¢ îâáï ª¢ ¤à â¨çë¬¨¯®¯à ¢ª ¬¨ ¢ ãà ¢¥¨¨ á®áâ®ï¨ï â¢¥à¤®£® â¥« ,®â¢¥âáâ¢¥ë¬¨ §  £¥¥à æ¨î ¢â®à®©  ªãáâ¨ç¥áª®©£ à¬®¨ª¨ [1]. �¤ ª® ¢ ¯®á«¥¤¥¥ ¢à¥¬ï ¢¨¬ ¨¥¯à¨¢«¥ç¥® ª ®¢ë¬ â¨¯ ¬  ®¬ «ì® ¢ëá®ª®© ã¯-àã£®© ¥«¨¥©®áâ¨, å à ªâ¥à®© ¤«ï â¥«, ®¡« ¤ î-é¨å ¬¨ªà®áâàãªâãà®© ¨«¨ ¤¥ä¥ªâ ¬¨ á¯«®è®áâ¨(âà¥é¨ë, ¯®àë, ®âá«®¥¨ï ¨ â. ¯.). �¥«¨¥©ë¥íää¥ªâë, ¯à®ï¢«ïîé¨¥áï ¢ â ª¨å â¥« å, ¬®£ãâ á«ã-¦¨âì ¨áâ®ç¨ª®¬ ¨ä®à¬ æ¨¨ ® áâàãªâãà¥ â¢¥à¤®£®â¥« . � íâ®© á¢ï§¨ ®á®¡ãî  ªâã «ì®áâì ¯à¨®¡à¥-â ¥â à §¢¨â¨¥ â¥®à¨¨ ¥«¨¥©ëå ¢§ ¨¬®¤¥©áâ¢¨©¢ëáè¨å ¯®àï¤ª®¢ ¨ ®¯à¥¤¥«¥¨¥ ¥«¨¥©ëå ¯ -à ¬¥âà®¢ â ª¨å ¢§ ¨¬®¤¥©áâ¢¨© ¤«ï ¯®á«¥¤ãîé¥©
ª®«¨ç¥áâ¢¥®© ¨å ®æ¥ª¨. �¥¥à æ¨ï âà¥âì¥© £ à-¬®¨ª¨ à áá¬ âà¨¢ « áì ¢ ®â®á¨â¥«ì® ¥¬®£¨åâ¥®à¥â¨ç¥áª¨å [2, 3] ¨ íªá¯¥à¨¬¥â «ìëå [4, 5]à ¡®â å. �à¨ íâ®¬ ¥ ¡ë«® ã¤¥«¥® ¤®áâ â®ç®£®¢¨¬ ¨ï ®¯à¥¤¥«¥¨î ¥«¨¥©®£® ¯ à ¬¥âà  £¥-¥à æ¨¨ ¨ áà ¢¨â¥«ìë¬ ¢ª« ¤ ¬ ¥«¨¥©®áâ¥©à §«¨çëå ¯®àï¤ª®¢ ¢ ¥£® ¢¥«¨ç¨ã.�  áâ®ïé¥© à ¡®â¥ ¯®«ãç¥ë ¢ëà ¦¥¨ï, ®¯¨-áë¢ îé¨¥ ¯à®áâà áâ¢¥ë¥ ¨ ¤¨ ¬¨ç¥áª¨¥ å -à ªâ¥à¨áâ¨ª¨ £¥¥à æ¨¨ âà¥âì¥© £ à¬®¨ª¨ ¢ § ¤ -®¬ ¯®«¥ ®á®¢®© ¢®«ë ¡¥§ ãç¥â  ¥¥ ¯®£«®é¥¨ï,¨ ¯à¥¤«®¦¥  ¬¥â®¤¨ª  ®¯à¥¤¥«¥¨ï ¥«¨¥©ëå¯ à ¬¥âà®¢ £¥¥à æ¨¨ âà¥âì¥© £ à¬®¨ª¨. � ª¦¥¯à¨¢®¤ïâáï à¥§ã«ìâ âë íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®-¢ ¨© ¯à®æ¥áá®¢ £¥¥à æ¨¨ ¢â®à®© ¨ âà¥âì¥© £ à¬®-¨ª ¯®¢¥àå®áâëå  ªãáâ¨ç¥áª¨å ¢®«. �¯à¥¤¥«¥ë¯à®áâà áâ¢¥ë¥ ¨ ¤¨ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨íää¥ªâ®¢. �¨ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨   «¨§¨-àãîâáï ¤«ï ¤¢ãå â¨¯®¢ ¥«¨¥©®áâ¨: á®¡áâ¢¥®©¥«¨¥©®áâ¨ ¬ â¥à¨ «  (â ª  §ë¢ ¥¬®© ¬ â¥à¨-



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2001. ò6 45 «ì®© ¥«¨¥©®áâ¨) ¨ ª®â ªâ®©  ªãáâ¨ç¥áª®©¥«¨¥©®áâ¨. � ë ª®«¨ç¥áâ¢¥ë¥ ®æ¥ª¨ ¥«¨-¥©ëå ¯ à ¬¥âà®¢ £¥¥à æ¨¨ ¢ëáè¨å £ à¬®¨ª ¨ª®¬¡¨ æ¨¨ ã¯àã£¨å ¬®¤ã«¥© ç¥â¢¥àâ®£® ¯®àï¤ª ¤«ï ªà¨áâ ««  LiNbO3 . �à®¢¥¤¥ áà ¢¨â¥«ìë©  «¨§ ¯®«ãç¥ëå ¥«¨¥©ëå ¯ à ¬¥âà®¢ ¤«ïá«ãç ¥¢ ¬ â¥à¨ «ì®© ¨ ª®â ªâ®© ¥«¨¥©®áâ¨.1. �¥¥à æ¨ï âà¥âì¥© £ à¬®¨ª¨¢ ¨§®âà®¯®¬ â¢¥à¤®¬ â¥«¥�«ï ¯«®áª®© ¯à®¤®«ì®© ¢®«ë, à á¯à®áâà ïî-é¥©áï ¢¤®«ì ®á¨ x , ãà ¢¥¨¥ ¤¢¨¦¥¨ï ç áâ¨æ ¢â¢¥à¤®¬ â¥«¥ ¨¬¥¥â ¢¨¤ [1]�@2u@t2 = @@x  @U@ �@u@x�! ; (1)£¤¥ U | ¢ãâà¥ïï í¥à£¨ï â¢¥à¤®£® â¥« , u |á¬¥é¥¨¥, � | ¯«®â®áâì ¥¤¥ä®à¬¨à®¢ ®£® â¥-« .� §« £ ï U ¢ àï¤ ¯® ª®¬¯®¥â ¬ â¥§®à  ¤¥-ä®à¬ æ¨© uik á â®ç®áâìî ¤® ç«¥®¢ ç¥â¢¥àâ®£®¯®àï¤ª  ¬ «®áâ¨ ¨ áç¨â ï â¥«® ¨§®âà®¯ë¬, ¯®-«ãç¨¬ ¨§ (1) ãà ¢¥¨¥ ¤¢¨¦¥¨ï, ®¯¨áë¢ îé¥¥¥«¨¥©ë¥ íää¥ªâë ¤«ï ¯à®¤®«ìëå ã¯àã£¨å ¢®«á ãç¥â®¬ ªã¡¨ç¥áª®© ¥«¨¥©®áâ¨:�@2u@t2 � �@2u@x2 = f 0 + f 00: (2)�¤¥áì � = K + 43� | ª®¬¡¨ æ¨ï «¨¥©ëå¬®¤ã«¥© ã¯àã£®áâ¨,   f 0 ¨ f 00 ®¯à¥¤¥«ïîâáï ª®¬-¡¨ æ¨ï¬¨ ã¯àã£¨å ¬®¤ã«¥© âà¥âì¥£® (A;B;C) ¨ç¥â¢¥àâ®£® (D;G;H; J) ¯®àï¤ª :f 0 = � �@u@x @2u@x2� ; f 00 = � "�@u@x�2 �@2u@x2�# ;£¤¥ � = 3K+4�+2A+6B+2C , � = 32K+2�+6A++18B + 6C + 12 (D+G+H + J) .�à¨¬¥ïï áâ ¤ àâãî ¬¥â®¤¨ªã ¯®á«¥¤®¢ â¥«ì-ëå ¯à¨¡«¨¦¥¨©, ¯à¥¤áâ ¢«ï¥¬ ¢¥ªâ®à á¬¥é¥¨ïç áâ¨æ ¢ ¢¨¤¥ u= u1 + u2 + u3;£¤¥ u1 � u2 � u3 | ¢¥ªâ®àë á¬¥é¥¨ï ¢ ¯¥à¢®¬,¢â®à®¬ ¨ âà¥âì¥¬ ¯à¨¡«¨¦¥¨¨ á®®â¢¥âáâ¢¥®.�á¯®«ì§ãï à¥è¥¨¥ ãà ¢¥¨ï ¯¥à¢®£® ¯à¨¡«¨-¦¥¨ï u1 = u0 ei(!0t�k0x)+ ª. á. ¢ ãà ¢¥¨ïå ¢â®-à®£® ¨ âà¥âì¥£® ¯à¨¡«¨¦¥¨ï, ¨§ (2) ¯®«ãç¨¬ ¤¢ ¥®¤®à®¤ëå ãà ¢¥¨ï �¥«ì¬£®«ìæ :u00i � k2i ui = Fi (x) ;£¤¥ ui; ki | ¢¥«¨ç¨  á¬¥é¥¨ï ¨ ¢®«®¢®¥ ç¨á«®á®®â¢¥âáâ¢ãîé¥© £ à¬®¨ª¨,   Fi(x) ¤«ï ãà ¢¥¨©

¢â®à®£® ¨ âà¥âì¥£® ¯à¨¡«¨¦¥¨ï ¨¬¥îâ á®®â¢¥â-áâ¢¥® ¢¨¤ F2 = �@u1@x @2u1@x2 (3)¨F3 = � @2u1@x2 �@u1@x �2 + � �@u2@x @2u1@x2 + @u1@x @2u2@x2 � :(4)�¥è¥¨¥ ãà ¢¥¨© ¡ã¤¥¬ ¨áª âì ¬¥â®¤®¬ ¢ à¨ -æ¨¨ ¯®áâ®ï®©: á ¯®¬®éìî ¤¢ãå ¯®á«¥¤®¢ â¥«ìëå§ ¬¥ ¯¥à¥¬¥ëå ¢¨¤  ui = C(x) eikix ¯®«ãç ¥¬ ¢  «¨â¨ç¥áª®¬ ¢¨¤¥ à¥è¥¨¥ ¥®¤®à®¤®£® ãà ¢-¥¨ï �¥«ì¬£®«ìæ  ª ª ¤¢®©®© ¨â¥£à « ®â ¯à ¢®©ç áâ¨:ui = �Z �Z Fi (x) e�ikixdx� e2ikix dx� e�ikix : (5)� ª, ¤«ï ãà ¢¥¨ï ¢â®à®£® ¯à¨¡«¨¦¥¨ï, ¢ëç¨á-«ïï ¯à ¢ãî ç áâì (3) ¨ ¯®¤áâ ¢«ïï ¥¥ ¢ (5), ¯®á«¥¨â¥£à¨à®¢ ¨ï ¯®«ãç¨¬u2 = n� iu20k30�2� (2k0+ k2) (2k0� k2) ei2k0x++C+ eik2x+C� e�ik2xo:�®áâ®ï ï C� à ¢  ã«î ¤«ï ¢®«, ¡¥£ã-é¨å ¢¤®«ì ¯®«®¦¨â¥«ì®£®  ¯à ¢«¥¨ï ®á¨. �«ï®¯à¥¤¥«¥¨ï C+ ¨á¯®«ì§ã¥¬ áâ ¤ àâ®¥ £à ¨ç®¥ãá«®¢¨¥ u2 = 0 ¯à¨ x= 0 . �®¢¥àè ï ¤ «¥¥ ¯à¥¤¥«ì-ë© ¯¥à¥å®¤ ¢ ®âáãâáâ¢¨¥ ¤¨á¯¥àá¨¨ ¯à¨ k2! 2k0 ,¤«ï  ¬¯«¨âã¤ë ¢â®à®© £ à¬®¨ª¨ ¯®«ãç¨¬ ¨§¢¥áâ-ãî ä®à¬ã«ã u02 =� �8�k20u20x: (6)� «®£¨ç®, ¢ëç¨á«¨¢ ¯à ¢ãî ç áâì (4) á ¨á-¯®«ì§®¢ ¨¥¬ ¢ëà ¦¥¨© ¤«ï u2 ¨ u2 ¨ á®¢¥àè ï¯®á«¥ ¨â¥£à¨à®¢ ¨ï (5) ¯à¥¤¥«ìë© ¯¥à¥å®¤ ¯à¨®âáãâáâ¢¨¨ ¤¨á¯¥àá¨¨ k3 ! 3k0 , ¤«ï  ¬¯«¨âã¤ëâà¥âì¥© £ à¬®¨ª¨  ©¤¥¬:u03 = �2u30k40x232�2 (1 + 169k20x2 ����2 �2)1=2 : (7)�¢¥¤¥¬ â¥¯¥àì ¥«¨¥©ë¥ ¯ à ¬¥âàë £¥¥à -æ¨¨ £ à¬®¨ª, ®¯à¥¤¥«ïîé¨¥ íää¥ªâ¨¢®áâì £¥¥-à æ¨¨, ¢¥«¨ç¨  ª®â®àëå ¤®«¦  § ¢¨á¥âì â®«ìª® ®âá¢®©áâ¢ ¬ â¥à¨ « . � à ªâ¥à®, çâ® ¥ª®â®à ï ¥®¤-®§ ç®áâì ¢ ®¯à¥¤¥«¥¨¨ ¥«¨¥©ëå ¯ à ¬¥âà®¢â¢¥à¤ëå â¥« áãé¥áâ¢ã¥â ¤ ¦¥ ¤«ï ¢â®à®© £ à¬®¨-ª¨. �¥«® ¢ â®¬, çâ® ¯ à ¬¥âà ª¢ ¤à â¨ç®© ¥«¨-¥©®áâ¨ ®¯à¥¤¥«ï¥âáï ®â®è¥¨¥¬ ª¢ ¤à â¨çëå ¨«¨¥©ëå ç«¥®¢ «¨¡® ¢ ãà ¢¥¨¨ ¤¢¨¦¥¨ï [2],«¨¡® ¢ ãà ¢¥¨¨ á®áâ®ï¨ï [6]. �â®à®© ¯®¤å®¤



46 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2001. ò6®¡ëç® â ª¦¥ ¨á¯®«ì§ã¥âáï ¢ ¥«¨¥©®©  ªãáâ¨-ª¥ £ §®¢ ¨ ¦¨¤ª®áâ¥©, ¯®íâ®¬ã ¤«ï á®åà ¥¨ï®¡é®áâ¨ ¬ë ¡ã¤¥¬ ¥£® ¯à¨¤¥à¦¨¢ âìáï. � ãç¥â®¬ªã¡¨ç¥áª¨å ç«¥®¢ ¢ ãà ¢¥¨¨ á®áâ®ï¨ï ¨¬¥¥¬:@U@ �@u@x� = �"@u@x + �2� �@u@x�2+ �3� �@u@x�3# : (8)�®£¤  ¥«¨¥©ë© ¯ à ¬¥âà £¥¥à æ¨¨ ¢â®à®©£ à¬®¨ª¨ ¢ á®®â¢¥âáâ¢¨¨ á (8) ¨ (6) ¡ã¤¥â ®¯à¥-¤¥«ïâìáï á«¥¤ãîé¨¬ ®¡à §®¬ [1]:�2 =� �2� = 4u02u20k20x; (9)  ¢ëà ¦¥¨¥ ¤«ï ¯ à ¬¥âà  ªã¡¨ç¥áª®© ¥«¨¥©®á-â¨ ¡ã¤¥â á®®â¢¥âáâ¢¥® ¨¬¥âì ¢¨¤ �3 = �=3� .�¢¥¤¥¬ ®¡®§ ç¥¨¥:� = 169k20x2 ����2 �2 = � �3�22k0x�2 : (10)�¥«¨ç¨  � å à ªâ¥à¨§ã¥â ®â®á¨â¥«ìë¥ ¢ª« ¤ëªã¡¨ç¥áª®© ¨ ª¢ ¤à â¨ç®© ¥«¨¥©®áâ¨ ¢ ¯à®-æ¥áá £¥¥à æ¨¨ âà¥âì¥© £ à¬®¨ª¨. � ¨á¯®«ì§®¢ -¨¥¬ (10) ¢ëà ¦¥¨¥ ¤«ï  ¬¯«¨âã¤ë âà¥âì¥© £ à¬®-¨ª¨ (7) ¯¥à¥¯¨áë¢ ¥âáï ¢ ¢¨¤¥u03 = �22u30k40x28 f1+ �g1=2 : (11)� áá¬®âà¨¬ á«¥¤ãîé¨¥ á«ãç ¨.1. �¥«¨ç¨  � � 1 . �®áª®«ìªã ¤«ï ¬ â¥à¨ «ì-®© ¥«¨¥©®áâ¨ ¬®¦® áç¨â âì ��=�2 � 10 [7],â® ãá«®¢¨¥ � � 1 , ª ª ¢¨¤® ¨§ (10), ¬®¦¥â à¥- «¨§®¢ âìáï «¨èì   ¥¡®«ìè¨å à ááâ®ï¨ïå ®â¨§«ãç â¥«ï. � ¤àã£®© áâ®à®ë, ¤«ï å à ªâ¥àëå ¢íªá¯¥à¨¬¥â¥ ¢¥«¨ç¨ k0x� 102{103 à¥¦¨¬ �� 1¬®¦¥â ¨¬¥âì ¬¥áâ® ¯à¨ �� � �2 , â. ¥. ¯à¨  ®¬ «ì®¢ëá®ª®© ªã¡¨ç¥áª®© ¥«¨¥©®áâ¨ ¯® áà ¢¥¨î áª¢ ¤à â¨ç®© ¥«¨¥©®áâìî. �®à¬ã«  (11) ¢ íâ®¬á«ãç ¥ ¯à¨¨¬ ¥â ¢¨¤u03 = �24�u30k30x = �38 u30k30x: (12)�®£¤  á®®â¢¥âáâ¢ãîé¨© ¥«¨¥©ë© ¯ à ¬¥âà £¥-¥à æ¨¨ âà¥âì¥© £ à¬®¨ª¨ ®¯à¥¤¥«ï¥âáï á«¥¤ãî-é¨¬ ®¡à §®¬: �3 = �3� = 8u03u30k30x: (13)�®à¬ã«  (12) ®¯¨áë¢ ¥â £¥¥à æ¨î âà¥âì¥© £ à-¬®¨ª¨   ªã¡¨ç¥áª®© ¥«¨¥©®áâ¨.2. �¥«¨ç¨  � � 1 . � íâ®¬ á«ãç ¥ ¢ª« ¤®¬ ªã-¡¨ç¥áª®© ¥«¨¥©®áâ¨ ¬®¦® ¯à¥¥¡à¥çì, ¨ ¨§ (11)¯®«ãç¨¬ u03 = �232�2u30k40x2 = �228 u30k40x2: (14)

�®à¬ã«  (14) ®¯¨áë¢ ¥â £¥¥à æ¨î âà¥âì¥© £ à-¬®¨ª¨   ª¢ ¤à â¨ç®© ¥«¨¥©®áâ¨. �¥«¨¥©-ë© ¯ à ¬¥âà £¥¥à æ¨¨ âà¥âì¥© £ à¬®¨ª¨ ¢ íâ®¬á«ãç ¥ à ¢¥ ª¢ ¤à âã ¥«¨¥©®£® ¯ à ¬¥âà  ª¢ ¤-à â¨ç®© ¥«¨¥©®áâ¨ (9).�à¨ � � 1 ¯à®áâà áâ¢¥ë¥ å à ªâ¥à¨áâ¨ª¨ £¥-¥à æ¨¨ âà¥âì¥© £ à¬®¨ª¨ ¤ îâáï ¯®«ë¬ ¢ëà -¦¥¨¥¬ (11), ¨ ¢ë¤¥«¨âì ¢ íâ®¬ á«ãç ¥ ¥«¨¥©ë©¯ à ¬¥âà, § ¢¨áïé¨© â®«ìª® ®â ¯ à ¬¥âà®¢ ¬ â¥à¨- « , ¥ ¯à¥¤áâ ¢«ï¥âáï ¢®§¬®¦ë¬.2. �ªá¯¥à¨¬¥â «ì®¥ ¨áá«¥¤®¢ ¨¥£¥¥à æ¨¨ ¢ëáè¨å £ à¬®¨ª�ªá¯¥à¨¬¥â «ì®¥ ¨§ãç¥¨¥ £¥¥à æ¨¨ ¢ëáè¨å£ à¬®¨ª ¯à®¢®¤¨«®áì ¤«ï ¯®¢¥àå®áâëå  ªãáâ¨-ç¥áª¨å ¢®« (���) ç áâ®â®© 15 ��æ ¢ ¯®¤«®¦ª¥Y Z -áà¥§  ªà¨áâ ««  LiNbO3 . ��� ®á®¢®© ç á-â®âë ¢®§¡ã¦¤ «¨áì á ¯®¬®éìî ¢áâà¥ç®-èâëà¥¢ëå¯à¥®¡à §®¢ â¥«¥© ¢ ¨¬¯ã«ìá®¬ à¥¦¨¬¥. �«ï ¯à¨¥-¬  ¢ëáè¨å £ à¬®¨ª ¨á¯®«ì§®¢ «¨áì ¯à¥®¡à §®¢ -â¥«¨ á à¥§® áë¬¨ ç áâ®â ¬¨ 30 ¨ 45 ��æ,  â ª¦¥ á¯¥æ¨ «ì® áª®áâàã¨à®¢ ë© ¯®¤¢¨¦ë©í«¥ªâà¨ç¥áª¨© §®¤. � «ì¥©è¥¥ ãá¨«¥¨¥ á¨£ -«®¢   ç áâ®â å ¢ëáè¨å £ à¬®¨ª ®áãé¥áâ¢«ï«®áì á¯®¬®éìî ¯®«®á®¢ëå ãá¨«¨â¥«¥©,   ¢å®¤¥ ª®â®àëåá æ¥«ìî ¯®¤ ¢«¥¨ï ®á®¢®£® á¨£ «  ãáâ  ¢«¨-¢ «¨áì á®®â¢¥âáâ¢ãîé¨¥ ä¨«ìâàë. �«¥ªâà¨ç¥áª¨©§®¤ ¯à¥¤áâ ¢«ï« á®¡®© â®ªãî ¯à®¢®¤ïéãî ¯« á-â¨ã á  ¯¥àâãà®© 1 á¬ ¨ â®«é¨®© §®¤¨àãîé¥£®®áâà¨ï d � 5 ¬ª¬. �®¤ à á¯®« £ «áï ¯¥à¯¥¤¨-ªã«ïà®  ¯à ¢«¥¨î à á¯à®áâà ¥¨ï ��� ¨ à¥-£¨áâà¨à®¢ « ¯®â¥æ¨ «   ¯®¢¥àå®áâ¨ ªà¨áâ «« .�®áª®«ìªã â®«é¨  §®¤  ã¤®¢«¥â¢®àï¥â ãá«®¢¨îd � �i , £¤¥ �i | ¤«¨ë ¢®« à¥£¨áâà¨àã¥¬ëå£ à¬®¨ª (�30 �= 120 ¬ª¬, �45 �= 80 ¬ª¬), â® §®¤ï¢«ï¥âáï è¨à®ª®¯®«®áë¬ ¯à¨¥¬¨ª®¬ ���.�®«ãç¥ë¥ á ¯®¬®éìî í«¥ªâà¨ç¥áª®£® §®¤ à á¯à¥¤¥«¥¨ï  ¬¯«¨âã¤ ¢â®à®© ¨ âà¥âì¥© £ à¬®-¨ª ��� ¯® ¤«¨¥ ®¡à §æ  ¯®ª § ë   à¨á. 1¢ ¤¢®©®¬ «®£ à¨ä¬¨ç¥áª®¬ ¬ áèâ ¡¥. � ç¥¨¥ã£«®¢®£® ª®íää¨æ¨¥â  ¯àï¬®©   à¨á. 1,   á®áâ -¢¨«® 1:1� 0:1 , çâ® ¯®§¢®«ï¥â £®¢®à¨âì ® «¨¥©®¬à®áâ¥  ¬¯«¨âã¤ë ¢â®à®© £ à¬®¨ª¨ á à ááâ®ï¨¥¬.�«ï âà¥âì¥© £ à¬®¨ª¨   «®£¨çë© ã£«®¢®© ª®-íää¨æ¨¥â  ª«®     ç «ì®¬ ãç áâª¥ ¡«¨§®ªª ¥¤¨¨æ¥,   ¯® ¬¥à¥ ã¤ «¥¨ï ®â ¨§«ãç â¥«ï ã¢¥-«¨ç¨¢ ¥âáï ¨ áâ ®¢¨âáï à ¢ë¬ 2:1 � 0:2 . � ª¨¬®¡à §®¬, ¢ á®®â¢¥âáâ¢¨¨ á ¨§«®¦¥®© ¢ëè¥ â¥®à¨-¥© £¥¥à æ¨¨ âà¥âì¥© £ à¬®¨ª¨ íªá¯¥à¨¬¥â «ì®à¥ «¨§ãîâáï ¤¢  ¯à¥¤¥«ìëå á«ãç ï, ¢ëâ¥ª îé¨¥¨§ ä®à¬ã«ë (11). �¡«¨§¨ ¨§«ãç â¥«ï à¥ «¨§ã¥âáïà¥¦¨¬ � � 1 , ¯à¨ ª®â®à®¬ £¥¥à æ¨ï âà¥âì¥© £ à-¬®¨ª¨ ®¡ãá«®¢«¥  ªã¡¨ç¥áª®© ¥«¨¥©®áâìî ¨å à ªâ¥à¨§ã¥âáï «¨¥©ë¬ ¯® ª®®à¤¨ â¥ à®áâ®¬



�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2001. ò6 47���������	
�������������¨á. 1. �à®áâà áâ¢¥ë¥ å à ªâ¥à¨áâ¨ª¨ £¥¥à æ¨¨ ¢â®-à®© (a) ¨ âà¥âì¥© (¡) £ à¬®¨ª: � | íªá¯¥à¨¬¥â, | |à áç¥â ¯® ¬¥â®¤ã  ¨¬¥ìè¨å ª¢ ¤à â®¢£ à¬®¨ª¨. �® ¬¥à¥ ã¤ «¥¨ï ®â ¨§«ãç â¥«ï �! 0¨ ¨¬¥¥â ¬¥áâ® ¤àã£®© ¯à¥¤¥«ìë© á«ãç © | ¤®¬¨-¨àãîé ï ª¢ ¤à â¨ç ï ¥«¨¥©®áâì á ¯à¨áãé¨¬¥© ª¢ ¤à â¨çë¬ ¯® ª®®à¤¨ â¥ à®áâ®¬  ¬¯«¨âã¤ëâà¥âì¥© £ à¬®¨ª¨.�¨ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ £¥¥à æ¨¨ ¢â®à®©¨ âà¥âì¥© £ à¬®¨ª ��� ¢ Y Z -áà¥§¥ ªà¨áâ «« LiNbO3 ¨áá«¥¤®¢ «¨áì ¤«ï ¤¢ãå â¨¯®¢ ¥«¨¥©-®áâ¨: á®¡áâ¢¥®© ¥«¨¥©®áâ¨ ¬ â¥à¨ «  ¨ â ª §ë¢ ¥¬®© ª®â ªâ®©  ªãáâ¨ç¥áª®© ¥«¨¥©®áâ¨(���) [8]. ��� ®¡ãá«®¢«¥  ¥«¨¥©®© ¤¨ ¬¨-ª®© <¥áª«¥¥®©> ª®â ªâ®© £à ¨æë, ã¯àã£®áâìª®â®à®©, ®ç¥¢¨¤®, à §«¨ç  ¯à¨ á¦ â¨¨ ¨ à áâï¦¥-¨¨. �á«¥¤áâ¢¨¥ íâ®£® â ª ï <à §®¬®¤ã«ì ï> £à -¨æ  ï¢«ï¥âáï íää¥ªâ¨¢ë¬ ¨áâ®ç¨ª®¬ ¥«¨¥©-®áâ¨. �«ï ¬®¤¥«¨à®¢ ¨ï ��� ¢ íªá¯¥à¨¬¥â¥ ª¯®¢¥àå®áâ¨ ¯®¤«®¦ª¨ LiNbO3 ¯à¨¦¨¬ «¨áì âé -â¥«ì® ®â¯®«¨à®¢ ë¥ ®¡à §æë áâ¥ª« . �à¨ íâ®¬ ¡«î¤ «®áì à¥§ª®¥ ã¢¥«¨ç¥¨¥  ¬¯«¨âã¤ £ à¬®¨ª,®¡ãá«®¢«¥®¥ ���.�¥§ã«ìâ âë ¨áá«¥¤®¢ ¨© ¤«ï á«ãç ¥¢ ¬ â¥à¨- «ì®© ¨ ª®â ªâ®© ¥«¨¥©®áâ¨ (à¨á. 2) ¯®§¢®-

���������	
�������������¨á. 2. �¨ ¬¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¢â®à®© ( ) ¨ âà¥âì-¥© (¡) £ à¬®¨ª ¯à¨ ¬ â¥à¨ «ì®© (+ ) ¨ ª®â ªâ®© (� )¥«¨¥©®áâ¨, | | à áç¥â ¯® ¬¥â®¤ã  ¨¬¥ìè¨åª¢ ¤à â®¢«ïîâ § ª«îç¨âì, çâ®  ¬¯«¨âã¤ë ¢â®à®© ¨ âà¥âì¥©£ à¬®¨ª ï¢«ïîâáï á®®â¢¥âáâ¢¥® ª¢ ¤à â¨ç®© ¨ªã¡¨ç¥áª®© äãªæ¨ï¬¨  ¬¯«¨âã¤ë ¢®«ë ®á®¢®©ç áâ®âë.�ªá¯¥à¨¬¥â «ì® ®¯à¥¤¥«¥ë¥ áâ¥¯¥ë¥ § -¢¨á¨¬®áâ¨ ª ª ¯à®áâà áâ¢¥ëå, â ª ¨ ¤¨ ¬¨ç¥-áª¨å å à ªâ¥à¨áâ¨ª  å®¤ïâáï ¢ å®à®è¥¬ á®®â¢¥â-áâ¢¨¨ á ¢ëà ¦¥¨ï¬¨ (9) ¨ (13). � ¨á¯®«ì§®¢ ¨¥¬íâ¨å ¢ëà ¦¥¨© ¡ë«¨ ¯à®¢¥¤¥ë ª®«¨ç¥áâ¢¥ë¥®æ¥ª¨ ¥«¨¥©ëå ¯ à ¬¥âà®¢ £¥¥à æ¨¨ ¢ëáè¨å£ à¬®¨ª. �à¨ ¨áá«¥¤®¢ ¨¨ ¤¨ ¬¨ç¥áª¨å å à ª-â¥à¨áâ¨ª ¤«ï ª ¦¤®£® § ç¥¨ï ¢å®¤®£®  ¯àï¦¥-¨ï   ¯à¥®¡à §®¢ â¥«¥ ®á®¢®© ç áâ®âë ®¯à¥¤¥-«ï«¨áì  ¡á®«îâë¥ ¢¥«¨ç¨ë á¬¥é¥¨© ��� ®á-®¢®© ç áâ®âë ¨ ¢ëáè¨å £ à¬®¨ª ¯® ¨§¬¥à¥¨ï¬¯®â¥àì   ¯à¥®¡à §®¢ ¨¥. � ª¨¬ ®¡à §®¬, ¥«¨¥©-ë© ¯ à ¬¥âà £¥¥à æ¨¨ ¢â®à®© £ à¬®¨ª¨ ¬®¦¥â¡ëâì à ááç¨â  ¥¯®áà¥¤áâ¢¥® ¨§ ä®à¬ã«ë (9) ¤«ïª ¦¤®© â®çª¨   à¨á. 2,  . �«ï ªà¨áâ ««  LiNbO3ãáà¥¤¥®¥ § ç¥¨¥ íâ®£® ¯ à ¬¥âà  á®áâ ¢¨«®�2 = 1:8� 0:5 , çâ® å®à®è® á®®â¢¥âáâ¢ã¥â ®¯ã¡«¨ª®-¢ ë¬ à ¥¥ ¤ ë¬ [9].



48 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 2001. ò6�«ï ®æ¥ª¨ ¢¥«¨ç¨ë �3 ¨ á®®â¢¥âáâ¢ãîé¥©ª®¬¡¨ æ¨¨ ¥«¨¥©ëå ã¯àã£¨å ¬®¤ã«¥© ç¥â¢¥à-â®£® ¯®àï¤ª  � ªà¨áâ ««  LiNbO3 ¨á¯®«ì§ã¥¬ â®âä ªâ, çâ® ¢ â®çª¥ ¯¥à¥á¥ç¥¨ï ¯àï¬ëå, ¨§®¡à -¦¥ëå   à¨á. 1, ¡, ¢ë¯®«ï¥âáï ãá«®¢¨¥ à ¢¥-áâ¢  ¢ª« ¤®¢ ªã¡¨ç¥áª®© ¨ ª¢ ¤à â¨ç®© ¥«¨-¥©®áâ¨. �àã£¨¬¨ á«®¢ ¬¨,   á®®â¢¥âáâ¢ãîé¥¬à ááâ®ï¨¨ x ¬¥¦¤ã ¨§«ãç â¥«¥¬ ¨ ¯à¨¥¬¨ª®¬¢ë¯®«ï¥âáï ãá«®¢¨¥ � = 1 . � ï k0 , �2 ¨ x , ¯®ä®à¬ã«¥ (10) ¬®¦® à ááç¨â âì �3 . � à¥§ã«ìâ â¥¯®«ãç¨¬: �3 = 140 � 30 . �®« £ ï ¤ «¥¥ � = �c2(c �= 3 � 103 ¬/á), ®æ¥¨¬ ¢¥«¨ç¨ã íää¥ªâ¨¢®©ª®¬¡¨ æ¨¨ ¬®¤ã«¥© ã¯àã£®áâ¨ ç¥â¢¥àâ®£® ¯®àï¤ª ¤«ï LiNbO3 : � = 3��3 = (2:4 � 0:5) � 1013 �/¬2 .�â® § ç¥¨¥ ¯® ¯®àï¤ªã ¢¥«¨ç¨ë á®£« áã¥âáï á¤ ë¬¨ ¯® ¬®¤ã«ï¬ ã¯àã£®áâ¨ ç¥â¢¥àâ®£® ¯®àï¤ª ¤«ï â¢¥à¤ëå â¥«, ¨¬¥îé¨¬¨áï ¢ «¨â¥à âãà¥ [10].� «®£¨çãî ¬¥â®¤¨ªã ¬®¦® ¯à¨¬¥¨âì ¤«ïáà ¢¨â¥«ì®© ®æ¥ª¨ íää¥ªâ¨¢®áâ¨ £¥¥à æ¨¨¢ëáè¨å £ à¬®¨ª ¯à¨  «¨ç¨¨ ���. � íâ®¬ á«ãç ¥®¡« áâì ��� ®¯à¥¤¥«ï¥âáï à §¬¥à®¬ ®¯â¨ç¥áª®£®ª®â ªâ  ®¡à §æ®¢; ¢ à §«¨çëå íªá¯¥à¨¬¥â å ®®á®áâ ¢«ï«® x�= 3{5 ¬¬.� ª, ¨á¯®«ì§ãï ¤ ë¥, ¯à¨¢¥¤¥ë¥   à¨á. 2, ,¯®«ãç ¥¬, çâ® ¯à¨  «¨ç¨¨ ��� �2can = 12� 3 ; íâ®§ ç¨â¥«ì® ¯à¥¢ëè ¥â á®®â¢¥âáâ¢ãîéãî ¢¥«¨ç¨ã¤«ï á®¡áâ¢¥®© ¥«¨¥©®áâ¨ ¯®¤«®¦ª¨. �®¤áâ ¢-«ïï § ç¥¨¥ �2can ¢ ä®à¬ã«ã (10) ¨ ¨á¯®«ì§ãï à¥-§ã«ìâ âë ¨§¬¥à¥¨©  ¬¯«¨âã¤ë âà¥âì¥© £ à¬®¨ª¨¯à¨  «¨ç¨¨ ��� (á¬. à¨á. 2,¡), ¯®«ãç ¥¬ ¢¥«¨-ç¨ã � ¤«ï ãá«®¢¨©  è¥£® íªá¯¥à¨¬¥â : � � 25 .�«¥¤®¢ â¥«ì®, ¢ª« ¤ ªã¡¨ç¥áª®© ¥«¨¥©®áâ¨ ¢¯à®æ¥áá £¥¥à æ¨¨ âà¥âì¥© £ à¬®¨ª¨ áãé¥áâ¢¥®¢ëè¥ ¢ª« ¤  ª¢ ¤à â¨ç®©. � á«ãç ¥ ¤®¬¨¨àã-îé¥© ªã¡¨ç¥áª®© ¥«¨¥©®áâ¨ ¯ à ¬¥âà £¥¥à -æ¨¨ âà¥âì¥© £ à¬®¨ª¨ ®¯à¥¤¥«ï¥âáï á®£« á® (13).�ëç¨á«¥¨ï ¯®ª §ë¢ îâ, çâ® ¯à¨  «¨ç¨¨ ����3can = (2 � 0:4) � 105 . �«¥¤ã¥â ®â¬¥â¨âì, çâ® âà¥-âìï £ à¬®¨ª  áãé¥áâ¢¥® ¡®«¥¥ çã¢áâ¢¨â¥«ì ,¥¦¥«¨ ¢â®à ï, ª  «¨ç¨î ���: ¯à¨ áãé¥áâ¢®¢ -¨¨ ��� ¥«¨¥©ë© ¯ à ¬¥âà £¥¥à æ¨¨ âà¥âì¥©£ à¬®¨ª¨ ¡®«¥¥ ç¥¬   âà¨ ¯®àï¤ª  ¢ëè¥, ç¥¬¢ ãá«®¢¨ïå ¬ â¥à¨ «ì®© ¥«¨¥©®áâ¨, â®£¤  ª ª  «®£¨çë© ¯ à ¬¥âà ¤«ï ¢â®à®© £ à¬®¨ª¨ ã¢¥-

«¨ç¨¢ ¥âáï ¯à¨  «¨ç¨¨ ��� «¨èì ¯à¨¡«¨§¨â¥«ì®¢ 5 à §.� ©¤¥ë¥ ®æ¥ª¨ ¯®§¢®«ïîâ § ª«îç¨âì, çâ®âà ¤¨æ¨®®¥ á®®â®è¥¨¥ ¬¥¦¤ã  ¬¯«¨âã¤ ¬¨¢ëáè¨å £ à¬®¨ª, å à ªâ¥à®¥ ¤«ï ®¤®à®¤ëå â¥«,¥ ¢ë¯®«ï¥âáï ¯à¨  «¨ç¨¨ ���. �â® á®£« áã¥âáïá ¯®«ãç¥ë¬¨ à ¥¥ íªá¯¥à¨¬¥â «ìë¬¨ ¤ ë-¬¨ ¯® ¨áá«¥¤®¢ ¨î £¥¥à æ¨¨ £ à¬®¨ª âà¥é¨®-¯®¤®¡ë¬¨ ¤¥ä¥ªâ ¬¨ [11], ¢ ª®â®àëå ¥«¨¥©ë¥ª®â ªâë¥ ï¢«¥¨ï, ¡¥§ãá«®¢®, ¤®«¦ë ¨£à âì®¯à¥¤¥«ïîéãî à®«ì. � ª®© à¥§ã«ìâ â á¢¨¤¥â¥«ìáâ-¢ã¥â ® â®¬, çâ®  ¬¯«¨âã¤ë ¢ëáè¨å £ à¬®¨ª ¬®£ãâá«ã¦¨âì ¨áâ®ç¨ª®¬ ¨ä®à¬ æ¨¨ ® ¬¨ªà®áâàãªâãà¥â¢¥à¤ëå â¥«. � ¯à ªâ¨ç¥áª®¬ ¯« ¥ íâ® ¯®¤ç¥àª¨-¢ ¥â ¢ ¦®áâì à¥ «¨§ æ¨¨ ¥«¨¥©®©  ªãáâ®¤¨ -£®áâ¨ª¨ ¨¬¥®   ¢ëáè¨å £ à¬®¨ª å ®á®¢®©ç áâ®âë.�¨â¥à âãà 1. � à¥¬¡® �.�., �à á¨«ì¨ª®¢ �.�. �¢¥¤¥¨¥ ¢ ¥«¨¥©ãî ªãáâ¨ªã. �.: � ãª , 1966.2. Van Den Abeel¥ K., Breazeale M.A. // J. Acoust. Soc. Am.1996. 99, No. 3. P. 1430.3. Thurston R.N., Shapiro M.J. // J. Acoust. Soc. Am. 1967.41, No. 4. P. 1112.4. Peters R.D., Breazeale M.A. // Appl. Phys. Lett. 1968. 12,No. 4. P. 106.5. Na J.K., Breazeale M.A. // J. Acoust. Soc. Am. 1994. 95,No. 6. P. 3213.6. � ã£®«ìëå �.�., �áâà®¢áª¨© �.�. �¥«¨¥©ë¥ ¢®«®¢ë¥¯à®æ¥ááë ¢  ªãáâ¨ª¥. �.: � ãª , 1990.7. �®îå®¢ �.�., � « è®¢ �.�. // �ãà. ¯à¨ª«. ¬ â¥¬. ¨â¥®à. ä¨§¨ª¨. 1974. ò4. �. 125.8. �® �¥« �¥, �¥¢¥à¨ �.�., �®«®¤®¢ �.�. // �ªãáâ. ¦ãà.1991. 37, ò 6. �. 1165.9. �®«®¤®¢ �.�. �¨á. ... ¤-à  ä¨§.-¬ â.  ãª. �. (���), 1989.10. Gerlich D., Breazile M.A. // J. Appl. Phys. 1990. 67, No. 7.P. 3278.11. �® �¥« �¥, �®«®¤®¢ �.�. // �ªãáâ. ¦ãà. 1993. 39, ò5.�. 904. �®áâã¯¨«  ¢ p¥¤ ªæ¨î01.06.01


