
�ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 3. �. 62 { 71��� 534.28 ������������� ����������� ����������� ��������������������� ���� � ��������� ���������. �. ��������, �. �. ����������®áª®¢áª¨© £®áã¤ àáâ¢¥­­ë© â¥å­®«®£¨ç¥áª¨© ã­¨¢¥àá¨â¥â \�������", �®áá¨ï���¨§¨ª®-â¥å­¨ç¥áª¨© ¨­áâ¨âãâ ¨¬. �. �. �¥àª¨­  ��� �ªà ¨­ë, � àìª®¢�®«ãç¥­® 10.08.2000� áá¬®âà¥­® à¥§®­ ­á­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ®¡ê¥¬­®£®  ªãáâ¨ç¥áª®£® ä®­®­  á ¯«®áª¨¬ ¤¥ä¥ªâ®¬ ¢ â¢¥à¤®¬ â¥«¥ áãç¥â®¬ ®¡ê¥¬­®£®¨ ¯®¢¥àå­®áâ­®£® ¯®£«®é¥­¨ï. �¯¨á ­® ¢§ ¨¬®¤¥©áâ¢¨¥ á ­¥®¤­®à®¤­ë¬ ã¯àã£¨¬ ¤¢ã¬¥à­ë¬ á«®-¥¬, ®¡« ¤ îé¨¬ ¢­ãâà¥­­¥© ¤¨­ ¬¨ç¥áª®© áâ¥¯¥­ìî á¢®¡®¤ë,   â ª¦¥ á ®¤­®à®¤­ë¬ ¯«®áª¨¬ ¤¥ä¥ªâ®¬. �®ª § ­®,çâ® à¥§®­ ­á­®¥ ®âà ¦¥­¨¥ ®¡ê¥¬­®£® ¯®¯¥à¥ç­®£® ä®­®­  ­  ®¤­®à®¤­®¬ ¤¢ã¬¥à­®¬ ¤¥ä¥ªâ¥, ®¡ãá«®¢«¥­­®¥ ¢§ -¨¬®¤¥©áâ¢¨¥¬ á £«ã¡®ª® ¯à®­¨ª îé¥© ¢®«­®© ãâ¥çª¨, ®ª §ë¢ ¥âáï çà¥§¢ëç ©­® çã¢áâ¢¨â¥«ì­ë¬ ª  ªãáâ¨ç¥áª®¬ã¯®£«®é¥­¨î, ®á®¡¥­­® ®¡ê¥¬­®¬ã. �®«ãç¥­ë ®£à ­¨ç¥­¨ï ­  ¬ ªá¨¬ «ì­ë¥ §­ ç¥­¨ï ¤¨áá¨¯ â¨¢­ëå ¯ à ¬¥âà®¢áà¥¤ë, ¯à¨ ª®â®àëå ¥é¥ ¢®§¬®¦­® á¨«ì­®¥ ®âà ¦¥­¨¥ ®¡ê¥¬­®£® ¯®¯¥à¥ç­®£® ä®­®­  ®¤­®à®¤­ë¬ ¤¢ã¬¥à­ë¬ ¤¥-ä¥ªâ®¬. �§ ¨¬®¤¥©áâ¢¨¥ ®¡ê¥¬­®£® ¤¥ä¥ªâ  á à¥§®­ ­á­®© ¬®¤®© ­¥®¤­®à®¤­®£® ¤¢ã¬¥à­®£® á«®ï, ¯à¨¢®¤ïé¥¥ ª ªãáâ¨ç¥áª®¬ã ¯à®á¢¥â«¥­¨î £à ­¨æë à §¤¥« , ®ª §ë¢ ¥âáï ¬¥­¥¥ çã¢áâ¢¨â¥«ì­ë¬ ª ®¡ê¥¬­®¬ã ¯®£«®é¥­¨î, â ªª ª ­¥ á®¯à®¢®¦¤ ¥âáï ¢®§¡ã¦¤¥­¨¥¬ £«ã¡®ª® ¯à®­¨ª îé¥© ¢®«­ë ãâ¥çª¨. �à¥¤áª § ­®  ­®¬ «ì­® á¨«ì­®¥ ¯®-¢¥àå­®áâ­®¥ ¯®£«®é¥­¨¥ ®¡ê¥¬­®£® ¯®¯¥à¥ç­®£® ä®­®­ , ¯à¨ ª®â®à®¬ ¯®«®¢¨­  ¯ ¤ îé¥©  ªãáâ¨ç¥áª®© í­¥à£¨¨¯®£«®é ¥âáï ­  ¤¢ã¬¥à­®¬ ¤¥ä¥ªâ¥ ¢ à¥§ã«ìâ â¥ ¢§ ¨¬®¤¥©áâ¢¨ï á £«ã¡®ª® ¯à®­¨ª îé¥© ¢®«­®© ãâ¥çª¨.�®§£«ï­ãâ® à¥§®­ ­á­ã ¢§ õ¬®¤÷î ®¡'õ¬­®£®  ªãáâ¨ç­®£® ä®­®­  § ¯«®áª¨¬ ¤¥ä¥ªâ®¬ ã â¢¥à¤®¬ã â÷«÷ § ãà åã¢ ­-­ï¬ ®¡'õ¬­®£® â  ¯®¢¥àå­¥¢®£® ¯®£«¨­¥­­ï. �¯¨á ­® ¢§ õ¬®¤÷î § ­¥®¤­®à÷¤­¨¬ ¤¢®¢¨¬÷à­¨¬ ¯àã¦­¨¬ è à®¬, ïª¨©¬ õ ¢­ãâà÷è­÷© ¤¨­ ¬÷ç­¨© áâã¯÷­ì ¢÷«ì­®áâ÷,   â ª®¦ § ®¤­®à÷¤­¨¬ ¯«®áª¨¬ ¤¥ä¥ªâ®¬. �®¢¥¤¥­®, é® à¥§®­ ­á­¥¢÷¤¡¨ââï ®¡'õ¬­®£® ¯®¯¥à¥ç­®£® ä®­®­  ­  ®¤­®à÷¤­®¬ã ¤¢®¢¨¬÷à­®¬ã ¤¥ä¥ªâ÷, ïª¥ ®¡ã¬®¢«¥­¥ ¢§ õ¬®¤iõî § £«¨¡®ª®¯à®­¨ª îç¥î å¢¨«¥î ¢¨â÷ª ­­ï, õ ­ ¤§¢¨ç ©­® çãâ«¨¢¨¬ ¤®  ªãáâ¨ç­®£® ¯®£«¨­ ­­ï, ®á®¡«¨¢® ®¡'õ¬­®£®. �¤¥à-¦ ­÷ ®¡¬¥¦¥­­ï ­  ¬ ªá¨¬ «ì­÷ §­ ç¥­­ï ¤¨á¨¯ â¨¢­¨å ¯ à ¬¥âà÷¢ á¥à¥¤®¢¨é , §  ïª¨å é¥ ¬®¦«¨¢¥ á¨«ì­¥ ¢÷¤¡¨â-âï ®¡'õ¬­®£® ¯®¯¥à¥ç­®£® ä®­®­  ®¤­®à÷¤­¨¬ ¤¢®¢¨¬÷à­¨¬ ¤¥ä¥ªâ®¬. �§ õ¬®¤÷ï ®¡'õ¬­®£® ¤¥ä¥ªâ  § à¥§®­ ­á­®î¬®¤®î ­¥®¤­®à÷¤­®£® ¤¢®¢¨¬÷à­®£® è àã, ïª  ¯à¨§¢®¤¨âì ¤®  ªãáâ¨ç­®£® ¯à®á¢÷â«¥­­ï ¬¥¦÷ à®§¤÷«ã, õ ¬¥­è çã-â«¨¢®î ¤® ®¡'õ¬­®£®  ªãáâ¨ç­®£® ¯®£«¨­ ­­ï, ®áª÷«ìª¨ ­¥ áã¯à®¢®¤¦ãõâìáï §¡ã¤¦¥­­ï¬ £«¨¡®ª®¯à®­¨ª îç®ù å¢¨«÷¢¨â÷ª ­­ï. �¥à¥¤¡ ç¥­¥  ­®¬ «ì­® á¨«ì­¥ ¯®¢¥àå­¥¢¥ ¯®£«¨­ ­­ï ®¡'õ¬­®£® ¯®¯¥à¥ç­®£® ä®­®­ã, §  ïª®£® ¯®«®¢¨­ ¯ ¤ îç¥©  ªãáâ¨ç­®ù ¥­¥à£÷ù ¯®£«¨­ õâìáï ­  ¤¢®¢¨¬÷à­®¬ã ¤¥ä¥ªâ÷ ¢ à¥§ã«ìâ â÷ ¢§ õ¬®¤÷ù § £«¨¡®ª®¯à®­¨ª îç¥îå¢¨«¥î ¢¨â÷ª ­­ï.Resonant interaction of a bulk acoustic phonon with planar defect in a solid with an account for the bulk and surfaceabsorption is considered. The interaction is described with inhomogeneous two-dimensional elastic layer having theinternal dynamical degree of freedom, and with homogeneous planar defect. It is shown that resonant re
ection of bulktransverse phonon at homogeneous two-dimensional defect, caused by interaction with deeply penetrating leaky wave, isvery sensitive to the acoustic absorption, especially to the bulk one. We obtained the restrictions on maximum possiblevalues of dissipative parameters of the medium when the strong re
ection of a bulk transverse phonon at homogeneoustwo-dimensional defect occurs. It is shown that the interaction of a bulk phonon with the resonant mode of inhomogeneoustwo-dimensional layer, which results in acoustical clearing of the interface, is less sensitive to the bulk acoustic absorptionbecause deeply penetrating leaky wave is not excited at the interface in this case. Anomalously strong surface absorptionof a bulk transverse phonon is predicted when one half of the incident acoustic energy is absorbed at two-dimensionaldefect as a consequence of interaction with deeply penetrating leaky wave.��������� «¨ç¨¥ ¢ â¢¥à¤®¬ â¥«¥ ¤¢ã¬¥à­ëå (¢ ç áâ-­®áâ¨, ¯« ­ à­ëå) ¤¥ä¥ªâ®¢ â¨¯  ¤¥ä¥ªâ®¢ ã¯ -ª®¢ª¨, ¤¨á«®ª æ¨®­­ëå áâ¥­®ª, ¤¢®©­¨ª®¢ëå ¨ §¥-à¥­­ëå £à ­¨æ áãé¥áâ¢¥­­® ¬®¤¨ä¨æ¨àã¥â ­¨§ª®-ç áâ®â­ë© á¯¥ªâà ã¯àã£¨å ª®«¥¡ ­¨© ªà¨áâ «« .�á®¡¥­­® ïàª® íâ® á¢®©áâ¢® ¯à®ï¢«ï¥âáï ¯à¨ â ª­ §ë¢ ¥¬®¬ à¥§®­ ­á­®¬ ¢§ ¨¬®¤¥©áâ¢¨¨ ã¯àã-£¨å ¢®«­ á ¤¢ã¬¥à­ë¬ ¤¥ä¥ªâ®¬. �  ¤¢ã¬¥à-­®¬ á«®¥ ¬®¦¥â ¯à®¨áå®¤¨âì ¯®«­®¥ ®âà ¦¥­¨¥áª®«ì§ïé¨å ¢®«­ [1{ 3], ¯®«­®¥ ¯à®å®¦¤¥­¨¥ ¢®«-­ë ¯à¨ à¥§®­ ­á¥ á ¢­ãâà¥­­¨¬¨ áâ¥¯¥­ï¬¨ ª®-«¥¡ ­¨© ¤¢ã¬¥à­®£® á«®ï [4, 5], ¯®«­®¥ à¥§®­ ­á-
­®¥ ®âà ¦¥­¨¥ ®â ­¥®¤­®à®¤­®£® á«®ï á® á«®¦­®©¢­ãâà¥­­¥© áâàãªâãà®© [6],   â ª¦¥ ¯®«­®¥ ®âà -¦¥­¨¥ ¯®¯¥à¥ç­®©  ªãáâ¨ç¥áª®© ¢®«­ë ¯à¨ à¥§®-­ ­á¥ á ª¢ §¨¯à®¤®«ì­®© ¢®«­®© ãâ¥çª¨ ­  ®¤­®-à®¤­®¬ ¤¢ã¬¥à­®¬ á«®¥ [7, 8]. �¥§®­ ­á­ë¥ ãá«®-¢¨ï ¤«ï ¯®«­®£® ®âà ¦¥­¨ï ¨ ¯à®å®¦¤¥­¨ï ç¥à¥§¤¢ã¬¥à­ë© ¤¥ä¥ªâ, ª ª ¯®ª § ­® ¢ [7, 8], ¤®¢®«ì-­® ¡«¨§ª¨. �®íâ®¬ã ¤«ï ¢ëïá­¥­¨ï ä¨§¨ç¥áª®©ª àâ¨­ë ¨ ¢®§¬®¦­®áâ¨ íªá¯¥à¨¬¥­â «ì­®£® ¨á-á«¥¤®¢ ­¨ï ¯®¤®¡­ëå  ªãáâ¨ç¥áª¨å ï¢«¥­¨©, ®¡ã-á«®¢«¥­­ëå à¥§®­ ­á­ë¬ ®âª«¨ª®¬ ¤¢ã¬¥à­®© á¨-áâ¥¬ë ¢ ã§ª®¬ ¨­â¥à¢ «¥ ç áâ®â ¨«¨ ã£«®¢ ¯ ¤¥-­¨ï, ¢ ¦­® ¢ëïá­¨âì, ª ª ¢«¨ïîâ ®â­®á¨â¥«ì­®¬ «ë¥ ¤®¯®«­¨â¥«ì­ë¥ ¢§ ¨¬®¤¥©áâ¢¨ï ­  ¨§ãç ¥-62 c
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�ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 3. �. 62 { 71¬ë¥ á¢®©áâ¢ , â. ¥. ä ªâ¨ç¥áª¨ ¯à®¢¥à¨âì ¤ ­­ë¥ï¢«¥­¨ï ­  \¢ë¦¨¢ ­¨¥" ¯à¨ íªá¯¥à¨¬¥­â «ì­®¬¨áá«¥¤®¢ ­¨¨.� ­ áâ®ïé¥© áâ âì¥  ­ «¨§¨àãîâáï ãá«®¢¨ï à¥-§®­ ­á­®£® ¢§ ¨¬®¤¥©áâ¢¨ï ã¯àã£®© ¢®«­ë á â®­-ª¨¬ ­¥®¤­®à®¤­ë¬ á«®¥¬, ®¡« ¤ îé¨¬ ¢­ãâà¥­-­¥© ¤¨­ ¬¨ç¥áª®© áâ¥¯¥­ìî á¢®¡®¤ë,   â ª¦¥ áâ®­ª¨¬ ®¤­®à®¤­ë¬ á«®¥¬ (­¥ ®¡« ¤ îé¨¬ ¢­ã-âà¥­­¥© ¤¨­ ¬¨ç¥áª®© áâ¥¯¥­ìî á¢®¡®¤ë) á ãç¥-â®¬ ¯®£«®é¥­¨ï ¢ áà¥¤¥  ªãáâ¨ç¥áª¨å ª®«¥¡ ­¨©.�à¨ ãç¥â¥ ¯®£«®é¥­¨ï ¢®§­¨ª îâ âà¨ å à ªâ¥à-­ë¥ ¤«¨­ë,   ¨¬¥­­®, ¤«¨­  ¢®«­ë, íää¥ªâ¨¢-­ ï â®«é¨­  ¤¢ã¬¥à­®£® á«®ï ¨ íää¥ªâ¨¢­ ï \¤¨á-á¨¯ â¨¢­ ï ¤«¨­ ". �®®â­®è¥­¨ï ¬¥¦¤ã íâ¨¬¨¤«¨­ ¬¨ ®¯à¥¤¥«ïîâ ãá«®¢¨ï à¥§®­ ­á­®£® ¢§ ¨-¬®¤¥©áâ¢¨ï ã¯àã£¨å ¢®«­ á ¤¢ã¬¥à­ë¬ ¤¥ä¥ªâ®¬.�®ª § ­®, çâ® ãç¥â ª®­¥ç­®£® ®¡ê¥¬­®£® ¨ ¯®-¢¥àå­®áâ­®£® ¯®£«®é¥­¨ï áãé¥áâ¢¥­­ë¬ ®¡à §®¬¢«¨ï¥â ­  ï¢«¥­¨¥ ¯®«­®£® ®âà ¦¥­¨ï  ªãáâ¨ç¥-áª®© ¢®«­ë â®­ª¨¬ á«®¥¬, ¯à¥¤áª § ­­®¥ ¢ [7, 8]¨, ¢ â® ¦¥ ¢à¥¬ï, ä ªâ¨ç¥áª¨ ­¥ ¢«¨ï¥â ­  à¥-§®­ ­á­®¥ ¯à®å®¦¤¥­¨¥  ªãáâ¨ç¥áª®© ¢®«­ë ç¥à¥§¤¢ã¬¥à­ë© á«®©. �â®â à¥§ã«ìâ â á®£« áã¥âáï áãâ¢¥à¦¤¥­¨¥¬, ¨§¢¥áâ­ë¬ ¨§ â¥®à¨¨ áª çª  � ¯¨-æë ® â®¬, çâ® ¢ ®¡é¥¬ á«ãç ¥  ªãáâ¨ç¥áª®¥ ¯®£«®-é¥­¨¥ ã¢¥«¨ç¨¢ ¥â ª®íää¨æ¨¥­â ¯à®å®¦¤¥­¨ï ä®-­®­®¢ ç¥à¥§ £à ­¨æã ¬¥¦¤ã ¤¢ã¬ï áà¥¤ ¬¨ [9, 10].�®§­¨ª­®¢¥­¨¥ â ª®£® á¨«ì­®£® ¢«¨ï­¨ï ¤¨áá¨¯ -æ¨¨ ­  à¥§®­ ­á­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ®¡ê¥¬­ëå ä®-­®­®¢ á ¤¢ã¬¥à­ë¬ ¤¥ä¥ªâ®¬ á¢ï§ ­® á ¡®«ìè®©£«ã¡¨­®© ¯à®­¨ª­®¢¥­¨ï ª¢ §¨¯à®¤®«ì­®© ¢®«­ëãâ¥çª¨ ¨ §­ ç¨â¥«ì­ë¬ ã¢¥«¨ç¥­¨¥¬  ¬¯«¨âã¤ëª®«¥¡ ­¨© ¯à¨ à¥§®­ ­á¥ á ¯ ¤ îé¨¬ ¯®¯¥à¥ç­ë¬ä®­®­®¬ [7, 8]. �â® ®¡áâ®ïâ¥«ìáâ¢® ãá¨«¨¢ ¥â ¯®-¢¥àå­®áâ­®¥ ¯®£«®é¥­¨¥ ¯ ¤ îé¥© ¢®«­ë. �®§à -áâ ­¨¥ ¯®¢¥àå­®áâ­®£® ¯®£«®é¥­¨ï  ªãáâ¨ç¥áª®£®ä®­®­ , ¯ ¤ îé¥£® ¨§ ¦¨¤ª®£® £¥«¨ï ¯à¨ à¥§®-­ ­á¥ á ¢®«­®© ãâ¥çª¨ �í«¥¥¢áª®© ¯®«ïà¨§ æ¨¨ ­ £à ­¨æ¥ à §¤¥«  ¦¨¤ª¨© £¥«¨© {¬¥â ««, ¡ë«® ®¯¨-á ­® â¥®à¥â¨ç¥áª¨ [11] ¨ ¨áá«¥¤®¢ ­® íªá¯¥à¨¬¥­-â «ì­® [12]. � è ¢ë¢®¤ § ª«îç ¥âáï ¢ â®¬, çâ®®â­®á¨â¥«ì­® ¬ «®¥ ¯®£«®é¥­¨¥ ¯à®¤®«ì­®©  ªã-áâ¨ç¥áª®© ¢®«­ë (¢­ãâà¥­­¥¥ âà¥­¨¥) ¯à¨¢®¤¨â ªâ®¬ã, çâ® ª®íää¨æ¨¥­â ¯à®å®¦¤¥­¨ï ¯®¯¥à¥ç­®© ªãáâ¨ç¥áª®© ¢®«­ë ®â«¨ç¥­ ®â ­ã«ï ¯à¨ «î¡®¬ã£«¥ ¯ ¤¥­¨ï, ¢ª«îç ï à¥§®­ ­á­ë©. �®«¥¥ â®£®,¯à¨ à¥§®­ ­á­®¬ ã£«¥ ¯ ¤¥­¨ï ª®íää¨æ¨¥­âë ¯à®-å®¦¤¥­¨ï ¨ ®âà ¦¥­¨ï ®¯à¥¤¥«ïîâáï ­¥§ ¢¨áïé¨¬®â ç áâ®âë ®â­®è¥­¨¥¬ íää¥ªâ¨¢­®© ¤«¨­ë ¯à®-¡¥£  ¢®§¡ã¦¤¥­¨©, ¯à¨¢®¤ïé¨å ª ¯®£«®é¥­¨î ¯à®-¤®«ì­®©  ªãáâ¨ç¥áª®© ¢®«­ë, ª â®«é¨­¥ á«®ï. �­ -«¨§ ¯®ª §ë¢ ¥â, çâ®, ª®£¤  íâ® ®â­®è¥­¨¥ ¡®«ìè¥¥¤¨­¨æë, ª®íää¨æ¨¥­â ¯à®å®¦¤¥­¨ï ¡«¨§®ª ª ¥¤¨-­¨æ¥,   ª®íää¨æ¨¥­â ®âà ¦¥­¨ï { ª ­ã«î ¤«ï ¢á¥å

ã£«®¢ ¯ ¤¥­¨ï, ¢ª«îç ï à¥§®­ ­á­ë©. � ª¨¬ ®¡à -§®¬, ¯®«­®£® à¥§®­ ­á­®£® ®âà ¦¥­¨ï ¯®¯¥à¥ç­®© ªãáâ¨ç¥áª®© ¢®«­ë ­  ¤®áâ â®ç­® â®­ª®¬ ®¤­®-à®¤­®¬ á«®¥ ­¥ ¯à®¨áå®¤¨â. �â® ®§­ ç ¥â, çâ®¢«¨ï­¨¥ ¯®£«®é¥­¨ï ­  à¥§®­ ­á­®¥ ®âà ¦¥­¨¥ ¯®-¯¥à¥ç­®©  ªãáâ¨ç¥áª®© ¢®«­ë ®¤­®à®¤­ë¬ â®­ª¨¬á«®¥¬ ¬®¦¥â ¡ëâì ¬ «® «¨èì ¯ à ¬¥âà¨ç¥áª¨, ¢®â«¨ç¨¥ ®â ¢«¨ï­¨ï ®¡ê¥¬­®£® ¯®£«®é¥­¨ï ­  à á-¯à®áâà ­¥­¨ï  ªãáâ¨ç¥áª¨å ¢®«­ (¯®á«¥¤­¥¥ ¢á¥£¤ ¬ «® ­  ¤®áâ â®ç­® ­¨§ª¨å ç áâ®â å). �®ª § ­-­ ï ¢ ­ áâ®ïé¥© à ¡®â¥ á¨«ì­ ï çã¢áâ¢¨â¥«ì­®áâìà¥§®­ ­á­®£® ¢§ ¨¬®¤¥©áâ¢¨ï ¯®¯¥à¥ç­®© ã¯àã£®©¢®«­ë á ®¤­®à®¤­ë¬ â®­ª¨¬ á«®¥¬ ª  ªãáâ¨ç¥áª®-¬ã ¯®£«®é¥­¨î áãé¥áâ¢¥­­  ¤«ï ¥£® íªá¯¥à¨¬¥­-â «ì­®£® ¨áá«¥¤®¢ ­¨ï.1. ������� ���������� �������������� ���������� �����­ ç «¥ à áá¬®âà¨¬ á«ãç © à¥§®­ ­á­®£® ¯à®-å®¦¤¥­¨ï  ªãáâ¨ç¥áª®© ¢®«­ë ç¥à¥§ ¤¢ã¬¥à­ë©á«®©, ª®â®àë© ®¡« ¤ ¥â ¢­ãâà¥­­¥© ¤¨­ ¬¨ç¥áª®©áâ¥¯¥­ìî á¢®¡®¤ë. �«ï ¬ ªà®áª®¯¨ç¥áª®£® ®¯¨á -­¨ï ¤¨­ ¬¨ç¥áª¨å á¢®©áâ¢ ¤¢ã¬¥à­®£® á«®ï á ¢­ã-âà¥­­¥© áâ¥¯¥­ìî á¢®¡®¤ë ¢¢¥¤¥¬ ¤¨­ ¬¨ç¥áªãî¯¥à¥¬¥­­ãî usi { ã¯àã£®¥ á¬¥é¥­¨¥ æ¥­âà  ¬ áá¥¤¨­¨æë ¯«®é ¤¨ ¯« ­ à­®£® ¤¥ä¥ªâ . �à ­¨ç­ë¥ãá«®¢¨ï ¤«ï ã¯àã£¨å ­ ¯àï¦¥­¨© ­  â ª®¬ ¤¥ä¥ªâ¥¨¬¥îâ ¢¨¤ [1 {5]�(1)in � �(2)in = ��s @2usi@t2 ++g��r�r�usi + �i�h��
�r�us
�; (1)u(1)i � u(s)i = �bik�(1)kn � cik�(2)kn ; (2)u(1)i � u(s)i = �bik�(2)kn � cik�(1)kn : (3)�¤¥áì i=1; 2; 3; �, �=1; 2; �in=�iknk; ni { ¥¤¨­¨ç-­ë© ¢¥ªâ®à, ­ ¯à ¢«¥­­ë© ¯® ­®à¬ «¨ ¨§ áà¥¤ë 1¢ áà¥¤ã 2; �s { ¬ áá  ¥¤¨­¨æë ¯«®é ¤¨ ¤¢ã¬¥à-­®£® á«®ï; g�� ¨ h��
� { â¥­§®à ¯®¢¥àå­®áâ­ëå­ ¯àï¦¥­¨© ¨ â¥­§®à « â¥à «ì­ëå ã¯àã£¨å ¬®-¤ã«¥© ¤¢ã¬¥à­®£® ¤¥ä¥ªâ­®£® á«®ï á®®â¢¥âáâ¢¥­-­® [13{ 17].�ãáâì ­  ¤¢ã¬¥à­ë© á«®© ¯®¤ ã£«®¬ � ª ­®à¬ «¨¯ ¤ ¥â á¤¢¨£®¢ ï ¢®«­ , ¯®«ïà¨§®¢ ­­ ï ¯¥à¯¥­-¤¨ªã«ïà­® ¯«®áª®áâ¨ ¯ ¤¥­¨ï xOz. �¥è¥­¨¥ ãà ¢-­¥­¨© (1) { (3) ¨é¥¬ ¢ ¢¨¤¥u(1)y = u0(eik cos �z + re�ik cos �z)eik sin �x�i!t;u(2)y = u0deik cos �z+ik sin �x�i!t;usy = us0e�ik sin �x�i!t (4)�. �. �®á¥¢¨ç, �. �. �ëàª¨­ 63



�ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 3. �. 62 { 71¨ ¯®«ãç ¥¬ ¤«ï r, d, us0 á«¥¤ãîé¨¥ ¢ëà ¦¥­¨ï:r = 1��C244k cos2 �(b + c)��12G �1 + C244k2 cos2 �(b2 � c2)��; (5)d = iC44 cos �(1 + cGk)��1; (6)us0 = u0� iC44 cos � [1� iC44k cos �(c + b)] ; (7)� = [1�C44ik cos �(c + b)]�C44i cos �++12G [1 +C44ik cos �(c � b)]�; (8)£¤¥ G=(�s=�)C44k�(g1+h66)k sin2 �; g1=gxx;h66=hxyxy; b=b2=byy; c=c2=cyy; � ¨ C44 {¯«®â­®áâì ªà¨áâ ««  ¨ ¬®¤ã«ì ã¯àã£®áâ¨ á®®â-¢¥âáâ¢¥­­®.� ¯®¬®éìî á®®â­®è¥­¨© (5) { (8) ¯à® ­ «¨§¨-àã¥¬ âà¨ ¯à¥¤¥«ì­ëå á«ãç ï.1. �¢ã¬¥à­ë© ¤¥ä¥ªâ ®¡à §®¢ ­ á«®¥¬ «¥£-ª¨å ¯à¨¬¥á­ëå  â®¬®¢, á« ¡® á¢ï§ ­­ëå á¡®«¥¥ ¦¥áâª®© ªà¨áâ ««¨ç¥áª®© ¬ âà¨æ¥©â ª¨¬ ®¡à §®¬, çâ® ¢ë¯®«­ïîâáï ãá«®¢¨ï�s=b��C44, !�1=b(�C44)1=2. � ª ï á¨áâ¥¬ ¯à¨¬¥á­ëå  â®¬®¢ å à ªâ¥à¨§ã¥âáï ­ «¨ç¨-¥¬ ­¨§ª®ç áâ®â­ëå ª®«¥¡ ­¨© ®¯â¨ç¥áª®£®â¨¯  á ç áâ®â®© !=!0=(2=�s(b�c))1=2,­  ª®â®à®©  ¬¯«¨âã¤  á¬¥é¥­¨© ¯à¨-¬¥á­ëå  â®¬®¢ §­ ç¨â¥«ì­® ¯à¥¢ëè ¥â ¬¯«¨âã¤ë á¬¥é¥­¨©  â®¬®¢ ¬ âà¨æë:us0=u1;2=(C44�b=�s)1=2�1 (á¬. [4, 13]). �íâ®¬ á«ãç ¥ ª®íää¨æ¨¥­âë ¯à®å®¦¤¥­¨ï ¨®âà ¦¥­¨ï ¨¬¥îâ á«¥¤ãîé¨¥ ®á®¡¥­­®áâ¨.� ¯à¥¤¥«¥ ®ç¥­ì ­¨§ª¨å ç áâ®â (!�!0) ¨¡®«ìè¨å ¤«¨­ ¢®«­ (kh�1) ¯à®¨áå®¤¨â ¯®-çâ¨ ¯®«­®¥ ¯à®å®¦¤¥­¨¥ ¯ ¤ îé¥© ã¯àã£®©¢®«­ë ç¥à¥§ â®­ª¨© á«®© ¢ ®¡ê¥¬ ªà¨áâ «« (jrj�1, d�1). �  ¡®«¥¥ ¢ëá®ª¨å ç áâ®â å¢­¥ à¥§®­ ­á­®© ®¡« áâ¨ (!<!0, !>!0)¨§-§  á« ¡®©  ªãáâ¨ç¥áª®© á¢ï§¨ ¬¥¦¤ã íª¢¨-¢ «¥­â­ë¬¨ ª®­â ªâ¨àãîé¨¬¨ ªà¨áâ «« ¬¨¯à®¨áå®¤¨â ¯®çâ¨ ¯®«­®¥ ®âà ¦¥­¨¥ §¢ãª (jrj�1, jdj�1). � à¥§®­ ­á­®© ®¡« áâ¨(!=!0) ¨ ¤«ï ­¥áª®«ì§ïé¨å ã£«®¢ ¯ ¤¥­¨ïá¢ï§ì ¬¥¦¤ã ª®­â ªâ¨àãîé¨¬¨ ªà¨áâ «« ¬¨íää¥ªâ¨¢­® ¢®§à áâ ¥â ¨ ¯à®¨áå®¤¨â ¯®-çâ¨ ¯®«­®¥ ¯à®å®¦¤¥­¨¥ ç¥à¥§ ¤¢ã¬¥à­ë©¤¥ä¥ªâ­ë© á«®© (d=1, r=0).2. �¢ã¬¥à­ë© ¤¥ä¥ªâ ®¡à §®¢ ­ á«®¥¬ âï¦¥-«ëå ¯à¨¬¥á­ëå  â®¬®¢, á¨«ì­® á¢ï§ ­­ëå

¤àã£ á ¤àã£®¬ ¨ á ¬ âà¨æ¥© â ª¨¬ ®¡à -§®¬, çâ® ¢ë¯®«­ïîâáï ãá«®¢¨ï �s�C44�b ¨�s!� (C44�)1=2. � ª ¨ ¢ á«ãç ¥ (1), í­¥à-£¨ï à¥§®­ ­á­®© ª¢ §¨®¯â¨ç¥áª®© ¬®¤ë ¯®-çâ¨ ¯®«­®áâìî áª®­æ¥­âà¨à®¢ ­  ¢ ®ªà¥áâ-­®áâ¨ ¯à¨¬¥á­®£® á«®ï ¨§-§  ¡®«ìè®© ã¤¥«ì-­®© ¯®¢¥àå­®áâ­®© ¬ ááë �s��=kx. �¥§®­ ­á¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ¯à®¨áå®¤¨â ­¥ ¯®ç áâ®â¥ ¢®«­ë,   ¯® ã£«ã ¯ ¤¥­¨ï �r , ª®â®-àë© ®¯à¥¤¥«ï¥âáï ¨§ ãá«®¢¨ï sin �r=ct=cs<1,£¤¥ ct=(C44=�)1=2 ¨ cs=(~h66=�s)1=2 { áª®à®áâ¨®¡ê¥¬­ëå ¨ ¢­ãâà¨á«®¥¢ëå á¤¢¨£®¢ëå ¬®¤ á®-®â¢¥âáâ¢¥­­®; ~h66=h66+g1. �®¢¥¤¥­¨¥ ª®íä-ä¨æ¨¥­â®¢ r ¨ d ª ª äã­ªæ¨© ã£«®¢ ¯ ¤¥­¨ï �r¢ à¥§®­ ­á­®© ®¡« áâ¨ �=�r  ­ «®£¨ç­® ¯®-¢¥¤¥­¨î ª®íää¨æ¨¥­â®¢ r ¨ d ª ª äã­ªæ¨©ç áâ®âë ! ¢ á«ãç ¥ 1 ¢ ®ªà¥áâ­®áâ¨ à¥§®-­ ­á­®© ç áâ®âë !0. �¯¨á ­­®¥ ï¢«¥­¨¥  ­ -«®£¨ç­® à¥§®­ ­á­®¬ã  ªãáâ¨ç¥áª®¬ã ¯à®á¢¥-â«¥­¨î á«®ï â¢¥à¤®£® â¥« , ¯®¬¥é¥­­®£® ¢«¥£ªãî ¦¨¤ª®áâì [18]. �â¬¥â¨¬, çâ® ¢ ®¡®-¨å à áá¬®âà¥­­ëå á«ãç ïå ¯®«­®¥ ¯à®å®¦¤¥-­¨¥ ¢®«­ë ç¥à¥§ ¤¢ã¬¥à­ë© ¤¥ä¥ªâ­ë© á«®©®¡ãá«®¢«¥­® ¢§ ¨¬®¤¥©áâ¢¨¥¬ ¯ ¤ îé¥© ®¡ê-¥¬­®© ¢®«­ë á à¥§®­ ­á­®© ¬®¤®© ­  ¯«®áª®¬¤¥ä¥ªâ¥.3. �§ ãà ¢­¥­¨© (5) { (8) á«¥¤ã¥â â ª¦¥ ¢®§¬®¦-­®áâì ¯®«­®£® ®âà ¦¥­¨ï ®¡ê¥¬­ëå  ªãáâ¨ç¥-áª¨å ¢®«­ ¤¢ã¬¥à­ë¬ ¯à¨¬¥á­ë¬ á«®¥¬ á ¢­ã-âà¥­­¥© áâ¥¯¥­ìî á¢®¡®¤ë. �¥©áâ¢¨â¥«ì­®, ¢á«ãç ¥ cGk=�1 ¯®«ãç ¥¬d=0; (9)r=�1+iC44 cos �(b+c)1�iC44 cos �(b+c) ; (10)us0=2u0 iC44 cos �G 11�iC44k cos �(b + c) : (11)�à¨ à¥ «ì­ëå §­ ç¥­¨ïå C44, b ¨ c á«¥¤ã¥âjrj=1, d=0, çâ® ¨ á®®â¢¥âáâ¢ã¥â ¯®«­®¬ã ®â-à ¦¥­¨î ®¡ê¥¬­®© ¢®«­ë ¤¢ã¬¥à­ë¬ ¤¥ä¥ª-â®¬ á ¢­ãâà¥­­¥© áâ¥¯¥­ìî á¢®¡®¤ë. �­ -«®£¨ç­ë© íää¥ªâ, ®¯¨á ­­ë© à ­­¥¥ ¢ [6] á¨á¯®«ì§®¢ ­¨¥¬ £à ­¨ç­ëå ãá«®¢¨©, ®â«¨ç -îé¨åáï ®â (1) { (3), ¡ë« á¢ï§ ­ á ¢®§¡ã¦¤¥-­¨¥¬ \ á¨¬¬¥âà¨ç­®©" ¬®¤ë \á«®¦­ë¬" ¤¢ã-¬¥à­ë¬ ¤¥ä¥ªâ®¬, å à ªâ¥à¨§ãîé¨¬áï ¯àï-¬ë¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬ ¢ ¯«®áª®áâ¨ ¤¥ä¥ªâ (çâ® íª¢¨¢ «¥­â­® ãç¥âã ­¥¡«¨¦ ©è¨å á®á¥-¤¥© ¢ ¤¨­ ¬¨ª¥ à¥è¥âª¨). � £à ­¨ç­ëå ãá«®-¢¨ïå (2) ¨ (3) â ª®¥ ¤ «ì­®¤¥©áâ¢¨¥ ®¯¨áë-¢ ¥âáï â¥­§®à®¬ cik. � ­ è¨å ®¡®§­ ç¥­¨ïåãá«®¢¨¥ ¯®«­®£® ®âà ¦¥­¨ï { â¥­§®à®¬ cik. �64 �. �. �®á¥¢¨ç, �. �. �ëàª¨­



�ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 3. �. 62 { 71­ è¨å ®¡®§­ ç¥­¨ïå ãá«®¢¨¥ ¯®«­®£® ®âà ¦¥-­¨ï cGk=�1 íª¢¨¢ «¥­â­® á«¥¤ãîé¥¬ã ¤¨á¯¥-àá¨®­­®¬ã ãà ¢­¥­¨î ¤«ï \ á¨¬¬¥âà¨ç­®©"à¥§®­ ­á­®© ¬®¤ë:�s!2 = A2 + (h66 + g1)k2x; (12)£¤¥ A2=�1=c2>0 { íää¥ªâ¨¢­ ï ¯®¢¥àå­®áâ-­ ï á¨«®¢ ï ª®­áâ ­â , ®¯¨áë¢ îé ï ¢ ¨á-¯®«ì§ã¥¬®¬ ¯®¤å®¤¥ ¢«¨ï­¨¥ ­¥¡«¨¦ ©è¨å á®-á¥¤¥© ¢­ãâà¨ ¤¥ä¥ªâ­®£® á«®ï; kx=k sin � {¯®¢¥àå­®áâ­ ï ª®¬¯®­¥­â  ¢®«­®¢®£® ¢¥ªâ®-à . �§ ¢ëà ¦¥­¨ï ¤«ï us0 (11) â ª¦¥ á«¥-¤ã¥â, çâ® ¯®¢¥àå­®áâ­®¥ á¬¥é¥­¨¥ \ á¨¬¬¥-âà¨ç­®©" ¬®¤ë ­¥ á¨«ì­® ¯à¥¢ëè ¥â  ¬¯«¨-âã¤ã á¬¥é¥­¨© u0 ¯ ¤ îé¥© ®¡ê¥¬­®© ¢®«­ë,¢ ®â«¨ç¨¥ ®â  ¬¯«¨âã¤ë á¬¥é¥­¨© \á¨¬¬¥-âà¨ç­®©" à¥§®­ ­á­®© ¬®¤ë ­  ¤¢ã¬¥à­®¬ ¤¥-ä¥ªâ¥, ®¡à §ã¥¬®£® «¥£ª¨¬¨ ¯à¨¬¥á­ë¬¨  â®-¬ ¬¨.2. ����������� ���������������������� ������������ ����� ����������� ������� ��������� «¥¥ à áá¬®âà¨¬ ¤¢ã¬¥à­ë© ¤¥ä¥ªâ­ë© á«®©,­¥ ®¡« ¤ îé¨© ¢­ãâà¥­­¥© ¤¨­ ¬¨ç¥áª®© áâ¥¯¥-­ìî á¢®¡®¤ë,   ¨¬¥­­®, ¯à® ­ «¨§¨àã¥¬ à¥§®­ ­á-­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ®¡ê¥¬­®©  ªãáâ¨ç¥áª®© ¢®«­ëá ®¤­®à®¤­ë¬ ¤¢ã¬¥à­ë¬ á«®¥¬.� áá¬®âà¨¬ ¢­ ç «¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ®¡ê¥¬­®©¯®¯¥à¥ç­®© ¢®«­ë á ¤¢ã¬¥à­ë¬ ¤¥ä¥ªâ­ë¬ á«®¥¬,á®¢¯ ¤ îé¨¬ á ¯«®áª®áâìî z=0. � ¨§®âà®¯­®¬â¢¥à¤®¬ â¥«¥ ¬®¦¥¬ ¢¢¥áâ¨ áª «ïà­ë© ¨ ¢¥ªâ®à-­ë© ¯®â¥­æ¨ «ë � ¨ ~ , ª®â®àë¥ ã¤®¢«¥â¢®àïîâãà ¢­¥­¨ï¬ ¤¢¨¦¥­¨ï ��=c2l��, ~ =c2t�~ ¨ ®¯¨-áë¢ îâ ¯à®¤®«ì­ë¥ ¨ ¯®¯¥à¥ç­ë¥ ã¯àã£¨¥ á¬¥é¥-­¨ï: u=grad�+ rot~ . � á«ãç ¥, ª®£¤  ¯«®áª®áâì¯ ¤¥­¨ï á®¢¯ ¤ ¥â á ¯«®áª®áâìî xOz, ¢¥ªâ®à­ë©¯®â¥­æ¨ « ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥ ~ =(0;  ; 0). �«ï¯®¯¥à¥ç­®© ¢®«­ë, ¯ ¤ îé¥© ¨§ ¯®«ã¯à®áâà ­-áâ¢  z<0 ¨ ¯®«ïà¨§®¢ ­­®© ¢ ¯«®áª®áâ¨ ¯ ¤¥­¨ï,¢®«­®¢ë¥ ¯®«ï ¢ áà¥¤ å 1 (z<0) ¨ 2 (z>0) ¨¬¥îâá«¥¤ãîé¨© ¢¨¤: (1)=�eikt cos �tz+rte�ikt cos �tz� eikt sin �tx�i!t; (13)�(1)=rle�ikl(cos �lz�sin �lx)�i!t; (14) (2)=dteikt(cos �tz+sin �tx)�i!t; (15)�(2)=dleikl(cos �lz+sin �lx)�i!t; (16)£¤¥ �t { ã£®« ¯ ¤¥­¨ï ¯®¯¥à¥ç­®© ¢®«­ë; �l {ã£®« ®âà ¦¥­¨ï ¨ ¯à®å®¦¤¥­¨ï ¯à®¤®«ì­®© ¢®«-­ë; rt;l ¨ dt;l {  ¬¯«¨âã¤ë ®âà ¦¥­¨ï ¨ ¯à®å®¦¤¥-

­¨ï ¯®¯¥à¥ç­ëå ¨ ¯à®¤®«ì­ëå ¢®«­ á®®â¢¥âáâ¢¥­-­®; kt;l=!=ct;l { ®¡ê¥¬­ë¥ ¢®«­®¢ë¥ ç¨á« .� á«ãç ¥ ®¤­®à®¤­®£® ¤¢ã¬¥à­®£® ¤¥ä¥ªâ , ª®-â®àë© ­¥ ®¡« ¤ ¥â ¢­ãâà¥­­¨¬¨ ¤¨­ ¬¨ç¥áª¨¬¨áâ¥¯¥­ï¬¨ á¢®¡®¤ë, £à ­¨ç­ë¥ ãá«®¢¨ï (1) { (3)¯à¨®¡à¥â îâ ¢¨¤u(1)x � u(2)x = 0;u(1)z � u(2)z = 0; (17)�(1)zz � �(2)zz = g1 @2uz@x2 � �s @2uz@z2 ; (18)�(1)zx � �(2)zx = ~h11@2ux@x2 � �s @2ux@z2 : (19)� â¥à¬¨­ å áª «ïà­ëå ¨ ¢¥ªâ®à­ëå ¯®â¥­æ¨ «®¢ã¯àã£¨¥ á¬¥é¥­¨ï ¨ ­ ¯àï¦¥­¨ï, ¢å®¤ïé¨¥ ¢ ãà ¢-­¥­¨ï (17) { (19), ¨¬¥îâ ¢¨¤ux = @'@x � @ @z ;uz = @'@z + @ @x ; (20)�zz = 2�c2t �@2'@z2 + @2 @x@z�++�(c2l � 2c2t )�@2'@x2 + @2 @z2 � ; (21)�zx = �c2t �2 @2'@x@z + @2 @x2 � @2 @z2 � : (22)�á¯®«ì§ãï ¢ëà ¦¥­¨ï (13) { (22), ¯®«ãç ¥¬ á«¥¤ã-îé¨¥ §­ ç¥­¨ï ¤«ï  ¬¯«¨âã¤ ¯à®å®¦¤¥­¨ï ¨ ®âà -¦¥­¨ï:rt=�2i�kt cos �l ��sz sin2 �t��sx cos2 �t����sz�sxklkt cos(�l��t) cos(�l+�t)g 1� ; (23)rl= �2 sin �l cos �t� fklkt�sx�sz cos(�l��t) ++i�[�szkl cos �l+�sx!2kt cos �t]	 ; (24)dt= 2� cos �t� ���2� cos �l�i�sxkl sin2 �l�i�szkl cos2 �l	 ; (25)dl= 2i� sin �l cos �t� ��f�szkl cos �l��sxkt cos �tg ; (26)�=[2� cos �t�i�szkl cos(�l��t)]�� [2� cos �l�ikt�sx cos(�l��t)] ; (27)�. �. �®á¥¢¨ç, �. �. �ëàª¨­ 65



�ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 3. �. 62 { 71�¤¥áì ¢¢¥¤¥­ë á«¥¤ãîé¨¥ ®¡®§­ ç¥­¨ï:�sx = �s!2 � (h11 + g1)k2x; (28)�sz = �s!2 � g1k2x (29)¨ ¨á¯®«ì§ã¥âáï § ª®­ ¤¨á¯¥àá¨¨ â ­£¥­æ¨ «ì­®©ª®¬¯®­¥­âë ¨¬¯ã«ìá  ä®­®­®¢kx = kt sin �t = kl sin �l: (30)�§ ¢ëà ¦¥­¨© (23) { (27) á«¥¤ã¥â, çâ® ¢ ®¡é¥¬á«ãç ¥ rt�rl�dl�kta��1, dt�1. �â® á®®â¢¥â-áâ¢ã¥â ¯®çâ¨ ¯®«­®¬ã ¯à®å®¦¤¥­¨î ¢®«­ë ç¥à¥§â®­ª¨© ¤¢ã¬¥à­ë© ã¯àã£¨© á«®© á íää¥ªâ¨¢­®©â®«é¨­®© a�=�sx=(��)�1 [17]. �® ¢ á«ãç ¥ à¥-§®­ ­á­®£® ã£«  ¯ ¤¥­¨ï �t=�(r)t , ª®â®à®¬ã á®®â-¢¥âáâ¢ã¥â cos �(r)l � ikxa�, ª®íää¨æ¨¥­â ®âà ¦¥­¨ïáãé¥áâ¢¥­­® ã¢¥«¨ç¨¢ ¥âáï ¨ ¤®áâ¨£ ¥â ¢¥«¨ç¨-­ë ¯®àï¤ª  ¥¤¨­¨æë (rt=1), ¢ â® ¢à¥¬ï ª ª ª®-íää¨æ¨¥­â ¯à®å®¦¤¥­¨ï áâà¥¬¨âáï ª ­ã«î [7, 8].�¥©áâ¢¨â¥«ì­®, ¤«ï \§ ªà¨â¨ç¥áª¨å" ã£«®¢ ¯ ¤¥-­¨ï �t>arcsin(ct=cl), ª®£¤  cos �l áâ ­®¢¨âáï ¬­¨-¬ë¬, ¬®¦­® ¢¢¥áâ¨ ®¡à â­ãî ¤«¨­ã � íªá¯®­¥­æ¨- «ì­®£® § âãå ­¨ï ¯®«ï ¯à®¤®«ì­®© ¢®«­ë ¯® ¬¥à¥ã¤ «¥­¨ï ®â ¯«®áª®£® ¤¥ä¥ªâ : cos �l= i�cl=!. �®-£¤  ¨§ ãá«®¢¨ï ¯®«­®£® ®âà ¦¥­¨ï dt=0 ¯®«ãç ¥¬á«¥¤ãîé¥¥ ãà ¢­¥­¨¥ ®â­®á¨â¥«ì­® ¯ à ¬¥âà  �:2�� � �sxk2x + �sz�2 = 0: (31)� ®¡é¥¬ á«ãç ¥ íâ® ãà ¢­¥­¨¥ ¨¬¥¥â ¤¢  ¢¥é¥-áâ¢¥­­ëå ª®à­ï, ª®â®àë¥ ¢ ¤«¨­­®¢®«­®¢®¬ ¯à¥-¤¥«¥ kx��=(�sx�sz)1=2 ¨¬¥îâ ¢¨¤�1 = 12 �sx� k2x = �s2� �1� cslcl � k2x; (32)�2 = �2 ��sz = � 2�!2�s!2 � g1k2x : (33)� á«ãç ¥ �sx>0 ¯¥à¢ë© ª®à¥­ì �1�kx á®®â-¢¥âáâ¢ã¥â ¯á¥¢¤®¯®¢¥àå­®áâ­®© ¢®«­¥ ãâ¥çª¨ á!2=c2l k2x ¨ ¯®çâ¨ ¯à®¤®«ì­®© ¯®«ïà¨§ æ¨¥©, ª®-â®à ï à á¯à®áâà ­ï¥âáï ¢¤®«ì ¤¥ä¥ªâ­®£® á«®ïá® áª®à®áâìî á(s)l =(h11=�s)1=2<cl [1 { 3, 7, 8, 19 {22]. �á«¨ ¯à¥­¥¡à¥çì ¤¨áá¨¯ æ¨¥©, â® à¥§®­ ­á­®¥¢®§¡ã¦¤¥­¨¥ íâ®© ª¢ §¨¯à®¤®«ì­®© ¢®«­ë ãâ¥çª¨®¡ãá« ¢«¨¢ ¥â ¯®«­®¥ ®âà ¦¥­¨¥ ®¡ê¥¬­®© ¯®¯¥-à¥ç­®© ¢®«­ë ¯«®áª¨¬ ¤¥ä¥ªâ®¬ [7,8]. �â®à®© ª®-à¥­ì �2 ï¢«ï¥âáï ­¥ä¨§¨ç¥áª¨¬ ¢ á«ãç ¥ ®¤­®à®¤-­®£® ¤¢ã¬¥à­®£® ¤¥ä¥ªâ  á ª®­¥ç­®© ¯®¢¥àå­®áâ-­®© ¬ áá®© �s.�â¬¥â¨¬, çâ® ãà ¢­¥­¨¥ (31) ¬®¦­® â ª¦¥ ¯®-«ãç¨âì ¨§ à¥è¥­¨ï § ¤ ç¨ ® ¯®«­®¬ \­¥¯à®å®¦¤¥-­¨¨" ¯®¯¥à¥ç­®©  ªãáâ¨ç¥áª®© ¢®«­ë ç¥à¥§ ¯«®á-ª¨© ¤¥ä¥ªâ ¢ á«ãç ¥ § ªà¨â¨ç¥áª¨å ã£«®¢ ¯ ¤¥­¨ï

�t. �à¨ íâ®¬ ¯®â¥­æ¨ «ë ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤: (1) = �eiqz + rte�iqz� eikxx�i!t;'(1) = rle�z+ikxx�i!t (34) (2) = 0;'(2) = dle��z+ikxx�i!t; (35)£¤¥ q=(!2=c2t�k2x)1=2=kt cos �t. �®¦­® ¯®ª § âì,çâ® ¢®«­®¢ë¥ ¯®«ï (34), (35) ã¤®¢«¥â¢®àïîâ £à -­¨ç­ë¬ ãá«®¢¨ï¬ (17) { (19) ¨ ãá«®¢¨ï¬ (20) { (22),¥á«¨ ¯ à ¬¥âà � ï¢«ï¥âáï ª®à­¥¬ ãà ¢­¥­¨ï (31),  ¬®¤ã«ì ª®íää¨æ¨¥­â  ®âà ¦¥­¨ï rt ¢ ¢ëà ¦¥-­¨¨ (34) à ¢¥­ ¥¤¨­¨æ¥, rt=expfi�g (¯®á«¥¤­¥¥®âà ¦ ¥â § ª®­ á®åà ­¥­¨ï ¯®â®ª   ªãáâ¨ç¥áª®©í­¥à£¨¨ ç¥à¥§ ¯«®áª¨© ¤¥ä¥ªâ). �á¯®«ì§ãï ãà ¢-­¥­¨¥ (31), ¨§ á®®â­®è¥­¨ï (23) ¬®¦­® ¯®«ãç¨âìá«¥¤ãîé¥¥ ¢ëà ¦¥­¨¥:rt = �sxq + �sz��sxq � �sz�: (36)�«ï §­ ç¥­¨ï �=�1, ®¯à¥¤¥«ï¥¬®£® ¢ëà ¦¥­¨-¥¬ (32), ¨§ á®®â­®è¥­¨ï (36) á«¥¤ã¥â, çâ® rt�1(¨«¨ ��1), â ª ª ª �� (kx; q). �­ «®£¨ç­ë¬®¡à §®¬ ¬®¦­® ¨áá«¥¤®¢ âì ¯®«­®¥ ¯à®å®¦¤¥­¨¥¯®¯¥à¥ç­®©  ªãáâ¨ç¥áª®© ¢®«­ë ç¥à¥§ ¤¢ã¬¥à­ë©¤¥ä¥ªâ. �§ ãá«®¢¨ï rt=0 c ¨á¯®«ì§®¢ ­¨¥¬ ¢ë-à ¦¥­¨ï (23) ¯®«ãç ¥¬ á«¥¤ãîé¥¥ ãà ¢­¥­¨¥ ¤«ï¯ à ¬¥âà  �:2��� �sxk2x = �sxq2��szk2x (2� + �sz�): (37)�â® ãà ¢­¥­¨¥ ¢ ¤«¨­­®¢®«­®¢®¬ ¯à¥¤¥«¥kx��=(�sx�sz)1=2 ¨¬¥¥â ¤¢  ª®à­ï. � á«ãç ¥�sx��sz, ª®â®àë© à¥ «¨§ã¥âáï ¤«ï ¯«®áª®£®¤¥ä¥ªâ  á 1�(csl )2=c2l �1, ®¤¨­ ¨§ ª®à­¥© ãà ¢-­¥­¨ï (37) ¯®çâ¨ á®¢¯ ¤ ¥â á ª®à­¥¬ �=�1ãà ¢­¥­¨ï (31). �àã£®© ª®à¥­ì ï¢«ï¥âáï ­¥-ä¨§¨ç¥áª¨¬ ¤«ï à áá¬ âà¨¢ ¥¬®£® ¤¢ã¬¥à­®£®¤¥ä¥ªâ .�à ¢­¥­¨¥ (37) ¬®¦¥â ¡ëâì â ª¦¥ ¯®«ãç¥­® ¨§à¥è¥­¨ï § ¤ ç¨ ® ¯®«­®¬ \­¥®âà ¦¥­¨¨" ¯®¯¥à¥ç-­®©  ªãáâ¨ç¥áª®© ¢®«­ë ¯«®áª¨¬ ¤¥ä¥ªâ®¬ ¯à¨ § -ªà¨â¨ç¥áª®¬ ã£«¥ ¯ ¤¥­¨ï, ª®£¤  ¯®â¥­æ¨ «ë ¨¬¥-îâ á«¥¤ãîé¨© ¢¨¤: (1) = eiqz+ikxx�i!t;'(1) = rle�z+ikxx�i!t; (38) (2) = dteiqz+ikxx�i!t;'(2) = dle��z+ikxx�i!t: (39)66 �. �. �®á¥¢¨ç, �. �. �ëàª¨­



�ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 3. �. 62 { 71�®¦­® ¯®ª § âì, çâ® ¢®«­®¢ë¥ ¯®«ï (38) ¨ (39)ã¤®¢«¥â¢®àïîâ £à ­¨ç­ë¬ ãá«®¢¨ï¬ (17) { (19),¥á«¨ ¯ à ¬¥âà � ­ å®¤¨âáï ¨§ ãà ¢­¥­¨ï (37) ¨ª®íää¨æ¨¥­â ¯à®å®¦¤¥­¨ï dt ¢ (39) ¯® ¬®¤ã«î à -¢¥­ ¥¤¨­¨æ¥, dt=expfi�dg. �§ ãà ¢­¥­¨ï (25) á¨á¯®«ì§®¢ ­¨¥¬ á®®â­®è¥­¨ï (37) ¯®«ãç ¥¬ á«¥¤ã-îé¥¥ ¢ëà ¦¥­¨¥ ¤«ï ª®íää¨æ¨¥­â  ¯à®å®¦¤¥­¨ïdt: dt = 2�� � �sxk2x + i�sx�q2�� � �sxk2x � i�sx�q : (40)�§ á®®â­®è¥­¨ï (40) á«¥¤ã¥â, çâ® dt�1 (¨«¨�d�1) ¤«ï à¥è¥­¨ï ãà ¢­¥­¨ï (37), ¡«¨§ª®£® ª§­ ç¥­¨î �=�1, ¤ ¢ ¥¬®£® ãà ¢­¥­¨¥¬ (32). � -ª¨¬ ®¡à §®¬, ¤«ï ¤¢ã¬¥à­®£® ¤¥ä¥ªâ  á �sx��sz(¨«¨ 1�(csl =cl)2�1)) à¥§®­ ­á­ë¥ ãá«®¢¨ï ¤«ï ¯®«-­®£® ®âà ¦¥­¨ï ¨ ¯®«­®£® ¯à®å®¦¤¥­¨ï ç¥à¥§¯«®áª¨© ¤¥ä¥ªâ ®ç¥­ì ¡«¨§ª¨ ¨ ¤«ï à §¤¥«¥­¨ïíâ¨å ï¢«¥­¨© ­¥®¡å®¤¨¬ ãç¥â ¤®¯®«­¨â¥«ì­ëå (®â-­®á¨â¥«ì­® á« ¡ëå) ¢§ ¨¬®¤¥©áâ¢¨© ­  ¤¢ã¬¥à-­®¬ ¤¥ä¥ªâ¥. �¨áá¨¯ â¨¢­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ®¡ê-¥¬­ëå ä®­®­®¢ á ¤¢ã¬¥à­ë¬ ¤¥ä¥ªâ®¬, ®¡ãá«®-¢«¥­­®¥ ®¡ê¥¬­®© ¨ ¯®¢¥àå­®áâ­®© ¤¨áá¨¯ æ¨¥©,ï¢«ï¥âáï ¯à¨¬¥à®¬ â ª®£® ä¨§¨ç¥áª®£® ¢§ ¨¬®-¤¥©áâ¢¨ï, ª®â®à®¥ ¢á¥£¤  ¯à¨áãâáâ¢ã¥â ¢ â¢¥à¤®¬â¥«¥ (¤ ¦¥ ­ã«¥¢ë¥ ª®«¥¡ ­¨ï à¥è¥âª¨ ¯à¨ T =0á¢ï§ ­ë ç¥à¥§ ä«ãªâã æ¨®­­®-¤¨áá¨¯ â¨¢­ãî â¥-®à¥¬ã á ¤¨áá¨¯ â¨¢­ë¬¨ á¢®©áâ¢ ¬¨ â¢¥à¤®£® â¥-« ).3. ���� �����������¨¦¥ ¤¢ã¬ï à §«¨ç­ë¬¨ á¯®á®¡ ¬¨ ®¯¨è¥¬¤¨áá¨¯ æ¨î ¯à¨ ®âà ¦¥­¨¨ §¢ãª . �­ ç «  ¢ë-ç¨á«¨¬ ª®íää¨æ¨¥­â ¯®¢¥àå­®áâ­®£® ¯®£«®é¥­¨ïRs ¢ ¯à¥¤¥«¥ á« ¡®£® ¯®£«®é¥­¨ï á ¨á¯®«ì§®¢ ­¨¥¬¤¨áá¨¯ â¨¢­®© äã­ªæ¨¨ â¢¥à¤®£® â¥«  ¨ ¢ëà ¦¥-­¨© (24) ¨ (26) ¤«ï  ¬¯«¨âã¤ ®âà ¦¥­¨ï ¨ ¯à®å®-¦¤¥­¨ï (rl ¨ dl), ª®â®àë¥ ­¥ ãç¨âë¢ îâ ¤¨áá¨¯ -æ¨î. � â¥¬ ¡ã¤ãâ ¢ëç¨á«¥­ë  ¬¯«¨âã¤ë ®âà ¦¥-­¨ï ¨ ¯à®å®¦¤¥­¨ï rt ¨ dt á ãç¥â®¬ ¤¨áá¨¯ æ¨¨ ¨¯®«ãç¥­® ®¡é¥¥ ¢ëà ¦¥­¨¥ ¤«ï ª®íää¨æ¨¥­â  à¥-§®­ ­á­®£® ¯®¢¥àå­®áâ­®£® ¯®£«®é¥­¨ï á ¨á¯®«ì-§®¢ ­¨¥¬ íâ¨å  ¬¯«¨âã¤.�®íää¨æ¨¥­â ¯®¢¥àå­®áâ­®£® ¯®£«®é¥­¨ï ®¯à¥-¤¥«ï¥âáï ª ª ®â­®è¥­¨¥ ¬¥¦¤ã ¤¨áá¨¯¨àã¥¬®© Ed¨ ¯ ¤ îé¥© Einc  ªãáâ¨ç¥áª¨¬¨ í­¥à£¨ï¬¨ ¢ ¥¤¨-­¨æã ¢à¥¬¥­¨ ­  ¥¤¨­¨æã ¯«®é ¤¨, (á¬., ­ ¯à¨-¬¥à, [11,23,24]). �ï§ª®áâì â¢¥à¤®£® â¥«  ¤ ¥â á«¥-¤ãîé¨© ¢ª« ¤ ¢ í­¥à£¨î, ¤¨áá¨¯¨àã¥¬ãî ¢ ®¡ê¥¬¥

¨ ­  ¯®¢¥àå­®áâ¨ ¤¢ã¬¥à­®£® ¤¥ä¥ªâ :Ed= +1Z�1 "�� _uik� 13 _ull�2+ 12 _u2ll# dz++�s� _us��� 12 _us���2+ 12�s( _us��)2 � Ebd+Esd; (41)£¤¥ � ¨ � { á¤¢¨£®¢ ï ¨ ¢â®à ï ®¡ê¥¬­ ï ¢ï§ª®áâ¨;�s ¨ �s { á¤¢¨£®¢ ï ¨ ¢â®à ï ¯®¢¥àå­®áâ­ ï ¢ï§-ª®áâ¨. �¥àå­¨© ¨­¤¥ªá s ®â­®á¨âáï ª ¢¥«¨ç¨­ ¬ã¯àã£¨å á¬¥é¥­¨© ¢ ¯«®áª®áâ¨ ¤¥ä¥ªâ , £à¥ç¥áª¨¥¨­¤¥ªáë ¯à¨­¨¬ îâ §­ ç¥­¨ï 1, 2 ¨ ­ã¬¥àãîâ ª®-®à¤¨­ â­ë¥ ®á¨ ¢ â ­£¥­æ¨ «ì­®© ¯«®áª®áâ¨ ¤¢ã-¬¥à­®£® ¤¥ä¥ªâ . �¥¯«®¯à®¢®¤­®áâì â¢¥à¤®£® â¥-«  â ª¦¥ ¤ ¥â ¢ª« ¤ ¢ Ed (á¬., ­ ¯à¨¬¥à, [23]),ª®-â®àë© §¤¥áì ­¥ à áá¬ âà¨¢ ¥âáï. �ªãáâ¨ç¥áª ïí­¥à£¨ï ¯ ¤ îé¥© ¢ ¥¤¨­¨æã ¢à¥¬¥­¨ ­  ¥¤¨­¨æã¯«®é ¤¨ ¤¢ã¬¥à­®£® ¤¥ä¥ªâ  ¯®¯¥à¥ç­®©  ªãáâ¨-ç¥áª®© ¢®«­ë á  ¬¯«¨âã¤®© ut0 ¨ ¢¥ªâ®à­ë¬ ¯®-â¥­æ¨ «®¬ ~ , à ¢­ë¬ ¥¤¨­¨æ¥, ¨¬¥¥â á«¥¤ãîé¨©¢¨¤ (á¬. á®®â­®è¥­¨ï (13) ¨ (20)):Einc = 12�Ct!2 cos �tjut0j2 = 12�Ct!qk2t : (42)�¥¯¥àì ãçâ¥¬, çâ® ¯à¨ à¥§®­ ­á¥ ¯®«­®£® ®â-à ¦¥­¨ï ­  ¤¢ã¬¥à­®¬ ¤¥ä¥ªâ¥ á �sx>0 ¢®§-¡ã¦¤ ¥âáï ª¢ §¨¯à®¤®«ì­ ï ¢®«­  ãâ¥çª¨ (á¬.á®®â­®è¥­¨ï (31), (32)). �®áª®«ìªã ¯à¨ à¥-§®­ ­á¥  ¬¯«¨âã¤ë ¯à®å®¦¤¥­¨ï ¨ ®âà ¦¥­¨ï¤«ï ¯à®¤®«ì­®© ¢®«­ë ¢¥«¨ª¨ jrlj�jdlj�kx=��1(á¬. (24), (26)), íâ  ¯á¥¢¤®¯®¢¥àå­®áâ­ ï ¢®«­ ¤ ¥â £« ¢­ë© ¢ª« ¤ ¢ ¯®¢¥àå­®áâ­ë¥ ¯®â¥à¨ ¯à¨�t=�(r)t . �á¯®«ì§ãï á®®â­®è¥­¨ï (41) ¨ (42) ¢¬¥-áâ¥ á (14), (16), (17), (24), (26), (29) ¨ (32), ¬®¦¥¬¢ëç¨á«¨âì ª®íää¨æ¨¥­â ¯®¢¥àå­®áâ­®£® ¯®£«®é¥-­¨ï Rs ¢ ¯à¥¤¥«¥ á« ¡®£® ¯®£«®é¥­¨ï (Rs�1):Rs = EdEinc = 4��2sxCltg�(r)t �2�11��sxk2x + �s11� ; (43)£¤¥ �11=4�=3+� ; �(s)11 =�(s)+�(s). �®£« á­® ãà ¢-­¥­¨î (43), ®á­®¢­®© ¢ª« ¤ ¢ ¯®¢¥àå­®áâ­ë¥ ¯®-â¥à¨ ®¯à¥¤¥«ï¥âáï ®¡ê¥¬­®© ¤¨áá¨¯ æ¨¥© (¢ï§ª®-áâìî ¨ â¥¯«®¯à®¢®¤­®áâìî) ¢ â¢¥à¤®¬ â¥«¥, ª®£¤ E(s)d =E(b)d =�(s)11 =(�11�)�1, ¨§-§  ¡®«ìè®© £«ã¡¨-­ë ¯à®­¨ª­®¢¥­¨ï ª¢ §¨¯à®¤®«ì­®© ¢®«­ë ãâ¥çª¨�=��1=2�=(�sxk2x)��2=a����a�. �®íâ®¬ã ª®-íää¨æ¨¥­â ¯®¢¥àå­®áâ­®£® ¯®£«®é¥­¨ï Rs ®¡à â-­® ¯à®¯®àæ¨®­ «¥­ ª¢ ¤à âã ç áâ®âë ¢ ¯à¥¤¥«¥á« ¡®£® ¯®£«®é¥­¨ï.�¥à¥©¤¥¬ ª ¢ëç¨á«¥­¨î ª®íää¨æ¨¥­â  ®âà ¦¥-­¨ï ¨ ¯à®å®¦¤¥­¨ï á ãç¥â®¬ ¤¨áá¨¯ æ¨¨ ¨ ­ ©¤¥¬ª®íää¨æ¨¥­âë ¯®¢¥àå­®áâ­®£® ¯®£«®é¥­¨ï Rs ­¥�. �. �®á¥¢¨ç, �. �. �ëàª¨­ 67



�ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 3. �. 62 { 71â®«ìª® ¢ ¯à¥¤¥«¥ á« ¡®£® ¯®£«®é¥­¨ï, ª®£¤ Rs�1,­® â ª¦¥ ¢ á«ãç ¥, ª®£¤  Rs ¤®áâ¨£ ¥â ¢¥«¨ç¨­ë¯®àï¤ª  ¥¤¨­¨æë. �«ï íâ®£® ¢®á¯®«ì§ã¥¬áï \¤¨á-á¨¯ â¨¢­®©  ªãáâ¨ç¥áª®© â¥®à¨¥©" (á¬., ­ ¯à¨-¬¥à, [9, 10, 25]), á®£« á­® ª®â®à®© ã¯àã£¨¥ ¬®¤ã«¨,  â ª¦¥ á®®â¢¥âáâ¢ãîé¨¥ áª®à®áâ¨ §¢ãª  ¨ ¢®«­®-¢ë¥ ¢¥ªâ®àë ¢ ®¡ê¥¬­ëå ãà ¢­¥­¨ïå ¤¢¨¦¥­¨ï ¨£à ­¨ç­ëå ãá«®¢¨ïå § ¬¥­ïîâáï ­  ª®¬¯«¥ªá­ë¥¢¥«¨ç¨­ë. � ª ª ª ¯à¨ à áá¬®âà¥­¨¨ íâ®© § -¤ ç¨ £« ¢­ë© ¢ª« ¤ ¢ à¥§®­ ­á­®¥ ¯®¢¥àå­®áâ­®¥¯®£«®é¥­¨¥ ®¯à¥¤¥«ï¥âáï ª¢ §¨¯à®¤®«ì­®© (¢ëâ¥-ª îé¥©) ¢®«­®©, ¯à¥¤áâ ¢¨¬ ®¡ê¥¬­ë¥ ¨ ¯®¢¥àå-­®áâ­ë¥ ¯à®¤®«ì­ë¥ áª®à®áâ¨ §¢ãª  ª ªcl = cl0 � i!al;csl = csl0 � i!asl : (44)�­¤¥ªá 0 ®â­®á¨âáï ª ¯à¥¤¥«ã \­ã«¥¢®©" ç áâ®-âë, ª®£¤  ¬®¦­® ¯à¥­¥¡à¥çì ¤¨áá¨¯ æ¨¥©. �¢ëà ¦¥­¨¨ (44) ¯ à ¬¥âà al ®¯à¥¤¥«ï¥â ®¡ê¥¬-­ãî ¯à®¤®«ì­ãî \¤¨áá¨¯ â¨¢­ãî ¤«¨­ã", ª®â®-à ï ­¥¯®áà¥¤áâ¢¥­­® á¢ï§ ­  á ª®íää¨æ¨¥­â®¬¯®£«®é¥­¨ï 
l ¯à®¤®«ì­®©  ªãáâ¨ç¥áª®© ¢®«­ë:al=
lc2l0=!2. � âãå ­¨¥ ¯®¯¥à¥ç­ëå ã¯àã£¨å ¢®«­¬®¦­® ãç¥áâì  ­ «®£¨ç­ë¬ ®¡à §®¬, ¢¢¥¤ï ¯®¯¥-à¥ç­ãî ¤¨áá¨¯ â¨¢­ãî ¤«¨­ã at. � ­¨§ª®ç áâ®â-­®© ®¡« áâ¨ !��1 (� { íää¥ªâ¨¢­®¥ ¢à¥¬ï à¥-« ªá æ¨¨ ¢®§¡ã¦¤¥­¨©, ­  ª®â®àëå ¯®£«®é ¥âáïã¯àã£ ï ¢®«­ ) ­ å®¤¨¬, çâ® 
l;t�!2,   ¤«¨­ë al;t­¥ § ¢¨áïâ ®â ç áâ®âë ¨ ¯à®¯®àæ¨®­ «ì­ë íä-ä¥ªâ¨¢­®© ¤«¨­¥ ¯à®¡¥£  ¢®§¡ã¦¤¥­¨© l. � á«ã-ç ¥ ¢ëá®ª¨å ç áâ®â !��1 ¯®«ãç ¥¬, çâ® 
l;t � !¨ ¤«¨­ë al;t ®¡à â­® ¯à®¯®àæ¨®­ «ì­ë ç áâ®â¥:al;t=Pl;tcl0;t0=!, £¤¥ ¡¥§à §¬¥à­ë¥ ¯ à ¬¥âàë Pl;t­¥ § ¢¨áïâ ®â ç áâ®âë ¨ á¢®¡®¤­®© ¤«¨­ë ¯à®-¡¥£  l ¨ ®¯¨áë¢ îâ ä¥­®¬¥­®«®£¨ç¥áª¨ ¯®£«®é¥-­¨¥ ®¡ê¥¬­ëå ä®­®­®¢ ¢ ¡ ««¨áâ¨ç¥áª®¬ à¥¦¨-¬¥ (á¬. [9, 10, 12]). � ®¡®¨å à¥¦¨¬ å { £¨¤à®¤¨-­ ¬¨ç¥áª®¬ (!��1) ¨ ¡ ««¨áâ¨ç¥áª®¬ (!��1) {á« ¡®¥ ¯®£«®é¥­¨¥ §¢ãª  ¢ â¢¥à¤®¬ â¥«¥ á®®â¢¥â-áâ¢ã¥â !al;t�cl0;t0 ¨«¨ Pl;t�1. �¨áá¨¯ â¨¢­ë¥¤«¨­ë al;t ¬®£ãâ ¬¥­ïâìáï ¢ ¤®¢®«ì­® è¨à®ª¨å¯à¥¤¥« å ¨ ï¢«ïîâáï äã­ªæ¨ï¬¨ á®áâ®ï­¨© â¢¥à-¤®£® â¥«  (¥£® â¥¬¯¥à âãàë, ª®­æ¥­âà æ¨¥© ¯à¨-¬¥á¨ ¨ â. ¤.). �â¨ ¤«¨­ë â ª¦¥ á¨«ì­® § ¢¨áïâ®â â¨¯  â¢¥à¤®£® â¥«  (¬¥â ««, ¤¨í«¥ªâà¨ª, ¯®«ã-¯à®¢®¤­¨ª). � ª¢ àæ¥ ®­¨ ¤®¢®«ì­® ¬ «ë, ­ ¯à¨-¬¥à, al�6 �A ª ª ¯à¨ ª®¬­ â­®© â¥¬¯¥à âãà¥ [26],â ª ¨ ¯à¨ T =140 K [27]. � ¬¥â «« å, çìï ¯®-¢¥àå­®áâì �¥à¬¨ ¬®¦¥â ¡ëâì  ¯¯à®ªá¨¬¨à®¢ ­ áä¥à®© (¬¥¤ì, ­ âà¨©, á¢¨­¥æ, ®«®¢®, ¨­¤¨©), í«¥ª-âà®­­ ï ¢ï§ª®áâì �l ¯à®¯®àæ¨®­ «ì­  í«¥ªâà®¯à®-¢®¤­®áâ¨ (�l�pF llNl, £¤¥ pF , ll ¨ Nl { ¨¬¯ã«ìá�¥à¬¨, ¤«¨­  á¢®¡®¤­®£® ¯à®¡¥£  í«¥ªâà®­  ¨ ç¨-

á«® í«¥ªâà®­®¢ ¯à®¢®¤¨¬®áâ¨ ¢ ¥¤¨­¨æ¥ ®¡ê¥¬ á®®â¢¥âáâ¢¥­­®). � íâ®¬ á«ãç ¥ ¢ ­¨§ª®ç áâ®â-­®© ®¡« áâ¨ ¨¬¥¥¬ al�pF ll=(Micl), £¤¥ Mi { ¬ á-á  ¨®­  ¬¥â «« . � ç áâ­®áâ¨, ¤«ï ¬¥¤¨ ¨¬¥¥¬al�2�10�3ll ¨, á«¥¤®¢ â¥«ì­®, ­  ­¨§ª¨å ç áâ®â å¯à®¤®«ì­ ï ¤¨áá¨¯ â¨¢­ ï ¤«¨­  al ¬®¦¥â ¨¬¥âì¢ ¤®áâ â®ç­® ç¨áâ®© ¬¥¤¨ ¢¥«¨ç¨­ã ¯®àï¤ª  ¬¨-ªà®­  ¢ ¯à¥¤¥«¥ T =0, ª®£¤  ll ¤®áâ¨£ ¥â 10�2 á¬(á¬., ­ ¯à¨¬¥à, [28]).� à ¬¥âà al ¢ á®®â­®è¥­¨¨ (44) { ¯®¢¥àå­®áâ-­ ï (¯à®¤®«ì­ ï) ¤¨áá¨¯ â¨¢­ ï ¤«¨­ , ª®â®à ïá¢ï§ ­  á ¯®¢¥àå­®áâ­®© ¢ï§ª®áâìî �(s)11 =�s + �sá«¥¤ãîé¨¬ ®¡à §®¬: a(s)l =�(s)11 =(2�sc(s)l0 ). �®¢¥àå-­®áâ­ ï ¤¨áá¨¯ â¨¢­ ï ¤«¨­  ¢å®¤¨â ç¥à¥§ ª®¬-¯«¥ªá­ë¥ ã¯àã£¨¥ ¬®¤ã«¨ ~h11=�s(c(s)l )2 ¢ £à ­¨ç-­®¥ ãá«®¢¨¥ (19). �à¨¯®¢¥àå­®áâ­ë¥ ¨áª ¦¥­¨ïã¢¥«¨ç¨¢ îâ § âãå ­¨¥  ªãáâ¨ç¥áª¨å ä®­®­®¢ ¢®¡« áâ¨ ¤¢ã¬¥à­®£® ¤¥ä¥ªâ . �â® ®§­ ç ¥â ¢®§-¬®¦­®áâì a(s)l �al (â. ¥. ¯®¢¥àå­®áâ­ ï ¤¨áá¨¯ -æ¨ï ¤®«¦­  ãç¨âë¢ âìáï ­ àï¤ã á ®¡ê¥¬­®©). � -ª®¥ á¨«ì­®¥ ­¥à ¢¥­áâ¢® ¬¥¦¤ã ¯®¢¥àå­®áâ­®© ¨®¡ê¥¬­®© ¤¨áá¨¯ â¨¢­ë¬¨ ¤«¨­ ¬¨ ¬®¦¥â ¨¬¥âì¬¥áâ® â ª¦¥ ¤«ï ¤¢ã¬¥à­®£® í«¥ªâà®­­®£® £ §  ­ £à ­¨æ¥ à §¤¥«  ¬¥¦¤ã ¤¢ã¬ï ¯®«ã¯à®¢®¤­¨ª ¬¨(â ª¨¬ ª ª GaAs ¨ AlGaAs), â ª ª ª ¢ ¯®«ã-¯à®¢®¤­¨ª å ¯à¨ ­¨§ª¨å â¥¬¯¥à âãà å íâ¨ ¤«¨­ë­  ­¨§ª¨å ç áâ®â å ¯à®¯®àæ¨®­ «ì­ë «®ª «ì­®©í«¥ªâà®¯à®¢®¤­®áâ¨ (á¬. â ª¦¥ [6]).� ¦¥ á ãç¥â®¬ ¤¨áá¨¯ æ¨¨ ¯à¨ ®âà ¦¥­¨¨ (¯à¥-«®¬«¥­¨¨) ã¯àã£¨å ¢®«­ ¬®¦­® à áá¬ âà¨¢ âìâ ­£¥­æ¨ «ì­ãî ª®¬¯®­¥­âã ¯ ¤ îé¥© ¢®«­ë kxª ª ¢¥é¥áâ¢¥­­ãî. �®£¤ , ¨á¯®«ì§ãï (44) ¨ ¯à¥¤-¯®« £ ï a(s)l �al, ¯®«ãç ¥¬ á«¥¤ãîé¨¥ ¢ëà ¦¥­¨ï:� =sk2x � !2c2l = �0 � ial !3c3l0�0 ; (45)�sx = �s "1��cslcl �2# = �sx0 + 2iasl !�scsl0c2l0 ; (46)á¯à ¢¥¤«¨¢ë¥ ¯à¨ (al; asl )kx�1 ¨ alk3x��20 (¨«¨al��2sx0kx=�2�a�2kx). �à¨ à¥§®­ ­á¥ á ª¢ §¨¯à®-¤®«ì­®© ¢®«­®© ãâ¥çª¨ ãç¥â ¬­¨¬®© ç áâ¨ ¢ q ª®¬-¯®­¥­â¥ ¯ ¤ îé¥£® ¢®«­®¢®£® ¢¥ªâ®à  ¢ á®®â­®-è¥­¨ïå (34), (35) ¨ (38), (39) ¤ ¥â ¬ «ãî ¯®¯à ¢ªã¯®àï¤ª  atkx�1 ª ¯®«ãç¥­­ë¬ ¢ëà ¦¥­¨ï¬ (á¬.­¨¦¥, ä®à¬ã«ë (47) { (49)).�§ ¢ëà ¦¥­¨© (23) ¨ (25) á ¨á¯®«ì§®¢ ­¨-¥¬ (45), (46) ­ å®¤¨¬ ª®íää¨æ¨¥­âë ®âà ¦¥­¨ïr(r)t ¯à®å®¦¤¥­¨ï d(r)t ¤«ï ¯®¯¥à¥ç­ëå ®¡ê¥¬­ëåä®­®­®¢ ¯à¨ à¥§®­ ­á¥ á ¢®«­®© ãâ¥çª¨ ­  ¤¢ã-68 �. �. �®á¥¢¨ç, �. �. �ëàª¨­



�ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 3. �. 62 { 71¬¥à­®¬ ¤¥ä¥ªâ¥ á ãç¥â®¬ ¤¨áá¨¯ æ¨¨:r(r)t = �ssx0cl0tg�(r)t k2x4�(2al�2cl0+asl �sx0csl0k2x)+�3sx0cl0tg�(r)t k2x ;(47)d(r)t = 4�(2al�2cl0+asl �sx0csl0�sk2x)4�(2al�2cl0+asl �sx0csl0�sk2x)+�3sx0cl0tg�(r)t k2x :(48)�á¥  ¬¯«¨âã¤ë ®âà ¦¥­¨ï (¯à®å®¦¤¥­¨ï) á ãç¥-â®¬ ¤¨áá¨¯ æ¨¨ ¬®¦­® â ª¦¥ ¯®«ãç¨âì ¯à¨à ¢­¨-¢ ­¨¥¬ ­ã«î ª ¦¤®© ¨§ ¤¢ãå ª¢ ¤à â­ëå áª®¡®ª¢ §­ ¬¥­ â¥«¥ á®®â­®è¥­¨ï (27), ¨á¯®«ì§ãï ¢ëà -¦¥­¨ï (45), (46) ¨ á®®â¢¥âáâ¢ãîé¥¥ à §«®¦¥­¨¥ª®¬¯®­¥­âë q ¢®«­®¢®£® ¢¥ªâ®à . �à¨ íâ®¬ ¯®-«ãç ¥¬ ¤¨á¯¥àá¨®­­ë¥ á®®â­®è¥­¨ï ¤«ï ¤¢ãå \á -£¨ââ «ì­ëå" ¢®«­ á ª¢ §¨¯à®¤®«ì­ë¬¨ ¨ ª¢ §¨-¯®¯¥à¥ç­ë¬¨ ¯®«ïà¨§ æ¨ï¬¨, ª®â®àë¥ ¬®£ãâ à á-¯à®áâà ­ïâìáï ¢¤®«ì ¤¢ã¬¥à­®£® ¤¥ä¥ªâ  [1 {3]. �¯®¬®éìî ¢ëà ¦¥­¨© (47) ¨ (48) ¬®¦­® ¯®«ãç¨âìª®íää¨æ¨¥­â ¯®¢¥àå­®áâ­®£® ¯®£«®é¥­¨ï Rs ª ª¡¥§à §¬¥à­ãî à §­®áâì ¬¥¦¤ã ¯ ¤ îé¨¬ ¨ ®â-à ¦¥­­ë¬ (¯à®è¥¤è¨¬) ¯®â®ª ¬¨  ªãáâ¨ç¥áª®©í­¥à£¨¨: Rs=1�jrtj2�jdtj2 == 8(2al�2cl0+asl �sx0csl0�sk2x)��3sx0cl0tg�2t k2x[4�(2al�2Cl0+asl �sx0csl0�sk2x)+�3sx0cl0tg�2t k2x]2 :(49)�ëà ¦¥­¨ï (47) { (49) ®¯¨áë¢ îâ ®á­®¢­®© ¨á-ª®¬ë© à¥§ã«ìâ â. �¥§ã«ìâ âë à ¡®â [7,8],   ¨¬¥­-­®, rrt =1, drt=0, á«¥¤ãîâ ¨§ ¢ëà ¦¥­¨© (47), (48) ¢¯à¥¤¥«¥ ¨áç¥§ îé¥ ¬ «®© ¤¨áá¨¯ æ¨¨: al=a(s)l =0.�á«¨ ¨á¯®«ì§®¢ âì ¢ ¢ëà ¦¥­¨¨ (49) ¢¢¥¤¥­-­ë¥ á®®â­®è¥­¨ï ¬¥¦¤ã ¤¨áá¨¯ â¨¢­ë¬¨ ¤«¨-­ ¬¨ ¨ ¢ï§ª®áâï¬¨,   ¨¬¥­­®, 2al�cl0=�11 ¨2a(s)l �sc(s)l0 =�(s)11 , â® ®­® ¢ â®ç­®áâ¨ á®¢¯ ¤ ¥âá ¢ëà ¦¥­¨¥¬ (43) ¢ ¯à¥¤¥«¥ ¬ «®£® ¯®£«®é¥-­¨ï. �§ ¢ëà ¦¥­¨© (43), (47) { (49) á«¥¤ã¥â, çâ®íâ®â ¯à¥¤¥« á®®â¢¥âáâ¢ã¥â çà¥§¢ëç ©­® á« ¡®©¤¨áá¨¯ æ¨¨: al��3sxtg�(r)t k2x=(8�3)� (a�)3k2x�a� ¨a(s)l ��2sx=(�s�). �®«ìª® ¢ íâ®¬ ¯à¥¤¥«¥ ¨¬¥-¥¬ jd(r)t j�1, jr(r)t j�1 ¨ Rs�1. �® á ãç¥â®¬®â¬¥ç¥­­ëå ¢ëè¥ å à ªâ¥à­ëå §­ ç¥­¨© ¤«¨-­ë ®¡ê¥¬­®© ¤¨áá¨¯ æ¨¨ al (®á®¡¥­­® ¢ ¬¥â «-« å, ¢ ª®â®àëå al ¬®¦¥â ¤®áâ¨£ âì ¯®àï¤ª  ¬¨-ªà®­ ) íâ®â ¯à¥¤¥« íªá¯¥à¨¬¥­â «ì­® âàã¤­® ¤®-áâ¨¦¨¬ ¨§-§  ¬ «®áâ¨ ¡¥§à §¬¥à­®£® ¯ à ¬¥âà a�kx: (al=a�)1=2�a�kx�1. �®«¥¥ â®£®, íää¥ª-â¨¢­ ï â®«é¨­  á«®ï a�=�sx=�=h(1�(c(s)l =cl)2),ª®â®à ï ¢å®¤¨â ¢ ¢ëà ¦¥­¨ï (47) { (49), ¢ á«ã-ç ¥ 1�(c(s)l =cl)2�1 ­ ¬­®£® ¬¥­ìè¥ à¥ «ì­®©â®«é¨­ë á«®ï h=�s=�. �®íâ®¬ã á íªá¯¥-

à¨¬¥­â «ì­®© â®çª¨ §à¥­¨ï ­ ¨¡®«¥¥ ¯à¨¥¬«¥-¬ë¬ ¯à¥¤áâ ¢«ï¥âáï ¯à®â¨¢®¯®«®¦­ë© ¯à¥¤¥«al��3sxtg�(r)r k2x=(8�3)� (a�)3k2x, ª®â®àë© á®£« áã-¥âáï á ¨áå®¤­ë¬¨ ¯à¥¤¯®«®¦¥­¨ï¬¨ à áá¬ âà¨¢ -¥¬®£® ¯®¤å®¤ ,   ¨¬¥­­®: al��2sx=�2� (a�)2kx ¨a�kx�1 (á¬. (45)). � íâ®¬ ­¨§ª®ç áâ®â­®¬ ¯à¥-¤¥«¥ ®¡ê¥¬­ë¥ ä®­®­ë ¯à®å®¤ïâ ç¥à¥§ ¤¢ã¬¥à­ë©¤¥ä¥ªâ ¯®çâ¨ ¡¥§ ®âà ¦¥­¨ï ¨ ¯®¢¥àå­®áâ­®£® ¯®-£«®é¥­¨ï (rt�1, dt�1, Rs�1 ¤«ï ¢á¥å ã£«®¢ ¯ -¤¥­¨ï, ¢ª«îç ï à¥§®­ ­á­ë©).�á¯®«ì§ãï á®®â­®è¥­¨ï (23), (25), (45) ¨ (46),¬®¦­® ¯®ª § âì, çâ® ãç¥â ¤¨áá¨¯ æ¨¨ áãé¥áâ¢¥­-­ë¬ ®¡à §®¬ ¢«¨ï¥â ­  ï¢«¥­¨¥ ¯®«­®£® ®âà -¦¥­¨ï  ªãáâ¨ç¥áª®© ¢®«­ë â®­ª¨¬ á«®¥¬, ®¯¨-á ­­®¥ ¢ëà ¦¥­¨¥¬ (31) ¨, ¢ â® ¦¥ ¢à¥¬ï, ä ª-â¨ç¥áª¨ ­¥ ¢«¨ï¥â ­  à¥§®­ ­á­®¥ ¯à®å®¦¤¥­¨¥ ªãáâ¨ç¥áª®© ¢®«­ë ç¥à¥§ ¤¢ã¬¥à­ë© á«®©, ®¯¨-áë¢ ¥¬®¥ ¢ëà ¦¥­¨¥¬ (37). �®«­®¥ ®âà ¦¥­¨¥áª®«ì§ïé¥©  ªãáâ¨ç¥áª®© ¢®«­ë ­  ¤¢ã¬¥à­®¬ ¤¥-ä¥ªâ­®¬ á«®¥ [1 { 3] ¨ ¯®«­®¥ ®âà ¦¥­¨¥ ®¡ê¥¬-­ëå ä®­®­®¢ ¯à¨ à¥§®­ ­á¥ á  á¨¬¬¥âà¨ç­®© ª®-«¥¡ â¥«ì­®© ¬®¤®© \­¥®¤­®à®¤­®£®" ¤¢ã¬¥à­®£®ã¯àã£®£® á«®ï, ¨¬¥îé¥£® á«®¦­ãî ¢­ãâà¥­­îîáâàãªâãàã [6], á®åà ­ïîâáï ¨ ¯à¨ ãç¥â¥ ®¡ê¥¬-­®© ¤¨áá¨¯ æ¨¨, ¯®áª®«ìªã íâ¨ íää¥ªâë ­¥ á®-¯à®¢®¦¤ îâáï à¥§®­ ­á­ë¬ ¢®§¡ã¦¤¥­¨¥¬ £«ã¡®-ª® ¯à®­¨ª îé¨å ¢®«­ ãâ¥çª¨. �â® ®§­ ç ¥â, çâ®à¥§®­ ­á­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ á £«ã¡®ª® ¯à®­¨ª -îé¥© ¢®«­®© ãâ¥çª¨ ¨ ¯®«­®¥ ®âà ¦¥­¨¥ ¤«¨­-­®¢®«­®¢ëå ¯®¯¥à¥ç­ëå ã¯àã£¨å ¢®«­ ­  \®¤-­®à®¤­®¬" ¯«®áª®¬ ¤¥ä¥ªâ¥, ®¯¨á ­­®¥ ¢ [7, 8]¡¥§ ãç¥â  ¤¨áá¨¯ æ¨¨, ®ª §ë¢ ¥âáï çà¥§¢ëç ©-­® çã¢áâ¢¨â¥«ì­ë¬ ª ¤¨áá¨¯ â¨¢­ë¬ ¯®â¥àï¬¢ â¢¥à¤®¬ â¥«¥, ®á®¡¥­­® ª ®¡ê¥¬­®© ¤¨áá¨¯ -æ¨¨. � íªá¯¥à¨¬¥­â «ì­®© â®çª¨ §à¥­¨ï ®á®-¡ë© ¨­â¥à¥á ¬®¦¥â ¯à¥¤áâ ¢«ïâì \¯à®¬¥¦ãâ®ç-­ë©" á«ãç ©, ª®£¤  al��3sxtg�(r)t k2x=(8�3)� (a�)3k2x.�¥©áâ¢¨â¥«ì­®, ¨§ ¢ëà ¦¥­¨ï (49) á«¥¤ã¥â, çâ®,¥á«¨ al=(�3sxcltg�tr�4�s�sx�a(s)l c(s)l )k2x=(8�3ál)>0,â® ª®íää¨æ¨¥­â ¯®£«®é¥­¨ï Rs ¤®áâ¨£ ¥â á¢®-¥£® ¬ ªá¨¬ «ì­®£® §­ ç¥­¨ï 0:5 (¯à¨ íâ®¬r(r)t =d(r)t =0:5). �â® ®§­ ç ¥â, çâ® ¯®«®¢¨­  ¯®-â®ª  í­¥à£¨¨ ¯ ¤ îé¥© ¤«¨­­®¢®«­®¢®©  ªãáâ¨ç¥-áª®© ¢®«­ë ¯®£«®é ¥âáï â®­ª¨¬ ã¯àã£¨¬ á«®¥¬ ¢â¢¥à¤®¬ â¥«¥. �â®â íää¥ªâ  ­®¬ «ì­®£® ¯®¢¥àå-­®áâ­®£® ¯®£«®é¥­¨ï  ­ «®£¨ç¥­  ­®¬ «ì­®¬ã ¯®-£«®é¥­¨î (â ª¦¥ á Rs=0:5) áª®«ì§ïé¥© á¤¢¨£®¢®©ã¯àã£®© ¢®«­ë ¢ â®­ª®¬ § §®à¥ ¬¥¦¤ã ¤¢ã¬ï â¢¥à-¤ë¬¨ â¥« ¬¨, ®¡ãá«®¢«¥­­®¬ã ¤¨áá¨¯ â¨¢­ë¬ ¢ ­¤¥à �  «ìá®¢ë¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬ ¬¥¦¤ã â¢¥à¤ë-¬¨ â¥« ¬¨ [29]. � ®¡®¨å á«ãç ïå  ­®¬ «ì­®¥ ¯®-¢¥àå­®áâ­®¥ ¯®£«®é¥­¨¥ ®¡ãá«®¢«¥­® à¥§®­ ­á­ë¬�. �. �®á¥¢¨ç, �. �. �ëàª¨­ 69



�ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 3. �. 62 { 71¤¨áá¨¯ â¨¢­ë¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬ ®¡ê¥¬­ëå ä®­®-­®¢ á ¯á¥¢¤®¯®¢¥àå­®áâ­®© ¢®«­®© ãâ¥çª¨.�­®¬ «ì­®¥ ¯®¢¥àå­®áâ­®¥ ¯®£«®é¥­¨¥ ®¯¨áë-¢ ¥â à¥§®­ ­á­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ ®¡ê¥¬­®£® ä®-­®­  ¨ ¯á¥¢¤®¯®¢¥àå­®áâ­®© ¢®«­ë ãâ¥çª¨ ­  ¤¢ã-¬¥à­®¬ ã¯àã£®¬ á«®¥ á ¨­®©, ¯® áà ¢­¥­¨î á à -¡®â ¬¨ [7, 8], â®çª¨ §à¥­¨ï. � ã¯®¬ï­ãâëå à ¡®-â å à¥§®­ ­á­®¥ ®âà ¦¥­¨¥ ®¡ê¥¬­®£® ä®­®­  ¤®-áâ¨£ «®áì ¯ãâ¥¬ ¨§¬¥­¥­¨ï ã£«  ¯ ¤¥­¨ï ¯à¨ § -¤ ­­®© ç áâ®â¥ ¢®«­ë. � áá¬®âà¥­­®¥ ¦¥ ¢ ­ -áâ®ïé¥© à ¡®â¥ à¥§®­ ­á­®¥ ¯®¢¥àå­®áâ­®¥ ¯®£«®-é¥­¨¥ ®¡ê¥¬­®£® ä®­®­  ¬®¦¥â ¡ëâì ¤®áâ¨£­ã-â® ¯ãâ¥¬ ¨§¬¥­¥­¨ï ç áâ®âë ¢®«­ë ¯à¨ § ¤ ­­®¬ã£«¥ ¯ ¤¥­¨ï. � íâ®¬ á¬ëá«¥ ®¡  à¥§®­ ­á­ëå  ªã-áâ¨ç¥áª¨å ï¢«¥­¨ï ¢§ ¨¬­® ¤®¯®«­ïîâ ¤àã£ ¤àã£ ¨ ®¡  ¤®«¦­ë ãç¨âë¢ âìáï ¯à¨ íªá¯¥à¨¬¥­â «ì-­ëå ¨áá«¥¤®¢ ­¨ïå. �â¬¥â¨¬, çâ®  ­®¬ «ì­®¥ ¯®-¢¥àå­®áâ­®¥ ¯®£«®é¥­¨¥ ®¡ê¥¬­®£® ä®­®­  (¯à¨-ç¥¬ ª®íää¨æ¨¥­â®¬ ¯®£«®é¥­¨ï Rs ¤®áâ¨£ ¥â ¥¤¨-­¨æë) ¬®¦¥â ¡ëâì â ª¦¥ ®¡ãá«®¢«¥­® ¢§ ¨¬®¤¥©-áâ¢¨¥¬ á  á¨¬¬¥âà¨ç­®© à¥§®­ ­á­®© ¬®¤®© ­  ­¥-®¤­®à®¤­®¬ ¤¢ã¬¥à­®¬ ¤¥ä¥ªâ¥ ¯à¨ ®¯à¥¤¥«¥­­ëåãá«®¢¨ïå ­  ¥£® ¤¨­ ¬¨ç¥áª¨¥ ¨ ¤¨áá¨¯ â¨¢­ë¥ ¯ -à ¬¥âàë(á¬. [6]).�����������â ª, ®¯¨á ­  çà¥§¢ëç ©­® ¢ëá®ª ï çã¢áâ¢¨-â¥«ì­®áâì ª ¤¨áá¨¯ â¨¢­ë¬, ¢ ¯¥à¢ãî ®ç¥à¥¤ì,®¡ê¥¬­ë¬ ¯®â¥àï¬ à¥§®­ ­á­®£® ¢§ ¨¬®¤¥©áâ¢¨ï®¡ê¥¬­ëå ä®­®­®¢ á â®­ª¨¬ ã¯àã£¨¬ á«®¥¬ (¤¢ã-¬¥à­ë¬ ¤¥ä¥ªâ®¬) ¢ â¢¥à¤®¬ â¥«¥. �®íää¨æ¨¥­-âë à¥§®­ ­á­®£® ¯à®å®¦¤¥­¨ï ¨ ®âà ¦¥­¨ï ¯®¯¥-à¥ç­ëå ä®­®­®¢ ­  ¤¢ã¬¥à­®¬ ¤¥ä¥ªâ¥ ¯®«ãç¥­ëá ãç¥â®¬ ®¡ê¥¬­®© ¨ ¯®¢¥àå­®áâ­®© ¤¨áá¨¯ æ¨¨.�®ª § ­®, çâ® ¯®çâ¨ ¯®«­®¥ ®âà ¦¥­¨¥ ¯®¯¥à¥ç-­ëå ä®­®­®¢ ­  ¤¢ã¬¥à­®¬ ¤¥ä¥ªâ¥, ®¯¨á ­­®¥¢ [7, 8] ¡¥§ ãç¥â  ¤¨áá¨¯ æ¨¨, ¯à®¨áå®¤¨â ¢ ¯à¥-¤¥«¥ çà¥§¢ëç ©­® á« ¡®© ¤¨áá¨¯ æ¨¨, (al�a�k2x ¨a(s)l ��2sx=(�2sx�)), ª®â®àë©, ¯®-¢¨¤¨¬®¬ã, âàã¤­®à¥ «¨§®¢ âì ¢ íªá¯¥à¨¬¥­â¥. � íâ®¬ ¯à¥¤¥«¥ ª®-íää¨æ¨¥­â ¯®¢¥àå­®áâ­®£® ¯®£«®é¥­¨ï Rs ¯ ¤ î-é¥£® ä®­®­  ¬ «, ¯à®¯®àæ¨®­ «¥­ ®¡ê¥¬­®© ¢ï§-ª®áâ¨ ¨ â¥¯«®¯à®¢®¤­®áâ¨ â¢¥à¤®£® â¥«  ¨ ®¡à â-­® ¯à®¯®àæ¨®­ «¥­ ª¢ ¤à âã ç áâ®âë. �®ª § -­® â ª¦¥, çâ® ¯®çâ¨ ¯®«­®¥ à¥§®­ ­á­®¥ ®âà ¦¥-­¨¥ ¯®¯¥à¥ç­ëå ä®­®­®¢ ¤¢ã¬¥à­ë¬ ¤¥ä¥ªâ®¬ ¬®-¦¥â ¨§¬¥­¨âìáï ­  ¯®çâ¨ ¯®«­®¥ ¯à®å®¦¤¥­¨¥ ¯à¨ãç¥â¥ áà ¢­¨â¥«ì­® á« ¡®© ®¡ê¥¬­®© ¤¨áá¨¯ æ¨¨.�à¥¤áª § ­®  ­®¬ «ì­®¥ ¯®¢¥àå­®áâ­®¥ ¯®£«®é¥-­¨¥ ¯®¯¥à¥ç­ëå ä®­®­®¢, ¯à¨ ª®â®à®¬ ª®íää¨æ¨-¥­â ¯®¢¥àå­®áâ­®£® ¯®£«®é¥­¨ï ¤®áâ¨£ ¥â ¬ ªá¨-¬ «ì­®£® §­ ç¥­¨ï, à ¢­®£® 0:5. � ª®¥ á¨«ì­®¥

¯®£«®é¥­¨¥ ®¡ãá«®¢«¥­® à¥§®­ ­á­ë¬ ¤¨áá¨¯ â¨¢-­ë¬ ¢§ ¨¬®¤¥©áâ¢¨¥¬ ®¡ê¥¬­®© ¢®«­ë á ¢®«­®©ãâ¥çª¨, ¨ ¬®¦¥â ¯à®¨§®©â¨ ¢ á«ãç ¥ ¯à®¬¥¦ãâ®ç-­®© ®¡ê¥¬­®© ¤¨áá¨¯ æ¨¨ ¯à¨ al� (a�)3k2x.��������������¢â®àë ¡« £®¤ àïâ �­áâ¨âãâ ¨¬. � ªá  �« ­-ª  (�à¥§¤¥­) §  ¯à¥¤®áâ ¢«¥­­ãî ¢®§¬®¦­®áâì à -¡®â âì ¢ íâ®¬ ¨­áâ¨âãâ¥ ¯® â¥¬ â¨ª¥ ¤ ­­®£® ¨á-á«¥¤®¢ ­¨ï.1. Kosevich Yu. A., Syrkin E. S. Capillary phenomenaand elastic waves localized near a plane crystal de-fect // Phys. Lett.{ 1987.{ A122, N3, 4.{ P. 178{185.2. �®á¥¢¨ç �. �., �ëàª¨­ �. �. � ¯¨««ïà­ë¥ ï¢«¥-­¨ï ¨ ã¯àã£¨¥ ª®«¥¡ ­¨ï ¢¡«¨§¨ ¯«®áª®£® ¤¥ä¥ª-â  ªà¨áâ «« . 1. �à ¢­¥­¨ï ¤¨­ ¬¨ª¨ £à ­¨æë ¨á¢®©áâ¢  ¤«¨­­®¢®«­®¢ëå ¯®¢¥àå­®áâ­ëå ¢®«­ //�à¨áâ ««®£à ä¨ï.{ 1988.{ 33, ¢ë¯. 6.{ �. 1339{1346.3. �®á¥¢¨ç �. �., �ëàª¨­ �. �. � ¯¨««ïà­ë¥ ï¢«¥-­¨ï ¨ ã¯àã£¨¥ ª®«¥¡ ­¨ï ¢¡«¨§¨ ¯«®áª®£® ¤¥ä¥ª-â  ªà¨áâ «« . 2. �¥ãáâ®©ç¨¢®áâì «®ª «¨§®¢ ­­ëå¢®«­ ¨ ®¡à §®¢ ­¨¥ ¬ ªà®áª®¯¨ç¥áª¨å ¤¥ä®à¬ -æ¨®­­ëå á¢¥àåáâàãªâãà ­  ¤¢ã¬¥à­®¬ ¤¥ä¥ªâ¥ //�à¨áâ ««®£à ä¨ï.{ 1988.{ 33, ¢ë¯. 6.{ �. 1347{1351.4. �®á¥¢¨ç �. �., �ëàª¨­ �. �. �¥§®­ ­á­®¥ ¢§ ¨-¬®¤¥©áâ¢¨¥ ã¯àã£¨å ¢®«­ á ¯« ­ à­ë¬ ¤¥ä¥ªâ®¬ªà¨áâ ««  // ���.{ 1991.{ 33, N 7.{ �. 2053{2056.5. Kosevich Yu. A., Syrkin E. S. Macroscopic dynamicsof the interface between crystals and total resonancetransmission of phonons // ���.{ 1994.{ 20, N 7.{�. 660{665.6. Kosevich Yu. A. Capillary phenomena and macro-scopic dynamics of complex two-dimensional defectsin crystals // Progr. Surf. Sci. (review).{ 1997.{ 55,N 1.{ P. 1{57.7. Darinskii A. N., Maugin G. A. The elastic wave reso-nance re
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