
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 4. �. 35 { 44��� 539.3 ��� ��� � ������� ����������. �. �����������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 20.10.2000�  ®á­®¢¥ ¬¥â®¤  áã¯¥à¯®§¨æ¨¨ ¯à®¢¥¤¥­  ­ «¨§ ®á®¡¥­­®áâ¥© ªà ¥¢®£® à¥§®­ ­á  ¢ ¯®«ã¯®«®á¥ á® á¢®¡®¤­ë¬ â®à-æ®¬ ¯à¨ ¨§¬¥­¥­¨¨ ª®íää¨æ¨¥­â  �ã áá®­ . �®ª § ­®, çâ® ¯à¨ ¨§¬¥­¥­¨¨ ª®íää¨æ¨¥­â  �ã áá®­  ®â 0 ¤® 0:5ç áâ®â  ªà ¥¢®£® à¥§®­ ­á  ã¢¥«¨ç¨¢ ¥âáï ®â 1:99 ¤® 2:61. �à¨ íâ®¬ ¤®¡à®â­®áâì à¥§®­ ­á  à¥§ª® ¯ ¤ ¥â. �à¨à áá¬®âà¥­¨¨ ¯¥à¢®© à á¯à®áâà ­ïîé¥©áï ¢®«­ë ª ª áã¯¥à¯®§¨æ¨¨ SV- ¨ P-¢®«­ ®â¬¥ç¥­®, çâ® ­  ç áâ®â¥ ªà ¥¢®£®à¥§®­ ­á  ­  ¡®ª®¢ëå ¯®¢¥àå­®áâïå ¯®«ã¯®«®áë SV-¢®«­  ï¢«ï¥âáï à á¯à®áâà ­ïîé¥©áï,   P-¢®«­  { ­¥®¤­®à®¤-­®©. �  ç áâ®â¥ 
2�2:2 ¯à ªâ¨ç¥áª¨ ¤«ï ¢á¥å ª®íää¨æ¨¥­â®¢ �ã áá®­  ­  è¨à¨­¥ ¯®«ã¯®«®áë ãª« ¤ë¢ ¥âáï æ¥«®¥ç¨á«® SV-¯®«ã¢®«­. �«ï áà¥¤­¨å §­ ç¥­¨© ª®íää¨æ¨¥­â  �ã áá®­  { ®â 0:22 ¤® 0:42 { áãé¥áâ¢ã¥â ¤¨ ¯ §®­ ç áâ®â,­  ª®â®à®¬ ¯®¯¥à¥ç­ ï ¢®«­  ¯ ¤ ¥â ­  á¢®¡®¤­ë© â®à¥æ ¯®«ã¯®«®áë ¯®¤ ã£«®¬, ¡®«ìè¨¬ ªà¨â¨ç¥áª®£®, ¨ áãé¥-áâ¢ã¥â ¯à®¤®«ì­ ï à á¯à®áâà ­ïîé ïáï ¢®«­ . � íâ®¬ á«ãç ¥ â ª¦¥ áãé¥áâ¢ã¥â ç áâ®â  
1e, ­  ª®â®à®© ¡®ª®¢ë¥¯®¢¥àå­®áâ¨ ¯®«ã¯®«®áë á¢®¡®¤­ë ®â ­ ¯àï¦¥­¨© á ãç¥â®¬ SV- ¨ P-¢®«­. �«ï áà¥¤­¨å §­ ç¥­¨© ª®íää¨æ¨¥­â �ã áá®­  ç áâ®â  ªà ¥¢®£® à¥§®­ ­á  «¥¦¨â ¬¥¦¤ã §­ ç¥­¨ï¬¨ 
2=2:2 ¨ 
1e.�  ¡ §÷ ¬¥â®¤ã áã¯¥à¯®§¨æ÷ù ¯à®¢¥¤¥­¨©  ­ «÷§ ®á®¡«¨¢®áâ¥© ªà ©®¢®£® à¥§®­ ­áã ¢ ¯÷¢á¬ã§÷ § ¢÷«ì­¨¬ â®àæ¥¬ ¯à¨§¬÷­÷ ª®¥ä÷æ÷õ­â  �ã á®­ . �®ª § ­®, é® ¯à¨ §¬÷­÷ ª®¥ä÷æ÷õ­â  �ã áá®­  ¢÷¤ 0 ¤® 0:5 ç áâ®â  ªà ©®¢®£® à¥§®­ ­áã§¡÷«ìèãõâìáï ¢÷¤ 1:99 ¤® 2:61. �à¨ æì®¬ã ¤®¡à®â­÷áâì à¥§®­ ­áã à÷§ª® ¯ ¤ õ. �à¨ à®§£«ï¤÷ ¯¥àè®ù å¢¨«÷, é®¯®è¨àîõâìáï, ïª áã¯¥à¯®§¨æ÷ù SV- ÷ P-å¢¨«ì ¢÷¤§­ ç¥­®, é® ­  ç áâ®â÷ ªà ©®¢®£® à¥§®­ ­áã ­  ¡÷ç­¨å ¯®¢¥àå­ïå¯÷¢á¬ã£¨ SV-å¢¨«ï ¯®è¨àîõâìáï,   P-å¢¨«ï { ­¥®¤­®à÷¤­ . �  ç áâ®â÷ 
2�2:2 ¯à ªâ¨ç­® ¤«ï ¢á÷å ª®¥ä÷æ÷õ­â÷¢�ã áá®­  ­  è¨à¨­÷ ¯÷¢á¬ã£¨ ¢ª« ¤ õâìáï æ÷«¥ ç¨á«® SV-¯÷¢å¢¨«ì. �«ï á¥à¥¤­÷å §­ ç¥­ì ª®¥ä÷æ÷õ­â  �ã á®­  {¢÷¤ 0:22 ¤® 0:42 { ÷á­ãõ ¤÷ ¯ §®­ ç áâ®â, ­  ïª®¬ã ¯®¯¥à¥ç­  å¢¨«ï ¯ ¤ õ ­  ¢÷«ì­¨© â®à¥æì ¯÷¢á¬ã£¨ ¯÷¤ ªãâ®¬,¡÷«ìè¨¬ §  ªà¨â¨ç­¨©, ÷ ÷á­ãõ ¯®§¤®¢¦­  å¢¨«ï, é® ¯®è¨àîõâìáï. � æì®¬ã ¢¨¯ ¤ªã â ª®¦ ÷á­ãõ ç áâ®â  
1e, ­  ïª÷©¡÷ç­÷ ¯®¢¥àå­÷ ¯÷¢á¬ã£¨ õ ¢÷«ì­¨¬¨ ¢÷¤ ­ ¯àã¦¥­ì § ãà åã¢ ­­ï¬ SV- â  P-å¢¨«ì. �«ï á¥à¥¤­÷å §­ ç¥­ì ª®¥ä÷æ÷õ­â �ã á®­  ç áâ®â  ªà ©®¢®£® à¥§®­ ­áã «¥¦¨âì ¬÷¦ §­ ç¥­­ï¬¨ 
2=2:2 ÷ 
1e.On the basis of method of superposition the analysis of features of an edge resonance is carried out for a half-strip with freeedge at variation of Poisson's ratio. It is shown that with change of Poisson's ratio from 0 up to 0:5 the edge resonancefrequency increases from 1:99 to 2:61. In going so, the quality factor sharply falls. Considering the �rst propagatingwave as a superposition of SV- and P-waves we note that at the edge resonance frequency the SV-wave on side surfacesis propagating one, while P-wave is evancesent one. On frequency 
2�2:2 practically for all Poisson's ratios there areinteger numbers of SV-half-waves across the width of a half-strip. For intermediate Poisson's ratios, namely from 0:22 to0:42, there is a range of frequencies, for which the SV-wave falls on a free end of half-strip at the angle exceeding criticalone. In going so, there exist a propagating P-wave. In this case there also exists a frequency 
1e where side surfaces ofa half-strip are free from stresses when accounting both SV- and P-waves. The edge resonance frequency lays betweenvalues 
2=2:2 and 
1e for intermediate Poisson's ratios.���������¤­¨¬ ¨§ ­ ¨¡®«¥¥ ¨§¢¥áâ­ëå â¨¯®¢ à¥§®­ ­-á  ­  ­¥®¤­®à®¤­ëå ¢®«­ å ï¢«ï¥âáï â®â, ª®â®-àë© ¯à®ï¢«ï¥âáï ¢ á¨«ì­®© «®ª «¨§ æ¨¨ ¤¢¨¦¥­¨ï¢¡«¨§¨ â®àæ  ¢®«­®¢®¤ . �¬¥­­® ¯® íâ®¬ã ¯à¨-§­ ªã á®®â¢¥âáâ¢ãîé ï ä®à¬  ª®«¥¡ ­¨© ¯®«ãç¨-«  ­ §¢ ­¨¥ ªà ¥¢®©,   ï¢«¥­¨¥ íää¥ªâ¨¢­®£® ¢®§-¡ã¦¤¥­¨ï ª®«¥¡ ­¨© ­  ¤ ­­®© ç áâ®â¥ { ­ §¢ ­¨¥ªà ¥¢®£® à¥§®­ ­á .�à¨ íªá¯¥à¨¬¥­â «ì­®¬ ¨áá«¥¤®¢ ­¨¨ ªà ¥¢®©ä®à¬ë ¢®§­¨ª îâ ®¯à¥¤¥«¥­­ë¥ âàã¤­®áâ¨, ª®-â®àë¥ ¢ §­ ç¨â¥«ì­®© ¬¥à¥ á¢ï§ ­ë á â¥¬, çâ®íää¥ªâ¨¢­ë© ª®íää¨æ¨¥­â í«¥ªâà®¬¥å ­¨ç¥áª®©á¢ï§¨ ­  ªà ¥¢®© ¬®¤¥ ¢ ¯ì¥§® ªâ¨¢­ëå ¯« áâ¨­ å,¤¨áª å ¨ æ¨«¨­¤à å ¡«¨§®ª ª ­ã«î. �¯¥à¢ë¥ ªà -¥¢®© à¥§®­ ­á ­ ¡«î¤ «áï �®ã [1] ¨ �«¨¢¥à®¬ [2]¨ ª ­ áâ®ïé¥¬ã ¢à¥¬¥­¨ ­ ª®¯«¥­ ®¡è¨à­ë© íªá-¯¥à¨¬¥­â «ì­ë© ¬ â¥à¨ « [3], å à ªâ¥à¨§ãîé¨©íâ® ï¢«¥­¨¥.� â®çª¨ §à¥­¨ï â¥®à¥â¨ç¥áª®£® ®¡êïá­¥­¨ï ­ -
¡«î¤ ¥¬®£® íää¥ªâ  ¢ ¦­ãî à®«ì áë£à «¨ à ¡®-âë �. �. � §¨á  ¨ �. �. �¨­¤«¨­  [4]. � ­¨å ï¢«¥-­¨¥ ªà ¥¢®£® à¥§®­ ­á  ¢¯¥à¢ë¥ ¡ë«® á¢ï§ ­® á®á¯¥æ¨ä¨ª®© ¢®§¡ã¦¤¥­¨ï ­¥®¤­®à®¤­ëå ¢®«­. �¥¬á ¬ë¬ ¡ë«  ¯®¤ç¥àª­ãâ  ®á®¡ ï ¢ ¦­®áâì à®«¨,ª®â®àãî ¨£à îâ ¢®«­ë á ª®¬¯«¥ªá­ë¬¨ ¯®áâ®ï­-­ë¬¨ à á¯à®áâà ­¥­¨ï ¯à¨ ä®à¬¨à®¢ ­¨¨ ¢®«­®-¢®£® ¯®«ï. � ¤ «ì­¥©è¥¬ ¯®ï¢¨«®áì §­ ç¨â¥«ì­®¥ª®«¨ç¥áâ¢® ¯ã¡«¨ª æ¨©, ¯®á¢ïé¥­­ëå ¨§ãç¥­¨îªà ¥¢®£® à¥§®­ ­á  ¢ ª®­¥ç­ëå æ¨«¨­¤à å [5, 6],ªàã£«ëå ¤¨áª å [4,7] ¨ ¯àï¬®ã£®«ì­ëå ¯« áâ¨­ª åª®­¥ç­®© ¤«¨­ë [8].�¤­®¢à¥¬¥­­®, ¤«ï ¤®áâ¨¦¥­¨ï ¡®«¥¥ £«ã¡®ª®£®¯®­¨¬ ­¨ï á¯¥æ¨ä¨ª¨ ¢®§¡ã¦¤¥­¨ï ­¥®¤­®à®¤­ëå¢®«­ §­ ç¨â¥«ì­®¥ ¢­¨¬ ­¨¥ ¡ë«® ã¤¥«¥­®  ­ «¨§ãªà ¥¢®£® à¥§®­ ­á  ¢ ¯®«ã¡¥áª®­¥ç­ëå â¥« å. �à¨¨§ãç¥­¨¨ ¢®«­®¢®£® ¯®«ï ¢ â ª¨å â¥« å ¨á¯®«ì-§®¢ «¨áì à §«¨ç­ë¥ ¯®¤å®¤ë: ¬¥â®¤ ®¤­®à®¤­ëåà¥è¥­¨© [9], ¬¥â®¤ áã¯¥à¯®§¨æ¨¨ [8,10], ¬¥â®¤ ª®-­¥ç­ëå í«¥¬¥­â®¢ [14], ¬¥â®¤ ª®­¥ç­ëå à §­®áâ¥©¨ ¤àã£¨¥ [15].c
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�¨á. 1. �¥®¬¥âà¨ï § ¤ ç¨� à ¬ª å ¬¥â®¤  ®¤­®à®¤­ëå à¥è¥­¨© ¯à¨ ®¯¨-á ­¨¨ ï¢«¥­¨ï ªà ¥¢®£® à¥§®­ ­á  è¨à®ª®¥ à á-¯à®áâà ­¥­¨¥ ¯®«ãç¨«¨ â¥®à¨ï \¢â®à®£® ¯®àï¤-ª " [4,5],   â ª¦¥ ¢ à¨ æ¨®­­ë¥ ¬¥â®¤ë [9,12,13].�§ãç¥­¨¥ ªà ¥¢®£® à¥§®­ ­á  ­  ®á­®¢¥ ¬¥â®¤  áã-¯¥à¯®§¨æ¨¨ ¯à®¢®¤¨«®áì ¢ à ¡®â å [8,10,11].� ¡®âë, ¯®á¢ïé¥­­ë¥ ¨§ãç¥­¨î ªà ¥¢®£® à¥§®-­ ­á  ¢ ¯®«ã®£à ­¨ç¥­­ëå â¥« å, ¯®ª § «¨, çâ®ç áâ®â , ­  ª®â®à®© ¯à®¨áå®¤¨â á¨«ì­ ï «®ª «¨-§ æ¨ï ¤¢¨¦¥­¨ï ¢¡«¨§¨ â®àæ  ¢®«­®¢®¤ , ¤¥©áâ¢¨-â¥«ì­® á®¢¯ ¤ ¥â á ç áâ®â®© ªà ¥¢®£® à¥§®­ ­-á  ¢ ª®­¥ç­ëå ã¯àã£¨å â¥« å, ¨§¬¥à¥­­®© ¢ íªá-¯¥à¨¬¥­â å. �¤­ ª® ¬¥¦¤ã à¥§®­ ­á­ë¬¨ ï¢«¥-­¨ï¬¨ ¢ ­¥®£à ­¨ç¥­­ëå ¨ ®£à ­¨ç¥­­ëå ã¯àã-£¨å â¥« å ¨¬¥¥âáï áãé¥áâ¢¥­­®¥ à §«¨ç¨¥. �á«¥¤-áâ¢¨¥ á¢ï§ ­­®áâ¨ ç¥à¥§ £à ­¨ç­ë¥ ãá«®¢¨ï ­ â®àæ¥ à á¯à®áâà ­ïîé¥©áï ¨ ­¥®¤­®à®¤­ëå ¢®«­,¢ ­¥®£à ­¨ç¥­­®¬ â¥«¥ ¯à®ï¢«ï¥âáï à ¤¨ æ¨®­­®¥¤¥¬¯ä¨à®¢ ­¨¥ ¨  ¬¯«¨âã¤ë ª®«¥¡ ­¨© ­¥®¤­®-à®¤­ëå ¢®«­ ®áâ îâáï ®£à ­¨ç¥­­ë¬¨. �áª«îç¥-­¨¥ á®áâ ¢«ïîâ ¯à®¤®«ì­ë¥ ª®«¥¡ ­¨ï ¯®«ã¯®«®áë¨ á¨¬¬¥âà¨ç­ë¥ ª®«¥¡ ­¨ï ¯®«ãæ¨«¨­¤à  [8] ¯à¨ª®íää¨æ¨¥­â¥ �ã áá®­  �=0,   â ª¦¥ ­¥á¨¬¬¥-âà¨ç­ë¥ ª®«¥¡ ­¨ï ¯®«ãæ¨«¨­¤à  ¤«ï «î¡ëå §­ -ç¥­¨© �. � á«ãç ¥ á¨¬¬¥âà¨ç­ëå ª®«¥¡ ­¨© ¯®«ã-¯®«®áë ¨ ¯®«ãæ¨«¨­¤à  á¢ï§ì ¬¥¦¤ã à á¯à®áâà -­ïîé¥©áï ¨ ­¥®¤­®à®¤­ë¬¨ ¢®«­ ¬¨ ãáâà ­ï¥âáï¤«ï �=0 §  áç¥â á®®â¢¥âáâ¢ãîé¥£® ¢ë¡®à  ­ -£àã§ª¨ ­  â®àæ¥. �®§¡ã¦¤ ï ¯®«ã®£à ­¨ç¥­­ë©¢®«­®¢®¤ á ¬®ãà ¢­®¢¥è¥­­®© ­ £àã§ª®©, ¬®¦­®¯®«ãç¨âì ¤¥©áâ¢¨â¥«ì­ë© à¥§®­ ­á, â. ¥. ®¡à é¥-­¨¥ ¢ ¡¥áª®­¥ç­®áâì  ¬¯«¨âã¤ á¬¥é¥­¨© ­  ­¥ª®-â®à®© ç áâ®â¥ [8]. � à ¡®â¥ [16] ¯®¤à®¡­® ¯à® ­ -«¨§¨à®¢ ­ ªà ¥¢®© à¥§®­ ­á ¢ ¯®«ã¯®«®á¥ á ª®íä-ä¨æ¨¥­â®¬ �ã áá®­ , à ¢­ë¬ ­ã«î.� á«ãç ¥ ­¥®á¥á¨¬¬¥âà¨ç­ëå ª®«¥¡ ­¨© ¯®«ã-æ¨«¨­¤à  ¢ ­¥ª®â®à®¬ ç áâ®â­®¬ ¤¨ ¯ §®­¥ à á-¯à®áâà ­ïîé¨¥áï ¢®«­ë ®âáãâáâ¢ãîâ ¢­¥ § ¢¨á¨-¬®áâ¨ ®â ¢¥«¨ç¨­ë �, â ª ª ª ­ ¨¬¥­ìè ï ç áâ®-â  § ¯¨à ­¨ï ¢®«­®¢®¤  ¡®«ìè¥ ­ã«ï. �¤¥áì â ª¦¥

­ ¡«î¤ ¥âáï ­¥®£à ­¨ç¥­­ë© à®áâ  ¬¯«¨âã¤ á¬¥-é¥­¨© ¨ à¥§®­ ­á ­  ­¥®¤­®à®¤­ëå ¢®«­ å ¯à®-ï¢«ï¥âáï ¢ ç¨áâ®¬ ¢¨¤¥ ¯à¨ «î¡®¬ �.�¥á¬®âàï ­  §­ ç¨â¥«ì­ë© ®¡ê¥¬ ¨­ä®à¬ æ¨¨® áâàãªâãà¥ ¨ á¢®©áâ¢ å à¥§®­ ­á  ­  ­¥®¤­®à®¤-­ëå ¢®«­ å, ¢ íâ®© ®¡« áâ¨ ¥é¥ ®áâ ¥âáï àï¤ ­¥¢ë-ïá­¥­­ëå ¢®¯à®á®¢. �«ï ¯«®áª¨å ¢®«­®¢®¤®¢ íâ®®¡ãá«®¢«¥­® â¥¬, çâ® ª ª ¯à¨ á¨¬¬¥âà¨ç­ëå, â ª ¨¯à¨ ­¥á¨¬¬¥âà¨ç­ëå ª®«¥¡ ­¨ïå ­  ç áâ®â¥ ªà ¥-¢®£® à¥§®­ ­á  áãé¥áâ¢ãîâ à á¯à®áâà ­ïîé¨¥áï¢®«­ë ¨ ªà ¥¢®© à¥§®­ ­á ¢ \ç¨áâ®¬" ¢¨¤¥ ¢ë¤¥-«¨âì ­¥ ã¤ ¥âáï. �®íâ®¬ã ®ç¥­ì ¢ ¦­  ®æ¥­ª  ¨­-â¥­á¨¢­®áâ¨ ¢®§¡ã¦¤¥­¨ï ­¥®¤­®à®¤­ëå ¢®«­,  ,á«¥¤®¢ â¥«ì­®, ¨ áâ¥¯¥­¨ ¯à®ï¢«¥­¨ï ªà ¥¢®£® à¥-§®­ ­á  ¢ § ¢¨á¨¬®áâ¨ ®â à §«¨ç­ëå ¯ à ¬¥âà®¢.� ¤ ­­®© à ¡®â¥ ¨§ãç ¥âáï íää¥ªâ¨¢­®áâì ¯à®-ï¢«¥­¨ï ªà ¥¢®£® à¥§®­ ­á  ¯à¨ à §«¨ç­ëå ª®íä-ä¨æ¨¥­â å �ã áá®­ . �à¨ íâ®¬ ãáâ ­®¢«¥­®, çâ® áã¢¥«¨ç¥­¨¥¬ � ç áâ®â  ªà ¥¢®£® à¥§®­ ­á  ã¢¥«¨-ç¨¢ ¥âáï,   ¤®¡à®â­®áâì ¯ ¤ ¥â. �â® ®¡ãá«®¢«¥-­® ã¢¥«¨ç¥­¨¥¬ á¢ï§ ­­®áâ¨ ­¥®¤­®à®¤­ëå ¢®«­¨ ¥¤¨­áâ¢¥­­®© à á¯à®áâà ­ïîé¥©áï ¢®«­ë á à®-áâ®¬ �.1. ���������� ������� áá¬®âà¨¬ ¯«®áªãî § ¤ çã ® à á¯à®áâà ­¥­¨¨­®à¬ «ì­ëå ¢®«­ë ¢ ¯®«ã¯®«®á¥ jY j�h, Z�0 á®á¢®¡®¤­ë¬¨ ®â ­ ¯àï¦¥­¨© ¡®ª®¢ë¬¨ ¯®¢¥àå­®-áâï¬¨ Y =�h (à¨á. 1). �¢®©áâ¢  ¨§®âà®¯­®© áà¥-¤ë å à ªâ¥à¨§ãîâáï ¬®¤ã«¥¬ á¤¢¨£  �, ª®íää¨æ¨-¥­â®¬ �ã áá®­  � ¨ ¯«®â­®áâìî �. �«ï ¯¥à¥å®¤  ª¡¥§à §¬¥à­ë¬ ¢¥«¨ç¨­ ¬ ª®®à¤¨­ âë ­®à¬¨àã¥¬­  h: y=Y=h, z=Z=h.�®«­®¢®¥ ¯®«¥ ¢®§¡ã¦¤ ¥âáï ¯¥à¢®© ­®à¬ «ì­®©¢®«­®©, à á¯à®áâà ­ïîé¥©áï ¢ ®âà¨æ â¥«ì­®¬ ­ -¯à ¢«¥­¨¨ ®á¨ z ¨§ ¡¥áª®­¥ç­®áâ¨:�zz(y; 0)+�(0)zz (y; 0)=0; z=0; jyj�1;�zy(y; 0)+� (0)zy (y; 0)=0; z=0; jyj�1;�yy(�1; z)=�yz(�1; z)=0; y =�1; z�0: (1)�¤¥áì�(0)zz2� = �i��21�2�2 ch�2ysh�2 �� (�2 + �22)2 (�2 +
20)�1 ch�1ysh�1 �e�i�z ;� (0)zz2� = ��21 �2 + �222 �sh�2ysh�2 � sh�1ysh�2 �e�i�z : (2)36 �. �. �®à®¤¥æª ï



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 4. �. 35 { 44�®áâ®ï­­ ï à á¯à®áâà ­¥­¨ï � à ¢­  ¯¥à¢®¬ã¤¥©áâ¢¨â¥«ì­®¬ã ª®à­î ¤¨á¯¥àá¨®­­®£® ãà ¢­¥-­¨ï ¤«ï ¨§®âà®¯­®© ¡¥áª®­¥ç­®© ¯®«®áë á® á¢®-¡®¤­ë¬¨ ¯®¢¥àå­®áâï¬¨:�(�) = (2�2 �
2)2�1cth�1��4�2�21�2cth�2 = 0: (3)� ãà ¢­¥­¨¨ (3)�n = 8<: p�2 �
2n; j�j � 
n;�ip
2n � �2; j�j < 
n; (4)
1=!h=cl; 
2=!h=cs; cl ¨ cs { áª®à®áâ¨ ¯à®¤®«ì-­®© ¨ ¯®¯¥à¥ç­®© ¢®«­ á®®â¢¥âáâ¢¥­­®. �¤¥áì ¨ ¢¤ «ì­¥©è¥¬ ¢à¥¬¥­­®© ¬­®¦¨â¥«ì e�i!t ®¯ãáª ¥â-áï (! { ªàã£®¢ ï ç áâ®â ).�¥®¡å®¤¨¬® ­ ©â¨ ¢¥ªâ®à á¬¥é¥­¨ï, ã¤®¢«¥â¢®-àïîé¨© § ¤ ­­ë¬ £à ­¨ç­ë¬ ãá«®¢¨ï¬ ¨ ®¤­®-à®¤­®© á¨áâ¥¬¥ ãà ¢­¥­¨© � ¬¥. �®¯®«­¨â¥«ì-­® ª £à ­¨ç­ë¬ ãá«®¢¨ï¬ (1) ¤®«¦­ë ¢ë¯®«­ïâì-áï ãá«®¢¨ï ¨§«ãç¥­¨ï ­  ¡¥áª®­¥ç­®áâ¨, § ª«îç -îé¨¥áï ¢ â®¬, çâ® ª ¦¤ ï à á¯à®áâà ­ïîé ïáï­®à¬ «ì­ ï ¢®«­  ã­®á¨â í­¥à£¨î ®â â®àæ  ¯®«ã-¯®«®áë ­  ¡¥áª®­¥ç­®áâì.2. ����� �������� ¤ ­­®¬ ¨áá«¥¤®¢ ­¨¨ ¯à¨¬¥­ï«áï ¬¥â®¤ áã¯¥à-¯®§¨æ¨¨ [8]. � ¥£® à ¬ª å ¯®áâà®¨¬ à¥è¥­¨¥ £à -­¨ç­®© § ¤ ç¨ ¤«ï ¯à®¤®«ì­ëå ª®«¥¡ ­¨© ¢®«­®¢®-¤ . �«¥¤ãï ®¡é¥© áå¥¬¥ ¬¥â®¤  áã¯¥à¯®§¨æ¨¨ [8],ª®¬¯®­¥­âë ¢¥ªâ®à  á¬¥é¥­¨© (z�0) ¯à¥¤áâ ¢¨¬¢ ¢¨¤¥u(1)y =� 1Xk=1�Ak�ke�q1z+Bkq2e�q2z� sin �ky++ 12� 1Z�1 x(1)(� )Uy(�; y)ei�zd�;u(1)z =�iA0
1ei
1z�� 1Xk=1�Akq1e�q1z+Bk�ke�q2z� cos �ky++ i2� 1Z�1 x(1)(� )Uz(�; y)ei�zd� (5)á ­¥¨§¢¥áâ­ë¬¨ ¯®áâ®ï­­ë¬¨ A0, Ak, Bk(k=1; 2; : : :) ¨ äã­ªæ¨¥© x(� ). �à®¬¥ â®£®, §¤¥áì

¢¢¥¤¥­ë ®¡®§­ ç¥­¨ïUy(�; y)=p21��2 sinh p2ysinh p2 � (�2+p22)2 sinh p1ysinh p1 �;Uz(�; y)=�p1�p1p2 cosh p2ycosh p2 � (�2+p22)2 cosh p1ycosh p1 �;pn = 8<: p�2 � 
2n; j� j � 
n;�ip
2n � �2; j� j < 
n;qn =8<: p�2k �
2n; j�kj � 
n;�ip
2n � �2k ; j�kj < 
n; �k = k�:�à¥¤áâ ¢«¥­¨¥ (5) ¢ë¡à ­® â ª¨¬ ®¡à §®¬, çâ®-¡ë ãá«®¢¨¥ ®âáãâáâ¢¨ï ª á â¥«ì­ëå ­ ¯àï¦¥-­¨© ­  ¯®¢¥àå­®áâïå y=�1 ¢ë¯®«­ï«®áì  ¢-â®¬ â¨ç¥áª¨. �ë¯®«­¥­¨¥ ®áâ ¢è¨åáï £à -­¨ç­ëå ãá«®¢¨© ¯à¨¢®¤¨â ª á¨áâ¥¬¥ ¨­â¥£à®- «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨© ®â­®á¨â¥«ì­® ­¥¨§-¢¥áâ­ëå A0, yk=(�1)k�kBk (k=1; 2; : : :) ¨ äã­ª-æ¨¨ x(� ). �à¨ íâ®¬ Ak=�Bk(�2k+q22)=(2�kq1),  á¨áâ¥¬  ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:x(� )�(� ) +A0 i
20
1�2 �
21 � 1Xk=1ykak(� ) = 0;A0
20 + 
20
222� 1Z�1 x(� )d� = f0;ykRk � 12� 1Z�1 x(� )p21(� )bk(� )d� = fk;(k = 1; 2; : : :): (6)�¤¥áì ¢¢¥¤¥­ë ®¡®§­ ç¥­¨ïak = 2q22�2k + p22 � (�2k + 
20)(�2k + q22)�2k(�2k + p21) ;bk = 2�2p22�2k + p22 � (�2 + 
20)(�2 + p22)�2 + q21 ;Rk = q2 � �2k + q224�2kq1 ; (7)�(� ) { ®¯à¥¤¥«¨â¥«ì �í«¥ï {�í¬¡  (3). �«£®à¨â¬à¥è¥­¨ï íâ®© á¨áâ¥¬ë  ­ «®£¨ç¥­ ¯à¨¢¥¤¥­­®¬ã¢ [10] ¨ §¤¥áì ­  ­¥¬ ®áâ ­ ¢«¨¢ âìáï ­¥ ¡ã¤¥¬.�â¬¥â¨¬ â®«ìª®, çâ® ¯à¨ à¥¤ãªæ¨¨ á¨áâ¥¬ë ¯à¨-¬¥­ï« áì  á¨¬¯â®â¨ª limk!1 yk = a0; lim�!1x(� )t4 = a0: (8)�. �. �®à®¤¥æª ï 37
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�¨á. 2. � áâ®â­ ï § ¢¨á¨¬®áâì ¬¯«¨âã¤ë ¢®§¡ã¦¤¥­¨ï ¯¥à¢®© ­¥®¤­®à®¤­®© ¢®«­ë¤«ï à §­ëå §­ ç¥­¨© ª®íää¨æ¨¥­â  �ã áá®­ �«ï § ¬ëª ­¨ï ª®­¥ç­®© á¨áâ¥¬ë ¨á¯®«ì§®¢ «¨áìá®®â­®è¥­¨ï, ®¯à¥¤¥«ïîé¨¥ £à ­¨ç­ë¥ ãá«®¢¨ï ¢ã£«®¢®© â®çª¥ ¢ ¢¨¤¥�zz(1; 0)� �yy(1; 0) = 2��(0)zz (1; 0): (9)�¥è¥­¨ï £à ­¨ç­®© § ¤ ç¨ (1) ¯® ¬¥â®¤ã áã¯¥à¯®-§¨æ¨¨ ¬®¦­® ¯à¥¤áâ ¢¨âì ç¥à¥§ ­®à¬ «ì­ë¥ ¢®«-­ë á«¥¤ãîé¨¬ ®¡à §®¬:u(y; z) = 1Xn=1CnU(�n; y)ei�nz ; (10)£¤¥ U(�n; y)=fUy(�n; y); Uz(�n; z)g,   �n { ª®à­¨ãà ¢­¥­¨ï �í«¥ï {�í¬¡  (3). �®íää¨æ¨¥­âë ¢®§-¡ã¦¤¥­¨ï ­®à¬ «ì­ëå ¢®«­ ­ å®¤ïâáï, ¨áå®¤ï ¨§á®®â­®è¥­¨ïCn = 1�0(�n)� 1Xk=1ykak(�n)� A0 2i
20
1�2n � 
21�: (11)�à¨ à¥¤ãªæ¨¨ á¨áâ¥¬ë £« ¢­ë¬ ªà¨â¥à¨¥¬ ª -ç¥áâ¢  ¯®«ãç¥­­®£® à¥è¥­¨ï ï¢«ï«áï ª®­âà®«ì § â®ç­®áâìî ¢ë¯®«­¥­¨ï £à ­¨ç­ëå ãá«®¢¨©. �à¨k=1; : : : ; 10 ¨ ¯à¨ ®£à ­¨ç¥­¨¨ ¢¥àå­¥£® ¯à¥¤¥-«  ¢ ¨­â¥£à « å ¤® 150 (¤«ï � >150 ¨á¯®«ì§®¢ -«¨áì  á¨¬¯â®â¨ç¥áª¨¥ ¯à¥¤áâ ¢«¥­¨ï ¤«ï ¯®¤ë­-â¥£à «ì­ëå äã­ªæ¨©) £à ­¨ç­ë¥ ãá«®¢¨ï ­  â®àæ¥¢ë¯®«­ï«¨áì á ¯®£à¥è­®áâìî ¤® 1:0 % ­ ¯àï¦¥-­¨ï ¯ ¤ îé¥© ¢®«­ë,   ­  ¯®¢¥àå­®áâïå y=�1 {¤® 0:2 %. �®¯®«­¨â¥«ì­ë¬ ªà¨â¥à¨¥¬ ¤®áâ®¢¥à-­®áâ¨ à¥§ã«ìâ â®¢ ¡ë« ª®­âà®«ì §  ¢ë¯®«­¥­¨¥¬§ ª®­  á®åà ­¥­¨ï í­¥à£¨¨, ª®â®àë© ¢ë¯®«­ï«áïá â®ç­®áâìî ¤® 99:7 % í­¥à£¨¨ ¯ ¤ îé¥© ¢®«­ë.�¥à¥©¤¥¬ ª  ­ «¨§ã ç¨á«¥­­ëå à¥§ã«ìâ â®¢, å -à ªâ¥à¨§ãîé¨å ªà ¥¢®© à¥§®­ ­á ¢ ¯®«ã¯®«®á¥.

3. ��������� ����������� ¤ ­­®© à ¡®â¥ à áá¬ âà¨¢ « áì íää¥ªâ¨¢-­®áâì ¢®§¡ã¦¤¥­¨ï ªà ¥¢®© ¬®¤ë. �à ¥¢®© à¥-§®­ ­á ­ ¡«î¤ «áï ­  ç áâ®â¥, ª®£¤  ¢ ¢®«­®¢®¤¥¬®¦¥â áãé¥áâ¢®¢ âì â®«ìª® ®¤­  à á¯à®áâà ­ïî-é ïáï ¢®«­ . � «¨ç¨¥ ¢®«­ë, ã­®áïé¥© í­¥à£¨î®â â®àæ , ®¡ãá« ¢«¨¢ ¥â áãé¥áâ¢®¢ ­¨¥ à ¤¨ æ¨-®­­®£® ¤¥¬¯ä¨à®¢ ­¨ï. �  áç¥â íâ®£® ¯à¨ á¨¬¬¥-âà¨ç­ëå ¢®«­®¢ëå ¤¢¨¦¥­¨ïå (¯à®¤®«ì­ë¥ ª®«¥-¡ ­¨ï) ¢ ¯®«ã¯®«®á¥ ¨§ ¬ â¥à¨ «®¢ á � 6=0  ¬¯«¨-âã¤ë á¬¥é¥­¨© ­  à¥§®­ ­á­®© ç áâ®â¥ ®áâ îâáïª®­¥ç­ë¬¨,   ¨­â¥­á¨¢­®áâì ¯à®ï¢«¥­¨ï à¥§®­ ­-á  § ¢¨á¨â ® àï¤  ä ªâ®à®¢. �«ï ä¨ªá¨à®¢ ­­®-£® � ®¯à¥¤¥«ïîé¥¥ §­ ç¥­¨¥ ¨¬¥¥â áâ¥¯¥­ì á®£« -á®¢ ­¨ï ­ £àã§ª¨ ¨ ä®à¬ë ªà ¥¢®© ¬®¤ë [10, 11].�à¨ ä¨ªá¨à®¢ ­­®© ­ £àã§ª¥ íää¥ªâ¨¢­®áâì ¯à®-ï¢«¥­¨ï ªà ¥¢®£® à¥§®­ ­á  á¨«ì­® § ¢¨á¨â ®â ¢¥-«¨ç¨­ë ª®íää¨æ¨¥­â  �ã áá®­ .�à ¤¨æ¨®­­® ¯à¨  ­ «¨§¥ à¥§®­ ­á­ëå á¨âã -æ¨© ­¥®¡å®¤¨¬® á«¥¤¨âì §  ¨§¬¥­¥­¨¥¬ ä §®¢ëåå à ªâ¥à¨áâ¨ª ¨ ã¢¥«¨ç¥­¨¥¬  ¬¯«¨âã¤­ëå. �¤ ­­®© à ¡®â¥ à áá¬ âà¨¢ «¨áì ç áâ®â­ë¥ § ¢¨-á¨¬®áâ¨ ª®íää¨æ¨¥­â®¢ ¢®§¡ã¦¤¥­¨ï ­®à¬ «ì­ëå¢®«­ ¢ ¤¨ ¯ §®­¥ ç áâ®â, £¤¥ ¤«ï à §«¨ç­ëå §­ -ç¥­¨© ª®íää¨æ¨¥­â®¢ �ã áá®­  áãé¥áâ¢ã¥â â®«ì-ª® ®¤­  à á¯à®áâà ­ïîé ïáï ¢®«­ . � íâ®© ç -áâ®â­®© ®¡« áâ¨ ¤«ï ¢á¥å ª®íää¨æ¨¥­â®¢ �ã áá®-­   ¬¯«¨âã¤  ®âà ¦¥­­®© ¡¥£ãé¥© ¢®«­ë à ¢­ï-« áì  ¬¯«¨âã¤¥ ¯ ¤ îé¥© (C1=C0=1), çâ® ­¥¯®-áà¥¤áâ¢¥­­® á«¥¤ã¥â ¨§ § ª®­  á®åà ­¥­¨ï í­¥à-£¨¨. � ¯®¢¥¤¥­¨¨ ä §®¢ëå å à ªâ¥à¨áâ¨ª ¬®¦­®áã¤¨âì ¯® ç áâ®â­®© § ¢¨á¨¬®áâ¨ Im (C1=C0). �®¢á¥å à áá¬®âà¥­­ëå á«ãç ïå ¢¡«¨§¨ ç áâ®âë ªà -¥¢®£® à¥§®­ ­á  Im (C1=C0) ¨§¬¥­ï¥âáï ®â �1 ¤®1. � áâ®âã, ­  ª®â®à®© Im (C1=C0)=0, ¥áâ¥áâ¢¥­-­® áç¨â âì à¥§®­ ­á­®©. �  ­¥© ­ ¡«î¤ ¥âáï à¥§-ª®¥ ã¢¥«¨ç¥­¨¥  ¬¯«¨âã¤ ­¥®¤­®à®¤­ëå ¢®«­.�  à¨á. 2 ¯à¥¤áâ ¢«¥­   ¬¯«¨âã¤  ¢®§¡ã¦¤¥­¨ï¯¥à¢®© ­¥®¤­®à®¤­®© ¢®«­ë, ­®à¬¨à®¢ ­­ ï ­  ¬¯«¨âã¤ã ¯ ¤ îé¥© ¢®«­ë: C2=C0. �à¨¢ ï 1 á®-®â¢¥âáâ¢ã¥â ª®íää¨æ¨¥­âã �ã áá®­  �=0:24, ªà¨-¢ ï 2 { �=0:32, ªà¨¢ ï 3 { � = 0:4,   ªà¨¢ ï 4 {� = 0:48. � ã¬¥­ìè¥­¨¥¬ ª®íää¨æ¨¥­â  �ã áá®-­  ¤®¡à®â­®áâì à¥§®­ ­á  ã¢¥«¨ç¨¢ ¥âáï,  ¬¯«¨-âã¤  ¯¥à¢®© ­¥®¤­®à®¤­®© ¢®«­ë §­ ç¨â¥«ì­® ¢®§-à áâ ¥â.�¥à¢ ï ­¥®¤­®à®¤­ ï ¢®«­  ¢­®á¨â ®¯à¥¤¥«ïî-é¨© ¢ª« ¤ ¢ ä®à¬¨à®¢ ­¨¥ ªà ¥¢®© ¬®¤ë. �¤­ -ª® ¢ ä®à¬¨à®¢ ­¨¨ ªà ¥¢®© ¬®¤ë ¯à¨­¨¬ îâ ãç -áâ¨¥ ¢á¥ ­¥®¤­®à®¤­ë¥ ¢®«­ë. �â® ¯®¤â¢¥à¦¤ ¥â-áï ¤¢ã¬ï ®¡áâ®ïâ¥«ìáâ¢ ¬¨.� ®¤­®© áâ®à®­ë, ­  ç áâ®â¥ ªà ¥¢®£® à¥§®-­ ­á  ­¥ â®«ìª®  ¬¯«¨âã¤  ¢®§¡ã¦¤¥­¨ï ¯¥à¢®©38 �. �. �®à®¤¥æª ï



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 4. �. 35 { 44­¥®¤­®à®¤­®© ¢®«­ë, ­® ¨  ¬¯«¨âã¤ë ­¥®¤­®à®¤-­ëå ¢®«­ ¢ëáè¨å ¯®àï¤ª®¢ ¤®áâ¨£ îâ á¢®¥£® ¬ ª-á¨¬ «ì­®£® §­ ç¥­¨ï, å®âï áâ¥¯¥­ì ¢®§¡ã¦¤¥­¨ï¢ëáè¨å ­¥®¤­®à®¤­ëå ¢®«­ §­ ç¨â¥«ì­® á« ¡¥¥ ¨á ã¢¥«¨ç¥­¨¥¬ ­®¬¥à  ­¥®¤­®à®¤­®© ¢®«­ë ¬ ª-á¨¬ «ì­®¥ §­ ç¥­¨¥  ¬¯«¨âã¤ë ã¬¥­ìè ¥âáï. �ã¬¥­ìè¥­¨¥¬ ª®íää¨æ¨¥­â  �ã áá®­   ¬¯«¨âã¤ë¢®§¡ã¦¤¥­¨ï ­¥®¤­®à®¤­ëå ¢®«­ ¢ëáè¨å ¯®àï¤-ª®¢ ­  ç áâ®â¥ ªà ¥¢®£® à¥§®­ ­á  ã¢¥«¨ç¨¢ îâáï.�à¨ íâ®¬ ®â­®á¨â¥«ì­ë© à®áâ  ¬¯«¨âã¤ ­¥®¤­®-à®¤­ëå ¢®«­ ¢ëáè¨å ¯®àï¤ª®¢ §­ ç¨â¥«ì­® ¬¥­ì-è¥, ç¥¬ ã¢¥«¨ç¥­¨¥  ¬¯«¨âã¤ë ¯¥à¢®© ­¥®¤­®à®¤-­®© ¢®«­ë.� ¤àã£®© áâ®à®­ë, ¤«ï ¡®«¥¥ ¯®«­®© å à ªâ¥-à¨áâ¨ª¨ ªà ¥¢®£® à¥§®­ ­á  ­¥®¡å®¤¨¬® ¯à® ­ -«¨§¨à®¢ âì ä®à¬ã ªà ¥¢®© ¬®¤ë. �«ï íâ®£® ¢ à -¡®â¥ [8] ¯à®¢¥¤¥­® áà ¢­¥­¨¥ å à ªâ¥à  ¤¢¨¦¥­¨ïç áâ¨æ ¯®«ã¯®«®áë ­  ç áâ®â¥ ªà ¥¢®£® à¥§®­ ­-á  á á®®â¢¥âáâ¢ãîé¨¬¨ ¤¢¨¦¥­¨ï¬¨ ¢ ®â¤¥«ì­ëå­¥®¤­®à®¤­ëå ¢®«­ å ¤«ï ª®íää¨æ¨¥­â  �ã áá®­ �=0:3. � ª®¥ áà ¢­¥­¨¥ ¯®ª § «®, çâ® å®âï ä®à¬ ª®«¥¡ ­¨© ­  ªà ¥¢®¬ à¥§®­ ­á¥ ¡«¨§ª  ª ä®à¬¥ª®«¥¡ ­¨© ¯¥à¢®© ­¥®¤­®à®¤­®© ¢®«­ë, ®¤­ ª® ­¥á®¢¯ ¤ ¥â á ­¥© ¯®«­®áâìî.� ª¨¬ ®¡à §®¬, ¢ ä®à¬¨à®¢ ­¨¨ ªà ¥¢®© ¬®¤ëãç áâ¢ãîâ ¢á¥ ­¥®¤­®à®¤­ë¥ ¢®«­ë. �à¨ íâ®¬¯¥à¢ ï ­¥®¤­®à®¤­ ï ¢®«­  ï¢«ï¥âáï ¤®¬¨­¨àãî-é¥©.� ®â«¨ç¨¥ ®â ®¡ëç­ëå à¥§®­ ­á­ëå á¨âã æ¨©¢ â¥®à¨¨ ª®«¥¡ ­¨©, ªà ¥¢®© à¥§®­ ­á à¥ «¨§ã-¥âáï ­  á®¡áâ¢¥­­ëå ä®à¬ å, áâàãªâãà  ª®â®-àëå áãé¥áâ¢¥­­® § ¢¨á¨â ®â ç áâ®âë. �®áª®«ì-ªã á¯¥ªâà «ì­ë¥ å à ªâ¥à¨áâ¨ª¨ ¯®«®áë § ¬¥â­®¨§¬¥­ïîâáï ¯à¨ ¨§¬¥­¥­¨¨ ª®íää¨æ¨¥­â  �ã á-á®­ , â® ­ ¡«î¤ ¥âáï ¥é¥ ®¤­  å à ªâ¥à­ ï ®á®-¡¥­­®áâì ªà ¥¢®£® à¥§®­ ­á  { § ¢¨á¨¬®áâì à¥§®-­ ­á­®© ç áâ®âë ®â ª®íää¨æ¨¥­â  �ã áá®­ . �à¨íâ®¬ á ã¬¥­ìè¥­¨¥¬ � ç áâ®â  ªà ¥¢®£® à¥§®­ ­-á  ã¬¥­ìè ¥âáï. � ª ï § ¢¨á¨¬®áâì ¯à¥¤áâ ¢«¥­ ­  à¨á. 3. �«ï ª®íää¨æ¨¥­â  �ã áá®­  �=0 ¯®«ã-ç¥­­®¥ §­ ç¥­¨¥ ç áâ®âë ªà ¥¢®£® à¥§®­ ­á  á®-¢¯ ¤ ¥â á ¨§¢¥áâ­®© ¢¥«¨ç¨­®© [8].� ¬ ä ªâ §­ ç¨â¥«ì­®£® ¢®§¡ã¦¤¥­¨ï ­¥®¤­®-à®¤­ëå ¢®«­ ­  ç áâ®â¥ ªà ¥¢®£® à¥§®­ ­á  å®-à®è® ¨§¢¥áâ¥­, ®¤­ ª® ¤® ­ áâ®ïé¥£® ¢à¥¬¥­¨ ­¥¡ë«¨ ¯à® ­ «¨§¨à®¢ ­ë ¯à®æ¥ááë, ®¡ãá« ¢«¨¢ î-é¨¥ à®áâ  ¬¯«¨âã¤ ­¥®¤­®à®¤­ëå ¢®«­.�­ ç¨â¥«ì­®¥ ¢®§¡ã¦¤¥­¨¥ ­¥®¤­®à®¤­ëå ¢®«­®¡ãá«®¢«¥­® ®á®¡¥­­®áâï¬¨ ®âà ¦¥­¨ï à á¯à®-áâà ­ïîé¥©áï ¯®¯¥à¥ç­®© ¢®«­ë ®â á¢®¡®¤­®£®â®àæ  ¯®«ã¯®«®áë. � áá¬®âà¨¬ ¯¥à¢ãî à á¯à®-áâà ­ïîéãîáï ¢®«­ã ¢ ¡¥§£à ­¨ç­®© ã¯àã£®© ¯®-«®á¥ ª ª áã¯¥à¯®§¨æ¨î ¯à®¤®«ì­®© (P) ¨ ¯®¯¥à¥ç-­®© (SV) ¢®«­, ª®â®àë¥ ®âà ¦ îâáï ®â £à ­¨æ

�¨á. 3. � ¢¨á¨¬®áâì ç áâ®âë ªà ¥¢®£® à¥§®­ ­á ®â ª®íää¨æ¨¥­â  �ã áá®­ y=�1 ¯®¤ ®¯à¥¤¥«¥­­ë¬¨ ã£« ¬¨ (à¨á. 4):u = grad�+ rot ;� = �cos (kly sin 
) exp [�iklz cos 
]; x = 	sin (ksy sin 
) exp [�iks(z cos 
];£¤¥ ks=!=cs { ¢®«­®¢®¥ ç¨á«® ¯®¯¥à¥ç­®© (SV)¢®«­ë; kl=!=cl { ¢®«­®¢®¥ ç¨á«® ¯à®¤®«ì­®© (P)¢®«­ë; kl sin 
 =q
21 � �21;ks sin 
 =q
22 � �21:�  ç áâ®â¥ ªà ¥¢®£® à¥§®­ ­á  ã£®« ®âà ¦¥­¨ï¯®¯¥à¥ç­ëå ¢®«­ sin 
=p
22��21=
2 ¢á¥£¤  ¤¥©-áâ¢¨â¥«¥­ (
22��21>0) ¨ ã¢¥«¨ç¨¢ ¥âáï á ã¬¥­ì-è¥­¨¥¬ �,   ã£®« ®âà ¦¥­¨ï ¯à®¤®«ì­®© ¢®«­ësin �=p
21��21=
1 { ¬­¨¬ë© (
21��21<0). �«¥¤®-¢ â¥«ì­®, ­  ç áâ®â¥ ªà ¥¢®£® à¥§®­ ­á  ¯à¨ ®â-à ¦¥­¨¨ ®â £à ­¨æ y=�1 áãé¥áâ¢ã¥â à á¯à®áâà -­ïîé ïáï ¯®¯¥à¥ç­ ï ¨ ­¥®¤­®à®¤­ ï ¯à®¤®«ì­ ï¢®«­ë. �­ ç¥­¨ï ã£«®¢ ¯ ¤¥­¨ï ¯®¯¥à¥ç­®© ¢®«-­ë ­  ç áâ®â¥ ªà ¥¢®£® à¥§®­ ­á  ¤«ï à §«¨ç-­ëå ¢¥«¨ç¨­ ª®íää¨æ¨¥­â®¢ �ã áá®­  ¯à¨¢¥¤¥­®¢ â ¡«. 1.�«ï ¢á¥å ª®íää¨æ¨¥­â®¢ �ã áá®­  ¯à®¤®«ì­ ï¢®«­  ­  ¯®¢¥àå­®áâïå y=�1, z�0 ­¥®¤­®à®¤­ .�«ï ª®íää¨æ¨¥­â  �ã áá®­  �=0 ã£®« ®âà ¦¥­¨ï¯®¯¥à¥ç­®© ¢®«­ë à ¢¥­ 45�. �à¨ ¯ ¤¥­¨¨ ¯®¯¥-à¥ç­®© ¢®«­ë ­  á¢®¡®¤­ãî £à ­¨æã ¯®¤ ã£«®¬ 45�¨¬¥¥â ¬¥áâ® á«ãç © ¯®«­®£® á®åà ­¥­¨ï â¨¯  ¤¢¨-¦¥­¨ï [8], â. ¥. ¯à®¤®«ì­ ï ¢®«­  ­¥ ¢®§¡ã¦¤ ¥â-áï. � áá¬®âà¨¬ ®âà ¦¥­¨¥ ¯®¯¥à¥ç­®© SV-¢®«­ë�. �. �®à®¤¥æª ï 39



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 4. �. 35 { 44� ¡«. 1. �­ ç¥­¨ï ã£«®¢ ¯ ¤¥­¨ï¯®¯¥à¥ç­®© ¢®«­ë ­  ç áâ®â¥ ªà ¥¢®£® à¥§®­ ­á ,à¥§®­ ­á­®© ç áâ®âë, ªà¨â¨ç¥áª¨å ã£«®¢¨ í­¥à£¥â¨ç¥áª¨å å à ªâ¥à¨áâ¨ª J1, J2¤«ï à §«¨ç­ëå ª®íää¨æ¨¥­â®¢ �ã áá®­ � 0:48 0:40 0:32 0:24sin 
 0:57 0:62 0:66 0:70cos 
01 0:19 0:41 0:51 0:58
e 2:57 2:45 2:34 2:24J1 0:821 0:888 0:952 0:996J2 0:179 0:112 0:048 0:004� ¡«. 2. �§¬¥­¥­¨¥ ã£«®¢ ®âà ¦¥­¨ïà á¯à®áâà ­ïîé¥©áï ¯®¯¥à¥ç­®© ¢®«­ë¢ § ¢¨á¨¬®áâ¨ ®â ç áâ®âë
2 1:0 1:5 2:0 2:5 2:6 2:7cos 
1 0:81 0:79 0:76 0:58 0:53 0:47®â á¢®¡®¤­®£® â®àæ . �  ç áâ®â¥ ªà ¥¢®£® à¥§®-­ ­á  ¯à¨ ®âà ¦¥­¨¨ à á¯à®áâà ­ïîé¥©áï ¯®¯¥-à¥ç­®© ¢®«­ë ®â £à ­¨æë z=0 (ã£®« ®âà ¦¥­¨ïà ¢¥­ 
1, ¯à¨ íâ®¬ sin
=cos 
1, á¬. à¨á. 4) ¤«ïª®íää¨æ¨¥­â®¢ �ã áá®­  � 6=0 ¢®§¡ã¦¤ ¥âáï ­¥®¤-­®à®¤­ ï ¯à®¤®«ì­ ï ¢®«­ . �®áª®«ìªã ¯à¨ ã£« å¯ ¤¥­¨ï ¯®¯¥à¥ç­®© ¢®«­ë 
1, ¬¥­ìè¨å ªà¨â¨ç¥-áª®£® ã£«  
01 (cos 
01=cs=cl), ®âà ¦¥­­ ï ¯à®¤®«ì-­ ï ¢®«­  áâ ­®¢¨âáï ­¥®¤­®à®¤­®© [8]. �­ ç¥­¨ïªà¨â¨ç¥áª¨å ã£«®¢ ¤«ï à §«¨ç­ëå ª®íää¨æ¨¥­â®¢�ã áá®­  ¯à¨¢¥¤¥­® ¢ â ¡«. 1.�«ï ª®íää¨æ¨¥­â  �ã áá®­  �=0:5 ªà¨â¨ç¥áª¨©ã£®« à ¢¥­ 90� (cos 
01=1). � ª¨¬ ®¡à §®¬, ­  ç -áâ®â¥ ªà ¥¢®£® à¥§®­ ­á  ª ª ­  £à ­¨æ¥ y=�1,z�0, â ª ¨ ­  £à ­¨æ¥ z=0, jyj�1 ¯à®¤®«ì­ë¥ ¢®«-­ë ¬®£ãâ ¡ëâì â®«ìª® ­¥®¤­®à®¤­ë¬¨,   ¯®¯¥à¥ç-­ ï ¢®«­  ï¢«ï¥âáï à á¯à®áâà ­ïîé¥©áï. � ª ã¦¥®â¬¥ç «®áì, ¤«ï ª®íää¨æ¨¥­â  �ã áá®­  �=0 ã£®«®âà ¦¥­¨ï ¯®¯¥à¥ç­®© ¢®«­ë à ¢¥­ 45�. �â®âã£®« ï¢«ï¥âáï ªà¨â¨ç¥áª¨¬,   â ª¦¥ ã£«®¬, ¯à¨ª®â®à®¬ ­ ¡«î¤ ¥âáï á®åà ­¥­¨¥ â¨¯  ¤¢¨¦¥­¨ï.� áá¬®âà¨¬ ®âà ¦¥­¨¥ à á¯à®áâà ­ïîé¥©áï¯®¯¥à¥ç­®© ¢®«­ë ®â á¢®¡®¤­®© £à ­¨æë z=0. �§à¨á. 4 ¢¨¤­®, çâ®ks cos 
1 = ks sin 
 =q
22 � �21=h = �y :�®£¤  SV-¢®«­  ®¯¨áë¢ ¥âáï ¯®â¥­æ¨ «®¬ = 	sin �yye�iksz sin 
1 :�à®¥ªæ¨ï ¢®«­®¢®£® ç¨á«  ­  ®áì y ¨¬¥¥â ¬ ª-á¨¬ «ì­®¥ §­ ç¥­¨¥ �y=�=2 ¢¡«¨§¨ ç áâ®âë
2�2:2. � à®áâ®¬ ª®íää¨æ¨¥­â  �ã áá®­  ®â�=0:1 ¤® �=0:48 ¤¨ ¯ §®­ ç áâ®â, ¢ ª®â®à®¬

�¨á. 4. �å¥¬  ®âà ¦¥­¨ï à á¯à®áâà ­ïîé¥©áï¯®¯¥à¥ç­®© ¢®«­ë ®â á¢®¡®¤­®© £à ­¨æë�y=�=2, ­¥§­ ç¨â¥«ì­® à áè¨àï¥âáï. � ª, ¤«ï�=0:1 �y=�=2 ¯à¨ 
2=2:222,   ¤«ï �=0:48�y=�=2 ¢ ¤¨ ¯ §®­¥ ç áâ®â 2:216�
2�2:229.�á¯®«ì§ãï á®®â­®è¥­¨ï § ª®­  �ãª , ¢ëà ¦¥-­¨ï ¤«ï ­ ¯àï¦¥­¨© ç¥à¥§ ¯®â¥­æ¨ «ë ¯à®¤®«ì-­®© ¨ ¯®¯¥à¥ç­®© ¢®«­ � ¨  § ¯¨áë¢ ¥¬ ¢ ¢¨¤¥�yy2� = @2�@y2 � �k2l2(1� �)�+ @2 @y@z ;�yz2� = @2�@y@z + 12 @2 @z2 � 12 @2 @y2 : (12)�á«¨ ãç¨âë¢ âì â®«ìª® ¢ª« ¤ ¯®¯¥à¥ç­®© á®áâ -¢«ïîé¥© ¢®«­®¢®£® ¤¢¨¦¥­¨ï, â® ¤«ï ­®à¬ «ì­®£®­ ¯àï¦¥­¨ï á¯à ¢¥¤«¨¢  ®æ¥­ª �yy2� � 	cos �yye�iksz sin 
1 ;¨ ­  ç áâ®â¥ 
2�2:2 ¯à¨ y=�1 ®­® à ¢­® ­ã«î.� íâ®¬ á«ãç ¥ ­  ¢ëá®â¥ ¢®«­®¢®¤  ãª« ¤ë¢ ¥âáïæ¥«®¥ ç¨á«® ¯®«ã¢®«­ ¨ ­ ¡«î¤ ¥âáï à¥§®­ ­á ­ à á¯à®áâà ­ïîé¥©áï ¯®¯¥à¥ç­®© SV-¢®«­¥. �¤­ -ª® ¢®«­®¢®¥ ¯®«¥ ä®à¬¨àã¥âáï §  áç¥â ­¥ â®«ì-ª® à á¯à®áâà ­ïîé¥©áï SV-¢®«­ë, ­® ¨ ­¥®¤­®-à®¤­®© ¯à®¤®«ì­®© ¢®«­ë, ¢®§¡ã¦¤¥­¨¥ ª®â®à®©¢ §­ ç¨â¥«ì­®© áâ¥¯¥­¨ § ¢¨á¨â ®â ª®íää¨æ¨¥­â �ã áá®­ . �®íâ®¬ã ç áâ®â  ªà ¥¢®£® à¥§®­ ­á á¬¥é ¥âáï ®â­®á¨â¥«ì­® ç áâ®âë 
2=2:2.�«ï ª®íää¨æ¨¥­â®¢ �ã áá®­  ��0:2 ªà ¥¢®© à¥-§®­ ­á ­ ¡«î¤ ¥âáï ­  ç áâ®â å, ¬¥­ìè¨å ç¥¬ 2:2,  ¤«ï ��0:2 { ¡®«ìè¨å, ç¥¬ 2:2.�«ï  ­ «¨§  ¯®¢¥¤¥­¨ï P-¢®«­ë ¯à¨ à §«®¦¥-­¨¨ ¯¥à¢®© à á¯à®áâà ­ïîé¥©áï ¢®«­ë ­  ¯à®-¤®«ì­ë¥ ¨ ¯®¯¥à¥ç­ë¥ ¢®«­ë ¯à®á«¥¤¨¬ §  ¨§¬¥-­¥­¨¥¬ ã£«®¢ ®âà ¦¥­¨ï à á¯à®áâà ­ïîé¥©áï ¯®-¯¥à¥ç­®© ¢®«­ë ¢ § ¢¨á¨¬®áâ¨ ®â ç áâ®âë. �«ï�=0:32 â ª¨¥ ¤ ­­ë¥ ¯à¨¢¥¤¥­ë ¢ â ¡«. 2. � à®-áâ®¬ ç áâ®âë ã£®« 
 ã¬¥­ìè ¥âáï,   ã£®« 
1 { ã¢¥-«¨ç¨¢ ¥âáï. �à ¢­¨¢ ï ¤ ­­ë¥ â ¡«. 1 ¨ 2, ¢¨¤¨¬,40 �. �. �®à®¤¥æª ï
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2�2:63 ã£®« ¯ ¤¥­¨ï ¯®¯¥à¥ç-­®© ¢®«­ë ­  ¯®¢¥àå­®áâì z=0, jyj�1 
1 ¤®áâ¨£ -¥â ªà¨â¨ç¥áª®£® §­ ç¥­¨ï ¨ ­  ¡®«¥¥ ¢ëá®ª¨å ç -áâ®â å ¯®ï¢«ï¥âáï à á¯à®áâà ­ïîé ïáï ¯à®¤®«ì-­ ï ¢®«­ . �  ç áâ®â¥ 
�=2:81 ¯à¨ �=0:32 ¯®-ï¢«ïîâáï à á¯à®áâà ­ïîé¨¥áï ¢®«­ë ¢ëáè¨å ¯®-àï¤ª®¢. �ãé¥áâ¢®¢ ­¨¥ ¢ ®¯à¥¤¥«¥­­®© ç áâ®â­®©®¡« áâ¨ à á¯à®áâà ­ïîé¥©áï P-¢®«­ë ­  ¯®¢¥àå-­®áâ¨ z=0 å à ªâ¥à­® ¤«ï ª®íää¨æ¨¥­â®¢ �ã á-á®­  0:22���0:42. �«ï ª®íää¨æ¨¥­â®¢ �ã áá®-­ , «¥¦ é¨å ¢­¥ ãª § ­­®£® ¤¨ ¯ §®­ , à á¯à®-áâà ­ïîé¨¥áï ¢®«­ë ¢ëáè¨å ¯®àï¤ª®¢ ¯®ï¢«ïîâ-áï à ­ìè¥, ç¥¬ ã£®« 
1 áâ ­®¢¨âáï ¡®«ìè¥ ªà¨â¨-ç¥áª®£®.� áá¬®âà¨¬ ®âà ¦¥­¨¥ à á¯à®áâà ­ïîé¥©áïSV-¢®«­ë ®â á¢®¡®¤­®£® â®àæ  ¤«ï á«ãç ï, ª®£¤ ­  ¯®¢¥àå­®áâ¨ z=0 áãé¥áâ¢ã¥â à á¯à®áâà ­ïî-é ïáï P-¢®«­ . � ¯®¢¥àå­®áâ¨ y=�1, z�0 ­  á¢®-¡®¤­ãî ¯®¢¥àå­®áâì z=0, �1�y�1 ¯ ¤ ¥â SV-¢®«­  ¢¨¤   (�) = 	ei�yye�iksz sin 
1 : (13)�âà ¦¥­­ë¥ ¢®«­ë ¯à¥¤áâ ¢«ïîâ á®¡®© áã¬¬ã ¯®-¯¥à¥ç­®© (SV) ¨ ¯à®¤®«ì­®© (P) ¢®«­ (á¬. à¨á. 4),ª®â®àë¥ ®¯¨áë¢ îâáï ¯®â¥­æ¨ « ¬¨  (�)1 ¨ �(�)1 : (�)1 = 	(�)1 ei�yyeiksz sin 
1 ;�(�)1 = �(�)1 ei�yyeiklz sin �1 (14)�®íää¨æ¨¥­âë ®âà ¦¥­¨ï ¤«ï ¯®¯¥à¥ç­®© ¨ ¯à®-¤®«ì­®© ¢®«­ 	1 ¨ �1 ­ å®¤¨¬ ¨§ ãá«®¢¨ï ®âáãâ-áâ¢¨ï ­ ¯àï¦¥­¨© ­  â®àæ¥:�zz(y; 0)2� = 0; �zy(y; 0)2� = 0:�¥«¨ç¨­ë 	(�)1 ¨ �(�)1 ¨¬¥îâ §­ ç¥­¨ï:	(�)1 = 	 4s1(s21 � 1)4s1r1 + (s21 � 1)2 ;�(�)1 = 	4s1r1 � (s21 � 1)24s1r1 + (s21 � 1)2 ;£¤¥ s1=tg
1; r1=tg �1.�®¯¥à¥ç­ ï SV-¢®«­  ( +), ¯ ¤ îé ï ­  á¢®-¡®¤­ë© â®à¥æ, á ¯®¢¥àå­®áâ¨ y=1, z�0, ®¯¨áë¢ -¥âáï ¯®â¥­æ¨ «®¬ (13) á® §­ ª®¬ ¬¨­ãá ¯à¨ i�yy¢ ¯®ª § â¥«¥ íªá¯®­¥­âë. �­ «®£¨ç­®, ®âà ¦¥­-­ë¥  (+)1 ¨ �(+)1 ¢®«­ë ®¯¨áë¢ îâáï ¯®â¥­æ¨ « -¬¨ (14) ¯à¨ § ¬¥­¥ §­ ª  ¢ ¯®ª § â¥«¥ íªá¯®­¥­-âë ¯à¨ i�yy ¨ á ãç¥â®¬ â®£®, çâ® ¢ íâ®¬ á«ãç ¥

s1=�tg 
1, r1=�tg �1. �®£¤ , ¨á¯®«ì§ãï ¢ëà ¦¥-­¨¥ (12), ­®à¬ «ì­®¥ ­ ¯àï¦¥­¨¥ �yy(y; 0), ä®à-¬¨àã¥¬®¥ à á¯à®áâà ­ïîé¨¬¨áï �(�),  (�)1 , �(�)1¨ �(+),  (+)1 , �(+)1 ¢®«­ ¬¨, § ¯¨è¥¬ ª ª�yy(y; 0)2� = � cos (y�y) 2(s21 � 1)4s1r1 + (s21 � 1)2���2s1(�2y � �k2l1� � )� �yks(s21 � 1) sin 
1�:�á«®¢¨¥ ®âáãâáâ¢¨ï ­ ¯àï¦¥­¨© ­  ¯®¢¥àå­®áâïåy=�1, z�0 á ãç¥â®¬ á®®â­®è¥­¨©�2y = k2s cos2 
1 = k2s sin2 
 = 
22 � �2¯à¨¢®¤¨â ª ãà ¢­¥­¨î4�2 = �3 + �2(1� �)�
22:�«ï ª®íää¨æ¨¥­â  �ã áá®­  �=0:32 á ãç¥â®¬ à á-¯à®áâà ­ïîé¨åáï SV- ¨ P-¢®«­ ­®à¬ «ì­®¥ ­ -¯àï¦¥­¨¥ �yy(�1; 0)=0 ­  ç áâ®â¥ 
2=2:67, â. ¥.à¥§®­ ­á­ ï ç áâ®â  ¢ á«ãç ¥ áãé¥áâ¢®¢ ­¨ï à á-¯à®áâà ­ïîé¨åáï ¯®¯¥à¥ç­®© ¨ ¯à®¤®«ì­®© ¢®«­á¬¥é ¥âáï ¢ ¡®«¥¥ ¢ëá®ª®ç áâ®â­ãî ®¡« áâì. �«ïª®íää¨æ¨¥­â  �ã áá®­  �=0:4 �yy(�1; 0)=0 ã¦¥­  ç áâ®â¥ 
2=2:82. �à¨ ã¢¥«¨ç¥­¨¨ ª®íää¨æ¨-¥­â  �ã áá®­  à¥§®­ ­á­ ï ç áâ®â  ¥é¥ ¡®«¥¥ ¯®-¢ëè ¥âáï.� ª¨¬ ®¡à §®¬, ¯à¨ ®âà ¦¥­¨¨ à á¯à®áâà ­ï-îé¥©áï SV-¢®«­ë ®â á¢®¡®¤­®£® â®àæ  ­  ç -áâ®â¥ 
2=2:2 áãé¥áâ¢ã¥â à¥§®­ ­á ­  ¯®¯¥à¥ç-­®© SV-¢®«­¥ ¤«ï ¢á¥å ª®íää¨æ¨¥­â®¢ �ã áá®­ .�«ï áà¥¤­¨å §­ ç¥­¨© ª®íää¨æ¨¥­â®¢ �ã áá®­ (0:22���0:42) ã£®« ¯ ¤¥­¨ï ¯®¯¥à¥ç­®© ¢®«­ë ­ á¢®¡®¤­ë© â®à¥æ ¢ ®¡« áâ¨ áãé¥áâ¢®¢ ­¨ï â®«ì-ª® ®¤­®© à á¯à®áâà ­ïîé¥©áï ¢®«­ë ­  ç áâ®-â å ¢ëè¥ 
=2:2 ¤®áâ¨£ ¥â ªà¨â¨ç¥áª®£® §­ ç¥-­¨ï ¨, ¢ ®¯à¥¤¥«¥­­®© ç áâ®â­®© §®­¥, ¯à¥¢ëè -¥â ¥£®. �¤¥áì ¯à¨ ®âà ¦¥­¨¨ SV-¢®«­ë ®â á¢®-¡®¤­®£® â®àæ  ¯®ï¢«ï¥âáï à á¯à®áâà ­ïîé ïáï P-¢®«­ . � â® ¦¥ ¢à¥¬ï ­  ¯®¢¥àå­®áâïå y=�1,z�0 à á¯à®áâà ­ïîé ïáï P-¢®«­  ­¥ ¬®¦¥â áã-é¥áâ¢®¢ âì. �â® ¯à¨¢®¤¨â ª §­ ç¨â¥«ì­®¬ã ¢®§-¡ã¦¤¥­¨î ­¥®¤­®à®¤­ëå ¢®«­. � áâ®â , ­  ª®-â®à®© ­®à¬ «ì­®¥ ­ ¯àï¦¥­¨¥ �yy(�1; 0), ®¡ãá«®-¢«¥­­®¥ ®âà ¦¥­­ë¬¨ à á¯à®áâà ­ïîé¨¬¨áï SV-¨ P-¢®«­ ¬¨, à ¢­® ­ã«î, § ¢¨á¨â ®â ª®íää¨æ¨¥­-â  �ã áá®­  ¨ ¯à¥¢ëè ¥â ç áâ®âã 
2=2:2.�«¥¤®¢ â¥«ì­®, ç áâ®â  ªà ¥¢®£® à¥§®­ ­á  «¥-¦¨â ¬¥¦¤ã ç áâ®â®© à¥§®­ ­á  ­  ¯®¯¥à¥ç­®©¢®«­¥ 
2=2:2 ¨ ç áâ®â®© à¥§®­ ­á  ­  ¯®¯¥à¥ç-­®© ¨ ¯à®¤®«ì­®© ¢®«­ å.�. �. �®à®¤¥æª ï 41
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�¨á. 5. � áâ®â­ë¥ § ¢¨á¨¬®áâ¨ J1 ¨ J2 ¤«ï �=0:32
�¨á. 6. � áâ®â­ ï § ¢¨á¨¬®áâì ®â­®è¥­¨ï J2=J1¤«ï à §«¨ç­ëå §­ ç¥­¨© ª®íää¨æ¨¥­â  �ã áá®­ �«ï �=0 ®¡  ã£« , 
 ¨ 
1, à ¢­ë ªà¨â¨ç¥áª®¬ã§­ ç¥­¨î. �®«¥¥ â®£®, ¢ ®¡« áâ¨ áãé¥áâ¢®¢ ­¨ïâ®«ìª® ®¤­®© à á¯à®áâà ­ïîé¥©áï ¢®«­ë ®­¨ ­¥§ ¢¨áïâ ®â ç áâ®âë. �«ï ª®íää¨æ¨¥­â  �ã áá®­ �=0 à á¯à®áâà ­ïîé ïáï ¯®¯¥à¥ç­ ï ¢®«­  ®âà -¦ ¥âáï ®â ¯®¢¥àå­®áâ¥© y=�1, z�0 ¨ z=0, jyj�1¯®¤ ã£«®¬ 45� ¤«ï ¢á¥å ç áâ®â. �à¨ íâ®¬ ­ ¡«î-¤ ¥âáï ï¢«¥­¨¥ ¯®«­®£® á®åà ­¥­¨ï â¨¯  ¤¢¨¦¥-­¨ï. �  ç áâ®â¥ ªà ¥¢®£® à¥§®­ ­á  ¯à¨ ®âà ¦¥-­¨¨ SV-¢®«­ë ®â ®¡¥¨å £à ­¨ç­ëå ¯®¢¥àå­®áâ¥©y=�1, z�0 ¨ z=0, �1�y�1 ¯à®¤®«ì­ ï ª®¬-¯®­¥­â  ¤¢¨¦¥­¨ï ®âáãâáâ¢ã¥â ¯®«­®áâìî â®«ìª®¤«ï ª®íää¨æ¨¥­â  �ã áá®­  �=0.�¥«¨ç¨­  ­®à¬ «ì­ëå ¨ ª á â¥«ì­ëå ­ ¯àï¦¥-­¨©, á®§¤ ¢ ¥¬ëå à á¯à®áâà ­ïîé¥©áï ­®à¬ «ì-

­®© ¢®«­®© ¢ ¯®«ã¯®«®á¥,   â ª ¦¥ ¨å à á¯à¥¤¥«¥-­¨¥ ¯® ¥¥ â®«é¨­¥ áãé¥áâ¢¥­­® § ¢¨áïâ ®â ç áâ®-âë. �®íâ®¬ã á®®â­®è¥­¨¥ ¬¥¦¤ã ­®à¬ «ì­ë¬¨ ¨ª á â¥«ì­ë¬¨ ­ ¯àï¦¥­¨ï¬¨ ã¤®¡­® ®æ¥­¨âì ç¥-à¥§ á®®â¢¥âáâ¢ãîé¨¥ á®áâ ¢«ïîé¨¥ áà¥¤­¥£® § ¯¥à¨®¤ ¯®â®ª  ¬®é­®áâ¨, ª®â®àë¥ á¢ï§ ­ë á ¤ ­-­ë¬¨ â¨¯ ¬¨ ­ ¯àï¦¥­¨©.�æ¥­¨¢ ï à á¯à¥¤¥«¥­¨ï ¯®â®ª  í­¥à£¨¨ ¢ ¯ -¤ îé¥© ¢®«­¥ ¬¥¦¤ã ®âà ¦¥­­ë¬¨ ¢®«­ ¬¨ ¯à¨¯à¥¤áâ ¢«¥­¨¨ à á¯à®áâà ­ïîé¥©áï ­®à¬ «ì­®©¢®«­ë áã¯¥à¯®§¨æ¨¥© SV- ¨ P-¢®«­, ®âà ¦ îé¨å-áï ®â ¯®¢¥àå­®áâ¥© y=�1, § ¬¥â¨¬, çâ® ¤«ï ª®¬-¯®­¥­âë ¢¥ªâ®à  áà¥¤­¥£® §  ¯¥à¨®¤ ¯®â®ª  ¬®é-­®áâ¨ ¢ ­ ¯à ¢«¥­¨¨ yPy = � i!4 ��yyu�y � ��yyuy + �yzu�z � ��yzuz�á¯à ¢¥¤«¨¢ ¯à¨­æ¨¯ áã¯¥à¯®§¨æ¨¨ áà¥¤­¨å ¯®â®-ª®¢ ¬®é­®áâ¨, ã­®á¨¬ëå ®â¤¥«ì­ë¬¨ â¨¯ ¬¨ ¤¢¨-¦¥­¨ï (SV- ¨ P-¢®«­ ¬¨). �¤¥áì §­ ª � ®§­ ç -¥â ª®¬¯«¥ªá­®¥ á®¯àï¦¥­¨¥. �®áª®«ìªã ¤«ï ­¥-®¤­®à®¤­®© P-¢®«­ë ¢¥ªâ®à  áà¥¤­¥£® §  ¯¥à¨®¤¯®â®ª  ¬®é­®áâ¨ ª®¬¯®­¥­â  Py à ¢­  ­ã«î, â®­  ç áâ®â¥ ªà ¥¢®£® à¥§®­ ­á  ¯®â®ª ¬®é­®áâ¨¢ ­ ¯à ¢«¥­¨¨ y á¢ï§ ­ â®«ìª® á ¯®¯¥à¥ç­®© SV-¢®«­®©. �¤®«ì ¯®¢¥àå­®áâ¥© y=�1 ­¥®¤­®à®¤­ ïP-¢®«­  í­¥à£¨î ¯¥à¥­®á¨â. �®íâ®¬ã ª®¬¯®­¥­â ¢¥ªâ®à  ¯®â®ª  ¬®é­®áâ¨ ¢¤®«ì ®á¨ z Pz á®¤¥à-¦¨â ª ª ¯®¯¥à¥ç­ãî (SV), â ª ¨ ¯à®¤®«ì­ãî (P)¢®«­ë.�¡é¥¥ ¢ëà ¦¥­¨¥ áà¥¤­¥£® §  ¯¥à¨®¤ ¯®â®ª ¬®é­®áâ¨ E ç¥à¥§ ¯®¯¥à¥ç­®¥ á¥ç¥­¨¥ z=const®¯à¥¤¥«ï¥âáï ª ª [8]E = � i!4 1Z�1��zzu�z���zzuz+�zyu�y���zyuy�dy: (15)�§¢¥áâ­®, çâ® ¤«ï ­®à¬ «ì­ëå ¢®«­ ¢ ã¯àã£®¬¢®«­®¢®¤¥ á¯à ¢¥¤«¨¢ ¯à¨­æ¨¯ áã¯¥à¯®§¨æ¨¨ ¯®í­¥à£¨¨ [8]. �à¥¤­¨© §  ¯¥à¨®¤ ¯®â®ª ¬®é­®áâ¨®¡ãá«®¢«¥­ â®«ìª® à á¯à®áâà ­ïîé¨¬¨áï ¢®«­ ¬¨¨ à ¢¥­ áã¬¬¥ ¬®é­®áâ¥©, ª®â®àë¥ ¯¥à¥­®áïâ à á-¯à®áâà ­ïîé¨¥áï ¢®«­ë, áãé¥áâ¢ãîé¨¥ ­  ¤ ­-­®© ç áâ®â¥: E = NXn=1En: (16)�®áâ ¢«ïîé ï ¯®â®ª  ¬®é­®áâ¨ En, á®®â¢¥âáâ¢ã-îé ï n-®© à á¯à®áâà ­ïîé¥©áï ­®à¬ «ì­®© ¢®«-­¥, ®¯à¥¤¥«ï¥âáï á®®â­®è¥­¨¥¬En = i!2 jCnj2 1Z�1��zzuz + �zyuy�dy: (17)42 �. �. �®à®¤¥æª ï
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22(�2n � 
21)�0(�n)2 : (18)�  ç áâ®â¥ ªà ¥¢®£® à¥§®­ ­á  áãé¥áâ¢ã¥ââ®«ìª® ®¤­  à á¯à®áâà ­ïîé ïáï ¢®«­ . �®à-¬ «ì­®¥ ­ ¯àï¦¥­¨¥ ®¯à¥¤¥«ï¥âáï á®áâ ¢«ïîé¥©¯®â®ª  ¬®é­®áâ¨ J1,   ª á â¥«ì­®¥ ­ ¯àï¦¥­¨¥ {J2: J1 = 1Z�1 J1(y)dy;J2 = 1Z�1 J2(y)dy:�¤¥áì J1(y) = �zz(�1; y)uz(�1; y)E0 ;J2(y) = �zy(�1; y)uy(�1; y)E0 ;E0 { ¯®â®ª ¬®é­®áâ¨, ¯¥à¥­®á¨¬®© ¯¥à¢®© à á-¯à®áâà ­ïîé¥©áï ¢®«­®© ¨ ®¯à¥¤¥«ï¥¬ë© ¢ëà -¦¥­¨¥¬ (18).�  à¨á. 5 ¯à¥¤áâ ¢«¥­  ç áâ®â­ ï § ¢¨á¨¬®áâìJ1 ¨ J2 ¤«ï �=0:32. � ®¡« áâ¨ ­¨§ª¨å ç áâ®â J2¬¥­ìè¥ ­ã«ï ¨ ã¢¥«¨ç¨¢ ¥âáï ¯® ¬®¤ã«î á à®áâ®¬ç áâ®âë. �  ç áâ®â¥ 
2=2:1 jJ2j ¤®áâ¨£ ¥â á¢®¥-£® ¬ ªá¨¬ «ì­®£® §­ ç¥­¨ï. �à¨ ¤ «ì­¥©è¥¬ à®-áâ¥ ç áâ®âë jJ2j ã¬¥­ìè ¥âáï,   ¯à¨ 
2=2:22 J2¬¥­ï¥â §­ ª. �®á«¥ íâ®£® á ¯®¢ëè¥­¨¥¬ ç áâ®âë¢¥«¨ç¨­  J2 ¬®­®â®­­® ¢®§à áâ ¥â.�  à¨á. 6 ¯à¥¤áâ ¢«¥­  ç áâ®â­ ï § ¢¨á¨¬®áâì®â­®è¥­¨ï J2=J1 ¤«ï à §«¨ç­ëå §­ ç¥­¨© ª®íä-ä¨æ¨¥­â  �ã áá®­ . �à¨¢ ï 1 á®®â¢¥âáâ¢ã¥â ª®-íää¨æ¨¥­âã �ã áá®­  �=0:24, ªà¨¢ ï 2 { �=0:32,ªà¨¢ ï 3 { �=0:4, ªà¨¢ ï 4 { �=0:48.�¥§ ¢¨á¨¬® ®â ª®íää¨æ¨¥­â  �ã áá®­ , ­  ç -áâ®â¥ 
2�2:2 J2=0. �à¨ íâ®© ç áâ®â¥ ­ ¡«î¤ -¥âáï à¥§®­ ­á ­  SV-¢®«­¥. �«ï 
2�2:2 ¢¥«¨ç¨­ J2=J1 ¨¬¥¥â íªáâà¥¬ã¬, ª®â®àë© á¬¥é ¥âáï ¢ ¡®-«¥¥ ­¨§ª®ç áâ®â­ãî ®¡« áâì á ã¢¥«¨ç¥­¨¥¬ ª®íä-ä¨æ¨¥­â  �ã áá®­ . �à®¬¥ â®£®, á ã¢¥«¨ç¥­¨¥¬ �ã¢¥«¨ç¨¢ ¥âáï ¬ ªá¨¬ã¬ jJ2=J1j. � ª¨¬ ®¡à §®¬,á ã¢¥«¨ç¥­¨¥¬ ª®íää¨æ¨¥­â  �ã áá®­  ¢®§à áâ ¥âà®«ì ª á â¥«ì­ëå ­ ¯àï¦¥­¨© ¨ ¨å ¬ ªá¨¬ «ì­®¥®âà¨æ â¥«ì­®¥ §­ ç¥­¨¥ á¬¥é ¥âáï ¢ ¡®«¥¥ ­¨§ª®-ç áâ®â­ãî ®¡« áâì.� ¤àã£®© áâ®à®­ë, á ã¢¥«¨ç¥­¨¥¬ ª®íää¨æ¨¥­â �ã áá®­  à áâ¥â ç áâ®â  ªà ¥¢®£® à¥§®­ ­á . �«ïª®íää¨æ¨¥­â®¢ �ã áá®­  ��0:22 ­  ç áâ®â¥ ªà -¥¢®£® à¥§®­ ­á  ¢¥«¨ç¨­  J2 ®âà¨æ â¥«ì­ . �à¨

�¨á. 7. �à®ä¨«¨ ¢¥«¨ç¨­ J1(y) ¨ J2(y)­  ç áâ®â¥ ªà ¥¢®£® à¥§®­ ­á  ¤«ï à §«¨ç­ëå§­ ç¥­¨© ª®íää¨æ¨¥­â  �ã áá®­ íâ®¬ ç áâ®â , ­  ª®â®à®© jJ2=J1j ¤®áâ¨£ ¥â ¬ ªá¨-¬ «ì­®£® §­ ç¥­¨ï, ­¥ á®¢¯ ¤ ¥â á 
e. �«ï ��0:22­  ç áâ®â¥ ªà ¥¢®£® à¥§®­ ­á  á à®áâ®¬ ª®íää¨-æ¨¥­â  �ã áá®­  ã¢¥«¨ç¨¢ ¥âáï ¯à®æ¥­â­®¥ á®-¤¥à¦ ­¨¥ á¤¢¨£®¢®© ª®¬¯®­¥­âë ¢ ¯®â®ª¥ ¬®é­®-áâ¨, ª®â®àë© á®®â¢¥âáâ¢ã¥â ¯¥à¢®© à á¯à®áâà -­ïîé¥©áï ¢®«­¥. � â ¡«. 1 ¯à¨¢¥¤¥­ë §­ ç¥­¨ï J1¨ J2 ­  ç áâ®â¥ ªà ¥¢®£® à¥§®­ ­á  ¤«ï à §«¨ç­ëå§­ ç¥­¨© �. � ª¨¬ ®¡à §®¬, ­  ç áâ®â¥ ªà ¥¢®£®à¥§®­ ­á  ¯à®æ¥­â­®¥ á®¤¥à¦ ­¨¥ á¤¢¨£®¢®© ª®¬-¯®­¥­âë ¢ ¯®â®ª¥ ¬®é­®áâ¨, ª®â®àë© ¯¥à¥­®á¨âáï¯¥à¢®© à á¯à®áâà ­ïîé¥©áï ¢®«­®©, §­ ç¨â¥«ì­®¨§¬¥­ï¥âáï ¢ § ¢¨á¨¬®áâ¨ ®â �.� à®áâ®¬ ç áâ®âë ­ ¡«î¤ îâáï áãé¥áâ¢¥­­ë¥¨§¬¥­¥­¨ï ¢ à á¯à¥¤¥«¥­¨¨ á¤¢¨£®¢®© ¨ ­®à¬ «ì-­®© ª®¬¯®­¥­â ¯® â®«é¨­¥ ¢®«­®¢®¤ . �  à¨á. 7¯à¥¤áâ ¢«¥­ë § ¢¨á¨¬®áâ¨ J1 ¨ J2 ®â ª®®à¤¨­ -âë y ­  ç áâ®â¥ ªà ¥¢®£® à¥§®­ ­á  ¤«ï à §«¨ç-­ëå ª®íää¨æ¨¥­â®¢ �ã áá®­ . �«ï ª®íää¨æ¨¥­-â®¢ �ã áá®­  ��2:4 J1 ¬®­®â®­­® ¯ ¤ ¥â ¯à¨ ¨§-¬¥­¥­¨¨ y ®â áà¥¤­¥© ¯«®áª®áâ¨ ¤® ¯®¢¥àå­®áâ¥©y=�1. �à¨ íâ®¬ ¢¥«¨ç¨­  J2 ®âà¨æ â¥«ì­  ¨¨¬¥¥â ®â­®á¨â¥«ì­ë© íªáâà¥¬ã¬. �«ï ¡®«ìè¨åª®íää¨æ¨¥­â®¢ �ã áá®­  ç áâ®â  ªà ¥¢®£® à¥§®-­ ­á  â ª®¢ , çâ® J2 áâ ­®¢¨âáï ¯®«®¦¨â¥«ì­ë¬¨ â ª¦¥ ¨¬¥¥â ®â­®á¨â¥«ì­ë© íªáâà¥¬ã¬. �®à-¬ «ì­ ï ª®¬¯®­¥­â  ¨§¬¥­ï¥âáï ¯® â®«é¨­¥ ¢®«-­®¢®¤  ¡®«¥¥ á«®¦­ë¬ ®¡à §®¬ ¨ â ª¦¥ ¨¬¥¥â ®â-­®á¨â¥«ì­ë© ¬¨­¨¬ã¬, ¢ â®çª¥ ª®â®à®£® J1<0.�. �. �®à®¤¥æª ï 43



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 4. �. 35 { 44����������� à ¡®â¥ à áá¬®âà¥­ë ®á®¡¥­­®áâ¨ ªà ¥¢®£®à¥§®­ ­á  ¢ § ¢¨á¨¬®áâ¨ ®â ª®íää¨æ¨¥­â  �ã á-á®­ . �áâ ­®¢«¥­®, çâ® íää¥ªâ¨¢­®áâì ¯à®ï¢«¥-­¨ï ªà ¥¢®£® à¥§®­ ­á  ¨ ç áâ®â  ¥£® áãé¥áâ¢®-¢ ­¨ï (
e) áãé¥áâ¢¥­­® § ¢¨áïâ ®â ª®íää¨æ¨¥­â �ã áá®­ . �à¨ ¨§¬¥­¥­¨¨ ª®íää¨æ¨¥­â  �ã áá®-­  ®â 0 ¤® 0:5 ç áâ®â  ªà ¥¢®£® à¥§®­ ­á  ã¢¥-«¨ç¨¢ ¥âáï ®â 1:99 ¤® 2:61,   áâ¥¯¥­ì ¢®§¡ã¦¤¥-­¨ï ¯¥à¢®© ­¥®¤­®à®¤­®© ¢®«­ë ¯ ¤ ¥â. �®¡à®â-­®áâì à¥§®­ ­á  á à®áâ®¬ � ¯ ¤ ¥â. � áá¬ âà¨¢ ï¯¥à¢ãî à á¯à®áâà ­ïîéãîáï ¢®«­ã ª ª áã¯¥à¯®-§¨æ¨î SV- ¨ P-¢®«­, ®â¬¥â¨¬, çâ® ­  ç áâ®â¥ ªà -¥¢®£® à¥§®­ ­á  ­  ¯®¢¥àå­®áâïå y=�1, z�0 SV-¢®«­  ï¢«ï¥âáï à á¯à®áâà ­ïîé¥©áï, ¢ â® ¢à¥¬ïª ª P-¢®«­  { ­¥®¤­®à®¤­®©. �  ç áâ®â¥ 
2=2:2(¯à ªâ¨ç¥áª¨ ¤«ï ¢á¥å ª®íää¨æ¨¥­â®¢ �ã áá®­ )­  è¨à¨­¥ ¯®«ã¯®«®áë ãª« ¤ë¢ ¥âáï æ¥«®¥ ç¨á«®SV-¯®«ã¢®«­ (�yy(�1; z)=0). �«ï áà¥¤­¨å §­ ç¥-­¨© ª®íää¨æ¨¥­â  �ã áá®­  0:22���0:42 áãé¥-áâ¢ã¥â ¤¨ ¯ §®­ ç áâ®â, ­  ª®â®à®¬ ¯®¯¥à¥ç­ ïSV-¢®«­  ¯ ¤ ¥â ­  á¢®¡®¤­ãî ¯®¢¥àå­®áâì jyj�1,z=0 ¯®¤ ã£«®¬ ¡®«ìè¥ ªà¨â¨ç¥áª®£® ¨ áãé¥áâ¢ã¥âà á¯à®áâà ­ïîé ïáï ¯à®¤®«ì­ ï P-¢®«­ . � íâ®¬á«ãç ¥ â ª¦¥ áãé¥áâ¢ã¥â ç áâ®â  
1e, ­  ª®â®à®©�yy(�1; 0)=z á ãç¥â®¬ SV- ¨ P-¢®«­. � áâ®â  ªà -¥¢®£® à¥§®­ ­á  «¥¦¨â ¬¥¦¤ã 
2=2:2 ¨ 
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