
ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 1. �. 23 { 35��� 539.3 ��������� ���� �����{������� ������������ ������� � ���������������� ����������. �. �����������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 23.12.1999 � �¥à¥á¬®âà¥® 10.02.2000�  ®á®¢¥ ¬¥â®¤  áã¯¥à¯®§¨æ¨¨ ¯à®¢®¤¨âáï à áç¥â ¤¨äà ªæ¨¨ ¢®« �í«¥ï{�í¬¡    ¢¥àâ¨ª «ì®© £à ¨æ¥ ¢®«®¢®-¤ , ®¡à §®¢ ®£® ¯à¨ ¦¥áâª®¬ ª®â ªâ¥ ¤¢ãå ¯®«ã¯®«®á ®¤¨ ª®¢®© ¢ëá®âë, ® á à §«¨çë¬¨ ã¯àã£¨¬¨ á¢®©áâ¢ -¬¨. �ää¥ªâ¨¢®áâì ¬¥â®¤  ®¡¥á¯¥ç¨¢ ¥âáï ãç¥â®¬ å à ªâ¥à  ®á®¡¥®áâ¨ ¯®  ¯àï¦¥¨ï¬, ª®â®à ï ¢®§¨ª ¥â ¢ã£«®¢®© â®çª¥   «¨¨¨ ª®â ªâ  ¯à¨ ®¯à¥¤¥«¥®¬ á®ç¥â ¨¨ ã¯àã£¨å å à ªâ¥à¨áâ¨ª áà¥¤. �à¨¢®¤ïâáï ç¨á«¥-ë¥ à¥§ã«ìâ âë, ¯®¤â¢¥à¦¤ îé¨¥ íää¥ªâ¨¢®áâì ¬¥â®¤ . �à®¢®¤¨âáï   «¨§ § ¢¨á¨¬®áâ¨  ¯àï¦¥¨© ¢ §®¥ª®â ªâ  ®â ç áâ®âë.�  ¡ §÷ ¬¥â®¤ã áã¯¥à¯®§¨æ÷ù ¯à®¢®¤¨âìáï à®§à åã®ª ¤¨äà ªæ÷ù å¢¨«ì �¥«¥ï{�¥¬¡    ¢¥àâ¨ª «ì÷© £à ¨æ÷ å¢¨-«¥¯à®¢®¤ , ãâ¢®à¥®£® ¯à¨ ¦®àáâª®¬ã ª®â ªâ÷ ¤¢®å ¯÷¢á¬ã£ ®¤ ª®¢®ù ¢¨á®â¨,  «¥ § à÷§¨¬¨ ¯àã¦¨¬¨ ¢« áâ¨¢®-áâï¬¨. �ä¥ªâ¨¢÷áâì ¬¥â®¤ã § ¡¥§¯¥çãõâìáï ãà åã¢ ï¬ å à ªâ¥àã ®á®¡«¨¢®áâ÷ ¯®  ¯àã¦¥ï¬, ïª  ¢¨¨ª õ ¢ªãâ®¢÷© â®çæ÷   «÷÷ù ª®â ªâã ¯à¨ ¯¥¢®¬ã ¯®õ¤ ÷ ¯àã¦¨å å à ªâ¥à¨áâ¨ª á¥à¥¤®¢¨é. � ¢®¤ïâìáï ç¨á¥«ì÷à¥§ã«ìâ â¨, ª®âà÷ ¯÷¤â¢¥à¤¦ãîâì ¥ä¥ªâ¨¢÷áâì ¬¥â®¤ . �à®¢®¤¨âìáï   «÷§ § «¥¦®áâ÷  ¯àã¦¥ì ¢ §®÷ ª®â ªâã¢÷¤ ç áâ®â¨.On basis of method of superposition the di�raction of the Rayleigh {Lamb wave on a vertical boundary of the waveguideformed by a strong contact of two halfstrips is calculated for case of their identical heights, but di�erent elastic properties.The e�ciency of a method is ensured with the account of singularity on stresses, which arises in an angular point online of contact at particular combination of the elastic properties of media. Numerical results con�rming the e�ciency ofmethod are presented. The analysis of frequency dependence of stresses in a contact zone is carried out.���������à®æ¥áá ®âà ¦¥¨ï {¯à®å®¦¤¥¨ï ¢®«   £à -¨æ¥ à §¤¥«  áà¥¤ á à §«¨çë¬¨ ä¨§¨ç¥áª¨¬¨á¢®©áâ¢ ¬¨ ¨§ãç¥ ¤®áâ â®ç® ¯®«® ¤«ï á«ãç ï¡¥áª®¥ç®© £à ¨æë. �à¨ íâ®¬ ª®íää¨æ¨¥âë®âà ¦¥¨ï ¨ ¯à®å®¦¤¥¨ï ¯«®áª®© ¢®«ë,  , á«¥-¤®¢ â¥«ì®, ¨ à á¯à¥¤¥«¥¨¥ í¥à£¨¨ ¯ ¤ îé¥©¢®«ë ¬¥¦¤ã ®âà ¦¥ë¬¨ ¨ ¯à®è¥¤è¨¬¨ ¢®« -¬¨ ®¯à¥¤¥«ï¥âáï â®«ìª® á®®â®è¥¨ï¬¨ ¬¥å ¨ç¥-áª¨å å à ªâ¥à¨áâ¨ª ª®â ªâ¨àãîé¨å áà¥¤ ¨ ã£«®¬¯ ¤¥¨ï ¢®«ë. � íâ®¬ á«ãç ¥ ¨¬¥¥â ¬¥áâ® à¥-£ã«ïà®¥ ®âà ¦¥¨¥, ¯à¨ ª®â®à®¬ ª®íää¨æ¨¥âë®âà ¦¥¨ï ¨ ¯à®å®¦¤¥¨ï ¥ § ¢¨áïâ ®â ç áâ®âë.�à¨  «¨ç¨¨ ª®¥ç®£® ãç áâª  ª®â ªâ  à §«¨ç-ëå áà¥¤ ¢®«®¢ ï ª àâ¨  áãé¥áâ¢¥® ãá«®¦ï-¥âáï. �®§¨ª îâ á«®¦ë¥ ¤¨äà ªæ¨®ë¥ íää¥ª-âë, ®¡ãá« ¢«¨¢ îé¨¥ á¨«ìãî § ¢¨á¨¬®áâì ª®íä-ä¨æ¨¥â®¢ ®âà ¦¥¨ï ¨ ¯à®å®¦¤¥¨ï ®â ç áâ®-âë. �à®¬¥ ª®¥ç®áâ¨ à §¬¥à®¢ £à ¨æë, ¢ ¦-ë¬ ä ªâ®à®¬, ®ª §ë¢ îé¨¬ § ç¨â¥«ì®¥ ¢«¨ï-¨¥   áâàãªâãàã ®âà ¦¥®£® ¨ ¯à®è¥¤è¥£® ¯®-«¥©, ï¢«ï¥âáï  «¨ç¨¥ ã£«®¢ëå â®ç¥ª ¢ ¯¥à¥á¥ç¥-¨¨ £« ¤ª¨å ç áâ¥© £à ¨æë. � «¨ç¨¥ â ª¨å â®-ç¥ª ¬®¦¥â ¯à¨¢®¤¨âì ª ¢®§¨ª®¢¥¨î «®ª «ìëå®á®¡¥®áâ¥© ¢ ¢®«®¢ëå ¯®«ïå, çâ® ãá«®¦ï¥â § -¤ çã ®¯¨á ¨ï å à ªâ¥à¨áâ¨ª ¢®«.� ¤ ®© à ¡®â¥ à áá¬ âà¨¢ ¥âáï ¢«¨ï¨¥ ®¡®-

¨å ãª § ëå ä ªâ®à®¢ (ª®¥ç®áâ¨ £à ¨æë à §-¤¥«  ¨  «¨ç¨ï «®ª «ìëå ®á®¡¥®áâ¥©) ¯à¨¬¥-¨â¥«ì® ª § ¤ ç¥ à á¯à®áâà ¥¨ï ¢®« ¢ á®áâ ¢-®¬ ã¯àã£®¬ ¢®«®¢®¤¥. �à¨ íâ®¬ ®á®¢®© æ¥«ìîà ¡®âë ï¢«ï¥âáï ¨§ãç¥¨¥ ¨§¬¥¥¨© ¢ å à ªâ¥à¥¯à®æ¥áá  ®âà ¦¥¨ï {¯à®å®¦¤¥¨ï ¢®«ë ¢ § ¢¨-á¨¬®áâ¨ ®â ç áâ®âë.�§¢¥áâ®, çâ® ¢ á«ãç ¥ ¦¥áâª®£® ª®â ªâ  ¤¢ãåã¯àã£¨å ¢®«®¢®¤®¢ ¢ ã£«®¢®© â®çª¥   «¨¨¨ ª®-â ªâ  ¬®£ãâ áãé¥áâ¢®¢ âì «®ª «ìë¥ ®á®¡¥®áâ¨¯®  ¯àï¦¥¨ï¬. � «¨ç¨¥ â ª¨å ®á®¡¥®áâ¥© ¨¨å å à ªâ¥à («®£ à¨ä¬¨ç¥áª ï ¨«¨ áâ¥¯¥ ï) § -¢¨áïâ ®â ¬¥å ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ª®â ªâ¨-àãîé¨å áà¥¤ ¨ ¥ § ¢¨á¨â ®â ç áâ®âë [1].� æ¥«®¬ ¢ à áá¬ âà¨¢ ¥¬®© § ¤ ç¥ ¨¬¥îâáï ¤¢  á¯¥ªâ . �¥à¢ë© { íâ® ¤®áâ®¢¥à®¥ ®¯¨á ¨¥¡«¨¦¥£® ¤¨äà ªæ¨®®£®   ¯®¢¥àå®áâ¨ ª®â ª-â  ¢®«®¢®£® ¯®«ï. �â®à®© {   «¨§ ®á®¡¥®áâ¥©ç áâ®âëå § ¢¨á¨¬®áâ¥© ¨â¥£à «ìëå í¥à£¥â¨-ç¥áª¨å å à ªâ¥à¨áâ¨ª ®âà ¦¥ëå ¨ ¯à®è¥¤è¨å¢®«. � â® ¦¥ ¢à¥¬ï, § ¨¥ áâàãªâãàë ¤¨äà ª-æ¨®®£® ¯®«ï ¨ à®«¨ ®â¤¥«ìëå ¢®«®¢ëå ª®¬¯®-¥â ¢ ¥£® ä®à¬¨à®¢ ¨¨ ¬®¦¥â ®ª § âìáï ¢ ¦-ë¬ ¤«ï ¯®¨¬ ¨ï ®á®¡¥®áâ¥© í¥à£¥â¨ç¥áª¨åå à ªâ¥à¨áâ¨ª.�«ï ®â®á¨â¥«ì® ¨§ª®ç áâ®âëå ¯à®æ¥áá®¢¤®áâ®¢¥àë¥ ª®«¨ç¥áâ¢¥ë¥ ®æ¥ª¨ ¢®«®¢®£® ¯®-«ï ¬®¦® ¯®«ãç¨âì ¢ à ¬ª å ã¯à®é¥ëå ¬®¤¥-c �. �. �®à®¤¥æª ï, 2000 23
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�¨á. 1. �¥®¬¥âà¨ï § ¤ ç¨«¥© áâ¥à¦¥© ¨ ¯« áâ¨. �à¨ïâ® áç¨â âì, çâ®®¤®¬¥à®¥ ¯à¨¡«¨¦¥¨¥ á¯à ¢¥¤«¨¢®, ¥á«¨ ¯®¯¥-à¥çë© à §¬¥à ¢®«®¢®¤  ¬¥ìè¥ âà¥â¨ ¤«¨ë¢®«ë. �à¨ íâ®¬ «®ª «ìë¥ ®á®¡¥®áâ¨ ¥ ®ª -§ë¢ îâ áãé¥áâ¢¥®£® ¢«¨ï¨ï   ¯à®æ¥ááë ®â-à ¦¥¨ï { ¯à®å®¦¤¥¨ï ¢®«. � ¯®¢ëè¥¨¥¬ ç -áâ®âë ãá«®¦ï¥âáï ¯à®áâà áâ¢¥ ï áâàãªâãà ¡¥£ãé¨å ¢®«. � ä®à¬¨à®¢ ¨¨ ¯à®è¥¤è¥£® ¨®âà ¦¥®£® ¯®«¥© áãé¥áâ¢¥ãî à®«ì  ç¨ îâ¨£à âì «®ª «¨§®¢ ë¥ ã ¯®¢¥àå®áâ¨ à §¤¥«  ¥-®¤®à®¤ë¥ ¢®«ë. �à®¬¥ â®£®, ¤«ï ¤®áâ®¢¥à®£®®¯¨á ¨ï ¯®«ï ¢ ®ªà¥áâ®áâ¨ ¯®¢¥àå®áâ¨ ª®â ª-â  ¥®¡å®¤¨¬® ãç¨âë¢ âì å à ªâ¥à ®á®¡¥®áâ¨ ¢®ªà¥áâ®áâ¨ ã£«®¢ëå â®ç¥ª.�à ¤¨æ¨®® à §¢¨¢ îâáï ¤¢  ¯®¤å®¤  à¥è¥¨ï§ ¤ ç¨ ®âà ¦¥¨ï { ¯à®å®¦¤¥¨ï   ¢¥àâ¨ª «ì®©£à ¨æ¥: ¬¥â®¤ ®¤®à®¤ëå à¥è¥¨© ¨ ¬¥â®¤ áã-¯¥à¯®§¨æ¨¨.� à ¬ª å ¬¥â®¤  ®¤®à®¤ëå à¥è¥¨© ¢®«®¢ë¥¯®«ï ¢ ª®â ªâ¨àãîé¨å ¯®«ã¯®«®á å ¯à¥¤áâ ¢«ï-îâáï ¢ ¢¨¤¥ à §«®¦¥¨ï ¯® ®à¬ «ìë¬ ¢®« ¬.�§¢¥áâ® [2, 3], çâ® ¢ á«ãç ¥  «¨ç¨ï ®á®¡¥®-áâ¨ ¯®  ¯àï¦¥¨ï¬, ¢ à ¬ª å ¬¥â®¤  ®¤®à®¤-ëå à¥è¥¨©   ®âà¥§ª¥ hj1�2�j�y�h (h { ¢ë-á®â  ¢®«®¢®¤ , � { ¯®ª § â¥«ì ®á®¡¥®áâ¨) àï¤ë¯®  ¯àï¦¥¨ï¬ à áå®¤ïâáï. � à ¡®â å [4, 5] ¤«ïã«ãçè¥¨ï áå®¤¨¬®áâ¨   ¤ ®¬ ¨â¥à¢ «¥ ¯à¨-¬¥ï«¨áì ®¡®¡é¥ë¥ ¬¥â®¤ë áã¬¬¨à®¢ ¨ï ¨ à¥-£ã«ïà¨§ æ¨¨. �à ¨ç ï § ¤ ç  à¥è « áì ¢ à ¬-ª å ¬¥â®¤  ®¤®à®¤ëå à¥è¥¨© á ¨á¯®«ì§®¢ ¨-¥¬ ãá«®¢¨ï ®¡®¡é¥®© ®àâ®£® «ì®áâ¨. � [6] á¨á¯®«ì§®¢ ¨¥¬ á®®â®è¥¨ï ®¡®¡é¥®© ®àâ®£®- «ì®áâ¨ ¯à¥¤«®¦¥ ¬¥â®¤ à §«®¦¥¨ï ¯® ®àâ®-£® «ìë¬ ¯®«¨®¬ ¬ á ¢¥á®¬, ãç¨âë¢ îé¨¬ «®-ª «ìãî ®á®¡¥®áâì ¯®«ï  ¯àï¦¥¨© ¢ ã£«®¢®©â®çª¥. � [7] â ª¦¥ à áá¬®âà¥  £à ¨ç ï § ¤ -ç  ¤«ï ¦¥áâª®£® ª®â ªâ  ¤¢ãå ¯®«ã¯®«®á. � íâ®©à ¡®â¥ ¯à¥¤«®¦¥ ¬¥â®¤, ®á®¢ ë©   ¨á¯®«ì-§®¢ ¨¨ à¥è¥¨© ¢á¯®¬®£ â¥«ìëå £à ¨çëå § -

¤ ç ¤«ï ¨§®«¨à®¢ ëå ¯®«ã¯®«®á á § ¤ ë¬¨£à ¨çë¬¨ ãá«®¢¨ï¬¨. � ¯®§¢®«ï¥â ãç¨âë¢ âì®á®¡¥®áâì ¯®  ¯àï¦¥¨ï¬ ¢ ã£«®¢ëå â®çª å  «¨¨¨ ª®â ªâ .�¥â®¤ áã¯¥à¯®§¨æ¨¨ ¤«ï à¥è¥¨ï £à ¨çëå§ ¤ ç ¤«ï á®áâ ¢®£® ¢®«®¢®¤ , à §¢¨âë© ¢ à ¡®-â å [8,9], ¯®§¢®«ï¥â ãç¥áâì «®ª «ìãî ®á®¡¥®áâì¯®  ¯àï¦¥¨ï¬ ¢ ã£«®¢®© â®çª¥ ç¥à¥§  á¨¬¯â®-â¨ªã ¥¨§¢¥áâëå. �à¨ íâ®¬  ¯àï¦¥¨ï ¨ á¬¥-é¥¨ï,  ©¤¥ë¥ ¢ à ¬ª å ¬¥â®¤  áã¯¥à¯®§¨æ¨¨,¬®£ãâ ¡ëâì ¯à¥¤áâ ¢«¥ë ª ª à §«®¦¥¨¥ ¯® ®à-¬ «ìë¬ ¢®« ¬.�¡áã¦¤¥¨î ¢®¯à®á®¢ ¬¥â®¤¨ç¥áª®£® å à ªâ¥-à , á¢ï§ ëå á ®¯¨á ¨¥¬ ¢®«®¢ëå ¯®«¥© ¢ á®-áâ ¢ëå ¢®«®¢®¤ å, ¯®á¢ïé¥  ¤®¢®«ì® ®¡è¨à- ï «¨â¥à âãà . �¤ ª®   «¨§ã ä¨§¨ç¥áª¨å á¯¥ªâ®¢ ä®à¬¨à®¢ ¨ï ¢®«®¢®£® ¯®«ï ¤® á¨å ¯®àã¤¥«ï«®áì ¬ «® ¢¨¬ ¨ï. �¤¥áì ¬®¦® ®â¬¥â¨âì«¨èì à ¡®âë [4,5], ¢ ª®â®àëå ¯à®¢¥¤¥ ç áâ®âë©  «¨§  ¬¯«¨âã¤ ¢®§¡ã¦¤¥¨ï ¯¥à¢®© ¥®¤®à®¤-®© ¢®«ë ¢ ¯à®è¥¤è¥¬ ¨ ®âà ¦¥®¬ ¯®«ïå ¯à¨ª®ªà¥âëå á®®â®è¥¨ïå ¬¥å ¨ç¥áª¨å å à ªâ¥-à¨áâ¨ª ª®â ªâ¨àãîé¨å áà¥¤.�  ï à ¡®â  ¯®á¢ïé¥  ¤ «ì¥©è¥¬ã à §¢¨-â¨î ¬¥â®¤  áã¯¥à¯®§¨æ¨¨ ¤«ï à¥è¥¨ï £à ¨ç®©§ ¤ ç¨ ® ¦¥áâª®¬ ª®â ªâ¥ ¤¢ãå ¯®«ã¯®«®á ®¤¨ -ª®¢®© è¨à¨ë, ® á à §ë¬¨ ¬¥å ¨ç¥áª¨¬¨ å -à ªâ¥à¨áâ¨ª ¬¨. �à¨ íâ®¬  ªæ¥â á¤¥«    ¨§ã-ç¥¨¨ ®á®¡¥®áâ¥© à á¯à¥¤¥«¥¨ï  ¯àï¦¥¨©  £à ¨æ¥ ª®â ªâ  ¢ § ¢¨á¨¬®áâ¨ ®â ç áâ®âë ¯à¨ «¨ç¨¨ ®á®¡¥®áâ¨ ¯®  ¯àï¦¥¨ï¬ ¢ ã£«®¢®©â®çª¥. �®ª § ®, çâ® § ç¨â¥«ì®¥ à áá®£« á®¢ -¨¥ ä®à¬ë á¬¥é¥¨© ¢ ¯ ¤ îé¥© ¢®«¥ ¨ á¬¥é¥-¨© ¢ ¯à®è¥¤è¥¬ ¨ ®âà ¦¥®¬ ¯®«ïå, ®¡ãá«®¢«¥-ëå à á¯à®áâà ïîé¨¬¨áï ¢®« ¬¨, ¯à¨¢®¤¨â ªá¨«ì®¬ã ¢®§¡ã¦¤¥¨î ¥®¤®à®¤ëå ¢®«. �§-¬¥¥¨¥ áâàãªâãàë ¢®«®¢®£® ¯®«ï ¯à¨¢®¤¨â ª ¨§-¬¥¥¨î íää¥ªâ¨¢®áâ¨ ¯à®å®¦¤¥¨ï ¢®«   £à -¨æ¥ à §¤¥«  ¨ ®¡êïáï¥â ®á®¡¥®áâ¨ à á¯à¥¤¥«¥-¨ï  ¯àï¦¥¨©.1. ���������� ������� áá¬ âà¨¢ ¥âáï áâ æ¨® à®¥ ¢®«®¢®¥ ¯®«¥ ¢ã¯àã£®¬ ¢®«®¢®¤¥, ®¡à §®¢ ®¬ ¦¥áâª¨¬ á®¥¤¨-¥¨¥¬ ¤¢ãå ã¯àã£¨å ¯®«ã¯®«®á ®¤¨ ª®¢®© ¢ëá®-âë h, ® á à §ë¬¨ ¬¥å ¨ç¥áª¨¬¨ å à ªâ¥à¨áâ¨-ª ¬¨ (à¨á. 1). �®«®¢®¥ ¯®«¥ ¢®§¡ã¦¤ ¥âáï ¯¥à¢®©®à¬ «ì®© ¢®«®©, ¯à¨å®¤ïé¥© ¨§ ¡¥áª®¥ç®áâ¨¢ ¯à ¢®© ¯®«ã¯®«®á¥ (+1). � ¤ îé¥© ¢®«¥ á®-®â¢¥âáâ¢ã¥â ¨¤¥ªá 0. �¤¥ªáë 1 ¨ 2 ®â®áïâáï ª¯à®è¥¤è¨¬ ¨ ®âà ¦¥ë¬ ¢®« ¬ á®®â¢¥âáâ¢¥-®. �¢®©áâ¢  ¨§®âà®¯ëå áà¥¤ å à ªâ¥à¨§ãîâáï¬®¤ã«ï¬¨ á¤¢¨£  �1, �2, ª®íää¨æ¨¥â ¬¨ �ã áá®-24 �. �. �®à®¤¥æª ï



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 1. �. 23 { 35  �1, �2 ¨ ¯«®â®áâï¬¨ �1, �2 �à¨ íâ®¬ ¨¤¥ªá 1¯à¨á¢®¥ «¥¢®© ¯®«ã¯®«®á¥, ¢ ª®â®à®© à á¯à®áâà -ïîâáï ¯à®è¥¤è¨¥ ¢®«ë. �®¢¥àå®áâ¨ Y =�há¢®¡®¤ë ®â  ¯àï¦¥¨©. � ¤ «ì¥©è¥¬ ¬ â¥¬ -â¨ç¥áª ï ¯®áâ ®¢ª  ¨ à¥è¥¨¥ ®áãé¥áâ¢«ïîâáï ¢®¡¥§à §¬¥à¥ëå ª®®à¤¨ â å y=Y=h, z=Z=h.� §®¥ ª®â ªâ  ãá«®¢¨ï á®¯àï¦¥¨ï § ¯¨áë¢ -îâáï ¢ ¢¨¤¥�(1)z (y; 0) = �(2)z (y; 0) + �(0)z (y; 0);� (1)zy (y; 0) = � (2)z (y; 0) + � (0)z (y; 0);u(1)y = u(2)y + u(0)y ;u(1)z = u(2)z + u(0)z : (1)�¤¥áì ¨ ¢ ¤ «ì¥©è¥¬ ¢à¥¬¥®© ¬®¦¨â¥«ì e�i!t®¯ãáª ¥âáï (! { ªàã£®¢ ï ç áâ®â ).�¥®¡å®¤¨¬®  ©â¨ ¢¥ªâ®à  á¬¥é¥¨© ¢ ®âà -¦¥®¬ ¨ ¯à®è¥¤è¥¬ ¯®«ïå, ã¤®¢«¥â¢®àïîé¨¥ ®¤-®à®¤®© á¨áâ¥¬¥ ãà ¢¥¨© � ¬¥:�u(i)y + 11�2� @@y�@u(i)z@z + @u(i)y@y �+
(i)22 uy=0;�u(i)z + 11�2� @@z�@u(i)z@z + @u(i)y@y �+
(i)22 uz=0; (2)£¤¥ 
(i)2 =!h=c(s)i , i=1; 2 { ¡¥§à §¬¥à ï ç áâ®â ,c(s)(i) { áª®à®áâ¨ ¯®¯¥à¥çëå ¢®«.�®¯®«¨â¥«ì® ª ãá«®¢¨ï¬ á®¯àï¦¥¨ï (1) ¤®«¦-ë ¢ë¯®«ïâìáï ãá«®¢¨ï ¨§«ãç¥¨ï   ¡¥áª®¥ç-®áâ¨, § ª«îç îé¨¥áï ¢ â®¬, çâ® ª ¦¤ ï à á¯à®-áâà ïîé ïáï ®à¬ «ì ï ¢®«  ¢ ¯à®è¥¤è¥¬ ¨®âà ¦¥®¬ ¯®«¥ ã®á¨â í¥à£¨î ®â £à ¨æë à §-¤¥«    ¡¥áª®¥ç®áâì.2. ����� �������� ¤ ®© à ¡®â¥ ¯à¨¬¥ï«áï ¬¥â®¤ áã¯¥à¯®§¨-æ¨¨ [8], ª®â®àë© ¯®§¢®«ï¥â ãç¥áâì ®á®¡¥®áâ¨ ¯® ¯àï¦¥¨ï¬ ¢ ã£«®¢ëå â®çª å. � à ¬ª å íâ®£®¬¥â®¤  ¯®áâà®¨¬ à¥è¥¨¥ £à ¨ç®© § ¤ ç¨ ¤«ï¯à®¤®«ìëå ª®«¥¡ ¨© á®áâ ¢®£® ¢®«®¢®¤ . �«¥-¤ãï ®¡é¥© áå¥¬¥ ¬¥â®¤  áã¯¥à¯®§¨æ¨¨ [8], ª®¬¯®-¥âë ¢¥ªâ®à  á¬¥é¥¨© ¢ ¯à®è¥¤è¥¬ ¯®«¥ (z<0)

¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥u(1)y =� 1Xk=1�C(1)k �keq1z�D(1)k q2eq2z� sin �ky++ 12� 1Z�1 x(1)(� )U (1)y (�; y)e�i�zd�;u(1)z =�iC(1)0 
(1)1 ei
(1)1 z�� 1Xk=1��C(1)k q1eq1z+D(1)k �keq2z� cos �ky�� i2� 1Z�1 x(1)(� )U (1)z (�; y)e�i�zd� (3)á ¥¨§¢¥áâë¬¨ ¯®áâ®ïë¬¨ C(1)0 , C(1)k , D(1)k(k=1; 2; : : :) ¨ äãªæ¨¥© x(1)(� ). � á®®â®è¥¨-ïå (3) 
(1)1 =!h=c(l); c(l) { áª®à®áâì ¯à®¤®«ì®©¢®«ë ¢ ¯¥à¢®© ¯®«ã¯®«®á¥. �à®¬¥ â®£®, §¤¥áì ¯®-«®¦¥®U (1)y (�; y)=p21��2 sinh p2ysinh p2 � (�2+p22)2 sinh p1ysinh p1 �;U (1)z (�; y)=�p1�p1p2 cosh p2ysinh p2 � (�2+p22)2 cosh p1ysinh p1 �;pj =8<: q�2 �
2j ; j� j � 
j�iq
2j � �2; j� j < 
j;qj = 8<: q�2k � 
2j ; j�kj � 
j�iq
2j � �2k; j�kj < 
j ; �k = k�:�¥è¥¨¥ ¤«ï ®âà ¦¥®£® ¯®«ï (z>0) ¯®«ãç ¥¬ ¨§á®®â®è¥¨© (3) ¯à¨ § ¬¥¥ ¨¤¥ªá  1   2 ¨ á¬¥¥§ ª  ¯à¨ z, uz, D(2)k . �«ï ¢â®à®© ¯®«ã¯®«®áë ¢¢ëà ¦¥¨ï ¤«ï pj, qj ¯®¤áâ ¢«ï¥¬ ®à¬¨à®¢ ë¥ç áâ®âë 
(2)j ¨ ®¡®§ ç ¥¬ íâ¨ ¢¥«¨ç¨  ª ª epj, eqj�®«®¢®¥ ¯®«¥ ¢ á®áâ ¢®¬ ¢®«®¢®¤¥ ¢®§¡ã¦¤ -¥âáï ¯¥à¢®© ®à¬ «ì®© ¢®«®©, à á¯à®áâà ïî-é¥©áï ¢® ¢â®à®© ¯®«ã¯®«®á¥ ¢ ®âà¨æ â¥«ì®¬  -¯à ¢«¥¨¨ ®á¨ z. � íâ®¬ á«ãç ¥ ¢ëà ¦¥¨ï ¤«ïá¬¥é¥¨ï ¢ ¯ ¤ îé¥© ¢®«¥ ¨¬¥îâ á«¥¤ãîé¨©¢¨¤:u(0)z =��ep21ep2 cosh(ep2y)sinh ep2 �� ep22 + �22 ep1 cosh(ep1y)sinh ep1 �e�i�z;u(0)y = iep21��2 sinh(ep2y)sinh ep2 � ep22+�22 sinh(ep1y)sinh ep1 �e�i�z: (4)�. �. �®à®¤¥æª ï 25



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 1. �. 23 { 35�¤¥áì � { ¯®áâ®ï ï à á¯à®áâà ¥¨ï ¯¥à-¢®© ®à¬ «ì®© ¢®«ë ¢® ¢â®à®© ¯®«ã¯®«®á¥. �®-áâ®ï ï à á¯à®áâà ¥¨ï ¤«ï § ¤ ®© ç áâ®-âë ®¯à¥¤¥«ï¥âáï ¨§ ¤¨á¯¥àá¨®®£® ãà ¢¥¨ï�í«¥ï {�í¬¡ :�(�) = �2ep21ep2 coth ep2 � (�2 + ep22)24 ep1 coth ep1 = 0: �à¥¤áâ ¢«¥¨¥ (3) ¢ë¡à ® â ª¨¬ ®¡à §®¬,çâ® ãá«®¢¨¥ ®âáãâáâ¢¨ï ª á â¥«ìëå  ¯àï¦¥-¨©   ¯®¢¥àå®áâïå y=�1 ¢ë¯®«ï«®áì  ¢â®¬ -â¨ç¥áª¨. �ë¯®«¥¨¥ ãá«®¢¨ï ®âáãâáâ¢¨ï ®à-¬ «ìëå  ¯àï¦¥¨©   ¯®¢¥àå®áâïå y=�1 ¨ãá«®¢¨© á®¯àï¦¥¨ï ¯à¨¢®¤¨â ª á¨áâ¥¬¥ ¨â¥£à®- «£¥¡à ¨ç¥áª¨å ãà ¢¥¨© ®â®á¨â¥«ì® ¥¨§-¢¥áâëå C(i)0 , C(i)k ; D(i)k (k = 1; 2; : : :) ¨ x(i)(� ), ¨¬¥-îé¥© á«¥¤ãîé¨© ¢¨¤:x(1)(� )�(� )+C(1)0 2i
(1)20 
(1)1�2�
(1)21 � 1Xk=1�(C(1)k (�2k+
(1)20 ) 2q1�2 + q21�D(1)k �k 2q22�2 + q22�(�1)k=0;x(2)(� )�(2)(� )+C(2)0 2i
(2)20 
(2)1�2�
(2)21 � 1Xk=1�(C(2)k (�2k+
(2)20 ) 2eq1�2+eq21 +D(2)k �k 2eq22�2+eq22�(�1)k=0;G1��C(1)k q1+D(1)k �2k+q222�k ��G2�C(2)k eq1+D(2)k �2k+eq222�k � == �(�1)kG2�ep21(�2+ep22)� 1ep22 + �2k � 1ep22+�2k�;iC(1)0 
(1)1 +iC(2)0 
(2)1 =��
(2)20 ;C(1)k q1�D(1)k �k+C(2)k eq1+D(2)k �k=(�1)k�0ep21� 2ep22ep22+�2k � �2 + ep22ep22+�2k �;(�C(1)k �k+D(1)k q1)� (�1)k �k2� 1Z�1 x(1)(� )ak(� )d�++(C(2)k �k+D(2)k eq1)+ �k2� (�1)k 1Z�1 x(2)(� )eak(� )d�=�eak(�);�G1�C(1)0 
(1)222 +
(1)22 
(1)204� 1Z�1 x(1)(� )d��++G2�C(2)0 
(2)222 +
(2)22 
(2)204� 1Z�1 x(2)(� ); d��=�G2i
(2)22 
(2)202 ;G1�C(1)k �2k+q222 �D(1)k �kq2�(�1)k 12� 1Z�1 x(1)(� )bk(� )d����G2�C(2)k �2k+eq222 +D(2)k �keq2�(�1)k 12� 1Z�1 x(2)(� )ebk(� )d��=�G2iebk(�):
(5)

26 �. �. �®à®¤¥æª ï



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 1. �. 23 { 35�¤¥áì ¢¢¥¤¥ë ®¡®§ ç¥¨ïak(� ) = p21� 2�2�2k + p22 � �2 + p22�2k + p21�;bk(� ) = p21� 2�2p22�2 + q22 �� (�2 + 
20)(�2 + p22)�2 + q21 �;2
20 = 
22 � 2
21:�âàãªâãà  á¨áâ¥¬ë (5) ãª §ë¢ ¥â   ¢ ¦ãî®á®¡¥®áâì  «£¥¡à ¨ç¥áª¨å á®®â®è¥¨©, ¢ëâ¥-ª îé¨å ¨§ ãá«®¢¨© á®¯àï¦¥¨ï   áâëª¥. �®«ã-ç¥ ï á¨áâ¥¬  (5) ï¢«ï¥âáï á¨áâ¥¬®© ¢â®à®£® à®-¤ , ¢ ª®â®à®© ¥áâ¥áâ¢¥ë¬ ®¡à §®¬ ¢ë¤¥«ïîâáï£« ¢ë¥ í«¥¬¥âë, ®â¢¥âáâ¢¥ë¥ §  ¢ë¯®«¥¨¥ª®ªà¥âëå £à ¨çëå ãá«®¢¨©. � ¬® ä®à¬¨à®-¢ ¨¥  «£¥¡à ¨ç¥áª®© á¨áâ¥¬ë ¯à®¢®¤¨âáï á ¨á-¯®«ì§®¢ ¨¥¬ ®á®¢ëå á¢®©áâ¢ à §«®¦¥¨© ¢ àï-¤ë �ãàì¥. �â® ®¡¥á¯¥ç¨¢ ¥â áå®¤¨¬®áâì ¨á¯®«ì-§®¢ ëå à §«®¦¥¨© ¤ ¦¥ ¢ á«ãç ¥  «¨ç¨ï ¨-â¥£à¨àã¥¬ëå ®á®¡¥®áâ¥© ¢ à §« £ ¥¬ëå äãª-æ¨ïå, ª ª íâ® ¨¬¥¥â ¬¥áâ® ¢ ¤ ®© ä¨§¨ç¥áª®©§ ¤ ç¥. � à ªâ¥à á¨£ã«ïà®áâ¨ ¢ ¯®«¥  ¯àï¦¥-¨© ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥ ¤® à¥è¥¨ï £à ¨ç®©§ ¤ ç¨ ¢ æ¥«®¬.�«ï ¯®«®£® ®¯¨á ¨ï ¢®«®¢®£® ¯®«ï   £à ¨-æ¥ à §¤¥«  ¤¢ãå ¯®«ã¯®«®á ¯à®áâë¥ ¬¥â®¤ë à¥¤ãª-æ¨¨ ¨â¥£à®- «£¥¡à ¨ç¥áª¨å ãà ¢¥¨© ¥¯à¨¬¥-¨¬ë. �â® ®¡ãá«®¢«¥®  «¨ç¨¥¬ ¢ ã£«®¢®© â®ç-ª¥ ®á®¡¥®áâ¨ ¯®  ¯àï¦¥¨ï¬ ¯à¨ ®¯à¥¤¥«¥-ëå á®®â®è¥¨ïå ¯ à ¬¥âà®¢ ª®â ªâ¨àãîé¨åáà¥¤ [1]. �ãé¥áâ¢®¢ ¨¥ ¢ ã£«®¢®© â®çª¥ ®á®¡¥®-áâ¨ ¯®  ¯àï¦¥¨ï¬ ¯à¨¢®¤¨â ª â®¬ã, çâ® ¢ à ¬-ª å ¬¥â®¤  áã¯¥à¯®§¨æ¨¨ ¨â¥£à «ë ¨ àï¤ë ¤«ï ¯àï¦¥¨©   «¨¨¨ ª®â ªâ  áå®¤ïâáï ¬¥¤«¥-®. � à ¬ª å ¬¥â®¤  ®¤®à®¤ëå à¥è¥¨© ¢ á«ã-ç ¥  «¨ç¨ï «®ª «ì®© ®á®¡¥®áâ¨ àï¤ë ¯®  -¯àï¦¥¨ï¬ à áå®¤ïâáï   ®âà¥§ª¥ hj1�2�j�y�h¯à¨ z=0 [2,3].�«ï ¯®«ãç¥¨ï à¥è¥¨ï,  ¤¥ª¢ â® ®¯¨áë¢ î-é¥£® ¢®«®¢®¥ ¯®«¥   £à ¨æ¥ à §¤¥« , ¥®¡å®¤¨-¬® ¨á¯®«ì§®¢ âì  á¨¬¯â®â¨ç¥áª¨¥ á¢®©áâ¢  ¥¨§-¢¥áâëå. � «¨§  á¨¬¯â®â¨ç¥áª®£® ¯®¢¥¤¥¨ï ¥-¨§¢¥áâëå ¢ áã¬¬ å ®á®¢    á¢®©áâ¢ å áå®¤¨-¬®áâ¨ àï¤®¢ ¤«ï  ¯àï¦¥¨© ¢¡«¨§¨ ã£«®¢ëå â®-ç¥ª   «¨¨¨ ª®â ªâ  ¤¢ãå áà¥¤: y=�1, z=+0.�®áâã¯ ï   «®£¨ç® [10], ¯à¥¤áâ ¢¨¬ ®à¬ «ì®¥¨ ª á â¥«ì®¥  ¯àï¦¥¨ï ¢ ®âà ¦¥®¬ ¯®«¥ ¯à¨

z=+0 ¢ ¢¨¤¥�z(�1; z) = �+(1� y2)1�� +  (y);�zy(�1; z) = �+y(1 � y2)1�� +  1(y): (6)�¤¥áì  (y),  1(y) { ¥ª¨¥ £« ¤ª¨¥ äãªæ¨¨; �(+),�(+) { ¥¨§¢¥áâë¥  ¬¯«¨âã¤ë  ¯àï¦¥¨©. �®£¤ âà¥¡ã¥¬®¬ã å à ªâ¥àã ®á®¡¥®áâ¨ ¢ ã£«®¢®© â®ç-ª¥ á®®â¢¥âáâ¢ã¥â á«¥¤ãîé¥¥  á¨¬¯â®â¨ç¥áª®¥ ¯®-¢¥¤¥¨¥ ¥¨§¢¥áâëå C(2)k , D(2)k ¯à¨ k!1 ¨ äãª-æ¨¨ x(2)(� ) ¯à¨ �!1:c(2)k =C(2)k (�1)k= 2a0(
(2)21 �
(2)22 ) J��0:5(�k)���0:5k ;d(2)k =D(2)k (�1)k=� 2b0(
(2)21 �
(2)2 ) J��0:5(�k)���0:5k ;a0=a1�1� 
(2)41 +
(2)422�2k(
(2)21 �
(2)22 )� ;a1=�++ tan(��2 )�+ ;b0=a0� �+(
(2)21 �
(2)22 )2�2k ;x(2)(� )=� 4
(2)21 �
(2)22 1p2� 1� �+3���coth(��=2)�+(��1)�+��: (7)�®áâà®¥¨¥ ª®¥ç®© á¨áâ¥¬ë, á®®â¢¥âáâ¢ãî-é¥© ¡¥áª®¥ç®© á¨áâ¥¬¥ (5), ¢ë¯®«¥®   «®£¨ç-® à ¡®â¥ [8] á ãç¥â®¬  á¨¬¯â®â¨ç¥áª®£® ¯®¢¥¤¥-¨ï ¥¨§¢¥áâëå ¨ äãªæ¨© x(1)(� ), x(2)(� )�«ï  å®¦¤¥¨ï ¯®ª § â¥«ï ®á®¡¥®áâ¨ � ¢ ¢ë-à ¦¥¨ïå (6) á®åà ¨¬ â®«ìª® £« ¢ë¥ ç«¥ë ¢ á¨-áâ¥¬¥ (5). �¯à¥¤¥«¨â¥«ì ¯®«ãç¥®© á¨áâ¥¬ë á®-¢¯ ¤ ¥â á ãà ¢¥¨¥¬ � ¤¥àá  ¤«ï áâ â¨ç¥áª¨å§ ¤ ç [1]:�� sin2 ��2 +(���)�2�2�0:25 sin2 ����2�2 = 0: (8)�. �. �®à®¤¥æª ï 27



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 1. �. 23 { 35�¤¥áì � = G2=G1(1� �1)� (1� �2)G2=G1(1� �1) + (1� �2) ;� = 12 G2=G1(1 � 2�1)� (1� 2�2)(G2=G1(1� �1) + (1� �2)) : (9)� «¨§ ãà ¢¥¨ï (7) ¤«ï à §«¨çëå ª®¬¡¨ æ¨©ã¯àã£¨å ¯®áâ®ïëå ¯à®¢¥¤¥ ¢ [1].�®á«¥¤ãîé¥¥ ¯®áâà®¥¨¥  «£®à¨â¬  à¥è¥¨ïá¨áâ¥¬ë á¢ï§ ® á® á¯®á®¡®¬ § ¬ëª ¨ï á¨áâ¥¬ë.� à ¡®â¥ ¨á¯®«ì§®¢  âà ¤¨æ¨®ë© ¯®¤å®¤, ®á®-¢ ë©   § ¤ ¨¨  á¨¬¯â®â¨ç¥áª¨å ¢ëà ¦¥¨©¤«ï ¢á¥å ç¥âëà¥å ª®íää¨æ¨¥â®¢. � íâ®¬ á«ãç ¥�+, �+ ¤«ï ®âà ¦¥®£® ¯®«ï ¨ ��, �� ¤«ï ¯à®-è¥¤è¥£® ¯®«ï â ª¦¥ áâ ®¢ïâáï ¥¨§¢¥áâë¬¨,  ª®íää¨æ¨¥âë c(i)k , d(i)k ¤«ï ¢á¥å k>K § ¤ îâáï ¢¢¨¤¥ (7).� ª ç¨¢ ï ®¯¨á ¨¥ ¬¥â®¤  áã¯¥à¯®§¨æ¨¨ ¯à¨-¬¥¨â¥«ì® ª à¥è¥¨î § ¤ ç¨ ¤¨äà ªæ¨¨ ®à-¬ «ìëå ¢®«   ¢¥àâ¨ª «ì®© £à ¨æ¥ ¢ á®áâ ¢-®¬ ¢®«®¢®¤¥, ¯®¤ç¥àª¥¬ ¥é¥ à §, çâ® ®á®¢®¥¯à¥¨¬ãé¥áâ¢® íâ®£® ¬¥â®¤  § ª«îç ¥âáï ¢ ¢®§-¬®¦®áâ¨ ãç¥â  «®ª «ìëå ®á®¡¥®áâ¥© ¯®  -¯àï¦¥¨ï¬   £à ¨æ¥ à §¤¥« . �â® ¯®§¢®«ï¥â¯®áâà®¨âì íää¥ªâ¨¢ë©  «£®à¨â¬ ¤«ï ¢ëç¨á«¥¨ïå à ªâ¥à¨áâ¨ª ®âà ¦¥®£® ¨ ¯à®è¥¤è¥£® ¯®«¥©¯à¨ ãç¥â¥ ª®¥ç®£® ç¨á«  á« £ ¥¬ëå ¢ àï¤ å á¨-áâ¥¬ë (5).3. �����������à¨ ®¯à¥¤¥«¥¨¨ ¯®àï¤ª  «¨¥©®© á¨áâ¥¬ë, á®-®â¢¥âáâ¢ãîé¥© á¨áâ¥¬¥ (5), ¥®¡å®¤¨¬® ®æ¥¨âìª ç¥áâ¢® ¯à¨¡«¨¦¥®£® à¥è¥¨ï, ®¯¨áë¢ îé¥£®¢®«®¢®© ¯à®æ¥áá ¢ ¯®«ã¯®«®á¥. �«ï íâ®£® áãé¥-áâ¢ã¥â àï¤ ªà¨â¥à¨¥¢. �  è¥¬ á«ãç ¥ ¯à¨ à¥-è¥¨¨ ª®¥ç®© á¨áâ¥¬ë ¨á¯®«ì§®¢ «¨áì ¤ ë¥ ®áª®à®áâ¨ ¯à¨¡«¨¦¥¨ï ¥¨§¢¥áâëå ª ¨å  á¨¬¯â®-â¨ç¥áª¨¬ § ç¥¨ï¬. �à¨ ¯à®¢¥¤¥¨¨ ¢ëç¨á«¥¨©¡ë«® ãáâ ®¢«¥®, çâ® ¯à¨ á®åà ¥¨¨ ¡®«¥¥ ¤¥áï-â¨ ç«¥®¢ § ç¥¨ï ¥¨§¢¥áâëå C(i)0 i=1; 2 ¯à ª-â¨ç¥áª¨ ¥ ¨§¬¥ïîâáï (á®åà ïîâáï ç¥âëà¥ § -ç é¨¥ æ¨äàë). �«ï ¥¨§¢¥áâëå C(i)k , D(i)k , k=1; 4á®åà ïîâáï ¤¢¥ § ç é¨¥ æ¨äàë. �â¨¬ ®¡¥á¯¥-ç¨¢ ¥âáï ¢ëá®ª ï â®ç®áâì ®æ¥®ª ¨â¥£à «ìëåå à ªâ¥à¨áâ¨ª ¢®«®¢ëå ¯®«¥©.�à¨ ¢ë¯®«¥¨¨ à áç¥â®¢ ª®«¨ç¥áâ¢® ¥¨§¢¥áâ-ëå, ã¤¥à¦¨¢ ¥¬ëå ¢ áã¬¬ å á¨áâ¥¬ë (5), á®áâ -¢«ï«® K=15. �«ï ¡®«ìè¨å ¢¥«¨ç¨ k ¨á¯®«ì§®¢ -«¨áì  á¨¬¯â®â¨ç¥áª¨¥ § ç¥¨ï ¥¨§¢¥áâëå. �-â¥£à¨à®¢ ¨¥   ¨â¥à¢ «¥ (�1;+1) á ãç¥â®¬

ç¥â®áâ¨ ¯®¤ëâ¥£à «ìëå äãªæ¨© á¢®¤¨«®áì ª¨â¥£à¨à®¢ ¨î   ¨â¥à¢ «¥ (0; T ) á ¤®¡ ¢«¥¨¥¬§ ç¥¨ï ¨â¥£à «    ¨â¥à¢ «¥ (T;+1), ¯®«ã-ç¥®£® ¯à¨ ¨á¯®«ì§®¢ ¨¨  á¨¬¯â®â¨ç¥áª¨å à §-«®¦¥¨© ¯® � ¯®¤ëâ¥£à «ìëå ¢ëà ¦¥¨©. �à¨íâ®¬ T ¯à¨¨¬ «®áì à ¢ë¬ 200.3.1. �¥à£¨ï�¤¨¬ ¨§ ªà¨â¥à¨¥¢ ¤®áâ®¢¥à®áâ¨ à¥è¥¨ï¡ë« ª®âà®«ì §  â®ç®áâìî ¢ë¯®«¥¨ï § ª® á®åà ¥¨ï í¥à£¨¨. �ã¬¬  í¥à£¨© ®âà ¦¥®-£® ¨ ¯à®è¥¤è¥£® ¯®«¥© à ¢  í¥à£¨¨ ¯ ¤ îé¥©¢®«ë. �¥à£¨ï ®âà ¦¥®£® ¯®«ï à ¢  áã¬¬¥í¥à£¨©, ¯¥à¥®á¨¬®© ª ¦¤®© à á¯à®áâà ïîé¥©-áï ¢®«®©, ª®â®à ï ¬®¦¥â áãé¥áâ¢®¢ âì   ¤ ®©ç áâ®â¥. �  ®¯à¥¤¥«ï¥âáï á®®â®è¥¨¥¬W = JXj=1Wj;Wj = jKjj2G2!ep21(�j)
(2)22 �(2)0(�j) (10)�¤¥áì J { ç¨á«® à á¯à®áâà ïîé¨åáï ¢®« ¢ ®âà -¦¥®¬ ¯®«¥; Kj { ª®íää¨æ¨¥â ¢®§¡ã¦¤¥¨ï j-®©®à¬ «ì®© ¢®«ë.�®íää¨æ¨¥âë Kj ¤«ï j-®© ®à¬ «ì®© ¢®«ë ¢®âà ¦¥®¬ ¯®«¥  å®¤¨«¨áì ¨§ á®®â®è¥¨ïK(¯à)j = Res�=�jx(2)(� ); (11)£¤¥ Res ®¡®§ ç îâ ¢ëç¥âë äãªæ¨¨ x(2)(� ) ¯à¨� =�j. �á¯®«ì§ãï § ç¥¨ï ¥¨§¢¥áâëå,  ©¤¥-ëå ¢ à ¬ª å ¬¥â®¤  áã¯¥à¯®§¨æ¨¨ á ãç¥â®¬ ®á®-¡¥®áâ¨ ¯®  ¯àï¦¥¨ï¬ ¢ ã£«®¢®© â®çª¥, § ¯¨-è¥¬ ¢¨¤ íâ¨å ª®íää¨æ¨¥â®¢:K®âj = 1�(2)0(�j) 1Xk=1�C(2)k (�2k + 
(2)20 )�� 2eq1�2j + eq21 +D(2)k �k 2eq22�2j + eq22�(�1)k++SK (�j)� 2i
(2)20 
(2)1�2j �
(2)21 !: (12)�¤¥áì SK(�j) ®¯à¥¤¥«ï¥âáï ª ªSK(�) = 2(
(2)21 �+ + 
(2)22 �+ coth��=2)
(2)21 � 
(2)22 ��R(�;K)� 4(�+ + �+ coth(��=2))
(2)21 � 
(2)22 ��Rt(�) + 2�+Rb(�); (13)28 �. �. �®à®¤¥æª ï



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 1. �. 23 { 35£¤¥R(�;K)=� 12�+1:5(� + 0:5)�(�+ 0:5)� kXk=1(�1)k J�+0:5(�k)��+0:5k ;Rt(�)= I�+0:5(ep1)2 sinh ep1ep��0:51 ��2� 
(2)222 �� I�+05(ep2)2 sinh ep2ep��0:52 �2�� kXk=1(�1)k J�+0:5(�k)���1:5k ��2�
(2)22 =2�2k+ep21 � �2�2k+ep22�� 12��1:52�(��0:5) 1p21��2�
(2)222 �� �2p22!�� I�+0:5(p1)2 sinh ep1ep�+1:51 ��2�
(2)222 ��
(2)21 + 
(2)41 +
(2)422(
(2)21 �
(2)22 )�+ I�+05(ep2)2 sinh ep2ep�+1:52 �2 
(2)41 +
(2)422(
(2)21 �
(2)22 )++ ��2�
(2)222 ��
(2)21 + 
(2)41 +
(2)422(
(2)21 �
(2)22 � 1ep21 � 
(2)41 +
(2)422(
(2)21 �
(2)22 ) �2ep22! 14(�+ 0:5)2�+0:5�(� + 0:5) ++ kXk=1(�1)k J�+0:5(�k)2��+0:5k  ��2�
(2)222 ��
(2)21 + 
(2)41 +
(2)422(
(2)21 �
(2)22 )� 1�2k + ep21� 
(2)41 +
(2)422(
(2)21 � 
(2)22 ) �2�2k + ep22!;Rb(�) = �2I�+05(p2)2 sinh ep2ep�+1:52 � �22ep22(�+ 0:5)2�+0:5�(�+ 0:5)� kXk=1(�1)k J�+0:5(�k)��+0:5k (�2k + ep22) :
(14)

�¥à£¨ï ¯à®è¥¤è¥£® ¯®«ï ®¯à¥¤¥«ï¥âáï   «®£¨ç-®. �«ï è¨à®ª®£® ¤¨ ¯ §®  ¨§¬¥¥¨ï ¯ à ¬¥-âà®¢ áà¥¤ë ¯à¨ ¯à¨ïâ®¬ ç¨á«¥ ¥¨§¢¥áâëå ¢ª®¥ç®© á¨áâ¥¬¥ § ª® á®åà ¥¨ï í¥à£¨¨ ¢ë-¯®«ï«áï á â®ç®áâìî ¤® 0.2% í¥à£¨¨ ¯ ¤ î-é¥© ¢®«ë. �«¥¤ã¥â ®â¬¥â¨âì, çâ® ãç¥â ®á®-¡¥®áâ¨ ¯®  ¯àï¦¥¨ï¬ ¯à ªâ¨ç¥áª¨ ¥ áª §ë-¢ «áï   â®ç®áâ¨ ¢ë¯®«¥¨ï § ª®  á®åà ¥¨ïí¥à£¨¨. �â® ®¡ãá«®¢«¥® â¥¬, çâ® ª®íää¨æ¨¥-âë ¢®§¡ã¦¤¥¨ï à á¯à®áâà ïîé¨åáï ¢®« ®¯à¥-¤¥«ïîâáï, ¢ ®á®¢®¬, ¯¥à¢ë¬¨ ª®íää¨æ¨¥â -¬¨ á¨áâ¥¬ë (5). �®íâ®¬ã   «¨§ í¥à£¥â¨ç¥áª¨å®á®¡¥®áâ¥© ¯à®æ¥áá  ®âà ¦¥¨ï { ¯à®å®¦¤¥¨ï®à¬ «ì®© ¢®«ë   £à ¨æ¥ á®áâ ¢®£® ¢®«®-¢®¤  ¬®¦¥â ¡ëâì ¯à®¢¥¤¥ ¤ ¦¥ ¯à¨ ¨á¯®«ì§®¢ -¨¨ ¬¥â®¤  ¯à®áâ®© à¥¤ãªæ¨¨ ¯® ®â®è¥¨î ª á¨-áâ¥¬¥ (5). � á¯à¥¤¥«¥¨¥ í¥à£¨¨ ¯ ¤ îé¥© ¢®«-
ë ¬¥¦¤ã ®âà ¦¥ë¬ ¨ ¯à®è¥¤è¨¬ ¯®«¥¬ ¤«ïª®ªà¥âëå ¯ à ¬¥âà®¢ ª®â ªâ¨àãîé¨å áà¥¤¡ã¤¥â ¯à¨¢¥¤¥® ¨¦¥.3.2. � ¯àï¦¥¨ï�é¥ ®¤¨¬ ªà¨â¥à¨¥¬  ¤¥ª¢ â®áâ¨ ¢ë¡à -®© à áç¥â®© áå¥¬ë ï¢«ï¥âáï ª®âà®«ì §  â®ç®-áâìî ¢ë¯®«¥¨ï ãá«®¢¨© á®¯àï¦¥¨ï. �«ï íâ®£®¥®¡å®¤¨¬®  ©â¨ § ç¥¨ï  ¯àï¦¥¨© ¨ á¬¥é¥-¨©   «¨¨¨ ª®â ªâ . � á¨«ã £à®¬®§¤ª®áâ¨ ¢ë-à ¦¥¨© ¤«ï  ¯àï¦¥¨© ¨ á¬¥é¥¨© ¨¦¥ ¯à¨-¢¥¤¥¬ â®«ìª® ¢ëà ¦¥¨¥ ¤«ï ®à¬ «ì®£®  ¯àï-¦¥¨ï ¢ ¯à®è¥¤è¥¬ ¯®«¥ ¯à¨ z=0. �® ¤®áâ â®ç-® ¯®«® ¨««îáâà¨àã¥â â¨¯ ä®à¬ã«, ¯® ª®â®àë¬á«¥¤ã¥â ¯à®¢®¤¨âì ¢ëç¨á«¥¨ï, ¨ á ãç¥â®¬  á¨¬-¯â®â¨ç¥áª®£® ¯®¢¥¤¥¨ï ¥¨§¢¥áâëå ¨¬¥¥â ¢¨¤�. �. �®à®¤¥æª ï 29
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(1)1 
(1)20 � TZ0 �z(�; y)�(1)(� )(�2 �
(1)21 )d� + i� JXj=1 �z(�j ; y)�(1)0(� )(�2j �
(1)21 )��� kXk=1C(1)k (�1)k� TZ0 �z(�; y)ek(� )�(1)(� ) d� + i� JXj=1 �z(�j ; y)ek(�j)�(1)0(� ) � �(�1)k �2k + q222 cos(�ky)�++ kXk=1D(1)k (�1)k� TZ0 �z(�; y)�k(� )�(1)(� ) d� + i� JXj=1 �z(�j ; y)�k(�j)�(1)0(� ) � �(�1)k�kq2 cos(�ky)���� TZ0 Sn(� )�z(�; y)�(1)(� ) d� + i� JXj=1 Sn(�j)�z(�j ; y)�(1)0(� ) �+� ��p��(�)2��0:5��� 1(1� y2)1�� � �(�)p�2�(�+ 0:5)�� 2�coth(��=2)���+ ��(1 + �)�p2� ��� �(1� �)(1� y)1����� (1 � y)24 �+ �(1� �)(1 + y)1���2y + �(1� y)1 + y � (1 � y)24 ��� (1 � �; (1� y)T )(1� y)1�� ��� (1� y)24 �� (1 � �; (1 + y)T )(1 + y)1�� �2y + �(1� y)1 + y � (1� y)24 ���2T 1�� exp�T cosh(Ty) + y sinh(Ty)1 + y !:
(15)

�¤¥áì �(x) { £ ¬¬ -äãªæ¨ï; (a; x) { ¥¯®« ï£ ¬¬ -äãªæ¨ï;�z(�; y) = p21�2p2 cosh p2ysinhp2 �� (�2 + p22)(�2 + 
(1)20 )2 p1 cosh p1ysinhp1 ;ek(� ) = 2q1�2k +
(1)20�2 + q21 ;�k(� ) = �k 2q21�2 + q22 :� «¨§ â®ç®áâ¨ ¢ë¯®«¥¨ï ãá«®¢¨© á®¯àï-¦¥¨ï ¯®§¢®«¨« ãáâ ®¢¨âì á«¥¤ãîé¨¥ § ª®®-¬¥à®áâ¨. � ¬¥  ¡¥áª®¥ç®© á¨áâ¥¬ë (5) ª®-¥ç®© ¯à¨¢®¤¨â ª ¢®§¨ª®¢¥¨î ¯®£à¥è®áâ¨ ¢¢ë¯®«¥¨¨ ãá«®¢¨© á®¯àï¦¥¨ï. �à¨ ¨á¯®«ì§®-¢ ¨¨ ®¯¨á ®£® ¢ëè¥  «£®à¨â¬  ãá¥ç¥¨ï á¨-áâ¥¬ë ¢¥«¨ç¨  ¯®£à¥è®áâ¨ ¢ë¯®«¥¨ï ãá«®¢¨©á®¯àï¦¥¨ï ¯® á¬¥é¥¨ï¬ uz, uy ¤«ï ¢á¥å à áá¬®-âà¥ëå á«ãç ¥¢ ¥ ¯à¥¢ëè «  4% ®â u(0)z (0; 0).�®£à¥è®áâì ¯® ª á â¥«ìë¬  ¯àï¦¥¨ï¬ ¥¯à¥¢ëè «  0.02% ®â �0=�(0)(0; 0) ¤«ï ¢á¥å jyj<1ªà®¬¥ ¬ «®© ®ªà¥áâ®áâ¨ ã£«®¢®© â®çª¨ ¨ ¯à ª-

â¨ç¥áª¨ ¥ § ¢¨á¥«  ®â ¯®ª § â¥«ï ®á®¡¥®áâ¨ ¢ã£«®¢®© â®çª¥.�«ï ®à¬ «ì®£®  ¯àï¦¥¨ï ¨ �z á¨âã æ¨ï¨ ï. �®ç®áâì ¢ë¯®«¥¨ï ãá«®¢¨© á®¯àï¦¥-¨ï § ç¨â¥«ì® ¯ ¤ ¥â ¢¡«¨§¨ ¬ «®© ®ªà¥áâ®-áâ¨ ã£«®¢®© â®çª¨ (y=�1, z=0). � ¯®¬¨¬,çâ® ¢¡«¨§¨ ¬ «®© ®ªà¥áâ®áâ¨ ã£«®¢®© â®çª¨ ®à-¬ «ì®¥  ¯àï¦¥¨¥ ®âà ¦¥®£® ¯®«ï ®¯à¥¤¥«ï-¥âáï ª ª �z(�1; z) = �+(1� y2)1�� +  +(y);  ¯à®è¥¤è¥£® { ª ª�z(�1; z) = ��(1� y2)1�� +  �(y):� ¦¥ á ¬ ï ¬ « ï ¢¥«¨ç¨  à §®áâ¨ �=�+���¢¡«¨§¨ ã£«  ¯à¨¢®¤¨â ª ¡¥áª®¥ç®© ¯®£à¥è®áâ¨�=(1�y2)1��. �®íâ®¬ã ¤ ¦¥ ¯à¨ ãç¥â¥  á¨¬¯â®-â¨ç¥áª¨å á¢®©áâ¢ ¥¨§¢¥áâëå, ª®â®àë¥ ®âà ¦ -îâ ¯®¢¥¤¥¨¥ ¢®«®¢ëå ¯®«¥© ¢¡«¨§¨ ã£«®¢ëå â®-ç¥ª, ¥¢®§¬®¦® ã¤®¢«¥â¢®à¨âì ãá«®¢¨ï á®¯àï¦¥-¨ï ¯®  ¯àï¦¥¨ï¬ ¢¡«¨§¨ ã£«  á § ¤ ®© â®ç-®áâìî. � â® ¦¥ ¢à¥¬ï, ¯à¨ ¯à®¢¥¤¥ëå à á-ç¥â å ¤«ï ¢á¥å jyj<0:98 ãá«®¢¨ï á®¯àï¦¥¨ï ¯®®à¬ «ìë¬  ¯àï¦¥¨ï ¢ë¯®«ï«¨áì á ¯®£à¥è-®áâìî ¤® 5% ®â �0.30 �. �. �®à®¤¥æª ï



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 1. �. 23 { 353.3. �¨á«¥ë©   «¨§� áá¬®âà¨¬ ®á®¡¥®áâ¨ ¯à®æ¥áá  ®âà ¦¥¨ï {¯à®å®¦¤¥¨ï ¯¥à¢®© ®à¬ «ì®© ¢®«ë ®â £à ¨-æë à §¤¥«  ¢ á®áâ ¢®¬ ¢®«®¢®¤¥ ¢ á«ãç ¥, ª®£¤ ¢ ®âà ¦¥®¬ ¯®«¥ à á¯à®áâà ïîé¨¥áï ¢®«ë¢ëáè¨å ¯®àï¤ª®¢ ¯®ï¢«ïîâáï à ìè¥ ç¥¬ ¢ ¯à®-è¥¤è¥¬. � ª ï á¨âã æ¨ï ¢®§¬®¦  ¯à¨ ãá«®¢¨¨�1(1��1)=�1(1�2�1)>�2(1��2)=�2(1�2�2). � -«¨§ ¯à®¢¥¬ ¤«ï ç áâ®â, ¬¥ìè¨å ç áâ®âë ¯¥à¢®£®â®«é¨®-á¤¢¨£®¢®£® à¥§® á  ¢ ®âà ¦¥®¬ ¯®-«¥: 
(2)2 ��.�®ªà¥âë¥ ¢ëç¨á«¥¨ï ¢ë¯®«¨¬ ¤«ï ¢®«®¢®-¤  á® á«¥¤ãîé¨¬¨ å à ªâ¥à¨áâ¨ª ¬¨: �2=�1=3:27,�2=�1=4:25, �2=0:29, �1=0:3. � íâ®¬ á«ãç ¥ ¢®§-¨ª ¥â ®á®¡¥®áâì ¯®  ¯àï¦¥¨ï¬ ¢ ã£«®¢®©â®çª¥, ¯à¨ç¥¬ ¥¥ ¯®ª § â¥«ì à ¢¥ �=0:911.�áâ ®¢¨¬áï ¢ ç «¥     «¨§¥ í¥à£¥â¨ç¥-áª¨å å à ªâ¥à¨áâ¨ª ¢®«®¢®£® ¯®«ï. �  à¨á. 2¯à¥¤áâ ¢«¥® à á¯à¥¤¥«¥¨¥ í¥à£¨¨ ¯ ¤ îé¥©¢®«ë ¢ ®âà ¦¥®¬ ¨ ¯à®è¥¤è¥¬ ¯®«ïå ¤«ï ¤ -®£® ¢®«®¢®¤ . �¯«®è ï ªà¨¢ ï á®®â¢¥âáâ¢ã¥âí¥à£¨¨ ¯à®è¥¤è¥£® ¯®«ï,   èâà¨å®¢ ï { ®âà ¦¥-®£®. �®çª ¬¨   ®á¨ E ®¡®§ ç¥ë (¢ ¯à®æ¥â-®¬ ®â®è¥¨¨) í¥à£¨¨ ®âà ¦¥®£® ¨ ¯à®è¥¤-è¥£® ¯®«¥©,  ©¤¥ë¥ ¯® ®¤®¬¥à®¬ã ¯à¨¡«¨-¦¥¨î. �¥à¥§ 
� ®¡®§ ç¥  ç áâ®â ,   ª®â®-à®© ¢ ®âà ¦¥®¬ ¯®«¥ ¯®ï¢«ïîâáï à á¯à®áâà -ïîé¨¥áï ¢®«ë ¢ëáè¨å ¯®àï¤ª®¢. � à áá¬ âà¨-¢ ¥¬®¬ ¤¨ ¯ §®¥ ç áâ®â ¢ ¯à®è¥¤è¥¬ ¯®«¥ à á-¯à®áâà ïîé¨¥áï ¢®«ë ¢ëáè¨å ¯®àï¤ª®¢ ¥é¥ ¥¯®ï¢«ïîâáï. �«ï ç áâ®â ¢¯«®âì ¤® 
(2)2 <2 à á¯à¥-¤¥«¥¨¥ í¥à£¨¨ ¬¥¦¤ã ®âà ¦¥®© ¨ ¯à®è¥¤è¥©¢®«®© ¤®áâ â®ç® å®à®è® ®¯¨áë¢ ¥âáï ¢ à ¬ª åáâ¥à¦¥¢®© ¬®¤¥«¨ ¨ ®¯à¥¤¥«ï¥âáï â®«ìª® á®®â®-è¥¨¥¬ ¨¬¯¥¤ á®¢ ª®â ªâ¨àãîé¨å áà¥¤ ¥á¬®-âàï   â®, çâ® ¯à¨ 
(2)2 =2 à á¯à¥¤¥«¥¨¥ ¯® â®«-é¨¥  ¯àï¦¥¨ï ¢ ¯ ¤ îé¥© ¢®«¥ ã¦¥ ¤ «¥ª®®â à ¢®¬¥à®£®: �(0)(1; z) ¢ ¤¢  à §  ®â«¨ç ¥â-áï ®â �(0)(0; z). �«ï ç áâ®â ¢ëè¥ 
(2)2 >2 á¨âã- æ¨ï à¥§ª® ¬¥ï¥âáï, å®âï ¢ ®âà ¦¥®¬ ¨ ¯à®-è¥¤è¥¬ ¯®«ïå ¯®-¯à¥¦¥¬ã áãé¥áâ¢ã¥â â®«ìª® ¯®®¤®© à á¯à®áâà ïîé¥©áï ¢®«¥. �¥à£¨ï ¯à®-è¥¤è¥£® ¯®«ï  ç¨ ¥â ã¢¥«¨ç¨¢ âìáï ¨   ç -áâ®â¥ 
2=2:55  ¡«î¤ ¥âáï ¬ ªá¨¬ã¬ ¯à®å®¦¤¥-¨ï. � ¯®¬¨¬, çâ® ¯à¨ § ç¥¨¨ ª®íää¨æ¨¥â �ã áá®  �=0:29 ¢ ¢®«®¢®¤¥ á® á¢®¡®¤ë¬ â®à-æ®¬   ç áâ®â¥ 
2=2:3  ¡«î¤ ¥âáï ªà ¥¢®© à¥-§® á, ®¡ãá«®¢«¥ë© § ç¨â¥«ìë¬ ¢®§¡ã¦¤¥¨-¥¬ ¥®¤®à®¤ëå ¢®«. �®âï ¥®¤®à®¤ë¥ ¢®«ëí¥à£¨¨ ¥ ¯¥à¥®áïâ, ¥áâ¥áâ¥® ¯à¥¤¯®«®¦¨âìá¢ï§ì  ¡«î¤ ¥¬®£® ¬ ªá¨¬ã¬  í¥à£¨¨ ¯à®è¥¤-è¥£® ¯®«ï á ¯®¢¥¤¥¨¥¬ ¥®¤®à®¤ëå ¢®«, ª®â®-

�¨á. 2. � ¢¨á¨¬®áâì í¥à£¨¨ ®â ç áâ®âë:á¯«®è ï { ¯à®è¥¤è¥¥ ¯®«¥,èâà¨å®¢ ï { ®âà ¦¥®¥ ¯®«¥àë¥ § ç¨â¥«ì® ¯¥à¥áâà ¨¢ îâ áâàãªâãàã ¢®«-®¢®£® ¯®«ï. �®¦® £®¢®à¨âì ®¡ ¨â¥à¥á®¬ ¢®«-®¢®¬ íää¥ªâ¥, å à ªâ¥à®¬ ¤«ï ã¯àã£¨å ¢®«®-¢®¤®¢: § ç¨â¥«ìë© ãà®¢¥ì ¥®¤®à®¤ëå ¢®«ã¢¥«¨ç¨¢ ¥â ¯à®§à ç®áâì ¯®¢¥àå®áâ¨ ª®â ªâ à §ëå ¬ â¥à¨ «®¢.�à¨ ¨§¬¥¥¨¨ ¯ à ¬¥âà®¢ ª®â ªâ¨àãîé¨åáà¥¤ ¢ ¤¨ ¯ §®¥, ¤«ï ª®â®à®£® ¢ ®âà ¦¥®¬¨ ¯à®è¥¤è¥¬ ¯®«ïå áãé¥áâ¢ã¥â ¯® ®¤®© ¢®«¥,ï¢«¥¨¥ ã¢¥«¨ç¥¨ï ¯à®§à ç®áâ¨ £à ¨æë à §-¤¥«  á®åà ï¥âáï, ®¤ ª® ¨§¬¥ï¥âáï íää¥ªâ¨¢-®áâì ¥£® ¯à®ï¢«¥¨ï. �â¥¯¥ì ã¢¥«¨ç¥¨ï ¯à®-§à ç®áâ¨ £à ¨æë § ¢¨á¨â ¥ â®«ìª® ®â á®®â®-è¥¨ï ¨¬¯¥¤ á®¢ ª®â ªâ¨àãîé¨å áà¥¤, ® ¨ ®â¤àã£¨å ¯ à ¬¥âà®¢ (á®®â®è¥¨ï ª®íää¨æ¨¥â®¢�ã áá® , ¯®ª § â¥«ï ®á®¡¥®áâ¨ ¢ ã£«®¢®© â®ç-ª¥ ¨ ¤à.) �®¯à®á ¨§¬¥¥¨ï íää¥ªâ¨¢®áâ¨ ¯à®-å®¦¤¥¨ï í¥à£¨¨ ¢® ¢â®àãî áà¥¤ã ¢ § ¢¨á¨¬®áâ¨®â á®®â®è¥¨ï ¬¥å ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ª®-â ªâ¨àãîé¨å áà¥¤ âà¥¡ã¥â ¤®¯®«¨â¥«ì®£®   -«¨§ .C«¥¤ã¥â ®â¬¥â¨âì ¥é¥ ®¤¨ å à ªâ¥àë© ç -áâ®âë© ¤¨ ¯ §® { 
��
(2)2 ��. � ç¨ ï á ç -áâ®âë 
�, ¢®§¨ª ¥â ï¢«¥¨¥ § å¢ â  í¥à£¨¨, ¯®¤ª®â®àë¬ ¯®¤à §ã¬¥¢ ¥âáï ã¢¥«¨ç¥¨¥ íää¥ªâ¨¢-®áâ¨ ®âà ¦¥¨ï ¢ ®¯à¥¤¥«¥®¬ ç áâ®â®¬ ¤¨ -¯ §®¥. �®  ¡«î¤ ¥âáï ¤«ï ®¡« áâ¨ ç áâ®â, ¤«ïª®â®à®© ¢ ®âà ¦¥®¬ ¯®«¥ áãé¥áâ¢ãîâ à á¯à®-áâà ïîé¨¥áï ¢®«ë ¢ëáè¨å ¯®àï¤ª®¢, ¨ á¢ï§ ®®® á ¯¥à¥à á¯à¥¤¥«¥¨¥¬ í¥à£¨¨ ¯ ¤ îé¥© ¢®«-ë ¬¥¦¤ã ®¤®© ¯à®è¥¤è¥© ¨ ¥áª®«ìª¨¬¨ ®âà -�. �. �®à®¤¥æª ï 31
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�¨á. 3. � ¢¨á¨¬®áâì ¬®¤ã«ï  ¬¯«¨âã¤ë®à¬ «ì®© ¢®«ë ®â ç áâ®âë:Kp { ¯à®è¥¤è¨¥ ¢®«ë, K® { ®âà ¦¥ë¥ ¢®«ë,á¯«®èë¥ { à á¯à®áâà ïîé¨¥áï ¢®«ë,èâà¨å®¢ë¥ { ¥®¤®à®¤ë¥ ¢®«ë¦¥ë¬¨ ¢®« ¬¨. � áâ®â  
(2)2 =
(2)ªà =2:89 ï¢«ï-¥âáï ç áâ®â®© â®«é¨®£® à¥§® á . �  íâ®© ç -áâ®â¥ ¨áç¥§ ¥â \®¡à â ï" ¢®« , ¨ ¢ ®âà ¦¥®¬¯®«¥ áãé¥áâ¢ã¥â â®«ìª® ¤¢¥ à á¯à®áâà ïîé¨¥áï¢®«ë. �¥à£¨ï ®âà ¦¥®£® ¯®«ï   ¤ ®© ç -áâ®â¥ ¬¨¨¬ «ì . � áâ®â ï § ¢¨á¨¬®áâì í¥à-£®¥¬ª®áâ¨ à á¯à®áâà ïîé¨åáï ¢®« ®âà ¦¥®-£® ¨ ¯à®è¥¤è¥£® ¯®«¥© ¢ ®¡« áâ¨ § å¢ â  í¥à£¨¨¯®¤à®¡® ¨§ãç¥  ¢ [12].�¥à¥¬áï ª ¨§ãç¥¨î ¢®«®¢ëå å à ªâ¥à¨áâ¨ª®âà ¦¥®£® ¨ ¯à®è¥¤è¥£® ¯®«¥©   ç áâ®â å2:0<
(2)2 <
�, ª®£¤  ¢ ®âà ¦¥®¬ ¯®«¥ áãé¥-áâ¢ã¥â â®«ìª® ®¤  à á¯à®áâà ïîé ïáï ¢®« ,  à á¯à¥¤¥«¥¨ï í¥à£¨¨ ¢ ®âà ¦¥®¬ ¨ ¯à®è¥¤-è¥¬ ¯®«ïå à¥§ª® ®â«¨ç îâáï ®â ¯à¥¤áª §ë¢ ¥¬ëåáâ¥à¦¥¢®© ¬®¤¥«ìî.�  à¨á. 3 ¯à¥¤áâ ¢«¥ë ç áâ®âë¥ § ¢¨á¨¬®áâ¨¬®¤ã«¥©  ¬¯«¨âã¤ ®à¬ «ìëå ¢®« ¢ ®âà ¦¥®¬(ªà¨¢ë¥Ko: á¯«®è ï { à á¯à®áâà ïîé ïáï ¢®«-  K®âà1 , èâà¨å®¢ ï { ¯¥à¢ ï ¥®¤®à®¤ ï ¢®« K®âàk ) ¨ ¢ ¯à®è¥¤è¥¬ ¯®«¥ (ªà¨¢ë¥ Kp: á¯«®è- ï { à á¯à®áâà ïîé ïáï ¢®«  K¯à1 , èâà¨å®-¢ ï { ¯¥à¢ ï ¥®¤®à®¤ ï ¢®«  K¯àk ). � ®¡« -áâ¨ ¨§ª¨å ç áâ®â ¥®¤®à®¤ë¥ ¢®«ë ª ª ¢ ®â-à ¦¥®¬, â ª ¨ ¢ ¯à®è¥¤è¥¬ ¯®«ïå ¢®§¡ã¦¤ îâ-áï á« ¡® ¨ ¯à®æ¥áá ®âà ¦¥¨ï { ¯à®å®¦¤¥¨ï ®à-¬ «ì®© ¢®«ë   £à ¨æ¥ à §¤¥«  ¢ á®áâ ¢®¬¢®«®¢®¤¥ ¬®¦¥â ¡ëâì ®¯¨á  ¢ à ¬ª å áâ¥à¦¥-¢®© ¬®¤¥«¨. � à®áâ®¬ ç áâ®âë ¢®§à áâ ¥â ¢«¨-ï¨¥ ¥®¤®à®¤ëå ¢®«. �â® ¯à¨¢®¤¨â ª â®¬ã,

çâ® áâ¥à¦¥¢ ï ¬®¤¥«ì áâ ®¢¨âáï ¥¯à ¢®¬®ç-®©. �¯«®âì ¤® ç áâ®âë 
�  ¬¯«¨âã¤  ¯¥à¢®©¥®¤®à®¤®© ¢®«ë ¢ ®âà ¦¥®¬ ¯®«¥ à áâ¥â.�  íâ®© ¦¥ ç áâ®â¥ ¢â®à ï ¥®¤®à®¤ ï ¢®« ¤®áâ¨£ ¥â á¢®¥£® ¬ ªá¨¬ «ì®£® § ç¥¨ï. �à¨íâ®¬  ¬¯«¨âã¤  ¯¥à¢®© ¥®¤®à®¤®© ¢®«ë ¯à¥-¢ëè ¥â  ¬¯«¨âã¤ã à á¯à®áâà ïîé¥©áï ¢®«ë ¢®âà ¦¥®© ¯®«¥ ¢ âà¨ à § . �¥®¤®à®¤ë¥ ¢®«-ë ¢ëáè¨å ¯®àï¤ª®¢ ¢®§¡ã¦¤ îâáï § ç¨â¥«ì®á« ¡¥¥ ¨ ¨å  ¬¯«¨âã¤ë ¥ ¯à¥¢ëè îâ  ¬¯«¨âã¤ãà á¯à®áâà ïîé¥©áï ¢®«ë.�ª § ë¥ ç¥àâë  ¡«î¤ ¥¬®£® ï¢«¥¨ï ¤¥« îâ¥£® áå®¤ë¬ á ªà ¥¢ë¬ à¥§® á®¬ [8]. �â¬¥â¨¬,®¤ ª®, çâ® à¥§® áë¥ ï¢«¥¨ï å à ªâ¥à¨§ãîâ-áï ¥ â®«ìª® à¥§ª¨¬ à®áâ®¬  ¬¯«¨âã¤, ® ¨ ¨§¬¥-¥¨¥¬ ä §®¢ëå å à ªâ¥à¨áâ¨ª ä¨§¨ç¥áª¨å ¢¥«¨-ç¨. �  ç áâ®â¥ ªà ¥¢®£® à¥§® á  (
(e)) ¢ ¯®«ã-¯®«®á¥ á® á¢®¡®¤ë¬ â®àæ®¬ ä §ë à á¯à®áâà ï-îé¥©áï ¢®«ë ¨ ¢á¥å ¥®¤®à®¤ëå ¢®« ¯à¨ ¯¥à¥-å®¤¥ ç¥à¥§ (
(e)) ¨§¬¥ï«¨ § ª. � ¤ ®¬ ¦¥ á«ã-ç ¥, ¯¥à¢ ï ¨ ¢â®à ï ¥®¤®à®¤ë¥ ¢®«ë ¢ ®âà -¦¥®¬ ¯®«¥ ¨§¬¥ïîâ § ª   ç áâ®â¥ 
(2)2 =2:66,â.¥. ¨¦¥ 
�. � §  à á¯à®áâà ïîé¥©áï ¢®«ë¢¡«¨§¨ ç áâ®âë 
� § ª ¥ ¬¥ï¥â. �à®¬¥ â®£®,§  áç¥â ¯à®å®¦¤¥¨ï í¥à£¨¨ ¢® ¢â®àãî áà¥¤ã  ¬-¯«¨âã¤  ¯¥à¢®© à á¯à®áâà ïîé¥©áï ®âà ¦¥®©¢®«ë ®ª §ë¢ ¥âáï ç áâ®â® § ¢¨á¨¬®©. �®íâ®-¬ã ¬ ªá¨¬ã¬ ®â®è¥¨ï ¬®¤ã«¥©  ¬¯«¨âã¤ ¯¥à¢®©¥®¤®à®¤®© ¢®«ë ª ¯¥à¢®© à á¯à®áâà ïîé¥©-áï ¢®«¥ ¢ ®âà ¦¥®¬ ¯®«¥ ®ª §ë¢ ¥âáï ¥áª®«ìª®¬¥ìè¨¬ 
� ¨  ¡«î¤ ¥âáï   ç áâ®â¥ 
(2)2 =2:55.�  à¨á. 4 ¯à¥¤áâ ¢«¥ë ç áâ®âë¥ § ¢¨á¨¬®-áâ¨ ¬®¤ã«ï ®â®è¥¨ï  ¬¯«¨âã¤ë ¯¥à¢®© ¥®¤®-à®¤®© ¢®«ë ª  ¬¯«¨âã¤¥ ¯¥à¢®© à á¯à®áâà ï-îé¥©áï ¢®«ë (á¯«®è ï ªà¨¢ ï { ¢ ¯à®è¥¤è¥¬¯®«¥, èâà¨å®¢ ï { ¢ ®âà ¦¥®¬). � «¨§¨àãï ¯®-¢¥¤¥¨¥ ®à¬ «ìëå ¢®« ¢ ¯à®è¥¤è¥¬ ¯®«¥, ®â¬¥-â¨¬, çâ® ¢ ç áâ®â®¬ ¨â¥à¢ «¥ 2:0<
(2)2 <
�  ¬-¯«¨âã¤  ¯¥à¢®© ¥®¤®à®¤®© ¢®«ë ¬¥ìè¥  ¬-¯«¨âã¤ë à á¯à®áâà ïîé¥©áï ¢®«ë. �¤ ª®  -ç¨ ï á ç áâ®âë 
(2)=2:35  ¬¯«¨âã¤  ¯¥à¢®© ¥-®¤®à®¤®© ¢®«ë ¢ ¯à®è¥¤è¥¬ ¯®«¥ ¯à¥¢ëè ¥â ¬¯«¨âã¤ë ª ª ¯¥à¢®© ¥®¤®à®¤®©, â ª ¨ à á-¯à®áâà ïîé¥©áï ¢®« ¢ ®âà ¦¥®¬ ¯®«¥. � -ª¨¬ ®¡à §®¬, § ç¨â¥«ì®¥ ¢®§¡ã¦¤¥¨¥ ¥®¤®-à®¤ëå ¢®« ¢ ®âà ¦¥®¬ ¨ ¯à®è¥¤è¥¬ ¯®«ïå ¢®¡« áâ¨ ç áâ®â,   ª®â®àëå ¢ ª ¦¤®© ¯®«ã¯®«®á¥áãé¥áâ¢ã¥â â®«ìª® ¯® ®¤®© à á¯à®áâà ïîé¥©áï¢®«¥, ¯à¨¢®¤¨â ª ¯¥à¥áâà®©ª¥ áâàãªâãàë ®¡é¥£®¢®«®¢®£® ¯®«ï.� ç¨â¥«ì®¥ ¢®§¡ã¦¤¥¨¥ ¥®¤®à®¤ëå ¢®«,¯®-¢¨¤¨¬®¬ã, ®¡ãá«®¢«¥® à áá®£« á®¢ ¨¥¬ ä®à-¬ë ¯ ¤ îé¥© ¢®«ë á ä®à¬ ¬¨ ¢®«, à á¯à®áâà -32 �. �. �®à®¤¥æª ï
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�¨á. 4. � ¢¨á¨¬®áâì ¬®¤ã«ï  ¬¯«¨âã¤ë¥®¤®à®¤®© ¢®«ë, ®à¬¨à®¢ ®©   ¬¯«¨âã¤ã à á¯à®áâà ïîé¥©áï:á¯«®è ï { ¯à®è¥¤è¥¥ ¯®«¥,èâà¨å®¢ ï { ®âà ¦¥®¥ ¯®«¥ïîé¨åáï ¢ ®âà ¦¥®¬ ¨ ¯à®è¥¤è¥¬ ¯®«ïå. �«ïâ®£®, çâ®¡ë ®å à ªâ¥à¨§®¢ âì áâ¥¯¥ì á®£« á®-¢ ®áâ¨ á¬¥é¥¨© ¢ ¯ ¤ îé¥© ¢®«¥ ¨   «¨¨¨ª®â ªâ  ¤¢ãå ¯®«ã¯®«®á á ãç¥â®¬ á¨«ì®© ç áâ®â-®© § ¢¨á¨¬®áâ¨ ä®à¬ë ¬®¤ ¢ ®âà ¦¥®¬ ¨ ¯à®-è¥¤è¥¬ ¯®«ïå, æ¥«¥á®®¡à §® ¢¢¥áâ¨ á«¥¤ãîé¨¥ª®íää¨æ¨¥âë ¤«ï £®à¨§®â «ì®© ¨ ¢¥àâ¨ª «ì-®© ª®¬¯®¥â á¬¥é¥¨ï á®®â¢¥âáâ¢¥®:�z = 1R0 u(¯à)z (�1; y)u(®â)z (�2; y)dys 1R0 u(®â)2z (�2; y)dys 1R0 u(¯à)2z (�2; y)dy ;�y = 1R0 u(¯à)y (�1; y)u(®â)y (�2; y)dys 1R0 u(®â)2y (�2; y)dys 1R0 u(¯à)2y (�2; y)dy :�¤¥áì �(1;2) { ¯¥à¢ë¥ ¤¥©áâ¢¨â¥«ìë¥ ª®à¨ ¤¨á-¯¥àá¨®®£® ãà ¢¥¨ï �í«¥ï {�í¬¡  ¤«ï ¯à®è¥¤-è¥£® ¨ ®âà ¦¥®£® ¯®«¥© á®®â¢¥âáâ¢¥®.�  à¨á. 5 ¯à¨¢¥¤¥ë ç áâ®âë¥ § ¢¨á¨¬®áâ¨ãª § ëå ¢¥á®¢ëå ª®íää¨æ¨¥â®¢. �¯«®è ïªà¨¢ ï á®®â¢¥âáâ¢ã¥â �z,   èâà¨å®¢ ï { �y. �§à¨áãª  ¢¨¤®, çâ® ¬ ªá¨¬ «ì ï áâ¥¯¥ì à áá®-£« á®¢ ®áâ¨ ¯® ®¡®¨¬ ª®¬¯®¥â ¬  ¡«î¤ ¥â-áï   ç áâ®â¥ 
(2)2 =2:55, ï¢«ïîé¥©áï ç áâ®â®©,  ª®â®à®© ¯à®å®¦¤¥¨¥ ¢® ¢â®àãî áà¥¤ã ¬ ªá¨-¬ «ì®. �®¢¥¤¥¨¥ ªà¨¢ëå   à¨á. 5  £«ï¤® ¨«-

�¨á. 5. � ¢¨á¨¬®áâì ª®íää¨æ¨¥â®¢,å à ªâ¥à¨§ãîé¨å áâ¥¯¥ì à áá®£« á®¢ ¨ï®à¬ «ìëå ¢®« ®â ç áâ®âë:á¯«®è ï { ¤«ï £®à¨§®â «ì®© ª®¬¯®¥âë á¬¥é¥¨ï,èâà¨å®¢ ï { ¤«ï ¢¥àâ¨ª «ì®© ª®¬¯®¥âë á¬¥é¥¨ï«îáâà¨àã¥â ®á®¡¥®áâ¨  ¡«î¤ ¥¬®£® ï¢«¥¨ï.�¥§ª®¥ à áá®£« á®¢ ¨¥ ä®à¬ ¯ ¤ îé¥© ¢®«ë ¨à á¯à®áâà ïîé¨åáï ¢®« ¢ ®âà ¦¥®¬ ¨ ¯à®-è¥¤è¥¬ ¯®«ïå   «¨¨¨ ª®â ªâ  ¤¢ãå ¯®«ã¯®«®á¤®«¦®, ª § «®áì ¡ë, ¯à¨¢®¤¨âì ª ã¬¥ìè¥¨îí¥à£¨¨ ¯à®è¥¤è¥© ¢®«ë ¢ ®ªà¥áâ®áâ¨ ç áâ®âë
(2)2 =2:55. � ¤¥©áâ¢¨â¥«ì®áâ¨ ¦¥ §¤¥áì  ¡«î-¤ ¥âáï ¬ ªá¨¬ «ì ï ¯à®§à ç®áâì áâëª . � ª¨¬®¡à §®¬, § ç¨â¥«ì®¥ à áá®£« á®¢ ¨¥ ä®à¬ á¬¥-é¥¨© ¢ ¯ ¤ îé¥© ¢®«¥ ¨ á¬¥é¥¨©, ®¡ãá«®¢«¥-ëå â®«ìª® à á¯à®áâà ïîé¨¬¨áï ¢®« ¬¨ ¢ ®â-à ¦¥®¬ ¨ ¯à®è¥¤è¥¬ ¯®«ïå, ¢ë§ë¢ ¥â á¨«ì®¥¢®§¡ã¦¤¥¨¥ ¥®¤®à®¤ëå ¢®«. � ª á«¥¤áâ¢¨¥,áâàãªâãà  ¢®«®¢®£® ¯®«ï § ç¨â¥«ì® ¨§¬¥ï¥â-áï. �â®, ¢ á¢®î ®ç¥à¥¤ì, ¯®à®¦¤ ¥â ¥®¦¨¤ ë¥,  ¯¥à¢ë© ¢§£«ï¤, ®á®¡¥®áâ¨ ¯à®æ¥áá  ®âà ¦¥-¨ï {¯à®å®¦¤¥¨ï ¢®«   £à ¨æ¥ à §¤¥«  ¤¢ãåáà¥¤.� á¢ï§¨ á® § ç¨â¥«ìë¬ ¢®§¡ã¦¤¥¨¥¬ ¥®¤-®à®¤ëå ¢®« ¨â¥à¥á® ¯à®á«¥¤¨âì §  ¯®¢¥¤¥-¨¥¬ ¬¥å ¨ç¥áª¨å  ¯àï¦¥¨©   £à ¨æ¥ à §-¤¥« . �  à¨á. 6 ¯à¥¤áâ ¢«¥  ç áâ®â ï § ¢¨á¨-¬®áâì ®à¬ «ì®£®  ¯àï¦¥¨ï ¢ â®çª¥ (0; 0), ®à-¬¨à®¢ ®£® ª  ¯àï¦¥¨î ¢ ¯ ¤ îé¥© ¢®«¥ �0.�  ç áâ®â¥ ¬¨¨¬ã¬  í¥à£¨¨ ®âà ¦¥®£® ¯®-«ï 
(2)2 =2:55 ®à¬¨à®¢ ®¥  ¯àï¦¥¨¥   «¨¨¨ª®â ªâ  ¤®áâ¨£ ¥â ¬ ªá¨¬ «ì®© ¢¥«¨ç¨ë, â.¥.§¤¥áì ®â«¨ç¨¥ ¬¥¦¤ã  ¯àï¦¥¨¥¬ ¢ ¯ ¤ îé¥©¢®«¥ ¨  ¯àï¦¥¨ï¬   £à ¨æ¥ à §¤¥«  ï¢«ï¥âáï ¨¡®«ìè¨¬. � ª®¥ ¯®¢¥¤¥¨¥  ¯àï¦¥¨ï   £à -�. �. �®à®¤¥æª ï 33
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�¨á. 6. � áâ®â ï § ¢¨á¨¬®áâì ®à¬ «ì®£® ¯àï¦¥¨ï   áà¥¤¨®© ¯«®áª®áâ¨,®à¬¨à®¢ ®£®    ¯àï¦¥¨¥¢ ¯ ¤ îé¥© ¢®«¥¨æ¥ à §¤¥«  ¢ ®¡« áâ¨ ç áâ®â, ¤«ï ª®â®à®© ¢ ®â-à ¦¥®¬ ¨ ¯à®è¥¤è¥¬ ¯®«ïå áãé¥áâ¢ã¥â «¨èì ¯®®¤®© à á¯à®áâà ïîé¥©áï ¢®«¥, ¬®¦® ®¡êïá-¨âì â®«ìª® § ç¨â¥«ìë¬ ¢®§¡ã¦¤¥¨¥¬ ¥®¤®-à®¤ëå ¢®«. �â¬¥â¨¬, çâ® ¢ ¤ ®¬ á«ãç ¥ ä®à-¬  ç áâ®â®© § ¢¨á¨¬®áâ¨  ¯àï¦¥¨ï   «¨¨¨ª®â ªâ  ¤¢ãå ¯®«ã¯®«®á ¯®¢â®àï¥â ç áâ®âãî § -¢¨á¨¬®áâì í¥à£¨¨ ¯à®è¥¤è¥£® ¯®«ï. � à áá¬ -âà¨¢ ¥¬®© ç áâ®â®© ®¡« áâ¨ à á¯à¥¤¥«¥¨¥  -¯àï¦¥¨ï ¢ ¯ ¤ îé¥© ¢®«¥ ¯® ¢ëá®â¥ ¢®«®¢®-¤  ¥à ¢®¬¥à®. �®íâ®¬ã à áá¬®âà¨¬ ¨§¬¥¥-¨¥ à á¯à¥¤¥«¥¨ï ¬®¤ã«ï ®à¬ «ì®£®  ¯àï¦¥-¨ï   ¯®¢¥àå®áâ¨ ª®â ªâ  ¤«ï à §ëå ç áâ®â.� ª ï § ¢¨á¨¬®áâì ¤«ï ®à¬ «ìëå  ¯àï¦¥¨©¯à¥¤áâ ¢«¥    à¨á. 7. � ¯àï¦¥¨¥ ®à¬¨à®¢ ®  �0. �à¨¢ ï 1 á®®â¢¥âáâ¢ã¥â ç áâ®â¥ 
(2)2 =2:35,ªà¨¢ ï 2 { 
(2)2 =2:55,   ªà¨¢ ï 3 { 
(2)2 =2:65. �§à¨áãª  ¢¨¤®, çâ® á à®áâ®¬ ç áâ®âë áãé¥áâ¢¥-® ¨§¬¥ï¥âáï à á¯à¥¤¥«¥¨¥  ¯àï¦¥¨©   «¨-¨¨ ª®â ªâ . �®íâ®¬ã ç áâ®â ï § ¢¨á¨¬®áâì ¯àï¦¥¨© ¢ à §«¨çëå â®çª å   £à ¨æ¥ à §-¤¥«  ¡ã¤¥â ®â«¨ç âìáï ¥ â®«ìª® ª®«¨ç¥áâ¢¥®,® ¨ ª ç¥áâ¢¥®.� ®¡« áâ¨ ç áâ®â, ¤«ï ª®â®à®© ¢ ®¡®¨å ¯®«ã-¯®«®á å áãé¥áâ¢ã¥â â®«ìª® ®¤  à á¯à®áâà ïî-é ïáï ¢®« ,   à á¯à¥¤¥«¥¨¥  ¯àï¦¥¨ï ¢ ¯ ¤ -îé¥© ¢®«¥ ¯® â®«é¨¥ ¢®«®¢®¤  ¥à ¢®¬¥à®(2:0<
(2)2 <
�), ®â®á¨â¥«ìëå ¬ ªá¨¬ã¬®¢  -¯àï¦¥¨ï   «¨¨¨ ª®â ªâ  ã¦¥ ¤¢  {   áà¥-¤¨®© ¯«®áª®áâ¨ (z=0, y=0) ¨ ¢ ã£«®¢ëå â®çª å

�¨á. 7. � á¯à¥¤¥«¥¨¥ ®à¬ «ì®£® ¯àï¦¥¨ï, ®à¬¨à®¢ ®£®    ¯àï¦¥¨¥¢ ¯ ¤ îé¥© ¢®«¥, ¯® ¢ëá®â¥ ¢®«®¢®¤ :1 { 
(2)2 =2:35, 2 { 
(2)2 =2:55, 3 { 
(2)2 =2:65(z=0, y=�1). �à¨ áãé¥áâ¢®¢ ¨¨ ®á®¡¥®áâ¨ ¯® ¯àï¦¥¨ï¬ ¢ ã£«¥ ®  ¤«ï ¢á¥å ç áâ®â «®ª «¨§®-¢   ¢ ®ç¥ì ¬ «®© ®¡« áâ¨ ¢¡«¨§¨ ã£«®¢®© â®ç-ª¨. �à®¬¥ â®£®,   «¨¨¨ ª®â ªâ  áãé¥áâ¢ã¥â®¤¨ ®â®á¨â¥«ìë© ¬¨¨¬ã¬  ¯àï¦¥¨©, ª®â®-àë© á¬¥é ¥âáï ¯® â®«é¨¥ ¢®«®¢®¤  ¢  ¯à ¢«¥-¨¨ áà¥¤¨®© ¯«®áª®áâ¨.����������� à ¡®â¥ ¢ è¨à®ª®¬ ¤¨ ¯ §®¥ ç áâ®â ¨§ãç¥ëá¢®©áâ¢  ¢®«®¢®£® ¯®«ï ¢ á®áâ ¢®¬ ã¯àã£®¬ ¢®«-®¢®¤¥, ®¡à §®¢ ®¬ ¯à¨ ¦¥áâª®¬ ª®â ªâ¥ ¤¢ãå¯®«ã¯®«®á ®¤¨ ª®¢®© è¨à¨ë, ® á à §ë¬¨ ¬¥-å ¨ç¥áª¨¬¨ å à ªâ¥à¨áâ¨ª ¬¨.�á®¢®© ¯®áâà®¥¨ï  «£®à¨â¬  ¢ëç¨á«¥¨©ï¢«ï«áï ¬¥â®¤ áã¯¥à¯®§¨æ¨¨, ¯à¨¬¥¥ë© ª à¥-è¥¨î £à ¨çëå § ¤ ç á ª®¥çë¬¨ £à ¨æ ¬¨¯à¨  «¨ç¨¨ ¢ ¢®«®¢®¬ ¯®«¥ «®ª «ìëå ®á®¡¥-®áâ¥©. � ¨á¯®«ì§®¢ ¨¥¬ § ç¥¨© ¥¨§¢¥áâëå, ©¤¥ëå ¬¥â®¤®¬ áã¯¥à¯®§¨æ¨¨, ®¯à¥¤¥«¥ë ª®-íää¨æ¨¥âë ¢®§¡ã¦¤¥¨ï ®à¬ «ìëå ¢®« ¢ ®â-à ¦¥®¬ ¨ ¯à®è¥¤è¥¬ ¯®«ïå. �â® ¯®§¢®«¨«® ®æ¥-¨âì íää¥ªâ¨¢®áâì ¢®§¡ã¦¤¥¨ï ¥®¤®à®¤ëå¢®« ª ª ¢ ®âà ¦¥®¬, â ª ¨ ¢ ¯à®è¥¤è¥¬ ¯®«ïå.�ë«® ãáâ ®¢«¥®, çâ® § ç¨â¥«ì®¥ ¢®§¡ã¦¤¥¨¥¥®¤®à®¤ëå ¢®« ¢ ®¡« áâ¨ ç áâ®â, £¤¥ ¢ ®âà -¦¥®¬ ¨ ¯à®è¥¤è¥¬ ¯®«ïå áãé¥áâ¢ã¥â â®«ìª® ¯®®¤®© à á¯à®áâà ïîé¥©áï ¢®«¥, ¯à¨¢®¤¨â ª ã¢¥-«¨ç¥¨î íää¥ªâ¨¢®áâ¨ ¯à®å®¦¤¥¨ï í¥à£¨¨ ¢®34 �. �. �®à®¤¥æª ï
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