
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 17 { 25��� 534.121+539.3������������� ������� �������� ������� ������� ������� � ��������� ����������. �. �����������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 19.09.2000 � �¥à¥á¬®âà¥­® 10.02.2001�  ®á­®¢¥ ¬¥â®¤  áã¯¥à¯®§¨æ¨¨ ¯à®¢®¤¨âáï à áç¥â âà ­áä®à¬ æ¨¨ í­¥à£¨¨ ¯¥à¢®© ­®à¬ «ì­®© ¢®«­ë ­  £à ­¨æ¥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¨. � ®¡« áâ¨ ç áâ®â, ¢ ª®â®à®© ¢ ®¡¥¨å ¯®«ã¯®«®á å áãé¥áâ¢ã¥â â®«ìª® ¯® ®¤­®© à á-¯à®áâà ­ïîé¥©áï ¢®«­¥ ¢ ®âà ¦¥­­®¬ ¨ ¯à®è¥¤è¥¬ ¯®«ïå, ­ ¡«î¤ ¥âáï ï¢«¥­¨¥ à¥§ª®£® ã¢¥«¨ç¥­¨ï ¯à®§à ç­®áâ¨£à ­¨æë,   ¢ ¡®«¥¥ ¢ëá®ª®ç áâ®â­®© ®¡« áâ¨ ï¢«¥­¨¥ à¥§ª®£® ã¢¥«¨ç¥­¨ï ®âà ¦ îé¨å á¢®©áâ¢ £à ­¨æë (§ å¢ âí­¥à£¨¨). �¡  ï¢«¥­¨ï ¬®£ãâ ¡ëâì ª ç¥áâ¢¥­­® ¨áá«¥¤®¢ ­ë, ¥á«¨ ¯ ¤ îéãî ¢®«­ã ¯à¥¤áâ ¢¨âì ç¥à¥§ áã¯¥à¯®§¨-æ¨î P- ¨ SV-¢®«­ ¨ ¯à® ­ «¨§¨à®¢ âì ®á®¡¥­­®áâ¨ ¯à®å®¦¤¥­¨ï{®âà ¦¥­¨ï ¢®«­ ­  £à ­¨æ¥ à §¤¥«  ¤¢ãå ¯®«ã-¯à®áâà ­áâ¢. �¢«¥­¨¥ ã¢¥«¨ç¥­¨ï ¯à®§à ç­®áâ¨ £à ­¨æë á¢ï§ ­® á ®á®¡¥­­®áâï¬¨ ¯¥à¥¤ ç¨ í­¥à£¨¨ ¢® ¢â®àãîáà¥¤ã SV-¢®«­ ¬¨. � å¢ â í­¥à£¨¨ ®¡ãá«®¢«¥­ ¯¥à¥áâà®©ª®© ¢®«­®¢®£® ¯®«ï ¢¡«¨§¨ ç áâ®â, ­  ª®â®àëå ­  £à ­¨æ¥à §¤¥«  ¯®ï¢«ï¥âáï à á¯à®áâà ­ïîé ïáï P-¢®«­ . � áâ®â , ­  ª®â®à®© ­ ¡«î¤ ¥âáï § å¢ â í­¥à£¨¨, ¬®¦¥â ¡ëâìá¬¥é¥­  ¢ ¡®«¥¥ ­¨§ª®ç áâ®â­ãî ®¡« áâì §  áç¥â ¨§¬¥­¥­¨ï ¤¨á¯¥àá¨®­­ëå å à ªâ¥à¨áâ¨ª à á¯à®áâà ­ïîé¨åáï ¢®âà ¦¥­­®¬ ¨ ¯à®è¥¤è¥¬ ¯®«ïå ¢®«­.�  ¡ §÷ ¬¥â®¤ã áã¯¥à¯®§¨æ÷© ¯à®¢®¤¨âìáï à®§à åã­®ª âà ­áä®à¬ æ÷ù ¥­¥à£÷ù ¯¥àè®ù ­®à¬ «ì­®ù å¢¨«÷ ­  ¬¥¦÷à®§¤÷«ã ¢ å¢¨«¥¯à®¢®¤÷, ãâ¢®à¥­­®¬ã ¦®àáâª¨¬ ª®­â ª®¬ ¤¢®å ­ ¯÷¢á¬ã£ ®¤­ ª®¢®ù è¨à¨­¨,  «¥ § à÷§­¨¬¨ ¬¥-å ­÷ç­¨¬¨ ¢« áâ¨¢®áâï¬¨. � ®¡« áâ÷ ç áâ®â, ­  ïª¨å ¢ ®¡®å ­ ¯÷¢á¬ã£ å ¬®¦¥ ÷á­ã¢ â¨ â÷«ìª¨ ®¤­  å¢¨«ï, é®à®§¯®¢áî¤¦ãõâìáï, á¯®áâ¥à÷£ îâìáï ï¢¨é  §­ ç­®£® ¯÷¤¢¨é¥­­ï ¯à®§®à®áâ÷ ¬¥¦÷,   ­  ¡÷«ìè ¢¨á®ª¨å ç áâ®â åï¢¨é¥ §¡÷«ìè¥­­ï ¢÷¤¡¨â®ù ¥­¥à£÷ù (§ å¢ â ¥­¥à£÷ù). �¡¨¤¢  ï¢¨é  ¬®¦ãâì ¡ãâ¨ ¯®ïá­¥­÷, ïªé® à®§£«ï­ãâ¨ ¯ ¤ -îçã å¢¨«î ïª áã¯¥à¯®§¨æ÷î P- â  SV-å¢¨«ì â  ¯à® ­ «÷§ã¢ â¨ ®á®¡«¨¢®áâ÷ ¯¥à¥¤ ç¨ ¥­¥à£÷ù ¢ ¤àã£¥ á¥à¥¤®¢¨é¥ ­ ¬¥¦÷ ¤¢®å ­ ¯÷¢¯à®áâ®à÷¢. �¢¨é¥ §¡÷«ìè¥­­ï ¯à®§®à®áâ÷ ¬¥¦÷ ®¡ã¬®¢«¥­¥ ®á®¡«¨¢®áâï¬¨ ¯¥à¥¤ ç÷ ¥­¥à£÷ù ¢ ¤àã£¥á¥à¥¤®¢¨é¥ SV-å¢¨«ï¬¨. � å¢ â ¥­¥à£÷ù ®¡ã¬®¢«¥­¨© ¯¥à¥¡ã¤®¢®î å¢¨«ì®¢®£® ¯®«ï ¢ ®ª®«÷ ç áâ®â¨, ­  ïª÷© ­  ¬¥¦÷à®§¤÷«ã ¤¢®å á¥à¥¤®¢¨é §'ï¢«ïõâìáï P-å¢¨«ï, é® à®§¯®¢áî¤¦ãõâìáï. � áâ®â , ­  ïª÷© á¯®áâ¥à÷£ õâìáï § å¢ â ¥­¥à-£÷ù, ¬®¦¥ ¡ãâ¨ §¬÷é¥­  ¢ ®¡« áâ÷ ¡÷«ìè ­¨§ìª¨å ç áâ®â §  à åã­®ª §¬÷­¨ ¤¨á¯¥àá÷©­¨å å à ªâ¥à¨áâ¨ª å¢¨«ì, é®à®§¯®¢áî¤¦ãîâìáï ¢ à®§á÷ï­®¬ã ¯®«÷.On the basis of a method of a superposition the calculation of a transformation energy of the �rst normal wave is carriedout for the waveguide formed by a strong contact of the two halfstrips of identical width, but di�erent elastic properties.The phenomenon of a sharp increasing boundary clarity and the phenomenon of a sharp increasing re
ected propertiesof the boundary (energy trapping) in more high-frequence area are observed in a range of frequencies where there areone re
ected propagating wave and one transmitted propagating wave. Both those phenomena can be qualitativelyanalysed if the falling wave is presented as the superposition of P- and SV-waves. Then the features of the re
ectedand transmitted waves on the boundary of the two half-spaces can be analysed. The phenomenon of a sharp increasingboundary clarity is caused by the feature of the energy transmitted to the second half-space by SV-wave. The energytrapping is caused by reorganization of wave �eld in the vicinity of frequencies on which the propagating P-wave occurs onthe boundary. Frequency where the energy trapping is found can be displaced in a lower area if the dispersion propertiesof the propagating waves are changed.���������­â¥à¥á ª § ¤ ç ¬ ¤¨äà ªæ¨¨ ¢®«­ ¢ ­¥à¥£ã-«ïà­ëå ¢®«­®¢®¤ å ¢®§­¨ª ¤®áâ â®ç­® ¤ ¢­®, ®¤-­ ª® ¤® ­ áâ®ïé¥£® ¢à¥¬¥­¨  ­ «¨§ã ä¨§¨ç¥áª¨å á¯¥ªâ®¢ ä®à¬¨à®¢ ­¨ï ¢®«­®¢®£® ¯®«ï ã¤¥«ï«®áìáà ¢­¨â¥«ì­® ¬ «® ¢­¨¬ ­¨ï. �â® ®¡ãá«®¢«¥­®, ¢ç áâ­®áâ¨, âàã¤­®áâï¬¨, ¢®§­¨ª îé¨¬¨ ¯à¨ à á-ç¥â¥ ­ ¯àï¦¥­­®-¤¥ä®à¬¨à®¢ ­­®£® á®áâ®ï­¨ï ¢®ªà¥áâ­®áâ¨ ã£«®¢®© â®çª¨ ­  £à ­¨æ¥ à §¤¥« ¤¢ãå ¯®«ã¯®«®á. �§¢¥áâ­®, çâ® ¢ â®çª å á¬¥­ëâ¨¯  £à ­¨ç­ëå ãá«®¢¨© ¢®§¬®¦­® áãé¥áâ¢®¢ ­¨¥«®ª «ì­ëå ®á®¡¥­­®áâ¥© ¯® ­ ¯àï¦¥­¨ï¬ [1{3].� íâ®¬ á«ãç ¥ àï¤ë, ¯à¥¤áâ ¢«ïîé¨¥ ­ ¯àï¦¥­¨¥ç¥à¥§ ­®à¬ «ì­ë¥ ¢®«­ë, à áå®¤ïâáï ­  ª®­¥ç­®¬¨­â¥à¢ «¥, ¤«¨­  ª®â®à®£® ®¯à¥¤¥«ï¥âáï áâ¥¯¥­ìîá¨­£ã«ïà­®áâ¨ ¯®«ï ­ ¯àï¦¥­¨©.� ¡®â  [4] ¡ë«  ®¤­®© ¨§ ¯¥à¢ëå, ¢ ª®â®à®©
¢ â®ç­®© ¯®áâ ­®¢ª¥ à áá¬ âà¨¢ « áì § ¤ ç  ®à á¯à®áâà ­¥­¨¨ ¢®«­ ¢ ¯à®¤®«ì­®-­¥®¤­®à®¤­®¬¢®«­®¢®¤¥ á ®¤­®© £à ­¨æ¥© à §¤¥«  á¢®©áâ¢ áà¥¤.� ­¥© £à ­¨ç­ ï § ¤ ç  à¥è « áì ¢ à ¬ª å ¬¥â®-¤  ®¤­®à®¤­ëå à¥è¥­¨© á ¨á¯®«ì§®¢ ­¨¥¬ ¢ à¨- æ¨®­­®£® ¯à¨­æ¨¯ . �à¨ íâ®¬  ­ «¨§ ¢®«­®¢ëå¯®«¥© ¢ íâ®© à ¡®â¥ ­¥ ¯à®¢®¤¨«áï, ®¤­ ª® ®â¬¥ç -«¨áì âàã¤­®áâ¨, ¢®§­¨ª îé¨¥ ¯à¨ ã¤®¢«¥â¢®à¥­¨¨ãá«®¢¨© á®¯àï¦¥­¨ï.� æ¥«®¬, ¢ à áá¬ âà¨¢ ¥¬®© § ¤ ç¥ ¨¬¥îâáï ¤¢  á¯¥ªâ . � ®¤­®© áâ®à®­ë, ¢®§­¨ª ¥â ­¥®¡å®¤¨-¬®áâì ¢ à §à ¡®âª¥ ¬¥â®¤  à¥è¥­¨ï £à ­¨ç­®© § -¤ ç¨, ª®â®àë© ¡ë« ¡ë á¯®á®¡¥­  ¤¥ª¢ â­® ®¯¨áë-¢ âì ­ «¨ç¨¥ «®ª «ì­ëå ®á®¡¥­­®áâ¥© ¯® ­ ¯àï-¦¥­¨ï¬. � ¤àã£®©, ¤«ï ¯®­¨¬ ­¨ï ä¨§¨ç¥áª®©®á­®¢ë ­ ¡«î¤ ¥¬ëå ï¢«¥­¨© ¢ ¦¥­  ­ «¨§ áâàãª-âãàë ¤¨äà £¨à®¢ ­­®£® ¯®«ï ¨ à®«¨ ®â¤¥«ì­ëå¢®«­®¢ëå ª®¬¯®­¥­â ¢ ¥£® ä®à¬¨à®¢ ­¨¨.c
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ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 17 { 25� §­ë¬¨ ¨áá«¥¤®¢ â¥«ï¬¨ £à ­¨ç­ ï § ¤ ç  ¤«ïá®áâ ¢­®£® ¢®«­®¢®¤  à áá¬ âà¨¢ « áì ª ª ¢ à ¬-ª å ¬¥â®¤  ®¤­®à®¤­ëå à¥è¥­¨©, â ª ¨ ¬¥â®¤®¬áã¯¥à¯®§¨æ¨¨. � à ¬ª å ¬¥â®¤  ®¤­®à®¤­ëå à¥-è¥­¨© ¢ á«ãç ¥ ­ «¨ç¨ï ®á®¡¥­­®áâ¨ ¯® ­ ¯àï¦¥-­¨ï¬ ¢ ã£«®¢®© â®çª¥ àï¤ë ¤«ï ­ ¯àï¦¥­¨© ï¢«ï-îâáï ­¥®¤­®à®¤­ë¬¨ ¯® ¤«¨­¥ ¢®«­®¢®¤  ¨ à áå®-¤ïâáï ­  ®âà¥§ª¥ hj1�2�e�j�y�h (h { ¢ëá®â  ¢®«-­®¢®¤ , e� { ¯®ª § â¥«ì ®á®¡¥­­®áâ¨) [5,6].� à ¡®â å [7 { 9] ã«ãçè¥­¨¥ áå®¤¨¬®áâ¨ àï¤®¢¤«ï ­ ¯àï¦¥­¨© ­  íâ®¬ ¨­â¥à¢ «¥ ¤®áâ¨£ «®áì§  áç¥â ¯à¨¬¥­¥­¨ï ®¡®¡é¥­­ëå ¬¥â®¤®¢ 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¨ [10]. � [11] íâ®â ¬¥â®¤ ¡ë« ®¡®¡é¥­ ­  ¢®«-­®¢®¤ë à §­®© ¢ëá®âë ¨ á ­ «¨ç¨¥¬ ¢¥àâ¨ª «ì-­ëå ¤¥ä¥ªâ®¢. � [12] 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¥. � [13] â ª¦¥ à á-á¬ âà¨¢ « áì £à ­¨ç­ ï § ¤ ç  ¤«ï ¦¥áâª®£® ª®­-â ªâ  ¤¢ãå ¯®«ã¯®«®á. � íâ®© à ¡®â¥ ¯à¨¬¥­ï«-áï ¬¥â®¤, ®á­®¢ ­­ë© ­  ¨á¯®«ì§®¢ ­¨¨ à¥è¥­¨©¢á¯®¬®£ â¥«ì­ëå £à ­¨ç­ëå § ¤ ç ¤«ï ¨§®«¨à®-¢ ­­ëå ¯®«ã¯®«®á á § ¤ ­­ë¬¨ £à ­¨ç­ë¬¨ ãá«®-¢¨ï¬¨. �â®â ¬¥â®¤ ¯®§¢®«ï¥â ãç¨âë¢ âì ®á®¡¥­-­®áâì ¯® ­ ¯àï¦¥­¨ï¬ ¢ ã£«®¢ëå â®çª å ­  «¨­¨¨ª®­â ªâ . � [14] ­  ®á­®¢¥ ¨á¯®«ì§®¢ ­¨ï ãá«®-¢¨ï ®¡®¡é¥­­®© ®àâ®£®­ «ì­®áâ¨ ¡ë«® ¯à¥¤«®¦¥-­® ®¡®¡é¥­¨¥ ¬¥â®¤®¢ ¢ë¤¥«¥­¨ï ®á®¡¥­­®áâ¥© ­ á«ãç © á®áâ ¢­ëå ¢®«­®¢®¤®¢. �¥â®¤ áã¯¥à¯®§¨-æ¨¨ ¤«ï à¥è¥­¨ï £à ­¨ç­ëå § ¤ ç ¤«ï á®áâ ¢­®-£® ¢®«­®¢®¤  ¡ë« à §¢¨â ¢ à ¡®â å [15, 16]. �­¯®§¢®«ï¥â ãç¥áâì «®ª «ì­ãî ®á®¡¥­­®áâì ¯® ­ -¯àï¦¥­¨ï¬ ¢ ã£«®¢®© â®çª¥ ç¥à¥§  á¨¬¯â®â¨ªã ­¥-¨§¢¥áâ­ëå ¨ ¨§¡¥¦ âì âàã¤­®áâ¥©, ¢®§­¨ª îé¨å¯à¨ ä®à¬¨à®¢ ­¨¨ ¢ëç¨á«¨â¥«ì­ëå  «£®à¨â¬®¢,á¢ï§ ­­ëå á «®ª «ì­ë¬ ­ àãè¥­¨¥¬ áå®¤¨¬®áâ¨àï¤®¢ ¯® ®¤­®à®¤­ë¬ à¥è¥­¨ï¬.�­ ç¨â¥«ì­® ¬¥­ìè¥ ¢­¨¬ ­¨ï ã¤¥«ï«®áì  ­ -«¨§ã ä¨§¨ç¥áª¨å  á¯¥ªâ®¢ à áá¬ âà¨¢ ¥¬®© § -¤ ç¨. �à¨  ­ «¨§¥ í­¥à£¥â¨ç¥áª¨å ®á®¡¥­­®áâ¥©¯à®æ¥áá  ®âà ¦¥­¨ï {¯à®å®¦¤¥­¨ï ¢®«­ ­  £à ­¨-æ¥ à §¤¥«  ¢ á®áâ ¢­®¬ ¢®«­®¢®¤¥ ¡ë«® ®¡­ àã-¦¥­® à¥§ª®¥ ã¢¥«¨ç¥­¨¥ íää¥ªâ¨¢­®áâ¨ ®âà ¦¥-­¨ï ­  ®¯à¥¤¥«¥­­ëå ç áâ®â å. �ää¥ªâ à¥§ª®-£® ¯ ¤¥­¨ï ¯à®§à ç­®áâ¨ £à ­¨æë à §¤¥«  ¢ ¢®«-­®¢®¤¥ (¨ ã¢¥«¨ç¥­¨ï íää¥ªâ¨¢­®áâ¨ ®âà ¦¥­¨ï®â ­¥¥ ¢ ®¯à¥¤¥«¥­­®¬ ç áâ®â­®¬ ¤¨ ¯ §®­¥) ®¡ã-á« ¢«¨¢ ¥â ¢®§­¨ª­®¢¥­¨¥ â ª ­ §ë¢ ¥¬®£® § å¢ -â  í­¥à£¨¨ ¢ ­¥®¤­®à®¤­ëå ª®«¥¡ â¥«ì­ëå á¨áâ¥-¬ å. �¯¥à¢ë¥ § å¢ â í­¥à£¨¨ ­ ¡«î¤ «áï íªá-

¯¥à¨¬¥­â «ì­® ¯à¨ ¨§ãç¥­¨¨ ª®«¥¡ ­¨© ¯ì¥§®ª¥-à ¬¨ç¥áª®© ¯« áâ¨­ë, ç áâì ¯®¢¥àå­®áâ¨ ª®â®-à®© ¯®ªàëâ  í«¥ªâà®¤ ¬¨ [17]. �¬¥­­® §  áç¥âà §«¨ç¨© ¬¥å ­¨ç¥áª¨å á¢®©áâ¢ ¯ì¥§®ª¥à ¬¨ª¨ ¢í«¥ªâà®¤¨à®¢ ­­®© ¨ ­¥í«¥ªâà®¤¨à®¢ ­­®© ®¡« -áâ¨ ä®à¬¨àã¥âáï «®ª «¨§®¢ ­­ ï ®¡« áâì ¨­â¥­-á¨¢­ëå ª®«¥¡ ­¨© ¢ ¯ì¥§®ã¯àã£®¬ â¥«¥. �á®¡¥­-­®áâì ¤¨­ ¬¨ç¥áª®£® ¤¥ä®à¬¨à®¢ ­¨ï ¯ì¥§®ª¥à -¬¨ç¥áª®© ¯« áâ¨­ë, ®¯à¥¤¥«¥­­ ï ª ª § å¢ â í­¥à-£¨¨, ¯à®ï¢«ï« áì ¢ â®¬, çâ® ­  ®¯à¥¤¥«¥­­ëå ç -áâ®â å ¢®§¡ã¦¤¥­¨ï í«¥ªâà®¤¨à®¢ ­­®£® ãç áâª ¯« áâ¨­ë ®¡« áâì ¨­â¥­á¨¢­ëå ª®«¥¡ ­¨© ¯à ª-â¨ç¥áª¨ á®¢¯ ¤ «  á ®¡« áâìî, ¯®ªàëâ®© í«¥ª-âà®¤ ¬¨,   ª®«¥¡ ­¨ï á®á¥¤­¨å, ­¥í«¥ªâà®¤¨à®¢ ­-­ëå ãç áâª®¢ ¨¬¥«¨ áãé¥áâ¢¥­­® ¡®«¥¥ ­¨§ªãî  ¬-¯«¨âã¤ã. �­ «¨§ § å¢ â  í­¥à£¨¨  ¢â®àë à ¡®-âë [17] ®á­®¢ë¢ «¨ ­  ¨§ãç¥­¨¨ ¯à®æ¥áá  ®âà -¦¥­¨ï {¯à®å®¦¤¥­¨ï ¢®«­ ­  £à ­¨æ¥ à §¤¥«  á®-áâëª®¢ ­­ëå ¯®«ã¯®«®á á à §­ë¬¨ ¬¥å ­¨ç¥áª¨¬¨á¢®©áâ¢ ¬¨. �ää¥ªâ®¬ í«¥ªâà®¬¥å ­¨ç¥áª®© á¢ï-§¨ ¯à¨ íâ®¬ ¯à¥­¥¡à¥£ «¨.�¢«¥­¨¥ § å¢ â  í­¥à£¨¨ ¢ [18],   ¢¯®á«¥¤áâ¢¨¨¢ [7, 8], á¢ï§ë¢ «®áì á ¯¥à¥à á¯à¥¤¥«¥­¨¥¬ í­¥à-£¨¨ ¯ ¤ îé¥© ¢®«­ë ¬¥¦¤ã ®¤­®© ¯à®è¥¤è¥© ¨­¥áª®«ìª¨¬¨ ®âà ¦¥­­ë¬¨ à á¯à®áâà ­ïîé¨¬¨-áï ¢®«­ ¬¨. �à¨ íâ®¬ ¢ ®âà ¦¥­­®¬ ¯®«¥ ­ ¨-¡®«¥¥ í­¥à£®¥¬ª®© ®ª §ë¢ ¥âáï \®¡à â­ ï" ¢®«­ .� [12{14,19] § å¢ â í­¥à£¨¨ ®¡êïá­ï«áï ¢®§­¨ª­®-¢¥­¨¥¬ í­¥à£¥â¨ç¥áª¨å ¢¨åà¥©, ª®â®àë¥ \¯¥à¥£®-à ¦¨¢ îâ" ¢®«­®¢®¤. � íâ¨å à ¡®â å â ª¦¥ ®â-¬¥ç «®áì, çâ® í­¥à£¥â¨ç¥áª¨¥ ¢¨åà¨ ¢®§­¨ª îâ ­ ç áâ®â å, ¡«¨§ª¨å ª ç áâ®â ¬ § ¯¨à ­¨ï ¢®«­®-¢®¤ . �® ¢á¥å ®â¬¥ç¥­­ëå à ¡®â å  ­ «¨§ íää¥ª-â¨¢­®áâ¨ ®âà ¦¥­¨ï ®â £à ­¨æë à §¤¥«  ¢ § ¢¨-á¨¬®áâ¨ ®â ¯ à ¬¥âà®¢ ª®­â ªâ¨àãîé¨å áà¥¤ ­¥¯à®¢®¤¨«áï.� [7,8,18] ãª §ë¢ «®áì ­  §­ ç¨â¥«ì­®¥ ã¢¥«¨ç¥-­¨¥  ¬¯«¨âã¤ ­¥®¤­®à®¤­ëå ¢®«­ ¢ â®¬ ¤¨ ¯ §®-­¥ ç áâ®â, ª®£¤  ¢ ®¡¥¨å ¯®«ã¯®«®á å áãé¥áâ¢ã-¥â â®«ìª® ¯® ®¤­®© à á¯à®áâà ­ïîé¥©áï ¢®«­¥.� [7, 16] ¡ë« ãáâ ­®¢«¥­ ¥é¥ ®¤¨­ íää¥ªâ { à¥§-ª®¥ ã¢¥«¨ç¥­¨¥ ¯à®§à ç­®áâ¨ áâëª  ¢ ¤¨ ¯ §®­¥ç áâ®â, ª®£¤  ¢ ®âà ¦¥­­®¬ ¨ ¯à®è¥¤è¥¬ ¯®«ïåáãé¥áâ¢ã¥â â®«ìª® ¯® ®¤­®© à á¯à®áâà ­ïîé¥©áï¢®«­¥. � ¤ ­­ëå à ¡®â å ¯à¨¢¥¤¥­ë ª®«¨ç¥áâ¢¥­-­ë¥ ¤ ­­ë¥, å à ªâ¥à¨§ãîé¨¥ íâ® ï¢«¥­¨¥.�­ ç¨â¥«ì­ ï § ¢¨á¨¬®áâì í­¥à£¨© ®âà ¦¥­­®-£® ¨ ¯à®è¥¤è¨å ¯®«¥© ®â ç áâ®âë ¢ ¤¨ ¯ §®­¥ ç -áâ®â, ¤«ï ª®â®à®£® áãé¥áâ¢ãîâ â®«ìª® ®¤­  ®â-à ¦¥­­ ï ¨ ®¤­  ¯à®è¥¤è ï à á¯à®áâà ­ïîé¨¥-áï ¢®«­ë, á¢ï§ë¢ « áì á á¨«ì­ë¬ ¢®§¡ã¦¤¥­¨¥¬­¥®¤­®à®¤­ëå ¢®«­. � [16] â ª¦¥ ¡ë«® ®â¬¥ç¥­®,çâ® §­ ç¨â¥«ì­®¥ ¢®§¡ã¦¤¥­¨¥ ­¥®¤­®à®¤­ëå ¢®«­­ ¡«î¤ ¥âáï ­  ç áâ®â å, £¤¥ à áá®£« á®¢ ­­®áâì18 �. �. �®à®¤¥æª ï



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 17 { 25ä®à¬ë á¬¥é¥­¨ï, ®¡ãá«®¢«¥­­®£® à á¯à®áâà ­ïî-é¨¬¨áï ¢®«­ ¬¨ ¢ ®âà ¦¥­­®¬ ¨ ¯à®è¥¤è¥¬ ¯®-«ïå, ¬ ªá¨¬ «ì­ .� ¤ ­­®© à ¡®â¥ ®á®¡¥­­®áâ¨ ä®à¬¨à®¢ ­¨ï¢®«­®¢ëå ¯®«¥© ­  £à ­¨æ¥ ª®­â ªâ  ¢ § ¢¨á¨-¬®áâ¨ ®â ç áâ®âë ¢ á®áâ ¢­®¬ ¢®«­®¢®¤¥ á¢ï-§ë¢ îâáï á® á¯¥æ¨ä¨ª®© ¯à®æ¥áá  ®âà ¦¥­¨ï {¯à®å®¦¤¥­¨ï ã¯àã£¨å ¢®«­ ­  £à ­¨æ¥ à §¤¥« ¤¢ãå ¯®«ã¯à®áâà ­áâ¢. �®ª § ­®, çâ® ï¢«¥­¨¥ã¢¥«¨ç¥­¨ï ¯à®§à ç­®áâ¨ £à ­¨æë ¢ á®áâ ¢­®¬¢®«­®¢®¤¥ ¬®¦¥â ¡ëâì ®¡êïá­¥­® ®á®¡¥­­®áâï-¬¨ ®âà ¦¥­¨ï { ¯à®å®¦¤¥­¨ï SV-¢®«­ ­  £à ­¨æ¥¤¢ãå ¯®«ã¯à®áâà ­áâ¢, ¥á«¨ ¯à¥¤áâ ¢¨âì ¯ ¤ î-éãî ¢®«­ã ª ª áã¯¥à¯®§¨æ¨î SV- ¨ P-¢®«­. �á¢®î ®ç¥à¥¤ì, ï¢«¥­¨¥ § å¢ â  í­¥à£¨¨ ®¡ãá«®¢«¥-­® §­ ç¨â¥«ì­®© ¯¥à¥áâà®©ª®© áâàãªâãàë ¢®«­®-¢®£® ¯®«ï ¢ ®¡« áâ¨ ªà¨â¨ç¥áª¨å (¤«ï P-¢®«­ë)ã£«®¢. �à®¬¥ â®£®, ãáâ ­®¢«¥­®, çâ® §  áç¥â ¨§-¬¥­¥­¨ï ¤¨á¯¥àá¨®­­ëå á¢®©áâ¢ à á¯à®áâà ­ïî-é¨åáï ¢®«­, ®¡ãá«®¢«¥­­ëå ¨§¬¥­¥­¨¥¬ ¬¥å ­¨ç¥-áª¨å å à ªâ¥à¨áâ¨ª ª®­â ªâ¨àãîé¨å áà¥¤, ï¢«¥-­¨¥ § å¢ â  í­¥à£¨¨ ã¤ ¥âáï á¬¥áâ¨âì ¢ ¤¨ ¯ §®­ç áâ®â, ¢ ª®â®à®¬ ¨ ¢ ®âà ¦¥­­®¬, ¨ ¢ ¯à®è¥¤è¥¬¯®«ïå áãé¥áâ¢ã¥â â®«ìª® ¯® ®¤­®© à á¯à®áâà ­ï-îé¥©áï ¢®«­¥.1. ���������� ������� áá¬ âà¨¢ ¥âáï áâ æ¨®­ à­®¥ ¢®«­®¢®¥ ¯®«¥ ¢ã¯àã£®¬ ¢®«­®¢®¤¥, ®¡à §®¢ ­­®¬ ¦¥áâª¨¬ á®¥¤¨-­¥­¨¥¬ ¤¢ãå ã¯àã£¨å ¯®«ã¯®«®á ®¤¨­ ª®¢®© ¢ë-á®âë 2h, ­® á à §­ë¬¨ ¬¥å ­¨ç¥áª¨¬¨ å à ªâ¥-à¨áâ¨ª ¬¨ (à¨á. 1). �®«­®¢®¥ ¯®«¥ ¢®§¡ã¦¤ ¥â-áï ¯¥à¢®© ­®à¬ «ì­®© ¢®«­®© u(0), ¯à¨å®¤ïé¥© ¨§¡¥áª®­¥ç­®áâ¨ ¢ ¯à ¢®© ¯®«ã¯®«®á¥. � ¤ îé¥©¢®«­¥ á®®â¢¥âáâ¢ã¥â ¨­¤¥ªá 0. �­¤¥ªáë 1 ¨ 2 ®â-­®áïâáï ª «¥¢®© ¨ ¯à ¢®© ¯®«ã¯®«®á ¬ á®®â¢¥â-áâ¢¥­­®. �¢®©áâ¢  ¨§®âà®¯­ëå áà¥¤ å à ªâ¥à¨-§ãîâáï ¬®¤ã«ï¬¨ á¤¢¨£  �1, �2, ª®íää¨æ¨¥­â -¬¨ �ã áá®­  �1, �2 ¨ ¯«®â­®áâï¬¨ �1, �2. �®-¢¥àå­®áâ¨ Y =�h á¢®¡®¤­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)

�¨á. 1. �¥®¬¥âà¨ï § ¤ ç¨� ¤ ­­®© ¯®áâ ­®¢ª¥ âà¥¡ã¥âáï ­ ©â¨ ¢¥ªâ®à á¬¥-é¥­¨© u=fuy(y; z); uz(y; z)g, ã¤®¢«¥â¢®àïîé¨©®¤­®à®¤­®© á¨áâ¥¬¥ ãà ¢­¥­¨© � ¬¥ á § ¤ ­­ë¬£à ­¨ç­ë¬ ãá«®¢¨ï¬ ¨ ãá«®¢¨ï¬ á®¯àï¦¥­¨ï (1).�®¯®«­¨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 ­ï-îé ïáï ­®à¬ «ì­ ï ¢®«­  ¢ ¯à®è¥¤è¥¬ ¨ ®âà -¦¥­­®¬ ¯®«¥ ã­®á¨â í­¥à£¨î ®â £à ­¨æë à §¤¥« ­  ¡¥áª®­¥ç­®áâì.2. ����� �������� ¤ ­­®© áâ âì¥ ¨á¯®«ì§®¢ «áï ¬¥â®¤ áã¯¥à¯®-§¨æ¨¨, ª®â®àë© ¯à¨¬¥­¨â¥«ì­® ª ¯®áâ ¢«¥­­®©£à ­¨ç­®© § ¤ ç¥ ¯®¤à®¡­® ®¯¨á ­ ¢ [16].�«¥¤ãï ®¡é¥© áå¥¬¥ ¬¥â®¤  áã¯¥à¯®§¨æ¨¨, ª®¬-¯®­¥­âë ¢¥ªâ®à  á¬¥é¥­¨© ¢ ¯à®è¥¤è¥¬ ¯®«¥(z<0) ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥u(1)y == 1Xk=1�C(1)k �keq(1)1 z�D(1)k q(1)2 eq(1)2 z� 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 q(1)1 eq(1)1 z�D(1)k �keq(1)2 z� cos �ky�� i2� 1Z�1 x(1)(� )U (1)z (�; y)e�i�zd� (2)á ­¥¨§¢¥áâ­ë¬¨ ¯®áâ®ï­­ë¬¨ C(1)0 , C(1)k , D(1)k(k=1; 2; : : :) ¨ äã­ªæ¨¥© x(1)(� ). �¥è¥­¨¥ ¤«ï ¢â®-à®© ¯®«ã¯®«®áë (z>0),  ­ «®£¨ç­® [15], ¯®«ãç ¥¬�. �. �®à®¤¥æª ï 19
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�¨á. 2. � ¢¨á¨¬®áâì í­¥à£¨¨ ®â ç áâ®âë¯à¨ �1=0:3, �2=0:29:á¯«®è­ ï { ¯à®è¥¤è¥¥ ¯®«¥,èâà¨å®¢ ï { ®âà ¦¥­­®¥ ¯®«¥¨§ á®®â­®è¥­¨© (2) ¯ãâ¥¬ § ¬¥­ë á®®â¢¥âáâ¢¥­­®�y; z; u(1)y ; u(1)z ; C(1)0 ; C(1)k ; D(1)k ; x(� )(1)�­ �y; �z; u(2)y ; �u(2)z ; C(2)0 ; C(2)k ; �B(2)k ; x(� )(2)�:�à®¬¥ â®£®, ­¥®¡å®¤¨¬® ãç¥áâì, çâ® 
(i)1 =!h=c(i)(l)¨ 
(i)2 =!h=c(i)(s), £¤¥ c(i)(l) ¨ c(i)(s) { áª®à®áâ¨ ¯à®¤®«ì-­®© ¨ ¯®¯¥à¥ç­®© ¢®«­ ¢ i-®© ¯®«ã¯®«®á¥. �¤¥áì ¨¤ «¥¥ ¢á¥ äã­ªæ¨®­ «ì­ë¥ ®¡®§­ ç¥­¨ï á®¢¯ ¤ îâá ®¡®§­ ç¥­¨ï¬¨, ¯à¨¬¥­ï¢è¨¬¨áï ¢ [16].�ë¯®«­¥­¨¥ £à ­¨ç­ëå ãá«®¢¨© ­  ¯®¢¥àå­®-áâïå y=�1 ¨ ãá«®¢¨© á®¯àï¦¥­¨ï (1) ¯à¨¢®¤¨âª á¨áâ¥¬¥ ¨­â¥£à®- «£¥¡à ¨ç¥áª¨å ãà ¢­¥­¨© ®â-­®á¨â¥«ì­® ­¥¨§¢¥áâ­ëå C(i)0 , C(i)k , D(i)k , x(i)(� )(i; k = 1; 2; : : :), ª®â®à ï ¯à¨¢¥¤¥­  ¢ [16]. �«£®-à¨â¬ à¥è¥­¨ï íâ®© á¨áâ¥¬ë ¨  ­ «¨§  á¨¬¯â®â¨-ç¥áª¨å á¢®©áâ¢ ­¥¨§¢¥áâ­ëå ¢ á®®â¢¥âáâ¢¨¨ á å -à ªâ¥à®¬ «®ª «ì­®© ®á®¡¥­­®áâ¨ ¯® ­ ¯àï¦¥­¨ï¬¢ ã£«®¢®© â®çª¥ ¯à¨¢¥¤¥­ ¢ [16]. �®íâ®¬ã §¤¥áì ­¥â­¥®¡å®¤¨¬®áâ¨ ¯®¤à®¡­® ®áâ ­ ¢«¨¢ âìáï ­  ­¨å.3. ������� ����������� � ���-������� ������¥à¥©¤¥¬ ª  ­ «¨§ã ç¨á«¥­­ëå à¥§ã«ìâ â®¢.� áá¬®âà¨¬ âà ­áä®à¬ æ¨î í­¥à£¨¨ ¯ ¤ îé¥©¢®«­ë ¢ ®âà ¦¥­­ë¥ ¨ ¯à®è¥¤è¨¥ ¢®«­ë. �à¥¤-­¨© §  ¯¥à¨®¤ ¯®â®ª ¬®é­®áâ¨ ¢ ®âà ¦¥­­®¬ ¯®«¥

à ¢¥­ áã¬¬¥ ¯®â®ª®¢, ¯¥à¥­®á¨¬ëå ª ¦¤®© à á-¯à®áâà ­ïîé¥©áï ¢®«­®©, ª®â®à ï ¬®¦¥â áãé¥-áâ¢®¢ âì ­  ¤ ­­®© ç áâ®â¥. �­ ®¯à¥¤¥«ï¥âáï á®-®â­®è¥­¨ï¬¨ E= JXj=1Ej;Ej=�2!jKj j2
(2)2 (�(2)2j �
(2)21 )�0(2)(�j)2 ;�(�)=(2�2�
2)2�1cth�1�4�2�21�2cth�2: (3)�¤¥áì �j = 8><>: q�2 � 
2j ; j�j � 
j;�iq
2j � �2; j�j < 
j; (4)J { ª®«¨ç¥áâ¢® à á¯à®áâà ­ïîé¨åáï ¢®«­ ¢ ®âà -¦¥­­®¬ ¯®«¥; Kj { ª®íää¨æ¨¥­â ¢®§¡ã¦¤¥­¨ï j-®©­®à¬ «ì­®© ¢®«­ë; �j { ¯®áâ®ï­­ ï à á¯à®áâà ­¥-­¨ï j-®© ­®à¬ «ì­®© ¢®«­ë.�®íää¨æ¨¥­âë Kj ¤«ï j-®© ­®à¬ «ì­®© ¢®«­ë ¢®âà ¦¥­­®¬ ¯®«¥ ®¯à¥¤¥«ïîâáï ª ª ¢ëç¥âë äã­ª-æ¨¨ x(2)(� ) ¯à¨ � =�j:K(¯à)j = Res�=�j x(2)(� ): (5)� áá¬®âà¨¬ ®á®¡¥­­®áâ¨ ¯à®æ¥áá  ®âà ¦¥­¨ï {¯à®å®¦¤¥­¨ï ¯¥à¢®© ­®à¬ «ì­®© ¢®«­ë ®â £à ­¨-æë à §¤¥«  ¢ á®áâ ¢­®¬ ¢®«­®¢®¤¥ ¤«ï á«ãç ï, 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  ¢ ®â-à ¦¥­­®¬ ¯®«¥: 
(2)2 ��. �®­ªà¥â­ë¥ ¢ëç¨á«¥-­¨ï ¢ë¯®«­¨¬ ¤«ï ¢®«­®¢®¤  á å à ªâ¥à¨áâ¨ª -¬¨ �2=�1=6:54, �2=�1=8:50, �2=0:29, �1=0:3. �íâ®¬ á«ãç ¥ ¢®§­¨ª ¥â áâ¥¯¥­­ ï ®á®¡¥­­®áâì ¯®­ ¯àï¦¥­¨ï¬ ¢ ã£«®¢®© â®çª¥, ¨¬¥îé ï ¯®ª § -â¥«ì 1��=0:123. �â­®è¥­¨¥ ¨¬¯¥¤ ­á®¢ ª®­â ª-â¨àãîé¨å áà¥¤ ¡ã¤¥â Z21=Z(s)2 =Z(s)1 =7:46. �¤¥áìZ(s)i =�ic(i)(s) { ¨¬¯¥¤ ­á ¯® ¯®¯¥à¥ç­®© ¢®«­¥ ¢ i-®©áà¥¤¥.�­ ç «¥ à áá¬®âà¨¬ í­¥à£¥â¨ç¥áª¨¥ å à ªâ¥à¨-áâ¨ª¨ ¢®«­®¢®£® ¯®«ï. �  à¨á. 2 ¯à¥¤áâ ¢«¥­  ç -áâ®â­ ï § ¢¨á¨¬®áâì âà ­áä®à¬ æ¨¨ í­¥à£¨¨ ¯ -¤ îé¥© ¢®«­ë ¢ ®âà ¦¥­­ë¥ ¨ ¯à®è¥¤è¨¥ à á¯à®-áâà ­ïîé¨¥áï ¢®«­ë. �¯«®è­ ï ªà¨¢ ï á®®â¢¥â-áâ¢ã¥â í­¥à£¨¨ ¯à®è¥¤è¥£® ¯®«ï,   èâà¨å®¢ ï {20 �. �. �®à®¤¥æª ï



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 17 { 25®âà ¦¥­­®£®. � àª¥à ¬¨ ­  ®á¨ E ®¡®§­ ç¥­ëí­¥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 ¢ëá-è¨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 å áâ¥à¦­¥¢®© ¬®¤¥«¨¨ ®¯à¥¤¥«ï¥âáï â®«ìª® á®®â­®è¥­¨¥¬ ¨¬¯¥¤ ­á®¢ª®­â ªâ¨àãîé¨å áà¥¤. �«ï ç áâ®â ¢ëè¥ 
(2)2 >2á¨âã æ¨ï ¨§¬¥­ï¥âáï, å®âï ¢ ®âà ¦¥­­®¬ ¨ ¯à®-è¥¤è¥¬ ¯®«ïå, ¯®-¯à¥¦­¥¬ã, áãé¥áâ¢ã¥â â®«ìª®¯® ®¤­®© à á¯à®áâà ­ïîé¥©áï ¢®«­¥. �¤¥áì í­¥à-£¨ï ¯à®è¥¤è¥£® ¯®«ï ­ ç¨­ ¥â ã¢¥«¨ç¨¢ âìáï ¨ ­ ç áâ®â¥ 
(2)2 =2:45 ­ ¡«î¤ ¥âáï ¬ ªá¨¬ã¬ ¯à®å®-¦¤¥­¨ï. �  íâ®© ç áâ®â¥ í­¥à£¨ï ¯à®è¥¤è¥£® ¯®-«ï ã¢¥«¨ç¨¢ ¥âáï ¢ 2.1 à § ®â­®á¨â¥«ì­® í­¥à£¨¨¯à®è¥¤è¥£® ¯®«ï ¢ ­¨§ª®ç áâ®â­®¬ ¤¨ ¯ §®­¥.�à¨ ¤ «ì­¥©è¥¬ à®áâ¥ ç áâ®âë ¢ âà ­áä®à¬ -æ¨¨ í­¥à£¨¨ ¯ ¤ îé¥© ¢®«­ë ­ ¡«î¤ ¥âáï á«¥¤ã-îé ï å à ªâ¥à­ ï ®á®¡¥­­®áâì. �­¥à£¨ï ¯à®è¥¤-è¥£® ¯®«ï ã¬¥­ìè ¥âáï ¨ ¯à¨ ¯®ï¢«¥­¨¨ ¢ ®âà -¦¥­­®¬ ¯®«¥ à á¯à®áâà ­ïîé¨åáï ¢®«­ ¢ëáè¨å¯®àï¤ª®¢ ­ ¡«î¤ ¥âáï ¬ ªá¨¬ã¬ ®âà ¦¥­¨ï. �¤ ­­®¬ á«ãç ¥ íâ® ¯à®¨áå®¤¨â ­  ç áâ®â¥ 
�. �«ïà áá¬ âà¨¢ ¥¬®© ¯ àë ¬ â¥à¨ «®¢ ¢¡«¨§¨ ç áâ®-âë 
� ­ ¡«î¤ ¥âáï ïàª® ¢ëà ¦¥­­ë© § å¢ â í­¥à-£¨¨. �¤¥áì í­¥à£¨ï ¢® ¢â®àãî áà¥¤ã ¯à ªâ¨ç¥áª¨­¥ ¯à®å®¤¨â.�«ï ª ç¥áâ¢¥­­®£® ®¡êïá­¥­¨ï ­ ¡«î¤ ¥¬ëå®á®¡¥­­®áâ¥© ¯à®æ¥áá  ®âà ¦¥­¨ï {¯à®å®¦¤¥­¨ï­®à¬ «ì­ëå ¢®«­ ­  £à ­¨æ¥ à §¤¥«  áà¥¤ á®áâ ¢-­®£® ¢®«­®¢®¤  ¢ ®¡« áâ¨ ç áâ®â, ¤«ï ª®â®à®© áã-é¥áâ¢ãîâ â®«ìª® ¯® ®¤­®© à á¯à®áâà ­ïîé¥©áï®âà ¦¥­­®© ¨ ¯à®è¥¤è¥© ¢®«­¥, à áá¬®âà¨¬ ¯ -¤ îéãî ¢®«­ã ª ª áã¯¥à¯®§¨æ¨î SV- ¨ P-¢®«­.�â® ¯à¥¤áâ ¢«¥­¨¥ ­¥ ï¢«ï¥âáï ¨áªãááâ¢¥­­ë¬. �á ¬¨å ¢ëà ¦¥­¨ïå (2) ¤«ï ª®¬¯®­¥­â®¢ ¢¥ªâ®à á¬¥é¥­¨© ¢ áã¬¬ å ç¥âª® ¢ë¤¥«ïîâáï á« £ ¥¬ë¥,á®®â¢¥âáâ¢ãîé¨¥ ¯à®¤®«ì­ë¬ (­¨¦­¨© ¨­¤¥ªá 1)¨ ¯®¯¥à¥ç­ë¬ (­¨¦­¨© ¨­¤¥ªá 2) ¢®«­ ¬. � ¨­-â¥£à «ì­®¬ á« £ ¥¬®¬ â ª®£® à §¤¥«¥­¨ï ­¥ ¢¨¤­®â®«ìª® ¯®â®¬ã, çâ® íâ® ¢ëà ¦¥­¨¥ ã¦¥ ¯à¨á¯®á®-¡«¥­® ª ­ã«¥¢ë¬ ãá«®¢¨ï¬ ¤«ï ª á â¥«ì­ëå ­ ¯àï-¦¥­¨© ­  ¯®¢¥àå­®áâïå y=�1. � à áá¬ âà¨¢ ¥-¬®¬ ç áâ®â­®¬ ¤¨ ¯ §®­¥ (
2�
�), ¯à¨ ®âà ¦¥-­¨¨ ®â £à ­¨æ y=�1, ¯®¯¥à¥ç­ ï SV-¢®«­  ï¢«ï-¥âáï à á¯à®áâà ­ïîé¥©áï,   P -¢®«­  { ­¥®¤­®à®¤-­®©.� áá¬®âà¨¬ ¯ ¤¥­¨¥ à á¯à®áâà ­ïîé¥©áï SV-

¢®«­ë ­  £à ­¨æã à §¤¥«  ¤¢ãå áà¥¤ z=0, jyj�1.�® ¢â®à®© áà¥¤¥ à á¯à®áâà ­ï¥âáï SV-¢®«­ , ª®-â®à ï ¯ ¤ ¥â ­  £à ­¨æã à §¤¥«  á ¡®ª®¢®© ¯®¢¥àå-­®áâ¨ y=�1 ¨ ®¯¨áë¢ ¥âáï ¯®â¥­æ¨ «®¬ (0) = 	0ei�(2)y ye�ik(2)s z sin 
1 ;�(2)y = q
(2)22 � �(2)2
(2)2 ; sin 
1 = �(2)
(2)2 :� á®®â¢¥âáâ¢¨¨ á ¢®§¬®¦­®áâìî áãé¥áâ¢®¢ ­¨ï¤¢ãå â¨¯®¢ ¢®«­, ®âà ¦¥­­®¥ ¨ ¯à®è¥¤è¥¥ ¯®«¥¯à¥¤áâ ¢¨¬ ª ª áã¯¥à¯®§¨æ¨î ¯à®¤®«ì­ëå (P) ¨¯®¯¥à¥ç­ëå (SV) ¢®«­: (2) = 	2eik(2)s y cos
2eik(2)s z sin 
2 ;�(2) = �2eik(2)l y cos �2eik(2)l z sin �2 (1) = 	1eik(1)s y cos
1eik(1)s z sin 
1 ;�(1) = �1eik(1)l cos �1eik(1)l z sin �1 :�¤¥áì k(i)s =!=c(i)s , ¨­¤¥ªáë i=1; 2, á®®â¢¥âáâ¢ãîâ¯¥à¢®© ¨ ¢â®à®© áà¥¤ ¬.� á®®â¢¥âáâ¢¨¨ á § ª®­®¬ �­¥««¨ãá �(2)y = k(2)s cos 
2 = k(2)l cos �2 == k(1)l cos �1 = k(1)s cos 
1:�¬¯«¨âã¤ë ®âà ¦¥­­ëå ¨ ¯à®è¥¤è¨å P- ¨ SV-¢®«­ ­ å®¤¨¬ ¨§ £à ­¨ç­ëå ãá«®¢¨© (1). �á¯®«ì-§ãï á®®â­®è¥­¨ï § ª®­  �ãª , ¢ëà ¦¥­¨ï ¤«ï ­ -¯àï¦¥­¨©, ç¥à¥§ ¯®â¥­æ¨ «ë ¯à®¤®«ì­®© ¨ ¯®¯¥-à¥ç­®© ¢®«­ � ¨  § ¯¨áë¢ ¥¬ ¢ ¢¨¤¥�zz2� = @2�@z2 � �k2l2(1� �)�+ @2 @y@z ;�zy2� = @2�@y@z + 12 @2 @z2 � 12 @2 @y2 : (6)�ë¯®«­ïï £à ­¨ç­ë¥ ãá«®¢¨ï (1), ¯à¨å®¤¨¬ ª á«¥-�. �. �®à®¤¥æª ï 21
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�¨á. 3. � á¯à¥¤¥«¥­¨¥ í­¥à£¨¨ ¯ ¤ îé¥© SV-¢®«­ë¬¥¦¤ã ®âà ¦¥­­ë¬¨ ¨ ¯à®è¥¤è¨¬¨ ¢®«­ ¬¨¢ § ¢¨á¨¬®áâ¨ ®â ç áâ®âë ¯à¨ �1=0:3, �2=0:29:á¯«®è­ ï { ¯à®è¥¤è¥¥ ¯®«¥,èâà¨å®¢ ï { ®âà ¦¥­­®¥ ¯®«¥¤ãîé¥© á¨áâ¥¬¥ ç¥âëà¥å ãà ¢­¥­¨©:�r2�2 � r1�1 �	2 +	1 = 	0;��2 + �1 + s2	2 + s1	1 = s2	0;(s22 � 1)�2 � �1�2 (s21 � 1)�1 + 2s2	2++2�1�2 s1	1 = 2s2	0;2r2�2 + 2�1�2 r1�1 � (s22 � 1)	2++�1�2 (s21 � 1)	1 = (s22 � 1)	0: (7)�¤¥áì r1=tg �1; r2=tg �2; s1=tg
1, s2=tg 
2. �á«¨ª ª ï-«¨¡® ¨§ à áá¬ âà¨¢ ¥¬ëå ¢®«­ ï¢«ï¥âáï ­¥-®¤­®à®¤­®©, á¨áâ¥¬  (7) áâ ­®¢¨âáï á¨áâ¥¬®© áª®¬¯«¥ªá­ë¬¨ ª®íää¨æ¨¥­â ¬¨. �®¬¯«¥ªá­ë¬¨áâ ­®¢ïâáï â ª¦¥  ¬¯«¨âã¤ë ¢®«­.�«ï  ­ «¨§  í­¥à£¥â¨ç¥áª¨å å à ªâ¥à¨áâ¨ª à á-á¬®âà¨¬ ­®à¬ «ì­ãî ª £à ­¨æ¥ à §¤¥«  á®áâ ¢«ï-îéãî áà¥¤­¥£® §  ¯¥à¨®¤ ¢¥ªâ®à  ¯®â®ª  ¬®é­®-áâ¨ �Pz:�Pz = � i!4 ��zzu�z � ��zzuz + �zyu�y � ��zyuy�:�«ï ¯®â®ª  ¬®é­®áâ¨ ¢® ¢â®à®© áà¥¤¥ ¯®«ãç ¥¬á«¥¤ãîé¥¥ ¢ëà ¦¥­¨¥:�P (2)z = �22 !�3y(1 + s22)�s2	20 � s2	22 � r2�22�: (8)

�­ «®£¨ç­®, ¢ ¯¥à¢®© áà¥¤¥�P (1)z = �12 !�3y(1 + s21)�s1	21 + r1�21�: (9)�®à¬ã«ë (8) ¨ (9) á®®â¢¥âáâ¢ãîâ á«ãç ï¬ ¤®ªà¨-â¨ç¥áª®£® ®âà ¦¥­¨ï ¨ ¤®ªà¨â¨ç¥áª®£® ¯à¥«®¬«¥-­¨ï. �á«¨ ª ª ï-«¨¡® ¨§ á®¢®ªã¯­®áâ¨ ¢®§¡ã¦¤ ¥-¬ëå ¢®«­ áâ ­®¢¨âáï ­¥®¤­®à®¤­®©, á®®â­®è¥­¨ï¤«ï �P (i)z ¯à¨®¡à¥â îâ ¨­®© ¢¨¤. �«ï § ¯¨á¨ áà¥¤-­¥£® §  ¯¥à¨®¤ ¯®â®ª  ¬®é­®áâ¨ ¢ ª ¦¤®© ¨§ áà¥¤­¥®¡å®¤¨¬® ãç¥áâì, çâ® �Pz ¤«ï ­¥®¤­®à®¤­®© ¢®«-­ë à ¢¥­ ­ã«î. �®£¤  ­¥®¤­®à®¤­®© áâ ­®¢¨âáï¯à®è¥¤è ï P-¢®«­ , â®�P (1)z = �12 !�3y(1 + s21)s1j	1j2:�á«¨ ¢ ®âà ¦¥­­®¬ ¯®«¥ P-¢®«­  áâ ­®¢¨âáï ­¥®¤-­®à®¤­®©, â®�P (2)z = �22 !�3y(1 + s22)�s2	20 � s2j	2j2�:�  à¨á. 3 ¯à¨¢¥¤¥­® à á¯à¥¤¥«¥­¨¥ í­¥à£¨¨ ¬¥¦-¤ã à §«¨ç­ë¬¨ â¨¯ ¬¨ ¤¢¨¦¥­¨ï ¯à¨ ¯ ¤¥­¨¨ ­ £à ­¨æã à §¤¥«  SV-¢®«­ë. �à¨¢ ï 1 á®®â¢¥â-áâ¢ã¥â ®âà ¦¥­­®© SV-¢®«­¥, ªà¨¢ ï 2 { ¯à®è¥¤-è¥© SV-¢®«­¥, ªà¨¢ ï 3 { ®âà ¦¥­­®© P-¢®«­¥,ªà¨¢ ï 4 { ¯à®è¥¤è¥© P-¢®«­¥. �¥®¡å®¤¨¬® ®â-¬¥â¨âì, çâ® ¥¥  ¬¯«¨âã¤  ­  £à ä¨ª¥ ã¢¥«¨ç¥­  ¢100 à §. � ®¡« áâ¨ ®â­®á¨â¥«ì­® ­¨§ª¨å ç áâ®â(
2�1:5) ¢®§¡ã¦¤ îâáï â®«ìª® ¯®¯¥à¥ç­ë¥ ®âà -¦¥­­ë¥ ¨ ¯à®è¥¤è¨¥ ¢®«­ë,   í­¥à£¨ï ¬¥¦¤ã ­¨-¬¨ à á¯à¥¤¥«ï¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ¢¥«¨ç¨­ ¬¨¢®«­®¢ëå á®¯à®â¨¢«¥­¨© à á¯à®áâà ­¥­¨î ¯®¯¥-à¥ç­ëå ¢®«­. � à®áâ®¬ ç áâ®âë í­¥à£®á®¤¥à¦ -­¨¥ ®âà ¦¥­­®© SV-¢®«­ë ¯ ¤ ¥â,   ¯à®è¥¤è¥© {ã¢¥«¨ç¨¢ ¥âáï. �  ç áâ®â¥ 
(2)2 =2:38 í­¥à£¨ï ¯ -¤ îé¥© ¢®«­ë ¤¥«¨âáï ¬¥¦¤ã ®âà ¦¥­­ë¬ ¨ ¯à®-è¥¤è¨¬¨ ¢®«­ ¬¨ ¯®¯®« ¬. �à¨ ¤ «ì­¥©è¥¬ à®-áâ¥ ç áâ®âë ¡®«ìè ï ç áâì í­¥à£¨¨ ¯à®å®¤¨â ¢¯¥à¢ãî áà¥¤ã. �  ç áâ®â¥ 
(2)2 =2:53 ¤®«ï í­¥à-£¨¨, ¯à®è¥¤è¥© ¢ ¯¥à¢ãî áà¥¤ã, ¤®áâ¨£ ¥â ¬ ªá¨-¬ã¬ . � á®®â¢¥âáâ¢¨¨ á § ª®­®¬ á®åà ­¥­¨ï í­¥à-£¨¨, ­  íâ®© ¦¥ ç áâ®â¥ íªáâà¥¬ã¬ ¨¬¥¥â ®âà -¦¥­­ ï í­¥à£¨ï.�à¨ ã¢¥«¨ç¥­¨¨ ç áâ®âë ¤® 
(2)2 =2:56 ¢ ®â-à ¦¥­­®¬ ¯®«¥ ¯®ï¢«ï¥âáï à á¯à®áâà ­ïîé ïáïP-¢®«­  ¨ å à ªâ¥à ¢®«­®¢®£® ¯®«ï ¨§¬¥­ï¥âáï.� ª, ­ ¡«î¤ ¥âáï à¥§ª®¥ ã¬¥­ìè¥­¨¥ ª®«¨ç¥áâ¢ í­¥à£¨¨, ¯¥à¥­®á¨¬®© ¢ ¯¥à¢ãî áà¥¤ã. �­¥à-£¨ï ®âà ¦¥­­®£® ¯®«ï, ¯¥à¥­®á¨¬ ï SV-¢®«­®©,â ª¦¥ à¥§ª® ¯ ¤ ¥â,   í­¥à£¨ï, ¯¥à¥­®á¨¬ ï P-¢®«­®©, à áâ¥â. � ®ªà¥áâ­®áâ¨ ç áâ®âë, ­  ª®-â®à®© ¯®ï¢«ï¥âáï ®âà ¦¥­­ ï à á¯à®áâà ­ïîé -ïáï P-¢®«­  (ªà¨â¨ç¥áª¨© ã£®«), ­ ¡«î¤ îâáï áã-é¥áâ¢¥­­ë¥ ¨§¬¥­¥­¨ï ¢ âà ­áä®à¬ æ¨¨ í­¥à£¨¨22 �. �. �®à®¤¥æª ï
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(2)2 =2:65 í­¥à£¨ï, ¯à®å®¤ï-é ï ¢ ¯¥à¢ãî áà¥¤ã, ¬¨­¨¬ «ì­ . �à¨ ¤ «ì­¥©-è¥¬ à®áâ¥ ç áâ®âë, ­ ç¨­ ï á 
(2)2 =2:70, ¨ ¢ ¯à®-è¥¤è¥¬ ¯®«¥ ¯®ï¢«ï¥âáï à á¯à®áâà ­ïîé ïáï P-¢®«­ . �¤­ ª® íâ®â ç áâ®â­ë© ¤¨ ¯ §®­ ­¥ ¯®¤«¥-¦¨â à áá¬®âà¥­¨î, â ª ª ª ¢ ¯®«ã¯®«®á¥, ¢ ª®â®-à®© à á¯à®áâà ­ï¥âáï ¯ ¤ îé ï ­®à¬ «ì­ ï ¢®«-­ , ¤«ï ç áâ®â ¢ëè¥ 
(2)2 =2:70 ¯®ï¢«ïîâáï à á-¯à®áâà ­ïîé¨¥áï ­®à¬ «ì­ë¥ ¢®«­ë ¢ëáè¨å ¯®-àï¤ª®¢, ¢ §­ ç¨â¥«ì­®© ¬¥à¥ ®¯à¥¤¥«ïîé¨¥ í­¥à-£¨î ®âà ¦¥­­®£® ¯®«ï.�à¨ áà ¢­¥­¨¨ ¤ ­­ëå ­  à¨á. 2 ¨ 3 ¬®¦­® £®-¢®à¨âì, çâ® ¢ ®¡« áâ¨ ç áâ®â, ª®£¤  ¢ á®áâ ¢-­®¬ ¢®«­®¢®¤¥ ¢ ®âà ¦¥­­®¬ ¨ ¯à®è¥¤è¥¬ ¯®«¥áãé¥áâ¢ã¥â â®«ìª® ¯® ®¤­®© à á¯à®áâà ­ïîé¥©-áï ¢®«­¥, ï¢«¥­¨¥ ã¢¥«¨ç¥­¨ï ¯à®§à ç­®áâ¨ £à -­¨æë à §¤¥«  ®¡ãá« ¢«¨¢ ¥âáï §­ ç¨â¥«ì­ë¬ ã¢¥-«¨ç¥­¨¥¬ í­¥à£¨¨, ¯¥à¥­®á¨¬®© ¢ ¯¥à¢ãî áà¥¤ãSV-¢®«­®©. �à¨ íâ®¬ ¬ ªá¨¬ã¬ ¯à®å®¦¤¥­¨ï ­ -¡«î¤ ¥âáï ­¨¦¥ ç áâ®âë, ª®â®à®© á®®â¢¥âáâ¢ã-¥â ªà¨â¨ç¥áª¨© ã£®« ¤«ï ®âà ¦¥­­®© P-¢®«­ë.�¥á®¢¯ ¤¥­¨¥ ç áâ®âë, ­  ª®â®à®© ­ ¡«î¤ ¥â-áï ¬ ªá¨¬ «ì­ ï ¯à®§à ç­®áâì £à ­¨æë ¢ á®áâ ¢-­®¬ ¢®«­®¢®¤¥ (á¬. à¨á. 2), á ç áâ®â®©, ­  ª®-â®à®© ¯à®è¥¤è ï SV-¢®«­  ­ ¨¡®«¥¥ í­¥à£®¥¬ª (á¬. à¨á. 3), ®¡ãá«®¢«¥­® â¥¬, çâ® ¢ á®áâ ¢­®¬ ¢®«-­®¢®¤¥ ¯ ¤ îé¥¥ ¯®«¥ ­¥«ì§ï ¯à¥¤áâ ¢¨âì â®«ì-ª® SV-¢®«­®©,   ­®à¬ «ì­ ï ¢®«­  á®áâ®¨â ª ª ¨§SV-¢®«­ë, â ª ¨ ¨§ P-¢®«­ë. � à áá¬ âà¨¢ ¥¬®¬ç áâ®â­®¬ ¤¨ ¯ §®­¥ SV-¢®«­  ï¢«ï¥âáï à á¯à®-áâà ­ïîé¥©áï,   P-¢®«­  { ­¥®¤­®à®¤­®©.�¥á¬®âàï ­  ¨§«®¦¥­­ë¥ § ¬¥ç ­¨ï, ¯à¨¢¥¤¥­-­ë¥ ¤ ­­ë¥ ¯®§¢®«ïîâ ª ç¥áâ¢¥­­® á¢ï§ âì ®á®-¡¥­­®áâ¨ ¯à®æ¥áá  ®âà ¦¥­¨ï { ¯à®å®¦¤¥­¨ï ­ £à ­¨æ¥ à §¤¥«  ¤¢ãå ¦¥áâª® á®¥¤¨­¥­­ëå ¯®«ã-¯®«®á á® á¯¥æ¨ä¨ª®© ®âà ¦¥­¨ï {¯à®å®¦¤¥­¨ï SV-¢®«­ë ­  £à ­¨æ¥ à §¤¥«  ¤¢ãå ¦¥áâª® á®¥¤¨­¥­-­ëå ¯®«ã¯à®áâà ­áâ¢.� ¦­ë¬ ¬®¬¥­â®¬ ¤«ï à áá¬ âà¨¢ ¥¬®£® ¤¨ -¯ §®­  ç áâ®â ï¢«ï¥âáï ¢®§­¨ª­®¢¥­¨¥ ¢ ®âà ¦¥­-­®¬ ¯®«¥ à á¯à®áâà ­ïîé¥©áï P-¢®«­ë ¯à¨ ¯ ¤¥-­¨¨ SV-¢®«­ë ­  £à ­¨æã à §¤¥«  ¤¢ãå áà¥¤. �¤¥áì¦¥ ¯à¨ à §«®¦¥­¨¨ ¯¥à¢®© ­®à¬ «ì­®© ¢®«­ë ­ SV- ¨ P-¢®«­ë, ®âà ¦ îé¨¥áï ®â ¡®ª®¢ëå ¯®¢¥àå-­®áâ¥©, P-¢®«­  ®ª §ë¢ ¥âáï ­¥®¤­®à®¤­®©. �®§-­¨ª­®¢¥­¨¥ à á¯à®áâà ­ïîé¥©áï P-¢®«­ë ­  £à -­¨æ¥ z=0 ï¢«ï¥âáï ¯à¨ç¨­®© ¯¥à¥áâà®©ª¨ ¢®«­®-¢®£® ¯®«ï ¢ ¡«¨¦­¥© §®­¥. �â® ¯à¨¢®¤¨â ª á¨«ì­®-¬ã ¢®§¡ã¦¤¥­¨î ­¥®¤­®à®¤­ëå ¢®«­ ¢¡«¨§¨ £à ­¨-æë à §¤¥« . �á®¡¥­­®áâ¨ ¢®§¡ã¦¤¥­¨ï ­¥®¤­®à®¤-­ëå ¢®«­ ¢ ®âà ¦¥­­®¬ ¨ ¯à®è¥¤è¥¬ ¯®«ïå ¤«ïá®áâ ¢­®£® ¢®«­®¢®¤  ¯à® ­ «¨§¨à®¢ ­ë ¢ [16].

�¨á. 4. � ¢¨á¨¬®áâì í­¥à£¨¨ ®â ç áâ®âë¯à¨ �1=0:17, �2=0:29:á¯«®è­ ï { ¯à®è¥¤è¥¥ ¯®«¥,èâà¨å®¢ ï { ®âà ¦¥­­®¥ ¯®«¥�áâ ­®¢¨¬áï ­   ­ «¨§¥ ¢«¨ï­¨ï ¨§¬¥­¥­¨ï ¤¨á-¯¥àá¨®­­ëå å à ªâ¥à¨áâ¨ª à á¯à®áâà ­ïîé¨åáï¢®«­ ­  ®á®¡¥­­®áâ¨ âà ­áä®à¬ æ¨¨ í­¥à£¨¨ ¯ -¤ îé¥© ¢®«­ë ¢ ®âà ¦¥­­ë¥ ¨ ¯à®è¥¤è¨¥ ¢®«-­ë. �«ï íâ®£® ¨§¬¥­¨¬ ª®íää¨æ¨¥­â �ã áá®­  ¤«ï¯¥à¢®© áà¥¤ë �1=0:17 (®¡« áâì ¯à®è¥¤è¥£® ¯®«ï).�â® ¯à¨¢®¤¨â ª ã¬¥­ìè¥­¨î ç áâ®âë § ¯¨à ­¨ï¤«ï ¢â®à®© ­®à¬ «ì­®© à á¯à®áâà ­ïîé¥©áï ¢®«-­ë ¨ ¢®§­¨ª­®¢¥­¨î ®á®¡¥­­®áâ¨ ¯® ­ ¯àï¦¥­¨ï¬¢ ã£«®¢®© â®çª¥, ¨¬¥îé¥© ¯®ª § â¥«ì 1��=0:095.�â¬¥â¨¬, çâ® ®â­®è¥­¨¥ ¨¬¯¥¤ ­á®¢ ª®­â ªâ¨àã-îé¨å áà¥¤ ¯® ¯®¯¥à¥ç­®© ¢®«­¥ ®áâ ¥âáï ¯à¥¦-­¨¬.�  à¨á. 4 ¯à¥¤áâ ¢«¥­  ç áâ®â­ ï § ¢¨á¨¬®áâìâà ­áä®à¬ æ¨¨ í­¥à£¨¨ ¯ ¤ îé¥© ¢®«­ë ¢ ®âà -¦¥­­ë¥ ¨ ¯à®è¥¤è¨¥ à á¯à®áâà ­ïîé¨¥áï ¢®«-­ë ¤«ï à áá¬ âà¨¢ ¥¬®£® ¢®«­®¢®¤ . �¯«®è­ ïªà¨¢ ï á®®â¢¥âáâ¢ã¥â í­¥à£¨¨ ¯à®è¥¤è¥£® ¯®«ï,  èâà¨å®¢ ï { ®âà ¦¥­­®£®. �à ¢­¨¢ ï ¤ ­­ë¥,¯à¨¢¥¤¥­­ë¥ ­  à¨á. 2 ¨ 4, ¯à¥¦¤¥ ¢á¥£® á«¥¤ã¥â®â¬¥â¨âì, çâ® £à ­¨æ  ï¢«ï¥âáï ¬ ªá¨¬ «ì­® ®â-à ¦ îé¥© ­  ç áâ®â¥ 
(2)2 =2:6, ª®£¤  ¢ ®âà ¦¥­-­®¬ ¨ ¯à®è¥¤è¥¬ ¯®«ïå áãé¥áâ¢ã¥â â®«ìª® ¯® ®¤-­®© à á¯à®áâà ­ïîé¥©áï ¢®«­¥. � ª¨¬ ®¡à §®¬,§ å¢ â í­¥à£¨¨ ¬®¦¥â ­ ¡«î¤ âìáï ­  ç áâ®â å­¨¦¥ ç áâ®âë 
�, ¨ ¢ ®¡é¥¬ á«ãç ¥ ¥£® ­¥ á«¥¤ã¥âá¢ï§ë¢ âì á ¢®§¡ã¦¤¥­¨¥¬ ¢ ®âà ¦¥­­®¬ ¯®«¥ à á-¯à®áâà ­ïîé¨åáï ¢®«­ ¢ëáè¨å ¯®àï¤ª®¢. � ªá¨-¬ «ì­ ï ¯à®§à ç­®áâì £à ­¨æë â ª¦¥ ­ ¡«î¤ ¥â-áï ­  ¡®«¥¥ ­¨§ª®© ç áâ®â¥, ¯® áà ¢­¥­¨î á ¯¥à-�. �. �®à®¤¥æª ï 23
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�¨á. 5. � á¯à¥¤¥«¥­¨¥ í­¥à£¨¨ ¯ ¤ îé¥© SV-¢®«­ë¬¥¦¤ã ®âà ¦¥­­ë¬¨ ¨ ¯à®è¥¤è¨¬¨ ¢®«­ ¬¨¢ § ¢¨á¨¬®áâ¨ ®â ç áâ®âë ¯à¨ �1=0:17, �2=0:29:á¯«®è­ ï { ¯à®è¥¤è¥¥ ¯®«¥,èâà¨å®¢ ï { ®âà ¦¥­­®¥ ¯®«¥¢ë¬ à áá¬®âà¥­­ë¬ á«ãç ¥¬ (á¬. à¨á. 2).�«ï ª ç¥áâ¢¥­­®£®  ­ «¨§  ¯à®æ¥áá  à áá¥¨¢ -­¨ï ¢­®¢ì à áá¬®âà¨¬ ¯ ¤ îéãî ¢®«­ã ª ª áã-¯¥à¯®§¨æ¨î SV- ¨ P-¢®«­. �  à¨á. 5 ¯à¨¢¥¤¥­®à á¯à¥¤¥«¥­¨¥ í­¥à£¨¨ ¬¥¦¤ã à §«¨ç­ë¬¨ â¨¯ -¬¨ ¤¢¨¦¥­¨ï ¯à¨ ¯ ¤¥­¨¨ ­  £à ­¨æã à §¤¥«  SV-¢®«­ë. � ª ¨ ­  à¨á. 3, ªà¨¢ ï 1 á®®â¢¥âáâ¢ã¥â®âà ¦¥­­®© SV-¢®«­¥, ªà¨¢ ï 2 { ¯à®è¥¤è¥© SV-¢®«­¥, ªà¨¢ ï 3 { ®âà ¦¥­­®© P-¢®«­¥, ªà¨¢ ï 4 {¯à®è¥¤è¥© P-¢®«­¥ ( ¬¯«¨âã¤  ¯®á«¥¤­¥© ¢­®¢ìã¢¥«¨ç¥­  ¢ 100 à §). �« ¢­ë¥ ®â«¨ç¨ï ¬¥¦¤ã ¤ ­-­ë¬¨ à¨á. 5 ¨ 3 § ª«îç îâáï ¢ â®¬, çâ® ¨§¬¥-­¥­¨¥ ª®íää¨æ¨¥­â  �ã áá®­  ¯¥à¢®© áà¥¤ë (§®­ ¯à®è¥¤è¥£® ¯®«ï) ¯à¨¢®¤¨â ª ¨§¬¥­¥­¨î ªà¨â¨-ç¥áª®£® ã£«  ¤«ï à á¯à®áâà ­ïîé¥©áï P-¢®«­ë ¢¯à®è¥¤è¥¬ ¯®«¥. � á¯à®áâà ­ïîé ïáï ¢ ¯¥à¢®©áà¥¤¥ P-¢®«­  ¯®ï¢«ï¥âáï ­  ¡®«¥¥ ­¨§ª®© ç áâ®-â¥. �à®¬¥ â®£®, ®­  ¢®§¡ã¦¤ ¥âáï §­ ç¨â¥«ì­®¨­â¥­á¨¢­¥¥. �­ «®£¨ç­® à áá¬®âà¥­­ë¬ ¢ëè¥á«ãç ï¬, ¢¡«¨§¨ ç áâ®â, á®®â¢¥âáâ¢ãîé¨å ªà¨â¨-ç¥áª¨¬ ã£« ¬, ­ ¡«î¤ îâáï áãé¥áâ¢¥­­ë¥ ¨§¬¥-­¥­¨ï ¢ à á¯à¥¤¥«¥­¨¨ í­¥à£¨¨ ¯® ®â¤¥«ì­ë¬ â¨-¯ ¬ ¤¢¨¦¥­¨ï ¯à¨ ­¥§­ ç¨â¥«ì­®¬ ¨§¬¥­¥­¨¨ ç -áâ®âë. �à¨ íâ®¬ á®åà ­ï¥âáï ã¢¥«¨ç¥­¨¥ í­¥à-£®á®¤¥à¦ ­¨ï ¯à®è¥¤è¥© SV-¢®«­ë ¢ ¤¨ ¯ §®­¥,«¥¦ é¥¬ ­¨¦¥ ç áâ®âë, á®®â¢¥âáâ¢ãîé¥© ªà¨â¨-ç¥áª¨¬ ã£« ¬.� ª¨¬ ®¡à §®¬, ¤«ï ®¡®¨å à áá¬®âà¥­­ëå á«ã-ç ¥¢ ï¢«¥­¨¥ ã¢¥«¨ç¥­¨ï ¯à®§à ç­®áâ¨ £à ­¨æë ¢á®áâ ¢­®¬ ¢®«­®¢®¤¥ ­ ¡«î¤ ¥âáï ¢ ®¡« áâ¨ ç -

áâ®â, £¤¥ áãé¥áâ¢ã¥â â®«ìª® ¯® ®¤­®© à á¯à®áâà -­ïîé¥©áï ¢®«­¥ ¢ ®âà ¦¥­­®¬ ¨ ¯à®è¥¤è¥¬ ¯®-«ïå. �â® ï¢«¥­¨¥ ®¡ãá«®¢«¥­® ã¢¥«¨ç¥­¨¥¬ í­¥à-£®á®¤¥à¦ ­¨ï ¯à®è¥¤è¥© SV-¢®«­ë, ¨ ¥£® íä-ä¥ªâ¨¢­®áâì § ¢¨á¨â ®â á®®â­®è¥­¨ï ¨¬¯¥¤ ­-á®¢ ª®­â ªâ¨àãîé¨å áà¥¤. �á¨«¥­¨¥ ®âà ¦ îé¨åá¢®©áâ¢ £à ­¨æë, ­ ¡«î¤ ¥¬®¥ ¢ ¡®«¥¥ ¢ëá®ª®ç -áâ®â­®© ®¡« áâ¨, ®¡ãá«®¢«¥­® ¯¥à¥áâà®©ª®© áâàãª-âãàë ¢®«­®¢®£® ¯®«ï. �â® ï¢«¥­¨¥ á¢ï§ ­­® á ¯®-ï¢«¥­¨¥¬ à á¯à®áâà ­ïîé¨åáï P-¢®«­ ­  £à ­¨-æ¥ à §¤¥«  ¤¢ãå áà¥¤ ¯à¨ ®âà ¦¥­¨¨ SV-¢®«­ë ®â£à ­¨æë ¢ á®áâ ¢­®¬ ¢®«­®¢®¤¥. �® ¢á¥å á«ãç ïå¢ â®© ®¡« áâ¨ ç áâ®â, £¤¥ ¢ ®âà ¦¥­­®¬ ¨ ¯à®-è¥¤è¥¬ ¯®«ïå áãé¥áâ¢ã¥â â®«ìª® ¯® ®¤­®© à á¯à®-áâà ­ïîé¥©áï ¢®«­¥ ¨ ­ ¡«î¤ ¥âáï áãé¥áâ¢¥­­ ï§ ¢¨á¨¬®áâì ®âà ¦ îé¨å á¢®©áâ¢ £à ­¨æë ®â ç -áâ®âë, ¯à®¨áå®¤¨â §­ ç¨â¥«ì­®¥ ¢®§¡ã¦¤¥­¨¥ ­¥-®¤­®à®¤­ëå ¢®«­.������� áá¬®âà¥­ë ç áâ®â­ë¥ § ¢¨á¨¬®áâ¨ í­¥à£¨¨®âà ¦¥­­®£® ¨ ¯à®è¥¤è¥£® ¯®«¥© ¢ ¢®«­®¢®¤¥,®¡à §®¢ ­­®¬ ¦¥áâª¨¬ ª®­â ªâ®¬ ¤¢ãå ¯®«ã¯®-«®á ®¤¨­ ª®¢®© è¨à¨­ë, ­® á à §«¨ç­ë¬¨ ¬¥å -­¨ç¥áª¨¬¨ å à ªâ¥à¨áâ¨ª ¬¨. �áâ ­®¢«¥­®, çâ®¢ ®¡« áâ¨ ç áâ®â, ¢ ª®â®à®© ¢ ®âà ¦¥­­®¬ ¨ ¯à®-è¥¤è¥¬ ¯®«ïå ¬®¦¥â áãé¥áâ¢®¢ âì â®«ìª® ¯® ®¤-­®© à á¯à®áâà ­ïîé¥©áï ­®à¬ «ì­®© ¢®«­¥, ­ -¡«î¤ ¥âáï á¨«ì­ ï § ¢¨á¨¬®áâì í­¥à£¨¨ ®âà ¦¥­-­®£® ¨ ¯à®è¥¤è¥£® ¯®«¥© ®â ç áâ®âë. �à¨ íâ®¬¢®§¬®¦­® ª ª §­ ç¨â¥«ì­®¥ ã¢¥«¨ç¥­¨¨ ¯à®§à ç-­®áâ¨ £à ­¨æë à §¤¥« , â ª ¨ ã¢¥«¨ç¥­¨¥ ¥¥ ®âà -¦ îé¨å á¢®©áâ¢.�¢¥«¨ç¥­¨¥ ¯à®§à ç­®áâ¨ £à ­¨æë à §¤¥«  ­ -¡«î¤ ¥âáï ¢ ¡®«¥¥ ­¨§ª®ç áâ®â­®© ®¡« áâ¨, ç¥¬íää¥ªâ à¥§ª®£® ã¢¥«¨ç¥­¨ï ®âà ¦ îé¨å á¢®©áâ¢£à ­¨æë (§ å¢ â í­¥à£¨¨). � å¢ â í­¥à£¨¨ ¬®-¦¥â ¡ëâì á¬¥é¥­ ¢ ç áâ®â­ë© ¤¨ ¯ §®­, ¢ ª®-â®à®¬ ¨ ¢ ®âà ¦¥­­®¬, ¨ ¢ ¯à®è¥¤è¥¬ ¯®«ïåáãé¥áâ¢ã¥â â®«ìª® ¯® ®¤­®© à á¯à®áâà ­ïîé¥©-áï ¢®«­¥ §  áç¥â ¨§¬¥­¥­¨ï ¤¨á¯¥àá¨®­­ëå å -à ªâ¥à¨áâ¨ª ¢®«­, à á¯à®áâà ­ïîé¨åáï ¢ ®âà -¦¥­­®¬ ¨ ¯à®è¥¤è¥¬ ¯®«ïå. �¡  ï¢«¥­¨ï ª ç¥-áâ¢¥­­® ¬®¦­® ®¡êïá­¨âì, ¥á«¨ ¯à¥¤áâ ¢¨âì ¯ -¤ îéãî ¢®«­ã ª ª áã¯¥à¯®§¨æ¨î P- ¨ SV-¢®«­¨ ¯à® ­ «¨§¨à®¢ âì ®á®¡¥­­®áâ¨ ¯à®æ¥áá  ®âà -¦¥­¨ï {¯à®å®¦¤¥­¨ï íâ¨å ¢®«­ ­  £à ­¨æ¥ à §-¤¥«  ¤¢ãå ¯®«ã¯à®áâà ­áâ¢. � à áá¬ âà¨¢ ¥-¬®¬ ç áâ®â­®¬ ¤¨ ¯ §®­¥ ¯ ¤ îéãî ¢®«­ã ¬®¦-­® ¯à¥¤áâ ¢¨âì ­¥®¤­®à®¤­®© P-¢®«­®© ¨ à á¯à®-áâà ­ïîé¥©áï SV-¢®«­®©. �à¨ ®âà ¦¥­¨¨ ®â £à -­¨æë à §¤¥«  ¤¢ãå ¯®«ã¯à®áâà ­áâ¢ á á®®â¢¥â-áâ¢ãîé¨¬¨ ¬¥å ­¨ç¥áª¨¬¨ á¢®©áâ¢ ¬¨ ­ ¡«î¤ -24 �. �. �®à®¤¥æª ï



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 17 { 25¥âáï á¨«ì­ ï ç áâ®â­ ï § ¢¨á¨¬®áâì âà ­áä®à¬ -æ¨¨ SV-¢®«­ë ¢ ®âà ¦¥­­ë¥ ¨ ¯à®è¥¤è¨¥ ¢®«­ë.�à¨ íâ®¬ ¬®¦­® ¢ë¤¥«¨âì ç áâ®â­ë© ¤¨ ¯ §®­,¢ ª®â®à®¬ ®á­®¢­ ï ç áâì í­¥à£¨¨ ¯ ¤ îé¥© SV-¢®«­ë ¯¥à¥¤ ¥âáï ¢® ¢â®àãî áà¥¤ã SV-¢®«­ ¬¨.�¤¥áì à á¯à®áâà ­ïîé¨¬¨áï ª ª ¢ ®âà ¦¥­­®¬,â ª ¨ ¢ ¯à®è¥¤è¥¬ ¯®«ïå ï¢«ïîâáï SV-¢®«­ë,  P-¢®«­ë ¢ ®¡¥¨å áà¥¤ å ­¥®¤­®à®¤­ë. �ª § ­­ë©¤¨ ¯ §®­ ®ª § «áï ¡«¨§ª¨¬ ª ç áâ®â ¬, ­  ª®â®-àëå ­ ¡«î¤ ¥âáï à¥§ª®¥ ã¢¥«¨ç¥­¨¥ ¯à®§à ç­®áâ¨£à ­¨æë ¢ á®áâ ¢­®¬ ¢®«­®¢®¤¥.� ª¨¬ ®¡à §®¬, ï¢«¥­¨¥ ã¢¥«¨ç¥­¨ï ¯à®§à ç­®-áâ¨ £à ­¨æë ®¡ãá«®¢«¥­® ®á®¡¥­­®áâï¬¨ ¯¥à¥¤ ç¨í­¥à£¨¨ SV-¢®«­ ¬¨ ¢® ¢â®àãî áà¥¤ã.� ¡®«¥¥ ¢ëá®ª®ç áâ®â­®¬ ¤¨ ¯ §®­¥ ¯à¨ ®âà -¦¥­¨¨ SV-¢®«­ë ®â £à ­¨æë à §¤¥«  áà¥¤ ¯®ï¢«ï-¥âáï à á¯à®áâà ­ïîé ïáï P-¢®«­ . �¡«¨§¨ ªà¨-â¨ç¥áª¨å ã£«®¢ ¯ ¤¥­¨ï ­ ¡«î¤ ¥âáï §­ ç¨â¥«ì-­ ï ¯¥à¥áâà®©ª  ¢®«­®¢®£® ¯®«ï ¨ à¥§ª®¥ ã¢¥«¨-ç¥­¨¥ í­¥à£¨¨, ¯à®å®¤ïé¥© ¢® ¢â®àãî áà¥¤ã. � -ª¨¬ ®¡à §®¬, ¢ á®áâ ¢­®¬ ¢®«­®¢®¤¥ § å¢ â í­¥à-£¨¨ á¢ï§ ­ á ¯¥à¥áâà®©ª®© ¢®«­®¢®£® ¯®«ï ¢¡«¨§¨ªà¨â¨ç¥áª¨å ã£«®¢ ¨ à¥§ª¨¬ ã¢¥«¨ç¥­¨¥¬ í­¥à£¨¨,®âà ¦ îé¥©áï ®â £à ­¨æë à §¤¥«  ¤¢ãå ¯®«ã¯à®-áâà ­áâ¢.1. �®¤¦¨ �. �¥©áâ¢¨¥ ¯®¢¥àå­®áâ­ëå ­ £àã§®ª ­  á¨-áâ¥¬ã ¨§ ¤¢ãå á®¥¤¨­¥­­ëå ¢¤®«ì ®¤­®© ¨§ £à -­¥© ã¯àã£¨å ª«¨­ì¥¢, ¨§£®â®¢«¥­­ëå ¨§ à §«¨ç-­ëå ¬ â¥à¨ «®¢ ¨ ¨¬¥îé¨å ¯à®¨§¢®«ì­ë¥ ã£«ë //�à¨ª« ¤­ ï ¬¥å ­¨ª . �à. �¬¥à. ®¡é. ¨­¦¥­¥à®¢-¬¥å ­¨ª®¢.{ 1971.{ 38, N 2.{ �. 87{96.2. �®¤¦¨ �. �¥©áâ¢¨¥ ª á â¥«ì­ëå ¨ ­®à¬ «ì­ëå ­ -£àã§®ª ­  ¯àï¬®ã£®«ì­ë¥ ã¯àã£¨¥ ª«¨­ìï, ¢ë¯®«-­¥­­ë¥ ¨§ à §«¨ç­ëå ¬ â¥à¨ «®¢ ¨ á®¥¤¨­¥­­ë¥¯® £à ­ï¬ // �à¨ª« ¤­ ï ¬¥å ­¨ª . �à. �¬¥à. ®¡é.¨­¦¥­¥à®¢-¬¥å ­¨ª®¢.{ 1968.{ 36, N 3.{ �. 29{37.3. � ­¤¥àá �¦. �¥©áâ¢¨¥ ª á â¥«ì­ëå ¨ ­®à¬ «ì-­ëå ­ £àã§®ª ­  ¯àï¬®ã£®«ì­ë¥ ã¯àã£¨¥ ª«¨­ìï,¢ë¯®«­¥­­ë¥ ¨§ à §«¨ç­ëå ¬ â¥à¨ «®¢ ¨ á®¥¤¨-­¥­­ë¥ ¯® £à ­ï¬. �¡áã¦¤¥­¨¥ // �à¨ª« ¤­ ï¬¥å ­¨ª . �à. �¬¥à. ®¡é. ¨­¦¥­¥à®¢-¬¥å ­¨ª®¢.{1969.{ 36, N 3.{ �. 283{285.4. Bedford A., Sorensen A. L. Variation solution for there
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