
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 42 { 50��� 534, 539.376 ������������ ����������������������� ����������� ������������������ ������������ ������������������������������ ���������. �. ��������, �. �. �������������­áâ¨âãâ ¯à®¡«¥¬ ä¨§¨ª¨ ¨ ¡¨®ä¨§¨ª¨ ��� �ªà ¨­ë, �¨¥¢���­áâ¨âãâ ¬¥å ­¨ª¨ ��� �ªà ¨­ë ¨¬. �. �. �̈ ¬®è¥­ª®, �¨¥¢.�®«ãç¥­® 25.11.1999 � �¥à¥á¬®âà¥­® 18.02.2000�áá«¥¤®¢ ­ § ¢¨á¨¬®áâì í«¥ªâà¨ç¥áª¨å ¨ ¬¥å ­¨ç¥áª¨å å à ªâ¥à¨áâ¨ª á®áâ ¢­ëå áâ¥à¦­¥¢ëå ¯ì¥§®í«¥ªâà¨ç¥áª¨å¯à¥®¡à §®¢ â¥«¥© ®â ¯®«®¦¥­¨ï ¯ì¥§® ªâ¨¢­®£® í«¥¬¥­â , ¨¬¥îé¥£® ¯®áâ®ï­­ãî â®«é¨­ã. � ¤ ç  ä®à¬ã«¨àã¥âáï¢ à ¬ª å áâ¥à¦­¥¢®© â¥®à¨¨ ¨ à¥è ¥âáï ç¨á«¥­­® ¬¥â®¤®¬ ®àâ®£®­ «ì­®© ¯à®£®­ª¨. � áá¬ âà¨¢ ¥âáï ç¥âëà¥ ¢ -à¨ ­â  ¯à¥®¡à §®¢ â¥«ï, à §«¨ç îé¨åáï ¬ â¥à¨ « ¬¨ ­ ª« ¤®ª. �à®¢¥¤¥­ ¨å áà ¢­¨â¥«ì­ë©  ­ «¨§ ®â­®á¨â¥«ì­®à §«¨ç­ëå ªà¨â¥à¨¥¢. � ­ë ¯à ªâ¨ç¥áª¨¥ à¥ª®¬¥­¤ æ¨¨ ¯® ¨á¯®«ì§®¢ ­¨î â ª¨å ¯à¥®¡à §®¢ â¥«¥© ¢ à §«¨ç­ëåâ¥å­®«®£¨ç¥áª¨å ¯à¨¬¥­¥­¨ïå.�®á«÷¤¦¥­® § «¥¦­÷áâì ¥«¥ªâà¨ç­¨å ÷ ¬¥å ­÷ç­¨å å à ªâ¥à¨áâ¨ª áª« ¤¥­®£® áâ¥à¦­ì®¢®£® ¯'õ§®¥«¥ªâà¨ç­®£® ¯¥à¥-â¢®àî¢ ç  ¢÷¤ à®§â èã¢ ­­ï ¯'õ§® ªâ¨¢­®£® ¥«¥¬¥­â , ïª¨© ¬ õ ¯®áâ÷©­ã â®¢é¨­ã. � ¤ ç  ä®à¬ã«îõâìáï ¢ ¬¥¦ åáâ¥à¦­ì®¢®ù â¥®à÷ù ÷ à®§¢'ï§ãõâìáï ç¨á¥«ì­¨¬ ¬¥â®¤®¬ ®àâ®£®­ «ì­®ù ¯à®£®­ª¨. �®§£«ï¤ îâìáï ç®â¨à¨ ¢ à÷ ­-â¨ ¯¥à¥â¢®àî¢ ç , ïª÷ ¢÷¤à÷§­ïîâìáï ¬ â¥à÷ « ¬¨ ­ ª« ¤®ª. �à®¢¥¤¥­® ùå ¯®à÷¢­ï«ì­¨©  ­ «÷§ ¢÷¤­®á­® à÷§­¨åªà¨â¥à÷ù¢. � ¤ ­÷ ¯à ªâ¨ç­÷ à¥ª®¬¥­¤ æ÷ù áâ®á®¢­® ¢¨ª®à¨áâ ­­ï â ª¨å ¯¥à¥â¢®àî¢ ç÷¢ ã à÷§­¨å â¥å­®«®£÷ç­¨å§ áâ®áã¢ ­­ïå.A dependence of electrical and mechanical characteristics of rod-like composite piezoelectrical transducer on position ofpiezoactive element of constant thickness is investigated. The problem is formulated in the frame of rod theory and issolved numerically by the method of discrete orthogonolization. Four versions of transducer are considered, which aredistinguished by materials of the back and output sections. Comparative analysis of mentioned transducers with respectto various criterions is carried out and practical recommendations on application are outlined.���������«ìâà §¢ãª®¢ë¥ ª®«¥¡ ­¨ï ­ å®¤ïâ è¨à®ª®¥¯à¨¬¥­¥­¨¥ ¢ â¥å­¨ª¥, â¥å­®«®£¨¨, ¬¥¤¨æ¨­¥¨ â. ¯. �à¨ íâ®¬ ¢® ¬­®£¨å â¥å­®«®£¨ç¥áª¨å ¯à¨-«®¦¥­¨ïå á®®â¢¥âáâ¢ãîé¨¥  ªãáâ¨ç¥áª¨¥ á¨áâ¥¬ëäã­ªæ¨®­¨àãîâ ­  ç áâ®â å 18�60 ª�æ,   ¨å ¬®é-­®áâì ¤®áâ¨£ ¥â 6 ª�â. �áâ®ç­¨ª®¬ ª®«¥¡ ­¨©,  ,á«¥¤®¢ â¥«ì­®, ®¡ï§ â¥«ì­ë¬ í«¥¬¥­â®¬ ã«ìâà §-¢ãª®¢ëå ª®«¥¡ â¥«ì­ëå á¨áâ¥¬ ï¢«ïîâáï í«¥ªâà®-¬¥å ­¨ç¥áª¨¥ ¯à¥®¡à §®¢ â¥«¨. �áª«îç¥­¨¥ á®-áâ ¢«ïîâ «¨èì ¢¥áì¬  á¯¥æ¨ä¨ç¥áª¨¥ ¨ ®£à ­¨-ç¥­­ë¥ ¯® á¢®¨¬ ¢®§¬®¦­®áâï¬ ã«ìâà §¢ãª®¢ë¥¨§«ãç îé¨¥ á¨áâ¥¬ë, á®¤¥à¦ é¨¥ £¨¤à®- ¨  íà®-¤¨­ ¬¨ç¥áª¨¥ ¯à¥®¡à §®¢ â¥«¨. � ¨¡®«¥¥ è¨à®-ª®¥ à á¯à®áâà ­¥­¨¥ ¢ ­ áâ®ïé¥¥ ¢à¥¬ï ¯®«ãç¨-«¨ áâ¥à¦­¥¢ë¥ ¯ì¥§®ª¥à ¬¨ç¥áª¨¥ ¯à¥®¡à §®¢ â¥-«¨ â¨¯  � ­¦¥¢¥­  [1].�  à¨á. 1 ¯®ª § ­  ¡ §®¢ ï ª®­áâàãªæ¨ï áâ¥à¦-­¥¢®£® ¯ì¥§®ª¥à ¬¨ç¥áª®£® ¯à¥®¡à §®¢ â¥«ï, á®-áâ®ïé¥£® ¨§ ¯ì¥§® ªâ¨¢­®£® í«¥¬¥­â  1, ­ å®¤ï-é¥£®áï ¬¥¦¤ã ®âà ¦ îé¥© 2 ¨ ¨§«ãç îé¥© 3 ­ -ª« ¤ª ¬¨, ª®â®àë¥, ¢ ®¡é¥¬ á«ãç ¥, ¬®£ãâ ¨¬¥âì¯¥à¥¬¥­­®¥ á¥ç¥­¨¥. � ª« ¤ª¨ ¢ë¯®«­ïîâ á«¥¤ã-îé¨¥ ®á­®¢­ë¥ äã­ªæ¨¨: ã¬¥­ìè¥­¨¥ à¥§®­ ­á- �¨á. 1. �å¥¬  ¯®«ã¢®«­®¢®£®í«¥ªâà®¬¥å ­¨ç¥áª®£® ¯à¥®¡à §®¢ â¥«ï­®© ç áâ®âë ¨ í«¥ªâà¨ç¥áª®£® á®¯à®â¨¢«¥­¨ï, á®-£« á®¢ ­¨¥  ªãáâ¨ç¥áª¨å ¨¬¯¥¤ ­á®¢ ¯à¥®¡à §®-¢ â¥«ï ¨ ­ £àã§ª¨, ®¡¥á¯¥ç¥­¨¥ ¯à®ç­®áâ¨ ¯à¥-®¡à §®¢ â¥«ï. �¥«®áâ­®áâì ¯ ª¥â ,  ªãáâ¨ç¥áª¨©ª®­â ªâ ­  ¯®¢¥àå­®áâïå á®¯àï¦¥­¨ï í«¥¬¥­â®¢,42 c
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ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 42 { 50  â ª¦¥ ãáâ «®áâ­ ï ¯à®ç­®áâì ¯ì¥§®ª¥à ¬¨ª¨®¡¥á¯¥ç¨¢ ¥âáï áâï£¨¢ îé¨¬ ¡®«â®¬ 4.� áç¥âã ¨ ¯à®¥ªâ¨à®¢ ­¨î íâ¨å ãáâà®©áâ¢¯®á¢ïé¥­ë ¬­®£®ç¨á«¥­­ë¥ ¨áá«¥¤®¢ ­¨ï [2 {6].�¬¥áâ¥ á â¥¬, ­¥á¬®âàï ­  ¯à®áâ®âã ª®­áâàãªæ¨¨,®âáãâáâ¢ã¥â ¥¤¨­ë© ¯®¤å®¤ ª ¨å à áç¥âã. � §­®-®¡à §¨¥ âà¥¡®¢ ­¨©, ¯à¥¤êï¢«ï¥¬ëå ª ª®«¥¡ â¥«ì-­ë¬ á¨áâ¥¬ ¬, ®¡ãá« ¢«¨¢ ¥â à §­®®¡à §¨¥ à¥¦¨-¬®¢ à ¡®âë ¯à¥®¡à §®¢ â¥«¥© ¨ ¯®à®¦¤ ¥â è¨à®-ª¨©  áá®àâ¨¬¥­â ãáâà®©áâ¢ á à §­ë¬¨ ªà¨â¥à¨ï-¬¨ ®æ¥­ª¨ ¨å íää¥ªâ¨¢­®áâ¨ [6,7].�® ­¥¤ ¢­¨å ¯®à ®á­®¢­ë¬ ¬ â¥¬ â¨ç¥áª¨¬  ¯-¯ à â®¬, ¨á¯®«ì§ã¥¬ë¬ ¤«ï à áç¥â  ¯à¥®¡à §®-¢ â¥«¥©, ¡ë«¨ ¬¥â®¤ íª¢¨¢ «¥­â­ëå í«¥ªâà¨ç¥-áª¨å áå¥¬ ¨ ¬¥â®¤ í«¥ªâà¨ç¥áª¨å è¥áâ¨¯®«îá­¨-ª®¢ [8 {10]. � ª®© ¯®¤å®¤ ®¡¥á¯¥ç¨¢ « ¡ëáâàãî¨ íää¥ªâ¨¢­ãî ®æ¥­ªã í«¥ªâà¨ç¥áª¨å ¨ í­¥à£¥-â¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ª ª á ¬®£® ¯à¥®¡à §®¢ -â¥«ï, â ª ¨  ªãáâ¨ç¥áª®© á¨áâ¥¬ë á ãç¥â®¬ ­ -£àã§ª¨. �¤­ ª® ¨á¯®«ì§®¢ ­¨¥ ¬¥â®¤  íª¢¨¢ «¥­â-­ëå í«¥ªâà¨ç¥áª¨å áå¥¬ ®£à ­¨ç¨¢ ¥â ¢®§¬®¦­®-áâ¨ ¯®«ãç¥­¨ï ¨  ­ «¨§  ¨­ä®à¬ æ¨¨ ® à á¯à¥¤¥-«¥­¨ïå ¬¥å ­¨ç¥áª¨å ¯ à ¬¥âà®¢: ¯¥à¥¬¥é¥­¨©,­ ¯àï¦¥­¨© ¨ ¤¥ä®à¬ æ¨©. �­ ®ª §ë¢ ¥âáï ­¥¤®-áâ â®ç­ë¬ ¨ ¯à¨  ­ «¨§¥ â¥à¬¨ç¥áª®£® á®áâ®ï­¨ï¯à¥®¡à §®¢ â¥«ï.�­ ç¨â¥«ì­ë¬¨ ¯®â¥­æ¨ «ì­ë¬¨ ¢®§¬®¦­®áâï-¬¨ ¤«ï ¡®«¥¥ ¯®«­®£® ãç¥â  á®¢®ªã¯­®áâ¨ â¥à¬®-¨ í«¥ªâà®¬¥å ­¨ç¥áª¨å ä ªâ®à®¢ ®¡« ¤ îâ ¬¥â®-¤ë ¬¥å ­¨ª¨ á¯«®è­ëå áà¥¤ [2, 3, 11]. �­ «¨§ ¯®-¢¥¤¥­¨ï ¯à¥®¡à §®¢ â¥«ï ¢ à ¬ª å ¬ â¥¬ â¨ç¥-áª¨å ¬®¤¥«¥© ¬¥å ­¨ª¨ á¯«®è­ëå áà¥¤ ¢ §­ ç¨-â¥«ì­®© ¬¥à¥ ®á­®¢ë¢ ¥âáï ­  ¨á¯®«ì§®¢ ­¨¨ ç¨-á«¥­­ëå ¬¥â®¤®¢. �à¥¤¨ ­¨å ¤«ï à áç¥â  ª®­ªà¥â-­ëå ãáâà®©áâ¢ è¨à®ª®¥ à á¯à®áâà ­¥­¨¥ ¯®«ãç¨«¬¥â®¤ ª®­¥ç­ëå í«¥¬¥­â®¢ [10, 12{ 14]. �« ¢­®©æ¥«ìî íâ¨å à áç¥â®¢ ï¢«ï¥âáï ®¯à¥¤¥«¥­¨¥ ª®­-áâàãªæ¨¨ ¯à¥®¡à §®¢ â¥«ï, ®¡¥á¯¥ç¨¢ îé¥© à¥ -«¨§ æ¨î àï¤  â¥å­¨ç¥áª¨å âà¥¡®¢ ­¨©, â ª¨å ª ª§ ¤ ­­ë¥ à¥§®­ ­á­ ï ç áâ®â , ���, ¨ â.¯. �®§-¬®¦­ë¬ ï¢«ï¥âáï â ª¦¥ ãç¥â ®£à ­¨ç¥­¨© ¯® ¬¥-å ­¨ç¥áª¨¬ ¨ â¥à¬¨ç¥áª¨¬ ¯à¥¤¥«ì­ë¬ ¯ à ¬¥-âà ¬.� à ªâ¥à¨áâ¨ª¨ ¯à¥®¡à §®¢ â¥«ï § ¢¨áïâ ®âà §¬¥à®¢, ª®¬¯®­®¢ª¨ ¨ ¬ â¥à¨ «®¢ ª®­áâàãªâ¨¢-­ëå í«¥¬¥­â®¢. � à ¡®â å [1,11,15] ¨§ãç «®áì ¢«¨-ï­¨¥ ¬ â¥à¨ «  ­ ª« ¤®ª. �á¯®«ì§®¢ ­¨¥ ¬ â¥à¨- «®¢ á à §­ë¬¨ á®¡áâ¢¥­­ë¬¨  ªãáâ¨ç¥áª¨¬¨ ¨¬-¯¥¤ ­á ¬¨ ¯®§¢®«ï¥â ¯®¢ëá¨âì  ¬¯«¨âã¤ã ¯¥à¥¬¥-é¥­¨ï ­  ¯®¢¥àå­®áâ¨ ¨§«ãç îé¥© ¯® áà ¢­¥­¨î á ¬¯«¨âã¤®© ­  ¯®¢¥àå­®áâ¨ ®âà ¦ îé¥© ­ ª« ¤-ª¨. �®ª § ­ë ¢®§¬®¦­®áâ¨ ã¬¥­ìè¥­¨ï à §¬¥à®¢¨ ¢¥á  ­¨§ª®ç áâ®â­ëå ¯à¥®¡à §®¢ â¥«¥© §  áç¥â¯à¨¬¥­¥­¨ï  ªâ¨¢­ëå ®âà ¦ îé¨å ­ ª« ¤®ª [16].

� à ¡®â å [17, 18] à áá¬ âà¨¢ «®áì ¢«¨ï­¨¥ á®-áâ ¢  ¯ì¥§®ª¥à ¬¨ª¨,   â ª¦¥ ®¡ê¥¬  ¨ ¬¥áâ®-¯®«®¦¥­¨ï ¯ì¥§®í«¥¬¥­â  ®â­®á¨â¥«ì­® á¥à¥¤¨­-­®© ¯«®áª®áâ¨ ¯à¥®¡à §®¢ â¥«ï ­  ��� ¨ çã¢-áâ¢¨â¥«ì­®áâì ¯® ¯®«î ¢ à¥¦¨¬¥ ¨§«ãç¥­¨ï ¯à¨­ £àã¦¥­¨¨ ­  ¢®¤ã. �® à¥§ã«ìâ â ¬ ¨áá«¥¤®-¢ ­¨© ¡ë« á¤¥« ­ ¢ë¢®¤ ® â®¬, çâ® «ãçè¨¬ ¢ -à¨ ­â®¬ (¢ à ¬ª å ã¯®¬ï­ãâëå ªà¨â¥à¨¥¢) ¥áâìãáâà®©áâ¢® á ¯®áâ®ï­­ë¬ á¥ç¥­¨¥¬ ¨ æ¥­âà «ì­®-á¨¬¬¥âà¨ç­ë¬ à á¯®«®¦¥­¨¥¬ ª¥à ¬¨ª¨, § ­¨¬ -îé¥© 50�60 % ¤«¨­ë ¯à¥®¡à §®¢ â¥«ï. �¤­ ª® ¢à ¡®â¥ [19] á¤¥« ­ ­¥áª®«ìª® ¨­®© ¢ë¢®¤ { ® ­¥æ¥-«¥á®®¡à §­®áâ¨ à §¬¥é¥­¨¨ ª¥à ¬¨ª¨ ¢ æ¥­âà «ì-­®© ç áâ¨ ¯à¥®¡à §®¢ â¥«ï. �¬¥áâ® íâ®£® ¯à¥¤-«®¦¥­® à §¬¥é¥­¨¥ ¥¥ ¯à¨¡«¨§¨â¥«ì­® ¢ á¥à¥¤¨­¥®âà¥§ª®¢, á®¥¤¨­ïîé¨å ã§«ë ¨ ¯ãç­®áâ¨ áâ®ïç¨å¢®«­ ¢ ¯à¥®¡à §®¢ â¥«¥. � ª ï ª®¬¯®­®¢ª  ã¬¥­ì-è ¥â á®¯à®â¨¢«¥­¨¥ ¯®â¥àì, ã¢¥«¨ç¨¢ ¥â ��� ¨¯®¢ëè ¥â ­ ¤¥¦­®áâì à ¡®âë ãáâà®©áâ¢  ¯à¨ ­ -£àã¦¥­¨¨ ­  ¢®¤ã. �¥§ã«ìâ âë ãª § ­­ëå ¨áá«¥-¤®¢ ­¨© ®¡®¡é¥­ë ¢ à ¡®â¥ [20].�  ���, ¯à®ç­®áâì, ¢å®¤­®¥ á®¯à®â¨¢«¥­¨¥ ¨áâ ¡¨«ì­®áâì à ¡®âë ¯à¥®¡à §®¢ â¥«ï ¢«¨ïîâ â -ª¨¥ ª®­áâàãªâ¨¢­ë¥ ä ªâ®àë ª ª â®«é¨­  ¨ à á-¯®«®¦¥­¨¥ ¯ì¥§®ª¥à ¬¨ç¥áª®£® í«¥¬¥­â , â¨¯ ª¥-à ¬¨ª¨. � ¨¡®«¥¥ âï¦¥«ë¥ ãá«®¢¨ï ¯® ¯à®ç­®áâ¨á®§¤ îâáï ¯à¨ à á¯®«®¦¥­¨¨ ¯ì¥§®í«¥¬¥­â  ¢ ã§-«¥ ª®«¥¡ ­¨© { ¯«®áª®áâ¨ ¬ ªá¨¬ «ì­ëå ¬¥å ­¨ç¥-áª¨å ­ ¯àï¦¥­¨©. �¯â¨¬ «ì­ë¬ ï¢«ï¥âáï ¢ à¨- ­â ª®­áâàãªæ¨¨, ¢ ª®â®à®© ¯ì¥§®ª¥à ¬¨ª  à §¬¥-é¥­  ¬¥¦¤ã ã§«®¢®© ¯«®áª®áâìî ¨ ®âà ¦ îé¨¬â®àæ®¬. �à¨ íâ®¬ ¤®áâ¨£ îâáï á¡ « ­á¨à®¢ ­-­ë¥ ãá«®¢¨ï ¯® ¯à®ç­®áâ¨, ��� ¨ áâ ¡¨«ì­®áâ¨à ¡®âë ¯à¥®¡à §®¢ â¥«ï. �é¥ ®¤­¨¬ ä ªâ®à®¬,®¯à¥¤¥«ïîé¨¬ ¯®«®¦¥­¨¥ ª¥à ¬¨ª¨, ï¢«ï¥âáï ­¥-®¡å®¤¨¬®áâì ªà¥¯«¥­¨ï ¯à¥®¡à §®¢ â¥«ï ¢ â¥å­®-«®£¨ç¥áª®© ãáâ ­®¢ª¥. �à¨ æ¥­âà «ì­®¬ ¯®«®¦¥-­¨¨ ª¥à ¬¨ª¨ ã§«®¢ ï ¯«®áª®áâì, ¢ ª®â®à®© ®áã-é¥áâ¢«ï¥âáï ªà¥¯«¥­¨¥, ¯à®å®¤¨â ç¥à¥§ ª¥à ¬¨ªã,çâ® ­¥ ¢á¥£¤  ã¤®¡­® á â®çª¨ §à¥­¨ï ¬¥å ­¨ç¥áª®©¨ í«¥ªâà¨ç¥áª®© à §¢ï§ª¨.�¥á¬®âàï ­  §­ ç¨â¥«ì­®¥ ª®«¨ç¥áâ¢® à ¡®â,¯®á¢ïé¥­­ëå à áç¥âã ¯à¥®¡à §®¢ â¥«¥©, àï¤ ¢®-¯à®á®¢ ¢ ®¡« áâ¨ ¨å ª®­áâàã¨à®¢ ­¨ï ¨§ãç¥­ ­¥¤®-áâ â®ç­®. � ç áâ­®áâ¨, ®âáãâáâ¢¨¥ ª®«¨ç¥áâ¢¥­-­ëå ®æ¥­®ª § ¢¨á¨¬®áâ¨ ª¨­¥¬ â¨ç¥áª¨å, ¤¨­ ¬¨-ç¥áª¨å ¨ í­¥à£¥â¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ®â ª®­-áâàãªâ¨¢­ëå ä ªâ®à®¢ § ç áâãî ®áâ ¢«ï¥â à §-à ¡®âç¨ªã â®«ìª® íªá¯¥à¨¬¥­â «ì­ë© ¯ãâì á®§¤ -­¨ï ª ¦¤®£® ª®­ªà¥â­®£® ®¡à §æ  ¯à¥®¡à §®¢ â¥-«ï. �à®¬¥ â®£®, ®â¬¥â¨¬, çâ® ¢ ã¯®¬ï­ãâëå à -¡®â å à áá¬ âà¨¢ «®áì ®£à ­¨ç¥­­®¥ ª®«¨ç¥áâ¢®¯ à ¬¥âà®¢, â ª¨å ª ª ª®íää¨æ¨¥­â í«¥ªâà®¬¥å -­¨ç¥áª®© á¢ï§¨, çã¢áâ¢¨â¥«ì­®áâì ¨§«ãç¥­¨ï ¯®�. �. �ïç¥­ª®, �. �. �¥­ç¥­ª®¢ 43



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 42 { 50¯®«î ¢ ¦¨¤ª®áâ¨, ���. �â® ®¡êïá­ï¥âáï â¥¬, çâ®¨å  ¢â®à ¬¨ à áá¬ âà¨¢ « áì à ¡®ç ï áà¥¤  á ¬ -«® ¬¥­ïîé¨¬¨áï ¢ áâ æ¨®­ à­ëå ¯à®æ¥áá å íªá-¯«ã â æ¨¨ ¯ à ¬¥âà ¬¨ (®¡ëç­®, ¢®¤ ). �®íâ®-¬ã ¨áá«¥¤ã¥¬ëå å à ªâ¥à¨áâ¨ª ¡ë«® ¤®áâ â®ç­®¤«ï ®¯¨á ­¨ï à ¡®âë ¯à¥®¡à §®¢ â¥«ï. �¤­ ª®¤«ï â¥å­®«®£¨ç¥áª¨å ¯à®æ¥áá®¢, ¢ ª®â®àëå ­ £àã§-ª  ¬¥­ï¥â á¢®¨ ¯ à ¬¥âàë ¢® ¢à¥¬¥­¨ (ã«ìâà §-¢ãª®¢ ï á¢ àª  ¯®«¨¬¥à®¢ ¨ ¬¥â ««®¢, ¬¥å ­¨ç¥-áª ï ®¡à ¡®âª  ¬ â¥à¨ «®¢), ç¨á«® ¨áá«¥¤ã¥¬ëåå à ªâ¥à¨áâ¨ª ­¥®¡å®¤¨¬® ã¢¥«¨ç¨âì. � ç áâ­®-áâ¨, ¯à¨ ã«ìâà §¢ãª®¢®© á¢ àª¥ ¢®§­¨ª ¥â ­¥®¡å®-¤¨¬®áâì ¢ ¯àï¬®© ®æ¥­ª¥ ¯¥à¥¬¥é¥­¨ï ­  ¢ëå®¤-­®¬ (¨§«ãç îé¥¬) â®àæ¥ ¯à¥®¡à §®¢ â¥«ï. �®-¯à¥¦­¥¬ã  ªâã «ì­ ï ¢ á¨«®¢®¬ ¯à¥®¡à §®¢ â¥-«¥ ¯à®¡«¥¬  ãáâ «®áâ­®© ¯à®ç­®áâ¨ ª¥à ¬¨ª¨ ®¡ã-á« ¢«¨¢ ¥â ­¥®¡å®¤¨¬®áâì ®æ¥­ª¨ ­ ¯àï¦¥­­®£®á®áâ®ï­¨ï ¯ì¥§®í«¥¬¥­â . �«¥ªâà¨ç¥áª®¥ á®¯à®-â¨¢«¥­¨¥ ç¥à¥§ ¬¥å ­¨§¬ ¤¨áá¨¯ â¨¢­®£® à §®£à¥-¢  â ª¦¥ ¬®¦¥â áãé¥áâ¢¥­­® ¢«¨ïâì ­  á¢®©áâ¢ ª¥à ¬¨ª¨ ¨ ç áâ®â­ë¥ å à ªâ¥à¨áâ¨ª¨ ¯à¥®¡à -§®¢ â¥«ï, áãé¥áâ¢¥­­® ®£à ­¨ç¨¢ ï ¥£® í«¥ªâà¨-ç¥áªãî ¬®é­®áâì [11].�ª § ­­ë¥ ®¡áâ®ïâ¥«ìáâ¢  ¤¥« îâ ­¥®¡å®¤¨-¬ë¬ ¯à®¢¥¤¥­¨¥ ã£«ã¡«¥­­ëå ¨áá«¥¤®¢ ­¨© ¢«¨ï-­¨ï ¯®«®¦¥­¨ï ª¥à ¬¨ª¨ ¨ ¬ â¥à¨ «  ­ ª« ¤®ª ­ á¨«®¢ë¥ ¨ à¥§¨áâ¨¢­ë¥ ¯ à ¬¥âàë ¯à¥®¡à §®¢ -â¥«ï. � áâ®ïé ï áâ âìï ¯®á¢ïé¥­  ¨áá«¥¤®¢ ­¨îíâ®£® ¢®¯à®á .1. ���������� �������  à¨á. 1 ¯®ª § ­ ¯®«ã¢®«­®¢®© ¯à¥®¡à §®-¢ â¥«ì ¤«¨­ë L á ¯¥à¥¬¥­­®© ¯«®é ¤ìî á¥ç¥-­¨ï S(x), á®¤¥à¦ é¨© ®âà ¦ îéãî ­ ª« ¤ªã0<x<Lb, ¯ì¥§®ª¥à ¬¨ç¥áª¨© á«®© Lb<x<Lb+Lp¨ ¨§«ãç îéãî ­ ª« ¤ªã Lb+Lp<x<Lb+Lp+Lr .�à¥¤¯®« £ ¥âáï, çâ® ¢ë¯®«­¥­® á®®â­®è¥­¨¥maxxpS(x)�L. �  ¯®¢¥àå­®áâïå á®¯àï¦¥­¨ï¯ì¥§®ª¥à ¬¨ç¥áª®£® á«®ï ¨ ­ ª« ¤®ª ¨¬¥¥â ¬¥áâ®¨¤¥ «ì­ë© ¬¥å ­¨ç¥áª¨© ª®­â ªâ. � «¨ç¨¥ áâï-£¨¢ îé¥£® ¡®«â  ¢ ¤ ­­®© à ¡®â¥ ­¥ ãç¨âë¢ ¥â-áï. �à¥®¡à §®¢ â¥«ì ¢®§¡ã¦¤ ¥âáï ¨§¬¥­ïîé¥©-áï ¯® £ à¬®­¨ç¥áª®¬ã § ª®­ã à §­®áâìî í«¥ªâà¨-ç¥áª¨å ¯®â¥­æ¨ «®¢ '='0ei!t, ª®â®à ï ¯à¨«®¦¥­ ª ¯ì¥§®ª¥à ¬¨ç¥áª®¬ã í«¥¬¥­âã. � â¥à¨ «ë ª®¬-¯®­¥­â ¯à¥®¡à §®¢ â¥«ï ¯à¥¤¯®« £ îâáï «¨­¥©­®¢ï§ª®ã¯àã£¨¬¨.� ¤ ç  ä®à¬ã«¨àã¥âáï ¢ à ¬ª å í«¥¬¥­â à­®©â¥®à¨¨ áâ¥à¦­¥©, ¢ ª®â®à®© ãç¨âë¢ ¥âáï ¨§¬¥­¥-­¨¥ ¯ à ¬¥âà®¢ (â¥­§®à®¢, ¢¥ªâ®à®¢) â®«ìª® ¢¤®«ì®¤­®© ª®®à¤¨­ âë x (¢¤®«ì ®á¨ ¯à¥®¡à §®¢ â¥«ï).�®áâ ­®¢ª  § ¤ ç¨ ¢ª«îç ¥â ãà ¢­¥­¨¥ ¤¢¨¦¥­¨ï

í«¥¬¥­â®¢ ¯à¥®¡à §®¢ â¥«ïddx�e�S(x)� + S(x)!2�(x)eu = 0; (1)®¯à¥¤¥«ïîé¨¥ ãà ¢­¥­¨ï ¤«ï ¯ì¥§® ªâ¨¢­®£® ¬ -â¥à¨ «  e� = ecp deudx � eep eE;eD = e" �p eE + eep deudx (2)¨ ¤«ï ¬ â¥à¨ «  ­ ª« ¤®ªe�b = ecbdeudx; e�r = ecr deudx; (3)  â ª¦¥ ãà ¢­¥­¨ï í«¥ªâà®áâ â¨ª¨d eDdx = 0; eE = �de'dx : (4)�¥å ­¨ç¥áª¨¥ ¨ í«¥ªâà¨ç¥áª¨¥ £à ­¨ç­ë¥ ãá«®¢¨ï¯à¨­¨¬ îâáï ¢ ¢¨¤¥e� = 0; x = 0; L;e' = 0; x = Lb;e' = '0; x = Lb + Lp: (5)�®áª®«ìªã ¬ â¥à¨ «ë ­ ª« ¤®ª ¨ ¯ì¥§®ª¥à ¬¨-ª¨ ¯à¥¤¯®« £ îâáï «¨­¥©­®-¢ï§ª®ã¯àã£¨¬¨, â®, ¢á®®â¢¥âáâ¢¨¨ á ¯à¨­æ¨¯®¬ ã¯àã£®-¢ï§ª®ã¯àã£®© ­ «®£¨¨, ¯à¨ £ à¬®­¨ç¥áª¨å ª®«¥¡ ­¨ïå [2] ¢á¥¢¥«¨ç¨­ë, ¢å®¤ïé¨¥ ¢ á®®â­®è¥­¨ï (1) { (5), à á-á¬ âà¨¢ îâáï ª ª ª®¬¯«¥ªá­ë¥. � ç áâ­®áâ¨,íâ® á¯à ¢¥¤«¨¢® ¤«ï e�, eu {  ¬¯«¨âã¤ ¬¥å ­¨-ç¥áª®£® ­ ¯àï¦¥­¨ï ¨ ¯¥à¥¬¥é¥­¨ï (e�=�0+i�00,eu=u0 + iu00); ecp, ecb, ecr { ª®¬¯«¥ªá­ëå ¬®¤ã«¥© �­-£  ª¥à ¬¨ª¨,   â ª¦¥ ¬ â¥à¨ «®¢ ®âà ¦ îé¥©¨ ¨§«ãç îé¥© ­ ª« ¤®ª ( ecp=c0p+ic00p , ecb=c0b+ic00b ,ecr=c0r+ic00r ); eep, e" �p { ¯ì¥§®í«¥ªâà¨ç¥áª®© ¨ ¤¨í«¥ª-âà¨ç¥áª®© ª®­áâ ­â (eep=e0p+ie00p , e" �p ="0p�i"00p ); eE,eD { í«¥ªâà¨ç¥áª®© ­ ¯àï¦¥­­®áâ¨ ¨ ¨­¤ãªæ¨¨.�à¨ ç¨á«¥­­®© à¥ «¨§ æ¨¨ § ¤ ç¨ ã¤®¡­¥¥,¢®-¯¥à¢ëå, ¨¬¥âì ¥¤¨­®®¡à §­ë¥ ®¯à¥¤¥«ïîé¨¥ãà ¢­¥­¨ï ¤«ï á®áâ ¢­ëå ç áâ¥© ¯à¥®¡à §®¢ â¥«ï¨, ¢®-¢â®àëå, § ¤ ¢ âì £à ­¨ç­ë¥ ãá«®¢¨ï ­¥ ¢®¢­ãâà¥­­¨å â®çª å ¨­â¥à¢ « , ª ª íâ® ¯à¥¤áâ -¢«¥­® ¤«ï ¯®â¥­æ¨ «  ¢ ¢ëà ¦¥­¨¨ (5),   ­  ¥£®ª®­æ å x=0; L. �«ï ¯à ªâ¨ç¥áª®£® à¥è¥­¨ï íâ¨å¢®¯à®á®¢ ®¯à¥¤¥«ïîé¨¥ ãà ¢­¥­¨ï (3) ¤«ï ¬ â¥à¨- «  ­ ª« ¤®ª ä®à¬ «ì­® ¯à¨­¨¬ «¨áì ­ ¬¨ ¢ ¢¨-¤¥ (2) e� = ecb;r deudx � eeb;r eE;eD = e" �b;r eE + eeb;r deudx:44 �. �. �ïç¥­ª®, �. �. �¥­ç¥­ª®¢



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 42 { 50�®áª®«ìªã ­ ª« ¤ª¨ ®¡ëç­® ¨§£®â ¢«¨¢ îâáï ¨§¯ì¥§®¯ áá¨¢­ëå ¬ â¥à¨ «®¢, ª®â®àë¥ ª â®¬ã¦¥ ï¢«ïîâáï å®à®è¨¬¨ ¯à®¢®¤­¨ª ¬¨ í«¥ªâà¨ç¥-áâ¢ , ¢ íâ¨å ãà ¢­¥­¨ïå ¯à¨­ïâ®, çâ® eeb;r=0,e" �b;r=1 �/¬. �â®à®¥ ¨§ íâ¨å ãá«®¢¨© ®â¢¥ç ¥â ¢ë-á®ª®© í«¥ªâà®¯à®¢®¤­®áâ¨ ¬ â¥à¨ «  ­ ª« ¤®ª ¨¯®§¢®«ï¥â ¯¥à¥ä®à¬ã«¨à®¢ âì £à ­¨ç­ë¥ ãá«®¢¨ï¢ âà¥¡ã¥¬®© ä®à¬¥:e' = 0; x = 0;e' = '0 x = L: (6)�à¨ ¢¢¥¤¥­¨¨ ¡¥§à §¬¥à­ëå å à ªâ¥à¨áâ¨ª ¢ª ç¥áâ¢¥ ­®à¬¨àãîé¨å ¨á¯®«ì§ãîâáï ¯ à ¬¥âàë¯ì¥§®í«¥ªâà¨ç¥áª®£® í«¥¬¥­â :b�k = �k=�p;ebck = eck=c0p;ebek = eek=e0p;eb"k = e"k="0p;bSk = Sk=Sp;� = x=Lp; �0 = L=Lp; (7)£¤¥ k=b; p; r.�¥§à §¬¥à­ë¥ ¯®«¥¢ë¥ ¢¥«¨ç¨­ë Yj, j=1; : : : ; 8®¯à¥¤¥«ïîâáï á®®â­®è¥­¨ï¬¨e''0 = Y1 + iY2;e� bSc0p = Y3 + iY4;euLp = Y5 + iY6;eD bSe0p = Y7 + iY8; (8)� ãç¥â®¬ ®¡®§­ ç¥­¨© (7) ¨ (8) á¨áâ¥¬  ãà ¢-­¥­¨© ¨ £à ­¨ç­ëå ãá«®¢¨© (1) { (6) ¯®á«¥ à §¤¥«¥-­¨ï ­  ¢¥é¥áâ¢¥­­ãî ¨ ¬­¨¬ãî ç áâ¨ á¢®¤¨âáï ªá¨áâ¥¬¥ ¢®áì¬¨ ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëå

ãà ¢­¥­¨© á ¢¥é¥áâ¢¥­­ë¬¨ ¯¥à¥¬¥­­ë¬¨dY1d� = q01Y3 � q001Y4 � q02Y7 + q002Y8;dY2d� = q001Y3 + q01Y4 � q002Y7 � q02Y8;dY3d� = ���SY5 ;dY4d� = ���SY6 ;dY5d� = g01Y3 � g001Y4 + g02Y7 � g002Y8;dY6d� = g001Y3 + g01Y4 + g002Y7 + g02Y8;dY7d� = 0;dY8d� = 0; (9)
¤®¯®«­¥­­®© £à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨Y1=0; Y2=0; Y3=0; Y4=0; �=0;Y1=1; Y2=0; Y3=0; Y4=0; �=�0: (10)�¤¥áì� = �p(!Lp)2c0p ; � = e0p'0Lpc0p ; 
 = "0p'0Lpe0p ;eg1 = 
 eb"bS(
 eb"ebc+ � ebe2) ; eg2 = � ebebS(
 eb"ebc+ � ebe2) ;eq1 = ebebS(
 eb"ebc+ � ebe2) ; eq2 = ebcbS(
 eb"ebc + � ebe2) : (11)�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¯®á«¥¤­¨¥ ¤¢  ãà ¢-­¥­¨ï ¢ á¨áâ¥¬¥ à §à¥è îé¨å ãà ¢­¥­¨© (9), ®¯¨-áë¢ îé¨¥ í«¥ªâà¨ç¥áªãî ¨­¤ãªæ¨î, ¢ ª ¦¤®¬ª®­ªà¥â­®¬ á«ãç ¥ ¬®£ãâ ¡ëâì ¨­â¥£à¨à®¢ ­ë.�¤­ ª® ¢ à ¬ª å ¨áá«¥¤ã¥¬®© áå¥¬ë ç¨á«¥­­®© à¥- «¨§ æ¨¨ § ¤ ç¨ ¨å æ¥«¥á®®¡à §­® á®åà ­¨âì ¢ ¢¨-¤¥, ¯à¥¤áâ ¢«¥­­®¬ ¢ëè¥. �â® ¯®§¢®«ï¥â à áá¬ -âà¨¢ âì ¯®áâ ­®¢ªã § ¤ ç¨ ¨ ä®à¬ã«¨à®¢ªã £à -­¨ç­ëå ãá«®¢¨© ¢ á ¬®¬ ®¡é¥¬ ¢¨¤¥.2. �������� � ���� ���������¨áâ¥¬  ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (9) á£à ­¨ç­ë¬¨ ãá«®¢¨ï¬¨ (10) à¥è ¥âáï ç¨á«¥­­ë¬¬¥â®¤®¬ ®àâ®£®­ «ì­®© ¯à®£®­ª¨ [21]. � áç¥âë�. �. �ïç¥­ª®, �. �. �¥­ç¥­ª®¢ 45



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 42 { 50¯à®¢®¤ïâáï á«¥¤ãîé¨¬ ®¡à §®¬. �«ï ª ¦¤®£® ¢ -à¨ ­â , ®¯à¥¤¥«ï¥¬®£® ¯®«®¦¥­¨¥¬ ¯ì¥§® ªâ¨¢­®-£® í«¥¬¥­â  ¯®áâ®ï­­®© â®«é¨­ë, ¤«ï ®¤­®© ä¨ª-á¨à®¢ ­­®© ç áâ®âë à¥§®­ ­á  ¯¥à¢®© áâ¥à¦­¥-¢®© ¬®¤ë ª®«¥¡ ­¨© à¥è ¥âáï § ¤ ç  ®¯à¥¤¥«¥-­¨ï £¥®¬¥âà¨ç¥áª®© ª®­ä¨£ãà æ¨¨ ¯à¥®¡à §®¢ â¥-«ï. �«ï íâ®© æ¥«¨ ¨á¯®«ì§ã¥âáï \ã¯àã£¨©"  ­ -«®£ á¨áâ¥¬ë (1) { (6). � â¥¬ ¤«ï ­ ©¤¥­­®© £¥®-¬¥âà¨¨ à¥è ¥âáï § ¤ ç  í«¥ªâà®¢ï§ª®ã¯àã£®áâ¨.�à¨ à áç¥â¥ ãç¨âë¢ îâáï ¬¥å ­¨ç¥áª¨¥, ¯ì¥§®-í«¥ªâà¨ç¥áª¨¥ ¨ ¤¨í«¥ªâà¨ç¥áª¨¥ ¯®â¥à¨ ¢® ¢á¥åí«¥¬¥­â å ¯à¥®¡à §®¢ â¥«ï.�¥«ìî à áç¥â®¢ ï¢«ï¥âáï ®¯à¥¤¥«¥­¨¥ ¢«¨ï-­¨ï ¬¥áâ®¯®«®¦¥­¨ï ¯ì¥§®ª¥à ¬¨ç¥áª®£® í«¥¬¥­â ¯à¥®¡à §®¢ â¥«ï, ­ ª« ¤ª¨ ª®â®à®£® ¨§£®â®¢«¥­ë¨§ ¬ â¥à¨ «®¢ à §­ëå â¨¯®¢, ­  á«¥¤ãîé¨¥ ¯ à -¬¥âàë:�  ªâ¨¢­ ï (¢¥é¥áâ¢¥­­ ï) á®áâ ¢«ïîé ï í«¥ª-âà¨ç¥áª®£® á®¯à®â¨¢«¥­¨ï ­  à¥§®­ ­á­®© ç -áâ®â¥ (R),� ¬®¤ã«ì  ¬¯«¨âã¤ë ¬¥å ­¨ç¥áª®£® ¯¥à¥¬¥é¥-­¨ï ­  â®àæ¥ ¨§«ãç îé¥© ­ ª« ¤ª¨ (umax),� ¯®âà¥¡«ï¥¬ ï í«¥ªâà¨ç¥áª ï ¬®é­®áâì (P ),� ª®íää¨æ¨¥­â íää¥ªâ¨¢­®áâ¨ ¢®§¡ã¦¤¥­¨ï¯à¥®¡à §®¢ â¥«ï (�),� ­®à¬¨à®¢ ­­ ï  ¬¯«¨âã¤  ¬¥å ­¨ç¥áª®£® ­ -¯àï¦¥­¨ï ¢ ¯ì¥§®ª¥à ¬¨ç¥áª®¬ í«¥¬¥­â¥ (�u),� ª®íää¨æ¨¥­â ãá¨«¥­¨ï ¯® ¯¥à¥¬¥é¥­¨î (Ku),� ¤¨­ ¬¨ç¥áª¨© ª®íää¨æ¨¥­â í«¥ªâà®¬¥å ­¨ç¥-áª®© á¢ï§¨ (Kf ).�â¨ ¯ à ¬¥âàë ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬¨ ¢ëà -¦¥­¨ï¬¨:R=Re �'0(Y8�jY7)��!Spe0p(Y 27 +Y 28 )��;umax=�Lp(Y 25 +Y 26 )0:5��=L;P ='20=R;�=u2max=P;�u=c0pS0(Y 23 +Y 24 )0:5�umax;Ku=�(Y 25 +Y 26 )0:5��=L��(Y 25 +Y 26 )0:5��=0;Kf =�(f2p�f2s )�f2p �0:5; (12)£¤¥ fs { ç áâ®â  ¤¨­ ¬¨ç¥áª®£® (¯®á«¥¤®¢ â¥«ì­®-£®) à¥§®­ ­á ; fp { ç áâ®â  ¯ à ««¥«ì­®£® à¥§®-­ ­á  {  ­â¨à¥§®­ ­á­ ï ç áâ®â  [3].

� à ¡®â¥ à áá¬®âà¥­ë à §«¨ç­ë¥ ¢ à¨ ­âëáâ¥à¦­¥¢®£® ¯ì¥§®í«¥ªâà¨ç¥áª®£® ¯à¥®¡à §®¢ â¥-«ï ¯®áâ®ï­­®£® ªàã£®¢®£® á¥ç¥­¨ï ¤¨ ¬¥âà  d,à §«¨ç¨¥ ¬¥¦¤ã ª®â®àë¬¨ ®¯à¥¤¥«ï¥âáï ª®¬¡¨-­ æ¨ï¬¨ à §«¨ç­ëå ¬ â¥à¨ «®¢ ¯ áá¨¢­ëå ­ -ª« ¤®ª. �«ï ª ¦¤®£® ¢ à¨ ­â  ¯à¥®¡à §®¢ â¥-«ï ¨áª®¬ë¥ ¯ à ¬¥âàë à ááç¨â ­ë ª ª äã­ªæ¨¨¡¥§à §¬¥à­®© ª®®à¤¨­ âë æ¥­âà  á«®ï ¯ì¥§®ª¥à -¬¨ª¨ �k=xk=L, ¨¬¥îé¥£® ¯®áâ®ï­­ãî â®«é¨­ãLp, ª®â®à ï ¨§¬¥­ï¥âáï ®â §­ ç¥­¨ï �k=0:01 ¤®�k=0:55.3. �������� ������� à áç¥â å ¡ë«¨ ¯à¨­ïâë á«¥¤ãîé¨¥ §­ -ç¥­¨ï ¯ à ¬¥âà®¢: ç áâ®â  ¢®§¡ã¦¤¥­¨ï f == !=2pi=20 ª�æ, ¤¨ ¬¥âà d=38�10�3 ¬, â®«é¨­ ¯ì¥§®ª¥à ¬¨ç¥áª®£® ¤¨áª  Lp=8�10�3 ¬. � § ¢¨-á¨¬®áâ¨ ®â ¢¨¤  ¯ áá¨¢­ëå ­ ª« ¤®ª à áá¬®âà¥­ëç¥âëà¥ ¢ à¨ ­â  ¯à¥®¡à §®¢ â¥«¥©, ¨§£®â®¢«¥­-­ëå ¨§ á«¥¤ãîé¨å ¬ â¥à¨ «®¢:� ¨§«ãç îé ï ¨ ®âà ¦ îé ï ­ ª« ¤ª¨ ¨§ áâ -«¨ ¬ àª¨ �â45 (­¨¦¥ �{�);� ¨§«ãç îé ï ­ ª« ¤ª  ¨§  «î¬¨­¨¥¢®£® á¯« -¢  �16� (¤îà «î¬¨­¨©), ®âà ¦ îé ï ­ -ª« ¤ª  ¨§ áâ «¨ ¬ àª¨ �â45 (­¨¦¥ �{�);� ¨§«ãç îé ï ¨ ®âà ¦ îé ï ­ ª« ¤ª¨ ¨§  «î-¬¨­¨¥¢®£® á¯« ¢  �16� (­¨¦¥ � {�);� ¨§«ãç îé ï ¨ ®âà ¦ îé ï ­ ª« ¤ª¨ ¨§ â¨-â ­®¢®£® á¯« ¢  ��3-1 (­¨¦¥ �{�).�à¥¤¯®« £ «®áì, çâ® ¢® ¢á¥å ¯à¥®¡à §®¢ â¥«ïå¯ì¥§®ª¥à ¬¨ç¥áª¨© í«¥¬¥­â ¨§£®â®¢«¥­ ¨§ ¬ â¥-à¨ «  ���-24�. �¨¦¥ ¯à¨¢¥¤¥­ë §­ ç¥­¨ï ä¨§¨-ç¥áª¨å å à ªâ¥à¨áâ¨ª ¬ â¥à¨ «®¢, ¨á¯®«ì§®¢ ­-­ë¥ ¯à¨ à áç¥â å:�â45 { � = 0:78 � 104 ª£/¬3;c0n = 0:209 � 1012 � ; c00n=c0n = 0:4 � 10�3;�16� { � = 0:268 � 104 ª£/¬3;c0n = 0:724 � 1011 � ; c00n=c0n = 0:3 � 10�3;��3-1 { � = 0:45 � 104 ª£/¬3;cn = 0:121 � 1012 � ; c00n=c0n = 0:15 � 10�3;���-24� { � = 0:75 � 104 ª£/¬3;cp = 0:109 � 1012 � ; c00p=c0p = 0:162 � 10�1;"0p = 0:559 � 10�8 �/¬; "00p="0p = 0:244 � 10�1;e0p = 15:0 �«/¬2; e00p=e0p = 0:73 � 10�2:�¤¥áì n ¬®¦¥â ¯à¨­¨¬ âì §­ ç¥­¨ï b ¨ r.46 �. �. �ïç¥­ª®, �. �. �¥­ç¥­ª®¢



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 42 { 50
�¨á. 2. � ¢¨á¨¬®áâì ¢¥«¨ç¨­ë  ªâ¨¢­®£®í«¥ªâà¨ç¥áª®£® á®¯à®â¨¢«¥­¨ï ®â ¯®«®¦¥­¨ï¯ì¥§® ªâ¨¢­®£® í«¥¬¥­â 4. ���������� ���������¥§ã«ìâ âë à áç¥â®¢ ¯à¥¤áâ ¢«¥­ë ¢ ¢¨¤¥ £à -ä¨ª®¢ ­  à¨á. 2 { 8, ­  ª®â®àëå ¯® ®á¨  ¡áæ¨áá ®â-«®¦¥­  ¡¥§à §¬¥à­ ï ª®®à¤¨­ â  á¥à¥¤¨­ë ¯ì¥§®-ª¥à ¬¨ç¥áª®£® í«¥¬¥­â ,   æ¨äàë á®®â¢¥âáâ¢ãîâ­®¬¥à ¬ ãª § ­­ëå ¢ à¨ ­â®¢ ¯à¥®¡à §®¢ â¥«ï.�  à¨á. 2 ¯à¨¢¥¤¥­ë ªà¨¢ë¥ ¨§¬¥­¥­¨ï  ªâ¨¢-­®© (¢¥é¥áâ¢¥­­®©) á®áâ ¢«ïîé¥© í«¥ªâà¨ç¥áª®-£® á®¯à®â¨¢«¥­¨ï ¯à¥®¡à §®¢ â¥«ï. �¨¤­®, çâ®¤«ï áâ¥à¦­¥¢®£® ¯à¥®¡à §®¢ â¥«ï å à ªâ¥à­  ¬®-­®â®­­® ã¡ë¢ îé ï § ¢¨á¨¬®áâì á®¯à®â¨¢«¥­¨ï®â ª®®à¤¨­ âë �k. �ãé¥áâ¢¥­­ë¥ ª®«¨ç¥áâ¢¥­-­ë¥ ®â«¨ç¨ï ¨¬¥îâ ¬¥áâ® ¢¯«®âì ¤® ª®®à¤¨­ -âë �k�0:3. �à¨ íâ®¬ áª®à®áâì ã¡ë¢ ­¨ï á®¯à®-â¨¢«¥­¨ï ¤«ï ¢ à¨ ­â  �{� §­ ç¨â¥«ì­® ¢ëè¥,ç¥¬ ã ®áâ «ì­ëå. � ¨¡®«ìè¥¥ á®¯à®â¨¢«¥­¨¥ ¤«ï�k�0:08 ¨¬¥¥â ¯à¥®¡à §®¢ â¥«ì á ¤îà «î¬¨­¨¥-¢ë¬¨ ­ ª« ¤ª ¬¨. �à¨ �k�0:3 á â®çª¨ §à¥­¨ïí«¥ªâà¨ç¥áª®£® á®¯à®â¨¢«¥­¨ï ¢á¥ à áá¬ âà¨¢ ¥-¬ë¥ ¢ à¨ ­âë ¯à¨¬¥à­® à ¢­®æ¥­­ë.�  à¨á. 3 ¯à¨¢¥¤¥­ë ªà¨¢ë¥ ¨§¬¥­¥­¨ï  ¬¯«¨âã-¤ë ¯¥à¥¬¥é¥­¨ï â®àæ  ¨§«ãç îé¥© ­ ª« ¤ª¨ ¯à¥-®¡à §®¢ â¥«ï. �á¥ ªà¨¢ë¥ å à ªâ¥à¨§ãîâáï ­ «¨-ç¨¥¬ ¬ ªá¨¬ã¬  ¢ ®ªà¥áâ­®áâ¨ â®çª¨ �k=0:1. �íâ®© ®¡« áâ¨ §­ ç¥­¨ï ¯¥à¥¬¥é¥­¨© ¤«ï ¢ à¨ ­-â®¢ � {�, � {�, �{� ¯à¨¬¥à­® ®¤¨­ ª®¢ë, â®£¤ ª ª ¤«ï ¢ à¨ ­â  �{� ®­¨ ¯®çâ¨ ¢¤¢®¥ ­¨¦¥. �®¡« áâ¨ §­ ç¥­¨© �k>0:1 ªà¨¢ë¥ ï¢«ïîâáï ¬®­®-â®­­® ã¡ë¢ îé¨¬¨. � â®çª¨ §à¥­¨ï ¤®áâ¨¦¥­¨ï¬ ªá¨¬ «ì­®©  ¬¯«¨âã¤ë ­ ¨«ãçè¨¬¨ ï¢«ïîâáï¢ à¨ ­âë �{� ¨ � {�.�  à¨á. 4 ¯à¥¤áâ ¢«¥­ë § ¢¨á¨¬®áâ¨ íää¥ªâ¨¢-

�¨á. 3. � ¢¨á¨¬®áâì  ¬¯«¨âã¤ë¯¥à¥¬¥é¥­¨ï ¨§«ãç îé¥£® â®àæ  ¯à¥®¡à §®¢ â¥«ï®â ¯®«®¦¥­¨ï ¯ì¥§® ªâ¨¢­®£® í«¥¬¥­â 
�¨á. 4. � ¢¨á¨¬®áâì ª®íää¨æ¨¥­â íää¥ªâ¨¢­®áâ¨ ¢®§¡ã¦¤¥­¨ï ¯à¥®¡à §®¢ â¥«ï®â ¯®«®¦¥­¨ï ¯ì¥§® ªâ¨¢­®£® í«¥¬¥­â ­®áâ¨ ¢®§¡ã¦¤¥­¨ï ¯à¥®¡à §®¢ â¥«ï, ª®â®à ï å -à ªâ¥à¨§ã¥â § âà âë í«¥ªâà¨ç¥áª®© ¬®é­®áâ¨ (¢�â) ¤«ï ¤®áâ¨¦¥­¨ï ¬¥å ­¨ç¥áª®£® ¯¥à¥¬¥é¥­¨ï¨§«ãç îé¥£® â®àæ  ¯à¥®¡à §®¢ â¥«ï ¢ ®¤¨­ ¬¨-ªà®­. �«ï ¢á¥å ¢¨¤®¢ à áá¬ âà¨¢ ¥¬ëå ¢ à¨- ­â®¢ ¨§¬¥­¥­¨¥ ªà¨¢ëå ­®á¨â ®¤¨­ ª®¢ë© å -à ªâ¥à: íää¥ªâ¨¢­®áâì ¢®§¡ã¦¤¥­¨ï ã¬¥­ìè ¥â-áï ¯à¨ á¬¥é¥­¨¨ ª¥à ¬¨ª¨ ª áà¥¤¨­­®© ¯«®áª®-áâ¨ ¯à¥®¡à §®¢ â¥«ï. �® ®â­®è¥­¨î ª ¯à¨­ïâ®¬ãªà¨â¥à¨î ¢ à¨ ­â � {� ï¢«ï¥âáï ¯à¥¤¯®çâ¨â¥«ì-­ë¬. �à¨ íâ®¬ íää¥ªâ¨¢­®áâì ¢®§à áâ ¥â ¯® ¬¥-à¥ ã¬¥­ìè¥­¨ï â®«é¨­ë ®âà ¦ îé¥© ­ ª« ¤ª¨.�  à¨á. 5 ¯à¥¤áâ ¢«¥­ë § ¢¨á¨¬®áâ¨ í«¥ªâà¨ç¥-�. �. �ïç¥­ª®, �. �. �¥­ç¥­ª®¢ 47
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�¨á. 5. � ¢¨á¨¬®áâì ¯®âà¥¡«ï¥¬®© ¬®é­®áâ¨¯à¥®¡à §®¢ â¥«ï ®â ¯®«®¦¥­¨ï¯ì¥§® ªâ¨¢­®£® í«¥¬¥­â áª®© ¬®é­®áâ¨, ¯®âà¥¡«ï¥¬®© ¯à¥®¡à §®¢ â¥«¥¬,®â ª®®à¤¨­ âë ª¥à ¬¨ª¨ �k. �®âà¥¡«ï¥¬ ï ¬®é-­®áâì ¤«ï ¢á¥å ¢ à¨ ­â®¢ ¯à¥®¡à §®¢ â¥«¥© ¢®§-à áâ ¥â á ã¢¥«¨ç¥­¨¥¬ �k. �â® ®¡êïá­ï¥âáï â¥¬,çâ® ¯à¨ ¯®áâ®ï­­®¬ ­ ¯àï¦¥­¨¨ ¨áâ®ç­¨ª  ¯¨â -­¨ï ¬®é­®áâì ¢®§à áâ ¥â á ã¬¥­ìè¥­¨¥¬  ªâ¨¢-­®£® í«¥ªâà¨ç¥áª®£® á®¯à®â¨¢«¥­¨ï ¯à¥®¡à §®¢ -â¥«ï. � â®çª¨ §à¥­¨ï â¥¯«®¢®£® ªà¨â¥à¨ï ¢ë£®¤­ ¬ « ï ¬®é­®áâì. �§ á®¯®áâ ¢«¥­¨ï à¨á. 3 ¨ à¨á. 5á«¥¤ã¥â ¯à¥¨¬ãé¥áâ¢® ¢ à¨ ­â  � {�, ®¡¥á¯¥ç¨-¢ îé¥£® ¬ ªá¨¬ «ì­®¥ ¯¥à¥¬¥é¥­¨¥ â®àæ  ¨§«ã-ç îé¥© ­ ª« ¤ª¨ ¯à¥®¡à §®¢ â¥«ï ¯à¨ ¬¨­¨¬ «ì-­®© à áá¥¨¢ ¥¬®© ¬®é­®áâ¨.�  à¨á. 6 ¯à¥¤áâ ¢«¥­ë ªà¨¢ë¥ § ¢¨á¨¬®áâ¨­®à¬¨à®¢ ­­®©  ¬¯«¨âã¤ë ¬¥å ­¨ç¥áª®£® ­ ¯àï-¦¥­¨ï ¢ ¯ì¥§®í«¥¬¥­â¥ ¯à¥®¡à §®¢ â¥«ï ®â ª®®à-¤¨­ âë ª¥à ¬¨ª¨ �k. �¬¯«¨âã¤  ¬¥å ­¨ç¥áª®£®­ ¯àï¦¥­¨ï ¢ ª¥à ¬¨ç¥áª®¬ í«¥¬¥­â¥ ­®à¬¨àã¥â-áï ­   ¬¯«¨âã¤ã ¬¥å ­¨ç¥áª®£® ¯¥à¥¬¥é¥­¨ï ­ ¢ëå®¤­®¬ â®àæ¥ ¯à¥®¡à §®¢ â¥«ï. �à¨ à®áâ¥ �k­ ¯àï¦¥­¨ï ¬®­®â®­­® ¢®§à áâ îâ á à §«¨ç­ë-¬¨ áª®à®áâï¬¨ (¬ ªá¨¬ «ì­®© { ¤«ï ¢ à¨ ­â  �{�, ¬¨­¨¬ «ì­®© { ¤«ï ¢ à¨ ­â  � {�). �®á«¥¤­¨©¢ à¨ ­â ï¢«ï¥âáï ¬¨­¨¬ «ì­® ­ ¯àï¦¥­­ë¬ ¯à¥-®¡à §®¢ â¥«¥¬ ­  ¥¤¨­¨æã ¯¥à¥¬¥é¥­¨ï.�  à¨á. 7 ¯à¥¤áâ ¢«¥­ë ªà¨¢ë¥ § ¢¨á¨¬®áâ¨ ª®-íää¨æ¨¥­â  ãá¨«¥­¨ï ¯¥à¥¬¥é¥­¨ï ¯à¥®¡à §®¢ -â¥«¥© ®â ª®®à¤¨­ âë ª¥à ¬¨ª¨ �k. � ¤ ­­®¬ á«ã-ç ¥ ª®íää¨æ¨¥­â ãá¨«¥­¨ï ®¯à¥¤¥«ï¥âáï á®®â­®è¥-­¨¥¬  ªãáâ¨ç¥áª¨å á®¯à®â¨¢«¥­¨© á®áâ ¢­ëå ç -áâ¥© ¯à¥®¡à §®¢ â¥«ï. �ç¥¢¨¤­®, çâ® ¢­¥ ª®­-ªãà¥­æ¨¨ ­ å®¤¨âáï ¢ à¨ ­â �{� ¢ á¨«ã ­ ¨¡®-«¥¥ áãé¥áâ¢¥­­ëå à §«¨ç¨©  ªãáâ¨ç¥áª¨å á®¯à®-

�¨á. 6. � ¢¨á¨¬®áâì §­ ç¥­¨ï ­®à¬¨à®¢ ­­®© ¬¯«¨âã¤ë ¬¥å ­¨ç¥áª¨å ­ ¯àï¦¥­¨©¢ ¯ì¥§® ªâ¨¢­®¬ á«®¥ ®â ¯®«®¦¥­¨ïá ¬®£® í«¥¬¥­â â¨¢«¥­¨© ­ ª« ¤®ª. �«ï ¢ à¨ ­â®¢ �{�, � {�,� {� à §«¨ç¨ï ¢ § ¢¨á¨¬®áâïå ª®íää¨æ¨¥­â  ãá¨-«¥­¨ï ®â ª®®à¤¨­ âë �k { ­¥§­ ç¨â¥«ì­ë.�  à¨á. 8 ¯à¥¤áâ ¢«¥­ë § ¢¨á¨¬®áâ¨ ¤¨­ ¬¨-ç¥áª®£® ª®íää¨æ¨¥­â  í«¥ªâà®¬¥å ­¨ç¥áª®© á¢ï-§¨ ¯à¥®¡à §®¢ â¥«ï ®â ª®®à¤¨­ âë ª¥à ¬¨ª¨ �k.�­ å à ªâ¥à¨§ã¥â íää¥ªâ¨¢­®áâì ¯à¥®¡à §®¢ -­¨ï í­¥à£¨¨ ¨ ¤®¡à®â­®áâì ¯à¥®¡à §®¢ â¥«ï ­ ¤ ­­®¬ à¥§®­ ­á¥. �¤¥áì ­ ¡«î¤ ¥âáï ¬®­®â®­-­®¥ ¢®§à áâ ­¨¥ ª®íää¨æ¨¥­â  ¯à¨ à®áâ¥ �k. � ª-á¨¬ «ì­®¥ §­ ç¥­¨¥ ª®íää¨æ¨¥­â  ­ ¡«î¤ ¥âáï ã¢ à¨ ­â  �{�,   ¬¨­¨¬ «ì­®¥ { ã ¢ à¨ ­â  � {�.�����������® à¥§ã«ìâ â ¬ ¯à®¢¥¤¥­­ëå à áç¥â®¢ ¬®¦­®á¤¥« âì àï¤ ¢ë¢®¤®¢ ®â â®¬, çâ® ¯®«®¦¥­¨¥ ¯ì¥-§®ª¥à ¬¨ç¥áª®£® í«¥¬¥­â  ¨ â¨¯ ¬ â¥à¨ «  ¯ á-á¨¢­ëå ­ ª« ¤®ª ®ª §ë¢ îâ áãé¥áâ¢¥­­®¥ ¢«¨ï-­¨¥ ­  ª¨­¥¬ â¨ç¥áª¨¥, ¤¨­ ¬¨ç¥áª¨¥ ¨ í­¥à£¥â¨-ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ¯à¥®¡à §®¢ â¥«ï. � ç áâ-­®áâ¨, ¬®¦­® ®â¬¥â¨âì á«¥¤ãîé¥¥.1. �¥­âà «ì­®¥ à §¬¥é¥­¨¥ ¯ì¥§®í«¥ªâà¨ç¥áª®-£® í«¥¬¥­â  ­¥ ï¢«ï¥âáï ®¯â¨¬ «ì­ë¬ ¢ á¬ë-á«¥ ���, â ª ª ª ¯à¨ íâ®¬ ¯®âà¥¡«ï¥¬ ï í«¥ª-âà¨ç¥áª ï ¬®é­®áâì ¤®áâ¨£ ¥â ¬ ªá¨¬ «ì­®-£® §­ ç¥­¨ï ¡¥§ § ¬¥â­®£® ¢ë¨£àëè  ¢  ¬-¯«¨âã¤¥ ¬¥å ­¨ç¥áª®£® ¯¥à¥¬¥é¥­¨ï ¨§«ãç -îé¥£® â®àæ . �à¨ æ¥­âà «ì­®¬ à §¬¥é¥-­¨¨ ¯ì¥§®í«¥ªâà¨ç¥áª®£® í«¥¬¥­â , ­¥á¬®âàï­  ¬¨­¨¬ «ì­®¥ í«¥ªâà¨ç¥áª®¥ á®¯à®â¨¢«¥­¨¥¨ ¬ ªá¨¬ «ì­ë© ª®íää¨æ¨¥­â í«¥ªâà®¬¥å ­¨-48 �. �. �ïç¥­ª®, �. �. �¥­ç¥­ª®¢
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�¨á. 7. � ¢¨á¨¬®áâì ª®íää¨æ¨¥­â ãá¨«¥­¨ï ¯¥à¥¬¥é¥­¨© ®â ¯®«®¦¥­¨ï¯ì¥§® ªâ¨¢­®£® í«¥¬¥­â ç¥áª®© á¢ï§¨, å à ªâ¥à­® ­ «¨ç¨¥ ¬ ªá¨¬ã¬  ¬¯«¨âã¤ë ¤¨­ ¬¨ç¥áª®© á®áâ ¢«ïîé¥© ¬¥-å ­¨ç¥áª®£® ­ ¯àï¦¥­¨ï, ¯à¨å®¤ïé¥£®áï ­ ®¡« áâì ¯ì¥§®ª¥à ¬¨ª¨,   â ª¦¥ ­ «¨ç¨¥ ¬¨-­¨¬ã¬  íää¥ªâ¨¢­®áâ¨ ¢®§¡ã¦¤¥­¨ï.2. � § ¢¨á¨¬®áâ¨ ®â â¥å­®«®£¨ç¥áª¨å æ¥«¥© ­¥-®¡å®¤¨¬ ¤¨ää¥à¥­æ¨à®¢ ­­ë© ¯®¤å®¤ ª ª®­-áâàã¨à®¢ ­¨î ¯à¥®¡à §®¢ â¥«ï. � ª, ¯à¨¯à®¥ªâ¨à®¢ ­¨¨ ¯à¥®¡à §®¢ â¥«¥©  ¬¯«¨âã-¤ë ¯¥à¥¬¥é¥­¨ï æ¥«¥á®®¡à §­® à á¯®« £ âì¯ì¥§®ª¥à ¬¨ç¥áª¨© í«¥¬¥­â ¡«¨¦¥ ª â®àæã ®â-à ¦ îé¥© ­ ª« ¤ª¨, â ª ª ª ¯à¨ íâ®¬ ­ -¡«î¤ ¥âáï à®áâ  ¬¯«¨âã¤ë ¯¥à¥¬¥é¥­¨ï â®à-æ  ¨§«ãç îé¥© ­ ª« ¤ª¨ (á¬. à¨á. 3) ¨ ª®-íää¨æ¨¥­â  íää¥ªâ¨¢­®áâ¨ ¢®§¡ã¦¤¥­¨ï (á¬.à¨á. 4). �®«®¦¨â¥«ì­ë¬ ä ªâ®à®¬ ï¢«ï¥âáï¨ ã¬¥­ìè¥­¨¥  ¬¯«¨âã¤ë ¤¨­ ¬¨ç¥áª®£® ­ -¯àï¦¥­¨ï ¢ ¯ì¥§®í«¥ªâà¨ç¥áª®¬ í«¥¬¥­â¥ (á¬.à¨á. 6),   â ª¦¥ ã¬¥­ìè¥­¨¥ ¯®âà¥¡«ï¥¬®©í«¥ªâà¨ç¥áª®© ¬®é­®áâ¨ (á¬. à¨á. 5). � ­¥-¤®áâ âª ¬ ¤ ­­®£® ª®­áâàãªâ¨¢­®£® à¥è¥­¨ïá«¥¤ã¥â ®â­¥áâ¨ ã¢¥«¨ç¥­¨¥ í«¥ªâà¨ç¥áª®£®á®¯à®â¨¢«¥­¨ï (á¬. à¨á. 2) ¨ ã¬¥­ìè¥­¨¥ ª®-íää¨æ¨¥­â  í«¥ªâà®¬¥å ­¨ç¥áª®© á¢ï§¨ (á¬.à¨á. 8), çâ®, ¢ á¢®î ®ç¥à¥¤ì, íª¢¨¢ «¥­â­®ã¢¥«¨ç¥­¨î ¬¥å ­¨ç¥áª®© ¤®¡à®â­®áâ¨ ¯à¥-®¡à §®¢ â¥«ï. �«ï ¯à¥®¡à §®¢ â¥«¥© ¬®é-­®áâ¨ (¯à¨¬¥­ïîé¨åáï, ­ ¯à¨¬¥à, ¤«ï ã«ì-âà §¢ãª®¢®© á¢ àª¨ ¯®«¨¬¥à®¢) æ¥«¥á®®¡à §-­® á¬¥é âì ¯ì¥§®ª¥à ¬¨ç¥áª¨© í«¥¬¥­â ®ââ®àæ  ®âà ¦ îé¥© ­ ª« ¤ª¨ ª á¥à¥¤¨­¥ ¯à¥-®¡à §®¢ â¥«ï. �®«®¦¨â¥«ì­ë¬¨ ä ªâ®à ¬¨

�¨á. 8. � ¢¨á¨¬®áâì ¤¨­ ¬¨ç¥áª®£® ª®íää¨æ¨¥­â í«¥ªâà®¬¥å ­¨ç¥áª®© á¢ï§¨ ®â ¯®«®¦¥­¨ï¯ì¥§® ªâ¨¢­®£® í«¥¬¥­â ¯à¨ íâ®¬ ª®­áâàãªâ¨¢­®¬ à¥è¥­¨¨ ï¢«ïîâ-áï ã¬¥­ìè¥­¨¥ í«¥ªâà¨ç¥áª®£® á®¯à®â¨¢«¥­¨ï(á¬. à¨á. 2) ¨ ã¢¥«¨ç¥­¨¥ ª®íää¨æ¨¥­â  í«¥ª-âà®¬¥å ­¨ç¥áª®© á¢ï§¨ (á¬. à¨á. 8).3. �ë¡®à ¬ â¥à¨ «  ­ ª« ¤®ª ¢«¨ï¥â ­  å -à ªâ¥à¨áâ¨ª¨ ¯à¥®¡à §®¢ â¥«ï. � ç áâ­®-áâ¨, ¤«ï ¯®«ãç¥­¨ï ¢ëá®ª¨å  ¬¯«¨âã¤ ¯¥à¥-¬¥é¥­¨ï â®àæ  ¨§«ãç îé¥© ­ ª« ¤ª¨, æ¥«¥-á®®¡à §­® ¨á¯®«ì§®¢ âì ª®¬¡¨­ æ¨î áâ «ì {¤îà «î¬¨­¨© ¨«¨ ¤îà «î¬¨­¨© {¤îà «î¬¨­¨©. �¨­¨¬ «ì­ãî ¤¨­ ¬¨ç¥áªãî­ £àã§ªã ­  ª¥à ¬¨ªã ®¡¥á¯¥ç¨¢ ¥â ¢ à¨- ­â ¤îà «î¬¨­¨© {¤îà «î¬¨­¨©. �ää¥ª-â¨¢­®áâì ¢®§¡ã¦¤¥­¨ï ¯à¥®¡à §®¢ â¥«ï ¤«ï¢ à¨ ­â  ¤îà «î¬¨­¨© { ¤îà «î¬¨­¨© áãé¥-áâ¢¥­­® ¢ëè¥, ç¥¬ ¤«ï ¢ à¨ ­â  áâ «ì {áâ «ì. �¨­ ¬¨ç¥áª¨© ª®íää¨æ¨¥­â á¢ï§¨ ¯à¥-®¡à §®¢ â¥«ï ¤«ï ¢ à¨ ­â  ¤îà «î¬¨­¨© {¤îà «î¬¨­¨© áãé¥áâ¢¥­­® ­¨¦¥, ç¥¬ ¤«ï ¢ -à¨ ­â  áâ «ì-áâ «ì.1. �¥à£¬ ­ �. �«ìâà §¢ãª ¨ ¥£® ¯à¨¬¥­¥­¨¥ ¢ ­ ãª¥¨ â¥å­¨ª¥.{ �.: �­®áâà. «¨â, 1957.{ 723 á.2. �¨ªãç¨ �. �«ìâà §¢ãª®¢ë¥ ¯à¥®¡à §®¢ â¥«¨.{ �.:�¨à, 1972.{ 424 á.3. � ­®¯®«ìáª¨© �. �., � á âª¨­ �. �., �¥£ã-è  �. �., �àã¤ìª® �. �., �ã£ ç¥¢ �. �. �ì¥§®-ª¥à ¬¨ç¥áª¨¥ ¯à¥®¡à §®¢ â¥«¨. �¯à ¢®ç­¨ª.{ �.:�ã¤®áâà®¥­¨¥, 1984.{ 256 á.4. �¥­ª �. �«¥ªâà®¬¥å ­¨ç¥áª¨¥ á¨áâ¥¬ë.{ �.:�­¥à£®¨§¤ â, 1982.{ 472 á.5. �à®­®¢ �. �. �«¥ªâà®¬¥å ­¨ç¥áª¨¥ ¯à¥®¡à §®¢ -â¥«¨ ¨§ ¯ì¥§®í«¥ªâà¨ç¥áª®© ª¥à ¬¨ª¨.{ �.: �­¥à-£® â®¬¨§¤ â. �¥­¨­£à. ®â¤, 1990.{ 272 á.�. �. �ïç¥­ª®, �. �. �¥­ç¥­ª®¢ 49
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