
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 51 { 60��� 539.1�������������� �������������� ������������������� ����� � ����������������������, ��������� �� ������������������������������� �����������������. �. ������, �. �. �������, �. �. ���������, �. �. ��������� �®áã¤ àáâ¢¥­­ë© ­ ãç­®-¨áá«¥¤®¢ â¥«ìáª¨© ¨­áâ¨âãâ £¨¤à®¯à¨¡®à®¢, �¨¥¢��� æ¨®­ «ì­ë© â¥å­¨ç¥áª¨© ã­¨¢¥àá¨â¥â �ªà ¨­ë \���", �¨¥¢�®«ãç¥­® 30.07.1999 � �¥à¥á¬®âà¥­® 2.03.2000�ë¯®«­¥­ ç¨á«¥­­ë©  ­ «¨§ á¢ï§ ­­ëå ¯®«¥©, ¢®§­¨ª îé¨å ¢ ªàã£®¢ëå ¨ ¤ã£®¢ëå æ¨«¨­¤à¨ç¥áª¨å à¥è¥âª å, ®¡à -§®¢ ­­ëå ¨§ â®­ª®áâ¥­­ëå ¯ì¥§®ª¥à ¬¨ç¥áª¨å æ¨«¨­¤à¨ç¥áª¨å ¯à¥®¡à §®¢ â¥«¥©, ¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ ¨å á ¯«®áª¨-¬¨  ªãáâ¨ç¥áª¨¬¨ ¢®«­ ¬¨. �áâ ­®¢«¥­ë ä¨§¨ç¥áª¨¥ § ª®­®¬¥à­®áâ¨ ¢«¨ï­¨ï íâ®£® ¢§ ¨¬®¤¥©áâ¢¨ï ­   ªãáâ¨ç¥-áª¨¥, ¬¥å ­¨ç¥áª¨¥ ¨ í«¥ªâà¨ç¥áª¨¥ ¯®«ï à¥è¥â®ª ¢ § ¢¨á¨¬®áâ¨ ®â ¯ à ¬¥âà®¢ ¯à¥®¡à §®¢ â¥«¥©, à¥è¥â®ª ¨ ¢®«­.�®ª § ­®, çâ® ¢§ ¨¬®¤¥©áâ¢¨¥ ¯à¥®¡à §®¢ â¥«¥© ¢ â ª®© á¨áâ¥¬¥ ®¡ãá« ¢«¨¢ ¥â ¯®â¥àî ®¤­®à®¤­®áâ¨ ã£«®¢®© § -¢¨á¨¬®áâ¨  ªãáâ¨ç¥áª¨å, ¬¥å ­¨ç¥áª¨å ¨ í«¥ªâà¨ç¥áª¨å ¯®«¥© ®â¤¥«ì­ëå ¯à¥®¡à §®¢ â¥«¥©,   â ª¦¥ ¯à¨®¡à¥â¥­¨¥­ ¯à ¢«¥­­ëå á¢®©áâ¢ á¨áâ¥¬®© ¢ æ¥«®¬. �áâ ­®¢«¥­  áãé¥áâ¢¥­­ ï à®«ì ¢­ãâà¥­­¥© ®¡« áâ¨ ªàã£®¢ëå à¥è¥â®ª­  ä®à¬¨à®¢ ­¨¥ ¨å ¤¨ £à ¬¬ à áá¥ï­¨ï.�¨ª®­ ­® ç¨á¥«ì­¨©  ­ «÷§ §¢'ï§ ­¨å ¯®«÷¢, é® ¢¨­¨ª îâì ã ªàã£®¢¨å â  ¤ã£®¢¨å æ¨«÷­¤à¨ç­¨å £à âª å, ãâ¢®à¥­¨å÷§ â®­ª®áâ÷­­¨å ¯'õ§®ª¥à ¬÷ç­¨å æ¨«÷­¤à¨ç­¨å ¯¥à¥â¢®àî¢ ç÷¢, ¯à¨ ¢§ õ¬®¤÷ù ùå § ¯«®áª¨¬¨  ªãáâ¨ç­¨¬¨ å¢¨«ï¬¨.�áâ ­®¢«¥­÷ ä÷§¨ç­÷ § ª®­®¬÷à­®áâ÷ ¢¯«¨¢ã æ÷õù ¢§ õ¬®¤÷ù ­   ªãáâ¨ç­÷, ¬¥å ­÷ç­÷ © ¥«¥ªâà¨ç­÷ ¯®«ï £à â®ª ¢ § -«¥¦­®áâ÷ ¢÷¤ ¯ à ¬¥âà÷¢ ¯¥à¥â¢®àî¢ ç÷¢, £à â®ª â  å¢¨«ì. �®ª § ­®, é® ¢§ õ¬®¤÷ï ¯¥à¥â¢®àî¢ ç÷¢ ã â ª÷© á¨áâ¥¬÷®¡ã¬®¢«îõ ¢âà âã ®¤­®à÷¤­®áâ¨ ªãâ®¢®ù § «¥¦­®áâ÷  ªãáâ¨ç­¨å, ¬¥å ­÷ç­¨å â  ¥«¥ªâà¨ç­¨å ¯®«÷¢ ®ªà¥¬¨å ¯¥à¥-â¢®àî¢ ç÷¢,   â ª®¦ ­ ¡ãââï ­ ¯àï¬«¥­¨å ¢« áâ¨¢®áâ¥© á¨áâ¥¬®î ¢ æ÷«®¬ã. �®ª § ­  áãââõ¢  à®«ì ¢­ãâà÷è­ì®ù®¡« áâ÷ ªàã£®¢¨å £à â®ª ­  ä®à¬ã¢ ­­ï ùå­÷å ¤÷ £à ¬ à®§á÷ï­­ï.A numerical analysis of conjugated �elds, which appear in circular and arc cylindrical arrays consisting of thin-walledpiezoelectric ceramic cylindrical transducers was performed for interaction of those arrays with plane acoustical waves.The physical regularities of in
uence of mentioned interaction on acoustical, mechanical and electrical �elds of arrays wereestablished in dependence from parameters of transducers, arrays and waves. It was shown that interaction of transducersin such system controls a loss of angular uniformity of acoustical mechanical and electrical �elds of separate transducersas well, as an acquiring of directed properties by whole system. The signi�cant role of the internal domain of circulararrays is shaping of their scattering diagrams was established.���������ì¥§®ª¥à ¬¨ç¥áª¨¥ ¯à¥®¡à §®¢ â¥«¨ ï¢«ïîâáï¢ ¦­¥©è¥© á®áâ ¢­®© ç áâìî ¬­®£¨å ãáâà®©áâ¢â¥å­¨ç¥áª®©  ªãáâ¨ª¨ ¨, ¢ ç áâ­®áâ¨, £¨¤à®- ªãáâ¨ª¨. �å íää¥ªâ¨¢­ ï à ¡®â  ¢® ¬­®£®¬®¯à¥¤¥«ï¥â â¥å­¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ â ª¨åãáâà®©áâ¢. �à¨ ¨§ãç¥­¨¨ á¢®©áâ¢ á¨áâ¥¬, ¯à¥¤­ -§­ ç¥­­ëå ¤«ï ¨§«ãç¥­¨ï ¨ ¯à¨¥¬  §¢ãª®¢ëå á¨£-­ «®¢, ¨á¯®«ì§ãîâáï à §«¨ç­ë¥ ¬®¤¥«ì­ë¥ ¯à¥¤-áâ ¢«¥­¨ï ¤«ï ¯à¥®¡à §®¢ â¥«¥©. � ¨¡®«¥¥ ¯à®-áâë¬ ï¢«ï¥âáï ¯®¤å®¤, ®á­®¢ ­­ë© ­  ¯à¥¤¯®«®-¦¥­¨¨ ® â®¬, çâ® í«¥¬¥­âë  ­â¥­­ë ¬®£ãâ à á-á¬ âà¨¢ âìáï ª ª â®ç¥ç­ë¥ («¨­¥©­ë¥) ¯à¨¥¬­¨-ª¨ ¨«¨ ¨§«ãç â¥«¨. � ª®© ¯®¤å®¤, ®ç¥¢¨¤­®, ¯à¨-¬¥­¨¬ë© «¨èì ¤«ï ¬ «ëå ¯® áà ¢­¥­¨î á ¤«¨­®©¢®«­ë ¯à¥®¡à §®¢ â¥«¥©, ¯®«ãç¨« è¨à®ª®¥ à á-¯à®áâà ­¥­¨¥ [1]. �ää¥ªâë  ªãáâ¨ç¥áª®£® ¢§ ¨¬®-¤¥©áâ¢¨ï ¬¥¦¤ã ¯à¥®¡à §®¢ â¥«ï¬¨ ¢ íâ®¬ á«ãç ¥®¯à¥¤¥«ïîâáï «¨èì à ááâ®ï­¨ï¬¨ ¬¥¦¤ã ­¨¬¨.� â¥å á«ãç ïå, ª®£¤  à §¬¥àë ¯à¥®¡à §®¢ â¥«¥©
á®¨§¬¥à¨¬ë á ¤«¨­®© ¢®«­ë, á¢®©áâ¢   ªãáâ¨ç¥-áª¨å  ­â¥­­ áãé¥áâ¢¥­­® § ¢¨áïâ ®â ¤¨äà ªæ¨®­-­ëå íää¥ªâ®¢. �¬¥­­® íâ® ®¡áâ®ïâ¥«ìáâ¢® ¯®á«ã-¦¨«® áâ¨¬ã«®¬ ¤«ï ¯®ï¢«¥­¨ï ¡®«ìè®£® ç¨á«  à -¡®â, ¯®á¢ïé¥­­ëå ¯à®¡«¥¬ ¬ ¤¨äà ªæ¨¨  ªãáâ¨-ç¥áª¨å ¨ í«¥ªâà®¬ £­¨â­ëå ¢®«­ ­  á¨áâ¥¬ å à á-á¥¨¢ â¥«¥© à §«¨ç­®© ä®à¬ë. � ç âë¥ ¥é¥ ¢ è¥-áâ¨¤¥áïâë¥ £®¤ë [2, 3], íâ¨ ¨áá«¥¤®¢ ­¨ï ¯à®¤®«-¦ îâáï ¨ á¥©ç á [4, 5]. �à¨ íâ®¬ § ç áâãî ¤¨-äà ªæ¨®­­ë¥ § ¤ ç¨ à¥è îâáï ¢ ¯à¥¤¯®«®¦¥­¨¨®¡ ¨¤¥ «ì­®áâ¨ í«¥¬¥­â®¢  ­â¥­­, áç¨â îé¨åáï ªãáâ¨ç¥áª¨ ¬ï£ª¨¬¨ ¨«¨ ¦¥áâª¨¬¨. � à ¡®â¥ [4]ãª § ­ ®¤¨­ ¨§ ¢ ¦­ëå íää¥ªâ®¢  ªãáâ¨ç¥áª®-£® ¢§ ¨¬®¤¥©áâ¢¨ï { ¢®§­¨ª­®¢¥­¨¥ ¤®¯®«­¨â¥«ì-­ëå á¨«, ¢ë§ë¢ îé¨å ¤¢¨¦¥­¨¥ í«¥¬¥­â®¢  ­â¥­-­ë ª ª ¦¥áâª¨å â¥«. �¤­ ª®, ª®£¤  à¥çì ¨¤¥â ®¯ì¥§® ªâ¨¢­ëå í«¥¬¥­â å  ­â¥­­, ¢®§­¨ª­®¢¥­¨¥®¡ãá«®¢«¥­­ëå ¤¨äà ªæ¨¥© ¤®¯®«­¨â¥«ì­ëå ãá¨-«¨© ­  ¯®¢¥àå­®áâ¨ ¢ë§ë¢ ¥â ¯®ï¢«¥­¨¥ á®®â¢¥â-áâ¢ãîé¨å í«¥ªâà¨ç¥áª¨å á¨£­ «®¢ ­  ¢ëå®¤¥ ¯à¥-®¡à §®¢ â¥«ï. �â¨ á¨£­ «ë ¬®£ãâ ®ª § âìáï áãé¥-c
 �. �. �¥©ª®, �. �. � ¢¨­, �. �. �ª ç¥­ª®, �. �. � ¬ à¨­, 2000 51



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 51 { 60áâ¢¥­­ë¬¨ ¯à¨ à ¡®â¥ ¢ ¤¨ ¯ §®­¥, ¢ª«îç îé¥¬á®¡áâ¢¥­­ë¥ ç áâ®âë í«¥ªâà¨ç¥áª¨  ªâ¨¢­ëå ¬®¤¯à¥®¡à §®¢ â¥«¥©. � á¢ï§¨ á íâ¨¬ ¢®§­¨ª ¥â ­¥-®¡å®¤¨¬®áâì ¢ à §¢¨â¨¨ ¯®¤å®¤®¢, ãç¨âë¢ îé¨å­¥ â®«ìª® ¤¨äà ªæ¨®­­ë¥ íää¥ªâë, ­® ¨ íää¥ª-âë í«¥ªâà®¬¥å ­¨ç¥áª®© á¢ï§ ­­®áâ¨ ¢ í«¥¬¥­â å¯à¥®¡à §®¢ â¥«¥©.�®«­ë© ãç¥â ãª § ­­ëå íää¥ªâ®¢ ¢®§¬®¦¥­ ¢à ¬ª å âà¥âì¥£® ¯®¤å®¤  ª  ­ «¨§ã á¢®©áâ¢  ­-â¥­­, ¯à¨ ª®â®à®¬ à¥è ¥âáï ¥¤¨­ ï á¢ï§ ­­ ï § -¤ ç  ®¡ ®¯à¥¤¥«¥­¨¨ å à ªâ¥à¨áâ¨ª  ­â¥­­ á ãç¥-â®¬ í«¥ªâà®ã¯àã£¨å á¢®©áâ¢ ¨å í«¥¬¥­â®¢ ¨ ¢«¨ï-­¨ï ¤¨äà £¨à®¢ ­­®£® ¯®«ï ­  í«¥ªâà¨ç¥áª¨© ®â-ª«¨ª ¯à¥®¡à §®¢ â¥«ï. � à ¬ª å íâ®£® ¯®¤å®¤  ¨á-á«¥¤®¢ ­¨ï ¯à®¢®¤¨«¨áì ª ª ¤«ï ãáâ ­®¢¨¢è¨åáï,â ª ¨ ­¥áâ æ¨®­ à­ëå à¥¦¨¬®¢ à ¡®âë ®â¤¥«ì-­ëå ¯à¥®¡à §®¢ â¥«¥© ¨ ¨å á¨áâ¥¬. �§ ¯ã¡«¨ª -æ¨© ¯® íâ®© ¯à®¡«¥¬ â¨ª¥ ¢ë¤¥«¨¬ à ¡®âë [6{ 11]¤«ï ãáâ ­®¢¨¢è¨åáï ¨ [12{ 14] ¤«ï ­¥áâ æ¨®­ à-­ëå à¥¦¨¬®¢ ¨§«ãç¥­¨ï ¨ ¯à¨¥¬   ªãáâ¨ç¥áª¨å¢®«­ ¯«®áª¨¬¨ ¨«¨ á®®á­ë¬¨  ­â¥­­ë¬¨ à¥è¥âª -¬¨, á®áâ®ïé¨¬¨ ¨§ â®­ª®áâ¥­­ëå ¯ì¥§®ª¥à ¬¨ç¥-áª¨å æ¨«¨­¤à¨ç¥áª¨å ¯à¥®¡à §®¢ â¥«¥©. �â® ª -á ¥âáï ¨áá«¥¤®¢ ­¨© ¯®¢¥¤¥­¨ï ¯ì¥§®ª¥à ¬¨ç¥áª¨å¯à¥®¡à §®¢ â¥«¥©, ®¡à §ãîé¨å  ­â¥­­ë¥ à¥è¥â-ª¨ ¤àã£®© ª®­ä¨£ãà æ¨¨ (®â«¨ç­ë¥ ®â ¯«®áª®© ¨á®®á­®©), â® â ª¨å à ¡®â áà ¢­¨â¥«ì­® ¬ «® [6].� áâ®ïé ï à ¡®â  ï¢«ï¥âáï ¯à®¤®«¦¥­¨¥¬ áâ -âì¨ [6], ¢ ª®â®à®© ¯à¨¢¥¤¥­® ¯®«­®¥  ­ «¨â¨ç¥-áª®¥ à¥è¥­¨¥ § ¤ ç¨ ® ¢§ ¨¬®¤¥©áâ¢¨¨ ãáâ ­®-¢¨¢è¨åáï ¢® ¢à¥¬¥­¨  ªãáâ¨ç¥áª¨å ¢®«­ á ªà¨¢®-«¨­¥©­®© á¨áâ¥¬®© ¯à®¨§¢®«ì­ëå â®­ª®áâ¥­­ëå¯ì¥§®ª¥à ¬¨ç¥áª¨å æ¨«¨­¤à¨ç¥áª¨å ¯à¥®¡à §®¢ -â¥«¥© á ãç¥â®¬ á¢ï§ ­­®áâ¨  ªãáâ¨ç¥áª¨å, ¬¥å -­¨ç¥áª¨å ¨ í«¥ªâà¨ç¥áª¨å ¯®«¥© ¢ ª ¦¤®¬ ¯à¥-®¡à §®¢ â¥«¥ á¨áâ¥¬ë ¨ ¢§ ¨¬­®£® ¢«¨ï­¨ï ¢®«­,¬­®£®ªà â­® ®âà ¦¥­­ëå ¢á¥¬¨ í«¥¬¥­â ¬¨ á¨-áâ¥¬ë. �¨¦¥ ¯à¨¢¥¤¥­ë à¥§ã«ìâ âë ç¨á«¥­­ëå¨áá«¥¤®¢ ­¨© ä¨§¨ç¥áª¨å å à ªâ¥à¨áâ¨ª  ªãáâ¨-ç¥áª¨å, ¬¥å ­¨ç¥áª¨å ¨ í«¥ªâà¨ç¥áª¨å ¯®«¥©, á®-§¤ ¢ ¥¬ëå ¢ë¡à ­­ë¬¨ ¤«ï ¨áá«¥¤®¢ ­¨ï ¢ à¨ ­-â ¬¨ ¯®áâà®¥­¨ï í«¥ªâà®ã¯àã£¨å á¨áâ¥¬ ¯à¨ ¨å¢§ ¨¬®¤¥©áâ¢¨¨ á ¯ ¤ îé¨¬¨ ¯«®áª¨¬¨ ¢®«­ ¬¨.1. �������������� �������������������à¥¦¤¥ ç¥¬ ¯¥à¥©â¨ ­¥¯®áà¥¤â¢¥­­® ª  ­ «¨-§ã ª®«¨ç¥áâ¢¥­­ëå ¤ ­­ëå, ã¬¥áâ­® ¢ªà âæ¥ ­ -¯®¬­¨âì ¬ â¥¬ â¨ç¥áªãî ä®à¬ã«¨à®¢ªã § ¤ ç¨.�ãáâì ¯«®áª ï  ªãáâ¨ç¥áª ï ¢®«­  ¯®áâ®ï­­®© ¬¯«¨âã¤ë ¯ ¤ ¥â ­  á¨áâ¥¬ã, á®áâ®ïéãî ¨§ ¯à®-¨§¢®«ì­®£® ª®«¨ç¥áâ¢  N ¡¥áª®­¥ç­® ¤«¨­­ëå ¯ -à ««¥«ì­ëå â®­ª®áâ¥­­ëå æ¨«¨­¤à¨ç¥áª¨å ¯à¥-

®¡à §®¢ â¥«¥©, á®¤¥à¦ é¨å ¦¨¤ª®áâì ¢® ¢­ãâà¥­-­¨å ®¡ê¥¬ å. �à¥¤¯®« £ ¥âáï, çâ® ¢ ®¡é¥¬ á«ãç ¥á¨áâ¥¬  á®áâ®¨â ¨§ à §«¨ç­ëå ¯® á¢®©áâ¢ ¬ ¯à¥-®¡à §®¢ â¥«¥©,   ¢­ãâà¥­­¨¥ ¯®«®áâ¨ æ¨«¨­¤à®¢§ ¯®«­¥­ë à §«¨ç­ë¬¨ ¦¨¤ª®áâï¬¨. �à¥®¡à §®-¢ â¥«¨ ¯®«ïà¨§®¢ ­ë ¢ à ¤¨ «ì­®¬ ­ ¯à ¢«¥­¨¨,¨¬¥îâ á¯«®è­ë¥ í«¥ªâà®¤¨à®¢ ­­ë¥ ¯®ªàëâ¨ï ­ ­ àã¦­®© ¨ ¢­ãâà¥­­¥© ¯®¢¥àå­®áâïå ¨ ®¡à §ãîâ ­â¥­­ãî à¥è¥âªã â ª, çâ® ¨å ®á¨ ¯ à ««¥«ì­ë¨ à á¯®«®¦¥­ë ­  ­¥ª®â®à®© æ¨«¨­¤à¨ç¥áª®© ¯®-¢¥àå­®áâ¨. �¢  à áá¬ âà¨¢ ¥¬ëå ¢ à¨ ­â  â ª¨åà¥è¥â®ª ¯®ª § ­ë ­  à¨á. 1. �¨áâ¥¬ë ª®®à¤¨­ â,¨á¯®«ì§ã¥¬ë¥ ¤«ï ®¯¨á ­¨ï §¢ãª®¢®£® ¯®«ï ¨ ª®«¥-¡ ­¨© ¯à¥®¡à §®¢ â¥«¥©, ãª § ­ë ¢ à ¡®â¥ [6].�«ï à áá¬ âà¨¢ ¥¬®£® á«ãç ï ¯«®áª®© ¤¥ä®à-¬ æ¨¨ (å à ªâ¥à¨áâ¨ª¨ ¯®«ï ¨ ¤¥ä®à¬ æ¨¨ æ¨-«¨­¤à®¢ ­¥ ¨§¬¥­ïîâáï ¢¤®«ì ®á¥© æ¨«¨­¤à®¢)¤¢¨¦¥­¨¥ â®­ª®áâ¥­­ëå ¯ì¥§®ª¥à ¬¨ç¥áª¨å ®¡®-«®ç¥ª ®¯¨áë¢ ¥âáï á«¥¤ãîé¥© á¨áâ¥¬®© ãà ¢­¥-­¨© â¥®à¨¨, ®á­®¢ ­­®© ­  £¨¯®â¥§ å �¨àå£®ä  {�ï¢  [16]:(1 + �2k�2)@2U (k)@�2k + @W (k)@�k ���2k�k @W (k)@�k � R2kC2pk @2U (k)@t2 = 0;@U (k)@�k � �2k�k @3U (k)@�3k +W (k)++�2k�k @4U (k)@�4k + R2kC2pk @2W (k)@t2 ��R2k(1 + �k)d31;kE(k)r == SE11;k(1 � �2k)R2khk (p(k) � p0)rk=Rk ;k = 1; 2; : : :; N: (1)�å®¤ïé¨¥ ¢ ãà ¢­¥­¨ï (1) §­ ç¥­¨ï ¤ ¢«¥­¨ï ¢§¢ãª®¢ëå ¯®«ïå á ãç¥â®¬ ¯®â¥­æ¨ «  ¯ ¤ îé¥£®¯®«ï  ®¯à¥¤¥«ïîâáï á®®â­®è¥­¨ï¬¨p(0) = ��0 @('(0) �  )@t ;p(k) = ��k @'(k)@t : (2)�®â¥­æ¨ «ë ¢­¥è­¥£® ¯® ®â­®è¥­¨î ª à¥è¥âª¥§¢ãª®¢®£® ¯®«ï '(0) ¨ §¢ãª®¢ëå ¯®«¥© ¢­ãâà¨ ª -¦¤®£® æ¨«¨­¤à  '(k) ã¤®¢«¥â¢®àïîâ ª« áá¨ç¥áª¨¬¢®«­®¢ë¬ ãà ¢­¥­¨ï¬, § ¯¨á ­­ë¬ ¢ ª®®à¤¨­ â å52 �. �. �¥©ª®, �. �. � ¢¨­, �. �. �ª ç¥­ª®, �. �. � ¬ à¨­
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  ¡�¨á. 1. �®à¬ «ì­®¥ á¥ç¥­¨¥ ªàã£®¢®© ( ) ¨ ¤ã£®¢®© (¡) æ¨«¨­¤à¨ç¥áª¨å à¥è¥â®ª,®¡à §®¢ ­­ëå ¨§ ¯ì¥§®ª¥à ¬¨ç¥áª¨å æ¨«¨­¤à¨ç¥áª¨å ¯à¥®¡à §®¢ â¥«¥©k-£® æ¨«¨­¤à  [17]:@2'(0)@r2k + 1rk @'(0)@r2k + 1r2k @2'(0)@�2 = 1c20 @2'(0)@t2 ;@2'(k)@r2k + 1rk @'(k)@r2k + 1r2k @2'(k)@�2 = 1c2k @2'(k)@t2 : (3)�®â¥­æ¨ « áª®à®áâ¥© ¯ ¤ îé¥© ¯®¤ ã£«®¬ � ¢®«-­ë (á¬. à¨á. 1) ¯à¥¤áâ ¢¨¬ ¢ ¢¨¤¥ = Q exp��i!t + i !c0�� [L cos(�k0 � �) + rk cos(�k � �)]�: (4)� ãà ¢­¥­¨ïå (1) W (k), U (k) { ­®à¬ «ì­ë¥ ¨â ­£¥­æ¨ «ì­ë¥ á®áâ ¢«ïîé¨¥ ¢¥ªâ®à  ¯¥à¥¬¥é¥-­¨© â®ç¥ª á¥à¥¤¨­­®© ¯®¢¥àå­®áâ¨ k-®© ®¡®«®çª¨;E(k)r { ­ ¯àï¦¥­­®áâì ¢®§­¨ª îé¥£® ¢ ­¥© í«¥ª-âà¨ç¥áª®£® ¯®«ï. �¥®¬¥âà¨ç¥áª¨¥ ¨ ä¨§¨ç¥áª¨¥¯ à ¬¥âàë ¢ á®®â­®è¥­¨ïå (1) { (4) ®¯à¥¤¥«ïîâáï

à ¢¥­áâ¢ ¬¨�2k = h2k12R2k ;�k = 1 + 1 + �k2 �2p;k1� �2p;k ;C2pk = 1
kSE11;k(1� �2k) ;�2p;k = 21� �k d231;kSE11;k"T33;k ;£¤¥ SE11;k, �k, d31;k, "T33;k { ¬®¤ã«ì ã¯àã£®áâ¨, ¯ì¥-§®¬®¤ã«ì ¨ í«¥ªâà¨ç¥áª ï ¯à®­¨æ ¥¬®áâì ¬ â¥à¨- «  k-£® ¯à¥®¡à §®¢ â¥«ï á®®â¢¥âáâ¢¥­­®; �p;k {¥£® ¯« ­ à­ë© ª®íää¨æ¨¥­â í«¥ªâà®¬¥å ­¨ç¥áª®©á¢ï§¨; 
k { ¯«®â­®áâì ª¥à ¬¨ª¨; hk, Rk { â®«é¨-­  ¨ à ¤¨ãá áà¥¤¨­­®© ¯®¢¥àå­®áâ¨ á®®â¢¥âáâ¢ãî-é¥© ®¡®«®çª¨; c0, �0, ck, �k { ¯ à ¬¥âàë ¢­¥è­¥©¨ ¢­ãâà¥­­¨å  ªãáâ¨ç¥áª¨å áà¥¤ (áª®à®áâì §¢ãª ¨ ¯«®â­®áâì).�áå®¤­ãî á¨áâ¥¬ã ãà ¢­¥­¨© ¤®¯®«­¨¬ £à ­¨ç-­ë¬¨ ãá«®¢¨ï¬¨, ®¡¥á¯¥ç¨¢ îé¨¬¨ ¡¥§®âàë¢­ë©ª®­â ªâ ¯à¥®¡à §®¢ â¥«¥© á  ªãáâ¨ç¥áª¨¬¨ áà¥¤ -�. �. �¥©ª®, �. �. � ¢¨­, �. �. �ª ç¥­ª®, �. �. � ¬ à¨­ 53



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 51 { 60¬¨: @W (k)@t = @['(0) +  ]@rk ����rk=Rk ;@W (k)@t = @'(k)@rk ����rk=Rk : (5)�¥è¥­¨¥ ¯®áâ ¢«¥­­®© § ¤ ç¨ ¬®¦¥â ¡ëâì ®áã-é¥áâ¢«¥­® ¤«ï à §«¨ç­ëå ¢ à¨ ­â®¢ ª®¬¬ãâ æ¨¨í«¥ªâà®¤®¢ ¯à¥®¡à §®¢ â¥«¥© (í«¥ªâà¨ç¥áª¨å £à -­¨ç­ëå ãá«®¢¨©):� í«¥ªâà®¤ë § ª®à®ç¥­ëE(k)r = 0; (6)� í«¥ªâà®¤ë à §®¬ª­ãâë (a=0) ¨«¨ § ¬ª­ãâë(a=1) ç¥à¥§ ­ £àã§®ç­®¥ á®¯à®â¨¢«¥­¨¥ Z(k)nI(k) = aE(k)r hk=Z(k)n ; (7)£¤¥ I(k) { ¤¨­ ¬¨ç¥áª¨© â®ª á¬¥é¥­¨ï ¢ ¯ì¥-§®ª¥à ¬¨ª¥, ¯à¨å®¤ïé¨©áï ­  ¥¤¨­¨æã ¤«¨­ë®¡®«®çª¨ (¯®£®­­ë© â®ª), à ¢­ë© [16]I(k) = @@t 2�Z0 d31;kSE11;k(1� �2k)�� 1Rk �@U (k)@�k + W (k)Rk ��Rkd�k: (8)�®¯®«­¥­­ë¥ ãá«®¢¨ï¬¨ ¨§«ãç¥­¨ï ¯à¨¢¥¤¥­­ë¥¢ íâ®¬ à §¤¥«¥ ãà ¢­¥­¨ï ®¡à §ãîâ ¯®«­ãî á¨-áâ¥¬ã, à¥è¥­¨¥ ª®â®à®© ¯®§¢®«ï¥â ª®¬¯«¥ªá­® ¨á-á«¥¤®¢ âì á¢®©áâ¢  à áá¥ï­­ëå §¢ãª®¢ëå ¯®«¥© ¨í«¥ªâà¨ç¥áª¨¥ â®ª¨ ¢ æ¥¯ïå ¯à¥®¡à §®¢ â¥«¥©.2. �������� ��������� ��������-����ëà ¦¥­¨ï ¤«ï ¯¥à¥¬¥é¥­¨© ®¡®«®ç¥ª ¨ ¤«ï ¯®-â¥­æ¨ «®¢ §¢ãª®¢ëå ¯®«¥© ¨éãâáï ¢ ¢¨¤¥ àï¤®¢�ãàì¥ ¯® ®ªàã¦­ë¬ ª®®à¤¨­ â ¬ [6]. �ë¯®«-­¨¢ ãá«®¢¨ï, ®¡¥á¯¥ç¨¢ îé¨¥ ¡¥§®âàë¢­ë© ª®­-â ªâ ¯®¢¥àå­®áâ¥© ®¡®«®ç¥ª á  ªãáâ¨ç¥áª¨¬¨ áà¥-¤ ¬¨ ¨ ¢®á¯®«ì§®¢ ¢è¨áì â¥®à¥¬®© á«®¦¥­¨ï æ¨-«¨­¤à¨ç¥áª¨å ¢®«­®¢ëå äã­ªæ¨©, ¤«ï ®¯à¥¤¥«¥­¨ïª®íää¨æ¨¥­â®¢ ãª § ­­ëå àï¤®¢ ¯®«ãç ¥¬ ¡¥áª®-­¥ç­ãî á¨áâ¥¬ã «¨­¥©­ëå  «£¥¡à ¨ç¥áª¨å ãà ¢­¥-­¨© ®â­®á¨â¥«ì­® ­¥¨§¢¥áâ­ëå ¯®áâ®ï­­ëå A(k)n ,B(k)n (n=1; 2; : : :;1, k=1; 2; : : : ; N):8>>>>><>>>>>:A(k)n + NXj=10 1Xm=�1F (kj)nm1A(j)m +G(k)n1B(k)n =QU (k)n1 ;G(k)n2A(k)n + NXj=10 1Xm=�1F (kj)nm2A(j)m +B(k)n =QU (k)n2 : (9)

�¤¥áì ¨ ¤ «¥¥ èâà¨å ­ ¤ áã¬¬®© ¯® j ®§­ ç ¥â,çâ® á« £ ¥¬®¥ j=k ®âáãâáâ¢ã¥â.� à ¡®â¥ [17] ¯®ª § ­®, çâ® ®¯à¥¤¥«¨â¥«ì ¡¥á-ª®­¥ç­®© á¨áâ¥¬ë â¨¯  (9) ï¢«ï¥âáï ®¯à¥¤¥«¨â¥-«¥¬ ­®à¬ «ì­®£® â¨¯ ,   á ¬  á¨áâ¥¬  ¨¬¥¥â ¥¤¨­-áâ¢¥­­®¥ à¥è¥­¨¥, ª®â®à®¥ ¬®¦¥â ¡ëâì ¯®«ãç¥-­® ¬¥â®¤®¬ à¥¤ãªæ¨¨. � ã¢¥«¨ç¥­¨¥¬ ¯®àï¤ª ãá¥ç¥­­®© á¨áâ¥¬ë ¬®¦­® ¤®¡¨âìáï ¯à ªâ¨ç¥áª®©áå®¤¨¬®áâ¨ ¯®«ãç ¥¬ëå à¥§ã«ìâ â®¢, â. ¥. ¢ë¯®«-­ïâì à áç¥âë á ª®­âà®«¨àã¥¬®© â®ç­®áâìî. �®-á«¥ ¢ëç¨á«¥­¨ï ¯®áâ®ï­­ëå A(k)n ¨ B(k)n ®¯à¥¤¥«ï-îâáï ¨­â¥à¥áãîé¨¥ ä¨§¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨¤¨­ ¬¨ç¥áª®£® ¯à®æ¥áá . �¨¦¥ ¯à¨¢¥¤¥­ë ä®à¬ã-«ë, ¯® ª®â®àë¬ ¢ ¤ «ì­¥©è¥¬ ®áãé¥áâ¢«ï«áï à á-ç¥â ä¨§¨ç¥áª¨å å à ªâ¥à¨áâ¨ª §¢ãª®¢ëå ¯®«¥© ¨¯ à ¬¥âà®¢, ®¯¨áë¢ îé¨å ¤¢¨¦¥­¨¥ ¨ â®ª¨ ¢ ¯à¥-®¡à §®¢ â¥«ïå, ¤«ï ¢ë¡à ­­ëå ¢ à¨ ­â®¢ £¥®¬¥-âà¨¨  ­â¥­­ëå à¥è¥â®ª.�ëç¨á«¥­¨¥ ­®à¬ «ì­®© ª ¯®¢¥àå­®áâ¨ á®áâ -¢«ïîé¥© ¢¥ªâ®à  á¬¥é¥­¨© ®¡®«®çª¨W (k)(�) ¯à®-¢®¤¨âáï ¯® ä®à¬ã«¥W (k) = exp(�i!t)�� �(1)nk�(5)nk�(1)nk�(4)nk + �(2)nk�(3)nk q(k)n exp(in�k); (10)£¤¥q(k)n =�i!��0�A(k)n H(1)n � !c0Rk�++ NXj=10 1Xm=�1A(j)m H(1)m�n� !c0Lkj�Jn� !c0Rk���exp�i(n �m)�kj����kB(k)n Jn� !c0Rk�++Q exp�i !c0L cos(�0��)�inJn� !c0Rk��: (11)� ¢«¥­¨¥ p(0) ¢ à áá¥ï­­®¬ à¥è¥âª®© ¯®«¥ ¢®¢­¥è­¥©  ªãáâ¨ç¥áª®© áà¥¤¥ § ¤ ¥âáï àï¤®¬p(0) = exp(�i!t)�i!�0�� NXk=1 1Xn=�1A(k)n H(1)n � !c0 rk� exp(in�k)++ Q exp�i !c0 �L cos�+ r0 cos(�0 � �)���; (12)�  ¡®«ìè¨å à ááâ®ï­¨ïå ®â à¥è¥âª¨ (¤ «ì­¥¥ ¯®-«¥) á ãç¥â®¬  á¨¬¯â®â¨ç¥áª¨å ¯à¥¤áâ ¢«¥­¨© ¤«ïäã­ªæ¨© � ­ª¥«ï H(1)n ¯à¨ ¡®«ìè¨å §­ ç¥­¨ïå  à-£ã¬¥­â  [17] ¢¬¥áâ® ä®à¬ã«ë (11) æ¥«¥á®®¡à §­®54 �. �. �¥©ª®, �. �. � ¢¨­, �. �. �ª ç¥­ª®, �. �. � ¬ à¨­



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 51 { 60¨á¯®«ì§®¢ âì á«¥¤ãîé¥¥ á®®â­®è¥­¨¥ [6,17]:p(0)D = exp(�i!t)i!�0 NXk=1 1Xn=�1 2A(k)nr� !c0 rk�� exp�i( !c0 rk � n�2 � �4 )� exp(in�k): (13)�«¥ªâà¨ç¥áª®¥ ­ ¯àï¦¥­¨¥ ­  í«¥ªâà®¤ å ¯à¥-®¡à §®¢ â¥«¥©, § ¬ª­ãâëå ç¥à¥§ ­ £àã§®ç­®¥ á®-¯à®â¨¢«¥­¨¥ Z(k)n , ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥V = � NXk=1 �(2)nk�(5)nk�(1)nk�(4)nk + �(2)nk�(3)nk 1SE11;k(1 � �k)�� 2�ihkd31;kZ(k)n q(k)0hk � 2�i !"33;k(1� �2p;k)Z(k)n Rk : (14)� ¬  áâàãªâãà  íâ®£® ¢ëà ¦¥­¨ï ®âà ¦ ¥â ¢«¨-ï­¨¥ ¢§ ¨¬®¤¥©áâ¢¨ï ¯® ¯®«î ­  í«¥ªâà¨ç¥áª¨©®âª«¨ª ¯ì¥§®ª¥à ¬¨ç¥áª®£® ¯à¥®¡à §®¢ â¥«ï ¢ à¥-è¥âª¥. � ¯àï¦¥­¨¥ ­  í«¥ªâà®¤ å ®â¤¥«ì­®£® ¯à¥-®¡à §®¢ â¥«ï § ¢¨á¨â ®â í«¥ªâà¨ç¥áª¨å ãá«®¢¨©­  ¢á¥å ¯à¥®¡à §®¢ â¥«ïå à¥è¥âª¨. �ëà ¦¥­¨ï¤«ï ­¥à áè¨äà®¢ ­­ëå ª®íää¨æ¨¥­â®¢ ¢ ä®à¬ã-« å (9) { (13) ¯à¨¢¥¤¥­ë ¢ à ¡®â¥ [6].3. ������ ������������à¨¬¥­¨¬ ¯®«ãç¥­­ë¥  ­ «¨â¨ç¥áª¨¥ ¢ëà ¦¥-­¨ï (10) { (13) ¤«ï ãáâ ­®¢«¥­¨ï ä¨§¨ç¥áª¨å § ª®-­®¬¥à­®áâ¥© ä®à¬¨à®¢ ­¨ï  ªãáâ¨ç¥áª¨å, ¬¥å -­¨ç¥áª¨å ¨ í«¥ªâà¨ç¥áª¨å ¯®«¥©, á®§¤ ¢ ¥¬ëå ¤¢ã-¬ï â¨¯ ¬¨ æ¨«¨­¤à¨ç¥áª¨å  ­â¥­­ { ªàã£®¢ë¬¨(á¬. à¨á. 1, ) ¨ ¤ã£®¢ë¬¨ (á¬. à¨á. 1, ¡) ¯à¨¢®§¡ã¦¤¥­¨¨ ¨å ¯«®áª¨¬¨ ¢®«­ ¬¨. � ª®­ªà¥â-­ëå à áç¥â å ª ¦¤ ï ¨§  ­â¥­­ ®¡à §®¢ ­  ¨§N=4 ®¤¨­ ª®¢ëå ªàã£®¢ëå â®­ª®áâ¥­­ëå æ¨«¨­-¤à¨ç¥áª¨å ¯à¥®¡à §®¢ â¥«¥© á à ¤¨ «ì­®© ¯®«ïà¨-§ æ¨¥© ¨ á¯«®è­ë¬¨ í«¥ªâà®¤ ¬¨, ­ ­¥á¥­­ë¬¨­  ¢­¥è­îî ¨ ¢­ãâà¥­­îî ¯®¢¥àå­®áâ¨ ®¡®«®ç¥ª¯à¥®¡à §®¢ â¥«¥©. �á¥ ¯à¥®¡à §®¢ â¥«¨ ¢ á¨áâ¥-¬ å ¨¬¥îâ ®¤¨­ ª®¢ë© à ¤¨ãá Rk=R=0:0675 ¬,â®«é¨­ã hk=h=0:006 ¬ ¨ ¢ë¯®«­¥­ë ¨§ ¯ì¥-§®ª¥à ¬¨ª¨ á®áâ ¢  ����-3 [15]. �¥­âàë ­®à-¬ «ì­ëå á¥ç¥­¨© ¯à¥®¡à §®¢ â¥«¥© à á¯®«®¦¥­ë­  ®ªàã¦­®áâ¨ à ¤¨ãá  L=5R «¨¡® à ¢­®¬¥à­®¯® ®ªàã¦­®áâ¨ (ªàã£®¢ ï á¨áâ¥¬ ), «¨¡® à ¢­®-¬¥à­® ¯® ¤ã£¥ á à ááâ®ï­¨¥¬ ¬¥¦¤ã ¯®¢¥àå­®áâï-¬¨ á®á¥¤­¨å ¯à¥®¡à §®¢ â¥«¥© l0=0:09R. �¨áâ¥-¬ë ¯à¥®¡à §®¢ â¥«¥© ¯®¬¥é¥­ë ¢ áà¥¤ã á ¯ à -¬¥âà ¬¨ �0=1000 ª£/¬3, á0=1500 ¬/á. �ªãáâ¨ç¥-áª ï áà¥¤  ¢­ãâà¨ ¯à¥®¡à §®¢ â¥«¥© ®âáãâáâ¢ã¥â.� ¤ îé¨¥ ­  ­¨å ¯«®áª¨¥ ¢®«­ë ¨¬¥«¨ ç áâ®âë

!=20000� à ¤/á ¨ !=8000� à ¤/á. �ë¡®à â ª¨åç áâ®â ¡ë« ¯à®¤¨ªâ®¢ ­ ¦¥« ­¨¥¬ ¨áá«¥¤®¢ âì¯®¢¥¤¥­¨¥ á¨áâ¥¬ ¯à¨ ¢®§¡ã¦¤¥­¨¨ ¯à¥®¡à §®¢ -â¥«¥© ª ª ¢ ®¡« áâ¨ á®¡áâ¢¥­­®© ç áâ®âë ¨å ¯ã«ì-á¨àãîé¨å ª®«¥¡ ­¨© ¢ ¢®§¤ãå¥ (!=20000� à ¤/á),â ª ¨ ¢¤ «¨ ®â ­¥¥. �«¥ªâà¨ç¥áª¨¥ ¢ë¢®¤ë ¢á¥å¯à¥®¡à §®¢ â¥«¥© ¢ª«îç¥­ë ¯ à ««¥«ì­® ¢ à §®-¬ª­ãâãî í«¥ªâà¨ç¥áªãî æ¥¯ì (à¥¦¨¬ å®«®áâ®£®å®¤ ).� ª ç¥áâ¢¥ ®æ¥­¨¢ ¥¬ëå ä¨§¨ç¥áª¨å å à ªâ¥à¨-áâ¨ª ¡ë«¨ ¢ë¡à ­ë ¤ ¢«¥­¨¥ ¢ ¯®«¥ à áá¥ï­­®©¢®«­ë ¢ ¤ «ì­¥© §®­¥ á¨áâ¥¬ë p(0)D ¨ ­  ¯®¢¥àå-­®áâ¨ p(0)k ¯à¥®¡à §®¢ â¥«¥© ( ªãáâ¨ç¥áª®¥ ¯®«¥),à ¤¨ «ì­ë¥ ¯¥à¥¬¥é¥­¨ï ¯®¢¥àå­®áâ¥© ¯à¥®¡à -§®¢ â¥«¥© W (k) (¬¥å ­¨ç¥áª®¥ ¯®«¥),   â ª¦¥ í«¥ª-âà¨ç¥áª¨¥ ­ ¯àï¦¥­¨ï ­  ¢ëå®¤¥ á¨áâ¥¬ë ¯ à «-«¥«ì­® á®¥¤¨­¥­­ëå ¯à¥®¡à §®¢ â¥«¥© V ¨ ®â¤¥«ì-­ëå ¯à¥®¡à §®¢ â¥«¥© V (k) (í«¥ªâà¨ç¥áª®¥ ¯®«¥).�á¥ íâ¨ å à ªâ¥à¨áâ¨ª¨ ®æ¥­¨¢ «¨áì ¢ § ¢¨á¨¬®-áâ¨ ®â ­ ¯à ¢«¥­¨ï ¯à¨å®¤  ¯«®áª¨å ¢®«­. �à¨à áç¥â¥ ª®«¨ç¥áâ¢® £ à¬®­¨ª ¢ ®ªàã¦­®¬ ­ ¯à -¢«¥­¨¨,  ¯¯à®ªá¨¬¨àãîé¨å ä®à¬ë ª®«¥¡ ­¨© æ¨-«¨­¤à®¢, ¢ë¡¨à «®áì à ¢­ë¬ 50. �à¨ íâ®¬ ®¡¥á¯¥-ç¨¢ « áì â®ç­®áâì ¢ëç¨á«¥­¨ï ãª § ­­ëå ä¨§¨ç¥-áª¨å å à ªâ¥à¨áâ¨ª ¯®àï¤ª  1 % ®â ¨å ¬ ªá¨¬ «ì-­ëå §­ ç¥­¨©.� à¥§ã«ìâ â¥ ç¨á«¥­­®£® ¬®¤¥«¨à®¢ ­¨ï ¯®«ã-ç¥­ ®¡è¨à­ë© à áç¥â­ë© ¬ â¥à¨ « ¨ ¯à®¢¥¤¥­ ¥£®á¨áâ¥¬ â¨ç¥áª¨©  ­ «¨§. � ¨¡®«¥¥ ¨­â¥à¥á­ë¥à¥§ã«ìâ âë ¯à¥¤áâ ¢«¥­ë ­¨¦¥. �  ¢á¥å £à ä¨ª å®¡®§­ ç¥­¨ï ¡¥§ èâà¨å  á®®â¢¥âáâ¢ãîâ ç áâ®â¥¯ ¤ îé¥© ¢®«­ë !=20000� à ¤/á,   á® èâà¨å®¬ {!=8000� à ¤/á. �«ï â®£®, çâ®¡ë ¢ëï¢¨âì ¢«¨ï­¨¥¢§ ¨¬®¤¥©áâ¢¨ï ¯® §¢ãª®¢®¬ã ¯®«î ¢  ­â¥­­ å ­ ¯ à ¬¥âàë ¯à¥®¡à §®¢ â¥«¥©,  ªãáâ¨ç¥áª®¥ ¤ ¢«¥-­¨¥ ¨ à ¤¨ «ì­ë¥ ¯¥à¥¬¥é¥­¨ï ¯à¥®¡à §®¢ â¥«¥©¢ á®áâ ¢¥ á¨áâ¥¬ áà ¢­¨¢ îâáï á  ­ «®£¨ç­ë¬¨å à ªâ¥à¨áâ¨ª ¬¨ ®¤¨­®ç­®£® ¯à¥®¡à §®¢ â¥«ï.3.1. �¥§ã«ìâ âë à áç¥â   ªãáâ¨ç¥áª¨å ¯®«¥©�à¥¦¤¥ ¢á¥£® ®â¬¥â¨¬, çâ® ®¡à §®¢ ­¨¥ ¨§ ®â-¤¥«ì­ëå í«¥ªâà®ã¯àã£¨å æ¨«¨­¤à®¢ á¨áâ¥¬ë ¤¨-äà £¨àãîé¨å â¥« á®¯à®¢®¦¤ ¥âáï ª ª ¨§¬¥­¥­¨-¥¬ ¢®«­®¢ëå à §¬¥à®¢ ¯à¥¯ïâáâ¢¨ï, à áá¥¨¢ îé¥-£® ¯ ¤ îé¨¥ ­  ­¥£® ¯«®áª¨¥ ¢®«­ë, â ª ¨ ¯®ï¢«¥-­¨¥¬ íää¥ªâ  ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¯®«ï¬¨ ®â-¤¥«ì­ëå í«¥¬¥­â®¢ á¨áâ¥¬ë. �à¨ ¬ «ëå ¢®«­®¢ëåà §¬¥à å ¯à¥®¡à §®¢ â¥«¥© ¨ á¨áâ¥¬ë ¢ æ¥«®¬ ¯à¨¨§¬¥­¥­¨¨ ã£«®¢ ¯à¨å®¤  ¯«®áª¨å ¢®«­ ¤¨ £à ¬-¬ë à áá¥ï­¨ï ¯à ªâ¨ç¥áª¨ ­¥ ¨§¬¥­ïîâáï. � ã¢¥-«¨ç¥­¨¥¬ ®â­®è¥­¨ï !=!0, £¤¥ !0 { á®¡áâ¢¥­­ ïç áâ®â  ¯ã«ìá¨àãîé¨å ª®«¥¡ ­¨© í«¥ªâà®ã¯àã£®©®¡®«®çª¨ ¢ ¢®§¤ãå¥, å à ªâ¥à ã£«®¢®£® à á¯à¥¤¥-�. �. �¥©ª®, �. �. � ¢¨­, �. �. �ª ç¥­ª®, �. �. � ¬ à¨­ 55



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 51 { 60
  ¡�¨á. 2. �®à¬¨à®¢ ­­ë¥  ¬¯«¨âã¤­ë¥ ¤¨ £à ¬¬ë à áá¥ï­¨ï à¥è¥â®ª ¯à¥®¡à §®¢ â¥«¥© ­  ç áâ®â å!=20000� à ¤/á ¨ !=8000� à ¤/á ¤«ï ã£«  ¯ ¤¥­¨ï ¯«®áª®© ¢®«­ë �=0� :  { ªàã£®¢ ï á¨áâ¥¬  ¯à¥®¡à §®¢ â¥«¥©, ¡ { ¤ã£®¢ ï á¨áâ¥¬  ¯à¥®¡à §®¢ â¥«¥©
  ¡�¨á. 3. �£«®¢ë¥ § ¢¨á¨¬®áâ¨ ­®à¬ «¨§®¢ ­­ëå ¬®¤ã«¥©  ªãáâ¨ç¥áª¨å ¤ ¢«¥­¨© ­  ¯®¢¥àå­®áâ¨¯à¥®¡à §®¢ â¥«ï á ­®¬¥à®¬ k=3 ­  ç áâ®â å !=20000� à ¤/á ¨ !=8000� à ¤/á¤«ï ã£«  ¯à¨å®¤  ¯«®áª¨å  ªãáâ¨ç¥áª¨å ¢®«­ ­  à¥è¥âªã �=0�:  { ªàã£®¢ ï á¨áâ¥¬  ¯à¥®¡à §®¢ â¥«¥©, ¡ { ¤ã£®¢ ï á¨áâ¥¬  ¯à¥®¡à §®¢ â¥«¥©
  ¡�¨á. 4. �£«®¢ë¥ § ¢¨á¨¬®áâ¨ ­®à¬ «¨§®¢ ­­ëå ¬®¤ã«¥©  ¬¯«¨âã¤  ªãáâ¨ç¥áª¨å ¤ ¢«¥­¨© ( )¢ ¤ «ì­¥¬ ¯®«¥ (1, 10) ¨ ­  ¯®¢¥àå­®áâ¨ ¯à¥®¡à §®¢ â¥«ï (2, 2 0) ¨ ¬®¤ã«¥© à ¤¨ «ì­ëå ¯¥à¥¬¥é¥­¨© (¡)¯®¢¥àå­®áâ¨ ¯à¥®¡à §®¢ â¥«ï (2, 2 0) ¤«ï ®¤¨­®ç­®£® ¯à¥®¡à §®¢ â¥«ï ¢ ¡¥§£à ­¨ç­®© áà¥¤¥¯à¨ ã£«¥ ¯à¨å®¤  ¯«®áª®©  ªãáâ¨ç¥áª®© ¢®«­ë �=0�56 �. �. �¥©ª®, �. �. � ¢¨­, �. �. �ª ç¥­ª®, �. �. � ¬ à¨­



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 51 { 60«¥­¨ï  ¬¯«¨âã¤ë à áá¥ï­­®£® ¯®«ï ­ ç¨­ ¥â ¢¨-¤®¨§¬¥­ïâìáï á ¨§¬¥­¥­¨¥¬ ­ ¯à ¢«¥­¨ï ¯à¨å®¤ ¯«®áª¨å ¢®«­. �¢¥«¨ç¥­¨¥ ¢®«­®¢ëå à §¬¥à®¢ à á-á¥¨¢ îé¥£® ¯à¥¯ïâáâ¢¨ï ¯à¨¢®¤¨â ª ®¡®áâà¥­¨î¤¨ £à ¬¬ à áá¥ï­¨ï ¨ ã¬¥­ìè¥­¨î ¡®ª®¢®£® à á-á¥ï­¨ï (à¨á. 2). �à¨ íâ®¬ ª ª ¢ á«ãç ¥ ªàã£®¢®©à¥è¥âª¨ ®¡®«®ç¥ª, â ª ¨ ¢ á«ãç ¥ ¤ã£®¢®© à¥è¥â-ª¨ à áá¥ï­­®¥ ¯®«¥ å à ªâ¥à¨§ã¥âáï ®¡à §®¢ ­¨-¥¬ ®á­®¢­®£® «¥¯¥áâª  à áá¥ï­¨ï ¯® ­ ¯à ¢«¥­¨î¯ ¤¥­¨ï ¯«®áª¨å ¢®«­, ¨ ¯à¥¨¬ãé¥áâ¢¥­­® ®¤­®-áâ®à®­­¨¬ å à ªâ¥à®¬ à áá¥ï­¨ï.�«ï ®¡®¨å à áá¬®âà¥­­ëå á«ãç ¥¢ ­ ¡«î¤ ¥âáï¥áâ¥áâ¢¥­­®¥ ã¢¥«¨ç¥­¨¥ ¨§à¥§ ­­®áâ¨ ¤¨ £à ¬-¬ë à áá¥ï­¨ï á à®áâ®¬ ç áâ®âë. �¤­ ª® ¢ æ¥«®¬ãà®¢¥­ì âë«ì­®£® ¨§«ãç¥­¨ï (â. ¥. ¨§«ãç¥­¨ï ¢ ­ -¯à ¢«¥­¨¨ ¯ ¤ îé¥© ¢®«­ë) ®áâ ¥âáï ­¨§ª¨¬. �å®âï, ª ª ¢¨¤­® ¨§ ¤ ­­ëå à¨á. 2, á à®áâ®¬ ç -áâ®âë ­ ¡«î¤ ¥âáï à®áâ ¨§«ãç¥­¨ï ¢ ­ ¯à ¢«¥­¨¨¯à¨å®¤  ¢®«­ë, ¢ æ¥«®¬ ®­ ¢¥áì¬  ­¥§­ ç¨â¥«¥­. �á«ãç ¥ à áá¥ï­¨ï ­  ¥¤¨­¨ç­®¬ ¦¥áâª®¬ æ¨«¨­¤à¥¢ ¤¨ £à ¬¬¥ à áá¥ï­¨ï ­ ¡«î¤ ¥âáï ¢ëá®ª¨© ãà®-¢¥­ì âë«ì­®£® «¥¯¥áâª . �â¨ à §«¨ç¨ï ®¡ãá«®¢«¥-­ë á®¢®ªã¯­®áâìî ä ªâ®à®¢, ¢ª«îç îé¥© ã¯àã-£®áâì í«¥¬¥­â®¢ à¥è¥âª¨ ¨ ¢«¨ï­¨¥¬  ªãáâ¨ç¥áª®-£® ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã í«¥¬¥­â ¬¨.�§¬¥­¥­¨¥ ª®­ä¨£ãà æ¨¨ à áá¥¨¢ îé¥£® ¯à¥-¯ïâáâ¢¨ï ®â ªàã£®¢®© ª ¤ã£®¢®© à¥è¥âª¥ ¯à¥®¡à -§®¢ â¥«¥© á®¯à®¢®¦¤ ¥âáï ¨§¬¥­¥­¨¥¬ ¤¨ £à ¬¬à áá¥ï­¨ï. �¤­ ª® á¢®©áâ¢® ®¤­®áâ®à®­­¥£® å -à ªâ¥à  à áá¥ï­¨ï á®åà ­ï¥âáï ¤«ï ¢á¥å à¥è¥â®ª.� §«¨ç¨ï ­ ¡«î¤ îâáï â®«ìª® ¢ áâàãªâãà¥ ¡®ª®-¢®£® ¯®«ï. � ç¥áâ¢¥­­®¥ ®¡êïá­¥­¨¥ íâ¨å à §«¨-ç¨© ¬®¦¥â ¡ëâì á¢ï§ ­® á à §«¨ç¨ï¬¨ ¢ £¥®¬¥-âà¨¨ à áá¥¨¢ â¥«¥©. � á«ãç ¥ ªàã£®¢®© à¥è¥â-ª¨ ¯à®áâà ­áâ¢® ¬¥¦¤ã à áá¥¨¢ â¥«ï¬¨ ®¡à §ã¥â¯®çâ¨ § ¬ª­ãâãî ¯®«®áâì, ª®â®à ï, ¢®§¡ã¦¤ ïáìà áá¥ï­­ë¬¨ ¢®«­ ¬¨, á ¬  áâ ­®¢¨âáï ¨áâ®ç­¨-ª®¬ §¢ãª®¢ëå ¢®«­. �â¨ ¢®«­ë ç¥à¥§ é¥«¨ ¬¥¦-¤ã ¯à¥®¡à §®¢ â¥«ï¬¨ ¨§«ãç îâáï ¢ ®ªàã¦ îéãîáà¥¤ã, ãç áâ¢ãï ­ à ¢­¥ á ¯à¥®¡à §®¢ â¥«ï¬¨ à¥-è¥âª¨ ¢ ä®à¬¨à®¢ ­¨¨ ¥¥ ¤¨ £à ¬¬ë à áá¥ï­¨ï.� ª ã¦¥ ®â¬¥ç «®áì, ¢ ä®à¬¨à®¢ ­¨¨  ªãáâ¨ç¥-áª®£® ¯®«ï, à áá¥ï­­®£® á¨áâ¥¬®© í«¥ªâà®ã¯àã£¨å®¡®«®ç¥ª, §­ ç¨â¥«ì­ãî à®«ì ¨£à ¥â ¢§ ¨¬®¤¥©-áâ¢¨¥ ¯®«¥©, à áá¥ï­­ëå ®â¤¥«ì­ë¬¨ ®¡®«®çª ¬¨¢ á®áâ ¢¥ á¨áâ¥¬ë. � «¨ç¨¥ â ª®£® ¢§ ¨¬®¤¥©-áâ¢¨ï ¯à¨¢®¤¨â ª â®¬ã, çâ® à á¯à¥¤¥«¥­¨¥ ¤ ¢«¥-­¨ï ­  ¯®¢¥àå­®áâ¨ æ¨«¨­¤à  ¢ á®áâ ¢¥ á¨áâ¥¬ë(à¨á. 3) áãé¥áâ¢¥­­® ®â«¨ç ¥âáï ®â à á¯à¥¤¥«¥­¨ï¤ ¢«¥­¨ï ­  ®¤¨­®ç­®¬ æ¨«¨­¤à¨ç¥áª®¬ à áá¥¨¢ -â¥«¥ (ªà¨¢ë¥ 2 ¨ 20 ­  à¨á. 4, ). �â¥¯¥­ì ®â«¨ç¨ï®¯à¥¤¥«ï¥âáï ª®«¨ç¥áâ¢®¬ ®¡®«®ç¥ª ¢ á®áâ ¢¥ á¨-áâ¥¬ë, ¬¥áâ®¯®«®¦¥­¨¥¬ ®â¤¥«ì­®© ®¡®«®çª¨ ¯®®â­®è¥­¨î ª ¤àã£¨¬, à §¬¥à ¬¨ ®¡®«®ç¥ª ¨ á¨-

áâ¥¬ë, ç áâ®â®© ¯ ¤ îé¥© ¢®«­ë ¨ ­ ¯à ¢«¥­¨¥¬¥¥ ¯à¨å®¤ .� ®¡« áâ¨ ®â­®á¨â¥«ì­® ­¨§ª¨å ç áâ®â (kR �� 1:1, kL�5:5)  ¬¯«¨âã¤ë ¤ ¢«¥­¨ï ¢ ¯®«¥ à áá¥ï-­¨ï, ®¯à¥¤¥«¥­­ë¥ ­  ¯®¢¥àå­®áâ¨ ®¡®«®ç¥ª, ®¡« -¤ îâ á« ¡® ¢ëà ¦¥­­®© ­¥®¤­®à®¤­®áâìî. �à¨íâ®¬ ¢ ªàã£®¢ëå á¨áâ¥¬ å à §«¨ç¨¥ ¢ ¯®«ïå à á-á¥ï­¨ï ®â¤¥«ì­ëå ®¡®«®ç¥ª ª ª ¬¥¦¤ã á®¡®©, â ª¨ ¤«ï à §«¨ç­ëå §­ ç¥­¨© ã£«®¢ � §­ ç¨â¥«ì­®¬¥­ìè¥, ç¥¬ ¢ ¤ã£®¢ëå. � ã¢¥«¨ç¥­¨¥¬ ç áâ®âë¯ ¤ îé¥© ¢®«­ë ­¥®¤­®à®¤­®áâì ã£«®¢®£® à á¯à¥-¤¥«¥­¨ï  ¬¯«¨âã¤ ¤ ¢«¥­¨ï à áá¥ï­­®£® ¯®«ï ¢®§-à áâ ¥â ª ª ¤«ï ®¤¨­®ç­®© ®¡®«®çª¨ (à¨á. 4, ), â ª¨ ¤«ï ®¡®«®ç¥ª, à ¡®â îé¨å ¢ á®áâ ¢¥ á¨áâ¥¬ë(à¨á. 3).�  ç áâ®â¥ à¥§®­ ­á  ¯ã«ìá¨àãîé¨å ª®«¥¡ ­¨©®¡®«®çª¨ !=!0 (kR�2:8, kL�14) ¢ ­ ¯à ¢«¥­¨¨¯ ¤¥­¨ï ¯«®áª®© ¢®«­ë ®¡à §ã¥âáï áãé¥áâ¢¥­­ë©¯à®¢ « ¢ ã£«®¢®¬ à á¯à¥¤¥«¥­¨¨  ¬¯«¨âã¤ ¤ ¢«¥-­¨ï ­  ¯®¢¥àå­®áâ¨ æ¨«¨­¤à®¢. � æ¥«®¬ à á¯à¥-¤¥«¥­¨¥ ¤ ¢«¥­¨ï ¤«ï íâ®© ®â­®á¨â¥«ì­® ¢ëá®ª®©ç áâ®âë å à ªâ¥à¨§ã¥âáï §­ ç¨â¥«ì­®© ­¥à ¢­®-¬¥à­®áâìî à áá¥ï­­®£® ¯®«ï. �â¨ ¯à®¢ «ë à¥§ª®ã¢¥«¨ç¨¢ îâ ­¥®¤­®à®¤­®áâì à á¯à¥¤¥«¥­¨ï  ¬-¯«¨âã¤ ¤ ¢«¥­¨ï ­  ¯®¢¥àå­®áâ¨ ®¡®«®ç¥ª. �«ïªàã£®¢®© á¨áâ¥¬ë ®¡®«®ç¥ª ¯®«ï à áá¥ï­¨ï ®¤¨-­®ç­®© ®¡®«®çª¨ ¨ ¢ë¤¥«¥­­®© ®¡®«®çª¨ á ­®¬¥à®¬3 ¢ á®áâ ¢¥ á¨áâ¥¬ë ¬ «® ®â«¨ç îâáï ¬¥¦¤ã á®¡®©(á¬. ªà¨¢ë¥ 1 ­  à¨á. 3,  ¨ 2 ­  à¨á. 4, ). � á¯à¥-¤¥«¥­¨¥ ¤ ¢«¥­¨ï ­  ®¡®«®çª¥ á â¥¬ ¦¥ ­®¬¥à®¬¢ ¤ã£®¢®© à¥è¥âª¥ áãé¥áâ¢¥­­® ¨§¬¥­¥­® ¢«¨ï­¨-¥¬ ­¥á¨¬¬¥âà¨ç­ëå á®áâ ¢«ïîé¨å (ªà¨¢ ï 1 ­ à¨á. 3,¡).3.2. �¥§ã«ìâ âë à áç¥â  ¬¥å ­¨ç¥áª¨å ¯®«¥©� áá¬®âà¨¬ â¥¯¥àì, ª ª¨¥ ¯¥à¥¬¥é¥­¨ï ¨á¯ë-âë¢ îâ ¯®¢¥àå­®áâ¨ ®¡®«®ç¥ª ¯à¨ ¢®§¡ã¦¤¥­¨¨¨å ¯ ¤ îé¨¬¨ ¯«®áª¨¬¨ ¢®«­ ¬¨. �®®â¢¥âáâ¢ãî-é¨¥ à áç¥â­ë¥ ¤ ­­ë¥ ¤«ï ­®à¬ «¨§®¢ ­­ëå ¬®-¤ã«¥© ­®à¬ «ì­ëå ª ¯®¢¥àå­®áâ¨ ®¡®«®ç¥ª ª®¬-¯®­¥­â ¯¥à¥¬¥é¥­¨© ¢ à áá¬ âà¨¢ ¥¬ëå à¥è¥â-ª å ¯à¥¤áâ ¢«¥­ë ­  à¨á. 5. �­ «¨§ ªà¨¢ëå á¢¨-¤¥â¥«ìáâ¢ã¥â ® §­ ç¨â¥«ì­®© ¨§¬¥­ï¥¬®áâ¨ ¯®®ªàã¦­®© ª®®à¤¨­ â¥ ãª § ­­®© ª¨­¥¬ â¨ç¥áª®©å à ªâ¥à¨áâ¨ª¨. � ®¡ãá«®¢«¥­® íâ® ¯à¥¦¤¥ ¢á¥£®â¥¬, çâ® ¯¥à¥¬¥é¥­¨ï â®ç¥ª ¯®¢¥àå­®áâ¥© ®¡®«®-ç¥ª ¯à¥¤áâ ¢«ïîâ á®¡®© áã¯¥à¯®§¨æ¨î ¯¥à¥¬¥é¥-­¨© ¤¢ãå â¨¯®¢ { ã¯àã£¨å ¯¥à¥¬¥é¥­¨© ¯®¢¥àå-­®áâ¥© ®¡®«®ç¥ª ¨ ¯®áâã¯ â¥«ì­ëå ¯¥à¥¬¥é¥­¨©®¡®«®ç¥ª ¢ æ¥«®¬ ª ª \â¢¥à¤ëå â¥«".�̄ àã£¨¥ ¯¥à¥¬¥é¥­¨ï ¯®¢¥àå­®áâ¥© ®¡®«®ç¥ªï¢«ïîâáï à¥§ã«ìâ â®¬ áã¯¥à¯®§¨æ¨¨ à ¤¨ «ì­ëå¨ ¨§£¨¡­ëå ¬®¤ ª®«¥¡ ­¨©, ¯à¨ç¨­®© ¢®§¡ã¦¤¥­¨ï�. �. �¥©ª®, �. �. � ¢¨­, �. �. �ª ç¥­ª®, �. �. � ¬ à¨­ 57
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  ¡�¨á. 5. �£«®¢ë¥ § ¢¨á¨¬®áâ¨ ­®à¬ «¨§®¢ ­­ëå ¬®¤ã«¥© ¯¥à¥¬¥é¥­¨© ¯®¢¥àå­®áâ¥© ¯à¥®¡à §®¢ â¥«¥© á­®¬¥à ¬¨ k=1 ¨ 3 ­  ç áâ®â¥ !=8000� à ¤/á ¤«ï ã£«  ¯à¨å®¤  ¯«®áª¨å  ªãáâ¨ç¥áª¨å ¢®«­ ­  à¥è¥âªã �=0�:  { ªàã£®¢ ï á¨áâ¥¬  ¯à¥®¡à §®¢ â¥«¥©, ¡ { ¤ã£®¢ ï á¨áâ¥¬  ¯à¥®¡à §®¢ â¥«¥©,1 { k=1, 1 { k=3
  ¡�¨á. 6. � ¢¨á¨¬®áâ¨ ­®à¬ «¨§®¢ ­­ëå í«¥ªâà¨ç¥áª¨å ­ ¯àï¦¥­¨© ¤«ï ªàã£®¢®© à¥è¥âª¨­  ¢ëå®¤¥ à¥è¥âª¨ ( ) ¨ ¤«ï ¯à¥®¡à §®¢ â¥«ï á ­®¬¥à®¬ k=2 (¡) ­  ç áâ®â å!=20000� à ¤/á ¨ !=8000� à ¤/á ®â ã£«  ¯à¨å®¤  ¯«®áª¨å  ªãáâ¨ç¥áª¨å ¢®«­ ­  à¥è¥âªãª®â®àëå á«ã¦¨â ¢®§­¨ª­®¢¥­¨¥ á«®¦­®£® á¨«®¢®-£® ¯®«ï (à¨á. 3) ¯à¨ ¤¨äà ªæ¨¨ ¯«®áª¨å §¢ãª®¢ëå¢®«­. �áâ¥áâ¢¥­­®, çâ® ¢ª« ¤ ¯¥à¢ëå ¬®¤ ª®«¥¡ -­¨© ¢ àï¤¥ á«ãç ¥¢ ï¢«ï¥âáï ®¯à¥¤¥«ïîé¨¬. � ª, ¢®¡« áâ¨ ­¨§ª¨å ç áâ®â (kR�1:1, kL�5:5) ¤«ï ®¡®-«®ç¥ª ¢ á®áâ ¢¥ ªàã£®¢ëå á¨áâ¥¬ (à¨á. 5, ) ¯à¨ ¯ -¤¥­¨¨ ¢®«­ ¢¤®«ì ®á¨ á¨¬¬¥âà¨¨ (®á¨ Ox) ¯à¥¢ -«¨àãîé¨¬¨ ï¢«ïîâáï ®áæ¨««¨àãîé¨¥ ª®«¥¡ ­¨ï,® ç¥¬ á¢¨¤¥â¥«ìáâ¢ãîâ ¯®ï¢«¥­¨¥ ¬ ªá¨¬ «ì­ëå ¬¯«¨âã¤ ¯¥à¥¬¥é¥­¨© ¢¤®«ì ­ ¯à ¢«¥­¨ï ¯ ¤¥-­¨ï ¢®«­ë ¨ ¡«¨§ª¨¥ ª ­ã«î ¯¥à¥¬¥é¥­¨ï ¢ ­ -¯à ¢«¥­¨ïå, ­®à¬ «ì­ëå ª ­ ¯à ¢«¥­¨î ¯ ¤¥­¨ï¢®«­ë. �à¨ íâ®¬ ¯¥à¥¬¥é¥­¨ï à §«¨ç­ëå ®¡®«®-ç¥ª ªàã£®¢®© á¨áâ¥¬ë ­¥§­ ç¨â¥«ì­® ®â«¨ç îâáïª ª ¬¥¦¤ã á®¡®©, â ª ¨ ®â ¯¥à¥¬¥é¥­¨© ®¤¨­®ç­®©®¡®«®çª¨W (à¨á. 4,¡). �¥à¥å®¤ ª ¤ã£®¢®© à¥è¥âª¥

®¡®«®ç¥ª (à¨á. 5,¡) §­ ç¨â¥«ì­® ãá«®¦­ï¥â ª àâ¨-­ã ª®«¥¡ ­¨© ª ¦¤®© ®¡®«®çª¨, ¯®áª®«ìªã ¢ á¨«ã¤®áâ â®ç­® á¨«ì­®£® ¢§ ¨¬®¤¥©áâ¢¨ï ®¡®«®ç¥ª ¢á®áâ ¢¥ á¨áâ¥¬ë ªà®¬¥ á®áâ ¢«ïîé¥© ®áæ¨««ïæ¨©®¡®«®ç¥ª ¢¤®«ì ®á¨ Ox ¢®§­¨ª ¥â ¨ ¢â®à ï á®áâ -¢«ïîé ï ®áæ¨««ïæ¨© ¢¤®«ì ®á¨ Oy ¨ ®¡¥ á®áâ ¢«ï-îé¨¥ áà ¢­¨¬ë ¯® ¢¥«¨ç¨­¥. �®âï, ª ª ¢¨¤­® ¯®ªà¨¢®© 1 ­  à¨á. 5,¡, ®áæ¨««¨àãîé ï ª®¬¯®­¥­â ¤¢¨¦¥­¨ï ï¢«ï¥âáï ¤®¢®«ì­® áãé¥áâ¢¥­­®©. �¢¥-«¨ç¥­¨¥ ç áâ®âë ¯ ¤ îé¥© ¢®«­ë á®¯à®¢®¦¤ ¥â-áï ¤ «ì­¥©è¨¬ ãá«®¦­¥­¨¥¬ ª àâ¨­ë ¯¥à¥¬¥é¥-­¨© ®¡®«®ç¥ª, çâ® ¯à®ï¢«ï¥âáï ¢ ã¢¥«¨ç¥­¨¨ ª®-«¨ç¥áâ¢  ¯¨ª®¢ ¬ ªá¨¬ «ì­ëå ¯¥à¥¬¥é¥­¨©. �à¨íâ®¬ ¤«ï ªàã£®¢®© (kR�1:1, kL�5:5) à¥è¥âª¨ ¯à¨¯ ¤¥­¨¨ ¢®«­ë ¢¤®«ì ®á¨ Ox ¯¥à¥¬¥é¥­¨ï ¯à®â¨-¢®«¥¦ é¨å â®ç¥ª ¯¥à¢®© ¨ âà¥âì¥© ®¡®«®ç¥ª ®ª -58 �. �. �¥©ª®, �. �. � ¢¨­, �. �. �ª ç¥­ª®, �. �. � ¬ à¨­



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2000. �®¬ 3, N 1. �. 51 { 60§ë¢ îâáï ­ ¨¡®«¥¥ à §«¨ç îé¨¬¨áï.3.3. �¥§ã«ìâ âë à áç¥â  í«¥ªâà¨ç¥áª¨å ¯®«¥©� áá¬®âà¨¬ â¥¯¥àì § ¢¨á¨¬®áâ¨ ­ ¯àï¦¥­¨©­  ¢ëå®¤¥ ª ª á¨áâ¥¬ ¯à¨¥¬­ëå ¯à¥®¡à §®¢ â¥-«¥©, â ª ¨ ®¤¨­®ç­ëå ¯à¥®¡à §®¢ â¥«¥© ¢ á®áâ ¢¥á¨áâ¥¬ ®â ã£«®¢ ¯ ¤¥­¨ï ¯«®áª¨å ¢®«­. �â¬¥â¨¬,çâ® íâ¨ § ¢¨á¨¬®áâ¨ ¯à¥¤áâ ¢«ïîâ á®¡®© ­¥ çâ®¨­®¥ ª ª ¤¨ £à ¬¬ë ­ ¯à ¢«¥­­®áâ¨ á¨áâ¥¬ ¯à¥-®¡à §®¢ â¥«¥© ¨«¨ ®¤¨­®ç­ëå ¯à¥®¡à §®¢ â¥«¥© ¢á®áâ ¢¥ á¨áâ¥¬ ¢ à¥¦¨¬¥ ¯à¨¥¬ .�àã£®¢ ï à¥è¥âª  æ¨«¨­¤à¨ç¥áª¨å ¯à¥®¡à §®-¢ â¥«¥© ¨§-§  á¨¬¬¥âà¨¨ ­¥ ¨¬¥¥â ¥¤¨­®£® ­ -¯à ¢«¥­¨ï ­ ¨¡®«ìè¥© çã¢áâ¢¨â¥«ì­®áâ¨. �¤­ -ª® ¢ á¨«ã ¤®áâ â®ç­® ¡®«ìè¨å à ááâ®ï­¨© ¬¥¦¤ãí«¥¬¥­â ¬¨ à¥è¥âª¨ ¥¥ ¤¨ £à ¬¬ë ­ ¯à ¢«¥­­®-áâ¨ å à ªâ¥à¨§ãîâáï §­ ç¨â¥«ì­®© ­¥à ¢­®¬¥à-­®áâìî ª ª ­  ç áâ®â¥ ¯ã«ìá¨àãîé¨å ª®«¥¡ ­¨©¯à¨¥¬­ëå ¯à¥®¡à §®¢ â¥«¥©, â ª ¨ ¢¤ «¨ ®â ­¥¥(à¨á. 6, ).�¥à¥å®¤ ®â ªàã£®¢®© ª ¤ã£®¢®© à¥è¥âª¥(à¨á. 6,¡) áãé¥áâ¢¥­­® ¨§¬¥­ï¥â ­ ¯à ¢«¥­­ë¥á¢®©áâ¢  á¨áâ¥¬ë ¯à¥®¡à §®¢ â¥«¥©. �  ­¨§ª¨åç áâ®â å (kR�1:1, kL�5:5, ªà¨¢ ï 10) ¤ã£®¢ ï à¥-è¥âª  ¯à¥®¡à §®¢ â¥«¥© ä®à¬¨àã¥â ¤¢ãå«¥¯¥áâ-ª®¢ãî ¤¨ £à ¬¬ã ­ ¯à ¢«¥­­®áâ¨ á ¯à ªâ¨ç¥áª¨®¤¨­ ª®¢ë¬¨ ¯® ãà®¢­î ¨ ®â«¨ç îé¨¬¨áï ¯® è¨-à¨­¥ ­  ãà®¢­¥ 0.707 ®á­®¢­ë¬¨ «¥¯¥áâª ¬¨. �®-á«¥¤­¥¥ ®¡ãá«®¢«¥­® à §«¨ç¨¥¬ ¢«¨ï­¨ï ªà¨¢¨§­ë¤ã£¨ ­  ä®à¬¨àã¥¬®¥ ¯®«¥ ¯® ®¡¥ áâ®à®­ë ®â ¤ã-£®¢®© à¥è¥âª¨. �á«¨ ¢ë¯ãª«®áâì ¤ã£¨ ¯à¨¢®¤¨â ªà áä §¨à®¢ª¥ ¯®«¥© ®â¤¥«ì­ëå ¯à¨¥¬­¨ª®¢ ¨, ª ªá«¥¤áâ¢¨¥, ª à áè¨à¥­¨î ®á­®¢­®£® «¥¯¥áâª  ¤¨ -£à ¬¬ë ­ ¯à ¢«¥­­®áâ¨ ¤ã£®¢®© à¥è¥âª¨ á® áâ®-à®­ë ¢ë¯ãª«®áâ¨ ¤ã£¨, â® ¢®£­ãâ®áâì ¥¥ ®¡ãá« -¢«¨¢ ¥â ®¯à¥¤¥«¥­­ãî ä®ªãá¨à®¢ªã ¤ã£¨, çâ® ¯à¨-¢®¤¨â ª ­¥ª®â®à®¬ã ®¡®áâà¥­¨î ®á­®¢­®£® «¥¯¥áâ-ª  ¤¨ £à ¬¬ë ­ ¯à ¢«¥­­®áâ¨. � ã¢¥«¨ç¥­¨¥¬ ç -áâ®âë ¢®§à áâ ¥â ¢«¨ï­¨¥ ¢â®à¨ç­ëå ¢®«­, ¬­®-£®ªà â­® ®âà ¦¥­­ëå ¯à¥®¡à §®¢ â¥«ï¬¨ à áá¬ -âà¨¢ ¥¬ëå á¨áâ¥¬, ­  ä®à¬¨à®¢ ­¨¥ ¢®«­®¢ëå ¯®-«¥© á¨áâ¥¬ ¨, ª ª á«¥¤áâ¢¨¥, ­ ¡«î¤ ¥âáï ª ª à á-è¨à¥­¨¥ ®á­®¢­®£® «¥¯¥áâª , â ª ¨ ã¢¥«¨ç¥­¨¥ ¥£®¨§à¥§ ­­®áâ¨.�§ ä¨§¨ç¥áª¨å á®®¡à ¦¥­¨© ïá­®, çâ® í«¥ªâà¨-ç¥áª®¥ ­ ¯àï¦¥­¨¥ ­  ¢ëå®¤¥ ®¤¨­®ç­®£® ¯ã«ìá¨-àãîé¥£® ¯à¨¥¬­®£® ¯à¥®¡à §®¢ â¥«ï ­¥ § ¢¨á¨â®â ã£«  ¯à¨å®¤  ¯«®áª¨å ¢®«­. �­ «¨§ ªà¨¢ëåà¨á. 6, ¡ ¯®§¢®«ï¥â ãáâ ­®¢¨âì, ­ áª®«ìª® ­ àã-è ¥âáï íâ  § ª®­®¬¥à­®áâì ¢á«¥¤áâ¢¨¥ ¢§ ¨¬®¤¥©-áâ¢¨ï ¯à¥®¡à §®¢ â¥«¥© ¢ á®áâ ¢¥ á¨áâ¥¬ë.�à¨ à §¬¥é¥­¨¨ ¯à¥®¡à §®¢ â¥«¥© ¢ á®áâ -¢¥ ªàã£®¢®© á¨áâ¥¬ë ¢ ®¡« áâ¨ ­¨§ª¨å ç áâ®â

(kR�1:1, kL�5:5) ¢§ ¨¬®¤¥©áâ¢¨¥ ¯à¥®¡à §®¢ -â¥«¥© ¯à¨¢®¤¨â ª ¢®§­¨ª­®¢¥­¨î á« ¡® ¢ëà ¦¥­-­®© (¢ ¯à¥¤¥« å 3 ¤�) ­¥®¤­®à®¤­®áâ¨ ¢ ã£«®¢®©§ ¢¨á¨¬®áâ¨ í«¥ªâà¨ç¥áª®£® ­ ¯àï¦¥­¨ï ­  ¢ë-å®¤¥ ª ¦¤®£® ¯à¥®¡à §®¢ â¥«ï. � ã¢¥«¨ç¥­¨¥¬ç áâ®âë ¯ ¤ îé¥© ¯«®áª®© ¢®«­ë ¨§à¥§ ­­®áâìã£«®¢®© § ¢¨á¨¬®áâ¨ í«¥ªâà¨ç¥áª®£® ­ ¯àï¦¥­¨ï¢®§à áâ ¥â. �ë«ì­ ï §®­  ª ¦¤®£® ¯à¥®¡à §®¢ -â¥«ï à á¯®«®¦¥­  á® áâ®à®­ë ¢­ãâà¥­­¥© ®¡« áâ¨ªàã£®¢®© á¨áâ¥¬ë ¯à¥®¡à §®¢ â¥«¥©.�¥à¥å®¤ ®â ªàã£®¢®© á¨áâ¥¬ë ¯à¥®¡à §®¢ â¥«¥©ª ¤ã£®¢®© á®¯à®¢®¦¤ ¥âáï, ¯à¥¦¤¥ ¢á¥£®, ­ àãè¥-­¨¥¬ á¨¬¬¥âà¨¨ ¤¨ £à ¬¬ë ­ ¯à ¢«¥­­®áâ¨ ª -¦¤®£® ¯à¥®¡à §®¢ â¥«ï ®â­®á¨â¥«ì­® «¨­¨¨ OOi,á®¥¤¨­ïîé¥© æ¥­âà ¯à¥®¡à §®¢ â¥«ïOi á æ¥­âà®¬á¨áâ¥¬ë O (á¬. à¨á. 1), ¨ à §«¨ç¨¥¬ ¤¨ £à ¬¬­ ¯à ¢«¥­­®áâ¨ ¯à¥®¡à §®¢ â¥«¥©, § ¢¨áïé¨¬ ®â¨å ¬¥áâ  à á¯®«®¦¥­¨ï ¢ á¨áâ¥¬¥. � ®¡« áâ¨­¨§ª¨å ç áâ®â ã£«®¢ ï § ¢¨á¨¬®áâì ­ ¯àï¦¥­¨ï­  ¢ëå®¤¥ ¯à¥®¡à §®¢ â¥«ï ¯à¨ à ¡®â¥ ¥£® ¢ á®-áâ ¢¥ á¨áâ¥¬ë ¯à¨®¡à¥â ¥â ­¥ª®â®àãî ­ ¯à ¢«¥­-­®áâì, ¡®«¥¥ ¢ëá®ªãî ¤«ï ¯à¥®¡à §®¢ â¥«¥©, à á-¯®«®¦¥­­ëå ¡«¨¦¥ ª æ¥­âàã á¨áâ¥¬ë. � ã¢¥«¨ç¥-­¨¥¬ ç áâ®âë ¯à¨å®¤ïé¥© ¯«®áª®© ¢®«­ë ­ ¯à -¢«¥­­ë¥ á¢®©áâ¢  ¯à¥®¡à §®¢ â¥«¥© ¢ á®áâ ¢¥ ¤ã-£®¢®© á¨áâ¥¬ë ®¡®áâàïîâáï,   ªà ©­¨¥ ¯à¥®¡à -§®¢ â¥«¨ á¨áâ¥¬ë ¯à¨®¡à¥â îâ ¤ ¦¥ ïàª® ¢ëà -¦¥­­®¥ á¢®©áâ¢® ®¤­®­ ¯à ¢«¥­­®áâ¨.�����������®¯®áâ ¢«¥­¨¥ ä¨§¨ç¥áª¨å å à ªâ¥à¨áâ¨ª à §-«¨ç­ëå ¯®«¥©, ¢®§­¨ª îé¨å ¯à¨ ¢§ ¨¬®¤¥©áâ¢¨¨¯«®áª®©  ªãáâ¨ç¥áª®© ¢®«­ë á æ¨«¨­¤à¨ç¥áª¨¬¨à¥è¥âª ¬¨ ¤¢ãå â¨¯®¢, á®áâ®ïé¨¬¨ ¨§ æ¨«¨­-¤à¨ç¥áª¨å ¯ì¥§®ª¥à ¬¨ç¥áª¨å ¯à¥®¡à §®¢ â¥«¥©,¨ ®â¤¥«ì­ë¬ ¯à¥®¡à §®¢ â¥«¥¬ ¯à¨ à ¡®â¥ ¥£® ¢­¥à¥è¥â®ª, ¯®ª §ë¢ ¥â, çâ® ¢§ ¨¬®¤¥©áâ¢¨¥ ¯à¥-®¡à §®¢ â¥«¥© ¢ á¨áâ¥¬ å á ª®­¥ç­ë¬ ç¨á«®¬ ¯à¥-®¡à §®¢ â¥«¥© ®¡ãá« ¢«¨¢ ¥â:� ¯®â¥àî ®¤­®à®¤­®áâ¨ ã£«®¢®© § ¢¨á¨¬®áâ¨ ªãáâ¨ç¥áª¨å, ¬¥å ­¨ç¥áª¨å ¨ í«¥ªâà¨ç¥áª¨å¯®«¥© ¯à¥®¡à §®¢ â¥«¥©;� ¯®â¥àî á¨¬¬¥âà¨¨ ã£«®¢®© § ¢¨á¨¬®áâ¨  ªã-áâ¨ç¥áª¨å, ¬¥å ­¨ç¥áª¨å ¨ í«¥ªâà¨ç¥áª¨å ¯®-«¥© ¯à¥®¡à §®¢ â¥«¥© ¢ á®áâ ¢¥ ¤ã£®¢ëå á¨-áâ¥¬;� ¯à¨®¡à¥â¥­¨¥ ­ ¯à ¢«¥­­ëå á¢®©áâ¢ ¯à¥®¡à -§®¢ â¥«ï¬¨ ¢ á®áâ ¢¥ á¨áâ¥¬;� ¯à¨®¡à¥â¥­¨¥ á¢®©áâ¢  ®¤­®­ ¯à ¢«¥­­®áâ¨¢á¥¬¨ ¯à¥®¡à §®¢ â¥«ï¬¨ ¢ á®áâ ¢¥ ªàã£®¢ëå�. �. �¥©ª®, �. �. � ¢¨­, �. �. �ª ç¥­ª®, �. �. � ¬ à¨­ 59
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