
ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 11 { 16��� 534.834.7:534.864���������� ������������� ���������������������� ���� ��� ������� ������������������� � ����������. �. ����������, �. �. �����������, �. �. ��������� æ¨®­ «ì­ë© â¥å­¨ç¥áª¨© ã­¨¢¥àá¨â¥â �ªà ¨­ë \���", �¨¥¢���̄ à ¢«¥­¨¥ ¤¥« ¬¨ �¯¯ à â  �¥àå®¢­®© � ¤ë �ªà ¨­ë, �¨¥¢�®«ãç¥­® 11.02.2000 � �¥à¥á¬®âà¥­® 27.12.2000�à¥¤«®¦¥­ á¯®á®¡ à áç¥â  á¨áâ¥¬ §¢ãª®ãá¨«¥­¨ï ¢ ¯®¬¥é¥­¨¨, ®á­®¢ ­­ë© ­  ª®¬¯ìîâ¥à­®¬ ¬®¤¥«¨à®¢ ­¨¨ §¢ã-ª®¢®£® ¯®«ï á ãç¥â®¬ ç áâ®â­®© § ¢¨á¨¬®áâ¨ çã¢áâ¢¨â¥«ì­®áâ¨ ¨ ­ ¯à ¢«¥­­®áâ¨ £à®¬ª®£®¢®à¨â¥«¥©, £¥®¬¥âà¨¨¯®¬¥é¥­¨ï,   â ª¦¥ ç áâ®â­ëå § ¢¨á¨¬®áâ¥© §¢ãª®¯®£«®é¥­¨ï ¥£® ¯®¢¥àå­®áâ¥©. � §à ¡®â ­® á®®â¢¥âáâ¢ãîé¥¥¯à®£à ¬¬­®¥ ®¡¥á¯¥ç¥­¨¥. �áá«¥¤®¢ ­ë à ¡®ç¨¥ ¯ à ¬¥âàë à á¯à¥¤¥«¥­­®© á¨áâ¥¬ë ¨­¤¨¢¨¤ã «ì­ëå £à®¬ª®£®¢®-à¨â¥«¥©, à á¯®«®¦¥­­ëå ­  à ¡®ç¨å ¬¥áâ å á«ãè â¥«¥©. �®ª § ­®, çâ® ä®à¬¨à®¢ ­¨¥  ªãáâ¨ç¥áª¨å á¢®©áâ¢ ¢ ª -¦¤®© ¨§ â®ç¥ª \§¢ãª®¢®£®¯®ªàëâ¨ï" ®¡¥á¯¥ç¨¢ ¥âáï §  áç¥â ¢ª« ¤®¢§­ ç¨â¥«ì­®£® ª®«¨ç¥áâ¢  £à®¬ª®£®¢®à¨â¥«¥©.�â® ¢ëà ¦ ¥âáï ¢ ¨§¬¥­¥­¨¨ ãà®¢­¥© ¨ ç áâ®â­ëå á¯¥ªâà®¢ ¯à¨­¨¬ ¥¬®£® á¨£­ «  ¯® áà ¢­¥­¨î á ¨áâ®ç­¨ª®¢ë¬.� ¯à®¯®­®¢ ­® ¬¥â®¤ à®§à åã­ªã á¨áâ¥¬ §¢ãª®¯÷¤á¨«¥­­ï ¢ ¯à¨¬÷é¥­­ïå, ïª¨© ¡ §ãõâìáï ­  ª®¬¯'îâ¥à­®¬ã ¬®¤¥-«î¢ ­­÷ §¢ãª®¢®£® ¯®«ï § ãà åã¢ ­­ï¬ ç áâ®â­¨å § «¥¦­®áâ¥© çãâ«¨¢®áâ÷ © ­ ¯àï¬«¥­®áâ÷ £ãç­®¬®¢æ÷¢, £¥®¬¥âà÷ù¯à¨¬÷é¥­­ï,   â ª®¦ ç áâ®â­¨å § «¥¦­®áâ¥© §¢ãª®¯®£«¨­ ­­ï ©®£® ¯®¢¥àå®­ì. �®§à®¡«¥­® ¢÷¤¯®¢÷¤­¥ ¯à®£à ¬­¥§ ¡¥§¯¥ç¥­­ï. �®á«÷¤¦¥­÷ à®¡®ç÷ ¯ à ¬¥âà¨ à®§¯®¤÷«¥­®ù á¨áâ¥¬¨ ÷­¤¨¢÷¤ã «ì­¨å £ãç­®¬®¢æ÷¢, à®§â è®¢ ­¨å ­ à®¡®ç¨å ¬÷áæïå á«ãå ç÷¢. �®ª § ­®, é® ä®à¬ã¢ ­­ï  ªãáâ¨ç­¨å ¢« áâ¨¢®áâ¥© ã ª®¦­÷© § â®ç®ª \§¢ãª®¢®£® ¯®ªà¨â-âï" § ¡¥§¯¥çãõâìáï §  à åã­®ª ¢­¥áª÷¢ §­ ç­®ù ª÷«ìª®áâ÷ £ãç­®¬®¢æ÷¢. �¥ ¢¨à ¦ õâìáï ¢ §¬÷­÷ à÷¢­÷¢ â  ç áâ®â­¨åá¯¥ªâà÷¢ ¯à¨©­ïâ®£® á¨£­ «ã ¢ ¯®à÷¢­ï­­÷ § â¨¬, é® ¢¨å®¤¨âì ¢÷¤ ¤¦¥à¥« .The method of a room insonation system design is proposed. It is based on the computer simulation of the sound�eld within a room, accounting the frequency response of loudspeakers, the frequency dependence of their directivitypatterns, the room geometry and the frequency dependent sound absorption of the room surfaces. The respective softwareis developed. Operating characteristics for an insonation system composed of a lot of the individual loudspeakers areinvestigated. It is shown that the acoustical properties in every point of the \sound cover" is formed by a considerablenumber of loudspeakers. This trend is embodied in the change of the received signal levels and spectra, when comparingwith that to the emitted by a source.���������ªãáâ¨ç¥áª®¥ ¯à®¥ªâ¨à®¢ ­¨¥ ¯®¬¥é¥­¨©¢ª«îç ¥â ¢ á¥¡ï ¯®¤¡®à ¯®£«®é îé¨å ¬ â¥à¨- «®¢, ®¯à¥¤¥«ïîé¨å à¥¢¥à¡¥à æ¨î, £à®¬ª®áâì§¢ãª  ¨ áâ¥¯¥­ì ¥£® ¤¨ääã§­®áâ¨. �ää¥ªâ¨¢­ ïª®àà¥ªâ¨à®¢ª   ªãáâ¨ç¥áª¨å á¢®©áâ¢ ¯®¬¥é¥­¨©¬®¦¥â ®áãé¥áâ¢«ïâìáï §  áç¥â ¨§«ãç â¥«¥© §¢ãª ,à §¬¥é¥­­ëå ¢ ¥£® ®¡ê¥¬¥. � ¦­®áâì í«¥ªâà®­-­®£® ®¡®àã¤®¢ ­¨ï ¯®¬¥é¥­¨© ®â¬¥ç ¥âáï ¢®¬­®£¨å à ¡®â å ¯®  àå¨â¥ªâãà­®©  ªãáâ¨ª¥ (á¬.,­ ¯à¨¬¥à, [1]). � ª¨¬ ®¡à §®¬, áãé¥áâ¢¥­­ë¬íâ ¯®¬  ªãáâ¨ç¥áª®£® ¯à®¥ªâ¨à®¢ ­¨ï ï¢«ï¥âáï¯®¤¡®à ­¥®¡å®¤¨¬®£® ª®«¨ç¥áâ¢  ¨§«ãç â¥«¥©§¢ãª  (£à®¬ª®£®¢®à¨â¥«¥©,  ªãáâ¨ç¥áª¨å á¨áâ¥¬¨«¨ §¢ãª®¢ëå ª®«®­®ª) á á®®â¢¥âáâ¢ãîé¨¬¨â¥å­¨ç¥áª¨¬¨ å à ªâ¥à¨áâ¨ª ¬¨, ¨å à §¬¥é¥-­¨ï ¨ ®à¨¥­â æ¨¨. � ¨¡®«¥¥ à á¯à®áâà ­¥­­ ï¨­¦¥­¥à­ ï ¬¥â®¤¨ª  [2] à¥è¥­¨ï íâ®© § ¤ ç¨®á­®¢ ­  ­  ¨á¯®«ì§®¢ ­¨¨ ªà¨â¥à¨ï à ¢­®¬¥à-­®áâ¨ à á¯à¥¤¥«¥­¨ï ãà®¢­ï §¢ãª®¢®£® á¨£­ « ­  ¯®¢¥àå­®áâ¨, £¤¥ ­ å®¤ïâáï á«ãè â¥«¨ (â ª­ §ë¢ ¥¬®£® \§¢ãª®¢®£® ¯®ªàëâ¨ï"). �à¨ íâ®¬¨­â¥­á¨¢­®áâì §¢ãª  ¢ ª ¦¤®© â®çª¥ ã¯®¬ï-
­ãâ®© ¯®¢¥àå­®áâ¨ à ááç¨âë¢ ¥âáï ¬¥â®¤®¬í­¥à£¥â¨ç¥áª®£® áã¬¬¨à®¢ ­¨ï ¢®«­, ¨§«ãç¥­­ëå®â¤¥«ì­ë¬¨ ¨áâ®ç­¨ª ¬¨. � à áç¥â ¯à¨­¨¬ ¥âáï­®¬¨­ «ì­ ï ¬®é­®áâì, ¨­¤¥ªá §¢ãª®¢®£® ¤ ¢«¥-­¨ï ¨ å à ªâ¥à¨áâ¨ª  ­ ¯à ¢«¥­­®áâ¨ ­  ®¤­®©ç áâ®â¥ (ç é¥ ¢á¥£® 1000 ¨«¨ 500 �æ).�¥á®¬­¥­­ë¬ ¤®áâ®¨­áâ¢®¬ íâ®© ¬¥â®¤¨ª¨ï¢«ï¥âáï ¥¥ ¯à®áâ®â  ¨ ®â­®á¨â¥«ì­® ¬ «ë© ®¡ê-¥¬ ­¥®¡å®¤¨¬ëå à áç¥â®¢. � â® ¦¥ ¢à¥¬ï, ¯à¨â ª®¬ ¯®¤å®¤¥ ®áâ ¥âáï ­¥ãçâ¥­­ë¬ àï¤ ä ªâ®à®¢¨ å à ªâ¥à¨áâ¨ª, ¢«¨ïîé¨å ­  ª®­¥ç­ë© à¥§ã«ì-â â. �à¥¦¤¥ ¢á¥£®, ­¥¤®áâ â®ç¥­ á ¬ ªà¨â¥à¨©à ¢­®¬¥à­®áâ¨ \§¢ãª®¢®£® ¯®ªàëâ¨ï", ¢ëáâã¯ î-é¨© ª ª ¥¤¨­áâ¢¥­­ë© ¢ âà ¤¨æ¨®­­®© ¬¥â®¤¨-ª¥. �é¥ ®¤­®© ¯à ªâ¨ç¥áª¨ ¢ ¦­®©, ­® ­¥ ãç¨âë-¢ ¥¬®©, å à ªâ¥à¨áâ¨ª®© ¯à®¥ªâ¨àã¥¬ëå á¨áâ¥¬ï¢«ï¥âáï á¯®á®¡­®áâì ®¡¥á¯¥ç¨âì à §¡®àç¨¢®áâì ¨¢¥à­®¥ ¢®á¯à®¨§¢¥¤¥­¨¥ â¥¬¡à «ì­®© ®ªà áª¨ §¢ã-ª . � ª ¯à ¢¨«®, ¯à®¢¥àª  íâ®© å à ªâ¥à¨áâ¨ª¨¯à®¢®¤¨âáï íªá¯¥à¨¬¥­â «ì­® ã¦¥ ¯®á«¥ â®£®, ª ª¯à¥¤« £ ¥¬ ï á¨áâ¥¬  á¬®­â¨à®¢ ­  (â ª áª § âì,in vivo) ¨ áãé¥áâ¢¥­­ë¥ ª®àà¥ªæ¨¨ § âàã¤­¥­ë.�à®¬¥ â®£®, ¯à¨¬¥­ï¥¬ë© ã¯à®é¥­­ë© ¢ à¨ ­âà áç¥â  \§¢ãª®¢®£® ¯®ªàëâ¨ï" ­¥¤®áâ â®ç­® ­ -c
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ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 11 { 16¤¥¦¥­, â ª ª ª ­¥ ãç¨âë¢ ¥â ç áâ®â­ëå å à ªâ¥-à¨áâ¨ª ¨§«ãç â¥«¥© §¢ãª , § ¢¨á¨¬®áâ¨ å à ªâ¥-à¨áâ¨ª ­ ¯à ¢«¥­­®áâ¨ ®â ç áâ®âë, á¯¥ªâà  ¯¥-à¥¤ ¢ ¥¬®£® á¨£­ «  ¨ ¢«¨ï­¨ï íää¥ªâ®¢ ¨­â¥à-ä¥à¥­æ¨¨ ®â¤¥«ì­ëå á¯¥ªâà «ì­ëå ª®¬¯®­¥­â. �¥ãç¨âë¢ îâáï â ª¦¥ ®âà ¦¥­¨ï §¢ãª  ®â ®£à ¦¤ -îé¨å ¯®¢¥àå­®áâ¥©, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ ­ -ç «ì­®¬ã ãç áâªã ¯à®æ¥áá  à¥¢¥à¡¥à æ¨¨. �«¥¤ã-¥â ®â¬¥â¨âì, çâ® ¨¬¥­­® ®­¨, á®¢¬¥áâ­® á ¯àï¬ë¬á¨£­ «®¬, ä®à¬¨àãîâ ®éãé¥­¨¥ £à®¬ª®áâ¨ §¢ã-ª  [1] ¨, á«¥¤®¢ â¥«ì­®, ¯à¨­¨¬ îâáï ¢® ¢­¨¬ ­¨¥¢ à áç¥â å \§¢ãª®¢®£® ¯®ªàëâ¨ï".�¥«ì ¤ ­­®© à ¡®âë á®áâ®¨â ¢ ¬®¤¨ä¨ª æ¨¨ áã-é¥áâ¢ãîé¥© ¡ §®¢®© ¬¥â®¤¨ª¨, ª®â®à ï ¯®§¢®«¨-«  ¡ë ãç¥áâì ¢ëè¥­ §¢ ­­ë¥ ä ªâ®àë ¨ å à ª-â¥à¨áâ¨ª¨ ¯à¨ à áç¥â¥ \§¢ãª®¢®£® ¯®ªàëâ¨ï",  â ª¦¥ ¯à¥¤®áâ ¢¨«  ¡ë ¢®§¬®¦­®áâì ª®­âà®«ï ª -ç¥áâ¢  §¢ãª®¢®á¯à®¨§¢¥¤¥­¨ï ¥é¥ ­  áâ ¤¨¨ ¯à®-¥ªâ¨à®¢ ­¨ï. � ª ç¥áâ¢¥ áà¥¤áâ¢  à¥è¥­¨ï ¯®áâ -¢«¥­­®© § ¤ ç¨ ¢ë¡à ­® ª®¬¯ìîâ¥à­®¥ ¬®¤¥«¨à®-¢ ­¨¥ §¢ãª®¢ëå á¨£­ «®¢ ¢ ¯®¬¥é¥­¨¨, ¢ª«îç î-é¥¥ ª ª ­¥¯®áà¥¤áâ¢¥­­ãî á¨¬ã«ïæ¨î §¢ãª , ¢®á-¯à®¨§¢®¤¨¬®£® ¢ ¯®¬¥é¥­¨¨ á¨áâ¥¬®© ®§¢ãç¨¢ -­¨ï, â ª ¨ à áç¥â ®á­®¢­ëå ¯ à ¬¥âà®¢ §¢ãª®¢®á-¯à®¨§¢¥¤¥­¨ï (¢ª«îç ï ¨ \§¢ãª®¢®¥ ¯®ªàëâ¨¥") áãç¥â®¬ ¯¥à¥ç¨á«¥­­ëå ¢ëè¥ ä ªâ®à®¢ ¨ å à ªâ¥-à¨áâ¨ª.�«ï á®¯®áâ ¢«¥­¨ï ¢®§¬®¦­ëå â¥å­¨ç¥áª¨å à¥-è¥­¨© ¯à¨ ¯à®¥ªâ¨à®¢ ­¨¨ á¨áâ¥¬ë ®§¢ãç¨¢ ­¨ï¯à¥¤« £ ¥âáï ¨á¯®«ì§®¢ âì ¢ ª ç¥áâ¢¥ ªà¨â¥à¨ï ­¥â®«ìª® áâ¥¯¥­ì à ¢­®¬¥à­®áâ¨ \§¢ãª®¢®£® ¯®ªàë-â¨ï", ­® ¨ áâ¥¯¥­ì à ¢­®¬¥à­®áâ¨ ç áâ®â­ëå å -à ªâ¥à¨áâ¨ª¨ §¢ãª®¢®á¯à®¨§¢¥¤¥­¨ï ­  ª®­ªà¥â-­ëå ¬¥áâ å ­ å®¦¤¥­¨ï á«ãè â¥«¥©. �à®¬¥ â®£®,à¥ª®¬¥­¤ã¥âáï ãç¨âë¢ âì áã¡ê¥ªâ¨¢­ë¥ íªá¯¥àâ-­ë¥ ®æ¥­ª¨ ¯® à¥§ã«ìâ â ¬ ¯à®á«ãè¨¢ ­¨ï á¨¬ã-«¨à®¢ ­­®£® §¢ãª®¢®£® á¨£­ «  ­  ¬¥áâ å ¢ áà ¢-­¥­¨î á ¨áå®¤­ë¬ ª®­âà®«ì­ë¬ á¨£­ «®¬, ¯®áâã-¯ îé¨¬ ®â ¬¨ªà®ä®­ . � ª à¥§ã«ìâ â, à §à ¡®-â ­ á¯¥æ¨ «¨§¨à®¢ ­­ë© ¯ ª¥â ¯à¨ª« ¤­ëå ª®¬-¯ìîâ¥à­ëå ¯à®£à ¬¬.� ª ç¥áâ¢¥ ¯à¨¬¥à  ¯à¨¬¥­¥­¨ï ¬®¤¨ä¨æ¨à®-¢ ­­®© ¬¥â®¤¨ª¨ ¨áá«¥¤®¢ ­ë ­¥ª®â®àë¥ å à ªâ¥-à¨áâ¨ª¨ §¢ãª®¢®á¯à®¨§¢¥¤¥­¨ï, ®¡¥á¯¥ç¨¢ ¥¬ë¥à á¯à¥¤¥«¥­­®© á¨áâ¥¬®© ¨­¤¨¢¨¤ã «ì­ëå £à®¬-ª®£®¢®à¨â¥«¥©, ãáâ ­®¢«¥­­ëå ­  à ¡®ç¨å ¬¥áâ åá«ãè â¥«¥©.1. �������������� ��������� ®á­®¢¥ ¬ â¥¬ â¨ç¥áª®£®  «£®à¨â¬  «¥¦¨âà áç¥â  ¬¯«¨âã¤­®-ä §®¢®£® ª®íää¨æ¨¥­â  ¯¥à¥-¤ ç¨ ®â á¨áâ¥¬ë ¨§«ãç â¥«¥© ¢ â®çªã, £¤¥ ­ å®-¤¨âáï á«ãè â¥«ì, ¤«ï ª ¦¤®© ¨§ ç áâ®â­ëå ª®¬¯®-

­¥­â á¯¥ªâà  á¨£­ « . �­ ç¥­¨¥ íâ®£® ª®íää¨æ¨-¥­â  ï¢«ï¥âáï à¥§ã«ìâ â®¬ ¨­â¥àä¥à¥­æ¨¨ ¢®«­,á®§¤ ¢ ¥¬ëå à §­ë¬¨ ¨áâ®ç­¨ª ¬¨. �à¨ ­ «¨ç¨¨®âà ¦¥­¨© ¢ ¨å ç¨á«® á«¥¤ã¥â ¢ª«îç¨âì â ª¦¥ ¨¬­¨¬ë¥ ¨áâ®ç­¨ª¨ ¯¥à¢®£® ¯®àï¤ª  á ¯®¯à ¢ª®©­  ç áâ®â­®§ ¢¨á¨¬®¥ ¯®£«®é¥­¨¥ §¢ãª  á®®â¢¥â-áâ¢ãîé¨¬¨ ãç áâª ¬¨ ¯®¢¥àå­®áâ¥©. � ¯à¥¤¯®-«®¦¥­¨¨ ® â®¬, çâ® n-ë© ¨áâ®ç­¨ª §¢ãª  ¨§«ãç -¥â áä¥à¨ç¥áªãî ¢®«­ã á  ¬¯«¨âã¤­ë¬ à á¯à¥¤¥-«¥­¨¥¬ ¯® äà®­âã, ª®â®à®¥ ®¯à¥¤¥«ï¥âáï å à ªâ¥-à¨áâ¨ª®© ­ ¯à ¢«¥­­®áâ¨ Rn(!; �; '), ã¯®¬ï­ãâë©ª®íää¨æ¨¥­â ¯¥à¥¤ ç¨ ®¯à¥¤¥«ï¥âáï ª ªQ(!; r) = NXn=1An(!) exp(i!�n); (1)£¤¥An(!) =pWn100:05LnKn(!)Rn(!; �; ')rn ��p1� �n exp(��(!)rn); (2)rn { à ááâ®ï­¨¥ ®â n-£® ¨áâ®ç­¨ª  (¤¥©áâ¢¨â¥«ì-­®£® ¨«¨ ¬­¨¬®£®) ¤® á«ãè â¥«ï; �n=rn=c; �(!) {ª®íää¨æ¨¥­â ¯®£«®é¥­¨ï §¢ãª  ¢ ¢®§¤ãå¥; �n(!) {ª®íää¨æ¨¥­â ¯®£«®é¥­¨ï §¢ãª  á®®â¢¥âáâ¢ãîé¨¬ãç áâª®¬ ®£à ¦¤ îé¥© ¯®¢¥àå­®áâ¨; Wn { ­®¬¨-­ «ì­ ï í«¥ªâà¨ç¥áª ï ¬®é­®áâì ¨§«ãç â¥«ï, Ln {¨­¤¥ªá §¢ãª®¢®£® ¤ ¢«¥­¨ï ¢ ¤�; Kn(!) { ç áâ®â-­ ï å à ªâ¥à¨áâ¨ª  ¨§«ãç â¥«ï, ­®à¬¨à®¢ ­­ ï ª§­ ç¥­¨î ­  ç áâ®â¥ 1000 �æ. �à¨ ­ «¨ç¨¨ ¢ ¯®-¬¥é¥­¨¨ ¯à¥¯ïâáâ¢¨© â¨¯  ã£«®¢ëå ¢ëáâã¯®¢ ¨«¨¡ àì¥à®¢ ¢¥«¨ç¨­ë An(!); �n á«¥¤ã¥â ®¯à¥¤¥«ïâì¯® ä®à¬ã« ¬, ®¯¨áë¢ îé¨¬ ¤¨äà ªæ¨î §¢ãª  [3].�ëç¨á«ïï ¯à®¨§¢¥¤¥­¨¥ á¯¥ªâà  ¨áå®¤­®£® á¨£-­ «  ­  ç áâ®â­ãî § ¢¨á¨¬®áâì ª®íää¨æ¨¥­â  ¯¥-à¥¤ ç¨ ¨ ¯à¨¬¥­ïï ¯à¥®¡à §®¢ ­¨¥ �ãàì¥ ¤«ï ¢®á-áâ ­®¢«¥­¨ï á¨£­ «  ¢® ¢à¥¬¥­­®© ®¡« áâ¨, ¯®-«ãç ¥¬ á¨¬ã«¨à®¢ ­­ë© á¨£­ « ¢ § ¤ ­­®© â®çª¥¯à®áâà ­áâ¢ . �«ï â®£®, çâ®¡ë ¨áª ¦¥­¨ï §¢ã-ª , ®¡ãá«®¢«¥­­ë¥ ¤¨áªà¥â¨§ æ¨¥© á¨£­ «  ¨ ¥£®á¯¥ªâà , ­¥ ¡ë«¨ áãé¥áâ¢¥­­ë¬¨, à áç¥â äã­ªæ¨¨Q(!; r), ¨§®¡¨«ãîé¥© ã§ª¨¬¨ ¨­â¥àä¥à¥­æ¨®­­ë-¬¨ ¯¨ª ¬¨ ¨ ¯à®¢ « ¬¨, ¤®«¦¥­ ¡ëâì ¢ë¯®«­¥­ ­ ¤®áâ â®ç­® ¯«®â­®© á¥âª¥ ç áâ®â.�à¨ à áç¥â¥ à ¢­®¬¥à­®áâ¨ \§¢ãª®¢®£® ¯®ªàë-â¨ï" ¨ ç áâ®â­ëå å à ªâ¥à¨áâ¨ª §¢ãª®¢®á¯à®¨§-¢¥¤¥­¨ï ¯à¨¬¥­ï¥âáï á«¥¤ãîé¨© ¯®¤å®¤. �¥ç¥-¢®© á¨£­ « à áá¬ âà¨¢ ¥âáï ª ª áâ æ¨®­ à­ë©á«ãç ©­ë© ¯à®æ¥áá, á¯¥ªâà «ì­ ï å à ªâ¥à¨áâ¨-ª  ª®â®à®£® ®â¢¥ç ¥â áâ â¨áâ¨ç¥áª¨ ãáà¥¤­¥­­®-¬ã á¯¥ªâàã à¥ç¨ S0(!) (á¬., ­ ¯à¨¬¥à, [4]). � -¬¥â¨¬, çâ® â ª®© á¨£­ « ç áâ® ¨á¯®«ì§ã¥âáï ¢ª ç¥áâ¢¥ ª®­âà®«ì­®£® ¯à¨  ªãáâ¨ç¥áª¨å ¨§¬¥à¥-12 �. �. � « ­¥­ª®, �. �. �à ¢ç¥­ª®, �. �. �®æª¨©



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 11 { 16­¨ïå ¢ ¯®¬¥é¥­¨¨. �à¨­ïâ®¥ ¯à¥¤¯®«®¦¥­¨¥ ¯®-§¢®«ï¥â ¯à¥¤áâ ¢¨âì á¨£­ «, ¯®¤ ­­ë© ­  ¨§«ãç -â¥«ì, ¢ ¢¨¤¥ á®®â¢¥âáâ¢ãîé¥£® ¨­â¥£à «  �ãàì¥ {�â¨«âì¥á  ¨ ¯®«ãç¨âì §­ ç¥­¨¥ §¢ãª®¢®£® ¯®«ï ¢â®çª¥, £¤¥ ­ å®¤¨âáï á«ãè â¥«ì:p(t; r) = Z dF (!)Q(!; r) exp(�i!t): (3)�¤¥áì dF (!) { ­¥ª®àà¥«¨à®¢ ­­ë¥ ­  ­¥¯¥à¥á¥ª -îé¨åáï ¨­â¥à¢ « å á«ãç ©­ë¥ ¬¥àë. �ëç¨á«ïï¤¨á¯¥àá¨î íâ®£® á«ãç ©­®£® ¯à®æ¥áá  ¤«ï ¯à®¨§-¢®«ì­®£® ¤¨ ¯ §®­  ç áâ®â [!1; !2] ª ª ¬¥àã ¥£®¨­â¥­á¨¢­®áâ¨, ¯®«ãç ¥¬ á«¥¤ãîéãî ä®à¬ã«ã ¤«ïãà®¢­ï §¢ãª  (¢ ¤�) ¢ § ¤ ­­®© â®çª¥ ¯à®áâà ­-áâ¢ :L(r) = 10 lg0@1=a !2Z!1 S0(!) jQ(!; r)j2 d!1A : (4)� íâ®¬ á®®â­®è¥­¨¨ ­®à¬¨à®¢®ç­ë© ª®íää¨æ¨-¥­â ¨¬¥¥â ¢¨¤ a = 1Z0 S0(!)d!:�¢¨¤ã §­ ç¨â¥«ì­®© ¨§à¥§ ­­®áâ¨ ç áâ®â­®©§ ¢¨á¨¬®áâ¨ ª®íää¨æ¨¥­â  ¯¥à¥¤ ç¨ ç¨á«¥­­ë©à áç¥â ¯® ä®à¬ã«¥ (4) âà¥¡ã¥â ¨á¯®«ì§®¢ ­¨ï®ç¥­ì ¬¥«ª®© á¥âª¨ ç áâ®â. �®¢â®à¥­¨¥ à áç¥-â  ¤«ï ¬­®£¨å â®ç¥ª ¯à®áâà ­áâ¢  ¯à¨¢®¤¨â ª¡®«ìè¨¬ ¢ëç¨á«¨â¥«ì­ë¬ § âà â ¬. �ªàã¯­¥-­¨¥ ¦¥ á¥âª¨ ¢¥¤¥â ª ­¥¢¥à­®¬ã ãç¥âã íää¥ª-â®¢ ¨­â¥àä¥à¥­æ¨¨. �«ï â®£®, çâ®¡ë ®¡®©â¨ íâãâàã¤­®áâì, æ¥«¥á®®¡à §­® à §¡¨âì ¢¥áì ç áâ®â-­ë© ¤¨ ¯ §®­ ­  ¯®¤¤¨ ¯ §®­ë (­ ¯à¨¬¥à, âà¥âì-®ªâ ¢­ë¥ ¯®«®áë) ¨ ¯à¨­ïâì, çâ® ¢ ¯à¥¤¥« å ¯®¤-¤¨ ¯ §®­®¢ â ª¨¥ £« ¤ª¨¥ ç áâ®â­ë¥ § ¢¨á¨¬®áâ¨ª ª S0(!); �(!); Rn(!; �; '); �n(!), ¬®£ãâ ¡ëâì ¯à¨-¡«¨¦¥­­® § ¬¥­¥­ë ¨å áà¥¤­¨¬¨ §­ ç¥­¨ï¬¨. �®-á«¥ ¨§¬¥­¥­¨ï ¯®àï¤ª  ¨­â¥£à¨à®¢ ­¨ï ¨ áã¬¬¨-à®¢ ­¨ï ¨­â¥£à «ë ¯® ç áâ®â¥ «¥£ª® ¢ëç¨á«ïîâ-áï, ¨ ¢ëà ¦¥­¨¥ (4) § ¬¥­ï¥âáï á«¥¤ãîé¥© ¯à¨-¡«¨¦¥­­®© ä®à¬ã«®©:L(!i; r) =Xi S0(!i)q2(!i; r)�!i: (5)�¤¥áì ç¥à¥§q2(!i; r) =Xm Xn Am(!i; r)��Mmn(!i; r)An(!i; r) (6)®¡®§­ ç¥­ ª¢ ¤à â  ¬¯«¨âã¤­®© ç áâ®â­®© å à ª-â¥à¨áâ¨ª¨ §¢ãª®¢®á¯à®¨§¢¥¤¥­¨ï ¢ ¤ ­­®© â®çª¥

¯®¬¥é¥­¨ï, á®®â¢¥âáâ¢ãîé¥© ¨§¬¥à¥­¨î  ­ «¨-§ â®à®¬, ¯®«®á  ¯à®¯ãáª ­¨ï ª®â®à®£® ®â¢¥ç ¥â¯à¨­ïâ®¬ã à §¡¨¥­¨î ç áâ®â­®£® ¤¨ ¯ §®­ ;Mmn(!i; r) = sin(�!i�mn)�!i�mn cos(!i�mn);�mn=(rm�rn)=c { ª®íää¨æ¨¥­â ¢§ ¨¬­®© ª®àà¥-«ïæ¨¨ á¨£­ «®¢ ®â m-£® ¨ n-£® ¨§«ãç â¥«¥© ¢ ¯®-«®á¥ ç áâ®â, á®®â¢¥âáâ¢ãîé¥© ¯à¨­ïâ®¬ã à §¡¨-¥­¨î.�®à¬ã«ë (5) ¨ (6) ¯à¨­ïâë ¢ ª ç¥áâ¢¥ à á-ç¥â­ëå ¯à¨ ¢ëç¨á«¥­¨¨ \§¢ãª®¢®£® ¯®ªàëâ¨ï" ¨ç áâ®â­ëå å à ªâ¥à¨áâ¨ª §¢ãª®¢®á¯à®¨§¢¥¤¥­¨ï.�à¨ íâ®¬ ¨á¯®«ì§ã¥âáï âà ¤¨æ¨®­­®¥ ¤«ï  ªã-áâ¨ç¥áª¨å ¨§¬¥à¥­¨© ¢ ¯®¬¥é¥­¨¨ âà¥âì®ªâ ¢­®¥à §¡¨¥­¨¥. � ¯®«ì§ã â ª®£® ¢ë¡®à  à §¡¨¥­¨ï £®-¢®à¨â ¨ â®, çâ® ¯à¨¬¥­ï¥¬ë¥ ¢ ¯à®ä¥áá¨®­ «ì-­®©  ¯¯ à âãà¥ ç áâ®â­ë¥ ª®àà¥ªâ®àë (íª¢ « ©-§¥àë) § ç áâãî ï¢«ïîâáï ¨¬¥­­® âà¥âì®ªâ ¢­ë-¬¨. �à®¬¥ â®£®, á«ãå®¢®¥ ¢®á¯à¨ïâ¨¥ ç¥«®¢¥ª  å -à ªâ¥à¨§ã¥âáï à®áâ®¬ è¨à¨­ë ç áâ®â­ëå ¯®«®á,ª®â®àë¥ ä®à¬¨àãîâ ¢®á¯à¨ïâ¨¥ £à®¬ª®áâ¨ §¢ãª ,¯à¨ ã¢¥«¨ç¥­¨¨ æ¥­âà «ì­®© ç áâ®âë. �â¬¥â¨¬,çâ® ¨á¯®«ì§®¢ ­¨¥ áâ ¡¨«ì­®© ®â­®á¨â¥«ì­®© ¯®-«®áë  ­ «¨§  å®âï ¨ ­¥ á®®â¢¥âáâ¢ã¥â ¢ â®ç­®-áâ¨ ­ ¡«î¤ ¥¬ë¬ § ª®­®¬¥à­®áâï¬, ¢á¥ ¦¥ ¢¥à-­® ®âà ¦ ¥â íâã â¥­¤¥­æ¨î. �§ ¯à¨¢¥¤¥­­ëå á®-®â­®è¥­¨© ¢¨¤­®, çâ® ¯à¨ ¢®§à áâ ­¨¨ æ¥­âà «ì-­®© ç áâ®âë ¯®«®áë ¨­â¥à¢ « ª®àà¥«ïæ¨¨ áã¦ -¥âáï. �«¥¤®¢ â¥«ì­®, á®®â¢¥âáâ¢ãîé¨¥ íâ¨¬ ¯®-«®á ¬ á¨£­ «ë ®â à §«¨ç­ëå ¨§«ãç â¥«¥© ¡«¨¦¥ ª­¥ª®£¥à¥­â­ë¬. � â® ¦¥ ¢à¥¬ï, ­  ­¨§ª¨å ç áâ®-â å ª®£¥à¥­â­®áâì ã¢¥«¨ç¨¢ ¥âáï. �¬¥áâ¥ á íâ¨¬¢®§à áâ ¥â ¢«¨ï­¨¥ ¨­â¥àä¥à¥­æ¨¨.2. ����������� ������������ ª¥â ¯à®£à ¬¬, à¥ «¨§ãîé¨© ®¯¨á ­­ë©  «-£®à¨â¬, á®áâ®¨â ¨§ ­¥áª®«ìª¨å äã­ªæ¨®­ «ì­ëå¡«®ª®¢. � ¯¥à¢®¬ ¨§ ­¨å ®áãé¥áâ¢«ï¥âáï ¢¢®¤£¥®¬¥âà¨ç¥áª¨å ¯ à ¬¥âà®¢ ¯®¬¥é¥­¨ï,  ªãáâ¨-ç¥áª¨å å à ªâ¥à¨áâ¨ª ®âà ¦ îé¨å ¯®¢¥àå­®áâ¥©(¨§¢«¥ª ¥¬ëå ¨§ ¡ §ë ¤ ­­ëå) ¨ ¬¥áâ ­ å®¦¤¥-­¨ï á«ãè â¥«¥©. �à¥¤¯®« £ ¥¬®¥ à §¬¥é¥­¨¥ ¨§-«ãç â¥«¥© ¢¢®¤¨âáï «¨¡® á ¯®¬®éìî £à ä¨ç¥áª®-£® ¨­â¥àä¥©á  (¯à¨ íâ®¬ ä®­®¬ á«ã¦¨â ¯« ­ à á-¯®«®¦¥­¨ï á«ãè â¥«¥©), «¨¡® ¯ãâ¥¬ § ¤ ­¨ï ª®-®à¤¨­ â ¢ ç¨á«®¢®© ä®à¬¥. � à ¬¥âàë ¨§«ãç -â¥«¥© (â¨¯, ­®¬¨­ «ì­ ï ¬®é­®áâì, ¨­¤¥ªá §¢ãª®-¢®£® ¤ ¢«¥­¨ï, ç áâ®â­ ï å à ªâ¥à¨áâ¨ª , å à ª-â¥à¨áâ¨ª  ­ ¯à ¢«¥­­®áâ¨ ­  à §­ëå ç áâ®â å)¨§¢«¥ª îâáï ¨§ ¡ §ë ¤ ­­ëå, ª®â®à ï ¬®¦¥â ¯®-¯®«­ïâìáï ¯®«ì§®¢ â¥«¥¬. �à¨ ¯à®¢¥¤¥­¨¨ à áç¥-â®¢ âà¥å¬¥à­ë¥ å à ªâ¥à¨áâ¨ª¨ ­ ¯à ¢«¥­­®áâ¨�. �. � « ­¥­ª®, �. �. �à ¢ç¥­ª®, �. �. �®æª¨© 13
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�¨á. 1. � á¯à¥¤¥«¥­¨¥ ãà®¢­ï §¢ãª  ­  ¬¥áâ å à á¯®«®¦¥­¨ï á«ãè â¥«¥© (ç¥à¥§ ®¤­®). � áç¥â ¯à®¢®¤¨«áï ¯à¨ãà®¢­¥ í«¥ªâà¨ç¥áª®£® ¢®§¡ã¦¤¥­¨ï, á­¨¦¥­­®¬ ­  30 ¤� ¯® ®â­®è¥­¨î ª ­®¬¨­ «ì­®¬ã ¯¯à®ªá¨¬¨àãîâáï í««¨¯á®¨¤ ¬¨, ¤«ï ¯®áâà®¥­¨ïª®â®àëå ­¥®¡å®¤¨¬® ¢­¥áâ¨ ¢ ¡ §ã ¤ ­­ëå §­ ç¥-­¨ï å à ªâ¥à¨áâ¨ª ­ ¯à ¢«¥­­®áâ¨ ¢® äà®­â «ì-­®¬, ¤¢ãå ¡®ª®¢ëå (£®à¨§®­â «ì­®¬ ¨ ¢¥àâ¨ª «ì-­®¬) ¨ âë«ì­®¬ ­ ¯à ¢«¥­¨ïå ­  ­¥ª®â®à®© á¥âª¥ç áâ®â. �à®¬¥ ª®®à¤¨­ â ¨§«ãç â¥«¥©, § ¤ îâ-áï ã£«ë, ®¯à¥¤¥«ïîé¨¥ ®à¨¥­â æ¨î ¨å  ªãáâ¨ç¥-áª¨å ®á¥©,   â ª¦¥ ¯à®¨§¢®«ì­®¥ ¨§¬¥­¥­¨¥ ãà®¢-­ï í«¥ªâà¨ç¥áª®£® ¢®§¡ã¦¤¥­¨ï ª ¦¤®£® ¨§«ãç â¥-«ï ¯® ®â­®è¥­¨î ª ­®¬¨­ «ì­®¬ã.� ¯à®£à ¬¬ã á ¯®¬®éìî ¬¨ªà®ä®­  ¨ §¢ãª®¢®©ª àâë ¢¢®¤¨âáï ª®­âà®«ì­ë© §¢ãª®¢®© ä ©«.�® ¢â®à®¬ äã­ªæ¨®­ «ì­®¬ ¡«®ª¥ ®áãé¥áâ¢«ï-¥âáï à áç¥â ç áâ®â­ëå å à ªâ¥à¨áâ¨ª §¢ãª®¢®á-¯à®¨§¢¥¤¥­¨ï ¤«ï ¢á¥å ¨«¨ ç áâ¨ ¬¥áâ ­ å®¦¤¥­¨ïá«ãè â¥«¥© ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬ã«®© (6),   â ª-¦¥ ¨­â¥£à «ì­ë© ãà®¢¥­ì §¢ãª®¢®£® á¨£­ «  (ä®à-¬ã«  (5)). �®§¬®¦­ë ¤¢  à¥¦¨¬  à áç¥â : á ãç¥-â®¬ ¯¥à¢ëå ®âà ¦¥­¨© ¨«¨ ¡¥§ ­¥£®. �¥§ã«ìâ âë¢ëç¨á«¥­¨© ¢ë¢®¤ïâáï ¢ ¢¨¤¥ ¤¢ã¬¥à­®£® £à ä¨-ª  \§¢ãª®¢®£® ¯®ªàëâ¨ï" ¨ £à ä¨ª  ãáà¥¤­¥­­®©¯® ¢á¥¬ ¬¥áâ ¬ á«ãè â¥«¥© ç áâ®â­®© å à ªâ¥à¨-áâ¨ª¨ §¢ãª®¢®á¯à®¨§¢¥¤¥­¨ï á ãª § ­¨¥¬ £à ­¨æ
®âª«®­¥­¨ï ®â áà¥¤­¥© § ¢¨á¨¬®áâ¨. �à®¬¥ â®£®,¯à¥¤®áâ ¢«ï¥âáï ¢®§¬®¦­®áâì ¢ë¢¥áâ¨ ­  íªà ­ç áâ®â­ãî å à ªâ¥à¨áâ¨ªã ¤«ï «î¡®£® ¬¥áâ  ¯®¢ë¡®àã.� á«¥¤ãîé¥¬ äã­ªæ¨®­ «ì­®¬ ¡«®ª¥ á®§¤ ¥â-áï §¢ãª®¢®© ä ©«, á¨¬ã«¨àãîé¨© §¢ãç ­¨¥ ª®­-âà®«ì­®£® á¨£­ «  ­  ¢ë¡à ­­®¬ á ¯®¬®éìî £à -ä¨ç¥áª®£® ¨­â¥àä¥©á  ¬¥áâ¥ á«ãè â¥«ï. �à¨ íâ®¬¯à¥¤®áâ ¢«ï¥âáï ¢®§¬®¦­®áâì ¯à®á«ãè âì ¯à®á¨-¬ã«¨à®¢ ­­ë© á¨£­ « ¤«ï á®¯®áâ ¢«¥­¨ï á ¨áå®¤-­ë¬.3. ��������� ����������� ������-��������� ����� ���������������������� ������������������ à á¯à¥¤¥«¥­­ëå á¨áâ¥¬ å §¢ãª®¢®á¯à®¨§¢¥¤¥-­¨ï, ª®â®àë¥ ­¥à¥¤ª® ¯à¨¬¥­ïîâáï ¢ § « å § á¥¤ -­¨©, ª ¦¤®¬ã á«ãè â¥«ìáª®¬ã ¬¥áâã á®®â¢¥âáâ¢ã-¥â ¨­¤¨¢¨¤ã «ì­ë© £à®¬ª®£®¢®à¨â¥«ì. �à¨ ¨á-¯®«ì§®¢ ­¨¨ ¢ëá®ª®ª ç¥áâ¢¥­­ëå ¨§«ãç â¥«¥© íâ®¤®«¦­® ®¡¥á¯¥ç¨¢ âì ®¤¨­ ª®¢® ¢ëá®ª®¥ ª ç¥áâ¢®§¢ãª®¯¥à¥¤ ç¨ ­  ¢á¥å ¬¥áâ å. �®áâ ¢«¥­­ ï æ¥«ì14 �. �. � « ­¥­ª®, �. �. �à ¢ç¥­ª®, �. �. �®æª¨©



ISSN 1028 -7507 �ªãáâ¨ç­¨© ¢÷á­¨ª. 2001. �®¬ 4, N 1. �. 11 { 16¡ë«  ¡ë, ­¥á®¬­¥­­®, ¤®áâ¨£­ãâ , ¥á«¨ ¡ë §¢ãª ­ ª ¦¤®¬ ¬¥áâ¥ ®¯à¥¤¥«ï«áï â®«ìª® «¨èì ¨§«ãç¥­¨-¥¬ ®¤­®£® £à®¬ª®£®¢®à¨â¥«ï. �¥ «ì­ë© ¦¥ á¨£­ «ä®à¬¨àã¥âáï §  áç¥â ¨§«ãç¥­¨ï ¢á¥¬¨ £à®¬ª®£®-¢®à¨â¥«ï¬¨, ¢å®¤ïé¨¬¨ ¢ á¨áâ¥¬ã, ¨ ï¢«ï¥âáï à¥-§ã«ìâ â®¬ ­ «®¦¥­¨ï ¬­®£¨å á¨£­ «®¢. �ëïá­¨¬,ª ª ª¨¬ ¯®á«¥¤áâ¢¨ï¬ ¯à¨¢®¤¨â íâ  ¨­â¥àä¥à¥­-æ¨ï ¨ ª ª ï ç áâì £à®¬ª®£®¢®à¨â¥«¥© à¥ «ì­® ¢«¨-ï¥â ­  ä®à¬¨à®¢ ­¨¥ §¢ãª  ­  ®¤­®¬ ¬¥áâ¥.� ª ç¥áâ¢¥ ª®­ªà¥â­®£® ¯à¨¬¥à  ¡ë«  à áá¬®-âà¥­  á¨áâ¥¬  ¨§ 465 £à®¬ª®£®¢®à¨â¥«¥©, à á¯®-«®¦¥­­ëå ¢ 15 àï¤ å (¯® 31 ¬¥áâã ¢ ª ¦¤®¬ àï-¤ã). � ááâ®ï­¨¥ ¬¥¦¤ã àï¤ ¬¨ à ¢­® 1 ¬, à á-áâ®ï­¨¥ ¬¥¦¤ã £à®¬ª®£®¢®à¨â¥«ï¬¨ ¢ àï¤ã á®áâ -¢«ï«® 0:5 ¬. �à¥¤¯®« £ «®áì, çâ® £à®¬ª®£®¢®à¨-â¥«¨ ¬ àª¨ 1���5 ãáâ ­®¢«¥­ë á ­ ª«®­®¬ 30�ª £®à¨§®­â «ì­®© ¯«®áª®áâ¨. �®çª¨ ¯à¨¥¬  á¨£-­ «®¢ á®¢¬¥é «¨áì á ¯à¥¤¯®« £ ¥¬ë¬ ¯®«®¦¥­¨-¥¬ £®«®¢ë á«ãè â¥«ï, ª®â®àë© á¬¥é¥­ ¢¤®«ì àï-¤  ­  0:2 ¬ ®â­®á¨â¥«ì­® á®®â¢¥âáâ¢ãîé¥£® ¨­¤¨-¢¨¤ã «ì­®£® £à®¬ª®£®¢®à¨â¥«ï. �«ï â®£®, çâ®¡ëãç¥áâì ¢«¨ï­¨¥ ªà¥á¥« ¨ ¯ àâ ­  ­ ¯à ¢«¥­­®áâì¨§«ãç¥­¨ï §¢ãª  ®¤¨­®ç­ë¬ ¨§«ãç â¥«¥¬, ¢ § «¥,£¤¥ ã¦¥ ãáâ ­®¢«¥­  ¯®¤®¡­ ï á¨áâ¥¬ , ¡ë«¨ ¨§-¬¥à¥­ë ¢¥«¨ç¨­ë, ­¥®¡å®¤¨¬ë¥ ¤«ï  ¯¯à®ªá¨¬ -æ¨¨ ¤¨ £à ¬¬ë ­ ¯à ¢«¥­­®áâ¨ £à®¬ª®£®¢®à¨â¥-«ï. �¥§ã«ìâ âë à áç¥â®¢ ¤«ï ¯ãáâ®£® § «  ¢ ¯à¥-­¥¡à¥¦¥­¨¨ ®âà ¦¥­¨ï¬¨ ¯à¨¢¥¤¥­ë ­¨¦¥. \�¢ã-ª®¢®¥ ¯®ªàëâ¨¥" (à¨á. 1) ®ª § «®áì ¢¥áì¬  à ¢­®-¬¥à­ë¬, §  ¨áª«îç¥­¨¥¬ ªà ©­¨å ¬¥áâ, ¤«ï ª®â®-àëå ãà®¢¥­ì §¢ãª  ¯ ¤ ¥â (­ ¨¡®«¥¥ ®éãâ¨¬® { ¢ã£«®¢ëå â®çª å).�à®¢¥­ì §¢ãª  ­  ¬¥áâ å, ®â¬¥ç¥­­ëå â®çª -¬¨, à §«¨ç ¥âáï ­¥ ¡®«¥¥, ç¥¬ ­  1 ¤�. � áâ®â-­ë¥ å à ªâ¥à¨áâ¨ª¨, á®®â¢¥âáâ¢ãîé¨¥ íâ¨¬ ¬¥-áâ ¬, â ª¦¥ ®ç¥­ì ¡«¨§ª¨ ¤àã£ ª ¤àã£ã. �ë¡¥à¥¬áà¥¤­¥¥ ¬¥áâ® ¢ 8 àï¤ã ¨ à áá¬®âà¨¬ § ¢¨á¨¬®áâìãà®¢­ï §¢ãª  ®â ª®«¨ç¥áâ¢  £à®¬ª®£®¢®à¨â¥«¥©,¢ª« ¤ë ª®â®àëå ãç¨âë¢ îâáï ¯à¨ à áç¥â¥.�  à¨á. 2,  ¯®ª § ­  § ¢¨á¨¬®áâì ¨­â¥£à «ì­®-£® ãà®¢­ï ®â à ¤¨ãá  ªàã£  á æ¥­âà®¬ ­  ¨§¡à ­-­®¬ ¬¥áâ¥, ¢ ¯à¥¤¥« å ª®â®à®£® ­ å®¤ïâáï ¨§«ãç -â¥«¨, ãç¨âë¢ ¥¬ë¥ ¯à¨ à áç¥â¥. �§ £à ä¨ª  ¢¨¤-­®, çâ® á ã¢¥«¨ç¥­¨¥¬ à ¤¨ãá  ­ ¡«î¤ ¥âáï ­ áë-é¥­¨¥. �à¨ íâ®¬ à ¤¨ãá ªàã£ , ª®â®à®¬ã á®®â¢¥â-áâ¢ã¥â ®â«¨ç¨¥ ãà®¢­ï ­  1 ¤� ®â ¬ ªá¨¬ «ì­®£®,á®áâ ¢«ï¥â 3 ¬ (¤«ï ã£«®¢®© â®çª¨ à ¤¨ãá  ­ «®-£¨ç­®£® á¥ªâ®à  à ¢¥­ 4:5 ¬). �­ãâà¨ íâ®£® ªàã-£  à §¬¥é ¥âáï 108 ¨§«ãç â¥«¥© (á¬. à¨á. 2,¡).�â«¨ç¨î ­  2 ¤� á®®â¢¥âáâ¢ã¥â ªàã£ à ¤¨ãá®¬2 ¬ (35 ¨§«ãç â¥«¥©). � ª¨¬ ®¡à §®¬, ¢ ä®à¬¨-à®¢ ­¨¨ §¢ãª®¢®£® ¯®«ï ­  ®¤­®¬ ¬¥áâ¥ ãç áâ¢ã¥â§­ ç¨â¥«ì­®¥ ª®«¨ç¥áâ¢® ¨§«ãç â¥«¥©. �à¨ íâ®¬ãà®¢¥­ì áã¬¬ à­®£® §¢ãª®¢®£® á¨£­ «  áãé¥áâ¢¥­-

a¡�¨á. 2. � ¢¨á¨¬®áâì ãà®¢­ï §¢ãª  ®â à ¤¨ãá  ªàã£ ( ) ¨ ®â ª®«¨ç¥áâ¢  £à®¬ª®£®¢®à¨â¥«¥© (¡),­ å®¤ïé¨åáï ¢­ãâà¨ ªàã£ , ¢ª« ¤ ª®â®àëåãç¨âë¢ ¥âáï ¯à¨ à áç¥â¥
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