
ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 4. �. 11 { 17��� 534.24 ��������� ����� ��������,������������ �������� ��������������������������������� ����������� ��������� ��������.����� II. ������ ��������� �����������:������� ���� � ���������� ���������. �. �����, �. �. ������������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢��� æ¨® «ìë© â¥å¨ç¥áª¨© ã¨¢¥àá¨â¥â �ªà ¨ë \���", �¨¥¢�®«ãç¥® 15.10.2001�áá«¥¤®¢ ë  ªãáâ¨ç¥áª¨¥ á¢®©áâ¢  à¥è¥âª¨, á®áâ®ïé¥© ¨§ á®®áëå ¯ì¥§®ª¥à ¬¨ç¥áª¨å ®¡®«®ç¥ª ¨ â®àæ¥¢ëå íªà -®¢ ¢ ¢¨¤¥  ªãáâ¨ç¥áª¨ ¬ï£ª¨å ãá¥ç¥ëå áä¥à¨ç¥áª¨å ª®ãá®¢. �®ª § ®, çâ® ¯à¨ ¢®§¡ã¦¤¥¨¨ ¢á¥å ®¡®«®ç¥ª®¤¨ ª®¢ë¬ í«¥ªâà¨ç¥áª¨¬  ¯àï¦¥¨¥¬  ¡«î¤ îâáï áãé¥áâ¢¥ë¥ ®â«¨ç¨ï ¢ ª®«¥¡ â¥«ìëå áª®à®áâïå ®¡®«®ç¥ª¨ ¨§«ãç ¥¬ëå ¨¬¨ ¬®é®áâïå, çâ® ®¡ãá«®¢«¥® ¢§ ¨¬®¤¥©áâ¢¨¥¬ ¯®  ªãáâ¨ç¥áª®¬ã ¯®«î. �â¨ ®â«¨ç¨ï ®á®¡¥®§ ç¨â¥«ìë ¢ ®¡« áâ¨ ç áâ®â, ¡«¨§ª¨å ª á®¡áâ¢¥ë¬ ç áâ®â ¬ ¯ã«ìá¨àãîé¨å ª®«¥¡ ¨© ®¡®«®ç¥ª. �áâ ®¢«¥®,çâ®   ®¯à¥¤¥«¥ëå ç áâ®â å ¥ª®â®àë¥ ®¡®«®çª¨ ¬®£ãâ ¯¥à¥å®¤¨âì ¨§ à¥¦¨¬  ¨§«ãç¥¨ï í¥à£¨¨ ¢ à¥¦¨¬ ¯®£«®-é¥¨ï ¥¥ ¨§ ®ªàã¦ îé¥© áà¥¤ë. �®ª § ®, çâ® ¢ á«ãç ïå, ª®£¤  ¢ãâà¥¨© ®¡ê¥¬ à¥è¥âª¨ ¯®«®áâìî § ¯®«¥¦¨¤ª®© áà¥¤®©,   ®â®á¨â¥«ì® ¨§ª¨å ç áâ®â å ¢®§¨ª ¥â à¥§® á íâ®£® ®¡ê¥¬ , ®¡ãá« ¢«¨¢ îé¨© áãé¥áâ¢¥-®¥ (¡®«ìè¥, ç¥¬   ¯®àï¤®ª) ¯®¢ëè¥¨¥ ¬®é®áâ¨, ¨§«ãç ¥¬®© à¥è¥âª®©. �ëï¢«¥®, çâ® ã¯à ¢«¥¨¥ áã¬¬ à®©í¥à£¥â¨ç¥áª®© íää¥ªâ¨¢®áâìî à¥è¥âª¨ ¢ ¨§ª®ç áâ®â®© ®¡« áâ¨ «¥£ª® à¥ «¨§ã¥âáï ¯ãâ¥¬ ¢ àì¨à®¢ ¨ï ª®«¨-ç¥áâ¢  ®¡®«®ç¥ª ¢ à¥è¥âª¥.�®á«÷¤¦¥®  ªãáâ¨ç÷ ¢« áâ¨¢®áâ÷ £à â®ª, é® áª« ¤ îâìáï§÷ á¯÷¢¢÷á¨å ¯'õ§®ª¥à ¬÷ç¨å ®¡®«®®ª ÷ â®àæ¥¢¨å ¥ªà ÷¢ã ¢¨£«ï¤÷  ªãáâ¨ç® ¬'ïª¨å §à÷§ ¨å áä¥à¨ç¨å ª®ãá÷¢. �®ª § ®, é® ¯à¨ §¡ã¤¦¥÷ ¢á÷å ®¡®«®®ª ®¤ ª®¢®î¥«¥ªâà¨ç®î  ¯àã£®î á¯®áâ¥à÷£ îâìáï ÷áâ®â÷ ¢÷¤¬÷®áâ÷ ¢ ª®«¨¢ «ì¨å è¢¨¤ª®áâïå ®¡®«®®ª ÷ ¢¨¯à®¬÷î¢ ¨å¨¬¨ ¯®âã¦®áâïå, é® ®¡ã¬®¢«¥® ¢§ õ¬®¤÷õî ç¥à¥§  ªãáâ¨ç¥ ¯®«¥. �÷ ¢÷¤¬÷®áâ÷ õ ®á®¡«¨¢® § ç¨¬¨ ¢ ®¡« áâ÷ç áâ®â, ¡«¨§ìª¨å ¤® ¢« á¨å ç áâ®â ¯ã«ìáãîç¨å ª®«¨¢ ì ®¡®«®®ª. �áâ ®¢«¥®, é®   ¯¥¢¨å ç áâ®â å ¤¥ïª÷®¡®«®ª¨ ¬®¦ãâì ¯¥à¥å®¤¨â¨ § à¥¦¨¬ã ¢¨¯à®¬÷î¢ ï ¥¥à£÷ù ¢ à¥¦¨¬ ¯®£«¨ ï ùù §  ¢ª®«¨èì®£® á¥à¥¤®¢¨é .�®ª § ®, é® ã ¢¨¯ ¤ª å, ª®«¨ ¢ãâà÷è÷© ®¡'õ¬ £à â æ÷«ª®¬ § ¯®¢¥¨© à÷¤ª¨¬ á¥à¥¤®¢¨é¥¬,   ¢÷¤®á® ¨§ìª¨åç áâ®â å ¢¨¨ª õ à¥§® á æì®£® ®¡'õ¬ã, ïª¨© §ã¬®¢«îõ ÷áâ®â¥ (¡÷«ìè¥, ÷¦   ¯®àï¤®ª) ¯÷¤¢¨é¥ï ¯®âã¦®áâ÷,¢¨¯à®¬÷î¢ ®ù £à âª®î. �¨ï¢«¥®, é® ª¥àã¢ ï áã¬ à®î ¥¥à£¥â¨ç®î ¥ä¥ªâ¨¢÷áâî £à âª¨ ¢ ¨§ìª®ç áâ®â÷©®¡« áâ÷ «¥£ª® à¥ «÷§ãõâìáï è«ïå®¬ ¢ à÷î¢ ï ª÷«ìª®áâ÷ ®¡®«®®ª ã £à âæ÷.Acoustic properties of the grating, consisting of coaxial piezoceramic shells with the end screens in form of the softtruncated spherical cones, are investigated. It is shown, that under the identical electric excitation of all the shells theessential distinctions in shells' vibrational velocities and powers radiated by them are observed, that is conditioned byinteraction through the acoustic �eld. Mentioned distinctions are especially considerable in the frequency domain near theeigenfrequencies of shells' pulsations. It is established that on de�nite frequencies some shells can shift from the energyradiation mode to its absorption from the surrounding medium. It is shown that in the cases, when the inside grating'svolume is �lled by a liquid, the resonance of this volume arises at relatively low frequencies. This resonance conditionsan essential (more, than on order) rise of power radiated by the grating. It is shown that one can easily control the totalpower e�ciency of the grating in low-frequency domain, varying the number of shells in grating.��������� ¯à¥¤ë¤ãé¥© ¯ã¡«¨ª æ¨¨ [1] ¡ë«  ¤   ¯®áâ -®¢ª  ®á¥á¨¬¬¥âà¨ç®© § ¤ ç¨ ®¡ ¨§«ãç¥¨¨ §¢ã-ª  à¥è¥âª®©, ®¡à §®¢ ®© á®®áë¬¨ æ¨«¨¤à¨-ç¥áª¨¬¨ ¯ì¥§®ª¥à ¬¨ç¥áª¨¬¨ ®¡®«®çª ¬¨ á â®àæ¥-¢ë¬¨ íªà  ¬¨ ¢ ¢¨¤¥ ãá¥ç¥ëå áä¥à¨ç¥áª¨å ª®-ãá®¢. � ¬ ¦¥,   ®á®¢¥ ¨á¯®«ì§®¢ ¨ï ¬¥â®¤ ç áâ¨çëå ®¡« áâ¥©, ¡ë« à §à ¡®â  ¬¥â®¤ à¥-è¥¨ï á®®â¢¥âáâ¢ãîé¥© £à ¨ç®© § ¤ ç¨, ¤ ëà¥ª®¬¥¤ æ¨¨ ¯® à¥ «¨§ æ¨¨ ¥¥ ç¨á«¥®£® à¥è¥-¨ï ¨ ¯à®¢¥¤¥  ®æ¥ª  â®ç®áâ¨ ¢ë¯®«¥¨ï £à -¨çëå ãá«®¢¨© ¨ ãá«®¢¨© á®¯àï¦¥¨ï ª®¬¯®¥â
¯®«ï   £à ¨æ å ç áâ¨çëå ®¡« áâ¥©. � ¤ ®©áâ âì¥ ®á®¢®¥ ¢¨¬ ¨¥ ¡ã¤¥â ã¤¥«¥®   «¨§ã¯®«ãç¥ëå ç¨á«¥ëå à¥§ã«ìâ â®¢ á æ¥«ìî ®æ¥-ª¨ ª®«¥¡ â¥«ìëå áª®à®áâ¥© ®¡®«®ç¥ª, ¨§«ãç ¥¬®©à¥è¥âª®©  ªãáâ¨ç¥áª®© ¬®é®á¨ ¨ ®á®¡¥®áâ¥©¥¥ ¡«¨¦¥£® ¯®«ï.1. ������ �������� { ������� ¯®¬¨¬ ¢ªà âæ¥ ®á®¢ë¥ £¥®¬¥âà¨ç¥áª¨¥ ¨ä¨§¨ç¥áª¨¥ ¯ à ¬¥âàë à áá¬ âà¨¢ ¥¬®£® ®¡ê¥ª-â  (à¨á. 1). �¥è¥âª  á®áâ®¨â ¨§ M á®®áëåâ®ª¨å æ¨«¨¤à¨ç¥áª¨å ¯ì¥§®ª¥à ¬¨ç¥áª¨å ®¡®«®-c �. �. �®¢ª, �. �. � æë¯ãà , 2001 11
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�¨á. 1. �¥ç¥¨¥ à¥è¥âª¨:1 { ¯ì¥§®ª¥à ¬¨ç¥áª¨¥ ®¡®«®çª¨, 2 { â®àæ¥¢ë¥ íªà ëç¥ª 1,   â®àæ å ª®â®à®© à §¬¥é¥ë  ªãáâ¨ç¥-áª¨ ¬ï£ª¨¥ íªà ë 2 ¢ ¢¨¤¥ ãá¥ç¥ëå áä¥à¨ç¥-áª¨å ª®ãá®¢. �á¥ ®¡®«®çª¨ ¢ë¯®«¥ë ¨§ ¯ì¥-§®ª¥à ¬¨ª¨ ����-3 ¨ ¨¬¥îâ  àã¦ë© à ¤¨ãáR1=0:075 ¬ ¨ ¢ëá®âã h=0:05 ¬. �®«¨ç¥áâ¢® ®¡®-«®ç¥ª ¯à¨ ¯à®¢¥¤¥¨¨ ª®ªà¥âëå à áç¥â®¢ á®áâ -¢«ï«® M=5. �ã¬¥à æ¨ï ®¡®«®ç¥ª ¢¥« áì á¢¥àåã¢¨§: j=1; 2; : : :M , £¤¥ j-®¬¥à ®¡®«®çª¨. �®¡-áâ¢¥ ï ç áâ®â  ¯ã«ìá¨àãîé¨å ª®«¥¡ ¨© ®¡®-«®ç¥ª ¢ ¢ ªãã¬¥ á®áâ ¢«ï«  f0=7440 �æ. �ç¨â -«®áì, çâ® ¢áï à¥è¥âª  ¯®£àã¦¥  ¢ ¡¥áª®¥çãî¢®¤ãî áà¥¤ã, ¨¬¥îéãî ¢®«®¢®¥ á®¯à®â¨¢«¥¨¥�c=1:5�106 ª£=(¬2á), ¢ãâà¨ ¥¥ (®¡« áâì V) â ª-¦¥ ¬®¦¥â  å®¤¨âìáï ¢®¤ . �  ¢á¥ ®¡®«®çª¨ ¯®¤ -¢ «®áì ®¤¨ ª®¢®¥ í«¥ªâà¨ç¥áª®¥  ¯àï¦¥¨¥ á  ¬-¯«¨âã¤®© U0 ¨ ä §®© �=argU0=0. � á¨«ã á¨¬¬¥-âà¨¨ § ¤ ç¨ ®â®á¨â¥«ì® ¯«®áª®áâ¨ z=0   à¨-áãª å ¢á¥ à áç¥âë¥  ªãáâ¨ç¥áª¨¥ å à ªâ¥à¨áâ¨-ª¨ ¯à¨¢¥¤¥ë â®«ìª® ¤«ï ¯¥à¢ëå âà¥å ®¡®«®ç¥ª.�¥à¥å®¤ï ª   «¨§ã ª®ªà¥âëå à áç¥âëå ¤ -ëå, ¢ ç «¥ à áá¬®âà¨¬ ®â®á¨â¥«ì® ¡®«¥¥ ¯à®-áâãî á¨âã æ¨î: ¢ãâà¨ à¥è¥âª¨ (®¡« áâì V)  -å®¤¨âáï ¢ ªãã¬,   R1=R2 (®âáãâáâ¢ã¥â ®¡« áâì I),¨ ¯®íâ®¬ã �1=31�. �  à¨á. 2,  ¯à¥¤áâ ¢«¥ë ç -áâ®âë¥ § ¢¨á¨¬®áâ¨ ¬®é®áâ¥© ¨§«ãç¥¨ï ®¡®-«®ç¥ª,     à¨á. 2,¡, ¢ { á®®â¢¥âáâ¢¥® ¬®¤ã«¨¨ ä §ë ¨å ª®«¥¡ â¥«ìëå áª®à®áâ¥© ¯à¨ ®â®á¨-â¥«ì®© ¤«¨¥ ª®¨ç¥áª®© ¯®¢¥àå®áâ¨ â®àæ¥¢®£®íªà   L=L=R1=0:81. �  à¨á. 3 ¯®ª § ë   -

«®£¨çë¥ ç áâ®âë¥ § ¢¨á¨¬®áâ¨ ¤«ï L=0 (ª®£¤ ª®¨ç¥áª¨¥ â®àæ¥¢ë¥ íªà ë ¢ëà®¦¤ îâáï ¢ íªà -ë ¢ ¢¨¤¥ áä¥à¨ç¥áª¨å á¥£¬¥â®¢ ¥¡®«ìè®© ¢ëá®-âë). � ¬¥â¨¬, çâ® ¬®é®áâ¨ ¨§«ãç¥¨ï ¯à®®à-¬¨à®¢ ë   ¢¥«¨ç¨ãW �=(NU0)2=�cS,    ¬¯«¨-âã¤ë áª®à®áâ¥© ®¡®«®ç¥ª {   V �=NU0=�cS, £¤¥N ¨ S { ª®íää¨æ¨¥â í«¥ªâà®¬¥å ¨ç¥áª®© á¢ï§¨¨ ¯«®é ¤ì æ¨«¨¤à¨ç¥áª®© ¯®¢¥àå®áâ¨ ®¡®«®çª¨á®®â¢¥âáâ¢¥® [1].� ª á«¥¤ã¥â ¨§ à¨áãª®¢, ¥á¬®âàï   à §«¨-ç¨¥ ¢ ä®à¬¥ â®àæ¥¢ëå íªà ®¢, ¯à®á«¥¦¨¢ îâ-áï ¤®áâ â®ç® ®¡é¨¥ § ª®®¬¥à®áâ¨ ¢ ¯®¢¥¤¥¨¨ç áâ®âëå § ¢¨á¨¬®áâ¥© ª®«¥¡ â¥«ì®© áª®à®áâ¨¨ ¨§«ãç ¥¬®© ¬®é®áâ¨. �®«¥¥ â®£®, ¤®áâ â®ç-® ¡«¨§ª ï ª àâ¨   ¡«î¤ ¥âáï ¤«ï   «®£¨ç®©à¥è¥âª¨, ® á  ªãáâ¨ç¥áª¨ ¦¥áâª¨¬¨ â®àæ¥¢ë¬¨íªà  ¬¨ ¢ ä®à¬¥ áä¥à¨ç¥áª¨å á¥£¬¥â®¢ (á¬. [2]).�«ï ¡®«¥¥ ¤¥â «ì®£® ¨§ãç¥¨ï íâ¨å § ª®®¬¥à-®áâ¥© ¢ë¤¥«¨¬ âà¨ å à ªâ¥àë¥ ç áâ®âë¥ §®-ë,   ¨¬¥®: ¨§ª®ç áâ®âãî (f=f0<0:65), à¥-§® áãî (0:65<f=f0<1:0) ¨ ¢ëá®ª®ç áâ®âãî(f=f0>1:0).� ª ¢¨¤®, ¢ ¯¥à¢®© (¨§ª®ç áâ®â®©) §®¥ ª®«¥-¡ â¥«ìë¥ áª®à®áâ¨ ¨ ¨§«ãç ¥¬ë¥ ¬®é®áâ¨ ¢á¥å®¡®«®ç¥ª ¤®áâ â®ç® ¡ëáâà® ã¬¥ìè îâáï á ¯®¨-¦¥¨¥¬ ç áâ®âë ¨ áâ ®¢ïâáï ¯à¨¬¥à® à ¢ë¬¨.�â® ¯à®¨áå®¤¨â ¯®â®¬ã, çâ® á ¯®¨¦¥¨¥¬ ç áâ®-âë à áâ¥â á®¡áâ¢¥®¥ ¬¥å ¨ç¥áª®¥ á®¯à®â¨¢«¥-¨¥ ®¡®«®ç¥ª (§¤¥áì ®® ¨¬¥¥â ã¯àã£¨© å à ªâ¥à),¢ â® ¢à¥¬ï ª ª á®¯à®â¨¢«¥¨¥ ¨§«ãç¥¨ï ¯ ¤ ¥â.�®íâ®¬ã ¢ ¨§ª®ç áâ®â®© §®¥ à®«ì ¢§ ¨¬®¤¥©-áâ¢¨ï ®¡®«®ç¥ª ¯® ¯®«î ¥§ ç¨â¥«ì .�  ¢ëá®ª¨å ç áâ®â å (¢ âà¥âì¥© §®¥) ã¬¥ìè¥-¨¥ ª®«¥¡ â¥«ìëå áª®à®áâ¥© ¨ ¨§«ãç ¥¬ëå ¬®é-®áâ¥© ®¡®«®ç¥ª, ® ã¦¥ á à®áâ®¬ ç áâ®âë, â ª¦¥®¡ãá«®¢«¥® ã¢¥«¨ç¥¨¥¬ ¬¥å ¨ç¥áª®£® á®¯à®â¨-¢«¥¨ï ®¡®«®ç¥ª (¢ëè¥ à¥§® á  ®® ¨¬¥¥â ¨¥à-æ¨®ë© å à ªâ¥à). �¤¥áì â ª¦¥  ¡«î¤ ¥âáïâ¥¤¥æ¨ï ª ¢ëà ¢¨¢ ¨î ª®«¥¡ â¥«ìëå áª®à®-áâ¥© ¨ ¨§«ãç ¥¬ëå ¬®é®áâ¥© ¢á¥å ®¡®«®ç¥ª, ®¤- ª® ¥ â ª ï ¡ëáâà ï, ª ª ¢ ¯¥à¢®© §®¥. �¥«®¢ â®¬, çâ® ¤¥©áâ¢¨â¥«ì ï ç áâì ¨¬¯¥¤ á  ¨§-«ãç¥¨ï à áâ¥â á ç áâ®â®© ¨ à®«ì  ªãáâ¨ç¥áª®£®¢§ ¨¬®¤¥©áâ¢¨ï ¡®«¥¥ ¢¥á®¬ , ç¥¬ ¢ ¯¥à¢®© §®¥.� à¥§® á®© §®¥ á®¡áâ¢¥ë¥ ¬¥å ¨ç¥áª¨¥á®¯à®â¨¢«¥¨ï ®¡®«®ç¥ª áâ ®¢ïâáï áà ¢¨¬ë¬¨ á¨å ¨¬¯¥¤ á ¬¨ ¨§«ãç¥¨ï. �®íâ®¬ã §¤¥áì áãé¥-áâ¢¥ãî à®«ì  ç¨ îâ ¨£à âì à¥ ªæ¨ï áà¥¤ë ¨®¡¬¥ í¥à£¨ï¬¨ (¢§ ¨¬®¤¥©áâ¢¨¥) ¬¥¦¤ã ®¡®«®ç-ª ¬¨ ç¥à¥§ ®ªàã¦ îéãî áà¥¤ã. � à¥§ã«ìâ â¥, ¢á¥ ªãáâ¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ª ¦¤®© ¨§ ®¡®«®ç¥ª¢ íâ®© §®¥ ç áâ®â áâ ®¢ïâáï áãé¥áâ¢¥® à §-ë¬¨. � ¯à¨¬¥à, ¨§«ãç ¥¬ë¥ ¬®é®áâ¨,   â ª¦¥¬®¤ã«¨ ¨ ä §ë ª®«¥¡ â¥«ìëå áª®à®áâ¥© ®¡®«®ç¥ª12 �. �. �®¢ª, �. �. � æë¯ãà 
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�¨á. 4. �«¨¦¥¥ ¯®«¥ ¨â¥á¨¢®áâ¨ §¢ãª   ç áâ®â¥ f=f0=1:0 ¯à¨ L=0:825(¢ãâà¨ ®¡®«®ç¥ª { ¢ ªãã¬)  ®¤®© ¨ â®© ¦¥ ç áâ®â¥ ¬®£ãâ ®â«¨ç âìáï ¢®¬®£® à §. � ç¥¨ï ç áâ®â, £¤¥ ä §  áâ ®¢¨âì-áï à ¢®© ã«î, ã ¢á¥å ®¡®«®ç¥ª â ª¦¥ à §«¨çë.� §  ª®«¥¡ â¥«ì®© áª®à®áâ¨ ¥ª®â®àëå ®¡®«®ç¥ª¬®¦¥â ¯¥à¥á¥ª âì ®áì ç áâ®â ¤® âà¥å à §, çâ® ãª -§ë¢ ¥â   ¬®£®ªà âãî á¬¥ã å à ªâ¥à  ¯®«®£®¬¥å ¨ç¥áª®£® á®¯à®â¨¢«¥¨ï â ª¨å ®¡®«®ç¥ª { áã¯àã£®£®   ¨¥àæ¨®ë© ¨ ®¡à â®.� ¬¥â¨¬, çâ® ç áâ®âë, ¯à¨ ª®â®àëå ä §®¢ ïå à ªâ¥à¨áâ¨ª  ¯¥à¥á¥ª ¥â ®áì  ¡áæ¨áá, ¬®¦®¨â¥à¯à¥â¨à®¢ âì, ª ª á®¡áâ¢¥ë¥ ç áâ®âë á¨-áâ¥¬ë \®¡®«®çª¨{ ®ªàã¦ îé ï áà¥¤ ". �¤ -ª®  ¨¡®«¥¥ ¤à ¬ â¨çë¬ á«¥¤áâ¢¨¥¬ ¢§ ¨¬®¤¥©-áâ¢¨ï ®¡®«®ç¥ª ¢ à¥è¥âª¥ ï¢«ï¥âáï â®, çâ® ¢®¯à¥¤¥«¥ëå (áà ¢¨â¥«ì® ã§ª¨å) ¤¨ ¯ §® åç áâ®â ¥ª®â®àë¥ ®¡®«®çª¨ ¯¥à¥áâ îâ ¨§«ãç âì ªãáâ¨ç¥áªãî í¥à£¨î ¨  ç¨ îâ ¥¥ ¯®£«®é âì¨§ ®ªàã¦ îé¥© áà¥¤ë. �  à¨á. 2 ¨ 3 ®¡ àã¦¨-¢ ¥¬, çâ® ¢ ®¡« áâ¨ ç áâ®â, ¡«¨§ª¨å ª f=f0=0:8,æ¥âà «ì ï ®¡®«®çª  ¢ à¥è¥âª¥ ª®«¥¡«¥âáï ¯à ª-â¨ç¥áª¨ ¢ ¯à®â¨¢®ä §¥ á ®áâ «ìë¬¨,   ¢¥«¨ç¨-  ¬®é®áâ¨ ¥¥ ¨§«ãç¥¨ï ¯à¨¨¬ ¥â ®âà¨æ â¥«ì-ë¥ § ç¥¨ï. �ää¥ªâë ¯®¤®¡®£® à®¤  ¢¥áì¬ å à ªâ¥àë ¤«ï ä §¨à®¢ ëå  â¥ëå à¥è¥â®ª¨ ¥®¤®ªà â® ®¯¨áë¢ «¨áì ¢ «¨â¥à âãà¥ (á¬., ¯à¨¬¥à, [2]). �«¥¤ã¥â â ª¦¥ ®¡à â¨âì ¢¨¬ -¨¥   â®, çâ®  «¨ç¨¥ à §¢¨âëå (L 6=0)  ªãáâ¨ç¥-áª¨ ¬ï£ª¨å â®àæ¥¢ëå íªà ®¢ ¢ ®¯à¥¤¥«¥®© ¬¥à¥á¯®á®¡áâ¢ã¥â áã¦¥¨î §®ë ç áâ®â íää¥ªâ¨¢®£®¢§ ¨¬®¤¥©áâ¢¨ï ®¡®«®ç¥ª.

�¨á. 5. �«¨¦¥¥ ¯®«¥ ¨â¥á¨¢®áâ¨ §¢ãª   ç áâ®â¥ f=f0=0:825 ¯à¨ L=0:825(¢ãâà¨ ®¡®«®ç¥ª { ¢ ªãã¬)�â®¡ë ¥é¥ ¡®«¥¥  £«ï¤® ¯à¥¤áâ ¢¨âì áãâì¢®«®¢ëå ¯à®æ¥áá®¢, ¯à®¨áå®¤ïé¨å ¢ à¥§® á-®© ®¡« áâ¨ ç áâ®â, ¬ë ¨áá«¥¤®¢ «¨ ¡«¨¦¥¥ ¯®-«¥ à áá¬ âà¨¢ ¥¬®© à¥è¥âª¨ (¢ ç áâ®áâ¨, â ª¨¥¥£® å à ªâ¥à¨áâ¨ª¨, ª ª ¨â¥á¨¢®áâì, ¬®¤ã«ì¨ ä §ã §¢ãª®¢®£® ¤ ¢«¥¨ï). �  à¨á. 4 ¯à¥¤áâ -¢«¥® ¡«¨¦¥¥ ¯®«¥ ¨â¥á¨¢®áâ¨ §¢ãª    ç -áâ®â¥ f=f0=1:0, ª®£¤  à®«ì íää¥ªâ  ¢§ ¨¬®¤¥©-áâ¢¨ï ®¡®«®ç¥ª ã¦¥ áà ¢¨â¥«ì® ¬ «  ¨ ª®«¥¡ -â¥«ìë¥ áª®à®áâ¨ ®¡®«®ç¥ª ¥áãé¥áâ¢¥® ®â«¨-ç îâáï ¤àã£ ®â ¤àã£  ª ª ¯® ¬®¤ã«î, â ª ¨ ¯®ä §¥. �¤¥áì ¨ ¨¦¥ ¤«¨  ¨  ¯à ¢«¥¨¥ áâà¥«®ª®¯à¥¤¥«ïîâ ®â®á¨â¥«ìë© ãà®¢¥ì ¯®â®ª  §¢ãª®-¢®© í¥à£¨¨ ~J ¢ â®çª å, á®®â¢¥âáâ¢ãîé¨å  ç -«ã áâà¥«®ª; 1, 2, 3 { ®¬¥à  ®¡®«®ç¥ª, 4 { â®àæ¥-¢®© íªà . � ¯®¬¨¬, çâ®, ¢ á¨«ã á¨¬¬¥âà¨¨ à á-á¬ âà¨¢ ¥¬®© § ¤ ç¨ ®â®á¨â¥«ì® ®á¨ Oz ¨ ¯«®á-ª®áâ¨ z=0, § ª®®¬¥à®áâ¨ ¯®¢¥¤¥¨ï ¯®â®ª  ¨§-«ãç ¥¬®© §¢ãª®¢®© í¥à£¨¨ ~J ¤®áâ â®ç® à áá¬®-âà¥âì «¨èì ¢ ®¤®© ç¥â¢¥àâ¨ ¯«®áª®áâ¨ zOR. � ª¢¨¤®, ¯®â®ª í¥à£¨¨ ®à¨¥â¨à®¢  áâà®£® ¢ à -¤¨ «ì®¬  ¯à ¢«¥¨¨ ¨ ¯« ¢® á¯ ¤ ¥â ¯® ãà®¢-î ¢ ®á¥¢®¬  ¯à ¢«¥¨¨ ¯® ¬¥à¥ ¯à¨¡«¨¦¥¨ïª â®àæ¥¢ë¬ íªà  ¬. �â®  ¡á®«îâ® § ª®®¬¥à-®, ¯®áª®«ìªã   ¯®¢¥àå®áâ¨  ªãáâ¨ç¥áª¨ ¬ï£ª¨åíªà ®¢  ªãáâ¨ç¥áª®¥ ¤ ¢«¥¨¥ â®¦¤¥áâ¢¥® à ¢-® ã«î. �®¯®«¨â¥«ìë©   «¨§ ¡«¨¦¥£® ¯®«ï§¢ãª®¢®£® ¤ ¢«¥¨ï ¯®ª § «, çâ®   íâ®© ç áâ®â¥¬®¤ã«ì ¤ ¢«¥¨ï ¨ ¥£® ä §  ¨§¬¥ïîâáï ¤®¢®«ì®á« ¡®. �®¦® «¨èì ®â¬¥â¨âì, çâ® ®â®á¨â¥«ì-14 �. �. �®¢ª, �. �. � æë¯ãà 



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 4. �. 11 { 17® ¥¡®«ìè®© ¬ ªá¨¬ã¬ ¤ ¢«¥¨ï à á¯®«®¦¥  ¯®¢¥àå®áâ¨ à¥è¥âª¨ ¢ ®¡« áâ¨ ¬¥¦¤ã ¯¥à¢®© ¨¢â®à®© ®¡®«®çª ¬¨ (¨, á®®â¢¥âáâ¢¥®, ¬¥¦¤ã ç¥-â¢¥àâ®© ¨ ¯ïâ®©).�®¢¥àè¥® ¨ ç¥ ®¡áâ®¨â ¤¥«®, ª®£¤  ¢§ ¨¬®-¤¥©áâ¢¨¥ ®¡®«®ç¥ª áãé¥áâ¢¥® ( ¯à¨¬¥à,   ç -áâ®â¥ f=f0=0:825, á¬. à¨á. 2). �¬¥® ¤«ï íâ®©ç áâ®âë   à¨á. 5 ¯à¥¤áâ ¢«¥® ¯®«¥ ¨â¥á¨¢®-áâ¨ §¢ãª  ¢ ¡«¨¦¥© §®¥ à¥è¥âª¨. �¤¥áì å®à®-è® ¢¨¤®, ª ª ¯®â®ª §¢ãª®¢®© í¥à£¨¨ ¨áå®¤¨â ®â¯¥à¢®© ¨ ¢â®à®© ®¡®«®ç¥ª. � «¥¥ íâ®â ¯®â®ª à §-¤¥«ï¥âáï   ¤¢¥ ç áâ¨: ®¤  ãå®¤¨â ¤ «ìè¥ ¢ ®ªàã-¦ îéãî áà¥¤ã,   ¢â®à ï ¢«¨¢ ¥âáï ¢ æ¥âà «ì-®¥ ª®«ìæ®. � ª¨¬ ®¡à §®¬, ª ª ¬ë ã¦¥ £®¢®à¨-«¨ ¢ëè¥, æ¥âà «ì®¥ ª®«ìæ® ¯®£«®é ¥â ¨§ áà¥¤ëí¥à£¨î, ª®â®àãî ¨§«ãç îâ ¢á¥ ®áâ «ìë¥ ª®«ìæ .�®¯®«¨â¥«ìë©   «¨§ ¡«¨¦¥£® ¯®«ï §¢ãª®¢®£®¤ ¢«¥¨ï ¯®ª § «, çâ®   íâ®© ç áâ®â¥   ¨§«ãç -îé¥© ¯®¢¥àå®áâ¨ à¥è¥âª¨  ¡«î¤ ¥âáï âà¨ ¯ãç-®áâ¨ ¤ ¢«¥¨ï: ¯® ®¤®© ¢ §® å ¬¥¦¤ã ¯¥à¢®©¨ ¢â®à®© ¨ ¬¥¦¤ã ç¥â¢¥àâ®© ¨ ¯ïâ®© ®¡®«®çª ¬¨,  âà¥âìï { ¢¡«¨§¨ âà¥âì¥© (æ¥âà «ì®©) ®¡®«®ç-ª¨. �  ¨¬¥¥â ä §ã, ¯à®â¨¢®¯®«®¦ãî ¯¥à¢ë¬¤¢ã¬ ¯ãç®áâï¬. � ¬¥â¨¬, çâ® ¯à¨ á®§¤ ¨¨ ¨íªá¯«ã â æ¨¨  â¥,   «®£¨çëå à áá¬ âà¨¢ ¥-¬®© ¯® ª®áâàãªæ¨¨, ¥®¡å®¤¨¬® ¨§¡¥£ âì ¯®¤®¡-ëå à¥¦¨¬®¢ à ¡®âë. �¥«® ¢ â®¬, çâ® ®¨ ¯à¨¢®-¤ïâ ª § ç¨â¥«ìë¬ ¯¥à¥£àã§ª ¬ ª ª í«¥ªâà® ªã-áâ¨ç¥áª¨å ¯à¥®¡à §®¢ â¥«¥©, â ª ¨ ¯¨â îé¨å ¨åí«¥ªâà¨ç¥áª¨å £¥¥à â®à®¢ ¨ ¬®£ãâ ¯à¨¢®¤¨âì ª¨å à §àãè¥¨î.� ¤®¯®«¥¨¥ ª ¯à®¢¥¤¥®¬ã   «¨§ã  ªãáâ¨ç¥-áª¨å á¢®©áâ¢ à¥è¥âª¨, ¢ãâà¨ ª®â®à®© ®âáãâáâ¢ã-¥â áà¥¤ , ¯à¨¢¥¤¥¬ ¤ ë¥ ® ¥¥ ¯®«®© ¨§«ãç ¥¬®©¬®é®áâ¨. �  à¨á. 6 ªà¨¢ë¬¨ 1 ¨ 2 ¨§®¡à ¦¥ëç áâ®âë¥ § ¢¨á¨¬®áâ¨ ¯®«®© ¨§«ãç ¥¬®© ¬®é-®áâ¨ ¤«ï ¤¢ãå § ç¥¨© L. � ª ¢¨¤®, ç áâ®â ï§ ¢¨á¨¬®áâì ®á¨â â¨¯¨ç® à¥§® áë© å à ª-â¥à ¨ ¬ ªá¨¬ «ì ï ¢¥«¨ç¨  ¨§«ãç ¥¬®© ¬®é®-áâ¨ ¤®áâ¨£ ¥âáï ¢¡«¨§¨ ç áâ®âë f=f0=0:9. �¢¥-«¨ç¥¨¥ ¦¥ £¥®¬¥âà¨ç¥áª®£® ¯ à ¬¥âà  íªà   L®â ã«ï ¤® 0:81, ¢ëà ¦ îé¥¥áï ¢ ¥¡®«ìè®¬ ¢®§-à áâ ¨¨ ¬®é®áâ¨, § ¬¥â® ¯à ªâ¨ç¥áª¨ â®«ìª®¢ à¥§® á®© ®¡« áâ¨.2. ��������������� ��������� áá¬®âà¨¬ ¡®«¥¥ á«®¦ë© á«ãç ©, ª®£¤  ¢ã-âà¥¨© ®¡ê¥¬ ®¡®«®ç¥ª (®¡« áâì V  à¨á. 1) § -¯®«¥ ¢®¤®©. �à¨ íâ®¬ ¡ã¤¥¬ ¯®« £ âì, çâ®â®àæ¥¢ë¥ ¯®¢¥àå®áâ¨ ¢ãâà¨ à¥è¥âª¨ jzj=H,0�R�R0 {  ªãáâ¨ç¥áª¨ ¬ï£ª¨¥. �  à¨á. 7 ¯®-ª § ë ç áâ®âë¥ § ¢¨á¨¬®áâ¨ ¨§«ãç ¥¬®© ®¡®-«®çª ¬¨ ¬®é®áâ¨ ¨ ª®«¥¡ â¥«ì®© áª®à®áâ¨  

�¨á. 6. � áâ®âë¥ § ¢¨á¨¬®áâ¨¯®«®© ¨§«ãç ¥¬®© ¬®é®áâ¨ à¥è¥âª¨:1 { ¤«ï L=0 (¢ãâà¨ ®¡®«®ç¥ª ¢ ªãã¬),2 { ¤«ï L=0:81 (¢ãâà¨ ®¡®«®ç¥ª ¢ ªãã¬)3 { ¤«ï L=0:81 (¢ãâà¨ ®¡®«®ç¥ª ¢®¤ )¨å ¯®¢¥àå®áâïå. �à®¬¥ â®£®,   à¨á. 6 ªà¨¢®© 3¯à¥¤áâ ¢«¥  ç áâ®â ï § ¢¨á¨¬®áâì ¯®«®© ¬®é-®áâ¨, ¨§«ãç ¥¬®© à¥è¥âª®© ¢ íâ®¬ á«ãç ¥. �à ¢-¨¢ ï à¨á. 2 ¨ 7 (  â ª¦¥ ªà¨¢ë¥ 2 ¨ 3   à¨á. 6),¥âàã¤® ®¡ àã¦¨âì, çâ®  «¨ç¨¥ áà¥¤ë ¢® ¢ã-âà¥¥¬ ®¡ê¥¬¥ ®¡®«®ç¥ª ®ª §ë¢ ¥â áãé¥áâ¢¥®¥¢«¨ï¨¥   ¢á¥  ªãáâ¨ç¥áª¨¥ ¯ à ¬¥âàë à¥è¥âª¨.�á®¡¥® á«¥¤ã¥â ®â¬¥â¨âì ¯®ï¢«¥¨¥ ¢® ¢á¥å ç -áâ®âëå § ¢¨á¨¬®áâïå  ®¬ «ì® ¬®é®£® ¯¨ª ¢ à ©®¥ ç áâ®âë f=f0=0:323. �®¦® ¯à¥¤¯®-«®¦¨âì, çâ® ® á¢ï§  á ¯à®¤®«ìë¬ (¢¤®«ì ®á¨Oz) à¥§® á®¬ áâ®«¡  ¢®¤ë ¢® ¢ãâà¥¥¬ ®¡ê-¥¬¥ ®¡®«®ç¥ª. �â®¡ë ã¡¥¤¨âìáï ¢ íâ®¬, ¬ë ¯à®¢¥-«¨ à áç¥âë   «®£¨çëå ç áâ®âëå § ¢¨á¨¬®áâ¥©¤«ï ¡®«¥¥ ª®à®âª®© ¯® ¢ëá®â¥ (âà¥åí«¥¬¥â®©)à¥è¥âª¨. �à¨ íâ®¬ ¡ë«® ®¡ àã¦¥®, çâ® à á-á¬ âà¨¢ ¥¬ë©  ®¬ «ìë© ¯¨ª á¤¢¨ã«áï ¢¢¥àå ¯®ç áâ®â¥ ¨  ¡«î¤ «áï ã¦¥ ¯à¨ f=f0�0:5. �«¥-¬¥â à ï ®æ¥ª  ¯®ª §ë¢ ¥â, çâ® ç áâ®â ,  ª®â®à®©  ¡«î¤ ¥âáï ¯¨ª, ã¢¥«¨ç¨« áì ¯®çâ¨ ¢®áâ®«ìª® ¦¥ à §, ¢® áª®«ìª® ¢ëá®â  ¯ïâ¨í«¥¬¥â-®© à¥è¥âª¨ ¡®«ìè¥ âà¥åí«¥¬¥â®©. �â¥à¥á®â ª¦¥ ®¡à â¨âìáï ª à ¡®â¥ [3], £¤¥ à áá¬ âà¨¢ -« áì § ¤ ç  ¨§«ãç¥¨ï §¢ãª  â ª®© ¦¥ à¥è¥âª¨, ®¡¥§ â®àæ¥¢ëå íªà ®¢ (¢®¤®§ ¯®«¥ë© ¢ãâà¥-¨© ®¡ê¥¬ ®¡®«®ç¥ª á®®¡é «áï á ¢¥è¥© áà¥¤®©ç¥à¥§ ®âªàëâë¥ â®àæë). � íâ®¬ á«ãç ¥ â ª¦¥ ¡«î¤ «áï ¯¨ª ¬®é®áâ¨   ç áâ®â¥ f=f0�0:5¯à¨ M =3 ¨   ç áâ®â¥ f=f0�0:32 ¯à¨ M=5.�à®¢¥¤¥ë©   «¨§ ¯®§¢®«ï¥â ã¡¥¤¨âìáï ¢ â®¬,çâ®  ®¬ «ìë© ¨§ª®ç áâ®âë© ¯¨ª ¨§«ãç ¥¬®©¬®é®áâ¨ ¤«ï à áá¬ âà¨¢ ¥¬®© à¥è¥âª¨ ¤¥©áâ¢¨-�. �. �®¢ª, �. �. � æë¯ãà  15
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¢�¨á. 7. � áâ®âë¥ § ¢¨á¨¬®áâ¨¨§«ãç ¥¬®©  ªãáâ¨ç¥áª®© ¬®é®áâ¨ ( ), ¬¯«¨âã¤ë ª®«¥¡ â¥«ì®© áª®à®áâ¨ (¡)¨ ä §ë ª®«¥¡ â¥«ì®© áª®à®áâ¨ (¢)¯à¨ L=0:81 (¢ãâà¨ ®¡®«®ç¥ª { ¢®¤ )

�¨á. 8. �«¨¦¥¥ ¯®«¥ ¨â¥á¨¢®áâ¨ §¢ãª   ç áâ®â¥ f=f0=0:323 ¯à¨ L=0:81(¢ãâà¨ ®¡®«®ç¥ª { ¢®¤ )â¥«ì® ®¡ãá«®¢«¥ à¥§® á®¬ ¢ãâà¥¥£® áâ®«¡ ¦¨¤ª®áâ¨.�â® ª á ¥âáï ¯®¢¥¤¥¨ï  ªãáâ¨ç¥áª¨å å à ªâ¥-à¨áâ¨ª   ç áâ®â å, à á¯®«®¦¥ëå ¢ ®ªà¥áâ®-áâ¨ à¥§® á  ®¡®«®ç¥ª, ¬®¦® ®â¬¥â¨âì á«¥¤ãî-é¨¥ ®á®¡¥®áâ¨. � ª ¨ ¢ á«ãç ¥, ª®£¤  ¢® ¢ã-âà¥¥¬ ®¡ê¥¬¥ à¥è¥âª¨  å®¤¨«áï ¢ ªãã¬, ¯à¨ «¨ç¨¨ â ¬ ¢®¤ë â ª¦¥ ¬®¦®  ¡«î¤ âì ¯¥-à¥å®¤ æ¥âà «ì®© ®¡®«®çª¨ ¨§ à¥¦¨¬  ¨§«ãç¥-¨ï í¥à£¨¨ ¢ à¥¦¨¬ ¥¥ ¯®£«®é¥¨ï ¨§ ®ªàã¦ -îé¥© áà¥¤ë, ®¤ ª® ç áâ®â ,   ª®â®à®© ¯à®¨á-å®¤¨â â ª®© ¯¥à¥å®¤, à á¯®«®¦¥  ¥áª®«ìª® ¨¦¥(áà. à¨á. 2 ¨ 7). �à®¬¥ â®£®, ¯®« ï ¬®é®áâì,¨§«ãç ¥¬ ï à¥è¥âª®©, § ¯®«¥®© ¢®¤®©, ®ª §ë-¢ ¥âáï   20�25 % ¬¥ìè¥ (áà. ªà¨¢ë¥ 2 ¨ 3  à¨á. 6).�áá«¥¤ã¥¬ ¡«¨¦¥¥ ¯®«¥ ¨â¥á¨¢®áâ¨ ¢®¤®§ -¯®«¥®© à¥è¥âª¨. �  à¨á. 8 íâ¨ ¤ ë¥ ¯à¥¤áâ -¢«¥ë ¤«ï ç áâ®âë f=f0=0:323,   ª®â®à®© à á¯®-«®¦¥ ¨§ª®ç áâ®âë© ¯¨ª ¬®é®áâ¨. � ª ¢¨¤®,á® áâ®à®ë ¢¥è¥© ¯®¢¥àå®áâ¨ à¥è¥âª¨ ¯®â®ªí¥à£¨¨ ®à¨¥â¨à®¢ , £« ¢ë¬ ®¡à §®¬, ¢ à ¤¨- «ì®¬  ¯à ¢«¥¨¨. �à¨ íâ®¬ ãà®¢¥ì ¬®é®áâ¨¨§«ãç ¥¬®© à¥è¥âª®© ¯« ¢®, ® ¤®¢®«ì® ¡ëáâà®,á¯ ¤ ¥â ®â æ¥âà  à¥è¥âª¨ ª ¥¥ ªà ï¬. �â¨ § -ª®®¬¥à®áâ¨ ®¡ãá«®¢«¥ë ¥áª®«ìª¨¬¨ ¯à¨ç¨ -¬¨. �®-¯¥à¢ëå, ¯® ¬¥à¥ ¯à¨¡«¨¦¥¨ï ª â®àæ¥¢ë¬íªà  ¬ ¤ ¢«¥¨¥   ¯®¢¥àå®áâ¨ à¥è¥âª¨ ¯ ¤ -¥â. � ¤ ¥â ¨ ª®«¥¡ â¥«ì ï áª®à®áâì  å®¤ïé¥©-áï ®ª®«® íªà   ¯¥à¢®© (¨, á®®â¢¥âáâ¢¥®, ¯ïâ®©)16 �. �. �®¢ª, �. �. � æë¯ãà 



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2001. �®¬ 4, N 4. �. 11 { 17®¡®«®çª¨, á¬. à¨á. 7,¡. �®-¢â®àëå, ¯¥à¢ ï ®¡®«®ç-ª  (¨ ®âç áâ¨ ¢â®à ï) ¨§«ãç îâ í¥à£¨î ¥ â®«ìª®¢® ¢¥èîî áà¥¤ã, ® ¨ ¢ áà¥¤ã,  å®¤ïéãîáï ¢ã-âà¨ à¥è¥âª¨ (  à¨á. 8 ¢¨¤® ª ª ®â ¯¥à¢®© ®¡®-«®çª¨ ¨áå®¤ïâ ¤¢  ¯®â®ª  í¥à£¨¨: ®¤¨ { ¢® ¢¥è-îî,   ¤àã£®© { ¢® ¢ãâà¥îî ®¡« áâ¨). �,  ª®-¥æ, ¢-âà¥âì¨å, ¨§ãâà¨ ¢ æ¥âà «ìãî ®¡®«®çªã¢ª ç¨¢ ¥âáï ¯®â®ª í¥à£¨¨, ¨¨æ¨¨à®¢ ë© ¯¥à-¢®© ®¡®«®çª®©. � à¥§ã«ìâ â¥, ¯®â®ª, ¨áå®¤ïé¨©®â æ¥âà «ì®© ®¡®«®çª¨ ¢® ¢¥èîî áà¥¤ã, ¥áâ¥-áâ¢¥®, ã¢¥«¨ç¨«áï. �®¯®«¨â¥«ìë©   «¨§ ¯®-«ï ¤ ¢«¥¨ï ¢ãâà¨ à¥è¥âª¨ ¯®ª § «, çâ® ¢ ®á¥¢®¬ ¯à ¢«¥¨¨ ¤ ¢«¥¨¥ ¯« ¢® à áâ¥â ®â â®àæ¥¢ëå¯®¢¥àå®áâ¥© jzj=H, £¤¥ ®® â®¦¤¥áâ¢¥® à ¢-® ã«î, ª æ¥âàã z=0, £¤¥ ®® ¯à¨¨¬ ¥â ¬ ª-á¨¬ «ì®¥ § ç¥¨¥. � à ¤¨ «ì®¬ ¦¥  ¯à ¢«¥-¨¨ ¤ ¢«¥¨¥ ¯à ªâ¨ç¥áª¨ ¥ ¨§¬¥ï¥âáï. �áâ -â¨, íâ® ¥é¥ ®¤¨  à£ã¬¥â, ¯®¤â¢¥à¦¤ îé¨© ¢®§-¨ª®¢¥¨¥ à¥§® á  áâ®«¡  ¦¨¤ª®áâ¨   ç áâ®â¥f=f0�0:323.�¥áì¬  ¨â¥à¥áë¬ ï¢«ï¥âáï â ª¦¥ ¡«¨¦-¥¥ ¯®«¥ ¢®¤®§ ¯®«¥®© à¥è¥âª¨   ç áâ®â¥f=f0=0:713, £¤¥ æ¥âà «ì ï ®¡®«®çª   ç¨ ¥â¯®£«®é âì í¥à£¨î ¨§ ®ªàã¦ îé¥© áà¥¤ë. � à¨á. 9 ¯à¥¤áâ ¢«¥® à á¯à¥¤¥«¥¨¥ ¯®â®ª®¢ ¨â¥-á¨¢®áâ¨ §¢ãª  ¢ ¡«¨¦¥© §®¥. �®à®è® ¢¨¤®,ª ª ¯®â®ª¨, ¨§«ãç ¥¬ë¥ ¢® ¢¥èîî ¨ ¢ãâà¥-îî ®¡« áâ¨ ¯¥à¢®© ¨ ¢â®à®© (¨, á®®â¢¥âáâ¢¥®,ç¥â¢¥àâ®© ¨ ¯ïâ®©) ®¡®«®çª ¬¨, íää¥ªâ¨¢® ¯®-£«®é îâáï æ¥âà «ì®© ®¡®«®çª®©. �¥§ã«ìâ â®¬íâ®£® íää¥ªâ  ï¢«ï¥âáï â®, çâ® ¢ ®¡« áâ¨ ç áâ®-âë f=f0=0:713 à¥è¥âª  ®ª §ë¢ ¥âáï ¬ «®íää¥ª-â¨¢ë¬ ¨§«ãç â¥«¥¬ §¢ãª .�������  ®á®¢¥ ç¨á«¥ëå à áç¥â®¢ ¯®«ãç¥ë ®¡è¨à-ë¥ ª®«¨ç¥áâ¢¥ë¥ ¤ ë¥ ®¡ ¨§«ãç ¥¬®© ¬®é-®áâ¨, ª®«¥¡ â¥«ìëå áª®à®áâïå ®¡®«®ç¥ª ¨ ¡«¨¦-¥¬ ¯®«¥ à¥è¥âª¨, á®áâ®ïé¥© ¨§ á®®áëå ¯ì¥§®-ª¥à ¬¨ç¥áª¨å ®¡®«®ç¥ª ¨ â®àæ¥¢ëå íªà ®¢ ¢ ¢¨-¤¥  ªãáâ¨ç¥áª¨ ¬ï£ª¨å ãá¥ç¥ëå ª®ãá®¢. � -«¨§ íâ¨å ¤ ëå ¯®§¢®«¨« ãáâ ®¢¨âì àï¤ ¢ ¦ëå ªãáâ¨ç¥áª¨å á¢®©áâ¢ à¥è¥âª¨. � ç áâ®áâ¨, ¯à¨¢®§¡ã¦¤¥¨¨ ¢á¥å ®¡®«®ç¥ª ®¤¨ ª®¢ë¬ í«¥ªâà¨-ç¥áª¨¬  ¯àï¦¥¨¥¬  ¡«î¤ îâáï áãé¥áâ¢¥ë¥®â«¨ç¨ï ¢ ª®«¥¡ â¥«ìëå áª®à®áâïå ®¡®«®ç¥ª ¨ ¨§-«ãç ¥¬ëå ¨¬¨ ¬®é®áâïå, çâ® ®¡ãá«®¢«¥® ¢§ ¨-¬®¤¥©áâ¢¨¥¬ ®¡®«®ç¥ª ¯® ¯®«î. �á®¡¥® ¢¥«¨ª¨íâ¨ ®â«¨ç¨ï ¢ ®¡« áâ¨ ç áâ®â, ¡«¨§ª¨å ª á®¡áâ¢¥-
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