
ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 2. �. 32 { 41��� 532.526 ������������ ���������������������������� ������������������������������ ������� ���������� ���������������� ���������. �. �����������, �. �. �����������áâ¨âãâ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 05.05.2000�§¬¥à¥ë ¯ã«ìá æ¨¨ ¯à¨áâ¥®ç®£® ¤ ¢«¥¨ï ¢ ®á¥á¨¬¬¥âà¨ç®¬ âãà¡ã«¥â®¬ ¯®£à ¨ç®¬ á«®¥   £¨¡ª®¬ æ¨-«¨¤à¥, à á¯®«®¦¥®¬ ¯ à ««¥«ì® ®¡â¥ª ¥¬®¬ã ¯®â®ªã, ¯à¨ ç¨á« å �¥©®«ì¤á  107�108 ¨ ®â®è¥¨ïå â®«é¨ë¯®£à ¨ç®£® á«®ï ª à ¤¨ãáã æ¨«¨¤à  2:9�3:2. �¡ àã¦¥®, çâ® ¨â¥á¨¢®áâì ¯ã«ìá æ¨© ¤ ¢«¥¨ï âãà¡ã«¥â®£®¯®£à ¨ç®£® á«®ï   £¨¡ª®¬ æ¨«¨¤à¥ ¢ëè¥, ç¥¬   ¦¥áâª®¬ æ¨«¨¤à¥ ¨   ¯« áâ¨¥. �à¨¢¥¤¥ ®âª®àà¥ªâ¨à®-¢ ë© á¯¥ªâà ¬®é®áâ¨ ¯ã«ìá æ¨© ¤ ¢«¥¨ï. �¯à¥¤¥«¥  ªãáâ®-£¨¤à®¤¨ ¬¨ç¥áª¨© ª®íää¨æ¨¥â ¤«ï â®ç¥ç®£®¤ âç¨ª  ¯ã«ìá æ¨© ¤ ¢«¥¨ï. �áâ ®¢«¥®, çâ® á¯¥ªâà ¬®é®áâ¨ ¯ã«ìá æ¨© ¯à¨áâ¥®ç®£® ¤ ¢«¥¨ï   £¨¡ª®¬æ¨«¨¤à¥ ¢ëè¥, ç¥¬   ¦¥áâª®¬ æ¨«¨¤à¥. �à¨ ã¢¥«¨ç¥¨¨ áª®à®áâ¨ ®¡â¥ª ¨ï £¨¡ª®£® æ¨«¨¤à  ¯à®¨áå®¤¨â¯¥à¥à á¯à¥¤¥«¥¨¥ í¥à£¨¨ âãà¡ã«¥âëå ¯ã«ìá æ¨© ¤ ¢«¥¨ï ¨§ ¢ëá®ª®ç áâ®â®© ®¡« áâ¨ á¯¥ªâà  ¬®é®áâ¨ ¢¨§ª®ç áâ®âãî. � ®¡« áâ¨ ç áâ®â !+' (0:2�0:3) ¢ á¯¥ªâà¥ ¬®é®áâ¨ ¨ äãªæ¨¨ ª®£¥à¥â®áâ¨  ¡«î¤ îâáï¬ ªá¨¬ã¬ë, ¥§ ¢¨á¨¬® ®â à §¤¥«¥¨ï ¬¥¦¤ã ¤ âç¨ª ¬¨ ¯ã«ìá æ¨© ¤ ¢«¥¨ï. � ã¢¥«¨ç¥¨¥¬ ç áâ®âë ¨ à §¤¥«¥¨ïäãªæ¨ï ª®£¥à¥â®áâ¨ ã¡ë¢ ¥â, çâ® å à ªâ¥à¨§ã¥â áâ¥¯¥ì ¢ëà®¦¤¥¨ï ¢¨åà¥¢ëå áâàãªâãà ª ª ¯® ¬ áèâ ¡ ¬,â ª ¨ ¯® ¤«¨¥ ®¡â¥ª ¥¬®£® æ¨«¨¤à .�¨¬÷àï÷ ¯ã«ìá æ÷ù ¯à¨áâ÷®£® â¨áªã ¢ ®á¥á¨¬¥âà¨ç®¬ã âãà¡ã«¥â®¬ã ¬¥¦®¢®¬ã è à÷   £ãçª®¬ã æ¨«÷¤à÷, à®§-¬÷é¥®¬ã ¯ à «¥«ì® ®¡â÷ª îç®¬ã áâàã¬¥î, ¯à¨ ç¨á« å �¥©®«ì¤á  107�108 â  ¢÷¤®è¥ïå â®¢é¨¨ £à ¨ç®£®è àã ¤® à ¤÷ãáã æ¨«÷¤à  2:9�3:2. �áâ ®¢«¥®, é® ÷â¥á¨¢÷áâì ¯ã«ìá æ÷© â¨áªã âãà¡ã«¥â®£® £à ¨ç®£® è àã  £ãçª®¬ã æ¨«÷¤à÷ ¢¨é , ÷¦   ¦®àáâª®¬ã æ¨«÷¤à÷ â    ¯« áâ¨æ÷. � ¢¥¤¥¨© ¢÷¤ª®à¨£®¢ ¨© á¯¥ªâà ¯®âã¦-®áâ÷ ¯ã«ìá æ÷© â¨áªã. �¨§ ç¥¨©  ªãáâ®-£÷¤à®¤¨ ¬÷ç¨© ª®¥ä÷æ÷õâ ¤«ï â®çª®¢®£® ¯à¨©¬ ç  ¯ã«ìá æ÷© â¨áªã.�¨§ ç¥®, é® á¯¥ªâà ¯®âã¦®áâ÷ ¯ã«ìá æ÷© ¯à¨áâ÷®£® â¨áªã   £ãçª®¬ã æ¨«÷¤à÷ ¢¨é¨©, ÷¦   ¦®àáâª®¬ãæ¨«÷¤à÷. �à¨ §¡÷«ìè¥÷ è¢¨¤ª®áâ÷ ®¡â÷ª ï £ãçª®£® æ¨«÷¤à  ¢÷¤¡ã¢ õâìáï ¯¥à¥à®§¯®¤÷« ¥¥à£÷ù âãà¡ã«¥â¨å¯ã«ìá æ÷© â¨áªã § ¢¨á®ª®ç áâ®â®ù ®¡« áâ÷ á¯¥ªâàã ¯®âã¦®áâ÷ ã ¨§ìª®ç áâ®âã. � ®¡« áâ÷ ç áâ®â !+' (0:2�0:3)ã á¯¥ªâà÷ ¬÷æ®áâ÷ ÷ äãªæ÷ù ª®£¥à¥â®áâ÷ á¯®áâ¥à÷£ îâìáï ¬ ªá¨¬ã¬¨, ¥§ «¥¦® ¢÷¤ à®§¤÷«¥ï ¬÷¦ ¯à¨©¬ ç -¬¨ ¯ã«ìá æ÷© â¨áªã. �à¨ §¡÷«ìè¥÷ ç áâ®â¨ ÷ à®§¤÷«¥ï äãªæ÷ï ª®£¥à¥â®áâ÷ á¯ ¤ õ, é® å à ªâ¥à¨§ãõ áâã¯÷ì¢¨à®¤¦¥ï ¢¨å®à®¢¨å áâàãªâãà ïª §  ¬ áèâ ¡®¬, â ª ÷ ¯® ¤®¢¦¨÷ æ¨«÷¤àã, é® ®¡â÷ª õâìáï.The wall pressure uctuations were measured in an axisymmetric turbulent boundary layer on a exible cylinder parallelto the mean ow at a Reynolds numbers of 107�108 and a boundary layer thickness to cylinder radius ratio of 2:9�3:2.It is revealed, that the intensity of pressure uctuations of a turbulent boundary layer on the exible cylinder is higherthan that on a rigid cylinder and on a at plate. The adjusted power spectrum of the pressure uctuations is presented.The acoustic-hydrodynamic factor for the dot gauge of the pressure uctuations is determined. It is established, thatthe power spectrum of the wall pressure uctuations on the exible cylinder is higher, than that on the rigid cylinder.With the increase of velocity of a ow of the exible cylinder there occures a redistribution of energy of turbulentpressure uctuations from the high frequency area of the power spectrum to low frequencies. In the frequency band!+' (0:2�0:3) the maximums of the power spectrum and the coherence function irrespective of separation betweengauges of the pressure uctuations are observed. With the increase of frequency and separation the coherence functiondescends, that characterizes a degeneracy of vortical structures as on scales, as on length of the streamlined cylinder.��������� £¨¤à® ªãáâ¨ª¥ ¨ ¬®àáª®© á¥©á¬®à §¢¥¤ª¥ ªâ¨¢® ¨á¯®«ì§ãîâáï ¡ãªá¨àã¥¬ë¥ ¯à¨¥¬ë¥ãáâà®©áâ¢ , ¯à¥¤áâ ¢«ïîé¨¥ á®¡®© £¨¡ª¨¥ ¯à®-âï¦¥ë¥ ¯à®¤®«ì® ®¡â¥ª ¥¬ë¥ æ¨«¨¤à¨ç¥áª¨¥®¡®«®çª¨, ¢ãâà¨ ª®â®àëå ¬®â¨àãîâáï £¨¤à®- ªãáâ¨ç¥áª¨¥ ¯à¨¥¬¨ª¨. �  ¯®«¥§ë© á¨£ «,¢®á¯à¨¨¬ ¥¬ë© â ª¨¬¨ ¯à¨¥¬¨ª ¬¨,  ª« ¤ë-¢ îâáï ¯®áâ®à®¨¥ ¯®¬¥å¨, ï¢«ïîé¨¥áï áã¯¥à-¯®§¨æ¨¥© èã¬®¢ à §«¨ç®© ¯à¨à®¤ë [1, 2]. �¤®©¨§  ¨¡®«¥¥ § ç¨¬ëå ¯®¬¥å ï¢«ï¥âáï £¨¤à®¤¨ -¬¨ç¥áª¨© èã¬, ®¡ãá«®¢«¥ë© ¯ã«ìá æ¨ï¬¨ ¤ ¢-
«¥¨ï, ®¡â¥ª îé¥£® ¯à¨¥¬®¥ ãáâà®©áâ¢® ¯®â®-ª  [3 {5]. �  áâ®ïé¥¥ ¢à¥¬ï ¯à¨ïâ® ¢ë¤¥«ïâì¤¢¥ ®á®¢ë¥ á®áâ ¢«ïîé¨¥ £¨¤à®¤¨ ¬¨ç¥áª®£®èã¬  [6,7]:� §¢ãª®¢ãî á®áâ ¢«ïîéãî, ®¡ãá«®¢«¥ãî ¥-áâ æ¨® à®áâìî ¤¢¨¦¥¨ï á¦¨¬ ¥¬®© ¦¨¤-ª®áâ¨;� ª®¢¥ªâ¨¢ãî ¯á¥¢¤®§¢ãª®¢ãî á®áâ ¢«ïî-éãî, ®¡ãá«®¢«¥ãî ®â®á¨â¥«ìë¬ ¯¥à¥¬¥-é¥¨¥¬ ¯®â®ª  ¨ ¤ âç¨ª  ¯ã«ìá æ¨© ¤ ¢«¥¨ïá ¤®§¢ãª®¢®© áª®à®áâìî.32 c �. �. �®áª®¡®©¨ª, �. �. � ª à¥ª®¢, 2000



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 2. �. 32 { 41�á¥¢¤®§¢ãª®¢ ï á®áâ ¢«ïîé ï ¨¬¥¥â ®â«¨çãî ®â§¢ãª®¢®© ¯à¨à®¤ã,   ¢ë§ë¢ ¥¬ë¥ ¥î ¢®§¬ãé¥¨ï¬®¦® ®â¥áâ¨ ª ¥®¤®à®¤ë¬, ¡ëáâà®§ âãå î-é¨¬ ¯à¨ ã¤ «¥¨¨ ®â £à ¨æë ¯®£à á«®ï. � à¥- «ì®¬ ¯®£à ¨ç®¬ á«®¥ áãé¥áâ¢ãîâ ª ª §¢ãª®-¢ ï, â ª ¨ ¯á¥¢¤®§¢ãª®¢ ï á®áâ ¢«ïîé¨¥, ®¤ ª®¯à¨ áª®à®áâ¨ ®¡â¥ª ¨ï U1<C=2, £¤¥ C { áª®-à®áâì §¢ãª , ª ª ãª § ® ¢ [6], ¯á¥¢¤®§¢ãª®¢ ï á®-áâ ¢«ïîé ï £¨¤à®¤¨ ¬¨ç¥áª®£® èã¬  ¯à¥®¡« -¤ ¥â.�á¥¢¤®§¢ãª ¨«¨ èã¬ ¡«¨¦¥£® ¯®«ï, ¢ë§¢ -ë© âãà¡ã«¥â®áâìî ¯ã«ìá¨àãîé¥£® ¤ ¢«¥¨ï,è¨à®ª® ¨§ãç «áï ª ª â¥®à¥â¨ç¥áª¨, â ª ¨ íªá¯¥-à¨¬¥â «ì® ¤«ï ¡®«ìè®£® ª« áá  ¯®£à á«®©ëåâ¥ç¥¨©. �  ®á®¢ ¨¨ ¯®«ãç¥ëå à¥§ã«ìâ â®¢á®§¤ ë áâ â¨áâ¨ç¥áª¨¥ ¬®¤¥«¨ ¯®«¥© ¯ã«ìá æ¨©áª®à®áâ¨ ¨ ¤ ¢«¥¨ï [8 {11]. �«¥¤ã¥â ®¤ ª® ®â¬¥-â¨âì, çâ® íâ¨ ¬®¤¥«¨, ¢ ®á®¢®¬, ¯®áâà®¥ë ¤«ï¯®£à ¨çëå á«®¥¢, ®¡à §®¢ ëå  ¤ ¯«®áª¨¬¨¦¥áâª¨¬¨ ¯®¢¥àå®áâï¬¨ ¨ ¥ ãç¨âë¢ îâ á¯¥æ¨-ä¨ç¥áª®¥ à §¢¨â¨¥ ¯®£à ¨ç®£® á«®ï  ¤ æ¨«¨-¤à¨ç¥áª¨¬¨ â¥« ¬¨ ®¡â¥ª ¨ï. �«¨ï¨¥ ¯®¯¥à¥ç-®© ªà¨¢¨§ë   áâ â¨áâ¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨¯®£à ¨ç®£® á«®ï ¨§ãç «®áì ¢ à ¡®â å [12{17]¨ ¤à. �â¨ ¨áá«¥¤®¢ ¨ï ¡ë«¨ ¯à®¢¥¤¥ë, £« ¢-ë¬ ®¡à §®¬,   ¦¥áâª¨å æ¨«¨¤à å ¬ «®© ªà¨-¢¨§ë, ¯®áª®«ìªã ã¬¥ìè¥¨¥ ¤¨ ¬¥âà®¢ ¨áá«¥¤ã-¥¬ëå ®¡ê¥ªâ®¢ âà¥¡ã¥â ¬¨¨¬¨§ æ¨¨ ¨á¯®«ì§ã¥-¬ëå ¤ âç¨ª®¢ ¨ ã¢¥«¨ç¥¨ï à §à¥è îé¥© á¯®á®¡-®áâ¨ á¨áâ¥¬ ¨§¬¥à¥¨ï, çâ® ¤ «¥ª® ¥ ¢á¥£¤  ã¤ -¥âáï à¥ «¨§®¢ âì   ¯à ªâ¨ª¥. �à®¬¥ â®£®, ¯à®-¢¥¤¥¨¥ ¢ « ¡®à â®àëå ãá«®¢¨ïå ¨§¬¥à¥¨ï  á¨áâ¥¬ å ¡®«ìè®© ¯à®âï¦¥®áâ¨ â ª¦¥ ¢¥áì¬ ¯à®¡«¥¬ â¨ç®, ¤  ¨ èã¬ « ¡®à â®à®£® ®¡®àã¤®-¢ ¨ï ¯à¨¢®¤¨â ª § ¬¥â®¬ã áã¦¥¨î ¨áá«¥¤ã¥-¬®© ç áâ®â®© ¯®«®áë.1. ����������������� ���������� �������� ���������� �������-������áá«¥¤®¢ ¨¥ ¯ã«ìá æ¨© ¤ ¢«¥¨ï âãà¡ã«¥â®-£® ¯®£à ¨ç®£® á«®ï ¯à®¢®¤¨«¨áì ¯à¨ ¡ãªá¨à®¢ª¥£¨¡ª®£® ¯à®¤®«ì® ®¡â¥ª ¥¬®£® æ¨«¨¤à    ¯®-«¨£®¥ �áâ¨âãâ  £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë¢ ª  «¥ ¤«¨®© ®ª®«® 4 ª¬, è¨à¨®© 40�50 ¬ ¨£«ã¡¨®© (¯® ®á¨ ª  « ) ¥ ¬¥¥¥ 5 ¬. �ãªá¨à®¢-ª  ¨áá«¥¤ã¥¬®© ¬®¤¥«¨ (à¨á. 1) ®áãé¥áâ¢«ï« áì ª -â¥à®¬ (�à), ª®â®àë© á ¯®¬®éìî ª ¯à®®¢®£® ä -«  (�) ¤«¨®© ®ª®«® 160 ¬ á®¥¤¨ï«áï á ¬ «®èã¬-ë¬ ¨ å®à®è® ®¡â¥ª ¥¬ë¬ ª â ¬ à ®¬ (�). �«ï¢ë¡®à  ¤«¨ë ¡ãªá¨à®¢®ç®£® ä «  ¡ë«¨ ¯à®¢¥¤¥-ë á¯¥æ¨ «ìë¥ ¨áá«¥¤®¢ ¨ï ¯® ®¯à¥¤¥«¥¨î ¢«¨-ï¨ï èã¬ , á®§¤ ¢ ¥¬®£® ª â¥à®¬,   á¯¥ªâà ¬®é-

�¨á. 1. �å¥¬  ¡ãªá¨à®¢®çëå ¨á¯ëâ ¨©�¨á. 2. �§¬¥à¨â¥«ì ï á¥ªæ¨ï ¨áá«¥¤ã¥¬®© ¬®¤¥«¨®áâ¨ ¯ã«ìá æ¨© ¤ ¢«¥¨ï âãà¡ã«¥â®£® ¯®£à -¨ç®£® á«®ï, ®¡à §®¢ ®£®   ¡ãªá¨àã¥¬®¬ æ¨-«¨¤à¥ [18]. �ª § «®áì, çâ® ¯à¨ ¤«¨¥ ä «  ®ª®«®160 ¬ èã¬, á®§¤ ¢ ¥¬ë© ª â¥à®¬, ¥ ¢®á¨â ¨áª -¦¥¨© ¢ à¥§ã«ìâ âë ¨§¬¥à¥¨© ¯ã«ìá æ¨© ¯à¨áâ¥-®ç®£® ¤ ¢«¥¨ï ¢ ¨áá«¥¤ã¥¬®¬ ¤¨ ¯ §®¥ ç áâ®â.� ¤¨ ¬¥âà «ì®© ¯«®áª®áâ¨ ª â ¬ à  , ¢ ¥£® ª®à-¬®¢®© ç áâ¨, ãáâ  ¢«¨¢ «áï ®¡â¥ª ¥¬ë© ®¦ (�),ª ª®â®à®¬ã ªà¥¯¨«áï ®¡â¥ª â¥«ì (�) ¤¨ ¬¥âà®¬2:9�10�2 ¬ á ®á®¢®© ç áâìî ¢ ¢¨¤¥ ¯®«ãáä¥àë ¨§ ª ç¨¢ îé¨©áï ¢ ª®à¬®¢®© ç áâ¨ à §ê¥¬®¬ ¤«ïáâëª®¢ª¨ á¥ªæ¨© ¬®¤¥«¨. � ®¡â¥ª â¥«î ¯®¤á®¥¤¨-ï« áì ¤¥¬¯ä¨àãîé ï á¥ªæ¨ï (��),   §  ¥© «¨¡®å®«®áâ ï (��),   ¤ «¥¥ ¨§¬¥à¨â¥«ì ï (��), «¨-¡® ¨§¬¥à¨â¥«ì ï ¨ å®«®áâ ï, «¨¡® â®«ìª® ¨§¬¥-à¨â¥«ì ï, ¢ § ¢¨á¨¬®áâ¨ ®â à¥è ¥¬®© ¢ â®¬ ¨«¨¨®¬ ¨á¯ëâ ¨¨ § ¤ ç¨. � â¥¬ ç¥à¥§ ¯¥à¥å®¤-¨ª ª®ãá®© ä®à¬ë ªà¥¯¨«áï ã¤«¨¨â¥«ì (�) {¢®§¤ãå®§ ¯®«¥ ï ¯®«¨ãà¥â ®¢ ï âàã¡ª  ¤¨ -¬¥âà®¬ 10�2 ¬ á âà®á®¬ ¢ãâà¨ ¨ ¤«¨®© ®ª®«®6 ¬,   â ª¦¥ ãáâà®©áâ¢   âï¦¥¨ï (��) ¨ áâ -¡¨«¨§ æ¨¨ (�). �áâà®©áâ¢®  âï¦¥¨ï ¯®§¢®«ï«®à áâïãâì ¬®¤¥«ì á ãá¨«¨¥¬ ¯®àï¤ª  200�500 �.�ãªá¨à®¢ª  ®áãé¥áâ¢«ï« áì   £«ã¡¨¥ 1.2 ¬, ¯à¨áª®à®áâïå ®â 3.0 ¤® 6.0 ¬/á.�«ï ¯à®¢¥¤¥¨ï ¨áá«¥¤®¢ ¨© ¡ë«  á¯¥æ¨ «ì-® á¯à®¥ªâ¨à®¢   ¨ ¨§£®â®¢«¥  ¬®¤¥«ì [19],¯à¥¤áâ ¢«ïîé ï á®¡®© £¨¡ª¨© æ¨«¨¤à ¤¨ ¬¥âà®¬2:9�10�2 ¬, ®¡é¥© ¤«¨®© ¯®àï¤ª  20 ¬. �®¤¥«ìá®áâ®ï«  ¨§ âà¥å á¥ªæ¨©: ¤¥¬¯ä¨àãîé¥©, å®«®-�. �. �®áª®¡®©¨ª, �. �. � ª à¥ª®¢ 33
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¡�¨á. 3. �å¥¬  ãáâ ®¢ª¨ ¤ âç¨ª®¢¯ã«ìá æ¨© ¤ ¢«¥¨ïáâ®© ¨ ¨§¬¥à¨â¥«ì®©. �¥¬¯ä¨àãîé ï á¥ªæ¨ï¯à¥¤áâ ¢«ï«  á®¡®© í« áâ¨çãî ¢¨¨«®¢ãî âàã¡ã(��-50) á â®«é¨®© áâ¥ª¨ 1:1�10�3 ¬ ¨ ¬®¤ã«¥¬�£  E=2:5 �� , ¢ãâà¨ ª®â®à®© ¢ æ¥âà®¢®ç-ëå ª®«ìæ å  å®¤¨«¨áì íªà ¨à®¢ ë¥ í«¥ªâà¨-ç¥áª¨¥ ¯à®¢®¤¨ª¨ ¨ ª ¯à®®¢ë© ä «, ¨á¯®«ì§ã¥-¬ë© ª ª á¨«®¢®© í«¥¬¥â á¥ªæ¨¨. �«¨  ¤¥¬¯ä¨-àãîé¥© á¥ªæ¨¨ à ¢  5 ¬. �®«®áâ ï á¥ªæ¨ï ®â-«¨ç « áì ®â ¤¥¬¯ä¨àãîé¥© â¥¬, çâ® ¢ ¥© ¢ ª -ç¥áâ¢¥ á¨«®¢®£® í«¥¬¥â  ¨á¯®«ì§®¢ «áï áâ «ì®©âà®á, \®¤¥âë©" ¢ ¯®«¨ãà¥â ®¢ë© ª¥¬¡à¨ª. �«¨ å®«®áâ®© á¥ªæ¨¨ á®áâ ¢«ï«  ®ª®«® 10 ¬. � ¨§¬¥-à¨â¥«ì®© á¥ªæ¨¨ (à¨á. 2) ¤«¨®© 5 ¬ ¢ ª ç¥áâ¢¥®¡®«®çª¨ ¨á¯®«ì§®¢ « áì â  ¦¥ ¢¨¨«®¢ ï âàã¡ .� íâ®© á¥ªæ¨¨ ¢ á¯¥æ¨ «ìëå æ¨«¨¤à¨ç¥áª¨å ª®à-¯ãá å ¡ë«¨ ãáâ ®¢«¥ë ¤ âç¨ª¨ ¯ã«ìá æ¨© ¤ ¢-«¥¨ï. �à¥¤¢ à¨â¥«ìë¥ ãá¨«¨â¥«¨ á ª®íää¨æ¨¥-â®¬ ãá¨«¥¨ï 13�15 ¤� § ªà¥¯«ï«¨áì ¢¡«¨§¨ ¤ â-ç¨ª®¢   à ááâ®ï¨¨ ¥ ¡®«¥¥ 0.2 ¬ á æ¥«ìî á¨-¦¥¨ï ¢«¨ï¨ï í«¥ªâà®¬ £¨âëå ¯®«¥©   ¨§-ª®¢®«ìâë¥ í«¥ªâà¨ç¥áª¨¥ á¨£ «ë, ¯¥à¥¤ ¢ ¥¬ë¥¯® «¨¨¨ ¯¥à¥¤ ç¨ ®â ¤ âç¨ª®¢ ¤® ¨§¬¥à¨â¥«ì®©¨ à¥£¨áâà¨àãîé¥©  ¯¯ à âãàë. �¨«®¢ë¬ í«¥¬¥-â®¬ ¢ ¨§¬¥à¨â¥«ì®© á¥ªæ¨¨ â ª¦¥, ª ª ¨ ¢ å®«®-áâ®©, ¡ë« âà®á,   ª®â®à®¬ ¬®â¨à®¢ «¨áì æ¥-âà®¢®çë¥ ª®«ìæ . �®à¯ãá  ¤ âç¨ª®¢ ¡ë«¨ \à §-¢ï§ ë" ®â âà®á , ¯®áª®«ìªã ®¨ ¡ë«¨ § ªà¥¯«¥ë  ®¡®«®çª¥,   âà®á ¨ í«¥ªâà¨ç¥áª¨¥ ¯à®¢®¤¨ª¨¯à®å®¤¨«¨ ç¥à¥§ ®á¥¢ë¥ ®â¢¥àáâ¨ï ¢ ª®à¯ãá å, ¥ª á ïáì ¯®á«¥¤¨å.

�á¥ á¥ªæ¨¨ ¬®¤¥«¨ ¯® â®àæ ¬ § ª ç¨¢ «¨áì£¥à¬¥â¨çë¬¨ ¬®£®ª  «ìë¬¨ à §ê¥¬ ¬¨, çâ®¯®§¢®«ï«® ¬¥ïâì ¬¥áâ ¬¨ á¥ªæ¨¨ ¯à¨ ¨áá«¥¤®¢ -¨¨ à §¢¨â¨ï âãà¡ã«¥â®£® ¯®£à ¨ç®£® á«®ï ¯®¤«¨¥ ¬®¤¥«¨. �à®¬¥ â®£®, ¢ á¥ªæ¨ïå ãáâ  ¢«¨¢ -«¨áì ¨¯¯¥«ìë¥ ãáâà®©áâ¢  ¤«ï ¯®¤ª çª¨ ¢®§¤ã-å  ¯®¤ ®¡®«®çªã çâ®¡ë ®¡¥á¯¥ç¨âì ¡«¨§ªãî ª ¥©-âà «ì®© ¯« ¢ãç¥áâì £¨¡ª®£® æ¨«¨¤à . � â¥å®-«®£¨ç¥áª®© â®çª¨ §à¥¨ï, ¤«ï â®£®, çâ®¡ë ¬®¤¥«ì¢á¯«ë¢ «  ¯à¨ ®áâ ®¢ª å, § ¤ ¢ « áì ¥§ ç¨-â¥«ì ï à ¢®¬¥à® à á¯à¥¤¥«¥ ï ¯®«®¦¨â¥«ì- ï ¯« ¢ãç¥áâì 0.05 �/¬, ª®â®à ï ¥  àãè «  £®-à¨§®â «ì®áâ¨ ¤¢¨¦¥¨ï ¬®¤¥«¨ ¯à¨ ¡ãªá¨à®¢ª¥á ãáâà®©áâ¢®¬  âï¦¥¨ï.�«ï à¥£¨áâà æ¨¨ ¯ã«ìá æ¨© ¤ ¢«¥¨ï âãà¡ã-«¥â®£® ¯®£à ¨ç®£® á«®ï ¨á¯®«ì§®¢ «¨áì ¬¨-¨ âîàë¥ ¯ì¥§®ª¥à ¬¨ç¥áª¨¥ ¤ âç¨ª¨ ¯ã«ìá æ¨©¤ ¢«¥¨ï, à §à ¡®â ë¥ ¨ ¨§£®â®¢«¥ë¥ ¢ �-áâ¨âãâ¥ £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë. �â¨ ¤ â-ç¨ª¨ á ¤¨ ¬¥âà®¬ çã¢áâ¢¨â¥«ì®© ¯®¢¥àå®áâ¨1:6�10�3 ¬ ¬®â¨à®¢ «¨áì § ¯®¤«¨æ® á ®¡â¥ª ¥¬®©¯®¢¥àå®áâìî æ¨«¨¤à¨ç¥áª¨å ª®à¯ãá®¢ (à¨á. 3),  § â¥¬ ª®à¯ãá  á ¤ âç¨ª ¬¨ à á¯®« £ «¨áì ¢¨§¬¥à¨â¥«ì®© á¥ªæ¨¨ ¨á¯®«ì§ã¥¬®© ¬®¤¥«¨ (á¬.à¨á. 2), çâ®¡ë ¯®«ãç¨âì á¯¥ªâà «ìë¥ ¨ ª®àà¥-«ïæ¨®ë¥ å à ªâ¥à¨áâ¨ª¨ ¯à¨áâ¥®çëå ¯ã«ìá -æ¨© ¤ ¢«¥¨ï. �«ï á¨¦¥¨ï áâàãªâãà®© ¯®¬¥å¨  ¤ âç¨ª¥ ¯ã«ìá æ¨© ¤ ¢«¥¨ï ¥£® ª®à¯ãá, ãáâ -®¢«¥ë© ¢ ¯¥®¯« áâ®¢ãî ¢âã«ªã, ¯à¨ª«¥¨¢ «áï¢ æ¨«¨¤à¨ç¥áª¨© ª®à¯ãá (á¬. à¨á. 3). �®§¬®¦-ë¥ ¥à®¢®áâ¨ ¨ § §®àë ¢ ¬¥áâ å ªà¥¯«¥¨ï ¤ â-ç¨ª®¢ ¨ á®¥¤¨¥¨ï ª®à¯ãá®¢ á ®¡®«®çª®© § ¯®«-ï«¨áì ¯®«¨¬¥à¨§ãîé¨¬áï ª®¬¯ ã¤®¬   ®á®¢¥í¯®ªá¨¤®© á¬®«ë. � â¥¬ ®¡â¥ª ¥¬ ï ¯®¢¥àå®áâì¯®«¨à®¢ « áì, çâ® ¯®§¢®«¨«® ¤®áâ¨£ãâì è¥à®-å®¢ â®áâ¨ ¯®¢¥àå®áâ¨ ¯®àï¤ª  k+è=10�16, £¤¥k+è=kèu�=�, kè { ¢ëá®â  è¥à®å®¢ â®áâ¨; u� { ¤¨- ¬¨ç¥áª ï áª®à®áâì; � { ª®íää¨æ¨¥â ª¨¥¬ â¨-ç¥áª®© ¢ï§ª®áâ¨ ¦¨¤ª®áâ¨.� ª¨¬ ®¡à §®¬, ¢ ¨áá«¥¤®¢ ¨ïå ¨á¯®«ì§®¢ «¨áì11 ¤ âç¨ª®¢ ¯ã«ìá æ¨© ¤ ¢«¥¨ï, ª®â®àë¥ ¡ë«¨ãáâ ®¢«¥ë ª ª ¯® ®¤®¬ã ¢ ª®à¯ãá¥ (à¨á. 3, ),â ª ¨ ¢ ª®àà¥«ïæ¨®®¬ ¡«®ª¥ (à¨á. 3,¡). �ã¢áâ¢¨-â¥«ì®áâì ¤ âç¨ª®¢ á®áâ ¢«ï«  5�6 ¬ª�/�  ¢ ¤¨ -¯ §®¥ ç áâ®â 2�2000 �æ. � «¨¡à®¢ª  ¤ âç¨ª®¢¡ë«  ¯à®¢¥¤¥   ¡á®«îâë¬ ¬¥â®¤®¬ á ¯®¬®éìî¨¬¯ã«ìá  ¤ ¢«¥¨ï   á¯¥æ¨ «ì®¬ ª «¨¡à®¢®ç®¬áâ¥¤¥ [20],   â ª¦¥ ¬¥â®¤®¬ áà ¢¥¨ï á ®¡à §æ®-¢ë¬ £¨¤à®ä®®¬ ¢ §¢ãª®¢®¬ ¡«¨¦¥¬ ¨ ¤ «ì¥¬¯®«ïå. � «¨¡à®¢ª  ¢ë¯®«ï« áì ª ª ¯¥à¥¤ ãáâ -®¢ª®© ¢ ª®à¯ãá, â ª ¨   æ¨«¨¤à¨ç¥áª®© ¬®¤¥«¨¢ á®¡à ®¬ ¢¨¤¥ ¢® ¢à¥¬ï ¯à®¢¥¤¥¨ï ¨áá«¥¤®¢ -¨©. �®£à¥è®áâ¨ ª «¨¡à®¢ª¨ ¢ §¢ãª®¢®¬ ¯®«¥ á®-áâ ¢«ï«¨�1:5 ¤�,     ¨¬¯ã«ìá®¬ áâ¥¤¥ {�1 ¤�.34 �. �. �®áª®¡®©¨ª, �. �. � ª à¥ª®¢



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 2. �. 32 { 41� ª ã¦¥ ®â¬¥ç «®áì, í«¥ªâà¨ç¥áª¨¥ á¨£ «ë,¯®áâã¯ îé¨¥ ®â ¤ âç¨ª®¢ ¯ã«ìá æ¨© ¤ ¢«¥¨ï, ç¥-à¥§ ¯à¥¤¢ à¨â¥«ìë¥ ãá¨«¨â¥«¨ ¯®¤ ¢ «¨áì ¯® «¨-¨¨ ¯¥à¥¤ ç¨   ¡®àâ ª â ¬ à     ª®âà®«ì®-¨§¬¥à¨â¥«ìãî ¨ à¥£¨áâà¨àãîéãî  ¯¯ à âãàã.�¨£ «ë, ¯à¨è¥¤è¨¥   ¡®àâ ª â ¬ à  , ¯®-áâã¯ «¨   ç¥âëà¥åª  «ìë© ãá¨«¨â¥«ì, ®¡« -¤ îé¨© ¯®áâ®ïë¬¨  ¬¯«¨âã¤®-ç áâ®â®© (¤®�1 ¤�) ¨ ä §®¢®© (¤® �1 £à ¤) å à ªâ¥à¨áâ¨ª -¬¨ ¬¥¦¤ã ª  « ¬¨ ãá¨«¨â¥«ï ¢ ¨áá«¥¤ã¥¬®¬ ¤¨ -¯ §®¥ ç áâ®â. �®íää¨æ¨¥â ãá¨«¥¨ï ¬ «®èã¬-®£® ç¥âëà¥åª  «ì®£® ãá¨«¨â¥«ï á®áâ ¢«ï« ®â0 ¤® 50 ¤� á è £®¬ 5 ¤� ¤«ï ª ¦¤®£® ¨§ ª  «®¢.�¨â ¨¥ ãá¨«¨â¥«ï ¨ ¯à¥¤¢ à¨â¥«ìëå ãá¨«¨â¥«¥©®áãé¥áâ¢«ï«®áì ¯®áà¥¤áâ¢®¬  ªªã¬ã«ïâ®àëå ¡ -â à¥©. �«ï ª®âà®«ï à¥£¨áâà¨àã¥¬ëå á¨£ «®¢  ¢ëå®¤¥ ãá¨«¨â¥«ï ¡ë«® ¯à¥¤ãá¬®âà¥® ¯®¤ª«îç¥-¨¥ ®áæ¨««®£à ä . � ¯¨áì ¯®áâã¯¨¢è¨å ®â ¤ âç¨-ª®¢ ¨ ¯à®è¥¤è¨å ç¥à¥§ ãá¨«¨â¥«¨ á¨£ «®¢ ¯à®-¨§¢®¤¨« áì   ç¥âëà¥åª  «ì®¬ ¨§¬¥à¨â¥«ì®¬¬ £¨â®ä®¥ â¨¯  7005 ä¨à¬ë �àî«ì ¨ �ê¥à (� -¨ï).�ªá¯¥à¨¬¥â «ìë¥ ¨áá«¥¤®¢ ¨ï ¯à®-¢®¤¨«¨áì ¯à¨ Rex=(107�108); �=a=(2:94�3:24);��=(6:57�7:23)�10�3 ¬; u� =(0:11�0:17) ¬/á.2. ������������ �������������������������� ��������� �����-����§   «¨§  íªá¯¥à¨¬¥â «ìëå ¤ ëå ¡ë«®ãáâ ®¢«¥®, çâ® ¯ã«ìá æ¨¨ ¯à¨áâ¥®ç®£® ¤ ¢«¥-¨ï, à¥£¨áâà¨àã¥¬ë¥ ¤ âç¨ª ¬¨ á ¤¨ ¬¥âà®¬ çã¢-áâ¢¨â¥«ì®© ¯®¢¥àå®áâ¨ d+=du�=�=(176�272),ï¢«ïïáì á«ãç ©ë¬¨ ¢¥«¨ç¨ ¬¨ ¢ ¯à®áâà áâ¢¥¨ ¢® ¢à¥¬¥¨, ¯®¤ç¨ïîâáï ®à¬ «ì®¬ã § ª®ãà á¯à¥¤¥«¥¨ï ¢¥à®ïâ®áâ¥© âãà¡ã«¥âëå ¯ã«ì-á æ¨© ¨ ãá«®¢¨ï¬ íà£®¤¨ç®áâ¨ á«ãç ©®£® ¯à®-æ¥áá . � ¯®¬®éìî á¯¥æ¨ «¨§¨à®¢ ëå ¨ ã¨-¢¥àá «ìëå ¢ëç¨á«¨â¥«ìëå ¬ è¨ á ¨á¯®«ì§®-¢ ¨¥¬  «£®à¨â¬  ¡ëáâà®£® ¯à¥®¡à §®¢ ¨ï �ã-àì¥ [21{ 23] ¡ë«® ¢ë¯®«¥® ®¯à¥¤¥«¥¨¥ ç áâ®â-®£® á¯¥ªâà  ¯ã«ìá æ¨© ¯à¨áâ¥®ç®£® ¤ ¢«¥¨ï ¢á®®â¢¥âáâ¢¨¨ á ¢ëà ¦¥¨¥¬P (0; f) = 4 1Z0 Rp(0; � ) cos(2�f� )d�;0 � f <1; (1)£¤¥ Rp(0; � ) {  ¢â®ª®àà¥«ïæ¨® ï äãªæ¨ï; f {ç áâ®â ; � { ¢à¥¬ï § ¤¥à¦ª¨.�à¥¤¥ª¢ ¤à â¨ç®¥ § ç¥¨¥ ¯ã«ìá æ¨© ¯à¨-

�¨á. 4. �â¥á¨¢®áâì ¯ã«ìá æ¨© ¯à¨áâ¥®ç®£®¤ ¢«¥¨ï âãà¡ã«¥â®£® ¯®£à ¨ç®£® á«®ïáâ¥®ç®£® ¤ ¢«¥¨ï ¬®¦¥â ¡ëâì ¯®«ãç¥® ª ª(p2)1=2 = [Rp(0; 0)]1=2 = 24 1Z0 P (0; f)df351=2 : (2)�®âï íâ  ¢¥«¨ç¨  ¨ ¥ ¢ëà ¦ ¥â ç áâ®â®£® à á-¯à¥¤¥«¥¨ï á«ãç ©®£® ¯à®æ¥áá , ®  ¨¬¥¥â ¡®«ì-è®¥ § ç¥¨¥, ¯®áª®«ìªã ï¢«ï¥âáï ¬¥à®© ¥£® ¨-â¥á¨¢®áâ¨.�â®è¥¨¥ í¥à£¨¨ âãà¡ã«¥âëå ¯ã«ìá æ¨©¤ ¢«¥¨ï ª ª¨¥â¨ç¥áª®© í¥à£¨¨ áª®à®áâ®£®  -¯®à  å à ªâ¥à¨§ã¥âáï  ªãáâ®-£¨¤à®¤¨ ¬¨ç¥áª¨¬ª®íää¨æ¨¥â®¬ ¨«¨ ª®íää¨æ¨¥â®¬ âà áä®à¬ -æ¨¨ ª¨¥â¨ç¥áª®© í¥à£¨¨ ¯®â®ª  ¢ í¥à£¨î âãà-¡ã«¥âëå ¯ã«ìá æ¨©. � ¢ëà ¦ ¥âáï ª ª� = (p2)1=2=q = (p2)1=2=(�U21=2): (3)� ç¥¨¥ íâ®£® ª®íää¨æ¨¥â  ¤«ï âãà¡ã«¥âëå¯®£à ¨çëå á«®¥¢ ¡ë«® ¯®«ãç¥® ¬®£¨¬¨ ¨áá«¥-¤®¢ â¥«ï¬¨ ª ª ¤«ï ¯«®áª¨å, â ª ¨ ¤«ï ®á¥á¨¬¬¥-âà¨çëå ®¡â¥ª ¥¬ëå â¥«. �¢®¤ë© £à ä¨ª íªá¯¥-à¨¬¥â «ìëå à¥§ã«ìâ â®¢ ®à¬¨à®¢ ëå áà¥¤-¥ª¢ ¤à â¨çëå § ç¥¨© ¯ã«ìá æ¨© ¯à¨áâ¥®ç-®£® ¤ ¢«¥¨ï ¢ § ¢¨á¨¬®áâ¨ ®â ¡¥§à §¬¥à®£®¤¨ ¬¥âà  çã¢áâ¢¨â¥«ì®© ¯®¢¥àå®áâ¨ ¨á¯®«ì§ã-¥¬ëå ¤ âç¨ª®¢ ¯à¥¤áâ ¢«¥   à¨á. 4. �¤¥áì ®¡®-§ ç¥ë à¥§ã«ìâ âë: 1 { �«¥©ª  [24]; 2 { �¬¬¥à-«¨£  [25]; 3 { �ã««  ¨ �®¬ á  [26]; 4 { �¨««¬ àâ  ¨�ã§  [27]; 5 {�«®¥¬¥à  [28]; 6 { �ã««  [29]; 7 { �¥-£¥å¥©¨ª¥  ¨ �¨ª¥« ª¥à  [30]; 8 { �¨¢¥ [31]; 9 {�. �. �®áª®¡®©¨ª, �. �. � ª à¥ª®¢ 35
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�¨á. 5. �¯¥ªâà ¬®é®áâ¨ ¯ã«ìá æ¨© ¯à¨áâ¥®ç®£®¤ ¢«¥¨ï ¯® ¤«¨¥ æ¨«¨¤à �¨««¬ àâ  ¨ �£  [17]; 10 { �®ç«  ¨ �í¨í«á  [32];11 { �®ãª¤ ¨ �ã¥¯â®¢ [33]; 12 { à¥§ã«ìâ âë, ¯®«ã-ç¥ë¥ ¢  è¨å ¨áá«¥¤®¢ ¨ïå. � ª ¢¨¤® ¨§ à¨-áãª , ã¢¥«¨ç¥¨¥ ¤¨ ¬¥âà  ¯à¨¥¬®© ¯®¢¥àå®-áâ¨ ¤ âç¨ª  ¯à¨¢®¤¨â ª ã¬¥ìè¥¨î à¥£¨áâà¨àã-¥¬®© ¨â¥á¨¢®áâ¨ ¯ã«ìá æ¨© ¤ ¢«¥¨ï, çâ® ®¡ã-á«®¢«¥® ®áà¥¤ïîé¨¬ íää¥ªâ®¬ çã¢áâ¢¨â¥«ì®©®¡« áâ¨ ¯à¨¥¬¨ª . �áá«¥¤®¢ ¨ï �¨¢¥ [31], ¯à®-¢¥¤¥ë¥ ¢ ¤®¢®«ì® è¨à®ª®¬ ¤¨ ¯ §®¥ ¨§¬¥¥-¨ï ¤¨ ¬¥âà  ¤ âç¨ª®¢ ®â d+=19, ¯®§¢®«¨«¨ ¯®-«ãç¨âì íªáâà ¯®«ïæ¨®ãî ªà¨¢ãî, ¯à®¢¥¤¥ãî¤® d+=0 (á¬. à¨á. 4). � ª¨¬ ®¡à §®¬, ¤«ï â®ç¥ç-®£® ¤ âç¨ª   ªãáâ®-£¨¤à®¤¨ ¬¨ç¥áª¨© ª®íää¨-æ¨¥â ¤®áâ¨£ ¥â á¢®¥£® ¬ ªá¨¬ «ì®£® § ç¥¨ï¨ à ¢¥ 10:3�10�3.� ¨áá«¥¤®¢ ¨ïå   £¨¡ª®¬ ¯à®¤®«ì® ®¡â¥ª ¥-¬®¬ æ¨«¨¤à¥ áà¥¤¥ª¢ ¤à â¨çë¥ § ç¥¨ï ¯ã«ì-á æ¨© ¯à¨áâ¥®ç®£® ¤ ¢«¥¨ï ¨§¬¥àï«¨áì á ¯®¬®-éìî áà¥¤¥ª¢ ¤à â¨ç®£® ¢®«ìâ¬¥âà  ¥¯®áà¥¤-áâ¢¥® ¨§ á¨£ «®¢, ¯®áâã¯ îé¨å ®â ¤ âç¨ª®¢¯ã«ìá æ¨© ¤ ¢«¥¨ï. �â¨ § ç¥¨ï ¢ëç¨á«ï«¨áìâ ª¦¥ ¯à¨ ¯à®¢¥¤¥¨¨ á¯¥ªâà «ì®£® ¨ ª®àà¥«ï-æ¨®®£®   «¨§®¢   ¢ëç¨á«¨â¥«ìëå ª®¬¯«¥ª-á å ¢ á®®â¢¥âáâ¢¨¨ á ¢ëà ¦¥¨¥¬ (2). � §¡à®á ¢áà¥¤¥ª¢ ¤à â¨çëå § ç¥¨ïå, ¯®«ãç¥ëå à §-«¨çë¬¨ á¯®á®¡ ¬¨, ¥ ¯à¥¢ëè « 5�10 %. �®-£« á® à¨á. 4, ¨â¥á¨¢®áâì ¯ã«ìá æ¨© ¤ ¢«¥¨ïâãà¡ã«¥â®£® ¯®£à ¨ç®£® á«®ï, á®§¤ ®£®  £¨¡ª®¬ æ¨«¨¤à¥, ¢ëè¥ ¯® áà ¢¥¨î ª ª á ¯« -áâ¨®©, â ª ¨ á ¦¥áâª¨¬ æ¨«¨¤à®¬. � ª¨¬ ®¡à -

§®¬,  «¨ç¨¥ ¯®¯¥à¥ç®© ªà¨¢¨§ë (çâ® ®â¬¥ç¥®¢ à ¡®â¥ [17]) ¨ ¯®¤ â«¨¢®áâì ®¡â¥ª ¥¬®© ¯®¢¥àå-®áâ¨,   â ª¦¥ á¢ï§ ®¥ á íâ¨¬ ª®«¥¡ ¨¥ ®¡®«®ç-ª¨, ¯à¨¢®¤¨â ª ã¢¥«¨ç¥¨î í¥à£¨¨ âãà¡ã«¥âëå¯ã«ìá æ¨© ¤ ¢«¥¨ï   £¨¡ª®¬ æ¨«¨¤à¥.�®£« á® �ã««ã [29], ®â®è¥¨¥ áà¥¤¥ª¢ ¤à -â¨ç®£® ¯à¨áâ¥®ç®£® ¤ ¢«¥¨ï ª ¤¨ ¬¨ç¥áª®¬ã¤ ¢«¥¨î á¢®¡®¤®£® ¯®â®ª  ¥ § ¢¨á¨â ®â ç¨á« �¥©®«ì¤á . �â® ¤®¯ãé¥¨¥ ¨á¯®«ì§®¢ «®áì ¢ àï¤¥¨áá«¥¤®¢ ¨© [17, 24, 25]. �¤ ª® ¯®á«¥¤ãîé¨¥ ¨§-¬¥à¥¨ï â®£® ¦¥ �ã««  ¨ �í£¥å¥©¨ª¥  [34] ¯®-áâ ¢¨«¨ ¥£® ¯®¤ á®¬¥¨¥. �ë« á¤¥«  ¢ë¢®¤, çâ® ªãáâ®-£¨¤à®¤¨ ¬¨ç¥áª¨© ª®íää¨æ¨¥â § ¢¨á¨â®â ç¨á«  �¥©®«ì¤á  ¨ ¥ ï¢«ï¥âáï â®«ìª® äãªæ¨-¥© ¡¥§à §¬¥à®£® ¯® ¢ãâà¥¨¬ ¯¥à¥¬¥ë¬ ¤¨ -¬¥âà  çã¢áâ¢¨â¥«ì®© ¯®¢¥àå®áâ¨ ¤ âç¨ª  ¯ã«ì-á æ¨© ¤ ¢«¥¨ï.�á¯®«ì§®¢ ¨¥ ª®àà¥ªâ¨à®¢®ç®© § ¢¨á¨¬®áâ¨�®àª®á  [10]p(!)=pu(!) = 4� (!Rg=uc)�3 (4)¤«ï ãç¥â  ¢«¨ï¨ï à §¬¥à  çã¢áâ¢¨â¥«ì®© ¯®-¢¥àå®áâ¨ ¤ âç¨ª  ¤ ¥â ¢®§¬®¦®áâì ®¯à¥¤¥«¨âìáà¥¤¥ª¢ ¤à â¨¥áª¨¥ § ç¥¨ï ¯ã«ìá æ¨© ¯à¨áâ¥-®ç®£® ¤ ¢«¥¨ï ¤«ï â®ç¥ç®£® ¯à¨¥¬¨ª , ã ª®-â®à®£® d+'0. � § ¢¨á¨¬®áâ¨ (4) ®¡®§ ç¥ë:pu(!) { ¨áâ¨ë© á¯¥ªâà ¬®é®áâ¨; Rg { à ¤¨-ãá çã¢áâ¢¨â¥«ì®© ¯®¢¥àå®áâ¨ ¤ âç¨ª ; uc { ª®-¢¥ªâ¨¢ ï áª®à®áâì ¤ ¢«¥¨¥®¡à §ãîé¨å ¢¨åà¥-¢ëå áâàãªâãà. �§ ®âª®àà¥ªâ¨à®¢ ®£® ç áâ®â-®£® á¯¥ªâà  ¯ã«ìá æ¨© ¤ ¢«¥¨ï, ¢ á®®â¢¥âáâ¢¨¨á ¢ëà ¦¥¨ï¬¨ (2) ¨ (3), ¡ë« à ááç¨â   ªãáâ®-£¨¤à®¤¨ ¬¨ç¥áª¨© ª®íää¨æ¨¥â, ª®â®àë© á®áâ -¢¨« �'9:9�10�3 ¤«ï d+'0. �â®â à¥§ã«ìâ â, ¯à¥¤-áâ ¢«¥ë©   à¨á. 4, ¥¯«®å® á®£« áã¥âáï á à ¥¥ã¯®¬¨ ¢è¨¬¨áï ¤ ë¬¨ �¨¢¥ [31].�  à¨á. 5 ¯à¥¤áâ ¢«¥ë ¥®âª®àà¥ªâ¨à®¢ ë¥  à §¬¥à ¤ âç¨ª  ¡¥§à §¬¥àë¥ á¯¥ªâàë ¬®é®-áâ¨ ¯ã«ìá æ¨© ¤ ¢«¥¨ïP+(!)=p(!)U1=(p2��)¤«ï £¨¡ª®£® (ªà¨¢ë¥ 1 { 3) ¨ ¦¥áâª®£® æ¨«¨¤à®¢(ªà¨¢ ï 4) ¢ § ¢¨á¨¬®áâ¨ ®â ¡¥§à §¬¥à®© ç áâ®-âë !+=!��=U1. �à¨¢ë¥ 1{ 3 ¯®«ãç¥ë ¯à¨ ¯®-áâ®ï®© áª®à®áâ¨ ®¡â¥ª ¨ï U1=3:0 ¬/á, ® ¢à §«¨çëå ¨§¬¥à¨â¥«ìëå â®çª å ¯® ¤«¨¥ æ¨-«¨¤à . � ª, ªà¨¢ ï 1 á®®â¢¥âáâ¢ã¥â L+=385;ªà¨¢ ï 2 { L+=1080; ªà¨¢ ï 3 { L+=1206, £¤¥L+=L=a; L { à ááâ®ï¨¥ ®â ¯¥à¥¤¥© ªà¨â¨ç¥áª®©â®çª¨ ®á®¢®£® ®¡â¥ª â¥«ï ¨áá«¥¤ã¥¬®£® æ¨«¨¤à ¤® ¬¥áâ®¯®«®¦¥¨ï ¤ âç¨ª  ¯ã«ìá æ¨© ¤ ¢«¥¨ï;a { à ¤¨ãá æ¨«¨¤à . �à¨¢ ï 4 ¢§ïâ  ¨§ à ¡®â36 �. �. �®áª®¡®©¨ª, �. �. � ª à¥ª®¢



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 2. �. 32 { 41�¨««¬ àâ  [16,17] ¤«ï ¦¥áâª¨å æ¨«¨¤à®¢ á �=a=2¨ 4. � ª ¢¨¤® ¨§ à¨áãª , å à ªâ¥à ªà¨¢ëå ª ª¤«ï ¦¥áâª¨å, â ª ¨ ¤«ï £¨¡ª®£® æ¨«¨¤à®¢ ¯®¤®¡¥.� ¡«î¤ ¥âáï â ª¦¥ ¯®¤ê¥¬ á¯¥ªâà  ¬®é®áâ¨  ¨§ª¨å ç áâ®â å,  «¨ç¨¥ ¬ ªá¨¬ «ì®£® § ç¥-¨ï ¨ á¯ ¤   ¢ëá®ª¨å ç áâ®â å. � áá¬®âà¨¬ ª -¦¤ë© ¨§ íâ¨å ãç áâª®¢ á¯¥ªâà «ì®© ªà¨¢®©. �®¡« áâ¨ ç áâ®â !��=U1<0:2�0:3 à®áâ á¯¥ªâà «ì-®£® ãà®¢ï ¯à¥¤áª §  â¥®à¥â¨ç¥áª¨ [35{ 37] ¨ ¡«î¤ «áï ¢ àï¤¥ ¨áá«¥¤®¢ ¨© [24,29, 38, 39], ®¥ ¡ë« å à ªâ¥àë¬ ¤«ï ¢á¥å ¨§¬¥à¥¨©. � ç -áâãî ä®®¢ë© èã¬ ¨ ¢¨¡à æ¨¨ ãáâ ®¢®ª ¨áª ¦ -îâ à¥§ã«ìâ âë. � ë¥ ¤«ï íâ®© ®¡« áâ¨ ç áâ®â¯®«ãç¥ë ¢ á¯¥æ¨ «ì® ¯à®¢¥¤¥ëå ¨áá«¥¤®¢ ¨-ïå. � ª, ¨§¬¥à¥¨ï �ã««  [29] ¯à®¢®¤¨«¨áì ¤® ç -áâ®â !+=0:02 ¡¥§ ¢«¨ï¨ï ä®®¢®£® èã¬ ,   �¥à -ä¨¨ [40] á®®¡é¨« ® ¨§ª®ç áâ®âëå ¯ã«ìá æ¨ïå¤ ¢«¥¨ï ¤® !+=0:002. � íâ®© ®¡« áâ¨ ç áâ®â, á®-£« á® à¥§ã«ìâ â ¬ �«¥©ª  [35], �¥©§  [9],   â ª¦¥�¥â®  á á® ¢â®à ¬¨ [41] P+(!)� (!+)2, å®âï ¢à ¡®â å [32, 42] ¯®ª § â¥«ì áâ¥¯¥¨ ¥áª®«ìª® ¨-¦¥,   ¨¬¥® P+(!)� (!+)3=2. �  è¨å ¨áá«¥¤®¢ -¨ïå ¨§ª®ç áâ®âë¥ ª®«¥¡ ¨ï £¨¡ª®£® æ¨«¨¤à ¯à¨¢®¤¨«¨ ª â®¬ã, çâ® ¢ ®¡« áâ¨ ç áâ®â !+<0:1 ¡«î¤ «áï à®áâ á¯¥ªâà  ¬®é®áâ¨, ª®â®àë© ¥¯à¥¤áâ ¢«¥   à¨á. 5, ¯®áª®«ìªã ®á¨â ¥ £¨¤à®-¤¨ ¬¨ç¥áª¨© å à ªâ¥à.�¥®à¥â¨ç¥áª¨ ¬ ªá¨¬ã¬ ¢ á¯¥ªâà¥ ¡ë« ¯à¥¤áª -§  ¢¡«¨§¨ !+ ®â 0.2 ¤® 0.3 [35], çâ® ¯®¤â¢¥à¤¨«®áìíªá¯¥à¨¬¥â «ì® [24,29,37,43] ¢ ¤¨ ¯ §®¥ ç áâ®â!+=(0:2�0:5). � è¨ ¨§¬¥à¥¨ï ¥ ¯à®â¨¢®à¥-ç â íâ¨¬ à¥§ã«ìâ â ¬ ¨ á¯¥ªâà ¬®é®áâ¨ ¨¬¥¥â¬ ªá¨¬ã¬ ¢ â®¬ ¦¥ ¤¨ ¯ §®¥ ç áâ®â. � «¥¥  -¡«î¤ ¥âáï á¨¦¥¨¥ á¯¥ªâà «ìëå ãà®¢¥© ¯ã«ì-á æ¨© ¯à¨áâ¥®ç®£® ¤ ¢«¥¨ï ¢ âãà¡ã«¥â®¬ ¯®-£à ¨ç®¬ á«®¥ á ã¢¥«¨ç¥¨¥¬ ç áâ®âë. � ª, ¤«ï!��=U1 ®â 0:4�0:5 ¤® 5�8 á¯¥ªâà ¡«¨§®ª ª § ¢¨-á¨¬®áâ¨ !�0:7�!�1,     ¢ëá®ª¨å ç áâ®â å § âã-å ¥â ¯à®¯®àæ¨® «ì® !�5 [35,36,44].�¯¥ªâà ¬®é®áâ¨ ¯ã«ìá æ¨© ¯à¨áâ¥®ç®£®¤ ¢«¥¨ï âãà¡ã«¥â®£® ¯®£à ¨ç®£® á«®ï   £¨¡-ª®¬ æ¨«¨¤à¥, ®à¬¨à®¢ ë© ¢¥è¨¬¨ ¯¥à¥-¬¥ë¬¨, ¯à ªâ¨ç¥áª¨ ¥ § ¢¨á¨â ®â ¬¥áâ®¯®-«®¦¥¨ï à¥£¨áâà¨àãîé¥£® ¤ âç¨ª  ¯® ¤«¨¥ æ¨-«¨¤à , å®âï ¢ ®¡« áâ¨ ¢ëá®ª¨å ç áâ®â (!+>10)¨  ¡«î¤ ¥âáï à áå®¦¤¥¨¥ ¬¥¦¤ã § ¢¨á¨¬®áâï-¬¨. �â®, £« ¢ë¬ ®¡à §®¬, ®¡ãá«®¢«¥® â¥¬, çâ®¬¥«ª®¬ áèâ ¡ë¥ ¤ ¢«¥¨¥®¡à §ãîé¨¥ ¢¨åà¥¢ë¥áâàãªâãàë ¯®£à ¨ç®£® á«®ï, á®§¤ îé¨¥ ¢ëá®ª®-ç áâ®âë¥ ¯ã«ìá æ¨¨ ¤ ¢«¥¨ï,  å®¤ïâáï ¢¡«¨§¨®¡â¥ª ¥¬®© ¯®¢¥àå®áâ¨, ¨ ®¨ ¤®«¦ë ¬ áèâ -¡¨à®¢ âìáï ¢ãâà¥¨¬¨ ¯¥à¥¬¥ë¬¨ u� ¨ �=u� .�á«¨ ¦¥ ®à¬¨à®¢ âì á¯¥ªâà ¬®é®áâ¨ ¨ ç áâ®-âã ¢ãâà¥¨¬¨ ¯¥à¥¬¥ë¬¨, â®, á®£« á® �«¥©-

�¨á. 6. �¯¥ªâà ¬®é®áâ¨ ¯ã«ìá æ¨© ¯à¨áâ¥®ç®£®¤ ¢«¥¨ï ¤«ï à §«¨çëå áª®à®áâ¥© ®¡â¥ª ¨ïªã [24], ¯®«ãç¨¬ ã¬¥ìè¥¨¥ à §¡à®á  íªá¯¥à¨¬¥-â «ìëå ¤ ëå ¢ ¢ëá®ª®ç áâ®â®© ®¡« áâ¨ á¯¥ª-âà , ® ¢§ ¬¥ ¡ã¤¥â  ¡«î¤ âìáï à áå®¦¤¥¨¥¬¥¦¤ã ªà¨¢ë¬¨ ¢ ®¡« áâ¨ ¨§ª¨å ç áâ®â [45{ 48].�¯¥ªâà ¬®é®áâ¨ ¯ã«ìá æ¨© ¯à¨áâ¥®ç®£® ¤ ¢-«¥¨ï   £¨¡ª®¬ æ¨«¨¤à¥ ¢ëè¥, ç¥¬   ¦¥áâª®¬,çâ® ãª §ë¢ ¥â   ¡®«ìèãî í¥à£® áëé¥®áâìâãà¡ã«¥â®£® ¯®£à ¨ç®£® á«®ï, à §¢¨â®£® ¯à¨®¡â¥ª ¨¨ £¨¡ª®£® ¯à®âï¦¥®£® æ¨«¨¤à  ¢ ¨á-á«¥¤ã¥¬®¬ ¤¨ ¯ §®¥ ç áâ®â.�  à¨á. 6 ¯à¥¤áâ ¢«¥ë á¯¥ªâàë ¬®é®áâ¨ ¯à¨-áâ¥®çëå ¯ã«ìá æ¨© ¤ ¢«¥¨ï ¤«ï £¨¡ª®£® ¯à®-âï¦¥®£® ¯à®¤®«ì® ®¡â¥ª ¥¬®£® æ¨«¨¤à  ¯à¨à §«¨çëå áª®à®áâïå ®¡â¥ª ¨ï. �à¨¢ ï 1 á®®â-¢¥âáâ¢ã¥â U1=3:0 ¬/á; ªà¨¢ ï 2 { U1=5:0 ¬/á;ªà¨¢ ï 3 { U1=6:0 ¬/á. �à¨¢ ï 4 ¯à¥¤áâ ¢«ï¥âá®¡®© ®âª®àà¥ªâ¨à®¢ ë© á¯¥ªâà á ãç¥â®¬ ¢«¨ï-¨ï ¤¨ ¬¥âà  çã¢áâ¢¨â¥«ì®© ¯®¢¥àå®áâ¨ ¤ âç¨-ª  ¯ã«ìá æ¨© ¤ ¢«¥¨ï. � ã¢¥«¨ç¥¨¥¬ áª®à®áâ¨®¡â¥ª ¨ï   æ¨«¨¤à¥ ¯à®¨áå®¤¨â ¯¥à¥à á¯à¥¤¥-«¥¨¥ í¥à£¨¨ âãà¡ã«¥âëå ¯ã«ìá æ¨© ¨§ ®¡« áâ¨ç áâ®â 0:7<!+<10 ¢ ¨§ª®ç áâ®âãî ®¡« áâì.�à¨ íâ®¬ ¬ ªá¨¬ «ì®¥ § ç¥¨¥ á¯¥ªâà  ¬®é®-áâ¨ â ª¦¥ á¬¥é ¥âáï ¢ áâ®à®ã ¨§ª¨å ç áâ®â.�â® ãª §ë¢ ¥â   â®, çâ® á à®áâ®¬ áª®à®áâ¨ âãà-¡ã«¥âë© ¯®£à ¨çë© á«®©   £¨¡ª®¬ æ¨«¨-¤à¥ áâ ®¢¨âáï ¡®«¥¥  áëé¥ ªàã¯®¬ áèâ ¡ë-¬¨ ¢¨åà¥¢ë¬¨ áâàãªâãà ¬¨, ®¡« ¤ îé¨¬¨ ¡®«ì-è¨¬¨ áª®à®áâï¬¨ ¯¥à¥®á . �ªá¯¥à¨¬¥â «ìë¥¤ ë¥ ¯®ª § «¨, çâ® á¯¥ªâà «ìë¥ ãà®¢¨ ¯ã«ì-�. �. �®áª®¡®©¨ª, �. �. � ª à¥ª®¢ 37
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�¨á. 7. �ãªæ¨ï ª®£¥à¥â®áâ¨¤«ï à §«¨çëå à §¤¥«¥¨© ¬¥¦¤ã ¤ âç¨ª ¬¨¯ã«ìá æ¨© ¤ ¢«¥¨ïá æ¨© ¤ ¢«¥¨ï   £¨¡ª®¬ æ¨«¨¤à¥ ¢ ¯®«®á¥ ç -áâ®â 0:1<!��=U1<20 ¯à®¯®àæ¨® «ìë áª®à®áâ¨ ¡¥£ îé¥£® ¯®â®ª  ¢ áâ¥¯¥¨ 2:5�2:7 [18,19].� ª ã¦¥ ®â¬¥ç «®áì à ¥¥, ¤ âç¨ª¨ á ¡®«ìè®©çã¢áâ¢¨â¥«ì®© ¯®¢¥àå®áâìî § ¨¦ îâ ¨áâ¨-®¥ § ç¥¨¥ ¯á¥¢¤®§¢ãª®¢®£® ¤ ¢«¥¨ï, ®á®¡¥®¢ ®¡« áâ¨ ¢ëá®ª¨å ç áâ®â. �®íâ®¬ã  ¬¨ ¡ë« ¯à®¢¥¤¥  ª®àà¥ªâ¨à®¢ª  íªá¯¥à¨¬¥â «ìëå à¥-§ã«ìâ â®¢ ¢ á®®â¢¥âáâ¢¨¨ á § ¢¨á¨¬®áâìî (4). �®-£« á® ª®àà¥ªâ¨à®¢ª¥, ªà¨¢ ï 4   à¨á. 6 ¯à¥¤áâ -¢«ï¥â á¯¥ªâà ¬®é®áâ¨ ¯à¨áâ¥®çëå ¯ã«ìá æ¨©¤ ¢«¥¨ï   £¨¡ª®¬ æ¨«¨¤à¥, à¥£¨áâà¨àã¥¬ë© â®-ç¥çë¬ ¤ âç¨ª®¬ á d+'0, ¤«ï áª®à®áâ¨ ®¡â¥ª ¨ïU1=3:0 ¬/á. �«ï íâ®© ªà¨¢®© ¡ë«® à ááç¨â ®áà¥¤¥ª¢ ¤à â¨ç®¥ § ç¥¨¥ ¯ã«ìá æ¨© ¤ ¢«¥¨ï,¯®ª § ®¥   à¨á. 4, à®áâ ª®â®à®£® ®¡ãá«®¢«¥¨¬¥® ¤®¡ ¢ª®© ¢ëá®ª®ç áâ®âëå á®áâ ¢«ïîé¨åá¯¥ªâà  ¬®é®áâ¨.�  ¯®á«¥¤¨¥ £®¤ë è¨à®ª®¥ à á¯à®áâà ¥¨¥ ¢®¬®£¨å ¯à¨ª« ¤ëå ¯à®¡«¥¬ å £¨¤à® ªãáâ¨ª¨ ¨âãà¡ã«¥â®áâ¨ ¯à¨®¡à¥«® ¨§¬¥à¥¨¥ ¨ ¨á¯®«ì§®-¢ ¨¥ ¢§ ¨¬®© á¯¥ªâà «ì®© ¯«®â®áâ¨, § ¨¬ -îé¥© ¥ª®â®à®¥ ¯à®¬¥¦ãâ®ç®¥ ¯®«®¦¥¨¥ ¬¥¦-¤ã á¯¥ªâà ¬¨ ¬®é®áâ¨ ¨ ª®àà¥«ïæ¨ï¬¨. � ®¤®©áâ®à®ë, íâ® ã§ª®¯®«®á ï ¯à®áâà áâ¢¥ ï ª®à-à¥«ïæ¨ï,   á ¤àã£®©, { á¢®¥®¡à §ë© ç áâ®âë©á¯¥ªâà.�§ ¨¬ ï á¯¥ªâà «ì ï ¯«®â®áâì ¨«¨ ¯à®áâ®¢§ ¨¬ë© á¯¥ªâà ¯à¥¤áâ ¢«ï¥â á®¡®© ¯à¥®¡à §®-

¢ ¨¥ �ãàì¥ ¯à®áâà áâ¢¥®-¢à¥¬¥®© ª®àà¥-«ïæ¨®®© äãªæ¨¨Sp(~�; !) = 12� Z 1�1Rp(~�; � ) e�i!� d� (5)¨«¨ Pp(~�; !) = 1� Z 10 Rp(~�; � ) e�i!� d� == C(~�; !)� iQ(~�; !); (6)£¤¥ C(~�; !) { á¨ä § ï á®áâ ¢«ïîé ï ¢§ ¨¬®£®á¯¥ªâà  (á¨ä §ë© á¯¥ªâà):C(~�; !) = 1� Z 10 �Rp(~�; � ) + Rp(�~�; � )��� cos(!� ) d� ; (7)Q(~�; !) { ª¢ ¤à âãà ï á®áâ ¢«ïîé ï ¢§ ¨¬®£®á¯¥ªâà  (ª¢ ¤à âãàë© á¯¥ªâà):Q(~�; !) = 1� Z 10 �Rp(~�; � )� Rp(�~�; � )��� sin(!� ) d�: (8)�®áª®«ìªã ¯à®áâà áâ¢¥®-¢à¥¬¥ ï ª®àà¥«ï-æ¨® ï äãªæ¨ï ¥ ®¡« ¤ ¥â á¢®©áâ¢®¬ ç¥â®áâ¨,¢§ ¨¬ ï á¯¥ªâà «ì ï ¯«®â®áâì ®¡ëç® ï¢«ï¥â-áï ª®¬¯«¥ªá®© äãªæ¨¥© ç áâ®âë [49]. �§ ¨¬ë©á¯¥ªâà ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥ ¨ ¢ ¯®ª § â¥«ì®©ä®à¬¥: Pp(~�; !) = jPp(~�; !)jexp[�i�(~�; !)]: (9)�ëà ¦ ï  ¡á®«îâãî ¢¥«¨ç¨ã jPp(~�; !)j ¨ ä §ã�(~�; !) ç¥à¥§ C(~�; !) ¨ Q(~�; !), ¯®«ãç ¥¬jPp(~�; !)j = �qC2(~�; !) +Q2(~�; !)�; (10)�(~�; !) = arctg �Q(~�; !)=C(~�; !)�: (11)�«ï à¥è¥¨ï ä¨§¨ç¥áª¨å § ¤ ç ¯à¨¬¥ï¥âáï¤¥©áâ¢¨â¥«ì ï ¢¥«¨ç¨  ¢§ ¨¬®© á¯¥ªâà «ì®©¯«®â®áâ̈2p (~�; !) = jPp(~�; !)j2PA(0; !)PB(0; !) � 1; (12)ª®â®à ï  §ë¢ ¥âáï äãªæ¨¥© ª®£¥à¥â®áâ¨.� ¢¨á¨¬®áâì äãªæ¨¨ ª®£¥à¥â®áâ¨ ¤«ï ¤ â-ç¨ª®¢, à á¯®«®¦¥ëå ¢ ¯à®¤®«ì®¬  ¯à ¢«¥¨¨,®â ¡¥§à §¬¥à®© ç áâ®âë !+=!��=U1 ¯à¥¤áâ -¢«¥    à¨á. 7. �¤¥áì ªà¨¢ ï 1 á®®â¢¥âáâ¢ã-¥â �+=�=��=1:26; ªà¨¢ ï 2 { �+=1:89; ªà¨-¢ ï 3 { �+=2:52; ªà¨¢ ï 4 { �+=3:15; ªà¨¢ ï 5 {38 �. �. �®áª®¡®©¨ª, �. �. � ª à¥ª®¢



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 2. �. 32 { 41�+=12:11; ªà¨¢ ï 6 { �+=23:83. � ë¥ ¯®«ã-ç¥ë ¯à¨ U1=5:0 ¬/á. �à¨¢ë¥ ¬®¦® à §¤¥-«¨âì   ¥áª®«ìª® å à ªâ¥àëå ãç áâª®¢. � ®¡« -áâ¨ ¨§ª¨å ç áâ®â, £¤¥ !+<0:1, á¨£ «ë ¯®«ãç¥-ë¥ ®â ¯ à ¤ âç¨ª®¢, ï¢«ïîâáï ¢ëá®ª® ª®àà¥«¨à®-¢ ë¬¨. �â® ®¡ãá«®¢«¥® ¨§ª®ç áâ®âë¬¨ ª®-«¥¡ ¨ï¬¨ £¨¡ª®£® æ¨«¨¤à , ®¡â¥ª ¥¬®£® ¯®â®-ª®¬, çâ® ¯®¤â¢¥à¦¤ ¥âáï ¯®ª § ¨ï¬¨ ¯ì¥§®ª¥à -¬¨ç¥áª¨å ¢¨¡à® ªá¥«¥à®¬¥âà®¢, á¯¥æ¨ «ì® ãáâ -®¢«¥ëå ¢ ¨áá«¥¤ã¥¬ãî ¬®¤¥«ì. � ¤¨ ¯ §®¥ç áâ®â !+' (0:2�0:3)  ¡«î¤ ¥âáï ¬ ªá¨¬ «ì®¥§ ç¥¨¥ äãªæ¨¨ ª®£¥à¥â®áâ¨ ¥§ ¢¨á¨¬® ®âà §¤¥«¥¨ï ¬¥¦¤ã ¤ âç¨ª ¬¨. � íâ®© ¦¥ ç áâ®â-®© ®¡« áâ¨ ¯à®á«¥¦¨¢ ¥âáï ¨ ¬ ªá¨¬ «ì®¥ § -ç¥¨¥ ¢ á¯¥ªâà¥ ¬®é®áâ¨ ¯ã«ìá æ¨© ¯à¨áâ¥®ç-®£® ¤ ¢«¥¨ï (á¬. à¨á. 6). �âáî¤  ¢ëâ¥ª ¥â, çâ®¢ âãà¡ã«¥â®¬ ¯®£à ¨ç®¬ á«®¥, ®¡à §®¢ ®¬  £¨¡ª®¬ ¯à®¤®«ì® ®¡â¥ª ¥¬®¬ æ¨«¨¤à¥, ¤®¬¨-¨àãîéãî à®«ì ¨£à îâ ªàã¯®¬ áèâ ¡ë¥ ¢¨-åà¥¢ë¥ áâàãªâãàë, ®¡ãá«®¢«¨¢ îé¨¥ ¬ ªá¨¬ «ì-®¥ § ç¥¨¥ ª ª äãªæ¨¨ ª®£¥à¥â®áâ¨, â ª ¨á¯¥ªâà  ¬®é®áâ¨ ¯à¨áâ¥®çëå ¯ã«ìá æ¨© ¤ ¢-«¥¨ï. � áèâ ¡ íâ¨å ¢¨åà¥¢ëå áâàãªâãà ¬®¦®®æ¥¨âì, ¥á«¨ ¨§¢¥áâ  ¨å áª®à®áâì ¯¥à¥®á , ¨§¢ëà ¦¥¨ï �=�� = 2� uc=(!+U1): (13)� ã¢¥«¨ç¥¨¥¬ à §¤¥«¥¨ï ¬¥¦¤ã ¤ âç¨ª ¬¨¨ ç áâ®âë äãªæ¨ï ª®£¥à¥â®áâ¨ ã¬¥ìè ¥âáï,çâ® å à ªâ¥à¨§ã¥â áâ¥¯¥ì § âãå ¨ï ¢¨åà¥¢ëåáâàãªâãà ª ª ¯® ¬ áèâ ¡ ¬, â ª ¨ ¢ ¯à®áâà -áâ¢¥, â. ¥. ¢ ¤ ëå ¨§¬¥à¥¨ïå { ¯® ¤«¨¥ æ¨«¨-¤à . �¥«ª®¬ áèâ ¡ë¥ ¢ëá®ª®ç áâ®âë¥ ¢¨åà¥-¢ë¥ áâàãªâãàë § âãå îâ § ç¨â¥«ì® ¡ëáâà¥¥,ç¥¬ ªàã¯®¬ áèâ ¡ë¥.�����������  ®á®¢¥ ¯®«ãç¥ëå íªá¯¥à¨¬¥â «ìëå ¤ -ëå ® ¯ã«ìá æ¨ïå ¯à¨áâ¥®ç®£® ¤ ¢«¥¨ï âãà¡ã-«¥â®£® ¯®£à ¨ç®£® á«®ï, ®¡à §®¢ ®£® ¯à¨¡ãªá¨à®¢®çëå ¨á¯ëâ ¨ïå £¨¡ª®£® ¯à®¤®«ì® ®¡-â¥ª ¥¬®£® æ¨«¨¤à , ¬®¦® á¤¥« âì á«¥¤ãîé¨¥¢ë¢®¤ë.�â¥á¨¢®áâì ¯ã«ìá æ¨© ¤ ¢«¥¨ï âãà¡ã«¥â-®£® ¯®£à ¨ç®£® á«®ï, á®§¤ ®£®   £¨¡ª®¬æ¨«¨¤à¥, ¢ëè¥ ç¥¬   ¦¥áâª®¬ æ¨«¨¤à¥ ¨  ¯« áâ¨¥. �¢¥«¨ç¥¨¥ ¤¨ ¬¥âà  ¯à¨¥¬®© ¯®-¢¥àå®áâ¨ ¤ âç¨ª  ¯ã«ìá æ¨© ¤ ¢«¥¨ï ¯à¨¢®¤¨âª ã¬¥ìè¥¨î à¥£¨áâà¨àã¥¬®© ¨â¥á¨¢®áâ¨¯ã«ìá æ¨© ¤ ¢«¥¨ï, çâ® ®¡ãá«®¢«¥® ®áà¥¤ïî-é¨¬ íää¥ªâ®¬ çã¢áâ¢¨â¥«ì®© ®¡« áâ¨ ¯à¨¥¬¨-ª . �á¯®«ì§®¢ ¨¥ ª®àà¥ªâ¨à®¢®ç®© § ¢¨á¨¬®-

áâ¨ �®àª®á  ¤«ï ãç¥â  ¢«¨ï¨ï à §¬¥à  çã¢áâ¢¨-â¥«ì®© ¯®¢¥àå®áâ¨ ¤ âç¨ª  ¤ «® ¢®§¬®¦®áâì®âª®àà¥ªâ¨à®¢ âì ç áâ®âë© á¯¥ªâà ¯ã«ìá æ¨©¤ ¢«¥¨ï ¨ ®¯à¥¤¥«¨âì  ªãáâ®-£¨¤à®¤¨ ¬¨ç¥áª¨©ª®íää¨æ¨¥â, ª®â®àë© á®áâ ¢¨« 9:9�10�3 ¤«ï â®-ç¥ç®£® ¯à¨¥¬¨ª  (d+'0).�áâ ®¢«¥®, çâ® á¯¥ªâà ¬®é®áâ¨ ¯ã«ìá æ¨©¯à¨áâ¥®ç®£® ¤ ¢«¥¨ï   £¨¡ª®¬ æ¨«¨¤à¥ ¢ë-è¥, ç¥¬   ¦¥áâª®¬ æ¨«¨¤à¥ ¨, á«¥¤®¢ â¥«ì®,âãà¡ã«¥âë© ¯®£à ¨çë© á«®©, ®¡à §®¢ ë©¯à¨ ¯à®¤®«ì®¬ ®¡â¥ª ¨¨ £¨¡ª®£® æ¨«¨¤à , ¡®-«¥¥ í¥à£® áëé¥ ¢ ¨áá«¥¤ã¥¬®¬ ¤¨ ¯ §®¥ ç -áâ®â. � ã¢¥«¨ç¥¨¥¬ áª®à®áâ¨ ®¡â¥ª ¨ï £¨¡ª®-£® æ¨«¨¤à  ¯à®¨áå®¤¨â ¯¥à¥à á¯à¥¤¥«¥¨¥ í¥à-£¨¨ âãà¡ã«¥âëå ¯ã«ìá æ¨© ¨§ ¢ëá®ª®ç áâ®â-®© ®¡« áâ¨ á¯¥ªâà  ¬®é®áâ¨ ¢ ¨§ª®ç áâ®âãî.�à¨ íâ®¬ ¥£® ¬ ªá¨¬ã¬ â ª¦¥ á¬¥é ¥âáï ¢ áâ®-à®ã ¨§ª¨å ç áâ®â. �ãà¡ã«¥âë© ¯®£à ¨ç-ë© á«®©   £¨¡ª®¬ æ¨«¨¤à¥ áâ ®¢¨âáï ¡®«¥¥ áëé¥ë¬ ªàã¯®¬ áèâ ¡ë¬¨ ¤ ¢«¥¨¥®¡à -§ãîé¨¬¨ ¢¨åà¥¢ë¬¨ áâàãªâãà ¬¨, ®¡« ¤ îé¨¬¨¡®«ìè¨¬¨ áª®à®áâï¬¨ ¯¥à¥®á  ¯à¨ ã¢¥«¨ç¥¨¨áª®à®áâ¨ ®¡â¥ª ¨ï.�áâ ®¢«¥®, çâ® ¢ ®¡« áâ¨ ç áâ®â !+ '' (0:2�0:3) ¢ á¯¥ªâà¥ ¬®é®áâ¨ ¨ äãªæ¨¨ ª®£¥-à¥â®áâ¨  ¡«î¤ îâáï ¬ ªá¨¬ã¬ë, ¥§ ¢¨á¨¬®®â à §¤¥«¥¨ï ¬¥¦¤ã ¤ âç¨ª ¬¨ ¯ã«ìá æ¨© ¤ ¢-«¥¨ï. � ã¢¥«¨ç¥¨¥¬ à §¤¥«¥¨ï ¬¥¦¤ã ¤ âç¨-ª ¬¨ ¨ ç áâ®âë äãªæ¨ï ª®£¥à¥â®áâ¨ ã¡ë¢ ¥â,çâ® å à ªâ¥à¨§ã¥â áâ¥¯¥ì § âãå ¨ï ¢¨åà¥¢ëåáâàãªâãà ª ª ¯® ¬ áèâ ¡ ¬, â ª ¨ ¯® ¤«¨¥ æ¨«¨-¤à . �àã¯®¬ áèâ ¡ë¥ ¨§ª®ç áâ®âë¥ ¢¨åà¥-¢ë¥ áâàãªâãàë ¢ëà®¦¤ îâáï § ç¨â¥«ì® ¬¥¤«¥-¥¥, ç¥¬ ¬¥«ª®¬ áèâ ¡ë¥ ¢ëá®ª®ç áâ®âë¥ ¢¨-åà¨.��������������¢â®àë ¢ëà ¦ îâ ¨áªà¥îî ¡« £®¤ à®áâì ª ¤¥¬¨ªã ��� �ªà ¨ë ¯à®ä¥áá®àã �. �. �à¨-ç¥ª® §   ãç®¥ àãª®¢®¤áâ¢® ¨ ¤¨áªãáá¨¨, ¯®§¢®-«¨¢è¨¥ ¡®«¥¥ £«ã¡®ª® ®á¬ëá«¨âì ¯®«ãç¥ë¥ à¥-§ã«ìâ âë. �¢â®àë â ª¦¥ ¯à¨§ â¥«ìë á®âàã¤-¨ª ¬ �áâ¨âãâ  £¨¤à®¬¥å ¨ª¨ ��� �ªà ¨ë�. �. �¨®£à ¤®¬ã, �. �. �¤ ¬®¢ã, �. �. �®á-ª®¡®©¨ªã, �. �. �¬®«ïàã ¨ �. �. �¥¢ç¥ª® § ¯®¬®éì ¯à¨ á®§¤ ¨¨ ¨áá«¥¤ã¥¬ëå ¬®¤¥«¥© ¨ ¯à®-¢¥¤¥¨¨ íªá¯¥à¨¬¥â®¢.1. �ãà¢¨ç �. �., �ãá¥¢ �. �., �ª®¢«¥¢ �. �. �̈ ¤à® ªã-áâ¨ç¥áª¨¥ á¨áâ¥¬ë á £¨¡ª¨¬¨ ¯à®âï¦¥ë¬¨ ¡ãª-á¨àã¥¬ë¬¨  â¥ ¬¨ // �ã¤®áâà. §  àã¡¥¦®¬.{1984.{ N 10.{ �. 34{53.�. �. �®áª®¡®©¨ª, �. �. � ª à¥ª®¢ 39



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 2. �. 32 { 412. �¥àª«¨ �. �., � £¥«ì£ æ �. �., �®¤èã¢¥©â �. �.,�ãà ¯¨  �. �., �¨è ®¢ �. �. �à¨¥¬ë¥ ãáâà®©-áâ¢  ¨ ¥ª®â®àë¥ ¢¨¤ë ¯®¬¥å ¢ ¬®àáª®© á¥©á¬®-à §¢¥¤ª¥ // �¡§®à ����� �����. �¥à. ¬®àáª ï£¥®«®£¨ï ¨ £¥®ä¨§¨ª .{ �®áª¢ .{ 1973.{ �. 1{62.3. �«®å¨æ¥¢ �. �. �ªãáâ¨ª  ¥®¤®à®¤®© ¤¢¨¦ã-é¥©áï áà¥¤ë.{ �.: � ãª , 1981.{ 208 á.4. Bedenbender J. W., Johnston R. C., Neitzel E. B.Electroacoustic characteristics of marine seismicstreamers // Geophysics.{ 1970.{ 35, N 6.{ P. 1052{1072.5. Schoenberger M., Mifsud J. F. Hydrophone streamernoise // Geophysics.{ 1974.{ 39, N 6.{ P. 781{793.6. �¨¨®¢¨ç �. �., �¥à¨ª �. �., �¥âà®¢áª¨© �. �.�̈ ¤à®¤¨ ¬¨ç¥áª¨¥ ¨áâ®ç¨ª¨ §¢ãª .{ �.: �ã¤®-áâà®¥¨¥, 1972.{ 478 á.7. Lauchle G. C. Noise generated by axisymmetric tur-bulent boundary-layer ow // J. Acoust. Soc. Amer.{1977.{ 61, N 3.{ P. 694{703.8. �¬®«ìïª®¢ �. �., �ª ç¥ª® �. �.�®¤¥«¨ ¯®«ï ¯á¥¢-¤®§¢ãª®¢ëå âãà¡ã«¥âëå ¯à¨áâ¥®çëå ¤ ¢«¥¨©¨ ®¯ëâë¥ ¤ ë¥ // �ªãáâ. ¦.{ 1991.{ 37, N 6.{�. 1199{1207.9. Chase D. M. Modeling the wavevector-frequencyspectrum of turbulent boundary layer wall pres-sure // J. Sound Vib.{ 1980.{ 70.{ P. 29{67.10. Corcos G. M. Resolution of pressure in turbulence //J. Acoust. Soc. Amer.{ 1963.{ 35.{ P. 192{199.11. Ffowcs-Williams J. E. Boundary-layer pressure andCorcos model: A development to incorporate low-wavenumber constants // J. Fluid Mech.{ 1982.{125.{ P. 9{25.12. �̈ ¥¢áª¨© �. �., �®«®¤ª¨ �. �. �«¨ï¨¥ ¯®¯¥-à¥ç®© ªà¨¢¨§ë ¯®¢¥àå®áâ¨   å à ªâ¥à¨áâ¨-ª¨ ¥¨§®â¥à¬¨ç¥áª®£® ®á¥á¨¬¬¥âà¨ç®£® âãà¡ã-«¥â®£® ¯®£à ¨ç®£® á«®ï á¦¨¬ ¥¬®£® £ §  //�§¢. �� ����, ��� ¬¥å. ¨ ¬ è.{ 1963.{ N 1.{�. 99{110.13. �®¢ «¥ª® �. �., �ã«¥¬®¢¨ç �. �. �ãà¡ã«¥â-ë© ¯®£à ¨çë© á«®©   ªàã£®¢®¬ æ¨«¨¤à¥ //�§¢. �� �� ����. �¥à. â¥å.  ãª.{ 1972.{N 13, ¢ë¯. 3.{ �. 8{16.14. Bakewell H. P. Turbulent wall pressure uctuation ona body of revolution // J. Acoust. Soc. Amer.{ 1963.{43, N 6.{ P. 1358{1363.15. Denli N., Landweber L. Thick axisymmetric tur-bulent boundary layer on a circular cylinder //J. Hydronautics.{ 1979.{ 13.{ P. 92{104.16. Willmarth W. W., Winkel R. E., Sharma L. K., Bog-ar T. J. Axially symmetric turbulent boundary lauerson cylinders: Mean velocity pro�les and wall pressureuctuations // J. Fluid Mech.{ 1976.{ 76, Pt. 1.{P. 35{64.17. Willmarth W. W., Yang C. S. Wall pressure uctu-ations beneath turbulent boundary lauers on a atplate and a cylinder // J. Fluid Mech.{ 1970.{ 41,Pt. 1.{ P. 47{80.18. �¤ ¬®¢ �. �., �¨®£à ¤ë© �. �., �®áª®¡®©-¨ª �. �., � ª à¥ª®¢ �. �. �̈ ¤à®¤¨ ¬¨ç¥áª¨¥èã¬ë ¨ ¢¨¡à æ¨¨ £¨¡ª®£® ¯à®¤®«ì®-®¡â¥ª ¥¬®£®æ¨«¨¤à  // IV �á¥á®î§. á¨¬¯®§¨ã¬ ¯® ä¨-§¨ª¥  ªãáâ®-£¨¤à®¤¨ ¬¨ç¥áª¨å ï¢«¥¨© ¨ ®¯â®- ªãáâ¨ª¥ á á¥ªæ¨ï¬¨ ¬®«¥ªã«ïà®©  ªãáâ¨ª¨ ¨£¥® ªãáâ¨ª¨.{ �èå ¡ ¤, 1985.{ �. 41.19. �¨®£à ¤ë© �. �., �®áª®¡®©¨ª �. �., �à¨ç¥-ª® �. �., � ª à¥ª®¢ �. �. �¯¥ªâà «ìë¥ ¨ ª®àà¥-«ïæ¨®ë¥ å à ªâ¥à¨áâ¨ª¨ âãà¡ã«¥â®£® ¯®£à -¨ç®£® á«®ï   £¨¡ª®¬ ¯à®âï¦¥®¬ æ¨«¨¤à¥ //�§¢. �� ����, �¥å. ¦¨¤ª. ¨ £ § .{ 1989.{ N 5.{�. 49{54.

20. �¨®£à ¤ë© �. �., �  àáª¨© �. �., � ª à¥-ª®¢ �. �. �áâà®©áâ¢® ¤«ï ¤¨ ¬¨ç¥áª®© â à¨à®¢-ª¨ ¤ âç¨ª®¢ ¤ ¢«¥¨ï. �.á. 1029021 ���� // �. �.{1983.{ N 5.{ �. 47.21. � ªá �. �¥â®¤ë ¨ â¥å¨ª  ®¡à ¡®âª¨ á¨£ -«®¢ ¯à¨ ä¨§¨ç¥áª¨å ¨§¬¥à¥¨ïå: ¢ 2-å â®¬ å.{�.: �¨à, 1983.22. � à¯«-¬«. �. �. �¨äà®¢®© á¯¥ªâà «ìë©   «¨§¨ ¥£® ¯à¨«®¦¥¨ï.{ �.: �¨à, 1990.{ 584 á.23. �¥¤ â �., �¨àá®« �. �à¨¬¥¥¨ï ª®àà¥«ïæ¨®-®£® ¨ á¯¥ªâà «ì®£®   «¨§ .{ �.: �¨à, 1983.{311 á.24. Blake W. K. Turbulent boundary layers wall pressureuctuations on smooth and rough walls // J. Flu-id Mech.{ 1970.{ 44.{ P. 637{660.25. Emmerling R. The instantaneous structure of the wallpressure under a turbulent boundary layer ow //Berlin Max-Planck Inst. Stromungsforsch J.{ 1973.{N 56.{ P. 1{34.26. Bull M. K., Thomas A. S. W. High frequancy wallpressure uctuations in turbulent boundary layers //Phys. Fluids.{ 1976.{ 19, N 4.{ P. 597{599.27. Willmarth W. W., Roos F. W. Resolution and struc-ture of the wall pressure �eld beneath a turbulentboundary layer // J. Fluid Mech.{ 1965.{ 22, Pt. 1.{P. 81{94.28. Schloemer H. H. E�ects of pressure gradient on turbu-lent boundary wall pressure uctuations // J. Acoust.Soc. Amer.{ 1967.{ 42.{ P. 93{113.29. Bull M. K.Wall-pressure uctuations associated withsubsonic turbulent boundary layer ow // J. Flu-id Mech.{ 1967.{ 28.{ P. 719{754.30. Langeheineken T., Dinkelacker A. Wanddruck-schwanrungen einer ausgebildeten, turbulenten Rohr-stromung // DAGA'78, Fortschritte der Akustik.{VDE-Verlag, Berlin, 1978.{ S. 391{394.31. Schewe G. On the structure and resolution ofwall-pressure uctuations associated with turbulentboundary-layer ow // J. Fluid Mech.{ 1983.{ 134.{P. 311{328.32. Lauchle G. C., Daniels M. A. Wall-pressure uctua-tions in turbulent pipe ow // Phys. Fluids.{ 1987.{30, N 10.{ P. 3019{3024.33. Bokde A. L., Lueptow R. M. Spanwise structureof wall pressure on a cylinder in axial ow //Phys. Fluids.{ 1999.{ 11, N 1.{ P. 151{161.34. Bull M. K., Langeheineken T. On the wall pres-sure �eld in turbulent pipe ow // Mitt. MPI Stro-mungsf. Gottingen.{ 1981.{ N 73.{ P. 37{53.35. Blake W. K. Mechanics of ow-induced sound andvibration: in 2 volumes.{ New York: Academic press,1986.36. Bradshaw P. Inactive motion and pressure uctua-tions in turbulent boundary lauers // J. Fluid Mech.{1967.{ 30.{ P. 241{264.37. Borisyuk A. O., Grinchenko V. T Vibration and noisegeneration by elastic elements excited by a turbulentow // J. Sound Vib.{ 1997.{ 204.{ P. 213{237.38. Bhat W. V. Flight test measurement of exterior tur-bulent boundary layer pressure uctuations on Boe-ing Model 737 airplane // J. Sound Vib.{ 1971.{ 14.{P. 439{457.39. Haddle G. P., Skudrzyk E. T. The physics of ownoise // J. Acoust. Soc. Amer.{ 1969.{ 46, N 1,Pt. 2.{ P. 130{157.40 �. �. �®áª®¡®©¨ª, �. �. � ª à¥ª®¢



ISSN 1028 -7507 �ªãáâ¨ç¨© ¢÷á¨ª. 2000. �®¬ 3, N 2. �. 32 { 4140. Sera�ni J. S.Wall-pressure uctuations and pressure-velocity correlations in a turbulent boundary layer //Rep. AGARD.{ 1963.{ R. 453.{ P. 1{16.41. Panton R. L., Goldman A. L., Lowery R. L., Reich-man M. M. Low-frequency pressure uctuations inaxisymmetric turbulent boundary lauers // J. Flu-id Mech.{ 1980.{ 97, Pt. 2.{ P. 299{320.42. Panton R. L., Linebarger J. H. Wall pressure spec-tra calculations for equilibrium boundary layers //J. Fluid Mech.{ 1974.{ 65, N 2.{ P. 261{287.43. Blake W. K., Maga L. J. On the ow-excited vibra-tions of cantilever struts in water. II. Surface-pressureuctuations and analitical predictions // J. Acoust.Soc. Amer.{ 1975.{ 57.{ P. 1448{1464.44. Neves J. C., Moin P. E�ects of convex transversecurvature on wall-bounded turbulence. Part 2. Thepressure uctuations // J. Fluid Mech.{ 1994.{ 272.{P. 383{406.
45. Snarski S. R., Lueptow R. M. Wall pressure and co-herent structures in a turbulent boundary layer on acylinder in axial ow // J. Fluid Mech.{ 1995.{ 286.{P. 137{149.46. Nepomuceno H. G., Lueptow R. M. Pressure andshear stress measurements at the wall in a turbulentboundary layer on a cylinder // Phys. Fluids.{ 1997.{9, N 9.{ P. 2732{2744.47. Gravante S., Naguib A., Wark C., Nagib H. Char-acterization of the pressure uctuations under a ful-ly developed turbulent boundary layer // AIAA J.{1998.{ 36, N 11.{ P. 1808{1819.48. Dhanak M. R., Dowling A. P., Si C. Coherent vor-tex model for surface pressure uctuations inducedby the wall region of a turbulent boundary layer //Phys. Fluids.{ 1997.{ 9, N 9.{ P. 2716{2731.49. �¥¤ â �., �¨àá®« �. �§¬¥à¥¨¥ ¨   «¨§ á«ãç ©-ëå ¯à®æ¥áá®¢.{ �.: �¨à, 1974.{ 464 á.

�. �. �®áª®¡®©¨ª, �. �. � ª à¥ª®¢ 41


