
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 2. �. 10 { 14��� 532.526�������������� �������������� ������������� ������������� ��������������������� ������������ ����,������������� ��� ���������� ���������������� ���������. �. �����������, �. �. ���������, �. �. �����������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 28.03.2000�à¨¢¥¤¥­ë à¥§ã«ìâ âë íªá¯¥à¨¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨© ª®àà¥«ïæ¨®­­ëå å à ªâ¥à¨áâ¨ª ¯ã«ìá æ¨© ¯à¨áâ¥­®ç­®£®¤ ¢«¥­¨ï âãà¡ã«¥­â­®£® ¯®£à ­¨ç­®£® á«®ï, ®¡à §®¢ ­­®£® ¯à¨ ¯à®¤®«ì­®¬ ®¡â¥ª ­¨¨ £¨¡ª¨å ¯à®âï¦¥­­ëå æ¨«¨­-¤à®¢. �¡­ àã¦¥­®, çâ® ¨­â¥­á¨¢­®áâì ¯ã«ìá æ¨© ¯à¨áâ¥­®ç­®£® ¤ ¢«¥­¨ï âãà¡ã«¥­â­®£® ¯®£à ­¨ç­®£® á«®ï ­ £¨¡ª®¬ æ¨«¨­¤à¥ ¢ëè¥, ç¥¬ ­  ¯«®áª®© ¯« áâ¨­¥ ¨ ­  ¦¥áâª®¬ æ¨«¨­¤à¥. � ¢«¥­¨¥®¡à §ãîé¨¥ ¢¨åà¥¢ë¥ áâàãª-âãàë ¯¥à¥­®áïâáï ¢­¨§ ¯® ¯®â®ªã ¢¤®«ì ¯à®¤®«ì­®© ®á¨ æ¨«¨­¤à . �ª®à®áâì ¢ëà®¦¤¥­¨ï ¬ ªá¨¬ «ì­ëå §­ ç¥­¨©ª®íää¨æ¨¥­â  ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®© ª®àà¥«ïæ¨¨ ­  £¨¡ª®¬ æ¨«¨­¤à¥ ¢ëè¥, ç¥¬ ­  ¯« áâ¨­¥, ­® ­¨¦¥, ç¥¬­  ¦¥áâª®¬ æ¨«¨­¤à¥. �àã¯­®¬ áèâ ¡­ë¥ ¢¨åà¥¢ë¥ á¨áâ¥¬ë ¨¬¥îâ ¡®«ìè¥¥ ¢à¥¬ï "¦¨§­¨" ¨ ¯¥à¥­®áïâáï ­ ¡®«ìè¨¥ à ááâ®ï­¨ï, ç¥¬ ¬¥«ª®¬ áèâ ¡­ë¥ ¢ëá®ª®ç áâ®â­ë¥ ¢¨åà¥¢ë¥ áâàãªâãàë.� ¢¥¤¥­÷ à¥§ã«ìâ â¨ ¥ªá¯¥à¨¬¥­â «ì­¨å ¤®á«÷¤¦¥­ì ª®à¥«ïæ÷©­¨å å à ªâ¥à¨áâ¨ª ¯ã«ìá æ÷© ¯à¨áâ÷­­®£® â¨áªã âãà-¡ã«¥­â­®£® £à ­¨ç­®£® è àã, ïª¨© ¬ õ ¬÷áæ¥ ¯à¨ ¯®¢§¤®¢¦­ì®¬ã ®¡â÷ª ­­÷ £­ãçª¨å ¢¨âï£­ãâ¨å æ¨«÷­¤à÷¢. �­ ©-¤¥­®, é® ÷­â¥­á¨¢­÷áâì ¯ã«ìá æ÷© ¯à¨áâ÷­­®£® â¨áªã âãà¡ã«¥­â­®£® £à ­¨ç­®£® è àã ­  £­ãçª®¬ã æ¨«÷­¤à÷ ¢¨é¥,­÷¦ ­  ¯«¥áª â÷© ¯« áâ¨­÷ â  ­  ¦®àáâª®¬ã æ¨«÷­¤à÷. �¨åà¥¢÷ áâàãªâãà¨, ïª÷ ãâ¢®àîîâì â¨áª, ¯¥à¥­®áïâìáï ¤®­¨§ã §  â¥ç÷õî ¢§¤®¢¦ ¯®¢§¤®¢¦­ì®ù ¢÷á÷ æ¨«÷­¤àã. �¢¨¤ª÷áâì ¢¨à®¤¦ã¢ ­­ï ¬ ªá¨¬ «ì­¨å §­ ç¥­ì ª®¥ä÷æ÷¥­â ¯à®áâ®à®¢®-ç á®¢®ù ª®à¥«ïæ÷ù ­  £­ãçª®¬ã æ¨«÷­¤à÷ ¢¨é¥, ­÷¦ ­  ¯« áâ¨­÷,  «¥ ­¨¦ç¥ ­÷¦ ­  ¦®àáâª®¬ã æ¨«÷­¤à÷.�¥«¨ª®¬ áèâ ¡­÷ ¢¨åà¥¢÷ á¨áâ¥¬¨ ¬ îâì ¡÷«ìè¨© â¥à¬÷­ "¦¨ââï" ÷ ¯¥à¥­®áïâìáï ­  ¡÷«ìè÷ ¢÷¤áâ ­÷,  ­÷¦ ¤à÷¡­®-¬ áèâ ¡­÷ ¢¨á®ª®ç áâ®â­÷ ¢¨åà¥¢÷ áâàãªâãà¨.The results of experimental researches of the correlation characteristics of the wall pressure 
uctuations of turbulentboundary layer, formed by a longitudinal 
ow of the 
exible extended cylinders are given. It is revealed, that intencity ofthe wall pressure 
uctuations of turbulent boundary layer on the 
exible cylinder is higher, than on a 
at plate and rigidcylinder. The pressure educated vortical structures are transferred downstream along a longitudinal axis of the cylinder.The velocityof generation of maximum ratings of space-time correlation factor on the 
exible cylinder is higher, than ona plate, but is lower, than on a rigid cylinder. The large-scale vortical systems have the greater time of "life" and aretransferred on large distances, than small-scale high frequency vortical structures.���������áá«¥¤®¢ ­¨î ä¨§¨ç¥áª¨å ¯à®æ¥áá®¢, ª®â®àë¥¯à®¨áå®¤ïâ ¢ âãà¡ã«¥­â­ëå ¯®£à ­¨ç­ëå á«®ïå,¢®§­¨ª îé¨å ¯à¨ ®¡â¥ª ­¨¨ à §«¨ç­ëå â¥«, ¯®-á¢ïé¥­® ¡®«ìè®¥ ª®«¨ç¥áâ¢® à ¡®â â¥®à¥â¨ç¥áª®-£® ¨ íªá¯¥à¨¬¥­â «ì­®£® ¯« ­®¢ [6, 17, 22]. �« ¢-­ë¬ ®¡à §®¬, íâ¨ ¨áá«¥¤®¢ ­¨ï ¯à®¢®¤ïâáï ¤«ï¦¥áâª¨å ¯®¢¥àå­®áâ¥©. �® áãé¥áâ¢ã¥â ¡®«ìè®©ª« áá ®¡â¥ª ¥¬ëå â¥«, ¨¬¥îé¨å £¨¡ª¨¥ «¨¡® í« -áâ¨ç­ë¥ ¯®¢¥àå­®áâ¨. � ª, à §¢¨â¨¥ ¯®£à ­¨ç­®-£® á«®ï ­ ¤ ª®¦­ë¬ ¯®ªà®¢®¬ ¬®àáª¨å ¦¨¢®â­ëå¨«¨ ¯à¨ ®¡â¥ª ­¨¨ £¨¡ª¨å á¥©á¬®ª®á ¨ ¡ãªá¨àã¥-¬ëå  ªãáâ¨ç¥áª¨å  ­â¥­­ ¨¬¥¥â ­¥ª®â®à®¥ ®â«¨-ç¨¥ ®â à §¢¨â¨ï ¯®£à ­¨ç­®£® á«®ï ­ ¤ ¦¥áâª¨¬¨â¥« ¬¨ ®¡â¥ª ­¨ï. �â® ¯à®ï¢«ï¥âáï ª ª ¢ ¯ à -¬¥âà å ¨ ¢¨¤ å ª®£¥à¥­â­ëå ¢¨åà¥¢ëå áâàãªâãà,â ª ¨ ¢ á®®â¢¥âáâ¢ãîé¨å ª®àà¥«ïæ¨®­­ëå ¨ á¯¥ª-âà «ì­ëå å à ªâ¥à¨áâ¨ª å ¯ã«ìá æ¨®­­ëå §­ ç¥-­¨© áª®à®áâ¥© ¨ ¤ ¢«¥­¨© âãà¡ã«¥­â­ëå ¯®£à ­¨ç-
­ëå á«®¥¢.�¤­®© ¨§ ®á­®¢­ëå ¯à¨ç¨­ ¯®ï¢«¥­¨ï ¯ã«ìá -æ¨®­­ëå ¯®«¥© ¢ âãà¡ã«¥­â­ëå ¯®£à ­¨ç­ëå á«®-ïå ï¢«ï¥âáï ­ «¨ç¨¥ ¨ ¢§ ¨¬®¤¥©áâ¢¨¥ ¢¨åà¥¢ëåá¨áâ¥¬ ¤àã£ á ¤àã£®¬ ¨ á ®¡â¥ª ¥¬®© ¯®¢¥àå­®-áâìî. �áá«¥¤®¢ ­¨¥ ¢¨åà¥¢ëå á¨áâ¥¬ { íâ® ®¤-­  ¨§ ­ ¨¡®«¥¥ á«®¦­ëå ¨ ¨­â¥à¥á­ëå ¯à®¡«¥¬¢ £¨¤à®¤¨­ ¬¨ª¥. �­ ­¨ï ® ä¨§¨ç¥áª¨å ¯à®æ¥á-á å, ¯à®¨áå®¤ïé¨å ¢ âãà¡ã«¥­â­ëå ¯®£à ­¨ç­ëåá«®ïå, ¤ ¥â ¢®§¬®¦­®áâì á®§¤ ¢ âì á¨áâ¥¬ë, ¯®-§¢®«ïîé¨¥ ã¯à ¢«ïâì ¯®£à ­¨ç­ë¬ á«®¥¬,  , ª ªá«¥¤áâ¢¨¥, á­¨¦ âì «¨¡® ã¢¥«¨ç¨¢ âì, ¢ § ¢¨á¨¬®-áâ¨ ®â ¯®áâ ¢«¥­­®© § ¤ ç¨, £¨¤à®¤¨­ ¬¨ç¥áª®¥á®¯à®â¨¢«¥­¨¥, â¥¯«®-¬ áá®¯¥à¥­®á ¨«¨ £¨¤à®¤¨-­ ¬¨ç¥áª¨© èã¬, ¨§«ãç ¥¬ë© âãà¡ã«¥­â­ë¬ ¯®-£à ­¨ç­ë¬ á«®¥¬ [1-3]. �¥£¨áâà æ¨ï ¨ ¨áá«¥¤®-¢ ­¨¥ ¯®¢¥¤¥­¨ï ª®àà¥«¨à®¢ ­­ëå ¨«¨ ª®£¥à¥­â-­ëå ¢¨åà¥¢ëå áâàãªâãà ¢ ¯®£à ­¨ç­®¬ á«®¥ ¢®§-¬®¦­ë ¯à¨ ¨á¯®«ì§®¢ ­¨¨ ¬¥â®¤®¢ ¨  ¯¯ à â  â¥-®à¨¨ ¢¥à®ïâ­®áâ¥© ¨ ¬ â¥¬ â¨ç¥áª®© áâ â¨áâ¨-10 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 2. �. 10 { 14ª¨,   ¨¬¥­­® { ª®àà¥«ïæ¨®­­®£® ¨ á¯¥ªâà «ì­®-£®  ­ «¨§®¢. �§¬¥à¥­¨ï � ¢à  ¨ ¥£® ª®««¥£ [4, 5]¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®© ª®àà¥«ïæ¨¨ ¯à®¤®«ì-­®© ª®¬¯®­¥­âë áª®à®áâ¨ ¢ ¯®£à ­¨ç­ëå á«®ïå ¯®-«®¦¨«¨ ­ ç «® ­®¢®© íàë ¢ ¨áá«¥¤®¢ ­¨¨ áâàãªâã-àë âãà¡ã«¥­â­®áâ¨. � ¯¥à¢ë¥ ®¡è¨à­ë¥ ¨áá«¥¤®-¢ ­¨ï ª®àà¥«ïæ¨®­­ëå å à ªâ¥à¨áâ¨ª ¯ã«ìá æ¨©¯à¨áâ¥­®ç­®£® ¤ ¢«¥­¨ï ¢ë¯®«­¥­ë �¨«¬ àâ®¬ áá® ¢â®à ¬¨ [6, 7] ­  ¯«®áª¨å ¯®¢¥àå­®áâïå ¨ ­ ¦¥áâª¨å æ¨«¨­¤à å [8, 9].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 ¬. �«ï ¯à®¢¥¤¥-­¨ï ¨áá«¥¤®¢ ­¨© ¡ë«  á¯¥æ¨ «ì­® á¯à®¥ªâ¨à®¢ -­  ¨ ¨§£®â®¢«¥­  ¬®¤¥«ì, ¯à¥¤áâ ¢«ïîé ï á®¡®©£¨¡ª¨© æ¨«¨­¤à (¢®§¤ãå®§ ¯®«­¥­­ ï ¯®«¨å«®à¢¨-­¨«®¢ ï ®¡®«®çª ) ¤¨ ¬¥âà®¬ 29 ¬¬ ¨ ®¡é¥© ¤«¨-­®© ®ª®«® 20 ¬. � ®¡®«®çª¥ ¯® ®¯à¥¤¥«¥­­®© á¨áâ¥-¬¥ ãáâ ­®¢«¥­ë § ¯®¤«¨æ® á ®¡â¥ª ¥¬®© ¯®¢¥àå-­®áâìî ¬¨­¨ âîà­ë¥ ¯ì¥§®ª¥à ¬¨ç¥áª¨¥ ¤ âç¨ª¨¯ã«ìá æ¨© ¤ ¢«¥­¨ï [10, 11].�®áª®«ìªã ¯ã«ìá æ¨¨ ¯à¨áâ¥­®ç­®£® ¤ ¢«¥­¨ï ¢âãà¡ã«¥­â­®¬ ¯®£à ­¨ç­®¬ á«®¥ ï¢«ïîâáï á«ãç ©-­ë¬¨ äã­ªæ¨ï¬¨ ¢à¥¬¥­¨ ¨ ¯à®áâà ­áâ¢ , ¯®ï¢¨-« áì ¢®§¬®¦­®áâì ¯à®¢¥áâ¨ ¨áá«¥¤®¢ ­¨¥ áâ â¨-áâ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª íâ¨å ¯ à ¬¥âà®¢ âãà-¡ã«¥­â­®áâ¨. �áâ ­®¢«¥­®, çâ® äã­ªæ¨¨ ¯«®â­®-áâ¨ ¢¥à®ïâ­®áâ¥© ¯à¨ ¯à®¢¥¤¥­¨¨ ¨áá«¥¤®¢ ­¨©­  £¨¡ª®¬ ¯à®¤®«ì­® ®¡â¥ª ¥¬®¬ æ¨«¨­¤à¥ á ¤ â-ç¨ª ¬¨ ¯ã«ìá æ¨© ¤ ¢«¥­¨ï ¤¨ ¬¥âà®¬ çã¢áâ¢¨-â¥«ì­®© ¯®¢¥àå­®áâ¨ d+ = d u�=� = 160 � 320á®®â¢¥âáâ¢ãîâ £ ãáá®¢áª®¬ã § ª®­ã à á¯à¥¤¥«¥-­¨ï. �à¨ íâ®¬ ª®íää¨æ¨¥­â  á¨¬¬¥âà¨¨ ¨§¬¥­ï«-áï ®â 0.05 ¤® 0,   ª®íää¨æ¨¥­â íªáæ¥áá  - ®â 3.5¤® 3.0 ¯à¨ ã¢¥«¨ç¥­¨¨ ¤¨ ¬¥âà  ¤ âç¨ª . �ã­ª-æ¨¨ ¯«®â­®áâ¨ ¢¥à®ïâ­®áâ¨ ¤«ï ¯ã«ìá æ¨© ¤ ¢«¥-­¨ï, ­®à¬¨à®¢ ­­ë¥ áà¥¤­¥ª¢ ¤à â¨ç­ë¬ ¤ ¢«¥-­¨¥¬, á®åà ­ï«¨ á¢®î ä®à¬ã ¨ §­ ç¥­¨ï ¯à¨ ¨§-¬¥à¥­¨ïå ¯® ®ªàã¦­®áâ¨ ¨ ¯® ¤«¨­¥ ¬®¤¥«¨, çâ®á¢¨¤¥â¥«ìáâ¢ã¥â ®¡ ®¤­®à®¤­®áâ¨ ¯ã«ìá æ¨© ¤ -¢«¥­¨ï âãà¡ã«¥­â­®£® ¯®£à ­¨ç­®£® á«®ï ¢ áâ â¨-áâ¨ç¥áª®¬ á¬ëá«¥. �ã­ªæ¨ï ¯«®â­®áâ¨ ¢¥à®ïâ­®-áâ¨ ¯à¨ ä¨ªá¨à®¢ ­­®¬ ç¨á«¥ ¢ë¡®à®ª ¨ ¢à¥¬¥-­¨ ®áà¥¤­¥­¨ï ¯à ªâ¨ç¥áª¨ ­¥ ¨§¬¥­ï« áì ®â ­ -ç «ì­®£® ¢à¥¬¥­¨ ®áà¥¤­¥­¨ï, çâ® £®¢®à¨â ® áâ -â¨áâ¨ç¥áª®© áâ æ¨®­ à­®áâ¨ á«ãç ©­®£® ¯à®æ¥á-

á  ¯ã«ìá æ¨© ¯à¨áâ¥­®ç­®£® ¤ ¢«¥­¨ï. �«¥¤®¢ -â¥«ì­®, ¯ã«ìá æ¨¨ ¤ ¢«¥­¨ï âãà¡ã«¥­â­®£® ¯®£à -­¨ç­®£® á«®ï ­  £¨¡ª®¬ ¯à®¤®«ì­® ®¡â¥ª ¥¬®¬ æ¨-«¨­¤à¥, à¥£¨áâà¨àã¥¬ë¥ ¤ âç¨ª ¬¨ á ¤¨ ¬¥âà®¬d+ � 200, ï¢«ïîâáï áâ â¨áâ¨ç¥áª¨ ®¤­®à®¤­ë¬¨¨ áâ æ¨®­ à­ë¬¨ á«ãç ©­ë¬¨ ¢¥«¨ç¨­ ¬¨, ª®â®-àë¥ ¯®¤ç¨­ïîâáï ­®à¬ «ì­®¬ã § ª®­ã à á¯à¥¤¥-«¥­¨ï. � «¨ç¨¥ ®¤­®à®¤­®áâ¨ ¯® ¯à®áâà ­áâ¢ã ¨áâ æ¨®­ à­®áâ¨ ¢® ¢à¥¬¥­¨ á«ãç ©­®£® ¯à®æ¥áá ,  â ª¦¥ ¯à¨­ ¤«¥¦­®áâì ¥£® ª ª« ááã £ ãáá®¢áª¨å,á  ¡á®«îâ­® ­¥¯à¥àë¢­®© á¯¥ªâà «ì­®© ¯«®â­®-áâìî, â® ¥áâì á® á¯¥ªâà «ì­®© ¯«®â­®áâìî, ­¥¨¬¥îé¥© ®áâàëå ¬ ªá¨¬ã¬®¢ (¤¥«ìâ  - äã­ªæ¨©),á®®â¢¥âáâ¢ãîé¨å ¡¥áª®­¥ç­®© ¯«®â­®áâ¨ áà¥¤­¥-£® §­ ç¥­¨ï ª¢ ¤à â  ¯à®æ¥áá  ­  ®â¤¥«ì­ëå ç -áâ®â å, ï¢«ï¥âáï ¤®áâ â®ç­ë¬ ãá«®¢¨¥¬ íà£®¤¨ç-­®áâ¨ íâ®£® á«ãç ©­®£® ¯à®æ¥áá  [12, 13]. �á«®-¢¨¥ íà£®¤¨ç­®áâ¨ ¯®§¢®«ï¥â áãé¥áâ¢¥­­® ã¯à®-áâ¨âì íªá¯¥à¨¬¥­â «ì­®¥ ®¯à¥¤¥«¥­¨¥ áâ â¨áâ¨ç¥-áª¨å ¢¥«¨ç¨­, ¯®áª®«ìªã ¯® â¥®à¥¬¥ �¨àª£®ä  {�¨­ç¨­  [14, 15] áâ â¨áâ¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨íà£®¤¨ç­ëå á«ãç ©­ëå ¯à®æ¥áá®¢, ¯®«ãç¥­­ë¥ ¯ã-â¥¬ ®áà¥¤­¥­¨ï ¯®  ­á ¬¡«î ¢ë¡®à®ç­ëå à¥ «¨§ -æ¨©, â®¦¤¥áâ¢¥­­® à ¢­ë å à ªâ¥à¨áâ¨ª ¬, ¯®«ã-ç¥­­ë¬ ¯® ®¤­®© ¥¤¨­áâ¢¥­­®© à¥ «¨§ æ¨¨ ¯ãâ¥¬®áà¥¤­¥­¨ï ¯® ¢à¥¬¥­¨.�à¨ ¨áá«¥¤®¢ ­¨ïå ¯ã«ìá æ¨© ¤ ¢«¥­¨ï ­  £¨¡-ª®¬ ¯à®âï¦¥­­®¬ æ¨«¨­¤à¥ ª®àà¥«ïæ¨®­­ë©  ­ -«¨§ ¡ë« ¢ë¯®«­¥­ ª ª á ¯®¬®éìî ã­¨¢¥àá «ì­ëå,â ª ¨ á¯¥æ¨ «¨§¨à®¢ ­­ëå ���, ¯à¨ ç¨á« å �¥©-­®«ì¤á  ®â 107 ¤® 108 ¢ ¯®«®á¥ ç áâ®â 0 � !+ =!��=U1 � 20:34.� ¨¡®«¥¥ ç áâë¬¨ ®¡ê¥ªâ ¬¨ â¥®à¥â¨ç¥áª®£® ¨íªá¯¥à¨¬¥­â «ì­®£® ¨§ãç¥­¨ï ï¢«ïîâáï ª®àà¥«ï-æ¨®­­ë¥ ¬®¬¥­âë ¨«¨ ¯à®áâ® ª®àà¥«ïæ¨¨. �®à-à¥«ïæ¨ï ¤¢ãå á«ãç ©­ëå ¢¥«¨ç¨­, ¯®«ãç¥­­ëå¤«ï ­¥á®¢¯ ¤ îé¨å â®ç¥ª ¯à®áâà ­áâ¢ -¢à¥¬¥­¨(~xA 6= ~xB, t1 6= t2, ~xA� ~xB = ~�, t1� t2 = � ), å à ª-â¥à¨§ã¥âáï ¥¤¨­áâ¢¥­­ë¬ ­¥á«ãç ©­ë¬ áª «ïà®¬Rp(~�; � ) = p(~xA; t1) p(~xB; t2) == 1T Z T0 p(~xA; t) p(~xB; t+ � ) dt: (1)�¤­ ª® ª®àà¥«ïæ¨ï, ª ª ¬¥à  áâ â¨áâ¨ç¥áª®©á¢ï§¨, ¨¬¥¥â ®¤¨­ áãé¥áâ¢¥­­ë© ­¥¤®áâ â®ª: ®­ § ¢¨á¨â ®â  ¬¯«¨âã¤ ¨§¬¥àï¥¬ëå ¢¥«¨ç¨­. �â®-£® ­¥¤®áâ âª  «¨è¥­ ª®íää¨æ¨¥­â ª®àà¥«ïæ¨¨ �p,¯à¥¤áâ ¢«ïîé¨© á®¡®© ª®àà¥«ïæ¨®­­ë© ¬®¬¥­â,­®à¬¨à®¢ ­­ë© ¯à®¨§¢¥¤¥­¨¥¬ áâ ­¤ àâ­ëå ®â-ª«®­¥­¨© à áá¬ âà¨¢ ¥¬ëå á«ãç ©­ëå ¢¥«¨ç¨­:�p(~�; � ) = p(~xA; t1) p(~xB ; t2)�p(~xA; t1)�p(~xB ; t2) : (2)�. �. �®áª®¡®©­¨ª, �. �. �à¨­ç¥­ª®, �. �. � ª à¥­ª®¢ 11



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 2. �. 10 { 14� ç áâ­®¬ á«ãç ¥ á®¢¯ ¤ îé¨å ¬®¬¥­â®¢ ®â-áç¥â  ¨ ­¥á®¢¯ ¤ îé¨å ¯à®áâà ­áâ¢¥­­ëå â®ç¥ª­ ¡«î¤¥­¨ï (t1 = t2; ~xA 6= ~xB) ¨¬¥¥¬ ¯à®áâà ­-áâ¢¥­­ãî ª®àà¥«ïæ¨î. � ¤àã£®¬ ç áâ­®¬ á«ãç ¥(~xA = ~xB ; t1 6= t2) ¨¬¥¥¬  ¢â®ª®àà¥«ïæ¨î. �®àà¥-«ïæ¨ï á«ãç ©­®© ¢¥«¨ç¨­ë ¯à¨ á®¢¯ ¤ îé¨å ¤àã£á ¤àã£®¬ â®çª å ­ ¡«î¤¥­¨ï ¢ ¯à®áâà ­áâ¢¥ ¨ ¢®¢à¥¬¥­¨ (~xA = ~xB = ~x; t1 = t2 = t; ~� = 0; � = 0)¨ ¢ á¨«ã íà£®¤¨ç­®áâ¨ á«ãç ©­®£® ¯à®æ¥áá  à ¢­ ¤¨á¯¥àá¨¨ íâ®£® ¯à®æ¥áá :Rp(0; 0) = p2(~x; t) =< p2(~x; t) >= �2p(~x; t); (3)£¤¥ �2p(~x; t) { ¤¨á¯¥àá¨ï ¯ã«ìá æ¨© ¯à¨áâ¥­®ç­®£®¤ ¢«¥­¨ï.� ªá¨¬ «ì­®¥ §­ ç¥­¨¥  ¢â®ª®àà¥«ïæ¨®­­®©äã­ªæ¨R̈p(0; � ) = 1T Z T0 p(~x; t) p(~x; t+ � ) dt (4)¤®áâ¨£ ¥âáï ¯à¨ ­ã«¥¢®¬ ¢à¥¬¥­¨ § ¤¥à¦ª¨. �®-à¥­ì ª¢ ¤à â­ë© ¨§ íâ®© ¢¥«¨ç¨­ë ï¢«ï¥âáï áà¥¤-­¥ª¢ ¤à â¨ç­ë¬ §­ ç¥­¨¥¬ ¯ã«ìá æ¨© ¤ ¢«¥­¨ï,â® ¥áâì (p2)1=2 = [Rp(0; 0)]1=2: (5)�à¥¤­¥ª¢ ¤à â¨ç­®¥ §­ ç¥­¨¥ ¯ã«ìá æ¨© ¯à¨-áâ¥­®ç­®£® ¤ ¢«¥­¨ï ï¢«ï¥âáï ¬¥à®© ¨­â¥­á¨¢­®-áâ¨ á«ãç ©­®£® ¯à®æ¥áá , ¨¬¥îé¥£® ¬¥áâ® ¢ âãà-¡ã«¥­â­®¬ ¯®£à ­¨ç­®¬ á«®¥.�®á«¥ â®£®, ª ª �à¥©ç­ ­ [16] â¥®à¥â¨ç¥áª¨ãáâ ­®¢¨« á¢ï§ì ¬¥¦¤ã áà¥¤­¥ª¢ ¤à â¨ç­ë¬ §­ -ç¥­¨¥¬ ¯ã«ìá æ¨© ¤ ¢«¥­¨ï ¢ ®¡é¥© ¯®«®á¥ ç áâ®â¨ ­ ¯àï¦¥­¨¥¬ âà¥­¨ï ­  áâ¥­ª¥:(p2)1=2 = ��! ; (6)¬­®£¨¥ ¨áá«¥¤®¢ ­¨ï ¡ë«¨ ­ ¯à ¢«¥­ë ­  ®¯à¥¤¥-«¥­¨¥ ª®íää¨æ¨¥­â  ¯à®¯®àæ¨®­ «ì­®áâ¨ �, ­®áï-é¥£® ­ §¢ ­¨¥ ª®íää¨æ¨¥­â  �à¥©ç­ ­ . � àï¤¥íªá¯¥à¨¬¥­â «ì­ëå à ¡®â ¡ë«® ®¡­ àã¦¥­®, çâ®§­ ç¥­¨ï ª®íää¨æ¨¥­â  �à¥©ç­ ­  ¨¬¥îâ ®¯à¥¤¥-«¥­­ãî § ¢¨á¨¬®áâì ®â ç¨á«  �¥©­®«ì¤á  Rex =xU1=�. �¥§ã«ìâ âë, ¯®«ãç¥­­ë¥ �®àª®á®¬ [17],á¢¨¤¥â¥«ìáâ¢ãîâ ® â®¬, çâ® ¢ £¨¤à®¤¨­ ¬¨ç¥áª®©âàã¡¥ ®â­®è¥­¨¥ (p2)1=2=�! ã¬¥­ìè ¥âáï á ã¢¥«¨-ç¥­¨¥¬ ç¨á«  �¥©­®«ì¤á . � â® ¦¥ ¢à¥¬ï ¢«¨ï­¨¥è¥à®å®¢ â®áâ¨, ­ ®¡®à®â, á¯®á®¡áâ¢ã¥â ®¯¥à¥¦ -îé¥¬ã à®áâã (p2)1=2 ¯® áà ¢­¥­¨î á ã¢¥«¨ç¥­¨¥¬�! [18-20]. � «¨ç¨¥ ¯®¯¥à¥ç­®© ªà¨¢¨§­ë ®¡â¥ª -¥¬®£® â¥«  ¯à¨¢®¤¨â ª ã¢¥«¨ç¥­¨î ª®íää¨æ¨¥­â �à¥©ç­ ­  á ¢®§à áâ ­¨¥¬ ç¨á«  �¥©­®«ì¤á  [9,21, 22]. �¡ëç­® ¯à¨­ïâë¥ §­ ç¥­¨ï ®æ¥­¨¢ îâáïª ª 2 � (p2)1=2=�! � 4 [23] ¢ § ¢¨á¨¬®áâ¨ ®â ¨á-â®ç­¨ª  íªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå. � ­ è¨å ¨§-¬¥à¥­¨ïå ­  £¨¡ª®¬ æ¨«¨­¤à¥ ª®íää¨æ¨¥­â �à¥©-ç­ ­  ¨§¬¥­ï¥âáï ®â 2.76 ¤® 4.65 ¢ § ¢¨á¨¬®áâ¨ ®â

�¨á. 1. �®íää¨æ¨¥­â ¯à®¤®«ì­®© ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®© ª®àà¥«ïæ¨¨ ¯ã«ìá æ¨©¯à¨áâ¥­®ç­®£® ¤ ¢«¥­¨ï
�¨á. 2. �ëà®¦¤¥­¨¥ ¬ ªá¨¬ «ì­ëå §­ ç¥­¨©ª®íää¨æ¨¥­â  ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®©ª®àà¥«ïæ¨¨ç¨á«  �¥©­®«ì¤á  Rex (®â 107 ¤® 108). �â¨ ¤ ­­ë¥¯à¨­ ¤«¥¦ â ¢¥àå­¥© £à ­¨æ¥ ®¡é¥¯à¨­ïâëå §­ -ç¥­¨© �, çâ® ãª §ë¢ ¥â ­  ¯®¢ëè¥­­ãî í­¥à£®-¥¬ª®áâì âãà¡ã«¥­â­ëå ¯ã«ìá æ¨© ¯à¨áâ¥­®ç­®£®¤ ¢«¥­¨ï ­  £¨¡ª®¬ æ¨«¨­¤à¥.�  à¨á. 1 ¯à¨¢¥¤¥­  § ¢¨á¨¬®áâì ­®à¬¨à®¢ ­-­®£® ª®íää¨æ¨¥­â  ¯à®¤®«ì­®© ¢§ ¨¬­®© ª®àà¥«ï-æ¨¨, ®¯à¥¤¥«¥­­®£® ¯® § ¢¨á¨¬®áâ¨ (2), ®â ¡¥§à §-¬¥à­®£® ¯à®áâà ­áâ¢¥­­®£® à §¤¥«¥­¨ï �+ == �=�� ¨ ¡¥§à §¬¥à­®£® ¢à¥¬¥­¨ § ¤¥à¦ª¨ �+ == �U1=��, £¤¥ à §¤¥«¥­¨ï �+ á®®â¢¥âáâ¢®¢ «¨§­ ç¥­¨ï¬: 1.12; 1.67; 2.23; 5.02; 10.60; 15.63,  ¢¥«¨ç¨­  â®«é¨­ë ¢ëâ¥á­¥­¨ï ¡ë«  ¯à¨­ïâ �� = �=6:5.� «¨ç¨¥ £à¥¡­ï ¢ëá®ª®© ª®àà¥«ïæ¨¨ ¢ ¯¥à¢®¬ª¢ ¤à ­â¥ ª®®à¤¨­ â­®© á¨áâ¥¬ë �+, �+ ¯®ª §ë-¢ ¥â, çâ® ¢§ ¨¬®á¢ï§ ­­ë¥ ¤ ¢«¥­¨¥®¡à §ãîé¨¥¢¨åà¥¢ë¥ á¨áâ¥¬ë ¯¥à¥­®áïâáï ¢­¨§ ¯® ¯®â®ªã12 �. �. �®áª®¡®©­¨ª, �. �. �à¨­ç¥­ª®, �. �. � ª à¥­ª®¢



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 2001. �®¬ 3 (75), N 2. �. 10 { 14¬¥¦¤ã ¤ âç¨ª ¬¨, à á¯®«®¦¥­­ë¬¨ ­  à ááâ®ï-­¨¨ � §  ¢à¥¬ï � . �à¨ç¥¬, á ã¢¥«¨ç¥­¨¥¬ à §-¤¥«¥­¨ï ¬¥¦¤ã ¤ âç¨ª ¬¨ ­¥®¡å®¤¨¬® ¡®«¥¥ ¤«¨-â¥«ì­®¥ ¢à¥¬ï, çâ®¡ë ¢¨åà¥¢ë¥ áâàãªâãàë ¯à®-è«¨ íâ® à ááâ®ï­¨¥. �à®¬¥ â®£®, ª®£¤  � ¢®§à -áâ ¥â, ¢¨åà¨ ¯®áâ¥¯¥­­® â¥àïîâ á¢®î ¨­¤¨¢¨¤ã- «ì­®áâì,   ®âáî¤  ª®íää¨æ¨¥­â ª®àà¥«ïæ¨¨ ¨«¨¢ëá®â  £à¥¡­ï ã¡ë¢ ¥â. �®¤®¡­®¥ ã¡ë¢ ­¨¥ ª®à-à¥«ïæ¨¨ ª ª ¢ ¯à®áâà ­áâ¢¥, â ª ¨ ¢® ¢à¥¬¥­¨ ­ -¡«î¤ «®áì ¨ ¢ á«ãç ¥ ¦¥áâª®£® æ¨«¨­¤à  [8, 9],¨ ¯« áâ¨­ë [7]. �ëà®¦¤¥­¨¥ ¬ ªá¨¬ «ì­ëå §­ -ç¥­¨© ª®íää¨æ¨¥­â  ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®©ª®àà¥«ïæ¨¨ ¯®ª § ­® ­  à¨á. 2, ª ª äã­ªæ¨ï ¡¥§-à §¬¥à­®£® à §¤¥«¥­¨ï �+. �à¨¢ ï 1 á®®â¢¥â-áâ¢ã¥â íªá¯¥à¨¬¥­â «ì­ë¬ ¤ ­­ë¬, ¯®«ãç¥­­ë¬­  £¨¡ª®¬ æ¨«¨­¤à¥ (�=a = 3, £¤¥ a - à ¤¨ãá æ¨-«¨­¤à ) ¢ ç áâ®â­®¬ ¤¨ ¯ §®­¥ 0:290 � !+ �6:096, ªà¨¢ ï 2 ¯®«ãç¥­  ­  ¦¥áâª¨å æ¨«¨­¤à åá �=a = 2 ¨ 4, ¯à¨ 0:144 � !+ � 28:800 ¨0:292 � !+ � 5:844, á®®â¢¥âáâ¢¥­­® [8, 9] ¨ ªà¨¢ ï3 ¯à¥¤áâ ¢«ï¥â à¥§ã«ìâ âë ¤«ï ¯«®áª®© ¯« áâ¨­ë[7] ¢ ¨­â¥à¢ «¥ ç áâ®â 0:410 � !+ � 6:800. �ª®-à®áâì ¢ëà®¦¤¥­¨ï ¬ ªá¨¬ «ì­ëå §­ ç¥­¨© ª®íä-ä¨æ¨¥­â  ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®© ª®àà¥«ïæ¨¨­  £¨¡ª®¬ æ¨«¨­¤à¥ ®ª §ë¢ ¥âáï ­¥ â ª®© ¡®«ì-è®©, ª ª ­  ¦¥áâª®¬ æ¨«¨­¤à¥, å®âï ï¢«ï¥âáï ¢ë-è¥, ç¥¬ ­  ¯« áâ¨­¥. � ª, ¢ ¯«®áª®¬ ¯®£à ­¨ç­®¬á«®¥ ¬ ªá¨¬ «ì­®¥ §­ ç¥­¨¥ �p = 0:1 ­ ¡«î¤ ¥â-áï ¯à¨ �+ ' 22, ¢ ®á¥á¨¬¬¥âà¨ç­®¬ ¯®£à ­¨ç­®¬á«®¥ ­  ¦¥áâª®¬ æ¨«¨­¤à¥ (�=a = 2 ¨ 4) �+ ' 10,  ­  £¨¡ª®¬ �+ ' 15. �à¨ ®¤­®¬ ¨ â®¬ ¦¥ à §-¤¥«¥­¨¨ ¬¥¦¤ã ¤ âç¨ª ¬¨ ¯ã«ìá æ¨© ¤ ¢«¥­¨ï ¨ ¢®â­®á¨â¥«ì­® ®¤¨­ ª®¢ëå ç áâ®â­ëå ¯®«®á å ª®à-à¥«ïæ¨®­­®£®  ­ «¨§  ¯à®¤®«ì­ ï ª®àà¥«ïæ¨ï ­ £¨¡ª®¬ æ¨«¨­¤à¥ ¢ëè¥, ç¥¬ ­  ¦¥áâª®¬. � ª ãª -§ ­® ¢ à ¡®â å [10, 11], íâ® ®¡ãá«®¢«¥­® á¬¥é¥­¨-¥¬ í­¥à£¥â¨ª¨ âãà¡ã«¥­â­ëå ¯ã«ìá æ¨© ¤ ¢«¥­¨ï¢ ®¡« áâì ­¨§ª¨å ç áâ®â ¯à¨ ®¡â¥ª ­¨¨ £¨¡ª®£®æ¨«¨­¤à .�¨à®ª®¯®«®á­ë© ª®àà¥«ïæ¨®­­ë©  ­ «¨§ ¤ ¥â¢®§¬®¦­®áâì ª ç¥áâ¢¥­­® ®æ¥­¨âì ¢à¥¬ï "¦¨§­¨"¢¨åà¥¢ëå ¤ ¢«¥­¨¥®¡à §ãîé¨å áâàãªâãà ¢ ¯®£à -­¨ç­®¬ á«®¥, à §¢¨â®¬ ­  ¨áá«¥¤ã¥¬®© ¬®¤¥«¨.� ª, à¨á. 3 ¯®§¢®«ï¥â áã¤¨âì ® áâ¥¯¥­¨ § âã-å ­¨ï ¬ ªá¨¬ «ì­ëå §­ ç¥­¨© ª®íää¨æ¨¥­â  ¢§ -¨¬­®© ª®àà¥«ïæ¨¨ ®â ¡¥§à §¬¥à­®£® ¢à¥¬¥­¨ § -¤¥à¦ª¨ ¤«ï à §«¨ç­ëå ç áâ®â­ëå ¯®«®á. �à¨-¢ ï 1 ¯®«ãç¥­  ¢ ®¡« áâ¨ ç áâ®â 0:143 � !+ �0:465, ªà¨¢ ï 2 { 0:143 � !+ � 3:003, ªà¨¢ ï 3 {0:290 � !+ � 6:096. �à¨ ã¢¥«¨ç¥­¨¨ ç áâ®â­®£®¤¨ ¯ §®­  â¥¬¯ § âãå ­¨ï ¬ ªá¨¬ «ì­ëå §­ ç¥-­¨© ª®íää¨æ¨¥­â  ¢§ ¨¬­®© ª®àà¥«ïæ¨¨ ¢®§à áâ -¥â. �â® ãª §ë¢ ¥â ­  â®, çâ® ¬¥«ª®¬ áèâ ¡­ë¥¢¨åà¥¢ë¥ áâàãªâãàë, ®¡ãá« ¢«¨¢ îé¨¥ ¢ëá®ª®ç -

�¨á. 3. �â¥¯¥­ì § âãå ­¨ï ¬ ªá¨¬ «ì­ëå §­ ç¥­¨©ª®íää¨æ¨¥­â  ¯à®áâà ­áâ¢¥­­®-¢à¥¬¥­­®©ª®àà¥«ïæ¨¨ ¤«ï à §«¨ç­ëå ç áâ®â­ëå ¯®«®á ­ «¨§ áâ®â­ë¥ ª®¬¯®­¥­âë âãà¡ã«¥­â­®£® ¯®£à ­¨ç­®£®á«®ï, ¨¬¥îâ ¬¥­ìè¥¥ ¢à¥¬ï "¦¨§­¨", ç¥¬ ­¨§ª®-ç áâ®â­ë¥ ªàã¯­®¬ áèâ ¡­ë¥ áâàãªâãàë. �®à-¬ë ¯¨ª®¢ëå §­ ç¥­¨© ª®íää¨æ¨¥­â®¢ ª®àà¥«ïæ¨©(¯®ª § ­­ë¥ èâà¨å®¢ë¬¨ «¨­¨ï¬¨) ¯®¤â¢¥à¦¤ -îâ ­ «¨ç¨¥ ¬¥«ª®¬ áèâ ¡­ëå áâàãªâãà ¢ ª®àà¥-«ïæ¨ïå, ¨§¬¥à¥­­ëå ¢ ¯®«®á¥ ç áâ®â ¤® ! ��=U1 =6:096, çâ® ¯à®ï¢«ï¥âáï ¢ ®áâà®ª®­¥ç­®áâ¨ ¯¨ª®¢.� ®¡®à®â, ª®àà¥«ïæ¨ï ¢ ­¨§ª®ç áâ®â­®¬ ¤¨ ¯ -§®­¥, £« ¢­ë¬ ®¡à §®¬, ®¡ãá«®¢«¥­  ªàã¯­®¬ á-èâ ¡­ë¬¨ ¢¨åà¥¢ë¬¨ áâàãªâãà ¬¨ (¯¨ª¨ á£« ¦¥-­ë). �®¤®¡­®¥ ¯®¢¥¤¥­¨¥ ¤ ¢«¥­¨¥®¡à §ãîé¨å ª®-£¥à¥­â­ëå ¢¨åà¥¢ëå áâàãªâãà ¢ à §¢¨âëå âãà¡ã-«¥­â­ëå ¯®£à ­¨ç­ëå á«®ïå ­ ¡«î¤ «®áì â ª¦¥ ¢àï¤¥ ¨áá«¥¤®¢ ­¨© [24-27].�����������§ ¯à¨¢¥¤¥­­ëå ¢ëè¥ à¥§ã«ìâ â®¢ ¬®¦­® á¤¥-« âì á«¥¤ãîé¨¥ ¢ë¢®¤ë. �ã«ìá æ¨¨ ¯à¨áâ¥­®ç-­®£® ¤ ¢«¥­¨ï âãà¡ã«¥­â­®£® ¯®£à ­¨ç­®£® á«®ï,®¡à §®¢ ­­®£® ¯à¨ ¯à®¤®«ì­®¬ ®¡â¥ª ­¨¨ £¨¡ª®-£® ¯à®âï¦¥­­®£® æ¨«¨­¤à , ï¢«ïïáì á«ãç ©­ë¬¨¢¥«¨ç¨­ ¬¨ ¢ ¯à®áâà ­áâ¢¥ ¨ ¢® ¢à¥¬¥­¨, ¯®¤ç¨-­ïîâáï ­®à¬ «ì­®¬ã § ª®­ã à á¯à¥¤¥«¥­¨ï ¢¥à®-ïâ­®áâ¥© âãà¡ã«¥­â­ëå ¯ã«ìá æ¨© ¨ ãá«®¢¨ï¬ íà-£®¤¨ç­®áâ¨ á«ãç ©­®£® ¯à®æ¥áá . �­â¥­á¨¢­®áâì¯ã«ìá æ¨© ¤ ¢«¥­¨ï ­  £¨¡ª®¬ ¯à®âï¦¥­­®¬ æ¨-«¨­¤à¥ ¢ëè¥, ç¥¬ ­  ¯« áâ¨­¥ ¨ ­  ¦¥áâª®¬ æ¨-«¨­¤à¥ ¨ ª®íää¨æ¨¥­â �à¥©ç­ ­  ¢ ­ è¨å ¨áá«¥-¤®¢ ­¨ïå ¨§¬¥­ï«áï ®â 2.76 ¤® 4.65 ¢ § ¢¨á¨¬®áâ¨®â ç¨á«  �¥©­®«ì¤á  (®â 107 ¤® 108). � âãà¡ã-«¥­â­®¬ ¯®£à ­¨ç­®¬ á«®¥, ®¡à §®¢ ­­®¬ ¯à¨ ¯à®-¤®«ì­®¬ ®¡â¥ª ­¨¨ £¨¡ª®£® ¯à®âï¦¥­­®£® æ¨«¨­-¤à , áãé¥áâ¢ãîâ ª®àà¥«¨à®¢ ­­ë¥ ¢¨åà¥¢ë¥ á¨-áâ¥¬ë. �à¨ íâ®¬ íâ¨ ¤ ¢«¥­¨¥®¡à §ãîé¨¥ ¢¨åà¥-¢ë¥ áâàãªâãàë ¯¥à¥­®áïâáï ¢­¨§ ¯® ¯®â®ªã ¢¤®«ì�. �. �®áª®¡®©­¨ª, �. �. �à¨­ç¥­ª®, �. �. � ª à¥­ª®¢ 13
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