
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 2. �. 25 { 31��� 532.516:532.542�������� ���������� ������� ��������� ��������� ������������� �������������� ����������� ���������. �. ���������®¢¥áª¨© £®áã¤ àáâ¢¥ë© £ã¬ ¨â àë© ã¨¢¥àá¨â¥â, �®¢®�®«ãç¥® 10.11.2000� áá¬®âà¥ à¥¦¨¬ë© £¨áâ¥à¥§¨á ãáâ ®¢¨¢è¥£®áï â¥ç¥¨ï ¦¨¤ª®áâ¨, ç áâ¨ç® § ¯®«ïîé¥© £®à¨§®â «ìë©áâ æ¨® à® ¢à é îé¨©áï æ¨«¨¤à. �ää¥ªâ § ª«îç ¥âáï ¢ ¯à¥¢ëè¥¨¨ ¢¥«¨ç¨ë áª®à®áâ¨ ¢à é¥¨ï æ¨«¨¤à ¯à¨ ¯¥à¥å®¤¥ æ¨àªã«ïæ¨®®£® à¥¦¨¬  â¥ç¥¨ï ¢ à¥¦¨¬ ¯à¨áâ¥®£® á«®ï, ¢® ¢à¥¬ï à §£®  æ¨«¨¤à ,  ¤ ¢¥-«¨ç¨®© áª®à®áâ¨ ¯à¨ ®¡à â®¬ ¯¥à¥å®¤¥, ¢® ¢à¥¬ï â®à¬®¦¥¨ï. �̈ áâ¥à¥§¨á ¯à®ï¢«ï¥âáï ¯à¨ ¡®«ìè¨å ç¨á« å�¥©®«ì¤á , ¥  ¡«î¤ ¥âáï ¯à¨ ¬ «ëå ¨ ãá¨«¨¢ ¥âáï á ã¢¥«¨ç¥¨¥¬ áâ¥¯¥¨ § ¯®«¥¨ï æ¨«¨¤à  ¦¨¤ª®áâìî.�®ª § ®, çâ® ¯®«ãç¥ë¥   «¨â¨ç¥áª¨¥ ãá«®¢¨ï ãáâ®©ç¨¢®áâ¨ ¯à¨áâ¥®£® á«®ï ¦¨¤ª®áâ¨ ®â¢¥ç îâ íªá¯¥à¨¬¥-â «ìë¬ ¤ ë¬ ¤«ï á«ãç ï ¡®«ìè¨å ç¨á¥« �¥©®«ì¤á , ¯à¨ ¢®§¨ª®¢¥¨¨ ¢®§¬ãé¥¨© á¢®¡®¤®© ¯®¢¥àå®áâ¨,¨ ¥ ®â¢¥ç îâ ¤«ï á«ãç ï ¬ «ëå, ¯à¨ ®¡à §®¢ ¨¨ ¢â®à¨çëå æ¨àªã«ïæ¨®ëå â¥ç¥¨© ¢ ¢¨¤¥ ¢ «¨ª . �  ®á®¢¥¥ªá¯¥à¨¬¥â «ìëå ¤ ëå á ãç¥â®¬ ¯à¨ïâëå ªà¨â¥à¨¥¢ ¯®¤®¡¨ï ¯®«ãç¥ë ã¨¢¥àá «ìë¥ ¤¨ £à ¬¬ë, ª®â®àë¥¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ë ¤«ï ¡®«¥¥ â®ç®£® ®¯à¥¤¥«¥¨ï £à ¨æ ¯¥à¥å®¤ à¥¦¨¬®¢ â¥ç¥¨ï.�®§£«ïãâ® à¥¦¨¬¨© £iáâ¥à¥§¨á ãáâ «¥®ù â¥çiù ài¤¨¨, é® ç áâª®¢® § ¯®¢îõ £®à¨§®â «ì¨© áâ æi® à® ®¡¥à-â®¢¨© æ¨«i¤à. �ä¥ªâ ¯®«ï£ õ ã ¯¥à¥¢¨é¥i ¢¥«¨ç¨¨ è¢¨¤ª®áâi ®¡¥àâ ï æ¨«i¤à  ¯à¨ ¯¥à¥å®¤i æ¨àªã«ïæi©®£®à¥¦¨¬ã â¥çiù ¢ à¥¦¨¬ ¯à¨áâi®£® è àã, ¯i¤ ç á à®§£®ã æ¨«i¤à ,  ¤ ¢¥«¨ç¨®î è¢¨¤ª®áâi ¯à¨ §¢®à®âì®¬ã¯¥à¥å®¤i, ¯i¤ ç á £ «ì¬ã¢ ï. �iáâ¥à¥§¨á ¯à®ï¢«ïõâìáï ¯à¨ ¢¥«¨ª¨å ç¨á« å �¥©®«ì¤á , ¥ á¯®áâ¥ài£ õâìáï ¯à¨¬ «¨å â  ¯®á¨«îõâìáï i§ §¡i«ìè¥ï¬ áâã¯¥ï § ¯®¢¥ï æ¨«i¤à  ài¤¨®î. �®ª § ®, é® ®¤¥à¦ i   «iâ¨çiã¬®¢¨ áâi©ª®áâi ¯à¨áâi®£® è àã ài¤¨¨ ¢i¤¯®¢i¤ îâì ¥ªá¯¥à¨¬¥â «ì¨¬ ¤ ¨¬ ¤«ï ¢¨¯ ¤ªã ¢¥«¨ª¨å ç¨á¥« �¥©-®«ì¤á , ¯à¨ ¢¨¨ª¥i §¡ãà¥ì ¢i«ì®ù ¯®¢¥àåi, â  ¥ ¢i¤¯®¢i¤ îâì ¤«ï ¢¨¯ ¤ªã ¬ «¨å, ¯à¨ ãâ¢®à¥i ¢â®à¨¨åæ¨àªã«ïæi©¨å â¥çi© ã ¢¨£«ï¤i ¢ «¨ª . �  ¯i¤áâ ¢i ¥ªá¯¥à¨¬¥â «ì¨å ¤ ¨å § ãà åã¢ ï¬ ¯à¨©ïâ¨å ªà¨â¥àiù¢¯®¤i¡®áâi ®¤¥à¦ ® ãi¢¥àá «ìi ¤i £à ¬¨, ïªi ¬®¦ãâì ¡ãâ¨ ¢¨ª®à¨áâ i ¤«ï ¡i«ìè â®ç®£® ¢¨§ ç¥ï ¬¥¦ ¯¥à¥-å®¤ã à¥¦¨¬i¢ â¥çiù.The regime hysteresis of steady ow of liquid, which �lls steady-state rotating, horizontal cylinder partly full, is examined.The e�ect consists in excess of a value of angular velocity of cylinder in going from circulating ow to wall layer ow,when bring up a cylinder to speed, over a value of it's veloáity in reverse going, when slow it down. The hysteresis showsup when the Reynolds numbers are large, it can not be observed when the numbers are small and it gains in strengthwhen a state of cylinder's fullness with liquid increases. It is disclosed that the obtained analytical steady conditions of awall layer are in agreement with experimental data as a result of large values of the Reynolds numbers, when disturbanceof free surface arises, and they aren't in agreement as a result of small values of the numbers, when circulating secondaryow springs up as a roller.On the basis of experimental data with consideration for accepted similarity criterions theuniversal diagrams, which can be used in the more exact calculations of the change boundary of regimes, are ploted.��������� ¤ ç  ®¯à¥¤¥«¥¨ï à¥¦¨¬®¢ â¥ç¥¨ï ¦¨¤ª®áâ¨,ç áâ¨ç® § ¯®«ïîé¥© æ¨«¨¤à, ¢à é îé¨©áï¢®ªàã£ á®¡áâ¢¥®© £®à¨§®â «ì®© ®á¨, ¨¬¥¥â áã-é¥áâ¢¥®¥ ¯à¨ª« ¤®¥ § ç¥¨¥. � ¨¡®«¥¥ à -ïï ¨§ ¨§¢¥áâëå ¯®¯ëâ®ª à¥è¥¨ï § ¤ ç¨ ¤¢ã-¬¥à®£® ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ ¢ ¯®«®áâ¨ â¢¥à¤®£®â¥« , ¢à é îé¥£®áï ¢®ªàã£ £®à¨§®â «ì®© ®á¨,®â®á¨âáï ª âà¨¤æ âë¬ £®¤ ¬ XIX áâ®«¥â¨ï ¨¯à¨ ¤«¥¦¨â äà æã§áª®¬ã ¬ â¥¬ â¨ªã �®á¥«¥[1]. �¦¥ â®£¤  ¯à¨ áâ æ¨® à®¬ â¥ç¥¨¨ ¦¨¤ª®-áâ¨ ¯à¥¤ãá¬ âà¨¢ «®áì ®â®á¨â¥«ì®¥ ¤¢¨¦¥¨¥,®¡ãá«®¢«¥®¥ £à ¢¨â æ¨®ë¬¨ á¨« ¬¨. �®à¨-§®â «ìë© ¢à é îé¨©áï æ¨«¨¤à á ¦¨¤ª®áâìî¬®¦¥â ¡ëâì ®â¥á¥ ª á¨áâ¥¬ ¬ £¨¤à®¤¨ ¬¨ç¥-áª®£® â¨¯ , ¨â¥à¥á ª ª®â®àë¬ §  ¯®á«¥¤¥¥ ¢à¥-¬ï § ç¨â¥«ì® ¢ëà®á [2]. �á®¡®¥ § ç¥¨¥ ¨¬¥îâ
ãá«®¢¨ï ¢®§¨ª®¢¥¨ï ¨ ¯¥à¥å®¤  à¥¦¨¬®¢ ¤¢¨¦¥-¨ï ¦¨¤ª®áâ¨.�à¨ ¢ëá®ª¨å áª®à®áâïå ¢à é¥¨ï æ¨«¨¤à  ¢®§-¨ª ¥â à¥¦¨¬ â¥ç¥¨ï ¢ ¢¨¤¥ ¬ «®¯®¤¢¨¦®£®¯à¨áâ¥®£® á«®ï ¦¨¤ª®áâ¨ á ª¢ §¨ª®«ìæ¥¢ë¬ ¯®-¯¥à¥çë¬ á¥ç¥¨¥¬. � [3] ¯à¥¤¯à¨ïâ  ¯®¯ëâª   «¨â¨ç¥áª®£® ®¯à¥¤¥«¥¨ï ä®à¬ë á¢®¡®¤®© ¯®-¢¥àå®áâ¨ ¨ ãá«®¢¨© áãé¥áâ¢®¢ ¨ï â®ª®£® ¯à¨-áâ¥®£® á«®ï ¦¨¤ª®áâ¨ ¢® ¢à é îé¥¬áï æ¨«¨-¤à¥. � [4] ¯à¨¢®¤¨âáï ªà¨â¨ª  ¬¥â®¤  à ¡®âë [3]¨ ¯®¯ëâª  ¡®«¥¥ áâà®£®£® à¥è¥¨ï íâ®© § ¤ ç¨.� ¤ ç  ®¯à¥¤¥«¥¨ï áª®à®áâëå à¥¦¨¬®¢ ¤¢¨¦¥-¨ï á«®ï ¨¤¥ «ì®© ¦¨¤ª®áâ¨ ¯à®¨§¢®«ì®© â®«-é¨ë   «¨â¨ç¥áª¨ ¡ë«  à áá¬®âà¥  ¢ [5]. �®-â¥àï ãáâ®©ç¨¢®áâ¨ ¤¢¨¦¥¨ï á¢®¡®¤®© ¯®¢¥àå®-áâ¨ á«®ï ¢ï§ª®© ¦¨¤ª®áâ¨, ¢ § ç¨â¥«ì®© áâ¥¯¥-¨ § ¯®«ïîé¥© ¢à é îé¨©áï æ¨«¨¤à, á ãç¥â®¬£à ¢¨â æ¨®ëå á¨«   «¨â¨ç¥áª¨ ¨áá«¥¤®¢ « áì¢ [6]. � ¤ ç  ®¯à¥¤¥«¥¨ï ¯®«®¦¥¨ï ¯®¢¥àå®áâ¨c�. �. � ã¬¥ª®, 2001 25



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 2. �. 25 { 31â®ª®£® á«®ï ¦¨¤ª®áâ¨ á ¨á¯®«ì§®¢ ¨¥¬ â¥®à¨¨¯®£à ¨ç®£® á«®ï ç¨á«¥® á íªá¯¥à¨¬¥â «ì®©¯à®¢¥àª®© à¥è « áì ¢ [7]. � «®£¨ç ï § ¤ ç  ¤«ï¯à®¨§¢®«ì®£® á«®ï   ®á®¢ ¨¨ â¥®à¨¨ ¯®£à -¨ç®£® á«®ï   «¨â¨ç¥áª¨ à¥è « áì ¢ [8]. � [9]¯®«ãç¥ë ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï ¯«®áª¨å à¥¦¨-¬®¢ â¥ç¥¨ï ¯à¨áâ¥®£® á«®ï ¢ï§ª®© ¦¨¤ª®áâ¨.�¥áãé¥áâ¢®¢ ¨¥ íâ¨å à¥¦¨¬®¢ ¬®¦¥â ï¢«ïâìáï¯à¨ç¨®© ¢â®à¨çëå âà¥å¬¥àëå â¥ç¥¨© [5, 10-16].�à¨ ¨§ª¨å áª®à®áâïå ¢à é¥¨ï æ¨«¨¤à  ¢¨¦¥© ç áâ¨ ¯®«®áâ¨ ¢®§¨ª ¥â æ¨àªã«ïæ¨®-ë© à¥¦¨¬ â¥ç¥¨ï á ¨â¥á¨¢ë¬ ®â®á¨â¥«ì-ë¬ ¤¢¨¦¥¨¥¬ ¨ § ç¨â¥«ì®© ¤¥ä®à¬ æ¨¥© á¢®-¡®¤®© ¯®¢¥àå®áâ¨ ¦¨¤ª®áâ¨. �®¤¥«¨à®¢ ¨¥â ª®£® à¥¦¨¬  ¤¢¨¦¥¨ï áãé¥áâ¢¥® ãá«®¦¥-® ¯® áà ¢¥¨î á ®¯¨á ¨¥¬ à¥¦¨¬  ¯à¨áâ¥®-£® á«®ï. �ªá¯¥à¨¬¥â «ìë¥ ¨ â¥®à¥â¨ç¥áª¨¥ ¨á-á«¥¤®¢ ¨ï ¯®«®¦¥¨ï á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¯à¨æ¨àªã«ïæ¨®®¬ à¥¦¨¬¥ ¤«ï ¡®«ìè®© áâ¥¯¥¨ § -¯®«¥¨ï æ¨«¨¤à  ¯à¥¤áâ ¢«¥ë ¢ [16] ¨ ¤«ï ¢ë-á®ª®© ¢ï§ª®áâ¨ ¦¨¤ª®áâ¨ ¢ [17]. � [18] íªá¯¥à¨¬¥-â «ì® ¨áá«¥¤ã¥âáï ¢«¨ï¨¥ ¢ï§ª®áâ¨   æ¨àªã«ï-æ¨®®¥ â¥ç¥¨¥ ¦¨¤ª®áâ¨, § ¯®«ïîé¥© £®à¨§®-â «ìë© ¢à é îé¨©áï æ¨«¨¤à ¡®«¥¥ ç¥¬  ¯®-«®¢¨ã. �ªá¯¥à¨¬¥â «ìë¥ ¨ â¥®à¥â¨ç¥áª¨¥ ¨á-á«¥¤®¢ ¨ï â¥ç¥¨ï ¦¨¤ª®áâ¨, ç áâ¨ç® § ¯®«ï-îé¥© æ¨«¨¤à¨ç¥áªãî ¥¬ª®áâì, áª âë¢ éãîáï ¯® ª«®®© ¯«®áª®áâ¨, ®¯¨á ë ¢ [19].
�¨á. 1. � áç¥â ï áå¥¬  â¥ç¥¨ï ¢ à¥¦¨¬¥¯à¨áâ¥®£® á«®ï�ªá¯¥à¨¬¥â «ìë©   «¨§ ®¡®¨å à¥¦¨¬®¢ ¤¢¨-¦¥¨ï ¦¨¤ª®áâ¨ ¯à¨ ¬ «®© áâ¥¯¥¨ § ¯®«¥¨ï¯®«®áâ¨ æ¨«¨¤à  ¯à¨¢¥¤¥ ¢ [20-22]. � [23] ®¯¨á -ë å à ªâ¥àë¥ à¥¦¨¬ë â¥ç¥¨ï ¦¨¤ª®áâ¨ á ãç¥-â®¬ ¢®§¬ãé¥¨© ¨ ¯à¥¤¯à¨ïâ  ¯®¯ëâª  ®¡®¡é¥-¨ï ¨ íªáâà ¯®«ïæ¨¨ à¥§ã«ìâ â®¢ ¢ ¢¨¤¥ ¤¢ãå¯ -

à ¬¥âà¨ç¥áª®© ¤¨ £à ¬¬ë. �¡à §®¢ ¨¥ ¨ à §àã-è¥¨¥ à¥¦¨¬®¢ â¥ç¥¨ï ¦¨¤ª®áâ¨ ¯à¨ ¨å ¯¥à¥å®¤¥á®¯à®¢®¦¤ ¥âáï ¢®§¨ª®¢¥¨¥¬ ï¢«¥¨ï à¥¦¨¬-®£® £¨áâ¥à¥§¨á  { ¯à¥¢ëè¥¨ï ¢¥«¨ç¨ë áª®à®-áâ¨ áâ æ¨® à®£® ¢à é¥¨ï æ¨«¨¤à  ¯à¨ ¯¥à¥-å®¤¥ ãáâ ®¢¨¢è¥£®áï æ¨àªã«ïæ¨®®£® à¥¦¨¬  ¢à¥¦¨¬ ¯à¨áâ¥®£® á«®ï ¢® ¢à¥¬ï à §£® ,  ¤ ¢¥-«¨ç¨®© áª®à®áâ¨ ¯à¨ ®¡à â®¬ ¯¥à¥å®¤¥ à¥¦¨¬®¢¢® ¢à¥¬ï â®à¬®¦¥¨ï. �¥à¢®¥ ¨§¢¥áâ®¥ ã¯®¬¨- ¨¥ ® à¥£¨áâà æ¨¨ íää¥ªâ  à¥¦¨¬®£® £¨áâ¥à¥-§¨á  ¡ë«® á¤¥« ® ¢ à ¡®â¥ [24]. � «¨§ íªá¯¥-à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨© £¨áâ¥à¥§¨á  ¯à¥¤áâ -¢«¥ ¢ [20-22]. � [7] à¥§ã«ìâ âë â¥®à¥â¨ç¥áª¨å ¨íªá¯¥à¨¬¥â «ìëå ¨áá«¥¤®¢ ¨© ï¢«¥¨ï á¢¥¤¥ë¢ ®¡®¡é îéãî ¤¨ £à ¬¬ã.1. ������������ ����������� ����� à ¡®â¥ [25] ¡ë«¨   «¨â¨ç¥áª¨ ®¯à¥¤¥«¥ëãá«®¢¨ï ãáâ®©ç¨¢®áâ¨ ¤¢¨¦¥¨ï ¯à¨áâ¥®£® á«®ï¦¨¤ª®áâ¨ ¢ £®à¨§®â «ì®¬ ¢à é îé¥¬áï æ¨«¨-¤à¥ (à¨á. 1). �®åà ï« áì ¯®áâ ®¢ª  § ¤ ç¨ [5],® ¦¨¤ª®áâì áç¨â « áì ¢ï§ª®©. �ë«® ¯®«ãç¥®¯à¨¡«¨¦¥®¥ ãá«®¢¨¥ ãáâ®©ç¨¢®áâ¨ áâ æ¨® à®-£® ¤¢¨¦¥¨ï á«®ï:Fr > cos'�c (h(�� 1)�c� � (� � 1)�c�i�� 1c2Retg'� � 1!)(h(�� 1)c���(� � 1)c�i 1c2Retg'� � 1!� �c� � c��); (1)£¤¥ � = �a�pa2 � b; � = �a +pa2 � b;a = c2Retg'� + tg 2'�c2Retg'� + tg 2'� � 1 ;b = 1c2Retg'� + tg 2'� � 1;c = p1� �;Re = !R2=�; (2)Fr = !2R=g; (3)� = V=(�R2L); (4)26 �. �. � ã¬¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 2. �. 25 { 31Re { ç¨á«® �¥©®«ì¤á ; Fr { ç¨á«® �àã¤ ; �{ áâ¥¯¥ì § ¯®«¥¨ï æ¨«¨¤à  ¦¨¤ª®áâìî; c {®â®è¥¨¥ à ¤¨ãá  á¢®¡®¤®© ¯®¢¥àå®áâ¨ à ¢®-¬¥à®£® ¯à¨áâ¥®£® á«®ï ¦¨¤ª®áâ¨ r0 ª à ¤¨ã-áã æ¨«¨¤à  R(c = r0=R); ! { ã£«®¢ ï áª®à®áâìæ¨«¨¤à ; � { ª®íä¨æ¨¥â ª¨¥¬ â¨ç¥áª®© ¢ï§ª®-áâ¨ ¦¨¤ª®áâ¨; g { £à ¢¨â æ¨®®¥ ãáª®à¥¨¥; V {®¡ê¥¬ ¦¨¤ª®áâ¨ ¢ æ¨«¨¤à¥; L { ¤«¨  æ¨«¨¤à ;'� { ã£®«, á®®â¢¥âáâ¢ãîé¨© ¬¥áâã ¢®§¨ª®¢¥¨ïà §àãè¥¨ï á«®ï ¦¨¤ª®áâ¨   á¢®¡®¤®© ¯®¢¥àå-®áâ¨. � ¢¥àå¥© ãâ®«é¥®© ç áâ¨ ¯à¨áâ¥®-£® á«®ï £à ¢¨â æ¨®ë¥ ¨ æ¥âà®¡¥¦ë¥ á¨«ë  -¯à ¢«¥ë ¯à®â¨¢®¯®«®¦® ¨ ¥®¡å®¤¨¬ë¬ ãá«®¢¨-¥¬ ãáâ®©ç¨¢®áâ¨ áâ æ¨® à® ¢®§¬ãé¥®£® ¤¢¨-¦¥¨ï á«®ï ¦¨¤ª®áâ¨ ï¢«ï¥âáï ¯®«®¦¨â¥«ì®¥ § -ç¥¨¥ à ¤¨ «ì®£® £à ¤¨¥â  ¤ ¢«¥¨ï [5]. �®-£« á® ç¨á«¥ë¬ ¨ íªá¯¥à¨¬¥â «ìë¬ ¤ ë¬[7, 8] ¢á«¥¤áâ¢¨¥ ¥ª®â®à®£® ®âáâ ¢ ¨ï á¢®¡®¤-®© ¯®¢¥àå®áâ¨ ®â â¢¥à¤®© áâ¥ª¨ ¢à é îé¥£®áïæ¨«¨¤à  à §àãè¥¨¥ á«®ï ¢ï§ª®© ¦¨¤ª®áâ¨ ¢®§-¨ª ¥â ¢ ¢¥àå¥© ¯à ¢®© ç áâ¨ ¥£® á¥ç¥¨ï ¯à¨�=2 < '� < � (à¨á. 1). �  ®á®¢ ¨¨ ¤ ëå[7] ¨ ¯®«ãç¥ëå íªá¯¥à¨¬¥â «ìëå à¥§ã«ìâ â®¢§ ¢¨á¨¬®áâì ¤«ï ã£«  '� á  ¨¡®«ìè¨¬ ãâ®«é¥-¨¥¬ ¯à¨áâ¥®£® á«®ï, á®®â¢¥âáâ¢ãîé¥£® ¬¨¨-¬ «ì®¬ã § ç¥¨î à ¤¨ «ì®£® £à ¤¨¥â  ¤ ¢«¥-¨ï   á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¦¨¤ª®áâ¨, ¯à¨¡«¨-¦¥® ¡ë«® ¯à¥¤áâ ¢«¥® ¢ ¢¨¤¥'� = arctg ��0:009c�1:5�+ �:�à¨ � ! 0 (¨¤¥ «ì ï ¦¨¤ª®áâì), Re!1, ãá«®-¢¨¥ (1) ¢ëà®¦¤ ¥âáï ¢ ãá«®¢¨¥, ¯®«ãç¥®¥ ¢ [5]:Fr > 3=c:�á«¨ ¦¥ � ! 1 (  ¡á®«îâ® ¢ï§ª ï ¦¨¤ª®áâì),Re! 0, â® ãá«®¢¨¥ (1) ¯à¨¨¬ ¥â ¢¨¤Fr > 1=c:2. ������������ ������������«ï ®¯à¥¤¥«¥¨ï £à ¨æ ¯¥à¥å®¤  à¥¦¨¬®¢ â¥-ç¥¨ï ¦¨¤ª®áâ¨ ¢ £®à¨§®â «ì®¬ ¢à é îé¥¬áïæ¨«¨¤à¥ ¡ë«  ¢ë¯®«¥  á¥à¨ï íªá¯¥à¨¬¥â®¢.�áá«¥¤®¢ ¨ï ¯à®¢®¤¨«¨áì   ãáâ ®¢ª¥, ®¡®àã¤®-¢ ®© ¤¥¢ïâìî á¬¥ë¬¨ ¡ à ¡  ¬¨ á ¯à®§à ç-®© â®àæ¥¢®© áâ¥ª®© (R = 0.01325 { 0.212 ¬.) �ª ç¥áâ¢¥ à ¡®ç¨å ¦¨¤ª®áâ¥© ¨á¯®«ì§®¢ «¨áì ¢®-¤ , ¢¥à¥â¥®¥ ¨ ª áâ®à®¢®¥ ¬ á«® (� = 10�6 ��10�3¬2=á). Câ¥¯¥ì § ¯®«¥¨ï � ¨§¬¥ï« áì ¢¯à¥¤¥« å 0.1 { 0.95.

�§¬¥àï«¨áì ã£«®¢ë¥ áª®à®áâ¨ áâ æ¨® à®£®¢à é¥¨ï ¡ à ¡   ¯à¨ ®¡à §®¢ ¨¨ ¨ à §àãè¥-¨¨ ¯à¨áâ¥®£® á«®ï ¢ ãáâ ®¢¨¢è¥¬áï ¤¢¨¦¥¨¨á®®â¢¥âáâ¢¥® ¯à¨ ¯« ¢®¬ à §£®¥ ¨ â®à¬®¦¥-¨¨. �®«ãç¥® ®ª®«® 500 â®ç¥ª. �ªá¯¥à¨¬¥â «ì-ë¥ ¤ ë¥ ¯à¨ � = 0.1 ¡ë«¨ ¡«¨§ª¨ ª à¥§ã«ìâ -â ¬ [7, 20-22].�à®¬¥ â®£®, ¡ë«¨ ¯à®¢¥¤¥ë íªá¯¥à¨¬¥â «ì-ë¥ ¨áá«¥¤®¢ ¨ï ¯® ®¯à¥¤¥«¥¨î ¬®¬¥â  á®¯à®-â¨¢«¥¨ï ¦¨¤ª®áâ¨ ¢à é¥¨î æ¨«¨¤à . �áâ ®¢-ª  ®¡®àã¤®¢ « áì ¯ïâìî ¡ à ¡  ¬¨ (R = 0:053�0:212 ¬. �á¯®«ì§®¢ «¨áì â¥ ¦¥ à ¡®ç¨¥ ¦¨¤ª®áâ¨ á¯«®â®áâìî 875-1000 ª£/¬3; � ¨§¬¥ï« áì ¢ ¤¨ ¯ -§®¥ 0.1 { 0.9. �«ï ¨§¬¥à¥¨ï ¬®¬¥â  á®¯à®â¨¢«¥-¨ï ¨á¯®«ì§®¢ «¨áì í«¥ªâà®¬¥å ¨ç¥áª¨¥ ¤ âç¨ª¨ªàãâïé¥£® ¬®¬¥â . �§¬¥àï«®áì § ç¥¨¥ ¬®¬¥-â  á®¯à®â¨¢«¥¨ï áâ æ¨® à®¬ã ¢à é¥¨î ¡ à -¡   ¯à¨ ãáâ ®¢¨¢è¥¬áï â¥ç¥¨¨ ¦¨¤ª®áâ¨ ¡¥§ãç¥â  ¯®â¥àì ¢ ¯à¨¢®¤¥ ¨ ®¯®à å. �®«ãç¥® ®ª®«®1500 â®ç¥ª. �ªá¯¥à¨¬¥â «ìë¥ ¤ ë¥ ¯à¨ �=0.1 ¡ë«¨ ¡«¨§ª¨ ª à¥§ã«ìâ â ¬ [20, 22].3. ���������� ������������à¨â¥à¨ï¬¨ ¯®¤®¡¨ï ãáâ ®¢¨¢è¥£®áï ¤¢¨¦¥¨ï¦¨¤ª®áâ¨ ¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ¡ã¤ãâ ç¨á« �¥©®«ì¤á  (2) ¨ �àã¤  (3)   à ¤¨ «ì®© ¯®¢¥àå-®áâ¨ æ¨«¨¤à ,   â ª¦¥ áâ¥¯¥ì ¥£® § ¯®«¥¨ï(4). �à¥â¨© ªà¨â¥à¨© å à ªâ¥à¨§ã¥â £¥®¬¥âà¨ç¥-áª¨¥ ¯ à ¬¥âàë ¤¢¨¦¥¨ï.
�¨á. 2. �¨ £à ¬¬  ¯¥à¥å®¤  à¥¦¨¬  ¯à¨áâ¥®£®á«®ï ¢ æ¨àªã«ïæ¨®ë© à¥¦¨¬ â¥ç¥¨ï ¨ ®¡à â®¯à¨ �=0.5; 1, 2 { à áç¥â ¯® [5] ¨ (1) á®®â¢¥âáâ¢¥®;3 { 5 { íªá¯¥à¨¬¥â «ìë¥ ªà¨¢ë¥, á®®â¢¥âáâ¢ãîé¨¥¯¥à¥å®¤ã à¥¦¨¬  ¯à¨áâ¥®£® á«®ï ¢ æ¨àªã«ïæ¨®ë©¯à¨ â®à¬®¦¥¨¨ æ¨«¨¤à , æ¨àªã«ïæ¨®®£® à¥¦¨¬ ¢ à¥¦¨¬ ¯à¨áâ¥®£® á«®ï ¯à¨ à §£®¥, à¥¦¨¬ ¯à¨áâ¥®£® á«®ï ¢ æ¨àªã«ïæ¨®ë© ¨ ®¡à â® ¯à¨â®à¬®¦¥¨¨ ¨«¨ à §£®¥�  à¨á. 2 ¯à¥¤áâ ¢«¥ áà ¢¨â¥«ìë© £à ä¨ç¥-�. �. � ã¬¥ª® 27



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 2. �. 25 { 31áª¨©   «¨§ ãá«®¢¨© ãáâ®©ç¨¢®áâ¨ ¤¢¨¦¥¨ï à¥-¦¨¬  ¯à¨áâ¥®£® á«®ï ¯® [5],   «¨â¨ç¥áª¨å à¥-§ã«ìâ â®¢  áâ®ïé¥© à ¡®âë (1) ¨ ¯®«ãç¥ëåíªá¯¥à¨¬¥â «ìëå ¤ ëå. � ª®®à¤¨ â å Re ¨Fr ¤«ï �= 0.5 ¯®áâà®¥ë ªà¨¢ë¥, ®â¢¥ç îé¨¥ ¢§ -¨¬ë¬ ¯¥à¥å®¤ ¬ à¥¦¨¬®¢ â¥ç¥¨ï. �®  ¢ëè¥£à ¨æë á®®â¢¥âáâ¢ã¥â â¥ç¥¨î ¢ ¢¨¤¥ ¯à¨áâ¥-®£® á«®ï. � ª«®ë¥ èâà¨å®¢ë¥ ®â¢¥ç îâ æ¨-«¨¤à ¬ ¥¨§¬¥®£® à ¤¨ãá .�§ à¨á. 2 ¢¨¤®, çâ® ¯à¨ ¡®«ìè¨å ç¨á« å �¥©-®«ì¤á  ¢®§¨ª ¥â ï¢«¥¨¥ à¥¦¨¬®£® £¨áâ¥à¥§¨-á , ¯à¨ ãá«®¢® áà¥¤¨å § ç¥¨ïå Re £¨áâ¥à¥§¨áá« ¡® ¢ëà ¦¥,   ¯à¨ ¬ «ëå Re íää¥ªâ ¥ ¯à®-ï¢«ï¥âáï ¢á«¥¤áâ¢¨¥ à §¢¨â¨ï ¢â®à¨çëå â¥ç¥¨©.� áç¥â ¯® [5] (Fr = 3=á) ®â¢¥ç ¥â ¯¥à¥å®¤ã à¥-¦¨¬  ¯à¨áâ¥®£® á«®ï ¢ æ¨àªã«ïæ¨®ë© ¢® ¢à¥-¬ï â®à¬®¦¥¨ï â®«ìª® ¯à¨ ¡®«ìè¨å § ç¥¨ïå Re.� áç¥â ¯® (1) ®â¢¥ç ¥â â ª®¬ã ¯¥à¥å®¤ã ¯à¨ ¡®«ì-è¨å (Fr ! 3) ¨ áà¥¤¨å Re ¨ áâ ®¢¨âáï ¥ª®à-à¥ªâë¬ ¯à¨ ¬ «ëå (Fr! 1):�¥à¥å®¤ æ¨àªã«ïæ¨-®®£® à¥¦¨¬  ¢ à¥¦¨¬ ¯à¨áâ¥®£® á«®ï ¢® ¢à¥-¬ï à §£®  ¨«¨ â®à¬®¦¥¨ï ¯à¨ ¬ «ëå Re ¢á«¥¤-áâ¢¨¥ á«®¦®áâ¨ â¥ç¥¨© ¥ ¯®¤¤ ¥âáï ª®àà¥ªâ®-¬ã   «¨â¨ç¥áª®¬ã ¬®¤¥«¨à®¢ ¨î ¨ ¬®¦¥â ¡ëâì®¯¨á  á ¯®¬®éìî í¬¯¨à¨ç¥áª¨å ¤ ëå.
�¨á. 3. �¨¢¥àá «ìë¥ ¤¨ £à ¬¬ë ¯¥à¥å®¤  à¥¦¨¬®¢â¥ç¥¨ï: 1 { �=0.1; 2 { �=0.3; 3 { �=0.5;4 { �=0.7; 5 { �=0.9�  à¨á. 3 ¯à¨¢¥¤¥ë ã¨¢¥àá «ìë¥ ¤¨ £à ¬-¬ë £à ¨æ ¯¥à¥å®¤  à¥¦¨¬®¢ â¥ç¥¨ï ¦¨¤ª®áâ¨¢ æ¨«¨¤à¥, ¯®áâà®¥ë¥   ®á®¢ ¨¨ ¯®«ãç¥-ëå íªá¯¥à¨¬¥â «ì¨å ¤ ëå ¢ ª®®à¤¨ â å Re¨ Fr ¤«ï à §«¨çëå § ç¥¨© �. � ç¥áâ¢¥® ®¤¨- ª®¢ë© å à ªâ¥à £à ä¨ç¥áª¨å § ¢¨á¨¬®áâ¥© ¤¥-

¬®áâà¨àã¥â áâ ¡¨«ì®áâì ¯à®ï¢«¥¨ï £¨áâ¥à¥§¨-á  ¯à¨ à §«¨çëå ¯ à ¬¥âà å ¤¢¨¦¥¨ï.
�¨á. 4. �â®á¨â¥«ìë© ¬®¬¥â á®¯à®â¨¢«¥¨ï¢à é¥¨î æ¨«¨¤à  ¯à¨ R= 0.106 ¬ ¨ �=0.5,§ ¯®«¥®£® ¢®¤®© (¨¤¥ªá 1), ¢¥à¥â¥ë¬ (2) ¨ª áâ®à®¢ë¬ ¬ á«®¬ (3); � { ¯¥à¥å®¤ æ¨àªã«ïæ¨®®£®à¥¦¨¬  â¥ç¥¨ï ¢ à¥¦¨¬ ¯à¨áâ¥®£® á«®ï ¯à¨à §£®¥ æ¨«¨¤à , �� { ¯¥à¥å®¤ à¥¦¨¬  ¯à¨áâ¥®£®á«®ï ¢ æ¨àªã«ïæ¨®ë© ¯à¨ â®à¬®¦¥¨¨�«ï  £«ï¤®© ¨««îáâà æ¨¨ ¯à®ï¢«¥¨ï íää¥ª-â  à¥¦¨¬®£® £¨áâ¥à¥§¨á    à¨á. 4 ¨§®¡à ¦¥ë¤«ï áà ¢¥¨ï £à ä¨ª¨ § ¢¨á¨¬®áâ¨ ®â®á¨â¥«ì-®£® ¬®¬¥â   ®â áª®à®áâ¨ ! á ãª § ¨¥¬ ¯à ¢«¥¨ï ¨§¬¥à¥¨ï á®áâ®ï¨ï á¨áâ¥¬ë ¤«ï®¤®£® æ¨«¨¤à ,  ¯®«®¢¨ã § ¯®«¥®£® ¬ -«®-, áà¥¤¥- ¨ á¨«ì®¢ï§ª®© ¦¨¤ª®áâï¬¨. �¥«¨ç¨-   ®¯à¥¤¥«ï¥âáï ®â®è¥¨¥¬ ¤¥©áâ¢¨â¥«ì®£®¬®¬¥â  á®¯à®â¨¢«¥¨ï ¦¨¤ª®áâ¨ ¢à é¥¨î æ¨-«¨¤à  ª ãá«®¢®¬ã ¬ ªá¨¬ «ì®¬ã ¬®¬¥âã, ®â-¢¥ç îé¥¬ã à á¯à¥¤¥«¥¨î ¦¨¤ª®áâ¨ ¢ ¯®¯¥à¥ç-®¬ á¥ç¥¨¨ ¢ ¢¨¤¥ ¨¤¥ «ì®£® â¢¥à¤®â¥«ì®£®á¥£¬¥â  á  ª«®®¬ á¢®¡®¤®© ¯®¢¥àå®áâ¨ ª £®-à¨§®â «¨ ¯®¤ ¯àï¬ë¬ ã£«®¬ (� = 90� à¨á. 7).�âà¨å®¢ë¥ áâà¥«ª¨ ¢®§«¥ ¢¥â®ª�� ®â¢¥ç îâ ¢®§-¬®¦ë¬  ¯à ¢«¥¨ï¬ ¨§¬¥¥¨ï á®áâ®ï¨ï á¨-áâ¥¬ ¯à¨ ¥¤®áâ¨¦¥¨¨ â®ç¥ª �,   ¢®§«¥ ¢¥â®ª ��- ¯à¨ ¥¤®áâ¨¦¥¨¨ â®ç¥ª �.�  à¨á. 5 ¯à¨¢¥¤¥ë ¤«ï áà ¢¥¨ï £à ä¨ª¨ § -¢¨á¨¬®áâ¨ ¬®¬¥â   ®â ç¨á«  Fr ¨ § ¯®«¥¨ï �¤«ï ®¤®£® æ¨«¨¤à , § ¯®«¥®£® ¬ «®- ¨ á¨«ì-®¢ï§ª®© ¦¨¤ª®áâï¬¨.�  à¨á. 6 ¯®ª § ë ã¨¢¥àá «ìë¥ £à ä¨ç¥-áª¨¥ § ¢¨á¨¬®áâ¨  , ¯®áâà®¥ë¥   ®á®¢ ¨¨¨íªá¯¥à¨¬¥â «ìëå ¤ ëå ¢ ®áïå Re ¨ Fr ¤«ïà §«¨çëå �. �à ä¨ª¨ ¤¥¬®áâà¨àãîâ ®¡®¡é¥-ãî ª àâ¨ã ®á®¡¥®áâ¥© ¯à®ï¢«¥¨ï £¨áâ¥à¥§¨-á  ¯à¨ à §«¨çëå ãá«®¢¨ïå ¤¢¨¦¥¨ï ¤«ï à §®£® ¯®«¥¨ï æ¨«¨¤à .�¡ê¥¬ ¦¨¤ª®áâ¨ ¯à¨ æ¨àªã«ïæ¨®®¬ à¥¦¨¬¥¤¢¨¦¥¨ï ¬®¦® ãá«®¢® à §¤¥«¨âì   àï¤ §® ¢¯®¯¥à¥ç®¬ á¥ç¥¨¨ æ¨«¨¤à  á ª ç¥áâ¢¥® à §-«¨çë¬ å à ªâ¥à®¬ á¥ç¥¨ï (à¨á. 7). � ª®«ìæ¥-¢®© §®¥ ¦¨¤ª®áâì ¢à é ¥âáï ¢¬¥áâ¥ á æ¨«¨¤à®¬28 �. �. � ã¬¥ª®
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�¨á. 5. �â®á¨â¥«ìë© ¬®¬¥â á®¯à®â¨¢«¥¨ï¢à é¥¨î æ¨«¨¤à  ¯à¨ R = 0.106 ¬, § ¯®«¥®£®¢®¤®© ( ) ¨ ª áâ®à®¢ë¬ ¬ á«®¬ (¡):1 { ¯¥à¥å®¤ æ¨àªã«ïæ¨®®£® à¥¦¨¬  ¢ à¥¦¨¬¯à¨áâ¥®£® á«®ï ¯à¨ à §£®¥ æ¨«¨¤à ,2 { ®¡à âë© ¯¥à¥å®¤ ¯à¨ â®à¬®¦¥¨¨¯®çâ¨ ¡¥§ ¯à®áª «ì§ë¢ ¨ï ¢ ¢¨¤¥ à ¢®¬¥à®£®¬ «®¯®¤¢¨¦®£® ¯à¨áâ¥®£® á«®ï, ¯à¨«¥£ îé¥£®ª à ¤¨ «ì®© ¯®¢¥àå®áâ¨ ¯®«®áâ¨. � á¥£¬¥â®©§®¥ ¦¨¤ª®áâì á®¢¥àè ¥â ¨â¥á¨¢®¥ æ¨àªã«ïæ¨-®®¥ ¤¢¨¦¥¨¥ ¢ ¨¦¥© ç áâ¨ ¯®«®áâ¨ á® § -ç¨â¥«ìë¬¨ ®â®á¨â¥«ìë¬¨ áª®à®áâï¬¨. � íâ®©§®¥ á«®¨,  ¡¥£ îé¨¥   ¯à¨áâ¥ë© á«®©, ®¡à -§ãîâ ¢ «¨ª,   á¡¥£ îé¨¥ á«®¨ - ¬¥¨áª. �¢®¡®¤- ï ¯®¢¥àå®áâì ¦¨¤ª®áâ¨  ª«®¥  ª £®à¨§®â -«¨ ¯®¤ ã£«®¬ �. � §®¥ ¯¥à¥¯«¥áª¨¢ ¨ï ("¤®¦¤¥¢ -¨ï") ¯à®¨áå®¤¨â ®âàë¢ ç áâ¨æ ¦¨¤ª®áâ¨ ®â ¯®-
�¨á. 6. �¨¢¥àá «ìë¥ § ¢¨á¨¬®áâ¨ ¬®¬¥â á®¯à®â¨¢«¥¨ï ¢à é¥¨î æ¨«¨¤à  ¯à¨ �=0.1 (a),�=0.3 (¡), �=0.5 (¢), �=0.7 (£), �=0.9 (¤)(®¡®§ ç¥¨¥ ¯¥à¥å®¤®¢ à¥¦¨¬®¢   «®£¨ç® à¨á. 5)¢¥àå®áâ¨ ¯à¨áâ¥®£® á«®ï ¢ ¢¥àå¥© ¯®«®áâ¨ ¨¨å ¯ ¤¥¨¥ á® ¢§ ¨¬®¤¥©áâ¢¨¥¬ ¬¥¦¤ã á®¡®©. � -à ªâ¥à §®, § ¢¨áïé¨© ®â ¯ à ¬¥âà®¢ ¤¢¨¦¥¨ï,®¯à¥¤¥«ï¥â ãá«®¢¨ï ¢§ ¨¬®£® ¯¥à¥å®¤  à¥¦¨¬®¢â¥ç¥¨ï ¦¨¤ª®áâ¨. � «¨§ ¯®«ãç¥ëå à¥§ã«ìâ -â®¢ ¯®ª § «, çâ® ¯à®ï¢«¥¨¥ íää¥ªâ  à¥¦¨¬®£®£¨áâ¥à¥§¨á  ãá¨«¨¢ ¥âáï ¯à¨ ã¢¥«¨ç¥¨¨ § ç¥¨ï�. �. � ã¬¥ª® 29



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 2. �. 25 { 31ç¨á«  �¥©®«ì¤á ,   â ª¦¥ áâ¥¯¥¨ § ¯®«¥¨ï æ¨-«¨¤à  ¦¨¤ª®áâìî.
�¨á. 7. �å¥¬  å à ªâ¥àëå §® â¥ç¥¨ï¢ æ¨àªã«ïæ¨®®¬ à¥¦¨¬¥:1 { ª®«ìæ¥¢ ï §® ; 2 { á¥£¬¥â ï §® ;3 { ¢ «¨ª; 4 { ¬¥¨áª; 5 { §®  ¯¥à¥¯«¥áª¨¢ ¨ï;� { ã£®«  ª«®  á¢®¡®¤®© ¯®¢¥àå®áâ¨ ª£®à¨§®â «¨�à¨ ¡®«ìè®¬ § ç¥¨¨ Re á« ¡® ¯à®ï¢«ï¥âáïíää¥ªâ ¯à¨«¨¯ ¨ï ¦¨¤ª®áâ¨ ª â¢¥à¤®© áâ¥ª¥ ¨á«¨¯ ¨ï á«®¥¢. �®íâ®¬ã ¯à¥®¡« ¤ ¥â á¥£¬¥â ï§®  â¥ç¥¨ï á® á« ¡® ¢ëà ¦¥ë¬¨ ¢ «¨ª®¬ ¨¬¥¨áª®¬ ¨ ¥§ ç¨â¥«ìë¬  ª«®®¬ á¢®¡®¤®©¯®¢¥àå®áâ¨ � ! 0,   â ª¦¥ ®âç áâ¨ §®  ¯¥à¥¯-«¥áª¨¢ ¨ï [17]. �® ¬¥à¥ ¯®¢ëè¥¨ï áª®à®áâ¨ ¢à -é¥¨ï æ¨«¨¤à  â®«é¨  ª®«ìæ¥¢®© §®ë ¬¥¤«¥-® ã¢¥«¨ç¨¢ ¥âáï ¯ãâ¥¬  «¨¯ ¨ï §  áç¥â ã¬¥ì-è¥¨ï á¥£¬¥â®© §®ë. �  § ¢¥àè îé¥¬ íâ ¯¥á®ªà é¥¨ï á¥£¬¥â®© §®ë, ¢á«¥¤áâ¢¨¥ ¥¤®áâ -â®ç®£® á«¨¯ ¨ï á«®¥¢ ¢¡«¨§¨ á¢®¡®¤®© ¯®¢¥àå-®áâ¨ ª®«ìæ , ¢®§¨ª ¥â §®  ¨â¥á¨¢®£® ¯¥à¥¯-«¥áª¨¢ ¨ï, çâ® ¯à¥¯ïâáâ¢ã¥â ®ª®ç â¥«ì®¬ã ¯¥-à¥å®¤ã á¥£¬¥â®© §®ë ¢ ª®«ìæ¥¢ãî. � ª®¥æ,¯à¨ ¤®áâ¨¦¥¨¨ ¢¥àå¥© ¯à¥¤¥«ì®© áª®à®áâ¨ ¢à -é¥¨ï æ¨«¨¤à  §®ë á¥£¬¥â ï ¨ ¯¥à¥¯«¥áª¨¢ -¨ï ®ª®ç â¥«ì® ¯¥à¥å®¤ïâ ¢ ª®«ìæ¥¢ãî. � ¤ «ì-¥©è¥¬ ®¡à §®¢ ¢è¨©áï à¥¦¨¬ ¯à¨áâ¥®£® á«®ïá®åà ï¥â ãáâ®©ç¨¢®áâì, ¨ ¯à¨ á¨¦¥¨¨ áª®à®áâ¨¥ à §àãè ¥âáï. �®«ìª® ¯à¨ ¤®áâ¨¦¥¨¨ ¨¦¥©¯à¥¤¥«ì®© áª®à®áâ¨ ¢à é¥¨ï   á¢®¡®¤®© ¯®-¢¥àå®áâ¨ á«®ï ¢®§¨ª îâ ¤¥ä®à¬ æ¨¨ ¨ ¯«®áª¨¥¨ ¯à®áâà áâ¢¥ë¥ ¢®§¬ãé¥¨ï, ç áâ¨ç® ¢ ¢¨¤¥¢®«, çâ® ¯à¨¢®¤¨â ª ¢¥§ ¯®¬ã áª çª®®¡à §®-¬ã à §àãè¥¨î ª®«ìæ  ¨ ®¡à §®¢ ¨î æ¨àªã«ïæ¨-®®£® à¥¦¨¬ . �¥à¥ç¨á«¥ë¥ ®á®¡¥®áâ¨ ¬ «®-¢ï§ª®£® â¥ç¥¨ï ®¡ãá« ¢«¨¢ îâ áãé¥áâ¢¥®¥ ¯à¥-

¢ëè¥¨¥ ¢¥«¨ç¨ë áª®à®áâ¨ ¢à é¥¨ï æ¨«¨¤à ,¯à¨ ª®â®à®© æ¨àªã«ïæ¨®ë© à¥¦¨¬ ¤¢¨¦¥¨ï¦¨¤ª®áâ¨ ¯¥à¥å®¤¨â ¢ à¥¦¨¬ ¯à¨áâ¥®£® á«®ï ¢®¢à¥¬ï à §£® ,  ¤ ¢¥«¨ç¨®© áª®àáâ¨, ¯à¨ ª®â®-à®© ®áãé¥áâ¢«ï¥âáï ®¡à âë© ¯¥à¥å®¤ ¢® ¢à¥¬ïâ®à¬®¦¥¨ï.�à¨ ¬ «®¬ Re íää¥ªâ ¯à¨«¨¯ ¨ï ¨ á«¨¯ ¨ïãá¨«¨¢ ¥âáï. �®íâ®¬ã §®  ¯¥à¥¯«¥áª¨¢ ¨ï ¥¢®§¨ª ¥â,   ®á®¢ ï ¬ áá  ¦¨¤ª®áâ¨ ã¦¥ ¯à¨¨§ª¨å áª®à®áâïå ¢à é¥¨ï á®áà¥¤®â®ç¥  ¢ ª®«ì-æ¥¢®© §®¥. �¥¡®«ìè ï á¥£¬¥â ï §®  ¨¬¥¥âã¢¥«¨ç¥ë¥ ¢ «¨ª ¨ ¬¥¨áª ¨ § ç¨â¥«ìë©  -ª«® á¢®¡®¤®© ¯®¢¥àå®áâ¨ (¢ ¯à¥¤¥«¥ � ! 90�),  ¢ á¥ç¥¨¨ ¯à¨®¡à¥â ¥â ä®à¬ã ª ¯«¨, áª âë¢ î-é¥©áï á® á¢®¡®¤®© ¯®¢¥àå®áâ¨ ¯à¨áâ¥®£® á«®ï[7]. �® ¬¥à¥ ã¢¥«¨ç¥¨ï áª®à®áâ¨ ¢à é¥¨ï æ¨-«¨¤à  ª ¯«¥®¡à § ï á¥£¬¥â ï §®  ¯®¤å¢ âë-¢ ¥âáï ¯®¤¨¬ îé¨¬áï ¯à¨áâ¥ë¬ á«®¥¬ ¨ ¯¥-à¥¬¥é ¥âáï ¯® ¥£® ¯®¢¥àå®áâ¨ ¢¢¥àå, ¥áª®«ì-ª® á®ªà é ïáì ¢ à §¬¥à¥,   § â¥¬ ¯« ¢® ¯¥à¥-å®¤¨â ¢ ãâ®«é¥¨¥ ª®«ìæ¥¢®© §®ë, ª®âoà®¥ ¢¯®-á«¥¤áâ¢¨¨ ¯®áâ¥¯¥® ã¬¥ìè ¥âáï ¨ ¯à¨ ¡®«ìè¨åáª®à®áâïå ¨áç¥§ ¥â. �à¨ á¨¦¥¨¨ áª®à®áâ¨ ¢à -é¥¨ï  ¡«î¤ ¥âáï ®¡à â ï ¯®á«¥¤®¢ â¥«ì®áâì¯¥à¥å®¤®¢ ä®à¬ â¥ç¥¨ï ¯à¨ â¥å ¦¥ áª®à®áâïå.�à¨ç¥¬, ¢ á¢ï§¨ á ¯« ¢®áâìî ¨§¬¥¥¨© â¥ç¥-¨ï ¢¥áì¬  § âàã¤¨â¥«ì® ¢¨§ã «ì® ®¯à¥¤¥«¨âìâ®ç®¥ § ç¥¨¥ áª®à®áâ¨ ¢à é¥¨ï, á®®â¢¥âáâ¢ã-îé¥¥ ¢§ ¨¬®¬ã ¯¥à¥å®¤ã æ¨àªã«ïæ¨®®£® à¥¦¨-¬  ¨ à¥¦¨¬  ¯à¨áâ¥®£® á«®ï ¯à¨ à §£®¥ ¨«¨â®à¬®¦¥¨¨.�à¨ ¡®«ìè®¬ § ç¥¨¨ áâ¥¯¥¨ § ¯®«¥¨ï �¢®§à áâ ¥â ¢¥«¨ç¨  á¥£¬¥â®© §®ë ¯® áà ¢¥-¨î á ª®«ìæ¥¢®©, ¡®«¥¥ ¨â¥á¨¢® ¯à®ï¢«ï¥âáï§®  ¯¥à¥¯«¥áª¨¢ ¨ï,   ¢ «¨ª, ¬¥¨áª ¨ ã£®« �ã¬¥ìè îâáï [16]. �â® ¯à¨¢®¤¨â ª ã¢¥«¨ç¥¨î§ ç¥¨ï áª®à®áâ¨ ¢à é¥¨ï æ¨«¨¤à  ¯à¨ ¯¥à¥å®-¤¥ æ¨àªã«ïæ¨®®£® à¥¦¨¬  ¤¢¨¦¥¨ï ¦¨¤ª®áâ¨ ¢à¥¦¨¬ ¯à¨áâ¥®£® á«®ï ¢® ¢à¥¬ï à §£®  ¯® áà ¢-¥¨î á® § ç¥¨¥¬ áª®à®áâ¨ ¯à¨ ®¡à â®¬ ¯¥à¥-å®¤¥ ¢® ¢à¥¬ï â®à¬®¦¥¨ï.�à¨ ¬ «®© � ã¬¥ìè ¥âáï á¥£¬¥â ï §® , á« -¡® ¯à®ï¢«ï¥âáï ¯¥à¥¯«¥áª¨¢ ¨¥, ¢®§à áâ îâ ¢ -«¨ª, ¬¥¨áª ¨ � [20, 21]. � á¢ï§¨ á íâ¨¬ ¢¥àå-ïï ¯à¥¤¥«ì ï áª®à®áâì ¢à é¥¨ï ¯à¨¡«¨¦ ¥âáïª ¨¦¥©, á¨¦ ï ¯à®ï¢«¥¨¥ íää¥ªâ  £¨áâ¥à¥§¨-á .�  áâ®ïé¥¥ ¢à¥¬ï ¯à¨ª« ¤ë¥ à áç¥âë ¤¢¨¦¥-¨ï ¦¨¤ª®áâ¨ ¢ æ¨«¨¤à¥ ¢ë¯®«ïîâáï ¯® "ª®íä-ä¨æ¨¥âã £à ¢¨â æ¨¨", à ¢®¬ã ¯® ¢¥«¨ç¨¥ Fr[26]. �®áª®«ìªã â ª®© ¯®¤å®¤ ¥ ãç¨âë¢ ¥â àï¤ ¯ -à ¬¥âà®¢, ® ¥ ¤¥ª¢ â® ®¯à¥¤¥«ï¥â ãá«®¢¨ï ¯¥-à¥å®¤  à¥¦¨¬®¢ â¥ç¥¨ï. �«ï ¡®«¥¥ â®çëå à á-ç¥â®¢ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ ë ¯®«ãç¥ë¥ ¤¨ -30 �. �. � ã¬¥ª®
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