
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 2. �. 20 { 26��� 532.465������ ����������� ������� �������������� � ���������������� ���� �������. �. ����������áâ¨âãâ ¯à®¡«¥¬ ¬ â¥¬ â¨ç¥áª¨å ¬ è¨ ¨ á¨áâ¥¬ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 20.09.2003�áá«¥¤ã¥âáï ä®à¬¨à®¢ ¨¥ à á¯à¥¤¥«¥¨ï ¥äâïëå ª ¯¥«ì á ¯®¬®éìî ¬®¤¥«¨ �.�. �®«¬®£®à®¢ , ¢ ª®â®à®© ãç¨âë-¢ ¥âáï  «¨ç¨¥ ¨¦¥© £à ¨ ¤¨ ¬¥âà®¢ ª ¯¥«ì. �®«ãç¥® à¥è¥¨¥ ¤«ï áâ¥¯¥®£® § ª®  ¤à®¡«¥¨ï ¨  á¨¬¯â®â¨-ç¥áª ï ä®à¬ã«  ¤«ï ¯à®¨§¢®«ì®£® § ª®  ¤à®¡«¥¨ï. � áá¬®âà¥ë áãé¥áâ¢ãîé¨¥ ¬®¤¥«¨ ¤à®¡«¥¨ï ¨ ¯à¥¤«®¦¥ í¬¯¨à¨ç¥áª ï ¬®¤¥«ì, ª®â®à ï ¢®á¯à®¨§¢®¤¨â  ¡«î¤ ¥¬®¥ ¢ íªá¯¥à¨¬¥â å ã¨¢¥àá «ì®¥ à á¯à¥¤¥«¥¨¥.�®á«÷¤¦ãõâìáï ä®à¬ã¢ ï à®§¯®¤÷«ã  äâ®¢¨å ªà ¯¥«ì §  ¤®¯®¬®£®î¬®¤¥«÷ �.�. �®«¬®£®à®¢ , ¢ ïª÷© ¢à å®¢ãõâìáï ï¢÷áâì ¨¦ì®ù £à ¨æ÷ ¤÷ ¬¥âà÷¢ ªà ¯¥«ì. �âà¨¬ ¨© à®§¢`ï§®ª ¤«ï áâ¥¯¥¥¢®£® § ª®ã ¯®¤à÷¡¥ï â   á¨¬-¯â®â¨ç  ä®à¬ã«  ¤«ï ¤®¢÷«ì®£® § ª®ã ¯®¤à÷¡¥ï. �®§£«ïãâ® ÷áãîç÷ ¬®¤¥«÷ ¯®¤à÷¡¥ï â  § ¯à®¯®®¢ ®¥¬¯÷à¨çã ¬®¤¥«ì, é® ¢÷¤â¢®àîõ ã÷¢¥àá «ì¨© à®§¯®¤÷«, ïª¨© á¯®áâ¥à÷£ õâìáï ¢ ¥ªá¯¥à¨¬¥â å.The formation of oil droplets distribution is studied using A.N. Kolmogorov approach, considering the lower limit ofdroplets diameters. The analytical distribution for the exponential break-up function and asymptotical formula for thearbitrary break-up law are obtained. An existing models of break-up in turbulent ow are considered and new empiricalmodel producing observed in experiments self-similar distribution is proposed.���������à¨ ¯®¢¥àå®áâ®¬ à §«¨¢¥ ¥äâ¨ ¨ ¥äâ¥¯à®-¤ãªâ®¢ ¢ ¬®à¥ á ç « , ª ª ¯à ¢¨«®, ä®à¬¨àã¥âáï¯ïâ® § £àï§¥¨© ¢ ¢¨¤¥ â®ª®© ¯«¥ª¨, ª®â®à®¥¯¥à¥®á¨âáï ¢¥âà®¬ ¨ â¥ç¥¨ï¬¨. �® ¢à¥¬¥¥¬¨á¯ à¥¨¥ ¨ à áâ¢®à¥¨¥ ¥äâ¨ ã¬¥ìè ¥â ¬ á-áã ¥äâ¨   ¯®¢¥àå®áâ¨. �¡àãè îé¨¥áï ¢¥âà®-¢ë¥ ¢®«ë ¢®¢«¥ª îâ ¥äâì ¢ ¯à¨¯®¢¥àå®áâë©á«®© ¬®àï, ¨ ¤à®¡ïâ ¥¥   ª ¯«¨, ¤¨ääã¤¨àãî-é¨¥ ¯®¤ ¤¥©áâ¢¨¥¬ âãà¡ã«¥â®áâ¨ ¢£«ã¡ì ¬®àï.�¨«ë ¯« ¢ãç¥áâ¨ ¯à¨¢®¤ïâ ª ¯®áâ¥¯¥®¬ã ¯®¤ê-¥¬ã ª ¯¥«ì ª ¯®¢¥àå®áâ¨,   ª®â®à®© ®¨ ä®à¬¨-àãîâ ã¤«¨¥ë© á«¥¤ §  ¤à¥©äãîé¨¬ ®á®¢ë¬¯ïâ®¬. � ãá«®¢¨ïå ¬¥«ª®¢®¤ìï ¤¨á¯¥àá ï ç áâì¥äâï®£® à §«¨¢  ¢§ ¨¬®¤¥©áâ¢ã¥â á® ¢§¢¥áìî ¨§ £àï§ï¥â ¤®ë¥ ®â«®¦¥¨ï. � ¨§¢¥áâ®©  ¢ -à¨¨ â ª¥à  "Braer" [1], ¯à®¨§®è¥¤è¥© ¢ 1993 £®¤ã¢ ¬¥«ª®¢®¤®¬ à ©®¥ �¥â« ¤áª¨å ®áâà®¢®¢, ¨§80000 â® ¥äâ¨, ¯®áâã¯¨¢è¥© ¢ ¢®¤ã, èâ®à¬ ¯¥-à¥¬¥è « ¤® 40% ¥äâ¨ ¯® ¢á¥© â®«é¨¥ á«®ï ¢®¤ë.�â  ¬ áá  ¯¥à¥®á¨« áì â¥ç¥¨ï¬¨ ¢  ¯à ¢«¥¨¨,¯à®â¨¢®¯®«®¦®¬ ¢¥âàã,   ®ª®«® 15% ®á¥«®   ¤®.�¥à¥¬¥è¨¢ ¨¥ ¯®¢¥àå®áâ®£® ¯ïâ  ¥äâ¨¢®« ¬¨ ¬®¦¥â â ª¦¥ ¯à¨¢¥áâ¨ ª â®¬ã, çâ® ª ¯-«¨ ¢®¤ë ¡ã¤ãâ ¢®¢«¥ª âìáï ¢ ¥äâì, ®¡à §ãï ¢®-¤®¥äâïãî í¬ã«ìá¨î ã ¯®¢¥àå®áâ¨ ¢®¤ë. � ®â-«¨ç¨¥ ®â ¢ï§ª®© ¨ ãáâ®©ç¨¢®© í¬ã«ìá¨¨ ¥äâì ¢¤¨á¯¥à£¨à®¢ ®¬ á®áâ®ï¨¨ ¬®¦¥â à §¡ ¢¨âìáï¤® ¨§ª¨å ª®æ¥âà æ¨©. �®¤¥«¨à®¢ ¨¥ ¤¨á¯¥à-£¨à®¢ ®© á®áâ ¢«ïîé¥© ¥äâï®£® à §«¨¢  ¥-®¡å®¤¨¬® ¥ â®«ìª® ¤«ï ¯à®£®§  ¯¥à¥®á  ¥äâï-

ëå § £àï§¥¨© [2, 3], ® ¨ ¤«ï ®æ¥ª¨ íää¥ªâ ¯à¨¬¥¥¨ï ¤¨á¯¥à£ â®à®¢ ¢ «¨ª¢¨¤ æ¨¨ à §«¨¢®¢¥äâ¨ [4].� àï¤¥ « ¡®à â®àëå [5{7] ¨  âãàëå íªá¯¥-à¨¬¥â®¢ [8] ¨§ãç «®áì à á¯à¥¤¥«¥¨¥ ¯® à §¬¥-à ¬ ª ¯¥«ì ¥äâ¨, áä®à¬¨à®¢ ¢è¥¥áï ¢ à¥§ã«ìâ -â¥ ¯¥à¥¬¥è¨¢ ¨ï ª®«¥¡«îé¨¬¨áï à¥è¥âª ¬¨ [5{7] ¨ ®¡àãè¥¨ï ¢®« [5, 8]. � íªá¯¥à¨¬¥â¥ [5]  ©-¤¥®, çâ® ¤à®¡«¥¨¥ ¥äâ¨   ª ¯«¨ ¯à¥ªà é ¥â-áï ¯® ¤®áâ¨¦¥¨¨ ¥ª®â®à®£® ªà¨â¨ç¥áª®£® ¤¨ ¬¥-âà  Dmax. �®æ¥¯æ¨ï  «¨ç¨ï ¨¦¥© £à ¨ ¤¨ -¬¥âà®¢ ª ¯¥«ì Dmax, ¤ «ìè¥ ª®â®à®© ¤à®¡«¥¨¥ ¢¯à¥¤¥« å ®¡« áâ¨ á § ¤ ë¬¨ å à ªâ¥à¨áâ¨ª ¬¨«®ª «ì®© áâàãªâãàë ¯®â®ª  ¥ ¯à®¨áå®¤¨â, ¢ë-¤¢¨ãâ  ¥é¥ �.�. �®«¬®£®à®¢ë¬ [9]. �¥®à¥â¨ç¥-áª ï ®æ¥ª  [10] ¤«ï Dmax:Dmax = c(=�o)3=5"�2=5 (1)®á®¢     ¯à¥¤¯®«®¦¥¨¨, çâ® ª ¯«¨ ¯¥à¥áâ -îâ ¤à®¡¨âìáï, ª®£¤  á¨«ë âãà¡ã«¥âëå ¯ã«ìá -æ¨© ¤ ¢«¥¨ï ãà ¢®¢¥è¨¢ îâáï á¨« ¬¨ ¯®¢¥àå-®áâ®£®  âï¦¥¨ï. �¤¥áì " { áª®à®áâì ¤¨áá¨¯ -æ¨¨; � { ¯«®â®áâì ®ªàã¦ îé¥© áà¥¤ë;  { ª®íä-ä¨æ¨¥â ¯®¢¥àå®áâ®£®  âï¦¥¨ï. �«ï ª ¯¥«ìá à §¬¥à ¬¨, ¬¥ìè¨¬¨ Dmax, ¯«®â®áâì à á¯à¥-¤¥«¥¨ï n(D) ¢ íªá¯¥à¨¬¥â å [5] ¡ë«a  ¯¯à®ªá¨-¬¨à®¢ a áâ¥¯¥®© § ¢¨á¨¬®áâìî n � D�2:3, â®-£¤  ª ª ¢ [11]  ©¤¥®, çâ® n � D3. �¥§ã«ìâ âë¡®«¥¥ ¯®§¤¨å íªá¯¥à¨¬¥â®¢ [6{8] ¯®ª § «¨, çâ®áâ¥¯¥ë¥ § ¢¨á¨¬®áâ¨ ¥  ¯¯à®ªá¨¬¨àãîâ § ¢¨-á¨¬®áâ¨, ª®â®àë¥  ¡«î¤ îâáï ¯à¨ ¬ «ëå à §¬¥-à å ª ¯¥«ì. � à ¡®â¥ [7] ¯®ª § ®, çâ® à á¯à¥¤¥-20 c �.�. �à®¢ç¥ª®, 2004



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 2. �. 20 { 26«¥¨¥ n(D) áâ ®¢¨âáï  ¢â®¬®¤¥«ìë¬, ¥á«¨ ¥£®¯à®®à¬¨à®¢ âì   ®¡é¥¥ ç¨á«® ª ¯¥«ì ¨   áà¥¤-¨© ¤¨ ¬¥âà ª ¯«¨. �  à¨á. 1 ¯à¥¤áâ ¢«¥ë ¤ -ë¥ íªá¯¥à¨¬¥â®¢ á à §ë¬¨ á®àâ ¬¨ ¥äâ¨ ¯à¨à §ëå â¥¬¯¥à âãà å,   â ª¦¥ ¯®ª § ë  ª«®ëªà¨¢ëå, ¯®«ãç¥ëå ¢ íªá¯¥à¨¬¥â å [5, 11]. �¨¤-®, çâ®   ¥ª®â®àëå ãç áâª å ¯®«ãç¥®¥ à á¯à¥-¤¥«¥¨¥ ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥® ¢ áâ¥¯¥®¬ ¢¨-¤¥, ® ¯à¨ ¬ «ëå à §¬¥à å ç áâ¨æ áâ¥¯¥ ï § ¢¨-á¨¬®áâì ¥¯à¨¬¥¨¬ . � [7] ®¡ àã¦¥   ¢â®¬®-¤¥«ì®áâì ¢ à á¯à¥¤¥«¥¨¨ ª ¯¥«ì ¯à¨ ®à¬¨à®¢ª¥à¥§ã«ìâ â®¢ ¨§¬¥à¥¨©   ®¡é¥¥ ª®«¨ç¥áâ¢® ç -áâ¨æ Nt ¨   áà¥¤¨© ¤¨ ¬¥âà ª ¯¥«ì D50. �â®®§ ç ¥â, çâ® § ¢¨á¨¬®áâì à á¯à¥¤¥«¥¨ï ª ¯¥«ì¯® à §¬¥à ¬ ¥ § ¢¨á¨â ®â ¬¥å ¨§¬  ¯¥à¥¬¥è¨-¢ ¨ï ¨ ä¨§¨ª®-å¨¬¨ç¥áª¨å á¢®©áâ¢ ¥äâ¨ ¨ ¯à®-ï¢«ï¥âáï ç¥à¥§ áà¥¤¨© à §¬¥à ª ¯«¨.� ¦ë¬¨ ¯à¥¤áâ ¢«ïîâáï ¢®¯à®áë ® á¯®á®¡¥ä®à¬¨à®¢ ¨ï à á¯à¥¤¥«¥¨ï ª ¯¥«ì á à §¬¥à ¬¨¬¥ìè¥ Dmax ¨ ä®à¬¥ íâ®£® à á¯à¥¤¥«¥¨ï. � à -¡®â¥ [12] ¨áá«¥¤®¢ «®áì ¯à¥¤¯®«®¦¥¨¥, çâ®  ¡«î-¤ ¥¬ë© á¯¥ªâà à §¬¥à®¢ ª ¯¥«ì ®¡ãá«®¢«¥ £¥¥-à æ¨¥© ª ¯¥«ì à §¬¥à ¬¨ Dmax � "�2=5 ¢ ãá«®-¢¨ïå á¨«ì®© ¯¥à¥¬¥¦ ¥¬®áâ¨ ¯¥à¥¬¥è¨¢ ¨ï ®¡-àãè îé¨¬¨áï ¢®« ¬¨ (á¬. â ª¦¥ [13]). �ª -§ «®áì, ®¤ ª®, çâ® ¯®«ãç îé¨¥áï ª ¯«¨ á«¨è-ª®¬ ¢¥«¨ª¨ ¨ ¡ëáâà® ¢á¯«ë¢ îâ. �®íâ®¬ã á«¥¤ã-¥â ¯à¥¤¯®«®¦¨âì, çâ® ¢ ä®à¬¨à®¢ ¨¨  ¡«î¤ -¥¬®£® á¯¥ªâà  ª ¯¥«ì £« ¢ãî à®«ì ¨£à îâ ¯à®-æ¥ááë ¯®à®¦¤¥¨ï ¤®ç¥à¨å ç áâ¨æ ¯à¨ à á¯ -¤¥ ª ¯¥«ì. �é¥ ¢ à ¡®â¥ [14] ¯®ª § ®, çâ®¯à¨ ¤®¢®«ì® ®¡é¨å ¯à¥¤¯®«®¦¥¨ïå ¥®£à ¨-ç¥®¥ ¯à®¤®«¦¥¨¥ ¤à®¡«¥¨ï ç áâ¨æ ¯à¨¢®¤¨âª «®£ à¨ä¬¨ç¥áª¨-®à¬ «ì®¬ã à á¯à¥¤¥«¥¨î ¨åà §¬¥à®¢. � á¯à¥¤¥«¥¨¥   à¨á. 1 ¥¯«®å® á®®â-¢¥âáâ¢ã¥â íâ®¬ã § ª®ã. �¤ ª® á«¥¤ã¥â ®¦¨¤ âì,çâ® ¯à¨ ®£à ¨ç¥¨¨ ¯à®æ¥áá  ¤à®¡«¥¨ï ¥ª®â®-àë¬ ªà¨â¨ç¥áª¨¬ à §¬¥à®¬ ¢¨¤ ¯à¥¤¥«ì®£® à á-¯à¥¤¥«¥¨ï ¤®«¦¥ § ¢¨á¥âì ®â § ª®  ¤à®¡«¥¨ï.�  áâ®ïé¥© à ¡®â¥ ¤«ï ¨áá«¥¤®¢ ¨ï ä®à¬¨à®-¢ ¨ï à á¯à¥¤¥«¥¨ï ª ¯¥«ì ¯à¨¬¥ï¥âáï ¬®¤¥«ì�.�. �®«¬®£®à®¢  [14], ¢ ª®â®à®© ãç¨âë¢ ¥âáï «¨ç¨¥ ¨¦¥© £à ¨ ¤¨ ¬¥âà®¢ ª ¯¥«ì Dmax,¤ «ìè¥ ª®â®à®© ¤à®¡«¥¨¥ ¯à¥ªà é ¥âáï. � áá¬®-âà¥ë áãé¥áâ¢ãîé¨¥ ¬®¤¥«¨ ¤à®¡«¥¨ï ¨ ¯à¥¤«®-¦¥  í¬¯¨à¨ç¥áª ï ¬®¤¥«ì, á ¯®¬®éìî ª®â®à®©¢®á¯à®¨§¢®¤¨âáï ã¨¢¥àá «ì®¥ à á¯à¥¤¥«¥¨¥ ª -¯¥«ì, ¯à¥¤áâ ¢«¥®¥   à¨á. 1.1. ���������� ������� áá¬®âà¨¬ § ¤ çã ® ä®à¬¨à®¢ ¨¨ á¯¥ªâà ¥äâïëå ª ¯¥«ì, ®¡à §®¢ ëå ¢ à¥§ã«ìâ â¥ ®¡-

�¨á. 1. �ªá¯¥à¨¬¥â «ìë¥ à á¯à¥¤¥«¥¨ï ¥äâïëåª ¯¥«ì: 1, 2 { [7]; 3, 4 { [8]; 5 { [6]àãè¥¨ï ¢®«ë. �à¥¤¯®«®¦¨¬, çâ® à á¯à¥¤¥«¥¨¥ª ¯¥«ì ¢®§¨ª ¥â ¢ à¥§ã«ìâ â¥ ¯®á«¥¤®¢ â¥«ì®£®¤à®¡«¥¨ï âãà¡ã«¥â®áâìî ®¡ê¥¬  ¥äâ¨, ¢®¢«¥-ç¥®£® ¢ ¢®¤ã ®¡àãè¥®© ¢®«®©, ¯®¤®¡® ¤à®-¡«¥¨î ç áâ¨æ ¢ âãà¡ã«¥â®¬ ¯®â®ª¥. �¥§ã«ìâ¨-àãîé¥¥ à á¯à¥¤¥«¥¨¥ ª ¯¥«ì ¯®«ãç ¥âáï ª ª ¯à¥-¤¥« ¯®á«¥¤®¢ â¥«ìëå ¤à®¡«¥¨©.�ã¤¥¬ ¨áª âì ¯«®â®áâì à á¯à¥¤¥«¥¨ï ª ¯¥«ìn(D;~x; t), £¤¥ ~x ®¯à¥¤¥«ï¥â ¯®«®¦¥¨¥ ª ¯«¨,   t {¢à¥¬ï. �®£¤  ¯à®æ¥áá í¢®«îæ¨¨ à á¯à¥¤¥«¥¨ï ª -¯¥«ì ¬®¦® ®¯¨á âì ãà ¢¥¨¥¬ [15]@n@t +r~x � (~vp) = � @@D (Rn) + qb + qc: (2)�¤¥áì qb ¨ qc { áª®à®áâ¨ ¨§¬¥¥¨ï äãªæ¨¨ n¨§-§  ¤à®¡«¥¨ï ¨ ª® £ã«ïæ¨¨; R { áª®à®áâì ¨§-¬¥¥¨ï ¤¨ ¬¥âà  ª ¯«¨ ¨§-§  à áâ¢®à¥¨ï; ~v {áª®à®áâì ç áâ¨æë. �á«¨ ¯à¥¤¯®«®¦¨âì, çâ® äãª-æ¨¨ ~v ¨ n à á¯à¥¤¥«¥ë à ¢®¬¥à® ¢ à áá¬ âà¨-¢ ¥¬®¬ ®¡ê¥¬¥, ¨ ¯à¥¥¡à¥çì ¯à®æ¥áá ¬¨ à áâ¢®-à¥¨ï,   â ª¦¥ ª® £ã«ïæ¨¥© ª ¯¥«ì ¢ à¥§ã«ìâ â¥áâ®«ª®¢¥¨©, â® äãªæ¨ï n(D; t) ¡ã¤¥â ã¤®¢«¥â¢®-àïâì ãà ¢¥¨î@n(D; t)@t = qb(D; t); (3)£¤¥ qb = 1RD m(D0)f(D;D0)g(D0)n(D0; t)dD0��g(D)n(D; t): (4)�¤¥áì g(D) { ç áâ®â  ¤à®¡«¥¨ï ç áâ¨æë ¤¨ -¬¥âà®¬ D; m(D0) { áà¥¤¥¥ ç¨á«® ç áâ¨æ, ®¡à -§ãîé¨åáï ¨§ ç áâ¨æë à §¬¥à®¬ D0; f(D;D0) {�.�. �à®¢ç¥ª® 21



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 2. �. 20 { 26à á¯à¥¤¥«¥¨¥ ¤®ç¥à¨å ç áâ¨æ ®â ¤à®¡«¥¨ï ¬ -â¥à¨áª®© ç áâ¨æë à §¬¥à®¬ D0. � ª¨¬ ®¡à §®¬, å®¦¤¥¨¥ à á¯à¥¤¥«¥¨ï ç áâ¨æ n(D; t) á¢®¤¨âáïª  å®¦¤¥¨î § ª®  ¤à®¡«¥¨ï f(D;D0), ç áâ®-âë ¤à®¡«¥¨ï g(D) ¨ à¥è¥¨î ãà ¢¥¨ï (3).2. ���������� ����������������� � ������������������� ����������«¥¤ãï [14], ¡ã¤¥¬ ¨§ãç âì ®¡é¥¥ ç¨á«® ª ¯¥«ì¨ ¨å à á¯à¥¤¥«¥¨¥ ¯® à §¬¥à ¬ ¢ ¯®á«¥¤®¢ â¥«ì-ë¥ ¤¨áªà¥âë¥ ¬®¬¥âë ¢à¥¬¥¨, ¯®íâ®¬ã ¢à¥-¬ï t ¯à¨¨¬ ¥â â®«ìª® æ¥«ë¥ § ç¥¨ï. �ãáâìN (D; t); t = 1;1 { ç¨á«® ç áâ¨æ ¤¨ ¬¥âà®¬,¬¥ìè¥ D,   ¬®¬¥â ¢à¥¬¥¨ t, Q(k) { ¬ â¥¬ -â¨ç¥áª®¥ ®¦¨¤ ¨¥ ç¨á«  ç áâ¨æ à §¬¥à®¬, ¬¥ì-è¨¬, ç¥¬ Dk; k 2 [0; 1], ®¡à §®¢ ëå ¨§ ®¤®©ç áâ¨æë ¤¨ ¬¥âà®¬ D ¢ à¥§ã«ìâ â¥ ®¤®£® ¤à®-¡«¥¨ï.�¤¥áì ¯à¥¤¯®« £ ¥âáï, çâ® äãªæ¨ï Q(k), ª®â®-à ï, ¯® áãâ¨, ï¢«ï¥âáï § ª®®¬ ¤à®¡«¥¨ï ¤«ï ª -¦¤®© ®â¤¥«ì®© ç áâ¨æë, ¥ § ¢¨á¨â ®â à §¬¥à íâ®© ç áâ¨æë. �à¨ ¢¢¥¤¥ëå ®¡®§ ç¥¨ïå ¬®¦-® ¯®«ãç¨âì à¥ªãàà¥âãî ä®à¬ã«ã ¤«ï N (D; t)N (D; t + 1) = N (D; t)Q(1) + 1ZD Q� DD1�dN (D1; t);(5)«¨¡® ¤«ï ¯«®â®áâ¨ à á¯à¥¤¥«¥¨ï ç áâ¨æn(D; t+ 1) = 1ZD 1D1Q0� DD1�n(D1; t)dD1: (6)�¥£ª® § ¬¥â¨âì, çâ® á®®â®è¥¨¥ (6) ï¢«ï¥âáï¯à®áâ¥©è¥© à §®áâ®©  ¯¯à®ªá¨¬ æ¨¥© ãà ¢¥-¨ï (3) ¯à¨ ãá«®¢¨¨, çâ® g(D) � 1 (â® ¥áâì ®¤-® ¤à®¡«¥¨¥ §  ®¤¨ â ªâ) ¨ çâ® f(D;D0) ¬®¦®¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥f(D;D0) = 1D0 f� � DD0� : (7)�® ¥áâì ¯«®â®áâì à á¯à¥¤¥«¥¨ï ¤®ç¥à¨å ç áâ¨æ¥ § ¢¨á¨â ®â à §¬¥à  ¬ â¥à¨áª®© ª ¯«¨. � ª¡ã¤¥â ¢¨¤® ¤ «¥¥, ¬®£¨¥ áãé¥áâ¢ãîé¨¥ ¬®¤¥«¨ã¤®¢«¥â¢®àïîâ ãá«®¢¨î (7).� ª¨¬ ®¡à §®¬, á®®â®è¥¨ï (5), (6) ¬®£ãâ ¨á-¯®«ì§®¢ âìáï ¤«ï ¨áá«¥¤®¢ ¨ï ¯à®æ¥áá®¢, ®¯¨áë-¢ ¥¬ëå ãà ¢¥¨¥¬ (3).�à¨ ¤ ëå ¯à¥¤¯®«®¦¥¨ïå ¬®¦® ¯®«ãç¨âì[14], çâ® ¯à¨ ¤®áâ â®ç® ¡®«ìè®¬ ¢à¥¬¥¨, á ¢¥-à®ïâ®áâìî, áª®«ì ã£®¤® ¡«¨§ª®© ª ¥¤¨¨æ¥, ®â-®è¥¨¥ N (ex; t)=Nt (8)

¡ã¤¥â áª®«ì ã£®¤® ¬ «® ®â«¨ç âìáï ®â1p2�B xZ�1 exp��� � At22B2t � d�; (9)  A = 1Q(1) 1Z0 lnkdQ(k);B2 = 1Q(1) 1Z0 (lnk � A)2dQ(k): (10)� ë¥ á®®â®è¥¨ï ¯®«ãç¥ë ¯à¨ ®£à ¨ç¥¨-ïå, çâ® Q(1) ª®¥ç® ¨ ¡®«ìè¥ ¥¤¨¨æë,   â ª¦¥,çâ® ¨â¥£à « 1Z0 jln kj3 dQ(k) (11)ª®¥ç¥. �§ ãá«®¢¨ï (11) á«¥¤ã¥â, çâ® Q(k) ¤®«¦®á¨«ì® áâà¥¬¨âìáï ª ã«î ¯à¨ k! 0, â. ¥. ¥¢®§-¬®¦® ®¡à §®¢ ¨¥ ç áâ¨æë ã«¥¢®£® à §¬¥à  ¯à¨¤à®¡«¥¨¨.�®«ãç¥®¥ à á¯à¥¤¥«¥¨¥ (9) ¥¯à¨¬¥¨¬® ¤«ï§ ¤ ç¨ ä®à¬¨à®¢ ¨ï ãáâ ®¢¨¢è¥£®áï à á¯à¥¤¥-«¥¨ï, â ª ª ª ¥£® ¯ à ¬¥âàë § ¢¨áïâ ®â ¢à¥¬¥¨,â. ¥. ¯à®æ¥áá ¤à®¡«¥¨ï ¨ª®£¤  ¥ ¯à¥ªà é ¥âáï,¨ ¥ áãé¥áâ¢ã¥â ¯à¥¤¥«ì®£® áâ æ¨® à®£® à á-¯à¥¤¥«¥¨ï.�â®¡ë ®áâ ®¢¨âì ¯à®æ¥áá ¤à®¡«¥¨ï, ¢¢¥¤¥¬¯ à ¬¥âà Dmax { ¬ ªá¨¬ «ìë© ¤¨ ¬¥âà ç áâ¨-æë, ª®â®à ï ¬®¦¥â à §¤à®¡¨âìáï. �â® ®§ ç -¥â, çâ® ç áâ¨æë à §¬¥à  ¬¥ìè¥ Dmax ¥ ¡ã¤ãâ¤à®¡¨âìáï, ¨ ç¥à¥§ ¤®áâ â®ç® ¡®«ìè®¥ ¢à¥¬ï  ¨â¥à¢ «¥ [0; Dmax] ®¡à §ã¥âáï áâ æ¨® à®¥ à á-¯à¥¤¥«¥¨¥. � å®¤¨¬, çâ® ¢ â ª®¬ á«ãç ¥ à á¯à¥-¤¥«¥¨¥ ç áâ¨æ § ¤ ¥âáï à¥ªãàà¥âë¬ á®®â®è¥-¨¥¬N (D; t+ 1) ==8>>>>>>>>>>>><>>>>>>>>>>>>: N (D; t) + 1Zdmax Q� DD1� dN (D1; t);D < Dmax;N (Dmax; t)(1�Q(1)) + N (D; t)Q(1)++ 1Zdmax Q� DD1�dN (D1; t);D > Dmax: :(12)�¨¡®, ¯¥à¥©¤ï ®â äãªæ¨¨ à á¯à¥¤¥«¥¨ï N (D; t)ª ¯«®â®áâ¨ à á¯à¥¤¥«¥¨ï n(D; t), ¯®«ãç¨¬ ä®à-22 �.�. �à®¢ç¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 2. �. 20 { 26¬ã«ã:n(D; t + 1) == 8>>>>>>>>>><>>>>>>>>>>: n(D; t) + 1ZDmax 1D1Q0� DD1�n(D1; t)dD1D < Dmax;1ZDmax 1D1Q0� DD1�n(D1; t)dD1;D > Dmax: :(13)�á«¨ ¢  ç «ìë© ¬®¬¥â ¢à¥¬¥¨ ®âáãâáâ¢ã-îâ ª ¯«¨ ¬¥ìè¥ ªà¨â¨ç¥áª®£® à §¬¥à , â. ¥.n(D; 0) � 0 ¯à¨ D < Dmax, â® ®¡à §ãîé¥¥áï ¯à¥-¤¥«ì®¥ à á¯à¥¤¥«¥¨¥ ¬®¦® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥àï¤ n(D) = 1Xt=0 1Zdmax 1D1Q0� DD1�n(D1; t)dD1; (14)£¤¥ Q0(�) ®§ ç ¥â ¯à®¨§¢®¤ãî ®â äãªæ¨¨ Q ¯®á¢®¥¬ã  à£ã¬¥âã. � ç áâ®áâ¨, ¥á«¨ § ª® ¤à®-¡«¥¨ï ¨¬¥¥â áâ¥¯¥®© ¢¨¤ (Q(k) = Ck�), â® ®ç¥-¢¨¤®, çâ® ¯à¥¤¥«ì®¥ à á¯à¥¤¥«¥¨¥ ¯à¥¤áâ ¢¨â-áï ¢ ¢¨¤¥n(D) = C�D��1 1Xt=0 1Zdmax n(D1; t)D�1 dD1: (15)�® ¥áâì ¥á«¨ § ª® ¤à®¡«¥¨ï ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥áâ¥¯¥®© äãªæ¨¨, â® ¨ à¥§ã«ìâ¨àãîé¥¥ à á¯à¥-¤¥«¥¨¥ ¡ã¤¥â â ª®© ¦¥ áâ¥¯¥®© äãªæ¨¥© á â®ç-®áâìî ¤® ¯®áâ®ï®£® ¬®¦¨â¥«ï, ¯à¨ç¥¬ ¥§ -¢¨á¨¬® ®â í¢®«îæ¨¨ á¯¥ªâà  ç áâ¨æ   ¨â¥à¢ «¥[Dmax;1].�á«¨ ¦¥ ¯à¥¤¯®«®¦¨âì, çâ® ¯à¨ D > Dmax¤à®¡«¥¨¥ ¯à®¨áå®¤¨«® ¤®áâ â®ç® ¤®«£® ¨ á®-£« á® ¬®¤¥«¨ �®«¬®£®à®¢  ãá¯¥«o ãáâ ®¢¨âìáï«®£ à¨ä¬¨ç¥áª¨-®à¬ «ì®¥ à á¯à¥¤¥«¥¨¥ (9), â®¯à¨ ¯à®¨§¢®«ì®¬ § ª®¥ ¤à®¡«¥¨ï ¯à¥¤¥«ì®¥à á¯à¥¤¥«¥¨¥ ¬®¦® ¢ëà §¨âì ä®à¬ã«®©n(D) = 1p2�B 1Xt=0 1Zdmax � 1ptD21 �� exp�� (lnD1 �At)22B2t �Q0� DD1��dD1: (16)� «ì¥©è¥¥ ¨áá«¥¤®¢ ¨¥ ¤®«¦® § ª«îç âìáï ¢ å®¦¤¥¨¨ § ª®  ¤à®¡«¥¨ï Q(k) ¢ ãà ¢¥¨ïå(12), (13) ¨«¨ f(D;D0) ¢ ãà ¢¥¨¨ (3).

3. ������ ��������� ������� à ¡®â¥ [15] ¯à¨¢¥¤¥ ¤®áâ â®ç® ¯®«ë© ®¡-§®à áãé¥áâ¢ãîé¨å   á¥£®¤ïè¨© ¤¥ì ¬®¤¥«¥©¤à®¡«¥¨ï. �á¥ ¬®¤¥«¨ ¬®¦® à §¤¥«¨âì   âà¨ª« áá : áâ â¨áâ¨ç¥áª¨¥ ¬®¤¥«¨, ä¥®¬¥®«®£¨ç¥-áª¨¥ ¬®¤¥«¨, ®á®¢ ë¥   ¨§¬¥¥¨¨ ¯®¢¥àå-®áâ®© í¥à£¨¨ ¤à®¡ïé¥©áï ç áâ¨æë, ¨ £¨¡à¨¤-ë¥ ¬®¤¥«¨, ®á®¢ ë¥   ª®¬¡¨ æ¨¨ ¯à¥¤ë¤ã-é¨å ¤¢ãå. � è  § ¤ ç  ¡ã¤¥â § ª«îç âìáï ¢  -å®¦¤¥¨¨ â ª¨å ¬®¤¥«¥©, ª®â®àë¥ ¤ ¢ «¨ ¡ë ¯à¥-¤¥«ìë¥ à á¯à¥¤¥«¥¨ï, áå®¦¨¥ á íªá¯¥à¨¬¥â ¬¨.� ç «  ¡ã¤ãâ à áá¬®âà¥ë ¬®¤¥«¨,  ¨¡®«¥¥ ¨§-¢¥áâë¥ ¨§ áãé¥áâ¢ãîé¨å, § ª®ë ¤à®¡«¥¨ï ª®-â®àëå ¨¬¥îâ ¯à¨æ¨¯¨ «ìë¥ à §«¨ç¨ï,   § â¥¬¯à¥¤«®¦¥® ®¢®¥ á®®â®è¥¨¥, ¯®§¢®«ïîé¥¥ ª®à-à¥ªâ® ®¯¨á âì íªá¯¥à¨¬¥âë.3.1. �®¤¥«ì [16]�®¤¥«ì [16] ãç¨âë¢ ¥â à á¯à¥¤¥«¥¨¥ í¥à£¨¨ áà¥-¤¨ âãà¡ã«¥âëå ¢¨åà¥© à §ëå ¬ áèâ ¡®¢. �¢-â®àë ¯à¥¤¯®«®¦¨«¨, çâ® ª ¦¤ ï ¤à®¡ïé ïáï ª ¯-«ï á®áâ®¨â ¨§ ª®¥ç®£® ç¨á«  í«¥¬¥â àëå ®¡ê-¥¬®¢ ¨ ®¡ê¥¬ ª ¦¤®© ¤®ç¥à¥© ª ¯«¨ ªà â¥ íâ®-¬ã í«¥¬¥â à®¬ã ®¡ê¥¬ã. �¥à®ïâ®áâì ®¡à §®-¢ ¨ï ª ¯«¨ ¤ ®£® à §¬¥à  ¯à¥¤¯®« £ « áì ¯à®-¯®àæ¨® «ì®© ª¨¥â¨ç¥áª®© í¥à£¨¨, § ª«îç¥-®© ¢ ¢¨åà¥ ¤ ®£® à §¬¥à . �®á«¥ ®æ¥ª¨ ª¨-¥â¨ç¥áª®© í¥à£¨¨ á ¯®¬®éìî í¥à£¥â¨ç¥áª®£®á¯¥ªâà  �¥©§¥¡¥à£ , à¥§ã«ìâ¨àãîé¥¥ à á¯à¥¤¥«¥-¨¥ å®à®è®  ¯¯à®ªá¨¬¨à®¢ «®áì ä®à¬ã«®©f�(D=D0) = �(12)�(3)�(9) � DD0�8�1� DD0�2 ; (17)£¤¥ � { � ¬¬ -äãªæ¨ï. � á¯à¥¤¥«¥¨¥ (17) ¯®-«ãç¥® ¨§ ¯à¥¤¯®«®¦¥¨ï, çâ® ª ¯«ï ¤à®¡¨âáï  âà¨ ¤®ç¥à¨¥ ª ¯«¨. �  ï ¬®¤¥«ì ¯à¥¤áª §ë¢ -¥â  ¨¡®«ìèãî ¢¥à®ïâ®áâì ®¡à §®¢ ¨ï ª ¯¥«ìà ¢®£® à §¬¥à  (D=D0 � 0:8). �à ä¨ª íâ®£® à á-¯à¥¤¥«¥¨ï ¨§®¡à ¦¥   à¨á. 2,  .3.2. �®¤¥«ì [17]� [17]  ¢â®àë ¯à¥¤¯®«®¦¨«¨, çâ® ª ¯«ï ¯à¨ ¤à®-¡«¥¨¨ à §¤¢ ¨¢ ¥âáï (m(D0) = 2) ¨ ¢¥à®ïâ®áâì®¡à §®¢ ¨ï ª ¯«¨ à §¬¥à®¬ D1 ®¡à â® ¯à®¯®à-æ¨® «ì  í¥à£¨¨, ¥®¡å®¤¨¬®© ¤«ï à §àë¢  ¬ -â¥à¨áª®© ª ¯«¨ à §¬¥à®¬D0   ª ¯«îD1 ¨ D2 == D0(1�D1=D0)1=3. �â  í¥à£¨ï ¯à®¯®àæ¨® «ì-  ã¢¥«¨ç¥¨î ¯«®é ¤¨ ¯®¢¥àå®áâ¨ ¢ à¥§ã«ìâ â¥à §àë¢ :�.�. �à®¢ç¥ª® 23
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  ¡�¨á. 2. �¥§à §¬¥àë¥ à á¯à¥¤¥«¥¨ï ¤®ç¥à¨å ç áâ¨æ:   { [16], ¡ { [17]
  ¡�¨á. 3. �¥§à §¬¥àë¥ à á¯à¥¤¥«¥¨ï ¤®ç¥à¨å ç áâ¨æ ¤«ï ¬®¤¥«¨ [15]:  { § ¢¨á¨¬®áâì à á¯à¥¤¥«¥¨ï ®â à §¬¥à  ¬ â¥à¨áª®© ª ¯«¨: ¤«ï ª ¦¤®© ªà¨¢®©� = 1000 ¬2á�3;  = 0:072 �/¬; � = 1000 ª£/¬3; ¡ { § ¢¨á¨¬®áâì à á¯à¥¤¥«¥¨ï ®â áª®à®áâ¨ ¤¨áá¨¯ æ¨¨: ¤«ï ª ¦¤®© ªà¨¢®©D0 = 3 ¬¬;  = 0:072 �/¬; � = 1000 ª£/¬3e(D1) = ��D21 + ��D22 � ��D20: (18)�ëà ¦¥¨¥ (18) ¤®áâ¨£ ¥â ¬ ªá¨¬ã¬  ¯à¨(D1 = D2 = D0=21=3). � ¯à¨¢¥¤¥ë¬¨ ¢ëè¥¯à¥¤¯®«®¦¥¨ï¬¨ ¯«®â®áâì à á¯à¥¤¥«¥¨ï ¤®ç¥à-¥© ª ¯«¨ ¬®¦® ¢ëà §¨âì ä®à¬ã«®©f(D;D0) = emax � e(D)D0RDmin [emax � e(D)] dD : (19)�â® à á¯à¥¤¥«¥¨¥,  ¯à®â¨¢, ¯à¥¤áª §ë¢ ¥â ¥-

¢®§¬®¦®áâì à §¤à®¡¨âìáï   ¤¢¥ à ¢ë¥ ç -áâ¨. �à ä¨ª à á¯à¥¤¥«¥¨ï (19) ¯à¥¤áâ ¢«¥  à¨á. 2, ¡.3.3. �®¤¥«ì [15]�â  ¬®¤¥«ì ®á®¢     ¯à¥¤¯®«®¦¥¨¨, çâ® ¢¥à®-ïâ®áâì ®¡à §®¢ ¨ï ç áâ¨æë à §¬¥à®¬ D1 ¯à®-¯®àæ¨® «ì  à §¨æ¥ ¬¥¦¤ã âãà¡ã«¥âë¬¨  -¯àï¦¥¨ï¬¨   à ááâ®ï¨¨ D1 ¨ á¨« ¬¨, ã¤¥à¦¨-¢ îé¨¬¨ ç áâ¨æã D0 ®â ¤à®¡«¥¨ï. �à¥¤¯®« £ ï,çâ® ¤à®¡«¥¨¥ ¯à®¨áå®¤¨â   ¤¢¥ ç áâ¨æë, ¬®¦®24 �.�. �à®¢ç¥ª®



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2004. �®¬ 6 (78), N 2. �. 20 { 26¯®«ãç¨âì à á¯à¥¤¥«¥¨¥ ¤®ç¥à¨å ª ¯¥«ì [15]:f�(D�) == hD� 23 � � 53 i h(1 �D�3) 29 � � 53 iD�maxRD�min hD� 23 � � 53 ih(1�D�3) 29 � � 53 id(D�) :(20)�¤¥áì ¢¢¥¤¥ë ®¡®§ ç¥¨ï: D� = D1=D0; � =Dmax=D0; Dmax { ªà¨â¨ç¥áª¨© ¤¨ ¬¥âà, ®¯à¥¤¥-«ï¥¬ë© ª ª Dmax = c(=(�))3=5��2=5;  { ª®íää¨-æ¨¥â ¯®¢¥àå®áâ®£®  âï¦¥¨ï; � { ¯«®â®áâì¢®¤ë; � { áª®à®áâì ¤¨áá¨¯ æ¨¨ í¥à£¨¨ âãà¡ã«¥â-®áâ¨; c { íªá¯¥à¨¬¥â «ì ï ª®áâ â . � ¤® § -¬¥â¨âì, çâ® à á¯à¥¤¥«¥¨¥ (20) áãé¥áâ¢¥® § -¢¨á¨â ®â à §¬¥à  ¬ â¥à¨áª®© ª ¯«¨,   â ª¦¥ ®âáª®à®áâ¨ ¤¨áá¨¯ æ¨¨, çâ® ¢ ¤¥©áâ¢¨â¥«ì®áâ¨  -¡«î¤ ¥âáï ¢ íªá¯¥à¨¬¥â å. �à ä¨ª íâ®£® à á¯à¥-¤¥«¥¨ï ¨ § ¢¨á¨¬®áâì ¥£® ®â à §¬¥à  ¬ â¥à¨-áª®© ª ¯«¨ ¨ áª®à®áâ¨ ¤¨áá¨¯ æ¨¨ í¥à£¨¨ âãà¡ã-«¥â®áâ¨ ¯à¨¢¥¤¥   à¨á. 3.3.4. �®£ à¨ä¬¨ç¥áª¨-®à¬ «ì ï ¬®¤¥«ì�áå®¤ï ¨§ ¢¨¤  íªá¯¥à¨¬¥â «ìëå à á¯à¥¤¥«¥¨©(à¨á. 1) ¨ à¥§ã«ìâ â®¢ ¯à¥¤ë¤ãé¥£® à §¤¥« , ¡ã-¤¥¬ ¨áª âì ¯«®â®áâì à á¯à¥¤¥«¥¨ï ¢¥à®ïâ®áâ¥©¤®ç¥à¨å ª ¯¥«ì f�(D�) áà¥¤¨ ¯«®â®áâ¥© «®£®à-¬ «ìëå à á¯à¥¤¥«¥¨© á ¥¨§¢¥áâë¬¨ ¯ à ¬¥-âà ¬¨ a ¨ �:f�(k) = Mp2��k exp�(ln k � a)22�2 � : (21)�¤¥áì k 2 [0; 1],   ª®áâ â  M  å®¤¨âáï ¨§ ãá«®-¢¨ï á®åà ¥¨ï ®¡ê¥¬ :M = 24 1Z0 k3f�(k)dk35�1 : (22)�«ï à á¯à¥¤¥«¥¨ï (21) å à ªâ¥à  ¢ëá®ª ï ¢¥à®-ïâ®áâì ®¡à §®¢ ¨ï ¡®«ìè®£® ª®«¨ç¥áâ¢  ¬¥«ª¨åª ¯¥«ì (äà £¬¥â®¢) ¨ ¬ « ï ¢¥à®ïâ®áâì ¯®ï¢«¥-¨ï ¡®«ìè¨å ¤®ç¥à¨å ª ¯¥«ì. � ç¨á«¥ëå íªá-¯¥à¨¬¥â å ¯ à ¬¥âàë a ¨ � ¯®¤¡¨à «¨áì â ª¨¬®¡à §®¬, çâ®¡ë ¯®«ãç¥®¥ ¯à¥¤¥«ì®¥ à á¯à¥-¤¥«¥¨¥ á®®â¢¥âáâ¢®¢ «® íªá¯¥à¨¬¥â «ìë¬ ¤ -ë¬.4. ���������� ���������«ï à áá¬®âà¥ëå ¬®¤¥«¥© à áç¥âë ¯à®¢®¤¨-«¨áì ¯® à¥ªãàà¥âë¬ á®®â®è¥¨ï¬ (13), ¯®« -£ ï dQ(k) = f�(k)dk: (23)

�¨á. 4. �à ¢¥¨¥ à¥§ã«ìâ â®¢ ¬®¤¥«¨à®¢ ¨ï:1, 2 { íªá¯¥à¨¬¥â «ìë¥ ¤ ë¥ [7];3 { ¬®¤¥«ì [16]; 4 { ¬®¤¥«ì [17]; 5 { ¬®¤¥«ì [15];6 { «®£ à¨ä¬¨ç¥áª ï ¬®¤¥«ì�¥§ã«ìâ âë ¬®¤¥«¨à®¢ ¨ï á ¨á¯®«ì§®¢ ¨¥¬ ¬®-¤¥«¥© (17), (19){(21) ¯à¥¤áâ ¢«¥ë   à¨á. 4. �§£à ä¨ª  ¢¨¤®, çâ® ¨ ®¤  ¨§ ¬®¤¥«¥© [15{17] ¥¯à¨¢®¤¨â ª ¯à¥¤¥«ì®¬ã à á¯à¥¤¥«¥¨î, ¯®å®¦¥¬ã  íªá¯¥à¨¬¥â «ì®¥. �¥à®ïâ®, íâ® ¯à®¨áå®¤¨â¯®â®¬ã, çâ® ¢ ¯à¥¤áâ ¢«¥ëå ¬®¤¥«ïå ¤à®¡«¥¨¥®áãé¥áâ¢«ï«®áì   ¤¢¥ ¨«¨ âà¨ ç áâ¨, ¢ â® ¢à¥¬ïª ª ¢ ¤¥©áâ¢¨â¥«ì®áâ¨, ¯®-¢¨¤¨¬®¬ã, ª ¯«¨ ¥ä-â¨ à §àë¢ îâáï   ¡®«ìè¥¥ ª®«¨ç¥áâ¢® ¬ «¥ìª¨åäà £¬¥â®¢. � íâ®© á¢ï§¨ ¡®«¥¥ ®¯à ¢¤ ë¬ ¢ë-£«ï¤¨â ¨á¯®«ì§®¢ ¨¥ «®£®à¬ «ì®£® à á¯à¥¤¥«¥-¨ï ¢ ª ç¥áâ¢¥ § ª®  ¤à®¡«¥¨ï ª ¯¥«ì.�  à¨á. 5 ¯à¨¢¥¤¥® áà ¢¥¨¥ á íªá¯¥à¨¬¥-â «ìë¬¨ ¤ ë¬¨ äãªæ¨¨ à á¯à¥¤¥«¥¨ï, ¯®-«ãç¥®© á ¯®¬®éìî ¬®¤¥«¨ (21). �¤¥áì á®¡à -ë « ¡®à â®àë¥ ¨  âãàë¥ íªá¯¥à¨¬¥âë, ¯à¥¤-áâ ¢«¥ë¥ ¢ à ¡®â å [6{8]. �  £à ä¨ª¥, ¯®áâà®-¥®¬ ¢ ¢¥à®ïâ®áâ®© èª «¥, ®âç¥â«¨¢® ¢¨¤¥«®£ à¨ä¬¨ç¥áª¨-®à¬ «ìë© å à ªâ¥à à á¯à¥¤¥-«¥¨© ¤«ï ¢á¥å á®¡à ëå íªá¯¥à¨¬¥â®¢. �«ï ¨«ãçè¥£® á®¢¯ ¤¥¨ï ¢ ¬®¤¥«¨ (21) ¢ë¡¨à «¨áì¯ à ¬¥âàë a = �2:1; � = 0:72.����������� ¯à¥¤áâ ¢«¥®© à ¡®â¥ ¯à¥¤«®¦¥  ¬®¤¥«ì ¤«ï¨áá«¥¤®¢ ¨ï ä®à¬¨à®¢ ¨ï á¯¥ªâà  ç áâ¨æ ¯à¨¤à®¡«¥¨¨. �®¤¥«ì ®á®¢     ¨§¢¥áâ®¬ ¯®¤-å®¤¥ [14] ¨ ¯®§¢®«ï¥â ®¯¨áë¢ âì ä®à¬¨à®¢ ¨¥áâ æ¨® àëå à á¯à¥¤¥«¥¨© ª ª ¯à¥¤¥«ìë© á«ã-�.�. �à®¢ç¥ª® 25
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