
ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 1. �. 28 { 36��� 517.4:533.7 ��������� ���������� ��������������������� �������� ���� � ���������� �������������� �������������� ����������������. �. ������� , �. �. ��������áâ¨âãâ ¯à®¡«¥¬ ¬ â¥¬ â¨ç¥áª¨å ¬ è¨ ¨ á¨áâ¥¬ ��� �ªà ¨ë, �¨¥¢�®«ãç¥® 05.12.2000�à¥¤áâ ¢«¥  ç¨á«¥ ï âà¥å¬¥à ï ¬®¤¥«ì à á¯à®áâà ¥¨ï âï¦¥«®£® £ §  ¢ âãà¡ã«¥â®¬ ¯à¨§¥¬®¬ á«®¥  â-¬®áä¥àë. �«ï ç¨á«¥®£® à¥è¥¨ï á¨áâ¥¬ë ãà ¢¥¨© ¬®¤¥«¨ ¯à¨¬¥¥  ª®á¥à¢ â¨¢ ï (¯® ¬ áá¥) áå¥¬  à á-é¥¯«¥¨ï á ¨á¯®«ì§®¢ ¨¥¬ ãà ¢¥¨ï ¤«ï ¤ ¢«¥¨ï ¢¬¥áâ® ãà ¢¥¨ï ¤«ï â¥¬¯¥à âãàë. �à¨¢¥¤¥® á®¯®áâ ¢«¥¨¥à¥§ã«ìâ â®¢ ¬®¤¥«¨à®¢ ¨ï á ¤ ë¬¨ « ¡®à â®àëå íªá¯¥à¨¬¥â®¢. �¥§ã«ìâ â¨ àïáç¥â®¢ â ª¦¥ á®¯®áâ ¢«¥ë áà áç¥â ¬¨ ¥ª®á¥à¢ â¨¢®© áå¥¬®©.� ¢¥¤¥  ç¨á¥«ì  âà¨¢¨¬ià®¢  ¬®¤¥«ì à®§¯®¢áî¤¦¥ï ¢ ¦ª®£® £ §ã ã âãà¡ã«¥â®¬ã ¯à¨§¥¬®¬ã è à÷. �«ï ç¨-á¥«ì®£® à®§¢'ï§ªã á¨áâ¥¬¨ à÷¢ïì ¬®¤¥«÷ § áâ®á®¢  ª®á¥à¢ â¨¢  (¯® ¬ á÷) áå¥¬  à®§é¥¯«¥ï § ¢¨ª®à¨áâ ï¬à÷¢ïï ¤«ï â¨áªã § ¬÷áâì à÷¢ïï ¤«ï â¥¬¯¥à âãà¨. � ¢¥¤¥® á¯÷¢áâ ¢«¥ï à¥§ã«ìâ â÷¢ ¬®¤¥«î¢ ï § ¤ ¨-¬¨ « ¡®à â®à¨å ¥ªá¯¥à¨¬¥â÷¢. �¥§ã«ìâ â¨ à®§à åãª÷¢ á¯÷¢áâ ¢«¥÷ â ª®¦ i§ à®§à åãª ¬¨ ¥ª®á¥à¢ â¨¢®îáå¥¬®î.The numerical three-dimensional model of the dense gas dispersion is considered. The conservative (upon mass) splittingmethod was used, solving pressure equation instead of the equation for temperature. The simulations results comparedwith the laboratory experiments data. The comparison of the results against of calculations by the non-conservativesplitting method is presented.���������® ¬®£¨å á«ãç ïå  ¢ à¨©ëå ¢ë¡à®á®¢ â®ª-á¨çëå ¨«¨ ¢®á¯« ¬¥ïîé¨åáï £ §®®¡à §ëå ¢¥-é¥áâ¢ ä®à¬¨àãîâáï ®¡« ª  á ¯«®â®áâìî ¡®«ì-è¥©, ç¥¬ ã  â¬®áä¥à®£® ¢®§¤ãå  [1]. �¢®«îæ¨ïâ ª¨å ®¡« ª®¢ áãé¥áâ¢¥® ®â«¨ç¥âáï ®â ®¡« ª®¢£ §  ¥©âà «ì®© ¯« ¢ãç¥áâ¨. �®«« ¯á¨àãï ¯®¤¤¥©áâ¢¨¥¬ á¨« ¯« ¢ãç¥áâ¨ ã ¯®¢¥àå®áâ¨ �¥¬«¨,®¡« ª® ¢ëâ¥áï¥â ¢®§¤ãå ¨ § ¬¥â® ¬¥ï¥â  í-à®¤¨ ¬¨ç¥áª¨¥ ãá«®¢¨ï ®¡â¥ª ¨ï ¯®¢¥àå®áâ¨.�¨«ì ï ãáâ®©ç¨¢ ï áâà â¨ä¨ª æ¨ï ¢ ®¡« ª¥ ¯®¤ -¢«ï¥â âãà¡ã«¥â®áâì ¨ ã¬¥ìè ¥â áª®à®áâì à §-¡ ¢«¥¨ï £ §  ¢®§¤ãå®¬. �¢¨¤ã íâ®£®  íà®â¥à¬®-¤¨ ¬¨ª  ¯à®æ¥áá®¢ ¤¨á¯¥àá¨¨ âï¦¥«ëå £ §®¢ ¤®-áâ â®ç® á«®¦  ¨ âà¥¡ã¥â ¤«ï ¥¥ ®¯¨á ¨ï ¬®-¤¥«¥©, ¢ ª®â®àëå ¡ë ãç¨âë¢ «®áì ¢§ ¨¬®¤¥©áâ¢¨¥®¡« ª®¢ âï¦¥«®£® £ §  ¨ âãà¡ã«¥â®£® ¯à¨§¥¬®-£® á«®ï  â¬®áä¥àë. �«ï ®¯¨á ¨ï ¤¨á¯¥àá¨¨ âï-¦¥«®£® £ §  ¢  â¬®áä¥à¥,  àï¤ã á ã¯à®é¥ë-¬¨ ã«ì-¬¥àë¬¨ (¨â¥£à «ìë¬¨), ®¤®¬¥àë-¬¨ ¨ ¤¢ã¬¥àë¬¨ ¬®¤¥«ï¬¨, à §à ¡®â  àï¤ âà¥å-¬¥àëå ¬®¤¥«¥©. �« áá¨ä¨ª æ¨ï ¨ ªà âª¨© ®¡§®à¬®¤¥«¥© ¯à¨¢¥¤¥ ¢ [2]. � ¬ ¦¥ ®¯¨á   à §à -¡®â  ï ����� ���� âà¥å¬¥à ï ç¨á«¥ ï¬®¤¥«ì âãà¡ã«¥â®© ¤¨ ¬¨ª¨ âï¦¥«®£® £ §  á¡®«ìè¨¬¨ ¨§¬¥¥¨ï¬¨ ¯«®â®áâ¨ á ¨á¯®«ì§®¢ -¨¥¬ ®áà¥¤¥¨ï � ¢à -�¥©®«ì¤á , ª®â®à®¥ ¤«ï

â ª¨å â¥ç¥¨© ¯à¨¢®¤¨â ª ¡®«¥¥ ¯à®áâ®© ä®à¬¥ãà ¢¥¨©, ç¥¬ ®áà¥¤¥¨¥ ¯® �¥©®«ì¤áã. �«ïà áç¥â  âãà¡ã«¥âëå  ¯àï¦¥¨© ¨ ¯®â®ª®¢ ¨á-¯®«ì§®¢ « áì ¨§®âà®¯ ï ¬®¤¥«ì âãà¡ã«¥â®áâ¨¯¥à¢®£® ¯®àï¤ª . �¨á«¥®¥ à¥è¥¨¥ âà¥å¬¥à®©á¨áâ¥¬ë ãà ¢¥¨© ¤¨ ¬¨ª¨ á¦¨¬ ¥¬®£® £ § á ¥®âä¨«ìâà®¢ ë¬¨ §¢ãª®¢ë¬¨ ¢®« ¬¨ ¯à¥¤-áâ ¢«ï¥â á®¡®© á«®¦ãî § ¤ çã, âà¥¡ãîéãî ¨á-¯®«ì§®¢ ¨ï ¡®«ìè¨å ¢ëç¨á«¨â¥«ìëå à¥áãàá®¢.� à ¡®â¥ [2] ¨á¯®«ì§®¢ « áì íª®®¬¨ç ï ¥ï¢ ïª®¥ç®-à §®áâ ï áå¥¬  [3], ®á®¢  ï   ¯à¨-¬¥¥¨¨ ¬¥â®¤  ª®¥ç®£® ®¡ê¥¬  ¢ á®ç¥â ¨¨ ¢¬¥â®¤®¬ à áé¥¯«¥¨ï ¯® ä¨§¨ç¥áª¨¬ ¯à®æ¥áá ¬¨ ¯à®áâà áâ¢¥ë¬ ¯¥à¥¬¥ë¬. �  áâ®ïé¥©à ¡®â¥ à áá¬ âà¨¢ ¥âáï ¤ «ì¥©è¥¥ ãá®¢¥àè¥-áâ¢®¢ ¨¥ ¬®¤¥«¨ [2] ¨ ¬¥â®¤  ç¨á«¥®£® à¥è¥-¨ï § ¤ ç¨. � ®â«¨ç¨¥ ®â ¤àã£¨å ¬®¤¥«¥© à á-¯à®áâà ¥¨ï âï¦¥«ëå £ §®¢, § ¤ ç  áä®à¬ã«¨à®-¢   ¢ ¯¥à¥¬¥ëå ¯«®â®áâì-áª®à®áâì-¤ ¢«¥¨¥-ª®æ¥âà æ¨ï £ § , çâ® ¯®§¢®«¨«® ¯®áâà®¨âì ¡®-«¥¥ íää¥ªâ¨¢ë¥ ª®á¥à¢ â¨¢ë¥ ¯® ¬ áá¥ ç¨á«¥-ë¥ áå¥¬ë. �à®¬¥ â®£®, ¢¬¥áâ® ¬®¤¥«¨ âãà¡ã«¥â-®áâ¨ ¯¥à¢®£® ¯®àï¤ª , ¨á¯®«ì§®¢ ®© ¢ [2], ¢  -áâ®ïé¥© áâ âì¥ ¯à¨¬¥¥  k�" ¬®¤¥«ì, «ãçè¥ ãç¨-âë¢ îé ï ¥áâ æ¨® àë¥ íää¥ªâë    ç «ì®©áâ ¤¨¨ à á¯à®áâà ¥¨¨ ®¡« ª  £ § . �à®¢¥¤¥®á®¯®áâ ¢«¥¨¥ ¬®¤¥«¥© ¨ ç¨á«¥ëå áå¥¬ ¬¥¦¤ãá®¡®© ¨ ¤ ® áà ¢¥¨¥ á íªá¯¥à¨¬¥â ¬¨.28 c �. �. �®¢ «¥æ, �. �. � ¤¥à¨ç, 2001



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 1. �. 28 { 361. �������� ����������§¢¥áâ®, çâ® ¢ § ¢¨á¨¬®áâ¨ ®â ¢ë¡®à  ¨áª®-¬ëå äãªæ¨© ãà ¢¥¨ï £ §®¢®© ¤¨ ¬¨ª¨ ¬®£ãâ¡ëâì ¯à¥¤áâ ¢«¥ë ¢ à §«¨çëå ä®à¬ å. � ª ¯à -¢¨«®, ¢ § ¤ ç å à á¯à®áâà ¥¨ï âï¦¥«ëå £ §®¢¢ ª ç¥áâ¢¥ § ¢¨á¨¬ëå ¯¥à¥¬¥ëå ¨á¯®«ì§ãîâáï¯«®â®áâì, áª®à®áâì, â¥¬¯¥à âãà  (íâ «ì¯¨ï) ¨ª®æ¥âà æ¨ï £ § . �à¥å¬¥à ï ¥áâ æ¨® à ïá¨áâ¥¬  ®áà¥¤¥ëå ¯® � ¢àã-�¥©®«ì¤á  ãà ¢-¥¨©, § ¯¨á ëå ¢ ¤¥ª àâ®¢ëå ª®®à¤¨ â å ¯à¨¡®«ìè¨å ç¨á« å �¥©®«ì¤á , ¨¬¥¥â ¢¨¤ [2]:@�@t + @�huii@xi = 0; (1)@huii@t + huji@huii@xj + 1� @@xj �hu00i u00j i ++1� @p@xi = ��i3g; (2)@hT i@t + huji@hT i@xj + 1� @@xj �hu00jT i ++ p�cv @huji@xj = 0; (3)@hCi@t + huji@hCi@xj + 1� @@xj �hu00jC00i = 0; (4)£¤¥ t { ¢à¥¬ï; xi = (x; y; z) { ª®®à¤¨ âë ¯à¨i = 1; 2; 3; ®áì z  ¯à ¢«¥  ¢¥àâ¨ª «ì® ¢¢¥àå;ui = (u; v; w) { ¯à®¥ªæ¨¨ ¢¥ªâ®à  áª®à®áâ¨ U  ®á¨ x; y; z á®®â¢¥âáâ¢¥®; p { ¤ ¢«¥¨¥; T {  ¡á®-«îâ ï â¥¬¯¥à âãà ; g { ãáª®à¥¨¥ á¨«ë âï¦¥áâ¨;cv { ã¤¥«ì ï â¥¯«®¥¬ª®áâì ¯à¨ ¯®áâ®ï®¬ ®¡ê-¥¬¥. �¥àâ®© á¢¥àåã ®¡®§ ç¥® ®áà¥¤¥¨¥ ¯® �¥©-®«ì¤áã, â®£¤  ª ª ã£«®¢ë¥ áª®¡ª¨ ®§ ç îâ ®áà¥¤-¥¨¥ ¯® � ¢àã. �¥«¨ç¨ë á® èâà¨å®¬ áãâì ¯ã«ì-á æ¨®ë¥ á®áâ ¢«ïîé¨¥ á®®â¢¥âáâ¢ãîé¨å ¯¥à¥-¬¥ëå ¯® �¥©®«ì¤áã, â®£¤  ª ª ¤¢®©ë¥ èâà¨-å¨ á®®â¢¥âáâ¢ãîâ ¯ã«ìá æ¨®ë¬ á®áâ ¢«ïîé¨¬¯® � ¢àã. �¥â «¨ ®áà¥¤¥¨ï á¬. ¢ [2]. �¨áâ¥-¬  ãà ¢¥¨© ¤®¯®«ï¥âáï ãà ¢¥¨¥¬ á®áâ®ï¨ï¨¤¥ «ì®£® £ § :p = �hT i(hCiRg + (1� hCi)Ra); (5)£¤¥ Ra, Rg { £ §®¢ë¥ ª®áâ âë ¤«ï ¢®§¤ãå  ¨ £ -§ . �à¥¤áâ ¢«¥¨¥ ãà ¢¥¨ï ¢ãâà¥¥© í¥à£¨¨¢ ¢¨¤¥ ãà ¢¥¨ï ¤«ï â¥¬¯¥à âãàë ã¤®¡® ¤«ï ®¯¨-á ¨ï å¨¬¨ç¥áª¨å ¯à®æ¥áá®¢, ¨¤ãé¨å á ¢ë¤¥«¥¨-¥¬ â¥¯«®âë, ®¤ ª® ¯à¨ ç¨á«¥®¬ à¥è¥¨¨ á¨-áâ¥¬ë ãà ¢¥¨© (1)-(5) ¢®§¨ª ¥â ¥®¡å®¤¨¬®áâì¢ëà ¦ âì £à ¤¨¥âë ¤ ¢«¥¨ï ¢ ãà ¢¥¨ïå ¤¢¨-¦¥¨ï ç¥à¥§ ¯«®â®áâì, ª®æ¥âà æ¨î ¨ â¥¬¯¥à -

âãàã: @p@xi = a @�@xi + b@ hCi@xi + e@ hT i@xi ; (6)£¤¥ a = 1� @p@� ; b = 1� @p@C ; e = 1� @p@T : (7)�áâ¥áâ¢¥®, íâ® ¬®¦¥â ¯à¨¢®¤¨âì ª ¥â®ç®-áâï¬, á¢ï§ ë¬ ª ª á ¥â®ç®áâìî á ¬®£® ¯à¥¤-áâ ¢«¥¨ï (6) ¢ á«ãç ¥ á« ¡ëå à §àë¢®¢ ¯«®â®-áâ¨, ª®æ¥âà æ¨¨ ¨ â¥¬¯¥à âãàë, â ª ¨ á ¥®¡-å®¤¨¬®áâìî ¨á¯®«ì§®¢ âì § ç¥¨ï a; b; e ¯à¨ ç¨-á«¥ëå à áç¥â å   n-¬ á«®¥. � ª¦¥ ¥ã¤®¡áâ¢®¯à¥¤áâ ¢«ï¥â ¥®¡å®¤¨¬®áâì ¨â¥à¯®«ïæ¨¨ § ç¥-¨© a; b; e ¬¥¦¤ã ã§« ¬¨ á¥âª¨ ¨ â. ¤. � â® ¦¥¢à¥¬ï �®¢¥ï ¨ �¥ª® [3] ®â¬¥â¨«¨, çâ®  ¨¡®«¥¥¯à®áâ®© ¢¨¤ ãà ¢¥¨ï £ §®¢®© ¤¨ ¬¨ª¨ ¯à¨¨-¬ îâ ¢ ¯¥à¥¬¥ëå ¯«®â®áâì, áª®à®áâì ¨ ¤ ¢«¥-¨¥. � ª ï ä®à¬  ãà ¢¥¨© ¯®§¢®«ï¥â, ¢ ®â«¨ç¨¥®â á¨áâ¥¬ë ãà ¢¥¨© (1)-(5), áâà®¨âì à §®áâ-ë¥ áå¥¬ë ®â¤¥«ì® ¤«ï ãà ¢¥¨© ¤¢¨¦¥¨ï ¨í¥à£¨¨ (¢ ¯¥à¥¬¥®© ¤ ¢«¥¨ï) ¨ ¤«ï ãà ¢¥¨©¥à §àë¢®áâ¨ ¨ ª®æ¥âà æ¨¨. �â®¡ë ¨á¯®«ì§®-¢ âì íâ¨ á¢®©áâ¢  ¢ § ¤ ç¥ à á¯à®áâà ¥¨ï âï-¦¥«®£® £ § , ¢ë¢¥¤¥¬ ãà ¢¥¨¥ ¤«ï ¤ ¢«¥¨ï ¨§ãà ¢¥¨ï ¤«ï ã¤¥«ì®© ¢ãâà¥¥© í¥à£¨¨, ª®-â®à®¥ ¢ ¥®áà¥¤¥ëå ¯¥à¥¬¥ëå ¨ ¢ ¯à¥¥¡à¥-¦¥¨¨ ¬®«¥ªã«ïàë¬¨ ¯®â®ª ¬¨ ¨¬¥¥â ¢¨¤ [4]@E@t + u� @@x�E = �p� @u�@x� : (8)� ç «  ¯®«ãç¨¬ ãà ¢¥¨¥ ¤«ï äãªæ¨¨ � = p=�,ª®â®à ï , á ãç¥â®¬ ãà ¢¥¨ï á®áâ®ï¨ï ¨¤¥ «ì®-£® £ §  (4), ï¢«ï¥âáï äãªæ¨¥© â®«ìª® ª®æ¥âà -æ¨¨ ¨ â¥¬¯¥à âãàë, � = �(C; T ) ,   E = E(�; C).�áà¥¤¥®¥ ¯® � ¢àã-�¥©®«ì¤áã ãà ¢¥¨¥ ¤«ï� ¨¬¥¥â ¢¨¤@� h�i@t + @� hu�i h�i@x� + @@x� �Du00��00E +� h�i(@E=@�) @ hu�i@x� = 0: (9)�âáî¤  ¥âàã¤® ¯®«ãç¨âì ãà ¢¥¨¥ ¤«ï ¤ ¢«¥-¨ï: @p@t + hu�i @p@x� + @@x� �Du00��00E ++� 
c2s� @ hu�i@x� = 0; (10)£¤¥ cs = (@p=@�)s- áª®à®áâì §¢ãª . �«ï âãà¡ã«¥â-ëå  ¯àï¦¥¨© ¨ ¯®â®ª®¢, â ª ¦¥, ª ª ¨ ¢ [2],¨á¯®«ì§ãîâáï £à ¤¨¥âë¥ á®®â®è¥¨ï [5]:�. �. �®¢ «¥æ, �. �. � ¤¥à¨ç 29



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 1. �. 28 { 36hu00i u00j i = ��T �@huii@xj + @huji@xi �++�T �ij 23 @huji@xj + 23�ijk; (11)hu00j�00i = ��T�� @h�i@xj ; (12)á®åà ïîé¨¥ â¥§®àãî á¨¬¬¥âà¨î, £¤¥ � { áª -«ïà ï ¢¥«¨ç¨ ; �T { ª®íää¨æ¨¥â âãà¡ã«¥â-®£® ¯¥à¥®á  ¨¬¯ã«ìá ; �� { âãà¡ã«¥â®¥ ç¨-á«® �à ¤â«ï. � [2] ª®íää¨æ¨¥â �T ®¯à¥¤¥«ï«-áï ¯® ¨§¢¥áâ®© ä®à¬ã«¥ �®«¬®£®à®¢ -�à ¤â«ï�T = c�k1=2l; £¤¥ k { ª¨¥â¨ç¥áª ï í¥à£¨ï âãà-¡ã«¥â®áâ¨; l -«¨¥©ë© ¬ áèâ ¡ âãà¡ã«¥â®-áâ¨, § ¢¨áïé¨© ®â à ááâ®ï¨ï ¤® ¯®¤áâ¨« îé¥©¯®¢¥àå®áâ¨ ¨ áâà â¨ä¨ª æ¨¨; c� - ª®áâ â . � áâ®ïé¥© à ¡®â¥ �T ¢ëà ¦ ¥âáï ç¥à¥§ k ¨ áª®-à®áâì ¤¨áá¨¯ æ¨¨ í¥à£¨¨ âãà¡ã«¥â®áâ¨ ":�T = C� hki2h"i ; (13)£¤¥ C� - ª®áâ â . �«ï § ¬ëª ¨ï á¨áâ¥¬ë ãà ¢-¥¨© ¨á¯®«ì§ã¥âáï k � " ¬®¤¥«ì:@�k@t + @�hu�ik@x� � @@x� ��T�k @k@x� == �GT � �"; (14)@�"@t + @�hu�i"@x� � @@x���T @"@x� == �"k [C1"GT � C2""]; (15)£¤¥ GT = �Du00i u00j E @ huii@xj + 1�2u00i �0 @p@xj (16)®¯¨áë¢ ¥â £¥¥à æ¨î âãà¡ã«¥â®áâ¨, ¢ë§¢ -ãî ¢§ ¨¬®¤¥©áâ¢¨¥¬  ¯àï¦¥¨© �¥©®«ì¤á  ¨£à ¤¨¥â®¢ áà¥¤¥© áª®à®áâ¨ (¯¥à¢ë© ç«¥), ¨ £¥-¥à æ¨î ¨«¨ ¤¨áá¨¯ æ¨î âãà¡ã«¥â®áâ¨ §  áç¥â¢§ ¨¬®¤¥©áâ¢¨ï ¯®â®ª®¢ ¯«®â®áâ¨ ¨ £à ¤¨¥â®¢áà¥¤¥£® ¤ ¢«¥¨ï (¢â®à®© ç«¥). � ¯à¨¡«¨¦¥¨¨�ãáá¨¥áª  ¢â®à®© ç«¥ ®¯¨áë¢ ¥â ¯¥à¥å®¤ ª¨¥-â¨ç¥áª®© í¥à£¨¨ âãà¡ã«¥â®áâ¨ ¢ ¯®â¥æ¨ «ì-ãî ¨  ®¡®à®â. �ãà¡ã«¥âë© ¯®â®ª ¯«®â®áâ¨â ª¦¥ à ááç¨âë¢ «áï ¯® £à ¤¨¥â®© ä®à¬ã«¥ [5]u00j �0 = ��T�� @�@xj ; (17)

£¤¥ �� - ¯®áâ®ï ï. � ç¥¨ï ¯®áâ®ïëå ¬®¤¥«¨®¡é¥¯à¨ïâë: c� = 0:09, �k = 1, �� = �� = 0:9,�" = 1:2, C1" = 1:44, C2" = 1:92.� áá¬®âà¨¬ â¥¯¥àì £à ¨çë¥ ¨  ç «ìë¥ãá«®¢¨ï ¤«ï á¨áâ¥¬ë ãà ¢¥¨© (1)-(2), (4), (9), ¤®-¯®«¥®© ¬®¤¥«ìî âãà¡ã«¥â®áâ¨ (11)-(16). �¯®á«¥¤ãîé¥¬ ¨§«®¦¥¨¨ íâã ¬®¤¨ä¨æ¨à®¢ ãî¬®¤¥«ì à á¯à®áâà ¥¨ï £ §  ¡ã¤¥¬  §ë¢ âì ¬®-¤¥«ìî II ¢ ®â«¨ç¨¥ ®â ¨§«®¦¥®© ¢ [2] ¬®¤¥«¨ I. �¯®¢¥àå®áâ¨ �¥¬«¨ ¯à¨ z = z0 ¯à¨¨¬ «¨áì ãá«®-¢¨ï ¯à¨«¨¯ ¨ï ¤«ï áª®à®áâ¥© ¨ ®âáãâáâ¢¨ï ¯®â®-ª  £ § , §  ¨áª«îç¥¨¥¬ ¥£® ¨áâ®ç¨ª . �¤¥áì z0 -¯ à ¬¥âà è¥à®å®¢ â®áâ¨. �à ¨çë¥ ãá«®¢¨ï ¤«ï¯¥à¥¬¥ëå p ¨ � á«¥¤ãîâ ¨§ ãà ¢¥¨ï â¥¯«®®¡-¬¥  á ¯®¤áâ¨« îé¥© ¯®¢¥àå®áâìî:�T�T @ hT i@z = ��(hT i � Tg); (18)£¤¥ � { ª®íää¨æ¨¥â â¥¯«®®â¤ ç¨   ¯®¢¥àå®áâ¨§¥¬«¨; Tg { â¥¬¯¥à âãà  ¯®¤áâ¨« îé¥© ¯®¢¥àå-®áâ¨. �à ¢¥¨¥ ¤«ï ¢¥àâ¨ª «ì®© á®áâ ¢«ïî-é¥© áª®à®áâ¨   ¯®¢¥àå®áâ¨ �¥¬«¨ ¢ëà®¦¤ ¥âáï¢ ãà ¢¥¨¥ £¨¤à®áâ â¨ª¨:@P@z = ��g: (19)�«ï ®¯à¥¤¥«¥¨ï ¯«®â®áâ¨   ¨¦¥© £à ¨æ¥ãà ¢¥¨¥ £¨¤à®áâ â¨ª¨ § ¯¨áë¢ ¥âáï ª ª(Ra(1� hCi) + Rg hCi)�@�@z hT i+ �@ hT i@z � == ��g: (20)�à ¤¨¥â â¥¬¯¥à âãàë ¢ (20) ¨áª«îç ¥âáï á ¯®¬®-éìî ãà ¢¥¨ï â¥¯«®®¡¬¥  á ¯®¢¥àå®áâìî (17),  â¥¬¯¥à âãà  ¢ëç¨á«ï¥âáï ¨§ ãà ¢¥¨ï á®áâ®ï-¨ï ¯® ¨§¢¥áâë¬ ¤ ¢«¥¨î, ¯«®â®áâ¨ ¨ ª®æ¥-âà æ¨¨. �®á«¥  å®¦¤¥¨ï £à ¨ç®£® § ç¥¨ï¯«®â®áâ¨, £à ¨ç®¥ § ç¥¨¥ ¤«ï ¤ ¢«¥¨ï  -å®¤¨âáï ¨§ ãà ¢¥¨ï (19).�à ¨çë¥ ãá«®¢¨ï ¤«ï í¥à£¨¨ âãà¡ã«¥â®áâ¨¨ áª®à®áâ¨ ¤¨áá¨¯ æ¨¨  å®¤ïâáï ¨§ ¯à¥¤¯®«®¦¥-¨ï ® «®ª «ì®© à ¢®¢¥á®áâ¨ à §¢¨â®© âãà¡ã-«¥â®áâ¨ ã �¥¬«¨. �  z = z0:@k@z = 0; " = C3=4� k3=2�z0 : (21)�¤¥áì � = 0:4 { ¯®áâ®ï ï � à¬  . � á«ãç ¥£« ¤ª¨å áâ¥®ª z0 ¯à¥¤áâ ¢«ï¥â á®¡®© ¢ëá®âã ¢ï§-ª®£® ¯®¤á«®ï: z0 = 1E0 �u� ;30 �. �. �®¢ «¥æ, �. �. � ¤¥à¨ç



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 1. �. 28 { 36£¤¥ �0 = 10 ¤«ï £¨¤à ¢«¨ç¥áª¨ £« ¤ª¨å áâ¥®ª, �- ª¨¥¬ â¨ç¥áª ï ¬®«¥ªã«ïà ï ¢ï§ª®áâì ¢®§¤ãå ,u�- ¤¨ ¬¨ç¥áª ï áª®à®áâì, ª®â®à ï  å®¤¨âáï ¨§á®®â®è¥¨ï ku2� = 1pC� ;¯®«ãç¥®£® ¨§ ãá«®¢¨ï à ¢¥áâ¢  £¥¥à æ¨¨ ¨¤¨áá¨¯ æ¨¨ âãà¡ã«¥â®© í¥à£¨¨. �  ¢¥àå¥©£à ¨æ¥ ®¡« áâ¨ à á¯à¥¤¥«¥¨¥ ¢á¥å ¢¥«¨ç¨ á®®â-¢¥âáâ¢ã¥â ¥¢®§¬ãé¥®¬ã ¢ë¡à®á®¬ á®áâ®ï¨î â¬®áä¥àë. � áç¥â ï ®¡« áâì ®à¨¥â¨à®¢   ¯® ¯à ¢«¥¨î ¯à¨§¥¬®£® ¢¥âà . �  ¡®ª®¢ëå £à -ïå, £¤¥ ¯®â®ª ¢â¥ª ¥â ¢ ®¡« áâì, § ¤ ¢ «¨áì § -ç¥¨ï ¥¢®§¬ãé¥ëå ¯®«¥© áª®à®áâ¨, ¤ ¢«¥¨ï ¨ã«¥¢ ï ª®æ¥âà æ¨ï £ § . �  ®áâ «ìëå £à ïå¯à¨¨¬ «¨áì ãá«®¢¨ï �¥©¬  . �  ç «ìë© ¬®-¬¥â ¢à¥¬¥¨ ¢á¥ ¬¥â¥®à®«®£¨ç¥áª¨¥ ¯ à ¬¥âàë¡ë«¨ § ¤ ë ¢ á®®â¢¥âáâ¢¨¨ á «®£ à¨ä¬¨ç¥áª¨¬à á¯à¥¤¥«¥¨¥¬ ¢¥âà  ¨ áâà â¨ä¨ª æ¨¥©. � ç «ì-ë¥ ãá«®¢¨ï ¨ ãá«®¢¨ï   ¯®¢¥àå®áâ¨ §¥¬«¨ ¢ ¨á-â®ç¨ª¥ § ¢¨á¥«¨ ®â â¨¯  ¢ë¡à®á .2. ��������� ������«ï ç¨á«¥®£® à¥è¥¨ï á¨áâ¥¬ë ãà ¢¥¨© (1)-(2), (4), (10), (14)-(15) ¡ë« ¯à¨¬¥¥ ¯®¤å®¤, ¯¥à-¢® ç «ì® ¯à¥¤«®¦¥ë© �®¢¥¥© ¨ �¥ª® ¢ [3]¤«ï à¥è¥¨ï á¨áâ¥¬ë ãà ¢¥¨© ¤¢¨¦¥¨ï ¥¢ï§-ª®£® £ § . � à áá¬ âà¨¢ ¥¬®© §¤¥áì ª®¥ç®-à §®áâ®© áå¥¬¥ à áé¥¯«¥¨ï ¯¥à¥å®¤   ¢à¥¬¥-®© n+1 á«®© ®áãé¥áâ¢«ï¥âáï ¢ ¤¢  íâ ¯ . �  ¯¥à-¢®¬ íâ ¯¥   n+1 á«®© ¯¥à¥¢®¤ïâáï áª®à®áâ¨ ¨ ¤ -¢«¥¨¥. �  ¢â®à®¬ { à ááç¨âë¢ îâáï ®áâ «ìë¥å à ªâ¥à¨áâ¨ª¨: ¯«®â®áâì, ª®æ¥âà æ¨ï, âãà-¡ã«¥â ï í¥à£¨ï ¨ áª®à®áâì ¤¨áá¨¯ æ¨¨. �« -£®¤ àï â ª®¬ã ¯®¤å®¤ã,   ¢â®à®¬ íâ ¯¥ áª®à®áâ¨¢ ãà ¢¥¨ïå ¥à §àë¢®áâ¨ ¨ ¯¥à¥®á  ¯à¨¬¥á¨¡¥àãâáï ã¦¥   n+1 á«®¥, çâ® ¯®§¢®«ï¥â á ¡®«ìè®©â®ç®áâìî á®åà ïâì ¬ ááã ¨ ¯®¢ëè ¥â ãáâ®©ç¨-¢®áâì áå¥¬ë. � áá¬®âà¨¬ ¯à®æ¥¤ãàã à¥è¥¨ï ¡®-«¥¥ ¯®¤à®¡®. �  ¯¥à¢®¬ íâ ¯¥ ¢ëç¨á«¨â¥«ì®£®¯à®æ¥áá  ®¤¨ è £ ¯® ¢à¥¬¥¨ � à áé¥¯«ï¥âáï  è¥áâì ¤à®¡ëå è £®¢ (¯® ä¨§¨ç¥áª¨¬ ¯à®æ¥áá ¬ ¨ ¯à ¢«¥¨ï¬). �®®â¢¥âáâ¢ãîé ï á¨áâ¥¬  ãà ¢-¥¨© (2), (10) ¢ ¢¥ªâ®à®© ä®à¬¥ ¨¬¥¥â ¢¨¤@f@t + 6Xj=1
j � f = G; (22)

£¤¥ f = 2664 uvwP 3775, G = 2664 d1d2d30 3775 ;
j = uj @@xj � 1�1�mE @@xj ���T @@xj �1��m� ;(¯® j ¥ áã¬¬¨à®¢ âì!)
4 = 266664 0 0 0 1� @@x0 0 0 00 0 0 0�c2s @@x 0 0 0 377775 ;
5 = 2666664 0 0 0 00 0 0 1� @@y0 0 0 00 �c2s @@y 0 0 3777775 ;
6 = 2666664 0 0 0 00 0 0 00 0 0 1� @@z0 0 �c2s @@z 0 3777775 :�¤¥áì E = 2664 4=3 0 0 00 4=3 0 00 0 4=3 00 0 0 1 3775 ;d1 = �23 @@x (�k) � 23 @@x ���T �@v@y + @w@z ��++ @@y ���T @v@x�+ @@z ���T @w@x� ;d2 = �23 @@y (�k) � 23 @@y ���T �@u@x + @w@z ��++ @@x ���t@u@y�+ @@z ���T @w@y � ;d3 = �23 @@z (�k) � 23 @@z ���T �@u@x + @v@y��++ @@x ���T @u@z�+ @@y ���T @v@z�� g:�. �. �®¢ «¥æ, �. �. � ¤¥à¨ç 31



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 1. �. 28 { 36� à ¬¥âà m = 0 §  ¨áª«îç¥¨¥¬ ãà ¢¥¨ï ¤«ï¤ ¢«¥¨ï, £¤¥ m = 1. �®¥ç®-à §®áâ ï áå¥¬ § ¯¨áë¢ ¥âáï ¢ ¢¨¤¥fn+1 � fn� + 6Xj=1
kjh(fn+1 + (1� )fn) =Gn; (23)£¤¥  - ¢¥á®¢®© ¬®¦¨â¥«ì; 
kjh - à §®áâë©   -«®£ ¤¨ää¥à¥æ¨ «ì®£® ®¯¥à â®à  ¢ (22), ª®â®-àë©  ¯¯à®ªá¨¬¨àã¥â ¨áå®¤ãî á¨áâ¥¬ã ãà ¢¥¨©á ¯®àï¤ª®¬ O(� + hk). �á¥ ª®íää¨æ¨¥âë ¢ ®¯¥à -â®à å 
jh ¡¥àãâáï á ¯à¥¤ë¤ãé¥£® è £ . �à¨¢®¤ïãà ¢¥¨¥ (23) ª ª ®¨ç¥áª®¬ã ¢¨¤ã(E1 + � 6Xj=1
kjh) fn+1 � fn� = � 6Xj=1
kjhfn +Gn (24)¨ ¨á¯®«ì§ãï ä ªâ®à¨§ æ¨î ®¯¥à â®à  [3]:0@E1 + � 6Xj=1
kjh1A � 6Yj=1 �E1 + �
kjh�; (25)¯¥à¥å®¤¨¬   n+ 1 ¢à¥¬¥®© á«®© á ¯®¬®éìî ¯®-á«¥¤®¢ â¥«ì®áâ¨ ¤à®¡ëå è £®¢:�E1 + �
k1h� �n+1=6 = � 6Xj=1
kjhfn +Gn;�E1 + �
k2h� �n+2=6 = �n+1=6;�E1 + �
k3h� �n+3=6 = �n+2=6;�E1 + �
k4h� �n+4=6 = �n+3=6; (26)�E1 + �
k5h� �n+5=6 = �n+4=6;�E1 + �
k6h� �n+1 = �n+5=6;fn+1 = fn + ��n+1:�¥ªâ®à �n+j=6 ¢ á¨áâ¥¬¥ ãà ¢¥¨© (26) ®¯à¥¤¥-«ï¥âáï ª ª �n+j=6 = (fn+j=6 � fn)=� . �  ¯¥à¢ëåâà¥å ¤à®¡ëå è £ å á¨áâ¥¬ë ãà ¢¥¨© (26) à¥-è îâáï áª «ïàë¬¨ ¯à®£®ª ¬¨. �ë¯¨è¥¬ ¤«ïª ¦¤®© ª®¬¯®¥âë ¢¥ªâ®à  �n+j=6 à §®áâ®¥ãà ¢¥¨¥   4-¬ ¤à®¡®¬ è £¥:�n+4=6u + � 1��kx�n+4=6p = �n+3=6u ; (27)�n+4=6v = �n+4=6w = 0; (28)�n+4=6p + ��nc2s�kx�n+4=6u = �n+3=6p : (29)�¤¥áì �kx - ª®¥ç®-à §®áâë©   «®£ ¯®àï¤ª  k¯à®¨§¢®¤®© @=@x. �®¬¡¨¨àãï ãà ¢¥¨ï (27) ¨(29), ¯®«ãç ¥¬ ãà ¢¥¨¥ ¤«ï  å®¦¤¥¨ï �n+4=6u :�E1 � �22 1�n�kx ��nc2s�kx�� �n+4=6u == �n+3=6u � � 1�n�kx�n+3=6p (30)

�â® ãà ¢¥¨¥ â ª¦¥ à¥è ¥âáï ®â®á¨â¥«ì®�n+4=6u áª «ïà®© ¯à®£®ª®©. �®¤áâ ¢«ïï ¯®«ãç¥-ë¥ § ç¥¨ï �n+4=6u ¢ ãà ¢¥¨¥ (29), ¯®«ãç ¥¬�n+4=6p . � «®£¨ç ï ¯à®æ¥¤ãà  ¨¬¥¥â ¬¥áâ®  5-¬ ¨ 6-¬ ¤à®¡ëå è £ å ¤«ï ª®¬¯®¥â �n+5=6v ¨�n+1w á®®â¢¥âáâ¢¥®.�  ¢â®à®¬ íâ ¯¥ ç¨á«¥®£® à¥è¥¨ï ¨áå®¤®©á¨áâ¥¬ë ãà ¢¥¨© ¯à®¨§¢®¤¨âáï à áé¥¯«¥¨¥ ¯® ¯à ¢«¥¨ï¬ ãà ¢¥¨© ¤«ï ª®æ¥âà æ¨¨, ¯«®â-®áâ¨, í¥à£¨¨ âãà¡ã«¥â®áâ¨ ¨ áª®à®áâ¨ ¤¨áá¨-¯ æ¨¨. �à ¢¥¨ï ¯à¨ íâ®¬ ¨¬¥îâ ¢¨¤fn+1 � fn� + 3Xj=1
j(fn+1 + (1� )fn) = Gn; (31)£¤¥ f = 2664 ��C�k�" 3775 , Gn = 26664 00�GT � �"�"k [C1"GT �C2""] 37775,
j = 26666666666666664 @un+1j@xj@un+1j@xj � @@xj 0BB@��T @ 1�n@xj 1CCA@un+1j@xj � @@xj � @@xj�@un+1j@xj � @@xj ��n+1�nT @@xj�
37777777777777775 : (32)� §¡¨¥¨¥   ¤à®¡ë¥ è £¨ ¤«ï á¨áâ¥¬ë ãà ¢¥-¨© (31)   «®£¨ç® ¯¥à¢ë¬ âà¥¬ è £ ¬ (26) ¨¯®íâ®¬ã ¥ ¯à¨¢®¤¨âáï.�â¬¥â¨¬ ¯à¥¨¬ãé¥áâ¢® â ª®© áå¥¬ë ¯¥à¥¤ áå¥-¬®© [6] ¤«ï á¨áâ¥¬ë ãà ¢¥¨© ¢ ¯¥à¥¬¥ëå áª®-à®áâì, ¯«®â®áâì, íâ «ì¯¨ï ¨ ª®æ¥âà æ¨ï (áå¥-¬  I), ¢ ª®â®à®© ãà ¢¥¨ï ¤«ï áª «ïàëå ¯¥à¥-¬¥ëå ¤®«¦ë à¥è âìáï ®¤®¢à¥¬¥® á ãà ¢¥-¨ï¬¨ ¤«ï áª®à®áâ¨. �â® ¯à¨¢®¤¨â ª â®¬ã, çâ®áª®à®áâ¨ ¢  ¤¢¥ªâ¨¢ëå ç«¥ å ãà ¢¥¨ï ¥à §-àë¢®áâ¨ ¨ ª®æ¥âà æ¨¨ ¡¥àãâáï á ¯à¥¤ë¤ãé¥£®á«®ï, çâ® ¯à¨¢®¤¨â ª ®£à ¨ç¥¨î ¯® ¢à¥¬¥®¬ãè £ã. �à¥¤«®¦¥ ï ¢ ¤ ®© à ¡®â¥ ¯à®æ¥¤ãà ¯®§¢®«ï¥â, ¢®-¯¥à¢ëå, à¥è âì ãà ¢¥¨ï ¤«ï ¬ á-áë ¨ ª®æ¥âà æ¨¨,   â ª¦¥ ãà ¢¥¨ï ¤«ï í¥à-£¨¨ âãà¡ã«¥â®áâ¨ ¨ áª®à®áâ¨ ¤¨áá¨¯ æ¨¨, § ¯¨-á ë¥ ¢ ª®á¥à¢ â¨¢®© ä®à¬¥ ¨, ¢®-¢â®àëå, ¯®-§¢®«ï¥â ¤«ï ãà ¢¥¨©, à¥è ¥¬ëå   ¢â®à®¬ íâ -¯¥,  ¯¯à®ªá¨¬¨à®¢ âì  ¤¢¥ªâ¨¢ë¥ ç«¥ë ¯®«®-áâìî ¥ï¢®© áå¥¬®©. �à®¬¥ ®¯¨á ëå ¢ëè¥,á«¥¤ã¥â ®â¬¥â¨âì ¥é¥ ®¤® ¯à¥¨¬ãé¥áâ¢® áå¥¬ë32 �. �. �®¢ «¥æ, �. �. � ¤¥à¨ç



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 1. �. 28 { 36II ¯¥à¥¤ áå¥¬®© I. � ª ®â¬¥ç¥® ¢ [6],  ¯¯à®ªá¨-¬ æ¨ï £à ¤¨¥â®¢ ¤ ¢«¥¨ï ¢ áå¥¬¥ I á®®â®è¥-¨¥¬ (6), £¤¥ ª®íää¨æ¨¥âë a; b; e ¡¥àãâáï á ¯à¥-¤ë¤ãé¥£® á«®ï, ¯à¨¢®¤¨â ª ¢®§¨ª®¢¥¨î ¡®«ì-è¨å ¥â®ç®áâ¥©, ¥ä¨§¨ç¥áª¨å ®áæ¨««ïæ¨©   4-¬, 5-¬, ¨ 6-¬ ¤à®¡ëå è £ å, ¢ ª®â®àëå ¤®«¦®¯à¨áãâáâ¢®¢ âì  ¤ ¯â¨à®¢ ®¥ ¯®«¥ ¤ ¢«¥¨ï ª¨§¬¥¨¢è¨¬áï   ¯¥à¢ëå âà¥å ¤à®¡ëå è £ å ¯®-«ï¬ ª®æ¥âà æ¨¨, ¯«®â®áâ¨ ¨ â¥¬¯¥à âãàë. �æ¥«ìî ãáâà ¥¨ï íâ®© ¯à®¡«¥¬ë ¢ [6] ¢¢®¤¨âáïá¯¥æ¨ «ì ï ¬®¤¨ä¨ª æ¨ï ª« áá¨ç¥áª®£®  «£®à¨â-¬  à áé¥¯«¥¨ï   4, 5, 6 ¤à®¡ëå è £ å, á ¯®-¬®éìî ª®â®à®© ¡®«¥¥ â®ç® ¢ëç¨á«ïîâáï ç«¥ë�n+3=6p , �n+4=6p , �n+5=6p á®®â¢¥âáâ¢¥®. � ª ®â¬¥-ç¥® ¢ [6], íâ® ¯à¨¢®¤¨â ª áãé¥áâ¢¥®¬ã ã¢¥«¨-ç¥¨î è £  ¯® ¢à¥¬¥¨ (¯à¨¡«¨§¨â¥«ì®   ¯®-àï¤®ª). �¤ ª® ª ª ¯®ª § ®  è¨¬¨ à áç¥â ¬¨,¯à¨¢¥¤¥ë¬¨ ¢ á«¥¤ãîé¥¬ à §¤¥«¥, íâ® ¥ á¨-¬ ¥â ¯®«®áâìî ¯à®¡«¥¬, á¢ï§ ëå á ¨á¯®«ì§®-¢ ¨¥¬ ª®íää¨æ¨¥â®¢ a; b; e, ¢§ïâëå á ¯à¥¤ë¤ã-é¥£® ¢à¥¬¥®£® á«®ï ¨ ¥®¡å®¤¨¬®áâìî ¨å ¨-â¥à¯®«ïæ¨¨ ¬¥¦¤ã ã§« ¬¨ á¥âª¨. �à¥¤« £ ¥¬ë©¢  è¥© à ¡®â¥ ¯®¤å®¤ á¨¬ ¥â íâã ¯à®¡«¥¬ã, â ªª ª ç«¥ë �n+j=6p à cáç¨âë¢ îâáï ¥¯®áà¥¤áâ¢¥-®. �«ï  ¯¯à®ªá¨¬ æ¨¨ ¯à®áâà áâ¢¥ëå ¯à®-¨§¢®¤ëå ¢ ¤¨ää¥à¥æ¨ «ìëå ¬ âà¨çëå ®¯¥à -â®à å ¨á¯®«ì§®¢ « áì áå¥¬  á® áâ¥¯¥ë¬ § ª®-®¬ [7], ª®â®à ï ï¢«ï¥âáï áå¥¬®© 2-£® ¯®àï¤ª  â®ç-®áâ¨ ¯® ¯à®áâà áâ¢¥ë¬ ¯¥à¥¬¥ë¬,   ¯à¨¡®«ìè¨å ç¨á« å �¥ª«¥ ¯¥à¥å®¤¨â ¢ áå¥¬ã  ¯à -¢«¥ëå à §®áâ¥©.3. ���������� ���������¥§ã«ìâ âë à áç¥â®¢ á ¯®¬®éìî ¬®¤¥«¥© I ¨II ¡ë«¨ á®¯®áâ ¢«¥ë á ¤ ë¬¨ « ¡®à â®à®£®íªá¯¥à¨¬¥â  [8]. � íªá¯¥à¨¬¥â¥ ¨§ãç «®áì ¨§®-â¥à¬¨ç¥áª®¥ à á¯à®áâà ¥¨¥ âï¦¥«®£® £ §  ¢ ¯®-ª®îé¥©áï  â¬®áä¥à¥  ¤ ¯«®áª®© £« ¤ª®© ¯®¢¥àå-®áâìî. �  ç «ìë© ¬®¬¥â ¢à¥¬¥¨ á®§¤ ¢ «-áï æ¨«¨¤à¨ç¥áª¨© ®¡ê¥¬ £ §  á ¢ëá®â®©, à ¢®©¤¨ ¬¥âàã. �â®è¥¨¥ ¯«®â®áâ¨ £ §  (å« ¤® 12)ª ¯«®â®áâ¨ ¢®§¤ãå  �0=�a ¨§¬¥ï«®áì ®â 2.2 ¤®4.2,   ®¡ê¥¬ - ®â 0.034 ¤® 0.134 ¬3. �§¬¥à¥¨ïâ®ç¥çëå ª®æ¥âà æ¨©   à §«¨çëå à ááâ®ï-¨ïå ®â ¨áâ®ç¨ª  ®áãé¥áâ¢«ï«¨«¨áì   ¢ëá®â¥z = 0:006 ¬. � áç¥âë ¯à®¢®¤¨«¨áì   ¯®á«¥¤®¢ -â¥«ì®áâ¨ á¥â®ª á à ¢®¬¥àë¬ è £®¬. �à¨ ¯à¨-¡«¨¦¥¨¨ ®¡« ª  ª £à ¨æ¥ à §¬¥à ®¡« áâ¨ ã¢¥-«¨ç¨¢ «áï, çâ® ¯®§¢®«¨«® áãé¥áâ¢¥® ã¬¥ìè¨âì§ âà âë ¬ è¨®£® ¢à¥¬¥¨. � ç «ì®¥ à §à¥-è¥¨¥ ®¡« áâ¨ ¯® £®à¨§®â «¨ 25�25 ã¢¥«¨ç¨«®áìª ª®æã à áç¥â®¢ ¤® 61� 61. �¥àâ¨ª «ì®¥ à §à¥-
�¨á. 1. �®à¨§®â «ì®¥ à á¯à¥¤¥«¥¨¥ ¯à¨§¥¬®©ª®æ¥âà æ¨¨ ¤«ï âà¥å ¬®¬¥â®¢¢à¥¬¥¨:  ��t = 1 c; ¡ ��t = 2 c; ¢ � t = 7 cè¥¨¥ ¡ë«® 40 â®ç¥ª á è £®¬, ¯¥à¥¬¥ë¬ ¯® ¢ë-á®â¥. �¨¦¥ ¯à¨¢¥¤¥ë à¥§ã«ìâ âë à áç¥â®¢ ¤«ï®â®è¥¨ï ¯«®â®áâ¥© �0=�a = 2:9 ¨  ç «ì®£®®¡ê¥¬  V0 = 0:054¬3.�  à¨á. 1 ¨§®¡à ¦¥ë ¯®«ï ¯à¨§¥¬®© ª®æ¥-âà æ¨¨ ¤«ï ¬®¬¥â®¢ ¢à¥¬¥¨ t = 1; 2; 7 c. � ª¢¨¤® ¨§ à¨á. 1, ¢, ª®«« ¯á¨àãîé¥¥ ®¡« ª® à á¯à®-áâà ï¥âáï ¢ ¢¨¤¥ ¢¨åà¥¢®£® ª®«ìæ . �ãâà¨ ª®«ì-æ  à á¯à®áâà ïîâáï £à ¢¨â æ¨®ë¥ ¢®«ë, ª®-â®àë¥, ª ª ®â¬¥ç¥® [2], ¢®§¬®¦® ï¢«ïîâáï ¢®«-�. �. �®¢ «¥æ, �. �. � ¤¥à¨ç 33



ISSN 1561 -9087 �à¨ª« ¤  £÷¤à®¬¥å ÷ª . 2001. �®¬ 3 (75), N 1. �. 28 { 36 ¬¨, ®âà ¦¥ë¬¨ ®â ªà ï ®¡« ª , § ¬¥¤«ïîé¥-£® á¢®¥ ¤¢¨¦¥¨¥. �¨á. 1 ¯®ª §ë¢ ¥â â ª¦¥ ¥ª®-â®àë¥ ¥ä¨§¨ç¥áª¨¥ ¥®¤®à®¤®áâ¨ ¯®«ï ª®æ¥-âà æ¨¨, ª®â®àë¥ ¢®§¨ª îâ   ®â®á¨â¥«ì® £àã-¡®© á¥âª¥ ¢á«¥¤áâ¢¨¥ ¯à¨¬¥¥¨ï áå¥¬ë à áé¥¯«¥-¨ï ¯®  ¯à ¢«¥¨ï¬.�  à¨á. 2 ¯à¨¢¥¤¥® áà ¢¥¨¥ à¥§ã«ìâ â®¢ à á-ç¥â®¢ ¯® áå¥¬¥ II á ¤ ë¬¨ íªá¯¥à¨¬¥â    à §-«¨çëå ¡¥§à §¬¥àëå à ááâ®ï¨ïå (R� = R=V 1=30®â ¨áâ®ç¨ª . � æ¥«®¬, ª ª á«¥¤ã¥â ¨§ íâ®£® à¨-áãª , ¬®¤¥«ì ¯®ª §ë¢ ¥â ¥¯«®å®¥ á®¢¯ ¤¥¨¥ áíªá¯¥à¨¬¥â®¬. �¥§ã«ìâ âë à áç¥â®¢ ª®æ¥âà -æ¨¨ ¯® áå¥¬¥ à áé¥¯«¥¨ï I, ®¯¨á ®© ¢ [2, 6],   ç «ì®© áâ ¤¨¨ § ¬¥â® ¥ ®â«¨ç îâáï ®â ¯à¨-¢¥¤¥ëå   à¨á. 1. �¤ ª® ¢à¥¬ï ¯à¨å®¤  ¬ ªá¨-¬ «ì®© ª®æ¥âà æ¨¨ ª  ¨¡®«¥¥ ã¤ «¥®¬ã ¤ â-ç¨ªã ¯à¥¤áª §ë¢ ¥âáï ¬®¤¥«ìî I á ¥ª®â®àë¬ § -¯ §¤ë¢ ¨¥¬. �®¤à®¡¥¥ ¯à¨ç¨  íâ®£® § ¯ §¤ë-¢ ¨ï ¡ã¤¥â à áá¬®âà¥  ¨¦¥. �¥¢ï§ª  ¬ ááë,¢®§¨ª îé ï ¯à¨ à áç¥â¥ ¯® áå¥¬¥ I - 0.1%, â®£¤ ª ª ¤«ï áå¥¬ë II ®  á®áâ ¢«ï¥â 0.0001%. � ª ¢¨¤-® ¨§ à¨á. 2,  ,   íªá¯¥à¨¬¥â «ì®© ªà¨¢®© ª®-æ¥âà æ¨¨ ¥áâì ¯à®¢ «, ®¡ãá«®¢«¥ë©, ¯®¢¨¤¨¬®-¬ã, ¢®¢«¥ç¥¨¥¬ ¢®§¤ãå  ¢ âë«®¢ãî ç áâì "£®«®-¢ë" ®¡« ª . �®¤¥«ì ¥ ¯à¥¤áª §ë¢ ¥â â ª¨å ª®-à®âª®¢®«®¢ëå ¯à®æ¥áá®¢ ¨§-§  ¨§ª®£® à §à¥è¥-¨ï ¯® £®à¨§®â «¨. �¤ ª® ¢à¥¬ï ¯à¨å®¤  ¬ ª-á¨¬ «ì®© ª®æ¥âà æ¨¨ ¯à¥¤áª §ë¢ ¥âáï áå¥¬®©II ¢¥à®. �ëá®â  ¯¨ª , ¯à¥¤áª §ë¢ ¥¬ ï ¬®¤¥«ìî  à¨á. 2,  , § ¨¦¥ . �â® ¬®¦¥â ¡ëâì á¢ï§ ®ª ª á ç¨á«¥®© ¤¨áá¨¯ æ¨¥©, á¢®©áâ¢¥®© áå¥¬¥� â ª à  ¯à¨ ¡®«ìè¨å ç¨á« å �¥ª«¥, ¨á¯®«ì§ã¥-¬®© ¯à¨  ¯¯à®ªá¨¬ æ¨¨ ª®¢¥ªâ¨¢ëå ç«¥®¢, â ª¨ á ®â®á¨â¥«ì® £àã¡ë¬ à §à¥è¥¨¥¬ ¯® ¢¥àâ¨-ª «¨. �à¨ ã¢¥«¨ç¥¨¨ à §à¥è¥¨ï ¢¤¢®¥ ¢ëá®â ¯¨ª  ¥áª®«ìª® ã¢¥«¨ç¨¢ ¥âáï (  5 %).�  à¨á. 3 ¯à¥¤áâ ¢«¥ë ¢¥àâ¨ª «ìë¥ á¥ç¥¨ïí¥à£¨¨ âãà¡ã«¥â®áâ¨ k ¨ áª®à®áâ¨ ¤¨áá¨¯ æ¨¨" ¤«ï ¤¢ãå ¬®¤¥«¥© âãà¡ã«¥â®áâ¨: k � " ¨ ¬®-¤¥«¨ á  «£¥¡à ¨ç¥áª¨¬¨ á®®â®è¥¨ï¬¨ ¤«ï ¬ á-èâ ¡  âãà¡ã«¥â®áâ¨ l [2]. �®¬¥â ¢à¥¬¥¨, ¤«ïª®â®à®£® ¯à¥¤áâ ¢«¥ë íâ¨ á¥ç¥¨ï (t = 2 c), ¯à¨-¡«¨§¨â¥«ì® á®®â¢¥âáâ¢ã¥â ¬ ªá¨¬ã¬ã à §¢¨â¨ïâãà¡ã«¥â®áâ¨ ¢ ®¡« ª¥. � ª ¢¨¤® ¨§ à¨á. 3, , à á¯à¥¤¥«¥¨¥ í¥à£¨¨ âãà¡ã«¥â®áâ¨, à ááç¨-â ®¥ ®¡¥¨¬¨ ¬®¤¥«ï¬¨, ®ç¥ì ¡«¨§ª®. � ªá¨-¬ «ìë¥ § ç¥¨ï âãà¡ã«¥â®© í¥à£¨¨   à¨á.3,   ¨ ¡ ®¤¨ ª®¢ë ¨ à ¢ë 0.022 ¬2=á2. � â® ¦¥¢à¥¬ï ¬ ªá¨¬ «ìë¥ § ç¥¨ï áª®à®áâ¨ ¤¨áá¨¯ -æ¨¨   à¨á. 3, ¢ ¨ £  ¤ ¢ï§ª¨¬ ¯®¤á«®¥¬ à ¢ë1200 ¨ 2200 ¬2=á3 á®®â¢¥âáâ¢¥®, â. ¥. ¬ ªá¨-¬ «ì ï áª®à®áâì ¤¨áá¨¯ æ¨¨, à ááç¨â  ï k� "¬®¤¥«ìî, ¯®çâ¨ ¢ 2 à §  ¬¥ìè¥ ¯®«ãç¥®© ¯® à¥-
�¨á. 2. �à ¢¥¨¥ à¥§ã«ìâ â®¢ ¬®¤¥«¨à®¢ ¨ï áâ®ç¥çë¬¨ ¯à¨§¥¬ë¬¨ ª®æ¥âà æ¨ï¬¨,¨§¬¥à¥ë¬¨ ¢ íªá¯¥à¨¬¥â¥ [8] ¤«ï à §«¨çëå¡¥§à §¬¥àëå à ááâ®ï¨© ®â ¨áâ®ç¨ª :   {R� = 2:6, ¡ { R� = 5:8, ¢ { R� = 9:2§ã«ìâ â ¬ k� l ¬®¤¥«¨. �â® ®¡ãá«®¢«¥® â¥¬, çâ®âãà¡ã«¥â®áâì ¢ ®¡« ª¥ ¤ «¥ª  ®â à ¢®¢¥á®£®á®áâ®ï¨ï.�  à¨á. 4 ¯à¥¤áâ ¢«¥® ¨§¬¥¥¨¥ ¢® ¢à¥¬¥-¨ ¬ ªá¨¬ «ì®© (¯® ®¡« áâ¨) à §®áâ¨ â¥¬¯¥à -âãàë, ¯®«ãç¥®© ¯à¨ à áç¥â å ¨§®â¥à¬¨ç¥áª®£®íªá¯¥à¨¬¥â  [2] áå¥¬ ¬¨ I ¨ II. � ª ¢¨¤® ¨§ à¨á.4, áå¥¬  á ¤ ¢«¥¨¥¬ (II) ¤ ¥â ¬ ªá¨¬ «ì®¥ ®â-ª«®¥¨¥ â¥¬¯¥à âãàë ®â à¥§ã«ìâ â®¢ à áç¥â®¢áå¥¬®© á â¥¬¯¥à âãà®© ¨«¨ íâ «ì¯¨¥© (I) ®ª®«®2 �K, ¯à¨ íâ®¬ à §®áâì á® ¢à¥¬¥¥¬ § âãå ¥â.�«¥¤ã¥â ®¦¨¤ âì, çâ® áå¥¬  á â¥¬¯¥à âãà®© (I)«ãè¥ à ááç¨âë¢ ¥â â¥¬¯¥à âãàã, ¢ â® ¢à¥¬ï ª ª34 �. �. �®¢ «¥æ, �. �. � ¤¥à¨ç
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�¨á. 3. �à ¢¥¨¥ ¢¥àâ¨ª «ìëå á¥ç¥¨©âãà¡ã«¥â®© í¥à£¨¨ ¨ áª®à®áâ¨ ¤¨áá¨¯ æ¨¨ ¤«ït=2 c, à ááç¨â ëå ¯® k � " ¬®¤¥«¨ ( , ¢) ¨ ¯® k � l¬®¤¥«¨ á  «£¥¡à ¨ç¥áª¨¬¨ á®®â®è¥¨ï¬¨ ¤«ï¬ áèâ ¡  âãà¡ã«¥â®áâ¨ (¡, £)áå¥¬  á ¤ ¢«¥¨¥¬ (II) ¤ ¥â ¡®«¥¥ ¯à ¢¨«ìë¥ § -ç¥¨ï ¤ ¢«¥¨ï (  § ç¨â ¨ áª®à®áâ¥©). �®¤â¢¥à-¦¤¥¨¥¬ íâ®£® ¯à¥¤¯®«®¦¥¨ï ï¢«ï¥âáï â®â ä ªâ,çâ® à ácç¨â ë¥ ¯® áå¥¬¥ I ¯®«ï â¥¬¯¥à âãàë¢ ¨§®â¥à¬¨ç¥áª®¬ íªá¯¥à¨¬¥â¥ ¡®«¥¥ ®¤®à®¤ë,à §®áâì ¬¥¦¤ã ¬ ªá¨¬ «ìë¬ ¨ ¬¨¨¬ «ìë¬§ ç¥¨¥¬ á®áâ ¢«ï¥â ®ª®«® 0.01 �K, ¢ â® ¢à¥¬ïª ª à §®áâì ¬¥¦¤ã ¬ ªá¨¬ «ì®© ¨ ¬¨¨¬ «ì®©â¥¬¯¥à âãà®©, à cáç¨â ®© ¯® áå¥¬¥ II, ¤®áâ¨£ -

�¨á. 4. � ªá¨¬ «ì ï à §®áâì â¥¬¯¥à âãàë¬¥¦¤ã à áç¥â ¬¨ ¯® áå¥¬ ¬ I ¨ II¥â 2 �K. �®íâ®¬ã £à ä¨ª   à¨á. 4 ¬®¦¥â á«ã-¦¨âì ¬¥à®© â®ç®áâ¨ ¯à¥¤áª § ¨© â¥¬¯¥à âãàëáå¥¬®© II.�  à¨á. 5 ¯à¥¤áâ ¢«¥ £à ä¨ª ¬ ªá¨¬ «ì®£®®â«¨ç¨ï áª®à®áâ¥© ¢ "£®«®¢¥" (â.¥.  ¨¡®«¥¥  ª-â¨¢® ¤¢¨£ îé¥©áï ç áâ¨) ®¡« ª , (�uH)max à á-áç¨â ëå ¯® áå¥¬ ¬ I ¨ II á®®â¢¥âáâ¢¥®. � §-®áâ¨ áª®à®áâ¥© ®à¬¨àãîâáï   ¬ ªá¨¬ «ìãîáª®à®áâì ¢ ®¡« ª¥. � ª ¯à ¢¨«®,  ¨¡®«¥¥ á¨«ì®®â«¨ç îâáï áª®à®áâ¨ ã ¯®¢¥àå®áâ¨ �¥¬«¨. � ª¬ë ã¦¥ ®â¬¥ç «¨, ¯à¥¤¯®« £ ¥âáï, çâ® áå¥¬  á ¤ -¢«¥¨¥¬ ¯®§¢®«ï¥â ¡®«¥¥ â®ç® ¯à¥¤áª §ë¢ âì áª®-à®áâ¨. � ª ¢¨¤® ¨§ à¨áãª  5, ¬ ªá¨¬ «ì®¥ ®â-«¨ç¨¥ áª®à®áâ¥© ¢ "£®«®¢¥" ®¡« ª  ¤®áâ¨£ ¥â 15% ¨ ¥ ã¡ë¢ ¥â á® ¢à¥¬¥¥¬. �®â ä ªâ, çâ®  ¨-¡®«¥¥ á¨«ì® ®â«¨ç îâáï áª®à®áâ¨ ã ¯®¢¥àå®áâ¨§¥¬«¨, ï¢«ï¥âáï ª®á¢¥ë¬ ¯®¤â¢¥à¦¤¥¨¥¬ â®£®,çâ®  ¡«î¤ ¥¬ë¥ ®â«¨ç¨ï á¢ï§ ë á  ¯¯à®ªá¨¬ -æ¨¥© ¤ ¢«¥¨ï ¢ëà ¦¥¨¥¬ (6) ¢ áå¥¬¥ I, ¯®áª®«ìªã ¨¡®«¥¥ á¨«ìë¥ £®à¨§®â «ìë¥ £à ¤¨¥âë ¤ -¢«¥¨ï áãé¥áâ¢ãîâ ã ¯®¢¥àå®áâ¨.�á®¢®¥ ®£à ¨ç¥¨¥   è £ ¯à¨ à¥è¥¨¨ ¯®®¡¥¨¬ áå¥¬ ¬ á¢ï§ ® á® §¢ãª®¢ë¬¨ ¢®« ¬¨, ª®-â®àë¥ ¢®§¨ª îâ ¢ á¦¨¬ ¥¬®© áà¥¤¥, ®¯¨áë¢ ¥-¬®© á¨áâ¥¬®© ãà ¢¥¨© (1)-(5), (10). �®íâ®¬ã¯à¨ ¨á¯®«ì§®¢ ¨¨ ç¨á«¥®© áå¥¬ë II ¥áâ¥áâ¢¥-® à¥è âì á¨áâ¥¬ã ãà ¢¥¨© (23)   ¯¥à¢®¬ íâ ¯¥(áª®à®áâ¨ ¨ ¤ ¢«¥¨¥) á áãé¥áâ¢¥® ¬¥ìè¨¬ è -£®¬, ç¥¬ ãà ¢¥¨ï (31), à¥è ¥¬ë¥   ¢â®à®¬ íâ -¯¥ (¯«®â®áâì, ª®æ¥âà æ¨ï ¨ âãà¡ã«¥â ï í¥à-£¨ï). �®¦¥â ¢®§¨ªãâì âàã¤®áâì á ãà ¢¥¨¥¬¤«ï ¥à §àë¢®áâ¨, ¢ ª®â®à®¬ ç«¥ @�=@t ®¯à¥-¤¥«ï¥â £¥¥à æ¨î §¢ãª®¢ëå ¢®«. �à¥¤¯®« £ ï,çâ® ¤«ï ¨â¥à¥áãîé¨å  á å à ªâ¥à¨áâ¨ª ¢«¨ï-¨¥  ªãáâ¨ç¥áª¨å ¯à®æ¥áá®¢ ¥ áãé¥áâ¢¥®, ¬ë�. �. �®¢ «¥æ, �. �. � ¤¥à¨ç 35
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�¨á. 5. � ªá¨¬ «ì ï à §®áâì áª®à®áâ¥© ¢ "£®«®¢¥"®¡« ª , ®à¬¨à®¢  ï   ¬ ªá¨¬ «ìãî áª®à®áâì¢ ®¡« ª¥, ¯® à áç¥â ¬ ¯® áå¥¬¥ I ¨ IIà¥è «¨ ¢â®àãî £àã¯¯ã ãà ¢¥¨© (31) á è £®¬ ¢10 à § ¡®«ìè¨¬, ç¥¬ ¤«ï ¯¥à¢®© £àã¯¯ë ãà ¢¥-¨© (23). �®«ãç ¥¬ë¥ ¯à¨ íâ®¬ à¥§ã«ìâ âë á®-¢¯ ¤ îâ á ¯à¥¤áâ ¢«¥ë¬¨   à¨á. 2. �à®æ¥¤ãà à §¤¥«¥¨ï è £®¢ ¤ ¥â ¢ë¨£àëè ¢® ¢à¥¬¥¨ áç¥â ¢ 1.7 à §  ¯à¨ á®¯®áâ ¢¨¬®© â®ç®áâ¨. �à¨ § ¯¨-á¨ ç¨á«¥®© áå¥¬ë ¢ ¯¥à¥¬¥ëå á â¥¬¯¥à âãà®©¢¬¥áâ® ¤ ¢«¥¨ï â ª®¥ à §¤¥«¥¨¥ ¯à®¨§¢¥áâ¨ ¥-¢®§¬®¦®, â ª ª ª ¯à¨ â ª®© § ¯¨á¨ ãà ¢¥¨ï ¤«ïáª «ïàëå å à ªâ¥à¨áâ¨ª ¤®«¦ë à¥è âìáï ®¤®-¢à¥¬¥® á ãà ¢¥¨ï¬¨ ¤¢¨¦¥¨ï.4. ������� à ¡®â¥ ¯à¥¤áâ ¢«¥  ç¨á«¥ ï âà¥å¬¥à ï¬®¤¥«ì à á¯à®áâà ¥¨ï âï¦¥«®£® £ §  ¢ âãà¡ã-«¥â®¬ ¯à¨§¥¬®¬ á«®¥  â¬®áä¥àë ¢ ¯¥à¥¬¥ëåáª®à®áâì-¤ ¢«¥¨¥-¯«®â®áâì-ª®æ¥âà æ¨ï.

�«ï ç¨á«¥®£® à¥è¥¨ï á¨áâ¥¬ë ãà ¢¥¨© ¬®-¤¥«¨ ¯à¨¬¥¥  ª®á¥à¢ â¨¢ ï (¯® ¬ áá¥) áå¥-¬  à áé¥¯«¥¨ï á ¨á¯®«ì§®¢ ¨¥¬ ãà ¢¥¨ï¤«ï ¤ ¢«¥¨ï ¢¬¥áâ® ãà ¢¥¨ï ¤«ï â¥¬¯¥à âã-àë. �à®¢¥¤¥ë¥ à áç¥âë ¯®ª §ë¢ îâ, çâ®áå¥¬  ¤ ¥â ¥¯«®å®¥ á®¢¯ ¤¥¨¥ á ¤ ë¬¨ « -¡®à â®à®£® íªá¯¥à¨¬¥â  ¨ «ãçè¥ á®åà ï-¥â ¬ ááã ¢®§¤ãå  ¨ ª®æ¥âà æ¨î £ § , ç¥¬¢ ¯¥à¥¬¥ëå áª®à®áâì-¯«®â®áâì-â¥¬¯¥à âãà (íâ «ì¯¨ï)-ª®æ¥âà æ¨ï £ § . �à®¬¥ â®£®, ¡« -£®¤ àï á¯¥æ¨ä¨ª¥ § ¯¨á¨ íâ®© áå¥¬ë, ¤«ï ¥¥ áã-é¥áâ¢ã¥â ¬¥å ¨§¬ ã¢¥«¨ç¥¨ï áª®à®áâ¨ áç¥â  ¨§-§  à¥è¥¨ï ¤¢ãå £àã¯¯ ãà ¢¥¨© (23) ¨ (31) á à §-«¨çë¬¨ è £ ¬¨ ¯® ¢à¥¬¥¨.1. Britter R. E. Atmospheric dispersion of dense gas-es // Ann. Rev. Fluid Mech.{21.{ Palo Alto , 1989.{P. 317{344.2. �®¢ «¥æ �. �, � ¤¥à¨ç �. �. �¨ ¬¨ª  ¨ í¥à£¥-â¨ª  à á¯à®áâà ¥¨ï âï¦¥«®£® £ §  ¢ ¯à¨§¥¬®¬á«®¥  â¬®áä¥àë // �à¨ª« ¤ ï £¨¤à®¬¥å ¨ª .{1999.{ 2, N 4.{ �. 12-20.3. �®¢¥ï �. �., �¥ª® �. �. �¥â®¤ à áé¥¯«¥¨ï ¢§ ¤ ç å £ §®¢®© ¤¨ ¬¨ª¨.{ �®¢®á¨¡¨àáª: � ãª ,1981.{ 376 á.4. �¥âç¥«®à �¦. �¢¥¤¥¨¥ ¢ ¤¨ ¬¨ªã ¦¨¤ª®áâ¨.{�.: �¨à, 1973.{ 758 á.5. �¦®á �. �®¤¥«¨ âãà¡ã«¥âëå â¥ç¥¨© á ¯¥à¥-¬¥®© ¯«®â®áâìî ¨ £®à¥¨¥¬ // �¥â®¤ë à á-ç¥â  âãà¡ã«¥âëå â¥ç¥¨©.{ �.: �¨à, 1984.{�. 349{398.6. �¤¨£ à®¢ �. �. �¨á«¥ë© à áç¥â âãà¡ã«¥â®£®â¥ç¥¨ï å®«®¤®£® âï¦¥«®£® £ §  ¢  â¬®áä¥à¥ //�����.{ 1990.{ 31, N 9.{ �. 1369{1380.7. � â ª à �. �¨á«¥ë¥ ¬¥â®¤ë à¥è¥¨ï § ¤ çâ¥¯«®®¡¬¥  ¨ ¤¨ ¬¨ª¨ ¦¨¤ª®áâ¨.{ �.: �¥à£®- â®¬¨§¤ â, 1984.{ 376 á.8. Spicer T. O., Havens J. A. Modeling the Phase1 Thorney Island experiments // J. HazardousMaterials.{ 1982.{ 11.{ P. 237{260.
36 �. �. �®¢ «¥æ, �. �. � ¤¥à¨ç


