
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 10 { 18��� 517.4:533.7�������� � ���������� ����������������������� ���� � ��������� ���� ����������. �. ������� , �. �. ��������­áâ¨âãâ ¯à®¡«¥¬ ¬ â¥¬ â¨ç¥áª¨å ¬ è¨­ ¨ á¨áâ¥¬ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 21.09.99�à¨¢¥¤¥­ë à¥§ã«ìâ âë ¬®¤¥«¨à®¢ ­¨ï à á¯à®áâà ­¥­¨ï ®¡« ª  âï¦¥«®£® £ §  ¢  â¬®áä¥à­®¬ ¯®£à ­¨ç­®¬ á«®¥.�¯¨á ­  ¬®¤¥«ì âãà¡ã«¥­â­®© ¤¨­ ¬¨ª¨ âï¦¥«®£® £ §  á ¡®«ìè¨¬¨ ¨§¬¥­¥­¨ï¬¨ ¯«®â­®áâ¨ á ¨á¯®«ì§®¢ ­¨¥¬ ®áà¥¤-­¥­¨ï ¯® � ¢àã-�¥©­®«ì¤áã, ª®â®à®¥ ¤«ï â ª¨å â¥ç¥­¨© ¯à¨¢®¤¨â ª ¡®«¥¥ ¯à®áâ®© ä®à¬¥ ãà ¢­¥­¨©, ç¥¬ ®áà¥¤­¥-­¨¥ ¯® �¥©­®«ì¤áã. �«ï à áç¥â  âãà¡ã«¥­â­ëå ¯®â®ª®¢ ¨ ­ ¯àï¦¥­¨© ¨á¯®«ì§®¢ ­  ¬®¤¥«ì âãà¡ã«¥­â­®áâ¨ ¯¥à¢®£®¯®àï¤ª . �à âª® ¨§«®¦¥­ ç¨á«¥­­ë©  «£®à¨â¬ à¥è¥­¨ï § ¤ ç¨ á ¯à¨¬¥­¥­¨¥¬ ª®­á¥à¢ â¨¢­®© ­¥ï¢­®© ª®­¥ç­®-à §­®áâ­®© áå¥¬ë. �á¯®«ì§ã¥âáï ¬¥â®¤ à áé¥¯«¥­¨ï ¯® ä¨§¨ç¥áª¨¬ ¯à®æ¥áá ¬ ¨ ¯à®áâà ­áâ¢¥­­ë¬ ¯¥à¥¬¥­­ë¬.�¥§ã«ìâ âë à áç¥â®¢ á®¯®áâ ¢«¥­ë á ­ âãà­ë¬¨ ¨ « ¡®à â®à­ë¬¨ íªá¯¥à¨¬¥­â ¬¨. �à¨¢¥¤¥­  ­ «¨§ í­¥à£¥â¨ª¨¯à®æ¥áá®¢ à á¯à®áâà ­¥­¨ï âï¦¥«®£® £ § .� ¢¥¤¥­® à¥§ã«ìâ â¨ ¬®¤¥«î¢ ­­ï à®§¯®¢áî¤¦¥­­ï å¬ à¨ ¢ ¦ª®£® £ §ã ¢  â¬®áä¥à­®¬ã ¯®£à ­¨ç­®¬ã è à÷. �¯¨-á ­® ¬®¤¥«ì âãà¡ã«¥­â­®ù ¤¨­ ¬÷ª¨ ¢ ¦ª®£® £ §ã § ¢¥«¨ª¨¬¨ §¬÷­ ¬¨ £ãáâ¨­¨ § ¢¨ª®à¨áâ ­­ï¬ ®á¥à¥¤­¥­­ï ¯®� ¢àã-�¥©­®«ì¤áã, é® ¤«ï â ª¨å â¥ç÷© ¯à¨¢®¤¨âì ¤® ¡÷«ìè ¯à®áâ®ù ä®à¬¨ à÷¢­ï­ì, ç¨¬ ®á¥à¥¤­¥­­ï ¯® �¥©­®«ì¤-áã. �«ï à®§à åã­ªã âãà¡ã«¥­â­¨å ¯®â®ª÷¢ ÷ ­ ¯àã£ ¢¨ª®à¨áâ ­  ¬®¤¥«ì âãà¡ã«¥­â­®áâ÷ ¯¥àè®£® ¯®àï¤ªã. �®à®âª®¢¨ª« ¤¥­® ç¨á¥«ì­¨©  «£®à¨â¬ à®§¢'ï§ã¢ ­­ï § ¤ ç÷ §  ¤®¯®¬®£®î ª®­á¥à¢ â¨¢­®ù ­¥ï¢­®ù áª÷­ç¥­­®-à÷§­¨æ¥¢®ùáå¥¬¨. �¨ª®à¨áâ ­® ¬¥â®¤ à®§é¥¯«¥­­ï ¯® ä÷§¨ç­¨¬ ¯à®æ¥á ¬ ÷ ¯à®áâ®à®¢¨¬ §¬÷­­¨¬. �¥§ã«ìâ â¨ à®§à åã­ª÷¢§¯÷¢áâ ¢«¥­÷ § ­ âãà­¨¬¨ ÷ « ¡®à â®à­¨¬¨ ¥ªá¯¥à¨¬¥­â ¬¨. �à¨¢¥¤¥­®  ­ «÷§ ¥­¥à£¥â¨ª¨ ¯à®æ¥á÷¢ à®§¯®¢áî¤¦¥­­ï¢ ¦ª®£® £ §ã.The results of simulation of the dense cloud dispersion in the atmospheric boundary layer are presented. The model ofthe turbulent dynamics of the dense cloud is described. The Favre-Reynolds averaging procedure is used, that resultsin the less complicated form of the equations than the Reynolds averaging procedure. The �rst-order turbulence modelis applied for the calculation of the turbulent 
uxes and stresses. The numerical algorithm of the problem solution isbrie
y described with use of the the conservative implicit �nite-di�erence scheme. The splitting method upon the spacedirections and physical processes is used. The results of calculations are compared with the results of laboratory and �eldexperiments. The analysis of the energetics of the dense gase dispersion processes is given.���������à®¨§¢®¤áâ¢®, åà ­¥­¨¥ ¨ âà ­á¯®àâ¨à®¢ª ¡®«ìè¨å ª®«¨ç¥áâ¢ å¨¬¨ç¥áª¨ ®¯ á­ëå ¢¥é¥áâ¢ ¢£ §®®¡à §­®¬ ¨«¨ á¦¨¦¥­­®¬ ¢¨¤¥ ¯à¨¢®¤¨â ª â®-¬ã, çâ® ¢®§­¨ª îé¨¥ ¢ à¥§ã«ìâ â¥  ¢ à¨© ®¡« ª £ §  ¨¬¥îâ ¡®«ìèãî ¯«®â­®áâì, ç¥¬ ¢®§¤ãå. � á-¯à®áâà ­ïïáì ¯®¤ ¤¥©áâ¢¨¥¬ á¨« ¯« ¢ãç¥áâ¨ ¨ ¢¥-âà  ã ¯®¢¥àå­®áâ¨ �¥¬«¨ âï¦¥«ë¥ â®ªá¨ç­ë¥ ¨«¨®£­¥®¯ á­ë¥ £ §ë ¯à¥¤áâ ¢«ïîâ ¨áª«îç¨â¥«ì­ãî®¯ á­®áâì ¤«ï ­ á¥«¥­¨ï. �à¨¬¥à ¬¨ ªàã¯­¥©è¨å ¢ à¨© â ª®£® à®¤  ï¢«ïîâáï ãâ¥çª¨ ¤¨®ªá¨­  ¢�¥¢¥§® (�â «¨ï, 1976), ¬¥â¨«®¢®£® ¨§®æ¨ ­ â  ¢�å®¯ «¥ (�­¤¨ï, 1984) ¨ ¢§àë¢ £ §  ­  ¯à®¤ãªâ®-¯à®¢®¤¥ ¢ � èª¨à¨¨ ¢ 1989 £®¤ã . �â¨ âà £¨ç¥áª¨¥¨­æ¨¤¥­âë, á®¯à®¢®¦¤ ¢è¨¥áï ¬­®£¨¬¨ á®â­ï¬¨¦¥àâ¢, ¯®ª § «¨ ­¥®¡å®¤¨¬®áâì ¤¥â «ì­ëå ¨áá«¥-¤®¢ ­¨© £¨¤à®â¥à¬®¤¨­ ¬¨ª¨  ¢ à¨©, ¢ë§¢ ­­ëåãâ¥çª®© ®¯ á­ëå £ §®®¡à §­ëå ¨«¨ á¦¨¦¥­­ëå¢¥é¥áâ¢, á æ¥«ìî ®æ¥­ª¨ ¢®§¬®¦­ëå ¯®á«¥¤áâ¢¨© ¢ à¨©, ¯à®£­®§¨à®¢ ­¨ï à á¯à®áâà ­¥­¨ï ®¡« ª âï¦¥«®£® £ §  ¨ à §à ¡®âª¨ ­¥®¡å®¤¨¬ëå ª®­âà-¬¥à. � ª¨¥ ¨áá«¥¤®¢ ­¨ï ¯®á«¥¤­¨¥ 25 «¥â ¯à®¢®-¤¨«¨áì ¢ âà¥å ¢§ ¨¬®¤®¯®«­ïîé¨å ­ ¯à ¢«¥­¨ïå(á¬. ®¡§®àë [1{4]):
 ) à §à ¡®âª  ¬ â¥¬ â¨ç¥áª¨å ¬®¤¥«¥© £¨¤à®-â¥à¬®¤¨­ ¬¨ª¨ íâ¨å ¯à®æ¥áá®¢;¡) ¯à®¢¥¤¥­¨¥ ­ âãà­ëå íªá¯¥à¨¬¥­â®¢;¢) ¯à®¢¥¤¥­¨¥ « ¡®à â®à­ëå íªá¯¥à¨¬¥­â®¢.�ë«® ¯®ª § ­®, çâ® £¨¤à®â¥à¬®¤¨­ ¬¨ª  à á-¯à®áâà ­¥­¨ï ®¡« ª®¢ âï¦¥«ëå £ §®¢ ®¡ãá«®¢«¥-­  àï¤®¬ ä ªâ®à®¢, áà¥¤¨ ª®â®àëå ¢ ¦­¥©è¨¬¨ï¢«ïîâáï: ®á®¡¥­­®áâ¨ ¢¥é¥áâ¢ ¯®¯ ¤ îé¨å ¢  â-¬®áä¥àã, å à ªâ¥à ãâ¥çª¨ ¨ ãá«®¢¨ï ¢ ®ªàã¦ î-é¥© áà¥¤¥. �¥é¥áâ¢ , ¯®¯ ¤ îé¨¥ ¢  â¬®áä¥àã¢ à¥§ã«ìâ â¥ ãâ¥çª¨ ¬®£ãâ ¨¬¥âì ¡®«ìèãî ¯«®â-­®áâì, ç¥¬ ®ªàã¦ îé¨© ¢®§¤ãå ¢á«¥¤áâ¢¨¥ â®£®,çâ® ( ) ¢¥é¥áâ¢® åà ­¨«®áì ¢ ®å« ¦¤¥­­®¬ ¢¨¤¥«¨¡® ®å« ¦¤ «®áì ¯à¨ ¨á¯ à¥­¨¨, (¡) ¬®«¥ªã«ïà-­ë© ¢¥á £ §  ¡®«ìè¥, ç¥¬ ¢®§¤ãå , (¢) ¢¥é¥áâ¢®­ å®¤¨«®áì ¯à¨ ¯®¢ëè¥­­®¬ ¤ ¢«¥­¨¨ ¨ ¯à¥¢à -â¨«®áì ¢ á¬¥áì  íà®§®«ï ¨ ¯ à  ¯à¨ ãâ¥çª¥ ¨ (£)å¨¬¨ç¥áª¨å à¥ ªæ¨© [3].� ¤ «ì­¥©è¥¬, ®¯à¥¤¥«ïîé¨¬¨ ä ªâ®à ¬¨ ¤¨á-¯¥àá¨¨ ®¡« ª  ï¢«ïîâáï âãà¡ã«¥­â­®áâì ¢  â¬®-áä¥à­®¬ ¯®£à ­¨ç­®¬ á«®¥ ¨ á¨«ë ¯« ¢ãç¥áâ¨, ¢ë-§¢ ­­ë¥ à §­®áâìî ¯«®â­®áâ¥© £ §  ¨ ¢®§¤ãå .�¨«ë ¯« ¢ãç¥áâ¨ ¯®¤ ¢«ïîâ âãà¡ã«¥­â­ë© ®¡¬¥­¢ ®¡« ª¥, ¢ë§ë¢ îâ à áâ¥ª ­¨¥ ®¡« ª  ¯® £®à¨-§®­â «¨ ¢ ¢¨¤¥ £à ¢¨â æ¨®­­®£® â¥ç¥­¨ï. �¥â¥à ¨10 c
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ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 10 { 18à¥«ì¥ä ¬¥áâ­®áâ¨ áãé¥áâ¢¥­­® ¬¥­ïîâ å à ªâ¥à¤¢¨¦¥­¨ï ®¡« ª . � ª®­æ¥ ª®­æ®¢ á¨«ë ¯« ¢ãç¥áâ¨¢ ®¡« ª¥ ã¬¥­ìè îâáï ¯®¤ ¢«¨ï­¨¥¬ âãà¡ã«¥­â-­®£® ¯¥à¥¬¥è¨¢ ­¨ï ¨ ¢®§¤¥©áâ¢¨ï ¯®¤áâ¨« îé¥©¯®¢¥àå­®áâ¨. �  ¯®á«¥¤­¥© áâ ¤¨¨ í¢®«îæ¨¨ ®­®¯¥à¥­®á¨âáï ª ª ®¡« ª® ¯ áá¨¢­®© ¯à¨¬¥á¨.�â¨ ®á®¡¥­­®áâ¨ ¤¥« îâ ¯à®¡«¥¬ã ¬®¤¥«¨à®¢ -­¨ï ¨ ¯à®£­®§¨à®¢ ­¨ï à á¯à®áâà ­¥­¨ï âï¦¥«ëå£ §®¢ âàã¤­®© ¨ ¢á¥ ¥é¥ ¤ «¥ª®© ®â à¥è¥­¨ï. � ­ -áâ®ïé¥¬ã ¢à¥¬¥­¨ à §à ¡®â ­ àï¤ ¬®¤¥«¥© íâ¨å¯à®æ¥áá®¢, ª®â®àë¥ ¬®¦­® à §¤¥«¨âì ­  âà¨ ª« á-á :1. �­â¥£à «ì­ë¥ ¬®¤¥«¨, ¢ ª®â®àëå ¢á¥ áª «ïà-­ë¥ å à ªâ¥à¨áâ¨ª¨ ®áà¥¤­¥­ë ¯® ®¡ê¥¬ã. �¥à¥-¬¥è¨¢ ­¨¥ ¬®¤¥«¨àã¥âáï ª ª ¯à®æ¥áá ¢®¢«¥ç¥­¨ï.� íâ®¬ã ª« ááã ¯à¨­ ¤«¥¦ â ¬®¤¥«¨ [5{6].2. �®¤¥«¨, ¢ ª®â®àëå ¯à®ä¨«¨ å à ªâ¥à¨áâ¨ª¯à¥¤¯®« £ îâáï ¯®¤®¡­ë¬¨, ¯®§¢®«ïîâ ¡®«¥¥ à¥ -«¨áâ¨ç­® ¢®á¯à®¨§¢®¤¨âì ¯®«ï ª®­æ¥­âà æ¨¨ ¯à¨-¬¥á¨. �  ¡®«ìè¨å à ááâ®ï­¨ïå ®â ¨áâ®ç­¨ª ãà ¢­¥­¨ï ¬®¤¥«¥© á¢®¤ïâáï ª ¨§¢¥áâ­ë¬ £ ãáá®-¢ë¬ ¬®¤¥«ï¬ ¤¨á¯¥àá¨¨ ¯à¨¬¥á¥©. �®¤¥«¨ DE-GADIS [7] ¨ SLAB [8] ï¢«ïîâáï ¯à¨¬¥à®¬ â ª®£®â¨¯  ¯®¤å®¤®¢.3. �à¥å¬¥à­ë¥ ¬®¤¥«¨, ¢ ª®â®àëå ¨á¯®«ì§ã-îâáï, ¯®á«¥ â¥å ¨«¨ ¨­ëå ã¯à®é¥­¨©, ¯®«­ë¥ãà ¢­¥­¨ï £¨¤à®â¥à¬®¤¨­ ¬¨ª¨. � íâ®¬ã ª« á-áã ¬®¤¥«¥© ¯à¨­ ¤«¥¦ â SIGMET-N [9], ZEPHYR[10], MARIAH-II [11], FEM3 [12-13], ADPIC [14],ADREA-HF [15]. �®£¤  ª ª ¬®¤¥«¨ ¯¥à¢ëå ¤¢ãåª« áá®¢ ¯à¥¤­ §­ ç¥­ë ¤«ï ®æ¥­ª¨ ¢ à¥ «ì­®¬¬ áèâ ¡¥ ¢à¥¬¥­¨ ¯®á«¥¤áâ¢¨© ãâ¥çª¨ â®ªá¨ç-­ëå £ §®¢, ­ ¨¡®«¥¥ âàã¤®¥¬ª¨¥ âà¥å¬¥à­ë¥ ¬®¤¥-«¨ ¨á¯®«ì§ãîâáï ¤«ï ¯« ­¨à®¢ ­¨ï ª®­âà¬¥à ¯à¨ ¢ à¨ïå. �à¥å¬¥à­ë¥ ¬®¤¥«¨ ¢ ®á­®¢­®¬ à §«¨-ç îâáï ¬¥â®¤ ¬¨ ¯ à ¬¥âà¨§ æ¨¨ âãà¡ã«¥­â­®-£® ®¡¬¥­  ¨ ç¨á«¥­­ë¬¨ áå¥¬ ¬¨. � ª, ¢ ¬®¤¥-«ïå ZEPHYR ¨ ADPIC ¨á¯®«ì§ã¥âáï ¬¥â®¤ ç -áâ¨æ ¢ ïç¥©ª å, ¯à¨ç¥¬ ¢ ADPIC í©«¥à®¢ë ãà ¢-­¥­¨ï ¤¨­ ¬¨ª¨ ®áà¥¤­¥­ë ¯® â®«é¨­¥ ®¡« ª  £ -§ . �¥â®¤ ª®­¥ç­ëå í«¥¬¥­â®¢ ¯à¨¬¥­ï«áï ¢ ¬®-¤¥«ïå FEM3 ¨ ADREA-HF, â®£¤  ª ª ¢ SIGMET-N¨ MARIAH-II ¨á¯®«ì§®¢ «¨áì ª®­¥ç­ë¥-à §­®áâ¨.�®çâ¨ ¢® ¢á¥å ¬®¤¥«ïå, ªà®¬¥ MARIAH-II, ¨á¯®«ì-§ãîâáï ï¢­ë¥ áå¥¬ë. �® ¢á¥å ¯¥à¥ç¨á«¥­­ëå ¬®¤¥-«ïå, ªà®¬¥ ZEPHYR, ¯à¨¬¥­ïîâáï ¢ à¨ ­âë ¯à¨-¡«¨¦¥­¨ï �ãáá¨­¥áª  ¨«¨ "­¥ã¯àã£®¥ ¯à¨¡«¨¦¥-­¨¥" [16], ¯®§¢®«ïîé¨¥ ®âä¨«ìâà®¢ âì §¢ãª®¢ë¥¢®«­ë. �¤­ ª®, ª ª ®â¬¥ç¥­® [17], ¯à¨ ¡®«ìè¨åà §­®áâïå ¯«®â­®áâ¨ ¯à¥­¥¡à¥¦¥­¨¥ ¯à®¨§¢®¤­®©¯® ¢à¥¬¥­¨ ¢ ãà ¢­¥­¨¨ ­¥à §àë¢­®áâ¨ ¯à¨¢®-¤¨â ª ­¥á®åà ­¥­¨î ¬ ááë ¢®§¤ãå  ¨ ¯à¨¬¥á¨.�â¨å ­¥¤®áâ âª®¢ «¨è¥­ ¯®¤å®¤, ¯à¥¤«®¦¥­­ë©¢ [18], ¢ ª®â®à®¬ ¤«ï à¥è¥­¨ï ­¥ä¨«ìâà®¢ ­­ëå

ãà ¢­¥­¨© ¨á¯®«ì§ã¥âáï ª®­á¥à¢ â¨¢­ ï ­¥ï¢­ ïª®­¥ç­®-à §­®áâ­ ï áå¥¬ , ®á­®¢ ­­ ï ­  ¨á¯®«ì-§®¢ ­¨¨ ¬¥â®¤  à áé¥¯«¥­¨ï ¯® ä¨§¨ç¥áª¨¬ ¯à®-æ¥áá ¬ ¨ ¯à®áâà ­áâ¢¥­­ë¬ ¯¥à¥¬¥­­ë¬. � ¬®¤¥-«ïå, ª ª ¯à ¢¨«®, ¨á¯®«ì§ã¥âáï ®áà¥¤­¥­¨¥ ¯® �¥©-­®«ì¤áã ¨, §  ¨áª«îç¥­¨¥¬ [13,15], ¬®¤¥«¨ âãà¡ã-«¥­â­®áâ¨ ­ã«¥¢®£® ¯®àï¤ª  (�-¬®¤¥«¨).� ­ áâ®ïé¥© à ¡®â¥ ¯à¨¢¥¤¥­ë à¥§ã«ìâ âë ¬®-¤¥«¨à®¢ ­¨ï à á¯à®áâà ­¥­¨ï ®¡« ª  âï¦¥«®£® £ -§  ¢  â¬®áä¥à­®¬ ¯®£à ­¨ç­®¬ á«®¥. �¯¨á ­ ¬®¤¥«ì âãà¡ã«¥­â­®© ¤¨­ ¬¨ª¨ âï¦¥«®£® £ §  á¡®«ìè¨¬¨ ¨§¬¥­¥­¨ï¬¨ ¯«®â­®áâ¨ á ¨á¯®«ì§®¢ -­¨¥¬ ®áà¥¤­¥­¨ï ¯® � ¢àã-�¥©­®«ì¤áã [19], ª®â®-à®¥ ¤«ï â ª¨å â¥ç¥­¨© ¯à¨¢®¤¨â ª ¡®«¥¥ ¯à®áâ®©ä®à¬¥ ãà ¢­¥­¨©,ç¥¬ ®áà¥¤­¥­¨¥ ¯® �¥©­®«ì¤áã.�«ï à áç¥â  âãà¡ã«¥­â­ëå ¯®â®ª®¢ ¨ ­ ¯àï¦¥­¨©¨á¯®«ì§®¢ ­  ¬®¤¥«ì âãà¡ã«¥­â­®áâ¨ ¯¥à¢®£® ¯®-àï¤ª . �à âª® ¨§«®¦¥­ ç¨á«¥­­ë©  «£®à¨â¬ à¥è¥-­¨ï § ¤ ç¨, ®á­®¢ ­­ë© ­  ¯®¤å®¤¥ [18]. �¥§ã«ì-â âë à áç¥â®¢ á®¯®áâ ¢«¥­ë á ­ âãà­ë¬¨ ¨ « -¡®à â®à­ë¬¨ íªá¯¥à¨¬¥­â ¬¨. �à¨¢¥¤¥­  ­ «¨§í­¥à£¥â¨ª¨ ¯à®æ¥áá®¢ à á¯à®áâà ­¥­¨ï âï¦¥«®£®£ § .1. ������� áá¬®âà¨¬ âãà¡ã«¥­â­®¥ ¤¢¨¦¥­¨¥ âï¦¥«®£®£ §  c ¡®«ìè¨¬¨ ®âª«®­¥­¨ï¬¨ ¯«®â­®áâ¨ ®â ®ªàã-¦ îé¥£® ¢®§¤ãå  ¢ ¯®£à ­¨ç­®¬ á«®¥  â¬®áä¥àë.�á¯®«ì§ã¥¬ ãà ¢­¥­¨ï ­¥à §àë¢­®áâ¨, ¤¢¨¦¥­¨ï,¯¥à¥­®á  í­â «ì¯¨¨, ª®­æ¥­âà æ¨¨ £ §  ¨ ãà ¢­¥-­¨¥ á®áâ®ï­¨ï ¨¤¥ «ì­®£® £ § . �«ï ¯à®áâ®âë ¨§-«®¦¥­¨ï §¤¥áì ­¥ à áá¬ âà¨¢ îâáï ä §®¢ë¥ ¯¥à¥-å®¤ë ¢ á¨áâ¥¬¥. �«ï ®áà¥¤­¥­¨ï § ¢¨á¨¬ëå ¯¥à¥-¬¥­­ëå (¯«®â­®áâ¨ �, áª®à®áâ¨ ui, í­â «ì¯¨¨ H ¨ª®­æ¥­âà æ¨¨ £ §  C) ¯à¨¬¥­ï¥âáï ®áà¥¤­¥­¨¥ ¯®� ¢àã-�¥©­®«ì¤áã [19]. �¡®§­ ç¨¬ ç¥àâ®© á¢¥àåã®áà¥¤­¥­¨¥ ¯¥à¥¬¥­­®© � ¯® �¥©­®«ì¤áã, â®£¤  ª ª®áà¥¤­¥­¨¥ ¯® � ¢àã , ¢ ª®â®à®¬ ¢ ª ç¥áâ¢¥ ¢¥á®-¢®© äã­ªæ¨¨ ¨á¯®«ì§ã¥âáï ¯«®â­®áâì, ®¡®§­ ç¨¬ã£«®¢ë¬¨ áª®¡ª ¬ḧ�i = ���� : (1)� §«®¦¥­¨¥ ­  áà¥¤­¨¥ ¨ ¯ã«ìá æ¨®­­ë¥ á®áâ -¢«ïîé¨¥ ¯® �¥©­®«ì¤áã ¨ � ¢àã, á®®â¢¥âáâ¢¥­­®,¨¬¥â ¢¨¤:� = ��+ �0; �0 = 0; (2)� = h�i+ �00; h�00i = 0; �00 = ��� h�i: (3)�à¨ íâ®¬ ¤ ¢«¥­¨¥ ¨ ¯«®â­®áâì ®áà¥¤­ïîâáï¡¥§ ¢¥á®¢. �¥áâ æ¨®­ à­ ï âà¥å¬¥à­ ï á¨áâ¥-¬  ®áà¥¤­¥­­ëå ¯® � ¢àã-�¥©­®«ì¤áã ãà ¢­¥­¨©�. �. �®¢ «¥æ, �. �. � ¤¥à¨ç 11



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 10 { 18¢ë£«ï¤¨â ¢ ¤¥ª àâ®¢ëå ª®®à¤¨­ â å á«¥¤ãîé¨¬®¡à §®¬: @�@t + @�huii@xi = 0; (4)@huii@t + huji@huii@xj + 1�� @@xj ��hu00i u00j i ++1�� @�p@xi = ��i3g; (5)@hHi@t + huji@hHi@xj + 1�� @@xj ��hu00jHi ++ab��2 @huji@xj = �ac��2 @@xi ��hu00jC00i; (6)@hCi@t + huji@hCi@xj + 1�� @@xj ��hu00jC00i = 0; (7)�p = ��hT i(hCiRg + (1� hCi)Ra); (8)£¤¥ 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 ; Ra; Rg { £ §®¢ë¥ ª®­áâ ­âë¤«ï ¢®§¤ãå  ¨ £ § , á®®â¢¥âáâ¢¥­­®; g- ãáª®à¥­¨¥á¨«ë âï¦¥áâ¨. �­â «ì¯¨ï á¬¥á¨ ¡¥§ ãç¥â  ä §®-¢ëå ¯¥à¥å®¤®¢ ¤«ï ¨¤¥ «ì­®£® £ §  ¢ëç¨á«ï¥âáï ¯®ä®à¬ã«¥hHi = (cpa(1� hCi) + cpghCi)hT i: (9)£¤¥ cpa; cpg { â¥¯«®¥¬ª®áâ¨  â¬®áä¥àë ¨ £ § , á®-®â¢¥âáâ¢¥­­®. � ¢«¥­¨¥ ¨áª«îç ¥âáï á ¯®¬®éìîãà ¢­¥­¨ï (8):1�� @�p@xi = b @��@xi + c@hCi@xi + d@hHi@xi : (10)� ãà ¢­¥­¨ïå (6), (10) ¨á¯®«ì§ãîâáï ®¡®§­ ç¥­¨ï:a = 1��(1� 1�� @�p@H ) ; b = 1�� @�p@� ;c = 1�� @�p@C ; d = 1�� @�p@H :� ®â«¨ç¨¥ ®â â¥ç¥­¨© á ¬ «ë¬¨ ¨§¬¥­¥­¨ï¬¨¯«®â­®áâ¨, ª ª®â®àë¬ ¯à¨¬¥­¨¬® ¯à¨¡«¨¦¥­¨¥�ãáá¨­¥áª , à §à ¡®âª  ¬®¤¥«¥© âãà¡ã«¥­â­®áâ¨¤«ï âà¥å¬¥à­ëå â¥ç¥­¨© á ¡®«ìè¨¬¨ ¨§¬¥­¥­¨ï¬¨¯«®â­®áâ¨ ¢á¥ ¥é¥ ¤ «¥ª  ®â ã¤®¢«¥â¢®à¨â¥«ì­ëå¯à ªâ¨ç¥áª¨å à¥§ã«ìâ â®¢ [20-23]. �®íâ®¬ã ¤«ï­ ¯àï¦¥­¨© ¨ âãà¡ã«¥­â­ëå ¯®â®ª®¢ ¯à¨¬¥­ïîâ-áï ¯à®áâ¥©è¨¥ £à ¤¨¥­â­ë¥ á®®â­®è¥­¨ï [21]:hu00i u00j i = ��T �@huii@xj + @huji@xi �+

+�T �ij @huji@xj + 23�ijk; (11)hu00jH00i = � �T�H @hHi@xj ; (12)hu00jC00i = � �C�C @hCi@xj ; (13)á®åà ­ïîé¨¥ â¥­§®à­ãî á¨¬¬¥âà¨î. �®íää¨æ¨-¥­â âãà¡ã«¥­â­®£® ¯¥à¥­®á  ¨¬¯ã«ìá  �T ®¯à¥¤¥-«ï¥âáï ¨§ á®®â­®è¥­¨ï�T = c�pkl; (14)£¤¥ k = hu00i u00i i=2 { í­¥à£¨ï âãà¡ã«¥­â­®áâ¨; l { ¨­-â¥£à «ì­ë© ¬ áèâ ¡ âãà¡ã«¥­â­®áâ;, c� { ¯®áâ®-ï­­ ï,   �H ¨ �C { âãà¡ã«¥­â­ë¥ ç¨á«  �à ­¤â«ï¨ �¬¨¤â  ¤«ï í­â «ì¯¨¨ ¨ ¯à¨¬¥á¨ á®®â¢¥âáâ¢¥­-­®. � áèâ ¡ âãà¡ã«¥­â­®áâ¨ ®¯à¥¤¥«ï¥âáï á ¯®-¬®éìî á®®â­®è¥­¨ï1l = 1lg + 1ls ; (15)¯®§¢®«ïîé¥£® ãç¥áâì ¢«¨ï­¨¥ ª ª â¢¥à¤®© ¯®¢¥àå-­®áâ¨ (lg), â ª ¨ áâà â¨ä¨ª æ¨¨ (ls). � áèâ ¡lg = �lmin, £¤¥ lmin { ¬¨­¨¬ «ì­®¥ à ááâ®ï­¨¥¤® â¢¥à¤®© ¯®¢¥àå­®áâ¨, � { ¯®áâ®ï­­ ï � à¬ -­ . � áèâ ¡ ls ®¯à¥¤¥«ï¥âáï ¨§ á®®â­®è¥­¨©:ls = 0:5pkN ¯à¨ N2 > 0;ls = 1 ¯à¨ N2 � 0:�¤¥áì N = ��g�� �@��@z + cv��2cp�p g��1=2 ;{ ç áâ®â  �à¥­â -�ï©áï«ï; cv ¨ cp -ã¤¥«ì­ë¥ â¥-¯«®¥¬ª®áâ¨ ¯à¨ ¯®áâ®ï­­®¬ ®¡ê¥¬¥ ¨ ¤ ¢«¥­¨¨ á®-®â¢¥âáâ¢¥­­®.�­¥à£¨ï âãà¡ã«¥­â­®áâ¨ ®¯à¥¤¥«ï¥âáï ¨§ ãà ¢-­¥­¨ï @k@t + huji @k@xj � 1�� @@xj ���T @k@xj == �hu00i u00j i@huii@xj + 1��2u00j �0 @�p@xj � "; (16)¢ ª®â®à®¬ ¤¨ääã§¨ï âãà¡ã«¥­â­®áâ¨  ¯¯à®ªá¨-¬¨à®¢ ­  â ª¦¥ á ¯®¬®éìî £à ¤¨¥­â­®© ä®à¬ã-«ë. �¥à¢ë© ç«¥­ ¢ ¯à ¢®© ç áâ¨ ãà ¢­¥­¨ï ¯à¥¤-áâ ¢«ï¥â £¥­¥à æ¨î í­¥à£¨¨ âãà¡ã«¥­â­®áâ¨ áà¥¤-­¨¬¨ â¥ç¥­¨ï¬¨, ¢â®à®© { íää¥ªâë ¯¥à¥¬¥­­®©¯«®â­®áâ¨ ¨ âà¥â¨© { ¤¨áá¨¯ æ¨î í­¥à£¨¨ âãà-¡ã«¥­â­®áâ¨. �â¬¥â¨¬, çâ® ¤«ï ¬ «ëå ®âª«®­¥-­¨© ¯«®â­®áâ¨ ®â ­¥¢®§¬ãé¥­­®£® §­ ç¥­¨ï �0(z)12 �. �. �®¢ «¥æ, �. �. � ¤¥à¨ç



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 10 { 18¯à¨ ¨á¯®«ì§®¢ ­¨¨ ¯à¨¡«¨¦¥­¨ï �ãáá¨­¥áª  ¢â®-à®© ç«¥­ á®¢¯ ¤¥â á âà ¤¨æ¨®­­ë¬ ¢ëà ¦¥­¨-¥¬ gw0�0��10 ¤«ï áà¥¤­¥© à ¡®âë á¨« ¯« ¢ãç¥áâ¨¯à¨ âãà¡ã«¥­â­ëå ¯¥à¥¬¥é¥­¨ïå í«¥¬¥­â®¢ á¬¥-á¨. �ãà¡ã«¥­â­ë© ¯®â®ª ¯«®â­®áâ¨ â ª¦¥ à ááç¨-âë¢ ¥âáï ¯® £à ¤¨¥­â­®© ä®à¬ã«¥ [21-22]:u00j �0 = ��T�� @��@xj ; (17)£¤¥ �� { á®®â¢¥âáâ¢ãîé¥¥ ç¨á«® �à ­¤â«ï-�¬¨¤â ,   áª®à®áâì ¤¨áá¨¯ æ¨¨ ¢ëà ¦ ¥âáï ç¥-à¥§ k ¨ l : " = CD k3=2l ; (18)£¤¥ CD - ¯®áâ®ï­­ ï. �à¥¤¯®« £ ¥âáï, çâ® âãà-¡ã«¥­â­ë¥ ç¨á«  �à ­¤â«ï-�¬¨¤â  à ¢­ë (�H =�C = �� = �). �ë«¨ ¯à¨­ïâë á«¥¤ãîé¨¥ §­ -ç¥­¨ï ¯®áâ®ï­­ëå ¬®¤¥«¨ âãà¡ã«¥­â­®áâ¨: c� =0:1887; � = 0:4; cD = 0:3; � = 1. �  £®à¨§®­â «ì-­®© ¯®¢¥àå­®áâ¨ §¥¬«¨ ¯à¨ z = 0 ¯à¨­¨¬ «¨áìãá«®¢¨ï ¯à¨«¨¯ ­¨ï ¤«ï áª®à®áâ¥© ¨ ®âáãâáâ¢¨ï¯®â®ª  £ § . �¥¯«®®¡¬¥­ á ¯®¤áâ¨« îé¥© ¯®¢¥àå-­®áâìî à ááç¨âë¢ «áï ¯® ä®à¬ã«e���T� @hHi@z = ��(hT i � Tg); (19)£¤¥ � { ª®íää¨æ¨¥­â â¥¯«®®â¤ ç¨ ­  ¯®¢¥àå­®áâ¨§¥¬«¨; Tg -â¥¬¯¥à âãà  ¯®¤áâ¨« îé¥© ¯®¢¥àå­®-áâ¨. �  ¢¥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¨, í­â «ì¯¨¨ ¨ ­ã«¥¢ ï ª®­æ¥­âà æ¨ï£ § . �  ®áâ «ì­ëå £à ­ïå ¯à¨­¨¬ «¨áì ãá«®¢¨ï�¥©¬ ­ . � ª ç¥áâ¢¥ ­ ç «ì­ëå ­¥¢®§¬ãé¥­­ëåãá«®¢¨© ¨á¯®«ì§®¢ «¨áì ®¤­®¬¥à­ë¥ à á¯à¥¤¥«¥-­¨ï ¢á¥å ¬¥â¥®à®«®£¨ç¥áª¨å ¯ à ¬¥âà®¢, á®®â¢¥â-áâ¢ãîé¨å § ¤ ­­®¬ã «®£ à¨ä¬¨ç¥áª®¬ã à á¯à¥-¤¥«¥­¨î ¢¥âà  ¨ áâà â¨ä¨ª æ¨¨. � ç «ì­ë¥ ãá«®-¢¨ï ¤«ï £ §  § ¢¨á¥«¨ ®â ãá«®¢¨© ¢ë¡à®á .2. �������������� ������ ¢¥ªâ®à­®© ä®à¬¥ ¨áå®¤­ ï á¨áâ¥¬  (4)-(7),(16) ¬®¦¥â ¡ëâì § ¯¨á ­  ¢ ¢¨¤¥:@f@t +
 � f = G: (20)

�¤¥áì f = �������������� ��hCihuihvihwihHik �������������� ; 
 = 6Pj=1
j .�¯¥à â®àë 
1 � 
3 ®¯¨áë¢ îâ ª®­¢¥ªæ¨î ¨ ¤¨ä-äã§¨î ¢ âà¥å ¨§¬¥à¥­¨ïå, ®¯¥à â®àë 
4 � 
6á®®â¢¥âáâ¢ãîâ ç«¥­ ¬ á £à ¤¨¥­â ¬¨ ¤ ¢«¥­¨ï ¢ãà ¢­¥­¨ïå ¤¢¨¦¥­¨ï ¨ ¤¨¢¥à£¥­æ¨¨ áª®à®áâ¨ ¢ãà ¢­¥­¨ïå ­¥à §àë¢­®áâ¨ ¨ ¯¥à¥­®á  í­â «ì¯¨¨.�®­¥ç­®-à §­®áâ­ ï áå¥¬  [18], à¥ «¨§®¢ ­­ ï§¤¥áì, ®á­®¢ ­  ­  ¨á¯®«ì§®¢ ­¨¨ ¬¥â®¤  à áé¥¯-«¥­¨ï [24] ¢ á®ç¥â ­¨¨ á ¬¥â®¤®¬ ª®­âà®«ì­®£®®¡ê¥¬ . � áç¥â­ ï ®¡« áâì ¤¥«¨âáï ­  ª®­¥ç­®¥ç¨á«® ­¥¯¥à¥á¥ª îé¨åáï ª®­âà®«ì­ëå ®¡ê¥¬®¢, ¢æ¥­âà¥ ª ¦¤®£® ¨§ ª®â®àëå ­ å®¤¨«®áì ¯® ®¤­®¬ãã§«ã,   ¨å £à ­¨ à á¯®« £ «¨áì ¯®áà¥¤¨­¥ ¬¥¦¤ãã§« ¬¨. �®­¥ç­®-à §­®áâ­ ï áå¥¬  § ¯¨áë¢ ¥âáï¢ á«¥¤ãîé¥¬ ¢¨¤¥:fn+1 � fn�t + 
jh[
fn+1 + (1� 
)fn] = Gn; (21)£¤¥ 
 { ¢¥á®¢®© ¬­®¦¨â¥«ì;
kh = 6Xk=1
kjh;§¤¥áì 
kjh { ª®­¥ç­®-à §­®áâ­ë©  ­ «®£ ¤¨ää¥à¥­-æ¨ «ì­®£® ®¯¥à â®à  
, ª®â®àë©  ¯¯à®ªá¨¬¨àã¥â¨áå®¤­ãî á¨áâ¥¬ã á ¯®àï¤ª®¬ �t + hk. �®àï¤®ª ¯¯à®ªá¨¬ æ¨¨ k = 2 ®¯à¥¤¥«¥­ ¢ë¡®à®¬ ¤¨ää¥-à¥­æ¨ «ì­®£® ®¯¥à â®à  ¤«ï  ¯¯à®ªá¨¬ æ¨¨ ¯à®-áâà ­áâ¢¥­­ëå ¯à®¨§¢®¤­ëå. �à¥¤áâ ¢¨¬ áå¥¬ã(21) ¢ ª ­®­¨ç¥áª®¬ ¢¨¤¥ [24]:(E1 +�t

kh) fn+1 � fn�t = �
khfn �Gn; (22)£¤¥ E1 { ¥¤¨­¨ç­ ï ¬ âà¨æ . �á¯®«ì§ãï ä ªâ®à¨-§ æ¨î ®¯¥à â®à :(E1 +�t
 6Xj=1
kjh) � 6Yj=1(E1 +�t

kjh); (23)¯¥à¥å®¤ á n ­  n + 1 ¢à¥¬¥­­®© á«®©  ¯¯à®ªá¨¬¨-àã¥âáï ¯®á«¥¤®¢ â¥«ì­®áâìî ¤à®¡­ëå è £®¢:(E1 +�t

k1h)�n+1=6 = �
khfn +Gn;(E1 +�t

k2h)�n+2=6 = ��n+1=6;(E1 +�t

k3h)�n+3=6 = ��n+2=6;(E1 +�t

k4h)�n+4=6 = ��n+3=6; (24)(E1 +�t

k5h)�n+5=6 = ��n+4=6;(E1 +�t

k2h)�n+1 = ��n+5=6;fn+1 = fn +�t�n+1�. �. �®¢ «¥æ, �. �. � ¤¥à¨ç 13



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 4. �. 10 { 18. �  ¯¥à¢ëå âà¥å ¤à®¡­ëå è £ å á¨áâ¥¬  ãà ¢-­¥­¨© (24) «¨­¥©­  ®â­®á¨â¥«ì­® äã­ªæ¨© ­  á«®¥n + j=6, j = 1; 2; 3. �¥ à¥è¥­¨¥ ¬®¦¥â ¡ëâì ¯®-«ãç¥­® áª «ïà­ë¬¨ ¯à®£®­ª ¬¨ ¤«ï ª ¦¤®© ª®¬-¯®­¥­âë �n+j=6, â ª ª ª ®¯¥à â®à 
kjh, j = 1; 3 {¤¨ £®­ «ì­ë©. �  ¯®á«¥¤ãîé¨å ¤à®¡­ëå è £ å¨á¯®«ì§ã¥âáï ¬®¤¨ä¨ª æ¨ï ¬¥â®¤  à áé¥¯«¥­¨ï,¯à¥¤«®¦¥­­ ï [18], ¤«ï ¡®«¥¥ â®ç­®£® ¯à¥¤áâ ¢«¥-­¨ï ç«¥­ , á¢ï§ ­­®£® á £à ¤¨¥­â®¬ ¤ ¢«¥­¨ï ­ 4{6 ¤à®¡­ëå è £ å. �¨áâ¥¬  (24) ¯à¨¢®¤¨âáï ª¤¨ £®­ «ì­®¬ã ¢¨¤ã, ¯®á«¥ ç¥£® ãà ¢­¥­¨ï ¤«ï ª -¦¤®© ª®¬¯®­¥­âë ¢¥ªâ®à  �n+j=6 â ª¦¥ à¥è îâáïáª «ïà­ë¬¨ ¯à®£®­ª ¬¨.�«ï  ¯¯à®ªá¨¬ æ¨¨ ¯à®áâà ­áâ¢¥­­ëå ¯à®¨§-¢®¤­ëå ¢ ¤¨ää¥à¥­æ¨ «ì­ëå ¬ âà¨ç­ëå ®¯¥à â®-à å 
1; :::
6 ¨á¯®«ì§®¢ « áì áå¥¬  á® áâ¥¯¥­­ë¬§ ª®­®¬ [25], ª®â®à ï ï¢«ï¥âáï áå¥¬®© 2-£® ¯®àï¤-ª  â®ç­®áâ¨ ¯® ¯à®áâà ­áâ¢¥­­ë¬ ¯¥à¥¬¥­­ë¬, ¨,¯à¨ ¤®áâ â®ç­® ¡®«ìè¨å ç¨á« å �¥ª«¥, ¯¥à¥å®¤¨â¢ áå¥¬ã ­ ¯à ¢«¥­­ëå à §­®áâ¥©. �®«¥¥ ¤¥â «ì­®ç¨á«¥­­ë© ¬¥â®¤ à¥è¥­¨ï § ¤ ç¨ ®¯¨á ­ ¢ [26].3. ���������� ���������§¢¥áâ­® §­ ç¨â¥«ì­®¥ ç¨á«® ­ âãà­ëå íªá¯¥-à¨¬¥­â®¢, ¯à®¢®¤¨¢è¨åáï ¤«ï àï¤  ¢¥é¥áâ¢ ­ à §«¨ç­®© ¬¥áâ­®áâ¨ ¤«ï à §­ëå ¬¥â¥®à®«®£¨ç¥-áª¨å ãá«®¢¨© (á¬. ®¡§®àë [1-4]). �«ï áà ¢­¥-­¨ï á à áç¥â ¬¨ ¡ë«¨ ¢ë¡à ­ë å®à®è® ¤®ªã¬¥­-â¨à®¢ ­­ë¥ íªá¯¥à¨¬¥­âë ¢ �®àâ®­-� ã­¥ (�­-£«¨ï) [27]. �ªá¯¥à¨¬¥­â «ì­® ¨áá«¥¤®¢ « áì ¨§®-â¥à¬¨ç¥áª ï ¤¨á¯¥àá¨ï âï¦¥«®£® £ §  (å« ¤®­-12)¢ à¥§ã«ìâ â¥ ¬£­®¢¥­­®£® ¢ë¡à®á . �ã¡ ®¡ê¥¬®¬40 ¬3 á® áâ¥­ª ¬¨ ¨§ á¨­â¥â¨ç¥áª®© ¯«¥­ª¨ § -¯®«­ï«áï á¬¥áìî å« ¤®­-¢®§¤ãå. � áâ¥ª ­¨¥ £ § ­ ç¨­ «®áì ¯®á«¥ ¬£­®¢¥­­®£® ®¯ ¤ ­¨ï ¡®ª®¢ëåáâ¥­®ª. �¡« ª®, ¯®¤ªà è¥­­®¥ ¤ë¬®¬, ä®â®£à -ä¨à®¢ «®áì á¢¥àåã ¨ á¡®ªã. �§¬¥à¥­¨ï ª®­æ¥­-âà æ¨¨ ¯à®¢®¤¨«¨áì á ¯®¬®éìî ¤ âç¨ª®¢ ¨ ¯à®-¡®®â¡®à­¨ª®¢, à á¯®«®¦¥­­ëå ­  ¯ïâ¨ £®à¨§®­â å¢ ­¥áª®«ìª¨å â®çª å ­  à §«¨ç­®¬ à ááâ®ï­¨¨ ®â¨áâ®ç­¨ª . �¥§ã«ìâ âë áà ¢­¥­¨ï ¯à¨¢¥¤¥­ë ¤«ïíªá¯¥à¨¬¥­â  Porton N 8. �­ ¯à®¢®¤¨«áï ­  à®¢-­®© ¬¥áâ­®áâ¨ ¯à¨ ¬ «ëå áª®à®áâïå ¢¥âà  (¤® 0.5¬=á) ¨ ª â¥£®à¨¨ ãáâ®©ç¨¢®áâ¨ F ¯® � áªã¨««ã-�¥à­¥àã. �«®â­®áâì á¬¥á¨ ¢ ­ ç «ì­ë© ¬®¬¥­âá®áâ ¢«ï«  2.5 ª£=¬3,   ®¡ê¥¬­ ï ª®­æ¥­âà æ¨ï {29%.� à áç¥â å áª®à®áâì ¢¥âà  ¯à¨­¨¬ « áì à ¢­®©­ã«î,   áâà â¨ä¨ª æ¨ï ­¥©âà «ì­®©. �ëç¨á«¥­¨ï¯à®¢®¤¨«¨áì ­  ¯®á«¥¤®¢ â¥«ì­®áâ¨ á¥â®ª. �  ­ -ç «ì­®© áâ ¤¨¨ à áç¥âë ¯à®¢®¤¨«¨áì ¤«ï ®¡« áâ¨à §¬¥à ¬¨ 31 � 31 � 12 ¬. �á¯®«ì§®¢ « áì á¥âª 

19�19�45 á à ¢­®¬¥à­ë¬ è £®¬ ¯® £®à¨§®­â «¨ ¨­¥à ¢­®¬¥à­ë¬ («®£ à¨ä¬¨ç¥áª¨¬) ¯® ¢¥àâ¨ª «¨.�  ¡®ª®¢ëå £à ­¨æ å ¡ë«¨ ¯à¨­ïâë ãá«®¢¨ï �¥©-¬ ­ . �à¨ ¯à¨¡«¨¦¥­¨¨ ¢®§¬ãé¥­¨© ª ¡®ª®¢ë¬£à ­¨æ ¬ £®à¨§®­â «ì­ë© à §¬¥à ®¡« áâ¨ ¨ è £¯® £®à¨§®­â «¨ ã¤¢ ¨¢ «¨áì. � ª®© ¯à¨¥¬ ¯®§¢®-«¨« áãé¥áâ¢¥­­® ã¬¥­ìè¨âì § âà âë ¬ è¨­­®£®¢à¥¬¥­¨ ­  à áç¥âë.�  à¨á. 1 ¯à¥¤áâ ¢«¥­® áà ¢­¥­¨¥ à ááç¨â ­­ëå£®à¨§®­â «ì­ëå à §¬¥à®¢ ®¡« ª  á à¥§ã«ìâ â ¬¨ä®â®£à ä¨à®¢ ­¨ï. �ã¦­® ¨¬¥âì ¢ ¢¨¤ã, çâ® ¢¨-¤¨¬ ï £à ­¨æ  ®¡« ª  á®®â¢¥âáâ¢ã¥â ­¥ª®â®à®©£à ­¨ç­®© ª®­æ¥­âà æ¨¨, § ¢¨áïé¥© ®â â®«é¨­ëä®â®£à ä¨àã¥¬®£® á«®ï, ¯®£«®é îé¥© á¯®á®¡­®-áâ¨ ¤ë¬  ¨ å à ªâ¥à  ä®­ . �à¨ á®¯®áâ ¢«¥-­¨¨ à §¬¥à®¢ £à ­¨ç­ ï ª®­æ¥­âà æ¨ï ¢ à áç¥-â å ¯à¨­¨¬ « áì ¯®áâ®ï­­®© ¨ à ¢­®© 1% ®â ­ -ç «ì­®© ª®­æ¥­âà æ¨¨. �  à¨áã­ª¥ ¢¨¤­®, çâ® ­ -¡«î¤ ¥¬®¥ ®¡« ª® ­  ­ ç «ì­®© áâ ¤¨¨ á®åà ­ï¥â¯®çâ¨ ªàã£®¢ãî ä®à¬ã, ¡«¨§ªãî ª à ááç¨â ­­®©,çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ® ¬ «®áâ¨ ¢¥âà®¢ëå íää¥ª-â®¢.�  à¨á. 2 á®¯®áâ ¢«¥­ë ¨§¬¥à¥­­ë¥ ¨ à ááç¨-â ­­ë¥ à §¬¥àë ®¡« ª . � ª á«¥¤ã¥â ¨§ à¨á. 2, ,à ááç¨â ­­ ï ¯®«ãè¨à¨­  ®¡« áâ¨ ­¥¯«®å® á®£« -áã¥âáï á ­ ¡«î¤ ¥¬®© [27]. � ­­ë¥ à áç¥â®¢ ¬®¦-­® â ª¦¥ á®¯®áâ ¢¨âì á à¥§ã«ìâ â ¬ « ¡®à â®à-­ëå íªá¯¥à¨¬¥­â®¢ [28]. � ­¨å ¨áá«¥¤®¢ «®áì à -áâ¥ª ­¨¥ ®¡« ª  âï¦¥«®£® £ § , ¨¬¥¢è¥£® ¢ ­ -ç «ì­ë© ¬®¬¥­â ä®à¬ã æ¨«¨­¤à  á ¤¨ ¬¥âà®¬,à ¢­ë¬ ¢ëá®â¥. �â® ¤ ¥â ¢®§¬®¦­®áâì á®¯®-áâ ¢«¥­¨ï á ­ âãà­ë¬ íªá¯¥à¨¬¥­â®¬ Porton N8 ¨ à áç¥â ¬¨, ¨á¯®«ì§ãï ¡¥§à §¬¥à­ë¥ ¯¥à¥¬¥­-­ë¥. �«¥¤ãï [28] ­  à¨á.2,¡ à ¤¨ãá R ®¡« ª  ­®à-¬ «¨§®¢ ­ ­  «¨­¥©­ë© ¬ áèâ ¡ L = V 1=30 , £¤¥V0 { ­ ç «ì­ë© ®¡ê¥¬ ®¡« ª ,   ¢à¥¬ï ­  T0 =V 1=60 (g��=�a)�1=2. �¤¥áì �� = � � �a { à §­®áâì¯«®â­®áâ¨ £ §  ¨ ¢®§¤ãå . � ¤¨ãá ®¡« ª  ¯® ¤ ­-­ë¬ à áç¥â®¢ ®æ¥­¨¢ «áï ¯® ª®­æ¥­âà æ¨¨ 1% ®â¬ ªá¨¬ «ì­®£® §­ ç¥­¨ï ¢ ®¡« ª¥ ¢ ¤ ­­ë© ¬®-¬¥­â ¢à¥¬¥­¨. � ª á«¥¤ã¥â ¨§ à¨áã­ª , à¥§ã«ìâ -âë à áç¥â®¢ ­¥¯«®å® á®£« áãîâáï á « ¡®à â®à­ë-¬¨ íªá¯¥à¨¬¥­â ¬¨, ¨¬¥ï ¢ ¢¨¤ã à §«¨ç¨ï ¢ ä®à-¬¥ ­ ç «ì­®£® à á¯à¥¤¥«¥­¨ï ¯«®â­®áâ¨, ¨ á íªá¯¥-à¨¬¥­â®¬ Porton N 8. �âª«®­¥­¨¥ ªà¨¢®© PortonN 8 ®â « ¡®à â®à­ëå íªá¯¥à¨¬¥­â®¢ ¨ à áç¥â®¢®¡êïá­ï¥âáï á¯®á®¡®¬ ®¯à¥¤¥«¥­¨ï £à ­¨æë ®¡« -ª . �à¨ t > 20 à áç¥âë ¨ íªá¯¥à¨¬¥­âë å®à®è® ¯¯à®ªá¨¬¨àãîâáï ¯àï¬®© R�2�R�20 � t. �­  á®-®â¢¥âáâ¢ã¥â ¨­¥àæ¨®­­®© áâ ¤¨¨ £à ¢¨â æ¨®­­®-£® à áâ¥ª ­¨ï ®á¥á¨¬¬¥âà¨ç­®© ¨­âàã§¨¨, ª®£¤ íää¥ªâ ¬¨ ¢®¢«¥ç¥­¨ï ¨ âà¥­¨ï ® ¯®¤áâ¨« îéãî¯®¢¥àå­®áâì ¬®¦­® ¯à¥­¥¡à¥çì [29]. �ª®à®áâì à -14 �. �. �®¢ «¥æ, �. �. � ¤¥à¨ç
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�¨á. 1. � ¡«î¤ ¥¬ ï [27] (á¯«®è­ ï «¨­¨ï)¨ à ááç¨â ­­ ï (èâà¨å®¢ ï «¨­¨ï) £à ­¨æ  ®¡« ª ¤«ï t = 2 c (a) t = 8 c (¡)áâ¥ª ­¨ï ®¯à¥¤¥«ï¥âáï ¨§ á®®â­®è¥­¨ï:dRdt = CEsgH���a ; (25)�¬¯¨à¨ç¥áª ï ¯®áâ®ï­­ ï CE = 1:16, çâ® áà ¢­¨-¬® á â¥®à¥â¨ç¥áª¨¬ §­ ç¥­¨¥¬ [29].�  à¨á. 3 ¯à¥¤áâ ¢«¥­  ª àâ¨­  ¯®«ï áª®à®áâ¥©¢ ¢¥àâ¨ª «ì­®¬ á¥ç¥­¨¨ ¤«ï âà¥å ¬®¬¥­â®¢ ¢à¥¬¥-­¨: t=3; 13 ¨ 300 á ¯®á«¥ ­ ç «  à áâ¥ª ­¨ï. � ­ ç «ì­®© áâ ¤¨¨ ª®«« ¯á ®¡« ª  âï¦¥«®£® £ § 

�¨á. 2. � ¤¨ãá ®¡« ª  ¢ § ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥­¨ (a)¯® ¤ ­­ë¬ íªá¯¥à¨¬¥­â  [27] (1) à áç¥â®¢ (2);§ ¢¨á¨¬®áâì ®â ¢à¥¬¥­¨ ¡¥§à §¬¥à­®£® à ¤¨ãá  (¡)¯® ¤ ­­ë¬ à áç¥â®¢ (1), ­ âãà­®£® [27] (3)¨ « ¡®à â®à­ëå [28] íªá¯¥à¨¬¥­â®¢ (§­ çª¨);§ ¢¨á¨¬®áâ¨ (25) (¯àï¬ ï 2).¯à¨¢®¤¨â ª ä®à¬¨à®¢ ­¨î ª®«ìæ¥¢®£® ¢¨åàï, à á-¯à®áâà ­ïîé¥£®áï ã ¯®¢¥àå­®áâ¨ §¥¬«¨. � â¥¬ ¢®¡« áâ¨ ¢­ãâà¨ ª®«ìæ  ä®à¬¨àã¥âáï ¢­ãâà¥­­ïï®¡« áâì § ¢¨åà¥­­®áâ¨ ¯à®â¨¢®¯®«®¦­®£® §­ ª á ¢®áå®¤ïé¨¬¨ ¤¢¨¦¥­¨ï ¢¤®«ì ®á¨ ®¡« ª  (á¬.à¨á.3,¡). �®§¬®¦­®¥ ®¡êïá­¥­¨¥ íâ®£® ï¢«¥­¨ï {áã¯¥à¯®§¨æ¨ï ­ ¡«î¤ ¥¬ëå íªá¯¥à¨¬¥­â «ì­® [28]£à ¢¨â æ¨®­­ëå ¢®«­ ¢ æ¥­âà¥, ®âà ¦¥­­ëå ®â£à ­¨æë ®¡« ª . �«ï íâ®£® ­¥®¡å®¤¨¬®, çâ®¡ë ¨åä §®¢ ï áª®à®áâì ¡ë«  ¡®«ìè¥ áª®à®áâ¨ ¤¢¨¦¥­¨ï£à ­¨æë ®¡« ª . �  à¨á. 3,¢ ¢¨¤­®, çâ® á® ¢à¥¬¥-­¥¬ ¢®§­¨ª ¥â âà¥â¨© ¢¨åàì ¨ ¢¥àâ¨ª «ì­ë¥ áª®-à®áâ¨ ­  ®á¨ á­®¢  ­ ¯à ¢«¥­ë ¢­¨§.�  à¨á. 4 ¯®ª § ­ë ¢¥àâ¨ª «ì­ë¥ á¥ç¥­¨ï âãà-¡ã«¥­â­®© í­¥à£¨¨ ¨ ª®­æ¥­âà æ¨¨ ¤«ï t = 5 á.�¨¤­®, çâ® ®¡« áâì ¬ ªá¨¬ã¬  âãà¡ã«¥­â­®©í­¥à£¨¨ á®¢¯ ¤ ¥â á ®¡« áâìî ¢¨åà¥¢®£® ª®«ìæ  ­ à¨á.3,  ¨ à¨á. 4,¡.�áâ®ç­¨ª®¬ í­¥à£¨¨ à á¯à®áâà ­¥­¨ï ®¡« ª ï¢«ï¥âáï ¤®áâã¯­ ï ¯®â¥­æ¨ «ì­ ï í­¥à£¨ï, ª®â®-�. �. �®¢ «¥æ, �. �. � ¤¥à¨ç 15
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�¨á. 3. � ááç¨â ­­®¥ ¢¥àâ¨ª «ì­®¥ á¥ç¥­¨¥ ¯®«ïáª®à®áâ¨ ¤«ï t = 3 c (a), t = 13 c (¡) ¨ t = 300 c (¢).�®¤ã«¨ áª®à®áâ¨ ­®à¬ «¨§®¢ ­ë ­  ¬ ªá¨¬ «ì­ë¥§­ ç¥­¨ïà ï ¤«ï § ¬ª­ãâ®© ®¡« áâ¨ ¯à¨¡«¨¦¥­­® ¬®¦¥â¡ëâì ¯à¥¤áâ ¢«¥­  ¢ ¢¨¤¥� = Z ZV Z (�� � ��o(z))zdxdydz; (26)£¤¥ �0(z) { áâà â¨ä¨ª æ¨ï  â¬®áä¥àë ¢ ­¥¢®§¬ã-é¥­­®¬ á®áâ®ï­¨¨. �®â¥­æ¨ «ì­ ï í­¥à£¨ï ¯¥à¥-å®¤¨â ¢ í­¥à£¨î áà¥¤­¨å ¤¢¨¦¥­¨©:KS = 12 Z ZV Z ��(hui2 + hvi2 + hwi2)dxdydz: (27)�¥ãáâ®©ç¨¢®áâì áà¥¤­¨å â¥ç¥­¨© ¯à¨¢®¤¨â ª £¥­¥-

�¨á. 4. � ááç¨â ­­ë¥ ¢¥àâ¨ª «ì­ë¥ á¥ç¥­¨ïª®­æ¥­âà æ¨¨ £ §  ( ) ¨ í­¥à£¨¨âãà¡ã«¥­â­®áâ¨ (¡) ¯à¨ t = 5 cà æ¨¨ âãà¡ã«¥­â­®áâ¨:KT = Z ZV Z ��kdxdydz: (28)� ª á«¥¤ã¥â ¨§ à¨á. 5 á­ ç «  ¯®â¥­æ¨ «ì­ ïí­¥à£¨ï ¯¥à¥å®¤¨â ¢ ª¨­¥â¨ç¥áªãî í­¥à£¨î áà¥¤-­¨å â¥ç¥­¨©,   § â¥¬ ¢ í­¥à£¨î âã¡ã«¥­â­®áâ¨.�®á«¥¤­ïï § âãå ¥â ¡ëáâà¥¥, ç¥¬ ¯®â¥­æ¨ «ì­ ïí­¥à£¨ï ¨ ª¨­¥â¨ç¥áª ï í­¥à£¨ï áà¥¤­¨å ¤¢¨¦¥­¨©§  áç¥â ¤¨áá¨¯ æ¨¨ ¨ ®¡à â­®£® ¯¥à¥å®¤  ¢ ¯®â¥­-æ¨ «ì­ãî í­¥à£¨î ¯à¨ âãà¡ã«¥­â­®¬ ¢®¢«¥ç¥­¨¨.�à¨¬¥­¥­¨¥¯à¥¤«®¦¥­­®© ¢ [18] ­¥ï¢­®© ª®­¥ç­®-à §­®áâ­®©áå¥¬ë ¯®§¢®«¨«® íää¥ªâ¨¢­® à¥è âì ­¥ä¨«ìâà®-¢ ­­ë¥ ãà ¢­¥­¨ï, ª®£¤  ãà ¢­¥­¨¥ ­¥à §àë¢­®-áâ¨  ¯¯à®ªá¨¬¨àã¥âáï ¡¥§ ¯à¥­¥¡à¥¦¥­¨ï ç«¥­®¬@��=@t. �æ¥­¨¬ ¯ à ¬¥âà� = max�����@��@t �����=max�����@��huji@xj ����� ; (29)(¯® j = 1; 2; 3 ­¥ áã¬¬¨à®¢ âì!), ª®â®àë© å à ª-â¥à¨§ã¥â ¬ ªá¨¬ «ì­®¥ ¢ ®¡« áâ¨ ®â­®è¥­¨¥ ç«¥-­  j@��=@tj ª ¬ ªá¨¬ «ì­®¬ã ¯® ¬®¤ã«î ¨§ âà¥åª®¬¯®­¥­â á®®â¢¥âáâ¢ãîé¥£® ¤¨¢¥à£¥­â­®£® ç«¥-­  j@��huji=@xjj. �ç¥¢¨¤­®, çâ® ¬ ªá¨¬ «ì­® ¢®§-¬®¦­ë¬ ¤«ï íâ®£® ¯ à ¬¥âà  ï¢«ï¥âáï §­ ç¥­¨¥� = 3, ª®£¤  ¢á¥ âà¨ ª®¬¯®­¥­âë @��huji=@xj à ¢-­ë ¬¥¦¤ã á®¡®© ¨ ¨¬¥îâ ®¤¨­ §­ ª.�  à¨á. 6 ¯à¥¤áâ ¢«¥­  ­¨¦­ïï ®£¨¡ îé ï §­ -ç¥­¨© íâ®£® ¯ à ¬¥âà  ¢ § ¢¨á¨¬®áâ¨ ®â ¢à¥¬¥-­¨. �¨¤­®, çâ® ­  ¨­â¥à¢ «¥ ¢à¥¬¥­¨ ¤® 100 á,§­ ç¥­¨¥ � ®áâ ¥âáï ¡®«ìè¥ 0.3, â.¥. ¯®£à¥è­®áâìà áç¥â  ãà ¢­¥­¨ï ­¥à §àë¢­®áâ¨ ¢ \­¥ã¯àã£®¬16 �. �. �®¢ «¥æ, �. �. � ¤¥à¨ç
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�¨á. 5. � ¢¨á¨¬®áâì ¯®â¥­æ¨ «ì­®© � (1), ª¨­¥â¨ç¥-áª®© Ks (2) ¨ âãà¡ã«¥­â­®© KT (3) í­¥à£¨¨ ®â ¢à¥¬¥­¨

�¨á. 6. � ¢¨á¨¬®áâì ®â ¢à¥¬¥­¨ ¯ à ¬¥âà  �.¯à¨¡«¨¦¥­¨¨" á®áâ ¢«ï¥â ¡®«¥¥ 10% . �â® ®¡êïá-­ï¥â ¯à¨ç¨­ã ãâ¥çª¨ £ §  ¨  â¬®áä¥à­®£® ¢®§¤ãå ¢ à áç¥â å [17], á®áâ ¢«ï¢èãî ®ª®«® 30% ¡¥§ ¯à¨-­ïâ¨ï á¯¥æ¨ «ì­ëå ¬¥à. � ­ áâ®ïé¨å à áç¥â å,­¥á¬®âàï ­  ¤®¢®«ì­® £àã¡ãî á¥âªã ¨ ¯®â¥à¨ ¯à¨¯¥à¥å®¤¥ á á¥âª¨ ­  á¥âªã, ¬ áá  £ §  ¨ ¢®§¤ãå  ­ ¯à®âï¦¥­¨¨ 500 á á®åà ­ï«¨áì á â®ç­®áâìî 3%.�®­¥ç­®, ­ã¦­® ¨¬¥âì ¢ ¢¨¤ã, çâ® ­ «¨ç¨¥ ¢­¥è-­¥© ¢¥âà®¢®© âãà¡ã«¥­â­®áâ¨ ¢ ¯à¨§¥¬­®¬ á«®¥ãáª®àï¥â ¯à®æ¥ááë ¯¥à¥¬¥è¨¢ ­¨ï £ §  á ¢®§¤ã-å®¬ ¨ â¥¬ á ¬ë¬ ã¬¥­ìè ¥â ¯¥à¥¯ ¤ë ¯«®â­®áâ¨¨ §­ ç¥­¨ï ¯ à ¬¥âà  �.4. ������� ­ áâ®ïé¥© à ¡®â¥ ®¯¨á ­  ¬®¤¥«ì âãà¡ã«¥­â-­®© ¤¨­ ¬¨ª¨ âï¦¥«®£® £ §  á ¡®«ìè¨¬¨ ¨§¬¥­¥-­¨ï¬¨ ¯«®â­®áâ¨ á ¨á¯®«ì§®¢ ­¨¥¬ ®áà¥¤­¥­¨ï ¯®

� ¢àã, ª®â®à®¥ ¤«ï â ª¨å â¥ç¥­¨© ¯à¨¢®¤¨â ª ¡®-«¥¥ ¯à®áâ®© ä®à¬¥ ãà ¢­¥­¨©, ç¥¬ ®áà¥¤­¥­¨¥ ¯®�¥©­®«ì¤áã. �«ï ­ ¯àï¦¥­¨© ¨ âãà¡ã«¥­â­ëå ¯®-â®ª®¢ ¯à¨¬¥­ïîâáï ¯à®áâ¥©è¨¥ £à ¤¨¥­â­ë¥ á®-®â­®è¥­¨ï, á®åà ­ïîé¨¥ â¥­§®à­ãî á¨¬¬¥âà¨î¤«ï á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨. �«ï § ¬ëª ­¨ï ¨á¯®«ì-§®¢ ­  ¬®¤¥«ì âãà¡ã«¥­â­®áâ¨ ¯¥à¢®£® ¯®àï¤ª .�à âª® ¨§«®¦¥­  ­¥ï¢­ ï ª®­¥ç­®-à §­®áâ­ ï áå¥-¬ , ®á­®¢ ­­ ï ­  ¨á¯®«ì§®¢ ­¨¨ ¬¥â®¤  à áé¥¯-«¥­¨ï ¢ á®ç¥â ­¨¨ á ¬¥â®¤®¬ ª®­âà®«ì­®£® ®¡ê-¥¬ . �â  áå¥¬  ¯®§¢®«ï¥â íää¥ªâ¨¢­® à¥è âì á¨-áâ¥¬ã ­¥ä¨«ìâà®¢ ­­ëå ãà ¢­¥­¨©, ª®â®àë¥ ®¡¥á-¯¥ç¨¢ îâ á®åà ­¥­¨¥ ¬ ááë £ §  ¨  â¬®áä¥à­®£®¢®§¤ãå . �¥§ã«ìâ âë à áç¥â®¢ ¯®ª § «¨ ­¥¯«®å®¥á®£« á®¢ ­¨¥ á ­ âãà­ë¬¨ ¨ « ¡®à â®à­ë¬¨ íªá-¯¥à¨¬¥­â ¬¨. �­ «¨§ í­¥à£¥â¨ª¨ ¯à®æ¥áá®¢ à á-¯à®áâà ­¥­¨ï âï¦¥«®£® £ §  ¯®ª § «, çâ® á­ ç -«  ¯®â¥­æ¨ «ì­ ï í­¥à£¨ï ®¡« ª  £ §  ¯¥à¥å®¤¨â¢ ª¨­¥â¨ç¥áªãî í­¥à£¨î áà¥¤­¨å â¥ç¥­¨©,   § -â¥¬ ¢ í­¥à£¨î âãà¡ã«¥­â­®áâ¨. �®á«¥¤­ïï § âãå -¥â ¡ëáâà¥¥, ç¥¬ ¯®â¥­æ¨ «ì­ ï í­¥à£¨ï ¨ í­¥à£¨ïáà¥¤­¨å ¤¢¨¦¥­¨© §  áç¥â ¤¨áá¨¯ æ¨¨ ¨ ®¡à â­®-£® ¯¥à¥å®¤  ¢ ¯®â¥­æ¨ «ì­ãî í­¥à£¨î ¯à¨ âãà¡ã-«¥­â­®¬ ¢®¢«¥ç¥­¨¨.1. Shinh J. H., Ermak D. L., Koopman R. P. Heavy gasreleases: recent dispersion research.{ Preprint UCRL-86583: LLNL, Livermore, USA, 1981.{ 12 p.2. Woodward J.L., Havens J. A., McBride W.C.,Taft J. R. A comparison with experimental data ofseveral models for dispersion of heavy vapor clouds// J. Hazardous Materials.{ 1982.{ 6.{ P. 161{180.3. Koopman R. P., Ermak D. I., Chan S. T. A review ofrecent �eld tests and mathematical modelling of at-mospheric dispersion of large spills of denser-than-airgases // Atmos. Environment.{ 1989.{ 23.{ P. 731{756.4. Britter R. E. Atmospheric dispersion of dense gas-es // Ann. Rev. Fluid Mech.{21.{ Palo Alto , 1989.{P. 317{344.5. Eidsvik K. J. A model for heavy gas dispersion inthe atmosphere // Atmos. Environment.{ 1980.{ 14.{P. 769{777.6. Chatwin P. C. Towards a box model of all stages ofheavy gas cloud dispersion // Turbulence and di�u-sion in stable environments.{ 1985, Oxford, Claren-don Press.{ P. 259{292.7. Spicer T. O., Havens J. A. Field test validation of theDEGADIS model // J. Hazardous Materials.{ 1987.{16.{ P. 231{245.8. Ermak D. L. Description of the SLAB model.{Preprint UCRL-100028: LLNL, Livermore, USA,1989.{ 9 p.9. Havens J.A., Schneurs P.J., Spicer T.O. Analysis andsimulation of Thorney Island Trial 34 // J. HazardousMaterials.{ 1987.{ 16.{ P. 139{148.10. Hertel J., Teuscher L. Advances in heavier than va-por cloud dispersion modeling // Proc. AGA Trans-mission Conference.{ 1982, AGA, Chicago, IL, (May1982).{ P. T66-T80.�. �. �®¢ «¥æ, �. �. � ¤¥à¨ç 17
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