
ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 16 { 23��� 504.3.05 �������������� ������������������������� ������������ ���� ���������������� � ��� ��������� ��������. �. ����������­áâ¨âãâ £¨¤à®¬¥å ­¨ª¨ ��� �ªà ¨­ë, �¨¥¢�®«ãç¥­® 1.12.98 � �¥à¥á¬®âà¥­® 3.06.99� áá¬ âà¨¢ ¥âáï ¬¥§®¬ áèâ ¡­ ï ¬®¤¥«ì ¯¥à¥­®á  ¨ âãà¡ã«¥­â­®© ¤¨ääã§¨¨ ¯ áá¨¢­®© ¯à¨¬¥á¨ ¢  â¬®áä¥à­®¬¯®£à ­¨ç­®¬ á«®¥ ¨§ ¯à¨¯®¤­ïâ®£® ¨áâ®ç­¨ª . �à¨¬¥áì ¢ ¬¥§®§®­¥ ¨§¬¥­ï¥âáï ¯®¤ ¤¥©áâ¢¨¥¬  ¤¢¥ªæ¨¨, âãà¡ã«¥­â-­®© ¤¨ääã§¨¨, áãå®£® ®á ¦¤¥­¨ï, â¥¬¯¥à âãà­®© áâà â¨ä¨ª æ¨¨  â¬®áä¥à­®£® ¯®£à ­¨ç­®£® á«®ï (���), ¢à é¥­¨ï�¥¬«¨ ¨ ¯à®æ¥áá®¢ ¢§ ¨¬®¤¥©áâ¢¨ï á ¯®¢¥àå­®áâìî. �£«ã¡«ïîâáï ¨ à áè¨àïîâáï §­ ­¨ï ®¡ ®á­®¢­ëå ¯ à ¬¥âà å¨§ãç ¥¬ëå ï¢«¥­¨© ¢ ¬¥§®¬ áèâ ¡¥. �à¨¢®¤ïâáï ¬¥â®¤ë ®¯à¥¤¥«¥­¨ï ¨ à¥§ã«ìâ âë à áç¥â  ¯®«¥© ª®­æ¥­âà æ¨©¯à¨¬¥á¨ ¢  â¬®áä¥à¥ ¨ ­  ¯®¢¥àå­®áâ¨ ¯®ç¢ë.�®§£«ï¤ õâìáï ¬¥§®¬ áèâ ¡­  ¬®¤¥«ì ¯¥à¥­®áã â  âãà¡ã«¥­â­®ù ¤¨äã§÷ù ¯ á¨¢­®ù ¤®¬÷èª¨ ¢  â¬®áä¥à­®¬ã ¯®£à -­¨ç­®¬ã è à÷ ¢÷¤ ¯à¨¯÷¤­ïâ®£® ¤¦¥à¥« . �®¬÷èª  ¢ ¬¥§®§®­÷ §¬÷­îõâìáï ¯÷¤ ¤÷õî  ¤¢¥ªæ÷ù, âãà¡ã«¥­â­®ù ¤¨ä-äã§÷ù, áãå®£® ®á÷¤ ­­ï, â¥¬¯¥à âãà­®ù áâà â¨ä÷ª æ÷ù  â¬®áä¥à­®£® ¯®£à ­¨ç­®£® è àã, ®¡¥àâ ­­ï �¥¬«÷ â  ¯à®-æ¥á÷¢ ¢§ õ¬®¤÷ù § ¯®¢¥àå­¥î. �®£«¨¡«îîâìáï â  à®§è¨àîîâìáï §­ ­­ï ¯à® ®á­®¢­÷ ¯ à ¬¥âà¨, é® ¢¨¢ç îâìáï ¢¬¥§®¬ áèâ ¡÷. � ¢®¤ïâìáï ¬¥â®¤¨ ¢¨§­ ç¥­­ï â  à¥§ã«ìâ â¨ à®§à åã­ªã ¯®«÷¢ ª®­æ¥­âà æ÷© ¤®¬÷èª÷¢ ¢  â¬®áä¥à÷â  ­  ¯®¢¥àå­÷ £àã­âã.The mesoscale model of a transfer and turbulent di�usion of the passive admixture in the atmospheric boundary layerfrom eleveted source is concidered. The admixture in the mesozone is changed owing to advection, turbulent di�usion,dry sedimentation, temperature strati�cation, the earth's revolution and plane process. The knowledges about a mainparameters of the phenomenous under investigation for the mesoscale is depended. The methods of the de�nition andthe results of the calculation of a concentrations �elds of the admixture in the atmosphere and on the ground plane isconsidered.���������¤­®© ¨§ ¢ ¦­ëå ¯à®¡«¥¬ íª®«®£¨ç¥áª®© ¡¥§®-¯ á­®áâ¨ ï¢«ï¥âáï ¨§ãç¥­¨¥ ¯à®æ¥áá®¢ ¯¥à¥­®á ¨ âãà¡ã«¥­â­®© ¤¨ääã§¨¨ ¯à¨¬¥á¥© ¢  â¬®áä¥à-­®¬ ¯®£à ­¨ç­®¬ á«®¥ (���) ®â à §«¨ç­ëå ¨áâ®ç-­¨ª®¢ § £àï§­¥­¨©. �®áª®«ìªã ¤¨ääã§¨ï ¢ ���®¯à¥¤¥«ï¥âáï, ¢ ¯¥à¢ãî ®ç¥à¥¤ì, âãà¡ã«¥­â­®áâìî â¬®áä¥àë,   ¢á¥ ãà ¢­¥­¨ï ¬¥å ­¨ª¨ âãà¡ã«¥­â-­ëå ¯®â®ª®¢ ï¢«ïîâáï ­¥§ ¬ª­ãâë¬¨, â® ¨ à á-ç¥â ¤¨ääã§¨¨ ¯à¨¬¥á¥© ¢ ®ªàã¦ îé¥¬ ­ á ¢®§¤ã-å¥ ­¥ ¬®¦¥â ¡ëâì  ¢â®¬ â¨ç¥áª¨ á¢¥¤¥­ ª ª ª®©-«¨¡® § ¤ ç¥ ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨,   ®¡ï§ â¥«ì-­® âà¥¡ã¥â ¯à¨¢«¥ç¥­¨ï â¥å ¨«¨ ¨­ëå ­¥áâà®£¨å£¨¯®â¥§ ¨ ¯à¨¡«¨¦¥­­ëå ¤®¯ãé¥­¨©. �® íâ®©¯à¨ç¨­¥ § ¤ ç  ® à á¯à®áâà ­¥­¨¨ ¯à¨¬¥á¥© ¢  â-¬®áä¥à¥ ­¥ ¨¬¥¥â ®¤­®£® ®¡é¥¯à¨­ïâ®£® "¯à -¢¨«ì­®£®" à¥è¥­¨ï,   å à ªâ¥à¨§ã¥âáï ­ «¨ç¨¥¬àï¤  à §«¨ç­ëå ¯®¤å®¤®¢ ª âà¥¡ã¥¬®¬ã à áç¥âã,­¨ ®¤¨­ ¨§ ª®â®àëå ­¥ ¬®¦¥â ¯à¥â¥­¤®¢ âì ­ ¯®«­ãî áâà®£®áâì ¨ â®ç­®áâì.� ®á­®¢¥ ¢á¥å ¬®¤¥«¥© «¥¦¨â á¨áâ¥¬  ãà ¢­¥­¨©¯¥à¥­®á  ¨ âãà¡ã«¥­â­®© ¤¨ääã§¨¨, ¢ª«îç ï ¯à®-æ¥ááë ¯®áâã¯«¥­¨ï ¯à¨¬¥á¥© ¢  â¬®áä¥àã, å¨¬¨-ç¥áª®¥ ¯à¥¢à é¥­¨¥ ¨ ä¨§¨ç¥áª®¥ ã¤ «¥­¨¥ ¯à¨¬¥-á¨ (¯ãâ¥¬ áãå®£® ®á ¦¤¥­¨ï ¨ ¢ë¬ë¢ ­¨ï ®á ¤ª -

¬¨). �â® ­ ¨¡®«¥¥ ®¡é ï áâàãªâãà , ¢­ãâà¨ ª®â®-à®© ¯®ï¢«ïîâáï à §«¨ç­ë¥ â¨¯ë, ¢¨¤ë ¨ ¢ à¨ ­-âë ¬®¤¥«¥©.� ª, ¯® ¬ â¥¬ â¨ç¥áª®¬ã ¯®¤å®¤ã ª à¥è¥­¨îãà ¢­¥­¨ï ¯¥à¥­®á , âà ­áä®à¬ æ¨¨ ¨ ®á ¦¤¥­¨ï â¬®áä¥à­®© ¯à¨¬¥á¨ ¢á¥ ¬®¤¥«¨ ®â­®áïâáï ª ®¤-­®¬ã ¨§ ç¥âëà¥å ®á­®¢­ëå â¨¯®¢: 1) ¬®¤¥«¨ á á¨-áâ¥¬®© ª®®à¤¨­ â �©«¥à  [1-4]; 2) ¬®¤¥«¨ á á¨áâ¥-¬®© ª®®à¤¨­ â � £à ­¦  [2, 3]; 3) ¬®¤¥«¨, ¯®áâà®-¥­­ë¥ ­  áâ â¨áâ¨ç¥áª®© ®æ¥­ª¥ ¯ à ¬¥âà®¢ âà -¥ªâ®à¨© ¤¢¨¦¥­¨ï ®¡« ª®¢ ¨«¨ è«¥©ä®¢ ¢ë¡à®á®¢,¨á¯®«ì§ãîé¨¥ ¬¥â®¤ �®­â¥-� à«®; 4) ¬®¤¥«¨ á¬¥-è ­­ëå â¨¯®¢, ­ ¯à¨¬¥à, « £à ­¦¥¢®-í©«¥à®¢ë[2, 5].�§ãç¥­¨¥  â¬®áä¥à­ëå ¯à®æ¥áá®¢, ª ª ¯à ¢¨-«®, ¯à®¨áå®¤¨â ¯à¨ § ¤ ­­ëå £¥®¬¥âà¨ç¥áª¨å à §-¬¥à å ¨§ãç ¥¬®© ®¡« áâ¨. �® £®à¨§®­â «ì­ë¬à §¬¥à ¬ à áá¬ âà¨¢ îâáï ®¡« áâ¨ ç¥âëà¥å å -à ªâ¥à­ëå ¬ áèâ ¡®¢ � «®ª «ì­®£® (¯®àï¤ª  10ª¬), ¬¥§® (¯®àï¤ª  100 ª¬); à¥£¨®­ «ì­®£® (¯®àï¤-ª  1000 ª¬), âà ­á£à ­¨ç­®£® (¯®àï¤ª  10000 ª¬).�® ä¨§¨ç¥áª¨¬ á¢®©áâ¢ ¬ ¢ ¢¥àâ¨ª «ì­®¬ ­ -¯à ¢«¥­¨¨ ¢ë¤¥«ïîâáï âà¨ á«®ï � ¯à¨§¥¬­ë© (¤®¢ëá®âë ¯®àï¤ª  100 ¬); ¯®£à ­¨ç­ë© (¤® ¢ëá®âë¯®àï¤ª  1000 ¬) ¨ "á¢®¡®¤­ ï"  â¬®áä¥à  (á¢ëè¥1000 ¬).�«ï â®£®, çâ®¡ë ¯à¨¬¥­¨âì ª ª®©-«¨¡® ¨§ à á-16 c
 �.�.�ã§ì¬¥­ª®, 1999



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 16 { 23á¬®âà¥­­ëå ¯®¤å®¤®¢, ­¥®¡å®¤¨¬® §­ âì å à ªâ¥-à¨áâ¨ª¨ ��� � ­¨¦­¥© ç áâ¨  â¬®áä¥àë, ï¢«ï-îé¥©áï ¯¥à¥å®¤­®© §®­®© ®â ¯®¢¥àå­®áâ¨ §¥¬«¨ ª"á¢®¡®¤­®©"  â¬®áä¥à¥. �®«é¨­  ¯®£à ­á«®ï ¬®-¦¥â ¬¥­ïâìáï ®â ­¥áª®«ìª¨å ¤¥áïâª®¢ ¬¥âà®¢ ¤®¤¢ãå ¨ ¡®«¥¥ ª¨«®¬¥âà®¢. �à¥¤­ïï £®à¨§®­â «ì-­ ï áª®à®áâì ¢¥âà  ¢ ��� ¨§¬¥­ï¥âáï ®â ­ã«ï(­  ¯®¢¥àå­®áâ¨ §¥¬«¨) ¤® áª®à®áâ¨ £¥®áâà®ä¨ç¥-áª®£® ¢¥âà  (­  ¢¥àå­¥© £à ­¨æ¥ ���). �§¬¥­¥-­¨¥ áà¥¤­¥© áª®à®áâ¨ ¯à®¨áå®¤¨â ¨ ¯® ¢¥«¨ç¨­¥,¨ ¯® ­ ¯à ¢«¥­¨î (¯®á«¥¤­¥¥ ®¡áâ®ïâ¥«ìáâ¢® á¢ï-§ ­® á ¢à é¥­¨¥¬ �¥¬«¨). � áà¥¤­¥¬ ã£®« ¬¥¦¤ã£¥®áâà®ä¨ç¥áª¨¬ ¨ ¯à¨§¥¬­ë¬ ¢¥âà®¬ á®áâ ¢«ï¥â15�25 £à ¤ãá®¢.� ­ áâ®ïé¥¥ ¢à¥¬ï áãé¥áâ¢ãîâ ¤¢  ®á­®¢­ëåâ¨¯  ¬®¤¥«¥© ��� �  ­ «¨â¨ç¥áª ï ¨ ¤¨­ ¬¨ç¥-áª ï. �­ «¨â¨ç¥áª¨¥ ¬¥â®¤ë ®¯¨á ­¨ï ��� ®á­®-¢ ­ë ­  â¥®à¨¨ ¯®¤®¡¨ï �®­¨­ -�¡ãå®¢  [1, 3] ¨â¥®à¨¨ ¯®¤®¡¨ï ¯® ç¨á«ã �®áá¡¨ [1, 6]. � áá¬®-âà¥­­ë© ¯®¤å®¤ ­ §ë¢ îâ ¥é¥ A-B-C â¥®à¨¥©.�á¥ ¡®«¥¥ á«®¦­ë¥ ¬®¤¥«¨ ï¢«ïîâáï ¤¨­ ¬¨ç¥-áª¨¬¨. �å ¬®¦­® à §¡¨âì ­  ç¥âëà¥ £àã¯¯ë:1) ¬®¤¥«¨, ®á­®¢ ­­ë¥ ­  ¯à¥¤¯®«®¦¥­¨¨ ® å®à®-è® ¯¥à¥¬¥è¥­­ëå á«®ïå, ­ §ë¢ ¥¬ë¥ ML (mixed-layer) ¬®¤¥«ï¬¨; 2) ®¤­®¬¥à­ë¥ ¬®¤¥«¨, ¨á¯®«ì§ã-îé¨¥ à §«¨ç­ë¥ £¨¯®â¥§ë § ¬ëª ­¨ï ¤«ï âãà¡ã-«¥­â­ëå ¬®¬¥­â®¢ [1, 7]. �®¤ ®¤­®¬¥à­®áâìî ¯®¤-à §ã¬¥¢ ¥âáï â®â ä ªâ, çâ® áà¥¤­¨¥ ¯®«ï ¨ ¬®¬¥­-âë ï¢«ïîâáï äã­ªæ¨ï¬¨ ¢¥àâ¨ª «ì­®© ª®®à¤¨­ -âë z; 3) âà¥å¬¥à­ë¥ ¬®¤¥«¨ á ¯ à ¬¥âà¨§ æ¨¥©¯®¤á¥â®ç­ëå ¯à®æ¥áá®¢, ­ §ë¢ ¥¬ë¥ LES (large-eddy-simulation) ¬®¤¥«ï¬¨ [1]; 4) âà¥å¬¥à­ë¥ ¬®-¤¥«¨, ®á­®¢ ­­ë¥ ­  ­¥¯®áà¥¤áâ¢¥­­®¬ ¨­â¥£à¨à®-¢ ­¨¨ ãà ¢­¥­¨© � ¢ì¥-�â®ªá , ¨«¨ DNS (directnumerical simulation) ¬®¤¥«¨ [1]. � §à ¡®âª  íâ¨å¬®¤¥«¥© á®¢¥àè ¥â ¯®ª  â®«ìª® ¯¥à¢ë¥ è £¨ ¨ ¯®-íâ®¬ã á¥©ç á DNS ¬®¤¥«¨ ­¥ ¨¬¥îâ ¯à ªâ¨ç¥áª®£®§­ ç¥­¨ï.�¤¥ª¢ â­®¥ ®¯¨á ­¨¥ ��� ¨ ¯à®æ¥áá®¢ âãà¡ã-«¥­â­®© ¤¨ääã§¨¨ ¯à¨¬¥á¥© ¢®§¬®¦­® â®«ìª® ç¨-á«¥­­ë¬¨ ¬¥â®¤ ¬¨ DNS ¨«¨ LES.�§ ­ ãç­®© «¨â¥à âãàë ¨§¢¥áâ­® ®¯à¥¤¥«¥­­®¥ç¨á«® à ¡®â, ª®â®àë¥ ¯à¥¤« £ îâ á¯®á®¡ë ¬®¤¥«¨-à®¢ ­¨ï ¬¥å ­¨§¬®¢ âãà¡ã«¥­â­®£® ¯¥à¥­®á  ¯à¨-¬¥á¨ ¨§ ¨áâ®ç­¨ª , à á¯®«®¦¥­­®£® ­  § ¤ ­­®©¢ëá®â¥ ¢ ���. � ª, ¢ à ¡®â å [1, 3, 7, 8] ®¡áã-¦¤ îâáï ä¨§¨ç¥áª¨¥ ®á­®¢ë £à ­¨ç­ëå ãá«®¢¨©¢¡«¨§¨ ¯®¢¥àå­®áâ¨. �ªá¯¥à¨¬¥­â «ì­ë¥ ¨áá«¥¤®-¢ ­¨ï [9, 10] ¯®á¢ïé¥­ë ®¯à¥¤¥«¥­¨î ­¥ª®â®àëåå à ªâ¥à¨áâ¨ª ¢§ ¨¬®¤¥©áâ¢¨ï  â¬®áä¥àë, ¯à¨-¬¥á¨ ¨ ¯®¤áâ¨« îé¥© ¯®¢¥àå­®áâ¨. � à ¡®â å [2,5] à¥è ¥âáï ¯à®¡«¥¬  à á¯à®áâà ­¥­¨ï ¯à¨¬¥á¨¯à¨ ­¥áâ æ¨®­ à­ëå ãá«®¢¨ïå ¢ ���, ­® â®«ìª®¤«ï â®ç¥ç­®£® ¨áâ®ç­¨ª  ¡¥§ ¢ëï¢«¥­¨ï áãé­®áâ¨

¯à®æ¥áá  áãå®£® ®á ¦¤¥­¨ï ¯à¨¬¥á¨, â ª ª ª ­¥¯à¥¤áâ ¢«¥­® ®¯¨á ­¨¥ ®á­®¢­®£® ¥£® ¯ à ¬¥âà  �áª®à®áâ¨ áãå®£® ®á ¦¤¥­¨ï.�á®¡®  ªâã «ì­  ¯à®¡«¥¬  à á¯à®áâà ­¥­¨ï¯à¨¬¥á¨ ¨§ ¯à®áâà ­áâ¢¥­­®£® ¨áâ®ç­¨ª , à á¯®-«®¦¥­­®£® ¢ ���, ¢ ¬¥§®¬ áèâ ¡­®© §®­¥. �àï-¬ë¥ ç¨á«¥­­ë¥ ¬¥â®¤ë à¥è¥­¨ï íâ®© ¯à®¡«¥¬ë­¥¢®§¬®¦­ë ¯® â¥å­¨ç¥áª¨¬ ¯à¨ç¨­ ¬ � ­¥¤®-áâ â®ç­ë¥ ¬®é­®áâ¨ ���, â ª ª ª è £ áç¥â  ¯®¯à®áâà ­áâ¢¥­­ë¬ ª®®à¤¨­ â ¬ ¤®«¦¥­ ¨¬¥âì ¯®-àï¤®ª ¬ áèâ ¡  �®«¬®£®à®¢  (¢­ãâà¥­­¨© ¬ á-èâ ¡ âãà¡ã«¥­â­®áâ¨� ­ ¨¬¥­ìè¨© à §¬¥à ¢¨-åà¥©), ª®â®àë© ¤«ï ��� á®áâ ¢«ï¥â ¯®àï¤ª  ­¥-áª®«ìª¨å á ­â¨¬¥âà®¢. �®íâ®¬ã ¢ ¤ ­­®© à ¡®-â¥ à §¢¨¢ ¥âáï ç¨á«¥­­®- ­ «¨â¨ç¥áª¨© ¯®¤å®¤ á¨á¯®«ì§®¢ ­¨¥¬ ¬®¤¥à­¨§¨à®¢ ­­®© A-B-C ¬®¤¥-«¨ ���.1. ���������� �������®¤¥«ì ¯¥à¥­®á  ¨ âãà¡ã«¥­â­®© ¤¨ääã§¨¨ ¯à¨-¬¥á¨ ¢ ��� áâà®¨âáï ­  àï¤¥ á«¥¤ãîé¨å ®á­®¢-­ëå ¤®¯ãé¥­¨©: 1) â¥ç¥­¨¥ ¢ ��� � ¯«®áª®-¯ à ««¥«ì­®¥ â¥ç¥­¨¥ â¥¬¯¥à âãà­®-áâà â¨ä¨æ¨-à®¢ ­­®© ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨ ­ ¤ è¥à®å®¢ -â®© ¯®¢¥àå­®áâìî c ¬ «ë¬ §­ ç¥­¨¥¬ ¯ à ¬¥âà è¥à®å®¢ â®áâ¨; 2) â¥ç¥­¨¥ ¢ ¯®£à ­á«®¥ ­ å®¤¨â-áï ¢ à¥¦¨¬¥ ¤¨­ ¬¨ç¥áª¨ ¢¯®«­¥ à §¢¨â®© è¥à®-å®¢ â®© ¯®¢¥àå­®áâ¨; 3) áâàãªâãà  ��� áâ â¨-áâ¨ç¥áª¨ áâ æ¨®­ à­  ¨ ®¤­®à®¤­  ¢ £®à¨§®­â «ì-­ëå ­ ¯à ¢«¥­¨ïå; 4) ¯à¨¬¥áì ¤¨­ ¬¨ç¥áª¨ ¯ á-á¨¢­ ï, ª®­á¥à¢ â¨¢­ ï, ­¥¢¥á®¬ ï; 5) ¯®«¥ ¯à¨¬¥-á¨ ¢ ¯à¥¤¥« å à áá¬ âà¨¢ ¥¬®© ®¡« áâ¨ ¨§¬¥­ï¥â-áï ¯®¤ ¤¥©áâ¢¨¥¬  ¤¢¥ªæ¨¨, âãà¡ã«¥­â­®© ¤¨ääã-§¨¨, áãå®£® ®á ¦¤¥­¨ï, â¥¬¯¥à âãà­®© áâà â¨ä¨-ª æ¨¨ ���, ¢à é¥­¨ï �¥¬«¨ ¨ ¯à®æ¥áá®¢ ¢§ ¨¬®-¤¥©áâ¢¨ï á ¯®¢¥àå­®áâìî; 6) ¢á¥ ¯ à ¬¥âàë ¬®¤¥-«¨ � ®áà¥¤­¥­­ë¥ ¢¥«¨ç¨­ë; 7) ¨á¯®«ì§ã¥âáï ¯®-«ãí¬¯¨à¨ç¥áª ï ¬®¤¥«ì âãà¡ã«¥­â­®© ¤¨ääã§¨¨ ¢í©«¥à®¢ëå ¯¥à¥¬¥­­ëå; 8) ¢ ��� ­  § ¤ ­­®© ¢ë-á®â¥ à á¯®«®¦¥­ ­¥¯à¥àë¢­ë© ¨áâ®ç­¨ª ¯®áâ®ï­-­®© ¬®é­®áâ¨; 9) ¯à¨¬¥­ï¥âáï ¤¢ãåá«®©­ ï ¬®¤¥«ì���.�«ï ®¯à¥¤¥«¥­¨ï ®á­®¢­ëå å à ªâ¥à¨áâ¨ª ���¨á¯®«ì§ã¥¬ í«¥¬¥­âë ¬®¤¥«¨ �®­¨­ -�¡ãå®¢ ,®á­®¢ ­­®© ­  â¥®à¨¨ ¯®¤®¡¨ï [3], ¨ ¬®¤¥«¨ ¯®¤®-¡¨ï ¯® ç¨á«ã �®áá¡¨ [6]. �«ï â¥¬¯¥à âãà­®-áâà -â¨ä¨æ¨à®¢ ­­®£® ��� ¨¬¥¥¬ á«¥¤ãîé¨¥ § ª®­ëá®¯à®â¨¢«¥­¨ï ¨ â¥¯«®®¡¬¥­ :u��G = (B2(�) + �A(�) � ln u�z0 j f j�2)�1=2 ; (1)�.�.�ã§ì¬¥­ª® 17



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 16 { 23sin�G = � u��GB(�)signf ; (2)T��T = �a ��C(�) + ln u�z0 j f j��1 ; (3)£¤¥ ç¨á«® �®áá¡¨ Ro ¢ ¯à¨¢¥¤¥­­ëå ãà ¢­¥­¨ïå§ ¬¥­¥­® ­  ¢ëà ¦¥­¨¥ G=(z0 j f j); z0� ¬¥§®¬ á-èâ ¡­ë© ( "íää¥ªâ¨¢­ë©") ¯ à ¬¥âà è¥à®å®¢ -â®áâ¨ ¤«ï ¢á¥© ¨áá«¥¤ã¥¬®© ®¡« áâ¨; G� ¡á®«îâ-­®¥ §­ ç¥­¨¥ áª®à®áâ¨ £¥®áâà®ä¨ç¥áª®£® ¢¥âà ;�T� ¤¥ä¨æ¨â â¥¬¯¥à âãà ¯® ¢¥àâ¨ª «¨ ¢ ���;f� ¯ à ¬¥âà �®à¨®«¨á ; u�� ¤¨­ ¬¨ç¥áª ï áª®-à®áâì; �G�ã£®« ¯®¢®à®â  ¯®â®ª  ­  ¢¥àå­¥© £à -­¨æ¥ ��� ®â­®á¨â¥«ì­® ­ ¯à ¢«¥­¨ï ¢¥ªâ®à  âà¥-­¨ï ã ¯®¢¥àå­®áâ¨ ¯®ç¢ë; A(�); B(�); C(�)� í¬¯¨-à¨ç¥áª¨ ®¯à¥¤¥«¥­­ë¥ ã­¨¢¥àá «ì­ë¥ äã­ªæ¨¨ [3],¯à¨ç¥¬ � = 0; 4; �a = 1; 17.�á¯®«ì§ã¥¬ â ª¦¥ ¬ áèâ ¡ �®­¨­ -�¡ãå®¢ :L = �u3�cp�0Tpg�q ; (4)¢­ãâà¥­­¨© ¯ à ¬¥âà áâà â¨ä¨ª æ¨¨ �®­¨­ � = ha=L; (5)¨ ¬ áèâ ¡ â¥¬¯¥à âãàëT� = � qcp�0u��; (6)£¤¥ q=cp�0� ã¤¥«ì­ë© ¯®â®ª â¥¯« ; g� ãáª®à¥­¨¥á¢®¡®¤­®£® ¯ ¤¥­¨ï.�ëá®â   â¬®áä¥à­®£® ¯®£à ­¨ç­®£® á«®ï ha ¢áâ ­¤ àâ­®© A-B-C â¥®à¨¨ ï¢«ï¥âáï § ¤ ­­ë¬ ¯ -à ¬¥âà®¬. � ¤ ­­®© à ¡®â¥ ¬®¤¥à­¨§¨àã¥¬ áâ ­-¤ àâ­ãî A-B-C â¥®à¨î, ¯à¨á®¥¤¨­¨¢ ª è¥áâ¨ãà ¢­¥­¨ï¬ (1-6) á®®â­®è¥­¨¥ ¤«ï ®¯à¥¤¥«¥­¨ï ha:ha = 
hu��j f j ; (7)£¤¥ 
h = 1 � 0; 005� ¤«ï �100 < � < 100. �¥«¨ç¨-­  
h § ¤ ­  ¢ á®®â¢¥âáâ¢¨¨ á  ­ «¨â¨ç¥áª¨¬¨ ¨íªá¯¥à¨¬¥­â «ì­ë¬¨ ¨áá«¥¤®¢ ­¨ï¬¨ [6].�¥¬¯¥à âãà­ãî § ¢¨á¨¬®áâì ®â ¢¥àâ¨ª «ì­®©ª®®à¤¨­ âë ®¯¨è¥¬ äã­ªæ¨¥© T (z). �«¥¤®¢ â¥«ì-­®, �T = T (ha)� T (z0), Tp = T (z0) + 273o.� à ¬ª å ¤ ­­®© ¬®¤¥«¨ § ¤ îâáï ¢å®¤­ë¥ ¯ -à ¬¥âàë ���: z0, G, �, Tp, f . � ã¬¥à¥­­ëå è¨-à®â å f à ¢¥­ 10�4c�1.�¨áâ¥¬  c¥¬¨ ãà ¢­¥­¨© (1) - (7) § ¬ª­ãâ  ®â-­®á¨â¥«ì­® á¥¬¨ ­¥¨§¢¥áâ­ëå ¯ à ¬¥âà®¢: ha, u�,�G, L, �T , T�, q=cp�0.� ¤ çã ®¯à¥¤¥«¥­¨ï ¯ à ¬¥âà®¢ ��� ¯¥à¥ä®à-¬ã«¨àã¥¬, ª ª § ¤ çã ¯®¤®¡¨ï ¯® ç¨á«ã �. �­ -ç «  ç¨á«¥­­® ®¯à¥¤¥«ï¥âáï ¯ à ¬¥âà u� ¨§ ãà ¢-­¥­¨ï (1). � â¥¬  ­ «¨â¨ç¥áª¨ ¯®á«¥¤®¢ â¥«ì­®

­ å®¤¨¬ ¯ à ¬¥âàë �G, ha, q=cp�0, T�, �T ¯à¨ ¯®-¬®é¨ á«¥¤ãîé¨å ãà ¢­¥­¨©:sin�G = � u��GB(�)signf ;ha = 
hu��= j f j;L = ha=�;qcp�0 = �u3�Tpg�L ;T� = � qcp�0u�� ;�T = T��a ��C(�) + ln u�z0 j f j� :� ¤ ­­®© ¬®¤¥«¨ ¤«ï å à ªâ¥à¨áâ¨ª¨ â¥¬¯¥à -âãà­®-áâà â¨ä¨æ¨à®¢ ­­®£® âãà¡ã«¥­â­®£® ¯®-£à ­¨ç­®£® á«®ï  â¬®áä¥àë ¨á¯®«ì§ã¥âáï â ª ­ -§ë¢ ¥¬®¥ ¢­¥è­¥¥ ç¨á«® �¨ç àá®­  Ri:Ri = gha�TTpG2 :�«ï ¯à®¢¥¤¥­¨ï ¨áá«¥¤®¢ ­¨© ¯® ç¨á«ã ¯®¤®¡¨ï�, ¢­¥è­¥¥ ç¨á«® �¨ç àá®­  Ri ¢ëà ¦ ¥¬ ç¥à¥§¢­ãâà¥­­¨© ¯ à ¬¥âà áâà â¨ä¨ª æ¨¨ �®­¨­ :Ri = ��a ��C(�) + ln u�z0 j f j���(B2(�) + �A(�)� ln u�z0 j f j�2)�1 :� à §à ¡®â ­­®© ­ ¬¨ ¬®¤¥«¨ á®¡«î¤ ¥âáï ãá«®-¢¨¥ Ri < 0; 2, ª®â®à®¥ ®¡¥á¯¥ç¨¢ ¥â áãé¥áâ¢®¢ -­¨¥ âãà¡ã«¥­â­®£® à¥¦¨¬  â¥ç¥­¨ï.� «¥¥ à¥è ¥¬ ¯à®¡«¥¬ã à á¯à®áâà ­¥­¨ï ­¥¢¥-á®¬®© ¯ áá¨¢­®© ¯à¨¬¥á¨ ¢ ��� ®â ¯à¨¯®¤­ïâ®-£® ¨áâ®ç­¨ª  ­ ¤ £®à¨§®­â «ì­®-®¤­®à®¤­®© è¥-à®å®¢ â®© ¯®¢¥àå­®áâìî ¯à¨ ¯®¬®é¨ ¯®«ãí¬¯¨-à¨ç¥áª®£® ãà ¢­¥­¨ï âãà¡ã«¥­â­®© ¤¨ääã§¨¨ [4]­  ãç áâª¥ xc � x � xª. � á¯à¥¤¥«¥­¨¥ ª®­æ¥­-âà æ¨¨ ¯à¨¬¥á¨ ¢ ª®­æ¥ áâàã©­®£® (¤¨­ ¬¨ç¥áª®-£®) ãç áâª  ¯à¨ x = xc § ¤ ­® äã­ªæ¨¥© '(y; z),®¯à¥¤¥«¥­¨¥ ª®â®à®© ¯à¥¤áâ ¢«ï¥â á®¡®© ®â¤¥«ì-­ãî § ¤ çã [4, 11].�®«ãí¬¯¨à¨ç¥áª®¥ áâ æ¨®­ à­®¥ ãà ¢­¥­¨¥âãà¡ã«¥­â­®© ¤¨ääã§¨¨ [4] ¤«ï ®áà¥¤­¥­­ëå §­ -ç¥­¨© ª®­æ¥­âà æ¨¨ ¯à¨¬¥á¨ �(x; y; z) ¤«ï ��� ¢à ¬ª å ¤ ­­®© ¬®¤¥«¨ ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:u@C@x + v@C@y = Kyy @2C@y2 + @@zKzz @C@z : (8)18 �.�.�ã§ì¬¥­ª®



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 16 { 23�à ­¨ç­ë¥ ãá«®¢¨ï:C(xc; y; z) = '(y; z); C(1; y; z)! 0;C(x;�1; z)! 0; C(x;1; z)! 0;Kzz @C@z = W®áC; ¯à¨ z = z0;Kzz @C@z = 0; ¯à¨ z = ha:� ¤ ­­®© ¬®¤¥«¨ ¨á¯®«ì§ã¥âáï ¯à ¢ ï ¤¥ª àâ®-¢  á¨áâ¥¬  ª®®à¤¨­ â Oxyz, æ¥­âà ª®â®à®© ­ å®-¤¨âáï ­  ¯®¢¥àå­®áâ¨ ¯®ç¢ë c ª®®à¤¨­ â®© x = 0¯à¨¯®¤­ïâ®£® ¨áâ®ç­¨ª  ¯à¨¬¥á¨. �áì Ox ­ ¯à -¢«¥­  ¯® ¢¥ªâ®àã ­ ¯àï¦¥­¨ï âà¥­¨ï ã §¥¬«¨ (¯à¥-®¡« ¤ îé¥¥ ­ ¯à ¢«¥­¨¥ ¯®â®ª ), ®áì Oz ­ ¯à -¢«¥­  ¢¥àâ¨ª «ì­® ¢¢¥àå. �¥«¨ç¨­ë u; v � £®à¨-§®­â «ì­ë¥ ª®¬¯®­¥­âë ¢¥ªâ®à  ®áà¥¤­¥­­®© áª®-à®áâ¨ ¯®â®ª  ¢ ��� ¢ ­ ¯à ¢«¥­¨¨ ®á¥© Ox;Oy;Kyy;Kzz� ¤¨ £®­ «ì­ë¥ ª®¬¯®­¥­âë â¥­§®à  ª®-íää¨æ¨¥­â®¢ âãà¡ã«¥­â­®© ¤¨ääã§¨¨ ¢ ­ ¯à ¢«¥-­¨¨ ®á¥© Oy;Oz; ¢¥«¨ç¨­  Woc� áª®à®áâì áãå®£®®á ¦¤¥­¨ï ¯à¨¬¥á¨.�ãå®¥ ®á ¦¤¥­¨¥ ¯à®¨áå®¤¨â £« ¢­ë¬ ®¡à §®¬¨§-§  ­ «¨ç¨ï ¢ ­¥¯®áà¥¤áâ¢¥­­®© ¡«¨§®áâ¨ ª ¯®-¢¥àå­®áâ¨ â®­ª®£® á«®ï ¢®§¤ãå  â®«é¨­®© ®â 10¤® 100 ¬ª¬. � ª ª ª íâ®â á«®© ¯à ªâ¨ç¥áª¨ ­¥-¯®¤¢¨¦¥­, ¯à®­¨ª îé¨¥ ¢ ­¥£® ç áâ¨æë ¨«¨ £ -§ë ¢á«¥¤áâ¢¨¥ ¡à®ã­®¢áª®£® ¤¢¨¦¥­¨ï ¢å®¤ïâ ¢ ­¥-¯®áà¥¤áâ¢¥­­ë© ª®­â ªâ ¨ ¢§ ¨¬®¤¥©áâ¢¨¥ á ç -áâ¨æ ¬¨ ¯®ç¢ë ¨«¨ à áâ¨â¥«ì­®áâìî. �® ¯à¨ç¨-­¥ â ª®£® ¢§ ¨¬®¤¥©áâ¢¨ï (å¨¬¨ç¥áª¨å à¥ ªæ¨©,ä¨§¨ç¥áª®© ¨«¨ å¨¬¨ç¥áª®© á®à¡æ¨©) § £àï§­ïî-é¨¥ ¢¥é¥áâ¢  ¢ë¢®¤ïâáï ¨§ â®­ª®£® á«®ï ¢®§¤ã-å . �à®¨áå®¤¨â ­ ¯à ¢«¥­­ë© ¯®â®ª § £àï§­ïî-é¨å ¢¥é¥áâ¢ ¨§  â¬®áä¥àë ¢ ä¨ªá¨à®¢ ­­ë© á«®©¢®§¤ãå ,   § â¥¬ ­¥¯®áà¥¤áâ¢¥­­® ­  ¯®¤áâ¨« î-éãî ¯®¢¥àå­®áâì. �®¢®ªã¯­®áâì íâ¨å ¯®á«¥¤®¢ -â¥«ì­ëå áâ ¤¨© ï¢«ï¥âáï ¯à®æ¥áá®¬ áãå®£® ®á -¦¤¥­¨ï.�ª®à®áâì áãå®£® ®á ¦¤¥­¨ï Woc ®¯à¥¤¥«ï¥âáïá«¥¤ãîé¨¬ ®¡à §®¬:Woc = Ws + bgu�:�­ ç¥­¨¥ ¯ à ¬¥âà  bg ­ ©¤¥­® ­  ®á­®¢¥  ­ «¨-§  íªá¯¥à¨¬¥­â «ì­ëå ¤ ­­ëå [10, 11], bg = 0; 01.�â æ¨®­ à­ ï áª®à®áâì ®á¥¤ ­¨ïWs ®¯à¥¤¥«ï¥âáïª ª áª®à®áâì ®á¥¤ ­¨ï ç áâ¨æ ¯®¤ ¤¥©áâ¢¨¥¬ á¨«ëâï¦¥áâ¨. � ­ è¥¬ á«ãç ¥ Ws = 0:�à¨  ¯¯à®ªá¨¬ æ¨¨ à á¯à¥¤¥«¥­¨ï ¢¥âà  ¢®¢á¥¬ ��� ¤«ï ¯ à ¬¥âà  è¥à®å®¢ â®áâ¨ á«¥-¤ã¥â ¯à¨­¨¬ âì áãé¥áâ¢¥­­® ¡®«ìè¥¥ §­ ç¥­¨¥,

ç¥¬ ¯à¨  ¯¯à®ªá¨¬ æ¨¨ ¯à®ä¨«ï ¢¥âà  ¢ ¯à¨-§¥¬­®¬ á«®¥, â ª ª ª ¯à¨ ã¢¥«¨ç¥­¨¨ ¢¥àâ¨ª «ì-­ëå ¬ áèâ ¡®¢ à áá¬ âà¨¢ ¥¬®£® ï¢«¥­¨ï ­¥®¡-å®¤¨¬® ã¢¥«¨ç¨¢ âì ¨ £®à¨§®­â «ì­ë¥ ¬ áèâ -¡ë, á«¥¤®¢ â¥«ì­®, âà¥¡ã¥âáï ¢¢®¤¨âì ¬¥§®¬ á-èâ ¡­ë© ("íää¥ªâ¨¢­ë©") ¯ à ¬¥âà è¥à®å®¢ â®-áâ¨, å à ªâ¥à­ë© ¤«ï ¯®¤áâ¨« îé¥© ¯®¢¥àå­®áâ¨­  ¡®«ìè¨å ¯«®é ¤ïå. �®íâ®¬ã ¢ ¤ ­­®© ¬®¤¥-«¨ ¯à¨­ïâ® z0 = 0; 1h0, çâ® á®£« áã¥âáï á [6],¯à¨ç¥¬ h0� áà¥¤­ïï ¢ëá®â  ­¥à®¢­®áâ¥© ¯®¤áâ¨-« îé¥© ¯®¢¥àå­®áâ¨ ¯®àï¤ª  0,1 ¬. �â¬¥â¨¬,çâ® z00(x; y)� «®ª «ì­ë© ¯ à ¬¥âà è¥à®å®¢ â®á-â¨, ¨§¬¥­ïîé¨©áï ¢ ¯à¥¤¥« å 0; 001h0 < z00 <0; 09h0.�áá«¥¤ã¥¬ ï ®¡« áâì ��� à §¡¨¢ ¥âáï ­  ¤¢¥¯®¤®¡« áâ¨:  ) ¯à¨§¥¬­ë© ¯®¤á«®© (z0 � z � hb);¡) "¢­¥è­¨©" ¯®¤á«®© (hb < z � ha).� à ¬ª å ¯à¥¤áâ ¢«ï¥¬®© ¬®¤¥«¨ ¯®« £ ¥¬, çâ®¤¨ääã§¨ï ¯ áá¨¢­®© ¯à¨¬¥á¨ ­¥ ®ª §ë¢ ¥â ¢«¨ï-­¨¥ ­  £¨¤à®¤¨­ ¬¨ªã ���. �®íâ®¬ã à¥è¥­¨¥ § -¤ ç¨ à §¡¨¢ ¥âáï ­  ­¥áª®«ìª® íâ ¯®¢. �  ¯¥à¢®¬íâ ¯¥ ®¯à¥¤¥«ï¥¬ å à ªâ¥à¨áâ¨ª¨ £¨¤à®â¥à¬®¤¨-­ ¬¨ç¥áª®£® à¥¦¨¬  ¢® ¢á¥© ¨áá«¥¤ã¥¬®© ®¡« áâ¨.�  ¢â®à®¬ � à¥è ¥¬ ¯®«ãí¬¯¨à¨ç¥áª®¥ áâ æ¨®-­ à­®¥ ãà ¢­¥­¨¥ âãà¡ã«¥­â­®© ¤¨ääã§¨¨ á £à -­¨ç­ë¬¨ ãá«®¢¨ï¬¨, ­® á­ ç «  ®¯à¥¤¥«ï¥¬ ¯®-«¥ áª®à®áâ¨ ¨ ª®¬¯®­¥­âë â¥­§®à  ª®íää¨æ¨¥­â®¢âãà¡ã«¥­â­®© ¤¨ääã§¨¨. �â  ¯à®¡«¥¬  âà¥¡ã¥âá¯¥æ¨ «ì­®£® à áá¬®âà¥­¨ï.�¯à¥¤¥«¥­¨î ª®¬¯®­¥­â â¥­§®à  ª®íää¨æ¨¥­-â®¢ âãà¡ã«¥­â­®© ¤¨ääã§¨¨Kij ¢ § ¢¨á¨¬®áâ¨ ®â®á­®¢­ëå ä ªâ®à®¢ â¥ç¥­¨ï ¯®á¢ïé¥­ àï¤ ¨áá«¥¤®-¢ ­¨© [1, 3, 6]. �­ «¨§ ¯à¨¢¥¤¥­­ëå à ¡®â ¯®ª §ë-¢ ¥â, çâ® ¯à¨à®¤  ¯à®æ¥áá®¢ âãà¡ã«¥­â­®© ¤¨ä-äã§¨¨ ¢ áâà â¨ä¨æ¨à®¢ ­­®¬ ¯®£à ­¨ç­®¬ á«®¥­ å®¤¨âáï ­  áâ ¤¨¨ ¨§ãç¥­¨ï ¨ ­®á¨â ¯®ª  ®â-ªàëâë© å à ªâ¥à.�®¤¥«ì ®¯à¥¤¥«¥­¨ï Kij ¤®«¦­  á®®â¢¥âáâ¢®-¢ âì â®¬ã, çâ® á ã¢¥«¨ç¥­¨¥¬ z ¢ ��� à §¬¥-àë ¢¨åà¥©, ®¡ãá«®¢«¨¢ îé¨¥ âãà¡ã«¥­â­ë© ®¡-¬¥­, ¢®§à áâ îâ ¢ ¯à¨§¥¬­®¬ á«®¥ ¨ áà ¢­¨â¥«ì­®¬ «® ¨§¬¥­ïîâáï ¢ëè¥ ¥£®, ¯à¨­¨¬ ï ­¥ª®â®àë¥å à ªâ¥à­ë¥ §­ ç¥­¨ï. �«ï ¢¨åà¥© íâ®£® ¬ áèâ -¡  ¬®¦­® áç¨â âì, çâ®  â¬®áä¥à­ ï âãà¡ã«¥­â-­®áâì ¢ëè¥ ¯à¨§¥¬­®£® á«®ï ¨¬¥¥â ¨§®âà®¯­ë©å à ªâ¥à ¨, á«¥¤®¢ â¥«ì­®, Kyy = Kzz. �  ¡®-«¥¥ ­¨§ª¨å ãà®¢­ïå Kyy, Kzz ¨§¬¥­ïîâáï á ¢ëá®-â®©, ¨¡® ­  ¯®¤áâ¨« îé¥© ¯®¢¥àå­®áâ¨ ®­¨ ¤®«¦-­ë ¡ëâì à ¢­ë ­ã«î.�à ªâ¨ç¥áª¨, ¢ ¯à¥¤áâ ¢«ï¥¬®© §¤¥áì ¬®¤¥«¨¯®«¥ áª®à®áâ¨ ¨ ª®¬¯®­¥­âë â¥­§®à  ª®íää¨æ¨¥­-â®¢ âãà¡ã«¥­â­®© ¤¨ääã§¨¨ ®¯à¥¤¥«ïîâáï ¯® á«¥-¤ãîé¥© ¬¥â®¤¨ª¥.I. � ¯à¨§¥¬­®¬ á«®¥ (z0 � z � hb) ª®¬¯®­¥­âë�.�.�ã§ì¬¥­ª® 19



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 16 { 23¢¥ªâ®à  áª®à®áâ¨ ­ å®¤ïâáï ­  ®á­®¢¥ â¥®à¨¨ ¯®-¤®¡¨ï [3] â ª¨¬ ®¡à §®¬:u(z) = u�� �ln( zz00 )� 	( zL )� ; v(z) = 0:�¥«¨ç¨­ë Kyy, Kzz ®¯à¥¤¥«ïîâáï ¯ à ¬¥âà¨ç¥-áª¨ á ãç¥â®¬ áâà â¨ä¨ª æ¨¨ ¯® á«¥¤ãîé¨¬ ä®à-¬ã« ¬: Kzz = �u�z'm(z=L) ;Kyy = �u�z'm(hb=L) :�¢®¤ï ®¡®§­ ç¥­¨¥ � = z=L, ®¯à¥¤¥«ï¥¬ 'm(�) ¨	(�) [13]:1) ¯à¨ L < 0	 = 2 ln�1 + �2 �+ ln�1 + �22 �� 2 arctan(�) + �2 ;'m = (1� 15�)�0;25; � = (1 � 15�)0;25;2) ¯à¨ L > 0'm = 1 + 4; 7�; 	 = �4; 7�:�ëá®â  ¯à¨§¥¬­®£® á«®ï hb ­ å®¤¨âáï â ª [13]:a) hb = 0; 03u��= j f j; (j � j< 10);¡) hb = 0; 28L; (10 � � < 100);¢) hb = 0; 01(u��= j f j)1;5j L j�0;5;(�400 � � � �10).II. �® "¢­¥è­¥¬" ¯®¤á«®¥ ��� hb < z � ha ¨¬¥-¥¬ á«¥¤ãîé¥¥:u(z) = G cos�G + u�� 	u( zha ; �);v(z) = G sin�G + u�� 	v( zha ; �)signf:� ª¨¬ ®¡à §®¬ ãç¨âë¢ ¥âáï £®à¨§®­â «ì­ë© ¯®-¢®à®â ¯®â®ª  á ¢ëá®â®©, ¯à¨ç¥¬ 	u;	v� ã­¨¢¥à-á «ì­ë¥ äã­ªæ¨¨ ¯®¤®¡¨ï, ®¯à¥¤¥«¥­¨î ª®â®àëå¯®á¢ïé¥­ àï¤ à ¡®â [1, 3, 6].�®¬¯®­¥­âë â¥­§®à  ª®íää¨æ¨¥­â®¢ âãà¡ã-«¥­â­®© ¤¨ääã§¨¨ ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬ ®¡à -§®¬: Kyy = Kzz = �u�hb'm(hb=L) :�®«ãí¬¯¨à¨ç¥áª®¥áâ æ¨®­ à­®¥ ãà ¢­¥­¨¥ âãà¡ã«¥­â­®© ¤¨ääã§¨¨à¥è ¥âáï ç¨á«¥­­® á ¯®¬®éìî ¬¥â®¤  "à áé¥¯«¥-­¨ï" [14] c ¯à¨¢«¥ç¥­¨¥¬ íª®­®¬¨ç­®© à §­®áâ­®©áå¥¬ë, ª®â®à ï ¨¬¥¥â ¯¥à¢ë© ¯®àï¤®ª â®ç­®áâ¨®â­®á¨â¥«ì­® x ¨ ¢â®à®© ¯®àï¤®ª â®ç­®áâ¨ ®â­®-á¨â¥«ì­® y; z. � â¥¬ ¤«ï à¥è¥­¨ï á¨áâ¥¬ë  «£¥-¡à ¨ç¥áª¨å ãà ¢­¥­¨© ¨á¯®«ì§ã¥¬ ¬¥â®¤ ¯à®£®­-ª¨ [15].

� §¡¨¢ ¥¬ à áç¥â­ãî ®¡« áâì á¥âª®©:xn = xc + (n� 1)�x; n = 1; N ;yl = (l � (Ls � 1)=2)�y; l = 1; Ls;zm = z0+(m�1)�z; m = 1;M ; ¢¢¥¤¥¬ â ª®¥®¡®§­ ç¥­¨¥ Cnl;m = C(xn; yl; zm). �à ¢­¥­¨¥ (8)á ¯®¬®éìî ¬¥â®¤  à áé¥¯«¥­¨ï ¯à¥®¡à §ã¥âáï ¢ª®­¥ç­®-à §­®áâ­®© ä®à¬¥ ª ¢¨¤ãuCal+1;m � Cnl;m�x + vCal+1;m �Cal�1;m2�y =(Kyy)mCal+1;m � 2Cal;m +Cal�1;m(�y)2 ;uCn+1l+1;m �Cal;m�x =((Kzz)m+1 + (Kzz)m)(Cn+1l;m+1 �Cn+1l;m )2(�z)2 �((Kzz)m + (Kzz)m�1)(Cn+1l;m �Cn+1l;m�1)2(�z)2 :�â¨ ¤¢  ãà ¢­¥­¨ï à¥è îâáï ¯®á«¥¤®¢ â¥«ì­® ­ ª ¦¤®¬ è £¥ ¯® x ¬¥â®¤®¬ ¯à®£®­ª¨.�¥ ­ àãè ï ®¡é­®áâ¨ ¯®«ãç ¥¬ëå à¥§ã«ìâ â®¢® å à ªâ¥à­ëå ¯à®æ¥áá å ¯à¨ ¨áá«¥¤®¢ ­¨¨ ¯à¨-§¥¬­®© ª®­æ¥­âà æ¨¨, ãç¨âë¢ ¥¬ à §¢¨â¨e áâàã©-­®£® ãç áâª  ®â ¯à¨¯®¤­ïâ®£® ¨áâ®ç­¨ª  ¯à¨¬¥á¨­¥¯®áà¥¤áâ¢¥­­® â®«ìª® § ¤ ­¨¥¬ £à ­¨ç­ëå ãá«®-¢¨© ¯à¨ x = xc ¢ ­ ç «¥ ¤¨ääã§¨®­­®£® ãç áâª ¯®áà¥¤áâ¢®¬ äã­ªæ¨¨ '(y; z):'(y; z) = C0 exp��y2 + (z �H)22�2 � ;£¤¥ C0� ¯®áâ®ï­­ ï ¢¥«¨ç¨­  à §¬¥à­®áâ¨ ª®­-æ¥­âà æ¨¨; �2� ¤¨á¯¥àá¨ï à á¯à¥¤¥«¥­¨ï ¯à¨¬¥-á¨;   H� ¢¥àâ¨ª «ì­ ï ª®®à¤¨­ â  ¬ ªá¨¬ «ì­®-£® §­ ç¥­¨ï ª®­æ¥­âà æ¨¨ ¯à¨ x = xc.�«ï â¥áâ¨à®¢ ­¨ï à §à ¡®â ­­®£® ç¨á«¥­­®£® «£®à¨â¬  ¢ë¯®«­¥­ àï¤ à áç¥â®¢. �à¨ ¢ëç¨á«¥-­¨¨ äã­ªæ¨¨ '(y; z) ¯®« £ «®áì, çâ® � = 7 ¬. � á-ç¥â ¯à®¢®¤¨«áï ¯à¨ ¯®áâ®ï­­ëå ¯ à ¬¥âà å § ¤ -ç¨ Kyy , Kzz , H, u ¢ è¨à®ª¨å ¯à¥¤¥« å ¨å ¨§¬¥-­¥­¨ï ¯à¨ v = 0. �¥§ã«ìâ âë â¥áâ®¢ëå ç¨á«¥­-­ëå à áç¥â®¢ á®¯®áâ ¢«ï«¨áì á à¥§ã«ìâ â ¬¨ à á-ç¥â®¢ ¯® ä®à¬ã«¥:C(x; y; z) = exp�� y22(�2 + 2Kyyx=u)��� C0�2(�2 + 2Kyyx=u)0;5(�2 + 2Kzzx=u)0;5 ��[exp(�(z �H)2=f2(�2 + 2Kzzx=u)g) ++ exp(�(z +H)2=f2(�2 + 2Kzzx=u)g)];20 �.�.�ã§ì¬¥­ª®
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�¨á. 1. � ¢¨á¨¬®áâì ¡¥§à §¬¥à­®© ª®­æ¥­âà æ¨¨ Cb®â à ááâ®ï­¨ï ¢¤®«ì ®á¨ X ¯à¨ y=0; z=z0 ¨ � = �40:H=80 ¬ (ªà¨¢ ï 1); H=100 ¬ (ªà¨¢ ï 2);H=150 ¬ (ªà¨¢ ï 3)
�¨á. 2. � ¢¨á¨¬®áâì ¡¥§à §¬¥à­®© ª®­æ¥­âà æ¨¨ Cb®â à ááâ®ï­¨ï ¢¤®«ì ®á¨ X ¯à¨ y=0; z=z0 ¨ �=0:H=80 ¬ (ªà¨¢ ï 1); H=100 ¬ (ªà¨¢ ï 2);H=150 ¬ (ªà¨¢ ï 3)ª®â®à ï ¯®«ãç¥­   ­ «¨â¨ç¥áª¨¬ ¯ãâ¥¬. �à ¢-­¥­¨¥ ç¨á«¥­­ëå ¨  ­ «¨â¨ç¥áª¨å à áç¥â®¢ ¤ ¥â¯à¨¥¬«¥¬ë¥ à §«¨ç¨ï ¢ ¯à¥¤¥« å 1-3 ¯à®æ¥­â .�¯¨à ïáì ­  à §à ¡®â ­­ë© ç¨á«¥­­ë©  «£®-à¨â¬, ¯à®¢¥¤¥­ àï¤ à áç¥â®¢ ¯® ç¨á«¥­­®¬ã ¬®-¤¥«¨à®¢ ­¨î à á¯à®áâà ­¥­¨ï ¯à¨¬¥á¨ ¨ ®¯à¥¤¥-«¥­¨î ¥¥ ¯à¨§¥¬­ëå ª®­æ¥­âà æ¨© ¢ § ¢¨á¨¬®áâ¨®â á®áâ®ï­¨ï ���. � à áç¥â å ¯à¨­ïâ® z0 = 0; 002¬, G = 10 ¬=á, Tp = 2930 K, f = 10�4 c�1.�  à¨á. 1-3 ¤«ï  íà®§®«ï ¯à¨¢¥¤¥­ë § ¢¨á¨¬®-áâ¨ ¡¥§à §¬¥à­®© ¯à¨§¥¬­®© (y=0; z=z0) ª®­æ¥­-âà æ¨¨ Cb =104 C=C0 ®â à ááâ®ï­¨ï ¢¤®«ì ®á¨

�¨á. 3. � ¢¨á¨¬®áâì ¡¥§à §¬¥à­®© ª®­æ¥­âà æ¨¨ Cb®â à ááâ®ï­¨ï ¢¤®«ì ®á¨ X ¯à¨ y=0; z=z0 ¨ �=3:H=80 ¬ (ªà¨¢ ï 1); H=100 ¬ (ªà¨¢ ï 2);H=150 ¬ (ªà¨¢ ï 3)X = x� xc, ¯à¨ç¥¬ Ri = �3; 2 ¤«ï � = �40 (à¨á.1); Ri =0 ¤«ï �=0 (à¨á. 2); Ri =0,14 ¤«ï �=3 (à¨á.3).�­ «¨§ ¯à®¢¥¤¥­­ëå à áç¥â®¢ ¯®ª §ë¢ ¥â, çâ®:1) ã¢¥«¨ç¥­¨¥ H, ¨ á®®â¢¥âáâ¢¥­­®, ¢ëá®âë¯à¨¯®¤­ïâ®£® ¨áâ®ç­¨ª  ¢¥¤¥â ª ã¬¥­ìè¥­¨î ª®­-æ¥­âà æ¨¨ Cb ¨ ã¢¥«¨çe­¨î xmax ¤«ï ª ¦¤®£® ª®­-ªà¥â­®£® ­ ¡®à  z0, G, Tp, �, f , £¤¥ xmax� ¬ ª-á¨¬ «ì­®¥ §­ ç¥­¨¥ ¯à¨§¥¬­®© ª®­æ¥­âà æ¨¨ ¯à¨y=0;2) ¢«¨ï­¨¥ â¥¬¯¥à âãà­®© áâà â¨ä¨ª æ¨¨ ¨¢à é¥­¨ï �¥¬«¨ ¢¥¤¥â ª â®¬ã, çâ® ¯à¨ ã¢¥«¨ç¥­¨¨� ã¢¥«¨ç¨¢ ¥âáï  ¡á®«îâ­®¥ §­ ç¥­¨¥ ã£«  ¯®¢®-à®â  ¯®â®ª  �G (¢ ­ è¥¬ á«ãç ¥ ¯®¢®à®â ¯à®¨á-å®¤¨â ¢¯à ¢® ¢ ®¡« áâì y < 0 ). � ª, ¯à¨ � = 3(ªà¨¢ ï 3, H=150 ¬, à¨á. 3) ¢á«¥¤áâ¢¨¥ §­ ç¨â¥«ì-­®£® ¯®¢®à®â  ¯®â®ª  ¢¯à ¢® ª à¤¨­ «ì­® ã¬¥­ì-è ¥âáï §­ ç¥­¨¥ ¯à¨§¥¬­®© ª®­æ¥­âà æ¨¨ Cb ¯à¨y = 0; ¤®å®¤ï ¢¯«®â­ãî ¤® ®ç¥­ì ¬ «ëå §­ ç¥-­¨©. �à¨ á¨«ì­® ãáâ®©ç¨¢®© áâà â¨ä¨ª æ¨¨ ���(� >> 0) ¨ ¢ëá®ª® à á¯®«®¦¥­­®¬ ¨áâ®ç­¨ª¥ ¯à¨-¬¥á¨ (¡®«ìè¨å §­ ç¥­¨ïå H) ¢®§­¨ª ¥â ®¡« áâì­¥§­ ç¨â¥«ì­®£® § £àï§­¥­¨ï ¯à¨ y � 0. �¢¥«¨-ç¥­¨¥ G ¢¥¤¥â â ª¦¥ ª ã¢¥«¨ç¥­¨î à §¬¥à®¢ íâ®©§®­ë ¨ ã¬¥­ìè¥­¨î §­ ç¥­¨© ¯à¨§¥¬­ëå ª®­æ¥­-âà æ¨©. � â® ¦¥ ¢à¥¬ï â®çª  ¬ ªá¨¬ã¬  ¯à¨§¥¬-­®© ª®­æ¥­âà æ¨¨ ¢ ¯«®áª®áâ¨ xy á¬¥é ¥âáï ¢á¥¡®«¥¥ ¢¯à ¢® (y < 0) ¨ ¢¯¥à¥¤ (¢ ­ ¯à ¢«¥­¨¨ ®á¨x);3) á¨«ì­ ï ­¥ãáâ®©ç¨¢®áâì (� << 0) â¥¬¯¥à -âãà­®© áâà â¨ä¨ª æ¨¨ ��� §­ ç¨â¥«ì­® ®á« ¡«ï-¥â ¢«¨ï­¨¥ ¢à é¥­¨ï �¥¬«¨, ã¬¥­ìè ï  ¡á®«îâ-­®¥ §­ ç¥­¨¥ ã£«  ¯®¢®à®â  ¯®â®ª  �G ¯à ªâ¨ç¥-�.�.�ã§ì¬¥­ª® 21



ISSN 1561 -9087 �à¨ª« ¤­  £÷¤à®¬¥å ­÷ª . 1999. �®¬ 1 (73), N 3. �. 16 { 23áª¨ ¤® ­ã«ï;4) ®¡­ àã¦¥­® áãé¥áâ¢®¢ ­¨¥ ãá«®¢¨ï à ¢¥­-áâ¢  ¤¢ãå ¬ ªá¨¬ «ì­ëå §­ ç¥­¨© ¯à¨§¥¬­ëå ª®­-æ¥­âà æ¨© (y = 0) ¯à¨ à §­ëå xmax ¤«ï ¯ àë §­ -ç¥­¨© � = 0 ¨ � = �1 (�1 < 0) ¯à¨ ®¯à¥¤¥«¥­­ëå§­ ç¥­¨ïå z0, G, Tp, f . � ç áâ­®áâ¨, ¤«ï �1 = �40;H=90 ¬; z0=0,002 ¬; G=10 ¬/á; Tp = 2930 K;f = 10�4 c�1: � ª®© íää¥ªâ âà¥¡ã¥â ¯à®¢¥¤¥­¨ïè¨à®ª®£® àï¤  ¯®¤à®¡­ëå ç¨á«¥­­ëå ¨áá«¥¤®¢ -­¨© ¯® ®¯à¥¤¥«¥­¨î á«®¦­®© ª àâ¨­ë à á¯à¥¤¥«¥-­¨ï ¯à¨¬¥á¨ ¢® ¢á¥¬ ��� ¢ § ¢¨á¨¬®áâ¨ ®â ®á­®¢-­ëå ¨áå®¤­ëå ¯ à ¬¥âà®¢;5) ¤®¯®«­¨â¥«ì­ë¥ à áç¥âë ¢ëï¢¨«¨ ­¥§­ ç¨-â¥«ì­®¥ ¢«¨ï­¨¥ ¢¥«¨ç¨­ë áª®à®áâ¨ áãå®£® ®á -¦¤¥­¨ï Woc ­  §­ ç¥­¨ï ¯à¨§¥¬­®© ª®­æ¥­âà æ¨¨¯® áà ¢­¥­¨î á® á«ãç ¥¬ Woc = 0.�®¯à®á ® ¯à¨¬¥­¨¬®áâ¨ à §à ¡®â ­­®© ¬®¤¥-«¨ ¢ à¥ «ì­ëå ãá«®¢¨ïå á¢®¤¨âáï ª ®¯à¥¤¥«¥­¨îå à ªâ¥à­®£® ¬ áèâ ¡ , ­ ¯à¨¬¥à, ¬ áèâ ¡  ¯®¢à¥¬¥­¨. �®áª®«ìªã  â¬®áä¥à­ë© ¯®£à ­á«®© à á-á¬ âà¨¢ ¥âáï ­  ä®­¥ á¨­®¯â¨ç¥áª¨å ¯à®æ¥áá®¢,¯à¨­¨¬ ¥âáï, çâ® íâ®â ¬ áèâ ¡ ¨¬¥¥â ¯®àï¤®ªç á  ¨ ¤ ¦¥ ­¥áª®«ìª¨å ç á®¢. �à¨ ¨áá«¥¤®¢ -­¨¨ ¢«¨ï­¨ï ¯¥à¨®¤  ®áà¥¤­¥­¨ï ­  ¯ à ¬¥âàë��� íªá¯¥à¨¬¥­â «ì­® ¤®ª § ­® [6], çâ® ¢ á¯¥ª-âà¥  â¬®áä¥à­ëå ¤¢¨¦¥­¨© ­ ¡«î¤ ¥âáï £«ã¡®-ª¨© ¬¨­¨¬ã¬, ¯à¨å®¤ïé¨©áï ­  ¯¥à¨®¤ë ¯®àï¤-ª  ç á  ¨ à §¤¥«ïîé¨© ®¡« áâ¨ ¬¥«ª®¬ áèâ ¡-­®© âãà¡ã«¥­â­®áâ¨ ¨ áà ¢­¨â¥«ì­® ªàã¯­®¬ á-èâ ¡­ëå ª¢ §¨¤¢ã¬¥à­ëå á¨­®¯â¨ç¥áª¨å ª®«¥¡ -­¨©. �«¥¤®¢ â¥«ì­®, ¢¥«¨ç¨­ë à §«¨ç­ëå áâ â¨-áâ¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ¬¥â¥®à®«®£¨ç¥áª¨å ¯®-«¥©, ¢ â®¬ ç¨á«¥ ¨ âãà¡ã«¥­â­ëå ¯®â®ª®¢, ¤®«¦­ë¡ëâì ¬ «® çãáâ¢¨â¥«ì­ë ª ¢ë¡®àã ¯¥à¨®¤  ®áà¥¤-­¥­¨ï ¯à¨ ¨§¬¥­¥­¨¨ ¯®á«¥¤­¥£® ®â ­¥áª®«ìª¨å ¬¨-­ãâ ¤® ç á  ¨ ¡®«¥¥. �®íâ®¬ã ­  ®á­®¢ ­¨¨ ¢ë-è¥áª § ­­®£® ¯à ¢®¬¥à­® ¨á¯®«ì§®¢ âì à §à ¡®-â ­­ãî ­ ¬¨ ¬®¤¥«ì ¤«ï ®¡« áâ¥©, à §«¨ç îé¨å-áï ¯® à §¬¥à ¬ (®â «®ª «ì­®£® ¬ áèâ ¡  ¤® ¬¥§®-¬ áèâ ¡ ).������� § ª«îç¥­¨¥ ®â¬¥â¨¬, çâ® ¢ ¤ ­­®© à ¡®â¥ ¯à¥¤-áâ ¢«¥­  ¬®¤¥«ì à á¯à®áâà ­¥­¨ï ­¥¢¥á®¬®© ¯ á-á¨¢­®© ¯à¨¬¥á¨ ¢ â¥¬¯¥à âãà­®-áâà â¨ä¨æ¨à®-¢ ­­®¬  â¬®áä¥à­®¬ ¯®£à ­¨ç­®¬ á«®¥ ®â ¯à¨-¯®¤­ïâ®£® ­¥¯à¥àë¢­®£® ¨áâ®ç­¨ª  ¯®áâ®ï­­®©¬®é­®áâ¨ ¢ à áá¬ âà¨¢ ¥¬®© §®­¥ (­ ç¨­ ï ®â«®ª «ì­®£® ¬ áèâ ¡  ¨ ª®­ç ï ¬¥§®¬ áèâ ¡®¬).�®¤¥«¨àãîâáï ¯à®æ¥ááë, ¢ ª®â®àëå ¯®«¥ ¯à¨¬¥-á¨ ¨§¬¥­ï¥âáï ¯®¤ ¤¥©áâ¢¨¥¬  ¤¢¥ªæ¨¨, âãà¡ã«¥­â-­®© ¤¨ääã§¨¨, áãå®£® ®á ¦¤¥­¨ï, â¥à¬¨ç¥áª®©áâà â¨ä¨ª æ¨¨ ���, ¢à é¥­¨ï �¥¬«¨ ¨ ¯à®æ¥áá®¢

¢§ ¨¬®¤¥©áâ¢¨ï á ¯®¢¥àå­®áâìî. � à §à ¡®â ­-­®© ¬®¤¥«¨ ¬®¤¥à­¨§¨àã¥âáï áâ ­¤ àâ­ ï �-�-�â¥®à¨ï ¯ãâ¥¬ ¯à¨¢«¥ç¥­¨ï ãà ¢­¥­¨ï ¤«ï ¢ëá®âë��� ¨ ¯®á«¥¤ãîé¥£® ¯¥à¥ä®à¬ã«¨à®¢ ­¨ï § ¤ -ç¨ ®â­®á¨â¥«ì­® ¢­ãâà¥­­¥£® ¯ à ¬¥âà  áâà â¨-ä¨ª æ¨ � ª ª ¨áå®¤­®£® ¯ à ¬¥âà  ¯®¤®¡¨ï ¯®«-­®© ¯®áâ ­®¢ª¨ ¯à®¡«¥¬ë. �®«¥ áª®à®áâ¨ ¨ ª®¬¯®-­¥­âë â¥­§®à  ª®íää¨æ¨¥­â®¢ âãà¡ã«¥­â­®© ¤¨ä-äã§¨¨ ¢  â¬®áä¥à­®¬ ¯®£à ­¨ç­®¬ á«®¥ ®¯à¥¤¥-«ïîâáï  ­ «¨â¨ç¥áª¨. �®áâ®¢¥à­®áâì ¬®¤¥«¨àã¥-¬ëå ä¨§¨ç¥áª¨å ¯à®æ¥áá®¢ ®¯¨à ¥âáï ­  ¬­®£®-ç¨á«¥­­ë© àï¤ íªá¯¥à¨¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©à §«¨ç­ëå  ¢â®à®¢ (®¡§®à­ë¥ à ¡®âë [1, 3, 6])¯à¨  ¯¯à®ªá¨¬ æ¨¨ ã­¨¢¥àá «ì­ëå äã­ªæ¨© ¯®¤®-¡¨ï ¤«ï ¯®«ãç¥­¨ï ç¨á«¥­­®£® à¥è¥­¨ï ¯®«ãí¬¯¨-à¨ç¥áª®£® áâ æ¨®­ à­®£® ãà ¢­¥­¨ï âãà¡ã«¥­â­®©¤¨ääã§¨¨ ¯ à ¡®«¨ç¥áª®£® â¨¯ . �¤¥ª¢ â­®áâìç¨á«¥­­®£® à¥è¥­¨ï ®¡¥á¯¥ç¨¢ ¥âáï ¯à¨¬¥­¥­¨¥¬ ¡á®«îâ­® ãáâ®©ç¨¢ëå, áå®¤ïé¨åáï, íª®­®¬¨ç­ëå¢ëç¨á«¨â¥«ì­ëå ¬¥â®¤®¢, ¯®áâà®¥­­ëå ¯à¨ ¯®¬®-é¨ [8, 11, 14, 15]. �à®¢¥¤¥­ àï¤ ç¨á«¥­­ëå à á-ç¥â®¢ ãà ¢­¥­¨ï âãà¡ã«¥­â­®© ¤¨ääã§¨¨ ¤«ï ¨á-á«¥¤®¢ ­¨ï à á¯à¥¤¥«¥­¨ï ¯à¨§¥¬­®© ª®­æ¥­âà -æ¨¨ ¯à¨¬¥á¨ á ãç¥â®¬ ¢«¨ï­¨ï ¢ëá®âë ¯à¨¯®¤-­ïâ®£® ¨áâ®ç­¨ª , ¯ à ¬¥âà  ¯®¤®¡¨ï �, £¥®áâà®-ä¨ç¥áª®© áª®à®áâ¨ G, ¯ à ¬¥âà  ¬¥§®è¥à®å®¢ â®-áâ¨ z0. �ëï¢«¥­ë ®á­®¢­ë¥ § ª®­®¬¥à­®áâ¨ à á-¯à®áâà ­¥­¨ï ¯à¨¬¥á¨ ­  ¯®¢¥àå­®áâ¨ ¯®ç¢ë, ¢â®¬ ç¨á«¥ á¬¥é¥­¨¥ â®çª¨ ¬ ªá¨¬ «ì­®£® §­ ç¥-­¨ï ¯à¨§¥¬­®© ª®­æ¥­âà æ¨¨ ¢¯à ¢® (¢ ®¡« áâì®âà¨æ â¥«ì­ëå y), ª®â®à®¥ ¡ã¤¥â ­ ¨¡®«ìè¨¬ ¯à¨¢ëá®ª® à á¯®«®¦¥­­®¬ ¨áâ®ç­¨ª¥ ¯à¨¬¥á¨, á¨«ì-­®© ãáâ®©ç¨¢®áâ¨ â¥¬¯¥à âãà­®© áâà â¨ä¨ª æ¨¨��� ¨ ¢®§à áâ îé¥¬ §­ ç¥­¨¨ £¥®áâà®ä¨ç¥áª®©áª®à®áâ¨. � §à ¡®â ­­ ï ¬®¤¥«ì «¥£ª® âà ­áä®à-¬¨àã¥âáï ¤«ï ¨áá«¥¤®¢ ­¨ï à áá¬ âà¨¢ ¥¬ëå ¯à®-æ¥áá®¢ ¢ á«ãç ¥ ¢¥á®¬®© ¯à¨¬¥á¨.1. � ­¨«®¢ �.�., �®¯à®¢ �.�., � §®­®¢ �.�. �¥ª®â®-àë¥ ¯®¤å®¤ë ª ¬®¤¥«¨à®¢ ­¨î  â¬®áä¥à­®£® ¯®-£à ­¨ç­®£® á«®ï // �§¢.��(�®áá¨ï). �¨§¨ª   â-¬®áä¥àë ¨ ®ª¥ ­ .{ 1995.{ �.31,N2.{ �. 181{204.2. �«®å¨­ �.�., � «¥àª® �.�., �ã©ª®¢ �.�., � à£¥à�.�., �ã§ì¬¥­ª® �.�. �à ¢­¥­¨¥ íªá¯¥à¨¬¥­â «ì-­ëå ¨ à áç¥â­ëå ¤ ­­ëå ® ¯à¨§¥¬­®© ª®­æ¥­-âà æ¨¨ ¯à¨¬¥á¨ ¢  â¬®áä¥à¥ // �¥â¥®à®«®£¨ï ¨£¨¤à®«®£¨ï.{ 1996.{ N2.{ �. 41{47.3. �®­¨­ �.�., �£«®¬ �.�. �â â¨áâ¨ç¥áª ï £¨¤-à®¬¥å ­¨ª .�.1.{ �.-�.: �̈ ¤à®¬¥â¥®¨§¤ â, 1992.{694 á.4. �¥à«ï­¤ �.�. �®¢à¥¬¥­­ë¥ ¯à®¡«¥¬ë  â¬®áä¥à-­®© ¤¨ääã§¨¨ ¨ § £àï§­¥­¨ï  â¬®áä¥àë.{ �.: �̈ -¤à®¬¥â¥®¨§¤ â, 1975.{ 448 á.5. �ã©ª®¢ �.�., � à£¥à �.�., � «¥àª® �.�. �áá«¥-¤®¢ ­¨¥ ä®à¬¨à®¢ ­¨ï ¯ïâ­¨áâ®© áâàãªâãàë à -¤¨® ªâ¨¢­ëå ¢ë¯ ¤¥­¨© á ¯®¬®éìî « £à ­¦¥¢®-í©«¥à®¢®© ¤¨ääã§¨®­­®© ¬®¤¥«¨ // �¥â¥®à®«®£¨ï¨ £¨¤à®«®£¨ï.{ 1992.{ N12.{ �. 33{45.22 �.�.�ã§ì¬¥­ª®
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