
52 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò4������������ 551.465.552������ �������������� ��������� ����� � ������������������� � ����������� ��������.�. � ¬®«î¡®¢, �.�. �¨«ì­¥¢(ª ä¥¤à  ä¨§¨ª¨ ¬®àï ¨ ¢®¤ áãè¨)E-mail: sea251@phys.msu.su�à¥¤áâ ¢«¥­ë à¥§ã«ìâ âë íªá¯¥à¨¬¥­â «ì­ëå ¨ â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢ ­¨© ¢¥àâ¨ª «ì­®£®¯¥à¥­®á  â¥¯«  ¨ ¢§¢¥á¨ ¢ ¯à¨¤®­­®¬ áâà â¨ä¨æ¨à®¢ ­­®¬ â¥ç¥­¨¨. �à¥¤«®¦¥­   ¯à®¡¨à®-¢ ­­ ï ¯® ¤ ­­ë¬ ­ âãà­ëå ¨§¬¥à¥­¨© ¬ â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¤«ï à áç¥â  à á¯à¥¤¥«¥­¨©â¥¬¯¥à âãàë ¨ ª®­æ¥­âà æ¨¨ ¢§¢¥è¥­­ëå ç áâ¨æ ¯® ¢á¥© â®«é¨­¥ â¥ç¥­¨ï, ¯®áâà®¥­­ ï ­ ¡ §¥ £¨¯®â¥§ë ¢§ ¨¬®¤¥©áâ¢¨ï á¤¢¨£®¢ëå á«®¥¢ (¯à¨¤®­­®£® ¨ á«®ï á¬¥è¥­¨ï). � §à ¡®â ­­ ï¬¥â®¤¨ª  ¯à¨£®¤­  ¤«ï â¥®à¥â¨ç¥áª®£® ®¯¨á ­¨ï ¯à®ä¨«¥© á à §«¨ç­®© «®ª «ì­®© ªà¨¢¨§­®©,ª¢ §¨áâã¯¥­ç âëå ¨ á®¤¥à¦ é¨å ¬ ªá¨¬ã¬ë ª®­æ¥­âà æ¨¨ ¢§¢¥á¨. �§¬¥­¥­¨ï ¯à®ä¨«¥© ¢®¢à¥¬¥­¨ à ááç¨âë¢ îâáï ¯à¨ ­¥áâ æ¨®­ à­ëå £à ­¨ç­ëå ãá«®¢¨ïå. �ç¨âë¢ îâáï íää¥ªâë¢«¨ï­¨ï ¯«®â­®áâ­®© áâà â¨ä¨ª æ¨¨ ¨  ªâ¨¢­®áâ¨ ¯à¨¬¥á¨ ­  ¢¥àâ¨ª «ì­ë© ®¡¬¥­ ¢ á¤¢¨£®-¢ëå á«®ïå ¨ ï¤à¥ â¥ç¥­¨ï.�¢¥¤¥­¨¥� á¯à®áâà ­¥­¨¥ ¯«®â­®áâ­ëå â¥ç¥­¨© ¢ ¬®àïå,®§¥à å ¨ ¢®¤®åà ­¨«¨é å á®¯à®¢®¦¤ ¥âáï § £àï§-­¥­¨ï¬¨ £¨¤à®áä¥àë, § ¨«¥­¨¥¬ ¢®¤®¥¬®¢ ¨ à §àã-è¥­¨ï¬¨ ¯®¤¢®¤­ëå ª®¬¬ã­¨ª æ¨©. � ¯à®¡«¥¬ ¬¬®¤¥«¨à®¢ ­¨ï â ª¨å ¯®â®ª®¢ ®â­®á¨âáï ®¯¨á ­¨¥âãà¡ã«¥­â­®£® ®¡¬¥­  ¢ ï¤à¥ â¥ç¥­¨ï. � å®¤ïé ïáï¢ ï¤à¥ §®­  ª®­â ªâ  ¯à¨¤®­­®£® á«®ï ¨ á«®ï á¬¥è¥-­¨ï â¥ç¥­¨ï ®â«¨ç ¥âáï ¯¥à¥å®¤ ¬¨ ¯à®ä¨«¥© ª®­-æ¥­âà æ¨© ¯à¨¬¥á¥© ¨ â¥¬¯¥à âãàë ®â ª¢ §¨®¤­®à®¤-­ëå ª á®¤¥à¦ é¨¬ ¬ ªá¨¬ã¬ë ¨ ª¢ §¨áâã¯¥­ç âë¬.� ­­ë¥ ¨áá«¥¤®¢ ­¨©, ­¥®¡å®¤¨¬ë¥ ¤«ï ¢ëï¢«¥­¨ï¬¥å ­¨§¬®¢ ¯®¤®¡­ëå íää¥ªâ®¢, ã­¨ª «ì­ë [1{5].� íâ®© áâ âì¥ ¯à¥¤« £ ¥âáï ¬®¤¥«ì ¬ áá®¯¥à¥­®á ­  ¡ §¥ £¨¯®â¥§ë ¢§ ¨¬®¤¥©áâ¢¨ï á¤¢¨£®¢ëå á«®¥¢¯«®â­®áâ­®£® â¥ç¥­¨ï.�®¤¥«ì ¢§ ¨¬®¤¥©áâ¢¨ï á¤¢¨£®¢ëå á«®¥¢�«®â­®áâ­®¥ â¥ç¥­¨¥ ¯à¥¤áâ ¢«ï¥â á®¡®© ¯à¨-áâ¥­®ç­ãî áâàãî á ¤¢ã¬ï á¤¢¨£®¢ë¬¨ á«®ï¬¨ |¯à¨¤®­­ë¬ ¨ á«®¥¬ á¬¥è¥­¨ï (à¨á. 1). �à¨¢¥¤¥­­ë¥â¨¯¨ç­ë¥ ¯à®ä¨«¨ áª®à®áâ¨ U , â¥¬¯¥à âãàë T ,ª®­æ¥­âà æ¨¨ ¢§¢¥á¨ S á ãª § ­­ë¬¨ ¢ëè¥ ®á®¡¥­-­®áâï¬¨ ¯®«ãç¥­ë íªá¯¥¤¨æ¨ï¬¨ ��� ­  �®¦ ©-áª®¬ ¢®¤®åà ­¨«¨é¥ ¨ ®§¥à¥ �¬ ­¤à  [6, 7]. � å®¤¥ ­ «¨§  ¤ ­­ëå ¨á¯®«ì§ãîâáï â ª¦¥ à¥§ã«ìâ âë¨§¬¥à¥­¨©, ¢ë¯®«­¥­­ëå  ¢â®à ¬¨ ­  �¢ ­ìª®¢áª®¬¢®¤®åà ­¨«¨é¥ [4].�«ï ®¯¨á ­¨ï í­¥à£®¯¥à¥­®á  ¢ áâàãïå íää¥ªâ¨¢-­  £¨¯®â¥§  ¢§ ¨¬®¤¥©áâ¢¨ï á¤¢¨£®¢ëå á«®¥¢, à §-¢¨â ï ¢ [2] ¡¥§ ãç¥â  ¯«®â­®áâ­®© áâà â¨ä¨ª æ¨¨.�à¥¤¯®« £ ¥âáï, çâ® ¬ ªá¨¬ã¬ áª®à®áâ¨ à §¤¥«ï¥ââ¥ç¥­¨¥ ­  ¤¢¥ ®¡« áâ¨ á ®¯à¥¤¥«ïîé¨¬¨ ¨å ªàã¯-­®¬ áèâ ¡­ë¬¨ ¢¨åà¥®¡à §®¢ ­¨ï¬¨. �ãà¡ã«¥­â­®¥­ ¯àï¦¥­¨¥ � =��<u0w0> ¢ íâ¨å ®¡« áâïå ®¡ëç­®

¨¬¥¥â §­ ª £à ¤¨¥­â  áª®à®áâ¨ U (u0; w0 | ¯ã«ìá -æ¨¨ ¯à®¤®«ì­®© ¨ ¢¥àâ¨ª «ì­®© ª®¬¯®­¥­â U ). �®£¨¯®â¥§¥, ¤¢  ªàã¯­®¬ áèâ ¡­ëå ¢¨åà¥®¡à §®¢ ­¨ï­¥ ®â¤¥«ïîâáï à¥§ª® «¨­¨¥© íªáâà¥¬ã¬ ,   ¯®®ç¥à¥¤-­® ¯¥à¥á¥ª îâ ¥¥, ¯¥à¥­®áï ¦¨¤ª®áâì á® §­ ª®¬ � ,¯à¨áãé¨¬ §®­¥ £¥­¥à æ¨¨ âãà¡ã«¥­â­®áâ¨. �­ ª �­¥ ¨§¬¥­ï¥âáï áà §ã ¯®á«¥ ¯¥à¥á¥ç¥­¨ï «¨­¨¨ íª-áâà¥¬ã¬ ,   áà¥¤­¥¥ §­ ç¥­¨¥ � à ¢­®� = �+ + ��; (1)
���������	
��
�������¨á. 1. � à ªâ¥à­ë¥ ¯à®ä¨«¨ ­®à¬¨à®¢ ­­ëå §­ ç¥­¨©áª®à®áâ¨ ¯à¨¤®­­®£® ¯«®â­®áâ­®£® â¥ç¥­¨ï U=Um | 1,ª®­æ¥­âà æ¨¨ ¢§¢¥á¨ �S=�Sm | 2 ¨ â¥¬¯¥à âãàë ¢®¤ë�T=�Tm | 3:  ) ¨ ¡) | á ¬ ªá¨¬ã¬®¬ ¨ á ª¢ §¨áâã-¯¥­ç âë¬ à á¯à¥¤¥«¥­¨¥¬ S (�®¦ ©áª®¥ ¢®¤®åà ­¨«¨é¥,áâ. �ãà¡ £ ­, ¨î«ì 1998); ¢) ¨ £) | á ª¢ §¨«¨­¥©­ë¬ ¨§¬¥-­¥­¨¥¬ S ¢ ï¤à¥ â¥ç¥­¨ï ¨ á ¬ ªá¨¬ã¬®¬ S (®§. �¬ ­¤à ,£ã¡  �¥« ï,  ¢£ãáâ 1999). �¡®§­ ç¥­¨ï: m; u ¨ k | ¨­-¤¥ªáë ¯ à ¬¥âà®¢ ­  ¢ëá®â å ¬ ªá¨¬ã¬  áª®à®áâ¨, ¢¥àå­¥©£à ­¨æë â¥ç¥­¨ï ¨ ­  ­¨¦­¥¬ ãà®¢­¥ ®¯à¥¤¥«¥­¨ï S; T ;�S = S(z)� S(zu) , �T = T (z)� T (zk)
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�down; �� = (1� 
)�up , 
 | äã­ªæ¨ï ¢§ -¨¬®¤¥©áâ¢¨ï ¨«¨ ¬¥à  ¢à¥¬¥­¨ ¯à®å®¦¤¥­¨ï ¦¨¤ª®-áâ¨ ç¥à¥§ ï¤à® áâàã¨ â®«ìª® á ®¤­®© áâ®à®­ë (á¢¥àåã¨«¨ á­¨§ã). �ã­ªæ¨ï 
 ¢ à ¡®â¥ [3] ­¥ ¯à¨¢®¤¨âáï.�¤¥áì ¨ ­¨¦¥ ¢ â¥ªáâ¥ ¨­¤¥ªáë <�> ¨ <+>®â­®áïâáï á®®â¢¥âáâ¢¥­­® ª ¯ à ¬¥âà ¬ ¢ á«®ïåá¬¥è¥­¨ï ¨ ¯à¨¤®­­®¬, k | ¢ ¡«¨¦ ©è¥© ª® ¤­ãâ®çª¥ ¨§¬¥à¥­¨© S ¨ T ,   0 | ¢ ­ ç «ì­ë© ¬®¬¥­â¢à¥¬¥­¨.�à¥¤áâ ¢«¥­¨¥ ® ¢§ ¨¬®¤¥©áâ¢¨¨ á¤¢¨£®¢ëå á«®-¥¢, ¯à¥¤« £ ¥¬®¥ ¢ ¤ ­­®© à ¡®â¥ ¤«ï ¯«®â­®áâ­®£®â¥ç¥­¨ï, ¤ ¥â à¨á. 2. �®â®ª¨ ¯à¨¬¥á¨ ¨§ ¯à¨¤®­­®£®á«®ï ¨ á«®ï á¬¥è¥­¨ï à á¯à®áâà ­ïîâáï, ¯« ¢­®ã£ á ï, ¤® ãà®¢­¥© zm(1+�p)6 z+m ¨ zm(1��p)> z�má®®â¢¥âáâ¢¥­­®. �¤¥áì �pzm | ¨­â¥à¢ « ¯à®­¨ª-­®¢¥­¨ï á ¯à¥®¡« ¤ îé¨¬ ªàã¯­®¬ áèâ ¡­ë¬ ¯¥-à¥­®á®¬, ­ å®¤ïé¨©áï ¢ ®¡« áâ¨ ¢§ ¨¬®¤¥©áâ¢¨ï á£à ­¨æ ¬¨ z+m = zm +� , z�m = zm �� , ­  ¯¥à¨ä¥-à¨¨ ª®â®à®© ¤®¬¨­¨àã¥â ¬¥«ª®¬ áèâ ¡­ë© ¯¥à¥­®á.�à¥¬ï ¯à®å®¦¤¥­¨ï ¯®â®ª  ¬ ááë ç¥à¥§ §®­ã �pzm®¯à¥¤¥«ï¥âáï äã­ªæ¨¥© 
 ,  ­ «®£¨ç­®© 
 ¨§ (1).�à¨ ¢§ ¨¬®¤¥©áâ¢¨¨ ®¡« áâ¨ á ¯à®ä¨«ï¬¨ S; T ,á®®â¢¥âáâ¢ãîé¨¬¨ á«®ï¬ á¬¥è¥­¨ï ¨ ¯à¨¤®­­®-¬ã, ¯®¯¥à¥¬¥­­® <¢ëâ¥á­ïîâ> ¤àã£ ¤àã£  ¨§ §®­ëzm �� . �à®ä¨«¨ S; T ¯® ¢á¥© ¢ëá®â¥ â¥ç¥­¨ï zu¯®«ãç îâáï, ª ª ¨ ¢ (1), áè¨¢ ­¨¥¬ à á¯à¥¤¥«¥­¨©S� , T� , S+ , T+ ¢ á«®ïå z�m � zu ¨ zk � z+m ¢ ¢¨¤¥S = 
pS+ + (1� 
p)S�; T = 
pT++ (1� 
p) T�:(2)�ã­ªæ¨¨ S� , T� , S+ , T+ ­ å®¤ïâáï ¨§ ãà ¢­¥­¨ï

¤¨ääã§¨¨ dt'�!'@z'= @z(K'@z'); (3)£¤¥ t | ¢à¥¬ï, x | à ááâ®ï­¨¥ ¯® â¥ç¥­¨î, z |¢ëá®â  ­ ¤ ãà®¢­¥¬ ¤­ , ' = S; T ; !f | £¨¤à ¢«¨-ç¥áª ï ªàã¯­®áâì; dt'= @t'+u@x'+w@z' (¢ à ¬ª å¯«®áª®© § ¤ ç¨); !' = !f ¯à¨ ' = S ¨ !' = 0 ¯à¨' = T ; K' = Ks;Kh . �¤¥áì u ¨ w | ¯à®¤®«ì­ ï¨ ¢¥àâ¨ª «ì­ ï ª®¬¯®­¥­âë áª®à®áâ¨; kS = ku=Sc ,kh = ku=Pr ; Sc ¨ Pr | ç¨á«  �¬¨¤â  ¨ �à ­¤â«ï,ku | âãà¡ã«¥­â­ ï ¢ï§ª®áâì.�à®ä¨«¨ ª®­æ¥­âà æ¨¨, â¥¬¯¥à âãàë¨ äã­ªæ¨¨ ¢§ ¨¬®¤¥©áâ¢¨ï�à®ä¨«¨ S(z) ¨ T (z) ­ å®¤ïâáï ¢ ¯à¨¡«¨¦¥­¨ïå«®ª «ì­®© ª¢ §¨áâ æ¨®­ à­®áâ¨ ¨ £®à¨§®­â «ì­®©ª¢ §¨®¤­®à®¤­®áâ¨ â¥ç¥­¨ï ­  ¨­â¥à¢ « å �tq áãá«®¢¨ï¬¨: T = Tu , S = Su , Ks@zS = �!fSu ¯à¨z = zu ¨ T = Tk , S = Sk ¯à¨ z = zk . �  ¨­â¥à-¢ «¥ �tq ¨§¬¥­¥­¨ï S; T ¬­®£® ¬¥­ìè¥ § ¤ ­­®©â®ç­®áâ¨ à áç¥â  (¯®¤à®¡­¥¥ á¬. [3]). �à¥¬ï áê¥¬ª¨¯à®ä¨«¥© S; T (¤® 12 ¬¨­) ­¥ ¯à¥¢ëè «® �tq [6, 7].� á¯à¥¤¥«¥­¨ï S; T ¯® z ¨ t (¢ à áç¥â­ë© ¯¥à¨®¤t���tq) ¯à¥¤áâ ¢«ïîâáï ¢ ¢¨¤¥ ¯®á«¥¤®¢ â¥«ì­®á-â¥© á¬¥­ïîé¨å ¤àã£ ¤àã£  ¯à®ä¨«¥©, á®®â¢¥âáâ¢ãî-é¨å ãª § ­­ë¬ ¯à¨¡«¨¦¥­¨ï¬, á ¯ à ¬¥âà ¬¨, ­ ©-¤¥­­ë¬¨ ¤«ï ª ¦¤®£® ¨­â¥à¢ «  �tq ¯® ¨§¢¥áâ­ë¬¤«ï ­¥£® Tu , Su , Tk , Sk .� á¯à¥¤¥«¥­¨ï S , T ¯à¨ z 6 z+m ¯®«ãç îâáï¨§ (3) ¯à¨ Ku = U2t =@zU á @zU = (U�=zm)=[(��)�1 ++ (zm=La)] ¨ � = �U2� = �U2� (1� �) ¯® [3, 8]. �¤¥áì
���������	
��
������������������ !"#$%&'�¨á. 2. �å¥¬  ¢§ ¨¬®¤¥©áâ¢¨ï á¤¢¨£®¢ëå á«®¥¢. �¡®§­ ç¥­¨ï: 1, 2 | ¯à®ä¨«¨ áª®à®áâ¨ â¥ç¥­¨ï U=Um ¨ ª®­æ¥­âà æ¨¨¢§¢¥á¨ S=Sm ; 3 ¨ 4 | à á¯à¥¤¥«¥­¨ï S=Sm ¢ á«®ïå z�m � zu ¨ zk � z+m ¢ ®âáãâáâ¢¨¥ ¢§ ¨¬®¤¥©áâ¢¨ï; 5 ¨ 6 |âãà¡ã«¥­â­ë¥ ¯®â®ª¨ ¢§¢¥á¨ ¨§ ¯à¨¤®­­®£® á«®ï ¢ á«®© á¬¥è¥­¨ï ¨ ­ ®¡®à®â; �p ¨ �=zm | £«ã¡¨­  ¯à®­¨ª­®¢¥­¨ï¨ â®«é¨­  á«®ï ¢§ ¨¬®¤¥©áâ¢¨ï, ­®à¬¨à®¢ ­­ë¥ ­  ¢ëá®âã ¬ ªá¨¬ã¬  áª®à®áâ¨ zm ; zq | à ¢­®¢¥á­ë© ãà®¢¥­ì á
p = 0:5 ; 7 | ¯à®ä¨«ì äã­ªæ¨¨ ¢§ ¨¬®¤¥©áâ¢¨ï 
p ¨§ (6); tav | ¢à¥¬ï áê¥¬ª¨ ¯à®ä¨«¥© S; T ; z+m = zm +� ,z�m = zm ��



54 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò4U� ¨ U=� CDU2=2 | á¤¢¨£®¢ ï ¨ ¤¨­ ¬¨ç¥áª ï áª®-à®áâ¨; ç¥àâ  á¢¥àåã | §­ ª ®áà¥¤­¥­¨ï ¯® ¢ëá®â¥â¥ç¥­¨ï; CD �= 2:5 � 10�3 + 3 � 10�4Riu | ª®íää¨-æ¨¥­â á®¯à®â¨¢«¥­¨ï ã ¤­ ; Riu = (Nuzu)2=U 2 ¨Nu = (g��=�zu)1=2 | ¨­â¥£à «ì­ë¥ ç¨á«® �¨ç à¤-á®­  ¨ ç áâ®â  ¯« ¢ãç¥áâ¨ ¤«ï ¯®â®ª  ¢ æ¥«®¬;� = z=zm ; � = 0:4 ; La | ¬ áèâ ¡ ®¡¬¥­ , ¯®«ã-ç îé¨©áï ¨§ ãá«®¢¨ï U = Um ¯à¨ z = zm ; g |ãáª®à¥­¨¥ á¢®¡®¤­®£® ¯ ¤¥­¨ï.�à¨ z > z�m ¯à®ä¨«¨ �T� = T � T (z�m);�S� = S��S(zu)  ­ «®£¨ç­ë ¯à®ä¨«ï¬, ¨§¢¥áâ­ë¬¢ â¥®à¨¨ áâàã©, ¢ ¯à¨¡«¨¦¥­¨ïå ª®â®à®© @�fT=fT == �T Pr @�fu=fu ¨ @�fs=fs = �sSc@�fu=fu , £¤¥fT =�T�=�T�m , fS =�S�=S�m , �T�m = Tu�T (z�m);�S�m = S(z�m) � Su [9]. �¤¥áì fu = �U=�Um ,�U = U � UF , �Um = Um � UF , UF = U(zu) ,fu = 1� 3�2 +2�3 , � = jz � z�mj(zu � z�m) [3].� ¨â®£¥ à á¯à¥¤¥«¥­¨ï T; S ­ å®¤ïâáï ¯® ä®à¬ã-« ¬ (2) á ª®¬¯®­¥­â ¬¨T+ = Tk +Pr+ FQI(�)=U�;T� = T (z�m) +�T�m(1� fu)�T Pr� ; (4)S+ = Sk exp[�[!fSc+I(�)=U�;S� = S(zu) +�S�mf�SSc�u ; (5)£¤¥ I = U�zm R ��k k�1u d� (¡¥à¥âáï  ­ «¨â¨ç¥áª¨ ¯®á«¥à §«®¦¥­¨ï k�1u ¢ àï¤ ¯® áâ¥¯¥­ï¬ � ); FQcP� |¯®â®ª â¥¯«  ¢ á«®¥ zk � z+m (cP | â¥¯«®¥¬ª®áâì ¯à¨¯®áâ®ï­­®¬ ¤ ¢«¥­¨¨); �T �= 0:26 , �S �= 0:4 .�ã­ªæ¨ï 
p , á®£« á­® áå¥¬¥ (à¨á. 2) ¨ ª®¬-¬¥­â à¨î ª ­¥©, à ¢­  0.5 ­  à ¢­®¢¥á­®© ¢ëá®â¥z = zq ¨ ¯à¨¡«¨¦ ¥âáï ª 0 ¨ ª 1 á®®â¢¥âáâ¢¥­­®¯à¨ z > zm + � ¨ z < zm � � . �â¨¬ ãá«®¢¨ï¬ã¤®¢«¥â¢®àï¥â à á¯à¥¤¥«¥­¨¥
p = 0:5 f1� th ((z � zq)=2(�p +C�)zm)g ; (6)£¤¥ �pzm = jzq � zmj | £«ã¡¨­  ¯à®­¨ª­®¢¥­¨ï;C� �= 10�2(�p)min = 3 � 10�5 . �®«é¨­  � (à¨á. 2)®æ¥­¨¢ ¥âáï ¯® ä®à¬ã«¥ (6) ¯à¨ 
p , ¡«¨§ª¨å ª­¨¦­¥¬ã ¨ ¢¥àå­¥¬ã ¯à¥¤¥«ì­ë¬ §­ ç¥­¨ï¬: 10�2¨ 0.99.�¯à¥¤¥«¨¬ �p ¤«ï â¥¯«®¯¥à¥­®á  ¨§ á«®ï á¬¥-è¥­¨ï, £¤¥, ¯® ¤ ­­ë¬, ¯®«ãç¥­­ë¬ ¢ à ¡®â¥ [5],£¥­¥à¨àãîâáï ªàã¯­¥©è¨¥ ¢¨åà¥®¡à §®¢ ­¨ï, ¯à®-­¨ª îé¨¥ ¤® ¤­ . �à¨ íâ®¬ �pzm �= (kU�t�=Pr)0:5 ,kU = `2j@Uz j , ` �= 6 � 10�2�zm=(1 + 0:4Ri�)0:25 |¯ãâì á¬¥è¥­¨ï [1, 8], �t� | ¢à¥¬ï ¯¥à¥­®á ;Ri� = (N��z2=�U2m ¨ N� = (g��m=��zm)1=2 |ç¨á«® Ri ¨ ç áâ®â  ¯« ¢ãç¥áâ¨ N ¤«ï á«®ï á¬¥-è¥­¨ï. � ï¤à¥ â¥ç¥­¨ï, ¢ ®¡« áâ¨ ­  ¯à®ä¨-«¥ U , £¤¥ U > U , ®æ¥­ª  áà¥¤­¥£® §­ ç¥­¨ïj@Uz j = (�Um=�zm)@�fu ¯à¨ U = (0:7 � 0:9)Um ¤ -¥â 0:27�Um=�zm . �®£¤  ¯à¨ áà¥¤­¨å ¯® [3, 6{11]�zm=zm �= 1:5 , Pr �= 1 , Ri� �= 0:8Riu , N� �= Nu ¨

Riu = 0:1� 20 :�p �=�zm(N��t�)0:5=3zm(Riu(1+0:3Riu))0:25 �=�= 0:15(Nu�t�=Riu)0:5: (7)�­ ç¥­¨¥ �S�m ¢ëà ¦ ¥âáï ¨§ ¤¨ääã§¨®­­®-£® â®¦¤¥áâ¢  !fS = �kS@zS ¯à¨ kS �= kS , ª®£¤ S �= Sk exp[�!f (z � zk)=kS ] ¨ �S�m � Sk!f (zu �� z�m)=kS , ¥á«¨ !f (zu � zk) � kS . �®áª®«ìªã kS¯à®¯®àæ¨®­ «¥­ kS ¢ á«®¥ á¬¥è¥­¨ï, â®, ª ª ¨¢ëè¥, kS = ku=Sc � �zm�Um=(1 + 0:4Ri�)0:5 ¯à¨Sc �= 1 . � ¯¥à¢®¬ ¯à¨¡«¨¦¥­¨¨ �S�m=�Sk �= CR1 ++ CS1!f (1 + CR2RiH)0:5=U . �¤¥áì ¨ ­¨¦¥ ¢¢®¤¨â-áï RiH = g��HH=�U2 | ç¨á«® �¨ç à¤á®­ , ¬®-¤¨ä¨æ¨à®¢ ­­®¥ ¤«ï ®¯¨á ­¨ï T (z; t); S(z; t) ¯®U(z; t) ¨ T (t); S(t) ¯à¨ z = zk ¨ H � 0:5 ¬, £¤¥��H = �(zk)� �(H � 0:5 M) , H | £«ã¡¨­ .�«ï ç¨á«  Pr+ ¯à¨­¨¬ ¥âáï, çâ® Pr+ == 1 � 0:1 ,   Pr� ®æ¥­¨¢ ¥âáï ¯® ¢ëà ¦¥-­¨î Pr� = 1 + CR3<RiH> [10, 11] ¤«ï ª ¦-¤®© á¥à¨¨ §®­¤¨à®¢ ­¨©. �£«®¢ë¥ áª®¡ª¨ | §­ -ª¨ ®áà¥¤­¥­¨ï ¯® ¢à¥¬¥­¨ á¥à¨¨ §®­¤¨à®¢ -­¨©. �¨á«  �¬¨¤â  ®¯à¥¤¥«ïîâáï ¯® ä®à¬ã-«¥ [8]: Sc = exp[(CS2!f=U )2(1 + CR2RiH)0:5] . �ë-à ¦¥­¨¥ �T�m ¢ ¯à¨¡«¨¦¥­¨¨ ¯®¤®¡¨ï ¨¬¥¥â ¢¨¤�T�m(t)�=�Tk(t) (�T�m=�Tk)0 .�®à¬¨à®¢ ­­ë© ¯®â®ª â¥¯«  ã ¤­  FQ �ku@z=Pr+ ®æ¥­¨¢ ¥âáï ¯à¨ ku �= 0:4U�zk . �á«¨@zTk � (Tk � Tk0)=zk , â® FQ = ((FQ=U�)0 +CQ(Tk �� Tk0))U�=Pr� . �ª®à®áâì !f ®¯à¥¤¥«ï¥âáï ª ª!f (t) �= (!f )min + 16<!f>U2� (t)=(�g)2=3 ¨§ à ¡®-âë [6]. �® ®æ¥­ª ¬ à ¡®â [3, 4, 6], ¤«ï ¤ ­­ëåâ¥ç¥­¨© <!f> �= 3 � 10�3 á¬/á, (!f )min �= 1:5 �� 10�3 á¬/á.� «¨¡à®¢ª  ¬®¤¥«¨�®íää¨æ¨¥­âë CR1 , CR2 , CR3 , CQ ¨§ ¢ëà ¦¥-­¨© ¯ à ¬¥âà®¢ ¬®¤¥«¨ ­ å®¤¨«¨áì ¯à¨ áà ¢­¥­¨¨â¥®à¥â¨ç¥áª¨å ¨ íªá¯¥à¨¬¥­â «ì­ëå ¯à®ä¨«¥© S; T .�¥®à¥â¨ç¥áª¨¥ §­ ç¥­¨ï ¯®«ãç «¨áì ¨§ (2), (4), (5)¨ á®¯®áâ ¢«ï«¨áì á 54 ¯ à ¬¨ í¯îà, ¨§¬¥à¥­­ëå¢ â¥ç¥­¨ïå á å à ªâ¥à¨áâ¨ª ¬¨: U = 4 � 12 á¬/á,zm = 1 � 8 ¬, zu = 2 � 10 ¬, Riu = 0:1 � 14 ,S = 8 � 30 ¬£/«, Tu � Tk = 0:1 � 4 �C. �®áâ®ï­­ë¥¤«ï à áá¬®âà¥­­ëå à¥¦¨¬®¢ â¥ç¥­¨ï CS1 ¨ CS2 (¤«ïSc� , Sc+ ) ®¯à¥¤¥«ï«¨áì ¯® !f , U , RiH , �S�m , �Sk ,Sc� , Sc+ ¯à¨ t= 0 .�®«ãç¥­­ë¥ ¬®¤¥«ì­ë¥ ª®íää¨æ¨¥­âë à ¢­ëCR1 = 0:2 , CR2 = 0:1 , CR3 = 0:1 , CQ = 0:084 .� áç¥â­ë¥ Sc ¨ Pr á®áâ ¢«ïîâ Sc� = 1:5 � 6 ,Sc+ = 1 � 7 , Pr� = 1 � 2 ; CS1 = (0:4 � 3:7) � 103 ,CS2 = (2 � 5) � 103 . �­â¥à¢ «ë (£«ã¡¨­ë) �p , ­ ©-¤¥­­ë¥ ¯à¨ ¤ ­­ëå ª®íää¨æ¨¥­â å, á®¯®áâ ¢«¥­ë­  à¨á. 3 á £à ä¨ª®¬ äã­ªæ¨¨�p �= 0:15Ri�0:4H ; (8)
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��¨á. 3. �à ä¨ª § ¢¨á¨¬®áâ¨ £«ã¡¨­ë ¯à®­¨ª­®¢¥­¨ï âãà-¡ã«¥­â­®£® ¯®â®ª  ¨¬¯ã«ìá  �p ¨§ ®¤­®£® á«®ï ¢ ¤àã£®©®â ¨­â¥£à «ì­®£® ç¨á«  �¨ç à¤á®­  RiH ¤«ï ¯«®â­®áâ­ëåâ¥ç¥­¨© ­  �®¦ ©áª®¬ (1), �¢ ­ìª®¢áª®¬ (2) ¢®¤®åà -­¨«¨é å ¨ ®§. �¬ ­¤à  (3). �­â¥à¢ «ë | áâ ­¤ àâ­®¥®âª«®­¥­¨¥ ®â ¢ëà ¦¥­¨ï (8)ª®â®à ï á®£« áã¥âáï á ¢ëà ¦¥­¨¥¬ (7) ¯à¨ § ¬¥­¥Riu ­  RiH : �® ä®à¬ã«¥ (8) à®áâ ãáâ®©ç¨¢®áâ¨â¥ç¥­¨ï (RiH ) ¯à¨¢®¤¨â ª ã¬¥­ìè¥­¨î £«ã¡¨­ë ¯à®-­¨ª­®¢¥­¨ï ¯®â®ª  ¬ ááë ¨§ á«®ï á¬¥è¥­¨ï (�pzm )§  áç¥â £ è¥­¨ï ®¡¬¥­  ¢ íâ®¬ á«®¥. �®áª®«ìªãâ ª®© ¬¥å ­¨§¬ ®¯à¥¤¥«ï¥â ¬ áá®¯¥à¥­®á ¢ ï¤à¥, â®ä®à¬ã«ã (8) ¬®¦­® ­ §¢ âì § ª®­®¬ ¢§ ¨¬®¤¥©áâ¢¨ïá¤¢¨£®¢ëå á«®¥¢ ¯«®â­®áâ­®£® â¥ç¥­¨ï.� áèâ ¡ ¢à¥¬¥­¨ ¢§ ¨¬®¤¥©áâ¢¨ï á¤¢¨£®¢ëåá«®¥¢�æ¥­ª¨ ¢à¥¬¥­¨ ¢§ ¨¬®¤¥©áâ¢¨ï �t� ¯® (7) á®¯®-áâ ¢«¥­ë ­  à¨á. 4 á ­ ©¤¥­­ë¬¨ ¯® ä®à¬ã«¥�t� = (1 +Riu)= �(�t��)�1 + (�t��)�1Riu� ; (9)¯®«ãç¥­­®© ¯ãâ¥¬ ¨­â¥à¯®«ïæ¨¨ ­  ®á­®¢ ­¨¨ á«¥-¤ãîé¨å á®®¡à ¦¥­¨©:1) à®áâ ãáâ®©ç¨¢®áâ¨ áâà â¨ä¨ª æ¨¨ ¢¥¤¥â ª £ -è¥­¨î âãà¡ã«¥­â­®£® ®¡¬¥­  ¨, á«¥¤®¢ â¥«ì­®, ª§ ¬¥¤«¥­¨î ¢§ ¨¬®¤¥©áâ¢¨ï, â. ¥. �t� �Riu ;
����������������¨á. 4. �à ä¨ª § ¢¨á¨¬®áâ¨ ¢à¥¬¥­¨ ¢§ ¨¬®¤¥©áâ¢¨ï á¤¢¨-£®¢ëå á«®¥¢ �t� ®â ç¨á«  �¨ç à¤á®­ . �¡®§­ ç¥­¨ï:1, 2 ¨ 3 | ®æ¥­ª¨ �t� ¯® ä®à¬ã«¥ (7) ¤«ï áâ ­æ¨© ­  âà¥å¯®«¨£®­ å (á¬. ¯®¤¯¨áì ª à¨á. 3); 4 | �t� ¯® (9); § â¥-­¥­­ë¥ ®¡« áâ¨ | ¨­â¥à¢ «ë ®â­®á¨â¥«ì­®£® áâ ­¤ àâ­®£®®âª«®­¥­¨ï �t� ¨§ (7) ¨ (9) ®â «¨­¥©­ëå  ¯¯à®ªá¨¬ æ¨©,¯®áâà®¥­­ëå ¯® �t� ¨§ (7); £®à¨§®­â «ì­ë¥ ¨­â¥à¢ «ëá®®â¢¥âáâ¢ãîâ ®è¨¡ª¥ ®¯à¥¤¥«¥­¨ï

2) ¯à¨ ¯®«­®¬ ¯®¤ ¢«¥­¨¨ âãà¡ã«¥­â­®áâ¨�t� ®¯à¥¤¥«ï¥âáï ¬®«¥ªã«ïà­ë¬ ¯¥à¥­®á®¬, â. ¥.�t� �= �t�� �= (�pzm)2=� (� | ¬®«¥ªã«ïà­ ï ¢ï§-ª®áâì);3) ¢ á«ãç ¥ ¯®â¥à¨ ãáâ®©ç¨¢®áâ¨ (Riu < 0:25)§­ ç¥­¨¥ �t� áâà¥¬¨âáï ª ¢à¥¬¥­¨ ¯¥à¥­®á  ¯à¨®âáãâáâ¢¨¨ áâà â¨ä¨ª æ¨¨ �t� = (�pzm)2=ku� .�«ï ®æ¥­ª¨ �t� ¢ (9) ¯à¨­¨¬ «®áì ku� � Uzm ,�pzm � zm ¨ â®£¤  �t� � zm=U á ª®íää¨æ¨¥­â®¬0.8, ­ ©¤¥­­ë¬ ¯à¨ ¯®¤áâ ­®¢ª¥ �t� ¨§ (7) ¢ (9).�­ ç¥­¨ï �t� ¨¬¥îâ ¯®àï¤®ª 10N�1u , çâ® á®£« áã-¥âáï á® á«¥¤ãîé¨¬¨ ¨§ à ¡®â [2, 3, 5] ¢ë¢®¤ ¬¨: ) �t� ¬­®£® ¡®«ìè¥ ¯¥à¨®¤  ®á­®¢­ëå í­¥à£®-­¥áãé¨å ¯ã«ìá æ¨© áª®à®áâ¨ f�1e ; ¡) ¨­â¥à¢ «ëç áâ®â fe ¨ ç áâ®â ¯« ¢ãç¥áâ¨ N ¯¥à¥ªàë¢ îâáï.�¡áã¦¤ ¥¬ë¥ ¯à®æ¥ááë ¬®¤ã«¨àãîâáï ä«ãªâã- æ¨ï¬¨ �p (á ¢â®à¦¥­¨¥¬ ¯®â®ª  ¬ ááë ¨§ á«®ïá¬¥è¥­¨ï ¢ ¯à¨¤®­­ë©) á® áà¥¤­¨¬¨ ¯¥à¨®¤ ¬¨� 102N�1u (à¨á. 5). �¥à¨®¤ë á®®â¢¥âáâ¢ãîâ ¢â®àë¬¬®¤ ¬ ¯à®¤®«ì­ëå ¢­ãâà¥­­¨å á¥©è ¢ â¥à¬®ª«¨­¥(� 1 ç) ­  ¯«¥á å �®¦ ©áª®£® ¨ �¢ ­ìª®¢áª®£®¢®¤®åà ­¨«¨é ¨ ¯®¯¥à¥ç­ëå (� 20 ¬¨­) ¢ £ã¡¥�¥«®© (®§. �¬ ­¤à ) [4, 6, 7].
���������	
��
�����������������¨á. 5. � á¯à¥¤¥«¥­¨ï ¢ëá®â ¢¥àå­¥© (1) ¨ ­¨¦­¥© (2)£à ­¨æ ®¡« áâ¨ ¢§ ¨¬®¤¥©áâ¢¨ï á¤¢¨£®¢ëå á«®¥¢ ¨ ­¨¦­¥©£à ­¨æë §®­ë ¯à®­¨ª­®¢¥­¨ï ¯®â®ª  ¬ ááë ¨§ á«®ï á¬¥è¥-­¨ï ¢ ¯à¨¤®­­ë© (3) ¢® ¢à¥¬¥­¨, ­®à¬¨à®¢ ­­®¬ ­  è £§®­¤¨à®¢ ­¨ï �tS . �¥àâ¨ª «¨ ¯à®¢¥¤¥­ë á è £®¬, à ¢­ë¬áà¥¤­¥¬ã ¯¥à¨®¤ã ª®«¥¡ ­¨© ®à¤¨­ â £à ­¨æ 1, 2) ¤«ïâà¥å áâ ­æ¨© (á¬. ¯®¤¯¨áì ª à¨á. 3)



56 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2004. ò4� ¢®§¬®¦­®áâïå ¯à¨¬¥­¥­¨ï ¬®¤¥«¨�§ ¯à¨¬¥à®¢ ­  à¨á. 1 ¨ ¨§ ¤àã£¨å 54 ¯ à à á¯à¥¤¥-«¥­¨© S ¨ T , à áá¬®âà¥­­ëå ¢ [4], á«¥¤ã¥â, çâ® à §-à ¡®â ­­ë© ¬¥â®¤ ¯à¨£®¤¥­ ¤«ï à áç¥â  ¯à®ä¨«¥©á à §­ë¬¨ §­ ª ¬¨ «®ª «ì­®© ªà¨¢¨§­ë, á ¬ ªá¨¬ã-¬ ¬¨ ª®­æ¥­âà æ¨¨ ¨ ª¢ §¨áâã¯¥­ç âëå à á¯à¥¤¥«¥-­¨©. �®¤¥«ì ¯à®¢¥à¥­  ¤«ï â¥ç¥­¨© á ¯ à ¬¥âà ¬¨U = 4 � 12 á¬/á, zm = 1 � 8 ¬, zu = 2 � 10 ¬,Riu = 0:1� 14 , S = 8� 30 ¬£/«, Tu�Tk = 0:1� 4 �C.�¯¨á ­¨¥ ¯à®ä¨«¥© ®¡¥á¯¥ç¨¢ ¥âáï ¢ à §«¨ç­ëåà¥¦¨¬ å â¥ç¥­¨ï, áà¥¤¨ ª®â®àëå ¢ë¤¥«ïîâáï âà¨®á­®¢­ëå:1) á« ¡®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ á¤¢¨£®¢ëå á«®¥¢ |ã¬¥­ìè¥­¨¥ £«ã¡¨­ë ¢â®à¦¥­¨ï ¯®â®ª  ¬ ááë ¨§á«®ï á¬¥è¥­¨ï ¢ ¯à¨¤®­­ë© ¯à¨ à®áâ¥ ãáâ®©ç¨¢®áâ¨â¥ç¥­¨ï. �®à¬¨à®¢ ­¨¥ ª¢ §¨áâã¯¥­ç âëå à á¯à¥¤¥-«¥­¨© ª®­æ¥­âà æ¨¨ ¢ ï¤à¥;2) § ¯¨à ­¨¥ ¯à¨¤®­­®£® á«®ï | á­¨¦¥­¨¥ ¤¨-­ ¬¨ç¥áª®© áª®à®áâ¨, à®áâ £à ¤¨¥­â  ª®­æ¥­âà æ¨¨¢§¢¥á¨ ¢ ï¤à¥ ¨ ¯®ï¢«¥­¨¥ ¥¥ ¯¨ª  ¢ á«®¥ á¬¥è¥­¨ï;3) á¨«ì­®¥ ¢§ ¨¬®¤¥©áâ¢¨¥ | ã¢¥«¨ç¥­¨¥ ¯®â®ª®¢¯à¨¬¥á¨ ¨§ á«®¥¢ á¬¥è¥­¨ï ¨ ¯à¨¤®­­®£® ¢ ®¡« áâì¨å ª®­â ªâ  ¯à¨ á¯ ¤¥ ãáâ®©ç¨¢®áâ¨ â¥ç¥­¨ï. �«ã¡¨-­  ¯à®­¨ª­®¢¥­¨ï ¯®â®ª  ¯à¨¬¥á¨ ¯à¨¡«¨¦ ¥âáï ª¬ ªá¨¬ «ì­®©,   ¯à®ä¨«¨ â¥¬¯¥à âãàë ¨ ª®­æ¥­âà -æ¨¨ ¢§¢¥á¨ ¢ ï¤à¥ | ª ª¢ §¨«¨­¥©­ë¬.� ª«îç¥­¨¥�á­®¢­ë¥ à¥§ã«ìâ âë à ¡®âë á¢®¤ïâáï ª á«¥¤ã-îé¨¬. 1. �®áâà®¥­  ¨ ¯à®¢¥à¥­  ¬ â¥¬ â¨ç¥áª ï¬®¤¥«ì â¥¯«®- ¨ ¬ áá®¯¥à¥­®á  ¢ ¯à¨¤®­­®¬ áâà -â¨ä¨æ¨à®¢ ­­®¬ â¥ç¥­¨¨, à §à ¡®â ­­ ï ¢¯¥à¢ë¥¤«ï â ª¨å ¯®â®ª®¢ ­  ¡ §¥ £¨¯®â¥§ë ¢§ ¨¬®¤¥©áâ¢¨ïá¤¢¨£®¢ëå á«®¥¢. 2. �ëï¢«¥­ § ª®­ ¢§ ¨¬®¤¥©áâ-¢¨ï á¤¢¨£®¢ëå á«®¥¢ áâà â¨ä¨æ¨à®¢ ­­®£® â¥ç¥­¨ï.3. � §à ¡®â ­­ë© ¬¥â®¤ ¯à¨£®¤¥­ ¤«ï à áç¥â  ¯à®-ä¨«¥© â¥¬¯¥à âãàë ¢®¤ë ¨ ª®­æ¥­âà æ¨¨ ¢§¢¥á¨ áà §­ë¬¨ §­ ª ¬¨ «®ª «ì­®© ªà¨¢¨§­ë, á ¬ ªá¨¬ã-
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