
�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò1 31��� 519.63:532.5��������-��������� ������������� � ����������������������� ��� �����������������������������.�. �¨å®¬¨à®¢(ª ä¥¤à  ¬ â¥¬ â¨ª¨)�áá«¥¤®¢ ­  ª¢ §¨£ §®¤¨­ ¬¨ç¥áª ï á¨áâ¥¬  (���-á¨áâ¥¬ ) ­  á«®¦­ëå à áç¥â­ëå ®¡« á-âïå. �®áâà®¥­ ®¡é¨© ¢¨¤ ���-á¨áâ¥¬ë ¢ â¥­§®à­®-¨­¤¥ªá­®¬ ¯à¥¤áâ ¢«¥­¨¨ ¢ ¯à®¨§¢®«ì­ëåª®®à¤¨­ â å,   â ª¦¥ à §­®áâ­ ï  ¯¯à®ªá¨¬ æ¨ï ¯®«ãç¥­­ëå ãà ¢­¥­¨© ¢ ¯®â®ª®¢®© ä®à¬¥¢ ¢¨¤¥ § ª®­®¢ á®åà ­¥­¨ï.�¢¥¤¥­¨¥�áâ®ª¨ ­ ãç­®£® ­ ¯à ¢«¥­¨ï ¨áá«¥¤®¢ ­¨ï § -¤ ç £ §®¤¨­ ¬¨ª¨ ­  ®á­®¢¥ á¨áâ¥¬ë ª¢ §¨£ §®¤¨­ -¬¨ç¥áª¨å ãà ¢­¥­¨© (���-á¨áâ¥¬ë), à áá¬ âà¨¢ ¥-¬®£® ¢ ­ áâ®ïé¥© à ¡®â¥, ¯à¨­ ¤«¥¦ â �.�. �¥â¢¥-àãèª¨­ã ¨ �. �. �«¨§ à®¢®© [1]. � ¬®¬¥­â  ®á­®¢ -­¨ï ­®¢®£® ¯®¤å®¤  ¡ë« ¯à®¢¥¤¥­ àï¤  ­ «¨â¨ç¥áª¨å¨ ç¨á«¥­­ëå ¨áá«¥¤®¢ ­¨© [2]. � ª, á ¯®¬®éìî���-á¨áâ¥¬ë ¯à®¢¥¤¥­ë ç¨á«¥­­ë¥ à áç¥âë â¥ç¥­¨ï¯¥à¥¤ ãáâã¯®¬ [3]; â¥ç¥­¨ï ¢ ®ªà¥áâ­®áâ¨ ¯«®áª®©¯« áâ¨­ë [4]; ª®«¥¡ â¥«ì­ëå â¥ç¥­¨© ¢¡«¨§¨ æ¨-«¨­¤à¨ç¥áª®£® â¥«  á ¢ëáâã¯ îé¥© ¨£«®© ¨ ¢¡«¨§¨¯®«®£® æ¨«¨­¤à  [5] ¨ ¤à.� áâ®ïé ï à ¡®â  ¯à®¤®«¦ ¥â ¨áá«¥¤®¢ ­¨ï���-á¨áâ¥¬ë ¨ à áè¨àï¥â ª« áá áãé¥áâ¢ãîé¨å § -¤ ç ­  á«®¦­ë¥ à áç¥â­ë¥ ®¡« áâ¨. � ¤ ­­®© à ¡®â¥¯®áâà®¥­ ®¡é¨© ¢¨¤ ���-á¨áâ¥¬ë ¢ â¥­§®à­®-¨­-¤¥ªá­®¬ ¯à¥¤áâ ¢«¥­¨¨ ¢ ¯à®¨§¢®«ì­ëå ª®®à¤¨­ -â å, ã¤®¢«¥â¢®àïîé¨å âà¥¡ã¥¬ë¬ ãá«®¢¨ï¬ £« ¤ª®-áâ¨; ¯®áâà®¥­  à §­®áâ­ ï  ¯¯à®ªá¨¬ æ¨ï ¢ ¯®â®ª®-¢®© ä®à¬¥ ¢ á®®â¢¥âáâ¢¨¨ á § ¯¨áìî ���-ãà ¢­¥­¨©¢ ¢¨¤¥ § ª®­®¢ á®åà ­¥­¨ï [6, 7].1. �®áâ ­®¢ª  § ¤ ç¨� áá¬®âà¨¬ § ¤ çã ®¡â¥ª ­¨ï â¢¥à¤®£® â¥« ¢ ¯à¨¡«¨¦¥­¨¨ ª¢ §¨£ §®¤¨­ ¬¨ç¥áª®© á¨áâ¥¬ë. �®¡é¥¬ á«ãç ¥ § ¤ ç  ä®à¬ã«¨àã¥âáï ¢ ¡¥§à §¬¥à-­ëå ¯¥à¥¬¥­­ëå ¢ ¢¨¤¥ á¨áâ¥¬ë ¤¨ää¥à¥­æ¨ «ì­ëåãà ¢­¥­¨© ¢ ç áâ­ëå ¯à®¨§¢®¤­ëå, ­ ç «ì­®-£à -­¨ç­ëå ãá«®¢¨© ¨ ãá«®¢¨© § ¬ëª ­¨ï:8>>>>><>>>>>:@�@t +divJ= 0;(@�U)@t +div(J
U) +rp= div�;@E@t +div[J� (E + p)] + divq= div(�U): (1)�®®â¢¥âáâ¢ãîé¨¥ £ §®¤¨­ ¬¨ç¥áª¨¥ ¢¥«¨ç¨­ë, ¢å®-¤ïé¨¥ ¢ á¨áâ¥¬ã, ¢ëà ¦ îâáï á«¥¤ãîé¨¬¨ ä®à¬ã-« ¬¨:J= �(U�W); W = �� (div(�U
U) +rp);

�=�ns + �U
 [�(Ur)U+rp] ++ �I[(Ur)p+ 
pdivU];�ns = � h(r
U) + (r
U)T � 2=3I divUi ;q=� �Pr 

 � 1r�p���� ��U � 1
 � 1(Ur)�p��+ p(Ur)�1��� ;� = MRe �Sc 1pC2s ; E =�U22 + 1
 � 1 p�� �:�¤¥áì � | ¯«®â­®áâì áà¥¤ë; U | £ §®¤¨­ ¬¨ç¥á-ª ï áª®à®áâì; E | ¯®«­ ï í­¥à£¨ï; p | ¤ ¢«¥­¨¥áà¥¤ë; J | ¢¥ªâ®à ¯«®â­®áâ¨ ¯®â®ª  ¬ ááë; W |���-¤®¡ ¢ª  ¢¥ªâ®à  ¯«®â­®áâ¨ ¯®â®ª  ¬ ááë; � |â¥­§®à ¢ï§ª¨å ­ ¯àï¦¥­¨© ���-á¨áâ¥¬ë; �ns |â¥­§®à ¢ï§ª¨å ­ ¯àï¦¥­¨© á¨áâ¥¬ë � ¢ì¥{�â®ªá ;Cs | áª®à®áâì §¢ãª  ¢ áà¥¤¥; q |¢¥ªâ®à â¥¯«®¢®£®¯®â®ª  ���-á¨áâ¥¬ë; � -¯ à ¬¥âà ���-á¨áâ¥¬ë; 
 |¯®ª § â¥«ì  ¤¨ ¡ âë; � | ª®íää¨æ¨¥­â ¤¨­ ¬¨ç¥-áª®© ¢ï§ª®áâ¨; Re | ç¨á«® �¥©­®«ì¤á ; Pr | ç¨á«®�à ­¤â«ï; Sc | ç¨á«® �¬¨¤â ; M | ç¨á«® � å ;I | ¥¤¨­¨ç­ë© â¥­§®à-¨­¢ à¨ ­â 2-£® à ­£ .� ç «ì­ë¥,   â ª¦¥ £à ­¨ç­ë¥ ãá«®¢¨ï ­  ®¡-« áâì ¢å®¤ïé¥£® ¯®â®ª , â¢¥à¤®£® â¥«  ¨ á¢®¡®¤­®©£à ­¨æë § ¤ ç¨ ®¡â¥ª ­¨ï ¤«ï ���-á¨áâ¥¬ë áä®à-¬ã«¨àã¥¬ á«¥¤ãîé¨¬ ®¡à §®¬ á®®â¢¥âáâ¢¥­­®:8><>:� jt=0= 1;U jt=0=�U0;p jt=0= 1=
; 8><>:�= 1;U=�U0;p= 1=
;8>>>><>>>>: @�@n = 0;U= �;@p@n = 0;
8>>>>><>>>>>: @�@n = 0;@Ux@n = 0; @Uy@n = 0; @Uz@n = 0;@p@n = 0:�¤¥áì ¢¥ªâ®à n | ¢­¥è­ïï ­®à¬ «ì ª á®®â¢¥âáâ¢ãî-é¥© £à ­¨æ¥.16 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò1



32 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò12. �¡é¨¥ ¯®«®¦¥­¨ï â¥­§®à­®£®  ­ «¨§ � áá¬®âà¨¬ ­¥ª®â®àë© ¡ §¨á ej ¢ ¥¢ª«¨¤®¢®¬¯à®áâà ­áâ¢¥ [8], «î¡®© ¢¥ªâ®à ¢ ª®â®à®¬ § ¤ ¥âáïª®®à¤¨­ â ¬¨ (x1; x2; x3) . �¯à¥¤¥«¨¬ ¯¥à¥å®¤ ª ­®-¢®¬ã ¡ §¨áã ri á ¯®¬®éìî á«¥¤ãîé¥£® ¯à¥®¡à §®¢ -­¨ï (§¤¥áì ¨ ¤ «¥¥ ¯à¥¤¯®« £ ¥âáï áã¬¬¨à®¢ ­¨¥ ¯®¯®¢â®àïîé¨¬áï ¨­¤¥ªá ¬):ri = bjiej; (b)ji =�@xj@x̂i� ; xi = xi �x̂1; x̂2; x̂3� ;£¤¥ bji | ¬ âà¨æ  ¯¥à¥å®¤  ®â ¡ §¨á  ej ª ­®-¢®¬ã ¡ §¨áã ri , «î¡®© ¢¥ªâ®à ¢ ª®â®à®¬ § ¤ ¥âáïª®®à¤¨­ â ¬¨ (x̂1; x̂2; x̂3) . �à¨ íâ®¬ ¬¥âà¨ç¥áª¨©â¥­§®à, ®âà ¦ îé¨© ¤¨ää¥à¥­æ¨ «ì­ë¥ á¢®©áâ¢ £¥®¬¥âà¨¨ ®¡« áâ¨ ¨¬¥¥â ¢¨¤gij = @xk@x̂i @xk@x̂j : (2)� áá¬®âà¨¬ ­¥ª®â®àë© ¢¥ªâ®à U = U iei ¢ ¡ §¨-á¥ ei , £¤¥ U i | á®®â¢¥âáâ¢ãîé¨¥ ª®®à¤¨­ âë ¢¥ªâ®-à  ¢ íâ®¬ ¡ §¨á¥. �à¨ ¯¥à¥å®¤¥ ª ­®¢®¬ã ­®à¬¨à®-¢ ­­®¬ã ¡ §¨áã ( êi = ri=pjgiij) ª®®à¤¨­ âë ¤ ­­®£®¢¥ªâ®à  ¯à¥®¡à §ãîâáï ¯® á«¥¤ãîé¥© ä®à¬ã«¥:Û j = U ibjiqjgjjj; U i = Û jpjgjj jbij ; (3)£¤¥ b = b�1 | ¬ âà¨æ  ®¡à â­®£® ¯¥à¥å®¤  ®â ¡ §¨-á  ri ª ¡ §¨áã ej .�à¥¤áâ ¢¨¬ ®á­®¢­ë¥ ä®à¬ã«ë â¥­§®à­®£®  ­ -«¨§ , ­¥®¡å®¤¨¬ë¥ ¤«ï ¯®áâà®¥­¨ï ���-á¨áâ¥¬ë¢ â¥­§®à­®-¨­¤¥ªá­®¬ ¯à¥¤áâ ¢«¥­¨¨.�®à¬ã«  ¢ëç¨á«¥­¨ï áª «ïà­®£® ¯à®¨§¢¥¤¥­¨ï¢¥ªâ®à®¢: (AB) = gklAkBl: (4)�®à¬ã«  ¢ëç¨á«¥­¨ï ª®¢ à¨ ­â­®© ¨ ª®­âà ¢ à¨- ­â­®© ¯à®¨§¢®¤­®© áª «ïà­®© äã­ªæ¨¨:riA= @A@xi ; riA= gijrjA: (5)�®à¬ã«  á¢ï§¨ ª®®à¤¨­ â ¢¥ªâ®à  ¢ ­®à¬¨à®¢ ­-­®¬ ¡ §¨á¥ êj (Û i ) ¨ ¢ ¡ §¨á¥ ri (U i ):U i = Û ipjgiij : (6)�®à¬ã«  ¢ëç¨á«¥­¨ï ª®¢ à¨ ­â­®© ¯à®¨§¢®¤­®©â¥­§®à  ¯¥à¢®£® ¨ ¢â®à®£® à ­£  (á ¯®á«¥¤ãîé¥©á¢¥àâª®©):rjU i = @U i@xj +Um�imj ; (7)riAij = @Aij@xi +�iliAlj +�jmiAim; (8)�kij = 12gkl�@glj@xi + @gil@xj � @gij@xl �; (9)

£¤¥ �kij | á¨¬¢®«ë �à¨áâ®ää¥«ï. �®à¬ã«  ¢ëç¨á«¥-­¨ï ¤¨¢¥à£¥­æ¨¨ ¢¥ªâ®à  |riAi = 1pjgj @@xi �pjgjAi� ; (g = det kgijk): (10)3. �à¨¢¥¤¥­¨¥ ���-á¨áâ¥¬ëª â¥­§®à­®-¨­¤¥ªá­®¬ã ¯à¥¤áâ ¢«¥­¨î�®á«¥¤®¢ â¥«ì­® ¯à¥®¡à §ã¥¬ ¢á¥ ãà ¢­¥­¨ï á¨á-â¥¬ë (1) ª â¥­§®à­®-¨­¤¥ªá­®¬ã ¯à¥¤áâ ¢«¥­¨î, ¨á-¯®«ì§ãï ä®à¬ã«ë à §¤¥«  2. �«ï ­ ç «  à áá¬®âà¨¬¯¥à¢®¥ ãà ¢­¥­¨¥ á¨áâ¥¬ë ¢¬¥áâ¥ á ¢¥«¨ç¨­ ¬¨J;W , ãç áâ¢ãîé¨¬¨ ¢ ¤ ­­®¬ ãà ¢­¥­¨¨. �à¥®¡-à §®¢ ­¨¥ ãà ¢­¥­¨ï ¨ á®®â¢¥âáâ¢ãîé¨å ¢¥«¨ç¨­¯à®¢®¤¨âáï ¯® ä®à¬ã« ¬ (5), (6), (8){(10):@�@t + 1pjgj @@xi �pjgjJ i�= 0; J i = �� Û ipjgiij �W i�;W i = ��� @@xj�� Û jpjgjjj Û ipjgiij�++�jlj� Û lpjgllj Û ipjgiij +�imj� Ûmpjgmmj Û jpjgjj j + gij @p@xj �:�¥­§®à­®-¨­¤¥ªá­®¥ ¯à¥¤áâ ¢«¥­¨¥ ¢â®à®£® ãà ¢-­¥­¨ï á¨áâ¥¬ë (1), á ¯®¬®éìî ä®à¬ã« (4){(8), ¢¬¥á-â¥ á ¢¥«¨ç¨­ ¬¨ �ns ¨ � ¯à¨­¨¬ ¥â ¢¨¤:@@t�� Û ipjgiij�+ @@xj�J j Û ipjgiij�++�jlj�J l Û ipjgiij�+�imj�J j Ûmpjgmmj�+ gij @p@xj == @�ji@xj +�jlj�li +�imj�jm;�ji =�jins + � Û jpjgjjj�� Ûkpjgkkj� @@xk� Û ipjgiij�++ Ûmpjgmmj�imk�+ gik @p@xk�++�gji� Ûkpjgkkj @p@xk+
p 1pjgj @@xm�pjgj Ûmpjgmmj��;�jins = ��gjk� @@xk� Û ipjgiij�+ Ûmpjgmmj�imk�++ gik� @@xk� Û jpjgjj j�+ Ûmpjgmmj�jmk��� 2=3gji 1pjgj @@xm�pjgj Ûmpjgmmj��:



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò1 33�á¯®«ì§ãï ä®à¬ã«ë (4){(10), ¢ëà §¨¬ âà¥âì¥ãà ¢­¥­¨¥ ���-á¨áâ¥¬ë ¨ q ¢ â¥­§®à­®-¨­¤¥ªá­®¬¯à¥¤áâ ¢«¥­¨¨:@E@t + 1pjgj @@xj�pjgjJ j�E + p� ��++ 1pjgj @@xj �pjgjqj�= 1pjgj @@xj�pjgjgkl�jk Û lpjgllj�;E =�gkl2 Ûkpjgkkj Û lpjgllj + 1
 � 1 p���;qj =� �Pr 

 � 1gjk @@xk �p������ Û jpjgjjj� 1
�1 Ûkpjgkkj @@xk �p��+p Ûkpjgkkj @@xk �1���:� ãç¥â®¬ ä®à¬ã«ë (3) ­ ç «ì­ë¥ ãá«®¢¨ï ¢ â¥­-§®à­®-¨­¤¥ªá­®¬ ¯à¥¤áâ ¢«¥­¨¨ ¨¬¥îâ ¢¨¤8><>:� jt=0= 1;Û j jt=0= (�M)bj1pjgjj j;p jt=0= 1=
:�à ­¨ç­ë¥ ãá«®¢¨ï ­  ®¡« áâì ¢å®¤ïé¥£® ¯®â®ª ,â¢¥à¤®£® â¥«  ¨ á¢®¡®¤­®© £à ­¨æë á ¯®¬®éìîä®à¬ã« (3){(6) ¯à¥®¡à §ãîâáï ª á«¥¤ãîé¥¬ã ¢¨¤ãá®®â¢¥âáâ¢¥­­®:8><>:�= 1;Û j = (�M)bj1pjgjjj;p= 1=
; 8>>>><>>>>: @�@xi = 0;Û i = 0;@p@xi = 0;8>>>>>><>>>>>>:
@�@xi = 0;@@xi� Û ipjgiij�= 0;@p@xi = 0:�¤¥áì ¨­¤¥ªá i á®®â¢¥âáâ¢ã¥â ¨­¤¥ªáã ª®®à¤¨­ â­®©®á¨ ¢¤®«ì ­®à¬ «¨ ª ®¡« áâ¨.4. � §­®áâ­ ï  ¯¯à®ªá¨¬ æ¨ï ���-á¨áâ¥¬ë¢ â¥­§®à­®-¨­¤¥ªá­®¬ ¯à¥¤áâ ¢«¥­¨¨�®ªà®¥¬ âà¥å¬¥à­ãî à áç¥â­ãî ®¡« áâì à ¢­®-¬¥à­®© á¥âª®© á è £ ¬¨ h1; h2; h3 . �¨¬¢®«®¬ ! ®¡®-§­ ç¨¬ ¬­®¦¥áâ¢® ã§«®¢, ï¢«ïîé¨åáï á¥à¥¤¨­ ¬¨ïç¥¥ª íâ®© á¥âª¨:! = n(x1; x2; x3): x1i = L1 + (i� 0:5)h1;x2j = L2 + (j � 0:5)h2; x3k = L3 + (k � 0:5)h3;i= 1; : : : ; N1; j = 1; : : : ; N2; k = 1; : : : ; N3o:

�¤¥áì L1; L2; L3 -ª®®à¤¨­ âë ­ ç «  £à ­¨æë à áç¥â-­®© ®¡« áâ¨.�á¥ £ §®¤¨­ ¬¨ç¥áª¨¥ ¢¥«¨ç¨­ë ¡ã¤¥¬ ®â­®á¨âìª ã§« ¬ ¨§ ! . �­ ç¥­¨ï ¯à®¨§¢®«ì­®© äã­ªæ¨¨  ¨§ �; U1; U2; U3; p ¢ áà¥¤­¨å â®çª å ¢ëç¨á«¨¬ ¯®ä®à¬ã« ¬:  in� 12 = 0:5( in�1 + in); (11) in� 12 ;jm� 12 = 0:25�� ( in�1;im�1 + in�1;im +  in;im�1 + in;jm): (12)�«ï ®áâ «ì­ëå  =  (�; U1; U2; U3; p) : ijk =  (�ijk; (U1)ijk; (U2)ijk; (U3)ijk; pijk): (13)�à¨¢¥¤¥¬ à¥§ã«ìâ â ¯®áâà®¥­¨ï à §­®áâ­®©  ¯-¯à®ªá¨¬ æ¨¨ ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© ���-á¨áâ¥¬ë ¢ â¥­§®à­®-¨­¤¥ªá­®¬ ¯à¥¤áâ ¢«¥­¨¨, ¨á-¯®«ì§ãï ä®à¬ã«ë ¯à¥¤ë¤ãé¥£® ¯ã­ªâ  ¨ (11){(13).�à ¢­¥­¨¥ ¡ « ­á  ¬ ááë:�̂= �+ �tpjgj ���qjg(im+ 12 )jJm(im+ 12 ) �qjg(im� 12 )jJm(im� 12 )hm �;Jm(im� 12 ) = �(im� 12 )� Um(im� 12 )qjgmm(im� 12 )j �Wm(im� 12 )�;Wm(im� 12 ) = �(im� 12 )�(im� 12 ) �����(im� 12 )(in+ 12 ) Un(im� 12 )(in+ 12 )qjgnn(im� 12 )(in+ 12 )j �� Um(im� 12 )(in+ 12 )qjgmm(im� 12 )(in+ 12 )j � �(im� 12 )(in� 12 ) �� Un(im� 12 )(in� 12 )qjgnn(im� 12 )(in� 12 )j Um(im� 12 )(in� 12 )r���gmm(im� 12 )(in� 12 )���� 1hn ++�nln(im� 12 )�(im� 12 ) U l(im� 12 )qjgmm(im� 12 )j Um(im+ 12 )qjgmm(im� 12 )j ++�mkn(im� 12 )�(im� 12 ) Uk(im� 12 )qjgkk(im� 12 )j Un(im+ 12 )qjgnn(im� 12 )j ++ gmk(im� 12 ) p(im� 12 )(ik+ 12 ) � p(im� 12 )(ik� 12 )hk �:17 ���, ä¨§¨ª ,  áâà®­®¬¨ï, ò1



34 �¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò1�à ¢­¥­¨¥ ¡ « ­á  ¨¬¯ã«ìá :Ûm = 1̂���Um +�t�pjgmmj��nm(in+ 12 )��nm(in� 12 )hn ++�nln�ln +�mkn�nk���pjgmmj�Jn(in+ 12 )Um(in+ 12 )qjgmm(in+ 12 )j � Jn(in� 12 )Um(in� 12 )qjgmm(in� 12 )j� 1hn ���nlnJ lUm ��mknJnUks����gmmgkk ������pjgmmjgmk p(ik+ 12 ) � p(ik� 12 )hk �;�nm(in� 12 ) =�nmns(in� 12 ) + �(in� 12 ) Un(in� 12 )qjgnn(in� 12 )j ����(in� 12 ) Uk(in� 12 )qjgkk(in� 12 )j ���� Um(in� 12 )(ik+ 12 )qjgmm(in� 12 )(ik+ 12 )j � Um(in� 12 )(ik� 12 )qjgmm(in� 12 )(ik� 12 )j� 1hk ++ U l(in� 12 )qjgll(in� 12 )j�mlk(in� 12 )�++ gmk(in� 12 ) p(in� 12 )(ik+ 12 ) � p(in� 12 )(ik� 12 )hk �++ �(in� 12 )gnm(in� 12 ) ��� Uk(in� 12 )qjgkk(in� 12 )j p(in� 12 )(ik+ 12 ) � p(in� 12 )(ik� 12 )hk ++
p(in� 12 ) 1qjg(in� 12 )j�vuut����� g(in� 12 )(il+ 12 )gll(in� 12 )(il+ 12 ) �����U l(in� 12 )(il+ 12 )��vuut����� g(in� 12 )(il� 12 )gll(in� 12 )(il� 12 ) �����U l(in� 12 )(il� 12 )� 1hl�;�nmns(in� 12 ) = �(in� 12 )�gnl(in� 12 )�� Um(in� 12 )(il+ 12 )qjgmm(in� 12 )(il+ 12 )j�� Um(in� 12 )(il� 12 )qjgmm(in� 12 )(il� 12 )j� 1hl + Uk(in� 12 )qjgkk(in� 12 )j�mkl(in� 12 )�+gml(in� 12 )�� Un(in� 12 )(il+ 12 )qjgnn(in� 12 )(il+ 12 )j� Un(in� 12 )(il� 12 )qjgnn(in� 12 )(il� 12 )j� 1hl+

+ Uk(in� 12 )qjgkk(in� 12 )j�nkl(in� 12 )���2=3 gnm(in� 12 )qjg(in� 12 )j��vuut����� g(in� 12 )(ik+ 12 )gkk(in� 12 )(ik+ 12 ) �����Uk(in� 12 )(ik+ 12 )��vuut����� g(in� 12 )(ik� 12 )gkk(in� 12 )(ik� 12 ) �����Uk(in� 12 )(ik� 12 )� 1hk��:�à ¢­¥­¨¥ ¡ « ­á  í­¥à£¨¨:Ê =E +�t� 1pjgj�gkl(in+ 12 )vuut����� g(in+ 12 )gll(in+ 12 ) ������nk(in+ 12 ) ��U l(in+ 12 )�gkl(in� 12 )vuut����� g(in� 12 )gll(in� 12 ) ������nk(in� 12 )U l(in� 12 )� 1hn�� 1pjgj�qjg(in+ 12 )j�E(in+ 12 ) + p(in+ 12 )�(in+ 12 ) �Jn(in+ 12 ) ��qjg(in� 12 )j�E(in� 12 ) + p(in� 12 )�(in� 12 ) �Jn(in� 12 )� 1hn �� 1jgj�qjg(in+ 12 )jqn(in+ 12 )�qjg(in� 12 )jqn(in� 12 )� 1hn�;qn(in� 12 ) =��(in� 12 )Pr 

 � 1gnk(in� 12 )�p(in� 12 )(ik+ 12 )�(in� 12 )(ik+ 12 ) �� p(in� 12 )(ik� 12 )�(in� 12 )(ik� 12 )� 1hk � �(in� 12 )�(in� 12 ) Un(in� 12 )qjgnn(in� 12 )j ��� 1
 � 1 Uk(in� 12 )qjgkk(in� 12 )j�p(in� 12 )(ik+ 12 )�(in� 12 )(ik+ 12 ) �� p(in� 12 )(ik� 12 )�(in� 12 )(ik� 12 )� 1hk + p(in� 12 ) Uk(in� 12 )qjgkk(in� 12 )j ��� 1�(in� 12 )(ik+ 12 ) � 1�(in� 12 )(ik� 12 )� 1hk�;E(in� 12 ) =�gkl(in� 12 )2 Uk(in� 12 )qjgkk(in� 12 )j U l(in� 12 )qjgll(in� 12 )j ++ 1
 � 1 p(in� 12 )�(in� 12 )��(in� 12 ):�«ï ®¡¥á¯¥ç¥­¨ï ãáâ®©ç¨¢®áâ¨ à §­®áâ­®© áå¥¬ë¯à¨ ¡®«ìè¨å ç¨á« å �¥©­®«ì¤á , ¢¢¥¤¥¬ á¯¥æ¨ «ì-­ë© à¥£ã«ïà¨§ â®à:� = MRe �Sc 1pC2s +� hCs :



�¥áâ­¨ª �®áª®¢áª®£® ã­¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®­®¬¨ï. 2006. ò1 35�¤¥áì � | ¯ à ¬¥âà à¥£ã«ïà¨§ æ¨¨ (ç¨á«®¢®© ª®-íää¨æ¨¥­â); h | à §¬¥à ïç¥©ª¨ ¯à¨ à §­®áâ­®© ¯¯à®ªá¨¬ æ¨¨ (h=p(h1)2 + (h2)2 + (h3)2 ).�«£®à¨â¬ ­ å®¦¤¥­¨ï ¯«®â­®áâ¨, ª®¬¯®­¥­â áª®-à®áâ¨ ¨ ¤ ¢«¥­¨ï ­  ª ¦¤®¬ ¢à¥¬¥­­®¬ á«®¥ á®áâ®¨â¨§ ¤¢ãå íâ ¯®¢. �­ ç «  § ¯®«­ïîâáï ä¨ªâ¨¢­ë¥ïç¥©ª¨ ­  ®á­®¢ ­¨¨ £à ­¨ç­ëå ãá«®¢¨©, ¤ «¥¥ ¢ë-ç¨á«ïîâáï §­ ç¥­¨ï ¨áª®¬ëå ¢¥«¨ç¨­ ¢® ¢­ãâà¥­-­¨å â®çª å ®¡« áâ¨. �à¨â¥à¨¥¬ ®ª®­ç ­¨ï ¨â¥à æ¨-®­­®£® ¯à®æ¥áá  ¢ëç¨á«¥­¨© ï¢«ï¥âáï ¢ë¯®«­¥­¨¥á«¥¤ãîé¥£® ãá«®¢¨ï:maxi ���� �̂i� �i�t ����< �;£¤¥ � | ¯ à ¬¥âà â®ç­®áâ¨.zAME^ANIE 1. �¥âà¨ç¥áª¨© â¥­§®à ¨ á¨¬¢®«ë�à¨áâ®ää¥«ï å à ªâ¥à¨§ãîâ £¥®¬¥âà¨î ®¡« áâ¨ ¨ ­¥§ ¢¨áïâ ®â ¢à¥¬¥­¨, çâ® ¯®§¢®«ï¥â ¯à¨ ¯à®£à ¬¬­®©à¥ «¨§ æ¨¨ ¯à®¢®¤¨âì ¢ëç¨á«¥­¨¥ íâ¨å ¢¥«¨ç¨­â®«ìª® ®¤¨­ à § ¨ ­  ¢á¥å è £ å ¯® ¢à¥¬¥­¨ ¨á¯®«ì-§®¢ âì ã¦¥ ¢ëç¨á«¥­­ë¥ §­ ç¥­¨ï.zAME^ANIE 2. �à¨ ¯à®£à ¬¬­®© à¥ «¨§ æ¨¨¢®§¬®¦­® ª ª  ­ «¨â¨ç¥áª®¥ § ¤ ­¨¥ ¯¥à¥å®¤  ª ª®-®à¤¨­ â ¬ (á ¯®¬®éìî § ¤ ­¨ï ï¢­ëå äã­ªæ¨©),â ª ¨ ç¨á«¥­­®, ¨á¯®«ì§ãï â ¡«¨æã á®®â¢¥âáâ¢¨ïª®®à¤¨­ â. � á«ãç ¥ ç¨á«¥­­®£® § ¤ ­¨ï §­ ç¥­¨ï¬¥âà¨ç¥áª®£® â¥­§®à  ¨ á¨¬¢®«®¢ �à¨áâ®ää¥«ï ¢ë-ç¨á«ïîâáï ¯® à §­®áâ­ë¬  ­ «®£ ¬ ä®à¬ã« (2) ¨ (9).zAME^ANIE 3. �«ï ãáâà ­¥­¨ï ®á®¡¥­­®áâ¥©¢ â®çª å ­  à¥¡à å ¨ ã£« å à áç¥â­®© ®¡« áâ¨ ­¥®¡-å®¤¨¬® à §¡¨âì ®¡« áâì ­  ¯®¤®¡« áâ¨, ®ªàã¦ îé¨¥â¥«®, ¨ ¯à®¢®¤¨âì à áç¥â ¯®á«¥¤®¢ â¥«ì­® ¢ ª ¦¤®©¨§ ¯®«ãç¥­­ëå ®¡« áâ¥©, ª ª ¯à¥¤«®¦¥­® ¢ [6].

zAME^ANIE 4. �à¨ à áç¥â å ¢ ª®®à¤¨­ â å, ®¡-« ¤ îé¨å á¢®©áâ¢®¬ ¯¥à¨®¤¨ç­®áâ¨ (­ ¯à¨¬¥à, ã£-«®¢ ï ª®®à¤¨­ â  � ¢ æ¨«¨­¤à¨ç¥áª¨å ª®®à¤¨­ â å),­¥®¡å®¤¨¬® ¯à®¢®¤¨âì ®¯¥à æ¨î áè¨¢ ­¨ï §­ ç¥­¨©¢ ä¨ªâ¨¢­ëå â®çª å ­  £à ­¨æ¥ á¬¥­ë ¯¥à¨®¤ .�¢â®à ¢ëà ¦ ¥â £«ã¡®ªãî ¯à¨§­ â¥«ì­®áâì ¯à®-ä¥áá®àã �. �. �«¨§ à®¢®© §  ¯®áâ®ï­­ãî ¯®¤¤¥à¦ªã¨ ¯®¬®éì ¢ à ¡®â¥.�¨â¥à âãà 1. �«¨§ à®¢  �.�., �¥â¢¥àãèª¨­ �.�. // ��� ����. 1984.279, ò1. C. 80.2. �¥à¥â®¢ �.�. � â¥¬ â¨ç¥áª®¥ ¬®¤¥«¨à®¢ ­¨¥ â¥ç¥­¨©¦¨¤ª®áâ¨ ¨ £ §  ­  ®á­®¢¥ ª¢ §¨£ §®¤¨­ ¬¨ç¥áª¨å ¨ ª¢ -§¨£¨¤à®¤¨­ ¬¨ç¥áª¨å ãà ¢­¥­¨©. �¢¥àì, 2000.3. �à ãà �.�., �«¨§ à®¢  �.�., �¥â¢¥àãèª¨­ �.�. // �¨ää.ãà ¢­¥­¨ï. 1986. 22, ò7. C. 1173.4. Elizarova T.G., Graur I.A., Lengrand J.C., Chpoun A. //AIAA J. 1995. 33, N 12. P. 2316.5. �­â®­®¢ �.�., �«¨§ à®¢  �.�., �¥â¢¥àãèª¨­ �.�., �¥à¥-â®¢ �.�. // �ãà­. ¢ëç¨á«. ¬ â¥¬. ¨ ¬ â¥¬. ä¨§. 1990. 30,ò4. C. 548.6. �¥à¥â®¢ �.�. �à¨¬¥­¥­¨¥ äã­ªæ¨®­ «ì­®£®  ­ «¨§  ¢ â¥-®à¨¨ ¯à¨¡«¨¦¥­¨©. �¢¥àì, 2001.7. �«¨§ à®¢  �.�., �®ª®«®¢  �.�. // �¥áâ­. �®áª. ã­-â . �¨§.� áâà®­. 2003. ò5. C. 19.8. �ã¡à®¢¨­ �.�., �®¢¨ª®¢ �.�., �®¬¥­ª® �.�. �®¢à¥¬¥­­ ï£¥®¬¥âà¨ï. �¥â®¤ë ¨ ¯à¨«®¦¥­¨ï. T. 1, 2. �., 1998.�®áâã¯¨«  ¢ p¥¤ ªæ¨î21.01.05
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