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� à ¬ª å â®ç­ëå ãà ¢­¥­¨© ¯®£à ­¨ç­®£® á«®ï ¡®«ìè¨­áâ¢® à ¡®â ¯®á¢ïé¥­® ®¯â¨¬ «ì­®¬ã
ã¯à ¢«¥­¨î ¤¢¨¦¥­¨¥¬ ­¥á¦¨¬ ¥¬®© ¦¨¤ª®áâ¨; ®¯â¨¬ «ì­ë¥ ¦¥ § ¤ ç¨ ¢ï§ª®£® á¦¨¬ ¥¬®£®
£ §  à áá¬®âà¥­ë ¢ ¥¤¨­¨ç­ëå ¯ã¡«¨ª æ¨ïå (¯®¤à®¡­¥¥ ®¡ íâ®¬ á¬. [1]).

� ­­ ï à ¡®â  ¯à¥¤áâ ¢«ï¥â á®¡®© ®¤­ã ¨§ ¯®¯ëâ®ª ¯à®¤¢¨¦¥­¨ï ¢ ®¡« áâì ¢ëá®ª¨å áª®à®-
áâ¥© ¨ â¥¬¯¥à âãà. � ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ ®¯â¨¬ «ì­®© ­¥à §àãè îé¥©áï â¥¯«®¢®© § é¨âë
¯®¢¥àå­®áâ¥© ¢ £¨¯¥à§¢ãª®¢®¬ ¢ï§ª®¬ ¯®â®ª¥ ­¥à ¢­®¢¥á­® ¤¨áá®æ¨¨àãîé¥£® £ §  ¢ ª ç¥áâ¢¥
¬¨­¨¬¨§¨àãîé¥£® äã­ªæ¨®­ «  ¢ëáâã¯ ¥â ¨­â¥£à «ì­ë© â¥¯«®¢®© ¯®â®ª, ¯¥à¥¤ ¢ ¥¬ë© ®â £®-
àïç¥£® £ §  ª ªà¨¢®«¨­¥©­®© ¯®à¨áâ®© áâ¥­ª¥, ¢ ª ç¥áâ¢¥ ®£à ­¨ç¥­¨© | ¬®é­®áâì á¨áâ¥¬ë
®å« ¦¤¥­¨ï ¨ áã¬¬ à­ë© à áå®¤ ®å« ¤¨â¥«ï (£ §  â®£® ¦¥ á®áâ ¢ , çâ® ¨ ¢ ­ ¡¥£ îé¥¬ ¯®â®ª¥)
ç¥à¥§ ¯®à¨áâë© ¨«¨ ¯¥àä®à¨à®¢ ­­ë© ãç áâ®ª ®¡â¥ª ¥¬®© ¯®¢¥àå­®áâ¨, ¢ ª ç¥áâ¢¥ ã¯à ¢«ïî-
é¥£® ¢®§¤¥©áâ¢¨ï | ã¤¥«ì­ë© à áå®¤ ®å« ¤¨â¥«ï [2].

� ¬ â¥¬ â¨ç¥áª®© â®çª¨ §à¥­¨ï à áá¬ âà¨¢ ¥¬ ï ®¯â¨¬ «ì­ ï § ¤ ç  ¯à¥¤áâ ¢«ï¥â á®¡®©
¤¢ã¬¥à­ãî ¢ à¨ æ¨®­­ãî § ¤ çã â¨¯  � ©¥à , ª ª®â®à®© ¯à¨­ ¤«¥¦¨â è¨à®ª¨© ªàã£ ®¯â¨-
¬ «ì­ëå § ¤ ç  íà®£¨¤à®¤¨­ ¬¨ª¨.

� áâ âì¥ [3] ¤«ï â ª®£® à®¤  § ¤ ç ¡ë« ¯à¥¤«®¦¥­ â¥®à¥â¨ª®-£àã¯¯®¢®© ¯®¤å®¤ ª ª®­áâàã-
¨à®¢ ­¨î § ª®­®¢ á®åà ­¥­¨ï (¤¨¢¥à£¥­â­ëå ä®à¬) ¨ ¯¥à¢ëå ¨­â¥£à «®¢ ¤«ï á®¯àï¦¥­­ëå
á¨áâ¥¬ ®â­®á¨â¥«ì­® ¬­®¦¨â¥«¥© � £à ­¦ , ®á­®¢ ­­ë© ­  á®¢¬¥áâ­®¬ ¨á¯®«ì§®¢ ­¨¨ ¨­ä¨-
­¨â¥§¨¬ «ì­®£®  ¯¯ à â  �¨{�¢áï­­¨ª®¢  [4], [5] ¨ â¥®à¨¨ ¨­¢ à¨ ­â­ëå ¢ à¨ æ¨®­­ëå § ¤ ç
[6].

� [7] ¡ë«  ¤ ­  ª®­ªà¥â¨§ æ¨ï íâ®£® ¯®¤å®¤  ¯à¨¬¥­¨â¥«ì­® ª § ¤ ç¥ ®¯â¨¬¨§ æ¨¨ â¥¯«®-
¬ áá®®¡¬¥­  ¢ á¢¥àå§¢ãª®¢®¬ ¯®â®ª¥ á®¢¥àè¥­­®£® £ § .

1. � £àã¯¯¥, ¤®¯ãáª ¥¬®© á¨áâ¥¬®© ãà ¢­¥­¨© « ¬¨­ à­®£® ¯®£à ­¨ç­®£®

á«®ï ­¥à ¢­®¢¥á­® ¤¨áá®æ¨¨àãîé¥£® £ § 

�â ¢¨âáï § ¤ ç  ®âëáª ­¨ï £àã¯¯ë �¨ ­¥¯à¥àë¢­ëå «®ª «ì­ëå ¯à¥®¡à §®¢ ­¨© [5], ¤®¯ãá-
ª ¥¬®© á¨áâ¥¬®© ãà ¢­¥­¨©
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£¨¯¥à§¢ãª®¢®£® « ¬¨­ à­®£® ¯®£à ­¨ç­®£® á«®ï ­¥à ¢­®¢¥á­® ¤¨áá®æ¨¨àãîé¥£® £ §  [2] á £à -
­¨ç­ë¬¨ ãá«®¢¨ï¬¨

u = 0; w = w(�); H = Hw(�); � = 0 (ª â «¨â¨ç¥áª ï áâ¥­ª );�
@�

@�

�
w

= 0 (­¥ª â «¨â¨ç¥áª ï áâ¥­ª ) (� = 0; � > 0);

u = Ue(�); H = He(�); � = �e(�) (� =1);

u = U0(�); H = H0(�); � = �0(�) (� = 0; � > 0)

¯à¨ à §«¨ç­ëå ¢¨¤ å ¯à®¨§¢®«ì­ëå í«¥¬¥­â®¢ '(H;�), eA(H;�), eD(H;�), fWa(H;�), f(H;�), p(�),
¢å®¤ïé¨å ¢ íâã á¨áâ¥¬ã. � ¤ «ì­¥©è¥¬ ¢® ¨§¡¥¦ ­¨¥ ¯ãâ ­¨æë ¯à¨ á®áâ ¢«¥­¨¨ ¨­ä¨­¨â¥§¨-
¬ «ì­ëå ®¯¥à â®à®¢ ¯¥à¥¬¥­­ë¥ � ¨ � § ¬¥­¥­ë ­  s ¨ t.

�®áâà®¥­¨¥ ®¡é¥£® à¥è¥­¨ï ®¯à¥¤¥«ïîé¨å ãà ¢­¥­¨© ¤ ¥â á«¥¤ãîé¨© à¥§ã«ìâ â ¤«ï ª®®à-
¤¨­ â ¨­ä¨­¨â¥§¨¬ «ì­®£® ®¯¥à â®à :

�s = a1s+ a2; �t = bt+ �(s);

�u = cu; �w = (c� a1 + b)w + u�0(s); (1.2)

�H = d1H + d2; �� = g1�+ g2;

£¤¥ �(s) | ¯à®¨§¢®«ì­ ï äã­ªæ¨ï, a1, a2, b, c, d1, d2, g1, g2 | ¯®áâ®ï­­ë¥. �ã­ªæ¨¨ '(H;�),eA(H;�), eD(H;�), fWa(H;�), f(H;�), g(s) (g(s) =
dp(s)
ds

) ã¤®¢«¥â¢®àïîâ ãà ¢­¥­¨ï¬

'(c � a1 + 2b)� (d1H + d2)
@'

@H
� (g1�+ g2)

@'

@�
= 0;

eA(c� a1 + 2b)� (d1H + d2)
@ eA
@H

� (g1�+ g2)
@ eA
@�

= 0;

fWa(c� a1 + g1)� (d1H + d2)
@fWa

@H
� (g1�+ g2)

@fWa

@�
= 0; (1.3)�
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�
= 0;

�
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1
Pr

�
'(d1 � 2c) = 0;

g(s)
�
f(2c� a1)� (d1H + d2)

@f

@H
� (g1�+ g2)

@f

@�

�
� (a1s+ a2)fg0(s) = 0:

�à ¢­¥­¨ï (1.3) ¯®ª §ë¢ îâ, çâ® ï¤à® ®á­®¢­ëå  «£¥¡à �¨ ®¡à §®¢ ­® ¡¥áª®­¥ç­®¬¥à­ë¬
®¯¥à â®à®¬

X1 = �(s)
@

@t
+ u�0(s)

@

@w
: (1.4)

�â®â ®¯¥à â®à ¨ á®®â¢¥âáâ¢ãîé¨¥ ¥¬ã ¯à¥®¡à §®¢ ­¨ï ¤®¯ãáª îâáï ¯à¨ «î¡ëå äã­ªæ¨ïå
'(H;�), eA(H;�), eD(H;�), fWa(H;�), f(H;�), g(s) ¨ ¯ à ¬¥âà å Pr ¨ Le.

�¡é¥¥ ¯à¥®¡à §®¢ ­¨¥ íª¢¨¢ «¥­â­®áâ¨ á®áâ®¨â ¨§ ¢á¥å ¯à¥®¡à §®¢ ­¨©, á®®â¢¥âáâ¢ãîé¨å
ï¤àã ®á­®¢­ëå  «£¥¡à �¨ (1.4), ¨ ¨§ ¤¥¢ïâ¨¯ à ¬¥âà¨ç¥áª®£® á¥¬¥©áâ¢  ¯à¥®¡à §®¢ ­¨© ¯à¨
Pr 6= 1 (á ­¥§ ¢¨á¨¬ë¬¨ ¢¥é¥áâ¢¥­­ë¬¨ ¯ à ¬¥âà ¬¨ A1, A2, B1, C1, E1, E2, F1, F2, G2) ¢¨¤ 

s = A1s+A2; t = B1t; u = C1u; w = A1B
�1
1 C1w;

p = E1p+E2; � = F1�+ F2; ' = A1B
�2
1 C1';

eA = A1B
�2
1 C1

eA; fWa = A1C1F1
fW a; f = C2

1E
�1
1 f;

12



H = C2
1H +G2; eD = A1B

�2
1 C3

1F
�1
1

eD (¥á«¨ Le 6= 1)

¨«¨ ¨§ ¤¥áïâ¨¯ à ¬¥âà¨ç¥áª®£® á¥¬¥©áâ¢  ¯à¥®¡à §®¢ ­¨© ¯à¨ Pr = 1 (á ­¥§ ¢¨á¨¬ë¬¨ ¢¥é¥-
áâ¢¥­­ë¬¨ ¯ à ¬¥âà ¬¨ A1, A2, B1, C1, E1, E2, F1, F2, G1, G2) ¢¨¤ 

s = A1s+A2; t = B1t; u = C1u; w = A1B
�1
1 C1w;

p = E1p+E2; � = F1�+ F2; ' = A1B
�2
1 C1';

eA = A1B
�2
1 C1

eA; fWa = A1C1F1
fW a; f = C2

1E
�1
1 f;

H = G1H +G2; eD = A1B
�2
1 C1F

�1
1 G1

eD (¥á«¨ Le 6= 1);

£¤¥ A1B1C1E1F1G1 6= 1.
�à ¢­¥­¨ï (1.3) ¯®ª §ë¢ îâ, çâ® ª« áá¨ä¨æ¨àãîé¨¥ ãà ¢­¥­¨ï ¤®«¦­ë ¨¬¥âì ¢¨¤

A'+ (D1H +D2)
@'

@H
+ (K1�+K2)

@'

@�
= 0;

A eA+ (D1H +D2)
@ eA
@H

+ (K1�+K2)
@ eA
@�

= 0;

BfWa + (D1H +D2)
@fWa

@H
+ (K1�+K2)

@fWa

@�
= 0;�

1�
1
Le
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C eD + (D1H +D2)

@ eD
@H

+ (K1�+K2)
@ eD
@�

�
= 0;

�
1�

1
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�
D' = 0;

g(s)
�
Ef + (D1H +D2)

@f

@H
+ (K1�+K2)

@f

@�

�
+ (L1s+ L2)fg

0(s) = 0

á ­¥ª®â®àë¬¨ ¯®áâ®ï­­ë¬¨ A, B, C, D, E, D1, D2, K1, K2, L1, L2.
�¥§ã«ìâ âë £àã¯¯®¢®© ª« áá¨ä¨ª æ¨¨ á¨áâ¥¬ë ãà ¢­¥­¨© (1.1) ¯à¨ §­ ç¥­¨ïå Pr = 1 ¨

Le = 1 ¯à¨¢¥¤¥­ë ¢ â ¡«¨æ¥.
� â ¡«¨æ¥ ¯à¨­ïâë ®¡®§­ ç¥­¨ï

X1 = s
@

@s
� w

@

@w
; X2 =

@

@s
; X3 = t

@

@t
+ w

@

@w
; X4 = u

@

@u
+ w

@

@w
;

X5 = H
@

@H
; X6 =

@

@H
; X7 = �

@

@�
; X8 =

@

@�
;

q1, q2, q3, q4 | ¯®áâ®ï­­ë¥, � | ¯à®¨§¢®«ì­ ï äã­ªæ¨ï.

� ¡«¨æ 

A) fWa = 0.

' eA f g �¯¥à â®àë

0 0
0 8

8 0
X1; X2; X3; X4; X5; X6; X7; X8

8' 6= 0 8 eA 0 8

8 0
X1 +X4,

8' 8 eA 6= 0
0 8

8 0
X2, X3 � 2X4

13



' eA f g �¯¥à â®àë

e� 0
0 8

8 0
X1 �X8, X2,

0 e�
0 8

8 0
X3 + 2X8, X5,

e� e�
0 8

8 0
X4 +X8, X6

1 0
0 8

8 0
X1 +X4, X2,

0 1
0 8

8 0
X3 � 2X4, X5,

1 1
0 8

8 0
X6, X7, X8,

�q2 , q2 6= 0 0
0 8

8 0
X1 +X4, X2,

0 �q2 , q2 6= 0
0 8

8 0
X3 � 2X4, X5,

�q2 , q2 6= 0 �q2 , q2 6= 0
0 8

8 0
q2X4 +X7, X6

eH 0
0 8

8 0
X1 �X6, X2,

0 eH
0 8

8 0
X3 + 2X6,

eH eH
0 8

8 0
X4 +X6, X7 +X8

eq2H � �(H + �) 0
0 8

8 0
X1 +X4, X2,

0 eq2H � �(H + �)
0 8

8 0
X3 � 2X4,

eq2H � �(H + �) eq2H � �(H + �)
0 8

8 0
q2X4 +X6 �X8

eq2H � �(� � eH) 0
0 8

8 0
X1 +X4, X2,

0 eq2H � �(� � eH)
0 8

8 0
X3 � 2X4,

eq2H � �(� � eH) eq2H � �(� � eH)
0 8

8 0
q2X4 +X6 �X7

Hq2 , q2 6= 0 0
0 8

8 0
X1 +X4, X2,

0 Hq2 , q2 6= 0
0 8

8 0
X3 � 2X4,

Hq2 , q2 6= 0 Hq2 , q2 6= 0
0 8

8 0
q2X4 +X5, X7, X8

Hq1 � �(e� �H) 0
0 8

8 0
X1 +X4, X2,

0 Hq1 � �(e� �H)
0 8

8 0
X3 � 2X4,

Hq1 � �(e� �H) Hq1 � �(e� �H)
0 8

8 0
q1X4 +X5 �X8
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' eA f g �¯¥à â®àë

Hq1�(�q2Hq3) (q2q3 6= 0) 0
0 8

8 0
X1 +X4, X2,

0 Hq1�(�q2Hq3) (q2q3 6= 0)
0 8

8 0
X3 � 2X4,

Hq1�(�q2Hq3) (q2q3 6= 0) Hq1�(�q2Hq3) (q2q3 6= 0)
0 8

8 0
q1X4 +X5 �

q3
q2
X7

B) ' = 0, eA = 0.

fWa f g �¯¥à â®àë

8fWa 6= 0
0 8

8 0
X1 +X4, X2, X3

e�
0 8

8 0
X1 �X8; X2; X3; X4 +X8; X5; X6

1
0 8

8 0
X1 +X4; X2; X3; �X4 +X7; X5; X6; X8

�q2 , q2 6= 0
0 8

8 0
X1 +X4; X2; X3; (q2 � 1)X4 +X7; X5; X6

eH
0 8

8 0
X1 �X6; X2; X3; X4 +X6; X6 +X7; X8

eq2H � �(H + �)
0 8

8 0
X1 +X4; X2; X3; q2X4 +X6 �X8

eq2H � �(� � eH)
0 8

8 0
X1 +X4; X2; X3; (1 + q2)X4 +X6 �X7

Hq2 , q2 6= 0
0 8

8 0
X1 +X4; X2; X3; q2X4 +X5; �X4 +X7; X8

Hq1 � �(e� �H)
0 8

8 0
X1 +X4; X2; X3; q1X4 +X5 �X8

Hq1�(�q2Hq3) (q2q3 6= 0)
0 8

8 0
X1 +X4; X2; X3;

�
q1 +

q3
q2

�
X4 +X5 �

q3
q2
X7

C) ' = 0, eA = 0, fWa = 0.

f g �¯¥à â®àë

8f 6= 0 1 X1 + 1
2
X4; X2; X3

8 X3

e� 1 X1 �X8; X2; X3; X4 + 2X8; X5;X6

8 X3; X4 + 2X8; X5; X6

1 1 X1 + 1
2
X4; X2; X3; X5; X6; X7; X8

8 X3; X5; X6; X7; X8

�q2 , q2 6= 0 1 X1 �
1
q2
X7; X2; X3; X4 + 2

q2
X7; X5; X6

8 X3; X4 + 2
q2
X7; X5; X6

eH 1 X1 �X6; X2; X3; X4 + 2X6; X7; X8

8 X3; X4 + 2X6; X7; X8
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f g �¯¥à â®àë

eq2H � �(H + �) 1 X1 + 1
2
X4; X2; X3;

q2
2
X4 +X6 �X8

8 X3;
q2
2
X4 +X6 �X8

eq2H � �(� � eH) 1 X1 + 1
2
X4; X2; X3;

q2
2
X4 +X6 �X7

8 X3;
q2
2
X4 +X6 �X7

Hq2 , q2 6= 0 1 X1 + 1
2
X4; X2; X3;

q2
2
X4 +X5; X7; X8

8 X3;
q2
2
X4 +X5; X7; X8

Hq1 � �(e� �H) 1 X1 + 1
2
X4; X2; X3;

q1
2
X4 +X5 �X8

8 X3;
q1
2
X4 +X5 �X8

Hq1�(�q2Hq3) (q2q3 6= 0) 1 X1 + 1
2
X4; X2; X3;

q1
2
X4 +X5 �

q3
q2
X7

8 X3;
q1
2
X4 +X5 �

q3
q2
X7

8f 6= 0 es X3; 2X2 +X4

sq1 , q1 6= 0 X1 +
1+q1
2
X4; X3

e� es X2 + 1
2
X4; X3;

1
2
X4 +X8; X5; X6

sq1 , q1 6= 0 X1 +
1+q1
2
X4; X3;

1
2
X4 +X8; X5; X6

1 es X3; 2X2 +X4; X5; X6; X7; X8

sq1 , q1 6= 0 X1 +
1+q1
2
X4; X3; X5; X6; X7; X8

�q2 , q2 6= 0 es X2 + 1
2
X4; X3;

q2
2
X4 +X7; X5; X6

sq1 , q1 6= 0 X1 +
1+q1
2
X4; X3;

q2
2
X4 +X7; X5; X6

eH es X2 + 1
2
X4; X3;

1
2
X4 +X6; X7; X8

sq1 , q1 6= 0 X1 +
1+q1
2
X4; X3;

1
2
X4 +X6; X7; X8

eq2H � �(H + �) es X2 + 1
2
X4; X3;

q2
2
X4 +X6 �X8

sq1 , q1 6= 0 X1 +
1+q1
2
X4; X3;

q2
2
X4 +X6 �X8

eq2H � �(� � eH) es X2 + 1
2
X4; X3;

q2
2
X4 +X6 �X7

sq1 , q1 6= 0 X1 +
1+q1
2
X4; X3;

q2
2
X4 +X6 �X7

Hq2 , q2 6= 0 es X2 + 1
2
X4; X3;

q2
2
X4 +X5; X7; X8

sq1 , q1 6= 0 X1 +
1+q1
2
X4; X3;

q2
2
X4 +X5; X7; X8

Hq1 � �(e� �H) es X2 + 1
2
X4; X3;

q1
2
X4 +X5 �X8

sq2 , q2 6= 0 X1 +
1+q2
2
X4; X3;

q1
2
X4 +X5 �X8

Hq1�(�q2Hq3) (q2q3 6= 0) es X2 + 1
2
X4; X3;

q1
2
X4 +X5 �

q3
q2
X7

sq4 , q4 6= 0 X1 +
1+q4
2
X4; X3;

q1
2
X4 +X5 �

q3
q2
X7
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2. � ª®­ë á®åà ­¥­¨ï ¨ ¯¥à¢ë© ¨­â¥£à « ®¯â¨¬ «ì­®© § ¤ ç¨

�®£« á­® [3] § ª®­ á®åà ­¥­¨ï, ¯®áâà®¥­­ë© ­  ®¯¥à â®à¥ á ª®®à¤¨­ â ¬¨ (1.2), ¨¬¥¥â ¢¨¤

@

@s

��
cu� (a1s+ a2)

@u

@s
� (bt+ �(s))

@u

@t

�
(�1u+ �2) +

+ �3u

�
g1�+ g2 � (a1s+ a2)

@�

@s
� (bt+ �(s))

@�

@t

�
+

+ �4u

�
d1H + d2 � (a1s+ a2)

@H

@s
� (bt+ �(s))

@H

@t

��
+

+
@

@t

��
cu� (a1s+ a2)

@u

@s
� (bt+ �(s))

@u

@t

��
�1w + �4

�
1
Pr

� 1
�
R1 + �5'

�
+

+ �2

�
(c� a1 + b)w + u�0(s)� (a1s+ a2)

@w

@s
� (bt+ �(s))

@w

@t

�
+

+ (�4w + �6')
�
d1H + d2 � (a1s+ a2)

@H

@s
� (bt+ �(s))

@H

@t

�
+

+ (�3w + �7 eA+ �8 eD)
�
g1�+ g2 � (a1s+ a2)

@�

@s
� (bt+ �(s))

@�

@t

�
�

�

�
�4u

�
1
Pr

� 1
�
� �1

��
(a1s+ a2)

@R1

@s
+ (bt+ �(s))

@R1

@t

�
+

+
�4

Pr

�
(a1s+ a2)

@R2

@s
+ (bt+ �(s))

@R2

@t

�
+ �3

�
(a1s+ a2)

@R3

@s
+ (bt+ �(s))

@R3

@t

�
�

� �4

�
1
Le

� 1
��
(a1s+ a2)

@R4

@s
+ (bt+ �(s))

@R4

@t

��
= 0:

�«ï à áá¬ âà¨¢ ¥¬®© ¢ à¨ æ¨®­­®© § ¤ ç¨ á¯à ¢¥¤«¨¢® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥­¨¥.

�¥®à¥¬ . � à¨ æ¨®­­ ï § ¤ ç  ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï « ¬¨­ à­ë¬ ¯®£à ­¨ç­ë¬ á«®¥¬

­¥à ¢­®¢¥á­® ¤¨áá®æ¨¨àãîé¥£® £ §  ¤«ï «î¡ëå ­¥¯à¥àë¢­® ¤¨ää¥à¥­æ¨àã¥¬ëå äã­ªæ¨© '(H;�),eA(H;�), eD(H;�), fWa(H;�), f(H;�), p(s) ¨ ¯ à ¬¥âà®¢ Pr ¨ Le ¤®¯ãáª ¥â ¯¥à¢ë© ¨­â¥£à «.

�®ª § â¥«ìáâ¢®. � áá¬®âà¨¬ § ª®­ á®åà ­¥­¨ï, ¯®áâà®¥­­ë© ­  ¡¥áª®­¥ç­®¬¥à­®¬ ®¯¥à -
â®à¥ (1.4),

@

@s

�
� �(s)(�1u+ �2)

@u

@t
� �3u�(s)

@�

@t
� �4u�(s)

@H

@t

�
+

+
@

@t

�
� �(s)

@u

@t

�
�1w + �4

�
1
Pr

� 1
�
R1 + �5'

�
+ �2

�
u�0(s)� �(s)

@w

@t

�
� (�4w + �6')�(s)

@H

@t
�

�(�3w + �7 eA+ �8 eD)�(s)@�
@t

�

�
�4u

�
1
Pr

� 1
�
� �1

�
�(s)

@R1

@t
+

+
�4

Pr
�(s)

@R2

@t
+ �3�(s)

@R3

@t
� �4

�
1
Le

� 1
�
�(s)

@R4

@t

�
= 0: (2.1)

�¥à¥¯¨è¥¬ (2.1) ¢ ¢¨¤¥

� �(s)
@

@s

�
(�1u+ �2)

@u

@t
+ �3u

@�

@t
+ �4u

@H

@t

�
�

� �0(s)
�
(�1u+ �2)

@u

@t
+ �3u

@�

@t
+ �4u

@H

@t

�
+ �0(s)

@

@t
[�2u]�
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� �(s)
@

@t

�
@u

@t

�
�1w + �4

�
1
Pr

� 1
�
R1 + �5'

�
+ �2

@w

@t
+

+ (�4w + �6')
@H

@t
+ (�3w + �7 eA+ �8 eD)@�

@t
+
�
�4u

�
1
Pr

� 1
�
� �1

�
@R1

@t
�

�
�4

Pr
@R2

@t
� �3

@R3

@t
+ �4

�
1
Le

� 1
�
@R4

@t

�
= 0: (2.2)

� ãç¥â®¬ ¢â®à®£® ãà ¢­¥­¨ï á¨áâ¥¬ë (1.11) ¨§ [2] à ¢¥­áâ¢® (2.2) ¯®á«¥ ¤¥«¥­¨ï ¥£® ­  �(s) 6= 0
¯à¨¬¥â ¢¨¤

@

@s

�
@

@t
[�2u]

�
+

@

@t

��
�1w + �4

�
1
Pr

� 1
�
R1 + �5'

�
@u

@t
+ �2

@w

@t
+

+ (�4w + �6')
@H

@t
+ (�3w + �7 eA+ �8 eD)@�

@t
+
�
�4u

�
1
Pr

� 1
�
� �1

�
@R1

@t
�

�
�4

Pr
@R2

@t
� �3

@R3

@t
+ �4

�
1
Le

� 1
�
@R4

@t

�
= 0:

� ª¨¬ ®¡à §®¬, § ª®­ á®åà ­¥­¨ï (2.1) ¯à¥¢à é ¥âáï ¢ ¯¥à¢ë© ¨­â¥£à « ¤«ï á®¯àï¦¥­­®© á¨-
áâ¥¬ë (1.11) ¨§ [2]

@

@s
[�2u] +

�
�1w + �4

�
1
Pr

� 1
�
R1 + �5'

�
@u

@t
+ �2

@w

@t
+

+ (�4w + �6')
@H

@t
+ (�3w + �7 eA+ �8 eD)@�

@t
+
�
�4u

�
1
Pr

� 1
�
� �1

�
@R1

@t
�

�
�4

Pr
@R2

@t
� �3

@R3

@t
+ �4

�
1
Le

� 1
�
@R4

@t
= g(s); (2.3)

£¤¥ g(s) | ¯à®¨§¢®«ì­ ï äã­ªæ¨ï ¨­â¥£à¨à®¢ ­¨ï. � ª ¦¥, ª ª ¢ ([1], á. 135{144), ¬®¦­® ¯®ª -
§ âì, çâ® g(s) � 0 8 s 2 [0; sk].

� ª®­ á®åà ­¥­¨ï (2.3) ¬®¦­® ã¯à®áâ¨âì, ¨á¯®«ì§ãï ¢â®à®¥ ãà ¢­¥­¨¥ á¨áâ¥¬ë (1.11) ¨§ [2],

@

@s
[�2u] +

@

@t
[�2w] +

�
�4

�
1
Pr

� 1
�
R1 + �5'

�
@u

@t
+ �6'

@H

@t
+

+ (�7 eA+ �8 eD)@�
@t

+
�
�4u

�
1
Pr

� 1
�
� �1

�
@R1

@t
�
�4

Pr
@R2

@t
� �3

@R3

@t
+ �4

�
1
Le

� 1
�
@R4

@t
= 0: (2.4)

�â¬¥â¨¬, çâ® ãà ¢­¥­¨¥¬ (2.4) ¬®¦­® § ¬¥­¨âì ¯¥à¢®¥, âà¥âì¥ ¨«¨ ç¥â¢¥àâ®¥ ãà ¢­¥­¨¥
á®¯àï¦¥­­®© á¨áâ¥¬ë (1.11) ¨§ [2], çâ® íª¢¨¢ «¥­â­® ¯®­¨¦¥­¨î ¥¥ ¯®àï¤ª  ­  ¥¤¨­¨æã ¨ ¤ ¥â
¢®§¬®¦­®áâì ã¯à®é¥­¨ï ¯à®¡«¥¬ë ¯®¨áª  ®¯â¨¬ «ì­ëå ã¯à ¢«¥­¨©.

� ­¥¥ ¢ [2] ¡ë« ¯®«ãç¥­ ¯¥à¢ë© ¨­â¥£à « à áá¬ âà¨¢ ¥¬®© § ¤ ç¨ ¯à¨ �(s) � 0, â. ¥. ­ 
®¯¥à â®à¥ ¯¥à¥­®á  X = @

@t
. �â¬¥â¨¬, çâ® ®­ ¢ â®ç­®áâ¨ á®¢¯ ¤ ¥â á (2.3). �¯à®ç¥¬ íâ® ¨ ­¥ ã¤¨-

¢¨â¥«ì­®, â. ª. ¯à¥®¡à §®¢ ­¨ï, ®â¢¥ç îé¨¥ X1, ï¢«ïîâáï ¯à¥®¡à §®¢ ­¨ï¬¨ íª¢¨¢ «¥­â­®áâ¨,
  á ¬ ®¯¥à â®à X1 ¬®¦¥â ¡ëâì ¯à¥®¡à §®¢ ­ ¢ ®¯¥à â®à ¯¥à¥­®á ; ¯à¨ íâ®¬ ãà ¢­¥­¨ï ­¥ ¨§-
¬¥­ïîâáï. � ª¨¬ ®¡à §®¬, ¢áï á®¤¥à¦ â¥«ì­ ï ¨­ä®à¬ æ¨ï á â®çª¨ §à¥­¨ï ª®­áâàã¨à®¢ ­¨ï
¯¥à¢®£® ¨­â¥£à «  á®¤¥à¦¨âáï ¢ ®¯¥à â®à¥ ¯¥à¥­®á .

�¨â¥à âãà 
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