
� ����� �	
���� ����� ��	� ������������� ���� 

������ �	
���� ���� ��� ��� �� ��������� ��� �� ��!"�# �� �
�!� �$
���� ����%� �&� 

	
�'(����)*+���,�#��- .��	'/� 0�1 �2�3)

�.���� �	
�� ������� ���� �
�� 
�.����������� ��� ���  ��������!"�#��� 

����
�$�%� &'� :jam_ghanbari@yahoo.com 

)� �!"�#� $��:%&/(/���� )*��+, !-., $���� :&///����(

45
�	
)�$	 *��+� )� �'�+�,#� &�
�-� 
 ���'�.
 /� �.�� *01� �2 ���34 5%�6 &) 7�� �2 �������2 8��9�: 8��2 ;2��� ��< 8���= �� ;%�-� 7�� )���2 ���� �'�+�,#� "����

 �� �	)�2 �) �>?: 
�@�,A .8)�B� ")�-1 �2 �) �������2 C��	 �)�$	 /� �.�� �>?: 
� �'�+�,#� "���� D��. ;A ���34 
 �$'����E� �F� )� &	� 8�A�� @��E��./�E	 )�EA 

8G��� *01� )� 5%�6 �&	� �'�+�,#� &�
�-� 
 ���'�.
 .&�
�-� �H� �� 2 �) ��#$� �'�+�,#� �� �	)�2 5%�6 &) 7�� �2 �������2 I�: )�$<�	 �@�,A ��E� "��E� 
@�E4�

� �J. & �	 �,��� @$'�	 ����� 8��$�3A ;A �;�
�/ & �	8���,$'4 K�'= L����#1 7�� ;2 �%��M
 �'�+�,#�)�..

�6�� ��78�	
9:�'�+�,#� &�
�-� ��'�+�,#� "���� �&) 7�� ������� �2)�. �N���� �2 

;.=�	%� 
1��2 3��4� �  *5�����6 7�+8�9 7:�2 ;<"� != $2� !�  !2

!"�> ;<"� ?;, @��A> � $2� !B��C ���9 @��
A� !9DE  �;� ��

 $2� 1��  �+A5�� �+,F 7��6 .�BH� 1�I� !I�;B� �+,��IJ��� �I,� �

$�� @+�K*,��  L��8;MH �6 *+�;N O6�9 ��PQN $�.9 @��N

 *5�����6 7�+8�9)�!"�R���I2 3��4 (���I���6 $E�I2 !I=

$��  ���;H �,��  *�S�6]U[.

1�I��� W�8;N �  �+8�9 �  $�� @+� $���� �;I> *��I�

!"�R���2 $I2� 1�I� X-5I� Y= *��A��� �6 *��� .Z�I9 � 

 ���,�B2� �*I� ��5, 3;�,�2 � ��;=�� 7;<"� 7[�I,� !I= �I� 

 *� �6�N 7�P;� �;4 !6 *�DN� ;� .I9 !
�B, �  :� �  �I2 Z�

 *� \:�, *2�A� �],1��� �  != *"�^ �   ;� *5I�����6 7�I�

 @+� �6 _"�` $�� �a�Ib� :� *,�.IJ�� :� *��, *N���^ 7[�,�

____________________________________________ 
�. Advaction 

1��I2 $�I2 !I6 �F 1��I�� !I6 � Z�9 OH�  �  � 1�5, c��H

 *� $�� @+� !"�>�6�� .*� �+,F !
�B, �  :� �IB��C ���.I6 �A,�;N

 A��6  ���,�B2� Z�9 7;<"��]U[I� �6�IN OI�"  @�I�� !6 �d�P

�N�;I, YI= � �I,��  7�B�= I6!*I� �I], �AI2� .$I"�^ �  � 

  ��  *,�.IJ�� :� *��, �����C !6 $e., 7�B�= �P� �����2:

g�� $"�^�  �Y�-h *J�B�� �], :� != *5�����6 7�+8�9 7��6

�AB.� �� �6�N *,�I�: i�I�#� :� �IN *,S;I4 *,�I�: i�I�#�

 � !6 ������6 *� jj�  $"�^ � � �B�� ��], :� Z�9 !J���<A�

 $2� \:�, *J�B�� ��I�` �����I2 !I
�B, �  1 ;I6 �>�, �6�N

*� �Pd� ���6]&[.

1��� *	= W�8;N �  _I"�` $I�� @I+� �I6 *5I���� �6 7��

 g�I2 �  ��;I�� ��I���, aI2;N 1 �5I� 1��BI2 �� 3��4����& 

$��C L�;8 7 D�� .��  �+,F�6 �� $�� @+� �B����� �f*I��k�

�, ;�, �7[�,� !6 Z�9 �  1�� 1��Hl 7[�,� $e., ��;AE !6 != 



������ �	
�� � ��
�� ����� ����� ����� ����� �
� � 	! � "#$ 

7=�� Y.� �  !B��� $�� @+�)1�� �6�N !, (*� W��kN  ;I�

)$II2� 1�II� �II�";N *,�.IIJ�� aII2;N OII= *IIN���^ 7[�II,�(

]&[.!
�B, $I2  !I6 LS �Ik� !6�5I�  ;H � 7 �E O^ :� != 7�

*� �� @+� �  != $2� @�� ��F S�6 $)f ≈ 1(�B��-Ih *I8�9 �

�B`�  � $E�2 �6 �$��  Y���;H �NS�6 *E�k� m����.

_I"�` $�� @+� �6 *5�����6 7�+8�9 �  Y+� On�.� :� *J�

 $I2� �I+,F �  *.�4�Ao� ����� *2��6 .!IA��: @I�� �  *N�Ik"�p�

 $2� 1�� j�
,� �*=��;6�= g�q� ��;AE !6 �*	�	bN O^ 1��I� 7��6 

$2� 1 ;�, !n��� ����A� �����;4�Ao� LS �k� �6 *5�����6]([.

IIAR����  �  a.II6 �� m�� @II�� 7�+� �II� @$II���#� �IIP�

  �=  ��� *.�4�Ao� 1��� LS �k� �  �, �� *.�4�Ao�]/[.:� �k6

 N �� *.I�4�Ao� ����� � *,�.J�� �P� �,���J�� � 7�eA9 ��r;s�I� 

4�Ao� $���#� �� �6 @I+� �I6 *5I�����6 Z�9 �� �  $6�P *.�

�, �= *2��6 !"�R���2 �� 3��4� �  _"�` $��]%[.

*I� a.I6 �� �+,F ��= !"�#� @�� �  �� $I���#� �IP� � Y�I� 

 _I"�` $I�� @+� �6 *5�����6 1��� �� �  �� ���oB� *.�4�Ao�

 *II2��6 *IIep9 �  *.II�4�Ao� ���II�� �II6 !"�R���II2 3��II4� � 

 �= Y���;H.

�B����� !2 ��α)*,�.J�� _��h(�η)*.I�4�Ao� $���#�(�

f)@+� �B����� $�� (*� *��k� ��Y�A= .���oN �6 ��B����� @�� �IP� �I�

 *,�.J�� ���oN �� *.�4�Ao� $���#� @+� 7�I+B��= 7�� �� $I��

 *"�<> �A,�� YB.�2 *J��� �$E�2 !I���:7��� *E�kI� $E�I2

 *I� *2��6 *.�4�Ao���� �IA=Y.�I-6 � %�I6 Y=�I^ LS �Ik� 

*� !n��� �� YB.�2Y�A= .�I-6 � � ;IH OI^ OI^ 7��I6 !6�5I�

 *� �], �  LS �k� � Y���C *� ub6 �+,F 7 �E O^ 1��6�  � Y�A= 

�-6 � ( �I= Y���;IH *2��6 �� v��B, �I-6 �  $I��+, �  �&

*� ���6 �� *NF 7����= � c�BAB2� Y�A=.

..�#�#� >?��@� 
Z�9 �6 Z�I9 �� ��= @�� �  *2��6  �;� @I+� �I6 *5I���� 

*,�.J�� �;w^ �6 _"�` $�� �$I���#� � *.I�4�Ao� ���I��

 $2� *.�4�Ao� .YB.I�2 *J���A�  7�+B��= ��B�� *2��6 �� ��=

 *,�.IJ�� 7�I��B����� ���oN !6 $e., �@I+� $I���#� � $I��

 $2� *.�4�Ao� .=�I^ *I2�2� LS �Ik� ��B6� �;]A� @�� 7��6 Y

*� �� Z�9�6 Y�.�;,.

���@�A�B!#C
� 

)&(..D u
Dt
ρ ρ+ ∇ =0

r r

���@�A�9��� )�8�E(

)%(
( ) ( ) .b

Du p u
Dt

u J B

ρ ρ ϕ µ

µ µ
π

= −∇ − ∇ + ∇ +

+ ∇ ∇⋅ + ×

r r r r

r r r rr

2

1 1
3 4

���@�A�6�G� 

)�(.[ ( )] advD Dp Q Q Q fQ
Dt Dt
ερ

ρ
+ − ++ = − = =

1

���@�AHC$8�� 
)((..B∇ =0

r r

���@�A�$
���� ��%�� 

)&(.( )DB u B B
Dt

η= ∇× × + ∇2
r

r r rr

Oe9 a6��� � �*� 1 �xB2� ��: W��kN :� Y�A= 

)/(,( . )D u
Dt t

∂
= + ∇
∂

rr

!=ρ:�C *"�<> �p:�C ��5� �εI6 *	H�  7[�,� !�:�7�I^�� 

j�� �ur:�IC ����� $E�2 �B
r

� *.I�4�Ao� ���I��J B=∇×
r r r

����� *"�<> �η��2D� *.�4�Ao� $���#� �µ�*,�.IJ� 

!�S � 7�bµ1 ;N *,�.J�� 7��advQ:� *I��, 7���C yA�F 

$I�� @+� �Q+� *,�.IJ�� :� *I��, ���I��C yIA�F Q−

6 �6�N :� *��, �����2 yA�F !�:�7� Y
^ �^�� ϕO�.,�B� 

$2� 7=�� Y.� �,��C :� *��,)�,��IC  ;IH :� �I
A�� � 

 *� �], 3�8  ;� (. *2��6  �;� Z�9 �*5I�����6 Z�9 ��

 �` $�� @+� �6 $2� \:�, *J�B�� �],:� � _" .�F �6�N @���6�A6

 *� � $2� �>�, ���.6 :�IC ��5I� O6�#� �  *56�N ��5� :� ��;N

 �= �], 3�8 .



"#& )*��+ �
�,�� 	
-.
� �+ ��/-� �0�1
�/� 2��
3� �4���5��6 7��1
�/� 89
: 2*	 ;�< 
+ ��=� ������ �	
�� �

)U(,gas radp p>> 

!I6 *.I�4�Ao� $I���#� � *,�.IJ�� :� *I��, �����C yA�F

*� W��kN ��: OJ�  ;� 

,( )( . )ij
ij b BQ E E V Qµ µ µ+ = + − ∇ +2

2
2

3

r r

)�(,, ,( )ij i j j iE V V= +
1
2

!=Eij$I2� ���I#B� 7�;.,�N .$I���#� :� *I��, �����I2

*� ���6 ��: OJ� !6 *.�4�Ao�  ;�.

)�(,BQ Jη
π

= 2

4
�I6 �� �6�IN :� *I��, �����I2 yIA�F @�AR�� �Q−��5I, 

*� Y�� .�B�����f�� !6*� W��kN $�� @+� �B����� ��;AE Y�A=.

)�z(
advQf

Q+
=

!I6 $I�� @I+� 7[�I,� $e., $�� @+� _��h != *Ak� @�� !6

$I2� *,�.J�� :� *��, 7[�,� .�I^ � f ≅ 1�I^ �  Z�I9

 *IIB9� {Jk"�II6 �  ��  ���II9 _II"�` $II�� @II+�f ≅ 0Z�II9 

Y���  3;�,�2 � ��;=�� \:�, �  ���,�B2�.

@I+� �I6 *5I���� �I6 Z�9 �� != *2��6  �;� Z�9 � 

 $2� _"�` $�� �!I6 *,�.IJ�� :� *I��, *����C 7[�,� �B5�6

*� $�� @+� a�b� OH�  �6�� .@���6�A6 

,advQ Q Q+ −≈ >> 

�I��� $I"�^ �  �� YB.�2 �B5�6 *C �2 7��6
t
∂
=

∂
 
 
 

07���  �

7�;b� ���#N
φ
∂

=
∂

 
 
 

0�*� �],� Y���C .@�E �  L��h�� @��

 *�, !	|.� � ;6 }��� :� !JA�� 7�+I8�9 L����5I� �I6 � �I��=

 !"�> 1��2 3��4�  ��  ~6�pN �� �*J���A� ����� ;4�Ao� LS �k�

1 �2 �� *� �N �A= .

;� ��= @�� �  != *.�4�Ao� ����� ���I�� �� $2�� �],  �

$II2� 7II=�� 1��BII2 :� *II��, *IIep9 �  .*,�.IIJ�� _��IIh

 *J�N��A�2µ
υ

ρ
=��I= !I6 *,�.IJ�� 7��6 != *�;<"� � $2� 

*� ;<"� Y��67α$2� 3;�,�2 � ��;=�� .*,�.IJ�� @���6�IA6

*� W��kN ��: OJ� !6 ��Y�A=.

)��(,sC Hν α=

!= CsH
κ

=
Ω

Z�9 $��-h �P
Cs ρ

=Y� L;8 $E�2 �I� 

 Z�9 �  �
k

GM
r

Ω =
3

!I���: $E�2 � 7�I	�= 7�α_��Ih

 $2� *,�.J��.

O��E �  *I� �I], �  a�Ib� �  *B���I#� *IJ� !I= Y��I�C

 *,�.J��υ*.�4�Ao� $���#� �<�  �η$2� .

��.IJ� *,�.IJ�� �I6 *.I�4�Ao� $���#�  �k6� != �
,F :�

$2� �*�!Ip6�� I�, *.I�4�Ao� $I���#� 7��6 Y�,�;N !6�5I� 7�

!6 *,�.J�� Y�.�;A6 ��: L�;8:

)�%(sC Hη η= 0C Hsη η= o

7�+I8�9 �I���A�  �  *.�4�Ao� $���#� L��P� :� @�� :� ���

 !6 *5�����6 3�8 *	=�;4 *� �], ��.�B����I� � �=  ��� �6 ��

η!6 YB.I�2 �I���A�  �  �� �F �#, *.�4�Ao� $���#� ��;AE

  �= Y���;H !k"�p� .η0!I= $I2� 7�Ik6 ���6 �B����� aI2;N 

�6���<	= KL�;8 !6 � 1�� *��k�η α≈o1�I� X-5� 

$2� .*	= $"�^ � η0*� :� *E�kI� !	I8�� :� *k6�IN �I,�;N

��B2����6 ���: � 7=�� ]�[.*I� ��I� g�^ @�� �6 !I= Y�IA=

 � $2� $6�P Z�9 �2�N�2 �  �F ���#� 7��6 �� Z�9 ����A� 

 �oB� �� �#�  �= Y���;H !k"�p� �F �.� �  ���I9 �I6sC�H�  

a6���)��(�)�%(*�Y�.�;A6 Y�,�;N:

)��(,
k

pαν
ρ

=
Ω

)�((.
k

pη η
ρ

=
Ω

o

*� W��kN $"�,�� *.�4�Ao�  �E �� �  @�� $e., Y�A=.

)�&(T
m

u l
p ν

η η
= = 

!= Tu� L��l �-� $E�2 l@�<,�I��  �:F $��.I� $I2� .

;� sD��= 7��2D� �� 7��6,�:� �IBC�6 *I	�H $"�,��  �E 1�

 $2� �� .� *,�.IJ�� �I��6 �I� !I6 �I� ,  �E @�� *B9�

 7:�I2 �:F �  *,�.IJ� Y+2 *.�4�Ao� $���#� �I,��  7[�I,� .

!II
,�A> Pm�II��6 �II� :� �BJ>;II= �*.II�4�Ao� $II���#�

!B.��6 $I2� *,�.J�� :� �N.�I
A�� �  �I� Pm� �BJ>;I= �� 

____________________________________________ 
�. Bisnovatyi-Kogan 



������ �	
�� � ��
�� ����� ����� ����� ����� �
� � 	! � "#" 

*� �], �  �� !6 �� ,Y���C .

p6�� � �7[�,� �OJ� !6 �� *,��  7[�,�
( )

p
ε

ρ
=

Γ − 1
W��kN

*�Y�A=]%[.!p6�� @�� � Γ$2� :�C 1��� 7�����C $e., .

p6�� !6 !�;N �6�.B∇ =
r r

0*I� 7��I6 _I2�A� *k6�IN Y�,�;IN

 Y�A= W��kN ��: OJ� !6 *.�4�Ao� �����.

)�/(( , ) ( , )pB B r B rφθ θ= +
r r r

	�� !=�x"d� g�� �1�eA> !x"d� j�  !	�� � ��� *ep9 ����� 7�

 $2� *.�4�Ao�.	�� Y+2 *=��;6�= ��= i�2� �6�1�eA> � 7�

 $2� �>�, *.�4�Ao� �����C  �
��]([�:� �I� OI�"  @�I�� !6

x"d��Ix"d� � Y� �I= �], 3�8 ����� *B�2 ��I6 �� ��� *Iep9 

*.�4�Ao� ��� }6�N( , )r θΨOJ� !6*� W��kN ��: Y�A=]%[

)�U(,( , ) ( )
sin

pB B r e
r

φθ
π θ

Ψ
= = ∇×

1
2

r r r )

7�;4 !6��� !=. .B BP∇ = ∇ = 0
r r r r

*� ���9�6  ;I� .��I� }6�IN

 *.�4�Ao�),( θrΨ$2� !B.6�� 7�� �6 O�.,�B� !6 ϕrA=Ψ.

!p6�� @�� � ϕA�.,�B� *B�2 !x"d� $I2� 7�� �6 O.�;I4 !I6

*� !6�5� Y�.�;A6 ��: OJ� !6 �� ��� $E�2 Y�,�;N 

)��(.( , ) ( , )pu u r u rφθ θ= +
r r r

*IIIep9 !IIIx"d� ��  *E�kIII� !IIIx"d� �III� $E�III2 ��� �!III6

7�;4 !=rupu =.!I6 *E�k� OJ� !6 Z�9 ���   �;� �;>

 *� OH�  $�2 �,�� �$�DEu*I� �I], �  *IxA� �� Y��I�C .

*Iep9 L�MIB-� 1�<BI2  �  �� 1��F $2  !6 *2�2� LS �k�

 *� a.6 *��w� Y��  .6 LS �k� @��!� �AB.I� *pH��` L��

 �AB.�, O^ O6�9 *	�	bN 7�+��� !6]%[.!6�5I�  ;H m�� :� ��

*� 1 �xB2� LS �k� O^ 7��6 Y�A=.

I.=���� �C" JE 
�k� @�� O^ 7��6 *I� 1 �xBI2� !6�5I�  ;H m�� :� LS  Y�IA=.

*� �k6 ���6 OJ� !6 �� LS �k� ��B6� Y�.�;, .*���5I, Y�,�;IN

*� ��8 ���NS �k� �  ��: a6��� Y�� �AA=]%[.

)��(,/( , ) ( )( / )r r rρ θ ρ ρ θ −= 3 2
o o 

)%z(,/( , ) ( )( / )p r p p r rθ θ −= 5 2
o o
v

)%�(,( , ) ( ) ( )r ku r r r Uθ θ= Ω

)%%(,( , ) ( ) ( )sinku r r rφ θ θ θ= Ω Ω 

)%�(,/( , ) ( / )
sin

r
B dB r r r

d
ψθ
θπ θ

−= 5 4

2
o

)%((,/( )
( / )

sin
BB r rθ
ψ θ

π θ
−−

= 5 43

8
o

o

�
A�� �  !=0�B0�P0�
0ρLS �Ik� 7:�2 �k6 ���6 7��6 

1�II�  ����II,� .*II� ��II� Y�IIA=uθ = 0�II��6 �YII���  OIIe9 :�

( )t
∂ =∂ 0.Ip6�� �  �+Ih�� @I�� :� 1 �xB2� �6 �)�(*I� Y�,�;IN

Y�.�;A6 

)%&(.( )rr u
rr

ρ∂
=

∂
2

2
1

0

�xBII2� �II6 7�II+x��kN :� 1 )��(�)%�(!II6 �� �II�: �IIp6�� $II2 

*� Y���F 

)%/(.( )/r r r U
rr

κρ ρ −∂  Ω =  ∂

3
23

2
1

0o o 

" �k� :�!)%/(7��θ*� g��<B,� Y���C .*I� ��I= @�� �6 Y�,�;IN

!6 �� j�� ������6 yA�F Y���F $2 .

)%U(sinM M u dρ θ θ=− ∫2 o
& & 

GMM r
r

πρ= 22&
o o o o

!�S *,�.J�� �� ��= @�� �  !=*�, �], �  �� 7� Y���Cbµ =0

�
.

P P P r
rκ κ

α αµ
−

 = =  Ω Ω  

5
2

o*� W��kN ��Y�A=.

LS �k��C� �;A=�)�(�N)&(Y��  a.6 *ep9 1�<B2  �  ��

a6��� {�2 � Y����, g��E� �� !B��C �], �  L��h�� �)��(�N

)%((���9 LS �k� �F �  ��Y��  �$��  Y���;H 

)%�(

( )

sin ( )

sin cot ,
( )

pdp dU
d U d

p kU d
dB C p U

p
C U

α
θ α θ

θπ η θ α

θ θ
α

= +
−

Ω

Ω −

Ω
+

−

2 2 2
1

2

1

3
2 1

3

16 1

1

o o

 

)%�(

/ cot

( sin )

( ) ,
sin

d U dUU
d d

dp p U
p d C p

Uk
B C p

θ
θ α θ

θ
θ α
ρ

η α π θ

−
= + − −

+ − −Ω +

Ω

2

2
2 2

1

2

1

2 5

1
1

2

2 3

8o o

 



"#> )*��+ �
�,�� 	
-.
� �+ ��/-� �0�1
�/� 2��
3� �4���5��6 7��1
�/� 89
: 2*	 ;�< 
+ ��=� ������ �	
�� �

)�z(

/

/
sin( )

/ ( ) ( )
,

sin sin ( )

B C p
Uk

dUU
d

d
d

η π θρ

α α
θ

α θ α θ
θ

− Ω
= ×

− Γ + + + 
 

Ω Ω +  

1 2
21

1 2

2 2

2 2 2 2

8
2 3

1 5 5 3
3

3
9
4

o o

 

)��(

,

cot ,

( ) ,

d A A B
d

dpA
p d

UB
C p

θ

θ
θ

ρ
α η

Ω − ± +
=

Ω
= + Ω

 
= + + Ω 
 

2

2

1

3
3

4

9 1 3
4 o

)�%(,d d kψ ψ
ψ

Ω
= − ⇒Ω =

Ω∫ ∫ 22

!=k�I� �� �F ���N�eI2�b� �  �I� � $I2� 1�;I-"  $6�P �� 

*II� ��II-B,� Y�IIA=.OIIe9 aII6��� � P GMC
rρ

−
 

=  
 

1
0

1
0

�

/

p

B
β

π
=

2 8
o

o
o

�
B GMC
P r

−
 =  
 

12

2
o

o o
��kN $2� 1�� W.

LS �k�)%�(�N)�%(7��^� *pH ��` *NS �k�(��oB� 

!6�5�  ;Hρ�U�p�Ω*��A��6.LS �Ik� @I�� O^ }9�� � 

 $2� 7:�� a���� !6 !B.6��.@I�� OI^ 7��6 7 ��: 7�+���

  ��   ;�� LS �k� .I6 �
A�� �  !LS �Ik� *C�I�R�� $I	E �

*�, �� ��,F *	�	bN 7�+��� :� Y�,�;N Y�IA= OI^ .!I6 @���6�IA6 

Y�B.� 7 �E 7�+��� �6 LS �k� O^ g�e,  .@I�� 7 �E O^

 $I2� *��I= � _2�A� 7:�� a���� @B��  !6 �;A� LS �k� .

$2�;B2� != g�� :�� �  ����oB� :� *wk6πθ = 
 2

*IH�6 �

$2� _p9 != j�  :�� �  �+B��= :�( )θ = 0��A�;	k� .@���6�A6

 Y�+��;II� 7:�II� �  !	|.II� �II6 .*p���II� @�IIA> �  m��

Relaxation I6 _2�A� *��� !*I� �I], �I2� .L�MIB-� � 

 Z�9 7��6 7��= �_p9 � ( )θ =0L�;I8 !6 7:�� a���� 

$2� ��:]�[.

)��(, ,dU d dp d U
d d d d

ψ ψ
θ θ θ θ

Ω
= = = = =0 0

�;B2� �  7:�� a���� �( )πθ = 2$2� L�;8 @��6.

)(((
du d dp d
d d d dθ θ θ θ

Ω Ψ
= = = =0

!I6 7:�I� a���� �6 S�6 7:�� a���� $2� *+��6 ��I= � !IB��

 ��  7�+I8�9 :� 7�I8� ���;I� �I6 @�IAR�� � L�k"�p� ���2

 !"�> 1��2 3��4� *,�;-�� �� ��  .7 �IE v��IB, �k6 �-6 � 

n���*� !  �C.

K.��	- JE L��!G 
!2 �-6 @�� �  $��= α�η�f�I��oN Y� �I= *��k� De9 != ��

*� *,�.J�� �P� �N Y��  �� *.�4�Ao� $���#� @+� 7�� �� $��

*"�<> �*E�k� $E�2 �!���: $E�2 *2��6 *.�4�Ao���� � 7�

Y�A= .�� ;�,OJ� ����5I, *"�I<> 7�� �� $�� @+� �P� W"�

*���  .*� 1��  ;� �7��6α�η���I�� �I6 $6�P @I+� $I��

 *�  ��: *"�<> *,��� ��#,�  ���I�� �I6 �;BI2� *"�;^ �  �  ;�

@+� Y= *"�<> $��*� ;� .OJ���@+� �P� �7�� �� $I��

 *� ��5, *E�k� $E�2��  .*� 1��  ;� �7��6α�η�I6 $I6�P 

@+� ����� *I�  ��: *E�k� $E�2 �;B2� �N _p9 :� $��  ;I� .

�*E�k� $E�2 ��:�� *"�;^ �  :� O#B.� θ$2�.

OJ���@I+� �IP� c��5I, *.I�4�Ao� ��I� 7�� �� $I��

*� ��  .*� 1��  ;� �7��6α�η@+� ����� �6 $6�P :� $I��

*�  ��: *.�4�Ao� ��� �;B2� �N _p9 ;� .

�� ;�, �  1�� Y2� 7��OJ�%�� *,�.IJ�� L����oN �P� 

*II� ��5II, *5II�����6 Z�II9 7���II�  .��II��!II= �;II4 �  

OJ�%�*� 1��  W"�  ;I� �a�Ib� �  *,�.IJ�� ���I�� �I6

 *�  ��: Z�9 ���   �;� *"�<> ;� .OJ�%�L��I��oN �P� �

��5II, *5II�����6 Z�II9 *E�kII� $E�II2 7�� �� *,�.IIJ��

*� ��  .a�Ib� �  *,�.J�� ����� �6  �;I� *E�kI� $E�I2 

*� Y= Z�9 ���   ;�.

OJII�%�*II� ��5II, c���II�� �II6 �II�  ��II� *,�.IIJ��

*�  ��: *.�4�Ao� ;�.

OJ�%�!���: $E�2 7�� �� *,�.J�� L����oN �P�  7�

*� ��5, *5�����6 Z�9��  .a�b� �  *,�.J�� ����� �6

!���: $E�2*� Y= Z�9 ���   �;� 7� ;� .



������ �	
�� � ��
�� ����� ����� ����� ����� �
� � 	! � "#? 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0

2

4

6

8

10

12

14

16

18

f=.7

f=.5

f=.3

ρ
θ

α=.01
η=.1

)W"�(

-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

-0.18

-0.16

-0.14

-0.12

-0.10

-0.08

-0.06

-0.04

-0.02

0.00

0.02

f=.3f=.5

f=.7

u

θ

α=.01
η=.1

 
)�(

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

f=.3
f=.5

f=.7

ψ

θ

α=.01
η=.1

 
)c(

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0

20

40

60

80

100

120

140

160

180

200

f=.7

f=.5

f=.3

Ω

θ

α=.01
η=.1

 
) (

@A�&.*2��6 7��6 $�� @+� �P�:z�/z=α��/z=η�ƒL��xB� 7��.



"## )*��+ �
�,�� 	
-.
� �+ ��/-� �0�1
�/� 2��
3� �4���5��6 7��1
�/� 89
: 2*	 ;�< 
+ ��=� ������ �	
�� �

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0

2

4

6

8

10

12

14

16

18

20

22

24

26

α=.01

α=.05

α=.1

ρ
θ

f=.3
η=.1

)W"�(

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

-0.18

-0.16

-0.14

-0.12

-0.10

-0.08

-0.06

-0.04

-0.02

0.00

0.02

α=.01

α=.05

α=.1

u

θ

f=.3
η=.1

 
)�(

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

α=.01
α=.05
α=.1

ψ

θ

f=.3
η=.1

 
)c(

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0

20

40

60

80

100

120

140

160

180

200

220

240

260

280

300

α=.1

α=.05

α=.01

Ω

θ

f=.3
η=.1

 
) (

@A�".7��6 *,�.J�� �P� *2��6 �/z=ƒ��/z=η�αL��xB� 7�� .



������ �	
�� � ��
�� ����� ����� ����� ����� �
� � 	! � "#B 

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0

2

4

6

8

10

12

14

16

18

20

η=.1
η=.5
η=.9

ρ

θ

α=.01
f=.3

)W"�(

-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

-0.18

-0.16

-0.14

-0.12

-0.10

-0.08

-0.06

-0.04

-0.02

0.00

0.02

η=.1

η=.5

η=.9u

θ

α=.01
f=.3

 
)�(

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

η=.1

η=.5

η=.9

ψ

θ

α=.01
f=.3

 
)c(

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
0

20

40

60

80

100

120

140

160

180

200

η=.9

η=.5

η=.1

Ω

θ

α=.01
f=.3

 
) (

@A�>7��6 *.�4�Ao� $���#� �P� *2��6z�/z=α��/z=ƒ�ηL��xB� 7�� .

.OJII� ���7�� �� *.II�4�Ao� $II���#� L��II��oN �IIP� WII"

 *I� ��5I, *5�����6 Z�9 *"�<> �I�  .$I���#� ���I�� �I6

*� ����� Z�9 ���   �;� *"�<> a�b� �  *.�4�Ao��6�� 

OJ���$E�I2 7�� �� *.I�4�Ao� $I���#� L��I��oN �IP� �

*� ��5, *5�����6 Z�9 *E�k���  .*.I�4�Ao� $���#� ����� �6

a�b� � *� ����� Z�9 ���   �;� *E�k� $E�2 �6��.



"#C )*��+ �
�,�� 	
-.
� �+ ��/-� �0�1
�/� 2��
3� �4���5��6 7��1
�/� 89
: 2*	 ;�< 
+ ��=� ������ �	
�� �

�� ;�, OJ� �  1�� Y2� 7����$I���#� L��I��oN �IP� c

��5II, *5II�����6 Z�II9 *.II�4�Ao� ��II� 7�� �� *.II�4�Ao�

*� ��  .*.I�4�Ao� ��� a�b� �  *.�4�Ao� $���#� ����� �6

*� ����� Z�9 ���   �;��6�� 

OJII���o� $II���#� L��II��oN �IIP�  $E�II2 7�� �� *.II�4�A

!���: *� ��5, *5�����6 Z�9 7���  .*.I�4�Ao� $���#� ����� �6

!���: $E�2 a�b� � *� ���= Z�9 ���   �;� 7��6��.

M.�13 ��7��8 � 0�!!#� 
�I6 �I��6 $I6�P a�Ib� �  *.�4�Ao� $���#�� $�� @+� *B9�

 !�S $=�^ *,�.J�� ����� 5I�6 OH�  $�2 !6 Z�9 7�� �B

*�  ;� ��B��-Ih Z�I9 � 1�I� �N �I�:  �;� *"�<> @���6�A6

*� Z�I9 ���   �;I� ��I� Y=��B� � *"�<> ����� �6 �  ;�

 ���I�� *.�4�Ao� ��� 1�� �N Y=��B� *.�4�Ao� ����� �;pH

*� !���: $E�2 � �6��7�I" �k� i�I2� �I6 I�,�)�%(���I=

*� ���6 Z�9 ��  �
�� �+A�� !
�B, != �6�� $I2� Y�-h *5�� .

���I=�  �;I� $I=�^ ��� �A= uE�6 *,�.J�� �F �6 1�DE

*� *E�k� $E�2 ;�.

Z�I9 �  *.I�4�Ao� $I���#� � *,�.IJ�� !I= *N�;8 � 

 @+� ����� �6 ���6 $6�P � ���I= �;BI2� *"�;^ �  *"�<> $�� 

*� ����� *,��� ��#, �  ���I#� $I�� @+� ���  ��: �6 ���: �6��

 :� 7�B5�6 ���   �;� $I=�^ 7I=�� 1��BI2 $�I2 !I6 Z�I9 

*� *� �B��-h Z�9 � �AA= ;� .$I�� @I+� ����� �6 @�AR��

 YB.�2 *,��  7[�,� *� ����� *E�k� $E�2 � 1��  ��: �I6�� .

���I��� ���I�� �;pH *C �5� uE�6 _p9 �   �;�  ��: Y=��N

*� *.�4�Ao� ���!���: $E�2 �  ;�*� ���= 7� �6��.

�6 @I+� � ;6 $6�P $I���#� ���I�� �I6 *,�.IJ�� � $I��

*.�4�Ao� �*� ����� *.�4�Ao���� � *E�k� $E�2 !I= �I6��

 *� ��5, $�� @+� !6 a�b� �  *.�4�Ao� $���#� ����� �� 

 *� ��= *� uE�6 � �A= *E�kI� $E�2 �6 � 7�B5�6  �;�  ;�

 �IAA= $I=�^ 7=�� 1��B2 $�2 !6 �BC�6 �=��IN !I
�B, �  Y

1 �5I� Z�I9 ���   �;� ��� 1 �5� �6 ����� �;pH  �;� �IN

!���: $E�2 � ����� *�4�Ao���� � 1��*� ���= 7��6�� .

*� ��= @�� � �= O��= 7��6 1 ;IN *,�.J�� ��;N I�, �� 7�

 7;I<"� �I6 �� !	|.I� �,��C ;IH @B��IC �], �  �6 �  �=  ���

 *,�.J��β �= O^ .*����C $���� �P� �� �  ��I= @I�� �  �� 

Y�B��<, �], �*� != *�����= �<�  :� � �= !��h�  �  j�
,�  ;�

 $I2� !	|.I� !I6 *��I��C $���� .*I� @�IAR�� ���I�� Y�,�;IN

 1�eA> *.�4�Ao� Y��I�<6 �I], �  �, �� 7� .��IB�� *I2��6 7�I�

 !eI� 7�+	�.I,�B� � �I= @�<��I�� *5�����6 7�+8�9 *B�e.,

 !6 *B�e., � *B�e., !I= $I2� *�����= :� *,;N;�, O�.,�B� 7��

*�  �  j�
,� !A��: @�� �  ��;N.

N(��� 
1. G S Bisnovatyi- kogan, & A A Ruznaikin, Astrophys. 

& Space Sci. 42 (1976) 401. 
2. J Ganbari, S Abbassi, Monthly Notices of the Royal 

Astronomical Society 350 (2004) 1437. 
3. J Ganbari, F Salehi, S Abbasi, Monthly Notices of the 

Royal Astronomical Society, 381 (2007) 159. 

4. O Kaburaki, The Astrophys. J. 531 (2000) 210. 
5. R Narayan, I Yi, Astrophys. J. 444 (1995) 238. 
6. M Shadmehri, Astronomy and Astrophys., 424 (2004) 

379. 
7. N I Shakura, R A Sunyev, Astronomy and 

Astrophys., 24 (1973) 337. 
 


