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1 .7�.��  

+6 *e� [��- CQ�M ���) ��_#$� ���6 �]$ f�� �� &�^ �9�6 B*(�  �@�  ���'U# �̂  �����'�- 
�� !�E B+3,�	 +6 =\�  %�g   B�>� &�>h7� I4, [��8�� �Q�"	 ���6  N6�'>)  ���6�- ��'�� �� 

&�^ �Q�E �,� .�6 +<�	 +6 +(>�� ����i ����	  �j�'$�  ��'�  ���'����:	  &�'h7�  �j�'$�  ��'� 
D/�E 0� ��6   ��@���   %�)0  2��)�1 ���6 &��4< [��- �j�$� ��� D/�E 0� �]$ f��  2��'- 
B�9�$ C7� ����)� +6 R�P3) =�;6 �����6 �#��6 0�  &0�'J)  0�'1  2'3�45    !�'e0    =�'@ k>',

�,� ..�_ES) �9�0 2P�V) 0�   O'�  �',    =�';6  �����'6  ���'96  2$l�'5 0�  &��'3)  ��'<�) 
!�e0 k>, 0� ��, �F�� +6 =��7� +>�8� ��� %�F>, D7E    D'"$    *':E  ���'96  *'-  �j�'$� 

��<�) �� !�e0 k>, �49$ +6 ���, �j�$� ��� 2Y�9� I<�) =�@ �,�  +'-  �'�)�  �����'�- 
2#3>/   �� !�E +3,�	 +6 =�;6 �����6 0� &0�J) 0�1 23�45 ��<�)   .����#-�    R�'P3) 2'	?

��@.1�� %�>g 2P���@ ������- C#����� 2#3>/    �����'�- ��  !�'E  +3',�	  �4'9$  +'6 
��>)� CQ�M 0�1 23�45 �� &�^ �9�6 *(�  ���96 &��F$  �'$� . %'��  2'$��F$ ��  �',��,  &����'1 
[J6 �j�$� �� ������- 2#3>/   �� !�E +3,�	 m"� � �V) +6 &�()� 2,�#,�  +'6  ���'�n 

+#��>@ K�@ 0�1 23�45 B�9�$ +(Y6 CYb9) ���96 ��< �	 .S(�) m4	�) �6 D7E    D'"$  0�'1 
23�45 +6 o�"$ K�7M R�U) B0�1 +6 =\�  ��� �� B26�e B%�g   B%��j �,�.  

pP, [$�� 2>� ��<�) �� D7E   D"$ 0�1 23�45 � �V) +6 !�"#$� 0�  q'��5   m'�
+���   0�1 23�45 N��) =�@ )LNG(2 �,�.3 �� !�"#$� 0�1  2'3�45 0�  q'��5  m'�  +'��� 

                                                           

1. �6 X�,� *�g 0��$� �j�$� 26 2� )BP Energy Outlook 2035: 57(B 2) ��_#$� N��, 23�45 0�1 +- � �  �� �@� %��	
�j�$� &��) ��  !�, �	 2Y�9� ���2035 �@�6 +#@�� . m,�#) ��5 +6 +$����, 23�45 0�1 ��Q�"	 +- ��V$ +69/1 

���� ����� [��8�� �/�� .+#4��B [��  +- �,� =�@ 2>�678 �- I$�< 0� �Q�"	 �/�� ��e �����OECD  0� r�	�7M  
[J6 �@�6 =�1 ��$   �3>/ ��� . .����/ B.�) %�7� ��LNG +6 +$����,   m,�#) ��59/3  �6��6  � !��3) �/��

   ���� ����� [��8�� 23�45 0�1 R�U) �@�26 Q�M �@� �/��C  !�, �� 0�1 2$�;<2035 �@ ����� D)�@ ��. 
2. Liquefied Natural Gas 

3. � � ��� �F�� N��) �0�, 0�1 23�45  &�'h7� )Gas-to-Liquid (GTL   )De Methyl Ether (DME    �'6�^� �'�Y6�̂
 �6LNG �$���$ ��B ? ����	 �� 2>� [$�� rl � ���0& �� 0�>� +6 &�>g +<�� �� 0� �@� =��,�$ �,� +- &��#6 +6  �'���	  =�'4$� 

�,� ����t r��$�u ��"	�� pP, [$�� 2>� ���6 26��#,� +6 v�P, �	l�6 ����	 �>)0��$ +��)�, ����1  ��'�  ���'96  %�F>', 
�,� .�� ?��� 2) ��@ �� D�#) �	� O� I�-�	 2>6�- ���� �6 !�)�� 2���7�@ 3CH -O -3CH   2') +'- �,�   &? &��'	

+6 !�$�#) 0� �� �� ? �,� .�� 23�45 0�1 q��5 0� 8�$ !�$�#) ����	�+#��>@ �>� =�@ ��  �',� .DME   GTL    .��'��G	 �'6
 2') ��:�� 23�45 0�1 �� 2���7�@  �$�'@B    +'- 2��'E ��LNG   P',�  +'6C     '6 2'(�8�� !�'3]$�   D'3�+  �',�  2')  �'�? 

)x��  B�@�,1389(. 
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*;) %��	 D)�M ���1��uy	 CY/�� 2������G< �,�1B%���6�>6 B ���6 .����/ 0�1 +6  �'/�") 
O��8$ 0� m� +��� =��]#,� 2) ��@ B  �� .��/ ��<  ���,��0  ��'�  BI',�>)  ��'F�� 

.����/ 0�1 +6 q5�>) �	� � 2>#4) �6 .����/ LNG �,� .��F��  .��':	  2'Y3� LNG 
&��$ K�>�� &? �,� +- �� .��/ ��<  �����0�6 x�#�) &��) ������-  =�>>-���'/ 
+��/ 2��< 2@�$ 0� [��- C>�8� D7E   BD"$  +'6  D'���  2'(��8$  D'/���  B2��'����G< 
&�()� ���� �,� .�� %�>g B2P���@ v�5 ��;>��� H�,y	 N7:) ������- K�>>-���/ 

0�1 )GECF(2 �� !�, 2001 �� &��;	 I<�) �@ B+- = SM �6 DT�9) m4	�) �6  %�)y'	 
��>)� CQ�M 0�1 23�45 ���6 ������- R�U) B=�>>- %�� !�z,  v�'P)  ��'@  +'-  �'�? 

���(7� ��LM� %�� N7:) �� .����/ 0�1 +6 .��/ LNGB +6 ��V$ +-  �'$��#6  N��'>) 
�LM� �� %�)y	 B���7$ &�()� ���� {�,� ��V) 2Y/� %��  +'��")  �',��  +'6  %'��  !�z',  �'6 

=��]#,� 0� C��_$ �0�6 ��� +$���(7� �,�.  
H� 0� �� �) �6 C>���� q�"V	 �� [J6 Bf � +6 +#,� ��>6 ������- �LM N7:) 

���6 ���(7� ��� D6�"#) �� .����/ LNG �� [J6  f�',    !�')  2'Q���  �0�'6  ��'� 
+$���(7� �� [J6 f��;g +#�����  =�@ �,� .�� [J6 B*:>�  O'�  C'3��P)  ����') �� 
|�U� RS#T� +, �LM N7:) ���6  .����'/  +'6  +',  ��'�-  =�'7M  K�'>>-���  LNG 
2,��6 =�@ �,�   [J6 *�@ +6 N7< ��>6 |�U#�� ����.  

2 .(�,�H3 I����  

2(� 0� .l�z, B���Y- +- H� 0� v�5 ��;>��� H�,y	 N7:) �� !�, 2001 ��S�) 
v�P) B�@ %�� �,� +- ��? �,��, ��� N7:) r�	�7M �� !�E  � ��V) ' 1 .%��3	 *;, 
t��0�6 2. !�#>- �7�^ �� �6 R�� ��:��  !��'3	 ��  ��0�'6  2$�';<  0�'1 ��  ��#',��  N��'>) 

x�#�) &�1�>>-����	   R�U) &�1�>>- ' 8-�7#) ����� {��6 �� �,��  +'6  %'��  !�z', 

                                                           

1. &��$�5�� 2)  �@� B+- = SM �6 f 8� +��)�, ����1 ��� ����� +<�	 0� ��, �>g ���- ���6  .����'/  0�'1 0� 
q��5 m� B+��� DT�9) m4	�) �6 %�)y	 ��>)� m� +���   DT�9) 2,��, &��) ������- ��  ��'9)  �'�8$��	 

�6 ������- }�4)   �U") 0� �F�� [��g ��� m4	�) �6 .����/ 0�1 �6 m� +��� �,� .��uy	  .�'�S#��  ���'< 
&��) +�, �   � %���- �6 ��>)� Q�MC �j�$� +6 &���#�) 2��� �� +�, � 2(� 0� q���U) %�� �)� �,�.  

2. GECF: Gas Exporting Countries ForumB N7:) ������- �>>-���/K 0�1 +- 0� %�� +V]/ +6  �'36  �'6 
&��>M »N7:)« 2) ��� &? 0� ��@.  



838   �	�
�� ������� /���	  49����� � 4 ������ �1393 

 

2	�3��P) f�:$� =�@ �,� +- r�	�7M �6 .��^ ���0�6 N7:) +6 C�8>) O� D	��-  8'-�7#) 
�,� .�<   �F���,1 )2006 (%�#9J$ ���6 ��6 !�) =�F>6 mY9)  �����6  D'�YV	  ��'#�� 

N7:) +6 ��- �>#��1 .�� %�� +��") &��$ =��� =�@ �,�  +'-  +'$�Fg  �����'�-  BmY'9) 
&�h7� B+�, � 2) �>$��	 �6 ��(Y7M  ��'�  ���',  &�1�'>>-����	  0�'1 B��  +'- ��  ��'L� 
2#6�^� D7M 2) B�>>- �V	 ��uy	 ���^ �>�� B  %��6 BI�	�	 �7,   ��,  �'-�E  %'�� 

��;$ �� �uy#) �>��7$ .C�Q�� �F�� %�� �,� +- &��#6 �6 %� �	  �\	��#',�  24',�>)  ���'6 
���(7� %�6 ������- �LM N7:) �� .����/ LNG +6 R���� %�� ��;$  B��',�  & �'6 

+($? 0� ��86� [��8�� �7�^   D�7V	 &? +6 &�1�>>-���  LNG =��]#,�  ��'@ ) !�',�)   
k$�g k>�)2B 2010(.  

���41� 3 )2007 (["$ N7:) �� �� ��g��g =�1��� ��� B���U#^� B2,��, B  �� %�M 
B!�E �� +9��") �6 ��#�� 2J���	 O� �   0� �_>) O� D	��- �0�1 2,��6  =��'-    +':�#$ 
+#��1 �,� +- +>�81 ��� B����1��uy	  �'�_$  B�'7�^  ��#��',  B�������'^    �����- 0�', 
B2��) �� ���#�� %�� N7:) �,� +- 2) �$��	 �6 ��0�6 0�1 ��uy	 ����F6 ..�F��64 )2008(B  �'6 

2,��6 D)��M %����>6 �� D(@ ���1   ��#�� �����0�6 �]$   0�1    2��',�>@  2��'��#)���� 
+- =�<  8��7	 %��  � ��0�6 0� �� �F��(� %��3	 2) B�>>- +6 %��  +':�#$  2')  �',�  +'-  %'�� 

N7:) . �]	 ��� 2,�,� �6 O� � B���� B%���6�>6  D^��'E ��  K�'>�?  O'��8$  2'7$  �'$��	  +'6 
�O� � �0�1 D��4	 ��@ .��#�� N7:) 0� �_>) O� � �0�1 �� C3��P)  D'��6�1    &���'(7�5 

)2012 (�6 =��]#,� 0�  O'� » !�')  ��8'6  !��'3	  �j�'$�«  D'�YV	 B   %')  2',��6  &�'()� 
D(@ ���1 D	��- �0�1 �� B=�>�? ��uy	 &? �� �7�^ ����1 0�1 �� 2E��$ �Y#J)  26�'�0�� 
=�@ �,� .B%�>h7� +6 %�� !�z, +#����� =�@ +- ��LM� %�� D	��- �0�1 �	  +'g  &�8'�) 
2) �>$��	 0� ��LE �� %�� D	��- �� ?��, �>>- .k$�	� �    �'>�� �6 )2011 ( N'7:) �� �� 

��g��g O� � �0�1 2,��6   =�F��< K\�  +�, � �� �� %��  N'7:)  +'3��P)  =��'-  �'$� .�� 
%�� B+��") �6 %�� +#($ ��-y	 =�@ �,�  +'-  B+�', �  �'6  ���'�n  *�'_M    2��'$��	  �'���	   

                                                           

1. A.M. Jaffe and R. Soligo 
2. O. Massol and S. Tchung-Ming 
3. Obindah N. Wagbara 
4. Gawdat Bahgat 
5. S. A. Gabriel et al. 
6. Robert W. Orttung and Indra Overland 
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.����/ 0�1 B23�45 �� 2#�3^�) �,� +- 2) �$��	 0� q��5 2F>��7� �6  ���',  �����'�- 
�LM ���4�� N7:) %�� D	��- �� =�;M�6 ���F6.  

�� .�''3��P) !��''�F$�   &���''(7�1 )1998(B &�''>��2 )2007(B 8��''�   &���''(7�3 

)2008(B &�#F>�#$��4 )2009(B %7��$5 )2009(B  !��'$0 �      %<�',6 )2009 ( 8'-�7	 
8-�7	 2Y/� �6 .����/ 0�1 0� q��5 m�  +'���  �',� .��  %�'>g  26�g��'g  =��]#',� 0� 
C��_$ �0�6 ��� +$���(7� r�	�7M +6 %�� +:�#$  �:>)2) ��@  +'-  N��'>)  2'��6  ��'LM� 
N7:) �� &? �,� +- �6 ��:�� ��L� I,�>) �	 ���  RS#T� �$��$.7  

2��4M   ���7M )1391 (D�(�	 D	��- �0�1 �� �6 �$ �  ���J#',� 0�  �'_>)  C'��_$ 
�0�6 �� 2,��6 =��7$ �$� .�6 X�,� ���#$  O'�  !�')  %�'6  =� � ��  ���'6  ���J#',�  N6�'>) 
&���� B���� K�M�^ ���J#,� 2P� t�,� +6 +$�1 �� +- �� .��/ &�9(� &��6 ��$  D'�8>	 

���J#,� =�>>- �� I��Q I�@ ���J#,� =�>>-  �'�  &�'9(�  �',� . . �']	 ��  +'>�8�  �'�   
��#��, ��0�6 �� ��M 0� }�4) &���7$ 2) ��@ .�� %�� +3��P) &��$ =��� =�@ +- �6 ���G	 
��#��, 0�  2#6�'^�  +'6  ��'4��  ��4Y-�#'@�  &�8'�)  ���J#',�  [��'-  �'����  �'��� . �'6 

&��,�1� =��� ��� 2��Y6�	 8�$ O� CP6�� 2P� ��^ %�6 ���J#,�    ���'�n  &�'�$ =��� 
=�@ t�,� +6 +$�1 �� +- I��Q I�@ ���6 2������- �6 ����n ��86 �	  �'#7-  %�'7J	 
=�0 2) ��@.  

&����� )1391 (+6 2,��6 �,��, ��� ���:	 ������- ��86  K�>>-���'/  �']$ 
�� B0�1 0� +Y7< B&���� B+�, �   B�P^ +#����� �,� .�6 X�,� ���#$  %'��  B+'��")  +'6  *'e� 

�����)? +$�>�4@�� 0�  &0��'	  +'Q�M    ��'Q�"	  �']$    0�'1  R��'3#) ��  &�'�)  .�')   
.�)�>Y6 )q�� 2$�)0 2035(B ������- R�U) B=�>>- +6 =\�  ��0�6  R�'U)  �  +'6  �'@� 

B%�g �� ��3) f�M ��>)� CQ�M �j�$� �� .�)�>Y6 ���^  �$��� . B%�'>h7�  f�'M  ��uy'	 

                                                           

1. S. Engevall, M. Göthe-Lundgren and P. Värbrand 
2. D. Finon 
3. F. Holz, C.V. Hirschhausen and C. Kemfert 
4. H.G. Huntington 
5. A. Neumann 
6. K.E. Rosendahl and E. L. Sagen 

7. �� %�� |�U� 2) &��	 +6 �\	��#,� 2������- &�g +�, �   j �$ �� $%#,��Z +6  O'� �  =��'@�  ��'-B  ��'�0  N��'>)  %'��  � 
���- & �6 ��LE �� O� � �#;6 %�)y	 2) ��@ �	 +(>�� +6 .��/ 27,� ���   O'� �  �$�'@ )  B&�'����1381t   B�'�Y(	
1389(.  



840   �	�
�� ������� /���	  49����� � 4 ������ �1393 

 

��< *��V	 ��� C���V	� �� �� �� .����/ �]$ B&���� �6 +<�	 +6 �@�  K�'>��8�  ��'Q�"	 
B�j�$� +6 =\�  �� B�� �� �� .�)�>Y6 +:�#$ ���1 =�@ �,�.  

� �;) 2���M   &���(7� )1391 (.����/ 0�1 �6 m� +��� �� ������-  �'LM  N'7:) 
�� 0� �_>) C��_$ �0�6 �� 2,��6 =��7$ �$� .���#$ %�� +3��P) &��$ 2) ��� B+- �6  +'<�	  +'6 

��� �V) ��� .����/ 0�1 �6  m'�  +'���    ��#��',  ��0�'6  0�'1  B2'3�45  �����'�-  �'LM 
2) �>$��	 ���(7� ���96 ��uz) ��  C'>�)0  �'�8$��	  0�'1  +#'@��  �>'@�6 .��  D'�YV	  ��'#�� 

������- K�>>-���/ 0�1 0� q��5 �0�6 C��_$ �� 2) &��	  +'6  C'3��P)  =��0�']3<    2'9�$ 
)1391 (=��@� ��- .�� %�� B+��") .����/ 0�1 &����   +�, � +6 ������- �>�   &�#9-�� 

�� O� �����>,  2Q��   �� ��g��g �0�6 ��� +$���(7�   �6  =��]#',� 0� � �  %�(',�)1 

2,��6 =�@ �,� .���#$ %�� +3��P) &��$ 2) ��� +- ��3^�)  +'>�;6  ���'6  �'�  �  ��'�- 
���/ �&��($ 0�1 +6 �>�   &�#9-�� �,�.  

.�3��P) f�:$� =�@ &��$ 2) ��� +- *;,   =�F��< LNG �� =�>�? +6  �M�',  [��8'�� 
����� ����2   %�� [��8�� r�	�7M 2@�$ 0� 2Y)��M +6 v�@ D�n �,� :+��/  ��'�  2'@�$ 0� 
X��") �� 2E��5 ����E�  ���< ����	 LNG )&8>�3B 2003(B  [��8'��  �'6�^� ��  %�'6 
+Q�M &�1�>>- [$�� 2>� LNG )�(��1   %<�,4B 2008(B   [��-  D'7E C>�8�    D'"$ 

�� �7�^ f�7	 K�@ �� �E�   �'���	 LNG ) �'#��6    2Y	��'�5B 2007t  !��'$0 �    %<�',6B 
2009 .(B%�''>h7� �  7 )2012(B �''9#���8 )2014(B   ���''���)9   &���''(7� )2014 (

.l�V	 2	? ��0�6 LNG �� +6 v�@  D'�n  2',��6  =��'7$  �'$� :�   )2012 ( +'6  +'4><  ��'� 

                                                           

1. Erik Maskin (2003) 
2 .�6 X�,� ���81 =�@��#>) m,�	 26 B2� .��:	 2$�;< LNG �� C�� ! � &�^  �'9�6  *'(�   +'6   ��'5  m',�#)  +$����', 

� �E 7/11 �/�� �@� +#@�� �,� .�� !�, 2012 *;, .��:	 LNG 0�  .��':	  2$�';<  0�'1  2'3�45  [�'6 0� 7/31 
�/�� =��6 �,� .�6 %�� B!�E ���6 %�#9J$ ��6 .��:	 2$�;< LNG �� %�7� !�, +6  &�8'�) 9/0  �'/��  [��'-  +'#��� 
�,� ..����  LNG �� �� !��3) 2/28 �/�� [��- +#@�� +- �6 �@� W��� .����  ��,? )8/22 �/�� (�	 ��E  2'�>� 
=�@ �,� )+6 C)�>��, ���)? 26 2� +3<��) ��@ :BP Statistical Review of World Energy 2013.(  

3. J.T. Jensen 
4. M. Greaker and E. Sagen 
5. D.L. Brito and P.R. Hartley 
6. K.E. Rosendahl and E.L. Sagen 
7. David A. Wood 
8. Sergey Paltsev 
9. Seksun Moryadee et al. 
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=�F��< ��,?   �� �� �� .��:	 LNG   ["$ C3,�	 ���0�1  R��'3#)��e ��  .l�'V	  2'	? 
��Q�"	 2$�;< 0�1   R��#-� 0�1 �� q7M B������ +6 =\�  �� ��@ �"����   ��@  B+'$��#��) 

+<�	 =��7$ �,� .�9#��� )2014 (["$ +�, � +6 &��>M ��86  %��'	  K�>>-���'/  0�'1  �'	 
!�, 2050   ��uy	 &? �6 .l�V	 2	? ��0�6 2$�;< 0�1 �� 2,��6 =��-   +6  =�'F��<  ���'�n 

���0�1 R��3#)��e �� %�g   ��uy	 &? �� .����/ 2	?  +�', �  +'6  ��',?  +'#�����  �',� .
������)   &��F�� )2014(B �6 +�(	 �6 ����n D6�^ C_ES) ���0�1 R��3#)��e ��  B�(��)? 

&�()� K�"��6 .����/ LNG m,�	 %��  ��'�-    ��uy'	 &? ��  .��':	  2$�';< LNG �� �� 
��g��g O� !�) �0�6 C��_$ 2,��6 =��7$ �$�.  
D)��M ��� �-��� I<�) =�@ �,� +- D7E   D"$ 2����� LNG +6  �M�',  �'@�  �'>-   
�����0�6 ���96 2#,�� � �� �� ��0�6 LNG f�e�� ���7$ .0� %�� =�1��� 2) &��	  �'M��  ��'-  +'- 

N7:) ���;$ �,� +- �6 ��:�� ��L� I,�>) ���6 ���(7� ������- �LM 2)  �'$��	  N��'>) 
&�1�>>-����	 0�1 23�45 �� 0� q��5 ���(7� �6 �F��(� �� .����/ LNG ��-��E ���7$.  

3 .7�<	 �.(6 ��#�+,- +$% )�*� �16 ���"�# ��# K6���� �	 ��	�/ LNG 

�6 7L+� 76 K/+M �@2��M1NL K�O 3(2P#� � Q*O ��	�/  

2,��6 I�-�	 ��LM� N7:) +6 ��_>) D�YV	 2�"$ +- %�� &�)0�, 2) �$��	 �� ��0�6  0�'1 
�]�� �>- 8T�E ��7�� �,� .�� !�E B�Q�E ���- =�8�, ' B���8:��  B.���')�  B&��'��  B��'���6 

����>��	   B�1�6�	 B+�, � B&�7M B�P^  C'>�1  2���#',�1B  B2'4��  B�'U)  B+'��:�$    ST 8'$  ' 
���LM %�� N7:) �� +#����� �$� .%�� �����- r�M�7:) � �E 63  �'/�� 0�  ���'�n  2$�';< 

0�1 �� �� ���#�� �$��� .B+#4�� ������- B�>Y� Bj �$  B&�#'9^�8^    ���'M  +'6  &��'>M  ��'LM� 
�i�$ �� %�� N7:) �-�@ 2) �>>- .0� &��) ��LM� BN7:)  B&��'��  +'6  *'e�  %#'@��  %�'� � 

����n ��86 0�1 23�452 )18 �/�� 0�  ���'�n   8/4  �'/�� 0�  �'���	  2$�';<(B  .����'/ 
���96 2-�$� ����   %�>h7� BST 8$  �6 3 �/�� 0� ����n B2$�;< r�,�,� �^�� .����/  0�'1 
�,� .%�>g f�M 29$�:	 �� &��)  �'LM�  ����')���  ���'96  2'7;) ��  %� �'	  �\	��#',� 

���(7� ��LM� N7:) �� .����/ 0�1 ����� �@��.  
                                                           

1 .+- 0� %�� +V]/ +6 �36 �6 &��>M »+>�1« 0� &? ��� 2) ��@. 

2.  ���81 X�,� �6)�>��,C ���)? 26 2� )2013( B&���� �6 6/33 &��Y��	 �#) I3() ����n .�4u� �@K 0�1  2'3�45 
����� �")f ! � �� &�;< �,�   �36 0� �&? +�, � �6 9/32 &��Y��	 �#) I3() �� 4	�C f � ���^ ����. 
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���(7� &��) ������- �LM  N'7:) ��  .����'/  0�'1  2'3�45  +'6  .��'/ LNG �� 
2) &��	  �'6  =��]#',� 0�   D'7E C'>�8�  �'�  &�'�Y�)  2'6  2'	  �'� )Btu(1 LNG  0�10  ��'�- 

K�>>-���/ �LM N7:) +6 10 ���- 2Y/� =�>>-���  &�()� 2:>, ��7$ .��  ! �'< 1  �'� 
���� +6 +, �79^ %��6 v�@ *�9"	  =�@ �,� :���( !�5 ���9) D7E  2��'��� LNG 

0� ���- K�>>-���/ �LM N7:) +6 ���- =�>>-���  �6  I'9E  D'��)  2��'��� )nm(2t �( 
D7E C>�8� LNG ���6 �� &��Y�) Btu �6 I9E t�l� �( *:E .����/ LNG �6 I9E 

����Y�) �#) I3().  
��(Y7M 23^�  ��LM� N7:) +6 26�� %�� +#($ �� &��$ 2) ���  +'-  �'�-�  &�1�>>-���'/ 

LNG �� N7:) 2�����0�6 �� R�� ���^ =��� �$� +- D^��E D7E C>�8� ��  +#'@��  B�',�  rS�') 
+�, � m"� +6 B%�g B%��j -�B26�>< K B&����	   �>Y��	 �� K0�E ��,? -O�]�,�� LNG ���/ 

2) �>- .D7E C>�8� O���b	 �� &��Y�) Btu .����/ LNG +�, �  +'6   �'(��)?  �'�  +'9$��� 
+6 I�	�	 61/3 �l�   59/2 B�,� �� 2��E +- %�7� *^� ���6 .����/ +6  %'��j  m'"� 31/0 

�l�   +6 %�g 32/0 �l� �� ?�6  =�'@  �',� . �'_$  +'6  +'(>��  ��'Q�)  %'��  +'��")  ���'(7� 
������- �LM N7:) �� .����/ LNG �6 q45 ��F�� 23^�  .��:	 2Y3�  B�',�  B%���6�'>6 

+>�8� ��� D7E m"� ���6 2�����9) �� ?�6 =�@ +- rS7M &���<  .����'/   .����   ���'^�6 
�,�.  

B&�>-� �6 =��]#,� 0� ! �< 1+6 B 2,��6 .l�E �Y#J) ���(7� %�6 ��LM�  N'7:) 
�� .����/ LNG 2) *�0���� .�9J$ ������- K�>>-���/ LNG ��  +'6  +',  = �'1  +'6 

v�@ D�n +#,� ��>6 2) *�>-:  
- &�1�>>-���/ !�7@   ��e �"���� :B24�� B�U) B���8:�� B+��:�$   t+>�1 

- &�1�>>-���/ K0�E  ��Y� X���   +�, � :B�P^ B.���)� B&�7M   t+�, �  
- &�1�>>-���/  �(��)?� 26�>< :����>��	   �1�6�	.  

�����0�6 ��86 8�$ +6 v�@ D�n +"45 ��>6 2) �$�@: 

- &�1�>>-���  ��,?- O�]�,�� :B�>� B%�g B&����	  K�- B26�><   t%��j 

- &�1�>>-���  �� �� :B+9$��� B&�#9YF$� B��$�Z,�   t����#�� 

- &�1�>>-���   �(��)?� 2��7@ :.l��� =�V#)  �(��)?. 
                                                           

1. British Thermal Unit 
2. Nautical Mile 
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R�.L 1 .��	�/ LNG S<+� ��#�+,- +$% )�*� 76 10 �+,- @;/ �.((-	�� LNG  

)+Y/�� :D��) B2����� D7E C>�8� :�l� +6 ��0� �� &��Y�) BtuB .����/ :����Y�) �#) I3()(  

      ��0.((-	��  
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+�, � 

+Y/��  840  844  1284  942   -  -  -  -  -  - 

 C>�8�
D7E  

31/0  31/0  42/0  32/0   -  -  -  -  -  - 

.����/  8/9  9/3  3/0  3/0   -  -  -  -  -  - 

�P^ 

+Y/��  6482  6120  5286  5172  1245  4530  6184  4060  3936  9564  

 C>�8�
D7E  

77/1  64/1  44/1  45/1  39/0  32/1  66/1  21/1  16/1  40/2  

.����/  8/15  1/11  3/5  2/3  13  2/3  9/21  8/4  1/6  6/2  

.���)�  

+Y/��  6482   - 5286   - 1245   -  -  -  -  - 

 C>�8�
D7E  

77/1   - 44/1   - 39/0   -  -  -  -  - 

.����/  7/7   - 1/0   - 2/0   -  -  -  -  - 

&�7M  

+Y/��  6051  5673  4839   -  798   -   -  3519   -   -  

 C>�8�
D7E  

65/1  52/1  33/1   -  29/0   -  - 02/1   -  - 

.����/  4/5  5  2/0   -  1/0   -  - 2/0   -  - 

���8:��  

+Y/��   -  -  -  -  - 401  1514  349  461   - 

 C>�8�
D7E  

 -  -  -  -  - 12/0  46/0  18/0  21/0   - 

.����/   -  -  -  -  - 7/5  2/0  4  6/1   - 

24��  

+Y/��   -  -  -  -  -  -  - 1070   -  - 

 C>�8�
D7E  

 -  -  -  -  -  -  - 35/0   -  - 

.����/   -  -  -  -  -  -  - 1/0   -  - 

�U)  

+Y/��  7827  7465  6631  7057  2958  1606  3260  1677  1012  6640  

 C>�8�
D7E  

12/2  98/1  79/1  78/1  78/0  50/0  87/0  49/0  35/0  62/1  

.����/  9/0  6/0  7/0  2/0  6/0  9/0  1/0  3/2  5/0  1  
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 7�	R�.L 1 .��	�/ LNG S<+� ��#�+,- +$% )�*� 76 10 �+,- @;/ �.((-	�� LNG  

)+Y/�� :D��) B2����� D7E C>�8� :�l� +6 ��0� �� &��Y�) BtuB .����/ :����Y�) �#) I3()(  

+��:�$  

+Y/��  10704  10391  9544  9983  7101  3938  4250  3283   -  6037  

 C>�8�
D7E  

89/2  75/2  55/2  50/2  76/1  07/1  10/1  87/0   -  48/1  

.����/  7/2  5/1  9/0  1  4/1  6/3  3/1  6/6   -  1/0  

+>�1  

+Y/��  10659  10339  9491  9931   -  -  -  -  -  - 

 C>�8�
D7E  

88/2  73/2  54/2  49/2   -  -  -  -  -  - 

.����/  2  1/1  8/0  2/0   -  -  -  -  -  - 

����>��	 
  �1�6�	  

+Y/��  13218  12856  12022  12448  8370  3711  3952  3360  4244  2168  

 C>�8�
D7E  

97/3  50/3  31/3  21/3  16/2  02/1  03/1  89/0  15/1  59/0  

.����/  4/0  2/2  1/0  5/0  6/0  4/0  6/0  5/2  2/0  8/3  

N4>) :���81 & �� 2$�)0�, »�#�� D�YV	 ��0�6 0�1   �j�$�«B C$����6� N7:)   8�$ C)�>��, ���)? 26 2� )2012(  

2;��6 �,� o�@ ���(7� ��<  D^��E  � ���- =�>>-���/ �,� +-  *'�  &�')0  +'6  � 
��0�6 �Y#J) LNG ���/ 2) �>>- .�� ��"g . �]	 �� +>�8� ��� D7E LNG ���6  .����'/ 

0� %��  � ���- +6 %��  � ��0�6 �#��6 �@�6 +>�)0  ��'�  ��'#;6  ���'6  ���'(7�  �',��;) . �'6 
+3<��) +6 ! �< 1 2) &��	 ���(7�  %�'6  �'P^    B+'��:�$  �'U)    ���'�>��	    �1�'6�	 �� �� 
.����/ +6 %��j    �(��)? ���3	 ��- .&��$�5�� 2) ��@ +- ���(7� �P^ �6 B+�, �  B&�'7M 
B���8:��   +>�1 ���6 .����/ +6 %��j    �(��)?B +6 D��� f�M .����/  �����'�-  ��-�')  +'6  
�(��)?B &�()� ���� �9�$ .B%���6�>6 �P^ 2) �$��	 �� .����/ LNG +6 %��j     �'(��)? ��  +', 
���E %(7) �6 ���, ��LM� N7:) ���(7� �>-   ��, D/�E 0�  %'��  ���'(7� ��  +'6  �'V$ 

2L#") %�6 ���   ���- ��(7� *�9"	 ���7$ .!��) ��� �-��� �� 2) &��	 �� ���E ���  �'F�� 
���(7� %�6  � ���- �LM N7:) +6  � ���- =�>>-���  8�$ *�73	 ���.  

&�>-� �V6 ��� �-��� �� 2)  &��'	  *�'73	 ���    +',  ��'�-  K�>>-���'/  �'LM  N'7:) �� 
�_$�� ���1 +- �U^ �$��� �� .����/ +6  +',  ��'�-  2Y'/�  K�'>>-���  LNG  �'6  �F��'(� 

���(7� B�>>- rS�) 2) &��	 ���(7� �P^ �6 +��:�$    B&�'7M  +'��:�$    ���'�>��	    B�1�'6�	 
+��:�$   B���8:�� +��:�$   B24�� +��:�$   B�U) +��:�$   B+�, �   +��:�$   +>�1 ��  �'��3	 
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��- .&��$�5�� 2) ��@ +- ���(7� �P^   +��:�$ �6 B+�, � B���8:��  B2'4��  B+'>�1    &�'7M 
�� .����/ LNG +6 ������- B%��j B%�g   B+9$��� +6  D'���  f�'M  .����'/  2'(� 0�  %'�� 

�����- +6 2(� 0� +, B�U") &�()� ���� �9�$ .B%���6�>6 0� �]�  �'��E  %'(7)  �>'�  �'��E 
rS7M &�()� ���� B�9�$ %���6�>6B ���(7� �P^ �6 +��:�$   2(� �F�� 0� ��LM�  N'7:)  ���'6 

.����/ +6 B%��j B%�g   +9$��� m"� ��  � ���E 2) �$��	 ���3	 ��@.  
+6 24�	�	 +6��) 2) &��	 C�Y- .l�E +, C$�1 %(7) ���6  ��'���0�6  R�'U) �� 0�   %�'6

10 ���- 2Y/� K�>>-���  LNG ���3	 ��-   .l�E  �'Y#J)  .����'/  �'�  C'M�7:)��0 
+, 2��	 0� ������- 2Y/� K�>>-���/ LNG N7:) +6 %��  ��'���0�6  R�'U) ��  WJ'�) 

��7$ .+/S� +($? .l�E �Y#J) ���(7� ��LM� N7:) +6 .��/ ���  � �LM  N'7:)   
 � B��0�6 +, �LM N7:)   +, B��0�6 �� ���3	 ��#��6 �LM�   ���3	 �#��6 ��  ��'#7-  ��0�'6 

���96 ��>#) �,�. �>g�� +- ����96 0� %�� .l�E  r���'/  C'4><  ��'_$ B����  ��'�0  rS'7M 
.��:	 LNG %�6 &? �� .��/ 27$ �����.  

! �< 1 &��$  2) ��� +- +>�)0 ��� ���96 24,�>) ���6  ���'(7�  %�'6  &�1�>>-���'/ 
LNG �� N7:) ��<  ���� .0� %��  B � �������>, 2]Y#J)  ���'6  ���'(7�  %�'6  �����'�- 

K�>>-���/ LNG �� N7:) ��<  ���� +- ��  %'��  +'��")  �'6  =��]#',� 0�   �0�'6 C'��_$  �'�� 
+$���(7� +6 O� C3��P) ����) +#����� =�@ �,� .C3��P) ����) �� %�� +��") 2#��E  �',� 

+- +, ���- B�P^ B+��:�$   ����>��	   �1�6�	 ���   ���'(7�  �$�'@ .��  BN'^�   %'��  ��'J#$� 
2) �$��	 2)�7M %��	 ���E �� �� ���(7� &��$ B���  ��'�0  �'P^  O'�  ��'�-  =�>>-���'/ 0� 

K0�E  ��Y� X��� B�,� +��:�$ O� =�>>-���/ 0�  !�7'@  �'"����B    ���'�>��	    �1�'6�	  O'� 
=�>>-���/ 0� K0�E I�T���- .�����0�6 R�U) �� +,  ��'�-  B%'��j    B��$�Z',�   �'(��)?  �'_$�� 

2) B*���1 +- +6 I�	�	 R�3) R�U) &�1�>>- 2Y/� �� =0�E ���  ��',? -  BO�]�',��  B�'� ��    
�(��)?� 2��7@ �$� .B%���6�>6 �1� H��	�) ���)���   m���@ !��3	 �� ���6 %��  !�'�)  +'6  �',� 
B*�� ? +6 24�	�	 +6��) 2) &��	 ���6 C�Y- .l�E �F�� 8�$ .�4,�V) o�6�) �� f�:$� ��� . �')� 
[�� 0� � �  +6 %�� �V4)   DE B+Yb9) �9J$ !�) 2Q��� �0�6 ���  +'$���(7�    D'E &? 

 ��� �) *����� ��-.  
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4 .R.� @X�2� ���6 ��# 75��"�#  

�0�6 ���  +'$���(7� ��  D'6�") » �0�'6  ��'�  +'$���(7���e«1  �'��3	  2')  ��'@ . &�'>(�0�6 �� 
�0�6 ��� +$���(7���e ���6 &��-��-��E �)��� B��� �6 +<�	 +6 �\	��#,� 26�J#$�  �'��E  �'� 

B&�]��E %(7) �,� �� ���;$ &? �\	��#,� �� ��J#$� �>>-  +'-  %��#'��6  �')���  %'(7) �� 
���6 &�$? +6 !�4$� +#@��$ �@�6 .0� %��  B � �� �0�6 ��� �+$���(7�  &�'>(�0�6  23',  2')  B�'>>- 
���6 26��#,� +6 N��>) B�#��6 �6 %(�0�6 �� ���, &�>(�0�6 ���(7� �>��7$ .�� %��  .��'/  +'6 

CM�7:) B2(	 B2��	 � �� 2��	�>g 0� &�>(�0�6 r�ESP/� RS#T�2 +#]1 2) ��@.3  
�� �0�6 C��_$ ��� �+$���(7� 8-�7	 2Y/� �6 D(@ ���1 RS#T� ��� %(7)   C4,�V) 

���0�)4 �,� +- 0� q��5 D(@ ���1 �� RS#T� ���M CM�7:) &�>(�0�6 �LM &?  RS#'T� 
2)  ��@ .f�^ B��36 K�V$ W�UJ	 ��0�) +6 �,� =�)? %�6 &�>(�0�6 �,� +- %��  �')� �� 

�0�6 ��� +$���(7� �6 ��6�YP) !�"#$� ����5 v�P) 2)  ��'@.6  W�'UJ	  ��0�')  =8'�F$� �� 
���6 &�>(�0�6 ��:�� 2) �>- �	 +6 RS#T� ��� %(7) �$�$��Z6.  

�� O� �0�6 2)�7M �6 n B%(�0�6 �� +M�7:)��0 �� )+6 8< CM�7:)  2';	 (0�  C'M�7:) 
&�>(�0�6 },n ...,3,2,1{=N �� O� BRS#T� CB 2)  *�)�'$.  �'1� rl �  ��'�  2#�� �'V)  ���'6 
D�(�	 RS#T� ��<  +#@��$ �@�6   r��$�u �� +M�7:) �� 0� &�>(�0�6 ���^  �>'@�6 ��  .��'/ 
D��7	   +#4�� �� ��#,�� I9- N��>) �#��6 �6 �F��(� O� RS#T� �� D�(�	 B�>��7  �0�'6 

                                                           

1. Non-cooperative games 
2. Coalition 

3 .I��P) %�� [J6 2>#4) �6 ��#- &�)�;^ 2��4M )1391 (  C��") )Kiselev (2005 �,�.  
4. Surplus amount 
5. Transferable Utilities (TU Games) 

�� %�� +$�1 �0�6 �� W�UJ	 N��>) I4, I�e�	 &�>(�0�6 +6 ��J#$� �\	��#,� 2��� 2) ��@ +- �� ��#,�� N��>) RS#T� �,�.  
6. ���6 �0�6 �6  � %(�0�6 r�	�7M 0� =�� DE +$�g 2$0 [$ =��]#,� 2) ��@B �)� �1� [�6 0�  � %(�0�6 �� O� �0�6  +'$���(7� 

�-���) +#@�� �>@�6B =�� DE ��� ��F�� ��_$  +#'9� )Core( B 4',�V)C �0��  2YZ'@ )Shapley Value( B 2YZ'@ 
O�6�@ )Shapley-Shubik(B   HY�Y-�$ �� O#9� )Nucleolus (v�P) 2) ��@.  

7. D�(�	 RS#T� 2#9��6 �6 D�) &�>(�0�6   & �6 �� +$�1 ��4<� 2$ ��6 .��/ ���1 .+#4��B RS#T� ��  O'�  �0�'6  +'$���(7�  +'6 
25�@ D(@ 2) ���1 +- �)��� &�>(�0�6 &? RS#T� D �̂�E +6 0��$�K �)��� �� O� 0� &? �� �� m���@ O�  �0�'6  2#6�'^�  �'6 
�F��(� �@�6 .RS#T� D�(�	 �� 2) �0�6 O� %(7) ���  &��	N �� +6 .��/ +M�7:)��0 �� 0� ����  �'��3	  ��'-   &? 

�� RS#T� B237< GB %���6�>6 B��)�$B G=N .+6 2) ���;, +M�7:)��0 D- ���3	 +- ��� &��	  ���NB     � �'� O'� D)�@ +-
 ��n %(�0�6  0�n �LM  +M�7:)N �@�6  �6 �,� �6��6n   RS#T� %(7) ���3	  �6 ��6 ����� �6��6 ��12# −= nC.  
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+$���(7� +6 .��/ )N,v ([��7$ =��� 2) ��@ .O� RS#T� 2Q�� T �� ��  �0�'6  +'$���(7� 
�_$�� 2) *���1 .C4,�V) N6�	 )T(v 2>#4) �6 .��T8< D/�E 0� O� �0�6 WJ�)  �',� .

�� �� �0�6 %�3)   +6 ��0� �� RS#T� T 2) &��	 »pP, ��>)�«1 �� )T(v ��  �'��3	  ��'- 
+- r�ESP/� +6 &? »N6�	 +UJ�)«2 �0�6 2) �>��1 .��� �6 %�� �,� +- �� N6�	 +UJ�) 

f�M &��"	 .�MS5�3 ��<  ����$ .���6  �'�   RS#'T�T  +'- T⊂N  2')  *�$��'	  N6�'	 )T(v �� 
���3	 *�>- +- &��$ 2) ��� D- ����0�) +- ��LM� RS#T� 0� ���(7� �6 �F��(� +6 �,� 

2) �$� ? +g ���") �,� & �6 +($? %�� +#($ �_$�� +#��1 ��@ +- &�>(�0�6 ���� 0� RS#T� 
+g �\	��#,� 2��� �� n�J	� 2) �>>-.4 +6 .��4M B�F�� &�>(�0�6 RS#T� T �6  ���',  &�'>(�0�6 

B�0�6 +- �� RS#T� T �>#9�$   r�ESP/� +6 &? �� RS#T� D7()5 �� Tc +#]1 2) B��@ O� 
�0�6 2#6�^� �� +$���(7���e f�:$� 2) �>�� )+6��) � � Min-Max .(DE �0�6  �'6  X�',� 
� � !��3	 [$6 ����� ��6 +- ��J#$� �\	��#,�  +>�;67 �6 X�,� DE +Yb9) +>�;6 �0�, 
+>�;6 �0�, D�n �,�:  

)1(  
i

*
i i i

s S
max u (s ,s ), i N−∈

∀ ∈  

  �\	��#,� 2���3	 [$ .��4M �,� 0�:  

)2(  
( )

{ }
* * * *

n

* * * * * *
i i i i i i i i i i i i i

s s ,s ,...,s

s B (s ) s S : u (s ,s ) u (s ,s ), s S− − −

=

∈ = ∈ ≥ ∀ ∈

1 2
  

�� O� �0�6 B+$���(7� �)��� RS#T� T �� D6�") &�>(�0�6 ���� 0� RS#T� T �6��6 �,� �6:  

)3(  i k
i T

U(T) u (a ,a ,...,a ), i , ,..., k
∈

= =∑ 1 2 1 2  

                                                           

1. Security level 
2. Characteristic function 
3. Asymmetric information 

4. 2#^  2)  *���1»+6 2) n�J	� �� �\	��#,� +g RS#T� 0� ���� &�>(�0�6 +(>�� *e� �>>- « +- �,� %�� &�)��_>)
+#��1 �_$�� �� ����>, %��	�6 +-  &�>(�0�6 ���6 2^�]	� +g 2>3� B*��T  &��F�� =�1�� ��#�� �����)   +'- &�'$?

 ��T �>#9�$ (#,��\	��  �LM &�>(�0�6 =�1��� 0� +- �>>- n�J	� �� ��T �,� %(7) ���E %��	�6.  
5. Complementary coalition 
6. Nash Equilibrium 

7. &��$�5�� 2) ��@ +- �� 2��6 ��#- ��� ��_$C �0�6 D7M %(�0�6 ��  �0�'6  �#'9��  !��'3)  �\	��#',�  %(�0�'6 
�_$�� +#��1 2) ��@ .�� %�� +��") r�	�7M �\	��#,� +6 D7M 26�J#$� �� !��3	 [$ �_$ ����. 
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k(a ,a ,...,a )1 2 &��$ K�>�� D7M 26�J#$� k %(�0�6 �LM  RS#T�T �,� .��  RS#'T� 
 237<N �)��� D/�E 0� �� I�-�	 D7M 26�J#$� &�>(�0�6 �6��6 �,� �6:  

)4(  i n
i N

U(N) u (a ,a ,...,a ), i , ,...,n
∈

= =∑ 1 2 1 2  

%��#��6 �3]>) 0� q��5 D�(�	 RS#T� 237< D/�E 2) ��@ +-  D^��'E  �'6��6  �'6 
��7:) N��>) D/�E 0� RS#T� ��� D"#9) & �6 �LM x�#�) �,� .��0�) �)��� D/�E 

0� �0�6 �� RS#T� 237< V=v(n) �,� +- &��) ���6 &�>(�0�6 +$l��M  *�'9"	  ��'@ .�� 
%�� �0�6 ��� 2) *�>- +-  

Brl � %(7) �,� ��� ���0�) +6 %(�0�6 qY3	 B���F$ 2>3�  �'�  %(�0�'6 0�  ��'LE �� 
RS#T� D^��E !��3) &�7�  ��')��� ��  +'6  �',� �� ?  +'- ��  �0�'6  2#6�'^� ��  D'6�") 
RS#T� ��� D7() ��� +6 �,� 2) �� ?.  

Br��$�u v(T)B +- m,�	 RS#T� T⊂N D/�E 2) B��@ C:�#$ ���(7�  ��'LM�  RS#'T� 
& �6 O7- RS#T� D7() Tc �,�.  

Br����u ���(7� &��)  � RS#T� S   T 2$�)0 � ?��, �,� +-  

)5(  ( ) ( )v S v(T) v S T , S T+ ≤ = ∅∪ ∩  

CP6�� 5 %��6 2>3) �,� +- ��0�) D/�E 0� RS#T� S   T D^��E +6  K0��'$�  ��'7:) 
��0�) �� O� 0� RS#T� ��� =�@��� �@�6 .%��  o�'@ f0l  ���'6  D�('�	  RS#'T�  ��'��< 

D/�E 0� %#,���  � RS#T� S   T �,�.  
Br�36�� 0� CP6�� 5 2) &��	 +:�#$ ���1 +- �� O� RS#T� 237< o�@  CP6��6 ���^�6 �,�:  

)6(  nv v ... v V+ + + ≤1 2  

B%���6�>6iv∑ �� D/�E N7< ��0�) RS#T� �� r�3P^ m,�	 RS#T� 237< D6�^ !�UE 
�,�.  

��� 2) *�>- �0�� v(T) ���6 �� 2�S#T� 0� N �� T⊆N D)�@ RS#T�  O'	  ��'LM 
T=i �	 RS#T� 237< T=N �@�6. =�F$? N6�	 v m,�	 +M�7:) �� 0� ���M� ){v(T)} (  +6 

.��/  CP6��7 ���3	 2) ��@:  

)7(  
v : ,

T v(T)

ℵ → ℜ
֏
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+- { }Tℵ = CM�7:) 2)�7	 RS#T� ��   ( ) v ∅ =0 �,� . B%���6�>6v �����6 0� 1 -n2  �8'< 
�,� .R�� 2Y/� 0� DE ��0�6 *�9"	 V %�6 &�>(�0�6 +6 .��/ n(x x ... x )+ + +1 2 �,�. 

ix*;, %(�0�6 if� 0� ��0�) RS#T� �,� .2U�UJ	 +- +6 ���Q�  ��'LM�  RS#'T�   �':>) ��'@ 
r�ESP/� » W�UJ	 2�S"M«1 f�$ ���� .W�UJ	 2�S"M ���6 +6 +$�1 �� �@�6 +-  +'6  �'9(@ 

RS#T� �� 2@�� �� &?  �:>)���$   ����� o �@ ��0 �,�:  
Brl � 2����- ���� )��$S"M ����(2:  

)8(  { }( )ix v i , i N≥ ∀ ∈  

Br��$�u 2����- 2� �1 )��$S"M 2� �1(3:   

)9(  
n

i n
i

x x x ... x V(N)
=

= + + + =∑ 1 2
1

  

N7<  � o�@ ��� �-��� �� 2) &��	 +6 .��/ CP6�� 10 &��$ ���:  

)10(  { }( )
n

n i i
i

x (x , x ,..., x ) : x V(N), x v i , i N
=

 = = ≥ ∀ ∈ 
 

∑1 2
1

  

O� W�UJ	 2�S"M 2$�)0 &�()� ���� �,� +- �� ��g��g %�$��^ &?  �0�'6  ��'U#) 
t�@�6 %��6 �>3) +- r�,�,� &�()� q"V	 &? ��<  +#@�� �@�6 .+h$? �� �0�6 ���  +'$���(7� 

�_$ �) �,� K�V$ *�9"	 %�� ��0�) &��) &�>(�0�6  RS#'T�  �',� .��  +')���  +'6  � =��  D'E 
=��@� 2) *�>- +- �� %�� +��") ���6 *�9"	 ��0�) N��>) RS#T� =��]#,� =�@ �,�.4  

1.4. =� KO 7��#  

r�ESP/� 2) *���1 O� W�UJ	 %(7) m,�	  RS#'T� T  ��'UV)  =�'@  �',�5  =�'1�� 
+#@�� *�@�6:  

)11(  i
i T

v(T) x
∈

>∑  

                                                           

1. Rational allocation 
2. 2#^  %(�0�6 ���  RS#T� 2) ��@B ��0�) D/�E 0� � �  +6 RS#T� ��6� 0��$� +6 D^��EK  &�7� ��(Y7M %(�0�'6 �� 

O� �0�6 2#6�^� D6�") RS#T� D7() �0�6 �@�6.  
3. W�UJ	 ��0�) D-  237< RS#T� ��0�) �6��6 �LM� +6 +#���V(N) �@�6.  
4. r�3P^ � � ��� ��F�� ���6 *�9"	 ��0�) N��>) RS#T� �� �0�6  ��'�  +'$���(7�  B���� ��'<   �')� ��  �':>�� 0�  � 

� � +#9�   2YZ@ =��]#,� =�@ �,�.  
5. Blocked 
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CP6�� 11 &��$ 2) ��� +- pP, ��>)� BRS#T� +6 ��>3) D- ���0�)  +'-  2')  &��'	 
���6 ��LM� RS#T� %�)y	 B��- [�6 0� ��7:) ���0�) �,� +- ��LM� RS#T� 2) �>$��	 

�� RS#T� 237< +6 �,� �$� ? .�� %�>g 2#��E Brl � D(@ ���1  RS#T�T  &�'()�  ���'� 
t�,� r��$�u %�� RS#T� I<�) 2) ��@ +- ��LM� &? ���  +$�g 2$0 B�$�@ +6  +'$�1 ��  +'- 

��3Q  &�$? �#;6 0� W�UJ	 ��� �-��� ��@ .+M�7:) �� 0� W�UJ	 �� +- 27$ �$��	  �'6 
2�S#T� ��UV) ��@ D)�@ C7� .�5�4	�� %(7) ������ �,� .%�� +M�7:) �� 27$ &��	 �6 
[@�- 2� �1 0� &�>(�0�6 ���6 %#���  .�'5�4	��  �'#;6  [��'- ��� .0�   %'�� B �  +'6  %'�� 

+M�7:) 0� W�UJ	 �� »+#9�«1  �0�'6  2')  *���'1 . o�'@  +'($?  RS#'T�  2'37< G=N 
+#9(@ ���$ &? �,� +- ���6 �� RS#T� T +- 0� +M�7:)��0 ��LM� N  D�('�	  =�'@ 

�,� CP6�� 12 ���^�6 �@�6:  

)12(  ( )i
i T

x v T , i T
∈

≥ ∈∑  

CP6�� 12 %��6 2>3) �,� +- N7< �)��� W�UJ	 +#��� +6  ��'LM� T 0�  �')���  RS#'T� 
237< [�6 0� N7< �)��� W�UJ	 +#��� +6 &�7� &�>(�0�6 �� RS#T� T �,� .%��  W�'UJ	 
2�S"M ������ �� +#9� 2) �>��1   +6 &�60 2Q��� +6 .��/ CP6�� 13 ���3	 2) �>>-:  

)13(  ( )
n

n i i
i i T

C x (x ,x ,...,x ): x V(N), x v T , i T, T N
= ∈

 = = = ≥ ∈ ∀ ⊆ 
 

∑ ∑1 2
1

  

r�) 8� C#9� O� W�UJ	 �#(� B�9�$ +(Y6 �� 2L36 0�  �0�'6  �'�  2')  �'$��	  %��'>g 
W�UJ	 2�S"M ������ �� D)�@ ��@   �� 2��6 �0�6 �� %�� &�()� ��<  ���� +- +#9� 

2;	 �@�6.  
C#9� �0�6 �����  � 21\�  �,� .�� �:>�� +6 2����- +#9�   ��<  +#9� =��@� 2) *�>-:  

���( 2����-2 :=�1�� W�UJ	 2��� +- �� O� +#9� ���^ 2)  ��'�1  ���'6 n  %(�0�'6 
�����0�) ),…,xn 2,x1x (�� ��:�� �>- =�F$? ��7:) %�� ����0�)  ���6 D^��E  +'6  K0��'$� 

pP, 2#�>)� �@�6 +- RS#T� 237< 2) �$��	 +6 &? �,� �6��:  

)14(  { }( )nx x ... x v , ,..., n+ + + ≥1 2 1 2  

                                                           

1. Core 
2. Efficiency 
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+6 %�7� D��� �,� +- W�UJ	 +#9� �� r�ESP/� W�UJ	 ���- 2) �>��1  +'-  +'6 
&�60 ���U#^� &�7� 2����- �	���  �',�.1  �'6  f�';])  2����'-  2'7$  &��'	  O'�  W�'UJ	 

+#9� �� %�3) �� 0� &��) ����3	 0� %�� W�UJ	 �� ��J#$� ��- . ���'6  %�'>g  26�'J#$� 
���6 0� D�YV	 ��� ��F�� =�;6 ���1 .r��36 *�����  �'��  +'-  �'6 �0��  2YZ'@  2')  &��'	 

N�0�	 ����M %�6 &�>(�0�6 �� +6 �,� �� ?.  
� (��< 2 :�� �0�6 2��� +- &�>(�0�6 ��u? 8���, 2]>) )2<���(3 �49$ +6  �F��'(� 
�$��� +#9� 2) �$��	 2;	 �@�6 .RS#T� �>g %(�0�6 �� %�� �0�6 �� +6  +'$�1 ��  �',�  +'- 

��J#$� D7M &�$? +6 &��F�� +)�/ 2) �$0 .2$�)0 +- +#9� 2;	  �',�  ��'�  W�'UJ	 
2�S"M ������ %�6 &�>(�0�6 ��<  ����$   �� O� 0� &�>(�0�6 X�9E� 2) �>- �1� RS#T� 
����< �6 %(�0�6 �F�� D�(�	 B��� +6 �)��� ��#��6 ����� ��,�.  

2.4. =� KO @;U�  

O� +#9� %�� 21\�  ��YP) �� ���� +- B�,���- �)� ���6 2��6 �0�6 �� r�,�,� +#9� �� 
��<  ����$   ���6 �0�6 ��� �F�� %�� +#9� ���96 ��86  t�',�  +'6  +'$�1 ��  +'-   D)�'@
C>)�� =��#91 �� 0� ���#$ �,� .+6 .��4M B�F�� �6 � � +#9� 27$  &��'	  �'�V<��  O'� 

W�UJ	 �� �6 W�UJ	 �F�� %��3	  ��'- . B%���6�'>6  *���'])  ��'#;6 ��  %'��  |�'U� 
v�P) =�@ +- R �3) %��	 &? �� »�0�� 2YZ@«4 �,�.  

+6��) =�� DE +$�g 2$0 B[$ �0�� 2YZ@ ���6 ���E +$���(7� �,�   +6 =�� DE   �':>) �'#(� 
2) ��@ .�� � � 2YZ@ +6 �� O� 0� &�>(�0�6 RS#T� ���0�) |�U#�� =��� 2) ��@  +'-  +'6 &? 

�0�� 2YZ@ �� .��^ 2YZ@ 2) �>��1 .+6 �����6 +- D)�@  2)�'7	 �0��  ��'�  &�'>(�0�6  �',� 
r�ESP/� »����6 N6�	 �0��« 2)  �'>��1    �'6n(V) ( (V), (V),..., (V))φ = φ φ φ1 2    ���'M� 

                                                           

1 .+6  *e� ��7�� f�;]) B2����- %�� 21\�  r���/ 2(� 0� 21\�  2���  �',�  +'-   �'��6  O'�  W�'UJ	  +#'9� �� ����  �'@�6 .
vSP/� 2����- r���/ �6 %�� +#($ ��l� 2) �>- +-  ��'�  W�'UJ	  ��'F�� ��  2'7$  &��'	  �'���  +'-  �'$��#6  ��'��M 
&�>(�0�6 �� +6 .��/ *� &�)0 ��4;6 B��J6 �)� W�UJ	 +#9� 0�>� 2) �$��	 +6 2	��/ �@�6 +-  2'��6  &�'>(�0�6  �'6 
����M ���96 %����   2��6 �F�� �6 ����M ���96 l�6 ���3	 �$�@ .+6 &��6 B�F�� 21\�  2����- 27$  �'$��	 ��  |�'U� 
� �9	 �� ����M 23�0�	 )distributional justice (O� W�UJ	  +#'9� ��  2	 �'L^  +#'@��  �'@�6 . O'�  W�'UJ	 
+#9� �� =���7� ��-��E ��7:) ��0�) �� +:�#$ 2) B��� �)� ��� =�1 27$ �$��	 N�0�	 &? ��0�) �� *�_>	 �>-.  

2. Existence 
3. Externalities 
4. Shaplev value 



852   �	�
�� ������� /���	  49����� � 4 ������ �1393 

 

2"�"E &��$ =��� 2) ��@ .X�,� � � 2YZ@  2'�"$  �',�  +'-  �'�  %(�0�'6 ��  I'9-  ��0�') 
RS#T� �]�� 2) ���7$ .�0�� 2YZ@ ��(v)φ ���M �,�#(�   � �� ��0 �� &? ��/ 2) �>-:  
1. ���6 &? +#,� 0� 2$�>(�0�6 +- �-���) &�$? �� �� 2�S#T� +$ ����M  I�'U$  &��'F�� 

2) �>-   +$ 2$��0 +6 &�$? ���  2) �>- )&�>(�0�6 �0�:)(1 �0�� 2YZ@ �]/ �,�:  

)15(  { }( ) ( ) iv T i v T (v)= ⇒ φ =∪ 0  

2. �1�  � %(�0�6 ["$ 2$�9(� �� ��:�� �)��� RS#T�  +#'@��  B�>'@�6  �'��6  +'6  O'� 
=0��$� 0� �)��� RS#T� *;, B�$�46 2>3�:  

)16(  { }( ) { }( ) i jv T i v T j (v) (v)= ⇒ φ = φ∪ ∪  

�1� (v)φ !�/� ��� �� =�� ?�6 B�0�, =�F$? �0�� 2YZ@ |�U#�� +#���  +'6  %(�0�'6 
if� CP6�� �6 17 %��3	 2) ��@:  

 )17(  ( ) ( ) ( ) { }( )i
T N,i T

n k ! k !
v T v T i

n!⊆ ∈

− −
 φ = − − ∑

1
  

�� CP6�� 17B k T=���3	 &�>(�0�6 �Q�E �� RS#T� T ��  K0��'$�  RS#'T�2 T  �',� .�0�� 

( ) { }( )v T v T i − − 
���0�) �,� +- �6 %#,��� %(�0�6 i  f� +6 RS#T�S=T\{i}    D�('�	 

RS#T� T +6 �,� 2) ��? +- r�ESP/� +6 &? =�� ? �� �� �#,� %(�0�6 if�  2')  �'>��1 . +'h$?  +'6 
&��>M �0�� 2YZ@ 0� ��0�) RS#T� 237< ���M %(�0�6 if� 2) ��@ m,�#) =�� ?  �'�  ��� �#',� 
�,� +- %(�0�6 if� ���6 RS#T� 2��� +- �LM &? 2) ��@ +6  =��'7� ���� . ���'6  C4',�V) �0�� 

�9J$ B2YZ@ C7� RS#T� 2��� �� +- %(�0�6 ���) �_$ �LM &? �,� �UE�  2')  *�'>-.  BHZ', 
�6 =��]#,� 0� N6�	 B+UJ�) K�� ? %(�0�6 if� +6 �� RS#T� �� +4,�V) 2) *���7$ . �'6�u  2')  ��'@ 

�0�� 2YZ@ +- 0� CP6�� 17 +6 �,� 2) ��? ��  � CP6�� ��0 ��/ 2) �>-:  

Brl �
n

i
i

V
=

φ =∑
1

 .%�� +P6�� �� r�ESP/� 2����- 2� �1 8�$ 2) �>)�$. 

Br��$�u �6�u 2) ��@ +- { }i v iφ ≥  
%�� =��� +- ����M �� 2>(�0�6  ���6 I,�>#) �6 �� �#,� �  ��  RS#'T�  B�'@�6  +'6  ��'V� 
*���]) B���U#^� ���96 I��< +<�	 �,� .0� 2��:$? +- �� %(�0�6 ���6 ���6 q"V	  �� �#',� 

                                                           

1. Dummy players 
2. Size of coalition 
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[��� �� RS#T� [@�- 2��� f�:$� B��� %�>g ��F�� ������ ����M I<�) 2)  ��'@  +'- 
���6 %�� %(�0�6 K8�F$� 2��- ���6 f�:$� &��� &?  ['@�-  �'�  +'6  ��'<   �'�? .��  .�ESP'/� 

B���''U#^� �� �#'',� 2��'';$ �''� ��''� �� r�ESP''/� »�''���	 2��'';$«  � 2'') �''>��1.  B%���6�''>6
m4	�) &��7$ ����M �� +6 ���� �#,� �� N^�  &�7� »C��_$ =�;6 ��  2��;$ N�0�	«1 �,�.  

5 .���6 75��"�# ���� �1Y� 721*�5 � 	.�(21� � +0�6+� �16   ��	�Z/LNG  7Z6 

�THD ���5�U< � �"21�W  

��5 &�7� +- [�� �	 p�Q�	 =��� B�@ &�()� D�(�	 RS#T� &��) ��LM� BN7:) +6 D��� 
[��- +>�8� ��� !�"#$� LNGB rS)�- ��<  ���� .C#($ *;) 2,��6  &�8'�)  [��'-  +'>�8� 

�� .��/ D�(�	 RS#T�   *;) �	 0� �&? K�V$ W�UJ	 [��- +>�8� �� �� +��/  2��'< �� 
+>�8� �� +6 ��LM� RS#T� �,� .+6 .��4M B�F��  2'�"$  +'-  �'�  O'� 0�  �'LM� ��  [��'- 
+>�8� �� �]�� 2) �>- 0� ��7�� =\�  �� �������6 �,� .�� O� C3��P)  B����')  +',  ��'�- 
B�P^ B+��:�$   ����>��	   �1�6�	 +6 &��>M +, �LM IJ#>)  ���'6  .����'/  +'6  +',  ��0�'6 

IJ#>) B%��j ��$�Z,�   �(��)? �_$�� +#��1 �$�@.2 ! �< 2 �6 X�,�  ! �'< 1  +'6  �',� 
=�)? B�,� �6 %�� . �]	 +- �� ! �< 1 .����/ C>�8� LNG  �'6  �'E�  �l�  +'6 ��0�  �'� 

&��Y�) Btu �,�B !�E +($? &�8�) .����/ LNG �6 �E�  ����Y�)  �'#)  I'3()  �',� . +'6 
��_>) C4,�V) +>�8� ��� .����/ LNG 0� ��  O'� 0�  �����'�-  I'J#>)  +'6  ��'���0�6 

BR�U) D7E C>�8� �� �6 X�,� �l� +6 ��0� �� ��8� �#) I3() +4,�V) =��7$ B*��  +'- �� 
�P, o�6�) +6 D7E C>�8� �� ! �< 2 +_ES) 2) ��@.3  

                                                           

1. Marginal productivity theory of distribution 
2. +h$�>g �0�6 [�6 0� �E N7< ���� )superadditive (B�@�6 2>3� o�@ 2Q��� ��0 ���^�6 �@�6:  

v(S T) v(S) v(T)≥ +∪���6 S,T N⊆+- ∅ S T = ∅∩�� �0�6 �6  o�'@ v(N) v(S)≥ ���'6  2)�'7	 
S N⊆  cohesive B�@�6 =�F$? RS#T� +>�;6 2�S#T� �,� +- C7� �LM� �� &? ���(7�  �'>>-.  B%���6�'>6  K8'�F$�  � �'� 

0� RS#T� [��- 2) �6�� .�)� �� |�U� RS#T� 2��� +- &��) ��LM� GECF D�(�	 2)  ��'@  �'��6  %'��  +'#($ ��  �'_$�� 
�@�� B+- = SM �6 ����^�6 o�@ 2Q��� B��� ���6 ���(7� �LM� �� .����/ LNG +6  ��'V�  ��'<   ��'���0�6  x�#'�) 
&�()� ���� �@�6 .+6 %�7� D��� �,� +- �� %�� +��") ���(7� C�Y-  ��'LM�  K�>>-���'/ LNG  +'6  C'�Y-  &�1�'>>-���  
2Y/� LNG +6 .��/ *� &�)0 2,��6  =�'�$  B�',�  ��'�0  &��'"�  ��'���0�6  x�#'�)  �'�  ��'4$  �'/��  ��'� f0l  ���'6 
+��/ 2��< �� +>�8� %�>g ���(7� x�#�) %�6 C7� �LM� �� %(7) 27$ �0�, .0�  %�� B � .�4,�V)  %'��  +'��")  � �'V) 

+6 2#��E �,� +- ��>#) %��	 ����0�6 +6 �� ��V� 2������G<   %��#��6 +��/ 2��< �� +6 �� ��V� C>�8� D7E �,����.  
3. �l� /I3() �#) ��8� =�l�/  &��Y�) ��Btu×7/35 B.�4,�V) q"V) �6 =��]#,� 0� ����E�  D��4	 )�>��,C ���)? 26 2�.  
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R�.L 2 .��	�/ LNG S<+� 7< �+,- &'�(� )�*� 76 7< �+,- @;/ �.((-	�� LNG 

�6 K2.A� .O� 7(2P#  

)+Y/�� : D��) B2����� D7E C>�8� :�l�/ ��8� �#) BI3() .����/ :����Y�) �#) BI3() D- C>�8� :�l�(  
                 =.((-	��  

=.((-�	�/  
THD  ��5�U<  �"21�W  

)�L ��	�/ 3(2P#  

76 7< ���6  

�P^  

+Y/��  6482  4060  9564    
D7E C>�8�  189/63  197/43  68/85    

.����/  8/15  8/4  6/2    

D- C>�8� 
.����/  

200‚386‚998  600‚345‚207  000‚768‚222  800‚499‚428‚1  

+��:�$  

+Y/��  10704  3283  6037    
D7E C>�8�  173/103  059/31  836/52    

.����/  7/2  6/6  1/0    
D- C>�8� 
.����/  

100‚567‚278  400‚989‚204  600‚283‚5  100‚840‚488  

����>��	   
�1�6�	  

+Y/��  13218  3360  2168    

D7E C>�8�  729/141  773/31  063/21    
.����/  4/0  5/2  8/3    

D- C>�8� 
.����/  

600‚691‚56  500‚432‚79  400‚039‚80  500‚163‚216  

)�L ��	�/ 3(2P# 7< �+,-        400‚503‚133‚2  

N4>) :.�4,�V) q"V) �6 X�,� N6�>) o�6�) +6 ! �< 1   C)�>��, ���)? 26 2� )2012(  

f�� O�\	��#,� �0�6 .��4M �,� 0�:  

Q :�P^    J :%��j  
N :+��:�$    S :��$�Z,�  
T :����>��	   �1�6�	  A : �(��)?  

{ }
{ }

( ) { }

N Q,  N,  T

Si J,  S,  A ,  iÎN

ui C j ,  jÎ J,S,A

=

=

=

  

CM�7:) RS#T� ��� %(7):  

{ } { } { } { } { } { } { }{ }Q , N , T , Q, N , Q,T , N,T , Q, N,Tℵ =  
  

[V�O R� :\?�] 1Y� � 	.�(21� � �+0�6+� 721*�5 ^��_ � \?�]  

�� %�� ���E ��#��, +>�8� �6 X�,� ! �< 3 ���6  � RS#T� }N {  }Q,T{ .��4M �,� 0�:  
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( )
( )

C N ‚ ‚

C Q,T , , , ‚ ‚ , , ,

{ }

{ }

=
= + =
488 840100

1 402 653 000 184 747 500 1 587 400 500
  

[V�O `�	: \?�] 721*�5 � 	.�(21� � �+0�6+� 1Y� ^��_ � \?�]  

&�>(�0�6 C>�8� �6 X�,� ! �< 4 ���6  � RS#T� }Q {  }N,T {+6 .��/ D�n ����� ��6:  

( )
( )
{ }

{

C Q , ,

C N },T ‚ ‚ ‚ ‚ ‚ ‚

=
= + =

1 428499 800
485 662 800 212 307 900 697 970 700

  

R�.L 3 .��#1�N�� 	+L+� �	 3(2P# ��	�/ LNG S<+� 7< �+,- &'�(� )�*� 76 7< 

�+,- @;/ �.((-	�� LNG �6 \?�] 1Y� � 	.�(21� � +0�6+�  

)+Y/�� : D��) B2����� D7E C>�8� :�l�/ ��8� �#) BI3() .����/ :����Y�) �#) BI3() D- C>�8� :�l�(  

                  =.((-	��  

=.((-�	�/  
THD  ��5�U<  �"21�W  

)�L 3(2P# 

��	�/ 76 7< ���6  

�P^  

+Y/��  6482  4060  9564    
D7E C>�8�  189/63  197/43  68/85 063/21    

.����/  8/15  8/4  6/2    
D- C>�8� 
.����/  

200‚386‚998  600‚345‚207  200‚921‚196  000‚653‚402‚1  

+��:�$  

+Y/��  10704  3283  6037    
D7E C>�8�  173/103  059/31  836/52    

.����/  7/2  6/6  1/0    
D- C>�8� 
.����/  

100‚567‚278  400‚989‚204  600‚283‚5  100‚840‚488  

����>��	   �1�6�	  

+Y/��  13218  3360  2168    
D7E C>�8�  189/63  773/31  063/21    

.����/  4/0  5/2  8/3    
D- C>�8� 
.����/  

600‚275‚25  500‚432‚79  400‚039‚80  500‚747‚184  

)�L ��	�/ 3(2P# 7< �+,-        600‚240‚076‚2  

N4>) :.�4,�V) q"V)  
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R�.L 4 .��#1�N�� 	+L+� �	 3(2P# ��	�/ LNG S<+� 7< �+,- &'�(� )�*� 76 7< 

�+,- @;/ �.((-	�� LNG �6 \?�] 721*�5 � 	.�(21� � +0�6+�  

)+Y/�� : D��) B2����� D7E C>�8� :�l�/ ��8� �#) BI3() .����/ :����Y�) �#) BI3() D- C>�8� :�l�(  

                         =.((-	��  

=.((-�	�/  
THD  ��5�U<  �"21�W  

)�L ��	�/ 3(2P#  

76 7< ���6  

�P^  

+Y/��  6482  4060  9564    
D7E C>�8�  189/63  197/43  68/85    

.����/  8/15  8/4  6/2    
D- C>�8� .����/  200‚386‚998  600‚345‚207  000‚768‚222  800‚499‚428‚1  

+��:�$  

+Y/��  10704  3283  6037    
D7E C>�8�  173/103  059/31  063/21    

.����/  7/2  6/6  1/0    
D- C>�8� .����/  100‚567‚278  400‚989‚204  300‚106‚2  800‚662‚485  

����>��	   
�1�6�	  

+Y/��  13218  3360  2168    

D7E C>�8�  
729/141  
173/103  

773/31  063/21    

.����/  4/0∗  5/2  8/3    
D- C>�8� .����/  000‚836‚52  500‚432‚79  400‚039‚80  900‚307‚212  

)�L 3(2P# ��	�/ 7< �+,-        500‚470‚126‚2  

∗ 3/0 ����Y�) �#) I3() 0�1 +6 .��/ LNG �6 C>�8� 729/141   1/0 ����Y�) �#) I3() �6 C>�8� 173/103 ���/ ����� �@.  
N4>) :.�4,�V) q"V)  

[V�O `+< :\?�] 1Y� � �721*�5 	.�(21� � +0�6+� ^��_ � \?�]  

R�.L 5 .��#1�N�� 	+L+� �	 3(2P# ��	�/ LNG S<+� 7< �+,- &'�(� )�*� 76 7< 

�+,- @;/ �.((-	�� LNG �6 \?�] 1Y� � 721*�5  

)+Y/�� : D��) B2����� D7E C>�8� :�l�/ ��8� �#) BI3() .����/ :����Y�) �#) BI3() D- C>�8� :�l�(  
                            =.((-	��  

=.((-�	�/  
THD  ��5�U<  �"21�W  

)�L ��	�/ 3(2P# 

76 7< ���6  

�P^  

+Y/��  6482  4060  9564    

D7E C>�8�  189/63  
059/31 

 197/43  
836/52    

.����/  8/15  8/4∗  6/2    
D- C>�8� 
.����/  

200‚386‚998  800‚131‚206  600‚373‚137  600‚891‚341‚1  
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 7�	R�.L 5 .��#1�N�� 	+L+� �	 3(2P# ��	�/ LNG S<+� 7< �+,- &'�(� )�*� 76 

7< �+,- @;/ �.((-	�� LNG �6 \?�] 1Y� � 721*�5  

)+Y/�� : D��) B2����� D7E C>�8� :�l�/ ��8� �#) BI3() .����/ :����Y�) �#) BI3() D- C>�8� :�l�(  
                       =.((-	��  

=.((-�	�/  
THD  ��5�U<  �"21�W  

)�L ��	�/ 3(2P# 

76 7< ���6  

+��:�$  

+Y/��  10704  3283  6037    
D7E C>�8�  189/63  059/31  836/52    

.����/  7/2  6/6  1/0    
D- C>�8� 
.����/  

300‚610‚170  400‚989‚204  600‚283‚5  300‚883‚380  

����>��	   
�1�6�	  

+Y/��  13218  3360  2168    
D7E C>�8�  729/141  773/31  063/21    

.����/  4/0  5/2  8/3    
D- C>�8� 
.����/  

600‚691‚56  500‚432‚79  400‚039‚80  500‚163‚216  

)�L ��	�/ 3(2P# 7< �+,-        400‚938‚938‚1  

∗ 7/4 ����Y�) �#) I3() 0�1 +6 .��/ LNG �6 C>�8� 197/43   1/0 ����Y�) �#) I3() �6 C>�8� 059/31 ���/ ����� �@.  
N4>) :.�4,�V) q"V)  

�6 +<�	 +6 ! �< 5B &�>(�0�6 C>�8� ���6  � RS#T� }T {  }Q,N {+6  .��'/  �'�0 
����� ��6:  

( )
( )

C T ‚ ‚

C Q, N , , , ‚ ‚ , , ,

{ }

{ }

=

= + =

216 163 500

1 341 891 600 380883 300 1 722 774 900
 

[V�O `��aB :\?�] @b�L �1Y� �721*�5 � 	.�(21� � +0�6+�  

.����/ C>�8� 0� q��5 %�� RS#T� �6 X�,� ! �< 6 +6 v�@ D�n �,�:  

( )C Q, N,T , , , ‚ ‚{ } ‚ ‚ , , ,= + + =1 254 426 600 377 706 000 183 105 300 1 815 237 900
 

  
  
  



858   �	�
�� ������� /���	  49����� � 4 ������ �1393 

 

R�.L 6 .��#1�N�� 	+L+� �	 3(2P# ��	�/ LNG S<+� 7< �+,- &'�(� )�*� 76 7< 

�+,- @;/ �.((-	�� LNG �6 \?�] 7< �+,- =.((-�	�/  

)+Y/�� : D��) B2����� D7E C>�8� :�l�/ ��8� �#) BI3() .����/ :����Y�) �#) BI3() D- C>�8� :�l�(  

                         =.((-	��  

=.((-�	�/  
THD  ��5�U<  �"21�W  

)�L  3(2P#

��	�/ 76 7< ���6  

�P^  

+Y/��  6482  4060  9564    
D7E C>�8�  189/63  197/43  063/21    

.����/  8/15  N5/0+Q3/4=8/4  6/2    
D- C>�8� 
.����/  

200‚386‚998  600‚276‚201  800‚763‚54  600‚426‚254‚1  

+��:�$  

+Y/��  10704  3283  6037    
D7E C>�8�  189/63  059/31  063/21    

.����/  7/2  6/6  1/0    
D- C>�8� 
.����/  

300‚610‚170  400‚989‚204  300‚106‚2  000‚706‚377  

����>��	   
�1�6�	  

+Y/��  13218  3360  2168    
D7E C>�8�  189/63  059/31  773/31  063/21    

.����/  4/0  T2/0+S1/0+S2/2=5/2  8/3    
D- C>�8� 
.����/  

600‚275‚25  300‚790‚77  400‚039‚80  300‚105‚183  

)�L 3(2P# ��	�/ 7< �+,-      900‚237‚815‚1  

N4>) :.�4,�V) q"V)  

���6 %��3	 N6�	 +UJ�)   DE �9J$ �0�6 C>�8� 2#����� �� O� 0� RS#T�  �'� �� 
+4,�V) 2) *���7$ �	 WJ�) ��@ +- +��/ 2��< D/�E 0� D�(�	 O�  RS#'T�  ��'"g 

�,� .*����� �@��:  
( )
( )
( )
( )
( )
( )
( )

C Q , , ,

C N , ,

C T , ,

C Q,T , , , , , , , ,

C N,T

{ }

{ }

, , , , , ,

C Q, N ,

{ }

{ }

{ }

{ }

{

, , , , , , ,

C Q, N },T , ,

=

=

=

= + =

= + =

= + =

=

1 428 499 800

488 840 100

216 163 500

1 402 653 000 184 747 500 1 587 400 500

485 662 800 212 307 900 697 970 700

1 341 891 600 380 883 300 1 722 774 900

1 254 4 , , , , , , , ,+ + =26 600 377 706 000 183 105 300 1 815 237 900

  



���"�# ��$% &'�(� )�*� ��#�+,- �.((-�	�/ ��0 �	  ...  859 

 

����") +��/ 2��< �� .��/ %#,��� �� ���-  +'6  RS#'T�  +'6  v�'@  �'�0  +4',�V) 
2) ��@:  

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

v Q , T C Q C T C Q , T , , , , ,

, , , , ,

v N , T C N C T C N , T , , , ,

, , , ,

v Q ,

{ } { } { } { }

{ } { } { } { }

{ } { } { } { }N C Q C N C Q , N , , , , ,

,

= + − = + −
− =
= + − = + −
− =
= + − = + −
−

1 428 499 800 216 163 500

1 587 400 500 57 262 800

488 840 100 216 163 500

697 970 700 70 032 900

1 428 499 800 488 840 100

1 7

( ) ( ) ( ) ( ) ( )

( ) ( ) ( )

, , , ,

v Q , N , T C Q C N C T C Q{ } { } { } { } { }, N , T  ‚ ‚ ‚

, , , , , , ‚ , ,

v Q v N v T{ } { } { }

=
= + + − = +
+ + − =

= = =

22 774 900 194 595 000

800 499 428 1

488 840 100 216 163 500 1 815 237 900 318 265 500

0

  

�1� *;, �� O� 0� ��LM� RS#T� 0� +��/ 2��< +>�8� �� �� �6 x &��$  B*�'��  =�'F$? 
���6 +($? W�UJ	 *;, ��LM� RS#T�  O'�  W�'UJ	  2'�S"M  B�'@�6  �'��6  �  o�'@ 

2����- ����   2����- 2� �1 ���6 %�� W�UJ	 �� ���^�6 B�@�6 2>3�:  
Brl � 27;, +- �� O� 0� &�>(�0�6 0�  W�'UJ	  N��'>)  RS#'T�  +'6  �',�  2')  �'$� ? 
D^��E +6 K0��$� ��0�) RS#T� 2(	 &? �� �@�6 )o�@ 2����- ����(:  

{ }
{ }
{ }
{ }

i

Q Q

N N

T T

x v( i ), i N,

x v( Q ) x

x v( N ) x

x v( T ) x

≥ ∀ ∈

≥ ⇒ ≥
≥ ⇒ ≥
≥ ⇒ ≥

0
0
0

 

Br��$�u D- ��0�) W�UJ	 +#��� +6 �LM� �6��6 ��0�) RS#T� 237< V(N) B�@�6 2>3�:  
n

i n
i

x x x ... x V(N)
=

= + + + =∑ 1 2
1

 

+6 .��4M �F��:  

{ }i Q N T
i

x x x x V( Q,N,T ) ‚ ‚
=

= + + = =∑
3

1
318 265 500  

���6 +($? f�Y3) ��@ O� f��- 0� W�UJ	 ��� 2�S"M ������ =��6   �� +#9�  ���'^ 
2) B���1 ���6 o�@ ��0 ���^�6 �@�6 )M RS#T� 2Q�� +- CM�7:)��0 N �,�:(  

( )
n

n i i
i i T

C x (x ,x ,..., x ) : x V(N), x v M ,i M, M N
= ∈

  = = = ≥ ∈ ∀ ⊆ 
  

∑ ∑1 2
1

  



860   �	�
�� ������� /���	  49����� � 4 ������ �1393 

 

%��6 I�	�	 *����:  
( )
( )
( )

( )
( )

Q Q

N N

T T

Q T Q T

N T

X   v Q                            X  

X   v N                           X       

X   v T                            X  

X X  v Q,T              X X   ‚ ‚

X X  v N,T          

{ }

{ }

{ }

{ }

{ }   

≥ ⇒ ≥

≥ ⇒ ≥

≥ ⇒ ≥

+ ≥ ⇒ + ≥

+ ≥ ⇒

0

0

0

57 262 800

( )
N T

Q N Q N

Q N T

  X X  ‚ ‚

X X  v Q, N              X X  ‚ ‚

X X X ‚ ‚       

{

  

}

+ ≥

+ ≥ ⇒ + ≥

+ + =

70032 900

194 595 000

318 265 500

  

�6 =��]#,� 0� m6� � ��� *����� �@��:  

Q

N

T

X , ,

X , ,

X , ,

≤ ≤
≤ ≤
≤ ≤

0 248 232 600

0 261 002 700
0 123 670 500

  

2>3� �1�  W�'UJ	  ��0�')  +��'/  2��'<  !��'3) 500‚265‚318 �l� ��  &�'�)  ��'LM� 
RS#T� 237< B�P^ B+��:�$   ����>��	   �1�6�	 +6 +$�1 �� �@�6 +- � �9)�$  ��'�  ��'�  �-�'�� 
���^�6 B��@ ��� RS#T� Og�- �	 ��F�� 0� %�� RS#T� 237< D�(�	 ����J$ �@ +-  I4', 

2@S#) &�@ RS#T� 237< ��@ .���, W�UJ	 2���  +'-  o �'@  2����'-  ���'�    2'� �1 
���6 &? �� ���^�6 B�,� �)� +, � �9)�$ =�@��� �� ���) &? �� ��/ 27$ B�>- W�UJ	  ��'� 

2�S"M ��������$ �,� +- I4, 2) ��@ RS#T� 237< 2@S#) ��@    ��'LM�  RS#'T�  ��'� 
2��	 � ����< D�(�	 ��@ .o�@ ��0 ���6 %�>g W�UJ	 2��� ���/ �,�:  

{ }( )i
i S

x V M , M N
∈

< ∀ ⊂∑  

��5 &�7� +- [�� �	 �-n B�@  C#'9�  �0�'6  B��'�  +'- �����  2'6  �'��;$  W�'UJ	 
2�S"M ������ B�,� 27$  �'$��	  W�'UJ	  2��'#(� ��  2'��3)  �'��7$ .0�  B � %'��  2'(� 0� 

������3) %��3	 W�UJ	 �#(� C4,�V) �0�� 2YZ@ �,� +- ��  +')���  ���'6  &�'>(�0�6 
%�� �0�6 +4,�V) 2) ��@ .�� ! ��< 7B 8  B 9 +6 I�	�	 �0�� ���  2YZ'@  ���'6  B�'P^ 

B+��:�$   ����>��	   �1�6�	 +4,�V) =�@ �,�.  



���"�# ��$% &'�(� )�*� ��#�+,- �.((-�	�/ ��0 �	  ...  861 

 

R�.L 7 .3A<��� c�� @;U� �16 1Y�  

( ) ( ) ( ) { }( )M ! n M !
V M V M i

n!

− −
− −  

1( ) ( )M ! n M !

n !

− −1  ( ) { }( )V M V M i− −  

  

M

  

RS#T�  �6 
���LM 

�P^  ( )( ) =1 0 0
3

  ( ) ( )! !

!

− −
=

1 1 3 1 1

3 3
  ( )[ (V Q V f )]− =0 1  {Q}  

( )( ), , , ,=1 57 262 800 9 543 800
6

  ( ) ( )! !

!

− −
=

2 1 3 2 1
3 6

  ( ) ( )V Q,T V T

‚ ‚

− =  

800262 57
2  {Q,T}  

( )( ), , , ,=1 194 595 000 32 432 500
6

  ( ) ( )! !

!

− −
=

2 1 3 2 1
3 6

( ) ( )V Q, N V N

, ,

− =  

194 595 000
2  {Q,N}  

( )( ), , , ,

, ,

−

=

1 318 265 500 70032 900
3
82 744 200

  
( ) ( )! !

!

− −
=

3 1 3 3 1
3 3

  

( ) ( )V Q,N,T V N,T

( , , , , )

, ,

− =

− =

  

318 265 500 70032900

248 232 600

3  {Q,N,T
}  

500‚720‚124      -  ϕQ(V)  
N4>) :.�4,�V) q"V)  

���6 RS#T� }Q {�� D6�") RS#T� D7() }N,T {K�� ? �P^ �]/ B�,� �)� �1�  �'P^  �'6 
����>��	   �1�6�	 O� RS#T�  D�('�	  B�'��  m',�#) K�� ?  �'P^  !��'3) 800‚543‚9 �l� 

�,�   �� .��/ D�(�	 RS#T� �6 +��:�$ !��3) 500‚432‚32 ����� �l�  B��'6    %'�� �� 
2��E �,�  +'- ��  RS#'T�  2'37<  %'��  *'^�  +'6 200‚744‚82 �l�  2')  �',� . �'6  X�',� 

.�4,�V) ��� B�-��� �0�� 2YZ@ ���6 �P^ !��3) �6 500‚720‚124 �l� �,� . +'6  I'�	�	 
B+6��) �0�� 2YZ@ ���6 +��:�$   ����>��	   �1�6�	 �� �� ! �< 8   9 +4,�V) 2) *�>-.  

R�.L 8 .3A<��� c�� @;U� �16 721*�5  

( ) ( ) ( ) { }( )M ! n M !
V M V M i

n!

− −
− −  

1  ( ) ( )M ! n M !

n !

− −1  ( ) { }( )V M V M i− − 
 

  M  

RS#T�  �6 
���LM 
+��:�$  

( )( ) =1 0 0
3

  ( ) ( )! !

!

− −
=

1 1 3 1 1

3 3
  ( )[ (V N V f )]− = 0 ١  {N}  

( )( ), , , ,=1 194595000 32432500
6  ( ) ( )! !

!

− −
=

2 1 3 2 1

3 6
  ( ) ( )V Q, N V Q

‚ ‚

− =  
194 595000

  ٢  {Q,N}  

( )( ), , , ,=1 70032 900 11672150
6

  ( ) ( )! !

!

− −
=

2 1 3 2 1
3 6

  ( ) ( )V N, T V T

‚ ‚

− =  
70032900

  ٢  {N,T}  

( )( ), , , ,

, ,

−

=

1 318 265 500 57 262 800
3
87 000900

  ( ) ( )! !

!

− −
=

3 1 3 3 1
3 3

  ( ) ( )V Q,N,T V Q,T

, ,

− =  
261002 700

  ٣  {Q,N,T}  

550‚105‚131       -  ϕN(V)  

N4>) :.�4,�V) q"V)  



862   �	�
�� ������� /���	  49����� � 4 ������ �1393 

 

R�.L 9 .3A<��� c�� @;U� �16 	.�(21� � +0�6+�  

( ) ( ) ( ) { }( )M ! n M!
VM VM i

n!

− −
− − 

 

1
  

( ) ( )M ! n M !

n !

− −1  ( ) { }( )V M V M i− − 
   

M

  
RS#T�  �6 ���LM 

����>��	   �1�6�	  

( )( ) =1 0 0
3

  ( ) ( )! !

!

− −
=

1 1 3 1 1

3 3
  ( )[ (V T V f )]− =0 1  {T}  

( )( ), , , ,=1 57 262 800 9 543 800
6

  ( ) ( )! !

!

− −
=

2 1 3 2 1
3 6

  ( ) ( )V Q,T V Q

‚ ‚

− =  
57262800

  2  {Q,T}  

( )( ), , , ,=1 70032900 11672150
6

  ( ) ( )! !

!

− −
=

2 1 3 2 1
3 6

  ( ) ( )V N,T V N

, , ..

− =  
70032 9

  2  {N,T}  

( )( ), , , ,

, ,

−

=

1 318 265 500 194 595000
3
41439 450

  

  

( ) ( )! !

!

− −
=

3 1 3 3 1
3 3

  

( ) ( )V Q,N,T V Q,N

, ,

− =  
123670500

  3  {Q,N,T}  

450‚439‚62       -  ϕT(V)  

N4>) :.�4,�V) q"V)  

+_ES) 2)  ��@ +- �P^ 19/39 B�/�� +��:�$ 19/41 B�/��    ���'�>��	    �1�'6�	 
62/19 �/�� 0� D- +��/ 2��< �� I�U$ ��� 2) �>>- .! �< 10 &��$  K�'>��  C'>�8� 

23^�  �� ���- �� .��/ D�(�	 RS#T� 237< �� .����/ +6 +, ��0�6 B%��j B��$�Z,�    
�(��)?�, +- H� 0� �9- *;, +��/ 2��<  �'�  O'� 0�  �����'�-  I'J#>)  N'7:) 0� 

.����/ C>�8� &? �� �� .��/ f�M D�(�	 RS#T� +4,�V) =�@ �,�.1  

R�.L 10 .3A<��� 3(2P# @b�� ��	�/ 7< �+,- &'�(� �	 ��+/ K�",� \?�] @b�L  

d1�  

��#�+,- &'�(� �.((-�	�/ LNG 

)�L  
1Y�  721*�5  

	.�(21� � 

+0�6+�  

C>�8� �� =�>>-���/ ���- 
.��/ f�M D�(�	 RS#T�  

800‚499‚428‚1  100‚840‚488  500‚163‚216  400‚503‚133‚2  

+��/ 2��< �� +>�8� �� 
D�(�	 .��/ RS#T�  

500‚720‚124  550‚105‚131  450‚439‚62  500‚265‚318  

C>�8� ���- =�>>-���/ 
H� D�(�	 0� RS#T�  

300‚779‚303‚1  550‚734‚357  050‚724‚153  900‚237‚815‚1  

N4>) :.�4,�V) q"V)  

                                                           

1. +#4��B %�� &�()� ��<  ���� +- ��LM� RS#T� �0�� 2YZ@ �� �$���Z$ �� �6 �, N��>) D/�E +$�g 2$0  �'>>-  +'- 
�� %�� +��") ��Q�) �V6 �) �9�$   2) �$��	 ��Q�) .�"�"V	 =�>�? �@�6.  



���"�# ��$% &'�(� )�*� ��#�+,- �.((-�	�/ ��0 �	  ...  863 

 

��5 &�7� +- +_ES) 2) B��@ D�(�	 RS#T� 237< C>�8� �� ���-  �'LM  N'7:) 
B�� �6 +<�	 +6 &�8�) +Y)�3) �� B���, [��- 2) ��� .%�� [��- +>�8� ���6 B+��:�$ �6 

+<�	 +6 2�"$ +- �� *:E .S)�3) ���, B���� �#��6 �,� .+6 I�	�	 +6��)  2')  &��'	 
RS#T� ��� ��F�� 0� �LM� �� 2��3)   ��- *;, �� O� 0� �LM� �� �� %#,��� +6 RS#T� 
237< �� = �1 ��� ���< +4,�V) ��7$.  

6 .)�L �.(6  

�� [J6 B%���� �9J$ ���E ��� %(7) ���6 ���(7� &��) ������- �LM  N'7:) �� 
.����/ LNG 2,��6 �@. BHZ, �6 =��]#,� 0� ��F�� 2Y3� B.����/  �'��E  ��'�  %'(7) 

���6 ���(7� D3]��6 ������- K�>>-���/ LNG N7:) p�Q�	 =��� �@ .�6 2,��6  !�') 
2Q��� �0�6 B+$���(7� f�� O�\	��#,�   N6��	 CUJ�) �0�6 ��  +'6  �',�  *'��� ? . �'6  %'�� 
BX�,� ��0�) 2��;$ 2@�$ 0� �� RS#T� +4,�V) �@ .2(� 0� DT�9) &�>(�0�6 �� O�  RS#'T� 

K�V$ W�UJ	 %�� ��0�) +6 �LM��, .�� � � B+#9� W�UJ	 ��� 2�S"M ������ +6 �,� 
2) B��? �)� D(�) %�� � � &? �,� +- �� 2��6 ����) C#9� �0�6 2;	 �,�   �� 2��6 

����) C#9� �0�6 ����� 26 ���;$ W�UJ	 2�S"M ������  �',� . B%���6�'>6  ���'6  C4',�V) 
O� W�UJ	 �#(� 0� � � 2YZ@ =��]#,� �@ . X�',�  %'�� � �  C4',�V)  m',�#)  ��0�') 

2��;$ �� O� 0� &�>(�0�6 +6 RS#T� ��� %(7) �,�.  
���6 +6  ���1��- �0�6 C��_$ +$���(7� �� ���(7� ��LM� N7:) ��  .����'/ LNGB 

O� RS#T� 2)�7M D(�#) 0� +, ���- 2Y/� =�>>-���/ +6 +, ��0�6  2Y'/�  =�'>>-���  
�_$�� +#��1 �@ .%�� +, ���- IJ#>) .��4M �$� 0�: B�P^ B+��:�$   ����>��	    B�1�'6�	 

+- +6 I�	�	 0� &�1�>>-���/ LNG 0� +, K0�E  ��Y� BX��� �"�����  B2��7'@    K0�'E 
I�T���- B�$� %7Q +($? =��#91 ����� %��	 ��F�� .��:	 LNG �� %�6 ������-  �'LM 
N7:) �$� .0�  %�� B � 2�S#T� +- ��Q�) �V6 ���^ ���1  N)�'<  %��'	  2#��'E  �',�  +'- 

2) &��	 0� &��) RS#T� ��� %(7) �� ���(7� ��LM� N7:) v�P) ��- .+,  K�'>>-���  
��86 8�$ 0� +, K0�E 2Y/� BR�U) 2>3� ��,?- BO�]�,��   �'(��)?�  B2��7'@    B�'� �� 
�_$�� +#��1 B�@ +- +6 I�	�	 .��4M �$� 0�: B%��j  �(��)?B   B��$�Z,� +- N)�< ����� %��	 
��F�� .����  LNG 0� ������- K�>>-���/ LNG �� N7:)   N7:)��e �$�.  



864   �	�
�� ������� /���	  49����� � 4 ������ �1393 

 

�6 =��]#,� 0� H��	�) +>�8� ��� o�6�) +6 .����/ LNG ������- 0�  �'LM  N'7:) 
+6 10 ��0�6 2Y/� K�>>-���  LNG �� &�;< )! �< 1(B O� �0�6  +'$���(7�  ���'6  %'�� 

+, ���- =�>>-���/ 2��3)   RS#T� ��� %(7) %��  �0�'6  D7#'�)  �'6  �']�  RS#'T� 
���3	 �@ .+>�8� ���  &�'>(�0�6 ��  �'�  O'� 0�  RS#'T�  �'�  +4',�V)    ���'#$  D'/�E 0� 
+��/ 2��< �� %�� ���(7� �� +6 �,� �)? .%7Q %��3	 K� �V) W�UJ	 ���  2'�S"M 
������ �� � � B+#9� �0�� ��� 2YZ@ �� O� 0�  ����'�- 0�  ����'")  +��'/  2��'<  8'�$ 

+4,�V) �@.  
%��6 BI�	�	 2) &��	 +:�#$ ���1 +- ����i ���96 2�l�6 ���6  ���'(7�  �����'�- 

�LM N7:) ���6 .����/ 0�1 +6 .��/ LNG ��<  B���� ���0  ' +6  *e� +($? ��(Y7M 23^�  
��LM� N7:) +6 26�� %�� +#($ �� &��$ 2) ��� +- ��-� &�1�>>-���/ LNG 2�����0�6 �� 
R�� ���^ =��� �$� +- D^��E D7E C>�8� �� +#@�� �,� ' &�1�>>-���/  ��8'6  N'7:)  �'6 
��>#) �0�, �����0�6 R�� 2	����/ 8�$ +<�	 =\�   �'$��� . ! �'< 1  &�'�$  2')  �'��  +'- 

4/48 �/�� .����/ LNG  �'P^  +'6  �����'�-  I'J#>)  2���',?   6/38  �'/�� &?  +'6 
������- IJ#>) 2��� ��    �,�(��)? +- D7E C>�8� &?  +'6  I'	��)  [�'6 0�  ��'���0�6 

2���,? �,� .�� ���)  �'U)  8'�$ 53/61  �'/��  .����'/ LNG  +'6  �����'�-  I'J#>) 
2��� ��   46/38 �/�� &? +6 ������- IJ#>) 2���,? �,� .%�� ��)?  ���'6  ���'�>��	   
�1�6�	 8�$ ��#��, 2;6��) B���� 2>3� 37/66 �/�� .����/ +6 ������- IJ#>) 2��� �� 

   �(��)? f�:$� 2) B��@ �� 2��E +- 62/33 �/�� .����/ LNG %�� ���- +6 ������- 
IJ#>) 2���,? �,� .��#��, 2;6��) �� .����/ +��:�$ +6  � K0�E =�@�-n  8'�$  ��'<  

���� .B%���6�>6 ��F�� 2Y3� .����/ LNG ��LM� GECF &��$ 2) ��� +- �>g��  K�'7M 
.����/ %�� �����- �6 X�,� 2(��8$ D/��� 2������G< +6 �����0�6 R�� B�,� &? ��  +'6 

!�4$� ��>#) �0�, �����0�6 R�� 2	����/ ��� 8�$ �>#9� .B%���6�>6 �� I��^ ��F�� B2Y3� 
+h$�>g GECF �$��#6 +6 &��>M O� ��;$ 2	��_$ �6  ���'(7�  ��'�  �'LM� ��  ���', LNG 
.��_$ B���7$ %7Q %�)y	 ��>#) �0�, �����0�6 B2	����/ +��/ 2��< ��   .����'/ C'>�8� 

8�$ ���6 �LM� &�()� ���� 2)  ��@.  



���"�# ��$% &'�(� )�*� ��#�+,- �.((-�	�/ ��0 �	  ...  865 

 

)6�(�  

1. x�� B�@�, ��3, )1389 .(»2��>@? �6 �3>/ 0�1 &����   &�;<«B DU�  *��0�'$ 0� 
��#- �3>/ �]$   0�1 +6 &�60 ��e B2>� �>#9) 32 =�1��-  B2'�� \�  +'6  ['@�- 
+]5�M ��Y(	 )8�T�� 1391(B &��;	 :.����#$�  BD�7-577  '603.  

2. B&�-�	 �4-� )1391.( »["$ 0�1 23�45 �� ��>)� 2Y) B&���� B+�, �   t�P^ C3��P) 
2"�4P	«B C)�>YU� ��4���  B���'U#^�  C)�>Y'U�  2'7YM-  2'�� \�  8'-�)  .�'"�"V	 

BO�\	��#,� 1 )1( B145 ' 198.  

3. B��Y(	 +]5�M )1389 .(»�\	��#,� .�)�>Y6 O� � �6 +<�	 +6 .l�V	  ��0�'6  2$�';< 
�'']$«B C)�>Y''U� ��''4��� B���''U#^� C)�>Y''U� 2''7YM- 2''�� \� 8''-�) .�''"�"V	 

BO�\	��#,� 57 B133 ' 154.  

4. B��Y(	 +]5�M )1389 .(�3>/ �]$   0�1  +'6  &�'60  �'�e  B2'>�  �>#'9) 32  =�'1��- 
B2�� \� +6 [@�- +]5�M ��Y(	 )8���� 1391(B &��;	 :.����#$� BD�7- 966 |.  

5. B��Y(	  +']5�M )1391 .(» &�'()�  ����'�  ���'(7�  �'�  �'6�^�  %�'6  ��'LM�  N'7:) 
������- K�>>-���/ 0�1 �� .����/ 0�1  2'3�45 0�  q'��5  m'�  +'���«B  C)�>Y'U� 

��U#^� m�V) �9�0   B�j�$� 5B 49  '79.  

6. B=��0�]3< ��)�     =��'9���4M B2'9�$ )1391 .(» D'�YV	  �',��,  .����'/  0�'1  +'6 
������- �>�   &�#9-�� �� ��g��g   �0�'6 C'��_$  �'�«B  C)�>Y'U�  ��'U#^�  m�'V) 

�9�0   B�j�$� 1 )2(B 73  '91.  

7. B&�����  ��39) )1381 .(»O� �   N��>) 2Y)«B HY:)   B[� \�  =\�  C)�$ �]$   
N��>) B2Y)  9 )34( B13 ' 66.  

8. B&����� ��39) )1389 .(».�_ES)  O�\	��#',� ��  %� �'	  �',��,  ����'1  ��'� 
2#,�l�6 �]$   0�1 ���-«B C���$ B��4��� C)�>YU� 27YM- 2�� \� 8-�) .�"�"V	 

BO�\	��#,� =\�  C)�$ B���U#^� 57 B109 ' 132.  

9. B&����� 39)�� )1391 .(»��>)� �j�$�   .l�V	 K�>�? �����0�6 �]$    0�'1«B  C��'�$ 
B��4��� C)�>YU� 27YM - 2�� \� 8-�) .�"�"V	 BO�\	��#,� 21 )64( B159 ' 188.  



866   �	�
�� ������� /���	  49����� � 4 ������ �1393 

 

10. B2��4M &�)�;^ )1386 .(C��_$ �0�6 ��   �����6��- &? )�0�6 ���  �#'9��    �'���  �'6 
.�MS5� D)�-(B &��;	 :.���#$� ��;< 2��F�$�� =�F�$�� B&��;	 453 |.  

11. B2��4M &�)�;^ )1391 .(C��_$ �0�6 ��   �����6��- &? )�0�6 ��� .�MS5�  BW^�'$ 
2Y)�(	   +$���(7�(B &��;	 :.���#$� B�7, 352 |.  

12. B2��4M &�)�;^   &�)\� B���7M )1391 .(»2,��6 ��uy	 D�(�	  D'	��-  �0�'1  �'6 
�$ � ���J#,� ����n �6 ��(� � �0�6 C��_$«B C)�>YU� ��U#^� m�V) �9�0   B�j�$� 

1 )4( B117  '144.  

13. B2��4M &�)�;^ B�<�)   ��E  )1391 .(»2,��6 ��#��  O'� � ��  I'��^  O'�  �0�'6 
+$���(7�«B C)�>YU� .�"�"V	 !�) �0�, B���U#^� 7 B27  '50.  

14. � �;) B2���M B%�9E�7V) B2ES� B2YM�7V) B2��4M B&�)�;^   B��>��  !S'< 
)1391 .(»%� �	 �0�6 +$���(7� %�6 ������- �LM N7:)  �����'�-  K�>>-���'/ 

0�1 �� C>�)0 .����/ 0�1 0� q��5 m� +���« .C)�>YU�  .�'3��P)  ��'U#^�  B�j�'$� 9 
)35( B1  '21.  

15. 26��;) B��� �>�, )1391 .(»O� !�) �0�6 C��_$ +$���(7� ���6  D'�YV	  m'�  C'��� 
pY/«B C��,� 2,�>@��- B�@�� K�(�$�� ��U#^� =�F�$�� B&��;	  +'6  2��'7>���  �'#-� 

&�)�;^ 2��4M   K� ��) �#-� 2YM 2)�)� ��4�).  

16. Bahgat, G. (2008). Gas OPEC? Rhetoric versus Reality. The Journal of 
Social, Political, and Economic Studies, Washington, Fall, 33 (3), 281-295. 

17. BP Statistical Review of World Energy (2012). http://www.bp.com. 

18. Brito, D.L. & Hartley, P.R. (2007). Expectations and the Evolving World 
Gas Market. Energy Journal, 28 (1), 1-24. 

19. BP Energy Outlook 2035 (2014). bp.com/energyoutlook, January. 

20. Dixit, A. & Skeath, S. (1999). Games of Strategy, W.W. Norton & 
Company. 

21. Engevall, S., Göthe-Lundgren, M. & Värbrand, P. (1998). The Traveling 
Salesman Game: An Application of Cost Allocation in a Gas and Oil 
Company, Annals of Operations Research, 82(1), 453-472. 



���"�# ��$% &'�(� )�*� ��#�+,- �.((-�	�/ ��0 �	  ...  867 

 

22. Finon, D. (2007). Russia and the “Gas-OPEC”: Real or Perceived 
Threat?. IFRI Russia/NIS Center, Paris. 

23. Finon, D. (2011). The EU Foreign Gas Policy of Transit Corridors: 
Autopsy of the Stillborn Nabucco Project, OPEC Energy Review, March, 
47-69. 

24. Gabriel, S.A., Rosendahl, K.E., Egging, R. & Siddiqui, H.G.S. (2012). 
Cartelization in Gas Markets: Studying the Potential for a "Gas OPEC". 
Energy Economics, 34, 137-152. 

25. GECF (2012). The Study on the Cost of Gas Transportation. Energy and 
Gas Market Analysis Department, September. 

26. GECF Secretariat (2012). Energy and Gas Market Analysis, 
www.gecf.org. 

27. Greaker, M. & Sagen, E. (2008). Explaining Experience Curves for New 
Energy Technologies: A Case Study of Liquefied Natural Gas. Energy 
Economics, 30, 2899-2911. 

28. Holz, F., Hirschhausen, C.V. & Kemfert, C. (2008). A Strategic Model of 
European Gas Supply (GASMOD). Energy Economics, 30(3), 766-788. 

29. Huntington, H.G. (2009). World Natural Gas Markets and Trade: A 
Multi-Modeling Perspective. The Energy Journal, Special Issue. 

30. International Energy Agency (2013). World Energy Outlook. 

31. Jaffe, A.M. & Soligo, R. (2006). Market Structure in the New Gas 
Economy: Is Cartelization Possible? in D.G. Victor, A.M. Jaffe & Hayes, 
M.H. (Eds.). Natural Gas and Geopolitics: From 1970-2040, Chapter 12, 
Cambridge University Press. 

32. Jensen, J.T. (2003). The LNG Revolution, Energy Journal, 24(2), 14-58. 

33. Kiselev, V.Yu. (2005). Cooperative Games: Historical Problems, Modern 
Theory, The Mathematical Intelligencer, 27(3), 33-40. 

34. Maskin, E. (2003). Coalitional Bargaining with Externalities. Keynote 
Lecture for the European Economic Association Conference, Stockholm. 

35. Massol, O. & Tchung-Ming, S. (2010). Cooperation Among Liquefied 
Natural Gas Supplier: Is Rationalization the Sole Objective?. Energy 
Economics, 32, 933-947. 

36. Moryadee, S., Steven, A., Gabriel, H. & Avetisyan, G. (2014). 
Investigating the Potential Effect of US LNG Exports on Global Natural 
Gas Markets. Energy Strategy Reviews, 2, 273-288. 



868   �	�
�� ������� /���	  49����� � 4 ������ �1393 

 

37. Neumann, A. (2009). Linking Natural Gas Markets: Is LNG Doing Its 
Job?. The Energy Journal, Special Issue: World Natural Gas Markets and 
Trade: A Multi-Modeling Perspective, 187-199. 

38. Orttung, R.W. & Overland, I. (2011). Russia and the Formation of Gas 
Cartel, Problems of Post-Communism, 58(3), 53-66. 

39. Paltsev, S. (2014). Scenario for Russia’s Natural Gas Export to 2050, 
Energy Economics, 42, 262-270. 

40. Rosendahl, K.E. & Sagen, E.L. (2009). The Global Natural Gas Market: 
Will Transport Cost Reductions Lead to Lower Prices?. Energy Journal, 
30(2), 17-40. 

41. US Energy Information Administration (2012). Annual Energy Outlook 
with Projections to 2035, June. 

42. Wagbara, O.N. (2007). How Would the Gas Exporting Countries Forum 
Influence Gas Trade?. Energy Policy, 35, 1224-1234. 

43. Wood, D.A. (2012). A Review and Outlook for the Global LNG Trade, 
Journal of Natural Gas Science and Engineering, 9, 16-22. 

44. www.cedigaz.com 

45. www.globallnginfo.com 
 


