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+�D EF5�G E-HIF $-JKF �O�P� Q*&"R�*�: ST�� Q*& +& @&$A03& $C &5/5UV� $*WV:
L� 5&$1 L35$C45'/ Q-C 4/�3 2B� X* .BN/ R�V*�: SC��� +& @&$A03& "&8$*WV:

�VI% &5 LVY> @&$A03& 4BZ�1 LV� R�VC .BVN/EV*9�F [$V% LV01' �VG "5UV\
@&$A03&4B��GL� $M%5/ R�)H* &5 �N@&$A03& ]-7 ]*$^ 8_*$-D4B��G R�)H* �N

(3&��*9N 5/ ;'�<F '5&+�C 5�0>�3 ' �N8R�V*�6% `BVT� +& a$Z ;5�TZ 5/ Lb6N
L�*& �C 5&+�C c�0A� "�N5�0>�3 5/ @&$A03& R&9-� �)*�P� 2�T%/ �C .B%U7 �d-0% Q
L�R&9V-� 8e$T�G�0V3& "$VTN5 �C L0C�15 (O�f +& 5&+�C 5�0>�3 $--gF �C �G _-35

&5 "UV1 LVY> �YC&5 X* 9-% �0*/ E%�: RU-3$D5 .(!�* BN&U> hN�G @&$A03&
L� R�I% $*�>? ' @&$A03& Q-C"�N5UVIG "&$C ]-7 ]*$^ �G "5U\ �C 8BN/

L� 4/+ Q-6AF $06G 8$0D59C $*�>? �CN ./U7 LV� �0!�* Q*& Q-�i6��-V3UC BV%&UF
@&$A03& E*9�F [$% R/UC ;'�<0�4B��G .B7�C j-^UF EC�1 8�N

4#&'"B-�G "�N :)���( +*�,- .&��/# .01&2341 .5�67"��8 .&�'(.
�PT\ "B�CJEL:Q32 .Q41.

1��BP� .
 9;� <3=> )1&?* 51 @(1970 1&A* )�BC D�;�EF8 .�=> <>�BC �GHI J�1K�1 L)1&A?* 51 �1&A� D

DM&A>1 51 <NEA,3- O�PH8&" 51 Q��=341 L DM&>1 RP4 &HHS" &T� 9* .�=> 9* ���5 <U3V*1L L DM&>1�A;
WH-X" +P,- Y� )1E,N 9* <ZHP[ 5�6 9* <>�BC 7��?- 9CE" WH* W�1 �� .R>��3�1 \E]Z- DM&>1 QR,,8

 )1&B" Q�UF>1� ��^3I1 QRTF>1� ��HF>1�abdoli@ut.ac.ir

  )1&B" Q�UF>1� ��^3I1 QRTF>1� R_�1 <4�,_��8 DE`F>1�
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AV�5 L D��A^3I1 .<A,� <�1��A8 a�A?b 9* <ZHP[ 5�6 1&�5 .�41 QR_�D&3AFH* D�A�1K- 51 <A]H?-
�/E4 &��4 9* �PV> .�41 �1��E/&* �;

WHA,cG; L DM&>1 \&^- 9* D��^3I1 9Z4E" L R_� R,�$&� �� �;�EF8 )LK�1 5L� 5�H> d�P>� 9*
93A_'6 9A;� 94 dE[ �� <ZHP[ 5�6 RHbE" .�=> 9* &3G8 <U3V*1L 7Hb� 9* DM&>1 \&^- RP4 &HHS"

1 d�e �� �Bb�4 f�G" D1&*5�A6 &��A/# �A41 9A;� 9A4 �LRe 98 �`>$ 51 WH,cG; .�41 Q�E* J�1K�
93�&6 �1&I 9CE" ��E- <ZHP[7AHb� 9A* 9A8 +AP,- WA�1 &3AFH* O���AF381 L &��A/# 9Z4E" d�P>� 9* .R>1

 )$ )�&8 1RH( �HG;1�4193A_'6 9A;� 9A4 dEA[ �� +AP,- W�1 D1&* KH> <>�BC QR_ O�Pg1 &��/# .
d�e �� �Bb�4 f�G" D1&*h�41&* 98 D�E[ 9* .�41 Q�E* J�1K�11BP<>�ABC QRA_ O�APg1 &��/# .

 d�4 51 +P,- W�1 D1&*1980 �"2008 �LRe3/2d�A4 �� 5�6 <>�BC &��/# 98 �`>$ 51 L QR_ &*1&*
2008 .5/4<G> &i> 9* .�41 93_1� R_� %)�A��( 9A* <ZHP[ 5�6 <>�BC QR_ O�Pg1 &��/# R_� R4�

R,_�* QR_ Y��K> �E/Q�1� h�41&* .&��/# L 01&2341 D�;BP .RAHbE" J�1K�1 R>L� QR;�F- �* �-
<- 9`H3> W�1 9* dL1 Q�U> �� )�-5 dE[ �� &��/# j]4 L&��A/# j]A4 L RAHbE" )1KH- WH* 98 kH4�

)RA_ &A3G8 9* &��/# j]4 �� J;�8 l�-EGN �;�EF8 WH* �� 98 D�E[ 9* .��1� �ECL <3Pm- 9]*1�
J�1K�1 L RHbE"<"��APN 9A* .�A41 QRAH-�`>1 RHbE" )R_ &3FH* 9* R�RC O���F381 L &��/# j]4 ��

<-<- &i> 9* .�=6 )1E"A- RAHbE" )1KAH- �� �An�o" 51 &Hp D&U�� 7-�N R4�qr7A-�N )$ L Q�EA* &g
 &��/# j]4�41<A^2F- L WHAZ- <>�A-5 Q�L� D1&A* 1� �E/ 01&2341 9,HB* QRN�I �;�EF8 &61 .

 A_�* Q�&8 <e1&[�� J�1KA�1 9A* .RA�RC O���AF381 L &��A/# j]A4 �� J�1KA�1 l�A3ZHP[ Q�AU>$ .R,
Q�L� L Q�L� )�G; 01&2341WHA* �APm- 9A]*1� �EACL dsR3A41 WA�1 �A* .RAH-�`>1 RA;1E/ &U�� D�;

<- &i> 9* <o],- &��/# j]4 L 01&23419A* &��/# j]4 �� O1&HHS" kH*���� 9T,�1 D1&* d�e .R4�
 9>EUt 7o3V- �E[<- �E/ 51 &gX3- 1� RHbE" �� 01&234101&23A41 9A* &��A/# �PAV> <A4�&* .RA,8

<- &i> 9* RH=-<- )�F> 98 1� 01&2341 9* &��/# �PV> O1&HHS" �- .h�41 W�1 &* .R4�&��A/# RA;�
<A- )�A��( 9A* <"RA- 9At 51 RAZ* (RAHbE" )R>�- �*�g L R�RC O���F381 fRN u&� �*)D1&A* .R,A4�

dE[ �� �;�EF89AG; D1&A* �PAV> WA�1 9A8 k�RHA4� 9A`H3> WA�1 9* L Q�1� �1&I <4�&* ��E- )�-5
9iev- 7*�I �E[ 9* )�-5 dE[ �� �;�EF8d�A4 �� d�Am- )1EA,N 9A* .�A41 )�&A8 &HHS" d�e �� D1

1980 )�3VwU>1 D1&* �PV> W�126/21 �T�&-$ D1&* .26/10 �Hb1&341 D1&* L21/16 �� L �41 Q�E*
 d�4 )���(2008 9* )�3VwU>1 D1&* �PV> W�188/49A* �AT�&-$ D1&A* .93��� J;�855/11L QRHA4�

1. British Petroleum  (www.bp.com)
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 9* �Hb1&341 D1&* L QR>�- �*�g l�P�&o"53/65<G> &i> 9* .�ECL W�1 �* .�41 93��� J�1K�1 W�1 98 R4�
 L R,_�* dEx1 )LR* O1&HHS"�*<- .&��/# j]4 L 01&2341 WH* �Pm- 9]*1� �ECL9A8 �A=6 )1EA"

<- 01&2341 9* &��/# �PV> J�1K�1 9* l�-EGN .&��/# j]4 �� J�1K�1 �PV> &61 <"��PN 9* .R-�`>1
* &��/#* �;�EF8 f�G" D1&* 1� 01&2341 9D1&A* yAwp1 �PAV> WA�1 9A8 RA�� kH;1EA/ .k��L$ �4R

 &3FH* &36�K* &��/# �* D�;�EF8�41D�;�EAF8 9A* �PV> &36�K* &��/# �* D�;�EF8 W�1&*�,* .�A*
<- 01&2341 WHZ- d�4 &; �� 1� �E/ &��/# 78 51 D&3G8 Rx�� .&3TtE8 &��/# dLRC .R,,81

 D1&* 1� 01&2341 9* &��/# �PV> O1&HHS" R>L�10 �� 01&2341 9* &��/# �PV> a�?b 51 &"&* �EF8
<- )�F> )�-5 dE[<- 9iev- 98 �E]>�G; .R;�; 9A3Pb1 9A8 <APHb L �A�E8 51 &AHp 9* .�E_51 5EA,

�&zR>�1��E/&* <,H��( l�3PV> RHbE" �H {KC &U�� �EF8 �F; .9&��A/# j]4 a�?b 51 &"&* �EF8
WH,cG; .R,3V; d�4 �� <ZHP[ 5�6 <>�BC &��/# k��&8 Q��_1 .2008)1KAH- 9*5/493A_1� RA_� %

�41. �* )�3V,G8&" )�H- W�1 ��6/227 �* )1&�1 L %3/593_1� 1� R_� W�&3FH* %.R>19A* yAH"&" W�R*
QR;�F- )1E,N .&U�� D1�ECL �* j]4 �� 01&2341 9* &��/# �PV> .<ZHP[ 5�6 RHbE" L �n�o" R_�

 .�41 93��� J�1K�1 �E8'- �EF8 L� D1&* WH,cG; L <>�BC

 2'Bk1@&$A03& �C $*�>? (T)% l�.O +& $F$C "�N5UIG.
20082007200520001995199019851980 �C $*�>?B-OUF
332402559609629733807595&]I
2542512664315487329581986)1&�1
15315015714814715610085v|LK>L
1491492303297237105156829�&`H>
139147128162160361247256��E8
1287/127128156187279238316O1��-1
1201/376/4257^^^^)�3V,G8&"
97987/95126129155196327)�3V*&N

8/96100116222208195137132<PHb
72736/7480^^^^9H4L�

3/60602/62656/65645957)�BC 78
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)���( +*�,- ��E- �� QR_ f�`>1 D�; <4�&* &3FH*<U>EAUt .�GHI L RHbE" D�;&HV- DL� &�'(
�Y(L1 ��3�19A* L �A41 Q�E* �=> <>�BC �15�* 7Hw?" L 9�K`" <w8 �E[ 9* L 7"��8 Y� )1E,N 9*

5�6 7"��8 7HTF" &HgX"2D�1'A6&HgX" <U>EUt L <T�KH� <*�HG8 9w}V- 9* WH,cG; L 01&2341 &*
�AB," .�A41 QRAF> <>1R,t 9CE" &��/# L 01&2341 WH* 9]*1� �� L 01&2341 )1KH- &* &��/# j]4 ��

~,�&TH( L�R>1 ��E- Y�3��1&A_ ��) f�A/ �A=> D1&A* 01&23A41 L &��A/# WHA* 9A]*1� <4�&* 9*
9A* <4�&* W�1 �� L �41 93/1�&( (�&Pw8�341 D&P;� ��3/�4 �� �15�* &P;� )1E,N 9* Y(L1 �E�e

y�&n �* &��/# L 01&2341 WH* <]/ 9]*1� �ECL01&2341 OL�=3- yH_ D�;QR,,8 9A3��� �4� �;
9>E6 9* .�41<- 9`H3> DL 98 D1yH_ y�&n .�&H64)�6RA,,8RHbE" yH_ y�&n 51 &3G8 Y(L1

 �&=,-�41�� KAH> 01&23A41 9A* &��A/# �PV> 9* .&��/# L 01&2341 WH* 9]*1� d�P>� 9* yH"&" W�R* .
)���( +*�,- D��^3I1 O�H*�1.�41 QRF> <>1R,t 9CE" &�'(

&-1&T"1&8 <4�&* Y� ��5W�1 51Q51R>1 )1E,N 9* �PV> Q�&8 &HPZ" +*�,- <T�KH� <*�HG8 D&H6
)�A��( +*�A,- ��A^3I1 D�B��E}" 9* �E*&- O�H*�1 DL .�41Q51RA>1 DL� l1&A^?,- 9A8 1� &�'A(D&AH6

Q�&8 K8&G" <*�HG8JH( 9* L Q�1� �1&I <4�&* ��E- .R>1�GHI <,H* �AGHI L �;9��A4 D�A;�A=> D1
T"1&8 .�41 93/1�&( f�/ 1� �B3GHI 9>EUt +*�,- )R_ ��HG8 98 Q�1� �1&I <4�&* ��E- 1� W�1 &-1&

<- �1&I &HgX" �?"<- 9`H3> W�1 9* )1&U�� R,>�- l�3��B> DL .R;�Q�1� 98 R4�D�E}" 51 )1R,t �;�A;
<G> ���Ge k; 1� W�1 �ECL W�1 �* .R,,8)�H*<-��^3I1 OvTF- 98 R,89Aiev- 7A*�I <`,A4 D1

 �� 98O�oHo?"JH( 9* �E*&-)���( +*�,- �GHI R>L� <,H*)1EA,N 9A* .R,3AVH> k8 .R>�1� �ECL &�'(
9��4 �GHI DRHw8 &HS3- .d�m-1� %KA8&G" 9b�o- W�1 W�1&*�,* .�VH> QR;�F- 7*�I 7GN �� .�=> D1

<A- d�Ao3>1 <T�KH� <*�HG8 DE4 9*<A- �1&AI <A4�&* ��EA- 1� WA�1 L RA;�*�A,- ��A^3I1 9A8 RA;�+
)���(9`H3> 9t 9* 5�6 &��/# L 01&2341 WH* 9]*1� ��E- �� &�'(<- D1 .R4�

7A-�e �15�A* JAo> 7AHb� 9*�AHb�Z� �� DM&A>1 D�A;D��A^3I1 9ZA4E" L RA_� L D��A^3I1 D�A;
 R>�1� <Z4 �w32- �&[ 51 �B3bL� 9G; l�P�&o" .�;�EF8&HgX" DM&A>1 D�An�o" L 9An&N &* 98�1'A6

�1 �� .R,_�*5L� RA_� 9A8 <AZHP[ 5�A6 kHAiN &��A/# D1�1� L QR,,8���Ax D�;�EF8 QRGN WH* W
JH( 1� <ZHP[ 5�6 D�n�o" )LK�1Q�&8 <,H*D5�6 7"��8 7HTF" �G4 9* .R>19A* L Q�&A8 �A8&e

1. OPEC
2. Gas Cartel
3. Andrew Pickering (2007)
4. Slope Term
5. Krautkraemer, J. A. (1998)
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 �E/ +��,- J�1K�1 L +P,- W�1 9n&N d&3,8 d�P>� 9* <NE>R,3V;d�A4 51 �;�EF8 W�1 h�41 W�1 &* .
2001d�P>� 9*fKH>�T- 9|1�1.5�6 �GHI WHHZ" D1&* <��; �E�e �* 9b�4 &;11�A* 1� <AZG`- .E�N

   ) 5�A6 QR,,8���Ax D�;�EAF8 +G`- )1E,NGECF1<A- 7HTAF" (  .RA,;�%vA" �A=6 RA��* 9A3Pb1
L 9An&N d&A3,8 D1&A* .<A3=> YA(L1 YP4 9* <>�-5�4 ��`�1 �BC �� +G`- W�1 E�N D�;�EF8

Q�"E8 �� .�B3GHI J�1K�1-<G> &i> 9* 7G3?- <wH/ OR4�R,w* D�;�1��1&I 7-�N L� 1&�5 .R L OR-
\�]Z>1 fRN9An&N d&A3,8 D1&A* <Z>1EA- &An�e d�Ae �� .9AbEb �E]/ D&�'(D�A;�15�* �� 5�A6

WH*D�A;�1��1&I RA>�1R> 7��G" )1R,t KH> +G`- W�1 D��N1 �=6 R��* &U�� \&[ 51 .R,3V; <wwGb1
� J;�8 1� �E/ OR-R,w*WH* ��P3N1 ��8 W�1 lsL1 )Et .R,;<- %LR2- 1� �B>$ <wwGb1l�AH>�g L RA,8

�Z=,-&( 51 OR-R,w* D�;�1��1&I �;�EF8 W�1 D�;�1��1&I W�&"R,3V;WA�1 7AHb� 9* <�1&C1 &i> 51 .
<G> L �41 OR-R,w* D5�6 D�;�1��1&I &3FH* )E,81 98&AHHS" �1��1&AI 51 0��A/ 1� )$ �GHI )1E"

G; L �1�O�EAx 9AbEb �A/ �A�&[ 51 KAH> 5�A6 d�Ao3>1 L 7Ao> L O��`" &3FH* 98 7Hb� W�1 9* WH,c
<-<G> D5�6 7"��8 .�&H6�A�N1 WA�1 98 �=6 R��* +I1L �� .R_�* 93_1� QRBN 9* <b�Z� Jo> R>1E"

a�A?b 9A* )1&A�1 d�Am- )1EA,N 9A* .R,,8 �&]- 7"��8 )1E,N 9* 1� �E/ QR,�$ �� R,>1E3* R>�1� &i> ��
 d�4 �� s�* \&^-20089A* 9A8 7A"��8 W�1 �� J3�E�N &n�e d�e �� L 93_1� O1��1L �b�/
 �B3GHI J�1K�1 d�P>��41<G> &i> 9* <o],- )1R,t�EA]/ D�ABe&[ ��A`�1 �A* h�41 W�1 &* .R4�

 9bEb �E]/ 9Z4E" L &3FH* &��/# �* D�;�EF8 DRHbE" �H�&z J�1K�1 L �;�EF8 WH* �&3F- 9bEb
L �B>$ RHbE") +��- 5�6 Ov-�Z- R_� 9* 9CE" �* WH,cG;LNG &H/1 d�4 94 ��2 W�1 L QR_ &*1&*

 51 JH* �RN59HPA_ <"v-�AZ- ��3/�A4 &i> 51 98 (�41 9bEb �/ ��&[ 51 5�6 Ov-�Z- R_� &*1&*
A_ L&A*L� 5�A6 �15�A* �� �1'6&HgX" 7"��8 Y� �* QR,�$ �� 98 k��1� ��i3>1 �- .�41 �=> �15�* .k�E

<- W�1&*�,*<- dE[ <>�-5 OR- �=6 )1E" 51 �� .)�-5�4 9* +G`- 51 7TF" W�1 �" RF8GECF 9*
OGEC.R,8 &HHS"

11 98 7"��8 E�N7-�_9H4L�.)1&�1.&]I.9�&`H>.v|LK>L.&�1K`b1. &A^-. <APHb. DEAHbE*.
<�1E341 9,H6 L E6�*E"L�1RH,�&"2 .�41 �P[ &*BP d�4 ��2008JH* 5163&��A/# 78 51 Rx��

QR_ 93/�,_3�Ao� 98 <b�e �� L Q�E* 1�1� 1� )�BC35.Q�EA* �AB>$ kBA4 <>�ABC RAHbE" 51 RAx��
 �LRe5093A_1� ��AH3/1 �� 1� 5�A6 <>�ABC O1���x �b�/ 78 51 Rx�� ) RA>148�b�A/ RAx��

1. Gas Exporting Countries Forum
2.Q�1� h&34� �� �EF8 W�1 D1&* RHbE" )1KH- L &��/# j]4 9* �E*&- D�;�VH>.

3. Known Reserves
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 L 9bEb �/ 51 O1���x53 ��&[ 51 O1���x �b�/ Rx��LNGQ�E* �B>$ kB4�41 �* W�1&*�,* .(
Q�1� WA�1 .7A"��8 D�A�N1 O1���Ax �b�A/ 9`H3> �� L RHbE" L &��/# R_� 9* L� R>L� 9* 9CE"�A;

)�F> R,>1E3* R��_D��ATG; u&� �*) 5�6 <>�BC �15�* �� 7"��8 W�1 9iev- 7*�I D�1'6&g1 QR,;�
9;� D1&* ()$ D��N1  .R,_�* QR,�$ D�;

)���( +*�,- 9* �E*&- D�B��E}"<ZHA4L Q5EAe .<ZHP[ +*�,- ��^3I1 51 <GB- J2* )1E,N 9* &�'(
Q�1� ��^3/1 �E/ 9* 5L&-1 D��^3I1 O�H*�1 �� 1�Q&B* DEUb1 DK8&- 93V; L R>151 9A,HB* D�1�&A*

)���( +*�,- +*�,- W�1 <*�HG8 9w}V- .&�'(�419�&i> �� 98 <4�41 93T> . Q&AB* 9* �E*&- D�;D�1�&A*
 +*�,- 51 �Ew]-)���(51 OL�A=3- .�A;�15�* �1EA>1 �� 1� QRA,,8RHbE" d��AZ" �&A_ L ��1� �EACL &�'(

<- <bEGZ- D�;s�8 ��E- �� YH4v8 d��Z" �&_7AHPI WA�1 ���LRA?- L <*�AHG8 9w}AV- .�5�4
<- ��G_ 9* +*�,-9A* �EA*&- D�AB��E}" 7Hw?" L 9�K`" h�41&* ��1� R^I J;L�( W�1 W�1&*�,* .�L�

)���( +*�,-4 D1&* .&�'(q4 7HPI 51 <"s1q .��L$ k;1&� <24�( .7�# �� QR_ �&]- Os1
1.��_1'6 R;1E/ 5�6 <>�BC 9n&N �� 01&2341 &* D&HgX" 9t D5�6 7"��8 7HTF"
2.<- �E/ 51 &gX3- 1� 01&2341 9>EUt 7o3V- �E[ 9* &��/# j]4 �� &HHS"�R,8

2m-P.F n'5 ' "$M% L%�T� $C "5'$� .
1 DL&H( 9*@�Eb L )�1E41 51WV>�; .2<T4�L��4 L Y�L��; L3<- .Q�U,* L� 98 �&8 u&� )1E"

)21,!i (YA� 51 f1RA8&; 9A8 R,3V; 7"��8&Hp D�;�EF8 L 7"��8 E�N D�;�EF8 51 QL&6 L�
<- 01&2341 OL�=3- Q&H/# +P,-<- 1� Q�U,* &; D5�4&m81Re 9w}V- W�1&*�,* .R,,8Ax 9A* )1E" O�E
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1. Eswaran, M. and T. Lewis (1985)
2. Hansen, L. P.  (1985)
3. Hartwick, J. M. and P. A. Sadorsky (1990)
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98itq Q�U,* 01&2341 )1KH-i Q�L� ��t .irQ�AU,* 7A�K," �&>i L0iRQ�AU,* Q&AH/#i�L&A_ ��
 9AC�� 01&2341 9,�K; .�41 D�1�&P;&B* Q�L�2&3-1��A( 9A* 9ACE" �A* L �A41i%Q�AU,* &A; D1&A*

<- .R_�* OL�=3- R>1E"F9,�K; )�G; # RAHI L �41 �*�g 9,�K; �� <��,*&�5 D�;<A,Z- WA�1 9A* &��A/
 k8 <��8 Q51R>1 9* 5�6 <>�BC �GHI 9* �PV> Q�U,* &; D1&* 01&2341 9,�K; 98 �41�41WA�1 9* .

 <A- Q�U,* 98 O�Ex<>RA_ RAHI @A( .RA,8 01&23A41 Q�L� YA� �� 1� �EA/ &��A/# f�AG" RA>1E"1

<- 1� 01&2341O�EAx 9A* )1EA"itit Rq --0  .�1� )�AF>tpQ�L� �� +AP,- �AGHI KAH>t+*�A" �A�
 O�Ex 9* 1� )$ L �41 �n�o" hETZ-&�5<- ��&Z":kH,8

)3(jijiqqbap jtitt .!"#! ;,,,][ 21

 )$ �� 98a Lb.R,3V; �Pm- D�;&3-1��(
9C�� u&�29,�K; )�E* �?* u&� Y� .01&2341 D�;RA��* )$ 51 ��A�� �� L �41 KHU>1&*

01&2341 9G; D1&* 1� 01&2341 <��B> 9,�K; OL�=" j�&^" W�1 98 �=6<- K��C )�6R,,8 L �&G_
9,�K; 9T,�1WHA,cG; .(�A41 D�EZAx 01&2341 <��B> 9,�K;) R,3V; J�1K�1 d�e �� 01&2341 �* �;

9,�K;9C�� D�;27e Q1�<- WH-X" 1� <>L�� D�;.R,,89C�� 9,�K; +*1E" 51 Q��=341 <"��PN 9*3 ��
dR- �� 98) &3FH*)���( +*�,- 51 9,HB* 01&2341 D�;�� lvAGN L �AVH> fEA4&- �AB>$ 51 Q��=3A41 &�'(

9,�K; +*1E" WH,t �* &3G8 +*�,- W�1 51 01&2341<- 9C1E- D1)�&A8 �AB," )�AT-1 .(k�EA_q�A- 51 1�
<- yw4� L R,,8<G> &U� kH>1E"q 51 <Z*�" O�Ex 9* 1�R .k��L$ �4R*

 7A; L �3(EU41�2 <A4�&* ��)E6�A>E6 &��A/# )$ �� 9A8 j�&A^" u&A� YA� 51 �EA/ D�A;
9,�K;��1&A_ �� 9A8 R>RHA4� 9A`H3> WA�1 9A* L RA>�&8 Q��=341 .R>�1� <"L�=3- <bL �*�g <��B> D�;

&��/# dL1 .<3*�I�<- 01&2341 &3G8 <��B> 9,�K; �*9A,�K; u&A� L� .R>E_<AbL �A*�g <��AB> D�A;
9,�K; L OL�=3-<- &i> 9* .&36�K* &��/# D1&* &3G8 <��B> D�;<A- �Abs� WA�1 &A* RA4�9A8 RA,8

<- 01&2341 9* &��/# �PV>QR;�AF- �A* WA�1 L RA_�* &3G8 &36�K* &��/# �* D�;�EF8 D1&* �V��*

1. Feasible
2. Dasgupta, P. and G. Heal (1979)
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C �� QR_ 9|1�1 dLR19A,�K; )�EA* �A*�g u&A� <NEA> 9A* 9`H3> W�1 W�1&*�,* .�41 �I�," ��D�A;
<- �� 1� 01&2341 <��B> .R,8

~,Hw"�;1QRHcH( ��E-9A8 9At&; DL &Ai> 51 .�1� �1&I <4�&* ��E- 1� 01&2341 9,�K; +*1E" &"
�HGN )RZ-<- &"<A- J;�A8 QR>�GHI�* Q&H/# �1Ro- �� �E_9A,�K; .RA*��A]* �A;J�1KA�1 QRA,�1K� �E

<-)1L L EbE4 )$ d�P>� 9* .R,*��27; .3)EV>�; .4W�5&� L5 9,�K; +*1E" �E> W�1 51 �E/ D�BbR- ��
Q�&8 Q��=341<- &i> 9* <o],- ~,Hw"�; 7Hw?" 98 �`>$ 51 .R>1+A*1E" �EA> WA�1 <4�&* W�1 �� .R4�

  .�1� kH;1E/ �1&I &i> R- KH> 1� 9,�K;
H4E* 98 <_L�D��Ai3>1 d�Ae %5�1 �b�/ )�6R,,8RHbE" )$ 9w6<A- &m81RAe 1� �EA/.RA,,8

 98 ��1� W�1 9* <U3V*�B>$<3*�I� O�RI<- �E]t �GHI WHHZ" �� 1� )�_ ) WAV>�; .R,,H*19859A* (
)��Ao3- D5�A* 94 51 )�-5 dE[ �� �=> �GHI L RHbE" D�;&HV- 7Hw?" L 9�K`" �Ei,-7D5�A* L� L

)��o3-�>8�=341L &��A/# WHA* 9]*1� <4�&* D1&* �B�5�* W�1 51 KH> �- �`,�1 �� 9`H3> �� .�41 Q�&8 Q�
<- Q��=341 01&2341 O�Ex 9* )��o3- D5�* 94 .kH,8&�5<- <�&Z- :R>E_

1.<3*�I� d��Z" D5�* :<3*�I� d��Z" D5�* ��91� �EA/ �EA^2- \R; +*�" QR,,8RHbE" &;
�� 1K>L&* 1� �B3GHI 98 <b�e ��<- &i><- &m81Re �&H6 .R,8

2.)��o3- J> D5�* :)��o3- J> D5�* ��101� %�EA/ ��A3�� 9A8 <b�Ae �� QRA,,8RHbE" &;
<A- &Ai>�� 1KA>L&* 1� &AU�� QRA,,8RHbE" O�GHGA^" L �1'6&HgX" �GHI DL�+*�A" .�&AH6

<- &m81Re 1� �E/ �E^2- \R; .R,8
3.<>�P" D5�* :<>�P" D5�* ��11�e �� QR,,8RHbE" L� O�GHGA^" 98 <b �EA/�AGHI DL� 1�

<- �1'6&HgX"<- &m81Re 1� )�F�R; +*�" L� �EG`- L Q�&8 <>�P" &U�RT� �* R,>1�  .R,,8
<- u&� )��o3-�> D�B�5�* ��Q�U,* 98 kH,82 �15�* &P;� �� 7"��8�41O�EAx 9A* 1� �B>$ L &A�5

<- <�&Z- .kH,8
1. Hotelling, H. (1931)
2. Solow, R. M. and F. Y. Wan (1976)
3. Heal (1976)
4. Hanson, D. A. (1980)
5. Farzin, Y. H. (1992)
6. Expected Net Present Value (ENPV)
7. Symmetric Game
8. Non-symmetric Game
9. Competitive Equilibrium Game
10. Symmetric Nash Game
11. Collusive Game
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4.Y��K> &P;� D5�*WH* :�K> &AP;� D5�A* �� YA� WHA*1\RA; +*�A" .&AP;� �A� fL� WT�5�A*
<- &m81Re <b�e �� 1� �E/ �E^2-�1'A6&g1 �AGHI DL� 1� �E/ O�GHG^" 98 R,8

 <A- &i>�� 1K>L&* 1� L&H( �� dL1 WT�5�* O�GHG^" LdL1 WT�5�A* 9A8 <"�EAx �� .�&AH6
�GHI@TN �GHI O1&HHS" 9* 9CE" �* L Q�E* &�'( <A- )�F> 7GZb1+AI1L �� .RA;�WA�1 ��

<- d�P>� 1� E>�E8 7e Q1� fL� WT�5�* L <3*�I� 7e Q1� dL1 WT�5�* .D5�*.R,8
5.�&Pw8�341 D5�* :�&Pw8�341 D5�* ��21� �EA/ �EA^2- \RA; +*�" fL� QR,,8RHbE"

<- &m81Re <b�e ��<- 98 R,89A8 �`>$ 51 L �41 �1'6&HgX" �GHI �� J"�GHG^" R>1�
<-O�Ex 9* dL1 WT�5�* R>1�<- 7GN <3*�I�O�GHGA^" DL� 1� �AGHI O1&AHHS" .R,8

<- �1'6&HgX" L&H( �� dL1 WT�5�*.R>1�
45'/ '/ 2B� 5/ ��-oC @&$A03& @&$A03& "&

<- u&� �GVI W�1 ��QL&A6 L 7A"��8 EA�N D�;�EF8 QL&6 <,Z� .&i> ��E- Q�U,* L� 98 kH,8
�41 �1&I .9H_�e QL&6 �� �&=,- QR,,8RHbE" D�;�EF8 1� �E/ +*�,-��L RA,,8 01&23A41 Q�L� L�

 D1&* 1� 7�K," �&> .9��-&4 7-�8 �8&e �bEB4 u&� �* <6��4 D1&* lvZ� .R,>�4&* f�G"1 9* 1� )$
<- &i>�� )�VT� QL&6 L�k�&H6)rri !( .

L0C�15 2/�pF "+�C 5/ "+�3$qG&Bf ��r)�
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1. Myopic Leader Game
2. Stackelberg Game
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 Q�U,* �� &U�� QR,,8RHbE" D1&* D5�4&m81Re O�HwGN f�`>1 �* 9`H3> ��j+*�A" KAH> Q�AU,* WA�1 D1&* .
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 Q�U,* 9,HB* 01&2341 .�E� 9b��Z- L� f�p�1 �* d�ei�d��AZ" D5�A* �� 01&23A41 L &��A/# WH* 9]*1� �
 O�Ex 9* <3*�I�&�5<- �4R* :R�$
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�� 9A,HB* 01&23A41 )��L$ �A4R* D1&A* .yAb�]- )RA_ <>sEA[ 51 D&H6EAwC D1&A* RZ* 9* W�1 51
 dL1 9AP"&- �L&_ �� <��B> �*1L� 51 kHo3V- �E[ 9* .�w32- D�B�5�* D�;��3/�42kH;1EA/ Q��=3A41

9w}AV- .yAH"&" W�RA* .�41 �E� �� QR_ 9|1�1 %L� R,>�G; <��B> �*1L� 9* )RH4� <U>EUt .�&8
 D5�AA* D1&AA* 1� D5�A4&m81ReYAA��K> &AAP;� D5�AA* WHAA,cG; L )��AAo3- D�AA; O�EAAx 9AA* .WHAA*&AA�5

<-kHV�E>3 :

1. Reaction Function
2. First Order Condition

3.9b��Z- W�1 <>sE[ 51 98 �41 D1<- D&H6EwC yb�]- )R_<- <��B> 9]*1� 9* kHo3V- 1� �- L R,8�A_1� &Ai> �� R��* �-1 .R>�4�
9,�K; L <]/ D�BbR- D1&* �o� 9b��Z- W�1 51 989C�� D�;2<- .�&8 Q��=341 )1E"
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 @�&"�- Y�2×2<- )�H* 1� D5�* ��3/�4 98 �41@�&"�A- WA�1 <3*�I� d��Z" D5�* ��E- �� .R,8

O�Ex 9*>
?

@
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C
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bb

bb�41�* L� W�1 51 .) 9b��Z- D5�4&m81Re8<3*�AI� d��Z" D5�* ��E- �� (

 :�_1� kH;1E/

D E)()()()( 000000000 iiijjiiiiji qRqRqRbaqqqba ###"##!### %=%

&A; D1&* 1� <��B> 9,�K; L �GHI WH* OL�=" d�e %5�1 Q�U,* L� &; .<3*�I� d��Z" D5�* �� W�1&*�,*
<- �1&I DL�V- Q�L� L� .R,;�

��3/�A4 @�&"�A- .EA>�E8 7e Q1� �� )��o3- J> D5�* ��O�EAx 9A* D5�A*>
?

@
A
B

C
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bb

bb

2
2

<- ��&Z"�,C��4 1� D5�* ��3/�4 W�1 .�E_19A8 O�Ex W�1 9* .�41 Q�1� �1&I <4�&* ��E- KH>
<- &i>�� QR_ Q�1� 1� D&U�� RHbE" WT�5�* L� &;<- �E/ RHbE" )�&8 9,HB* 9* L R>&H6 51 .R>51�&(

9b��Z- D5�4&m81Re �* L� W�1)8 O�Ex 9* dL1 9P"&- �&_ ��E- W�1 �� (�41 &�5 .
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<- �1&I DL�V- Q�L� L� D1&* 1� <��B> 9,�K; L <��B> R-$�� WH* \v3/1 .R,;�
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1. Sargent (1979)
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��B> 9,�K; L <��B> R-$�� WH* \v3/1 d�e %5�1 Q�U,* L� &; �b�e W�1 �� Q�L� L� &; D1&* 1� <
<- �1&I DL�V- .R,;�

<- u&� )��o3-�> D�B�5�* �� .R_ Q��_1 98 �E[ )�G;Q�U,* 98 kH,82�15�A* &AP;� �A� 7A"��8

YA��K> &AP;� D5�* �� 9`H3> �� .�41O�EAx 9A* D5�A* ��3/�A4 @�&"�A- .WHA*>
?

@
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bb

bb

2.

<- ��&Z" D5�* �E> W�1 98 �`>$ 51 .�E_<A=w32- D�"1&3A41 )�A,T�5�* L �41 )��o3-�> D5�* Y�
<- .R>�1�D5�A4&m81Re �A* W�1&*�,* .k��L$ �4R* Q�U,* L� &; D1&* 1� D5�4&m81Re 9w}V- �V��*

) 9b��Z-8 Q�U,* L� &; D1&* (1L2  :�_1� kH;1E/ yH"&" 9*
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�1 ��%5�1 fL� Q�AU,* L DL�V- 1� <��B> 9,�K; L �GHI WH* \v3/1 d�e %5�1 dL1 Q�U,* �b�e W
&Ai>�� QRA_ Q�1� 1� dL1 Q�AU,* RAHbE" L Q�1� �1&AI DL�AV- 1� <��AB> 9,�K; L <��B> R-$�� WH* d�e

<-.�&H6
WT�5�* 1&�5 .��1� <"L�=3- 7e %L� �&Pw8�341 D5�*2DL� 1� JwGN &g1 7"��8 �� L �GHI

<- ��Ve 9* dL1 WT�5�* �� L&H( RHbE" DL� WH,cG;<- 7"��8 .��L$O�EAx 9* L1 �* L&H( 98 R>1�
<- 7GN <3*�I�<- L1 9`H3> �� L R,8@TN +*�" 98 R>1�<- ��8 9* L&H( 98 <wGZb1O�EAx 9A* �&A*

) 9b��Z-5 (�41 @ATN +*�" �E/ +��,- )�&8 &m81Re D1&* 7"��8 d�e .AH( 7AGZb1+*�A" )L�� 1� L&
<- �1&I �E/ \R;<A- 9A,HB* 1� L&AH( 01&23A41 )1KAH- l�A?�Ew" L �EA/ 01&2341 )1KH- L R;�  .RA,8
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 O�Ex 9* 1� 7"��8 \R; +*�" d�e&�5<- :kHV�E>
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@TN +*�" )�1� �1&I �* )E,81L&H( 7GZb1D�C 9*10q 9b��Z- )�&8 &m81Re L)13(01&23A41 1R3*1 .
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&2341dRA- D1&A* �15�* �w32- D�;��3/�4 �� Q�U,* &; &��/# L 01&2341 WH* 9]*1� �� 9,HB* 01

Q�L� L� dLRC �� D12 <A- 9iev- 98 �E[ )�G; .�41 QR_ Q��L$L 01&23A41 WHA* 9A]*1� �EA_
Q�L� L� dR- �� &��/#Q�U,* L� &; D1&* 01&2341 D121,!i. A* D�;��3/�4 f�G" �� <A]/ .�15�1

�4101&2341 9G; D1&* KH> yH_ y�&n .QR,,8)1KAH- �EA[ WHAG; .�41 )�VT� �;�15�* f�G" �� �;
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 5/ ��-oC @&$A03&45'/ �3 2B� @&$A03& "&
<- u&� �GVI W�1 ��QL&A6 L 7A"��8 EA�N D�;�EF8 QL&6 <,Z� .&i> ��E- Q�U,* L� 98 kH,8

1� �EA/ +*�,- �41 �1&I .9H_�e QL&6 �� �&=,- QR,,8RHbE" D�;�EF8 dEA[ ��01&23A41 Q�L� 9A4
Q�L� 94 dR- �� 7e %L� .R,>�4&* f�G"1 9* 1� )$ L R,,8R- 9* 9HP_ D1Q�L� L� dWA�1 �* .�41 D1

Q�L� 94 dR- �� 98 OL�="<- L&*L� dL1 9P"&- �&_ L� �* Q�U,* &; D1�Ab�e �� d�Am- D1&A* .�E_
 Q�U,* D1&* dL1 9P"&- �L&_ <3*�I�i O�Ex 9*�41 &�5 :
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 Q�U,* D1&* 98 �`>$ 51j �1&I&* �L&_ WHG; KH>�41<- .dEAB`- ��Bt .9b��Z- ��Bt �* kH>1E"0iq .
1iq .0jq L1jq <A- .k��L$ �4R* 1�L &AU�� )��Ao3- D�AB�5�* D1&A* 1� ��A8 5&A[ WHAG; kH>1EA"

�* WH,cG;Y��K> &P;� D5<3*�AI� D�B2A4�( 1RA3*1 &P;� .�&Pw8�341 D5�* ��E- �� .k�&* ��T* WH*
Q�L� D�;0L1Q�L� 01&23A41 @�A4 L Q�1� �1&AI �EA/ \RA; +*�" �� 1� L&H(D�A;0L1L �EA/

<?�Ew" �E]*1Q�L� 01&2341 D�;0L1<- 9,HB* 1� L&H( .R,8
Q�L� 94 dR- �� 9,HB* 01&23411 D1dLRAC �� D5�A* &A; D1&A* 01&23A43   .�A41 QRA_ Q��L$

<- 9iev- 98 �E[ )�G;Q�L� 94 dR- .�E_Q�L� L� dRA- �� QRA-$ �A4R* ���A3> D1RAH�X" 1� D1
<-Q�L� L� dRA- RA,>�- L �A41 <]/ &��/# L 01&2341 WH* 9]*1� .R,851 &��A/# j]A4 )1KAH- D1

&HgX" Q�U,* 01&2341 )1KH- &* yH_ y�&n ��&[<-<- Q��*L� WH,cG; .��1'6�A�&6 9A`H3> )1EA"
1. Implicitly



 $*�>? @&$A03& B%'5 $C "+�D EF5�G E-HIF $-JKF L35$C"+�C �*$M% /$H*'5 �C�N131

01&2341 &; 01&2341 )1KH- 9801&2341 &U�� &��/# j]4 51 7o3V- .QR,,8QR,,8�A; �A419A]*1� .
)���( +*�,- ��^3I1 98 �41 9c>$ .QR-$ �4R* <]/dR- Y� yb�p �� &�'(.+��A,- D5�A4&m81Re

<- &��/# L 01&2341 WH* 9]*1� 51 9* R>1E"01&23A41 dRA- L� &; D1&* QR-$ �4R* ���3> .R�EU* �-
01&2341 f�G" D1&* 7�K," D�B/&> 98 <3b�e ��QR,,8<- u&� )�VT� �;:�41 WH,t .R>E_

1.+*�A" D�A;&3-1��( .�An�o" +*�A" D�;&3-1��( 9* <U3V* Q�U,* &; D1&* D��C 01&2341 )1KH-
��1� &��/# j]4 L 7�K," �&> .Q�U,* L� &; 9,�K;.

2. Q�U,* 01&2341 .�15�* D�;��3/�4 f�G" ��i Q�U,* &��/# 51 7o3V-j.�41
3.01&2341 f�G" L �;�15�* f�G" D1&* yH_ y�&nQR,,8.�41 )�VT� �;
4.�&ATwGN L ��A3�� �EA> WH,cG; L Q�U,* L� 01&2341 9,�K; )�E* OL�=3- 9T,�1 ���B> ��

<UG; .Q�U,* L� D�15�*<- )���G> �RP- 51 u&N O��PN �� .R>E_
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5&+�C c�0A� "�N5�0>�3 5/ @&$A03& EG R&9-� �)*�P�
L kHA,8 ��AVe �15�* ��3/�4 &; D1&* 1� 9H_�e L 7"��8 RHbE" �EG`- �� �15�* RHbE" 78 &61GQ0

D5�A* ��3/�A4 �* dL1 Q�L� 01&2341 78 1�G �A�&Z"Q�L� L� dRA- L� &A; D1&A* .kHA,89A4 L D1
Q�L�<- 9`H3> W�1 9* 01&2341 D1:98 kH4�

)17(CBDEA QQQQQ 00000 HHHH

 )$ �� 98 D�E[ 9*A .<3*�I� D5�* &U>���G>B .)��o3- J> D5�* &U>���G>C.<>�P" D5�* &U>���G>
DY��K> &P;� D5�* &U>���G> L WH*E &���o- f�G" D1&* 9`H3> W�1 .�41 �&Pw8�341 D5�* &U>���G>

93��� �* L �41 �1&I&* �;&3-1��()�A-K3�L L &A-&8 D�A;1<AV,b�Gt L @H�EAb .2 D�EAb .3 Y�RA,H( .4 .
WV>�;5�>s�4 L6 .�41 ��65�4

7�f ' EF5�G @&$A03& R&9-� �)*�P�5&+�C c�0A� "�N5�0>�3 5/ �-
1�� 7"��8 1� fL� Q�U,* 98 �`>$ 59HA_�e QL&A6 51 &3AFH* 7A"��8 &��/# 9T,�1 u&� �* .kH3�&6 &i>

<- .9H_�e QL&6 9* �PV> 7"��8 RHbE" 9,�K; )�E* &3G8 WH,cG; L �41 :�_E> )1E"

)18(211020 %% HH ,RR

)��o3- D�B�5�* f�G" D1&* 9`H3> �� 51 L �41 9H_�e �RP- 51 u&N 51 &36�K* 7"��8 �RP- 51 u&N .
RA;1E/ 9HA_�e RAHbE" 51 &36�K* 7"��8 RHbE" .�41 9H_�e &��/# 51 &36�K* 7"��8 &��/# 98 �`>$

<- )��o3-�> D�B�5�* D1&* .�E*9,�K; ��K- &61 98 �=6 )1E" R_�P> 9H_�e 51 &3FH* <wH/ 7"��8 D1
<"��PN 9* L2%51 &3TtE8 <G81%51 &3TtEA8 7A"��8 �RAP- 51 u&AN 9A8 kA��1� ��i3>1 .R_�*

Y��K> &P;� D5�* D1&* <"��PN 9* .R_�* 9H_�e �RP- 51 u&N&61 WH*12 %% H"bu&AN .RA_�*
&* .�E* R;1E/ 7"��8 �RP- 51 u&N 51 &36�K* 9H_�e �RP- 5193A_1� &A61 KAH> �&Pw8�3A41 D5�A* D1

 :kH_�*

1. Cremer and Weitzman (1976)
2. Lewis and Schmalenee (1980)
3. Loury (1986)
4. Pindyck (1978)
5. Hansen (1985)
6. Salant (1976)
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9A8 ��1R> �ECL <wHb� 98 �`>$ 51 .�E* R;1E/ 7"��8 �RP- 51 u&N 51 &36�K* 9H_�e �RP- 51 u&N
9HA_�e �A* 7A"��8 �RAP- 51 u&N �HI� 9V��o- )�T-1 )��o3-�> D�B�5�* �� .R,_�* �1&I&* �; 9]*1� W�1

R> �ECL          .RA_�* 9HA_�e �RAP- 51 u&AN 51 &3AFH* �A� &A3G8 �A41 WATG- 7"��8 �RP- 51 u&N L ��1
\&A[ 51 .��1RA> �ECL )��o3-�> D�B�5�* �� 9H_�e L 7"��8 RHbE" )1KH- �HI� 9V��o- )�T-1 W�1&*�,*

&61 &U��C
Gq0L 7"��8 dL1 Q�L� 01&2341 1�F

Gq041 1�D5�A* ��3/�A4 �* 9H_�e dL1 Q�L� 01&23
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    ) 9A]*1� 51 9A8 �EA[ )�AG;17D&AP;� 9A* <3*�AI� �Ab�e 51 �15�A* ��3/�A4 9A8 <-�AU,; .�A41RH( (
<- &HHS" �&Pw8�341 <A- J;�8 �15�* 78 RHbE" .R,8 L RA*��<A- J�1KA�1 �AGHI 9A`H3> ���� .RA*��

) 9]*1� 9* 9CE" �* 98 <b�e219H_�e D�;�EF8 (�Ab�e 51 &3AFH* �&Pw8�3A41 D&P;� �b�e �� D1
<- RHbE" <3*�I�9H_�e D�;�EF8 9`H3> �� .R,,8 �b�e 51 �15�* ��3/�4 &HHS" L 7"��8 7HTF" 51 D1

 51 L Q�EG> d�Po341 �&Pw8�341 D&P;� 9* <3*�I� �GHI J�1K�1 L RHbE" j]4 J;�8 �4�H4 d�GN1
 �E/ +��,- J�1K�1 �BC �� 98 7"��8 �4E"�41<- +=3,- 7"��8 �E/ 51 &3FH* . .R>E_

LC$dF ;&BN�I� �C 4B�s (3BC $*�>? ' @&$A03& Q-C �YC&5 �)*�P�
���� ��!" #!��$% &'()*'(+,-' #) (./% 0' 1./%2 �/-.) &(3" #4)'5 �) 6)(78 9'.:�;% <= &�>?
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6% #3IL% #M 5CN O�P: #4)'5 B=CQ)23(�R%��/!" B(��/�� S4/- T�'U/V' �/) #/7F," 5= .�-' �
6% T�'UV' *'(+,-' #) (����H<./W 5= 1./Q #X'5' 6)(78 1.:�;% �) H.% <5 Y�' 0' ..)��1#/) #/M

 .�-' 5�K0�- B�Q'= 15�Q' (,K5U) (���� �) &�:5C;M &'() *'(+,-' #) (���� ��!" O=C) (,;F)
 48�9 *%8: &(;) �<:$5 (: 15$# &�=8>)

1.A.) *'(+,-' 1.@�15<= <= &�>?.% #) ZC)(% 1.%2 �-15<= #- < &' *'(+,-' &'�-' B
6% *'(+,-' #M �-' #:= Y�.[\ 6JF�N 0�K #M 6?�I 5= UF" (]�= #:= Y�.[\ �8 < =CQ

 1='= <5 Y/�' 0' ..Q .:'C� *'(+,-'&'(/) 6/JF�N 0�/K *'(+,/-' < (��/�� #"�F?�/- &�/:
^CN 6"�%0 GV' _� 0' B�:5C;M6"5'(/A 6K.F/-5 =5C/% &5C/`8 5�/M 5= #M #a"2 0' (8

6% b5'UK E�='=1.�' #7F," 5= ..[:=6"�/%0 GV' &'() '5 *'(+,-' 1.@�A #M �-' O2 H2
YF/) #/4)'5 #) O.F-5 68��-�c% 1�K.�= 0' #M �dK .��) #\(K' .E�5<2 �-.) =<.c%�"

-' ef;% 5�F!) =<.c%�" 6"�%0 GV' &'() (���� < *'(+,-'&0�/) =5C% 5= g�DCh+% B�
6% #M i(�jM�,-'kFDC8 Y�(,>) ."'C8 ..Q�) 0�K 6"�>W 682 5'0�) &'() 1.[[M

2.V (Flm8 �c8 1.%2 �-.) n��," < o)'<5 #M �-' 6>�.)e/�U[8 p(/" O=C/) O�/!f� q(
*'(+,-'1.[[M#W5= #[�U: r)�8 1.Q S�(h8 s(V < �:2 *'(+,-'�-'Y/fP% #/7F," 5= .

<�d,% �-'*'(+,-' e�U[8 p(" O=C) 91.[[Mr)�/8 0' &(/]�= tC/" S�(h8 YF[aP: < �:
5'(/A (/FFu8 bC+,/-= '5 1./%2 �/-.) n��," < o)'<5 6��>[8 #) s'.M(: B*'(+,-' #[�U:

  ..[:=
8�7�: ?#�@2� A,B�C &�DE() �F G<,$(7 51 H$(I2%$ 48J�3 G%5(:

' 1�][) (: &'() 9<�d,% e�U[8 &�>�(" O=(PQ U��W1.FaFv *'(+,-' 1.@�A _� #) #\(K(/7[% (/8
6P" (FFu8 '5 O=C) 64� #7F," 6?< B.Q .:'C�1.@�A ..:=e/�U[8 &�/>�(" ���@5 �) *'(+,-' &�:

15<= <= H.% &'() B9<�d,% H<.W 5= i(�jM�,-' < 6,)�A5 &0�) <= < &'41.Q 1=5<2H<./W .."'
46% �% #) (]�= �?�I Y�' 5= ĝ <' #M .�CK*'(+,-' wFQ w�(x1.[[M< �/!F" &<�/!% E: �) �:

p(/" (/K' Y�'()�[) .�Q'= .:'C� &(,PM wFQ w�(x B.Q�) #,Q'= &(,;F) e�U[8 p(" #M 1�][) (:
&�:5C/;M wF/Q w�(/x B./Q�) #F/Q�I &�:5C/;M e/�U[8 p(/" 0' (,;F) e85�M &�:5C;M e�U[8

6% e85�M.Q�) #FQ�I &�:5C;M wFQ w�(x 0' (,PM �!��) e�U[8 p(" T�'UV' g�%<= .yf@() <
 6/% (]�= 1�][) wFQ w�(x T�'UV' < 1�][) O2 wFQ w�(x T:�M wWC% 1�][) (:Y/�' < =C/Q

 (8.�.Q 1�][) =C� &'() BwFQ w�(x T:�M�-' g�%C- .(]�= 1�][) &'() wFQ w�(x T�'UV' �8



 (,�EK H$(I2%$ 8)#5 (: &-�L AC5�F A/MNC (/OPC G%5(:&-�: �,(;) 1(M,#5 �:�=135

 UF" (]�= 1�][) (���� #) #,!)'< 1�][) (: *'(+,-' �?�I Y�' 5='�-k/�(I (��/�� w�(/x 6?< B
&0�-(,%'5�v s�P8 &'()&�/>�(" O=C/) 9<�/d,% �/) 6/,I Y�'()�[) .�-' _\CM 5�F!) 6�L$@ &�:
 1�][) *'(+,-' Be�U[8i 1�][) (���� 0' (lm,% O'.[\j�!F"1<(/K ./F?C8 O'UF% #!��$% �) ���>" 5= .

6% #FQ�I 1<(K < e85�M �/dK O'C8&0�/-(,%'5�v s�/P8 &'(/)9�/VL,�') 6/$4[% < 6/�L$@ &�/:
YF) 6$4[%ir <jr �-' 6,?�I &'() 1.%2 �-.) n��," .["�P: �?�I Y�' 5= 1.%2 �-.) n��," B(

�(" #M5= O�!f� '5 e�U[8 &�>  .EF,V(K (3"

 "#8Q4.45#1 #1 "8�51 H$(I2%$ &$A,B�C R() S1T: ?#�@2� .,$(7
 5�2E�%
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