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1. "7>P7 

 F)V6(  6=!:;6- 4QN /- $6KL<: !$ $R+R( ZR+" 43:%= " U&C'> !$  %&[H pe2  :!:$

 .%*L0=  $6KL<: %.! $RoC- J? uo> /- " )LW*_ "  %&VR>  6Cmv-   $6KL<: /WNR>

 /- pe2 )V6( !:;6-  6= `H! ;: )T3 J:R*A /- /36(,N !:;6-. .4N: /36(,N 4.6o2: sU[L0(F
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F,-R*_) $!:$ Z%CA,- :!  $6KL<:1386 .(  
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x60I )( *3?.% !$ jRP Fy3!6> u(:R+ z[Lv(  6=$,T3"! )>"61L( :! !$ /C+:R( 6- `3: 

@{60( " p=6H n:,D: J? !$ p&9 /L5,G 2:.% /- %&3X> |I6o(  ,l2 " /- Z:RG /L563  6= 

F)-,'> !$ @I @{60( " nOTm( 6=!:;6- ;: @&o< s%A F4&561. S03! n626NR2 F4Q&< 
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@&V$ s!R> s":%( p=6H )( F%-63  :,- s$,(  ,&GR[+ ;:  6C263; ).62 :; Fs!R> )3:!:$  6= 

$Ri :! /- n!R_ )W<:" ,&}) (%VR( q9 )( ;:%2: %**H. )T3 ;: `3: �R2 )3:!:$ 6= /H 4&[-6< 
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/36(,N J:!:8G ;: J6&�6eL( )[_: OP !$ !:;6- /- !6Q. )( %2"!.  6=$,-!6H FOP  %&VR>

Fn#?,=:R+ F/TN jR9 " c!6K( )LW*_ 4N:. Z"OA ,- /�,A " F6�6e> @(:RA $%WL( ,r3$ 

@&o< ;:  6C2:,\- F $6KL<: n6'*m> F)N6&N g!R- F ;6- n626NR2 k,2 : 6=;!  %&[H 

�6_RKi "!#$ k,2 Z,C- !$ 6T3,(? ,- 4Q&< OP ,&DX> )( %2!:8G .F,05: ";:U5,N)1390.(  
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�$!:$ $R+" OP )>? "  %e2  6=  ,&DX> )>? 4Q&<,- OP  %e2 4Q&<  ,389 ,&&^> 63?

63? "�$!:$  6=,&^L(  %&[H )LQ&< 4Q&<) )26C+ FOP /TN  %e2 4Q&<FOP  @H hi6.

!:$6C- f:!": g!R-F k,2 (;!: n626NR2 |A6- )>? 4Q&< /TN !$ J:,3: )( �$R.  `3: !$ "

)( �,5 6LN:!  ,&&^> F$!:$ $R+" OP )>? "  %e2  6= !:;6- `&-  !:$6*W( �6o>!: /H $R.

 6=,&^L( " $!:$ ,&D6> )>? 4Q&< ,- OP  %e2 4Q&<  ,389  %&[H )LQ&< 4Q&<) )26C+ 
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,�6I `&&W> )( F%*H %.",1- " !$ F@-6e( c,P ,r3$ $:$!:,< %CWL( )( $R. J? #6H :! 6- 

n6Kvm( `&&W> Z%.  !:%3,i %36Q2 "  ,&GR[+  :,- ;: �6*L(: `&5,P ;: s6'2: F$:$!:,< 
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c,P J62? 4V6H" $!:$ YN6*L( 6- Fn:,&&^> )mv- ;: /+" `&Q�> ,= S3 `&5,P ;: :! /- 

J:R*A /I6-: c,K> !$ !6&Li:  ,r3$ !:,< %=$ " ": dI Z$61LN: ;: J? :! %=:Ri $4.: !$ 6> 

%&N!,N 6- B= /3R0> 4Q&< .%**H $!R( d5:R> `&5,P !$ nO(6W( )>? :! 4Q&< $:$!:,< )>? 

)( %*3RG. 4Q&< /3R0> `3,i? F4Q&< `3: #RQW( /T[-F40&2 ;"! jRP !$ /[(6W( 4Q&< 

J6369 !$ /H 4N: )LQ&< %*� 4Q&< `&r26&( /[(6W( 6= 4Q&< `3: !$ F !6H ;"! (,i:":) 

)( n!R_ .$,&G1
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zmH 4Q&<  :,- #6H 63 $:$!:,< $!R( /[(6W( !$ J? ;: d3,P B0&26T( !:;6- 4N:. /- n!6oA 

&<$ !Rt> g6N: ,-,Le n:!6lL2: 62 FY3!:  %*3:,5 /H !$ g!R- 6= !$ $!R( 4Q&< 6= f61>: 

)( %L5: zmH 4N: 4Q&< " /2 4Q&< F !:8G /- `3: )*W( /H �&= )Q&QK> ;: c,P g!R- 

!$ $!R(  6=$:$!:,< 4Q&< $!R( /[(6W( �6v>: )Q2 $R. /T[- �65,_ n6\&+,> /[(6W( J:,G 

!:;6- " /�,A J:U&( " 6�6e> 4N: /H 4Q&<  6= )>? :! `&&W> )( %*H. !$ /T*3: /- �6\V 

4Q&< S3!Rt> S3 $:$!:,< )>? 6- hvm( %&N!,N /� !:%e( %.6- doP Z%. /Li6*. `3,> 

j%( J6Q= /H j%( /*3U= @QI 4N: n6\&+,> /[(6W( J:,G $Ri u-6> n:!6lL2: J? 6= ;: 

 6= 4Q&< %e2 !$ Z%*3? )( .%.6-  

@(:RA ,&DX> !:8G ,- n:!6lL2: $:,5: ;: 4Q&<  6= )>? /TN OP :! )( JRaQ= J:R> )[(:RA 

%*26(4Q&< F )26C+ OP " n:,&&^>F s6CN 4Q&< k,2 ;!: F402:$ OP  %e2  6= 4Q&< " )P 

Z6(  6= ,&i: n626NR2  %3%. !6&0- /H �6>%QA %2"! )m3:U5: /L.:$ 4N: :! !$ 4Q&<  6= 

)26C+ OP " U&2 k,2 :%=6. ;! Z$R- B3: /H |A6- n626NR2  %3%. !$ 4Q&<  6=  %e2 /TN 

OP U&2 Z%. $Ri /HF4N: |A6- 4\> ,&DX> !:,< `L5,G 4Q&< )>? /TN OP Z%3$,G 4N:. 

!$ !RmH 6( uP6e( !$ )_6i @(:RA  ,r3$ ,&} ;: n626NR2 k,2 ;!: " 4Q&<  6= )26C+ OP 

U&2  %e2 4Q&< /TN OP " !$ /'&L2 4Q&<  6= )>? :! 4\> ,&DX> !:,< Z$:$ 4N:. " J? U&2 

)r*3%e2 $"!" /- !:;6- nO(6W( /TN Z$R-  $6KL<: " )N6&N @(:RA " OP 4N: /H  :,- 

�3,K>  j": @(6A %36- ;: j$6W> /3,l2 )(RQA Z,C- 40+. F $6-? �V6_ " �6&N)1384 (  

!:;6-F 6= /2:!63  %*( c%= �,P  :,+: ;: q9 ;!: " :;6-!  %e2 OP 6- $:;6(  6�6e>  %3%.

/+:R( Z%. 4N: /H `3: ,(: |A6- n:,&&^> %3%. !$ 4Q&<  6= `3: "$ #6H !$ Z%. !:;6- 

4N:. ;",- `3: F4&W�" `3: j:EN :!  :,- )i,- ;: s$,( $6'3: Z$,H 4N: /H p3:U5: `3: 

%3%. 6�6e> ).62 ;: �40&� ,G: /3,l2 j$6W> )(RQA g:,V:" :! B3,38�- yN69 %36- `3: 
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 .LK' U(C 63FV -C  "(A:  

 W:("3'X -. LK' -B!: Y"' YAZB, X LK' 9+,T  AB"3($* 63FV -C -*%(P, [\ ]#8

 ; -<^#_ (C  :3(4B, (: #/' .%3'+: `E'#^ 3% L"%X+a, %(b"' -C ;&(<: X +D(C LMc,  8#D

01  !  , 2F,3T  #=' .%FD!  #C 3(MN' #/' 9($:T +D(C #dV O*(e, ;3'% (?P, 63FV -C

 ;F$*' X 2FGH: JKF5 9+D  _#P, ;F$*' Y<C .%FC +f'FN 23(4B,(: 6(:(KF:EGARCH 

 3'g_' 0#: (C 9+D %3XT#CEviews 2FGH: -!?"' @X':%3'% %FhX 6X(d5 X%  +?.  , i#_

 j"&F5t"   ,FA1 ;(kN j"&F52
)GED 3'g_' 0#: -.  *(l 3% LK'(Eviews  ml (, -C

j"&F5 n(eB:'t# j"&F5 X L:%F<BK'GED  , '3   _#P, ;F$*' R"#S5 -. Y"' 0X% .+f%

+D:LK' #"& ;F$*' &'  V(N L*(l 2FGH: JKF5 9  
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1. Exponential GARCH 

2. Generalized Error Distribution 
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 j"&F5 %FD i#_ #='t"  ;F$*' >+D(C @(,#:EGARCH  9%& Y<Ae5 #"& 63FV -C
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@+, 3% EGARCH 3'+4, &' 9%(dBK' ;(h -C
2

1#t" 2T 9+D %3'+:(BK' 3'+4, &'

 ?P"
0 1 5.01

1

#

#

t

t

h

" P<M8 #<<o5 2(!,' ;&(K %3'+:(BK' Y"' (C .LK' 9+D 9%(dBK'  ;3'+"(p 9&'+:' #5

 , qf'#_ rFD ) 2FGH: .%FD1991 3'+4, -. LK' Y"' 3(. Y"' #$"% 9+"(_ ( 9+D %3'+:(BK'

1#t" 9&'+:' +l'X -C  $BGC @+, 3%  ,#f' 6'#</s5 .%3'+: ;#<=EGARCH  t(a*

 ,  :%FD 

 :#='0 1 5.01

1

#

#

t

t

h

"

  9($:T +D(C LMc,11 !. &                                                               

X  :#='0 1 5.01

1

#

#

t

t

h

"

 +D(C  d?,   9($:T11 !. &#  

 9%'F:(N ;(f @+, u'F:' ;(f  =v"X  K3#C -C -hF5 (C m<4a5 Y"' 3%ARCH  &' Wp  X

 @+, > m<4a5 ]+f YB_#= #w: 3%  (C (kN X 2F,&TEGARCH .+"%#= n(eB:'  

5=.>?& ;@,5@ A ;B)6C .  

;(f 9%'% %3F, (dBK'9% 3% Y"' >m<4a5 ;#K  :(,& -:'&X3   x"3(5 &' @+, ;(f #<oB,

31/3/90  (520/4/91  , 3()C -!K  5T LA<y  :(,& ;#K'3 @+, -BGC'X #<oB, .+D(C 

 , I<!z5 ;%'&T LA<y) .+f% %3F, m_'F5 Y<_#8 3% 67,(P,  5T '3 LA<y %'%3'#y  5T  , 

+?"F= . LA<y  "(f -. 3% Y"' m<4a5 -C 2'F?1 LA<y ;(f  5T 3% #w: -B_#=  , >+:FD 

LA<y -"FG51
  , +?D(C . Y"' %'%3'#y (f &' @(K1387 (5 2F?. 3% {3FC |3X' 3'%()C U(. 

                                                            

1. Settlement Price 
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%3F, -H,(P, 3'#y -B_#= LK' .;'#C 93X% n(eB:' m<4a5 -:FA: &' 3(<P, #"& 9%(dBK' +D:  

93X% n(eB:' 9+D ;'3'% Y"#Bz<C ;(f&X3 %'+P5 -H,(P, +D(C. 

LH1 n(eB:' 3(<P, U(C  , '3 2'F5 -C @+, ;(f ;#K  :(,& }(M53' %'%. '#"& 3% Y"' -:F= 

@+, (f -\#f 93X% #Bz<C  :(,& >+D(C ~<p  ?<C #C {(K' @+, ;#K  :(,& &'  "(:'F5 

;#Bz<C 3'%3FN#C +f'FN %FC. -!K ;+4: LA<y -:'&X3  :(,& ;(f ;#K ;(f #<oB, Y<?�Af

);%'&T 3()Csp >( ) :()h ;78 9+D  ?<C ~<p LA<yhp-wg�#: 9+D  ?<C ~<p LA<y>( 

) &3'hp-e)3'%()C |'3X' {3FC I. �N(DX(bors2'F?1 -C ( ;(f#<oB,  a<^F5 3(!C -B_#= 

+:' 9+D. ;()"#K  :(,& ;+4: LA<y -!K 3()C ;%'&T �#:X 3U% ;#C'#C X @("3 &' 93'%' 

;(f  K3#C ;%(SBy' �:(C ;g.#, ;3F)Ah K' ,7 3()C -!K  5T LA<y  :(,& ;#K>2'#"' 

2'#"' ;U(. {3FC L.#D  B:#B?"' L"(K&' ;%'&T1
 L"(K&' 3'%()C |'3X' {3FC �N(D> 

 2'#)53'%()C |'3X' {3FC  B:#B?"'2F!B<.  B:#B?"' L"(K &' 78  :()h LA<y X 3.+"%#= -<)5  

 @+, JKF5 -.  H<Ha5ARCH A<y ;(f 9%&(C ;X3 >%#<=  , 63FV @+, ;(f #<oB, L

)R:%FD  , -MK(a, -BD�= &X3 LA<y #C &X#,' LA<y qB"3($* -H<KX -C -. LK' (  

yt          .LK' @+, ;(f #<oB, :                                         RYt=Ln  

6 ST) D!A8"# .  

3% @X+h )2( #"%(4, >Y<$:(<, >-?<z<C >-?<A. ]'#a:' >3(<P, `"#^ > $*F\ `"#^ 

> =+<z. 93(,T r3(h - #C ' 4X 2'g<,  ?P, ;3'% 2T -C 3Fw?, @(,#: 2%FC #f �" &' 

;(f#<oB, JM5#, (C m<4a5 ;X(l 3(,T -E'3' 9+"%#= .LK'  

  

  

  

                                                            

1. www.ime.co.ir 

2. www.irbourse.com 

3. www.kitko.com 

4. Jarque-Bera 
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@X+h1@+, ;(f #<oB, -:'&X3 ;(f 9%&(C  d<VF5 3(,T .  

  

#$zfXvp ;(f -B_(" :jM?,  

  

9%&(CU(C @X+h mM8 -!K  5T LA<y ;'3'% Y<$:(<,  M"#45 #dV X  M"#45 -:(<, #dV        

 , Y<?�Af >+?D(C 2'g<,  $*F\  A. -C [\ g<: 3% ():T 9+f(z,  , %FD. -C 2'F?1 

;#<MP5 ;'#C  $*F\  d?, 2'F5  , Ld= -. 2F\ #Bz<C 0#h @(ABl' #C LAGy LK'3 j"&F5 

(f 9%&(C jy'X  , >%FD (f 9%&(C ~"'g_' (C LA<y &X#,' LMG: -C » L,71 LMc, IABa, #5 

+?f'FN %FC. C- 63(M1 #$"% 6(178' 3'&(C I"(A5 3'&(C -C ~"'g_' LA<y (f '3 « &X3  IMy

2(z:  , +f%.  

3'+4,  =+<z. 3% j"&F5 -!K  5T LA<y 9%&(C #C'#C  (C523/6 9%FC -. LMG: -C j"&F5 

@(,#: (C =+<z. %+1  3 ;'3'% 3'+4, ;%("&  =+<z.  _(^' LK'. 3'+4, %("&  =+<z. 

2(z:  , +f% -C LMG:  ByX -. j"&F5 (f 9%&(C @(,#: >+D(C @(ABl' ;#Bz<C -C #"%(4, 

 "()B:' (f 9%&(C �<Se5 -C>+C("  , 63(M1 #$"% >3'&(C (f ~"'g_' X (" ~f(. ;(f +"+D X 

 :()=(: '3 IABa,  , 3'+4, .+:'% @(ABl' #dV }FC#, -C 93(,TJarque-Bera  g<: #dV i#_ 

@(,#: 2%FC j"&F5 (f 9%&(C '3 %3  , .+?.  

@(ABl' 

P_Value  

93(,TJB 

Jarque_Be

ra 

 =+<z.  

Kurtosis  

 $*F\ 

Skewness  

]'#a:' 

3(<P, 

Std.Dev 

-:(<, 

Median  

Y<$:(<,  

Mean 
, 0(:B#<o  

0/00000 381/7887 6/533987 -0/422493 0/011997 0/000669 0/000314 RFP 

0/

000000 
344/2942 6/351910 -0/409812 0/010751 0/000502 0/000357 RSP 

0/

000000 
51966/78  508540/4  274479/0-  

0175513/

0 
001028/0  7/78e-05 BORS 

0/

000000 
8126/288  940111/5  381673/0-  013107/0  000872/0  000453/0  RE 

0/

000000 
8842/713  832066/7  578527/0-  011806/0  001012/0  000618/0  RWG 
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;'#C  K3#C  "(:(, &'  !"% 2F,&T - ) #*F_DF(
1

 ("  !"%- #*F_ -B_(" q<AP5 )ADF(
2
 

9%(dBK'  , %FD .-b<B: 2F,&T -z"3 +l'X  3% @+,  BA<y ;(f #<oB,  :(,& ;#K ;'#C

) @X+h1.LK' 9+D 9%3XT (  

@X+h2@+,  BA<y ;(f #<oB,  :(,& ;#K +l'X -z"3 2F,&T �"(B: .  

 

&T 93(,T2F,ADF 

@X' -M5#, I^(d5 RkK 
  

(f #<oB, 0(:  

  

  

 H. -b<B: 

'+M, &' i#1 (C 
  

 H. -b<B: 

'+M,&' i#1 (C 

93(,T  

t  
@(ABl'  

93(,T 

t
@(ABl'  

LK("(p  -28/5374 0/00 LG<: ("(p -1/6759 0/4431 LFP 

LK("(p -28/1270 0/00 LG<: ("(p -1/3907 0/5879 LSP 

LK("(p -29/086 0/00 (pLG<: (" -1/3975 0/5846 LWG 

LK("(p -25/855 0/00 LG<: ("(p -2/0886 0/2495 LBORS 

LK("(p -27/615 0/00 LG<: ("(p -1/3492 0/6080 LE 
  

#$zfXvp ;(f -B_(" :jM?,  

  

 U(C @X+h 3%*Ln  .LK'  P<M8 qB"3($* 9+??. 2(<C  

(C* -hF5 -C #"%(4,  :'#aC #"& 0(A5 ():F,&T 3% RkK Af'L< 5%  ?P, 3'%  , +?D(C. 

 2F,&T &' 9%(dBK' (C (f #<oB, -<H. ;'#C +l'X -z"3 2F,&T �"(B:ADF  -z"3 %FhX &'  .(l

+l'X LA<y 9%&(C  ?P" > 9%FC (f #<oB, @X' -M5#, I^(d5gh -C (f #<oB, -<H. ;'#C  I^(d5)(f

p 0+1 ;(?P, -C Y"' X LK' 9%FC ("(p ((f #<oB, qB"3($* @X' -M5#, i#_ �#"�H0  .LK'

 +?BGf �" -h3% &' ("(p (, 9%&(C ;(f ;#K Wp.I(1)  

3'%FA: 3% -. 3F8 2(Af )1(  , 9+"% %FD>  ;#K -!K  5T LA<y 9%&(C g.#A5 #dV @Fl

 , 9%&(C X +C(" 9&'+:' >+?BGf 2(KF: @(l 3% �(AE'% (f ; 2(KF: Y"'   f(= X �3gC  f(= (f

9+?f% 2(z: -. LK' �\F.  5 %FhX<o<-DFN 6'# 9%&(C  :(,& ;#K 3% ;' ;  LA<y  5T

                                                            

1. Dicky- Fuller 

2. Agumented Dicky-Fuller 
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-!K LK'-DFN 6'#<<o5 jy'X 3% . (C ;(f&X3 -. LK'  ?P, Y"+C ;' 6'#<<o5  LA<y %("&

3% 3(?. qf X (C ;(f&X3 g<: LA<y q. 6'#<<o5 3% 3(?.  , �3 qf +?f% . -DFN 6'#<<o5  ;'

@+, -. LK' ;#/' 2(Af ARCH  9+D  l'#8 2T @#B?. ;'#C .LK' 9%'% 3'%FA: Y<?�Af

.LK' 9+D qK3 #"& 3'%FA: 3% -!K  5T LA<y 0(N ;(f 

3'%FA:178 -!K  5T 9%&(C X LA<y .  

 

#$zfXvp ;(f -?_(" :jM?,  

(C 9%(dBK' &' 2F,&T Ljung-Box-Pierce Q %FhX %FN  $BGMAf 3% ;#K 9%&(C   5T LA<y

78 -!K  K3#C +"%#=. Y"' �"(B: 2F,&T 3% )@X+h3#"%(4,.LK' 9+D -E'3' ( @(ABl'  ;'#C

;(f #<N(51 >3  X5 .+"%#= (f 9%&(C ;#K 3%  $BGMAf %FN %FhX 0+1 -<^#_ %3 -C #b?,  

@X+h3 2F,&T �"(B: .Ljung-Box Q 78  5T LA<y 9%&(C ;#K ;'#C (;%'&T 3()C -!K)  
  

@(ABl' 3'+4,   :'#aC 3'+4,   93(,TQ ;#<Ns5 -M5#,  

0/030  3/84146 6835/4 1  

0/001  7/81473 681/16  3  

0/000  11/0705 264/33  5  

  

#$zfXvp ;(f -B_(" : jM?,  

2F,&T I$:' Q3T1
 L)h  K3#C %FhX  :(GAf(: W:("3'X &' m"#8 0(b:' 2F<K#=3 3X�b, 

 y(C 9+:(,  (f2�" ;X3 LC(/ X ;(f#<N(5 6(PC#,  y(C 9+:(, (f %3F, 9%(dBK' 3'#y  , %#<=. 

                                                            

1. ARCH Test 

2.  
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Y"' >2F,&T _i# 0+1 #dV %FhX  :(GAf(: W:("3'X '3 %3F, 2F,&T 3'#y  , +f%. La5 

i#_ >#dV 93(,T obs *R Squared)nR2(  (C 3F!K' ;(. j"&F5 ;'3'%m -h3% 

);%'&Tm%'+P5 67Ah 6(PC#, 9+:(A<y(C (LK(f  , ) @X+h 3% 2F,&T �"(B: .+D(C49%3XT ( 

3'+4, . LK' 9+D @(ABl' #dV }FC#, -C 93(,TnR2  %3 -C #b?, i#_ #dV 0+1 3FZl 

 :(GAf(: W:("3'X >9+D Y"'#C(?C 9%&(C (f ;'3'%  :(GAf(: W:("3'X  ,                   +?D(C  

@X+h.4(;%'&T 3()C -!K) 78  5T LA<y 9%&(C ;'#C Q3T 2F,&T �"(B: .  
  

@(ABl' 3'+4,   :'#aC 3'+4,  93(,T 3'+4,  ;
2nR  

0/0000  99147/5  9784/18  

  

#$zfXvp ;(f -B_(" :jM?,  

  

 @X+h 3% -. 9+D %3XT#C @+, ;(f+:(AGp >-. q<B_("3% �<K7. iX#_  K3#C &' Wp

)4;'3'% >9+"%#= -E'3' (  (Q3T 6'#/' %FhX)  :(GAf(: W:("3'X X  *("#K  $BGMAf%FN

 ,  , +:(AGp 67Ah  *("#K  $BGMAf%FN j_3 L)h Y"'#C(?C .+D(C  ;(f @+, &' LG"(C

AR >MA   M<.#5 @+, (" XARMA  W:("3'X I!z, j_3 L)h Y<?�Af .%FA: 9%(dBK'

;(f @+, 9%'F:(N &' 2'F5  , > :(GAf(:ARCH   .LGh 9#)C g<:  

 �X3 &' 9%(dBK' (C +:'F5  ,  :(,& ;#K �" 3%  AE'% X  ByF, 6'#<<o5 Y<C �<!d5

�X3 -HAh &' .%FD 0(b:' �?"#BH<__ ;(f�"3%Ff �X3 >9#<oB, �5 �?"#BH<- 6(!K#p1 
 X

(f �X3 #"(K -C LMG: ;#Bz<C 6#)D &' -. LK' �?<. X #BG.(C  .+?BGf 3'%3FN#C

LA<y ;(f rFD -"gb5  +:X3 &' 9%(dBK' (C -. LK' 63FV Y"+C &3' �#: X 78  :()h

�"3%Ff #BH<_ m"#8 &' 2T qK3 X &3' �#: X 78  :()h LA<y - (4, >6(!KX#p -C +:X3 #"%

 , -B_#= #w: 3% 9+D  ?<C ~<p ;(f rFD 2'F?1  9+z:  ?<C ~<p ;(f rFD (,' X .%FD

 2T 9+D  ?<C ~<p ;(f rFD &' &3' �#: X 78  :()h LA<y #"%(4, I^(d5 m"#8 &' qf

 , LK+C  #BH<_ -H<KFC &3' �#: X 78  :()h LA<y +:X3 qK3 &' +PC -. `<5#5 Y"+C .+"T

�"3%Ff- X#p 78  :()h ;+4: LA<y LMc, ;(f rFD >2T 3% LMc, #"%(4, ;'&' -C 6(!K

                                                            

1. Hodrick- Prescott 
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 , %FN -C �" 3'+4, 2T 3% &3' �#: X  >+D(C -BD'%  d?, #"%(4, -. ;' -k4: #f 3% X %#<=

 , 3(<BN' #dV 3'+4, &3' �#: X 78  :()h LA<y LMc, ;(f rFD  ;(f rFD ;'#C X +?.

%(V L*(l Y"' W!1#C (f#<oB,  d?, &3' �#: X 78  :()h LA<y  :(,& ;#K '+BC' .LK' |

�"3%Ff #BH<_ &' 9%(dBK' (C '3-   d?, X LMc, ;(f rFD -C X >;&(K 3'FAf 6(!KX#p

 , I"+M5  , %(b"' '3 9+z:  ?<C ~<p ;(f rFD  :(,& ;#K X q<?.  &' W�K X .q<?.

+, Y<Ae5 3% &3' �#: X 78  :()h LA<y 9+D  ?<C ~<p ;(f rFD 9%(dBK'  :F<K#=3 @

 , W.(C �X3 -C %(?BK' (C .q<?. - %FN ;'3'%  5T LA<y 9%&(C  :(,& ;#K g?<!?h

 -h3%  $BGMAf1 LK'      .  

@X+h5-?<)C @+, Y<<P5 ;'#C @+, �<E(.T #"%(4, .  
  

 @+, -?<)C �<E(.T #"%(4,GARCH(1,1)  E 9+D %3XT#C ;F$*' ;'#CARMA(p,q) 

5  3  1  
q 

p 

-6/185415 -6/173956 -6/188718  1 

-6/175826 -6/177168 -6/166923  3 

-6/187097 -6/168425 -6.187844  5 

 @+, -?<)C �<E(.T #"%(4,GARCH(1,2)  E 9+D %3XT#C ;F$*' ;'#CARMA(p,q)  

-6/182979 -6/172214 -6/185719  1 

-6/173602 -6/175208 -6/165332  3 

-6/186659 -6/166291 -6/187200  5 

 @+, -?<)C �<E(.T #"%(4,GARCH(1,3) E 9+D %3XT#C ;F$*' ;'#CARMA(p,q)  

-6/186545 -6/174357 -6/186769  1 

-6/177051 -6/176301 -6/181199  3 

-6/187509 -6/169573 -6/173680  5 

 @+, -?<)C �<E(.T #"%(4,GARCH(2,1) E 9+D %3XT#C ;F$*' ;'#CARMA(p,q)  

-6/149148 -6/154305 -6/142299  1 

-6/149189 -6/155779 -6/150099  3 

-6/149819 -6/156635 -6/142748  5 

 @+, -?<)C �<E(.T #"%(4,GARCH(2,2) E 9+D %3XT#C ;F$*' ;'#CARMA(p,q)  

-6/156028 -6/159605 -6/150716  1 

-6/150341 -6/159337 -6/159071  3 
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-6/178056 -6/178474 -6/166589  5 

%(4, @+, -?<)C �<E(.T #"GARCH(2,3) E  9+D %3XT#C ;F$*' ;'#CARMA(p,q)  

-6/155042 -6/185948 -6/185401  1 

-6/181261 -6/174391 -6/170475  3 

-6/186392 -6/185324 -6/173692  5 

 @+, -?<)C �<E(.T #"%(4,GARCH(3,1) E 9+D %3XT#C ;F$*' ;'#CARMA(p,q)  

-6/178412 -6/186367 -6/187638  1 

-6/172562 -6/172392 -6/183463  3 

-6/1713090 -6.164251 -6/169950  5 

 @+, -?<)C �<E(.T #"%(4,GARCH(3,2) E 9+D %3XT#C ;F$*' ;'#CARMA(p,q)  

-6/183528 -6/182165 -6/177697  1 

-6/180832 -6/180211 -6/187368  3 

-6/185616 -6/186931 -6.180541  5 

(.T #"%(4, @+, -?<)C �<EGARCH(3,3) E 9+D %3XT#C ;F$*' ;'#CARMA(p,q)  

-6/172670 -6/172959 -6/178564  1 

-6/178496 -6.187506 -6/187511  3 

-6/174061 -6/173570 -6/172665  5 

 2T 3% -.p  X  :F<K#=3 %FN 67Ah %'+P5 9+?f% 2(z:q  Y<$:(<, 67Ah %'+P5 9+?f% 2(z:

.LK' r#aB,  

  

M?,#$zfXvp ;(f -B_(":j  

  

 9+D 9%& Y<Ae5 OHBe, ;(f @+, 3% *GARCH  LD'% %FhX g<: #BA. �<E(.T 3'+4, >

 9+D 9%& Y<Ae5 @+, > W:("3'X `"'#^ 2%FC  d?, -C -hF5 (C (,'EGARCH   ;'3'% -.

.LK' 9+D -B_#= #w: 3% LK' �<E(.T 3'+4, Iy'+l  

�"(B:  IV(l &' %3XT#C  (f#B,'3(p X �&'#C @+, : �<E(.T 3(<P, {(K' #C  AR(1),MA(1) 

 EGARCH(1,1) .LK'  

3Fk:(Af -. 3% LAGy IMy 2(z: 9%'% >+D 9%&(C (f ;'3'%  "()G:("3'X +?BGf -. (C LD�= 

2(,& @(l3% #<<o5 >+?BGf Y"'#C(?C 3% Y"' LAGy 0&U LK' -. &' @+,  ;(fARCH  L)h

 *X.q<?.  , 9%(dBK' 6'#<o5 ;+?C @+, IMy &' ;#<=3(!C ;()*+, >3F.�, -C 3Fw?, ]#8#C 
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2%#.  $BGMAf %FhF, 3% 9%&(C >(f &' �" @+, F<K#=3F5' 9%(dBK' 9+D LK'. �"(B: IV(l 

&' %3XT#C #B,'3(p (f X @+, �&'#C AR(1), MA(1) -C 2'F?1 -*%(P, Y<$:(<,  8#D 

EGARCH(1,1)2'F?1 -C -*%(P, W:("3'X  8#D 9%3XT 9+D LK' .  

-C ,3Fw?  K3#C #</(5 ;(f#<oB,  BA<y #C 9%&(C 6(:(KF: LA<y  5T -!K Y"' (f#<oB, '3 -C 

2'F?1 #<oB,  a<^F5 3% -*%(P, W:("3'X  8#D t(a*  , q<"(A:. LA<y 9%&(C ;(f #<oB, 

)-!K ;+4:RSP){3FC I. �N(D 9%&(C >(RBORS �#: 9+D  ?<C ~<p LA<y 9%&(C> (

)&3'HP-RE~<p LA<y 9%&(C X ( ) :()h ;78 9+D  ?<CHP-WG-C ( 2'F?1 ;(f#<oB, 

 BA<y 3'�=#</s5 #C -!K  5T LA<y 6(:(KF: 78 3% #w: -B_#=  &' IV(l �"(B: -. .+D

 LKF<p 3% -?<)C @+, %3XT#C1 : Y"'#C(?C.LK' 9+D 9%3XT  

  

Rfp = 0/0025 +0/8875  t-1 –0/9519 t-1 

    (6/892014) (21/87229) (-36/87790)      

  = -0/4223 + 0/1352 -0/0462  + 0/9649  +16/7195 rsp(-1) -

13/8639hp_re – 

          (-3/3114)      (2/6479)         (-1/3276)         (78/7311)             (2/8860)            

(-2/1460)hhh 

10/7454 rbors + 7/2442 hp_rwgh 

(     )00000  

                                         LB5(()

       ''''  ((    ) 1/9008)         (-5/1135     ( 

 L<Af' RkK 3% `"'#^ -<H. +f%  , 2(z: %3XT#C &' IV(l �"(B:5 (C X 9%FC 3'%  ?P, %

 , %3XT#C  "U(C Ly% .+:FD  

 X -!K  5T LA<y 9%&(C Y<C ;3'%(?P, X LMc, }(M53' m<4a5 0X% X @X' 6U'FK -C xK(p 3%

 `"#^ L,71 2%FC LMc,> %3'% %FhX 3'&(C 3% 2T ;+4: LA<y 9%&(CRSP(-1)  %3F,
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 LA<y #C 3'�= #</(5 I,'F1 %3F, 3% 9+D %3XT#C @+, mM8 .LK' ;3F�5 (C mMk?, X 3(wB:'

 , -!K  5T F5 9+D  ?<C ~<p LA<y 9%&(C Y<C ;3'%(?P, X LMc, }(M53' >-. %'% 2(z: 2'

 %3F, ~AD qw1' ~eC -!?"' -C -hF5 (C .%3'% %FhX -!K  5T LA<y 9%&(C X  :()h ;78

 , qf'#_ 6'%3'X m"#8 &' 2'#"' 3% 6(1F?S, #"(K LN(K X -!K n#^ ;'#C &(<:  '�* >%FD

 LA<y &'  HN'% LA<y ;#"�p #</(5 ~"'g_' 3(wB:' Y"' #C(?C.LK'  P<M8 ;#,' 78  :()h

 #C LMc, #</(5 (C 78  :()h LA<y ~"'g_'>q"3'% (f LA<y ~"'g_' 0($?f 3% '3 ;#"�p #<<o5

 , ;#"�p #<<o5 ~"'g_' `hF, -!K LA<y  L,71 2%FC LMc, Wp.W!PHC X %FD

`"#^HP_RWG N(D %3F, 3% .LK' ;3F�5 (C mMk?, X 3(wB:' %3F, |'3X' {3FC I. �

 , 2(z: �"(B: 3'%()C  �N(D 9%&(C  8#D W:("3'X Y<C ;3'% (?P, X  d?, }(M53' -. +f%

 �N(D ;#"�p #<<o5 ~"'g_' (C jy'X 3%.%3'% %FhX 78 -!K  5T LA<y 9%&(C X {3FC I.

f(.  *(, ;(f 3'&(C 3% %'#_' 6'3(wB:' -C -hF5 (C -!K  5T LA<y 9%&(C > |'3X' {3FC I. ~

 ,   5T LA<y 9%&(C X 9+D  ?<C ~<p &3' �#: Y<C ;3'% (?P, X  d?, }(M53' Y<?�Af X .+C("

3% -. %3'% %F\X -!K jy'X 3% 93X% %3F,  K3#C #<<o5 ;#"�p �#: 9+D  ?<C ~<p &3' 

~f(. -B_(" LK'.2F?.' (C -hF5 -C -!?"' 3% 2'#"' I<*+C %FM: ;(f3'&(C |'3X' -^#y X 

0()K3'&(C BG=9%# > ;(f3'&(C 78 3U%X -"(,#K (f '3 -C `Hh %FN 9%FA: LK' > X (b:T&' -. 

-"(,#K >2'3'�= -!K ~ADX 78 '3 L)h -"(,#K ;3'�= #BMK(?, &' 6(1F?S, #"(K 

 , >+?:'% '�* 6(:(KF: q. 3U% 3% 93X% %3F,  K3#C �1(C ~"'g_' -hF5 -"(,#K 2'3'�= -C 

3'&(C -!K 9+D -. ~"'g_' ^(45( 3%X -b<B: ~"'g_' LA<y '3 Y"'3% 3'&(C -C @(M:% -BD'% 

LK'. (b:T&' 3(wB:' -. ~"'g_' #<<o5 ;#"�p 3% 0($?f ~"'g_' ()BA<y mM8 6(a<^F5 -BD�= 

%3F, 3(wB:' LK' > '�*  `"#^ 2%FC  d?,HP_RE  mMk?, (C ;3F�5  , (C +D.  

@+, �" Ly% 2'g<,  C("&3' ;'#C 9'3 �" '#C  CFN  K3#C 0(b:' ;'#C -. LK' 2T �&

 , 3(. Y"' ) �<E(.T ;(f3(<P,&' 2'F5AIC) Y"g<C g53'FD X (SBC Y"' 3% .%#. 9%(dBK' (

 3(<P, &' m<4a5AIC  #B)C +D(C #B!\F. ;#Mh #w: &' 3'+4, Y"' -\ #f .LK' 9+D 9%(dBK'

 , L<V(N Y"' &' 9%(dBK' (C Y"'#C(?C .LK' (eB:' '3 @+, -dyX Y"#B)C 2'F5%#. n.  

-G"(4, ;()*+, OHBe, 2(z: -.%'% @+,EGARCH(1,1)  ;(f3(<P, 3'+4, Y"#BA. ;'3'%

AIC  XSC .LK' -?<)C X 9%FC 
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$)"7+ U+"'+  

 #"& `<5#5 -C '3  8#D W:("3'X qB"3($* ;X3 (f rFD 6'#/' > ,#f' 6'#/' -wl7, ;'#C

 , -MK(a, : q<?.  

     #='0         : 9($:T  

 

     #='0         : 9($:T  

 

 , Wp  6'#/' LMc, ;().FD X 9%FC 23(4B,(: 9+,T LK% -C @+, 3% 3(MN' #/' Ld= 2'F5

.+:3'% ;#"�p #<<o5 ;X3  d?, ;().FD -C LMG: ;#B=3gC  

#=' #f -:F=  $BGMAf  p(<p 3% (f+:(AGp 9+f(z, >%FD -b<B: 'FNq<f L_#= -.  -*%(P,

Y<$:(<,  8#D -C  BK3% R"#S5 9+z: .LK'  

 93(,T -C }FC#, @(ABl' 3'+4,Q 5 ;'#Cs ;(f#<N1 >3  X5 #dV i#_ YB_#"�p -C #b?,> 

 y(C ;#K 3%  $BGMAf %FN 3FZl 0+1 9+:(,  , 9+D %3'+:(BK' ;(f  2(z: Y"' X %FD

9+?f% ; Y<$:(<, @+, L"(d.  9+D �&'#C  8#DLK'@X+h 3% 2F,&T Y"' �"(B: . )6 IC(y (

.LK' 9+f(z,  

@X+h6 . 2F,&T �"(B:BOXQLJUNG #  y(C ;'#C 9+:(, 9+D %3'+:(BK' ;(f  @+,

-?<)CEGARCH(1,1)  

@(ABl' 3'+4,   :'#aC 3'+4,   93(,TQ  5 -M5#,s#<N  

0/193 3/84146 1/4604  1  

0/175 7/81473 1/8432 3 

0/110 11/0705 8/2103 5 

  

:jM?, -B_(" ;(f #$zfXvp  
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 2F,&T &' @+, ;(f+:(AGp 3%  :(GAf(: W:("3'X &' ;+f'FD %FhX 2F,&T ;'#CARCH 

)@X+h 3% IV(l �"(B: -. +D 9%(dBK'7( LK' 9+D 9%'% 2(z:.  

@X+h7. Q3T 2F,&T �"(B: I$:'  y(C ;'#C 9+:(, 9+D %3'+:(BK' ;(f @+, -?<)C EGARCH(1,1)  

  

@(ABl' 3'+4,   :'#aC 3'+4,   93(,T 3'+4,
2nR  

1363/0  3/84146  7337/9  

  

:jM?,  !"#$ %#& '()&*+,  

 -.#/0  1 231'/ 4#5!67 .789/
2nR -8:&; <#)= % '>? @'"  A BC7 D$7E <;3F= 

GH#1 %'C .; I=#$.7* G=#J5&#= -8=#/ .78=#!C7 %#&-8K ;E G5= ;.  I=#$.7* D$7'1#:1 .;3K

 .BC7 .7;.3L'1 MNO B$#>A N7 48/ * <#J5&  

7 !"#$%&'( ) *+', -.'/0 .  

.; D$7 PQ9RS D5T %;7N0 .#U1  VC GS0 %#&;7;.7'H GC.'1  1 %N#JW8/  B5QH X#=#C3=

GS0  VC Y/73Z* '[\/ '1 X#=#C3= <0 ]Q!L7;',. PF^ _$#!= -8/0 BC81:  

X7'QQ`S N#1%#& -; B5QH  VC BKab #1 <#/N 'QQ`S G/ E8:A  1 X.#FZ '($; -;N#1 B5QH 

I=#$.7* %7.7; 'Q`!/ G/ E8K#1 D$7'1#:1  8:$7'"ARCH %#:F/ %8:1 48/ X7'QQ`S B5QH 

 !"'b .7'H * N7  48/ c$AR(1) MA(1)  dQ= BUe 4'!:A G(!JF5& .; #& -;N#1 -;#>!C7 

-8K BC7.Gb8Q)A ;#$N f$N3S  -;N#1#& <#)= G/ 8&; BFJ=  1 G!H*  A f$N3S #& -;N#1 

4#/'= EBC7 4#5!67.7N#1 %'!)Q1  1 '$;#9/ G$#U!=7 G/ 8&;.  1 X.#FZ '($; 4#5!67 ;78L. 

g$7d"7 g&#A#$ G=#Ub#= %#& B5QH .; .7N#1  VC %'Qb YVK* %#&  =#VS 8$8K ;3e* ;.7;.  

 e3S#1  1  =35=  !"'b'h=.; -8K X#=#C3= B5QH  VC <.#9!/#= G/ 8K#1 E  1 D$7 M3U>/   A

%#UA3K)i3L.#FL7 (BFj/ 'k:/  1 X#=#C3=  GS0 %'!)Q1 .; B5QH * G&;N#1 BFJ=  1 

.#FL7 %#UA3K)81 (G>:/ G/ 8=3K .  

-;N#1 * (YFH N*.)  VC %89= B5QH -;N#1 E VC GS0 B5QH X#=#C3= '1 '[3/ Y/73Z DQ1 N7 

S  1  N.7 l'= -8K G:Q1 gQ, B5QH-;31 G^'K I=#$.7* -;N#1'1 'Q[#S D$'!)Q1 %7.7; mQS' 

%#& -;..; G=#Ue %n^ -8K G:Q1 gQ, B5QH * o.31 YA pL#K -;N#1 %#& 'Q`!/ * 
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 %7'1 * -;31 PQ9RS G=#/N -.*;  1 231'/ q3" _$#!=  A BC7 'A;  1 MNO.8=.7; .7'H %8r1

k=7 7.  1#)/ %#& <3/N0 8$#1 '($; %#& -.*;  1 ]Q5rS.;7; M# 

 YQ/ %89= B5QH B5C  1 GS0 B5QHE;3K 'S c$;d= GS0 ;7;.7'H 8QC.'C <#/N  s '&

G/ G/ c$;d= GtQL #$ * '17'1 %89= B5QH#1 <0 B5QHE GS0 ;7;.7'H 8QC.'C .;*E8:A  .;3K

 G(!J17* D$7 'b7.;.7; 89= B5QH  1 G:Qr/ G(!J17* X*#>!/ Y$O;  1 GS0 Xn/#r/ B5QH

#1  !K78= ;3e*G/ unS BZ'C  1 <7'b  t/#r/E8K  #U=0 DQ1 7. GFC#:/ G(!J17* #S 8::A

 X#Zn^7  A ;3K ;#U:)Q, GS0 * 89= .7N#1 DQ1 G!5QH G(!J17* D$7 ;#k17 .3h:/  1.8:1#Q1

.;'Qb .7'H <7'b  t/#r/ .#Q!L7 .; 7.#A * v#>K .3^  1 ]kJ:/ .7N#1 c$ mW#H .; 89= .7N#1  

 <;31 7.7; YQW;  1 n^  %.7ab  $#/'C %7'1 %.7d17 <73:Z  1 -.735&EuN.7 -'QLw BQt1#H

.BC7 -;31 x'y/ EM#UC vnL'1 n^   !J17* ;3L D$'K#=  1  A 43, *  T'H q7.*7

 '($; d$#5S  e* .;3K G/ DQQrS .7N#1 .; <0 uN.7 * ;.78= <0 'K#= .#F!Z7  1 G^#FS.7EBC7

0 B5QH -8::A DQQrS Y/73Z  A BC7 D$7 n^ %#& G$7.7; B5QH -8::A DQQrS Y/73Z #1 <

  A BC7 D$7 .; #& G$7.7; '$#C #1 n^  VC d$#5S -3e* N7 GV$.BC7 X*#>!/ '($; GW#/

G/ ;#U:)Q, 7aW BC7 '[3/ <0 %.7ab B5QH .; .O; -+$*  1 N.7 B5QH  ]&7'" Gy$7'K ;3K

8:A 78Q,  t/#r/ BQt1#H .7N#1 .; dQ= N.7 GS0 ;7;.7'H #S ;3K  7. .O; B5QH X#=#C3= <73!1 #S

.;'A z#RW G!C.;  1 n^ %.7ab B5QH .; dQ= 

 o.31 <#/N#C X#/78H7EGS0 B5QH '1 o.31 pL#K -;N#1 X7'QQ`S %.7ab'Q[#S  1  e3S #1

 Y?7 %7'e7 .; f$'JS %7'1 .7;#U1 q7.*744  g$7d"7 .; o.31 .7N#1 <;35= 'S 4#r" *

G!W*; %#& BA'K  QW*7 %#&  T'ZG/ E  g&#A * 8QW3S .; G(:$89= iae me3/ 8=73S

.;;'b n^ GS0 * %89= %#& .7N#1 .; i#U!W7  

   



 

56                                                              "#G/?! H;I< -9#%IGJ* K#/L3#6 MNB"O;0 P2#AQ MN&Q R#1 M1391  

S3#%9  

- '!W7* Eo.8=7).1389(  5e'S E%;'1.#A %;'V$*. #1 G=#/N %#& %'C Gk:C ;#{!H7 E

E(|)q;#? M#/7 -#()=7; X7.#)!=7 E4*7 } E.3, 473K %8U/ * GH;#? %8U/ '!A;E<7'US 

 ~#sM*;.  

- O; * 8Qk/E%.*m:$N EG!56.1389) .(  VC B5QH %'$a,'QQ`S '1 '[3/ Y/73Z GC.'1

�.0 %#& 48/ N7 -;#>!C7 #1 <7'$7 .;.  -.#5KE]&8>& 4#CE rC3S * g=7;  tk/30 :51-

68.  

-  ;7;'L) 85R/E :(=N87 BA'KEG$O#A X#9!)/ Xn/#r/ %N78=7 -7. %7'1 G13s.#Us E (

E<7'$7 %O#A o.31 .7db -.#5K:u8739 

- ) .7;#U1 q7.*7 o.31 <#/N#C1388 X7.#)!=7 E.7;#U1 q7.*7 .7N#1 X7.'9/ * DQ=73H E(

.M*; g$7'$* Eo.31 X#/8L * G=#C. |n^7 BA'K  

- EN7'"'C  <#!J1#S) 'Q/7E'J"7 *nQW84 48/  �7.7 * n^ B5QH '1 '[3/ Y/73Z GC.'1 E(

g&*+,  /#:t{"E%.#" GF{Z %#&  VFK %#:F/'1 G:Q1 gQ,  -.#5KE%;#{!H7 %#&

:]&;d=#K165 -149  

- BA'K o.31 %O#A <7'$7 <#10) E 868:$0'"E( G$7'e7 Xn/#r/ o.31 )O#A Xn/#r/ 

GS0 ( .  

-   $#/'C.7N#1 GW#/ B$'$8/ %#U)$#5& * XO#9/  Z35k/E#T'QtZEG"3yr/E'?#=E'13:?

 $#/'C.7N#1E GW#/ B$'$8/ g$#5&  =#L'Q1;E%'VK.7db* 4#CE%'VK.7db*1386�61   

- )8Qk/E3W8567*8QrCE%8567 GtZ1390gQ, E( G:Q1 B5QH ;7;.7'H %#& GS0  VC n^ #1 

-;#>!C7 N7 #5$.0 48/ .; o.31 %O#A  -.#5KE.7;#U1 q7.*7 YQtRS GW#/ g=7;  tk/E<7'$7

:]U=74 -61. 

- E4#& ).<#e2004E( G=#F/ GC8:U/ GW#/ * B$'$8/  5e'S EcJ$. ;#kC x#QC * GtZ 

�W#? ;#10E BA'K %.7db.#A E8Q>/ -*'b X7.#)!=7  =#$7. .<7'USEN7;','Q18S  
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BC3Q,1 )#!=_$ U1 48/ ;.*0'1 :Q EGARCH(1,1((  
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