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�	&(&('*R 3 .(+ 7 . S  T*U V*W*X Y  ZT*Y [�\*W*]�Y ^U  W*V�_"U `  a b�Y cIU  deZT*U f \*Y ^g`  U [�U ZX gf ^h�c  ZW*f Y [�Y ^gY c  
U ^gc�U X U  (ga i*d a a X feY ^^W*j W  g\*g  Y a X Y a X feY ^^W*j W  W*T*j U ^gk cIU ). l�b*Y c�U  ZT*Y [�ZW*\*U j U Y X , m*X W  d  
U ^gc�U X U  Y a X n  ̂Y a ieW*\*n i*W  Y a X Y a X f Y ^^h�b  ZW*X T*Y V�^W*a X Y o  (ZgX U ^g` , V*Y k W*ZU a ^W*a X g , g  X .Z .). 
S  a W*W*X f Y X a X fegg  a  p X gcIg  ZW*X T*Y V�^W*a X ` cIg  U ^gc�U X  gcIY Y X  gY T*U T*b�gm*Y a iedeq  a X T*deieX deT*d  r Y \*Y o  g  ZW*[ r Y \*Y o . l�b*Y c�U  d ZT*U fe\*Y ^g`  a X T*W*gX a `  ^U  W*a ^W*feY  s�d ^i r gW*^U \*n ^h�b  a ga X Y c , 
i*W*X W*T*h�Y  a W*[*Y T*]�U X  V�\*W*ieg  ̂Y oT*W*a Y X Y f W*o  U a a W r gU X gf ^W*o  ZU cI` X g .  

1. ��10 9*0 &(+(0 . 
 0 t/:  +  ' 5 &('*1&(u�0  v(-/0 9�v('*t/'*w�0 &(+ 7  x�'*9*0 t/+  

y Y \*n  ̂U a X W*` _�Y o  T*U V*W*X h  – ZT*Y [*\*W*]�gX n  ZT*W*Y i*X  i*W*cIZn q"X Y T*^W*o  c�W*[*Y \*g  d ZT*U fe\*Y ^g`  r Y \*W*a X ^h�c  
U [�U ZX gf ^h�c  ZW*feY [*Y ^gY c  U ^gcIU X U  (Y a X Y a X f Y ^^W*j W  g\*g  ga iedea a X f Y ^^W*j W  W*T*j U ^gk cIU ). z(\*U f ^U `  
k U [�U m*U  ^U {�Y j W  ZW*[*b�W*[*U  – def ` k U X n  T*Y U \*ga X gm*^h�c  W*V*T*U k W*c  f  Y [�g^W*o  cIW*[�Y \*g  ZT*W r Y a a h  (U ) 
U [�U ZX gf ^W*j W  ZW*f Y [�Y ^g` , (V ) Y j W  W*^X W*j Y ^Y X gm*Y a ieW*j W  T*U k fegX g` , (f ) W*V*dem*Y ^g`  g  (j ) p feW*\*q r gg  
ZW*feY [*Y ^g` . S  ieU m*Y a X feY  i*W*^ r Y ZX d U \*n ^W*o  Z\*U X s�W*T*cIh  X U ieW*j W  cIW*[�Y \*gT*W*f U ^g`  c�h  gk V�T*U \*g  X Y W*T*gq  
s�d ^i r gW*^U \*n ^h�b  a ga X Y c  | .} . ~	^W*b*g^U  [~	^W*b�g^ , 1975]. S  p X W*o  X Y W*T*gg  f  W*a ^W*f d  W*Zga U ^g`  
ZW*feY [*Y ^g` , Y j W  g^[�gf g[�d U \*n ^W*j W  T*U k f gX g` , W*V*dem*Y ^g`  g  p feW*\*q r gg  ZW*\*W*]�Y ^  Y [*g^h�o  i*T*gX Y T*go  – 
U [�U ZX gf ^h�o  T*Y k d \*n X U X  [�Y oa X f go  W*T*j U ^gk cIU . �	X [*Y \*n ^U `  feY X f n  W*V*_�Y o  X Y W*T*gg  s�de^i r gW*^U \*n ^h�b  
a ga X Y c  – X Y W*T*g`  a ga X Y cIW*j Y ^Y k U , T*U a a c�U X T*gf U Y X  k U i*W*^W*cIY T*^W*a X g  s�W*T*cIgT*W*feU ^g`  s�de^i r gW*^U \*n ^h�b  
a ga X Y c  f  p f W*\*q r gg , g^[*gfeg[*deU \*n ^W*c  T*U k f gX gg  g  W*V�d m*Y ^gg  [~	^W*b*g^ , 1975, l�d [�U ieW*f , 1997]. 
�	[�^gc  gk  [*W*a X W*g^a X f  X U ieW*j W  Y [*g^W*j W  ZW*[*b�W*[*U  ` fe\*` Y X a `  X W , m*X W  c�W*[*Y \*gT*W*feU ^gY  ieW*c�Z\*Y iea U  

g^X Y T*Y a deq�_�gb  ^U a  ZT*W r Y a a W*f  c�W*]�Y X  V*h�X n  T*U k V�gX W  ^U  W*X [*Y \*n ^h�Y  p X U Zh . ��h  feW*a ZW*\*n k W*f U \*ga n  
p X gc  ZT*Y gc�d _�Y a X f W*c  g  ^U  ZY T*f W*c  p X U ZY  ZT*W*Y i*X U  ZW*a X U f g\*g  k U [*U m*d  T*U k T*U V�W*X U X n  c�W*[*Y \*n  
ZW*feY [*Y ^g`  U ^gcIU X U  a  de]�Y  a s�W*T*c�gT*W*f U ^^W*o  U T*b*gX Y i*X d T*W*o  d ZT*U fe\*Y ^g` . |	T*g  p X W*c  cIh  ZW*ieU  ^Y  
i*U a U Y cIa `  f W*ZT*W*a W*f  p f W*\*q r gg  p X W*o  U T*b�gX Y ieX deT*h  (ZT*W r Y a a W*f  p feW*\*q r gW*^^W*j W  a ga X Y cIW*j Y ^Y k U ) g  Y Y  
s�W*T*cIgT*W*feU ^g`  f  g^[�gf g[�d U \*n ^W*c  T*U k fegX gg  (ZT*W r Y a a W*f  ZY T*fegm*^W*j W  a ga X Y c�W*j Y ^Y k U ). �	U  
^U a X W*` _�Y c  p X U ZY  ZT*W*Y ieX U  cIh  feie\*q"m*U Y c  f  cIW*[�Y \*n  \*g{"n  ̂Y i*W*X W*T*h�Y , W*j T*U ^gm*Y ^^h�Y  f W*k c�W*]�^W*a X g  
g^[�gf g[�d U \*n ^W*j W  W*V*dem*Y ^g`  ]�gfeW*X ^W*j W , k U ie\*q"m*U q�_�gY a `  f  ^U b�W*]�[�Y ^gg  ^W*feh�b  a ZW*a W*V�W*f  
[�W*a X g]�Y ^g`  U [*U ZX gfe^h�b  T*Y k de\*n X U X W*f  (ZT*W r Y a a h  feX W*T*gm*^W*j W  a ga X Y cIW*j Y ^Y k U ). 
��h  X U ie]�Y  ZW*i*U  ^Y  ZT*gf ` k h�f U Y c  a ga X Y c�d  deZT*U f \*Y ^g`  U ^gc�U X U  i  T*Y U \*n ^h�c  ^Y oT*W*^^h�c  

a X T*deieX deT*U c  c�W*k j U . �>h  Y Y  i*W*^a X T*d gT*deY c , a g^X Y k gT*deY c  a U cIg , f  [�d b�Y  c�W*[*Y \*Y o  �	a iedea a X f Y ^^W*o  � gk ^g  g  ~	[�U ZX gf ^W*j W  |	W*f Y [�Y ^g`  [�/Y [*n i*W , 2001]. S  ieU m*Y a X feY  p \*Y c�Y ^X W*f  ̂U {�Y o  i*W*^a X T*d i r gg  c�h  
ga ZW*\*n k deY c  W*X [*Y \*n ^h�Y  s�d ^i r gW*^U \*n ^h�Y  a ga X Y cIh . S  ZW*a X T*W*Y ^gg  s�de^i r gW*^U \*n ^h�b  a ga X Y c  ̂U cIg  
ZT*gc�Y ^` q�X a `  ^Y oT*W*^^h�Y  a Y X g . �	W  feU ]�^W  ZW*[�m*Y T*ie^deX n , m*X W  p X g  ^Y oT*W*^^h�Y  a Y X g  ^Y  a f ` k U ^h  a  
T*Y U \*n ^h�cIg  ^Y oT*W*^U cIg  ]�gfeW*X ^W*j W , T*W*\*n  ^Y oT*W*^^h�b  a Y X Y o  f  ^U {"Y o  c�W*[*Y \*g  – T*Y U \*gk U r g`  
[�W*a X U X W*m*^W  j gV*i*W*o  U a a W r gU X gfe^W*o  ZU c�` X g . ��X U  ZU c�` X n  ga ZW*\*n k deY X a `  ZT*g  W*V�d m*Y ^gg  U ^gc�U X U . 
�	a ^W*fe^W*Y  ]�Y  fe^gcIU ^gY  c�h  W*V�T*U _"U Y c  ̂U  U T*b*gX Y i*X d T*d  a ga X Y cIh  d ZT*U fe\*Y ^g`  g  f k U gc�W*W*X ^W*{"Y ^g`  
c�Y ]�[�d  T*U k \*gm*^h�c�g  s�d ^i r gW*^U \*n ^h�c�g  a ga X Y c�U cIg  f  p X W*o  U T*b*gX Y i*X d T*Y .  
|	W*feY [*Y ^gY  U ^gc�U X U  ̂U r Y \*Y ^W  ̂U  [*W*a X g]�Y ^gY  ZW*\*Y k ^h�b  [�\*`  U ^gc�U X U  ��L � � N�� �	G*�	E*� . |	W*feY [*Y ^gY  

a W*a X W*gX  gk  O*L �*� �	� ?*� . ��\*`  W*V�Y a ZY m*Y ^g`  [�W*a X g]�Y ^g`  T*Y k d \*n X U X W*f  U ^gc�U X  [�Y \*U Y X  � ��E*� D*E �  
W*]�g[*U Y c�W*j W  T*Y k d \*n X U X U  g  s�W*T*c�gT*d Y X  G*�e�*L �*�	E �  ��L � � N�� �	G*�	E*�  O*L �*� �	� ? �  f  feg[*Y  c�W*[*Y \*g  
ZU T*U c�Y X T*W*f  W*]�g[�U Y cIW*j W  T*Y k de\*n X U X U .    
S�U ]�^d q  T*W*\*n  f  ̂U {�Y o  cIW*[�Y \*g  gj T*U q�X  �*L N�?  ZW*feY [*Y ^g`  U ^gcIU X U . ��h  a m*gX U Y c , m*X W  d  U ^gcIU X U  

Y a X n  �*E*�/��L �*D*E*� �	?  (̂U ZT*gcIY T , ZW*X T*Y V�^W*a X n  ZgX U ^g`  g  ZW*X T*Y V*^W*a X n  V�Y k W*ZU a ^W*a X g ). l  



ZW*X T*Y V�^W*a X ` cIg  a fe` k U ^h  r Y \*g  ZW*feY [*Y ^g` , i*W*X W*T*h�Y  ieW*\*gm*Y a X feY ^^W  c�W*]�^W  b*U T*U i*X Y T*gk W*f U X n  
c�W*X gf U r g` c�g . �	U ZT*gc�Y T , Y a \*g  U ^gc�U X  j W*\*W*[�Y ^ , X W  d  ̂Y j W  Y a X n  feh�T*U ]�Y ^^U `  c�W*X gf U r g`  i  ZgX U ^gq  
g  Y a X n  r Y \*n  de[*W*fe\*Y X f W*T*gX n  ZW*X T*Y V�^W*a X n  ZgX U ^g` . |	W*X T*Y V*^W*a X g  g  r Y \*g  W*T*j U ^gk W*feU ^h  
gY T*U T*b�gm*Y a iegc  W*V*T*U k W*c . |	W*X T*Y V�^W*a X g  i*U ]�[�W*j W  gk  deT*W*f ^Y o  f h�k h�feU q�X  r Y \*g  g  a W*W*X f Y X a X fed q"_"gY  
s�d ^i r gW*^U \*n ^h�Y  a ga X Y cIh  V�W*\*Y Y  ̂gk i*W*j W  T*U ^j U .  
�	T*j U ^gk U r g`  gY T*U T*b*gg  r Y \*Y ^U ZT*U fe\*Y ^^W*j W  ZW*f Y [�Y ^g`  f  ^U {�Y c  U ^gcIU X Y  V*\*gk i*U  i  X U i*W*f W*o  f  

ZT*W*Y i*X Y  «
� gf W*X ^W*Y » [�(W*^j U T*[  g  [*T ., 1975]. }�U i  g  ZT*W*Y ieX  «

� gf W*X ^W*Y », ^U a X W*` _�U `  T*U V�W*X U  – 
gc�Y ^^W  ZT*W*Y ieX , i*W*X W*T*h�o  ZT*Y [*ZW*\*U j U Y X a `  f  [�U \*n ^Y o{"Y c  feW*Z\*W*X gX n  f  feg[*Y  ieW*c�Zn q�X Y T*^W*o  
T*Y U \*gk U r gg  cIW*[�Y \*g . 
��U \*Y Y  c�h  W*Zg{"Y c  W*V�_"deq  U T*b*gX Y i*X d T*d  a ga X Y c�h  d ZT*U fe\*Y ^g`  U ^gc�U X W*c  (T*U k [�Y \  2), V*U k W*feh�o  

p \*Y cIY ^X  a ga X Y c�h  deZT*U f \*Y ^g`  (T*U k [*Y \  3) g  T*U V*W*X d  p X W*j W  p \*Y c�Y ^X U  (T*U k [�Y \  4), T*U V*W*X d  f a Y o  a ga X Y c�h  
deZT*U f \*Y ^g`  (T*U k [�Y \  5) g  W*V*a de[*gc  c�W*[*Y \*n  f  r Y \*W*c  (T*U k [�Y \  6). 

2. �	-/)*+(R*0 6 R*,*- 3  
5 + 5 R*0 x�u  ,*v(- 3 1t/0 &(+ 7  

��h  ZT*Y [�ZW*\*U j U Y c , m*X W  a ga X Y c�U  d ZT*U fe\*Y ^g`  U ^gcIU X W*c  gcIY Y X  gY T*U T*b*gm*Y a i*d q  U T*b�gX Y ieX deT*d  
(T*ga .1). �(U k W*f h�c  p \*Y cIY ^X W*c  a ga X Y cIh  d ZT*U fe\*Y ^g`  ` f \*` Y X a `  W*X [�Y \*n ^U `  s�de^i r gW*^U \*n ^U `  a ga X Y cIU  
(��l ). ��l  W*a d _�Y a X f \*` Y X  feh�V�W*T  [�Y oa X f g`  f  a W*W*X f Y X a X fegg  a  k U [*U ^^W*o  r Y \*n q  g  X Y i*d _�Y o  a gX deU r gY o , 
s�W*T*cIgT*deY X  ZT*W*j ^W*k  T*Y k de\*n X U X U  [�Y oa X f g` , U  X U ie]�Y  g^g r ggT*d Y X  i*W*cIU ^[�d  ̂U  feh�ZW*\*^Y ^gY  [�Y oa X f g`  
(Y a \*g  a W*j \*U a ^W  ZT*W*j ^W*k d  W*^W  [�W*\*]�^W  ZT*gf Y a X g  i  ZW*\*W*]�gX Y \*n ^W*c�d  T*Y k d \*n X U X d ).  

 
�/ga . 1. ~	T*b�gX Y ieX deT*U  a ga X Y c�h  d ZT*U fe\*Y ^g`  U ^gc�U X W*c . 

  
��X U  U T*b�gX Y ieX deT*U  f  W*a ^W*fe^W*c  a W*W*X feY X a X f deY X  T*U V*W*X U c  [~	^W*b*g^ , 1975, �(W*^j U T*[  g  [*T ., 1975, � [�U ^W*f , 1999, ��U iea gc�W*f  g  [�T ., 1997, �	cIT*q"b*g^  g  [�T ., 2000, � f h�T*ieW*f , 1978]. l�ga X Y c�U  f Y T*b�^Y j W  

deT*W*f ^`  a W*W*X feY X a X f deY X  j \*U fe^W*o  r Y \*g  W*T*j U ^gk c�U  – feh�]�gf U ^gq . l�\*Y [�d q"_"go  d T*W*feY ^n  – r Y \*` c  
[�W*a X g]�Y ^g`  W*a ^W*fe^h�b  ZW*X T*Y V*^W*a X Y o  (ZgX U ^g` , T*U k c�^W*]�Y ^g` , V�Y k W*ZU a ^W*a X g , ^U ieW*Z\*Y ^g`  
k ^U ^go ). �/W*\*Y Y  ^gk iegY  d T*W*fe^g  a ga X Y c�h  d ZT*U fe\*Y ^g`  a W*W*X feY X a X f deq�X  X U ieX gm*Y a i*gc  r Y \*` c  
ZW*feY [*Y ^g` . �	ZT*U f \*Y ^gY  a  feY T*b*^gb  deT*W*f ^Y o  cIW*]�Y X  ZY T*Y [�U f U X n a `  ^U  ^g]�^gY  d T*W*fe^g  (W*X  
«a deZY T*a ga X Y c » i  «a d V�a ga X Y cIU c ») g  feW*k f T*U _�U X n a `  ^U k U [ . «l�deZY T*a ga X Y cIh » a X U fe` X  r Y \*g  
«a deV*a ga X Y c�U c ». ��\*`  W*ZT*Y [�Y \*Y ^^W*a X g  f  [�U ^^W*o  T*U V�W*X Y  ZT*Y [�ZW*\*U j U Y c , m*X W  i*U ]�[�U `  � l  (i*T*W*cIY  
� l 0) ZW*[�m*g^Y ^U  X W*\*n i*W  W*[�^W*o  «a deZY T*a ga X Y cIY ».  
|	T*Y [�ZW*\*U j U Y c , m*X W  a ga X Y c�U  d ZT*U fe\*Y ^g`  U ^gc�U X W*c  s�de^i r gW*^gT*deY X  f  [�ga ieT*Y X ^W*c  feT*Y cIY ^g : t = 

0,1, … �IU ie]�Y  ZT*Y [�ZW*\*U j U Y c , m*X W  i*U ]�[�h�o  X U ieX  f T*Y c�Y ^g  U i*X gf ^U  X W*\*n ieW  W*[*^U  ��l . 

3. ��,*& 6 .(+('*& 3 t/:�& 3*7  
5 + 5 R*0 x 3  – � 3�� '*1u 4  � t/0 x�0 &(R  ,*v(- 3 1t/0 &(+ 7  

l�b*Y c�U  W*X [�Y \*n ^W*o  � l  ZT*Y [*a X U fe\*Y ^U  ̂U  T*ga . 2. 	*G*O*G�
eG  ��l  X U i*W*f U :  
−       a de_"Y a X fed Y X  r Y \*n , ZW*a X U f \*Y ^^U `  "a d ZY T*a ga X Y c�W*o ", g  gk feY a X ^U  a gX deU r g` , k U [�U ^^U `  f b�W*[*^h�c  
feY ieX W*T*W*c  X(t), b*U T*U i*X Y T*gk d q"_"gc  a W*a X W*` ^gY  f ^Y {�^Y o  g  f ^deX T*Y ^^Y o  a T*Y [�h  U ^gcIU X U ,  
−       W*a de_"Y a X fegX n  ZW*ga i  ̂U gV�W*\*Y Y  W*ZX gc�U \*n ^h�b  [�\*`  [�U ^^W*o  � l  a ZW*a W*V*W*f  [�W*a X g]�Y ^g`  r Y \*g , 
−       Y a \*g , a W*j \*U a ^W  ZT*W*j ^W*k d , Y a X n  [�Y oa X f g` , W*V*Y a ZY m*gfeU q�_�gY  [�W*a X g]�Y ^gY  r Y \*g , X W  [�U X n  i*W*cIU ^[�d  
^U  f h�ZW*\*^Y ^gY  [�Y oa X f g` , c�U iea gc�U \*n ^W  ZT*gV�\*g]�U q"_"Y j W  i  r Y \*g , 



−       g  W*a d _�Y a X f gX n  ieW*^X T*W*\*n  ZT*U f g\*n ^W*a X g  f h�ZW*\*^Y ^g`  [�Y oa X f g`  – a W*W*X f Y X a X feg`  W*V*T*U X ^W*o  
U s�s�Y T*Y ^X U r gg  W*X  [�W*a X gj ^deX W*j W  T*Y k de\*n X U X U  g  ZU T*U c�Y X T*W*f  k U Z\*U ^gT*W*f U ^^W*j W  T*Y k de\*n X U X U ,  
k U \*W*]�Y ^^h�b  g  b*T*U ^` _�gb*a `  f  U ZZU T*U X Y  U i r Y ZX W*T*U  T*Y k de\*n X U X W*f  [*Y oa X feg` . 
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�/ga . 2. l�b*Y c�U  � l .  

  
l�b*Y c�U  � l  a W*a X W*gX  gk  V*\*W*i*U  U s�s�Y T*Y ^X ^W*j W  a g^X Y k U , V�\*W*ieU  ZT*g^` X g`  T*Y {�Y ^g`  (|	� ), 

p s�s�Y ieX W*T*^W*j W  dea X T*W*oa X f U , feh�ZW*\*^` q"_"Y j W  [�Y oa X f g`  (V�\*W*i  "��Y oa X fegY "), V*\*W*i*U  U i r Y ZX W*T*U  
T*Y k de\*n X U X W*f  [*Y oa X feg`  g  V*\*W*i*U  W r Y ^i*g  T*Y k de\*n X U X W*f  [*Y oa X feg` .  
��feW*o^h�c�g  a X T*Y \*i*U cIg  ZW*ieU k U ^h  i*U ^U \*h  ZY T*Y [*U m*g  d ZT*U fe\*Y ^g`  cIY ]�[*d  [*U ^^W*o  � l  g  [�T*d j gcIg  

� l  (W*V*W*k ^U m*Y ^h  r gs�T*U c�g  1-5). l�Z\*W*{"^h�cIg  [�f W*o^h�cIg  a X T*Y \*i*U cIg  ZW*i*U k U ^h  i*U ^U \*h  1,4 , 
T*U V�W*X U q�_�gY  f  W*V�h�m*^W*c  T*Y ]�gcIY  (ZT*g  f h�ZW*\*^Y ^gg  [�Y oa X f g`  g  V�Y k  ZY T*Y [�U m*g  deZT*U f \*Y ^g`  
a deV*a ga X Y c�Y ), {�X T*gb*W*feh�c�g  a X T*Y \*i*U cIg  – i*U ^U \*h  2,3,5 , T*U V*W*X U q"_"gY  X W*\*n i*W  ZT*g  W*ZT*Y [*Y \*Y ^^h�b  
dea \*W*f g` b . 

�(\*W*i  U s�s�Y T*Y ^X ^W*j W  a g^X Y k U  feie\*q"m*U Y X  f  a Y V*`  c�U a a gf  ^Y oT*W*^^h�b  a Y X Y o  {NNi }, 
W*a de_"Y a X fe\*` q�_�gb  ZT*W*j ^W*k  T*Y k d \*n X U X W*f  f W*k c�W*]�^h�b  [�Y oa X f go  Ai (i = 1, …, n). l�m*gX U Y c , m*X W  � l  
c�W*]�Y X  f h�V*T*U X n  W*[*^W  gk  n f W*k c�W*]�^h�b  [*Y oa X fego . 

4. 
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�/U a a c�W*X T*gc  T*U V*W*X d  W*X [�Y \*n ^W*o  � l . S  [*U ^^h�o  X U i*X  feT*Y cIY ^g  t T*U a a c�U X T*gf U Y c�U `  � l  cIW*]�Y X  V�h�X n  
U i*X gf ^U  \*gV�W  ̂Y U ieX gfe^U . �	Y U i*X gf ^h�Y  ��l  ̂U b*W*[�` X a `  f  ]�[*de_"Y c  T*Y ]�gcIY . ~	i*X gf ^U `  ��l  feh�ZW*\*^` Y X  
deieU k U ^^deq  f h�{"Y  k U [*U m*d . �/U a a cIW*X T*gc  T*U V�W*X d  U ieX gfe^W*o  � l . 
~	i*X gf U r g`  � l  ZT*W*gk feW*[*gX a `  ZW  i*W*cIU ^[�Y  a deZY T*a ga X Y cIh  (ZW  i*U ^U \*d  1). |	T*g  p X W*c  a deZY T*a ga X Y cIU  

W*ZT*Y [�Y \*` Y X  X Y iede_"deq  r Y \*n  G [�\*`  [*U ^^W*o  � l . l�m*gX U Y c , m*X W  r Y \*n  k U [�U Y X a `  f  feg[*Y  f Y i*X W*T*U , 
i*W*cIZW*^Y ^X h  ieW*X W*T*W*j W  ^W*T*cIgT*W*feU ^h  g  ZT*Y [�a X U f \*` q"X  a W*V�W*o  [�Y oa X f gX Y \*n ^h�Y  m*ga \*U  f  g^X Y T*f U \*Y  
[0,1].  �	U  f b�W*[  U ieX gfegT*W*f U ^^W*o  ��l  ZW*a X deZU Y X  X U ie]�Y  f b�W*[*^W*o  a gj ^U \  X(t), b*U T*U i*X Y T*gk d q"_"go  
a W*a X W*` ^gY  f ^Y {�^Y o  g  f ^deX T*Y ^^Y o  a T*Y [�h  U ^gcIU X U . |	W  f b�W*[*^W*c�d  a gj ^U \*d  X(t) W*ZT*Y [*Y \*` Y X a `  
ZT*W*j ^W*k  T*Y k de\*n X U X U  i*U ]�[�W*j W  gk  feW*k cIW*]�^h�b  [�Y oa X f go  Ai . |	T*W*j ^W*k  T*Y k de\*n X U X U  i-j W  [*Y oa X feg`  Ai 
W*a de_"Y a X fe\*` Y X  i-̀  ^Y oT*W*^^U `  a Y X n  c�U a a gf U  ZT*W*j ^W*k gT*deq�_�gb  ^Y oT*W*^^h�b  a Y X Y o  {NNi } V�\*W*ieU  
U s�s�Y T*Y ^X ^W*j W  a g^X Y k U . �IU iegc  W*V*T*U k W*c , W*ZT*Y [�Y \*` q�X a `  ZT*W*j ^W*k h  Pr i(t) [�\*`  f a Y b  [*Y oa X fego  Ai (i = 
1, …, n). |	T*W*j ^W*k h  ZT*Y [�a X U f \*` q"X  a W*V�W*o  feY ieX W*T*h  Pr i(t), ̂W*T*cIgT*W*feU ^^h�Y  X U i*gc  ]�Y  W*V*T*U k W*c , i*U i  g  r Y \*g  G.  
�	X c�Y X gc , m*X W  ieU ]�[*U `  ̂Y oT*W*^^U `  a Y X n  feh�ZW*\*^` Y X  s�de^i r gq  j Y X Y T*W*U a a W r gU X gf ^W*o  ZU cI` X g , X .Y . 

T*Y U \*gk deY X  W*X W*V�T*U ]�Y ^gY  X(t) –> Pr i(t) . 



��U \*Y Y  ZT*W*j ^W*k h  ZW*a X deZU q�X  f  V*\*W*i  ZT*g^` X g`  T*Y {"Y ^g`  |	� , f  i*W*X W*T*W*c  ZT*W*j ^W*k h  Pr i(t) 
a T*U fe^gf U q"X a `  a  r Y \*n q  G g  W*ZT*Y [�Y \*` Y X a ` : Y a X n  \*g  [*Y oa X feg` , [*\*`  ieW*X W*T*h�b  T*U a a W*j \*U a W*feU ^gY  c�Y ]�[�d  r Y \*n q  g  ZT*W*j ^W*k W*c  deltai = ||Pr i(t) - G || cIY ^n {�Y  k U [*U ^^W*j W  ZW*T*W*j U  (deltai < th). || || W*k ^U m*U Y X  
^Y i*W*X W*T*d q  c�Y T*d  V*\*gk W*a X g , ̂U ZT*gc�Y T , ��feie\*g[�W*f d .  

�Ia \*g  X U iegb  [*Y oa X fego  ̂Y X , X W  a m*gX U Y X a ` , m*X W  [*U ^^U `  � l  a  k U [�U ^gY c  ̂Y  a ZT*U feg\*U a n , deZT*U f \*Y ^gY  
ZY T*Y [�U Y X a `  ̂U k U [  "a deZY T*a ga X Y cIY " (ZW  ieU ^U \*d  2), U   f W  fea Y b  ̂Y oT*W*^^h�b  a Y X ` b  V*\*W*i*U  U s�s�Y T*Y ^X ^W*j W  
a g^X Y k U  [*U ^^W*o  ��l  ZT*W*gk f W*[�gX a `  T*U k W*V*dem*Y ^gY  (feY a U  a g^U Za W*f  ^Y oT*W*^^h�b  a Y X Y o  ^Y c�^W*j W  
a \*dem*U o^W  feU T*n gT*d q"X a ` ). 

�Ia \*g  Y a X n  [*Y oa X feg` , [*\*`  ieW*X W*T*h�b  deltai < th, X W  W*ZT*Y [�Y \*` Y X a `  ̂W*cIY T  feh�ZW*\*^` Y c�W*j W  [�Y oa X f g`  
Ak ZW  cIg^gc�U \*n ^W*o  d [�U \*Y ^^W*a X g  ZT*W*j ^W*k U  g  r Y \*g :  k = arg min { deltai} . |	T*g  p X W*c  ZT*W*j ^W*k  
W*]�g[*U Y c�W*j W  T*Y k d \*n X U X U  [�Y oa X f g`  Pr k ZY T*Y [�U Y X a `  f  U i r Y ZX W*T  T*Y k d \*n X U X W*f  [*Y oa X feg` . ��U \*Y Y  
[�Y oa X f gY  Ak  feh�ZW*\*^` Y X a ` . �	a W*V�h�Y  [*Y oa X feg`  a W*W*X feY X a X f deq�X  ZY T*Y [*U m*Y  d ZT*U fe\*Y ^g`  fe^gk  ZW  
deT*W*f ^` c  gY T*U T*b*gg  (ZW  ieU ^U \*d  3). |	T*g  p X W*c  [�U ^^U `  � l  k U [*U Y X  g  ZW*[ r Y \*n  SGk [*\*`  a d V�a ga X Y cIh . 
l�ZY r gs�gi*d  X U i*gb  W*a W*V�h�b  [*Y oa X fego  T*U a a cIW*X T*gc  ^g]�Y . |	W*ieU  W*a X U ^W*f gc�a `  ^U  T*U a a cIW*X T*Y ^gg  
W*V�h�m*^h�b  [*Y oa X fego .  
|	W*a \*Y  feh�ZW*\*^Y ^g`  [*Y oa X feg`  Ak W*ZT*Y [�Y \*` Y X a `  a W*a X W*` ^gY  f ^Y {�^Y o  g  f ^deX T*Y ^^Y o  a T*Y [�h  

U ^gc�U X U  f  a \*Y [�d q"_"go  X U i*X  f T*Y c�Y ^g  t + 1 g  W r Y ^gfeU Y X a `  T*Y k de\*n X U X  [�Y oa X f g`  Rk (f  V�\*W*ieY  W r Y ^ieg  
T*Y k de\*n X U X W*f  [*Y oa X feg` ). ��U ^^h�Y  W  T*Y k d \*n X U X Y  Rk ZW*a X d ZU q"X  f  V�\*W*i  U i r Y ZX W*T*U  T*Y k de\*n X U X W*f  
[�Y oa X f go .  ��U \*Y Y  W*ZT*Y [�Y \*` Y X a ` , ^U a ieW*\*n i*W  ZT*W*j ^W*k  W*X \*gm*U Y X a `  W*X  T*Y k de\*n X U X U , X .Y . feh�m*ga \*` Y X a `  
feY \*gm*g^U  Delta = || Rk  - Pr(Rk) ||, j [*Y  Delta – f Y \*gm*g^U  W*{"gV�ieg  ZT*W*j ^W*k U . 

�Ia \*g  f Y \*gm*g^U  W*{�gV*i*g  ZT*W*j ^W*k U  Delta c�Y ^n {"Y /V�W*\*n {"Y  ̂Y ieW*X W*T*W*j W  k U [�U ^^W*j W  k ^U m*Y ^g`  Th, X W  
a W*W*X feY X a X f deq�_�U `  ̂Y oT*W*^^U `  a Y X n  NNk c�U a a gf U  ZT*W*j ^W*k gT*deq�_�gb  ̂Y oT*W*^^h�b  a Y X Y o  {NNi } V�\*W*ieU  
U s�s�Y T*Y ^X ^W*j W  a g^X Y k U  [*W*W*V�d m*U Y X a ` /T*U k W*V�d m*U Y X a ` , a W*W*X feY X a X f Y ^^W . |	T*g  O*E*E*� � 
eL D*?*?  k U ieT*Y Z\*` Y X a `  
W*X W*V�T*U ]�Y ^gY  c�Y ]�[�d  feb*W*[�W*c  X(t) g  [�W*a X gj ^deX h�c  T*Y k de\*n X U X W*c  Rk, U  ZT*g  ��G �/E*� � 
eL D*?*?  ZT*W*feW*[*gX a `  
a \*dem*U o^U `  c�W*[*gs�gieU r g`  f Y a W*f  a g^U Za W*f  [�U ^^W*o  ̂Y oT*W*^^W*o  a Y X g  NNk.  
|	W*a \*Y  f h�ZW*\*^Y ^g`  [�Y oa X f g`  g  W*V�d m*Y ^g`  ZT*W*ga b*W*[�gX  ZY T*Y [�U m*U  g^s�W*T*cIU r gg  W  [�W*a X gj ^deX W*c  

T*Y k de\*n X U X Y  Rk ̂U  feY T*b*^go  deT*W*f Y ^n , "a d ZY T*a ga X Y c�Y " g  f W*k feT*U _"U Y X a `  d ZT*U fe\*Y ^gY  a deZY T*a ga X Y cIY  (ZW  
i*U ^U \*d  4).  
�	Zg{�Y c  � ��E*�*L O � �*�  E*� � 
eL D*? �  D*L � ��E*D*D*P�F  � L �	L � . 
l�m*gX U Y c , m*X W  ^Y oT*W*^^h�Y  a Y X g  NNi  gcIY q"X  a X T*deieX deT*d , a W*W*X feY X a X f deq�_�d q  W*V�h�m*^W*c�d  cIY X W*[�d  

W*V�T*U X ^W*j W  T*U a ZT*W*a X T*U ^Y ^g`  W*{�gV*i*g  [Rumelhart et al., 1986]. � .Y ., c�h  ZT*Y [*ZW*\*U j U Y c , ̂Y oT*W*^^U `  
a Y X n  cI^W*j W*a \*W*o^U ` , V*Y k  W*V*T*U X ^h�b  a f ` k Y o , ^Y oT*W*^h  gc�Y q�X  \*W*j ga X gm*Y a iedeq  U i*X gf U r gW*^^deq  
s�d ^i r gq : 

Yj = F (�  i wij Xi) ,  F(b) = [1+exp (-b)]-1,    
j [*Y  Yj – f h�b*W*[   j-j W  ^Y oT*W*^U , Xi  – f b�W*[*h  ^Y oT*W*^U , wij  – a g^U ZX gm*Y a iegY  feY a U  j-j W  ^Y oT*W*^U . S  
ZT*W r Y [�d T*Y  [*W*W*V�d m*Y ^g`  (ZT*g  [*W*a X W*feY T*^W*c  ZT*W*j ^W*k Y , i*W*j [�U  Delta < Th) c�h  X T*Y V�d Y c , m*X W  ̂U c  ̂U [*W  
deX W*m*^gX n  X W*X  ZT*W*j ^W*k , i*W*X W*T*h�o  a [*Y \*U \*U  [*U ^^U `  ^Y oT*W*^^U `  a Y X n , g  ZW*\*U j U Y c , m*X W  ZW*\*dem*Y ^^h�o  
T*Y k de\*n X U X  Rk Y a X n  r Y \*Y feW*o  f Y i*X W*T  T , ieW*X W*T*h�o  ^de]�^W  ZW*[*i*T*Y ZgX n . ��U \*Y Y  ZT*gc�Y ^` Y X a `  c�Y X W*[  
W*V�T*U X ^W*j W  T*U a ZT*W*a X T*U ^Y ^g`  W*{�gV*W*i  g  k U ieT*Y Z\*` Y X a `  a W*W*X feY X a X f gY     X –> Rk cIY ]�[*d  f b�W*[*W*c  g  
ZW*\*dem*Y ^^h�c  T*Y k d \*n X U X W*c . �*U  a m*Y X  p X W*j W , Y a \*g  a Y X n  T*U V*W*X U Y X  ZT*U feg\*n ^W , X .Y . W*^U  [�U Y X  [*W*a X U X W*m*^W  
[�W*a X W*f Y T*^h�o  ZT*W*j ^W*k , X W  a W*W*X f Y X a X fegY  cIY ]�[*d  f b�W*[*W*c  X g  ZT*W*j ^W*k W*c  Pr k V*de[*Y X  deX W*m*^` X n a ` . ~  
Y a \*g  a Y X n  a T*U V�U X h�feU Y X  ^Y ZT*U f g\*n ^W  (Y Y  ZT*W*j ^W*k  ^Y [�W*a X W*f Y T*Y ^ ), X W , ieU i  a ieU k U ^W  feh�{�Y , [*U ^^U `  
^Y oT*W*^^U `  a Y X n  V�d [�Y X  ̂U i*U k h�feU X n a `  – a g^U ZX gm*Y a iegY  f Y a U  f  ̂Y o  V�d [�d X  a \*d m*U o^W  f U T*n gT*W*feU X n a ` . 
�	X U i , T*U a a c�U X T*gf U Y c�U `  ZT*W r Y [*deT*U  W*V*dem*Y ^g`  s�W*T*c�gT*d Y X  W*X W*V*T*U ]�Y ^g`  X(t) –> Pr i , 

W*V�Y a ZY m*gf U q"_"gY  ZT*U f g\*n ^h�Y  ZT*W*j ^W*k h  T*Y k d \*n X U X W*f  [�Y oa X f go . 

5. 
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S�h�{"Y  cIh  T*U a a c�W*X T*Y \*g  T*U V�W*X d  W*X [*Y \*n ^W*o  ��l . ��l  ZW*\*d m*U Y X  k U [�U ^gY  ([�W*a X gm*n  W*ZT*Y [*Y \*Y ^^deq  r Y \*n ) W*X  "��l -a deZY T*a ga X Y cIh ", g  Y a \*g  W*^U  i*W*cIZY X Y ^X ^U  f h�ZW*\*^gX n  k U [�U ^gY , W*^U  Y j W  f h�ZW*\*^` Y X . 
�Ia \*g  � l  ̂Y ieW*c�ZY X Y ^X ^U  feh�ZW*\*^gX n  k U [*U ^gY , X W  W*^U  X W*\*n i*W  a W*W*V*_�U Y X  a d ZY T*a ga X Y c�Y , m*X W  W*^U  ̂Y  
a c�W*j \*U  f h�ZW*\*^gX n  k U [�U ^gY .  



� U a X n  [*Y oa X fego  ��l  a W*a X W*gX  �  �*L ��L O�G�
eL  ��� ��G*� N�L D*? �  D*G  D*?�� D*?*L  � ��E*� D*? . �IU iegY  [*Y oa X feg`  c�h  
feh�{�Y  W*V*W*k ^U m*g\*g  i*U i  W*a W*V�h�Y . �/U a a cIW*X T*gc  ZT*W r Y a a h , ZT*W*ga b*W*[�` _"gY  f  a ga X Y cIY  deZT*U f \*Y ^g`  
U ^gc�U X W*c  ZT*g  p X gb  [*Y oa X feg` b . 
|	T*g  ZY T*Y [*U m*Y  d ZT*U fe\*Y ^g`  ^U  ^g]�^go  d T*W*feY ^n  � l  feY T*b*^Y j W  d T*W*fe^`  (W*V�W*k ^U m*gc  p X d  � l  i*U i  

� l�� ) k U [�U Y X  ZW*[ r Y \*n  deZT*U f \*Y ^g`  SGk [�\*`  ��l  ^g]�^Y j W  d T*W*fe^`  (W*V�W*k ^U m*gc  Y Y  � l�� ). y Y \*n  
ZW*[�U Y X a `  ^U  V*\*W*i  U s�s�Y T*Y ^X ^W*j W  a g^X Y k U  ��l��  («a  X W*m*i*g  k T*Y ^g` » ��l��  ZW*[ r Y \*n  SGk c�W*]�Y X  
T*U a a c�U X T*gf U X n a `  ieU i  W*a ^W*fe^U `  r Y \*n  G). |	T*g  p X W*c  � l��  f Y T*b�^Y j W  deT*W*f ^`  k U ZW*c�g^U Y X  a f W*o  
feb*W*[�^W*o  a gj ^U \  X � (t), i*W*X W*T*h�o  V*h�\  f  c�W*cIY ^X  ZY T*Y [*U m*g  d ZT*U fe\*Y ^g` , g  ZT*W*j ^W*k  Pr(Rk), 
feh�ZW*\*^Y ^^h�o  f  a W*W*X f Y X a X fegg  a  p X gc  a gj ^U \*W*c  g  ̂U cIY m*Y ^^h�c  [�Y oa X f gY c  ZY T*Y [*U m*g  deZT*U f \*Y ^g`  
^U  ^g]�^go  d T*W*feY ^n ; p X g  feY ieX W*T*h  k U ZW*cIg^U q"X a `  [*W  feT*Y cIY ^g  feW*k f T*U X U  deZT*U f \*Y ^g`  a  ^g]�^Y j W  
deT*W*f ^` . ��\*`  W*ZT*Y [*Y \*Y ^^W*a X g  a m*gX U Y c , m*X W  k U ZW*cIg^U ^gY  f Y i*X W*T*W*f  X � (t) g  Pr(Rk) ZT*W*ga b*W*[�gX  f  
V�\*W*ieY  U i r Y ZX W*T*U  T*Y k d \*n X U X W*f  [�Y oa X f g`  a ga X Y cIh  � l��  . }�U i  X W*\*n ieW  ��l��  ̂g]�^Y j W  d T*W*fe^`  f  ZY T*feh�o  
T*U k  ZW*a \*Y  c�W*cIY ^X U  feT*Y cIY ^g  t feW*k f T*U _�U Y X  deZT*U f \*Y ^gY  ��l��  (a m*gX U Y c , m*X W  p X W  ZT*W*ga b�W*[*gX  f  X U ieX  
feT*Y cIY ^g   t + t1 ; d ZT*U fe\*Y ^gY  feW*k f T*U _�U Y X a `  ZW  ieU ^U \*d  5), X W  f  � l��  ZT*W*ga b�W*[*gX  W*V*dem*Y ^gY . ��l��  
W r Y ^gfeU Y X , ̂U a ieW*\*n i*W  ZT*U feg\*n ^h�c  V�h�\  Y Y  ZT*W*j ^W*k  f  c�W*cIY ^X  t. �	V*dem*Y ^gY  ZT*W*ga b*W*[�gX  X W*m*^W  X U i  
]�Y , i*U i  p X W  V*h�\*W  W*Zga U ^W  f h�{"Y , k U  X Y c  ga ie\*q"m*Y ^gY c , m*X W  ZT*W*j ^W*k  Pr(Rk),  a [*Y \*U ^^h�o  f  c�W*cIY ^X  
t, a T*U fe^gf U Y X a `  a  T*Y k de\*n X U X W*c  Rk, ZW*\*d m*Y ^^h�c  f  cIW*c�Y ^X  t + t1 , U  ^Y  a  ^Y ZW*a T*Y [�a X f Y ^^W  
ZW*\*dem*Y ^^h�c  f  a \*Y [�d q"_"go  cIW*c�Y ^X  t + 1 T*Y k d \*n X U X W*c .  
�	X U i , ZT*Y [*\*W*]�Y ^^U `  gY T*U T*b*gm*Y a i*U `  a b*Y c�U  ZW*k f W*\*` Y X  ZT*W*c�W*[*Y \*gT*W*feU X n  [*W*a X U X W*m*^W  

^Y X T*gfegU \*n ^W*Y  deZT*U f \*Y ^gY  U [*U ZX gfe^h�c  ZW*feY [*Y ^gY c .  
�	X c�Y X gc , m*X W  f  [*U ^^deq  a b*Y c�d  deZT*U f \*Y ^g`  ZW*feY [*Y ^gY c  U ^gcIU X U  ^Y a \*W*]�^W  f i*\*q�m*gX n  

ZT*W r Y [�d T*d  ZT*Y T*h�feU ^g`  f Y T*b�^gcIg  deT*W*f ^` c�g  T*U V*W*X h  ̂g]�^gb  deT*W*f ^Y o  gY T*U T*b*gg  s�de^i r gW*^U \*n ^h�b  
a ga X Y c , a  ZW*c�W*_"n q  a ZY r gU \*n ^h�b  a f ` k Y o  c�Y ]�[�d  � l . �	U ZT*gc�Y T , Y a \*g  f  � l 1, W*X feY m*U q�_�d q  k U  
V�Y k W*ZU a ^W*a X n , ZW*a X d Zg\  a gj ^U \ , b�U T*U ieX Y T*gk deq�_�go  a Y T*n Y k ^deq  W*ZU a ^W*a X n  [�\*`  ]�gk ^g  U ^gc�U X U , U  
U ^gc�U X  k U ^gcIU \*a `  ZW*ga i*W*c  "Zg_�g " f  [�Y T*Y f Y  T*Y {�Y ^go , "feW*k j \*U fe\*` Y cIW*c " ��l 2, X W  � l 1 gcIY Y X  
ZT*U feW  ZT*Y T*feU X n  T*U V�W*X d  ��l 2 g  [*U X n  ieW*c�U ^[*d  ̂U  gk V*Y ]�U ^gY  W*ZU a ^W*a X g . 

�IU ie]�Y  ^Y X T*d [�^W  f i*\*q�m*gX n  f  [*U ^^deq  a b�Y cId  ZT*W r Y a a  s�W*T*cIgT*W*feU ^g`  ^W*feh�b  � l . �	U ZT*gc�Y T , 
Y a \*g  ^Y ieW*X W*T*U `  ��l��  ^Y  ^U b�W*[*gX  ^de]�^W*j W  T*Y {"Y ^g` , X W  V*\*W*i  U i r Y ZX W*T*U  T*Y k de\*n X U X W*f  [�Y oa X f go  
� l��  ("��l -a deZY T*a ga X Y cIh " [�\*`  [�U ^^W*o  «� l -a d V�a ga X Y cIh ») c�W*]�Y X  [�U X n  (a  W*ZT*Y [�Y \*Y ^^W*o  cIU \*W*o  
feY T*W*` X ^W*a X n q ) a ZY r -ieW*c�U ^[*d  ^U  s�W*T*c�gT*W*f U ^gY  ^W*feW*o  a \*d m*U o^W*o  � l , T*U V*W*X U q"_"Y o  ^U  X W*c  ]�Y  
deT*W*f ^Y , m*X W  g  [*U ^^U `  ��l�� , ieW*X W*T*W*o  f  [*U \*n ^Y o{�Y c  ��l��  a cIW*]�Y X  ZY T*Y [�U f U X n  U ^U \*W*j gm*^h�Y  k U [�U ^g` . 
� .Y . ZT*g  ̂Y f h�ZW*\*^Y ^gg  k U [�U ^g`  c�W*]�Y X  V*h�X n  a W*k [�U ^  "[�d V�\*Y T " ̂Y a ZT*U fegf {�Y oa `  � l . 

6. 
� � 5 ,*w�9�0 &(+(0  

S�h�{"Y  gk \*W*]�Y ^U  X W*\*n i*W  W*a ^W*f ^U `  a X T*deieX deT*U  a b*Y c�h  deZT*U f \*Y ^g` . ��Y  ^de]�^W  [�W*ZW*\*^gX n  1) 
a b�Y cIW*o  k U [�U ^g`  r Y \*Y o , 2) cIW*[�Y \*n q  a T*Y [�h , f  i*W*X W*T*W*o  ZT*W*ga b*W*[�gX  ]�gk ^n  U ^gcIU X U . �/U a a c�W*X T*gc  
p X g  U a ZY i*X h .  
S  ZT*W*a X Y o{"Y c  a \*dem*U Y  �*L N�?  c�W*]�^W  k U [�U X n  "T*d i*U cIg ". � .Y ., ieW*^a X T*deieX W*T  c�W*[*Y \*g  ZT*W*[�d c�h�feU Y X , 

i*U ieW*feh  cIW*j \*g  V�h  V*h�X n  r Y \*g  U ^gcIU X U , g  k U [*U Y X  f a Y  r Y \*g  g  ZW*[ r Y \*g .  
S�X W*T*W*o  f U T*gU ^X  k U [*U ^g`  r Y \*Y o  g  ZW*[ r Y \*Y o  X U ieW*f . }�W*^a X T*deieX W*T  k U [�U Y X  W*a ^W*f ^h�Y  ZW*X T*Y V*^W*a X g   

U ^gc�U X U : ZgX U ^gY , V�Y k W*ZU a ^W*a X n , T*U k c�^W*]�Y ^gY , ZW*X T*Y V*^W*a X n  ̂U i*W*Z\*Y ^g`  k ^U ^g`  [
� [�U ^W*f , 1999] 

g  r Y \*g , a W*W*X f Y X a X fed q"_"gY  d [�W*f \*Y X feW*T*Y ^gq  p X gb  ZW*X T*Y V�^W*a X Y o . |	W*cIgc�W  p X W*j W , ieW*^a X T*deieX W*T  
k U [�U Y X  ^Y ieW*X W*T*h�Y  ga b*W*[�^h�Y  ZW*[ r Y \*g . �	W  p X g  ZW*[ r Y \*g  c�W*j deX  f U T*n gT*W*feU X n a `  f  ZT*W r Y a a Y  ]�gk ^g  
U ^gc�U X U . �	U ZT*gc�Y T , Y a \*g  � l��  ("a deZY T*a ga X Y cIU ") ZY T*Y [*U Y X  d ZT*U fe\*Y ^gY  � l��  («a deV*a ga X Y c�U »), g  
� l��  d a ZY {�^W  feh�ZW*\*^` Y X  k U [*U ^gY  ZW  ZW*a X U fe\*Y ^^W*o  Y o  ZW*[ r Y \*g , ^W  ZT*g  p X W*c  ZT*W*ga b�W*[*gX  
de[*U \*Y ^gY  W*X  X W*o  r Y \*g , ieW*X W*T*U `  ZW*a X U f \*Y ^U  ZY T*Y [  ��l��  , X W  ZT*W*ga b�W*[*gX  a \*d m*U o^U `  f U T*gU r g`  
ZW*[ r Y \*g , ZY T*Y [�U f U Y c�W*o  W*X  ��l��  i  ��l��  . S  a \*Y [*deq�_�go  T*U k  ��l��  s�W*T*c�gT*d Y X  ZY T*Y [  ��l��  ̂Y a i*W*\*n ieW  
c�W*[*gs�g r gT*W*f U ^^deq  ZW*[ r Y \*n . 
S  ieU m*Y a X feY  ZT*gc�Y T*U  @ E*O�L N�L �  � ��L O�P  c�W*]�^W  ZT*Y [*\*W*]�gX n  de]�Y  gk f Y a X ^h�Y  c�W*[*Y \*g , ^U ZT*gc�Y T , 

X U i*gY  ieU i  W*V*dem*Y ^gY  U ^gcIU X U  p s�s�Y ieX gfe^W  W*V*b�W*[*gX n  ZT*Y Z` X a X feg`  f  k U [�U ^^W*o  W*j T*U ^gm*Y ^^W*o  
W*V�\*U a X g  ZT*W*a X T*U ^a X feU  [Donnart et al., 1996].  



��U ^^h�o  ZT*W*Y ieX  ^Y  T*U a a c�U X T*gf U Y X  ZT*W r Y a a  s�W*T*cIgT*W*feU ^g`  gY T*U T*b�gm*Y a ieW*o  ^Y oT*W*a Y X Y f W*o  
U T*b�gX Y ieX deT*h  d ZT*U fe\*Y ^g` . �*[*Y a n  cIh  X W*\*n ieW  W*X c�Y X gc , m*X W  ZW*[*b�W*[*h  i  X U i*W*cId  ZT*W r Y a a d  
s�W*T*cIgT*W*feU ^g`  Y a X n . �	U ZT*gc�Y T , f  T*U V*W*X Y  [�/deT r Y f , 2002] V*h�\*U  ZT*W*[�Y cIW*^a X T*gT*W*feU ^U  f W*k c�W*]�^W*a X n  
p f W*\*q r gW*^^W*j W  s�W*T*c�gT*W*f U ^g`  gY T*U T*b*gm*Y a i*W*o  ^Y oT*W*a Y X Y feW*o  U T*b�gX Y ieX deT*h  deZT*U f \*Y ^g`  
ZW*feY [*Y ^gY c  U ^gcIU X U . �/W*\*Y Y  X W*j W , X U c  ]�Y  ZT*W*[�Y cIW*^a X T*gT*W*feU ^W , m*X W  W*[*^U  g  X U  ]�Y  ̂Y oT*W*^^U `  a Y X n  
c�W*]�Y X  f h�ZW*\*^` X n  c�^W*]�Y a X feW  X Y b  s�d ^i r go , ieW*X W*T*h�Y  f  [�U ^^W*c  ZT*W*Y i*X Y  T*U a ZT*Y [*Y \*Y ^h  f  ` fe^W*c  
feg[*Y  ZW  T*U k \*gm*^h�c  ̂Y oT*W*^^h�c  a Y X ` c . �IY c  ̂Y  c�Y ^Y Y , T*Y U \*gk U r g`  ZT*Y [�\*U j U Y c�W*j W  k [*Y a n  ZT*W*Y ieX U  f  
i*W*cIZn q"X Y T*^W*o  c�W*[*Y \*g  f U ]�^U , X U i  ieU i  W*^U  c�W*j \*U  V�h  ZW*k feW*\*gX n  cIU i*a gcIU \*n ^W  m*Y X i*W  g  ` f ^W  
ZT*Y [�a X U f gX n  T*U V*W*X d  a ga X Y c�h  d ZT*U fe\*Y ^g`  r Y \*W*a X ^h�c  U [*U ZX gfe^h�c  ZW*feY [*Y ^gY c . 
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