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& � � ) & � & �� �& � � P = I0 , I1 , � , Is− 1� ) � � �� � � �� �� � � � ) �- � ) � � �� � & � + � � # � � �

� � �- � � � �� � � �� � � �� �� � Z (n)  � � � � � Rn �� 0 �
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� � �- � !� � �� � �� � ) Rm �

� � �- � � �	 � � � �� � � �� �� � J (m, n , q) �

&) Rm= Rn � �- � �� , #  � ! � � � � �� �- � q �- & � � �  $ ! � &� � � ) P �

&) Rm � Rn � �- � �� , #  � ! � � � � �� �- � � �� � & � � �  $ ! �&� � � ) P �
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I : θ→ ω, R : θ→ ( ωOrd)

� $ !- �- � � �

− θ & � � � �  � & � � ��  θ = Ord � θ & � �- �  � � � � � � ) �- � !� " #$ � � � &� � �

− I( 0) = 0 � �- � " � ! - & � � � ��  �� & � � � � �� 0 �

− () t < θ � � � I( t)

�

s = { 0 , 1 , � , s − 1 } �- � � �- � " � !- & � � �� � � � � & �- θ = t + 1 �

− () t < θ � � � I( t) ∈ s = { 0 , 1 , � , s − 1 } �- � � �- � " � !- & � � !� � � �� � �� �&� �

I( t + 1 ) = I( t) + 1 � � � R( t + 1 ) & � � � � �  " & � � � � � II( t) �

− () t < θ & � � �& " & ��  � & � � � �� �

∀k ∈ ωRk ( t) = liminf
r< t

Rk ( r) ;

I( t) = liminf
r< t

I( r) .
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� $ !- �- � � ) �  (α0 , � , αn− 1 ) ∈ dom(F)- � � � �

P : (α0 , � , αn− 1 , 0 , 0 , � )� F (α0 , � , αn− 1 ) .

� � � � x ⊆ Ord & � !� " #%$ �� � �� �)  � " �  � & � � � # �  � " � ��  � � &) �- �  � & � �

#  � +  � " P � � � �  � & � � �� α1 , � , αn− 1 � $ !- �- � �

∀α P : (α , α1 , � , αn− 1 )� χx(α) .
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x ⊆ Ord & � !� " #%$ �� � �� &) ) x ∈ L � & �� � � x & � � � � �� " � � �� ) � � � � �� ��

" � � � �� ) !� � � �  $ ! �& � �� � � �� �

� �� � � � � ⊆ � � � � x ⊆ Ord � � !� " #%$ �� � �� �

* � � � � #  � +  � " P � � � �  � & � � �� α1 , � , αn− 1 � $ !- �- � �

∀α P : (α , α1 , � , αn− 1 , . . . )� χx(α) .

�� " #%$ �� �&� � � � � P �  � � � � � �$ �� � � � � � � � �  � � � & �& ' � " � � � �� � ) � � � �- � �  �

� - & !- - � ' � �- � � � " � ! �� � � � ) �  � & � � �� �� � � ! � �- � � � !� " #%$ �� �&� � � ! � �

� � ! �   & � � � $ � & � �- � " � � � � L � � � χx , x ∈ L.
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(α , < , G , R)

� - �  � �- � � � � � ��

# � &  & � + ) $ � ! �&� � G & � ' & � � � � � � � � �  � �  � � �  �� �� � � � α � � � R & � � $ � �  �  � �� �

�&� � � � α �

− ��  " � vn � � � !� � � � � � � � cξ) �  ξ ∈ Ord � cξ � & � � � � & � ��  #  � � � � � � ξ �

− � �� " & ! ) �  " $ �� � t1 ≡ t2 � t1 < t2 � Ġ ( t1 , t2 , t3) � � � Ṙ ( t1 ) �

− ) �  " $ �� � ¬ϕ � ( ϕ ∨ ψ) � ∃vn < t ϕ �

− � � � $ " � � � �  � & � � � !� " #%$ �� � �� � � � � �&� � � &� �� � $ !- �- � � ) �  ζ < ξ �

ϕ
cζ
vn

< ( ∃vn < cξ ϕ) .
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− � � ) & � � �- � � � �& � ) � ! �&� �  � �� �&� � (α , < , G , R) � ϕ) �  � � � �� � ! � � ϕ �

− (α , < , G , R) � ϕ &) ) ( ϕ , < , G , R) � ϕ �

� � ) & � � �- � � � � � � � � � � �� � � � � � � � �� � T ⊆ Ord � �

T(α) &) ) α & � � �� $ � � � � LT � � � � � � � ! � � � � (α , < , G , T ∩ α ) � α.

( � � - �  �

T(α) &) ) (α , T ∩ α) � α.
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* !� � � � � " � � � �� ) � � � �- � �  �

��  �  � & � � �� µ � � � α � � ) & � � � � � � ! �&� � � � �� ) �- � �  $ �- #  � � & ! � �� � �

X( µ, α) = { β < µ | T(G(α , β) ) } .

� � �

S= {X( µ, α) | µ, α ∈ Ord} .

* - � �  � " � S= {x ⊆ Ord | x ∈ L } �

�

� � � � ! - ) �  ⊇ : � - � � �- � � (Ord, S , < , = , ∈ , G) � � � & � ) & � � � � � �$  � � �- � �  � � )

� � �� � ) �  � & � � �� � " � �- � " � �& ! � ! � � � � �� � � & � (Ord, S , < , = , ∈ , G) ;

� � ) & � � � ' �  � &� � � ) � � � � �� �� L & � � & � � (Ord, S , < , = , ∈ , G) � �- $ � � ' �  �

!� � � �  $ ! � & � �� � � �� ) �  � & � � �� & � � � � �� " � � �� ) S �
�

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

�  � !$  � & ' � � � ) & � & � &� � � ) *

* - � !- �  � ! ��  & � � & ! ) $ � ! �&� � χT ! � � � � � � ) & � � �  � !$  � & ' � � �

χT(α) =

{
1 &) ) ∃ν < α H(α , ν , χT( ν ) ) = 1
0 � �� �

� & �- � !� " #%$ �� � �� ) $ � ! � &� � H �
H(α , ν , χ) = 1 &) ) α & � � � LT � � � � � � � ! � � � �

∃ ξ , ζ < α (α = cξ≡ cζ ∧ ξ = ζ )

�  ∃ ξ , ζ < α (α = cξ < cζ ∧ ξ < ζ )

�  ∃ ξ , ζ , η < α (α = Ġ ( cξ , cζ , cη) ∧ η = G( ξ , ζ ) )

�  ∃ ξ < α (α = Ṙ ( cξ) ∧ ν = ξ ∧ χ = 1 )

�  ∃ϕ < α (α = ¬ϕ ∧ ν = ϕ ∧ χ = 0)

�  ∃ϕ , ψ < α (α = ( ϕ ∨ ψ) ∧ ( ν = ϕ ∨ ν = ψ) ∧ χ = 1 )

�  ∃n < ω∃ ξ < α∃ϕ < α (α = ∃vn < cξ ϕ ∧ ∃ ζ < ξ ν = ϕ
cζ
vn
∧ χ = 1 ) .

. �
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�  � !$  � &� � �- � �  � "

� � � H : Ord3→ Ord � � �  � & � � � !� " #$ � � � �� � � �

� � ) & � � F : Ord→ Ord  � !$  � & ' � � � � �

F(α) =

{
1 &) ) ∃ν < α H(α , ν , F( ν ) ) = 1
0 � �� �

* - � � F & � �  � & � � � !� " #%$ � � � �� �

* - � !� " #%$ �� � &� � � ) F ! � � � � ' & � $ � �&� � � � �� � + � � � � � �) � $ � � � � �  � � �

. �
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� � � � � � � �� � � �� �� � � � � 
� � � � � ��

�� " #%$ �& � + � �� � + � � � � � �) � $ � � � � �  � �

F(α) =

{
1 &) ) ∃ν < α H(α , ν , F( ν ) ) = 1
0 � �� �

F(ω + ω)

F( 0) = 0 F ( 1 )

F( 0) = 0

F ( 2 )

F( 0) = 0 F( 1 )

F( 0) = 0

� F(ω) . . .

. .
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� � � � � ��

� � � !� � � ) �  � & � � ��

� � � ! � � �  + � � &� � �- � �  � ' �  � � �� ) �- � �  � � $ � & � + � � � ! � � � & � + � � � !� �

� ) �  � & � � �� �

�� � � α0 > α1 > � > αn− 2 > αn− 1 � �

α = 〈α0 , α1 , � , αn− 2 , αn− 1 〉 = 3α0 + 3α1 + � + 3αn− 2 + 3αn− 1 .

* - � �  � & � � �� αn− 1 , αn− 2 �  � �  � & � � � !� " #$ � � � �� � � � � " �

#  � +  � " � � � �� � � � � �� � * - � ) $ � ! �&� � �  � �$  � � � # � ! & � � ' � �$ �

�� �� �	 � � � &) �- � � �� !� & � �� � � - �  � �

. �
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* - � #  � +  � "
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 � 	 
 �� �
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 � � � � � � � � �

� � �

� � � � � � �

� � �� � � 	 
 � 	 
 �� � �

�� �� � �� � � � 	 
 � 	 
 �� � �

�  �� �� � � "# $% &' # % $ 
� � � �( )*

� � 	�
� �

�  + � �� �� � ,� � , � �� �� � � � 
� � �

- � � �
�� � � �� � � � 	 
 � � � � � � � 
 � �  � 	 
 �� � �

� �� �� �� �

� � 
 � � � � � � �

� � �

� � 	�

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

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

� � 
 � � � � � � � � �

� � �

� � �
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� � � � � ��

* - � �  � & � � � !� " #%$ � � �&� � I , R � � �- � #  � +  � " P- � � �- � ) � � �� � & � + #  � # �  �& � �

� � () I , R & � & � � �� �� � �� �� � � � � � �& " � s � & �- �� �� � !� � �� � �� 〈α0 , � , αn− 1 〉 � - �  � n > 1 �- � �

I , R � & � � + � � & � �� � � � �� �	 
 � � � � � � � �� ��  � & " � t � & �- �- � � � " � �� �� � !� � � � � � � 〈α0 , � ,
αn− 1 〉 � � � �- �  � + & � � �  � � �	 � - � � � & � + �- � ' � �$ � F(αn− 1 ) � , �  � � ' �  & � �- � & � � �  ' � � [ s , t)

�- � !� � � � � � � � ) �� �� � � & � � � � � � � � � � � � �� � � � � � � & + � � 〈α0 , � , αn− 1 〉 �

� � � � � I , R � � & � � �� �� � �� �� � � � � � � & " � s � & �- �� �� � !� � � � � � � α0 > � > αn− 1 � - �  � n > 1 �

� � ) & � � ᾱ = �- � " & � & " � ��  � & � � � ν < αn− 1 � $ !- �- � � H(αn− 1 , ν , F( ν ) ) = 1 &) �- & � �� & � �� � � �

ᾱ = αn− 1 � �� � � * - � � �- �  � & � � � �  & ! � � � & � !  � � � & � + � � � $ � � ! � ( ti | i 6 ᾱ )� ) �& " � � ti > t � $ !-

�- � � I , R & � & � � � � � � � �� �� � � � � � � & " � ti � & �- �� �� � !� � � � � � � 〈α0 , � , αn− 1 , i 〉 � , �  � � ' �  

& � � ' �  � � & " � & � ��  ' � � [ ti , ti+ 1 ) �- � �� �� � !� � �� � �� �  � > 〈α0 , � , αn− 1 , i 〉 �

! � () I , R & � & � � �� �� � �� �� � � � � & �- �� �� � !� � �� � �� 〈α 〉 �- � � & � � & � � �� ��  �� � � � & �- �� �� �

!� � �� � �� 〈α 〉 � � � �- �  � + & � � �  � � �	 � - � � � & � + �- � ' � �$ � F(α) � � � � ! � �- � ) $ � ! �&� � F & �

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

. �
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, � & � * - � �  � " �
x ⊆ Ord & � !� " #%$ �� � �� &) ) x ∈ L � & �� � � x & � � � � �� " � � �� ) � � � � �� ��

" � � � �� ) !� � � �  $ ! �& � �� � � �� �

� �� � � � � ⊇ � � � � x ⊆ Ord � � !� � � �  $ ! �� � �� �

� � � #  � ' &� $ � �- � �  � "

x = X( µ, α) = { β < µ | T(G(α , β) ) }

) �  � � " � µ, α ∈ Ord � x & � �  � & � � � !� " #%$ �� � �� � � & � ! � T & �

�  � & � � � !� " #%$ � � � �� �

�� �

. �
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� $  �- �  � � # � ! � �
− �  � � � ) �  �� � &� � � � �� � + �- � !�   � � #� � � � � ! �

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

− �  � & � � �&� � � �- �  �� �&� � � � ) !� " #%$ � � � & �& � �
. �


