
․ ․ ․ ․ ․



2 

 

․ ․

LK−



3 

 

․ ․

․

ELNk ECNk

CN3



4 

 

 

 

 



5 

 



6 

 

 

 

 

 

 



7 

 

 

 

 

 

 



8 

 

 

 

 

 



9 

 

𝓁

𝓁

𝓁 𝓁 𝓁
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∀ 𝓁 𝓁 𝓁 𝓁 𝓁

𝓁 𝓁

ℱ ℱ ℱ

ℱ ℱ ℱ

𝓁 𝓁

𝓁
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𝑬𝒏 =

{(𝝈𝟏, 𝝈𝟐, … , 𝝈𝒏) / 𝝈𝒊 ∈ {𝟎, 𝟏}, 𝟏 ≤ 𝒊 ≤ 𝒏} 𝒑𝒊 𝒑𝒊𝒋(𝒊 ≥ 𝟏;  𝒋 ≥ 𝟏)

¬, &, ∨, ⊃

𝑫 = {𝑲𝟏, 𝑲𝟐, … , 𝑲𝒍}



.=0,=11,=0

1,=1,=1,=01,=0

1,=11,=1,=0,=0

,=1&,=&10,=0&0,=&0
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𝝋 𝑷 = {𝒑𝟏, 𝒑𝟐, … , 𝒑𝒏}

𝑷′ = {𝒑𝒊𝟏 , 𝒑𝒊𝟐 , … , 𝒑𝒊𝒎} 𝟏 ≤ 𝒎 ≤ 𝒏

𝑷

𝜎 = {𝜎1, … , 𝜎𝑚} ⊂ 𝐸
𝑚 𝐾𝜎 = {𝑝𝑖1

𝜎1 , 𝑝𝑖2
𝜎2 , … , 𝑝𝑖𝑚

𝜎𝑚}

𝝋 − 𝟏 𝝋 − 𝟎 𝑝𝑖𝑗  𝜎𝑗 1 ≤

𝑗 ≤ 𝑚 𝜑

𝜑 − 1 𝜑 − 0 𝜑

𝜑

𝐷 = {𝐾1, 𝐾2, … , 𝐾𝑙} 𝜑

𝜑 = 𝐷 𝐾𝑗 1 ≤ 𝑗 ≤ 𝑙 𝜑

                                                           

p 1E
p





0.=,

1,=,
=






ifp

ifp
p
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𝑨𝟏𝑨𝟐…𝑨𝒎

𝑩

𝑨𝟏𝑨𝟐…𝑨𝒎 𝑩

𝑨𝟏𝑨𝟐…𝑨𝒎

𝑩

𝑨𝟏  𝑨𝟐 …𝑨𝒎

𝑩

𝒑𝟏, 𝒑𝟐, 𝒑𝟑…

¬, ⋀, ⋁, ⊃ 𝑻, ⊥

⟶

𝚪⟶ 𝚫 𝚪 𝚫

𝚪 𝚫

𝒑 ⟶ 𝒑 ⟶ 𝑻 ⊥⟶

𝒑 𝑻

⊥

 
𝚪⟶𝚫

𝚪∗⟶𝚫∗
𝚪 ⊇ 𝚪∗ 𝚫 ⊇ 𝚫∗

 
𝚪⟶𝚫,𝐀

¬𝐀,𝚪⟶𝚫
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𝐀,𝚪⟶𝚫

𝚪⟶𝚫,¬𝐀

 
𝐀,𝚪⟶𝚫

𝐀⋀𝐁,𝚪⟶𝚫

𝐁,𝚪⟶𝚫

𝐀⋀𝐁,𝚪⟶𝚫

 
𝚪⟶𝚫,𝐀     𝚪⟶𝚫,𝐁

𝚪⟶𝚫,𝐀⋀𝐁

 
𝐀,𝚪⟶𝚫     𝐁,𝚪⟶𝚫

𝐀⋁𝐁,𝚪⟶𝚫

 
𝚪⟶𝚫,𝐀

𝚪⟶𝚫,𝐀⋁𝐁

𝚪⟶𝚫,𝐁

𝚪⟶𝚫,𝐀⋁𝐁

 
𝚪⟶𝚫,𝐀     𝐁,𝚪⟶𝚫

𝐀⊃𝐁,𝚪⟶𝚫

 
𝐀,𝚪⟶𝚫,𝐁

𝚪⟶𝚫,𝐀⊃𝐁

 
𝚪⟶𝚫,𝐀     𝐀,𝚷⟶𝚲

𝚪,𝚷⟶𝚲,𝚫

𝐋𝐊−

≤ 𝒏 𝐋𝐊𝐧

𝜺



KK  }{pK  }{pK 

K  K  p
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𝑫 = {𝑲𝟏, 𝑲𝟐, … ,𝑲𝒍} {𝑲𝟏, 𝑲𝟐, … ,𝑲𝒍}

∅ 𝜺

𝑲 = {𝑫𝟏, 𝑫𝟐, … , 𝑫𝒔}

𝑲 = {𝑫𝟏, 𝑫𝟐, … , 𝑫𝒔}

𝑫𝒊

𝑫′ ∪ {𝒑} 𝑫′′ ∪ {�̅�} 𝑫′ ∪ 𝑫′′ 𝑫′ 𝑫′′

𝒑

𝑲 = {𝑫𝟏, 𝑫𝟐, … , 𝑫𝒔}

{𝑫𝟏, 𝑫𝟐, … , 𝑫𝒔}

𝑲 = {𝑫𝟏, 𝑫𝟐, … , 𝑫𝒔}

𝒂𝟏𝒙𝟏 +⋯𝒂𝒏𝒙𝒏 = 𝒂𝟎

𝒂𝟎 𝒂𝟏𝒙𝟏 +⋯𝒂𝒏𝒙𝒏
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(𝒂𝟏
(𝟏)
𝒙𝟏 +⋯+ 𝒂𝒏

(𝟏)𝒙𝒏 = 𝒂𝟎
(𝟏)
) ∨ … ∨ (𝒂𝟏

(𝒕)
𝒙𝟏 +⋯+ 𝒂𝒏

(𝒕)𝒙𝒏 = 𝒂𝟎
(𝒕)
)

𝒕 ≥ 𝟎 𝒂𝒊
(𝒋)

𝟎 ≤ 𝒊 ≤ 𝒏, 𝟏 ≤ 𝒋 ≤ 𝒕

 𝒙𝟏…𝒙𝒏

𝒋 ∈ [𝟏, 𝒕] 𝒂𝟏
(𝒋)
𝒙𝟏 +⋯+ 𝒂𝒏

(𝒋)
𝒙𝒏 = 𝒂𝟎

(𝒋)

⋁ 𝒙𝒊𝒊∈𝑰 ∨ ⋁ ¬𝒙𝒋𝒋∈𝑱

𝑰 𝑱

⋁ (𝒙𝒊 = 𝟏)𝒊∈𝑰 ∨ ⋁ (𝒙𝒋 = 𝟎)𝒋∈𝑱 𝑫

�̃�

𝒙𝟏…𝒙𝒏 𝑫

�̃�

𝑲 ≔ {𝑫𝟏, … , 𝑫𝒎}

𝝅 = (𝑫𝟏, … , 𝑫𝒍)

𝑫𝒍 = 𝑫 𝒊 ∈ [𝟏, 𝒍]  𝑫𝒊 = 𝑲𝒋 𝒋 ∈ [𝟏,𝒎]
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𝑫𝒊  (𝒙𝒉 = 𝟎) ∨ (𝒙𝒉 = 𝟏) 𝒉 ∈ [𝟏, 𝒏] 𝑫𝒊

𝑫𝒋, 𝑫𝒌 𝒋, 𝒌 < 𝒊

𝑫 = {𝑲𝟏, 𝑲𝟐, … ,𝑲𝒍}

{
𝒙𝒊 = 𝟎 ∨ 𝒙𝒊 = 𝟏,        𝟏 ≤ 𝒊 ≤ 𝒏

𝑲𝒋
𝟎,                                𝟏 ≤ 𝒋 ≤ 𝒍

A B

1L 2L

1LA 2LB )( 21 LLBA  )( 21 LLBA 

A LA

L

)=(0 kA A A

0)( k

0)( k

 },...,,{= 2
2

1
1

m
imii pppK


1
0K

0=)(
1=

j

ij

m

j

p








 0=1

1=
=)(

jij

jijj

ij ifx

ifx
p
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& & & & & &

∨ &

&

𝑫

𝛷



1L 2L

L

A A
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𝜱

𝜱

𝜱

{𝑫𝟎, 𝑫𝟏, … , 𝑫𝒓} 𝜱

𝑫𝟎 = ∅ 𝒕 (𝟏 ≤ 𝒕 ≤ 𝒓) 𝑫𝒕 𝑫𝒕−𝟏

𝑫𝒕 = 𝑫𝒕−𝟏 ∪ {𝑳𝑨} 𝑳𝑨 𝜱

𝑫𝒕 = 𝑫𝒕−𝟏 ∪ {𝑳} 𝑳 𝜱

𝑫𝒕−𝟏

𝑫𝒕 ⊂ 𝑫𝒕−𝟏

𝝋 𝜱 𝚽 {𝑫𝟏, 𝑫𝟐, … , 𝑫𝒓} 𝚽

𝑫𝟎 = ∅ �̃� ∈ 𝑫𝒓 �̃� 𝝋
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𝝋

|𝝋| 𝝋

|𝝋|

𝚽 𝝋 𝒕𝝋
𝝓
𝒍𝝋
𝝓
𝒔𝝋
𝝓
𝒘𝝋
𝝓

𝚽 𝝋 𝒕 𝒍 𝒔 𝒘

𝜱𝟏 𝜱𝟐

𝜱𝟏 𝐩– 𝐭 𝐩 − 𝐥 𝜱𝟐

 𝐩() 𝜱𝟏 𝜱𝟐

𝛗 𝐭𝛗
𝚽𝟐 ≤ 𝐩(𝐭𝛗

𝚽𝟏) 𝐥𝛗
𝚽𝟐 ≤ 𝐩(𝐥𝛗

𝚽𝟏)
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𝜱𝟏 𝜱𝟐  𝐩– 𝐭 𝐩 − 𝐥

𝜱𝟏 𝐩– 𝐭 𝐩 − 𝐥 𝜱𝟐 𝜱𝟐 𝐩– 𝐭

𝐩 − 𝐥 𝜱𝟏

𝜱𝟏 𝜱𝟐

𝜱𝟐 𝐩 − 𝐥 𝜱𝟏 𝝋𝐧

𝐥𝝋𝐧
𝚽𝟐 > 𝟐𝜣(𝐥𝝋𝐧

𝚽𝟏)։

𝑻𝑻𝑴𝒏,𝒎 = ⋁ ⋀⋁𝒑
𝒊𝒋

𝝈𝒋

𝒏

𝒊=𝟏

𝒎

𝒋=𝟏(𝝈𝟏,𝝈𝟐,…,𝝈𝒏)∈𝑬𝒏

(𝒏 ≥ 𝟏, 𝟏 ≤ 𝒎 ≤ 𝟐𝒏 − 𝟏),

1n m
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𝝋

𝝋

𝒅𝒔(𝝋)

𝝋 𝒅𝒔(𝝋) < |𝝋|

𝝋

𝝋 𝝋

𝝋𝐧(𝐧 ≥ 𝟏)

𝒏𝟎 𝐜 

∀𝐧 ≥ 𝒏𝟎 𝒅𝒔(𝝋𝒏)
𝒄 ≤ |𝝋𝒏| ≤ 𝒅𝒔(𝝋𝒏)

𝒄+𝟏 𝝋𝒏𝟎 , 𝝋𝒏𝟎+𝟏, 𝝋𝒏𝟎+𝟐, …

𝝋𝐧 = 𝐓𝐓𝐌𝐧,𝟐𝒏−𝟏(𝐧 ≥ 𝟏) |𝝋𝒏| =

𝒏(𝟐𝒏 − 𝟏)𝟐𝒏 𝒅𝒔(𝝋𝒏) = 𝟐
𝒏 𝝋𝟑, 𝝋𝟒, 𝝋𝟓, …
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𝑛 𝑚 > 𝑛

𝑃𝐻𝑃𝑚
𝑛

¬𝑃𝐻𝑃𝑚
𝑛

¬𝑃𝐻𝑃𝑚
𝑛 =⋀⋁𝑝𝑖𝑗

𝑗𝑖

∧⋀⋁(¬𝑝𝑖𝑘 ∨ ¬𝑝𝑗𝑘)

𝑖<𝑗𝑘

,

𝑝𝑖𝑗 = 1 𝑖 𝑗

𝑝𝑖𝑗 = 0

𝑛

𝑚 𝑚 − 1

𝐶𝑛,𝑚 = (⋀ (¬𝑝𝑖𝑗 ∨ ¬𝑟𝑖𝑙 ∨ ¬𝑟𝑗𝑙)𝑖<𝑗 )⋀(⋀ ⋁ 𝑟𝑖𝑙𝑙𝑖 ) ⋀(⋀ ⋁ 𝑞𝑘𝑖𝑖𝑘 ) ⋀(⋀ ⋀ (¬𝑞𝑘𝑖 ∨𝑘<𝑘′𝑖

¬𝑞𝑘′𝑖)) ⋀(⋀ ⋀ (𝑝𝑖𝑗 ∨ ¬𝑞𝑘𝑖 ∨ ¬𝑞𝑘′𝑗)𝑘≠𝑘′𝑖 )

𝑖, 𝑗 ∈ {1,… , 𝑛}, 𝑘, 𝑘′ ∈ {1,… ,𝑚}, 𝑙 ∈ {1,… ,𝑚 − 1} 𝑝𝑖𝑗 = 1

𝑖 𝑗 𝑝𝑖𝑗 = 0 𝑞𝑘𝑖 = 1

𝑖 𝑚 𝑘

𝑞𝑘𝑖 = 0 𝑟𝑖𝑙 = 1 𝑖

𝑙
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25 
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․ ․

․

𝑇𝑇𝑀𝑛,𝑚 = ⋁ ⋀⋁𝑥
𝑖𝑗

𝜎𝑗

𝑛

𝑖=1

𝑚

𝑗=1(𝜎1,...,𝜎𝑚)∈𝐸𝑛

(𝑛 ≥ 1, 1 ≤ 𝑚 ≤ 2𝑛 − 1).

φn = 𝑇𝑇𝑀𝑛,2𝑛−1 К𝑛 ¬𝜑𝑛

𝑙К𝑛
𝑅(𝑙𝑖𝑛)

𝑡К𝑛
𝑅(𝑙𝑖𝑛)

22
𝑛−1 𝑙φ𝑛

𝐸(𝑙𝑖𝑛)
𝑡φ𝑛
𝐸(𝑙𝑖𝑛)

22
𝑛−1

𝑇𝑇𝑀𝑛,𝑚 2𝑚

𝑚 ¬𝑇𝑇𝑀𝑛,𝑚

2𝑚 𝑚

𝜑𝑛 = 𝑇𝑇𝑀𝑛,2𝑛−1

𝑡𝜑𝑛
𝐸 > 22

𝑛−1

𝑙𝜑𝑛
𝐸 > (2𝑛 − 1)22

𝑛−1

𝑡𝜑𝑛
𝑅 > 22

𝑛−1

𝑙𝜑𝑛
𝑅 > (2𝑛 − 1)22

𝑛−1

𝜑𝑛 ¬𝜑𝑛

22
𝑛−1

𝑡𝜑𝑛
𝐸(𝑙𝑖𝑛)

> 22
𝑛−1

𝑙𝜑𝑛
𝐸(𝑙𝑖𝑛)

> (2𝑛 − 1)22
𝑛−1
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𝑡К𝑛
𝑅(𝑙𝑖𝑛)

> 22
𝑛−1

𝑙К𝑛
𝑅(𝑙𝑖𝑛)

> (2𝑛 − 1)22
𝑛−1

𝜑𝑛

𝑇𝑇𝑀𝑛,𝑚

𝑛 × 𝑚 (𝑛 ≥ 1 1 ≤ 𝑚 ≤

2𝑛 − 1)

𝑛 × 𝑚 (𝑛 ≥ 1 1 ≤ 𝑚 ≤

2𝑛 − 1)

¬𝑇𝑇𝑀′
𝑛,𝑚 = ⋀ ⋁ ∑ 𝛼(𝑥𝑖𝑗

𝜎𝑖) = 0𝑚
𝑖=1

𝑛
𝑖=1(𝜎1,…,𝜎𝑛) ∈ 𝐸𝑛 (𝑛 ≥ 1 1 ≤ 𝑚 ≤ 2𝑛 − 1)

𝛼(𝑥𝑖𝑗
𝜎𝑖) = {

𝑥𝑖𝑗 ,          𝜎𝑖 = 1

1 − 𝑥𝑖𝑗 , 𝜎𝑖 = 0

𝑙𝜑′𝑛
𝑅(𝑙𝑖𝑛)

𝑡𝜑′𝑛
𝑅(𝑙𝑖𝑛)

22
𝑛−1 ¬𝜑′𝑛 = ¬𝑇𝑇𝑀′

𝑛,2𝑛−1

¬𝑇𝑇𝑀′
𝑛,2𝑛−1
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¬𝑇𝑇𝑀′
2,3

{
 

 
𝑥11 + 𝑥21 = 0                       ∨     𝑥12 + 𝑥22 = 0                        ∨     𝑥13 + 𝑥23 = 0                   

𝑥11 +  1 − 𝑥21 = 0               ∨     𝑥12 +  1 − 𝑥22 = 0               ∨     𝑥13 +  1 − 𝑥23 = 0           
1 −  𝑥11 + 𝑥21 = 0               ∨     1 −  𝑥12 + 𝑥22 = 0               ∨     𝑥13 +  1 − 𝑥23 = 0           

1 − 𝑥11 +  1 − 𝑥21 = 0    ∨     1 − 𝑥12 +  1 − 𝑥22 = 0    ∨     1 − 𝑥13 +  1 − 𝑥23 = 0

{
 

 
𝑥11 + 𝑥21 =  0 ∨  𝑥12 + 𝑥22 = 0 ∨   𝑥13 + 𝑥23 = 0

𝑥21 − 𝑥11 = 1 ∨  𝑥22 − 𝑥12 = 1 ∨  𝑥23 − 𝑥13 =  1
 𝑥11 − 𝑥21 = 1 ∨  𝑥12 − 𝑥22 = 1 ∨  𝑥13 − 𝑥23 =  1

𝑥11 +  𝑥21 =  2 ∨  𝑥12 + 𝑥22 = 2 ∨  𝑥13 + 𝑥23 =  2

                    (1)

𝑥𝑖𝑗 𝑥𝑖𝑗 ∨ 𝑥𝑖𝑗

𝑘 ≠ 0

․

𝐸1, … , 𝐸𝜆

𝑖 ∈ [1, λ] 𝐸𝑖

𝑧 = 𝑎𝑖 𝑎1, … , 𝑎λ

⋁ 𝐸𝑖
λ
𝑖=1 (𝑧 = 𝑎1) ∨ …∨ (𝑧 = 𝑎λ)

λ
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𝑥𝑖 = 0

𝑥𝑖 = 1 𝑥𝑖 =

0 ∨ 𝑥𝑖 = 1

𝑥𝑖

𝑛 ≥ 1 1 ≤ 𝑚 ≤ 2𝑛 − 1

¬𝜑′𝑛 ¬𝑇𝑇𝑀′
𝑛,2𝑛−1

𝑙𝜑′𝑛
𝑅(𝑙𝑖𝑛)

𝑡𝜑′𝑛
𝑅(𝑙𝑖𝑛)

22
𝑛−1 ⧠

𝜑𝑛

․ ․

β = (
𝑥𝑗1, 𝑥𝑗2, … , 𝑥𝑗𝑘
𝑥𝑖1, 𝑥𝑖2, … , 𝑥𝑖𝑘

),

𝑥𝑖𝑚 𝑥𝑗𝑚 𝑘

¬𝜑′𝑛 = ¬𝑇𝑇𝑀
′
𝑛,2𝑛−1
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𝑛 ≥ 1 1 ≤ 𝑗 ≤ 2n − 1 𝑥�̃�

𝑥1𝑗 𝑥2𝑗 𝑥𝑛𝑗

β1 = (
𝑥1̃, 𝑥1̃, … ,  𝑥1̃

𝑥2̃, 𝑥3̃, … ,  𝑥2𝑛−1̃
)

⋮

β𝑗 = (
𝑥�̃�, 𝑥�̃�, … ,  𝑥�̃�,  𝑥�̃�, … ,  𝑥�̃�

𝑥1̃, 𝑥2̃, … , 𝑥𝑗−1̃ ,𝑥𝑗+1̃ ,… ,  𝑥2𝑛−1̃
)        2 ≤ j ≤ 2n − 1 

⋮

β2𝑛−1 = (
 𝑥2𝑛−1̃,  𝑥2𝑛−1̃, … ,  𝑥2𝑛−1̃

𝑥1̃, 𝑥2̃, … ,  𝑥2𝑛−2̃
)

�̃� = {𝜎𝑖, … , 𝜎𝑖} ∈ 𝐸
𝑛, 1 ≤ 𝑖 ≤ 𝑛 1 ≤ 𝑗 ≤ 2𝑛 − 1 ¬𝜑𝑛 =

¬𝑇𝑇𝑀𝑛,2𝑛−1 ∑ 𝛼(𝑥𝑖𝑗
𝜎𝑖)𝑚

𝑖=1 = 0

𝑋𝑗
�̃�: 𝑥𝑖1𝑗 + 𝑥𝑖2𝑗 +⋯+ 𝑥𝑖𝑘𝑗 − 𝑥𝑖𝑘+1𝑗 −⋯− 𝑥𝑖𝑛𝑗 = 𝑘

𝑘 (0 ≤ 𝑘 ≤ 𝑛)  �̃� 𝜋 (1 ≤

𝜋 ≤ 2𝑛 − 1) �̃�𝜋 𝑛

𝜑՛𝑛 𝐾𝑛

𝐷1 ∶  𝑋1
�̃�0 ∨ 𝑋2

�̃�0 ∨ …∨ 𝑋
2𝑛−1
�̃�0

𝐷2𝑛 ∶  𝑋1
�̃�
2𝑛−1 ∨ 𝑋2

�̃�
2𝑛−1 ∨ …∨ 𝑋

2𝑛−1
�̃�
2𝑛−1

𝑝()
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𝑡𝐾𝑛
𝑅(𝑙𝑖𝑛)+𝑟𝑒𝑛𝑎𝑚𝑖𝑛𝑔

≤ 𝑙𝐾𝑛
𝑅(𝑙𝑖𝑛)+𝑟𝑒𝑛𝑎𝑚𝑖𝑛𝑔

≤ 𝑝(|𝐾𝑛|)

𝑡𝜑𝑛
𝐸(𝑙𝑖𝑛)+𝑟𝑒𝑛𝑎𝑚𝑖𝑛𝑔

≤ 𝑙𝜑𝑛
𝐸(𝑙𝑖𝑛)+𝑟𝑒𝑛𝑎𝑚𝑖𝑛𝑔

≤ 𝑝(|𝜑𝑛|)

 𝐾𝑛 2𝑛 − 1 𝛽𝜋

𝐷𝜋 (1 ≤ 𝜋 ≤ 2𝑛 − 1)

𝑋1
𝜎0̃ , 𝑋2

𝜎1̃ , … , 𝑋
2𝑛−1

𝜎2𝑛−2̃
𝐷2𝑛

𝐴 ∨ 𝐵 |𝐵|

𝐴 ∨ 𝐵

(0 = 𝑘) (0 = 𝑘) ∨ 𝐵

𝑙 ≥ 1 𝑐 ≥ 1 𝐴: 2𝑥1 + 2𝑥2 +⋯+ 2𝑥𝑙 = 2𝑙 + 𝑐

2𝑂(𝑙)

𝑥𝑖 = 0 (𝑥𝑖 = 1) (1 ≤ 𝑖 ≤ 𝑙)

2𝑥𝑖 = 0 (2𝑥𝑖 = 2)

2𝑥𝑖 = 0 (2𝑥𝑖 = 2)

𝐴0: 2𝑥2 +⋯+ 2𝑥𝑙 = 2𝑙 + 𝑐

(𝐴1: 2𝑥2 +⋯+ 2𝑥𝑙 = 2(𝑙 − 1) + 𝑐)

․ 𝑥1 = 0 ∨ 𝑥1 = 1 𝐴0 ∨ 𝐴1:



32 

 

𝐴0 ∨ 𝐴1 𝑥2 = 0 ∨ 𝑥2 = 1 𝐴00 ∨ 𝐴10 ∨ 𝐴01 ∨ 𝐴11

𝐴00(𝐴10) 𝐴0(𝐴1)

2𝑥2 = 0 𝐴01(𝐴11)

𝐴0(𝐴1) 2𝑥2 = 2

𝑛 ≥ 1 0 ≤ 𝑘 ≤ 𝑛

𝑥1 +⋯+ 𝑥𝑘 − 𝑥𝑘+1 −⋯− 𝑥𝑛 = 𝑘

𝑥1 +⋯+ 𝑥𝑘 + 𝑥𝑘+1 +⋯+ 𝑥𝑛 = 𝑛

2𝑂(2
𝑛)

𝑋
𝑗

𝜎�̃� 𝐷2𝑛 𝑗

|𝐾𝑛| 𝑂(𝑛2𝑛(2𝑛 − 1))
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𝐸

𝐸

𝐸𝐼 𝐸𝑀
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𝑝 ⟶ 𝑝 ⊥⟶ 𝑝

{
 
 
 
 

 
 
 
 
(𝑝 ⊃ 𝑞) ⟶ 𝑟;  Σ, 𝑝 ⟶⊥

Σ ⟶ 𝑟
(1)

(𝑝 ⊃ 𝑞) ⟶ 𝑟;  Σ, 𝑝 ⟶ 𝑞

Σ ⟶ 𝑟
(𝑝 ⊃ 𝑞) ⟶ 𝑟;  Σ ⟶⊥

Σ⟶ 𝑟
(𝑝 ⊃⊥) ⟶ 𝑟;  Σ, 𝑝 ⟶⊥

Σ⟶ 𝑟 }
 
 
 
 

 
 
 
 

(⊃−)

𝑝 ⊃ 𝑞 ∨ 𝑟;  Γ ⟶ 𝑝;  Σ, 𝑞 ⟶ 𝑠∗;  Π, 𝑟 ⟶ 𝑠∗∗

Γ, Σ, Π ⟶ 𝑠
(∨−)

𝑝, 𝑞 ⟶ 𝑟∗;  Γ ⟶ 𝑝;  Σ ⟶ 𝑞

Γ, Σ ⟶ 𝑟∗
   (𝑐𝑢𝑡)   

𝑝 ⟶ 𝑞;  Γ ⟶ 𝑝

Γ ⟶ 𝑞

(2)
⟶⊥

⟶ 𝑝
(⊥)

𝑝 𝑝∗ 𝑝 ⊥
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𝜑 {𝑝1, 𝑝2, … , 𝑝𝑛}

𝜑

𝑝 ⟶ 𝑞 ∨ 𝑟; (𝑝 ⊃ 𝑞∗) ⟶ 𝑟; 𝑞1, 𝑞2, … , 𝑞𝑘 ⟶ 𝑟∗(⋄)

𝜑 𝑠 

⟶ 𝑠

(⋄)

⟶ 𝜑

Γ⟶⊥

Γ⟶𝐴
𝜑 (⋄)

𝑝

𝑝

𝑝 ∽ 𝑝

𝜑
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𝑝 𝑝 𝑝

𝑝 𝑝

𝑝 𝑝 𝑝 𝑝

𝜑

𝜑 𝜑 − 𝐼 𝜑 −𝑀

⟶ 𝑠

 ⟶ 𝑠 Wtree 

 𝑖 (1 ≤ 𝑖 ≤ 𝑘)

⟶

𝑠 ․ 𝐾𝑖
′

𝐾�̃� 𝐾𝑖
′

𝑝 𝑝

𝐾𝑖

𝐷 = {𝐾𝑖1 , 𝐾𝑖2 , … , 𝐾𝑖𝑡} (𝑡 ≤ 𝑘)

𝜑 − 𝐼

𝜑 −𝑀

𝐼 𝑝 ⊃⊥ (𝑝 ⊃⊥) ⊃⊥ 𝑀
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𝐼 𝑀

𝐼 𝑀

𝐾′ ∪ 𝑝 , 𝐾′′ ∪ 𝑝

𝐾′ ∪ 𝐾′′
𝐼𝜖 − կանոն

(
𝐾′ ∪ (𝑝 ⊃⊥) ⊃⊥, 𝐾′′ ∪ (𝑝 ⊃⊥)

𝐾′ ∪ 𝐾′′
𝑀𝜖 − կանոն),

𝐾′ 𝐾′′ 𝑝

𝐶 𝑝

𝐴

𝐶

𝑆(𝐶)𝑝𝐴

𝑆(𝐶)𝑝
𝐴 𝐶 𝑝

𝐶1  ∪  {𝐴}𝐶2  ∪  {�̅�}

𝐶1  ∪  𝐶2
,

𝐴

𝐸 𝐸𝐼 𝐸𝑀 𝑺𝑬𝑪

𝑺𝑬𝑰 𝑺𝑬𝑴 𝑙

𝑙

𝑺𝑙𝑬𝑪 𝑺𝑙𝑬𝑰 𝑺𝑙𝑬𝑴
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𝓕𝑪

𝓕𝑰 (𝓕𝑴)

𝑳𝑲

𝐿𝐾

𝐿𝐾− 𝐿𝐾 𝐿𝐾𝑙

𝐿𝐾

𝑙

𝐿𝐼 (𝐿𝐼−, 𝐿𝐼𝑙) 𝐿𝑀 (𝐿𝑀−, 𝐿𝑀𝑙)

𝐸, 𝐸𝐼, 𝐸𝑀

𝑳𝑲−

𝜑 𝜑

𝐿𝐾−

𝐶 = {𝐾1, 𝐾2, … , 𝐾𝑛} 𝐶′ = {𝐾1
′, 𝐾2

′ , … , 𝐾𝑚
′ }

𝐶 × 𝐶′ {𝐾𝑖 ∪ 𝐾𝑗
′ / 1 ≤ 𝑖 ≤

𝑛, 1 ≤ 𝑗 ≤ 𝑚} 𝜑 (𝜑)1 (𝜑)0 𝜑 − 1

𝜑 − 0

(¬𝜑)0 = (𝜑)1 (¬𝜑)1 = (𝜑)0

(𝜑 ∧ 𝜓)0 = (𝜑)0 ∪ (𝜓)0 (𝜑 ∧ 𝜓)1 = (𝜑)1 × (𝜓)0

(𝜑 ∨ 𝜓)0 = (𝜑)0 × (𝜓)0 (𝜑 ∨ 𝜓)1 = (𝜑)1 ∪ (𝜓)1

(𝜑 ⊃ 𝜓)0 = (𝜑)1 × (𝜓)0 (𝜑 ⊃ 𝜓)1 = (𝜑)0 ∪ (𝜓)1
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𝜑 𝜑

𝐿𝐾− ․

𝜑 𝐿𝐾−

𝜑 𝜑

𝜑 −

𝜑

 

𝐿𝐾−

 𝐿𝐾

 

𝐿𝐾−  𝐿𝐾𝑙/ 

𝑆𝑙𝐸𝐶

Γ ¬¬Γ Γ

¬𝜑 (¬¬𝜑)

𝜑 ⊃⊥ (((𝜑 ⊃⊥) ⊃⊥)) 𝝋𝒐 𝜑 𝑜

𝜑 ¬γ
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𝛾 ⊃⊥ 𝚪օ Γ 𝑜

Γ ⟶ Δ ¬¬Γ ⟶

¬¬Δ /Γo ⇒ Δo/

𝐿𝐼𝑙  𝐿𝑀𝑙

𝑆𝑙𝐸𝐼 𝑆𝑙𝐸𝑀/ 

𝑙 ≥ 1 𝑚 𝑚

Γ⟶ Δ

 Γ ⟶ Δ Ο(𝑚2) 𝐿𝐾𝑙

 Γ ⟶ Δ 𝐿𝐾𝑙−1 2√𝑚 𝑙⁄

𝑐𝑖
𝑗
 (𝑖, 𝑗 = 1,2, … ) 𝑘 = 𝑙 + 1

𝐺𝑖 =⋁𝑐𝑖
ℎ

𝑘

ℎ=1

,             𝐹𝑖 =⋀𝐺ℎ

𝑖

ℎ=1

,

𝐴1
𝑗
= 𝑐1

𝑗
,              𝐴𝑖+1

𝑗
= 𝐹𝑖 ⊃ 𝑐𝑖+1

𝑗
:
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⋁ 𝐴1
ℎ

𝑘

ℎ=1
, … ,⋁ 𝐴𝑛−1

ℎ
𝑘

ℎ=1
,⋁ 𝐴𝑛

ℎ
2

ℎ=1
⟶ 𝑐𝑛

1, 𝑐𝑛
2։

𝑙 ≥ 1

𝑙 + 1

𝑙 ≥ 1 𝑆𝑙𝐸𝐶 𝐿𝐾𝑙 𝑆𝑙𝐸𝐼 𝐿𝐼𝑙 𝑆𝑙𝐸𝑀 𝐿𝑀𝑙

𝐿𝐾− 𝐸

𝐿𝐾𝑙 𝑆𝑙𝐸𝐶

𝐶1  ∪  {𝐴}        𝐶2  ∪  {�̅�}

𝐶1  ∪  𝐶2

⟶ 𝐶1, 𝐴       𝐴 ⟶ 𝐶2
⟶ 𝐶1, 𝐶2

:

𝐿𝐾 (𝐿𝐼, 𝐿𝑀)

ℱ𝐶 (ℱ𝐼, ℱ𝑀)

𝐿𝐾 ℱ𝐶
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∀𝑙 ≥ 0 𝑆𝑙+1𝐸𝐶 (𝑆𝑙+1𝐸𝐼, 𝑆𝑙+1𝐸𝑀)

𝑆𝑙𝐸𝐶 𝑆𝑙𝐸𝐼 𝑆𝑙𝐸𝑀

𝑆𝐸𝐶 𝑆𝐸𝐼 𝑆𝐸𝑀

ℱ𝐶 (ℱ𝐼, ℱ𝑀)

⧠

𝐸 𝑅

𝑆𝑅𝐶 𝑆𝑅𝐼 𝑆𝑅𝑀 𝑆𝑙𝑅𝐶 𝑆𝑙𝑅𝐼

𝑆𝑙𝑅𝑀

𝐸

𝑅
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𝑛

𝛺(𝑛2)

𝛺(𝑛)

𝜑𝑛

|𝜑𝑛|√
|𝜑𝑛|

log2
3(|𝜑𝑛|)

𝐹

𝑆𝑓(𝐹)

𝐹 𝜑 ∈ 𝑆𝑓(𝐹) 𝑝

𝐹𝜑
𝑝 𝐹 𝜑 𝑝

𝜑 ∈ 𝑆𝑓(𝐹) 𝐹𝜑
𝑝 𝐹

𝑉𝑎𝑟(𝐹) 𝐹
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𝐹 𝑝 ∉ 𝑉𝑎𝑟(𝐹)

𝜑 ∈ 𝑆𝑓(𝐹) 𝜑 𝐹 𝐹𝜑
𝑝

𝐸𝑠𝑠𝑓(𝐹) 𝐹

𝐹

𝐸𝑠𝑠𝑓(𝐹) = 𝑆𝑓(𝐹)

𝓕

𝐴1𝐴2…𝐴𝑚

𝐵
(𝑚 ≥ 0)

𝑚 = 0

𝐹  𝜑 ∈ 𝐸𝑠𝑠𝑓(𝐹) 𝐹

𝓕 𝜑

𝐴1𝐴2…𝐴𝑚

𝐵

𝐴1 ⊃ (𝐴2 ⊃ (…(𝐴𝑚 ⊃ 𝐵)… ))

𝐴1 ⊃ (𝐴2 ⊃ (… (𝐴𝑚 ⊃ 𝐵)… )) 𝐴𝑖 ⊃ (…(𝐴𝑚 ⊃

𝐵)… ) 2 ≤ 𝑖 ≤ 𝑚

𝓕

𝓕

𝓕

𝓕 𝓕

𝓕 𝓕
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𝐴   𝐴⊃𝐵

𝐵

𝐵 𝐴 𝐴 ⊃ 𝐵

𝐴 𝐴 ⊃ 𝐵

𝐵

𝑚

𝑚 𝒎

𝓕
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𝓕

𝑟 𝓕 𝓕

𝓕

𝑟

𝓕 𝒓 = 𝑖𝑑(ℱ) 𝓕

𝐴1𝐴2…𝐴𝑚

𝐵
𝒓

𝐴1𝐴2…𝐴𝑟

𝐵

𝓕 𝓕

𝓕
𝐴1𝐴2…𝐴𝑟

𝐵

𝓕 𝐴1 ⊃ (𝐴2 ⊃ (…(𝐴𝑟 ⊃ 𝐵)… ))

𝓕

𝑡 𝓕
𝐴1𝐴2…𝐴𝑟

𝐵

𝐴1 ⊃ (𝐴2 ⊃ (…(𝐴𝑟 ⊃ 𝐵)… )) (𝐴2 ⊃ (…(𝐴𝑟 ⊃ 𝐵)… )) (𝐴𝑟 ⊃ 𝐵)

𝐴1, 𝐴2, … , 𝐴𝑟

𝐵 𝓕

𝐴1, 𝐴2, … , 𝐴𝑚 𝐵 𝑟

𝐴1, 𝐴2, … , 𝐴𝑚 𝐵 𝐴1 ⊃ (𝐴2 ⊃ (… (𝐴𝑟 ⊃ 𝐵)… )) (𝐴2 ⊃

(…(𝐴𝑟 ⊃ 𝐵)… )) (𝐴𝑟 ⊃ 𝐵)
𝐴1𝐴2…𝐴𝑚

𝐵

𝓕

 𝓕

 

𝑟

𝑡 +  𝑡𝑟 = 𝑡(1 +  𝑟)
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𝓕

𝓕 𝓕

𝐹

𝑑𝜑(𝐹)

 𝑑𝐹(𝐹) = 0

 𝑑𝜑(𝐹) = 𝑘 𝜑 = 𝜑1 ∗ 𝜑2 ∗

𝑑𝜑1(𝐹) = 𝑑𝜑2(𝐹) = 𝑘 + 1

 𝑑𝜑(𝐹) = 𝑘 𝜑 = ¬𝜑1 𝑑𝜑1(𝐹) = 𝑘 + 1

𝐹

𝜑

𝜑

𝝋

𝜑

𝜑

𝑪𝒅(𝝋)

𝐹
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𝛿 = (𝛿1, 𝛿2, … , 𝛿𝑛)

(𝛿1, 𝛿2, … , 𝛿𝑛, 1)

(𝛿1, 𝛿2, … , 𝛿𝑛, 0)

𝑭 − �̃� 𝐹 𝛿

𝑺(𝑭 − �̃�/𝑨(𝒙)) 𝐴

𝐹 − 𝛿

�̃�

 (𝑆(𝐵 − 𝛿/𝐴(𝑥)), 𝐵) 𝐴 − 𝛿 = 𝑥 𝐵 − 𝛿

 (𝐴, 𝑆(𝐴 − 𝛿/ 𝐵(𝑦)) 𝐵 − 𝛿 = 𝑦 𝐴 − 𝛿

 

�̃�

�̃�

𝑳(𝑭) 𝐹

𝐴, 𝐵 𝐿(𝐴)⋂𝐿(𝐵) ≠ ∅

𝐶 𝐿(𝐶) = 𝐿(𝐴)⋂𝐿(𝐵)

𝐶

�̃�

𝐶

�̃� 𝐶 = 𝐴

𝐿(𝐴)⋂𝐿(𝐵 − (1,0)) ≠ ∅ 𝐶

𝐿(𝐶) = 𝐿(𝐴)⋂𝐿(𝐵 − (1,0))

𝐶
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𝐶 = 𝐴

𝐹

𝒇(𝑭)

𝒉(𝑭)

𝐹

𝐶𝑑(𝐹) ≤ 𝐶𝑑(𝐴) + 2𝑓(𝐵 − (1,1))ℎ(𝐵 −

(1,1))

𝐹

𝐶𝑑(𝐹) ≤ 4𝑓(𝐵 − (1,1))ℎ(𝐵)

𝐹

𝐹
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𝐹

𝐴 ⊃ 𝐹 𝐹

𝑑𝛼(𝐹) ≤ 𝑑𝛼(𝐴) + ℎ(𝐵 − (1,1))

𝑓(𝐵 − (1,1)) 𝐹

𝐴 ⊃ 𝐹 𝑑β(𝐹) ≤ ℎ(𝐵 − (1,1))

𝑓(𝐵 − (1,1))

𝐶𝑑(𝐹) ≤ 𝛴𝑑𝛼(𝐹)  +  𝛴𝑑β(𝐹)  ≤  𝐶𝑑(𝐴) + 2𝑓(𝐵 − (1,1))ℎ(𝐵 − (1,1))

𝐹

𝐹

𝐴՛ ⊃ 𝐹

𝐹 𝑑𝛼(𝐹) ≤ 𝑚𝑖𝑛(ℎ(𝐵 −

(1,0)), ℎ(𝐴)) + ℎ(𝐵 − (1,1)) ≤ ℎ(𝐵 − (1,0)) + ℎ(𝐵 − (1,1)) ≤ 2ℎ(𝐵)

𝛴𝑑𝛼(𝐹) ≤ 2 𝑓(𝐵 − (1,1)ℎ(𝐵) 𝛴𝑑𝛽(𝐹)

𝐶𝑑(𝐹) ≤ 𝛴𝑑𝛼(𝐹) + 𝛴𝑑β(𝐹) ≤ 2𝑓(𝐵 − (1,1))ℎ(𝐵) + 2𝑓(𝐵 − (1,1))ℎ(𝐵 − (1,1)) ≤ 4𝑓(𝐵 −

(1,1))ℎ(𝐵)

𝓕

𝐹 𝐹

𝐶𝑑(𝐹) ≤ 𝒄𝒕

𝓕 𝐹

𝑡

𝓕 𝓕

𝐹 𝒕՛ 𝒕՛ ≤ 𝒄𝟏𝒕
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𝒄𝟏

 

 

 

 

𝐴1 ⊃ (𝐴2 ⊃ (… (𝐴𝑟 ⊃ 𝐵)… ))

𝓕

𝓕

𝐴1 ⊃ (𝐴2 ⊃ (…(𝐴𝑟 ⊃ 𝐵)… ))

�̃�
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𝓕

𝐶𝑑(𝐹)  ≤ 4(𝒄’)2𝒓𝒌

𝐹𝑖 𝐶𝑑(𝐹𝑖) ≤ 2𝑐’ +

𝒓2(𝑐’)2 ≤ 4(𝑐’)2𝒓

𝐹

𝐹𝑠

𝐶𝑑(𝐹) ≤ 𝐶𝑑(𝐹𝑠) + 𝑟4(𝑐՛)
2 ≤ 𝑟4(𝑐’)2(𝑘 − 1) + 𝑟4(𝑐’)2 ≤ 4(𝑐’)2𝑟𝑘 ≤

 4(𝑐’)2𝑟(𝑡՛/𝑟) ≤  4(𝑐’)2𝑐1𝑡 4(𝑐’)2𝑐1

𝜑𝑛 =

𝑇𝑇𝑀𝑛,𝑚

𝑇𝑇𝑀𝑛,𝑚 = ⋁ ⋀⋁𝑝
𝑖𝑗

𝜎𝑗

𝑛

𝑖=1

𝑚

𝑗=1(𝜎1,𝜎2,…,𝜎𝑛)∈𝐸𝑛

(𝑛 ≥ 1, 1 ≤ 𝑚 ≤ 2𝑛 − 1):

𝐶𝑑(𝜑𝑛) = Θ(2
3𝑛)

𝜓𝜎
𝑗
= ⋁ 𝑝

𝑖𝑗

𝜎𝑗𝑛
𝑖=1 𝜎 = (𝜎1, … , 𝜎𝑛) 𝜑𝑛

𝜑𝑛 = ⋁ ⋀ 𝜓𝜎
𝑗

2𝑛−1

𝑗=1𝜎∈𝐸𝑛

:
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𝜑𝑛 = ⋀ 𝜓
𝜎1
𝑗

2𝑛−1

𝑗=1

∨ (⋀ 𝜓
𝜎2
𝑗

2𝑛−1

𝑗=1

∨ (…∨ (⋀ 𝜓
𝜎2

𝑛
𝑗

2𝑛−1

𝑗=1

))…),

⋀ 𝜓
𝜎𝑘
𝑗

2𝑛−1

𝑗=1

= (𝜓
𝜎𝑘
1 ∧ (𝜓

𝜎𝑘
2 ∧ (…∧ 𝜓

𝜎𝑘
2𝑛−1)… )):

𝜓𝜎
𝑗
= ⋁ 𝑝

𝑖𝑗

𝜎𝑗𝑛
𝑖=1

𝑑𝑒𝑝𝑡ℎ(𝜓
𝜎𝑘
𝑗
) = 𝑘 + 𝑗

𝜑𝑛

𝐶𝑑(𝜑𝑛) = ∑ ∑ 𝑘 + 𝑗

2𝑛−1

𝑗=1

2𝑛

𝑘=1

=∑(𝑘 + (2𝑛 − 1)2𝑛−1)

2𝑛

𝑘=1

= 2𝑛−1(2𝑛 + 1) + 2𝑛(2𝑛 − 1)2𝑛−1 = Θ(23𝑛)

𝑡𝜑𝑛
𝐹 = Ω(|𝜑𝑛|√

|𝜑𝑛|

log2
3(|𝜑𝑛|)

)

𝐶𝑑(𝜑𝑛) = Θ(23𝑛)

𝑡𝜑𝑛
𝐹 = Ω(23𝑛) = Ω(

𝑛22𝑛√𝑛22𝑛

√𝑛3
) = Ω(|𝜑𝑛|√

|𝜑𝑛|

𝑛3
) = Ω(|𝜑𝑛|√

|𝜑𝑛|

(log2(𝑛) + 2𝑛)3
) =

=  Ω(|𝜑𝑛|√
|𝜑𝑛|

log2
3(|𝜑𝑛|)

):
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𝐸𝑘 {0,
1

k−1
, … ,

k−2

k−1
, 1}

𝐸𝑘

∧, ∨, ⊃,¬ ~

𝑝 ∨ 𝑞 = 𝑚𝑎𝑥(𝑝, 𝑞) 𝑝 ∨ 𝑞 = [(𝑘 − 1)(𝑝 + 𝑞)](𝑚𝑜𝑑 𝑘)/(𝑘 − 1)

𝑝 ∧ 𝑞 = 𝑚𝑖𝑛(𝑝, 𝑞) 𝑝 ∧ 𝑞 = 𝑚𝑎𝑥 (𝑝 + 𝑞 − 1, 0)

𝑝 ⊃ 𝑞 = {
1,                 𝑝 ≤ 𝑞
1 − 𝑝 + 𝑞, 𝑝 > 𝑞

𝑝 ⊃ 𝑞 = {
1,      𝑝 ≤ 𝑞
𝑞,        𝑝 > 𝑞

~𝑝 = 1 − 𝑝 ¬𝑝 = ((𝑘 − 1)𝑝 + 1)(𝑚𝑜𝑑 𝑘)/(𝑘 − 1)

¬𝑝 �̅�
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𝑝 δ =
𝑖

k−1
0 ≤ 𝑖 ≤ 𝑘 − 1

𝑝δ (𝑝 ⊃ δ) ∧ (δ ⊃ 𝑝)

𝑝δ   𝑝 (𝑘 − 1)– 𝑖

1

2
 ≤

𝒊

𝐤−𝟏
≤ 1

𝑝1, 𝑝2, … , 𝑝𝑛 𝜑

𝟏 − 𝒌 (≥ 𝟏/𝟐 − 𝒌

𝛿 = (𝛿1, 𝛿2, … , 𝛿𝑛) ∈ 𝐸𝑘
𝑛

𝑝յ 𝛿 1 ≤ 𝑗 ≤ 𝑛 𝜑
1

2
 ≤

𝑖

k−1
≤ 1

𝑇𝑇𝑀𝑛,𝑚

𝟏 − 𝒌 (≥ 𝟏/𝟐 − 𝒌

𝑬𝑳𝑵𝒌

𝑬𝑪𝑵𝒌
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𝑬𝑳𝑵𝟑 𝟏 𝟐⁄

𝟏 𝟐⁄

𝑬𝑪𝑵𝟑 𝟏 𝟐⁄

𝟏 𝟐⁄

𝑪𝑵𝟑

․ ․

𝑝𝑖(𝑖 ≥ 1) 𝑝𝑖𝑗(𝑖 ≥ 1; 𝑗 ≥ 1)

∧, ∨, ⊃,¬ ~

∧ ∨ ⊃

⊃ ⊃ ⊃

․
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¬0 = 1
2⁄ ¬(1 2⁄ ) = 1 ¬1 = 0 ¬¬¬𝜓 = 𝜓

~0 = 1 ~(1 2⁄ ) =
1
2⁄ ~1 = 0 ~~𝜓 = 𝜓

․

1
2⁄ ∧ 𝜓 = 𝜓 ∧ 1 2⁄ ≤ 1 2⁄ , 1

2⁄ ∨ 𝜓 = 𝜓 ∨ 1 2⁄ ≥ 1 2⁄ ,

𝜓 ⊃ 0 = ¬𝑠𝑔𝜓 1
2⁄ ⊃ 𝜓 = 𝑠𝑔𝜓,     𝜓 ⊃ 1 2⁄ ≥ 1 2⁄

¬𝑠𝑔𝜓 𝜓

𝑠𝑔𝜓 𝜓

𝑝 𝑝0

𝑝
1
2⁄ 𝑝1

𝜑 𝑃 = {𝑝1, 𝑝2, … , 𝑝𝑛}

𝑃′ = {𝑝𝑖1 , 𝑝𝑖2 , … , 𝑝𝑖𝑚} (1 ≤

𝑚 ≤ 𝑛) 𝑃

�̃� = (𝜎1, 𝜎2, … , 𝜎𝑚) ∈ 𝐸3
𝑚 𝐾𝜎 =

{𝑝𝑖1
𝜎1 , 𝑝𝑖2

𝜎2 , … , 𝑝𝑖𝑚
𝜎𝑚} 𝜑 − 1 𝜑 − 0 𝜑 − 1 2⁄

𝜎𝑗  (1 ≤ 𝑗 ≤ 𝑚) 𝑝𝑖𝑗

𝜑 1
2⁄

𝑝1 ⊃ (𝑝2 ⊃ (𝑝3 ⊃ 𝑝1)) 𝑝1
1 𝑝1

0 և 𝑝1
1
2⁄

𝑝1
1 𝑝1

0

𝑝1
1
2⁄
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𝐷 = {𝐾1, 𝐾2, … , 𝐾𝑖} 𝜑

𝜑  𝐷

1

2
 ≤

𝒊

𝐤−𝟏
≤ 1

𝐾𝑗(1 ≤ 𝑖 ≤ 𝑗)
𝒊

к−𝟏
− որոշիչ է 𝜑

 𝜑 𝜑

𝜑

𝑘𝑚

 𝜑

𝜑 𝜑

𝑘𝑚

․

𝑬𝑳𝑵𝒌 𝑬𝑪𝑵𝒌

𝜑

𝜀

𝐾′ ∪ 𝐾′′ ∪ 𝐾′′′ 𝐾′ ∪ {𝑝1} 𝐾′′ ∪ {𝑝
1
2⁄ } 𝐾′′′ ∪ {𝑝0}

𝐾′ 𝐾′′ 𝐾′′′ 𝑝

𝐸𝐿𝑁3 𝐸𝐶𝑁3

𝐸𝐿𝑁𝑘 𝐸𝐶𝑁𝑘
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ε

𝐷 = {𝐾1, 𝐾2, … , 𝐾𝑙}

ε ∅

 𝑪𝑵𝟑

 𝛼1 ∧ (𝛼1 ∧ …∧ (𝛼𝑚−1 ∧ 𝛼𝑚)… ) ⊃ 𝛼𝑖 , 𝑚 ≥ 1, 1 ≤ 𝑖 ≤ 𝑚

 

 (K ⊃ ασ1) ⊃ ((K ⊃ βσ2) ⊃ (K ⊃ (α ⊃ β)φ⊃(α,β,σ1,σ2)))

 (K ⊃ ασ1) ⊃ ((K ⊃ βσ2) ⊃ (K ⊃ (α ∨ β)φ∨(α,β,σ1,σ2)))

 (K ⊃ ασ1) ⊃ ((K ⊃ βσ2) ⊃ (K ⊃ (α ∧ β)φ∧(α,β,σ1,σ2)))

 (K ⊃ ασ1) ⊃ ((K ⊃ βσ2) ⊃ (K ⊃ (αβ)
φexp(α,β,σ1,σ2)

)

 (K ⊃ ασ) ⊃ (K ⊃ ¬α)σ̅

 

 (δ ∧ K ⊃ φ) ⊃ ((δ̅ ∧ K ⊃ φ) ⊃ ((δ̿ ∧ K ⊃ φ) ⊃ (K ⊃ φ))),

 (γ ⊃ φ) ⊃ ((γ̅ ⊃ φ) ⊃ ((γ̿ ⊃ φ) ⊃ φ)),

 𝜑

 αi (1 ≤ i ≤ m) γ α, β, δ

σ, σ1, σ2 ∈ {0,
1
2⁄ , 1}

 𝐾 = β1  ∧  (β2 ∧ …∧ (βl−1 ∧ βl)… ), (l ≥ 1) βi (1 ≤ i ≤ l)

 𝛽1  ∧  (𝛽2  ∧ …∧ (𝛽𝑙−1  ∧  𝛽𝑙)… ) ⊃ 𝜓

{𝛽1, … , 𝛽𝑙} 𝜓
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 𝐾 = 𝛽1  ∧  𝛽2  ∧ …∧ 𝛽𝑘

𝐾𝑠𝑒𝑡 = {𝛽1, … , 𝛽𝑛} 𝛿 ∉

𝐾𝑠𝑒𝑡 𝛿 ∪ 𝐾𝑠𝑒𝑡 𝜑 𝐾𝑠𝑒𝑡 𝜑

 φ⊃(A, B, σ1, σ2) = (σ1 ⊃ σ2) ∧ (¬(A ∨ A̅)⋁(B̿ ⊃ B)) ∨ (¬(A ∨ A̿) ∧ ¬(B ∨ B̿))

 φ∨(A, B, σ1, σ2) = (σ1 ∨ σ2) ∨ ((A ⊃ A̅) ∧ ¬(B̅ ∨ B̿)) ∨ (¬(A̅ ∨ A̿)  ∧  (B ⊃ B̅))

 φ∧(A, B, σ1, σ2) = (σ1 ∧ σ2) ∨ ((A ∧ A̿) ∨ (B ∧ B̅)) ∨ ((A ∧ A̅) ∨ (B ∧ B̿)

 φexp(A, B, σ1, σ2) = σ1
σ2 ∨ (¬(σ1

σ2) ∧ ¬(¬(Aσ1 ∧ B̅σ2) ∨ ¬¬(Aσ1 ∧ B̅σ2)))

 

𝐴   𝐴 ⊃ 𝐵

𝐵
:

𝜑

𝐂𝐍𝐤 𝑘 ≥ 4

𝜑 Φ {𝐷0, 𝐷1, … , 𝐷𝑟} Φ

�̃� ∈ 𝐷𝑟 𝜑 𝐸𝐿𝑁𝑘 (𝐸𝐶𝑁𝑘)

𝜑 CNk

𝑇𝑇𝑀𝑛,𝑚
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�̃� = (𝜎1, 𝜎2, … , 𝜎𝑚) ∈ 𝐸𝑘
𝑚 δ =

𝑖

k−1
 (0 ≤ 𝑖 ≤ 𝑘 − 1)

δ δ 𝜎δ̃

𝜎𝑗  (1 ≤ 𝑗 ≤ 𝑚) 𝜎𝑗
δ 𝐸𝐿𝑁𝑘

𝐸𝐶𝑁𝑘 CNk

δ δ δ

δ =
𝑖

k−1
(0 ≤ 𝑖 ≤ 𝑘 − 1) δ

�̃� = (𝜎1, 𝜎2, … , 𝜎𝑚) ∈ 𝐸𝑘
𝑚 δ =

𝑖

k−1
 (0 ≤ 𝑖 ≤ 𝑘 − 1)

|�̃�(δ)| δ �̃�

𝐸𝐿𝑁𝑘 𝑇𝑇𝑀𝑛,𝑚 𝐿𝑘𝑇𝑇𝑀𝑛,𝑚

𝐸𝐶𝑁𝑘 𝐶𝑘𝑇𝑇𝑀𝑛,𝑚

𝑡, 𝑙, 𝑠, 𝑤

𝐸𝐿𝑁𝑘

𝑛 × 𝑚 0, 1 2⁄ , 1

δ

𝑚 ≤ 𝑓(𝑛) 𝑓(𝑛)

f(1) = 1 f(n + 1) = f(n) + [f(n)/2] + 1։
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n n = 1 m = 1

n n + 1

δ ∈ {0, 1 2⁄ , 1} |σ̃(δ)| ≥ [(m + 2)/3]

δ δ

[(m + 2)/3] [(m +

2)/3]

n m1 ≤ [(2m − 2)/3]

m = f(n + 1) = f(n) + [f(n)/2] + 1

m1 ≤ [(2m − 2)/3] ≤ f(n) n × f(n)

m > f(n)

n = 1,m = 2

n × m k ≥ 4

𝑚 ≤ 𝑓(𝑛)

𝑓(𝑛)

f(1) = 1 f(n + 1) = f(n) + [f(n)/(k − 1)] + 1։

f(n + 1) = f(n) + [f(n)/(k − 1)] + 1 ≥ f(n) + f(n)/

(k − 1) = kf(n)/(k − 1) ≥ ⋯ ≥ kn/(k − 1)n > k[n/k]

𝐸𝐿𝑁𝑘 1 − 𝑘

1
2⁄
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𝐿𝑘𝑇𝑇𝑀𝑛,𝑚 = ⋁ ⋀ ⋁ 𝑝𝑖𝑗
𝜎𝑗𝑛

𝑖=1
𝑚
𝑗=1(𝜎1,𝜎2,…,𝜎𝑛)∈𝐸𝑘

𝑛 𝑛 ≥ 1,𝑚 ≤ k[n/k]

𝐸𝐿𝑁3 𝑛 𝜑

𝑠𝜑 = Ο(𝑛2) 𝑠𝜑 = Ω(𝑛)

𝜑 𝐷

𝐷

𝑝1
0, 𝑝1

0, … , 𝑝1      
0 𝑝1

0, 𝑝2
0, … , 𝑝𝑛

1
2⁄       𝑝1

0, 𝑝2
0, … , 𝑝𝑛

1        ………       𝑝1
1, 𝑝2

1, … , 𝑝𝑛
1

3𝑘

3𝑘−1

𝑝𝑛

𝑝𝑛−1

 𝑛 + 1

𝑐𝑙 (1 ≤ 𝑙 ≤ 𝑛) 𝑙

𝑐′, 𝑐′′ 𝑐′′′

𝑠(𝑐𝑙) = 𝑠(𝑐
′) + |𝑐′′| + |𝑐′′′| = |𝑐′| + 𝑠(𝑐′′) + |𝑐′′′| = |𝑐′| + |𝑐′′| + 𝑠(𝑐′′′)

𝑙 𝑛 − 𝑙

𝑠(𝑐𝑙) = 𝑠(𝑐′) + 2(𝑛 − (𝑙 − 1))

𝑆(𝑙) 𝑙

․

𝑆(𝑙) = 𝑆(𝑙 − 1) + 2(𝑛 − 𝑙 + 1)

𝑛

․
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𝑠 ≤ 𝑆(𝑛) = 𝑆(𝑛 − 1) + 2 = 𝑆(𝑛 − 2) + 2(2 + 1) = ⋯ = 2(1 + 2 +⋯+ 𝑛) = Ο(𝑛2)

𝑠𝜑 = Ω(𝑛)

𝜑𝑛   1 − 𝑘 𝑘 ≥ 3

𝐸𝐿𝑁𝑘

 logk(|φn|) = θ(n)

 𝑙ogklogk(t(φn)) = θ(n)

 𝑙ogklogk(l(φn)) = θ(n)

 𝑙ogk(s(φn)) = θ(n)

 𝑙ogk(w(φn)) = θ(n).

𝝋𝒏

𝑳𝒌𝑻𝑻𝑴𝒏,𝒎 (𝒏 ≥ 𝟏,𝒎 = 𝒌[𝒏/𝒌])

𝜑𝑛

𝜑𝑛

𝜑𝑛 𝑛𝑘𝑛𝑘[𝑛/𝑘]

𝜑𝑛 𝑘[𝑛/𝑘]

𝜑𝑛

𝑘𝑘
[𝑛/𝑘]

𝑘𝑘
[𝑛/𝑘]

ECNk

𝑛 ×𝑚 0, 1 2⁄ , 1

𝑚 ≤ 𝑓(𝑛)

𝑓(𝑛)

f(1) = 1 f(n + 1) = f(n) + [f(n)/2] + 1։
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m > f(n)

n ×m k ≥ 4

𝑚 ≤ 𝑓(𝑛)

𝑓(𝑛)

f(1) = 1 f(n + 1) = f(n) + [f(n)/(k − 1)] + 1։

f(n + 1) = f(n) + [f(n)/(k − 1)] +

1 ≥ f(n) + f(n)/(k − 1) = kf(n)/(k − 1) ≥ ⋯ ≥ kn/(k − 1)n > k[n/k]

𝐸𝐶𝑁𝑘 1 − 𝑘

𝐶𝑘𝑇𝑇𝑀𝑛,𝑚 = ⋁ ⋀ ⋁ 𝑝𝑖𝑗
𝜎𝑗𝑛

𝑖=1
𝑚
𝑗=1(𝜎1,𝜎2,…,𝜎𝑛)∈𝐸𝑘

𝑛 𝑛 ≥ 1,𝑚 ≤ k[n/k]

𝐸𝐶𝑁3 𝑛 𝜑

𝑠𝜑 = Ο(𝑛2) 𝑠𝜑 = Ω(𝑛)

CNk 𝐸𝐶𝑁𝑘

𝑘 = 3

𝑘 ≥ 4

𝐸𝐶𝑁3 𝜑

𝜑 CN3
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𝑡 𝑠 𝑤

∗ |φ| 𝑙 ∗ |φ|2

CN3

φ φ

φ

𝐸𝐶𝑁3 CN3

φ

φ

φn 1 − k k ≥ 3

ECNk CNk

 𝑙ogk(|φn|) = θ(n)

 𝑙ogklogk(t(φn)) = θ(n)

 𝑙ogklogk(l(φn)) = θ(n)

 𝑙ogk(s(φn)) = θ(n)

 𝑙ogk(w(φn)) = θ(n).

𝝋𝒏

𝑪𝒌𝑻𝑻𝑴𝒏,𝒎 (𝒏 ≥ 𝟏,𝒎 = 𝒌[𝒏/𝒌])

𝜑𝑛

𝜑𝑛

𝜑𝑛 𝑛𝑘𝑛𝑘[𝑛/𝑘]

𝜑𝑛 𝑘[𝑛/𝑘]

𝜑𝑛 𝑘𝑘
[𝑛/𝑘]

𝑘𝑘
[𝑛/𝑘]
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𝐸𝐿𝑁3 1 2⁄ 𝐸𝐶𝑁3 1 2⁄

𝑛 × 𝑚 0, 1 2⁄ , 1

1
2⁄ 𝑚 ≤ 2𝑛 −

1

𝑛 = 1 𝑚 = 1 𝑛

 𝑛 + 1

𝑛 + 1 2𝑛+1 − 1

|0| ≥ |1 2⁄ | + |1| 2𝑛

1
2⁄ 1 2𝑛

1
2⁄ |0| < |1 2⁄ | + |1|

2𝑛

1
2⁄ 𝑛

m > f(n)

𝐸𝐿𝑁3 1 2⁄ ≥ 1/2 − 3

𝐿3𝑇𝑇𝑀𝑛,𝑚 = ⋁ ⋀ ⋁ 𝑝𝑖𝑗
𝜎𝑗𝑛

𝑖=1
𝑚
𝑗=1(𝜎1,𝜎2,…,𝜎𝑛)∈𝐸𝑛 𝑛 ≥ 1,𝑚 ≤ 2𝑛 − 1

φn ≥ 1/2 − 3

ELN3 1 2⁄

 𝑙og3(|φn|) = θ(n)

 𝑙og2log3(t(φn)) = θ(n)

 𝑙og2log3(l(φn)) = θ(n)
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 𝑙og3(s(φn)) = θ(n)

 𝑙og3(w(φn)) = θ(n).

𝝋𝒏

𝑳𝟑𝑻𝑻𝑴𝒏,𝒎 (𝒏 ≥ 𝟏,𝒎 = 𝟐𝒏 − 𝟏)

𝜑𝑛

𝜑𝑛

𝜑𝑛 𝑛2𝑛(2𝑛 − 1)

𝜑𝑛 2𝑛 − 1

𝜑𝑛 32
𝑛−1

32
𝑛−1

𝑛 ×𝑚 0, 1 2⁄ , 1

1
2⁄ 𝑚 ≤ 3𝑛 − 1

𝑛 = 1 𝑚 ≤ 2 𝑛

𝑛 + 1

𝑛 + 1 3𝑛+1 − 1

|0| ≤ 𝑚 3⁄

2𝑚
3⁄

1
2⁄ |1 2⁄ | ≤ 𝑚

3⁄

|0| ≤ 𝑚
3⁄ |1| ≤ 𝑚

3⁄
1
2⁄

|0| ≤ 𝑚 3⁄ 𝑛



69 

 

m > f(n)

n = 1,m = 3

𝐸𝐶𝑁3 1 2⁄ ≥ 1/2 − 3

𝐶3𝑇𝑇𝑀𝑛,𝑚 = ⋁ ⋀ ⋁ 𝑝𝑖𝑗
𝜎𝑗𝑛

𝑖=1
𝑚
𝑗=1(𝜎1,𝜎2,…,𝜎𝑛)∈𝐸3

𝑛 𝑛 ≥ 1,𝑚 ≤ 3𝑛 − 1

φn ≥ 1/2 − 3

ECN3 1 2⁄

 𝑙og3(|φn|) = θ(n)

 𝑙og3log3(t(φn)) = θ(n)

 𝑙og3log3(l(φn)) = θ(n)

 𝑙og3(s(φn)) = θ(n)

 𝑙og3(w(φn)) = θ(n).

𝝋𝒏

𝑪𝟑𝑻𝑻𝑴𝒏,𝒎 (𝒏 ≥ 𝟏,𝒎 = 𝟑𝒏 − 𝟏)

𝜑𝑛

𝜑𝑛

𝜑𝑛 𝑛3𝑛(3𝑛 − 1)

𝜑𝑛 3𝑛 − 1

𝜑𝑛 33
𝑛−1

33
𝑛−1

1
2⁄
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 𝜑

𝜑

 𝜑 𝜑

𝜑

 𝜑

 𝜑
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(0,0, … ,0)

𝑛

2𝑛
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𝑎𝑛 = 𝑝1 ≡ 𝑝2 ≡ ⋯ ≡ 𝑝𝑛 ≡ 𝑝1 ≡ 𝑝2 ≡ ⋯ ≡ 𝑝𝑛,

𝑛

2𝑛−1

𝜑 𝜑

𝜑 𝜑1 𝜑2

𝜑 − 1 𝜑1 − 1 𝜑2 − 1

𝐿կ(𝑛) 𝑛

𝐿կ(𝑛)  =  𝑂(
3𝑛

√𝑛
) 𝐿կ(𝑛)  =  𝛺(

3𝑛

𝑛
)
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𝑆𝑛
[𝑖,𝑘] (0 ≤ 𝑖 ≤ 𝑘 ≤ 𝑛) 𝑛

∀(𝜎1…𝜎𝑛) ∈ 𝐸
𝑛 𝑆𝑛

[𝑖,𝑘](𝜎1…𝜎𝑛) = 1

𝑖 ≤ ∑ 𝜎𝑖
𝑛
𝑖=1 ≤ 𝑘 𝐷կ (𝑆𝑛

[𝑖,𝑘]
) 𝑆𝑛

[𝑖,𝑘]

𝑛 ≥ 3

𝜑𝑛 = 𝐷կ (𝑆𝑛
[0,[𝑛/3]−1]

) ∨ 𝐷կ (𝑆𝑛
[[𝑛/3],2[𝑛/3]]

) ∨ 𝐷կ (𝑆𝑛
[2[𝑛/3]+1,𝑛]

):

𝜑𝑛

𝐶𝑛
[𝑛/3]−1

+ 𝐶𝑛
[𝑛/3]

∗ 𝐶𝑛−[𝑛/3]
[𝑛/3]

+ 𝐶𝑛
2[𝑛/3]+1

𝜑𝑛

𝑆𝑛
[[𝑛/3],2[𝑛/3]]

Ք(𝐷(𝜑)) 𝜑 𝐷

𝜑

𝑑𝑠(𝜑)

𝜑 
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 𝑡𝜑
𝐸 ≤ 2|𝜑|

 𝑡𝜑
𝐸 ≥ Ք(կճոԴՆՁ(𝜑)) ≥ 2𝑑𝑠(𝜑)

 𝑙𝜑
𝐸 ≥ |մոԴՆՁ(𝜑)|

 𝑙𝜑
𝐸 ≥ 𝑑𝑠(𝜑) ∗ Ք(կճոԴՆՁ(𝜑)) ≥ 𝑑𝑠(𝜑) ∗ 2𝑑𝑠(𝜑)

 𝑑𝑠(𝜑) ≤ 𝑤𝜑
𝐸 ≤ |𝜑|

 𝑠𝜑
𝐸 ≤ log2

2
(|կատԴՆՁ(𝜑)|)

𝛾𝑛

|𝛾𝑛| = 𝜃(𝑛)

𝑡𝛾𝑛
𝐸𝐶 = 𝜃(2𝑛)

 𝜑

𝜑

 𝜑 2𝑑𝑠(𝜑)

𝜑

 𝜑

𝜑

 

 𝑑𝑠(𝜑)

𝑑(𝜑) 𝑤𝜑
𝐸

 𝜑 𝑘

կատԴՆՁ(𝜑) 2𝑘 𝑝1
0𝑝2

0…𝑝𝑘
0,

𝑝1
0𝑝2

0…𝑝𝑘
1, … , 𝑝1

1𝑝2
1…𝑝𝑘

1
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2𝑘−1 𝑝𝑘

𝑝𝑘−1

𝑘 + 1

0 𝑘 0

𝑘 𝑘

𝑐𝑙 𝑙

𝑙 − 1 𝑐𝑙−1
′ 𝑐𝑙−1

′′

𝑠(𝑐𝑙) = 𝑠(𝑐𝑙−1
′ ) + |𝑐𝑙−1

′′ | =

|𝑐𝑙−1
′ | + 𝑠(𝑐𝑙−1

′′ ) 𝑙 𝑘 − 𝑙

𝑠(𝑐𝑙) = 𝑠(𝑐𝑙−1
′ ) + 𝑘 − (𝑙 − 1):

𝑆(𝑙) 𝑙

𝑆(𝑙) = 𝑆(𝑙 − 1) + 𝑘 − 𝑙 + 1:

𝑠𝜑
𝐸 ≤ 𝑆(𝑘) = 𝑆(𝑘 − 1) + 1 = 𝑆(𝑘 − 2) + 2 + 1 = 𝑆(𝑘 − 𝑙) + 𝑙 + ⋯+ 2 + 1 = 𝑘(𝑘 + 1) 2⁄

= 𝑂(𝑘2):

|կատԴՆՁ(𝜑)| = 𝑛2𝑛 𝑠𝜑
𝐸 ≤ log2

2
(|կատԴՆՁ(𝜑)|)

𝛾𝑛 = 𝑇𝑇𝑀𝑛,2𝑛−1 ,
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𝑇𝑇𝑀𝑛,𝑚 = ⋁ ⋀⋁𝑝
𝑖𝑗

𝜎𝑗

𝑛

𝑖=1

𝑚

𝑗=1(𝜎1,...,𝜎𝑚)∈𝐸𝑛

(𝑛 ≥ 1, 1 ≤ 𝑚 ≤ 2𝑛 − 1).

𝜑 − 𝐼  𝜑 − 𝑀

𝜑

¬¬𝜑  (𝜑 ⊃⊥) ⊃⊥
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http://www.informatik.uni-trier.de/~ley/db/journals/apal/apal155.html#RazT08
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ℱ

LK−

≤ 𝑛 LKn

𝑆𝑙𝐸𝐶
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𝑆𝑙𝐸𝐼 𝑆𝑙𝐸𝑀

ℱ𝐼 ℱ𝑀

𝐿𝐼 (𝐿𝐼−, 𝐿𝐼𝑙)

𝐿𝑀 (𝐿𝑀−, 𝐿𝑀𝑙)

𝐸𝐿𝑁𝑘

𝐸𝐶𝑁𝑘

𝐸𝐿𝑁3 1 2⁄

1 2⁄

𝐸𝐶𝑁3 1 2⁄

1 2⁄

𝐶𝑁3
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𝜑 − 1 𝜑 − 0

|𝝋| 𝝋

𝑡𝜑
𝜙
𝑙𝜑
𝜙
𝑠𝜑
𝜙
𝑤𝜑
𝜙

𝑝– 𝑡 𝑝 − 𝑙

𝑇𝑇𝑀𝑛,𝑚 = ⋁ ⋀ ⋁ 𝑝𝑖𝑗
𝜎𝑗𝑛

𝑖=1
𝑚
𝑗=1(𝜎1,𝜎2,…,𝜎𝑛)∈𝐸𝑛

(𝑛 ≥ 1, 1 ≤ 𝑚 ≤ 2𝑛 − 1)

𝝋 𝒅𝒔(𝝋)
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(𝑥𝑗1,𝑥𝑗2,…,𝑥𝑗𝑘
𝑥𝑖1,𝑥𝑖2,…,𝑥𝑖𝑘

)

𝜑 − 𝐼 𝜑 −𝑀

𝐶

𝑆(𝐶)𝑝
𝐴

𝐶1 ∪ {𝐴}𝐶2 ∪ {�̅�}

𝐶1 ∪ 𝐶2
, 𝐴
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𝜑 (𝜑)1 (𝜑)0 𝜑 − 1 𝜑 − 0

𝐹 𝑆𝑓(𝐹)

𝐹𝜑
𝑝 𝐹 𝜑 𝑝

𝑉𝑎𝑟(𝐹) 𝐹

𝐸𝑠𝑠𝑓(𝐹) 𝐹

𝑖𝑑(ℱ) ℱ

ℱ′

𝐹 𝜑 𝑑𝜑(𝐹)

𝜑

𝜑 𝐶𝑑(𝜑)

𝐹 𝛿 𝐹 − 𝛿
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𝐴 𝐹 − 𝛿

𝑆(𝐹 − 𝛿/𝐴(𝑥))

�̃�

�̃�

𝐹

𝐿(𝐹)

𝐹 𝑓(𝐹)

𝐹 ℎ(𝐹)

𝑝 ∨ 𝑞 = 𝑚𝑎𝑥(𝑝, 𝑞) 𝑝 ∨ 𝑞 = [(𝑘 − 1)(𝑝 + 𝑞)](𝑚𝑜𝑑 𝑘)/(𝑘 − 1)

𝑝 ∧ 𝑞 = 𝑚𝑖𝑛(𝑝, 𝑞) 𝑝 ∧ 𝑞 = 𝑚𝑎𝑥 (𝑝 + 𝑞 − 1, 0)

𝑝 ⊃ 𝑞 = {
1,                 𝑝 ≤ 𝑞
1 − 𝑝 + 𝑞, 𝑝 > 𝑞

𝑝 ⊃ 𝑞 = {
1,      𝑝 ≤ 𝑞
𝑞,        𝑝 > 𝑞

~𝑝 = 1 − 𝑝 ¬𝑝 = ((𝑘 − 1)𝑝 + 1)(𝑚𝑜𝑑 𝑘)/(𝑘 − 1)

𝑝δ (𝑝 ⊃ δ) ∧ (δ ⊃ 𝑝)

𝑝δ 𝑝 (𝑘 − 1)– 𝑖
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1 − 𝑘 (≥ 1/2 − 𝑘

δ δ

|�̃�(δ)| δ �̃�

𝐿𝑘𝑇𝑇𝑀𝑛,𝑚 = ⋁ ⋀ ⋁ 𝑝𝑖𝑗
𝜎𝑗𝑛

𝑖=1
𝑚
𝑗=1(𝜎1,𝜎2,…,𝜎𝑛)∈𝐸𝑘

𝑛 𝑛 ≥ 1,𝑚 ≤ k[n/k]

𝐶𝑘𝑇𝑇𝑀𝑛,𝑚 = ⋁ ⋀ ⋁ 𝑝𝑖𝑗
𝜎𝑗𝑛

𝑖=1
𝑚
𝑗=1(𝜎1,𝜎2,…,𝜎𝑛)∈𝐸𝑘

𝑛 𝑛 ≥ 1,𝑚 ≤ k[n/k]

𝐿3𝑇𝑇𝑀𝑛,𝑚 = ⋁ ⋀ ⋁ 𝑝𝑖𝑗
𝜎𝑗𝑛

𝑖=1
𝑚
𝑗=1(𝜎1,𝜎2,…,𝜎𝑛)∈𝐸𝑛 𝑛 ≥ 1,𝑚 ≤ 2𝑛 − 1

𝐶3𝑇𝑇𝑀𝑛,𝑚 = ⋁ ⋀ ⋁ 𝑝𝑖𝑗
𝜎𝑗𝑛

𝑖=1
𝑚
𝑗=1(𝜎1,𝜎2,…,𝜎𝑛)∈𝐸3

𝑛 𝑛 ≥ 1,𝑚 ≤ 3𝑛 − 1

Ք(𝐷(𝜑)) 𝜑 𝐷


