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[26], 

[23],   
, ( , [27-

36]). 
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1.2. 

, 
, 

:

2
1

2
1

( ) ( ) log ( ),

( ) ( ) log ( ),

J

j j
j

K

k k
k

S A P A P A

S B P B P B

=

=

= −

= −
      (1)
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2
1 1

2
1 1

( | ) ( ) ( | ) log ( | ),

( | ) ( ) ( | ) log ( | ),

K J

k j k j k
k j

J K

j k j k j
j k

S A B P B P A B P A B

S B A P A P B A P B A

= =

= =

= −

= −
    (2)

( ),  ( )j kP A P B – j– (k– ) ;

( | ),  ( | )j k k jP A B P B A – . 

: α β :

( ) ( | )
,  0 ;  ,  0 ;

( ) ( | )
S B S B A
S A S A B

α α β β= ≤ ≤ ∞ = ≤ ≤ ∞    (3)

i:  

| |

( | ) ( | )
,  ,  0 1.

( ) ( )B A A B

S B A S A B
i i i

S B S A
= = ≤ ≤     (4)

: | 1B Ai = , B

, | 0B Ai = , . 

, 1 – i . 

: | |1 1B A A Bi i= ⇔ = . 

γ :  

|

|

,0B A

A B

i

i
γ γ= ≤ ≤ ∞        (5)

γ . 0γ = B
  A , . 

A B . 1γ = A B
, 

. γ = ∞ A B , . 
B A . 

|,  ,  B Aiα β ( /γ β α=
(5)), .1a. 

A B , 
. 

:

( ) ( | ) ( ) ( | ),I S B S B A S A S A B= − = −      (6)

, : 1) 1,  1α γ< ≥ ; 2)
1,  1α γ> ≤ ; 3) 1β =

1α = ; 4) 1α =
1β = | | 0B Ai = ;
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5) 0β = [ ]0,1α |B Ai ; 6)

0α = |B Ai ; 7) | 0B Ai =
1α = [ ]0,1α ; 8) | 1B Ai = 1γ = ; 9)

1γ = |B Ai , | 1B Ai = 1α β= = . 

.1a

, (3) (4):

( )
|

| 1 1
B A

B A

i

i

α
β

α
=

− +
.       (7)

, (
. 1b). 

A b

. 1. (a) (I – , II –
, – constB = , – , –

, – , – - ). (b)

( )| ,  , B Ai α β | constB Ai = . 

, 
:  

- : 1,  1,  1γ β α< < < . 
- : 1,  1,  1γ β α> > > . 
- – : = const .  
- : | 0,  0, 0 1B Ai β α= = < < . ( | ) 0S B A = , 

. . , .  
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- : | 1,  1B Ai γ= = . 

- - : | 0,  1B Ai α β= = = ( ( | ) ( | ) 0A S AS BB = = ). 

- : 1α β= = , . 
. 

1. , 
1γ < . 

γ , 
( , 

). , , –
, , 

, 
. :

(
). 

. 
: 1γ = . 

, 1γ > , , 
, – . 

. 
( [27-36])

, 

.  
τ

:

1 0,  1 0,  1 0γ τ γ τ γ τ< > > < → → .   (8)

. 
, 1 1,  1 1γ α γ α< < > > ( , α

). 
7- [38]

(1)   ( ) ( ). 
-

. 
, 

B :

1 ( ) ( | )
sup

( )A B

S B S B A
v

t S Bδ→
−= ,      (9)

tδ - ,   
. (9)

(4), :  
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|

inf
1A B

B A

t
t

i
δ

→ =
−

.      (10)

, :

|

inf
1B A

A B

t
t

i
δ

→ =
−

.      (11)

| |1 1 1B A A B A B B Ai i t tγ → →< ⇔ − > − ⇔ < . (11)

(10) , 
, . 

. 
tΔ :

| |

1 1
1 1A B B A

t t
i i

δΔ = −
− −

.    (12)

, 
rΔ

2 ( , ) /c A B r t= Δ Δ (
[23], , 

):

| | | |
2

| | |

(1 )(1 ) (1 / )(1 )
( , )

(1 / 1)
A B B A B A B A

A B B A B A

i i i i
c A B k k

i i i

γ
γ

− − − −
= =

− −
,   (13)

/k r tδ= Δ . , 2c -
γ 1:

2 2 21 ( , ) 0,  1 ( , ) 0,  1 ( , )c A B c A B c A Bγ γ γ< ⇔ > > ⇔ < → ⇔ →±∞ ,  (14)

, 
(8) 2c . 

. 
, 

, . . 
[23]. 

2c . 2c -
, . . . 

2c , 
. 

, 2c , 2 ( , ) 0c A B >
, A – , B – ; 2 2( , ) ( , )c A B c B A= − . , 

. 

[31], 
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( | |, , , ,B A A Bi iα β γ )

, 

[36]. 
[27-30]

( , [28-36]). 

1.3. 

. 
(1) (2) :

2 2( ) Tr log ,  ( ) Tr logA A B BS A S Bρ ρ ρ ρ= − = − ,     (15)

( | ) ( ) ( ),  ( | ) ( ) ( )S B A S AB S A S A B S AB S B= − = − ,  (16)

2Tr ,  Tr , ( ) Tr logA B AB B A AB AB ABS ABρ ρ ρ ρ ρ ρ= = = − . , 
, , 

(2) [39], 
(16). 

[39, 40]. ,  1 1,  iβ γ−∞ ≤ ≤ ∞ − ≤ ≤ −∞ ≤ ≤ ∞ . , 

| |1,  1, 1, 1.B A A Bi iα β γ= = = = = − , 

,   ( .2). 
Q:

I C   0 1,α≤ ≤      0 1,β≤ ≤     |0 1B Ai≤ ≤ ,        0 1γ≤ ≤ ,        2 0c > ;

II C  1 ,α≤ ≤ ∞      1 ,β≤ ≤ ∞    |0 1B Ai≤ ≤ ,       1 γ≤ ≤ ∞ ,       2 0c < ;

IQ    0 1,α≤ ≤       1 ,β≤ ≤ ∞ |1 0B Ai− ≤ ≤ ,      1 γ≤ ≤ ∞ ,       2 0c > ;

IIQ   1 ,α≤ ≤ ∞      0 1,β≤ ≤   |1 0B Ai− ≤ ≤ ,     0 1γ≤ ≤           2 0c < ;

IIIQ  0 1,α≤ ≤   0,β−∞ ≤ ≤   |1 0B Ai− ≤ ≤ , 0γ−∞ ≤ ≤ ,        2 0c > ;

IVQ  1 ,α≤ ≤ ∞ 0,β−∞ ≤ ≤      |0 1B Ai≤ ≤ , 0γ−∞ ≤ ≤ ,         2 0c < . 

.2 , , 
. , , 

, |B Ai :  

|

( 1)
( 1)B Ai

β α
α β

−=
−

.      (17)

IC, IIC IVQ |0 1B Ai≤ ≤ , (17)

,α β . | constB Ai =
.3 . 

. IQ, IIQ IIIQ |1 0B Ai− ≤ ≤ . 



14

.3b. 
. 

. 2. . 

. 3. | constB Ai = : (a) – IC, IIC IVQ; (b) –

IQ, IIQ IIIQ. 

γ
. 2c γ

7-
: 2 0 1c α> < , 2 0 1c α< >

. 
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2: A B , 

2 ( , ) 0c A B > . 

[40] (9) – (13) . 
[41]

, 
. , [41] , 

« , 
< > 1 2 , 1

, 2. 
1 2». , 2c , 

( , 

2| |c ). 
[1] ( )

. 
.   
τ

. , 
:  

2 ( , ) 0 0c A B τ> > , 2 ( , ) 0 0c A B τ< < , 2| ( , ) | 0c A B τ→∞ → , (18)

τ – B A . 
, 

. , 
. , [42, 43] ( ), 

- ( , 
, ) 2| |c →∞ . 

2c , 
. 

, 
. 

(18)
. 

- 2c , , . 
, (

(18)) . 
, 

, , 
. « » , 

( )
. 

[4, 5], [6]
[7-20]. 
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(13) 2c k
(

), 
. tδ

« », . 
tδ , 

, [44], 
. , , 

:

2
t

θδ
ω

=  ,       (19)

ω –
; θ – ( - ), 

, 
θ π= . ω r
k . , [26], 

2 /k e= , 

2c , [23] . 
, , 

2c 1k = . 
III tδ , 

, (
1rΔ = ). 

(18). 
. 
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2.  

.

: ( ) ( )S A S B= . 1,α β γ= = =
2| |c →∞ . ( ). 

| |B A A Bi i= , 
2Tr ABρ ( )S AB –

[45]:

1 2 3 4max( ,0)C λ λ λ λ= − − − ,    (20)

iλ – ρρ . ρ
:

( ) ( )y y y yρ σ σ ρ σ σ∗= ⊗ ⊗ .     (21)

, , 
, . 

, 
, –

, 
. 

A, B, C, …
. 

2.1. 

. 
:

00 11α βΦ = + ,     (22)

01 10α βΨ = + ,     (23)

2 2| | | | 1α β+ = . 2Tr 1ABρ = , 0( )S AB = , 
α β . 

α β : | 1B Ai = − . 

, . 
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2.2. -

, - - ( )

( )1
000 111

2
GHZ = +      (24)

, , 
( ), ( , ) : 0= . 

: 2 1
Tr

2ABρ = , 1( )S AB = . 

| 0B Ai = . , 

. 

2.3. W-

( )1
001 010 100

3
W = + +      (25)

- , W-

, 
2
3

C = ( , (25), N-

W-
N [46]). 

, : 2 5
9ABTrρ = , 2 2

1 1 2 2
( ) log log 0.918

3 3 3 3
S AB = − − ≈ . , 

| 0B Ai = . 

2.4. 

  

1 2 3 4AB p p p pρ + + − − + + − −= Φ Φ + Φ Φ + Ψ Ψ + Ψ Ψ ,  (26)

( ) ( )1 1
00 11 ,  10 01

2 2
± ±Φ ± Ψ = ± .  (27)

, . . :

( )1
0 0 1 1

2A Bρ ρ= = + .     (28)

, :
4

2
1

( ) logi i
i

S AB p p
=

= − ,     (29)

( ) ( ) 1S A S B= = .      (30)

:
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| ( ) 1B Ai S AB= − .      (31)

:

max 2max( { } )1,0iC p= − .     (32)

|B Ai , C 2
ABTrρ 4p p= , 1 2 3 1 – ) 3(p p p p= = =

. 4. , |B Ai , , 

1 ip . , 0.5 0.81p< < , 

| 0B Ai > 0> . , 

, . . [37]. 

. 4. |B Ai , C 2Tr ABρ 4p p=
(26). 

(26)
. , , 

, , , 
[47-54]. [52], , 

, 
. , 

. 
[52]

t →∞
. , (26)
:
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4 4

4 4

4

0 0 0 0

0 0
2 2

0 0
2 2

0 0 0 1

as
AB

p p

p p

p

ρ
−

=
−

−

.     (33)

:

4 2 4 4 2 4( ) log (1 )log (1 )S AB p p p p= − − − − ,     (34)

4 4 4 4
2 2( ) ( ) log (1 )log (1 )

2 2 2 2
p p p p

S A S B= = − − − − ,    (35)

|

( )
1

( )B A

S AB
i

S A
= − ,       (36)

4C p= .       (37)

, 
( 0C = ), 

4p . . 5 , 
, 

. | 1B Ai ≤ , . . 

4p |(max 1)B Ai = 4 0p = ). 

40 0.67p≤ < 0BAi > .   
, . 

2.5. 

:

( 1)
4AB

I
p pρ + += + − Φ Φ .    (38)

, , 
(28), (30) (31), :

2 2

3 3 3
( ) log log ,1 1

4 4 4 4

p p p p
S AB = − − − −   (39)

3
max .1 ,0

2
p

C = −     (40)
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. 5. |B Ai , C 2Tr ABρ 4p p=
(33). 

. 6. |B Ai , C 2Tr ABρ p

(38). 

. 6 |B Ai , C , 2
ABTrρ p . , 

|B Ai −1

0p = +1 1p = ( ), 
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. 
(   ( )S AB – )

. , 
1 2
4 3

p< < , | 0B Ai > 0> . , , , 

. 
(38). [52]

t →∞ :

0 0 0 0

0 0
8 8

0 0
8 8

0 0 0 1
4

as
AB

p p

p p

p

ρ

−

=
− −

−

.     (41)

:

2 2( ) log log1 1
4 4 4 4

p p p p
S AB = − − − − ,     (42)

2 2( ) ( ) log log1 1
8 8 8 8

p p p p
S A S B= = − − − − ,    (43)

4
p

C = .       (44)

. 7 , 
:

0p > , p –
( ), 

. |B Ai ( ) p

( |max 0.819B Ai ≈ 0p = , |min 0.493B Ai ≈ 1p = ), |B Ai

p . , 

|B Ai C

. 
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. 7. |B Ai , C 2Tr ABρ p
(41). 

2.6. 

[55] , 
2Tr ABρ :

( ) 0 0
2

0 1 2 ( ) 0 0

0 0 0 0

0 0 ( )
2

AB

h

h

h

δδ

δ
ρ

δ δ

−
= , 

1 2
, 0,

3 3
( )

2
, ,1

2 3

h

δ
δ

δ δ

∈
=

∈
.   (45)

:

2 2 2( ) (1 2 )log (1 2 ) ( ) log ( ) ( )log ( )
2 2 2 2

S AB h h h h h h
δ δ δ δ= − − − − − − − + + , (46)

2 2( ) ( ) log (1 )log (1 )S A S B h h h h= = − − − − ,    (47)

|B Ai (44), :

C δ= .      (48)

. 8 |B Ai , C 2Tr ABρ δ . |B Ai

+0.725 0δ = −1,  1δ = , , 
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. 
2

0
3

δ< <   0BAi > 0C > –

, . 

. 8. |B Ai , C 2Tr ABρ δ
(45). 

[34] (45):

0 0 0 0

1 1
0 (1 2 ) (1 2 ) 0

4 4
1 1

0 (1 2 ) (1 2 ) 0
4 4

1
0 0 0

2

as
AB

h h

h h

h

ρ

− − −

=
− − −

+

.    (49)

:

2 2

1 1 1 1
( ) ( ) log ( ) ( ) log ( )

2 2 2 2
S AB h h h h= − + + − − − ,   (50)

2 2

1 1 3 3
( ) ( ) ( ) log ( ) ( )log ( )

4 2 4 2 4 2 4 2
h h h h

S A S B= = − − − − + + ,  (51)

|B Ai (36), :

1
(1 2 )

2
C h= − .      (52)
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. 9 , 
C δ , 

δ , . 

|(0.571 1B Ai≤ ≤
δ ). 

. 0δ → :
( ) 0S AB → , 2Tr 1ABρ → , ( ) ( ) 0S A S B= → , | | 1B A A Bi i= → . 

. 9. |B Ai , C 2Tr ABρ δ
(49). 

, 

. 
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3

, 
. 
. 

2c 1k = , 
k .

3.1. - -

, [56] (CKW-
):

( )1 1
100 001 010

22
CKW = + + ,   (53)

(
) AB AC . 

[46].  
AB ( ). :

1 1 1 1 1
00 00 10 10 10 01 01 10 01 01

4 2 42 2 2 2
ABρ = + + + + ,        (54)

( )1
0 0 1 1

2Aρ = + ,      (55)

3 1
0 0 1 1

4 4Bρ = + .      (56)

:

2 2

3 3 1 1
( ) ( ) log log 0.811

4 4 4 4
S AB S B= = − − ≈ ,   (57)

( ) 1S A = .       (58)

:

| 0.233B Ai ≈ − ,  | 0A Bi = .     (59)

:

γ = −∞ ,  2 5.299c ≈ .     (60)

:

1

2
C = .       (61)
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2c , – , – , 
( IIIQ ). 

, , .

. 
, , 

. :

| | 0.233B C C Bi i= ≈ , 1γ = , 2| |c = ∞ , 
1
2

= . , 

. , 
, , AB ( ) , :  

( ) 0.811S AB ≈ , 2 0.625ABTrρ ≈ ;  S(BC) = 1,  2 1
Tr

2ABρ = . 

3.2. WRr-

[57, 58] , 
, 

W- . , :

( )1
| 001 010 2 100

6
WRr >= + − .                                       (62)

II W- , 
1
3AB AC BCC C C= = = ,   CKW- , 

1

2
AB ACC C= = , 

1
2BCC = . (62)

2
3AB ACC C= = , 

1
3BCC = [57, 58], , 

. 
(62):

( )1
4 10 10 2 10 01 2 01 10 01 01 00 00

6ABρ = − − + + ,  (63)

2 2

1 1 5 5
( ) ( ) log log 0.651

6 6 6 6
S AB S B= = − − ≈ ,   (64)

2 2

1 1 2 2
( ) log log 0.918

3 3 3 3
S A = − − ≈ ,     (65)

| 0.412B Ai ≈ − ,  | 0A Bi = ,      (66)

γ = −∞ , 2 3.43c ≈ .       (67)

. 2 2Tr Tr 0.722AB ACρ ρ= ≈ . 
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CKW- (53), A
( IIIQ .2). 

, 
(62) , (53), 

, | | 0B A C Ai i= < , . . 

2c – , . . 
. 

B C (62) : ( ) 0.918S BC ≈ , 2Tr 0.556BCρ ≈ , 

| | 0,412B C C Bi i= ≈ , 1γ = , 2| |c = ∞ , 
1
3

C = . (53)

, , 
( | | 0B C C Bi i= > ) . 

3.3. -

[37], 
« - » . 

A, ( ) ( )S A S AB> , – B
( ) ( )S SB AB≤ . 

, , 
A B→ B A→ . 

[37]

1 1 2 2(1 )AB q qρ = Ψ Ψ + − Ψ Ψ , 0 1q< <                                  (68)

2
1 00 1 11a aΨ = + − 2

2 10 1 01a aΨ = + −
0 1a< < . (68) , q , –

q a . (68) :

2 2

2 2

2 2

2 2

0 0 1

0 (1 )(1 ) (1 ) 1 0

0 (1 ) 1 (1 ) 0

1 0 0 (1 )

AB

qa qa a

q a q a a

q a a q a

qa a q a

ρ

−

− − − −
=

− − −

− −

  (68 )

:

2 2( ) log (1 )log (1 )S AB q q q q= − − − − ,   (69)

2 2 2 2
2

2 2 2 2
2

( ) ( 2 )log ( 2 )

(1 2 )log (1 2 ),

S A a qa q a qa q

a qa q a qa q

= − − + − +

− − + − − + −
         (70)

2 2 2 2
2 2( ) log (1 )log (1 )S B a a a a= − − − − ,   (71)
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|

( ) ( )
( )B A

S AB S A
i

S B
−= ,  |

( ) ( )
( )A B

S AB S B
i

S A
−= ,   (72)

2 22 (1 ) |1 2 |C a a q= − − .     (73)

( ) ( )S A S AB≥ ; ( )S B , ( )S AB . 
[37] A , B

. 10 |B Ai , 

C 2Tr ABρ q 2a , . 

|B Ai 2a . , |B Ai

(
1
2

q = ) , , 

A . , 
1
2

q = ( 0C = ), 

( | 0B Ai = ) 2a . 

. 10. |B Ai , C 2Tr ABρ q 2a " - " (68). 
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. 11. 2c γ q 2a " - " (68). 

. 11 2c γ q 2a . 

2c , q 2a A – , B – . 
( 2c = ∞ ) 0q = 1 ( )

2 1
2

a = ( ).  

IQ IIIQ ( .2), 
γ . 11

, 
γ . ( 1γ = ) 2a q= 2 1a q= − . 

γ ( IIIQ)

|A Bi B

[37]. 
(

(68) (68 )) , 
1
2

q = ( .1). 

2a 0γ = ( .11), 
A B . B A

( .10). 2a 2c
( .11). , 

–
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( 2 0a → 2 1a → )

( 2 1
2

a = ). 

3.4. -

, , , 
. [59] , 

, , 
, 

. , 
, (

A B). 
-

. 
, [59]

–
1
2

XY   

. :

( )x x y y z z
A B A B A A B BH J S S S S B S B S= + + + ,     (74)

/ 2j jS σ= (j = x, y, z), J –
, AB BB – , 

A B . 
(74).  

| 00 ( ) | 00 ,

|11 ( ) |11 ,

| | ,

A B

A B

H B B

H B B

H D± ±

>= − + >
>= + >

Ψ >= ± Ψ >

            (75)

1 ( )
| | 01 |10A BB B D

N J
±

±

− ±Ψ >= > + > , 2 2( )A BD B B J= − + . 

:
( )/

( )/

0 0 0

0 01

0 0

0 0 0

A B B

A B B

B B k T

AB

B B k T

e

m n s

Z s m n

e

ρ

+

− +

+ −
=

− −
,                               (76)

/Tr BH kTZ e−= , ch( )
B

D
m

k T
= , sh( )A B

B

B B D
n

k TD

−= , 
sh( )

B

D
J

k T
s

D
= . 

1Bk J= = . 
n . 
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(76) :  

2 2 2 2 2 2 2 2

2 2

2 2

( ) log log

exp( ) exp( ) exp( ) exp( )
log log ,

A B A B A B A B

m n s m n s m m s m m s
S AB

Z Z Z Z
B B B B B B B B

T T T T
Z Z Z Z

+ + + + − + − += − −

+ + + +− −
− −

       

(77)

2

2

exp( ) exp( )
( ) log

( )
exp( exp( )

log ,

A B A B

A B A B

B B B B
m n m n

T TS A
Z Z

B B B B
m n m n

T T
Z Z

+ ++ + + +
= − −

+ +− + − − + −
        (78)

2

2

exp( ) exp( )
( ) log

exp( ) exp( )
log .

A B A B

A B A B

B B B B
m n m n

T TS B
Z Z

B B B B
m n m n

T T
Z Z

+ ++ − + +
= − −

+ +− + + − + +
     (79)

(72), 
:

1
2

s
C

Z
−= .       (80)

1= , 
5= , 5 p= .

, )max (S AB , 

(77), 2Trmin ABρ ( . 12)
0.010p ≈ . . 12 [59]

, 
( 1p = − ), 

[59], 0.253p ≈ − . , (78) (79)
max ( )S A ( 0.149p ≈ − ) max , max ( )S B –

2Trmin ABρ ( 0.08p ≈ ), max 26.5α ≈ 0.176p ≈ . 

|B Ai . 12

, . | 1B Ai →− , . . 

p , C . 
–0.54 0.50p< < |B Ai , 0C > . |max B Ai , . . 

0.379p ≈ , C
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. p |B Ai

, 1p > . . 
12 |A Bi . | 0A Bi = 0p =

p , |min A Bi 1.115p ≈ − ; | 1A Bi →
p . , 

0 0.5p< < , i .
, 

, 
. 

, 2c
/ 1k r tδ= Δ = (13), , 

(75), tδ (19). 1rΔ = , 
: 2 2c c tδ′ = . .13 2c , 2c′ γ , 

p . 
1p = ± , . . 

A B . p (− ,−1)
IQ; p (−1, −0.54] − IIQ; p [−0.54,0] – IVQ; p (0,1) – IIC; p (1, ) – IC. 

| 1|p > A– , B – , 
| 1|p < – . , 

. 
, 

, . 
A B→ | |p →∞ : 2 0→+ , 

2 0c′ → + . → 2min | |c | 2min | |c′
0p = , , 0.364p ≈

2c 0.266p ≈ 2c′ . p
1= . , p , 

. γ
0p > ; 0.54p ≤ −

, 0.54  0p− ≤ < –
. .13 , 2c 2c′

. 
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. 12. |B Ai , |A Bi , C 2Tr ABρ B Ap B B= (76) ( 1= ). 
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. 13. 2c , 2c′ γ B Ap B B= (76) ( 1= ). 



36

. , 
. , 

, 
. , 

( )S AB , , 
- .  

.14 , 
, B

. 
[59] , .15

A B
. 

( 1p = − ) , 
B ( 1.5p = − ). 0T → , , 

B . p

. |B Ai

( .16)
B 0p =

1.5p = − . p
– |B Ai

( ) . 1p >
. 

|A Bi ( . 17)

p, 
. p

|A Bi |B Ai . 0p = –

| ( )A Bi T ( 0.8T ≈ ), 

|B Ai ; . 
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. 14. 2Tr ABρ T (76). 

. 15. C T (76). 
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. 16. |B Ai T (76). 

. 17. |A Bi T (76). 
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γ ( . 18) , 
( 0p > )

, 
0.9T ≈ . ( 0p < ) γ

. . 19

2c 2c′ . 
p , . 0p >

  , 
1.3T > ( 0.5p =

). 0p ≤
, 

. 1J = , 5= , 
, 

. 

. 18. γ T (76). 
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. 19. 2c 2c′ T (76). 
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4. 

. 
. , 

, 
. 

– , 
. , 

–
, – . 

. 
, , 

, ( –
). , 

, , , 
, 
, . 

(
). , , 

, 
VI . 

, , 
[60]:

( ), [ ] | |XY i
i

N X Y N ρ μ≡ =      (81)

iμ –
XT

XYρ . 0.5N = , 
0N = . 

. 2, 
. 

4.1. 

p ( 0 1p≤ ≤ )
[61, 62]. 
:

0 0 0 0 ,

1 1 (1 ) 1 1 0 0 ,

1 0 1 1 0 ,

0 1 1 0 1 .

p p

p

p

→

→ − +

→ −

→ −

    (82)
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:

0 0 (1 ) 0 0 ,
2

1 1 (1 ) 1 1 ,
2

1 0 (1 ) 1 0 ,

0 1 (1 ) 0 1 .

I
p p

I
p p

p

p

→ − +

→ − +

→ −

→ −

     (83)

:

1 0 (1 ) 1 0 ,

0 1 (1 ) 0 1 .

p

p

→ −

→ −
     (84)

. 

( ) . 
, 

(
– ). 

4.2. 

, :

( )1
01 10

2
−Ψ = − ,     (85)

, (82), (83) (84)
( B ). 

:

1
.00 00 (1 ) 01 01 1 01 10 1 10 01 | 10 10

2AB p p p pρ = + − − − − − >< +

(86)

:

( )1
0 0 1 1

2Aρ = + ,     (87)

1
(1 ) 0 0 (1 ) 1 1

2B p pρ = + + − .    (88)

:

2 2( ) log (1 )log (1 )
2 2 2 2
p p p p

S AB = − − − − ,   (89)

( ) 1S A = ,      (90)



43

2 2

1 1 1 1
( ) log log

2 2 2 2
p p p p

S B
+ + − −= − − .   (91)

:

|

( ) 1
( )B A

S AB
i

S B
−= ,  | ( ) ( )A Bi S AB S B= − .  (92)

:

1C p= − .      (93)

. 20. |B Ai , C 2Tr ABρ p . 

. 20 , 
C

p , |B Ai , . 

. 21, 2c γ . 2 0c > , 
A B
–

.   2c p

. –

γ 1
0

2
p< <

, 
1

1
2

p< < . 
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. 21. 2c γ p . 

( .2) (86)

IQ (
1

0
2

p≤ ≤ ) IIIQ (
1

1
2

p≤ ≤ ). 

2c (p). 

:

1
( | 00 00 | (1 ) | 01 01| |11 11|

2 2 2 2

(1 ) |10 10 | (1 ) | 01 10 | (1 ) |10 01|)
2

AB

p p p

p
p p

ρ = >< + − >< + >< +

− >< − − >< − − ><
.  (94)

, (94) –
, 

(28), (30), (31), (39), (40)
. 6. 

(85) B :

1
(| 01 01| (1 ) | 01 10 | (1 ) |10 01| |10 10 |)

2AB p pρ = >< − − >< − − >< + >< , (95)

(28), (30) (31),   

2 2( ) (1 )log (1 ) log
2 2 2 2
p p p p

S AB = − − − − ,    (96)

1C p= − .       (97)
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| 0B Ai = , . . 

. 
C |B Ai

( . 22). 

. 22. |B Ai , C 2Tr ABρ p

, . 

4.3. -

(82), (83), (84)
(24), C . , 

, 
:

( ) ( )1
000 000 1 111 111 110 110 1 000 111 111 000 ,

2
dissC
GHZ p p pρ = + − + + − + (98)

( ) ( )1
1 000 000 000 111 111 000 111 111 001 001 110 110 ,

2 2 2
depolC
GHZ

p pρ = − + + + + +

(99)

( ) ( )1
000 000 111 111 1 000 111 111 000

2
dephC
GHZ pρ = + + − + .                (100)

(98)-(100)
. 

(4) , 

2c . 
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( ): A B− , AB C− , A C− , AC B− . A B−
( | |A B B Ai i= ), , , . . 23

2c ( , 

2 ( , ) 0c X Y > X Y→ , 2( , ) 0c X Y <
Y X→ ). 

. 

( AB C− B C− ), 
( ( ) ( )2 2, 0,  , 0c AB C c A C> > ), 

( 2 0c →+ 1p → ). , ( ) ( )2 2, ,c AB C c A C>
[63, 64] ( )ACρ

( )ABCρ : ( ) ( )S AC S ABC> , 
. ( )ACρ

A B , 
, . . 

; ( )ABCρ
. , 

( )
, , 

2c AB C−
. 

AC B− . 
, AC , 

C , . 
C ( )S C 0 ( 1p = ( ) 0 0Cρ = – ). 

, C AC ( )S AC
1
2

p = 3
2

[63, 64] ( ) const 1S B = = . 

B , 2c
: 0.594p = . 

, , 0p = (97) , , , 

( )2 ,c AC B →∞ ; 1p = (97) , 

( ) ( )S AC S B= ( C « »), 

( )2 ,c AC B →∞ . (13) ( )2 ,c AC B : | |AC B B ACi i−
0.401p = [63, 64], , 

| |(1 )(1 )AC B B ACi i− − p , 

2min c , 1 / 2 , p . 
. 23, AC B−

( 0.387p < ). 
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. 23. - C . 

AC B→ ( . 23c), . . 
, p , 

2 1c = 1p = . 
. 

. 24 . , 
( , , 

), , . , 
. 23 24, , . 
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. 24. - C . 

4.4. W-

C
(25), :

( ) ( )1 1 1 1
010 010 010 100 100 010 100 100 1 001 001

2 2 22

1 1 1 1 1
000 000 1 001 010 001 100 010 001 100 001 ,

2 2 22 2

dissC
CKW p

p p

ρ = + + + + −

+ + − + + +
(101)

( ) ( ) ( )

( ) ( )

( ) ( )

1 1 1
1 001 010 010 001 100 100 001 100 100 001

2 2 2

1 1
1 001 001 010 010 010 100 100 010

2 2 2

1 1
000 000 011 011 011 101 101 011 101 101 ,

2 2 2

depolC
CKW p

p

p

ρ = − + + + +

+ − + + +

+ + + + +

(102)

( ) ( )

( ) ( )

1 1 1
001 001 010 010 010 100 100 010 100 100

2 2 2

1
1 001 010 010 001 2 001 100 100 001 ;

2

dephC
CKW

p

ρ = + + + +

+ − + + +
  (103)

. 25 , W-
, , 

– , ( AC B− ). 
- , C

( ( ) ( )2 2, 0,  , 0c AB C c A C> > )

p ( 2 0c →+ 1p → ). 

, ( ) ( )2 2, ,c AB C c A C>
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( )ACρ ( )ABCρ : ( ) ( )S AC S ABC> , 
. - , 

AC B− AC , C , 
. , 

0.576p = 2c , , . . 
p . 

, , 
( AB C− B C− ), 

( ( ) ( )2 2, 0,  , 0c AB C c B C< < )

( 2 0c →− 1p → ).  
–

( )
. , ( ) ( )2 2| , | | , |c AB C c B C>

( )BCρ
( )ABCρ .     

, . 23 25 , 
AC B→ . 

W- ( 25c)
, , . 

( )
. 26. . 25 , 

, . 
, 

[65]. 
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. 25. W- C . 



51

. 26. W- C . 

4.5. -

, (68)
, 

. 

, 
. 

[37] , , (
)

. 
« ». 
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(68)
, [37]: 0.6q = , 2 0.75a = . 

0.562BS = , 0.673ABS = 0.688AS = . 
, A – , B – . 

2 4.590 0= > [66], . . A B. 

. 27a ( )2 ,dissA A B ( )2 ,dissB A B , 
(82) A B . 

0.444p = , ( )2 ,dissA A B , 
c A B→ B A→ . 

p

: ( )2 , 0dissA A B →− 1p → . B

A B→
0+ . , 

(68) , , 
, . . . 

. 27. -
: (a) – A ( )

B ( ); (b) – A (
) B ( ).

(83)
. 27b. , 

: A
, 

B A B→
B A→ p = 0.8. , , (68)

, , , 
. . . 
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, 
, . . 

C 0.173. . 28a
dissA dissB

A B . 
, A : dissA dissB<

0p > . , , 
A. , 

. 28b, : 0p >
dephB dephA< . , 

, «
», [37]
(

).  

a

CdissA

CdissB

0.0 0.2 0.4 0.6 0.8 1.0
0.00

0.05

0.10

0.15

0.20

p

C

b

CdephB

CdephA

0.0 0.2 0.4 0.6 0.8 1.0
0.00

0.05

0.10

0.15

0.20

p

C

. 28. -
: (a) – A ( )

B ( ); (b) – A (
) B ( ). 

( . 27) ( . 28). 
:

, 
. 

A B. 
, 

, . , 
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«
». 

4.6. - -

CKW- (53), 
A B→ A C→

. C
( B ):

( ) ( )1 1 1 1
010 010 010 100 100 010 100 100 1 001 001

2 2 22

1 1 1 1 1
000 000 1 001 010 001 100 010 001 100 001 ,

2 2 22 2

dissC
CKW p

p p

ρ = + + + + −

+ + − + + +
(104)

( ) ( ) ( )

( ) ( )

( ) ( )

1 1 1
1 001 010 010 001 100 100 001 100 100 001

2 2 2

1 1
1 001 001 010 010 010 100 100 010

2 2 2

1 1
000 000 011 011 011 101 101 011 101 101 ,

2 2 2

depolC
CKW p

p

p

ρ = − + + + +

+ − + + +

+ + + + +

(105)

( ) ( )

( ) ( )

1 1 1
001 001 010 010 010 100 100 010 100 100

2 2 2

1
1 001 010 010 001 2 001 100 100 001 .

2

dephC
CKW

p

ρ = + + + +

+ − + + +
      (106)

2c . 29 ( A B− , 

: 2 ( , ) 5.30c A B = , 
1

( , )
4

N A B = ). 

B C− , , 
2c , W- . , .29a

.25a, 
. 
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. 29. CKW- C . 
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, , 

. A C− ( . 29b)
A C→ . 

. 
, - , 

, , 
, 2min c 0.427p = . , CKWC

( ) 1 maxS A = = , 
( )S A . C

p AC
. 1p → ( )S C ( ) 1 maxS C = =

. 
AB C− ( . 29c)   W-

( . 25b) :
C – AB , 
C – . 

C
AC ( . 29d) AC B→

. W-
. A BC− ( . 29e)

, BC A→ , 
A BC→ . . , 

( 1p = ) C « »

2 2 2( , ) ( , ) ( , ) 5.30c AC B c A BC c A B= = = . 
A :

( ) ( )

( )

1 1
001 001 001 010 010 001 010 010 1 100 100

2 2

1
000 000 001 100 010 100 100 001 100 010 ,

2

dissA
CKW p

p
p

ρ = + + + + −

−+ + + + +
(107)

( )

( )

( )

1 1
001 100 010 100 100 001 100 010

2 2

1
1 001 001 001 010 010 001 010 010 100 100

2 2

1
000 000 101 101 101 110 110 101 110 110 ,

2 2

depolA
CKW

p

p

p

ρ −= + + +

+ − + + + +

+ + + + +

       (108)

( )

( )( )

1 1
001 001 001 010 010 001 010 010 2 100 100

2 2

1
1 001 100 010 100 100 001 100 010 .

2

dephA
CKW

p

ρ = + + + +

+ − + + +
     (109)
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. 30 ( B C− , 

  2 ( , )c B C →±∞ , 
2 1

( , )
4

N B C
−= ;

AB C− AC B− ). 
, A , 

A C→
p , 

C A→ p 1. .30a

, 2 ( , )c A C
1
2

p = . 

2 ( , )c A C (
A C→ ) , 

5.08 0.103p = . , A C− ( . 30a)

CKWC ( . 30b). , 
( A

). , , 
( )S A ( )S C p , , 

α
. 

AB C− ( . 30b) AB C→
, 2c

. 29c, 
0.603p = . 

1p → , A

AB C− B C− . , 

2 2min ( , ) min ( , )c AC B c A C=
, ( ):

( ) ( ) ( )2 2 2min ( , ) 1 | ( , ) | min ( , )p c AC B p c A C p c A C= − = ∞ + . 
–

C ( . 29c), 
– A ( . 30c)

, A . 

2 ( , )c A BC

. 2| ( , ) | 0dissc AB C →
1p → 2| ( , ) |dissc A BC . (

0p = ) A C→ . 
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. 30. CKW- A . 

. 31 32 , 
. 29 30. [65], 

. 
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. 31. CKW- C . 
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. 32. CKW- A . 

. , 
, ( dephC dephAN N= ). 

CKW- ( . 31b and 32a) dissC dissAN N> . 
, A ( .30a);

C ( . 29b):

2 2| ( , ) | | ( , ) |c A dissC c dissA C< . , , 
, , 

, . 
CKW- ( . 31b and 32a) depolC depolAN N< . 

, , A
( . 30a); C ( . 29b):

2 2| ( , ) | | ( , ) |c A depolC c depolA C> . , , 



61

, , 
, . 

. 
, , 

, 
. , -

– «
». 

, 
N 2c , , 

. , , , 
-

. 
, 

AC . 
. , 

« » AC B− CKW-
. . 31c and 32b , 

p :
decohC drcohAN N> . :

, 
. 

4.7. WRr-

, WRr- CKW-
, . 

, WRr- (59), 
C ( B ):

( ) ( )1 1 1 1
010 010 010 100 100 010 100 100 1 001 001

2 2 22

1 1 1 1 1
000 000 1 001 010 001 100 010 001 100 001 ,

2 2 22 2

dissC
CKW p

p p

ρ = + + + + −

+ + − + + +
(110)

( ) ( ) ( )

( ) ( )

( ) ( )

1 1 1
1 001 010 010 001 100 100 001 100 100 001

2 2 2

1 1
1 001 001 010 010 010 100 100 010

2 2 2

1 1
000 000 011 011 011 101 101 011 101 101 ,

2 2 2

depolC
CKW p

p

p

ρ = − + + + +

+ − + + +

+ + + + +

(111)

( ) ( )

( ) ( )

1 1 1
001 001 010 010 010 100 100 010 100 100

2 2 2

1
1 001 010 010 001 2 001 100 100 001 ;

2

dephC
CKW

p

ρ = + + + +

+ − + + +
     (112)
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. 33 WRrC ( A B− , 

: 2 ( , ) 3.43c A B = , 
17 1

( , )
12

N A B
−= ). , 

, 
CKWC . 

C A C− ( . 33b), 2c
1
2

p = . 

1
2

p < A C→ , 

1
2

p > . , CKWC, 

( ) 1S A < C A→   
. 

A :

( ) ( )

( )

1 1
001 001 001 010 010 001 010 010 2 1 100 100

3 2

2 000 000 1 001 100 010 100 100 001 100 010 ,

dissA
WRr p

p p

ρ = + + + + −

+ − − + + +
    (113)

( ) ( ){

( )

( )

1
1 001 100 010 100 100 001 100 010

3
1

1 001 001 001 010 010 001 010 010 2 100 100
2 2

1
000 000 101 101 101 110 110 101 110 110 ,

4

depolA
WRr p

p

p

ρ = − + + +

+ − + + + +

+ + + + +

        (114)

( )

( ) ( )

1 1
001 001 001 010 010 001 010 010 4 100 100

3 2

1 001 100 010 100 100 001 100 010 .

dephA
WRr

p

ρ = + + + +

− − + + +
         (115)
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. 33. WRr- C . 
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. 34 ( B C− , 

: 2 ( , )c B C →±∞ , 
5 2

( , )
6

N B C
−= ; AB C−

AC B− ). , WRrA

CKWA ( . 30). 

. 34. WRr- A . 

2 ( , )c A C
3
4

p = , ( . 34a), . . 

WRr- « », CKW- . 

2min ( , ) 2.12c A C = 0.377p = . 

CKWA- , 2 ( , )c A BC
1
2

p = ( . 

34c). p A BC→ , p
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A BC← . 2 ( , ) 15.2c A BC = , A BC→
0.288p = . 2 ( , )c AB C . 34b . 30b, 

2min ( , ) 1.97c AC B = 0.627p = 2min ( , )c A C , -
:

( ) ( ) ( )2 2 2min ( , ) 1 | ( , ) | min ( , )p c AC B p c A C p c A C= − = ∞ + . 
AB C− ( . 34b)

CKWA: 2c

, , WRr- . 
A BC− ( . 34c)

:
p A BC→ ( CKWA). 

, , 
. 

( A C− CKWC, ( ) 1 maxS A = = ). 
( )
( , p

). 
, . 

. 35 36 , 
. 33 34. 

CKW, WRr- ( . 
35b and 36a) dissC dissAN N> . A

( .34a); C ( . 
33b): 2 2| ( , ) | | ( , ) |c A dissC c dissA C< . , , 

, 
, , . 

WRr- , CKW ( . 35b and
36a) depolC depolAN N< . A

( . 34a); C – WRr-
( . 

33b), 2 2| ( , ) | | ( , ) |c A depolC c depolA C> . , 
, , , 

. 
. :
« ». 
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. 35. WRr- C . 
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. 36. WRr- A . 

N 2c , , , 
.  

, ( AC B− ), 
AC ( . 35c and

36b), , 
p : decohC drcohAN N> .. :

, . 
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5. 

5.1. 

, 
( [67]) , 

, 
(

). , 
,   -

[68]. , , , 
, , 

, , 
, [69]. 

, , 
(

a
g

a
e ), 

- (
0

f
, 1

f
, 2

f
. .). , 

, 

. 
. 

-

[69]:

( )1
| | | | ,

2 z f f a ff a faH a a gI e g aI g e aωσ ω + += + +⊗ ⊗ ⊗ ⊗+   (116)

ω – | ag
  | ae , zσ – z- , aI fI –

2 2× ∞×∞ , fa+
fa –

, g – , 
. 
(116) :

;
(| | | | )a f a fV g e g a g e a+= +

. , 
, , 

, 
. 
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[70]   

. 
[70], , 

2×∞ 2 2× , , 

. 

, 
. 

( )
[ , ( )],af

af

t
i H t

t

ρ
ρ

∂
=

∂      
(117)

( )af tρ – , 

. (116) , 
, (117)

/ 0 /( ) ,iHt iHt
af aft e eρ ρ−=

     
(118)

  ( )0 0af afρ ρ= — . 

, g . 
, - (116)

(118) V

0) .( iVt iVt
af aft e eρ ρ−=

     
(119)

0 0 0 ,af a fρ ρ ρ= ⊗ 0
aρ

0
fρ —

. 

0

0

| | ,f i f
i

P i iρ
∞

=

= iP –

-

1
1 1

i

i

n
P

n n
=

+ +
,    (120)

( ) 1/ 1 .Bk Tn e ω −
= −

, 
. , (120)

, maxN . 
1

0

1 /
maxN

i
i

Pn nα
−

=

= − . 
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, , 
. maxN

, 1%α <
80n = .  

:
. 

, :
0( ) 0| | ,e
af a fe eρ ρ= ⊗

     
(121)

0( ) 0| | ,g
af a fg gρ ρ= ⊗

     
(122)

(121) (122) (119), 
. 

:
1) N ;
2) ( ) ( ) ( )I S a S f S af= + − -

( )S a , ( )S f ( )S af – , 
;

3) ( ) ( )( ) ( )| /a fi S af SS f a−=

( ) ( )( ) ( )| /a fi S af SS a f−= ,  

4) ( )

( ) ( )( ) ( )2 | | | |1 1, a f f a f a a fc i i if a i= − − − ( -

2
fa

). 

5.2. 

•
(119) (121)

  n , . 

( )| ( ) sin( ) | ,1 cos( ) | ,0e
af af aft t g i t eψ = − . , 

, 
. , 

( ( )2 ,f a →∞ ).

. 37. , 
:

, n , 

.  
, . 37c, 
« »
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( 10n =
). , , 

-
, . | |f a a fi i> , , 

( ), –
( ). 

, 
( )2 ,f a ( . 37d). 1n = ( )2 ,f a

( )2 , 1f a = . 
, 

( ).  
, 

( 10n = ) , 
. 

. 

a b

c d

. 37. (121)
0n = ( ), 1n = ( ) 10n = ( ): a)

; b) ; c) ; d)
. 
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• . 
(122)

n . (119)
( )| ( ) | ,0g
af aft gψ = . 

  
| 0 f , 

.  
1n = 10n =

. 38. , 
, . 

( . 38 ), 

. 
( . 38d) - , 

( )2 ,f a ( )0,1 1n ≥ . 
, 

( ), – ( ). 

a b

c d

. 38.
(122) 1n = ( ) 10n = ( ): a) ; b)

; c) ; d) .
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• . 
. 37 38 , 

, 
. 

n . 
150 400t≤ ≤

0.5tΔ = . 
. 39. , 

. , 

. 

a b

c d

. 39. n
–  (121), – (122):  a) ; b) ; c)

; d) . 

.
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, . 39a. 
, n

(121) , .  
(121) (122) 0.7N ≈ , 

14% . 
, , 

(122)
. 

, 
. 39b.   0.8I ≈ , 

40% . 
, 

. 

5.3. 

, - . 

. 
(119)

  (117). , 
( ), 

. , 
, 

« » , 
. , , 

(
, 

).  

: , 
. 

, 1
, . 

, , 
(

), ( ). 
, 

, , , 
. 

, 

( 14%≈ )
. , 
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, 
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6. 

6.1. 

, , 
. 

( , , )
( ). , 

, 
[4]. 

.  
, , 

. 40. , 
, , ( )

. ( )1
01 10

2 CB CBCB

−Ψ = − , 

C , – B . 

. 40. :
B. 

A (
) 0 1

A A A
ψ α β= + , 

. A
C

: ( )1
01 10

2 AC ACAC

−Ψ = − , ( )1
01 10

2 AC ACAC

+Ψ = + , 



77

( )1
00 11

2 AC ACAC

−Φ = − ( )1
00 11

2 AC ACAC

+Φ = + . 

, 
B ( )

, 
B

ψ . 

. 
:

. 
. 

, , . . 
. 

B
( 0 , 1 ). , 

: 0 , 

( )1
0 0 1 1

2
+ , 

  0 1 . 
, , 

(
) 0 1 1 0X = +

0 . 
, :

1 2 3,  ,  + − +Φ ≡ Ψ Φ ≡ Ψ Ψ ≡ Ψ , 4
−Ψ ≡ Ψ . 

4 CB
Ψ . 

( . 41a,b). 
, a

, b –
. 

: ( I), 
, 0 , 

( II)

( )1
0 0 1 1

2
+ . 

: aI, aII, bI bII. 

. 
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. 41. : a)
; b)

. 
( obst ). 

  ( qt ), . 

6.2. 

aI, aII, bI bII -
. , 

. , 
. 

, 
. 41. 

«obs» t , , 
. 

I bI, 
0 ,   

in 4 40 0I

A CB
ρ = ⊗ Ψ Ψ ,    (123)

II bII, 
1 1

0 0 1 1
2 2A A

+ , 

in 4 4

1 1
0 0 0 0

2 2
II

A A CB
ρ = + ⊗ Ψ Ψ  .  (124)

aI aII , B
, (123) (124)   

mes

1 1
0 0 01 01 10 10

2 2
I

B A CB CB
ρ = ⊗ +   (125)

mes

1 1 1 1
0 0 0 0 01 01 10 10

2 2 2 2
II

B A A CB CB
ρ = + ⊗ + (126)

. , 
B. 
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aI aII –
AC

  

( ) ( )out 1 1 2 2 3 3 4 4

1 1
1 1 0 0

4 4
I

AC AC B AC BAC
ρ = Ψ Ψ + Ψ Ψ ⊗ + Ψ Ψ + Ψ Ψ ⊗

(127)

( ) ( )out 1 1 2 2 3 3 4 4

1
0 0 1 1

8
II

AC AC AC B BAC
ρ = Ψ Ψ + Ψ Ψ + Ψ Ψ + Ψ Ψ ⊗ +

(128)
I II . 

bI bII. 
AC , (123) (124), 

(125) (126). , 
– (127) (128) bI bII

. 
. 

, 
bI bII. , in mesBρ ρ→   

CB , 
, B . , 

(127) aI , ( 1Ψ

2Ψ 3Ψ 4Ψ ) . 
, B, 

( . . ). 
2 . 

, , aI
. bI, aI , 

, , 
. . B

. 
bI bII, 

rand
out

Aρ (128), 
, , 
a. 

, , 
, 

. , 
. 

( )
. 

« » p (
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(84)). , 
p

. :  

( )( )out mes out1aI I I I
ACB Bpρ ρ ρ ρ= + − − ,   (129)

( )( )out mes out1aII II II II
ACB Bpρ ρ ρ ρ= + − − ,   (130)

( )( )out in out1bI I I I
ACB pρ ρ ρ ρ= + − − ,   (131)

( )( )out in out1bII II II II
ACB pρ ρ ρ ρ= + − − .   (132)

, 
. 0p =

( ), 1p = . 
, , 

(129)-(132) B

( )1
0 0 1 1

2Bρ = + p. aI

aII, . . B, 
bI bII  . 

, B
. , 

. 
AC B−

. . 42 ( )2 ,c AC B aI
ACBρ

bI
ACBρ . 0p = , ( ) 0S A = , ( ) ( )2 2, ,c AC B c C B= = ∞

mesBρ ( aI), inρ ( bI). 
p

( ) ( )2 2, , 1aI bIc AC B c AC B= = 1p = . , 

aI
, , 

. 
, 

AC B. bI  
–

, aI
, . . B

. 
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. 42. ( )2 ,c AC B aI

( ) bI ( ). 

  
aI , 

, ?
B. 

. , 
2 ( ( ) 2S AC = ). 

( ( ) 1S B = ). 
B . 

, « »
, 

aII bII. 
( )2 ,aIIc AC B ( )2 ,bIIc AC B . 43. 

0p =   ( ) 1S A = , 
AC B− . , 

(aII) , 
  (bII): ( ) ( )2 2, 1 , 2aII bIIc AC B c AC B= < = . p

, ( ) ( )2 2, , 0aII bIIc AC B c AC B= = , 

AC B . 
, - AC B→ . 

, , 
. 
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. 43. ( )2 ,c AC B aII

( ) bII ( ). 

6.3. 

, [4], 
. , 

, 
, 

. , 
«

» ( , ). [4]

iΨ

( )
,

2 , |i ia b
W b a= Ψ , 

« ». 
0 1 1W 2W , 3W 4W –

( , 
, ). 

. 41. ψ ( 0 1 )
, 

,   ?W ψ ( «?» , 
– )

. 
BC, 4 ?W W ψ (

, . . 4Ψ )  B, 
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. , 
. 

. 44. 

. 44. 
.

, 
, 

BC. , 
, 4 ?W W ψ . , 

b . 

?W , 
, , 

( , , 
ψ II). p

B
. 

, . 
, B C D, 

. D – ( )
. D :

4
† † †

4 4
1

1
0 0 0 0 0 0

4
I
ACBD i i i i i iA DC B

i

W W W W W Wρ
=

= ⊗ ⊗ ⊗ Ψ Ψ   (133)

{ }

4
† † †

4 4
0,1 1

1
8

II
ACBD i i i i i iA DC B

j i

j j W j j W W W j j W Wρ
= =

= ⊗ ⊗ ⊗ Ψ Ψ (134)

I II .  
: ( )2 ,Ic AC B = ∞ ( )2 , 1IIc AC B = AC B− , 

(133) (134). 

, , 
( )2 ,c AC B 0p = . , 
, :
, 0p = ( )2 , 2bIIc AC B = , ( )2 , 1aIIc AC B = ( . 43), 

( )2 , 1IIc AC B = , a b. , 

0p = ( ) ( )2 2, ,aII bIIc AC B c AC B< , 
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( ) ( )1 0aII bIIS AC S AC= > = . ( ) 1S AC = , 
. . , , , 

.  , 
( . -

)
( )2 , 2c AC B = , . .  B ( )S AC

1. , 
. 

( ) ( )2 2, , 1aI bIc AC B c AC B= = ( ) ( )2 2, , 0aII bIIc AC B c AC B= =
1p =   ( )2 , 1Ic D B =

( )2 , 0IIc D B = . , D –

, , 
1p = . , 

. , 
( )2 , 1Ic D B = , 

. . ( qt ) D

B. , 
, 

. 
, 

( ) ( )2 2

1
, ,

2
II IIc DA C c DA B= = . 

D (AC)’ ( . . , D
), :

( )( )2

1
' ,

2
IIc AC A C = . . . 

, . 
, 

. 
, 2 2( , ) ( , ) 1I Ic AD B c AD C= =

( )

2 2

1
( , ) ( , )

2
II IIc AD B c AD C= = ( A )

, , 
.

, , , 
, 

. 

– D, – . , 
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–
, ( , 

« », 
). , ,
. 

(126): , 1
( ) . 

, , 
, 

, 

. 
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7.  

7.1. 

( ) [71-79]. 

– , 

[78, 79].  
, 

[76]. 0ρ 1/2, 
Oz . 

Oz′ , 
{sin cos ,sin sin ,cos }n θ ϕ θ ϕ θ= ,   

†0( ) ( ) ( )n U n U nρ ρ= ,     (135)
( ) ( , )U n U θ ϕ= – :  

cos( / 2)exp( / 2) sin( / 2)exp( / 2)
( , ) .

sin( / 2)exp( / 2) cos( / 2)exp( / 2)

i i
U

i i

θ ϕ θ ϕ
θ ϕ

θ ϕ θ ϕ
=

− − −
   (136)

0ρ
(135):

( ) ( ){ }, ,  1,2.
mm

m n n mτ ρ= =     (137)

, (
n ) .  

(135) n
0ρ [77] ( , 
0ρ ). 

:
( , ) 0, ( , ) 1.

m
m n m n≥ =     (138)

, 
:

2( ) ( , ) log ( , ).t

m
S n m n m n= −     (139)

t , 
, . , 

0
ABρ

1 2 1 2

0
1 2 1 2

†
1 2 1 2 2 1 22( , , , ) { ( , ) ( , )} ,  , 1,2AB m m m mm m n n U n n U n n m mρ + + == (140)
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1 2( , )U n n
  

1 2 1 2( , ) ( ) ( ).U n n U n U n= ⊗     (141)
, 

, 1n 2n . 

7.2. -

ABS , AS BS

(4) 1 2( , )t
ABS n n , 

1( )t
AS n 2( )t

BS n . 
(13)

2 1 2( , )tc n n   ( , 1k = ). 

- . - , 

2 1 2( , )tc n n (

1n 2n 1θ , 1ϕ 2θ , 2ϕ ). 
, , 

, 
. 

- , , 
, 

( )1 2 1 2( , ) max ( ), ( )t t t
AB A BS n n S n S n≥ . , 

. , 
« » , 

[77]. 
, 

. 
(140) , 

0
1 2 1 2 1 2

†( , ) ( , ) ( , )AB ABn n U n n U n nρ ρ= , 
  (84). , -

–
. 

7.3. 

( )1
| | 00 |11

2
+Φ = + , | 0

|1
.  
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–
0ABS = , 1A BS S= = , :, 2| |c →∞ . 

, , 
, :  

0 † 0 0 0
1 1

†
2 2( ) ( ) ( ) ( )A B A BU n U n U n U nρ ρ ρ ρ= = = . 

1 2( ) ( ) 1t t
A BS n S n= = | |

t t
A B B Ai i= . . 45

1θ 2θ 1 2 0ϕ ϕ= = . 
, 

( | | 0t t
A B B Ai i= = )

( 1 2θ θ= ). 
, - :

2 1 2| ( , ) |tc n n →∞ . 
, , 

-

. 

. 45. | |( )t t
A B B Ai i

1 2 0ϕ ϕ= = |φ+ . 

  

« - » ( . 
III, 3). (68 )

: 20.2,  0.1.q a= =
:

0.722,  0.827,  0.469AB A BS S S≈ ≈ ≈ 2 1.604c ≈ , , 
A , B – . 

, , 

1(2)θ : 1( )t t
A AS S θ= , 
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2( )t t
B BS S θ= ;

: 1 2 1 1 2 2( , ) ( , , , )t t t
AB AB ABS S n n S θ ϕ θ ϕ= = . . 46

1( )t
AS θ 2( )t

BS θ
AS BS . 1(2) 0θ =

, 1(2) / 2θ π=
, . 

. 46b

1 1 2 2( , 0, , 0)t
ABS θ ϕ θ ϕ= = ABS . , 

. 

. 46. ( )
(b) « - »   

1 2 0ϕ ϕ= = . 

. 

2 1 1 2 2( , , , )tc θ ϕ θ ϕ , 
0.574A B ABI S S S ≈= + −

1 1 2 2( , , , )t t t t t
A B ABI S S S I θ ϕ θ ϕ= + − =

. 
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. 47. C - ( 2c 2
tc )

( I tI ) « -
» :

1 2 0ϕ ϕ= = , 1 2θ θ θ= = ( ); 1 2 1 0ϕ ϕ θ= = = (b). 

, , 
, , 

1 2θ θ θ= = 1 2 0ϕ ϕ= = . . 47a. 

, θ 2
tc

0 +∞ . , 

, , . 
, , 

( tI I< ) , 
. , 

( / 2θ π= ). 
, 

, , 1 1 2 0θ ϕ ϕ= = = 2θ . 
. 47b. , 

. 
, -

. , 
, , 

. 

. 
, 

, , 
. , 

, . 
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, 
, 

, 
, 

. , 

( 2| |tc →∞ ). 
, 

, . 

:
, 

. 
, 

, 
. 

, -

. 
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, . (
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– 2c . 

, 2c ;
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, , - , 
, - , , 
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, 

. 

, 
, 
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