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; b – -
, -

, , 
;  –  -

;  = b – a –  -
, -

b.
, 

 < b,  > 0. ,  b,
 < 0. -

, 
-

, 
.

, -

, . 
. -

-
. .

, , -
 – . . 26 -



66

, -
,  90–70° .

 70–35° . , -
, -

. -
. 

.  ( . . 25).

. 26. 
 90° . – 70° .  70–35° .

. 27. 
( ),  ( )  ( ) 

 3  10 

 6  40–70° .



67

. 
. , , -

-
 – , 

. 
,  

. , -
-

, -
, 

.
. , , -

 1–5  [1].

3.5. , 
. 

. -

 [13]. -
I , I

.
I

I
I (6)

-
-

, 
. -

. , -
-

.



68

. 27 
 3  10 , -

. -
 ( )  

 6  ( )  ( ) -
 ( ). -

, -

. (7)

. 27,
, 

.
. 27,

:
1.  -

,  – . 
,  – . 

-
 ( . . 27, ).

2.  -

 – .
3.  -

, 
-

.



69
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. 28, I
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 15  35° . 
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3.6. , SOI, NAO

 [17] -
, -

 500 
.  14 -

, : -
 (PNA, Pacific–North American),

 (EA, East Atlantic), -
 (WA, West Atlantic),  (WP,

West Pasific),  (EU, Eurasian) .
 (8)–(20) -

 (  –  ,   –  
./ .): PNA:  (20°, 160° .),  (45°, 165° .),  (55°,

115° .), D (30°, 85° .):

PNA
1 ( ) ( ) ( ) ( ) ;
4

I z A z B z C z D (8)

EA: E (25°, 25° .), F (55°, 20° .), G (50°, 40° .), (9)
1 2 ( ) ( ) ( ) ;
4EAI z F z E z G (10)

WA: H (55°, 55° .), I (30°, 55° .), (11)
1 ( ) ( ) ;
2WAI z H z I (12)

WP: J (60°, 155° .),  (30°, 155° .), (13)
1 ( ) ( ) ;
2WPI z J z K (14)

           EU: L (55°, 20° .),  (55°, 75° .), N (40°, 145° .), (15)
1 ( ) 2 ( ) ( ) .
4EUI z L z M z N (16)

z
 500 

.
 SOI.  – 

. -
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, , -
 – . -

 (SOI) -
 (  =  12°  .,   =  131°  .)  

 = 17° .,  = 150° .). gm -
:

(17)

Pgm – , Pm – -
 ( ), m – m ,

g  m – .
 (SOI):

,gm
gmSOI (18)

gm  1951–1980 .,  – 
.

, 
 [3], -

, , 
.

-
,

SOI . 
SOI , 

-
.  SOI
 145  [1, 4, 5]. -

, -
.
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 1940  1941 ., , -

, -
 1973–1975 ., 

, , , 
 1988–1989  1996 . [1].  2014 .

.
 7

-

A
mP , A

m mP , m m

1 1019 5,7 1002 9,3 18
2 1018 6 1005 8,1 18
3 1018 4,6 1006 7,5 19
4 1020 3,2 1011 3,9 18
5 1021 2,5 1014 5,1 18
6 1023 2,1 1010 3,7 17
7 1024 1,5 1010 3,6 16
8 1022 1,5 1009 3,1 16
9 1021 1,9 1006 4,1 18

10 1019 2,1 1003 6,1 17
11 1020 3,1 1004 6,5 17
12 1021 4,3 1000 7,7 18

 NAO. -
, 

.
-

 [14]. -
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A A

A ,gm m gm m
gm

m m

P P P P
(19)

A
gmP gmP  – 

; A
mP mP  –

 ( ), 
 (20–30° ., 35° . 

20–30° ., 40° .) 
(10°, 20°, 30° . , 65° .) -

A
m m ; g m – ;  – -

.
 8

1988 7 4 4 –18 –3 6 4 6 3 –11 –14 3

1989 16 21 17 5 1 –7 –2 17 2 5 –10 –14

1990 19 22 13 19 –18 5 0 8 –6 3 –7 2

1991 18 16 8 9 20 14 7 20 1 –1 13 18

1992 18 18 13 7 8 11 13 37 2 –11 18 8

1993 24 16 16 19 4 8 19 11 10 3 26 18

1994 17 12 26 13 6 15 26 18 3 1 0 17

1995 16 17 16 8 – 12 –4 10 17 22 –5 2

1996 7 12 4 8 3 11 28 – 8 16 26 7

1997 6 28 18 19 13 –8 22 19 0 0 11 8

1998 6 16 11 23 – 9 – 22 2 20 15 16

1999 14 21 8 7 10 – – 17 13 13 20 15

2000 16 25 16 16 14 14 – 21 13 32 18 10

2001 12 6 10 17 4 1 25 24 –4 20 27 –4

2002 17 20 14 25 20 21 – 15 – 1 22 5
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-
. 7.

gm -
NAO

,gm
gm

m

NAO (20)

m – ,
 ( ) -

 1951  1980 . m, 
 10 , . 7.

 1950  2010 . NAO,
 10 , . 8.



75

4. 

4.1. , 
.

 ( , ) 

. 
, 

-
 ( ). 

 ( S) -
S

, . -
-

, . -
, ,

S , -
, 

.
,  ,

, , , -

. , , -
,  « -

» , -
.

, -
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, -
: , 

, , , ,
.

-
. . 

, -
, , , -

.

-
: ( , , , z, t, s, s, s, zs, ts, s, Rs, , , , ).

-
X -

, , z, t. s, s, s, zs, ts, s, Rs -
 ( s, 

s, s, zs, ts , 
s, Rs.  ,  ,  ,  -

, 
-

.
zs ,  ,  -

, 
.

 (s)
-

, -
, -

.
-
-

. . -
, , , 

. 
-

.
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, 
 (s, s,  s, zs, ts, s,

Rs)   ( ,  , t). 
. -

, 
 ( ).

-
 ( -

), -
 ( , , z, t), 

-
 –

.  -

, 
.

 ( , 
) -

,  -
,  ,  

,
 ( , , , ), -

.  
-

.
, 

.

4.2. 

 500 

-
-

 –
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 –
-

 (  [22]).

, -
,  [17, 22], 

, -
.

, , -
-

 ( -
) . 

-
.

, , -
, -

 ( , .) -

.  ( )
, -

,  ( ).
.

, . 
, , -

, -
, .

, -
, 

-
. , -

. -
.

, -
, 

-
. , -

-
, 
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, -
. , -

, -
.

-
, .  [2]. -

H500  60- -
 ( . 29, ) 

 (  11 , -
. 29, ). 

 (0)   (  –1   –5)  
 (  1  5). ,

-
. 

H500
, 

.

. 29. . :
 – , ;  – 

 ( );  – 500
 [7]
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. 29, -
. 

,
. , 

, -
. -

, -
, 

.

H500

 [17, 18, 22].
-

 500 
H500

 [18]. , 
-

 540 . ,  36-
,  36 

 540 , . -
, 

-
 [3]  [4].

. 30, -
 540  10 

90 %. . 30,
, , -

. -
, 

, -

.
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. 30.  540 
 1951–1993 .):  – Sk (1),

Ku (2) tN (3);
 –  (6)  10 (4)  90 % (5) [7]

. 31.  540 
 ( ) 

1951–1993 .:  –  ( );
 –  ( ). 1 –  ( );

2 –  2 ( ); 3 –  3 (W); 4 –  [7]
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 540 
,  40–50°

, . -
 90°, 

.

. 32.  540  (
 1951–1993 .) 

:  – . ;
 – 3 ;  – .

1 –  1: 2 –  2 : 3 –  3 : 4 –  4 : 5 –  [7]

k ) 
80° . – 100° . ( . ).

-

.  ( . 31);  – 
. k

, 
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. 

, . 32, , .
. 9, -

.
, , -

, . -
.

 9
 (%) 

 540 

.  (  1) 
 (  2)

 2 1 1 2 3
1 79,6 0,0 20,4
2 16,7 80,2 3,1
3 51 20,6 28,4

.  1951–1993 . (5 )

,  
,  .  ,  -

 ( -
. 32, ). 

, -

. , . 10, 
.

, 
, -

. -
, , -

. ,
, 
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-
.

 10

 ( ) ,
 (  2)

 (  3) 

 2  3

1 1467 + 468 = 1944 231 27
2 0 + 257 = 257 658 5

3 130 + 79 = 209 28 496

, , 
, 

. , 
. -

-
. 

, 
,

. -
-

 500 -

. -
-

 ( ).

4.3. ,
,

-
, 
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-
.  

, 
, , -

, , .
, -

, , -
. -

-
. , , -

, -
 ( , , 

) -
. 

-
-

 ( ).

, -
500 -

. -
.  [5],

-
.  – 

.

500  120  1967  1987 .
(601 ), -

: 
, .

-
:

500

. -



86

. -
500 :

– , 
, .  [1]:

2

1

1 ( ) ,
m

ij
j

i i

AH
K

m (21)

AHij – 500 i; i – 
; I = 1,…, m, m –  (m – 120); j = 1,…,

N, N –  (N = 601);
– , 

j ,j

m
P

m (22)

mj  – 
500 ;

– , -
-

, -
:

2 1 2 1

1/21/2 221
1 1

1 1 1 12 1 1 1 2 1

1 1 ,
( 1) ( 1)

N N NN
ij i j i ij

j
j i i jii jj

AH AH AH AH
PR

N N N N (23)

1i 1ij  – ; N1 N2 – ,
.

,  
j, Pj, PRj (j = 1,…, N) -

K , P PR .  
j > K ,

Pj > P PRj > PR  +1 
–1, . :

Y = (Y1,…, Y12) = sgn (X1,…, X120). (24)
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 10 .
Y

, -

12

  1

1( , ) ( ),
4i j in jn

n
R Y Y Y Y (25)

i,j = 1,…, N. R  ( -
).

500. -
. 

.  [5].
 (R')

k' N, N –   (N = 601), s-
Rst' (s = 1,…, k;

t = 1,…, N). Yt, 
,  ( ), -

s- . -
k = N, N – 1,…, 1 (N = 601).

-
N- . , -

, -
 [27]. Yt As
:  « » Yt -

As:

1

*1 ( ),i it
Y A

M R R
N (26)

R* –  (R = 7); N1 – Ai
 « » :
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1

*1 ( ).
i

i it
Y Ai

M R R
N N (27)

Mi M -
:

1

1 .
N

i
i

Q Q
N

(28)

. 33. 500 500 ( , )
 (1-  – , )

Q k' = N, N – 1,…, 1.
Q(k) k' = 12,

 12 , . 12 
. 500 -

500 -
. ,

, ,  (  1, 3,
9–12)  (  2, 4–7).

. 33, , -
. 
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,
 – .  – . 

-
, 

. 
 10 .  3, 9–12 -

, -
, 

.

. 34. 500 500
 (2-  – , ).

 2, 4–7 . . 34,
,  500 500  2.

. -
-

.  4 
.  5 – -

, 6 – , 7 – 
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.  16
, -

. -
 1, 2, 4, 5  6 -

 21, 13, 9, 18  11 % . 
 3  6 , 

, -

.  3, 7–12,
,  – 

.
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5. 

5.1. 

 – , 
, 

1, 2, ..., m. 

, . 
 (cluster), 

, , . , 
, – , , .

-
-

.

: -
, . 

. 
, , , 

, 
.

, 

.
-

 30- . XX ., -
 60-  –  70- . [8].

-
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. , -
, -

. 
, 

, . 
 ( -

).

:
1. ,

, . ,
, 

.
2. -

, . 
.

3. -
, -

.

:  ( )  ( -
). 

 ( ), 
. , -

,  
. -

, 
 ( ). -

, 
 ( ), -

. 
, 

.
, -

, -
, . -

.
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-
 [2, 8, 11].

5.2. 

 ( )

-
. 

,    -
. -

. -

, 
.  ([19] . 4).
 [19] . 4 

 500 -
 (  20° .), 

, .  [1] ,
, ,

-
 500 , -

-
. 

-
, -

-
.

 – -
 ( ).  [6], 

, -
.

.
500

. ,



94

, -
. , 

-
. -

. -
, 

N. 

1 1 1 1(1), (2),..., ( ) ; 1,..., ,Tx x x M i N (29)

 – 500 i; xi (j) – 
500 j -

i; T – .

0 ,p (30)

p
0 –  h. i = 1,…, N; p = i.

. 
, 

. -
 2N – 1. -

, 
h

( )
1 1; 1,..., 1,N h p p

h h hC C h N (31)

p
hm  –  ( ) p h; -

1p
hm ; p

hv  –  

p; vo = 0, p
h

p
h b, – p;

p
oa  = 0; pb0  = 0.

,
. 
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.
p

h 1
p

hC 1 -
.

-
, 

1

1 .
p
hm

kp
hhm

(32)

, , k

, p
h .

, -
N N,  (p, p ). , -

. -

.

, 
 « » -

. , 
[13],  (Ward's method). -

 [6].   [2],  
, 

, -
. , 

, -
-

. , 
, 

.  [6] ,

p
h 1

p
hC 1 , 
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(33)

p, p  = 1,…, N + h.
)( hN

h , h, -
:

Y = (Y1,…, Y12) = sgn (X1,…, X120), (34)
( ) ,N h p p
h h hm m m (35)

( ) ,N h
h ppv I (36)

( ) ,N h
ha p (37)
( ) ,N h
hb p (38)

)( hN
hm  – , ;

)( hN
hv – ; )( hN

ha )( hN
hb  –

.
-
.

 [6] , -

. -
²(t, N + h) -
t, -

(39)

-
 – p

hC p
hC . -

N – 1 . -

N – h. -
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-
, . .

, . -
, . -

, -
, .

. , 
, , 

, . 
-

, 
. , , 

.
 [13] 

. . N
 100 . 

-
. -

. 
, -

. -
, 

 0,8 -
, . ,

, ,  5 % 
, -

,  0,6. ,
, N  350 [13].

-
 500 

, -
-

 ( ) . -

 ( ) -
. 
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 + . -
, 

 ( -
 + ). -

, -
, 

 + . -
 12 

. -

, , -
 2 , -

. 
 « » , 

 « » -
 ( ,  -

) 
 (  1 -

 1 ).
-

12  (372 ), -
. 

[1], -
 [6].

-
, -

 500   ( 500), . -
 ( ) 

, , -
. -

500  20  1  1968 ., -
.
-

 20 -
, 

.
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-
 [8], 

. -

. -
 2,5  6 ,  –  10 . -

, -
500.  -

500 -
. 

.

. 35. . -
 – ,  – , -

.  – ,
,  .  

. -
. 

  , .
, -

, -
500. , -

, , -
500 ( -

 + ). , 
 +  25  %  

 + , . -
, -

.

500. 
 + -

.  -

. , 
-
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. ,
. 35.
 (  740, 735, 732, 724) -

500 -
-
.

, -
, . , 

, 1.
 (  739, 738, 733, 728, 2) 

. 500

, 
. 

.  738 . 36, .
1 2 -

 59,7 % .
 (  737, 729, 718, 3) 

-
, . -

. -
, 3 -
.  729 . 36, .
 (  736, 734, 713, 4) 

:  – , -
 – . 

 [10], 
.  736 . 36, . -

3  19,4 % , 4 – 21 %.

 + 
 – , 

, . -
.
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, -
, 500 . . 35).

. 35. :  –  + ;  –  + ;
 – [19] .4

 (  733, 713, 1) -
,

.
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 (  730, 724, 2), 4, -

.  730 . 37, .
 740 

, 2
1 . 

, , 
25,5 % .

. 36. 500 2 ( ), 3 ( ), 4 ( ) 
 + ([19] . 4)
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. 37. 500 2 ( ), 3 ( ), 4 ( )
 +  ([19] . 4)
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3 (
738, 735, 729) 

. -
500 (  738 . 37, ). -

3  23,7 % , 
.

. 4 (  739, 737, 731, 714) -
1   + . , 

 + 4 (31,2 %), , -
 + 1 (30,1 %).

 (  736, 732, 726) 
. -

 ( 5) 500 -
 (  – ), 

 ( . . 37, ,  736).

, -
1 (  795, 793, 778, 762), -

, , 

. , ,
, -

 34,2 %.  [4].
 778 . 38, .

-
.  ( 2),  790,

757, 752, -
.

 ( 3),  792, 783, -

.
 ( 4) -

, 
500. 

. 4  791, 784,
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777. 
 ( . . 38, ).

. 38. 500 1 ( ), 4 ),
5 ( ) [19] . 4
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,  ( 5) 
,

 (  794). 5 
4 -

 797,  35,5 % 
. , -

 ( . . 38, ).
-

. -
 +  40,3 % ,  +  – 

449,2 %.  65,8 % , -
.

-
. -

3, 3, 4. 
. , 

-

. , , 
500 .  ,

,
, 
. 

: 4 
. 

500 4 , -
, 3. , 

.
3 4, -

, , -
. 

, , -
, , 16,8 %,  +  –

23,7 %,  +  – 13,4 %. -
3 , , , -

. 
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, 
.

4, 2,
1, 5, 4. 2  -

4. , 
 788. 

.  [10] 
, -

 – -
 – , .

-
. ,  « »,

. , -
. , , -

-
.  500 ,

. 
 21  %  (  + )   10,5  %  (

) . -
,  -

.
, :

1. , 
, -

. 
-

, , , 
.

2. , -
-

, .
, 

, 
. , . -

, 
 + 
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, ,  [13]. 

. 
, 
.

, 
. 

,
.

 + -
-

. ,  +  + -
, , 

.

5.3. 

,  ([10]
.  4),  .  

, 
.

. , 
 ( -

) 
,  30 

 ([26] . 4).
-

, -
, -

.  ([6, 8, 9, 14, 23–25] . 4).
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-
, .

,  
. -

-
 ([19, 23] . 4).

 [11]  .  4   –
. -

, 
 ([19–21] . 4). -

.
-

, -
.

 [11] . 4 . -
, -

. 
-
-

. 
 ( )  .  -

, 

.
 15 , 

-
 500 .

,  «  – » 
. -

, -
, . 

, . 
, , -

, .
-

 500 -
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. -
,  -
. 

 [21] . 4, 
 [19] . 4.

, 
. -

, -
.  ,  

, -

 0,85. 

. , -
-

. -
 500 

, 
. .

-
 ([20,  21]  .  4).  -
 500 , , 

. -
, -

. 
:

1. -
.

2. -
, 

.

 [13].
 8 . -

 500  ([19] . 4). 
, -
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. , 
. 

 8 -
500  8.

-
, ,

-
500 -

. -
,  

-
.

-
 – 22, 27, 30  32 -

 1, 5, 3  2 . -
. 11, 

, 
,  – . 

, 
. 

, 
, , , 

. -
. -

.
 11

 (%) 500
h

j

h j
22 27 30 32

1 74 75 75 74
5 64 68 65 65
3 70 68 70 70
2 69 65 66 69
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500  [12] 
500

[19]. -
, , 

. -
.   (h = 22, j = 1) -

 22 -
.  (h = 27, j = 5)  5 

.

. 
, -

.
, -

-
. -

-
.

-
-

500. -
, 

, -
-

, .
-

. -
, -

.
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 5

. .
. -

, -
.

. 
, 

, 

. 
 ( ), 

. -
, , , , 

, 

. -
, ,

, , -
, .

. -
-

. -
k , 

k , 
.

 ( ).
. -
 – , 

,  .
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m

k
jkikij xxd

1

2)( , dij – 

i j ; xil, xjl – l -
 i-  j- .

 (Ward's method). ,
.

. 
-

Vk:
kn

i

p

j
jkijk xxV

1 1

2)( ,

k – ; i – ; j – ;  –
, ; nk –

k . 
,

Vk. -

.
.

-
. 

, -
:

1. .ij j
ij

j

x x
z

max

2. .ij
ij

j

x
z

x
3. .ij

ij
j

x
z

x min

4. .ij
ij

j

x
z

x

.  -
 ( ). , -

, -
, .

,
. 

, -
, -

-
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. , ,
.

, , -
.

:
– ;
– ;
–  ( ) .

, 
. , 

, , .
:

 (0,035714; 0,241071; 0,446429; 0,241071; 0,035714);
 (0,25; 0,5; 0,25);

 (0,166667; 0,666667; 0,166667).
. -

, -
. ,  3 

:
1 (3; 18; 45), 2 (6; 16; 38), 3 (5; 19; 41).

:
 (4.7; 17.7; 41.3).
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1. ?
2. . ?
3. , ,

?
4. ?
5. . ?
6. -

. ?
7. . 

?
8. ?
9.

. .
10. 

-
. .

11. 
: -

, .
12. 
. ?

13. 
. .

14. . -
, . ?

15. -
. ?

16.  13 -
?

17. 
?
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18. 
?

19. -
.

20. -
.

21. 
.

22. -
?

23. 
.
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