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       -
 .

      
 i      i 
 i.

        
  ,   3,5-    MS 
DOS / Windows,   ii ,   -
 ,  ,  ,   
 .

i (  - .  )  i:
-   (    ii, 

i,  , ,  i  ,  
,   i, i);

- , i i  ;
- i   i;
-  ,  ' i i;
- ii  ii i ;
- i i  i  .
      A4 (210 x 297 ).

      .    
  20 .      -
.       MS Word 97:
 Times New Roman, 12 .  : -
    ,     ,  
 .

        
,   ,    
 ,        -
    .  
    .  
         -
   ,    
.        
 .
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1   1
  

 :     , -
   - ,   
 ;    ,  -
   - .

  

1.       -
.

2.    , 
  - ,    
.

3.    
 ,     , -
       ,
   ,   (  -
  ).

4.   . 1.1     
(  )    ,  
  ,    ,  
    .   . 1.2   
      ,  
    6.

5.   MATLAB  Statistica Neural
Networks       
       -
,        -
.       - .

6.    ,    -
     ,  -
    (. . 1.2) ,  
     .   -
       .

7.        -
,    (     -
       )  -
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      ( 
(),     ,  ,  -
).

8.   . 5 - 7   , 
   :   , 
,    ,     ,
 ,  ,   () 
   ,   ()
  ,   ()  -
   ,   ()  -
 .

 1.1 -       

  

1 .1 1 11 21 31 41

2 .2 2 12 22 32 42
3 .3 3 13 23 33 43

4 .4 4 14 24 34 44

5 .5 5 15 25 35 45

6 .6 6 16 26 36 46
7 .7 7 17 27 37 47

8 .8 8 18 28 38 48

9 .9 9 19 29 39 49
10 .10 10 20 30 40 50

11 .10 19 11 21 38 41

12 .9 10 20 22 40 42
13 .8 9 1 23 39 43

14 .7 8 18 24 31 44

15 .6 7 17 25 37 45

16 .5 6 16 26 36 46
17 .4 5 15 27 35 47

18 .3 4 14 28 34 48

19 .2 3 13 29 33 49
20 .1 2 12 30 32 50

21 .5 1 11 20 29 40

22 .6 41 2 12 21 30
23 .7 39 31 3 13 22

24 .8 42 50 32 4 14

25 .9 43 49 33 23 5
26 .1 44 34 24 6 15

27 .2 35 25 7 16 45

28 .3 26 8 17 36 46

29 .4 9 18 27 37 47
30 .10 19 10 28 38 48
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 1.2 -    

 

    

1 2 3-1  

2 3 3-3-1  

3 4 3-3-3-1  
4 2 2-1  

5 3 2-2-1  

6 4 2-2-2-1  
7 2 5-1  

8 3 5-5-1  

9 4 5-5-5-1  

10 2 4-1  
11 3 4-4-1  

12 4 4-4-4-1  

13 2 6-1  
14 3 6-3-1  

15 4 6-4-3-1  

16 2 7-1  

17 3 7-7-1  
18 4 7-3-4-1  

19 2 8-1  

20 3 8-8-1  
21 4 8-7-6-1  

22 2 2-1  

23 3 2-3-1  
24 4 2-4-4-1  

25 2 3-1  

26 3 6-2-1  
27 4 7-6-3-1  

28 2 4-1  

29 3 9-2-1  

30 4 9-3-2-1  

9.       
,          -
    (),    
   ()  ; 
        
( )      (),  
      -
;       
  ,   .
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10.     , -
-      
   ;   .

11.    .
12.    .

 

1.    .
2.      ,   

    (  0,5 ).
3.    (  2 ),  -

     , 
  -     ..

4.     (  3 ).
5.  ,  () .
6.      ,  -

, .
7. ,       (.

. 1.1),        
 .

 

1. : , , ', -
.

2. ii    .
3. i  .
4.     .
5.      .
6.    .
7.      .
8. i   i  

 .
9. i i  i MATLAB.  Neural Network

Toolbox.
10.  Statistica Neural Networks.
11. i i  i MATLAB.
12. iii . i i i.
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13. :  , ,  ( -
), , i () i,  , -
    ,  , -
, , ,   / , 
 / ,   .

14.   i    i-
.       -
?

15. i i i  i.  -
      ,   
?       -
  ()  ?   -
 .  .

16.         -
 ,  ?  
   .

17.       
?         -
   ,     -
 () ,  ,   ?

18.        -
 ?     

.
19.         -

?
20.       -

  : y = (x  and x), y = (x xor x), y = not1 2 1 2

((not x) and x),      1 2

 : y = 3x   - 0,05x, y = sin(x) + 0,3x, y = 0,5x + 2x 1 2 1 2 1 2

2,5(x  x ) + 5,5?   ,  , 1 2

.
21.  :  i  

i.
22.        -

,    ?    . -
 .
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23.    .   -
      
?

24.       ?
       -
 .

25. ii    .
        
     ,   -
   : )  , )  -
, ) ?

26.      
2 y = x  + 0.5x + x,     : ) 1, )1 1 2

2, ) 3?   ,  ,  .
27.      -

      
, ,  ,     ?

28.      
  : 1) y = x  and x, 2) y = x xor x, 3) y =1 2 1 2

not ((          not x) and x),      -1 2

  : 1) y = 3x   0,05x, 2) y = sin(x) + 0,3x, 3)1 2 1 2

y = 0,5x + 2x - 2,5(x     x) + 5,5, 4) y = x / (xsin(?))?  -1 2 1 2 1 2

 ,  ,  .
29.     . 
   .
30. i i    ii -

   i MATLAB.
31. i    i i-

.
32.      i- -

   ?
33.  -i  i i-

 .
34.   i- .
35.      i-

 ?
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36.       i-
,    ?    . -
 .

37. i-i i  i MATLAB.
38.    i- 

   ()  ?
39.    i-  -

  : 1) y = x  and x, 2) y = x xor x, 3) y = not1 2 1 2

((not x) and x), 4) y = 3x  0,05x, 5) y = sin(x) + 0,3x, 6) y = 0,5x +1 2 1 2 1 2 1

2x - 2,5(x  x) + 5,5,   7) y = x / (x sin(?))?   ,2 1 2 1 2

 ,  .
40.    - .
41.    , , , ?
42.    i .
43.     ?
44.      ?
45.      ?
46.        

?
47.       -

    ?
48.       
   ?
49.       

    ?
50.         

 ?
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1.       -
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2.      ,  -
   .

3.    -
  ,     ,
       
,    ,   ( -
    ).

4.   . 1.1     
(  )    ,  
  ,       -
,       .

5.   MATLAB   
        -
   .

6.        -
,    (     -
       )  -
      ( 
(),     ,  ,  -
).

7.   . 5 - 6   , 
   :   , 
,    ,     ,
 ,  ,     
 ,     , 
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8.       -
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    ;  
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9.    .
10.    .

 

1.    .
2.      ,   
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         -
 .

4.     (  3 ).
5.  ,  () .
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 ( ), .
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3.   ,  
 .
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5.         -
,    ?    .  -
.

6.        
 1101****    : a) 11011001,
01010010, 11001111, ) 11011001, 11011010, 01011111, ) 11011001,
11010010, 11011111?  .

7.        -
  ()  ?
8.       -

 ?
9.       

.
10.    i i i.
11.  .
12.  .
13.       

,       -
?

14.     
ii.

15. i i   i ii.
16.   i  
17. i i i    i MATLAB.
18.       -

  .
19.       -

 .
20.       -

- .
21.    i .
22.      ?
23.      ?
24.        

?
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25.       -
    ?

26.       
   ?
27.       

    ?
28.         

 ?
29.    , , , ?
30.     ?
31.    .
32. i   i  

 .
33. : , , ', -

.
34. :  , ,  ( -

), , i () i,  .
35. :     , 

, , , ,  -
 / ,   / ,  
.

36. i i  i MATLAB.  Neural Network
Toolbox.

37. i i  i MATLAB.
38.      .
39. ii    .
40.     .
41.    i   -

.
42. i  .
43. iii . i i i.
44.       
 .
45.       
.
46.      

  .
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47.        -
 .

48.         -
.

49.  :     -
    .

50.       .
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   3
   '

        -
     ;   -
       -
       ;
   ,    
 .

  

1.       -
.

2.      , 
   .

3.    
 ,     , -
        
,    ,   ( 
  ).

4.   . 1.1     
(  )    ,  
  ,       -
,       .

5.   MATLAB   
        -
  LVQ,      
 .         
,  .

6.        -
,    (     -
       )  -
      ( 
(),     ,  ,  -
).

7.   . 5 - 6   , 
   :   , 
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,    ,     ,
 ,  ,     
 ,     , 
     ,  -
   .

8.       -
     SOFM  LVQ.  -
     ,  
        -
   ;   .

9.    .
10.    .

 

1.    .
2.      ,   

    (  0,5 ).
3.    (  2 ),  -

         -
 .

4.     (  3 ).
5.  ,  () .
6.      ,  -

, .
7. ,       (.

. 1.1),        
 .

 

1.   :  , , -
 ', SOFM, LVQ.

2.       SOFM  LVQ,   
?    .  .
3.   SOFM,    -

  .
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4.         -
   .    -
.

5.      
    SOFM.
6.    SOFM   -

      ?
7.   ()  
    LVQ.
8.   ii :  

SOFM.
9.   LVQ.
10.  "SOFM-".
11.      -i 

ii .
12. i i  SOFM  LVQ  i MATLAB.
13.      ?
14.      ?
15.     SOFM.
16.       LVQ?
17.    ?
18.      ?
19.      .
20.    ""?
21.       -

    ?
22.       
   ?
23.       

    ?
24.         

 ?
25.    , , , ?
26.    i .
27.     ?
28.      ?
29.      ?
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30.        
?
31.    SOFM.
32.    LVQ.
33.    SOFM-.
34.      LVQ1?
35.      LVQ2?
36.      OLVQ?
37.       

SOFM?
38.   LVQ.
39.   SOFM  -.
40.   SOFM  .
41.   SOFM    .
42.      .
43.   SOFM   .
44.     .
45.       -

   SOFM?
46.     .
47.       .
48.      .
49.      .
50.      .
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  MATLAB

MATLAB    ,  
      
  '  .

 MATLAB      -
,    ,  ( -
  ,     ),  -
   (Toolbox).

  :   ,  
 ,    MATLAB, -
      MATLAB 
    ,   ,    
   .     
       -
.

      MATLAB 
    Neural Network Toolbox. -
        
MATLAB (. .1  .6).

 .1     - 

x = [1 2 3];     
: 3  (), 1  ().

y = [2.0 4.1 5.9];  ,  , 
3   .

net = newrb(x,y);    - 
a = sim(net,x)     net  -

,  ,  , 
    x.

 .2      

x = [1    1;     
       1  1; : 2  (), 3  ().
         1    1];
net = newhop(x);     .
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 .3      LVQ

x=[1 2 2 0 4 5 3];    
 : 7 
(), 1  ( ).

y=[1  2 1 2 1  2 1];     7 -
  .

yc=ind2vec(y);     -
 .

net=newlvq(minmax(x),4, [0.6 0.4],   net 
'learnlv1');   : 

   
 minmax,  -
  ()  4, -
   -
     0.6,  
 0.4,     -
   LVQ1.

net.trainParam.epochs= 1000;   
   ().

net.trainParam.show= 100;    -
     -
   () .

net.trainParam.lr=0.05;   .

net=train(net,x,yc);    net 
  , -
    -
 x    -
    y.

a=sim(net,x);     net
   , 
  
 x.

ac=vec2ind(a)    
    
  .
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 .4     

x = [0.1 0.5 0.2 0.4 0.3 0.9;    -
       0.9 0.5 0.8 0.6 0.7 0.1; : 6  (), 3
       0.3 0.0 0.6 0.1 0.2 0.9]; ().
y = [ 1    0    1    0    1    0];    6 

 .
net=newff(repmat([0 1], 3, 1),    net  -
[2,1], {'logsig', 'logsig'},   :   
'trainlm');  [0 1],    3, 

   1,     2
,    1  , -
 1  2    
 ( logsig),    -

  -
 ( trainlm).

net.trainparam. show=25;    
      
() .

net.trainparam.lr= 0.01;   .
net.trainparam. epochs=500;    -

   ().
net.trainparam. goal=0.01;    -

   ( ).
ct=cputime;   '  -

     ct.
net=train(net, x, y);    net  

 ,  
   x   -
     y.

ct=cputime-ct    
,     -
 ct     , 
   ct    
(      -
 ;  ).

a=round(sim(net, x));     net -
   ,  -
    x.
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 .5      SOM

x = rand(1,400);       400 -
     

net=newsom(    net    -
minmax(x), [2 5]);:      -

 minmax,       2x5.
net=train(net, x);    net ( )

   ,  
   x.

y=sim(net,x);     net  ,
      -
,      x.

yc=vec2ind(y)       -
     .

 .6 -     

x = [1 0 1 1 1 0 1 1]    
: 8 , 1 .

y = [0 0 0 1 1 0 0 1]    .
net = newelm([0 1],   ,    5
[5 1], {'tansig',      1   
'logsig'}); ,     'tansig'  'logsig',

.
net = train(net, x, y);  .
Y = sim(net, x);     net  

 ,   
  x.

      MATLAB,
   6.0,    
nntool,     Neural Network Toolbox.

 nntool    , 
  ,    '-
  .      -
    nntool.
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  Matlab.exe      -
  nntool  : nntool.    
nntool (. .1).

 .1      nntool

  Network and Data ("  ") 
        

 .
 New Data (" ")    

  (. .2).

 .2 -    nntool
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 Name ("'")  '   
MATLAB,      ,    -
 Value ("").  Data Type (" ")  -
  : Inputs -  , Targets -  -
  , Input Delay States  Layer Delay States - 
      , Outputs -   
 , Errors -  .

         
  MATLAB   ,    -
    Import ("").   '
  (. .3).

 .3 -    

 Source ("")     -
: Import from Matlab workspace (   
MATLAB)  Load from disk file (    
).  Browse   i .

 Select a Variable (" ")   
nntool,       .

 Destination ("")     -
 ,  i.  '    Name ("'"), 

 (Import as)    .
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 Export ("")    
    nntool    ,   
  MATLAB.

 "New Network" (" ")  i -
   i    i (.
.4).

 .4 -   i

 Network Name ("' ")   ' , 
 .   Network Type (" ") -
     (, Feed-forward
backprop -    ), 
Training Function, Adaptation Learning Function, Performance Function 
Number of Layers , i,    
,     ,    -
  .

 Properties for Layer K    
 K-  .   Number of Neurons  -
    ,    Transfer Function - 
     .
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 "View"     
  (. .5).
 "Delete"     

  (  ).
 "Help"     MATLAB

        -
.

       -
  nntool    Networks only,  
     (. .6).

  -      -
  Network (""),    -
    (. .7-.10).

 .5 -    ,
    nntool
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 .6 -    nntool   

 .7 -  Network:  Initialize
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 .8 -  Network:  Train

 .9 -  Network:  Weights
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 .10 -  Network:  Simulate

 Initialize ("")   ,  
         -
  .

       -
 Train (", ").   , -
    '  : goal - 
   , epochs -  -
    , show -    
   ,    .

    MATLAB   
     -   (. .11).
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 .11 -        

 ,   ,  , -
  Weights ("").

 ,   ,    
    Simulate ("").
 ,     MATLAB,

   ,     . .7.

 .7 -    
MATLAB

 ,  
numInputs   
numLayers  ()    -

  
biasConnect, inputConnect, ,    
layerConnect, outputConnect,  
targetConnect
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 . .7
numOutputs   
numTargets   
numInputDelays    
numLayerDelays    
inputs  
layers  
outputs  
targets  
biases    
inputWeights     

layerWeights     

adaptFcn    
initFcn    
performFcn     ( )
trainFcn  ,    
adaptParam   
initParam   
performParam    
trainParam.epochs    

 ()
trainParam..goal    

 
trainParam.max_fail     

  
trainParam.mem_reduc ,   () -

    
trainParam.min_grad    

 
trainParam.mu,   -
trainParam.mu_dec,
trainParam.mu_inc,
trainParam.mu_max
trainParam.show  ,    -

    

trainParam.time    
  

IW     () 
LW     
b    
userdata  
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  statistica neural networks

Statistica Neural Networks -    -
   StatSoft.     
,      Statistica  Quick Statistica.

    .
1.       ( -

     -); -
  ,      
   ;    
;      ; 
 - - Network Wizard,   
    .

2.       -
 ;  ,    -
Automatic Network Designer     
 (    -     
; Statistica Neural Networks    ).

3.   ,   ,  
-    - Neuro-Genetic Input
Selection (      -
  - ,     - 
 ;  Statistica Neural Networks   
  ).

4. Statistica Neural Networks    
Statistica ( Quick Statistica),      
  (  -  
 Statistica;     ).

5. Statistica Neural Networks   API (
 ),     ( -
   " "  " -
")     
 Statistica Neural Networks    .

     Statistica Neural Networks
      

 .
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   Statistica Neural
Networks' API         ,
,      
 (   ,    -
  '  ). API    -
.   API       -
 Statistica Neural Networks     -
,   C, C++, Delphi  Visual Basic.  API
        Statistica
Neural Networks,  , , -
/    ,  .

   Windows .   
    . .1.

 .1 -    Statistica Neural Networks

     .
 File ()  : 1) New - (): Network -

 , Intelligent Problem Solver -  -
 , Data Set -  ; 2) Open -  , 3) ls -
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 , 4) Save -    , 5) Save as - 
   ', 6) Network Set -  , 7) Exit - .

 Edit ()  : 1) Variables - ,
, 2) Cases - , ; 3) Undo -  ; 4) Cut
-; 5) Copy -   ; 6) Paste -   ;
7) Clear - ; 8) Data Set -  ; 9) Network Set - 
; 10) Pre/post Processing -  / -; 11)
Network - .

 Train ()  : 1) Multilayer Perceptrons -
 ; 2) Radial-Basis Functions - -
; 3) Linear -  ; 4) Kohonen -   (SOM);
5) Class labels -  ; 6) LVQ -  LVQ; 7) Probabilistic - -
 ; 8) General Regression - - ;
9) Principal Components -   ; 10) Auxiliary - -
: Best Network -   , Stopping Conditions - -
 , Set Weights -  , Weigend Regularization -
 , Feature Selection -  .

 Statistics ()  : 1) Training Graph -
 , 2) Case Errors -   , 3)
Classification - , 4) ROC Curve -   
, 5) Regression - , 6) Weight Distribution - 
, 7) Win Frequencies -  , 8) Sensivity - ,
9) Network Illustration -  , 10) Messages - -
.

 Run ()  : Single Case -   -
 , Data Set -    , One-off - 
   ,  , Activations - 
, Time Series -  , Response Graph -  ,
Response Surface -  , Topological Map - 
, Cluster Diagram -  , Code Generation - 
.

   -      -
  .  ,    -
   Statistica Neural Networks,    
 ,       
    . ,   -
 Statistica Neural Networks     
 .



38

  Statistica Neural Networks   "" -
 ,         
.       
,      .

      -
  - .   ,   -
       -
- ,    ,   ,
        -
    .  ,   -
-  -    (    -
  ,       -
  ).       ,
        
,  ,    .

  Statistica Neural Networks  ,   -
        -
  .    
   ,      
       
.

      ,   -
        
:   .     ,  -
      ,  -
    ,    (  )
    ,    -
.

    -   -
 .    :   -
  ,     
      . 
,       ,
   .     ()
   ,     
 ,    Statistica Neural Networks  -
      .   -
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         -
 ,     .

      ()  
,     ,       
    .

  Statistica Neural Networks   
" ",      -
 .    ,  
     ,       
  ,      . ,
    ,    -
     .   -
           .
       
      .

 ,      -
     .   -
        ,  
       -
           -
 .       
    ,   
   .

   (   ) -
   .

1.     (, 
      ,   
    -  (Network Advisor)  Statistica
Neural Networks     ).

2.      , -
'     (   ).
  Statistica Neural Networks   ' -
     .   -
    ,    -
   ,       -
.

3.      -
 (     ),  
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     ().    ,
    .

4.     (   -
),      (  
).

     
    ,     Statistica Neural Networks
    .

   - Automatic Network Designer
      ,  -
       ,
       
     .

      -
 ,     " " (simulated
annealing),        -
,     ,   
"  " .

       -
      (,    -
,       
).   Statistica Neural Networks   -
    -    
 .

  Statistica Neural Networks   -
     :  -
, - ,  , 
   .     Statistica Neural
Networks,     , -  -
 .

     Statistica Neural
Networks      (     
   ): 1)  ( )  2) --N.
       ,
   0,0   ,  1,0 - . 
 1--N      ,   -
     1,0   
 0,0   .
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     Statistica Neural Networks -
           -
,     .     ,  -
  ,      -
.      ,   -
     .

        
  0,0  1,0.       -
 ,   ,  " "  
  .     ,  -
 "".

 ,   Statistica Neural Networks  
     (  
).     ,  
  , , ,  ""  
.         1-
-N :

.       -
,    1,0.     
 ,   0,0.    -
  ,    .

--N.       ,
       -
,      -   . -
     ,   .

   1--N   .  
 ,  " "    
  ,  0,5.      -
,       1--N.   , 
     ,   
 ,     0,0 ,    1,0. 
,   ,     
        
,     .
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