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 1 

5-81    
    

  1 1  
 
 

 

 1  2  3  5 

1 .   1 .   1 .   1 .   1 

2 .   2 .   2 .   2 .   2 

3 .   3 .   3 .   3 .   3 

4 .   4 .   4 .   4 .   4 

5 .   5 .   5 .   5 .   5 

6 .   6 .   6 .   6 .   6 

7 .   7 .   7 .   7 .   7 

8 .   8 .   8 .   8 .   8 

9 .   9 .   9 .   9 .   9 

10 .   10 .  10 .   10 .   10 

11 .   11 .  11 .   11 .   11 

12 .   12 .  12 .   12 .   12 

13 .   13 .  13 .   13 .   13 

14 .   14 .  14 .   14 .   14 

15 .   15 .  15 .   15 .   15 

16 .   16 .  16 .   16 .   16 

17 .   17 .  17 .   17 .   17 

18 .   18 .  18 .   18 .   18 

19 .   19 .  19 .   19 .   19 

20 .   20 .  20 .   20 .   20 

21 .   21 .  21 .   21 .   21 

22 .   22 .  22 .   22 .   22 

23 .   23 .  23 .   23 .   23 

24 .   24 .  24 .   24 .   24 

25 .   25 .  25 .   25 .   25 
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5-82    
    

  1 1  
 
 

 

 1  2  3  5 

1 .   16 .  16 .   16 .   16 

2 .   17 .  17 .   17 .   17 

3 .   18 .  18 .   18 .   18 

4 .   19 .  19 .   19 .   19 

5 .   20 .  20 .   20 .   20 

6 .   21 .  21 .   21 .   21 

7 .   22 .  22 .   22 .   22 

8 .   23 .  23 .   23 .   23 

9 .   24 .  24 .   24 .   24 

10 .   25 .  25 .   25 .   25 

11 .   26 .  26 .   26 .   26 

12 .   27 .  27 .   27 .   27 

13 .   28 .  28 .   28 .   28 

14 .   29 .  29 .   29 .   29 

15 .   30 .  30 .   30 .   30 

16 .   31 .  31 .   31 .   31 

17 .   32 .  32 .   32 .   32 

18 .   33 .  33 .   33 .   33 

19 .   34 .  34 .   34 .   34 

20 .   35 .  35 .   35 .   35 

21 .   1 .   1 .   1 .   1 

22 .   2 .   2 .   2 .   2 

23 .   3 .   3 .   3 .   3 

24 .   4 .   4 .   4 .   4 

25 .   5 .   5 .   5 .   5 
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5-83    
    

  1 1  
 
 

 

 1  2  3  5 

1 .   11 .  11 .   11 .   11 

2 .   12 .  12 .   12 .   12 

3 .   13 .  13 .   13 .   13 

4 .   14 .  14 .   14 .   14 

5 .   15 .  15 .   15 .   15 

6 .   16 .  16 .   16 .   16 

7 .   17 .  17 .   17 .   17 

8 .   18 .  18 .   18 .   18 

9 .   19 .  19 .   19 .   19 

10 .   20 .  20 .   20 .   20 

11 .   21 .  21 .   21 .   21 

12 .   22 .  22 .   22 .   22 

13 .   23 .  23 .   23 .   23 

14 .   24 .  24 .   24 .   24 

15 .   25 .  25 .   25 .   25 

16 .   26 .  26 .   26 .   26 

17 .   27 .  27 .   27 .   27 

18 .   28 .  28 .   28 .   28 

19 .   29 .  29 .   29 .   29 

20 .   30 .  30 .   30 .   30 

21 .   31 .  31 .   31 .   31 

22 .   32 .  32 .   32 .   32 

23 .   33 .  33 .   33 .   33 

24 .   34 .  34 .   34 .   34 

25 .   35 .  35 .   35 .   35 
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5-84    
    

  1 1  
 
 

 

 1  2  3  5 

1 .   6 .   6 .   6 .   6 

2 .   7 .   7 .   7 .   7 

3 .   8 .   8 .   8 .   8 

4 .   9 .   9 .   9 .   9 

5 .   10 .  10 .   10 .   10 

6 .   11 .  11 .   11 .   11 

7 .   12 .  12 .   12 .   12 

8 .   13 .  13 .   13 .   13 

9 .   14 .  14 .   14 .   14 

10 .   15 .  15 .   15 .   15 

11 .   16 .  16 .   16 .   16 

12 .   17 .  17 .   17 .   17 

13 .   18 .  18 .   18 .   18 

14 .   19 .  19 .   19 .   19 

15 .   20 .  20 .   20 .   20 

16 .   21 .  21 .   21 .   21 

17 .   22 .  22 .   22 .   22 

18 .   23 .  23 .   23 .   23 

19 .   24 .  24 .   24 .   24 

20 .   25 .  25 .   25 .   25 

21 .   26 .  26 .   26 .   26 

22 .   27 .  27 .   27 .   27 

23 .   28 .  28 .   28 .   28 

24 .   29 .  29 .   29 .   29 

25 .   30 .  30 .   30 .   30 
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5-81    
    

 
  1 1  

 
 

 

 1  2  3  5 

1 .   1 .   1 .   1 .   1 

2 .   2 .   2 .   2 .   2 

3 .   3 .   3 .   3 .   3 

4 .   4 .   4 .   4 .   4 

5 .   5 .   5 .   5 .   5 

6 .   6 .   6 .   6 .   6 

7 .   7 .   7 .   7 .   7 

8 .   8 .   8 .   8 .   8 

9 .   9 .   9 .   9 .   9 

10 .   10 .  10 .   10 .   10 

11 .   11 .  11 .   11 .   11 

12 .   12 .  12 .   12 .   12 

13 .   13 .  13 .   13 .   13 

14 .   14 .  14 .   14 .   14 

15 .   15 .  15 .   15 .   15 

16 .   16 .  16 .   16 .   16 

17 .   17 .  17 .   17 .   17 

18 .   18 .  18 .   18 .   18 

19 .   19 .  19 .   19 .   19 

20 .   20 .  20 .   20 .   20 

21 .   21 .  21 .   21 .   21 

22 .   22 .  22 .   22 .   22 

23 .   23 .  23 .   23 .   23 

24 .   24 .  24 .   24 .   24 

25 .   25 .  25 .   25 .   25 
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1 
 1.   

 1   ,  

, .5 ,     

  .6. 

 5 
 1 , 

. 
1  

 1 
  

1 
  

2 
  

3 
  

4 
  

5 
   1   1 7 13 19 25 
   2 2 8 14 20 26 
   3 3 9 15 21 27 
   4 4 10 16 22 28 
   5 5 11 17 23 29 
   6 6 12 18 24 30 
   7   1 9 13 21 25 
   8 2 10 14 22 26 
   9 3 11 15 23 27 
  10  4 12 16 24 28 
  11 5 7 17 19 29 
  12 6 8 18 20 30 
  13  1 7 15 19 27 
  14 2 8 16 20 28 
  15 3 9 17 21 29 
  16  4 10 18 22 30 
  17 5 11 13 23 25 
  18 6 12 14 24 26 
  19  1 9 15 19 25 
  20 2 10 16 20 26 
  21 3 11 17 21 27 
  22 4 12 18 22 28 
  23 5 7 13 23 29 
  24 6 8 14 24 30 
  25  1 9 13 19 27 
  26 2 10 14 20 28 
  27 3 11 15 21 29 
  28  4 12 16 22 30 
  29 5 7 17 23 25 
  30 6 8 18 24 26 
  31 1 7 15 21 25 
  32 2 8 16 22 26 
  33 3 9 17 23 27 
  34 4 10 18 24 28 
  35 5 11 13 19 29 
  36 6 12 14 20 30 
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 6  

. 
 ( )  

 
 

 
 

 1ti  2ti  3ti  

1  20 35 50 
2   25 30 35 
3  20 - 30 
4  20 30 35 
5   25 35 55 
6  25 - 35 
7  10 15 20 
8   10 15 25 
9  10 - 30 
10  15 20 25 
11   15 20 30 
12  15 - 35 
13  20 25 30 
14   20 25 30 
15  20 - 30 
16  20 30 35 
17   20 30 35 
18  20 - 35 
19  90 100 120 
20   95 105 125 
21  90 - 100 
22  95 105 135 
23   90 110 135 
24  95 - 135 
25  30 35 50 
26   30 35 50 
27  30 - 55 
28  25 30 35 
29   25 35 55 
30  25 - 50 
 

 PERT : 

-       

; 

-  0,9 , 0,95  0,975     

; 

-    

.  

         1  

 1. 
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 2. 1 

12  ,  .7,   

: 

1 –     3; 

2 –     ; 

3 –   0 ; 

4 –  %; 

5 –    ; 

6 –   ( , . .) 

 2, ,   

.8 

 7 
  

,   
 

 
X1 X2 X3 X4 X5 X6 

1 35 135 25 46 25  

2 32 150 24 48 30  

3 30 155 23 50 35  

4 28 160 22 52 40  

5 26 165 21 55 43  

6 25 170 20 58 48  

7 24 175 19 60 50  

8 23 180 18 62 55  

9 22 185 22 65 58  

10 20 190 23 68 60  

11 15 195 24 62 62  

12 10 200 25 60 65  
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 8 
 

 2     
 

1 
 

  2 

 

   1   1   2 
   2 1 3 
   3 1 4 
   4 1 5 
   5 1 6 
   6 1 7 
   7   1 8 
   8 1   9 
   9 1 10 
  10  1 11 
  11 1 12 
  12 2   3 
  13  2 4 
  14 2 5 
  15 2   6 
  16  2 7 
  17 2 8 
  18 2 9 
  19  2 10 
  20   2 11 
  21 2   12 
  22 3   4 
  23 3   5 
  24 3   6 
  25  3 7 
  26 4 6 
  27 4 7 
  28  4 8 
  29 4 8 
  30 5 6 
  31 5 8 
  32 5 10 
  33 6   8 
  34 6 10 
  35 7 8 
  36 7 10 

 
   

    . 

         2  

 2. 
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 3  , 

1, 2 3,   . 9.  

,  

. .10  3  

,    

. 

 
 9 

 
 

 
 

 
    

) 
     1      2      3 

    1       ( )       7,2      6,4      6,0 
2  QPI  ( )     25,6    25,6   19,2 
3  1,    ( )     1,11      1,25     1,33 
4  1- ,  

) 
  115,2  102,4   96,0 

5  2,      ( )     4,44       5,0     5,32 
6  2-  1,   

) 
    57,6     51,2   48,0 

   7  3,     ( )      10,0    11,25    12,0 
8  3-  2,  

) 
     28,8       25.6    24,0 

9  3             ( )        8,0      8,0    12,0 
10  ( )      25,0     25,0    30,0 
11 ,   

) 
     25,6     51,2   42,64 

X12 ,   ( )      16,0     32,0    32,0   
13 ,   ( )        6,5        6,0      5,0 
14 ,  

) 
  300 320 320 

15    ( )      32       64     64 
X16   ( ) 1500 1200 1000 
X17   ( ) 24 30 36 
X18     
X19       
X20    
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 10 
 3 ,  

 
1 

 
   3 

 10- ,   
,  

 
   1      X1, X2, X3, X5,  X7,          X10, X13, X16, X17, X20 
   2    X1, X2, X3, X4,   X6,         X11, X14, X16, X19, X20 
   3    X1, X2, X9, X10, X11,        X12, X13, X17, X19, X20 
   4    X1, X2, X12,  X13, X14,      X15, X16, X17, X19, X20 
   5    X1, X2, X3, X6,  X7,           X10, X11, X16, X19, X20 
   6    X1, X2, X3, X4,   X5,          X6, X7, X8, X15, X20 
   7      X1, X2, X9, X10, X11,         X15, X16, X17, X19, X20 
   8    X1, X2, X7,  X8, X9,         X13, X14, X15, X19, X20 
   9    X1, X2, X3, X4,  X5,          X13, X14, X15, X17, X20 
  10     X1, X2, X3, X4,   X6,         X7, X8, X16, X19, X20 
  11    X1, X2, X8, X9, X10,        X12, X13, X16, X19, X20 
  12    X1, X2, X3,  X5, X6,         X15, X16, X17, X19, X20 
  13     X1, X2, X3, X6,  X7,           X11, X12, X16, X19, X20 
  14    X1, X2, X3, X4,   X5,          X7, X9, X10, X15, X20 
  15    X1, X2, X3, X10, X11,         X14, X16, X17, X19, X20 
  16     X1, X2, X7,  X8, X9,           X14, X15, X17, X19, X20 
  17    X1, X2, X3, X5,  X7,          X10, X13, X16, X18, X19 
  18    X1, X2, X3, X4,   X6,         X10, X14, X16, X18, X19 
  19     X1, X2, X9, X10, X11,        X13, X14, X17, X18, X19 
  20    X1, X2, X12,  X13, X14,      X15, X16, X17, X18, X19 
  21    X1, X2, X3, X6,  X7,           X10, X11, X16, X18, X19 
  22    X1, X2, X3, X4,   X5,          X6, X7, X17, X18, X19 
  23    X1, X2, X9, X10, X12,         X15, X16, X17, X18, X19 
  24    X1, X2, X7,  X8, X9,         X12, X14, X16, X18, X19 
  25     X1, X2, X3, X4,  X5,          X13, X14, X15, X17, X19 
  26    X1, X2, X3, X4,   X6,         X7, X8, X16, X18, X19 
  27    X1, X2, X8, X9, X10,        X12, X16, X17, X18, X19 
  28     X1, X2, X3,  X5, X6,         X15, X16, X17, X18, X19 
  29    X1, X2, X3, X6,  X7,           X11, X12, X17, X18, X19 
  30    X1, X2, X3, X4,   X5,          X7, X9, X10, X18, X19 
  31    X1, X2, X3, X10, X11,         X14, X16, X17, X18, X19 
  32    X1, X2, X7,  X8, X9,           X10, X15, X16, X18, X19 
  33    X1, X2, X3, X5,  X6,            X11, X12, X16, X17, X20 
  34    X1, X2, X3, X4,  X5,            X7, X9, X15, X17, X20 
  35    X1, X2, X3, X10, X11,         X15, X16, X17, X19, X20 
  36    X1, X2, X7,  X8, X9,            X10, X15, X17, X19, X20 

: 
- ; 
- , :  

,  , ; 
- ; 
- , .  

: ,  , 
. . 

         3  3. 
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 4. ,   
- ; 

- ; 

- ; 

- ; 

-   ; 

- ; 

- . 

 
 

 5.       
.11.  

 (  FDDI),  
, :  « »,  –  

. 
 

, 4  

: 

- ; 

-    « », 

  ; 

- , ,  

; 

-  , ,    

. 
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  11 
 5 

2 
  

1, 2  3 

,  
, , 

.  
   

   1      1, 3, 5, 7, 9,              4, 8, 10,  12,             14, 16,18,            5,8,            15     
   2    1, 5, 8, 10, 12,            7, 14, 18, 6,              8, 25,15,            5,6,            18   
   3    1, 3, 8, 14, 9,             10, 25, 10,  6,           15, 35, 12,          6,8,            22  
   4    1, 6, 10, 15, 4,            6, 22,, 18,  12,           5, 30, 10,          3,7,             14 
   5    1, 5, 10, 35, 25,          25, 10, 30, 22,         10, 25 , 8,           4,12,           15 
   6    1, 5, 15, 25, 10,            5,  35, 30, 18,         30, 25, 22,        23, 12,          8 
   7      3, 10, 22, 35, 15,           10, 25, 15, 6,           5, 35,  4,          14, 12,        10 
   8    3, 6, 10, 25,  10,            15, 25,  22, 5,         22, 30, 4,           6,  14,       12    
   9    3, 8, 5, 10,   14,             15, 8, 10, 22,          14, 22, 15,         6,  15,       10 
  10     3, 5, 15, 25, 22,              10, 14, 22, 6,          15, 35,12,        10, 15,      10 
  11    3, 3, 10, 15, 14,             10, 35, 10,  12,         15, 35,14,         6,14,         5       
  12    3, 6, 10, 25,  12,             10, 23, 30,  22,         6, 30, 15,        14,4,        12 
  13     5, 5, 10, 35,  4,              25, 10, 30,  14,        10, 25, 15,          4,6,         10          
  14    5, 5, 15, 35,  8,              25, 35, 12,  18,         30, 25, 6,           4,8,          22  
  15    5, 10, 22, 35, 25,          10, 35, 25, 22            25, 30, 6,          8,12,        14 
  16     5, 15, 25, 35, 14,           35, 30, 25,   8,          15, 10, 14,        6,10,         8 
  17    5, 8, 5, 10,  6,               25, 35, 10, 6,             4, 22 , 12,         6, 8,          4 
  18    5, 5, 25, 35, 8,              10, 25, 22, 14,           15, 35,12,         8,10,        6 
  19     7, 5, 10, 15,  18,            10, 30, 25, 22,          15, 30, 15,        8,5,        16        
  20    7, 6, 10, 25,  8,             10, 23, 35, 32,             6, 30, 14,        5, 4,         4   
  21    7, 5, 15, 35,  8,              25, 25, 30, 6,             10, 25, 22,       6,10,        4    
  22    7, 8, 15, 55,  13,            25, 35, 15, 13,           30, 25, 10,       6,  8,       10 
  23    7, 10, 22, 35, 13,           10, 35, 25, 13,           22, 30, 6,         4,  8,        5      
  24    7, 15, 25, 10,  10,           28, 6, 10,   15,          12, 23, 5,         6,10,       8         
  25     9, 8, 25, 25,  28,             22, 35, 10,  6,           12,10, 4,         4, 12,     10        
  26    9, 15, 25, 35, 30,            25, 55, 22, 35,          15, 30, 22,      10,14,      8 
  27    9, 14, 15, 15, 18,            35, 35, 25, 22,          15, 25, 18,      10,16,     22         
  28     9, 6, 15, 25,  18,             14, 23, 35,  30,           6, 30,22,        25, 14,    18 
  29    9, 35, 25, 55,  14,           35, 25, 50, 12,           10, 35,30,       23, 22,    14    
  30    9, 5, 15, 35, 22,             30, 14, 25,  12,           30, 15,10,         6, 8,      10    
  31    5, 1, 25, 25,  8,              55, 35, 10, 12,            14, 35, 6,         22, 23,    12 
  32    5, 2, 25, 35,   8,            35, 35, 22, 13,             55, 30, 6,         12,14,     16 
  33    5, 3, 10, 15,   6,             35, 35, 25,  6,            15, 25,  6,        10, 4,      14         
  34    5, 4, 22, 25,   8,             14, 30, 35, 25,           30, 25,22,        10,8,      16 
  35    5, 5, 25, 35,  8,             30, 25, 22, 25,            35, 30, 16,        10,4,       4          
  36    5, 6, 35,35,  25,              35, 25, 10, 8,            15, 30,  14,       0, 8,     10 

 
          «  

»,  4,5, 6.. 
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 1 
 

,   
,   PERT (Program Evaluation and Review 

Technique), . . .  
 

PERT , 1.1   
1.1 

    , 

 
 

 
 

  
  

 
1   

   
 

 ;( 4 ) /61 2 3t t t ti i i i      ( ) /63 1t ti i i  

2  
 

 ;( ) /31 2 3t t t ti i i i        ( ) /53 1t ti i i  

3     ;(3 2 )/51 3t t ti i i           ( ) /53 1t ti i i  

 
. 1.1  : 

ti —  i  (i =1, ..., n); 

1ti  —  ( )  i ; 

2ti  —  i ; 

3ti  —  ( )  i ; 

i  —  i . 

 
 PERT   

  , ,   
  . 

 
 n  

:  

 ;
1

n
t tii

                                                                                        ( 1.1) 

,2 2 2 2
1 2 1

n
n ii

                                                    ( 1.2) 

 t  — ,  
;  

it -  i , 1.1; 
 — , 

 
, ; 

2
i  -  i , . 1.1. 
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,  t , ,  

: 
-  

, , 1.1; 
- ,  

; 
-  

  ,   ;   
-  « »,  

; 
-  t  ( 1.1)  

1.2),  ,  «  
». 

 
 

t  PERT    
  ( )P x .  x     :    

t t
x                                                                                                                 ( 1.3) 

 ( )P x ,  x , 1.2 
 

1.2 
 x  ( )P x     

x  ( )P x  x  ( )P x  x  ( )P x  x  ( )P x  
0,0    0,5 - - - - - - 
0,1    0,5398 1,1 0,8643 2,1 0,9821 - 0,1 0,4602 
0,2 0,5793 1,2 0,8849 2,2 0,9861 - 0,2 0,4207 
0,3 0,6179 1,3 0,9032 2,3 0,9893 - 0,3 0,3821 
0,4 0,6554 1,4 0,9192 2,4 0,9918 - 0,4  0,3446 
0,5 0,6915 1,5 0,9332 2,5 0,9937 - 0,5 0,3085 
0,6 0,7257 1,6 0,9452 2,6 0,9953 - 0,6 0,2743 
0,7 0,7580 1,7 0,9554 2,7 0,9965 - 0,7 0,2420 
0,8 0,7872 1,8 0,9640 2,8 0,9974 - 0,8 0,2128 
0,9 0,8160 1,9 0,9713 2,9 0,9981 - 0,9 0,1840 
1,0 0,8412 2,0 0,9772 3,0 0,9986 - 1,0 0,1588 

 (1,2825) 0,9P      (1,6450) 0,95P    (2,3300) 0,99P   (2,5800) 0,995P         
 

, .   ,  
   ( )P x , 1.2 
 x ,   ( )P x ,   

    t : 
 
t t x                                                                                            ( 1.4) 
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.  95% ,   
.    

,    
, ,    

. 1.3               
 1.3 

 
 i  ( )   

 
        1ti  

 
    3ti  

1  
. 

30 45 

2  
-

. 

10 20 

3    
 

20 30 

4 . 90 120 
5   

 
. 

20 35 

. 
1. ,  ( ) 0,95P x  
2.  

, . 1.1 ,    
  ,  

1.3  
(90 90) /5 351t               (45 30) /5 31  

(30 40) /5 142t               (20 10) /5 22  

(60 60) /5 243t                 (30 20) / 5 23  

(270 240) /5 1024t            (120 90) /5 64  

(60 70) / 5 265t                   (35 20) /5 35  

3.  t    
 ( 1.1)   ( 1.2) 

1
201n

t tii
 

  2

1
62 7,9

n

i
i

 

4. 1.2   ( ) 0,95P x .  
,   1,645x  

5.    
 95% ,  ( 1.4). ,  

201 1,645 7,9 214t t x  
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 2 
 

        
  ,   

: ,  
,  ,    . .. 

           
, .)    

   
: 

 1.    ( , 1,....j m ), 
,    .    

 ( 1,...i n ), . 
,    

.. 
 

 2.    
, , . 

2.1  ,  
, 2.1,     

,  – 1 ,  – 6 . 
2.1  

,  
.  

 
    1       2     3     4   5   6  

 

 
   1 30 1  

  
2 8 1  

1 30  
 2 5 1  

1 28  
2 2 1  

1 25  
 2 0 1  

1 22  
1 20  

   2 2 00 2  
  

190 2  
2 20 0  

175 2  
2 190  

160 2  
2 175     

150 2  
2 160  

2 150  

   3 22 3  
3 24  

24 3  
3 26  

20 3  
3 22     

18 3  
3 20  

26 3  
3 28     

28 3  
3 18  

   4 4 5 4  
4 5 5  

4 0 4  
4 4 5  

35 4  
4 4 0     

4 35  55 4  
4 65     

65 4  
 

   5 5 5 0  50 5  
5 5 3  

53 5  
5 56     

56 5  
5 60    

60 5  
5 62       

62 4  
 

   6   -
; 

 

 -
; 
-

 

 

 
 

1 –     3; 
2 –     ; 
3 –   0 ; 
4 –  %; 
5 –    ; 
6 –   ( , . .) 
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 3.   ( jU )   j   ,    
 j .   

1

max1
max

6
10

1 6

n

ij
ji

j j

X X
U X

n
                                                   ( 2.1) 

 max jX -  ,  
    j ;   

ijX  - ,  i - j  
; 

  n  - ,      
 

 
 4.  ( jY )  

 j   

j
j

U
Y                                                                                                             ( 2.2) 

          ,  - ,    
  ,   ,    

, .     
15,6 0,64  

 
 5.    ( iR )  

 j    

100j jR Y                                                                                                         ( 2.3) 

  iR , ,  

1 2 ......lR R R ,  l . 
 

 6.  ( P )   
, , 

1   2.. 

1

2

1 100%RP
R

                                                                                         ( 2.4) 

 - ,  
,  . ,   

0,2 0,3  
0,2  - ;     0,3   -  

 7.   
  

.  
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.   ,  
1 2,  

.   ( 1 2) 2.2  
 2  3) 

2.2 
  

    ( )  
     1      2        1       2 

         1         2        3         4       5 
   1      25       28         3       2 
   2    190    220         2       1 
   3      23      25         1       2 
   4     45      50         1       1 
   5     52      54         2       3 
   6               1       4 

 
1. ,   1  

2   , ,  
2.1 2.2,  4  5. 

2.  ( 1U )  ( 2U ),  
1 2,   ( 2.1) 

1
7 6 33 10 37
5 6

U                           2
9 6 44 10 46
5 6

U                                        

                                                                         
3.  ( 1Y )  ( 2Y ),  

1 2,  ,   
 ( 2.2) 

1
1

37 15,6 33,44
0,64

UY                    2
2

46 15,6 47,5
0,64

UY                                   

4.  ( 1R )    ( 2R ),   
1 2,    

 ( 2.3)  

1 1100 66,56R Y                                      2 2100 52,5R Y                                                                                       
4.   ( P )   

1 2  
 ( 2.4) 

 

1

2

66,561 100% 1 0,2 100% 5,36%
52,5

RP
R

 

 

1

2

66,561 100% 1 0,3 100% 8,04%
52,5

RP
R

 

 
5. , 1    

2.    
     5% – 8%   
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 3 
 

 
: 

1) ,  
; 

2) ,   
,   

3)   , . . ,  
, ;  

4) ,  
;  

5) , .   
,   ,  

  ; 
 

 
, ,  

, , ,  
, , 

, . .  
                          

 
, . . ,  

,  
.  

  , .  
: 

1) , .   
 ijX  —  j  i ; 

2) c   m  m,   m —  
. , 

,  ija  —  1,ija  Bi  

 jB ,  0,ija  Bi    Bj  
.  j  ,  

,    
, . 

 
   

 
.   

: 
1) ,  

 ( ) .  
2) ,  

  .  
 

 1
1

g
n ki ii

                                                                                               ( 3.1) 
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 g  -   ; 

ni - ,  i-  

ki  - ,   

 i-     ,   11k  

 -     ,  1 1k  
3)     ( )   

                     1( )
1 i

g
n kii

                                                                     ( 3.2) 

4)     ( i )    ,   

i-   
                                    ki i                                                                  ( 3.3) 

5)     

                                     1
g

ii
                                                                      ( 3.4)          

,   

1

g
n nii

                                                                                                         ( 3.5) 

  n - ,  
. 

 
,  

 
.    

,    . 
 1 — , : 

   .max
n

Y i ijl j m i
k                                     ( 3.6) 

 n — ; m — ; c  j 
 ( j = 1, m)  i  (i = 1, n);  

i  —  i .  
 ( 3.4);  

ijk — ,  i  j  
,  0 1kij . 

   – l . 
 

 « , » ( , 
, . .)  

 

 ijkij
i

                                                    ( 3.7) 
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   « , » ( , , 
, . .)  

 ,ikij ij
                                                        3.8) 

 maxX Xi ijj
 —   i ,  

;  minX Xi ijj
 — 

  i ,  
. 

 
 2 — : 

      max ( )
1

n iY kijl j mi
                                     

   3.9) 

 
 3 —  

: 

      2min 1
1

n
Y ki ijl j i

                                                         3.10) 

 4 — :     
                                  maxminY ijil ij

k                                             3.11) 

 
 5 —  

  ( )   : 

     
1

n
R rijj i

                                                                               3.12)  

                     minR Rjl j
                                                                                               3.13)     

 ijr  —  ( ),  j  i ,  
,  — . .  

    Rl . 

 
,    
.  

:: 
 

  .......................................... 1,0 
................................. 0,9 

........................................... 0,8 
........................ 0,6 

................................ 0,4 
.............................................. 0,2 
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.   

,  

. . 3.1 

3.1 
 

 
 

 
 

    
  ) 

     1      2      3 
    1       ( )       7,2      6,4      6,0 

2        
) 

      7,8      7,2     7,0 

3  QPI  ( )     25,6    25,6   19,2 
4  1,    ( )     1,11      1,25     1,33 
5  1- ,  

) 
  115,2  102,4   96,0 

6  2,      ( )     4,44       5,0     5,32 
7  2-  1,   

) 
    57,6     51,2   48,0 

8  2     
) 

      4,0       4,0     2,0 

    9  3,     ( )      10,0    11,25    12,0 
10  3-  2,  

) 
     28,8       25.6    24,0 

11  3             ( )        8,0      8,0    12,0 
12  ( )      25,0     25,0    30,0 
13 ,   

) 
     25,6     51,2   42,64 

14 ,   ( )      16,0     32,0    32,0   
15   PCI-E v2.0   

 ( ) 
       4,0       4,0      5,0 

16 ,   ( )        6,5        6,0      5,0 
17 ,  ( )  7200 10000 10000 
18 ,  

) 
  300 320 320 

19    ( )      32       64     64 
20  USB 3/0  

 ( ) 
   4,8     4,8   6,0 

 
   Intel Core 

 Ivy Bridge ,  22-  

.  

,  

       

      

 QuickPath Interconnect (QPI) ,  

  ,    

  Front Side Bus  (FSB). 
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  QPI .  

 4,8   6,4  

. ,    

    9,6  12,8  ,  

    19,2    25,6  .   

       1, 2 3   

  4, 16  36        

1, 1 2    32 ,  2  3 

 16 .    1 ,  

1 – 2   2 – 3   

. 

 ( )    

,    (V )  

     

V F L K K  

F  -   ( ); 

L  -  ( ); 

K  -   ,            
            (     DDR 3  - ); 
K  - ,   . 

. . 3.2  

.  

3.2 
 

    1 2 3 
1 0 0 0 
2 0 0 0 
3 0 0 0 

 0 0 0 
   

 
   

,   . 3.2  ,  

   

.  

   

. . 
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      (  

8, 11, 14, 15, 19 20),  

. 

      (  

2, 3, 4, 5, 6,  7,  9,  10, 12, 13   18 ),     

, ,    .  

     ( 1, 16  

17),      , , .  

:    

3g  - ; 

61n    112n     33n  -  ,    

 1- , 2-  3-   ;     

11k     

22k  43k - ,  

  2-  3-   1- . 

   ( 3.1) : 

6 11 2 3 4 1     

  ,      0,025  

      ( )    ( 3.3)      :   

      

1 0,025 ,    2 0,05  ,    3 0,1  

,  

  ,   ( 3.7)  

3.8),  3.3 

 
 
 
 
 
 
 
 
 
 
 
 
 



 31 

3.3 
 

 
 

   
  

    
  ( i ) 

   1ki           2ki      3ki  

1            0,1       1     0,888    0,833 
2                   0,05       1     0,923    0,897 
3            0,05       1     1    0,750 
4            0,05       1     0,888    0,833 
5            0,05       1     0,888    0,833 
6            0,05       1     0,888    0,833 
7            0,05       1     0,888    0,833 
8            0,025       1     1    0,5 
9            0,05       1     0,888    0,833 

10            0,05       1     0,888    0,833 
11            0,025       0,666     0,666    1 
12            0,05       1     1    0,833 
13            0,05      0,5     1    0,833 
14            0,025      0,5     1    1  
15            0,025       0,8     0,8    1 
16            0,1      0,769     0,833    1 
17            0,1      0,720      1    1 
18            0,05      0,937      1    1 
19            0,025      0,5      1    1 
20            0,025      0,8 0,8    1 

ij
n

Y kj i
i

 
 0,87985 0,91640 0, 89018 

 
,  ( 3.6),  

3.3 ( )    

.   ,  ( 4.6) 

,  1 ,  

 2 .  

       

   5%. 

   

  ,   

. 
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    4 
   

   « ». 
 

  “ ” ,  

,  ,  

  

  .  

   “ ”  : 

1     (V),  

2. ,   

   (     ); 

3. , ,  

. , , , 

     ( )    . 

4.  ( ,  

) .  

      ,   

 ( ),   , 

       .  

5.   ,    

    .   

      . 

 

   

 « » . 

 

.    ,  

  .       4.1  

                  4.1 

 1 2 3 4 5 

1 * 4 6 2 13 

2 4 * 3 2 13 

3 6 3 * 5 13 

4 2 2 5 * 8 

5 13 13 13 8 * 
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.   “  

” : 

1. ,     1  5.  

2.   4.1 

3. ,   

  , :  

Q14=2,      Q24= 2,       Q23=3,     Q12=4,     Q34=5,     Q13=6,     Q45=8,  

Q35=13,    Q25=13,      Q15=13. 

4  .      

 14.  1  4.   (1-4).    

 –  24.  

 2   4     (1  –  4  -  2).      23,  

 2  3    (1 – 4 – 2 - 3).  

 12.     1  2 ,  

,        12.  

   34.     3  4  

, ,      34 .  

 13.,  1  3 ,  

,    5,  13 . 

 45.  4   , 

    .  

    35.  3  5   ,  

:     (1 – 4 – 2 – 3 - 5). 

,  

:  

 1  4         2        3          5        1
O O O O O O               

 

                        S= 1 – 4 – 2 – 3 – 5 - 1. 

          

,    

                         L= 2+2+3+13+13=33  
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 5 
   

   
 

    ,     

.  

   – : 

1.  (V), 

2. ,  

.  

3. .  

.   ,  

, . .  

  ,    ,  

. ,  –  

. ,  

. 

4.   , . 

5. .    

, ,  

,  

. 

   

. 

.   ,  

.       4.1. 

. 

.   

1. ,     1  5.  

2.   4.1 

3. ,    

    , :  

Q14=2,      Q24= 2,       Q23=3,     Q12=4,     Q34=5,     Q13=6,     Q45=8,  

Q35=13,    Q25=13,      Q15=13. 

, ,    
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 1  4         2          3
O O O O
                      !
                      !
                       
                       5

 

4. , , : 

                                 

 1  4         2          3
O= = = = = = = = = = = = = = = = O
                      !!
                      !!
                      5                   

 

5.     , ,   , 

, : 

5 – 4 – 1 – 4 – 2 – 3 – 2 – 4 – 5  

            

  ,  

    :  

                                                      S = 5 – 4 – 1 – 2 – 3 – 5 

      L  =  8+2+4+3+13 = 30  
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 6 
   

   
        : 

1.       

,   

2. ,   , 

,    

. 

3.     0aij  ,   ,    

    ,  

  kij   

4.    
,

max
i j

k krs ij ,    0aij , 

 (r)  (s).     (r)  (s). 

      asr     asr        (r,s) 

  . 

5.       

 .        1-4. 

    .  

6.   . 

7.  . 

   

. 

.   ,    

.       4.1. 

. 

.   1   

.   

2,2,3,2,8.,  17.   

 1 2 3 4 5 
1 * 2 4 0 11 
2 2 * 1 0 11 
3 3 0 * 2 10 
4 0 0 3 * 6 
5 5 5 5 0 * 
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 2      

  . .   

  0,0,1,0,6 ,  7.   : 

 1 2 3 4 5 
1 * 2 3 0 5 
2 2 * 0 0 5 
3 3 0 * 2 4 
4 0 0 2 * 0 
5 5 5 4 0 * 

 –  

.  24.   

  . 

 3   ,  

.   

   ( )    

,   .    

  min minij ijj i
k a aij        

,
max

i j
k krs ij  

2 0 214k    0 2 223k     0 0 024k   2 0 232k     

0 2 241k     0 0 042k     0 4 445k     4 0 454k  

max 445 ,
k kiji j

  

    45,   4  5, . 

 4  5  ,   

( 54a )       54a  

 4    

 

 1 2 3 4 
1 * 2 3 0 
2 2 * 0 0 
3 3 0 * 2 
5 5 5 4  

 

 1.  

.  

  0,0,0,4.,  4.  : 

 



 38 

 1 2 3 4 
1 * 2 3 0 
2 2 * 0 0 
3 3 0 * 2 
5 1 1 0  

 2.     

  . .  

    1,0,0,0,    1.   : 

 1 2 3 4 
1 * 2 3 0 
2 1 * 0 0 
3 2 0 * 2 
5 0 1 0  

  ,   ,   29 

 24+4+1=29) 

 3, . . ,  

.  

   ( )   

,     .    

  min minij ijj i
k a aij        

,
max

i j
k krs ij  

2 0 214k      0 0 023k     0 0 024k   

 2 1 332k       0 1 151k     0 0 053k          

max 332 ,
k kiji j

  

    32,    3  2, . 

 3  2  ,   

( 23a )     23a  

 5     

 

 1 3 4 
1 * 3 0 
2 1  0 
5 0 0  

 
 1  2.      .  
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 3.     3 0 314k      1 0 124k     0 1 151k    

0 3 353k            max 314 ,
k kiji j

  

    14,   1  4, . 

 1  4  ,   

( 41a )     41a  

 6   

   

 1 3 
2 1  
5 0 0 

 1   

 

.   1,0.,  

 1.  : 

   1 3 
2 0  
5 0 0 

 2 

   

  .     

  0,0,,    0.   

   

  ,   ,   30 

 29+1=30) 

 3.    

21k      051k     53k                  max21 53 ,
k k kiji j

  

     21  53   . 

.  

 

(45) (32) (14) (21) (53) 

,  

:   

                                         S= 4 – 5 – 3 – 2 – 1 - 4 

  L = 8 + 13 + 3 + 4 + 2 =  30  
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 7 

 
 

 Y  

: 

 ,( , , , , , , )Y L A T N S B R                                               7.1) 

  L  — , . . ;  
A—  , . ,  

;  
T — , . . ;  
N — , . . ,  

,  
;  

S —  
; 

B — , ,  
; 

R — , ,  
   

.   
 P  

 

 ,TP W
v                                                                       ( 7.2) 

 v  — ;  —   

; W  — , 

 LW A                                                                        ( 7.3) 

(A — ;  L — ).  

 ( 7.3)   ( 7.2)   

     .TP LA
v                                                                     ( 7.4) 

 ( 7.4)    

   .TLA P
v                                                                     ( 7.5) 

  ( 7.5)   

 

,  

,  
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      .
ln

ln
T PL A

v                                                       7.6) 

     

,  

, .  

   

:  

 ,36A ,  ,   

 0  9;  

  ,62A , ,   

,  0  9.  

,  ( 7.6)  

, 

:  

  — , . .         T = 30  = 720  =  2,592 106 ;  

  

 

   v = 105     = 1014 ; 

  —  10–12, 

, , —  10–10,  — 

 10–8. 

,   ( 7.6)    

 

, . 7.1 

7.1 
 

       L   
     A = 36     A = 62 

 
  

  P v = 105 v = 106  v = 107 v = 105 v  = 106  v = 107 
  10–15  16,98  17,63  18,28   14,72  15,29   15,84 
  10–14  16,35   16,98  17,63  14,17  14,72  15,29 
  10–13  15,70  16,35   16,98  13,61  14,17  14,72 
  10–12  15,06  15,70  16,35   13,06  13,61  14,17 
  10–11  14,43  15,06  15,70  12,50  13,06  13,61 
  10–10  13,77  14,43  15,06  11,94     12,50  13,06 
  10–9  13,13  13,77  14,43  11,38     11,94  12,50 
  10–8  12,43  13,13  13,77  10,82    11,38   11,94 
  10–7  11,84  12,43  13,13  10,28    10,82  11,38  
  10–6  11,20  11,84  12,43  9,72    10,28  10,82 
  10–5  10,56  11,20  11,84  9,15      9,72  10,28 
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 n  

 .T  

 v  

 

     .n
Tv                                                             ( 7.7)  

 

,  ( 7.7),  

3,n , 

. 7.2. 

 7.2 
   

  
,  

,  
,T  

  
  

,v  

15 900 0,003333 
5 300 0,01 
1 60 0,05 

 
 

 ( 7.6)  ( 7.7) 
 

      
ln

,ln

T
PL A

v

                                                         7.8) 

 L  — . 

 ,L    
,  

 .

lnln ln
ln ln ln

TT
P PL L L A A A

vvv
v

                    ( 7.9) 

 ln A : ln 36 3,58    .ln 62 4,13  
 , , ,A v v  ,L  

 ( 7.9), . 7.3 
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7.3 

 
 L   

 
A = 36 A = 62 

,v  

 

v = 105 v = 106 v = 107 v = 105 v = 106 v = 107 
0,003333 4,80 5,45 6,10 4,16 4,73 5,28 
0,01 4,50 5,15 5,79 3,92 4,46 5,02 
0,05 4,05 4,70 5,34 3,51 4,07 4,63 

 
, . 7.3, ,  

 

 4–5 ,  

. 

 

: 

1)  

,  

, ;   

2) ,  

; 

3) ,  

; 

4)  A = 62  

; 

5)  7 ,  

, ; 

6) ,  30 ; 

7) ,  

,  — . 
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 8 
 

 
    (Analytic Hierarchy Process) 

, ,   . 
,  

   
  .   

   
 

 1  .   
 

    , .  
: ,  , 

  .  
,    

 – . 
 2  .   

  : 
1.       ,   

    ,  
   

.        
     

,   
8.1 8.2,  kij ,  

.  
 ( i )  

   ( j ),  

     kij  ,         ( j )   

 ( i )   ,  1/ kij .  

8.1 
      ,  

 
  

 
 

   
( kij ) 

1  1 
2  3 
3  5 
4  7 
5   

 
9 

 
 2,4,6,8     
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8.2 
-  

,    
 

 
 

 (kij ) 

1  1 
2  2 
3  3 
4  4 
5     5 
6 . 6 
7  ( )  

 
7 

8 ,   
 

8 

9   9 
 ( n ),       

    ( 1) / 2n n   
2.     

         
.      m,    
    

( 1) / 2n m m  
   

. 
,   ,  

,  : 
1)  ; 
2) ; 
3)      ,  

,    
1/k kij ji  , ; 

4)     kik , kij , k jk    

  , :   
k k kijik jk  

5)     kik , kij , k jk    

    , ,      k kijik      

      k kij jk   ,         k kik jk  

,  
,   . 

 3  .   
  ,  

. 
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   Ci , 

   ( j )  ( i ) , . Cij ,   

 
1/( )1 2

nC k k ki ini i                                                                          ( 8.1) 

1/( )1 2
mC k k kij ijmij ij                                                                   ( 8.2) 

  ( 1)n m      
         

    ( )   
   

1

Ci
ni

Cii

                                                                         ( 8.3) 

                    

1

C ji
mij

Ciji

                                                                            ( 8.4) 

  i -  i  

      ij  -  j  i  

 4     
    : 

-          jY  j-     ( 1,...j m ,), 
 

1

n
Y j i iji

              1,....j m                                ( 8.5) 

-   (l ) ,     Yl  

,  
.. 

                    maxY Y jl j
          1,....j m                                             ( 8.6) 

 5  .  
, ,  

   
.  

,  
.  

. 
, , 

  ,   
  ( .  2) 

  ,   
,      (   

 – ), : 
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( )max
( 1)

mIC mOC
R m Rm

                                                                   ( 8.7)            

    
( )max

( 1)
mmIC

mm
                                                            ( 8.8) 

: IC  -  
 

R  -   ,  
.  

  . 8.3 

mm – ; ,  
   

;   
m nm    -   

m mm    -  

max  -        
 

    : 
  0,1OC   ; 

  0,1OC   ,   

  

 max ,  ( 8.7 8.8),    
: 

1) ;   
2)  

  ,  
,  j ,  

;  
3)  j    max  

8.3 
 ( )R  

  . 
 m 3 4 5 6 7 8 9 10 11 12 13 
 R 0,58 0,90 1,12 1,24 1,32 1,41 1,45 1,49 1,51 1,54 1,56 
 

  
       

.  
. 

       .     ( )   
 

: , ,  
.. 
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       -  
 

.     
: 

1 –  
;  

2 – ; 
3 – . 

, ,  
,    

1, 2, 3 4, .  
 

      ,  
,  

,  
  . 8.4. ,  

 
. 8.5, 8.6 8.7.  

 
 

:    ( 8.1),    
  -   ( 8.2) ,    

,    ( 8.3)  ( 8.4).   
      :  

8.4,   , ,  
, . 8.5- 8.7 .   

8.4 
 

 1 2 3  
 

 

1 1 3 5 2,47 0,650 
2 1/3 1 3 0,848 0,230 
3 1/5 1/3 1 0,48 0,120 

 
8.5 

1 
 1 2 3 4  

 
 

1 1 1 0,333 0,2 0,508 0,106 
2 1 1 0,333 0,333 0,577 0,120 
3 3 3 1 1 1,732 0,362 
4 5 3 1 1 1,968 0,412 

 
8.6 

2 
 1 2 3 4  

 
 

 
1 1 0,11 0,2 014 0,23 0,050 
2 9 1 3 1 2,28 0,430 
3 5 0,33 1 1 1,14 0,220 
4 7 1 1 1 1,63 0,300 
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8.7 
3 

 1 2 3 4  
 

 
 

1 1 3 5 9 3,4 0,560 
2 0,33 1 3 7 1,63 0,270 
3 0,2 0,33 1 5 0,76 0,130 
4 0,11 0,14 0,2 1 0,23 0,040 

 
,  ( 8.5),   

 (  – 1, 2, 
3 4) ,    ( 8.6) , 
. , ,    

. 
:  

1 0,65 0,106 0,23 0,05 0,12 0,56 0,1517Y  

2 0,65 0,120 0,23 0,43 0,12 0,27 0,2077Y  

3 0,65 0,362 0,23 0,22 0,12 0,13 0,2906Y  

4 0,65 0,412 0,23 0,30 0,12 0,04 0,3390Y  

max 0,33904Y Y jj
 

8.8 
  

 1 2 3 4 
Y  0,1517 0,2077 0,2906 0,3390 

   4 3 2 1 
    * 

,  
, 4. 

,  
   

,   
:  

1)          
 (   .5)    

 
 3,117max  -      

; 
     

  1, 2   3    4,023max1  

,  4,233max2  ,   4,2015max3  

2)  8.3    
, ,    

       0,58RK             0,901 2 3R R R  

3)  
  ( 8.7).  
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:  

0,1OCK     0,00741OC    0,0852OC      0,0823OC     

    0,1OC ,   
  4  

. 
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 9 

      
   

       

, 

   

, .  

, , 

 –     . 

 ija  – ,  i -   

( 1,..i n  )   j   1,..j m .   

  

n  -   

m   -    

     - Bl ,   

    ,  ,   

  .    

: 

n1B = max B = max a maxa + a minac + a aj ij ij ij1 2 3l j j i i n i=1
        ( 9.1) 

        

   
3

1

1
i

ai          0 1ai                                                 

  1a  , 2a  ,  3a  -   ,   , 

    1/31 2 3a a a  

,    ai ,  

   

  , . 9.1 
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9.1 

, ,  
,          

. 
 

 
       
 

1 1/31a     1/32a    1/33a     

2 01a         02a       13a   

3 11a          02a     03a   

4 01a         12a      03a   

5    11 2a a               03a     

6 01a              12 3a a   

 

, . 9.1, : 

1.  – , 

, ; 

2.  – , ,  

       

,          

      .  

3.   -    “ ”,  

,        

.   

4.  –  “ ”,  

,       

, ,    

    .   

5.  –   ,  
,   .  

  11a , 02a , 03a    

    
   01a , 12a , 03a    

  . .  
, ,     

0,51 2a a      03a  



 53 

 

6.  – ,  

, , .  

 01a , 02a , 13a ,   ; 

 01a , 12a , 03a ,    

, ,         

01a       0,52 3a a     

.       

 

,  

  .    

: 

 1 -  ( 1) -      

                                  ; 

 2 – ( 2) -  ; 

 3 – ( 3) –    

                                 ; 

 4 – ( 4) -  . 

       ( ) 

, . ,    

. 

 1 – ( 1) -. , ,  ; 

 2 – ( 2) -        

                                 ; 

 3 – ( 3) -  ; 

 4 – ( 4) -       

                                 ;   . 

, ,    

,     

, . 9.2.  

 

  , . .   

. 
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9.2 
  

    
   

 
 

  1  2  3  4 
 1   10     9     8     6 
 2     8     5     6     4 
 3   14   16   18   20 
 4   12   13   14   12 

 
. ,  

 ( 9.1), . 9.3. ,  

1a ,  2a  3a . 1/31 2 3a a a  ,   

 

9.3 
   

  
   1    2     3    4 

 1   10     9     8     6 
 2     8     5     6     4 
 3   14   16   18   20 
 4   12   13   14   12 

max1 1B aijj i
     4,667     5,333      6    6,667 

min2 2B aijj i
     2,667     1,667      2    1,333 

1
3 3 1

n
B aijj n i

 
    3,667     3,583      3,833    3,5 

( )1 2 3B B B Bj j j j      11     10,583      11,833     11,5 

max jB B
j

       11,833  (*)  

.   (*)  
 

, . 9.3 , ,  

,   

,      3.  

: 2  

 
 

 
 
 


