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 1.      

  

1.1  

 
 

 ( ),  
, ,  

. 
1.  34.601–90 « .  

. .  
»,  01.01.1992 .  8 

,  26 ,  
 ( ). 

2.  53622–2009 « . -
. ,  

»,  01.01. 2011 .  
 6 ,  12 ,  

 ( ). 
 53622-2009  
 ( ),  

. 
3.  MRP II (Manufacturing Resource Planning II -  

),  
,    

 ( ) . 
 6 ,  

 
.  

,   
. 1.1. 
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 1.1 
 

. 

  
 

  
  

 34.601–90 

 
 

 53622–2009 
 

 MRP II 

1  
 

 
 

 

2  
 

 
 

 

 
 

3  
 

  
 

 
) 

 
 

 

4    
)  

   
 

5  
 

 
 

 
) 

  
 

 
) 

6  
 

 
 

 
 

 
 

)  
7 * – – 
8  

 
 

 
) 

– – 

* , , . 
7.1. .  

7.2. .  

7.3.  (  

, , 

).  

7.4. . . 

. 

7.5. .  

.  
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7.6. . . 

. 

7.7. .  

. 
7.8. . .  

. 
 

 22 ,  
 ( . 1.2). 

 1.2 
 

  
  ,  

1   
  

1.1.  
. 

1.2.  
.  

1.3. . 
,  

. 
1.4. . 
1.5.  

. 
1.6.  

 
. 

 1 7. .  
   

.  
1.8. . 

.  
 1.9.   

. 
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.1.2 
  
  ,  

2  
  

 

2.1. . 
 2.2.  

.  
. 

 2.3. . 
 2.4.  

.  
 

. 
2.5.  

.  
2.6. . 

3  
 

  

 3.1.  
. 

3.2.  
. 

3.3.  
. 

3.4.  
 

. 
3.5.  

.  
3.6.  

. 
3.7.  

   
 

.  
,  1.2,     25866-

83 « . »,  : 
-      

  ,   
;  

  ;  
; 

 -  
,  

; 
-  

, , ,   
; 

-     ,  
  ; 
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-       
, ,  ,   

. 
,  

1.2,  PERT (Program Evaluation and Review Technique), . . 
.  

 
PERT  ( . 1.3). 

 1.3 
    , 

 
 

 
 

  
  

 
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  

. 1.3 : 
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 , .1.3 ; 
 — , 

 
, ; 

2
i  -  i , .1.3. 

 
,  t , ,  

: 
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-  
, , .1.3 

- ,  
; 

-  
  ,   ;   

-  « »,  
; 

-  t  (1.1)  
(1.2),  ,  «  

». 
 

t  PERT    
  ( )P x .  x     :    

t t
x                              (1.3) 

 ( )P x ,  x , .1.4 
 1.4 

 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 , .1.4  

 x ,   ( )P x ,    

  t : 

t t x                                                                                            (1.4) 
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 1.1.  95% ,   
.    

,    
, ,    

. 1.5               
  1.5 

 
 

 i  ( )   

 
        1ti  

 
    3ti  

1  
. 

30 45 

2  
-

. 

10 20 

3    
 

20 30 

4 . 90 120 

5   
 

. 

20 35 

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

, . 1.3 ,    
  ,  

.1.5.  
 
 

(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  
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3.  t    
 (1.1)   (1.2) 

1
201n

t tii
 

  2

1
62 7,9

n

i
i

 

 
4.  1.4   ( ) 0,95P x .  

,   1,645x  
 
5.    

 95% ,  (1.4). ,  
201 1,645 7,9 214t t x  
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1.2  

 
. ,   — ,  ( ),  — 

.    
  1.  —  

.  
  2.  —  

,  —  
.  

 3.  —  
. 

 2  3 ,  
    .  

  : 
1) ,  

,  
  ; 

2) , , 
, ,   ; 

3)   .,  
 

; 
4) , , , 

             , 
; 

5)  , ., 
,  

    
  ,  

.  
  :: 

1)   ; 
2)  ,    

; 
3)  

. 
 53624-2009 « . -

. . . 
», , ,    

  ,   
.  

   23.07.1998 
.  28 «  

 
».  

  
,   , 

.   
:  
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1)  — ,  

 

, ; 

2)  —  

; 

3)  —  

.  

,   

: 

1)   -     

,  

,  

; 

2)   -    

  ;  

3).   - ,  

: 

-  

; 

-    

; 

-  

. 

4)    - ,  

       

.  

    

 23.07.1998 .  28     

,  

 ( ).  
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.  

 
 – ,  ,  

,    
)  

.   
,  

  .  
,  

. 
   

 

    ,  

.  

   

  :  

1        ,  

,    

; 

2.    

 ( .  1);   

3.  

 ( .  2); 

4. , 

; 

5   , 

        

  ; 

6.    

       

;. 
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7. ,  

. 

 
: 

1) ,  
, ,  

; 
2) ,  

, ; 
3) ,  

, ; 
4) ,  

; 
5) ,  

, , , 
; 

6) ,  
, ; 

7) ,  
, . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 21 

1.3  
 15467-79, « .  

. »,     

,  

, 

, ,   . 
 – . 

 (Y )   
 

 
: 

  ( , , , , )Y D B A H  
  - ,  

, 
, . .; 

D - , 
, , , 

,  
.; 

B - ,  
 

, ,  
  .;. 

A  - , 
, 

, ,  
. 

H  - ,  
   

,  
, , ,  

. 
, ,  

 27.002-80 « .  
» : 

1.  -  
; 

2.   -  
 

;: 
3.   -  
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,  
. 

  : 
•  — ,  

  ; 

•  - ,   

; 

•    ( MTBF — Main Time Between 

Failures) -   ; 

•  —   

  . 

   
: 

•      - 

,  

; 

•      

-   

; 

: 
•  -    

  ; 

•  -  

    ; 

 24.701-86   
 «  

. »  
   

  :  
   ( K ); 

   ( );K  

  ( )K  

  : 
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        K =                                                                                    (1.5) 

    K =                                                                           (1.6) 

     K = K K                                                     (1.7) 

  — , . .  
;  

 — ;  
 — ,  

, . .  
, . 

 
 ( . 1.6). 

 1.6  
   

 
 K  

  
  

0,99 3,5  = 84    (Conventional) 
0,999 8,5   

 (High availability) 
0,9999 1    

 (Fault resilient) 
0,99999 0,083  = 5    (Fault tolerant) 

 
     

,      ,  
.   

   
 

  : 
-   . ( P )  (1/ ); 
-   ( 1/Q P )  ( ) 
-      ( ( ).P t ) - 

, ,  
, ,   t . 

-   ( .T ) -    
,  

 ( .T ),  (T ),    
T =T +T  ; 
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-  ( . )   
 T . 

T -(T +T )
K =

T
                                                                   (1.8) 

, 
, ,  

. 
   

 -   
  (Overall  Equipment  Effectiveness – OEE),  . .K , 

  ,  
.  

 K    
 (1.7); 

  K  
 (1.9) 

. . .1K                                                                                    (1.9) 

: .  - ,  
. 

  K     
 

   . 1K                                                                                    (1.10) 

:  - ,  
 

. 
    . .K     

K = K K K                                                                 (1.11) 

 . .K  
, . 1.7 

 1.7 
 

  . .K         

     0,65  
           0,65      0,75 
           0,75      0,85 
           0,85      0,95 
                      0,95 
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 1.1.    
  - . .K    

,   
:  

-    = 2480   . ; 
-      = 20 .; 
-     , 

,   = 30 .; 
-    5% , 

  ,05. 0 ; 
- ,  

,   3,5%    
,     ,0350  

 
  1.  
 (1.7) 

K = K × K = × ; 

: 
2480 2480 0,992 0,98 0,9722480 20 2480 20 30K  

2.  
  (1.9) 

. .1 1 0,05 0,95K  
3.  (1.10) 

. 1 1 0,035 0,965K  
4.  

 
  0,972 0,95 0,965 0,891K = K × K × K  

5.   . . 0,891K  
, . 1.7,,  ,   

 – . 
 15467-79  « .  

. »  
. 

  ( K ) 
     ( ) ,   

,      ( ),  
 ( )  ( ). 
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K                                                                              (1.12) 

,  

  

,   .  

 53624-2009 « . -

. .  

. »     , 

   

  ,  

  .   

     

. 
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1.4    
. 

 
, 

 ( ),  
 ( ). , , 

, , 
. . 

  245–71 «  

»  

, ,  

 30 3,  —  9 2,  

 3,0…3,5 . 

    

, .  

  

: , -

, , ,  

, . 

  

 11–4–79.   , 

,  

. , 

. 

 11–4–79,  
 

),  
. 

 
 200 ,  — 300 . 

  

–245–71,  

 2.04.05–86  

,  »,  

 12.1.005–88 
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 « . ». 

 22…25 ° ,  

 — 40…60 %.  

    

 27818-88  «  

.    

»,   12.1.003-83  « .  

».   ( )  

 50 ,  — 65 .  

 30 – 35    

  .  40 – 70  

,  70 .  

, ,  

.  

 
 22973–78 «  — . ». 

 
 12.2.032–78  «  

».  
, .  

 
, : 

  

67…80 ; 

 , ,   

 65 ; 

     42 

 – 55 .; 

  70 ; 

    30  – 45 ; 

  

 100 .  
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 53246–2008 « . 

. ».  
 

 — . 
   

 

: 

  — 90  2 ,  

; 

  6,6 2   

 500 2; 

  

; 

  2,5  

,  500 ; 

  

 20  

 220 , : 

  2 .  

 

.  

,  10 2 , 

,  0,07 2  

. 

: 

  100  

15 2,  101  400 — 35 2,  

 401  800 —  75 2; 

    — 14 2; 

  1,8  2,3 ; 

  18…24 ° ;  



 30 

  30…55 %; 

  

 300 ,  150 . 

,     
       

,  :  
, ,  ,  

  . .. 
           

, .)   
     

: 
 1.    ( , 

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

. ,  
  .. 

 2.    
, , 

. 1.8  ,  
,  1.8,  

  ,  – 1 
,  – 6 . 

 1.8  
,  

.  
 

    1       2     3     4   5   6  

 

 

   1 3 0 1  
  

2 8 1  
1 3 0  

 2 5 1  
1 2 8  

2 2 1  
1 2 5  

 2 0 1  
1 2 2  

1 2 0  

   2 2 0 0 2  
  

1 9 0 2  
2 2 0 0  

1 7 5 2  
2 1 9 0  

1 6 0 2  
2 1 7 5     

1 5 0 2  
2 1 6 0  

2 1 5 0  

   3 2 2 3  
3 2 4  

2 4 3  
3 2 6  

2 0 3  
3 2 2     

1 8 3  
3 2 0  

2 6 3  
3 2 8     

2 8 3  
3 1 8  

   4 4 5 4  
4 55  

4 0 4  
4 4 5  

3 5 4  
4 4 0     

4 3 5  5 5 4  
4 6 5     

6 5 4  
 

   5 5 5 0  5 0 5  
5 5 3  

5 3 5  
5 5 6     

5 6 5  
5 6 0    

6 0 5  
5 6 2       

6 2 4  
 

   6   -
; 

 

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

 3.   ( jU )   j   ,   
 j .   

1

max1
max

6
10

1 6

n

ij
ji

j j

X
X

U X
n

                                                   (1.13) 

 max jX -  ,  
    j ;   

ijX  - ,  i -  
j ; 

  n  - ,      
 

 4.  ( jY ) 
 j   

j
j

U
Y                                                                                          (1.14) 

          ,  - ,   
  ,    

,   ,  
.     15,6 0,64  

 5.    
 ( iR )   j    

100j jR Y                                                                                         (1.15) 
  iR , ,  

1 2 ......lR R R ,  l . 
 6.  ( P )   

 
, , 1   2.. 

1

2

1 100%RP
R

                                                                           (116) 
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 - ,  
,  . 

,   0,2 0,3  
0,2  - ;     0,3  -  
 7.   

 
  .  

 1.2.  ,  
1 2,  

.  
  ( 1 2) .1.9   (  2  3) 

 1.9 
  

    ( )  

     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    

, , .1.8 .1.9,  4 
 5. 

2.  ( 1U )  
( 2U ),  1 2,   (1.13) 

1
7 6 33 10 37
5 6

U                                                                         

2
9 6 44 10 46
5 6

U                                                                          

3.  ( 1Y )  ( 2Y ),  
1 2,   

,   (1.14) 
1

1
37 15,6 33,44

0,64
UY                                                           
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2
2

46 15,6 47,5
0,64

UY                                                            ) 

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

 (1.15)  
1 1100 66,56R Y                                                                                        

2 2100 52,5R Y                                                                                        
4.   ( P )   

1  
2  (1.16) 

 

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%   

,   ,  
  ,  ,  

 51275-2006 « .  
. , .  

».    
  , ,  
 – . 

        
,   

  
. : 

-     ; 
-       

, ,  ; 
-     

  ; 
-  ; 
-    ; 
-  

. 
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  , 
   

  . 
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 1 
1. ,  

. 
2.   

   
. 

3.  
   

4. ? 
5.  
6. ,  

 

7.  

? 

8. ,  

  . 

9. ,  

. 

10.    
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 1 
 

. . : ./ . , 
. . .:   ,  2013.  620 . 

 
. -

. / . , . , .  , .  , . 
., .   : . . . . . . 

2012. 177 . 
. : . 

./ . , .   : , 2013. 320 . 
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 2.  
2.1     

.   
  ,  -  

  ,   
  . 

, . .  — , 
: 

 1) ,  
;  

2) ; 
3)  — ; 
4)  

 — ; 
5)  —  

; 
6) ; 
7)  — 

; 
8)  —  

 
. 

 
 

: 
- 1 - ,  

; 
- 2 - ,   

 -   ; 
- 3 - ,  

 -   ; 
- 4 -      

    ; 
- 5 -  .  

,  
. 

 ( )    
.  

,  
,  

.. 
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 –   ,  
  . : 

,   .  
 

 – , ,  ,  
 

. 
 

 
   

.    
 

   
 

.    
 

: 
1) , ; 
2) , 

; 
3) , . . ,  

,  
 10; 

4)   , . . , 
. ;  

5) ,  
;  

6) , .   
,   

; 
7) ; 
8)  

; 
9) , . .  

;  
10)   

. 
 

 
,  

, ,  
, ,  

, ,  
, . .  
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, . . , 
 

,  
.   ,  

.  
: 

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

                                                                             (2.1) 

 g  -   ; 
ni - ,  i-  

ki  - ,   

 i-     ,   11k  
 -     ,  

1 1k  
3)     ( )   

                     1( )
1 i

g
n kii

                                                                     (2.2) 

4)     ( i )    , 
  i-   
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                                    ki i                                                                  (2.3) 
5)     

                                     1
g

ii
                                                                    (2.4)          

,   

1

g
n nii

                                                                                                      (2.5) 

  n - ,  
. 
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2.2  
 

. 
  ,   

  . 
 1 — , : 

   .max
n

Y i ijl j m i
k                                                            (2.6) 

 n — ; m — ; 
 j  ( j = 1, m)  i 

 (i = 1, n); i  —  i . 
 

 (2.4); ijk — ,  
 i  j ,  0 1kij . 

   – l . 
 « , » ( , 

, . .)  
 

 ijkij
i

                                                                   (2.7) 

 « , » ( , 
, , . .)  

 

 ,ikij ij
                                                                   (2.8) 

 maxX Xi ijj
 —   i ,  

;  
minX Xi ijj

 —   i ,  

. 
 2 —  
: 

      max ( )
1

n iY kijl j mi
                                            

   (2.9) 

 3 —  
: 

      2min 1
1

n
Y ki ijl j i

                                                         (2.10) 

 4 — :     
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                                  maxminY ijil ij
k                                             (2.11) 

 5 —  
  ( )   : 

     
1

n
R rijj i

                                                                            (2.12)  

                     minR Rjl j
                                                                                               

(2.13)     

 ijr  —  ( ),  j  i ,  
,  — . .  

 l   Rl . 
 

,  
,  : 

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

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

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

    , 
.  

. 
 2.1.  

,  
. 

1— 5  
 ( , 

)  
).  

, ,  
,  0,2. 

 
»,  « »  

 « ». 
 

,  « » 
 RADIUS.  

. 2.1. 
 2.1 
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) 

1 2 3   4 5 
  

  
L < 18 ,  

20 30 40  20 20 

 
,  

50 45 45  35 45 

 
 

 
 

   

 
 

   
 

 
 

 

, . 900 1 300 1 700 900 1 800 
. . 2.2  

.  
 2.2 

 
    

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

 
 

0 0 0 1 1 

-
 

 

     

, 4  
1, 5  

2 3. 4 5 
. ,  

:  ( 1, 2 3)  
. 

 
, . 

 (2.7)  (2.8),  
, . 2.1.,   

, . 2.3 
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 2.3 
 

 
 

 

     
 

 
 1 2 3 

 
  

0,2 0,5 0,75 1 

 
  

0,2 1 0,90 0,90 

 
 

0,2 0,90 1 1 

 
 

      0,2 1 1 0,90 

  0,2 1 0,69 0,53 
n

Y i ijj i
k         0,880        0,868    0,866 

 (2.6) . 2.3. 
 

    
3,   1 — . 

,  ,  
    : 

- ; 
-  L1, L2  L3; 
-    L1, L2  L3; 
- ; 
-  ( ); 
-   ( ); 
-  PCI; 
- ; 
-  ;    
-    ; 
-   ; 
-  . 

 2.2.  
,  

. 
. 2.4. 
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 2.4 
 

 
 

 

 

    
  ) 

     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 
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Intel Core  Ivy Bridge ,  
 22- .  
,    

      
    

 QuickPath Interconnect (QPI) ,  
  ,   

  Front Side Bus  (FSB).   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  - ,   . 

. . 2.5  
.  

 2.5 
 

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

 0 0 0 
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,   . 2.5 ,  
   

.  
  . 

. 
 

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

.  
 

      (  
2, 3, 4, 5, 6,  7,  9,  11, 12, 13   19 ),   

  , ,    .   
 

     (  
1, 16 17),      ,  

, .  :    
3g  - ; 
61n    112n     33n  -  ,    

 1- , 2-  3-   ;      11k     

22k  43k - ,  
  2-  3-   1- . 

   (2.1) : 
6 11 2 3 4 1       ,      0,025  

 
      ( )   (2.3)     

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

 
 

,   , 
  (2.7)  (2.8),  .2.6 
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 2.6 
 

 
 

   
  

    
  

( 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    0,883 
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 

 
 

,  (2.6), 
.2.6 ( )   

. 
 

  ,  
(2.6) ,  

1 ,  
 

 2  
.  
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   5%. 

   
  ,   

. 
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2.3   

   
  . 

 1.         
   

   (2.6 – 2.12). 
 2.    

     –  
 -    

. 
 3.    

       
,  ( n )    

,  ( m )–  
.  

(rij ) ,  j-    

 i- .  1 r mij  

 
,  (  

) ,  – 
. . 

 4.  
, .  

.  ( jR ) j  
   (2.12),   .   

 5.  
,    

  ( l ),     (2.13). 
 2.3.  

. 2.7.   

, . 
 2.7 

 
    

 1 2 3 
 

 
0,92 0,90 0,88 

 
 

0,14 0,12 0,10 

 
 

0,60 0,65 0,68 

 0,55 0,50 0,60 
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. , . 2.7,   

 ( . . 2.8 ),  

. 
 2.8 

 
    

  
 1 2 3 

 1 2 3 
 

 
1 2 3 

 
 

1 2 3 

 
 

2 3 1 

   
 

3 1 2 

 
  

     
1

n
r rj iji

 

 
8 

 
10 

 
12 

 
 

 (2.12) . 2.8., 
.   ,   

   (2.13), ,   
 1 2 3 ,  1  

.  
 

 

 

 

 

 

 

 

 

 
   

   
 

11 9 10 
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 2 
1. , - 
      .   
2. . 
3. . 
4. . 
5.  . 
6.     . 
7.   . 
8.   . 
9.   . 

 10. . 
 
 

 2 
 

. .  
 / . . .: , 2010.  

688 . 
  

. : ./ . .   .: 
, 2009.  400  
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 3   
                    3.1   

 ( )  

, 

:  
 53245–2008 « .  

». 
 53246–2008  « .  

». 
, :  

  —  

,  

; 

  —  

,  

,  

, ; 

  — , ; 

  — ,  

; 

  — , 

; ; 

, ; 

,  

; 

  — , 

 

, ,  

. 

 53246–2008,  

, ,  

: 
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O O O O O O
MC IC HC CP TO WA

 

: Work area – WA  — ( );  

Telecommunications outlet - TO — ( ) ;  

Consolidation point - CP — ( ); 

 Horizontal cross - HC — ( );  

Intermediate cross- IC — ( ); 

Main cross - MC — ( ). 

: 

 ,  (TO) c 

 (WA); 

 ,  

 (HC)  (TO); 

 ,  

 (IC)  (HC); 

 ,  

 (MC)   (IC). 

: 

  

; 

  

; 

  

; 

  

; 

  

; 
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,  — ,  

 — ; 

 , ,  

 12 ; 

  (TO — WA)  

 10 ; 

  (HC — TO)  

 90 ; 

  (IC — HC)  

 300 ; 

   

(MC — HC)  2 000 . 

:  
 ;  

 ;  

 ;  

 ;  

 .  

 

: 

 ,  

;  

 ; 

 ;  

 ; 

 ,  

 

; 

 ; 
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 ;  

 ,  

; 

  

. 
 

.  
, 

 50 .  
 

.  
: 

  

,  

; 

  

,  

. 

 

: , ,  

.  

  ,  

 

, . 

,  

.  

 15–25 . 

,  

.  

,  

, .  
:  

 ;  
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  ; 

 ; 

  

.  

,  

: 

  « »   3, 5, 5 , 6 . .; 

   « »; 

 ,    

 50/125  62,5/125 

 10/125. 

 54429-2011  

 « »  

0,5 .,     

23AWG     0,56 . 

: 

  

;  

  

.  

 30 %  

 2 ;  

    

 RJ45,  

 « »  

; 

    

, ,  

    . 
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,  

,  

.  

  

;  

 ,   ,  

. , ,  10 

Gigabit Ethernet  « »  6,   

      ,  

,    

  ,   37  

55  ( )  100 .; 

  50 %;  

 , 

,  

, , 

;  

  

.  

 60 ; 

 ;  

 ; 

 ;  

  

. 
 

.  

 

,    . 

  ,   

 – . 
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:  

 :  , 

, , , 

,   ; 

   ,  

  , . ; 

    

        

; 

  

 

; 

       

, 

,     , 

; 

   ,  

, , 

, ,  

; 

    

, 

,   

. 

 

  :  

 ; ; 

 ,   

 

; 

   ,  

, , 

,  , ,  

. 
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3.2   

                ,  Ethernet,  
 « » ( ), 

 UTP (Unshielded Twisted Pair),  « » 
),  STP (Shielded Twisted Pair).  

 « »  Ethernet . 3.1 
 
 
 

 3.1 
 « » 

   
5 5  6  7  

   
 

 
– D E  F  

,   1–100 1–100 1–200 1–500 1–600 1–1 000 
 

 
,         

25,3 30,1 39,8 39,8 62,9 64 

/ ,  10 12 18,6 18,6 42,1 46,1 
,    25 24 21,l 20,9 20,8 20,3 

,         8 10 12 12 12 12 
,   5,6 5,6 5,72 9,00 7,24 8,36 

 
,  

20,00 20,00 25,40 36,00 58,00 67,00 

,  5–8 8–10 10 10 15 25 
 

 5, 5 , 6  7 ,  6  7 —  
. : 
  6 ,  

; 

  7  

)  (  

); 
 « » .  

:  
  

; 

  

. 
  : 

 , , ,  

, ; 
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 , , , , 

. 

: 
  (  

 6 , ); 

  (  6  7 ); 

  (  6  7).  
 

: 
    

40..50% ,  

; 

  21  

 6  6 ; 

  6  

 25,4 ,  —  32 ; 

  

 1,5 ,  

,  0,7 ; 

 , 

,  4 ; 

  

,  

 90°; 

  

. : 

–  50 ,  1,5 ; 

–  1 ,  1,5 ;. 

  

,  
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 "U"-  

; 

    

 2,4 ; 

  

; 

  

 25 ; 

  30  

,  90°,  

; 

  

,  

.  

 « » 

: 

- , 

,  

; 

- , 

, 

,   

, . 
 « » , . . , 

. 
 « ». , 

 5 : 
  6 ; 

  ( ) 0,51 ; 

  100 ± 15 ; 

  30 ;. 

  46 . 
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 200 ,  
 100  0,5 . 

 5  Rj-45  
 T568A  T568B ( . 3.2). 

 3.2 
   « » 

 T568   T568  
   

   
 

1  3   2 
2  3   2 
3  2  3 
4  1  1 
5  1  1 
6  2  3 

7 -
 4   4 

8  4   4 
 

 10Base-T  100Base-TX  2  « »  
,  3 — .  100Base-T4  1–4  «  

»:  1  4 — ,  2 — ,  3 —  
.  

 Rj-45 , ,  
.  

: 
 ,  

,  

, ; 

  (  — Attenuation),  

 

, ; 

 ,  

,  

, ; 

 , , . 

, 

 1 ; 
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 ,  

, .  

,  1 ; 

  (NEXT — 

Next End CrossTalk),  

, ; 

  (FEXT — Falie 

End CrossTalk),  

, ; 

  

(ACR — Attenuation to CrossTalk Ratio), ; 

 ,  

, ; 

 ,  

. ,  

, , –1. 
: 

 :  

,10 lg 0PA P                                                           (3.1) 

 P  — , ; aP  —   
, ; 

 , . . : 

NEXT 10 lg 0P
P ,                                                             (3.2) 

 P  — , , . 
. ;  

 , . . :  

FEXT 10 lg 0P
P ,                                                               (3.3) 

 P  — , , . . 
;  
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  (  

, . . ):  

ACR NEXT 10 lgc
PA P                                                               (3.4) 

 
 ACR  10 ,  

, ,  10  
. 

,  2 ,  
,  3 , :     

10010 lg 10 lg 10 (lg100 lg200) 10 lg2 3200
PA P . 

 3.1.  100 Base TX ,  
 5  : 

  100  22cA ; 

  NEXT  

35 . 
.  

 (3.4)    

ACR 10 lg NEXT ( 22) ( 35) 13c
P AP  

 ACR 10 , . 
 Rj-

45 ,  

:  

 ;  

 ;  

  (  

);  

  (  

, ); 

  (  

).  

  
X/YTP,    X — ; Y —  

. 
: S  — ; F — ;  F2 — ; U — . 

 « » UTP, STP, S/STP, S/FTP, F/STP, F/FTP. 
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 3.2      
,   ,  

   – . 
.    F/STP     

 
3.3  . 

, 
 ( ).  

: 
 ,  

 =1 550   (1,55 )   = 1310   (1,31 );  

  ( ),  

   = 1310  = 850  (0,85 ).  
. 

 (SC),  (ST)    (FC)  
. . 

. 3.3 
 3.3 

 
  

PC  (Physical Contact)  
SPC (Super PC)  
UPC (Ultra PC)  
APC (Angle PC)  

   
:  

 ; 

 ; 

 ; 

 , ; 

 , . . ,  

, . 

,  

 25 .  

.  

: 

, .  —  

,  

. ,  



 67 

.  

 

.  2  24 ,  

.  

. , ,  144,  

 12 . 

, : 

  (SM),  10 1  

, ,  

,  125 3 .  

 10/125; 

  (MM),  

62,5 3  50 3 , ,  

,   125 3  .  

, ,   62,5/125  50/125.  

, 

. 

 PC, 

SPC, UPC, APC,  — .  

 

,  — . 

 
 ( . 3.4). 

 3.4 
 

, ,  
 

)     

  
 1–2  8–10  

  35–40  
: 

a-b-c-d-e,  

 a — , ;  
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b — , ;  

c — , ;  

d — ,  

1 ;  

e — , . 

-50-1-5-2, :  

 ;  

  50  ( );  

  1 ; 

  5 ; 

 . 

 

 

. 
1.  ( ) 

. 3.5. 
 3.5 

      
    

 PC PC SPC UPC 
 

,  0,75 0,4 0,3 0,2 

 
2.  (  

 1 . 3.6). 
 3.6 
 

 
   

,  
 

,  
  

,  
850  2,8   62,5 
1310 0,6 
850 2,4   50,0 
1310 0,5 
1310 0,4   10,0 
1550 0,25 

 
  P ,  1 ,  

 , ,  
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 4,P K                                                              (3.5) 

 0,8K 4  — .  

    
40,8 0,85 1,54P ,        850 ; 

40,8 1,55 0,14P ,        1 550 . 

, ,  
. 

3. .  
: 

 0,1 , ;  

  0,2  0,3 .  
4. .   

, 1 2,  
: 

  

.  

  

 10lg / ,2 1P d dd                                                             (3.6) 

 1 2d d  — 1 2 .  

  ,2 1d d ; 

  

.  

 

 

2
1 210lg 1 2 ,
1 2

n n
P n n                                                        (3.7) 

 1 2n n  — 1 2;.  
  

1 2.  

 

 10 lg(1 / )cP d                                                       (3.8) 

  —  
1 2; d — . 
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5. , ,  
 0,1 . 

6. , ,  
. , . .  

. 
7. , , 

,  
. . :  

 ,  P  = 1…3 ;  

 ,   

P  = 1 . 

,  2  

 3 , , ,  

 

  

 100 110 lg 10lg2 10 (0,3) 3200P .                                  (3.9)   

 

 ( )  

 ( )  

 10 lg 1
PP .                                                        (3.10) 

 3.3 ,  
,      

 0,1  
 
. 

1.   (3.5)  cP  
,  

 10 lg(1 / ) 10 lg(1 0,1) 0,457cP d  
2.   P      P   ,  

,  

 10lg 0,457PP
P

           lg 0,0457P
P

 

0,0457
1 0,9

10
P
P

 

 90%   ,  
   10%. 
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 3.4      1 300P ; 2 200P     

3 150P    

. 

.      (3.10) : 

30010 lg 10 lg300 10 (lg3 100)1P  

10(lg3 lg100) 10(0,47 2) 24,7 ; 

 20010 lg 10 lg200 10(lg2 100)2P  

10(lg2 lg100) 10(0,3 2) 23 ; 

15010 lg 10 lg150 10(lg1,5 100)3P  

10(lg1,5 lg100) 10(0,17 2) 21,7 . 

: 

  P —  

, ;  

  .P —  

, ;  

  .P  —  

, . 

,  

; 

  .P  

 

:  . .P P P                                                                    (3.11) 

     

  

           . .( )P P < < P ,                                                                                  (3.12) 
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  3.5     

  ,  

: 

-   300P  

-   . 50P  

-   . 200P  
.  

1.  (3.11) 

. . 250P P P  
 

 7,781 ,   (3.12) , 

.
30010 lg 7,781
50

P , 

. 7,781< P  
    . 

2.   ,  
  ,  (3.12) 

. 300 200 100P P  
 1,761 ,  

. 

.
20010 lg 10 lg0,66667 1,761
300

P P  

.( ) 1,761P P  
3. ,  

: 
                                         1,761 7,781<    

: 
 : 

0 200000
c

v , 

 0c  — , 300 000 ;0c  —  

,  1,4; 
  

; 

 ; 

   (  9 ); 

 ; 

 ; 
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  –60  +85 ;  

  500 ;  

 . 

: 

 ,  

; 

 ; 

 ; 

 ; 

 . 

,  

, :  

, , , 

  ,  

, . 
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3.4    
  , 

, ,   
,  . 

 

: .  

 

,  

 -  

.  

 

  ,   

.    -    

    ,   
     

  ,    
.   , 

,  .  
 -  

.       

:  

-   ; 

-    ( ) ;  

-  

.  
.    

.  -    
.  -  

,  
.  –  

,   :  
 

   
: 

 , ,   

;  

 ;  

 ;  
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   .  

, , 

:  

- ;  

- ;  

- , .  

:  
 ;   

 ;   

 ;    

 ;   

 .  

  , ,  
, . 

  : 

 ,   

) ,  

  ; 

   , 

,  

; 

 ,  

; 

 ,  

, ; 

 , ,  

; 

   :  ;  

;   ;  ;    
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: 

  – , , 

, , . ,  

; 

  

; 

  

,    

, ;.  
    : 

    

, ; 

    

 

; 

  

; 

    

; 

    

 

. 

  : 
 , , 

  ; 

 , ,   

    ; 

  

; 

  

; 
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   , 

,  

; 

 ,  

, ,  

 

; 

   ,   

, ,  

; 

 , ,   - 

, ,  

,  ; 

   ,   ,  

 – , ,  

,    

. 

   
: 

 , 

, , 

  ; 

  ( )  

,  

,  

,  

, 

; 

  

; 
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; 

 ,  

,  : 

- ;  
- ;  
- ;  
- ;  
- ;  
- ;  
-   . 

   
, 

.  
,  

,  
.  

 

    , 

   

, :  
  XXX?  

  VVV  WWW   YYY?  

  ZZZ ? 

 

   

  : 
  

TIA/EIA-606-A;  

 ; 

 ,  

. 

 10-  
,    « »,   «  

».  TIA/EIA-568-B  
.  
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,  

 12 . , 

  ,  

.  

 

. 

   
    . 
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 3 

1.    

2.  

3.  

4.  
5.  

. 
6. ? 
7. . 
8. , .  
9. ,  

? 
10. . 
11.   TIA/EIA-606,  

.   
12.   . 
13.   . . 
14.   . 
 15.    

. 
 3 

  
. . 5- . / , 

. , . . .: , 2006.  640 .   
 

.  / . , . 
, . , . . .:  — , 2011. 368 

. 
.  / . 

. .: , 2008. 192 . 
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 4  ,  

4.1   
  ,  Ethernet. 

, , . 
4.1. 

 4.1 
 Ethernet,  

 
  Ethernet  Ethernet 
 Ethernet,  

 10  
10Base5, 10Base2, 10BaseT, 
10BaseF 

 IEEE 802.3) 
  Fast Ethernet,  

 100  
100BaseTX, 100BaseT4, 
100BaseFX, 100BaseSX 

 IEEE 802.3u) 
  Gigabit Ethernet,  

 1  
1000BaseLX, 1000BaseSX, 
1000BaseT, 1000BaseTX 

 IEEE 802.3z) 
  10 Gigabit Ethernet,  

 10  
10GBaseSR, 10GBaseLR, 
10GBaseER 

 IEEE 802.3ae) 
  40 Gigabit Ethernet,  

 40  
40GBaseSR4   
40GBaseLR4 

 IEEE 802.3ba) 
  100 Gigabit Ethernet,  

 100  
100GBaseSR10 
100GBaseLR10 

 IEEE 802.3ba) 
  IEEE 802.3 (Institute of Electrical and Electronics Engineers) –  

. 
   10Base5, 10Base2  

. : 
  — , ,  

, ; 

  — ,  

; 

  — ,  

, .   
  Ethernet  

 Ethernet  10BaseT: 
 ;  

 ; 

  100 ; 
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 - 

;     

 2 — ),  —  (  3 — ).  1 

)  4 ( ) ;  

  

; 

  500 . 
 Ethernet  10BaseF: 

 ;  

 ; 

  

,   850 ; 

  1 000 ;  

  

,  5 000 . 
 Fast Ethernet  100BaseT4: 

 ;  

 ;  

  100 ; 

 ; 

  

; 

  205 . 
 Fast Ethernet  100BaseTX: 

 ; 

 ;  

  100 ; 

  ( ); 

  

; 

  205 . 
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 Fast Ethernet  100BaseFX: 
 ; 

 ;  

  

,   1 310 ; 

  200 ;  

  

; 

  412 . 
 Fast Ethernet  100BaseSX: 

 ; 

 ;  

  

,   850 ; 

  160 ;  

  

; 

  325 .  

 Gigabit Ethernet  
,  

 
.  

, ,  
.  

 
, ,   

. 4.2.   
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 4.2 
 Ethernet 

   
  
, 

 
 Gigabit Ethernet 

1GBaseLX , 
  

 1 310   

5 000 

1GBaseSX , 
 850  

  

500 

1GBaseT  « »   5E 
) 

100 

1GBaseTX  « »   6 
) 

100 

 10 Gigabit Ethernet 
10GBaseER , 

  
1550  

40 000 

10GBaseLR , 
  

1310   

10 000 

10GBaseSR , 
 850  

  

26 
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   .4.2 

   
  
, 

 
 40 Gigabit Ethernet  

40GBaseSR4 4  
,   8 ,  VCSEL- 

.  
  =  850 . 

 
 10  

 12-  
. 

150 

40GBaseSR4 3  
,   8 ,  VCSEL- 

.  
  =  850 . 

 
 10  

 12-  
. 

100 

 100 Gigabit Ethernet          
100GBaseSR10 4  

,   20 ,  VCSEL- 
.  

  =  850 . 
 

 10  
 12-  

.  (*) 

150 

 100 Gigabit Ethernet   )        
100GBaseSR10  3  

,   20 ,  VCSEL- 
.  

  =  850 . 
 

 10  
 24-  

. (*) 

100 

 
(*)  MPO (Multi-fiber Push On)  

 ( ),   
. ,   12-  

 MPO   , ,  
 0,35 .  (  15 ),  

   MPO     ST, SC  LC,    
    0,15 . 

   (International Electrotechnical  
Commision - IEC)     MPO, 
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 IEC-61754-7. «   . 
 7.  MPO» 

,    
  100 Gigabit Ethernet ,  

,  25 
.  

   100BaseTX, 100BaseT4  
100BaseFX, , ,  

,   
  512PDV BT ,                                                                              (4.1) 

 PDV  (Path Delay Value) — , . . 
,  

,  
; 

BT  (Bit Time) — ,  10BT . 
 PDV : 

,
n m

PDV = 2 T +T + T + Ti ji=1 j=1
                                               (4.2)  

 ,T T  —  
; T i —  i ; T j  —  

 j ,  
;   100  500  50 BT , . .  

 0,5 BT ; n —  
; m —  

. 
 4.1.  100Base TX, ,  

: 
 ,  

30BT; 

  50 . 

 25 BT .  
: 1)  T T  

25   
2)   T =T =T =3 30 ;  
3) , ,  

1 2 3T =T = T = 25 ;  
4) , 

 (4.2), 
 PDV = 2(25BT +25BT +3×30BT +4×25BT)= 480BT;  

5)  PDV <512BT ,   . 
4.2      

, , 
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:  (Fiber 
Distributed Data Interface - FDDI).  

 FDDI. 
  FDDI — ,  

 ( ).  500 

 ( ),  — 100 ,  

 —  100 .  

 , ,  

,  FDDI. 

  FDDI  

 SAS (Single ttached Station),  

,  —  

 DAS (Dual ttached Station),  

. 

  FDDI , .  

, ,  

.  FDDI  

, ,  

.  FDDI  

 

. 

  FDDI  

 (10/125 )  

(62,5/125 ) ,  

     = 1 310   = 850 .  

  FDDI  

 

 35 ,  — 2 . 

 , ,  

 31 .  

,  
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  ,( ) 10 lg ( )P P   —  

, .  

 11 . 

  FDDI  :  

– ,  

, . .  

.  

;  
– ,  

.  
,  

. ,  FDDI  
:  

,  — . 
  FDDI , 

.  

,  

.  

, .  

. 
    

, . .  TTRT (Targer Token Rotation Time). 
, ,  

, ,  
. 

,  
, . .  TRT (Token Rotation 

Time).  TTRT,  
, 

.   
.  

, . 
 FDDI  4500 , , 

,  20 000 . 
 FDDI , 

: 
 ;2T T                                                          (4.3) 

     ( ) ;( )
n T D
nT D                                                     (4.4)  
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    ,( 1) 2T n T D                                             (4.5) 

                           D Lt nt                                                             (4.6) 

 T  = TRT —  ( );  
T = TTRT —  ( );  —  

, ,  ;0,9  n — ; D —  
 ( );  L  -  ( ); maxT  —  

 ( );  
t  -    1  ( );  t  -  

 ( ). 
 4.2.  

: T = 5   -   ;  
 t  = 5  — ;  
t  = 1 /  — ;   
n = 16  — ;  
L = 20  - . 

: 1)  (4.6): 
20 5 16 1 116 0,12 ;D Lt nt  

2)  ( )  
(4.4): 

16(5 0,12)( ) 0,975 97,5 %;( ) (16 5 0,12)
n T D
nT D  

3)  (4.5):  
( 1) 2 (16 1)5 2 0,12 75,2T n T D   

,   100n ,   (4.4)      
            1 D T  

 (4.5)  (4.6) ,   
FDDI , ,             

.  
 FDDI,    

, ,  
. , , 

 3, 4  5.   
 

 
.    (Digital 

Subscriber Line – DSL).  DSL  
,  

.  
 DSL: 

-   (Asymmetric Digital Subscriber Line –  
ADSL),   ADSL  ,  

,  
.     3 .  

  6  640 .  
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 ADSL: ADSL, ADSL2  
ADSL2+.    ADSL2 ,  ADSL,   

,   
 - ,  

.    ADSL2+  3 , 
 ADSL,  2,2  

  . 
-     (High Bit-Rate  Digital Subscriber Line –  
HDSL).  

 (2   3,7 )  
;   

-   (Single-Line Digital Subscriber 

Line -SDSL)  SDSL  

,    

 HDSL: ,  

, ,  

,  3 ;   
-  (Rate Adaptec Digital 
Subscriber Line – RADSL).  R-ADSL  

,  ADSL,  
 

. , 
  ; 

-   (Very High Bit Rate  Digital Subscriber Line –  VDSL 
).  VDSL  

 
 1 ..   

 
.  

  VDSL2   100  
, ,    

 350 .     5  VDSL2 ,  
 12 .  

.4.3 
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 4.3 
  

, 
    ADSL2,  ADSL2+  VDSL.. 

     
: 

  (Multiprotocol Label 

Switching - MPLS),  IP ,   MPLS 

          

; 

      (Point-to-Point Tunneling Protocol - 

PPTP),    , , . . 

 (Virtual Private Network-VPN),  IP. , 

 VPN ,    

.   –  VPN 

.    VPN 

,    VPN .  

  
  

 
) 

 
 ( ) 

 640        <  3. 
         6,5          <  3 

1 
ADSL 

               1,5        <  5,5 
 640         <  2 

      12           <  1 
            10           <  2 

2 

ADSL2 

             «      5            <  3 
 640      < 2  

   24        < 1 
        19        < 1,5. 
           « 12     < 2  

3 

ADSL2 
 

           «   5    < 3 
 2     < 3,7. 4 HDSL    2    < 3,7  
 1,5 - 2  < 3  5 SDSL    1,5 -2  < 3  
 2,3   < 0,3  . 

         1,5   < 1,5   
   50   < 0,3 . 

         25    < 0,9 . 

6 

VDSL  
 

            « 12    < 1,5. 
 100   < 0,3 5 . 

         12   < 5   
   100 < 0,3 . 

         50    < 0,9 . 

7 

VDSL2 
 

            « 12   < 5 
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 ,    

 IP (Internet Protocol Security – IPSec),    , 

 IP  

.   . 

,  IP ,    

 TCP/IP (Transmission Control Protocol/Internet Protocol – 

TCP/IP).    

, : 

  FTP ( Fail Transfer Protocol); 

 IP    SIP ( Session Initiation Protocol)  RTP 

(Real-time Transport Protocol); 

  SNMP (Simple 

Network Management Protocol)  RMON  (Remote Monitoring). 

 IP  

  ITU-TG.114,    

:  

 

.  5 %,  

 

150 . 

 IP  

  ,  

  4.4 

 4.4 
   IP  

   IP    ( )   IP  

   0 - 150  

150 - 300  

300 - 400  

 400  
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: 

- ,   

,    5 ; 

- ,  

  IP ,    25 – 30 ; 

-  , . .   

,   

 5 ; 

- ,  

,  

,  

; 

-  IP ,    

   

 5 ; 

-  

,    

 

    

 ITU–T Y.1540    

)  IP   ,  

 ITU–T Y.1541  

.    IP : 

    IP   (Internet Protocol Packet Transfer Delay-

IPTD); 

   IP  (Internet Protocol Packet 

Delay Variation - IPDV), .  

; 

  IP  (Internet Protocol Packet Loss Ration - IPLR); 
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  IP     (Internet Protocol Packet 

Error Ration - IPER). 

 4.5  

   IP    0  5.  

 4.5 
 IP   

*       

,  4.5,    

,    

 IP , : 

 ,  

 0  1; 

  

2; 

 ,  

  ,   3; 

    4; 

   ,  

 IP  ,   5.  

 

 

 

 

 

 

   IP   
 

IP  
-0 -1 -2 -3 -4 -5 

IPTD 100  400  100  400      1  * 
IPDV    50    50        *     *      *     * 
IPLR                              310      * 

IPER                              410      * 
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4.3    . 
,     Ethernet,  

.  – ,  
,  

,  
. 

,  
, : ,  

, , . 
, , 

: 
  ,   ; 

  ( ) ; 

 ; 

 ; 

 . 

 (filtering) ,  
:  

 ; 

 ; 

 ,  

. 

 (forwarding) ,  
. 

 ; 

 ; 

 . 

     
.    

,    
  

   
 ( ).    

 ,  
 

. ,  
, , .  

: ,  
. 

, ,  
:        

 5  40 ;  
, . 
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   –  

  MAC- , ,  

 ( Medium Access Control – MAC).   

   (content-addressable memory - )   

 " " :  

 , 

 CAM .  
   –    

,  MAC  
,   

. 
MAC-  

. , MAC-  

 ,  

, , .  

 TCP/IP  MAC-  

. ,  

 (Address Resolution Protocol–ARP)   

 IPv4 –  ( ) 

MAC- ,   (Reverse  Address 

Resolution Protocol - RARP) , . .  

.. 

 Ethernet    MAC-  MAC-48,  

 6 , . ..  48 , ,  MAC-

48  248 (  281 474 976 710 656) . 

  MAC- ,  

. , 

,  

.    

 1  8 .  
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 8  16 ,  — ,  

16  64 . 
 

.  
, ,  

. 
, 

,  
. ,  

.  
. 
 

, . 
.  

, ,  
 

     
,  

. 
: 

-  

;  

-  

, ;  

-  

,  

. 
     

, . 
,  

. : 
1)     ,  

 
, ,  

; 
2)  

, ,  
, ;  

3)   .  
,    

;.  
     4)  

,    80  
; 



 98 

5) ; 
6)      

;  
7)       

, ;  
8)   .  

 
; 

9)  1,82  
; 

10) , ,  
. 

   

,  

.  

 D-Link.  

 D-Link        

: 

 .   D-Link   

       DB-9  RS-232, 

.    , , 

  .  

   

; 

  Ethernet Rj-45,  Telnet, Secure –Shell  

 Web-  .    

   « »  5, 5   Fast Ethernet  6 

 Gigabit Ethernet.  D-Link   

     (Medium Dependent 

Interface /Medium Dependent Interface with Crossover- MDI/MDIX),   

  , . 

 Rj-45 Ethernet      

  , , , 
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.     MDI/MDIX,    

. 

   

 (  RJ-

45).  ,  

. ,  

,    

,  

.  , ,  , 

     

 ( ).   

.  

 D-Link     

,    

: 

   (Command Line Interface - CLI).  

     

      

 VT100, , Hyper Terminal  Putty 

 Windows 

    

    .  

,   

 Enter.      

    ,  DES-3528#.   

.  

  :  

,  IP – ;   

;   

.    
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   (Secure Shell – 

SSH) ,     

 TCP – ; 

  Web- ,    

, , 

 Web- .  

 

, ,     

    (Hypertext Transfer Protocol -  HTTP).  

Web-    

.  

,  

; 

   (Simple Network Management 

Protocol -SNMP).   SNMP    

 OSI    

.    SNMP   

    , 

, .  

 

     SNMP ( SNMP Agent),  

,     ( SNMP 

Manager) ,   .  SNMP 

 « », .    

.    D-Link    

 SNMP:  SNMP v1,   SNMP v2c   SNMP v3,    

;. 

    ( ),  

,    IP  (Single IP Management-SIM).   

 SIM –    IP-   
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 (Commander Switch).   SIM – 

   32 ,  

  SIM.  SIM – 

  .  

   

D-Link  Smart  : 

  Easy Smart:  SmartConsole  Web- ; 

  Smart  Smart Pro:  SmartConsole,  Web-

,    SNMP.     

  ,   ,   

,    

: 
1)  ((Virtual Local Area Network - VLAN), 

        
 ( ) , :  

-     IEEE 802.1Q,     

 12   

  VLAN  ; 

-   IEEE 802.1 ad,  

,  12 , 

-   (port-based VLAN),   

 VLAN, ,   

.  -  

. 

 -    MAC – ,     

   

     VLAN. . . 
: 

  

, ; 

  

  ; 
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   VLAN ; 

2)  (Priority tags),     
 (Quality of Service -  QoS)  
,   

, . , ,  
.  

: 
- ,   Ethernet  IEEE 
802.1 ,    3 .     

 0  7,  7 – ;  
-     IP        (Type of Service – TOS)    

      ; 
- , ; 
3)        IP  MAC – ,  

  (IP MAC  Port  Binding – IMPB).    

     (Access Control List- 

ACL),  IP  MAC-    

.   

(Access Profile)  (Rule).  

,  

, MAC- , IP- ,   .),  

.  

. 

 

,  ACL,  

:  (Permit)  

 ( Deny) ; 

4)    (Link aggregation for parallel links)    

,  

.     IEEE 802.3ad.  

 8  

5)    (Flow Control),     

  IEEE 802.3x,   

,  

,   ; 
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6)   (Jumbo Frame),   

 9216      

,  

.   

  ,   

 1 ;.  
7)        

: 
-  (Spanning Tree Protocol - STP),   IEEE 802.1d, 

 2-  OSI. ,  
, .   

. " " ,  
, ,  

.  
,  

; 
-  (Rapid Spanning Tree Protocol - RSTP), 

 IEEE 802.1w.  STP, 
 " "  

;. 
-  

(Multiple Spanning Tree Protocol -MSTP),   IEEE 802.1s.  

,  

.  

 VLAN  VLAN,  

 

  VLAN.. 

8)  " "   

 2  OSI.  

: 

-  LoopBack Detection  STP  

,  

, .   

,  

 (Bridge Protocol Data Units-BPDU)    STP,   

.  BPDU -
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. ,  

LoopBack Detection STP ,  

BPDU . 

-   LoopBack Detection Independent STP. ,  

 BPDU . 

9)  

, .  : 

, . (Medium Dependent Interface – MDI)   

, ,  (Medium Dependent 

Interface crossove - MDIX ),   1-2  3-6 

.   (Medium 

Dependent Interface/ Medium Dependent Interface crossove  -   MDI/MDIX), 

,  , 

.   T-568A    T-568B  EIA/TIA-568,    

     

,  .  
10)    

 « »  Ethernet (Power over Ethernet - PoE)  
,  IEEE 802.af.  

  , ,  
.  

11) , .  Smart Fan, 
  , . . 

 
. 

12)    (Green Ethernet), 

,  50% ,   

   Green 

Ethernet  

, ,  

. ,  

 

. ,  
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Green Ethernet    

.  
13)  

(SafeGuard Engine),     
.   

     
    .  

 
    : 

     0  40 ° ; 

     - 10 °     70 ° ; 

    10 %  90 %; 

 ,  

 200000 ; 

 ,  

.  
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4.4    
 

: 
1)  (Wireless Personal Area Network — WPAN); 
2)   (Wireless Local Area Network — WLAN);  
3)  (Wireless Metropolitan Area Network — WMAN);  
4)  (Wireless Wide Area Network — WWAN);  
5)  (Wireless Spytnik Area Network — WSAN). 

 
,   .  

: 
1)  (Near field communication- NFC), 

 -   .    

   (  0,1 )  

, 

 10 ,  

106  424    

.   

 13,56 . 
   

. 
 NFC :  

,  

  ,  

 

 (Personal Identification Number-PIN) , . PIN- . 
2)   
(Infra red Data Assotiation- IrDA) , 

 1 ,  
 880 .(  850 - 900 ).  

,  
  ,  

:  
- ,  (Serial Infrared-SID), 

 9,6  115,2 .  

, , . .  

, ,. ,  

 9,6 ; 
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- ,     (Medium Infrared-MID),   
 0,576  1,152 ; 

-   (Pulse-Phase Modulation - PPM)  
 (Fst Infrared-FID),   4 . 

  SID, MID  FID     
 IrDA.  

  IrDA    2,45 .     
,  

: ,  
. 

 IrDA  (Bit Error Ratio-BER)  
 910 1/  1  

 —  10 ).  
3)  Bluetooth,  , ,  

 2,40…2,48 .   
  Bluetooth: 

- Bluetooth 1.0  720  
 100 ,  —  10 . 

 Bluetooth 1.0,    
.4.6 

 4.6 
  Bluetooth 1.0 

  (- 70 .) . ,  
.    (Bit Error 

Ratio - BER)    0,1% 
-  Bluetooth 1.2  1  

; 
-  Bluetooth 2.0 +EDR     (Enhanced Data Rate -EDR),  

 3 ,    2,1 
. 

- Bluetooth 2.1+ SS   (Sniff Subrating-
SS),   

 3 ,      
; 

-  Bluetooth 2.1+EDR   
,    5 ;  

-  Bluetooth 3.0 + HS  (High Speed-HS),  
 24 , ; 

- Bluetooth 4.0    ,   
.  

 Bluetooth-  5 ,   1  
 8—27 .    100 .    

 ( ) , 
 (  100 ).  

 Wi-Fi (Wireless Fidelity –Wi-Fi).  
 Wi-Fi  

   
  

 ( ) 

1 100 20 100 
2 4 6 10 
3 1 0 0,1 
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(Institute of Electrical and Electronics Engineers - IEEE).   
WI-Fi  IEEE 802.11 . 4.7 

     4.7 
 Wi-Fi   IEEE 802.11 

  
IEEE 802.11 ,   

,  
802.11b 2,4          11  
802.11a 5,0  54  
802.11g 2,4  54  
802.11n    (*) 2,4; 5,0  600  
802.11ac  (*) 5,0 6,9  
802.11ad  (**) 2,4; 5,0; 60 7  
802.11as  (**) 135 20  

(*) –   IEEE 802.11n   2002 ,  IEEE 802.11ac 

 2014 . 

(**) –    

 ( . . ) ,   

IEEE 802.11ad   IEEE 802.11as,    100 .   IEEE 802.11ad 

 IEEE802.11as .   

 IEEE 802.11n  

 MIMO (Multiple Input Multiple Output) —  

.  

 20     40 

,  20 .  2,4  

 40-  

,    5  23  

20     11  40 .    

     

,  

 150 .  

    300 .,  -  450 

,  -  600 . 

 IEEE 802.11ac  

,  80 .   
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 IEEE 802.11ac  

,    , 

,  20  

, .   IEEE 

802.11ac  80-  

 160 ,  

. 

   IEEE 802.11ac  

 MIMO,  MIMO, . .  

MU-MIMO (MultiUser–MI ) , ,  

, ,  

 

  

, , 

,  

 — .  5 

,  IEEE 802.11ac,  

  ,  2,4 ,  

 MIMO. MU-MIMO      

 (beamforming),  

 

. 

 beamforming  IEEE 802.11n,   

   Wi-Fi  .  

 IEEE 802.11n  

,  IEEE 802.11ac . 

 IEEE 802.11 ,  8-  

 4- ,  

 2- .  

 8- ..  160 
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 (8  20 )  864 

.(54  *2*8=864 ).   8- ,  

 160 ,  

 864*8=6912 ,   7 

. 

,  

 IEEE 802.11ac   

IEEE 802.11n,  

  . 
 v   

:   
                              ( , , , , , , ),f C L N PB PP M K                    (4.13) 
 C —  ; L —  ; N 

—  , ; PB  
— ; PP  —  

; M — ; K  — . 
 

 
, : 

1.  
 

, .  
2. ,  

,   

35 , .  

3. ,  

 IEEE 802.11a (  5 )  

 IEEE 802.11b 

 IEEE 802.11g.(  2,4 ),    

.  IEEE 802.11b  IEEE 802.11g 

, 

 2,4 , .  
4.  

     
  ,  ( ) ,   

. 
5. ,   
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 - ,    
, .  , ,  

, .  
Wi-Fi    ,  

 (   ),  , 
. ,  

, ,  
.  

D-Link    ANT70-0800   
: 55,5 ;  – 400   + 800 ;  5%  95 %.   

   

  10–15 .  

, 

.  ,  

 30–90 ,  

 60  120 .  

 

, .  

   

,  . , 

,  

 Wi-Fi  

  90  
 

,    
.  

6.    

,     

 (dBi). 
,   , 

, ,  
. 

 - , , ,  
, ,  

,    
. 

, ,    5 dBi,  
,  (  

). ,  
 5 ,  
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     3,16   : 
5 10 /1 10 3,16Lgk Lgk k  

  10       10 ,  : 
10 10 /1 10 10Lgk Lgk k  

, ,  
20 dBm (  100 )  10 dBi 

 20 dBm + 10 
dBi = 30 dBm 
 (  1000 ),  10 , . 

,  
,    

.   Wi-Fi  D-Link  
   9 dBi  21 dBi,   

   6 dBi  9 dBi.  
7.  

 (Web Browser, , Mozilla Firefox),  
, .    

 http://192.168.1.1.  , 
,  

.   
. 

:. 
 IP- , , IP- ,  

, . ..  
: 

   Wi-Fi, ; 

  ,     

.  

,  

; 

 , . . SSID (Service Set 

Identifier -SSID),  

, .    

 32 . ,  

 

 0,1  100 .    

,      

.  

, ,   

(Disable SSID Broadcasting); 
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;  

 ,  100 ,  

 Wi-Fi , 

 Wi-Fi  

    100 .  
8.  

  IP- , ,  
,  IP- ,    

. , ,  IP-  192.168.1.254,  
 IP-  192.168.1.  ( , 

192.168.1.100)  255.255.255.0.  
9.  

.  -  

,  ,   

. , , 

 ( , HOME)  

 (SSID),  

.      

.  

, .     

, ,     

.  

, . 
10.  

,  
 P    L    

:  

 2210 lg 4 / 10 lg 4 ,0P L Lf c                    (4.14) 

 P — , 

; L — , ; 0 f  — 
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, , ; 0c  — , 

300 0000c ; f — , . 

: 

 14f ,   7 9 230 10 /14 10 2,1 10 ; 

 5f ,     7 9 230 10 /5 10 6,0 10 ; 

 2,4f ,    7 9 230 10 /2,4 10 12,5 10 . 

 (9.2)   

 .20 lg 4 20 lg(4 ) lg lg lg0 0P Lf c L f c       (4.15) 

 ( ),  ( )  ( )  

   
32,5 lg2010 ,max

P f
L                         (4.16)   

  .0P        

 4.4.  ,  

,  54 ,   

 802.11g.   

:  741P  

 792P ,  2,4f . 

.  1)  (9.4),  

32,5 74 32,5lg lg2,4 (2,075 0,380)20 2010 10 10 49,5max

P f
L ; 

2)  (9.4),   

32,5 79 32,5lg lg2,4 (2,325 0,380)20 2010 10 10 88,1max

P f
L ; 

3)  1,8 . 
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  ,  WiMAX. 
(Worldwide Interoperability for Microwave Access), , 

, , 
.  

 80 2,  
 25 .,  5-8 

.   
,  

. 
 

    WiMAX  
 (IEEE).  

 WiMAX,    IEEE 802.16 
, ,  

: ,  
.  

 
  .  

  IEEE 802.16d WiMAX,     IEEE 802.16-

2004,  WiMAX.  

 ( )    

 3,5  5 ..  

, ,   75- 

100 ,      10 . 

  IEEE 802.16e  Mobile WiMAX,  IEEE 

802.16-2005,  WiMAX., 

 

: 2300-2400 ,  2496-2690  3400-3600  

.  2,5 .  

WiMAX   

   120 .  

 5 ,  

 40    
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. 

  IEEE 802.16m  WiMAX 2,  (  

)   (Wireless 

Metropolitan Area Network  Advanced - WMAN  Advanced),  2010 

. ,  

, .  

 WiMAX 2,  

,    330 , 

.  

 WiMAX 2 ,  2012  

    IEEE 802.16m   

 (International Telecommunications Union- ITU)  

   

  (fourth generation-  4G),  

,    

  (International Mobile Telecommunications 

Advanced – IMT Advanced ).    

 (4G)   , 

 10 ,  

 1 ,   ,  

 10  120 ,    100    

 WiMAX 2 – . 

  IEEE 802.16n (  WiMAX 3.0)  

. ,  IEEE,   2012  

 PAR (Project Authorization).  

 WiMAX 3  

:    10 ,    

 1 . 
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: 

 GSM (Global Standard for Mobile Communications) —  

,  

 9,6 ; 

 GPRS (General Packet Radio Service —GPRS)  

),  

 GSM  

,  GSM .  

 170 , 

 115 .  

, . 

 

. GPRS  

 GSM  

 

 

,  GPRS, , 

,  

.  

,  

, , , .   

 EDGE (Enhanced Data for Global Evolution) –  

 GSM- .  

     

GPRS.  384  – 473,6 

.      

GPRS,     EGPRS (Enhanced GPRS).  

 GPRS  EDGE  

:  GPRS  
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,  EDGE – .  

,  GPRS  64 

,  EDGE-1024 .  EDGE  

,  

 (bit error probability 

– BEP).  EDGE  

   BEP  

,  BEP  .  

     EDGE,   

  GPRS,    

 HSDPA (High-Speed Downlink Packet Access) –  

, .  

.  

,    -   

(Quadrature amplitude modulation – 16 QAM),    

 (Hybrid automatic repeat request- HARQ), 

  

.   

 7  

,  

.  HSDPA   

 14,4 .  

 HSDPA   3,6 ,  

 

, ,     

 

 HSUPA (High-Speed Uplink Packet Access) -  

, .  

. 
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 UMTS (Universal Mobile Telecommunications Service)   

,   

 GSM.  

 (third generation — 3G)  

 2 , ,  (  

)  7,2 .  

 

  « »  

(International Mobile Telecommunications – IMT2000).,   

  (International Telecommunication 

Union - ITU),  (3G)  

 

 

-  (  120 

) –  144 ; 

 

-  (    3 )  

 384 ,  

 

-  2,048 . 
 
     

 IMT-2000/UMTS  

 1935 - 1980 , 2010 - 2025     2125 - 

2170  

  UMTS  ( ) 

  5 .  

       21 

, , ,  7,2 
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, ,  

  GPRS  EDGE.  

 LTE ((Long Term Evolution)     .  

 UMTS ,      

.  LTE  

         

  . 

 
 UMTS    

 UMTS  HSDPA  HSUPA.,  
   - 7,2 

,  - 5,8 ,   
,   UMTS   : 

-  OFDMA (Orthogonal Frequency Division Multiplexing )  

,  

 

; 

-  MIMO (Multiple Input, Multiple Output)   –  

 

. 

 LTE     
 UMTS  2G/3G,  

,   
   

 
 

,  

,    ( ) —  

,  

25…100 . 

 3,5…5,0 ,  — 20…200 .        

  30…45 . 
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 3,57 ,1 2L h h   (4.17) 

 1h  2h  — , . 
,  

, ,  
  .4,12 1 2L h h   (4.18)        

 
.  

 4,12 ,1 2 3L h h h   (4.19) 

 3h — , 
10 000 13 0003h . 

 
: 

  (Geostationary Earth Orbit — 

GEO), ,  

,  

, . 

 35 000…36 000 ,  

 300 ;  

  (Medium Earth Orbit — 

MEO),  5 000…15 000 . 

 15 000 .  

 

140 , .  

  (Low Earth Orbit — LEO),  

 700…1 500 .  

 30 ,   

 —  8 000 .  
,  

,  35 700  
,  (2 35 700) / 300 000 =  

0,24 . 
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,  

,  

 ,
222 2 2 2 21 1max 20 0 0

RL H R H Rt c c H c HH
         (4.20) 

 L —  (  

), 

 .2 2( )L R R H                             (4.21)   

 ,300 0000c  

6 370 ,R   

H = 35 700     ,  (4.20),  

2 35 700 2 6 3702 21 1 0,28 280 .max 300 000 35 7000
H Rt c H  

,  

 14  ( 0,0214 ), ,  

,  (4.14),    200 . 

 

 

  

 ,       (4.22) 

  — ;  —   

,  .5  

      

 57,3 ,D                  (4.23) 
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  — , , 0
f  

300 000 000 0,0214914 10
; D — , D = 

150…350 . 

 4.5 ,  

:   ,5c  

 914 10f ,  150D . 

.  (4.23) 

 

.
57,3 57,3 57,3 300 000 000 0,89150 14 10D Df  

  ,  ,0,8 5  

. 
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 4 

 1. , . 
2.  100BaseTX  1000BaseTX  
3.  100BaseTX   1GEBaseTX..  
4.  100BaseTX  
    . 
5.  FDDI,   
    ? 
6.  FDDI . 
7.  ADSL-   
    . 
8.  IP  . 
 
9.  IP     
    .  

10. ,  

         IP ,   

     : 

11.   .  
12.  MIMO, . 
13.   
      .  
14.   
      . 
15.    . 
16. ,     
       . 
17. . 
18.      
      . 
19.   
      ?  
20. .   
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 4 
 

: . 
 / . , . , . ,  . , . 
. .: . . ,2013. 389  .  

  
. ./ . , . 

, . , . .- .:  – , 2011. 368 . 
. :  / . , . . .: , 

2011. 944 .  
.  / . , . 

, . , . . .: , 2011. 335 . 
.  Wi-Fi: ./ . , 

. , . , .  , .  , .: -
; , , 2007. 215 . 
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 5 .     

5.1    

 –   ,  

,         

.  

: ,    

. 

 :  (tower server),  

,  , (rack-mount server)   (blade server 

– ). 

,  

,  

, .  

   

.  

,  

.  ,  

 

  . 

,  

 

  .. , 

  .    

 

,   

,  

..  

, ,  

. 
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,    (Unit- U),  

 1U  1,75  1,719 . (  

 25,4 ).    

 44,45 .,  

 2 , . . 88,9 

.        3U, 4U  5U  

.     

 43,7 .,   

 2 , . . 87,4 .    3U, 

4U, 5U   131,1  , 174,8  

  218,5 .    

,      

     

  ) .  

   

(Energy Information Administration - EIA)    

:  – 482,6  (19 )   600 , 

800  900 ,  –   , .    44,45 

. (1,75 )      

 (1U).  

  450,85  (17,75 ), 

.. 

 1U  2U, ,  

  .  

3U  

.    42 

,   21  

,  14 . .  
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.  

 

: 

-    

482,6 ; 

- , , 

  450 ; 

-      

   465.1 .,    

  6. 

   

 

..  

   ( ), , ,  

.  -    

Hewlett-Packard (HP)   10U  16 -

.   (blade 

system).  

, , 

,  

:  ,   

,   .. 

  -

,,        

,  

.  
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:: 

- ;  
- ;  
- ;  
- ;  
- ;  
- , , 

 
   

«1234». :  

 Blade- , 

. 

 

:       -

  ( ,  

) ,    

. 

, ,  

,    

.. 

,  ( )  

,  

, , 

, ,  

. 

  ,  

    .   

 ,  

  ,  : 
- ,  , 

,   Windows Server 2008; 
- ,  , .  

,  
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 ( ), ,  Microsoft SQL Server,  
.. 

- ,   
,    

;  
- ,  , ,    

; 
- ,  ,   

; 
-   Web- ,     

; 
- ,   

. . 
 ,  

, , :  

-    (  25 ); 

-    (  25   100 ); 

-   (  100  500 ); 

-    (  500  1000 ); 

-   . (  1000 ). 
 (Performance - )  —  

 I, ,  T:     

 .IP T                                                           (5.1) 

:  
1)   ; 
 
2) ;  
 
3)  

; 
 
4) , . .  

;  
 
5)  

; 
 
6)  

  ( . 5.1);.          
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 5.1  
 

   
 ,  

1  0-   
) 

6  1–2 

2  1-  (  
) 

(32+32) 
 

1–2 

3  2-  1–4   4–10 
4  3-  6–8   12–22 
5   1–4  35–50 

  
7)  ( )   

,  
, ,  

, ; 
8)   (V )     

 ( F ),  ( L ),  
 ( K )  

. ( K ),       V F L K K    ( ) 
 

.  
 

, ,  800, 
1066  1 333 , , , 

  6%, 2,5%   2 %;  
 
9)  pT  

:  
                 (1 ) ,p p1 p2T T T                                            (5.2) 

  — ; ,p1 p2T T  — 

 
, 

 ,p1T                                         (5.3) 

 p2T T                                                  (5.4) 

(  — ;  —  
;  —  

).  
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  —  

, .  ,  
  

 , :  

 .                                          (5.5)  

 
. 5.2 

                 
 

 5.2 
 

 
, 

 /  ,  

3 600 8,333 
4 500 6,666 
5 400 5,555 
7 200 4,166 

10 000 3,000 
15 000 2,000 

 
 , ,  

.  
 

 ( )  
 

     
360 10 ,LT nLV                                   (5.6) 

 ( )  —  

 ,660 10
nLvv                                       (5.7) 

 L  — , ; n — 
; L —  ( ),  

 512 ; v  —  (  
) ; .   

 
    

 
310 ,LT v                                       (5.8) 

 v  — , . 
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 5.1.  
, : 

3,734 ; 0,1 ; 4,166 ;  7 200v –1;  688n ; 

512L ; 100v . 
: ;0,5    352 256L .  

.  (5.2) – (5.8), :  
1) 3,734 0,1 4,166 8T ; 

2) 
3352 256 60 10 8,333688 512 7 200T ;  

3) 
688 512 7 200 42,3660 10

v ; 

4) 
30,352256 10 3,522100T   ; 

5) 8 8,333 3,522 19,8551T ; 

6) ;3,5222T  

7) 0,5 0,5 11,6882 . 

, ,  
 « »,  

,   ,  
, ,    

     ,    . 
 

,    
: 

 
1.  

, 
 

, .  
  

 2       

    .  

  

 3.       ,    

, , ,  

.   

    

: 

 -  ,    ,    

, , ,   ; 



 134 

 -        

 ( )     

.  

 4.    

,  .  

5.      
,      

.    
,  

.   , ,  
    .  

 
6.      

),      
.   ,   

,   , .    
  .  

    .  
 

7.      

,     ,  

     

,  

 

8. , ,  

  . 
 
9.   : 
-  

+100  +350 ,  80 %  250  
-   

 +50  + 400 ,  80%.  
-   
 – 500  + 500  90%  300 . 
 
10.   ,   

, ,  
. 

 
11. ,  

12 ,    
.  
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12. . ,  
 60 °C.  45 °C , 

  ,  
, ,  5…15 °C.  

  . 
 
13.  

 40 %.   
  ,  

.    ,      
55  

 
14    

.  
 
15. ,  

, ,  
 25% .  

,  
, .   

;  
 
16. ,   

, ,    12.1.005-
88  «   . ».  
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5.2.  
 

   
,    

RAID .  RAID   
 ( )  «Redundant Array of 

Inexpensive Disks».  RAID   
 ( )  «Redundant Array of 

Independent  Disks»,  
,  

,  
 « » .  

 RAID  
.  

 
 RAID    

,  
 

 RAID ,  
 

.  
 

 RAID,  
. 

 RAID 0 —  

, ; 

 RAID 1 — ; 

 RAID 2 — , ; 

 RAID 3  RAID  4 —  

; 

 RAID 5 —    

; 

 RAID 6 — ,  

, ,  

; 

 RAID (1+0) —  RAID 0,  RAID 1; 

 RAID (0+1)  —  RAID 1,  RAID 0; 

 RAID 51  —  RAID 1,  RAID 5; 
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 RAID 30  —  RAID 0,  RAID 3; 

 RAID 50 —  RAID 0,  RAID 5; 

 RAID 60 —  RAID 0,  RAID 6. 

 
1.  RAID-0.  

,   ,  
.  

. 
, ,   , 
   

.  
 RAID-0, ,   

,  
: 

-  ( , 
  , ),  

, ; 
- , ,   

,      
,  

  .  
.  

 RAID-0 ,  
. 

 
2.  RAID-1  

,    
, , .    

.  
      

, .  
,  

.  
,  ( )  

.  
,  

,  
., .  

, . 
. 

 — ,  
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.  
.  

 RAID-1 ,  
.  

 
3.  RAID-3      

, . .    
.   

: 
-  ( )  ( ); 
-  

, ; 
-   ;  
-  

  .  
 

,  
. ,  

, .   
 RAID-3  

.  RAID-3 ,  
, 

. 
     RAID-3    

,    

,  

,  .. 

   RAID-3 :  

. 

 

 4.  RAID-4    

RAID-3,  , . . 

   

, .    

, , 

,  

.  RAID-4  

,  RAID-3,        
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     128 .  

,  RAID-4,  

RAID-3, . 

   
, . 

,  
, . 

 RAID-4  
,  

.  , , RAID-4  
  ,  

. 
 

. 
5.  RAID-5  

, .   
,  ,   
, ,  RAID-3  

RAID-4, .  
,  

.  
.  

 
 RAID-5 ,  

, .  
,  
, ,  

: ,  —  
. 

 
 N/2 ,  N — . 

 
. 

 
,  

. ,  
, . 

 
. 

 RAID-5  
, 

, . 
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5.  RAID-6 ,  
. 

.  , 
   .  

,  RAID-5.   
 

.  
.  

,  
,  

..  
 

, .  
 

,  
.  
, . 

 
. 

 RAID-6 ,  
 

.  
 
6.  RAID-(0+1)  

,  
 RAID-0 ,  RAID-1. 

 RAID-(0+1) — ,  
 RAID-0,  RAID-1.  

 RAID-(0+1)  
. ,  

, .  
, . 

 
 RAID-(0+1)  

 RAID-0.  
RAID-(0+1) , , 

 RAID-0.  
 

. . 
 

 RAID-(0+1) , 
,  

. 
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7.  RAID-(1+0)  
 RAID-0 ,  

 RAID-1. 
 RAID-(1+0) —  RAID-0, 

 RAID-1.  
 RAID-1,  

,  RAID-0.  
 RAID-(1+0)  

, . 
 RAID-(1+0)  

,  
 RAID-1.  RAID-

(1+0)   50 % . 
 

. . 
 RAID-(1+0) , 

,  
. 

8.  RAID-51 ,  
 RAID-1  RAID-5.  

 RAID-5,  
RAID-1. ,  

, ,  
. 

 
 RAID-51 ,  

. 
 

: 
  RAID-(1+0) ,  

 RAID-1, ,   RAID-(0+1)  RAID-5,  

; 

  RAID-(1+0)  

,  RAID-0, ,  RAID-1;  

  RAID-(1+0)  

,  RAID-(0+1)  

.  

 RAID-(1+0) ,  

 RAID-(0+1).  
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   RAID,  
, . 5.3 

 5.3 
 RAID 

  
 

 
 

 
 

 RAID* 
 RAID-0  

 RAID-(1+0) 
  RAID-0  

 RAID-5  RAID-4 
 RAID-(1+0)  

 RAID-5  RAID-4 
* , 

 RAID-4,  —  
 RAID-5. 

 
,  RAID   

:   
p — ;  
q — , q = 1 – p; 
d —  RAID,  

,  RAID-4  RAID-5 d = 2, 
 RAID-6   d = 3;  

n —  RAID; 
N —  RAID.  
 

 P  ( . .  
 RAID), : 

 RAID-0  ;nP p                                                                     (5.9) 
 RAID-1   2(1 (1 ) ) ;nP p                                                     (5.10) 
 RAID-4, RAID-5  RAID-6   ,                       

                          ;
1

0

d k k N kP C q pNk
                                               (5.11)  

 RAID-51  , ,   
,  

,  ,  
.  4(1 (1 ) ) ,AP p        (5.12) 

         ( 1)( 1)!2
1 ( 1)! 2! 2A

n nnCn n  
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 RAID  
  . 5.4 

 5.4 
 RAID 

 
,  

RAID    .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RAID-0 RAID-1 RAID-5 RAID-6 RAID-51  
«n» , «p» N = n N = 2n N = (n + 1) N = (n + 2) N = 2(n +1)  
n=2   p=0,9 0,81000 0,98010 0,97200 0,99630 0,99970 
n=3   p=0,9 0,72900 0,97030 0,94770 0,99144 0,99940 
n=4   p=0,9 0,65610 0,96060 0,91854 0,98415 0,99900 
n=5   p=0,9 0,59049 0,95100 0,88574 0,97431 0,99850 
n=2   p=0,95 0,90250 0,99501 0,99275 0,99952 0,99998 
n=3   p=0,95 0,85737 0,99252 0,98598 0,99884 0,99996 
n=4   p=0,95 0,81451 0,99004 0,97741 0,99777 0,99994 
n=5   p=0,95 0,77378 0,98756 0,96723 0,99624 0,99991 
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5.3  
: 

1)  
 ( )  (Error 

Correction Code - ECC)    
2)  DDR4  DDR3,  DDR4  

.(Improved error  correction code – IECC) , 
; 

 3) ,  
RAID-(1+0),  RAID-1, RAID-5 .; 

4)  
; 

5) ; 
6) ; 
7) ; 
8) ; 
9)  ( ); 
10)    (Hot Plug);  

11)  PCI Express; 
12)  BIOS  BIOS, 

;  
13)  —  SMART 

(Self  Monitory Analysis And Reporty Technology). 
   SMART —  

,  

. 
 

:  
  ( ); 

 ;  

 .  
 

. :  
 ;  

 ;  

 , ; 

 ;  

 ;  

 .  
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 ( )  
 0…100.  100  

. 
 

. 
 

 
) ,  

. ,  
.  

 SMART,  
: , . 

 
,  – 

 ( ),   : 
-     0,99    (3,5 ); 
-        0,999   (0,35 ); 
 

,  ,  
  , 

 
. 

  
 

:     
 

i  (1/ )  -   i-     ; 

i   -     i-     ; 
 

1/.T i i
-    i-   

; 
 

1/T ii  -    i-  
. 

 
 i- : 

.
.

T i i
i T Ti i ii

                                                         (5.13) 
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: 
 
-  

, ,  
,  

:  
 
-  i-  
  1 2 1 2i i i i i                                                      (5.14) 
 
-  i-  

1 11 1 2 2 2 1

1 2 1 2

i i i i i i
i

i i i i
                               (5.15) 

 
-   i  -    

1
i

i
i

                                                                                    (5.16) 

  1i  -   i  

; 

2i  -   i ; 

 
    
-   ; 

,    n  
.  

     
: 

-          
1

n
ii
;                       (5.17) 

-           
1

n
ii

;                           (5.18) 

-     1                     (5.19) 
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 5.2 ,  
: 

-  ( , , )   0,9951 ; 

-  ( , ,  
)  0,9922 ; 

-  (  Rj-45,  
Wi-Fi) 0,9943 ; 

-   -   (  USB ,  DVD) 0,9934 ; 

-  (  
: ),   0,98851 52 .  

 
  (5.14)   

: 
0,9998565 51 52 51 52  

 (5.17) : 
5

0,975091
1 ii

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 148 

5.4  
 

, ,  

 13109–97 «  

».  

. «  

». 

   

,    

,  

  .   

  ,       

      «    

»  2.2  (Advanced Technology Extended – ATX 12V) . 

         

, , ,  

,  

,   

  ( ) . .  

  ,  

: 

—    (hort Circuit Protection – SCP); 

—  OCP  (Over Current Protection – OCP); 

—   ( Under Voltage Protection- UVP); 

—   (Over Voltage Protection –OVP); 

—     (Overload Protection –OLP); 

—     ( Overheating Protection –OTP). 

 

 ( No Load Operation – NLO) 
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    :: 

-    +3,3  (  + 3,14    + 3,47 ); 

-    +5  (  + 4,75    + 5,25 ); 

-    +12  (  + 11,64    + 12,60 ); 

-    - 12  (  -11,40    -  13,08 ); 

 

:  

-     220   

  180    264 . 

-     80%; 

-  100 ; 

-   , ,  

,   20   

- , ,  55 . 

       

,  ( ).  

,        ,    

. 

,  

:  

1) ; 

2) « » ; 

3)  

; 

4)  

; 

5)  

; 
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6) ,  

; 

7)  

; 

8)  

;  

9)  ,  

  . 

, 

, ,  

 ( )  

 ( ),     ..  —  

 

 

, . 

. 

: 

  On-Line,  

; 

  Off-Line,  

,  

,  

.  

  Line Interactive,  

.  

: 
: 

 ; 
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  (  

,  

);  

  ( ): 

  ( ) ; 

: 

  ( ); 

  (  

); 

: 

   ( ) ( ); 

  ( ); 

  ( ); 

: 

 , . .  

 (  90 %); 

 ; 

 , ; 

 ,  

 / ,T M                                                     (5.20)   

 T  — , ;  

M  — , . 

 P  

 T    :       

         1,4 2 ,
0,7

K P PP P
K

                                       (5.21) 

 P  — , ; P  — 

, , ; K  — 

,  ;1,4K  K  — 
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,  

;  ;0,7K  

     ,EUT
P

                                                     (5.22) 

 T  — , ; E —  

, A ; U —  

, ;  — .   

 5.3 ,  

:  =  17  A , U =  12  ,  ,0,85  

 600P . 

.  (5.22)  

 17 12 0,85 0,289 17,35 .
600

EUT
P

 

  
. 5.5 

 5.5 
 

*  Line Interactive —  
. 

 

 ( ).  

            

        M (N + K ),                                                (5.23)  
 M — , ; N —   

; K — .  

    On-Line Off-Line Line Interactive* 
  120 63 120 

,   295 260 295 
,   175 197 175 

  -
 

 
  

 
 

   0,7–0,8 0,93–0,95 0,85–0,92 
 

,   
 

 15–30 2–5 
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50 ,  —  500   . 

 

  . 5.6  

 5.6 
   

   
  1  2 3 4 

,  28,9 21,8 1,75 0,435 
, % 99,66 99,75 99,98 99,995 

 N (N + 1) (N + 2) 2(N + 1) 
 

: 

  1 —  Off-Line  Line Interactive; 

  2 —  Line Interactive ; 

  3 —  Line Interactive  

; 

  4 —  

Line Interactive, .  

.  

 

). 

. 

1. , . 

 —  24 .  

2. ,  

. . 

3. , . 

4.  

 4 .  

5.  (  «  

» ), .  
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,  

.  

6.  2 , , 

.  

7.  

  0…25 .  

. 

10. .  

.   

: 

 ,  

; 

 ; 

 ; 

 ; 

  ( ).  

: 

 : 

 ; 

 . 

, ,  

, . 

: 

  (  20 ); 

 , . .  

 ( )  ( ); 

 , . .  

  ; 
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  (  5 ),  

 (  —  25 ); 

  

. ,  

 35°   

2  (  2,5 ).  

,  

. 

1. .  

8…10 °C  25 °C  2 .  
2. .  

.    
300  400 .  

3. . ,  
,  

. 
4. .  

 — . ,  

 ( ,  12-  

 13,8 ). 
5.    

. ,  2  
 3 . 

-

: 
1.  10 °C .  

 6 ,  

. 

2.  2  

.  

. ,  12-  

. 

3. , 

, . 
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4.  

. ,  

, .  

5. , ,  
 3 %  20 ° . 

6. : 

 ; 

 ; 

 . 

 

,  90…95 %  

. 
,  

 30 % . 
 5 

1.   . 
2. , ,   
    , .  
3.  , . 
4.  . 
5.    
    . 
6.     
       RAID-3   RAID-4. 
7.     
       RAID-4    RAID-5. 
8.     
       RAID-(0+1)   RAID-(1+0). 
9.     
      RAID-1, RAID-3, RAID-5, RAID-6  RAID-51 
10.   
     RAID-1, RAID-5   RAID-51. 
11. .  
12.  ,  
    .  
13.  
14. . 
15. ,      

 5 
 

. : . . / . , . ,  . 
.  .: , 2009. 976 . 

  
. : . . / C. . .: , 2009. 

1510 . 
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 1 
 

 

: 

1. , , . 

2.   ,  

, ,   

.    

3.  . 

4.   

. 

5.     

6.   

.  

7.  .  
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9.       
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  ,   

  . 

10.    

  , . 
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.    
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 2 

,  

 

,  

 Dell  D-Link,  

 

  . 

 Dell, 

  ,  

, : 

-  Dell  

,    http://dellexpert.ru/garanty.html; 

-  Dell ,  

http://www.dellparts.ru/content/warranty; 

-  Dell, 

http://www.svegaplus.ru/service/garanty/dell.php; 

- ,  Dell,  

http://www.dell.com/learn/ru/ru/rubsdc/services/ple-support-services; 

-  Dell,  

http://dell.merlion.ru/services/rules/ 

 

 Dell  

.  DELL 

)   

.    

 

 Dell   

    . 

  ,  

 Dell, : 
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 3 , , 

 – 1 .  

 (  

), ,  

. .,  6  

,  12 ,  

, .  

 Dell  support.euro.dell.com,  

 (Service Tag) .  

 

, ,  

 (Dell Advanced Pack of 

the Increased Guarantee).  

,  

,  

  :  

- , 

 – Service Tag,   

;  

-    

, , ; 

- . 

: , 

, , ,  , 

;  

 Dell   

, 

    Dell: 

1) , ,   

, ,  
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.  Dell -

.  

   

 Dell. 

 6-  
  ,  

. 
2)  

 (Dell  ProSupport),    
. ,  

,    
. ,  

,    
  . 

Dell ProSupport ::   
 ;  
 ,  

; 
  

;  
 ,  

 
; 

  
; 

3)     (Dell ProSupport Plus)  
:  

    
 
 
 
 

; 
  

 Dell SupportAssist,  
;  

 ,  
, . 

 
 

,  
. 

: 
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  .  
,  

.  
.  

: 
- ; 
- ; 
- ; 
- ,  

; 
 .  

,  
.  

: ,  
, ,  

.  
,  

 " " ,  — 
. 

 .  
.  

 " ”  
,    

 
.    

,  
,   ; 

 . 
,  

 — .  
 

.     
, ,  

. 
 

 D-Link,  
  ,  

, : 
 -  , ,   http://www.dlink.ru/;     
 - , , 
    http://www.dlink.ru/ru/arts/4.html 
-        
    D-Link ,  http://www.dlink.ru/ru/support/1/ 
-   D-link , 
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   http://www.servicebox.ru/Moskva/D-link/ ;  
-  D-Link, ,      
    http://www. /ru/news/1/2012.html . 

 D-Link, , 
,  

 D-Link, 
.  

 D-Link    
    . 

,  
 D-Link,   http://www. dlink.ru   

   D-Link : 
- ,  

,   ;  
-  /    

 D-Link    
; 

-   ,     ,       
,    D-Link; 

-         
D-Link ; 
- ,    

, . 
-  

 ftp.dlink.ru; 
-  

,  
. 

 D-Link   
, ,  

 
.  

   
. 

 D-Link     
,  

: 
1   

   
 

.  
2   c  

:  
- ,  - ;  
-  - 90 .  
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,  

  : 6-  ( )  7-  
 ( ). 
 6-  7-     

D-Link     . 

6-  
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  D-Link, 
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6.  

,  

30 .  

7.  

 

, ,  

.  

8.  

, , 

, .  

9.  

, ,  

,  

,  

,  

, .  

10.  

.  

11. ,     

  :  

- ,   

  ;  

- , ,  

    ;  

- ; 

-  .  

 10 

.   

 5  
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 2015  D-Link   

, ,  

.  

, 

 D-Link   

,  

,  

, .  

,  

,    D-Link   

www.dlink.ru   « ».  
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  3 

 

  « ». 

 

,  

.  

.  

  “ ”  

,  

  

  .  

   “ ”   

: 

1     (V),  

2. ,  

     (     ); 

3. , ,  

. , ,  

,      ( )    

. 

4.  ( , 

)  

.     

  ,    ( ), 

  ,    

     .  

5.   ,   

    .  

      

  . 
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 « »  

. 

.   , 

  .      3.1  

  3.1 

 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 * 

 

.   “  

” : 

1. ,     1  5.  

2.   3.1 

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  

.  
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 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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 4 

     

 «  – ». 

    , 

  .  

   – : 

1.  (V), 

2. ,  

.  

3. .  

.   , 

 

, . .   

,    ,  .  

,  – .  

,  

. 

4.   , . 

5. .    

,  

,   

, . 

   

. 

.   , 

.      3.1. 

. 

.   

1. ,     1  5.  

2.   3.1 
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3. ,   

      , :  

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

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

, ,    

                                 

 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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 5 

   

 

      : 

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.  . 

   

. 

.   ,   

.      3.1. 

. 
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.   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 * 

 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, . 
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 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.  : 

 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, . . ,  

.  

  



 174 

 ( )    

,     .    

  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.       

.  

 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 
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 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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  6 
    D-Link 

   D-Link   Ethernet  

  , 

: 

,  

Ethernet, :  

• DES (D-Link Ethernet Switch) –  D-Link 10/100   /   

• DGS (D-Link Gigabit Switch) –  D-Link 1000    

 «x-Stack»;  

• DXS (D-Link x-Stack Switch) –  D-Link 1000  

  «x-Stack»      10 ;  

• DEM (D-Link Ethernet Module) –   

GBIC  (Gigabit  Interface Converter)    SFP (Small Form  Factor Pluggable  

;  

• DPS (D-Link Power Switch) –  

.  

 ( )  

,    Smart  

  Metro Ethernet,  

.   (  

 Smart   Metro Ethernet – ) 

  ,  

 (xx) : 

• 10  – ;  

 1100 – xx –  Easy Smart   

,  802.1Q VLAN,   

802.1p, IGMP Snooping      Web-    Smart 

Console.  
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• 1210 – xx  -   Smart    

 (802 3.ad),  (802.1x) , 

 (802.1 Q) ,  (802.1p)    

.  POE+, , 

802.1Q VLAN,  802.1p, IGMP Snooping      Web-    

 Smart Console.  Green Ethernet  Jumbo – 

. 

• 1300 – xx -  Smart,    

   

»  Ethernet (Power over  Ethernet – ),  IEEE 802.af.  

• 1500 -  –  SmartPro,    

;      

   SIM 

• 21  –  2- ;  

 30xx –  2-  

• 32  –  2- ;  

 3200-xx –  2-  Fast Ethernet,  

  , 

       

 Metro Ethernet  Triple Play;  

 33  –   3- ;  

• 35  –  2-   Fast Ethernet, 

   

1 ,  

    Metro Ethernet   

 Triple Play    Single IP Management;  

• 38  -   3-     

               Single IP Management;  

• 65 –  3-  Single  

             IP Management.  
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,  

  :  

• D (Desktop) – ;  

• F  FX  FL (Fiber) –  100Base-FX ;  

• G or SX (Gigabit) –  1000Base-T  1000Base-SX;  

• R (RackMount) – 

 -   19"  (   

     )     

  -  (   

    );  

• M (Module) – ;  

• S (Stack)    –   ;  

• TG (Twisted Pair and GBIC) –   

       -  (unshielded twisted pair/ 

shielded twisted pair - UTP/STP ) 

      -   (Gigabit Interface Converter - GBIC):  

      -  (Small Form  Factor Pluggable – SFP) 

• T or TX or TP- Twisted Pair –  UTP/STP 10   10/100 

   1000 .  

,    

 D-Link. 

  1 

  D-Link  DES-1024D  

: 

DES –   Ethernet/ Fast Ethernet,  10/100   /  

10 -   

24 – 24   10/100  

D –   

 2 

  D-Link  DES-3226S 
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:  

DES –  D-Link  10/100/1000  

32 -     2-  

26 -  24  c   10/100  2   1000   

               

S-   

 3. 

  D-Link  DGS-3324SR  

  

DGS – ; 

33 –    3-   ; 

24 - 24   (20  10/100/1000   

          4  10/199/1000 Base –T/SFP)  

SR –    

   

,  

   D-link,    

 Metro Ethernet,   

 

 Ethernet.  

 Metro Ethernet  : 

-  Ethernet  (Ethernet To The  Home – ETTH); 

-    (Fiber To The Home - FTTH); 

-  (Triple Play), . .   

,  

 (Next Generation Networks - NGN). 

  ,  

     Metro 

Ethernet   . ,  

,  6.1 
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6.1 
 D-Link    Metro Ethernet 

  

 

 

 

) 

 

) * 

 1 DES-30xx 

(2-  

Fast Ethernet) 

  , 

 (Small to 

Medium to Large Business Interprise),   

 (Internet Service Provider 

– ISP)    Triple Play 

 2  1000 

Base T/SFP) 

 2 DES-3200-xx 

(2-   

Fast Ethernet)  

  , 

   

   Metro 

Ethernet 

 2  1000 

Base T/SFP) 

 3 DES-35xx 

(2-  

Fast Ethernet) 

   

 Metro Ethernet   

 Triple Play. 

 2  1000 

Base T/SFP) 

 4  DES-3810-xx 

(3-  

Fast Ethernet) 

   

   

 Metro Ethernet,  

 Triple Play  VPN (  

4  1000 Base T/SFP) 
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 5  DGS-3120-xx  

(2-  

Gigabit Ethernet) 

 

      

SOHO (Small Office, Home Office),   

  

(Small to Medium Business- SMB)  Metro 

Ethernet  

 4  1000 

Base T/SFP) 

  6.1 

  

 

 

 

) 

 

) * 

6  DGS-3200-xx  

 (2-  

Gigabit Ethernet) 

 

     

   Metro Ethernet 

 2/4  1000 

Base T/SFP) 

 7 DGS-3420-xx 

(2-  

Gigabit Ethernet) 

   

 Metro Ethetnet 

 4  1000 

Base T/SFP  4  10GE SFP+) 

 8 DGS-3700-xx 

(2-  

Gigabit Ethernet) 

  

   

 Metro Ethernet 

 4  1000 

Base T/SFP) 

 9 DGS-36xx     
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(3-  

Gigabit Ethernet) 

  ,   

     

 Metro Ethernet 

 4  1000 

Base T/SFP  2/3 ) 

10 DGS-3610-xx 

(3-  

Gigabit Ethernet) 

    

 Metro Ethernet 

 10 GE) 

 12  

1000 Base T/SFP  2 ) 

 

 

 

 

 

 

. 6.1  

  

 

 

) 

 

) * 

11 DGS-3620-xx 

 (3-  

Gigabit Ethernet) 

 

   Metro Ethernet  

 , 

 

 

. , 
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 ARP Spoofing  

 4  10 GE SFP+) 

12 DGS - 66xx  

(3-  

Gigabit Ethernet) 

 

 ,  

 

 24  10 GE) 

13 DGS – 72xx  

(3-  

Gigabit Ethernet) 

 

  Metro Ethernet 

 32  10 GE) 

 

* . 6.1 ,  

, ,   

 10/100 Base –TX  10/100/1000 Base T, 

.    , 

,     

:     

-  DES-3052P    48  10/100 Base-TX  PoE, 

2   10/100/1000 Base –T  2  1000 Base-T/SFP.; 

-  DES -3528P   24  10/100 Base-TX  PoE, 2  

 1000 Base –T  2  1000 Base-T/SFP.; 

-  DGS -3200-24   20  10/100/1000 Base-T  

4  1000 Base-T/SFP;  

-  DGS -3420-52P   48  10/100/1000 Base-T 

 PoE  4  10 GE SF+;  

-  DGS -3610-26    12  10/100/1000 Base-T , 

12  1000 Base-T/SFP    2  . 

 

,  D-Link  

 Ethernet.   
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: 

  (managed swithes),     

:  Web-  

,  (Command Line Interface - CLI), 

   (Simple Network Management 

Protocol – SNMP)    , 

  , , DES-3226S;   

  (unmanaged switches),  

  , ,  

 DES-10xx., DGS-10xxD .. , , 

   (Small Office, Home Office -SOHO); 

    (smart swichies),  

 (Small to Medium Business - SMB)  

:   Easy Smart (  DES-1100-xx),   Smart 

  DES -1210-xx)  SmartPro (  DGS -1500- xx).  

 

 

,  

 

.  

 D-Link  Smart  

 

   (D-Link  Smart Console Utility)  

      

Easy Smart  Smart    SmartPro .  

, .  

  ,  

   (Open System  
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Interconnection reference model – OSI)    

:  

  2 (Layer 2 - switch)   

 (Medium 

Access Control- MAC), . .   OSI, 

  DES-30xx, DES-3200-xx, DES-35xx.  

  2-  –  

,   . 

 

 (Application –Specific Integrated  Circuits- 

ASIC),    

;  

  3 (Layer 3 – switch)   

       OSI,   IP  

,   DES-33xx, DES – 3810-xx.. 

   3  

 2.     

: IPv4, IPv6,  IPsec .,   

 PPTP,  VPN. 

 3  

.  

 RIP (Routing Information Protocol), OSPF (Open Shortest Path 

First), BGP (Border Gateway Protocol)  

 3  

. 

   

: 

 , . .    (store-

and-forward).  , ,  

.  
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 (  

), . ,    

 ( ) .  

 ( ),  

, , , 

.  

; 

    (cut-through),    

   (  6  

  )    

.  ,  

; 

  (fragment-free)   

   

.   

 64  (  Ethernet ),  

.  

   Ethertnet       

 64 ,    64  

. ,   

,  

.  

   

: 

   (desktop switch), , D-Link DES-

1008D,     SOHO (Small 

Office, Home Office),  

  ; 

   (Chassis switch) ,  , 

DES-1200M,  DES-6000  DES-6300.       
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.  

,  

, . .. 

,  

 

. , 

,  “ ” ( hot swap), . . 

;  

 ,  

 (Rack mounted switch). , ,  

 

 (Small to Medium Business- SMB),  

 (Internet Service Provider – ISP)  

 

 — .   

. 

   

    6 – 13 .  

     

:  

  , .  “ ’,    

  ,  

; 

 , . .  “ ’,  

,  

,      

. ,  DEM-540,   

–  D-Link DGS-3312SR   12 -  

    D-Link  DES-3226S   288  

 10/100  Ethernet/ Fast Ethernet; 
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 ,   .  “ ”,  

,      , 

, .  

.     

. , 

  , 

.  ,   

”     13  D-Link DES-

3226S;  

 ,     

 «xStack» .    D-Link   

«xStack», , DGS-3324SR, DXS-3326GSR   DXS-3350SR   

 «xStack»  : 

 -      10  

  ,  20 . 

-      (Full Redundancy 

Mechanism),    

, . 

-       

  ;   

-        12   , 

, DGS-3324SR   DXS-3326GSR   DXS-3350SR    

 336  Gigabit Ethernet; 

    

 «xStack»   . 

,   D-Link DGS-3324SRi,  

 6-     D-Link DGS-3324SR  

   120 . 

-    312 

 Gigabit Ethernet  12  Gigabit Ethernet. 
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  ,  ,   

: 

 , ,  

, ,  

16 , , DES-1016D; 

 ,  ,  

, ,  24  

 10/100     

,  DES -1024DG,  DES-1224G; 

     (  

) ,  2- , , , 

DES-3226S.   24    10/100  

,   10/100/1000 

 ( ) 

,  

; 

 ,  3- , 

, , DGS-3312SR,  DGS-3326SR, DGS-

3350SR.   DES-3350SR :  

        - 44  (Small Form  Factor 

Pluggable - SFP),      1000   

   40 ; 

       -  4  1000BASE-T/SFP   

; 

        -  2    «xStack»   ,  

 10 ; 

        - 1  DEM-420X  2- ,             

 (10 Gigabit Small Form Factor Pluggable -

XFP)  10 Gigabit Ethernet;  
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 ,    

 

. ,  3-  DES-6500   9 

 160 . 
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  7 

 

 -   

,   

    « ». 

  -  , ,  

,         

. 

  -   

  , ,  

, . 

 - ,  

,  

. 

 – ,  

  ,    

,  

.     

   - .  

 

 - ,  

) , 

  . 

 –  ,    

  ,  

, ,  

. 

   –   

,  
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. 

  -    , 

   

. 

 – ,  

,  

, ,  

.  

 —  

 ( ),  ,  

, , .  

   

, , , ,  

 

.  

 –    

,  

    «  

». 

   - ,  

,  

,  

. 

 -  

    ,  

,    

,   

,  
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   -   

  .   
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  — , 

 (   ), 

,  

, ,   

, .  

 –   ,  

, ,   
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  —  

,  

 

, . 

     -  

 

    -     

     

 

 -

,   

,   ,   
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   –  

,  

,   

, ,    
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,    

.  

 —  

     -  

,  

 –    

 

,    

   

. 

 – ,  

,  

,     

  ,   

,  

  . 

 –  

  

,    

, . 

 – ,    

 ( )  

    ,  

, , ,   

  . 

 – ,  

 ( )  

,  

,  , , 

. 
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  — ,  

  ,  
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  -   

   

  ,   
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,  
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 -    ,   

 

.  

 – ,  

,      

.  

 —  
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  -  ,  

  

 — - ,  
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 -   
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, ,  
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