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   .       
 , , HTTP, FTP,     . .   

       - ,   
  ,     

(  )       
,       

PDU,       
    .   

  (  )    
 (   QoS). 
 . -    -   

      
 QoS       NP. 

        
  “  ”. 

   (  QoS` ) –    
        

      
   .  

       
  -       

    NP   
/ -   .  

      
  ,      

 .    
      

,     . ,  
 –        

      
/ -   . 

      
  (   )  

   ( , -  ), 
  ( , -  ) 

 / -    ( . 
 3.3).  
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 3.3 
      

 
.   

 
0 

 
1 

 
2 

 
3 

 
4 

 
5 

/
-

. 

 

       

1. MTBF 

  
 

, 
 

500 400 400 200 /  /  

2. MTTR   
 300  600  3600 

 /  /  /  

3. MTRS 

  
 

 

600  1600 
 

7200 
 /  /  /  

-

 

 

       

1. mean 
IPDV 

 
  

1   
 

 
 

100 
 

100 
 /  /  /  /  

2. mean 
IPTD 

 
  

1   
 
 

  
 

 

200 
 

800 
 

200 
 

800 
 2  /  

3. mean  5x10-4 5x10- 5x10- 5x10- 5x10- /  
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IPLR   
1   

 
 
 

 

4 4 4 4

4. mean 
IPER 

 
  

1   
 
 

  
 

3x10-6 3x10-

6 
3x10-

6 
3x10-

6 
3x10-

6 /  

-

 

 

       

1. max 
IPDV 

  
 
 

50  50  /  /  /  /  

2. max 
IPTD 

  
 

  
 

 

100 
 

400 
 

100 
 

400 
 1  /  

3. max 
IPLR 

  
 

  
1x10-4 1x10-

4 
1x10-

4 
1x10-

4 
1x10-

4 /  

4. max 
IPER 

  
 

 
  

 

1x10-6 1x10-

6 
1x10-

6 
1x10-

6 
1x10-

6 /  

:  “ / ”  “  ”. 

 
        

      

89



,        ,   
       .  

 

3.4.    -   

       
 - ,     

       
       

.           
: 

1)       (  
 “  ”   “best effort”); 

2)      (  
, “ ’ ”  Q S); 

3)      
 (“ ”  “ ”  Q S). 

      
 -   ( ,  , ) 
       

. ,       
   (PDU)    

   -    , 
     . 

 “   ”    ,  
-  ’       
 ,      -  

 ,     ,  
      FIFO 

(„First in – First out“,  „   –   
”). 

     (  , - 
  ,  

 )     
    .   

, ,     
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    ,    
     . 

    -     
   .  ,    

     ,   
       
  . ,     
        

,           
    - .  ,  

     –  
    .    

 ,       
 ,        

    . 
     

 (  )     
       

         
 .       , 

    “ ”  Q S,  
     ,      

  (  , ,     
   -     

        ,  , 
    ). , ,  

      
   ’   -  , 

  ,       
     . 

   .  , 
,      

  .    
      

     . 
,  , , ,   

,     .  
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  ,   -  FTP  
HTTP,       

,         
    .   
      

   .  ,  
,   ’     

    ,  
         

     
 . 

 ,     
        

      .   
’      

  ,    
        

   .  ,   
 ,     

     FTP (   
  )    HTTP (   ). 

,   HTTP      
  ,      

   ,    
 “best effort” .    ,  

     HTTP   
    FTP,    . 

,       
       

,    “  ”. 

 

     

1.    ? 
2.     ? 
3.     ,   
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 .800 - ,  ? 
4.       

 .800? 
5.    ?      

 ”  ”? 
6.    „  ”, „  

 ”  „   ”. 
7.    SLA? 
8.        ? 
9.    ? 
10.    ?      

 „  ? 
11.       ? 
12.      

  “best effort” ? 
13.      

   ? 
14.      

. 

 

    

1) . . , . . .    
. - .: « - », 2006.  2  3 
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 4.    
   

  : 
4.1.     
4.2.     
4.3.    
4.4.   SNMP 
4.5.   SNMP 

4.1.      

-  - ,       
 -  ,     

 ,  . ,    
 - ,       
 .     
    - ,   

   ,     
- .       

,         
 - .      

 ,    ,  
     ,   

       
 - .     

.   -   
       

   (     NMS 
– Network Management System).    

  ,    
   ( , ,  – ) 
 ,      

   . 
   ( ,  ,  

       
 -  - , ,  

),  ,     
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( ),         
 - .  
 1.   -    ,  

    - ,   ’   
    ( ),     

    (  Unix, Windows  . .).  

     
 .      

       
     ,    

( , )      ,  
     

- . 
    -    

  . ,   
    ’ ,   

, , ,       
 ,      

  ,      
    . .    

  .    -     
 ,      

    ,   
       

   ’ .     
-  -       

,    .  
     

  ( ,   ,  
     )   

-   -  .   
   - ,   

      (  
   ),   
 -   ,    

     .  
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  ,     

    ,  
     - ,  
 - ,   -   

 . 
  NMS    , 

      
,        ,  

   ,   
 - .    -  

      
  .      

         
    -      

 .         
(     )      

 . ( ,    
         

 ,   ).  

4.2.     

  -  –     
 ,     

       -
,    ,   

   .    
  - ,    

,   ,       
  .  

      -  
  TMN (Telecommunication Management Network),  

   ITU-T (  
   ’ , - ), ISO 

(    ), ANSI (  
  )  ETSI (    

)         
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  .   
TMN       

  (OSI),   ISO.  TMN 
      

,    .      
   (      , 

      - ). 
  ,       

         
  .       

   . 
   TMN    ITU-T X.700 

   ISO 7498-4,      
  ,   ,  ’   

.      
,          

   ,  : 
1)    -   

 ( onfiguration Management). 
    ,   -

  .   ,  
( ) ’  ,    . 

 -    ,    
     ( ) ,   
 ’    ,    
   ,     

.        
     .  

    ,  
(  )   .  

  ’   –   ,   
     . 

 ( )     
      –    

,      onfiguration 
Management. 

2)         -
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 (Fault Management). 
       

 ,   ,  
 ( ,     

   ),  
     , 
         

       . 
      , 

  ,    -
  . .. 

3)      -
 (Performance Management). 

       
      (  QoS) 

    (  NP),  
   (   

 )     
(     ). 

  Performance Management    
       
      (SLA)  

     .  
   -    
      ,   

 ,  ,  
  .      

      
     .  

         
  Performance Management. 

4)      
  -  (Security Management). 

    ,   ,  
    - ,  

 , ,    
’   ’  , ,   
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 ,   . 
 2.     -  

   ( )    
 .     ,   

  ,       
         

 .    -   
    . 

5)    -    
  (Accounting Management). 

    : , 
,  .     

  - . 
 3.      

 (    ’   )   
 ,      1 (   16 

 ),    :      
      .  

- ,    TMN     
 ,      ,   

  ( )  ’  . 
,       

’    :   
,    ,   

 ,       
- .  ,      

 -       (  
       

 -  -     ( ) 
 ,      , 

,       
   – , 

,   , ,   
  - ),      

’     -  -
.        
 –     (  –  
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     . .),    

-  ( ,  ,   ) 
     (  –   QoS). 

,   ( )     
’   ,     -  ’   

   ’  . 
 ’       TMN 

 ,    . 4.1.  
 

 
. 4.1. ’        TMN 

 
 .4.1   : 1 –  

; 2 –   ; 3 –  
 ; 4 –  ; 5 –  

 .  

 

4.3.     

      -
,  ,     «  - ». 

  ,      
  ’   ( )    
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. 
   «  - ».   

     
      –   

,        
 . ’ ,   , 

    ,  ,  
’  ( )  ’  ( ),    

        
,     .   
 ’    -   -

 -   .   
         

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

 ( )  ’ ,   
     . 

  ’     ,  
, .  ,     

  ,    
  ’      

        .   
       

  ,   ,   
      

’    ,   ,   
,    ,  ,    

.  ,     
 ,        

    ’       
  .       

    (    ) 
.       

  ,   
   -    
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 ,   , 
    ,  

   , -   
   ,    

   ’       
     .  

         
  -   -  -   

 (  ,    -  
 - )    ,  

 .4.2. 
 ,         

    ’  ( ).   
      ,     

 . ,       
       ’ .   

       „  – 
 ”,          

  . 
 

.4.2.   ,    ’  
 

  ,  ,     
   „  –  ”   
 ’         

(Management Information Base, MIB). 
       

  ,       
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    .  MIB   
      

 ’ ,     , ,  
       

      
.  ,    ’  

   MIB      
    ’ .   

,        
 .   ’   -  
       ,     MIB 

      .  
     ’     MIB  

         
  .     

     (    
    )    

  ,      MIB 
,     ,     

 ’      . 
          .  

,    –  ,   
   ,   

    . 
,          
      
 ’ .    ,    MIB 

     ,     
   MIB    

.    ,    
, -     MIB    

 „  – ”.  ,    MIB,  
 ,      

    MIB,      
.  ,     

         ,  
     . 
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 ,    „  – ”  
  ( . . 4.2).   MIB  

’     ,   
  MIB,     , ,  

     . 
 ,       

,    MIB ,    
,        

 ’ . ,      
  ’   . ,    

    ,    MIB. 
       

,    .  
, ,   ’  (  

).  ’    ,  
 .  ( , ,    

   )   
   .      

        
    . ,  
 ,       

  .    
,        

  .  -    
    „  – ”. 

      
 - ,    

  .     
   ,     

  ,    . 
,      

  ,     
.         

   ,  ’    
  ,    

  ,   
 ,   , 

104



        . .  
      –  

 (       
’ ,   ).    

   . 
         

  ( )    . 
,         

   ( )      
 ,      

   .     
  ,     

.        
    .   
        -

  - . 
 ,        

,      ( , 
)      
 ’ .     ’  
  ,   .  

    . 
      
      ’ ,    

   ,   
    .     

   (    In-
band)    (    Out-of-band). 

       ,   
  ( ,   

,       , 
     - ,    

  ),      
.       -

     ,    
,       
,      . 
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,        
  .      
      . 

 „  – ”       
,      
.  ,    .4.3 – 4.5. 
 ,     ,   

   (NE, Network Element).  
     NE 

      (      
).        , 
         

  ,     .     
      , 

    ’ ,    
 (  )  NE,   . 

 
 

( )

 
(

 
(

 
(

 
(

  
( )

  
( )

 
( )

  
( )

.4.3.         
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.4.4.  ’    
 

 - ,     
 ,     -  

 (     )    
       

’  ,        
    ’     

.       
        

    .  
   ’    – 

  .   
   ’  ( . .4.4)  

  .     
       

   ,   .   
   ,     

        
.  

  ’   ,   
 . 4.5,   .   ,  

          
      .  ,  

          
,      

107



  .      ,  
    ,    

   . 
  .  „  – ” 

       
    SNMP  CMIP.  
 ISO  ITU-T    TMN  

  CMIP (Common Management Information 
Protocol),        

 -  -   .  – 
   ,  
      -

 ( , - ).      
  .         

   -    
 .     ,   

       
SNMP (Simple Network Management Protocol). 

 

.4.5.  ’    

108



4.4.     SNMP 

    SNMP –   
.     ,   

 ,   ,   
   / .  

  SNMP. SNMP –    
,      „  – ”,  

  ,       , 
     .   

       ,  
: 

1)  Get-request («  »)  
        

’    ; 
2)  GetNext-request («   ») 

        
    ’   ,  

    ’ ; 
3)  Get-response («  ») –  

,     ,    
 Get-request  GetNext-request; 

4)  Set (« »)   
      ’ , 

   ,       
    ( ,  

        
  ,   ’ ,  ’ , 

 ,  ,   
 :    -    ,   

     
,   ); 

5)  Trap (« »)     
       

; 
6)  GetBulk     

   ’    ’  (  
     SNMP – ). 
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,   -     „ ”  
’ ,     ,      

    –  , 
 ,     . .  

       
  «  - »: 

-     ; 
-  « -  »; 
-  « -   »; 
-  « -   »; 
-       ; 
-     ,    

 ; 
-  ,       

   ; 
-  ,   ’   

  . 
       «  - 

»    SNMP   
 :   « - », 
     (     

  ASN.1,    
-  X.208)       

   – -1, -2, RMON  RMON2.    
      ,    

  ’ ,      .   
–  , , ,   

  SNMP   . 
 SNMP MIB.     SNMP 

      : 
1) 1  2 –      

   „  – ”; 
2) RMON  RMON2      

; 
3)    -    

(  ,    . .); 
4)     - . 
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  1 –      . 
     Get-request   Get-

response.         
    ,  
   TCP/IP.   1 (  

    ’   RFC 1156) 
 114  ’ ,      

: 
1)  System –    ,   

 ( ,   , 
  ,    ).  

2)  Interfaces –    
( ,  , , ,    

  ,    , ). 
3)  Address Translation Table –   

     ,  
    ARP. 

4)  Internet Protocol –    ( -  , 
, ,        

    ). 
5)  ICMP –     

 ICMP.  
6)  TCP –   - ’ . 
7)  UDP –   UDP–  (  ,  

  ,    . .). 
8)  EGP –   EGP. 

  2 –     
1.   2 (   RFC 1213)  185 

 ’ ,    10 . 
  1,    2   . 

   . 4.6     (  
10 )   ’   2,  :  

’  System   ’  Interfaces.  ’   
System    Sys,   Interfaces  -   
If . 

   ’ ,    
.4.6. ’   SysUpTime   System   
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    ,    
 . ’  SysDescr   

 . ’   SysObjectID -    
   ( , ).  ’  

Interfaces     ’ : IfTable    
IfNumber. ’  IfTable    ’    

   ,    
 . ’  IfEntry       

,     ,    
.  

System

’ ’ ’
Interfaces

ifTable

ifFntrv

ifAdminStatus
( ’ )

ifType
( ’ )

1 ( ) 1 ( )

Testing
( )

Ethernet – csmacd 
( )  

.4.6.   ’   2 
 

 IfTable    : IfAdminStatus  
IfType,          

 Ethernet.  ’ ,      
,   : 

IfType –   ,    
(     Ethernet).  ’   

  -     , 
 Ethernet-csmacd, rfc877-x25, iso88025-tocenRing  . .; 
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IfMtu –     ,  
     ; 

IfSpeed –   ,    
  ; 

IfPhyzAddress –    (   Ethernet – 
 - ); 
IfAdminStatus –      

    (up -   ,  
down -    , testing -    

); 
IfOperStatus –          

 ,   ’     IfAdminStatus; 
IfInOctets –    (  ),  

      SNMP- ; 
IfInUcasPkts –       

 ,      ; 
IfInNUcasPkts –       

   ,     
 ; 

IfInDiscards –    ,   
    ( ,  

  ); 
IfInErrors –  ,       

     . 
,    ’ ,   

      
   2    

 ’    . 
   2,  ,  

        
 ’ . ,     

     Ethernet (     
 ).  ,     

      ’   
 .          

 RMON MIB,      
      Ethernet. 
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  RMON MIB    
    Ethernet. 

  ’   RMON MIB   
      
 ,   SMI (Structure of Management 

Information). ,      ’   
IpAddress,     ’     

 4 .      Counter, 
           

0  232 -1.       , 
    . ,      

SysDescr     ( , ,   
      ) 1.3.6.1.2.1.1.1. 

      
      ,   

 –    SNMP.  ,  
  SNMP   ’  

      (    
 RFC),     ISO.   ’  

’   SNMP    ’     
   ’ ,   ISO. 

    .4.7. DoD? 
 

 
. 4.7.    ’  ISO 

 
 . 4.7      
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    ISO.    
   ’  ’  .    . 4.7, 

     ,    
ISO, ITU    ISO/ITU.   , 

 ISO   org  ,   
   (  ISO)   

 .      DoD – ,  
      (Department 

of Defence, DoD).      
 .       

    ’  ISO.org.DoD.Internet.mgmt,  
  ’  ’   -   

ISO.org.DoD.Internet.mgmt.MIB.   ’  
    ISO.     

SNMP    ,    
 .     

       
’ ,     ISO     

  .    .4.7    
    ,     ,  

   ’       
’  1.3.6.1.2.1. 

 ’  private    
 ,   Cisco, Nortel  . .  

 ,        ISO 
    ’   

CMIP  TMN. 
 SNMP- .  SNMP,   

      , 
     

 ,    UDP.  
,        

,        
  ,     

   - .   ,     
     ’   
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,    ,     
     / .  

 80-     (   
 SNMP) -     ,  

,          
   . 

  SNMP-      
       

 .         
. -  SNMP-     
:  ,     

. 
  (community string)  

  ,     
.      , 

  ,       
    SNMP,     

       .  
     public.  

  (data)     
 SNMP ( ,    ),   

 ’  (   )      
’ .   data      

  (protocol data unit, PDU).     PDU  
    ’    PDU.   , 

  PDU       
  SNMP: Get-request-PDU, GetNext-request-PDU, Get-

response-PDU, Set-PDU, Trap-PDU. ,   Get-
request-PDU        , 

  (     ),   ( ,  
,   ),   ’   SNMP,  
  . 

 .4.8       
SNMP,       ’  SysDescr 
(    ’  – 1.3.6.1.2.1.1.1). 
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1 30 22 02 01 00    

 SEQUENCE lon=41 INTEGER lon
=1 

vers 
=0    

2 04 06 70 75 62 60 69 63 
 string lon=6 P u b l i c 
3 A0 1C 02 04 05 AE 56 02 

 getreq lon=26 INTEGER lon
=4 ---- 

reque
sted 
ID 

--- --- 

4 02 01 00 02 01 00   

 INTEGER lon=1 Status 
INT
EG
ER 

lon=1 emor 
in
de
x 

 

5 30 OE 30 OC 08 08   

 SEQUENCE lon=14 SEQUEN
CE 

lon
=12 

objecti
d 

lon=
8   

6 28 06 01 02 01 01 01 00 
 1,3 6 1 2 1 1 1 0 
7 05 00       
 null lon=0       

 
.4.8.    SNMP 

 
   . 4.8,      
  .       

  (    .4.8    
).      (   
,     . .).    

  30 (   – ),   
  SEQUENCE ( ).  ,  

     ,    
 .     

 .    22 ( ,    
 41 ).     SNMP,  

  1  2.    
  (02)  INTEGER ( ,    ). 
 (01),      .   

     SNMP:  
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vers=0 (    ),     1;   
  vers=1,       2.    

 .  04 ,    
   string ( , )  (  06) 6   
  public.     . 

       Get-request-
PDU. ,       Get-request  

 0 (        
  ,   getreq).  ,   
 PDU  28  (      
   PDU).      02  04, 

       .   4-  
    05  56 02.   

      .   
       

,       .  
  .  ,    . 
  ’  ,    ’ ,  

   Get-request.     
    ,    ’  

1.3.6.1.2.1.1.1.0,      ’  
SysDescr.  null (    ’  05)  

 . 
  RMON MIB.     RMON 

MIB  SNMP      
 - ,    

 TCP/IP.  RMON (Remote Maintenance and 
Operation Network)    

 SNMP,      
       TCP/IP.  RMON MIB  

        
       

.  RMON MIB    1  
2    ’ . ,    

    ,    
    ,    

      ,   
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  .  RMON    
 1  2     

 ,       
    ,  ,  
 .       

  ’  ( , ,  
)       ,  

    .  
 ’   RMON   ’     

 16, ,   , ’   200 ’ , 
 ’   10  ’      

  ’   .    
’        
’   2    : 
1) Statistics (1) –      

 ,    . .; 
2) History (2) –  ,     

         
 ; 

3) Alarms (3) –    ,  
      
   ; 

4) Hosts (4) –       - ; 
5) Host TopN (5) –     

; 
6) Traffic Matrix (6) –     

    ; 
7) Filter (7) –   ; 
8) Packet Capture (8) –   ; 
9) Event (9) –     ; 
10) Token Ring (10) -  ’   Token Ring. 

    ’    
. ,  ’   Hosts   

1.3.6.1.2.1.16.4. 
 RMON     : RFC 

1271 (   Ethernet)  RFC 1513 (   Token Ring). 
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    Statistics,  ,  
     RMON   

Ethernet  (   RFC    ). 
 ,   History   ’   

Statistics,  ’   History    
  ’   Statistics. 

  Statistics   ’ : 
- etherStatsDropEvents –   ,   

       (  
   , ,    

); 
- etherStatsOctets –      ( , 
 ,      ,  

 ;      
  ); 

- etherStatsPkts –     (  . ., 
); 

- etherStatsBroadcastPkts –    
   ; 

- etherStatsMulticastPkts –      
   ; 

- etherStatsCRCAlignErrors –    
,     ; 

- etherStatsUndersizePkts –    , 
     ( ,  ,  

64 ); 
- etherStatsOversizePkts –    , 
     ( ,  ,  

1518 ); 
- etherStatsFragments –     

 ( ,        ,  
   ,     

); 
- etherStatsJabbers –     

 ( ,        ,  
   ,     

); 
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- etherStatsColizions –    ,  
     Ethernet; 

- etherStatsPkts64Octets –     (  
. ., )  64 ; 

- etherStatsPkts65to127Octets –    
 (  . ., )   65  127 ; 

- etherStatsPkts128to255Octets –    
 (  . ., )   128  255 ; 

- etherStats256to511Octets –     
(  . ., )   256  511 ; 

- etherStats512to1023Octets –    
 (  . ., )   512  1023 ; 

- etherStats1024to1518Octets –    
 (  . ., )   1024  1518 . 

   ,    RMON, 
  -    ,  

      Ethernet. 
         

.        
 (    ’   History).  

    ’   
         
        

   .     
     ’   Filters.  

      
        (  

  Packets Capture) . 
 ,   RMON   

     ’  
 .   ,   

      
    RMON2.   

  RMON     
 ( ,     Ethernet,).   ,  

  RMON2,     
  . 
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4.5.   SNMP 

       
 - .     

        
’   .     

   :   
    UDP (   

  )     
   . 

    SNMP -
 ,        

,       
(community string)    SNMP.  

,   ,    ’  
  :      , 

      .  ,   
      , ,  

    .  
  SNMP 2   

    ,  
       ’   .  

     UDP, ,  ,   
   - ,  

        
    ,     , 

        
  .  SNMP      

,       . 
    -    

.      , 
      .   

  HP OV Telecom DM TMN (     
 ,     

      ISO) 
   SNMP   ,  

       
 .      -
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    SNMP   . 
     SNMP    

       
.     

       
       

 ’ . ,   . 
        

  ,       
  ( )     

 ,         
  (   ),      

     .  

     

1.      ? 
2.      ? 
3.     ? 
4.       TMN? 
5.       

 ISO 7498-4 ? 
6.      onfiguration 

Management. 
7.      Fault Management. 
8.      Performance Management. 
9.      Security Management. 
10.      Accounting 

Management. 
11.    ? 
12.       «  - 

». 
13.     ’    «  - 

» ? 
14.    MIB   «  - » ? 
15.      
    ? 
16.     ’   
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   ? 
17.     ISO/ITU-T   

 TMN? 
18.      SNMP ? 
19.    SNMP. 
20.    SNMP MIB. 
21.     1. 
22.     2. 
23.   SNMP-  ? 
24.      RMON. 
25.    SNMP ? 

    

1)  -  .60.   ,  
   . 

2) . . , . . . ’  . , 
, :   .   – .: 

, 2003.  20, . 791 – 815. 
3)  -  .3010.    

 ’  (TMN). 
4)  -  .3200.     

TMN. 
5)  -  .3400.    

TMN. 
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 2.   
  -  

 5.    
   -

 

  : 
5.1.      

 
5.2.      

  
5.3.    
5.4.   
5.5. ,      

 .       
 ’  

5.6.      
5.7.   
5.8.   
5.9.   
5.10.      

5.1.      
  

    
    ,   
       .   

,         -
       

     
 .     

 ,     
 ,      

    .   
 ,  ,  
.       
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.    -   

 .    ,  
,   .    

     ’  
    ,     
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  ,    

    . 
  ,  , ,   

 - ,  „ ” ( ). 
       

,       
.       3 ,  

  ,  ,    
      3    

    PDF (probability distribution 
function:   )  .   

      
 „ ”     ,    

 .      
 ( ,   ),      

      ,     
     . ,  

.5.22      
 ,      

   10 10-3 .     
   -      

   . 
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      NRZ- , 

   .5.22,    : +1AU  -
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     . 
,    NRZ-  ( ,   +AU  

–AU)       
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. 5.23.       
 

    .   
( . .5.22)       
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.        
 .  ,  .5.23    
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  (Eye Amplitude).    
  -      (  

  , Amplitude Unit, AU)    
        

( . .5.24).  

 
. 5.24.     

 
,  NRZ-     :  

 (  1,  .5.24   1AU)    
(  0,  .5.24    1 AU).     -

 .5.24  „ ”.   
,       .  

        
 ,     .5.24 –    

    ,  1 – (-1) = 2 AU.  
   (Eye Crossing Level, ECL).  

  –      ,  
       
      .   

  (AU).   .5.25    
   – 1 (   5 10-3 )  2 (  

 15 10-3 ).  
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  . 5.25.        1  2 

 
 , ,    ,  

„ ”.   1   5.25     
 –   (     –  

   1AU),   (    
  0AU),   (    
 –     1AU).     ECL  

-       
   . 

      -    
     

       
 . ,  .5.26   

   PDF (probability distribution function: 
  )   1. 
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 ,  ECL      1,15 AU, ECL 
   0 AU,  ECL    

 0,85 AU. 
  (Eye Height).   „  ” 

   „  ”,    
       
  ( . .5.27). 

 
. 5.27.    

 
      (AU)  

        
 ,  ,       

  3 .  NRZ-     :  
 (  1AU  .5.27)    (   

1AU  .5.27).   –     
     ,     

     3  ( ,     
.5.27).  

  /  (Eye SNR).   
/         

    :  
1 0

1 0

,L L
SNR  
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 1L   0L  -    -  1  0,  1  0 – 
    - 1  0 .  NRZ-

   1   ,   
 0   . 

   (Quality Factor).   
  ,     / .  

   .  ,  
   :   
 

top baseP P
Q factor 100%

sigmatop  sigmabase ,
 

 
 topP  –     , 

    ;  
baseP  –     , 

    ;  
sigmatop –      

  ;   
sigmabase –      

  .   

5.7.3.     
 

       
 (   - ),     
 (   - ).  

,     ,    
 - :  

-  ; 
-  ; 
-  ; 
-  ;  
-      (  ); 
-  ; 
-   ; 
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,      ,  

 ( ).  ,     
      

( ,  )   ,    . 
     « ». (    

     ). ,  
         – 

  (DJ),    
  ,      (RJ). 

       
      (PDF, probability 

distribution function),     
( )   .   

,       
.5.28. , PDF      

  - ,       
   ( L   R ),      

 10   10.       . 
PDF        

        
   .  ,  PDF   

(TJ) –     PDF,     
         

 10   10 ( L     R ).   
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L RDJ , 
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  -     (   PDF  

.5.28 DJ  20  ). 
  (Jitter RMS). 
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     (Eye Crossing Time, 
ECT).  ( )   –    

  ,     
       

( . .5.29).  
 
 
 
 
 
 
 
 
 
 
 
 

. 5.29.       
    

 
      

PDF.  .5.29      - t1 (  
 5 10-3 )  t2 (   15 10-3 ).     

   ECL    
         

 ,    . 
 .5.30     

       
 - t1  t2 ( . .5.29). 

  

 
. 5.30.       
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   t1  t2 
 

 ,       
   5  15 .     
   ECT.  

 
   –     -

,      , 
  .    
      

 - .  .5.30 –     .  
  (Eye Delay).   –   

          
  ( . .5.31).   .  

 
 
 
 
    
   
 
 
 
 

 
. 5.31.    

 
   (Eye Fall Time, TFT).  

  –      
        

,        90 %  
 10 %    .  

   (Eye Rise Time, ERT).  
  –      

        
,        90 %  

 10 %    .  
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 TFT  ERT   .5.32. 

 
. 5.32.   TFT  ERT 

 
  (Eye Width).   –   

    ,     
         
    ( ,  3 ).   

.      .5.33.  

 
. 5.33.    
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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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 ½,      
( ,  =3),   .5.36. 

 ,      
  – t1, t2, t3, t4, t5, t6 –     ( ) 

     101000 
(       ),    

      
   U1, U2.    

         
    ,      ( ,  

   ).  
 

 
.5.36.     101000 

         ½ 
 

     
  .5.37   .  ,   
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  ,      
          

 : a=00, b=10, c=01  d=11. 
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 ,       
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      , 
'     ,    - , 
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     .      

     .   
    ,     

     . ,  
  - 00,       

 00  10. 
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  ,      
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      ,   
    .   

   (tree d agram),    
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.5.38.       

  (   ½, =3) 
 

192



     
. 
- ,  ’ ,      
    (     – 

).       
       

       „   
”.      
    :     ,  

 '   ,      
 (   )  ;    -  

,        
 (   )  . 
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  110 11   , 
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    . 

5.10.      
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        t4 
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        : 
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    t1   ,   a  b. 

      
.      t2    

 ,   a, b, c  d.    
    :  - ,  - b,  - c 

  -  d. 
 ,            

,      .  
         . 

       ,   
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  .  
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     ti    ' ,     
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,    ,  . 
 ,    ,  
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  .5.39. 

        
 ,     :   

  ,     ,  
 -  ,      

.     :   
   a=00,    -  b=10, c=01 
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12K
  

     
12K
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    ,    (  

  t4 ), ,      
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 6   -
     

  

  : 
  

6.1.     
6.2.   -   
6.3.     ’  
6.4.     

  
  

6.5.      
 ( ),     PDH/SDH 

6.6.     ,  
        
 (  ISDN  xDSL) 

6.7.          
     

(   -60, -120  . .) 

 

6.1.     

6.1.1.    .  
       

 .     -  
  ’ ,      

   , : 
1)   ,   

       
      

PDH/SDH;  
2)   ,   

   ,  
     

  (      
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 -60, -120  . .); 
3)      , 
       

   ( ); 
4)       

’ ,       
ISDN  ( ) xDSL; 

5)   , ,  
,       . 

       -  
       

     ,    
  ,       

 ’ . 
       

. 6.1.  ,       
      

:   R (   ,    
 ),   L,     C    

  G.        
  ,     -  
    .    

   ( . .6.2). 

 
. 6.1.       
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. 6.2        

  
 

        
   ( , )  

      .  
    10     
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        . 
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  :  ,  
     (  ’  

   ).    
     ,   

     ,   
      
.      

     . ,   
 .  ’     

 -  ’    
      

  - ,     
.       
,        
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. ,      
       

      , 
    .    , 

 ’     ,  
        

.    ,  ,   
  ,     (  , 

impedans) z,  (  ) A,     
  -      – NEXT 

(Near End Crosstalk)        – 
FEXT (Far End Crosstalk),     ACR 
(Attenuation to Crosstalk Ratio),   

  NVP (Nominal Velocity of Propagation) 
(       VOP - Velocity of Propagation), 

   (  delay),   
  (  Skew),   ( ., - 

 ) RL (Return Loss),  . .   
 SRL (Structural Return Loss),  ’    Rk 

(transfer impedans),    -   
  LCL (longitudinal conversion loss)       

LCTL (longitudinal conversion transfer loss)    
 ILD (Insertion Loss Deviation). 

       
   .     

     ,  
    . 

    „  ”   
  ,      

 ( ,     , 
    ,    
     , 

      
   ,     
    . .). ,  
    2    . ., 

 . .   . . „   
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( ,      ),    

  ,       
 . 

       
   ,   
    (   ,  

      
).      

,        
  ,   ,   ,  

,      .  
,       –  

  -    
 ’ .     

      . 
       

 ,     (  
        

 Network Analyzer).      
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 ,   ,   
       . .     
 ,  ,    

      – ,  
   ,   

 .      
. ,   

,        
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).        
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  ( ,  ) , 
  ,  ,   , 

   . . 
        

     -   
   ( ,  , )  
 .      

    .   
     

 . 
     .6.3. 

 

 
.6.3.    

 
     

     ,  
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(     ,     .6.3),  -

    ( , ,  
  . .),     ,  

   .    
    ’   ,  

     .    
,      ,  

   ,    -
,       (  

.6.3      ).   
        

 ,    ,     
       . ,  

        
 ,      

 ,       
      

  - .   
     ,    

  .     ,  
     ,  

     . 
,        

  ,   
Dynatel –   2210 , 2250   2273 . ,  

    ,     
 .      

   : 
1)      ; 
2)       (  4,5 ); 
3)     (   

 ); 
4)       

      ( ,  , , 
     ); 
5)       
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  ; 
6)    ; 
7)         

 (     
   -    

50 ); 
8)         

 (  .6.3      ),  
       (   

   ( - ),   
 ;     ,  

     ). 
    Dynatel  

       
. 

   .    
      

      (Time 
Domain Reflectometer – TDR).    

      
 ,       

    .  TDR   . 
     ,  

    ,    
 .      

  ,      
   .   

        
,  ,  ’   ,  

 ,  ’   ,   
,   ,       . 

.       
         

TDR.  ,       
   ,     

       
  –   .   
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  TDR    VOP (Velocity of 
Propagation),     

       .   
  3%     .  

      
    . /    

  TDR    . .  „   
  » ( .: - , 1999). 

    , 
  RiserBond Instruments (  1000, 2000, 3000, 

2901   .). 

6.2.   -   
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  ,     
,   . 

      
: 

1)   -     
  ’ , , ,    

    .   
     

 ( ,    )  
.      

 ,     
  .   

       . 
     

   ,     
 „  ”   . 

2)   -    
        
   ’ .   ,  
,       

     , 
        , 
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   ,    
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.        

      
   ,     

    .  
       

     ’ , 
         

 ,        
 .        

    ’     ’  
,        
   ,      

,      . 
3)      

   ’ .  
       

-   ’  ( ),   
   ,   

    . , 
 ,  . . -  

.        
  , ,    
       

. ,      
        , 

   ,   
 ,     . 
   ,  ,   

      
-  . 

      
 : 

1)        
  ; 
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2)    ; 
3)       ( ) 

    ( ,     
  ,    
  . .); 

4)      -
  . 

6.2.1.      
    

          
       

   ,    
  (Optical Power Meter, OPM).   

     ,  
        

(Si, Ge, InGaAs  .),    (380-1150 , 750-
1700 , 750/850/1300/1550   .),   

   (  -80   +10 )  
  ( 0,1    0,3 ).   

     -1  
„  » ( ), 5970   Hewlett-
Packard ( ), 2401   Tektronix/Siemens ( )   

.     :   
 (        

),       
 ,     

  ,   (  
  )     

 .      
   . 

 ,         
     ,    

        
       
,    ’     .   

     „    
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  ’ ”. 
      ,  

,       
(Stabilized Light Source, SLS).   SLS  

       
      ,    

  ’  ,      
    .     

    ,    
   ,     

  SLS   .  
    SLS ( , 2501 

  Tektronix/Siemens ( ), 774   Wavetek  ( ), 
E5972A  Hewlett-Packard ( )   .),  

   ,  ,  
 .    SLS:   

 ,   (LED)   
    .   SLS 

   ,  ,   
. ,     ,  

   (     ). 
     ,  
   – . 

     (Optical Loss Test 
Set, OLTS)  (     –    

)      SLS.   
 , ,     
.  ,       

  . 
       

,       . 
  ,    ,    

       
       . 

      
,       

  ,     
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      .  
       

  .      
       

,     ,    
          

. 
- ,       

        
.  ,    , , 
,       1310 , 

     –   1300 . 
       

,  OLTS,      
 (Optical Time Domain Reflectometer, OTDR). 

  OTDR       
   ,     

,  OTDR     . 
      

.6.4     . 
      , 

       
    .  

  ,     , 
                     

            ( . – ) 
  .  OTDR,   

     ,  
  . 

       
OTDR:  - ,    

 100   50  (    –  100 ),   
  ,     
 ,      

  -  . 
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.6.4.     

 

6.2.2.      

      
     (OTDR).  

    .   
     

,       
 .    
      ,   

,     . 
 

6.2.3.      
  

        
.6.5.       ,  
   –    –  

 .      
  (OPM)    
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OTDR

 
   

OTDR

 
 

 (OTDR)

 
   

 (OTDR)
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 –  .  
    :  , 

  ,  ’    . 
       

 .  
  ,   , 

  ,     
   . .     

 (OTDR). 
 OTDR       

 ,    ,   
 ,      

, ’   ,   
       

 .    
  . 

6.2.4.     

-       
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    , , 
 . ,       

     . 
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      (   
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 .      
        

.    , , , 
,       

    ,  
     . 

     
       

      
.       

.6.6. 
 

 
.6.6.     

 
   .6.6,      

  ,      
     .   
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,  ,       

     ( ) . 
       

,       (  
),        

.       
         

,      . ,  
      

  BER   .   
     BER.   

       , 
      BER  

    .  

6.3.     ’  

6.3.1.      
 .   ,   

         
’ .       , 

 –    .   
 ,    ,    

 (  ,      1 ),  
         

 ,     .    
         

 ( ,  ),       
10lg( 1 / 2 ),  1  2 –     

   ,    .  
      . 

     (   
)  –   (  )     

      ,    
   ,     , 

         
. ,  ,   (  )  
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  .     -  

     ,    
        .  

          
  ,     

   ( ,     
   ). ,  

     P2   10  
,     P1,    

    10lg(P1/ P2) = 10 ,    100  
,  = 20 . 

      –   (  
)        

   ,    
        

.       
 .    

    ,  ’    ,  
       ,  

        . 
        
 ,        

   (   - ).  
     ,    

 . 
 1.        

     -  ( . – - ). 
 -        

 ,    .   
 . 

   ?    
     P1,   – 
     P2.    

        
   ,     
    .       
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.   ,     
 –    ’ ,  

    ,   
     .  

(     )  
 ’ ,       

  ,     
  . ,    P1/ P2 (  

 10  ,      
),         . 

     ,        
        . 

         
       

( ,  ,      ) 
        
      .   

,  /       
 ( , )     

     (      
 ).  ,       

 ,      (  
 ,     , 

   . .). 

6.3.2.  -   
  

       
  .      

      
 .      

    , ,   ,  
       

,       ’   
    . 
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 ,    ,   

 -    ( )   
  -   ( ),  

   -   
. ,     ,  

   -     
( ,       

,       
 ),    ,  

. 
    .    

  –  -   
  (  -   , Network 

Analyzer)      ,    
  . ,    

      ,  
’        . 

,       
 ,     

    (  , - ),    
     . 

       
,       

    .    
        . 

      
 ,       

  200   4 .     
 -      

 TDA-5, Line Scout, Auto-TIMS 111  . .    
      

  ( ,   
     xDSL-     

ISDN-    ),         
     (     

     -   
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200 ,   2 ).    , 
      2  (  ), 

, ,  SunSet xDSL, CoBRA xDSL  . 
   ,     

      ,  
      ( ,  

,  ,  ’   . .),   
        

 . ,    
    ( ,   
 3, 4, 5, 6,     

  ),    
        

   10   100 .     
  E8505, 965DSP  . 

6.3.3.       
( )    
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 .      
    ,    

        
   .    

.        
’          -

, ,   ,    . 
       

„ ”  ,    .  
-       

.  ,       
(  ,        

 ,     )  
   .     

     . 
 2.      –   . - , 

  ,       
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   ,     

,   . - ,     
       , , 

,     . - ,   
        ,   

  (  ,  ,  
,   ’   . .). ,    

 ,         
 , ,     . 

     
 ,     , 

        
    ( ).    

    ( ) .  
      ,  ,  

       
     ’ .  

      , 
   ,      

.    (     
 )       

 ,       
’   .   -   

 ,    ,   , 
       

     ,  
 ,  ’        

     . 
         

,       . 
   ( ,   
    ,   

        
 ,       

  )     
    ,  

,    . 6.7.       
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, 

f,  3400310

 

 

  

 
.6.7.      

   
 

 ’ :     ,  
        (   

 ,  ).     
  ,     

      
,    . ,    

.6.7,       (  300   
3,4 )    ,   –    

  .       
,    –   .    

 ,     (    
 ).      

     .   
      

         . 
     ,   

    ,    
      .   
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6.3.4.       
     

        ( )  
        

  ’ .   ,  
   ,    
 ,     .  

       
 ,    . 

       
(crosstalk).    :  

  ,    
  ,    ,   

 ,  ,      
     . 

       , 
      .   

     ’ ,   
     . 

(    –   
        

   ).      
       

 ,       
. 

,        
,   ,    . , 

 ,  ,      
         

 .         
  ,    .  

    ,     
    ,     

   .    
    –     

,   ,    
   ,    
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   ( ,      
 „  ”),      

    ,   ’     
 .     ,  

    , -   
 . 

       
’  (Near End Crosstalk, NEXT)     

   (Far  End Crosstalk, FEXT). 
  NEXT,    FEXT   

   ,     
  ,    , 

     .    
      

. 
   NEXT  FEXT  .6.8, 

     ,  
’  -     

         
. 

 

 
.6.8.   NEXT  FEXT 

 
      NEXT   

    ,        
FEXT –    .   ,  
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. ,      

  -        ,   
 ,      , 

 ( +1)-  . 
  -   ,    
,         

  ,       . 
,         

       ,   
       , 

   (  .6.8 –       
     ).      

     ,     
    (  .6.8 -  –    

 ),     NEXT.   
       

    ,     
   (  .6.8 –      ), 

    FEXT.   
  NEXT  FEXT  

 : 
 

NEXT = 10 log ( 3 / 4), [ ]; 
FEXT = 10 log ( 3 / 5), [ ],                         (6.1) 

 
 3  -   ,    4   -   - 

     (      ),  5 - 
  -      (  

    ). 
 ,     ’      

    NEXT  FEXT   
     .   

         
 FEXT,   – NEXT.    , 
 ,   NEXT,  ,  

      , 
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   FEXT.    NEXT 
  ,       

  . ,   TIA TSB-
67       NEXT  

   . ,    
 5     NEXT  

 1     60,0 ,     NEXT 
      100,0  – 29,3 ,   

       
     . 

   ,     n  ,  
  (n-1)    NEXT,  
           

  . ,   –   
.       
  NEXT.      

   PS-NEXT     .  ,  
       
 ,    ,    

    ,  
 1 .   PS-NEXT    10 log (  / 

), [ ],     -       
   (  ),   = 1 . 

        
NEXT   ,  ’   

   .     
         

,   .     NEXT 
     
 .      
.       

 ,      
   .  

        
,   ,    

 . 
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 NEXT,     (  ) 
 ,          

    .   
        ,   

  NEXT    
   . 

6.3.5.       
 

  ’      , 
         

.     ’    
     -       -   

  (  ,   ,  
 PS-NEXT     -   NEXT)   

   ACR (Attenuation to Crosstalk Ratio). ACR – 
      PS-NEXT,   

     ,     
  (       -    ,  

       
  ).      
   : 

 
  ACR [ ]  =  PS-NEXT [ ]  -  [ ].                   (6.2) 

 
     ACR  

.        
  –   PS-NEXT      

( . . 6.9).    .6.9,  (  )  
     ,      

 .       
   PS-NEXT,      
 (   ACR)   .   
     .   

 ,   .    
   ,    

ACR       .  
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.6.9.       ’    

   PS-NEXT     
 

 ACR       
        

   ’       
.     ,     

        
  ,    400 ,   
  ,   ’ ,      
,      400 .  
    ’    .  

    ACR   
      ’ .  

  .  
,         

  ( ,   ACR),    
   10 .  ,   ,   

   ACR   10 ,   
    ’ .  

 . 6.9,    ,    
.   -       

  ’  .  –    
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  PS-NEXT.      
    ,    
    ,    , 

 10 ,         
   . 

 .6.9 ,      
   138 .        

 ,        
,   ACR,   10 .  

          
 PS-NEXT,   (35 – 25) = 10 [ ].   

   100 .  ,     
  100 . 

6.3.6.    .    
,     

   ,     ,   
          

       .   
    -  ( ., – - ).  

        
,     -  ,   

  . ,  -   
   ,  ,    

  .     
,        

     ,    
    ( ., -  

 ) SRL (Structural Return Loss). 
        ,  

        
    ,    

  . , ,   
      0  (   
 1 ),       

10 ,    ,    SRL   
    10 . 
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  ,   ,   SRL 
        

  ,    . , 
  ,     

– ( ) 1 ,     – ( ) 0,1 , 
 SRL = 10 lg (1/0,1) = 10 lg (10) = ( )10 . 

   SRL    ’  
    ,     

 SRL      
 . ,     

,     -    
     SRL. 

       
- ,       

      ,     
      ( ., - 

 ) RL (Return Loss).  RL  
  ,    SRL,    

      -
,    . 

 ,    RL   SRL    
  .     RL   SRL 

      ( ,  TIA/EIA-568-
A  ISO/IEC 1181)    . 

      
   (  , - 

   ). 

6.3.7.     
   

  ,  ’     
    ’ ,   

   NVP (Nominal Velocity of 
Propagation) (       VOP - Velocity of 
Propagation) (       

        
),          
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      (  delay), 
       

   (  Skew).   
   ’     

   ’     
.     

    
 .    ,  

        
       .  

       
 .   ,      

      
( ),          

 . ,  ’ ,  
  TIA/EIA-568-A    

    delay    
. ,  -     10  

 delay    5,7 / .   
       
 Fast Ethernet      

.  ,  ’ ,    NVP 
    3%     

         
      .  
 NVP     . 

6.3.8.        ’  

        
   ’ .     

 „   ’ ”   
   ,   , 

      ,   
     . .     

,     -  , , 
 .     

      ’  
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,     .   

    ,  
     (    

 ,     . .).  

6.3.9.      ’  

       
    ( ),  , 

     „  ”  5. 
         

  (  100 ),   -  
    -    ,  

. .    , -   
 . 

   .   
    .  
       

,     TIA TSB-67, 
      ’  

       .  
         

 TSB-67.  ,      
        

    . ,    
  ,      

,        
 NEXT.     (  

. .,  ,   , 
      

)     TIA TSB-67. 
       

      ’  – 
   . ,  

     –    
       

 ,      
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 .     , ,  
      .   -

      ,   
     - ,  

 ,       . 
 -       

    .  
       

     .  
  ,      
  . ,    

        
  ,   

. ,  -1D   
  ,     

 ,   ,     
   . 

,       –  
        

,    .   

6.3.10.       

  ,     
      . 

   .   
      

.       
 .      

 ,      
 ,    –   

 ’    .  
      

   .  
  ,     

,       
 ,      

    .   
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.6.10.  ,       

  (  .6.10 -    
  - ,   ).   

(transmitter, T)    ,   (receiver, R)  
       

    . ,   
    ,   , 

 .      
     ,    

    -  .6.10. 
 

 
. 6.10.         

  
 

        
.      

 (   )    , 
         

    . ,   
     -   , 

      (   
),        
. 

      
    (   )  

 .  ,  ,    
   .      
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    ( . .6.11),   
R        ( ,    

  ).      
  .6.11,         

 .  
 

 
 

.6.11.         
 

       (  
   ,     .6.10),    

  ,    
 R   ( . .6.12).   

  ( ,    ),  
        

 (  ),    ’  -   
 .       

 ,        
. 

       
 (   )  ’    

  ( ,    
 ).      , 

   .6.13.   
       

  ,   .6.14, 
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- . 
 

 
.6.12.        

  
 
 

 
 

.6.13.         
   

 
,  ’    .  

 ( ,    ) 
         

  ,     
  ,     . ,  
   ,     

,       
.         ,  

 –    .       
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    ’    
 ( ,  '       

„  ”),       
   ( , « »). 

       
« »    ’      . 

 
 

 
 

.6.14.      
 

 
 .6.15        

    .   
.6.15       ’  

 ,        
        .   

   .   ( . 6.15 )  
    .    

   ( ,  ),    
       .  

 ( . 6.15 )      
.      (  .6.15 ,  

  )   ,   
 ( ,  )     
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.      ,   
       .   

       ( . 
6.15  ),         ( . 
6.15 ). 

 

 
.6.15.           

 

6.3.11.    

     
 : 

-     ; 
-        

       
( )    ,   

,         
 .      

       , , , 
     . 

       
,     . 
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    ( )  
.    (      

 )      
  ( ,  , 

,  )    
    ( , ) 

. ,      
      

.      , 
  ANSI T1.601/ETSI.  

      ( , 
’   ),   

  -    ,  . . 
       ANSI 

T1.601/ETSI.      
.       

    ,   
 ISDN, HDSL, ADSL,    . . 

     
       ETSI  

ANSI.   /      
 ,     . .  

„     ” ( .: - , 1999). 

6.4     
  

6.4.1.       

      
    ,   

      . 
        

’   (    ), 
   (   )   .6.1.   
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  .    
      
       

      .  
 

 6.1 
      

  
  

   

1.   
   

    
1000(1020)    

: 
-    ( , 

  )    
; 

-    
’ . 

 
 
 
 
 
30,0  
 
31,0  

  
  

,  
 , 
 

  10  
,  

 20,0    
21,0 . 

2. -  
 ( )  

    1800  
 2400 .   

   
1800/2400    

  : 
-    ( , 

  )    
; 

-    
’ . 

 
 
 
 
 
 
 
37,0/41,0  
 
38,0/42,0  

  
  

,  
 , 
 

  13,0/15,0 
 . 

3.  /  
    
      

   ,  
  ( ): 

-    ( , 
  )    

; 

 
 
 
 
 
 
25,0  
 

   
 „ -
”  
 

  
   

1020    
 5 . 
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-    
’   

      < 2500   
   > 2500 . 

 
  25,0   
  20,0  

   
 „ - ” 

  
  

   
1020    

 10 . 
4.    

 ( )   20-
300 ,     

   ,  
  (  ). 

15    ,    
  

5.   
  

 (   
 ,  13,0 ,  

  300 )  
  (   

   ) 
   (  

   
,    

  
 ,  

   
 ). 

30%  

6.  -  
   

    
 (  ): 

  

6.1.    
 ’  (  

   
   

   
’ ): 

-   ;  
-    

 ;  
-   . 

 
 
 
 
 
 
23,0  
 
20,0  
15,0  

 

6.2.      
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 ’  (  
   

   
   

’ ): 
-   ;  
 -    

 ;  
-    . 

 
 
 
 
 
  23,0  
  20,0  
 
  15,0  

 
        

0,9. ,  ,      
    ,     

 .       
  ( ,     

),       
,    ,  .   
    0,9. ,    ,  

,   ’    . 

6.4.2.      

       
   -  ,    

     ’ . 
  ,       

 -    
( ),       

 ’ ,    
    ,   

      
    .  
       

 .  ,    
   -   „ ”. , 

    , 
       

  . ,  : DLM-9, 
DLM-20  W.G., .3301  Siemens  -3  
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" - ". 
  ,     
   - ’ ,  

   ’   .   
      , 

       . 
       
    . .  

 ,     .6.1,   
    ( . – ) 

 ,        
 ’   ( ,  )  

’ .      ’  
      
       

  .  
     

.       
     600 ,  1020 

        10  (  
)   5  (  ).  

      1000 ,   
      .    
       

      600 . 
     – 10 .    

      
       

 .  
 ,    (  ,  

      ), 
   .  

  /     
    .   

     
     600 ,  1020 

        10  (  
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)   5  (  ).    
    0,5%     

       
 60 .       

      600 ,   
       1020    

 300 – 3400 .     
     20 – 30 .  

      1020   
     .  

       
     .   

/ ,     , 
   

/  =  - ,                                       (6.3) 
    –       1020 

,         
, ;  

 -      
    , .  

.   ,     
  / .  

   ( ).  
,  ,    ,  

   -  .91,  . 
        

  600 ,  1020     
    10  (  )   5  (  
).     ,   

    20-300 .   
    .    – 

20 . 
      

,     -  .71, 
 .      

     600 ,  1020 
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        10  (  
)   5  (  ).     

    600 ,     
,       . 

       
 .    – 1 

.   ,    
     (     

,         
   ).     (  ) 

      ,   
  .  

     
 ,     -  

.62,  .      
     600 ,  1020 

        10  (  
)   5  (  ).     

    600 ,    ,  
 13  ,     . 

,       13   
   .  

  – 1 .   ,  
      

  (     ,   
        ). 
    (  )     

  ,     
 .  

 -    .   
     4   

  100  3000 .   
 – 2000 ,    –  5 .  

      
 600 . ,      

      
    ,  
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         -

.   -    
      .  

    ,  
,   ,   -   

:    –  -   ;   
 –  -    . 

        
  .  -   

 -  (       ),  
    - ,     
  .    

    -    
  .   

 – 20 – 25 .  
  -     

  ( ,  )    
G 122 - . 

 -    .  
-         

 .  :  -  
   .  - ,  

   ,     
,       

 9 ,     – 30 . 
  -     

     - . -
,    10     

 - ,  , . 

     

1.      . 
2.       

 ? 
3.       

   ? 
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4.        
 ? 

5.    ,  ,  
 ? 

6.      ? 
7.     (Network 

Analyzer). 
8.       

? 
9.    ? 
10.       

 ? 
11.        

  ? 
12.       

  ?  
13.       

     ? 
14.        

(Optical Loss Test Set, OLTS)? 
15.        

 ? 
16.      (Optical Time 

Domain Reflectometer, OTDR)?   
17.       

 ? 
18.       . 
19.       

? 
20.       ? 
21.       

 ? 
22.   -   

 ? 
23.      

? 
24.        
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( )  ? 
25.         

 ? 
26.    NEXT    

  ? 
27.        

? 
28.         

 ACR? 
29.      SRL (Structural 

Return Loss)? 
30.     ? 
31.        

 ? 
32.       

 ? 
33.        ? 
34.     ? 
35.      

? 
36.        

? 

      

1) . . .     
. – .: - , 1998.  4, 5  10.2. 

2) . . .     . - .: -
, 1999. 

3) . . , . . , . . . 
   . – .:  , 2002. 

 2. 
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     6   

6.5.      
 ( ),     PDH/SDH 

     
  ( ,    1),  

       
  .  

6.5.1.       

         
    ( , ,  
     ,  

   ,   ), 
     ,  

   ( ,   
   ). 

   ,  ,  
      

 ,      
    ( . . 6.16). 

 
 

 
.6.16.      

 
     –  
     ,   

  .      
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   ’        BER 
(Bit Error Rate)    .  BER  

        
-     . ,   

’  ,   ( ,  ) 
  -      

       p(t),  
    .   p(t) –  

 ,    .  
       

,   

( ( ))  ( )M p t p t dt ,         

( ( )) ( )
t

M p t p t dt   .                                                                 (6.4) 

      
  [t1, t2],    /   

    M(p(t)) , ,  
      

    .  BER, 
   [t1, t2],    

,         
. ,        

p(t),  
             

BER = M(p(t)) = BITSerr / BITS  ,                     (6.5) 
 

 BITSerr  -  ,     [t1, t2]; 
BITS   -       . 

 ,     
  ,      

  ,   BER.   
     ,   

,  ,    ,     
   ,  ( )  , 
       RATE. 
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 BER –      
    ,     

       
    ,       . 

,    ,      
 ,   .  

    ,   ,  
    ,      

,   ,     
  , ,   .  
  (6.5) ,      

,     BER    
      

p(t).        
p(t)       , 

    ,    
   .    

,      
  ,        

   BER.     
     ,  

    .   
 /       
,      . 

6.5.2.       
     

      
   –      
     . 

    ,   
       

,         
   . ,    
      

        
    .    
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 ,   ,  

  , .    
   BER. ,  

        
       

. 
      

      
.        

    ,   
  ,      

.       
  ,    

 ,    
,       

         
    .    

       
BER   ,      

,         
 .       

          
 CRC,    CRC ERR,    

        
 .     . 

       
 (      ),   

        
     ,  

      
.        

       
   ,      

        
  ,    .    
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  ,   , ,  
,      

    .  
  ,     

     .     
      
     ,  

    BER     
 . 

6.5.3.      

        
  ’  ,    : 

1)   /   – AS, 
AS(%), UAS, UAS(%); 

2)      - BIT ERR (  
 BIT), BER (      RATE);  

3)      – ES, EFS, 
ES(%), EFS(%), ESR, SES, SES(%), SESR; 

 4)      – EB, BLER, 
BBE, BBER;  

5)    CRC - CRC ERR, CRC RATE; 
6)    - CLKSLIP (   

SLIP), CLKSLIPS (   SLIPS); 
7)       – DGRM,  

DGRM(%); 
8)   ’   - LOSS; 
9)       – 

PATL, PATLS. 
      -  

(ITU-T) G.821, G.826, M.2100  M.2101. 
      
  . 

      
  .      

 . 
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6.5.4.  /    

1) AS (availability seconds) –    [ ].  
 ,      

   ,     
’    : - ,   

    ; - , 
      ;  

- ,   ,   ( , 
    ,      
 ),     
 .  ,    G.821 

    ,     
  ,     

   . ,     
 ’  ( ,      

)     ,  
   AS. 

2) AS(%) (availability seconds, percents) –   
  [%].  –    , 

     ’  (   
   ).     

      , 
      ,   

  ,     
  ’ . 

3) UAS (unavailability seconds) –    
[ ].  -  ,    

     , 
        :  

      ;  
       

;     ,  
 ( ,     ,  

     ),    
  .  ,    

G.821     ,    
   ,     
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   ,     ,   
  . ,     

 ’  ( ,      
)      UAS,  

   AS,     
: 

 
 = AS +UAS,                                        (6.6) 

  –   ’  (  ). 
 
4) UAS(%) (unavailability seconds, percents) -   

  [%].  –    
,      ’  (  

    ).  
,    AS(%),    

  .   
: 

 
AS(%) + UAS(%) = 100%..                                                          (6.7) 

6.5.5.     

1) BIT ERR (bit errors)   BIT –   
 [  ].  –   

 ,       ’  (  
   ).   

        
  AS. BIT –    ,   

  BER. 
2) BER (bit error rate)   RATE –  

  (   ,   
 ) [  ].  –    

  .     
     ,    

      ’  (    
   ).     

   .       
,   BIT ,   
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    UAS ( ,  
    ).   

     ( ,  
      )  

     .   –  
  ’ . 

6.5.6.     

1) ES (errors seconds) –    [ ].  - 
  (   ),   

     ,    
 . , ES –     ,  

      AS.   
,       UAS,  

. 
2) EFS (error free seconds) –     

 [ ].  -   (   ),  
    ,  

   . , EFS –    
      .  

 ,       UAS,  
.   :  

 
AS = ES + EFS.                                  (6.8) 

 
3) ES(%) (errors seconds, percents) –    

 [ ].  –     ES,  
    ’  (   

   ).   
  . 

4) EFS(%) (error free seconds, percents) –   
    [ ].  -    

     ,   
   ’  (    

  ).     
.   : 
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AS[%] = ES[%] + EFS[%].                               (6.9) 
 
5) ESR (errors seconds rate) –     

  [  ].  –   
   ES      AS. 

,  ESR    ES[%],   
  .  
6) SES (severally errors seconds) -    

 [ ].  -      
,        AS. 

, SES –   ,   ,  
        ,   

.    ,    
   UAS,  .      

  G.821  SES   , 
 BER> 10-3.  

       , 
   ,  ,  

  ,       
 30%   . 

7) SES(%) (severally errors seconds, percents) –   
   [ ].  –    

  SES,     
 ’  (      

).     . 
8) SESR (severally errors seconds rate) -   

      [  
].  –      
 SES      AS. , 

 SESR    SES[%],     
. 

6.5.7.      

1) EB (error block) –    
[  ].  –    

   ,      
 ’  (       
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,        
    ).  

 ,         . 
       
     AS. EB  –    

,     BLER. 
2) BLER (block error rate) –    

(     ) [  
].  –     

    ,     
     ’ .    

      ,   
  . 

3) BBE (background block error) –    . 
 –   ,  ,       

    (  SES). ,   
 ,     BER  ,    

10-3,      ,   
 30%   . 

4) BBER (background block error rate) –   
  [  ].  –  

        
 ,        

  ’ .        
,     ,    
  SES,  . 

6.5.8.   CRC 

1) CRC ERR (cyclic redundancy  code error) –  
 CRC.  –  ,     

   ’       
      
 (CRC).     CRC ERR – 

    CRC   
     CRC   . 
 ,   CRC ERR    

,   BER,      
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 . -    CRC  ’  
’     ,    

      ,  
CRC-         CRC. 

 ,       
       CRC ERR.    

       .  
  CRC    

         
. 

2) CRC RATE (CRC errors rate) –   CRC  
 [  ].  - –   

 CRC    ,    
      ’ . ,   CRC 

RATE     CRC  . 

6.5.9.   

1) CLKSLIP (clock slips)   SLIP –  
  ( . – ) [  
]. ,     
 ,      
.  –       

       
     
      ’ .   

      .   
   SDH/PDH     
  ,    .  

      .   
  SLIP ’ ,   ,    

       (   
 ). , ,   

   SLIP  UAS,    
  ,    

         
. 

2) CLKSLIPS (clock slips seconds)    SLIPS – 
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  [ ].   –    
     

,        .  

6.5.10.      

1) DGRM (degraded minutes) –    
 [ ].   -      
  ,      
,        ,   

   ( ,   BER)  
 10-6.  ,   ,  

      (   
  ,    BER   

  10-6),    /    
 ,      ,  

     .  
       

DGRM. 
2) DGRM(%) (degraded minutes, percents) -   

  [%].   –    ,  
      ,  

  . 

6.5.11.   ’   

1) LOSS (loss of signal seconds) –    
[ ].      ,    

  .       
, ,      ’  

( . – )  .  ,  
’        

 .      
  ,      , 

     ’     . 
        

    (  ) ,   
’          

   . 
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6.5.12.      

1) PATL (pattern loss) –    
.      .  

2) PATLS (pattern loss seconds) –    
  [ ].      

  ,      
 . 

6.5.13.      
   

       
,       

  ,    
    ,   

 .      
( , ’   )  –    

 .      
    ,   

       
.  

       
   . ,   

     ,   
     1010.....10, 

         
    .    

  ,     
      

 ,     
,          

.        
     .   

    ,   
   ( , PRBS – pseudorandom 

sequence).  (   )    
   ,    

   . 
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6.5.14.    

    : 
1)   1111 .... 1111 (  ) – 

,  ,     
,      . 
,     1   

    (AIS); 
2)   0000 .... 0000 (  ) –  

,  ,   .  
       

   ; 
3)    1010 .... 1010 – 

    ,  
 ; 

4)   „     ”, „  
   ”, «     ”, „  

    ” –   ,  
     

      ; 
5)   FOX   „Quick brown 

fox”.        ASCII,  
    ,   

     .  
      16-   
,    : 

2A, 12, A2, 04, 8A, AA, 92, C2, D2, 04, 42, 4A, F2, EA, 72, 04, 62, 
F2, 1A, 04, 52, AA, B2, 0A, CA, 04, F2, 6A, A2, 4A, 04, 2A, 12, A2, 
04, 32, 82, 5A, 9A, 04, 22, F2, E2, 04, 8C, 4C, CC, 2C, AC, 6C, EC, 
1C, 9C, 0C, B0, 50. 

      
     ,   

 . 
      

   ,     
( , ,   f)   

 . 
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6.5.15.     

  ( )   
      

 .  ,     
,    ,    

 ,     , ,  
  . ,  , 

     , 
    ,   ,  

      , 
         

 .      
     ,  

       
        

 ,     . 
   ,    

 ,       
( ,  N-      

 L,     L       2N – 1)   , 
    ( , D15 + D14 + 

1 = 0).       
  ,   . 

       
      

-   : 
  „63”.  6-   . 

     
  ; 
  „127”.  7-   . 

      
  ; 
  „511”.  9-   . 

      
 ,  ,     ITU-T 

V.52; 
   „2047”.  11-   . 
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 ,    ISDN; 
  „2 15”.  15-   .  

    14  ,    
    .  

    PDH,     
  ; 

  „2 20”.  20-   . 
     ITU-T O.151. 

     14  . 
  „20ITU”.    20-   

.      „2 20”     18 
 . 

  „2 23”.  23-   . 
     ITU-T O.151. 

        
 SDH,       

. 

6.5.16.     BER 

    BER (   
  )      

  ( )     
   (  )     

  . 6.17. 
 
 

 
.6.17.     BER,  MP1   MP2  - 

  
 

         
      
 .       
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      ’ ,  
      :   

     ’   
   ,       

         
,      .   

       ,  
       ,  

   ,  ,  
     BER.  ,  

  ,      
      ’ ,   

   .     
 -  ( .  ITU-T O.151  ITU-T 

O.153)      . 
        

   L      
   ,    

  .    L  
    ( )  ,  

    . ,   , 
     .  

         
     (     

      ).    
    ,    

       .   
         ,   

     .  
       

   ITU-T O.151  ,  
  . 6.2.    .6.2,   

    (   
  34 /   )   

 ,      . 
         

     . 
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 6.2 
 ITU-T O.151     

 
 

, 
 

/  

 
, 

 
 

,  
 

 
 

 

 
  

 
  

f ,  
64 215 - 1 D15 + D14 + 1 = 0 1,95 

2048 215 - 1 D15 + D14 + 1 = 0 62,5 
8448 215 - 1 D15 + D14 + 1 = 0 257,8 

34368 223 - 1 D23 + D18 + 1 = 0 4,1 
139264 223 - 1 D23 + D18 + 1 = 0 16,6 

 
    ,   ,   

  f    .  
      

 f  ,  ,   ,  
         

,       . 
   ,     

    .   
  ,     

    . 

6.5.17.    BER   
        

 

      BER. 
      ,      

    –   
     . 

    ,   
      

  . ,   
      1%.    
      :  = 1/ 

 N,   N –    .   
   BER   ,   
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 1%,         
   ,     104 ,  1/ 

 104 = 10-2,  1%.       10%,  
        

,     ,     102 ,  
1/  102 = 10-1,  10%.     

     BER – 
   .   

  ,      
   . ,    

 , ,  ,      
 . 

     BER  
    ,    

 .  ,     
,    ,     

      .  , 
,         

106  .        
     BER.   

   ,  ,   . , 
, ,     106    

   .  ,    
   BER    

  ,       
   .    

,       
    ,     

  ,    106  ,   
   10-5.    (  
  )     

 .   ,     
  ,   ,  

         
 ,       
  BER     

  .     
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,    . 6.3. 
,   BER   

 1 ( ,    ,   
2,048 / )   120 .     

 200  .   ( )  
      

200/(2048000  120) = 0,815  10-6. 
 6.3 

     BER 
 

  
    

  

    
  BER    

 (  )   
  : 

 70% 90% 95% 
2 1,8 2,6 3,2 
5 1,4 1,85 2,1 

10 1,25 1,55 1,7 
20 1,16 1,35 1,45 
50 1,09 1,2 1,26 
100 1,06 1,15 1,18 
200 - 1,1 1,12 
500 - 1,06 1,08 

 
         

    95%.   .6.3  
,      „200”,   

 „95%”    „1,12”   
      BER,   

0,815  10-6.  ,     
BER = 0,915  10-6   95%. 

6.5.18.    ES   
      

 ES,    ,     
       ,  

    .  , 
     ,    

.       
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 ,       
(  AS),     ES,  

’       , 
       (  
  EFS)    EFS = AS – ES,   
     .   

     ES –   
 -    ,    

 „  ,  ”  
„    ”. 

-    „    
”      ,   

    -  .    
.6.18      

,     .  
 

  

 

 

ES ES ES

ES ES

ES ES

ESES

ES=5

ES=4
.6.18.    ES 

 
,  , ’        

.     
  „    

”,       
  ,   , ’    

     .     
       

  ES (      
.6.18). 

       
      

,       -  
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  ( ,     
 ).     ( . 

  .6.18)     
,     ,  . 

   ,    
      

,   .   (    
  .6.18)  „  , 
 ”   ,  

     . ,  
  ,  , 

    .    
    ES   

  ,     , 
     -     . 

      (   
  - ),       

   . 
 ,     .6.18,     

    .     
 ES ( ,   )    

       
       . 

         
      ,    

   ES     
 20%. 
       .  

 –      ,     
        
. 

6.5.19.       
      

       
      

     (CRC).   
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     .6.19. 
 

 

10101...

  

   
   
,   

   

10101...

 

10101...

 
.6.19.         

     
 

 ,       
 ,  ,  ,  , 

      
      ( , , 
)     .  

    ,   
    „  ’ ”.   

        
 .   ,   

 ,    CRC- .  
 -   CRC    .  

   ,    
 ,       

 ,   16   .   
        

        , 
    4+ 1 + 1 (     

  10011)     16 + 12 + 5 + 1 
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(       10001000000100001)  . 
..     .     

    .   
,   ,     

  ,   .   
(       ) 

    .      
         

   .  ,   
    ’      

,        
     .    

       
        ,     
.       

  ,      
.         

       
 ,     

.  ( ,     
)       

 . 
       

   CRC,    
  CRC ERR   BLER.    

 –       
   . ,  ,    

   ,    
       . 

, ,        
        

 .      , 
       .    

 ,  ,      
   –    .  

,       ,    
     .    
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    .  , 
 ,      ,  

        
. ,  ,     

  . ,     
  ,      .  

  .  ,  CRC  
    ’    

,         
     . 

    BER    
 ,     CRC ERR (  

  BLER)     . 
    CRC    
     ( ,   

 )       
( ,   ).   

 ,    CRC,   
      . 6.4. 

 
 6.4 

  ,    CRC 

   
 

 
 

  
 

CRC-4 4 +  + 1 4   1 
 

CRC-6 6 +  + 1 6   DS1 

CRC-16 
FCS 

 
16 + 12 + 5 + 1 

 
16 

,  
 

: HDLC, 
V.41, ISDN, Frame 

Relay 

CRC-32 

32 + 26 + 23 + 22+ 
16 + 12 + 11+ 10+ 

+ 8+ 7+ 5+ 4+ 
+ 2 +  +1 

 
32 

,  
 

: SMDS, 
LAN 
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6.6.     
,        

   (  ISDN  xDSL) 

6.6.1.    xDSL 

6.6.1.1.     xDSL. 
     xDSL,  

        
   PDU  xDSL,   .6.20.   

 xDSL       
 .     

       
     ( ,  

 45.005-98,  45.008-98,  45-033-96,  45-055-97). 
          

      
   .    

    ,    
  xDSL. 

 

TE

 
/

xDSL

/
 
 

/
 
 

/
 
 

/
 
  

/

xDSL

 

 

xDSL

 

 

TE

:   TE (Terminal Equipment) -   
.6.20.        

 PDU xDSL 
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  xDSL    ,  ,  

,       
     .  

        
     

        
xDSL- ,          

     ,  (  
) . 

 xDSL     ,   
        2 /   

.        
  -  G.703,   

     1,  
        ,  

   ,      
,       

(   ). 
6.6.1.2.    xDSL.  

 xDSL       
,       

 ,        
  xDSL   xDSL.  
       

  ( ,    ),  
     xDSL . 

1)     xDSL. 
    : 

-     xDSL  - RL (Rate line); 
-     ,    

       ,   
      ’  – RC 

(Rate channel).  
 6.3.     xDSL-   
      ,     

   xDSL      , 
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       . 

 6.4.       
 xDSL,   ,     

 ,       
. 

RLAD -       
    xDSL  ( ,   ’   
 ),    /  (bps – bits per second). 

RCAD –       
    xDSL,    / .  

RLAR -       
    xDSL  ( ,   
   ’ ),    / . 

RCAR –       
    xDSL,    / . 

2)  ,  . 
ES-L (Errored second – line)  –     

   xDSL     
 ,        

,        . 
,       

 CRC (Cyclic redundancy check)    
        xDSL.  

,  CRC   F0B816.   
     , 

   xDSL.  ,   ES   
  LOS (Loss of signal,  )  ( ) SEF 

(Severely errored frame,   )  ( ) LPR 
(Loss of power,  ). 

  6.5.  LOS, SEF  LPR   ITU-T Rec. G.997.1. 
ESR-L (Errored second ratio – line) –    

  ,      xDSL 
   . 

FECS-L (Forward error correction second – line) –  
     xDSL   

    ,    
          . 

273



,       
       
     FCS (Frame check 

sequence)  CRC. FCS      
  ISO/IEC 3309.     

 x16+x12+x5+1.      
  ,    

xDSL. 
 6.6.  FECS      xDSL. 

SES-L  (Severely  errored second – line) –    
   xDSL     

  ,        
,        . 
   –   ES.  

  18       
  ,    

xDSL.  ,   SES   10    
   LOS (Loss of signal,  )  ( ) SEF 

(Severely errored frame,   )  ( ) LPR 
(Loss of power,  ). 

SESR-L  (Severely  errored second ratio – line) -  
    18   ,   

   xDSL    . 
ES-LFE (Errored second – line far end) -    

   xDSL     
  ,       

,        . 
      –  

 ES –L.  
ESR-LFE (Errored second ratio – line far end) -  

    ,    
  xDSL    . 

FECS-LFE (Forward error correction second – line far end)- 
      xDSL  

    ,   
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.       
 –   FECS –L.  

SES-LFE (Several error second – line far end) -  
     xDSL    

   ,     
  ,         

.       – 
  SES –L.  

SES-LFE (Several error second ratio – line far end) -  
    18   ,   

   xDSL    . 
3)    .  
LOSS-L (Loss of signal second - line) –    

   xDSL     
  ,       

    ,     
. 

 6.7.       2,5  0,5    
   .       

10  0,5       .  

UAS-L (Unavailable second – line) -    
   xDSL     

 ,       xDSL 
    .  
 6.8.  xDSL      

,   10       ES  SES.  10 
      UAS.   xDSL  

     ,   10   
     ES  SES .  10    

 UAS. 

LOSS-LFE (Loss of signal second - line far end) -  
     xDSL    

   ,     
      ,   

  .  
UAS-LFE (Unavailable second – line far end) –  

     xDSL    

275



   ,     
  xDSL    . 

4)   . 
CV-C (Code violation– channel) –    

    (   ,   
 xDSL)        

    ,  
    CRC.  

FEC-C (Forward error correction –channel) -  
        (  
    )  

   .  
CV-CFE (Code violation – channel far end) -   

      CRC  
   .  

FEC-CFE (Forward error correction – channel far end) - 
       

  (      
)     . 

5)    . 
DGRM (Degradion minuts) -    . 

   ,     xDSL 
   ,    

    ,   
 SLA.  

MTTRmax  -      
  xDSL.   .  

6.6.1.3.      xDSL 

       xDSL  
         
    ,   
    , ,  , 

     ,    
       

   (PSTN). 
     xDSL-   
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 ,      
     . 
 6.9.   ’      

    ,     
 ( ,       

     ,  
   –  ,    
    ,   ),    

  . 

,        1 
       
 xDSL. 

     ,  
      xDSL,    

 ’          
 .     

    ,   , 
     

 .      
 .45-81-97 «     

      », 
     xDSL  

  ’ ,    
   . 

      
  xDSL       

    (HDB3, 2B1Q  CAP) 
,    . .   . .  

„    ”. – .: „ - ”, 2006. 
   xDSL  

  ESR  SESR,    
       

.         -  
G.821      xDSL. 

       
ESR  SESR   xDSL.    

      15 ,  
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.      

  . ,    
       1 . 

       
xDSL   . 6.5.  

 6.5  
     xDSL 

    
ESR SESR ESR SESR 

0,018 0,0003 0,009 0,00015 
 

     .  ES 
 SES     ESR  SESR  

     xDSL  ,  
 UAS  . 

  G.821    ESR < 0,08,   SESR< 
0,002    ISDN- ’ .   

        
’ .       

: ESR < 0,012, SESR< 0,0002.     
    : ESR < 0,006, SESR< 0,0001. 

  xDSL     ESR  SESR  
   ,  ESR < 0,018, SESR< 

0,0003.   
   ESR  SESR   

    G.821     
   . 

6.6.1.4. , ,      
 xDSL 

      
 xDSL,      .6.5, 

    : “ - ” 
   .    

 xDSL    “  – ”  
     .  
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“  – ”,     ,    
     

.  
 6.10.      “ - ”  

    :     
   ,     
,       . 

       (   
    )     : 

   . 

      
 ESR  SESR.     

    xDSL.    
    LOS, SEF  LPR, 

       
  ESR  SESR.    
    ESR  SESR   

  – 15 .    
        

  ( . . 6.5). 
 6.11.      

 ,       
  xDSL,   12  14    . 

      
      ,  

  . 6.6.  
 6.6 

 
  

( /   
  ) 

 
  

 ’  

 
  

  
FECS-L N M M 

FECS-LFE F M O 
ES-L N M M 
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ES-LFE F M O 
SES-L N M M 

SES-LFE F M O 
LOSS-L N O O 

LOSS-LFE F O O 
UAS-L N M M 

UAS-LFE F M O 
CV-C N M M 

CV-CFE F M O 
EC-C N M M 

EC-CFE F M O 

 6.12.   –  ’   .  – 
  (   ’ )  .  N -  

  xDSL. F –    xDSL. 

      
    xDSL. 

     
        

     
   “  – ” .    

      
 .    

  . 6.6   .  -  
   ( ,    

)     – 900 . 
     xDSL  

 ,        
    ,   . 6.21. 

      xDSL,    
  .6.22 ( ,     

  - 510      xDSL, 
     -  G.992.3;  

 G.992.3       
 1024 ),      

   xDSL    
       ICMP-
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.  
 

xDSL
SAP1

MP1

 

SAP2

MP2 MP3
MP4

xDSL

 
. 6.21.        

 xDSL,  SAPj   -  j-      ;  - -  
   

 
7E16    (Opening Flag ) 
FF16   (Address field) 
O316   (Control field = UI frame) 

 
 

  510  

FCS Frame Check Sequence (  ) 
FCS Frame Check Sequence (  ) 
7E16    (Closing Flag) 

 
. 6.22.   xDSL 

 
     SAP1  SAP2 ( . .6.21) 

    ,       
   ,    
  ICMP-     

 . 
       

  –  ,      
    (    -

   xDSL)   “    – 
 ”      ’   

    ’ .    
        SAP2 

  ( ,    
 )  .6.21    
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  (     )   
       (  . ., 
    ICMP- )   

 -    –  
.  

      
  xDSL     
  ,     

   .   
     

 xDSL      
.  

6.6.2.     BRI ISDN  

6.6.2.1.   . ,   
      

        
   (      ).  
        

 ISDN (Basic Rate Interface, BRI).   
  BRI ISDN ( . .6.23)    

     (Terminal 
Equipment, TE)     (Line Termination, 
LT),       , 

       
 –     (      64 

/ )     D (   16 / ). (  
  BRI ISDN  .6.23  ).    

,       
(Network Termination, NT) –       

  ,    ’   
 U      S  .  

       
ISDN (        

), ,      BRI 
ISDN         

  TE  NT ( ,   S),       
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 NT  LT (    U ).  
 

 
.6.23.      BRI ISDN 

  
 S.      TE  NT 

  S.   S   
       

 TE (  . .,     TA),  
    ( ,   

 ,     
 ).   S       

  TE.    TE   
,     .    S 

(    TE) – 1000 .    S 
  -    

  ( , -     , 
      ,   
  -    ). 

   –  (    – 
):    /   (   

  ’    INFO 0 – 
INFO 4),     /     

  ’ .    
 – 250 .    ,   

  – 48 ,     –  1,    – 
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 2,    –  ,  12  – ,  . .  
   . 

 U.      LT  NT 
  U.     U    

  ,        
 ,   „  ”,    

    .   U   
.       –  . 

  ,    U     
       3– 5,5 ,   

     1500 .    
  U       

2B1Q (    4B3T   Up0).       
        S,  
       /  , 

    /      
 ’ . 

 ISDN    
 .    

,  . .    ISDN,    
  8. 

6.6.2.2.    .  
       

         
     ( . .6.24). 

   .6.24,     
      

        
   : 

1)     
 (  ,      

       
      ,   

       
  ISDN); 

2)       
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,      ISDN   
     ; 

 

 
,  

 

 

 

 

 

 
BER

 -

 

 
 

  
  

 
  

 ’  

 
  

153

  1

  2

  3

  
, 

,   
 

 

 

 
.6.24.       BRI ISDN 
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3)  ; 
4)  . 

 6.13.         BRI 
ISDN ’ ,   ,      

       OSI.  
 .     ISDN,    

  8. 

     
      (  

  S ,     U): 
     S. 

    . 
     S.  

   .   
      . 

          S,   
  U.  .    

  . 
   S.    

  .      
          

  . 
    S.   

   –    S. 
     100 .    

( ,   Aurora Profi)   
,     LT     NT 

   U,  ,      
   S.    S  

      . 
      U.  

         
 U        

 .      
     6.3.1  6.3.8  . 

       
     U.   
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  NEXT   FEXT     
      

 (     – 2 )    
.       6.3.4 

 .   
      U.  

    ( )    .  
      -   

,      
     ,  

   .  
    6.3.2  6.3.8  .  

  ,     
   ,   ( . 

.6.18): 
-  ,     ,  

          
      (    

     
   LT,     

 –       
„  NT –  ”); 

-  ,      
          

 BRI; 
-  ,     

      
         

 BRI; 
- BER- ,  ,     

   BER.     
     6.4.1  ). 

 

6.6.3.     ISDN 

6.6.3.1.   .   
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    144 / ,  .   
      . 

,       
   (PSTN) -   

 (PBX)   500   ,     
  ’   ’    
,       .   
       

ISDN (Primary Rate Interface, PRI). 
  PRI ISDN -    ,  

     64 / ,     
D   64 / ,     

    30  + D. 
    ’     

      
 1920 / ,       D  

   . 
     PRI ISDN 

  .6.25. 

 
.6.25.      PRI ISDN 

 
   PRI     

  1   ,    
   -31. ,    

          
 1,      (TDM)  

-  TS1 – TS30  30   ,  -  
TS31    D,  -  TS0   

    FAS (Frame Alignment 
Signal).   .6.17  .6.25,   

,   NT  LT     
    -31,  

   U 2     1 
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(   2048 / )     
 ,      

  1    
 ’  (     ).  

    – 1800 .    
(   ) – HDB3.  TE  .6.25 , 

,   (PBX). 
 S2     PRI    „  

– ”,    -31 ,  ,  
 PBX.     S2    

   . 
  PRI    ISDN  

    ,    
   /   (   

     BRI).  
 PRI ISDN    

    .   
  ,  . .    ISDN,  

    8. 
      

,  ,      
 .     

       8. 

6.6.3.2.      

      
  (   ),   

  ,   
     ’ .   

   ,  ,  
    . 

         
 6.1  6.2  .   
,         

  -31.    
     1.    
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 6.4.     
  1   [5]. 

6.7.      
       

      
     

(   -60, -120, -1920  . .)    
     .     

   .     
       

        
  80-  ,    

 ’ ,    [6].  

       

1.    BER. 
2.        

   –      
     ? 

3.    /  
. 

4.      . 
5.       . 
6.      CRC.   
7.     . 
8.        

. 
9.     ”  .   
10.        

. 
11.       

      
. 

12.      BER (  
   ). 

13.         
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   . 
14.      

 BER. 
15.       

BER. 
16.      

 ES. 
17.       

       
. 

18.    ,   
 CRC. 

19.       xDSL. 
20.    xDSL,   . 
21.       xDSL   

  ? 
22.  ,  ,     

   xDSL. 
23.       

BRI ISDN. 
24.        BRI ISDN. 
25.    BRI ISDN  

? 
26.       

PRI ISDN. 

          

1) . . .     
.  – .: - , 1998.  4, 5  

10.2. 
2) . . , . . , . . . 

  . – .:  , 2002. 
 2. 

3) . . , . . . «  »  
 . – .: - , 2001.  3. 

4) . . , . . .   
 . – .: „ - ”, 2006. 
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5) . . .    .  
1.  E1, PDH, SDH.– .: - , 2000.  2, 3, 4. 

6) . . , . . , . . .  
 . – .: , 1980. 
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 7    
     

 
  : 

  
7.1.       
7.2.   ,    
7.3.        

   
7.4.     
7.5.       

 
 .    Frame 

Relay   xDSL   
7.6.        

    Frame Relay 
7.7.       

     Frame Relay  xDSL 
     

7.1.      
 

     , 
  ,      

  ( )  ’  ,   
.7.1. 

        
    :  

DTE (Digital Terminal Equipment) –   
; 

DCE (Digital Canal Equipment) –   ;  
MP (measurement point) –  . 
DTE,  ,      

 ,        
   ,      

 . ,  DTE    
  ’      

. 
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DTE  
(   1) DCE  

(   2)

 1  2  3  4
MPin
MPegr

MPin
MPegr

MPin
MPegr

MPin
MPegr

MPin
MPegr

MPin
MPegr

MPin
MPegr

MPin
MPegr

5 6 7 8

 
(   1)

 
(   2) DTEDCE

i –   j –   

 
(Backbone)

 
.7.1.      , 

 MPin –     ;   MPegr –  
    

 
DCE –    ,  , 

 ,   ( ., – ) 
     

   . ,  D E 
       NT  
 ISDN    FRAD (Frame Relay Eccess 

Device)    Frame Relay . DCE    
        
   ’  ( ,    

),        DTE 
    . ,   

    (DCE)   
,     –   

294



      (DTE) 
    DCE (  1)   

   DCE    , 
      

(  2).        
 2,       

- ,   ,    
   ,  

      . 
 1    ,     
    ,     (  

 ,     ). 
      

   –   „  – 
” (    )   „  

” (    ).   
      (measurement point, MP). 

   – , - ,    
     ( ,  

  DTE  DCE      
     ),  - , 

     , 
    . ,  

  MPin ,      
     (PDU, Protocol Data 

Unit),   MPegr ,     
.  

       
„  – ”      

,          
MPin   MPegr,    ,    

       
.    , 

        , 
 ,     

    ,   
  ,      
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 . 
   ,     

   ,   
   . , ,  

      (  
 ),     ’   

( ,  DTE),        
       DTE,   

     
,   DTE.     
  .7.2. 

 

 
.7.2.       DTE 

 
       DTE,   

   DTE  DCE (    DCE),   
 DCE        DTE 

(    -      
’ )         

  DCE  . 7.3. 
 

DTE DCE

 
RS - 449

           

                
 

.7.3.        DCE (    
DTE) 
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     ( , DTE + DCE + 
  )  ,      

( ,        ,    
DTE  DCE     ),   DCE 

  ,       
( ,      ),    

 DCE    ,     
. 7.4.  

 
.7.4.       DCE  (     

) 
 

        
,       
  ,      

   ,      
,         

  ,     .7.5. 
  

 
.7.5.     

 
 , ,  ,  . 

,       
,        , 

        
,        DCE 
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,     . 7.6.  
 

.7.6.         
     

 
    ’     

 ( )    DTE  
DCE.     .  ,   

,     ,  
        
,       
. 

7.2.   ,   
 

    , 
 ,       

   (PDU).     
    ,    
      , 

   .    
 -     (   

       
 ,   ,     -  

  )   PDU.  
  „PDU”      

,     ( ,  
„FR”), ,        

 PDU (      Frame 
Relay). 

   ( )  ,  
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 -  ,     

      .  

7.2.1.     PDU (PDUTS) 

PDUTS (PDU transfer speed) – ,   
  PDU   . 

     PDU   
  (measurement point, MP),    

   .    PDU,  
  :   ,    . 

       
      PDU.  

   ’ ,     -  
    ,   

( )   ,     
“   ”. 

PDUTS` –    PDU  
 .      

PDU   ,      
      

 min.    min     1 . 
PDUTS`

max -    ( ,  
 ) PDUTS`.     
  . 

PDUTS0 -       
PDUTS`.    0    

   (service level agreement, SLA)   , 
 ,   1 . 
PDUTS0

max -    ( ,  
 ) PDUTS0.     

 . 
 7.4.      

      1 . 
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7.2.2.      
    

 (Committed Burst Size) –   ,  
    ,    

     . 
Be (Excess Burst Size) –   ,  

    ,   “   
” (    )  

    . 

7.2.3.    PDU (PDUTD) 

PDUTD (PDU transfer delay) – ,   
 PDU       

      . 
 7.5.       

        .  

PDUTD0 -       
PDUTD.       

 PDUTD   10%   10% 
        

.     PDU,   
  :   ,    

.  
PDUTDmax -    ( ,  

 ) PDUTD0.     
 . 

P (PDUTDmax) –  ( )  PDUTDmax. 
       

PDUTDmax       
PDUTD0    . 

Pmax (PDUTDmax) -     
  PDUTDmax.     

 . 

7.2.4.    PDU  (PDUDV) 

PDUDV (PDU delay variation) – ,   
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   PDU  PDUTD0    
        

 . ,   k-  PDU   
  PDUTDk ,   

 
PDUDVk =  PDUTDk  -  PDUTD0  .                                          (7.1) 

 
PDUDV0 -       

PDUDV (    ).    
    PDUDVk    

10%   10%      
   .   

   PDU,     
:   ,    .   

PDUDVmax -     PDUDV0  ( , 
     PDUTD  

PDUTD0).      . 
P (PDUDVmax) –  ( )  

PDUDVmax.    PDU    
PDU,         

,      PDUDVmax . 
Pmin (PDUDVmax) -     

(PDUDVmax).      . 

7.2.5.   PDU     
(PDULR) 

PDULR (PDU loss ratio)   –   PDU. ,  
    PDU      
       

.      
 (  . ., ) PDU    
 PDU     .  

PDULR0 -       
   PDULR . 

 7.6.   ,    ,  
 . 
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PDULRmax -      
       

PDULR0 ( ,    PDULR0  
     ).  

    . 

7.2.6.    PDU    
 (PDUSLBR) 

PDUSLBR (PDU severe loss block ratio) -    
PDU. ,      PDU   

        
  .     
   (  . ., )  PDU  
    PDU      

 . 
 7.7.        Ts.  

   PDU   Ts   s1,   PDU  
  ,    PDU  . 

PDUSLBRmax -    (  
 ) PDUSLBR (    Ts   s1).  

  . 

7.2.7.    PDU (PDU ER) 

PDUER (PDU error ratio) -   
 PDU. ,    PDU, 

        
       

.    -  
     PDU   

   ( ,  ,   
 PDU).      
  PDU     

PDU     .   
PDUER0 -       

   PDUER . 
PDUERmax -    PDUER0 ( , 

   PDUER0   
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  . 

7.2.8.      PDU  (PDUSR) 

PDUSR (PDU spurious rate) –    PDU. 
,      

( ) PDU.      
PDU,       ,   

.   
PDUSR0 -       

   PDUSR . 
PDUSRmax -   (   ) 

PDUSR0 . 

7.2.9.     

 –    ( ,  
 , ,   -   

 ).    
  ,     . 

      PDU ,  
   ,   

,     .    
    PDUTS  

    .  
       

 ,    
PDU  .     

    ,    
  . 

 7.8.         
       (       

   PDU  ,        
    PDU). 

’  –    .  
       PDU 

( , PDUTS’)    (   , 
 ,  ,       
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’
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’ .    0    
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      .  
’

0max –    ( ,  
 ) ’

0.      
. 

7.2.10.      

       12.  

7.3.      
   

     ( ) 
,  ,    

       
 –   Frame Relay, ATM, Optical Ethernet, .25 . 
        

     / .  
 7.8.  .25     

   . 
       

   ,     
  . 

7.3.1.     

 .7.7      
     (PDU) 

      .  
    PDU,    , 

   ( )   ,  
      ’  
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 . 
 7.9.   „ ”      

,         
  - . 

 7.10.   „ ”  ’  (  ),  
 - . 

 

 
 

.7.7.      
 (PDU)    

 
       

      
 ’   “  – ” ("user-to-

user" connection)   “  – ” (“end-to–end"  network 
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     “  – ”  
’     ’    

       
       

 ( ,       
  ,   

    ’ ). 
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     “  - ” -  
       

,       
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   . 
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  (MP, measurement point) –    
( )        
( ,    ’    

 - ),       
 ,     .  

    (    OSI) 
        

     ,    
    ,     

,        
  ( ),    (DCE, NT 

)  ( )    (LT),    
      -  

     . 
  ,     

    -    
  ,   .7.8,   
       

  (network section ensemble, NSE)   
    (protocol data unit, PDU) 

       
 (NS0). 

 7.11.    PDU    
        
   ’ .   PDU   

   . 

 7.12. ,      
-   ,       

 . 
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 . 7.8      
(measurement point, MP):  1 – 4.    (   

        
 )  -     

   ( in i)  -     
   ( egr i),    –    

in i   egr i.   
 in     

 (ingress measurement point, ingress MP),   egr – 
   (egress measurement point, 

egress MP). 
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 ’      ,      
-  -    ; ESR -   /  
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      (    
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  ,      
 .      

,       
      ,  

     
.       

 PDU,       
 –   ,     NS   

  .  
       

   ,     
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  PDU  ,    
         

  .    
   . ,   

    ,   
   in i   egr i    

 .  ,     
  ,   ( )   

 OSI     
  .   
       

  6 ( ., , .6.15 ).  
   (measurement point, MP)  

        
,  ’    PDU   .   

.7.8      . 
    ’   “  – 

”      
 ,     1,   

    4 .   
 ’   “  - ”    
    ,  

   2,      
 3 .    PDU    

    . 
,       

  PDU     
   1     2.  

      2    
  1. 

       
 NS (  NSE)      

7.9. 
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MP1 MP2 MP3 MP4
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   ,     -  -    
; NSi, NSEi - -    (    
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 . 7.9 ,       
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 ’ . 

 7.13.       
      , 

         
 ’ . 

       
    .7.10.  

 . 7.10 ,        
        MP2  

MP3,         
,     ,  

      MP1  MP4 
   .  

       
 ’  (  - ):    

  MP1  MP4,      
MP2  MP3. 
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.7.10.      , 

 ESR -    /  (   
); P  -  -    

 

7.3.3.       

      
PDU    ,   , 

  “    
 PDU” (  -  ).    

 ,    ( ,  ) 
 : 

1) PDU  ,    ; 
2)       

 PDU (    )  
; 

3)        PDU  
. 

     : 
1)       PDU  

 -   (     
),   PDU,      

+1-   –    ,  
   ,   egr i,  

    ’     
     ; 

2)    PDU    +1-  
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  ,   PDU,   
 -      , 
  in i+1 ,     ’  

 +1-       ; 
3)     PDU    

+1-  ,   PDU,     -  
 –   ,   egr i+1,  

   ’    +1-    
  ; 

4)    PDU   -    
,   PDU,   +1-    

   ,   in i, 
    ’      

  . 
        

    -    
    ,   

’      . 
      ,  

,     ( ’ ) 
  (corresponding events). 

-    PDU,     
    ,  

    PDU ,     
 ,     “ ”     

        
 .  PDU   

. 
   (  -  

)       
PDU     .     

   Tmax,    
 PDU        

    .  
  Tmax –     PDU 

   .     PDU   
 Tmax,   PDU    ( ). 
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    Tmax,     
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7.3.4.       

        
   ,    

 PDU      
  ,       

.      
     ,  

      ,   
PDU    ,      

  (     )   
 (    )   . , 

,       (  
 )      

  PDU      
. PDU,     ,  

   ,   , 
  ( ),   ( ).  
     ,  

  .7.11,     
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1) PDU        
 : 

)   ,     
       t  Tmax,  
; 

)    PDU,     , 
     PDU (  

  PDU),   ( ) 
 ; 

)     PDU (    
)     ,     

  PDU; 
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        t  Tmax,  
; 

)    PDU,     , 
     PDU (  

  PDU),   ( ) 
 ; 

)     PDU (    
 PDU)       ,   

      PDU  ( )   
  PDU  (    

 PDU)   . 
3) PDU      ’   

: 
)    PDU,     , 

       PDU (  
  PDU),   ( ) 

 ,        
 ,     PDU; 

)      PDU,    
 ,      PDU (  

  PDU),   ( ) 
 ,    PDU     

   . 
4) PDU  ,     

 PDU,        t  Tmax  
      PDU. 

 ’        
 PDU     , 

       
      .  

       
    -   

 ,  ’     
’ ,    , NS  NSE. 

313



Tmax

Tmax

Tmax

Tmax

Tmax

 
k-  

 
k-  

 
k-  

 
k-  

 
 

k-  

 
k-  

 
k-  

 
k-  

 
k-  
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t �Tmax

MP1 MP2   
MP2

k–   
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;
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1)  
  k-  

;

2)   
  k-  

1)  
  k-  

;

2)   
  k-  

k-  
  

 
Tmax  
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     .      
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     PDU   ,   PDU  
 .   PDU    ,    

314



  ,     . 

      
PDU,     PDU      

,       PDU.  , 
 -    ,   

  PDU.     ,  
      ,   PDU 

 .   PDU   
,     PDU    

   . 
 7.15.       

    PDU  (PDU  severe loss block outcome).   
 PDU    ,      Ts 

     PDU     
      PDU     

   s1. 

7.4.     

     
     PDU  

  ,    
  ,      

     PDU,  
       . 

   ,     PDU, 
   ,      

       
,    ’ . 

7.5.     
   

      
        

    .  , 
     

.       
PDU,      (ingress 
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measurement point, ingress MP),      
       (egress 

measurement point, egress MP)      
( ,  PDU,    ,  
    . .).       

   .   
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   .  

      
  (   ,     

),        
 PDU        

      ,  
   ,    

    ,   
   .  

    .  
  PDU   .7.12.   

         
 ( )  PDU, ,   

    ,    
       

       ,  
   ,        

 ,    .  
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 PDU  L  ,  L = N  .  PDU 
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   .    

       .  
      
.      

  0 .  ( ) -   PDU  
         .  

     PDU,      
     N0,   : N0  =  0  

\ T. 
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    ,   

    ,   
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1)       

   ,   
  . 

2)        
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3)        
.         

       
,       

    . 
4)     PDU  ,    

        . 
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6)      PDU     
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  ,    PDU     
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7)        
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      .  
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   FRAME 

RELAY  xDSL  

        
      

      . 
 ,  ,    

         
   -  Frame Relay   

xDSL .  

7.6.     
     Frame Relay 

      Frame 
Relay (   - FR)    

  FR    
,        

 .        
  FR.    

 ,     
 FR,    . 

7.6.1.     

    FR-   
   FR-    :  

 ’   “  – ” (   
 FR-      

 ’   - )    
’   “  – ” (   

 FR-      
).  

     
    ’   “  – ” (  

   .7.13),    ’   “  – 
”.  
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 .7.14      
 FR   ’   „  – 
”.  ,       

       
 FRAD (Frame Relay Access Device)   

  EFS (Edge FR-Switch)  FR-
. 

7.6.2.    

1)      
 - AR, CIR, EIR, B ,  Be  .  

 AR (Access Rate) -     . 
AR –     ,   

        
( , AR –     ). 

,  ,      
   1 . 

     
   (   , ) PDUTS` 

       FR 
 CIR. 

CIR (Committed Information Rate) –   (   - 
, ’ )    ,  
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  CIR)       
SLA        ,   

         N 
 ( . .7.12).  

 
 

FRAD FRADEFS EFS
FR -

 '   „ -
”

UNI2(MP2)(MP1)UNI1

 
. 7.14.       FR 

  ’   “  - ” 
 

    PDUTS`   
 “   ”    

 FR  IR. 
EIR (Excess Information Rate) –  (  CIR)  

  ,     
       

CIR,    ’   “  
 ”.     

( ,   IR)   ,    
 CIR. 

2)     QoS  NP 
     ,   

  7,      .  
,     FR-   

 .   ,     
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,    .   
      ,   

   7. 
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,     6,     

“PDU“  “FR“,       PDU 
  FR. 

 , ,     
   ’    “  – 

”  “  – ”   . 
 ,   FR   

  . 
   

FRLRmax(CIR) –     
 ,       CIR 

( ,  ,       DE=0). 
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    .  
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    . 
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’
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  ). 
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 FRTD   CIR,   ,  
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     CIR (  ,  
 DE=0).        

  FRTD   10%   10% 
        

.  
FRTDmax(EIR) -     

 FRTD0,      
 FRTD   EIR,   ,  

     EIR (  ,  
 DE=1).      

  FRTD   10%   10% 
        

. 
    

(FRER)  
FRERmax –     
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    BLER  CRC ERR (   
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 .  
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7.1. 

 7.1 
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  DE=0 ( ,   
CIR),  

80 
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Pmax (FRTDmax) 
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FR LRmax (CIR) 
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 1 10-4 
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300 

 
    . 7.1   

,  ,     PVC- 
’   ,      

     -
,     FR.   ,   

    ,   
    8.  

    FRERmax     . 
 ,      

  FRER0     
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 FRTDmax  
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”. 
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PVC- ’        

 . 
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      FR   IP 
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    ICMP- ,   

        
 .  

      
  FCS (Frame Check Sequence).   

   FCS      
 ,    .   

 FCS        
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. 
      

  PVC- ’    CIR,   
       . 

    FRTD (CIR)   
    ,   FR 
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 . 
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  ’   FR   xDSL,  
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    FR-  
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   .  xDSL   

     (  2 / ),  
    FR-  (FRAD)  

   FR- . 

7.7.2.   
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      FR.   
      7.6.2. 
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      xDSL,  
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  .7.1  7.2. 
       

 xDSL,      
    ,   .6.5.  

       

1.         
  FR-   ? 

2.        
    . 

3.       
  - AR, CIR, EIR, B ,  Be  . 

4.      
 QoS  NP. 

5.        
      ’  

 “  – ”. 
6.        

   ’   “  – ”. 
7.  ,      

 FR- ’ . 
8.    ’   FR   xDSL, 

       FR-
.          

      . 

        

1) . . , . .  „   
 ”. – .: „ - ”, 2006. 
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8.1.         
8.2.       

         
8.3.       

      Frame Relay   
8.4.       

      xDSL 

8.1.     
  

        
     , 

    .    
       .  

       
  ,     

 , FR  xDSL     
  . 

8.1.1.     

    -   
   -    :  

 ’   “  – ” (   
 -      

 ’ )    ’   
“  – ” (    -

     ).  
     

    ’   “  – ” (  
   .8.1),    ’   “  – 
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 ,        
       

  ER (Edge Router)  -
. 

8.1.2.    

1)      
 - TS`,  TS`

max
 , TS0

max , B ,  Be. 
    

TS` -       
 .  ,  ,   

   -    1 . 
TS`

max -     
      .  

TS0
max  -      
    TS`.   

  (   )    1 . 
    

 -   ,   
      (  

      ’   
 ). 

Be –   ,   “  
 ”     

 (   ). 
 8.1.         

 (Service Level Agreement, SLA). 

2)      
 .8.1     

 -      
,      

    - . 
     .  

 ,     
      ,  

   6,     “PDU“  “ “, 
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(Protocol Data Unite, PDU)   IP. 
  

 8.1 
      

      -  
    

-  
(  NP) 

-  
(  QoS) 

/  
 

1. IPLRmax; 
2. IPSLBRmax; 

3. IPERmax; 
4. ’

0max( ); 
5. min 

1. IPTDmax; 
2. IPDVmax; 

3. Pmax (IPTDmax); 
4. PIPSAmin (PIA); 
5. TIPUmax (TIU) 

1. RPmax ; 
2. MTTRmax 

 

 8.2.        IP 
 :  ’   “  – ”;   ’   

“  – ”;      - . 

 8.3.  PIPSA      PIA,  
 TIPU –  TIU.        . 

   

LR (  loss ratio)   –   . ,  
          
       

.      
 (  . ., )     
      .  

LR0 -       
   LR . 

IPLRmax  –      
.  

SLBR (  severe loss block ratio) -    
. ,         
        

  .     
   (  . ., )    
          

 . 

336



 8.4.       
 Ts.        Ts 
  s1,       ,   

   . 
SLBRmax -    (   

) SLBR (    Ts   s1).    
. 

 
    

TD (  time delay)   –   . ,  
  ,     
        

 .  
IPTDmax -     

 .      
    .  IPTDmax 

       IPTD 
  10%   10%   

      .  
P ( TDmax) –  ( )  TDmax. 

       
TDmax        

IPTD    . 
Pmax ( TDmax) -      

  TDmax.      
. 

 
    

DV (  delay variation) – ,   
     TD0    

        
 . ,   k-     

   TDk ,   
 

DVk =  TDk  -  TD0  .                                                      (8.1) 
 

DV0 -       
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DV (      ). 
       

DVk    10%   10%  
       . 
     ,    

 :   ,    
.   

DVmax -     DV0  ( ,  
    TD  TD0).   

   . 
 

    
(IPER)  

ER (  error ratio) -    
. ,    ,   

        
     .   

 -       
.      

      
      .   

ER0 -       
   ER . 

IPERmax  –    ER0.  
 

     
AF (  availability function) –     

 .    
 ,      ,  
 ,     .  

 .      
    (   ,  
          

  )   
  av.  

 8.5.         
   . 
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      av.   
     LR0  ER0 (  
 ).       

  – 1  2.        av  LR0   
1    ( ) ER0   2,       

.    ( ,  LR0  1   
( ) ER0  2 )    av   . 

 8.6.         
 1  ( ) 2   . 

 ,      k1   
 av,    ,  k2  ,   

–  (        
  k = k1 +k2 ). 

P SA (percent  service availability) –  ( ) 
    .  

      ( ,  
,     SLA),   

  .    
   av,    ,  

   ,     
.  PIPSA      

PIA. 
 8.7.    P SU (percent  

service unavailability)      P SU = 100 – P SA. 

P SAmin -     
 P SA.  

T U (Time  service unavailability) –     
 ,       

 .  TIPU    
  TIU. 

T Umax –    T U. 
 

     
     ’  

   (       
):      
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      ( , 

 ,      
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       )  
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 ’ .       
 . 

’
0 –       

 ,      
  ’ .    0 

     SLA.  
’

0max –      
 ,    

 ’
0.  , ’

0max( ) –   
     .  

    . 
 

    
 

P(TN) -     
    TN.      

2860-94   ,      TN  
    .    

   ,   
        

  . 
MTBF (Mean Time Between Failures) –    

.      
       
   .    

 2860-94.     
  .     
  ( . ). 

MTTR (Mean Time To Repair) –    
( )   .   

     . 
    2860-94.   

   . 
MTTRmax –    MTTR.  

,  , . 
 -   .   

   ,  
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   MTTR  MTBF   
: 

 
 = MTBF/ (MTBF + MTTR).                                             (8.2) 
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 8.14.   RPmax    SLA. 
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8.1.4 ,      
 - ’   

      
       

,      5.  ,   
   -    
       

90%.    -     
’    ,    90%,  

    ,    
     .  

   IPER0     
   -     

 IPERmax.  
      

       

346



“ ”  ICMP- .   
    ,    

.8.1 (  ’   “  – ”)     .8.2  (  
’   “  – ”).    

         
 . 

,     ’   
“  – ”     (   ) 

   2 ( . .8.1)   
“ ”  ICMP-    MPegr 1,  

  SAP1.     
  ICMP- ,   

       SAP2  
SAP1,    MPin1,    SAP1. 

,      
     

 ER1,     2 –  
    ER2. 

 8.15.      
,     ,     

     ,  
    . 

   ’   “  – 
”   ,    SAP1  

SAP2 (    )   
  . 

       
    . 

       
,      5.2 ( .  5),   

 : 
1)        -    64 

; 
2)      N ( ,    

) – 100; 
3)      T –   

 6 ; 

347



4)         
 – 100 ; 

5)       - 6 ; 
6)      0  - 1 . 
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 8.25. ,         
,    MIB    
   SNMP.  FRER0    

   FCS   .  

      
,        

 FR-     ,  
 ,       7.  , 

      
   ,    

   ICMP-    
  .      FR-

      PVC-
’    FRAD   FR-   

   ,   CIR. 
     “ ” 

 -    PVC- ’      
    .   

  ,     – 
   -     
. 

      
 ,    .8.4.  

358



.8.4.        
   -     Frame 

Relay 
 .8.4       SAP   

  . ,     -
        

4 (      -
  ,    )  

 “ ”  ICMP-    
MPegr1,    SAP  .   

    ICMP- , 
  -      

   -   SAP,   
 MPin1,    SAP  .  
, ,     

      
    ,  

   4 –    
 -  (  )  , 

   . 
       

      3,   
  ( ,     
  ,     

 -    )  
 “ ”  ICMP-    

MPegr1,    SAP     
 MPegr2      (   

     ).   

359



    ,  
  FR-     

  FR-   FRAD,    MPin2, 
      

.  
 8.26.        

   - .       
  1,  “ ”      

     .  

   ( ,   
 ICMP- ,   ) –  . 

8.1.4. 
       : 

1)         
 ; 

2)    ICMP-       
      DE=0,    CIR. 

         
      FR   IP 

.      
       

      
   .  

        
  PVC- ’      

,      ,     
   ,    

 .  
    FRTD0   

   ,    FRLR0(CIR), 
FRLR0(EIR) -      . 

 FRER0     ,  
 1 .  

8.3.5.         

        
      Frame Relay  

360



      
  .      

     IPLR0.   
      

    IPLRmax.    
       

  (     -
),      

 FR-   “ ”    
      -

,     ,    
   PVC- ’ .   

     (  )     
,        FR-

.  
      

         
  Frame Relay   

       
(   IPLR0),       

 .       
 -     .   

       
  .  
 8.27.       

     PVC- ’       
    DE=0,      

CIR. 

 8.28.  ICMP-       DE=1 
( ,   EIR- )      

  FRLR0 (EIR)       
 FR- ,     .  

      
       , 

      FR,  
     , 

   .8.6,       

361



   ,     . 
      ,   

   , , ,  
       

  .  
      -

    , ’  
         

     
,  . 

8.4.      
       xDSL 

    xDSL,    
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   6.5.1.2  6.  

8.4.3.        
  

     ,  
   ( ,  )   

    -    
 xDSL,   .8.7.  

      
        

      xDSL  
 .8.8.  

     xDSL  
   6.5.1.3  6. 

 8.7 
      

        
      xDSL 

 
  

-
   

 
0 

 
1 

 
2 

 
3 

 
4 

 
5 

-
-

 
 

       

IPTDmax 

  
 

 
,  

10 160 200 200 400 /  

IPDVmax 
  

  
,  

10 10 60 /  /  /  

Pmax 
(IPTDmax) 

 
 
 

IPTDmax, 
 

1 10-2 1 10-2 1 10-2 5 10-2 /  /  

Pmin  1,0 1,0 /  /  /  /  

364



(IPDVmax)  

 IPDVmax, 
% (  

) 

PIPSAmin 
(PIA) 

  
 

  
 

, 
% (  

) 

99 99 99 99 /  /  

TIPUmax 
(TIU) 

  
  

 , 
   

38 38 38 38 /  /  

-
-

 
 

       

IPLRmax 
  

 , 
 

1 10-3 1 10-3 1 10-3 1 10-3 1 10-3 /  

IPERmax 

  
 

, 
 

1 10-4 1 10-4 1 10-4 1 10-4 1 10-4 /  

min 

  
 

 
0,996 0,996 0,996 0,996 0,996 /  

/
-

 
 

       

MTTRmax 

  
 

 
 

300 300 300 300 500 /  

365



, 
 

 8.29.  “ / ”  “  ”. 

 8.30.    IPTDmax, IPDVmax, IPLRmax 
 IPERmax     ITU-T Recommendation Y.1541. 

 8.31.   PIPSAmin       , 
      - .  

 8.32.   RPmax    SLA. 

 8.33.   MTTRmax ,   
     . 

 8.8  
       

         
  xDSL 

    
ESR SESR ESR SESR 

0,012 0,0002 0,006 0,0001 

 8.34.     xDSL  ,  
   6.5.1.2  6,    ESR  

SESR. ,  ES (errors seconds) –    (   
),        ,  

   . , ES –     ,  
      AS.   ,  
     UAS,  . ESR (errors seconds 

rate) –       [  ] –  
     ES      AS. 

 8.35.  ES  SES    ESR  SESR 
      xDSL  ,  

 UAS  . 

 8.36.   G.821     
 ISDN- ’ :  ESR < 0,08   SESR< 0,002.   

         
  ’ .      

 : ESR < 0,012, SESR< 0,0002.       
   xDSL,     . 

366



 8.37.    ESR  SESR  
     G.821     

   . 

8.4.4 ,     

       
       

 -     xDSL, 
         

   .8.6. 
 

 
.8.6.       

  -     xDSL 
 

, ,      
   xDSL  ,    

 6.6.1.4  6. 
 xDSL     

ESR   SESR.        
    «  – »   
    xDSL.    

    – 15 . 

8.4.5      

        
      xDSL 
      

  .      
     IPLR0.   

367



      
    IPLRmax.    

      
 ,      
 xDSL-   “ ”   

  ,     ,    
   .     

  (  )     , 
       xDSL- . 

      
         

  xDSL   
       

( ,    .8.7,   IPLR0)  ,   
    xDSL     

.        
-     .     

      
 ,     .8.1.5.  

      -
   ,   .8.6 

    1  4,  
 , ’       

      
   ,  .  
    

,    .8.7,    
   (    

,    .8.8).  
 8.38.        

     xDSL   
  xDSL.  

       
 ,    

      
,     6.   

368



      

1.    ’   “  – ”? 
2.         

     -    
’   “  – ”. 

3.   SAP (Service Access Point)?  
4.        

   -    ’  
 “ - ”. 

5.      
  .  

6.      
. 

7.        ? 
8.        ? 
9.       ? 
10.    ?  
11.       -

’ ? 
12.          

   - ’ ? 
13.         

        
 ’ ? 

14.        
   -    

 . 
15.        

      -
    Frame Relay. 

16.      
   -     

Frame Relay. 
17.         

      
 -     Frame Relay? 

18.         

369



        
     -   

  Frame Relay? 
19.        

      -
    xDSL. 

20.      
   -     

xDSL. 
21.         

      
 -     xDSL? 

22.         
        

     -   
  xDSL? 

       

1) . . , . . .    
.– .: - , 2006.  9, 10   14. 

 

370





 

НАВЧАЛЬНЕ  ВИДАННЯ 
 
 

КОНАХОВИЧ Георгій Филимонович, 
ЧУПРИН Володимир Михайлович 

МАЧАЛІН Ігор О лексійович 
ТКАЛІЧ Олег Петрович 

 

 

ЕКСПЛУАТАЦІЯ 
ТЕЛЕКОМУНІКАЦІЙНИХ 

СИСТЕМ 
 

ПІДРУЧНИК 
 
 

Технічний редактор А. І. Лавринович 
Коректор Л. М. Романова 

 
 
 
 

Підписано до друку 17.09.2014 р. Формат 60х84 1/16. 
Друк лазерний. Папір офсетний. Гарнітура Times New Roman. 

Ум. друк. арк. 20,9. Тираж 500 прим. 
 
 

ТОВ «Видавництво «Центр учбової літератури» 
вул. Електриків, 23 м. Київ 04176  

тел./факс 044-425-01-34 
тел.: 044-425-20-63; 425-04-47; 451-65-95 

800-501-68-00 (безкоштовно в межах України) 
 
 

Свідоцтво про внесення суб’єкта видавничої справи до державного реєстру видавців,  
виготівників і розповсюджувачів видавничої продукції  

ДК № 4162 від 21.09.2011 р. 
 




