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 5    4    3   2  1  t/  

 5  4  3   2  1  0 

) 

 t/  

 -1   1   1   1  0 

) 

  4.48 –  
 

,  
, -

 – ,  
. 

4.5.2  ( -30) 

. -
 ,  125 .  

 N  ( -
, .).  N . , -

-30/32 (  ITU-T G.703) 30   2  
,  ISDN BRI N=3,  64  

 16 . 
 ( ) -

 64 .  
 ( )  

 
N

. -
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  2 -

 ,  
N82

. 

-30 = 24.0
3282

125 . 

-30 . 
 ( ) -30 -

 4.5.8.  32  
),  ( 1 15; 17 31)  

 ( 0 16).  
n (n=1–8).  

n  0  1 -
, , ,  

. 
16 – -

 ( ) . : « », « », 
», « » .  

.  
,  

. -30 ,  
 i  i+15,  i=1 15.  

1 4 5 8, 1 2   5 

6, . 
-

 4.4. 
 

  4.4 -  

N    
1 5)  2 6) 

1  1 0  

2 

 
 

 
 

 
0 
1 
1 

 
0 
0 
0 

 
-

    
  50   

-
 700  

3  1 1  
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 0  

-
 

. 

. 
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. 

 . 
. 
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. 
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=16 =16 125  =2 ,  

 50  
. 

-
, 0  
 ( ), 1 4.  

6  
». . , 

  
 = N/2 + 1, 

 – . 
0 2 8 -

 8 . 1   
-

. 
0 3 -

, 6 -
, -

. 0 . 
-

   
. :  

- ; 
- ; 
-  (  

>10–3, >10–5) . 
-30 -

, ,  
.  

0  1984 
. 

 
4.6  
 

,  
 ( . 3): ,  

,  
. , ,  

, , -
-

. 
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  , -
. -

, , ,  
,  

. 
.     

,  
. -

 4.50 , . 
 

 
 S 

 

 t 

(110)  5  
 
(101)  4  
 
(011)  3  
 
(010)  2  
 
(011)     
 (000)    0 
 2  3  4  5  

 S 

 

 t 

(110)  4.5  
 
(101)  3.5  
 
(011)  2.5  
 
(010)  1.5  
 
(011)   0.5  
 

2  3  4  5  

) ) 

 4.50 –  
 

 
 4.50,  (  

– 000) . -
 0. 

 4.50,   001 -
,  0 –  0,5 .  

 1.5 , 2.5 .  
 /2. 

 
4.6.1  
        

  -
, , . -

: 
                             + i .                                        (4.5) 

 i . 
,  

. 
 4.51 .  
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(n+2) (n+1) n 
 

 4.51 –  
 i  

 
 :  

1) ; 
2)  ( -

, .). , -
, . 

, -
-

: . 
  -

 r  n,   n,  n <<  
-

:  
       =    +  .                               (4.7) 

, -
: 

              = 2

2

S
S

 ,                                      (4.8)   

  
2S –  S . 

        

   +  = 2

2
n

2

2
n  = 2 + b2.                   (4.9) 

 (4.6.3)  (4.6.4), -
 

      22222 baSS ,                               (4.10)  
 2 . 

 (4.6.5) -
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          10lg[ 2 ( 2 + b2)]–1 .                    (4.11) 
 a  b, , -

, -
.     

,  (V = 64 , =125 )  

 n  810    = 34 . 
 
4.6.2  
 

 
 (  4.50). 

 
-

. ,  
, -

, -
.  4.52 -

-
,  4.50, . 

 

 
. 4.52 –  

 
 

, , , -
, -

. 
-

 4.3  4.4. 
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-
: 

-   /2,  –  
 ( -

); 
-   ,  

 (  
,  1/ ); 

-   , -
. -

, , . 
:    

                            
12

2

.. .                                      (4.12) 

 
 

. -
, . ,  

, ,  
. -

,  1 ... 2 . 
 – ,  

-
.  

 – .  
-

, , .  
,  

. 

i
SâõiP

i
Pêâ )(

12

2

                                                (4.13) 

 P(S i) . -
 4.14  

4.53.  
. 

 0  S  S

 P(S)
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 4.53 – (S ) 
Se

2
)S(P ,                                             (4.14) 

 
3

S
2 .  

4.6.3  

 (4.3) ,  -
.  4.54, -

, -
,  

.  
 

     4.54 –   
 

-
.  

,  /2, . 
 4.55 -

 
. ,  

, .  
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  4.55 –   

   
 

. ,  
-

. , -
, -

 
. 

4.6.4  
 

.  S   -
 4.56.  

 

 
 

 4.56 –  S  
 S  > S ,  S .  

. -
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, . -
.  

    
S

2 dS)S(PSS2P .                  (4.15) 

 
 4.57  A  

 
 U  U . , 

 – 8,  – 16.  1 -
,  2 –  1000 . 

 
38 .  

 
. 

 
 
 
 
 
 
 
 
 
 
 
 

. 4.57 –  U /U  

 S . ,  
. -

 
.  

4.7  

 ( -30) -
.  

, , -
 (n) , .  

,  n . 
 (  4.58). -

-

,  
 

35 
 30 
 

5 
 

10 
 

15 
 

20 
 

25 
 

40 
 

20 lg U /U  
 -35  -30  -25  -20  -15  -10  -5    0 
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, . -
. 

 
  

     1 

     2 

     3 

     4 

  I   II  III  IV 

         I 

       IV 

       III 

        II 

 4.58 –  
 

 
 ( ) -

.  ( ). 
:  

1) ; 
2) ; 
3) . 

 (  4.59)  
 ( )  

 ( ). 
 

 
-

 
-

 

  4.59 –  

 

 t 

  1   2   3            n 

  1   2   3            n 

  

 
 

 (  4.60)  
,  

. -
). -

.    
, -

, . ,  
 32 , 

 33/32. 
 



 106

 
   . . . -

 
-

 

  4.60  

 

  1   2   3  n-1   n 

 n-1   n   1 

  

  2 
   . . . 

        1    n   2 
   . . . 

   

   

   

 t 

  n-2 

 
 

, ,  
  . -

,  
. -

, . -
 f . , -

, .    
 V3  Vc -

, .  
. -

, . -
,  (  4.61). 

 

    

   2    1    n    1    2    3 … …    3 … …    n  …           

   2    1   n    1    2    … … …    n  …        
    

V  = V  
               

   1   n    1    2 … …     … ….… 
 …            V  < V                    n-1     

  n-1 

   1   n    1    2     … …   … ….… 
 …            V  > V                    n-1    n 

 4.61 –  
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 V =Vc, .  V <Vc -
 ( ). -

                                          -
, .  

 
.  

,  
 (n-1  n)  « ». -

,  « »,  « » – . 
 V >Vc  – )  n- -

.  ( ) -
 n . 

  , 
 ( )  

  .  
-

.  ( -
) ,  

.  
, , . -

-
, , , -

: -
, -

, ,  
. 

 
4.8   
 

 
-30)  

 (  4.62). 
-

,  
,  

, -
. 
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-30+ 
  256 = 
 8448  

 -120+ 
  576 = 
  4368  

(2.048 ) 

 

2 

30 

1 

 

  
-1

20
 

  
-4

80
 

   
-3

0 

 
-1

92
0 

 
 

 
 

 
 

 139264  

 4.62 –  

 (  4.63).  
 ( )  ( -120)       

          

     

 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 ... 263 264 

1  1    1    0   0    1    1   0 
 I     II     III     IV      I       II    III     IV     I                                III     IV 

 
 

 I 

 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 ... 263 264 
I   II III IV 

1-  
  I     II     III     IV      I       II    III     IV     I                                III     IV 

 
 
 

1 2 3 4 5  6 7  8 9 10 ... 263 264 

I   II III IV 
2-  

 
 

 . 
 

. 

. 
 

I     II                                                                                           III     IV 

 
 

 II 

 
 

 III

 

 /4 

1 2 3 8 7 6 5 4 9 10 11 16 15 14 13 12 17 ... 263 264  
 

 
 IV 

 
I      II      III    IV 

3-  
 

 
I      II      III    IV 

. .  
 

 
I      II      III    IV 

 
 

  
  I                                                             III    IV 

 
4  

 4.63 – -120 
.  125  

 1056 .   ,  
.  
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111001100, -
.  256  (  9-  264- ) -

, -
. -

, -
 – .  ( -

)  111,  – 000  
 III  IV.   5 8  III -

 ( ),  
 ( )  ( ). 
,  IV  5–8  

. -
 9–12  IV. -

,  78 ,  6–8 -
 IV, -

, -
  . -

, ,  1056, -
1024 4 . 

-
. , ,  

, -
,  

. , -
,  

, -
.  

, , -
, , -

. , , -
,  

. , -
, ,  

 
.  

 
. 

4.9  (SDH) 
 

-
.  

155,520 . -
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,  
(Synchronous Digital Hierarchy – SDH). 

 SDH: 
1. . 
2.  (  = PDH),  

: 
a) ;  

, .  f  
; 

b) -30 -
-120, -480 ., ,  
; 

c) -
; 

d) . 
3.  ( , 
). 

: 
1.  ( ). 
2. : 

155,52 , 622,08 . 
3.  

 –  PDH, ISDN, ATM.  
4. . 

-
 (Synchronous Transport Module) STM-1 (  4.5):.    

,  SDH-  
:  STM-1 -

 STM-4,  622,080 ;  
 STM-4  STM-16  

2488,320 ;  STM-16 -
 STM-64 (9953,280 ). 

 
 4.5 -1 

  ,  
1 1-1 

1-2 
1,5                       1             

 
2  ( -30)         1              

 
2 2 6                          2             

 
3 3 34 ( -480)    3             
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45 ( )           3             
  

4 4 140                   4                
 

 
 SDH .  

-
 (Container  C).  

,   SDH, .  
,  PDH. 

 4.64  STM. 
 

TU

 

 STM-1

 
 

 4.64  
 

 (TU- ributary Unit). -
 2 , 34 ,               144 .  

 STM, TU , 
. 

? -
 STM. STM  

.  
) , . -

,  (Pointer). -
 STM , -

.  
. 

 
 

 

1 

STM-1 AUG AU4 VC4 

TUG3 

TUG2 TU2 

TU3 

TU1 

VC3 

VC2 

VC-12 

C3 

C4 

C1-2 

1 

3 

7 

1 
3 

N 

34  

6  ( ) 

2   
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 4.65 –  SDH 

): 
VC – ; 
TUG – ; 
AU – ; 
AUG – ; 
  

; 

;    
-

;  
: ,

, -
 

 STM-1: 
1.  . 
2.  (Path Over Head – 

POH)  VC 
VC = C + POH. 

 
.  POH, ,  

,  
. 

3.  PTR -
 TU (Tributary Unit)  

TU = VC + PTRTU. 
PTR –  VC . PTR -

. 
4. -

 TUG ( ributary Unit Group). 
5.  TUG -

 VC-4. 
6. VC-4  SOH,  

 AU-4. 
7.  STM-1 -

 SOH (Section Over Head) 
STM-1 = AUG + SOH, 

   SOH –  
SOH = RSOH + MSOH; 

RSOH – ; 
MSOH – . 
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:  139,264 
,  

-1920, -4,  
 POH -

 VC-4. .  
. 

8.  
STM-N =  STM-i + (RSOH + MSOH)i + AUPTRi, 

  AUPTRi –   STM . 
 (  4.66). 

 
 
 

 

 
 

STM-N 

 

STM-1 

M 
 

U 
 

X 

 
 
 

 
 

-
 

-
 

 
 
 

 
 

M 
 

U 
 

X 

-
-
 
-

 

 
 

 4.66    : 
 ; 

MUX  
  

                                                
 4.66   RSOH 

 MSOH.  RSOH  STMN 
, ,  

, -
. 

 MSOH , -
,  

. 
 STM-1(  4.67).  
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,  SDH -
.  STM-1  19440  (125 

*155.52 )  2430 . -
,  9 . -

 270 . :  
 – .  9  

 81 ). 
 9  

FAS(Frame Alignment Signal),  261  –  
).  9 -

 RSOH, .  
 261  

 PTR,  5 -
(45 )  MSOH.  

. -
 4.67  FAS, -

, .  
.  

-782, -
(« ») . -

, .). 
»  

, -
. 

 STM-1 -
. -

.)  

 
 n-1 ( -

) 

FAS 

RSOH 

PTR 

MSOH 

 
 n 

 n  

1 

2 

3 

4 

5 

6 

7 

8 

9 

9  261  

 4.67 -  STM-1 
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 FAS . -
 STM-1, ,  

.  
-

, . -
, -

.  SDH -
), ). ,  PDH, 

.  10-12  
. , -

,  
(7-9 ). 

 4.68.  
 H1  H2,  10  (  4.68) 

 
 
 

 
7,8 H1  
1-8 H2.  

 1023, -
 0-782. :  I  

D. . -
 ±1.  

(0 1, 1 0), -
. -

, -
. 

,  N  
.  NNNN=0110, -

 NNNN=1001.  SS ) AU-3 
 AU-4. 

3 ,  
.  Y  1* -

. 
 RSOH  MSOH ( -

 4.69).  
 
 
 
 
 

H1 Y Y H2 1* H3 H3 H3 1* 

 4.68  PTR  STM-1 
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 A1  A2, ,  
(FES) A1=11110110; A2=00101000. C1-  STM, -
,  STM-1. ,  

 STM-1  STM-4. 
 B1 , -

.  BIP-8. 
 2  

.  
,  

, .  
. 

 
    

1 01010110  01010110 
2 10110110  11111111 
3 10101010  10101010 
4 ………  ……… 
    
2429 11001101  11001101 
2430 01100110  01100110 
BIP-8 11100001  10101000 

 
 BIP-8  8 ) 

. . 
 E1  F1  

.  D1-D3  
(TMN). 

 4.69  STM-1 

A1 A2 A2 A2 C1   

B1   E1   F1   

D1   D2   D3   

B2 B2 B2 K1   K2   

D4   D5   D6   

D7   D8   D9   

D10   D11   D12   

Z1 Z1 Z1 Z2 Z2 
 

Z2 E2   

A1 A1 

M 
S 
O 
H 
 

R 
S 
O 
H 
 

U-4 
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-
.  B2, E2, D4-D12 ,  
 RSOH.  K1  K2  

, . 
 Z1, Z2, , -

 – . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
STM-1  C1-2. -

 
  4.65. -

.  
 VC1-2 -

 4.9.8.  POH  
 V3,J2,N2  K4 , -

. 
 

.  « » -

.  VC1-2 
: 

 - ,  
. -

 011, -
. 

- .  
-

BIP-2 RE RFI  RDI 

1 2 3 4 5 6 7 8 

 
 

 VC-1-2 
 

 

-
  (BIP-2) 

 BIP-2 

 4.70  VC1-2 

35
 

R 

R 

1-32  

4 

35
 

R 

R 

1-32  

N2 

35
 

R 

R 

1-32  

J2 

35
 

R 

R 

1-32  

V5 

 4.71 -  

V1 

V5 

R 

 

 

R 

V2 

J2 

R 

 36
 

 

R 

V3 

N2 

R 

 36
 

 

R 

V4 

K4 

R 

 36
 

 

R 
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. , (PTR) . -
 – 100. .  

-  (010) , -
, .  

, .  
 J2 ,  J0  

.  N2 V5 ,  
K4 . 

 VC1-2 ,  AU-4, 
. 

, -
,  (  4.71).  V1, V2 

, ,  
(POH  V2).  V1  V2  

 H1   H2(  4.72).  V3  R  
.  

 V3  V4.  
 V3  

 

 4.73.. 

V1-V4 POH R I 
I I I I 

I I I I 

. . 

. . 
. . 
. . 

. . 

. . 
. . 
. . 

9 
 

125  4  

 4.72 -  TU-12 

V1-V4 

V1, J2, N2, K4 
R 

36
 

 

I 

…… 
I 

R 
125  
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 SDH  PDH: 

1. . 
2. , . -

. 
3.  ( )  

: , , . 

TU-12*3 

TUG-3*3 

V1 V1 V1 V5 V5 V5 R R R I I I V1 V1 V1 V5 V5 V5 R R R I I I V1 V1 V1 V5 V5 V5 R R R I I I 

V1 V5 R I V1 V5 R I V1 V5 R I 

V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V5 V5 V5 V5 I I I I I I S NPI 

S 

86=(12*7+2

P 
O 
H 

S S S V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 V1 I I I S S V1 V1 V1 V1 V1 

261=(86*3+3) 

NPI NPI NPI 

S S S 9 

125  

9 

125  

9 

125  

4 

12=(3*4) 

1 2 7 

9 

125  

9 

125  

 AU 

 AU 

MSOH 

RSOH 

261 

270=(261+9) 

9 AU-4 

STM-1 

TUG-2*7 
TUG-3 

TUG-2 

TU-12 

VC-4 

 (Pointer) - PTR 
 

 
(Null point indicator) 

 
(Fixed Stuff Byte) 

 
(Stuff Byte) 

 
(Path Overhead) - POH 

I- 

NPI- 

 R- 

    S- 

V5- 

 4.73.  TU-12  TUG-3 

. . . . . . . . 

. . . . . 

9 

. . . . . 
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: 

1. . 
,  ( .  

SDH,  2b),  
, . 

2.  –  + -
. 

3. : 
  ( ); 
 :  

; 
  ( ); 
  – -
. 

 
 SDH: 

1. . 
2. .  
3. . 
4. , .  

.  
. 

 SDH (  4.74). 
 
 
 

  

  

    

  

    

  

  

  

  

  

 ( ) 

  

 -  

 4.74  -  SDH 
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 4.75  4.76  (TMN) -
 ( , -

). 
 

1 2 3 4 5 6

21 7 8

873 4 5 6

  TMN
 

 
 4.75–  

 
1, 3, 4, STMi ) , -

  .  ( ) 1  63 
 272 (  4.75). 

 

STM-1

1 2 3 4 5 6

         
    TMN

5 8

4

1 2 7

3

87 6

 
 
 

 4.76 –    
 

 PDH  SDH , -
.  -

-
. ,  STM-64, 

STM-256, WDM, DWDM -
,  (  

4.76).
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5. . 
5.1 . 
 

, , -
.  

,  
 ( ),  ( ),  ( ), -

 ( ).  
 5.1. 

 
 5.1  

-
 

-
,  

. 
,  

 

 0,1 1-50  
 

 
 
1 

 
3-20 

 
 

 
 

 
0,05-300 

 
3-10 

 
-

 
 

 
 
1-105 

 
1-200 

 
 
 

 
-

. . 
 ( ) -

,  
. -

. 
, : 

 12500  25000 -
; 

 (  100 ); 
 ( -

, , .); 
; 

, . 
 
5.2 . 
 

 – , -
,  

. , , 
. , -
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. -
. , -

. 
 1  

3000.  
 (« »). -

 ( ). ,  
, .),  10 .  

 ( ) ( . 5.1). 

 
 5.1-  

 
 100  3000. 

 
 4 (  UTP-3, UTP-

5).  
. 

 
 5.2. 
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 5.2- : )  
) ) . 1 – , 2 -  

 
 ( . 5.2 )  10  

. 
, ,  « -

». 
-

.  
  5.3. 

 
 5.3 - -

 
 -

.  -
 I. -

, . -
-

 ( ) , 

5 x 4 

  10 

1 0 

1 0  1 0 

1 0 

 10 
1 0 

1 0 1 0 

      
       

 )                                             )                                               ) 

1 2 

1 

+ —

Ï  

Å
 

Í  

E  
H  
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  . -
. 

   
Ï , -

.  
 

. 
: 

 – V = 1 ,  

,  - . 
 

V = ,             (5.1) 

 – , 

1)1(
2 22

2

,         (5.2) 

      – . 
, ,  

 
V =

1)1(
2

1

22

2
,          (5.3) 

 5.4 

 
 5.4 -   

 
 

ZT= ,            (5.4) 

 

V  

1  
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, 
-

. 
 

ZT= . 

-
: 

,  
; 

 
, ; 

, , 
 (tg 0). -

. 
-

 (  5.5). 

 
 
 

 
 5.5 -   

 
: -

 L  C,  R ( ) -
 G ( ). -

 g  (  
)  

R  ( ). 
, -

,  
R=0 

L= ]ln[
r

rd  

 

g  C  

C G 

R 

R   

G 
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G=
]/)ln[( rrd
 

C=
]/)ln[( rrd
, 

 d – , r – . 
 G , 

 R  L . 
, ,  

 
)()( CGLR  

 
)/()( CGLRZ B  

,  
-

. -
, . 

 5.6 -
 

 d. 

 
 5.6 -  -

 
 

,  
 300 – 500 ,  

. 
-

 (  5.7).  
 U10.  

. . . U . U  
 I  I . 

 

500 1000 
f 

25 

,  

d=0.4  

d=0.7  
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 IM. , -
 I  IM ,  
. -

 5.8. 

 
 5.8 -   

 
-

.  
, -

,  5.8, . -
: , -

. 
 

 (  5.9) 

I  I  

I  

I  

U10 

I  

I  
 

I  

Z1 

1  

 5.7 -  
 

2  

I  

I  I  I  I  
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 5.9 -  

 
 

10 20 2L 
 

0=10lg
20

10

P
P

 

AL=10lg
LP

P

2

10  

 A0  AL ,  
 (  – -

), 0 L  5.8  
. 

 
 –  l. -

 5.10  
0  

0 

10 

30 

50 

70 

90 

110 

,  

50 100 
f,  

0 

L 
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=10lg
l

l

P
P

2

1
.

 
 5.10 -  

 
, -

 
 (  5.11 ), . 

 
 

 5.11 -  
 

 –  
: 

10 

20 

1l 

2l 

) 

10 

20 

1l 

2l 

) 
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; 

 ( -
 5.11 ); 

. -
, ,  

l. 
-

,  d, -
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