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. 
1. :  

. 
 P0=1  (0 ). 

                    
 R0,  U0,I0.   

 R0 = 600 , 
                    R0 = 150 , 
                                         R0 = 75 . 
 

2.  .  
P0 ( )    

,lg100 MM P
P
PP  

 
. 

 ( )  
 ( , ) .  

,   00MP -
 ( ). ,  
,  m . 

 
3. , ,  

 
. 

. R0 = 600    U0 = 0,74 , I0=1,29 m . 
 
4.  - -

. 
  

: 
 

 1.  U0  I0 -
 ( ). 

 
: 

    P0=1 ,              

R0=600  ,
0

2

0 R
UP ,    P0=I2 R0 , 

 600101 3
000 RPU 0,774 ; 
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             600
101 3

0

0
0 R

PI 1,291 . 

 
 2.   2 . 

 
P  MIN  P MAX , 

0=56 ,  

60 . =10 lg
.

.P
 

 
: 

1)  
     p . = 10 lg  =10 lg 2 = 3 . 

2)  
   p  MIN = p  –  = -53 . 

3)  
    p  MAX = p  MIN –  = -113 . 

4)  
     MIN = 0100.1(-53) =10-310-5,3 = 10-8,3 5 10-9  = 5 . 

5)  
     MAX = 5 10-3 . 
 

 3. 
 f , 

 17 .  
, ,  

.       
,  

 -80 , 
 
 17    L1                                     L2                                      L3 
 
  1      37              1           32              2           27   2 
 

: 
1) : 
      p 1 = 17-37 = -20 ; 
      p 2 = 17-32 = -15 ; 
      p 3 = 17-27 = -10 . 
2) : 
     1 = -20-(-80) = 60 ;  
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     2 =  -15+80  =  65 ; 
     3 =  -10+80  =  70 . 
3) ,   : 
     i (nB ) = 10 +0,1(- i+90); 
     n1 = 100.1(90-60) = 10 3 = 1 ,  - , -

   ; 
     n1 = 102,5 = 316 n ; 
     n1 = 102 = 100 n ; 

 
, n   = 1416 n . 
 

: 
  

p,  
            P =17                 
20 
10 
  0         
-10                                           1                               2                               3 
-20  
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-40 
-50                                            1                                2                                3 
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1) . 
-

.  2.1 , -
. 

 
 

 
                               2.1 –  
 

0  –  ( ); 
 – ; 
 –  - -

; 
 K ; 
    Z =600 ; 

         f=0,3…3,4 ; 
 8,7 . 

 
2) . 

 f=50…10000   
300…3400 . 

 88 . 
 –  

 =0,25  =22 . 
 =0,35  =32    -15 . 
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3) . 
: 

f – ,  
= 231038.1 , =300    . 

. 
 ( ) – -

. 

 -  
P

P
P

P
N  

kP
PNn lg10lg10  - ,  ,  

  k – . 
 n=10 lg N=A , 

  – ; 
   - . 
  p =p +k+n – . 

=100,1( +k+n)- . 
: 

1. n. 
2.  - 2 . 

 
      2.2.  “ ” 

 
 300-3400  

. -
 (  2.2), -

 800 . 
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dfKK fnc
2 . 

 =0,75. 
-

. ,  2500  
   10 000 . 

 2 500  ( -
)  7 500  – . 

, -
   1  

 3  ( P 3
2500
7500 ). 

               
1,5  1 . 

 ( )  
 400-800 n . 

 
: 

 
 1. .  

. -
. 

 2.3  
 

: 
1) =-3,5  

            =-9,5  
            =17,3  
            =-7,8  
            =-3,5  
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2) K 73,173,24  
3)  32 , -15 .  

 15 . 
 

2.  
: 

        1. f=1,38 10-23 300* 3,1* 103=1,2834 10-17   
           p =-140 0. 
        2. , . 

KP

P
n lg10 n  =  + n + K. 

 - 17,3 = -140+17,3+7,7= -115 . 
 

. . . N K. 
 n K N,    

N=100,1n=100,77=5,5. 
. .=1,28 10-17 5,5  50=3,5 10-3 . 

 
3. -

. -
,  

 (  2.4). 
 
 
 
 
                 2.4  
 

 1 –                
3,3 10-3 n .  1-  2  

 2  L    15  35 . -
 n 2 : 

.  2.=1,23 10-17 5,5 3160=0,22 . 
 400-800 n , -

 ¼ , . 100-200 n . 
,  

 .  1 + .  2.=0,22 n + 3,5  10-3 n . 
 

 
 
 
 

 1  1  1  2 
L 
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:   
 

 
: 

 
 ( ) -

 ( ). 
,  

, -
.  

 (  3.1). 
 
 
 
 
 
 
 
 
 

 3.1 -  ( )  ( )  
 

 - . 
 (  

) : 
1) ; 
2) ; 
3) . 

 3.2.  
 
 
 
 
 
 
 
 
 
 

 3.2 -  (1), 
   (2)  (3)  
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 ( -
 3.3)  ( )  ( ) 

. 
 
  
 
 
 
 
 
 

 3.3 -  
 

 
.  

,  ( )  
 15-20 . 

 
: 

ppPlg20 , 

,  – ,  – . 
, -

-
. 

 
: 

 
 1.  

-
, : 

 L = 8 , 
: f1= 0,8 , f2= 1,6 , 

 N = 10, 
 1    = 4 , 

 f2 AK (f2) = -2  , 
=0 . 

: : 
- :  
      = )(f L( ); 
- -

. 

  

 

 

) ) 
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: 
1. : 
1.1.  

: 
 

(f1) = 1 1f = 3,58 , 
(f2) = 2 2f = 5,06 , 
 (f1)= (f1)·L = 28,6 , 
 (f2)= (f2)·L = 40,5 . 

, ,  
=0 , :  

 (f1) =  –  (f1) = 0 – 28,6  = -28,6 , 

 (f2) = -40,5 . 

1.2. :  

 (f2) =  (f2)+  (f2) =-42,5 . 

 
. : 

 (f1) =  (f2) = - 42,5 . 

1.3.  , -
. : 

 =  f = 1,38 ·10-23 
 

· 300  · 0,8 · 106  = 3,31· 10-15 . 

: 

    = 10 lg  = - 144,7  = - 114,7 .  

1.4.  
. -

 N:  

  =     +10lg N= -114,7+10 = -107.7 . 
 

: 
 

  =  (f1) –   = - 28,6 – (-114,7) = 86,1 ; 
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 (f2) = - 40,5 – (-114,7) = 74,2 ; 

 

          (f1) =  (f2) = (f) –  (f)= -42,5 – (- 104,7)=62,2  

) , , -
: 

K(f1,f2) =  –   = 0 – (- 42,5 ) = 42,5 , 

. 

1.6. . , , 
, : 

  =    +  = - 104,7  + 42,5  = - 62,2 ; 

 = 0 – (-62,2 ) = 62,2 . 

,  
 3.4). 

 

 

 

 

 

 

 

 

 

 

 3.4 -  

, -
. , 

 0 

 (f2) 
  

  

-28,6 
 
-40,5 
 
 
 
 
 
 
-114,7 n 

,  

L 
  > 

                          

 (f1) 

  
(f2) 

l 

 (f1) 
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.  
 n. 

1) . 

) ,  
. 1.1. , 1.2.  1.3. 

) ,  ( )   
  

( ) = 
)(1

, 

.  
. ,  

: 

(f1) =  –  (f1) = 0 – (-28,6) = 28,6 ; 

(f2) = 0 – (-40,5) = 40,5 . 

) :  

 = (f2) – K(f1) = 11,9  < 15 . 

. 

)  ( ).  
, ,  

: 

 (f1) = 86,1 – 10 = 76,1 ; 

 (f2) = 74,2 – 10 = 64,2 . 

) -
,  

.  
. 

 (f2) = 0 – (  + n +K(f1))=0- (- 114,7 +10 +40,5 ) = 64,2  , 

 (f1) =  0- (- 114,7 +10 +28,6) = 76,1 . 

)  (  3.5): 



 17

 

 

 

 

 

 

 

 

 

 

 

 
 3.5 -  

 

, -
.  

. . 

 

 

 

 

 

 

 

 

 

 

K(f2) 
0  

 (f2) 
 

 

-28,6 
 
-40,5 
 
 
 
 
 
 
-114,7 n 

,  

 > 

          

l 
 (f1) 

 

(f1) 



 18

 4 
 

:  

:  
 

 ( )  
. -

,  
 (  4.1). 

 

 

 

 4.1 -  

 ( ) -
: 

S( ) = dttiS(t)e    (4.1) 

   

n = 
T
1 2

T

2
T

n dt
ti

S(t)e                                        (4.2) 

 n = n 2  , n = 0, 1, 2,… 

-
 n  

S ( ) = S0 n 
2/

2/sin

n

n ,                                   (4.3) 

 
 
 

 
 

t t t t 3/2 T T 
T/ 2 

T 

 T/ 2   T   T/ 2   T 

S4 
  S0 

S3 
  S0 

S2 
  S0 

S1 
  S0 
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Sn = 2S0 n 2
tsinsin 0

2/n

2/n ,       (4.4) 

 t0 – .  
 . 

-
 n = n 2

 .  

 
  : 

n = 1 S( n).          (4.4) 

 S(t)  (  
) (  4.2), -

 ST(t) -
 S (t). 

 

 

 

 

 

 

 

 

 

 

 

             4.2 -  
 

-
. 

S 

t . . .  
    0         2        3        4        5         6        7        8  

ST 

t . . .  
  0                 2        3        4        5         6        7        8  

S  

t 
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: 

 1. , -
 S1(t), S2(t), 

S3(t), S4(t). 

  

1.  (4.3)  n = T  
2

,  

)(S1  = S0  

2

2
sin

,            (4.5) 

)(S2  = S0 2
 

4

4
sin

.            (4.6) 

, -
 . ,  
/2 . 

 

 

 

 

 

              4.3 -  )(1S )(2S  

2.  (4.4)   ,  n = 
2

, 

 t0 = 
2

 

)(S3  = 2 S0 2
4

4
sin

4
Tsin ,                  (4.7) 

   T 

S 

 

 
S0T 

 
 

S0T/2 
 

  0            2                      4                     6                    8  

)(1S  

)(2S  
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)(S4  = 2S0 2
 

4

4
sin

2
Tsin .            (4.8) 

 

 

 

 

 

 

 

 

            4.3 -  )(3S )(4S  

 

 S3(t)  S4(t)   . 
 “  ” .  S4( ) 

, . 
 

 2. -
,  S1(t), S2(t),  S3(t), S4(t).  S1,  S2, 

S3 – ,  S4 – 2 . 

: 

 (4.4)  (4.3)  (4.4) -
 (  4.5). -

: 
1.  S1(t), ,  

 
 = 0. 

2.  S2( ) , , -
. 

 

   T 

S0T 
 

  0         2                        4                     6                    8  

4/
4/sin  

)(3S
 

)(4S  
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               4.5 -   
 

3.  S3 .  
. 

4.  S4
T  S3

T -
, ,  

. , -
 ( 1, 2 .), . 

0     2                         4                   6                    8   
                 1                        2                   3                   4 

   T 

S2T 
 

) 

   T 

S1T 
 

0            2                      4                     6                    8   
                       1                     2                  3                 4  

) 

   T 

S3T 
 

0      2                         4                    6                    8   
                  1                        2                   3                    

) 

   ) 

   T 

S4T 
 

0      2                         4                    6                    8   
                  1                        2                   3                    
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5. : , -
 S3(t)  S4 (t), . , -

 ( 1)  S2(t)   S3(t). 
 

 3.  (  4.2)  
. 

 
. 

 S(t)  
S(t) = ST (t) + S (t),                   (4.9)   

 
S( ) = ST ( ) + S  ( ).                  (4.10) 

 S ( )   

ST( ) =
0

2 )(
n

nS                           (4.11) 

 S2(t). 
 S (t) -

/2 ,  
. , -

, -
, .  

  
S4( )  S2( )                            (4.12)  

 
 

 

 

 

 

 

            4.6 -  

,  ,  
.  

, . 
 
 
 

0     2                         4                      6                    8   

    

S
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5 
 

:  
 

: 
 

 –  
 ( -

). 

 5.1 –  
 

: 
1. ; 
2. ; 
3. ; 
4. . 

 
: 

 ( -
 5.2). 

-
 =255.  

,  
, . -

,  ( -
) -

.   
, ,  

, ,  
. , -

,  ( -
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) .  
.  

. -
-

 ( ). -
, -

.                                                      

 5.2 –     
 =255  

 
 5.2, -

.  
, , -

 16. ,                 , 
 =255, -

, , ,   , -
 (  5.3). 

 5.3 –  
 =255 
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, -
. 

 
.  n, c, k. (  1) 

1. n=0 – ; 
n=1 – . 

2. c=a; a  
33264 ax   (  0,1…7), 

 x – . 
3. k 

: 

7...2,1),33232(
0,

cx
cx

r c  

k=b : 

7...2,1),1(2
0,12

1 cb
cb

r C ,  b, 

 b=0,1…15. 
 

 (  1) 
. 

,332)332( c
n ky   

 n – , -
 c  k . 

 
 (  2) 

-
 =255  13- -

, -
, . 
, ,  

, -
,  13-  

. 
 1, : 

n=0 – ; 
n=1 – . 

-
,  

 33  . ,  
,  0-8159  33-8192. 

-
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.  
 

 5.1. 
 

 5.1 –  =255 
 

 
-

 

 
 

0 0 0 0 0 0 0 1 w x y z a 
0 0 0 0 0 0 1 w x y z a b 
0 0 0 0 0 1 w x y z a b c 
0 0 0 0 1 w x y z a b c d 
0 0 0 1 w x y z a b c d e 
0 0 1 w x y z a b c d e f 
0 1 w x y z a b c d e f g 
1 w x y z a b c d e f g h 

0 0 0 w x y z 
0 0 1 w x y z 
0 1 0 w x y z 
0 1 1 w x y z 
1 0 0 w x y z 
1 0 1 w x y z 
1 1 0 w x y z 
1 1 1 w x y z 

 
 5.2 ,  

-
. , -

 33 . 
 

 5.2 -  =255 
 

, -
 

 
 

0 0 0 w x y z 
0 0 1 w x y z 
0 1 0 w x y z 
0 1 1 w x y z 
1 0 0 w x y z 
1 0 1 w x y z 
1 1 0 w x y z 
1 1 1 w x y z 

0 0 0 0 0 0 0 1 w x y z 1 
0 0 0 0 0 0 1 w x y z 1 0 
0 0 0 0 0 1 w x y z 1 0 0 
0 0 0 0 1 w x y z 1 0 0  0 
0 0 0 1 w x y z 1 0 0 0 0 
0 0 1 w x y z 1 0 0 0 0 0 
0 1 w x y z 1 0 0 0 0 0 0 
1 w x y z 1 0 0 0 0 0 0 0 

 
 

: 
 

 1. ,  
 (  1), -

 +242  -5987. 
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: 
 +242: 

,  n=0. 
 c: 

47933264242 3 ,  =3=21+20=0 1 1. 
 k: 

19223242)33232(242 3r  
32)11(2)1(219 41 bc ,  k=1=20=0 0 0 1. 

 +242 -
: 

0, 3, 1= 0 011 0001 
: 

,247332)3312( 3
49y  

 49 ,  
 239  255 ( .1). 

 
 -5987: 

,  n=1. 
 c: 

8159332645987 7 ,  =7=22+21+20=1 1 1. 
 k: 

192440635987)33232(5987 7r  
2048)17(2)1(21924 81 bc , , k=7=22+21+20=0111. 

 -5987 -
: 

1, 7, 7= 1 111 0111 
: 

,5983332)3372( 7
119y  

 119 , -
 5855  6111 ( .1). 

 
 2. ,  

 ( -
 2),  +242  -5987. 
 

: 
 +242: 

, -
 +242,  +242+33=275.  

 275 : 
275=256+16+2+1=28+24+21+20=0 0 0 0 1 0 0 0 1 0 0 1 1 
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 1.1 : c=011, wxyz=0001,  
: 

0 011 0001 
 1.2 ,  

 ( -
  ): 

0 0 0 0 1 0 0 0 1 1 0 0 0 
 +280 

(23+24+28=8+16+256=280),  
 +247 (+280-33=+247).  49 

,  239  255 ( .1). 
 

 -5987: 
, -

 -5987,  5987+33=6020.  
 6020 : 

6020=4096+1024+512+256+128+4=212+210+29+28+27+22=1011110000100 
 1.1 : c=111, wxyz=0111,  

: 
1 111 0111 
 1.2 ,  

 ( -
  ): 

1 0 1 1 1 1 0 0 0 0 0 0 0 
 6016 

(27+28+29+210+212=128+256+512+1024+4096=6016), -
 -5983 (6016-33=5983). -

 119 ,  5855 
 6111 ( .1). 

 
 3.  

 =255,  
,  1 -

, . 
 

: 
-

 =255  8 ,      
1  

. ,  22,5 . 
 22,5 ; 67,5 ; 112,5 ; 

157,5 ; 202,5 ; 247,5 ; 292,5  337,5   (  5.4). 
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 5.4 – ,  
 
        

,  
, .  
 0  (  5.5). 

 

 2.5 –  
 

 
 

,  22,5  67,5 . -

, ,  5768
2

8159  (  

 
R

UP
2

,  2 , , -

 2 ). , -
, , : 

.53295,67sin5768;22075,22sin5768 oo  
, -

 2207  5329,  2207+33=2240  
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5329+33=5362.  2240   5362 
: 

2240=2048+128+64=211+27+26=0100011000000 
5362=4096+1024+128+64+32+16+2=212+210+27+26+25+24+21=1010011110010 

 5.1,  
, , , 1100001  1110100. 

: 
 

 5.3 –  
 

 -
 

, -
-

 
0 
0 
0 
0 
1 
1 
1 
1 

110 
111 
111 
110 
110 
111 
111 
110 

0001 
0100 
0100 
0001 
0001 
0100 
0100 
0001 

22,5  
67,5  
112,5  
157,5  
202,5  
247,5  
292,5  
337,5  
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.1  ( ) -

 =255.  
.  

 – .  
. 

 
 

.1 –  ( )  
 =255 

 
     1 

-
 

  

 
-   

-
 

-
 
-

 

-
  
  
 

0-1 1  0000 0 0 
1-3 
3-5 
5-7 
7-9 
9-11 
11-13 
13-15 
15-17 
17-19 
19-21 
21-23 
23-25 
25-27 
27-29 
29-31 

 
 
 
 
 
 
 
2 

 
 
 
 
 
 
 
000 

0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
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     1 

-
 

  

 
-   

-
 

-
 
-

 

-
  
  
 

31-35 
35-39 
39-43 
43-47 
47-51 
51-55 
55-59 
59-63 
63-67 
67-71 
71-75 
75-79 
79-83 
83-87 
87-91 
91-95 

 
 
 
 
 
 
 
 
4 

 
 
 
 
 
 
 
 
001 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

33 
37 
41 
45 
49 
53 
57 
61 
65 
69 
73 
77 
81 
85 
89 
93 

95-103 
103-111 
111-119 
119-127 
127-135 
135-143 
143-151 
151-159 
159-167 
167-175 
175-183 
183-191 
191-199 
199-207 
207-215 
215-223 

 
 
 
 
 
 
 
 
8 

 
 
 
 
 
 
 
 
010 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

99 
107 
115 
123 
131 
139 
147 
155 
163 
171 
179 
187 
195 
203 
211 
219 
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     1 

-
 

  

 
-   

-
 

-
 
-

 

-
  
  
 

223-239 
239-255 
255-271 
271-287 
287-303 
303-319 
319-335 
335-351 
351-367 
367-383 
383-399 
399-415 
415-431 
431-447 
447-463 
463-479 

 
 
 
 
 
 
 
 
16 

 
 
 
 
 
 
 
 
011 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

231 
247 
263 
279 
295 
311 
327 
343 
359 
375 
391 
407 
423 
439 
455 
471 

479-511 
511-543 
543-575 
575-607 
607-639 
639-671 
671-703 
703-735 
735-767 
767-799 
799-831 
831-863 
863-895 
895-927 
927-959 
959-991 
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100 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

495 
527 
559 
591 
623 
655 
687 
719 
751 
783 
815 
847 
879 
911 
943 
975 
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     1 

-
 

  

 
-   

-
 

-
 
-

 

-
  
  
 

991-1055 
1055-1119 
1119-1183 
1183-1247 
1247-1311 
1311-1375 
1375-1439 
1439-1503 
1503-1567 
1567-1631 
1631-1695 
1695-1759 
1759-1823 
1823-1887 
1887-1951 
1951-2015 

 
 
 
 
 
 
 
 
64 

 
 
 
 
 
 
 
 
101 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 

1023 
1087 
1151 
1215 
1279 
1343 
1407 
1471 
1535 
1599 
1663 
1727 
1791 
1855 
1919 
1983 

2015-2143 
2143-2271 
2271-2399 
2399-2527 
2527-2655 
2655-2783 
2783-2911 
2911-3039 
3039-3167 
3167-3295 
3295-3423 
3423-3551 
3551-3679 
3679-3807 
3807-3935 
3935-4063 

 
 
 
 
 
 
 
 
128 

 
 
 
 
 
 
 
 
110 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 

2079 
2207 
2335 
2463 
2591 
2719 
2847 
2975 
3103 
3231 
3359 
3487 
3615 
3743 
3871 
3999 
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     1 

-
 

  

 
-   

-
 

-
 
-

 

-
  
  
 

4063-4319 
4319-4575 
4575-4831 
4831-5087 
5087-5343 
5343-5599 
5599-5855 
5855-6111 
6111-6367 
6367-6623 
6623-6879 
6879-7135 
7135-7391 
7391-7647 
7647-7903 
7903-8159 

 
 
 
 
 
 
 
 
256 

 
 
 
 
 
 
 
 
111 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1111 

112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 

4191 
4447 
4703 
4959 
5215 
5471 
5727 
5983 
6239 
6495 
6751 
7007 
7263 
7519 
7775 
8031 
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3.  0  5 -
. 16  –3. 16 -

 – 4.  – 5*8+3+4*15 = 103 . -
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 g(t).  7.1 -

 (  - ) 
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 0, ,  
 g.  .  

 
 S   gn  
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0n n

nknnn gSSg . 

S(t) 

a) 

    t 

g(t) 

3 2 1 0 

1 

) 

    t 
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 7.1 –  
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, -
,  ,  :   (NRZ) -
   (Rz) (  7.2). 

 
 
 
 
 
 
 
 
 
             
 
    

, 
 NRZ .  

 (  
)  RZ . 

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

. -
 7.1  

.  
, 

 2  4 . 
 RZ  

. , -
. -

 ( ).   -
,  

.  
 HDB – 3, .  

0000  000V  B00V,  V   
 1. : 

1.  
,  V – . 

2. ,  
B00V,  000V . 

,  - -
. -

 (  7.3). 
 

            1         0          1           1                                  1         0         1              1 
NRZ 
 
 
 
 
RZ        1           0         1           1                                    1        0        1              1 

 7.2 -  RZ  NRZ 
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.  
,  “  ” , 

 “ ” – . 
 CMI – . -

 “  ”  
,  “  ” -
. 

 
: 

 
 1. , -

 g  = {1 ,  0,3 , 0,1} -
 11100 ,  : 

-  RZ; 
-  RZ. 

. 
 

: 
 (7.1) -

 Sk
(1)=(1,1,1,0,0) , =0,1,2,3,4,5.  

S (1) = 
4

0n nkgnS  

=0   S (1)
0=S0

(1) g0+ S1
(1)g-1+…=1 1=1 

=1   S (1)
1=S0

(1) g1+ S1
(1)g0+S2

(1)g –1+…=1 0,3+1 1=1,3 
=1   S (1)

2=S0
(1) g2+ S1

(1)g1+S2
(1)g 0+…=1 0,1+1 0,3+1 1=1,4 

  
S (1)

4=0,1 
, S (1)  = {1;1,3;1,4;0,4;0,1}                                       (7.2)  

=3 =4  0,4  
0,1 . 

 S (2)  
S(2)  = {1,-1,1,0,0}. 

 (7.1),   
S (2) ={1,-0,7 , 0,8 , 0,2 , 0,1} .                                          (7.3) 

1 0 

 7.3 -    
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2.  «  
» 

 
2.1.  
 

. -
, - . -

. 
 
2.2.  
 

. . -
: , 

.  
.  

.  ( ). -
. , -

. 
 
2.3.  
 

 ( , - , 
) .  

 ( )  ( ) .  
. .  

. .  
.  

. 
 
2.4.  ( ) 
 

. . 
. . -

. .  
. . . 

. 
 
2.5.  
 

. -
. .  

 (  –  – )  ( -
 –  – ). . 



 48

2.6.   
 

, , , -
. , . 

 
2.7.  
 

 
. .  

, .  -
. 

 
2.8. .  

. . 
 
2.9. . . . 
 
2.10. - . . -

. 
 
2.11. . . 

. . -
  . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 49

3.  
 

1 2 -
-

. -
 

. 
 

3.1. 1 
 

 
 

 
 ( -

 3.1),  ( 1),  
 ( )  

-1, -2),  N . -
:  

1. -
, -

 N  
 N3 . 

2. .  
. 

3. -
 ( ) . 

 
 

 
 

 3.1. 
 
 
 
 
 
 

.1  
 -2 

 -1 
  -1 

l1  l2  L 

 3.1 –  ( ) 
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 3.1 
 

  
 

  

 
 

-
 

 
 

, N  

-
 
-
, 

 

L,  
 

 1 2 3 4 5 6 7 8 9 10  10800 -26 3000 
11 12 13 14 15 16 17 18 19 20  5400 -20 2750 
21 22 23 24 25 26 27 28 29 30  3600 -18 2400 
31 32 33 34 35 36 37 38 39 40  2700 -15 1500 
41 42 43 44 45 46 47 48 49 50  1920 -13 1000 
51 52 53 54 55 56 57 58 59 60  3000 -22 1750 
61 62 63 64 65 66 67 68 69 70  1800 -17 900 
71 72 73 74 75 76 77 78 79 80  1920 -18 800 
81 82 83 84 85 86 87 88 89 90  1020 -10 500 
91 92 93 94 95 96 97 98 99 100  300 -4 400 

 3.2 3.6 3.8 4.2 4.8 5.2 5.8 6.4 7.2 7.6 . -
 d ,  

 
1 1.5 2 2.5 3 3.5 4 4.5 5 6 l1,   
100 80 70 60 40 20 50 10 8 5 l2,  
1000 1000 500 250 500 250 60 30 60 30  

 N3 
 

 n  =+10 .  
 

 
1.  3 : ,  

.   -
;   

.  L  
, -

. -
 2500 ,  10000 , 

 2500  7500  – -
. ,  1 -

 3 . -
 1,5 .  

, .  
-

.  
, , 

 1:1:2. , -
, ,  1:1.  

. 



 51

2.  l0  
 

.  
 

       l
P

l
py 01010

0

1,0
)(1.09

0

,                        (3.1) 

   2 =0,75 – ; 
109 – ; 

 – ; 
  – -

, ; 
 - , ,  

 f : 
         = i Bf ,                                                     (3.2) 

 – ,  (  3.2). 
 

 3.2 
 

    
 5,7 5,3 2,5 

 
 (3.1) : 

l
P

lpp lg10)
75,0

lg()()()( .               (3.3) 

 fB . 
-

.  (  3.3). 
 3.3 

 
    

 
, 

 
60-108 312-552 812-2044 8516-12388 

 
 ( ), ( ) -

,  
. , -

 N ,  
. , -

 ( -
 0-812  0-8516 ).  
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 ( )  

 (  3.4). 
 3.4 

 
  
 

-300 -1920 -3600 -1800 -5400 -10800 

  
,  60-1300 312-8544 812-17596 316-8204 4332-31084 4332-59684 

 
 (  

) ,  3.5. 
 

 3.5 
 

 -60  -1020  
,  12-252 312-4636 

 
 (3.1)  (3.3) , -
, -

.  
). 

3.  
  

                l  =(0,75-0,9)l0.                                                (3.4) 
4.  ( .) -

:  ( ) – -
 ( ) –  ( )  

.  Lc=2000 .  
 l .   Lc  l , -

,  l  -
 ( ). 

. 1, 2  
. , -

.  
5. -

: 
                     =  +  + .                                        (3.5) 

 (3.5)  
        i = i l 010 )(1.092 ,                                         (3.6) 

  i –  i- . 
-

. 
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 ( ) 
 

: L = 2000 , l1 =1 ,  l2 = 14 , -
 N =2700, N =250,    

. = -10 , -
 –6 . 

: 
1. . 

,  
                   

0 0.  ( -
)  – 3,5 0,  –13 0.  

 – .  (3.2)  
 1  f =4   

 =  Bf  = l1 = 5,7 004,0  1  = 0,37 . 
 3,5  

,                  
3,13 .  

: -
,  

, . 
 
 

 
2. .  l2  

, . 
 (3.3): 

00 lg109075,0lg10 llpp . 

  -
 3 -

.  ¼, 
 

-7 0 

0 
   DC 

-3,5 -13 

 1.2 –  
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P 075,0 . 

, -
: 

 = 10 lg(f)P  + n  = 10 lg(k T f) + n  . 
 = 1,38 2310 ,  = 293 , f = 3,1 ,  

 
 = 1,25 1410  = -139 0. 

 n  = 10 ,  = -129 0. 
  

.                         
 N3 = 250  3.5,  f  = 4,636   = 12,3 . 

 l0  (  3.3),  

 f1(l) = 90 + p  –  + l – 10lg )
75,0

( /P
,  f2(l) = +10lg(l), -

 P 075,0/ ,   = -99 ,               
  = +20 , : 

                  f1(l) = 29 – 12,3 l , 
                  f2(l) = -10lg(l), 
                  l  = 2,7 ,  
 l  = 0,9 l   2,4 . 

 N3  

N3 = 83,5
4,2

142

l
l . 

 l03  
l   

l  

f13  f   10 

0 

-10

-20

-30

1 2 3 4 

-f1,2  

f2  

 3.3 –  l0 
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,  N3 = 6.                
2 ,  2,4 , -

 0,4 . 
1 : -

 = -13 0 -
 = -10  = 20 . 1 =  –  = 33 . 

 2-5  
 

2 = 3 = 29,5 . 
 

  
4 = 3 l  = 12,3 2 = 24,6 . 

  -
 (3.6), , -

 – : 
 = 0,75 3

)(1,0910 Np . 
, : 

 = 0,75 562610 1,2      –62,5 . 
: 

05,101475,0lPP . 
,  

 0  (1 ),  
 +20 .  01050P -

. 
3. . 

, -
.  

,  
:  

P 075,0
2

05,1 . 

 (                    
f  = 17,6 ) =10,5 . 

 l : 
f1(l) =  -33+10,5 l, 

                                                  f2(l) = 10 lg l. 
                             l  = 3,625 . 

        l  = 0,9 l  3,26 ,  
                 = 34,2 ,  

     n  = 614. 
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,  l  = 1,62 -
 = 17 . 

 
 (3.6): 

nP
l

8,6060786           

6141075.01075,0 )2,346109(1,09)(1,09

 

 – 46 .  
-

: 
P 1501002000/75,0 . 

,  <   .  
 
4.  (  3.4). 
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4.1. . 
 = 0 0. 

 +3 . 
 +10 . 

 –13 0. 
 –129 0, -

 –0,1 . 
4.2. . 

 = +20 0. 
: 

1    – 32,5 , 
2-5 – 29,5 , 

                  6 – 24,6 . 
, -

 –99 ,  –66,5 . 
-

 –62,5 . 
4.3. . 

 +20 . 
 34,2 , -

 –17  
 –46 . 

 
 

3.2. 2 
 

 ( ) 
 

 
-30  n  3  30 -

 ( )  x,y,z,  
 Ix, Iy, Iz. 

, -
.  

 «0». 
 

 x-1  z+1 : ) , ) , ) -
,  q, -

. 
-

. 
. 

 3.6. 
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 3.6 
 

  
 

 
Ix Iy Iz 

 
,  

 
q 

 1 2 3 4 5 6 7 8 9 10 135 1200 4100 HDB-3 A 
11 12 13 14 15 16 17 18 19 20 210 1887 4200  A 
21 22 23 24 25 26 27 28 29 30 302 2500 4300 CMI A 
31 32 33 34 35 36 37 38 39 40 391 3205 4400 4B3T A 
41 42 43 44 45 46 47 48 49 50 450 3810 5000  A 
51 52 53 54 55 56 57 58 59 60 478 2222 5500 HDB-3  
61 62 63 64 65 66 67 68 69 70 555 1520 6000   
71 72 73 74 75 76 77 78 79 80 721 1111 6500 CMI  
81 82 83 84 85 86 87 88 89 90 833 2000 7000 4B3T  
91 92 93 94 95 96 97 98 99 100 940 2150 8000   

 1 1 0 0 16 17 16 17 15 15 x 
 3 2 1 2 17 18 18 19 16 17 y 
 4 4 3 3 19 20 19 20 18 18 z 
 0 1 2 3 4 5 6 7 8 9 n( ) 

 
 

 
1.  Ix,  Iy,  Iz  

  ( -
5). -
, . 

2. -
 ( -

6). 
3. -

7. 
4. -

4. 
 n  

 
. 
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 ( ) 
 

: x = 1, y = 3, z = 4; n = 10;  
           Ix = 953, Iy = 2107, Iz= 5512; 
            – ,  -  . 
 

: 
1.  Ii , -

5.  
. 

Ix = 953      01001110    ( 1); 
Iy = 2107    01100000    ( 3); 
Iz= 5512     01110101    ( 4). 

2 ,  
.  Z+1 ( 5). 

2.  x-1 ( 0) 2 8 -
, 1  – «0». 

. 0    00011011    : 

                              
00011011  01001110  00000000  01100000  01110101  00000000 . 
      0           1          2             3          4            5 
 

3. , -
7. 

 

 
 3.5  

 
). 

 
4.  ( ) -

 (  3.6). 
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 3.6  

 
 

6): 
 
S( ) = ST( ) + S ( ), 

S ( ) = 2S0 2
sin

4

4
sin

2
c

c

c
T

T
T . 

 
  S ( )  S ( )  

  = 
T
2 ,   

 = 
cT

1 S( ). 

 
,  

 = 125 : 

 = 
832

125
832

T =0,448 . 

 
 S ( )  

TS
S

0

( Tc) (  3.7). 
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 3.7 –  

 
 

0 = 0,                0 = 0, 

1 = 1
cT

2 ,         1Tc = 2 ,        c1 = 0, 

2 = 2
cT

2 ,          2Tc = 4 ,        c2 = 0.       

: 
1.  

, , . 
2.  « », , -

 (  
).  
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