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      (SI – Systeme 

International)       (  1): 
 

   
  m 

  kg 
  s 
     A 

 
  K 

   Cd 
   mol 

 1 

           
  .     

  ( . , , ,   .). 
  2    ,  ,   

     . 
 

  
     

.  U 

.  V 
 E 

U = I · R  V 

.  R R = U / I  Ω 
 

 Q Q = I · t  C 

  .  E E = U / d   
 V/m 

   
 H    

 A/m 

 
 C C = Q / U  F 

     Wb 
  B   T 

 L L =  / I  H 

 
 D  

  
 

 
C/m2 

 
(  

) 
ε    

 F/m 

 μ    
 H/m 

. ,  W W = U · I · t  J 

.  P P = U · I  W 
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 .         
 .   .       

(  V)     . 1V = 1Kg·m2·s-3·A-1.   
   . Hz, Wb, W, F  . . 

           
,    .       

          . 
    ,      

   .     .  
              

   . 
    e        

         .  
       .  . 1-1   

    . 

 
. 1-1      
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    ,      
   ,   ,   

       . ,     
            

   .        . 
    :  ( )   ( ). 

       .    
  ,  ,    . . 

          
,     ,    

   . .       ( )   
 ,         

      . 
   :    . 

         
      .    

    ,     : 

      VA III −=Δ  ,                                                    (1-1) 
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:  AIΔ   -  , 

             I   -   ,  

             VI  –  . 

        ,  
    : 

                                                  AVA IIIII Δ+≤≤Δ− .                                                (1-2) 

        .   
        .  .   

       1V,        
      1V       100V.  

     (100%),        (1%). 
        . 

          
     : 

                                     100
I

II
I

V

V
r ⋅

−
=Δ % = 100

I
I

V

A ⋅
Δ % .                                         (1-3) 

        
  .        

     .        
    ,   : 

                     
mp

maxA
r I

I
IK

Δ
=Δ= ,                                                         (1-4) 

mpI  –     (    ),  

maxAIΔ  –   a. 

           3: 

 3 

              
      n       

   .        
  : 

−    0,05     0,1    
  , 

−    0,2 ; 0,5     0,1 –  
 ,  

−     1  5 –    . 
 

max  
 ± 0,05 % ± 0,1 % ± 0,2 % ± 0,5 % ± 1,0 % ± 1,5 % ± 2,5 % ± 5,0 % 

  
 0,05 0,1 0,2 0,5 1 1,5 2,5 5 
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   . 
 

 
        . 1-3 )                              )   
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 . 1-5        . 
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.  : 

−         . 
        ; 

−            
  .          

        ,   
     ; 

−           
            

.           
    .       

  ,         
 , . .  ; 

−            
       . ,   

        . .    
  0 - 10      ,    100 ,  

   : k = 10/100 = 0,1 A/ .    
    65   .     
    : A5,61,065kI =⋅=α= ; 

−            
          

  .            
     .          

    .        
   .      500 V       

10 kV,  
−     . 

1.4     

       ,  
     .  , 

     .     
           

,             
 . 

           
  : 

−           
    ,      

 ; 
−          

 –   ,  
−          ,    

 . 
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1.4.1     

       
 ( . 1-6)       :    

,       .    
      ( ),         

    100mV ( . 1-7). 
      (   LF535), 

          
(μ ).    μ      R4 (100k )    

    .  R5 (10k )    
     .     (Uvl)  

   R1 (1 Ω)        
  .   (0,1 F)   

    ,     . R1   
       .  

        R2  R3. 
       . 

                               
          . 1-6                                . 1-7    

1.4.2     

            
  ,             

( . 1-8).  
        ,      

              
  100 mV.      . ,      

            
 (   100 mV).      

 10 Ω. 
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. 1-8     

1.4.3.     

           
 ( )  R1 , R2 , ... , Rn .      

     ( . 1-9).  
           
     .      

,             R1 , 
R2 , ... , Rn .             

      .           
. ,    ,      

        . 
 

 
. 1-9     
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1.4.4     

            
      Rn ,        
  ( . 1-10).     (Rx)     
  .    Rx       100 mV,  

        Rn.   ,  
             

Rx.  

 
. 1-10     

           
     .         

   Rx = 0, . .   (  ). ,    
          

         . , 
              

    . 
       (Rx   ), 
  Uvl = E,          
  ∞ . 

1.4.5     

  ,       
 ,       . 

,     ,      
(       )      

,    . 

1.5    

         
.         digit    

 -   0  9. ,      
         . 

         
 : 

−  :        
  0,05,      

    0,001%; 

−  ; 
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−  ; 

−      :  
     ; 

−          (  . 
  )   . 

   ,      
: 

-        
:           

         ( .  
   ); 

-      ; 
-        .  
          

,         
 . 

1.5.1       

           
: 
−       31/2  ( )   

. 1-11.       ,     0 
 1,          0  9. 

          0000,   
1999; 

−     41/2  51/2 ,  

−     6      
  0,01%.         

  . 
 

 
. 1-11   31/2  

:        : 

 g = ± 0,3% + 1digit 

      31/2 ,     
20V,            

.  
       20 V, min.     

  00,00,  max.  19,99.       
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  „ “  0,01V = 10mV.     1 digit   

 : 

 1 digit = 1 ⋅ 10mV = 10mV ,       : 

10mV60mV10mV0,06V10mV
100

20V0,310mV
100

U0,3g MP +±=+±=+⋅±=+⋅±=  

10mV60mVg +±= . 
          

   20V    50  70mV. 

1.5.2   

          
     . 

         : 

−   – DCV, 

−   – DCA, 

−   – ACV, 
−   – ACA, 
−  -  OHM  Ω. 

   ,         
 (  . )     . 

 . 1-12       ,    : 

−  1        (  I,  U  
 R),         

, 

−  2        10 Ω, 

−  3  -     
     ,  

−         . 

 
. 1-12      

 . 1-13          
 .   DC (direct current),    

      „=“,      
AC (alternating current)    „~“.  
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        .   
   ,        
      ,     .  

   ,         
     -     .  , 

     „V mA“,     „COM“  „GND“.  
       (RS 232).  

         .   
,            

,           
.           

     . 

      (10 Ω)   
  . 

           
           0  200mV.   

     . 1-13,     A/D ,  R  
 C,    .  R     

   ,   C    
   .  

                    
. 1-13        

          : 
1.       ,   

     .     
     . 

2.          
       . 

3.           
 A/D . 



 
   17

 

1.5.3        

           
     ( . 1-8   

 ),           
   0  200mV (    100 mV). 

 
. 1-14        

      200 mV,      ,    
            ,   

   ( . 1-14).           
    . 

            
   : (   „COM“  „GND“,     
   „V mA“.          
        .   

 ,           
. 

1.5.4        

             
     ( . 1-9   

 ),          
    .   ,    

  R1, a OMK       R1.   , 
     ( . 1-15). 

     „COM“  „GND“,     
„V mA“.            

       .   
           

    . 
 



 
18     
 

 
. 1-15        

1.5.5        

    ,      ,  
       200 mV.     
               

  .         200 mV,  
    .         

     . 1-16. 

 
. 1-16        

1.5.6        

           
         . 
     (       200 mV)  

   ,          
( . 1-17).          

        .  
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. 1-17        

           
       . ,   

             
. 

1.5.7       

            
           

 I0 .        Rx,    
   UX,     .        

 ( . 1-18).          
  ,          I0. 

           
 . 

 
. 1-18       

 
     

 
1-15.         ? 

1-16.        ? 

1-17.           
? 

1-18.         ? 

1-19.      . 

1-20.          ,    
 ? 

1-21.        ? 

 

 



 
20     
 

1.6  

       
,            

  ,         
   .         

     .      : 
, ,  , ,   .  , 

            
        . 

   ,        
         . , 

             
.         . 

   ,        
    . ,     

    . 
 . 1-19           
  . 

 
. 1-19    

           
 .  X–    ,   Y–  .   
    10 x 8    10 mm ( . 1-20).  

 

 
. 1-20      
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1.6.1     

 . 1-21      . 

 
. 1-21     

         Y–    
    mV    ,      

  .        
 .           

   VOLT/POD(VOLT/DIV).     
      ,   

     .        
     Y- ,      

          . 
          

   X–  ( . 1-22).     t1  t4,  
          ,   

     VREME/POD(TIME/DIV),     
    X– .       

     X-Y.        
    . . X-Y .     ,  

      . -    . 
 

 
. 1-22          

      t4  t5      
    , . .    .   



 
22     
 

        .  
    ,         

  ,       . 
  ,    .  

   ,       
           .  

           
            

 . 

1.6.2   

         
      .    ,  

        .   
     AD     

 ,        .  
     )   (   ,    
. 1-23).  

 

 

 

 

 

 

 

 

. 1-23      

        
 

. 1-24   USB  . 1-25         
USB   
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         USB  

,       USB .   
,     ,      

 .  . 1-24      USB 
,   . 1-25          USB 

. 

1.6.3        

      ,    
  GND.   ,     
            
     .       

          
.  ,          

            
.      ,      
 AC,             

Y –   .  ,      VOLT/POD 
 .  2 V/POD,         ( )  Y – 

  2V.  

 
. 1-26       

    . 1-26       
 ± 2   ,         

   : 
Upp =2V/pod · 4pod = 8V, 

         : 
Umax = Upp /2 = 4V. 

      ,     
 : 

 

2
maxUUef = =2,8V. 

 



 
24     
 

1.6.4      

           
 .    ( . 1-27),      

  2ms/pod.           
  ,          

    .      
 T    . 

 
. 1-27      

    . 1-27     : 

 = 2pod · 2ms/pod = 4ms. 

            
     : 

Hz 250
4

1000
T
1f === . 

1.6.5       

           , 
    .       

     ,     
            .  

    . 1-28,     
  2 ,           

    0,5 . 
           

: 

t : T = ϕ : 360  

       : 

T
360t ⋅=ϕ =⋅=

2
3605,0 90  . 
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. 1-28       

1.6.6       

          
 DC.          (  ) 

  Y-       .   
    .       . 1-29, 

     : 
 U =2V/pod · 2pod = 4V 

 
. 1-29       

1.6.7       

             
  ,         

 .   ,         
         ( . 1-30).    

 Y-            
      .  

       ,     
             

.  
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(I=U/R). 

 

. 1-30      

     

1-22.        ? 
1-23.    ? 
1-24.               

mV? 
1-25.    VOLT/DIV  ? 
1-26.          X – ? 
1-27.       o ? 
1-28.   USB ?    ? 
1-29.  . 1-31           

.      ? 

 
. 1-31 

1-30.  . 1-32    .     
    ? 

 

. 1-32 
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    ,      

    .        
  ,        , 

       .   .      
   R2     . 1-33,   

            R2   
. 1-34.                 
. 1-35        . 

 

. 1-33 .             . 1-34          . 1-35   

          R1   
         

    

1.7.2      

          
.       ( )  

 ( . 1-36).      

                  
.1-36      .1-37       
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       ,  
             

.               
    . 
              

   .    ,     
   – ,         

( . 1-37).        : 

                  SSAA IRIR = ;      ( )APSAA IIRIR −= ;     A
AP

A
S R

II
IR ⋅
−

= ;                       (1-4) 

AI  –        ,  

PI  –     (     ). 

 n = IA / IS        
         . 

           RA. 
         .  

  é   ,     é  
 . 

 . 1-38           
 .           

 1,       ,    
   3,       

. 

 
. 1-38       

1.7.3      

        . 
       ( . 1-39).   

           
   .      

,           .  
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    -  (   . 1-
40). 

                     
. 1-39              . 1-40      

                      

        : 

     PVV1 UUIR =+       
V

VP
1 I

UU
R

−
=     ( )VP

V

V
1 UU

U
R

R −=     
V

V
V R

U
I =  .    (1-5) 

PU   -     , VU  –       

 VI -        . 

        ,   
         .  

      ,     
,         .  

           : 
-       – . 1-41,  
-     – . 1-42. 

          
 . 

 

      
  . 1-41                   
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. 1-42       

             
( . 1-41  . 1-42)        R1 ,R2   R3  

     : 

 V
V

V1
1 R

U
UUR ⋅−=                                     V

V

V1
1 R

U
UUR ⋅−=  

   V
V

V2
2 R

U
UUR ⋅−=          (1-6)                  V

V

12
2 R

U
UUR ⋅−=            (1-7) 

                         V
V

V3
3 R

U
UUR ⋅−=                                    V

V

23
3 R

U
UUR ⋅−= . 

           
     (+  -).     

          
             

 .       . 
      (   ), 

          .  
            

     .   
        . 

1.7.4     

        : 

−      ,  

−    ,      . 
           

.            
   .  

          (U - I )  
  . 1-43.          
 .   U       ,  

 I     ,       : 
                                                         P = U·I                                                        (1-8) 
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          : 

−  : P = U I cosϕ [W] ,     (ϕ -  
    , cosϕ -    ), 
−  : Q = U I sinϕ [VAr] ,    ,  

−  : S = UI = 22 QP + [VA] ,    . 

                           
. 1-43     U-I        . 1-44      

 . 1-44           
  .    :  ( )  

 (  ).          
 ,      .   
          

RZ.  . 1-44         
   RZ       . 

             
 . 

           .  
     ,       

  ϕ = 0,    cosϕ = 1.   ,    
        . 
             

  : 
−      , 
−     , 
−      ,  
−    . 

1.7.5     

          
.     , , , 

, pH –   .         
  ,      .  

       . 
         ,   

          ,  
         .   

        ,  
            

,   . . 
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    1-45         
 . 

 
. 1-45        

           
: 
- X -  , 
-  -   , 
-  –   , 
-  –  ,  
- Y –  . 

            . 
           .  

  ,           
    ,        

  ,   . 
        ,   

         ,   
      .      

 .        
           
.          

 : , , , , 
  . 

       ,   
             

.   ,       
,           – , 

  .  ,        
            

. 
          

       . , 
         , 

        ,  
   ,       (   

,    ,       .).  , 
           

           
              

.  
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1-31.       ?    

        ? 

1-32.       : 

1-33.           . 

1-34.      RA=500Ω     240μA  
     .   60mA.      .  
              300 mA. 

1-35.      .     . 

1-36.       ? 

 
1-37.      250V,        380V. 

 )                 
? 

 )        RV  ? 

 )  RV=10 Ω         ? 

 )    : R1=1,5 Ω;  R2=15 Ω; R3=150 Ω.       
,       ? 

1-38.       0,5    500 W   
150W.       ? (150±2,5). 

1-39.             1    – 
,    0÷3      1,5. (±0,045).  

1-40.      ? 

1-41.          ! 

1-42.           ? 

1.8    
      ,    

       ,    
     .       
  ,   .  

          
 ,     -  (   ). 
           
,         .  

     .        , 
     . 
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1.8.1       

 . 1-46          
 1Ω.        Rx (R1),   : R2, 

R3  R4,     g        
 A  B. 

 
. 1-46   

         , . .  
  A  B   ,     A  B    .  
            . 

        R1       
  R3,       R2      

   R4.         
 : 

               
4

3

2

1

R
R

R
R

=              2
4

3
1x R

R
R

RR ⋅==   [ ]Ω .                                (1-9) 

       : 

−      (10,100,1000,10000 Ω),  

−     . 

1.8.2    

       ,     
         .  

   .          
  .     L,   

    [H].      
    .       
: 
− U – I ,  
−  ,  
−  –  . 
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1.8.2.1 U-I      

       .  
     ,      

 : 

  ( )22 LRZ ω+=    : 
ω
−=

22 RZL   [H] .                   (1-10) 

        (ω=0), 
  : Z = R.    ,    

   . 1-47,       
   . 

 
 

. 1-47 U-I      

.       1,     
  .         

      .   ,   
    : 

 

                                               
I

I
x I

UR =   [Ω] .                                                    (1-11) 

  ,      2      
       (ω=2πf).   

      ,   
: 

                                         
2

2
x I

UZ =   [Ω] .                                                  (1-12) 

         1-11,   
  : 

                                     
ω
−

=
2
x

2
x

x

RZ
L   [H] .                                             (1-13) 
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1.8.2.2   

          . 
     . 1-48. 

 
. 1-48   

          
 R  R3    Rn  Ln.     

   ,         
: 

    
4

3

2

1

Z
Z

Z
Z

=   : xx1 LjRZ ω+= ;   RLjRZ nn2 +ω+= ;   33 RZ = ;  44 RZ = .    (1-14) 

          
          Rx  

  Lx: 

  
( )

4

n3
x R

RRR
R

+
=   [Ω]       (1-15)               

4

3
nx R

R
LL =    [H]              (1-16) 

         10-4 μH  
10H,    0,3%. 

1.8.2.3  -   

-            
       ( . 1-49).  

 

 
.1-49  –   
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         R4  

  C4.        
 ,     .   , 

       . 
      : 

           
4

3

2

1

Z
Z

Z
Z

=     :  

            xx1 LjRZ ω+= ;    22 RZ = ;     33 RZ = ;       

Cj
1R

Cj
1R

Z
4

4

4

ω
+

ω=                          (1-17) 

 
     xR    

 xL     : 

4

3
2x R

R
RR =   [Ω]          (1-18) ,               432x CRRL =   [H]                      (1-19) 

1.8.3    

       . 
        

   Q,        
 U. 

         Q = C⋅U                                                           (1-20) 
      – [F].    

,     ,     
      tgδ       

.         
  : 

− U – I ,  
−  . 

1.8.3.1 U- I      

             
         ,   

      .       
      ,      

  . 
     Cx    

    . 1-50,        
    ,          

      Cx.    
            ,  

     . 
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. 1-50 U-I      

    . 1-50   : 

     cXIU ⋅= ;       
x

c C
1X

ω
=       

xC
IU

ω
=  ;     

U
ICx ω

= .                    (1-21) 

            
,       50 Hz     

10 nF,     800 Hz     650 pF.   
,            

. 

1.8.3.2   

         
   .   ,   

    . ,      
 ,            

 .      . 1-51. 
         Cx  

   tgδ,       Rx   
 . 

 
. 1-51   
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   ,   3  

,         
: R2, R3,  R4.  

   : 
4

3

2

1

Z
Z

Z
Z

= ,      

     
x

x1 Cj
1RZ

ω
+= ;    22 RZ = ;     

3
33 Cj

1RZ
ω

+= ;    44 RZ =                     (1-22) 

      : 

  
4

2
3x R

RRR =  [Ω];                     (1-23)             

  
2

4
3x R

RCC =  [F]                          (1-24) 

   tgδ   Cx    : 

       22xx CRCRtg ω=ω=δ                     (1-25) 

  ω = 2πf .                                  

1.8.4    – -   

         Hz  100 Hz. 
      . 1-52.      

   ,         
,            

.  R1, R2   C3, C4    , 
  R3, R4  .         

   .        
          Hz.  

 

. 1-52  –   
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      –    
4

3

2

1

Z
Z

Z
Z

=  : 

   11 RZ = ;   22 RZ = ;    
3

33 Cj
1RZ

ω
+= ;     

44

4

4

4

4 RCj1
R

Cj
1R

Cj
1R

Z
ω+

=

ω
+

ω= .          (1-26) 

          
  ,   R3 = R4 = R  C3 = C4 = C,     

  : 

  
RC2
1fX π

=         R1=2R2 .                                                  (1-27) 

 
     

 

1-43.            
Rx. 

1-44.             
 . 

1-45.      Rx  Lx   ? 

1-46.   –          Rx  Lx. 

1-47.             Rx, Cx  
   tg . 

1-48.     –         
  f. 

 

           
   -  ,     

   ,         
    .  

 ,         
  ,          

 .          
 ,   ,       

 ,           
 .  

          ,   
,          ,    

  .   ,   ,   
    , ,   

. 
 



   
 

22..  
  

    
         

        , 
   ,  , 

 ,    , 
   RC  CR ; 

         
   ; 

        
       ; 

       
     ; 

        
     
 ; 

 

 
 
 
  

 
 
 
 
  

0

0v (t)
τ/+VCC

v (t)ICC

V1

V2

t0 1t 2tΔt

+V

t

0 ov (o )=+VCC

0v (t)v (t)I

R

C
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2.1  

           
       .    

        .   
          ,  

          
        .  , 

          
   ,  ,     

  .       , 
 ,     RC  CR .. 

2.2  

          
    .        

   ja: , , ,      
    (     ). 

            
  ,       .     

       ,    . 

           1Z   
2Z      .        

  ,      
.  

       1Z   2Z     
 .   1Z ⋅ 2Z =const.    ,   
  . 

2.2.1   

       (   ) 
       ,     

 .         
  .        : 

11
02

2
0

1
1

11
CL

1       ; )(1Lj
Cj

1LjZ
1

1 =−⋅=
⋅

+⋅=  ;                   (2-1) 

 
10       (   ),  
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22
0

2

2
02

2
2

2
2

2
CL

1      ; 
)(1

1
Cj

1

Cj
1Lj

Cj
1Lj

Z
2

2

=
−

⋅
⋅

=

⋅
+⋅

⋅
⋅⋅

= ;                  (2-2) 

 
20       (   

).  
           

    0201
=       

2

2

1
21 R

C
L ==ZZ                   (2-3) 

   R    
2

1

C
LR =     

 ,          
 ( . 2-1). 

 
 

 

 
)  LC          

 

 

 
)  LC          

. 2-1    

          
 fo,         . 



  
   45

 
       ,    

 .        
  .    n     

    n – 1.       
     ,      

  .        
        . 

 ,  . 2-2        
     . 

 

           
. 2-2        a 

2.3  

       ,   
           
.     , , , 

 ,    .    (  
   . )    (      

. ).        . 

 
. 2-3     

           
  1  1’     2  2’ ( . 2-3).     

   ,   .    . 2-3  
     U1, I1    1 – 1’     

  U2, I2    2 – 2’.  
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  ( . 2-4). 

 
. 2-4       

    Zp     
 Zg      ,      

           
         : 

221 IBUAU ⋅+⋅=       221 IDUCI ⋅+⋅=      (2-4) 

 A , B , C   D    –   . 
    ,       

  .  A   D    , B  
   ,  C   .      

  : 

A D  – B C  =1,                                                   (2-5) 
           . 

            
   .       : 

2

1

U
UA =

        2

1

I
UB =

        2

1

U
IC =

       2

1

I
ID =  .                            (2-6) 

    -          
            : 

112 IBUDU ⋅−⋅=  112 IAUCI ⋅+⋅−=                 (2-7) 

    e        
        ,     
.         

          : 

)(
2
1)

I
Iln

U
U(ln

2
1

IU
IUln

2
1

IU
2

1

2

1

22

11 +=+=
⋅
⋅= ,                                 (2-8) 

: 
2

1
U U

Uln=  
2

1
I I

Iln=        . 

            
,            

   .       ,  
     .  
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]N[
U
Uln

2

1
U =  -      (    

    dB,    - N), ]N[
I
Iln

2

1
I =  -   

  ,  )(O
21U −=  -     (   

 )  )(O
21I ψ−ψ=  -    . 

2.3.1      
  

         , 
      . 

            
              

   .    : 

A D  – B C  =1                  A = D                                                (2-9) 

           
,       : 

DZC
BZAZ

2

2
1VL +⋅

+⋅
=

 
    

      AZC
BZDZ

1

1
VL2 +⋅

+⋅
=  

       
 CZ .          
,          ( . 2-5).  

 
 

 

. 2-5   

    : C22VL11VL ZZZZZ ==== .  
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  CZ          

1VLZ     : 

C
BZC =  

         
      

 .        :  

)CBAln(j CCC ⋅+=+= ,                                       (2-10) 

 C    ,  C     
   . 

2.3.2   

        ,    
   .          

   ,            
      .     

       . 

 . 2-6       ,   . 2-7  
  . 

                    

              . 2-6         . 2-7    

          ,  
-        :    

2

3

22

31
31

2

1

Z
Z

1D     ;
Z
1C     ;

Z
ZZ

ZZB     ;
Z
Z1A +==++=+= .              (2-11) 

          

,      –    1Z   3Z   
2

Z1 :  

22

1
1

2

1

Z
1C       );

Z4
Z1(ZB     ;

2Z
Z1DA =+=+== .                                (2-12) 
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 . 2-8       ,   . 2-9 

    . 

          
      . 2-8                    . 2-9    

           
   ,     :  

1A
BZ       ;

1D
BZ          ;BZ 321 −

=
−

==  .                                 (2-13) 

      ,                    
-         .  

      -      2Z   

3Z   2Z2 . 

             
  L .      L   

  1 - 1’     ,     
 2 - 2’     .  . 2-10   

  L . 

 
. 2-10   L -  

           
      .   

      ,   .    
         

         . 

     

2.1.   ?        ? 
2.2.     ,    ? 
2.3.     ,    ? 
2.4.             

 ? 
2.5.               

? 
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2.6.   ?        ? 
2.7.      ? 
2.8.       . 
2.9.     -    ? 
2.10.     ? 
2.11.     ,         ? 
2.12.    ,         ? 
2.13.       ? 
2.14.      ? 
2.15.     ? 
2.16.      ? 
2.17.      ? 
2.18.         ? 
2.19.    L ? 
2.20.           L 

? 
2.21.           L 

? 

2.4     

          (  
,   ).           

 RP        RP = 0.   
,            
       .    

           
    .  –     
     . 2-11        

         . 
          

   .   

 
. 2-11  –    .      

            
          Rg .     

   ,   Rg      
.           

           
    .  
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  ,      v    
     : 

iREv g−=                                                      (2-14) 

  –        
  . 2-12.         

   Rg. 

 

. 2-12  –    .      

  

        .   
          RP. 
,       i     

 v       .   
            

      .   –  
    . 2-13.     

          
   . 

 

. 2-13  –    .      

           
  I     Rg.  I      

,  Rg     .     
         RP   

     .        
        : 

gR
vIi −=                                                               (2-15) 
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 –        

 . 2-14          Rg. 

 
. 2-14  –    .      

2.5     

          
  Uout        Uin.    
            
 ,            

 Z2 ( . 2-15).  

 

. 2-15   

 Z1  Z2        , 
  .          
:                                       

in
21

2
out U

ZZ
ZU
+

= .                                                   (2-16) 

           R  
 C,    : 

RCj1
1

Cj
1R

Cj
1

U
ZZ

ZU in
21

2
out ω+

=

ω
+

ω=
+

=  .                             (2-17) 
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  IX        IT ( . 2-16).     
      ( . 2-16). 

 
. 2-16   

              
    IX: 

T
XT

T
X I

RR
RI
+

= .                                                    (2-18) 

               
     ( , )    

       IX      
 . 

2.6   

           
     ,      

            
.          , 

, VF ,      .    
        . 

2.6.1    

 . 2-17     .     
   1,  C      

Q=C⋅E,        E,    : 
2

C EC
2
1W ⋅= . 

 
. 2-17    
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       2,    E  
       .      

   L.      
     ,   .  

    ,       
      ,      

           
   .    ,   , 

         .  
        

     .    
    (       

   )     . 
          
      (    ),    

   .       
    ,          

 .     ,       
     ,          

 .       
. 

     ,     
        

     ,  

Wc=WL  2
m

2
m IL

2
1UC

2
1 ⋅=⋅                                           (2-19) 

 LIXIU 0mLmm ==    Im  Um      , 
      : 

LC
1f2 00 =⋅= ,                                                  (2-20) 

  0ω      ,   

LC2
1f0 =     . 

        : LC2
f
1T
0

0 ⋅== , 

            
   ,    . 

           
     : 

C
L

I
UZC ==                                                             (2-21) 

       0ω ,     
     ( . C1 < C2; L1 > L2  L1C1 = L2C2), 

        ,      
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 .        ,  

             
.      ,       

 . ,      ,    
  L  C. 
         

(   ,    ,  , 
-   .). o          

  ,          
  .          
  R  .   ,    

 ,          . 
      ( . 2-18).   

     ,       
  Q-   .     (  ), 

 Q-        Q–   : 

R
Z

C
L

R
1

R
L

QQ C0
L ==== .                                               (2-22) 

 
. 2-18   

        
     .       

          . 
       . 

           
     . 

2.6.2    

      .      
   ,     ( . 2-19). 

 
. 2-19    
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           .  
   C, L  R       I   
        U    

  .      : 

Cj
1LjRZ
⋅

+⋅+=   22 )
C

1L(RZ
⋅

−⋅+= .                         (2-23) 

     : 

22 )
C

1L(R

U
Z
UI

⋅
−⋅+

==  ,                                          (2-24) 

            R, L  C,   
   (fg).       

     r0g LC
1 ω==ω=ω ,    

   ,        
  . : 

CL XX = ,  RZZ min ==      
R
UII max == .                  (2-25) 

 . 2-20 )  ) e         
     ,       fg ( g ). 

 a  rg ω=ω : CL XX = ; RZZ min == ; 
R
UII max == ; 

 a  rg ω<ω : LC XX >    gf =0 ; ∞=Z  ; I=0,     

 a  rg ω>ω : LC XX <    gf = ∞ ; ∞=Z  ; I=0    . 

     
                                    )                                                                                    ) 

. 2-20   ,     fg 

      ,   
    .  gf = ∞,     ,  

       π/2.     
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  ,        ,  

   .   gf = ∞,        
      -π/2 . 

          
          

.  
       L  C,   

 R,        . 2-21.   
          

L1C1 = L2C2     R1 = R2,    L1 > L2, C1 < C2  Zc1 > ZC2 
(   ),       

 . 2-22. 

 
              . 2-21  I=f( )                                         . 2-22                       

            
        R.    

             
.  ,          
   .      

            
   ,     . 

 
. 2-23       
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      ( )      

        
2

Imax ,      

    3dB. Imax    .  . 2-23    
     

Q
f

L2
RffB r

12 =
⋅

=−=   ,                                               (2-26) 

 f1  f2      . 
            , 
      .     

            
      ,        

.     Q – ,   
     .    

   ,     . 

2.6.3    

  . 2-24     .    L  
 C     . 

 
. 2-24    

  ,     ,    
     R     . 

     : 

Lj
1Cj

1Z

ω
+ω

= ,     

L
1C

1Z

ω
−ω

=                (2-27) 

    i : 
ω

−ω==
L

1CU
Z
UI .   

    R = 0.        
   : 

r0g LC
1 ω==ω=ω ,                                                 (2-28) 

      .  



  
   59

 
      Z = ∞,      

 ( i = 0).       iL = −iC ≠ 0.   
   ,       

. 
       ,  :  

Cj
1LjR

Cj
1L)j(R

Z

⋅
+⋅+

⋅
⋅⋅+

= ,                                                 (2-29) 

              
 LR ω<<       R    . 

      0
Cj

1Lj =
ω

+ω ,  R     

     ,   Z  : 

ω
ω

−ω+
=

ω
ω

−ω+
=

ω
−ω+

ω
ω

=

2

2
r

2

2
r

2 1
R

Lj1

RC
L

1LjR

C
L

LC
11LjR

Cj
1Lj

Z     (2-30) 

        
RC
LR d0 =   

 .    0g ω=ω ,     

   d0max RZZ ==       
  1 ,             
:  

d0max
min R

U
Z

UI ==                                    (2-31) 

 . 2-25  . 2-26     ,   
     .  

      
                  . 2-25  )(fI,Z ω=                          . 2-26  )(f ω=ϕ  
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 . 2-25          
,    ,     

     ,     
 (    ).  

 . 2-26          
    ,     iL  iC. 

     i       
       . 

 . 2-27         
 .           

         
2

Umax ,  Umax    

.         : 

Q
f

ffB r
12 =−=                                                           (2-32) 

 Q    . 

 
. 2-27  U=f( ) 

     

2.22.        ? 
2.23.    ?     ? 
2.24.     ,   ? 
2.25.         ? 
2.26.    ? 
2.27.         ? 
2.28.          ? 
2.29.       ? 
2.30.      ? 
2.31.      ? 
2.32.   ! 
2.33.    I   Z      

 ? 
2.34.          ? 
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2.35.           ? 
2.36.            

. 
2.37.      ? 
2.38.      ? 
2.39.   ! 
2.40.           

 ? 
2.41.        ? 
2.42.         ? 

2.7    

          
    ,     ,  

  . 
          
    : 

      (FPNF), 
      (FPVF), 
       (FPOF),  
       (FNOF) 

        . 
           
 ,         . 

     ,    
 .     :   

       . . LC ,      
     RC .  

2.7.1 LC -  

LC -             
 L              

 .         
  LC –   , . .     

 .     ,     
             (α=0).  

        
          

       : 

1
Z4
Z

2

1 −=   0
Z4
Z

2

1 =                                                (2-33) 
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      : 

+=
2

1

Z2
Z1 arccos                                              (2-34) 

 α=0,         
  (  ). 

      1
Z4
Z

2

1 −<     

         . 
   LC –    –      
        ( constZZ 21 =⋅ )   

  . 

2.7.1.1 K -      

 LC – ,   ,     
       .  

        .  . 2-28  
            

 
. 2-28            

        ,   
  .       

   ( Lf2XL ⋅⋅= ),        

,         (
Cf2

1XC ⋅⋅
= ). 

           
,  21 II ≈ .         
       . 

         
       .     

     .      
       , . .   ( 21 II > ).  

            L . . 

LjZ1 ⋅= ,        C . . 
Cj

1Z2
⋅

= . 

       .const R
C
LZZ 2

21 ===  
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        :  

1
4

LC

Cj
14

Lj
Z4
Z 2

2

1 −=−=

⋅

⋅= ;   
LC
2

g =     
LC
1fg =       (2-35) 

  0
Z4
Z

2

=         . 

         (α=0),   
      : 

[ ]N1)(2ln
g

2

g

+−=  .                                         (2-36) 

         : 

021arccos
2

g

>
ω
ω−=β ,      = .    

(α)     (β)         
. 2-29. 

 
. 2-29         

 

2.7.1.2 K -      

              
 ,       . 
 . 2-30            

 . 

 
. 2-30           
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         C 

  
Cj

1Z1
⋅

=  ,        

 L   LjZ2 ⋅= .    ,   
         .  

          12 II << .     
      ,      

.         ,   
          12 II ≈ .   

         ,  VF 
   . 

    α    
 β    . 2-31. 

           
. 2-31           

 

    ,   
    : 

[ ]N1)(2ln g2g +−= ; 0)(21arccos 2g <−= ; 
LC4

1fg =  (2-37) 

2.7.1.3 K -       

     ,      
           

   .          
 g1   g2 .        
     .  

 . 2-32             
  .  

          , 
      .    , 

      ,    
     .     
        

,       . 
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. 2-32             

        
          : 

2
C

2L

1

2C
2

L
1

2
21

1
0 ==    .                                        (2-38) 

        : L1C1 = L2C2 .  
        : 

−⋅=
2

0
11 1LjZ ,   : 2

02
2

1

1
Cj

1Z
−

⋅
⋅

=     (2-39) 

          
    : 

−+⋅=
1

2

1

2
0g1 L

L
L
L1     ++⋅=

1

2

1

2
0g2 L

L
L
L1 .               (2-40) 

        2g1g0 ωω= .  

     : 

1

2
01g2g L

Lf2ffB =−= .                                             (2-41) 

        
         . 2-33. 

 
. 2-33        FPOF 
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2.7.1.4 K -       

          
           
 g1   g2 ,          

  .          
  ,       .  

           
    ,    : 

2211
0 CL

1
CL

1 ==                                                 (2-42) 

 . 2-34            
  . 

 
. 2-34           

        :  

1

20
1g2g L

L
2
fffB =−=                                                  (2-43) 

       : 

−+⋅=
2

1

2

1
0g1 16L

L
16L

L1ff     ++⋅=
2

1

2

1
0g2 16L

L
16L

L1ff          (2-44) 

        
        . 2-35. 

                   
. 2-35          FNOF 
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2.7.2  –  (RC  CR)  

RC     R  C       
.    RC         

        (   LC ).   
           

   .   
    RC         

 U2      )
2

U
(U;

2

U
1

2
1 ≥  . . α < 3dB.  

 . 2-36   RC     . 

 
. 2-36 RC      

          I2 << I3,  
I1 ≈  I3 = I. : 

Cj
1R

UII)
Cj

1(RU 1
1

⋅
+

=
⋅

+= ,        :  

22

1

)
C

1(R

U
I

⋅
+

=           (2-45) 

    :      

22

1
c2

)
C

1(R

U
C

1IXU

⋅
+

==                  (2-46) 

           
 ,          

. 

      
2

U
U 1

2
= ,    : 

RC
1

g = ,  
RC2

1fg ⋅π
= .                                          (2-47) 
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   dB    :  

( )[ ]2

2

1 RC110log
U
U20log ⋅ω+== .                                   (2-48) 

     RC       
  . 2-37.  

 
. 2-37     RC      

         . 2 -36   
CR     .  .2-38 )  )   L-

  CR        
  .  

 

 

 
)   )    

. 2-38 L   CR      

      CR     
  RC         RC  

         . 2-39.    
  g2 > 10 g1,        

       .  
          

    . 

 

 

. 2-39 RC       
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2.43.    ?        ? 

2.44.     k – ? 

2.45.       k –     . 
       ,     

? 

2.46.       k –     
? 

2.47.         FPNF? 

2.48.        k –     . 
      ,       k – 

    ? 

2.49.          k –  
   ? 

2.50.       k –      ? 
        FPOF?    

    ? 

2.51.    FNOF?          
FNOF? 

2.52.         FNOF? 

2.53.         FNOF? 

2.54.              RC 
? 

2.55.    CR     . 

2.56.    RC     . 

2.8     

       :  
( )           

       .    
    ,     

   :   ,  
  .      

          
.          , 

           . 
,            

           
 . 

         
   ,           

     ,      
o .         
       . ,  
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     ,    .   
          

          
  .   , ,    

          
  . 

           
,   .         
      ,    

   .         
         . 
         ,  

       ( )tuc      
  ( )tic .  

      ,      
 ,     .       

          
      ( ) ( )+− = 0c0c tutu ,   0t      

  t .    ( )−0c tu       
     0t       0 

(t0=0),  ( )+0c tu          
.  ,          

 ( ).        
            

      .    
             

             
   , 

 R          
.       ( )tuR    ( )tiR   

          R,   
 ( ) ( )tRitu RR = . 

        
    (R)    (C).     

  .  . . RC ,   ( )tv|     
 R,    ( )tv0      C,   CR 

o     C,       R, 
     . 2-40 )  . 2-40 ), .  

0v (t)v (t)I

R

C

             

0v (t)v (t)I R

C

 
) RC                           ) CR  

. 2-40  -   
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         RC ,  

         , 
        .  

2.8.1 RC  

   RC        
    . 2-40 ),     

      . 

2.8.1.1   RC     

          
RC           

CCV+    S      . 2-41.   -
   RC ,       

       ,      
    .  

          ,  
    è     0t =    

  1 (S=1)    .  

C
v (t)0

R i(t)

v (t)CCC+V

1

2

 
. 2-41   RC     

  t=0        S=1  
  S=2.          CCV+    

    .     )t(uC   
  ( ( )tv)t(u 0C = ),        

         (2-49). 

( ) ( ) ( )[ ] τ
−

⋅+−∞−∞=
t

0000 e0vvvv  .       (2-49) 

        
   ,     .    

            
    .           

   .  

  (2-49)   , ( )+0v0 , τ   ( )∞0v    
      , . .   

. 
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1.  ( )+0v0        
,               

   t = 0       .  
  ( )+0v0 ,          

( )tuC  è      ( −= 0t ), ( )−0uC .     0 
   ,       −= 0t ,    

( ) 00v0 =− .  

  0t = ,      1S =   2S = ,  
     0  CCV+ ,       

   ,         += 0t  
    ( )tuC         

   ,   ( ) 0)0(u0u CC =−=+ .       

0v , ( ) 00v0 =+ . 

2.  ( )∞0v        , 
       ,       

 .         
  ∞→t .       ,   

,       : ( ) 0iC =∞ .   
      ∞→t         R,   

     ( )[ ]0uR =∞ ,    , . . 
    ( ) ( ) CC0C Vvu +=∞=∞ . ,    

       ,    
          τ. 
3.  τ          

         ,  
        

       .     τ   
  RC=τ            

.      [ ]Ω ,   [ ]F ,  
      [ ]s .  

 :   += 0t      CCV+    
       R      C. 

            
 RC=τ .        
 CCV+      ,      

    . 
   ,   (2-49)  

  ,        
 τ . ,      τ ,    
     .   4-1     
     1, 2, 3, 4  5  . 

 t [τ] 1 2 3 4 5 

v0(t) [VCC ] 63% 86% 95% 98% 99% 

. 4-1 
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       ,    ∞→t .  
          tSM    

      , . .    
. ,          

  3τ     5τ. 
      ( )+0v0 , τ , ( )∞0v    (2-49)  

      : 

( ) −⋅= τ
−

t

CC0 e1Vtv           (2-50) 

       
    a  .2-42    VI=+VCC. 

0

0v (t)
τ/+VCC

v (t)ICC

V1

V2

t0 1t 2tΔt

+V

t

0 ov (o )=+VCC

 
. 2-42      RC      

      tΔ      
 (2-49),      tΔ     

( )
( ) 20

10

Vv
Vv

lnt
−∞
−∞

⋅τ=Δ                    (2-51) 

  (2-51)           
    RC .     ,      

,          1V , 2V , ( )∞0v , 
         . 

2.8.1.2   RC      

          RC  
     CCV+    PT ,     

 0t = .          . 2-41. 
        ( , 

)   , . . é   −= 0t ,    
 S=1     ,       

   ( )[ ]00v0 =− .  

       0t = ,    
  S=2        CCV+ .  

        0    
CCV+     RC=τ .  
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  é   PTt =        
 S=1.            

  ( , )   .     
  R      . 

       ( )P0 Tv  (    
     PTt = ),    RC=τ   

  , ( ) V0v0 =∞ . 

           
  PT     τ .       

    ( )tv0      . 2-43 ), )  ).  
         , 

     PT .     . 2-43 )  
  τ≈ 5TP ,  . 2-43 )  τ≈ 2TP ,   . 2-43 )  

  PT >> τ . 

τ/+VCC

v (t)0

Iv (t)+VCC

t5τ4τ3τ2τ1τ0

0τ/

TP

0 1τ 2τ 3τ 4τ 5τ
PT

+VCC

+Vτ/
v (t)0

v (t)I

CC

t

τ/0

τ/+VCC

τ/0

v (t)ICC+V

0v (t)

5210 43
T

t
P

[τ]
 

) τ≈ 5TP    ) τ≈ 2TP     ) PT >> τ  

. 2-43          
   RC      

2.8.1.3   RC      

         
  RC    CCV+ ,     PT ,  

    0T ,        0P TTT += .  

    ( )tvI    ( )tv0     
 . 2-44. ).          

    RC          
τ≈ 5TP . ,       PT    
    RC=τ ,        

CCV+ .     0T        
      .    , 

          PT   0T   
    τ ,        

      .  
 . 2-44 )            

  τ       PT , τ≈ 2T0 . 
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v (t)0

t0

CC+V

TP T0

v (t)0

+VCC

T0 P T0 t   
) τ≈ 5TP       ) PT  , τ≈ 2T0   

. 2-44     RC      
     

2.8.2 CR  

         . 2-40. ),  
       ( ) 
     . 

2.8.2.1   CR     

       CR   
        CCV+   
 S,      . 2-45.  
        ,   

 é   0t =       S=1,  
      .      ( )tuC  é 

     −= 0t , ( )−0uC    0.   
 ( )tv0      R      ,  −= 0t   

    ( ) 00v0 =− .  

  0t =         
  S=2,           
 CCV .         

 ,         += 0t    
  ( )tuC     , ( ) 00uC =+ .       

    CCV+ ,     += 0t   ( )tv0   
 ( ) CC0 V0v +=+ .  

C
v (t)0

R

i(t)

v (t)RCC+V

1

2

 

+VCC

t0 1τ 2τ 3τ 4τ 5τ

τ/0
0v (t)

v (t)I

v (o )=00 o

 
. 2-45.    CR   

 ( ) . 
. 2-46.      

 . 
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         ( )0t =  
     ,     

           
 .    

  += 0t          
    C   R.     

 ,        , ( ) ( )tutv R0 = ,    
   ( )tuC    , ( ) ( ) ( )tutvtv C|0 −= .   
        RC=τ    
       CCV+ .  

           
 ,    ∞→t .    
    ( )[ ]0iC =∞         

 . ,  ∞→t         R.  
     ( ) 0uR =∞ ,   ( ) ( )tvtu 0R =     t ,   

       ( ) 0v0 =∞ .  ,   
    3  5 τ ,    ∞→t . 

         : 

( ) τ
−

⋅=
t

CC0 eVtv                   (2-52) 

          
     . 2-46. 

2.8.2.2   CR      

          
  . ,       , 

é  −= 0t ,     S=1 (  ),     
 ,      R,        .  

  0t =       S=2    
   .         

   ,     CCV+     
 .  

  += 0t   C      0   
 CCV+     RC=τ ,      

.   é   PTt =        
 S=1.  ,      0    

       ,    0  CCV− , 
. .      CCV0V −=Δ         

CCV− .        
   ,        .   

PTt =         .    
       ,  

      RC=τ     .  
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 . 2-47 ), )  )        
            

 PT .      CR      
   . ,   τ << PT ,    

    :     0t = ,   
   PTt = .   ,  τ > PT ,     
     ,   τ >> PT        

   .  

0 t

TP

+VCC

v (t)0

 

CC

v (t)0

+V

TP

t0

 
t0

v (t)
+VCC

0

TP  
) τ≈ 5TP    ) τ≈ 2TP    ) PT >> τ  

. 2-47         CR    
      

 CR        , 
           

 t ,         t . 

2.8.2.3   CR      

           
  CR      CCV    PT ,  

     0T ,      0P TTT += . 
       . 2-48 )  )      

        CR    
.    

+V

T

0

CC

P T0

v (t)0

t

+V

T

0

CC

P T0

v (t)0

t

 
) τ≈ 5TP       ) PT  , τ≈ 2T0   

. 2-48       CR      



 
78    
 

,  ,       ,    
  CR .       PT   

     RC=τ ,      .  
           

    .      
         PT , 0T     
 τ ,          

  ,  .  
 . 2-48 )  )         

   .     . 2-48 )   
τ≈ 5TP ,   . 2-48 )   PT , τ≈ 2T0 .  CR    

 ,         
,          t ,   

 ,   . 

2.8.3      RC  

           
      .    

           . 
,             

  iC(t)=IC,        : 

t
C
I

)0(u)t(u C
CC += +                   (2-53) 

  uC(0+)           
 . ,      ,  

         : 

t
C
I

)t(u C
C =          (2-54) 

  ,        
  ( ) ,    RC      

  . 2-49,          , 
  I0.            

,   . 2-50 ).  
     ,     

   .        
        I0,       

      (2-54),      
  .      , 

     +VCC,        
,          .  

        „ “   
    .       

   . 2-50 ). 
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I

C
S 0v (t)
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0

 

CC+V0v (t)

0 t
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. 2-49 . RC   )   )   

 . 2-50.      

         
        I0     

    . 
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2-71.          ( )tuC ? 
2-72.    ) RC  ) CR        

 ( )tv|    ( ) I| V0v = .        

 ( )tv0 ,        ( )−0v0 , ( )+0v0 ,   ( )∞0v . 

2-73.           12 ttt −=Δ  
   2U   1U      ( )tu     ( )+0u , 

τ   ( )∞u . 
2-74.  . 2-51 ), ), ), ), )  )        ( )tv|  

      ( ) RC , .2-40 ), ( ) CR  , . 2-40 ). 
       ( )tv0       

    0t     ,   ( ) 0tu 0C =− . 

-V

Iv (t)

CC

0 t

 

Iv (t)

0 tt0

CC+V
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CC

0 tt0 PT
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0 tt0
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0 tt0
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0 PT t0T
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2-75.  . 2-52   RC    R=10K Ω ,  C=1 Fμ ,  

 V9VCC +=     S       
.         ( )tuC   

  ( )tuR    è   0t   S  ,   0t  
      : )  = 0.1 τ , )  = 2 τ , )  = 5 τ , )  = 15 τ ,  
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R

R

0 1
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,         : 

 1.     ; 
 2.     : 
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      .      
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3.1.2.      
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  ,       ,  
      t=0,     

 .         
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      .   
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Iv (t)

CC

0 t  

v (t)I
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. 3-1.    . 3-2. e   

     TP    
V,  . 3-2.       

,      , . .   
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v (t)I

+VCC

0 TP 0T t  ) 

v (t)I

+VCC

0 PT t0T  ) 

. 3-3.  )   )   

          
      , . .     

      „ “.     TP   
    ,        

. 3-4 ).         
       . 3-4 ).  

) 
tPT

v(t)
VI

0
 ) 

v(t)
VI

PT P2T P3T t0
 

. 3-4.  ( ) )    )   

 ,       ,  
    ,       . 3-5.  

)

CC+V
0v (t)

0 t  

CC+V
0v (t)

0 t ) 

. 3-5.  .   . 3-6.   . 
 

 ,     . 3-6,     
  .      

 ,      ,    
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3-1.    ( ) ?  

3-2.    ? 

3-3.         ?  

3-4.            ?   
  ? 

3-5.               
       .  

3-6.          ?   

3-7.          ( ) ? 
    ? 

3-8.        ?     
? 

3-9.         (  
, - )?    ? 

3-10.         (  
)?    ? 

3-11.         (  
)?    ? 

3-12.          (  
)?    ?    ? 

3-13.     )     ( ) 
     +/- 9V, )      

   +/- 12V   10 μs, )  ( )   
( )     +/- 5V   1 ms. 

3.2.     

 ,         
 ,       

 .          
        .  

          
      .      

           
  .      

 o  .      
       .    
 ,          

.           
  ,  . ,      
     ,     

      ,      
    .    ,      

       ,       
   . 
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        .  

           
.    ,      
,       .     

        
           

         . 

,         
  ,    ,   ,  

          
   . 3-7. ,         

    ,         
     . 3-8.    

    ( )  : 
1.     ( . ON)     

,        (   ),     
 ,  

2.     ( . OFF)     
        (   ),      

 .  
          

   . .    ,   ,  
    (P=U⋅I=0⋅I=0  P=U⋅I=U⋅0=0). 

S

SI
US  

I =IS
U =0S

S=ON

max

 

I =0S
U =US

S=OFF

max   
. 3-7.    

     
   

I

VCC

RL

US

 
.3-8.    

)      

v (t)S

SmaxU

0 tTPt t0 1  

)      

0

PT0
0t 1t

t

ISmax

Si (t)

 

. 3-9.    )   ) 
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     ,      
      ,      
      .     

   t0   ,          
 TP   t1 = (t0 + TP)    .  
           ,   

  . 3-9 )  ).           
   .       

   ,      
         
       .  ,    

    .   ,    
        
.           
,       ,   , 

        . 

3.2.1.  

     ,   
  . T          

 ,  ,   ,   
      . 

       . 3-10,       
           ( )  
 ( ) (I=IAK) ,      (UAK)    

   (VA)       (VK),   
      .  
      ( , ) . 

     ,      
.       (UAK)    

  ,          .  
         ( ) 

,        ,   
      0.7  0.75V.    

          Uδ. 
,      ,       

          
.      ,      

      Uδ (UAK=Uδ).    
      ( )0R Ddir ≈       

 .           
   .        

 (LED)   Uδ   2 V,      
  LED          . 

           
        100 mV    0,75 V. 

o   ,        U < Uδ     
.     Uδ ≈0.7V           
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.      UAK<Uδ,    
 ( , , )       

 . ,         
      RD=RDdinv,     ,  

 UAK    Uδ         . 
   -    

    . 3-11   ,     
   -       

  .  

  

D

I =I

A K

U =U
D

D AK

AK

 

maxDI =I

U =UD δA K

 

DI =0

U <UD δA K

 

Uδ

-UBR

DI =I

U =UD AK

AK

 

. 3-10.     
     

   
. 3-11.  –   

  

           
,            

           
.            

     . 3-11    UBR. 
           

-          
 (Uδ=0),      . 3-11   .   

     ,        
   .         

            
 (UAK≥0),        . 

 .           
  . 3-12 ),        

,         .   
      '         

       .     . . 
 ( )    UZ       

     (|UZ|<|UBR|). 
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          UZ, 

UKA=UZ (UAK= UZ)     ,      
    .  ,    

    IZ         
         UKA=UZ. , 

            
   . ,      

   ,       . 

A K
DZ

U =UD AK

I =ID AK

  

K

I  >0D

U =U
A ΖD

 

DI  >0

U =UD δA K

 

DI =0

U <UD δA K

 

-UZ
Uδ-UBR U =UD AK

DI =IAK

 

. 3-12 )     
     

. 3-12. )   
    

  UZ<UAK<Uδ  UAK=Uδ,       
.     UZ<UAK<Uδ,     ,  

            
  , UAK=Uδ    .      

         :   
   UKA   UZ,      

UAK=Uδ.        
  . 3-12 ). 

3.2.2.   

        
      ,     

      .    
       NPN ,  

    . 3-13. 
     ,     

     ,      . 3-14.  
          

  ,    ,        
.            

 . 
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        S  . 3-7,   

     ,         
 RL   +VCC.    . 3-7  . 3-14 

     U      -
 UCE,      I    

  IC. 

UCE

IC

EI
BEU

BI

B

C

E  

IC

CEU

RC

CCV

G

B
C

E

 

. 3-13.   NPN  . 3-14.      
   

   ( , ).  
         PN   

 ,      ,    
,   .  UCE      

   +VCC.  ,      
    . 

      -  UBE ≤ 0.65 V.    
             

 0I,0I,0I ECB ≈≈≈ .   0.65 V     -  
UBE        ,    

  Uγ.   
   .      

    ,   .   
 ,     . 3-13 )   ,  

         , . .  
 .      IC=hFEIB  hFE   

          1 (hFE>>1). 
          , 
      -   

    .       
        .   

           
           

      . 
   ( ).      

    UCE    ,    
IC  ,         . 

          ,  
  PN    .  
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     UBE  UCE     

: UBE=UBES= BESBE UV75.0U =≈ ,  UCE=UCES= CESCE UV2.0U =≈ . 
          

 ,   (IC=ICS)         
   (IC<hFEIB). 

      ,   
      ,     

 ,   .       
          . 

  

U

B

EB

IB IC

C

E

IE

ECU

 

. 3-15.   PNP  

   PNP . 
       

      
  NPN .    
     

     
.  ,   

   -   
        

      PNP 
     

  NPN ,     
  . 3-15.  

3.2.3.   

  , FET-   MOSFET- ,    
 ,            ,   

    .    FET-     , 
   (  ),  ( , )   ( ).  

MOSFET-           ( ).  
FET.  FET-        PN . 
         FET-     

            UP.   
        UGS,    

  . FET-         
   . ,      UP 

          FET 
        .  

        
,     N-  MOSFET . 

MOSFET.    MOSFET-     
        ,     

      ,      . 3-16.  
    ID  N-      

 ,           
  +VDD.  MOSFET- ,     . . 

  ,       ,    
    .  
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    . .  ( )   
         ,     

,   -    .    
       . .    

             
  .       

   ,          
      . 

ID RD

DSU VDD

D
G

SG

 

G

D
DI

UDS

S

B

GSU

 
) 

 

UB

GSU

S

G
ID

D

DS

 
) 

. 3-16. MOSFET   
     

. 3-17. ) N - MOSFET    ) N - 
MOSFET    

MOSFET-      ( )    . 
  MOSFET-         (   )  
   UT,        

UGS     UGST.  UGST  MOSFET-      
    +VDD,   MOSFET-    

   UGST    .  
   N-  MOSFET     

  . 3-17 ),        . 3-17 ).  
MOSFET-       UGST  ,  N -

 MOSFET        . 
    N-  MOSFET    ,   
 UDS            

 +VDD.       MOSFET- ,  
     MOSFET-      

       .  
   N-  MOSFET          

 UGS    UGST.        
    (ID=0),   UDS   (UDS +VDD). 

     .  
,    ,    UDS 0,   

  MOSFET-      .      
   UGS UGST  UDS<UGS-UGST.       

    ,        
 .         

              
  : 

)UU(
1R

GSTGS
DSon −β

≈
)UV(

1

GSTDD −β
=      (3-1) 
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     DDGS VU +=     
  MOSFET-     . β ]V/[ 2mA    

   MOSFET- .     
,   UGST      .   

DSonR         100-  ][Ω   1 ]k[ Ω .  

  MOSFET-          
           

    ,     .  

D
ID

B
G

USD

S

D
ID

B
G

USG

USD

S

USG

 
a)                                             ) 

. 3-18.  

a) P  MOSFET    
) P  MOSFET   . 

P-  MOSFET:  P-
MOSFET-   è  

  N- ,  
    

   UGST  
   

,      
      

.   P-  
MOSFET     

  . 3-18 ),   
   . 3-18 ). 

MOSFET-         ,   
        .    

   MOSFET-       
  ,   ,    

   ( ).  

3.2.4   

  ( )    ,  
    .   ,   

           
    .  ,      

             
     .  ,  

              
         .  

         
  . 3-19.            
,  (–)   (+),  ,    
      +VCC  -VCC.  

      : 

1.    →∝iR ; 

2.    ( )  →∝0A ; 

3.     0R0 → . 
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        . 3-20 ).      

 ,            
→∝iR ,       ,  0R0 → .  

   . 3-20 )     
   . ,       

      (V+>V- . .   
UD=V+-V->0),    V0      ( , 

)          
+VCC.   ,         

  (V+<V- . .   UD=V+-V-<0),  
       -VCC.   
         →∝0A .  

U 

V

V

+

D

CC+V

A0

CC V

0V

 

I =0U 

V

V

+

D D

CC+V

CC V

0V

GND

DU 

CC V

0V
CC+V

0

 

. 3-19.        )      )  . 

 . 3-20.    

       , 
             

          
 ,           

   . 
        ,    

         ,   
         .  

3.3.   -  

         
           

        
  .        NPN  

PNP ,   N-   P-  MOSFET- .  
        

  .          
 :   .      VHIGH, VH,   

V(1)         , +VCC  +VDD.   
,       VLOW, VL,  V(0)     
  (   ,  „ “).   

   :         
,          :    

   ,       .  
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 . 3-21 ), )  )  :    ,  

         
       .  

A Y

 
) 

 

AV VY

V(0)

V(1) V(1)

V(0)

 
) 

VY

VH

VIT

LV
VAVL HV0

 
) 

. 3-21. ,       . 

 ,       
       ,   
         
         .  

 

     

3-14.      .     
    ?   ?          

   .  

3-15.          
-  . )          

  ( ) ?       
  ? )            

( ) ?         ? 
          

. 

3-16.          -
 .          

    ?       
      ?     

       ?  

3-17.      NPN . )     
       ? )     

            ?   
           ? ) 

         
 . )          

   –    ,    – 
 ?  

3-18.     n-  MOSFET. )       
     ? )       

          ?    
          ? )  

         
. )            

 –    ,    –  
? 
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3-19.       . )   

   ?      . 
         ?   

 ? )            
  ,      ? !  

3-20.     .     ?   
         

 .   

3-21.           
  ,          .   
    V(1) = + 5 V,        V(0) = 0 V, 

            
   )   V(0) =0V  )   V(1) = + 5 V.  

3.4.       

  ,       
  ,    ,     

   .        
        ,     

 .    ,     
  , ,      
   ,        . 
          

: ,   .       
         , 

        
( ) .          

      . 
          

    (  ),     
        ( ), 

   .       
 RC  CR ,       

    . 
          

         
   .    ,    

  , ,    .  
,          

    . 
          

          
   .          
         , . .   
           

.     ,  
    ,      

         . 
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 , . .     .    
    -    

 ,          
           

.      ,     
        ,  .  

           
            . 

3.5.  

 ,      ,  
    .     

   ,   ,       
          

   .       
    ,    

. 
         

   ,     .     
          RV   

        .  
           

            
   .       

        
:    ( )  

 ( 0A ∞→ ),     ( ∞→iR )  
    ( 0R0 → ). 

3.5.1.     

        
       R   D,   

  ( )    ,     
 .  ,       
 . 

          
          

        : ( )|00 VVV = .  

        , . . 
     0U ≈δ ,      

   [ ]0RDdir →        
    [ ]∞→DinvR . 

    ,   , 
           

        .  
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  „  “  „  “,    
        .   

             
         .  

           
 ,    D,      

  ,            
. 

  :        
  . 3-22 ).       

        |V      
.      ,    0V    

     R.     ,  
 R   ,      ,     

  , 0V = |V .      è    
      RV ,         

.      RV          
    .          

  RV ,           0V = RV . 

0v (t)

v (t)I

VR

VR

VO

VI t

t

v (t)I

R

R

D

V

v (t)0

VimVR

 
)    )   

. 3-22.     

           
  , . .    ,   

    . ,     |V < RV ,   
  ,        |V ≥  RV ,   

  RV , 0V = RV . 
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 . 3-22 )       
     RV >0.     

( RV =0)      ( RV < 0)     
   IV -          RV .  

  :        
        . 3-22 )     , 

     . 3-23 ).       
  ( RV ),             

            RV . 
       RV       ,   

          
      ,     

    ,       
  . 3-23 .  

VR

D

v (t)0

t

-VR imV
v (t)I

t

-VR

R-V

R

v (t)I

OV

IV

v (t)0

 

)    )   

. 3-23.     

3.5.2.     

           
 1D , 2D        1RV  2RV ,      

    (  ).      
 . 3-24 ),         .  
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  ( )|00 VVV = ,     . 3-24 )  
   :  

1. e              2RV− , . .    

|V < 2RV− ,       2D         
    0V    2RV− ; 

2.         2RV− , 1RV+ , . .   
2RV− < |V < 1RV ,    .     R  

    , 0V = |V ; 

3.        1RV+ ,  1D       
    0V    1RV+ . 

      ,      
 2RV−    1RV+ . 

 . 3-24        ,    
         

   . 

OV

+VR1

R1+V VI

0v (t)

t

v (t)imV I

-VR2

R2-V

-VR2 R1+V-Vim

v (t)I

R

R1V

1D

0v (t)
VR2

D2

t

 
)      )   

. 3-24.     

3.5.3.      
          

     . 3-25.     
      : 

     ,       
 ,          

     ,    
           VZ; 



 
   103

 
          

 ,  è    ,    
 .         ,       

   ,         
    ,  

          0V,  
   ( )     
.            

   ,         
            . 

    ,      
   a  . 3-26.       

      .      (   
, ),            

     (VR1=|VZ1|). 

v (t)

VI

VO 0

Iv (t)

t

t

VZ1

VZ1

v (t)I DZ1 v (t)0

R

imV

 
. 3-26.    . 3-25.   

     

      . 3-25   ,   
     ,    .  

            
.              

  .         
         – VZ1.  

     ,         
  . 3-27 ),       

             
  .  



 
104    
 

)

0v (t)Iv (t)

DZ1

DZ2

R

   )

0v (t)Iv (t)

DZ1

DZ2

R

 
. 3-27.          

          . 3-24 ),  
           

  1ZU   2ZU      1ZD   2ZD .   
           ,  

          , 
            

   . ,        
   0,      1RV = 1ZU ,   
  2RV = 2ZU .            

       . ,  
          

      .    
    . 3-27 )          

     ,    ,  . 3-27 ). 

3.5.4.      

       
      ( ) , 
  . 3-28  . 3-29        
       .   

   ,       . 
3-28    ,       . 3-29 

   : 

R
RA

U
U F

u
i

0 −==         (3-2) 

i

0

U
U =

R
R1A F

u +=         (3-3) 

             
          , 

   ,     . 
            

  ,          
 . 
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R

RF

IV
OV

IV
R OV

RF

 

 

0v (t)

DZ1

DZ2

. 3-28.   . 3-29.  
  

          

  ,         
 (3-2) e  RF=R   AV = – 1   

1
R
RA

U
U

u
i

0 −=−== , . . U0 = – UI      (3-4) 

VI

OV
CC+V

-VCC

+VCCCC-V

 

. 3-30.    
   . 

      
      

 è      
      

. ,   
       

:    ,  
   ,  ,  

     
   . 3-30   . 

      
     -

      , 
 .     

      
   +/- VCC. 

,        
 (3-3)           . 3-31. 

VI VI VI VO

VOVO RRF

 
) R→∝ ) RF=0  ) RF=0  R→∝ 

. 3-31.       
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       R  RF: 

) R→∝, . .    . 3-31 ),  
) RF=0, . .  ,   . 3-31 ),  

)   RF=0  R→∝, . 3-31 ),  
         AV=+1   

101A
U
U

u
i

0 =+== , . . U0 = UI      (3-5) 

            
  ,      è     

  ,        . , 
     :    ,  
    ,    ,    . 

        . 
3-30   .          

   , . .   +/-VCC. 

           
,           

   . 3-27     VZ1=VZ2=VZ.  
             

  +/- VZ,    +/-VCC.  

     

3-22.        ( )? 

3-23.         . 

3-24.         . 

3-25.          . 

3-26.     ( )|00 VVV =      
. 3-22         )  )   

,    RV    (1) V6VR −= , (2) RV =0V,  (3) 

RV =+5V.     .  

D

R
v (t)I v (t)0

VR

 
. 3-32.    

    

3-27.  . 3-32      
        

 )   )    
  .    

 ( )|00 VVV =     
     

RV          
    .  

         
    ( ) 

V5VR −= , ( ) RV =0V, ( ) RV =+3V. 
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v (t)I DZ2 v (t)0

R

 

. 3-33.    
  .  

3-28.     
( )|00 VVV =        

   1ZD     

1ZU = 5V      
  ) . 3-25,    ) 

. 3-33       . 
3-25  :      

 .    
       

  .  

3-29.     ( )|00 VVV =       

    1ZD , 2ZD         . 3-26. 
    ,      

      : ( )  1ZU = – 5V  2ZU  = – 7V, ( ) 1ZU  = – 7V 
 2ZU = – 5V, ( ) 1ZU = 2ZU = ZU = – 5V. 

3-30.      )  )  
           

 .          
?      ?       
?          

 ( )|00 VVV = . 

3-31.       )  )  
       . 3-27  . 3-28  
      +/–VCC=9V      

RF=47KΩ.           (R)   
      : 1)  , 2)    3)   

?    ?  

3-32.     ( )|00 VVV =       
     ) . 3-28     AV = – 1 ) 
. 3-29  AV = + 1    +/–Vcc=12V.  

3.6.  

          . 
       -     

      ,     
         

. 
           

  .          
     .      

     :       
  RV ,         ( )tv|    

   ,     ,  . 3-34. 
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. 3-34.   . 3-35.     
     

         
 .           

( )tv0       ,      . 3-35    
  VR=0.        

             
    , . .   

      .     
        . 

        
    ( )|00 VVV = ,         
       .    

         
      . 

  ,      
          

      ( )D00 UVV =  
  . 3-20 )  ).      

           
−+ −= VVUD     ,       

      ,     
           . 3-34. 

3.6.1.    

             
        . 3-36 ).   

    ,         
,     .   

( )|00 VVV =        . 3-36 )    
      ( RV >0).  

          RV  
        Vi- . 
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     . 3-36 )     

  . ,       
  0A ∞→ ,           
   RV ,      .  

 0V       ,       
     .  ,      

    ,      
     ,     

     CCV− .        
   ,       
    ,        

   CCV+ . 

      . 3-36 )    
     . 3-36 ).    |V   
  RV  (VI>VR),   CC0 VV −= ,       

RV  (VI<VR)         CC0 VV += .  

D

+VCC

-VCC

0v (t)Iv (t)

Z1
VR

DZ2

 

VO

IV0

+VCC

CC-V

VR

 
) e   )   

. 3-36.       

3.6.2.    

          
     . 3-37 ).     

            
    .   ,   

( )|00 VVV =          . 3-37 )   
        ( RV >0).   

          RV  
       Vi-      RV . 

       
  . 3-37 )      . 3-36 ),   

         . 
        ,  

     .      
,        RV ,    

 0V             
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  CCV+ . ,        
  RV ,          

     CCV− . 

D

+VCC

-VCC

0v (t)Iv (t)

Z1
VR

DZ2

 

+VCC

CC-V
VR

VO

IV0

 
)   )   

. 3-37.       

      , 
  . 3-37 ),         |V   

 RV    CC0 VV += ,     |V    RV ,   
     CC0 VV −= .  

         
   . 3-36  . 3-37,  . 3-38  . 3-39    

.         ( )tv| ,   
. 3-38 )  . 3-39 )           .  
. 3-38 )    ( )tv0    ,   
. 3-39 )      ( )tv0    -

.          , . . 
     ( RV =0) (    RV =0).  

-VCC

0

+VCC

Iv (t)

t

0 t

v (t)0

+VZ

Z-V
 

-VCC

0

+VCC

Iv (t)

t

0 t

v (t)0

+VZ

Z-V
 

. 3-38.    . 3-39.   

           



 
   111

 
 ,         
       DZ1, DZ2    

UZ1=UZ2=UZ ,      . 3-36 )  . 3-37 )   . 
         U0   +/–

UZ,      +/–VCC (|UZ|<|VCC|).      
    . 3-38  . 3-39,        

          . 

3.6.3.    

        
   .    , 

       . ,  
    ,        

   .        
     0A >>1,       

  0A ∞→ .  

           
   . ,      

   ,        
             

    .          
  ,       .  

  ( )|00 VVV =      
,          ,   

  . 3-40.  . 3-40 )    , 
  . 3-40 ), .       . 

3-40 )  ), .  . 3-40      
         

        .    ,  
. 3-40           

,     VT1, VT+  VTHIGH   VT2, VT   
VTLOW.    HU        

   1TV   2TV : 

2T1TH VVU −= .       (3-6) 

O

VT2

CC-V
IV0

T1V

+VCC

V

UH

VR

 

+VCC

T2V0

CC

VR VT1

UH

-V
IV

OV

 

)   )   

 
)  

 
)  

. 3-40.          
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       . 3-40 )   
          : 

  0V      CCV+   CCV−     
      ( )  

( )  1TV ,    ,   

     0V   CCV−   CCV+      
   ( )  ( )  2TV ,   

    1V  . 

       
  . 3-40 )       . 3-40 ),  

      . 

3.6.3.1.      

      , 
  ,       . 3-41 ). 

           
     RF.      

        ,  
       .   , 

,      ( ) )t(vtv| −= ,   
 ( )tv0        . 

R

+VCC

CC-V

RF

VO
IV V-

V+

 

CC-V

+VCC

HU

VI

VO

VT2 VT1
0

 

)   )   

. 3-41.      

 ,      ,    
    .      

         
  V+,           

   .  
  ,          

  .       –VCC,   
   ,      

        ,  
       +VCC.  
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       ,     

   . ,  V+    
 V0       R  RF. 

 V+        R: 

1TCCCC
F

0
F

VVV
RR

RV
RR

R =V =⋅β=
+

=
++   VT+     (3-7) 

  
FRR

R =
+

β .       (3-8) 

          VI,  
   +VCC  –VCC,         

      V+=β VCC,    
      VT1.    
        . 3-41 ).  

         
    VI,        

, .    VI   + VCC  –VCC,      
 (  +VCC),         

   ,       
   –VCC,       :  

2TCCCC
F

0
F

VV)V(
RR

RV
RR

R =V =⋅β−=−
+

=
++   VT     (3-9) 

         V0     
 VI      , . .    

 VT2,         V+ = -β  VCC.  
           

 UH   (3-6).       
     UH  : 

 VV2V2)V(--V=U 0CCCCCCCCH Δ⋅β=⋅β=β=ββ ,     (3-10) 

 V0        +VCC  –VCC,  . 

) 

 

 

 

 

 

) 

VT2

VT1

t

v (t)0

v (t)I

t

CC+V

-VCC  
. 3-42.      

     

 . 3-42 )  )   
    ( )tv| ,  

    ( )tv0   -
    

. 
   . 3-41 )  
   R  

    
  VREF   

    
. 3-41 )     

      
,      

    
(VREF>0)   (VREF<0). 
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3.7.   

         
            

.            
          ,    

     .      
,        ,   

 . 
          

,     . 3-43.         
          , . . 

.  ,           
       . 3-44. 

) 
 VI

VC1 

 
VC2 

VO 

) 
 VI

VC1=+VCC 

VC2= VCC 

VO 
VO

IV

VC1

VC2

R1

R2

D1 D2

D4D3

 
)
 VI

VC1= VCC 

 
VC2=+VCC 

VO 

. 3-43.    . 3-44.   

    

,     C1    (VC1=+VCC),  
     C2   (VC2=-VCC),   

      .       
     , . .      . 

  ,         
C1     ,  C2 ,      

   .        
         ,  

     .  
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I

0

C1

C2

V

V

V

V

t

t

t

t

 
. 3-45.        

         
             
. 3-45 ), ), )  ).         
     ,       

 VC1  VC2,          
  . 

     

3-33.      ? 

3-34.       ) , )  
      . 3-36  . 3-37    

  . 

3-35.  . 3-46         ( )tv|   
 Vim=10 V   f0=10 KHz       ( ) 

, ( )        
. 3-36  . 3-37    +/– 12 V.      

   (1) V5VR −= , (2) RV =+5V. 

Iv (t)

t

Vim

 

. 3-46.  

-
 

  

3-36.    ( ) , ( )       
    +/– VCC = 9V     

 . 3-46    Vim=5V   f0=1KHz.   
     . 
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3-37.           

 . 3-46   Uim=9V.        ) 
      . 3-41, )   

         +/– VCC = 
12V    V2V 1T =   V1V 2T = . 

CC-V

VO
IV

RF

R
CC+V

 
. 3-47. o  

  

3-38.        
    

    
    

   
  . 3-47. )   
    
 VT1  VT2; )   

   ; ) 
    .  

3-39.          . 3-43. 

3-40.       . 3-43      
. 3-45    Uim=5V   f0=10 KHz.    

,             
   VC1  VC2       )  

  )    )      
 ? 

 

           
         

,            
 .  

         
  ,         

.           
     ,        
    , ,    

 .  ,       
         

     . 
 



 
 

44..    
 

        
       ; 
       ; 
          

      
; 

      

; 

         
  555       

 ; 
         

      
  555; 

      
  555; 

 

 
 
 
 
 
 
 
 
 
 

v)

b)

[6] [7]
2Vcc

3

[3]
+Vcc

Tp

R VCC+C

t

t

t0

1

2

3

4 5

6

7

8

555

+Vcc
Discharge
Threshold
Control
Voltage

Ground
Trigger
Output

Reset

( )
( ) 2

1ln
Vv
Vv

t
−∞
−∞

⋅=Δ τ

V+ CC

4

3

1
2
6

7
8

5

1

2

C

R

R

C'

555

D2

R

R

D1

3

4
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4.1.     

    ,    
,          

    ,       
 .  ,        

      .     
    ,      

        .      
   ,     
,          

 .  
        

  a    (  . ). 
           

          
  .         
         ,  .  

      ,      
. 

            
,       ,     

      .     
    ,   è    

     .   
      .  
            

     ,      (2-3) 
      t    V1  V2  

        v(∞)   
 τ: 

( )
( ) 2

1

Vv
Vv

lnt
−∞
−∞

⋅τ=Δ  

       ,   
             

.         ( , ) 
.   ,       

( ) ,        
,           

 .          
 ,           

.            
        ,   

           
    ( . triggering, . ) .  
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4.2.    

        
:          

       .    
          
 MOSFET .         

  ,      ( )  
 –  ,      

  ( )  .  
         , 

      :  
  ,       -

,  
  ,       

 , ,    ,   
  ,    ,   

  ,     . 
          

 .          
,              

  .      
         

    .  ,    -
          

.               
 , 1  0.  

      
    .       

 ,       .   
            

,      ,  
    ,         

   .       
            

  .       
          

  .  
      

 .    ,    
   ,          

 .  ,        
      .     

 ,         
     ,  - . 

          , 
     . 
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4-1.       ( )?     
   ,   ,    ? !  

4-2.      , . .      
?   

4-3.         ? 

4-4.      ?. 

4-5.      ? 

4-6.      ? 

4-7.              
 ?    ? 

4-8.        ?     
  ? 

4-9.      ? 

4-10.      ? 

4-11.      ? 

4-12.        ? 

4.3.     
 

    ,   
        .  

             
 timer.          

 ,        
 ,           

     .      
    :      ,  

  ,  ,         
       .  , 

             
,            

   ,      
        . 

 . 4-1       
,    ,    

 ( ),     .    μ 741. 
         
      C1   R1.  

       CR     
C0  R0.          

            
   . 
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   ,    
          

  :   0 → ∞,    Ri →∞, 
   R0 → 0.   ,      

 ,          
   .      ν 0(t)   

     :    
    +VCC      

 ν +(t)          ν –(t). 
 ,      ν – (t)    

       ν +(t),   
       –VCC.  

0v(t)

BB-V

R1

1C

0R

C0(t)Iv
A0--v--

-v
+VCC

CC V

2VCC -VBB

C

+VCC

ΔV
R 11 BB/-V

BB
C1R1 /-V

ΔV
-VBB

t

t

t

v+(t)

v0(t)

ΔV

CC-V

t0 Pt

TP

-VCC

v(t)I

0t

 
 
) 
 
 
 
 
 
 
 
 
) 
 
 
 
 
 
 
 
 
) 
 

. 4-1.    
    

. 4-2.    
    

          
       ,     

. 4-2 , , .       „   “,   
     . , é è   t = t0,  
       ν I(t < t0) = 0.    

            C0  C1 
            . 

,      t < t0  ν -(t) = 0.  
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  Ri      ,   

 C1    ,   R1    . 
      ,     

  t < t0  : ν +(t) = –VBB.     
       [ν -(t) = 0 > –VBB = ν +(t)], 

 ν 0(t)      –VCC.     
    –VBB      -VCC, 

 C1      uC(t) = –VBB + VCC,    
 . 

  t = t0          
         

  –VBB,   ν +(t) > ν -(t).     
     –VCC  +VCC.     

    ΔV=2VCC.     C1   
   ,         , 
          

 .   ,      
         ,  

     ν 0(t) = +VCC. ,    t = t0 
     : ν i(t) = 0 , ν – (t) = 0 , ν 0(t) 

= + VCC, ν +(t) = (– VBB + 2VCC) > 0.        
      :     
     t = t0,     

 C1,      R1   -
VBB,          τ  = 
R1C1.          
–VBB,       C1   

 ,     R1    (      
 ).         –VBB  

   t = tP          
   ,      . 

            
 ν 0(t)      +VCC     –VCC. 

      P = (tP – t0). 
          

 .    t = t0+  ν +(t) = – VBB + 2VCC,  
 t = Tp    ν +(t) = 0,      t → ∞   V+ = –

VBB    τ  = R1C1.       
   t      ,  

    : 

BB

CC
11

BB

CCBBBB
11P V

V2
InCR

|0V|
|)V2V(V|

InCR =T =
−−

+−−−
   (4-1) 

     tP = (t0 + TP)     
 V = 2VCC,     .      

  C1   ,       
t = tP      –2VCC.    

            
  ,     –VCC.  ,   

  –2VCC     –VBB,    
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 C1.       –VBB   

C1.     τ  = R1C1,     
      -VBB.      

 5 τ  ( τ  = R1C1),     tP,      
         C1.  
           

,      VBB      
      +VBB,       

       +VBB. 

     

4-13.         ? 

4-14.       ? 

4-15.          
  .4-1           

         . 

4-16.          
      . 4-1. 

4-17.         . 4-1   
    P. 

4.4.      

          
        ,   

  .        
    :    ,   

,  .  ,      
          

,          
.           

        , . .  
    ,        .  
 . 4-3          

 ,     .    μ 741.  
          

     R1  R2.   ,   R  
      ,     

 ,          
 C        .  

 ,        
   , . .     : 0 → ∞, 

Ri → ∞ , R0 → 0.        ν 0 (t) ≈  +VCC    ν +(t)  > ν (t), 
 ν 0(t) ≈  –VCC   ν – (t) > ν +(t). 

          
  . 4-4 , , .      
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       ν 0(t) = +VCC  ν 0(t ) = –VCC,  
           

 .  
      +VCC.     

   ν +(t)  :  

CC
21

1
0

21

1 V
RR

R
)t(v

RR
R

 =(t)v
+

=
++       (4-2) 

C

R

v-

v

+V
v0(t)

R2
R1

CC V

CC

A0-- --

 

(t)

-V

v0

CC

t

(t)+v

CC
CR /+V

TP1

CC+V

(t)-v

CR /-VCC

-βVCC

CC+βV

CC+βV

CC-βV
t

t

P2T

 

 
 
 
 
 
) 
 
 
 
 
 
 
 
) 
 
 
 
 
 
 
 
) 
 

. 4-3.     
  . 

. 4-4.    
   . 

   
21

1

RR
R
+

    β,  ν +(t) = βVCC.  

 C      R    +VCC  
  τ = RC.    uC(t)     

   ν –(t).          
        βVCC     

    ν +(t).   ,   
   ,        

 ν 0(t)   +VCC  –VCC.       
   R1, R2          

  ν +(t)        
:  
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CC0
21

1 V)t(v
RR

R =(t)v β−=
++ .      (4-3) 

     ,  C    
   R   -VCC           

τ  = RC.      è        
  ν –(t)        

 ν +(t),     ,        
     –VCC  +VCC.  

        TP1  TP2   
         

    , TP1 = TP2 = TP,       
 = 2TP.        TP1 = TP2 = TP 
           
     ν (t).     , 

           
 t      ,    : 

β−
β+=

β−
β+τ==

1
1lnRC

1
1ln TT =T PP2P1       (4-4) 

β−
β+=

β−
β+τ=

1
1lnRC2

1
1ln22T =T P       (4-5) 

     

4-18.         ? 

4-19.       ? 

4-20.            
   .4-3       

    ( )  ( )  . 

4-21.          
     .4-3. 

4-22.          . 4-3 
     P1, P2,       = P1 + P2  

 f = 1/      . 

4.5.    555 

  ( ) 555        
         

.          
,   ,    ,   DIP (dual in 

package)    .       
           

 .   ,  555   
          

          
.       555,    

        .    
         .  
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4.5.1.     555 

   555     TTL,    
CMOS .      8-  DIP      

. 4-5 ).   ,        
  ,    . 4-5 ). 

1

2

3

4 5

6

7

8

555

+Vcc
Discharge
Threshold
Control
Voltage

Ground
Trigger
Output

Reset

    

555

4
3

5

6

1
2

8
7

TRIG

OUT

RST

GND

DISC

THRE

CONV

+Vcc

 
) 8-  DIP       )      

. 4-5.    555 

   a   [6] (Threshold, THRE), [2] (Trigger, 
TRIG), [4] (Reset, RST)  [5] (Control Voltage, CONV)      [7] 
(Discharge, DISC)  [3] (Output, OUT)     . 

 (+VCC)     [8],   [1] (Ground, GND)  
      .  

             
   555,         

 -     ,     . 4-6. 
        . 4-6 ),    

 555       :  

 

R

S

Q
D

1 5

2

3

4

6

7
8

R'

R'

R'

K

K

1

2

3VCC

1
3VCC

2

R

Q

FF

RST

GND CONV

TRIG

DISC

THRE

OUT

 555

↓

↑

T'

'

'

'

B

VCC+

 
. 4-6.  -    555 

1)     
      R’.  

2)      
   ( 1),  
   ( 2).   

    
 ,      

     
   ; 

3)  ,  SR 
-  (SR FF)    

   dR ;  

4)    ( ’)  
NPN ;  

5)    
 (B) ( . buffer invertor)  

     TTL 
    

    200 mA.  
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      555       
  SR -         S, R  

dR     Q  Q . -           
:         ( Q )     

(+VCC),        ( Q )     (0 V). , 
        ( Q )  - ,  
        ( Q ):  Q     , 

Q     ,  .   -     
  S,   R     dR . ,   

  S, -          Q    
  . ,     R, -    

,     Q      .  ,  
    dR    - ,    

     .   dR      , 
      S  R, -     .  

     o     
    +5V  +15V   +Vcc (  [8]),   

       GND (  [1]).   
    R’        

,          2/3⋅VCC, 
        1/3⋅VCC.   ,  

            
:    1     2/3⋅VCC,    

 2    1/3⋅VCC.   
          

 1       2/3⋅VCC,   
      0.01 [ F]  10 [nF]   

   CONV (Control Voltage -  [5])    (  [1]). 
        555. 

 1        
      THRE (Threshold)    [6]. 

 1          
          2/3⋅VCC.   

 1       R   ,  
   1 , -   .    

   Q       (0 V),   
 Q      (+VCC). 

 2          
   [2]   TRIG (Trigger).  2    

               
1/3⋅VCC.    2       (S)  

 ,     2    -   
.      Q      (+VCC),   

  Q    (0 V). 
SR -    :      

    OUT (  [3]),        
  T’. ,    [3]   ( )  
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      Q   - .   
        -  Q   

  [3]    ( )   ,  
        (  [3])        

  Q  - .   ( Q )    
 ’   : 

    Q   ,  ’     
 ,     [7],    (i7≈0), 

    Q   ,  ’      
     – ,       

   ’   [7]   [1]     
: v7(t) = u[7][1] = UCES 0.2 [V]  0. 

  555   [4]       
(RST)          [3].   [4]  

      . ,  
   [4]   0.4 V,    ( dR ) -

         (  [3])     
         [6]  [2].   

           
   (  [6]   [2]) ,        [4]  

    ,      +VCC (  [8]). 
       . 4-1   

         555.    ”1” e 
   (+VCC),  “0”   (0 V),   “ ” 
   ,        1  0. 

  -   

 RST 
 [4] 

TRIG 
 [2] 

THRE 
 [6] 

 
 Q  Q  

DISC 
 [7] 

OUT 
 [3] 

0.4 V<   dR  0 1   
 1) 

 
0V 

↓1/3⋅VCC  S 1 0   
( )2) 

  
+VCC 

 ↑2/3⋅VCC R 0 1   
 1) 

 
0V +VCC 

>1/3⋅VCC <2/3⋅VCC
   .   
     . 

. 4-1.      555 

    555 ( )   , . .   
    (  )    

                                                 
1)  [7]        -       ’  

    . 
2)  [7]        ’        

. 
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.        (OUT),     
 (  [3])   TTL   ,  

    .  TTL    555, -
          200 [m ].  

      LED- , ,   . 
 CMOS    555,        80 [m ]. 

 
  

TRIG 
 [2] 

THRE 
 [6]

DISC 
 [7] 

OUT 
 [3] 

↓1/3⋅VCC    
( ) 

  
+VCC 

 ↑2/3⋅VCC
  

 a 
 

0V.  

. 4-7.   
    555 

. 4-2.    
   555 

         555  . 4-7  
      ,  . 4-2 

     . 

     
4-23.        555. 

4-24.      -    555  . 4-6,   
           555. 

4-25.             555,    
     -   . 4-6  . 4-7,      

 . 4-1  . 4-2.  

4.5.2.     555 
   555       

   .   ,   
 ,       .  

   C   R      -
     . 4-8 ).      
       . 4-8 )    

555       .    
       ,      

    [6]         1, 
        2/3⋅VCC.   ,  

 2         1/3⋅VCC, 
   [2].      [2]     

 R0  10 [KΩ]     . 
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  . 4-9     [2] ( . 4-9 )     , 

       [6]  [7] ( . 4-9 )     
   [3] ( . 4-9 ). 

'C'

+

R

C

7
3

1
2
6

5

555

8 4

CCV

0 R

T

   

R

S

Q
D

1 5

2

3

4

6

7
8

R'

R'

R'

K

K

1

2

3VCC

1
3VCC

2

R

Q

FF

RST

GND CONV

TRIG

DISC

THRE

OUT

 555

↓

↑

T'

'

'

'

B

VCC+R

C

CC

'C'

+V

R

  
)      )   -  

. 4-8.        555 

v)

[2]

a)

b)

[6] [7]
2Vcc

3

[3]
+Vcc

Tp

R VCC+C

t

t

t

Vcc
3

+Vcc

t0

 

. 4-9.    
     

    555. 

 

 

 

)

 

 

)

 

 

)

     
  ,  è    

t0.       
    [2] 

(     
2)   R0    

  +VCC    
.   

   t0   , 
      

 C    (iC=0)  
   ,   

   [6]   
(V[6]=0V).    

    [3]    
 (V[3]=0V).  

  t0   
     

   
      

[2]  , . .    
  1/3⋅VCC    
  2.  
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  ,  C      
+Vcc   R       [6]  [7] 

 .   ,     
        

OUT (  [3])       +VCC,      
   . 

   C      
 ,         [6],     

     1.       
 2/3⋅VCC,  1     - ,    

        .   
      ’,       

    C      
    . ,      

  ,       .  , 
        Uces=0.2V≈0V,   

 –      555 (  [3])    .   
           

        [3]  ,   
 C . 

 TP        C  
  0 V   2/3⋅VCC    R,     

        +VCC.     
   .      

         t   
    .     t     

TP,   ν C(∞)   +VCC,   V1=0 V,  
 V2=2/3⋅VCC,    τ P=RC   C  

       R.  ,    
    : 

RC1.13lnRC

3
Vcc
VcclnRC

3
Vcc2Vcc

0Vcc
lnTP ≈⋅=⋅=

−

−
⋅τ=     (4-6) 

      e    
,  TP         

   ,  R   
 C      +VCC . 

     

4-26.         555  .4-8 
             

,      . 

4-27.          
    555  .4-8. 

4-28.      555   . 4-8   
    P. 
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(*)           555    

       .      
             

          . 
             

.    ,      :  

( )          ; 

( )            
:     [2],      , 

  , . .       
[7]  [6]             [3], 

( )       TP, 

4- 1.   ,       . 4- 1, VCC=12V, 
R0=10kΩ, C’=10nF; (1) R=820kΩ, C=15μF, (2) R=2.2 Ω, C=150μF.   

            
   .  t0=0        

 . ( )     (1) R, (2) C,     
 TP? 

4- 2.     . 4- 1      
    R3=R4=560Ω    (LED)- ; 
 (D1)   (D2). ( ) ,      ,    

  ,      (1) D1, (2) D2     t0 
      . 

C'

R

C

7

1
2
6

5

8 40 R

T

1

2

D

D

R4

3R

V+ CC

555
3

 
  )     )     

C'

R

C

7

1
2
6

5

8 4R

T

V+ CC

555
3

D

R

R
T

1

2

1

2

3

 

. 4- 1/4 2.  
   555. 

. 4- 3.    
 555. 

4- 3.   (“T ”).     ,  
     .4- 3     (LED)  

D.               
 .     : VCC=9V, R1=R2=10kΩ, 

C’=10nF, C=4.7μF, R=1.8 Ω, R3=390Ω.   t0=0      
  -  1.    ( ) ,     

LED-  D  ,    ; ( )    
      [3]  -  2    
 (1) t1=5 sec, (2) t2=10 sec.        

?     2? 
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4.5.3.    555 

  555         
          

 . 4-10 ).         
       . 4-10 ,   555 

      .  
   ,          

        , 
  . 4-11         [3] ( .4-11 )   
  ( . 4-11 )      [6]  [2]. 

V+ CC

4
3

1
2
6

7
8

5

1

2

C

R

R

C''

555

   

R

S

Q
D

1 5

2

3

4

6

7
8

R'

R'

R'

K

K

1

2

3VCC

1
3VCC

2

R

Q

FF

RST

GND CONV

TRIG

DISC

THRE

OUT

 555

↓

↑

T'

'

'

'

B

VCC+

R

R

C

2

1 CC

'C'

+V

 
)  -  (  )   )   -  

. 4-10.        555 

         
        . ,  

 C      (+Vcc) (  [8]),   
   [6]        1,   

    2/3⋅VCC .   [6]  [2]   ,    
 C      [2].       
           

 1/3⋅VCC,    2.       
 C       ’   (DISC)  

 [7]. 
  -         

 .    -   ,   
  Q      ,    (  [3])   

         (+Vcc),    
   .     

 Q          ’    
.    C      TP  

 +VCC   R1  R2. 
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+Vcc

[2]

Vcc
3

[6]
2Vcc

3

a)

b)

[3]

t

t

Tp To

+VCC
(R1+R2)C

R2C 0

 

. 4-11.    
    

     555. 

 

 

 

)

 

 

 

)

  uc(t)   
     

   +VCC. , 
  +VCC    

      
   2/3⋅VCC  
 [6]     

 1      
 . , -   

 ,   
      ,  

        
    ’,  

 ,  -   
   555   [3]   

  (0 V).   
’   R2   

 C,      
,    2/3⋅VCC  

    .   
     

 ,    
     ( 0)   
    .  
    è     

    C  
   1/3⋅VCC. 

     [2]     2   
 -           

     555  ,    .   
       ,    

    ,         
           

 .          TP 
  T0,          

 t.  

TP           1/3⋅VCC (V1=1/3⋅VCC) 
  2/3⋅VCC (V2=2/3⋅VCC),     +VCC    

 vC(∞)   .    
τ P=(R1+R2)C   C         

   R1  R2.       
    t=TP  : 

3
Vcc

3
Vcc2

lnC)RR(

3
Vcc2Vcc

3
VccVcc

lnT 21P ⋅+=
−

−
⋅τ=

   (4-7) 

( ) ( )CRR7.02lnCRRT 2121P +≈⋅+=    (4-8) 
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   0        
  t,         .   
     2/3⋅VCC (V1=2/3⋅VCC),  1/3⋅VCC (V2=1/3⋅VCC),  

     0V (v0(∞)=0).  ,   R2  
    [7]   [1],     -   

    ’,         
  .   ,     τ 0=R2C.   
        t= 0    

,  : 

 CR7.02lnCR

3
Vcc0

3
Vcc20

lnT 220 ≈⋅=
−

−
⋅τ=

   (4-9) 

         
      .  

  ,        ,   
         , . .          

TP > T0.  

 ( )         
     (TP  T0): 

( )CR2R7.0C)R2R(2lnTTT 21210P +≈+=+=      (4-10) 

       ,    
           
      555      R1, R2 

   C,       . 

          f  
      : 

C)R2R(
44.1

C)R2R(2ln
1

T
1f

2121 +
≈

+
==       (4-11) 

     

4-29.          
   555  . 4-10,      

     ( )  ( )  . 

4-30.           
  555  . 4-10. 

4-31.      555      
  . 4-10         P1, P2,  

    = P1 + P2    f = 1/     
 . 
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(*)            555     

           , 
       .       

  .         
     .    ,    

   :  

( )             ; 

( )            
  :    , . .     

  [6]  [2]            
 [3], 

( )       TP,  T0,  T,   
   f; 

4- 4.  . 4- 4       .  
  : VCC=9V, C’=10 nF, C=10 nF, (1) R1=47 kΩ, R2=100 kΩ; (2) R1=100 kΩ, 

R2=47 kΩ. 

( )            
 (TP>T0)? 

( )       (1) R1, (2) R2, (3) C,   
 TP, T0, T   f? 

( )     R1  R2      , . . 
        (TP=T0). 

V+ CC

4

3

1
2
6

7
8

5

1

2

C

R

R

C'

555

D2

R

R

D1

3

4

R

C

SP

1

 
 )      )    )  

 

 

 

 

 

 

 

 

 

. 4- 4/4- 5/4- 6.  

     
   555 

4- 5. .      .4- 4    R1, R2 
 C    : R1=560 kΩ, R2=1 MΩ, C=0.68μF.  ,  

   R3=R4=330Ω     (LED)- : 
 (D1)   (D2) . ( )          D1, 

   D2? 

4- 6.  .        
   555  . 4- 4   : R1=R2=10 kΩ  C=0.1μF     
   C1=22μF    RSP=8Ω. ( )   

  f0   - ?  
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4- 7.   ,       . 4- 7  : 

VCC=9V, C’=10 nF, C=10 [nF], (1) R1=47kΩ, R2=100kΩ. (2) R1=100kΩ, R2=47kΩ.   
D,       R2       : 
UAKON≈0V, RON→0  ROFF→∞. ( )       TP, T0  T,    
f,       4- 4. ( )      D?  

. 4- 7. 

V+ CC

4
3

1
2
6

7
8

5

1

2

C

R

R

C'

555
D

 . 4- 8. 

R

C
C'

51
2
6

7
8 4

3
555

CCV+

 

        555 

4- 8.    .  ,    
   . 4- 8,       

 (Tp=To),    555     R    C.  
    : +VCC=5V, C’=10nF, R=1.5kΩ, C=1μF. ( ) 

    TP, T0  T,     f0     
    4- 6. 

 

           
          

        .  
           

          
      .      

            
   555,      -

      . 
 ,         -

   ,       -
       .  

 



 

 
 

55..  
  
  

      
       :  

      ,  
     ; 

           
    ;  

     ,   
       ;  

           
   ; 

          
    ; 

          
      ; 

           
 ,    ; 

         
  ,  ,   

       . 
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I)     

5.1.    

         ,   
         . 

        ,     
   . 

 ,         
( ) ,          

 .       : 
, , ,  ,  .   

    ,        
     .  . 5-1     

   .       
   ,       , 

     ,      .  
,      .    

        ,  
     ,       

        .  

0 t

uANL(t)

 

U

T0

uDKR(t)

t

U3

U2

U1

U0

1T 2T 3T

. 5-1.    
  

. 5-2.    
  

 ,          
.           

      .  ,    
  ,    ,     

, .      ,    
         :     

   .  . 5-2       
          . 
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   .       
    :   .  ,  

     ,       
  ,    ( ) . 

            
   ,        

  .       
digitus   ,      „   

“. ,           
,        digit     

.              
      . ,     

  ,          
   . ,       
  ,        ,   

         .   
,          

    ,    ,     
    ,    .  

          
          .  

  ,          . 5-3.  
        , . .  : 

  . ,      ,  
 ,   .        

    ( )      : 1  0,    
      .  

u (t)

0

DGT

t  
. 5-3.       

          
         .  

          ,    
           

.           
       ,   

           ,  
        .    , 

      . 5-1     . 
5-3,    ,        ,  

    .  



 
    143

 
,          . 5-4  

. 5-5,            . 
         

  . 5-4,      . 5-5. ,    
          

  . 5-5,            
    . 5-4.   

 

DGPu (t)

0 t 0

uANP(t)

t  
 

. 5-4.     
     

. 5-5.     
     

         ,  
    .,       

,     ,   
     .  

        , 
          . 

,            
    , ,   

   .   ,   
    ,     , 

, ,   .   ,   
   ,           

.              
          

.          
, . .  .        

               
    : , ,   .  

    , è      
             

, . .    .    
    „ ”       

 ,        
     .     

       -   (ADC), 
 -    (DAC).   ,   

         ,    
        .  
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,        
,            

     .  ,   
          ,  

,       .       
 ,     è   ,  

       . ,  
     , . .  

              
    ,    .  

     ,     
A/D  D/A       , ,   

. 

5.2.       

  ,        
   ,  ,      

,    .    
           

       . .   
. ,          

         ,     
    ( ). 

   ,       
    ,  .    

         , 
  .  ,      , 

           ,  
      .    

   „  ”  , „ ”   
   .      

, ,         
     -      

.            
    . ,  ,     

,            
  , . .        (   
),   . 

        ,    
        . 

   ,        
    ,       

    .     ,   
    ,    .   
      ,     

            
    B.         

  1  0,    B = {1,0}.     
          

       .  



 
    145

 

5.3.       

      ,     , 
   ,    ,   

    ,         
  .  ,    ,   

   ,   ,   
 . ,    ,  

       ,     
  .         

       . 
,          

   ,    . 
,           

, . .        B = {1,0}.   
      binary digit (bit)   

      b.       1  0, 
            
       .       

     ,   
     ,         
 .           

       ,     
    .      

        ,      
   ,         

    .  
   ,        1  (byte) 

          1   0. 
 1      1[B].    ( . 5-6)  
    .  

 b7 b6 b5 b4 b3 b2 b1 b0      b7 b6 b5 b4 b3 b2 b1 b0  

 0 1 0 0 0 1 0 1    1 1 0 1 0 1 1 1  

 . 5-6.         

 ,        1  ( . 
nibble)     ( )   ,       

     .  
     ,       

  ,   : 1  -   102 =1024      
[KB],  1  [MB]   102 [KB]= 202 [B], 1  [GB]   

  102 [MB]= 202 [KB]= 302 [B]  1  [TB]     210 [GB]= 
220 [MB]= 230 [KB] = 240 [B].        

   ,  „ ”   
 ,   102 =1024     

  [K]           [k] 
    1000 .   1 [ B] = 1024  1024 [ B],  

   1024,   1000,     . 
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      ,    
           

         .  
       .  

     ( ,    
)      1  [B].      

          150 ,   
     4.000 .  

:  
150 .  4.000 . = 150 .  4.000 [B] = 600.000 [B].  

  

1 [KB] = 102  [B] = 1024 [B] ≈ 1.000 [B],  
      ja    

 600 [KB] = 600  1024 [B] = 614.400 [B].  
             n 

   ,           
N         ,   : 

N = 2n           (5-1) 

  ,     1 [B] ,      
  28= 256  .     1     

 256  ,   256  :  
.    0  255,        , 

 ,   ,      
  .  

5.4.    

             
          

     .     
 ( , ),   .  

         . 
      ,  , 
    . 

        , 
             

.          
 ,    .   
  ,          
       .  

   ,       
  ,    .     

             
 . 



 
    147

 
       ,     
 .   ,       ,   

            
   .  

     ,     
,          

     ,      , 
  ,       

. 
   ,   ,   

          
.         , 

     . 

     

5-1.        ? 

5-2.      ? 

5-3.     )  )  ? 

5-4.      ,  ,    
   . 

5-5.      ? 

5-6.        ?    
 ? 

5-7.      ?    ?  

5-8.          ?   
         ?  

  ,    ? 

5-9.        ,     . 
       .  

5-10.    : ) 4096 B = ? KB; ) 16536 B = ? KB;   ) 4 KB = ? B; ) 
16 KB = ? B; ) 512 B = ? B; ) 2 GB = ? MB; 

5-11.           1  [B],  
            300  

       3.500 . )   
      4 B       

?   ,         
. )               

 500 MB?   

5-12.                
           30 , 

        .   

5-13.         ? 

5-14.    )  )      
 ) ? 
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II)     

5.5.   

  ,      
 ,           

          „ ”  
 .          

           
    .         

       ,     
  ,          

    . 
          

      ,   
     .    (  

)  „ ”          
.  ,    ,       

    .        
,           

,       , . . . 
 ,       .  
          

   . ,     
„ ”    ,       

   .  ,      
   ( ) „ ” .       
       ,       , . . 

   .     ( )   
( ) ,        

 .              
      . 

 ( )     ,  
  ,      .   

( )    .       
  .        

( , )     b.         
.   ,           

      .  ( )     
  :   10     b = 10,    

            16 
    b = 16,       8  

  b = 8,     ,        
   b = 2.  

5.6.   

          
    .        

      . ,    



 
    149

 
     0, 1, 2, 3, 4, 5, 6, 7, 8, 9,     

       ,      
 . a   .       : 0, 1, 

2, ..., 6, 7,     : 0  1.       
  ,         : A, 

B, C, ...,        16   :  
0, 1, 2, ..., 8, 9, A, B, C, D, E, F. 

            
  ,            

        .      10, 
DEC  D,      16, HEX   X,  

 8, OCT   Q,    2, BIN   B.  
     :    N 

          b    n ? 
            b  
  n:  

N=bn           (5-2)  

         n,    
             

.  ,            
 1000103 =   ,        

   4096163 =   ,      
    51283 =  ,       823 = . 

          
 (  ),          

   ( , )  (    
 ).       ( )  

 b   .        
(  )  0b ,    (  )    

1b  .       ,      
      MSD ( . Most Significant Digit) . .  

.      (   )   1b− , 
 2b−  . ,           

   LSD ( . Last Significant Digit), . .  (  
) . 

      X(b)       
     b   n-    m- -

,       . .  .  
 X(10)   X(b)     .  

m
m

n
n

n
n

ni

mi

i
i

ni

mi
ii bcbcbcbcbcbcbctcX −

−
−

−
−

−
−

−

−=

−=

−=

−=

+++++++=== ...... 1
1

0
0

1
1

2
2

1
1

11

)10(  (5-3) 

   ic         i-   
   ,   0-     ,   1- ,  

2- , .,        (-1)- ,   (-2)- ,  (-3)-
, .  it      ( )   

.  
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       : 

ti=bi          (5-4) 

  b         .   
 (5-3)            

        .  
        ,  

     ,       , 
          , . .  

   .  
   ,   ( , ) 

  ,     .  
   X    X ,      : 

XKX −=           (5-5) 

  K        nb   1bn − ,  b   
  ,  n      .  

 1bK n −= ,         
 .   ,     (b=10, n=4) 

 K    9999110K 4 =−= .     X=4321, 
      567843219999X9 =−= .     

  ,       , . .  

 ( )      1X , 'X    X .  
  K   nbK = ,     

       .   ,  
   (b=10, n=4),  K    

1000010K 4 == ,    10   X=4321   432110000X10 −=  
5679432110000 =−= .       ,   

   , . .  ( )      ''2 , XX . 
     K    

  1bK n −=        nbK = ,   
     1)1b(K n +−= .     

             1. 
   ,     ,  

       . ,   
      ,       

     . 

5.6.1.            
            

      .       
,   : c={0,1,2,3,4,1,6,7,8,9}   b=10.    

      )10(6347 .    :  

)10(
0123

)10( 634774030060001071041031066347 =+++=⋅+⋅+⋅+⋅= . 



 
    151

 
           

       (5-3)      
       ,     . 

     16     
 : c={0,1,2,3,4,1,6,7,8,9,A,B,C,D,E,F}   b=16.    

           
 . ,   A    )10(10 ,  B  )10(11 , 

 C  )10(12 ,  D  )10(13 , E  )10(14     F  )10(15 .  

        
          . 

        : 

)10(
012012

)16( 2651118025601611165161016B16516AB5A =++=⋅+⋅+⋅=⋅+⋅+⋅= . 

    8 : c={0,1,2,3,4,1,6,7}   b = 8. 
          8.   

          ,     237(8). 

)10(
012

)8( 159724128878382237 =++=⋅+⋅+⋅= . 
       : 0  1.   

   ,      (1-3), 
        )2(10010101 : 

)10(
01234567

)2( 1491416128212021202120202110010101 =+++=⋅+⋅+⋅+⋅+⋅+⋅+⋅+⋅=  

   
0 0 0000 0 
1 1 0001 1 
2 2 0010 2 
3 3 0011 3 
4 4 0100 4 
1 1 0101 1 
6 6 0110 6 
7 7 0111 7 
8 8 1000 10 
9 9 1001 11 
10 A 1010 12 
11 B 1011 13 
12 C 1100 14 
13 D 1101 11 
14 E 1110 16 
15 F 1111 17 

. 5-1.        

  5-1         
    .  
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5.6.2.        
  

        , 
     4216 =         

. 5-1.          
      (   ),    

   .          
       . 

11004C )16( = 0100  = )2(11000100 = 11000100(2). 

  ,          
 ,           

        .       
    ,     ,   

   ,         
     .     , 

     .       ,  
              
.        -   

 . 5-1.         
)2(101010   : 

)16()2( A200101010101010 == . 

     ,  ,    
      - ,     

      328 = .       
: 

)2()8( 101010011101010011523 == , 

)8()2( 1340010111001011100 == . 

        ,  
   ,     ,     

  ,          
,        : 

)8()2()16( 2740101111001011110010111100BC ==== , 

)16()2()8( 2F1100001111100111110010111110010762 ==== . 

  , „ “    
     .      

      , ,    
.      , . .    ,  
         8, 16, 32, 64 .    

   ,           
    ,  .  



 
    153

 
    .       

         ,  
    ,   ,     12  24 . , 

      4,             
  . 

5.6.3.           

            
             

       .      
              

  .           
              

       , .   
è      0,          .  

  , ,      , 
           ( . 

MSD),           ( . 
LSD).           

 „ ”,    .  
          

   ,     ,  
 : )10(15793       3DB1(16), )10(3336     
   6410(8)  )10(156      10011100(2). 

 ./16 15793 987 61 3 0  

:  1 11 13 3  

  1 B D 3  

 : 3 D B 1  

 
 ./8 3336 417 12 6 0  

:  0 1 4 6  

 : 6 4 1 0  

 
 ./2 156 78 39 19 9 4 2 1 0 

:  0 0 1 1 1 0 0 1 

 :  1 0 0 1 1 1 0 0 

            
,            

    .     
             

     .       
    ,     .    156 

< 256     128    1.    b7    
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156        ( . MSB),     

      8  (1 ). ,   
   ,    128   ,    64. 

 (128+64) > 156,      ,    
   0.     32.   

 (128+32=)160 > 156,    0.   16.  
(128+16=)144 < 156   16  1     

,     144    8.  (144+8=)152 < 
156,     .   152+4    156   

  4  ,          
  2  1.           

           
             

       .  

1024 512 256 128 64 32 16 8 4 2 1 
: 

210 29 28 27 26 25 24 23 22 21 20 

 :    1 0 0 1 1 1 0 0 

: 10 9 8 7 6 5 4 3 2 1 0 

: 11 10 9 8 7 6 5 4 3 2 1 

 
5.6.4.      

         
 , ,       .  

:        : 
1.      0; 
2.   0  1  1  0  1; 
3.        0,   1  (carry)   

   (   , ). 
            

)2(101101  )2(111 . 

 :  1 1 1 1    
  : 1 0 1 1 0 1   
  :    1 1 1   

 : 1 1 0 1 0 0   

:        : 
1.   0   0,   1   1,   0; 
2.   1   0,     1;  
3.  0     1      (borrow) 1    

  .    0,         
2(10) .  10(2).   2(10) .  10(2)   1,   1,    1. 



 
    155

 
,    1  0      1,    

 0,       2(10) .  10(2)     
1    1,  1    .  

        )2(11  )2(10110  

    10     
 

: 
  0 0 10    

 : 1 0 1 1 0    
 :    1 1    

 : 1 0 0 1 1    

:         : 
1.      0,   0,  
2.       1,    1. 

           
:    LSB      ( )   

   .        
  LSB          

 ,          .  
 è          

   MSB      ( ). 
      1101(2)  101(2)   . 

  :   1 1 0 1 
  :    1 0 1 

  . :   1 1 0 1 
  . :  0 0 0 0  
  . : 1 1 0 1   

 :    1 0 0 0 0 0 1 

:     : 
1.   0   , 
2.  0    1   0,  
3.  1    1   1. 

          
     ,      

         1  0.  
        :   

11110(2),    110(2). 
   11110 : 110 = 101 
-  110 
----------------- 
 = = 110 
    -  110 
     ------------- 
      = = = 
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5-15.    ?  

5-16.       ?  

5-17.           : ( ) ; ( ) 
; ( ) ; ( ) ?  

5-18.        b     n,    
.    N      ? 

5-19.     ( ) ; ( ) ; ( ) ; ( ) 
;        n=4 , : (1) 

      ? (2)    ? (3)   
 ? 

5-20.          ? 

5-21.     ) 1357(10) ) 110100(2).    MSD, LSD, MSB, LSB? 

5-22.          X,   n  
 m -  ,      ?    

    ? 

5-23.  : ( )   ; ( )   ,   
 : (1) 7531; (2) 9862; (3) 41. 

5-24.      (  )    
: ( ) 1100; ( ) 011101; ( ) 10000101. 

 5-25.   , . .      ,   
   ( ) )16(EE ; ( ) )16(0F ; ( ) )16(10 ; ( ) )16(3DA ; ( ) )8(10 ; ( ) )8(100 ; ( ) 

)8(77 ; ( ) )2(1000 ; ( ) )2(1111 ; ( ) )2(10101101 . 

5-26.      ( ) 123; ( ) 69; ( ) 127; ( ) 128; ( ) 255;  (1) 
; (2) ; (3)   . 

5-27.        ( )    
 )16(14   )8(57   ; ( )   )2(1010111     

; ( )   )16(24  ; ( )   )8(346   
.  

5-28.       : ( ) 1011  1001; ( ) 1111  1011; 
( ) 10111011  11110111. 

5-29.     1101  : ( ) 1011; ( ) 1110; ( ) 1101. 

5-30.        : ( )  1101  1011; 
( )  1100  1011; ( )  10100000  10010111; ( )  10101001  
10001111. 

5-31.      : ( ) 1010  100; ( ) 10110110  1011; 
( ) 10011110  1100; ( ) 10000011  1001.  

5.6.5.      

        
          . 

,          
  1  (8 )      . 5-7,     



 
    157

 
  27=128     MSB,       

 20=1    LSB.   8        
    ,     (5-1),  
     25628 =  .       

    00000000(2)   11111111(2),  
    0(10)  255(10).  

  27 26 25 24 23 22 21 20 
 128 64 32 16 8 4 2 1 

 
 

  b7 b6 b5 b4 b3 b2 b1 b0  

  7 6 5 4 3 2 1 0  

. 5-7.      1       

,    ,     
           , 

        .   
,           „+”, 

   ,        „-” .  
        ,   

   .          
 ,    „+”     „0”,   „-”  

 „1”.  

         .   
       0    

,       .  

. 1:   69(10)=1000101(2)   (+ 69) = 0 1000101 = 01000101  

        : 
SM  ( . sign and magnitude)        ,  DC 

 ( . digit complement)  . .   (   , 
1’s)   RC  ( . range complement)  . .   (  

 , 2’s).  

SM :       ,  . .  
    ( . sign and magnitude, SM )      

   ,     . ,  
          

   .        
           +6, -6, +5  -5 

 SM        4 . 

. 2.  6(10)=110(2)   (+ 6) = 0 110 = 0110(SM), (– 6) = 1 110 = 1110(SM);  

. 3.  5(10)=101(2)   (+ 5) = 0 101 = 0101(SM), (– 5) = 1 101 = 1101(SM); 

        
  1     . 

 

LSBSB 
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TC :   
    

     
   . 

        
   

 ,   -
     

      
     

( ) .   
 : DC  

   (1’s)  RC 
    (2’s).  

   
  . 5-8   . 5-2 
      

 16   
    .  

. 5-8.       
 4     

    

SM, DC, RC  SM DC (1’s) RC (2’s) 

0 0 0 0  +0 1 0 0 0  -0 1 0 0 0  -7 1 0 0 0  -8 
0 0 0 1  +1 1 0 0 1  -1 1 0 0 1  -6 1 0 0 1  -7 
0 0 1 0  +2 1 0 1 0  -2 1 0 1 0  -5 1 0 1 0  -6 
0 0 1 1  +3 1 0 1 1  -3 1 0 1 1  -4 1 0 1 1  -5 
0 1 0 0  +4 1 1 0 0  -4 1 1 0 0  -3 1 1 0 0  -4 
0 1 0 1  +5 1 1 0 1  -5 1 1 0 1  -2 1 1 0 1  -3 
0 1 1 0  +6 1 1 1 0  -6 1 1 1 0  -1 1 1 1 0  -2 
0 1 1 1  +7 1 1 1 1  -7 1 1 1 1  -0 1 1 1 1  -1 

. 5-2.        4     

        
       ,      (MSB) 

     1        
.  ,            

     ,        : 
    .  ,      

   .  SM  DC    :  
 ,  RC         

       ,      
    . 
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DC :  DC     , 
       ,    

             .  
           

 )2()10( 110113 = , . . )10(13−     , . .  :  

  :             – 13  
 :                13  

 :       00001101 
:    11110010(1’s)  . . – 13   DC . 

          
    .       
   ,       

         „–“.   
           

  )'1(11011001 s        DC . 

  :             11011001 
 (1’s):        00100110 

 :              00100110  = 38 
 :                                 – 38 

          
      . ,      

 ( )            „–“.  
    11011001  : 

382432222 125 =++=++ , . . 11011001(1’s) =  – 38. 

      ,    
   .         

           
,         . 

5.6.6.     

    .   two’s compliment notation.  
   2’s complement       (2’s).  

             .  
           

    ,        , . .  
.       0,    ,      1, 

   ,        . 5-9.  
 

  26 25 24 23 22 21 20 
  : 64 32 16 8 4 2 1 

: 

  b7 b6 b5 b4 b3 b2 b1 b0 : 

  7 6 5 4 3 2 1 0 :

. 5-9.      

”-”=1 

”+”=0 
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   ,   (1-1),      
25628 =   ,  128     ,  128 . 

       01111111,    +127 
,     00000000    0 ,   

      .     
   ,       

     –1,   –128. 
        

.           
             : 
1.       ; 
2.        ; 
3.     ,      

    (1’s),  
4.    1     .  

       (2’s)  
  .  

         – 7(10) 
 2’s-          

 1 .  
 :              – 7 

 :                7 
 :                    00000111 

  1’s:         11111000 
  1:                      +  1 

                                         ------------------- 
  (2’s):      11111001 

    ,        
         ,  

        : 
1.   2’s           

   ; 
2.         1; 
3.            

    „–” ( ).  
         

)'2(11110011 s     . 

    (2’s):      11110011 
  (1’s):                        00001100 

  1:                                        +  1 
                                                     --------------------- 
  :                         00001101  = 13 
  :                                              – 13 
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      . ,      
       ,    1     

„– “.   ,   11110011  : 

131121)48(1)22( 23 =+=++=++ , . . 11110011(2’s) = – 13. 

          
,           . 

   : 
1.           

    (          
); 
2.       ( , owerflow), . . 
    (   ),     

,         ;  
3.    ,     .  

         
    .       7  5,  

     4  1, . . (+1) + (–4)    – 3. 

                        00000111              7 
                    +  00000101          +  5  
                    ------------------     -------- 
                        00001100         + 12 

                        00000001              1 
                     + 11111100           –  4 
                    -------------------     --------  
                        11111101            – 3 

     

5-32.     : ( ) +48; ( ) 0; ( ) - 48, ( ) - 52  ( ) - 96  
(1)     (SM ); (2)       
(DC , 1’s).          

      (8 )       . 

5-33.     ( )   + 127, + 14, - 1, - 7  - 127  
    (RC , 2’s); ( )     

 01110011, 01011101, 11000101  10111101     
             .  

5-34.      2’s-  ,     
    ( ) 15 + 32; ( ) 6 - 9; ( ) 18 - 61 ( ) 5 - 7 ( ) 72 - 35; ( ) - 

17 + 29; ( ) - 48 - 6.           
   . 

5.7.   

         
          . 

          
j     ,          

 .     . ,   ,  
         0  1. 
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 ,         
   .      . 

         8 ,  1 
. 

    ,      
     .     

       ,     
         . 

           ,  
  ,         . 

           
          (   ,  

,     ),     . . 
 .        .   
,           

,         ,    
         .  
           

,     .  
       .  

             
      .       

      . ,  
, . . ,          
.          . 

           .   
      ,      
  .           

         . 
 

5.7.1.   

  ,     
   .   ,  , 

  .         
     . ,      

       .     
             
      ,    
 (BCD) .       Binary Coded 

Decimal,      .     
           

 .  
         ,    

  4 ,  3   .  ,      
  823 =        10,   4    
  24=16       16 > 10.  

            (   4 
, ).            

  .   4      16  
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,     6       

.        .  
           

  (   16!/6!    29 109).   

 

. 
 

8421 
(NBCD) 2421  _3 5421 . 

 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 

1 0 0 0 1 0 0 0 1 0 0 0 1 0 1 0 0 0 0 0 1 1 

2 0 0 1 0 0 0 1 0 0 0 1 0 0 1 0 1 0 0 1 0 2 

3 0 0 1 1 0 0 1 1 0 0 1 1 0 1 1 0 0 0 1 1 3 

4 0 1 0 0 0 1 0 0 0 1 0 0 0 1 1 1 0 1 0 0 4 

5 0 1 0 1 1 0 1 1 1 0 1 1 1 0 0 0 1 0 0 0 5 

6 0 1 1 0 1 1 0 0 1 1 0 0 1 0 0 1 1 0 0 1 6 

7 0 1 1 1 1 1 0 1 1 1 0 1 1 0 1 0 1 0 1 0 7 

8 1 0 0 0 1 1 1 0 1 1 1 0 1 0 1 1 1 0 1 1 8 

9 1 0 0 1 1 1 1 1 1 1 1 1 1 1 0 0 1 1 0 0 9 

. 5-3.      (BCD) . 

 5-3    (BCD)     
  .    . . 8421 BCD ,     

  BCD   NBCD .       
        .   

8421              
    .  
           
    NBCD- .  

      7694(10),    001101010010. 

. 1. )NBCD()NBCD()10( 010100011101101001001001011001117694 =⋅⋅⋅=  

. 2. )10()NBCD()NBCD( 352001001010011100011010100 =⋅⋅=  

           
           

,  . 
 8421 BCD ,    BCD .  : 

 ,  , -3 ,   2421, 5421, 
 , .       . 5-3.   

          8421 BCD ,  
            

      .  
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 :          
           

    .        , 
  .           

,            
  ,    ,      

      (       )  
.  5-4  . 5-10       

    .        
          . 5-4     .  

 

 b3  b2 b1 b0

0 0 0 0 0
1 0 0 0 1
2 0 0 1 1
3 0 0 1 0
4 0 1 1 0
5 0 1 1 1
6 0 1 0 1
7 0 1 0 0
8 1 1 0 0
9 1 1 0 1

10 1 1 1 1
11 1 1 1 0
12 1 0 1 0
13 1 0 1 1
14 1 0 0 1
15 1 0 0 0

 

 

. 5-4.  . . 5-10.   . 

 
  :        

          
        .      

        (  ) 
  (LED) .  ( . 5-11)      

   a, b, c, d, e, f, g.      
      ,         

    .         
     .    

       ,     
    . ,    

     (dp)     . 



 
    165

 
       ( , 

. common cathode, CA)     ( , . common anode, CC). 
   ,           

   ,    .      
        . .    1.  

  ,              
     ,        

   .          
     (    0), . . , . 

a b c gd e f

+VCC

ba c ed gf

GND  

 

. 5-11.     LED . 

  5-5          
 .        

,       . 

         . 
. a b c d e f g  a b c d e f g 

. 
.

0 1 1 1 1 1 1 0  0 0 0 0 0 0 1 0 

1 0 1 1 0 0 0 0  1 0 0 1 1 1 1 1 

2 1 1 0 1 1 0 1  0 0 1 0 0 1 0 2 

3 1 1 1 1 0 0 1  0 0 0 0 1 1 0 3 

4 0 1 1 0 0 1 1  1 0 0 1 1 0 0 4 

5 1 0 1 1 0 1 1  0 1 0 0 1 0 0 5 

6 1 0 1 1 1 1 1  0 1 0 0 0 0 0 6 

7 1 1 1 0 0 0 0  0 0 0 1 1 1 1 7 

8 1 1 1 1 1 1 1  0 0 0 0 0 0 0 8 

9 1 1 1 1 0 1 1  0 0 0 0 1 0 0 9 

)       )     

. 5-5.        LED   
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          -

    ( . 5-12 )      ( . 5-12 ). 

         

 

 

)    )      

. 5-12.      (LED)  

5.7.2.    

          
 ( )     .        

      :  .  
 (    ),   ,   

     .        
         ,  

  , .         
,            
  4 .         

     . 

        ASCII    
.    .  American Standard Code for Information 

Interchange        .  
,      ,        

   ISO-7.    ASCII      
. 5-6.            ( . 

characters):    ,  ,   
      ,   ,  

        .  
ASCII     7          

 27=128        . 5-6.  
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     ASCII    7 ,  

         1 , 
. . 8 .       ,       

( )       0.  
 

 

b6b5b4  
 

b3b2b1b0  

000 001 010 011 100 101 110 111 

0000 NUL DLE SP 0 @ P ` p 

0001 SOH DC1 ! 1 A Q a q 

0010 STX DC2 " 2 B R b r 

0011 ETX DC3 # 3 C S c s 

0100 EOT DC4 $ 4 D T d t 

0101 ENQ NAK % 1 E U e u 

0110 ACK SYN & 6 F V f v 

0111 BEL ETB ` 7 G W g w 

1000 BS CAN ( 8 H X h x 

1001 HT EM ) 9 I Y i y 

1010 LF SUB * : J Z j z 

1011 VT ESC + ; K [ k { 

1100 FF FS , < L \ l | 

1101 CR GS - = M ] m } 

1110 SO RS . > N ^ n ~ 

1111 SI US / ? O _ o DEL 

. 5-6.    ASCII  

               
5-6             

. 5-13.  
                  3             4  
                            
      

b7 b6 b5 b4 b3 b2 b1 b0  

        

     
 7-   ASCII  

. 5-13.     ASCII   

  5-6  ASCII       
              

,   . , , , , , , , , , ,       
     ,   . Ä, ü, ö, , , é, ... .  
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    5-6          
    128 ,   256       

ASCII-8 ,    1 .         
      ,      
   .   .       

  ASCII    1211 za Windows (Cyrillic Code Page 1211 
Alphabet).         ,    

.    ,     , , 
, . ,  .     Windows Code Page Latin 

1210.  
          

,    EBCDIC  (Extended Binary Coded Decimal Interchange 
Code).    -     ,  

  ,         
    , IBM.  

5.8.     

        , 
. .     ( )     ,     

 .           , 
        .  ,   

   (word),           
  .         

      ( ).    
     ,        

 . ,       
       0,       

  ,          
   .   ,    

          ( ) 
      . 

          .  
           

  : ) 01010100  ) 11010100. 

.1. ) 01010100. 
  = 64+16+4 = 84.
 : 

→  SM  = + 84. 
→  DC  = + 84. 
→  RC  = + 84. 
→  NBCD  = 54. 
→  -3 = 21 
→  ASCII  = T. 

. 2. ) 11010100. 
 =128+64+16+4= 212. 
 : 

→  SM  =  - 84. 
→  DC  = - 43. 
→  RC  = - 44. 
→  NBCD  = 4. 
→  -3  = 1 
→  ASCII  = . 

             
,      . 

 



 
    169

 
 

     

5-35.      ?    ? 

5-36.       ?    ? 

5-37.    ?      ?  

5-38.     )  )  ? 

5-39.    ?     ? 

5-40.      ? 

5-41.      ?. 

5-42.      ?    . 

5-43.         (BCD) ?   
   ?   BCD .     

/  /  / ? . 

5-44.   8421 (NBCD)     ( ) 18367; ( ) 42509. 

5-45.       NBCD  : ( ) 00111001, ( ) 
011000000010  ( ) 10000111.  

5-46.      ( ) 132, ( ) 645  ( ) 7890  (1)  ;  
(2) _3 ; (3) BCD 5421 ; (4)  ; 

5-47.             -
 ?     ?     ?   
?   ? . 

5-48.      abcdefg     LED   
 ( ) ; ( ) ,         (1) 7; (2) 4; 

(3) 9; (4) 2. 

5-49.     L D    ( ) ; ( ) ,   
 abcdefg     (1) 0011101; (2) 1100011; (3) 0110000. 

5-50.      ?     
?   ? . 

5-51.  (a) Mihail; ( ) Aleksandra; ( ) Marija; ( ) Hristina; ( ) “MACEDONIA”; ( ) 
UB40,     ASCII .        

   . 

5-52.    ASCII   ( ) 66 73 84 79 76 65; ( ) 83 75 79 80 74 69 
  .     ? 

5-53. Koja    ( )   ; ( )   
, ( )    .   (1) 

8421 (NBCD) ; (2) ASCII ; (3)  ; (4)  
  ? (5)         

RC, DC  SM? 

5-54.      ? 

5-55.    ( ) 10101011; ( ) 11001100; ( ) 01010001; ( ) 00111001.   
       ,    

    ( ) SM; ( ) DC; ( ) RC; ( )    8421 (NBCD) 
; ( )     ; ( )    ASCII . 
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 ,        
 ,           

      . 
           

      ,     
   .        

            
     : , , 

  .         
           
,      .  

             
( )   ( - )     

  ,       . 
  
 



 

 
 

66..  
  
  

      :  
        ,   

   ; 
       , 

   ; 
          

        
; 

       ; 
        -  

  ,     
    - ;  

         
      ; 

          
      ; 

       . 
 

 

 

A
C

B
A

Y=

A B C

( ) ( )15,5,4,3,011,10,8,2,1 +=
xm

xmF

AB

AB
A + B

(AB+AB)

A
B

D

14

15

13

2

3

1

6

7

5

A

10

11

9

C

12

B
0 4 8

11

11

1

1

1

X

X

X

( ) ( ) ( )CABABCA ++=+

11 =+A
AAA =+
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6.1.   

           
          . 

,          
     ,        

      ( ).   , 
          

      .  
         XIX-    

     .    
         .   

      -    , 
       .      

        , . .   
 ,         .  
    -       

   . ,       
-         

,           
    .      

   ,       . 

6.2.     

          
  B       .  

        ,     
  „1” (  )  „0” (  ),   

B={1,0}.  ,          
     1  0,         

  .       
        : A,B,C,D,E,…  X0, 

X1, X2, X3, …,   , . .      
,    ,      Y, 

Y0, Y1, Y2, …,   F, F1, F6.  

  B       „+”  „·”, 
     ,     : 

.1.          
, . .      A,B,C  {B} : 

 ABBA +=+ , ABBA =  

 ( ) ( ) ( )ACABCBA +=+ , ( ) ( ) ( )CABABCA ++=+  



 
174   
 
  .2.       

 1  0,           0  
  A+0=A,    1    A·1=A. 

.3.          
 A     A + A =1, 0AA =⋅ . 

          
   ( ).         

,      „+”,     „·”.  
 ,         „+”  

 “·”    1  0,       
 „+”       „·”,  . 

      ( )  (  
       :   (+)  

  (·)         : 
 ( )). 

       ( . OR)   
,      „+”,     „ “. 

       ( . AND)   , 
     „·”,     „ “,  „&”.  
          .  

      ( . NOT)  ,  
  „ “,     „ “  „~”. 

         
  . 6-1, . 6-2  . 6-3. 

 (+)   (·)   ( ) 

0 + 0 = 0  0 · 0 = 0  10 =  
0 + 1 = 1  0 · 1 = 0  01 =  
1 + 0 = 1  1 · 0 = 0   
1 + 1 = 1  1 · 1 = 1   

. 6-1.   . 6-2.  . 6-3. 

  . 

          0,  
   1,       : 

1.     ,    0    
     0,       ( .6-1)  

 1.        1,    1; 
2.     ,    1,     

    1,    0, . .   0  0  
3.         0,    1,  ,  

     1,    0. 
        -

 (  ),     (  ),   
    (  ).     

        . 
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,   : , ( . NAND)     -
   ( ,   )  , ( . NOR)      

   ( ,   ).    
:  , . .  ,  ( . XOR)   

  “⊕ “,   , . .  ,    ( . 
XNOR)        (   ).  

        . 6-4, 
. 6-5, . 6-6  .6-7. 

 )(+    )(⋅   )(⊕    )(⊕  

100 =+   100 =⋅  000 =⊕   100 =⊕  

010 =+   110 =⋅  110 =⊕   010 =⊕  

001 =+   101 =⋅  101 =⊕   001 =⊕  

011 =+   011 =⋅  011 =⊕   111 =⊕  

. 6-4.  . 6-5. . 6-6.   . 6-7. 

   . 

      : 
1.      1       0,   
 0, 

2.      0       1,   
 1; 

3.     0       , 
. .     0,      0.    

 ,    1; 
4.          .  

   ,     . 
,     ,    1,     

   0. 

6.3.    

           
 ,     .      

       ,   .    
      ,      

          
.            

.          ,  
        0  1.    

        1, . .      = 1, 
 A  = 0,  :   = 0,  A  = 1.      

,     .   : 

A = A           ( . 6-1) 
A0A =+   A1A =⋅         ( . 6-2) 
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11A =+   00A =⋅         ( . 6-3) 

AAA =+   AAA =⋅         ( . 6-4) 

AAA =+   AAA =⋅         ( . 6-5) 

1AA =+   0AA =⋅         ( . 6-6) 

,      ,   
      : 

( ) ( ) CBACBA ++=++   ( ) ( ) CBACBA ⋅⋅=⋅⋅     ( . 6-7) 

ABBA +=+    ABBA ⋅=⋅       ( . 6-8) 

( ) CABACBA +=+   ( ) ( )CABACBA +⋅+=⋅+      ( . 6-9) 

       ,     
  ,           
. ,         

,            
             

    . ,     
   ,      ,     . 
(1)           . 
            

             
        .  

A B C (A+B)·(A+C) (A+B·C) 

0 0 0 0 0 
0 0 1 0 0 
0 1 0 0 0 
0 1 1 1 1 
1 0 0 1 1 
1 0 1 1 1 
1 1 0 1 1 
1 1 1 1 1 

. 6-8.    . 

      ,    
   23 = 8   .        

             
: (A+B) (A+C),          : 

(A+BC),        .    
      ,      

.   6-8     (A+B)(A+C)   
    (A+BC)         

  A, B  C,     . 
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(2)       ( ),    

    ,        
        : 

( )( )
( ) ( ) BCABCC1ABCACABCACB1A

BCACABABCABACABCABACAACABA
+=++=++=+++=

=+++=+++=+++=++
. 

         -
   .        : 

...CBA +++ ...,CBA ⋅⋅=   ...CBA ⋅⋅ ...CBA +++=    ( . 6-10) 

       : 
1.           
         

,  
2.           
         . 

   ,    : 

AABA =+ ,    ( ) ABAA =+      ( . 6-11) 

BABAA +=+ ,   ( ) ABBAA =+      ( . 6-12) 

ABAAB =+  ,   ( )( ) ABABA =++      ( . 6-13) 

( )( )BACACAAB +=+ ,  ( )( ) BAACCABA +=++     ( . 6-14) 

CAABBCCAAB +=++ ,  ( )( )( ) ( )( )CABACBCABA ++=+++   ( . 6-15) 

CABCBBCAB +=++ ,  ( )( )( ) ( )CBACBCBBA +=+++    ( . 6-16) 

 ( . 6-11), ( . 6-12)  ( . 6-13)       
.  

         ( ): 

 ( ) ( )[ ] ( )[ ],...C,B,0YA,...C,B,1YA,...C,B,AY ⋅+⋅=     ( . 6-17) 

         
    ,   .   

 : 

. 1. 
( ) ( )[ ] ( )

( ) ACABCBA
CBBACBCCBACBCBBCACBACABABC

+=+=
=+=++=++=++  

. 2. 
( )( )( ) ( )( ) ( )( )

( )[ ]( ) ( )( ) ( )( ) ACCAB1ACABAACABAB1A
CAABBAACABBAB_BAAACABABA

=++=++=+++=
=+++=+++=+++

 

. 3. 
( ) ( ) ( )[ ] ( )[ ]

( ) ( )[ ] ( ) ( ) ( )CBA000ABCBCBAC0B0CB0B0A
C1B1CB1)B1(AACABCBABAC,B,AY

+=++++++=+++++
+++++=++++=
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6.4.      

  ,        
 ,   ( ) . -

      :  -    . . 
  (   ),   ( ) 

       ( ,  
)      (  - ).  

         
.            

     ,     
        .  

6.4.1.   

         
             
            
      .      

       .     
     ,      
 .          

   . 
          n , 

      n    ,  
   .  

    i  ABC Y 
    

 
0 000  

 i  AB Y 1 001  
 0 00  2 010  
 1 01  3 011  
 2 10  4 100  
 3 11  5 101  
    6 110  
    

 

7 111  

 . 6-9.   
 .  . 6-10.    

. 

     . 

   N=2n   ,     
       N=2n .     

        “i”,       
     0,      (N-1), . . 

(2n-1).        2, 3  4 , 
    . 6-9, . 6-10  . 6-11. 
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     i  ABCD Y      
    0 0000     
    1 0001     
    

 

2 0010  

 

   
    3 0011     
    

 
4 0100  

 
   

    5 0101     
    6 0110     
    7 0111     
    8 1000     
    9 1001     
    10 1010     
    11 1011     
    12 1100     
    13 1101     
    14 1110     
    

 

15 1111  

 

   

 

  . 6-11.    
    .   

    NF        
 n   :  

n2
F 2N =           (6-18) 

6.4.2.   

    e    
.   ,         

   ,    . ,   
     „=“    (  

),         
   . ,       
   ,      ,   

 .       ( , ) 
     .    ,    

 ,      ( ).    
        

( )      ( ). 
       , . .  (Σ)   

(p)    (Σp).      (m) 
(  ,    ),     

  ,          
  .          
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 ,       ( ), (Σm). ,   
,      (Π)  , . .  (s)  

  (Πs).      ( ) 
(  ,    ),      

  ,           
 .           

,       ( ), (Π ). 
 ,        

     : 

( ) ( ) ( ).X,X,X,XFF,H,G,DZZ,C,B,AYY 4321===     
   (m),       (M). 

: CBACBAABCY ++=         : CBCBABCACBAY +++=   

  : ( )( )( )CABABAY +++=    : ( )( )CBACBAY ++++=   

: ( )( )HGHGDZ +++=    : DGHHGDGHDZ +++=   

: 432143214321 XXXXXXXXXXXX ++  

: ( )( )43214321 XXXXXXXX ++++++  

       ,   
             

 . ,       ,    
    ( - ).    :    

   ,       
  ( - ).     ,      . 

,             
   .         

     ,     
          . 
,         ( ,  

),         ,  
    :   .   

          . 

6.4.2.1.    

          
     . .   . ,  

  ( ,  )     
: „m”,   „ ”,        

i1j,  i0k.    i1j       
       1,     i0k   

             0,  
    j+k=N,  N=2n,        

   0  N-1: [0,1,2…,2n-1].        
   : j1i1211i m...mmY +++= ,      

    : k0i02i01i M...MMY = .  



 
  181

 
         

  .     ( )j11211 i,...,i,imY =   f(1)=(i11, i12, …, i1j) 

      ( )k00101 i,...,i,iMY ∏=   f(0)=(i10, i10, …, i1k).  
            , 

      1,     0.  

          . 6-
12,         ,  .  

 i  A B C  Y  mi   Mi    

 0 0 0 0   m0 CBA ⋅⋅  M0 CBA ++   

 1 0 0 1   m1 CBA ⋅⋅  M1 CBA ++   

 2 0 1 0   m2 CBA ⋅⋅  M2 CBA ++   

 3 0 1 1   m3 CBA ⋅⋅  M3 CBA ++   

 4 1 0 0   m4 CBA ⋅⋅  M4 CBA ++   

 5 1 0 1   m5 CBA ⋅⋅  M5 CBA ++   

 6 1 1 0   m6 CBA ⋅⋅  M6 CBA ++   

 7 1 1 1   

 

m7 CBA ⋅⋅  M7 CBA ++   

. 6-12.        .  
 

         
   ,  , . .    i = (0, 1, 2, …, 2n-

1) : 

ii mM =          (6-19) 

        . 6-13  
          A, B,  C. 

  : Y=Y(A,B,C), Z=Z(A,B,C), W=W(A,B,C)     
            

   . 
 
 

 i  A B C  Y Z W   
 0 0 0 0  1 0 1  
 1 0 0 1  0 0 1  
 2 0 1 0  1 0 0  
 3 0 1 1  0 0 1  
 4 1 0 0  0 1 0  
 5 1 0 1  1 1 0  
 6 1 1 0  0 0 1  
 7 1 1 1  1 1 1 

 

 

 . 6-13.     Y, Z  W   .  
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: ( ) ( )( )( )( )CBACBACBACBA6,4,3,1MY ++++++++== ∏  

: ( ) ( )( ) ( ) ( )ABCCBACBACBA7,5,2,0mY ++==  

: ( ) ( ) ( ) ( ) ( ) ( )ABCCABBCACBACBA7,6,3,1,0mW ++++==  

: ( ) ( )( )( )( )( )CBACBACBACBACBA6,3,2,1,0MZ ++++++++++== ∏  

6.4.2.2.    

,          
       ,   

    0  1.  

 i  A B C D  F 
 0 0 0 0 0  x 
 1 0 0 0 1  1 
 2 0 0 1 0  1 
 3 0 0 1 1  x 
 4 0 1 0 0  x 
 5 0 1 0 1  x 
 6 0 1 1 0  0 
 7 0 1 1 1  0 
 8 1 0 0 0  1 
 9 1 0 0 1  0 
 10 1 0 1 0  1 
 11 1 0 1 1  1 
 12 1 1 0 0  0 
 13 1 1 0 1  0 
 14 1 1 1 0  0 
 15 1 1 1 1  x 

 

,        
   ( )  
.         
.  ,      
       

   .   
,       

      . 
         

         
   .  

     “ ”
( . “don’t care”)      

  ,   . „/”, „\”, „-”, „b”, „x” 
 „X”.       

  „x”.  
     

     
 F=F(D,C,B,A)    . 6-

14.   

. 6-14.       F(D,C,B,A). 
 

            
: 

( ) ( )15,5,4,3,0x11,10,8,2,1mF
xm

+=   ( ) ( )15,5,4,3,0x14,13,12,9,7,6MF
xM
∏∏= . 

6.4.3.       

            
 ,           

.  
    ,        

   :    
 ( )      ( ).   
        ,    
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         1.  

        
( , )       1,  

     0,         
  .      . 6-15 ) )  
 Y(A,B,C), Z(A,B,C)      : 

( ) ( ) ( ) ( )ABCBCACBA7,3,0mY ++==   

( ) ( ) ( ) ( ) ( )CBABCACBACBA4,3,2,1mZ +++==  

     i  A B C  Y  i  A B C  Z  

    0 0 0 0  1 0 0 0 0  0 
    1 0 0 1  0 1 0 0 1  1 
    2 0 1 0  0 2 0 1 0  1 
    3 0 1 1  1 3 0 1 1  1 
    4 1 0 0  0 4 1 0 0  1 
    5 1 0 1  0 5 1 0 1  0 
    6 1 1 0  0 6 1 1 0  0 
    

 

7 1 1 1  1 

 

7 1 1 1  0 

 

 ) Y(A,B,C).  ) Z(A,B,C).  

. 6-15.        . 

           
            0.  

          
  1,       0     

.           
 Y  Z  . 6-15: 

( ) ( )( )( )( )( )CBACBACBACBACBA6,5,4,2,1MY ++++++++++== ∏  

( ) ( )( )( )( )CBACBACBACBA7,6,5,0MZ ++++++++== ∏  

           , 
        . 

    ,   ,   
      .     

        ,  
,           

. ,       
        .  

           
. 

          
.    W      A,B,C: 

BAABCCBAW ++=  .          
 ,     ABC=0  ABC=111. 
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         . 6-16. 

 i  A B C  W        

 0 0 0 0  0    =0, B=0, C=0  W=010+000+01=0; 

 1 0 0 1  0    =0, B=0, C=1  W=011+001+01=0; 

 2 0 1 0  0    =0, B=1, C=0  W=000+010+00=0; 

 3 0 1 1  0    =0, B=1,C=1   W=001+011+00=0; 

 4 1 0 0  1    =1, B=0, C=0  W=110+100+11=1; 

 5 1 0 1  1    =1, B=0, C=1  W=111+101+11=1;  

 6 1 1 0  0    =1, B=1, C=0  W=100+110+10=0; 

 7 1 1 1  1    =1, B=1, C=1  W=101+111+10=1. 

. 6-16. a   a ja    W(A,B,C).

            
 .     ( )      

        . 
              . 

    : ( )C,B,AZZ =    : CBAY += , 
( )BCBAZ ++= .              

,             . 

. 1. 
( ) ( ) ( )

( )( ) CBABCACBAABCCBACBACBBCAACBACBA
CBBC1CBACBACBB1CCBAC111BACBAY

+++++=++++=
=+++=+++=+=+=

 

. 2. 

( ) ( )( ) ( )( ) ( )
( )( )[ ] ( ) ( )( )[ ] ( )
( )( )[ ]( )( )[ ]{ } ( )( )( )

( )( )CBACBA
CBACBACBACBABACBABA

CBACCBABACBA0BABA
CBA0BAACBA0B0CBABCBAZ

++++
++++++=++++++

++=+++++=+++
++=++++=++++=++=

 

       ,   
    ,        

   .       
   U(X,Y,Z)      V=V(X,Y,Z)   

 . 

. 3. 
( ) ( ) ( )

( ) ( )YXZYXYXYZYXZYXYZYX
ZYXXXYZZZYXZYXYZXXYZZYXZYXZ,Y,XU

+=++=++=
=++++=++++=

 

. 4. 
( ) ( )( )( )( ) ( )[ ]

( )[ ] ( )( )ZYZXXXZY
YYZXZYXZYXZYXZYXZ,Y,XV

++=++
++=++++++++=

 

  e       
  ( ),          

   .        
     . 
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 . ,       ,  
        .   
  ,  ,         
. ,            

,             . 
          

,       ,      
   .         , 

. .      ,         .    
       . 

. 1. 
( ) ( )( )
( ) ( )( )

( ) ( )7,6,5,4,2,1m1,2,6,4,5,6,7mCBACBAABCCBACBA
CABABCCBACBACABCCBAABCBACBAA

CCBBACBACB111ACBACBAC,B,AF1

==+++++
++=+++++=+++

+++=++=++=

 

. 2. 
( ) ( ) ( )( ) ( )( )

CBCBACCCBCBBBA

CBCBACBACBA3,0MC,B,AF2

++=++++=

=+++=++++== ∏  

 

. 3. 

( ) ( )( ) ( )( )( )
( ) ( )( ) ( )( )[ ]( )

( )( ) ( )( )( )( )( )
( ) ( )6,3,2,1,0M1,6,2,3,0M

CBACBACBACBACBACBACBA
CBACCBABACBACBAACCBBA

CBACB000ACBACBAC,B,AF3

∏∏ ==
=++++++++++=++++

+++++=+++++++=

=++++++=+++=

 
. 4. ( ) ( ) ABCBAABC1BAABCCBACBA7,5,4mC,B,AF4 +=+=++==  

6.5.    

         ,  
  ( , ),       

   ,   ( )   ( ),   
 .            

 . 6-17 ), ), ), ), ), )  ),      
.  

          
            

 ,   . 

   A B BA +     A B BA ⋅       

   0 0 0    0 0 0   A A   

   0 1 1    0 1 0   0 1  
   1 0 1    1 0 0   1 0  

   1 1 1    1 1 1      

   )     )   )  ( ) 

. 6-17.   . 
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A B BA +   A B BA ⋅  A B BA ⊕   A B BA ⊕  

0 0 1  0 0 1 0 0 0  0 0 1 
0 1 0  0 1 1 0 1 1  0 1 0 
1 0 0  1 0 1 1 0 1  1 0 0 
1 1 0  1 1 0 1 1 0  1 1 1 

)   )   )   )  
 

. 6-17.   . 

,     1    A  B 
  , . .  A=0  B=1   A=1  B=0,   A  B 

      0.     
        1   

 A  B   , . .  A=0  B=0  A=1  B=1, 
   ,     0.  ,    

               
         

      .      
             

   ,    ( ). 

Y  = BABABA ⋅+⋅=⊕       (6-20) 

Y  = BABABA ⋅+⋅=⊕       (6-21) 

          
           

   .  
 ,        ,  

 ,             
.           ,    

         : 

( )AAAAA ⋅=+=         (6-22) 

( )BAAB ⋅=          (6-23) 

( ) ( )BABABA ⋅=+=+         (6-24) 

            
     : 

( )AAAAA +=⋅=         (6-25) 

( ) ( )BABAAB +=⋅=        (6-26) 

( )BABA +=+                   (6-27) 
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 ,          
     ,       . 

     , . .       
 .      , . .    . 
         

  . 
       ,      

    : ,   ,    
,            . 

         
        . 

     

6-1.    ? 

6-6.     ?  

6-3.      ? 

6-4.     . 

6-5.           
 ? 

6-6.             
    : , ,  ( ), , , 

  . 

6-7.    ( . 6-12), ( . 6-14)  ( . 6-15) ( )   ; ( )   
  ; ( )      .  

6-8.        : ( ) CBBCABA1 +++ ; ( ) 
CDBDBA0 +++  ; ( ) ( )CBBC1 + ; ( ) ( )CACABBCBABCA0 ++++ . 

6-9.        : ( ) ( )( )CBACBA +++ ; ( ) 

( )( )BACBA +++ ; ( ) ( ) ( )CABBA + ; ( ) ( ) ( ) CCABBA ++ . 

6-10.             . 

6-11.            Y 
 n .       ?     ?  

       ?         
  ?  

6-12.               
 . 

6-13.      ?  ? 

6-14.   ?   ? 

6-15.   ? 

6-16.      ?  ? 

6-17.   ? 

6-18.   ? 
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i  A B C  F1 F2 F3 

0 0 0 0  0 1 0 
1 0 0 1  1 1 1 
2 0 1 0  0 1 x 
3 0 1 1  1 x 1 
4 1 0 0  0 0 x 
5 1 0 1  1 x x 
6 1 1 0  1 0 1 
7 1 1 1  0 0 0 

6-19.       
   F1(A,B,C), F2(A,B,C) 

 F3(A,B,C)    .    
        

   .  
 
 
 

 
    

 F1, F2, F3   6-19. 

6-20.         ,  ,  
           , ,   
: ( ) CBAABC)C,B,A(F1 += ; ( ) ( ) BCCBACBAC,B,AF2 ++= ; ( ) 

( ) ( )( )( )CBACBACBAC,B,AY ++++++= ;( ) ( ) ( )( )( )CBBACAC,B,AZ +++= .  

6-21.           ( ) 
( ) 213213211 XXXXXX,X,XF += , ( ) ( ) ( )( )323213212 XXXXXX,X,XF +++= , ( ) 

( ) CAABC,B,AY += ,  ( ) ( ) ( )( )BACAC,B,AZ ++=  (1)     
  ; (2)      ; (3)   

    . 

6-22.            : ( ) 
( ) CBACBAC,B,AY += ; ( ) ( ) ( )( )( )CBACBACBAC,B,AZ ++++++= . 

6-23.            : ( ) 
( ) DBACBD,C,B,AY += ; ( ) ( ) CDBDAD,C,B,AY += . 

6-24.            :  ( ) 
( ) ( )( )DBADBD,C,B,AZ +++= ; ( ) ( ) ( )( )DCDBAD,C,B,AZ +++= . 

6-25.            
   ? 

6-26.    . 

6-27.     ,      ( )  ( ) . 

6.6.     

       ( )    
 .          

,             
 ( ,  )       . 

            
    . ,    

     ,     . 
        ,   

         
        . ,    

          
  .  
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          , 
   ,      . ,     

        é     
  . 

        
   ,      . .   

        .   
            

,           . 
      ,      

             
  (Quine McCluskey),   .      

            
        ,  
. 

6.6.1.     

 ( )      
          

     .    ,   
          
    .      

        ,      
        . 

. 1. 

( )
( )

( ) ( )
( ) ( ) ( )CBACBACAABCABACAD1ABCA

DDBADABCABACADBADBADABCBCA
DBACDCBACADABABCCADBADCBA

CADABABCCADBAABCDCBAD,C,B,AF1

+++=+++=++++
++=+++++=+++

+++=+++++=
=+++++++++=

 

 

. 2. ( ) ( ) ( ) ( )
CAAB

B1CAC1ABBCAACAABBCCAABC,B,AF2

+=
=+++=+++=++=  

    F2(A,B,C,D)       
    : 

. 3. 
( ) ( ) ( )

( ) ( ) ( ) ( ) CAABB1CAC1ABBCC0ABC0BA
BCC0B0ABCC1B1ABCCAABC,B,AF2

+=+++=+++++=
=+++++=++=

 

       ( . 6-15). 

6.6.2.     

      ,       
.      ,    

            
 ( ).  
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     ,        
          .  

      ( ).     
         

,       .       
    ,      

.          
:       . 

            , 
     ,        

    Y(A,B)        
. 6-1. 

0

2
3

1 10

1
1 0

1

0 0
20

1 31

10
0

Y
A

B

BAi

 
. 6-1.             

            
  ,          

 .             
 22 = 4 .    ,  ,  

            
.            

. 
           . 

      : 
1.         1       

 1       .    
     , . .      

2.         , . .    
      0        

       0.  
  ,  6-18      
 ,  . 6-2 )      ,   

    1.   6-2 )     
  ,         0. 
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i A B Y 

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

0

1

0 2

33

2
1

A

B
1

1 0

A

B1

 

. 6-18.    
  . 

)  .                           )  . 
. 6-2.     . 

       23 = 8 ,     
  . 6-3,           . 

6-4        24 =16 .  

C(C)

B(B)

7 5

4620

1 3

A(A)

0

1

00 01 11 10
AB

C

 

B(B)
CD

AB

C(C)

A(A)

0 4 12 8

913

1115

51

3 7

1462 10

D(D)

00 01 11 10
00

01

10

11

 
. 6-3.       

. 
. 6-4.      

 . 

              
           

,      . ,      
        .    

       ,    
     ,  ,    

 .   ,        
           

  ,         
   .        

,           
     ,     

    .       
    . 
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C

A

D

B

1

11

1

1

1
1

0

1 5

4 12 8

913

15 11

1014

3 7

62

 

       
    , 

  , 
  ,  

,      
 ,    

 .    
       

   ,   
     

  .  
      ( ) 

      .  
       

     
   Y=Y(A,B,C,D)  

    . 6-5.  

. 6-5.         Y(A,B,C,D) = Σm(1, 2, 3, 8, 12). 

  . 6-5       ,DCBAm8 = DCABm12 =  
    .        

 B      ,      
   , . . .       
 : ( ) DCABBDCADCABDCBA =+=+ .  

    ,      
,            
,     B.      

           1,    (  
        ). 

         
        ,      

 .  ,        
          

 .           
          

   ,    .  

             
  ,          
,        (   

)   .       
                

         ,      
               

     .  ,    
       ,    .  

  (  )   ,    
       . 
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 .            
 N=2n ,             

 n ,         
,     ( ) .  . 6-6 ), ), )  

)          . 

C

A

D

B

1 1

1 1

1
1 1

1

0 4 12 8

1 5 13 9

3 7 15 11

2 6 14 10

 

1

1

1

1

11

1 1

X

2

1

4

3X

X

X

81240

1 5 13 9

11157

14 106

3

2

 

) DBDBF1 += . . 6-6.  . ) 4242 XXXXZ += . 

 . 6-6 )      F1= F1 (A,B,C,D),   . 6-6 ) 
  Z=Z(X1, X2, X3, X4),       

  .     ,  . 6-7 )  
    Y=Y(X3, X2, X1, X0),   . 6-7 )   

F2= F2(D, C, B, A),        .  

X 2

X3

X1

X0
1

1

1

1

1

1

1

1

81240

1 5 13 9

11157

14 106

3

2

 

C

B

D

A

1 1 1 1

1111

81240

1 5 13 9

11157

14 106

3

2

 

) 3232 XXXXY += . ) BAABF2 += . 

. 6-7.           . 

 . 6-8 a)  )         
W=W(X4, X3, X2, X1)   F3= F3(A, B, C, D)       .   

           
   . 
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X3

X

2X
1

X4

1 1 1 1

1 1 1 1

81240

1 5 13 9

11157

14 106

3

2

 

B

C

A

D

1

1

1

1
1

1

1

1
81240

1 5 13 9

11157

14 106

3

2

 

) 1XW = . ) AF3 = . 

. 6-8.           . 

            
,          .   

,    5     25 = 32 ,  é  
   .    ,       

  5 .  ,       16    
,         16      , 

 ,           .  
   6      26 = 64 .    

                
       . 

6.6.2.1.     

            
        . 

           :  
  .              

    .        
       ,      

            , . . 
    1.  

     .   
            

   . ,        
            
.            

( )         (r). a  
   r       2r      

(n-r)    r        nk ≤ , a n  
   -      .  

            . 



 
  195

 
             

    : 
1.            

       , . .     
 .            

 ; 
2.             

      ,       
     .  
       .   

    , ,  ,    . 
  ( )          

  , . .         
     .     ,  

 ,       .     
    . 

D

A

C

B

1 1

1

1

1

81240

1 5 13 9

11157

14 106

3

2

 
. 6-9.    Y1. 

    Y1=Y1(A,B,C, 
D)      . 6-9.    
p1=m2+m3, p2=m8+m12, p3=m2+m10, p4=m8+m10. 

       : 
  Y1=p1+p2+p3   Y1=p1+p2+p4.   

      
 p1,   m3     

.    p1   
 ( )  ( ). 

        
 (   1),       

  .  p2    ,  
      m16..  p3, p4  

 - .  

          - ,  
 -           1  

.  ,        
    ,        . 

C

A

D

B

1 1 1 1
1 1 1 1

1

1
81240

1 5 13 9

11157

14 106

3

2

 
X1

2X

3X
X4

1

1

1

1 1

1

11

81240

1 5 13 9

11157

14 106

3

2

 
. 6-10.    Y2= Y2 (A, B, C, D). . 6-11.   j  Y3= Y3(X1, X2, X3, X4).
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  . 6-10      Y2=Y(A,B,C,D),    

     ,      ,  
    .  . 6-11        j  

Y3= Y3(X1,X2,X3,X4),       - ,    
 - . 

           
           .  
,     Z1= Z1(A, B, C, D)      . 6-12, 
    Z2= Z2(X1, X2, X3, X4)     . 6-13.  

B

C

A

D
1

1

1

1 1

1

1

1

81240

1 5 13 9

11157

14 106

3

2

 
X1

2

4X

X

3X

1

1

1

1 1

1

1

1
0 4 12 8

91351

3 7 15 11

101462

 
. 6-12.  Z1= Z1(A, B, C, D) . 6-13.    Z2= Z2(X1, X2, X3, X4) 

            
      . ,  

         . 
            

      . 
      ,      
  ,      : 

 1.               
        ; 

 6.              
    ,    ; 

 3.       ,     
         ;  

 4.        8 ; 
 5.    4    ,    

         ,       
  . 
 ,            

      1-           
  .       

 1-             
 1-           ,    

  .        .  
        1-    
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 .        1-     

, .          1- . 
   1-           

    1- ,      1- .  
     1-         

. 1-          1-     
 1-       , . .       

    . 1-         
     1-   1-        

        .  
        ,   

,          ,   
   1-      . 

          
   F1= F1 (A, B, C, D)      .6-14 ), ), ) 

   F2= F2(A, B, C, D)      . 6-15 ), ), ). 
   ,        , 

.e.              
    . 

C

D

B

A

1 1 1 1
11

1

1

1

1
0 4 12 8

91351

3 7 15 11

101462

 
) 

1

11 1
D

A

C

B

1 1 1 1

11
0 4 12 8

91351

3 7 15 11

101462

) 

D

B

C

A

1 1 11
1 11

1 1

1

0 4 12 8

91351

3 7 15 11

101462

 
) 

. 6-14.    F1= F1(A, B, C, D). 

     F1     
: F1= DBDCADCBACABDBCA +++++ . 

0

1

3

2

D

6

7

5

14

A

10

15

13

11

9

4

B
12 8

C

1 1

1 1 1

1

1 1 1

1

) 

D

A

11
1240

1

1
2 6

3

1

7

5

11
14

13

15

1 1

B
1

8

C10

1
11

9

) 

D

A

11
1240

1

1
2 6

3

1

7

5

11
14

13

15

1 1

B
1

8

C10

1
11

9

 
) 

. 6-15.    F2= F2(A, B, C, D). 

       F2 : 
F2= CBADCACBABD +++ .  
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     .    
             o  

    ,     0- ,    1- .  
             

           1,   
           0-

. ,      ,     . 
       .   

  ,   ,   .  
 ( )           

.   ( )       
 (   0),         .   

     ,      
           Z=Z(A, B, C, D)   

     . 6-16 )  ).  

0

0

0
00

2

D
0

3

1

0
6 14

0

0
7

5

15

13

0 4

B
12

10

A

11

9

0
C

8

) 

0
D

00

62
0

0
3

1

0
7

5
0

1014
0

A

0

0
15

13

11

9

0 4

B
12 8

C

) 
. 6-16.    Z=Z(A, B, C, D). 

     Z     : 
 Z= )DC)(DB)(CB)(DCA( +++++ .  

6.6.2.2.      

        
.       0  1,   

   .      
             

,           
. ,        .  

           
  ,     ,   

   Y=Y(A,B,C,D),       :  
 

( ) ( )15,14,13,12,11,10m9,6,5,2,1mY
xm

+= . 
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     Y=1   : m1, m2, m5, m2, 

m9,          
     : m10, m11, m12, m13, m14, m15.  

           
  „x“.  

      . 6-17.      
  „x”-        :  1,    

  ,   0,     
       .  

D

14

15

13

2

3

1

6

7

5

A

10

11

9

C

12

B
0 4 8

1 1

11

x

x

x x

xx

 

D

14

15

13

2

3

1

6

7

5

A

10

11

9

C

12

B
0 4 8

11

11

xx

x x

x xx x

x x

 

D

14

15

13

2

3

1

6

7

5

A

10

11

9

C

12

B
0 4 8

x1 1

x

x

x

11 1

x

x

 
. 6-17.    Y. . 6-18.   “x”. . 6-19.   “x”.

 . 6-18 e          
     „x”.        : 

( ) ( ) ( ) DCADCBDCAmmmmmmY 62911 ++=+++++= . 

 . 6-19 „x”-        m13, m14, m10   
  1-            

  :  
( ) ( ) DCDCmmmmmmmmY 14106213951 +=+++++++= .  

e „x”-        m11, m12, m13     
         ,    

       ,    „x”-  
      0.     

          
 ,  . 6-20 ), )  6-21 ), ), )  )     

       .  

D

14

15

13

2

3

1

6

7

5

A

10

11

9

C

12

B
0 4 8

11

11

1

1

1

X

X

X

 

D

14

15

13

2

3

1

6

7

5

A

10

11

9

C

12

B
0 4 8

1X X

X

X

1

1

1

1

X

 
) CADCCAY ++=1  . 6-20. ) CBBADBY2 ++=  
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D

14

15

13

2

3

1

6

7

5

A

10

11

9

C
12

B

0 4 8

XX

X X

0 00

00

 

14

15

13

2

3

1

6

7

5

10

11

9

120 4 8

X X

X
0
0

0
00

X1

2

4X

X

3X

 

) )ABD)(AC)(AC(Y3 ++++=  ) )XXX)(XXX)(XX(Y 431321314 +++++=  
 

A

D

2

3

6

7

1

0

5

4

B

15

14

12

13

10

11

C

9

8

X

X

X 0

0

00

00

0
0

 

D

14

15

13

2

3

1

6

7

5

A

10

11

9

C

12

B
0 4 8

1

1 1

1

11

1

1

1

 

) )BC)(AC)(BC(Y5 +++=  ) DBACBABCBDY6 +++=  

. 6-21.       
      . 

6.6.2.3. M       

          
           
         .  , 

   ,         
           

  :    (0- )      
  (7- ) ,    1-        

  6-  ,    6-     5-  . 
           

 ,          (0- ) 
     ( , -  ).   

   . 6-22        
Y(X1,X2,X3,X4,X5)= m(0,3,4,6,7,11,12,14,15,27,28, 30,31).  
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      : Y = 2X 4X 5X + 1X 3X 4X + 

1X 4X 5X  + 2X 3X 5X  + 1X 2X 4X 5X . 

14 10

11

913

12 84

5

7

62

3

1

0

15

24 28 20 16

17212925

27 31 19

18223026

23

1

1

1

11

11

1

1

1

1 1

1

X

X X

X
X

1

2 3

4

5

3X

 
. 6-22.     Y= m(0,3,4,6,7,11,12,14,15,27,28,30,31). 

             
           .   
 5-     0,       1. 

             
 ,           

        . ,  
             

     .  
           

           ,  
       .   ,  

            
   ,   .   (ESPRESSO), 
  (BDD)    -      
    . 

     

6-28.           ?  

6-29.           ? 

6-30.      ( )  :  

( ) ( ) ( )( )( )( )CBCBCBBAC,B,AY ++++=  ; ( ) ( ) CBBCCAABC,B,AZ +++= . 

6-31.     ( )  ; ( )      
 : ( ) ( ) DCBADABCDBCADCBABCDAD,C,B,AF1 ++++= ; ( ) 

( ) ( )( )( )( )( )DCBADCBADCBADCBADCBAD,C,B,AF2 +++++++++++++++=
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6-32.             

    : 

( ) ( ) ( ) 0,1,2,4,5MC,B,AY ∏=  

( ) ( ) ( )0,1,4,7MC,B,AY ∏=  

( ) ( ) ( ) 14,157,8,12,13,0,1,2,4,5,MD,C,B,AY ∏=  

( ) ( ) ( )∏=  ,158,10,11,140,2,4,5,6,MD,C,B,AY  

( ) ( ) ( ) ,148,10,11,120,1,2,3,7,MD,C,B,AY ∏=  

( ) ( ) ( ) 0,2,6,7mC,B,AY =  

( ) ( ) ( ) 0,1,3,5,6mC,B,AY  

( ) ( ) ( ),158,11,12,130,3,4,6,7,mD,C,B,AY =  

( ) ( ) ( ) ,159,10,12,134,5,6,7,8,mD,C,B,AY =  

( ) ( ) ( )  157,9,11,13,0,2,4,5,6,mD,C,B,AY =  

( ) ( ) ( ) 158,9,10,11,0,2,3,4,6,mD,C,B,AY =  

6-33.             
     : 

( ) ( ) CABAC,B,AF +=  

( ) ( ) CBADABCD,C,B,AF +=  

( ) ( ) CBBDAD,C,B,AF +=  

( ) ( ) CDADBCD,C,B,AF +=  

( ) ( ) ( )( )DCADCBAD,C,B,AF +++++=   

( ) ( ) ( )( )DADCBD,C,B,AF +++=  

( ) ( ) ( )( )DBADCBD,C,B,AF ++++=  

6-34.            
       :  

( ) ( ) ( ) ( )6,4,1M7,5,0MC,B,AY
xM
∏∏=  

( ) ( ) ( ) ( )15,10,7M14,12,8,6,5,4,3,1MD,C,B,AY
xM
∏∏=  

( ) ( ) ( ) ( )15,5,4,3,0M11,10,8,2,1MD,C,B,AY
xM
∏∏=  

 ( ) ( ) ( ) ( )14,10,8M15,11,6,5,4,2,0MD,C,B,AY
xM
∏∏=  

( ) ( ) ( ) ( )6,5m7,3,2mC,B,AY
xm

+=  

( ) ( ) ( ) ( )10,2,1m15,14,12,8,6,5,4,0mD,C,B,AY
xm

+=  

( ) ( ) ( ) ( )15,13,10m12,11,9,5,4,3,2,1mD,C,B,AY
xm

+=  
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6.6.3. -     

  -  ( . Quine-McQluckey)    
 a       ( ) 

pXi + p iX = p     p + pXi = p     
 Xi  = Xi + Xi + ....       
  Y  n  Y = f(X1, X2, ..., Xi, ... Xn),   p 

     (   ).  
     ,      

       . 

6.6.3.1.    

 -       
       : 

1.     ( - )  ;  
2.      ( ); 
3.      ( ); 

3.1.       ( - ); 
3.2.      ( ) ; 
3.3.      ( ) ; 

 4.      ( ). 
      -   . 
     . .    ( )   

          (   
 )        1, . .  1-   

,         -    
 .  
       .     -
      é         

   .     : 
−     ( )  -   ,  
−           

 . .  ( ) , . .   
,   ( )  ; 

−            
. .  ( ) , . . -   ,  

 ( )  . 
             

        -     - .  
   ,      -   
       . ,  
    ,     ,     

        . 
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 é   -     -        
     .          

            -  
( )       1-  ( , )  

.  

6.6.3.2.   -   

            
-         .  

           
,          . 

     ,        
 : Y1= m(0,2,5,6,7,8,10, 12,13,14,15), 

Y2= m(0,2,3,4,5,6,7,8,9,10,11,12,13)  Y3=Σm(2,3,7,9,11,13)+Σx(1,10,15).  

 1:     ( - ) 
 

       
        0.   

,           : 
− , . .     2n 

     X1, X2, 
X 3,  . . , Xn   0  é  (2n – 1)  n  

     ,  
−    n-     

  ( ),  
−    Y    

(  )     
   1, 0   ( , . . /). 

          
       . 

. 6-19       0 
     Y    ABC  

X1X2X3        .  
 0      ,  

   (  )       
 (    ).  

   0    1   :  
            

    0      1,   
   n      (  

)        1, 
     . 

 

i X1X2X3  
 ABC Y  

0 0 0 0   

1 0 0 1   

2 0 1 0   

3 0 1 1   

4 1 0 0   

5 1 0 1   

6 1 1 0   

7 1 1 1   

T . 6-19.  
  ( 0) 
    

. 
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   ,    ,    0,  
           “ “. 

       0    
 1.  ,      1    

       1-   . ,     
         1,       
    1- .   .        

  1- ,          1- ,   
      1- , . é        
       1- .  
 -   1     , 
 ,  ,     1-   .  ,  

       ,     
       . 

     1      
  0     1-   ,      

1    , . .   ( )  
 .   

    1,    , 2.    
  1,          

                
 :          1,     

       0,  ,      
 .     ( )    
     2         

  ”−” ( ),     .    
 ,           
  1    “ “.        

   ,        ,   
       ,      

         2.  
    2       

    1        ,  
     . (      

              .) 
      .    

 Y1(A,B,C,D)=[f(1)]= m(0,2,5,6,7,8,10,12,13,14,15)   0, 1  2 
   . 6-20 ), )  ).  

  3      2    
. ,          
 2   3     ,     3  
  ,   2          

 .  
          (0,2)  (8,10)  

(0,8)  (2,10)  2    (0,2,8,10)  (0,8,2,10)  3.   3  
   (0,2,8,10),   2      

   : (0,2), (8,10)  (0,8), (2,10). ,   Y1  
        -    3,  

       6. 
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  i ABCD Y
1 

    i ABCD Y1   i ABCD Y1 i ABCD Y1

0 0000 1  0 0000  (0,2) 00-0  (0,2,8,10) -0-0 p1 

1 0001 0  2 0010  (0,8) -000  (2,6,10,14) --10 p2 

2 0010 1  8 1000  (2,6) 0-10  (8,10,12,14) 1--0 p3 

3 0011 0  5 0101  (2,10) -010  (5,7,13,15) -1-1 p4 

4 0100 0  6 0110  (8,10) 10-0  (6,7,14,15) -11- p5 

5 0101 1  10 1010  (8,12) 1-00  (12,13,14,15)  11-- p6 

6 0110 1  12 1100  (5,7) 01-1   

7 0111 1  7 0111  (5,13) -101   

8 1000 1  13 1101  (6,7) 011-   

9 1001 0  14 1110  (6,14) -110   

10 1010 1  15 1111  (10,14) 1-10   

11 1011 0       (12,13) 110-   

12 1100 1        (12,14) 11-0   

13 1101 1        (7,15) -111   

14 1110 1        (13,15) 11-1   

15 1111 1  

 

      (14,15) 111-  

- : 
p1 = B D  
p2 = C D  
p3 = A D  
p4 = B D  
p5 = B C  
p6 = A B  

 

 ) 0     ) 1        ) 2         ) 3  

. 6-20.    Y1(A,B,C,D) = m(0,2,5,6,7,8,10,12,13,14,15). 

         ,   
       é  è     

       .      
            “ ”. 

 ,             
      .      

p1, p2, … .   ,  è   .   
   -   .       

      .  ,   -
    1       

  ,      0     
  ,   (  “−”)   

          .  

     Y1   - : p1= B D , 
p2= C D , p3= A D , p4= B D , p5= B C    p6= A B .       

  ( 3)  , . 6-20 ). 
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 2:     ( ) 

   -    ,     1- , 
             

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

  ( )      1,     
  -          

    . 

        1. 
( , 1-   .) -  

0 2 5 6 7 8 10 12 13 14 15 

B D  p1          

C D  p2         

A D  p3        

B D  p4         

B C  p5         

A B  p6         

. 6-21.       
Y1(A,B,C,D) = m(0,2,5,6,7,8,10,12,13,14,15). 

             1, 
2, 3, ... .   ,      0.  , 
  ,    1-       .   , 
            1-   

           “ ”. 
        Y1(A,B,C,D) = 

m(0,2,5,6,7,8,10,12,13,14,15)     . 6-21. 
       –M K   

  -    ,      
  ( ).       

       .     
       é       

  (     - ). 

 3:      ( ) 

          ( - ) 
     .    ,   

      -       
 .    è        
-         ,      ,   

     - . 
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-  3.1:     - . 
        ( - )   

             
 .  ,            

           “ “     
             . 

 “ “           
       (“ ”),       

          ( )   (  
“ ’ ”). K , . . 1-   ,         

a (  )       (“ * ”). -  
            

 ( )  ,          
 .            

 “ ”   ,   1-      
     -  ( ).  

        1. 
-  

0 * 2 5 * 6 7 8 10 12 13 14 15 

B D  p1’            

C D  p2            

A D  p3            

B D  p4’            

B C  p5            

A B  p6            

. 6-22 ).   -     
Y1(A,B,C,D) = m(0,2,5,6,7,8,10,12,13,14,15). 

    -    Y1(A,B,C,D) = m 
(0, 2, 5, 6, 7, 8, 10, 12, 13, 14, 15)    . 6-22 ).      

  - : p1 = B D   p4 = B D ,   . 6-22 )     
    . 6-22 ). 

 
     

       
,     -

       
   1-   

 -  (  
  ).     

      
    

−  ( )   
−  ( )  

,  .  

1-   - . 
-  

6 12 14 

C D  p2    

A D  p3    

B C  p5    

A B  p6    

. 6-22 ).     
Y1 = m(0,2,5,6,7,8,10,12,13,14,15) 

  - . 



 
  209

 
 

  (1-   )   ( )  
(  )       “ ”   .  

,         , . .   
        .     

      (  )    
   .         

 ( - )  . 
 ,  ,       

            ,  
.  

-  3.2:     
(      )  
        ,   

        , 
     .       

        .  
  ,     .  

  ,   . 6-23 ),      Z1(A,B,C,D) = 
m(0,1,2,3,5,6,7,9,13).         

o            
  , . .     –    

  .  
 . 6-23 )      m2      m3, 

. .   3-       6- . , 6-    
   -  p1  p4,  3-        p1  p4,  

      p3.         m3,  
         m6. 

,   m1  
   m5,   

  m1-     , 
      

     m5-
. 

    
    . 6-23 )    

       
    .  

 -     
      

Y1(A,B,C,D) = m(0,2,5,6,7,8,10,12,13,14, 
15)      -  
p1  p4      

. 6-22 ), . .  . 6-24 ). 
 

 
 

1-   
   1-   

-  
 

-  
1 2 3 5  

-  

2 5 

A B  p1      A B  p1   

C D  p2      C D  p2   

A D  p3      A D  p3   

A C  p4      A C  p4   

)                                          )  

. 6-23.     
     

Z1(A,B,C,D) = m(0,1,2,3,5,6,7,9,13). 
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 m14      m6 
 m12, . .    6-   16-  
   14- .   

   14-  ,   
. 6-24 )  . 6-24 )  
    -

 . (   m14  
       

,  ,    
: m6  m12.) 

. 6-24.    
   Y1(A,B,C,D) = 

= m(0,2,5,6,7,8,10,12,13,14,15). 

-  3.3:     
(      )  

        ,   
          , 

          
          .  
  ,  -        

   . 6-25 )      Z2(A,B,C,D) = 
m(2,3,4,5,10,13,15),           

.  a       p1    
   p2, . .    p2    p1. , 
   p1         m2,   

  p2      ,  m3. (  p2   
  , m2  m3).      

           ,   
      ,    ,     

       - .  

1-    1-    
-  

2 3 5 13  
-  

2 3 5 13 

B C D  p1      A B C p2     

A B C  p2      B C D p4     

A B C  p3            

B C D  p4            

A B D  p5            

)                                                   ) 
. 6-25.      Z2= m(2,3,4,5,10,13,15). 

1-   
-   1-   

-  
-  

6 12 14  

-  

6 12

C D  p2    C D  p2   

A D  p3    A D  p3   

B C  p5    B C  p5   

A B  p6    A B  p6   

)                                          )  
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,  . 6-25 )        p4    

   p3, . .       :  p4   
   m5  m13,  p3    m5.    

         p4,    p3  
.  ,    p4        p5: 

 p4   m5  m13,   p5  m13.     
       p5.      

   . 6-25 )           
 –  .  
 -           

Y1(A,B,C,D)= m(0,2,5,6,7,8,10,12,13,14,15).  
     
     

. 6-24 )   . 6-26 ).  
     

   p2    
   p5.     

 :    p5   
    p2  

-       
,   m6.     

    
   . , 

     -  p3 
 p6  :    

     1   
      m12.  

           , 
             

    , . .          
 ( ).        

   (  p2  p4)      m6   
 (  p3  p5)    m12.    

        -       
      ,     

 .  
         

 Y1(A,B,C,D) = m(0,2,5,6,7,8,10,12,13,14,15)    . 6-26 
)  ),   . 6-26 )      -  p2=C D   p3= A D . 

(             p2= C D  
 p6= A B    p3= A D   p5= A B .) 

  -  
       - ,    

  -         .  -   
          ,   

 -  ( - ). ,    - ,       
  ( )  ,     

          - .  
 

 1-   1-  

 
-  

6 12  
-  

6 12

 C D  p2    C D  p2   

 A D  p3    A D  p3   

 B C  p5        

 A B  p6        

                )                              )                        

. 6-26.     
 -  Y1= m(0,2,5,6,7,8,10,12,13,14,15)
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  -      (“ ” ”),     
 1,      ( , 1-   )   

           .    
     (“ * ”). -        

 - :    , ,    
       .  
  -      -   ,   

             
 “ ”            
.  

   -        , 
          - ,     

    , ... . é    . , é 
          -       
  -         –    

,      .  
            
         . 
      ,      

 -       -   
   3.  

,      ,        
        . 

     Y1(A,B,C,D) = m(0,2,5,6,7,8,10,12, 
13,14,15)    . 6-26 )       -  
p2= C D   p3= A D     - . 

    . 6-27   
      , 

        
       -  p1= B D   

p4= B D   -  p2= C D   p3= A D : 

Y1(A,B,C,D) = p1 + p4 + p2+ p3 = B D + B D + C D + A D  

 -   - : Y1= m(0,2,5,6,7,8,10,12,13,14,15). 

 4:      ( ) 

          
   -       -     

-   - ,          
 /   .       - ,  

  /         
.             

         . 
 

 
-  

6* 12*

C D  p2’’   

A D  p3’’   

. 6-27. 
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6.6.3.3.      

      0,  
1,      “ “      “ “ (  “/“) 

            
  .         
            1   0.   

  ,        ,    
            

 .  
          

      ,      
      1      

 0,    ( , )     
  1,             X 

( , ).      ,     
,         (  “ * ”). 

            
             

            “ * ”. , 
       “ * ”    

        (   x 
 x)       .   , 

      “ * ”        
         1,    x, . . 

   1-        . 
      ,  -   
          “ ”   
        " * "       

    1  x     1-   . 

,      ,    “ * ”, 
       -        “x”  “x” 

    ( )         
. 

             
  - .          

         1.  ( ) 
       , . .   x,    
               

      .        
- , é        .  

      -   
    Y3 = Σm(2,3,7,9,11,13) + Σx(1,10,15). 

-     Y3(A,B,C,D) = Σm (2,3,7,9, 11,13) + Σx (1,10,15) 
     . 6-28 ), ), ), ).       
   . 6-29,      -   -  p2, p3  p4.  
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i ABCD Y3  i ABCD  i ABCD  i ABCD  

0 0000 0  1* 0001  (1,3) 00-1  (1,3,9,11) -0-1 p1

1* 0001 x  2 0010  (1,9) -001  (2,3,10,11) -01- p2

2 0010 1  3 0011  (2,3) 001-  (3,7,11,15) --11 p3

3 0011 1  9 1001  (2,10) -010  9,11,13,15) 1--1 p4

4 0100 0  10* 1010  (3,7) 0-11   

5 0101 0  7 0111  (3,11) -011   

6 0110 0   11 1011  (9,11) 10-1   

7 0111 1   13 1101  (9,13) 1-01   

8 1000 0  15* 1111  (10,11) 101-   

9 1001 1     (7,15) -111   

10* 1010 x     (11,15) 1-11   

 11 1011 1       (13,15) 11-1   

 12 1100 0            

 13 1101 1          

- : 
p1 = B D  
p2 = B C  
p3 = C D  
p4 = A D  

  

 14 1110 0  

15* 1111 x  
. 6-28.    

Y3(A,B,C,D) = Σm(2,3,7,9,11,13) + Σx(1,10,15). 

,   p2     m2,  p3    
  m7  p4        m13.   

  ,   p2, p3  p4  ,    
 m3, m9  m11,    m2, m7  m13    

 -  p2, p3  p4.  

M  (1-   
). -  

2* 3 7* 9 11 13*

B D  p1       

B C  p2’       

C D  p3’       

A D  p4’       

. 6-29.      Y3 = Σm (2,3,7,9,11,13) + Σx (1,10,15). 

      , . .  -  p2, p3  p4  
  1-          
   .  

    Y3  : Y3 = p2+ p3+p4 = B C + C D + A D .  
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6-35.            
      - .      

  ) -  )     )    
 .  

) F0(X1, X2, X3, X4) = m (1, 2, 3, 7, 8, 9, 10, 11, 14, 15)  

) F1(X1, X2, X3, X4) = m(1, 2, 3, 5, 7) 

) F2(X1, X2, X3, X4) = m(0, 4, 5, 11, 13, 15) 

) F3(X1, X2, X3, X4) = m(2, 4, 5, 6, 7, 9, 13) 

) F4(X1, X2, X3, X4) = m(3, 4, 5, 7, 9, 11, 12, 13) 

) F5(X1, X2, X3, X4) = m(0, 1, 4, 6, 9, 10, 12, 14) 

) F6 (X1, X2, X3, X4) = m(3, 4, 5, 7, 8, 10, 11, 14, 15)  

) F7(X1, X2, X3, X4) = m(3, 4, 5, 7, 8, 10, 13, 14, 15) 

) F8 (X1, X2, X3, X4) = m(0, 3, 4, 7, 11, 12, 14, 15) 

) F9(X1, X2, X3, X4) = m(0, 1, 2, 3, 4, 5, 7, 14, 15) 

) F10(X1, X2, X3, X4) = m(3, 4, 5, 6, 7, 9, 13) 

) F11(X1, X2, X3, X4) = m(3, 4, 5, 7, 9, 11, 12, 13) 

) F12(X1, X2, X3, X4) = m(0, 5, 7, 8, 9, 10, 11, 14, 15) 

) F13(X1, X2, X3, X4)  = m(1, 3, 6, 7, 8, 10, 11, 13, 14) 

             .  

6-36.           
    .  

) F14(X1, X2, X3, X4) = m(0, 4, 5, 6, 8, 12, 14, 15) + x(1, 2, 7, 10) 

) F15(X1, X2, X3, X4) = m(0, 5, 8, 12, 15) + x(1, 2, 3, 10, 13, 14) 

) F16(X1, X2, X3, X4) = m(1, 2, 3, 4, 5, 9, 11, 12) + x(7, 10, 13, 15) 

) F17(X1, X2, X3, X4) = m(0, 4, 5, 6, 8, 12, 14, 15) + x(1, 2, 10) 

) F18(X1, X2, X3, X4)  = m(2, 4, 6, 10) + x(0, 3, 7, 11, 12, 13, 14, 15) 

6-37. (*)             
       )  ) -     

        . 

) F19(A ,B,C,D) = m(1, 5, 7, 8, 11, 15, 17, 20, 22, 24, 26, 30, 31)  

) F20(A ,B,C,D)  = m(0, 2, 3, 4, 6, 10, 13, 14, 18, 22, 23, 27, 31)  

) F21(A ,B,C,D) = m(0, 1, 2, 3, 4, 6, 7, 8, 9, 14, 15, 22, 23, 25, 28, 30, 31) 

) F22(A ,B,C,D) = m(1, 5, 8, 12, 21, 31) + x (0, 15, 17, 24, 28) 

) F23(A ,B,C,D) = m(0, 2, 8, 10, 11, 16, 18, 24, 26, 30) + x(14, 31) 

) F24(A ,B,C,D) = m(1, 4, 17, 20, 22, 31) + x(0, 3, 6, 19, 29) 

) F25(A ,B,C,D) = m(1, 5, 8, 12, 21, 31) + x(0, 15, 17, 24, 28) 

) F26(A ,B,C,D) = m(3, 4, 5, 7, 9, 12, 13, 22, 29, 30) + x(1, 2, 17, 21, 24, 28, 31) 
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6.7.   

          
   ,       

     :  , , 
 ,  .   ,     

           
.            

  ,        
   ,      

          .  
          

           
, ,    . 

        -  (  
- ).      ,      

    .       
            .   

            
 . 

6.7.1.    

        
           
 ,   .         

      ,         
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