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,   (1.1)  (1.2)  
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      RgMK, 

  , -    , 
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 ,     D.  
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 S  , ,      
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 S           
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 N,      , 

 : N=k ≥ log2n. 
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1.2     
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 – .     

     .  
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   ,   

     .   
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        . 

       

   .      

,         ,  

  .  

      

:  

  Sg1  Sg2 = 1 –    ;  

  Sg1  Sg2 = 0 –    .  

 ,   Sg1  Sg2 (Sg1 = 0,  Sg2 = 1  

Sg1 = 1,  Sg2 = 0). 

     ( )  , 

         

    .      

  :     .      

 –     0,    –    

 1.     –    

    . 

 

 1 –   

  
0,25  + 2  
1,5  

 - 0,5  

A < 0, B < 0, A –  4, |В|< 0,5 
A < 0, B > 0 
A > 0, B –  

4  –  
(2  + ) / 2 
3  

A < 0, B > 0, | |< 0,25 
A < 0, B < 0, | |< 0,5 
A > 0, | |< 0,5 

0,5  +  
2,5  
4  –  

A > 0, B < 0, A –  
SgA = SgB, | |< 0,5, A –  
A < 0, B > 0, | |< 0,25 

 + 0,25  
3,5  
2  –  

A > 0, B > 0, A –  4 
A > 0, B < 0, |В|< 0,5, B –  
A < 0, | |< 0,5 
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  1 –   

  |А + В| 
 + 0,5  

2  – 0,5  

A > 0, B < 0 
A < 0, B > 0, B –  
SgA = SgB, | |< 0,5, B –  

2  – 0,25  
1,25  

 + 4  

A> 0, B> 0, | |< 0,5, B–  4 
A > 0, B < 0 
A < 0, | |< 0,25 

0,75  
(  + ) / 2 
2  –  

A < 0, B–  4 
A > 0, B > 0 
A > 0, B < 0, | |< 0,5 

2  + 2  
1,75  |А − В| A < 0, B < 0, | |< 0,5,| |< 0,5 

A > 0, B > 0,A –  4 
SgA ≠SgB 

 – 2  
0,5  + |А| 
2,25  

A > 0, B < 0 
A > 0, B > 0, B –  
A < 0, | |< 0,5, A –  4 | А − , В| 

0,5  + 2  
0,75  

A < 0, B > 0, | |< 0,5, B –  
A > 0, B > 0, | |< 0,5, A –  
B < 0, A –  4 

0,25  + 2  
4  –  
2,5  

A > 0, B < 0, A –  4, | |< 0,5 
A < 0, B > 0, | |< 0,25 
SgA = SgB, | |< 0,5, A –  

0,5  +  
1,25  – 0,5  
3  

A > 0, B < 0, A –  
A > 0, B > 0, B –  
A < 0, | |< 0,5 

(2  + ) / 2 
4  –  
1,5  

A < 0, B < 0, | |< 0,5 
A < 0, B > 0, | |< 0,25 
A > 0 

 + 2  
2  – 0,25  
2,25  

A < 0, B > 0, | |< 0,5 
A> 0, B< 0, | |< 0,5, B–  4 
SgA = SgB, | |< 0,5, B–  4 

 + 4  
1,25  – 0,5  
3,5  

A < 0, B < 0, | |< 0,25 
A < 0, B > 0, B –  
A > 0, | |< 0,5, B –  

2  +  |А + , В| 
1,25  

A > 0, | |< 0,5 
A < 0, B > 0, B –  
A < 0, B < 0, A –  4 

1,25  + 1,75  
0,5  –  
2,25  

A < 0, B < 0, | |< 0,5, | |< 0,5 
A > 0, A –  
A < 0, B > 0, | |< 0,5, A –  4 

0,5  + 0,25  
-0,5*| А − В| 
0,75  

A> 0, B> 0,A–  4, B –  
SgA ≠ SgB, | |< 0,5 
A < 0, B < 0, B–  4 

(0,5  + ) / 2 
1,75  

 – 1,5  

A> 0, B> 0, A–  
A< 0, A–  
A> 0, B< 0 

2(  + 1,25 ) 
1,5  + 0,5  |А| - |В| A < 0, B < 0 

A> 0, A – , B –  
A < 0, B > 0 
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  1 –   

  

2,25  – 0,5  
1,75  
2,5  –  

A < 0, | |< 0,5, B –  
A> 0, B< 0, B–  4 
A> 0, B> 0,| |< 0,5, A–  

1,75  + 1,5  
 – 0,5  

2,25  

A> 0, B> 0, B –  
A> 0, B< 0, B –  
A < 0, | |< 0,5, A–  4 

0,5  +  
2,75  – 0,25  
1,5  

A> 0, B< 0, A–  
A> 0, B> 0, | |< 0,5, B–  4 
A < 0 

2  + 1,25  
4  –  
0,75  

A < 0, B < 0 
A < 0, B > 0, | |< 0,25 
A > 0, B–  4 

2  – 0,5  
1,25  
2  + 2  

SgA = SgB, | |< 0,5, B –  
A> 0, B< 0 
A< 0, B> 0,| |< 0,5,| |< 0,5 

0,5  + |А| 
 + 0,5  

3  

A< 0, B> 0, B –  
A> 0, B –  
A< 0, B< 0,| |< 0,5 

 + 4  
2  –  
3,5  

A< 0, B< 0, | |< 0,25 
A< 0, B> 0, | |< 0,5 
A > 0, | |< 0,5, B –  

0,5  + 2  
1,75  + 0,25  
1,75  

A> 0, B> 0, A– , | |< 0,5 
A < 0 
A> 0, B< 0, B–  4 

1,5  + 0,5  
2  –  
0,75  

A< 0, | |< 0,5, | | –  
A> 0, B< 0, | |< 0,5,A–  
A > 0, B > 0 | А| – 0,5  

0,25  –  
2,5  

A < 0, B > 0, | |< 0,5, B –  
A > 0, A–  4 
A < 0, B < 0, | |< 0,5 

 

  ,    1,  

    ( ),     

      . 

    : 

1. : A < 0, A > 0 

2.  

3.  4  

4. | |< 0,5 

5. | |< 0,25 

    : 

1. : B <0, B > 0 

2.  

3.  4 

4. | |< 0,5 

5. | |< 0,25 



 
 

 2 –     

   
A<0 
B<0 11.****** 

A > 0 
B> 0 

00.******,     
   

A –  
B–  

 
**.*****0 

A –  4 
B–  4 

 
**.****00 | |< 0,5 | |< 0,5 

11.1*****,     
   

 
00.0***** | |< 0,25 | |< 0,25 

11.11****,     
   

 
00.00**** 

SgA=SgB     
   

  

SgA ≠ SgB     
   

  
 

    10,   ,   

  . 

  :  ,     

  RgS1 ( . 2.5)     , 

    RgS2 ( . 2.5). 

 

1.3    
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     . 

2.  ,   , 

,          
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   ,       . 

5.      ,  -  

  ,         [6]. 

      –   . 

      ,  

   .       
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    ,  : 

1. .     

  ,       

,       ( , 

      1). 
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       ,   
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       ,    

 ,    ). 

3. .      
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  .      , 

    -      ( , 

  ,      ) [7]. 
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 ,     

,    : ,  

. 

 ,     

,    : , , 

, . 

        

   .     

 . 

      ,   

  ( . 1.9.1).  

 

 
 1.9.1 –         

  

 

     11.111010 = -6 (     

 .)     1 ,   11.111101 

= -3. 

      ,   

 ( . 1.9.2).  

 

 
 1.9.2 –         
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   11.111010 = -6   1 ,   

11.110100 = -12. 

    IL, IR    0   

 . 

   : 

0,25 +2  

 ,       

 .       0,25 .  

    ,   

        . 

         

    . ,     

      ,    

 2 ,      . 

 ,     0,25   2 , 

    0,25 +2 . 

-0,5  

 ,         

 ,   . ,     

      ,    

 0,5 ,      .  

     ,  

.   0,5B    

 . 

  ,     

,      ,  

    0,5B,     -

0,5 . 
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1.4      

 

 (    ) – 

 ,       

,  ё      

.        

   ,  . ,  

    ,   

.        

 :   ,   , 

      , 

     [7]. 

        

         .  

   . 

1. Intel (Altera).       

      ,  VHDL, Verilog  

AHDL.     ,  

        ASIC   

.       

         

  . 

2. Xilinx.   –  FPGA, 

     PAL, –  

     ,   Xilinx. 

     , ,  

   ,  ,  

  ,  . 

3. Microchip (Microsemi/Actel).     

 Antifuse ,      
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       .  

  -       

  . ,     

        

      ( ),   

         

 . 

4. Achronix Semiconductor.      

  ,       

.    : Achronix-Ultra  

  2.2 ,      ,   

Achronix-Xtreme    1 ,    

        

 -  -260°   +130° .      

     -  

     [8]. 

 Xilinx  Altera     ,   

          

 ,     ,  

         

   ,      

 . 

       Altera,  

   .       

FPGA.   DE2-115    : Cyclone IV 

 (EP4CE115F29C7N)).    ,   

 FPGA      

. Cyclone IV     , 

         

 .  Cyclone IV   
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  ,      

 . 

   : Quartus Prime Light Edition  18.0. 

 

1.5   

 

          

.   ,   : 

1.     : 

1.1      

 RISC–    ё   

,        

     .   

RISC-       ,  

   . ,   ,  

,  . 

1.2    ,   

   , I- , M- , . . 

     .   

1.3   ,     

      ,  

 ,     . 

2.    ,    

   .   

,    ,     

  ,        

  ,      . 

  ,    :    
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  ,     -    

 . 

3.       Altera. 

 
2      

 

2.1     

 

      

   ( . 2.1). 

 

 
 2.1 –   

 

     

30  . 

  : 

 A0-A7 –  A (A7 –  , 6 –  , 

A5- 0 –     ); 
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 B0-B7 –  B ( 7 –  , 6 –  , 5-

0 –     ); 

 E –     A  B   0 – 7  B0 – B7 

; 

 C –  ; 

 R – . 

  : 

 Q0-Q7 –   (Q7, Q6 –  , Q5-Q0 – 

    ); 

 ER –     –        

    ; 

 OF –      ; 

 RD–      .  

 

2.2     

 

2.2.1    

 

  ,  ,   

,       

 ,     

 ( . 2.2). 
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RgA1

RgA2

RgB1

RgB2

SM1

SM2

MUX1

MUX2

MUX4

SM3

RgS1

SM4

MUX6 RgS2

A

B

y1

MUX3

MUX5

0

0

y4

y2
y6

y1
y5

y2
y7

y18
y19

y20

y24
y23

y8

y11

y12

y15

y9

y10

0

y13

y14

y16

y17

y21

y22

RgF x

y3

 

 2.2 –    

 

         

  

         4 .  

Rg 1  Rg 1        ,   

          

,    2 , 4 , 2 , 4 .  Rg 2  Rg 2 

            

  ,    0,5 , 0,25 , 0,5 , 0,25 . 

  MUX1       – . 

 MUX2  MUX3    B  –B, 2B  -2B, 

0,5B  -0,5B, 0,25B  -0,25B. 

         

   MUX4  MUX5,     

 SUM3.  

  MUX6     . 

    .  
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 SM1      RgA1 

 RgA2. :   RgA1   ,  RgA2 

    0,25A,      

.   SM1     , 

   1,25 . 

 SM2 –   RgB1  RgB2. :  RgB1 

    2 ,      

,  RgB2     0,25 ,   

   .    MUX3  

   0,25 .   SM2   

  ,    1,75 . 

SM3     ,  

   RgS1. :    MUX4  

1,25 ,    MUX5  1,75 .   SM3 

    ,    

1,25  + 1,75 . 

 SM4 –    .     

,         

   ,     

. 

 

2.2.2    

 

        

( ),      

 .       

 ,   ,      

,     . .    
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     .     

     . 

     

  ,       

      ,   

    . 

a[0] - a[7] –  .  

b[0] - b[7] –  . 

s[0] - s[9] – ,     . 

 

  : 

 

 
 2.3.1 –  

 
 2.3.2 –  

 

 
 2.3.3 –  4 

 

 

 2.3.4 – | | < 0,5 
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 2.3.5 – | | < 0,25 

 

  : 

 

 
 2.3.6 –  

 
 2.3.7 –  

 

 
 2.3.8 –  4 

 

 

 2.3.9 – | | < 0,5 
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 2.3.10 – | | < 0,25 

 

       

   y3 = 1 (  2.4).  RgF : D0-D9 –   

; Q0-Q9 –   ;  LD,     

      D0 – D9,  

   Q0-Q9. 

 
 2.4 –    

 

2.2.3     

 

      

   . 

RgA1, RgB1 –    , 

          A  

B  ( .2.5).     y4 = 1 (  
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 RgA1)  y6 = 1 (   RgB1),    

  ←       .  

         IL = 0. 

 

 
 2.5 –  RgA1, RgB1 

 

RgA2, RgB2 –    , 

          A  

B ( .2.6). 

    y5 = 1 (   RgA2)  y7 = 1 

(   RgB2),     →     

  .  ,     

    IR. 

 

 
 2.6 –  RgA2, RgB2 
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    RgS1   

         2 ( . 

2.7).  RgS1     , IL  IR.    

 y19 = 1    ←      

 .        

   IL = 0.     y20 = 1   → 

      .  ,  

       IR. 

   –   RgS2 ( . 2.7). 

 RgS2   →  IR.     y23 = 1, 

    →       

.  ,       

  IR. 

 

  

 2.7 –  RgS1  RgS2 

 

   (RgA1, RgB1, RgA2, RgB2, RgS1, RgS2) : 

 D0-D7 –    (D6, D7 –  , D0-D5– 

).  

 Q0-Q7 –    (Q6, Q7 –  , Q0-Q5– 

).  

 LD.     LD    

   D0 – D7,     Q0-Q7. 
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  2.8   MUX1.   

  y8 = 1,     Z   Q0 – Q7 

    1.0 – 1.7,  y8 = 0,     0.0 

– 0.7.  MUX2, MUX3  MUX6  . 

 MUX1  MUX3    

    RgA2  RgB2.     B 

    .  MUX2 

       Rg 1.   

    RgS2   MUX6.  

 

 
 2.8 –  MUX1 

 

  ,      SM3   

 MUX4  MUX5 –      

.   2.9   MUX4.   

     3 [10].  MUX5 

 . 
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 2.9 –  MUX4 

 

 3 –   MUX4 

Z1 Z0  
0 0 0.0 – 0.7 
0 1 1.0 – 1.7 
1 1 2.0 – 2.7 

 

     . 

 SM1    2.10.     

  : SM1, SM2, SM3, SM4.  

A0 – A7   . 

B0 – B7   . 

        , 

     S0 – S7.  

C –   . 

P –     .  

 



 
 

43 
 

 
 2.10 –  SM0 

 

   .     

      1.   S0-S7   

  .  

 

2.2.4   щ   

 

    . 

 : 

1 – ,    s[0] (   ),  

   Q9   RgF; 

2 – ,    s[1] (   ), 

    Q8   RgF; 

3 – ,    s[2] (  4   

),     Q7   RgF; 

4 – ,    s[3] (| | < 0,5),  

   Q6   RgF;  

5 – ,    s[4] (| | < 0,25),  

   Q5   RgF; 
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6 – ,    s[5] (   ),  

   Q4   RgF; 

7 – ,    s[6] (   ),  

    Q3   RgF; 

8 – ,    s[7] (  4   

),     Q2   RgF; 

9 – ,    s[8] (|В| < 0,5),  

   Q1   RgF;  

10 – ,    s[9] (|В| < 0,25),  

   Q0   RgF; 

P –     ; 

E –       A  . 

 : 

y1 –     A7- 0    RgA1  

RgA2; 

y2 –     7- 0    RgB1  

RgB2; 

y3 –      RgF; 

y4 – RgA1 ← 2*RgA1 –    RgA1    

    (  ,   RgA1  2); 

y5 – RgA2 ← RgA2/2    RgA2     

   (  ,   RgA2  2); 

y6 – Rg 1 ← 2*Rg 1 –    Rg 1    

    (  ,   Rg 1  2); 

y7 – Rg 2 ← Rg 2/2    Rg 2     

   (  ,   Rg 2  2); 

y8 –    RgA2    

MUX1; 

y9 –    Rg 1    

MUX2; 
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y10 –    Rg 2    

MUX3; 

y11 –     MUX4 (  Z0); 

y12 –     MUX4 (  Z1); 

y13 –     MUX5 (  Z0); 

y14 –     MUX5 (  Z1); 

y15 –  «1»       SM1; 

y16 –  «1»       SM2; 

y17 –  «1»       SM3; 

y18 –      RgS1; 

y19 – RgS1 ← 2*RgS1 –    RgS1    

    (  ,   RgS1  2); 

y20 – RgS1 ← RgS1/2 –    RgS1    

    (  ,   RgS1  2); 

y21 – 112  RgSRgs  –   RgS1,  «1»  

     SM4; 

y22 –     MUX6; 

y23 – RgS2 ← RgS2/2 –    RgS2    

    (  ,   RgS2  2); 

y24 –      RgS2; 

y25 (RD) –    ; 

y26 (OF) –     ; 

y27 (ER) –   . 

   , . .   

. ,     B   RgA1, RgA2  RgB1, 

RgB2 ;    RgA1, RgA2, RgB1, RgB2. 
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2.3  щ   

 

2.3.1     

 

         

4 : 

 CX –      

  i; 

 A1 –      ,  

     1. 

 A0 –    ,   

    0. 

 Y –    . 

       

       , 

 ,     . 

       

   [10]. 

      

 : 

 𝑛  =   ⏋ log 𝑛 ⎾ = ⏋ log ⎾ =                                                              (2.1) 

 

     ,   

,  32      ,   ,  

      5 

  54 : 

 𝑛𝑎 =  ⏋log [𝑛 + 𝑛ув]⎾ =  ⏋ log + ⎾ =                                        (2.2) 
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   Y: 

 𝑛 = 𝑘 =                                                                                                                   (2.3) 

 𝑛  – 14 (12  ,          

0- 7  0- 7,   ); 𝑛  –   ,  13; 𝑛ув –   ,  8; 

k –   ,  27. 

    : 

 =  𝑛 +  ∗ 𝑛𝑎 +  𝑛 = + ∗ + =                                                  (2.4) 

 

 ,      

 × .  ,     5  ,  

   32  .     41  

  . 

        

  - ,   ,    

      × . 

        2.11. 
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2.3.2     

 

Q24

Q23

Q22

Q21

Q20

Q19

Q18

Q17

R OM

A4

A3

A2

A1

A0

Q16

Q15

Q14

Q13

Q12

Q11

Q10

Q9

Q8

Q7

Q6

Q5

Q4

Q3

Q2

Q1

Q0

Q36

Q35

Q34

Q33

Q32

Q31

Q30

Q29

Q28

Q27

Q26

Q25

Q39

Q38

Q37

Q40

 
 2.11 – ,     

 

         

    .  

     5-     

   ( . 2.12).     

      .  

 R –  .  
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  – .     

     . 

 

 
 2.12 – ,       

 

  2.13   MUXA,  

    .  

 Z –   A0.0- 0.4  A1.0- 1.4     

 Q0-Q4. 

 

 
 2.13 –      

 

 MUXX     

  ( . 2.14).   A0 – 2   

 ,      .  

0 – 7 –   . 
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    U    

 4 [10]. 

 

 
 2.14 –     

 

 4 –     U  

A3 A2 A1 A0  
0 0 0 0  
0 0 0 1 x1 
0 0 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 x6 
0 1 1 1 7 
1 0 0 0 8 
1 0 0 1 9 
1 0 1 0 10 
1 0 1 1 P 

 

   ( . 2.15)   

 .      

 C.  R –  ( ) . 
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Q24

Q23

Q22

Q21

Q20

Q19

Q18

Q17

R gM K

Q16

Q15

Q14

Q13

Q12

Q11

Q10

Q9

Q8

Q7

Q6

Q5

Q4

Q3

Q2

Q1

Q0

D24

D23

D22

D21

D20

D19

D18

D17

D16

D15

D14

D13

D12

D11

D10

D9

D8

D7

D6

D5

D4

D3

D2

D1

D0

R

C

Q37

Q36

Q35

Q34

Q33

Q32

Q31

Q30

Q29

Q28

Q27

Q26

Q25

D37

D36

D35

D34

D33

D32

D31

D30

D29

D28

D27

D26

D25

Q39

Q38

D39

D38

Q40D40

 
 2.15 –    

 

3    

 

3.1   

 

       

 OA,    3.2.    

 OA   CD-    .  OA 

    ,    3.1.1 – 3.1.9, 

       :  
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 Reg_left – ,     

 ,          

   (  3.1.1); 

 

 
 3.1.1 –       

 

 Reg_right – ,    

  ,      

       (  3.1.2); 

 

 
 3.1.2 –       

 

 FlagsBlock – ,    ,  

         

 (  3.1.3); 
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 3.1.3 –    

 

 RegN – ,     

 ,      (  3.1.4);  

 

 
 3.1.4 –   

 

 Reg_revers – ,    

  ,     

          (  3.1.5); 

 

 
 3.1.5 –     
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 Reg_left, Reg_right, RegN  Reg_revers     

REG,     . 

 Sum8 – ,     

,        (  3.1.6); 

 

 
 3.1.6 –    

 

 Sum4 – ,   , 

       (  3.1.7); 

 

 
 3.1.7 –        

  

 

 Sum8  Sum4     SUM,  

   . 

 Mux2 – ,      

 ,      , 

  ,  (  3.1.8);  
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 3.1.8 –       

 

 Mux3 – ,      

 ,      , 

  ,  (  3.1.9); 

 

 
 3.1.9 –       

 

 Mux2  Mux3     Decoder,  

    . 

 



 
 

 
 3.2 –    

  



 
 

3.2 щ   

 

       

 YA,    3.4.    

 YA   CD-    . 

      

      ,     

      ,  

 . 

 YA     ,    

3.3.1 – 3.3.5,        :  

 RAM – ,      ×
 ( . 3.3.1); 

 

 
 3.3.1 –   

 

 RegD – ,     

        ( . 3.3.2); 

 

 
 3.3.2 –   
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 RegMK – ,     41-

    ( . 3.3.3); 

 
 3.3.3 –    

 

 RegD  RegMK     REG_D,  

   . 

 MuxX – ,    , 

      ( . 3.3.4); 

 

 
 3.3.4 –     

 

 MuxA – ,    ,  

       ( . 

3.3.5); 

 
 3.3.5 –      

 MuxX  MuxA     Decoder,  

    . 



 
 

 
 3.4 –    

  



 
 

3.3   

 

       MyWork, 

   3.5.     MyWork 

  CD-    . 

 MyWork   :  

 OA – ,     

; 

 YA – ,     

. 

 

 
 3.5 –    

 

4    

 

         

      ,   

 5 [10].  

 

 5 –   54  

  
 + 4  A < 0, B < 0, | | < 0,25 

2  –   < 0,  > 0, |А| < 0,5 
3,5   > 0, | | < 0,5,  –  
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         , 

   .  

     ,     

    ,    

,   ,     

      .  

   ,   

 . 

        , 

  .     

  ,      

 , ,     , 

  . 

        . 

 

4.1  -   

 

  - ,      54 

. 

       54. 

 : 

1 – ,    s[0] (   ),  

   Q9   RgF; 

4 – ,    s[3] (| | < 0,5),  

   Q6   RgF;  

6 – ,    s[5] (   ),  

   Q4   RgF; 

7 – ,    s[6] (   ),  

    Q3   RgF; 
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9 – ,    s[8] (|В| < 0,5),  

   Q1   RgF;  

10 – ,    s[9] (|В| < 0,25),  

   Q0   RgF; 

P –     ; 

 –       A  . 

 : 

y1 –     A7- 0    RgA1  

RgA2; 

y2 –     7- 0    RgB1  

RgB2; 

y3–      RgF; 

y4 – RgA1 ← 2*RgA1 –    RgA1    

    (  ,   RgA1  2); 

y5 – RgA2 ← RgA2/2    RgA2     

   (  ,   RgA2  2); 

y6 – Rg 1 ← 2*Rg 1 –    Rg 1    

    (  ,   Rg 1  2); 

y7 – Rg 2 ← Rg 2/2    Rg 2     

   (  ,   Rg 2  2); 

y9 –    Rg 1    

MUX2; 

y10 –    Rg 2    

MUX3; 

y11 –     MUX4 (  Z0); 

y12 –     MUX4 (  Z1); 

y14 –     MUX5 (  Z1); 

y16 –  «1»       SM2; 

y17 –  «1»       SM3; 

y18 –      RgS1; 
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y24 –      RgS2; 

y25 (RD) –    ; 

y26 (OF) –     ; 

y27 (ER) –   . 

-   ( )     

  ( , , , )   . 

 ,  , ё   

.      

  . 

  4.1  -  ,  

     54  [9]. 
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y1,y2

x1

x9

x7

y6

y6,y7

y10,y11,
y14,y16,y18

y24

x6

x4

y9,y17,y18

x10

y6

y6

y12,y18

P

y25 y26

0

1

1

0

0

1

0

1

1

0

0

1

0

1

0 1

1

2

4

5

6

7

8

9

17

10

11

12

13

14

15

16

18

19 20

y27

21

y3

3

0

22

10 
 4.1 – -     54 
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  - : 

 0:  . 

 1:     (     B 

   ).   = 1 –    

2,  –    1; 

 2:    LD  RgA1  RgA2  y1,  

 LD  RgB1  RgB2  y2 (     B   

RgA1, RgA2, RgB1  RgB2).    3; 

 3:    LD  RgF  y3 (   

  RgF).    4; 

 4:    x1,  x1 = 1 (A < 0) –

   10,     5; 

 5:    x9,  x9 = 1 (|B| < 0,5) –

   6,     21; 

 6:    x7,  x7 = 1 (B –

) –    7,     21; 

 7:    B      

 y6,    8; 

 8:    B      

 y6    B       y7,  

  9; 

 9:     RgB2  

 y10,     SM2   RgB1 

   MUX3   y16,   

MUX4     11,    SM2  

 MUX5   y14,     

RgS1   18,    17; 

 10:    x6,  x6 = 1 (B < 0) – 

   13,     11; 
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 11:    x4,  x4 = 1 (|A| < 0,5) 

–    12,     21; 

 12:     Rg 1  

 y9      SM3   y17,  

   RgS1   18,    17; 

 13:    x10,  x10 = 1 (|B| < 

0,25)  –    14,     21; 

 14:    B      

 y6,    15; 

 15:    B      

 y6,    16; 

 16:   MUX4   

 MUX2   y12,     

RgS1   18,    17; 

 17:      RgS2   

y24,    18; 

 18:    P,  P = 1 –   

 20,     19; 

 19:        

y25,    22; 

 20:        

 y26,    22; 

 21:       y27,   

 22; 

 22:  . 

 

4.2   

 

   - ,    4.1,  

      ( . 6).



 
 

 

 

 6 –   54  

   1 0 Y 

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

0 0 0 0 1 * * * * 0 0 0 1 0 0 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 1 0 * * * * 0 0 0 1 1 0 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

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

0 0 1 0 1 0 1 1 1 0 0 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 0 * * * * 0 0 1 1 1 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 1 1 1 * * * * 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 * * * * 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 1 1 0 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 1 0 0 0 1 0 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 * * * * 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 1 0 1 0 0 1 1 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 * * * * 0 1 1 1 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 * * * * 0 1 1 1 1 0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 * * * * 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 * * * * 1 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
1 0 0 0 1 1 0 1 1 1 0 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 1 0 * * * * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 
1 0 0 1 1 * * * * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
1 0 1 0 0 * * * * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

 

 * -  1  0. 

 



 
 

    .     

  .     

,    .  

 

4.3    
 

      , 

  ,    .  

 –  ,     

.      4.1.1  

4.1.2. 

 

 
 4.1.1 –     

 

 

 4.1.2 –     

 

          

 ,    .   
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       RgF,   

   .  

    4.2. 

   А  В    :  

А = 25, В = -26 

   : 

А = 00.011001, В = 11.100110 

 

 
 4.2 –     

 

     : 

  : 

Q[0] = 0, A > 0; 

Q[3] = 1, | | < 0,5; 

  : 

Q[5] = 1, B < 0; 

 Q[6] = 1, B – ; 

 Q[8] = 1, | | < 0,5. 

  ,      

3,5B.  A = 25, B = –26,   

3,5B = 3,5 ∙ (–26) = –91 

   : – д . = .  

     4.3.  
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 4.3 –     

 

    – 8 ,    

 ,      OF.  

 

4.4  

 

      . 

    + 4    :  

A < 0, B < 0, |𝑩| < 0,25 

  А  В   : 

А = -5, В = -11 

   : 

А = 11.111011, В = 11.110101 

      + 4 .  

 + 4B = -5 + (-11*4) = – 49 

   : – д . = .  

     4.4.  RD 

   . 
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 4.4 –      + 4  

 

   2  -    :  

 < 0,  > 0, |А| < 0,5 

  А  В   : 

А = -20, В = 5 

   : 

А = 11.101100, В = 00.000101 

     2  - .  

2  - B = -20*2 - 5 = – 45 

   : – д . = .  

     4.5.  RD 

   . 

 

 

 4.5 –     2  –  

 

   ,      

  . 

  А  В   : 

А = 10, В = 35 
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   : 

А = 00.001010, В = 00.100011 

     4.6. 

 

 
 4.6 –      

 

       ,   

,     ER. 

 

4.5    

 

1.   ,   

   

2.    ,  

   . 
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 ,     – 

  ,    

  (     

       

   ). 

      : 

1.       

    .  

2.         

   ,      

 ,         

  ,      

. 

3.    . 

4.      

. 

5.  . 

6.   . 
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