
   
  

  
«   » 

  
 «     » 

 
 

                      
  

______   . .  
      ,  

« _____»   ________  2018  . 
 
 
 

  
 

20.03.01 «  » 
 

«         
» 

 
 
 
 

               _________          . .  . .  
                                        ,            

 

                   _________  . .  
                                                     ,                                                                        

 
 

 
  : 

 
 

  
-                                                                     . .  

          ,              
 
 

                                                                                   . .  
    ,              

 
 
 

 2018 



 

2 
 

 
 

     «    
     »  85 

,  16 , 11 , 26    5 
  .  

 :  , ,  
. 

 :  . 
        
   . 

        
,       .  

  



 

3 
 

 
 

   : «     
    »    85 , 

 16 , 11 , 5    26  
.  

        
    

       
 ,  ,   .  

        
. 

       . 
     ,    

 . 
       

 . 
       . 
       . 

      . 
     . 
  –       

. 
       
. 

  –     
. 

  –    
       

  ,    
      ,  

 
 
 
 
 
 
 
 

  



 

4 
 

 
 

 .... ……………………………………………………………………5 

1   ………………………………………...6 
2     ................................................................. 7 

2.1   -   

    .......................................................... 7 

2.2       

  ....................................................................................... 8 

3  ,      .......... 10 

3. 1 ,     ......................................... 10 

3. 2     ............................................................... 10 

3.3      ........................ 12 

4      ....... 18 

5    ......................................................................... 27 

6   ................................................................. 38 

7     ..................................................... 39 

8       

 ............................................................................................................... 41 

9        ........... 72 

10        

   ................................................................. 73 

11      ..................... 75 

12 -   ...................................................................... 76 

   .......................................................... 84 

 



 

5 
 

 
 

       
      .     

,        
     .   

    ,   ,   
  . 

   ,    
         

     .  
        
     .  

 
  



 

6 
 

 
1    
 

        
:  , ,       
   .      ,  I 

    ,   ,    
   ,       .  

   ,     
            ,   

   ,          
 .           

   . 
         

,  ,       ,     
    ,    

 .    ,  ,     
   . 

         
   ,   .     

,      ,    
     .     

      (  ),   
   ,     ;     

,      ,   , , 
,       . 

    ,     
 .      ,     

 ,       .  
     ,      

   .     : «  
 »,   ,      . 

        ,    , 
       ,    

« »,   ,   ,   
     .       

  ,    . ,   ,   
   ,    ,    . 

 XVI  XVII       , 
     .      

       . 
 

  



 

7 
 

2     
 

      . 
       . 

        , 
         

,    4-  . 
      

   . 
 
2.1   -   
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     50   . , 
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3487 ,    2580 . 2.     
    ,    30 . 
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   2-5%.  

        
   3 ,  .    .   
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 – 28° . 

 .     +0,7 . 
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 16,5 ,    – ,   
   18,5 . 

      
     ,  .    

     1-3 .   
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  . 
    .  

     6,0 .  
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12 –  . 

 
 3.1 –  -1040-  

 
      , 
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     ,   

     .     
      ,     
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   ,  2   , 
    3,  ( )  

  4, -  5    6  
 . 
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  ,     ,  



 

12 
 

  .          
. 

         9.  
         

 10. 

 
 

1-  , 2 -    , 3 - , 
4 - , 5 - - , 6 -  , 7 – 

, 8 – , 9 – , 10 – . 
 

 3.2 –        
. 

  
    3      

,        4 
   -  5  6,    
  . 

 
3.3      
 

.      
,   ,  ,  .  
     ,   

 ,   .  –   
 ,    .  

     0–4° .   
     12 .    
        29–32°  

      1:2.     
 0–4° ,         

8° .       
      8–9%.   

     ,    , 
     15 ° .     
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    12,  I –6 .    
 .        
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        .  
        
.     ,      

 ,   , ,   ,   
 ,    30–90 .     

   ,     
.       

,          
(  10–20%) ,   ,    

.      
.  ,    ,  

1°  .  
   .  –   

   ,     
    .     

    3–10°     
,        

  ,     15   30  
        .  

      3–
10°  2 ,   0–4° –  3 . 

  .       
           . 
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        23–26%  . 

    ,     
   . 

,    ,   
 ,        2,8  

  .      2–3  .  
        .  

         
  . 

   ,    , 
    .    

  ,     .  , 
 .    25 %-   

(   1,1879)  26%  (   
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 ,       (  
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 4.2   -30 

 
 -      
   , -     

1,2     :  0,1  0,900 ;  0,6  1,200 . 
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1–   ; 2– ; 3–  ; 4–
 ; 5–    ; 6–  

 ; 7–  ; 6–   ; 9–
 ; 10–   ; 11–  

  36 ; 12–  ; 13–  ; 14–
  15– . 

 
 4.3  1- : 

 
  TI-XTC ( . 2).     

    1-       
         

     0,05–0,2   . 
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    (  85%)    
  1- . 

  JAC Tradi Forma. 
  Tr di Forma    

  :    70 ,  ,   
 .  

 

 
 

 4.4   JAC Tradi Forma 
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: 25 / . 
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 . 
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  -  .    (  %  

 )  20–40%. 
   ,     . 
       

,   ,   
    ,     

  - . 
    (    

 )      –
   . 

       35°   
     .   40°  

        . 
    45 °  ,  
,  . 
    50 °   . 
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  4.2  15150-69,    . 
         

   10   30 . 
  –  (16–18 ).   10 . 
      13109-97,  

   –    51232. 
      202  

 :  « -  202 ». 
 . 

   ,     , 
   ,     

. 
    ,   

  .     
 . 
       

      .   
        

  . 
         

 ,     ,  
  ,     , 

 ,  .     
    . 

   ,    ,  
     . 

    (  5.1)   
,   ,     . 
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  – .    
( )  ( ,  ,   . .) 

    . 
 . 

      5131-001-
21346748-2014    . 

    : 
   202; 
    , 2,2; 
   , 60 – 300 ; 
    , 450 ; 
    ,   ,  

( .)0,3; 
   , 18 – 25 / ; 
       

36 ; 
        , 

2 – 10 ; 
        , 

2,8 – 3,5 ; 
    , 4,6 – 5 / ;   
    , 6 – 7  3 / ;   
    , 4,6 – 5 / ;   
    , 8,5 – 9 3/ ;   
   ,    

, 1 ; 
    , : 1720 – 1945, 2820 – 

3070, 2510 – 2510; 
  ,    1600 – 1850, ; 
     ,  270  30-45 . 

       
: 
   201;  
     7 – 10  (10 ); 
   , 600 800 ; 
  /    , 

/ : 15 / 104;18 / 87,5; 20 / 79,5; 
  ,  2 (18 ) 8,7 - 11,9. 

.  
   : 

- ,        ; 
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-   ( ,    
,   , ,    ); 

-   ,      
         

 RG2; 
-  ; 
-  . 

  : 
     – 300  

-221  2257-156-40245042-2006 
  8308  7872-89  - 1 (  5.2) 
    030-036-36  9833- 2 
 

 
 

 5.1 –   
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1 – - ,  3 –  , 2 – ,   
4 –  5 –  

 
 5.2 –  

 
   . 

   .   (  5.3)–
 . 1,   . 2,   . 3,   . 4, 

  . 5 –   .    
         . 

  –       . 
       

   ,   100 .  
     .   

         
   (  )  ,   

,  ,  . 
    . 1 (  5.4)   
 . 2,    . 3,   . 

4,    ( )  5, 6.  
       .  
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       . 12, 
   .        
 7. 

 

 
 

1 –  , 2 –  , 3 –   , 
4 –  , 5 –    

( ), 6 –    , 7 – , 8 – ,  
9 –  , 10 –  ,11 –  

 , 12 –  ,13 –    
,14 –  ,15 –  . 

 
 5.3 –    
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1 – , 2 –  , 3 –  , 4 –  , 5 – 
 . 

 
 5.4 –   

 
        . 10. 

          
    . 9.     
    . 8,   .  . 

13             
  .       

   . 14.   
        . 
      

  . 
  (  5.5)  ,  

  .         
      1   
   2   3.   

      4   , 
         

     .   
       

   .       
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,       6  
  ,       5  

          
         .  

 (  5.6)      
5,   1,    4.  

     2  
   3.      

       
   «RIELLO S.P.A.»  BS2   

 ( )  MBD 407     G 3/4. 
         

    «RIELLO S.P.A.»  RG2  
   G 3/8. 

Riello Gulliver RG2 -   ,   
     .  

   -         
.       ,  .  RG2 
 ,    .  , 

  ,      
. 

  Gulliver RG2 :  
, 7-   ,   ,  

,    ,    . 
    ,     

  . 
 

 
 5.4.1 –   

 
  Riello   1922 .   

 Riello -     .  
 8 ,         

   .    27 
 .   Riello,   7 ,  

  ISO 9001. 
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   ,      
  ,     – 5511.  

  ,    . 
        

      7 (  5.5). 
      

  (  5.7),    
     .    

28    . 1,    
    2.     

      5.     
         

    7.   
          

     . 
 ,    ,     

     4  .     
     .   

    0,3-0,6 . 
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1 – , 2 –  , 3 – , 4 –  
, 5 – , 6 –  , 7 –  

 
 5.5 –   

 
 

 
 

1–  , 2 – , 3 –  
, 4 –  , 5 –    

 
 5.6 –  

 
  -       

        
,       ,  

        
   .       
        

    3.      
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      0.8 – 1 ,   
   1 – 1,5 ,   2 – 2,5 ,     
   2,5 – 3     . 

       
          

  - . 
       
    .   15    

      3 – 3,5  . 

 
1 –  ,  2 – ,  3 –  ,   

4 –  ,  5 –  ,  6 –   ,   
7 –  , 8 – ,9 – ,10 – , 

11 – ,12 – ,13 – . 
 

 5.7 –   
 

 ,   ,   
       .   

 ,    
  ,     ,  

  ,         
. 

          
     1 (  5.8)  
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   2.      
  (  )     .  

        
   (   ).   

   . 7.      
   1 – 2 .     . 8 

  .       
     ,  4  12, 

  .     . 

 
 

1 – ,  2 –  , 3 – ,  4 –  ,  5 –  
 ,6 –  ,7 –  , 

8 –  
 

 5.8 –   
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6    
 

         
 .         
:        –

    .    
 ,  ,   . 

        
   ,       96–

97 ° . 
       

  : 
   (    - ); 
   (      

   ). 
  ,    (  

)         . 
 –    ; 

   (    ,  
  ,    ). 

         
         . 
         

      -   
,       . 

  ,    ,   . 
         

. 
       

     5–7°      
(       ).    

      . 
,           

1 . 
        

     ,  
    . 
   ,   

  ,    96 ° , –  97° . 
    ,   
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7     
 

             
 .     ,    
     ,    ,  

  ,        
  ,      . 

           
          

      . 
       

  ,     2 –    
. 
     ,  

      .   
         
   ,  . 

          
       

,  , ,    
.        

 –10. 
 ,      
  8227–56.      

 ,     11354–82 «  
      ». 

       ,  
, , –  1      ,  –  

1  .    (14–28 .)    
,        . 

   - ,   
  – 5511(  7.1). 
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 7.1 –  ( )   
 :  –    ;  –  
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8       
 

 
       
  .        
    ,    

   .    
     :  ,  

,  ,   , ( ) . 
        

 . 
      ,   

        
       .  
       

,       
 .      

 –  ,     
 .      

  .        
  ,       ,  

        
. 

       ,   
       .  
        

 , . .  ,  
     ,    

   . 
      5511 

   5-   .  
  : 

  – 2  (42  ); 
  – 5  (107  ); 
 ё  – 5  (110  ). 

   :   – 210 . . (154,45 
);   – 5. 

  8.1        
   5511. 
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 8.1 –        

  5511 

 
 ,  

  
 

 
 

 

tn 1  4 2 

t  2 28 6 

t 1 5 5 5 

t 2 5 5 5 

txx1 1 1 1 

txx2 1 1 1 

 
     5511 : 

-   : 
 

          MCO
' =57,16∙10-6       

 
          MCO

" =14,36∙10-6         
 

          MCO=(57,16∙10-6+14,36∙10-6)110=0,007867 /    
 
-   : 
 

          MCO
' =375,06∙10-6          

 
          MCO

" =16,66∙10-6       
 

          MCO=(375,06∙10-6+16,66∙10-6)107=0,041914 /             
 
-   : 
 

          MCO
' =127,51∙10-6        

 
          MCO

" =15,39∙10-6    
 

          MCO=(127,51∙10-6+15,39∙10-6)42=0,006001 /    
 

     5511 : 
-   : 
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          M' =7,92∙10-6    
 

          MC
" =4,04∙10-6  

 
          MC =(7,92∙10-6+4,04∙10-6)110=0,001316 /    

 
-   : 
 

          M' =51,9∙10-6    
 

          MC
" =4,74∙10-6            

 
          MC =(51,9∙10-6+4,74∙10-6)107=0,006061 /   

 
-   : 
 

          M' =16,97∙10-6    
 

          MC
" =4,32∙10-6    

 
          MC =(16,97∙10-6+4,32∙10-6)42=0,000894 /    

 
 NO2    5511 : 

-   : 
 

          M' =25,79∙10-6   
 

          M" =20,83∙10-6     
 

          M =(25,79∙10-6+20,83∙10-6)110=0,005128 /   
 
-   : 
 

          M' =67,19∙10-6   
 

          M" =20,83∙10-6   
 

          M =(67,19∙10-6+20,83∙10-6)107=0,009418 /   
 
-   : 
 



 

44 
 

          M' =31,94∙10-6   
 

          M" =18,83∙10-6   
 

          M =(31,94∙10-6+18,83∙10-6)42=0,002132 /  
 

 SO2    5511 : 
-   : 
 

          MS' =2,09∙10-6   
 

          MS" =1,71∙10-6   
 

          MS =(2,09∙10-6+1,71∙10-6)110=0,000418 /  
 
-   : 
 

          MS' =7,89∙10-6   
 

          MS" =2,06∙10-6   
 

          MS =(7,89∙10-6+2,06∙10-6)107=0,001065 /   
 
-   : 
 

          MS' =3,07∙10-6     
 

          MS" =1,87∙10-6    
 

          MS =(3,07∙10-6+1,87∙10-6)42=0,000207 /      
 

     5511 : 
-   : 
 

          M' =2,55∙10-6     
 

          MC
" =2,35∙10-6   

 
          MC=(2,55∙10-6+2,35∙10-6)110=0,000281 /    
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-   : 
 

          M' =20,25∙10-6    
 

          MC
" =3,45∙10-6    

 
          MC=(20,25∙10-6+3,45∙10-6)107=0,002536 /    

 
-   : 
 

          M' =6,36∙10-6   
 

          MC
" =3,12∙10-6    

 
         MC=(6,36∙10-6+3,12∙10-6)42=0,000267 /   

 
  ,     

    5511,    8.2. 
 

 8.2 –   ,   
     5511 

 
 

 
 

 
 

 
 

 
 

   
 

 5511 

           , /  0,015734 0,012002 0,083828 0,055782 
, /  0,002632 0,001788 0,012122 0,008271 

NO2, /  0,010256 0,004264 0,018836 0,016678 
SO2, /  0,000836 0,000414 0,00213 0,00169 
C, /  0,000562 0,000534 0,005072 0,003084 

 
  ,      

,       
 8.3. 

 
 8.3 –       

  
 

   
 

 
  

  
, /  0,062936 0,048008 0,335312 0,223128 
, /  0,010528 0,007152 0,048488 0,033084 

NO2, /  0,041024 0,017056 0,075344 0,066712 
SO2, /  0,003344 0,001656 0,0852 0,00676 
C, /  0,002248 0,002136 0,020288 0,012336 

 
8.2        
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     ,  , 

 (         ).   
          
    . 

        
«    ,     

    », ,  
« », 1996 . 

     , 
       

   8.4. 
 

 8.4 –      
 

   
 , /  

 
, /    

1061  (  ) 0,1079167 3,40326 
1555   (  ) 0,0097222 0,3066 
1317  (  ) 0,0038889 0,12264 
3721   0,0023333 0,073584 

 
       

   8.5. 
 

 8.5 –     

  
 

     
, % 

 
, 
 

 

 
 

   
/  

 
/  

  100 0  3066 0,35 

 
  ,  ,    

     . 
    M, / ,   

: 
 
M = 10-3• •m    

 
  –   , / ; 

m  -        
 , / . 
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     G, / , 
  : 

 
G = 103• •m /3600 

 
  –   , / ; 

m  -         
 , / . 

       
    8.6,      –  

 8.7.        
  (     )   

         
 (      ). 
 

 8.6 –       
  

        1  
    

   
1061  (  ) 1,11 
1555   

(  ) 
0,1 

1317  (  
) 

0,04 

 
 8.7 –        

  
        1   

         
 

   

3721   0,024 

 
       

        .  
    M, / : 

 (  )  
 

1061=10-3•3066•(1,11•100/100+0,98•0/100)=3,40326; 
 

  (  )  
 

1555=10-3•3066•(0,1•100/100+0,2•0/100)=0,3066; 
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 (  )  
 

1317=10-3•3066•(0,04•100/100+0,04•0/100)=0,12264; 
 

   
 

3721=10-3•3066•0,024=0,073584. 
 

     G, / : 
  (  ) 
 
G1061=103•0,35•(1,11•100/100+0,98•0/100)/3600=0,1079167; 
 

  (  ) 
 
G1555=103•0,35•(0,1•100/100+0,2•0/100)/3600=0,0097222; 
 

 (  ) 
 
G1317=103•0,35•(0,04•100/100+0,04•0/100)/3600=0,0038889; 
 

  
 
G3721=103•0,35•0,024/3600=0,0023333. 
 

     . 
   ,  ,  

  . 
   ,  ,  

         
:  

 
=   m  

 
  -      ( , , );  

 -      ;  
m  -        

 .    ,    
(  B) 

 
B=60+60=120    
 

 1 . 7 ·20 =140 . 
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140*24=3360 .  1 . 
 
B=3360·120=403200 .  1 . 
 

=   m   

 

=403200·0,0024=9676,8·0,000001=0,0096 / . 
 

0,0096 / .-        
        5  .  

         
   -     0.1  

       « -  
202 ». 

  : 
 –     

, ( / ) – 99,11 
 𝐻 = , %,       𝐻 = , %,        𝐻 = , %, 𝐻 = , %,𝐻 = , % , = , %, 

 = , %, 𝐻 = , %, = , %, 𝑟= , / /  
 = , / , = , %,  𝐻 = , % 

 
    . 
        

 :  
 𝑉𝑐𝑟 = 𝑉𝑟 + 𝛼 − ∙ 𝑉 − 𝑉𝐻  
 

 𝑉 , 𝑉𝑟 , 𝑉𝐻  –        
      (1 ) , /  / . 

      :  
 𝑉 = , , + , 𝐻 + ∑ + 𝐻 − , 

 𝑉𝐻 = , 𝐻 + 𝐻 + , ∑  𝐻 + , . . + , 𝑉 , 
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𝑉 = , + + 𝐻 + ∑  𝐻 + , 𝑉 + + 𝑉𝐻 , 

 
 , , 𝐻  , 𝐻 ,  𝐻 , ,  - ,   

,  , , , ,   
   , %; 

m  n-      ; 
d . . -   ,   

1   , / . 
: 

 𝑉 = , , ∙ , + , ∙ ,+ ∑ ( + ) ∙ , + ( + ) ∙ , + ( + ) ∙ ,+ ( + ) ∙ , + ( + ) ∙ , − ,= , /  
 𝑉𝐻 = , , ++ , ∑ ∙ , + ∙ , + ∙ , + ∙ , + ∙ ,+ , ∙ + , ∙ , = , /  
 𝑉 = , , + , ++ ∑ ∙ , + ∙ , + ∙ , + ∙ , + ∙ ,+ , ∙ , + , + , = , /  

 𝑉 = , + , − ∙ , − , = , /  
 

 
   . 
       

 .  
       
   , /  ( / ),     

:             𝐶 = − 𝐶 − , 
 

  –  , /  ( / ); 𝐶  –      , /  ( / )  / .     
  : 



 

51 
 

 𝐶 = 𝑟, 
 

  –       , %;  
– ,       

  ,      
  ;   

  – 1,0; 
 – 0,65; 

 – 0,5; 𝑟 –     , / , ( / 3); 
 –       , 

%. 
: 

 CC = , ∙ , ∙ , = , /  
 MC = − ∙ , ∙ , ∙ ( − ) = , /  

 
   . 

    𝑥     (  / , 
/ ),      ,   

: 
 𝑥 = 𝑝 𝑟𝐾 𝐾 𝑡 𝛼 − 𝑟 − 𝑘 , 
 

 𝑝 -   , /  ( . , ),     
          𝑝  =  -     ; 

 𝑟 -    , / , 𝐾𝑟  -       , / . 
        

  𝑝   [ / ] -   , 
[ / ] -       .  ,  

 𝑝       
      .  𝐾 -  ,   

 . 
      ( . .    

  )  𝐾  = 1,0. 
     𝐾 = 1,6. 
    ( ) 𝐾 = 0,7. 
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𝑡  -  ,   , 
  :    

  𝑡 = + , −  
 

  -   , . 
 ,   , 

   𝑡        ,  
        

     . 
  –   ,   , ° . 

   𝑡=1. 𝛼 -  ,     
   .     𝛼 =1,225.   

      𝛼 = 1. 
    ( )      

            
    :         
 

𝛼 = 𝛼𝜇 = − , ( − ) − , ( − ), 
 

  -       , %; 
 -    ,   
    = /     = / , 
 

 , ,    -      
   , , / . 

  𝛼       
     0,01 %.  

     𝛼      
    . 

        
  𝛼𝜇:         

𝛼 = 𝛼𝜇 = , √ 𝑇" , 
 𝑇"  -   , / (  . .) 

 -  ,    
       . 
       : 
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𝑟 = , √ , 
 

 r -    , %. 
 -  ,      

 : 
 = , 𝛿 

                                                       
 𝛿 -  ,      (   

    ); 𝑘 , -  ;       
  𝑘 ,= 1;        𝑘 ,= − . 

    (r)   ,   
  , (d)   [%].     

,          
        .  

      ,  
, 5 – 12%,     20%.  , 

    ,   20 – 30 %. 
: 

 BK = 1,0 
 Bt = + , ∙ − = ,  
 Bα = ,0 
 Br = , ∙ √ = ,  
 Bδ = , ∙ = ,  
 K = , ∙ √ + , = ,  
 M x = , ∙ , ∙ , ∙ , ∙ , ∙ ∙ − , ∙ − , ∙ == , /  
 M = , ∙ , = , /  

 M = , ∙ , = , /  
 

  .  
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  ( ) ,     
  ( / , / ),   : 

 M = C V B k , 
 

  –  ( )       

    O = 1,4   , 
/ 3;  𝑉 –    ,     1  (1 

3) ; 
 –   , / ; 𝑘  –  .       

 k = 0,278⋅10-3;      k  = 10-6. 
 ( ) , / ,     

   : 
-  ∝"  = 1,08 - 1,25: 
                   = − ∙ , + , ∙ − ∙ 𝑉, (𝛼𝑇" − ) К К К , 

 
-   ∝" > 1,25: 
   = − ∙ , + , ∙ − ∙ 𝑉, (𝛼𝑇" − ) К К К  

 
 𝛼𝑇" −          

; 𝑉 −   , / . 
     𝑉    

   ,     
   : 

 𝑉 = 𝑟/𝑉 , 
 

 = − / −      
, /  ( / ); −      , /  / ; 𝑟 −    , /  ( / ; 𝑉 −   , ,     

  ; 
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К − ,       
( )    ; К − ,       

 ( )    ; К − ,      
 ( )    . 

:  
 𝑉 = , ∙ , / = ,  /  

 = − ∙ , + , ∙ − ∙ ,, , − ∙ , ∙ , ∙ ,= , /  
 = , ∙ , ∙ , ∙ , ∙ − = , ∙ − /  

 
       

  . 
        
  – . «Методы чето  е  ы о о  ед ы  

щ  еще т   т о е о  о ду е». 
    ,   

 ,     
,     ,   
  . 

   .  ё    
        

 . 
      

,        
   .   ,  

        
    ,    
 . 
      

   ,  
 (  )  ,    

  . 
     , 

      . ё  
  ,   20–30-  

 .  ё     
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   ,   
      . 
     . 

 
 8.8 –   ,   

        
 
 

  

 
  , 

    
    

 , /  

 ,  
 ,  
 ,  

( )  , ∙ −  
 

     m ( / 3)  
         

        ( ) 
     : 

 = 𝐹 𝜂𝐻 ∙ √𝑉 ∆  

 
  – ,     ; 

–   ,      
, / ; 

F–  ,     
   ; 

  – ,    -   
   ; 

  -      , ; 𝜂 –  ,    , 
        ,  

 50   1 , 𝜂 =1; ∆  –     -   
      , ⁰ ; 𝑉 –   , 3/ ,   : 𝑉 = 𝜋 𝜔  

 
 –    , ; 
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𝜔  –         
, / . 

 𝑉 = , ∙ ∙ , = , /  

 
  А,   

 ,       
  ,  : 

) 250 –      40° . .   ; 
) 200 –    :     50° . 

.,     , ;   
 :         

 ; 
) 180 –        50  52° . .  

       ; 
) 160 –        52° . .  
) 140 –  , , , , 

,  . 
    ( / )     V1 

( 3/ )       
        

    ( ) . 
     20 – 30 –   

,      ,     
20 . 

        
       
       . 

  Δ   ,    
         13 . 

       «    
»,       

 –       
.        

  24,30 . 
 ∆ = −  

 ∆ = − , = ,   
         

 
   F : 
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)        
( ,   . .,      

 ) – 1; 
)        

     90% - 2;  75  90% - 2,5;  
75%     – 3. 

          m  n     
, , ′ ,fe: 

 = 𝜔𝐻 𝛥  

 = , ∙∙ , = ,  

 = , ∙ √𝑉 𝛥𝐻  

 = , ∙ √ , ∙ , = ,  

 ′ = , 𝜔
 

 ′ = , , ∙ = ,  

 𝑒 =  ′  
 𝑒 = , = ,  
 

  m     
  f   : 

 = , + , √ + , √  

 = , + , √ , + , √ , = ,  
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  n   <     
 ,  , ≤ < , = , − , + , = , ∙ , − , ∙, + , = ,  

     
    m ( / 3): 

 : 
 𝐶 = ∙ , ∙ ∙ , ∙ , ∙∙ √ , ∙ , = , /  

 
 : 

 = ∙ , ∙ ∙ , ∙ , ∙∙ √ , ∙ , = , /  

 
 : 

 = ∙ , ∙ ∙ , ∙ , ∙∙ √ , ∙ , = , /  

 ( ) : 
 = ∙ , ∙ − ∙ ∙ , ∙ , ∙∙ √ , ∙ , = , ∙ − /  

 
 ,      

. 
  ( )   ,    

  ( / 3)     
   m   : 

 𝑥 =  − 𝐹 ∙ 𝐻, 
 

 d–  ,     f<100   
,  , ≤ < : 

 = , + , √ 𝑒  
 = , ∙ , ∙ + , √ , = ,  

 
 xm ( )   : 
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𝑥 = − ∙ , ∙ = ,  

 
   . 

    ( / )    (  10   
 ),       

   ,   f < 100   , 
 , ≤ < : 

 = = , /  
 
     

 . 
       

( / 3)         
( / ),       ( / ),   

: 
 =  
 

 –  ,      /  
 , / > : 

 = // − / +  

 = , / ,, / , − , / , + = ,  

 
 : 

 = , ∙ , = , /  
 

 : = , ∙ , = , /  
 

 : = , ∙ , = , /  
 

 ( ) : = , ∙ , ∙ − = , ∙ − /  
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    𝑥  ( ),      
u       

      ( / 3),  
 : 

 𝑥 = 𝑥 , 
 

  –  ,      /   ,  / > : 
 = , / + ,  
 = , ∙ , + , = ,  
 

 𝑥  ( )   : 
 𝑥 = , ∙ , = ,  
 

        
    . 

        
  ( / 3)         

 𝑥 ( )      : 
 = , 
 

 –  ,      𝑥/𝑥   : 
 = 𝑥/𝑥 − 𝑥/𝑥 + 𝑥/𝑥  ,  𝑥/𝑥 ≤  
 = ,, 𝑥/𝑥 +  ,  < 𝑥/𝑥 ≤  

 
     Ci ( / 3)  

 100, 139.84, 200, 279.68, 400, 500    . 
 
x1=100        x x⁄ = ,  
 
x2=139,84   x x⁄ = ,  
 
x3=200       x x⁄ = ,  
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x4=279,68   x x⁄ =  
x5=400       x x⁄ = ,  
 
x6=500       x x⁄ = ,  
 

 , , , : 
 = / , − / , + / , = ,  
 = , / , − , / , + , / ,= ,  
 = / , − / , + / , = ,  
 = , / , − , / , + , / , =  

 = ,, ∙ / , + = ,  

 = ,, ∙ / , + = ,  

 
   : 

 = , ∙ , = , /  
 = , ∙ , = , /  
 = , ∙ , = , /  
 = ∙ , = , /  
 = , ∙ , = , /  
 = , ∙ , = , /  
 

   : 
 = , ∙ , = , /  

 = , ∙ , = , /  
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= , ∙ , = , /  
 = ∙ , = , /  
 = , ∙ , = , /  
 = , ∙ , = , /  

 
   : 

 = , ∙ , = , /  
 = , ∙ , = , /  
 = , ∙ , = , /  
 = ∙ , = , /  
 = , ∙ , = , /  
 = , ∙ , = , /  

   ( ) : 
 = , ∙ , ∙ − = , ∙ − /  
 = , ∙ , ∙ − = , ∙ − /  
 = , ∙ , ∙ − = , ∙ − /  
 = ∙ , ∙ − = , ∙ − ∙ − /  
 = , ∙ , ∙ − = , ∙ − /  
 = , ∙ , ∙ − = , ∙ − /  

 
 8.9 –       

 
   

  / 3 / 3  / 3 ( )  / 3 
100  ,  ,  ,  , ∙ −  

139,84  ,  ,  ,  , ∙ −  
200  ,  ,  0,0027 , ∙ −  

279,68  ,  ,  0,0029 , ∙ −  
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400  ,  ,  0,0026 , ∙ −  
500  ,  ,  0,0023 , ∙ −  

 
       

     . 
        

 (   )       
    C  ( / 3),   

        
   ,   ,  

. 
        (20 - 

30 ),     .    C  
   ,   5 %   

 . 
       

      , 
    . 

 ,        
   ,    : 

 C = , ∙ К 
 

  К =  /  
 = , ∙ = , /  

 

  К = ,  /  
 C = , ∙ , = , /  

 
  К = , /  

 C = , ∙ , = , /  
 

 ( )  К = ,  /  
 C = , ∙0,000001=0,0000009 /  
 

    ( / 3)   
: 
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= +  
 

 : 
 
x1=100  
 = , + , = , /  
 
x2=139,84  
 = , + , = , /  
 
x3=200  
 = , + , = , /  
 
x4=279,68  
 = , + , = , /  
 
x5=400  
 = , + , = , /  
 
x6=500  = , + , = , /  
 

 NO : 
 
x1=100  
 = , + , = , /  
 
x2=139,84  
 = , + , = , /  

 
x3=200  
 = , + , = , /  

 

x4=279,68  
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 = , + , = , /  
 

x5=400  
 = , + , = , /  
 
x6=500  
 = , + , = , /  

 
 : 

 
x1=100  
 = , + , = , /  
 
x2=139,84       
 = , + , = , /  

 
x3=200  
 = , + , = , /  
 
x4=279,68  = , + , = , /  

 
x5=400  
 = , + , = , /  
 
x6=500  
 = , + , = , /  

 
 ( ) : 

 
x1=100  
 = ∙ − + , ∙ − = , ∙ − /  
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x2=139,84       
 = ∙ − + , ∙ − = , ∙ − /  

 
x3=200  
 = ∙ − + , ∙ − = , ∙ − /  

 
x4=279,68  
 = ∙ − + , ∙ − = , ∙ − /  

 
x5=400  
 = ∙ − + , ∙ − = , ∙ − /  
x6=500  
 = ∙ − + , ∙ − = , ∙ − /  
 
 
 
 
 
 
 
 

 8.10 –       
   

   
  / 3 / 3  / 3 ( )  / 3 

100  ,  ,  ,  , ∙ −  
139,84  ,  ,  ,  , ∙ −  

200  ,  ,  ,  , ∙ −  
279,68  ,  ,  ,  , ∙ −  

400  ,  ,  ,  , ∙ −  
500  ,  ,  ,  , ∙ −  

 
       . 

    -  ,   
: 
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= +К  

 
 : 

 
x1=100  
 = , / = ,  
 
x2=139,84       
 = , / = ,  
 
x3=200  
 = , / = ,  
 
x4=279,68  
 = , / = ,  

 
x5=400  
 = , / = ,  
 
x6=500  
 = , / = ,  

 
 : 

 
x1=100  
 = , / , = ,  
 
x2=139,84       
 = , / , = ,  

 
x3=200  
 = , / , = ,  
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x4=279,68  
 = , / , = ,  

 
x5=400  
 = , / , = ,  
 
x6=500  
 = , / , = ,  
 

 : 
 
x1=100  
 = , / , = ,  

 
x2=139,84     
   = , / , = ,  

 
x3=200  
 = , / , = ,  
 
x4=279,68  
 = , / , = ,  

 
x5=400  
 = , / , = ,  
 
x6=500  
 = , / , = ,  
 

 ( ) : 
 
x1=100  
 = , ∙ − / ∙ − = ,  
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x2=139,84       
 = , ∙ − / ∙ − = ,  
 
x3=200  
 = , ∙ − / ∙ − = ,  

 
x4=279,68  
 = , ∙ − / ∙ − = ,  
 
x5=400  
 = , ∙ − / ∙ − = ,  

 
x6=500  
 = , ∙ − / ∙ − = ,  
 

 
 
 
 
 
 
 
 
 
 

 8.11 –         
  

   
    ( )  

100  ,  ,  ,  ,  
139,84  ,  ,  ,  ,  

200  ,  ,  ,  ,  
279,68  ,  ,  ,  ,  

 
400  ,  ,  ,  ,  

 
500  ,  ,  ,  ,  
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9        
 

       
.  

        
   . 

 3        
. 

1. : 
-         
; 

-       ,  
      ; 

-       . 
2. : 
-    ; 
-    ; 
-      ; 
-   . 
3. : 
-   ; 
-    (   ). 

 ,          
        

   .     
        3  

 . 
         

   ,     
 : 

1.           
,     . 
2.         ; 
3.      ; 
4.    «    
»; 
5.     ; 
6.             
,                       

      ,           
        ,         

 . 
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10       
    

 
       

    1,5-2 .     , 
      2    
.      

       
      3-6 . 
    .  . .   

   ,   
       

      .   
  ,     

        
 .     

   .   
         

        
.  

       
 ,        
  .    

       
        

. 
   ,   ,  

     .   
        

   ,     . 
    ,  

   . 
   : 

1.       
2.  -  ,   

   . 
3.   « »   . 
4.            

  ,         
  ,    ( ) . 

5.  -      
 ,    . 

     ,  
    :   
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,       . .     
,      .     

  ,      
 (  ,  ,  ). 

        
     ,     

        
   ,    

  . 
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11      
 

        «  
»        

. 
       

-    J4s.r.o.      
       , 

      .   
  -  ,       

     .  
        

.       
    .    

       
      

 .  
       

      .     
    –    .   

      
      

         
.       

          
  .  

      « -  202 », 
  ,        

   « -  202 »,      
 ,   ,   . 
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12 -   
 

      
 .    . 

Ф    04.05.1999 . № 96-ФЗ ( .  13.07.2015) «  
  ».  

       
,        

      . 
       

: 
      ,   

 ; 
      , 
   ; 
      

   ; 
      

( )        
  ; 

 ,       
 ,  ; 

  ,      
        ; 
     

      , 
    . 

Ф    10.01.2002 . № 7-ФЗ ( .  31.12.2017) «  
  ». 

       
        

 ,       
      , 

         
 ,      

  ,       
,         

  . 
    : 

       ; 
     ; 
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    ,   
  ,       
     ; 

 ,      
       

   ; 
      

,      , 
       

      ; 
       
; 
    ; 
   ,   

  ; 
        

       ; 
       

      , 
    ,    

    ,   , 
   ,     

     ; 
    -   

        
; 

     , 
    ; 

        
         ; 

       
          

   ,      
        

 ; 
        
     ,  

    ,   
,     , 

   ; 
   ; 
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 ,       
,    ( )  

     ; 
     ,  

     ,   
 ,       

 ,   ( )    
,    ,     

    ; 
        

   ,       , 
      ,    

; 
        

 ; 
      , 

    ; 
  ,     

      ; 
       

  ; 
      

 ,    
( )  ,        

 ,     ( )   
   ,    
. 

        
      

: 
  Ф  02.03.2000 . № 182 «   

       
  ,     

        
( )     »;  

  Ф  02.03.2000 . № 183 «  
   ( )     

     ». 
     ) 

         . 
       

    ( )   
  ( )  (    
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)       .   
      
   ,     

   ,   
   ,       

,    . 
  Ф  31.03.2009 . № 285 «   

,     
».  

  Ф  21.04.2000 . № 373 «  
        
    ». 

      
      . 

   :  
       

    ; 
        

,      ; 
        

 ; 
    ( )   

       ; 
 , , ,   

 ,     ; 
       ; 
      

 ; 
     ; 
        

; 
  ,     
      ; 

       
       

 ,    , 
        

 . 
  Ф  05.06.2013 . № 476 «   

  ( )     
    Ф ». 

     
       



 

80 
 

    (  -   
).      
      

        
     

      
 . 

     , 
      , 

  ,  ,  
    ,  

,    (  - 
 ,  )   

     ,   
     , 

         
     (  - 

 ),      
   ,    
      ( )   
 ,       

 ,      
      

,   ,  , 
     . 

      
          

     (  
-   ). 

      
  : 

)           
  ,     

   : 
     ; 
       

     ,  
   ,    

     ; 
       

 ; 
       

 ; 
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)        
   : 

        
         

      ( ) 
   ; 

        
       

; 
       

 ,    ,  
           

   ( )  ; 
    ( )   

      ; 
   ,     

    ; 
)     ,   

       : 
       

          
,     ,    

     ; 
      

       ; 
)      

     ,  
    ,   
,  ,  

  . 
     

   ,   
      (  
   ). 

    31.10.2008 . № 300 «   
А   Ф       

        
        

  Ф      
». 

  Ф       
,    Ф  

30.07.2004 . № 400. 
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( )     , 

        
,          

 ,     ,    
 ,      (   

 )    . 
         

    , 
  ,  ,  

    ,   
   ,  

  ,    
      ,   

 . 
       

       
       

  ,     
 ,   ,  

   . 
        

Ф ,    Ф  29.05.2008 
. № 404. 

       
       

      
. 
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        . 
        

 .      
   .  ,   
   ,       

  ,       
     . 

     
        
        

   ;  ; 
         

.        
    . 

  ,    ,   
    . 

         
 ,     

,     . 
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