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1   
 
1.1   
 

   (  « ») –  
        -

   -  .  
    - 663412, ,  , 

 , . , . , . 19 
  1956       

-        . 
        (114   -

,   7,4   , 1,8   , 5 879  ) -
     –  -

    . 
 ,         –   
 –   -  ,  -

   XVIII .  1774         
         -

 -   ,   -   -
         . 

       
  30-   XX .       

   -  -  -
.  « » ,     ,  

 1930–1940-          -
 .   ,    

     . 
   1956 ,     -
        ,    

   .   , 
        

 ,   40 %  -
          

(  1.1). 
     ,    

.      .   2001-     
    400 .  .   -

       – 
 . 

 -   –  .  
 



 

10 

 

 1.1. -   

 

         4 -
:  «  »,  «  -

 »,  « »    
« ».          

      .  
    –  3 . .  

 2018         -
  4 . .,       -

  .  
        Greenfield 

(  )   .  
  –    -  

  .      
   ( , ),  ( , -

) ,      .  
  (Pb, Zn).    -

     -  .    -
  2,5 .         4 

.  -  .    -
    .  -
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       .    1 -
 2013      + 1+ 2 : 

114,14 .  , 7,42 .  , 1,83 , 5879,3  -
.     -  -

 -        ,   -
     .  

  (Au, Sb).  -
      .   

-      -
 -   -  .    

    -
  500 .         

  .      -
 1+ 2 :  5,4 . , Au 14732,8 , Sb 38407 

.     P1+P2   20  Au, 
10000  Sb.  

  (Au-Ag).   -
         -

  -  .    -
   .    29,6 2. 

    2 : 7  , 1500  
.         -

 300      150 / .  
 

1.2     -
 
 

    , -
    :  

- ; 
- -  ; 
-   ; 
-  ; 
-    ; 
-   ; 
-  . 

       
: 

  ; 
 -  ; 
  ; 
  . 

       
  1.2.  
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 1.2 -   
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   ,    

 ,       -
       -

         
  . 

     ,  
    . 

     -
 :    ,   -

,      ( ), 
-  (  ). 

1.3   –    

        
  .      -

 ,      , -
    . 

        .  
          -

   .     -
   .     

  .     
   .     -

      -  
    . 

            -
-  .      -

   ,   .  
     .    

       .   
,  ,     ( ),   

   . ,    
           -

. 
         

         
    . 

       -
       -

,       ,   
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  -   ,  -
.       . 

     (   
    ,   ) -

        -  
      ,    

     . 
         -

         
         -
 . 

  ,        
   ,       , 

   4.       . 
    ,    -

-  .      -
       .   

     .            
        , 

   ( ,    ). 
 ,   ,      

   .    
        

   .      
   . 

        
   . 

        -
 . 

          
           

,   ,     . 
          
. 

          -
:  ,  ,   . 

,     (   ), 
   -  ,  ,    

 ,    . 
    ,   -

          -
.         .  -

,   ,      
. 



 

15 

        
  .    

   ,      . 

1.4   

       -
     ,    

1.1. 
 

 1.1 –    
 

 
    

  
  л З -7555 

л З-75131 
14 
22 

11 
22 

3 
0 

 -130,  
 

8 8 8 

 -
55511 

12 11 1 

 , 
 

6 6 0 

 
  1.2      -

    2019 . 
 

  1.2 -     2019 . 
  

 
  

 
,  

  2019 
, . 

-7548 
2016 

350 
2682750 

2017 127750 
-7555 2018 400 1022000 

-75121 

2018 
260 

94900 
2017 94900 
2016 284700 
2015 260 94900 

1.5   –   

  365   .     . -
  12 .    .  
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     8     20  
.  -      

   8    17  .   
     8    17  .  
      -    

  - 255.      
-   ,   2002   .    -

   12 .  
    20    8  .  -

  -  ,    -
    11  11-30 .    -
     . 

      162 , -
     1.3. 

 
 1.3 -      

 , . 
  44 

  2 
 98 

, ,  18 
 

     ,   -
    1.4. 

 
 1.4 -   ,    

 , . 
  1 

. ,    1 
    1 
    1 

    1 
 ,   ,  -

  
5 

 3 
   1 

    1 
    1 

  1 
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1.6     

        -
        -

.       
        -

  ,        
 . 

 ,   - , , 
,  ,     

      -
   ,    . 

       -
       , 
   ,   -

     .    -
,          

  100%. 
      -

 1.5. 
 

 1.5 -     
 , . 

1 2 
  -4232 1 

       -174 1 

    1 

  1 
  140  1 

 1 
  -317 1 

 .  -  1 
 630/6 1 
 1 
 /  5  1 

 06-3006;30;27/1500 1 
  1 

 - 4-12 1 
 - 4-12 1 
 - 4-12 1 
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  1.5. 
1 2 

 412 1 
 416 1 
 412 1 
 -62/243 1 

  1 
/  1 

-4-12 1 
 .415  1 

  60/198  1 
 -28  1 

 -337 1 
 18  1 
  2  135 1 
 -  1 

     921 1 
 921 1 

 320-521- 12 1 
  1 

.  2  1 

.  3  1 

.  /  0,5 1 

.  /  2  1 

.  /  3,2 1 

.  /  5 1 

.  /  0,5 1 

.  /  1 -6  1 
 -1 1 

 242 2 
.  2 

 1 
  1 

 20  1 

1.7      

      
        -

   .   №1 -
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     .  -
 -1 250 .   ,   -

 -1,         
 -1     .  -1    

        
  ,   .   -

     -1   . -1 -
      ,   

       -
 .      -1 

  ,      .    
 .    -1   -  

.   -1     – 900. 
  -1     – 44.  

-1       -
1,         -

 .  
  №2      

 .   -2   
     ,   -

   .     -2  
 .       -

-  ,      
  .     

    -2,    -
 .        -

   .    -2,    -
     

          -
.   -2,     -
   ,    ,      

.  -2   – 500 .  
 -2     – 444.   -2  

   – 37.  -2   -
   -2,     
 . 

 -3 1000 .  ,  
    -3  -2.   -3 

     ,   -
     . 

        
    .      

   ,     . 
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   .  

-1 -        -
  -1 

-2,-3,  -        -
  -2,-3. 

                , -
   . 

         
   (   ),   «  

 ».        
        . 

      -
         

,   ,      
   (  ). 

        -
,  , . .     ( ) 

 (    ).   
( )     ,   

 ,     ,  , 
       . 

   ( )   -
  .      

     . 
     . 

    , . .  ,  
     ,   , , -

   . . ,    ,   
2   12 ,    ,  , 

  ,   . -
          8 -
,    .      

  4-5 ,  3-4 ,   ,   
 .       

 ,      . .  
    ,    . -

  ,   ,   
. 
        

 .      ,  -
 . 

    –      
,       .  
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1.8      

      . -
       . 

 ,  ,  -
          

   .     .  
  : 

     ; 
    ,  -

, ,    -
; 

     ; 
    ; 
    ; 
  ,   ; 
      ; 

      
    -  -

: 
-        

   ,   -
        ; 

-     ; 
-   ,     

     . 
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2   
 
2.1    
 

     -
     : 

1.        ( CA ). 
2.    ( l

CC
). 

3.       . 
4.         . 
5.   . 
6.  . 
7.      . 
 

       : 
1.   л З-7555,    -

  (      .). 
2.  л З-7555, а я ы  а выв  ы   ы. 
3.  -75131, а я ы  а выв  ы   ы. 

 
    -

     : 
 

765 kkkК  , 95,095,011 К , (2.1) 
 

  5k –     -
    ,  -
  ; 

6k  –     -
    ,  

      5%; 
7k  –     -

    ,  
  . 

     -
   : 

: 

765 kkkК  , 95,095,011 К ; (2.2) 

 
 : 

76 kkК  ,  95,095,01 К , (2.3) 
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   5k –     -
 ,    ; 

6k  –     -
 ,      -

  5%; 
7k  –     -

 ,    . 
 

      
     К     КК  

,         95,0К . 

    -
  : 

21 kkК  ,  208,115,105,1 К , (2.4) 
 

           1k  -     -
   -  ; 2k  - 

    -
 ,      

. 
    -

  : 
21 kkК  ,  208,115,105,1 К , (2.5) 

 
   1k  -     -

   -  ; 
2k  -     -

 ,      -
. 

    -
    (   ): 
 

764321 kkkkkkК  ,  48,31,1115,215,11,1 К , (2.6) 
 

   1k  -     -
    -  ;  

2k  -     -
  ,      

;  



 

24 

3k  -     -
  ,     

    ; 
4k  -     -

 ,      -
    ; 

6k  –     -
  ,     

   5%; 
7k  –     -

 ,    . 
     

: 
76541 kkkkkКШ  ,  1,105,1195,011,1 ШК , (2.7) 

 
   1k  -     -

    -  ;  
4k  -     -

 ,      -
    ;  

5k –     -
  ,    ;  

6k  –     -
  ,     

   5%;  
7k  –     -

 ,    . 
 
 

       2.1. 
 

 2.1 -      

  
I 

 
II  

 
III  

 
  , . 3 11 22 
     0 0 7 
 /     1 0 7 
 /     . 1 0 7 
 /      1 1 13 
 /      1 0 13 
 /      1 1 13 
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 /      1 0 7 
 /     1 0 7 
 /     1 0 7 

 ,  75 80 220 
      364 364 364 

    , .  100 100 100 
     ,  100000 100000 160000 
     ,  250000 200000 200000 
     ,  250000 200000 200000 
     ,  250000 250000 250000 
         ,  200000 200000 250000 
     ,  250000 250000 250000 
    ,  200000 200000 200000 
      ,  200000 200000 200000 

 -2 ( .),  120 000 120 000 120 000 
 -1 ( .),  60 000 60 000 60 000 
 -3 ( .),  20 000 20 000 20 000 
 -2 ( .),  10 000 10 000 10 000 
 -1 ( .),  2 500 2 500 2 500 

 k1   1,05 1,05 1,05 
 k1   1,05 1,05 1,05 
 k1       1,1 1,1 1,1 
 k1     1,1 1,1 1,1 
 k2   1,15 1,15 1,15 
 k2   1,15 1,15 1,15 
 k2      1,15 1,15 1,15 
 k3      2,5 2,5 2,2 
 k4      1 1 1 
 k4     1 1 1 
 k5     1 1 1 
 k5    1 1 1 
 k5     0,95 0,95 0,95 
 k6     1 1 1 
 k6    1 1 1 
 k6      1 1 1 
 k6     1 1 1 
 k7     0,95 0,95 0,95 
 k7   0,95 0,95 0,95 
 k7      1,1 1,1 1,1 
 k7    1,05 1,05 1,05 
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  2.1 
1 2 3 4 

 .   
   ;  

0,95 0,95 0,95 

    
   ;  

0,95 0,95 0,95 

    
   ;  

0,95 0,95 0,95 

    
 ;  

1,208 1,208 1,208 

    
 ;  

1,208 1,208 1,208 

    
  (   );  

3,48 3,48 3,06 

    
 ;  

1,097 1,097 1,097 

     , /1000  0,37 0,41 0,46 
-    ,  30 35 35 

  , .  0,7 0,7 0,7 
  -1, .  11,2 11,3 12,4 
  -2, .  30,1 32,4 36 
  -3, .  47,3 50,9 52,8 
  , .  17 17,2 18,6 
  -1, .  230 250 300 
  -2, .  492 516 540 
     , · / .  10,5 11,8 13,2 
    , · / .  1,4 1,7 2,8 

-        364 364 364 
-       -1 305 305 305 
-       -2 305 305 305 
-       -3 305 305 305 
-       -1 305 305 305 
-       -2 305 305 305 
-        364 364 364 

    
 

 
2.2      -

   
 

   ( )   
 , : 

L l
E сс0

 ,  75ЕL . (2.8) 
 

    (TO-1), . 
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 : 
kLL  11' ,  237595,02500'1 L , (2.9) 

 
       L

1
 –   j-   TO-1   ; 

k  –     
     -

. 
 : 

L L m
E1 0 1

''   ,  24003275"1 L , (2.10) 
 

         m
1
 –     m

1

' ; 

EOL
Lm 1

1
 ,  67,3175/2375'1 m  (2.11) 

 
    ( -2), : 

 : 
kLL  2

'
2 ,  950095,010000'2 L , (2.12) 

 
      2L  –   j-    -2   

, . 
 : 

L L m
2 1 2

'' ''  ,   9600424002 L , (2.13) 
 

         2m  –     '
2m ; 

122 / LLm  ,  96,32400/9500'2 m . (2.14) 
 

    ( -3), : 
 : 

kLL  3
'
3 ,  1900095,020000'3 L , (2.15) 

 
     3L  –   j-    -3   

, . 
 : 

323 mLL  ,  19200296003 L , (2.16) 
 

        3m –     3m ; 

233 / LLm  ,   98,19600/19000'3 m . (2.17) 
 

    ( -1), : 
 : 
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kLL  1
'

1 ,   5700095,060000' 1 L , (2.18) 
 

       1L  –   j-    -1   
, . 

 : 
131 mLL  ,  576003192001 L , (2.19) 

 
        1m –     1m ; 

311 / LLm  ,  97,219200/5700' 1 m . (2.20) 
 

    ( -2), : 
 : 

kLL  2
'

2 ,  11400095,012000' 2 L , (2.21) 
 

       2L  –   j-    -2   
,  

 : 
212 mLL  ,  1152002576002 L , (2.22) 

 
         2m –     2m ; 

122 / LLm  ,  94,257600/114000' 2 m . (2.23) 
 

   . 
        , 
     30537-97 «    

 »   400 .    
  20000  36000 . 

       
     -

       .  
 , : 

j КLL  ,   38000095,0400000 L , (2.24) 
 

     jL  –   j-      ; 
К  -     

  . 
 , : 

j mLL  2 ,  3456003115200 pjL , (2.25) 
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         pm  –    ; 
''

2/ jpjp LLm  ,  3,3115200/380000 m . (2.26) 

     . 
       

,      -
 -  ,    -

        . 
      

 . 
 , : 

jjjjjjj LLL /))(8,0('  ,  

800003/))03(1000008,00100000(' jL , 

 

(2.27) 

     jL  –   j-       
; 

j –   j-  ,   -
  ;  

jA  –    j-  . 

 , : 
jj КLL  '"

,  7600095,080000" jL , (2.28) 

 
      К   –     

    . 
 , : 

jj mLL /'''''  ,  691205/345600''' jL , (2.29) 

 

         m –    ; 
'''' / jjk LLm  ,  55,476000/345600 m . (2.30) 

 
      

  . 
 , : 

jjjjjjj LLL /))(8,0('  ,  

2166673/))13(2500008,01250000(' jL , 
(2.31) 

     jL  –   j-      -
  ;  



 

30 

j –   j-  ,   -
   ; 

jA  –    j-  . 
 , : 

jj КLL  '"
,  20583395,0216667" jL . (2.32) 

 
 , : 
jj mLL /'''''  ,  1728002/345600''' jL , (2.33) 

 
         m –    ; 

'''' / jjk LLm  ,  68,1205833/345600 km . (2.34) 

 
      

  . 
 , : 

jjjjjjj LLL /))(8,0('  ,  

2166673/))13(2500008,01250000(' jL , 
(2.35) 

 
     jL  –   j-       

 ; 
j –   j-  ,   -

   ;  
jA  –    j-  . 

 , : 
jj КLL  '"

,   20583395,0216667" jL . (2.36) 

 
 , : 

jj mLL /'''''  ,  1728002/345600''' jL , (2.37) 

 
         m –    ; 

'''' / jjj LLm  ,  68,1205833/345600 jm . (2.38) 

 
      

  . 
 

 , : 
jjjjjjj LLL /))(8,0('  ,  (2.39) 



 

31 

2166673/))13(2500008,01250000(' jL , 

 
     jL  –   j-       

 ; 
j –   j-  ,   -

   ;  
jA  –    j-  . 

 , : 
jj КLL  '"

,  20583395,0216667" jL . (2.40) 

 
 , : 
jj mLL /'''''  ,   1728002/345600''' jL , (2.41) 

 
         m –    ; 

'''' / jjk LLm  ,   68,1205833/345600 jm . (2.42) 

 
      

  .  
 , : 

jjjjjjj LLL /))(8,0('  ,   

1733333/))13(2000008,01200000(' jL , 
(2.43) 

 
    jL  –   j-       

 ; 
j –   j-  ,   -

   ;  
jA  –    j-  . 

 , : 
jj КLL  '"

,   16466795,0173333" jL . (2.44) 

 
 , : 
jj mLL /'''''  ,   1728002/345600''' jL , (2.45) 

 
         m –    ; 

'''' / jjk LLm  ,   1,2164667/345600 km . (2.46) 
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    .  

 , : 
jjjjjjj LLL /))(8,0('  ,  

2166673/))13(2500008,01250000(' jL , 
(2.47) 

 
     jL  –   j-       

   ;  
j –   j-  ,   -

   ; 
jA  –    j-  . 

 , : 
jj КLL  '"

,   20583395,0216667" jL . (2.48) 

 
 , : 
jj mLL /'''''  ,   1728002/345600''' jL , (2.49) 

 
        m –    ; 

'''' / jjk LLm  ,   68,1205833/345600 km . (2.50) 

 
      

  .  
 , : 

jjjjjj LLL /))(8,0('  ,   

1733333/))13(2000008,01200000(' jL , 
(2.51) 

 
     jL  –   j-       

 ; 
j –   j-  ,   -

   ;  
jA  –    j-  . 

 ,  : 

jj КLL  '"
,   16466795,0173333" jL . (2.52) 

 , : 
jj mLL /'''''  ,  1728002/345600''' jL , (2.53) 
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        m –    ; 
'''' / jjk LLm  ,   1,2164667/345600 km . (2.54) 

 
      

 . 
 , : 

jjjjjjj LLL /))(8,0('  ,   

1733333/))13(2000008,01200000(' jL , 
(2.55) 

 
     jL  –   j-       

; 
j –   j-  ,   -

   ;  
jA  –    j-  . 

 , : 
jj КLL  '"

,   16466795,0173333" jL . (2.56) 

 
 , : 
jj mLL /'''''  ,   1728002/345600''' jL , (2.57) 

 
        m –    ; 

'''' / jjk LLm  ,   1,2164667/345600 km . (2.58) 

 
      

   . 
 , : 

jjjjjjj LLL /))(8,0('  ,   

2166673/))13(2500008,01250000(' jL , 
(2.59) 

 
     jL  –   j-       

  ;  
j –   j-  ,   -

   ;  
jA  –    j-  . 

 , : 
jj КLL  '"

,   20583395,0216667" jL . (2.60) 
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 , : 

jj mLL /'''''  ,   1728002/345600''' jL , (2.61) 

 

           m –    ; 
'''' / jj LLm  ,   68,1205833/345600 m . (2.62) 

 
     2.3. 

 
 2.3 –      -

   

 
-
 

I 
 

II  
 

III  
 

   LEO 75 80 220 
 -1,   

(  ) L'1 2375 2375 2375 

    
  

К  0,95 0,95 0,95 

  m'1 31,67 29,69 10,80 
 m1 32 30 11 

 -1,   
(  ) L"1 2400 2400 2420 

 -2,  (  ) L'2 9500 9500 9500 
 -2,   

(  ) L"2 9600 9600 9680 

 m'2 3,96 3,96 3,93 
 m2 4 4 4 

 -3,  (  ) L'3 19000 19000 19000 
 -3,   

(  ) L"3 19200 19200 19360 

 m'3 1,98 1,98 1,96 
 m3 2 2 2 

 -1,  (  ) L' -1 57000 57000 57000 
 -1,   

(  ) L" -1 57600 57600 58080 

 m' -1 2,97 2,97 2,94 
 m -1 3 3 3 

 -2,  (  ) L' -2 114000 114000 114000 
 -2,   

(  ) L" -2 115200 115200 116160 

 m' -2 1,98 1,98 1,96 
 m -2 2 2 2 

   (  ) L'  380000 380000 380000 
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  2.3 
 -

 
I 

 
II  

 
III  

 
    К  0,95 0,95 0,95 

   (  ) L"  345600 345600 348480 
 m'  3,30 3,30 3,27 
 M  3,00 3,00 3,00 

    (  ) L'  80000 80000 138182 
    (  ) L"  76000 76000 131273 
     

(  ) L'"  69120 69120 116160 

 m'k  4,55 4,55 2,65 
 mk  5,00 5,00 3,00 

     (  
) L'  216667 160000 172727 

      
(  ) L"  205833 152000 164091 

     ( -
 ) L'"  172800 172800 174240 

 m'k  1,68 2,27 2,12 
 mk  2,00 2,00 2,00 

      
(  ) L'  216667 160000 172727 

      
(  ) L"  205833 152000 164091 

     
 (  ) L'"  172800 172800 174240 

 m'  1,68 2,27 2,12 
 m  2,00 2,00 2,00 

      
(  ) L'  216667 204545 229545 

      
(  ) L"  205833 194318 218068 

      
(  ) L'"  172800 172800 174240 

 m'k  1,68 1,78 1,60 

 mk  2,00 2,00 2,00 

 
2.3    ,  

 -3, -2  -1,   -2  -1, 
     

 
2.3.1  , -2, -1, -3, TO-2, -1,    -

   
 

     : 
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1


j L
L

N ,  41
69120
345600

jN . (2.63) 

 
      

: 

1


j L
L

N ,   11
172800
345600

jN . (2.64) 

 
      : 

1


j L
L

N ,   11
172800
345600

jN . (2.65) 

 
      : 

1


j L
L

N ,  11
172800
345600

jN . (2.66) 

 
     : 

1


j L
L

N ,   11
172800
345600

jN . (2.67) 

 
         

 : 

1


j L
L

N ,  11
172800
345600

jN . (2.68) 

 
     : 

1


j L
L

N ,  11
172800
345600

jN . (2.69) 

 
     : 

1


j L
L

N ,  11
172800
345600

jN . (2.70) 

 
     -

  : 

1


j L
L

N ,   11
172800
345600

jN . (2.71) 

 
   -2  : 

1/ ''
2

''
2   jjj LLN ,   21115200/3456002  jN . (2.72) 
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   -1  : 

)1(/ 2
''

1
''

1 jjjj NLLN   ,  3)21(57600/3456001  jN . (2.73) 

 
   -3  : 

)1(/ 12
''

3
''

3 jjjjj NNLLN   ,  

12)321(19200/3456003  jN  
(2.74) 

 
   -2  : 

)1(/ 312
''

2
''

2 jjjjjj NNNLLN   ,   

18)12321(9600/3456002  jN  
(2.75) 

 
   -1  : 

)1(/ 2312
''

1
''

1 jjjjjjj NNNNLLN   ,  

108)1812321(2400/3456001  jN  
(2.76) 

 
     : 

Е jjЕ j LLN /''' ,   460875/345600 Е jN  (2.77) 

 
       
        -

      .  
     2.4. 

 
 2.4 –   . ,      

 
-

 
I 

 
II  

 
III  

 
     N  4 4 2 
     N  1 1 1 
    N  1 1 1 
    

  
N  1 1 1 

    
  

N  1 1 1 

     -
     

N  1 1 1 

    
  

N  1 1 1 

     N  1 1 1 

     N  1 2 2 
 -2   N -2 2 2 2 
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 -1   N -1 3 3 3 
 -3   N -3 12 12 12 
 -2   N -2 18 18 18 
 -1   N -1 108 108 108 

-     N Е  4608 4320 1584 
 
2.3.2  , -2, -1, -3, TO-2, -1,    -

   
 

   : 
jjj NN  ,   293,0073,04 jN , (2.78) 

 
    : 

jjj NN  ,   073,0073,01 jN , (2.79) 
 

    : 
jjj NN  ,   073,0073,01 jN , (2.80) 

 
    : 

jjj NN  ,   073,0073,01 jN , (2.81) 
 

    : 
jjj NN  ,   073,0073,01 jN , (2.82) 

 
        : 

jjj NN  ,   073,0073,01 jN , (2.83) 
 

    : 
jjj NN  ,   073,0073,01 jN , (2.84) 

 
   : 

jjj NN  ,   073,0073,01 jN , (2.85) 
 

     -
: 

jjj NN  ,   073,0073,01 jN , (2.86) 
 

 -2: 

jj NN   22 ,   146,0073,02 jN , (2.87) 
 

 -1: 
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jj NN   11 ,  22,0073,03 jN , (2.88) 
 

 -3: 

jj NN   33 ,   878,0073,0123  jN , (2.89) 
 

 -2: 

jj NN   22 ,   317,1073,0182  jN , (2.90) 
 

 -1: 

jj NN   11 ,   903,7073,01081  jN , (2.91) 
 

 : 
jЕЕ j NN  ,   177,33707,04608 EOjN , (2.92) 

 
       j  –         j-  -

; 
''/ jjj LL ,   073,0345600/25288 j , (2.93) 

 
          L j –    j-  ; 

Tjjjj DlL  ,    2528894,036475 jL , (2.94) 

 
          jD  –       j-  ;  

j  –     j-  -
; 

/( )j j j jD D D   ,   94,0)2994675/(4675  , (2.95) 

 
           jD  –     j-    ; 

jD  –     j-       
  . 

jjj lLD /'' ,   467575/345600 jD , (2.96) 

1000/'''
jjjj LdDD  ,   2991000/345600779,030 jD , (2.97) 

 
          '

jD  –      j-
       ;  

jd  –     j-    
    1000  : 
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' '
4j j jd d k  ,   94,01,237,0 TOPd , (2.98) 

  
         '

jd  –      j-  -
  1000  ;  

'
4 jk  –         
      . 

     2.5. 
 

 2.5 –        1 
 

 
-
 

I 
 

II  
 

III  
 

   1 /    D  4675 4365 1620 

   1 /    `
kD  30 35 35 

   /   
         

 

`
4k  2,1 2,1 1,2 

    /  
 1000   

d'  0,37 0,41 0,46 

  /       1000  
 

d  0,78 0,86 0,55 

   /       
  

D  299 333 227 

   αT 0,94 0,929 0,877 
  /  L  25288 26778 68675 

      η  0,073 0,077 0,197 
     Nk  0,293 0,310 0,394 
    

  
Nk  0,073 0,077 0,197 

      Nk  0,073 0,077 0,197 
      Nk  0,073 0,077 0,197 
      Nk  0,073 0,077 0,197 
       -

   
Nk  0,073 0,077 0,197 

      Nk  0,073 0,077 0,197 
     Nk  0,073 0,077 0,197 
    

   
Nk  0,073 0,155 0,394 

 -2   N -2  0,146 0,155 0,394 
 -1   N -1  0,220 0,232 0,591 
 -3   N -3  0,878 0,930 2,365 
 -2   N -2  1,317 1,395 3,547 
 -1   N -1  7,903 8,368 21,284 
    NЕ  337,177 334,721 312,158 
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2.3.3  , -2, -1, -3, -2, TO-1,     
   

 
      : 

  j-  : 
  jjj ANN ,    878,03293,0jN  (2.99) 

 : 





n

j
ijNN

1

,  958,12N  (2.100) 

 
     -

  : 
  j-  : 

  jjj ANN ,    22,03073,0jN  (2.101) 

 
 

 : 





n

j
ijNN

1
,  407,5N  (2.102) 

 
       

: 
  j-  : 

  jjj ANN ,     22,03073,0jN  (2.103) 

 : 





n

j
ijNN

1
,   407,5N  (2.104) 

       
: 
  j-  : 

  jjj ANN ,     22,03073,0jN  (2.105) 

 : 





n

j
ijNN

1
,  407,5N  (2.106) 

 
       

: 
  j-  : 
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  jjj ANN ,     22,03073,0jN  (2.107) 

 : 





n

j
ijNN

1
,   407,5N  (2.108) 

 
         

  : 
  j-  : 

  jjj ANN ,    22,03073,0jN  (2.109) 

 
 : 





n

j
ijNN

1
,   407,5N  (2.110) 

 
      : 

  j-  : 

  jjj ANN ,     22,03073,0jN  (2.111) 

 
 : 





n

j
ijNN

1
,   407,5N  (2.112) 

 
     : 

  j-  : 

  jjj ANN ,     22,03073,0jN  (2.113) 

 
 : 





n

j
ijNN

1
,  407,5N  

(2.114) 

 
     -

  : 
  j-  : 

  jjj ANN ,     22,03073,0jN  (2.115) 
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 : 





n

j
ijNN

1
,   815,10N  

(2.116) 

 
 -2  : 

 i-  : 

   jjj ANN 22 ,    439,03146,02 jN   (2.117) 

 
 : 




 
n

i
jNN

1
22 ,   815,102  N  (2.118) 

 
 -1  : 

 i-  : 
   jjj ANN 11 ,     659,0322,01 jN  (2.119) 

 
 : 




 
n

i
jNN

1
11 ,   222,161  N  (2.120) 

 
 -3  : 

 i-  : 
   jjj ANN 33 ,   463,23878,03  jN  (2.121) 

 
 : 




 
n

i
jNN

1
33 ,   888,643  N  (2.122) 

 
 -2  : 

 i-  : 
 

   jjj ANN 22 ,     951,33317,12 jN  
(2.123) 

 
 : 




 
n

i
jNN

1
22 ,   332,972  N  (2.124) 

 
 -1  : 
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 i-  : 
 

   jjj ANN 11 ,     708,2339,71 jN  
(2.125) 

 
 

 : 




 
n

i
jNN

1
11 ,   994,5831  N  (2.126) 

 
   j-     

j j jN N A  ,   153,10113177,337 Е jN  (2.127) 

 
 : 





n

i
Е jЕ j NN

1
,   947,11560 Е jN  (2.128) 

 
     2.6. 

 
 2.6 –       

  
 

 
-
 

I 
 

II  
 

III  
 

  /   3 11 22 

-    /  j-     ΣNk  0,878 3,409 8,671 

-         ΣΣNk  12,958 

   -
 /  j-     

ΣNk  0,22 0,852 4,336 

   -
      

ΣΣNk  5,407 

    /  j-  
   

ΣNk  0,22 0,852 4,336 

      
   

ΣΣNk  5,407 

    /  j-  
   

ΣNk  0,22 0,852 4,336 

      
   

ΣΣNk  5,407 

    /  j-  
   

ΣNk  0,22 0,852 4,336 

     - ΣΣNk  5,407 
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       -
 /  j-     

ΣNk  0,22 0,852 4,336 

       -
      

ΣΣNk  5,407 

    /  j-  
   

ΣNk  0,22 0,852 4,336 

  2.6 

 
-
 

I 
 

II  
 

III  
 

      
   

ΣΣNk  5,407 

   /  j-   
  

ΣNk  0,22 0,852 4,336 

      
  

ΣΣNk  5,407 

    
 /  j-     

ΣNk  0,22 1,705 8,671 

    
       

ΣΣNk  10,595 

 -2 /  j-     ΣN -2  0,439 1,705 8,671 
 -2      ΣΣN -2  10,815 
 -1 /  j-     ΣN -1  0,659 2,557 13,007 
 -1      ΣΣN -1  16,222 
 -3 /  j-     ΣN -3  2,634 10,228 52,026 
 -3      ΣΣN -3  64,888 
 -2 /  j-     ΣN -2  3,951 15,341 78,040 
 -2 \     ΣΣN -2  97,332 
 -1 /  j-     ΣN -1  23,708 92,048 468,237 
 -1      ΣΣN -1  583,994 
  /  j-     ΣNЕ  1011,531 3681,935 6867,482 
       ΣΣNЕ  11560,947 

 
2.4   ё      -
     
 

      . 
    , . : 
 

iЕiЕ Кtt  ,   845,0208,17,0 
iЕt , (2.129) 

 
       tEO –       

    .  
 

        -
 , . : 
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 '/ nNtT ЕЕЕ j ,  996,8541/53,1011845,0 Е jT , (2.130) 
 

     n  ̀-   ,     -
-  . 

 
         

, . :  





kj

j
jEOEO TT

1
,   89,9771EOT  (2.131) 

 
     2.7. 

 
 2.7 –       

 
-
 

I 
 

II  
 

III  
 

  -
ё  , .  iЕt  0,845 0,845 0,845 

  , -
   -  
-   

n  1 1 1 

    , .  Е jT  854,996 3112,155 5804,739 
 ё      

, .  ЕT  9771,89 

 
       

TO-1, -2  -3. 
     TO-1 (t1 ), -2 (t2 )  -

3 ( 3t ),       , -
        -

  -       -
       

    . 
    -1, . : 

ii Кtt  11 ,   524,13208,12,111 it , (2.132) 
 

      t1i –     -1    
 .  

 
    -2, . : 

ii Кtt  22 ,   346,36208,11,302 
it , (2.133) 
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         t2i –     -2   -
  . 

 
     -3, . : 

ii Кtt  33 ,   115,57208,13,473 
it , (2.134) 

 
         t3i –     -3   -

  . 
 

    -1    -
 , . : 

 
T t N
i i Г i1 1 1
 '

,   624,32071,23524,131 iT  (2.135) 
    -2    -

 , . : 
 

T t N
i i Г i2 2 2
 '

,   613,14395,3246,362 iT  (2.136) 

 
    -3    -

 , . : 
iii NtT 333  ,   115,5763,2115,573 iT  (2.137) 

 
      , -

    -2       -
 T ; 

 
cjCOCO ADtT  2 , (2.138) 

 
     DtCO –      

  , . ., 
 

CO КtDt  ,   53,20208,117 CODt , (2.139) 
 

         t  –    . 
     -2 ,     -

 . 
     -2    , 

. : 
 

COij TT  22 ,   78,266353,202613,1432 j  (2.140) 
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   -1      , . . 
 





kj

j
jTT

1
11 ,   8587,521 T  (2.141) 

 
   -2      , . . 





kj

j
jTT

1
22 ,   5,57042 T  (2.142) 

 
   -3      , . . 





kj

j
jTT

1
33 ,   4096,053 T  (2.143) 

 
     -1 ( 1t )  -2 ( 2t )  

     , -
          

-       -
       -

    . 
    -1, . . 

ii Кtt   11 ,   725,277208,12301   it , (2.144) 
 

     t -1i –     -1   -
  .  

    -2, . . 

ii Кtt   22 ,   09,594208,14922   it , (2.145) 
 

     t -2i –     -2   -
  .  

 
    -1    

, . . 

iii NtT 111   ,   93,12166,0725,2771  iT  (2.146) 
 

    -2    
, . . 

iii NtT 222   ,   237,39144,009,5942  iT  (2.147) 
 

   -1      , . . 
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kj

j
jTT

1
11 ,   6,37771  T  (2.148) 

 
   -2      , . : 




 
kj

j
jTT

1
22 ,   31,104652  T  (2.149) 

 
     2.8. 

 
 2.8 –        -
   

 
-

-
 

I 
 

II  
 

III  
 

я    -1, . 
 it1  13,524 13,645 14,973 

я    -2, . 
 it2  36,346 39,123 43,47 

я    -3, . 
 it3  57,115 61,462 63,756 

    -1, .  iT1  320,624 1255,977 7010,919 

    -2, .  iT2  143,613 600,201 3392,38 

    -3, .  iT3  150,451 628,606 3316,994 
   

, .  CODt  20,53 20,77 22,46 

     -2, .  jT2  266,78 1057,12 4380,6 

   -1   , .   1T  8587,52   

   -2   , .   2T  5704,5   

   -3   , .   3T  4096,05   

    -1, .  it 1  277,725 301,875 362,25 

    -2, .  it 2  594,09 623,07 652,05 

    -1, .  iT 1  121,93 514,576 3141,093 

    -2, .  iT 2  391,237 1593,127 8480,95 

   -1   , .   1T
 

3777,6   

   -2   , .   2T
 

10465,31   

 
      . 

      , -
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        -
        

   . 
        

  ( t )      -
      
 (К ),   -  , -

   ,      
  ,     -

   ,       5%  
  .  

        
 , . / . . 

 
Кtt  ,   527,36479,35,10 t , (2.150) 

 

        t  -       
  . 

      ( Шt )  
      -

    (КШ ),   -
 ,   ,   -

     ,   -
    5%    .  

    , . / . . 
 

ШШШ Кtt  ,   536,1097,14,1 Шt , (2.151) 
 

        Шt  -       
  . 

 
         

          -
      ,    -

       -
           

        . 
     , . / . . 

 
                     ШШШ Кtt  , (2.152) 

 

536,1527,36 t
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        -
 , . / . : 

1000
i

ii

A
LtT  ,   644,28871000

325288527,36 iT , (2.153) 

 
    LГ i  –       -

, . 
 

        , 
. / . : 





n

i
iTT

1

,   1,81222T  (2.154) 

 
     2.9. 

 
 2.9 –        

 
-
 

I 
 

II  
 

III  
 

   
 (   ), . / .  t   36,527 41,049 40,409 

   
 , . / .  Шt  1,536 1,865 3,072 

     
, . / .  

t  38,063 42,915 43,481 

      iT  2887,644 12640,693 65693,790 
       

, . / .  
T  81222,1 

  
     , . . 

Е kTTTTTT   )( 21321 ,  

5,370873,0)1,8122231,104656,377705,40965,570452,85879771,89( T , 
(2.155) 

 
     k -        

 . 
 

      -
 . 

      , . : 
kTT  ,   1483512,05,37087 T , (2.156) 

  k –        -
  . 
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2.5  ё     , 
 ,    -

 ,    
 

      -
   (          8-10 

. .- .  ),         -
. 

      , . : 
ii aTT  , (2.157) 

 
       T  –      ; 

ai –        ( -
 1.10). 

 ё      -
    2.10. 

 
 2.10 –     

  , %  . . 
  % .  

  25 3708,75 
 10 1483,50 

 16 2373,60 
 2 296,70 
 4 593,40 

 4 593,40 
 1 148,35 

( ) 22 3263,70 
-    16 2373,60 

 100 14835 
 

          
 . 

  -1  -2    -
 .  -2     ,   -1  

. 
  -1, -2, -3   . 

       
 

iji aTT  , (2.157) 
 

      Tj –       
  , 
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ai –       ( . 2.11). 
 ё     -1    2.12,  

-2   2.13,  -3   2.14. 
 

 2.11 –      , % 
 -1 -2 -3 

-  13,2 22,3 32,6 
 14,2 13,3 10,2 

 14,2 13 12 
   58,4 51,4 45,2 

 100 100 100 
 

 2.12 –    -1, .  
 I   II    III    

-  42,32 165,79 925,44 
 45,53 178,35 995,55 

 45,53 178,35 995,55 
   187,24 733,49 4094,38 

 320,62 1255,98 7010,92 
  

 2.13 –    -2, .  
 I   II    III    

-  12,81 192,40 797,27 
 35,48 150,11 622,04 

 34,68 137,43 569,48 
   183,81 577,19 2391,81 

 82,97 479,93 1988,79 
 

 2.14–    -3, .  
 I   II    III    

-  7,22 30,17 159,22 
 15,35 64,12 338,33 

 18,05 75,43 398,04 
   109,83 458,88 2421,41 

 150,45 628,61 3316,99 
 

  TO-1, TO-2, -3    -
 .  -1     ,  

 -2  -3    ,     -
           -2,   

   -3.   TO-1, -2  -3 
  . 

      . 
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iji aTT  , (2.158) 
 

     Tj –        
 ;  

ai –       ( . 2.14).  
 

 ё        -
 2.15.  

 
  2.15–    , % 

 
 2 

  -  34 
 8 

 3 
 3 

: 50 
  

 17 
-  8 

 5 
 2 

  4 
 2 

 2 
-  3 

 2 
 2 

 1 
 1 

 0 
 1 

: 50 
: 100 

 
 2.16–    , .  

 
  I   II   III   

 57,75 252,81 1313,88 
  -

-  981,80 4297,84 22335,89 
 317,64 1390,48 7226,32 
 1443,82 6320,35 32846,90 

: 57,75 252,81 1313,88 
 

 490,90 2148,92 11167,94 
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-  231,01 1011,26 5255,50 
 144,38 632,03 3284,69 

 57,75 252,81 1313,88 
  115,51 505,63 2627,75 

 57,75 252,81 1313,88 
 57,75 252,81 1313,88 

-  86,63 379,22 1970,81 
 57,75 252,81 1313,88 
 57,75 252,81 1313,88 

 28,88 126,41 656,94 
 28,88 126,41 656,94 

 0,00 0,00 0,00 
 28,88 126,41 656,94 

: 1443,82 6320,35 32846,90 
: 2887,64 12640,69 65693,79 

 
       .   

    ,    –  . 
 
2.6 ё     

 
      : 

i

iT
P  , (2.159) 

 
      T i –       ( . ); Ti–   

    ( ),  
      – 2070 , 1830 –  

    . 
 

  : 

Шi

i
Ш

T
P  , (2.160) 

     Шi –      ( ),   
  – 1610 , 1820 –    . 

 
ё     ё    1.17. 

 
 2.17 –    

 
 

 -
,  

, 
 

 
, 

 

, 
 

  4,72 5 5,34 5 
 -1 4,15 4 4,69 5 
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  2.17 

 
 

 -
,  

, 
 

 
, 

 

, 
 

 -2 2,76 3 3,12 3 
 -3 1,98 2 2,24 2 
 -1 1,82 2 2,06 2 
 -2 5,06 5 5,72 6 
  19,62 20 22,19 22 

 6,67 7 7,55 8 
 -

 
6,58 7 7,44 7 

 3,75 4 4,25 4 
 0,91 1 0,89 1 

  1,57 2 1,78 2 
 0,78 1 0,89 1 

 0,78 1 0,89 1 
-  1,32 1 1,49 1 

 0,86 1 0,97 1 
 1,07 1 1,21 1 

 0,68 1 0,77 2 
 0,39 

1 
0,44 

1 
 1,15 1,30 

: 67 69 75 75 
 

        -
  ,         

    . 
  
2.7 ё     , -1, -2, -3, -1, -2, 

 
 

ё        .  
 ё      :  








Е

Е
Е DTR

T
X ,  77,0

87,0364382

2,19,9771





ЕX , (2.161) 

 
      EOT  –     , . · ;  

  –    ; 
R  –      , .; 
T  –  , ; 
c  –      , .; 

EOD  –       , .; 
  –     . 



 

57 

 
    -1. 

     -1  : 

03,376
91,1

5,1860



R , (2.162) 

 
       T  –  , .; 

C –  ,  
N1c –   -1. 
 

  -1: 

i t
P

t





60
 ,   57,2233

4

7,1460



 , (2.163) 

 
         ti  –      -1; 

P  –  ,    ; 
 t  –        -

    . 
 

  -1   : 

R
X


1 ,   59,0

03,376

57,223
1  R

X


, (2.164) 

 
    -2. 

     -2  : 

cN

T
R

2

60 
 ,   19,2256

32,0

5,186060

2








cN

T
R , (2.165) 

 
  -2: 

i t
P

t





60
 ,   17,11753

3

61,5860



 , (2.166) 

 
         ti  –       -2. 

  -2   : 

R
X


2 ,    53,0

19,2256

17,1175
2  R

X


 (2.167) 

 
    -3. 

     -3  : 



 

58 

cN

T
R

3

60 
 ,    28,3384

21,0

5,186060

3








cN

T
R  (2.168) 

 
  -3: 

i t
P

t





60
 ,   74,18963

2

12,6360



 , (2.169) 

 
         ti  –       -3. 

 
  -3   : 

R
X


3 ,   57,0

28,3384

74,1896
3  R

X


 (2.170) 

 
    -1: 













1

1
1 DTR

T
,   61,0

98,03055,182

15,16,3777
1 




X , (2.171) 

         1T  –     -1 , . ∙ ; 
– ,    -

   -1;  
R  –  ,      

 -1;  
T  –    -1, ; 
 –     -1;  

1D   –       -1;  

  – ,     
. 

 
    -2: 













2

2
2 DTR

T
,   67,0

98,03055,185

15,131,10465
2 




X  (2.172) 

 
ё     : 








DTR

bT
,   96,0

93,0364383

15,15,006,40611





X , (2.173) 

       T  –       , . ∙ 
; 

 b  –     ; 
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– ,    -
   ; 

R  –  ,      
 ; 

T  –    , ; 
 –     ; 
D  –       ; 
  – ,     

. 
 

      :  -
       ,       

-1      ,    -2  -
3     ,        -

  -2,     -3;   -1  -2 -
   ,     -2,    -

1;         . 
 
2.8 ё    , ,    

 
   ,   , 2 

ia KXfF   ,   74,400848,23905,46 F , (2.174) 
 

      fa –      (   -
 -7555), 

K  –     (2. . 207), 
 Xi –   ,   . 
 

2.9 ё     
 

      -
     

)1(21  RffF , (2.175) 
 

          f1 –     (1. .  8.2), 
 f2 –      (1. .  
8.2); 
R  –    .  
 

   ё    2.18. 
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 2.18–   

 , 2 

 64 
  24 

 21 
  14 

 18 
 12 

-  21 
 15 
 15 

 18 
 12 

 24 
: 312 

 
       ( . . 2.6.)  -

      36 2. 
 

2.10 ё     
 
         10 

  : 
CCCCC

К KKKKKfF 543211,0  , (2.172) 
      f  –       10   

; 
CK1  -      

  (4. . 72); 
CK2  -      

    (4. . 72); 
CK3  -      -

 (4. . 72); 
CK4  -     -

 (4. . 73), 
CK5  -      

 (4. . 73).  
 

 ё  ё    2.19. 
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  2.19 –    

     
  

  , 2 

I 
 

II  
 

III  
 

 ,  2,84 10,41 24,20 

,    1,77 6,50 15,12 

  1,14 4,16 9,68 

  0,35 1,30 3,02 

 0,11 0,39 0,91 

   0,11 0,39 0,91 

 0,21 0,78 1,81 

, ,  , 
  

0,18 0,65 1,51 

  1,70 6,24 14,52 

   4,26 15,61 36,30 

    
     0,57 2,08 4,84 

: 174,59   

 
2.11     

 
       -

  . 
       -

 , 2 

caX KAfF  ,   13,19194,1384,32 XF , (2.173) 
 

      K  –    -  . 
 

       -
 , 2: 

caX KAfF  ,   907,82501,211376,37 XF , (2.174) 
 

       -
 , 2: 

 

caX KAfF  ,   903,2149083,222905,46 XF  
(2.175) 

    , 2: 
 (2.176) 
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XFF  ,   939,3166903,2149907,82513,191 F  

 
2.12        

 
       400 2 ,  -

   75,    -
   45 ,     -

 1440 2.      -
         ,   

,      , -
        , -

     .     
   ,   ,  -

         
. 

      2.20. 
 

 2.20 –     ,    
, 

  
, 

 
-
 

- 
 

, 
 

  900x686x845 01.202  3  
 . . -

 12 . . 800x600x900 
203-205  2  

. .  2 
. .   1  

     . 
250x240x400 

413   1 12,5 

      
 . 540x600x1080 

37200  2  

    . 
. 730x420x825 

 508  2 34 

    . 
3320x800 

310-200  1  

     -
 . 1705x906x1520 

307-205  1  

. 630x630x1650 30-11  6 
142 

 

. 400x400x1500 30-05  6 112 

. 400x400x1000 30-02  6 84 

     . 665x590x1770 -303  1 35 

  . 380x560x865 
Energy 
1500 

TEL-WIN, 
 

1 69 

    . 
806x706x1160 

310-638  1 63 
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  2.20 
   

CS TK77 
PMQ 

 3   

 .  30 . . -3015  1   

. 1000 x500 x2000 
05.20.5-
5015G 

 3   

  . 
595x420x825 

C 321  2 50  

   . 1215x610 5.307  1   
   . 800x630x1580 WLV1971 Werther 1 53,4  

 . 950x500x1900 “ ”  3   
.  555x310x255.  

200x190x150 
-1  1 3,2/2,1  

    1380   3   
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3      
 

3.1       
 

      TopAuto-SPIN HBA26D ( -
 3.1) - ,  ,  , 

  ,   ,  
    . 

     -01 (  3.1)  
        -

         51709-
2001 "  .      

 ". 
        
       

     . 
    : 

       ; 
      ; 
         -

  ; 
      ; 
        

 ; 
           

       
 -  ,      -

    . 
        -  

684A (PH2066/A) (  3.1).      -
 .       

    ,   ,   
     RS-232    .  
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1 2 3 
 

1 –       TopAuto-SPIN HBA26D;  
2 –      -01; 

3 –         -  684A 
(PH2066/A). 

 
 3.1 –      

 
  3.1     -

  . 
 3.1 –       

    
-
, 

. 
1 2 3 

   -
   

TopAuto-SPIN HBA26D. 
 

 . 
    -

   . 
  . 

 . 
     

     . 
      

230-1460 . 
  . 

37700 

   -
  -01. 

 

   (  ), 
0-140 . 

    , 0-50000 . 
  , 0-3,5 . 

   -
  (  ), 30-75 %. 

43330 
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   ,0,1-2,5 . 
  (   -

), 12 . 
 , 1700 510 490 . 

, 15 . 
    -
   -

 -  684A (PH2066/A). 

    -
 ,      
.     -

    
   . -

  1600    -
  ,   -

 .     
 ,   -

  .  
    . 

    ,  
 ,   -

 .  

37402 

 
3.2     
 

     (  3.2) 
   ( ) ,   

         -
 , , , ,  ( ё     50 
).      110 . , IKARUS, 

MAN, MERSEDES, SKANIA, VOLVO( ё     
60 ).      180 .  

 

 
 3.2 –       

( ё  ) 



 

67 

 

      
 ё  : 

-      
-         
-    . 

         -
     ё   -

.        15-25 
. 

 
 3.2 –   ё   

ё    
  ( ) 50 60 

   ( ) 60 60 
   ( ) 52 52 

  ( ) 42 56 
     "  20" 
 

  
 3.3–  -120 

 
 -120 (  3.3)     -

        
     . 

   120. 
: , . 

 : - . 
:  0,55 ; 380 ; 50 . 

  : 120  . 
: 100 . 

: 1100 650 1100. 
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a o ёp  – c p e , o e e o opo o c a o o o o o o c 

pac e o  ceo e  c p a a . c po c o pe c a e  co o  
p c oco e e c p o , e e a o a ee c o e , p  o opo o 

pac o a ae c  o op. c o o a e a o ёp a   a e o 
e ae  c opoc  po o x pa o   x a ec o. 

O a o,  a c a o o op o o c o o a , o a , 
a o  a o ёp  eo xo  e o  ac,  o a  p ep  e o 

pa . Op e p e c ,  ep  o epe , a o oc . O e o, o e  
o ee  pec pc ee e  a e , e  e  a e a a o o 

a apa a. 
Kp  o e . Oc o o  o a a e , c o op  eo xo o 

c a c  p  ope a o ёp a. He a ae  a oe – p  o e  
e pa o ae  o p  – e  o e, e  e. T  cё a c  o  o o, c 
a  e a   a ep a a  p ё c  pa o a . Ta ,  pa o  c 

ac o  e  oc a o o p o pec  a o ёp , c p  o e o   
pa o e 160 – 250 M. Ta o o o a a e  e  o e oc a o o  

po e e  pa ec  x pe o x pa o , a   o e, a   c 
a o o e .  

B po ecc o a x a o ёp ax o oc  oxo  o 1 00 M,  
c o o a e a o o c p e a   o e  o o c o  

c a . 
A op  a o ёp  (  3.4). o e  e , o e o o o 

 c co o . Pa o ae  a o  c p e  o  a opa,  e ae c   
o o e o  a . A op a  a ape  a  e c a ae c  a 
o oc   po o e oc  c p e a, o a o a o o a , o 
cё a c  o  c e e  ap a a opa.  
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 3.4–   

 
Ce e o  a o ёp  (  3.5). Ta o  c p e  e  o e   

po e e  pa o  a o pe o  ec e,  c o e c   oc o o  a 
pe p x,  o pa e oc  pacc o  p e e .  

 
 3.5–   
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e a ec  a o ёp  (  3.6).  pa o  c a  
a o ёp o  eo xo o o o e o p o pe a  o peccop, o 

o e  o o e e pacxo . 

 
 3.6–   

 
3.3        
 

       -
  -401  (  3.3)    

     ,  
        -

         51709-
2001 «  .     

   ».  
 :     -

      , -
 ,    . 

   -524 (  3.3) , 
.       

     360-550 .  -
  30 .   . 

   -  (  3.7)  -
        

     ё     -
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 : -     ё ; -  -
   : 7.35 , 9.8 , 12,3 . 

  

 

1 2 3 
 

1 –  -401 ; 
2 –       -524; 

3 –    - . 
 

 3.7 –       
 

 :  
        

0-120°    7.35 , 9.8 , 12,3 ; 
 ё        -

; 
        

; 
    ё   ; 
      ; 
       

 RS232;  
   2,5%; 
     . 

 
  3.3    . 
 3.3 –    

    
, 

. 
1 2 3 
 -401 .     

   -  0°  
30°. 

    
    

- ±0,5°. 
    

31000 
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  - 0,06°±0,01°. 
 - RS-232. 
  : 

-   -   
415x135x140 ; 
-     

 -   455x150x310 . 
  -

   -
 -524. 

. 
   -

  360-550 . 
    0-30 . 
 ,  -

   , 
(. )  7,35(0,75) 9,8(1,0) 

12,3(1,25). 
   ,  -

      
 3 . 

   ( )  
363 115 140 . 
  0,7 . 

21000 

  -
 - . 

    
360...550 . 
     -

  0-50 . 
   -

   , ±0,5 
. 

     
 0.1 -1. 

    
460 110 110 . 

   310 200 135 
. 

    3 . 
    3 . 

32900 

 
3.4      

 
 WIEDERKRAFT WDK-89380 (  3.4)  , 

         -
     -   .  

: 
1.        

    ,    -
   . 

2.      . 
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3.    (   ), -
    ( )   

. 
4.        -

       . 
5.        -

,          -
. 

6.         
. 

7.       -
 ,     . . 

    Wiederkraft  WDK-89380  -
          -

 -   .  
  Samoa 373500 (  3.4)  -

   . 
  FLEXBIMEC 3090 (  3.4),  -

   . 
1.       -
 ,    .  

2.     . 
3.         

 .  
4.    ,     .  
5.   -      

.  
6.   : 6      

; 2        -
.  

7.     .  
8.         

 .  
9.       -

 . 
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1 2 3 

 
1 –     WIEDERKRAFT WDK-89380; 

2 –   Samoa 373500     -
; 

3 –   FLEXBIMEC 3090. 
 

 3.8 –     
 

  3.4     
  . 

 
 3.4 –      . 

    
, 

. 
    

WIEDERKRAFT WDK-89380. 
  80 .   9 . 
   20 . 

    6-8 . 
  150 / . 

  1 . 
  40-70° . 

  1900 . 
  160 . 

19300 

 Samoa 373500 
    

 . 

  70 . 
   440 

. 
   1370 . 

30200 

FLEXBIMEC 3090 -
  90 . 

  90 .   10 
.   8-10 .  

  60-8  . 
35000 

 
  3.5   . 
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 3.5 –    

  
-

, . 

  
-

, . 
-   q=2000  2024 1 28900 

    1024 1 5600 
   - 321 1 18900 

  -78-4 1 9700 
     879 1 12540 
    2374 

  
2 5900 

 SHTURM 12 1 68900 
   -2153 1 21400 
  -2540  1 18900 
   124 -

 012 
1 15900 

     - 1 28406,87 
 - - - 
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4   

4.1     -
 

4.1.1     

       -
, ,     ,  

   . 
  , .: 

 
К =  +  +  +  –К  ,                                    (4.1) 

   
   –    (  4.1) . 

 -    (  4.2), .; 
 -   -  ,     

8%   , .; 
 -    ,    

5%   , .; 
К  -      , 

   , . 
 

 4.1 –    

  
 

, 2 
 1 

2, . 
 

, . 
  80 90 7200 

   80 320 25600 
  200 400 80000 

   112800 
 
 4.2 -    

  
-

, . 

  
-

, . 

 -
, . 

-   q=2000  2024 1 28900 28900 
    1024 1 5600 5600 

   - 321 1 18900 18900 
  -78-4 1 9700 9700 

     879 1 12540 12540 
    2374 

  
2 5900 11800 
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 SHTURM 
12 

1 68900 68900 

   -2153 1 21400 21400 
  -2540  1 18900 18900 
   124 

 012 
1 15900 15900 

    
 - 

1 28406,87 28406,87 

 - - - 240947,9 

 
       8%   -

, .: 
 = 0,08  ,                                              (4.2) 

= 240947,98/100=19275,75. 
 

       
5%   , .: 

 
 = 0,08  ,                                            (4.3) 

 = 240947,95/100=12047,3. 
 

  , .: 
 

К= 112800+240947,9+19275,75+12047,3=385069,96. 

4.1.2            

       -
      .  -

          -
 .    :    , . 
         

, .: 
 

 =   К     К  ,                                    (4.4) 
 

 -   ,  = 186 / .; 
К  -  , К =30%; 
 -    (     

 -  2.8); 
К  - ,    , К  =40%; 

 
-1 = 1861,385871,4=2906871; 
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-2 = 1861,357041,4=1930918; 
-3 = 1861,340961,4=1386578; 
 = 1861,3142421,4=4821202; 

 
       , 

.: 
 

 =   /100,                                           (4.5) 
 

  -      , =34%. 
 

 - 1 = 290687134 /100 =988336; 
 - 2 = 193091834 /100 =656512; 
 - 3 = 138657834 /100 =471436; 
 = 482120234 /100 =1639209. 

 
    , .: 

 
 = +  ,                                              (4.6) 

 - 1 =3895207; 
 - 2 =2587430; 
 - 3 =1858014; 
 =6460410; 

 
   , .: 

 
 = /N12,                                               (4.7) 

 
 N –      , ., N =16. 

 
 =11045569/1612=56984.. 

 
        

   1000  , .: 
 

 =
1000
 miLS

,                                              (4.8)  

 
 Smi –      1000  , . (   

 ); 
L  –    (    -
 ), . 
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    4.7. 
 

 4.3 –        
 
 

 , ./1000    , . , 
.  1  2  3  1  2  3 

 – 1 112 150 220 18689,78 198046,8 278898,4 495635 
 – 2,3 120 170 250 20024,76 224453 316930 561407,8 
 180 210 350 30037,14 277265,5 443702 751004,7 

 - - - 68751,68 699765,4 1039530 1808047 
 

       5%     
 , .: 

 
 =  5/100,                                              (4.9) 

 
 =  18080475/100= 90402,37. 

 
  , .: 

  
 = W    ,                                              (4.10) 

 
 W  -    , ; 

 -  1   ,  =4,05 . 
 

W  = 
mC

oo

ZZ

KZN
,                                           (4.11) 

 
 N  -   , N  = 38,9 ; 

 -     ,  = 1566 
; 

oZ  -   , oZ  = 0,6; 

oK  -    , oK  = 0,3; 

CZ  - ,    , CZ  = 0,96; 

mZ  -   , mZ  = 0,9. 
 

W  = 



9,096,0

3,06,015669,38  12691,1, 

 
 = 12691,125 4,05= 51399,056. 

 
     , .: 
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 = V     К   ,                                     (4.12) 
 

 V  -     , V  =1 /  
  -     , =1786 .; 

К  -   , =0,1; 
 -  1  ,  =15,8 . 

 
 = 1 0,1 1786 15,8= 2821,88. 

 
     - 5%   -

,   3 %   , .: 
 

 = 0,05  ;                                        (4.13) 
 = 0,05  240947,9=12047,34; 

 
 = 0,03  ;                                          (4.14) 

 
 = 0,03  1415000=42450. 

 
  ,      -

       
1000    , .: 
 

 = 1430  N;                                           (4.15) 
 =10008= 8000. 

 
  ,     -

   3,5%   , .: 
 

 = 0,035 ;                                                    (4.16) 
 = 0,035  51428,6=1800. 

 
     500    -

, .:  
 

 = 500  N;                                           (4.17) 
 = 500  8=4000. 

 
   «  ,   » 
 2200    , .: 

 
 = 2200  N;                                             (4.18) 
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 = 22008=17600. 

 
    10%     -

  (  4.4) 
 

 4.4 -       
  , . 

  90402,37 
  51399,05 

    2821,88 
   12047,3435 
   42450 

  4250,8 
  42450 

,     1800 
,        

   -
 

8000 

   4000 
 ,   17600 
  27722,14 

   304943,59 
 

4.2          
 

         
   (  4.5). 

 
 4.5 -        

  
, 

. 

  
1 . ., 

. 

  
   

, % 
   4821201,84 338,52 65 
    -

 1639208,63 115,1 22 
 751004,66 52,7 10 
  182966,15 12,8 2 

  7394381,28 519,2 100 
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      - 1  
      1  (  4.6). 

 
 4.6 -       - 1  

  , .   1 
. ., . 

  
1 -

, . 

  
   

, % 
   2906871,24 338,5 4986,1 65 
   -

  988336,222 115,1 1695,3 22 
 495634,97 57,7 850,1 11 
  60988,72 7,1 104,6 1 

  4451831,15 518,4 7636,1 100 
 

      - 2 -
       1  (  4.7). 

 
 4.7 -       - 2  

  , .   1 
. ., . 

  1 
-

, . 

  
   

, % 
   1930918,1 338,5 19906,4 60 
   -

  656512,1 115,1 6768,2 20 
 561407,8 98,4 5787,7 17 
  60988,7 10,7 628,7 2 

  3209826,7 562,7 33091,0 100 
 

      - 3 -
       1  (  4.8). 

 
 4.8 -       - 3  

  , .   1 
. ., . 

  1 
-

, . 

  
   

, % 
   1386577,9 338,5 21332,0 56 
   -

  471436,5 115,1 7252,9 19 
 561407,8 137,1 8637,0 23 
  60988,7 14,9 938,3 2 

  2480410,9 605,6 38160,2 100 
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4.3     

    :  -
 ;   ,    -

 ,       -
 . 

  , %: 
 

= ,1100
2

1








                                      (4.19) 

 
 1  2–    ( )  

 (    )   , ./ . . 
 

= 






  1
519,2
525,2

100  1,2; 

 

-1= 






  1
518,4

 550,6
100  6,2; 

 

-2= 






  1
562,7
570,8

100  1,4; 

 

-3= 






  1
605,6

 610,3
100  0,8. 

 
       -

  ( )     -
, .: 

 
Э  = ( 1 – 2) ·T ,                                    (4.20) 

 
  –         , . . 

 
 
Э -1 = (550,6-518,4)·8587 =276171; 
 
Э -2 = (570,8-562,7)·5704=46016,5; 
 
Э -3 = (610,3-605,6)·4096 =19377,87;  
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Э  = (525,2-519,2)·14242 =85517; 
 

Э =427082,12. 
 

  , .:  
 

Э = Э – К·Е  ,                                                                                       (4.21) 
 

 К –  , К=385069,96 .; 
Е  –     , 

= 0,15. 
Э =427082-0,15385069,96 =369322. 

 
   , : 

 

 = 
Э
К ,                                                   (4.22) 

 

 = 
   

  ,

369322
96385069

 1,04 . 

 
     (  4.9) 

       
    : 

1.      .  
2.       369322 . 
3.      1,04 . 

 
 4.9 - -   

   
  , . 36 

   
, . . 

 – 1 
 – 2 

–3 
  

 
 

8587 
5704 
4096 
14242 

  , . 16 
   

 , / . 56984 

 , ./ . . 
 – 1 

 
518,4 
562,7 
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 – 2 
 - 3 

 

 
605,6 
519,2 

  , % 
 – 1 
 – 2 
 - 3 

 

 
6,2 
1,4 
0,8 
1,2 

 , . 385069,96 
 , . 427082 
  , . 369322 

   , . 1,04 
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5     

5.1      

       
–       . 

      -
   ,   , ,  -

       , -
   .  

       
    . 

         -
      -

       
.  

        -
   ,   .  

   ,     
         

. 
       -

 ,    :  -
   ,    ,   
 – . 

  ,     -
     .  

          
       .  -

      ,    
     (     ). 

 

5.2 ё       

5.2.1       -
 

 
 

       -
 :   – ,  – ,   

– Nox,   – ,SO2. 
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 i-      k-       
      1ik   2ik, -
,  : 

 , / :  
 

1111 xxxxikikikik tmLmtmM 
 

(5.1) 
 

2212 xxxxikikik tmLmM   
(5.2) 

 

 mnpik —   i-      -
 k-  , / [10]; 

 m1ik —   i-  ,  k-    
   10-20 / , /  [10]; 

mxxik —   i-       
k-     , /  [10];  

 tnp —   ,  [10]; 

L1 , L2 —      , ;  
txx1 , txx2 -          -
     ( ) [10].  
 

 , / :  
 

iikik KmM   (5.3) 
 

 Кi – .    [10].  
 

  , / : 
 

6
21 10)(  pkikikbij DNMMM   

(5.4) 
 

 αb  —   ( ); 
Nk –   -        

   ; 
Dp –         ; 
J –  . 

     5.1  5.2. 
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 5.1 –       

 

CO CH N  SO2 C 

T X T X T X T X T X 
 1

6 
 

, 
/  

3 8,2 0,4 1,1 1 2 0,113 0,136 0,04 0,16 

, 
/  

2,7 7,38 0,36 0,99 1 2 0,1074 0,1292 0,032 0,128 

,  4 30 4 30 4 30 4 30 4 30 

, /  7,5 9,3 1,1 1,3 4,5 4,5 0,78 0,97 0,4 0,5 

,  0,05 

, 
/  

2,9 2,9 0,45 0,45 1 1 0,1 0,1 0,04 0,04 

,  1 

,  1 

,  0,05 

,  15,28 249,365 2,105 33,515 5,225 61,23 0,591 4,2285 0,22 4,865 

,  3,275 3,365 0,505 0,515 1,225 1,225 0,139 0,1485 0,06 0,065 

 

0,9 0,9 0,9 0,9 1 1 0,95 0,95 0,8 0,8 

 

 5.2 –       -
 

-
    

, 
 

, /  

CO CH Nox SO2 C 

T X T X T X T X T X 

 1 36 365 0,101 1,383 0,014 0,186 0,035 0,341 0,004 0,024 0,001 0,027 

  , /  0,101 1,383 0,014 0,186 0,035 0,341 0,004 0,024 0,001 0,027 

   , /  1,4853 0,2006 0,3772 0,0280 0,0285 

 
5.2.2       -

     
 

       -
 :   – ,  – ,   

– Nox,   –   SO2. 
 , / : 

6
11 10)2( 

  knpikTik
n
kTi ntmSmM  

(5.5) 

 

 mnpik —   i-      -
 k-  , / ; 

m1ik —   i-  ,  k-    
   10-20 / , / ; 

tnp —   ,  (t =1,5 ); 
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n  -    ,       -
 ; 

ST -         , . 
 

     5.3. 
 

 5.3 –       -
    

 

CO CH N  SO2 C 

T X T X T X T X T X 

 

,  0,012 

,  1,5 

, 
/  

3 8,2 0,4 1,1 1 2 0,113 0,136 0,04 0,16 

, /  7,5 9,3 1,1 1,3 4,5 4,5 0,78 0,97 0,4 0,5 

 

331 

, /  0,001 0,0041 0,00021 0,0005 0,0005 0,00103 0,00006 0,0001 0,00002 0,00008 

  -
 ,  0,001 0,0041 0,00021 0,0005 0,0005 0,00103 0,00006 0,0001 0,00002 0,00008 

   , 
 

0,00569 0,00076 0,00156 0,00014 0,00011 

 
5.2.3.        

    
 

       -
 :   – ,  – ,  

 – Nox,   – , Pb  SO2. 
   :  

    ( , , NOX, C, S 2)  
      , / : 

 

,10)( 6

1





 iii tmtmnM  (5.6) 

  
 n  -      -  : 

im  -   i-ro     -
 -    ё   , /  
m i  -   i-ro      

     -  , / ; 
tnp -      , tnp = 3 ; 
t  -  , t  = 4 . 

 
  i-ro     m i , -

  , / : 
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,iixxi mm   (5.7) 
 

 mxxik —   i-       
k-     , / ; 

i - ,     i-ro -
    . 

    5.4. 
 

 5.4 –       -
    

 

CO CH N  SO2 C 

T X T X T X T X T X 

 

,  4 

,  3 

 

3 3 5 5 2,5 2,5 1,5 1,5 10 10 

 

331 

, 
/  

3 8,2 0,4 1,1 1 2 0,113 0,136 0,04 0,16 

, 
/  

8,7 8,7 2,25 2,25 2,5 2,5 0,15 0,15 0,4 0,4 

, /  0,0145 0,01966 0,00338 0,00407 0,0043 0,0053 0,00031 0,00033 0,00057 0,00069 

  -
 , /  

0,0145 0,01966 0,00338 0,00407 0,0043 0,0053 0,00031 0,00033 0,00057 0,00069 

   
, /  

0,0341592 0,0074475 0,009599 0,000644457 0,0012578 

 
5.2.4.       -

 
 

       -
 :   – ,  – ,  

 – Nox,   – , Pb  SO2. 
    , / :  

6
1 10)2( 
  ikTLikk

n
kiT tmSmnM  (5.9) 

 
 ikLm  -   i-ro   -  , / ; 

kim  -   i-ro     -  
, / ; 

ST -       , ; 
n  -   -  ,   -

  ; 
tnp -  , tnp=0,5 . 
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     5.5. 
 

 
5.2.5.       -

   
 

       -
 :   – ,  – ,  

 – Nox,   – , Pb  SO2. 
    :  
  i-ro   i   -

, / : 
,iii MMM   (5.10) 

 
 i  -   i-ro      -

 , / ; 
i  -   i-ro      -

, / . 
  i-ro       

   , / : 
 

,1060 6

1





 n

n

n
xxnixxni ntPM  (5.11) 

 
 

 Pixxn -  i-ro      n-  -
   , / ; 

txxn -    n-     , .; 
nn -    n-    . 

 

,hnixxixx VqP   (5.12) 
 

  qix  -   i-ro    n-  -
    , / .c.; 
Vhn -    n-  , . 
 

  i-       
    , / : 

 

,1060
1

6



S

n
nnnii ntPM  (5.13) 

 Pi n -  i-       n-  -
  , / ; 

t n -    n-    , . 
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,nini NqP   (5.14) 
 

 qin -   i-      -
 , / . .; 
Ncpn -  ,      -
 n-  , . . 

    5.6. 
 

 5.6 –        
 
  CO CH NOx SO2 C Pb 

1 2 3 4 5 6 7 8 

  

qixx , / *c 0,0045 0,0007 0,0015 0,00015 0,0001   
qi , / . .*c 0,0016 0,0005 0,0035 0,00017 0,00023   

nn 2 
txxn,  10 

Vh,  17,2 
Pixxn, /  0,0774 0,01204 0,0258 0,00258 0,00172   
t ,  130 
Ncp , . . 181,5 
Pi , /  0,2904 0,09075 0,63525 0,030855 0,041745   

M ixx, /  0,00009288 1,44E-05 3,1E-05 3,1E-06 2,06E-06   
M i , /  0,00453024 0,001416 0,00991 0,000481 0,000651   
M i, /  0,00462312 0,00143 0,009941 0,000484 0,000653   

 
5.2.6.       -

  
 

 
       -

        . 
    :  

       (   
 )      , / : 

 

,10 7
1

 fmM   
(5.15) 

 
 m -     , ; 
  -  ,        -

, % [10]; 
f1 -    ,  %. 
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       ,  
      ,   -

, / : 
 

  ,1010 52
21

  pipip
i
p ffmfmM  (5.16) 

 m1 -  ,   , ; 
f2 -      % ; 
fpip -      ; 
fpi  -    ,    

 ( , ),  %. 
 

   ,    
 ( ),     ,   -

 . 
       ,  -

   , / : 
  : 

,10 2'  p
i
p

i
px MM   (5.17) 

  : 

.10 2''  p
i
p

i
px MM   (5.18) 

        
, / : 

.i
px

i
px

i MMM   (5.19) 
 

     5.7. 
 

 5.7 –      

  
 -182   

   
 

 
 

 

 
 

m,  80     
δ , % 30 
f1, % 53   

M , /  0,00024   
m1,        40 
f2,% 47 100 
fpip,%       75 25 
fpik,% 85 5 10     

M i
p, /  0,03196 0,00188 0,00376 0,03 0,01 
δ' ,% 25 
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δ'' ,% 75 
M i

px, /  0,00799 0,00047 0,00094 0,0075 0,0025 
M i

px, 
/  

0,02397 0,00141 0,00282 0,0225 0,0075 

,  0,03196 0,00188 0,00376 0,03 0,01 

 
5.2.7         

 
 

 
      , -

 ,  ,      -
. 

    , / :  

,10 6 BgM iCiC  
(5.20) 

 

 iCM   -      , / ; 

iCg  –     , / , -
 [10]; 

 –      , . 
     5.8. 

 
 

 5.8 –         
  -1 

  
 -
 

   
 

 
 

 -
 

 
-

 

gi , 
/  

9,6 0,43 9,17 2,13 

B,  500 
M i , 
/  

0,0048 0,000215 0,004585 0,001065 

 
 

5.2.8.       , 
,  

 
        -

     ,   . 
    :  
        

, / : 
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,103600 6 ntFgM i
M
i  (5.21) 

 
 gi -    , /  2[10]; 
F -    , 2; 
t -      , ; 
n -       . 

     6.9. 
 

 5.9 –      , ,  
     

qi, / 2 0,433 0,0016 
F, 2 2,5 
t,  10,5 

n,  365 
,  /  0,004149 0,00001533 

 
5.2.9       

 
 

       
, ,  ,  . 

    : 
       -

, / : 
 

,103600 6 tngM nn
i  

(5.22) 

 
 gn -   ,    ; 
n -       ; 
t -  ” ”      , . 

 
  ,      
  , / : 

 

,10 6 BgM B
i

B
i  

(5.23) 

 
 B

ig  -    , /   -
,          -

; 
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 -      , . 
 

     5.10. 
 

 5.10 –       
   

qn, /  0,0226 
n,  305 

t,  5 
M i

n, /  0,124074 
   SO2 CO 

qi
B, /  900 0,0054 0,0018 

,  3450 
i
B, /  3,105 0,00001863 0,00000621 
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    .  -

,         -
   ,  -

       
    .  

      -
     ,   -

,  ,     
  ,    . 

       -
           

  ,    -
         ,   

 .       -
.  
       

     . 
      -

     ,  -
     . 

       
       , 

       -
  . 

       -
        

.     ,  -
  .  

      ,  
     .     385069,96 . -

  ,      
  ,     -

     .  
  1,04 . 

         
  . 
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CONCLUSION 

 
Modern economic conditions objectively change the relationship between 

consumers and service providers. Motor transport enterprises, in the face of intense 
competition and an escalation of the need for systematic improvement of techno-
logical processes, will inevitably strive to rationalize and increase the productivity 
of the technical service and automobile repair service as much as possible. 

Operational reliability, safety and environmental friendliness, operating 
costs, controllability of the maintenance and repair department, and the level of 
quality of the services provided depend on the rationality and scientific organiza-
tion of maintenance and repair. 

Optimization of measures to improve the work of the department for tech-
nical maintenance and repair is one of the main tasks for the development of any 
motor transport enterprise, since many times more labor and money are spent on 
car maintenance than on its production. Therefore, the topic of this graduation pro-
ject is relevant. 

In this final qualifying work, issues of reconstruction of a dispensary in an 
existing enterprise are considered. 

In the research part of the graduation project, the technology of car mainte-
nance and repair, regulatory documentation for repair were analyzed and shortcom-
ings were identified. 

In the technological part, the production program for repair and maintenance 
of the rolling stock of the enterprise was calculated, and proposals were made to 
improve the work. 

To improve the quality of repair and maintenance, it was proposed to intro-
duce new equipment and new technological processes. The arrangement of equip-
ment on the site is proposed, the required number of workers is calculated. 

In the economic part, a calculation was made of the costs necessary for the 
operation of the MOT and TR zones. Capital investments in the amount of 
385,069.96 rubles. allow us to reconstruct the dispensary, as a result of which we 
will get an increase in labor productivity, a reduction in the cost of work and an in-
crease in the average monthly wage of production workers. The payback period is 
1.04 years. Also in the graduation project addressed issues of industrial safety and 
environmental friendliness. 
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