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1    
1.1    
 

 -3 —    .  
     «  

   ( -13)».  
      :  

 ( -  ), -  ,  , 
 , -     . 

         
-216 (  «  », . )  

 670 /      -
204/220-130 (   )   

  204      140 / .  
       

-100-150-6   100 /   (  
 ),  -      

 -25-14-225  (   )   25 
/ .       -  .  

        
 -100     — 204 , 

 — 189,5 / ,     –  
584 / .   -   ,  

    2  ,    
  164    (    112   ).  

 .         
 16 / .  

 -3,        , 
        

,  « », « », « », 
« »  . 

      
1.1-1.5. 

 
 1.1 –   -216 

. № 1 

 ( )  -670-13,8-545  

-   «  », .  

  2012 
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  1.1 

 ,  200 000 

  ,  37 116 

    2016 

, /  670 

  , º  545 

  , / 2 140 

 
 1.2 –    ( )* 

. 
№ 

 ( )  
-

 
 
 

 
, 

/  

, 
 

 
, º  

1 - -100-150-6  1991 100 110 234 70-150 

2 - -100-150-6  1992 100 118 098 70-150 

3 - -100-150-6  1993 100 110 937 70-150 

4 - -100-150-6  1996 100 92 699 70-150 

*       – . 
 

 1.3 –  -   ( ) 
. 

№ 
 ( )  

-

 

 
 

 
   

-  
 

, º  

 
 , 

/ 2 

1 -25-14-225   1987 20 25 225 14 

3 -25-14-225   1987 20 25 225 14 

4 -25-14-225   1987 20 25 225 14 

5 -25-14-225   1987 20 25 225 14 

 
      (20 ).  

.№ 3  4   3   ,  .№5  2 . 
 

 1.4 –    

. № 1 

 ( )  -204/220-130 

-   

  2012 
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  1.4 
  , 

 
204 

 , /  140 

 , /  670 

  , / 2 130 

  ( ), ,  220 000 

   ( ), 
,  

37 116 

    2016 

 
 1.5 –  

. 
№ 

 
-

 
, 

 
 
 

, 
 

-   
 , 

 
.  

1 -220-2  
« », 

.  
220 2018 2 0 

 
       

   15,75/220     220     220 
 (  I ,  II , ).    

     15,75/6,3 . 
   :  

   110     : -243, 
-244,  245;  

   220     :  I 
,  II .  « »   . 

  -3   :   
        

       
  ( -4000-0,35-2,5-1),  

    (4 ),  
    500-14-23 (1 ).  

     (  5000-160- -4, 4 ) 
   ,   

   (   -800,  
4 ).   -4 , ё  4863 3 .  

    .  
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  ,   . 
   .    

   1220 .    - 
.      . 

         
150/70 °     130 º .  

 2018        
  (  800 )     « -

».  
        

     .    
 «   ». 

      1.1. 

 
 1.1 –    -3 

 
    1.1     

-3  2025 .      ,   
   220-250     

 . 
 

1.2    
 

   -2      
      : 
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 №1:  
   -185/220-12,8    
 185     280 /  (  « »)  

    ,  220  (  « »);  
    810 /   

   =13,5 , =560 º .  
 №2: 

   -200/250-23,5  ,   
   200     284 /  (  
« »),       (  « »);  

    730 /   
   =24  =545 º . 

 
1.2.1        

  
1.2.1.1    -185/220-130 
 

-185/220-130-       
  50 -1 (3000 / )        

 ,        
  .    

   1.6. 
 

 1.6 –   -185/220-130 

   

  (   
 ),  

185 

    
,  

220 

   ,  12,8 

   , º  555 

    (   
), /  

785 

    (  
 ), /  

810 

     
 , /  

783 

    (  
  ), /  

( / ) 
1104 (280) 
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  1.6 
   , /  

( / ) 1214 (290) 

   , /  27 000 

      
, º  

20  

     
, º  

232 

 
     . 

   ( ) - ,    
 .      

     ;    
   .      

   .  
    .  ,    

    .    -   
,   - .   
   .     

   ,      (   
    )     

  .      
,   .        

.        20-   
 22-   .         ,  

      , 
          

  .        
,         

. 
       

        0,067 -1 (4 
/ )     ,       

  .  
       
         

0,069-0,078  (0,7 - 0,8 / 2)      1,37 
 (14 / 2).         

    ( )  , 
    .      

 .  
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    .   

       
 ,         

 -  ,   ,    
   .     3 

.  
      

  ( ).    ё   :  
 ( ),   ( )   

 ( )    ,  
       
  .  

     ,  
     ,     

 ,      
,          

.  
        

,      ,   
  ,     - 

. 
         

      . 
     1.2.
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 1.2 –    -185/220-130 
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1.2.1.2    -810-13,8-560 
 

  -810-13,8-560  , -
   ,    

, -  ,    , 
         

. 
        

  .    
      .  

       
. 

        
  ,    

     (    ,  
  « »). 

  .    
    . 

   -810-13.8-560      
    . 

      
    — 107,4=50%   

. 
   ,    

 ,    , 
      . 

         
     ,   

 . 
     -810   

  1.3. 
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 1.3 –  -810-13,8-560.  .  
  

 

  ,    , 
   60 ,    80 ,     

  20 .         
 .         

  .       
.  
        

  .      
 .  
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    , ,  

, ,   ,  .  
        

   . 
 -     

  1.4. 
 

 

 1.4 –  -    -810 
 
1.2.2        

  
1.2.2.1    -200/250-23,5 
 

       
 .      .2.  

.2 -    ,   .   
,  - .    
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    ,     
,     .  

        
50 -1 (3000 / )     .    

   .  
   - .      

     (    ),    
   .       

 ,    ,   
  .      

   .  ,     , 
     ,    

     .  
        -1  - 2 

   .      
   ,     
.        

 .       
     .  

     2-14000-1, 
       

14000 2      28000  / .   
        
        

         
     

 .        
-4900   4900       8000  / , 

   .  
  ,   « »  

      22 / 2.   
       

-       
  .     

         
 .         , 
           
.
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  1.5     -200/250-23,5 

 

 1.5 -    - 200/250-23,5
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1.2.2.2   -728-24-545  
 

  -728-24-545 , , -  , 
 728 / ,     24 , 

  545°       
545° ,          

        200 .  
         

    . №1    . №2 
       .  

,        
 ( ).  

      1.7. 
 

 1.7 –    

, .   

 , % 100 50 

   , /  728 364 

     ,  24 24 

   , º  545 545 

  , º  273 226 

   , /  608 304 

      

-  , º  303 295 

-  , º  545 545 

      

-  ,  2,73 1,52 

-  ,  2,45 1,45 

 
        

  -  . 
      

        .   
        
         (   ) 

13520 12480 .  
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     , 
    32 6 ,    . 

   - 48 .   - 12 1 .  
        

,    550   .   
         
     .   

       (  ). 
       +40.000 (    

)       . 
    .    

  219 36 ,  - 12 1 .  
          

  32 6 ,    .    
- 48 .   - 12 1 .  

    , 
     (     )  

     .      
      ,     -  

  .     ,   
    .   

  ,      
,    +29.620.  

  +32.350  +36.350     
 . 

        
         .  

  ( )    
           

   .  
     ,     

    (  ) .  
         

  .    , 
 ,       

.  
       

     , 
         

 . 
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1.3    
 

       
 .      

      .    
[5]     MS Excel    

 ,      1.8. 
 

 1.8 –    

   1  2 

 , . . 22070,00 23935,60 

   , 
 ./  

1638,82 1546,09 

   , 
 ./  

116,60 126,05 

   , 
 ./  

1472,07 1596,50 

    
 ./  

294,41 319,30 

 ,   ./  412,06 446,69 

 -  
,  ./  

2295,14 2488,54 

 ,  . 6582,36 6906,90 

 
   ,    8,   

,     1  ,   
       

-185/200-130   -810-13,8-560. 
 

1.4      
 

    ,   
,        120 

– 180 º           
,    ,    

 .       
    .    
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 . 

 ,   ,      
  ,        

   .  ,   
         ,  

       .   
,      

     .     
         

      . 
     ,   

         
  – -  .   

       
       

    –     
  ( ).     

      ,   
           

    .    
       
 .       1.6. 
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  1 

 

 

 

 

 

 1.6 –     
 

 ,        
,        

,    .  -  ,   
      ( )  

   ( ).      
 ,        

       . 
        . 

        .  
       

        
.          

1.7  1.8 . 
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 1.7 –   ,    

 

 
 

 1.8 –     ( ) 
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2   
2.1      
2.1.1    

 

ё         2.1. 
 

-2 -1

ttt

t 6 t 7

D D

 

 2.1 –     

 
   ,     

   , /  
 

G = ∙∙Δ , (2.1) 

 
  –    ,  280 /   

325,64 ;  
Δ𝑡 –    (110 º )      

(70 º ); 
 –  ,  4,186 /( ∗ º ). 

 

G = , ∙, · − = ,   

 
        

 𝑡 = 𝑡 +
G  −G' ∙  , (2.2) 

 
 𝑡  –    ,  70  ; 

 –  ,     (2.1); 
G    –  ,     (2.1). 
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𝑡 = + , ∙, ∗ , =   

 
        

       ,   
 𝑡 = 𝑡 + −

, (2.3) 

 
 𝑡   𝑡  –  ,     (2.2). 

 𝑡 = + − =   

 
    ,  : 

 𝑡′ = 𝑡 + ϑ, (2.4) 
 

 𝑡  –  ,     (2.10); ϑ –  ,     5  . 
 𝑡′ = + =   

 
      , :  

 ′ = 𝑡 =0,   
 ё      (  = 0,95)  

    ,  
 = ′, , (2.5) 

 
 ′  -    , . 

 = , , = ,   

 
    ,  : 

 𝑡′ = 𝑡 + ϑ, (2.6) 
 

 𝑡  –  ,     (2.3); ϑ –  ,     5  . 
 𝑡′ = + =   
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      , :  
 ′ = 𝑡 =0,   
 

 ё      (  = 0,95)  
    ,  

 = ′, , (2.7) 

 
 ′  -    , . 

 = , , = ,   

 
2.1.2    
 

           
  2.1. 

 
 2.1 –       

 
 

 
,   

 , /    
   

, /    

1 241,236 3096,112 3156,623 1029,524 
2 217,794 3054,480 3070,312 933,459 
3 198,026 2970,547 2986,011 843,505 
4 158,111 2783,271 2807,194 667,367 
5 131,785 2671,384 2687,409 554,012 
6 95,000 2597,177 2607,824 409,059 
7 115,000 2495,783 2509,004 307,311 

 
     2.2. 
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P1=3,42 

P2=2,34 

P3=1,57 

P4=0,62 

P5=0,3 

P6=0,178 

P7=0,089 

P =0,003 

P0=12,8 

t0=545 C
o

P 0=12,147 

h01=3096 /

h02=3054 /

h03=2971 /

h04=2783 /

h05=2671 /

h06=2597 /

h07=2496 /

h07=2065 /

hi1=3157 /

hi2=3070 /

hi3=2986 /

hi4=2807 /

hi5=2687 /

hi6=2608 /

hi7=2509 /

hi1=2120 /

 
 

 2.2 –      
 

     (  555    
  12,8 ) h0  3486,507 / .  ,   

  2120,17 / . 
 
2.1.3       
 

      (    
) , / : 

 = G  ∙∆ ∙ℎ 𝑖−̅̅ ̅̅ ∙ , , (2.8) 

 
 G    –  ,     (2.1); 
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∆𝑡  –           
 ,  ; ℎ 𝑖 –       , / ; 𝑡 ̅̅  –      , / . 

 = , ∙ − ∙4,186, − , ∙ , = ,   

 
   , :   

 = G  ∙ ∆𝑡 ∙ В ∙ , , (2.9) 
 

 G    –  ,     (2.1); ∆𝑡  –  ,     (2.18). 
 = , ∙ − ∙ , ∙ , = ,   
 

      (    
) , / : 

 = G  ∙∆ ∙ℎ 𝑖−̅̅ ̅̅ ∙ , , (2.10) 

 
 G    –  ,     (2.1); ∆𝑡  –           

 ,  ; ℎ 𝑖 –       , / ; 𝑡 ̅̅  –      , / . 
 = 1944,816∙ − ∙4,186, − , ∙ , = ,   

 
   , :   

 = G  ∙ ∆𝑡 ∙ В ∙ , , (2.11) 
 

 G    –  ,     (2.1); ∆𝑡  –  ,     (2.10). 
 = , ∙ − ∙ , ∙ , = ,    

 
2.1.4     
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   : 
 

yв = ℎ 𝑖−ℎ𝑘𝑖ℎ −ℎ𝑘𝑖 , (2.12) 

 
 ℎ 𝑖 –     2.1; ℎ  –   ,  3486,507 / ; ℎ 𝑖 –  ,   ,  2120,874 / . 

 

yв = , − ,, − , = ,    

 
   : 

 

y = ℎ 𝑖−ℎ𝑘𝑖ℎ −ℎ𝑘𝑖 , (2.13) 

 
 ℎ 𝑖 –     2.1; ℎ   ℎ 𝑖 –  ,     (2.12). 

 

y = , − ,, − , = ,    

 
      

, /  
 𝑖 = ℎ − ℎ 𝑖, (2.14) 
 

 ℎ   ℎ 𝑖 –  ,     (2.12). 
 𝑖 = , − , = ,   
 

   K  = 1,167,     
, / : 

 = Р · э𝑖·𝜂э + в · в + · , (2.15) 

 
 Hi –  ,     (2.14); 

э –   ,  185 ; 
в  –  ,     (2.12); 

 –  ,     (2.13); 
в    –     ,  

  (2.9)  (2.10) . 
   = 0,98 –  . 
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= , · ∙, · , + , · , + , · , = ,   

 
2.1.5     
 

     0,5 %     , /  
 
D  = 0,005∙D0 (2.16) 
 

 D0 –  ,     (2.15). 
 

D  = 0,005 ∙ ,   = 1,101  
 

       1%,  
   , /  

 
D  = 0,01∙ D0, (2.17) 
 

 D0 –  ,     (2.15). 
 

D  = 0,01∙ , = 2,201 
 

     1,1 %, /  
 
D  = 1,1%∙D0, (2.18) 
 

 D0 –  ,     (2.15). 
 
D  = 1,1%∙ , = 2,421 
 

     (       
   (1,2%)    (1,2%)) , /  

 
D  = (1,2%+1,2%)∙D0 (2.19) 
 

 D0 –  ,     (2.15). 
 

D  = (1,2%+1,2%)∙ , = 5,283 
   ,    (2.24) – (2.27),  
  , / : 

 
D  = D0 + D  + D  + D  + D   (2.20) 
 

 D0 –  ,     (2.15). 
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D  = , + 1,101 + 2,201 + 2,421 + 5,283= 231,115 
 

    1,5 %      
  , / : 

 = , % ∙ , (2.21) 
 

  –  ,     (2.15). 
 = , % ∙ , = ,   
 

  ё   (2.20)  (2.21),     
 
в = + = , + , = ,  (2.22) 

 
2.1.6     
 

ё        
  2.3. 

 

 
 

 2.3 – ё      
 

       , /  
 ′ = ∙ ̅ − ′̅

, (2.23) 
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  –  ,     (2.29); 𝑡̅  –   ,    
        1584,076 / ; 𝑡′̅  –   ,     
,        0,7 

   697,143 / ; 
 –     0,7 ,  2065,606 

/ . 
 ′ = , ∙ , − ,, = ,   

 
      , /  

 ′ = − ′ , (2.24) 
 

  –  ,     (2.21); ′  –  ,     (2.23). 
 ′ = , − , = ,   
 

       , /  
 ′′ = ′ ∙ ′̅ − ′′̅̅̅̅

, (2.25) 

 
 ′  –  ,     (2.23); 𝑡′̅  –  ,     (2.24); 𝑡′′̅  –   ,     

,         
0,092    403,916 / ; 

 –     0,089 ,   
2263,601 / . 

 ′′ = , ∙ , − ,, = ,   

 
ё       , /  

 ′′ = ′ − ′′ , (2.26) 
 ′  –  ,     (2.24); ′′  –  ,     (2.25). 
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′′ = , − , = ,   
 

   ,    
  , /  

 
х в = ′′ + + , (2.27) 

 
 ′′  –  ,     (2.26); 

 –  ,     (2.18); 
 –  ,     (2.19); 

 
х в = , + , + , = ,   

  
       

     , º  
 𝑡′ = 𝑡 + ′′ ∙ ′′ −

х в
, (2.28) 

 
 𝑡  –        ,   

30 º ; ′′  –  ,     (2.26); 𝑡′′  –         
,  𝑡 𝑡′′̅̅ ̅  = 96,4 º ; 𝑡  –   ,   .   

,  60 º . 
 𝑡′ = + , ∙ , −, = ,   

 
2.1.7     
 

      2.4.  
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-1

-2

-3

D1, 1,h1i

D2, 2,h2i

D3, 3,h3i

t 1

t 2

t 3

t

t -3

t -2

t

 
 

 2.4 –     . 
 

    -1: 
 ∙ ℎ 𝑖 − 𝑡̅ ∙ , = ∙ 𝑡̅ − 𝑡̅ , (2.29) 
 

 ℎ 𝑖  𝑡̅  –    2.1   №1; 
 –   ,    (2.16); 𝑡̅  –     ; 𝑡̅  –       -2. 

  (2.29)    , /  
 = ∙ ̅ − ̅ℎ − ̅𝑑 ∙ , = , ∙ , − ,, − , ∙ , = 8,787 

 
    -2: 

 ∙ ℎ 𝑖 − 𝑡̅ ∙ , + ∙ 𝑡̅ − 𝑡̅ ∙ , = ∙ 𝑡̅ − 𝑡̅ ,  (2.30) 
 

  –      , / ; ℎ 𝑖, 𝑡̅   𝑡̅  –    3   №1  2; 
 –   ,    (2.22); 𝑡̅  –       -2; 𝑡̅  –       -3. 

  (2.31)    , /  
 



36 
 

= ∙ ̅ − ̅ − ∙ ̅𝑑 − ̅𝑑 ∙ ,ℎ 𝑖− ̅𝑑 ∙ ,   

 = , ∙ , − , − , ∙ , − ,, − , ∙ , = 9,443 

 
      , 

/  
 𝑡̅ = 𝑡̅ + ΔP ∙ ·V

η
, (2.31) 

 
 𝑡̅  –      ; 

ΔP  –     (     
  = 0,7      = 15,36 ); 

V –   ,  0,001392 3/ ; 
η  –  ,  77%. 
 𝑡̅ = , + , - , ∙ ·0,001392, = ,   

 
    -3: 

 ∙ ℎ 𝑖 − 𝑡̅ ∙ , + + ∙ 𝑡̅ − 𝑡̅ ∙ , = ∙ 𝑡̅ − 𝑡̅ ,  (2.32) 
 

    –        , 
, / ; ℎ 𝑖, 𝑡̅ , 𝑡̅   𝑡̅  –    2.1; 

 –   ,    (2.16); 𝑡̅  –       -3; 𝑡̅  –  ,    (2.31). 
 

  (2.38)    , /  
 = ∙ ̅ − ̅ − + ∙ ̅𝑑 − ̅𝑑 ∗ ,ℎ 𝑖− ̅𝑑 ∙ ,   

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

 
2.1.8   
 

        2.5. 
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Dd, h3i

t

G ,t 

G ,t -4

D ,h 
D1, D2, D3, t 3

 
 2.5 –    

 
        

 
 { D + D + D ∗ �̅� + D'в ∗ h'в + х в ∗ 𝑡′̅  + ′ ∗ �̅� + D ∗ h 𝑖 = ∗ �̅�

D + D + D + D'в + х в + ′ + D =  (2.33) 

 
 , , D  –    ,     

,    (2.29), (2.30)  (2.32), , / ; ℎ 𝑖, 𝑡̅ , 𝑡̅   𝑡̅  –    2.1; 
 –   ,    (2.30); 𝑡̅  –       -4; 𝑡̅  –      ; 

D'в  –  ,     (2.31); 
h'в  –      0,7     
  ; 

D  –     ,   ; ′  –   ,   , / . ′   D    ,    
 Mathcade Prime      

 : 
 
D  = 2,845 /  
 ′  = 190,791 /  
 
2.1.9     
 

     2.6. 
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-1-2-3-4

t 4

t 5

t 6 t 7

D4, 4,h4i D5, 5,h5i D6, 6,h6i
D7, 7,h7i

D , t

G ,t -4

t -3 t -2 t -1t -3 G  ,t -2 G   ,t -1

-1-2-3

D  ,h  

D D  
 2.6 –     

 
  ё       
        

  
      

 

{  
   
   
  ∗ ℎ 𝑖 − 𝑡̅ ∗ , = ′ ∗ 𝑡̅ − 𝑡̅′ = ′′ + +′ ∗ 𝑡̅ = ′′ ∗ 𝑡̅ + + ∗ 𝑡̅∗ ℎ 𝑖 − 𝑡̅ ∗ , + ∗ 𝑡̅ − 𝑡̅ ∗ , = ′′ ∗ 𝑡̅ − 𝑡̅′′ = ′′′ + +′′ ∗ 𝑡̅ = ′′′ ∗ 𝑡̅ + + ∗ 𝑡̅∗ ℎ 𝑖 − 𝑡̅ ∗ , = ′′′ ∗ (𝑡̅ − 𝑡̅ )′′′ = + + + ′′′′′ ∗ 𝑡̅ = ∗ 𝑡̅ + + + ′′ ∗ 𝑡̅∗ ℎ 𝑖 − 𝑡̅ ∗ , + ′′ ∗ ℎ′′ − 𝑡̅ ∗ , = ∗ (𝑡̅ − 𝑡̅ )

   

 

   (2.34) 

 , , D , D  –     , / ; ℎ 𝑖, 𝑡̅ , ℎ 𝑖, 𝑡̅ , ℎ 𝑖, 𝑡̅ , ℎ 𝑖, 𝑡̅ –    2.1; 
 –   ,    (2.22); 𝑡̅  –       -4; 𝑡̅  –       -3; 𝑡̅  –       -2; 𝑡̅  –       -1; 𝑡̅  –          

-1, / ; 𝑡̅  –          
-2, / ; 𝑡̅  –          
-3, / ; 

D''в  –  ,     (2.18); ℎ′′  –      0,092     
   ; ′  –   ,   , / ; 
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′′  –         -2, 
/ ; ′′′  –         -1, 
/ . 

    Mathcade Prime 3.1  
     ,   

  2.2 
 

 2.2 –      

, , .   

    -4, , /  10,132 

    -3, , /  4,817 

    -2, , /  3,465 

    -1, , /  1,136 

      
-1, , /  

12,307 

      
  -1, ′′′ , /  

94,067 

     
   -1, 𝑡̅ , /  

389,852 

      
  -2, ′′ , /  

175,909 

     
   -2, 𝑡̅ , /  

474,136 

     
   -3, 𝑡̅ , /  

539,244 

 
  : 

 𝛿 = | − | ⋅ % ≤ %, (2.35) 

 
 W –   ,  185 ; 

 – ё   ,     
 = ∑ Di ∙ Hini= ∙ ηэ , (2.36) 
 

 – Di  –    i-   , / ; Hi  –   i-   , / ; ηэ  –   ,  98%. 



40 
 

 = 185,595  
 

    ё   
 𝛿 = | − , | ⋅ % = ,  %  

 
   (2.35). 

 
2.1.10  -   
 

  ,  
 
Q = D0 ∙ (h0 − 𝑡̅ )+ ∙ (𝑡̅ − 𝑡̅ ) (2.37) 
 

 D0 –    , / ; 
h0 –   , / ; 

 –   , / ; 𝑡̅  –   , / .  𝑡̅  –       , / . 
 
Q = ,   ∙ , − , )+ , ⋅ ,  − , = ,   

  
  , /  

 B = QQ ∗η
, (2.38) 

 
  Q  -     ,  29300 / ; 

Q  –  ,     (2.37); 
η  –  ,  0,92. 
 B = , ∙∗ , = ,   

 
  , /  

 B а = QQ _ ∗η
, (2.39) 

 
  Q _  -     ,   

16241,68 / ; 
Q  –  ,     (2.37); 
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η  –  ,  0,92. 
 B а = , ∙, ∗ , = ,   

 
        

 
 

ξ = h −h i
h −h i · 1 + ∗ h −h

h −h i , (2.40) 

 
 h  –        2.1, / ; 

h  –   ,  3486,507 / ; 
h i –  ,   ,  2120,17 / ; 

 – ,      130 / 2 
 0,4. 

    
 

ξ = , − ,, - , · 1 + 0,4 ∙ , - ,, - , = ,   

 
    

 

ξ = , − ,, - , · 1 + 0,4 ∙ , - ,, - , = ,   

 
    ,  

 
Q = D0 ∙ (h0 − 𝑡̅ ) (2.41) 

 
 D0 –    , / ; 

h0 –   , / ; 𝑡̅  –       , / . 
 
Q = , ∙ , − , ) = ,   

 
     ё   , 

 
 ∆Q = Q ∙ ( − ξ ) + Q ∙ ( − ξ ), (2.42) 
 

 Q   Q –    ,   
 (2.9)  (2.10) , ; 

ξ   ξ  –  ,     (2.40)     
  . 
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 ∆Q = , ∙ − , + , ∙ − , =194,404  
 

    ,  
 
Q = Q − Q , (2.43) 

 
 Q –  ,     (2.41); 

Q  –     ,  280 /  
 325,64 . 

 
Q = , − , = ,   

 
   ,  

 
Q = % ∙ Q , (2.44) 

 
 Q –  ,     (2.41). 

 
Q = % ∙ , = ,   

 
 ё  ,    (2.42) – (2.44)  

       
  

 

K = Q +∆Q +Q

Q +∆Q +Q +Q
= , + , + ,, + , + , + , = ,   (2.45) 

 
     , /  

 

B = B ∙ K ∙ W
W−W

, (2.46) 

 
 B  –  ,     (2.38); 

K  –  ,     (2.45); 
W –    , 185 ; 
W  –     ,  4%  

  , ; 
W  –   ,  90%  W, . 
 

B = , ∙ , ∙ ,
185− , = ,   
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     , / : 
 
B = B − B ,  (2.47) 
 

 B   B –  ,     (2.46); 
 

B = , − , = ,   
 

      , 
/ ∙ : 

 

b = B
W

·3600, (2.48) 

 
 B   W –  ,     (2.46). 

 

b = ,, ∙ ·3600 = ,   

 
      , / : 

 

b = B
Q · , · , (2.49) 

 
 B  –  ,     (2.47); 

Q  –  ,     (2.45). 
 

b = ,, · , · = ,   

 
2.2       
2.2.1    

 
   -810-13,8-560    

 ( ),  ,    
   ( ).    –  

279 º .       – 50 º .   
 – 145 º . 

      
–          

 .      110 º . 
    , /  

 = ′′ + ∆𝛼 ∙ ′′ −   (2.50) 
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  ′′ –      ; ∆ –      , ∆ = , ; ′′  –   , / ;   

 –   , / . 
 = , + . ∙ , − , = ,   

 
      / : 

 ′ = ′′ + 𝜑 − ∆ ∙  (2.51) 

 
 ′′  –      , ′′ = ,  , / ;  

 –  , / ; ∆  –    ; = ,  –  ,   
, / . 

 ′ = , + ,, − , ∙ , = ,   

 
            

 110 º       , 
/  

 = ′ − ′ + ∆ ∙ ∙ 𝜑, (2.52) 

 
 ′ , ∆ ,   𝜑 –  ,     (2.51); ′ = ,  –      110 º , 
/ . 

 = ,  − , + , ∙ , ∙ , = ,   

 
 ,    , 

, /  
 ∆ = − , (2.53) 
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  –  ,     (2.52); 
 –  ,     (2.50). 

 ∆ = , − , = ,   
 

  , / ,    

 = , ∙ ∙ − , (2.54) 
 

 = ,  –   , / ; =  –    , %. 
 = , ∙ , ∙ − = ,   
 

  , ,    
 ∆ = ∙ ∆ , (2.55) 
 

 ∆  –  ,     (2.53). 
 ∆ = , ∙ , = ,   
 
2.2.2    

 

ё         2.7. 
 

-2 -1

ttt

t 6 t 7

D D

tt

 

 2.7 –     
 

   ,     
   , /  
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G = ∙∙Δ , (2.56) 

 
  –    ,  280 /   

325,64 ;  
Δ𝑡 –    (110 º )      

(70 º ); 
 –  ,  4,186 /( ∗ º ). 

 

G = , ∙, · − = ,   

 
   ,   , /  

 

G' = ∆ ∙∙Δ , (2.57) 

 
 ∆  –  ,     (2.55); 

  Δ𝑡 –  ,    (2.56). 
 

G' = , ∙, · − = ,   

 
       , 

 
 ′ = − ∆ , (2.58) 
 

  –  ,     (2.56); ∆  –  ,     (2.55). 
 ′ = , − , = ,   
 

        
 𝑡 = 𝑡 + ′

G  −G' ∙  , (2.59) 

 
 𝑡  –    ,  70  ; ′  –  ,     (2.57); 

G    –  ,     (2.56); 
G'  –  ,     (2.57). 
 𝑡 = + , ∙, – , ∗ , =   
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       ,   

 𝑡 = 𝑡 + −
, (2.60) 

 
 𝑡   𝑡  –  ,     (2.59). 

 𝑡 = + − =   

 
    ,  : 

 𝑡′ = 𝑡 + ϑ, (2.61) 
 

 𝑡  –  ,     (2.59); ϑ –  ,     5  . 
 𝑡′ = + =   

 
      , :  

 ′ = 𝑡 =0,   
 

 ё      (  = 0,95)  
    ,  

 = ′, , (2.62) 

 
 ′  -    , . 

 = , , = ,   

 
    ,  : 

 𝑡′ = 𝑡 + ϑ, (2.63) 
 

 𝑡  –  ,     (2.60); ϑ –  ,     5  . 
 𝑡′ = + =   
 

      , :  
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′ = 𝑡 =0,   
 

 ё      (  = 0,95)  
    ,  

 = ′, , (2.64) 

 
 ′  -    , . 

 = , , = ,   

 
2.2.3    ,  
   

 
        , 
     ,   

  -     
 (2.8 – 2.49).  ,    

  MathCad Prime 3.1    2.3. 
 

 2.3 –        

, .   

     
, /  

75,843 

     
, /  

76,329 

  , /  214,995 

  , /  229,131 

  , /  3,386 

 , /  9,28 

    
, /  

 

 -1 8,583 

 -2 9,223 

 -3 11,552 

 -4 2,966 
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  2.3 

 -3 5,298 

 -2 3,417 

 -1 2,357 

   , /  22,211 

   , /  19,489 

     
 , /( ∙ ) 0,212 

     
  , /  

30,391 

 
2.3       
2.3.1    
 

    1.7    . 
         

 -    .    
    ,     

    , 3/  
 V = ∆α + ∆α ∙ V , (2.65) 
 

 ∆α = ,  –    ; V = ,  –   , 3/ ; ∆α = ,  –     (      
    20 ). 

 V = ,  + , ∙ , = ,   

 Т    я      я я  , º  

 𝜗 = ∙𝜗 + ∙𝜗+ , (2.66) 

 
 = ,  –     , 3/ ; 𝜗 =  –     , º ; 

 –  ,     (2.58); 𝜗 =  –    , º . 



50 
 

𝜗 = , ∙ + , ∙, + , = , ≈   

 
           

 :    ,    
         . 

    100 º . 
       138 º  

  , /  
 = + ∆α + ∆α ∙ , (2.67) 

 
 = ,  –      , / ; ∆α   ∆α  –  ,     (2.65); = ,  –   , / ; 

 = , + , + , ∙ , = ,   
 

     , /( ∙ º ) 
 = ∑ 𝑖 ∙ 𝑖𝑛𝑖= , (2.68) 
 

 𝑖 –  i-   , /( ∙ º ); 𝑖 –    . 
      100 º  

  . = ∙ . . + ∙ . . + ∙ = , ∙ , +, ∙ , + ∙ , = ,   
 

      100 º  
  . = ∙ . . + ∙ . . = , ∙ , + , ∙ , = = ,   
 

      80 º  
  . = ∙ . . + ∙ . . = , ∙ , + , ∙ , = = ,   
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      100 º   
, /  

 =  . ∙ 𝜗 ∙ + , (2.69) 
 

  . = ,  –      100 º , /( ∙ º ); 𝜗 =  –   , º ; 
   –  ,     (2.65). 

 = , ∙ ∙ , + , = ,   
 

 ,      
   ,   ,  
 ∆ . = ∙ − , (2.70) 
 

 = ,  –   , / ; 
 –  ,     (2.67); 

 –  ,     (2.69). 
 ∆ . = , ∙ , − , = ,   
 

  ,     
  80 º ,  
 ∆ . = ∙ ′ ∙   . ∙ 𝜗 −  . ∙ 𝜗 ,  (2.71) 
 

  –  ,     (2.70); ′ = +  –  ,     (2.66);  .    .  –  ,     (2.68); 𝜗  –  ,     (2.69); 𝜗 =  –       , º . 
 ∆ . = , ∙ , + , ∙  , ∙ − , ∙ = ,   
 

    ,  
 ∆ = 𝜌 ∙ ∙ ∙ , (2.72) 
 

 𝜌  –   , / 3; 
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 –   , 3/ ; 
 –   , / ; 
 –  ,     (2.70). 

 ∆ = , ∙ , ∙ , ∙ , = ,   
 

  ,   ,  
 ∆ _ = ∆ . + ∆ + ∆ . , (2.73) 
 

 ∆ .  –  ,     (2.70); ∆  –  ,     (2.72); ∆ .  –  ,     (2.71). 
 ∆ _ = , + , + , = ,   
 
2.3.2    
 

ё         2.8. 
 

-2 -1

ttt

t 6 t 7

D D

tt

 

 2.8 –     
 

   ,     
   , /  

 

G = ∙∙Δ , (2.74) 

 
  –    ,  280 /   

325,64 ;  
Δ𝑡 –    (110 º )      

(70 º ); 
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 –  ,  4,186 /( ∗ º ). 
 

G = , ∙, · − = ,   

 
   ,   , /  

 

G' = ∆ _ ∙∙Δ , (2.75) 

 
 ∆ _  –  ,     (2.73); 

  Δ𝑡 –  ,    (2.74). 
 

G' = , ∙, · − = ,   

 
       , 

 
 ′ = − ∆ _ , (2.76) 
 

  –  ,     (2.74); ∆ _  –  ,     (2.73). 
 ′ = , − , = ,   
 

        
 𝑡 = 𝑡 + ′

G  −G' ∙  , (2.77) 

 
 𝑡  –    ,  70  ; ′  –  ,     (2.76); 

G    –  ,     (2.74); 
G'  –  ,     (2.75). 
 𝑡 = + , ∙, – , ∗ , =   

 
        

       ,   
 𝑡 = 𝑡 + −

, (2.78) 

 
 𝑡   𝑡  –  ,     (2.77). 
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 𝑡 = + − =   

 
    ,  : 

 𝑡′ = 𝑡 + ϑ, (2.79) 
 

 𝑡  –  ,     (2.77); ϑ –  ,     5  . 
 𝑡′ = + =   

 
      , :  

 ′ = 𝑡 =0,   
 

 ё      (  = 0,95)  
    ,  

 = ′, , (2.80) 

 
 ′  -    , . 

 = , , = ,   

 
    ,  : 

 𝑡′ = 𝑡 + ϑ, (2.81) 
 

 𝑡  –  ,     (2.78); ϑ –  ,     5  . 
 𝑡′ = + =   
 

      , :  
 ′ = 𝑡 =0,   
 

 ё      (  = 0,95)  
    ,  

 = ′, , (2.82) 
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 ′  -    , . 

 = , , = ,   

 
2.3.3    ,  
   

 
        , 
     ,   

  -     
 (2.8 – 2.49).  ,    

  MathCad Prime 3.1    2.4. 
 

 2.4 –        

, .   

     
, /  

63,117 

     
, /  

63,521 

  , /  209,156 

  , /  222,908 

  , /  3,294 

 , /  8,957 

    
, /  

 

 -1 8,350 

 -2 8,973 

 -3 11,238 

 -4 9,642 

 -3 4,665 

 -2 3,551 

 -1 3,524 
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  2.4 

   , /  33,003 

   , /  18,472 

     
 , /( ∙ ) 0,195 

     
  , /  

29,557 

 
2.4     
 

   ,    2.1 – 2.3, 
      2.5. 

 
 2.5 –    

, .  

 

  
  

 
  

 

  , 
   

, /  
1944,816 1880,858 1565,255 

  , 
   

, /  
0 63,958 379,561 

    
 , /  

78,432 75,843 63,117 

    
 , /  

78,924 76,329 63,521 

  , /  220,110 214,995 209,156 

   
, /  

20,294 19,489 18,472 

  
   
 , 

/( ∙ ) 

0,232 0,212 0,195 

  
   
  

, /  

29,975 30,397 29,577 

 
     2.5     
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        ,   
    .     

     .      
    –     

         
       ,  

     .     
       . 

 

2.5   
 

       
     , 

, [7],   ,    2.9. 
 

 
 

 2.9 –   
 

      9,   
 3,       , 
       4   

  6.   1,   3,  
  7  8,      (  10   11) 
    . ,   
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 ,          17  
 18. 

   , º  
 ∆𝑡 = ∆ −∆𝑛 ∆𝑡∆𝑡 , (2.83) 

 
 ∆𝑡  –   ,    

 ∆𝑡 = ′ − 𝑡 , (2.84) 
 

 ′ =  –  .     , º ; 𝑡 =  –       
, º . 

 ∆𝑡 = − =   
 ∆𝑡  –   ,    
 ∆𝑡 = ′′ − 𝑡 , (2.85) 
 

 ′′ =  –  .     , º ; 𝑡 =  –        
, º . 

 ∆𝑡 = − =   
 ∆𝑡 = −𝑛 = ,   

 
     , /( 2∙ ) 

 = 𝛼 +𝛿𝜆 +𝛼 ∙𝑘 , (2.86) 

 =  –         
, /( 2∙ ); =  –      , /( 2∙ ); =  –   ; 𝛿 = ,  –  , ; =  –   , /( ∙ ). 
 = + , + ∙ = ,   
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   , 2 
 = Δ ∙∙∆ , (2.87) 

 
 Δ = ,  –    , ; ∆𝑡  –  ,     (2.83); 

 –  ,     (2.86). 
 = , ∙, ∙ , = ,   

 
     ,  

 = ∙ ∙ , (2.88) 

 
  –  ,     (2.87); = ,  –   , ; =  –  , . 

 = ,, ∙ , ∙ ≈   

 
   ,   ,  

 ы = 𝜎, (2.89) 

 
 =  –   , ; 𝜎 = ,  –   , . 

 ы = , =   

 
   ,   ,  

 = 𝑧𝑧 ы , (2.90) 

 
  –  ,     (2.88); ы  –  ,     (2.89). 

 = ≈   
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     ,  
 = ∙ 𝜎, (2.91) 
 

  –  ,     (2.90); 𝜎 –  ,     (2.89). 
 = ∙ , = ,   
 

    /     
,  
 = , √ ′∙ ∙ , (2.92) 

 
 ′  –  ,    (2.75); 𝜌 = ,  –   , / 3; 𝑤 = ,  –    , / . 

 = , √ ,∙ , ∙ , ≈   

 
         
 3D-   ,   
 2.10. 

 

 
 

 2.10 –    
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3      
3.1    
 

      -
       

 .    , 
     , :  

 ( / );    ( ),   ( )  
   ( ²).         

     3.1. 
 

 3.1 –   

   
  

 

-1 -775-265-45 

-2 -775-265-41 

-3 -775-265-13 

-1 -350-16-7-I 

-2 -350-16-7-II 

-3 -350-16-7-III 

-4 -350-16-7-III 

 
3.2   
 

         
G’ok = 190,791 /   686,848 /     -800  
 :  

1.  – 7 ;  
2.     – 800 / ; 
3.    – 100, 200 3. 

 
3.3    
 

       , 
            . 
    G  =1852 /   6667,2 / .  

    -5000-3,5-8-I  
 :  

1.    5000 2; 
2.    8000 / ;  
3.     3,5 ;  
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4.       8 ;  
5.    85 . 

 
3.4    
 

      
        6-8%, /  

 
G = G ·1,05, (3.1)  
 

 G  -     , / . 
 

G = , ·1,05= ,   
 

     /   3/    
 

 = G

в
∙ , (3.2) 

 
  G –  ,     (3.1); 𝜌 в = ,  –   , / 3. 

 = ,, ∙ = ,   

 
     20% ,   

   , : 
 = ·1,2, (3.3)  
  

  –   , . 
 = , ·1,3·10 = 15,3  

 
        

 
в = + ∙ 𝑔 ∙ 𝜌 в ∙ − − ∆ , (3.4) 

 
 = ,  –   , ; =  –    , ; 𝑔 = ,  –   , / ; 𝜌 в –  ,     (3.2); ∆ = ,  –      

  , . 
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в = , + ∙ , ∙ , ∙ − − , = ,   

 
     ,  

 = G∙ 𝑝 −𝑝в ∙𝜂∙ в
, (3.5) 

 
 G –  ,     (3.1); 

 –  ,     (3.3); 
в –  ,     (3.4); 𝜌 в –  ,     (3.2); = ,  –  . 

 = , ∙ , − , ∙, ∙ , = ,   

 
 2      50%   

  -720-185/200  : 
1.  – 720 3/ ; 
2.  – 18,15 /19,62 ; 
3.   2900 ./  
4.   – 5000 . 

 
3.5    
 

     2-3  ,  
 –    100 %,    – 50%.  

       
 ,   148,471 /   534,496 / .   

     , 3/  
 = ∙ , (3.6) 

 
  –        

, / ; 𝜌 в = ,  –   , / 3. 
 = ,, ∙ = ,   

 
    ,  

 
в = + ∙ 𝑔 ∙ 𝜌 ∙ − , (3.7) 
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 = ,  –   , ; =  –    , ; 𝑔 = ,  –   , / ; 𝜌  –  ,     (3.6). 

 
в = , + ∙ , ∙ , ∙ − = ,   

 
     ,  

 = ∙ 𝑝 −𝑝в ∙𝜂∙ , (3.8) 

 
  –  ,     (3.6); 

 –  ,     (3.7); 
в = ,  –     , ; 𝜌  –  ,     (3.6); = ,  –  . 

 = , ∙ , − , ∙, ∙ , = ,   

 
 3  a  12 -9 4  50 % 

  : 
1.  – 300 3/  
2.  – 160  . .; 
3.   – 1450 /  
4.   – 230 . 

 
3.6    
 

    , /  
 = m ∙ ∙ , , (3.9) 
 

  m –  , / ; 
 –  ,     (3.6). 

 = ∙ , ∙ , = ,    
 

        , 
,  ,    , 

      , /  
 
 = , ∙ , (3.10) 
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  –  ,     (3.9). = , ∙ , = ,   

 
    -3  3  

  1200 -6,3/63-I,  -  .  
      №2    

 . 
 

3.7    
 

     .   
           

  50%          . 
   , / : 

  c = Gc , (3.11) 

 
 Gc = ,  –   , / ; 𝜌 –   , / 3. 

  c = ,, ∙ = ,   

 
   -5000-160   3  (    

   )  : 
1.   – 5000 3/ ; 
2.  – 0,78-0,68-0,63 ; 
3.   3000 ./ ; 
4.   – 2505 ; 
5.  – 87 %. 
 
3.8    
 

  ,    -  
.        , / , 

  ,   
 M . = , ∙ B ∙ A + q ∙ Q ∙ − α ∙ − η

,  (3.12)  

 
 B = ,  –    , / ; A = ,  –    , %;  α = ,  –  ,  ; 
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q =  –    ; Q = ,  –   , / ; η =  –  , %. 
 M . = , ∙ , ∙ , + ∙ , ∙ ( − , ∙ − ) = ,   

 
   (5.4)   , /  

 M = ∙ M . = ∙ , = ,  (3.13) 
 

     , 3/  
 Q = Mγ + Mγ + Mγ , (3.14) 

 
 M , M , M  –   ,   , / ; γ = , , γ = , ,  γ =  – ,   ,   , 

/ 3. 
 Q = , , + , = ,   

 
       5 -12  

  100 – 150 3/ ,       
0,18-0,165 ,  10,5 – 13 ;   1450 / . 
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4   
4.1      
 

       
     ,  : 

1.   ; 
2.    ; 
3.  ; 
4. ; 
5.   ; 

    ,   ,  
100 %,          , 

    4.1.        
          . 

 
 4.1 –      2  

  
 

, % , /  

 ( ) 100 26724,78 

  2,5 668,0 

    0,0 

  0,05 13,4 

 
 

 
1 267,25 

  0,8 213,80 

 27887,13 

 
       

       
     27887,13 / . -  

         
        

   . 
       
     3200 2.  

         
 :  

1.        
 ;  
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2.  ,       
 , ,  ;  

3. ,    .   
       ;  

4.      ;  
5.    ,   

       ;  
6.     +45°C  +15°C;  
7.        , 

   . 
        

  (2- , -  )  
15000 3/    40   . . 

     ( / )  
        
   

 = ∙ + . + ⁄ , (4.1) 

 
  –  ,     (3.9); = ,  –     , %; . = ,  –      , %; =0,3 –     , %. 

 = , ∙ , + , + , ⁄ = ,   

 
          

         
    .  

       
       

  . 
     -185/220-130  

     14,0     
  ,       

 .  



69 
 

4.2      
 

        
 . №1,  .        

    5   12 , . .  60 ,  
      12 , . .  24 .   

        
 .      №2  

   «11-12»,      
   «  ».  

       
 №1 ,        

 .    
      31,5  

  .  
   №2       

  №1         
.  

      
  №1,      №2 

 .  
     №1. 

 

4.3    
 

     -3   
. № 2       

:  
1.  ; 

        
  № 16 (  1)  №18 (  2).    

           
;  

2.   ;  
       

     . №1;  
3.     ;  

      ,  
         .№2;  

4.   5/2  5/3; 
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  5/2  5/3     ,  
      . №1.    

       .  
5.     ;  

        №2   
         

 .       
     . 
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5    
5.1      
 

        
   ,  99 %. 

  ,      ( / ), 
  : 

 = , ∙ B ∙ α ∙ A + , ∙ q ∙ Q
 , (5.1) 

 
 B = ,  –   , / ; A = ,  –    , %;  α = ,  –  ,  ; q =  –    ; Q = ,  –   , / . 

 = , ∙ , ∙ , ∙ , + , ∙  ∙ , = ,   

 
   ( / ),      

,   : 
 ы = M ∙ ∙ −η

 , (5.2) 

 
 M = ,   –  ,   , / ; η =  –   , , %. 

 ы = , ∙ ∙ − = ,   (5.3) 

 
       , /  

  SO = , ∙ B ∙ S ∙ −η′SO ∙ , (5.4) 

 
 B = ,  –   , / ; η′SO  –   ,     

,  -          
  20%; η =  –  , %. S = ,  –      , %.  
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 SO = , ∙ , ∙ , ∙ − ∙ = ,   

 
        

 
 ′SO = SO ∙ −η

, (5.5) 

 
 η =  –  , %. SO  –  ,     (5.4). 

 ′SO = , ∙ − = ,   

 
       

 . . = + − ∙ − ,  (5.6) 
 

  –    , 3/ ; 
 –    = 1,4; 

 –   , 3/ ; 
 –   , 3/ . 

 . . = , + , − ∙ , − , = ,   
 

  , / 3,       
    

 = ∙ 𝑝 . .⁄ ,  (5.7) 
 

  –        NO2 =0,36 / ; 𝑝 = , −     , / ; . . –  ,     (5.6). 
 = , ∙ , ,⁄ = ,   

 
       

 = ∙ . . ∙ ,  (5.8) 
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  –  ,     (5.7); = ,  –   , / ; . . –  ,     (5.6). 
 = , ∙ , ∙ , = ,   
 

        
  5.1. 

 
 5.1 –     

 
  

/  /  

  19,477 70,117 

  2,121 7,636 

  193,737 697,453 

 
  5.1      
. 

 

 

 5.1 –      
 
5.2       
 

       
      
    ,      -SOx.  

        
 -     

9%
1%

90%
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.       -SOx. 
 𝑆 + 𝑎 = 𝑎𝑆 +  (5.9) 
 

  5.2     
 . 

 

 
 

1 –      ;  
2 –    ; 3 –     ;  

4 –  ; 5 –   ; 
 

 5.2 –    
  

 
         
 ,   ,  

 𝑛 = SO ∙𝜇SO , (5.10) 

 
 SO  –  ,     (5.4); SO =  –    , / . 

 𝑛 = , = ,   

 
  ,     

, /  
 𝑎 = 𝑎 ∙ 𝑛 ∙ , ∙ − ,  (5.11) 
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 𝑛 –  ,     (5.10); 𝑎 =  –    , / . 
 𝑎 = ∙ , ∙ , ∙ − = ,   

 
5.3     
 

      .   
       .   

  , /  
 ∆ = − ∙ ∙ ∆𝑡 ∙ − , (5.11) 

 
  –      , /  ( .  

 4.1); 
 –  ,     (4.1); = ,  –  , /( ∙º ); ∆𝑡 =  –     . 

 ∆ = , − , ∙ , ∙ ∙ − = ,   
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6   
 

   [5]     MS Excel  
         

  ,      
       .   

   6.1 – 6.8. 
 

 6.1 –     

, .  
 

    

  .   
 / , /( * ) 0,419 0,416 

  .   
 / , /  

227,468 185,815 

 . ,  185 185 

. , /  280 280 

   . 
, /  

7822 7822 

   . 
, /  

5616 5616 

     
/  , /  

606322,33 601981,12 

     
/  , /  

357688,881 292190,371 

   , /  964011,211 894171,491 

  , /  1700 1700 

   ,  
/  

1638,819 1520,092 

 
 6.2 –       

, .  
 

    

.     
 ,  

. 
22070 22070 

    
  ,  . 

0 1,66 

.    ,  
. 

0 49 

 .   
,  . 

22070 22120,66 

 , % 6,67 6,67 
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  6.2 

    , % 20 20 

  
,  ./  

1472,069 1475,448 

    , 
 ./  

294,4138 295,0896 

 
 6.3 –     ,    
 

, .  
 

    

   , 
/  

525206 525206 

 .  30,40% 30,40% 

  1 1 

    ,   116,5957 116,5957 

,   35,4451 35,4451 

 ,   412,0608 412,8718 

   , /  – 5,00 

  , /  – 4302,1 

   ,  
./  

– 21,51 

 
 6.4 –   ,   /   /  

, .  
 

    

   
,  /  

3933,958 3841,61 

  / ,  * /  1447,07 1447,07 

  / ,  /  1,57248 1,57248 
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 6.5 –   (  ) 
  U  Ua  U  U  U    /  /  

   1638,82 736,03 40,81 147,21  2562,87 1611,94 950,93 

    662,43 40,81 132,49  835,73 835,73  

.   73,60 34,98 14,72 412,06 535,36 385,57 149,80 

   1638,2 1472,07 116,60 294,41 412,06 3933,96 2833,23 1100,73 

              1,96 700,00 

 
 6.6 –   (  ) 

  U  Ua  U  U  U    /  /  

   1520,09  737,72 40,81 147,54   2446,17 1646,83 799,34 

     663,95 40,81 132,79   837,55 837,55   

.    73,77 34,98 14,75 412,87  536,38 405,81 130,57 

   1520,09  1475,45 116,60 295,09 412,87  3820,10 2890,19 929,91 

              1,99 591,36 
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 6.7 –    (  ) 
/  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

 
 -2

20
70
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 6.7 

 
 

 
 

 

 

22070,00 

20598,67 

19127,33 

17656,00 

16184,67 

14713,33 

13242,00 

11770,67 

10299,33 

8828,00 

7356,67 

5885,33 

4414,00 

2942,67 

1471,33 

 
 

 
 

 

 

20598,67 

19127,33 

17656,00 

16184,67 

14713,33 

13242,00 

11770,67 

10299,33 

8828,00 

7356,67 

5885,33 

4414,00 

2942,67 

1471,33 

0,00 

 
 

 

 

21334,33 

19863,00 

18391,67 

16920,33 

15449,00 

13977,67 

12506,33 

11035,00 

9563,67 

8092,33 

6621,00 

5149,67 

3678,33 

2207,00 

735,67 

 
 

 

 

469,36 

436,99 

404,62 

372,25 

339,88 

307,51 

275,14 

242,77 

210,40 

178,03 

145,66 

113,29 

80,92 

48,55 

16,18 

 
 

(t) 

 

7187,05 

7219,42 

7251,79 

7284,16 

7316,53 

7348,90 

7381,27 

7413,64 

7446,01 

7478,38 

7510,75 

7543,12 

7575,49 

7607,85 

7640,22 

 
 

 

 

1437,41 

1443,88 

1450,36 

1456,83 

1463,31 

1469,78 

1476,25 

1482,73 

1489,20 

1495,68 

1502,15 

1508,62 

1515,10 

1521,57 

1528,04 

 
 

 

5749,64 

5775,54 

5801,43 

5827,33 

5853,22 

5879,12 

5905,02 

5930,91 

5956,81 

5982,70 

6008,60 

6034,49 

6060,39 

6086,28 

6112,18 
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 6.7 

 
 

  

 

7220,98 

7246,87 

7272,77 

7298,66 

7324,56 

7350,45 

7376,35 

7402,24 

7428,14 

7454,04 

7479,93 

7505,83 

7531,72 

7557,62 

7583,51 

 
 

 
 

-22070 

7220,98 

7246,87 

7272,77 

7298,66 

7324,56 

7350,45 

7376,35 

7402,24 

7428,14 

7454,04 

7479,93 

7505,83 

7531,72 

7557,62 

7583,51 

 
 

 (
 

) 

-22070 

-14849,02 

-7602,15 

-329,39 

6969,28 

14293,83 

21644,29 

29020,64 

36422,88 

43851,02 

51305,05 

58784,98 

66290,81 

73822,53 

81380,15 

88963,66 

 
 

 
 

-22070 

6334,189 

5576,232 

4908,91 

4321,394 

3804,146 

3348,768 

2947,864 

2594,924 

2284,212 

2010,68 

1769,882 

1557,903 

1371,296 

1207,027 

1062,423 

 
 

-22070 

-15735,81 

-10159,6 

-5250,67 

-929,2741 

2874,872 

6223,639 

9171,503 

11766,43 

14050,64 

16061,32 

17831,2 

19389,1 

20760,4 

21967,43 

23029,85 

N
PV

 
23029,85 

IR
R

 
33%

 

D
P

I 
2,04 

PP 
3,0 

D
P

P 
4,2 
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 6.8 –    (  ) 
/  0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
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 6.8 

 
 

 
 

 

 

22120,66 

20645,95 

19171,24 

17696,53 

16221,82 

14747,11 

13272,40 

11797,69 

10322,97 

8848,26 

7373,55 

5898,84 

4424,13 

2949,42 

1474,71 

 
 

 
 

 

 

20645,95 

19171,24 

17696,53 

16221,82 

14747,11 

13272,40 

11797,69 

10322,97 

8848,26 

7373,55 

5898,84 

4424,13 

2949,42 

1474,71 

0,00 

 
 

 

 

21383,30 

19908,59 

18433,88 

16959,17 

15484,46 

14009,75 

12535,04 

11060,33 

9585,62 

8110,91 

6636,20 

5161,49 

3686,78 

2212,07 

737,36 

 
 

 

 

470,43 

437,99 

405,55 

373,10 

340,66 

308,21 

275,77 

243,33 

210,88 

178,44 

146,00 

113,55 

81,11 

48,67 

16,22 

 
 

(t) 

 

7299,84 

7332,28 

7364,72 

7397,17 

7429,61 

7462,06 

7494,50 

7526,94 

7559,39 

7591,83 

7624,27 

7656,72 

7689,16 

7721,60 

7754,05 

 
 

 

 

1459,97 

1466,46 

1472,94 

1479,43 

1485,92 

1492,41 

1498,90 

1505,39 

1511,88 

1518,37 

1524,85 

1531,34 

1537,83 

1544,32 

1550,81 

 
 

 

5839,87 

5865,82 

5891,78 

5917,73 

5943,69 

5969,64 

5995,60 

6021,55 

6047,51 

6073,46 

6099,42 

6125,37 

6151,33 

6177,28 

6203,24 
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 6.8 

 
 

  

-22120,66 

7314,58 

7340,54 

7366,49 

7392,45 

7418,40 

7444,36 

7470,31 

7496,27 

7522,22 

7548,17 

7574,13 

7600,08 

7626,04 

7651,99 

7677,95 

 
 

 
 

-22120,66 

-14806,08 

-7465,54 

-99,05 

7293,39 

14711,79 

22156,15 

29626,46 

37122,72 

44644,94 

52193,12 

59767,25 

67367,33 

74993,37 

82645,37 

90323,32 

 
 

 (
 

) 

-22120,66 

6416,29 

5648,304 

4972,171 

4376,9211 

3852,885 

3391,548 

2985,415 

2627,884 

2313,142 

2036,073 

1792,171 

1577,467 

1388,468 

1222,1 

1075,654 

 
 

 
 

-22120,66 

-15704,36 

-10056,1 

-5083,89 

-706,9651 

3145,92 

6537,468 

9522,882 

12150,77 

14463,91 

16499,98 

18292,15 

19869,62 

21258,09 

22480,19 

23555,84 

 
 

-22120,66 

7314,58 

7340,54 

7366,49 

7392,45 

7418,40 

7444,36 

7470,31 

7496,27 

7522,22 

7548,17 

7574,13 

7600,08 

7626,04 
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