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   «N»     

  .     

        

      

 . 

 ,        – 

      . 

  ,      : 

1)          

 1  2        

          -5250 №№ 2, 

4         

  .     

 ё  ,        

         -

5250 №№ 1,3; -5250 №№ 2,4.   

2)        

 -5250, -5250.     

        5250 

        

  1020 . 

3)      

-5250          

   . 
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1   

1.1      

 

  N    .  

      

   .       

 +45 0 ,    -15 0 .     

. 

      

,    ,     

. 

     , 

     .   

   ,  . 

    .   

     30   56 ,      00  

40,     56 .     

2   1,2 / 3,     1,8 / 3.  

 – ,      .   

     ,   

   . 

   14,2 . .   , 

     70 .  

  ,    

 ,     . 

     ,    . 

1.1.1   

     

,     ,  1.  



 

 

 

 1 –    



 

     ,   

 .    ,   

    . 

    а а а :   

    -  10 ,   3; 

  6 0/00;     700;  

     30  (   

),   25 .     

.      -   

. .  .  

     а а:  

 10 ;     700;  25 0/00; 

 30 . 

 -     

,    -10   Komatsu 

HD785-7,  91 .  

       

  ,     .  

     ,   

.  

1.1.2    

 

      

     .   

  , , ,  

     . . 

      , 

. .        

-10  ,       

-5250   ,  2. 
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     [1.1.1  ]. 

     30 , 

  2,  900,     2200 

. 
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 2 –   

ЭРШРД-5250 
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1.2   

 

        

  -5250  3.   

     -5250, 

    ,     

  -5250   , 

  .      

     .   

        

 -5250. 

                ,   

 ,  ,   ,  

.         - 2500 

 1800 .       

  .      

       

(     ).    , 

      .  

       

 ,    ,  

      .  

         

   .    , 

  ,     .  

         

 . 

     21 .   

  ,       , 5250 3/  

(     ). 
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 3 –    



14 
 

         

«N»       

а а : 

1.         

 1  2        

          -5250 №№ 2, 

4         

  .     

 ё  ,        

         -

5250 №№ 1,3; -5250 №№ 2,4.   

           2.        

 -5250, -5250.     

        5250 

        

  1020 . 

3.      

-5250          

   . 

1.2.1       
 

      

 -5250      

 .        

     14500000   

     -5250,    

 (  №№ 3, 4   № 2)     

 (  №№ 2, 4   №№ 1, 3). 

      

: 
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•      

  -4500  27333000 / ,  

   ; 

•      

  -5250  32856000 /  (   

 ),     ; 

•       

 -5250 №№ 3, 4  -5250 № 2    

 -5250 №№ 2, 4 ,  ,  

    ; 

•      

      . 

                 

    ,  1. 

I .       -№4, 

-№3, -№4, -№2.       

-№2, -№4, -№2.   4   5. 

II .         -

№4, -№3, -№4, -№2.   6. 

III .         

-№2, -№4, -№2.   7. 
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 1 -        

 
 

 
 

 
 

 
 

  

      ( )   
      

 
0,98 

 
0,97 

 
0,96 

 
0,95 

1  1 : 
-№4 – -№3 – 
-№4 – -№2; 

2 : -№2 – 
-№4 – -№2. 

1,2 12268219 12143033 12017847 11892661 

1,1 13388966 13252371 13115872 12979466 

1,0 14727862 14577638 14427488 14277442 

2  1  2 
: -№4 – 

-№3 – -№4 – 
-№2; 

 

1,2 12149244 12025272 11901300 11777328 

1,1 13253721 13118479 12983359 12848332 

1,0 14579093 14430386 14281753 14133223 

3  1  2 
: -№2 – 

-№4 – -№2. 

1,2 12387193 12260793 12134393 12007993 

1,1 13524210 13386263 13248384 13110600 

1,0 14876631 14724889 14573223 14421661 
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 4 –     1  1  



18 
 

 

 

 5 –     1  2  
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 6 –     2  1  2  
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 7 –     3  1  2  
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: 

1.       1  2      

            -

5250 №№ 2, 4      

      

(     -5250),  

      III  (  1,01 

 ,   I    1,02  ,   II ).  

      

           

.  

          2.  I   ,   

ё  ,       

         -

5250 №№ 1,3  -5250 №№ 2,4,   =14727862  (  

  =1,0  =0,98).  =0,96  ,    

14500000 . 

         3.   II   ,   

ё  ,       

         -

5250 №№ 1,3  -5250 №№ 2,4,   =14579093  (  

  =1,0  =0,98).  =0,97  ,    

14500000 . 

         4.   III   ,   

ё  ,       

         -

5250 №№ 1,3  -5250 №№ 2,4,   =14876631  (   

 =1,0  =0,98).  =0,95  ,    14500000 . 
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         5.    =1,1  1,2, =0,95-0,98    

 ,   ё   ,  

         

     -5250 №№ 1,3  -5250 №№ 

2,4,    14500000  (  = 13524210   

 III   ). 

         6.        , 

          

  -5250 №№ 1,3  -5250 №№ 2,4   

 2027 .        =14500000 . 

      ,   2027 . 

   -5250 №№ 2,4   1500 ,  

   -5250 №№ 1,3 - 900 .   

  1020 ,       

         

  1500  1920 .  

1.2.2       
 

       

     - 5250 №4   720 : 

Wmax=
N ∙η

V
=

1500∙0,92
4,67 =295,5                                                                 (1) 

 Wmax –   , ; 

       V –    , / ; 

       η – ; 

      N  –  , . 

    : 

1)    ; 

2)      ; 

3)    . 
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       S , а, µ.  

       

   8,      

. 

 

 

 

 8 –       

   

 

ы  1:       

   . 

 а = 1800,  ,   –    

.      2. 

 

 2 –        

     

S ,  12 24 36 

S ,  40 42 44 82 80 84 122 126 124 

S . ,  42 82 124 

Wmax,  29 58,3 87,4 

 



24 
 

        

    : 

Wmax, n=S ∙ eµ∙a -1 +0,03∙S ∙ eµ∙a +1  

 S   –        , ; 

      eµ∙a  –    ; 

      µ –     ; 

     α  –       , . 

Wmax, 12=12∙ 3,3-1 +0,03∙12∙ 3,3+1 =29                                                    (2) 

Wmax, 24=24∙ 3,3-1 +0,03∙24∙ 3,3+1 =58,3                                                (3) 

Wmax, 36=36∙ 3,3-1 +0,03∙36∙ 3,3+1 =87,4                                                (4) 

  ,      

  S =121 ,  9.  

 

 

 

 9 –        

    – 5250 №4 

 

ы  2:       

     .    

 3 
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 3 -        

      

   

   

 

 

 

S ,  24 24 24 

S ,  82 80 84 123 125 127 161 160 162 

S . ,  82 125 161 

eµa 3,5 4,2 6 

µ 0,384 0,544 0,608 

Wmax,  58,2 112,5 142 

 

       

     : 

Wmax, 24=S ∙ eµ∙a -1 +0,03∙S ∙ eµ∙a +1  

Wmax, 24 = 24∙ 3,3-1 +0,03∙24∙ 3,3+1 =58,2                                                (5) 

Wmax, 24 = 24∙ 5,5-1 +0,03∙24∙ 5,5+1 =112,5                                              (6) 

Wmax, 24 = 24∙ 6,7-1 +0,03∙24∙ 6,7+1 =142                                                 (7) 

      10, µ = 0,75. 

 

 

 

 10 –         

        – 5250 №4 
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ы  3:        

   ,  4. 

 

 4 –         

    

 =1800 =2100 =2400 

S ,  12 12 12 

S ,  40 42 44 82 80 84 122 126 124 

S . ,  42 82 124 

Wmax,  29 81 124 

 

         

  :  

Wmax, 12=S ∙ eµ∙a -1 +0,03∙S ∙ eµ∙a +1  

Wmax, 12=12∙ 3,3-1 +0,03∙12∙ 3,3+1 =29                                                     (8) 

Wmax, 12 =12∙ 7,5-1 +0,03∙12∙ 7,5+1 =81                                                    (9) 

Wma,x, 12=12∙ 11-1 +0,03∙12∙ 11+1 =124                                                   (10) 

      11, а = 2850. 

 

 

 

 11 –          

    – 5250 №4 
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   – 5250 №4 

   :  

1)    ;  

2)     ;  

3)     ;  

4)     ;  

5)       ;  

6)   ; 

7)    ;  

8)    .  

Вы         

 Q , 3:  

Q =
∙ .

n ∙n ∙T
=

14500000∙1,1
250∙2∙12

=2779                                                    (11) 

   –   , ;  

      .  = 1,1 – 1,25 –    ;  

      n   –      ;  

      n   –    ;  

      –   , .  

   Q     

   . 

а   -5250 

  ы ы .    

  .      

     

Bp=1,1∙ √ Q
C0∙υ∙Kβ

+0,05 =1,1∙ √ 5250
550∙4,67∙1 +0,05 =1,62                (12)  

 ,  – ,       

  , ;  
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        Q –   ,   

   (Q ≥ Q ), / ;   

        –       (  3.2);  

       Υ –   , / ;  

       β – ,         

  :  

а   ы 1800 . 

      :  

B ≥ (2,3-2,5)∙amax                                                      

B ≥ 2,5∙250 ≥ 625                                                             

 .  

 ых   ы.  

       

   : 

W = q+q +q' ∙𝜔гр∙L∙ cos β +(q+q )∙L∙ sin β 

W = 3063+653+804 ∙0,030∙720∙ cos 3 + 3063+653 ∙720∙ sin 3 =237524             (13) 

 q, q , q / –   , , ,   

   , / : 

         –  1 2  , / 2 (  3.3, 3.4); 

      /
  –         

,  (  3.5);  

       l/  –       ,  

(  3.6);  

      ω  –         

 (  3.7);  

      L –  , ; 

     β –    , .  

q=
Q∙g

3,6∙υ =
5250∙9,81
3,6∙4,67 =3063  /                                                                 (14) 

q = ∙ ∙g=37∙1,8∙9,81=653   /                                                             (15) 
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q' =
M' ∙g

l'
=

82∙9,81
1 =804   /                                                                   (16)  

      

    :  

q'' =
M'' ∙g

L'' =
47∙9,81

2 =231     /                                                                 (17) 

l'' = 2 ∙l' =2∙1=2                                                                                       (18) 

W = q +q'' ∙ω ∙L∙ cos β -q ∙L∙ sin β   

W = 653+231 ∙0,035∙720∙ cos 3 -653∙720∙ sin 3= -2360                     (19) 

      : 

W =
q∙υ2

g =
3063∙4,672

9,81 =6809                                                                  (20) 

    (  ) 

  :   

W =2,7∙q∙B=2,7∙3063∙1,8=14886                                                          (21) 

    ы    .  

 

 

 

 12 –    -5250 

 

S1=S     

S2=S1+W =S1-2360 

S3=K'∙S2=1,01∙S1-2384 

S4 = S3∙K'=1,02∙S1-2408 

S5 = S4∙K'=1,04∙S1-2456 

S6 = S5∙K'=1,06∙S1-2505 
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S7 = S6+W =1,06∙S1-2505+6809=1,06∙S1+4304 

S8 = S7+W =1,06∙S1+4304+237524 = 1,06∙S1+241828 

S9 = S =K'∙S8= 1,08∙S1+246664 

   (   α = 3600),  

 – ,    ,  

       

:  

eμα=6,59 

  S   S     {S =1,08∙S1+246664
S =6,59∙S           

   S = 295015 ; S = 44767 . 

      :  

S1=S =44767 

S2=44767-2360=42407 

S3=1,01∙44767-2384=42831 

S4 = S3∙K'=1,02∙44767-2408=43254 

S5 =1,04∙44767-2456=44102 

S6 = S5∙K'=1,06∙44767-2505=44948 

S7 = 1,06∙44767+4304=51757 

S8 = 1,06∙44767+241828=289281 

S9 = S = 1,08∙44767+246664=295012 

       :  

S   ≤  S ∙eαμ    

295012  ≤  44767∙6,59    

295012 = 295015 

   Smin=(5÷10)∙(q+q )∙l' ≤S2 

 S2 –          

, .  

 Smin=10∙ 3063+653 ∙1=37160 
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У  ы .  

    :  

W0=S -Sc +0,03∙ S +S      

W0=295012-44767+0,03∙ 295012+44767 =260438                               (23) 

  .  

      

   ,     

 .     

 ,       

,    :    

Wo1=S ∙
eµa-1
eµa =295012∙

6,59-1
6,59 =250245                                                  (24) 

Wo1=W0-Wo1=260438-250245=10193                                                     (25) 

 ы  .  

S , .=S1+S2=44767+42407=87174                                                        (26) 

 ых х  ы.  

i=
Smax∙

δ ∙B =
295012∙9
1475∙1800 =1                                                                          (27) 

 Smax –    , ;  

       –      (  β ≤ 100  = 8-9,  β > 100  = 

9-10);   

       –  , .  

       

    

δ =
Smax∙

B =
295012∙9

1800 =1475 /                                                         (28) 

  = 8 – 8,5  β ≤ 100   = 9 – 10  β > 100;  

     -2500.  

    ( )    

: «       

  ».     13 – 18.
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 13 –    



33 
 

 

 

 14 –   



34 
 

 

 

 15 –    



35 
 

 

 

 16 –    



36 
 

 

 

 17 –    



37 
 

 

 

 18 –     



38 
 

        

   -5250      

        . 

 

 5 –     -№4 

    

  ,  

  

L,  

  

 N ,  

2021 7000000 600 1257 

2022 7000000 660 1376 

2023 8000000 720 1496 

2024 8500000 780 1615 

2025 8500000 780 1615 

2026 10000000 840 1735 

2027 11000000 900 1902 

 

 6 –     -№3  300  

    

  , .  

  

L,  

  

 N ,  

2027 - 

2033 

14500000 - 14672000 300 609 

 

               5  6 ,  

    : 

         1.       

  -№4 (3     500  

)     2024 . (    720 ).  

    2024 .     

     500 .  

     -№3, . .   300   
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   N  = 1000  (2   500 )   

    300 . 

         2.   2027       N  =2000 

 (4   500 )       

 900 .   2027       

1020 ,      =14500000 ,   

     2 : 

        - -№4 (900 ), -№2 (600 ) –   1500 ; 

        -   (1020 ), -№3 (300 )  -№1 (600 ) –   

 1920 .  

                

      

-5250      . 

          2021 .       

    -5250 №№ 4, 2.   2021 .  

  -5250 № 4      

 4 ,   ,   

      -5250 № 2, 

  ,   -5250 № 4.  

       840  (  

  600 , 4   60 ).    

        

 .      -5250 

№ 4    2024  . 

          2022-2023 . .    -5250 № 1  

 -5250 № 5  1200    -5250 № 3   

-5250 № 6    420       

60   1200 . 
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         2023-2024 . .      

 (  ,  ,    , 

  ). 

         2026  2033 .      

      -5250 №№ 6, 5. 

  -5250 №№ 4, 2      

. 

 

1.2.3  

    -5250,   

   ,     19. 

     , 

      ,  

   ,     

        

. 
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 19 –  



42 
 

2   

2.1    

       

. 

        

 100     ,  0,3 ,  1 

,        0,2 . 

    ,     

       .  

        1 ,   

    1,2 .    

 ,      ,   

     . 

      , 

        

. 

    ,  

      ,   

  ,       

       . 

   ,     , 

       .     

  ,     

  . 

      

.     ,   , 

      «    !». 

      .  

      

,       
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.      ,  

  ,     . 

    ,  

       .  

    ,   

       .  

      . 

2.2   
 

       , 

,   ,  ,   

 .       

,         

.  

          

   ,     . 

         

  . 

     ,  

        

,        

  ,    . 

         

  ,      ,  

  . 

         

 , ,     

   . 
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    ,    

     ,     

 –      .  

        

  .  

        

  .  
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3   

3.1     

  ( )  : «    

   »,     

   ,     

          

. 

  7       . 
 7 –      

 

 

   

 

 

 

 

 

1-2     2   2 

2-3     3   7 

3-4    

   

4  

 

10 

4-5    

   

5  

  

7 

5-6    6  

 

5 

6-7    7   10 

7-8     

AutoCAD 

8  

  

3 

8-9    9    20 

9-10    AutoCAD 10  

 

3 

10-11    11   15 

11-12    

AutoCAD 

12  

 

7 

12-13   -  

 

13   3 

13-14   -  

 

14   10 
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  7 

 

 

   

 

 

 

 

 

14-15   

 

15  

 

10 

15-16   16  

 

5 

16-17   17   1 

 

   20    ,   , 

  7. 

 

 

 

 20 –    

 

       ,  

       : 

tijPO = tijPH + tij                                                                                                            (29) 

 tPO
ij –   , ; 

      tP ij –   , ; 

      tij –   , . 

          

  . .     .   

: 

tij  = tij  - tij                                                                                                            (30) 

 t ij –   , ; 

      t ij –   , ; 

     ,     

    . 

       ,  : 



47 
 

Rij
n  = tij  - tijPO                                                                                                            (31) 

 

ij=  tjhPH - tijPO                                                                                                            (32) 

 tP jh –    , ; 

   8     . 

         

 : 

 1)        tPi = tPO; 

 2)       ,    tPi = max 

(tPO); 

       

  : 

1)        t i = t ; 

2)    t i = min (t ); 

  9      . 
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 8 –     

 , i 
 

, j 

 

, tij 

 

 

,  tP
ij 

 

 

, 

tPO
ij 

 

 

, 

t ij 

  

 

, 

t ij 

 

, Rn
ij 

 

, 

ij 

1 2 2 0 2 0 2 0 0 

2 3 7 2 9 2 9 0 0 

3 4 10 7 17 7 17 0 0 

4 5 7 8 15 8 15 0 0 

5 6 5 11 16 11 16 0 0 

6 7 10 15 25 15 25 0 0 

7 8 3 18 21 18 21 0 0 

8 9 20 22 42 22 42 0 0 

9 10 3 25 28 25 28 0 0 

10 11 15 28 43 28 43 0 0 

11 12 7 30 37 30 37 0 0 

12 13 3 33 36 33 36 0 0 

13 14 10 36 46 36 46 0 0 

14 15 10 39 49 39 49 0 0 

15 16 5 42 47 42 47 0 0 

16 17 1 47 48 47 48 0 0 
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 9 –      

  tPi t i Ri 

1 2 2 0 

2 9 9 0 

3 17 17 0 

4 15 15 0 

5 16 16 0 

6 25 25 0 

7 21 21 0 

8 42 42 0 

9 28 28 0 

10 43 43 0 

11 37 37 0 

12 36 36 0 

13 46 46 0 

14 49 49 0 

15 47 47 0 

16 48 48 0 

 

        

   ,    : 

L1: 1 – 2 – 3 – 4 – 5 – 6 – 7 – 8 – 9 – 10 – 11 – 12 – 13 – 14 – 15 – 16 – 17  

tL1= 121 . 

  ,    121 .  , 

   . 

3.2       

    : 

1)  ; 

2)    : 

3)   ; 

4)   . 

       10   11. 
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 10 –    

 , 

 

, 

 

,  

  ( )  68 4 272 

  ( ) 12 12 144 

  (Canon CL-446) 1 2899 2899 

   3315 

 

 11 –     

 , 

 

 

, 

 

 

, 

·  

 

·  

, 

 

 0,065 726 47,2 4,05 191,2 

 0,3 0,5 0,15 4,05 0,61 

 0,3 0,5 0,15 4,05 0,61 

     192,42 

 

     ,   

   121  1260 . 

       

: 

= ∙                                                                                                                    (33)  

  –   , / ; 

       –    , . 

     ,   

  ,       

,       . 

       2021  2022  : 

1)   – 22%; 

2)    – 2,9%; 

3)    – 5,1%. 
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 30%. 

        12. 

 12 –    

 

 

 

 

, 

/  

 

 

,  

  

 

,  

 

 

 

,  

 

 , 

 

 3700 . 4 . 14800 - 14800 

 500 15 7500 2250 9750 

  

 

 

500 1 500 150 650 

  

 

 

500 5 2500 750 3250 

 500 1 500 150 650 

   25800 3300 29100 

     : 

= ∙ ∙                                                                                                (34)  

=
1

                                                                                                       (35) 

  –   , ; 

        –  , %; 

        –   , .; 

        –     , . 

      13. 

 13 –    

 

,  ,  ,  ,  ,  

 40000 60 4 0,02 3200 

 30000 60 1 0,02 600 

 12000 60 1 0,02 240 

     4040 
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 15%   .     

   ,    

 . 

     ,    

14. 

 14 –      

 ,  

  4767,42 

    25800 

    3300 

   4040 

 37907,42 

  15% 5686,1 

 43593,52 

 

       . 

         

,      .    

    121 ,     

.    ,   

     43593,52 . 
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   ,    

: 

1)      «N»   

14500000  ,       

   7; 

2)    1500 ,    

    720 ,     

  720 ,  2000 ; 

3)        

-5250          

   ; 

4)    ,      

      ; 

5)    ,      

  ,     121 .   

     ,   43593,52 

. 
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