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                = /m·γ=47/46,8·1,26=0,797 3/  =1,004 3/ 3;(3.3) 
  H –    , ; 

m –   , ; 
γ –   , / 3. 

5,10,797 
 , ,   

   . 
        

,       - 35˚,   
  80˚   ,70˚   , 

       12º     
 : 

-   -    ; 
-   -     -1; 
-   -     « -1» 

       
      ; 

-   –    -1  ,  
         

  -     . , . 
  . . 

    :  ,   
   ,   ,      

     .  
        

   .   ,  
 ,   ,  
    ,    

 .      
          

    ,       
       .  

        
      -2,    

        - 120 . 
       

.          
. 
         , 

 b  ( )      . 
         

   ( 3): 
;3.6752838250174688,46  ibpLihi     (1.32) 
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 (1.33) 

 

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

  )  : 

. =(Vr- )/ =(1526558,2-675283)/675283=1,26 3/ 3<5,1 3/ 3 

 i–     i-   , 3; 
hi–        i-  

 , .; 
Lp–     , .; 
d i –      i-   , .; 
Vri –     i-   , 3; 
Hi–     i-  , ; 
γcp-     , . 

 
       

  ,        
9        ,      

 14     .     
         

        .   
     4  ,   

 –         
.      1.5. 
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 1.5 –      (H/h)  

-
 

 

I II III IV V VI VII VIII IX 

1 17/41 18/43 19/42 45/46 45/48 43/45 37/40 34/35 33/22 
2 18/44 20/45 30/44 30/46 40/44 40/43 35/44 32/44 27/16 
3 21/44 20/46 40/48 44/48 43/47 38/42 41/43 31/44 21/24 
4 38/44 39/45 4847 45/47 25/44 36/47 36/41 28/40 22/18 
5 44/42 48/44 43/46 28/49 32/46 33/42 30/41 25/40 22/18 
6 43/44 46/46 46/44 42/46 38/38 35/38 29/37 24/24 25/17 
7 46/42 45/38 44/36 43/38 43/35 31/39 27/35 20/21 20/16 
8 25/42 36/36 41/35 38/33 36/37 35/37 26/34 20/31 18/16 
9 26/38 34/37 34/36 28/33 25/33 32/30 25/23 22/20 19/14 
10 24/36 33/36 20/37 24/34 28/25 30/19 28/23 27/17 19/14 
11 25/35 30/33 27/36 25/18 26/14 25/16 21/17 25/17 20/14 
12 26/33 22/19 22/25 26/16 25/14 24/16 26/13 21/16 20/14 
13 25/17 21/16 24/15 21/11 20/12 21/14 25/16 24/16 18/15 
14 22/17 23/15 23/16 21/14 17/11 19/15 24/15 22/11 19/18 

H  31,9 34,4 34,7 35,1 33,9 32,5 30,9 27,6 25,2 

h  
35,2 34,5 35,4 32,8 30,6 33,3 31,9 28,5 17,2 
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,,, 3

11

ShVSHV
n

i
iii

n

i
iii 




 

(1.34) 
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(1.35) 

     
     : 
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V
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(1.36) 

     1.6. 
        

        (  
1.34),  -      (  1.35) 

    V = f (P) (  1.36.)    
  .  



  

 

.  № д . П д ь  

 

30 

 

П 21.05.04.09 –2022 П  
 

 
 

 

 

  
 1.9.-        

  . 
 

 1.6. –       , 
 ,    

 

№  
    

,  , 3/  , 3/  
, .  V, . 3 , .  V, . 3 

1 89 450 64 368 89 450 64 368 6,0 0,72 89 450 
2 87 636 69 408 177 085 133 776 5,8 0,79 87 636 
3 89 867 69 984 266 953 203 760 6,0 0,78 89 867 
4 83 354 70 704 350 306 274 464 5,6 0,85 83 354 
5 77 838 68 400 428 144 342 864 5,2 0,88 77 838 
6 72 395 65 520 500 539 408 384 4,8 0,91 72 395 
7 69 492 51 552 570 030 459 936 4,6 0,74 69 492 
8 62 052 45 072 632 083 505 008 4,1 0,73 62 052 
9 43 727 40 752 675 810 545 760 2,9 0,93 43 727 
∑ 675 340 545 760     45,1 0,81 675 340 
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 1.11. -    V = f (P) 

        
 –  1.12. 

 
 1.12. –    . 
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http://www.mining-enc.ru/g/gornye-porody/
http://www.mining-enc.ru/p/pustaya-poroda/
http://www.mining-enc.ru/p/poleznye-iskopaemye/
http://www.mining-enc.ru/g/gornyj-otvod/
http://www.mining-enc.ru/z/zaboj/
http://www.mining-enc.ru/o/otvaloobrazovanie-/
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.       . 

 
2.1.1.     . 
 

       
 .       

,          ,  
  (     ).     

      , , 
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 . 
       -3 -

12   ,      7 3  
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.     12 . 
       

 -2   11 ,     
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2.1.2.   . 
 

     
  ,     .  
       

   , ,     
       . 

      
   ,      

       . 
 -   .   
   –  .  

 – ,      
 (  ( )    67     

       -   
  35 .     

    2.1. 
 

 2.1 -   
№     ,  
1   -1250 -8  

2 
       
 

6,94 11,8 

3    7,16 12,98 
4 1-    6,13 11,67 
5 2-    4,7 9,72 
6     22,15 27 
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7    53,4 49,6 
 

 
 2.1      -II   -
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   ,   20    1-2 
 . 

 3.39    1-3   
     10   1-2   -  

    ,    20 . 
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 ,      , 

  : 
r in= 15 Q 7,25252081533       (2.7) 
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       –I. 
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 (  3.13). 
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 Dh 75,04,0  , ,                                         (2.13) 
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h
 ,                                                  (2.14) 

 -   , . 
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     : 
 =0,3(0,2σ +σ +σ )+0,3γ=0,3∙0,32(0,2∙2+1,4+2,8)+0,3∙1,26=0,82,         

(2.15) 
 -   ,   

. 
   : 

= ∙ ∙ =0,82∙1,3∙1=1,1                                    (2.16) 
   -      

  . 
 ( )   -1250: 

Q =60∙ ∙n =60∙0,385∙76,5=1767 3/                                   (2.16) 
 n -   , 1/ . 

 : 
Q =Q ∙ ∙ =1767∙1∙0,72=1272 3/                           (2.17) 

 -   ; 
–  . 

 : 
Q =Q ∙ ∙ =1272∙0,8∙0,90=916,1 3/                                (2.18) 

 -  ; 
- ,     . 

  : 
Q =Q ∙ ∙ ∙ ∙ ( - - )=916,1∙0,88∙0,8∙0,6∙0,949(365-65-5)∙24 =2 599 
930 3= 3 353 910 . 

 - ,         
; 

-    ; 
-    ; 
-    ; 

-   ; 
   -     . 

  -1250       
-II     -1900 . . – 1 .,  

    -I  II     
2500 .  – 1 . 

   -2500 (   3977 
. )      -I: 

Q
NЭ 443,4

3977

)2500190022000(. 


  

,       2  -2500, 2 
 -  -1600    

4 823 . .  
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 2.2 -    . 
 

 
 

  
,  

 ,  
  

,  

 
 

 
-2500 8 5 21 4 

-1600 7,2 4,3 21 5 

-1250 6,5 4 16 4 

 
  ,     

       2.3. 
 

 2.3-  . 

 
 

 
- , . 

 

 
, . 3 

, 3 

 

-2500 2 3182 11365 

-1600 1 3859 13782 

-1250 2 2600 9226 

-4  2 640 1245 

 

-12,5 3 2465 8200 

-8  3 1199 3087 

 10/70 1 2100 3924 
 -10 4 2400 7869 

-11/70 1 2500 8197 
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  3.4-      1. 
 

 
 

 3.5.     1. 

  ё       

( .3.1): 

 3.1.- ё   1 . 

   
1 2 3 
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 7 14 
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1 3 2 

 
  , /  

1 2 3 

 4 9 11 
 

  1     
  .     

 ё    .   2    
,      -

 . 
    ,  1 

       
     ё  ,    

   .  

т 

т  
т  

0

25

50

75

100

125 105,2336

0,4647

104,7689

14,044

105,2765

0,4905

104,786

13,954

т 

т  

т  
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3.3.    

    ё     
 12     . 

  ё  ,    
  ,   , 

 -      
. 

      
        

 9-10 . 
    ,   

     .   
       . 

        
( )   1,3. 

     
(  )        ё  

   5.6. 
 

 3.6.-.    
 

  , . 
2020 2021 2022 2023 2024 

1.   , .  22 22 22 22 22 
 7( 7 ) 

   24 24 24 24 24 

2.   . . , . ³ 16,4 16,4 16,4 16,4 16,4 
 7( 7 )   

  (  ) 12 12 12 12 12 

 7( 7 )   
  15 15 15 15 15 

 2 -105,  105  351 351 351 351 351 
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4.     
 

4.1.    
 

     
       .  

     ,     
 -II,      -I, -

I,II.      . -I - 
3000 ,  . -II - 3200 ,  . -I,II– 1000 . 

       200-250 
3. ,     400-450 3/ .   

  №5     .   
    ,  ,   

       
   .      

  2 -   (  )   32,2 
. 3.     .   

  20 . 3       
 .         

  .  
  №1  3 : -400-210  2 

 1 -630-125.    2  . 
  4200 ,  426 .    

   ,       
.       
   .     

-     .    
   . .        

  .     
         7008 . 

3/ . 
        

 : , , .  
       

     - 1   - 2.   
     0,3-2,7 / . (   1,5 

/ .).        
0,2-3,0 / . (   1 / .).     

     .   
0,024. 

      
,        
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 ,    .     
       

. 
      
     . 

         
        ,   

     , 
   -  . 

      
    . 

 
4.2   . 
 

        
    ,      ,  

     .   5.1  
      № 1   6 . 

 
 4.1.    №1 

 
 3/  

 
  

 
(1,4 ) 

 
(2,3 ) 

. 
 

2014 694 547 840 1650 
2015 556 494 618 1558 
2016 498 453 544 1600 
2017 587 502 670 1158 
2018 509 441 577 1204 
2019 516 416 615 1379 

 560 476 644 1425 
 

   : 
1.   Q =560 3/ ; 
2.   Qmax=1425 3/ ; 
3.         =120 ; 
4.         =6,4; 
5.    300 ; 
6.     65 . 

 
         

: 
./,****10 3FHKQ mt                              (4.1) 

 -      , 
-   .4    ,  = 0.85; 
mt  -     ,  

 .2   , 0.075; 
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 –        
  ,   0.33   ( . 3.6   

); 
5*                                                   (4.2) 

  –  ,  .3 =0.40; 
5–        

 5 ,  
5 = 36   .5   . 

= 0.4  36 = 14.4 
F –   ,   . 3.4   

7     2  , ,  F= 1600 . 
Q  = 10  0.85  0.075  14.4 1600 = 14688 3/  =612 3/ . 

    : 
./,****10 3FHKQ mt  (5.3) 

Q = 10  0.85  0.075  4  1600 = 170 3/ . 
        
,  .3.7  : 
Q = 10  0.85  0.075  36 1600  = 36720 3/ . 

   ,    
    4.2. 

 
 4.2.       

 

 
, 3/  , 3/  

 
  

   
  

  

 476 595 547 595 
  168 170 840 612 

 644 765 1387 1207 
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1 – ; 2, 3  . 
 

        
  20 : 

956
16

7652020

0








t

Q
Q

 3/ ,  (4.3) 

 Q  –   , 3/ ;  
t0= 16  –       . 

     : 
130

95,0

123



,    (4.4) 
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   –  , ;  
η =0,87 - 0,95 –  ,  . 

1233120     (4.5) 
   –  , ;  
 –  , . 

   Q    (  )   
 500-160. 

    956/500=2 
     : 

238,0
4,214,33600

5004

3600

4











V

Q
d


   (4.6) 

  Q  –   , 3/ ; 
V = 1,5 – 2,5 –       

   , / . 
    : d /d  = 273/259 . 

     25…50  
 ,          

 0,8 – 1,5 / . 
  ,    
 d /d  = 325/307 ,  

       
  : 

63,2
259,014,33600

5004

3600

4
22






d

Q
V


/     (4.7) 

       
 ,  : 

87,1
307,014,33600

5004

3600

4
22






d

Q
V


/    (4.8) 

    : 

g

V
nn

d

L

97,0
81,92

87,1
)5,06,07,3

307,0

7
03,0(

2
)(

2

2









 

   (4.9) 

 l  –   , ; 
 –      ; 
 ,  , ξ  –   ,  

 , ,   ;  
n , n  –   , . 

03,0
307,0

0195,00195,0
33


d

   (4.10) 

    : 
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g

V
nnnn

d

L

5,20
81,92

63,2
)135,111023,0206,0

259,0

242
03,0(

2
)(

2

2









 

 (4.11) 

 d  –    , ;  
 –      ; 
 ,  , ξ , ξ  –   ,  

,  ,     ;  
n , n , n  –  ,  , . 

  : 
47,215,2097,0     (4.12) 

    : 
47,14447,21123      (4.13) 

  : 
000086,0

500

47.21
22





Q

H
R  2/ 5     (4.14) 

 : 
2RQ      (4.15) 

 R –  . 
 

   . 
 

4.3 –    
Q, 3/  0 100 200 300 400 500 600 

,  123 123,8 126,2 130,2 135,8 144,4 151,8 
 

   (  6.3)       
 500-160: 

Q  = 520 3/ ,    = 71%,   = 156  
       

, ,   : 
 0,9 max, 0,71  0,73  0,9    (4.16) 

0,71  0,64 
 0,9  , 133  0,9  166    (4.17) 

133 < 149 
      (4.18) 

4,5  3,97 
  .    . 

      
        (   

) ( .  6.4). 
V  = 4  2 Q = 8  2 956 =15296 3   (4.20) 
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      : 

68,357
71,010003600

5201568,9100015,1

10003600











QHg
KN




   (4.21) 

  –   . 
 (  )   114-4. 

n  = 1500 / , N = 400 ,  = 95 %. 
   Q : 

76,14
520

3202424








Q

Q
t    (4.22) 

   Qmax: 

8,10
5202

47024

2

24 max
max 








Q

Q
t    (4.23) 
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  : 
 

 

ntnt
N a

/2584742658,10230076,14
95,095,0

400

2 maxmax












  (4.24) 

      –     . 
  ,     
 : 

81,0
)65470300320(24

2584742

(24 maxmax








nQnQ

   / 3 (4.25) 

      
  . 

 
5.       . 
 

5.1    . 
 

  -     

 5. 1.        , 

    ,   

     .   

    .  

       

.  

      

 ,     

( ),   -   ( ),  

 .  ,     

  .  

       -

      – 

 ,      

  ,      

       

 . 
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  -     

  . 

 

 
 5.1 -      

 

 

 

5.2   . 
       

  ,       

 .  

 ,    ,   

    ,   

 .  

       

    .  

      

    ,       

.  

         

,     .  

    :  

–      ;  
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–     , ;  

–     , .  

     

  5—10  (   ).  

       

       .  

      :  

–    ,     

   ;  

–      

;  

–    .  

        

  ,     

 ,    

 ,     

     .  

        ,  

 15     . 

    ,    

   , 

  .  

       

( , ),    2,   

        

  ( , ).  

       . 

         

.       

 ,     .  
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  ,     

(  )     .      

      , 

       

 .       

    ,  —    

 . 

    ( ): 

   ( ),    

     ( )   

     ( ) 

 . 

 -   ( )  

  -   

 ,      

       

  .     : 

1.   ,   

       

        

.       

          

 . 

2.    ,    

         

.       

 ,        

         . 

3.   ,   

       . 
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    ,   

 . 

  ( )    

        

   ,  ,   

.     ( ) 

   ,      

     , : 

-  ,     , 

  ( , , ); 

-    ( ),    

( )   -   -

        

      ; 

-  (  )   , 

   ,         

  -      

; 

-  ,     

  - ; 

-      

 ,  - ; 

-   -    -

       ; -  

      ,  

       

,  - . 

,      

,       

     . 
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   ,    .  

   ,     

    (  ) . 

          

,         .  

  ,  , 

-   -   ,    

      

 : 

I. Дл  у о  от: у о о  т ок -4ед.; 

II. Дл  до  от: Эк к то  ЭК - у, ед ; 
III. Дл  до  от: Эк к то  Э -  ед; 
IV. Дл  до  от: Эк к то  Э -  ед; 
V. Дл  до  от: Эк к то  Э -  ед; 

 

  2 [2]   , 

      

( .5 3). 

5.3  –    
№

/
 

- 
 

- 
,  

 , 
.- . 

 
- ,  

-
-

,  

 
 

 

 
 

-
 

1 
-4  

 
2 
 

350 
 

 
1 
2 
 

50 4 192 8 768 
250 16 36 75 1350 
1000 96 11 480 2640 
7500 530 1 2000 1000 

2 

-2500 2 1800 

 
1 
2 
 

530 24 32 106 845 
1590 96 13 407 1322 
8480 360 2 1078 539 
15900 600 1 4642 1161 

4 

-1600 1 1450 

 
1 
2 
 

200 8 48 16 768 
500 48 6 96 576 
1000 72 5 192 960 
6000 360 1 1400 1400 

4 

-1250 2 1100 

 
1 
2 
 

200 8 48 16 768 
500 48 6 96 576 
1000 72 5 192 960 
6000 360 1 1400 1400 
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1 
-160  
 

4 
 

50 
 

 
1 
2 
 

50 4 192 8 768 
250 16 36 75 1350 
1000 96 11 480 2640 
7500 530 1 2000 1000 

     Э -4   
  𝑘 . 

 𝑘m = = = , (5.1) 

 
 𝑘m -   ; 

 -   -4 , ; 
 -   ,    

  (  Э -2500), . 
 
  5.3 [1]     𝑘 = ,  

 
     : 

 = 𝑘 ∗                                                                                                        (5.2) 
 

  -       
 , . – . 

 
 

5.3  ч    х ч х 
   

        
        

         
 

. 
         

  . 
 

3.1.    ,    
   -160  

 
   : 

 

06,0
7500

76,4461





K

HH
N  (5.3) 
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: H  -    , : 
 

76,446124,34229,08760  nH                (5.4) 
 

 9,0...8,0n  -       
                 ;  

 -  ,      . 
0H  -      , . 

 
 

 
24,3422

7500

15301196361619248760

2211










NNNN

(5.5) 

 
 ,,,, 21   - , ,  

              ,  ,     
 , ; 

 -       , ;  
NNNN ,,, 21  -   , ,  

 ,  ,      
, . 

 
    : 

 
2

2
2

4461,76 0
0 4,46 4

1000
TH H

N N
 

      (5.6) 

    : 
 

1
1 2

1

4461,76 0
0 4 13,8 13

250
TH H

N N N
 

        (5.7) 

 
   : 

 

2 1

4461,76 0
0 4 13 72,2 72

50
TOH H

N N N N
 

          (5.8) 

 
         

   -4 : 
 
   : 

 = 𝐻 + 𝐻𝐾 ; 
 



  

 

.  № д . П д ь  

 

73 

 

П 21.05.04.09 –2022 П  
 

𝐻 = ∗ 𝑘и − = ∗ , − = ; 
 = ∗ ∗ + ∗ + ∗ + ∗𝐾 = = ∗ ∗ + ∗ + ∗ + ∗ = ; 
 = + ≈ , =  . 
 
    : 

 = 𝐻 + 𝐻 − ; 
 H = H − T ∗ = − ∗ =  ; 
 = 𝐻 = = ; 
 = + − ≈ , =  . 
 
    : 

 = 𝐻 + 𝐻 − − ; 
 H = H − T ∗ = − ∗ =  ; 
 
 = 𝐻 = = ; 
 = + − − ≈ . =  . 
 
   : 

 = 𝐻 + 𝐻 − − − ; 
 𝐻 = 𝐻 − ∗ = − ∗ =  ; 
 



  

 

.  № д . П д ь  

 

74 

 

П 21.05.04.09 –2022 П  
 

= 𝐻 = = ; 
 = + − − − ≈ , =  . 
 
         

    -2500: 
 
   : = 𝐻 + 𝐻𝐾 ; 
 𝐻 = ∗ 𝑘и − = ∗ , − = ; 
 = ∗ ∗ + ∗ + ∗ + ∗𝐾 = = ∗ ∗ + ∗ + ∗ + ∗ = ; 
 = + ≈ , =  . 
 
    : 

 = 𝐻 + 𝐻 − ; 
 H = H − T ∗ = − ∗ =  ; 
 = 𝐻 = = ; = + − ≈ , =  . 
 
    : 

 = 𝐻 + 𝐻 − − ; 
 H = H − T ∗ = − ∗ =  ; 
 = 𝐻 = = ; 
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= + − − ≈ , =  . 
 
   : 

 = 𝐻 + 𝐻 − − − ; 
 𝐻 = 𝐻 − ∗ = − ∗ =  ; 
 = 𝐻 = = ; 
 = + − − − ≈ , =  . 
 

        
    -1600: 

 
   : 

 = 𝐻 + 𝐻𝐾 ; 
 𝐻 = ∗ 𝑘и − = ∗ , − = ; 
 = ∗ ∗ + ∗ + ∗ + ∗𝐾 = = ∗ ∗ + ∗ + ∗ + ∗ = ; 
 
 = + ≈ , =  . 
 
    : 

 = 𝐻 + 𝐻 − ; 
 H = H − T ∗ = − ∗ =  ; 
 = 𝐻 = = ; 
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= + − ≈ , =  . 
 
    : 

 = 𝐻 + 𝐻 − − ; 
 H = H − T ∗ = − ∗ =  ; 
 = 𝐻 = = ; 
 = + − − ≈ , =  . 
 
   : 

  = 𝐻 + 𝐻 − − − ; 
 𝐻 = 𝐻 − ∗ = − ∗ =  ; 
 = 𝐻 = = ; 
 = + − − − ≈ , =  . 
 

 5. 4 –       
     

-160  72 13 4 0 
-2500 7 3 0 0 

-1600 10 3 2 0 

-1250 20 5 5 0 

-4  15 3 3 0 
 
 

 

5.4     
 
    

     : 
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= 𝑡 + 𝑡 + 𝑡 + 𝑡 ∗ + 𝑡 + 𝑡 + 𝑡 + 𝑡 ∗ + 𝑡 + 𝑡 +𝑡 + 𝑡 ∗ + 𝑡 + 𝑡 + 𝑡 + 𝑡 ∗ = + + + ∗+ + + + ∗ + + + + ∗ ++ + + ∗ = + + + = . − .                                                                                  (5.14) 

 

 𝑡 , 𝑡 , 𝑡 , 𝑡  –     

   , .- .; 𝑡 , 𝑡 , 𝑡 , 𝑡  –     

    , .- .; 𝑡 , 𝑡 , 𝑡 𝑡  –      

   , .- .; 𝑡 , 𝑡 , 𝑡 𝑡  –     

   , .- .; , ,  ,  -     ,  

 . 

 

     

   ,   

    ,   , .: = 𝛼∗𝑇𝐷 ∗𝑘 . .(5.15) 

 𝛼 = , … ,  - ,    

; 𝐷  -      , . 

 𝐷 = − − − ∗ ∗ 𝑘 = − − − ∗ ∗ , =  (5.16) 

 
 В -      ;  

 -   ;  

 -    -  ; 𝑘 = , … ,  – ,      

  (   . .);  
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 -   , ; 𝑘 . . = , … ,  –     . 
 = 𝛼 ∗𝐷 ∗ 𝑘 . . = , ∗ ∗ , ≈ , =  . 

 
     
 

       5.5. 
 

 

 

 

 

5.5 –      

  ,  
   16 

-  9 
, ,  6 

 5 
 2 

 
      

     (  

, , , ,   . .)  

: = ∗ , … , = ∗ , = , ≈  .(5.17) 

  -   

   :  Mи = M + M ∗ , … , = ∗ , = , ≈  .(5.18) 

 
 -   M = M + M + Mи ∗ , … , = ∗ , = , ≈  .(5.19) 

 

    M = M + M + Mи + M ∗ , … , = ∗ , = , ≈  .    
(5.20) 
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5.6.  

5.6 –         

  ,  
  38 

    4 
 3 

-   3 
   2 

 

5.5  ч  ч  я 
 

   
 N = δ∗α∗Tm∗D∗kи = , ∗ , ∗∗ ∗ , =  .(5.21) 

 

 𝛿 = , … ,  -   ; 
 -      ,  = ; 𝐷 =   -      ; 𝑘и = , … ,  -      . 
 
     
 

        5.7. 
 

 5.7 –       

  , . 
-  5 

 3 
 3 
 1 
 1 
 1 
 1 

 
   =  . 

 

5.6   ы 

 

5.6.1 ч  ых щ  
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 ,      

:    ,   

     ,  . 

     

( )    , 2: 
                               𝐹 N

i
fo   (5.22) 

i 1 𝐹 =∑ 𝑐 𝑖 ∙ 𝑓 =𝑖= [ ∙ + ∙ + ∙ + ∙ +∙ + ∗ + ∗ ] =  . 

 𝐹  –   , 
2
; 

Ncmi –    ; n –  
 i-  ; 

ƒo –  ,    , 
2
 

( . 6). 
 

5.7 –  ,     

  
  ,  

f , 2 
  

  600  1200 10–12 
  2000  4000 15–25 
  4000  8000 30–45 

   6000  15000 50–150 

       

 5.8.  8 –      

№ 
/  

   F, 2 

1    31 
2    26 
3 -    26 
4    24 
5   16 
6   29 
7   29 
8    19 
9       24 

10   19 
11      24 
12   46 
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13 -   26 
14   26 
15   29 
16   24 
17   29 
18   29 
19   34 

 

: 

F2 = ∑ F  = 31 + 26 + 26 + 24 + 16 + 29 + 29 + 19 + 24 + 19 + 24 + 46 + 

26 + 26 + 29 + 24 + 29 + 29 + 34 = 510 2, 

  F  –     . 

   : 

F = F1 + F2 = 400 + 510 = 910 2. 

    (   

 ,     ,  

  . .): 

F  = (0,2...0,25) ∙F(5.23) 𝐹 = , ∙ = ,    

Fa –   , 2; 

F   = 0,06∙F (5.24) 𝐹 = , ∙ = ,  и и а   

F  –   , 2; 

F = 0,15∙F(5.25) 𝐹 = , ∙ = ,  и и а   

     : 

F  = F + F  + F  + F    (5.26) 𝐹 = 𝐹 + 𝐹 + 𝐹𝑎 + 𝐹 = + + + =   
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5.6.2 Вы  х ы  ы 

 

     : 
    . 

        : 
1.  .        

,  , -   
.    158 2. 

2.  .    : , , 
;     .    190 2. 

3.   .      
   ,  .   

 230 2. 
4.   .    , , 

, -  .    162 2. 
5.  .       

.    90 2. 
6.     .      
,    ,  , 

 ,  .    
250 2. 

7.   .    20 2. 
8.   .    55 2. 
9.   .    175 2. 
 

       ,  
      . 

     . 
      2. 
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5.2 –    

 

 

5.6.3    я  ы: 
 

    :  
-   L;  
-   t     ;  
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-   Lt;  
-     H1;  
-   H (        

 );  
-   HC;  
-   S (        

   ). 
 

    , , 

1
D = 1,35 + 4 + 2,15 = 7,5                                                       (5.27) 

  –   , ; 

 –     ,  (  ≥ 4 ); 

D –    ,  (D = 2,15 ). 

 
 , : H = H + h = , + = ,  ,                                                            (5.28) 

 
 h -        , . 

 
 𝐻 =  . 

 
  : 

 𝐻 = 𝐻 + 𝑎 = + =  ,                                                               (5.29) 
 

 𝑎 -  ,  (  = 2 ). 
 

  , : 
 = 𝑡 ∗ = ∗ =  ,                                                                       (5.30) 

  t –  ,  (t = 6 ); 

n –   . 

    ,   

,   18    36     : 

-   L = 20 ; 

-    = 10 ; 

-     1 = 7,5 ; 

-   ( )  t = 6 . 
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-      

    18 6,        

   .  

5.7       

 ,   ,  

   :   , 

    ,  , 

        , 

   ,   

 ,     

    ,    

,  , ,  

, . 

     - 

   ( , , , 

  . .),   ,  ,   

,   , . 

     , 

  -  . 

     

     ,  

  ,     

 .        

   .   

       

5.9 –     

  
 

 
  

 
1)    

 
 

 
:  

 

 
  

,   
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 5. 9 

2)    
 

 
 

:  
 

  
 

 , 
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