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  1.1 
2   0,02 0,16 
3  –  

 =200 / 3 
 0,078 

4   « » 
=600 / 3 

0,4 0,24 

 
-     (° · / ),   

 
 

=(t - t ) ∙ z  ,  (1.7.1) 
 

  t  –     , °C; 
          t , z  –    , °C,  

, / ,  ,    
         

 8 [15]. 
 t  

= 20 oC; t =-6,7 oC; z  =233 . 
 

= (20- (-6,7) ∙ 233= 6221,1 ° · /  

 
   ,( ·° )/ ,  

   
 = ∙ Г + ,  (1.7.2). 
 

  a – ,       
    [15,  3]; 

         b – ,       
    [15,  3]; 

          –  ,     (1.7.1). 
 a = ,  = , . 

 
= , ∙ , + , = 2,24 ( ·° )/ . 

 
   δ2,     = − + 𝜆 + 𝜆 + 𝜆 + ∙ ,  (1.7.3) 

 
 𝛼  –     , 

/( 2°C),   ; 𝛼  –     , 
/( 2.°C),   . 

R   -  ,     (1.7.2); 
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δ1; δ2;δ4; 1; 2; 3; 3 –   1.1. 
 𝛼 =8,7 /( 2°C); 𝛼 = 23 /( 2.°C); ,δ –   

 1.1. 
 = , − , + , + ,, + ,, + ∙ , = ,  . 
 

      =0,7 . 
   R  ,( ·° )/ ,   

 
 = + 𝜆 + 𝜆 + 𝜆 + 𝜆 + ,  (1.7.4) 

 
 𝛼  –  ,    (1.7.3); 𝛼  –  ,    (1.7.3). 

 = , + , + ,, + ,, + ,, + = 2,78 ( ·° )/ . 
 

       
 

 < ,  
  

   –  ,     (1.7.2). 
 

2,24<2,78 –  . 
 

  ,  70 . 
 
1.7.2      
 

        
 1.2. 

 
 1.2 –       

 
 

  
  δ, 
 

 λ, 
/( ℃) 

1  . 
 =2500 / 3 

0,045 58 

2   
(  50.13330.2012) 
=200 / 3; 

? 0,078 
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  1.2 

3   
 =2500 / 3; 

0,045 58 

 
-     (° · / ),   

 
 

=(t - t ) ∙ z  ,  (1.7.5) 
 

  t  –     , °C; 
t , z  –    , °C,  

, / ,  ,   [15]. 
 : t  

= 20 oC; t =-6,7 oC; z  =233 . 
 

= (20- (-6,7) ∙ 233= 6221,1 ° · /  

 
   , ( ·° )/ ,  

   
 = ∙ Г + ,  (1.7.6). 
 

  a – ,     [15,  3]; 
b – ,     [15,  3]; 

 –  ,     (1.7.5). 
 : a = , ; = , . 

 
= , ∙ , + , = 3,06 ( ·° )/  

 
   δ2,     

 = − + 𝜆 + 𝜆 + ∙ ,  (1.7.7) 

 
  𝛼  –     , 

/( 2°C),   ; 𝛼  –     , 
/( 2.°C),   . 

         R  –  ,     (1.7.6); 
         δ1;δ3; 1; 2; 3 –   2. 

 𝛼 =8,7 /( 2°C); 𝛼 = 23 /( 2.°C); ,δ –   
 2. 

 

 = , − , + , + , + ∙ , = ,   
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(  ) L; 

-     ё   (  
) . 

      ,    
   (  12  36   ).     

     -  12 ,   7-12 18 . 
        2.1. 

 
2.1.2       

 
 

        
2.2. 

 
2.1.3      
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   . 

     . +3,920   . 
+8,120    2.3  2.4 .
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 2.1 –      



 

20 
 

                   )                                                                                           ) 

 
 2.2 –      

 –   - ;  –   -  



 

21 
 

 
 2.3 –      . +3,920 



 

22 
 

 
 2.4 –      . +8,120 
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2.2      
 

       
    (M, N, Q). 

 
2.2.1     
 

        
    7-12. 

       (  2.5) 
  .     : 

-   ,  ,    
   ; 

-          
         ( ) 

   ;    – , 
   .     – 

 ; 
-        (1/8 – 1/12)L1. 
 
2.2.2     

 
 . 
      –   

       –  ,   
 ,  . 

        
   2.1. 

 
 2.1 -           

 7-12 

  
-
 

 
 f 

 
 

  
-   7-12:   

   
   

ROCKWOOL  , 
 140 ,  22,4 

 
/ 2 

-
 

0,224 1,2 0,269 

  
 

1)        
[16, m=14,2 / )  1,5 ; 
2)  I25 2, m=25,8 /  
3)  

 
 

0,142 
0,258 
0,1 

 
 
 

1,05 
1,05 
1,05 

 
 

0,149 
0,271 
0,063 

:  0,724  0,752 
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 2.5 –        7-12 
 

    1 .      7-12 
    

 𝑞 = 𝑞 ∙ = ∑ 𝑞 𝑖 ∙ = ∙ ,                                                          (2.2.1) 

 
 𝑞  –       ; 
 α –     ;  
 B –  . 

 : 𝑞  = 0,752 / 2; cosα = 1; B = 6 . 
   (2.2.1),  

 𝑞 = , ∙ = ,  / . 

 
        
,    2-5%     

: 
 𝑞 =𝑞 ∙ ∙ , ∙ ,                                                                            (2.2.2) 

 
  qno –      ; 

f1 –     ; 
B –  ,     (2.2.1). 

 : qno = 10 / 2; f1 = 1,2;  = 6 . 
   (2.2.2),  

 𝑞 =10 ∙ 1,2 ∙ 0,05 ∙ 6 = 3,6 / . 
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 = ∙ ∙ ∙ , ∙ − ,                                                                 (2.2.3) 
 

  –  ; 
 –    ; 

l –  . 
-    7   40 1. 

 : m = 138,0 / 3; l = 10,9 ;  = 1,05. 
   (2.2.3),  

 = ∙ , ∙ , ∙ , ∙ − = ,  . 
 
-    8   40 1. 

 : m = 138,0 / 3; l = 10,46 ;  = 1,05. 
   (2.2.3),  

 = ∙ ∙ ∙ , ∙ − = ∙ , ∙ , ∙ , ∙ − = ,  . 
 
-    9   40 1. 

 : m = 138,0 / 3; l = 10,17 ;  = 1,05. 
   (2.2.3),  

 = ∙ , ∙ , ∙ , ∙ − = ,  . 
 
-    10   40 1. 

 : m = 138,0 / 3; l = 9,80 ;  = 1,05. 
   (2.2.3),  

 = ∙ , ∙ , ∙ , ∙ − = ,  . 
 
-    11   40 1. 

 : m = 138,0 / 3; l = 9,43 ;  = 1,05. 
   (2.2.3),  

 = ∙ , ∙ , ∙ , ∙ − = ,  . 
 
-    12   40 1. 

 : m = 138,0 / 3; l = 8,69 ;  = 1,05. 
   (2.2.3),  

 = ∙ , ∙ , ∙ , ∙ − = ,  . 
 

       
   2.6. 
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 2.6 –  ,    
 

 . 
 . 
     1 .    

 
 

 = S0· f·B,                                                                                          (2.2.4) 
 

 S0 –        
; 

f–      [16]; 
B –  . 

       
    

 
S0 = 0,7·ce·ct· ·Sg ,                                                                                 (2.2.5) 
 

 ce – ,        
    ; 

ct–  ; 
–          

  . 
Sg –     1 2   . 

,        
    ,    

 = ( , − , √ ) ∙ , + , ,                                                (2.2.6) 
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 V–      ; 
k–     B;  
b –  . 

 : V = 3 / ; k = 0,71;b = 24 . 
   (2.2.6),  

 = ( , − , ∙ ∙ √ , ) ∙ , + , ∙ = , . 
 

 : ce =0,8; ct = 1;  = 1; Sg = 1,8 . 
   (2.2.5),  

 
S0 = 0,7·ce·ct· ·Sg = 0,7·0,8·1·1·1,8 = 1,01. 
 

 : S0= 1,01; f = 1,4; B = 5 . 
   (2.2.4),  

 
P = S0· f·B = 1,01·1,4·5 = 7,07 / , 
 

        
   2.7. 

 

 
 

 2.7 –      
 

 . 
   . ,    III 

    ,    w0 = 0,38  –  
  .   ,  

   1 = 0,8,   2 = 0,5. 
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W=Wm+Wp,                                                                                              (2.2.7) 
 

 Wm –        
  ; 

 Wp -    . 
      

   
 
Wm= W0·k·c = 0,38·0,65·0,8 = 0,20  / 2,                                           (2.2.8) 
 

 W0 –    ; 
 k – ,       

ze [2,  ],  ; 
  –  . 

        
            
     

 
Weq= W0·keq·c,                                                                                        (2.2.9) 
 

 keq –   [19,  ]; 
W0 –  ,     (2.2.8); 
 –  ,     (2.2.8). 

           
     . 

         
 
q1 = Weq· f ·  = W0·keq· f ·c ·B = 0,38·0,54·1,4·0,8·6   = 1,42 / , 
 

   
 �̅�1 = W0·keq· f ·c ·B = 0,38·0,54·1,4·0,5·6 = 0,89 / , 
 

      f = 1,4 . 
   ,    : 
   

 

W1= W 0· f
+ ·h ·B·ce=0,38·1,4· , + , ·4,2·6·0,8= 7,29 , 

 
   

 

W2= W 0· f
+ ·h ·B·ce1=0,38·1,4· , + , ·4,2·6·0,5= 4,56 . 
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       2.8. 
 

 
 

 2.8 –     
 

   . 
       

 
q3= qno · f·B,                                                                                      (2.2.10) 
 

 qno –      ; 
f –    ; 
 –  . 

 : qno = 10 / ; f =1,2;  = 6 . 
   (2.2.10),  

 
q3= 10·1,2·6 = 60 / . 
 

      
   2.9. 

 

 
 

 2.9 –      
 



 

30 
 

2.2.3     

 
     . 

        
    2.2. 

 
 2.2  -        

  
 

    , /  
    , /  

  
Gk4,  
Gk5,  
Gk6,  
Gk7,  
Gk8,  
Gk9,  

     , /  
     𝑞 , /  

 : 
      𝑞 , /  
      𝑞 , /  
      ,  
      ,  

4,51 
3,6 

 
15,49 
14,87 
14,45 
13,92 
13,40 
12,35 
7,07 
72,0 

 
1,40 
0,89 
7,29 
4,56 

 
      «SCAD».  

          
   .  

         
   2.3. 

 
 2.3 -         

 

 
 ,  

 
-
 

  , , ∙  

  
 

 
  

 
0 

M 
N 
Q 

0 
+5,49 
+8,22 

0 
+4,51 

0 

0 
-4,18 

0 

0 
+1,14 

0 

0 
+52,33 
+164,51 

 
3 

M 
N 
Q 

+8,46 
+5,49 
-2,58 

0 
+4,51 

0 

0 
-0,39 

0 

0 
-0,14 

0 

+169,53 
+52,33 
-51,49 
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2.3     . +3,920  +8,120 
 
2.3.1    

 
  

      2.10. 
 

 
 

 2.10–       
 

-  =  ; 
-    245 [19, ,  .1],  

 3,     t =  400 ; 
-         

    [19, .2  .3  ]; 

-     𝑓 = ; 

-   –     
( ),   - -3  [19,  ,  .1]. 

 
  

   1 2  𝑞 =  / . 
     

 = ⁄ + Е
,                                                                             (2.3.1) 

 
 𝑓  –   ; Е  –   . 

 : 𝑓 = ; Е  – 2,26 ∙  . 
   (2.3.1),  



 

32 
 

= ∙ + ∙ , ∙ ∙∙ = , . 

 
       
  

 = , ,                                                                                                  (2.3.2) 

 
  –  ,     (2.3.1) 

   = 100 . 
   (2.3.2) 

 = , = ,  . 
 

      (  8568-77*); 
  t  = 6 ;   980 ;  1 2  51,0  [19, 
 ,  .2]. 

 
2.3.2    

 
 . 

-   – ,     26020-83,  ,       
1-  ;  

-  l  = 6,0 ; 
-   –  - ; 
-     = 1 [17,  1]; 
-     n = 1; 
-   –  245   27772-88*     

[19,  ];   2,    
 t =  40 ;       

  [19,  .2  .3  ]; 
-     [19,  .4  .5  

]: Ry = 240 / 2     2  20  ,  Run = 370 
/ 2; Rs = 0,58  240 = 139,2 / 2; R  = 361 / 2 

    fu = l  /200 [19,  2]. 
   1 .      

qn,  = (qno + qn1) a + ,nq ,                                                                     (2.3.3) 

  qno –       ; 
qnl = m   9,81  10-3 –  1 2 ; 
 –    . 

 : qno = 10  / 2; qnl = 0,50 / 2;  = 1,00 . 
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   (2.3.3),  
 
qn,  =(10+0,50) 1,00 +51,0 9,81 10-3 = 10,77 / . 
 

        
 
q  = (qno  f1 + qn1  f2 )  a + ,nq  f2 ,                                                (2.3.4) 

 
 qno –  ,     (2.3.3); 
qnl  ,     (2.3.3); 
 –  ,     (2.3.3); 
f1 = 1,2,  f2 = 1,05 –      
           

  [17,  7.1]. 
 : qno = 10  / 2; qnl = 0,50 / 2;  = 1,00 . 

   (2.3.4) 
 
q  = (10  1,2 + 0,50  1,05) 1,00 + 0,28  1,05 = 12,81 / . 

 
  . 

       2.11. 
 

 
 2.11 –     

 
       

 = ∙
,                                                                                            (2.3.5) 

 
 𝑞  –  ,     (2.3.4); 

       –   . 
 : 𝑞  = 12,81 / ;  = 6 . 

   (2.3.5),  
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= , ∙ = ,  ∙ .                
 

       
 = ∙

,                                                                                            (2.3.6) 

 
 𝑞  –  ,     (2.3.4); 

       –   . 
 : 𝑞  = 12,81 / ;  = 6 . 

   (2.3.6),  
 = , ∙ = ,  ∙ .           
 

  . 
      1-      

   –   ( ),  
         

    |σ| ≤ Ry (   
).          

 [17, .8.2, .41-49]. 
       ,    

  ,        1–
      

 

1.
RW cyminn,

  

 
        

    
 
Wreq = Mmax /(Ry c),                                                                                 (2.3.7) 
 

 Mmax –  ,     (2.3.5); 
Ry –   ; 
c –    . 

 : Mmax = 57,56 ; Ry = 240 / 2; c = 1. 
   (2.3.7),  

Wreq = 57,65 100/(240 10-1 1) = 240,2 3. 
 

   I23 1     
 (   20-93): 
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Wxn = 260,5 3; Ix = 2996 4; Sx = 147,2 3; h = 230 ; bf = 110 ;     tf 
= 9 ;  tw = 5,6 ; m  = 25,8 / . 

,         
    ,   

      . 
       : 

qn,  = (10 + 0,50)  1,00 + 25,8 9,81  10-3 = 10,75 / ; 
 
q  = (10  1,2 + 0,50  1,05)  1,00 + 25,8  9,81  10-3  1,05 =12,8 / ; 
 

2

n,max

10,75 6,0
M 48,38

8


   ;   

 
2

max

12,8 6,0
M 57,6

8


    ; 

 

max

12,6 6,0
Q 38,4  .

2


   

 
       

   .     
  ,       

  ,       
 . 

    1-  ,      
,   : 

-     = m   Q = 0 
 

;1
RW

M

cyminn,

max 


                                                                             (2.3.8) 

 
-    Q = Qm   M = 0 
 

1.
RtI

SQ

cswx

xmax 



                                                                                (2.3.9) 

 
       1-   

   2.12. 
     ,    
       . 
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 2.12 –      
 

        (  = m )  
  (Q = Qmax). 

    (2.3.8),  
 

2
max

1
xn y c

M 57,6 10 0,92 1.
W R 260,5 240 10 1


   

    
  

 
    (2.3.9),  

 
max x

1
x w s c

Q S 38,4 147,2 0,24 1.
I t R 2996 0,56 139,2 10 1

 
   

      
 

 
   1 -      

     8.4.4,    [17]. 
 8.4.4, : 

       (  
  ,    ,   

  ,    . .),  
           , 

,    .;       
. 
        

,    ,       
     . 
      ,  

     ,    
     . 

  ( )     
       , 

   .  :  
  fmax      fu, 

   [19,  .1]; fmax  
   . 
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𝑓 =  , ∙∙ 𝐼 ,                                                                                    (2.3.10) 

 
 ,  –  ,     (2.3.5); 

       –  ,     (2.3.5); 
 –   : 

Ix –      . 
 : ,  = 48,38 ;   = 6 ;  = 2,06∙105 / 2; Ix 

= 2996 4. 
   (2.3.10),  

 𝑓 =  ∙ , ∙∙ , ∙ ∙ − ∙ = ,   < 𝑓 =  . 
                                                               

,   . 
 
2.3.3      

 
  

       
 ; 1-  ;  

-   l = 5,5 ; 
-   –    ; 
-     = 1 [1,  1]; 
-   –  245   27772-88*, . .  

 2,     t =  40 ; 
        [19,  

.2  .3  ]; 
-    245   .4  .5 

 : Ry = 240 / 2     2-   20  
; Run = 370 / 2; Rs = 0,58  240 = 139,2 / 2; Rp = 361 / 2; 

    fu = l /200) [19,  , 
 .1]. 

       (  
-348-    9087-81*;   -08    2246-70*), 

  –  ;     
   ( ),   – - -

3)  [19,  ]). 
   1 .      

 
qn,r = (qno + qn1+ ,n rq )  lr ,                                                                    (2.3.11) 

 
 qno –      ; 
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       qn1 = m  *9,81*0,001=76,8*9,81*0,001=0,75  / 2 –     
 ; 

       𝑞  –    ; 
       lr –   . 

 : qno = 10 / 2; qn1 = 0,75 / 2; 𝑞  = 0,22 / 2; lr 
= 5,5 . 

   (2.3.11),  
 𝑞 , = + , + , ∙ , = ,  / . 
 

        

qr = (qno  f1 + qn1  f2 + ,n rq   f2 ) lr,                                                        (2.3.12) 

 
 qno –  ,     (2.3.11); 
 qn1 –  ,     (2.3.11); 𝑞  –  ,     (2.3.11); 
 lr –  ,     (2.3.11); 
 f1 = 1,2,  f2 = 1,05 –      
           

  [17,  7.1]. 
 : qno = 10 / 2; qn1 = 0,75 / 2; 𝑞  = 0,22 / 2; lr 

= 5,5 ; f1 = 1,2; f2 = 1,05. 
   (2.3.12),  

 
qr = (10  1,2 + 0,75  1,05+0,22 1,05) 6 = =78,1 / . 
 

   . 
      

 = ∙
,                                                                                            (2.3.13) 

 
 qr –  ,     (2.3.11); 
 lr –  ,     (2.3.11). 

 : qr = 78,1 / 2; lr = 5,5 . 
   (2.3.13),  

 = , ∙ , = ,  ∙ . 
 

      
 =  ∙

,                                                                                            (2.3.14) 
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 qr –  ,     (2.3.11); 
 lr –  ,     (2.3.11). 

 : qr = 78,1 / 2; lr = 5,5 . 
   (2.3.14),  

 =  , ∙ , = ,  . 
 , = , ∙

,                                                                                        (2.3.15) 

 
 qr –  ,     (2.3.11); 
 lr –  ,     (2.3.11). 

 : qn,r = 65,8 / 2; lr = 5,5 . 
   (2.3.15),  

 = , ∙ , = ,  ∙ . 
 

   . 
     ,    

         . 
1.        

  = ∙  ,                                                                                           (2.3.16)  max –  ,     (2.3.13); 
 –   ; 
 –   . 

 : max = 295,32 ∙ ;  = 240 / 2;  = 1. 
   (2.3.16),  

 = , ∙∙ − ∙ = ,  3. 

 
2.    . 

      . 
        

 
 ℎ 𝑖 = ∙ ∙ ∙∙ ∙ , ,                                                                       (2.3.17) 

 
 l –  ,     (2.3.11); 
Ry –  ,     (2.3.16); 
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 –  ,     (2.3.16); 
E –   ; 𝑓  –  ; ,  –  ,     (2.3.15); 

 –  ,     (2.3.13); 
 : l = 5,5 ; Ry = 240 / 2;  = 1; E = 2,06∙105; 𝑓  = 

2,75 ; ,  = 248,81 ∙ ;  = 295,32 ∙ 2. 
   (2.3.17),  

 ℎ 𝑖 = ∙ , ∙ ∙ ∙, ∙ ∙ , ∙ ,, = ,  .  
 

         
 w = 125    

 ℎ = , ∙ √ ∙   ,                                                                       (2.3.18) 
 

  -   ,     (2.3.16); 
       w –   . 

 :  = 1230,5 3; w = 125. 
   (2.3.18),  

 ℎ = , ∙ √ , ∙ = ,  . 
  

  hopt = 61,62   hmin =  22,67 ,    
  ;     hw    650   (  

      19903-74*)     tw = hw /w 
=65/125 ≈ 1,0 .  

  tw    6  ≤ tw ≥ tw,min  
     .  
           

  

,
Rh

Q
kt

cs

max
1minw, 
                                                                              (2.3.19) 

 k1 = 1,5         k1 = 1,2     
  .       

[17, .42]   1-  . 
Qmax –  ,     (2.3.14); 
 h -  ,     (2.3.18); 
Rs –   ; 

 –  ,     (2.3.16). 
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 : k1 = 1,5; Qmax = 214,78 ; h = 65  
   (2.3.19),  

 , 𝑖 =  , ∙ ,∙ , ∙ − ∙ = ,  < 1 . 
 

: 6  < tw = 10  > tw,min = 4 .    
10 ,        19903-74*.

 

       
 

;
6

ht

h

W
A ww

w

req
f


                                                                            (2.3.20) 

 
.tbA fff                                                                                            (2.3.21) 

 
       

: 
-   : tw ≤ tf ≤ (2,5 … 3,0) ∙ tw; 
-   : 180  ≤ bf ≈ (1/3 … 1/5) ∙ h. 

 ,      
 = , − ∙ = ,  2. 

  
    180 10  (     

19903-74*),    : 10  < 20   < 
2,5  10 = 25 ; 180  =180 ; 180    (1/3…1/5)  h,  . . 1/3∙ 670 
= 220 ,  1/5  670 = 135 . 

 
3.       

       –   
  

 = ∙ℎ + ∙ ∙ ∙ ℎ + ,                                                         (2.3.22) 

 = ∙ + ∙ ∙ ∙ + = ,  4. 

 
     -    

 
 = ∙𝐼ℎ ,                                                                                                (2.3.23) 
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= ∙ , = ,  3. 

 
     -    

 
 = ∙ ∙ ℎ + ,                                                                            (2.3.24) 

 = ∙ ∙ + = ,  . 
 
4.     

     , ,   
 .       

  .    
        = max   

Q = 0: 
 𝜎 = 𝑊 , 𝑖 ,                                                                                                (2.3.25) 

 𝜎 = , ∙, ∙ − = ,  / 2 <  = 240 / 2. 

 
  25%. 

      (  = 0, Q = Qmax) 
 𝜏 = ∙𝐼 ∙ ,                                                                                               (2.3.26) 

 𝜏 = , ∙ ∙, ∙ , = ,  < Rs c = 139,2 / 2. 

 
  . 

          
      ,     

    ,   loc = 0. 
 
5.     

        
     . 

     1-  ,    
,    69  70 [17]   2-  , 

                  
[17, . 8. 4.4,   ]. 
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   (   )   
      ,    

 . 8. 4. 4,  [17],       , 
        

  ̅
b ≤ ̅

ub,      
 . c   ̅ b = (lef / bf) √Ryf / E   -    

 (lef –        
 :     ,  

  ;    lef = l,  l –  
); ̅

ub –   ̅
b,     

 11 [17]      : 
-          
       ̅
ub = 0,41 + 0,0032 ∙ bf / tf + (0,73 – 0,016 ∙ bf / tf) ∙ bf / hef1,                   (2.3.27) 

 bf  tf       ;  
      hef1 –  ( )    . 

 ̅
ub    1≤ hef1/ bf ≤ 6  15 ≤ bf / tf ≤ 35;    

 bf   /tf < 15     bf / tf =15. 
     ̅ b = (1000 / 180) √  / , ∙  = 0,19; 

 
hef1/ bf = 670 / 180 = 3,72;  
 
bf / tf = 180 / 10 = 18; 
 ̅

ub = 0,41 + 0,0032 ∙ 18 + (0,73 – 0,016 ∙ 18) ∙ 180 / 670 = 0,59; 

0,19 < 0,59, ,     
. 

 
6.        

       
       

 . 
         

         
,       .   

         ,  
         

.         
 . 

      . 
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     . 
 [17],      

,      f = (bef / tf) √Ryf / E 
      ( . 8.2.1 [17])  

   ̅
uf,    λ̅uf = 0,5 √Ryf/σc ,                                                                                     (2.3.28) 

  –    ,      
: 

 =  / (Wxnc ∙ c)                                                                                  (2.3.29) 

 Wxnc –        . 
        

  bef        
    . 

       bf =208   
   tf =10 ,     

bef = (bf – tw) / 2= (180 – 10) / 2 = 85 ; 

-      

f = (bef / tf) √Ryf / E = (85 / 10) √  / ,  ∙  = 0,29; 

-         
 

 = 𝑊 ∙ = , ∙, ∙ − = ,  / 2;  

 
-        λ̅uf = 0,5 √Ryf/σc = 0,5 √ / ,  = 0,58; 

0,29 < 0,58, ,      
. 

    . 
     1-    

 ,     ( . 8.2.1 [17]), 
  ( . 8.4 [17])     ̅
w = (hef / tw) √Ry/ E;                                                                                        (2.3.30) 

(hef = hw [17,  5])   : 
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3,5 –     loc     
 ; 

3,2 –  ,      ; 
2,5 –     loc     

 . 
         

( )       . 
      : 

  1-  ,      ̅
w 

 3,2 –      ; 
       2hef  ̅

w ≥ 3,2. 
  1-        

 3hef  ,       
     . 

    ,  ,  
       . 
 ,    ,   

  br        (hw /30+25) ; 
  tr     2br √Ry/E. 

     ̅
w = (hef / tw) √Ry/ E = (65 / 1,0) ∙ √ / , ∙ = 2,21<3,2; 

,      . 
 
7.    

   
 𝑓 = ∙∙ 𝐼 ,                                                                                        (2.3.31) 

 𝑓 = , ∙ ∙ , ∙∙ , ∙ ∙ , = ,   < 𝑓 = 2,75 . 
 

  . 
 
8.     

      (  )  
 .        

  .  
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= ∙𝐼 ,                                                                                               (2.3.32) 

 = , ∙, = ,  / . 
  

     , 
, ,       ( . 

 ). 
Rwf = 180 / 2 [19  .2,  ]; Rwz = 0,45 ∙ Run =           = 

0,45 ∙ 370 = 166,5 / 2; f = 1,1; z = 1,15 [19,   .3,  ]. 

      103,1
5,6611,15

1801,1

R

R

wzz

wff 







 

 
       

 = ∙ ∙ ∙ ,                                                                                         (2.3.33) 

 = ,∙ , ∙ , ∙ − ∙ = ,  .  
 

 kf =   (  .4   [19]). 
 
9.     

       . 
          

 ;         
   1,5  ,     . 

     tor  10  20 ,   
   bor ,      180 . 
 tor  = 10 ,  bor = Ar / tor =18,0/1,0 = 18,0 ; 

 
Ar = RA / Rp = 214,78/(361∙10-1) = 5,95 2. 

   180×10   18 2. 
 

2.4     
 
2.4.1    

 

 . 
   –   26 2   26020-82. 

  l = 11,5 . 
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    . 

 = 26,88 · , N4 = -1284,9 .  
  –  245   27772-88*,   

–3,    t =  400C,    
   [19,  .2  .3]. 

   [19, .4  .5] Ry=240 / 2  
   2  20 , Run=390 / 2. 

  –     
( min),   - -3 [19,  .1]. 

 
   . 

         
 
l ef,x= ∙1,  (2.4.1) 
 

   = 1 –    ; 
l =11,5  –  . 
 
l ef,x=11,5∙1=11,5 . 
 

       
 
l ef, = l -2∙ -2∙h = 11,02 . 
 

     I26 2,   
   . 

              
[19,  .4]  : =93,19 2; Ix=11700 4; Wx= 907 3; ix=11,21 

4; iy=6,52 4; h=26,0 ; bf=25,8 ; tf=13,5 ; tw=9 . 
 

      
 
= l ef,x/ ix,  (2.4.2) 

 
  l ef,  –      ; 

ix –      - .  
 
=11,5 ∙102/ 11,21= 102,59. 

 
      

  ̅ = ∙ √  ,  (2.4.3) 
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   –  ,     (2.4.2); 

Ry –    , ,   
 ; 

E –   . 
 ̅ = , √ , ∙ = , . 

 
      ,   

  
 𝛼 = 𝜑 ∙А∙ ∙ < ,  (2.4.4) 

 
  φe=0,447 – ,   [19,  .3]  

    ̅ =4,04    
mefx= 𝜂 ∙  =1,06∙2,09 =2,22; 

η =1,56   [19,  .2]     
 АА = ∙ ,− ∙ , ∙  = 1,69; 

  = ∙𝑊 = , ∙ , = , ; 

 

e =  = , ∙ ,  = 2,09 ; 
 
η=(1,90-0,1m)-0,02(6-m) ̅ =(1,90-0,1∙0,21)-0,02(5-0,21)∙2,01=1,06; 
 𝛼 = ,  , ∙ , ∙ ∙ − ∙ = , < . 

 
   α<1,      

  . 
 

      
 
[ ]=180-60∙α,  (2.4.5) 

  α –  ,     (2.4.4). 
 
[ ]=180-60∙0,96=122,4; 
 

  x=102,59< [ ]=122,4. 
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       [17,  9.2.2] 
 𝜑 ∙А < ∙ ,  (2.4.6) 

 
  N – ,   ; 

φe –  ,     (2.4.4); 
 –   ; 

Ry –  ,     (2.4.3); 
 –    .  

 ,, ∙ , = , <  / . 

 
 ,  . 

        
[17, . 9.2.4]. 

        
 = ,𝑖 ,  (2.4.7) 

 
  l ef,  –      ; 

iy –      y-y.  
 = , ∙, = , . 

 
         

  ̅ = √ < , ;  (2.4.8) 

 
   –  ,     (2.4.7); 

Ry –    , ,   
 ; 

E –  ; 
3,14 –    [17].  ̅ = , ∙ √ , ∙ = , > , . 

 
        

  
 

Mx= ∙ , (2.4.8) 
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   –  . 
 

Mx= ∙ , = ,  ∙ . 
 

     
 = ∙А∙𝑊 ,  (2.4.9) 

 
  Mx –  ,     (2.4.8); 

 –       (2.4.6); 
N –       (2.4.6); 
Wx  –   . 
 = , ∙ ∙ ,, ∙ = , < . 
 

 ,      
     ,  mx ≤ 5   

 112 [17]. 
 
c= /(1+α∙mx) ≤ 1,  (2.4.10) 
 

   – ,   [17,  21]; 
α – ,   [17,  21]. 

. . ,   =1,  α=0,7 
 
=1/(1+0,7∙0,14) =0,91. 

 
       

 𝜎 = ∙𝜑 ∙А = , ∙, ∙ , ∙ , < ∙ ,  (2.4.11) 

 
  N –       (2.4.6); 

 –       (2.4.10); 
 –       (2.4.6); 

φ  –  [19,  ,  .1, .2]; 
Ry –       (2.4.7); 

 –       (2.4.6).  
 𝜎 = , ∙, ∙ , ∙ , = , < . 

 
    7/     . 
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2.4.2      
 

     . 
      

 
B=bf+2ttr+2c,  (2.4.12) 
 

  bf –   ;  
ttr –  ; 
–   . 

 
B= 260+2∙10+2∙65=410 , 
 

     
 

L= ∙ ∙ ,  + √ ∙ ∙ , + ∙ ,  ,  (2.4.13) 

 
  N –       (2.4.6); 

M –  ,     (2.4.8); 
 –  ,     (2.4.12). 

   15  Rb=0,85 / 2 [22, . .3], 
R b,loc =ψb ∙ Rb =1,4∙0,85=1,19 / 2 
 

L= 
,∙ ∙ ,  + √ ,∙ ∙ , + ∙ , ∙∙ , =33  

 
    450x510,    

 650 970 ,   ψb=√ /    1,43=Af/(45x51).  
 Af= 6297,48 2. 

 
   . 

        
   𝜎 = ∙ ± ∙ ,  (2.4.14) 

 
  N –       (2.4.6); 

M –  ,     (2.4.8); 
 –  ,     (2.4.12); 

L –  ,     (2.4.13). 
 𝜎 = − , ∙∙ − ∙ , ∙ ∙∙  = - 5,59-1,38= -6,97 ; 
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min=
− , ∙∙ + ∙ , ∙ ∙∙  - 5,59 + 1,38= -4,21 . 

 
        

 

1=4,21+(6,97-4,21)∙(51-10,7)/51= 6,39 . 

 

2=4,21+(6,97-4,21)∙(51-10,7-1,35)/51= 6,31 .  

 
       

   
  1  
 = 𝜎

,  (2.4.15) 

 
  max –  ,     (2.4.14); 

 –  ,     (2.4.12). 
 = , ∙ − ∙ , = ,  ∙ . 
 
  2 ( ,   3 );   

       77/300=0,26<0,5 ,   
         81,5 ,  

   [17,  6.102]; 
 = 𝜎

,  (2.4.15) 

 
  max –  ,     (2.4.14); 

–    2 . 
 = , ∙ − ∙ , = ,  ∙ ; 
 
  3 ( ,   4 );    

   b/a=258/125,5=2,06. 
    

 
M3 =α1∙ f∙a2 ,  (2.4.16) 
 

  α1 – ,   [19,  .4]; 
f–       ; 
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–   . 
 f =6,42 ;  = 125,5 ; α1=0,096. 

 
M3= 0,096∙4,21∙ − ∙12,552 = 63,66 ∙ . 
 

     2        
 

1  3      ,   
       10 ;    

    77/145=0,53; 
 
M2 =α2∙ max∙  ,  (2.4.17) 
 

  α2 – ,   [19,  .4]; 
max –      ;  –    ,  ,  300/2-

10/2=125 . 
 
M2=0,093∙6,97∙ − ∙12,52 = 14,1 ∙ ; 
 

       M3 
 = √ ∙  ,  (2.4.18) 

 
    –    ; 

Ry –       (2.4.7); 
 –       (2.4.6).  

 = √ ∙ ,∙ − ∙ ,  = ,  

 
    20  (   19903-74*). 

 
 . 

   htr=300        
  . 

     
 𝜎 = ∙𝑊  = < ∙ 𝑦 ;  (2.4.19) 

 
    –  ; 
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Ry –  ,     (2.4.7); 
 –  ,     (2.4.6).  

 
M tr= Qtr∙y0,  (2.4.20) 
 

  0 –          
  2-2; 

Qtr –   . 
 
Qtr = 0,5 ∙ B ∙ b1 ∙ ( max+ 1) ∙ 0,5,  (2.4.21) 
 

   –  ; 
b1 –   ; 

1 –  ,     (2.4.14). 
 
Qtr =0,5 ∙ 45∙ 10,7 ∙ (6,97+ 6,39) ∙ 0,5∙ − =160,82 . 
 

          
 2-2    

 𝑦 = ∙ 𝜎 + 𝜎∙ 𝜎 +𝜎 ,  (2.4.22) 

 
  b1 –  ,     (2.4.20); 

1 –  ,     (2.4.20). 
 𝑦 = , ∙ , +  ∙ ,∙ , + , = ,  . 
 
M tr=160,82∙5,43= 873,25 ∙ . 
 𝜎 = ∙ , ∙∙ = ,   <  . 

     
 

 = 
, ∙А  =  < ∙ 𝑦 ;  (2.4.23) 

 
  Qtr –  ,     (2.4.20); А  –  ; 

Rs –   ; 
 –  ,     (2.4.6).  

 τ = , ∙ , ∙∙ = ,  <0,58∙240∙1=136,45  
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 ,       kf =4 
[19,  .4]; 

 

 ∙∙  = 
, ∙, ∙ ,  = 0,87 < 1; 

 
    ; Rwz=0,45∙ Run=0,45∙370=166,5 / 2. 

      
 √ 𝑊 + = √ , ∙, + , ∙, = ,  < ∙𝑦 =215 ; 

 

 = ∙ ∙
= , ∙ , ∙ = 100,92 2; 

 
Af= f ∙kf ∙ lw= , ∙ , ∙ = 20,88 2. 
 

    ,    
  . 

  (    )   .   
        

.     ,   , 
     ,   4 . 

 
  . 

         
  ,     

 .      , 
      0,9 

      . 
 

Nmin= 
− , · ,,  = -68,48 ; Ms=33,66 ∙ . 

 
        

         
 𝜎 = 𝑖∙ + ∙ = − , ∙∙ + ∙ , ∙ ∙∙ =  − , − , =  − ,  ; 

 

min=− , + , = 1,88 . 

 
      

 



 

56 
 

 = 𝜎 𝑖 ·𝜎 𝑖 +𝜎 ;  (2.4.24) 

 
  min –   

 

 = , ·, + , =19,05 . 
 

        
 

Z = 
Ms-Nmin·a

y =
33,66·102 - 66,48·12,8

42,3  = 59,5 , 

 
   = 128  –         

  ; 
y = 423  –         

   . 
        

  
 

Abn=
Z

n·Rba
=

59,5
2·185·10-1 = ,  2. 

 
 Rba = 185 / 2 –     

    3 2 [19,  ,  .5]; n = 2 – 
     . 

   36  [19,  ,  .9];  
 1  [19,  ,  .6]. 
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3   
 

3.1  -    
 

 
        

 3.1,  -      
 3.2. 

 
 3.1 –     

    
-  

 
 I  

  
 

(III   ) 
/ 2 38 

   
 (III  ) / 2 180,0 

  
  

 0,92 

0   40 

  
  

  
 

-  : 
-  ё ; 

-  . 

  
  

 
 2,5 

  
    

 W4 
 

   6 
   - 

   - 
 

 
  

    
 

       
      . . 

   0,000     1-   
 . 
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 3.2 – -    

- 
 

h, 
 

W, 
.  

, 
. . 

, / ³ 
( sb) 
/ ³ Sr

 IL 

 
-  R , 

 ρ ρs ρd 
φII, 

 
II, 

 
, 

 

1. -
 
 

19
,0

 

0,
15

 

0,
82

 

1,
7 

2,
7 

1,
48

 

17
 

0,
49

 <0 22
,3

 

22
,9

 

11
,9

 

23
3 

2.  
 6,

0 

0,
25

 

0,
59

 

1,
9 

2,
66

 

1,
28

 

19
 

0,
62

 

- 34
,4

 

43
,2

 

34
,0

 

40
0 

 
3.2    
 

        
  : 

–       [26] ; 
–       [27]. 

 
3.2.1       

 
3.2.1.1       

 
   1,500 ,    – 1,650 , 

     50    : – 1,600 . 
      .    

      0,5 .    9  
90.30,     – 10,350 . 

     - ,     
 . ,       

    .   -  
  : 

 = ∙ ( ∙ ∙ + ∙ ∑ ∙ 𝑓𝑖 ∙ ℎ𝑖),                                                    (3.1) 
 

  -      ,  1,0; 
       -       ; 
      –    , 2;        -        , 

    ,  ,  1,0; 
 –        , 

  ,      ,  
1,0; 
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u –   ; 𝑓𝑖 ∙ ℎ𝑖 –    3.3. 
             

3.3. 
 

 3.3 –       

 
 

,  

  
  

  
𝑓𝑖,  𝑓𝑖 ∙ ℎ𝑖,  

 

0,7 1,85 35,59 24,91 
1 3,2 48,1 48,1 
1 4,2 53,3 53,3 
1 5,2 58,2 58,2 
1 6,2 60,4 60,4 
1 7,2 62,03 62,03 
1 8,2 63,2 63,2 
1 9,2 63,8 63,8 
1 10,2 55,03 55,03 
  ∑494,65 ∑425,77 

 
 :  = 1;  = 1;  = 10508,4 ;  = 0,09 2; u = 1,2 

;  = 1; 𝑓𝑖 ∙ ℎ𝑖 = 452,77. 
   (3.1),  

 = ∙ ∙ , ∙ , + , ∙ ∙ , = ,  . 
 

       
 ≤ ,                                                                                                        (3.2) 

 
  –  ,     (3.1);          –  ё   ,    

   . 
 :  = 1456,68 ;  = 1,4. 

   (3.2),  



 

60 
 

= ,, = ,  . 
 

       
 ,      ,   
  ,   60,0  = 600 . 

 
3.2.1.2           

.   
 

        
 = 𝐼𝐹𝛾 −А∙ ∙ ,                                                                                               (3.3) 

 
 𝐼 −    ,   

 ; 
        –  ,     (3.2); 
       –    , 2; 
       −   ;         −         . 

 : 𝐼 = 1284,9 ;  = 600 ;  = 0,09 2;   = 1,65 

;   = 2. 
   (3.3),  

  = ,− , ∙ , ∙ − , ∙ ∙ , = ,   –  4 . 
 

        3.1. 

 
 

 3.1 –     
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3.2.1.3      
 

       
 = , ∙ ∙ ∙ ∙ ,                                                                              (3.4) 
 

 –  ;  
bp –  ; 
lp –  ; 

 –   . 
 :  = 1,65 ; bp = 1,5 ; lp = 1,8 ;  = 24. 

   (3.4),  
 = , ∙ , ∙ , ∙ , ∙ = ,  . 
 

I    
   I      

 𝐼 = 𝐼 + 𝐼 ∙ ,                                                                                  (3.5) 

 𝐼  –   ,    
;  𝐼 –  ,     (3.4);  

 –  ё   . 
 : 𝐼 = 1284,9 ; 𝐼 = 117,61 ;  = 1,1. 

   (3.5),  
 𝐼 = , + , ∙ , = ,  . 

 
   I      

 𝐼 = 𝐼 ∙ ,                                                                                                 (3.6) 

 𝐼  –  ,    ; 
 –    . 

 : 𝐼  = 19,52 ;  = 1,15. 
   (3.6),  

 𝐼 = , ∙ , = ,  . 
 

  I      
 𝐼 = 𝐼 ∙ + 𝐼 ∙ ,                                                                                (3.7) 
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 𝐼  –  ,    ; 
 –  ,     (3.6); 𝐼  –  ,     (3.6); 
 –  ,     (3.4). 

 : 𝐼  = 26,88 ;  = 1,15; 𝐼 = 22,45 ;            
= 1,5 . 

   (3.7),  
 𝐼 = , ∙ , + , ∙ , = ,  . 

 
3.2.1.4        

 

 
 

 3.2 –    
 

      
 = ∓ ∙∑ 𝑖  ,                                                                                              (3.8) 

 
 y –        ,    

, ; 
yi –        , ; 

 –  ,     (3. 5); 
 –  ,     (3.7);  

n –  ,     (3. 3). 
 :  = 1542,76 ;  = 64,59 ; n = 4; y = 0,6 ;     

yi = 0,6. 
   (3.8),  

 , = , − , ∙ ,∙ , = ,  ; 
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 , = , + , ∙ ,∙ , = ,  . 
 , = , ≤  . 

 
3.2.1.5      

 

 =18000 / 4 (   ).  
  Q =1  ɛ =0,25 .  

   Up=19,52∙0,25= 4,88 . 
 Up< UU =10 ,     

  . 
          

 =1,15 ,   =1,15∙19,52=22,42 ∙ . 
 

 3.4 –     

 №  
,  

N  Q  

I 
1,3 323,72 

19,52 
2,4 377,54 

 
   9     4ø12 240   

 B26.   N = 377,54   =26,88 ∙    
 . 

 
3.2.1.6      

 
     1200 1500 . ,  

    1,8 1,5 ,  1 . 1  –   
300 ,       150 . 

 

 
 

 3.3 –     
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 3.4 –       
 

     
 

                                                  (3.9) 

 
  F       

     . )(2 21 NNF  . 
  :  

 , = , − , ∙ ,∙ , = ,  ; 
 , = , + , ∙ ,∙ , = ,  . 
 

: F=2·(323,72+377,54)=1402,52  
 

    20  Rbt=900 ; hop=0,55 . 
  α,    

  N,    
 ∝= − , ∙ ∙

,                                                                                         (3.10) 

 
  –     

 :  = 900 ;  = (0,26+0,258);  = 1284,9 . 
   (3.10),  

 ∝= − , ∙ ∙ ∙ , + ,, = , . 

 
  α=0,71; 1=0,321 ; 2= 0,170 . 

))()((
2

1
2

2
1

cl
c

h
cb

c

hhR
F c

op
c

opopbt 
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   (3.9),  
 

1402,52≤ ∙ ∙ ,, ∙ [ ,, ∙ , + , + ,, ∙ , + , ] =        = ,  . 
  

 . 
 

3.2.1.7       
 

  ,         
    50  [23]. 

 
3.2.1.8     

 
      

 − = ∙ 𝑦,                                                                                            (3.11) 
 

  – ,   ; 
 –       . 

 :  = 377,54 ;  = 0,25 . 
   (3.11), : 

 − = ∙ , ∙ , = ,  . 
 

 3.5 –      

 
, 

 ∝  ξ ℎ  As,
2 

1-1 188,77 0,0045 0,995 1,45 2,92 
 

      
 = ξ∙ℎ ∙ ,                                                                                                  (3.12) 

 
 h0 –   ,       

   ; 
Rs –   ,  365000 ; 
ξ  –  ,    αm. 

 𝛼     
 𝛼 = ∙ℎ ∙ ,                                                                                                 ( 3.13) 

  
 b–    ,  1,8 ; 
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 Rb –    ,    20  
 9,0 . 

            C-1 
   –6Ø12 A400  As=9,05 2  0,888  / ,     

 – 8Ø8 A400  As=3,02 2  0,395 / .    
 1700   1400 . 

    -2,   
( )   ø12 400   200 .  

  1400 ,    – 7.   
 1200 ,    – 2. 

 
3.2.1.9      

 
       3.6. 

 
 3.6 –         
  

 
 

 
 

. 
.  

, 
. 

, 
.- . 

. 
.  

. 
.  

1-168 
 

 3 . 1000 3 0,0175 112 1,96 10,2 0,179 

   . . 36 7,48 269,28 - - 

5-10 
   

 
3 3,24 18,5 59,94 3,51 11,37 

5-31 
  

 
. 4 1,19 4,76 0,96 3,84 

 
3.2.2       

  
3.2.2.1       

 
   1,500 ,    – 1,650 , 

     50    : – 1,600 . 
      .    

      0,5 .    9  
 320 ,     – 10,350 . 

 
3.2.2.2     

 
  Fd  ,    ,   
 ,     (3.1)   

 3.3. 
      (3.1). 
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 :  = 1;  = 1;  = 1385 ;  = 1,05 2;  = 0,7; 𝑓𝑖 ∙ ℎ𝑖 = 452,77. 
   (3.1),  

 = ∙ ∙ ∙ , + , ∙ , = ,  . 
 

       (3.2).  
 :  = 1662,88 ;  = 1,4. 

   (3.2),  
 = ,, = ,  . 
 

        
,      ,    

 ,   60,0  = 600 . 
 
3.2.2.3        . 

  
 

       (3.3). 
 : 𝐼 = 1284,9 ;  = 600 ;  = 1,65 ;  = 2. 

   (3.3),  
  = ,− , ∙ , ∙ − , ∙ ∙ , = ,  . 
 

 4 . 
 

 
 3.5 –      

 
3.2.2.4        

 
      (3.8) 
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 :  = 1284,9 ;  = 64,59 ; n = 3; y = 0,5 ;    yi 
= 0,5. 

   (3.8),  
 = , − , ∙ ,, = ,  ; 
 , = , + , ∙ ,∙ , = ,  . 
 , = , ≤  . 
 

3.2.2.5      
 

     1200 1500 . ,  
    1,94 1,94 ,  1 . 1  –   

300 ,       220 ,   – 370 . 

  
 3.6 –     

 

 
 3.7–       

 
    (3.9),      

  (3.8). 
  α=0,85; 1=0,470 ; 2= 0,621 . 

   (3.9),  
 

1026,54≤ ∙ ∙ ,, ∙ [ ,, ∙ , + , + ,, ∙ , + , ] =      =,  . 
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3.2.2.6       
 

  ,         
    50 . 

 
3.2.1.7     

 
      (3.11) 

 :  = 363,71 ;  = 0,25 . 
   (3.11), : 

 − = ∙ , ∙ , = ,  . 
 

 3.7 –      

 
, 

 ∝  ξ ℎ  As,
2 

1-1 181,86 0,0043 0,992 1,45 2,87 
 

      (3.12). 
            C-1 

   –6Ø12 A400  As=9,05 2  0,888  / ,     
 – 8Ø8 A400  As=3,02 2  0,395 / . 

    -2,   
( )   ø12 400   200 .  
 

3.2.1.8      

 
       3.8. 

 
 3.8 –         

  

 
 

 
 

. 
.  

, 
. 

, 
.- . 

. 
.  

. 
.  

05.01-054-
02 

 
 

 320 
 

 
 

. . 36 86,76 2342,52 0,62 53,76 

05.01-061-
01 

 
  

 
. 4 583,65 1750,95 3,55 10,65 
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  3.8 

6-1 
 

 
 

100 3 0,0013 6429,76 8,36 180 0,234 

6-7 
 

 
 

3 2,97 1809,2 5373,32 785,9 2334,12 

 
3.3     

 
       . 

    ,    
    . 

      (    3.6  
3.8),           

      . 
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4    
 
4.1       
 
4.1.1   
 

       
        

 . .  
        

  .      
   .  

       
       

          
 . 
  ,     

, : 
-    ; 
-  ,   ; 
-   ; 
-       . 

   , . 
 
4.1.2   
 

       
   ,   ,   . 

        12-
29.2006,  48.13330.2011. «  »,  12-135-2003 
«    »  70.13330.2012 «   

 ».      
  ,      

. 
    2-  : 

1-   12 ,  30 ,   6 . 
2-   18 ,  21,6 ,   6 . 

      
   ,    

 . 
       

      : 
-  48.13330.2011 «  »; 
-  16.13330.2011 «  »; 
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-  70.13330.2012 «    »; 
-  12-03-2001 «    .  1.  

»; 
-  12-04-2002 «    .  2. 

 ». 
 
4.1.3      
  

        
  : 

1)      -   
; 

2)      :     
  . 

3)         - 
 ; 

4)      - 
    ,    , 

     .  
 
4.1.3.1   
  

1.         
      ( )  .  

2.         
 : 

-    ,   
    ,    

 .     ; 
-       
,     -  . 

    -   
 ; 

-      ; 
-       
,  ; 
-         

     ,    
    ; 

-       -
,          

   ; 
-     ,   

 ,   ; 
-   ,      
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       ; 
-        

,   ; 
-         
.  
3.         

  .  ,   
 :       ,  

   .  
 
4.1.3.2   

 
4.        

   : 
-      ; 
- ,       ; 
-    ; 
- ,       . 
5.     : , ,  

 ,   . 
6.          

 : 
-        ; 
-      ; 
-       ,   
,         

7.      ,   
 ,   . 

8.        
.  

 ,      
   4.1. 

 
 4.1 –   

    . . ё  
   44,351 
    38,628 
    0,021 
    0,75 
   1,249 
   42 
    58 
    134 
    8 
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  4.1 
   88 
      
 

 3,1 

    
   

 9,1 

   732 
 

4.1.3.3   
 

      
 (  ),    , 

,   , , . 
 

4.1.4      
 

1.         
      : 

 48.13330.2011 «  » 
 70.13330.2012 «    » 

 26433.2-94.       
. 

2.       , 
-         

. 
3.  ,   ,  

   ,     
   .     

 ,     , 
  ,     . 

   ,   ,  
 ,      . 

4.        
 .         

    . 
5.       

  ,     
 : 

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

        . 
 
4.1.5   -   
 

   ,    
   ,      

 ,     
( ) .     

        . 
        

          
         

(       ). 
         

 4.2. 
 

 4.2 –     (  ) 
 

 
 

 
  , 

, ,  

. 
. 

 
 

 . 
. 

  
  

  
  

 
1 

 

1 6 
2 1 6 
3 1 6 
4 1 4 
5 1 4 
6 1 4 
7 1 4 
8 1 4 
9 1 4 

 
1  1 58 

  
2; 3  1 134 

   
1; 2  1 88 

   
1; 2  1 8 

 
     , 

,       4.3. 
 

 4.3 -    , , 
   



 

76 
 

 
 

,   

 
 , 

,  

 
 

, 
 

-  

     
500, -22 

=30  1 

   (  10528-90) -5  2 
  (  7502-98) L=20  1 
   (  11401-75) m=7  2 

  
   

 (  10529-96) 1 2 

-  
 

  (  
7948-80) 

50 2 

   2-2.0/2000 1 
   2-1.6/2000 1 
   2-1.0/2000 1 
   2-1.6/2000 1 
  

 
  

(  16436-70) 
-6502 1 

-  
 

  (  
27321-87) 

-2000 3 

-  
 

  
 

 (  26887-86) 

=2000-
1.5 0.6 8.0 

2 

 
       

      . 
 

4.1.5.1    
 

4.1.5.1.1     
 

 
      

: 
-   ; 
-   ; 
-    ; 
-   . 

     
    

= + ,                                                                                                (4.1) 
  

    -     , , 
        -     ,  
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=h +h +h +h ,                                                                                      (4.2) 
 

 h    -         , 
; 

h    -   ,     
          

,      , 0,3…0,5 ; 
h    -     , ; 
h  -    (     

    ) , .  
       

    
 

Hc=  +hn,                                                                                                (4.3) 
 

 hn –      , . 
            

             

,                                                                          (4.4) 

 
 ß  –        =0,5 ,                               
ß1 –         

  , ,   
                                     
ß2 –        , ,  
ß3 –         , ,   
h  –         , .          

        
 

                                                                             (4.5) 
 
 
 
 
 
 
 
 
 
 
 
 

3
21 ))((

hh

hН
l 






   22
5 ckc hHlL 
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 . 
 

 
 4.1 -     

 
 -1 –  32 . 

 2-2 /2000 –  7,4 . 
  – 1587 . 

   : 
 :  = 1,587 ;  = 0,04 . 

   (4.1),  
 

=1,587+0,04=1,63 . 
 

 : h  = -0,25 ; h  = 0,5 ; h  = 11,5 ; h  = 1,0 . 
   (4.2),  

 
 = -0,25+0,5+11,5+1,0=12,75 . 

 
 : h  = 12,75 ; hn = 2,0 . 

   (4.3),  
 

=12,75+2=14,75 . 
 

 : b0 = 0,5 ; b1 = 0,241 ; b2 = 0,5 ;  = 14,75 ; h  = 
2,0 ; h  = 1,0 ; h  = 2,0 ; b3 = 0,5 . 

   (4.4),  
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l = 25,72
20,1

)275,14)(5,0241,05,0(





 
 

 : l  = 7,25 ; b5 = 2,0 ;  = 14,75 ; h  = 2,0 . 
   (4.5),  

   
L = 79,13)295,14()225,7( 22   
 

 
 

 4.2 -    
 

   -251    19    
 18    10 . 

 

 
 

 4.3 –    -251 
 

4.1.5.1.2     
 

        – 
-251  -3577      . 
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 4.4 –    

  
. 
. 

 
-251 -3577 

  27,2 13 
   

 
 1,2 1,4 

   36 14,5 
    

-  
-  

/   
17 
20 

 
6,0 
10 

   /  0,4 0,4 
    /  1,0 1,0 

  /  1,0 60 
   36,5 15,5 

    
,  (     

) 

 6,965 4,76 4,
3 

9,85 2,5 3,65 

 
     ,    

   -251. 
 

4.2      
 

        
     . 

 
4.3 -   

 
         

4.5. 
 

 4.5 –       

№ 
/  

-
 

 
 

  
 

 

 . .    

. 
. 

-
 

, 
-
. 

., 
-
. 

Q , 
-
. 

/ , 
- . 

1 

1-5, .2, 
.5 , 5  

 
 100 

 
0,849 

 
6 .-1; 

 2 .-2. 

2,7 
 

5,4 
 

2-86 
 

3,46 

2,29 
 

4,58 

2-43 
 

2-94 

2 

5-1-9, 
.2, 

1 ,2 ,3 ,
4 . 

 
 

 
1 . 50  

6 . – 1; 
 

6 .-1, 5 ., 
4 . -2 3 .-1. 

0,60 
 

3,00 

0-63,6 
 

2-55 

30,00 
 

150,0 

31-8 
 

127,5 

1  44,35 
0,20 

 
1,00 

0-21,2 
 

0-85 

8,87 
 

44,35 

9-40 
 

37-69 
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  4.5 

3 

5-1-6, 
.2, 

1 ,2 ,3 ,
4  

 
 

  
 

1 . 192  
6 . – 1; 

 
6 .-1,4 .-3; 

3 .-1. 

0,1 
 
0,3 

0-10,6 
 

0-24 

19,2 
 

57,6 

20-35 
 

46-08 

1  38,63 
0,33 

 
1,00 

0-35 
 

0-80 

12,75 
 

38,63 

13-52 
 

30-94 

4 

5-1-6, 
.2, 

1 ,2 ,3 ,
4  

 
 1 . 88  

6 . – 1; 
 

6 .-1,4 .-3; 
3 .-1. 

0,1 
 
0,3 

0-10,6 
 

0-24 

8,8 
 

26,4 

9-33 
 

21-12 

1  1,249 
0,33 

 
1,00 

0-35 
 

0-80 

0,41 
 

1,25 

0-44 
 

0-99 

5 

5-1-6, 
.2, 

1 ,2 ,3 ,
4  

 
  

 
 

1 . 8  
6 . – 1; 

 
6 .-1,4 .-2; 

3 .-1. 

0,21 
0,64 

0-22,3 
0-51,2 

1,68 
5,12 

1-78 
4-09 

1  0,75 
1,00 

 
3,00 

1-06 
 

2-40 

0,75 
 

2,25 

0-79 
 

1-80 

6 
22-1-6, 
.1, 11 , 

15  

 
 

10  
 

 

1,22 
 

-
 

6 .-2 
5,6 5-94 6,83 7-25 

7 

4-1-22, 
.1,1  

 
 

 

10 
 

73,2 
 

4 ., 2 .-1 
1,1 0-78,7 80,52 57-61 

 
   – 84,64 ; 

 – 41,38 - ; 
  – 6 ;  

    – 2,05 ;  
     – 9 .;  

  – 1 . 
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5    
 
5.1 Х    
 

     . ,    - , 
. , 22 . 

     –  , 
.   .     

 0,92 –  40o . 
 
5.2     
 

      
 [48],   «  », .7 «  

  ». 
       

      ,  30.  
  10 ,    1 

 . 
       5.1. 

 
 5.1 –     

 
 

 

     , %   

1 2 3 4 
 24 54 92 100 

 
5.3      
 
5.3.1     

 
  – ,   a e    

   ,     . 
     =11,580 ,  3,62  (  , 

  ). 
      Rmax = 18 . 
  ,    

 
R . .= Rmax+0,5lmax. ,                                                                              (5.1) 
 

 Rmax –   ; 
       lmax.  –   . 

 
R . ..=18+0,5·6=21 . 
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R . .= Rmax+0,5·lmin + lmax +l ,                                                                 (5.2) 
 

 Rmax –   ; 
 lmax  –     ; 
 l  –     ,   

   12-03-2001. 
 
R . =18+0,5·0,24+6+4,1=28,22   
 
5.3.2    

 
        

 = щ ∙ ∙ К ∙ К ,                                                                            (5.3)

  
   –  ,   ,   

      (  ); 
 –      , .; 

 –   , .; 
1 –      ; 
2 –     

    . 
 

   (  ),   
     

 S = P ∙ q  ,                                                                                               (5.4) 
   P  –    ( 2, 3, ); 

        q –      ё    . 
,    ,   

 .      . 
    5.2. 
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 5.2 –     

 
 

. 
. 

 
-
  

1 2 -
 

 
 

 
 

 
 

. 

 
-

 
 

-
 
- 

 
-

 

 
 

 

  
« »  

. 
. 2,5 8 6,914 1153,0 288,08 

  
   

2 1,0 2 4059,8 338,32 169,16 

  457,24  2 
 

:   – 300 2,  – 180 2. 
      1   

(   )   . 
 

5.3.3     

 
       

     :  – 84,5 %; 
 – 11 %;  – 3,2 %;    – 1,3 %. 

        – 
  9 .   – 2 ; 

 – 1 ;    – 1 . 
 
5.3.4       

 
       

 . 
   Ftp       

 
Ftp=N·F  ,                                                                                                                          (5.5) 
 

 N –    ( ), ; 
 F  –  , 2,    ( ). 

 
 5.3 –    

№ 
 

 
N, 

 

S, 2 
 . -

 

 
-  

 
 1 
. . S 

 
S 

 
1  12 1 12 6,7 3 2,5 21 21 1 
2   

 
12 1 12     
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  5.3 
3  

  
12 0,18 2,16 4 3 2,5 12 12 1 

4  12 0,07 0,84 2 3 2,5 6 6 1 
5  12 0,2 2,4 4 2 2,5 11 11 1 
6  12 0,6 7,2 10,6 3 2,5 23 23 1 
7  12 0,6 7,2 6,4 3 2,5 17,8 17,8 1 
8  1 6 2 6 2 3 2,5 6 6 1 

 
5.3.5   

 
      

,      . 
         

 , ,   . 
     3,6    

     .   
     1 ,    , 

        
 .       
  12 . 

       
        

  ,   ,  
,    ,    

. 
       
  . 
        

-  . 
 
5.3.6    

 
  , · ,    

   -     
 

Р =  ∑ К Р
Е

+ ∑К Р . . + ∑К Р . + ∑К Р . ,                                   (5.6)           

 
 Lx = 1,05 –     ; 

 –      
( , ,   . .); 

.  –     ,  
  ; 

.  –  ,      ; 
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 –  ,   ; 
1 = 0,5 –    ; 
3 = 0,8 –  ,   ; 
4 = 0,9 –  ,   ; 
5 = 0,6 –  ,   . 

       5.4. 
 

 5.4. –     
 
 

. . -  
 

,  
 

 
,  

  
 

 
 1 30 0,5 15 

  
 

 
 2 2,8 0,15 1,4 

  1 1,8 0,5 0,9 
 
 

 1 3,0 0,5 1,5 

 
 

 
 5 2 0,15 1,5 

  
 

 
2 1859,67 0,15 0,8 

22,3 

  2 414,7 0,3  12,4 
 

 
2 648,93 0,15 0,8 

7,8 

  
 

 

2 21,76 0,15 0,8 
0,3 

  
 

2 45,98 0,3 0,8 
1,1 

  
,  

2 108,19 0,14  
1,5 

  
 
 

2 10043,0 0,0002  2,25 

   
  0,9 2,5  2,25 

 
 

 0,25 1,5  
0,38 

 
 

 0,2 3,5  
0,7 

   71,3 × 1,05 = 74,8  
 

   = 74,8 . 
    -560,  

  , . .     . 
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 = ∙ ∙
 ,                                                                                                       (5.7)           

 
  – ; 

 – ; 
S – ,  ; 

 –   .   
   -45  =0,3 / 2. 

     = 1500 . 
  = 2 . 

,   S = 10043,0 2. 
 = , ∙ ∙ , = . 

 
     5 . 

      . 
 
5.3.7     

 
    Q p,      
 Q   -  Qx  .   

 
 
Q p = Q  + Qx +Q . .,                                                                               (5.8)               
 

 Q  –     ; 
Qx  –    -  ; 
Q . . –    . 

 
    , / ,   

 
 = ∙ ∙ ∙ ч∙ .,                                                                                         (5.9) 

 
 q  = 500  –      (  

,      . .); 
 –       ; 
 = 1,5 -     

t = 8  -    ; 
 = 1,2 -     . 
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260,0
8·3600

5,1·10·500
2,1 Q  / . 

 
   -  , / ,   

 з = ∙ ч∙ + ∙∙ .,                                                                                  (5.10) 

 
 qx = 15  –     -   

; 
 –       11 ; 

К  = 2 –     ; 
q  = 30  –       ; 

 –    (  80 % ); 
t1 = 45  –    ; 
t = 8  –    . 

 

2,0
5460·

·0,8)11(·30

83600·

·11·215
Q / .

 
 

       
 
Q  = 20 / . 
 

   ,  
 
Q p = 0,26 + 0,2 + 10 = 20,46 / . 
 

       
   

 𝐷 = , ∙ √ а𝜋∙ ,                                                                                      (5.11)          

 𝐷 = , ∙ √ ,, ∙ = ,  . 

 
  10704-91 «    . 

»,      127 .  
 
5.4     
 

 ,    ,      
, ,   . 



 

89 
 

       
. 

 -      
        . 

   ,     
      200 . 

    ,   75   
 . 

      
   [41]. 

       
,        

   [41]. 
 , ,     . 

       , 
   . 

 
5.5      
 

    , 
     , , 

    .  
      

  .      
        

 -  . 
 
5.6     
 

       , 
  .     . 

          
.       .  

  ,    , 
       . 

         
  -  . 

     .  
       ,   

  . 
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6   
 
6.1        

  
 

   –    , 
   ,     

 . 
      

     . 
           

   ,    
,         
  .    , , 

 -  ,    . .  
       

  «  ».  
      81-35.2004 

«        
   » [51]. 

        
  –  ,     

:         
 ,     ,   
         .  
        

 (   )     
    –  , 

    ,   1  2001 . 
      1 . 2017 .  

     .  – 7,39  (   
 №8802- /09  20.03.2017 .) 

        
      [55]; 

         
     [56]; 

      : 
-       – 2,7 % ([2], . 4.1.1); 
-     – 3,8 % [53] 
-     – 2 % ([54], .3.5.9). 

   : 
-     – 18 %. 

     . 
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  6.1       
        

     .    
. 

 
 6.1 -        

        
 .     

    
 , 

.  , % 

  3 902 404,12 73,23 
  :   

 3 519 852,86 66,05 
   259 857,38 4,88 

 122 693,88 2,30 
  129 100,34 2,42 

  121 928,13 2,29 
  362 787,88 6,81 

 812 919,68 15,25 
 5 329 140,15 100,00 

 
       

     . ,                 5 
329 140,15  .,      812 919,68 . 

        
         

   .     
   6.1. 

 

 
 

 6.1 –       
         

     .    
 

 

66,05 

4,88 

2,30 
2,42 

2,29 

6,81 

15,25  
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  6.1 ,       
 64,87%  (3 519 852,86 .),  -    2,3 

% (122 693,88 .) 
 
6.2  -    
 

-     , 
,      
      

 . 
    К    

 
 К = SS щ = ,   ,  = ,  ,                                                                         (6.1) 

 
 –  , 839,74 2; S щ -  , 1 143,01 2. 

    К    
 

 К = VS щ =  ,   , = ,  ,                                                                         (6.2) 

 
 V  –     , 7 618,86 3;  S щ -  , 1 143,01 2. 
 

 -      
      .  

   6.2. 
 

 6.2 –  -     
       .  

 ,  ,  
 , S  , 2 826,40 

  S  , 2 1 143,01 
  S  , 2 839,74 

   V , 3 7 618,86 
 ,  1 

  0,73 
  6,66 

 ,  10 
   , .-  1 609,98 

    ,  5 329 140,15 
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 Х Ч  

 
1.   21.1101 – 2013     

.       . – 
   21.1101 – 2009; .  11.06.2013. – : ,  

2013. – 55 . 
2.  21.501 – 2011     

   . –   21.501 – 93; .  
1.05.2013. – : , 2013. – 45 . 

3.  21.502-2007     
.       
 . – .  01.01.2009. – : , 

2008. – 20 .  
4.        

    (    
   16  2008 . №87). 

5.  2.316 – 2008    . 
  ,       

. –   2316 – 68; . 01.07.2009. – : 
, 2009. 

6.  2.304-81  . №№1,2.    
.  . – . 01.01.82. – : 

, 2007. -21 . 
7.  2.302 - 68*     . 

 (   №№ 1, 2, 3).  . – 
  3451 – 59*; . 01.01.71. – : , 2007. – 3 . 

8.  2.301 – 68*    . 
 (   №№ 1, 2, 3).  . – 

  3450-60;  01.01.71. - : , 2007. – 4 . 
9.  17.13330.2011 .    II-

2676. –   17.13330.2010; . 20.05.2011. - .:  , 2010. – 
74 . 

10.  56.13330.2011  .  
  31-03-2001. –   56.13330.2010   57.13320.2010; 

. 20.05.2011. – .:  , 2011. – 17 . 
11.  52.13330.2011    . 

   23-05-95*. –   52.13330.2010; 
. 20.05.2011. – .:  , 2011. – 70 .  

12.  51.13330.2011   .   
 23-03-2013. –   51.13330.2010; . 20.05.2011. – .:  

, 2011. – 42 . 
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13.  50.13330.2012   .  
  23.02.-2003. – . 1.01.2012. – .:  « », 2012. – 

96 . 
14.  59.13330.2012      

  .     35-
012001. – . 01.01.2013 . – .:  , 2013. – 62 . 

15.  131.13330. 2012  . 
   23-01-99*. – . 01.01.2013 . 

16.  20.13330.2011   .  
  2.01.07-85*. –   20.13330.2010; . 20.05.2011. – .: 

 , 2011. -90 . 
17.  16.13330.2011  .  

  II-23-81*. – . 20.05.2011. – .:  , 2011. – 173 . 
18. , . .  ,  : 

       
270800.62 « » / . . . – : . . - , 
2014. - 111 . 

19. , . .  .    
    : -      

      
  / . . , . . . – : . . - , 

2014. - 69 . 
20. , . .      

    : .  / . . , . . , 
. . . – . 2- , .  . – :  , 2010. – 248 

. 
21.  :   . . . 

/ . .  [  .];  . . . . – . 8- , . 
 . – .:   « », 2006. – 688 . 

22.  :  3 .: .    / 
. .  [  .]; . . . . . – .: . ., 2004.; 

23.  24.13330.2011  .  
  2.02.03-85. –   24.13330.2010; . 20.05.2011. – .: 

 , 2011. – 86 . 
24.   22.13330.2011    . 

   2.02.01-83. -   22.13330.2010;  
. 20.05.2011. – .:  , 2011. – 162 . 

25.  50-101-2004      
   /  . - :  , 2005. - 130 

. 
26.  . .     : 

    / . . . - 
: , 2004. - 72 . 
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27. , . .      
: .       / 

. . , . . .— : , 2003. - 54 . 
28. , . .      

  / . . , . . , . . , . . , 
. . . — : , 1998. -68 . 

29.  , . .  .    
 : .  / . . .- : , 

1996. 62 . 
30.  70.13330.2012    . 

   3.03.01 – 87. – . 01.01.2013. – :  
, 2013. – 280 . 
31.  , . .   ,   

:   / . . , . . .  - .: , 
2009. — 312 . 

32. , . .      
.   :     / . . 

. – . 2- , .  . — : , 2008. — 336 . 
33.  .  ,   

 / .  [  .];  . . .  — .: , 
2008. - 856 . 

34.       
   12-29.2006. – .: , 2007. – 9 . 

35. , . .   .   
 :     ,  / . . 

, . . . - .:  « », 2007. -216 . 
36.     :  

  .  .  / . . , . , 
. , . . — .: , 2004. - 584 . 

37.        
  -1-1.88  -1-2     

. - .:  , 2002. -58 . 
38.        

. - .:  , 1995. - 64 . 
39. :  /  . - .: , 1987. 
40.   .  /   - .: 

, 1984. 
41.  48.13330.2011  .  

. – . 20.05.2011. – .:  , 2011. 
42. , . . -    

: -     , 
    / . . , . . , 

. . . - : . . - , 2012. - 40 . 
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43.  12 - 46.2008.      
   ,    

  ( ),   .- .: , 2009. 
44. -11-06-2007.      

       
 -  . – . 01.07.2007. 

45.    .  
  29.12.2004  № 190 - . - .: - . 2006. - 83 . 
46.  12-04-2002.    :  2 . .2. 

 . -  . 8-18  III-4-80.* .2001-09-
01. - .: - , 2003. 

47. , . .   : .  
,  / . . . - .: , 2002. - 512 . 

48.  1.04.03-85*.     
   ,   :  2 . -   
 – .:  , 1991. 

49.   ( ):    
   / . . , . . , . . . - 

: . . - , 2012. 
50.  . .   ( ):   – 

, , 2009. 
51.  81-35.2004. «     

    ». 
52.  81-05-01-2001.       

   . 
53.  81-05-02-2007.      

  -     . 
54.  81-1.99. «      

     ». 
55.  81-33.2004. «     

  ». 
56.  81-25.2004. «      

  ». 
57.    «  – ». 
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Вы  е ч ы у  
Е  я: ,  
П  : 
С  / : В  
С  : В  
С  / : В  
С  : В  

Вы  е ч ы у  
  я  я 

 З  Э  С  З  З  Э  С  З  

N 52,332 23 1 4 -562,275 13 1 4 

My 174,601 28 2 4 -308,942 23 3 4 

Qz 166,2 28 1 4 -267,49 23 3 4 

 
Ве ч ы у  
Е  я: ,  
П  : 
С  / : В  
С  : В  
С  / : В  
С  : В  

Ве ч ы у  
Э  С  З  З  

   N Mk My Qz Mz Qy ry rz 

1 1 1 -34,666 0 -7,464 1,001 0 0 0 0 

1 1 2 -12,562 0 -1,108 0,096 0 0 0 0 

1 1 3 1,593 0 15,177 -5,928 0 0 0 0 

1 1 4 -223,19 0 -135,098 18,785 0 0 0 0 

1 2 1 -34,666 0 -5,503 1,001 0 0 0 0 

1 2 2 -12,562 0 -0,919 0,096 0 0 0 0 

1 2 3 1,593 0 6,286 -3,144 0 0 0 0 

1 2 4 -223,19 0 -98,28 18,785 0 0 0 0 

1 3 1 -34,666 0 -3,541 1,001 0 0 0 0 

1 3 2 -12,562 0 -0,73 0,096 0 0 0 0 

1 3 3 1,593 0 2,851 -0,361 0 0 0 0 

1 3 4 -223,19 0 -61,462 18,785 0 0 0 0 

2 1 1 -29,453 0 -3,541 1,788 0 0 0 0 

2 1 2 -12,502 0 -0,73 0,302 0 0 0 0 

2 1 3 1,204 0 2,851 -4,537 0 0 0 0 

2 1 4 -119,699 0 -61,462 31,909 0 0 0 0 

2 2 1 -13,963 0 0,214 1,788 0 0 0 0 

2 2 2 -12,502 0 -0,096 0,302 0 0 0 0 

2 2 3 1,204 0 -3,546 -1,555 0 0 0 0 

2 2 4 -119,699 0 5,548 31,909 0 0 0 0 

2 3 1 -13,963 0 3,97 1,788 0 0 0 0 

2 3 2 -12,502 0 0,538 0,302 0 0 0 0 

2 3 3 1,204 0 -3,68 1,427 0 0 0 0 

2 3 4 -119,699 0 72,557 31,909 0 0 0 0 

3 1 1 -8,763 0 3,97 0,727 0 0 0 0 

3 1 2 -12,468 0 0,538 2,474 0 0 0 0 

3 1 3 0,923 0 -3,68 -1,001 0 0 0 0 

3 1 4 -16,116 0 72,557 -17,056 0 0 0 0 

3 2 1 -8,763 0 4,98 0,727 0 0 0 0 

3 2 2 -12,468 0 3,977 2,474 0 0 0 0 

3 2 3 0,923 0 -3,7 0,973 0 0 0 0 

3 2 4 -16,116 0 48,849 -17,056 0 0 0 0 

3 3 1 -8,763 0 5,99 0,727 0 0 0 0 
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Ве ч ы у  
Э  С  З  З  

   N Mk My Qz Mz Qy ry rz 

3 3 2 -12,468 0 7,417 2,474 0 0 0 0 

3 3 3 0,923 0 -0,976 2,947 0 0 0 0 

3 3 4 -16,116 0 25,142 -17,056 0 0 0 0 

4 1 1 -53,213 0 -6,241 0,113 0 0 0 0 

4 1 2 -21,988 0 -0,943 -0,018 0 0 0 0 

4 1 3 1,822 0 13,139 -3,234 0 0 0 0 

4 1 4 -486,225 0 -112,755 2,494 0 0 0 0 

4 2 1 -53,213 0 -6,019 0,113 0 0 0 0 

4 2 2 -21,988 0 -0,977 -0,018 0 0 0 0 

4 2 3 1,822 0 6,801 -3,234 0 0 0 0 

4 2 4 -486,225 0 -107,867 2,494 0 0 0 0 

4 3 1 -53,213 0 -5,797 0,113 0 0 0 0 

4 3 2 -21,988 0 -1,012 -0,018 0 0 0 0 

4 3 3 1,822 0 0,463 -3,234 0 0 0 0 

4 3 4 -486,225 0 -102,98 2,494 0 0 0 0 

5 1 1 -41,519 0 -1,235 0,737 0 0 0 0 

5 1 2 -21,936 0 -1,229 0,834 0 0 0 0 

5 1 3 1,357 0 1,863 -1,727 0 0 0 0 

5 1 4 -253,002 0 -8,989 4,101 0 0 0 0 

5 2 1 -26,649 0 0,313 0,737 0 0 0 0 

5 2 2 -21,936 0 0,522 0,834 0 0 0 0 

5 2 3 1,357 0 -1,763 -1,727 0 0 0 0 

5 2 4 -253,002 0 -0,376 4,101 0 0 0 0 

5 3 1 -26,649 0 1,861 0,737 0 0 0 0 

5 3 2 -21,936 0 2,273 0,834 0 0 0 0 

5 3 3 1,357 0 -5,389 -1,727 0 0 0 0 

5 3 4 -253,002 0 8,237 4,101 0 0 0 0 

6 1 1 -14,933 0 6,468 -2,502 0 0 0 0 

6 1 2 -21,884 0 2,153 -2,582 0 0 0 0 

6 1 3 0,994 0 -4,378 0,684 0 0 0 0 

6 1 4 -19,355 0 101,9 -17,087 0 0 0 0 

6 2 1 -14,933 0 3,54 -2,502 0 0 0 0 

6 2 2 -21,884 0 -0,868 -2,582 0 0 0 0 

6 2 3 0,994 0 -3,578 0,684 0 0 0 0 

6 2 4 -19,355 0 81,908 -17,087 0 0 0 0 

6 3 1 -14,933 0 0,613 -2,502 0 0 0 0 

6 3 2 -21,884 0 -3,89 -2,582 0 0 0 0 

6 3 3 0,994 0 -2,778 0,684 0 0 0 0 
6 3 4 -19,355 0 61,916 -17,087 0 0 0 0 

7 1 1 -44,732 0 -6,845 0,634 0 0 0 0 

7 1 2 -19,003 0 -0,904 -0,004 0 0 0 0 

7 1 3 -0,831 0 12,968 -3,213 0 0 0 0 

7 1 4 -363,081 0 -125,331 12,723 0 0 0 0 

7 2 1 -44,732 0 -5,603 0,634 0 0 0 0 

7 2 2 -19,003 0 -0,911 -0,004 0 0 0 0 

7 2 3 -0,831 0 6,671 -3,213 0 0 0 0 

7 2 4 -363,081 0 -100,393 12,723 0 0 0 0 

7 3 1 -44,732 0 -4,362 0,634 0 0 0 0 

7 3 2 -19,003 0 -0,919 -0,004 0 0 0 0 

7 3 3 -0,831 0 0,374 -3,213 0 0 0 0 

7 3 4 -363,081 0 -75,456 12,723 0 0 0 0 

8 1 1 -35,503 0 -3,467 1,586 0 0 0 0 

8 1 2 -19,033 0 -1,189 0,641 0 0 0 0 

8 1 3 -0,531 0 2,423 -1,866 0 0 0 0 

8 1 4 -178,127 0 -54,129 23,544 0 0 0 0 

8 2 1 -21,053 0 -0,136 1,586 0 0 0 0 
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Ве ч ы у  
Э  С  З  З  

   N Mk My Qz Mz Qy ry rz 

8 2 2 -19,033 0 0,157 0,641 0 0 0 0 

8 2 3 -0,531 0 -1,495 -1,866 0 0 0 0 

8 2 4 -178,127 0 -4,686 23,544 0 0 0 0 

8 3 1 -21,053 0 3,195 1,586 0 0 0 0 

8 3 2 -19,033 0 1,503 0,641 0 0 0 0 

8 3 3 -0,531 0 -5,412 -1,866 0 0 0 0 

8 3 4 -178,127 0 44,757 23,544 0 0 0 0 

9 1 1 -11,809 0 4,069 0,463 0 0 0 0 

9 1 2 -19,063 0 1,297 0,346 0 0 0 0 

9 1 3 -0,325 0 -3,866 0,205 0 0 0 0 

9 1 4 7,143 0 64,845 4,835 0 0 0 0 

9 2 1 -11,809 0 4,542 0,463 0 0 0 0 

9 2 2 -19,063 0 1,651 0,346 0 0 0 0 

9 2 3 -0,325 0 -3,656 0,205 0 0 0 0 

9 2 4 7,143 0 69,788 4,835 0 0 0 0 

9 3 1 -11,809 0 5,015 0,463 0 0 0 0 

9 3 2 -19,063 0 2,005 0,346 0 0 0 0 

9 3 3 -0,325 0 -3,447 0,205 0 0 0 0 

9 3 4 7,143 0 74,731 4,835 0 0 0 0 

10 1 1 -49,443 0 -5,878 0,015 0 0 0 0 

10 1 2 -21,358 0 -0,443 -0,269 0 0 0 0 

10 1 3 0,223 0 12,632 -3,023 0 0 0 0 

10 1 4 -437,851 0 -111,864 3,729 0 0 0 0 

10 2 1 -49,443 0 -5,849 0,015 0 0 0 0 

10 2 2 -21,358 0 -0,97 -0,269 0 0 0 0 

10 2 3 0,223 0 6,706 -3,023 0 0 0 0 

10 2 4 -437,851 0 -104,555 3,729 0 0 0 0 

10 3 1 -49,443 0 -5,82 0,015 0 0 0 0 

10 3 2 -21,358 0 -1,497 -0,269 0 0 0 0 

10 3 3 0,223 0 0,78 -3,023 0 0 0 0 

10 3 4 -437,851 0 -97,245 3,729 0 0 0 0 

11 1 1 -38,639 0 -3,226 1,416 0 0 0 0 

11 1 2 -21,354 0 -1,742 0,979 0 0 0 0 

11 1 3 0,223 0 2,439 -1,783 0 0 0 0 

11 1 4 -221,824 0 -42,249 15,832 0 0 0 0 

11 2 1 -24,719 0 -0,251 1,416 0 0 0 0 

11 2 2 -21,354 0 0,314 0,979 0 0 0 0 

11 2 3 0,223 0 -1,305 -1,783 0 0 0 0 
11 2 4 -221,824 0 -9,002 15,832 0 0 0 0 

11 3 1 -24,719 0 2,723 1,416 0 0 0 0 

11 3 2 -21,354 0 2,37 0,979 0 0 0 0 

11 3 3 0,223 0 -5,048 -1,783 0 0 0 0 

11 3 4 -221,824 0 24,245 15,832 0 0 0 0 

12 1 1 -13,847 0 5,241 -0,729 0 0 0 0 

12 1 2 -21,306 0 2,202 -1,361 0 0 0 0 

12 1 3 0,207 0 -3,733 0,051 0 0 0 0 

12 1 4 -4,981 0 76,743 2,788 0 0 0 0 

12 2 1 -13,847 0 4,629 -0,729 0 0 0 0 

12 2 2 -21,306 0 1,059 -1,361 0 0 0 0 

12 2 3 0,207 0 -3,69 0,051 0 0 0 0 

12 2 4 -4,981 0 79,085 2,788 0 0 0 0 

12 3 1 -13,847 0 4,017 -0,729 0 0 0 0 

12 3 2 -21,306 0 -0,084 -1,361 0 0 0 0 

12 3 3 0,207 0 -3,648 0,051 0 0 0 0 

12 3 4 -4,981 0 81,427 2,788 0 0 0 0 

13 1 1 -61,371 0 -5,168 -0,335 0 0 0 0 
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Ве ч ы у  
Э  С  З  З  

   N Mk My Qz Mz Qy ry rz 

13 1 2 -31,114 0 0,101 -0,534 0 0 0 0 

13 1 3 -1,58 0 12,559 -2,972 0 0 0 0 

13 1 4 -562,275 0 -104,614 0,114 0 0 0 0 

13 2 1 -61,371 0 -5,825 -0,335 0 0 0 0 

13 2 2 -31,114 0 -0,946 -0,534 0 0 0 0 

13 2 3 -1,58 0 6,735 -2,972 0 0 0 0 

13 2 4 -562,275 0 -104,391 0,114 0 0 0 0 

13 3 1 -61,371 0 -6,482 -0,335 0 0 0 0 

13 3 2 -31,114 0 -1,992 -0,534 0 0 0 0 

13 3 3 -1,58 0 0,91 -2,972 0 0 0 0 

13 3 4 -562,275 0 -104,167 0,114 0 0 0 0 

14 1 1 -46,892 0 -3,9 1,393 0 0 0 0 

14 1 2 -31,211 0 -2,25 1,024 0 0 0 0 

14 1 3 -1,167 0 2,569 -1,748 0 0 0 0 

14 1 4 -271,461 0 -49,253 14,79 0 0 0 0 

14 2 1 -33,492 0 -0,975 1,393 0 0 0 0 

14 2 2 -31,211 0 -0,1 1,024 0 0 0 0 

14 2 3 -1,167 0 -1,102 -1,748 0 0 0 0 

14 2 4 -271,461 0 -18,194 14,79 0 0 0 0 

14 3 1 -33,492 0 1,95 1,393 0 0 0 0 

14 3 2 -31,211 0 2,051 1,024 0 0 0 0 

14 3 3 -1,167 0 -4,773 -1,748 0 0 0 0 

14 3 4 -271,461 0 12,866 14,79 0 0 0 0 

15 1 1 -18,939 0 4,251 7,552 0 0 0 0 

15 1 2 -31,195 0 1,741 10,853 0 0 0 0 

15 1 3 -0,855 0 -3,409 0,077 0 0 0 0 

15 1 4 19,396 0 62,834 12,52 0 0 0 0 

15 2 1 -18,939 0 9,179 7,552 0 0 0 0 

15 2 2 -31,195 0 8,822 10,853 0 0 0 0 

15 2 3 -0,855 0 -3,359 0,077 0 0 0 0 

15 2 4 19,396 0 71,004 12,52 0 0 0 0 

15 3 1 -18,939 0 14,107 7,552 0 0 0 0 

15 3 2 -31,195 0 15,904 10,853 0 0 0 0 

15 3 3 -0,855 0 -3,309 0,077 0 0 0 0 

15 3 4 19,396 0 79,173 12,52 0 0 0 0 

16 1 1 -52,481 0 -3,004 -1,428 0 0 0 0 

16 1 2 -22,191 0 -0,943 0,728 0 0 0 0 

16 1 3 -1,227 0 14,018 -4,843 0 0 0 0 
16 1 4 -519,377 0 -47,993 -37,845 0 0 0 0 

16 2 1 -52,481 0 -5,802 -1,428 0 0 0 0 

16 2 2 -22,191 0 0,484 0,728 0 0 0 0 

16 2 3 -1,227 0 6,235 -3,099 0 0 0 0 

16 2 4 -519,377 0 -122,169 -37,845 0 0 0 0 

16 3 1 -52,481 0 -8,6 -1,428 0 0 0 0 

16 3 2 -22,191 0 1,911 0,728 0 0 0 0 

16 3 3 -1,227 0 1,871 -1,354 0 0 0 0 

16 3 4 -519,377 0 -196,346 -37,845 0 0 0 0 

17 1 1 -39,1 0 6,889 -6,921 0 0 0 0 

17 1 2 -22,18 0 1,976 -3,78 0 0 0 0 

17 1 3 -1,087 0 2,712 -2,497 0 0 0 0 

17 1 4 -251,887 0 112,596 -90,177 0 0 0 0 

17 2 1 -26,75 0 -7,644 -6,921 0 0 0 0 

17 2 2 -22,18 0 -5,962 -3,78 0 0 0 0 

17 2 3 -1,087 0 -0,57 -0,628 0 0 0 0 

17 2 4 -251,887 0 -76,776 -90,177 0 0 0 0 

17 3 1 -26,75 0 -22,178 -6,921 0 0 0 0 
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Ве ч ы у  
Э  С  З  З  

   N Mk My Qz Mz Qy ry rz 

17 3 2 -22,18 0 -13,9 -3,78 0 0 0 0 

17 3 3 -1,087 0 0,074 1,241 0 0 0 0 

17 3 4 -251,887 0 -266,147 -90,177 0 0 0 0 

18 1 1 -13,536 0 -7,696 -5,511 0 0 0 0 

18 1 2 -22,299 0 -14,617 -9,73 0 0 0 0 

18 1 3 -0,945 0 0,926 -4,47 0 0 0 0 

18 1 4 13,913 0 32,651 14 0 0 0 0 

18 2 1 -13,536 0 -9,266 -5,511 0 0 0 0 

18 2 2 -22,299 0 -17,39 -9,73 0 0 0 0 

18 2 3 -0,945 0 -0,312 -4,216 0 0 0 0 

18 2 4 13,913 0 36,641 14 0 0 0 0 

18 3 1 -13,536 0 -10,837 -5,511 0 0 0 0 

18 3 2 -22,299 0 -20,163 -9,73 0 0 0 0 

18 3 3 -0,945 0 -1,477 -3,962 0 0 0 0 

18 3 4 13,913 0 40,631 14 0 0 0 0 

19 1 1 0,788 0 0 5,213 0 0 0 0 

19 1 2 0,206 0 0 0,06 0 0 0 0 

19 1 3 -4,176 0 0 -0,389 0 0 0 0 

19 1 4 13,124 0 0 103,491 0 0 0 0 

19 2 1 0,788 0 3,551 -1,267 0 0 0 0 

19 2 2 0,206 0 0,109 0,06 0 0 0 0 

19 2 3 -4,176 0 -0,7 -0,389 0 0 0 0 

19 2 4 13,124 0 69,645 -26,109 0 0 0 0 

19 3 1 0,788 0 -4,562 -7,747 0 0 0 0 

19 3 2 0,206 0 0,217 0,06 0 0 0 0 

19 3 3 -4,176 0 -1,4 -0,389 0 0 0 0 

19 3 4 13,124 0 -93,991 -155,709 0 0 0 0 

20 1 1 1,411 0 0 3,947 0 0 0 0 

20 1 2 1,057 0 0 0,112 0 0 0 0 

20 1 3 -2,669 0 0 -0,854 0 0 0 0 

20 1 4 14,732 0 0 77,514 0 0 0 0 

20 2 1 1,411 0 2,144 -0,373 0 0 0 0 

20 2 2 1,057 0 0,135 0,112 0 0 0 0 

20 2 3 -2,669 0 -1,024 -0,854 0 0 0 0 

20 2 4 14,732 0 41,177 -8,886 0 0 0 0 

20 3 1 1,411 0 -0,895 -4,693 0 0 0 0 

20 3 2 1,057 0 0,27 0,112 0 0 0 0 

20 3 3 -2,669 0 -2,049 -0,854 0 0 0 0 
20 3 4 14,732 0 -21,327 -95,286 0 0 0 0 

21 1 1 2,364 0 0 4,535 0 0 0 0 

21 1 2 1,702 0 0 0,082 0 0 0 0 

21 1 3 -1,322 0 0 -0,553 0 0 0 0 

21 1 4 25,553 0 0 89,668 0 0 0 0 

21 2 1 2,364 0 2,753 -0,865 0 0 0 0 

21 2 2 1,702 0 0,123 0,082 0 0 0 0 

21 2 3 -1,322 0 -0,829 -0,553 0 0 0 0 

21 2 4 25,553 0 53,502 -18,332 0 0 0 0 

21 3 1 2,364 0 -2,594 -6,265 0 0 0 0 

21 3 2 1,702 0 0,245 0,082 0 0 0 0 

21 3 3 -1,322 0 -1,659 -0,553 0 0 0 0 

21 3 4 25,553 0 -54,996 -126,332 0 0 0 0 

22 1 1 3,765 0 0 4,539 0 0 0 0 

22 1 2 2,95 0 0 0,086 0 0 0 0 

22 1 3 -0,081 0 0 -0,553 0 0 0 0 

22 1 4 37,656 0 0 89,695 0 0 0 0 

22 2 1 3,765 0 2,759 -0,861 0 0 0 0 
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Ве ч ы у  
Э  С  З  З  

   N Mk My Qz Mz Qy ry rz 

22 2 2 2,95 0 0,129 0,086 0 0 0 0 

22 2 3 -0,081 0 -0,829 -0,553 0 0 0 0 

22 2 4 37,656 0 53,543 -18,305 0 0 0 0 

22 3 1 3,765 0 -2,582 -6,261 0 0 0 0 

22 3 2 2,95 0 0,258 0,086 0 0 0 0 

22 3 3 -0,081 0 -1,659 -0,553 0 0 0 0 

22 3 4 37,656 0 -54,914 -126,305 0 0 0 0 

23 1 1 5,493 0 0 8,218 0 0 0 0 

23 1 2 4,508 0 0 -0,011 0 0 0 0 

23 1 3 1,143 0 0 -0,14 0 0 0 0 

23 1 4 52,332 0 0 164,51 0 0 0 0 

23 2 1 5,493 0 8,455 -2,582 0 0 0 0 

23 2 2 4,508 0 -0,033 -0,011 0 0 0 0 

23 2 3 1,143 0 -0,42 -0,14 0 0 0 0 

23 2 4 52,332 0 169,529 -51,49 0 0 0 0 

23 3 1 5,493 0 -15,489 -13,382 0 0 0 0 

23 3 2 4,508 0 -0,065 -0,011 0 0 0 0 

23 3 3 1,143 0 -0,84 -0,14 0 0 0 0 

23 3 4 52,332 0 -308,942 -267,49 0 0 0 0 

24 1 1 -1,062 0 0 5,2 0 0 0 0 

24 1 2 2,172 0 0 0,033 0 0 0 0 

24 1 3 -2,428 0 0 -0,281 0 0 0 0 

24 1 4 -48,965 0 0 103,583 0 0 0 0 

24 2 1 -1,062 0 3,528 -1,28 0 0 0 0 

24 2 2 2,172 0 0,06 0,033 0 0 0 0 

24 2 3 -2,428 0 -0,506 -0,281 0 0 0 0 

24 2 4 -48,965 0 69,809 -26,017 0 0 0 0 

24 3 1 -1,062 0 -4,607 -7,76 0 0 0 0 

24 3 2 2,172 0 0,12 0,033 0 0 0 0 

24 3 3 -2,428 0 -1,011 -0,281 0 0 0 0 

24 3 4 -48,965 0 -93,662 -155,617 0 0 0 0 

25 1 1 -4,301 0 0 3,956 0 0 0 0 

25 1 2 -1,244 0 0 0,086 0 0 0 0 

25 1 3 -0,018 0 0 -0,645 0 0 0 0 

25 1 4 -70,154 0 0 78,03 0 0 0 0 

25 2 1 -4,301 0 2,155 -0,364 0 0 0 0 

25 2 2 -1,244 0 0,103 0,086 0 0 0 0 

25 2 3 -0,018 0 -0,773 -0,645 0 0 0 0 
25 2 4 -70,154 0 41,796 -8,37 0 0 0 0 

25 3 1 -4,301 0 -0,873 -4,684 0 0 0 0 

25 3 2 -1,244 0 0,206 0,086 0 0 0 0 

25 3 3 -0,018 0 -1,547 -0,645 0 0 0 0 

25 3 4 -70,154 0 -20,087 -94,77 0 0 0 0 

26 1 1 -5,424 0 0 4,561 0 0 0 0 

26 1 2 -1,539 0 0 0,056 0 0 0 0 

26 1 3 2,053 0 0 -0,438 0 0 0 0 

26 1 4 -88,863 0 0 90,501 0 0 0 0 

26 2 1 -5,424 0 2,791 -0,839 0 0 0 0 

26 2 2 -1,539 0 0,084 0,056 0 0 0 0 

26 2 3 2,053 0 -0,658 -0,438 0 0 0 0 

26 2 4 -88,863 0 54,751 -17,499 0 0 0 0 

26 3 1 -5,424 0 -2,518 -6,239 0 0 0 0 

26 3 2 -1,539 0 0,168 0,056 0 0 0 0 

26 3 3 2,053 0 -1,315 -0,438 0 0 0 0 

26 3 4 -88,863 0 -52,498 -125,499 0 0 0 0 

27 1 1 -7,569 0 0 4,633 0 0 0 0 
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Ве ч ы у  
Э  С  З  З  

   N Mk My Qz Mz Qy ry rz 

27 1 2 -3,879 0 0 0,103 0 0 0 0 

27 1 3 3,886 0 0 -0,454 0 0 0 0 

27 1 4 -101,907 0 0 91,344 0 0 0 0 

27 2 1 -7,569 0 2,9 -0,767 0 0 0 0 

27 2 2 -3,879 0 0,155 0,103 0 0 0 0 

27 2 3 3,886 0 -0,682 -0,454 0 0 0 0 

27 2 4 -101,907 0 56,016 -16,656 0 0 0 0 

27 3 1 -7,569 0 -2,301 -6,167 0 0 0 0 

27 3 2 -3,879 0 0,31 0,103 0 0 0 0 

27 3 3 3,886 0 -1,363 -0,454 0 0 0 0 

27 3 4 -101,907 0 -49,969 -124,656 0 0 0 0 

28 1 1 -1,41 0 0 8,386 0 0 0 0 

28 1 2 5,95 0 0 0,12 0 0 0 0 

28 1 3 5,711 0 0 -0,142 0 0 0 0 

28 1 4 -104,177 0 0 166,2 0 0 0 0 

28 2 1 -1,41 0 8,959 -2,414 0 0 0 0 

28 2 2 5,95 0 0,359 0,12 0 0 0 0 

28 2 3 5,711 0 -0,426 -0,142 0 0 0 0 

28 2 4 -104,177 0 174,601 -49,8 0 0 0 0 

28 3 1 -1,41 0 -14,482 -13,214 0 0 0 0 

28 3 2 5,95 0 0,717 0,12 0 0 0 0 

28 3 3 5,711 0 -0,852 -0,142 0 0 0 0 

28 3 4 -104,177 0 -298,798 -265,8 0 0 0 0 

37 1 1 0,342 0 -5,99 8,786 0 0 0 0 

37 1 2 -0,943 0 -7,417 12,677 0 0 0 0 

37 1 3 -3,037 0 0,976 -0,559 0 0 0 0 

37 1 4 18,885 0 -25,142 13,928 0 0 0 0 

37 2 1 -0,651 0 2,579 0,665 0 0 0 0 

37 2 2 -2,499 0 4,032 -0,049 0 0 0 0 

37 2 3 -3,037 0 -0,038 -0,559 0 0 0 0 

37 2 4 18,885 0 0,115 13,928 0 0 0 0 

37 3 1 -1,643 0 -3,579 -7,457 0 0 0 0 

37 3 2 -4,054 0 -7,596 -12,775 0 0 0 0 

37 3 3 -3,037 0 -1,052 -0,559 0 0 0 0 

37 3 4 18,885 0 25,371 13,928 0 0 0 0 

38 1 1 2,657 0 -4,192 7,061 0 0 0 0 

38 1 2 1,17 0 -3,706 8,632 0 0 0 0 

38 1 3 -3,837 0 1,725 -1,46 0 0 0 0 
38 1 4 38,215 0 -36,545 31,04 0 0 0 0 

38 2 1 1,991 0 1,071 1,646 0 0 0 0 

38 2 2 0,127 0 1,602 0,148 0 0 0 0 

38 2 3 -3,837 0 -0,039 -1,46 0 0 0 0 

38 2 4 38,215 0 0,984 31,04 0 0 0 0 

38 3 1 1,326 0 -0,211 -3,768 0 0 0 0 

38 3 2 -0,915 0 -3,347 -8,336 0 0 0 0 

38 3 3 -3,837 0 -1,804 -1,46 0 0 0 0 

38 3 4 38,215 0 38,512 31,04 0 0 0 0 

39 1 1 2,297 0 -5,227 8,012 0 0 0 0 

39 1 2 1,053 0 -5,353 10,629 0 0 0 0 

39 1 3 -3,999 0 1,643 -1,118 0 0 0 0 

39 1 4 32,515 0 -36,219 24,581 0 0 0 0 

39 2 1 1,474 0 1,766 1,244 0 0 0 0 

39 2 2 -0,237 0 2,695 0,024 0 0 0 0 

39 2 3 -3,999 0 -0,046 -1,118 0 0 0 0 

39 2 4 32,515 0 0,923 24,581 0 0 0 0 

39 3 1 0,65 0 -1,468 -5,524 0 0 0 0 
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Ве ч ы у  
Э  С  З  З  

   N Mk My Qz Mz Qy ry rz 

39 3 2 -1,527 0 -5,282 -10,581 0 0 0 0 

39 3 3 -3,999 0 -1,735 -1,118 0 0 0 0 

39 3 4 32,515 0 38,066 24,581 0 0 0 0 

40 1 1 3,073 0 -5,485 8,123 0 0 0 0 

40 1 2 2,431 0 -5,198 10,397 0 0 0 0 

40 1 3 -4,079 0 1,913 -1,304 0 0 0 0 

40 1 4 30,447 0 -43,361 29,762 0 0 0 0 

40 2 1 2,227 0 1,679 1,355 0 0 0 0 

40 2 2 1,105 0 2,503 -0,208 0 0 0 0 

40 2 3 -4,079 0 -0,058 -1,304 0 0 0 0 

40 2 4 30,447 0 1,629 29,762 0 0 0 0 

40 3 1 1,381 0 -1,389 -5,413 0 0 0 0 

40 3 2 -0,22 0 -5,827 -10,813 0 0 0 0 

40 3 3 -4,079 0 -2,029 -1,304 0 0 0 0 

40 3 4 30,447 0 46,618 29,762 0 0 0 0 

41 1 1 -3,799 0 -15,496 14,307 0 0 0 0 

41 1 2 -7,173 0 -21,731 21,469 0 0 0 0 

41 1 3 -4,048 0 1,28 -0,456 0 0 0 0 

41 1 4 15,588 0 -32,555 12,107 0 0 0 0 

41 2 1 -5,458 0 7,289 0,771 0 0 0 0 

41 2 2 -9,771 0 11,106 0,259 0 0 0 0 

41 2 3 -4,048 0 -0,099 -0,456 0 0 0 0 

41 2 4 15,588 0 4,038 12,107 0 0 0 0 

41 3 1 -7,116 0 -10,837 -12,765 0 0 0 0 

41 3 2 -12,369 0 -20,163 -20,951 0 0 0 0 

41 3 3 -4,048 0 -1,477 -0,456 0 0 0 0 

41 3 4 15,588 0 40,631 12,107 0 0 0 0 
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