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	 Я 	№	1	
	 	 	 	 	 		

	 	

   ,  ,  

    –   .  

     -

      -

 . 

      -

     ( . 1.1), -

  N,    bh (Ab)   4ø, 

 As. 

 

. 1.1.    

   –      

   : ∑y = 0. 

N = Nb + Ns = σb Ab + σs As                        (1.1) 

 Nb  σb –      ;  

Ns  σs –      . 

 ( ) ,   – : σb  σs. -

   . 

      -

 

b = ∆l/l = s = ∆l/l. 
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σb = b Eb; σs = s Es, 

 

b = σb /Eb; s = σs /Es, 

 Es –    (≈ 200000 ); 

Eb –    (20000…40000 ).  

     -

    

σs/Es = σb /Eb. 

   s ,  σs = σb Es/Eb.  

 Es/Eb = α –  ,   

: σs = σb α. 

     σs    σb α,  

N = σb Ab + σb α As = σb (Ab + α As). 

 (Ab + α As) = Ared –   . 

   

N = σb Ared .                                   (1.2) 

    σb = N /Ared ,   -

 σs = α N /Ared. 

 , σs  6–8   σb.  

      

    : 

–   : 

σb = M /Wred = M·yi /Ired ;                         (1.3) 

σs = α M /Wred = α M·ys /Ired;                      (1.4) 

–      yi: 

σb = N/Ared + M·yi /Ired ;                           (1.5) 

σs = α(N/Ared + M·yi /Ired).                         (1.6)  

 , ,     
     -

  . 



                          13 

 

	 	 	 	

       -
  .     -
 1.1. 

 1.1 

  

  1.1   :  -

 . 

 

 
  

 
  

 
 
,

b × h, 

 
  

  

-
  

 
N, 

 
 

 

b,  

 
 

s, 

1 300 × 300 20 4∅ 18 A400 1200 24000  
 
 
 
 
 
 
 
 
 
 
 

200000 

2 300 × 300 25 4∅ 18 A400 1200 27000 

3 300 × 300 30 4∅ 18 A400 1500 29000 

4 300 × 300 20 4∅ 20 A400 1000 24000 

5 300 × 300 25 4∅ 20 A400 1500 27000 

6 300 × 300 30 4∅ 20 A400 1400 29000 

7 300 × 300 20 4∅ 22A400 1350 27000 

8 300 × 300 25 4∅ 22 A400 1340 30000 

9 300 × 300 30 4∅ 22 A400 1700 32500 

10 400 × 400 20 8∅ 16 A500 1900 24000 

11 400 × 400 25 8∅ 16 A500 2600 27000 

12 400 × 400 30 8∅ 16 A500 2500 29000 

13 400 × 400 20 8∅ 18 A500 2250 27000 

14 400 × 400 25 8∅ 18 A500 2400 30000 

15 400 × 400 30 8∅ 18 500 2900 32500 

16 350 × 350 20 4∅ 25 500 1680 27000 

17 350 × 350 25 4∅ 25 500 2140 30000 

18 350 × 350 30 4∅ 25 500 2200 32500 

19 350 × 350 20 4∅ 28 500 1840 24000 

20 350 × 350 25 4∅ 28 500 1900 27000 

21 350 × 350 30 4∅ 28 A500 2420 29000 

22 350 × 350 20 4∅ 32 A500 2100 24000 

23 350 × 350 25 4∅ 32 A500 2600 27000 

24 350 × 350 30 4∅ 32 A500 2500 29000 

25 400 × 400 20 4∅ 36 A500 2680 24000 
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   : 

–   ; 

–  ; 

–  . 

	 Я 	№	2	
	 	 	 		

	 	

     ,  -

,       . 

      

     

   (     ) 

.  

       

  ,  ,  

,   «  ». 

      

    ,  

        -

   ,   – , . .  

  α,    -

 α = Es/Eb.  

    ,   

 2.1. 

 

. 2.1.     

     

Ared = Ab + ∑α Asi. 
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Sred = Abyb + ∑α Asi ysi. 

        -
  

y .  = Sred / Ared. 

      -
   

Ired = Ib + Ab (yb – y . )
2
 + ∑α Asi (ysi – y . )

2
. 

     
  

Wred = Ired / y .  .. 

     
  

W
/
red = Ired / (h – y . ). 

       -
   

r = Wred / Ared. 

       -
   

r
/
 = W

/
red / Ared. 

	 	 	 	

    
 ( . 2.2). 

 

. 2.2.     
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     2.1. 

    :  

–  ; 

–    ,    -

; 

–   ,     -

; 

–     -

. 

 2.1 

  

 

  

 

 

 

 

 

b × h,  

  

 

 

 

 

 

 

b,  

 

 

s,  
As1

* 
As2

* 
y s1 ys2 

1 300 × 600 3∅32  2∅ 28 50 115 24000  

 

 

 

 

 

 

 

 

 

 

 

200000 

2 300 × 600 3∅36 2∅25 50 125 27000 

3 300 × 600 3∅28 2∅25 45 110 29000 

4 300 × 600 3∅25 2∅25 40 90 24000 

5 300 × 600 3∅28 2∅22 45 110 27000 

6 300 × 600 3∅32 2∅28 50 115 29000 

7 300 × 600 3∅28 2∅25 45 110 27000 

8 300 × 600 3∅22 2∅20 40 85 30000 

9 300 × 600 3∅28 2∅25 45 115 32500 

10 400 × 800 4∅32 2∅28 50 115 24000 

11 400 × 800 4∅32 2∅25 45 110 27000 

12 400 × 800 4∅36 2∅28 50 125 29000 

13 400 × 800 4∅32 2∅32 45 110 27000 

14 400 × 800 4∅36 2∅32 50 125 30000 

15 400 × 800 4∅40 2∅28 60 130 32500 

16 350 × 750 3∅32  2∅28 45 110 27000 

17 350 × 750 3∅32 2∅25 45 110 30000 

18 350 × 750 3∅28 2∅28 45 105 32500 

19 350 × 750 3∅25 2∅25 40 90 24000 

20 350 × 750 3∅28 2∅25 45 105 27000 



 

 

  

21 

22 

23 

24 

* 
 

, 

), 

 

 

 b × h, 

350 × 8

350 × 8

350 × 8

350 × 8

 

 

 

 

 

  

 

,  

 (

 

 

(

 

 

 

As1

800 3∅ 

800 3∅2

800 3∅2

800 3∅3

 

	
	
	

 – 

 

 

 

  

 – 

 

 

. 3.1,

  .  

 

. 3.1

1
* 

As2

32  2∅
28 2∅
25 2∅
32 2∅

 

 

 

  

 

 

 

-

 

,   ), 

 

) 

. 

 

  

2
* 

y s

28 45

22 45

25 40

28 50

  

	
	
	
	

 

 .

 

. 

 

 

 

 

 

1 ys2

5 110

5 110

0 90

0 115

Я 	№	
	

, 

 

 

  

. 

 

 (

 

  

 

 

 

b, 

0 290

0 240

270

5 290

 1. 

3	

	
	

 

,  

. 

. 3.1,

 

             

 

 

 

 

 s

000 

 

000 

000 

000 

		
		

 

 

 

, 

 (

, ), 
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s,  

-

 -

 -

-

  

. 3.1, 

-

-
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 –

 

 

3.2. 

–   

 3.2 

 (

. 3.3. 

 

 3.3 

  

( )  

 

 

  

 

  

;  – 

 

 

 ( ) 

 

  

 

 

 

 

 

 

 

. 

 

 

:  
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 (

 –

: 1) 

. 

 

3.1.	

 

,  

 

. 3.4 

  

 

. 
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1 –
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 3.5) 
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3.5. 
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.
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: 

– 

 (

( . 3.6

– 

 σ
– 

u – 

N

 

 (

( . 3.8

3.2.	

 

 

6); 

σ b = R b

 

.

 

Nb – 

Ns – 

1

2, 3 – 

 

  

( . 3.7

8), 

	

 

-

 

  

;  

 3.6. 

– 

 – 

5 – 

 3.

, 

 

7), 

 

 

 

) 

σ s =

  

 

 

 

 

 

 

 

7–3.11 

 (

	

 

 

 

= R s; 

  

  

  

 

  

  

 

; 4 – 

  

 

 

 

. 3.9–

 

	

  

 

 

 

 

 

 

 

 (A

 

 

  

–3.11).  

 

 

 

.  

 

;

 (

  

 

;  

 

t) 

  

	

 

 

 

 

: 

 

 

; 

; 

 (Ab);  

-

 

 

 

-

-

  

:  

 

); 

-

 

-

 



 

 –

. 3

 – 

 

 

–  

 

2, 3 – 

3.8. 

 

 

 

. 3.7. 

 

4 – 

  

;  – 
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; 1– 

 

  

  

, 

–  

 

 

 

 

;

  

 

 

, 

 

:  

;  – 

 

 

 

 

 

 

     

 

 

; 

; 
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M ≤ Mu (M ),                                (3.1) 

 M –        

 (      -

        ); 

Mu(M ) –  ,   

 σ b = R b  σ s = R s. 

     Mu(M ) -

  : 

Σ  = 0;    Σ X = 0. 

      -

   .  

 ,    : 

–   : 

b –  ; 

h –  , 

h
f  –   ( )   ; 

fh′  –   ( )   ;  

fb  –   ( )   ; 

fb ′  –   ( )   ; 

0h  –    (     

      ); 

As –     ; 

–  : 

Rb –    , ; 

Rs –     , 

. 

  3.7   -

      

Nb = Rb b x; 

     

Ns = Rs As; 
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Rb b x = Rs As;                                   (3.2) 

       -

   

M – Rb b x (h0 – 0,5x) = 0. 

      

M ≤ Mu = Rb b x (h0 – 0,5x),                       (3.3) 

       -

    

M – Rs As (h0 – 0,5x) = 0.                         (3.4) 

 (3.1)–(3.4)      -

      -

   

x ≤ xR,                                        (3.5) 

 xR –  ( )    . 

      

      -

 .       

 (3.1)–(3.4).      -

     , 

. .    ,   -

,    ,  : ξ = x/h0 −     ; 

 = 1–0,5ξ −     ; 

А0 = ξ (1 – 0,5ξ) –    -

        

. 

      -

     : 

M ≤ A0 Rb b h 2

0  ;                                 (3.6) 

M ≤ Rs As η h0 ;                                                    (3.7) 

Rs As = Rb b ξ h0.                                 (3.8) 
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  .    ,  -

     

ξ ≤ ξR; A0 ≤ AR.                                     (3.9) 

 ξR      (8.1) [9];  

 s.el = Rs /Es; b2 = 0,0035 (   60   – . [9, 

. 6.1.20]), : 

ξR = 

2

1

80

b

el.s

,

ε
ε+  = 

sR,

,

00142901

80

+ ;                  (3.10) 

АR = ξ R(1 – 0,5 ξR).                         (3.11) 

     -

   ξR, AR, ξ, η  А0 ( . 3.1  3.2). 

 3.1 

  ξR  AR  

   

A400 ( -III ) 

Rs = 350  

A240( -I) 

Rs = 210  

B500 (Bp-I) 

Rs = 415  

ξR 0,531 0,612 0,502 

AR  0,390 0,425 0,376 

 3.2 

  ξ, η, A0 

ξ η( ) A0 (αm) ξ η( ) A0 (αm) 

0,01 0,995 0,01 0,12 0,94 0,113 

0,02 0,99 0,02 0,13 0,935 0,121 

0,03 0,985 0,03 0,14 0,93 0,13 

0,04 0,98 0,039 0,15 0,925 0,139 

0,05 0,975 0,048 0,16 0,92 0,147 

0,06 0,97 0,058 0,17 0,915 0,155 

0,07 0,965 0,067 0,18 0,91 0,164 

0,08 0,96 0,077 0,19 0,905 0,172 

0,09 0,955 0,085 0,2 0,9 0,18 

0,1 0,95 0,095 0,21 0,895 0,188 

0,11 0,945 0,104 0,22 0,89 0,196 
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 . 3.2 

ξ η( ) A0 (αm) ξ η( ) A0 (αm) 

0,23 0,885 0,203 0,47 0,765 0,359 

0,24 0,88 0,211 0,48 0,76 0,365 

0,25 0,875 0,219 0,49 0,755 0,37 

0,26 0,87 0,226 0,5 0,75 0,375 

0,27 0,865 0,236 0,51 0,745 0,38 

0,28 0,86 0,241 0,52 0,74 0,385 

0,29 0,855 0,248 0,53 0,735 0,39 

0,3 0,85 0,255 0,54 0,73 0,394 

0,31 0,845 0,262 0,55 0,725 0,399 

0,32 0,84 0,269 0,56 0,72 0,403 

0,33 0,835 0,275 0,57 0,715 0,408 

0,34 0,83 0,282 0,58 0,71 0,412 

0,35 0,825 0,289 0,59 0,705 0,416 

0,36 0,82 0,295 0,6 0,7 0,42 

0,37 0,815 0,301 0,61 0,695 0,424 

0,38 0,81 0,309 0,62 0,69 0,428 

0,39 0,805 0,314 0,63 0,685 0,432 

0,4 0,8 0,32 0,64 0,68 0,435 

0,41 0,795 0,326 0,65 0,675 0,439 

0,42 0,79 0,332 0,66 0,67 0,442 

0,43 0,785 0,337 0,67 0,665 0,446 

0,44 0,78 0,343 0,68 0,66 0,449 

0,45 0,775 0,349 0,69 0,655 0,452 

0,46 0,77 0,354 0,7 0,65 0,455 

.       -

     : -

 η    ;  A0  αm. 

       

:  

1)     (   -

)    ; 

2)   , . .  -

    . 

      -

 , . .   ,  -

   (   

)       . 
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         ё! 
       ,  -

    :  ,  , 

 ,      ; -

   . 

       

  : ,  

     . . 

   ,   

(3.2)–(3.5)   (3.6)–(3.9). 

  ,    -

   ,    -

       -

 . 

         

    . 

       

  (3.6). 

 b = (0,4...0,5)h0  А0 = 0,35...0,4 ≤ AR ,   -

    ,   

h0 = 1,8 3

bR

M
.                                        (3.12) 

     50  (150×300, 

200×400, 250×500, 300×600  . .)  

     -

       -

. 

 ,   (3.6)–(3.9). 

3.3.	 	 	 	 		
	 	 	 	 	

  

    Mu (M ) ( . . 

3.7, ). 



                 27 

 

 :   300×600 ;  -

 h0 = 0,55 ;   20;    – 

Rb = 11,5  ( . 1.2),      

  γb1 = 0,9 [9, . 6.1.12]; Rb = 11,5 × 0,9 = 10,35 ;  

( )  – 5∅25 400;   As = 24,54 
2 

( . 1.1).  

Р ш и  

  (3.8)     : 

 = 
bR

AR

b

ss  = 
303510

105424350 4

,,

,

⋅
⋅⋅ −

 = 0,277 . 

  (3.5)   ≤ xR,  xR = ξR h0. 

  3.2  ξR = 0,531.  

 = 0,277  ≤ xR = ξR h0 = 0,531 ⋅ 0,55 = 0,293 ,  (3.5) 

. 

      (3.3): 

Mu = Rb b  (h0 – 0,5x) = 

= 10,35 ⋅ 0,3 ⋅ 0,277 (0,55 − 0,5 ⋅ 0,277) = 0,354 ⋅ . 

	 	 	 	

 3.1.    Mu (M ) -

 .      3.3.  

   γb1 = 0,9. 

 3.3 

    3.1 

  

   

 

    

 

 

 

  

b,  

 (  ) 

h (h0),  

1 

200 400 (350) 

4∅16 400 15 

2 4∅18 500 20 

3 4∅20 400 25 

4 4∅25 500  15 

5 

250 500 (450) 

4∅20 500 20 

6 4∅25 400 25 

7 4∅28 400 15 

8 4∅25 400 20 
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 . 3.3 

  

   

 

    

 

 

 

  

b,  

 (  ) 

h (h0),  

9 

300 600 (530) 

4∅22 500 25 

10 5∅28 500 15 

11 6∅20 400 20 

12 6∅32 500 25 

13 6∅28 400 15 

14 5∅32 500 20 

15 

200 500 (450) 

4∅16 400 25 

16 4∅16 500 15 

17 4∅16 400 20 

18 4∅16 500 25 

19 

400 800 (730) 

6∅25 500 15 

20 8∅32 600 20 

21 6∅28 600 25 

22 

400 700 (630) 

6∅36 500 15 

23 8∅32 600 20 

24 6∅32 500 25 

25 350 600 (530) 5∅28 500 15 

   : 

1)   ; 

2)        -

   ; 

3)   (3.9),    ; 

4)  ; 

5)  .  

3.4.	 	 	 	 		
	 	 	 	

( 	 :	 	 	 ,		
	 	 	 )	

  

     -

     . 
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Исх ы  а ы :    = 120 ⋅ ; -

 ( )   400,   

 Rs = 350  ( . . 1.1);   20,  

   Rb = 11,5  ( . . 1.2),  

      γb1 [9, .6.1.12]  

Rb = 11,5 × 0,9 = 10,35 . 

Р ш и   

    , -

   

h0 = 1,8 3

bR

M
 = 1,8 3

3510

120

,

,
 = 0,4074 . 

   200×500 .  

h0 = h – a = 500 – 50 = 450 . 

      

А0 = /(Rb b 2

0h ) = 0,12/(10,35 ⋅ 0,2 ⋅ 0,45
2
) = 0,286. 

 : A0 = 0,286 ≤ AR = 0,390.  -

.  

  3.2  A0 = 0,286  (  )  ξ = 0,345.  

 ξ     ξ = 1 – 
021 А− =  

= 1 – 286021 ,⋅−  = 0,345. 

   ,   

(3.7): 

As = Rb bξ h0 /Rs = 10,35 ⋅ 0,2 ⋅ 0,345⋅ 0,45/350 = 

= 9,18 ⋅ 10
-4

 
2
 = 9,18 

2
. 

   2∅25 400  As,  = 9,82 
2
,  

3∅20 400  As,  = 9,41 
2
,  4∅18 400  As,  = 10,18 

2
. 

      -

   . 

	 	 	 			

 3.2.    ,  

  . 
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     3.4.    

 γb1 = 0,9. 

 3.4 

    3.2 

  
 
 

 
 

  
 

M, 
 

 
 
 

 
 

  
 

M, 
 

1 15 400 170 13 15 500 161 

2 20 500 180 14 20 400 187 

3 25 400 182 15 25 500 196 

4 15 500 175 16 15 400 166 

5 20 400 185 17 20 500 196 

6 25 500 193 18 25 400 180 

7 15 400 151 19 15 500 180 

8 20 500 165 20 20 400 190 

9 25 400 175 21 25 500 215 

10 15 500 172 22 15 400 190 

11 20 400 182 23 20 500 195 

12 25 500 180 24 25 500 201

   : 
1)  ( )    
; 

2)  ; 
3)   ; 
4)     ; 
5)     . 

	 Я 	№	4	
	 	 	 		

	 	 	 		

       
   ,       

( . 4.1–4.3).        
    ;  bb f =′ , -

        -
,  bb f =′  0=′sA ,     

    . 



 

1-  

2-

. 4

 

.

 (

.

-   

  

4.3. 

. 4.1. 

  

  

. 4.2. 

(

  

 

  

 

 

 

 

 

  

 

;  – 

 

 

 

  

): 4 – 

  

 

;  – 

  

  

 

 

  

 

 

 

 

 

 

 

, . . 

; 5 – 

 ): 

  

   

 

 

 

 

. 

 

  

. 

 – 
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32    

      -

      (   -

   ): 

1)      ( . . 3.9); 

2)      ( . . 3.10). 

        

    ,     

b =
fb′ . 

       

M ≤ A0 Rb b 2

0 h  + Rb( fb ′  − b) 
fh ′  (h0 − 0,5 

fh ′ ) + As
/
 Rs

/
(h0 – a

/
);   (4.1) 

Rs As = Rb bξ h0 + Rb( fb ′  − b) 
fh ′  + As

/
Rs

/
.              (4.2) 

 (4.1)  (4.2)     -

  ,        -

   ,    b = 
fb ′ ;    

  As
/ 
= 0. 

 ,       

   (3.9). 

    (   ) 

   (4.2)    -

   ξ,  b = 
fb ′ .

.  

 x = ξ h0 ≤ 
fh ′ ,      (1 

);  x = ξ h0 > 
fh ′ ,      (2 

). 

4.1.	 	 	 	 	 	
	( 	 	 	Mu)	

   ≤ Mu,   –    

 . 

     -

  (   ,  ,  

,      ;  -
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  )    -

: 

1)   , . .   

    (  ); 

2)       

ξ   (4.1)  1-    (  b = fb′ .
),  -

 (4.2) –  2-   ; 

3)   А0   3.2     

А0 = ξ (1 – 0,5ξ);                            (4.3) 

4)    Mu (M )   

(3.1); 

Mu = A0 Rb b h 2

0
 + Rb( fb′  − b) 

fh ′  (h0 − 0,5 h
|
f )+ As

/
 Rs

/
(h0 – a

/
);   

5)  A0 > AR (ξ > ξR)    -

   

Mu.lim = AR Rb b h 2

0
 + Rb( fb′  − b) 

fh ′  (h0 − 0,5 
fh ′ )+ As

/
 Rs

/
(h0 – a

/
). (4.4) 

     , 

      fb′
 

    

fh ′   h. 

         

  1/6       : 

–  
fh ′ > 0,1 h – 6

fh ′ , . . fb′ = b + 2·6
fh ′ ; 

–  0,05h ≤ 
fh ′ < 0,1h – 3

fh ′ , . . fb′
 
= b + 2·3

fh ′ ; 

–  
fh ′ < 0,05h –   . 

        -

     
 
[1, . 251]. 

	 	 	 	

 4.1.    (M ≤ Mu (M )) 

   . 

     4.1.    

 γb1 = 0,9. 
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 4.1 

    4.1 

  

 

 

,  

 

  

,  

 

 

As 

b h h0 bf
/

hf
/

1 230 250 500 450 400 70 B15 4∅ 18 A400 

2 200 250 500 450 400 70 B20 4∅ 18 A400 

3 250 250 500 450 400 70 B25 4∅ 18 A400 

4 200 250 500 450 500 60 B15 4∅ 20 A400 

5 320 250 500 450 500 100 B20 4∅ 20 A400 

6 380 250 500 450 500 120 B25 4∅ 20 A400 

7 120 200 500 450 400 100 B15 4∅ 22A400 

8 100 200 500 450 400 100 B20 4∅ 22 A400 

9 210 200 500 465 500 90 B25 4∅ 22 A400 

10 115 200 500 430 500 70 B15 6∅ 16 A500 

11 230 200 500 430 500 140 B20 6∅ 16 A500 

12 270 200 500 430 400 160 B25 6∅ 16 A500 

13 125 200 500 430 400 90 B15 6∅ 18 A500 

14 225 200 500 430 400 70 B20 6∅ 18 A500 

15 240 200 500 430 400 80 B25 6∅ 18 A500 

16 120 200 400 330 500 80 B15 4∅ 25 A500 

17 310 200 400 330 500 120 B20 4∅ 25 A500 

18 420 200 400 350 500 150 B25 4∅ 25 A400 

19 215 250 500 450 500 60 B15 4∅ 28 A400 

20 280 250 500 450 500 60 B20 4∅ 28 A500 

21 315 250 500 450 400 60 B25 4∅ 28 A400 

22 200 250 500 450 400 70 B15 4∅ 32 A400 

23 280 250 500 450 400 60 B20 4∅ 32 A500 

24 250 250 500 425 400 60 B25 4∅ 32 A500 

   : 

1)   ; 

2)        -

   ; 

3)   (3.9),    ? 

4)  ; 
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4)   M ≤ Mu (M ); 

5)  . 

4.2.	 	 	 		
	 	 	 	 		

( 	 	 	 )	

   ,   

  ,    (  ) 

 ,      

 . 

   
fM ′  («  »), 

   x = fh′ : 
fM ′ = Rb⋅ fb ′ ⋅ fh′  (h0 − 0,5 fh′ ).                        (4.5) 

  ≤ 
fM ′ ,      (1 ); -

  > 
fM ′ ,      (2 ). 

   А0   (4.1).   

  fb′ = b. 

     (3.9). 

     -

: 

–  1-      

As = Rb bξ h0/Rs;                                     (4.6) 

–  2-     

As = (Rb bξ h0 + Rb( fb′  − b) fh′ ))/ Rs.                 (4.7) 

	 	 	 	

 4.2.     -

         

     . 

     4.2.  

 

 



36    

 4.2 

    4.2 

  

 

 

,  

 

   

,  

 

 

 

b h h0 bf
/

hf
/

1 125 250 500 450 400 70 B15 A400 

2 225 250 500 450 400 70 B20 A500 

3 240 250 500 450 400 70 B25 A400 

4 120 250 500 450 500 60 B15 A500 

5 310 250 500 450 500 100 B20 A400 

6 420 250 500 450 500 120 B25 A500 

7 215 200 500 425 400 100 B15 A400

8 280 200 500 330 400 100 B20 A500 

9 315 200 500 330 500 90 B25 A400 

10 200 200 500 330 500 70 B15 A500 

11 280 200 500 325 500 140 B20 A400 

12 250 200 500 325 400 160 B25 A500 

13 230 200 500 330 400 90 B15 A400 

14 200 200 500 430 400 70 B20 A500 

15 250 200 500 430 400 80 B25 A400 

16 200 200 400 330 500 80 B15 A500 

17 320 200 400 430 500 120 B20 A400 

18 380 200 400 425 500 150 B25 A500 

19 120 250 500 450 500 60 B15 A400 

20 100 250 500 450 500 60 B20 A500 

21 210 250 500 450 400 60 B25 A400 

22 115 250 500 450 400 70 B15 A500 

23 230 250 500 450 400 60 B20 A400 

24 270 250 500 425 400 60 B25 A500 

    γb1 = 0,9. 

   : 

1)   ; 

2)   M
/
f («  ») – -

  ; 

3)   А0;  

4)   (3.9); 

5)     ; 
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6)       ; 

7)      , 

     h0 ; 

8)      (  h0 

   ). 

	 Я 	№	5	
	 	 	 	

       

    .   5.1 -

          

. 

 

                                                                                                   

. 5.1.         

   

    ( )   

 (Q)   ,  ,   

.        Q. 

  5.2     -

   .  

      

( . . 5.1, ) ,    (  -

   ) 

Q ≤ 0,3 Rb b h0.                                  (5.1) 

  (5.1)  ,    

 (    ).  
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       -

  ,  ,  

.         

  . 

      

   

Q ≤ 2,5 Rbt b h0.                                 (5.2) 

 

 

. 5.2.       : 

 –     ; 

 –     ; 

 –      ; 

1 –  ; 2 –  ; 3 – ; 

4 –       

  (5.1) ,   -

 ,        ё -

   .  

5.1.	 	 	

    h > 150   -

  . 
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     -

: 

1)      1/4 ; 

2)         

,    1/4 ,  : 

–  h ≤ 450    h/2    150 ; 

–  h > 450    h/3    500 ; 

   : 

–  h > 300    3/4 h    500 . 

   (     ) 

       ( . 5.2).  

 5.1 

      

  , 3–12 14, 16 18, 20 22 25–32 36, 40 

   

 ,  

 

3 

 

4 

 

5 

 

6 

 

8 

 

10 

       

    5.3. 

 

. 5.3.      :  –    

   ;  –       

   ( . . 5.3, )    
 

Q ≤ Qb + Qsw + Qs,inc,                                  (5.3) 

) ) 
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 Qb –  ,    ; 
Qsw –  ,   ( -

 ); 
Qs,inc –  ,   (  -
 ). 

     
,      ( ), 

   ( . . 5.3, ).   
       

Q ≤ Qb + Qsw.                                 (5.4) 

 ,  ,   
 

Qb = ϕb2 Rbtb h0
2
 / c < 2,5 Rbtb h0, 

     0,5 Rbtb h0,                                                                    (5.5) 

 с –       ( . 

. 5.3, ); ϕb2 = 1,5 (   )   
  (5.5) ,    -

     , - 
   ,    0,6h0     

3h0 (0,6 h0 <  ≤ 3 h0). 
       -

          h0      2h0.  
 Qsw   ,   -

  ,    

Qsw = 0,75 qsw·c0,                                (5.6) 

 qsw –        -
 (  –   ).  

 qsw    

qsw = 
s

AR swsw ,                                   (5.7)  

 Asw –    ; 
s –   . 

        

s ≤ smax = Rbtbh0
2
/Q.                                   (5.8) 
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5.2.	 	 	 	 	

      

     :  

–       -

   (   )    -

,         

      -

; 

–   , . .  -

     . 

      -

 . 

 5.1.    . 

Исх ы  а ы :      ( . 5.4) 

Qmax = 162 ; q = 54 / ;  : b = 200 ;  

h = 400 ; h0=350 ;     

(2∅8A240) Asw = 1,01 
2
;     s = 150 ; 

  : Rb= 8,5 ; 

 Rbt = 0,75 , Rsw = 175 . 

 

. 5.4.   ,  Q    

Р ш и  
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1.      

  Q     : 

Q = Qmax – qh = 162 – 54⋅ 0,4 = 140,4 ; 

Q =140,4  ≤ 0,3 Rb b h0 = 

= 0,3 ⋅ 8,5 ⋅ 0,2 ⋅ 0,35 = 0,1785  = 178,5 . 

 ,   ! 

      

 = 2h0 = 2·0,35 = 0,7 . 

  ,  : 

Qb = ϕb2 Rbtb h0
2
/c = 

= 1,5 ⋅ 0,75 ⋅ 0,2 ⋅ 0,35
2
/0,7 = 0,039375  = 39,375 . 

    -

   (5.7): 

qsw = 
s

AR swsw  = 
150

10011175 4

,

, −⋅⋅
 = 0,11736 /  = 117,36 / . 

  ,   

   (5.6): 

Qsw = 0,75 qsw c = 0,75·117,36 ⋅ 0,7 = 61,61 . 

    : 

Q = 140,4  ≤ Qb + Qsw = 39,375 + 61,61 = 100,99 . 

  .     

. 

       

,     ,    

 . 

   ,    

400 (2∅8A400) Rsw = 280 .   

  

qsw = 
s

AR swsw  = 
150

10011280 4

,

, −⋅⋅
 = 0,18853 /  = 188,53 / . 

 ,    

   A400: 



                                    43 

 

Qsw = 0,75 qsw c = 0,75·188,53 ⋅ 0,7 = 98,98 . 

    : 

Q = 140,4  ≤ Qb + Qsw = 54,85 + 98,98 = 153,83 . 

   .  

       

2∅8A400   150 . 
 

 5.2.    ( -

 ) 

Исх ы  а ы :      ( . 5.5) 

Qmax = 241 ; q = 41,4 / ;  : b = 250 ,  

h = 500 , h0 = 450 ;    ∅28A600; 

  :   15  

Rb = 8,5 ; Rbt  = 0,75 ;   240 Rsw = 170 . 

 

. 5.5.   ,  Q    

Р ш и  

1.      

   (5.1): 

Q = Qmax – q⋅h = 241 – 41,4⋅ 0,5 = 220,3 . 

Q = 220,3  ≤ 0,3 Rb b h0 = 0,3 ⋅ 8,5 ⋅ 0,25 ⋅ 0,45 = 
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= 0,287  = 287 . 

 ,   ! 

2.      

    

Q = 220  ≤ 2,5 Rbt b h0 = 2,5 ⋅ 0,75 ⋅ 0,25 ⋅ 0,45 =  

= 0,21094  ≅ 211 . 

  ,     

! 

3.   ,  , 

     = 2ho = 2 ⋅ 0,45 = 0,9 : 

Qb = ϕb2 Rbtb h0
2
/c = 1,5 ⋅ 0,75 ⋅ 0,25 ⋅ 0,45

2
/0,9 =  

= 0,06328  = 63,28 . 

5.   ,  -

 : 

Qsw = Q – Qb = 220 − 63,28 = 156,72 . 

6.     -

,   (5.5): 

qsw=
c,

Qsw

750
 = 

90750

72156

,,

,

⋅  = 232,18 / . 

    (∅28A600),  -

     ∅10 , Asw = 1,57 
2
 

(2∅10A240). 

  (5.7),    -

 : 

sw

swsw

q

AR
s =  = 

232180

0001570170

,

,⋅
= 0,115  = 115 . 

       

h = 500  > 450        

s ≤ h/3 = 500/3 = 166,7   ≤ 500 . 

 s = 100  (    s = 115 ). 
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 5.1.     -

. 

     5.1.    

 γb2 = 1. 

 5.1  

  

 

 

 

 

max, 
 

L0, 

 

q, 

/  

  

 

 

 

 

.,   

   

  

 
b h h0 

1 170 4  

 

 

 

 

 

 

 

 

 

 

8M/l
2 

Bp500  

 

 

 

 

 

 

 

 

 

     

 3.2 

2 180 4,8 A240 

3 182 4,4 A400 

4 175 4 Bp500 

5 185 5 A240 

6 193 5,4 A400 

7 151 4,8 Bp500 

8 165 4,8 A240 

9 175 5 A400 

10 172 5,4 B500 

11 182 6 A240 

12 180 4,8 A400 

13 161 5 Bp500 

14 187 4 A240 

15 196 6 A400 

16 166 5,3 Bp500 

17 196 4,9 A240 

18 180 4,1 A400 

19 180 4,7 Bp500 

20 190 5,1 A240 

21 215 6,4 A400 

22 190 4,8 B500 

23 195 5,6 A240 

24 201 6 A400 

    ! 
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	 Я 	№	6	
	( )	 		
	 	 	 	

      

       -

: 

–  ,    (h0); 

– ,     ; 

– , ,     ; 

–  .  

     

    63.13330.2012 «   -

 »,   . 10.  

        

    ( ),    -

.         

     ,  ,   

10  ( . 6.1). 

 

. 6.1.   

       . 

    150     ,  

          

  ( . 6.2). 

       

   b.  
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. 6.2.    : ,  –  ;   

 –   

       -

        (  

 ),   ( , ,   

. .),    ,  .  -

       -

       -

           

15 ,      ,   

       

  5        -

 . 

      

     ,  ,    

  ,           

.      -

 (  )    (  )  -

 .      

 6.3. 

       

   ,     -

 -, -, -    ( -

 ).     -

   6.4.  

     -

        -
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  .   -

        .  

 

 

. 6.3.    :  

 –  ;  –   

     -

  . 

  –    , -

      -

   . 

 



К                   49 

 

 

 

 

. 6.4.    :  –  ,  

 ;  –  ,  ; 

 –   

      6.5. 

     lan  

   (    (10.1)–(10.3)  

63.13330.2012)  

lan =
 dR

AR

bt

ss

8
 ,                                          (6.1) 

 As –   ; 

Rs –    ; 

Rbt –     ; 

d –   . 
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. 6.5.    :  –   ; 

 –   ;  –  ; 1 –   

; Mu(4) –  ,    -

,   ; Mu(2) –  ,   

    ; 

lan –      

      -

   (10.1)–(10.3)  63.13330.2012: 

lan = αl0.an ,
 s

s

A

A
 

 α = 1   ; α = 0,75   ; 

l0.an –   ;  

l0. an = 
sbond

ss

uR

AR
;
 

Rbond  –      -

; 

Rbond = 1 2Rbt; 

1 = 2,5 –     ; 
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2 = 1   ds ≤ 32 ;  2 = 0,9 –   36  40 

; 

As –   , 

us –  . 

      

 .  

      

: 

–  ; 

–  * (  ); 

–     . 

.        

  , . .    (  ) 

   . 

   : 

–   (     , 

    );  

–   . 

  ( )     

   4. 

	 Я 	№	7	
	 	 	 	

   . 

     : 

–    b = 200 , h = 400 , l =  

= 5980 ; 

–     h0 = 350 ; 

–    2∅ 25 A400; 

–   2∅8 A400 (   150   -

 1,5    ,   300    ); 

–   15; 

–   ∅10 A240. 

     -

     2. 
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 7.1.      -

 ,     № 3, 5  6. 

    :  

1.       . 

2.     (   , -

  ). 

      A240, -

        

As = 
210

2

Q /
, 

 G –        

  , ; 

G = bhl⋅ 25γd γf ; 

γd = 1,5 –  ; 

γf = 1,1 –    . 

    . 



	2	
	 	 Э Ы 	

Ы 	 	

       -

     . (    -

        

   ). 

    . 

 -  

 

8.       

  ,    ,  

   .    

 

4 

9.       -

 .     

  .      -

 .      -

  

4 

10.   .   -

 
2 

11.     .  -

   ,   ;  . 

      

2 

2 

12.      -

    
2 

 16 
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	 Я 	№	8	
	 	 	 	

     : 

1)      -

; 

2)       ; 

3)     ; 

4)    . 

      

       -

      -

      , . .   

 .  

      -

       

 [1, 2, 3, 12  .]. 

8.1.	 	 	

       -

,     , -

        

,       . 

      

        -

    (  ,   

   ,   -

  .).    , -

  ,      

. 

       -

,      , -

   , ,    

,     .  

      

       

[21; 25]. 
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       -

    (B×L). 

    ,  -

    (lmb = 6…9 )  -

 (lsb = 5…8 ) ,      -

,    ,   -

 . 

   (ls)     

,  ls≤ lsb /2 (    lsb/ls ≥ 2   

      [21, . 5–6]).  

      8.1. 

 
. 8.1.      

      

 ,    ( )    -

 : 

–   

;)(8,2 bnsss R/qllh +=                              (8.1) 

–    
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bnsbssb R/qllh )45,0(54,5 += ;                     (8.2) 

–    

bmbsbnmbmb R/llqlh )4,0(78,7 2 += ;                     (8.3) 

–     

bflnsscc R/nqllbh )7,1(9 +== .                  (8.4) 

 Rb   ,    

 –  ,  qn –  . 

      0,4h...0,5h 

.  

     

      -

     . 

      

   50          

60    .   

 , : 50, 60, 70, 80, 100, 120, 140, 160, 180, 200, 250, 

300,   100 . 

   (   ) 

    . 

    , : 

150×300, 150×400, 200×400, 200×500, 200×600, 300×600, 300×700, 

300×800, 400×800, 400×1000, 400×1200, 500×1000, 500×1200, 

600×1200.        

100 ,  –  300 . 

8.2.	 	 	 	

8.2.1.	 	 	 	 	

      

   ,   -

   . 

      .  
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( . 8.2);        -

     .  

      -

     1 ,    -

   q = p + v ( . 8.1).   

   ,   -

        -

. 

 

 

. 8.2.      

 8.1 

   

   

, 

 

  

 γf = 1, 

γf  > 1  

  

 γf  > 1, 

1. : 

  

 

0,3 

 

0,3 

 

1,1 

 

0,330 

 -

  

(γ = 22 /
3
,  

t = 20 ) 

 

 

 

0,44 

 

 

 

0,44 

 

 

 

1,3 

 

 

 

0,572 
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 . 8.1 

   

, 

 

  

 γf = 1, 

γf  > 1  

  

 γf  > 1, 

  

  

(γ = 25 /
3
,  

t = 70 ) 

 

 

 

1,75 

 

 

 

1,75 

 

 

 

1,1 

 

 

 

1,925 

  

 p 

 

2,49 

 

2,49 

 

− 

 

2,827 

2.  v 

   -

 vl 

7,5 

 

5,0 

7,5 

 

5,0 

1,2 

 

1,2 

8,550 

 

5,700 

3.   

q = p+v 

   -

 

  

ql= p+vl 

 

9,99 

 

 

 

7,49 

 

9,99 

 

 

 

7,49 

 

− 

 

 

 

− 

 

11,377 

 

 

 

8,527 

        

     [5, . 7,  

. 16].  

        

   γn = 1. 

  q     1  -

    . 

8.2.2.	 	 	 	 	

      

      [23]  -

:  

−    

M = ql
2
/11;                                    (8.5) 

−    ,   -
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M = ql
2
/11;                                    (8.6) 

−        

M = ql
2
/16.                                    (8.7) 

 ls < 30hs        , 

    ,    

,    20%. 

8.2.3.	 	 	 	 	
( 	 	 	 )	

       -

       -

 As.  

      8.3. 

 

. 8.3.   :  –  ;  –   

     -

       -

    γb1 = 0,9. 

      -

     . 

        

 400  500 (    ).  

 ,     

.  3.2.  

      -

  ( . 8.2) 
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 8.2 

     

   , ·  α0 v As,
2

        

        

      

 o   

    

      

   

    

8.2.4.	 	 	

      -

      -

,     [21, . 1.5]. 

    -

     (   

 ,    ),    

  ,   -

    . 

 ,    -

     (    -

       

  XIX    XX )    -

  –    , -

        

  . 

      -

        . 

    120    -

, . .       , 

    ,  .  

      -

,     ,    ,  

    ,  -

 .      -

  ,  –  . 
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      , -

   8.3.  

 8.3 

      

 

-

,  

     1   , 
2
,   ,  

3 4 5 6 8 10 12 14 16 

100 0,71 1,26 1,96 2,83 5,03 7,85 11,21 15,39 20,11 

125 0,57 1,01 1,57 2,26 4,02 6,28 9,05 12,31 16,08 

150 0,47 0,84 1,31 1,89 3,35 5,23 7,54 10,26 13,40 

200 0,35 0,63 0,98 1,41 2,51 3,93 5,65 7,69 10,05 

250 0,28 0,50 0,79 1,13 2,01 3,14 4,52 6,16 8,04 

300 0,23 0,42 0,35 0,94 1,68 2,61 3,77 5,13 6,70 

350 0,20 0,36 0,56 0,81 1,44 2,24 3,23 4,44 5,74 

400 0,18 0,32 0,49 0,71 1,25 1,96 2,2 3,50 5,02 

500 0,14 0,25 0,39 0,57 1,01 1,57 2,26 3,08 4,02 

      8.4  

    .  

 8.4 

      

 

  

  

,  

 ( )   ( ), ,  

      

 ,  

100 125 150 200 

3-4 3/400 3/400 3/400 3/400 

5 3/350 3/350 3/350 3/350 

6 4/350 4/350 3/350 3/350 

8 5/350 5/350 4/350 4/350 

10 6/350 6/350 5/350 5/350 

12 6/250 6/300 6/350 6/350 

14 8/300 8/350 8/350 6/300 

16 8/250 8/300 8/350 8/350 

   ,  -

    :   -

        . -
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      1/3   -

  . 

       

( . 8.5).  

 8.5 

   

  

  

As, 
2
, 

  

 

  

  -

  

, 

,  

, 

 

As, 
2
 

, 

,   

, 

 

  -

  2,44 ∅6A400 100 2,83 ∅3Bp500 350 

    

   -

  1,62 ∅6A400 150 1,89 ∅3Bp500 350 

   

  2,21 ∅6A400 

150 

500 2,43 ∅4Bp500 350 

    

   -

  1,27 ∅6A400 200 1,41 ∅3Bp500 350 

   

  2,21 ∅6A400 

200 

350 2,22 ∅4Bp500 350 

  -

    

    

 

2,21:3= 

=0,74 ∅5Bp500 200 0,98 ∅3Bp500 350 

     ,   

         

   ( . 8.4).     

        

1/10  . 



 

. 8.4

 

4. 

3, 4 

 

: 1, 2 – 

– 

5, 6 – 

 

 

ё
 

  

 

  

 

 

  

 

 

 

 

 

   

 

 

 

; 

; 
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	 Я 	№	9	
	 	 	

    : 

–       

 ;  

–       ; 

–        

; 

–       -

 . 

9.1.	 	 	 	 	

        

    ( )  V ( )  -

 ,       

        , -

   , . .  

 = plslsb + Gmb 1;                                   (9.1) 

V = vlslsb ,                                       (9.2) 

 Gmb 1 −    . 

Gmb.1 = bmbhmbls·25γf.                              (9.3) 

  p  v    8.1. 

    : 

−         

( ); 

−          

   . 

 ,      

    . 

      9.1. 
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. 9.1.     

9.2.	 	 	 		
	 	 	 	

       

   . 

     ,  -

         

    .    

   ,    , 

        . 

    ,   

   ,    . 

      -

    : 

V1 –  1-   3-     max

1M   
min

1M ; 

V2 −  2-     max

2M ; 

V3 –  1-   2-     min

BM ; 

V4 –  2-   3-     min

CM . 

 ,      

,       . 

     -

    : 

V1 –  1-   3-   ( max

1M   max

3M ); 

V2 −  2-   4-   ( max

2M  max

4M ); 

V3 –  1, 2  4-   ( min

BM ); 

V4 –  2-   3-   ( min

CM ); 
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V5 –  1, 3  4-   ( min

DM ). 

  V3   V5   . 

       

     [23, . 1]. 

      

         

       ( . 9.1). 

        

    . 

     

   .  ,   

     

       

 ,      

(    ),    

(    ,   

 ). 

      

 .   , 

   ,      

 ,     -

      .  

       , -

,      

       30%  , -

      . 

     M ′
      MM χ=′ .  χ 

   

χ = (ϕ1ϕ2ϕ3ψsRs)ls/(acrcEs),                                 (9.4) 

       

63.13330.2012 [9]. 

  M ′   [21, . 57]. 

     .  -

    9.2. 



 9.1 

        

(P = 84 ; V = 252 ; l = 6 ;  Pl = 84⋅6 = 504 · ; Vl = 252⋅6 = 1512 · ) 

  

   

 , · ,   

11 12  21 22  31 32 D 41 42 

P 

(  ) 

β 0,23870 0,14286 –0,28571 0,07937 0,11111 –019048 0,11111 9,07937 –0,28571 0,14286 0,23810 

 120 72 −144 40 56 −96 56 40 −144 72 120 

V1 

(1-   3-  )

β 0,28571 0,23810 –0,14286 –0,12698 –0,11111 –0,09524 0,22222 0,20635 –0,14286 –0,09524 –0,04762 

 432 360 −216 −192 –168 −144 336 312 −216 144 –72 

V2 

(2-   4-   

) 

β –0,04762 –0,09524 –0,14286 0,20635 0,22222 –0,09524 –0,11111 –0,12698 –0,14286 0,23810 0,28571 

 −72 −144 −216 312 336 −144 –168 –192 −216 360 432 

V3 

(1, 2  4-  )

β 0,22619 0,11905 –0,32143 0,10317 0,19444 –0,04762 –0,08333 –0,11905 –0,15476 0,23016 0,28175 

 342 180 −486 156 294 −72 –126 –180 −234 348 426 

V4 

(2-   3-  )

β –0,03175 –0,06349 –0,09524 0,17460 0,11111 –0,28571 0,11111 0,17460 –0,09524 –0,06349 –0,03175 

 −48 −96 −144 264 168 −432 168 264 −144 –96 –48 

V5 

(1, 3  4-  )

β 0,28175 0,23016 –0,15476 –0,11905 –0,08333 –0,04762 0,19444 0,10317 –0,32143 0,11905 0,22619 

 426 348 −234 −180 –126 −72 294 156 −486 180 342 

P + V1 

 

552 432 −360 −152 –112 −240 392 352 −360 –72 48 

P + V2 48 −72 −360 352 392 −240 –112 –152 −360 432 552 

P + V3 462 252 −630 196 350 −168 –70 –140 −378 420 546 

P + V4 72 −24 −288 304 224 −528 224 304 −288 –24 72 

P + V5 546 420 −378 −140 -70 −168 350 196 −630 252 462 

  

 

min – −72 −630 −152 -112 −528 –112 –152 −630 –72 – 

Mmax 552 432 – 352 392 – 392 352 – 432 552 
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 9.2 

     

 

   

 

 , · ,    

1 2 B 3 4 C 5 6 D 7 8 

P+V1 

   552 432 –360 –152 –112 –240 392 352 –360 –72 48 

 –27 –54 –81 –97,2 –113,4 –129,6 –113,4 –97,2 –81 –54 –27 

 525 378 –441 –249,2 –225,4 –369,6 278,6 254,8 –441 –126 21 

P+V2 

   48 –72 –360 352 392 –240 –112 –152 –360 432 552 

 –27 –54 –81 –97,2 –113,4 –129,6 –113,4 –97,2 –81 –54 –27 

 21 –126 –441 254,8 278,6 –369,6 –225,4 –249,2 –441 378 525 

P+V3 

   462 252 –630 196 350 –168 –70 –140 –378 420 546 

 63 126 189 58,8 –71,4 –201,6 –115,4 –109,2 –63 –42 –21 

 525 378 –441 254,8 278,6 –369,6 –225,4 –249,2 –441 378 525 

P+V4 

   72 –24 –288 304 224 –528 224 304 –288 –24 72 

 –51 –102 –153 –49,2 54,6 158,4 54,6 –42 –153 –102 –51 

 21 –126 –441 254,8 278,6 –369,6 278,6 254,8 –441 –126 21 

P+V5 

   546 420 –378 –140 –70 –168 350 196 –630 252 462 

 –21 –42 –63 –109,2 –155,4 –201,6 –71,4 58,8 189 126 63 

 525 378 –441 –249,2 –225.4 –369,6 278,6 254,8 –441 378 525 

  

  

M
min

– –126 –441 –249,2 –225,4 –369,6 –225,4 –249,2 –441 –126 – 

M
max

525 378 – 254,8 278,6 – 278,6 254,8 – 378 525 
 

 

 



 

 

 

 

 

 

 

 

. 9.3.   , · ,  

  

 

              

 

                69 
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 9.3 

     

  
 , ,   

A-1 I-2 2-B B-3 3-4 4-C C-5 5-6 6-D D-7 7-8 8-E 

G+P1 262,5 –73,5 –409,5 95,9 11,9 –72,1 324,1 –11,9 –347,9 157,5 73,5 –10,5 

G+P2 10,5 –73,5 –157,5 347,9 11,9 –324,1 72,1 –11,9 –95,9 409,5 73,5 –262,5 

G+P3 262,5 –73,5 –409,5 347,9 11,9 –324,1 72,1 –11,9 –95,9 409,5 73,5 –262,5 

G+P4 10,5 –73,5 –157,5 347,9 11,9 –324,1 324,1 –11,9 –347,9 157,5 73,5 –10,5 

G+P5 262,5 –73,5 –409,5 95,9 11,9 –72,1 324,1 –11,9 –347,9 409,5 73,5 –262,5 

 Q  

ё   

  

262,5 73,5 409,5 347,9 11,9 324,1 324,1 –11,9 347,9 409,5 73,5 262,5 

 

 



    . 

    , 

      (30%).  

    . -

       , -

       -

 .  ,      

     . 

     « » 

      , -

 70%  .    

 .      

      -

 . 

     9.2.  

     ( ) -

   9.3. 

        

        

   

Q = 
l

Mlr − ,                                 (9.5) 

 Mr  Ml −      

  (right)   (left); 

l –  ,      Q. 

      -

    ( . 9.3). 

9.3.	 	 	 		
	 	 	 	

9.3.1.	 	 	 	 	

      -
.      ,   

       
.       
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fb′  = 2lmb/6 + bmb; fh′  = hs .                                   .(9.6) 

      0,9hmb. 

      

      12,5, 15, 

20  25    A240, A400  500. 

  ,   

  ,    

9.4  9.5.        

    63.13330.2012 [9]. 

 9.4 

    

 

 

  , ,  

     

       

 12,5 15 20 25 

  Rb  

(  )  

 

7,5 

 

8,5 

 

11,5 

 

14,5 

  Rbt 0,66 0,75 0,90 1,05 

 9.5 

    

 

* 

  , ,    

   

 
 

Rsc 
 

Rs

 (    

) Rsw 

240 210 170 210 

400 350 280 350 

B500 435 300 415 

Bp500 415 – 390 

     -

    γb1       

.        

γb1 = 0,9. 

    ,   -

       



                                73 

 

        

.    ,   -

     

Q ≤ 0,3 Rb b h0.                                    (9.7)  

  (9.7)  ,    

. 

     -

       -

          -

 ( . . 9.4). 

 

. 9.4.   :  – ;  –  

        

       -

    ,   

      № 4.  

  ,      

   ,    -

    : 

MB,e = MB + 0,5Qhc;                              (9.8) 

MC,e = MC + 0,5Qhc                              (9.9) 

(MB   MC    « »). 

      ( . 9.6). 

 9.6 

      

  

 

, 

·  

b, 

 

h0, 

 
α0  

As, 
2 

 1-         

  B       

 2-         
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9.3.2.	 	 	 	 	

     -

       № 5.  

       

        , 

  .  

       

       

       . 

    (  ) 

       

Asw = qswSsw /Rsw,                              (9.10) 

  Ssw     .  

        

    (  ),    

  ( )   

Ssw = AswRsw /qsw .                             (9.11) 

      

     . -

      ( . 9.7). 

 9.7 

      

-

  

 

. 

. 

    

  A 
  B 

 

  B 

 
  C 

Q      

φf –     

cb      

Qb      

cd      

csw      

qsw /      

Smax      
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Ssw      

9.3.3.	 	 	 	

     -

       .  

       , 

   (   

   )     l1  

( . 9.5). 

      -

    (      = 0,3 hsb). -

, 

hs = ho mb – hsb + 0,5 . 

     

   : 

F = P + V.                                    (9.12) 

     -

   

∑Asw = F(1 – hs/h0)/Rsw.                         (9.13) 

 

. 9.5.      

    (l1)   -

  ,    -

     (  −  ). 

    ( )   

 (  Rsw = 290  – A400)  
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Asinc = F/(2sin α·Rsw),                       (9.14) 

 α –     45–60°.
 

        -

 9.6.  

 

. 9.6.      

	 Я 	№	10	
	 	 .	 		
	 	

   –    

  № 9   , -

    (   3- ).  

  –    , -

        

. 

      -

       

     . 

      ,     

     :  

        -

   . 



К   .          77 

 

	 	 	
1.       

    (Mu)    -

  ,     -

.        

  ( . 10.1). 

2.        

 ( )    ,  

   , . .    

 ( . 9.2).  

 :  ( ) – 

1:50,  ( ) –  1  20 · . 

3.       , -

        -

  (  ,       

        -

   ,  ,    

 ,      -

  ).      -

      -

  . 

       -

     ,   

 (    (10.1)−(10.3)  63.13330.2012)  

lan =
 dR

AR

bt

ss

8
,                                      (10.1) 

 As –   ; 

Rs –    ; 

Rbt –     ; 

d –   . 

4.        

    .   -

        

  . 
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5.    ,   

   .     

 . 

      -

     10.1.



 

 

 

. 10.1.      

 



80         
 

 

       10.1 

     ( ) 

  

   

 

As 
2
 

, 

 

h0, 

 
v 

Mu, 
·  

, ,    

   * 

  

   

  

 
  

 , b = 2,3  

6∅25 A400 29,45 0,057 0,543 0,966 563,8 − − − 

4∅25 A400 19,63 0,04 0,56 0,969 384,2 − − 2∅25 A400 

2∅25 A400 9,82 0,04 0,56 0,989 193,5 − − 2∅25 A400 

 , b = 2,3   

2∅25 A400 

2∅20 A400 

 

15,20 

 

0,04 

 

0,56 

 

0,985 

 

306,0 

 

− 

 

− 

 

− 

2∅20A400 7,60 0,04 0,56 0,991 153,9 − − 2∅20A400 

  , b = 0,3   

6∅25 A400 29,45 0,057 0,543 0,738 444,3 − − − 

4∅25 A400 19,63 0,04 0,56 
0,830 

 
333,0 − − 2∅25 A400 

2∅25 A400 9,82 0,04 0,56 0,915 183,7 − − 2∅25 A400 

*  ( )             

    AutoCAD. 



       

     (    

    № 7).  

      . 2.8 [21], 2.27 

[25]. 

.       , 

     10.1,     

        ,  

       - 

.

	 Я 	№	11	
	 	 	

     :  

1)     ; 

2)      ,  

 ,  ; 

3)      . 

11.1.	 	 	 	 	 	

      

 : 

−      ,    

  ( . .     ); 

−    ;    

  , . . ,   -

 ,    ( )  , 

   .    

  1−1,5 .       -

. 

      . -

        

bnss R/qlh ⋅= 075,0 ,                             (11.1) 
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 ls –  , ; 

qn −      , 

; 

Rb –     , . 

     -

     11.1.  

       . 

      

   

3 211,0 bn R/slqh = ,                           (11.2) 

 qn −      , 

; 

s –  , ; 

l –  , ; 

Rb −     , . 

 

. 11.1.      

      

3 2
11,0 bstbnmb R/slqh = ,                            (11.3) 

 s –  , ; 

lstb –  ,  (     -

 ). 



 

. 11.2.    .   

 

 



      -

  ,        

1−1,5  (       )   

   ( ). 

     -

       ( ) 

. 

      -

     11.2. 

      -

    .  -

       

A = 0,002 nfl qn s l/(Rb + 0,01 Rsc),                      (11.4) 

 qn −      , 

Rb –     , ; 

Rsc –     , 

. 

     ,   -

      l0 /i ≤ 120 (  

  l0 /h ≤ 35).    -

 ,      

, : 300×300, 400×400, 400×600, 500×500, 500×700, 600×600, 

600×800, 800×800, 1000×1000. 

11.2.	 	 	 	 	 	 	

     -

,   (     

   ) ,   -

   .  

. ,   ,   ,  -

          -

  .      

    ,  [21; 23],  -

      . 



 

 

 

 11.4

  

 

 

 

  

 

 

 

. 

  

 

 №

11.

 

  

 

. 

. 11.3

 

 

 

  

 

№ 4) 

.3.	

 

3.  

 

 = 0,055

  

 

 

 

(

 

	

 

 

 

 

 

 

5 + 0,1·2

 

 

 

 

 

	

  

. 

 (

  

 

  

:3 = 0,12

 =  (

  

       

 

 

. 

	

 

. 11.3).

 

 

 

 1 

22 . 

· ). 

               

 

 

 

 

. 

 

.  

  

       85 

 

– . 

  

 

  

  

-
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. 
1

1
.4

. 
 

 
 

1
 



	 Я 	№	12	
	 	 	 	 		

	 	 	 	

    :  

1)      ; 

2)    (    -

); 

3)      ; 

4)       -

 . 

12.1.	 	 	 	 	 	

        (  

  )     

         -

 .      -

   -      -

 .     -

     

l0 = μ(H  + a),                                   (12.1) 

 H  –  ; 

 –       ; 

μ = 0,7 (        

-       ). 

      ,  

       ( . 12.1), 

. . Aω = l1l2. 

    : 

1)          

 γf  > 1 − ∑ i; 

2)     γf > 1 − ∑Gi; 

3)    γf > 1 − Ps; 

4)       γf > 1 − ∑Vi,   

    ∑Vli. 
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. 12.1.      

   : 

N = ∑  + ∑G i+ Ps + ∑Vi;                   (12.2) 

Nl = ∑  + ∑G i+ Ps + ∑Vli .                 (12.3) 

     -

 0       .   -

       -

      .  

       -

  ,       

       (  

      A240, 

A400  l0 ≤ 20hc). 

12.2.	 	 	 	 	

        

. 8.1.16 [9]   

N = φ(RbAb + RscAs,tot ).                      (12.4) 

  φ,    

   ,    

 8.1 [9].       20- 55:  

–  l0/hc = 6  φ = 0,92; 



 

– 

– 

– 

(  μ 

 

 

 

, 

 

 l0/hc

 l0/hc

 l0/hc

 

 

> 0,03 

). 

 

 

12.

 

, 

 

. 12

 

 

 

 

c = 10 

c = 15 

c = 20 

 

 

 

.3.	

 

  

 (

2.2. 

 

   

 

  

 φ
 φ
 φ

 

.

μ = A

 

 

  

	

 

 

. 12.2). 

 

 

 

 

φ = 0,90;

φ = 0,83;

φ = 0,70.

 

 

As /Ab = 0

 

 

 16 

	

 

 

  

 

 

, 

  

 

; 

; 

. 

,01…0,0

 

. 

	

 

 

 

 

 

 

 (l0/hc) 

 

02 

 

 

 

 

 (l1

 

 

  [9, 

     

 

 

 

	

 

  

1 ≤ h0)  

 

. ].
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 φ 

  

-

 

-

-

. 

 -
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 Asw –

sw 

  – 

 

 

 hob –

, 

 

             

2 − 

− 

 

 3,5 

– 

–  

 

 

 

 

 

 

 

– 

Q – 

 

            

. 12.3. 

4 − 

 

 h < 

 (

 

Q

Rbtbh0  

 

. 

 (

l1 = c + l

 

 

 

 

RsA

 

  

)            

 

 

; 5 −

 

: 

2,5  

. 12.3, 

 

Qmax ≤ 0,

 

sin
2

 =

φw2 = 1

 

 

lsup =  +

 

 

  

As = Ql / 

 

 

 

             

 

− 

 

 

); 

,8φw2 Rb b

 2,5 Rbt

=h0
2

 /(h0
2

1 + EsAsw

; 

 (12.5))

+ Q / (0,8

  

  = 60 

  

 φ
 

  

h0 – (M +

, 

  

. 

      )    

 

; 3 − 

 

 

bc lsupsin
2

tbh0. 
2 
– l1

2
);    

w / (Ebbcsw

) 

8φw2 Rbbc

 

). 

 200 

φw2  sin  =

 

+ 0,5Qls

              

: 1 − 

 

 

 

2
 ,         

             

w),         

 

c sin
2
 ), 

. 

= 1. 

up)/hob,   

 

            

 

 

 

 

 

             

             

             

 

             

 (  

  

             

  

) 

;  

 

 

 

(12.5) 

(12.6) 

(12.7) 

 

(12.8)  

-

-

(12.9) 

-

 

;  

 -

  



 

− 

− 

 

  

 

.  

 – 

 h >

 

 h >

 

 

 

 

 25 

1

 

 

 

1 – 

 

  

 

> 2,5  

> 3,5  

( . 12

  

 

 ( . 

12.4.	

 

. 12.4.

 

 

 

4 –

 

 (

 

 Q < R

.3, ). 

 

 h

 

. 12.3

  70

. 

  

 

; 2 –

– 

. 12.4)

 

 

 

Rbtbh0 

h/A  

  

3). 

	

  

00−1000

;  – 

; 

– ; 3

 

 

: 

 

 

  

 

  

 1/15 

	

 

0  

  

 –  

 – 

 

 (

 

  

150 .

 

	

 

: 

 

,  

 

 

 

     

  

. 12.3, 

 

. 

 

 

 

 

  

 

; 

 

       91 

-

); 

  

 -

 -

 

-

  

 

; 
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−      , -

    ,   -

 (    ); 

− ,      

,    ,   -

  . 

        

,       -

 . 

     (  -

)    1/4    -

   20−25 .      

  . 



	3	
	 	 Э Ы 	

Ы Ы 	 	

        

        . (  

        

     ). 

    . 

 -  

 

13.     -

  

 

2 

14.     4 

15.      6 

16.     

    

 

6 

 18 

	 Я 	№	13	
	 	 	 		

	 	

   –   -

        -

 .  

     

    . 

     -  

, . .   ,   , 

   . .  ,    

   . (     

 .) 

       -

     ,  -



94          

   ,    

     ;   

   :   , 

 ,   (   -

  )     . 

     ,  

     (    . 

13.1  13.2). 

      

: 

1.   ( )   ( . . 13.2). 

2.    3.1  . -

     ( . 13.1). 

 13.1 

  

-

-

 

 

 

,  -

 

 

 

 

 

 

     

Q,  Lcr,   А H max,  Gb,  Gcr,  

        

          

 ,    -

 ,     1000   

  s = 6   1400     s =12 ,  -

  150 .        

     100 . 

3.      

    ( . 13.3). 

4.     ( . 13.4). 

        

      ,   -

        

   4 ( . 4.4  4.5).  



К

 

 

. 13.1. 

 

   

 

 

 

 

 

 

  

      95 

 



96     

 

 

 

 

. 13.2. 

  

 

  

  



К

 

 

 

. 133.3.  

 

 

 

  

 

 

      97 

 



9
8

     
 

 
 

  

 . 13.4.             

    



К            99 

 

    , ,  -

  ,   : 

1)   :  

 l = 6   60 ;  l =12   110 ; 

2)   : 

–   ( ):  

 l = 18   80 ;  l = 24   110 ; 

 l = 27   120 ;  l = 30   130 ; 

–     ( ): 

 l = 24   135 ;  l = 30   150 ; 

–  :  

 l = 18   90 ;  l = 24   120 ;  l = 27   135 . 

     0,2–0,4   -

   . 

         

    .   

   (    . )   

 13.2. 

 13.2 

    

  
 

,  

 

  

   γf 

 

  

 γf  >1,  

  85 1,3 110,5 

   

(γ = 16,6 /
3
; t = 20 ) 

332 1,3 431,6 

  

   

(γ = 3,7 /
3
; t = 100 ) 

370 1,3 481 

 47 1,3 61,1 

  3×12  2220 1,1 2442 

 3054 - 3526,4 
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	 Я 	№	14	
	 	 	 	

      M, 

N  Q       . 

    (      -

)      -

     .  

     -

        ( ), 

  (   )    

   .  

      14.1. 

     . 

     ,   

  ( )  . 

 

. 14.1.        

       -

  ( . . , . . ),   



                        101 

 

        -

       ,   

      -

. 

      -

   ,  . 

       

        -

       -

      [22, . 2.5] -

     . 

(      -

    . . 4). 

 1-        -

  ( ,   )  -

  Ψ = 1,  2-   –   

       -

 Ψi ( . . 4).  

      

   . 

      

 : 

−    max  -

   ; 

−    Mmin  -

   ; 

−    Nmax    

. 

  IV–IV     Q, -

   .     

      -

   IV–IV      

 γf  = 1. 

    γf ≥ l,l,    

  – γf = 1,4,    -

      0,7. 

 



102         

     

1.   − ______ 

2.    – 1 (1− , 2 − ) 

3.      − 1 

4.    − ______ .  

5.   − ______   

6.     − ______  

7.   − ______  

8.   − ______ . 

9.    − ______.  

10.    − ______  

11.      − ______  

12.      − ______  

13.  - 0.  (   – 0) 

14.      − ______  

15.       − _____  

15.    – ______  

16.   − ______  

17.    − ______  

18.  − ______  

19.   − ______  

20.    − ______  

21.    − ______  

22.     −  

23.        − ______  

24.        − ______  

25.     − ______  

26.     − ______  

27.    − ______  

28.     − ______  

29.   − ______  

30.    − ______  

31.   −  (0) 

32.    − 1,5 /  

33.    
 
– ______ /

3
 

34.       − ____ 0,5  

35.    − ______  
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     RAMPO 

   ! 

1.     . 

2.   (      

 ). 

3.     «  ».  

 4 .  Enter. 

4.     : «  -

»,      Enter. 

5.        Enter  

     .  

        

UNIT 28?        

  (   )   Enter.   

     . 

    (WordPad). 

!   7       -

, . .         (20500.). 

    (19.5). 

  13-  14-     -

      

       4-   -

 [22, . 2.5],   ,   . 

	 Я 	№	15	
	 	 	 	 	

        

  . 

 (     №13  14) -

        ( -

)   ( )  ;  -

   , . .     

        -

  . 
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      -

 . 

      -

       -

 [22],      . 

        

[22].    ,      -

  [22]. 

      -

     .  

     

l0 /hc = 12,7 : 20,5.     -

      S  S´   

 ,  0,2%     . 

        -

 ,    I−I  IV−IV   

      

.  II−II  III−III      

, . . H2 = 4,2  > H/3 = 10,95:3 = 3,65 ,   -

  .  

,   I−I  IV−IV   = 1,  

 II−II  III−III  η     -

  [9]. 

      .  -

       -

     [22, . 2.3]. 

     , 

  ,    .   -

    ,  -

 – . 

15.1.	 	 	

    : bc = 0,5 ; 

hc = 0,6 .      = ´ = 0,04 , 

    h0 = 0,6 – 0,04 = 0,56 . 



                      105 

 

   .     

   II–II. 

       -

:     l0 = 2H2 = 2·4,2 = 8,4 ;  -

   l0 = 2,5H2 = 2,5·4,2 = 10,5 .  

  l0 /hc = 8,4:0,6 = 14 > 10,    -

     . 

  2.3 [22] ,    II-II  -

  N     ,   

       -

,    ,  -

    II (   ). -

       -

 . 

   2.2  2.3 [22] : 

–     = – 257,92 · ; N = 570,29 ; 

–   ,        

´ = –16,81 · ; N´ = 570,29 ; 

–     (    

) l = –16,81 ; Nl = 570,29 . 

      

,      

(   ),     -

   γb1    (1.12) [22]: 

MII = M + N(0,5hc –a) = 257,92 + 570,29(0,5·0,6–0,04) = 406,2 · ; 

MI = M´+N´(0,5hc –a) = 16,81+570,29 (0,5·0,6–0,04) = 

=165,08 ·  <0,77MII = 0,77·406,2 = 302,77 · . 

 (1.12) [22] ,  γb1 = 1,1.  

  Rb = 1,1·11,5 = 12,65 . 

    

e0 = M/N = 257,92: 570,29 = 0,452  >  = h /30 = 0,6:30 = 0,02 . 

      

 Ncr    . 

    63.13330.2012 ( . . 8.1.15) 
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],[
2

0

2

sssbbcr JEkJEk
l

N +π=  

 = 0/hc = 0,452:0,6 = 0,753 < 1,5  > 0,15; 

1 = II = 406,2 ; 

M1,l = Ml+Nl(0,5hc – a) = 16,81+570,29(0,5·0,6–0,04) = 165,08 ; 

φl = 1+M1,l /M1 = 1+165,08:406,2 = 1,406. 

kb = ( ) ( ) .
,e

101,0
75303,0406,1

15,0

3,0

15,0

l

=+=δ+ϕ
 

    μs = 0,005,  

αsJs = μsbchc(0,5hc – a)
2
Es/Eb = 

= 0,0005·0,5·0,6(0,5·0,6 – 0,004)
2
 · 200000 : 27500 = 0,694·10

-3
 

4
; 

Jb = J2 = 9·10
-3

 
4
; 

.  17270  27,17

]10694020000070109275001010[
48

143 33

2

2

==
=⋅⋅⋅+⋅⋅⋅= −− ,,,

,

,
Ncr

 

.03,1
17270:570,291

1

N/N1

1

cr

=−=−=η  

,  

 = 0  + 0,5hc – a = 0,452·1,03 + 0,5·0,6–0,04 = 0,726 . 

      

400   : 

.,
,

ahR

hbR,NeА
sc

cb
s

0002960
0,04)350(0,56

0,6·0,560,4·12,65··0,726570290

)(

40

2
2

0

2

0

<−=−
−=

=′−
−=′

 

       ,   -

      : 

А´s = 0,002bch0 = 0,002·0,5·0,56 = 0,00056 
2 
= 5,6 

2
. 

 3Ø16 400, А´s = 6,03 
2
.  
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  А´s,      -

   : 

;170  ;1530
·0,565,0·65,12

0,04)03(0,56350·0,0006·0,72657029,0

)a(
                              

2

2

0

0
0

,,

hbR

hARNe

cb

ssc

=ξ=−−=
=′−′−=

.,hb,,,

,

R/AhbRA

c

sscbs

2

0

22

sc0

650020946 0006940        

350:03)350·0,00060,5702956,65·0,5·0,12170( 

)RN(                    

=>==
=+−⋅=

=′+−ξ=
 

     3Ø18 400, Аs = 7,63 
2
. 

   

0050870
·0,650

00076300007630
,

,

,,

hb

AA

cc

ss
s =+=′+=μ  

     μs = 0,005. 

,     . 

      3Ø18 

400; Аs = А´s = 7,63 
2
. 

   .     

    , . . hc = 0,5 .   

     :  

l0 = 1,5H2 = 1,5·4,2 = 6,3 . 

   l0/hc = 6,3:0,5 = 12,6    -

    (l0/hc = 10,5),    

  ,     

 .  l0 = 6,3  < 20hc = 20·0,5 = 10 , -

       

   . 

       

 :    422,88 ;  

     43,08   70,33 ;  -
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  190,51 . ,    

    

N = 422,88 +43,08 +70,33 + 190,51= 726,8 , 

      (    -

,    )  

Nl = 422,88 +43,08 +70,33 = 536,29 . 

   . 8.1.16   8.1 [9]  Nl /N =  

= 536,29: 726,8 = 0,738; l0 /hc = 12,6  φb = 0,86.  

  ( .  (8.17) [9]): 

N = 0, 7268  < φ[RbAb+Rsc(As + A´s)] = 

= 0,86[12,65·0,5·0,6 + 350(0,000603 + 0,000603)] = 3,627 . 

     . 

15.2.	 	 	

    : bc = 0,5 ; 

hc = 0,8 .      = ´= 0,04 , -

    h0 = 0,8–0,04 = 0,76 . 

      -

,    IV–IV ( . . 2.3 [22])  

 I  II    . 

(        -

       , 

 ,       

(  = M/N),   ). 

    I.  -

 : 

−     = 272,33 ; N = 797,87 ; 

−   ,     ´ = –8,31 · ; 

N´ = 797,87 . 

      -

         

 : 

MII = M + N(0,5hc  – a) = 272,33 + 797,87 (0,5·0,8 – 0,04) = 559,56 · ; 

MI = M´+N´(0,5hc – a) = 8,31 + 797,87 (0,5·0,8 – 0,04) = 
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= 295,54 ·  < 0,77MII = 0,77·559,56 = 430,86 · . 

 (1.12) [22] ,  γb1 = 1,1   

  Rb = 12,65 . 

  IV-IV    , 

  = 1.    e0 = M/N =  

= 272,33 : 797,87 = 0,34 .    -

        N: 

e = e0  + 0,5hc − a = 0,34·1 + 0,5·0,8 – 0,04 = 0,7 . 

    , -

     -

  : 

.,
,

,

hbR

N
a

cb

n 1650
·0,5·0,766512

797870

0

===  

      

   (8.1)   . 6.1.20 [9]: 

.,

,

/

,

,

E/R

,,

ss

b

el.s
R 5330

00350

200000350
1

80

00350
1

80

1

80

2

=
+

=
+

=
ε
ε+

=ξ  

  an = 0,165 < ξR = 0,533,     

;1530
0,7612,65·0,5·

·0,7797870
22

0

1 ,
,

hbR

Ne
a

cb

m ===  

 = a´/h0 = 0,04:0,76 = 0,053 

      : 

.

,

R

hbR
AА

s

cb
ss

22

nnm10

  18,0  000018,0
0,0531

0,5·0,165)0,165(10,153

350

·0,5·0,766512

1

)0,5a(1aa
·

==−
−−×

×=δ−
−−==′

 

     -

       

 .     -

  ,  l0 = 1,2 H = 1,2·10,95 = 13,14 . 
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 l0/hc = 13,14 : 0,8 = 16,43 < 24    

  : 

А´s = 0,002bch0 = 0,002·0,5·0,76 = 0,00076 
2 
= 7,6 

2
. 

 4Ø16 400   ,     

  (Аs = А´s = 8,04 
2
). 

       

  II   :  

−     = –281,44 · ; N = 931,23 ; 

−   ,      : 

´ = –8,31 · ; N´ = 797,87 ; MII= 616,7 · ; 

MI =295,54 ·  < 0,77MII = 474,8 · . 

γb1 = 1,1,  = 1; e0 = 0,302 ; e = 0,662 ; an = 0,194 < ξR = 0,533; 

;07701 ,am =  Аs = А´s = – 0,0014 
2 
< 0;    

  . 

 ,     I. 

     .  

         -

  l0 = 0,8H1 = 0,8·6,75 = 5,4 .     

l0/hc = 5,4:0,5 = 10,8      -

 (10,8 < 12,66),      . 

15.3.	 	 	 	

        -

  Qc ( . 15.1),    -

    :  

Qc = 146 + 547,7 = 693,7 . 
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. 15.1.   

  : b = 0,5 ; h = 1,45 ;  = ´=  

= 0,04 ; h0 = 1,41 ; l1 = 0,55 ;  = 0,2 . 

   0,34    

,  lsup  = 0,34 .        

     ( -

),  γb1 = 1,1; Rb  = 12,65 ; Rbt  = 0,99 . 

       

     ,    

, . . Aw = 0  μw = 0.  

Qc = 0,6937  < 0,75(1 + 10αwμw)(1 − αc/h0)Rbblsup  = 

= 0,75(1+0)(1 – 0,2:1,41) · 12,65·0,5·0,34 = 1,384 . 

  ,  

Qc = 0,6937  < 2,5Rbtbh0  = 2,5·0,99·0,5·1,41 = 1,74 . 

,      

.       

 . 

    : 

σloc = Qc/(blsup) = 0,6937:(0,5·0,34) = 4,08  < Rb = 12,65 . 

    . 

        

Mc = Qcαc = 0,6937·0,2 = 0,139 · .   -

        -

.     

.,,
,

ahR

M,
AA

s

c
ss

22

0

 6230003620
0,04)350(1,41

·0,139251

)(

251 ==−=′−=′=  

 3Ø12 400; Аs = А´s = 3,39 
2
. 

	 Я 	№	16	
	 	 	 	 		

	 	 	

   ,   -

       -
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      ,  

   ,    

 ,    .  -

      . 

,   ,    

    IV–IV.  ,  

   ,   -

  .  

       -

 [22].    ,      

  [22]. 

16.1.	 	 	

    -

         

    ,   -

:  

1)    (   ) -

  Mmax (Mmin)  ,  

   ,    -

   Ncorr     Qcorr; 

2)      Nmax  -

     Mcoor    -

  Qcoor. 

  – ,     

 R0 = 230 .       

    γm = 20 /
3
. 

    h = 1,8 .  

   . 

       IV-IV -

  ( . . 2.3 [22]): 

−    γf  > 1: 

Mmin = –374,5 · ; Ncorr = 1468,8 ; Qcorr = –84,06 ; 

−    γf  = 1: 

Mmin = –280,17 · ; Ncorr = 1268,71 ; Qcorr = –65,79 . 
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      Gw   7.800 

   16.1. 

 16.1 

   Gw [22] 

  -

 

, 

 

 

 

 γf  = 1, 

 

-

 

 

 , 

γf 

-

 

 

  

γf >1, 

   

0,5(0,24 + 0,30)0,4·10,7·25 = 28,9

 

28,9 

 

28,9 

 

1,1 

 

31,79 

   

 (2,22 ) 

1,20·12,0·2,22 = 32,0 32,0 32,0 1,1 35,2 

   

(0,5 ) 6,60·12,0·0,5 = 39,6 39,6 39,6 1,1 43,56 

100,5 100,5 – 110,55 

      7.800    

  . 

          

 (    )  

ew = –0,5(0,2 + 0,8) = –0,5 . 

      : 

−  γf > 1 Mw = –110,55·0,5 = –55,28 · ; 

−  γf = 1 Mw = –100,5·0,5 = –50,25 · . 

  Hf = 1,80 – 0,15 = 1,65 .  -

,        

 (        ): 

−  γf > 1  

Mf  = Mmin + QcorrHf + Mw =  

= –374,5 – 84,06·1,65 – 55,28 = –568,48 · ; 

Nf  = Ncorr + Gw = 1468,8 + 110,55 = 1579,35 · ; 

−  γf  = 1 

Mf  = –280,27 – 65,79·1,65 – 50,25 = –438,97 · ;  

Nf  = 1268,71 + 100,5 = 1369,2 . 
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16.2.	 	 	 	

    ,  

  γf  = 1.     -

 m = b/l = 2/3.    

e0 = Mf /Nf= 438,97:1369,2 = 0,32 . 

   γR   (1.20)−(1.23) [22] 

  φi,  R = R0 = 230 : 

φ1 = 36e0
2
mR/Nf  = 36·0,32

2
(2/3)230:1369,2 = 0,413; 

φ2 = 1+3φ1γmh/R = 1 + 3·0,413·20·1,8:230 = 1,194; 

φ3 = 2,4+3φ1(γmh/R)
2 
= 2,4 + 3·0,413(20·1,8:230)

2 
= 2,43; 

φ4=1,44+φ1(γmh/R)
3 
= 1,44 + 0,413(20·1,8:230)

3 
= 1,4402. 

 (1.19) [22]  : 

0,413γR
3 
– 1,194γR

2 
+ 2,43γR – 1,4402 = 0,  γR = 0,811. 

      (1.18) 

[22]: 

.,
hRm

N
l

mR

f
693753

20·1,8)02(0,811·23

·1369,23

)(
=−=γ−γ=  

  b = ml = 2/3·3,69375 = 2,46 .  

 (  300 )   -

: b = 2,7 ; l = 3,6 .   

Af = bl = 2,7·3,6 = 9,72 
2
;   Wf = bl

2
/6 = 2,7·3,6

2
:6 = 5,832 

3
. 

     ( .  

(1.15)–(1.17) [22]): 

pmax = Nf/Af + γmh + Mf/Wf = 1369,2:9,72 + 20·1,8 + 438,97:5,832 = 

= 215,62  < 1,2R = 1,2·230 = 276,0 . 

p = Nf/Af + γmh = 1369,2:9,72 + 20·1,8 = 176,9  < R = 230 . 

pmax = Nf/Af + γmh −Mf/Wf  = 1369,2:9,72 + 20·1,8 – 438,97:5,832 =  

= 101,6  > 0. 

 , ,   -

  . 
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   ,  

        

 .    h1 = h2 =  

= 300  = 0,3 .    H = h1 + h2 = 0,6 .  

 hcf = 1,65 – 0,3 – 0,3 = 1,05 .    

: l1 = l = 3,6 ; b1 = b = 2,7 ; l2 = 2,7 ; b2 = 1,8  ( . 16.1) 

[22].  

      

 250 ,       – 100 . -

    (bc = 500 ; hc = 800 ), -

    :  

bcf  = 500 + 2·250 + 2·100 = 1200  = 1,2 ; 

lcf  = 800 + 2·250 + 2·100 = 1500  = 1,5 . 

 

. 16.1.    
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      . 

  

e0 = M/N = 374,5:1468,8 = 0,255  < 2hc = 2·0,8 = 1,6 ,  

  (1.43) [22]  hf = hc = 0,8 . 

 ,      15  

,       

Ø16 400,   1.5 [22]  hf = 30d = 30·16 = 480  = 

= 0,48 .     hf = 0,85   -

  :  

hh = 0,85+0,05 = 0,9 .  

    bh = 0,6 ; lh = 0,9 .  -

      hb = Hf  – hh = 1,65 – 0,9 = 0,75 . 

 ,    , -

   16.1. 

16.3.	 	 	 	

       -

   γf > 1,      

    γb1 = 1,1 : Rb = 9,35    

Rbt = 0,825 . 

       -

       

   35 .      -

  ,    = 80  = 0,08 ; 

     h0b = 0,75 – 0,08 = 0,67 . 

  (1.24) [22]: 

hb = 0,75  > H + 0,5(bcf  – bc) = 0,6 + 0,5(1,2 – 0,5) = 0,95 ; 

hb = 0,75  > H + 0,5(lcf  – hc) = 0,6 + 0,5(1,5 – 0,8) = 0,95 . 

     ,    

     ,   -

    .    

   N = 1,469 ,    

    ( . . 2.3) [22]. 

  (1.33) [22]   Af0: 
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Af0 = 0,5b(l – hh – 2h0b) – 0,25(b – bh – 2h0b)
2
= 

= 0,5·2,4(3,6 – 0,9 – 2·0,67) – 0,25(2,4 – 0,6 – 2·0,67)
2 
= 1,58 

2
. 

  (1.32) [22]: 

N = 1,469  < Rbt(bh + h0b)h0bbl/Af0 = 

= 0,825(0,6 + 0,67)0,67·2,4·3,6:1,58 = 3,84 . 

 , ,     

 . 

      -

      , -

     ( . 2.20) [22]: 

Afb = 1,05·1,2 + 0,3·1,8 + 0,3·2,7 – 0,9·0,5(0,7 + 0,6) = 2,025 
2
; 

Afl = 1,05·1,5 + 0,3·2,7 + 0,3·3,6 – 0,9·0,5(1,0 – 0,9) = 2,61 
2
. 

  Afb/Afl= 2,025:2,61 = 0,776 > bc/hc = 0,5:0,8 = 0,625, -

        

 (1.34) [22]: 

N = 1,469  ≤ 0,975AflRbt(1 + bc/hc) = 

= 0,975·2,61·0,825(1 + 0,625)=3,41 . 

 ,     

. 

   ,   

     . 

16.4.	 	 	 	 	

        

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

2.20) [22],  ,     Nf  

 Mf   γf > 1: 

pmax = Nf /Af + Mf /Wf = 1579,35:9,72 + 568,48:5,832 = 

= 162,48 + 97,48 = 260,0 ; 

p1-1 = 162,48 + 97,48·1,35:1,8 = 235,6 ; 

p2-2 = 162,48 + 97,48·0,75:1,8 = 203,1 ; 

p3-3 = 162,48 + 97,48·0,4:1,8 = 184,1 . 
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   1       

    (1.36): 

M1-1 = (l – l2)
2
(p1-1 + 2pmax)/24 = 

= (3,6 – 2,7)
2
(235,6 + 2·260,0):24 = 25,5 · / ; 

M2-2 = (l – lcf)
2
(p2-2 + 2pmax)/24 = 

= (3,6 – 1,5)
2
(203,1 + 2·260,0):24 = 132,87 · / ; 

M3-3 = (l – hc)
2
(p3-3 + 2pmax)/24 = 

= (3,6 – 0,8)
2
(184,1 + 2·260,0):24 = 230,0 · / . 

  = 0,08 ,     

:   h01 = 0,30 – 0,08 = 0,22 ;  -

 h02 = 0,60 – 0,08 = 0,52 ;  h03 = 1,65 – 0,08 =  

= 1,57 .      400 

   : 

2 21-1
1

01

0 0255
0 000368 / 3 68 / ;

0,9 0 9·0,22·350
s

s

M ,
A , ,

h R ,
= = = =  

2 22-2
2

02

0 13287
0 000811 / 8 11 / ;

0,9 0 9·0,52·350
s

s

M ,
A , ,

h R ,
= = = =  

2 23-3
3

03

0 23
0 000465 / 4 65 / .

0,9 0 9·1,57·350
s

s

M ,
A , ,

h R ,
= = = =  

,     1   -

  5Ø16 400, As = 10,05 
2
/ ;  -

    200 . 

      

        

 = 162,48 ,    (1.36) [22] px = pmax = p. -

   1        

 ,       : 

M´1-1 = (b – b2)
2
p/8 = (2,7 – 1,8)

2 
·162,48:8 = 16,45 · / ; 

M´2-2 = (b – bcf)
2
p/8 = (2,7 – 1,2)

2 
·162,48:8 = 45,7 ·  / ; 

M´3-3 = (b – bc)
2
p/8 = (2,7 – 0,5)

2 
·162,48:8 = 98,3 ·  / . 

      -

 : 
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2 21-1
1

01

0 01645
0 000237 / 2 37 / ;

0,9 0 9·0,22·350
s

s

M ,
A , ,

h R ,

′′ = = = =  

2 22-2
2

02

0 0457
0 000279 / =2,79 / ;

0,9 0 9·0,52·350
s

s

M ,
A ,

h R ,

′′ = = =  

2 23-3
3

03

0 0983
0 000199 / 1,99 / .

0,9 0 9·1,57·350
s

s

M ,
A ,

h R ,

′′ = = = =  

      1  -

  (   )  5Ø10 400, 

A´s = 3,93 
2
/ ,   200 . 

  (1.37) [22]    -

    : 

–      400 

  

Rbond = 2,5·1·0,75 = 1,875 ; 

–    

l0. an = ;  7460
0502408751

00020110350
,

,,

,

uR

AR

sbond

ss =⋅
⋅=  

lan = l0.an .,
,

,
,

A

A

.s

.s
  6020

0010050

0008110
7460 =⋅=

 

   lb,    -

   : 

,  40102356,075,03,075,075,0 1 ,/p/Rhl sbtb =⋅==  

 h1 –    ; 

ps –    ,    

(1.29) [22]. 

  lan = 0,602  > lb = 0,401 ,   -

       lb, 

        

,     . 
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   ,  h1 = 0,45 ,  -

  lan < lb: 

60202356075045,075,0 602,0 ,,/,ll ban =⋅=≤= .
 

 .  ,   

        

  450 . 

   : Rbond = 1,875 , 

; 4670
0,03141,875

·0,0000785350
0 ,=l an. =⋅     . 331,0

0,000393

0,000279
467,0 ==lan

 

   lb,     

  : 

.,/p/Rhl sbtb  725016248,075,045,075,075,0 1 =⋅==  

  lan < lb     .
  

16.5.	 	 	 	 	 	 	

      -

   :    

      (  4-4   

. 2.20 [22])       

      (  5-5). 

    , -

   :  

b = 0,6 ; h = 1,5 ; bf  = b´f = 1,2 ; hf  = h´f  = 0,3 ;  

 = ´ = 0,04 ; h0 = 1,46 ;  = ´/h0 = 0,027. 

    4–4  γf > 1: 

M = Mmin + Qcorrhh + Mw = –374,5 – 84,06·0,9 – 55,28 = –505,43 · ; 

N = Ncorr + Gw + Gcf = 1468,8 + 110,55 + 1,5·1,2·0,9·25·1,1 = 1623,9 . 

    

0 = |M|/N = 505,43:1623,9 = 0,311  > ea = h/30 = 1,5:30 = 0,05;  

   .    

      N 

 = 0,311 + 0,5·1,5 – 0,04 = 1,02 . 
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   .    

Rbbfh´f = 9,35·1,2·0,3 = 3,366  > N = 1,624 ,   

          -

  b´f. 

  .  

.,
,

,

hbR

N
a

cb

n 0990
·1,2·1,46359

6241

0

===  

  an = 0,099 < ξR = 0,533,     

;,
,

hbR

Ne
a

cb

m 0690
,469,35·1,2·1

·1,026241
22

0

1 ===   = a´/h0 = 0,04:1,46 = 0,027, 

       

.

aaa

R

hbR
AА nnm

s

cb
ss

22

10

  0,12  0012,0
0,0271

0,5·0,099)0,099(10,069

350

·1,2·1,4635,9

1

)0,5(1
·

−=−=−
−−×

×=δ−
−−==′

 

,      . 

      -

: 

Аs = А´s = 0,0005b´fh0 = 0,0005·1,2·1,46 = 0,000876 
2 
= 8,76 

2
. 

     5Ø16 400,  

Аs = А´s = 10,05 
2
.      

  5Ø12 400. 

  5-5  , . .   -

   . 

     -

      ,  

   .  

  0,5hc = 0,5·0,8 = 0,4 > 0 = 0,264  > hc/6 = 0,8:6 =  

= 0,133 ,      (1.39) 

 (1.42) [22].     6    

150 ;      50   -

 , . .    :  

yt = 0,85 + 0,15 = 1,0 . 
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      : 

Mk2 = Mmin + Qcorryt – 0,7Ncorre0 = 

= 374,5 + 84,06·1,0 – 0,7·1468,8· 0,311 = 138,8 . 

        -

  : 

Σzi = 0,80 + 0,65 + 0,50 + 0,35 + 0,20 + 0,05 = 2,55 . 

    -240,   

 ,    (1.42) [22]: 

.,,
,

zR

M
A

is

k
w

222 5920002590
·2,55210

13880

∑
====  

      (  

4    ): Aw = 2,59:4 = 0,65 
2
.  

 Ø10 240, Aw = 0,785 
2
. 



	 	 Ы	

	 	

1.     [ ]: . 

 . .  / . . , . . ,  

. .  [  .];  . . . . – 5-  ., . – 

.: . ., 2008. – 887 . 

2.   [ ]: . . 1 /  

. .  [  .];  . . . . – .: , 2003. – 280 . 

3. , . .  :   

[ ]: .   / . . , . . . – 5-  ., -

.  . – .: , 1991. – 767 . 

4. , . .     

[ ]: .   / . . . – :  ., -

 - , 1981. – 224 . 

	 	

5.       -

 [  ]: .   30 . 2009 . № 384-

. –   .-   « ». 

6.  15.13330.2012.    . 

   II-22-81* [ ]: . 2013-

01-01:   11-22-81*. – .:  « », 2012. 

7.  20.13330.2011.   . -

   2.01.07-85* [ ]: . 2011–05–20: -

  2.01.07-85*. – .:  « », 2011. 

8.  22.13330.2011.    . -

   2.02.01-83* [ ]: . 2011–05–

20:   2.0201-83*. – .:  « », 2011. 

9.  63.13330.2012.    -

.  .     

52–01–2003 [ ]: . 2013–01–01:   52–01–2003*. 

– .:  « », 2012. 

10.       

       



124    

 (   52–101–2003) /  ; . – .: 

 « », 2005. – 214 . 

11.     - 

      (   

 52.102-2004) /  ; . – .:  

«  », 2005. – 52 . 

,	 	 	 ‐ 	 	

12.   : . -

 [ ] / . . , . . , . .   

[  .];  . . . . – 2-  ., .  . – : 

, 1990. – 544 . ( -  ). 

13. , . .     

 [ ]: .   .  / . . , 

. . . – .: , 2003. – 240 . 

14. , . .   -

    (  ) 

[ ]: .     / . . . – .: 

, 2003. – 200 . 

15. , . .    

  [ ]: .  / . . . – .: 

, 2004. – 272 . 

16. , B.C.       

  .    

 [ ]: .  / . . . – .: , 

2000. – 128 . 

17.  ,   -

  [ ]: .  / . . ,  

. . , . .  [  .]. – .: , 2004. – 176 . 

18.  ,   -

  [ ]: . . – .: , 2001. – 

170 . 

19. , . .       

 «    » [ ]: . 

   . . 1 / . . . – .: -  

, 2003. – 168 . 



                           125 

 

20. , . .    -

: .  / . . , . . ,  

. . . – .: . ., 1989. – 176 .  

21. , . .   -

 [ ]: .  / . . , . . . – : 

, 1984. – 104 . 

22. , . .   -

   [ ]: .  /  

. . , . . ; - . . - . – 2-  ., -

.  . – , 2014. – 116 .  

23. , . .     

    [ ]: .  /  

. . , . . ; - . . - . – , 2011.  

– 72 . 

24. , . .   -

 [ ]: .  / . . , . . ; 

. . . - . – , 2005. – 216 .: . 

25.  . .   -

   [ ]: .  / . . -

, A.M. ; . . . - . – , 2007. –  

206 .: . 

 



Я Ы 	 Ы 	 Я	
( 	 	 	 	 	 		

	 	 ‐ 	 )	

 –   (moment) 

0 –       

 −     
add 

–    (  – addi-

tional) 

Q –   

Q
l
–     … (  – left) 

Q
 r
 –     … (  – right) 

P –     ... (Poids – )  

q −     

g −     

 −     (  – 

provisional) 

G −    

Rs –     (  – steel) 

s –      

σs –     (  – yield) 

σb –    

Rb –    

b –     

ls −   (length, slab) 

lsb −    (length, secondary beam) 

lmb –    (length, main beam) 

zb –     

Аs –    (area, steel) 

b –         -

  

h0, 0h′  –    ,   

h0 = h – ,   
0h′= h – a′ 
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μ –   (μ = Аs / Аb) 

d –    

acrc –    

ϕl – ,     

lstb –   (stb – straining beam – ) 



	1	

	 	
 1.1 

     

(      ,   

   ) 

-

, 

 

   , 
2
,  

   

-

, 

/  

  -

    

   

 

 

 

1 2 3 4 5 6 7 8 9 10 240

-I 

400

(A-III)

500

(A-IV)

600

(A-V)

800

(A-VI)

1000

(A -VI)

500

(Bp-I)

1200
*
 

(Bp-II) 

3 0,071 0,14 0,21 0,28 0,35 0,42 0,49 0,57 0,64 0,71 0,052 - - - - - -   

4 0,126 0,25 0,38 0,50 0,63 0,76 0,88 1,01 1,13 1,26 0,092 - - - - - -   

                    

5 0,196 0,39 0,59 0,79 0,98 1,18 1,37 1,57 1,77 1,96 0,144 - - - - - -   

6 0,283 0,57 0,85 1,13 1,42 1,70 1,98 2,26 2,55 2,83 0,222   - - - - -  

                    

7 0,385 0,77 1,15 1,54 1,92 2,31 2,69 3,08 3,46 3,85 0,302 - - - - - - -  

8 0,503 1,01 1,51 2,01 2,51 3,02 3,52 4,02 4,53 5,03 0,395   - - - - -  

                    

10 0,785 1,57 2,36 3,14 3,93 4,71 5,50 6,28 7,07 7,85 0,617       - - 

12 1,131 2,26 3,39 4,52 5,65 6,79 7,92 9,05 10,18 11,3 0,888       - - 

                    

14 1,539 3,08 4,62 6,16 7,69 9,23 10,77 12,31 13,85 15,4 1,208       - - 

16 2,011 4,02 6,03 8,04 10,05 12,06 24,07 16,08 18,10 20,1 1,578     - - - - 
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 . 1.1 

-

, 

 

   , 
2
,  

   

-

, 

/  

  -

    

   

 

 

 

1 2 3 4 5 6 7 8 9 10 240

-I 

400

(A-III)

500

(A-IV)

600

(A-V)

800

(A-VI)

1000

(A -VI)

500

(Bp-I)

1200
*
 

(Bp-II) 

18 2,545 5,09 7,63 10,18 12,72 15,27 17,81 20,36 22,90 25,4 1,998     - - - - 

20 3,142 6,28 9,41 12,56 15,71 18,85 21,99 25,14 28,28 31,4 2,466   -  - - - - 

                    

22 3,801 7,60 11,4 15,20 19,00 22,81 26,61 30,41 34,21 38,0 2,984   -  - - - - 

25 4,909 9,82 14,73 19,63 24,54 29,45 34,36 39,27 44,13 49,1 3,853   - - - - - - 

                    

28 6,158 12,32 18,47 24,63 30,79 36,95 43,10 49,26 55,42 61,6 4,834   - - - - - - 

32 8,042 16,08 24,13 32,17 40,21 48,25 56,30 64,34 72,38 80,4 6,313   - - - - - - 

                    

36 10,18 20,36 30,54 40,72 50,90 61,08 71,26 81,44 91,62 101,8 7,990   - - - - - - 

40 12,56 25,12 37,68 50,24 62,8 75,36 87,92 100,5 113,04 125,6 9,870   - -   - - 
 

*   1400 – ∅ 4, 5, 6 ; 1500 – ∅ 3 ; 1600 – ∅ 3–5 . 

 

 

 

 

 



130  1 

     1.2 

   

 ,
    

 , ,  
  ,  

 
 

 
  ,

,  5781-82* 240 6,8,10,12,14,16,18,20,22,25,28,32,36,40 3Ø12A240 
   

 , 
 5781-82* 

400
500 
600 
800 
1000

6,8,10,12,14,16,18,20,22,25,28,32,36,40
10,12,14,16,18,20,22,25,28,32 
10,12,14,16,18,20,22,25,28,32,36,40 
10,12,14,16,18,20,22,25,28,32 
10,12,14,16,18,20,22,25,28,32

4Ø20A400 
3Ø28A500 
5Ø22A600 
6Ø25A800 
4Ø32A1000 

   -
   -
 , 
 10884-94 

400
500 
600 
800 
1000

6,8,10,12,14,16,18,20,22,25,28,32,36,40
10,12,14,16,18,20,22,25,28,32 
10,12,14,16,18,20,22,25,28,32,36,40 
10,12,14,16,18,20,22,25,28,32 
10,12,14,16,18,20,22,25,28,32

4Ø20A 400 
3Ø28A 500 
5Ø22A 600 
6Ø25A 800 
4Ø32A 1000 

 -
 ,  

 6727-80
 

500
 

500

3,4,5
 
3,4,5

10Ø4 500 
 

8Ø5 500 
 -

 
,  

 7348-81

 
 

1200
1400 
1500 
1600

8
4,5,6 
3 
3,4,5

12Ø8 1200 
18Ø5 1400 
16Ø3 1500 
24Ø5 1600 

  ( 7),  13840 1500
1400

6,9,12
15

8Ø9 1500 
6Ø15 1400 

  ( 19),  14-4-22-71 1400 14 4Ø14 1400 

 



 1.3 

   

(    6.7, 6.8  6.11 [9]) 

 

 

  

  

 ,  

  

  

 , 

  

 , 

 

Rb.n , Rb.ser Rbt.n , Rbt.ser Rb Rbt Eb 

12,5 9,5 1,00 7,5 0,66 21500 

15 11 1,10 8,5 0,75 24000 

20 15 1,35 11,5 0,90 27500 

25 18,5 1,55 14,5 1,05 30000 

30 22 1,75 17,0 1,15 32500 

35 25,5 1,95 19,5 1,30 34500 

40 29 2,10 22 1,40 36000 

45 32 2,25 25 1,50 37000 

50 36 2,45 27,5 1,60 38000 

55 39,5 2,60 30 1,70 39000 

60 43 2,75 33 1,80 39500 

 

 1.4 

   

(    6.13, 6.14  . 6.2.12 [9]) 

 

 

-

  

  

, 

 

 

, 

 

 

-

 

, 

 

 

-

 

 

, 

 

 

,

 

Rs.n , Rs.ser Rs Rsc Rsw Es

240 6–40 240 210 210 170  

 

 

 

200000 

400 6–40 400 350 350 280 

500 10–40 500 435 435 300 

600 10–40 600 520 470 – 

800 10–32 800 695 500 – 

1000 10–32 1000 870 500 – 

500 3–16 500 435 415 300 

500 3–5 500 415 390 – 
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 . 1.4 

 

 

-

  

 

, 

 

 

, 

 

 

-

 

, 

 

 

-

 

 

, 

 

 

,

 

Rs.n , Rs.ser Rs Rsc Rsw Es

1200 8 1200 1050  

 

 

500 

–  

1400 4,5,6 1400 1215 – 

1500 3 1500 1300 – 

1600 3–5 1600 1390 – 

1400 15 1400 1215 – 

195000 
1500 6–18 1500 1300 – 

1600 6, 9, 12, 15 1600 1390 – 

1700 6–9 1700 1475 – 



	
	

	
	
	

	
	

	2	
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) 

[3, . 9.

 

 

 

, 

 

 

 

 

 

3.1. 

 

8]. 

 0,05 

 

 

 

 

 

  

 γ  = 

  

 

. 

	

 

 

 

 

 

  

 

;  

  

 

 

 

0,7. 

 

  

  

 γ

3.1. 

	

  

 

 

 

  

 γ  =

 

 

 

 

γ  = 0,85

 

	
	

 

  

  1

 

 

  

 

 

 0,

= 0,85, 

 –

  

 

 

. 

 

	
	4 ,	5

  

 γf

1,2  

 

  

  

 

 

 

5 (

  

 

  

 

 

, 

  

5 ,	6

 

 

f (

 

 

  

. 

 

 

 

  

 

 

  

  

, 

 

	

3.1  

 

 

 

, 

 

  

  

 

  

 

 

  

 

 

	3	

 -

 -

-

 

-

- 

 

 

 

). 

-

 

 -

-

 

 -

 

 -



 

      3.1 

        

-

 

 Q, 

 ( ) 

 

 

L,  

 

 

L  ,  

  , 

 

 

  

  

 ,  

,  

 

 Bc 

  

 А  

 

  Gct 

  

  Gc 

15/3 

(147/29) 

12 

15 

18 

24 

30 

11 

14 

17 

23 

29 

5600 

5600 

5600 

5600 

6200 

4400 

4400 

4400 

4400 

5000 

2300 

2300 

2300 

2300 

2300 

152 

162 

172 

186 

216 

7,0 

7,0 

7,0 

7,0 

7,0 

22,5 

24,5 

26,5 

34,0 

43,5 

16/3,2 

(157/31) 

-

 

12 

15 

18 

24 

30 

10,5 

13,5 

16,5 

22,5 

28,5 

5600 

5600 

5600 

5600 

6200 

4400 

4400 

4400 

4400 

5000 

2300 

2300 

2300 

2300 

2300 

141 

144 

154 

161 

181 

6,0 

6,0 

6,0 

6,0 

6,0 

18,2 

19,5 

21,5 

26,0 

34,2 

20/5 

(196/49) 

12 

15 

18 

24 

30 

10,5 

13,5 

16,5 

22,5 

28,5 

5600 

5600 

5600 

5600 

6200 

4400 

4400 

4400 

4400 

5000 

2400 

2400 

2400 

2400 

2400 

172 

181 

191 

216 

250 

8,5 

8,5 

8,5 

8,5 

8,5 

23,5 

25,5 

28,5 

36,0 

46,5 

20/5 

(196/49) 

-

 

12 

15 

18 

24 

30 

10,5 

13,5 

16,5 

22,5 

28,5 

5600 

5600 

5600 

5600 

6200 

4400 

4400 

4400 

4400 

5000 

2400 

2400 

2400 

2400 

2400 

168 

175 

184 

191 

230 

7,0 

7,0 

7,0 

7,0 

7,0 

19,1 

20,5 

22,5 

27,5 

38,5 
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 . 3.1 

-

 

 Q, 

 ( ) 

 

 

L,  

 

 

L  ,  

  , 

 

 

  

  

 ,  

,  

 

, Bc

  

, А
 

, Gct

  

  Gc 

30/5 

(294/49) 

12 

15 

18 

24 

30 

10,5 

13,5 

16,5 

22,5 

28,5 

6300 

6300 

6300 

6300 

6300 

5100 

5100 

5100 

5100 

5100 

2750 

2750 

2750 

2750 

2750 

250 

265 

275 

309 

338 

12,0 

12,0 

12,0 

12,0 

12,0 

35,0 

39,0 

42,5 

52,0 

62,0 

32/5 

(314/49) 

-

 

12 

15 

18 

24 

30 

10,5 

13,5 

16,5 

22,5 

28,5 

6300 

6300 

6300 

6300 

6300 

6100 

6100 

6100 

6100 

6100 

2750 

2750 

2750 

2750 

2750 

221 

230 

255 

270 

299 

9,6 

9,6 

9,6 

9,6 

9.6 

27,2 

28,8 

30,5 

35,5 

45,2 

 

 

 

 



	4	

	 	 	 	 	 	
	( )	 	 	 	

    20.13330.2011 [7]    

        -

        

  . 

   . 6.2 [7]   , -

  ,   : 

m = Pd + (Ψl1Pl1 + Ψl2Pl2 + Ψl3 Pl3 + …) + 

         +(Ψt1Pt1 + Ψt2Pt2 + Ψt3Pt3+ …), 

 m –    ; 

Pd –  ; 

Pl –  ; 

Pt –  ; 

Ψli (l =1, 2, 3, …) –     

; 

Ψti(l = 1, 2, 3, …) –    -

 . 

      

   Ψli    : 

Ψl1 = 1;   Ψl2 =  Ψl3 = … = 0,95; 

    –  

Ψt1 = 1;   Ψt2 = 0,9;  Ψt3 = Ψt4 = … = 0,7. 

       

: 1)   ,   

    Ψt1 = 1,    

  Ψl1 = 1; 2)   ,  
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      Ψt1 = 1; Ψt2 = 0,9; Ψt3 = 0,7  

   Ψl1 = 1; Ψl2 = 0,95. 

       

  : 

I –    Mmax  -

    Ncorr;  

II –    Mmin  -

    Ncorr;  

III –    Nmax    

  Mcorr.  

    (  )   -

       -

       .  -

         

 . 

      (  

)     ( . 4.1),   -

     .   IV-IV -

        

 γf > 1,    γf  = 1.     

     (  γf > 1)   

 γf. 

       -

      -

,     ,  -

  . 

       

    4.2.  

   ,      . 

      -

   : 

–   1    (    -

); 
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–   2   e    (I-I, II-II, III-III, 
IV–IV  γf = 1   IV-IV  γf = 1); 

–   3     (I, II, III); 
–   5     ; 
–   «№»    , -

        -
 (t1  l1-    . .).  

1+2 +4 +8   (   ), 1+12+4 +8  (   -
); 

!       
     . 

–   6–11      ( -
  ),    ,  

  «№» (    ); 
–     ,   
    ,  

    – Ψti   Ψli ,  
   . 
     (   

)       -
      

  ,   ( . 4.3). 

 4.1 

        

m = Pd + (Ψt1Pt1 + Ψt2Pt2 + Ψt3Pt3+ …) + (Ψl1Pl1 + Ψl2Pl2 + Ψl3 Pl3 + …)  

 .    

Pd Ψt1Pt1 Ψl1Pl1 Ψl1Pl1 Ψl1Pl1 Ψt2Pt2 Ψt3Pt3 

Ψ 1 1 0,9 0,7 1 0,95 0,95 

1 2 3 4 5 6 7 8 9 10 11 12 

   №  

max  * * * * * *  

Ncoor         

 № 

min  * * * * * * 

Ncoor     

 № 

coor  * * * * * * 

Nmax     
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 . 4.1 

 .    

Pd Ψt1Pt1 Ψl1Pl1 Ψl1Pl1 Ψl1Pl1 Ψt2Pt2 Ψt3Pt3 Pd 

Ψ 1 1 0,9 0,7 1 0,95 0,95 

1 2 3 4 5 6 7 8 9 10 11 12 

   №  

max  * * * * * *  

Ncoor         

 №  

min  * * * * * *  

Ncoor         

 №  

coor  * * * * * *  

Nmax         

  №  

max  * * * * * *  

Ncoor         

 №  

min  * * * * * *  

Ncoor         

 №  

coor  * * * * * *  

Nmax         

  №  

max  * * * * * *  

Ncoor         

Q         

 №  

min  * * * * * *  

Ncoor         

Q         

 №  

coor         

Nmax  * * * * * *  

Q         

  №  

max  * * * * * *  

Ncoor         

Q         
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 . 3.1 

 .    

Pd Ψt1Pt1 Ψl1Pl1 Ψl1Pl1 Ψl1Pl1 Ψt2Pt2 Ψt3Pt3 

Ψ 1 1 0,9 0,7 1 0,95 0,95 

1 2 3 4 5 6 7 8 9 10 11 12 

   №  

min  * * * * * *  

Ncoor         

Q         

 №  

coor         

Nmax  * * * * * *  

Q         

 ,     -

,    ,  

     . 



 4.2 

       

 

-

 -

-  

 

-

 

-

 

-

 

    

   

G Psn Psn,l D Dl Pbr P

1 2  2  4  4  8  8

I–I 
M 

N 

·  

 

+42,3 

422,88 

+19,05

190,51

+13,34 

133,36 

0,0 

0,0 

0,0 

0,0 

0,0 

0,0 

0

0

II–II 
M 

N 

·  

 

–16,81 

570,29 

+15,48

190,51

+10,84 

133,36 

–149,56 

0,0 

–48,76 

0,0 

±21,49 

0,0 

±6

0

III–III 
M 

N 

·  

 

+17,16 

716,29 

-3,57 

190,51

–2,50 

133,36 

+179,04 

547,67 

+54,19 

171,58 

±21,49 

0,0 

±6

0

IV–IV 

  

γf >1 

M 

N 

Q 

·  

 

 

-8,31 

797,87 

–3,27 

–9,31 

190,51

–0,85 

–6,52 

133,36 

–0,60 

–61,32 

547,67 

–35,61 

–24,18 

171,58 

11,61 

±33,66 

0,0 

±8,17 

±10

0

±2

γf 1,1 1,4 1,4 1,1 1,1 1,1 1

IV–IV 

 

γf=1 

M 

N 

Q 

·  

 

 

–7,55 

725,34 

2,97 

–6,65 

136,08

–0,61 

–4,66 

95,26 

–0,43 

–55,75 

497,9 

32,37 

–21,98 

156,0 

–10,55 

±30,60 

0,0 

±7,43 

±8

0

±2
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 4.3 

       

 

 

 

 

 

 

-

 

   

  

I (Mmax) II (Mmin) III (Nmax) I (Mmax) II (

I–I 

 

M 

N 

 

·  

 

1+2  – 1+2  – 

61,35 

613,39 

– 

– 

61,35 

613,39 
– 

II–II 

 

M 

N 

 

·  

 

1+11+2  1+4 +8  1+2 +4 +8  1+2 +11 1+4

32,94 

703,65 

–173,21 

570,29 

–56,22 

760,8 

36,03 

741,75 

–2

57

III–III 

 

M 

N 

 

·  

 

1+4 +8  1+12+2  1+4 +8 +2  1+4 +8 +11 1+

217,69 

1263,96 

–53,57 

849,65 

215,19 

1397,32 

252,71 

1263,96 

–3

83

IV–IV 

  

γf >1 

 

M 

N 

Q 

 

·  

 

 

1+11 1+12+2  1+4 +8 +2  1+11 1+12+

207,33 

797,87 

33,34 

–211,29 

931,23 

–32,38 

–109,81 

1478,9 

–47,65 

207,33 

797,87 

33,34 

–2

14

-3

IV–IV 

  

γf =1 

 

M 

N 

Q 

 

·  

 

 

1+11 1+12+2  1+2  +4 +8  1+11 1+12+

146,48 

725,34 

23,18 

–147,88 

725,34 

–23,33 

–93,39 

1232,24 

–42,77 

146,48 

725,34 

23,21 

–1

72

–2
 
 

 4.4 

   Sg  1 
2  

   

 [7, . 10.2; 10.4.3; 10.11] 

  I II III IV V VI VII VIII 

Sg,  0,8 1,2 1,8 2,4 3,2 4,0 4,8 5,6 

  

,  

Sgn 0,56 0,84 1,26 1,68 2,24 2,80 3,36 3,92 

Sgl 0,39 0,59 0,88 1,18 1,57 1,96 2,35 2,74 

. Sgl –     -

       –5
0

  . 
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      1. 

«       -

 » [7, . ]. 

       

   : 

I : , . 

II : , , , , , 

, . 

III : , , , , , 

, , , , , , 

, , , , , , - , -

, , , , , , , -

; 

IV : , , , , , 

, , ,  , -

, , , , , , , 

. 

V : , , , , . 

VI : , . 

VII : - . 

VIII : , . 

 4.5 

    W0 

[7, . 10.2; 10.4.3; 10.11]  

  Ia I II III IV V VI VII 

W0,  0,17 0,23 0,30 0,38 0,48 0,60 0,73 0,85 

      3 

«       

» [7, . ]. 

       

         

: 

I  : , . 

I : , , , , , 

, , , ,  , , 

, , , , , , . 
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II : , , , , -

, , , , , , , 

, , , , , , , 

, , , . 

III : , , , , , 

, , , , , , 

- , , , . 

IV : , . 

VI : . 

VII :  . 

    Wm  -

     Z     

    

Wm = W0 K(Z )C, 

 W0 –    ; 

K(Z ) – ,    -

       Z  ( . 

4.6). 

C –  ,   [7, 

. ]. 

  Z     -

 : 

)   h ≤ d →  Z  =h; 

)   h <= 2d: 

 z  ≥ h – d →  Z  =h; 

 0  <  z  ≥  h – d →  Z  = d; 

)   h > 2d: 

 z  ≥ h – d →  Z  =h; 

 d  <  z  < h – d →  Z  = Z; 

 0  <  z  ≤  d →  Z  = d, 

  z –    ; 
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d –   (    )  -

,     ( -

 ); 

h –  . 

   [7, . 11.1.12]    

     1,4. 

 4.6 

  K(Z ),    

   Z  (   . 11.2 [7])  

      Z ,  

≤ 5 10 20 40 60 80 100 

.   -

,   , 

 ,   

    

 10 , , , 

,  

 

 

 

0,75 

 

 

 

1,00 

 

 

 

1,25 

 

 

 

1,50 

 

 

 

1,70 

 

 

 

1,85 

 

 

 

2,00 

.  , 

    

,  -

  -

  10  

 

 

0,50 

 

 

0,65 

 

 

0,85 

 

 

1,10 

 

 

1,30 

 

 

1,45 

 

 

1,60 

.    -

   -

  25  

 

0,40 

 

0,40 

 

0,55 

 

0,80 

 

1,00 

 

1,15 

 

1,25 

 



  

 

 

 

 

 

 

   

   

 

 

 

 

 

  

   
 

 

 

 

 

 

 

 

 

 . . К  

    . . К  
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