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. 1.2      

 
        , 

           
,    1.1. 

 6.1 
   

(kg/m3) B s  
(MPa) 

r  
(MPa) 

150 10 1,5 2,0 
200 15 2,5 3,5 

250   
 

20 3,5 5,0 
30 6,0 8,0 

>30 0,2 bkf  0,25 bkf  
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  bb IAG  -  ; 
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1)  o       , B,   

         ,  
      (  N ).   
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  1.2. 
)      kl    1.3   
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 cm10400,25d0,25imin  
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 mllk 30,3  
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330

mini
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k  (  ). 

 
        : 

 sbAS  
 

    : 
 

 2
22

1256
4
14,340

4
cmdAb  

 
   B20,       

MPas 5,2  ( 2/11 mMNMPa ; kNMN 10001 ; 22 100001 cmm ,  
210000/1000 cmkN       2/10/1 cmkN ) 

 kNAS sb 314105,21256 1  
 

     : 
 
 GSN  
 

    : 
 
 kNlAG bb 95,92430,3125,0  
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   N ,      B.   
   : 

)      ,   
 1.2. 

)      kl    1.3   
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  s ( )
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   : 

 s ( ) MPa
A
S

b

33,3
103030

300  

 
 B20  s (  ) MPa5,3  

 
3)   ,  N ,    l,     

     ,      
 .  

 
     : 

 
)   B   1.1.   s (  ); 
)      NS ; 
)          

 
s

b
NA ; 

)         ; 
)        G   

  S ; 
)           35k  

  ; 
)     ; 

  s ( ) s
bA
S

( ) 

 
  



 -  
 

 17 

1.3.        
 –   

 

        7035 k ,     
      .   

     70k .  
          

       ,   
               
: 

 s
k

k 100
135  

         : 
  35k    sk  
  70k   sk 65,0  
       ,    
k  . 

         
   ,      ,  

     : 
1/      , B,    

            
.     : 

/       mini    
 1.2.  

/      kl      
 35k .  

/     s
k

k 100
135  

/            
:  kbAS  

/        : GSN  

 
  3:  
 
             

   cma 30 ,   B25.     
cml 350 ,         . 

 
      : 

 cmai 67,830289,0289,0min  
 

   : 
 cmllk 350  



 -  
 

 18

 3536,40
67,8
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        : 
 kNGSN 87,3973,32430,030,0405  
 
 

2)     ,  ,   
   N ,      .  

    : 
 

)         
 1.2 

)      kl    1.3  
     k ,   35 

)     k
k

s 135
100     s , 

      
b

sk A
S  

)      s    1.1   
 B. 

 
  
 
 
  
  
 
 
 
 
 
 
 
 
 



 -  
 

 19 

  : 
 
 1.     ,        

  ml 2,4 .     B30,      
kNN 680 .         . 

 
 2.         cmd 20 .    

      ml 80,3 ,     kNN 720 .   
  B. 

  

1.4.       
 
     ,    , 

             
  .      . 
      ,        

  ( .1.5). 

 
 

. 1.5 
 
        ,  

           
06050 ,     ,      

  .  ,     . 
            ( m1 ), 

     : 
  tb   , 
  h -   , 
 
        ,  

       tN      
: 



 -  
 

 20

 stvs, = doz
b

t

A
N  

 :  
 
 tN  –        N ,  

   G    tG ; 
 100tb bA  -          

; 

 zstv
100t

t

b
N  

 
zdoz

t
t

Nb
100

 

 
    H         

    (    )      tb ,  
: 

 tgdbN t )(
2
1  

              
        . 

       tb      
H ,    .  
       ( .1.6  ),     

       20  60 m,        
        .   

  120          6.6 .   
        250,    

  . 
 

 
. 1.6 

 
 
 
 
 
 



 -  
 

 21 

 4.  
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         B 20. 
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   ,       
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3.       
 

3.1 O    
 
          

           
.             

        .  /87,    
       b<5d . 

  b>5d    .   ,  
       ,     . 

       4-6 m     
. 

    ,   :            
 ; 
 ; 
 ; 
   ,   
  " „  " „ . 

 
.  3.1     
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-  ( .3.2).          

             . 
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         ,  
              

    (      ). 
          

: 

 %6,04,0
50min
k  

 : 
 k  -    
 
               

          0,3%.  
       6%   . 

         Ø12mm.  
           4, 

  6,           . (  3.3) 
 

 
 

. 3.3.          

             
        5   . 

( . 3.4) 
 

 
. 3.4.     

 
 

 
 

 



 
  

 -  

    
 

          
 40 cm. (  3.5) 

 
. 3.5.      

 
       RA 400/500 - 2.  

         
           uz 

       15Ø (  -     
),     b   30 cm ( . 3.6). 

cm30
b
15

eu  

. 3.6.  
 
           

  .       Ø20 mm,    
    Ø6 mm,   Ø>20mm   Ø8 mm. 

  
               

        1,5b,    
   ,      5,7uze ,     15 m ( . 

3.7).            
.           
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        1m   . 

            50%  
,            

,     . 
           

.  1m           
          <7,5 ,   
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           2  , 
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25 .      ,      
       (6-10) (  1) 
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        .   
         
          abs nAAA . 
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 ,     : 

 
mini
lk

k  

 : 
 kl   ; 

 
b

b
b A

Ii min
min -     

      aib 289,0min  
    dib 25,0min  

 : 
 
 a -    ; 
 d -   ; 
 minbI -    ; 
 bA -      ; 
  
 
 

      25       
           

 . 
      25       

        . 
      ( . 3.10)   - 

  : 
 
  iiu NN  
 

           
: 

 
 abu NNN  
 
 bbb fAN  
 
 qaa AN  



 
  

 -  

    
 

 : 
 
 bN      ; 
 
 aN     ; 
 
 bA    ; 
 
 bf    ; 
 
 aA    ; 
 
 q     ; 
 
 ( vq )02(

  )500/400RA  

 
 
 
 

                                                                      b  
 

                                                                                  bf  

 
                                                                   
 
 
 
 
 
 
 
 
 
 
 

 
 

.  3.10 
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    i,        0,    
  q  .  : 

 )02(vabbu AfAN  

 
b

v
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   .    ,  ,    

     .       
 : 

1.    N=Ng+Np       
 (Ab)     ( kl )     

  ( )     ( ) (  N=Ng+Np
,   

    ). 
2. 3    N=Ng+Np     ( )    

 ( kl )        
 (Ab)     ( ) 

3.         (Ab) ,  
  ( ),    ( )    

 ( kl )      (Nu –  
 ). 

 
 

 1 
 
          
(b/d = 50/50 m)     l  = 340 cm     = g + p = 
1100 + 900 = 2000 .       R  400/500-2,     

  . 
         ( )     
( ). 
      U,      

 : 
 ppggiiu NNNN  

 0a 9,1g   1,2p  
 kNNu 39809001,211009,1 . 

     : 

 
minb

k
k i

l
 

   bib 289,0min ,     : 

 53,23
50289,0

340
k < 25 -     

       : 

 07,04,0
50
53,234,0

50min
k % 

          (0,6%),  
 6,0min % 

         : 
 
 
 
 



 
  

 -  

    
 

 
100
min b

a
AA  222

b 2500cm50bA  

 2
a 15cm

100
25000,6A  

          50cmb ,  
  ,       .   1.2  

R  400/ 500-2  : 
 8 Ø 16 R    = 16,09 m2  15 m2 

 
             

     (      
).  

      (Ø 16< Ø 20)    Ø 6  
: 

 

cm
cmb

cm
euz

30
50

246,11515
 

 
.  8.11 

 
       .        

uz = 24 cm.  
   1,5b = 1,5·50 = 75cm      

         7,5·1,6 = 12cm. 
           
( bf ).   : 

 ab MPf 34,1310
2500

1040009,163980 1

 

   3.1  ab MPf 34,13 ,   20  ab MPf 0,14 .   
     bf   3.1,     bf , 
   . 

    2 ( .82)         
.  R , B20,     :  

  
64cm1,640kll sp  
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    ,       

     . 
         r  1:20, 1:25,  

   1:10. 
        ( ) – 1,  2,  3. 

      ,      
       .   ,   

            .   
        m.  

              
 ,            
  m,. 

              
          . 

  
 

           
.         

/87   :  

   
 
                                                                         . 3.12 
  
    : 
 
   4 

ukuu laL 6254  
 kul  -          
 cmlku 8   mm10   
 02aaau  
 0a  -     
  <25,      cma 5,20  
 cmau 455,2250  
 cmL 2376,06824554  
 
 



 
  

 -  

    
 

 5 
 
 6,06255 kulxL  
 cmx 3241,15,2225,22  
 cmL 1726,06823255  
 
 
   
 
 
 
      ,  S1 
 

POS  
Ø 

)(mm  

 
 

)(mL  

  
 

   Ø 

Ø6 Ø16 

4 1 16 1,69 4  6.76 
2 16 4,95 4  19,80 
3 16 7,35 4  29,40 
4 6 2,37 21 49,77  
5 6 1,72 21 36,12  

   Ø 43,07 55.96 
  Ø/m’ 0,228 1,621 

   Ø 9,819 90.71 
 + 2%   Ø 14mm; Ø>14mm 10,01 g 92.50 g 
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    S1   

 
. 3.13 



 
  

 -  

    
 

 
 2. 

 
       S2    

.     I = 300 cm,     B30. 
   N = Ng + Np= 1200+ 900 =2100 N.     

         R 400/500-2,     
  . 

  Nu  9,1,0 ga  1,2p : 

kNNN iiu 41709001,212009,1  
     : 

 %6,0min  
    : 

 doz
b

a
bbdozabbu A
AfAAfAN  

dozbbu fAN  
        : 

 

 2

dozb

u
b 1820,96cm

400
100
0,620,5

104170
f
NA  

   : 
 
 Aa b 67,4296,1820 cm 
 :    a=45 cm 
 

      : 
 

 2507,23
45289,0

300

mini
lk

k  

               
. 

    : 

%6,0%06,04,0
50
07,234,0

50min
k   

        0,06%,     
 (0,6%)   %.6,0min  
   : 

2

min 15,12
100
456,0

100
sAA b

a cm 

 
   6.5  R 400/500-2  : 8Ø14 R   

=12,32cm2. 
    (Ø14< Ø20)    Ø6mm  

:  
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56 

 
 

max30cm.
45cma

21cm1,41515

uze  

 
        ,   

.  

 
.  3.14 

 
    1m     ,  /87  

         
cm.7euz 15/5,  

       (4Ø14)    
       1,0 m.    

 (4Ø14)    ,    . 
         /87 
( .3.15)  
           

 : 
 
            3 

  
 
L3= 5 u + 2 l u - 6Øu = 5·41 + 2·8 – 6· 0,6 = 
217,4 217cm 
             
              
 
 
 

 
 
 
 
 
  



 
  

 -  

    
 

 
 

 
 

 4 

          
           2925,20x cm 
           L4 = 5·2 l u - 6Øu = 5·29 + 2·8 - 6· 0,6 =157,4 157cm   
             .  8.15 
 
                                  

            
  . 3.16          

 . 
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58 

 
 

    S2   1:25 

 
  

. 3.16 
 
    1  2   2     . 
 
 
 
 
 
 
 
 
 
 
 



 
  

 -  

    
 

 3 
 

          D= 
50 cm     l =300 cm.      R 400/500-2; 

B20,        .     
0= 2 cm.          

R1:20;    R1:10;          
 . 

 
  : 

1.     :  

  2
22

5,1962
4
14,350

4
cmDAb  

 2.    

  2524
5025,0

300
minb

k
k i

l -   

3.     

 %60,040,0
50min
k  

 %08,040,0
50
24

min  

  %60,0min  
 
4.    ( )  

 2min 78,11
100

5,19626,0
100

cmAA b
a  

  6Ø16  206,12 cmAa  
 
5.    
  Ø6 
 
6.    

 
cm
cmD

cm
euz

3030
50

246,11515
 

  cmeuz 24  

. 3.17 
 



  
  -

60 

 
7.      
 cmeuz 126,15,75,7  
 cmDls 75505,15,1  
 
8.    
 
 cmklp 646,140  
  –       2        . 

    B20  R , = 40 
 
 
9.     
 ab MPf 14    B20 
 
10.      (  ) 

 

kNN
N
N

AfAN

u

u

u

vabbu

4,27957
4,48227475

4006,12145,1962
)02(

 

11.     
 cmllL pk 364643001  
 
12.    

      30  

 
cmL

L
lDL ku

44,160
8214,346

2

2

2

2

 

 
cmD

D
aDD

u

u

u

46
2250

2 0

 

  

  
  .  3.18 



 
  

 -  

    
 

 
      1:25 

 
                                                                        1-1  1:10  
  
    3.19 
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POS  
Ø 
)(mm  

 
 

)(mL  

  
 

   Ø 

Ø6 Ø16 

S 
1 16 3,64 6  21,84 
2 16 3,64 6  21,84 
3 6 1,60 28 44,80  

   Ø 44,80 43,68 
  Ø/m’ 0,228 1,621 

   Ø 10,21 70,81 
 + 2%   Ø 14mm; Ø>14mm 10,41 g 72,22 g 

 
! 

  
          

          
 . 

       : , , 
,   -    -   . 

      30/30 cm. 
       ,   Ø  

   12 mm. 
           4,   

  6.      40 cm. 
     Ø6mm,  Ø8mm   Ø   

. 
             

   . 
 

  ! 
 

1.            
 40/40cm;    l =300 cm;   B30; 

R 400/500-2;     0=2cm;   4Ø16; 
 Ø6/25/12,5 m;           R1:20; 

  1:10;          
. 

 
! 

1.       ? 
2.        ? 
3.        ? 
4.            

,         ? 
5.    Ø  ? 



 

 

 

 

 

  4 -       
 

        : 

 

         
  ; 

      ; 
        

; 
   ; 
        ; 
      ; 
        ; 
    ; 
       ; 
     ; 
        ; 
    ; 
       ; 
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4. E       
 

4.1.       
        

4.2.    -  

 4.2.1. A         
 -    

  4.2.1.1.     

  4.2.1.2.  K   

  4.2.1.3.     

  4.2.1.4.    

  4.2.1.5.    

 4.2.2.          
 

   

 

 

 

 

 

 

 



o  -  
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4. E        
 

   4.1.        
  . 

           
     .       

   .     
     .  

            
     . .  . 

           
     .          

          
.           

           
    .       

          
  ,          

. 

 

. 4.1. 

 

 

 



o  -  

 66 

4.1       
       

 . 4.2a         
      .   . 4.2    

      -    . 4.2 ,   
     . 

 

. 4.2. 

   .4.2.    : 

d  -    , 

b  -   (   cmb 100 ,        ), 

h -   (         
 ), 

a -          , 

x  -         ,  

buD  -      , 

uZ  -      , 

z  -    , 

ba ,  -     , 

aA  -    , 

bf  -    , 

1a  -     buD      . 

     iiu MM     



o  -  
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          buD   uZ     
z.          ,  

          
       . 

    , z, buD   uZ ,      

0M   0H ,       h     
 aA      . 

 
          

     buD   uZ       
   : 

b
M

kh u
h  

 : 

hk  -            ba ,  MB . 

          
     uZ , zZM u  (  ),zZM uu  

         : 

hk
M

A
zv

u
a

)02(

 

            
     ( )( ubu ZD     : 

 
hbAa 0  

 : 

             
b

a

A
A

       ba ,   MB . 

             
                

  umkkk nhzx ,,,    ba ,   MB    
            
.   ,     

   00
05,3b ,      

   .10 00
0

a  
       : 
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1.    ,     ,  
         . 

2.    ,       
         . 

3.    ,     ,   
        . 

 

 1.  

          
 cmb 30 , 30MB ,        RA400/500-2.  

;90;120 kNmMpkNmMg  cma 20 .    

00
0

00
0 5,3;10 ba . 

ppggu MMM  

kNmMu 354908,11206,1  

 

. 4.3. 

  h    :  

b
M

kh u
h  

     hk      6.7,  

    00
05,3b ,   00

010a   

   ;30MB  614,1hk . 

     : 

     ;ahd    

     cmaa u 5,395,06,02
20  

 



o  -  
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    cmh 44,55
30
10354614,1

2

 

                         cmd 94,585,344,55     cmd 60  

                         cmadhctb 5,565,360  

          ,   
   d           

0  5.    d   . 

       : 

 

     
ctbzv

u
a hk

M
A  

 : 

zk  -      .      6.7, 
         hk ,   

         
uM      : 

                          645,1

30
10354
5,56

2

b
M
h

k
u

stv
h  

       z   
    . 

 30MB   635,1hk 00
0

00
0 10;4,3;895,0 abk  

       : 

                            2
1

2

33,20
5,56895,010400

10354 cmAa  
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4.2.    -  

 
      ,    

,          
. 

       ,   
: , ,         

   ,        
,    ,    .  

                
    ,          

            
 .  ,   ,    : 
, , , , ,    

    ( . 4.4). 

 

. 4.4. O      

    ,       
     ,     

       ,   . 

         
( , ,  .)  a       . 

         ,  
  ,  .     
    ( . 4.5). 



o  -  
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. 4.5.     

         , 
     ( . 4.6).      

     . 

 

. 4.6.       

          
(  ) ( . 4.7). 

 
. 4.7 .       

 



o  -  

 72 

        
   cmd 7 .   ,  

      cmd 5 ,     
   cmd 4 .        

     cmd 10 ,        

cmd 12 .          35
l   

     ,  35
min0l   min0l  

         
ll )8,06,0(min0       ). 

      
x

y
l

l        

   .     0,5 yl / xl 2,    

          (  4.8 ) .  
     . ,      

 0,5> yl / xl >2,          

    ( . 4.8 ).      
    ,       
 .  

                                        ) 

                                                                          ) 

             
 
 
 
 
 
 

                               )                   
                                                                                ) 
 
 
 
 
 
 
 
 
 
                                                                 . 4.8. 
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4.2.1            
 -    

 

         
 : 

1.      ,      - 
  ( . 4.9 ); 

2.       ,     
 (  ,       

   , ,  ) ( . 4.9 , ); 

3.        ,     
2/ xy ll  ( . 4.9 ); 

4.      ,       
 -   ,    ( . 4.9 , ); 

 

. 4.9. 
 

          
         1m,    

             
 1m    . 
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 74 

           
             

RA400/500      A500/560. 

           
.       ( u)   

     .        
, (         ). 

     ,       900,   
        . 

         
      : 

 

          
   (    ,   

    ).      
           , 

       cm208 ,  5-12   
  .       Ø6, 8, 10  Ø12 

mm,             
,  Ø mm  d cm,       

    ,     : 

 

            
  ,          

40 m. 

         
     .    : 

         ; 

    ( )   ; 



o  -  
 

 

 

75 

    ,      . 

      ,    
         : 

a
r
a AA 20,0  -     , 

a
r
a AA 65,0   -      . 

         
: 

 

    Ø6- Ø8 mm,      
 . 

 

          cme 401 . 

! 

             
     . .  . 

   „ "         
           

 . 

      :  

 

 

           Kh -          ba ,    
MB . 

        : 
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    ,     , 
          

; 

    ,       
 ,        ; 

    ,     ,  
        ; 

       ,    
,          

. 

  ,   ,    : , 
, , , ,      

 . 

          , 
   ,   . .    

    . 

     ,     , 
    . 

         
   cmd 7 . (   , 
 ,      cmd 5 ,   

       
cmd 4 .  -         

   cmd 10 ,        cmd 12 . 

      xy ll /      

     .    2/5,0 xy ll , 

            
.       . 

            
          

R 400/500      500/560. 

           
       ( u)   

     . 

          
      : 



o  -  
 

 

 

77 

 

         
     . 

         
: 

 

4.2.1.1.     

 
         

  .         
, ,    .,        

 .          
,         ( ). 

         max 3-4m.  
  ,         

     . 

         ,  
  ( )   005,1 ll . 

         ,  
 1/2          . 

         ,   
            

xl ,        yl      

.  

 

 1 

       102  ( ) 
 cml x 3300 ,    cmb 300  ( . 4.10)   cml y 8000 . 

: 30MB , RA400/500-2,    cmd 16  mkNMu 89,40 .  



o  -  

 78 

        R      
   . 

 

. 4.10. 

1.  

1.1     

    : 

                 

b
M
hk
u

h  

                      ahd  

                      adh  

                      cmaa 25,05,12/0  

                      cmh 14216  

(  ,30MB      )5,10 cma  

                 

b
M
hk
u

h  

               192,2

100
1089,40

14
2hk  

 30MB   00
0

00
0 0,2,10,937,0164,2 bazh kk  

   2
1 77,7

14937,010400
10089,40 cm

hk
M

A
zv

u
a  

   2min
min 4,1

100
1410010,0

100
cm

A
A b
a  

  22
min 77,74,1 cmcmAa  
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    277,7 cmAa  

 ,/1010 m  (RA400/500-2) 
285,7 cmAa  

  cm10/10  

cmt 1010/100  

  255,177,720,020,0 cmAA a
r
a  

                     
100
min

min
br

a
A

A 219,1
100

14100085,0 cm  

                     22
min 55,119,1 cmcmAra  

    255,1 cmAar
 

,/66 m   270,1 cmAra  

  cm7,16/6  

cmt 7,166/100  

2.        

       ,    
     . .  ( . 4.11),     
   .         

         xl025,0  
. 

.

 

                   . 4.11.         

 

0,25l=0,25•330=82,5 sm 



o  -  

 80 

 

 3.      

3.1  -  1  

 

  
  kl              1  ,/1010 m   mL 09,41                    kl  

 

   /87 .    kl    
      (R ) : 

 

     Ø10 

 

.          2/3 sl ( f) (  

).  R , 30MB       ( . 2): 
 

 

    cmb 300      
 (      ):  

 

                           cmablS x 3875,1230233022 0001  

                            cmlSL k 4091123872 111  
1S  

1 



o  -  

 81 

 : 

0a -     (        30MB ), 
L1   -         m '. 

           5x8=40 
. 

 

3.2.    2 

                                                  
                      2   ,/105 m  mL 33,12                      
 
 
                                                       
                cmalbS x 5,110233025,03025,0 0002  

                mcmlSL k 33,15,1321125,110222  

3.3.     3 

 

 

        
mly 0,8 . 

 

cmablL y 8562230280022 0003  

                                   mL 56,83  

           
             

    ( . 4.12). 
 
 

 

 

 

 



o  -  

 82 

 

             POS 102   , MB30, RA400/500-2,  1:20 

 

 

     R 1: 10 

        

. 4.12. 

 

         : 

Pos.  Ø 
(mm) 

L 
(m) 

    Ø  
 m’  Ø6 Ø10 

102 
1 10 4,09 10 80  320 
2 10 1,33 5 40+40  88 
3 6    8,56 6 25 214  

   Ø 214 408 
  1 ’ 0,228 0,405 

    48,72 165,14 
  Ø 12  322,94 kg   Ø 12 + 2% 

 213,86+4,28=218,11 

 



o  -  
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 2:       POS 208  
 ml x 5,20    ml y 5,50 .   20MB  MAG500/560,  

kNmMu 82,9 .          
. 

1.  

)     

                ahd  

            cmaa 5,25,00,2
20  

    (  25MB      cma 0,20 ) 

                  
b
M

kh u
h  

    20MB    00
010/5,3/ ab  953,1hk  ( ...) 

                  cmh 12,6
100
1082,9953,1

2

 

                  cmd 62,85,212,6  cmd 0,9  

                   cmadh 5,65,20,9  

  )   

                   076,2
13,3
5,6

100
1082,9
5,6

2

b
M
hk
u

h  

          20MB   00
0

00
0 1,3,10,904,0063,2 bazh kk  

                             2
1

2

34,3
5,6904,010500

1082,9 cm
hk

M
A

zv

u
a  

                             22
min 34,348,0

100
5,6100075,0 cmAcmA aa  

   378R  ( mmtmma 250,150 ) ( ....)    

  0  22 34,378,3 cmAcm a         
.     ,      

  0
050      .    166R   
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( mmtmma 250,100 ) ( 1.2).      
.504822525010,010,0 000 cmabl x      

   R   ,215cm         ,5500 cml y  

         ( .4.13). 
       1.2  o     

         .  mm5,6   
         cmlp 20   3 

  ( ). 

 

 

 

 

 



o  -  

 85 

 

                                                  . 4.13 

! 

         
  ,      , , 

   .,         
. 

        m)43max( . 

         ,  
 1/2          

   . 

         : 

          
35min
ld  

           
         . 



o  -  

 86 

 ,      , , 
,            

 ( , ,    .). 

            : 
,   ,   , L  ,   

  ,      ,   m1 '  
  kg . 

 

  ! 

 1:             
      101   ,3500 cml x  ,300 cmb  

 .6500 cml y  : ,30MB  R 400-500-2, cmd 15     

 ,/1210 m (R 400/500-2)   ./66 ,m   

 2:             
      201    cml x 3800 , 

cmb 300 ,   cml y 7500 . : 30MB , RA400-500-2, cmd 16   

  m/128 ' (R 400/500-2)    m/66 '. 

 

  ! 

       ? 

       ? 
)  2,5 m )  3,5 m )  4,5 m 

    ,  ? 

         
 : 

) 5 m ) 7 m     )  9 m 
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4.2.1.2.    
 

      ,     
      .  

             
,      .     

           
     m)5,22( .   ,   

  Mmin       l    Mmax   
           l : 

 

  : 

 

         . 

           

( . 4.14   )      .    
       cm8 ,       
12/min ld   0ll  (       ). 

 

 

. 4.14.        
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 1. 

            
 5 ( . 9.15)    ,1200 cml x cmb 400    .6000 cml y  

: ,30MB  RA400/500-2 ,12cmd      

,20 cma      ,/88 m     ./64 ,m  

 

. 4.15 

 
         ( . 4.16) 

 

 

                                      . 4.16.       
 

1.        

     ( m84 ')  ,   
(      ),    155,0 0l      

   ( mm8 ): 

 

            
 

 



o  -  
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    20MB  40k   ( .1). 

cmls 488,0405,1  

2.      

 2.1    1 

 

cmadlk 102120  

                                                     cmablS 15622401202 0001  

                                                     cmadS 2622302 02  

                                                      cmaS 362240240 03  

mcmlSSSL k 30,22281036261563211  

    

  2.2.    2  

 

cmlk 10  

 cmS 262  

cmS 363  

cmalbS 11327540155,0 0004

mcmlSSSL k 90,11861011336264322   

                                                                                                      
2.3.    3 

 



o  -  

 90 

 

         -   
. 4.17. 

POS 5   , 20MB ,  2500/400RA , R  1:10 

 

 

 

 

 

 

 



o  -  
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   1:10 

 1-1                            2-2 

 

. 4.17   

 

         : 

Pos.  Ø 
( ) 

L 
( ) 

    ’ 
 ’  Ø6 Ø8 

6 
1 8 2,30 4 24  56,40 
2 8 1,90 4 24  45,60 
3 6    5,96 4 6 35,76  

   Ø 35,76 102,00 
  1 ’ 0,228 0,405 

    8,15 41,31 
  Ø 12  322,94 kg   Ø 12 + 2%  50,5 kg 

 
 

! 

      ,     
      .     

      ,    
  . 

         2-2,5 m. 

           
    . 

          8m.,   
       12/min ld   0ll  (  

     ). 

  ,       ,    
       . 

           
,        . 

 



o  -  
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  ! 

:       . .    
            1  

 ,1500 cml x   ,5500 cml y     .300 cmb : 

,30MB  R 400-500-2, cmd 12     10Ø10/m' (R 400/500)  
  6 Ø 6/m'. 

 

4.2.1.3    

 

          
    . .      .  

 

. 4.18 

 , ,       
  -    m)5,22max( .    

      .     
   „ " ,        

   0l       

.    
0

01
l

l        

 0,3-0,4.            
    . 

            
       (    

 ,     ,      , 
 ).         

    .      
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   „g"          „ " 
          . 

      „ g "      
„ p "   . .        

   ( ....max,min,max uuu TMM ). , ,   
          

„ g "        „ p " ( . 4.19). 

  (l)           
 ( 0b )    ( 0l ) ( .4.19). 

 

.4.19 

           
   (  ).     ,  

     (   )   
( uMmax  ).min uM  

        : 

 

 : l8,0           0. 

      (     )  
  uMmax .         

        . 

         min u. 
        . 
     .  . ( .4.20) 



o  -  
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. 4.20 

 1 

          4  

( . 4.21)   20MB , R 400/500-2, cml x 2800   .10001 cml   
         
  kNmMu 5,10max   .40,16min kNmMu    

       .     
.00,100 ml y  

 

. 4.21. 

1.  

1.1      

          
,    ,40,16min kNmMu      . 

                                      ahd  

                                       2/0aa  

 ( 25MB       cma 0,20 ) 

                                      
b
M

kh u
h  



o  -  
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                                      cma 5,25,00,2  

 20   ba / = 10/3,5 00
0 ,   953,1hk  (  6.7),  

     h   : 

    cmh 90,7
100
1040,16953,1

2

 

cmd 40,105,29,7    cmd 11  

   : 

 

2.   
2.1   

        , 
    . 

    : 

623,2

100
105,10
5,8

100
max 2

u
h M

hk  

20MB   00
0

00
0 0,2,10,973,0619,2 bazh kk  

2
1

2

17,3
5,8973,010400

105,10max
cm

hk
M

A
zv

u
a  

2min
min 85,0

100
5,810010,0

100
cm

A
A b
a  

     217,3 cmAa   

 ,/87 m ' (R  400/500) 
  252,3 cmAa  cmt 2,147/100  

     .2,14/8 cm  

   cm20/85  

 
264,017,320,020, cmAoA a

r
a  

2min
min 723,0

100
5,8100085,0

100
5,8100 cmAra  
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    2723,0 cmAra
 

 m/64 ' (RA400/500-2) 

 213,1 cmAra
  cmt 254/100  

    .25/6 cm  

 

2.2      

        min u,  
     : 

098,2

100
1040,16
5,8

min 2

b
M
hk

u
h  

 20MB   00
0

00
0 0,3,10,907,0095,2 bazk kk  

2
1

2

32,5
5,8907,010400

1040,16min
cm

hk
M

A
zv

u
a  

2min
min 85,0

100
5,810010,0

100
cm

A
A b
a  

22
min 32,585,0 cmcmAa  

    ,/107 m (RA )  22 32,550,5 cmAcmA aa  

cmt 2,147/100       cm2,14/10  

2064,132,520,020,0 cmAA a
r
a  

22
min 064,1723,05,8085,0 cmcmAra  

 )2500/400(/64 , RAm   213,1 cmAra  

    cm25/6  

3.        

cml x 7028025,025,0 0  

          )(3/2 efsl .  RA , 

   20MB  40k  



o  -  
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kl efs 5,15,0)(  

                                           cml efs 300,1405,15,0)(  

                                            cml efs 2030
3
2

3
2

)(  

    cmb 250      
. 

4.     

4.1     1 

  

1  ,/87 m mL 54,41  
 

 

klSL 211  

cmablS 33823022802 0001  

cmlk 110,11111  

cmL 3601123381  

(        30MB ) 
     ml y 100   5x10=50 . 

 

4.2     2 

                                    2    ,/85 m  mL 20,12  

 

klSL 222  

cmalbS 982703025,0 002  

cmlk 11  

cmL 120112982  

          ml y 100    7x10=70 
. 
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4.3    3 

4.4  3 ,/107 m  mL 18,23  

klSL 233  

cmallbS 2182100703025,0 001003  

4.4.    4.4 

 

cmablL y 1056223021000224 000  

      ml y 100    8 10=80 . 
 

POS 4   , , ,  1:25 ( . 4.23) 

 



o  -  

 

99 

 

 

. 4.23 

 

 

                        : 

Pos.  Ø 
( ) 

L 
( ) 

    ’ 
 ’  Ø6 Ø8 Ø10 

6 
1 8 4,54 7 70  317,80  
2 8 1,20 5 50  60,00  
3 10    2,18 7 70   152,60 

 4 6 10,56 4 27 285,12   
   Ø 285,12 377,80 152.60 

  1 ’ 0,228 0,405 0.633 
    65,0 153,0 96,6 

  Ø 12  322,94    Ø 12 + 2% 
 314,61+6,30=321,0kg  

 
 

 

 

 

 



o  -  

 100 

! 

           
,    . .      . 

 , ,   ,    
     m  2-2,5 m. 

    00 /1 ll         
0,3-0,4. 

            
       (    

 ,        ,  
   ,        , 

 ). 

        „ g "  
     „ p "   

, ,      
(m u, min u, m u  . .). 

          

 

 l8,0  -         0. 
 

        m u,  
        min u. 

 

  ! 

1:       . .    
              

105    cml x 3500 , cmb 300 , cml 10001    cml y 4500 . 

: 30MB , 2500/400RA , cmd 12      ,/1010 m  

(R 400/5000-2)    ,/65 m . 

 

 

 



o  -  

 

101 

  ! 

1.         ! 

2.          ? 
)  2,0 m )  4,0 m )  3,5 m 

3.           ? 

4.             
? 

)  m  

)  min  

)    (   ) 

 

4.2.1.4.    

 
        ,  

        . 
 

         
           

. 
 ( .4.24)          

  . 
 

)                                                                                          ) 
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 102 

) 
 

 
 
 
                                                                      . 4.24 
 

          
     ,    

  . 
        

    ,     
  .    . .   

          
             

  :  

248
max

22 glglM  

12
0min

2glM  

          
   ,       .  

          
( . 3). 

 ,         
    .      

          
).0,50,4(0 ml  

     : 005,1 ll  
        : 



o  -  
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35
6,0

min
ld     

 

35
8,0

min
ld     

 
         

   (  ).  
           

   .  
           

 . . . 
 
 
 

 

. 4.25. 
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 104 

 1 
 

         6 
  30MB , RA400/500-2, cmbcmlcml yx 30,600,450 000  ( . 9.26) . 

          
  kNmMu 10,29max   kNmMu 95,33min  

:95,33min kNmMu  

          . 
 

 
 

. 4.26 
 

1.  
 
1.1.      
 

          
,    kNmMu 95,33min ,     .

  
ahd  

       2/0aa  
 
(  30MB     cma 0,20 )  cma 5,25,00,2

 30MB   00
0

10
5,3

a

b ,  595,1hk ,     

  h  : 

cm
b
Mkh u

h 40,9
100
1095,33595,1

2

 

,90,115,240,9 cmd  cmd 12  

cmadhstv 5,95,212  

 
2.   
 
2.1   

 
     :  
 



o  -  

 

105 

 761,1

100
1010,29
5,9

2

b
M
hk

u

stv
h  

 

  30MB   00
0

00
0 8,2,10,913,0761,1 bazh kk   

2
1

2

39,8
5,9913,010400

1010,29max cm
hk

MA
zv

u
a  

22min
min 39,895,05,910,0

100
cmcmAA b

a  

m/128 ‚ (RA )  cmtcmAa 5,128:100,05,9 2  

  Ø12/12,5cm  

268,139,82,02,0 cmAA a
r
a  

2min
min, 68,1807,05,9085,0

100
cmAA b

a  

   268,1 cmA r
a  

 ,/66 m  (RA )  cmtcmA r
a 7,166:100,70,1 2  

    17/6 cm  

2.2.   

    : 

632,1

100
1095,33
5,9

2

b
M
hk

u

stv
h  

 30  00
0

00
0 5,3,10,892,01614 bazh kk  

2
1

2 01,10
5,9892,010400

1095,33 cm
hk

MA
zv

u
a  

22min
min, 01,1095,05,910,0

100
cmcmAA b

a  

 
    ,/129 m   22 01,1018,10 cmcmAa  

    12  /11cm  RA  
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298,195,920,020,0 cmAA a
r
a  

2
min, 98,1807,05,9085,0 cmA a

r  

 
 7 6/m   298,1 cmAa , cmtr 28,147:100  

    Ø6/14 cm  

 
2.        
 

cml 5,1334,11545025,01525,0 0  
 

3.    
 
3.1    1 
 
 

  
 

cmcmlk 132,132,111111  

cmablS 5055,2230245022 0001  

cmlSL k 5311325052 111  

mL 31,51  

3.2.    2 

 

cmalS 0,1285,2185,1121525,0 002  

cmSlL k 0,1540,1281322 22  

 

3.3.    3 

  

8Ø12/m’     L1=5,31m 

9Ø12/m’     L2=1,54m 

6,7Ø6/m’     L3=6,55m 



o  -  
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cmablL y 6555,2230260022 003  

         : 
 

Pos.  Ø 
( ) 

L 
( ) 

    ’ 
 ’  Ø6 Ø12 

6 
1 12 5,31 8 48  254,90 
2 12 1,54 9 54  83,16 
3 6 6,55 6+7 47 227,00  

   Ø 227,00 338,06 
  1 ’ 0,228 0,911 

    51,76 307,97 
  Ø 12  322,94 kg   Ø 12 + 2%    359,73+7,19=367,00kg 

 
 
                 6 , 30MB , 2500/400RA , 25:1R  
 

 
 1-1                                                  2-2

        

. 4.27 
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! 

          
         
  . 

        
        

 . .  ( )     
  . 

          
     . 

         : 

 
  ,         

       ,    
           4-5m. 

   ( l )    : 

 005,1 ll  

 
  ! 

 
 1:       . .   

          
   102   cmlox 420 , cmbo 30 ,   cmloy 550 . 

: 30MB , RA400/500-2, cmd 12     ,/1210 m  
(R 400/500)    m/66 '. 

 
 

  ! 
 
1.        ! 
2.         ?  

) 4-5 m ) 6-7 m ) 5-8 m 
 
3.          

  ? 
 
4.          

  ? 



o  -  
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4.2.1.5.    

 
          

     .  
 
 

        
      (   ). 

             
          .   
  ,     .     

             
  . 

           
.              

           
(           ) ( .4.28) 
 

 
 

. 4.28.    
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 110 

        
 ,        

 .            
     . 

          
      ( )   . 
            
           

 ( , ,    ),      
     .   ( l )    

          b0   
 0l . 

                   1.    0
0

0 05,1;
10

lllb   

                    2.  00
0

0 ;
10

blllb   

     01,0 lb     
          

: 
 

 

 
 

. 4.29.    
 

        
 (   . 4.27).      
     .      
             1:3 

          
. 
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.4.30 .    

 
 

            
    ( . 4.31).  

 

 
 

. 4.31.        
 

 1 
 

          
112   30MB , 2500/400RA , cmlcmbcml yx 650,30,440 000 ( . 

4.32)          
   : 

 
,max uM I kNm02,26  (  ) 

kNmM Bu 52,32min ,  (  B) 

kNmMu 14,16max ,  (  ) 

         . 

 
. 4.32. 
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 112 

1.  
 
1.1.       
 

         
 ,    min kNmMu 52,32      

. 
2/, 0aaahd   

(  30MB      cma 20  
cma 5,25,02  

  00
0
5,3

10
b

a   614,1hk  (  6.7),    

     : 
 

30MB  

 cm
b
Mkh u

h 20,9
100
1052,32614,1

2

 

cmd 70,115,220,9          cmd 12  
cmhstv 5,95,212  

  

1.2.     

   

862,1

100
1052,32

5,9
2

b
M
hk
u

h  

2
2

1, 45,7
5,9919,040

1052,32 cm
hk

M
A

zv

u
a  

22min
min 45,795,05,910,0

100
cmcmAA b

a  

 ,/1010 m  (R )  cmtcmAa 1010:100,85,7 2  

249,145,720,020,0 cmAA a
r
a  

22min
min, 49,18,05,9085,0

100
cmcmAA br

a  

 ,/66 m   22 49,170,1 cmcmA r
a  

cmt r 7,166:100  



 -  
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  II 

 
   

 987,2

100
1014,16
5,9

2

b
M
hk
u

h  

 30MB   959,0945,2 zh kk   00
010/3,1/ ab  

2
2

43,4
5,9959,040

1014,16 cm
hk

MA
zv

u
a  

22 94,043,4 cmcmAa  

 ,/1010 m  (R )  285,7 cmAa  

288,043,420,0 cmA r
a  

 22
min, 88,08,0 cmcmAa  

 ,/64 m   22 88,013,1 cmcmA r
a  

cmt 254:100  

 

   

   : 

69,1

100
1052,32

5,9
2

,

b
M
hk

Bu

stv
h  

 30MB   901,0680,1 zh kk   00
02,3/10/ ba  

2
2

, 5,9
5,9901,040

1052,32 cm
hk

M
A

zv

Bu
a  

22
min, 50,994,0 cmcmAa  

    : 

m/129 ‚   218,10 cmAa  

290,150,920,020,0 cmAA a
r
a  

 ,/67 m  cmtcmA r
a 3,147:100;98,1 2   
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cmls 480,1325,1  

2.         
 

cml x 12511544025,01525,0 0  
     D         

sl3
2 .  30MB ,  RA     : 

 cmls 480,1325,1  
 cml efs 24)(  
 
3.      
 
3.1.  -  1 

 

 

cmlk 11813831  

cmlablS s 53423623024402 0001  

cmSlL k 5565341122 111  

3.2.  -  2 
 

 
 

cmcmlk 104,1088,03832   
cmSlL k 5925721022 222  

 
     cml y 6500   10x6,5=65  

 
cmblS 280301252)1525,0(2 003  

 
cmL 3002801023  

 
cmablL oy 7055,2230265022 004  

 
 

1    10Ø10/m’     L1=5,56m 

2    10Ø10/m’     L2=5,92m 



 -  
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3.3.  -  3 

 
 

klSL 233  
cmlk 10  

cmalobS 13821103025, 0003  
cmL 1581021383  

3.4    4 

 
 

cmblS 25030110225,0(2 004  
 

cmL 2702501024  
 
3.5.  -  5 
 

 
 

cmablL oy 7060,2230265022 004   
 

         : 
 
 
 

Pos.  Ø 
( ) 

L 
( ) 

    ’ 
 ’  Ø6 Ø10 Ø12 

112 

1 10 5,56      10 65  361,40  
2 10 5,92 10 65  384,80  
3 10 1,60   6 39+39  124,80  
4 12 2,70  9 60   162,00 
5 6 7,06 6+4+7 124 875,44   

   Ø 875,44 871,00 162,00 
 1 , 0,228 0,633 0,911 

   kg 199,60 551,34 147,58 
  Ø<12mm   Ø 12 + 2%    898,522+17,97=916,50kg 

 
     POS 112   ,  

   . 

3    6Ø10/m’     L3=1,60m 

S3
 

4    9Ø12/m’     L4=2,72m 

5    6,4,7Ø6/m’     L5=7,06m 
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              112  , 30MB , 2500/400Ra , R  1:25( . 4.33) 

 1
-1

 
 2

-2
 

 3
-3

 

. 4.33 

 
 

 
 1

:1
0 



 -  
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! 

          
    -   .    

 ,        
         (  

 ). 
     ,     . 
            

      ,    
 ( , ,    ),    

       . 
         

 (  ). 
          

 . 
 

  ! 

 1:       . .    
            

   113    cml x 4200 , cmd 30  ,   cml y 5800 . 

2: 30MB , R 400-500-2, cmd 12        I 
m/1210 ' ( 400/500),   II m/1010 ' (R 400/500)     

 I m/66 '      II m/66 '. 

  ! 
1.       ! 
2.      ? 

)  )  )   
3.            

? 
4.           

    :  
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4.2.2.          
 

 

        
             
 2/ xy ll .          

     .  

 

         .  
             
             
  .        

      -       
         . 

         
     6   ( . 4.34). 

 

 

 

 

 1                          2                             3 

 

 

 

 

                                            4                          5                           6 

 

 

. 4.34. 

           
   ( , ,  .) 

          
      ,    

       .     
           

 .        
. 



 -  
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         .     
: 

yx qqq  

 xq   yq          
 f   f            

      ( .4.35). 

 

           
: 

 

 

           
: 

 

 : 

i -         (1-6) 

yiixi mmk ,,  -       xy ll /    
. 

       ,     
     .     

         
 . 
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.4.35. 

  

. 4.36. 

 



 -  
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 1  

          
   ml x 20,50   ml y 80,50 . : 20MB , 2500/400RA ,  
    2

1 /6,1 mkNq ,   2/5 mkNp  ( . 9.37)  
      . 

 

                  . 4.37 

 

1.    

1.1.   

-              1,60KN/m2 

- . .             0,18 1 25=4,50 kN/m2 

-                            0,02 1 21=0,42 kN/m2 

                                                       g=5,58 KN/m2 

1.2.   

-                              p=5,58 kN/m2 
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2.   

 

   -   (  6.2)    m i  
m i: 

 

 

3.  

    953,15,3/10/,2500/400,20 00
0

hba kEAMB  

  : 

 

 20MB   048,3hk 950,0zk   00
010/6,1/ ab  

2
1

2

49,4
1595,010400

1063,25 cm
hk

M
A

zv

u
ax  

: ,/106 m   271,4 cmAax
 



 -  
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  y: 

cmhh yxxy 145,05,0152/2/  

009,3

100
1064,21

14
2

b
M
h

k
uy

y
h  

20MB   950,0048,3 zh kk   00
010/6,1/ ba  

2
1

2

00,5
14950,010400

1064,21 cm
hk

M
A

zv

uy
ay  

 

 ,/810 m   203,5 cmAay
 

4.    

 

kNmlgM x
g
x 00,946,552,60463,00463,0 22  

kNmlpM x
p
x 90,646,550463,00463,0 22  

kNmMu 82,2690,68,100,96,1  

896,2

100
1082,26

15
2

b
M
hk
ux

x
h  

2
1

2

70,4
15947,010400

1082,26 cm
hk

MA
zv

u
a  

(     ,/810 m ) 
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. 4.37. 
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! 

          
 ,          
 : 2/ xy ll ,        

     . 
     ,     

  ( ) . 
           

 (        
). 

 

  ! 

 1:       . .    
            102  

  cml x 4500 , cmb 250 ,   cml y 5500 . : 30MB 30, 
2500/400RA , cmd 12     m/1210 ' ( 2500/400RA )  

  m66 '. 

 

  ! 

1.        ! 
2.         ? 

) 4-5m ) 6-7m ) 5-8m 
3.            

? 
4.         

   ? 
5.        : 

)  gl2/8  gl2/24 

)  gl2/12  gl2/36 

)  gl2/10  gl2/30 

 

 

 

 

 

 

 





 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





 

 

 
 
  1 –   

  
         : 

        
  ; 

       
  ; 

        ; 

     
     . 
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1.     
2.        
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1.     
 

     –  III 
          

 –  III ,           
       .     

       –     . 
             

   ,          
 . 

:         . 
 

            
 : 

 
1.   ( , ,  ) 

 
2.       ( , 

,  ),    ,    
    ,    R1:10 

        . 
 

3.   
 
  ,      

,    R1:10,       
 ,        : 

 
 -    
 -   
 -    
 -   
 -   
 -    

 
 
  1. 
  
           2,1/ba  

  kNN 950 .      ,    
 .   ml 2,2 ,  B20.      

 . 
 
  



   

 132 

: 
 
  B20   1.1.  :  s  MPa5,3  
 :       ,   

 . 
 

    : 

 2

)(

271410
5,3

950 cmNA
dozs

b  

    ba 2,1  : 

 27142,1 2b ; 
2,1

27142b ; 67,2261b ;  

 cmb 56,47 ; cma 07,5756,472,1 ;  cmba 50/60/ .  
 (       0   5  ). 
 

    : 
 kNG 84,15242,260,050,0 . 
 kNGNS 84,96584,15950 . 

   : 

3545,3010
60289,0
20,22

mini
lk

k  (  ) 

 llk 2  
  : 

 s ( ) s
b

MPa
A
S 22,3

106050
84,965

( ) MPa5,3 = 3,5 

 
  

 2.  
 
             
cm25 .      m5,3 ,         

  kNS 800  (      m1 ),   
   d    m1 . 

 
    : 

 cmdi 23,725289,0289,0min  
 

   : 
 cmlk 1753505,0  
 

   : 

 3520,24
23,7
175

mini
lk

k  (  ). 

 
   : 
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 s ( ) MPa
A
S
b

2,3
1025100

800  

 
  B20  s ( ) MPa5,3  
 

 3.  
 
     B        

     cma 35 ,    ml 2,3 ,  
     ,    .     

  kNN 290 . 
 
 : 
 

    : 
 cmai 12,1035298,0298,0min   
 

     
 cmllk 64032022  
 

 :  

 3524,63
12,10
640

mini
lk

k  

 
     : 

 

MPa
A
GN
bk

k
k

s 41,310
3535

)242,335,0290(
24,63135

100
135
100

135
100 2

 

 
 B20  s ( ) MPa5,3  

 

   B,  N ,    l ,     
     ,      . 

     : 
 )   B   1.1   s ( ) 
 )    NS  
 )    35k ,      

     
s

b
NA  

 )        .   
            35. 

 )      k    s
k

k 100
135  
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 )    k       
 ,    .    

   ,       s k . 
 

 4.  
 
     25    kNGN 280    

.      s  MPa25,0 .   
         B 20. 

 
 /     : 
 kNGGNN tt 3082801,0280 ; 

 smNb
zdoz

t
t 3,123

25,0100
10308

100
 

 
    smbt 125   
 

    : 

 z MPaMPa
b

N

t

t 250,0246,0
125100
10308

100
  

 
 /    : 
 

 -   60 , 732,1tg  

 cmtgdbH t 6,86732,1)25125(
2
1)(

2
1  

  cmH 90  

 
 1.1 
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2.       
 
   1: 

 
          
D= 50      l =300 .      
R 400/500-2; B20,        .   

  0= 2 .       
   R1:20;    R1:10;      

     . 
 

  : 
 

1.     :  

  2
22

5,1962
4
14,350

4
smDAb  

 2.    

  2524
5025,0

300
minb

k
k i

l -   

3.     

 %60,040,0
50min
k  

 %08,040,0
50
24

min  

  %60,0min  
 

4.    ( )  

 2min 78,11
100

5,19626,0
100

smAA b
a  

  6Ø16  206,12 smAa  
 

5.    
  Ø6 
 

6.    

 
sm
smD

sm
euz

3030
50

246,11515
 

  smeuz 24  
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                    3.17 
 

7.      
 smeuz 126,15,75,7  

 smDls 75505,15,1  
 

8.    
 
 smklp 646,140  

  –       2    B    
.     20  R , = 40 

 
 

9.     
 ab MPf 14   20 
 

10.      (  ) 

 

kNN
N
N

AfAN

u

u

u

vabbu

4,27957
4,48227475

4006,12145,1962
)02(

 

11.     
 smllL pk 364643001  
 

12.    

 
smL

L
lDL ku

44,160
8214,346

2

2

2

2
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smD
D

aDD

u

u

u

46
2250

2 0

 

  
 
 

 
                  1.2 
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      1:25 
 

  
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
                                                             1.3 

 
            
 

POS  
Ø 
)(mm  

 
 

)(mL  

  
 

   Ø 

Ø6 Ø16 

S 
1 16 3,64 6  21,84 
2 16 3,64 6  21,84 
3 6 1,60 28 44,80  

   Ø 44,80 43,68 
  Ø/ ’ 0,228 1,621 

   Ø 10,21 70,81 
 + 2%   Ø 14 ; Ø>14  10,41  72,22  
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  3 -        

        : 

 

       
 ; 

   ; 
        ; 
      ; 
        ; 
       ; 
        ; 
       ; 
       . 

 



 -  

140 
 

 

 

 

 

 

 

 

 

 

3. E       
 

3.1.     

3.2.      

3.3.    

3.4.   

3.5.   
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3.        

3.1.    

  1.   

      205POS     ( ) 
 ,3000 cml x  cmb 300    cml y 7000 . : 500/400,20 RAMB , 

   ( . 3.1).       
            

   . 

    : 

 cmll 31530005,105,1 0  

      ,     
   .     ,    

 ( g )    –   ( p ).      
             

   .            
         , 

      .     2-
 1.1.  185. 

 

 

 

 

 

 

  

 

 

     

      3.1 

     ,        1m2
. 

       . 3.1,      

.................4
1

............4
. ....2

  .....5
. . 

. ..2

30                          300                                          30
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. 

 cmld 9
35
315

35min     (  cmd 10 ) 

    ,      
 ,       . 
      10 m,      
      9 m.       

          
 . 

            
         . 

.         2 m   
   (0,02 1,0 1,0)       
       1.1. ( .3.2) 

 

 

 

1.  

  0,02 1,0 1,0 21=0,42 kN/m2
 

 ....................0,02 0,21=0,42 kN/m2 

        : 

1.1  : 

-      0,04 18=0,72 kN/m2 
-    0,01 20=0,20 kN/m2 
-     0,04  4=0,16 kN/m2 
-     0,02 21=0,42 kN/m2 
-       0,05 24=1,20 kN/m2 

-    0,10 25=2,50 kN/m2 

-     0,02 19=0,38 kN/m2 

    ___________________________ 
      g=5,58 kN/m2 

 
-   (  1.1)    , 

, ,   .        
 ( , ,    .).      

               

10
0

1002



 -  
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(  1.1)            
           0,4. 

         
 : 

 
1.2.  : 

 
-  (  2)  =0,75 kN/m2 

-  ( , II )  0,7 0,4=0,28 kN/m2 

    _________________________ 

     p=1,03 kN/m2 

 

2.   
 

  )( uM         
          

         
00
03a . 

 
                                          g+p 
 
 
                     A                       315        B 
                        Fa                                                    Fb 

 
    . 3.3 

 

kNmlgM g 92,6
8
15,358,5

8

22

max

kNmlpM p 27,1
8
15,303,1

8

22

max                   

 maxmax
pg

gu MMM  

kNmMu 35,1327,18,192,66,1  

kNlgFF B
g

A
g 79,8

2
15,358,5

2
205205  

kNlpFF B
p

A
p 62,1

2
15,303,1

2
205205  
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3.  

 
3.1.      

        4.1: 

 ,ahd   20aa  

 (  25MB ,      cma 0,20  

 cma 5,25,00,2  

 
b
MKh u

h  

   20,5,3/10/ 00
0 MBba    953,1hK  (  

1.3.),       h   : 

 cmh 13,7
100
1035,13953,1

2

 

 ,63,95,213,7 cmd   cmd 10  

    : 

 cmadh 5,210  

3.2.   

     : 

 055,2

100
1035,13
5,7

2

b
M
hK
u

h    

  20MB   ,2,3,10,901,0033,2 00
0

00
0

bazh K  

2
1

2

94,4
5,7901,010400

1035,13 cm
hKzv

u  

 2
min, 12,1

100
5,710015,0

100
cmA  

22
min, 94,412,1 cmcmAa . 

 



 -  

145 
 

       uM  

 8Ø10/m` ( RA )     22
min, 94,428,6 cmcmAa  

  Ø10/12,5 m   

2988,094,420,020,0 cmAA aa
r  

2min
min, 75,0

100
5,710010,0

100
cmAbr   

 
     2988,0 cmA a

r  

 6Ø6/ ` (RA )    22 988,070,1 cmcmA a
r  

  Ø6/16,7cm 

 

4.        

 

A            4.2. 
  (1-1; 2-2)    1m`,      

       .   
1m`   8   ,    : 

 cmt 5,12
8
100     (   8Ø/m`),  

       : 

  cmt 1766,16
6
100      (   6Ø/m`)  

 5.      

 5.1.    1 

                                 

lk        L1=3,68m1 4 10/ `   lk
S1  

cmadlk 64102 0  
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   „ “         2 

B/  15 20 30 40 50 60 
G  56 50 44 39 36 34 
R  46 40 32 26 23 20 

 

 

                 

                      )(3
2

efsl  

 

kl efs 5,0)(        40,20 kMB  ( .2) 

cml efs 200,1405,0)(  

cmbcml efs 3033,13203
2

3
2

0)(  

    cmb 300     
 .    ,    

          : 

cmablS r 3562230230022 0001  

mcmlSL k 68,336862356211  

  :  

0
ra  -      (        

30), 

1L  –         m`. 

      1  2    
   mly 0,7 ,  56  . 

5.2.    2 

              5 L2=1,15m2 10/ `   
lkS2lk  

cmalbS x 103230025,03025,0 0002  

mcmlSL k 15,111562103222  
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5.3.    3 

                             3   6Ø6/m`   mL 56,73  

 

         
mly 0,7  ( .4.20).      201POS    POS202,  

         : 

 03 2 blL y ( 201POS   202POS ) 02 a   (     )30MB  

 cmL 756223027003  

            
             

    ( .3.4).  

 

         : 

 

Pos  Ø 
(mm) 

L 
(m) 

    m` 

  m`  Ø6 Ø10 
 
205 

1 10 3,68 8 56  206,08 
2 10 1,15 5 70  80,5 
3 6 7,56 6 25 189,00  

   Ø 189,00 286,58 
  1 m` 0,228 0,633 

   g 43,09 181,4 
 157,76 g +2%  
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5
10

/
2

1
8

10
/

3 
6

6/

2 
5

10

30
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  3

00
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 3

0 
   

   
   

   
   

   
   

 

8
L1

=3
,6

8m
10

/
   

  
1

5
L2

=1
,1

5m
10

/
   

2
5

L2
=1

,1
5m

10
/

   
2

3 
6

L3
=7

,5
6m

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

6/
   

 
 2

5

35
6 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 
56

6

6

66

6
6

10
3

10
3 

   
   

   
 

 7
0

17

12,512,5

17
100    25

10

 1
-1

3 
6/

17
1 

 8
 

10
   

   
  

10
0

10

 
  

1:
10

R
=

 2
-2

3 
 8

6/
17

1 
 

 
10

   
   

  
10

0

2 
5

10
/

3 
6/

17

1 1

2
3 

6
6/

73
73

2

10

PO
S 

20
5 

B
20

, R
A

40
0/

50
0,

 R
=1

 
, 

:2
0

 

 

. 3.4 
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! 

        
  ,      , , 

   .,         .  

        max 3-4m. 

        ,   ½  
           . 

        : 

  
35min
ld  

   ,       
,       . 

           : Pos,  
  , Ø  , L   ,   

  Ø,      Ø,   1m1     
  kg. 

       . . ,   
     . 

  ! 

1:       105POS     
cmbcml x 30,330 00 ,   cml y 6800 . : 

cmdRAMB 15,2500/400,30   kNmMu 60,35 .     
           . 

2:       102POS     
cmbcmlox 30,380 0 ,   cml y 7500 . : 

cmdRAMB 16,2500/400,30   kNmMu 60,40 .     
           . 

  : 

              
   102POS     20:1R    :   

cmbcml x 30,320 00 ,   ,2500/400,30,7500 RAMBcml y cmd 14 ,  

kNmMu 50,32 .  
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  ! 

1.         
? 

 ________________________________________________________________
 ________________________________________________________________ 

2.      : 

a) 8 m  ) 7 m  ) 6 m 

3.     ,    ? 

 ________________________________________________________________
 ________________________________________________________________ 

4.          : 

)   )   )    

 

3.2.   

 2.  

       101POS    
 cml x 1600    cml y 3200 .     

2500/400,30 RAMB     ( . 3.5).   
     .  

    (  1m`)  `/7,0 mkN (  1.1) 

     : cmld x 33,13
12
160

12
0  
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    . 3.5 

1.    

1.1.   

 -     0,01 20=0,20 kN/m2 
 -     0,03 21=0,63 kN/m2 
 -   0,14 25=3,50 kN/m2 
 -    0,02 19=0,38 kN/m2 

     _______________________ 
       g=4,71 kN/m2 
 -          0,70 kN/m2 
 -     
            0,10 0,10 1,0 25=25,0 kN/m2 
    ____________________________ 
       F0=0,95 kN/m2 
 
           
(  1.1)        (  1.1). 

 

40                                                                                     160

1040

100

10

10

 ..4
. ..........1

. . 
. ......2
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1.2.  : 

 -        p=3,0 kN/m2 
 -       

         Fn=0,40 kN/m2 

 2.    

         F0 

 

                                                  160 

     

                    .3.6 

    mkNhFM n /44,01,14,000       : mh 10,10 -    

  kNmlFlgM g
A 54,760,195,0

2
6,171,4

2

2

0

2

 

    kNmMlpM p
A 28,444,0

2
6,10,3

2

2

0

2

 

  kNFlgF A
r 48,895,060,171,40101  

  kNlpF p
A 8,460,10,3101  

  kNmMMM p
A
pg

A
g

u 77,198,128,46,154,7  

3.  

3.1.      

    : 

 ahd ,    20aa  (  25B      cma 20 ) 

  cma 5,25,02  

  
b
MKh u

h  

   00
05,3/10/ ba , 30MB    614,1hK  (  

1.3.),       h  : 
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 cmh 17,7
100
1077,19614,1

2

 

 cmd 67,95,217,7 ,  cmd 14  (      
   ). 

    : 

 cmadh 5,115,214  

 3.2.    

     : 

 590,2

100
1077,19
5,11

2

b
M
hK
u

h

 30MB 00
0

00
0 6,1,10,950,0519,2 bazh KK , 

 2
1

2

52,4
5,1195,010400

1077,19 cm
hK

MA
zv

u
a  

 2
min 72,1

100
5,1110015,0

100
cmAAa                             

22
min, 52,472,1 cmcmAa  

M     252,4 cmAa  

 8Ø10/m`( 500/400RA )  cmtcmAa 5,128:10028,6 2        

2904,052,42,0 cmA a
r  

2
min, 15,1

100
5,11100

100
cmAA a

r  

    2904,0 cmAa  

 6Ø6/ `( 500/400RA )   cmtcmAa 67,166:10070,1 2  

4.       
 

         ,   
       .   ,   

      ,     
   2      50%.  
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   kls 5,1  

30MB ,   ,44k      ( mm10 ) 

   cmls 660,1445.1  

  66 m,       ,   
   . 

    ,      
         .  ,  `/108 m , 
     .    ( `/104 m )    

      ,    
   .  

   cmll sefs 33665,05,0)(  

5.      

5.1     1 

 

             L1=2,72m1 4 10/ `   
lkS1

S3

S2

 

 cmadlk 122140  

 cmablS 19622401602 0001  

 cmablS s 28)240(66)( 002  

 cmabS 3622402 003  

 mcmSSSlL k 72,22723628196123211  

      1      
 mly 4 .   1 m`   4 ,  4m`  4 4=16 . 

5.2.    2            

             L2=2,02m2 4 10/ `   
lkS4

S3

S2

 

cmlk 12      cmS 282    4S -    ,    cmS 1264  
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cmabS 3622402 003  

mSSSlL k 02,22013628126124232     20 

5.3.    3  

                3    6Ø6/m`    L3=3,96m 

 

cmalL y 396224002 003   (     30MB ) 

 5.4.    4 (2Ø8) 

mLL 96,334  

           
     ( .3.7). 

5.5     -                    

lk u

u

a

a

d 5  6/16cm
L =0,7m5

u ud

 

cmlku 8  

cmadd n
u 2022242 0  

cmaba n
u 622102 0  

62235 kuuu ldaL u = mcm 70,04,706,068220263  

cmdtu 16243/23/2  

          cmly 400    

      cmtu 16  ( 2516:400n  ). 
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POS 101  , B30, R  400/500, R=1:20 

 

40                                                                                     160

10

10

14

40

1 2 3 1

1                                                     2

1

1    5 L1=2,72m10/         

5

4

5    6/16

4      2 L4=3,96m8          

3      6  L3=3,96m6/       

2     5 L2=2,02m10/      

    L5=0,65m

196

126

11 

11 

25 

20 

28

28

36

36

12

12

6 8
8

2020

6
20 

10  10/                    6 6/                                                                                            2      5 10/

6/16

2 8

86

 

 

1   2  10 10/ 3  6 6/

100

14

     2  5 10/ 3  6 6/

100

  :10R1

 1-1                                                                                2-2

14

 

 

    . 3.7 
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          : 

 

Pos  Ø 
(mm) 

L 
(m) 

    m` 
  m`  Ø6 Ø8 Ø10 

 
101 

1 10 2,36 5 20   47,20 
2 10 1,66 5 20   33,20 
3 6 3,96 6 11 43,56   
4 8 3,96 2 2  7,92  
5 6 0,65 6 25 16,25   

   Ø 59,81 7,92 80,40 
  1 m` 0,222 0,395 0,617 

   g 13,27 3,13 49,60 
  66,0 g +2%   

 

 

! 

 

      ,     
      .  

     ,     
.  

          8 m.   

       
12min
ld   0ll (  

     ). 

 M  inM    : 

 

 
2

2

min
lgM  ;          

8

2

max
lgM   

 

 

 

 

 



 -  

158 
 

 

  ! 

 

1:       102POS     
cmbcml x 30,130 00 ,   cml y 4000 . : 

cmdRAMB 12,2500/400,30   kNmMu 55,34         
 . .           

  . 

 

  ! 

1.      ! 

 ________________________________________________________________
 ________________________________________________________________ 

2.          
? 

) 5,0 m   ) 7,0 m  ) 8,0 m 

3.              ? 

 ________________________________________________________________
 ________________________________________________________________ 

4.       ? 

)   

)   

)     
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3.3.    

 3:  

         
110POS  ( . 3.8)      ,   

cmlcmlRAMB y 500,360,500/400,20 001 ,     

`/75,31 mkNg ,   `/08,42 mkNg ,    `/2 mkNp ,   
 `/50,0 mKNG ,      `/40,0 mkNF .  

         . 

 

 

    . 3.8 

    . 3.8 

 1.   

 1.1.   

              G   q1                 q2   

  A     B 

      1,35     3,90 

 

kNAg 57,14       kNBg 91,6  

kNmgGM A
g 09,4

2
35,175,335,15,0

2
35,135,1

22

   

        mx 21,2max  

KNmpxBM x
p 83,5

2
35,1269,191,6

2
35,1)9,3(

22

max,  

 

 

  

 

120                30                                360                                      30
135                                                    390                                      

d
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1.2.  : 

kNmM p
A 26,2

2
35,121,141,0

2

 

kNmM p
x 98,01  

kNmM p 80,3
8
90,32 2

max
2  

kNmM p 73,3
2
69,1269,19,3

2

max
2  

 : 

iiu MMmax  

kNmMu 04,1673,38,183,56,1max  

 : 

iiu MMmin  

kNmMu 61,1016,28,109,46,1min  

 2.   

 2.1.      

 ahd ,  20aa  (  25MB      cma 20 ) 

 cma 5,25,02  

 
b
MKh u

h  

   20,5,3
10/ 00

0 MBba ,   953,1hK  (  

1.3.),       h   : 

 cmh 82,7
100
1004,16953,1

2

 

 cmd 32,105,282,7 ,  cmd 11 (      
   ). 

    : 



 -  

161 
 

 cmadh 5,85,211  

 12,2

100
1004,16
5,8

2

b
M
hK
u

h    

 ,20   ,3,10,095,2095,2 00
0

00
0

baZh KK  

2
1

2

2,5
5,8907,010400

1004,16 cm
hK

MA
zv

u
a  

2
min, 85,0

100
5,81001,0

100
cmAAa  

22
min, 2,585,0 cmcmAa  

M     22,5 cmAa   

 10Ø10/m`( 500/400RA )  285,7 cmAa       cmt 1010:100  

204,12,52,0 cmA a
r  

2
min, 72,05,8085,0

100
cmAA a

r  

     204,1 cmAa  

 5Ø6/ `( 500.400RA )   270,1 cmAa     cmt 205:100  

 2.3.      

    : 

 609,2

100
1061,10
5,8

2

b
M
hK
u

h     

 20MB   ,1,2,10,936,0540,2 00
0

00
0

bazh KK  

2
1

2

33,3
5,8936,010400

1061,10 cm
hK

MA
zv

u
a  

2
min,

2 85,033,3 cmAcmA aa  

     5Ø10  astv AcmA 293,3  
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     . 

3.      

3.1.    1 

lk        L1=5,54m1 10 10/ `   
S1

lk
 

cmadlk 92110  

cmabllS r
x 5362230212036022 000101  (    

     30MB ) 

mcmlSL k 54,555492536211  

     cml y 5000   10 5=50  

3.2.    2 

              5 L2=1,36m2 10/ `   
lkS2lk  

cmalbS x 118236025,03025,0 0002  

mcmlSL k 36,113692118222  

3.3.    3 

              5 L3=2,54m3 10/ `   
lkS3lk  

cmalbS 2362212036025,030236025,0 00103  

mcmlSL k 54,225492236223  

3.4.    4  

               4    5Ø6/ `    L4=4,96m 

 

 cmalL y 496225002 004  
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          : 

 
Pos 

 
 

 
Ø 

(mm) 

 
L 

(m) 

    
m` 

  m`  Ø6 Ø10 
 
101 

1 10 5,54 10 50  277 
2 10 1,36 5 25  34 
3 10 2,54 5 25  63,5 
4 6 4,96 5 45 223,20  

   Ø 223,20 374,5 
  1 m` 0,228 0,633 

   g 50,89 237,05 
 287,94 g +2% . 
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12
0 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

30
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 3

60
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

   
   

 3
0

4 
 5

6/
3 

 5
10

/m

4 
 5

6/
1 

 1
0

10
/

2 
 5

10
/

2 
 5

10
/

3 
 5

10
/m

1 
 1

0
10

/

4 
 5

6/

9
9

23
6

53
6

49
6L
=

 
1

5,
54

.5
0

L
=4

,9
6 

 
4

4
.

5

L
=

 
3

2,
54

.2
5

88
88

1 1

4 
 5

6/

4 
 5

6/

1 
 1

0
10

/

2 
 5

10
/

10
0

10
0

 
 

:1
0

 R
=1

 1
-1

 2
-2

PO
S 

11
0 

B 
20

, R
A

 4
00

/5
00

-2
, R

=1
 

 
 

, 
:2

0

9 9

9 9

11
8

L2
=1

,3
6 

.2
5

11
2 2
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! 

          
,    . .      . 

   lo1 lo        
4,03,0 . 

         ( 0b )  

  ( 0l ). 

 1. 
100
lb  ;   005,1 ll   

 2.   
100
lb  ;    00 bll      

        uMmax ,  

         uMmin . 

 

  ! 

1:           
103POS     ,90,30,340 0100 cmlcmbcml x    cml y 5500 . 

: cmdRAMB 14,2500/400,30   kNmMu 33,45      
   . .         

. 
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  ! 

1.           ? 

 ________________________________________________________________
 ________________________________________________________________ 

2.            : 

) 2,01,0    ) 4,03,0   ) 0,15,0  

3.        ? 

 ________________________________________________________________
 ________________________________________________________________ 

4.          ? 

)   

)   

)     

3.4.   

  4. 

      2POS       
 cmbcml x 30,420 00     cml y 6500 .     

 . : 20MB ,  500/400RA .     
   ( . 3. 9). 

 

 

 

 

 

 

 

 

                 . 3. 9 

.................4
1

............1
. ....2

  .....5
. . 

. ..2

POS 2

30                             420                                              30
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 cmld 65,7
35

42005,16,0
35
6,0

min  

              cmd 10 . 

1.    

1.1.  : 

 -      0,02   8=0,16 kN/m2 
 -     0,01x20=0,20 kN/m2 

 -      0,03 18=0,54 kN/m2 

 -      0,04 21=0,84 kN/m2 

 -   0,10 25=2,50 kN/m2 
 -    0,02 19=0,38 kN/m2 
     _______________________ 
       g=4,62 kN/m2 

 
1.2.  : 

    -2    p=1,25 kN/m2 
      (  1.1. ) 
  

2.   

                           g+p 

                                       441  

   . 3.10 

 kNlgFF B
g

A
g 19,10

2
41,462,4

2
 

 kNlpFF B
p

A
p 75,2

2
41,425,1

2
 

 kNmlgM g 42,6
14
41,462,4

14

22

max

 

          kNmlgM g 49,7
12
41,462,4

12

22

min  

          kNmlpM p 74,1
14
41,425,1

14

22

max  

           kNmlpM p 02,2
12
41,425,1

12

22

min  
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 kNmMM iiu 40,1374,18,142,66,1max  

 kNmMM iiu 62,1502,28,149,76,1min  

 3.  

 3.1.     : 

 ahd ,  20aa  (  20MB      cma 20 ) 

  cma 5,25,02  

  
b
MKh u

h  

   20,5,3/10/ 00
0 MBba    953,1hK  (  

1.3.),       h   : 

cmh 72,7
100
1062,15953,1

2

 

cmd 22,105,272,7 ,  cmd 11   

 cmadhstv 5,85,211  

 3.2.    

   

      : 

322,2

100
1040,13
5,8

2

b
M
hK
u

h  

 20MB   ,5,2,10,922,0299,2 00
0

00
0

bazh KK  

 2
1

2

27,4
5,8922,010400

1040,13 cm
hK

MA
zv

u
a                                   

 227,4275,15,815,0
100

cmAAa
 

   8Ø10/ ` (RA ) 

  228,6 cmAa      cmt 5,128:100   

            2854,027,42,0 cmA a
r  
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2
min, 854,085,05,81,0

100
cmAA a

r  

     2854,0 cmAa  

 6Ø6/ `( 500/400RA )   270,1 cmAa  

cmt 67,166:100  

  : 

      : 

 152,2

100
1062,15
5,8

2

b
M
hK
u

h  

 20MB   ,9,2,10,910,0130,2 00
0

00
0

bazh KK  

2
1

2

07,5
5,891,010400

1069,15 cm
hK

MA
zv

u
a                                  

     : 

  8Ø10 / `( 500/400RA )  228,6 cmAa  

cmt 5,128:100  

201,107,52,0 cmA a
r  

 6Ø6/ `( 500/400RA )   270,1 cmAa  

cmt 67,166:100  

4.       
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mcmlSL k 83,44839246521  

     cml y 6500   10 6,5=65  



 -  

170 
 

 

3.2.    2          

           2    8 L2=1,48m10/ `   
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 mcmablL y 05,77055,2230265022 0003  
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m` 

 Ø6 Ø10 
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1 10 4,83 8 52  252,16 
2 10 1,48 8 104  153,92 
3 6 7,05 6 32 225,60  

   Ø 225,60 406,08 
  1 m` 0,228 0,633 

   g 51,44 257,05 
  308,49 g +2%  
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 cmd 12  
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1.1.  : 

 -      0,01 20=0,20 kN/m2 
 -      0,04 21=0,84 kN/m2 

 -   0,12 25=3,00 kN/m2 
 -    0,02 19=0,38 kN/m2 
     _______________________ 
       g=4,42 kN/m2 
 

1.2.  : 
 

    -2    p=2,00 kN/m2 
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2.   

        .  
  ,       

 )( 22 lpklgkM ,    )( lpklgkF . 

KNFF C
g

A
g 04,725,442,4373,0  

KNF B
g 48,2325,442,425,1  

KNFF C
p

A
p 19,325,42373,0  

KNF B
p 63,1025,4225,1  

KNmMg 59,525,442,407,0 2
max  

KNmM p 53,225,4207,0 2
max  

KNmMg 98,925,442,4125,0 2
min  

KNmM p 52,425,42125,0 2
min  

KNmMM iiu 49,1353,28,159,56,1max  

 KNmMM iiu 11,2452,48,198,96,1min  

                                                                  g+p 

  

              A                        425  B   425  C 
  

 3.  

 3.1.     : 
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 ,0ahd   20aa  (  20MB      cma 5,20 ) 

cma 35,05,2  

 
b
MKh u
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0 MBba    953,1hK  (  
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 3.2.    
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cmAAa                                   

  8Ø10/ ` (R ) 
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2
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4.3.    3                         
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2 10 1,49 8 112  166,88  
3 12 2,52 8 56   141,12 
4 6 7,56 8 83 627,48   

   Ø 627,48 442,40 141,12 
  1 m` 0,228 0,633 0,911 

   g 143,06 280,04 128,56 
  544,06 g +2%   
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