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          ( ) 
    ( )    ( ).     

     ( )      
      ( )      

    ( )       
( ).      ,     

   ( )       
( )            

    . 
          

               
       .      

      ( )    ( ),    
           

     . 
         : 

1.               
        ( ). 

2.          ,  
           

          
  . 
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   .          
      ( ). 

 

 
 

 3.4        DP    SPIRAX 
SARCO [5]. 

 
 

         
     : 

1.        .   
           

        . 
2.            

 .   (  )   
,          
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     ,    ,   
            

 . 
  3.4        

SPIRAX SARCO. 
 
3.2.3       

           
   .       

    (   ),      
          

    (   BRV). 
          

      ,       
         (   

),      (   
DP). 

   (      )  
    .       ( . . 6,5 

barg)         
( . .  D.P.   2,5-7 barg  6-15 barg)     

     . (     
 2,5-7 barg).       barg   

  bar. 
           

,           
     . 

 
3.2.4     

          
        .   

          
,         : 

1)         ( -
)   

2)         . 
           

  (  - )  . 
 
3.2.5    

          
             

    . 
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  3.5       .  
              

        ,      
           .  

          
(  . . .)    .      

,           . 
 

 
 

 3.5        [5]. 
 
 

3.3  
 
3.3.1  
 
        ,   

          
       . 

        
           

,        .   
    (    , 

      . .)     
 o       : 

            
        

   ,      
(  ,  ). 
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      (  , 

 )    : 
)     
)           

. 
)          

,     . 
)       . 
)      . 

       : 
)        . 

ii)    ( - )   
. 

iii)    (   , , ). 
iv)       . 
v)         

. 
 
3.3.2   
         , 

       : 
 

  
  

  
 

        
        

   . 
      

         
  .       

    ,        
        . 

      
         

          
 . 

          
3  . 
 

 46

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


3.3.3    
          

     .    
  ,     ,  

  ,     .  
          

,     .   
    /     

. 
 
 
 

 
 

 3.1    [5]. 
 

 
     ,   

         .  
         ,   
    . 

         
,    ,       

          
    . 

          
   ,         

     .      
  . 

       
         , 
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      ,      
   . 

 
   ,    , 

 . 
       ,  

   . 
      . 
      . 

         
. 

  15 mm  100 mm. 
     . 

 :  ,  ,  
,   . 

:  32 bar  . 
:   40.000 Kgr/h. 

 
3.3.4     

           
      .    

     ,   
     .     

          
.        

    . �      
   .      

. 
 

     .     
        ,    

   .       , 
        ,   

       .   
            

  . 
       ,   

 ,       .    
          .   
    ,       
,       . 

      ,  
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 .       . 
        , 

          ,   
  . 

      ,     
 ,       

(    U    ).       
         . 
        

    ,   ,  
  (        ).  

  ,        
   . 

 

 
 

 3.2    [5]. 
 

        
 : 

      . 
         

  . 
          
   . 

 , ,    . 
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. 

  15 mm  50 mm. 
 :  ,  ,  

,  . . 
:  62 bar  . 

:   9.000 Kgr/h 
      . 

 
3.3.5    

         
 -    ,     

 .         
       .    

  ,   ,    
 .       , 

  ,  ,      
.         

      .      
. 

 

 
 

 3.3   [5]. 
 

 
           

      .   

 50

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


       
.          

          .     
    ,      

   ,  .      
,           

  .  
         

      .      
          

.    . 
        

        . 
      ,    

  ,     
   .       

       . 
        
: 

   . 
   , (   )  

 . 
   ,   ,  

   . 
   ,   ,    

    . 
  ,   ,     

   . 
        ,  

     . 
 , ,    . 

  15 mm  25 mm. 
 :   . 
:  120 bar  . 

:  1.000 Kgr/h. 
     . 
  . 
     . 
  . 

 
3.3.6      

  ,     
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 .       
    .     

      ,  
  .        

.       
  . 

 
 
       

     ,     
.           

 .       
.      ,     

      . 
       ,  

 .          
          . 

          
    .   ,    , 

          
 .    ,     

  . 
       

    ,          
          

 . 
      

    : 
  . 

     ,    
    . 

      ,  
   . 

 , ,    . 
  15 mm  50 mm. 

 : , ,    . 
:  30 bar  . 

:  18.000 Kgr/h. 
   . 
     . 
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 3.4     [5]. 
 
3.3.7    

      
      ,     

           
      .   

     .   
          

  ,     .  
   . 

 
         
  ,       
         

,      .      
  ,    ,  

     .    
,       . 
     , 

   / . 
       .   

        
,      .  

     .     
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    ,     
     . 

 

 
 

 3.5    [5]. 
 

      
   : 

       
 ,        

       . 
        

       . 
         

    �   . 
        

. 
  .    , 
   . 

   . 
 . 

  . 
 , ,    . 

  15 mm  40 mm. 
 : ,     . 
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 :  45 bar  . 
 :  9.000 Kgr/h. 

     . 
 
 
3.4         . 
 
            

   ,      
          

 . 
 

 
 

 3.6           
        

           [5]. 
 
    ,          

     : 
1.     

 55

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


2.       
3.          
4.          
5.        (2 bar),    

 (Flash steam ). 
6.   « » ,     . 
 
  

 
 

 3.7         
 3 mm [5]. 
 

              
         (  , , , 

  . . .).         
   ,        
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     ( . . , ). 

       3.6     
  Kgr/h,          . 

        3.6        
  ,         ( , 

, )        
   3.7           

Kg/h      3mm,      . 
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4.    
 

 
 
4.1   

 
        1=90

o C

2=70 .     :  
o C

1 2 (90 70) 20
oC C

 
       :  

 

/

/ 3/ /
/

300.000
15.000 15

1 1 20
okcal kg C

kcal h
lt h m h

oCkg lt
Q

V
C p

 

 

4.2   
 

          

 h
m

V
3

15     .    
   =4 mH2O.      

  : 
 

3
/ 215 4

1.10 1,10 0,3
367 0,6 367 0,6

mH Om h
KWV H

N

 
 

4.3   
 

        
   ,   P=6bar     

: 
 

/
1 2756,14kJ kgh  
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      : 

 
/

2 670,50kJ kgh
 

       : 
 

/300.000kcal hQ  

,           
  h1 - h2 .       D  :

 

             1 2
1 2

/
/

/ /( ) 00
300.000 6

2756,14 670,50
4,187

kcal h
kg h

kJ kg kJ kg
Q

Q D h h D
h h

 
 

4.4     
 

    T-S (  4.1),      
  ,      2 3
 

3 2
/670,50kJ kgh h  

 
  3  P = 1bar,   . 

 
  ,      

        : 
 

/
4 417,44kJ kgh  

 
     : 

 
/

5 2674,95kJ kgh  
 

   h3        
 h4  h5      -  

   X3
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 4.1  T-S.  
 

         X3  
  - ,          

     . : 
 

3 3 5 3(1 )h X h X h4      
 

3 4
3

5 4

670,50 417,44 0,112 11,2%
2674,95 417,44

h hX
h h

 

 
         :
 

_
_

X

         
          :
 

3
DmX

D   
 

       .  Dm
:
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       3
% / 6711,2 600D

kg h kg hm X D /

 
 
4.5    

 
        

    : 
 

/ /(600 67) 533c D
kg h kg hm D m

 
 

4.6      
 

         
 

3/15m hV   
 

     
 

/0,6m su  
 

         
,           

            
 , : 

 
V u A

            
          :
 

                     

2

4
dA

 
 d       mm.

          
: 

 
3/

/
1518.8 18,8 94
0,6

m h
mm

m s
Vd
u
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      ,                        

,    :  100 114,3 3,6mmd DN x
 

100 114,3 2 3,6 107,1mm mm mmd DN
 

           
    .       

         . 
       ,     

         

94mmd

/0,6m su
       

     ,    .   
            

    .       : 

94mmd 107,1mmd

/0,6m su
 

3/1518.8 107,1 18,8mm
m hVd

u u  
 

2
23 3/ /107,1 15 107,1 15

18,8 18,8

mm mmm h m h

u u
 

 
2

2
/

3 3/ /15 1532,456 0,462
32,456

mm m s
mm

m h m h

u u
u  

4.7   

      : 
 

            
/ /600 0,6kg h t hD

 
       : 

 
/20m su
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    . 
     :  

 
6barP   

 
   

 
3 /� 0,316m kgV  

          : 
 

3 3/ / / /

/ /

� 600 0,316 0,6 0,31618.8 18,8 594 57,8
20 20

Kg h m Kg t h m Kg
mm

m s m s

D Vd
u

 
      : 
65 76,1 2,9mmDN x   

  : 76,1 mm  
: 2,9 mm  

  : 76,1 2 2,9 70,3mm mm mmd
 

          
57,8mm.   ,    ,     

     20m/s.       
  :

 
3/ /� 0,6 0,316594 70,3 594

t h m KgD Vd
u u

 
3

2
/ /

2 2 0,6 0,31670,3 594
t h m Kg

u

           

          
3/ / 2

/
2

0,6 0.316 594 13,5
70,3

t h m Kg
m s

mmu
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4.8    
 

   : 
 

/ /600 0,6kg h t hD .
 

     
 

/1m su
 

         .  
 P = 6 atm    : 

 
3 /� 0,0011m KgV .

 
          

 . :
 

3/ /

/

� 0,6 0,0011594 594 15,2
1

t h m Kg
mm

m s
D Vd

u
 

         
    DN 20 = 26,9  x 2,3mm  

-   : 26,9mm 
- : 2,3mm

-  : 26,9mm � 2 x 2,3mm = 22,3mm (    
   )

            
  .   : 

 

 
3/ /� 0,6 0,0011594 22,3 594

t h m Kg
mmD Vd

u u
 

 
3

2
/ /2 2 0,6 0,001122,3 594

t h m Kg
mm

u
 

 
3

2
/ /0,6 0,0011497,3 352836

t h m Kg
mm

u
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2 3/ / /497,3 0,6 0,0011 0,6 0,00110,0014

352836

mm t h m Kg t h m Kg

u u

3 /

 

 
3/ /

/0,6 0,0011 0,47
0,0014

t h m Kg
m su u  
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5.    

-  
 
 
5.1  
 

         
      ,    

. . .             
         . . .   

           
  . 

 
 
5.2    
 

: 
  : T3=159°C

  : T4=159°C

  : T2=70°C

  : T1=90°C

 : 
3 /15m hV

 : 
/600kg hD

 
       : 

 
i=  (in), 
o=  (out)
1= , 
2=   
 
 
5.3      
 

   1:  

1 = 1i � T1o = 159� 159 = 0°C
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   2:  
 

2 = 2o � T2i = 90-70=20°C

 
      :  

 
i = 1i � T2i = 159 � 70 = 89°C

 
      :  

 
o = 1o � T2o =159 �90=69°C

 
 
5.4     
 

        
 Grashof        

    .     (max)  
 (min): 

 
min = T1i � T2o = 159 � 90 = 69°C

max = T1o � T2i = 159 � 70 = 89°C

 
  :  

 

                               

max min
log

max

min

78,6
ln

o C
m

 
 
5.5    
 

      .   5.1 
           

  . 
         : 

 
/300.000Kcal hQ
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 5.1   [3].
 

 
5.6  
 

         
            

     : 
 

2

2

/

log

300.000 5
800 78,6o

Kcal h
m

Kcal
om m h C

QF
k

C
 

 
     k    

 :  
 

2800 o
Kcal

m h Ck  
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5.7    
 

     � �  .  
        

    ,      
  � �  .      

         .    
            

,           . 
 ,           
            

.        5.2. 
        
     . 

 
 

 
 5.2     [3], ) , ) 
  , )   , ) . 

 
 
5.8    
 

        
   10  50mm.    ,    

 1  ,     
   21,3 x2mm.  
      (2mm)     

    .  
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      :
 

 : da=21,3mm

 
 : di=21,3�2·2=17,3mm

 
: s=2mm

 
 
5.9    
 

          
   ,      .   

 : .         
 ,   0,1  0,5

3 /15m hV
m/sec.      

 0,4m/sec,          
 ,         

     ,        
[3]:
 

3

2

/

2 / 2( )

15354 354 44
0,4 17,3

m h

m s mm
i

Vn
u d

 
  44 . 

 
 
5.10    
 

          
          

 . ,         
  ,       , 

   [3]: 
 

26 610 10 5 1700
21,3 44

m
mm

mm
a

Fl
d n

 

 
 F=5 m2         

5.6.  
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5.11   
 

    5.2,   L1      
         .   

         
� �. ,          

 L1          
    .        

            
� �  25mm. ,   L1     

   :
 

L1 =  + 2·25 = 1700 + 50 = 1750 mm

 
   L       

     ( )  ,    
       200mm.

,      :
 

L = L1 + 2·200 = 1750 + 400 = 2150 mm

 
 
5.12   
 

           
       .     

            
� �. ,      � �  

      .  
            

,     5.3.      
       . 
          5  

20mm.      10mm.    
       ,    t 

 :
 

t = da +  = 21,3 + 10 = 31,3 mm
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 5.3     [3]. 

 
 

          
     t     .  

         
� �         txt  

    ~20%        
� �.  

          
       ,     

         � �, 
        ,     

          .   
  ,       Di  

,      � �,    
:

 
1,24 1,24 31,3 44 257,4mm mm

iD t n
 

 n=    � �.
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    .    2   

  :  
DN250  273 x4,5mm

   :
 

 : Da=273mm

 
 : Di=273�2·4,5=264mm

 
: s=4,5mm

 
        (4,5mm)  

       . , 
       :

 
Di=264mm > 257,4mm

 
,        . 

 
 
5.13      
 

       
,          : 

.        ,  
      ,   0,05  0,5 

m/sec.          
      .      

           
     ,     

   5.3.     ,   
  F

3 /15m hV

s,       [3]: 
 

22 2 2 20,264 44 0,0213 0,05
4 4

m
s i aF D nd

 
 

:  
Di =      � �,  m. 
da =   ,  m. 
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   ,     s,    
  .       

 : 
 

3

2

/
/15 0,083

3600 3600 0,05

m h
m s

s m
s

V
F

 

 
:  

V = ,  m3/ h. 
Fs = ,  m2. 

 
       ,  

     . 
 
 
5.14     
 

      ,     
           

 .        
   .        

  .         
     =1m/sec,    15m/sec,   

 1m/sec.       
  : 

 
(i)   .  

3 /15m hV ,  =1m/sec.  
   : 

 
3 /

/

1518,8 18,8 72,8
1

m h
mm

f m s
Vd  

 
   1      

: 
DN80,  88,9 x3,2mm

   :
 

 : da=88,9mm

 
 : di=88,9�2·3,2=82,5mm
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: s=3,2mm

 di=82,5mm > df=72,8mm

 
(ii)  .  D=0,6t/h,  ,  
=15

3 /� 0,316m kgV
m/sec.     : 

 
3/ /

/

� 0,6 0,316594 594 66,8
15

t h m Kg
mm

f m s
D Vd  

 
   1      

: 
DN65,  76,1 x2,9mm

   : 
 

 : da=76,1mm

 
 : di=76,1�2·2,9=70,3mm

 
: s=2,9mm

 di=70,3mm>df=66,8mm

 

(iii)  .  D=0,6t/h,   , 
 =1

3 /0,316m kgv
m/sec.       : 

 
3/ /

/

� 0,6 0,001118.8 18,8 15,2
1

t h m Kg
mm

m s
D Vd

u
 

 
   1      

: 
DN20,  26,9 x2,3mm

   : 
 

 : da=26,9mm

 
 : di=26,9�2·2,3=22,3mm

 
: s=2,3mm

 di=22,3mm > df=15,2mm
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5.15   
 
         

h
KgD 600      P=6-1=5 bar,   

.       
 DN20.       Spirax-Sarco 
    TDS46M    

    5.1.     
 -50 C     450 C.   

    46bar. 
 

 5.1    TDS46M. 
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    « »,      
            

   .  
          

          5.4. 
 

 

 

 5.4    . 
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6.    
 
 
        

  .       
         

.        
  : 

        
         

 ,         
  . . . 

        
        

         . 
 ,        

.         
     . , 
        

  .  
         

        
           

   . 
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 1:    
 

 DN 
 NW,  mm 

.   
  

 ISO,  mm 

  , 
 mm 

10 17,2 x1,8 1,8–2–2,3–2,6–2,9–3,2–3,6–4–4,5
15 21,3 x2 2–2,3–2,6–2,9–3,2–3,6–4–4,5–5
20 26,9 x2,3 2,3–2,6–2,9–3,2–3,6–4–4,5–5–5,6–6,3–7,1
25 33,7 x2,6 2,6–2,9–3,2–3,6–4–4,5–5–5,6–6,3–7,1–8–8,8
32 42,4 x2,6 2,6–2,9–3,2–3,6–4–4,5–5–5,6–6,3–7,1–8–8,8–10–11
40 48,3 x2,6 2,6–2,9–3,2–3,6–4–4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5
50 60,3 x2,9 2,9–3,2–3,6–4–4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5–14,2–16
65 76,1 x2,9 2,9–3,2–3,6–4–4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20
80 88,9 x3,2 3,2–3,6–4–4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20–22,2

100 114,3 x3,6 3,6–4–4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20–22,2–25
125 139,7 x4 4–4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20–22,2–25
150 168,3 x4,5 4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20–22,2–25
200 219,1 x5,9 5,9–6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20–22,2–25
250 273 x6,3 6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20–22,2–25
300 323,9 x7,1 7,1–8–8,8–10–11–12,5–14,2–16–17,5–20–22,2–25
350 355,6 x8 8–8,8–10–11–12,5–14,2–16–17,5–20–22,2–25
400 406,4 x8,8 8,8–10–11–12,5–14,2–16–17,5–20–22,2–25
450 457,2 x10 10–11–12,5–14,2–16–17,5–20–22,2–25
500 508 x11 11–12,5–14,2–16–17,5–20–22,2–25
550 558,8 x12,5 12,5–14,2–16–17,5–20–22,2–25

 
 2:    

 
 DN 

 NW,  mm 

.   
  -

 DIN 2458,  mm 

  , 
 mm 

10 17,2 x1,8 1,4–1,6–1,8–2–2,3–2,6–2,9
15 21,3 x2 1,4–1,6–1,8–2–2,3–2,6–2,9–3,2–3,6–4–4,5
20 26,9 x2 1,4–1,6–1,8–2–2,3–2,6–2,9–3,2–3,6–4–4,5–5
25 33,7 x2,3 1,4–1,6–1,8–2–2,3–2,6–2,9–3,2–3,6–4–4,5–5
32 42,4 x2,3 1,4–1,6–1,8–2–2,3–2,6–2,9–3,2–3,6–4–4,5–5
40 48,3 x2,3 1,4–1,6–1,8–2–2,3–2,6–2,9–3,2–3,6–4–4,5–5
50 60,3 x2,6 1,4–1,6–1,8–2–2,3–2,6–2,9–3,2–3,6–4–4,5–5
65 76,1 x2,6 1,4–1,6–1,8–2–2,3–2,6–2,9–3,2–3,6–4–4,5–5
80 88,9 x2,9 1,4–1,6–1,8–2–2,3–2,6–2,9–3,2–3,6–4–4,5–5–5,6

100 114,3 x3,2 2–2,3–2,6–2,9–3,2–3,6–4–4,5–5–5,6–6,3–7,1
125 139,7 x3,6 2–2,3–2,6–2,9–3,2–3,6–4–4,5–5–5,6–6,3–7,1
150 168,3 x4 2,9–3,2–3,6–4–4,5–5–5,6–6,3–7,1–8
200 219,1 x4,5 3,2–3,6–4–4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5
250 273 x4,5 3,2–3,6–4–4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5
300 323,9 x5 3,2–3,6–4–4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5
350 355,6 x5 3,2–3,6–4–4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5
400 406,4 x5 3,2–3,6–4–4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5
450 457,2 x5,6 3,6–4–4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5
500 508 x5,6 3,6–4–4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5
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550 558,8 x6,3 4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20
600 609,6 x6,3 4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20
650 660,4 x7,1 4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20–25
700 711,2 x7,1 4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20–25
750 762 x8 4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20–25
800 812,8 x8 4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20–25
850 863,6 x8,8 4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20–25
900 914,4 x10 4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20–25

1000 1016 x10 4,5–5–5,6–6,3–7,1–8–8,8–10–11–12,5–14,2–16–17,5–20–25
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