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K

Ca

S P P S
S P P S

  

     4S    3d      :  
2 2 6 2 6 2 121 :1 25 2 35 3 4 2Sc S P P S d  

    3d     .  
2 2 6 2 6 2 1030 :1 25 2 35 3 4 3Zn S P P S d  

   Ga   Z=31       4P    :  
2 2 6 2 6 2 10 130 :1 25 2 35 3 4 3 4Zn S P P S d P  

   Kr             :  
2 2 6 2 6 2 10 1030 :1 25 2 35 3 4 3 4Zn S P P S d P  

      .  

    37Z Rb  54Z Xe            .
    Cs    58    L11      71    4f  

 .    La     Lu            .
           .  

   Lu  80Z Hg          5d    
   .    Fr    87Z        U   
 92   .           .  

                    :
                   .

       56      .  
2 2 6 2 6 2 10 10 2 10 6 256 :1 2 2 3 3 4 3 4 5 4 5 6X S S P S P S d P S d P S  
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         2      2A   .  

                     
                   6S

    .  

                     
     S       d      .   

   24                 .  
2 2 6 2 6 1 556 :1 2 2 3 3 4 3X S S P S P S d  

         4S      3d 5     6 
        BII             

                     
    ns  1n d   8           BVIII  :  

2 2 6 2 6 2 10 6 2 10 6 2 14 6
76 :1 2 2 3 3 4 3 4 5 4 5 6 4 5Os S S P S P S d P S d P S f d  

    =6  5d  2  2 6 8 6S  
    8      .  
  :  

2 2 6 2 6 2 10 6 1046 :1 2 2 3 3 4 3 4 4pd S S P S P S d P d  
2 2 6 2 6 2 828 :1 2 2 3 3 4 3Ni S S P S P S d 

            .  

       :  
              .      

                    .           
                

                     
 .           .  

 .1    :  
           .      

             .     
              . 

                  
                    .  
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.2                    
        .  

                     
                       

            . 

         A2:  
   A   Ar    .    2A         

     A A                
       Ar A    .  

rA=  
                        
                        

          .         2I       2I  
                           

      .                     
                 .  

                     
    .             . 

                          
            ) (     ) (.  

      ) (              
                      

 )1(. 

 Li Be B C N O F Ne 

  A 1.23 0.85 0.52 0.77 0.75 0.73 0.72 1.31 
 )2(. 

 Li Na K Rb Cs 

 
A 

1.23 1.54 2.03 2.16 235 
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                    )1 ( )2 ( .  
                   .  

1.                     
      :0 ,I I I         

1 0 1               . 10I I   
 I          2           

  (+)       .             
           2 3M M M   

2.                     
 . 

3.                   . 
4.                    

    3 4 7 6 5 4 3 2 2, , , , , , , , , ,N C CL S P Si AL Mg Na F O   
 10    2 2 61 2 2S S P           

 .                 . 

     : 
                  

              .  
( ) ( )gas gasM e M  

          .          
                 ) ev

atom (
    Kcal/mol  Kj/mol , 1eV/mol =96.407 Kj/mol          

      M              
        ...          1 2,I I 

 ...           1 2 3I I I   . 
  

             .  
   2 3

( ) ( ) ( ) ( )g g g gM M M M .  

                    
    . 
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                 :  I    

     Li Ne         :  
Li Be B C N O F Ne  

           .  

Li B Be C O N F Ne  
            .  

    2S   Be       B  2 12 2S P    
   2 12 2S P     22S   .        12P 

     2 42 2S P                  
      .       Be BI I  0NI I       
      .  

Na Al Mg Si S P Cl Ar  
    Mg  P   Al  S           

               .  

                    
                    
                   

         .  

                   
    .    2 2( 16) , ( 17) , ( 20)Z S Z Cl Z Ca ( 19)Z K  

     :  
2 2S Cl K Ca  

      :  
                     

    1-    0
( ) ( )g gX e X EA 

EA     .            
         .  

       X-          :  
1g gM e M EA  

2
2gM e M EA  
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         .  
                .  

                    
  .                    

          .  

           .       .   

      :  
            .   

     .  

            .    
      .             
                

.  

                
         .             

       .        Cs .  

  ) ( )  (   : 

                     
            .  

  
                                        : +

 M (g )    e  -   M(g )  
            .          

                      
     .                     

      ) (  .  

                   
                  

) (   .  
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        :  
     )  (             

 .                   .  

             .       
   .              .      

    k   Na    k   Na         
     .  

   AII )  ( Be  Ca        Ba   . 
      AI                

    AI            . 
           .  
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        :  
            .           

               .  

      :  
             ) (  .  

            .        
                 .   

                  .  

                       
                    .   

                  
             .        

                     .  

                       
                 Li     

        Ne   .           Na  
 Si      P  Ar  .  
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   N,O,F                  
     .         (...)      

    .  
A-H…B  

B                   
A     .  A        . 

                     
              .  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

O H O C
3CH

3CHH
N

H O

N

CL

CL

CL

C H O C
R

OH

CL H O
3CH

3CH
H C C H O C

3CH

3CH

... ...H N H N H N

H

H

H

H

H

H

a

O H O H O H

H HH

b

F
H

F
H

F
H

F
H

F
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H C
O H O

C H
OHO

d

HO N

O
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O

O
e
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   .  

                   B  
                    .  

        10  40 kj mol  .    
                   

       .  

  :  
                 

HF     .              H-F 
  HF            .    
   .          H    +    
  F                . 

        HF ( )xHF  
--- --- --- ---  

              -     

   :  
           :  

1.                        
N, F  O           .  

2.                          
 B-H  B   )N,O  F(                 

   . 

  :  
1.   )   ( :  

                    
                      

    .            . 

H O N

O

O H O

H

H O N

O
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2.     )(:   
                    

             : 

  

  

  

                     
          .   

  

  

  

  
         II         

      .  

  :  
                           

   .                      
         .      ,O N F      

 :N O F               O H O N H N   
F H F       .  

N-H---N )8.37Kj/mol ( O-H---O )29.29Kj/mol ( F-H---F 41.85Kj/mol) (  
                 :  

  <   <  <      

        :  
                    

         .  

                
                .  

O

H

O

C

O

CL

O

O

H

N

O

O

O H

H

N

O

OH

2NO

II III

OH

2NO

O H

2NO
I

O
O

O

O
O

O
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          3PH      3NH 

                .    
       .           

            . , ,F O N    H  
           .  

(35) , (1.9)3 , (2) , (2.1) , (3.1) , (2.1) , (2.5) , (2.8) , (3.0) , (4.0) , (2.1) , (2.5) , (2.5)O b As P N H I Br Cl F Te Se S  
  3 2,NH H O  HF            

        2 3, ,x x xHF H O NH   .  
     3 2,NH H O  HF            P H3  

H2S  HCl  .  

  :  
            2H O     . 

                      
2H O        .              

               :
2 5 3,C H OH CH OH  3 7C H OH      .3 2

CH O  2H O   
3

3

CH
O H O H

CH  
 .          3 2

CH S    

    2H O      .  
         5 5C H N            

          5 5C H N   .  

          3 32
, ,CH CO HCl CHCl     

          RCOOH   CHCl3  
       C H     O  COOH 

.  
H R

Cl C H O C
H OH

  

     HCl      
3 3

3 3

CH CH
Cl H O H C C H O

CH CH
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       H     2H O    . 

     2 3 4H O, NH ,CH  HF:  
   0 0 0

2 3 4100 19.4 . 34.5 161C H O C HF C NH C CH  

:  
       2.5   4 xCH    .   4CH  

                     
 .              0.N F    

         2 3,H O NHHF     . 
           .  

      N   3NH               
 3NH              .          

    2H O               2H O   3NH   
       2H O   . HF          

 F    H           2H O           
              2 3,H O NH  HF   

      .  

3 2NH H O HF  
        N        4.0 , 3.5 0, 3.0F N     
   NH3     .         

HF                  
    4 3 2CH NH HF H O    

  -   
                     

  -    .             
                . 

    -
4MnO    2Fe     3Fe  2Mn .  

( ) 2( ) ( )

( ) 2( ) 3( )

2 2 3
4 ( ) ( ) ( ) ( ) 2

2 2

2 3 2

5 8 5 4

s g s

s L L

aq aq aq aq

Mg O MgO

P Br PBr

MnO Fe H Mn Fe H O

  

(c) ketabton.com: The Digital Library



    

110 

                    
  .                 

                    
             )    (   

                   
          .   

A   A+ +e           A+ +e  A  
                  

                    
                   

              .  
        :  

1.           .       H   H2  
 Na       .  

2.               .        Na 
  +1    2Ca   +2  Cl   -1  2O   -2. 

3.      +1  -1        +1          
, ,N O Cl     -1    , ,Ap Ca Na . 

4.     -2            
 -1        +2  . 

5.      -1    ,Br Cl I           
+5,+3,+1  +7   . 

 .6     + –                   
  . 

                              
    . 

   - :  
                  Fe  O     

       .        2 -     
Fe  3 +              3 + .  
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  O            2 -   .     
                O   .  

3 2
( ) 2( ) 2 3( )4 3 2o o
s g sF e O Fe O  

    Fe   2 3Fe O          .    
2 3Fe O    +3     Fe           

 .             +4    
           .        

    3 12CX e  .          
      12e .  

2 3 22 3 4 3S S gFe O C Fe CO  
                     

    )  (        ) .(  

               2O      
  2 3Fe O     .  

               Fe  2O   
   C  2 3Fe O       .        

               :  

                  .  
                .  

      :  
                   : 

        .         .   
              .      

          .  

         -        
            .       

      .   4KMnO   NaBr                . 
    -

4MnO   Br   2Mn        
  .  

2
4( ) ( ) ( ) 2( )aq aq aq aqMnO Br Mn Br  

(c) ketabton.com: The Digital Library



    

112 

           O  H        
 .  

     Br  2   .  
2

4( ) ( ) ( ) 2( )2aq aq aq aqMnO Br Mn Br  
        O  H          

:  
27 1 2

2
( ) ( ) 2( )4( ) 2

co

aq aq aqaqMn O Br Mn Br  
                    :  

7 2

2

5

2 1.2 o

Mn e Mn
Br Br

  

                 
                  

             .     
    2   eBr  0  -1   2   2      
    5   Mn  +7  2 +           

5        2       10      Mn  
  2   2Br    5      :  

2
4( ) 2( ) ( )2 5.2 5 2aq aq aqMnO Br Br Mn  

            .   O  H     
      2H O              

 H               28H O    
   O      16H        

2 2
4( ) ( ) ( ) ( ) 2( ) 2 ( )2 10 16 2 5 8aq aq aq aq aq eMnO Br H Mn Br H O  

      :  
2 1 10 1 16 4 2 2 4  

           :  
1.    .  
2.       H  O . 
3.       . 
4.             . 

(c) ketabton.com: The Digital Library



                   

113 

5.                  
                    

      . 
6.    O  H     2H O   O      H 

                   . : 
2 2 2

4 3 4 4MnO SO MnO SO 
 1.2          O  H    ) (  

3 .       :  
2 2 27 2 4 2 6 3 6 2

34 4 4MnO S O MnO S O  
4 .               :  

7 6
1eMn Mn  

4 6
2eS S  

5 .            4 6S S 2     
        7 6M n M n    .   1  

2            :  
2 2 2

4 3 4 42 2MnO SO MnO SO  
6 .     O  H           2H O   
  2H+    .  

2 2 2
4 3 2 4 42 2 2MnO SO H O MnO SO H  

                    
         2OH      OH     

 2H       .  
2 2 2

4 3 2 4 4 22 2 2 2MnO SO H O OH MnO SO H O  
    22H O    2H O     :  

2 2 2
4 3 4 4 22 2 2MnO SO OH MnO SO H O  

        :  
2 1 2 2 2 2 2  

-6                               -6  
2 .  :  

                 
 .  
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    .                   . 

    2 2 7K Cr O     NaCl     .    
.  

Cr2O72- + Cl-  = Cr3+  +Cl2
  

                     
            1-       Cr  6 + 

3 +  .          :  
Cl-  Cl2  

Cr2O72-  =  Cr3+   
           H  O        2   

Cl         3Cr   Cl  Cr  : 
2 Cl-  Cl2  

Cr2O72-  = 2Cr3+  
   O  H        2H O  O      H  

H         H  O         
27H O      14H :  

2Cl-  Cl2  
Cr2O72- +14H+ = 2Cr3++7H2O 

                   
(e)           2e       
6e       .  

2Cl-  Cl2 +2e 
Cr2O72- +14H++6e = 2Cr3++7H2O 

                    
                 

         3  .  
2Cl-  Cl2 +2e)(3  

6Cl- 3Cl2 +6e 
Cr2O72- +14H++6e = 2Cr3++7H2O  

                 :  
6Cl- 3Cl2 +6e  

Cr2O72- +14H++6e = 2Cr3++7H2O 

Cr2O72- +6Cl- +14H+=2Cr3++3Cl2 +7H2O
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                 :  
1.        
2.                   

   . 
3.          H  O  . 
4.     O  H     O         

H     . 
5.                   

                   . 
6.                         

 . 

   NaOCl       CrOH)4-             
 .      

ClO- + CrOH)4-   CrO42- +Cl-   
 1  2           Cr  3 + 6 +    1 +
 1-            :  

                   CrO42-  CrOH)4-    
                              Cl-    =ClO-                   

3 .         O  H   .  
4 .      O  H     2H O  H       . 

 :  
2
44

4Cr OH CrO H  
H2O+   Cl-   = +2H+ ClO-  

.5        e         .  
Cr(OH)4-  = CrO42- +4H+ +3e  

H2O                        +   Cl-   = +2H+ ClO- 

.6                  
   2      3  .  

   
2

4 4

2
4 4

2 ( ) 4 3

2 2 8 6

Cr OH CrO H e

Cr OH CrO H e
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3[ClO- +2H+  Cl- +H2O]  
3ClO- +6H+  3Cl- +3 H2O 

6 .      .  
2Cr(OH)4- 2CrO42- + 8H+ +6e  
3ClO- +6H++6e   3Cl- +3H2O  

      : 
2Cr(OH)4- + 3ClO-  2CrO42-  +3Cl- +3H2O +2H+  

               2OH     2H  
        :  

2Cr(OH)4- + 3ClO- +2OH-  2CrO42-  +3Cl- +3H2O +5H2O  
  

                          
2 3 2( ) 2 2 3

7 7
 

   
                    

 .                 .  
                    . 

                   
       .             

                 .  
        .  

.1                        
  .  

2 .    10/1                   
           1000/1         . 

3 .                    
          )  (     

                    
 .  

4.                 .  
5 .                  
  .                
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  A   )  .(  

     m      V        
 mV   .                  

mV             .        
                     

                  .  
            mV       

                    
     )=2mV mV –(- mV  .       

           .      X 
        V/2            .  

V   cm  sec                 sec  
     /= mv2  2mV. V/2    

  V                 
 .          .    N  
       x     Y  Z     .   
                   

  z,y,x        )5:(  
V2 = +  +   

             y,x    z    
     ,  ,           3/1  V2     

  
  

  
  
  
  
  
  
  
 )5(  
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       A     nmV2 /3        .    
             :  

                                     P= 
     

      nmV2 /3  A                 
      . Ax             :  

 
 ) (1 PV=  

  ) (1                   
                     m  

V     . 
Ek=  mV2  

      n      V   :  
     ) (1    : 

 
PV=   =  ( ) nmV2 =  Ek 

 Ek         PV= 
                        

                     
                   

                      
                      

pv    . 

     :  
                 

             .            
                   
                      

             .    0oc    
mm760    .           .   

        2 2,N O O         
                    

                760    .
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      .    12  24     
            .  

  : 

           pv
RT

          

                  
pvz
RT

            )1 (   z 

     0273k       
  
  
  
  
  
  
  
  
  
  
  
 )6(  

                   
                     

                   
           .           

                     
 ( )                   

       .pv nRT           
         )T,V,P (    n   . 

                    
              1873     

           p*   v*     
p v nRT               
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        v,p           
    .                

                 
  .                  

    V-b=v* .               
                     

    .              
            .      

            .  

p*= P+ a/V2  
      a         .         

(P + ) ( ) =  

   a  b                 
       T, V, P) (     

                     
         .            

   . 
B 

.  
a 

. .  
gas  

26.6 0.244 2H  
23.7 0.034 2H  
39.1 1.39 2N  
39.9 1.49 2O  
42.7 3.59 2C o  
37.1 4.17 3N H  

  : 28g            100c       
 :                  :  

PV=nRT       ,       P=   = ( . . . . .
/

 =30.4at                   

30.4C at  
            a,b  P      

P =    =30.8at 
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                  .     

 :                    
            .  

  :  
                   

                     
 .             .  

                    
                   

                        
                    .     

                )gas (  )L (  
)s (  )aq (  )sol (  )v (          

                     .  

                 
           .  

  :   
                    
              .    

                        
           .  

I -                      
 .                    

        ) (           
  .  

1-  :  
                KClO3    KCl 

 O2     
2KClO3    2KCl + 3O2 
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    )2 Cr2O7 (NH4     ,Cr2O3  N2  H2O   .  
(NH4)2 Cr2O7  Cr2O3 + N2 +4H2O   

2-  :  
                     :  

C+ O2  CO2  
CaO + H2O  Ca(OH)2 

3-  :    
                   

    cu      Fe  
4 4

2 4 4 2

Fe CuSO FeSO Cu
Zn H SO ZnSO H

 

4-    ):(  
                   

               .  

3 3KI AgNO AgI KNO  

2HCl NaOH NaCl O H  

5-     :  
                   

  2H I        2HgI        
             .  

2 2red yellowHgI HgI
  

  
II.                     

                 
    -    .  

III.                       
 .  

1.    
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     )  (     .  

                 
               .      

   .                
   .  

2.    
            .    

            .   NO      
                     

     .           .     
                  

IV.                 

1-    
                    

       (=)             
    2 2 22 2H O H O             

          .  

2-   :                           
3

3 24 3Cu HNO Cu NO N H O                
                    

     .  

V.                    
                 

                    
    .      4CH        
    4CH            .  

4 2 2 22
gas gas gas gasCH O CO H O 

          .  
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2 4 2 4 2aq aq aq aqNa SO BaCl BaSO NaCl  

VI.                    
     .  

1.          .         
                   .   

   3NH  2H  2N         Pt      
  2 3.....Fe O    . 

2.                 .  
       . 

VII.                      
    . 

1.   :                 
            .        
            .         

                        
                      

     . 
2.           , ,COOH OH CN     

        2 3, ,H O NH HCl        . 
           . 

nM Mn  
   M    Mn      n      .n 

  .  
2 2 2 2 2 2nCH CH CH CH CH CH CH CH CH

H H H H
  

2 2 4 22 2 6CnH n C H Cn H n  
         2 2C H        

  070 C             .  
6 63 gas lCH CH C H  

     4BaSO              aq  
.  
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 .        .           
            .          

m  kg  sec       .  

    0.120  12g    236.02 10          
  . 236.02 10 /NA mole              

                  g
mole  kg

mole 

    m    2 18 gM H O mol.  

                   .
                 : 

        2 4 2Ca H PO     3 4 3Ca PO  2 
 2 4H SO         .  

3 4 2 4 2 4 43 2 2Ca PO H SO Ca H PO CaSO 

  )  (:  
                   

 .             :   
2 4N H                . 

      2     4     .  

  :  
        XVIII    XIX          

               .     
           .  
1.      : 

       (Joseph pristley)      (Antoine Lavoisier) 
                     

                .  HgO  
   . 

22 2HgO Hg O  
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2H O                    
              :         

     .             .  

   1905                  .  
2E mc                                                                                                  

   E   m c     . 
                      

                 .  

                   
     .                

         .          .  

 :  
       100cal             

  

2 22 2010
2

100 100 1000

9 103 10 secsec

m Kcal calm
cmC cm

  

5 5 7
9

2 220 20
2 2

10 4.184 4.184 10 10 4.10
9 10 9 10sec sec

cal j j ergm m g
cm cm

 

 :              235U      
. 

235 141 92
92 36 361 3 200.271U n Ba Kr n E Mev  

235 23 235
92 92

23
235
92

235 6.02 10

1
6.02 10

235

g U at U

g x

x atom U

  

        2 3 5
9 2U 200.27mev        

236.02 10
235

atom
 

     :  
235
92 200.27latom U Mev  
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236.02 10
235

atom x  
236.02 10 200.27

235
x mev  

23 66.02 10 200.27 10
235

evx  
23 6 196.02 10 200.27 10 1.602 10

235
x J  

23 6 196.02 10 200.27 10 1.602 10
235 1000

x  
78.22 10x kj  

 191 1.602 19eV j 
           235

92U    78.22 10    
        2.5        . 

 :  
              1610      

                       
    amu     . 1

12amu     12
6C 

  241.6605 10g .  
    12

612amu C 
12

2461 1.66054 10
12

Camu 

                     
                . 

                  :  

    =
    

   
  

                      
     -12                 1

12  
    12

6C   .  

   =
    

121
12 C    

   

                     :  
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         .        
     1

12    12
6 C   .  

                  
 CO          C  O   .  

12 16 38co c oM M M amu  
     :  

                 .   
   56   56g     Fe         

                .   
 18    18g       2H O   .  

2.     ) Preust (  
             1808    Proust    

                   
                    . 

  2CO         : 
2 2

2 2

4 2 2 2

2

1
2

2

C O CO

CO O CO

CH O CO H O
CaCO CO CaO

 

           C O       :  
C : O  

12:16= 3:4  
3.     ) ) ( :( 

    1803                     
                       

           2H O 2 2H O     
: 
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31.0
56.4: 3.52
16

P mol P

O mol O
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22 2 4 2:1 2 2 2,6 2,8eb O S S P O  
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2 2 1
22,8,8 2 2,8c Ca F Ca F  
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: 392,8 / 4 98.2C H Kcal  
       .  
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