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 1.1 – -   ,   

  

  
   

  
1 2 3 

  pH 
6,0 – 

9,0 

6,5 – 

8,5 

5,4 – 

6,6 

  pH-   

    

   ±0,1 

 (PO4
3-), / 3,  

 
30 3,5 1,0  18309 

, / 3,   10 5,0 0,02*  4192 

-  

 (    

) , / 3,  

 

5,0 1,0 – 

   

 , 

   

 

  , 

/ 3,   
15 5,0 0,4  

 (Cu2+) 1,0 0,3 0,02  4388 

 (Ni2+) 5,0 1,0 – 

   

 , 

   

 

 (Zn2+) 5,0 1,5 0,02*  18293 

  5,0 0,5 – 

   

 , 

   

 

  

  20 ° , / , 

  

2×10-

3 

1×10-

3 

5×10-
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*     3-      6709. 
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  ( ,  FeSO4    2 / 3 

 1  ).      ,  

           

  . 

      

       

( N ) AMERSEP MP7. 

AMERSEP MP7 – ,  25-40 %  

  (Na2CS4),      

       ,   

     . 

     (Na2CS4)  

        

       – S-S. 

      2.1. 

 

 

 2.1 –    

 

       SO2 

 SO3     . 

  AMERSEP MP7 –    .  

 1050 / 3,   – 11,0,   – 0 0 , 

  – 100 0 ,   (  = 1) – 1,05,  

   ,    . 

            

    AMERSEP MP7,  
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    -  

.   

      

     ,   

Cu2+, Zn2+  Ni2+        

  .   « »   

   -   

      2.2. 

 

 2.2 –   

 

       

AMERSER MP7:  

1. 60
2


CuC  / 3;  

2. 20
2


ZnC  / 3; 

3. 10
2


iNC  / 3. 

    Ca(OH)2 (5 %).  
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,      2.1. 



 
 

 2.1 –         

 

№ 

 
 

/ 3 
1 

 
pH 

 
2 

 
 

0  
3
 

 
 Cu2+, 

/ 3 
1 

 
 Ni2+, 

/ 3 

2 

 
 Zn2+, 

/ 3 
3 

 
, % 

 
4 

1 0,080 6,5 30 2,330 2,870 3,140 1,3 
2 0,105 8,5 30 1,810 2,320 2,960 1,7 
3 0,110 9,0 30 1,073 1,091 2,078 1,9 
4 0,130 8,0 35 0,178 1,258 0,265 2,2 
5 0,150 9,0 35 0,121 1,157 0,193 2,4 
6 0,175 12,0 35 0,074 0,550 0,038 2,6 
7 0,210 10,0 40 0,037 0,028 0,037 3 
8 0,263 10,0 40 0,039 0,033 0,041 3,2 
9 0,280 9,0 40 0,083 0,071 0,089 3,2 
10 0,320 8,0 30 0,108 0,107 0,111 2 
11 0,40 8,0 35 1,103 2,069 1,113 2,5 
12 0,530 9,0 40 1,167 2,432 2,475 3 
13 0,610 9,0 35 2,003 2,926 2,335 2,8 



 
 

      

 ,    ,   

    .   

     ,   

      : x1 –  

 AMERSER MP7, / 3; x2 –  pH, x3−  , 0 , 

          0,1 / 3.  

  : 1 −     Cu2+; 2 − 

    Ni2+; 3 −   

  Zn2+; 4–  , %.    

    : 60
2


CuC  / 3; 

20
2


ZnC  / 3; 10

2


iNC  / 3. 

     

1.     y0, x1, x2…xn   

     y0 – x.  

  

2.     

 

)( 11
1 xf
 , (2.1) 

 

     x1    x2, x3, x4…xn-1. 

     y1  y2     

 ,   y1  x0. 

3.       

 

)(...)()()( 2211

11

nn

n

nn

n
n xfxfxf

y

xf

y
y


  , (2.2) 
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     1, 

         

    .    

       

        2.3. 

 

 

 2.3     :  –  

   x  y;  –  ;  –  

 

 

       

     ,    

 2.4 – 2.7.      

  ,      

,   ,         

    . 

  



 
 

 2.2 –         
 
№ 

 

/ 3 
1 

 
pH 

 
2 

   
0  

3
 

 
 

Cu(II), / 3 
1 

 
y1,0=y1/̅  

f1(x1) 
 

y1,1=y1,0

/ f1(x1) 

 
f2(x2) 

 
y1,2=y1,1/ 

f2(x2) 

 
f3(x3) 

 
y1,3=y1,2/ 

f3(x3) 

 
k-�̅� 

 
(k-�̅�)2 

1 0,080 6,5 30 2,330 2,991 1,888 1,584 3,163 0,501 1,218 0,411 -0,509 0,259 

2 0,105 8,5 30 1,810 2,324 1,514 1,535 1,805 0,850 1,218 0,698 -0,222 0,049 

3 0,110 9,0 30 1,073 1,378 1,445 0,954 1,468 0,649 1,218 0,533 -0,387 0,150 

4 0,130 8,0 35 0,178 0,229 1,182 0,193 2,142 0,090 0,678 0,133 -0,787 0,620 

5 0,150 9,0 35 0,121 0,155 0,946 0,164 1,468 0,112 0,678 0,165 -0,755 0,571 

6 0,175 12,0 35 0,074 0,095 0,690 0,138 -0,522 -0,264 0,678 -0,389 -1,310 1,716 

7 0,210 10,0 40 0,037 0,048 0,400 0,119 0,800 0,148 0,682 0,218 -0,703 0,494 

8 0,263 10,0 40 0,039 0,050 0,118 0,425 0,800 0,532 0,682 0,779 -0,141 0,020 

9 0,280 9,0 40 0,083 0,107 0,067 1,589 1,468 1,082 0,682 1,586 0,666 0,443 

10 0,320 8,0 30 0,108 0,139 0,024 5,779 2,142 2,698 1,218 2,215 1,294 1,675 

11 0,40 8,0 35 1,103 1,416 0,259 5,467 2,142 2,552 0,678 3,767 2,846 8,101 

12 0,530 9,0 40 1,167 1,498 1,554 0,964 1,468 0,656 0,682 0,963 0,042 0,002 

13 0,610 9,0 35 2,003 2,571 2,913 0,883 1,468 0,601 0,678 0,887 -0,033 0,001 

    ̅= 0,779     �̅�=0,785  �̅�=0,920  k= 1,085 
 

)906,150109,08166,0()7216,70026,07182,0()3662,3455,3315,21(085,1 2
33

2
22

2
111 



xxxxxxY  (2.3) 
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 2.4 –     Cu(II ),    AMERSEP MP7,  
   : y1 –      Cu(II ); y2 –  

    Ni(II ); y3 –      Zn(II ); y4 – 
, %; x1 –   AMERSEP MP7, / 3; x2 –  , x3 –   º  
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 2.3 –         
 
№ 

 

/ 3 
1 

 
pH 

 
2 

   
0  

3
 

 
 

Ni(II ), / 3 
2 

 
y2,0=y2/̅  

f1(x1) 
 

y2,1=y2,0

/ f1(x1) 

 
f2(x2) 

 
y2,2=y2,1/ 

f2(x2) 

 
f3(x3) 

 
y2,3=y2,2/ 

f3(x3) 

 
k-�̅� 

 
(k-�̅�)2 

1 0,080 6,5 30 2,870 2,206 1,607 1,373 1,847 0,743 0,788 0,943 -0,080 0,006 
2 0,105 8,5 30 2,320 1,783 1,324 1,347 0,980 1,375 0,788 1,744 0,721 0,521 
3 0,110 9,0 30 1,091 0,839 1,271 0,660 0,817 0,808 0,788 1,025 0,002 0,000 
4 0,130 8,0 35 1,258 0,967 1,074 0,901 1,165 0,773 1,565 0,494 -0,529 0,280 
5 0,150 9,0 35 1,157 0,889 0,897 0,991 0,817 1,214 1,565 0,775 -0,248 0,061 
6 0,175 12,0 35 0,550 0,423 0,707 0,598 0,283 2,116 1,565 1,351 0,328 0,108 
7 0,210 10,0 40 0,028 0,022 0,497 0,043 0,553 0,078 0,458 0,171 -0,852 0,726 
8 0,263 10,0 40 0,033 0,025 0,302 0,084 0,553 0,152 0,458 0,332 -0,691 0,478 
9 0,280 9,0 40 0,071 0,055 0,271 0,202 0,817 0,247 0,458 0,539 -0,484 0,234 
10 0,320 8,0 30 0,107 0,082 0,258 0,318 1,165 0,273 0,788 0,347 -0,676 0,457 
11 0,40 8,0 35 2,069 1,590 0,489 3,251 1,165 2,791 1,565 1,783 0,760 0,577 
12 0,530 9,0 40 2,432 1,869 1,589 1,176 0,817 1,440 0,458 3,145 2,122 4,503 
13 0,610 9,0 35 2,926 2,249 2,713 0,829 0,817 1,015 1,565 0,649 -0,374 0,140 
    ̅= 1,301     �̅�=1,002  �̅�=1,023  k= 0,622 
 

)462,430377,0606,2()0194,70426,00726,1()7365,2569,26246,16(622,0 2
33

2
22

2
112 



xxxxxxY  (2.4) 
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 2.5 –     Ni(II ),    AMERSEP MP7,  
    : y1 –      Cu(II ); y2 – 

     Ni(II ); y3 –      
Zn(II ); y4 – , %; x1 –   AMERSEP MP7, / 3; x2 –  , x3 –   º  
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 2.4 –         
 
№ 

 

/ 3 
1 

 
pH 

 
2 

   
0  

3
 

 
 

Zn(II), / 3 
3 

 
y3,0=y3/̅  

f1(x1) 
 

y3,1=y3,0

/ f1(x1) 

 
f2(x2) 

 
y3,2=y3,1/ 

f2(x2) 

 
f3(x3) 

 
y3,3=y3,2/ 

f3(x3) 

 
k-�̅� 

 
(k-�̅�)2 

1 0,080 6,5 30 3,140 2,744 1,962 1,398 1,952 0,716 -0,250 -2,865 -1,117 1,248 
2 0,105 8,5 30 2,960 2,587 1,577 1,641 1,292 1,270 -0,250 -5,079 -3,331 11,096 
3 0,110 9,0 30 2,078 1,816 1,505 1,207 1,099 1,098 -0,250 -4,391 -2,643 6,986 
4 0,130 8,0 35 0,265 0,232 1,233 0,188 1,474 0,127 -0,700 -0,182 1,566 2,453 
5 0,150 9,0 35 0,193 0,169 0,989 0,171 1,099 0,155 -0,700 -0,222 1,526 2,330 
6 0,175 12,0 35 0,038 0,033 0,721 0,046 -0,289 -0,160 -0,700 0,228 1,976 3,905 
7 0,210 10,0 40 0,037 0,032 0,416 0,078 0,681 0,114 -1,150 -0,099 1,649 2,719 
8 0,263 10,0 40 0,041 0,036 0,112 0,321 0,681 0,471 -1,150 -0,409 1,339 1,792 
9 0,280 9,0 40 0,089 0,078 0,054 1,435 1,099 1,306 -1,150 -1,135 0,613 0,376 
10 0,320 8,0 30 0,111 0,097 0,152 0,638 1,474 0,433 -0,250 -1,732 0,016 0,000 
11 0,40 8,0 35 1,113 0,973 0,200 4,856 1,474 3,295 -0,700 -4,708 -2,959 8,758 
12 0,530 9,0 40 2,475 2,163 1,451 1,490 1,099 1,356 -1,150 -1,179 0,569 0,324 
13 0,610 9,0 35 2,335 2,041 2,786 0,733 1,099 0,666 -0,700 -0,952 0,796 0,634 
    ̅= 1,144     �̅�=0,834  �̅�=-1,748  k= 3,279 
 

)45,200,009,0()8769,20221,00014,0()4787,362,33644,21(279,3 2
33

2
22

2
113 



xxxxxxY  (2.5) 
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 2.6 –     Zn (II ),    AMERSEP MP7,  
    : y1 –      Cu(II ); y2 – 

     Ni(II ); y3 –      
Zn(II ); y4 – , %; x1 –   AMERSEP MP7, / 3; x2 –  , x3 –   º  
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 2.5 –         

 
№ 

 

/ 3 
1 

 
pH 

 
2 

   
0  

3
 

 , 
% 
 
4 

 
y4,0=y4/̅  

f1(x1) 
 

y4,1=y4,0

/ f1(x1) 

 
f2(x2) 

 
y4,2=y4,1/ 

f2(x2) 

 
f3(x3) 

 
y4,3=y4,2/ 

f3(x3) 

 
k-�̅� 

 
(k-�̅�)2 

1 0,080 6,5 30 1,5 0,633 0,697 0,908 0,861 1,055 1,001 1,055 0,090 0,008 
2 0,105 8,5 30 1,7 0,718 0,776 0,924 0,986 0,937 1,001 0,937 -0,028 0,001 
3 0,110 9,0 30 1,8 0,760 0,792 0,960 1,009 0,952 1,001 0,951 -0,013 0,000 
4 0,130 8,0 35 2,1 0,886 0,850 1,043 0,960 1,087 1,029 1,056 0,092 0,008 
5 0,150 9,0 35 2,2 0,929 0,904 1,027 1,009 1,019 1,029 0,990 0,025 0,001 
6 0,175 12,0 35 2,4 1,013 0,966 1,049 1,070 0,980 1,029 0,952 -0,012 0,000 
7 0,210 10,0 40 2,8 1,182 1,042 1,134 1,043 1,087 1,098 0,991 0,026 0,001 
8 0,263 10,0 40 2,8 1,182 1,135 1,041 1,043 0,998 1,098 0,910 -0,055 0,003 
9 0,280 9,0 40 2,9 1,224 1,159 1,056 1,009 1,048 1,098 0,954 -0,010 0,000 
10 0,320 8,0 30 2,6 1,097 1,203 0,912 0,960 0,950 1,001 0,950 -0,015 0,000 
11 0,40 8,0 35 2,5 1,055 1,245 0,847 0,960 0,883 1,029 0,858 -0,107 0,011 
12 0,530 9,0 40 3,0 1,266 1,178 1,075 1,009 1,066 1,098 0,971 0,007 0,000 
13 0,610 9,0 35 2,5 1,055 1,053 1,002 1,009 0,993 1,029 0,965 0,001 0,000 
    ̅= 2,369     �̅�=1,004  �̅�=0,965  k= 0,003 
 

)6695,10008,00463,0()0671,0007,01676,0()4015,09563,40917,4(003,0 2
33

2
22

2
114 



xxxxxxY  (2.6) 
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 2.7 –        AMERSEP MP7,     

 : y1 –      Cu(II ); y2 –   
   Ni(II ); y3 –      Zn(II ); y4 – , %; x1 – 

  AMERSEP MP7, / 3; x2 –  , x3 –   º  
 
 
 
 

 



 
 

       

,      ,   ,   

          

 AMERSE  MP7. 

   -   

      .  –  

 ,      

 (   )   .  

        

    :  

 , ,   ,  ,  

 ,  ,      

.  ,     

      

 ,   ,   ,     

   .     

      2.8 – 2.11, 

       

         

-  . 

 

 



 
 

 
 2.8 –       Y1 –     

  : ) 0,15 / 3; ) 0,26 / 3; ) 0,32 / 3; ) 0,61 / 3; ) 0,40 / 3 
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 2.9 –       Y3 –     

  : ) 0,15 / 3; ) 0,26 / 3; ) 0,32 / 3; ) 0,61 / 3; ) 0,40 / 3 
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 2.10 –       Y3 –     

  : ) 0,15 / 3; ) 0,26 / 3; ) 0,32 / 3; ) 0,61 / 3; ) 0,40 / 3 
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 2.11 –       Y4 –     

  : ) 0,15 / 3; ) 0,26 / 3; ) 0,32 / 3; ) 0,61 / 3; ) 0,40 / 3 



 
 

       

,     Amersep MP7    

 0,25 / 3,        

   ,     .  

         

,          

  ,    . 

   ,      

   Amersep MP7 0,25 / 3    

  7,0  8,0. 

        

        

  - .    

  -      

        .  

        

 ,       

 ,     ,  

    . 

      

    ,  

       

. 

       

       

    ,   

      .  

    . .  
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 : 

1)  .  ,  

 ,   -  

   ,    

        

  :  ;  ;  

;      

 ;    . 

  : 

   ; 

  ; 

   ; 

     ; 

  ; 

   . 

2)   .   

      -30, 

30 .      , , 

 , -  ,    

 ,  ( , , , , , 

, , , ,   ),  

.  

         

    -  ,   

  -     

.  

       :  

  – 70,98 - 80,90; 

 SiO2 – 8,41 - 10,4; 

 CaO – 2,26 - 2,79; 
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 MgO – 1,34 - 1,66; 

 Fe2O3 – 1,89 - 2,33; 

 Al2O3 – 3,82 - 4,73; 

 SO3 – 0,58 - 0,72; 

 K2O – 0,30 - 0,37; 

 Na2O – 0,35 - 0,43; 

   – 4,53 - 5,60. 

       

     ,    

 .       

   .      

         

     .    

         

4 , . .     .   

  : 1,5-2     1      

 ,    2000-3000     

. 

    –   

 ,    ,   

    ,    

      . 

 ,       , 

     ,  

       .   

3) «  ».      . 

       

 ,  ,   , , 

.  
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«  »        

        . 

       

ё      (II)  (III),    

   (III),    

      .    

        ё  

 ,  ё     

  ё   . 

       

 2.6,         2.7. 

 

 2.6 –     

  

  700 ± 20 / 3 

  150 ± 30 2/  

 0.06 % 

 0,04 % 

   0.79 % 

  49 ± 3 % 

   1.65-1.71 

Ё       170 /  

ё  ё       1 /  

   103-104 

pH  5.8 

   0.315-0.7; 0.7-1.5; 1.5-3.0  
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 2.7 –    

   

  40-100  

  10-20 /  

    30-35 %  20 /  

   10  

 

      2.12. 

 

  

)                       )                     )                     

 

 2.12 –  : ) –    

 ; ) –     

; ) –      

 

   ,    

       

 .    ,     

      2.8. 
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 2.8 –   I  II    

 
 

№
 

 
 

, 
/

3   p
H

 

 
, 

/
3 

I  
 

II   

C ,(  
 
) 

  

  

  

  

  
 

  

1 2 3 

  

Cu2+ 1 60 10 0,21 0,037 0,021 0,017 0,016 

Ni2+ 1 10 10 0,21 0,028 0,018 0,018 0,016 

Zn2+ 1 20 10 0,21 0,037 0,028 0,019 0,017 

 

     ,  

       

.      2.13. 

 

 

 2.13 –  I  II    
 
 

Cu2+

Ni2+

Zn2+

0

0,01

0,02

0,03

0,04
0,037 

0,021 
0,017 0,016 

0,028 

0,018 0,018 0,016 

0,037 

0,028 

0,019 0,017 

Cu2+

Ni2+

Zn2+

II   
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,        

  ,    

        , 

       

,    2.9,    

   ,      

   . 

 
 2.9 –     

   , % 

  0,6 

  3,9 

  0,06 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



59 
 

3.   ,   
    -  

 
         

     .  

        

        

  . 

     

    Shimadzu XRD-

7000S (  CuKα). 

 

 3.1 –   Shimadzu XRD-7000S 

 

    -   

   (  ),  

   .    

    (  

  ARL Quant’X).  

       

SDT Q600   -   Nicolet380  TGA/FT-IR 

 (     ). 
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 3.2 – -   Nicolet 380   

 SDT Q600 

 

       ,   

   .   -   

      .  

     

  .     

 ,       1000    

 20 К/ .       

3.1. 

 

 3.1 –      

 Fe Ni Cu Zn S K Ca Na Mg 

, , % 0,37 15,66 55,34 16,41 1,45 0,99 9,14 0,13 0,51 

 

  ,    3.3. 
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 3.3 –   

 

     

       , 

  α-     β-  .   

         .  

      , 

      ,  

   ,    

  3D        

    3.4. 

 

У л  (2Q)
68666462605856545250484644424038363432302826242220181614121086

И
е

и
ь

1 000

950

900
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400

350

300

250
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0
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 3.4 – 3D-        (  

 -  - ) 

 

   -   

        .   

       , 

  .  

        

,      -  

   .   

   (       

)     , 

  ,     

(  )    ( ).  

        

   ,     

,     , , , 

 , , , ,   . .  

  -       

 ( )     (  
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)   .        

 , , , ,   

       .  

      

  , . .    ,  

  ,    ,      

 .       

SDTQ 600   -   Nicolet 380 cTGA/FT-IR 

 (     ).  

      ,   

   .   -   

      .  

     

  .     

 ,       1000 0   

 20 К/ . 

  3D –      

        3.5. 

 

 

 3.5 –       
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.  ,    3.6,  X  

  ,    ,       

  .    10,8 – 17,6  –  

200 – 400 0 .  

         

  .   1    

    6,5 %.    

 .   2     

   ,     

  (10,8-17,6 )  .    

  (    294,77 ° ).   3 

   ,   

 .      

    678,28 ° .     

 10 % 2,       22,7 

%.      ,     

2      0,7,   ,  

     0,2.   0,7 

 10 % 2,    0,2  2,85 % 2 

 0,78 % .        

 0,78 %. 
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 3.6 –   

 

      

      

    

  Shimadzu XRF-1800.  

 

 

 3.7 –    

Shimadzu XRF-1800 
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  (    ,    

   )    3.2   

 3.7. 

       

       

   .     

    .    

 ,       .  

          

   .    

          

       -  

 .    . 

        

  .   ,  

  .     

     ,   

   ,    (  

)   .     

    , . . 

      

,    « »   .  

      

  ,    е      , 

          

     .   

      

        

  ,    

    . 



67 
 

 3.2 –    

, %  (    ) 

29,9 CaO 

32,6 CuO 

9,3 SiO2 

3,36 C 

6,32 MgO 

6,14 NiO 

4,70 S 

4,80 ZnO 

1,11 Al 2O3 

1,05 Fe2O3 

0,50 P 

0,12 K2O 

0,10 Cr2O3 

0,05 MnO 
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 3.8 –   : ) Cu – Intensity 290, ) 

Ni – Intensity 48, ) Zn – Intensity 54, ) Ca – Intensity 185, ) S – Intensity 28 

 

  ,      

     ,  

 ,   ,  , , 

,    . 

      

     . 
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3.1.       
 

  ,    , 

   –    ,     

   ,       

 .      

  ,       

   ,     

 . 

    : 

1) ; 

2) ;  

3)  ; 

4) ; 

5)      ; 

6) ; 

7)    . 

    ,   ,  

 ,  ,   .     

      -  ,  

   .  

       

        .  

 .        

 .      

      30%  

 . 

     –   

  .      

.     ,    
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. 

       

.      3-5 %.  

      ,   

      . 

        

      ,    

   ,     

    .  

  ,       

   ,      

  .       

 ,        

 .  

 ,     , 

      

 , ,       

  ,      

.         

-   -  .     

 ,      

   .   

 ,      , 

   ,    , . 
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4.      
    

 

     -  

 ,       

 : 

1.  . 

        

      ,   

  ,   ,   

    .  

     (Al),  (Fe),  ( u)  

 ( ). 

   « » -  

 ,        

        . 

 

 

 4.1 – 3D     

  « » . - -   7,5 3/  
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2.  . 

       

    -  , 

      : 

  ( )  - - 

        

,     ; 

   -    

          

 -    (pH  Eh)   

ё    ; 

   -    

       

 ; 

   -     

        

 (      

  ,      

); 

   -    

,    ,     

    ё    ,  

   . . 
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 4.2 –    : 1 – 

; 2 –  ; 3 – ; 4 – ; 5 –  

   

 

3.   . 

         

     .     

 , -  , 

    ,    

     .     

  ,  ,     

         

 , .   

,        

( , , ,   .)    ,  

       . 

    –    

   -       

    . 

     

(     )    
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   ( )  ,  

      . 

 

 

 

 4.3 –         

 : 1 – -  -  ; 2 – 

  ; 3 –  ; 4 –   

; 5 – ; 6 –  ; 7 – ; 8 –  

  

 

4.     . 

 –    ,     

,      . 

     ,    ( ) 

          

,    . ,  

     ,     

. ,    ,  ,  

 – .       
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    :   , 

,   . 

 

 

 4.4 –    : 1 – ; 2 – 

 ; 3 –  ; 4 –  ; 5 – 

     

 

4.1.     
     

       

,       , 

,          

.      

 ,        

  .     ,   

 ,      .    

    ,       

 .  

    : 

      (1),  

     ,    , 

  (3)   -  (4)    

 (7).  ,    
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 (6,8),  (5)   (9).     

     (10). 

      

          

 (12).         (13),  

     . 

    (10)   (3)  

 (14),      5 .   

(3)    (15),     

   .        (16)  

. 

,    (15),   

     (17). ,  

 ,       . 
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4.1.1.   

 

 –  ,   

    . 

     , 

 ,       

  .    

      .   

    .  

      . 

       

   .     

 ,     

( )   ,   

.       

.        

. 

 

 

 4.5     : 1 – ; 2 –  

; 3 –  ; 4 –  ; 5 – ; 6 –

  

 

       5 . 



79 
 

     

 

TQW  ,  (4.1) 

 

  93,4Q  3/ ; 

5  . 

 

65,24593,4  TQW  3 

 

 2  ,   5,1H  . 

  , 2  

 

H

W
F




2
, (4.2) 

 

22,8
5,12

65,24

2








H

W
F  2 

 

    3     

 

B

F
L  , (4.3) 

 

74,2
3

22,8


B

F
L  . 

 

qLnQ  , (4.4) 

 

 L   , 54,22,074,22,0  LL  ; 

q   , 12q  3/ . 
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96,601254,22  qLnQ  3/  02,1  3/  

 

    - 1,5M1 

 

 

 4.6 –   − 1,5M1: I – ; II  – 

; III  –  ; IV –  ; V –  ; . . –  

 

 

       ,    

2/26. 

   2/26:  

  – 2,7 – 8 3/ ; 

  – 20 ; 

 N  – 2,2 ; 



81 
 

   – 27,6 . 

   - 1,5M1: 

   1500 / ; 

   8,3 . 

  (  ): 

  615 ; 

  340 ; 

  346 . 

 

4.1.2.    

 

         

. 

   , 2: 

 

VTK

QK
F





2

1 , (4.5)  

 

 1K – ,    

,     , 03,11 K ; 

2K – ,     

   (   ), 55,02 K ; 

V –  , 0,5V  / ; 

T −   , 16T  ; 

Q − , 93,4Q 3/ .  

  

12,0
51655,0

93,403,1

2

1 









VTK

QK
F  2, 
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610)100( 




P

ЭCQ
W


,  (4.6) 

 

00263,0
10)70100(5,1

205032,118

10)100( 66











P

ЭCQ
W


 3/ . 

 

610

)8,0(






CQ
W


,  (4.7) 

 

001,0
105,1

)8,05050(95

10

)8,0(
66












CQ
W


 3/ . 

 

4.1.3.    
 

     . 

    pH   2,5   . 

   : 

49 –   2SO4 

 

x

x

xx

ph

x
Э
x

ph

/95,154

81,0lg

49lglg)49lg(lg5,2

5,2
49

lg3,2

lg











 

 

     -   

 . 

 −       

      :    

  ,   ; 
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 ,    ,   

      ,   ; 

,      . 

         

         

  . 

 

 

 4.7 –  –   (  II ,  – 

 ): 1 –  ; 2 –  ; 3 – 

 ; 4 –  ; 5 –    ; 6 

–  ; 7 –   ,    

5 – 10    ; 8 –  ; 9 –  

; 10 –  

 

   –   

  :       

   ;    

 ,      

(  );     
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,     ;  

     . 

 –   ,  ,  

 (      ),  

  ,   ,    -

  ,    ,    

   . 

 

 

 4.8 −   -  :  −  

   ; 6 -    

  ; 1 - ; 2 -  ; 

3 - -  ; 4 -  ; 5 -  -

 

 

4.1.4.  

 

 –  ,     

       , , 

, ,  , . 
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 4.9 – : 1 –  ; 2 – 

; 3 –      ; 

4 – ; 5 –    

 

  5 3/ . 

       4,1D    

   05,0ad   

 

)(
4

22
an dDS 

 , (4.8) 

 

54,1)05,04,1(
4

14,3
)(

4
2222  an dDS

  2. 

 

  ,       

15t   

 

nS

tQ
H


 , (4.9) 

 

8,0
54,1

25,093,4








nS

tQ
H  . 
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 0,7 

 

7,0

H
H  , (4.10) 

 

14,1
7,0

8,0

7,0


H
H  . 

 

    

 

HSV n  , (4.11) 

 

23,18,054,1  HSV n  3. 

 

        

        ,  

    4:1 

 

25,0V  3. 

 

   

 

VM  , (4.12) 

 

9509501 VM   . 
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ayayay VM  , (4.13) 

 

5,11747025,0  ayayay VM   . 

 

         

    0,9   

 Fe     100 / 3 (0,1 / 3) 

 

1,0

9,0


M
Fe , (4.14) 

 

8550
1,0

9,0950

1,0

9,0








M
Fe  3. 

     5 
3/   16      

 

16


q

Fe
t , (4.15) 

 

107
165

8550

16








q

Fe
t . 

 

  

 

q

Q
N  , (4.16) 
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1986,0
5

93,4


q

Q
N . 

 

4.1.5.   

 

       

NaOH. 

      NaOH 

 

47648,48
79,1

56,0
  / 3 (4.17) 

 

      

  III . 

     

        ,  

     (  , 

 ). 

     : 

         

 ,      ; 

        

      ,    

 ; 

       

; 

  ,     

     . 
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 4.10 –   (  III ): 1 –  

; 2 – ; 3 –  ; 4 –  ; 5 –  

 ; 6 –  ; 7 –  ; 8 –  

; 9 –   

 

4.1.6.       
 

 

 ,   , 

    ,    

   ,     

  ,     

     ,   

,       

   ,      

   ,  , ,    

   ,   

     ,     



90 
 

           

,    ,     

        

. 

      

         

   ,   .       

  ,    

 ,        

  ,     

        

 .       

        

  .  ,     

       ,  

, ,       , 

  . 
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 4.11 –      

: 1 – ; 2 –  ; 3 – ; 4 – 

  ; 5 – ; 6 – ; 7 – ; 8 – ; 9 – 

 ; 10 – ; 11 – ; 12 –   

 

   

 

      

,     ,   

   .  

 

93,4Q  3/  − ,    

   1N . 

   

 

60

tQ
W


 ,  (4.18) 

 

0,986
60

124,93

60








tQ
W

3. 
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V

Q
f  , (4.19) 

 

 18V  / . 

 

27,0
18

93,4


V

Q
f  3. 

 

    

 


f

D



4 ,  (4.20) 

 

0,58
14,3

0,2744









f

D  . 

 

    

 

V

q
d






4

,  (4.21) 

 

0,021
414,3

0,001369444










V

q
d


. 

 

    

 

2
)(5,0


ctgdDh  , (4.22) 
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0,41,42)0,0210,58(5,0
2

)(5,0 


ctgdDh . 

 

    

 

hh  3,0 ,  (4.23) 

 

120,0,43,0 h  . 

 

4

2d
f





, (4.24) 

 

0003,0
4

000441,014,3

4

2








d

f


 2. 

 

   

 

)(
3

1
ffffhW  , (4.25) 

 

0,103)0003,00,270003,00,27(0,4
3

1
)(

3

1
 ffffhW  3. 

 

     

 

WWW  ,  (4.26) 

 

883,0103,0986,0  WWW  3. 
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f

W
h  ,  (4.27) 

 

27,3
27,0

883,0


f

W
h  . 

  

   

 

hhh  ,  (4.28) 

 

67,327,34,0  hhh  . 

  

       

 

V

q
f




2
,  (4.29) 

 

01,0
1,02

0013694,0

2








V

q
f  2. 

 

   4,0  .   

 

f
h  ,  (4.30) 

 

025,0
4,0

01,0


f
h  .  
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Vd

q
n c




0
0 ,  (4.31) 

 

 05,00 d  . 

27,0
1,005,0

0013694,0

0
0 







Vd

q
n c

 . 

 

  

 

DP   ,  (4.32) 

 

 01,04,0281,02  DD   

 

0314,001,014,3  DP   . 

 

    

 

0
0 n

P
l  ,  (2.33) 

 

12,0
27,0

0314,0

0
0 

n

P
l  . 

 

   

 

       

     ,  

   . 
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        ,   

  ,    ,     

 ,   ,    

    ,     

 .        , 

    ,   70-80°. 

     ,     

  .       

    ё     

. 
 

  

 

pVN

Q
F




6,3
 ,  (4.34) 

 

28,2
6,016,3

93,4
5,1

6,3








pVN

Q
F   2. 

 

  

 


4)( 


fF

D ,  (4.35) 

 

28,1
14,3

4)33,028,2(4)(









fF

D  . 
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22223

22
dDdD

hW
 , (4.36) 

 

7,7
2

02,0

2

2

2

02,0

2

2
3,67

3

14,3

22223

2222
























































dDdD
hW

  3 

 

     

 

)( mCQ

NW
T oc





 ,  (4.37) 

 

6298,61
)12390(93,4

1500017,7

)(










mCQ

NW
T oc   . 

 

    

 

100
)(






mCK

Q cpp  (4.38) 

 

187,0%8,3100
15000

)12390(5,1
100

)(









mCK

Q cpp  3/ . 

 

4.1.7.    

 

       

  . 

         

  ,    ,   

      . 
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 4.12 −      : lo 

−   ; bo −   ; Ho − 

  ;  −   ; L − 

  ;  −    

 

          

   1-1—1,5-1,5      

.       

   0,03-0,05 .     

 ,     .   

   50-60  (   -   

 ,  -   ).   

       0,9-1,5 . 

        1/16: 

  1,1 – 3,7 3/ ; 

  14 ; 

 5,1N  ; 

   23,5 . 
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VN

Q
F




6,3
,  (4.39) 

 

27,0
56,31

93,4

6,3








VN

Q
F  2. 

 

       

 05,005,0       60 0   75,0К   7,0.. К . 

 

)(

1

..
1 ККК

К


 , (4.40) 

 

 К      0,7-0,8; 

..К  –   0,6-0,75; 

К  –         

   .   

   0,7-0,95. 

 

4,3
)7,06,07,0(
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4,0

114,13010

225,775,179093,42,1

10 44

1
.. 








 

n

КQ
W К 


 3. 

 

 1 -     0,5 3,   

 810 ,   1345    313 . 

 

 
26,0

195,09810

225,775,1715093,42,1

10 44

1
.. 








 

n

КQ
W Щ 


 3. 

 

 1 -     0,3 3,   

 670 ,   1685    290 . 

 

        

 

1000

602 .
..

tF
W





, (4.123) 

 

 .  –  , 53.   /   1 2;  

F  –   , 2; 

t  –  , 2015t  . 

 

67,12
1000

206032,142

1000

602 .
... 





К

tF
W


 3, 

 

98,9
1000

206004,142

1000

602 .
... 





Щ

tF
W

 3. 

 

    1   1  . 

  20 . 
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 .  –  , 53.   /   1 2;  

F  –   , 2; 

t  –  , 2015t  . 

 

67,12
1000

206032,142

1000

602 .
... 





К

tF
W


 3, 

 

98,9
1000

206004,142

1000

602 .
... 





Щ

tF
W

 3. 

 

    1   1  . 

  20 . 
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4.4.     
      

 

      (1),  

     ,    ,   

  (3),     -  (4)  

   ,     

(8),    Amersep MP7 (5),   

(6)   (7).  

      

          

    (12).     

    (13),      

 . 

    (10)   (3) 

  (14),      5 .  

 (3)    (15),   

     .      

  (16)  . 

,    (15),   

     (17). , 

  ,       

. 
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    4.1.1. 
 

 -   4.1.2.  
 

4.4.1.    

 

        ,   

  (Amersep MP7).      

  . 

       

5,85,6 pH . 

        

   Cu2+, Ni2+  Zn2+ 
 

5,45,3)( 222   NiZnCu ,  (4.124) 

 

 602 Cu  / 3; 

202 Zn  / 3; 

102 Ni  / 3. 

 

1417,55,45,3)102060(5,45,3)( 222   NiZnCu  /  

 

      
,    ,   

, ,      
   4.1  

 

 

 



148 
 

 

5. -     
      

 

 

      

       – 

    ,     

     .  

   (  )  

        

       

 ,   : 

1)    ; 

2)   ; 

3)        . 

 

        

       

  . 

 1 –     

 . 

 2 –     

  . 

 3 –      

  . 

 4 –       

  . 
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 . 5.1       

      

    4,93 3/ . 



150 
 

 5.1 -        

№ 

/  

 

 

 

, . 

. 

  

 1 

 

 2 

 

 3 

  

 4 

 

 

-

, 

. 

 

 
- , . 

 

 

-

, 

. 

  

-

, 

. 

 

 

1 2 3 4 5 6 7 8 9 10 11 

1 -

, 

=1,5 ,  =3 , 

L=4 . 

164,9 1 164,9 1 164,9 1 164,9 1 164,9 

2  -

1,5 
108,6 2 217,2 1 108,6 1 108,6 1 108,6 

3   19,98 1 19,98 1 19,98 1 19,98 1 19,98 
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  5.1 –        

1 2 3 4 5 6 7 8 9 10 11 

4  50 3 150 - - - - - - 

5  352,5 - - 3 1057,5 - - - - 

6  

  

  

 

177,9 1 177,9 1 177,9 - - 1 177,9 

7   226,5 2 453 2 453     2 453 

8  81 1 81 1 81 - - 2 162 

9 
  

 
67,4 1 67,4 1 67,4 1 67,4 1 67,4 

10 
 

  
85,8 - - - - 2 171,6 - - 

11  48,6 1 48,6 1 48,6 - - - - 
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  5.1 –        

1 2 3 4 5 6 7 8 9 10 11 

12 

  

  

 

9 1 9 1 9 - - 1 9 

13 

 

  

 

 

70 1 70 1 70 - - 1 70 

14 
 

 
428 - - - - 2 856 - - 

15 
 

 
428 - - - - 2 856 - - 

16   2/26 9,2 10 92 10 82,8 11 46 10 92 

17 

 

 

 

3,6 - - - - - - 1 3,6 
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  5.1 –        

1 2 3 4 5 6 7 8 9 10 11 

18 
-  

  400/16 
24 1 24 1 24 1 24     

19 
-  

  400/16 
24 1 24 - - 1 24     

20 
  

 
6,2 1 6,2 1 6,2 1 6,2 - - 

21    2,3 1 2,3 1 2,3 1 2,3 - - 

22 
  

 
5,8 1 5,8 - - 1 5,8 - - 

23 
   

 
5,8 1 5,8 - - 1 5,8 - - 

  , . .   1619,08   2382,38   2413,78   1400,98 
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5.1.     

 

  ,    

    ,    

        . 

   

 

ЗЗЗЗЗЗЭ  / , (5.1) 

 

 З /  –        

 , . .; 

З  –      , . .; 

З  –  , . .; 

З  –    , . .; 

З  –  , . .; 

З  –  , . . 

 

       

      

  ,     

     . 

      

   (12000 ./ .). 

     ,    , 

     35 %   . 

        

   36,5 %. 

       

      4 
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,    6      

 – 7 ,         

  

 

ЧККЗЗ 12/  (5.2) 

 

 12 –    , .; 

З  –     ,   

   , . .; 

К  – ,       

      , 13,1К ; 

К  –   

Ч  –     . 

 

41,104146,113,1121212/1  ЧККЗЗ . / , 

 

1041,4146,113,1121212/2  ЧККЗЗ . / , 

 

562,112 166,113,1121212/3  ЧККЗЗ . / , 

 

1822,46476,113,1121212/4  ЧККЗЗ . / . 

 

       5.2. 
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 5.2 –       

№   
 

К  

 1 

 

 2 

 

  3 

 

 

 4 

  

-

 

 

-

 

 

-  

 

-

 

 

-  

 

-

 

 

-

 

 

-

 

 

1 2 3 4 5 6 7 8 9 10 11 

1  -1,5 8,3 2 16,6 1 8,3 1 8,3 1 8,3 

2  5,5 1 5,5 1 5,5 - - 1 5,5 

3   2/26 2,5 10 25 10 22,5 11 27,5 10 25 

4 
   

 
4,5 - - 3 13,5 - - - - 

5 
-    

400/16 
1,6 1 1,6 1 1,6 1 1,6 - - 

6 
-    

400/16 
1,6 1 1,6 - - 1 1,6 - - 

N0    50,3  53,9  39  38,8 
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cos

·· 0 NKP
N    (5.3) 

 

  – ,   , 5,1 ; 

0K  – ,   , 05,10 K ; 

N –    ; 

cos  –   , 9,0cos  . 

 

88,025
9,0

·50,305,1·5,1

cos

·· 0
1 


NKP

N  ,  

 

94,325 
9,0

·53,905,1·5,1

cos

·· 0
2 


NKP

N  , 

 

68,25 
9,0

3905,1·5,1

cos

·· 0
3 





NKP

N  , 

 

67,9 
9,0

38,805,1·5,1

cos

·· 0
4 





NKP

N  . 

 

      750 ,   

   . 

       

 

16260 NW  / , (5.4) 

 

 –      , 4160  ;  

N –     . 
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 366,1844160275,93162601  NW . / , 

 

 392,392416074,2162602  NW  . / , 

 

 920,283416068,25162603  NW  . / , 

 

 282,464416067,9162604  NW  . / . 

 

        

 

  n
n TWЗ /  (5.5) 

 

 1  –    , 1,84861  . 

 

928,676184,3368486,11
1

/  TWЗ  . / , 

 

376,725392,3928486,12
2

/  TWЗ  . / , 

 

855,524920,2838486,13
3

/  TWЗ  . / , 

 

163,522464,2828486,14
4

/  TWЗ  . / . 

 

    

 

2,1/  n
n TWЗ , (5.6) 

 

313,8122,1928,6792,1/
1  nTWЗ  . / , 
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451,8702,1376,7252,1/
2  nTWЗ  . / , 

 

825,6292,1855,5242,1/
3  nTWЗ  . / , 

 

596,6262,1163,5222,1/
4  nTWЗ  . / . 

 

       1 %   

 . 

 

КЗ  01,0..
, (5.7) 

 

 К  –  , . 

 

 16,1911619,0801,001,0
1..  КЗ . / , 

 

 23,8242382,3801,001,0
2..  КЗ  . / , 

 

 24,1382413,7801,001,0
3..  КЗ  . / , 

 

 14,011400,9801,001,0
4..  КЗ  . / . 

 

      10 %    

 . 

 

КЗ  1,0  (5.8) 

 

 К  –  , . 

 



160 
 

161,90808,16191,01,01  КЗ   . / , 

 

 238,2382382,381,01,02  КЗ  . / , 

 

241,3782413,781,01,03  КЗ  . / , 

 

 140,0981400,981,01,04  КЗ  . / . 

 

     20 %    

     . 

 

 ЗЗЗ  /2,0  (5.9)       

                                       

     240,66161,9081041,412,02,0 /1  ЗЗЗ . / , 

 

     255,93238,2381041,412,02,0 /2  ЗЗЗ . / , 

 

    360,698241,378562,112 12,02,0 /3  ЗЗЗ . / , 

 

     392,51140,0981822,52,02,0 /4  ЗЗЗ . / . 

 

     ,   

        . 

        

  .  

       

 

610

TDQ
З p 
 , (5.10) 
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 pD  –   , / 3. 

 

      

 

З   (5.11) 

 

  –  1  , .  . 

     5.3 – 5.6. 

 

 5.3 –     1 

 
 

/  

 

. ./ ( 3) 

  

. /  

  7,56 2 15,12 

  4,927 6,3 31,04 

   46,16 

      55,4 

 

 5.4 –     2 

 
 

/  

 

. ./ ( 3) 

  

. /  

  9,645 15 144,7 

  4,827 6,3 30,4 

   175,1 

      210,1 
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 5.5 –     3 

 
 

/  

 

. ./ ( 3) 

  

. /  

  1,54 63,63 97,99 

  3,7 1,2 4,44 

  

 
26,13 35 914,55 

   1016,94 

      1220,33 

 

 5.6 –     4 

 
 

/  

 

. ./ ( 3) 

  

. /  

  0,247 2,2 0,54 

 0,008 212,5 1,74 

 Amersep MP7 0,0051 600 3,06 

  1,1 30 33,0 

   38,34 

      39,55 

 

      

 

 

 2328,32 =55,4+240,81+161,908+16,191 + 812,313 + 1041,41=1 . / , 

 

 2639,953=210,1 + 255,93+238,238+23,824+870,451+1041,41=2 . / , 

 

 4038,5=1220,33+360,698+241,378+24,138+629,825+1562,112=3 . / , 

 

 3035,264=39,55+392,51+140,098+14,01+626,596+1822,5=4  . / . 
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5.2.     
 

      

 

i ЗК                                                                                (5.12) 

 

  –      

, 16,0 . 

 

2587,3732,23281619,0816,01  ЗК . , 

 

3021,13 2639,952382,3816,02  ЗК  . , 

 

4424,70484038,52413,7816,03  ЗК . , 

 

3259,423035,2641400,9816,04  ЗК  . . 

 

  1 3     

 

10001 
Q

, (5.13) 

 

126,161000
508,8 20

37,2587
10001 

Q
C  / 3, 

 

147,311000
508,8 20

3021,13
10002 

Q
 / 3, 

 

 215,751000
508,8 20

4424,71
10003 

Q
 / 3, 
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158,931000
508,8 20

3259,42
10004 

Q
 / 3. 

 

5.3.     

 

   ,     

     , 

      -

 . 

 

 
 




t
t
tt

E

ЗKЗ
0 1

,  (5.14) 

 

 tЗ  –   ;  

E  –              

( 14,0E  –  ,  ); 

tК  –  ; 

T  –  , 7T  . 

 

    

 

T

KB
tK   (5.15)  

 

  –  ,  7 . 

 

3,231
7

08,1619
1 

T

KB
K  . ., 

34,340
7

38,2382
2 

T

KB
K  . ., 
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83,344
7

78,2413


T

KB
K t  . ., 

14,200
7

98,1400


T

KB
K t  . . 

 

1 =  
 










21 14,01

2328,32231,31619,0816,0231,3

)14,01(

1619,0816,0231,3  

 
 

 
 











43 14,01

2328,32231,331619,0816,0231,3

14,01

2328,32231,321619,0816,0231,3  

 
 

 
 

 
 

 .8904,39
14,01

2328,32231,361619,0816,0231,3

14,01

2328,32231,351619,0816,0231,3

16,01

2328,32231,341619,0816,0231,3

7

65

















 

 

2 =  
 










21 14,01

340,342382,3816,0340,34

)14,01(

2382,3816,0340,34  

 
 

 
 











43 14,01

2639,95340,3432382,3816,0340,34

14,01

2639,95340,3422382,3816,0340,34  

 
 

 
 

 
 

 .9467,39
14,01

2639,95340,3462382,3816,0340,34

14,01

2639,95340,3452382,3816,0340,34

16,01

2639,95340,3442382,3816,0340,34

7

65

















 

 

3 =  
 










21 14,01

4038,5344,832413,7816,0344,83

)14,01(

2413,7816,0344,83  

 
 

 
 











43 14,01

4038,583,344378,241316,083,344

14,01

4038,583,344278,241316,083,344  

 
 

 
 

 
 

 .18025,44
14,01

4038,583,344678,241316,083,344

14,01

4038,583,344578,241316,083,344

16,01

4038,583,344478,241316,083,344

7

65
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4 =  
 










21 14,01

3035,264200,141400,9816,0200,14

)14,01(

1400,9816,0200,14  

 
 

 
 











43 14,01

3035,264200,1431400,9816,0200,14

14,01

3035,264200,1421400,9816,0200,14  

 
 

 
 

 
 

 .13118,37
14,01

3035,264200,1461400,9816,0200,14

14,01

3035,264200,1451400,9816,0200,14

16,01

3035,264200,1441400,9816,0200,14

7

65

















 

 

      5.7 
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 5.7 –   -      

№   
 

 

  

  
 

 

  

 

1 2 3 4 5 6 7 

1   . . 1619,1 2382,4 2413,8 1400,9 

2     50,3 53,9 39 38,8 

3   
. 

/  
2328,32 2639,95 4038,5 3035,26 

4   . . 2587,37 3021,13 4424,7 3259,42 

5   ./ 3 126,16 147,31 215,75 158,93 

6 
  

 
. . 8904,39 9467,39 18025,44 13118,37 
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5.4. -     
    

 

  5.7  -   

     .  

 ,      

      .  

  -     

   ,    5.1 – 

5.6. 
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 5.1 –          

 

0

500

1000

1500

2000

2500

1619,08 

2382,38 2413,78 

1400,98 

. 
. 

  

      



170 
 

 

 5.2 –          

 

 

0

10

20

30

40

50

60
50,3 

53,9 

39 38,8 
. 
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 5.3 –          

 

 

0

500

1000

1500

2000

2500

3000

3500

4000

4500

2328,32 

2639,95 

4038,5 

3035,26 
. 

./
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 5.4 –          

 

 

 

0

500

1000

1500

2000

2500

3000

3500

4000

4500

2587,37 

3021,13 

4424,7048 

3259,42 
. 

. 
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 5.5 –     1 3      

 

 

 

0

50

100

150

200

250

126,16 

147,31 

215,75 

158,93 
./

3  

  1 3 
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 5.6 –         

  

 

 

 

 

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

8904,39 
9467,39 

18025,44 

13118,37 
. 

. 
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-  Amersep MP7  ,   

     : 

1.       

,      . 

2.       

  ; 

3.      

  ; 

4.      ,   

,      ; 

5.         

  ; 

6.  -  . 
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