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1.   ,  
     

 
    1.1.     ,  

       . 
    1.2. ,     , 

    ,   
     ,     

,       , 
  . 

    1.3.         
 1900 / ,       . 

    1.4.       
    : 

    Hp = 0.187 x M,                                     (1.1) 
     
    Hp -  ; 
    0.187 -       ; 
    M -    , / . 
           

 : 
    P = B  C  S,                                      (1.2) 



     
    P - ,     ; 
    C -   1  ; 
    S - ,      ; 
    B -       ; 
    B=Hp/0,0297;                                        (1.3) 
    0,0297 -     . 
    1.5. . ,        58  

 .  -  .   1   
   1995  5 .      

   1900 / .  ,  
   . 

    1.6.  
    1.6.1. Hp = 0.187  M = 0.187  1900 = 356 / a 
    1.6.2. B = 356/0.0297 = 11986 / a = 12 /  
    1.6.3. P = B  C  S = 12  5  58 = 3480  
    ,     ,  3480 

. 
 
2.      

    ,  
      

    2.1.  ,     . 
    2.1.1.   " ", " "  "  

" .      
    .   

   .    
     1-7 .     

        ( . 2.1). 
 

                                                     2.1 
 

    
   

---------------------------------------------------------------------------------------------------- 
 /  |                                     |          
       |                                                             |        
---------------------------------------------------------------------------------------------------- 
  1.                                                              1,35 
  2.                                                      1,00 
  3.                                                             0,85 
 
             

 ,         
,    2.2, 2.3, 2.4. 



                                                     2.2 
 

    
---------------------------------------------------------------------------------------------------- 
 /  |                                         |        
       |                                                                            |     
---------------------------------------------------------------------------------------------------- 
  1.                                                                   0,32 
  2.                                 0,45 
  3.                                                                            0,68 
  4.                                                          0,77 
  5.                                                            1,00 
 

                                                     2.3 
 

     
    

---------------------------------------------------------------------------------------------------- 
 /  |                 |       
       |                                                                        |     
---------------------------------------------------------------------------------------------------- 
  1.                                                                          0,8 
  2.    -                                                  1,0 
  3.                                                                      1,2 
  4.    -                                 1,6 
 

                                                     2.4 
 

    
     

---------------------------------------------------------------------------------------------------- 
 /  |                                                     |       
       |                                                                               |     
-----+----------------------------------------------------------+--------------------------------- 
       |                                   1                                          |        2 
---------------------------------------------------------------------------------------------------- 
  1.                                                                1,0 
  2.                                                          1,4 
  3.                                                   2,0 
  4.                                                        2,8 
  5.                                              3,0 
  6.    ,                               3,2 
    2.1.2.   " " 
     /        . 



        ,   
    . 

          2.5. 
 

                                                 2.5 
 

    
   

---------------------------------------------------------------------------------------------------- 
 /  |                           |         
       |                                                            |       
---------------------------------------------------------------------------------------------------- 
  1.      2-                          0,04 
  2.                                                0,09 
  3.                                  0,19 
  4.                                                0,21 
  5.                                                                      0,27 
  6.                                                     0,44 
  7.                                                              0,57 
  8.                                   0,23 
 
    2.2.  ,     . 
     . 
          ,   ,  

 . 
        :       
    W = 0.0055(2  in ln + di  dl)  h  k  e  f,   (2.1.) 
     
    W -   ( / ); 
    in -    ,    (  ); 
    ln -     ,    
( ); 
    di -          

  (  ); 
    dl -          
   ( ); 

    h -    ( ); 
    k -   /      ( .2.5); 
    e -        
( .2.4); 
    f -        ( .2.1); 
         2.1; 2.2; 2.3; 2.4; 2.5. 
    2.3.        

    . 



           
     ,     

        
        

(    )      
. 

 
                                            Ta  2.6 

 
    

     
   

---------------------------------------------------------------------------------------------------- 
N -| - |  | - |    |    
 , -|  |   |        |   -   |         
        |   |        | |   ( -     |     
            | ,    | -   |  -   |   ,          |                    
            |     | -    |   |                                             | 
            |         | -     |  |------------------------------------|-------------------------- 
            |         |       |    | -  | - | - | - |              |  - 
            |         | ,      |  | - |    |  | -  | ,|  -  
            |         |            | - |  | -    | - |   |             | , /  
            |         |              | -   |(  15%)|    |  | -  |               |        
            |         |              |    |            |      |   | -   |              |        
            |         |              | - |            | -     |  |  (      |               | 
            |         |              | - |            |       | -    | 30%)    |               | 
            |         |              |    |            |(         |    |              |               | 
            |         |              | -   |            |10%)   |(c      |              |               | 
            |         |              | - |            |           |10%) |              |               | 
            |         |              | ,  |            |           |          |              |               | 
            |         |              |(30%)|            |           |          |              |               | 
---------------------------------------------------------------------------------------------------- 
 I-1; 
 II-1       44.2    666.7    355.9     53.4     35.6   35.6     106.8        124.5       2.82 
 II-3; 
 II-2      32.8     162.1    93.1      14.0      9.3      9.3       27.9          32.6        0.99 
 II-3; 
 II-4      34.5     212.4   167.3     25.1      16.7    16.7     50.2          58.6        1.70 
 II-6; 
 II-5      59.7    1089.3  684.1     102.6     68.4    68.4    205.2        239.5      4.01 
 III-1    25.0     202.8   191.5      28.7      19.2     19.2    57.4          67.0        2.68 
 III-2    31.5    211.7    199.9      30.0      20.0     20.0    60.0          69.9        2.22 
 III-3; 
 III-4; 
 III-5     62.6   2221.9   746.4    112.0      74.6      74.6    223.9       261.3      4.17 



 IV-1; 
 III-6     24.6  268.2      166.3    24.9        16.6      16.6    49.9         58.3         2.37 
 IV-2    10.7   98.1        61.7      9.3           6.2       6.2       18.5        21.5         2.01 
 IV-6; 
 IV-4    24.4  486.8      219.2    32.9          21.9     21.9      65.8       76.7         3.14 
 IV-7; 
 IV-5; 
 IV-3   50.3  2009.2     703.3    105.5        70.3      70.3      211.0     246.2        4.89 
 
  400.3 7629.2   3588.7   538.4       358.8     358.8    1076.6  1256.1       3.14 
---------------------------------------------------------------------------------------------------- 
          

,        ( )  
. 

            
-       

         " " 
,  /    . 

      2.6       
" "       . 
          

    10%-  ,  
  , , 

,       . 
     10%-  ,  

 -  39%- . 
          2.6, ,  

    10%- o   
(   1   10 ),    

        
,     25-35%. 

         
(      )   

       
35-45%. 

     
 (  , ,    

)      10%.  
   (  ),   -   30%. 

          
    95-98%.  ,  

        
    : 

    -    - 30% 
    -   - 15% 



    -   - 10% 
    -   - 10% 
    -   - 30%. 
    2.3.1.    1 3      

  . 
       1.0% ,     

  .   
     1.0%     
    . - , 

  100   ,     
    - 93     

     - 2.97 - 3.00%. 
     1 3      .  

 ,      1 3 
 ,        

   . 
 

                                            Ta  2.7 
 

      
(    )   

---------------------------------------------------------------------------------------------------- 
           | -  |    /     
                                           |                                 |           
---------------------------------------------------------------------------------------------------- 
                            289.53                      9264.96 
 
 : 
                                                282.81                      9049.92 
                                                   310.34                      9930.88 
                                                      254.21                      8134.72 
                                                          371.97                     11903.04 
                                                     250.75                       8024.00 
                                                   326.48                      10447.36 
                                                     282.69                       9046.08 
                                                  462.45                       14798.40 
                                                    282.48                       9039.39 
                                              307.45                       9838.40 
                                                312.61                        10003.52 
                                                      340.45                        10894.40 
                                                  313.82                          10042.24 
                                              258.88                           8284.16 
                                                     258.03                           8256.96 
                                                  243.15                           7780.80 
  E                                                    260.62                           8339.84 



                                                  261.36                           8363.52 
                                                247.17                           7909.44 
                                                   260.05                            8321.60 
                                         232.14                            7428.48 
                                              358.60                             11475.20 
                                                  389.29                             12456.96 
                                                      309.87                             9915.84 
                                              414.79                             13273.28 
                                                   251.95                              8062.40 
                                                     307.20                              9830.40 
                                                    250.20                              8006.40 
                                                254.72                               8151.04 
                                                253.80                               8121.60 
                                             260.33                               8330.56 
                                              246.99                                7903.68 
                                                  255.26                                8168.32 
                                             459.65                                14708.80 
                                        249.13                                7972.16 
                                        308.75                                9880.00 
                                              361.83                                11578.56 
                                           269.88                                 8636.16 
                                                 290.93                                 9309.76 
                                        366.45                                 11726.40 
 
 : 
                                            361.00                                  11552.00 
                                                  260.33                                  8330.56 
                                           246.99                                   7903.68 
                                               282.81                                   9049.92 
---------------------------------------------------------------------------------------------------- 
     1 3 -      93    

     3.0%     
 (   /  )    1    

 100    926496  ( .2.7). 
    2.3.1.1.    1 3 -    

  3.0% : 
                  P  
    P 1 3 = ---,                                    (2.2.) 
                 V  
     
    P1 3 -  1 3 - , ; 
    P  -  1  -    100,  (926496 ); 
    V  -     1 . 
    2.3.1.2. 
    V a = S  x h,                                  (2.3.) 



     
    S  -  1  (100001 2); 
    h -    (0.93 ); 
    V  - 10000 2 x 0.93  = 9300 3 
 
                  926496 
    P1 3 = ----------- = 100 ( )                       (2.4.) 
                   9300 
    2.3.1.3.  1 3   ( 1 3)   : 
    P1 3 = P1 3 x Ch x Ct...,                       (2.5.) 
     
    Ch -        

     ; 
    Ct -        

 . 
                           a1 
    2.3.1.4. Ch = ----,                             (2.6.) 
                            a 
     
    a1 -      ; 
    a -      -  (3.0%). 
     ,    1 3    

        
         .  

         
 ,   (  ). 

      2.8.    1 3     
    ,   , 

   .  
 

            
         Ta  2.8 

     1 3  
      

---------------------------------------------------------------------------------------------------- 
 N | |               1 3 ,          

/ |  %     |--------------------------------------------------------------------------------------- 
     |           | - | - | -  | - | - | -     |   
     |           |         | -     | -   |   -   | - |   | - 
     |           |               |     | - | -  |           |  |  
     |           |               |                |        |   |                 |               | 
---------------------------------------------------------------------------------------------------- 
 1      4.9         49             81           114           163              147            114          81 
 2      4.8         48             80           112           160              144            112          80 
 3      4.7         47             79           100           156              141            100          79 



 4      4.6         46             77           108           153              138            108          77 
 5      4.5         45             75           105           150              135            105          75 
 6      4.4         44             74           103           146              132            103          75 
 7      4.3         43            72            101           142              129            101          73 
 8      4.2         42            70            98             139              126            98            71 
 9      4.1         41            69            95             136              123            95            69 
10     4.0         40            67            93             133              120            93            67 
11     3.9         39            66            90             130              117            90            66 
12     3.8         38            64            88             127              114            88            64 
13     3.7         37            62            86             124              111            86            62 
14     3.6         36            60            84             120              108            84            60 
15     3.5         35            58            82             117              105            82            58 
16     3.4         34            57            79             113              102            79            57 
17     3.3         33            56            77             110              99              77            56 
18     3.2         32            54            75             107              96              75            54 
19     3.1         31            52            72             103              93              72            52 
20     3.0         30            50            70             100              90              70            50 
21     2.9         29            49            67             96                87              67            49 
22     2.8         28           48            65             93                84              65            48 
23     2.7         27           46            63             90                81              63            46 
24     2.6         26            44            60             86                78              60            44 
25     2.5         25            42            58             83                75              58            42 
26     2.4         24            41            55             80                72              55            41 
27     2.3         23            39            53             77                69              53            39 
28     2.2         22            37            51             74                66              51            37 
29     2.1         21            35            49             70                63              49            35 
30     2.0         20            33            47             67                60              47            33 
31     1.9         19            32            45             64                57              45            32 
32     1.8         18            31            42             60                54              42            31 
33     1.7         17           29            40             57                51              40             29 
34     1.6         16           27            37             53                48              37             27 
35     1.5         15           25            35             50                45              35             25 
36     1.4         14           24            33             47                42              33             24 
37     1.3         13           23            30             43                39              30             23 
38     1.2         12           21            28             40                36              28             21 
39     1.1         11          19             25             36                33              25             19 
40     1.0         10          17             23             33                30              23             17 
41     0.9         9            16             20             30                27              20             16 
42     0.8         8            14             18             27                24              18             14 
43     0.7         7            12             16             23                21              16             12 
44     0.6         6            10             14             20                18              14             10 
45     0.5         5            8               12             17                15              12             8 
46     0.4         4            6               9               14                12               9              6 
47     0.3         3            5               7               10                9                 7              5 
---------------------------------------------------------------------------------------------------- 



3.   ,  
      

  
    3.1.       

       
    . 

    3.2.        
  ,      

    . 
    3.3.    :    

  (1   ),     
  , ,  , 

         
  ,        

  ,    ,  
     . .     , 

 ,   . . 
    3.4.     
    P = Si  Qi  K,                                        (3.1.) 
     
    P - , ; 
    Si -  ,        

, ; 
    Qi -  , / ; 
    K - ,       

   . 
    3.5. 
    K = Ke  Kg  Ks  Kz  Kh  Ka  Kp (  3.3.),    (3.2.) 
     
    Ke -   ; 
    Kg -   ; 
    Ks -   ; 
    Kz -   ; 
    Kh -  ; 
    Ka -  ; 
    Kp -  . 
     ,    3.3     

,    1.  ,  
  ,      

,      1   ( . 
2.7). 
    3.6. .       6 ,   3  
(S1)      ,  

  0,5 ,   3  (S2)    



,    0,3 .  , 
  .    3.3: 

    Q1 = 94921 / ; Ke1 = 0.8; Q2 = 20111 / ; Ke2 = 0.5. 
 

                                            Ta  3.3 
 

 
      

,    , 
 ,    

   (16) 
------------------------------------------------------------------------------------------------------------------- 

- | -|                                               | - |  | - 
| |-----------------------------------------------------------------------| -    |            |    

 |  Q     |  -| -| | | - |                |  
        |    |         |  -     |      Rz                  |      Ks       |  |------------|    
 c    |-------|                       |  ,           |                            |                  |         |  | |    
        |1    |-----------------|-------------------|---------------------|--------------| Kh   |    |  | 
        |         | -| | | - | - |  |  | - |  | | | |       |        |       | 
        |         |  |  |   | - |     |  | |     |    |  |  |  |       |         |      | 
        |        |        |      |        |    | - |  |      |           |         |      |       |       |       |         |      | 
        |        |        |      |        |        | - |       |      |           |         |      |       |       |       |         |      | 
        |        |        |      |        |        |    |       |      |           |         |      |       |       |       |         |      | 
------|------|------|-----|-----|------|-------|-----|-----|--------|-------|----|-----|------|-----|-------|----|-------- 
  1    |  2    |  3    |  4  |  5   |  6    |  7     | 8    | 9    |  10    | 11     | 12| 13  |  14  |  15 | 16    | 17| 18 
------------------------------------------------------------------------------------------------------------------- 

  
0-30 25550 0.8  0.7  0.5    0.8    0.7    0.6                                                     1.06   0.6  0.4 0.4 
0-50 34300 

  
0-30 20112 
0-50 29983 0.8  0.7  0.5    0.8    0.7    0.6                                                     1.06   0.6  0.4 0.4 
0-100  43254 

-   
0-30  34889 
0-50  51840 0.8  0.7  0.5    0.8    0.7    0.6                                                    1.06   0.6  0.4 0.4 
0-100 79950 

  
0-30  59606 
0-50  92890 0.8  0.7  0.5    0.8    0.7    0.6    0.8    0.6    0.4    0.8  0.7  0.5  1.06 
0-100 140442 

  
0-30  59640 
0-50  94921 0.8  0.7  0.5    0.9    0.8    0.6    0.8    0.6    0.4    0.8  0.7  0.5  1.06 
0-100 146599 



0-150 174083 
  

0-30  62596 
0-50  97616 0.8  0.7  0.5    0.9    0.8    0.6    0.8    0.6    0.4    0.8  0.7  0.5  1.06 
0-100 149700 
0-150 174386 

   
0-30  64176 
0-50  104128 0.8  0.7  0.5  0.9    0.8    0.6    0.8    0.6    0.4    0.8  0.7  0.5  1.06 
0-100 162849 
0-150 191940 

  
0-30  53455 
0-50  84000 0.8  0.7  0.5  0.9    0.8    0.6    0.8    0.6    0.4    0.8    0.7  0.5  1.06 
0-100 130238 
0-150 157437 

  
0-30  53378 
0-50  82969 0.8  0.7  0.5  0.9    0.8    0.6    0.8    0.6    0.4    0.8    0.7  0.5  1.06 
0-100 132949 
0-150 158693 

 
    3.7. . 
    P=Q1 S1 Ke1+Q2 S2Ke2=94921 3 0.8+20111 3 0.5=257977 ( ) 
            

    257977 . 
 

4.   ,  
    

  
    4.1.  . 
           ( ) 

       
       , 

     ,   
 ,        

   . 
        ,  

-        
  . 

    4.2.  . 
    4.2.1.        

         
       

 . 



    4.2.2.       
       

,      
      

     . 
    4.2.3. ,       

         
,       

 ,      
      

     . 
       : 
         (     

)         
   ; 

              
,        

 ,    -
 , ,  ( )   

    ; 
             

  -      ( )    
    . 

          , 
  ,    n 

       
. 

         ,    
( )      

        . 
    4.3.         

 . 
    4.3.1.          

        . 
 ,     ,   

  : 
    P = Nc  S(i)  Ct  Cp(i),                         (4.1.) 
     
    P -          

 (  1  n)   (  ); 
    Nc -     (  / ), 

   2.7.    (Nc) 
         

 ,    
  ; 



    Ct -         
 /  ,    4.10; 

    S(i) -  ,    (i); 
    Cp(i) -        

   (i),    4.5; 
    4.3.2.      : 1 - 

 ; 2 -   ; 3 –  
 ; 4 -   ; 5 -   

( )  .    
    ,    

   ( )   
  ( ),    4.1; 4.2; 4.3.  

 1 ( )  Cp   4.1  ,  
PN0 (   ).     

.     4.4. 
    4.3.3.      4.4  ,  

 ,        (4.1) 
    Cp(i)      4.7, 4.8  

 (4.2). 
 
            C(i) fact 
    Lc = -------------                                      (4.2) 
            C(i) fon, 
     
    C(i) fact -  de facto  (i)  ; 
    C(i) fon -       

  (i). 
-------------------------- 
    .      - 

     ,     
. 

        4.8       
       – 

      
  ;     

    0.1 . 
    4.3.4.        

    
    P = (Np(i)  (i)  25  Ct),                       (4.3.) 
     
    P -          

 (  1  n)   (  ); 
    Np(i) -       1  ( . )  

 (i) ( ),     4.9. 



       4.9   
  "     

        
   "; 

    M(i) -  ( )   (i) ( , . ); 
    25 -        

 ; 
    Ct -         

 /  ,    4.10. 
 

                                                 4.1 
 

   ( ) 
     

---------------------------------------------------------------------------------------------------- 
        ,                     |       , 
                                                                                 |       /   
---------------------------------------------------------------------------------------------------- 

  
                                                                                 150 
                                                                               1500 
    +                                                            1000+100 
                                                                                 2.0 
                                                                                     4.5 
     (Hidrargium)                                                            2.1 
                                                                                   32 
                                                                                   4.5 
    (+3)                                                                          90 
     *                                                          160 
------------------ 
    *    
 
    H2S                                                                                   0.4 
                                                                               130 

  
                                                                                     10 

 ** 
------------------- 
    **   ,        

    pH 4,8;  -   
   pH 3,5  . 

    
                                                                                   6 
                                                                                   4 
                                                                                      6 



                                                                                      3 
                                                                                      23 
                                                                                 5 
    :                                                700 
 

                                                 Ta  4.2 
---------------------------------------------------------------------------------------------------- 
          |         |         |    
                                          |     , /     |                                         | , /   
                                          |           |                                         |   
---------------------------------------------------------------------------------------------------- 

                                        0.15                                              0.5 
                                        1.0                                               0.2 

                                      0.5                                                 0.2 
                                      0.1*                                             0.05 

--------------------- 
    *     5.5                         
 

                   0.5                                 0.5 
                                     0.5                             + 

                           10.0                               0.5 
                                     0.1                                            0.5 
+                0.03                                              2.0 
                                  0.02                                                 1.0 

                                    0.25                            
 (a)                           0.02                         ( -, -, -)     0.3 

                                      0.1                                                 1.0 
                                      0.3                                                    1.0 
                                    0.25                         a                       0.1 

                                 1.0                            Me                        1.0 
                                   1.4                            Me                          0.1 

 ( )                       0.1                            M                              0.03 
 ( )              0.1                            Mo                          0.3 
 ( )   0.5                                                     0.3 

                                0.05                                            0.1 
                                0.05                                     0.5 

                                  0.5                                         0.5 
                                    0.5                                                 0.5 

2.4 -   -                                                                                1.5 
       0.1                                                      0.05 

2.4 -                    0.05                                                     0.02 
2.4 -                   0.25                                                         0.8 

   2.4  0.15                                                        0.05 
                                                                                0.1 

     2.4-                         0.15                                                     0.2 



                                                                             0.02 
     2.4-                         0.15                                                        0.1 

                                                To                                0.3 
     2.4-                        0.14                                                     1.8 
    2M - 4HP                              0.4                                                        0.5 
    2M - 4HM                            0.6                                                     0.3 

T                                                                 7.0 
(  )          0.1                                                      0.1 

                                       0.01                                                    0.03 
                                      0.5                                                             0.2 

                                  0.01                                                           0.9 
                               3.0                                        
                                0.5 

                                  0.05 
 

                                                        T  4.3 
 

   ( ) 
   

--------------------------------------------------------------------------------------------------- 
            |  ,|                    |  , 
            | /       |                     | /   
---------------------------------------------------------------------------------------------------- 
                               0.6                                             0.4 
                           0.05                                            0.03 
                          0.5                                               1.0 
                            0.2                                                0.1 
                          0.7                        Me                         0.1 
                      0.4                        Me                  1.6 
                        0.4                                              0.15 
                          0.1                        +6       0.2 
                       0.5                                               0.2 
                             0.1                                                   0.05 
                    0.2                                0.1 
                     0.5                                                  0.7 
        0.03                                               0.1 
                      0.5                                                0.15 
                         0.7                                         0.6 
                         0.5                               0.06 
                         0.1                        ( a ) 
                          0.1                          -1                  0.5 
                     0.5                                                      0.01 
                    0.5                                                       0.2 
    a              0.25                                                      0.2 
                          0.05                                                    0.15 



                           0.15                                                      0.04 
                    0.5                                                      0.03 
                        1.0                                                          0.6 
                         0.15                                                        0.2 
                 0.1                                                             0.1 
                          0.6                         a                                 0.3 
                      0.4                                             1.0 
                    0.4                                                    0.2 
                       0.6                                                        0.4 
                       0.1                                                          0.4 
    -               0.4                                                           0.1 
     0.06                                                  0.2 
                    0.1                                                               0.9 
                     0.05 
     0.03 
---------------------------------------------------------------------------------------------------- 
 

                                                4.4 
 

      
---------------------------------------------------------------------------------------------------- 
       ,           |      ( / ),  
              |               
                                  |-------------------------------------------------------------------------- 
                                  |        1          |         2         |       3         |       4            |       5 
                                  | -             | -     | -   | -      | - 
                                  |             |  -     |   |          |  
                                  |          |  | -      | -         |   
                                  |          |          |       |         | -  
                                  |                    |                    |        |           |  
                                  |                    |                    |                 |                     |  
-------------------------|---------------|---------------|-------------|----------------|-------- 
             1                   |         2         |          3        |         4      |          5         |   6 
---------------------------------------------------------------------------------------------------- 

                          <                      3               5         >20 
                                                          3                    5               20 

                         <                       125            250     >600 
                                                          125                250           600 

                           <                        3                5          >10  
                                                          3                    5               10           

                      <                        20              30        >50    
                                                          20                  30             50           

                            <                        500           1500     >3000  
                                                          500                1500         3000         

                           <                         200           300       >500   



                                                         200                 300          500          
                      <                         50             150       >300   

                                                        50                    150          300          
                       <                         150           300       >500   

                                                        150                 300           500          
                   <                       40             100       >200   

                                                       40                   100           200          
                       <                       20             50         >300   

                                                       20                   50             300          
                         <                        200           400      >2000  

                                                       200                 400           2000         
                         <                        250            500      >800   

                                                      250                 500           800          
                    <                       225            300       >350   

                                                      225                300             350          
 (   )  <         15              25         >50    

                                                     15                   25               50           
     

  
  <             5                25        >50    

(  ,                5             25             50           
  C1, , 

, 2-4D  .) 
                      <              1               5           >10    

                                                            5               5               10           
                                                <        1               5          >10    

                                                                                5              10           
                                           <         2              5           >10    

                                                                                5              10           
                                       <         6              30        >60    

                                                                                30            60           
                                             <         0.1           3          >20    

                                                                                3              20           
                             <               5               20         >50    

                                                              5           20             50           
                             <            1000     2000          3000    >5000  

                                                              2000     3000         5000         
                    <                0.1            0.25       >0.5   

                                                             0.1         0.25          0.5          
                            <                1               3           >10    

                                                             1            3               10           
                           <                10              50         >100   

                                                            10           50             100          
                  <                 3               10        >50    

                                                            3             10             50           



 ( -; -;   <                 3               30        >100   
)                                                   3             30             100          

                       <      -- 
 **    <                  180           250       >380   

                                                             180        250          380          
       <  

------------------------ 
    * -   ;       

       
              

    ** -    (S) 
 

                                                     4.5 
 4.5 

 ( )      
     

  
---------------------------------------------------------------------------------------------------- 

 |                                   |      Cp 
-   |                                                                               | 
     |                                                                               | 

---------------------------------------------------------------------------------------------------- 
    1                                                                              0 
    2                                                                        0.3 
    3                                                                      0.6 
    4                                                                     1.5 
    5                                                            2.0 
                                                    
 

  4.6 
 (Ca)     

     
---------------------------------------------------------------------------------------------------- 
              , , m            |        
---------------------------------------------------------------------------------------------------- 
                                          0 - 20                                             1.0 
                                          0 - 50                                             1.3 
                                          0 - 100                                           1.5 
                                          0 - 150                                           1.7 
                                          0 - > 150                                        2.0 

                                                     4.7 
 

      
    (Zc) 

---------------------------------------------------------------------------------------------------- 



   |                       |  
 |                                                                  |     (Cp) 
---------------------------------------------------------------------------------------------------- 
    < 2                                                              0 
   2 - 8                                                                              0.3 
   8 - 32                                                   0.6 
  32 - 64                                                  1.0 
    > 64                                          2.0 
 

                                                     4.8 
 

     
     ( / ) 

---------------------------------------------------------------------------------------------------- 
                                    |   Zn   |   Cd   |   Pb   |   Hg   |   Cu   |   Co   |   Ni   | As 
---------------------------------------------------------------------------------------------------- 
                  60      0.20      16      0.15       18       12       35   2.6 
                                 68      0.24       20     0.20       25       15       45   5.6 
 

            
 

                                                4.9 
 

      
  

---------------------------------------------------------------------------------------------------- 
                                                                                |  |  - 
                                                         | -      |    
                                                                                |       |  ( )    
---------------------------------------------------------------------------------------------------- 

 :  
   -                                 t                  6.6 
   -                      m.c.            303.6 
   -                              m.c.             528.0 
 

 : 
   - 1                            t                  39960 
   - 2                         t                  15840 
   - 3                       t                  10560 
   - 4                             t                  5280 
 

                                                     4.10 
 

   (Ct)  



 /   (Nc)   4.1     , 
    (  Ct  

    ) 
---------------------------------------------------------------------------------------------------- 

  |     |   |    
 -   |        |  -    |    

   ( )             |                             |   ( )              | 
---------------------------------------------------------------------------------------------------- 
        1                                          0.9                              8-10                      5.6 
        2                                          1.7                             11-15                     7.0 
        3                                          2.5                             16-20                     8.2 
        4                                          3.2                             21-25                     8.9 
        5                                          3.8                             26-30                     9.3 
       6-7                                       4.6                             31               10.0 
 
    4.4.   
    4.4.1.      ,   

     ,   
      

 ,    
 ,      
    -    

 ,      
        . 

    4.4.2.        
      

     
. 

    4.4.3.          
     ,       
 ,   ,   

         
  ,  ,    

    . 
    4.4.4.        

  .      
      ,   

   . 
    4.4.5. ,       , 

    ,     
     ,    
,      ,  
    ,     

        
     . 



                                                           
                     

 
    N ___ 

   
 
    "____" _____________ 2000                   _____________________ 
                                              (   ) 
 
    1. , ,    ,   
__________________________________________________________________ 
    2. ,    ,    

   
__________________________________________________________________ 
    3.       : 
__________________________________________________________________ 
                 ( , ,   ) 
__________________________________________________________________ 
                   (  ,  ) 
__________________________________________________________________ 
           (     - ) 
    4. ,   ( ,  ). 
    5. ,    . 
    6.       . 
    7.  . 
    8.           

 , ,     
__________________________________________________________________ 
    ____________________________                ______________________ 
     ,                  * 
 
     ,     
 
----------------------------- 
    *          

 
 
5.   ,   

      
 

    5.1.     ,  
       

. 
    5.2.       :  (1.10 

/ ),  (1.53 / )   (1.08 / ). 



    5.3.  -       
  -  -      
   / .      

1-5        ( , 
  )      

( .5.1, 5.2).          
   ,     
         

    .   
        

           - 
      , 

    , ,  
,    5.3,     

 ,      . 
    5.4.    ,   

      , 
   : 

    5.4.1.  ,      
         

 ( . 5.1, 5.2). 
    5.4.2.  ,      

         
 ( . 5.1, 5.2). 

    5.4.3.  ,     
      ( . 5.1, 5.2). 

 
                                                     5.1 

 
      

    
   

---------------------------------------------------------------------------------------------------- 
                  |   |   NO3, |       
                 |     /             |   /               |   
                              |                                     |   0-100 .    | 
---------------------------------------------------------------------------------------------------- 

           + 15                     150                  1.10 
        + 15  - 15                      60 - 150                      0.0 

( ) 
           - 15                     60                    1.10 

---------------------------------------------------------------------------------------------------- 
 

 
 



                                                     5.2 
 

   ,   
         

---------------------------------------------------------------------------------------------------- 
                  |  , |    /   |    
                 |       /                      |100     0-30 c |  - 
                               |                                    |---------------------------------|   
                               |                                    |      |       |  ( / )  
---------------------------------------------------------------------------------------------------- 

)  (P2O5) 
             15                   4.5        15        1.53 

          +15...-15                  1.5 ...  4.5       5 ... 15            0.0 
( ) 

              - 15               1.5         5        1.53 
 

)  (K2O) 
            30                   40           20        1.08 

         +30...-30                  20 ... 40            10 ... 20          0.0 
( ) 

             30                20              10       1.08 
 
    5.5.     : 
     = B x C x S,                                      (5.1) 
     
     - ,  
     -    N; 2 5; K2O; / . 
     -      ( .1.1,1.2), . 
    S -  ,    ,  
     = G - (Er + El ),                                 (5.2) 
     
    G -     (   ),   

      
    Er -    ,     ( .5.5), 

. 
    El -    ,         

 ( .5.4), /  
    Er  R  K,                                          (5.3) 
     
    R-   , /  
    -           , 

       ( .5.5) 
 

            
 



      5.3 
 

       
---------------------------------------------------------------------------------------------------- 
          |     |               |  NPK 
     |                    |                               |  ,  
                 |                                   |------------------              ----------|     
                 |                                   | -  |    N    |  P2O5 |   K2O  | 
                 |                                   |    |           |            |             | 
---------------------------------------------------------------------------------------------------- 
                      58         0.53      0.31      0.81       14.5 
                    90         0.30      0.17      0.37       8.4 
                      75         0.57      0.42      0.79       17.8 
                              98         0.57      0.02      0.09       6.8 
 
                      60        0.807     0.53       0.52      18.5 
                                  94        0.23       0.13       0.08      4.4 
                             82        0.56       0.66        0.25     14.7 
                             99         0.06      0.03         0.05    1.4 
 
                         45        1.04       0.45         1.43    29.2 
                            53         1.06       0.43         1.10    25.9 
 
                      46         1.53       1.44         1.00    39.7 
                            52         1.85       1.29         0.92     4.06 
                            99         0.14       0.03          0.09     2.6 
 

                                                     5.4 
 

      
    

( ), /  
---------------------------------------------------------------------------------------------------- 
          |                |      |  -  
                                            |          |          |   
                                            |                              |                           |  
---------------------------------------------------------------------------------------------------- 
                                                                                 30                   12 
                                      16                    6 
                                                                              332                 131 
                                            
                                                                                 52                   21 
                                     25                   10 
                                                                              619                  256 
 



                                                                                 80                    38 
                                     37                   18 
                                                                              1107                529 
---------------------------------------------------------------------------------------------------- 
 

                                                     5.5 
 

 ,    1    
,    ,  

---------------------------------------------------------------------------------------------------- 
           /                                 |                
                                 |-------------------------------------------------------------- 
                                                 |        N      |     P2O5    |     K2O     |     NPK 
---------------------------------------------------------------------------------------------------- 
                            33.0          12.0            24.0            69.0         
                              30.0          10.0            24.0            64.0 
                               30.0          10.0            24.0            64.0 
                                               30.0           13.0           29.0            72.0 
     ( )                      28.0           10.0           27.0            65.0 
                                             44.1           12.5           32.0           88.6 
                                           40.0           140.0         20.0           74.0 
     ( )     
                                               50.0            15.0          20.08          84.0 
                                             30.0           10.0           30.0            70.0 
                            5.5             1.6             6.0              13.1 
                                    48.9           17.5           100.0          166.8 
                                                64.9            19.5           79.6           134.0 
                                             35.7            7.3             60.8           103.8 
                                     6.7             2.0             9.5              18.2 
                                           2.9             0.7             3.9               7.5 
                3.3             1.5             3.5               8.3 
     ( )                     4.0             1.6             4.2               9.8 
      ( )       21.0           6.5             23.8             51.3 
            
    (  )                      5.3            1.5              7.3              14.1 
           
    ( )                                        30.3          6.0              28.1            64.4 
         
    (  )                     9.1             2.7             8.0               19.3 
                            6.5             2.0             6.7               15.2 
                      2.3             0.4             2.0                4.7 
                         18.0            7.0            23.0               48.0 
---------------------------------------------------------------------------------------------------- 
 



    5.6. .   (100 )      50 
/ .         - N140, 
50, 135. 

           
. 

        ,   
. 

     1.   180  , 60    150    1  
     40  (180-140)    

   . ,     
 0-100   170     .  ,  

     .  1.10  
( .5.1)  40    100    4400 ,   

 . 
     2.      ,   , 
N150, 150, 150           

  100  (150-50). ,     2 5 
5 /100  ( ),     .   

    15300  (1.53  100   100 ). 
     3.        N60, 150   

    ( )   80  (140-60)  
  50     .     

,    0-100    50     
  2 5 - 1,3 /100     0-30 .   ,  

       .     
          16450 

/100  (80  1.10  100) + (50  1.53  100). 
 

6.   ,  
     
     

    6.1.     ,  
       

  ,     
,      . . 

    6.2.       
  ,      

      . 
          

    : 
                                - 60  N 3     0-100 . 

 ( 2 5)              - 1,5     5            
                                          100     0-30 . 

 (K2O)                  - 20     10     
                                          100     0-30 . 



    6.3.      
         
      . 

          
   : 

                                - 150  NO3       0-100 . 
 ( 2 5)              - 4,5     15           

                                          100     0-30 . 
 (K2O)                  - 40     20     

                                          100     0-30 . 
    6.4.      ,  

        
     : 

                               -  60  150  (NO3)      0-100 ; 
 P2O2                -  1.5  4.5      5  15  

                                            100      0-30 ; 
 2                   -  20  40       10  20  

                                          100     0-30 . 
     ,        

       
  ( ),    

  -      
 . 

          
     ,  

,    . 
    6.5.      

,     .     
     ,    

    . ,   
        

  ,       
         

  (P2O5 , 2 , NO3 ) , ,  .  
  ,     

          
   ,  ,   

. . 
    6.6.   ,     , 

   ,     
      ,  

,   . 
    6.7.   ,   , 

  : 
    -   , ; 



    -     , %; 
    -       0-30 , /100      

  ; 
    -      0-30 , /100     

 . 
 

                                                 6.1 
 

     
      
      

---------------------------------------------------------------------------------------------------- 
              |     |     | |  -|   
            |    |   | - |   - |  
                      |              |   |        |   - | , 
                                 |              |                |               |                |   
                                 |              |                |               |-------------------------| 
                                 |              |                 |               |      Min    |    Max     | 
---------------------------------------------------------------------------------------------------- 
                                    0-20                 %            0.3               88.8 
                                                26423-85 
                                               26423-85     
 

 ( )        0-100        
     NO3                                 26488-85        / a            60            150            0.65 

  0-30      
    (P2O5)                               26205-84                   1.5            4.5            120 
                                               a    100  
                                                     
                                              26204-84                            5.0            15.0          37.0 
                                               

     0-30       
    ( 2O)                                26205-84                   20              40            43.0 
                                              Ma         100    
                                                     
                                              26204-84                          10.0           20.0          82.0 
                                               
 
    6.9.  ,   , 

,     6.1. 
    6.9.1.  ,        

  ( ) : 
     = (ELAC - Ef) x C x S                             (6.1) 
    6.9.2.  ,        

 ( ) : 



     = (Ef - ELAC) x C x S,                            (6.2) 
     
     - , ; 
    ELAC -    (6.9.1)   (6.9.2) ( ) 

; 
    Ef -  "de facto" ; 
     -         

 ; 
    S -     , . 
           ( .6.1)    0.1% 

    . 
    6.10.  N 1.    50     

 .      
 7.2  P2O5  100       0-30 . 

 ,      
.   8.9.2,   "de facto"  (7.2 ) 

      (LAC N 4.5) 
    : 

     = (Ef - ELAC) x C x S N (7.2 - 4.5)  120  50 = 16200 ( ). 
    6.11.  N 2.    40     

        
   -    

      0-20     0.5%,  
   - 5.5   100       

0-30 .  ,      
. 

    .       . 
          . 
    6.11.1. ,       
(  6.9.2.),       (0.5%)  
LAC = 0.3%: 
    1 = (Ef - ELAC) x C x S = (0.5 - 0.3)  88.8  40 = 710 ( ). 
    6.11.2. ,      

     
 P2O5 (  6.9.2),     (5.5 ) 

  = 4.5  : 
    2 = (Ef - ELAC) x C x S = (5.5 - 4.5)  120  40 = 4800 ( ). 
     :  = 1 + 2 = 710 + 4800 = 5510 ( ). 
    6.12.  N 3.    50      

    ,   
   2.8   100       0-30 . 

 ,      
    . 

    :   6.9.1,     (2.8 ) 
    (  N 5 ): 



     = (ELAC - Ef) x C x S N (5 - 2.8)  37  50 = 4050 ( ). 
 

7.   ,   
    

    7.1.     , 
          

 . 
    7.2.   ( )     

 . 
    7.3.    . 
            

 .        
,    ,     100 ,   

       
  100  ( , 100  100 , ,  1 ). 

         100 .   
       0.02 .    

 ,      
,           

    . 
    7.4.1.    : 
    P=V  Q  Ke  S  Kg,                                  (7.1) 
     
    P - , . 
    V -   , 1 3 . 
    Q -  1 3     ,  (  
4.8). 
    Ke -        
(  5.3). 
    S -  ,   , . 
    Kg -        

 (  5.3). 
    7.4.2. 
    V = 100s/D,                                             (7.2) 
     
    100 -        

, ; 
    S -       100 , 2; 
    D -        

 (  ,       D=2,  
,     D=1). 

    7.4.3. 
    S = L  h,                                              (7.3) 
     
    L -  , . 



    h -  , . 
    7.4.4. .         

     20 .  –  , 
 .  ,   

.    5.3 
    Q = 104 , Ke = 0,8, Kg = 0,9. 
    7.4.5. .   7.1.     

 ,    . ,   
   100 ,   ,  

18    : ( - , - 
 ), 

 
    12.0     18.2     22.0     28.4     12.6     18.4   10.4   16.4    28.0   70.2 
    ------;    -----;    ----;     ----;     ----;     ----;      ----;    ----;    ----;    ----; 
     4.2      3.0        3.4       2.2      2.0       3.4        2.6    1.8     4.2      2.6 
    28.4    36.6      20.4   32.2   42.6     22.8   30.4   27.8 
    ----;    ----;      ----;     ----;    ----;    ----;      ----;  ----; 
    6.0     5.8         7.2     7.4       5.8     6.2        5.2    4.2 
           , , 

 = 2 . 
    7.4.6.        

: 
    50.4,  54.6,  74.8,  62.5,  25.2,  58.9,  27.0, 
    29.5,  117.6,  182.5,  170.4,  212.3,  146.9,  238.3, 
    247.1,  141.4,  158.1,  116.8 3. 
    7.4.7     
    S = l  h = 0,21143 2.     
    7.4.8. 
    V = 100  s/d = 100  0,21143/2 = 10,57 3/ . 
    7.4.9. 
    P = V  Q  Ke  Kg  S = 10,57  104  0,8  0,9  20 = 15829 . 
    ,        20 , 

 15829 . 
 

8.   ,   
     

 ( , ). 
    8.1.     ,  

      . 
    8.2.       ,  
          

. 
    8.3.        

       
 .     



(   ) ,     
   ,   . 

    8.4. ,    ,    
8.1, 8.2, 8.3. 
          . 

        
        

.        
  (  -26428-85) (4),    –  

    (Na%)   
(Ca+Mg+Na). 

        
,    CaSO4    Tac her ( .,1990) (  

   ). 
    8.5.    : 
     = {Q x Ks,z} x 100 x h x d x S,                       (8.1) 
     
    P - , . 
    Q -  1  , . 
    Ks -       

  . 
    h -       , . 
    d -     , / 3. 
    S -                 

, . 
    8.6. .        

  4%   ,    
   5 .    

-10 ,    1.20 / 3.  , 
  . 

    8.7. .    S = 5, h = 10, d = 1.20 
      5.9 Q = 113,   .8.1 Ks = 0.8, 
     
    P = {113 - (113 x 0.8)} x 100 x 10 x 1.20 x 5 = 135600 . 
     ,        , 

    - Ks  Kz. 
 

            
 
 
 
 
 
 
 



       8.1 
 

      
  Ks  Kz    

---------------------------------------------------------------------------------------------------- 
                      |Na, %    |  Ks 
                                                               |                               | 
---------------------------------------------------------------------------------------------------- 
 1.                                                        17                            0.1 
 --------------------------------------------------------------------------------------------------- 
                               |                |  Kz 
                                                              |   (  ), %       |    
------------------------------------------------------------------------ 
 1.                                             < 0.20                          1.0 
 2.                                       0.21 - 0.40                   0.8 
 3.                                0.41 - 0.60                   0.6 
 4.                                    0.61 - 0.90                   0.3 
 5.                           > 0.90                         0.1    
 
 

9.   ,  
     

    9.1.      , 
     . 

    9.2.      : 
    9.3.         

.       
     2% . 

    9.4.          
      

    . 
    9.5.  ,     

   ,   .   
       

 ( )       
  .    

        . 
    9.6.    : 
    P = 40(Hs-Hf)/0.0297  C  S, (9.1) 
     
    P - ,      

, ; 
    s -      (0-30 ),    

 ,     
 ( ), %; 



    Hf -  "de facto"       , 
%; 
    C -  1  ,  ,   

  , ; 
    S -     , ; 
    0.0297 -      ; 
                    29.7   
    0.0297 = --------------------- ,                               (9.2) 
                   1000   
     
    29.7 -  ,    1  , . 
    9.7. . ,       

      1.8%.   - 50 . 
 ,      

    .    
(LAC=2%).  1  ,     1995   
5.00 . 
    : 
          {40(Hp - Hf)}           {40(2 -1.8)} 
    P = ------------- x C x S = ------------ x 5.00 x 50 = 67235  
            0.0297                 0.0297 
    ,         , 

 67235 . 
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