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  ,    : 

  �“Environment. Technology. Resources.�” ( . , 
, 2009 .),  -   (  

 ) «     
     » ( . , 2009 .),  

 (   ) «   :  
  » ( . , 2008 .),   

«     :    » 
( . , 2006 .), XXX-      ( . , 
2005 .),      «  

     » ( . - , 
2008 .), II   -    «   

: , , » ( . , 2006 .). 
    

    15    ,     3 
        

,  4   , 7       
 , 1      .  

   .    ,  
,      153 .  

 178   , 48   36 .  
  . 
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 . 
          

. ,        
      ,   

  .       
    ( )     
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   .       
  (Borland Delphi),   (MapInfo, 

Surfer),      (Math Cad, MS Excel). 
         

  ,    .  
         
     Borland Delphi Turbo  

Borland Delphi 7.          
   Database Desktop  Database Administrator 

   Borland Delphi 7.  
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 Math Cad 2000     , 
       

 . 
Microsoft Excel    , ,   

     ,      
   ,    .   

MS Excel         
  MapInfo  Surfer. 

      
      ,    

    . 
         
      ,    

1980�–2000 .     ( ,   . 
1991; , 1998;  1998, ,   ., 2001; 

, , 2003; ,   ., 2005; , , 
  ., 2006),        . . 
 (1975)    ,   . , .  

     ( , , , 1984; 
, , 1989).  

       833     
 ,   549   284 . 

    > 1 2,    > 10 .  
          

      ,   
        

   . 
        

 ,     , 
,  ,      

       .  
          

          
,    .  

         
      

«        
»      . 

     ,    
       

 .      
     . 

     ( , 2006) 
         

     �– ,   .  
          

   .  
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     .   
         

        
.  

 ,   ,    
,    ,    

,        
 .        
         
   .  

        
         

       .  ,  
,         
  ,  ,  ,    

      .  
         

 ,     
.          

  ,        
  ( , 2006),      

  .      
         
,    .    

      
        , 

      .  
       

     ,  
       

    FOR-TO-DO     
      ,     

. 
       

  pH    ,    
  :  

pHeAlk 34.26102                                 (1) 
       ,   

     lg(Alk)-pH.    
      : 

7..2:,102

7..2:,6.07.3

)6.07,3(34.26
class

n

class

AlkneAlk

AlknnpH  (2) 
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,    ,   

   lg(Alk)-pH,   �–      
  .         

    .   
            

   2  7 ( .1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  pH_cur:=4.9;L1:=1e10;L0:=1e10;l:=2;

l > 7 
 

 

2_34.262 ))102lg()(lg()_34.2(0 curpHeAlkcurpHpHL  

 

 

L1:=L0; 
Alk_Class:=l 

l:=l+1; pH_Cur:= pH_Cur+0.6  
Alk Class

L1>=L0 

 
. 1. -       .  

Alk_Class �–   , pH_cur  - pH   . pH, Alk �– 
 pH   ( HCO3/ )    .  

l, L0,L1 �–   

 ,       pH   
0,6 ( , 2006),   7      ( .1). 

 1 
       

  

 
   « » 

 
  

pH, Alk (lg(Alk)) 
1   4.3, 0 (-) 
2     4.9, 0.19 (-0.72) 
3    5.5, 0.78 (-0.11) 
4   6.1, 3.16 (0.50) 
5    6.7, 12.88 (1.11) 
6    7.3, 52.44 (1.72) 
7   7.9, 213.5 (2.33) 

 
        

  Hum ,     . 
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    , ,  
      .  

    ,   . . (2006),  
        

:  

6..2:5,1085

6..2:97,795

844.0max

834.0min

Classn
       

,         
 : 

n

Class
n

n

HumneHum

HumneHum                   (3) 

6..2:
70.200n

,   ,     
(3)  (4),    Hum �– Fe

6..2:
32,28

max
max

min
min

Class
n

Class
n

n

HumnHumFe

HumnHumFe                      (4) 

  5 , 
     « ». 

     ,    
     : 

6..2:,
98,54

63.540

6..2:,63.540
824,0

824,0

Class

n

n

Class
n

n

HumneFe

HumneHum
            (5) 

     ,    
 « »    . 2.  

-        
  . 2. 

 2 
       

   

 
 

  
« » 

 
  

Hum, Fe .
2  104.04, 1.89 
3  45.64, 0.83 
4  20.02, 0.36 
5  8.78, 0.16 
6  3.85, 0.07 

       
       

,   ,     
 Hum-Fe       . 
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.     ,    
      

 .       
  ,       

          -  
 .      

     ,      
   .  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      
 « »: 

  L0:=1e10; l:=2;

l > 6 
 

 

2824.0
2824.0

98.54
63.540)63.540(0

l
l eFeeHumL  

 

 

L1:=L0; 
Hum_Class=l; 

l:=l+1;  
Hum Class

L1>=L0 

 
. 2. -       . 

Hum_Class �–   . Hum, Fe �–     
  ( / )    .  

l, L0,L1 �–   

6..1:,6.14732

6..1:,7.12363

6..1:,8.9994

6..1:,7.7656,5

916.0

925.0

938.0

959.0

Class
n

nClass

Class
n

nClass

Class
n

nClass

Class
n

nClass

TrophnePHum

TrophnePHum

TrophnePHum

TrophnePHum

         (6) 

 
    P  �–    

 6 ,     
 « »         
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   :  (1),  
(2),  (3),  (4),  (5),  
(6).     ,         

  ,    ,  
   1,  ,     2 

 3.          
:    -1  -2  .    

  ,      
    «CASE-OF», 

       
    (     

)    (5  6  ).  
-          

5  6     .3.     
   ,       

Troph_Pcom     (6).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  D_Pcom:=1e10; l:=2;

l > 6 
 

 

nePcomTroph 959.07.765_  

 

 

L1:=L0; 
Troph_Class=l; 

l:=l+1;  
Troph Class

D_Pcom >= ABS(Troph_Pcom-Pcom)

 
. 3. -           
5    . Troph_Class �–   . Pcom �– 

   / . l, D_Pcom�–   
        

     O2.    
: 1 -  , ; 2 -  

 , , ; 3 -  
 , , ; 4 -  
, , ; 5 -  
 ,   , 

 , , , 
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, .     
        

   . 
       , 

      : 
 (80-105%) �– 5,   <60  >120% - 4, 

 (60%-20%) �– 3,   (<20%)   
 (140%  ) �– 2.  

        
    : 

140.. %O,2_

0..140 %O 2, + )
100

%O(1,4 + )
100

%O(7,5+)
100

%O(-6,1_

2

2  -  , -    . 
      .  

2

2
22232

2

classO

classO

classO _

 (7) 

%O2

       
   ,   

, , ,      
.       ,  

        
  ( ,   )    

 .  
   (    2)   

 (   2,    3),  
   ,     . 
     ,     ,  

      140%   20% 
     .  
      

   ,    
 , ,    . 

    ,      
  :  -   2.5,  2.6 �– 3.5,  

3.6 �– 4.5,   4.6.  ,   
     « » . 

        
( , (  �…, 1988)) ,     

  �–      
( , (  52.24.643�–2002)).      

 ,      
  .  ,       

   ( , , 2005),   ,  
    ,   
 .  ,       

,        (   
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).        
      ,    . 

            
   ,       
,   -      

   .       
         

  (desirability functions,  ). 
        

      (« ») . 
        

,       ,  
 « »   . ,    

      ,        
       .      

     (HCO3
�–, A�–

, SO4
2�–, Cl�–, Ca2+, Mg2+, Na+, K+,  

NH4
+  NO3

�–,    ),     
       .    

    N (N , NO3
�–, NH4

+, NO2
�–),  

 N         .  
       

   0  1,    
    ( ,   .)  
,     :  

)1,0(;)
2

cos(ln)( xxxf             (8) 

 f(x) �–  ,  �–  .   
  HCO3

�– +A�–
, Ca2+  Mg2+.      N  

    :  
)(th)( xxf                                        (9) 

,       ,  
« »  ,      

 .   ,    
       

  1,      ,   
 0.     �–    
,         

,     .    
   (8)  (9)   : 

)1,0(;
2

cosln
4
1),( 2/1log xxCx C

A
 (10) 

2
148th),(

316,0log AxAxA
                         (11) 

 (10)     ,   
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 ,     . 
     ( = 0.44, 

=0.32, = 0.72)       

 ( , 2006).       
,   ,   

   ,  .     
          

 > 1.       1. 

2CaC

2MgC
3HCOAC

 (11)�– ,      0  1  
   .   A �–     

 ,    0.05     
    : = 0.20, = 0.04, 

= 0.01, = 0.17, = 0.005   = 0.11.  
Na

A
KA

4 4SO 3NO

      
   ,     

  ( ,  2009): 

NH
A A A2 ClA

                       N�–NO2
�– << N�–NH4

+< N�–NO3
�–  N              (12)                   

                        <0.005       <0.05      0.05�–0.3   0.2�–0.7 N/ . 
       N  

 ,        
. 

     (12)    
    N  : 

                          N�–NO2
�– << N�–NH4

+< N�–NO3
�–  N            (13) 

                         0.4�–1.6%     4�–16%     6�–54%    36�–87% . 
   (9)  NO2

�–, NH4
+  NO3

�–  , 
        0.5 

 .  N      . 
          

 .   ,    ,  
   1  0,    

   N        
  (833 ).       

  : 

1))36.0(16(th)(:NN

1))54.0(12(th)(:NON

1))16.0(16(th)(:NHN

1))016.0(160(th)(:NON

2
1

N-A

2
1

NO-A
2
3

2
1

NH-A4

2
1

NO-A2

2
3

4

2

xx

xx

xx

xx

     (14) 

 ,     ,    
       ,   

       . 
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 ,    ,    
 (10, 11, 14)        . 

  ,    
 (10, 11, 14),      

 .  
        

    ,    
     : 

      N.     
     I   

   :  
m

mI )1)...(1)(1(1 21 ,  (15) 
 1 �– m �–      . 

 (15)  ,   k=1 (k=1..m)   
  1,   k =0  k <<1     

   .      
   ,    ,    

  .  I = 1,     
  ,  I = 0,   . 

       
       

   (  2009, 2011).  
         

,    , . .        
  (  ),   -   

  (  ). ,    
       

   .  
           

    .    
      ( )  

 ( ) ,       
 ( )     3-    4-  

:  

1

/nm

/ba
                            (16) 

 a = ( / ) , b = ( / ) , m = ( / ) , n = ( / ) . 
  ,    ,  

         
  . 

      ,  
          

: 
 = 0.62( /Hum) �– 0.35,     .  
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     «  

      » (  
« »),     ,    

 Delphi      Paradox,   
   .      

       .4.  
          

  (  ,  ,  ,  , 
,   )  -   .   

       
 .  �–     .  

     .   
         SQL-

   .        
        .  

       (   , 
,  ,    ,  

   ,   ,  , 
   .),       :  

   ,   ,    
      . 

      , 
    ,      ,   

    . 
    « »,       

(2001)  1:1000000    MapInfo     
   .    MapInfo    

« »      MS Excel (   
*.xls).       

         
 SQL         (2001).  

         
       , 

       
-      ,   

  ,      
  . 

          
       
  ,         
   .     

        
,  ,      

.     (  800  )   
      , 

,      ,    
    . 
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   ,  ,    
      

   ,   
        

  .      
    ,       �– 

.       
      .    ,   

         
 (81%   ),        

(6%). 
           

    ,    
,  . ,      

       ,  
  .      

      ,  ,  
    .     

  ,     
 ,   ,  

 :  (1998, 2001, 2003, 2005),  
. . (1975, 1984),  . . (1989, 2010),  . . (1998)  .  

      
    .      

 .          
(2011),        «  

    » (2005). 
     

,       -   
     . 

       
.       

  ,      ,   
     .     

        
         

. 
       

,       -
     ( , , 

).      
     1992  2008 .   

    ,     
    16-  ,   

 �–  1,6 .  
 ,         

   .    
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       .   
 ,      ,  -    

 ,     . 
       

        
 .     

       
,      .     

    ,  ,   
   .  
        

,   ,     
,    . ,  2-   (   

)        
     65%,     

O2      .      
10%.          

        
  . 
        

     ,  
        

.       ,  
       .   

        
    .    K+  SO4

2-  
         . . , 

      . 
       , ,  

      , 
   K+  SO4

2-.  
    .     

     ,  
       0,5,   

     .   ,   
. .        

,            
  .  

 ,     
          

,        
        . 

          
        

 ,            
 .   .       
 ,    . . ,    
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