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    ,  ,   
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        -
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        ,  
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      [6]. 
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       -

     .    -

    [8].  
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 ,     )   -

  .      -

        

      .   
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       ,   

       -

 [11].   «     » [12]  -

        -

      -

.      ,   -

        -

          

 ё  .   -    -

      . - .  

,       -

      -

  ,      , 

       .   [13] -

      -

    ,   -
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   [14].  
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       ( ) [15]. 

         

        

    ,      -

        .  

   ,   ,   –  
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     .  -

     ,     

   [17].   [18]  -

      -

    ( )    

        . 

  ,    ,  -

 ,        

   / ,     

 .      

       -

 ,     -

     ,   

.   -   -   

          

        

       -

. 

 ,        

     .    -

        . 

         

    ,    -

         

[19].        , 

       ,   -

  .  

 

 



15 
 

1.2     

 

        

,   ,   , -

        .   -

        

  ,    [20].   -

     ,   

 .      ( )2 

 FeCl3.          

50% [21]. 

      -

,  ,  ,   -

 ,   ,     -

  ,    ,  

  [22].       -

    ,     

  [23].         

    ,    -

 ,      -

 -     [24].     

  , ,  ,  ,  

      ,  -

    10; 24 [25].    -

       ,   -

  .       

       -

 [26].   ,    -

,         -

,           
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   [27].     

 ,      

 [28].  

  ,    

  .       -

       -

   0,3 3   1 2     .  

      -

          

        -

.       , -

       1,0 / .  

   ,   

  [29].  

       , 

     .  -

:       ,  , -

    [30]. 

        ,  

   ,       -

 1 : 1 : (0,05 - 0,5),     

 .       -

      1,8 - 2,8   

  10 - 18%.     -

      ,    -

   59%,    62%    

   10 - 15%  [31]. 

        -

         -

 .      
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     ,    

,        

[32].  ,  ,      

 ,     [33].    

 ,  ,      : 

        

  ,      5  9  -

 28 - 55%     .    -

 40 - 700  [34].      

      [35]. 

 

1.3    

 

      :  

 ; ,    ; -

   [36].       

       [37].  

       ,  

   ,  -

   .       -

         

  ,      

.        -

 , . .    .  -

       

  .        -

 0,05 - 0,4%    .    -

        -

   ( )      

.          
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   4,5%.    ( )  -

: , , ,   

    [38]. 

 [39]      

      -     

 :  0,001 - 0,5%;   (FeCl3, Fe2(SO4)3) 0,5-

10,0%...  . .    «      

(   )» [40]     -

       -

      .    

       -

, ,         

  . 

        

        

( ). ,      -

       

       [41]. 

        

  , :     

AK  , , ,   (

.,    402),   

    (  102),  

.      , 

     (   

) ,     30 . % 

 ,      , 

   ) [42]. 

http://www.xumuk.ru/encyklopedia/2/3528.html
http://www.xumuk.ru/encyklopedia/743.html
http://www.xumuk.ru/spravochnik/1969.html
http://www.xumuk.ru/encyklopedia/2/3602.html
http://www.xumuk.ru/bse/97.html
http://www.xumuk.ru/encyklopedia/2/5049.html
http://www.xumuk.ru/encyklopedia/2/3567.html
http://www.xumuk.ru/encyklopedia/2/4806.html
http://www.xumuk.ru/encyklopedia/213.html
http://www.xumuk.ru/encyklopedia/2405.html
http://www.xumuk.ru/bse/145.html
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2      

 

2.1      -

 

 

            -

  .    1,     

  .  

       « »  

.     150 3/ . 

:       

. 

      20·103 - 

50·103    1,       

,    ,     14   -

 2.       

      7.     -

       ,   

  26    .    -

   2 - 4 3.  ,  ,  -

   ,   200 - 1200 / 3  

 147 3/ ,    ,     -

        -

,         4,  -

     [43]. 

 - ,   Q = 24 3/ ,   -

      ,  

  16    6,   21   

      - ,     

   .     4 (Q=123 
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3/ ),    2-10 / 3,    

  5.      10,   17 

   .     

    1-5 / .   -

      11    18. -

   (Q = 10 3/ .   = 13 - 70 / 3)   

 12,   19    . 

       -

     Al2(SO4)3   Ca(OH)2. 

        -

    1. 
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1 - - ; 2 - ; 3 - ; 4 -  ; 5 -     ; 6 - 

; 7 -       ; 8 -       -

; 9, 10, 11 –  ; 12 –  ; 13 -   ; 14 -   , 15 -  -

 ; 16 -    ; 17 -   ; 18 -     ; 19- ; 

20-    ; 21-      ; 22 -     ; 23 -  . 

 

 1 -         
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    1,     -

         

,        

     . 

 

 1 -     

.  

/ 3 
   

 

Al2(SO4)3, 

/ 3 

. . 

/ 3 

. . 

/ 3 
,% 

560 7 7,8 1100 2,4 22,6 99,57 

280 8,1 7,9 1190 2,2 20,2 99,21 

640 6,9 7,3 1002 2,4 26,8 99,62 

400 7,7 6,3 2135 2,8 12,4 99,3 

460 7,3 8,2 993 2,4 12,0 99,47 

200 7,2 7,8 590 2,0 18,8 99,00 

 

       -

      ,   

    2. 

 

 2  -       -

    

.  

/ 3 

. . 

/ 3 
 SO4

-2
 

 

Al2(SO4)3, 

/ 3 

 

(O )2, 

/ 3 

. . 

/ 3 

. . 

/ 3 
SO4

-2  V ,% 

320 859 6 80 

1280 1360 3,9 24 550 38 

1000 1100 5,0 18 500 33 

800 670 8,4 35,2 260 30 

600 530 8,6 94,2 300 25 

400 320 10,8 26,2 180 15 
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 ,     1,   

,    Al2(SO4)3     , 

  . .       

 ,      -

  ,  . 

        -

 Al2(SO4)3   Ca(OH)2     -

        [44]. 

     ,   -

     : 1 -   Al2(SO4)3  

 Ca(OH)2      2/3      1/3 -

  .      3. 

 

 3 -    

.  

/ 3 

. . 

/ 3 
SO4

-2  

 

Al2(SO4)3, 

/ 3 

 

( O)2, 

/ 3 

. . 

/ 3 

. . 

/ 3 
SO4

-2  V ,% 

320 859 80 
600 530 8,6 28,2 300 25 

400 320 10,8 26,2 180 15 

       Al2(SO4)3 

10,8 26,2 180 200 160 4,6 8,9 240 20 

  

    3,      

     1,5       

.   2    -

   . 
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 2 -       

 

           

   -    .    

     ,   , -

        -
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   .    

       [45]. 

        

   .   − 

           

.      -

 ,       . 

    , -

   -      

 [46]. 

 

2.2     

 

.     105°  , -

      . 

  

    ,    

  0,01 / ,  20  .      

.        105° ,   

,        .  

 , % 

 

100
3

21 



m

mm
W ,                                                                                (1) 

 

    m1–    ; 

m2–       (t=105 0C); 

m3 –   . 

         

     . 
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          , / 3 

             𝜌= 𝑉 ,                                                                                    (2) 

 

 m–  , ; 

V–  , 3. 

    –   105 ℃ ,   

     .  -

     ,   , -

     105 ℃,       

   . 

 , / 3 

 

10003 



ocV

mm
X ,                                                                           (3) 

 

 m -   , ; 

m3 -       (t=105 0C), ; 

V  -  , 3. 

   , / 3 

 

10004 



ocV

mm
Y ,  (4) 

 

 m -   , ; 

m4 -       (t=450 0C, 800 0C), ; 

V   -  , 3. 

   %      . 
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          450 

° ,    800 ° .  

, % 

 

100
mm

mm

3

4 



 ,                                                                                  (5) 

 

 m–   , ;  

m3–       (t=105 0C), ; 

m4–       (t=450 0C, 800 0C), . 

  , /  

 

1000
V

mm
Z

oc

43 


 ,                                                                          (6) 

 

    m3 -       (t = 105 0C), ; 

m4 -       (t = 4500C, 8000C), ; 

V   -  , 3. 

, % 

 

100
X

Z

105

450                                                                                     (7) 

 

 , / 3 

 

c

FP2 2

cp








 ,                                                                            (8) 

     - ,    ; 

F -  , F = 1747 2; 

 -  ,  = 0,01 /(  ∙ ); 
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 -  ,  = 0,012 / 3; 

α -    ,    t/V  V. 

       3. -

       4. 

 

2.2.1        

 

 4 -        

№ t,  
P , 

 .  

P , 

 .  

P = ( P + P )/2, 

. .  
V1, 3 

V= V1- V0, 
3 

t/V, 

/ 3 

1 2 3 4 5 6 7 8 

1 0 170 50 110 50 0 0,00 

2 30 165 45 105 51 1 30,00 

3 60 160 40 100 52 2 30,00 

4 120 162 42 102 55 5 24,00 

5 180 160 40 100 57 7 25,71 

6 240 158 39 98,5 60 10 24,00 

7 300 160 41 100,5 61 11 27,27 

8 360 158 38 98 63 13 27,69 

9 420 156 37 96,5 64 14 30,00 

10 480 158 40 99 66 16 30,00 

11 540 156 38 97 66 16 33,75 

12 600 156 38 97 67 17 35,29 

13 660 155 37 96 68 18 36,67 

14 720 152 34 93 69 19 37,89 

15 780 154 36 95 70 20 39,00 

16 840 153 37 95 70 20 42,00 

17 900 149 29 89 70 20 45,00 

18 1200 148 30 89 72 22 54,55 

19 1500 150 32 91 73 23 65,22 

20 1800 146 28 87 74 24 75,00 
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 3-     

 

   ,  

 

 (9) 

 

  -      96,925; 

F -  , 1747 2; 

 -  , =0,01 /( ∙ ); 

 -   ,  0,049 / 3; 

α -    ,    t/V  V -

 2,8771. 

 𝛾 = ∙ , ∙ ∙ ,, ∙ , · , = ,  ∙  

 

 , 3 

 

(10) 

 

y = 1,6906x + 12,153 

0

10

20

30

40

50

60

70

80

0 5 10 15 20 25 30

t/
V

, 
/ 

3  

V, 3 

𝛾 = ∙ ∙ 𝐹 ∙ 𝛼𝜂 ∙ 𝑐 ∙ , ,    

𝜌 = 𝑚 ,   
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 m -       69,7972 ; 

V -    70 3. 

 𝜌 = , = ,  
 

 

   70        

105° .  ,       -

   

 

(11) 

 

 m1 -       165,6912 ; 

m2 -       (t=1050C)  99,3837 ; 

m3 -     69,7972 . 

 = , − ,, ∙ =    

 

   , /  

 

(12) 

 

 m1 -     95,894 ; 

m3 -       (t=105 0C) 99,3837 ; 

V  -    70 3. 

 

= 𝑚 − 𝑚𝑚 ∙ , %  

 Х = 𝑚 − 𝑚 ∙ ,   
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= , − , · = ,    

 

          450 

° ,    800° .  

, % 

 

(13) 

 m1 -   ; 

m3 -       (t=105 0C); 

m4 -       (t=450, 800 0C). 

 З = , − ,, − , ∙ = ,   
 З = , − ,, − , ∙ = ,  

 

   , /  

 

(14) 

 

 m1 -   ; 

m4 -       (t=450, 800 0C); 

V  -  . 

З = 𝑚 − 𝑚𝑚 − 𝑚 ∙ ,    

Y = m − mV ∙ ,   
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= , − , ∙ = ,   
 = , − , ∙ = ,   
 

  , /  

 

        (15) 

 

 m3 -       (t=105 0C); 

m4 -       (t=450, 8000C); 

V  -  . 

 

 

 

, % 

 

(16) 

 З = ,, ∙ = ,   
 

      5. 

= 𝑚 − 𝑚 ∙ ,          

= , − , ∙ = ,  /  
 

 

= , − , ∙ = ,  /  
 

З ь = ∙ % 
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 5 -   

  

 

ρ, 

/ 3 

W, 

% 

 

 

 

., 

/ 3 

. 

, 

/ 3 

 

 ., 

/ 3 

, 

% ., 

% 

 

. 

, 

/  450℃ 800℃ 450℃ 800℃ 450℃ 800℃ 

 

   

. 

 

0,997 95 49,85 16,38 15,27 33,46 34,57 32,86 30,64 67,12 155, 7∙1010 

 

2.2.2      -

   

 

       

   NETZSCHSTA 449 F1,   30/20,0 ( / /1000)  

  - ,   2.     -

   -       4. 

 

 
 

 4 -   
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      :  t = 118,2 º  

   t = 296,4 º .  t = 118,2 º   .  t = 

296,4 º          

    - Al2O3H2O ( ё ). -

  t = 502,2 º    .   t = 

800 º      .    

68,56%.  

 

2.3    ,   

 

 

 :     -

       Na    

  Na lO2      

 .  

        – 

.   ,      

  ,   : z1 -  

, %; z2 -    , 0 ; z3 - .   

   : y1 -   , / ; y2  - -

  , %.      -

    6. 

 

 6 - ,      

  +1,68 +1 0 -1 -1,68 

Z1, % 15 85 70 55 40 25 

Z2, 
0

 15 65,2 50 35 20 9,32 

Z3, ( ) 1 13,68 13 12 11 10,32 

 

 : 
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Al(OH)3 + NaOH = NaAlO2 + 2H2O                                                                (17) 

 

NaAlO2  ↔ Na+ + AlO2
-      (18) 

 

AlO2
- +  = AlO2+ - (19) 

 

AlO2 +  = 3AlO3 → Al(O )3 (20) 

 

    :    

,       ,    .    

  NaAlO2. 

 

 
 

 5 -        

 

  5  ,     -

  ,      NaOH.  -

        15 ,  

   . 
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 7 -    

 

   7     

    : 

 

 = b0 + b1· 1 + b2· 2 + b3· 3 + b12· 1 2 + b13· 1 3 + b23· 2 3 + b11· 1
2 + 

 
+ b22· 2

2 + b33· 3
2                                                                          (21) 

 

    , y1 -   -

, / : 

 

ΣX1Y1                                                                                                        (22) 

 

ΣX1Y1 = 19,262 

 

ΣX1X2Y1                                                                                                   (23) 

 

№ 

 
X1 X2 X3 X1X2 X1X3 X2X3 X1

2 X2
2 X3

2 

 

Z1 

 

 

 

Z2 

 

 

 

 

Z3 

 

 

 

1, /  

 

2, % 

1 1 1 1 +1 +1 +1 +1 +1 +1 70 50 13 10,4 0,68 

2 -1 1 1 -1 -1 +1 +1 +1 +1 40 50 13 9,0 1,2 

3 1 -1 1 -1 +1 -1 +1 +1 +1 70 20 13 1,62 20 

4 -1 -1 1 +1 -1 -1 +1 +1 +1 40 20 13 1,76 72,2 

5 1 1 -1 +1 -1 -1 +1 +1 +1 70 50 11 0,48 33 

6 -1 1 -1 -1 +1 -1 +1 +1 +1 40 50 11 0,64 40 

7 1 -1 -1 -1 -1 +1 +1 +1 +1 70 20 11 0,32 41,6 
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ΣX1X2Y1 = 19,42 

ΣX 2
1 Y1                                                                                                      (24) 

 

ΣX 2
1 Y1 = 30,784 

 

ΣX2Y1                                                                                                      (25) 

 

ΣX2Y1 = 21,03 

 

ΣX1X3Y1                                                                                                   (26) 

 

ΣX1X3Y1 = 1,46 

 

ΣX 2
2 Y1                                                                                                      (27) 

 

ΣX 2
2 Y1 = 39,47 

 

ΣX3Y1                                                                                                            (28) 

 

ΣX3Y1 = 44,374 

 

ΣX2X3Y1                                                                                                        (29) 

 

ΣX2X3Y1 = 15,58 

  

ΣX 2
3 Y1                                                                                                           (30) 

 

ΣX 2
3 Y1 = 69,39 
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ΣY1 = 55,15                                                                                                     (31) 


 


k

1j
i

N

1i

2
ji2

N

1i
i10 YXaYab                                                                           (32) 

 

b0  = 0,1663∙55,15-0,0568∙ 139, 644 = 1,24                                                 

 





N

i
ijij YXab

1
3                                                                                                    (33) 

 

b1 = 0,0732 ∙ 19,262 = 1,41                                                                              

 

b2 = 0,0732 ∙ 21,03 = 1,539                                                                             

 

b3 = 0,0732 ∙ 44,374 = 3,248                                                                           

 

.3,2,1u,j;ju;YXXab
N

1i
ij iui4uj  


                                                           (34) 

 

b12  = 0,125 ∙ 19,42 = 2,428                                                                              

 

b13  = 0,125 ∙ 1,46 = 0,183                                                                                

 

b23  = 0,125 ∙ 15,58 = 1,948                                                                              

 


 


N

1i
i7

k

1j

N

1i
i

2
ji6

N

1i
i

2
ji5jj YaYXaYXab                                                     (35) 

 

b11  = 0,0625·30,784 + 0,0069∙139,644 - 0,0568∙55,15 = - 0,245  

 

b22  = 0,0625∙39,47 + 0,0069∙139,644 - 0,0568∙55,15 = 0,298    
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b33  = 0,0625∙69,39 + 0,0069∙139,644 - 0,0568∙55,15 = 2,168    

 

 : 

 

                                                                                     (36) 

 

                                                                                                     (37) 

 

        8. 

 

 8 –        

 

= 2,1
6

2,7
   

 

  

1n

YY

S
0

n

1u

00
u

2

0



















0

n

1u

0
u

0

n

Y
Y

0









0Y

08448,0
5

4224,02 yS

0Y  

2

0 YY 





 



 

1,44 0, 0576 

0,72 0, 2304 

1,28 0, 0064 

1,04 0, 0256 

1,2 0 

1,52 0, 1024 

 7,2  0, 4224 
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 (38) 

 

 

                      

 

  

 

 

                                                           (39) 

 

                                                                                                   

 

 2 2
5 6jjb yS a a S                                          (40) 

 

 2 0,0625 0,0069 0,08448 0,00586
jjbS      

 

                                                                                               

 

     : 

 

n
b

b
t

S
                                                                                                         (41) 

 

       9. 

 

2907,0yS

014,008448,01663,02
1

2

0
 yb SaS

119,0
0
bS

079,0
jbS

10,0
ujbS

077,0
jjbS

00618,008448,00732,02
3

2  yb SaS
j

2 2
4 0,125 0,08448 0,011

ujb yS a S   
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 9 –     

 t0 t1 t2 t3 t11 t12 t13 t22 t23 t33 

 

 
10,4 17,8 19,5 41,1 -3,2 24,28 1,83 3,9 19,48 27,5 

 
2 2

4ujb yS a S   (42) 

 
2 0,125 0,08448 0,011
ujbS     

                                                                                         

       n=0,05  

   f = 5  2,57 [47].   -

,   t -       -

   : 

 

 3231213211 948,1183,0428,2248,3539,141,124,1 XXXXXY  

 

                             (43) 

 

     

 

lN

)ˆ(
S

N

1i

2
ii

2






 ,                                                                                          (44) 

 

     l -     ; 

N -  ; 

i - ,        . 

2
3

2
2

2
1 168,2298,0245,0 XXX 
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 i,        

    ,   i  ( i- i)
2 -

   10. 

 10  -    i, ( i- i)
2  i 

№ i i ( i- i)
2 № i i ( i- i)

2 

1 2 3 4 5 6 7 8 

1 10,4 7,721 7,177 11 4,0 4,67 0,449 

2 9,0 -0,321 86,881 12 1,28 -0,51 3,204 

3 1,62 -4,109 32,821 13 14,61 1,90 161,544 

4 1,76 -2,439 0,461 14 1,28 12,81 132,941 

5 0,48 9,955 89,776 15 1,44 1,24 0,04 

6 0,64 2,645 4,020 16 0,72 1,24 0,270 

7 0,32 5,917 31,326 17 1,28 1,24 0,0016 

8 0,36 8,319 63,346 18 1,04 1,24 0,04 

9 1,16 -1,82 8,880 19 1,2 1,24 0,0016 

10 1,04 2,92 3,534 20 1,52 1,24 0,078 

 

S 2 = 
1020

7912,626 62,679  

 

S  = 917,7  

 

 : 

 

S 2 = 763,0
10

0,291-7,917
                                                                            (45) 

 

     f    -

 f : 

 

f  = N - l                                                                                                     (46) 

 

f  = 20 – 10 =10 

f  = f  - f                                                                                           (47) 
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f  = 10 - 5=5 

    . 

  F- : 

 

Fp=
o

o

S
f

S
f

                                                                          (48) 

 

Fp=
0.763

5 2.62
0.291

5

                                                                            

 

      f =5, f =5  j=0,05  F =4,5 

 F <F ,      -

 : 

 

 

 

                                                                            (49) 

 

       

          

 .      -

   = 0,05.        -

. 

        

   : 

 

32213211 948,1428,2248,3539,141,124,1 XXXXXY  + 

 3231213211 948,1183,0428,2248,3539,141,124,1 XXXXXY

2
3

2
2

2
1 168,2298,0245,0 XXX 



45 
 

                                                                                                                                          (50) 

 

  (51) 

 

       ,   

          -

     .     

   ,     -

   .  

       . 

      .   -

    = 12,5 - 13. 

   ,     60 - 

70%       -

  t = 50 - 60 °    = 11,5.      0,8 - 1 / . 

      30 - 40 %  -

     65 - 70 0 .    45 - 55 % -

    = 13 - 13,5,   20 - 25 0 . 

  ,      -

        -

       

     [48].  , 

    ,   -

 MATHLAB       .   6 

  . 

2 2
2 30,298 2,168X X 

2 2
2 1 2 3 1 2 1 2

2
3

Y 83,122 20,797 X  19,12 X -19,592 X 11,46 X X 9,089 X 18,78 X

14,32 X
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 6 -        



47 
 

2.3.1          -

   

 

     ,   

NaOH.    11    ,     

. 

 

 11 -  ,      

 

 

-

, 

/ 3 

-

, 

% 

 

 

 

., 

/ 3 

. 

, 

/ 3 

  

., 

/ 3 

, 

% 

-

., 

% 

 

. 

, 

/  
   450℃  800℃ 450℃ 800℃ 450℃ 800℃ 

 

 , 

 

. 

NaOH 

0,953 96,3 37,0 19,79 19,135 17,21 17,86 53,49 51,72 46,51 64,2∙1010 

 

   ,   NaOH, / 3: 

 

c

FP2 2

cp








 ,                                                                                 (52) 

 

   - ,    ; 

F -  , F = 1747 2; 

 -  , =0,01 /( ∙ ); 

 -  ,  = 0,0569 / 3; 

α -    ,    t/V  V, -

 0,069. 
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10102,641332
0569.001.0

069.0174765,1292





   (53) 

 

 12 -    

№ t,  
P , 

 .  

P , 

 .  

P=( P + P )/2, 

. .  

V1, 
3 

V= V1- V0, 
3 

t/V, 

/ 3 

1 0 170 40 120 25 0 0,00 

2 30 178 60 125 60 4 7,50 

3 60 178 60 129 63 7 8,57 

4 120 160 40 134 69 13 9,23 

5 180 190 60 143 72 16 11,25 

6 240 200 70 148 74 18 13,33 

7 300 200 70 150 76 20 15,00 

8 360 200 70 159 78 22 16,36 

9 420 200 80 164 79 23 18,26 

10 480 200 80 170 80 24 20,00 

11 540 200 80 174 82 26 20,77 

12 600 200 80 178 82 26 23,08 

13 660 200 80 180 84 28 23,57 

14 720 200 80 186 84 28 25,71 

15 780 190 70 186 85 29 26,90 

16 840 190 70 188 86 30 28,00 

17 900 190 70 190 86 30 30,00 

18 960 190 70 205 89 33 36,36 

19 1020 190 70 212 91 35 42,86 

20 1080 190 70 215 92 36 50,00 

 

      -

 7. 



49 
 

 

 

 7 -     

 

   ,    

   NETZSCHSTA 449 F1,   30/20,0 ( / /1000)  -

 - .  

  –   ,  -

        . 

         

  ё .   - –  -

  (    )  .  

  - /     -

        ,  , -

  .       -

  ,     -

,     -   , 

    ( ,  )  , 

     ( , ). 

       (  , 

),      .  

   ,  ,   , -

https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B7%D0%BE%D0%B2%D1%8B%D0%B9_%D0%BF%D0%B5%D1%80%D0%B5%D1%85%D0%BE%D0%B4
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  ,     -

.           

  .        

     [49]. 

       ,  

      .  -

     ,    

1000 C  .  ,     -

  ё       . 

      

       -

    [50]. 

 ,     -

    8. 

 

 

 

 8 -  NETZSCHSTA 449 F1 

 

     ,    

    9. 

https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%BF%D0%B0%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%B6%D0%BE%D0%B3
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%84%D0%BE%D1%82%D0%BE%D0%BC%D0%B5%D1%82%D1%80
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 9 -       

 

       4 : 

 t = 112,2º   . 

  t = 399,3º   t = 420,0º      

  .   t = 789,4º     -

 .   t = 502,2º    . -

   - 41,53%. 

   -       -

  (     NaOH)   

ADVANCE - D8    2  10 - 60.    

 10  11. 
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 10 -    

 

     ADVANCE - D8  -

  2ө 10 - 60.       d = 3,86; d = 3,7; d = 

3,35; d = 3,04; d = 2,49; d = 2,39; d = 2,09; d = 1,99; d = 1,8   -

  Al2O3 ( ,   ),    d = 2,457; d = 

1,99; d =1,92; d = 1,605     .   d = 

4,857  d = 4,382   . 

 

 

 

 11 –  ,     
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       -

  NaOH     d = 1,869; d = 2,08; d = 2,475; d = 3,06 

   CaCO3,   d = 2,85; d = 2,33; d = 2,21; d = 1,99; d = 

1,853; d = 1,749; d = 1,649; d = 1,566   CaSO4.   d = 3,5  d = 

3,45    SiO2.     -

  d = 2,48; d = 2,21; d = 1,93; d = 1,64.  

 ,   ,   

         

NaOH. 

   ,    -

       , 

     . 

: 

1)    ,    

       -

        Na lO2   

   . 

2)      

  ,    

     . 
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3        

 

        

         -

   ,      -

 , -    . . 

      ,  

       ,   -

  ,        -

  [51]. 

    I-V     -

     : 

-      ; 

-      ,    

   . 

      ( ),   

       13,    

  ,   (  -  ), 

   Ki: 

 

1 2 ... mK K K K    , (54) 

 

  K1, K2, Km  -       

  ; 

m -   . 

      -

 Ki       Ci  -

       Wi . 

 

http://ivo.garant.ru/#/document/71296500/entry/1100
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/ Wi i iK C , (55) 

 

 Ci  -   i-     ( / ); 

Wi -    i-     -

  ( / ). 

       

 Wi   ,     , 

         -

 .       -

    /  [52]. 

       -

 Wi       : 

 

 

4 4 / Z

lg

2 4 / 6

i

i i

i

W Z

Z

 


 
  

   

1 2

2 4

4 5

i

i

i

Z

Z

Z

 

 

 

 (56) 

 

 4 / 3 1/ 3i iZ X  ; 

iZ  -      -

   ; 

iX  -        

. 

       

 iX    : 

 

inf
1

1

n

j
j

i

B B

X
n



 
 

 



, (57) 
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 jB  -  ,     -

   ; 

n -       

; 

 infB -  ,    -

      . 

      -

         -

   14. 

  infB ,    

,       -

    (n)  12,    -

   15. 

  ,      (1) (   

    ( ))  V  ,   -

      (2) (  ( ) 

    ,      -

 ) [53]. 

     ,   

   (1) (      

 ( )     ( )     

,       , -

       ( )  -

      16. 

 

 13  -        ( )  
   

  
 

      ( ) 

1 2 
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  13 

1 2 
I 6 410 10K   
II 4 310 10K   
III 3 210 10K   
IV 210 10K   
V 10K   

 

 14 –      

N 
/  

   
  

,     
     

  
1 2 3 4 5 6 

1 n  ( *), /  <1 1-10 10.1-100 >100 

2     1 2 3  . 
3  ( , ), /  <0.01 0.01-0.1 0.11-1 >1 

4 

     -
,    -
  -  -

 

1 2 3 4 

5 .  ( ), /  <0.001 0.001-0.01 0.011-0.1 >0.1 

6 
     -
   

1 2 3 4 

7 
.  ( . , ),  <0.01 0.01-0.1 0.11-1 >1 

8 
    -

 
1 2 3 4 

9  ( , ), /  <0.01 0.01-1 1.1-10 >10 

10 Lg (S, /  / , . )** >5 5-2 1.9-1 <1 

11 Lg ( C , 3/  / . ) >5 5-2 1.9-1 <1 

12 Lg ( C , 3/ / . .  ) >7 7-3.9 3.8-1.6 <1.6 

13 Lg owK  ( / ) >4 4-2 1.9-0 <0 

14 50LC , /  <15 15-150 151-5000 >5000 

15 50LC , 3/  <500 500-5000 5001-50000 >50000 

16 50LC , / /96  <1 1-5 5.1-100 >100 

17 5 /  100% <0.1 0,1-1,0 1,0-10 >10 

http://ivo.garant.ru/#/document/71296500/entry/1202
http://ivo.garant.ru/#/document/71296500/entry/1203
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  14 

1 2 3 4 5 6 

18 
 (   

 ) 

-
  

 
, 

 . . -
 
-

 -
 

  
 

-
 -

  
 -

 
 

 
 
 

-
 -

, 
-

 -
 
  

-
 -
 -

 

 
 -

  

19 
 (   -

 ) 

-
 -

  
 -

 

-
  -

 
 

-
  -

  -
 

 -
 

 
  jB  1 2 3 4 

*         -

   ,   . 

**  S  ,   lg /S      1,  0S  ,   lg /S     

  4. 

 

 15 -   infB       -

   

     (n/12)  

<0,5 (n < 6) 1 

0,5 - 0,7 (n = 6 - 8) 2 

0,71 - 0,9 (n = 9 - 10) 3 

>0,9  4 

 

 16 -        

    ( )     * 

1 2 

I 10000K   

http://ivo.garant.ru/#/document/71296500/entry/1501
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  16 

1 2 

II 1000 10000K   

III 100 1000K   

IV 1 100K   

V 1K   

*   V       -

,  ё . 

 

3.1       

 

       ,   

   .        

  -        -

 (     NaOH)   ADVANCE-

D8    2  10-60.     10  

11. 

       -

  NaOH     d = 1,869; d = 2,08; d = 2,475; d = 3,06 

   CaCO3,   d = 2,85; d = 2,33; d = 2,21; d = 1,99; d = 

1,853; d = 1,749; d = 1,649; d = 1,566   CaSO4.   d = 3,5  d = 

3,45    SiO2.     -

  d = 2,48; d = 2,21; d = 1,93; d = 1,64.  

 ,   ,   

         

NaOH.   ,      -

. 

             

« 2SiO ». 
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  17 –    2SiO  

   -

  

  

 

  

  

 ( ), /  - - - 

      4 [2] 

 ( , ), /  10.0000000 4 [3] 

    -

  

2 2 [3] 

. . ( ), /  - - - 

    -

  

- - - 

. . ( . ., ), / 3 0.10000000 2 [4] 

     3 3 [4] 

 ( , ), /  - - - 

Lg(S, / / , . ) 0.0 4 [9] 

Lg( ac, / 3/ . ) 0.0 4 [9] 

Lg( , / 3/ . .  . .) 0.0 4 [9] 

lg Kow(o a o / o a) - - - 

LD50, /  - - [9] 

LC50, / 3 - - [9] 

LC50 , / /96  - - [9] 

= 5/  100% - - [9] 

 (   -

  ) 

- - [9] 

 (    

) 

  

  

- [9] 

  0.8 3 - 

 

         
 

1 56 /16 3,5X    
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 1 4 3,5 / 3 1/ 3 4,33Z      

 

 1lg 2 4 / 6 4,33 4,4W      

 
       -

 
 

 1 104,4 25118,86W    

 
       

 

1 500000 / 25119 19,90K    

 

 1 % 10000C C   

 

1 50 10000 500000C     

 
         . 

     ,   -

  B.       Ki  

     18. 

 
 18 –         

 

  X  Z  lgW  W , /  C , /  K  

1 2 3 4 5 6 7 

2SiO  3,5 4,33 4,4 25118,86 500000 19,90 

2 3Al O  3,27 4,03 4,03 17734,189  700000 39,47 

3CaCO  3,28 4,04 4,04 11188,722 25000 22,34 
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 18 

1 2 3 4 5 6 7 

4CaSO  3,7 4,6 4,85 71968,567 25000 3,47 

 2,8 3,4 3,4 2511,886  17210 13,32 

 

   Ki        

    . 

 

2 2 3 3 4SiO Al O CaCO CaSOK K K K K K      

 

19,90 39,47 22,34 3,47 13,32 98,5K        

        13.  

    IV   ( ) 

      ,  

      ,  -

 ,     ,  

 ,  .     -

 ,    , , ,   

  .       

  .        -

 , ,     .  -

       (10 - 57%),  (31 - 86%), 

  (1,3 - 45%).  ,    -

          

       .   

    .  -

   .       

  ,  ,  
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   .       -

         

   .  

       -

       ,  -

  .    -

   ,     

    .    

     ,      

      .  

     ,   -

,  ,   ,     .  ё  

    .       

,    ,      -

   [54]. 

 ,  ,     -

  , ё    -  

 .          

  . 

  ,    ,   -

      ё .  -

   ,      ,  

    [55]. 

       – . -

  .     3-  . 
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4        -

     

 

       -

 ,          -

   ,   ,   

        -

. 

       

        -

.  (    31000-2010)    -

     ,     

        -

  ,  ,    .  

 «  »      -

, . .  ,      .   

   ,     

        

     –    -

 [56]. 

       

        , 

  -    .   -

  ,   , -

        , -

    .   -

      -

 .     
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    ,    -

         ,   

,       -

    .  

 ,      ,  

      , , -

      . .,   -

   ,   -  

         , , -

  ,     -

,      ,   ,   . 

 ,        -

  .  

,     -

 ,       -

       -

   [57]. 

  –   -

,   ,  .    -

 ,       .  

      , -

         -

    [58].  

   -   ,   

       .  

          

    .    

    , :  

1.  ,  ;  
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2.  ;  

3.    .  

      , ,  

,    , , , 

,    , ,     

.    ,  ,    .  

      -

   ,   

  .      , , 

, ,     .  -

    ,  ,   ,  

      ,  -

 ( )   ( )   ,  

   .  

        -

 ,      -

     .  -

     : , , -

    ,   -  

, ,     [59].  

     –    

   (  0,7 - 0,76 / 3,   0,8 - 0,9, -

  0,8 - 0,85,  0,94 - 1 / 3)     .  

  -   .  

       

     ,    -

.  

          

    (  2.1.5.980-

00).          0,01 / ,  
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   ,   , , 

,     ,   -

,    ,    

          ( -

 2.1.4.1074-01) [60].  

       -

       , 

     , , , 

 .  

      -

        . -

         -

      , 

    . 

  -     -

   -     .  

  –      -

-     .  

       

        (  

).    - ,     -

 ( ,  ) , - ,   

 ,   .  

    (  12)    

 .      ( -

) ,         

.  

      ,  

     ,   . 
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       . .,   , -

      .  

 ,        

( ),       ( , -

  . .),   .  

    :  

-         -

 ;  

-       ;  

-     ;  

-        [61]. 

 

 

 

 12 –     

 

      

    ,    -

,     13.  
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 13 –   

 

 ,     ,  « -

   »,     

.  

        -

 (  « »):   ,    

   .     «   » 

    (  « »):       

     . -

       (  « »):  

      .   

        -

 (  « »):   ,    
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,       . -

 «   »     (  « »): 

       .   

  «    »   (  « ») 

    ( )   -

.  

 «    »   

   (  « »):     

 .     -

  (  « »):    , -

 ,      -

 .    «   »  

   (  « »): , , 

  .  

    . 

  ,   .5,     -

   0,00024. ,    -

   − .   ,    -

     .  

 ,    ,    

  .   ,    

  ,      -

,    ,      № 3, 2, 1, 12  

9. 

      

    ,    -

     ,    ,   

,       -

     [62].  
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     ,   -

    ,    

  .  ,    , -

         .    

       .  

  ,        -

  ,       [63].  

           

          

,     № 913  

13.09.2016 . 

           

  ( , .)    

 

= J · ·  ·1,04  (58) 

 

 J -     ;   J=14711,7 

. 

 - ,    ( =5) 

 -   ,    , 

. 

   2018    2019   1,04 

     (  ),  

 

 = 14711,7·5· 6144306,12 10 1,04  11016,12 

 

     (  ),  

 

 = 14711,7·5· 63441,72 10 1,04   2295,502 
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         19. 

 19 - ,    

 
C,

3/  
M,  

Y, . 

 

  

 1   

 2018 . -

 

  

, . 

 
34360 6144306,12 10  148,74  14711,7 11016,12 

17210 63441,72 10  3,55  14711,7 2295,5 

 

       

           

 11016,12   ,      -

 -     ,   2295,5   

         NaOH. 

      ,   

         5 

.  
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    .  

-    ,    -

         

   6      Na lO
2
   

   . 

-      -

  ,    

     . 

-     IV   ( ). 

       – .  

 .     3-  . 

-        

   5  
 

 

 

 

 

 

 

 

 



74 
 

 

   

 

1.  . .,  . .,  . . «  

    » [ -

 ]: 2010, № 9 (621), . 69 - 74 -  : 

https://elibrary.ru/item.asp?id=17790599. 

2.  . .,  . .,  . . «  

    » [ -

 ] // , 2014, .192   https://elibrary.ru/ite

m.asp?id=22501062. 

3.  . .        -

.: , 1980. .220; 

4.  . .,  . . «     

   » [  ]:  -

, 2015, . 284 – 250  : https://elibrary.ru/download/elibrary_23453 

558_43560159.pdf. 

5.  . .,  . .,  . . «  -

     » [ -

 ]:  , 2011, №9 (645), . 66 -71 – 

 : https://elibrary.ru/download/elibrary_18962060_90275399.pdf. 

6.  . . «     

  » [  ]: -

,   ,  2016, №12-2 (63), . 33 - 351   -  

http://www.magisterjournal.ru/docs/VM63_2.pdf. 

7.   . .,  . ., «   -

   » [  ]:   ,  

2016, №5 - 2 (7), . 120 - 121  : https://elibrary.ru/download/elibrary_ 

25994732_54660470.pdf. 

https://elibrary.ru/author_items.asp?authorid=626386
https://elibrary.ru/author_items.asp?authorid=912270
https://elibrary.ru/author_items.asp?authorid=626385
https://elibrary.ru/item.asp?id=17790599
https://elibrary.ru/author_items.asp?authorid=626386
https://elibrary.ru/author_items.asp?authorid=912270
https://elibrary.ru/author_items.asp?authorid=626385
https://elibrary.ru/item.asp?id=22501062
https://elibrary.ru/item.asp?id=22501062
https://elibrary.ru/author_items.asp?authorid=626386
https://elibrary.ru/author_items.asp?authorid=626386
https://elibrary.ru/author_items.asp?authorid=912270
https://elibrary.ru/author_items.asp?authorid=626385
https://elibrary.ru/download/elibrary_18962060_90275399.pdf
http://www.magisterjournal.ru/docs/VM63_2.pdf
https://elibrary.ru/download/elibrary_25994732_54660470.pdf


75 
 

8.  WO2013091032A1 «      

 »   . .,  . . . 23.11.11; . 

20.03.13,  № 12. - 2 .  

9.  2139254 «       -

 »  . . . - № 3360585/25-08; . 23.11.81 ; 

. 30.03.83, . № 10. - 3 . 

10.  . .,  . .,  . ., «   

       -

 »  [  ]  //  2015, №4 (177), . 

295-299 –  : https://elibrary.ru/download/elibrary_27412517_3323 

8503.pdf. 

11.  RU2198141C1 «     » 

. . , . . , . . , . . ; 2003  - № 

4546585/22-03; . 14.07.03 ; . 23.11.03, . № 16. - 4 . 

12. -  . .,  . .,  . ., «  -

   » [  ]  //   

,  2015, №11 (95), . 50-55 -  : https://elibrary.ru/download/ 

elibrary_24851202_74096658.pdf. 

13.  . .,  . .,  . .,  . .,  

. .,  . ., «      » 

[  ] // , ,  2012, №2, . 159-

166]    https://elibrary.ru/download/elibrary_17702955_51352212.pdf. 

14.  RU2239620C2 «     

  »  . .,  . .; 2004  - № 6786585/22-04; -

. 11.03.04; . 21.07.04, . № 19. - 2 . 

15.  RU2309129C «     » 

. . , . . ; 2007  - № 5236985/22-07; . 15.01.07 ; 

. 13.09.07, . № 12. - 3 . 

https://patents.google.com/?inventor=Petko+Ivanov+TOMOV
https://patents.google.com/?inventor=Vassil+Nikolaev+MIHAYLOV
https://patents.google.com/?inventor=%D0%A4.%D0%92.+%D0%9A%D0%B0%D1%80%D0%BC%D0%B0%D0%B7%D0%B8%D0%BD%D0%BE%D0%B2
https://patents.google.com/patent/RU2198141C1/ru?q=%D1%81%D0%B6%D0%B8%D0%B3%D0%B0%D0%BD%D0%B8%D0%B5&q=%D0%BE%D0%B1%D0%B5%D0%B7%D0%B2%D0%BE%D0%B6%D0%B5%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE&q=%D0%BE%D1%81%D0%B0%D0%B4%D0%BA%D0%B0&oq=%D1%81%D0%B6%D0%B8%D0%B3%D0%B0%D0%BD%D0%B8%D0%B5+%D0%BE%D0%B1%D0%B5%D0%B7%D0%B2%D0%BE%D0%B6%D0%B5%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE+%D0%BE%D1%81%D0%B0%D0%B4%D0%BA%D0%B0
https://patents.google.com/patent/RU2198141C1/ru?q=%D1%81%D0%B6%D0%B8%D0%B3%D0%B0%D0%BD%D0%B8%D0%B5&q=%D0%BE%D0%B1%D0%B5%D0%B7%D0%B2%D0%BE%D0%B6%D0%B5%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE&q=%D0%BE%D1%81%D0%B0%D0%B4%D0%BA%D0%B0&oq=%D1%81%D0%B6%D0%B8%D0%B3%D0%B0%D0%BD%D0%B8%D0%B5+%D0%BE%D0%B1%D0%B5%D0%B7%D0%B2%D0%BE%D0%B6%D0%B5%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE+%D0%BE%D1%81%D0%B0%D0%B4%D0%BA%D0%B0
https://patents.google.com/?inventor=%D0%AE.%D0%90.+%D0%A2%D1%80%D1%83%D1%85%D0%B8%D0%BD
https://elibrary.ru/download/elibrary_17702955_51352212.pdf
https://patents.google.com/?inventor=%D0%9C%D0%B8%D1%85%D0%B0%D0%B8%D0%BB+%D0%94%D0%B0%D0%B2%D0%B8%D0%B4%D0%BE%D0%B2%D0%B8%D1%87+%D0%9F%D1%80%D0%BE%D0%B1%D0%B8%D1%80%D1%81%D0%BA%D0%B8%D0%B9+(RU)
https://patents.google.com/?inventor=%D0%91%D0%BE%D1%80%D0%B8%D1%81+%D0%92%D0%B8%D0%BA%D1%82%D0%BE%D1%80%D0%BE%D0%B2%D0%B8%D1%87+%D0%92%D0%B0%D1%81%D0%B8%D0%BB%D1%8C%D0%B5%D0%B2+(RU)


76 
 

16.  № US4753181A 1988   . .     

   . 1988  - № 455675/22-88; . 15.01.88 ; 

. 13.09.88, . № 18. - 2 . 

17.   RU2305729C «     » 

. . ; 2005  - № 5236985/22-05; . 16.02.05; . 15.09.057, 

. № 10. - 2  

18.   . .,  . .,  . ., «  -

        

  ,   » [ -

 ] //     , 2013, №11, . 53-57 – -

 : https://elibrary.ru/download/elibrary_20458898_81295449.pdf 

19. 15-2016 «    ,  -

   (  )» -2016 , .- 4. 

20.  US5720882A 1998   ,   «  -

   ,  ,     

   »; 1998  - № 3486985/22-98; . 16.02.98; . 

15.09.987, . № 4. - 3  

21.  256769.        -

 ./ Rittershaus Blecher ( ); . 14.12.75; . 23.06.77, 

№5. - 6  

22. 255569.      ./ Ritter-

shaus Blecher ( ); . 18.12.75; . 23.05.77, №4. – 2  

23.   51642-2000   -  -

.       - . 

01.07.2012. –  : , 2012. – 20 . 

24. 15-2016 .  «    ,  

   (  )», -60  

25.  RU2006491C1 «     » 

. . , . . , . . , . . ; 1994  - № 

3416985/22-94; . 16.02.91; . 15.09.94, . № 3. - 3  

https://patents.google.com/?inventor=%D0%9C%D0%B8%D1%85%D0%B0%D0%B8%D0%BB+%D0%94%D0%B0%D0%B2%D0%B8%D0%B4%D0%BE%D0%B2%D0%B8%D1%87+%D0%9F%D1%80%D0%BE%D0%B1%D0%B8%D1%80%D1%81%D0%BA%D0%B8%D0%B9+(RU)
https://patents.google.com/?inventor=Kjell+Stendahl
https://patents.google.com/?inventor=Simo+Jokinen
https://patents.google.com/?inventor=%D0%95.%D0%A1.+%D0%94%D1%80%D0%B0%D1%87%D0%B8%D0%BA%D0%BE%D0%B2%D0%B0
https://patents.google.com/patent/RU2006491C1/ru?q=%D1%83%D0%B4%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5&q=%D1%81%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F&q=%D0%BE%D1%81%D0%B0%D0%B4%D0%BA%D0%B0&q=%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80%D0%B0%D1%86%D0%B8%D0%B8&oq=%D1%83%D0%B4%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5+%D1%81%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F+%D0%BE%D1%81%D0%B0%D0%B4%D0%BA%D0%B0+%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80%D0%B0%D1%86%D0%B8%D0%B8
https://patents.google.com/patent/RU2006491C1/ru?q=%D1%83%D0%B4%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5&q=%D1%81%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F&q=%D0%BE%D1%81%D0%B0%D0%B4%D0%BA%D0%B0&q=%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80%D0%B0%D1%86%D0%B8%D0%B8&oq=%D1%83%D0%B4%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5+%D1%81%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F+%D0%BE%D1%81%D0%B0%D0%B4%D0%BA%D0%B0+%D1%84%D0%B8%D0%BB%D1%8C%D1%82%D1%80%D0%B0%D1%86%D0%B8%D0%B8
https://patents.google.com/?inventor=%D0%90.%D0%90.+%D0%98%D0%BC%D0%B0%D0%BC%D0%BE%D0%B2%D0%B0


77 
 

26. «     »  . . 

[  ] //   2014   -   

–  : http://www.c-z-s.ru/doc/water-treatment/study/halturina-t.i.-

ochistka-stochnyih-vod-promyishlennyih-predp.pdf. 

27.  RU2404929C2 «     

   »  . .,   . .,  . ., 

 . .,  . .;  2010  - № 3486985/22-10; . 16.02.08; 

. 15.09.10, . № 5. - 1  

28. «    » . . , . . -

, . . , . . , . .  [  ]//  -

  2016  .  –  : https://www.kgasu.ru/ 

/upload/iblock/efc/obrabotka-osadkov-gorodskikh-stochnykh-vod.pdf 

29. «    » [ -

 ] // , 2008  . . , . .  –  -

: http://files.lib.sfu-kras.ru/ebibl/umkd/1509/u_lectures.pdf 

30.  RU 2195436 «     

 »  ,   ,  ,  

. .,  . .,  . .;  2002  - № 6596985/22-02; . 

13.04.01; . 15.09.02, . № 6. - 2  

31.  RU 2068395 «      »  

. .; 1996 . - № 3266985/22-02; . 12.04.94; . 13.11.96, . № 9. - 2  

32.  RU 2034793 «      ».; 

 . .,  . .,  . .,  . .,  . ., 

 . ., 1993 . - № 3266985/22-93; . 12.04.91; . 13.12.93, 

. № 10. - 2  

33.  №635046 «    »  -

 . .,  . .,  . ., 1976 . - № 5676985/22-76; 

. 12.04.74; . 13.12.76, . № 11. - 2  

34.  . .     -

 ./ . . , B.C. .// , -

http://www.c-z-s.ru/doc/water-treatment/study/halturina-t.i.-ochistka-stochnyih-vod-promyishlennyih-predp.pdf
http://www.c-z-s.ru/doc/water-treatment/study/halturina-t.i.-ochistka-stochnyih-vod-promyishlennyih-predp.pdf
https://www.kgasu.ru/upload/iblock/efc/obrabotka-osadkov-gorodskikh-stochnykh-vod.pdf
http://files.lib.sfu-kras.ru/ebibl/umkd/1509/u_lectures.pdf
http://www.findpatent.ru/byauthors/1102387/
http://www.findpatent.ru/byauthors/1102387/
http://www.findpatent.ru/byauthors/1654217/
http://www.findpatent.ru/byauthors/1654218/


78 
 

- .  " . . ".: . .-

, 1994. . 198-199 

35.  N1662952  «     » 1988  -

      . . .   ; -

 -  . .,  . .,  . .,  . . 1952 . -

 № 5676985/22-76; . 11.04.50; . 13.11.52, . № 10. - 2  

36.  US20110049048A1 «   » 2011   -

,  . .,  ,  . ., 2011 . - № 6486985/22-11; . 

12.04.09; . 13.12.11, . № 18. - 2  

37. «      »/ . . 

, . . . : , 1975. . - 6 

38.  US20060108263A1 «    -

  »   ,  ,    ,  

., 2006 . - № 5676985/22-76; . 12.04.74; . 13.12.76, . № 11. - 2  

39.  32.13330.2012. .    . – . 

01.01.2013. – .:  , 2012. – 97 . 

40.  RU2270809C2 «Integrated waste water treatment plant» . . -

, . .  ; 2006 . - № 5986985/22-76; . 11.04.046; . 17.11.06, 

. № 101. - 2  

41.  . . «      (   -

)» [  ] //  , 2006, № 24, 

. 3–29 –  : http://www.nparso.ru/images/docs/yanin_25.pdf. 

42. , . .     

 / . . , . .  // ё   :  

 VIII  -   , 

   ё ,  155-     . . 

  ̶  :   - , 2012 . .6; 

43.  . .    -

   ,   / 

https://patents.google.com/?inventor=William+Benner
https://patents.google.com/?inventor=William+Benner
https://patents.google.com/?inventor=Jeffrey+Scott+Sanem
https://patents.google.com/patent/US20110049048A1/en?q=ultrafiltration&q=water&q=purification&before=priority:20180101&after=priority:19900101
https://patents.google.com/?inventor=Kristy+Marie+Dunchak
https://patents.google.com/?inventor=Tzong-Bin+Lin
https://patents.google.com/patent/US20060108263A1/en?q=The&q=introduction&q=precipitate&q=PAA&before=priority:20180101&after=priority:19900101&page=1
https://patents.google.com/patent/US20060108263A1/en?q=The&q=introduction&q=precipitate&q=PAA&before=priority:20180101&after=priority:19900101&page=1
https://patents.google.com/?inventor=Karl+Chuang
https://patents.google.com/?inventor=Karl+Chuang
https://patents.google.com/?inventor=%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9+%D0%98%D0%B2%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%87+%D0%9A%D1%83%D0%BB%D0%B8%D0%BA%D0%BE%D0%B2
https://patents.google.com/?inventor=%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9+%D0%98%D0%B2%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%87+%D0%9A%D1%83%D0%BB%D0%B8%D0%BA%D0%BE%D0%B2
https://patents.google.com/?inventor=%D0%90%D0%BD%D0%B4%D1%80%D0%B5%D0%B9+%D0%98%D0%B3%D0%BD%D0%B0%D1%82%D1%8C%D0%B5%D0%B2%D0%B8%D1%87+%D0%A1%D1%83%D0%B4%D1%8C%D0%B8%D0%BD+(RU)
http://www.nparso.ru/images/docs/yanin_25.pdf


79 
 

. . , . . , . . , . . //   

– 2017.– №5 – .51-58; 

44.  .  .  .   

 . : ,2004.256 .; 

45.  . .    . .: , 1988. 256 

.; 

46.  .         . // -

   .     -

    . . 1992. .6-10.; 

47.  . .      -

       :  -

. .: -   « /  » 2001 . 74 . 

48.  . .,  . .,  . .   -

   . .: , 1984. – 

98 . 

49.  . .    .  «  -

»,№4, ,2012, .74-76. 

50.  . .,  . .,  . .,  . . -

     . : , 1974. 399 . 

51.  . .,  . .,  . . ,  . .  

   .  RU № 2486140. 27.06.2013 .№18; 

52.  . .        

    .   -

 . 2011. № 10 . 8–11; 

53.    24  1998 . № 89-  «   -

  »;  

54.  .     :  -

   //  . 2014. № 7. . 93;  

http://www.centreco.ru/projects/89.doc
http://www.centreco.ru/projects/89.doc


80 
 

55.  2.2.5.686-98    ( )  

    , .,  , 1998. - 208 .; 

56.  2.1.5.1831-04 -   ( )  

     -   -  

, .,  , 2004. - 156 .; 

57.  . .      ( -

 ).  . – : -  . . - , 2004. – 

325 .; 

58.  . .,  . .    .: 

.   , , . – , 1992. – 72 .;  

59.       ( ). -

 .  .  . . .: « - », 

2005. – 864 .;  

60.  . .  :  . – .: , 2011.-

280 .;  

61.  . .        

    .   -

 . 2011. № 10 . 8 - 11.;  

62.  . .,  . .  .   :  

  . - .:  « », 2005. - 118 .; 

63.  -   .   - [  ] – 

 : http://www.grandars.ru/student/fin-m/vidy-riskov.html  

64.  .    . ., 1996. - 140 .  

 

 

 

 

 

 

 



81 
 

       -

   

 

1      

 

  – , 3: 

 

W = Q · ,  ( .1) 

 

 T   8 .  

 

W = 7,5·8 = 60  

 

   , 2 : 

 

,
Hn

W
F




                                                      ( .2) 

 

 =2  –  ;  

n=2 –   . 

 

15
22

60



F  

 

 , : 

 

,
B

F
L 

                                                                                                          ( .3)
 

  В =   –  и и  и я. 



82 
 

5
3

15
L  

 

   , 3/ : 

 

,qnLq 
               ( .4) 

 

 n=1 –    3   ; 

LL 8,52,00,62,0   -  ; 

q  -   , 3/ . 

 

871518,5 q  

 

   -1,5: 

1)    90 3/ ; 

2)   1500 / ; 

3)   5,5 ; 

4)  1250 1320 1020 . 

 

2   

 

   ( )  , / : 

 

,
HBn

q
Vp 


  ( .5) 

 

 V  = 3 - 10 / ; 

 =1,5 - 2  –   ; 



83 
 

n = 2 -  ; 

 -   (3  6 ). 

 

17,0
360024232

1000180





pV  

 

  , : 

 

,
00018,0312,0

5,12

2
p

p

V
V

U
H

L





  ( .6) 

 

 U –    ; 

 

,10)93112( 0143,0 dU     ( .7) 

 

 
3/89,0  -   ; 

d=100  –    . 

,      

 : 

 

1000
0,0015 0,875 0,0015 0,875 0,88

300
         

 

1000  -    , 3/ ; 

300  -     , 3/ . 

 

6910)89,093112(88,0 1000143,0  U  

 



84 
 

44,13
17,000018,0

17,0

6923,0
312,0

25,12

2





L  

 

 L=15 . 

  , : 

 

U
t 

  ( .8) 

 

48
0006923,0

2
t

 

 

 : p tt  . 

 ,   , ./3 : 

 

,
10)100(

24
6




ЭQ
Woc    ( .9) 

 

 =60 % -     ; 

=70% -  ; 
3/5,1 -   . 

 

78,1
10)70100(5,1

6030018024
6





ocW
 

 

   , 3 : 

 



85 
 

3

610

24)(





QCC

W
   ( .10) 

 

91,2
1089,0

18024)4001000(
6





W

 

 

      , 3/  ; 

 

WWQ    ( .11) 

 

2,91 1,78 4,69Q     

 

 1 -   

Q , 3/  Q , 3/  Q , 3/  

175 7,3 0,002 
 

3      

 

         

= 400 / ,   .  

 

./11Dall   

 

  ,      

 - ./4 чQч   

 

./44411 чQall   

 

 ,   , : 



86 
 

,
100



K

QI all

  ( .12)
 

 

 =0,335 –   , / · ; 

=80 –    . 

 

2,164
80335,0

100
44 


I

 

 

       

 . 

 

 , ./ : 

 

,
100


i

I
Fa

  ( .13) 

 

 I=0,4 / 2  -  ,    . 

 

1,4
1004,0

2,164



aF

 

 

      , : 

 

,
104,0 6


a

all F

n
DQ




  ( .14) 

 

 n  = 15  –   ; 
3/69,2  -      . 



87 
 

Q c . =175 3/  . 

 

0065,0
101,469,24,0

15
11175

6





 

 

      , 2
    

   

78,085,142,0 F  

 

  , : 

 

a
a F

F
n 

    ( .15) 

 

6
78,0
1,4
an

 

 

  , : 

 

12  ann   ( .16) 

 

13162 n  

 

  6   7 . 

  N=2. 

 , : 

 

,2 ab    ( .17) 

 



88 
 

 b = 0,42  –  ; 
=0,01  –     . 

 

44,001,0242,0   

 

 , : 

 

,2)1( alnnL     ( .18) 

 

 l –    (l=0,015 ). 

 

3,001,02015,0)113(0065,013 L  

 

 , : 

 

,21hH    ( .19) 

 

 hэ 85,1  -  ; 

15,01   -     ; 

25,02   -      . 

 

25,225,015,085,1 H  

 

 , : 

 

175,0
  ( .20) 

 

425,2175,025,2 
 



89 
 

   , 3 : 

 

WWW    ( .21) 

 

32,044,03,0425,2  BLHW  

 

08,0008,042,085,113 W  

 

24,008,032,0 W  

 

     , : 

 

Q

W
t 

  ( .22) 

 

232
3,7

23600235,0



t  

 

    , / : 

 

t

H
V 

  ( .23) 

 

01,0
232

25,2
V  

 

 , : 

 

UIE    ( .24) 



90 
 

310284,33284202,164 E  

 

  , 3/ : 

 

Q

E
W 

  ( .25) 

 

37,0
3,7

10284,3 3




W  

 

     

    , 3 : 

 

273
)273( TIc

W





    ( .26) 

 

07,0
273

)20273(2,16400042,09,0



W  

 

4        

 

 

 , : 

 

,
4

)( .. 
 fFD

  ( .27)
 

 

 F –   , 2  

 



91 
 

NV

Q
F

P 


6,3


  ( .28) 

 

7,3
1,5 5,07

3,6 0,6 1
F   

   

 

 Vp = 0,6 /  –     ; 

5,1  -   . 

 

NH

tQ
fk 




60   ( .29) 

 

.7,0
16,360

203,7
60

2

NH

tQ
fk 








  

 

 t=15-20  –      ; 

Н 6,349,0   -   ; 

Н 54   -  . 

 

3
14,3
4

)7,06( D
 

 

    , : 

 

,
)( mCQ

NW
T







  ( .30)
 

 

 30000  -   ; 

/128   -    ; 



92 
 

 –    . 

 

  , 3 : 

 

,

2222
3

22


























dDdD

h

W


   ( .31)

 

 

 d=200  –     ; 

h  –    , ; 
5550  -  . 

 

)5090(2

)(





tg

dD
h

  ( .32) 

 

67,1
84,02

)2,03(





h
 

 

8,6

2
2,0

2
3

2
2,0

2
3

67,13

14,3
22



























W  

 

3,71
)8400(3,7

3000018,6





T  

 

      , 2 : 

 

,.. V

q
f 

  ( .33) 



93 
 

 V=0,6 – 0,7 /  –    . 

 

004,0
6,0

002,0
.. f  

 

  , 2 : 

 

V

q
f




4..

   ( .34) 

 

0008,0
6,04

002,0
.. 


f

 

 

   

  , 2 : 

 

,
60 1 NH

TQ
fk 




  ( .35) 

 

  = 15 - 20 ; 

N=1 –  . 

 

7,0
16,360

203,7





kf  

 

 , : 

 

kk fd  13,1   ( .36) 

 



94 
 

17,013,1 kd  

 

 ,   , /3 : 

 

N

Q
qc 


3600    ( .37) 

 

002,0
13600

3,7



cq  

 

 , : 

 

c

c
c V

q
d





13,1

  ( .38) 

 

04,0
2908,0

002,0
13,1 


cd  

 

 Vc=2-3 /  –     ; 

908,0  -  . 

 , : 

 

22


ctg
d

l c
c 

  ( .39) 

 

110
2
25

2
04,0

 ctglc
 

 

     , / : 



95 
 





2

274,1

c

c

d

q
V

  ( .40) 

 

75,1
908,0)04,0(

002,0274,1
2





V
 

 

   , : 

 
206,0c Vh 
  ( .41) 

 

183,0)75,1(06,0 2 ch
 

 

 ,    , % 

 

 
%100




m
q

   ( .42) 

 

 
8,1%100

32000
84005,1




q  

 

 2 -   ,    

Q , 3/  Q , 3/  Q , 3/  

172,15 7,17 0,0019 

 

5       

 

  , 2 : 

 



96 
 

,
6,3 ..21.. VtntnVT

Q
F




    ( .43)
 

 

 =16  –   ; 

V . . = 5-6 /  –     ; 

n =2 –    ; 

/1412   -  ; 

t =0,33  –      . 

 

172,15
2,06

16 6 3,6 2 12,5 0,1 2 0,33 6
F  

       
 

 

 , : 

 

FN  5,0   ( .44) 

 

0,5 2,06 1 N  

 

     . 

 : B=1,0 ; L=2,7 . 

    , / : 

 

1

.... NN

N
VV




  ( .45)
 

 

6.. V  

 

  . 

  , / : 



97 
 

 fq
  ( .46) 

 

75,335,127,2 q  

 

 , : 

 

,
4

V

q
d





   ( .47)

 

 

 V /2  

 

15,0
214,3

34,04





d
 

 

      , 2 : 

 

,)( mdLf    ( .48) 

 

 m = 0,27  –    

 

69,027,0)15,07,2( f  

 

   , /3  : 

 

 fq   ( .49) 

 

0086,05,1269,0 q  

 



98 
 

 : 

 

,
4

V

q
d





   ( .50) 

 

 V /28,1   

 

07,0
214,3

0086,04





d
 

 

  , 2 : 

 

 o ff 
  ( .51) 

 

 


 0068,0
100

7,225,0
of

 

 

   , : 

.4
27,0

0,1

m

b
n 

   ( .52)
 

 

4
27,0
0,1

n  

 

  , : 

 

  ,
o

o

f

f

  ( .53) 

 



99 
 

 fo -   , 2; 

d =10  –  . 

 

  87
0000785,0

0068,0

 

 

  , : 

 


  ( .54) 

 

22
8

87
  

 

 , : 

 

dLl    ( .55) 

 

55,215,07,2 l  

 

  , : 

 

o

l
l 

  ( .56) 

 

12,0
22
55,2

ol  

 

    . 



100 
 

 , : 

 

,
)57,1(

5
3

2q




  ( .57) 

 

 =2,1 –      

 

2,0
)157,1(

011,0
1,2 5

3

2




  

 

    , / : 

 

q
q 

  ( .58) 

 

25,11
3
75,33

q
 

     , : 

 

,3,0
100





lH

h
  ( .59)

 

 

 =0,7  –   ; 

l =30-45% –    . 

 

51,03,0
100

307,0



h  

 

   , %: 



101 
 

%,100
1000
601 





Q

Ntf

  ( .60) 

 

 61 t   –   . 

 

4,23%100
10002,72,7

16067,25,12





  

 

     , : 

 

),( 321 ttt 
  ( .61) 

 

  1280 T   –  ; 

17,03 t   –      ; 

3,01 t   –  ; 

33,02 t   –       . 

 

2,7)17,033,03,0(8   

 

       , : 

 

,2,073,1 3
2

2





bg

q

  ( .62)
 

 

 .7,0b   

 



102 
 

26,02,0
)7,0(81,9

)5,12(
73,1 3

2

2




  

 

 , 2 : 

 

bf    ( .63) 

 

18,026,07,0 f  

 

    , / : 

 

f

q
V 

  ( .64) 

 

5,25
49,0
5,12
V  

 
     

     , : 

 

,
22

1
2,2 2

..
2

2.. g

V

g

V
h











 
   ( .65)

 

 

 25,1V  / ; 

7,1.. V  / . 

 

24,0
81,92

7,1
81,92

2,1
1

83,3
2,2 22

2.. 











 h  



103 
 

 : 

 

f

f
  ( .66) 

 

.83,3
18,0
69,0


f

f
 

 

    , : 

 

,)( Hbh  
  ( .67) 

 

 6,0  –  ; 

017,0b  -  ; 

2,17,0   –   . 

 

68,07,0)5,12017,076,0( h  

 

    , : 

 

,022,0 .... h    ( .68) 

 

 5,0.    –   ; 

  –  . 

 

137,05,125,0022,0.. h  

 

    , : 



104 
 

lih ..   ( .69) 

 

8,0100008,0.. h  

 

   , : 

 

,
2

2

.. g

V
h




  ( .70) 

 

 V=2 /  -   . 

 

2,0
8,92

22

.. 


h  

 

    , : 

 

 


g

V
h

2

2

.. 
  ( .71) 

44,0
8,92

8,1
664,2

2

.. 


h
 

 

  4321    ( .72) 

 

  664,292,05,026,0984,0  

 

  ,  : 

 

.......... hhhhhhh 
  ( .73) 



105 
 

49,244,02,0137,08,068,024,0 h  

 

          

, : 

 

,5,4 Hhh
  ( .74) 

 

 .5,0h   

 

7,55,47,05,0 h  

 

 , : 

 

..hhh     ( .75) 

 

 .5,1..h   -  . 

 

69,95,149,27,5   

 

   1,5 -6 -1: 

1.  – 5,9-12 3/ ; 

2.  – 15-20 ; 

3.   2900 / ; 

 

6     

 

     ,    -

  : 

 



106 
 

WWW 
  ( .76) 

 

   3   , 3  : 

 

qW  3    ( .77) 

 

37,264,83 W  

 

      , 3  : 

 

oc t
Pq

t
Pq

W 






100100   ( .78) 

 

7,03,0
100

4,234,8
4,0

100
2,34,8







W  

 

   , : 

 

277,037,26 W  

 

  3 ,  3 3 . 

 

7     

 

        

. 

 

1000

36002 1 Ft
WW






  ( .79) 



107 
 

  3 ,    3 2,7 . 

     .3,24 3WW   

 

8   

 

   ,      

   ,      5 . 

       q=0,8 3/ 2· ; 

Q =3,15 3/ ; W=25,2 3/ .  

 = 3,15 3/ . -  ,      

175 3/ . - 3,15 3/ . = 171,85 3/  

  , 3 : 

 

WW  4,0
  ( 80) 

08,102,254,0 W
 

 

0,8 3/ 2·  - 1 

3,15 3/  -  

=3,94 2 -   (F) 

 , : 

 

2,2
14,3

94,344






F

D . 

 

      300 . 

 

9  -  

 

ё  -     , : 



108 
 

,
100

)100(
х

ВW
M


    ( .81) 

 

 В =94% −   ; 

 =1,1 / ³ − ё   . 

 

71,0
100

1,1)94100(08,10



M  

 

  - , 2 : 

 

,
1000M

F



    ( .82) 

 

  -     ; 

=20 / ²·  −   1 ²  - . 

 

21,2
2016
100071,0





F  

 

 1 -   5-1,75 (1 - , 1 - ) 

 

  3 -     

 

 

 

, 

² 

 

,  

, 

 

 

,  

, 

 

-  

 5-1,75 
5,0 Ø1762 960 4,4 2980 2410 2650 4990 

 

  ( )  - , ³/ : 

 



109 
 

)100(

)100(
WW




     ( .83) 

 

62,3
)3,83100(

)94100(
08,10 




W
 

 

10   –  

 

       

        ,   

        

,           

  - . 

       8 

.        

  : 

       . 

 

 - , 3 : 

 

 iqW    ( .84) 

 

4,38 8 35,04W     

 

   , 2 : 

 

,
Hn

W
F




  ( .85) 

 



110 
 

 =1  –  ; 

N=2 –   . 

 

35,04
17,52

2 1
F  

  

 

 , : 

 

,
B

F
L 

  ( .86) 

 

 =3  –  . 
17,52

5,84
3

L  
 

 

   , /3 : 

 

  ( .87) 

 

 n=1 –    3   ; 

q  -   , 3/( · ); 

 0,2 5,84 0,2 5,64l L      -  . 

 

5,64 1 6 33,84Q      

 

   -1,5. 

1.    – 90 3/ ; 

2.   – 1500 / ; 

3.   – 5,5 ; 

4.  – 1250 1320 1020 . 

,qnlQ 



111 
 

11      

 

      

  , 3 : 

 

60

Q
W 

  ( .88) 

 

05,0
60
15,3

W  

 

      z꞊5  , 

   1 , /3 : 

 

60

zW
Q




  ( .89) 

 

0041,0
60

505,0



Q

 

 

      v =2 / ,  

 ,  ,  , / : 

 

ov

Q
F 

  ( .90) 

 

002,0
2

0041,0
F

 
 

     , : 



112 
 





94,0

4 F
D

  ( .91) 

 

05,0
14,394,0

002,04





D
 

 

  , : 

 












g

v
hH

2

1 2

2   ( .92) 

 

5,0
81,92

2
2,0

8,0

1 2











H
 

 

  , : 

 

o

o

HQ
N





81,9

  ( .93) 

 

02,0
75,0

5,0003,081,9



oN

 

 

      , : 

 

N
N




  ( .94) 

 



113 
 

03,0
6,0
02,0

N
 

 

   , / : 

 

 2cos

2,27





tgD

v
n o

  ( .95) 

 

3931
93,04,004,0

22,27
2





n  

 

    1% .    

         

            

  .       

 -  -3.     

   1-2    . 

 

   , / : 

 

,1000 QD
  ( .96) 

 

 nD  -  . Dn /0085,0/5,8   -  . 

 

2142,010002,250085,0   

 

 

 

 



114 
 

12    

 

        

       1-1,5 . 

      , 3 : 

 

,


TQ
V


    ( .97) 

 

 8   –     ; 

=1  –  . 

15,3
8

12,25



V

 

 

 2       1 2,0 2,6 . 

       

    d=75    d=5 , 

      30-60 . 

  ,    , 

/3 : 

 

,qnLQ 
  ( .98) 

  

 n=1 –     ; 

L 1  -  ; 
23 /3 чq   -   . 

 

3311 Q  

 



115 
 

      ,   

   - . 

 

13   

 

        

  ,       

 3     1000 / ,   

 –  45,4%,  54,6%. 

  25,2 3/     -10. 

1.   – 105 ; 

2.   – 6 ; 

3.   – 10 ; 

4.      – 15000; 

5.   – 13000; 

6.   – 1,7 ; 

7.    41-2; 

8.   800 640 1680 . 

 

14       

 

  ,    45,4 %   

 ,  . 

 

QQ  454,0.   ( .99) 

 

./44,112,25454,0 3
.Q   

 



116 
 

V /78,1
)6,61100(

)94100(
44,11 3




  

 

          

, 3 : 

 

,
8

Tq
W




  ( .100) 

 

 =16  –     .
 

 

8,5
8

163



W  

 

   1,0 ,     2,6 2,2 . 

 

15       

 

     54,6%    

. 

  

QQ  546,0   ( .101) 

 

./75,132,25546,0 3Q   

 

8
Tq

W



  ( .102) 

 

392,1
8

1696,0
W 




 



117 
 

   1,0 ,     1,5 1,3 . 

 

16      

 

      

  , 3 : 

 

,
60

Q
W 

  ( .103) 

 

 Q =3,15 3/
 

 

0525,0
60

15,3
W

 

 

      z = 5  , 

   1 , /3 : 

 

60

zW
Q




  ( .104) 

 

004,0
60

50525,0



Q

 

 

      v =2 / ,  

 ,  ,  , 2 : 

 

ov

Q
F 

  ( .105) 

 



118 
 

002,0
2

004,0
F

 

 

     , : 

 





94,0
4 F

D
  ( .106) 

 

05,0
14,394,0

002,04





D
 

 

  , : 

 












g

v
hH

2

1 2

2   ( .107) 

 

5,0
81,92

2
2,0

8,0

1 2











H
 

 

  , : 

 

o

o

HQ
N





81,9

  ( .108) 

 

02,0
75,0

5,0004,081,9



oN

 

 

      , : 

 



119 
 

N
N




  ( .109) 

 

03,0
6,0

02,0
N

 

 

   , / : 

 

 2cos

2,27





tgD

v
n o

  ( .110) 

 

3144
93,04,005,0

22,27
2





n
 

 

  -3    .    

         

            

  .        

 -  -3.  

 

   , / : 

 

,1000 QD
  ( .111) 

 

 Dy  -   (Dy  = 0,58 /  - 5%    ) 

 

1510002,2558,0   

 

 



120 
 

17    

 

 , : 

 

,
4





F

D
  ( .112)

 

 

 F -   , 2 ; 

 

,
6,3 NV

Q
F

P 
 

  ( .113) 

 

 Vp =0,6 /  –     ; 

5,1  -   . 

 

18,2
16,06,3

15,3
5,1 


F

 

 

6,1
14,3

418,2



D  

 

    , : 

 

,
)( mCQ

NW
T







  ( .114) 

 

 30000  -   ; 

8 12 /   -    ; 

 –    . 



121 
 

  , 3 : 

 

,

]
22

)
2
()

2
[(3 22 dDdD

h

W

K 




   ( .115) 

 

 d=200  –     ; 

h  –    , . 

 

,
)5090(2

)(





tg

dD
hK

  ( .116) 

 

 5550   -  . 

 

1
84,02

)2,06,1(





Kh
 

 

9,1
]

2

2,0

2

6,1
)

2

2,0
()

2

6,1
[(13

14,3

22




W  

 

3,75
)12800(96,0

3000019,1





T
 

 

      , 2 : 

 

,.. V

q
f 

  ( .120) 

 

 V=0,6 – 0,7 /  –    . 



122 
 

0004,0
6,0

0003,0
.. f

 

 

  , 2 : 

 

V

q
f




4..

  ( .121) 

0001,0
6,04

0003,0
.. 


f

 

 

18       

 

  ,    45,4 %   

 ,  . 

 

QQ  454,0.   ( .122) 

 

Q /44,112,25454,0 3
.   

 

./2,1
)43100(

)94100(
44,11 3V 





 

 

          

, 3 : 

 

,
8

Tq
W




   ( .123) 

 

  = 16  –     . 

 



123 
 

3,6
8

1615,3



W

 

 

   1,0 ,     2 2 . 

        , 

        

.       

,  ,         

  . 

 

19       

 

     54,6%    

. 

 

QQ  546,0   ( .124) 

 

Q /76,132,25546,0 3   

 

8

Tq
W


    ( .125) 

 

31,1
8

1615,3
W 




 

 

   1,0 ,     1,5 1,3 . 

     , 

    ,     . 

    ( )   1,1 3/  

    ,      



124 
 

       ,    

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



125 
 

       

 
      2 3Al O   

 
 1 –    2 3Al O   

   -

  

  

 

  

  

1 2 3 4 

 ( ), /  - - - 

      4 [2] 

 ( , ), /  0.2000000 3 [3] 

    -

  

0.0400000 3 [3] 

. . ( ), /  4 4 [6] 

     

 

0.0100000 2 [6] 

. . ( . ., ), / 3 2 2 [4] 

     - -  

 ( , ), /  - - - 

Lg(S, / / , . ) 0.0 4 - 

Lg( ac, / 3/ . ) 0.0 4 - 

Lg( , / 3/ . .  . .) 0.0 4 - 

lg Kow(o a o / o a) - - - 

LD50, /  - - - 

LC50, / 3 - - - 

 



126 
 

  1 
1 2 3 4 

LC50 , / /96  - - - 

= 5/  100% - - - 

 (   -

  ) 

- - - 

 (    -

) 

- - - 

  0.8 3 - 

 
       

 

 

 2 36 /11 3,27X    

 

      

    

 

2 4 3,27 / 3 1/ 3 4,03Z      

 

 2lg 2 4 / 6 4,03 4,03W      

 

       -

 

 

 2 17734,189W   

 

       



127 
 

2 700000 /17734,189 39,47K    

 

 2 70 10000 700000C     

 

      3CaCO  

 

 2 –    3CaCO  

   

  
   

 -

 

1 2 3 4 

 ( ), /  - - - 

    - - - 

 ( , ), /  20.000000 4 [6] 

    -

-   

3 3 [6] 

. . ( ), /  180.00000000 4 [5] 

    -

  

4 4 [5] 

. . ( . ., ), / 3 0.1500000 3 [4] 

    

 

3 3 [3] 

 ( , ), /  - - - 

Lg(S, / / , . ) - - - 

Lg( ac, / 3/ . ) - - - 

Lg( , / 3/ . .  

. .) 

- - - 

lg Kow(o a o / o a) - - - 

LD50, /  - - - 

LC50, / 3 - - - 

LC50 , / /96  - - - 

= 5/  100% - - - 

 



128 
 

  2 

1 2 3 4 

 (   

  ) 

- - - 

 (   -

 ) 

- - - 

  0.5 2 - 

 
       

  

 

3 23 / 7 3,28X    

 

      

   

  

3 4 3,28 / 3 1/ 3 4,04Z      

 

 3lg 2 4 / 6 4,04 4,04W      

 

       -

  

 

3 11188,722W   

 

       

 

3 250000 /11188,72 22,34K    

 

 3 25 10000 250000C     



129 
 

       4CaSO  

 

 3 -    4CaSO  

   -

  

  

 

  

  

1 2 3 4 

 ( ), /  - - - 

      4 [1] 

 ( , ), /  20.000000 4 [2] 

    -

  

3 3 [2] 

. . ( ), /  180.00000000 4 [4] 

     

 

4 4 [4] 

. . ( . ., ), / 3 0.3000000 3 [6] 

     - -  

 ( , ), /  - - - 

Lg(S, / / , . ) 0.0 4 - 

Lg( ac, / 3/ . ) 0.0 4 - 

Lg( , / 3/ . .  . .) 0.0 4 - 

lg Kow(o a o / o a) - - - 

LD50, /  - - - 

LC50, / 3 - - - 

LC50 , / /96  - - - 

= 5/  100% - - - 

 (   -

  ) 

- - - 

 (    -

) 

- - - 

  0.8 3 - 

 

         

 



130 
 

4 37 /10 3,7X    

 

      

    

 

4 4 3,7 / 3 1/ 3 4,6Z      

 

 4lg 2 4 / 6 4,6 4,85W      

 

       -

  

 

4 71968,567W   

 

       

 

4 250000 / 71968,567 3,47K    

 

 4 25 10000 250000C     

 

     

 
 4 -     

    -

 

 

 
 

 

 

1 2 3 4 

 ( *), /  - - - 

    - - - 

 ( , ), /  0.300000 3 [4] 

 



131 
 

  4 
1 2 3 4 

    -  

 

4 4 [4] 

. . ( ), /  0.05000000 3 [7] 

     -

 

3 3 [7] 

. . ( . ., ), / 3 - - - 

     - - - 

 ( , ), /  - - - 

Lg(S, / / , . )** - - - 

Lg( ac, / 3/ . ) - - - 

Lg( , / 3/ . .  . .) - - - 

lg Kow(o a o / o a) - - - 

LD50, /  - - - 

LC50, / 3 - - - 

LC50 , / /96  - - - 

= 5/  100% - - - 

 (    

 ) 

- - - 

 (    ) - - - 

  0.3 1 - 

 
       

  

 

5 14 / 5 2,8X    

 

      

    

 

5 4 2,8 / 3 1/ 3 3,4Z      

 



132 
 

 4lg 2 4 / 6 2,8 3,4W      

 

       -

  

 

4 2511,886W   

 

       

 

4 33460 / 2511,886 13,32K    

 

 4 3,346 10000 33460C     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



133 
 

  ё    ( ),  -

    ( )     

. 

 

   –   ,    

         -

.        

 [45].       ,  

      ,  

    𝑃 ,    -

 .        1. 

 

 1 –     

№    

1     ( ) 

2    

3    

4   

5     

6    

7    

8   

9   

10    

11     

12       

13  

14  

15  

16  

17  



134 
 

 

      :  

 𝑃  -   «    »;  𝑃  -   «   »;  𝑃  -   «   »;  𝑃  -   «   »;  𝑃  -   «    »;  𝑃  -   «   »;  𝑃  -   «   »;  𝑃  -   «   »;  𝑃  -    .  

 

       

      « », « »:  

  « »:  

 

1 2P P P   ( .1) 

 

  « »:  

 

1 (1 )nP P                                                                 ( .2) 

 

        .1  

.2,     : 

 

5 5
1 2 171 (1 ) (1 ) (1 )P P P p           ( .3) 

 



135 
 

      ,  -

   ,      

.2.  

 

 .2 –     

 
     «   »  

  :  

 

5 4
1 1 12P P p    ( .4) 

 𝑝  –      ,  

  ,  «   »   

 .4:  

 №    i  

1  0,0025  

2  0,0036  

3  0,0074  

4  0,0003  

5  0,0006  

6  0,0012  

7  0,0009  

8  0,0011  

9  0,0013  

10  0,0008  

11  0,0007  

12  0,0017  

13  0,0003  

14  0,0005  

15  0,0002  

16  0,0006  

17  0,0008  



136 
 

13 14 15 161 (1 ) (1 ) (1 ) (1 )P p p p p            ( .5) 

 

 𝑝  – ; 𝑝  – ; 𝑝  – ; 𝑝  – .  

   «   » 

   :  

 

4 3 3
1 1 21 (1 ) (1 )P P P       ( .6) 

 

   «   »  

: 

 

3 2 2
1 1 2 6 71 (1 ) (1 ) (1 ) (1 )P P P p p           ( .7) 

 

 𝑝  –      ;  𝑝  –     .  

  «    » 

   :  

 

3
2 8 9 10 111 (1 ) (1 ) (1 ) (1 )P p p p p           ( .8) 

 

     «   » -

  :  

 

2 1
1 1 3P P p    ( .9) 

 

 𝑝  –   ,     « -

   »   :  
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2
1 1 2P p p    ( .10) 

 𝑝  -     ( );  𝑝  -   .  

     «   

»       :  

 

2
2 4 51 (1 ) (1 )P p p       ( .11) 

 

 𝑝  –    ;  𝑝  –    . 

        

        -

. 𝑃 = , × , = ,  

 𝑃 = , × , = ,  

 𝑃 = − − , × − , = ,  

 𝑃 = − − , × − , × − , × − ,= ,  

 𝑃 = − − , × − , × − , × − ,= ,  

 𝑃 = − − , × − , = ,  
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𝑃 = , × , = ,  

 𝑃 = − − , × − , × − , × − ,= ,  

 𝑃 = − − , × − , × − , = ,  

 

       0,00024. 

,       − .  -

 ,        -

 .  

 ,    ,    

  .   ,    

  ,      -

,    ,      № 3, 2, 1, 12  

9. 

  ,     -

 ( )       ( )  (   

 , ) ,    .12, . : 

 
1

n

i i
i

Y K K K H M K


      , ( .12) 

  

 K  - ,  -    -

   ,      .3; 

K  - ,    (   

),      4; 

 K -  ,   -

  ; 

http://base.garant.ru/12167365/d125a1519d515ed49e867d61066e8990/#block_11001
http://base.garant.ru/12167365/d125a1519d515ed49e867d61066e8990/#block_11002
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 i -        i-   ( -

)          20, 

. ./ ; 

iM -   i-   ( )  -

    , . 

 

 3 - ,  -    

    ( K ) 

 N /   
, K  

1 , ,  1,15 

2 , ,  1,25 

3 , ,  1,10 

4 , ,  1,15 

 

 4 - ,    ( K ) 

(   ) 

 N /   , K  

1 2 3 

I.  ,  ,   

1.  .  1,51 

2.  .  1,21 

3.      ,  
    

2,10 

4.      1,18 

5.  .   1,36 

6.      1,16 

7.  .  1,37 

http://base.garant.ru/12167365/d125a1519d515ed49e867d61066e8990/#block_11003
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  4 
1 2 3 

8.      1,22 

9.  .  1,41 

10.  .  1,55 

11.  .  1,60 

12.  . ,  1,45 

13.      1,39 

14.  .  1,29 

15.  .  2,20 

16.      1,64 

17.  .  1,33 

18.      1,95 

19.  .  1,22 

20.  .  1,36 

21.      1,23 

22.  .  1,27 

23.      1,18 

24.       2,80 

25.   -   1,15 

 

 5 -          -

  ( )     ( i ) 

 N /       
i , . ./  

1 2 3 

1.  40 / 3 5 

2. 5,0-39,9 / 3 10 
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  5  

1 2 3 

3. 2,0-4,9 / 3 170 

4. 0,2-1,9 / 3 280 

5. 0,06-0,19 / 3 510 

6. 0,02-0,05 / 3 670 

7. 0,006-0,019 / 3 4 350 

8. 0,003-0,005 / 3 4 800 

9. 0,001-0,002 / 3 12 100 

10.  0,001-0,0007 / 3 240 100 

11.  0,00008 / 3   2 960 000 

12.   30 

 

    ( )    -
   ( )   (    , )  

   .2. 

 

   610i i iM Q C C T      , ( .13) 

  

 iM  -   i-   ( ) , ; 

i -  ,     ; 

Q -     ( )   (    -

, ) ,    i-   ( ) 

    ,     -  -

            -

, 3 / ; 

iC  -       i-   ( -

)      ( )   (   
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 , ) ,     -

        

  (   3- )    , 3/ ; 

iC  -   i-   ( )   

   (  )    

          -

  ( )    , 3/ ; 

  i-   ( )   -

   (  )     

     ,    -

    "    ", -

       ,   

,  1,4 (       

 ). 

 ,  ,    i-   ( -

)        -

,      . 

 -         -

   ( ) ,    

     , ; 

610
 -     ( )   . 

          

 ,        -

  ,       -

   ,       -

 -    ,     

      ( ) -

http://base.garant.ru/70103066/
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,     (  ) 

      . 

     (    

, )      , -

 -    ,    -

,       ,    -

    . 

  ,        ( ) -

  (    , )    

 ( ,   . .),      -

        ( )   

 . 

   ( )   -

  ,      ,  

        . 

        

    ( )  (    , )   

    ( ) , -

    (  )  

     ,     

   . 

        -

,    ,  

  ( )       -

    ,    -

    ,   -

    ( ) ,  -

   (  )    

   ,     -
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    ( )  (    , ) 

,         . 

 ,       -

  ,     ( , ),   

 ,      

,   ,     ( )  -

  ,        -

      , 

 ,   

        

  ,   ,    -

 ( , ),     . 

       5    

    ,  -

  ( )       -

    ,      -

       

  ( )      

 ( )   (    , )   

   ,    

,    ( )   

        ,  -

     ,  -

        -

    ( )  (    , ) 

,         ,   

     .   -

       . 

  ,      -

        ( )  (   

http://base.garant.ru/70552684/5ac206a89ea76855804609cd950fcaf7/#block_3
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 , ) ,     ( ) 

    (  )     

  ( ),    i-   ( -

)  (C )      

  . 

       -

       ( -

)          

       ( ),   -

         

  ,    ( ), 

          

. 

   (  ) 

,  

 

   6 61,05 34360 1,4 4 10 144306,12 10iM         ,  

  

 Q = 1,05 3 /  (Q = 25,2 3 / ,  .80); 

iC  = 34360 3/  (  5); 

iC  = 1,4 3/ ; 

T = 4   (T = 14400 ); 

, . ./  

 

 61,25 1,36 2,17 280 144306,12 10 148,74Y        , 

 

 K  = 1,25 (  .3); 

K  = 1,36 (  .4, . ); 
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K  = 2,17; 

i  = 280 . ./ . (  .5); 

   (  ) 

, . 

 

   6 60,05 17210 1,4 4 10 3441,72 10iM         ,  

  

  Q = 0,05 3 /  (Q  = 1,1 3 / ,   .125) 

iC  = 17210 3/  (  11,  iC  = 17,21 3/ ); 

iC  = 1,4 3/ ; 

T = 4  (   T = 14400 ). 

 

, . . 

  

 61,25 1,36 2,17 280 3441,72 10 3,55Y        , 

 

 K  - 1,25 (  .3); 

K  = 1,36 (  .4, . ); 

K  = 2,17; 

i  = 280 . ./  (  .5). 

 

 .6 - ,     

 
C,

3/  
M,  

Y, . 

 

   

1    

2018 .  

 

  

, . 

 
34360 6144306,12 10  148,74  14711,7 11016,12 

17210 63441,72 10  3,55  14711,7 2295,5 
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