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1   

 

1.1 щ       

 

     , , , 

 , ,     

     ,    

,        

[2].  

   ,     

        . 

        

(  𝑐)    .      

   : а = 𝑓 , ,  а = 𝑓 ,  [3].  

        

     :  

-  –         

    ; 

-  –       

   (  -   ); 

-  –   (  )  
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     (     
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 .     

 ,    , 
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( ,   ,   .). 
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   𝐶𝑒    

 𝑒,    (1). 

 

𝑒 = 𝐶 − 𝐶𝑒 , (1) 

 

  𝐶 −     / ;  V −    ;  −    / .  
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. ,     

 ,    .    

    ,   

 (2): 

 𝛤 = 𝐾𝐻𝐶, (2) 

 

 𝛤 –   ( / );  𝐶 –   ( / );  𝐾𝐻 –   ( / ),     

   .  ё     

 ,       .  

 

1.3.2   

 

      , 

       

    ,   , 

 ,    (3): 
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 𝛤 = 𝐾𝐹𝐶 , (3) 

 

 𝐾𝐹 –  .     

        

     

. 

 

1.3.3    
 

        

 ,        

   .     

 : 

-  ; 

-    ; 

-       . 

  (4)     

  : 

 𝛤 = 𝛤 𝑎𝑥 𝐿 𝐶𝐶+ 𝐿 𝐶𝐶 , (4) 

 

 𝛤 𝑎𝑥 –    ( / );  𝐶  –  ,  1 / ;  𝐾  –       

 (  ). 

 



14 

1.3.4   – А  

 

 ,  –     

      ,  

      .    

(    2 ),    

 .      

  ,   ,    

 .      

 (5): 

 𝛤 = 𝛤 𝑎𝑥 exp − аха ln (𝐶 𝑎𝑥𝐶 ) . (5) 

 

 𝐶 𝑎𝑥 –    ( / );  

аха  –    ( / );  

 –  ,     1  6  

    .  

 ,        

,         (  

),         

   .  ,   

       

[11]. 

 

1.3.5   –  

 

  ,      
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= 𝑞 𝐿𝐹𝐶𝑒 𝐿𝐹+ 𝐿𝐹𝐶𝑒 𝐿𝐹 , (6) 
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 [12]. 
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1.5.3  Y 
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2   

 

2.1    

 

2.1.1  

 

       

  -   Y (  Sigma-Aldrich). 

  C H8Br O .    647,89 / .  

      

.      (  Sigma–

Aldrich, CAS Number 9012-76-4)    20-200    

 88%.   ,   

    (Larix sibirica Ledeb.) 

  «  » ( )    

« »  ,   [12].    

   ~17  [23],   

32,4% [12]. 

     1383,8 / .  

         

 4 M,   pH      

  0,05 .  

 

2.1.2  

 

       

     Zetasizer Nano ZS (Malvern 

Instruments Ltd., ).    173°;   

  532 .     

  .      3 
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  20    . -    

    ;   

  4   50   .  

SEM-        

 S-5500 (Hitachi, ).  

     Lambda 35 (Perkin 

Elmer, )        

 .        

 (2-235 / )    ,   

  1, 2, 4  10 .  

       -

       SX20 

(Applied Photophysics),    (PDA)  

     T=20℃. 

     1:1.  

   : 0,25 ÷ 180       250 

 .      

Lambda 35 (Perkin Elmer, )   6 . 

 

2.1.3   

 

     ,      

   –   [24,25]. 

    :  0,1% .    

  0,15   pH 5.46  0,1% .  

    2:1.   

   5.  
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 5 –    

 

        

 .   ,     

  pH 5.5.       . 

        

  ,    .  

     

  -      ,   

   ;    ,   

 . 

 

2.1.4    

 

  (  / )     

.            

. 

       

 Origin.     Y     

 ,   :  

 ,   .  

       =℃.  
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 , ± ,  /л.  

         

 .  

 

2.2     

 

2.2.1    

 

       

     400 .  , 

    ,  PDI = 0,13 – 0,14. 

 -  𝜁 = +       

  .    

 ,   . ,   

 SEM- ,   6. 

 

 
 6 –      
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     ,    
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      ,    

  Y     pH 5.6.   

   7.  

 

 

 7 –    Y 

 

  ,     8,  

  ,      Y, . . 

 ,       

   ,   ,  ,  

  ,   

        Y.  

 

 

 8 –   .  –  Y  ;  –  Y   

 
 
 
 
 

[ ] 
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        516 , 

       Y.   

         

   .  

       , 

        

    .   

      Y     516 . 

       ,   

   ,    0,001 ÷ 

180 .      6 .  

,    9,   , 

  3  :  

 

 
 9 –   

 𝑡 = , ± ,   –      

  15%       

;     𝑡 = ±   c   

  ,     ; 

 
 
 
 
 

[ ] 
 
 
 

[ ] 
 

[ ] 
 

[ ] 
 

[ ] 
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  t = ±        

 ё  8-9%      –   

 ,      

.  

      ,  

       ,    

    [12].     

        

,       . 

 

2.2.3 А   Y   pH 

 

        

   Y   ,   

     

,    .    

 ,       

  ё      , 

        . 

 pH ё      :   

      , 

     ё ;    

     ,    

ё    .    

      ( ,    

, HCl)     .  ,  

    ,    , 

  ,          

 Y, ,      pH    

  .  

[ ] 
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   9,8 ÷ 980 ,  pH   

  ё  (pH 5; 4; 3)    5,5; 5,4  4,4. 

   pH      

 .        pH 

     0,8÷180 / .  

   17 .  ё    ,  

 , ,   ,  ё . 

   ,     

  Y   ,     

  . ,   - -

        

 (1),   ,    

,     10.  

 

 
 10 –         

 

       -

.  ё , ё      

 
 
 
 
 

[ ] 
 
 
 

[ ] 
 

[ ] 
 

[ ] 
 

[ ] 
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   - .   

      .    10  

   ё    pH, 

      465 ± 93 / . 

,     ,    HCl, 

      

 NH+ ,       

  Y   .  

   ё ,   ё  

     –    

 .    ,   ё 

,  ,     – 

   ,   –  

 -    ,   

   ,       

  ,  ,   

- .    0  1    

  –    0,   .     

 = . ÷ .    ,    

   .    𝐾 ( / ) 

,    ,   

   .      

 1.  

 

 1 –     HCl 𝐶𝐻𝐶 ,  pH , /  
 

ё  

𝐾, /  
 
 

 
 
 

 

0 5.6 227 ± 45 113 ± 23 0,80 ± 0,20 0,992 
9,8 5.5 233 ± 47 164 ± 33 0,98 ± 0,19 0,993 
98 5.4 313 ± 63 128 ± 26 0,97 ± 0,19 0,996 
980 4.4 465 ± 93 206 ± 41 0,93 ± 0,18 0,999 

 
 

[ ] 
 
 
 

[ ] 
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 ,   -   

      Y,    

   ,    pH 

;    ё    

   (    pH ) 

       

       -

,        

,       

.  

 

2.2.4 А   Y      

 

      0 ÷ 0,5 . 

 ,    11, ,    

 ,    - .  

 
 11 –        

 

 
 
 
 
 

[ ] 
 
 
 

[ ] 
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 ,  :      

  Y   ,     

,    NaCl. ,  , 

    ,   

 .   ,    

       –   0,8 

 2,7.       ,   

   -    ,   

 .   𝐾     

   ,      

   .     

       

 NaCl,    ,      

   .    -   

     ,   

     .    

  ,    . 

  ,        

,  ,        , . . 

   .    

   ,    ,  

   Y   ,     

. ,    Y    

   , ,  ,  

       . , 

        , 

    ,    

  Y  ,   ё  

[ ] 
 

[ ] 
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  -   ,   

.     2.  

 

 2 –   𝐶𝑁𝑎𝐶 ,  , /  
 

ё  

𝐾, /  
 
 

 
 
 

 

0 227±45 113±27 0,8±0,2 0,992 
0,05 223±44 28±8 1,3±0,3 0,981 
0,15 208±42 28±6 2,3±0,4 0,993 
0,25 196±40 13±3 2,5±0,5 0,993 
0,5 155±31 13±3 2,7±0,6 0,998 
 

 ,    ,  

        

  ,     

   ,  ё     

   :   

227 ± 45 /   0 ,    155 ± 31 /   0,5 .  

      ,  

   (   >  ,  -  ), =, ÷ , . 

 

2.2.5       

 

        . 

  3   ,    

       .  

        

      . 

  ,       

 ,   ,   

  ,  .   

 
 

[ ] 
 
 
 

[ ] 
 

[ ] 
 

[ ] 
 [ ] 

 
[ ] 
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     pH 5.6 115 ± 58 /   63 

± 28 /  .       

,    ,    

    ё  (227 / ),    

       Y. 

     

 292,4   Y   ,    

 .  ,    

,        

      71÷305 / .  

      –    pH 3  =℃   1498 / .  ,     

        

       Y,     

   pH,     493 / ,   ,  

    .    

  -     

      . 

 

 3 –        
  

(  ) 
, /   

     
  

 Y 31 ± 2 (pH 4.6) 
115 ± 58 (pH 5.6) 

[24] 

     
 

 Y 43 ± 7 (pH 4.6) 
63 ± 28 (pH 5.6) 

[24] 

  
 

 

 Y 292, 4 [4] 

   
  

  135  [27] 

  
 

  

  18 201,2 (30 °C) [28] 

    
 

  19 1498 (30 °C, pH 3) [29] 

,  
 

 
 16 

305,8 (pH 6) [30] 

[ ] 
 



33 

  3 
-  

 
  

3RS 
71,38  [31] 

  
  

  
 

  263,3 (pH 6.3) [32] 

    92,59 [33] 
N,O- -

  
  74,24 [34] 

   
    

  
7 

1670  [35] 
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5)    pH    . 

        

   ; 

6)         

.       
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7)       ( =, ÷ , )   -     

;  

8)     465 ± 93 /   

pH 4.6,          

   ; 

9)       

      

; 
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