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1   

 

1.1 -  :    
 

-   ( )  2–3%   

        , 

   1,5–5,9% [1, 2]. 

     1,5 - 2  ,   

 .      

 60–70  [3]. 

       :  

●  –        30–

60%      .  

●        

20%.  

●       

 20%.  

●   –    

       30%  . 

          

   [1, 4].  

   ,        

 ,       .  

      (  – ) 

        

 – , ,    . .  

        

  ,      

 ,     . 
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    ,     

       

 (  – )     

 (  – ).      

    - ,  , 

  .  

  ,     

   , ,   

  . 

-   –     

  ,    85% .    

  ,    

 .  

-  ,     ,    

,     .  

 -   –   

   (70–85%).   , 

     ,  

      

   [5]. 

 -   –   10–15% . 

 1-   2-  ,      

.  

   /  -  

:       .   

       -  

.  ,   ,   

     20–30  [2, 6].  
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 -   –    

      

     . 

      .  

  , ,  ,  ,   

 ,      . 

         

 /  .      [7].  

 ,      , 

:  

●     

●     ,  

  

●   , ,  , 

  

●      

●   

●     

●      

●  (     ) 
 

1.2        
 

   ( )      

 -  .   

         

  ,     .    

  .      –  

     .   
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,  ,       

 ,   ,  [8,14]. 

  :   O2
•- ,  - 

  1
2,  •    HO•

2 , 

  2 2,   HO2
− ,  l.  

       

        

[9]. 

      ,   

 ( -      

    ). 

     .    

   [11].  

      

 - ,      

    ( . 1).   

    ,     

    - . 

 

 

 1 –      [11] 
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  - ,    

     – ,    

  -     -

      [10,12].  

   ,     

  ,   : , 

, NO-    . 

   ,   , 

    ,    

 . 

 – ,    , 

  .    H2O2   

HOCl.    H2O2      

- .  ,   ,    

,   ,  ,   

 [13,9]. 

      

,   NO•.  NO-   

 L-    N- -L-   

  L-   · NO•.    

 ,     O2·    

  – OONO.    OONO,   

,       ,  

  ,      

 ,   · NO2, N2O3  · NO.   

      

 – , ,   ,      

[14].  

  ,    Fe2+   Cu+   

   ,      
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H2O2    Fe3+  Cu2+ .    

   ,    

 [10,15]. 

  ,      

,         

   .        ,  

      .      

   -    , 

    ,   

. 

 

 1 –  – ,  ,  

  

 

    
 

  
 OO- -

 
 

 
 NO NO-   

  
 Q  

  
       

 
,    

 
 

HOOH 
,  

  
 

 
 

LOOH    
  

  

     

  •OH Fe2+ + HOOH → Fe3+ + HO– + OH  

Fe2+ + ClO– → Fe3+ + Cl– + OH 

 

 

LO• 

L• 

LOO• 

Fe2+ + LOOH → Fe3+ + HO– + LO· 

 LO·+ LH → LH + L· 

L·+ O2 → LOO· 
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1.3    
 

       

  .      

        

   ,   – 

  ,    [16]. 

 ,     

  ( ),  .     

  ,    

 ,        

-  :   , 

  ,  -    S-

S- [19].  

        

 ,  , , . ,  

  ,     ,    

     ,   

        

    ,        

    .   

   ,   . 

     [17,19].  

        

        . 

         

. 
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    .   

      

      

[18,20].     ,   

 ,     

. 

1.4    
 

       

   .    

     –   

       [22].  

   ( ) –  , 

    .    

   ,      

   [24].  

 –  ,     , 

    ( . 2).      

      ( ),  

      , ,  

 ,      ,  

 .  ,    [21].  

         

 .     ,     

,       

.      ,  

  ,     

 ,         

 ,       

[21,25]. 
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     -

 ,       – 

,       

  ( )    ( ).   

        

[23]. 

 

 

 2 –    [21] 

     ,  

 ,       

,   ,    , 

, ,    ,   

   [26,23]. 

       

 ,       (   

 , ).     

     ,  

,       ,   ,  
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,    ,  

     [25].  

        

    ( ),   , 

      . 

     ,   

       

-  ,     . 

   ,       

    ,     

       

.         

,    ,  

        [26]. 

 

1.5   
        

   ( ),   

   .  

 –  ,     

 ,      

[27].  

      :  

1. - ,   ,  

(  O2
•-  2 2)    

(  2 2  2 ).    -

S       ; 

2.    -  

 (GS ), , ,  ( , ); 
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3.    - , , 

, , ; 

4. ,    

  ( )  

        

 ( );  

5. ,     

    ( -6- 

,   NADPH  

   ); 

6.   ( , , , 

,   .),   ,   

    .  

       

:      .  

    :  

 (  , - , ),  

( , , ).     

,  -   . 

  : ,  

  O2ˉ  2 2, ,  2 2, 

 (GPO), -S-  (GS ), -6-

, ,   

   [28]. 

 

1.5.1     
 

      

  . ,   

 ,     , 
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     .    

     [30]. 

 (   1.15.1.1) –    

,     -

     .    

        .    

   .  1 (    

      Zn  Cu)    

     16300 .   

      ,     

,       

,   .  2 (    Mn)  

.  3 (   ) 

  ,    ,  

 .   4-     

  30 ,         

 [31,35].  

      

2 2,     ,     

   .   ,    

 , ё    ,    

 [32]. 

 (  1.11.1.6) –      

,        

 .     

 .      

     .     

      . 

       

https://ru.wikipedia.org/wiki/%D0%A8%D0%B8%D1%84%D1%80_%D0%9A%D0%A4
https://enzyme.expasy.org/EC/1.15.1.1
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  :   , 

     [30,33].  

 2 2    - , 

    ,   

. ,    ,   

     . 

 (  1.11.1.9)   , 

  - ,    

    .   ,  

 ,    . 

 1      

  ,      4 

    . -S-  

     .   

    ,    

  .   GST –    

      , 

       

   [29].                         

     , 

   .    

     ,    

       [34]. 

  ,   , 

     : , 

, ,   .  

 ( ) —   ( .1.16.3.1), 

  α-2-     .   

   ,   1046  

.   6 ,   
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,  6  Cu [37,39].  ,   

 ,     [41]: 

T1 Cu-     –      

610         .  

   Cu  2  His,  Cys   Met 

T2 Cu-  (   «  »)  Cu   

 His      . 

T3 Cu-  ( )     

 Cu2+,       His,    

   OH- ,   O2. 

,    ,    

 –  ,     

       

.   « »   , 

     ,  

     [36,38,39]. 

  ,   

,  ,      .   

       -

;   –    ,      

  [40,42]. 

 

1.5.2     
 

        

    -    , 

         

(   ).  
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 ,    , ,   

     [50].  

    (pKa1=5.4  pKa2= 9,8)   

       –  

,    .   

  .    ,    

  ,         

. 

  (GSH) –  , 

 (90–95 %)   ,     

 ,      (1–10 ) ,  

   .    – 

  .   (L- -

-L- ),      

   .  

o    ,    

  :     

,         

 ;     

,      ( ). 

GSH    ,     

 -  .   

(GP )         

    .  

      , 

  S- ,    GSH [47]. 

      – ,  

  90 %     

 .      
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  2        . 

          

 ,     . 

        

        

 [46,48]. 

,    ,    

  .     

   16-   .    

         

  α, , δ  .     

,  δ-T  -T     

  ,  α-T.    

   ,   , , 

,  [43,45]. 

-     ,   

   . α-T    , 

     ,   

  ,  α-T      

     . 

    ,    

       .  

   ,     

    -     GULO,   

      [44].  

       -

 ,        

 .     

,      .   

 ,     



 

 22 

.       

 C       

     [49].   

  ,    C (≈1   ) 

        

      

       . 

 



 

 23 

2    

 

2.1   
 

     50     -

 .        .  

   34   ,  

      

.        

    .    

 :  «    »   

  «      

 . . ».     

         . 

    15   3000 / .   

        -200 . 

 

2.2     
 

 .        

  ( ),    2-  

 ( К)        

        532 . 

: 

1. 0,9%-   NaCl (  ), 

2. 30%-      ( Х ), 

3. 0,1      (Э ), 

0,05   NaOH, 

4. 1%-    2-   ( ),  

 0,05   NaOH. 
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Х   

        

        

.2. 

 2 –      ( ) 
     

  0,8 0,8 
  - 0,2 

  (  
) 

0,2 - 

 0,5 0,5 
 15   1700g,   

 1,0 1,0 
 0,075 0,075 

 0,25 0,25 
         

 15 .       
 

       

  532       1 .  

: 

         

  ,  1,56·105 -1 -1    

/  ,   /  Hb,   . 
 

,     

 –  , /   (  Hb);  

D532 –      532 ;  

V . ..-    (1,325 ); F –   (7,5); ε 

–      (1,56*105 -

1* -1);  

V . –  ,     

 (1 ); 

d –     (1 ).  
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1000/Hb –     Hb,  ё      

.  
 

2.3     
 

 .  π-π    

     

        

 232–234 . 

 

1. -     1:1. 

2. 0,74 %-    KCl. 

 : 

       

,     .    

    .   

 0,1   ,  5   

       . 

      

 ,     5  . 

    10    1700 g. 

       

 1/5   KCl      

 .     

     .    

(  )     

       1,0   .  

        

27000 –1 * –1      1  Hb,  1    

 1   . 
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2.4    
 

 .      

        

     - , 

     . 

: 

1. -   (2:1). 

2. 0,2   ,  11.   

: 2,12  Na2CO3, 0,168  NaHCO3,  0,074 , ,   

  (    200 ); pH    

  NaOH ( ). 

3. 5,46    (0,1%  ). 

Х   

   50   ( )  450  

 ,   0° .  250  -

 ,    Hb.  

        

10 .      10   

6000g.     . 

      ,   

. 3. 

 3 –     , ( ) 

   

  3 3 

  0,05 - 

 - 0,05 

  0,15 0,15 
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      3-   

 30     – 347       1,0 . 

       

   .     . .* / , 

  . .* /  Hb. 

 

(Ex-Eo/Ex) * 100%/50 –  , 50%    

 ;  

V –     (3,2 );  

F –   (15); v –  ,   

   (0,05 );  

d –     (1,0 ).  

1000/Hb –     Hb,    ё  

  . 

2.5    
 

 .    

       

       .  

 :  25   ,    

   2  0,03%-     

 7      +37 °C.   

 1  4%-   .   5   

    .    

      410   ,   

     .  

      :  

,   
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E  –    ;  

 –    ;  

V  –  ;  

ε0 -      

    (2,22 -1 * -1 );  

l –   ;  

t –  ;  

Vsub –   ;  

 –    (  ).  

      / *  Hb.  

 

2.6     
 

 .     5',5'-

- -2-   ( ),    

     ( ). 

: 

1.   (1,67    ; 0,2 

   30         

   100 ); 

2.   (0,3  Na2HPO4); 

3. 1 %    

4. 0,02 %  5',5'- - -2-   

( ),   1 %   . 

Х   

     0,1    

     0,9   , 

  00 .       ( )  

1,5   .      20-
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 .      . 

      1,0   0,5 

 ,  2,0   .    

 -  ,      

,     , 

     2:5.  

     .     

    0,25   .    

     -   

   .      

412       1,0    [24]. 

     :  

C=( E2-E)/113600*F*138*1000Hb,                                                             

 -     /  Hb;  

1 -       К;  

2 -       К; 

138 -     ;  

1000 -       

  ;  

F -        

К ( 1)    ( 2). 

2.7    - S-  
 

 .  -S-    

  -S-   GSH  1- -2,4-

 ( ). 

: 

1. 0,1  -  ,  = 6,5 

2. 0,015   GSH 
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3.   

4. 0,015   ,     

Х   

       0  

   1:20.       1  

 2,5  -  , =6,5.  0,2  

    0,1    . 

     0,2   . 

   .    

   3    25     340 . 

  ,    

  GS- ,  9,6 -1 * -1,     

 -S-      Hb. 

2.8     
 

 (GPO)    

   -  ( ). 

 .      

 GSH           

    . 

: 

1. 0,1  -HCl   0,01%-   , =8,5 

2.   (78   , 100   

   100  0,1  -HCl   0,01%-  

  =8,5) 

3. 0,14 %-    

4. 20 %-   

5.   

6. 0,4%-   ,    
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Х   

       0  

   1:200. 0,2       0,73  

    10   37 .   

    0,07     5  

    0,2   .  

        . 

    1700g   10 . 

      

.    0,1    2,65  0,1  -HCl 

  0,025   .    

      412     

   1    .  

      GSH,   1  

  Hb,     (13600 -1 *  -1) 

 ,      . 

2.9    
 

      ,   

   .     

   U-   —     

  Statistica 7.0.  
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3    

 

       

,          

 .      

        

     . 

        

  ,     

-   .    ,  

      . 

 

3.1        
     

 

       

      

    . 

        

,      ,   

 ,    .      

   82%    

    –   ( . 4).  

         

   ,   

         

 - , 2 2    . 

    –   

    25%    ( . 4). 
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  4 –       

    

 

 

 

(n = 34) 

  

(n = 50) 

Me , 

25-75 ‰ 

Me , 

25-75 ‰ 

, /  Hb 0,83 

0,70 – 1,48 

1,51* 

0,84 – 3,05 

, /  Hb 4,14 

3,49 – 5,03 

3,08* 

2,54 – 3,76 

:      2, 3 * –      

 (  < 0,05). 

 

           

    ,      

      ( . 5),    

 -S- , ,    

     (  6).    , 

          –  

         

 ,   NH2-   ,  

   (  ).   , 

       

       2-  . 

 –   ,    

        

 2       2   ,  

     .  

      –  



 

 34 

   ,   ,   ( )  

 .  

      , 

     , ,   . 

        . 

         , 

 ,  ,    

,    ,   

« »  .  ( 1)  

   ,     

    ,   -

    –  ,  . 

         

    49%  20%      

  ( . 5).  

 

 5 –        

  

 

 

 

(n = 34) 

  

(n = 50) 

Me , 

25-75 ‰ 

Me , 

25-75 ‰ 

O , 

/ *  Hb 

1508 

1248 - 1632 

2250* 

1910 - 2590 

, 

/   Hb 

175 

144 - 103 

210*  

190 - 234 

 

         

  :      
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 ,      -  

 .   –  

 ,      , 

      .  

 ,  ,   ,    

– 2
•-

   2 2,       . 

      ,   

       

,    -    . 

        

.6. 

          

      

        . 

 -S-     

   50%.  

 6 –  GSH    

      

 

 

 

(n = 34) 

  

(n = 50) 

Me , 

25-75 ‰ 

Me , 

25-75 ‰ 

GSH, 

 /  Hb 

4,32 

2,22 - 6,05 

5,22 

3,63 - 6,51 

GPO,  

 /  *  Hb  

73,96 

53,76 - 102,08 

72,54 

57,49 - 119,11 

GST,  

/  *  Hb 

4,44 

3,55 - 5,68 

6,65* 

4,78 - 7,94 
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  , ,     

    . , 

, -S- ,   N DP  

  ,     N DP  

      GSH.  

     -S-

     

    .    

     ,    

-S- .       

     .  

 ,     

    ,      

     . , 

         

 ,     

,       ,   

 ,     

  . 

3.2  -      
      

 

  -       

     ,   

( ).   7, 8  9    

         

 . 
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     –    

     291%  50% 

   ( . 7). 

 

 7 –      

           

 
 

  
(n = 50) 

 , 
(n = 50) 

Me , 25-75 ‰ Me , 25-75 ‰ 

, /  Hb 1,51 
0,84 – 3,05 

5,91** 
2,36 – 7,58 

, /  Hb 3,08 
2,54 – 3,76 

4,63** 
4,97 – 6,01 

 

:      8, 9 ** –     

      (  < 0,05). 

 

    ( . 8)     

     ,   

    .    

,  ,       

 ( . 5). 

 8 –      

           

 

 

  

(n = 50) 

 , 

(n = 50) 

Me , 25-75 ‰ Me , 25-75 ‰ 

O , 

/ *  Hb 

2250 

1910 – 2590 

2310 

1770 – 2890 

, 

/   Hb 

210  

190 – 234 

229 

134 – 409 
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     GPO  

      47%  27%  

  ( .9)   35%  28%    

 ( . 6). ,  -S-   7-  

       34%  

     ( .9)   101%    

  ( . 6). 

 9 –       

         

 

 

  

(n = 50) 

 , 

(n = 50) 

Me , 25 – 75 ‰ Me , 25 – 75 ‰ 

GSH, 

 /  Hb 

5,22 

3,63 - 6,51 

2,78** 

2,01 – 4,41 

GPO,  

 /  *  Hb  

72,54 

57,49 - 119,11 

53,29** 

35,05 – 86,57 

GST,  

/  *  Hb 

6,65 

4,78 - 7,94 

8,92** 

5,68 – 10,36 

 

3.3       
       

      

        . 10.    

 ,      –  

          

  84%.   

          

 –  202%    .   ,  

      ,  
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,          

 . 

 10 –       

     

 

 

 

(n = 34) 

  

(n = 50) 

Me , 25-75 ‰ Me , 25-75 ‰ 

, /  0,38 

0,21 – 0,53 

0,70* 

0,58 – 1,28 

, /  0,98 

1,20 – 1,86 

2,96* 

2,09 – 3,79 

:     11, 12 * –      

 (  < 0,05). 

 

      

       

  ,    [51].  

    ,   

   –  - ,    

       .  

        

    ,   

      ,  

    .        

       

,    .  

        , 

   .    

,  ,  .  

     ,  ,  
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   ,      

- ,   .   

      , 

      

 [52].  

         34,8%  

    ( . 11).  

 11 –       

  

 

 

 

(n = 34) 

  

(n = 50) 

Me , 25-75 ‰ Me , 25-75 ‰ 

, 

/  

204 

189 – 310 

275* 

260 – 315 

O , 

/ *  

566 

540 – 726 

281* 

188 – 294 

, 

/ /  

198 

167 – 281 

610* 

503 – 718 

 

    ,   -6. 

,         

  -1 , TNFα, IFN  -8 (  -6), 

   [53].  

     ( . 11)   

   50%.       

  ( ),     

   [54].     

,    ,   

.         , 

   .    
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 , B  ,    ,  

  1 .     

   ,          

     [55]. ,      

  10%    . ,  

          

  .  ,      

        ,     

    . 

   ,      

   208%    ( . 11). 

      ,  

     , - ,  

         . 

  ,       

     .  

 ,          

     ,    

    . - ,  

    ,     

 ( )   ,   

       

 -         - 

  . 

 

3.4  -       
      

      

    -      

    . 12  13. 
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 ,   .12,       

        

       

.     78%,  –  49%. 

  12 –       

         

 

 

 

  

(n = 50) 

 , 

(n = 50) 

Me , 25-75 ‰ Me , 25-75 ‰ 

, /  0,70 

0,58 – 1,28 

1,25*/** 

0,83 – 2,05 

, /  2,96 

2,09 – 3,79 

4.42*/** 

3,88 – 5,45 

:      13 ** –     

       (  < 0,05). 

     

   74%   . 

       27%  34% 

       ( . 13).   

 

 13 –      

        

 

 

  

(n = 50) 

 , 

(n = 50) 

Me , 25-

75 ‰ 

Me , 25-

75 ‰ 

, 

/  

275* 

260 – 315 

480*/** 

64 – 507 

O , / *  281* 206*/** 
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188 – 294 164 – 280 

, 

/ /  

610* 

503 – 718 

404*/** 

94 – 477 

 

 ,  ,        

   –     

   ,  ,       

  . ,       

      –    

       ,     

,          

 .         

         

        

 ,     ,  ,   

     [51].  

      ( ) –

    .    

 (     ): 

 

   ,   

 –    -   

   ,  –    ; 

 = 1 –   -  ;  >1 –  

 ,  -    

;  <1 –    . 
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    ,      

           

  .       

  2,7    ,     

   0,4   .    

,  ,         

       

,   .        

 ,    (   )  . 

      ,     

       (4,88  8,4 

).    ,       

       

            

. 
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1.       -   

  ,        

  .  

2.        

,    –  . 

3.        

-   ,     

,      

 .  
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