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1   

 

1.1   

 

              
         5 - 6 % ,   2020 .,  

  ,    250   . .             
             20    ,    85-

90   .     ,    ,       45-50% [14]. 

 «      »      .  
         :   ,      

        –          

( ),   ,     ё ,      .        
    ,               

  ,               
          .          

           ,        
                   

   –   .             
   (   )           ,     

  ,     ,   ,     .   . 
            ,        

        -      .    
                 ,    

           ,         
  .                

       (          )    
   [15].  

  150      , 30%     –     
     .               
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                ,     

 20,                 [15].     
              ,     

           .          
     , ,   .        

         ,        400    
  ,                 

    . 

               –   
     ,   ,          ,  

  ,      .            
                      

             ,         ,   
                   
             [16].       

                (     

)       [17]. 

    ,    ,           
  ,            .        

             8         
                  –     

     .                , 
                  

         .   ,        
     ,    .          ,   

        . 

 

1.2   
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        ,         

  .           ,       
                  ,  

      -             
                     

        .           
                   

  .                , 
     ,       (          

),         [18]. 

         ,    ,    

      ,           
    .               
          .         

                     
  ,      .      ,     
         ,          .   
  ,              

                ,     
                 

  .              ,  
  ,               (     

  ,   ,        .   .).    
                   

.                
  ,             ,     

     . 

        

  ,    
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 ,     . 

   ,         

 ,       ,  

   .      

 ,     

     .    

       [19].  

     ,  

   .  

         -          
  ,         ,   , (ε- ), 

     , (    ).        
                . , 

   –          ,     
          ,      , 

       .     ,         
              

    [20]. 

  –  ,  ё  

 ,  , ,   . 

        

  30°          

       

       

  , – /   / . , 

,      

    ,    

  4 .      ,  

,   .     
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,   6-  

. [19].  

   ,            
        ,           

         ,             
                    

            .         
           ,        

  .             ,      
      ,           10–20 %   . 

       –   ,           – 
            ,       

            .           

               , 
                  .       

              ,     
                ,   , 

     ,         .   , 

 S howa (   )            

                 .  
  ,                   

                  ,     

      . 

 –  -    

  ,    

     ,  

,    ,    , 

,      .   

,    ,   
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.        

            

 ,   , ,    

 [20].  

 ,      

,  ,  ,     

,    . 

     ,    

        

 ,     

 ( ,  ,  

  .)    ,   

   . 

        

        

    . 

 

1.2.1  

 

      

 ,      

       

 .  ,  ,  

      . 

  /      

      

 [21]. 

 ( ) —      

   . ,   

   ,   .  , 
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 .     

       [22].   

      ,  

     140     . 

     ( ),  

      (Co )  

 ,      

      , 

    [23].       

         

Cupriavidus necator (  Alcaligenes eutrophus, Ralstoniaeutropha, Wautersia 

eutropha)  3-  (3M )  3-  

(3M )    3-  (3 ).  , 3-

 (3MA),   ,     

    ,    

 ( ) [24].      

   1. 

 

 
 

 1 –   (3- - -3-

) 
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1.3 ,     

 

 ( ) –    

 ,      

    ,  ,    

        , 

( ). 

 1888 .        

.      ,   

 ,   3-  

,  (3- ) ( (3 )).   30  

       .   

  1958        (3 ).  

     (3 ),    

   Bacillus megaterium.      (3 )  

.   , ,   (3 ),  

     ,    

        

    [25].  

     -          
                   

                  

(       ).      ,  
        ,      , 

        ,     ,       
          .           

                   , 
            ,    ,   , 

         –   ,      , 
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         ,     
                   [26].  

         

   (3-

) ( (3 )).        

  —    [3].   

        

-      ,  

( ,    )     

,      

,         

     [26].  

(3- )       D(-)-3-β-

                
  ,     (C4H6O2).         

     ,   (3- ) –   
        ,             

       [27]. 

(3- ) ( (3 ))     

   90 %    . [20].   ,   

 ,        

( )        .  

   ,  

        .  

   .    

        

  ,   

    . 

  (3 )    

      ,   
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   , ,  

      .  

    .  

,         ,    

     . 

      ,    

          

  .          

   -  ,   

 . 

          

,        . 

      ,  

      (   ,  

.)        [28]. 

      

  :     -   

,       (  

 . .),  ,  ,    

   .    –   

       

  [29].        

         

    [27].      

 -    ,    

  .  

       , 

 ,       [30].   

      , 
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  ,      

  .  

 

1.3.1   я  

 

     150    

,  ,    

 .  

  ,  ,     

  .    

    2. 

 

 

n=1 R =         -  (3- ) 

       R =             -  (3- ) 

       R =                -  (3- ) 

       R =           -  (3- ) 

       R =            -  (3- ) 

       R =             -  (3- ) 

n=2 R =         -  (4- ) 

n=3 R =         -  (5- ) 
 

 2 –     (Lee, 

1996) 
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     ,  

 ,        

: 

1.   (Short-chain-length PHAs/ PHASHL),  

            

 ; 

2.   (Medium-chain-length PHAs/PHAMCL), 

   6-14  ,   

 ; 

3.   (long-chain-length PHAs/PHALCL) 

   -      

    14  .     

    -   . 

        

 . 

        

    - ,  

       

  [3].  ,  -    

-  R.eutropha   , 

  3-5  ,     

     6  .    

   ,  -   

- ,  C. necator,    

  [31],     

   -   .  

 ,      

         

  . 
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1.4   : я    

  
  ( )   

       150 (R)-

    .   

          

   .     

    .       

 ,   ( ).    

     ё        

 ,    . 
 

1.4.1      

 

(3- ) ( (3 )),   

,  , ё    ё    

     .  

  (3 )  .   (3 )  

,          

.  

 (3 ) ,   , 

  3   3-  (3 )  .  

,        

( )       ,   

     .  

   (3- - -3-

) ( (3- - 3- )).      

 ,     . ,  

       ,  

    . ,   

( )  216 C0,   ,    
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 ,   ( ) (   – 66-

69 C0).  ,   (3- - -3- )    

  (3- - -3- ) 

( (3- - -3- )). 

 ё   Tanaka et al (2004)    

 (3- - -3- )    3 .  , 

    3    ,  

       . 

  

 3 –  (a)   (Tm), (b)  

 (H)  ( )   (Tg)     

3   3  ( .%)   : ■ (3 -co-3M ) 

3) ם , -co-3 ) ,  ● (3- ) . 

   ,  ,    

.   ,    (3 -

-3- )      . 

,  3         
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   .  ,    

   3     (3-

).  ,  ,   3  (3 -co-3M   

         

   ,    

  3 -  (3- -co-3- ) s    

3 . [35]. 

 

1.4.2     

 

  T      2001  LU -

Eversloh  .     o o  

        , , 

,      

.   ,    ,  

,      ,  

    .  

  T      

  R. eutropha,     

 ( ).  ё   Wu¨bbeler  . (2014) 

       ,  

      -

,  3-   (3M ),   

   . R. eutropha    3-

 (3 )  3M , (3- - -3M ),     

40%  3M .     ,  

,      

.       3,3-

  (3,- ).     

 T   R. eutropha   . 3,3-T    
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 ,     

    ,      3M  

     3-  .  

 3,3-T   ,     3M  , -

,    1-39  %     

. [38; ]. 

 

 

 

 4 –      3   3,3-   

    T  

R. eutropha   T ,  3-  (3MA) 

   .    , 

    3 A-  ; 

 ,     ,   

      (  5) 
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 5 –      T ,  

Ralstonia eutropha. : HA, ; MA, 

; S-Hydr,  ; , ;  PhaA, 

; , - ; PHAC, -  

    3MA ,   3M  

 3M -   , ,    

,        - -  

(Cuebas   ., 1985).    3M -    

     (   ., 1985. 

R. eutropha  a  3M   , 

  3,3-T      . 

,  ,     T   

3M   3-  (3H ),       

 .   ,     

    :    

   ,      

.[25] 

 

1.5 я  
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  ,      700  

A  .    

 A ,       

         

    .      

 -  ,     

   

      , 

    ,    -  

     3 .  Lut -

Eversloh  . (2003)   T  ,   

T ,  ,     

,      .   

     Elbanna  .(2004)  

  K14T,      (3-

-co-3-M )      .  

 16S DNA  K14T ,     

      DhA-71,  

 ,  Yu & Mohn (1999),    

    .   

   ,    

      , ,   

 -  .   , 

      K14T  

DhA-71    ,   ,   

  Schlegelella thermodepolymerans gen. Nov., Sp. Nov.  

 . . ,    A. 

     (3 ) 

d  Schlegelella. thermodepolymerans   T   
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  3M .    (3 ),  

       3M  , 

,       (3M ).  

        A 

 (PhaZ2, PhaZ5, PhaZ7).  

     ,  

   3   3M   (3- - -3-

M )  ,     ,   , 

       .  

    ,    ,  

A e o e a         

  .  , ,  

3M ,  ,    , 

      ,  

3  ,       . 

 ,      3M  ,  

,   3M ,       

.   Schlegelella thermodepolymerans  3M   

     ,  

     , ,  , 

     3M     

. 

      .  , 

 3-      

   ,     3-

   ,    

3- ,     ,  

   ,     -

   3     . 
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-  ,  (3 )    

     .  

(3 )     ,  

   ,     

,    ,  (3 )  

,    ( ,  

)         

,   . 

 

2      

 

2.1   Cupriavidus necator  

 

 Bacteria 

 Proteobacteria 

 Proteobacteria 

 Burkholdeviaceae 

 Cupriavidus  

 C. necator 

 C. eutrophus  B-10646 

-    C. necator (  

eutrophus):   (  0.3-0.5×1.2-2.0 ), 

        . 

    30-31°C, pH 6,7-7,2.  

     (   ) 

    , - , 

      2-4 .   

  (   )   (1,5-2,5 ), 

- , .      

  -  .  . 



 27 

 . .  

  .   .   . 

        

  :  ( , ),  

( , , , , , , , 

),   ( , , , , 

, 3-  4-  , , , , 

),  ( , ), 4- , CO2  CO.    

 :       

   ,     , 

   ,      

  .       4.4-

8.6,         20-41°C. 

       

   (     ,   

    ),    35°C, 

      - 4-   

  .   

 ,    : 

—       ; 

 —       

; 

—   ,   ; 

—       ; 

—    -  -   

 ; 

—     ,  

    ; 

—    ,     

50%. 
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 Cupriavidus necator     

  ( ),    B-

10646. 

 

2.2    я 

 

       

      . 

 

2.2.1     я  

я 

 

      0,5-1,0 , 

   50-60 %      

 30ºC.         

   : Na2HPO4 . H2O – 9,1; KH2PO4 – 1,5; MgSO4 . 

H2O – 0,2; Fe3C6H5O7 . 7H2O – 0,25; NH4Cl – 0,2-1,0 ;   

(   3     1  ;   

: H3BO3 – 0,228; CoCe26H2O – 0,030; uSO4
 5H2O – 0,008; 

MnCe2
4H2O – 0,008; ZnSO47H2O – 0,176; NaMoO4

2H2O – 0,050; NiCe2 – 0,008 

( / )).  

     upriavidus necator B-

10646  ,   (10-12 / ).   

,  3-  (3 ),   

  3-   (3 )   0,5; 

0,7; 1  1,5 / .  10     3    

     pH  33% KOH.   

  3   3,3-   

(3,3- )   0,1; 0,2; 0,3  0,5 / ,    

 pH. 
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   -2 ,    

  1:5  λ=440  (     1 ). 

      .   

20-25     10   6000 g.  

         

.     ,  

   .     105 º   

    24 ,     . 

           

  . 

 

2.3     

 

2.3.1    

 

    .   

   50 .    1     

   1     (1   

  1000  95%-   )  3    

:   (5:1).     

  : 1   , 1   

   3      .   

       (t=80° )  20 .  

         

.      -

2     540  (    5 ).  

    . 
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2.3.2  я     

 

      

       

  (  3,9-4,5 )  - -  GCD 

plus (“Hewlett Packard”, USA).     

 :     (3,9-4,5 )  1  

  (0,5   /1  ), 0,85  

  0,15        

    2  40 .   

    1    .   

  .    

    .  

 

2.3.4      

  

 

   3-    

20          

Eppendorf 5810R  6000 /    10 .   

 5       

       pH=2-3. 

          1 

 ,      1 .  

  ,       2 

      (“Hewlett Packard”, USA).  

 

2.3.5    ( (3 - -3 )) 
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   -   (Agilent 

Technologies 1260 Infinity ( )    

(Fluka, , ).. 12-15     2  

.        

  Millex-FH Filter Unit.   (M )  

 (M )  ,    (  = 

M /M ). 

 1H-     CDCl3    

-  Avance III 600 “Bruker” ( ). 

      

    DSC-

1(MettlerToledo, )      4,0±0,2  

   ,    5 °C/   200 °C. 

    - 20 °C,    20   

   320 °C.     

      c  

  «StarE». 
 

 

2.4 я   

 

      

 [51]     Microsoft Excel 2010 

 Windows 2010.     .  

       . 
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[ я  13 ] 
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 С. necator    -10646. ,    

   (3- - -3-

 ( (3- - -3- ))      

    3-  (3 )  3,3-

 (3,3- )  (    

 3 ).  

 ,  3-      1 /  

         ,  

ё         

    (3- - -3-

)     3-  

(  38 . %).  

,   3,3-    

        3-

   10 .%. 

      3-

,   -    

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

3- )    . 
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