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    «   
     (3- )   

    »  67  , 34 
, 5   81  . 

 : (3 ), ,  
,  (3 ),  (3 ), 

, .  
       

       .  
,       

          
    ,   

     .  
     

,      
(3 ).      (3 )   

    ,    
  ,    .  

        
       ,   
 ,    . 
       

        (3-
)   .   

 :    Cupriavidus eutrophus B10646 
   ;      

         
      ;  

      (3 )  (3 )    
15 %;  ,  , -  

   (3 )  (3 )   ;   
       (3 )  

(3 )       ; 
      . 
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      : 
1.     Cupriavidus eutrophus 

B10646         
 .     

   60–80 /    (3 ) – 80–85 % 
%.  (3 )   :  

  M  = 723 ± 6,0 ;  (D) = 4,6;  
 – 76 ± 1,2 %. 

2.        (3 )   
(3 )   15 %  .  (3 )  
(3 )/    ,  ,   

.     95 ± 0,5 ,  
  15  42 .  (3 )/    , 

,  ,       2,9 ± 0,9 
.  ,       

(3 )/   107.7, 166.73  269.22, .  
3.         

(3 )   64,3 %   (3 )/  –  83,4 %.  
  (3 )/      

  Aspergillus fumigatus, Bacillus pumilis, Pseudomonas chlororaphis, 
Streptomyces albus, Ps. koreensis. 

4.       (3 )   (3 )  
 15 %  .  (3 )  3-5 

  -  ,      
.  (3 )/   4-5    

,  ,     . 
   ,    

      . 
 ,       

(3 )/   77.30, 168.10  284.60, . 
      (3 )    

    . 
5.        (3 )   25 

% ,   ,   (3 )/    
     ,    
       (67,1 %)     

  92,6 %   .     
 ,          
     (3 )  (3 )/   

         
(3 )/ . 
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6.     (3 )/    
Bacillus pumilus, Pseudomonas putida, Aspergillus fumigatus,  Penicillium.  

 (3 )/      
       , 

        
  .      
    ,       

      ,     
     ,    

   (3 )/ .  
7.           

   ,   
  .   

     
 R2,  ,      

   . 
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.   ,   ,  
        
    .  ,  

  ,    
    ,    -

         
      [1]. 

      15 %  
   .     

   ,   , 
, ,    ,  , 

 ,  , ,    
 -  .     

     ( ) – 
    , 

       . ,  
  ,     -

        
   ( , , , ) 

  [2].  
     , 

         
  ,      

.       ,  
      ( , -

ε- ,   . .)    , 
          
. 

     ,    
 ,       

 ,    –  ,   
  ,     [2].   

       
     .  ,  

,     ,    
,     ,    

 .        
 ,   ,     

   , , ,   
 . 
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   –    
        (3-

)   . 
      :  

 1)     (3 )    
    Cupriavidus eutrophus B-10646  

       ; 
2)   ,   ,  

        
     ; 

3)        (3 )  
(3 )    15 %; 

4)  ,  , -
    (3 )  (3 )  ; 

5)         
 (3 )  (3 )      

; 
6)       . 
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1   

1.1      
       

 ,       
.   , - ,      

      ,  -  – 
       

.  ,     
      

.        , 
         

      , ,   
,       

      . 
C       

   ,     
        

.   ,    2020 ,   
 1%  335 .  ,  .  
      -

  nova-Institute ( , ),  
     ,  

        
2,11 .   2018    2,62 .   2023  [3]. 
     ,   

       
(   )    ( - , , 

),      , ,  
  .     

  ,   ,     
    ,     

  ,       
  [4]. 

      1.  
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 1 –   [3] 

      
      , 

          
 .      
   ,  -, -  

. ,  1–2 %  OX 5854 PE 
(  )      

     ,   
       [5].  , 

      
:    ,     

,      ,     
   ,   ,    

      [6].  
     

         
  .     
        2–5%   
         ,      
,             
     290–320  [7].     

    ,   ,  
    ,  

         -
        [6]. 
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-ε-  (PCL). PCL    

 ,    ε-  
         

   .   , -     
 ,  PCL     

   . ,   
   , PCL     

 ( ,  ,    
  ) [8]. 

      
,  -        

   .      
       

.       : 
–     ( , ); 
–      (  ); 
– C       ,  

 ( ).  
    ,    

     .   
  ,      

    ,     
       ,    

    ,      
,       .  

        
  ( , , )   
     (TPS),    

 ,     [9].    , 
   ,  

  ,   ,  ,  
       

  [7]. 
  (PLA)       

     ,  
PLA           

    . PLA   
  D-  L-     

         
[9]. PLA        , 

        
   ,       
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  [6].  

 ( ) –    
 ,       
   (   )   

        [10]. 
     ,    

      .  
    ,  

       , 
   .     

        .  
  ,   - .  ,   

  ,  , 
 ,   
        

  [11]. 
  (3- - -3- ) ( (3 - -3 ) 

       , 
    ,   

 .        
         ,  

         
« ».         

       ,  
 ,    .     

  ,   ,   . . [8]. 

1.2     

        
    ,      

.         
      ,  

    ,   .  
     ,   
      . 

       
 ,          

 .      
       . 

  ,   
         
     , :  
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 ,     , 
 ,    , 

  ,    , 
       . ,  

      ,  
      [12, 13]. 

   ,    , 
       , 
,    .  

 ,      
  ( , PCL PLA),   . 

         
   .    

     .  
      

     ,  
       

  . 
         

  ,  ,   
      .     

      ,   
  ,     ,    

     (  2).  
 

 

 2 –        
 [14] 

      , 
    ,    

   .     
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   . ,   ,    

   ,    . 
         

,    ,    .  
        

, ,        
 ;     0,008  0,125 3 [15].  
   ,     

      . 
  3  - ,     ( , 

1) ,    ( , 2) .  
    ,      

- .   -   ,   
   [16]. 
 

 

 3 –     [16]:  –  
  – ;  – ;  –  ; 1 – 

; 2 – ; 3 – ; 4 – – ; 5 –  
 

,    ,   
       -    

 .       
 ,    .  

 -        
   .  ,     

       
.   ,     

- ,       ,   
   .  ,   

PLA,  ,         
,         [16].  
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    ,   
    .     

: -   - .   
     ( ,    

)   . 
    .     

      – .   
   ,   -     

   .      
  -  [17].  -  

     4. 
 

 

 4 –  -   [17]: 1 – -
; 2 – ; 3 –  

     -
 .       

         .  
   ,    .  

        - . 
   -     .  

,        .  
-       5. 

 

 

 5 –  -   [17]: 1 – -
; 2 –  ; 3 –   
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  , , , ,     . 

       .  
     6. 

 

 

 6 –   [16]: 1 – ; 2 –  ; 3 
– ; 4 –    ; 5 –  ; 6 –

; 7 –  ; 8 –  

   (     )   
   ,       

      ,  
     .    

           
     .      

     .   
   . 
       

      ,   , 
 ,       . 
         

       [18]. 
       

,      .  
      10-30 ° ,   

 –  20-40°       
[18].  

           
,   ,      

 .  ,    , 
   ,     

         
.      ,   
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         ,   
 .   , ,  
   ,      

 [16].  
       

   ,     
.         

       (  )  
   .     

     ,    
       [16]. 

1.3     

  ,    , 
        

     .     
 ,        

  –    .  
,     (3 ),  

       
        [19]. 

 ,  ,  , (3 - -3 ),  
     170°C   

    160° ,    (3 )  
(3 - -3 )     135  160 ° C   

  4–53% [20]. 
,   ,   , 

,       
.   , ,     , 

      .  
     ,   

    ,  ,  
    [14]. 

      
   ,    

,        
        . 

      
         
,  ,      

   .     
    ,         

  [14]. 
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       ,  
 ,   ,  ,     
  ,      . ,  , 

       ,  
       

      
. ,       
       ,   

 .  
,   [21]     

   -      
     (HPDSP),  

  .      
     

    .   
  ( ) ,     

 ,         
 ,     .  

  ,       
     .   

     ,   
          
     .    
-       

 ,     
 . 

  [22]  ,    
     (3 - -3 )   (  

  10, 20, 30  40%),    
  190 ° C,       

   , , ,      
.        

  73%     (3 - -3 ).   
      (3 - -3 ) ,   
          

.  
  [23] (3 )      (ε- ) 

(PCL)   75/25      
  (DCP)   0–1 .%.   

     91%   (3 ) / PCL  
 1 . %      .  ,   

(3 ) / PCL   1 . % DCP    
   ,  PCL,    
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(3 ).       (3 )-  PCL-
       . 

 1 . % DCP     
 (3 )  14%  . 

,      ,  
    ,   
 .   [19]     

     (3 ).    
         

     .  ,  (3 ) 
         50%   

 ,        
    – 40%.      

       .   -
     ,   

      .  , 
     (3 )   
 .    ,   

   (3 )     
          

. 
  Pachekoski et al. [24]    

 (3 )           
 ,          

    .    
      , 

       
,      .  

   ,     
 ,       

,         
   .  ,   

      ,  
          

 .     , 
   ,    

      .  
Kunioka et al. [25],    ,     
      ,  

         
  . 

    (3 - -3 )   
Wang et al.        
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      .  
,    (3 - -3 )    

  135  150 ° C,      . 
 ,      

    15-20 °      
,        
      .  
 ,     

      ,  
          

          . 
       , 

  ,       
  [26]. 

  Hufenus et al. [27]   ,    
 (3 )       

  ( ,     )   
 .     ,   

       (TBC)  
    (BN),     

.       
         

 ,     
   .    ,   

       
     ,  

       
   ,     .  

,  ,       , 
,       
   . , ,   ,  

        
  ,      

     10–15 ° C,    
  ,  ,     [28]. 

   ,    
TBC       15 ° C   
   .  Tm      
 ,        

 (3 ).  BN  (3 )   
         

   BN.    ,    
     . 
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 ,  ,     
  ,       

      ,  
     (   

) [27]. 

1.4   

1.4.1   

        
         
 ,     

    .    
     ,  

       .   
          

  .    ,  
   (  , , 

 , , ,   .),   
   .   
      ,  

       [29]. 
       

 ,     .  
 (  – , , ) 

       
, ,    ,   

, ,   . - ,   
  ,   ,     

,      [30, 31].    
    , CO2  ,   

        , 
CO2,   . 

,          
    ,   

 [32, 33],  ,       
    ,    

.  ,   ,   
,  ,    ,    

 ( ,  ,  
 ,   ,   

,  pH  ),       
[33, 34, 35, 36].   ,      , 

  ,  ,    
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,      [33, 37].    
 ,     ,  

    (  7). 
 

 

 7 –       
 [38] 

       , 
         [39, 40, 

41].  ,       , 
      .  

    ,  ,  
.        
,        

   ,   , 
       [42, 43, 41]. 

         ,   
   (        

),  ,       
   .     
   -    

 [44, 39].  
     

 .     
      , 

       ,   
. ,       

  ,      
  .     –  

    ,   CO2     
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   . ,     
      

    ,  ,    
      .  

   , ,    
    .     

 ,         
,     -    

    ,   ,   
         

     [45].  

1.4.2 -  

      
      

 ,     .    
       

,   .   
  ,     

     ( . 
Aspergillus, Penicillum, Trichoderma, Cladosporium, Fusarium).   

  ,       
   ,       

       
[29].  

      
  , , , 
  .    ,  
 ,    Alcaligenes faecalis [46, 47, 

48], Pseudomonas stutzeri [46, 48], Rhodospirillum rubrum, Bacillus megaterium, 
Acinetobacter beijerinckii, Pseudomonas lemoignei [47, 48]  .  

        
   ,     

.        
     ,  

  ,     
    .    

      Fe  Mn  
 ,     

   [29]. 
       

  Sera et al.       
       (25  37° )  
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   ,      

(3 ).     ,   
         
,  pH      270 .  

 ,   150   (3 )    
 ,      85,8%  

96,4%  25°   71,1%  93,1%  37° .  ,   
        

 37 ° ,        
  .   (3 )  ,    

        
Proteobacteria,  Actinobacteria,   37 °     Firmicutes  
Bacteroidetes.        

 Ascomycota.       
      (3 )   

25° ,    Aspergillus fumigatus  
   37 ° .  ,   , 

       (3 ),   
      ,  

     [49]. 

1.4.3        

       
,       

 .      
     ,     
 .   ,  , ,   

   ,    ,   
 [50].  

      
 ,      

      . 
  ,         

.       [50]: 
 –     pH,    

 ;  
–     (  100 ); 
–       ;  
– -         
 (  pH),       ;  
–  pH    7,5-9,8;  
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–  -     
,         

 . 
      

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

    (D)-3-   
 80–85 %, 15–20 %   , . 

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

   (3 )   (3 )   
- .  3-   

  -    . 
      - , 

  (  : -  - ),  
   - .    

-    - ,    
     [50]. 

      
        , 

       .   ,  
-    ,  

   -  [51]. ,     
        

 [52, 53]. 

1.4.4    

      
 (     )    (  

   CO2,      
   ).   

        
 ,    ,   

  .      
      [54].  

 ,        
 in situ,     ,   

  .       
 ,      , 

         
,       [53].   
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,           
       .    ,  

        
 -     ,  

     [55, 56]. 

1.4.5          
 

       
      , 

  , ,     .   
       

  , , ,      
 , ,     

    .   , 
  ,     , 

    .   
   ,      

    [57, 53].   ,    
    , ,   pH,    

,      [58, 53].   
      , 

        
    ,   ,   

,   .   
          

  [53]. 
       

   PLA  .       
 ,     

 .    ,  
  (3 )/PPW-FR (   
 )   ,    (3 ), 

  PPW-FR      
(3 ) [55, 59].        

  (EFB)      
(3 ) [60, 59].  

 , pH,      
         [57].  

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

 , ,   
   [61].      
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       -
     .     

         
,          

   [53]. 
     pH (  5,48),  

   ,      pH   
 (6,63),         
   . pH    

  ,      
   pH       ,  

 ,  pH       
 (  , ,   ),    

   [62, 53].     
  ,      

    ,       
     pH [53]. 

     (3 ), , -
,         

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

3 ),      (  
  ),  (3 - -3 ) [63, 53]. 

 ,       
  ,    .   Yew et al.  

   (3 ) (    )  
    50% ,       

 [64]. ,    , ,    
 ,     ,    
  .      , 

,  ,   , 
,      .  , 

 ,      , 
    ( . .     ,  

   ),       
 [65, 53]. 

Gallardo-Servantes et al.       
       20 . %   
  (  ,     )  

 .  ,    
     ,  , 

 ,   , -   , 
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  .   
        -  

    .   
,   (3 - -3 )     

  (40%),   (3 ) (34%), , , 
    -    ,  

     [66].  

1.5     -
   

 –    , 
        
.    –  ,  

          
.       

( )   « »  «   , 
    (   )    

,   ».   
   , ,   

 ,    , 
    .   

,  , , 
       

 [67].  
     

       .   
     ,   

      .  
           

  .  ,   
     ,    

  [68]. 
,   (3 )  3 - - (3 )   

      :  1)       
  ( , , , , ,  

    );  2)      , 
, ,     3)   

 [68]. 
      (3 )  (3 )-

- 4    ( ), -3-N- , 
-N-  [68, 69].   (3 )-  , 

 ,       
 .      ,  
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        (3 ), 
       

        .  
     (3 )     

 -N-  [67]. 
  Wang, et al. ,    

        
  (3 ).      

       
  ,     ,   

  .   ,  
    (3 )   ,   
,       ,  

   .      
        
,       

 -    [70]. 
Baltieri, et al.        

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

        ,  
    5  30%   .  

        30%,     
  20%   10% ,       

 ,  ,    ,  
   [71].   ,    

  :   ,  
        

 ,          
   ,       ,  

      [68]. 
    (3 )  PEG400   

 (2, 5, 10, 40%),     
.         

         
(3 )    .     

   (3 )/PEG     (3 ). 
      PEG400    

  (3 ) [69]. 
        (  

,   ,   )  
        3-

  3-  ( (3 )- - 3 ),  
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       80  20.   
  ,      

     , 
    .   

          
   (3 )- -3  .   

 ,         
          . 

        
        [72]. 

      
 (3 )   Panaitescu  .   

       
    ,   PEG4000  

PEG6000.   ,    
,    (3 )   
     . , 

       
            
   ;      

(3 ).        
       (3 ),  

   (3 )     (  
  /    ),    

      (3 ). 
,       

,     .   
    , ,   

     ,   
       

.          
    .   -   

 : PEG6000       
 ,     

.  ,  ,    
,      (3 ) 

     .  
 ,      

 (3 )    [73]. 
   Mangeon     

   .   ,  
     10  20 . %,    (3 ), 

         (3 ). 
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       8,5  -13 ° C 
  20% ,      

.       
  57  36 %.  ,   20 . % 

,       
 (3 )    650 ,     

(3 ),       .  
   ,      

       
.       -  
   ,   ,  
      [74]. 

  ,     
    ,     

      
 . 
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2    

2.1   

      3-
  – -3-  (  – (3 )). 

   :  = 723 ± 6,0 ;  
=187,7° ;  = 76 ± 1,2 %. 

  («Acros organics», )   
(3 )      .  – 

1,16 / ;  = 258 ° ;  M = 218,21.  
       . 

        (3 
   1  ). 

       : №1 – (3 ) 
, №2 – (3 ) + 15 % . 

2.2    -3-  

 Cupriavidus eutrophus B-10646    
 ,      [75].  

      ,  
  .       

      10 / .   
       : Na2HPO4⋅H2O 

– 9,1 / ; KH2PO4 – 1,5 / ; MgSO4⋅H2O – 0,2 / ; Fe3C6H5O7⋅7H2O – 0,025 /   
 -   [68].    

   (5 / ),     5 / . 
      ё  3   

  1  .   : H3BO3 – 0,288 / ; CoCl2 ⋅6H2O – 0,030 / ; CuSO4⋅5H2O – 0,08 / ; MnCl2⋅4H2O – 0,008 / ; ZnSO4⋅7H2O – 
0,176  / ; NaMoO4⋅2H2O – 0,050 / ; NiCl2 – 0,008 / .    

  .     ,   
     1. 

 1 –      

 
 

    
 ( 6 12 6)  975-88 

   (Na2HP 4⋅l2H2O)  4172-76 

   ( 2 O4)  4198-75 

  (MgSO4⋅7H2O)  4523-77 

  (C6H5O7Fe⋅H2O) 6-09-01719-87 

  (CuSO4⋅5H2O)  19347-99 
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  1 

 
        

   ,   
ё   Bioengineering ( ) -   30  

(    5  20 )  150  (    10  110 ).   
     (  5 ).  

   ,     , 
   . 

        
  ,     

 1:5  λ = 440  (    d  1 ). 
      .   

    10-25 ,  7 
.  6000g   Eppendorf.      

     .   
  ,     .  

   105       ,  
   .   ,    

       . 
     , , - ,  

  ,      
 .   ,      

   .      
          
    .    
    ё     
  .      

       : 
1)        . 

        
   Heidolph MR Hei-Standard ( ). 

    

  ( n l2⋅4 2 )  612-75 

  (NiCl2)  4038-79 
 ((NH2)2CO)  6691-77 

  (ZnS 4⋅7H2 )  8723-75 

  ( 12⋅6 2 )  4525-77 

  ( 3 3)  9656 
 ( 2 12)  9968-86 

 (C6H14)  2631-003-05807999-98 
-1,4 ( 4 10 2)  6-09-2822-78 
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2)         
    Millipore WP6122050 (Billerica, ). 

3)     ( ) 
         

   40 ° .  
4)      ,  , 

     «  ».   
     ,  .  

    ,   –  
  .  

5)    (  «  : 
»      )  

    . 

2.3      
 

         
.  20        400  

 (5 % )       (40° )  
  .       

  ,     1,2  . 
         

    .     
          

  «  »     
.     № 2    

  2,6   (15 %   )  
  .      

      Fimar ( ). 
         

   .      8, 
  №1     (3 )   №2 –   

(3 )   15 % .     3  5 .  
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 8 – ,    : 
№1 – (3 ), №2 –  (3 ) + 15 %  

        
 .      ,  

-  ,   .   , 
  ,         
,    .   
 :    №1–   = 3,0 ± 0,1 / ;  №2 –  = 3,0 ± 0,1 / .  

       . 
 

2.4      

       
        

  Brabender Kompaktextruder KE19 ( )  
   (  9). 

 

 

 9 –   Brabender Kompaktextruder KE19  
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 10 –    Brabender Kompaktextruder 
KE19   WINEXT (   ) 

      WINEXT  
Windows       4  
(  10, 1),     [19, 76, 77].  

 ,      
 ,    2.  ,  

   (  10, 4)     
(  10, 3).  

 2 –      

 
      

  
( \ )  1  2  3  4 

(3 ) 160 168 170 165 30 
(3 ) + 15 % 

 
158 165 155 150 

30 

 
       .   

      ,    
 .  

   (  ),  
(  , )    (  

),        
         . 

      
,         

 .     
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  ,   
 .    ,   

(  11)      , 
  . 

 

 

 11 –       

    (3 )     
  ,    ,  

.    ,   .   
(3 )   15 %      ,   

 ,     .    
  (3 )  ,      . 

 

 

 12 –  Brabender 
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 Brabender (  12).     

  ,    ,   
   .    

  2 / . 

2.5        

       50 º  2 % 
 (3 )       , 

    34,8   (15 %   ) 
    Misonix Inc S-3000 ( ). 

    -    «Labconco» ( ) 
  48     .    

  ,      2-%  
(3 )   (300    15  )   

.    .    
    10 ,    

. 

2.6        (3 ) 
2.6.1     

      , 
   15139-69 [78].      

 ,  ,      15  
  ,      .   
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