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    200    ,  

   .  

   ( , ), 

 ,      

   .      

    , 

    Biopol™, Nodax™, DegraPol/btc®, 

Mirel® [1, 2]. -    

    

   ,     ,  

       .    

        

       

  .     

 .   

,      ,   

  [1–8],         

.         

  [11]    

  ,   ,     

;           ,  

. ,       

 .  ,     ,  

      [12–14].  

       

 -3-     [15].  , 
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       , 

  ,  .  

 :    3    

      . 

  ,   :  

1.  -3-     Cupriavidus 

Eutrophus,        

. 

2.        3D , 

 -   -   

 . 

3.      

    ,    

     . 

 

 

 

  



7 
 

1   

1.1   

–     

(  1),   

,       

       .   

       

(  2) [16].       

 -3- ( 3 ),    

    1925 [17]. 

 

 
 1 -    ,          

) 3 , ) , )  [17] 
 

 

 2-   3 -   

Cupriavidus necator[18] 
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  2    

Cupriavidus necator.     

,    .   

 -3-     80%    

.         

  ,      

         

  .       

      ,  

       ,  

    [17]. 

         

,     [19]:  

1)   – ,   

   3-5  .   

   – -3-       

.   D(-)-3-β-

       , 

  ( 4 6 2) [20].   

, 3      

  .      

   ,   (-CH3). 

,   3-   4- ,    

          

[21,22].  

2)      –    6-14 

 .         

,     –  

, : - , - ,  -  [23].  



9 
 

3)  –     17-18  

 [24]. 

   -

   ,     

 ,     ,  

  :  

-     

  ;  

-      ;  

-      (    

 ) [25];  

- ;  

- ;  

- ;  

-  [26]. 

 

1.2   

 

    , 

 ,   , ,   

.   ,   ,  

    ,   .  

       

       ,  

,   ,   

  ,  .  

   ,   

. Cupriavidus necator      

    .  1980-    

  C. necator   Imperial Chemical 
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Industries(UK)    -3- - -3-

[P (3HB- 3HV)],     

BiopolTM[27].      

–     Escherichia coli,  

      [28]. 

      

,      

.     

      

        . 

       

,        . 

    ,     

 ,   .   

      

       ,  

       

  [29]. 

    

  –        

 [30]. 

      : 

- β- ,  phbA; 

- - - ,   phbB,  

      ; 

- - ,   phbC –    

      ;  

      

  ,      , 
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 - ,      

 [31]. 
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2    

2.1   Cupriavidus eutrophus B10646 

 

     

 :  

–   ;  

–   ;  

–   ;  

–   ;  

–       ;  

–    -  ( );  

–     ;  

–   ;  

–   (   

);  

–   ;  

–  [38].  

2.1.1      

 

      

:  

–    ;  

–  .  

     ( , 

)         1 . 

         

     .   

       :  

, ,   .       .  
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 1–   [39] 

  , /  
 Na2HPO4×12H2O 

KH2PO4 
9.0 
1.5 

 MgSO4×7H2O 0.2 
 6 5 7Fe×H2O 5.0 
 H3BO3 

COCl2×6 H2O 
CuSO4×5H2O 
MnCl2×4H2O 
ZnSO4×7H2O 
NaMoO4×H2O 

NiCl2 

0.228 
0.03 
0.08 
0.08 

0.176 
0.05 
0.08 

 (NH2)2CO 60 
 C6H12O6 500 

 

  –        

     .  

  –       

.  

 -         

   ,       

     .  

  –      ,   

       .  

 , ,      121° ,  1   

 45 .  

     500 / .   

      .  

     60 / .   

      .  

        

     

 25 / .  
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 .     

       100 ,  

-  ,      . 

     1 , 121 ° , 30 . [39]. 

2.1.2   

 

   ,     

[   .,1992].       

    -  

«IncubatorShakerInnova®»  44 («NewBrunswickScientific», ,)  

   2,0     0,5  30 °  

 200 / .      

,    .   

         

 10 / .        

 : Na2HPO4H2O – 9.1; KH2PO4 – 1.5; MgSO4H2O – 0.2; 

Fe3C6H5O77H2O – 0.025 ( / )   -   

( , 2004).       

(5 / ),     5 / .    

  (  1,  )   3   

  1  .      

   .     

    ,  

   Bioengineering NLF 22   

 30  (  3)     5  20    30 

ºC. 
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 3 -  Bioengineering NLF 22 ( ) 

2.2   

 

2.2.1       

 

        

  .     

           

,      1:5  

λ=440  (  1 ).  

2.2.2     

 

  , / ,   . 

    ,  25-35 , 

   10   6000 / ;   

       . 

        . 

    105     ,  

    .     
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.  

 

2.2.3    

 

      «  – 

».       –  

( )   (     ).  

     100      

 .      

    6000 .      2  

.     0,02  ,    –  

0,02  ,    (  ) - 0,02   

.        20 .  

37 .       

         

     10     490 .  

      :  

=( / )∙9,8 

:  

 –  , / ;  

 –    , . . .;  

 –    , . . .;  

9,8 –    , / .  

 

2.2.4   
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 10   , 1-2  33% KOH  0,5  

 .     . 

2.3   

 

      

  6000rpm.      

 1:5        

.    – 60 ,   70 . 

       

          

  .      

    .     

. 

       

   ( )   1:10.  

       (  

50 )       .  

    .    . 

       

 1:2.        

-   . 

2.4   

2.4.1  

 

   ( )    

:  

-   " -  (  , ); 
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-  ,      

   250-85 (  « », 

); 

- (  « »,   , ) 

   -    

 ZM 200 («Retsch», );  

    2 ;    6000 / . 

      

   AS 200 control (Retsch, ). 

   10 ,  1,5 ,  

100 .  

  

2.4.2     

 

       -

     ZM 200 

(«Retsch», ).        

 ,       

    - 80 0   15   

  InnovaU101 (NEWBRUNSWICKSCIENTIFIC, ). 

       2 , 

   – 18000 / . 

       

   AS 200 control (Retsch, ). 

  – 10 ,  1,5 ,  100 .  

          

200         

,         
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SpeedMixer DAC 250 SP (HauschildEng., ),   1 , 

 1000 / . 

        10, 30 

 50(%).      
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2.4     

2.4.1    

        

    DSC-1 

(METTLER TOLEDO, ).   (4,0 ± 0,2  

)      .  

    3 .     

5 °  /   200 ° ,    -20 ° ,   

 3         320 ° . 

  (T ),  (T ),  (T )  

  (T )       

   «StarE». 

2.4.2   

     

        

  D8 ADVANCE,   

  VANTEC.    3 , 

 2%      3   

 2    0,15 .    , 

        , 

 .    0,016 °,  

    114 ,      2 ° 

 60 ° (  48 °  60 °     

);     

 ,  : 55 ° / 0,016 ° = 3438 .  

      

      (  

+  ).  
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2.5      
 

      

        

Microsoft Excel. 

       

   .  

      , 

    .  , 

       X  

 .        

   ;    .  

       

,   . 

        

 : 

       : 

                                                         Y = f(β , X) + ε,                                          (1)                 

 X = X(X1, X2, ..., Xm) -    ; β -  

 (  ); ε -   ( ); 

Y -  ( ) . 

      

   : 

                                         Y = β0 + β1X1 + β2X2 + ... + βmXm + ε,                      (2)                  

β0 -  ,   Y,  ,   

  Xj  0. 

  (  2)   Xj   

: 
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 2 -       
 

0 1 2 3 4 

1 0 0 0 0 

1 1 0 1 1 

1 2 0 2 2 

1 0 1 1 2 

1 1 1 2 0 

1 2 1 0 1 

1 0 2 2 1 

1 1 2 0 2 

1 2 2 1 0 

 

     :  

                                         𝛽𝑖 =
1𝑁   𝑖𝑖=1 𝑖 .                        (3)                    

             (R)    

  .       

,     ,  

   0  1.  R     

  .     yi 

   ,    

 , ,   Ry(x1,...,xm).  ,  

 R,   1,      

      .   R,  

 0,         

,    . 

                                                 =  1− 𝑖2 ( 𝑖 − 𝑝 )2
 ;                                      (4) 
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  : 

                                     =  1− ∆𝑟∆𝑟11
 ;                                                       (5)               

 Δr -     ; 

Δr11 -    . 

 

 ( )    

 ,     

 ,    .  

      (Gp < 

G ): 

                                                  𝑝 = 𝑖 𝑎2 𝑖2𝑁𝑖=1

 ;                                               (6)              

  : 

                                                  2 =
1𝑁 𝑖2𝑁𝑖=1  ;                                          (7)             

 

     :  

                                                𝑘𝑖2 =
2𝑁 ;                                                          (8)             

   :  

  

                                                𝑡𝑖𝑝 =
𝛽𝑖𝑘𝑖2  ;                                                     (9)              

 Bi –  :   

  tst    tip < tst.  

    : 

                               𝑎2 = 𝑁−  ( 𝑝 − ×)2𝑁𝑖=1  ;                                    (10) 

  –        ; y* – 

,    .  



24 
 

   :   

  

                                           𝑝 = 𝑎2 / 2 ;                                        (11) 

   F     . 
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3  

 17 . 

 

 

1.      3 ,  

      .  

2.    3       

   ( , , )   

 3D   .  - , , 

 ,  -  

       

          

  ,     

 ,     

  .  

3.        

  .   

Y = 93,0897 - 6,83135*X1 - 3,90089*X2 + 2,58572*X3 + 1,45981*X4 (12) 

        ,  

     .  
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3 /  

 

  

 

 

0 0 0 0 90,6 

0 1 0 0 97,765 

0 2 0 0 81,975 

0 3 0 0 71,38 

0 0 1 0 90,6 

0 1 1 0 98,91 

0 2 1 0 88,075 

0 3 1 0 88,69 

0 0 2 0 90,6 

0 1 2 0 89,88 

0 2 2 0 83,525 

0 3 2 0 89,565 

0 0 0 1 89,595 

0 1 0 1 86,645 

0 2 0 1 82,495 

0 3 0 1 70,83 

0 0 1 1 89,595 

0 1 1 1 96,855 

0 2 1 1 86,915 

0 3 1 1 70,085 

0 0 2 1 89,595 

0 1 2 1 86,83 

0 2 2 1 85,275 

0 3 2 1 79,925 

0 0 0 2 91,365 

0 1 0 2 84,745 

0 2 0 2 78,29 

0 3 0 2 91,435 

0 0 1 2 91,365 

0 1 1 2 86,735 

0 2 1 2 86,75 
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0 3 1 2 86,33 

0 0 2 2 91,365 

0 1 2 2 89,25 

0 2 2 2 84,89 

0 3 2 2 82,76 

0 0 0 3 93,58 

0 1 0 3 85,95 

0 2 0 3 75,845 

0 3 0 3 75,58 

0 0 1 3 93,58 

0 1 1 3 87,845 

0 2 1 3 91,54 

0 3 1 3 77,83 

0 0 2 3 93,58 

0 1 2 3 95,365 

0 2 2 3 90,06 

0 3 2 3 80,46 

1 0 0 0 95,61 

1 1 0 0 70,95 

1 2 0 0 82,675 

1 3 0 0 91,965 

1 0 1 0 95,61 

1 1 1 0 97,395 

1 2 1 0 95 

1 3 1 0 96,395 

1 0 2 0 95,61 

1 1 2 0 90,36 

1 2 2 0 90,89 

1 3 2 0 89,51 

1 0 0 1 93,555 

1 1 0 1 87,36 

1 2 0 1 83,6 

1 3 0 1 91,045 

1 0 1 1 93,555 

1 1 1 1 94,16 

1 2 1 1 84,6 
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1 3 1 1 84,825 

1 0 2 1 93,555 

1 1 2 1 89,845 

1 2 2 1 89,42 

1 3 2 1 88,22 

1 0 0 2 95,365 

1 1 0 2 75,64 

1 2 0 2 87,71 

1 3 0 2 90,135 

1 0 1 2 95,365 

1 1 1 2 95,1 

1 2 1 2 85,045 

1 3 1 2 91,005 

1 0 2 2 95,365 

1 1 2 2 96,52 

1 2 2 2 92,55 

1 3 2 2 91,24 

1 0 0 3 95,15 

1 1 0 3 84,145 

1 2 0 3 81,09 

1 3 0 3 91,9 

1 0 1 3 95,15 

1 1 1 3 92,32 

1 2 1 3 95,8 

1 3 1 3 84,695 

1 0 2 3 95,15 

1 1 2 3 94,24 

1 2 2 3 92,55 

1 3 2 3 90,2 

2 0 0 0 82,615 

2 1 0 0 62,14 

2 2 0 0 65,57 

2 3 0 0 84,115 

2 0 1 0 82,615 

2 1 1 0 91,11 

2 2 1 0 72,92 
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2 3 1 0 82,015 

2 0 2 0 82,615 

2 1 2 0 88,04 

2 2 2 0 82,03 

2 3 2 0 54,985 

2 0 0 1 86,865 

2 1 0 1 64,23 

2 2 0 1 78,325 

2 3 0 1 82,985 

2 0 1 1 86,865 

2 1 1 1 93,09 

2 2 1 1 84,215 

2 3 1 1 68,17 

2 0 2 1 86,865 

2 1 2 1 84,305 

2 2 2 1 71,875 

2 3 2 1 73,235 

2 0 0 2 85,585 

2 1 0 2 64,865 

2 2 0 2 76,465 

2 3 0 2 83,825 

2 0 1 2 85,585 

2 1 1 2 85,105 

2 2 1 2 84,41 

2 3 1 2 66,935 

2 0 2 2 85,585 

2 1 2 2 88,49 

2 2 2 2 78,11 

2 3 2 2 74,21 

2 0 0 3 90,975 

2 1 0 3 64,115 

2 2 0 3 72,315 

2 3 0 3 81,855 

2 0 1 3 90,975 

2 1 1 3 83,965 

2 2 1 3 75,77 
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2 3 1 3 61,605 

2 0 2 3 90,975 

2 1 2 3 87,65 

2 2 2 3 84,805 

2 3 2 3 80,455 

3 0 0 0 71,53 

3 1 0 0 49,7 

3 2 0 0 55,395 

3 3 0 0 78,39 

3 0 1 0 71,53 

3 1 1 0 77,23 

3 2 1 0 70,82 

3 3 1 0 62,725 

3 0 2 0 71,53 

3 1 2 0 77,38 

3 2 2 0 59,86 

3 3 2 0 44,75 

3 0 0 1 78,715 

3 1 0 1 58,81 

3 2 0 1 66,68 

3 3 0 1 77,775 

3 0 1 1 78,715 

3 1 1 1 83,39 

3 2 1 1 70,46 

3 3 1 1 79,485 

3 0 2 1 78,715 

3 1 2 1 79,425 

3 2 2 1 74,08 

3 3 2 1 72,105 

3 0 0 2 82,18 

3 1 0 2 59,955 

3 2 0 2 67,97 

3 3 0 2 84,93 

3 0 1 2 82,18 

3 1 1 2 94,25 

3 2 1 2 83,76 
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3 3 1 2 68,945 

3 0 2 2 82,18 

3 1 2 2 80,505 

3 2 2 2 75,48 

3 3 2 2 69,285 

3 0 0 3 88,19 

3 1 0 3 63,38 

3 2 0 3 63,215 

3 3 0 3 78,665 

3 0 1 3 88,19 

3 1 1 3 86,65 

3 2 1 3 84,75 

3 3 1 3 63,125 

3 0 2 3 88,19 

3 1 2 3 85,215 

3 2 2 3 75,135 

3 3 2 3 70,97 

4 0 0 0 61,945 

4 1 0 0 45,22 

4 2 0 0 46,44 

4 3 0 0 66,605 

4 0 1 0 61,945 

4 1 1 0 55,055 

4 2 1 0 59,51 

4 3 1 0 27,215 

4 0 2 0 61,945 

4 1 2 0 75,665 

4 2 2 0 60,925 

4 3 2 0 48,01 

4 0 0 1 64,48 

4 1 0 1 37,145 

4 2 0 1 49,615 

4 3 0 1 64,225 

4 0 1 1 64,48 

4 1 1 1 70,215 

4 2 1 1 61,3 
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4 3 1 1 31,43 

4 0 2 1 64,48 

4 1 2 1 75,42 

4 2 2 1 65,29 

4 3 2 1 47,015 

4 0 0 2 78,705 

4 1 0 2 53,205 

4 2 0 2 54,36 

4 3 0 2 71,715 

4 0 1 2 78,705 

4 1 1 2 75,57 

4 2 1 2 67,42 

4 3 1 2 40,54 

4 0 2 2 78,705 

4 1 2 2 82,11 

4 2 2 2 73,61 

4 3 2 2 64,1 

4 0 0 3 80,84 

4 1 0 3 42,155 

4 2 0 3 43,19 

4 3 0 3 52,55 

4 0 1 3 80,84 

4 1 1 3 75,01 

4 2 1 3 59,21 

4 3 1 3 31,44 

4 0 2 3 80,84 

4 1 2 3 80,345 

4 2 2 3 57,955 

4 3 2 3 50,805 

 

 

  



33 
 

  Ч  

 

1. ChenG7Q. // Chem. Soc. Rev. 2009.V. 38. № 8. P. 2434–2446.  

2. KimD.Y., KimH.W., ChungM.G., RheeY.H. // J. Microbiol. 2007. V. 45. 

№ 2. P. 87–97. 

3. BonartsevaG.A., MyshkinaV.L., NikolaevaD.A., KevbrinaM.V., 

KallistovaA.Y., GerasinV.A., IordanskiiA.L., NozhevnikovaA.N. // Appl. 

Biochem. Biotechnol. 2003. V. 109. № 1–3. P. 285–301.  

4. Mergaert J., Webb A., Anderson C., Wouters A., Swings J. // Appl. 

Environ. Microbiol. 1993. V. 59. № 10. P. 3233–3238.  

5. Suyama T., Tokiwa Y., Ouichanpagdee P., Kanagawa T., Kamagata Y. // 

Appl. Environ. Microbiol. 1998. V. 64. № 12. P. 5008–5011.  

6. Woolnough C.A., Charlton T., Yee L.H., Sarris M., Foster J.R. // Polym. 

Int. 2008. V. 57. № 9.P. 1042–1051.  

7. . ., . ., . ., . ., 

. ., . . // . 2002. . 36. № 5. 

. 59–63.  

8. Bhatt R., Shah D., Patel K.C., Trivedi U. // Biores. Technol. 2008. V. 99. 

№ 11. P. 4615–4620.  

9. Colak A., Güner S. // Int. Biodeterior. Biodegradation. 2004. V. 53. P. 

103–109.  

10. Nishida H., Tokiwa Y. // J. Environ. Polym.Degrad. 1993. V. 1. № 1. P. 

65–80. 

11. Mukai K., Doi Y. // RIKEN Review. 1993. №3. P. 21–22.  

12. Lim S.-P., Gan S.-N., Tan I. // Appl. Biochem. Biotechnol. 2005. V. 126. 

№ 1. P. 23–32.  

13. Sridewi N., Bhubalan K., Sudesh K. // Polym. Degrad. Stab. 2006. V. 91. 

№ 12. P. 2931–2940.  

14. Lopez-Llorca L.V., Colom Valiente M.F., Gascon A. // Micron. 1993. V. 

24. № 1. P. 23–29.  



34 
 

15. Yew S.-P., Tang H.-Y., Sudesh K. // Polym. Degrad. Stab. 2006. V. 91. 

№ 8. P. 1800–1807. 

16. Neves A. Use of Enzymes in Extraction of Polyhydroxyalkanoates 

Produced by Cupriavidusnecator / A. Neves, J. Muller // Biotechnology Progress. - 

2012. – Vol. 28, №6. – . 1575 – 1580. 

17. Hejazi P. Supercritical fluid disruption of Ralstoniaeutropha for poly(3-

hydroxybutyrate) recovery / P. Hejazi, E. Vasheghani-Farahani, Y. Yamini // 

Biotechnology Progress. – 2003. – №19. – P. 1519–1523. 

18. KollerM. Modern Biotechnological Polymer Synthesis: A Review / 

M.Koller, A. Salerno, M. De Sousa Dias // Food Technology and Biotechnology – 

2010 - Vol.48, №.3 – P. 255–269. 

19.Kunasundari B. Isolation and recovery of microbial 

polyhydroxyalkanoates / B. Kunasundari, K. Sudesh //eXPRESS Polymer Letters. 

– Vol.5, – №7. – 2011. – P. 620–634. 

20.Noisshiki Y. Medical materials for soft tissue use/ Y. Noisshiki, S. 

Komatsuzaki // Japanese Patent Application. – № JP 7275344 A2. – 1995. 

21.Lee E. Biosynthesis of poly(3-hydroxybutyrate-co-3-hydroxyvalerate) by 

newly isolated Agrobacterium sp. SH-1 and GW-04 from structurally unrelated 

single carbon substrates / E. Y. Lee, S. H. Kang, C. Y. Choi // Biosynthesis J. 

Ferment. Bioeng. – 1995. – P. 328-334. 

22. Doi, Y Nuclear magnetic resonance studies on poly(â-hydroxybutyrate) 

and a copolyester of â-hydroxybutyrate and â-hydroxyvalerate isolated from 

Alcaligeneseutrophus H16 / Y Doi, M. Kunioka, Y. Nakamura, K. Soga // 

Macromolecules. –1986. – P. 2860-2864. 

23.Shang L. Optimization of propionic acid feeding for production of 

poly(3- hydroxybutyrate-co-3-hydroxyvalerate) in fed-batch of Ralstoniaeutropha / 

31 L. Shang, J. H. Do, D. D. Fan, M. Jiang, H. N. Chang, J. Chin. // Chem. Eng. – 

2003. – P. 220-223. 



35 
 

24.Du G. C. Feeding strategy of propionic acid for production of poly(3- 

hydroxybutyrate-co3-hydroxyvalerate) with Ralstoniaeutropha / G. C. Du, J. Chen, 

J. Yu, S. Y. Lun // Biochem. Eng. J. – 2001. – P. 103-110. 

25.  . .     

      

  //  . – 2007. 

26. Bugnicourt E. Polyhydroxyalkanoate (PHA): Review of synthesis, 

characteristics, processing and potential applications in packaging/ E. Bugnicourt, 

P. Cinelli, A. Lazzeri, V. Alvarez // eXPRESS Polymer Letters. – Vol.8, – №.11. –

2014. – P. 791-808. 

27.Luzier WD. Materials derived from biomass biodegradable materials / W. 

D. Luzier // Proceedings of the National Academy of Sciences of the United States 

of America. – 1992. – P. 839-842. 

28.Fonseca G. G. Polyhydroxyalkanoates production by recombinant 

Escherichia coli harboring the structural genes of the polyhydroxyalkanoate 

synthases of Ralstoniaeutropha and Pseudomonas aeruginosa using low 30 cost 

substrate / G. G. Fonseca, R. V. Antonio // Journal of Applied Sciences. – 2006. – 

P. 1745-1750. 

29.Volova Tatiana G. Fundamental basis of production and application of 

biodegradable polyhydroxyalkanoates / Tatiana G. Volova, Ekaterina I. 

Shishatskaya, Natalia O. Zhila, Eugeny G. Kiselev, Petr V. Mironov, Alexander D. 

Vasiliev, Ivan V. Petersone, Anthony J. Sinskey // Journal of Siberian Federal 

University. Biology 3. – 2012. – P. 280-299. 

30.  . .    – 

  :    

      / . . , 

. . . – :  , 2012. – 184 . 

31. Kalacheva G.S. Fatty Acid Composition of Wautersiaeutropha Lipids 

under Conditions of Active Polyhydroxyalkanoates Synthesis / G. S. Kalacheva, 

T. G. Volova // Microbiology. – 2007. V. 76. № 5. P. 535-540. 



36 
 

32.  . .    :   / 

 –  -  , 2013 – . 

189. 

33.Koller M. Extraction of short-chain-length poly-[(R)-hydroxyalkanoates] 

(scl-PHA) by the ‘‘anti-solvent’’ acetone under elevated temperature and pressure / 

M. Koller, R. Bona, E. Chiellini, G. Braunegg // Biotechnology Letters. – 2013. – 

№ 35. – P. 1023–1028 

34.  Filomena Doutora Maria Andrade de Freitas : Investigation of the 

Adhesive Properties of Bacterial Medium-Chain-Length Polyhydroxyalkanoates 

(mcl-PHA) for Medical Applications // Theses and studies in the field of biological 

diversity- 2016. - P. 13. 

35. Gurtovenko A. A. Interaction of ethanol with biological membranes: the 

formation of non-bilayer structures within the membrane interior and their 

significance/ A. A. Gurtovenko J. Anwar //The Journal of Physical Chemistry – 

2009. - P. 1983–1992. 

36. Kunasundari B. Isolation and recovery of microbial 

polyhydroxyalkanoates / B. Kunasundari, K. Sudesh // eXPRESS Polymer Letters. 

– 2011. – Vol.5. №7. – P.620 – 634. 

37. Jong-il Choi Efficient and economical recovery of poly(3- 

hydroxybutyrate) from recombinant Escherichia coli by simple digestion with 

chemicals / Jong-il Choi, Sang Yup Lee // Biotechnology and Bioengineering – 

1999. – Vol . 62. – P. 546–553 

38.  . .  ( ) -  

  /  . .,  . .,  . . – 

,   . – 2003. – . 330. 

39.     BioFlo115(7,5 .) / 

     [  ] // 

. . . , . . , . . . – . . – 

 : . . - , 2016. – . 42. 



37 
 

40  . ., ,  . . :   

   ./ . . . : -  

« »,2006 . - 352 . 

41 -  . ,  . .,   - 

, ,  [ ]/ . . . -  . -  

 , 2011.- 392 . 

 




