
16

 504.53.054+628.516:628.355 

. . , . .

,

( )

-

,  Ex-situ  In-situ.  In-situ -

,  Ex-situ -

-

.

. -

.

: ,  Ex-situ  In-situ, ,

, .

-

.

-

, -

, -

.

.

-

.

, -

, ,

.

, -

-

, .

-

.

-

 ( ). -



17

, , -

.

 3 % 

.

2012 .  13,3 , -

 400 .  (3 %) 

.

, - -

, -

,

 [1, 2]. 

-

.

-

, -

-

.

-

-

, ,

.

-

,

.

 ( ), -

- ,

.

, -

.

.

In-situ Ex-situ. Ex-situ -

On-site Off-site ( . 1). 



18

. 1. 

 [3, 4] 

In-situ

,

. .

-

. -

Arthrobacter, Bacillus, Brevibac-

terium, Nocardia, Pseudomonas, Rhodococcus

Candida, Cryptococcus, Rhodotorula, Rhodosporidium, Sporobolo-

myces, Torulopsis, Trichosporon, -

 [1]. 

 ( -

, , ), -

.

Ex-situ -

-

. -

. -

Off-site On-site.



19

On-site -

.

-

, , -

,

-

.

Off-site -

. -

, -

.

-

- -

, ,

.

, ,

In-situ,

. -

, , -

, -

.

- , -

 – ,

, .

- -

, -

.

-

:

–  +10 °  +50 ° ;

–  70 % ;

–  ( ,

, , . .);

– .

-

In-situ .



20

Ex-

situ

. ,

.

, ,

Ex-situ,  – -

.

,

, ,

, .

 ( - )

.

 (  30 / ). -

-

-

. -

 [5, 6] -

 10 /

,  [7, 8]. 

,

.

- -

, -

, -

. -

, .

. -

,

- , -



21

. ,

-

.

-

:  (20 ± 2) ° ,  70–80 %, 

 30 %. 

-

:  ( - ), -

,  « »,  ( - ),  [9]. 

 Carl Zeiss 

 40 20,  OLYMPUS SZX 10 

 375. 

- .

 6 ,

,

 20 . -

, -

 10 /  ( . 2). -

, , , -

.

. 2. 



22

.

-

.

-

; ,

, , , -

, -

Azotobacter, -

 ( ).

. .
( -

)

-
/  43,2 9,8 1,4 

-
/  (10,6 ± 0,64) ×108 (1,87 ± 0,14) ×107 (2,40 ± 1,70)×107

/  (4,45 ± 0,94) ×107 (2,65 ± 0,36) ×107 (3,14 ± 2,00)×103

/  (5,85 ± 1,08) ×106 (3,00 ± 0,39) ×105

-
/  (5,16 ± 0,32) ×106 (3,23 ± 0,41) ×107 (3,40 ± 6,70) ×101

-
/ (3,00 ± 1,22) ×102 (7,10 ± 3,10)×102

Azotobacter

% -

- 65,0 90,0 90,0 

-

,

, -

.

. 3 ,

.

-

 77 %, 

 20 .



23

     

. 3. Aspergillus sp.:  –  20×40;  

 –  ×240 

Ex-situ, On-site Off-site

.

-

,

. -

-

, ,

.

, -

, - .

1. . . : . / 

. – : - . . . - , 2008. – 511 .

2. -  « - »

[ ]. – URL: http://lukoil-perm.ru ( :

28.02.2013).

3.  [ ]:

 / 

. – URL: www.iae.unileoben.ac.at ( :

20.01.2013).



24

4. Schwister K. Taschenbuch der Umwelttechnik. – München: Carl 

Hanser Verlag, 2010. – 519 s. 

5.  « -

-

» [ ]: -

22  2009 .  786. – URL: bazazakonov.ru/doc/?ID=1043256.

6.  « -

-

-

-  – » [

]:  10.12.2004 

 466- . – URL: bazazakonov.ru/doc/?ID=2233533. 

7. . ., . ., . . -

-

 // 

. – 2008. –  12. – . 21–26. 

8. . ., . ., . . -

-

 // 

. – 2012. –  7. – . 34–37. 

9. : . . .

.  / . . . . – .: , 2005. – 608 .

 5.03.2013 

M.V. Akhmadiev, L.V. Rudakova 

THE ANALYSIS OF THE METHODS  

OF THE RESTORATION OF OIL POLLUTED SOIL  

(RUSSIAN AND FOREIGN EXPERIENCE) 

The technology for bioremediation of oil-contaminated soils is implemented by different meth-

ods. Among these techniques are isolated by ex-situ and in-situ. In-situ method is based on oil pollution 

clean-up on the spot of his education, using the method of ex-situ contaminated soil removed from the 

place contamination and placed in a specialized area of bioremediation technology or biological reactor 

off-site education. The priority method is the use of bioreactors for bioremediation of various designs. 

Showing results of investigations of oil-contaminated soil bioremediation process in the bioreactor. 

Keywords: bioremediation, methods of Ex-situ and In-situ, bioreactor, alkanotrofs, oil-contami-

nated.
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