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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʩʧʦʩʦʙʦʚ 

ʙʠʦʪʨʘʥʩʬʦʨʤʘʮʠʠ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʛʦ ʩʳʨʴʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʠʦʵʪʘʥʦʣʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʦʙʨʘʙʦʪʢʠ ʙʠʦʤʘʩʩʳ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʩʘʭʘʨʠʜʦʚ, ʛʜʝ ʩʫʙʩʪʨʘʪʦʤ ʷʚʣʷʣʩʷ ʪʦʨʬ ʚʝʨʭʦʚʦʛʦ ʪʠʧʘ, ʩʦ 

ʩʪʝʧʝʥʴʶ ʨʘʟʣʦʞʝʥʠʷ 15%. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʝ ʩʳʨʴʝ ʵʬʬʝʢʪʠʚʥʝʝ 

ʧʨʝʜʦʙʨʘʙʘʪʳʚʘʪʴ 7% H2SO4 120 Áʉ, ʚ ʪʝʯʝʥʠʝ 21 ʯʘʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʫʣʴʪʠʬʝʨʤʝʥʪʥʦʛʦ 

ʧʨʝʧʘʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ çɸʛʨʦʮʝʣʣ ʈ1000è. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʮʝʥʥʳʝ 

ʤʦʥʦʩʘʭʘʨʠʜʳ: D-ʛʣʶʢʦʟʘ (3,97%), D-ʛʘʣʘʢʪʦʟʘ (0,26%), D-ʨʘʤʥʦʟʘ (0,51%) ʠ D-ʢʩʠʣʦʟʘ 

(1,34%). ʋʢʘʟʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʪʦʨʬʘ ʩ ʫʩʧʝʭʦʤ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʵʪʘʥʦʣʘ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʮʝʩʩ ʩʙʨʘʞʠʚʘʥʠʷ ʪʝʨʤʦʬʠʣʴʥʦ ʫʩʪʦʡʯʠʚʳʤʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. 

 

Abstract. Research work is devoted to the study of methods of biotransformation of cellulose-

containing raw materials in order to obtain bioethanol. Data on environmentally friendly 

technologies of processing of biomass are presented. Directly, the experimental part of the work 

presents the results of enzymatic production of monosaccharides, where the substrate was peat of 

the upper type, with a degree of decomposition of 15%. It is shown that cellulose-containing raw 

materials are more effective to pretreat 7% H2SO4 120ÁC for 21 hours. As multienzyme drug was 

used Agrocel R1000. The following valuable monosaccharides were obtained: D-glucose (3.97%), 

D-galactose (0.26%), D-rhamnose (0.51%) and D-xylose (1.34%). These products of enzymatic 
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hydrolysis of peat can be successfully used to produce bioethanol, using the process of fermentation 

thermophilic resistant microorganisms. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʵʪʘʥʦʣ, ʙʠʦʤʘʩʩʘ, ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʛʠʜʨʦʣʠʟ, ʤʦʥʦʩʘʭʘʨʠʜʳ, 

ʮʝʣʣʶʣʦʟʘ. 
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ɺʚʝʜʝʥʠʝ 

ʆʜʥʠʤ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ ʠ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʨʘʩʪʠʪʝʣʴʥʘʷ ʙʠʦʤʘʩʩʘ. 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʙʠʦʤʘʩʩʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʩʢʦʧʘʝʤʳʭ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʦʟʦʙʥʦʚʣʷʶʱʠʡʩʷ ʠʩʪʦʯʥʠʢ ʠ ʨʝʩʫʨʩʳ ʙʠʦʤʘʩʩʳ ʚ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʠʤʝʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʛʠʦʥʦʚ ʤʠʨʘ [1].  

ɺ ʩʚʷʟʠ ʩ ʧʝʨʩʧʝʢʪʠʚʦʡ ʨʘʟʚʠʪʠʷ ʨʳʥʢʘ ʙʠʦʪʦʧʣʠʚʘ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ 

ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʩʪʠʪʝʣʴʥʦʡ ʙʠʦʤʘʩʩʳ 

(ʢʘʢ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ) ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʵʪʘʥʦʣʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʙʠʦʤʘʩʩʳ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʚʠʜʘ. ʆʙʳʯʥʦ ʨʘʩʪʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ 25% 

ʣʠʛʥʠʥʘ ʠ 75% ʫʛʣʝʚʦʜʦʚ ʠʣʠ ʩʘʭʘʨʠʜʦʚ. ʋʛʣʝʚʦʜʦʨʦʜʥʘʷ ʬʨʘʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʤʦʣʝʢʫʣ ʩʘʭʘʨʠʜʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʜʣʠʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ. ʂ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤ ʢʘʪʝʛʦʨʠʷʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʮʝʣʣʶʣʦʟʫ [2]. 

ʉʨʝʜʠ ʙʘʢʪʝʨʠʡ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʨʘʟʣʘʛʘʶʪ ʮʝʣʣʶʣʦʟʫ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ 

Clostridium. ʆʩʦʙʝʥʥʦ ʪʝʨʤʦʬʠʣʴʥʳʝ ʵʪʘʥʦʣʦʛʝʥʥʳʝ ʘʥʘʵʨʦʙʥʳʝ ʙʘʢʪʝʨʠʠ C. thermocellus, C. 

thermohidrosulfuricum. ʇʦʩʣʝʜʥʠʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʦ ʪʝʨʤʦʬʠʣʴʥʳʤ; C. 

thermocellum- ʘʢʪʠʚʥʳʡ ʮʝʣʣʶʣʦʣʠʪʠʢ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʧʨʦʜʫʮʝʥʪʘʤʠ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʥʘ ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʤ ʩʫʙʩʪʨʘʪʝ ʷʚʣʷʶʪʩʷ ʘʥʘʵʨʦʙʥʳʝ ʵʢʩʪʨʝʤʘʣʴʥʦ-

ʪʝʨʤʦʬʠʣʴʥʳʝ ʩʧʦʨʦʥʦʩʥʳʝ ʚʠʜʳ Clostridium thermohydrosulfuricum, Clostridium 

thermosaccharolyticum, Clostridium thermocellum. ʉʨʝʜʠ ʥʝʩʧʦʨʦʥʦʩʥʳʭ ʵʢʩʪʨʝʤʘʣʴʥʦ-

ʪʝʨʤʦʬʠʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʘʥʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤʠ ʩʯʠʪʘʶʪʩʷ 

Thermanaerobacter ethanolicus ʠ Thermanaerobium brockii. ʇʦʠʩʢ ʥʦʚʳʭ ʰʪʘʤʤʦʚ 

ʪʝʨʤʦʬʠʣʴʥʳʭ ʙʘʢʪʝʨʠʡ ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦ.  

ɺ ʊʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʥʩʦʨʮʠʫʤʦʚ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ [3-6]. 
 

ʊʘʙʣʠʮʘ 1. 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʂʆʅʉʆʈʎʀʋʄʆɺ ʄʀʂʈʆʆʈɻɸʅʀɿʄʆɺ 

 ɼʃʗ ʇʈʆʀɿɺʆɼʉʊɺɸ ʕʊʀʃʆɺʆɻʆ ʉʇʀʈʊɸ 

 

ʉʦʩʪʘʚ ʢʦʥʩʦʨʮʠʫʤʘ ʉʫʙʩʪʨʘʪ ʆʙʨʘʙʦʪʢʘ ʩʳʨʴʷ 

ʂʦʣʠʯʝʩʪʚʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦ

ʛʦ ʵʪʘʥʦʣʘ 

Candida wickerhamii+ Saccharomyces 

cerevisiae 
ʎʝʣʣʶʣʦʟʘ 

ɻʠʜʨʦʣʠʟ 

ʪʨʠʬʪʦʨʫʢʩʫʩʥʦʡ 

ʢʠʩʣʦʪʦʡ 

50 ʛ/ʣ 

Bacillus sp.+ Clostridium thermocellum 
ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʮʝʣʣʶʣʦʟʘ 
- 4,6-5,1 ʛ/ʣ 

Trichoderma reesei+ Saccharomyces 

cerevisiae 
ʎʝʣʣʶʣʦʟʘ - 40 ʛ/ʣ 

Clostridium thermocellum+ Clostridium 

thermosulfuricum 
ɹʫʤʘʛʘ - 8 ʛ/ʣ 
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ʂ ʥʝʜʨʝʚʝʩʥʦʤʫ ʙʠʦʨʘʟʣʘʛʘʝʤʦʤʫ ʩʳʨʴʶ ʦʪʥʦʩʷʪ ʪʘʢʞʝ ʪʦʨʬ. ʈʦʩʩʠʷ ʨʘʩʧʦʣʘʛʘʝʪ 

ʙʦʛʘʪʳʤʠ ʟʘʧʘʩʘʤʠ ʪʦʨʬʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʳʨʴʝʤ. ɼʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ ʠ ʬʫʨʬʫʨʦʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ 

ʤʘʣʦʨʘʟʣʦʞʠʚʰʠʡʩʷ ʪʦʨʬ, ʩʦ ʩʪʝʧʝʥʴʶ ʨʘʟʣʦʞʝʥʠʷ ʥʝ ʙʦʣʝʝ 15-20%. ʀʟ ʥʝʛʦ ʤʦʞʥʦ 

ʧʦʣʫʯʘʪʴ ʢʨʦʤʝ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʬʫʨʬʫʨʦʣʘ ʜʨʫʛʠʝ ʧʨʦʜʫʢʪʳ: ʚʦʩʢ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ 

(ʫʢʩʫʩʥʫʶ, ʱʘʚʝʣʝʚʫʶ, ʤʦʣʦʯʥʫʶ ʠ ʜʨ.), ʬʝʥʦʣʳ, ʜʫʙʠʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʪʳ, ʘʮʝʪʦʥ ʠ ʜʨ [6-7]. 

ɺ ʈʦʩʩʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠʡ ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ çɸʛʨʦʮʝʣʣ P1000è, 

ʧʨʦʜʫʮʝʥʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ h ʪʘʤʤ ʛʨʠʙʘ Penicillium verruculosum [7, 8]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʧʨʠʚʦʜʷʪʩʷ ʚ ʊʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2. 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʌɽʈʄɽʅʊʅʆɻʆ ʇʈɽʇɸʈɸʊɸ çɸʛʨʦʮʝʣʣ P1000è 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʇʨʝʧʘʨʘʪ çɸʛʨʦʮʝʣʣ P1000è 

ʎʝʣʣʶʣʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʝʜ/ʛ, ʥʝ ʤʝʥʝʝ 4000 

b-ʛʣʶʢʘʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʝʜ/ʛ 3200 

ʂʩʠʣʘʥʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʝʜ/ʛ 1000 

ʉʧʦʨʳ ʛʨʠʙʘ ʧʨʦʜʫʮʝʥʪʘ ʠ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʬʝʨʤʝʥʪʘʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʪʦʨʬʘ, ʢʘʢ 

ʮʝʣʣʶʣʦʟʦʩʦʜʝʨʞʘʱʝʛʦ ʙʠʦʤʘʪʝʨʠʘʣʘ, ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʩʘʭʘʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʵʪʘʥʦʣʘ.  
 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ɻʠʜʨʦʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʨʝʘʢʪʦʨʝ Parr Instruments 4561 (ʉʐɸ) ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʨʠ 

ʊ=50
0
ʉ ʠ pH=5 ʩʨʝʜʳ (ʈʠʩʫʥʦʢ 1), ʠʩʧʦʣʴʟʫʷ ʘʮʝʪʘʪʥʳʡ ʙʫʬʝʨ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ (200 ʦʙ/ʤʠʥ). ɺ ʧʨʦʮʝʩʩʝ ʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʥʘʚʝʩʢʘ ʪʦʨʬʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʦʛʦ (7,0% H2SO4 ʚ ʪʝʯʝʥʠʝ 21 ʯʘʩʘ ʧʨʠ 120Áʉ); 

ʜʦʟʠʨʦʚʢʘ ʬʝʨʤʝʥʪʥʦʛʦ ʧʨʝʧʘʨʘʪʘ çɸʛʨʦʮʝʣʣ ʈ1000è 0,5 ʛ ʥʘ 5 ʛ ʩʫʙʩʪʨʘʪʘ. ɺ ʷʯʝʡʢʫ 

ʝʤʢʦʩʪʴʶ 300 ʩʤ
3
 ʧʦʤʝʱʘʣʠ ʧʨʝʜʦʙʨʘʙʦʪʘʥʥʳʡ ʪʦʨʬ , ʘʮʝʪʘʪʥʳʡ ʙʫʬʝʨ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʪʚʦʨʝʥ 

ʬʝʨʤʝʥʪʥʳʡ ʧʨʝʧʘʨʘʪ. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʈʝʘʢʪʦʨʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʛʠʜʨʦʣʠʟʘ ʪʦʨʬʘ 
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