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Abstract 

We have conducted studies comparing the species composition of the herring microflora in 2014 and 2018 

in the Kaliningrad Bay of the Baltic Sea. Also studied the contamination of bacteria in the skin, gills and internal 

organs of fish. In 2018, the species composition of the microbiocenosis of the herring was more diverse that in 

2014. The skin, gills and internal organs of fish in 2018 are more inseminated with bacteria. Apparently, this 

indicates an increase in the anthropogenic load on the water body.  

ɸʥʥʦʪʘʮʠʷ.  

ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʠʢʨʦʬʣʦʨʳ ʩʘʣʘʢʠ ʚ 2014 ʠ 2018 ʛʦ-

ʜʘʭ ʚ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʤ ʟʘʣʠʚʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ʊʘʢʞʝ ʠʟʫʯʝʥʘ ʦʙʩʝʤʝʥʝʥʥʦʩʪʴ ʙʘʢʪʝʨʠʷʤʠ ʢʦʞʠ, 

ʞʘʙʨ ʠ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʨʳʙʳ. ɺ 2018 ʛʦʜʫ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʤʠʢʨʦʙʠʦʮʝʥʦʟʘ ʩʘʣʘʢʠ ʙʳʣ ʨʘʟʥʦʦʙʨʘʟ-

ʥʝʝ, ʯʝʤ ʚ 2014 ʛʦʜʫ. ʂʦʞʘ, ʞʘʙʨʳ ʠ ʚʥʫʪʨʝʥʥʠʝ ʦʨʛʘʥʳ ʨʳʙʳ ʚ 2018 ʛ ʙʦʣʝʝ ʦʙʩʝʤʝʥʝʥʳ ʙʘʢʪʝʨʠʷʤʠ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʨʘʩʪʘʥʠʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʦʝʤ. 

 

Keywords: microflora, Baltic herring, internal organs, contamination, bacteria, Pseudomonas, sanitary-

significant bacteria, saprophytic bacteria, Kaliningrad Bay, skin, gills. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʢʨʦʬʣʦʨʘ, ʩʘʣʘʢʘ, ʚʥʫʪʨʝʥʥʠʝ ʦʨʛʘʥʳ, ʦʙʩʝʤʝʥʝʥʥʦʩʪʴ, ʙʘʢʪʝʨʠʠ, ʧʩʝʚʜʦʤʦʥʘ-

ʜʳ, ʩʘʥʠʪʘʨʥʦ-ʟʥʘʯʠʤʳʝ ʙʘʢʪʝʨʠʠ, ʩʘʧʨʦʬʠʪʥʳʝ ʙʘʢʪʝʨʠʠ, ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʟʘʣʠʚ, ʢʦʞʘ, ʞʘʙʨʳ. 

 

ʉʘʣʘʢʘ - ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʦʙʲʝʢʪ ʢʘʢ ʣʶʙʠ-

ʪʝʣʴʩʢʦʛʦ, ʪʘʢ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʳʙʦʣʦʚʩʪʚʘ. 

ʆʙʠʪʘʷ ʚ ʥʝʙʣʘʛʦʧʦʣʫʯʥʦʤ ʚʦʜʦʝʤʝ ʧʦ ʩʘʥʠʪʘʨʥʦï

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʧʦʢʘʟʘʪʝʣʶ, ʩʘʣʘʢʘ ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʧʝʨʝʥʦʩʯʠʢʦʤ ʦʧʘʩʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠʥ-

ʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʥʘʢʘʧʣʠʚʘʷ ʚ ʩʝʙʝ ʧʘʪʦ-

ʛʝʥʥʫʶ ʠ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʫʶ ʤʠʢʨʦʬʣʦʨʫ. 

ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʘʣʘʢʠ, ʦʙʠ-

ʪʘʶʱʝʡ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ, ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ ʤʘʣʦ 

ʠʟʫʯʝʥʦ. 

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʘʢʚʘʪʦʨʠʠ ʂʘ-

ʣʠʥʠʥʛʨʘʜʩʢʦʛʦ ʟʘʣʠʚʘ.  

ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʟʘʣʠʚ ʷʚʣʷʝʪʩʷ ʤʝʣʢʦʚʦʜ-

ʥʳʤ ʙʘʩʩʝʡʥʦʤ, ʩʦʝʜʠʥʷʝʤʳʤ ʩ ɹʘʣʪʠʡʩʢʠʤ ʤʦʨʝʤ 

ʫʟʢʠʤ ʧʨʦʣʠʚʦʤ, ʛʣʫʙʠʥʳ ʟʜʝʩʴ ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʶʪʩʷ ʦʪ ʧʨʠʣʠʚʦʚ ʚ ʩʪʦʨʦʥʫ ʫʩʪʴʷ, ʚʧʘʜʘ-

ʶʱʝʛʦ ʚ ʟʘʣʠʚ ʨʫʢʘʚʘ ɺʠʩʣʳ [5]. 

ʉʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʟʘʣʠʚʘ 2,8 ʤ, ʥʘʠʙʦʣʴʰʘʷ ï 

5,2 ʤ ï ʦʪʤʝʯʝʥʘ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ɹʘʣʪʠʡʩʢʦʛʦ 

ʧʨʦʣʠʚʘ. ɹʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʟʘʣʠʚʘ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʤʘʣʦ ʠʟʨʝʟʘʥʘ, ʦʩʦʙʝʥʥʦ ʚ ʩʨʝʜʥʝʡ ʝʛʦ ʯʘʩʪʠ. 

ɺʜʦʣʴ ʩʝʚʝʨʥʦʛʦ ʙʝʨʝʛʘ ʟʘʣʠʚʘ ʧʨʦʨʳʪ ʤʦʨʩʢʦʡ 

ʢʘʥʘʣ, ʩʦʝʜʠʥʷʶʱʠʡ ɹʘʣʪʠʡʩʢʠʡ ʧʨʦʣʠʚ ʩ ʛʦʨʦʜʘ-

ʤʠ ï ʧʦʨʪʘʤʠ ʂʘʣʠʥʠʥʛʨʘʜ, ʉʚʝʪʣʳʡ ʠ ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʭʦʜʘ ʚ ʵʪʠ ʧʦʨʪʳ ʙʦʣʴʰʠʤ 

ʤʦʨʩʢʠʤ ʩʫʜʘʤ.  

ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʟʘʣʠʚ ʧʦ ʧʣʦʱʘʜʠ ʠ ʦʙʲʝʤʫ 

ʚʦʜ ʧʨʠʤʝʨʥʦ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ ʂʫʨʰʩʢʦʛʦ ʠ ʷʚ-

ʣʷʝʪʩʷ ʚʪʦʨʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʣʘʛʫʥʦʡ ʙʘʩʩʝʡʥʘ ɹʘʣ-

ʪʠʡʩʢʦʛʦ ʤʦʨʷ. 

ʇʣʦʱʘʜʴ ʟʝʨʢʘʣʘ ʟʘʣʠʚʘ ï 838 ʢʤ2, ʠʟ ʥʠʭ 

472,5 (56,2%) ʧʨʠʥʘʜʣʝʞʠʪ ʘʢʚʘʪʦʨʠʠ ʈʦʩʩʠʠ. 

ʆʙʲʝʤ ʢʦʪʣʦʚʠʥʳ ʦʢʦʣʦ 2,3 ʢʤ3. ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ 

ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʛʦ ʟʘʣʠʚʘ ʜʥʦ ʧʦʢʨʳʪʦ ʠʣʦʤ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʨʘʢʫʰʝʢ. ɺʜʦʣʴ ʙʝʨʝʛʦʚ 

ʥʝʨʦʚʥʦʡ ʧʦʣʦʩʦʡ (ʰʠʨʠʥʦʡ ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪ-

ʢʘʭ ʜʦ 2 ʢʤ) ʪʷʥʫʪʩʷ ʧʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʦʯʝʥʴ 

ʨʝʜʢʦ ʧʨʝʨʳʚʘʝʤʳʝ ʚʳʭʦʜʘʤʠ ʢ ʙʝʨʝʛʫ ʠʣʠʩʪʳʭ 

ʛʨʫʥʪʦʚ. ɺ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʟʘʣʠʚʘ ʦʪʤʝʯʘʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʠʣʠʩʪʦ-ʧʝʩʯʘʥʳʭ ʠʣʠ ʜʚʝ ʢʘʤʝʥʠʩʪʳʝ 

ʦʪʤʝʣʠ. ʑʫʢʠʥʩʢʘʷ ʦʪʤʝʣʴ ʩ ʛʣʫʙʠʥʘʤʠ 1,5 ʤ ʧʨʦ-

ʩʪʠʨʘʝʪʩʷ ʚ ʟʘʣʠʚ ʥʘ 2,5 ʢʤ [5]. 

ɺʩʣʝʜʩʪʚʠʝ ʤʝʣʢʦʚʦʜʥʦʩʪʠ ʟʘʣʠʚʘ ʰʪʦʨʤʦʚʦʝ 

ʚʦʣʥʝʥʠʝ ʦʭʚʘʪʳʚʘʝʪ ʚʝʩʴ ʩʣʦʡ ʚʦʜʳ ʜʦ ʜʥʘ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʚʟʤʫʯʠʚʘʥʠʝ ʛʨʫʥʪʦʚ ʠ ʧʝʨʝ-

ʤʝʱʝʥʠʝ ʠʭ ʚ ʚʠʜʝ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ ʚʦʟʥʠʢʘ-

ʶʱʠʤ ʜʨʝʡʬʦʚʳʤ ʪʝʯʝʥʠʝʤ. 

ɺʝʣʠʯʠʥʘ ʢʦʣʝʙʘʥʠʷ ʩʨʝʜʥʠʭ ʫʨʦʚʥʝʡ ʚ ʂʘʣʠ-

ʥʠʥʛʨʘʜʩʢʦʤ ʟʘʣʠʚʝ ʩʦʩʪʘʚʣʷʝʪ 19 ï 21 ʩʤ, ʥʦ 

https://doi.org/10.24411/2520-6990-2019-10506
https://doi.org/10.24411/2520-6990-2019-10506
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ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʥʝʧʝʨʠʦʜʠʯʝ-

ʩʢʠʝ ʩʛʦʥʥʦ-ʥʘʛʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ. ʇʦʜʲʝʤʳ ʫʨʦʚʥʷ 

ʩʚʳʰʝ 83 ʩʤ ʚʳʟʳʚʘʶʪ ʟʘʪʦʧʣʝʥʠʷ ʧʨʠʙʨʝʞʥʳʭ 

ʨʘʡʦʥʦʚ, ʦʢʘʟʳʚʘʶʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʙʦʪʫ ʧʦʨʪʦʚ, ʛʦʨʦʜʩʢʦʡ ʚʦʜʦʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ ʠ 

ʤʥʦʛʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʛ. ʂʘʣʠʥʠʥ-

ʛʨʘʜʘ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʣʠʤʠʪʠ-

ʨʫʶʪ ʛʣʫʙʠʥʳ ʚ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʤ ʤʦʨʩʢʦʤ ʢʘʥʘ-

ʣʝ. ʏʘʱʝ ʚʩʝʛʦ ʰʪʦʨʤʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʩʝʥʥʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʨʝʞʝ ʚʩʝʛʦ 

ʣʝʪʦʤ [5]. 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ 15 

ʵʢʟʝʤʧʣʷʨʦʚ ʩʘʣʘʢʠ, ʚʳʣʦʚʣʝʥʥʦʡ ʚ ʂʘʣʠʥʠʥʛʨʘʜ-

ʩʢʦʤ ʟʘʣʠʚʝ ʚ 2014 ʛʦʜʫ ʠ 15 ʵʢʟʝʤʧʣʷʨʦʚ ʩʘʣʘʢʠ ï 

ʚ 2018 ʛʦʜʫ. 

ʇʝʨʚʠʯʥʳʡ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʡ ʧʦʩʝʚ ʚʳ-

ʧʦʣʥʷʣʠ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ. ʊʘʢʞʝ ʧʨʦ-

ʚʦʜʠʣʠ ʧʦʩʝʚ ʥʘ ʩʝʣʝʢʪʠʚʥʳʝ ʩʨʝʜʳ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʙʘʢʪʝʨʠʡ ʜʦ ʨʦʜʘ ʠ ʚʠʜʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ 16 ʪʝ-

ʩʪʘʤ, ʧʘʪʦʛʝʥʥʦʩʪʴ ʙʘʢʪʝʨʠʡ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦ 

ʧʨʦʪʝʦʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʢʫʣʴʪʫʨʘʣʴʥʳʭ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʦʣʦʛʦ-

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʦʧʨʝʜʝʣʷʣʠ ʙʘʢʪʝʨʠʡ ʜʦ 

ʨʦʜʘ ʠ ʚʠʜʘ ʩ ʧʦʤʦʱʴʶ ʦʧʨʝʜʝʣʠʪʝʣʷ ʙʘʢʪʝʨʠʡ 

ɹʝʨʜʞʠ [1]. 

ʄʠʢʨʦʬʣʦʨʘ ʩʘʣʘʢʠ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʛʦ ʟʘʣʠʚʘ 

ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʚʝʩʥʦʡ 2014 ʛʦʜʘ ʙʳʣʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʜʝʩʷʪʴʶ ʚʠʜʘʤʠ ʙʘʢʪʝʨʠʡ (ʈʠʩʫʥʦʢ 1): 

Enterococcus solitaries, Bacillus brevis, Enterococcus 

malodoratus, Enterococcus avium, Sarcina maxima, 

Enterococcus casseliflavus, Micrococcus roseus, 

Staphylococcus capitis, Micrococcus agilis, 

Micrococcus luteus, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 5 ʨʦʜʘʤ.  

ʅʘʠʙʦʣʝʝ ʦʙʩʝʤʝʥʝʥʘ ʩʘʣʘʢʘ ʙʳʣʘ ʙʘʢʪʝʨʠʷʤʠ 

ʨʦʜʦʚ Enterococcus ʠ Micrococcus (ʧʦ 28%). 

ʆʩʪʘʣʴʥʳʝ ʨʦʜʘ ʙʘʢʪʝʨʠʡ ʦʙʩʝʤʝʥʷʣʠ ʩʘʣʘʢʫ ʧʦ 

7% ʢʘʞʜʳʡ. 

 
ʈʠʩʫʥʦʢ 1. ʄʠʢʨʦʬʣʦʨʘ ʩʘʣʘʢʠ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʚʝʩʥʦʡ 2014 ʛ. 

 

ɺ 2018 ʛʦʜʫ ʚ ʤʠʢʨʦʬʣʦʨʝ ʩʘʣʘʢʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 23 ʚʠʜʘ ʙʘʢʪʝʨʠʡ: Acinetobacter banmanni, A. 

haemolyticus, A. junii, Alcaligenes faecalis, Bacillus alvei, B. brevis, B. coagulans, B. lentus, B. megaterium, B. 

penthothenticus, B. pumilis, Clostridium butyricum, Mycobacterium aurum, Pseudomonas acidovorans, P. aeru-

ginosa, P. alcaligenes, P. diminuta, P. putida, P. stutzeri, P. vesicularis, Streptococcus agalactiae, S. canis ʠ 

Veilonella dispar, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 8 ʨʦʜʘʤ (ʈʠʩʫʥʦʢ 2).  
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ʈʠʩʫʥʦʢ 2. ʆʙʱʘʷ ʦʙʩʝʤʝʥʝʥʥʦʩʪʴ ʩʘʣʘʢʠ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʛʦ ʟʘʣʠʚʘ ʚ 2018 ʛʦʜʫ 

 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʣʠʩʴ ʫʩʣʦʚʥʦ-

ʧʘʪʦʛʝʥʥʳʝ ʙʘʢʪʝʨʠʠ ʨʦʜʦʚ Pseudomonas ʠ Bacillus 

(31% ʢʘʞʜʦʛʦ). ɹʘʢʪʝʨʠʠ ʨʦʜʘ Acinetobacter ʦʙʩʝ-

ʤʝʥʷʣʠ ʩʘʣʘʢʫ ʥʘ 13%, Streptococcus ʥʘ 9%. 

ʆʩʪʘʣʴʥʳʝ ʨʦʜʘ ʙʘʢʪʝʨʠʡ ʦʙʩʝʤʝʥʷʣʠ ʩʘʣʘʢʫ ʧʦ 

4% ʢʘʞʜʳʡ. 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʩʝʤʝʥʝʥ-

ʥʦʩʪʴ ʩʘʣʘʢʠ ʙʘʢʪʝʨʠʷʤʠ ʚ 2018 ʛʦʜʫ ʫʚʝʣʠʯʠʣʘʩʴ, 

ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʥʪʨʦ-

ʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʦʝʤ. 

ɺ 2014 ʛʦʜʫ ʩʘʣʘʢʘ ʥʘʠʙʦʣʝʝ ʦʙʩʝʤʝʥʝʥʘ ʢʦʢ-

ʢʦʚʦʡ ʛʨʫʧʧʦʡ ʙʘʢʪʝʨʠʡ: Enterococcus solitaries, 

Enterococcus malodoratus, Enterococcus avium, 

Enterococcus casseliflavus, Micrococcus roseus, 

Staphylococcus capitis, Micrococcus agilis, 

Micrococcus luteus.ʉʘʧʨʦʬʠʪʥʘʷ ʤʠʢʨʦʬʣʦʨʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʪʦʣʴʢʦ ʙʘʢʪʝʨʠʷʤʠ Sarcina maxima ʠ 

Bacillus brevis.ʀʟ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ 

ʦʙʥʘʨʫʞʝʥ ʪʦʣʴʢʦ Staphylococcus capitis. 

ɺ 2018 ʛʦʜʫ ʢʦʢʢʦʚʘʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʪʦʣʴʢʦ Streptococcus canis. ɺ ʩʘʧʨʦʬʠʪʥʦʡ ʤʠʢʨʦ-

ʬʣʦʨʝ ʧʨʝʦʙʣʘʜʘʣʠ ʙʘʢʪʝʨʠʠ ʨʦʜʘ Bacillus, ʦʩʪʘʣʴ-

ʥʳʝ ʩʘʧʨʦʬʠʪʥʳʝ ʙʘʢʪʝʨʠʠ ʦʙʩʝʤʝʥʷʣʠ ʩʘʣʘʢʫ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʊʘʢʞʝ ʦʙʥʘʨʫʞʠʣʠ ʩʘʥʠʪʘʨʥʦ-

ʧʦʢʘʟʘʪʝʣʴʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦ ʦʙʩʝʤʝʥʷʣʠ ʩʘʣʘʢʫ.  

ɺ 2018 ʛʦʜʫ ʥʘʙʣʶʜʘʣʠ ʚ ʤʠʢʨʦʙʠʦʮʝʥʦʟʝ ʩʘ-

ʣʘʢʠ ʙʦʣʴʰʦʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʩʝʚʜʦʤʦʥʘʜ: 

Pseudomonas acidovorans, P. alcaligenes, P. diminuta, 

P. stutzeri, P. aeruginosa, P. putida ʠ P. vesicularis. 

ɼʘʥʥʳʝ ʙʘʢʪʝʨʠʠ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʤʠ 

ʜʣʷ ʨʳʙ, ʘ ʪʘʢʞʝ ʦʥʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʨʛʘʥʠ-

ʯʝʩʢʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʜʳ ʚ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʤ ʟʘ-

ʣʠʚʝ. ʐʝʩʪʴ ʚʠʜʦʚ ʧʩʝʚʜʦʤʦʥʘʜ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʨʳʙ ʠ ʦʜʠʥ ʚʠʜ ï Pseudomonas 

aeruginosa ï ʜʣʷ ʨʳʙ ʠ ʯʝʣʦʚʝʢʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘ-

ʝʪʩʷ ʧʘʪʦʣʦʛʦʘʥʘʪʦʤʠʯʝʩʢʠʤ ʚʩʢʨʳʪʠʝʤ ʨʳʙ ʚ 

2018 ʛʦʜʫ: ʫ ʩʘʣʘʢʠ ʤʳ ʦʪʤʝʯʘʣʠ ʪʘʢʠʝ ʢʣʠʥʠʯʝ-

ʩʢʠʝ ʧʨʠʟʥʘʢʠ, ʢʘʢ ʙʣʝʜʥʦʩʪʴ (ʚ ʝʜʠʥʠʯʥʦʤ ʩʣʫʯʘʝ 

ï ʧʦʣʥʦʩʪʴʶ ʙʝʣʳʡ ʮʚʝʪ) ʠ ʤʦʟʘʠʯʥʦʩʪʴ ʞʘʙʨ, 

ʦʞʠʨʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ, ʙʣʝʜʥʦʩʪʴ ʠ ʨʘʟ-

ʨʳʭʣʝʥʠʝ ʧʝʯʝʥʠ, ʫ ʜʚʫʭ ʨʳʙ ʢ ʪʦʤʫ ʞʝ ʙʳʣʦ ʫʚʝ-

ʣʠʯʝʥʦ ʩʝʨʜʮʝ, ʫ ʦʜʥʦʡ ʨʳʙʳ ï ʩʝʨʜʮʝ ʠ ʧʝʯʝʥʴ. 

ʅʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʦʙʩʝʤʝʥʝʥʥʦʩʪʴ ʢʦʞʠ, 

ʞʘʙʨ ʠ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʩʘʣʘʢʠ.  

ɺ ʧʦʩʝʚʘʭ ʢʦʞʠ ʚ 2014 ʛʦʜʫ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʙʘʢʪʝʨʠʠ Enterococcus solitaries (ʊʘʙʣʠʮʘ 1).  

ʅʘ ʞʘʙʨʘʭ ʦʙʥʘʨʫʞʝʥʳ ʙʘʢʪʝʨʠʠ Bacillus 

brevis.  

ɺ ʧʦʩʝʚʘʭ ʩʝʨʜʮʘ ʦʙʥʘʨʫʞʠʣʠ ʙʘʢʪʝʨʠʠ 

Enterococcus malodoratus.  

ɺ ʧʦʩʝʚʘʭ ʧʝʯʝʥʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʙʘʢʪʝʨʠʠ 

Sarcina maxima.  

ɺ ʧʦʩʝʚʘʭ ʩʝʣʝʟʝʥʢʠ ʦʙʥʘʨʫʞʝʥʳ ʙʘʢʪʝʨʠʠ 

Enterococcus casseliflavus.  

ʀʟ ʩʦʜʝʨʞʠʤʦʛʦ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ 

ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʙʘʢʪʝʨʠʠ Micrococcus roseus.  

ɺ ʧʦʯʢʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʙʘʢʪʝʨʠʠ 

Micrococcus agilis ʠ Staphylococcus capitis.  

ɺ ʠʢʨʝ ʦʙʥʘʨʫʞʠʣʠ ʜʚʘ ʚʠʜʘ ʙʘʢʪʝʨʠʡ - 

Enterococcus casseliflavus ʠ Micrococcus luteus.  

ɺ ʤʦʣʦʢʘʭ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʙʘʢʪʝʨʠʠ 

Micrococcus agilis ʠ Enterococcus casseliflavus.  

ʋʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʝ ʙʘʢʪʝʨʠʠ ʥʘʤʠ ʙʳʣʠ ʦʙ-

ʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʚ ʧʦʯʢʘʭ (Staphylococcus capitis). 

ʂʦʞʫ, ʩʝʨʜʮʝ, ʩʝʣʝʟʝʥʢʫ, ʠʢʨʫ ʠ ʤʦʣʦʢʠ ʦʙʩʝʤʝʥʷ-

ʣʠ ʩʘʥʠʪʘʨʥʦ-ʟʥʘʯʠʤʳʝ ʙʘʢʪʝʨʠʠ ʨʦʜʘ 

Enterococcus. 

ɺ 2018 ʛʦʜʫ ʢʦʞʘ ʙʳʣʘ ʦʙʩʝʤʝʥʝʥʘ ʙʘʢʪʝʨʠʷ-

ʤʠ: Bacillus brevis, B. coagulans, B. pentothenticus, 

Pseudomonas alcaligenes, Streptococcus agalactiae, 

Veilonella dispar (ʊʘʙʣʠʮʘ 1). 

ɾʘʙʨʳ ʙʳʣʠ ʧʦʨʘʞʝʥʳ ʰʪʘʤʤʘʤʠ Bacillus 

megaterium, Pseudomonas vesicularis. 

ʉʝʨʜʮʝ ʙʳʣʦ ʦʙʩʝʤʝʥʝʥʦ Acinetobacter ban-

manni, Bacillus alvei, Pseudomonas aeruginosa (ʩʠ-

ʥʝʛʥʦʡʥʘʷ ʧʘʣʦʯʢʘ). 

ʇʝʯʝʥʴ ʧʦʨʘʞʝʥʘ ʙʘʢʪʝʨʠʷʤʠ Bacillus lentus, 

Mycobacterium aurum, Pseudomonas acidovorans, P. 

putida.  
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ʉʝʣʝʟʝʥʢʘ ʙʳʣʘ ʦʙʩʝʤʝʥʝʥʘ ʙʘʢʪʝʨʠʷʤʠ Clos-

tridium butyrium, Pseudomonas diminuta. 

ʂʠʰʝʯʥʠʢ ʙʳʣ ʧʦʨʘʞʝʥ ʰʪʘʤʤʘʤʠ Alcali-

genes faecalis, Bacillus alvei, B. pumilus, Pseudomo-

nas stutzeri. 

ʇʦʯʢʠ ʙʳʣʠ ʦʙʩʝʤʝʥʝʥʳ Acinetobacter haemo-

lyticus, A. junii, Bacillus alvei, Streptococcus canis. 

ʊʘʙʣʠʮʘ 1 

ʆʙʩʝʤʝʥʝʥʥʦʩʪʴ ʙʘʢʪʝʨʠʷʤʠ ʢʦʞʠ, ʞʘʙʨ ʠ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʩʘʣʘʢʠ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʨʛʘʥʘ 2014 2018 

ʂʦʞʘ ʉʘʥʠʪʘʨʥʦ-ʟʥʘʯʠʤʳʝ 

ʉʘʥʠʪʘʨʥʦ-ʟʥʘʯʠʤʳʝ; 

ʉʘʧʨʦʬʠʪʥʳʝ; 

ʋʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʝ 

ɾʘʙʨʳ  ʉʘʧʨʦʬʠʪʥʳʝ 
ʉʘʧʨʦʬʠʪʥʳʝ; 

ʋʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʝ 

ʉʝʨʜʮʝ  ʉʘʥʠʪʘʨʥʦ-ʟʥʘʯʠʤʳʝ 

ʉʘʧʨʦʬʠʪʥʳʝ 

ʉʘʥʠʪʘʨʥʦ-ʟʥʘʯʠʤʳʝ 

ʋʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʝ 

ʇʝʯʝʥʴ  ʉʘʧʨʦʬʠʪʥʳʝ 
ʉʘʧʨʦʬʠʪʥʳʝ 

ʋʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʝ 

ʉʝʣʝʟʝʥʢʘ  
ʉʘʥʠʪʘʨʥʦ-ʟʥʘʯʠʤʳʝ 

 

ʉʘʧʨʦʬʠʪʥʳʝ 

ʋʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʝ 

ʂʠʰʝʯʥʠʢ  ʉʘʧʨʦʬʠʪʥʳʝ 

ʉʘʧʨʦʬʠʪʥʳʝ 

ʉʘʥʠʪʘʨʥʦ-ʟʥʘʯʠʤʳʝ 

ʋʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʝ 

ʇʦʯʢʠ  
ʉʘʧʨʦʬʠʪʥʳʝ 

ʋʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʝ 

ʉʘʧʨʦʬʠʪʥʳʝ 

ʉʘʥʠʪʘʨʥʦ-ʟʥʘʯʠʤʳʝ 

ʋʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʝ 

ʀʢʨʘ  
ʉʘʧʨʦʬʠʪʥʳʝ 

ʉʘʥʠʪʘʨʥʦ-ʟʥʘʯʠʤʳʝ 
- 

ʄʦʣʦʢʠ  

ʉʘʧʨʦʬʠʪʥʳʝ 

ʉʘʥʠʪʘʨʥʦ-ʟʥʘʯʠʤʳʝ 

 

- 

 

ɺ 2014 ʛʦʜʫ ʥʘʠʙʦʣʝʝ ʦʙʩʝʤʝʥʝʥʦ ʙʘʢʪʝʨʠʷʤʠ 

ʙʳʣʦ ʩʝʨʜʮʝ, ʜʘʣʝʝ ʩʣʝʜʫʝʪ ʧʦʯʢʠ, ʠʢʨʘ ʠ ʤʦʣʦʢʠ. 

ʂʦʞʘ, ʞʘʙʨʳ, ʧʝʯʝʥʴ, ʩʝʣʝʟʝʥʢʘ ʠ ʢʠʰʝʯʥʠʢ ʦʙʩʝ-

ʤʝʥʝʥʳ ʙʘʢʪʝʨʠʷʤʠ ʙʳʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ʉʘʥʠʪʘʨʥʦ-ʟʥʘʯʠʤʳʝ ʙʘʢʪʝʨʠʠ ʚ 2014 ʛʦʜʫ 

ʦʙʩʝʤʝʥʷʣʠ ʢʦʞʫ, ʩʝʨʜʮʝ, ʩʝʣʝʟʝʥʢʫ, ʠʢʨʫ ʠ ʤʦʣʦ-

ʢʠ, ʚ 2018 ʛʦʜʫ ï ʢʦʞʫ, ʩʝʨʜʮʝ, ʢʠʰʝʯʥʠʢ ʠ ʧʦʯʢʠ. 

ʋʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʝ ʙʘʢʪʝʨʠʠ ʦʙʩʝʤʝʥʷʣʠ ʚ 

2014 ʛʦʜʫ ʩʝʨʜʮʝ ʠ ʧʦʯʢʠ, ʚ 2018 ʛʦʜʫ ï ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʚʩʝ ʚʥʫʪʨʝʥʥʠʝ ʦʨʛʘʥʳ. 

ɺ 2018 ʛʦʜʫ ʥʘʠʙʦʣʝʝ ʦʙʩʝʤʝʥʝʥʘ ʙʘʢʪʝʨʠʷʤʠ 

ʙʳʣʘ ʢʦʞʘ ʩʘʣʘʢʠ. ɹʘʢʪʝʨʠʦʮʝʥʦʟ ʢʦʞʠ ʬʦʨʤʠʨʦ-

ʚʘʣʠ ʩʘʥʠʪʘʨʥʦ-ʟʥʘʯʠʤʳʝ, ʩʘʧʨʦʬʠʪʥʳʝ ʠ ʫʩʣʦʚ-

ʥʦ-ʧʘʪʦʛʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ɺʪʦʨʦʝ ʤʝʩʪʦ ʧʦ 

ʦʙʩʝʤʝʥʝʥʥʦʩʪʠ ʟʘʥʠʤʘʝʪ ʧʝʯʝʥʴ, ʧʦʯʢʠ ʠ ʢʠʰʝʯ-

ʥʠʢ. ʉʝʣʝʟʝʥʢʘ ʦʙʩʝʤʝʥʝʥʘ ʚ ʥʘʠʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʤʠʢʨʦʬʣʦʨʳ ʩʘʣʘʢʠ ʚ 2014 ʠ 2018 ʛʦʜʘʭ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʨʘʩʪʘʥʠʠ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ 

ʥʘ ʚʦʜʦʝʤ ʚ ʩʚʷʟʠ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʥʝʛʦ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. ʆʙ-

ʩʝʤʝʥʝʥʥʦʩʪʴ ʙʘʢʪʝʨʠʷʤʠ ʢʦʞʠ, ʞʘʙʨ ʠ ʚʥʫʪʨʝʥ-

ʥʠʭ ʦʨʛʘʥʦʚ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ: ʚ 2014 ʛʦʜʫ ʤʳ 

ʚʩʪʨʝʯʘʝʤ ʚ ʦʨʛʘʥʘʭ ʚʩʝʛʦ 1 ʚʠʜ ʫʩʣʦʚʥʦ-

ʧʘʪʦʛʝʥʥʳʭ ʙʘʢʪʝʨʠʡ ʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʘ-

ʥʠʪʘʨʥʦ-ʟʥʘʯʠʤʳʭ ʙʘʢʪʝʨʠʡ, ʘ ʚ 2018 ʛʦʜʫ ʚ ʤʠʢ-

ʨʦʬʣʦʨʝ ʧʨʝʦʙʣʘʜʘʶʪ ʫʩʣʦʚʥʦ-ʧʘʪʦʛʝʥʥʳʝ ʠ ʩʘʥʠ-

ʪʘʨʥʦ-ʟʥʘʯʠʤʳʝ ʙʘʢʪʝʨʠʠ. ʋ ʩʘʣʘʢʠ ʥʘʤʠ ʪʘʢʞʝ 

ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʩʠʥʝʛʥʦʡʥʘʷ ʧʘʣʦʯʢʘ 

Pseudomonas aeruginosa, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʨʳʙ ʠ ʯʝʣʦʚʝʢʘ.  
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ʂʦʩʪʝʥʢʦʚ ɽʚʛʝʥʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, 

ɿʘʛʘʡʥʦʚ ʄʘʢʩʠʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯ, 

ʂʫʟʥʝʮʦʚ ɼʝʥʠʩ ʉʝʨʛʝʝʚʠʯ 

ɹɻʊʋ çɺʦʝʥʤʝʭè ʠʤʝʥʠ ɼ.ʌ. ʋʩʪʠʥʦʚʘ 

 

ʉʆɼɽʈɾɸʅʀɽ ɺʀʊɸʄʀʅɸ çʉè ɺ ʇʈʀɻʆʊʆɺʃɽʅʅʓʍ ʇʈʆɼʋʂʊɸʍ 

 

Zagaynov Maxim Alexandrovich, 

Kostenkov Eugene Alexandrovich, 

Kuznetsov Denis Sergeevich 

BSTU "Voenmekh" named after D. F. Ustinov 

 

THE CONTENT OF VITAMIN çCè IN IN COOKED FOODS 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ çʉè ʚ ʩʚʝʞʠʭ, ʚʘʨʝʥʳʭ, ʩʫʰʝʥʳʭ ʧʨʦʜʫʢʪʘʭ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʳ ʩʨʘʚʥʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʘʤʠʥʘ çʉè ʚ 

ʩʚʝʞʠʭ ʠ ʦʪʚʘʨʝʥʥʳʭ ʦʚʦʱʘʭ ʠ ʬʨʫʢʪʘʭ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʡʦʜʦʤʝʪʨʠʠ. 

Abstract 

In this paper, we have determined the content of vitamin "C" in fresh, boiled, dried foods. A chemical study 

was conducted, by which we compared the amount of vitamin "C" in fresh and boiled vegetables and fruits. The 

article presents the results of studies conducted using the method of iodometry. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʪʘʤʠʥʳ, ʚʠʪʘʤʠʥ çʉè, ʦʚʦʱʠ, ʡʦʜʦʤʝʪʨʠʷ.  

Key words: vitamins, vitamin ñCò, vegetables, iodometry. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʪʦʨʛʦʚʦʡ ʩʝʪʠ ʛʦʨʦʜʘ 

ʧʨʦʜʘʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʠʤʝʥʦʚʘʥʠʡ 

ʩʦʢʦʚ ʠ ʩʦʢʦʩʦʜʝʨʞʘʱʠʭ ʥʘʧʠʪʢʦʚ. ʊʘʢʞʝ ʯʘʩʪʴ 

ʛʦʨʦʞʘʥ ʛʦʪʦʚʠʪ ʩʚʝʞʝʚʳʞʘʪʳʝ ʩʦʢʠ.  

ʇʦʩʢʦʣʴʢʫ ʧʦʪʨʝʙʣʝʥʠʝ ʚʠʪʘʤʠʥʘ çʉè ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝ-

ʢʘ, ʘ ʥʘ ʨʘʩʪʫʱʠʡ ʦʨʛʘʥʠʟʤ ʧʦʜʨʦʩʪʢʦʚ ʚ ʦʩʦʙʝʥ-

ʥʦʩʪʠ, ʪʦ ʟʥʘʪʴ, ʩʢʦʣʴʢʦ ʤʳ ʫʧʦʪʨʝʙʣʷʝʤ ʝʛʦ ʚ ʧʠ-

ʱʫ, ʙʝʟʫʩʣʦʚʥʦ, ʚʘʞʥʦ ʠ ʘʢʪʫʘʣʴʥʦ. ʇʦʵʪʦʤʫ ʤʳ 

ʨʝʰʠʣʠ ʨʘʩʰʠʨʠʪʴ ʥʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥ-

ʥʦʝ ʨʘʥʝʝ, ʠ ʧʨʦʚʝʨʠʪʴ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ 

çʉè ʧʨʠʛʦʪʦʚʣʝʥʳʝ ʧʨʦʜʫʢʪʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦ-

ʠʩʭʦʞʜʝʥʠʷ [1]. 

ʄʳ ʧʦʩʪʘʚʠʣʠ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ. ʆʧʨʝʜʝ-

ʣʠʪʴ, ʦʜʠʥʘʢʦʚʦ ʣʠ ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʘʤʠʥʘ çʉè ʚ 

ʩʚʝʞʠʭ, ʟʘʤʦʨʦʞʝʥʥʳʭ, ʚʳʩʫʰʝʥʥʳʭ, ʩʚʘʨʝʥʥʳʭ 

ʧʨʦʜʫʢʪʘʭ. ɺʳʷʩʥʠʪʴ, ʪʝʨʷʝʪʩʷ ʣʠ ʚʠʪʘʤʠʥ çʉè ʚ 

ʦʚʦʱʘʭ ʠ ʬʨʫʢʪʘʭ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʩʚʝ-

ʞʠʭ ʧʨʦʜʫʢʪʦʚ ʠ ʠʭ ʦʪʚʘʨʦʚ, ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʢʦ-

ʞʫʨʳ ʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʝʙʳʚʘʥʠʠ ʠʟʤʝʣʴʯʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʥʘ ʚʦʟʜʫʭʝ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʪʘʤʠʥʘ ʉ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʤʝʪʦʜ ʡʦʜʦʤʝʪʨʠʠ. ʁʦʜʦʤʝʪʨʠʷ - ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʡ ʤʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ [2]. 

ʁʦʜʦʤʝʪʨʠʷ - ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʨʝʘʢʮʠʡ [3]. 

ʁʦʜ ʦʯʝʥʴ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʦʢʠʩʣʷʝʪ ʘʩʢʦʨʙʠ-

ʥʦʚʫʶ ʢʠʩʣʦʪʫ (ʚʠʪʘʤʠʥ ʉ). ɸʥʘʣʠʟ ʦʩʥʦʚʘʥ ʥʘ 

ʪʦʤ, ʯʪʦ 1 ʤʦʣʴ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (176 ʛ) ʨʝʘ-

ʛʠʨʫʝʪ ʩ 1 ʤʦʣʴ ʡʦʜʘ (254 ʛ). ɼʣʷ ʪʠʪʨʦʚʘʥʠʷ ʤʦʞ-

ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʪʝʯʥʫʶ ʡʦʜʥʫʶ ʥʘʩʪʦʡʢʫ, ʩʯʠ-

ʪʘʷ, ʯʪʦ ʡʦʜ ʥʝ ʚʳʜʦʭʩʷ ʠ ʦʥʘ ʪʦʯʥʦ 5%-ʥʘʷ (ʵʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,2 ʤʦʣʴ/ʣ). ʂʦʣʠʯʝ-

ʩʪʚʦ ʠʟʨʘʩʭʦʜʦʚʘʥʥʦʛʦ ʡʦʜʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩ ʧʦ-

ʤʦʱʴʶ ʦʙʳʯʥʦʡ ʧʠʧʝʪʢʠ ï ʧʦ ʯʠʩʣʫ ʢʘʧʝʣʴ 

ʥʘʩʪʦʡʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʚ ʨʝʘʢʮʠʠ. ɽʩʣʠ 

ʥʘʩʪʦʡʢʫ ʨʘʟʙʘʚʠʪʴ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʚ 40 

ʨʘʟ, ʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʘʢʦʛʦ ʨʘʩʪʚʦʨʘ ʙʫʜʝʪ 0,005 

ʤʦʣʴ/ʣ; 1,0 ʤʣ ʪʘʢʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0,88 

ʤʛ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʦʙʲʝʤ ʢʘʧʣʠ [4]. 

ɺʠʪʘʤʠʥ çʉè ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʦʙʱʝʫʢʨʝʧʣʷ-

ʶʱʝʝ ʠ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʠʤʤʫʥʠʪʝʪ ʧʨʠ ʨʘʟʣʠʯ-

ʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠ ʚ 

ʩʣʫʯʘʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʧʠʱʠ, ʥʘʧʨʠ-

ʤʝʨ, ʚ ʟʠʤʥʝ-ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ. 

ʃʶʜʠ ʜʦʣʞʥʳ ʧʦʣʫʯʘʪʴ ʘʩʢʦʨʙʠʥʦʚʫʶ ʢʠʩʣʦ-

ʪʫ ʠʟ ʧʠʱʠ. ɻʝʥ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʦʜʥʦʛʦ ʠʟ ʬʝʨʤʝʥʪʦʚ ʩʠʥʪʝʟʘ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦ-

ʪʳ, ʷʚʣʷʝʪʩʷ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʤ. ʆʜʥʘʢʦ, ʥʘʧʨʠ-

ʤʝʨ, ʚ ʦʨʛʘʥʠʟʤʝ ʢʦʰʢʠ (ʢʘʢ ʠ ʫ ʤʥʦʛʠʭ ʜʨʫʛʠʭ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ) ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚʠʪʘʤʠʥ ʉ (ʠʟ 

ʛʣʶʢʦʟʳ). ʌʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʜʣʷ 

ʚʟʨʦʩʣʳʭ - 90 ʤʛ / ʩʫʪ. ʌʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʧʦʪʨʝʙ-

ʥʦʩʪʴ ʜʣʷ ʜʝʪʝʡ - 30-90 ʤʛ / ʩʫʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʦʟʨʘʩʪʘ. ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ ʧʦʪʨʝʙ-

ʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 2000 ʤʛ / ʩʫʪ. ɺʠʪʘʤʠʥ çʉè ʧʦ-

ʚʳʰʘʝʪ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʢ ʠʥʬʝʢʮʠ-

ʷʤ, ʩʥʠʞʘʝʪ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʦʩʫʜʦʚ, ʩʥʠʞʘʝʪ ʧʦ-

ʪʨʝʙʥʦʩʪʴ ʚ ʚʠʪʘʤʠʥʘʭ ɺ1, ɺ2, ɸ, ɽ, ʬʦʣʠʝʚʦʡ 

ʢʠʩʣʦʪʝ, ʧʘʥʪʦʪʝʥʦʚʦʡ ʢʠʩʣʦʪʝ. 

ʊʘʢ ʢʘʢ ʚ ʧʠʱʫ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʚʝ-

ʞʠʝ, ʥʦ ʠ ʚʘʨʝʥʳʝ, ʩʫʰʝʥʳʝ, ʤʦʨʦʞʝʥʳʝ ʧʨʦʜʫʢ-

ʪʳ, ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʠʭ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ 

çʉè ʚ ʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʩʚʝʞʠʝ, ʟʘʤʦʨʦʞʝʥʥʳʝ, 

ʚʘʨʝʥʳʝ, ʩʫʰʝʥʳʝ). ʄʳ ʨʝʰʠʣʠ ʧʨʦʚʝʨʠʪʴ, ʦʜʠʥʘ-
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ʢʦʚʦ ʣʠ ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʘʤʠʥʘ çʉè ʚ ʩʚʝʞʝʤ, ʟʘʤʦ-

ʨʦʞʝʥʥʦʤ, ʩʫʰʝʥʦʤ, ʚʘʨʝʥʦʤ ʰʠʧʦʚʥʠʢʝ (ʨʦʟʘ 

ʩʦʙʘʯʴʷ). ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʘʤʳʤ ʙʦʛʘʪʳʤ ʥʘ ʚʠʪʘ-

ʤʠʥ çʉè ʷʚʣʷʝʪʩʷ ʚʩʝ ʞʝ ʩʚʝʞʠʡ ʰʠʧʦʚʥʠʢ (ʨʠʩ. 

1), ʚ ʤʦʨʦʞʝʥʦʤ ʰʠʧʦʚʥʠʢʝ ʝʛʦ ʤʝʥʴʰʝ ʚ 1,5 ʨʘʟʘ, 

ʚ ʚʘʨʝʥʦʤ - ʚ 1,8 ʨʘʟ, ʘ ʚ ʩʫʰʝʥʦʤ ʠ ʚʦʚʩʝ ʚ 3,9 

ʨʘʟʘ, ʚʦʧʨʝʢʠ ʣʠʪʝʨʘʪʫʨʥʳʤ ʩʚʝʜʝʥʠʷʤ [7].  

 
ʈʠʩ. 1. ʉʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ çʉè ʚ ʰʠʧʦʚʥʠʢʝ 

 

ʏʘʱʝ ʚʩʝʛʦ ʛʦʨʦʞʘʥʝ ʫʧʦʪʨʝʙʣʷʶʪ ʚʘʨʝʥʳʝ 

ʦʚʦʱʠ ʚ ʩʫʧʘʭ. ʄʳ ʧʨʦʚʝʨʠʣʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʠ-

ʪʘʤʠʥʘ çʉè ʩʚʘʨʝʥʥʳʡ ʣʫʢ ʠ ʩʚʝʞʠʡ ʣʫʢʦʚʳʡ ʦʪ-

ʚʘʨ (ʨʠʩ. 2). ʊʘʢ ʢʘʢ ʩʫʧʳ ʚ ʩʝʤʴʷʭ ʨʦʩʩʠʷʥ ʭʨʘ-

ʥʷʪʩʷ ʥʝ ʦʜʠʥ ʜʝʥʴ, ʦʪʚʘʨ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʚ ʭʦʣʦ-

ʜʠʣʴʥʠʢ ʠ ʭʨʘʥʠʣʩʷ ʪʘʤ 4 ʜʥʷ. ʇʦʣʫʯʠʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʧʨʠ ʚʘʨʢʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠ-

ʪʘʤʠʥʘ ʚ ʣʫʢʝ ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 25%, ʧʨʠ ʵʪʦʤ ʚʠ-

ʪʘʤʠʥ çʉè ʧʦʷʚʠʣʩʷ ʚ ʦʪʚʘʨʝ. ɸ ʯʝʨʝʟ 4 ʩʫʪʦʢ ʢʦ-

ʣʠʯʝʩʪʚʦ ʚʠʪʘʤʠʥʘ çʉè ʚ ʣʫʢʦʚʦʤ ʦʪʚʘʨʝ ʫʤʝʥʴ-

ʰʠʣʦʩʴ ʚʜʚʦʝ (ʨʠʩ. 3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʜʣʠ-

ʪʝʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʩʚʘʨʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʦʪʚʘʨʦʚ 

ʠʟ ʥʠʭ ʠʭ ʮʝʥʥʦʩʪʴ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ 

 
ʈʠʩ. 14. ʃʫʢʦʚʳʡ ʦʪʚʘʨ 

ʈʠʩ. 3. ʉʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ çʉè ʚ ʣʫʢʝ ʠ ʝʛʦ ʦʪʚʘʨʝ 

 

ɺʳʚʦʜʳ: ʩʦʜʝʨʞʘʥʠʝ ʚʠʪʘʤʠʥʘ çʉè ʚ ʧʨʦ-

ʜʫʢʪʘʭ ʦʜʥʦʛʦ ʚʠʜʘ ʨʘʟʣʠʯʥʦ. ʆʥʦ ʙʦʣʴʰʝ ʚ ʦʚʦ-

ʱʘʭ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ, ʯʝʤ ʚ ʧʨʦ-

ʜʫʢʪʘʭ, ʧʨʠʦʙʨʝʪʸʥʥʳʭ ʚ ʪʦʨʛʦʚʦʡ ʩʝʪʠ ʛʦʨʦʜʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʚʠʪʘʤʠʥʘ çʉè ʙʦʣʴʰʝ ʚ ʩʚʝʞʠʭ ʧʨʦ-

ʜʫʢʪʘʭ. ʆʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

ʩʚʝʞʠʝ ï ʤʦʨʦʞʝʥʳʝ ï ʚʘʨʝʥʳʝ ï ʩʫʰʝʥʳʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩ-
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Abstract.  

The effect of isolates of different extracts of Phallus impudicus metabolites on mycoparasitic micromycetes 

(Penicillium and Mucor) was studied. The dose-effect dependence of the growth kinetics and dynamics of mi-

cromycetes was measured using experimental observation tools. In the course of the work, mainly inhibitory 

effects on the growth of the mycelium were found. But dose-effect dependencies were not always monotonous, in 

some cases stimulation of colony growth to a certain concentration was observed. 

ɸʥʥʦʪʘʮʠʷ.  

ʀʟʫʯʘʣʦʩʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʠʢʦʧʘʨʘʟʠʪʥʳʝ ʤʠʢʨʦʤʠʮʝʪʳ (Penicillium ʠ Mucor) ʠʟʦʣʷʪʦʚ ʨʘʟʥʳʭ 

ʵʢʩʪʨʘʢʪʦʚ ʤʝʪʘʙʦʣʠʪʦʚ ʚʝʩʝʣʢʠ (Phallus impudicus). ʇʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʟʘ-ʵʬʬʝʢʪ 

ʢʠʥʝʪʠʢʠ ʨʦʩʪʘ ʠ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʥʘʙʣʶʜʝ-

ʥʠʷ. ɺ ʭʦʜʝ ʨʘʙʦʪ ʦʙʥʘʨʫʞʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʠʥʛʠʙʠʨʫʶʱʠʝ ʵʬʬʝʢʪʳ ʥʘ ʨʦʩʪ ʤʠʮʝʣʠʷ. ʅʦ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʦʟʘ-ʵʬʬʝʢʪ ʥʝ ʚʩʝʛʜʘ ʙʳʣʠ ʤʦʥʦʪʦʥʥʳ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʣʘʩʴ ʩʪʠʤʫʣʷʮʠʷ ʨʦʩʪʘ ʢʦʣʦʥʠʡ 

ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʠʩʙʠʦʪʨʦʥ, Penicillium chrysogenum, Mucor racemosus, ʧʦʨʦʰʦʢ ʤʠʮʝʣʠʷ ʚʝʩʸʣʢʠ 

(ʇʄɺ), ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ (ɹɸɺ), ʵʢʩʪʨʘʢʪʳ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ. 

Keywords: Sisbiotron, Penicillium chrysogenum, Mucor racemosus, powder of mycelium Veselka (PMA), a 

biologically active substance (BAS), extracts, inhibition. 

 

ɺʩʪʫʧʣʝʥʠʝ 

ʆʙʱʝʩʪʚʦ ʩʚʷʟʳʚʘʝʪ ʦʩʥʦʚʥʳʝ ʥʘʜʝʞʜʳ ʥʘ 

ʙʫʜʫʱʝʝ ʩ ʧʨʦʛʨʝʩʩʦʤ ʥʘʫʢ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʚʦ-ʧʝʨʚʳʭ, ʵʪʦ ʩʬʝʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʡ, ʚʦ-ʚʪʦʨʳʭ, ʚ 

ʦʙʣʘʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʠ ʨʦʙʦʪʠʟʘʮʠʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥʠ 

ʫʞʝ ʩʝʛʦʜʥʷ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʥʘʰʠ ʤʥʦʞʝʩʪʚʝʥʥʳʝ 

ʩʘʤʳʝ ʥʘʩʫʱʥʳʝ ʠ ʝʞʝʜʥʝʚʥʳʝ ʥʫʞʜʳ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʠʤʝʥʥʦ ʥʘ ʵʪʠ ʥʘʫʢʠ ʦʙʱʝʩʪʚʦ ʨʘʩʩʯʠʪʳ-

ʚʘʝʪ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʚ ʧʣʘʥʝ ʨʝʰʝʥʠʷ ʪʘʢʠʭ 

ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ çʧʨʦʙʣʝʤʳ ˉ 

1è, ʵʪʦ ʚʦʧʨʦʩʳ ʚʳʞʠʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʢʘʢ ʙʠʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʚʠʜʘ. ʂʦʛʜʘ ʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʠʭ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʢʘʞʫʱʠʭʩʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʘʩ 

ʦʯʝʥʴ ʜʘʣʝʢʠʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʩʦʯʝʪʘʶʪʩʷ ʪʝʤ ʠʣʠ 

ʠʥʳʤ ʦʙʨʘʟʦʤ, ʪʦ ʚʠʜʠʤ ʩʘʤʳʝ ʠʥʪʝʨʝʩʥʳʝ ʠ ʘʢʪʫ-

ʘʣʴʥʳʝ ʜʣʷ ʥʘʩ ʦʪʢʨʳʪʠʷ. 

ʊʘʢʞʝ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʠ ʚ ʪʦʤ, 

ʯʪʦ ʠʟʫʯʘʣʠʩʴ ʵʢʩʪʨʘʢʪʳ ɹɸɺ ʚʝʩʝʣʢʠ ʦʙʳʢʥʦʚʝʥ-

ʥʦʡ. ʕʪʦʪ ʛʨʠʙ ʷʚʥʦ ʟʥʘʯʠʤ, ʧʦʩʢʦʣʴʢʫ ʯʘʩʪʦ ʫʧʦ-

ʪʨʝʙʣʷʝʪʩʷ ʚ ʧʠʱʫ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʮʝʥʪʨʘʣʴ-

ʥʳʭ ʛʨʠʙʦʚ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʝʜʠʮʠʥʝ ʥʘʨʦʜʦʚ 

ɽʚʨʦʧʳ, ʧʦʧʫʣʷʨʝʥ ʚ ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʝ ʠ ʩʝʛʦ-

ʜʥʷ ʩʪʘʣ ʦʩʥʦʚʦʡ ʤʥʦʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʜʦʙʘʚʦʢ. ʆʜʥʘʢʦ ʝʛʦ ʙʠʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʨʘʥʝʝ 

ʥʠʢʝʤ ʥʝ ʠʟʫʯʘʣʩʷ. ʍʦʪʷ ʤʝʜʠʮʠʥʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʚʝʩʝʣʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ, ʧʨʠʯʝʤ ʠ ʦʯʝʥʴ ʩʝʨʴʸʟʥʳʝ, 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʥʘʫʯʥʳʤʠ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʧʘʮʠʝʥʪʘʭ [2] [5]. 
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ʉʘʤ ʧʦ ʩʝʙʝ ʪʘʢʞʝ ʦʯʝʥʴ ʘʢʪʫʘʣʝʥ ʚʦʧʨʦʩ ʦʪ-

ʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʦʛʨʘʤʤ ʠ ʤʝʪʦʜʠʢ ʨʘʙʦʪʳ 

ʩ ʥʦʚʳʤʠ ʩʠʩʪʝʤʥʦ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ 

ʪʠʧʘ çʉʠʩʙʠʦʪʨʦʥè, ʚʝʜʴ ʦʥʠ ʧʨʠʤʝʥʠʤʳ ʥʝ ʪʦʣʴ-

ʢʦ ʨʘʜʠ ʟʘʜʘʯ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʥʦ ʠ ʜʣʷ ʩʘʤʳʭ ʨʘʟ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʬʝʨʝ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʪʝʭʥʦ-

ʣʦʛʠʡ, ʧʨʠʯʝʤ ʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʠʙʦʣʝʝ ʚʦʩ-

ʪʨʝʙʦʚʘʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʧʨʦʩ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʩʨʝʜʩʪʚ 

ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʠ ʛʨʠʙʦʚ ʦʪ ʤʠʢʦʧʘʨʘʟʠʪʦʚ ʷʚʣʷ-

ʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ, 

ʥʦ ʠ ʜʣʷ ʈʦʩʩʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪ-

ʨʝʪʴ ʚʦʧʨʦʩ, ʤʦʛʫʪ ʣʠ ʜʘʪʴ ʯʪʦ-ʣʠʙʦ ʩʚʦʡʩʪʚʘ ʙʘ-

ʟʠʜʠʦʤʠʮʝʪʘ ʚʝʩʸʣʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʚ ʧʣʘʥʝ ʟʘʱʠ-

ʪʳ ʨʘʩʪʝʥʠʡ ʠʣʠ ʛʨʠʙʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʝʩʝʣʢʘ ʚ ʧʨʠʨʦʜʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʪʨʘʜʘʝʪ ʦʪ 

ʛʨʠʙʢʦʚʳʭ ʠʥʬʝʢʮʠʡ, ʦʩʥʦʚʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʦʙʣʝʤʳ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʥʳʭ ʤʘʢʨʦʤʠʮʝʪʦʚ 

[1]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ 

ʜʠʥʘʤʠʢʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ ʵʢʩʪʨʘʢ-

ʪʘʤʠ ɹɸɺ ʥʘ ʦʩʥʦʚʝ Phallus impudicus (ʚʝʩʸʣʢʠ 

ʦʙʳʢʥʦʚʝʥʥʦʡ). 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʄʠʢʦʬʠʣʴʥʳʝ ʧʣʝʩʥʝʚʳʝ ʛʨʠʙʢʠ Penicillium ʠ 

Mucor ʚʳʙʨʘʥʳ ʥʝ ʩʣʫʯʘʡʥʦ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʦʯʝʥʴ 

ʰʠʨʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʥʠʰʝʡ, ʧʦʪʦʤʫ ʭʦʟʷʡ-

ʩʪʚʝʥʥʦ ʟʥʘʯʠʤʳ. ʕʪʠ ʛʨʠʙʢʠ ʤʦʛʫʪ, ʢʘʢ ʬʘʢʫʣʴʪʘ-

ʪʠʚʥʦ ʧʘʨʘʟʠʪʠʨʦʚʘʪʴ ʢʘʢ ʥʘ ʛʨʠʙʘʭ, ʪʘʢ ʠ ʥʘ ʨʘʩ-

ʪʝʥʠʷʭ. ʆʥʠ ʚʳʩʦʢʦ ʚʠʨʫʣʝʥʪʥʳ ʠ ʙʦʨʴʙʘ ʩ ʥʠʤʠ 

ʟʘʪʨʫʜʥʝʥʘ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠ ʚʦʟʙʫʜʠʪʝʣʷʤʠ 

ʪʨʫʜʥʦʠʟʣʝʯʠʤʳʭ ʤʠʢʦʟʦʚ ʣʶʜʝʡ ʠ ʞʠʚʦʪʥʳʭ. ɸ 

ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠ ʩʘʧʨʦʪʨʦʬʘʤʠ, ʘʢʪʠʚʥʦ ʚʳʟʳ-

ʚʘʪʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʧʦʨʯʫ ʪʝʭʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘ-

ʣʦʚ ʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʷʚʣʷʷʩʴ ʧʨʦʜʫʮʝʥʪʘʤʠ 

ʦʧʘʩʥʳʭ ʤʠʢʦʪʦʢʩʠʥʦʚ. ʆʜʥʘʢʦ, ʵʪʠ ʞʝ ʚʠʜʳ 

ʠʤʝʶʪ ʠ ʧʦʣʝʟʥʫʶ ʟʥʘʯʠʤʦʩʪʴ, ʢʘʢ ʧʨʦʜʫʮʝʥʪʳ 

ʬʝʨʤʝʥʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʣʝʢʘʨʩʪʚ ʠ ʠʥʳʭ ɹɸɺ. 

ʄʠʢʦʧʘʨʘʟʠʪʥʳʝ ʛʨʠʙʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩ-

ʥʦʚʥʫʶ ʧʨʦʙʣʝʤʫ ʚ ʛʨʠʙʦʚʦʜʩʪʚʝ ʠ ʚ ʭʨʘʥʝʥʠʠ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ɺ ʩʣʫʯʘʝ ʛʨʠʙʥʳʭ ʠʥʬʝʢʮʠʡ 

ʢʦʝ-ʯʪʦ ʧʳʪʘʶʪʩʷ ʩʜʝʣʘʪʴ ʬʫʥʛʠʮʠʜʘʤʠ, ʥʦ ʦʥʠ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʪʦʢʩʠʯʥʳ ʜʣʷ ʩʘʤʠʭ ʚʳʨʘʱʠʚʘʝʤʳʭ 

ʢʫʣʴʪʫʨ ʛʨʠʙʦʚ. ʇʦʯʪʠ ʚʩʷ ʟʘʱʠʪʘ ʩʚʦʜʠʪʩʷ ʢ ʜʦ-

ʨʦʛʦʩʪʦʷʱʠʤ ʤʝʨʘʤ ʛʠʛʠʝʥʳ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʣʴʚʠ-

ʥʫʶ ʜʦʣʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʠʤʳʭ ʛʨʠʙʦʚ. 

ʅʦ, ʢʦʛʜʘ ʤʝʣʴʯʘʡʰʠʝ ʢʦʥʠʜʠʠ ʧʘʨʘʟʠʪʦʚ ʧʨʦʥʠ-

ʢʘʶʪ, ʚ ʛʨʠʙʦʚʦʜʯʝʩʢʠʝ ʭʦʟʷʡʩʪʚʘ, ʘ ʩʫʱʝʩʪʚʫʶ-

ʱʠʝ ʤʝʨʳ ʙʦʨʴʙʳ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳ, ʧʨʠʭʦʜʠʪʩʷ 

ʫʥʠʯʪʦʞʘʪʴ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ [3]. 

ʂʫʣʴʪʫʨʳ Penicillium chrysogenum ʠ Mucor 

racemosus ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʤʝʪʦʜʘʤʠ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʚʠ-

ʟʫʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʢʘ 

ʠʥʛʠʙʠʨʦʚʥʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ ʵʢʩʪʨʘʢʪʘʤʠ Phallus 

impudicus, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʛʦ ʙʳʣ ʩʜʝʣʘʥ ʧʦʨʦʰʦʢ 

ʤʠʮʝʣʠʷ ʚʝʩʝʣʢʠ (ʇʄɺ). ʇʄɺ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʨʠʯʥʝʚʳʡ ʧʦʨʦʰʦʢ, ʩʫʙʩʪʘʥʮʠʶ ʠʟʤʝʣʴʯʝʥʥʦʛʦ 

ʠ ʚʳʩʫʰʝʥʥʦʛʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʮʝ-

ʣʠʷ ʛʨʠʙʘ ʚʝʩʝʣʢʘ ʦʙʳʢʥʦʚʝʥʥʘʷ Phallus impudicus, 

ʰʪʘʤʤ 0781. ʐʪʘʤʤ ʚʟʷʪ ʠʟ ʢʦʣʣʝʢʮʠʠ ʢʫʣʴʪʫʨ 

ɹʦʪʘʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɺ.ʃ. ʂʦʤʘʨʦʚʘ ʈɸʅ 

(ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʤʝʪʘʥʦʣʴʥʳʡ, ʙʝʥʟ-

ʣʴʥʳʡ ʠ ʚʦʜʥʳʡ ʵʢʩʪʨʘʢʪʳ ɹɸɺ ʚʝʩʸʣʢʠ ʦʙʳʢʥʦ-

ʚʝʥʥʦʡ. 

ɿʘʤʝʨ ʜʦʟʘ-ʵʬʬʝʢʪ ʙʳʣ ʦʙʨʘʙʦʪʘʥ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʦʡ çʉolor reductionè, ʨʘʟʨʘ-

ʙʦʪʘʥʥʦʡ ʆʆʆ çɹʠʦʣʶʢʩè ʩʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫ-

ʪʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʈɸʅè, ʬʦ-

ʪʦʛʨʘʬʠʠ ʜʣʷ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʧʳʪʥʦʡ 

ʤʦʜʝʣʴʶ çʉʠʩʙʠʦʪʨʦʥè ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

(ʨʠʩ. 1). ʉʠʩʙʠʦʪʨʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨ ʤʠʮʝʣʠʷ, ʥʦ ʧʨʠʤʝʥʠʤ ʜʣʷ ʨʘʟ-

ʥʳʭ ʟʘʜʘʯ. ʎʝʣʴ ʫʩʪʨʦʡʩʪʚʘ - ʠʟʫʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʛʝʨʦʧʨʦʪʝʢʪʦʨʦʚ ʥʘ ʤʘʢʨʦ/ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʦ-

ʜʝʣʷʭ. 

 
ʈʠʩʫʥʦʢ 1- ʉʠʩʙʠʦʪʨʦʥ ʚ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʦʡ ʢʦʤʥʘʪʝ ʚ ʆʆʆ çɹʠʦʣʶʢʩè 

 

ʄʠʢʨʦʤʠʮʝʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ, ʢʫʣʴ-

ʪʠʚʠʨʦʚʘʣʠʩʴ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ d=9 ʩʤ (ʆʆʆ çʇʨʦ-

ʪʦʧʣʘʩʪè, ʈʦʩʩʠʷ). ɺʟʚʝʰʠʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦ-

ʜʠʣʠ ʥʘ ʵʣʝʢʪʨʦʥʥʳʭ ʚʝʩʘʭ ʄʂ-ɸ20 (ʈʦʩʩʠʷ). ɼʣʷ 

ʥʘʛʨʝʚʘʥʠʷ ʨʘʩʪʚʦʨʦʚ ʧʦʣʴʟʦʚʘʣʠʩʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʣʠʪʢʦʡ Aceline CS-010 (ʂʠʪʘʡ). ʈʘʟʚʝʜʝʥʠʝ ʢʦʥ-

ʮʝʥʪʨʘʮʠʡ ʠ ʧʝʨʝʩʝʚ ʢʦʣʦʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʦʡ ʧʠʧʝʪʢʦʡ ʃʝʥʧʠʧʝʪ (ʈʦʩʩʠʷ).  



14 BIOLOGICAL SCIENCES / ζColloquium - journal Ȼ# 16(40),2019 

ʈʝʘʢʪʠʚʳ: ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ; ʤʝʪʘʥʦʣ 

(ʭʯ), ʙʫʪʘʥʦʣ (ʯʜʘ), ʵʪʠʣʘʮʝʪʘʪ (ʯʜʘ), ʜʠʤʝʪʠʣ-

ʩʫʣʴʬʦʢʩʠʜ (ʭʯ); ʘʛʘʨ-ʘʛʘʨ (Fujian Putia, ʂʠʪʘʡ); 

5-ʌʪʦʨʫʨʘʮʠʣ-ʕʙʝʚʝ (ʕɹɽɺɽ ʌʘʨʤʘ, ɸʚʩʪʨʠʷ).  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʥʘ 

ʦʩʥʦʚʝ Tremella Fuciformis (ʜʨʦʞʘʣʢʘ ʦʙʳʢʥʦʚʝʥ-

ʥʘʷ). ʇʦʨʦʰʦʢ ʧʣʦʜʦʚʳʭ ʪʝʣ T.Fuciformis (ɼʨʦ-

ʞʘʣʢʘ ʬʦʢʫʩʦʚʠʜʥʘʷ) ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʢʦʣʣʝʢʮʠʠ 

ʢʫʣʴʪʫʨ ʆʆʆ çɹʠʦʣʶʢʩè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). ɺ 

ʜʨʦʞʘʣʢʝ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʙʠʦʤʘʩʩʳ ʵʪʦ ɓ-

ʛʣʶʢʘʥ ʪʨʝʤʝʣʘʩʪʠʥ, ʢʦʪʦʨʳʡ ʣʝʛʢʦ ʦʙʨʘʟʫʝʪ ʛʝʣʠ. 

ʅʘ ʵʪʦʡ ʩʨʝʜʝ ʠ ʚ ʚʠʜʝ ʛʝʣʷ, ʠ ʚ ʚʠʜʝ ʟʦʣʷ ʦʯʝʥʴ 

ʭʦʨʦʰʦ ʢʫʣʴʪʠʚʠʨʫʶʪʩʷ ʤʠʢʦʬʠʣʴʥʳʝ ʤʠʢʨʦ-

ʤʠʮʝʪʳ. ʕʪʠʣʘʮʝʪʘʪ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪ ʙʦʣʴʰʠʥ-

ʩʪʚʦ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝ-

ʥʠʡ, ʘʣʢʘʣʦʠʜʳ ʚ ʚʠʜʝ ʩʦʣʝʡ ʪʦʞʝ, ʘ ʪʝʨʧʝʥʦʠʜʳ, 

ʩʪʝʨʦʠʜʳ, ʪʦ ʝʩʪʴ ʚ ʵʪʦʤ ʧʣʘʥʝ ʦʥ ʫʥʠʚʝʨʩʘʣʝʥ ʠ 

ʥʝ ʩʝʣʝʢʪʠʚʝʥ. ʅʝʢʠʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ɹɸɺ, 

ʜʘʶʱʠʝ ʥʝʢʠʡ ʬʫʥʛʠʩʪʘʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʚ ʜʨʦ-

ʞʘʣʢʝ ʪʘʢʞʝ ʷʚʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ, ʧʦʩʢʦʣʴʢʫ ʩʨʝʜʘ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʘʷ ʙʝʟ ʧʨʦʤʳʚʢʠ ʧʦʨʦʰʢʘ ʵʪʠʣʘʮʝʪʘ-

ʪʦʤ, ʥʝʩʢʦʣʴʢʦ ʭʫʞʝ ʧʦʜʜʝʨʞʠʚʘʣʘ ʠʭ ʨʦʩʪ. 

 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ ʧʨʠʛʦ-

ʪʘʚʣʠʚʘʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʠʩʧʝʨʛʠʨʦʚʘʥ-

ʥʳʡ ʠ ʧʨʦʩʝʷʥʥʳʡ ʯʝʨʝʟ ʩʝʪʢʫ 200 ʤʢʤ ʧʦʨʦʰʦʢ 

ʚʳʩʫʰʝʥʥʳʭ ʧʣʦʜʦʚʳʭ ʪʝʣ T. fuciformis ʧʨʦʤʳʚʘ-

ʣʠ ʜʚʘʞʜʳ ʵʪʠʣʘʮʝʪʘʪʦʤ ʠʟ ʨʘʩʯʝʪʘ ʥʘ 30 ʛ ʧʦʨʦʰ-

ʢʘ 100 ʛ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɿʘʪʝʤ ʧʦʨʦʰʦʢ ʩʫʰʠʣʠ ʦʪ 

ʵʪʠʣʘʮʝʪʘʪʘ ʥʘ ʚʦʟʜʫʭʝ, ʚʘʨʠʣʠ ʚ 370-400 ʛ ʚʦʜʳ 

ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ 30-40 ʤʠʥ. ʆʪʚʘʨ ʬʠʣʴʪʨʦʚʘʣʠ 

ʤʝʤʙʨʘʥʥʳʤʠ ʬʠʣʴʪʨʘʤʠ ʩ ʩʝʪʢʦʡ (ɺʣʘʜʬʠʣʴʪʨ, 

ʈʦʩʩʠʷ), ʧʨʠ ʵʪʦʤ ʦʩʪʘʚʘʣʦʩʴ ʦʢʦʣʦ 130-150 ʛ ʙʫ-

ʣʴʦʥʘ, ʧʦʩʢʦʣʴʢʫ ʛʨʠʙ ʩʠʣʴʥʦ ʨʘʟʚʘʨʠʚʘʝʪʩʷ. ɺ 

ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʡ ʙʫʣʴʦʥ ʜʦʙʘʚʣʷʣʠ 3% ʘʛʘʨ-

ʘʛʘʨʘ. ʕʪʦʪ ʙʫʣʴʦʥ ʩʪʝʨʠʣʠʟʦʚʘʣʠ ʧʦʜ ʚʘʪʥʦʡ 

ʧʨʦʙʢʦʡ ʚ ʚʦʜʷʥʦʡ ʙʘʥʝ ʦʢʦʣʦ 2 ʯ, ʥʘ ʩʣʝʜʫʶʱʠʡ 

ʜʝʥʴ ʩʪʝʨʠʣʠʟʦʚʘʣʠ ʧʦʚʪʦʨʥʦ ʩ ʮʝʣʴʶ ʪʠʥʜʘʣʠʟʘ-

ʮʠʠ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʠʣʠ ʩʨʝʜʫ ʩ ʧʝʨʝʭʦʜʦʤ ʛʝʣʴ-

ʟʦʣʴ ʦʢʦʣʦ 25ʦʉ. ʉʨʝʜʫ ʭʨʘʥʠʣʠ ʧʦʜ ʚʘʪʥʦʡ ʧʨʦʙ-

ʢʦʡ ʠ ʩʪʝʨʠʣʠʟʦʚʘʣʠ ʢʘʞʜʳʡ ʨʘʟ ʧʨʠ ʚʟʷʪʠʠ ʩʨʝʜʳ 

ʠʣʠ ʧʨʝʚʝʥʪʠʚʥʦ ʨʘʟ ʚ 3-4 ʜʥʷ. 

ɼʘʣʝʝ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʤʠʢʨʦʤʠʮʝʪʳ ʥʘ ʩʚʝ-

ʞʝʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʚ ʪʝʯʝʥʠʝ 6-ʪʠ ʜʥʝʡ. ʇʘ-

ʨʘʣʣʝʣʴʥʦ ʛʦʪʦʚʠʣʠ ʵʢʩʪʨʘʢʪʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʵʢʩʪʨʘʢʪʦʚ (ʙʝʥʟʦʣʴʥʦʛʦ, ʤʝʪʘʥʦʣʴʥʦʛʦ ʠ ʚʦʜʥʦʛʦ) 

ʚʝʩʝʣʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʙʳʣ ʚʟʷʪ ʚʳʩʫʰʝʥʥʳʡ 

ʇʄɺ ʠ ʧʨʦʤʳʪ ʚ 150 ʤʣ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʄɺ ʟʘʤʦ-

ʯʝʥ ʚ 3-ʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ï ʤʝʪʘʥʦʣ, ʙʝʥʟʦʣ, ʚʦʜʘ, ʚ 

ʧʨʦʧʦʨʮʠʠ 1:4 (60 ï 240 ʤʣ). ʈʘʩʪʚʦʨʳ ʦʩʪʘʚʣʝʥʳ 

ʥʘ ʥʦʯʴ. ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ ʩʫʩʧʝʥʟʠʶ ʧʨʦʧʫʩʪʠ-

ʣʠ ʯʝʨʝʟ ʙʫʤʘʞʥʳʝ ʬʠʣʴʪʨʳ. ʇʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ 

ʚʝʱʝʩʪʚ, ʬʠʣʴʪʨʘʪ ʧʝʨʝʣʠʣʠ ʚ ʟʘʚʝʰʝʥʥʳʝ ʙʶʨʝʪ-

ʢʠ ʥʘ 10 ʤʣ ʠ ʩʫʰʠʣʠ ʧʦʜ ʚʘʢʫʫʤʥʳʤ ʥʘʩʦʩʦʤ 5-6 

ʯʘʩʦʚ.  

ʀʟ ʪʨʸʭ ʵʢʩʪʨʘʢʪʦʚ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʨʘʟ-

ʣʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʧʦ-

ʩʝʚʥʦʡ ʩʨʝʜʦʡ ï 13, 6,5, 3,25 ʠ 1,6 ʤʛ/ʤʣ. ʈʘʟʚʝʜʝ-

ʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʩʧʝʮʠʘʣʴʥʳʭ 

ʰʢʘʬʘʭ ʩ ʚʳʪʷʞʢʦʡ (ʉʆɺʃɸɹ, ʄʦʩʢʚʘ), ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʟʘʱʠʪʥʦʡ ʦʜʝʞʜʳ (ʦʜʥʦʨʘʟʦʚʳʭ ʧʝʨʯʘ-

ʪʦʢ, ʟʘʱʠʪʥʳʭ ʦʯʢʦʚ, ʤʘʩʦʢ), ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʤʝʨ 

ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ. ʈʘʟʚʝʜʝʥʠʝ ʬʪʦʨʫʨʘʮʠʣʘ ʧʨʦ-

ʚʝʜʝʥʦ ʩʣʝʜʫʶʱʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ: 15, 7,5 , 3,7 

ʠ 1,8 ʤʛ/ʤʣ. 

ʈʝʟʫʣʴʪʘʪʳ  
ʉʥʠʤʘʣʠ ʚʣʠʷʥʠʝ ʵʢʩʪʨʘʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ɹɸɺ, ʥʘ ʨʘʟʚʠʪʠʝ ʤʠʢʨʦʤʠʮʝʪʦʚ ʚ ʪʝʯʝʥʠʝ ʩʝʤʠ 

ʩʫʪʦʢ, ʢʦʪʦʨʳʝ ʢʫʣʴʪʠʚʠʨʦʚʘʣʠʩʴ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ 

ʚ ʫʩʪʨʦʡʩʪʚʝ çʉʠʩʙʠʦʪʨʦʥè. çʉʠʩʙʠʦʪʨʦʥè ʥʘʭʦ-

ʜʠʣʩʷ ʚ ʭʦʨʦʰʦ ʚʝʥʪʠʣʠʨʫʝʤʦʤ ʧʦʤʝʱʝʥʠʠ ʩ ʠʩ-

ʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ. 

ʌʦʪʦʛʨʘʬʠʠ ʦʙʨʘʙʘʪʳʚʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʡ ʧʨʦʛʨʘʤʤʦʡ çʉolor reductionè, ʧʨʠʥʮʠʧ ʢʦʪʦ-

ʨʦʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʀʟ ʢʘʜʨʘ ʚʳʜʝʣʷʣʠ 

ʦʙʣʘʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʜʥʦʡ ʠʟ ʯʘʰʝʢ. ʕʪʦʤʫ 

ʠʟʦʙʨʘʞʝʥʠʶ ʜʝʣʘʣʠ ʨʝʜʫʢʮʠʶ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ 

256 ʮʚʝʪʦʚ, ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʮʚʝʪʦʚ, ʦʙʳʯʥʦ ʠʭ ʤʝ-

ʥʝʝ 10. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠ ʥʘʙʦʨʳ ʧʠʢʩʝʣʝʡ 

ʮʚʝʪʦʚ ʜʚʫʭ ʪʠʧʦʚ, ʦʜʥʠ ʠʟ ʥʠʭ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʮʚʝʪʘʤ ʚʠʟʫʘʣʴʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʢʦʣʦʥʠʠ, ʜʨʫʛʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ. ʕʪʠ ʜʚʝ ʛʨʫʧʧʳ ʧʠʢʩʝʣʝʡ ʢʦʨʨʝʢ-

ʪʠʨʦʚʘʣʠ ʜʦ ʜʚʫʭ ʮʚʝʪʦʚ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʠʣʠ ʧʠʢʩʝ-

ʣʠ ʜʚʫʭ ʮʚʝʪʦʚ, ʦʜʠʥ ʠʟ ʥʠʭ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʧʠʢʩʝ-

ʣʷʤ ʢʦʣʦʥʠʠ, ʢʦʪʦʨʳʝ ʤʝʥʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʝʸ ʨʦ-

ʩʪʘ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʤ ʧʠʢʩʝʣʷʤ ʩ ʪʘʢʦʡ ʞʝ 

ʦʢʨʘʩʢʦʡ ʚʥʝ ʝʸ, ʥʦ ʥʝʠʟʤʝʥʥʳʤ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʤ 

ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʠ ʜʦ ʢʦʥʮʘ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʅʝʠʟʤʝʥʥʳʝ ʧʠʢʩʝʣʠ ʚʳʯʠʪʘʣʠ, ʧʦʩʪʨʦʠʣʠ 

ʜʠʥʘʤʠʢʫ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʧʠʢʩʝʣʝʡ, ʦʪ 

ʥʘʯʘʣʘ ʜʦ ʢʦʥʮʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʦ ʝʩʪʴ, ʜʠʥʘʤʠʢʫ 

ʜʘʥʥʳʭ ʩʪʝʧʝʥʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʢʦʣʦʥʠʡ 

ʚ ʚʳʙʨʘʥʥʦʡ ʯʘʰʢʝ ʇʝʪʨʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʩ ʜʠʥʘʤʠʢʦʡ ʨʦʩʪʘ 

ʢʫʣʴʪʫʨʳ P. Chrysogenum ʩʨʘʚʥʠʚʘʣʠ ʩ ʛʨʘʬʠʢʦʤ 

ʨʘʟʚʠʪʠʷ ʢʦʣʦʥʠʠ P. Chrysogenum ʢʦʥʪʨʦʣʴʥʦʡ 

ʯʘʰʢʠ. ɸʥʘʣʦʛʠʯʥʦ ʜʝʣʘʣʠ ʜʣʷ M. Racemosus. 

ʉʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ ʢʦʣʦʥʠʡ ʥʘʭʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ 1.  
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ʛʜʝ,  

()tN  - ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ ʪʦʛʦ ʞʝ ʮʚʝʪʘ, ʯʪʦ ʠ 

ʢʦʣʦʥʠʷ ʧʨʠ ʨʝʜʫʢʮʠʠ ʜʦ 2-ʭ ʮʚʝʪʦʚ, ʚ ʪʝʢʫʱʝʤ 

ʦʙʨʘʙʦʪʘʥʥʦʤ ʢʘʜʨʝ ʚ ʥʝʢʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; 

 constN  - ʯʠʩʣʦ ʥʝʠʟʤʝʥʥʳʭ ʧʠʢʩʝʣʝʡ ʪʦʛʦ ʞʝ 

ʮʚʝʪʘ, ʯʪʦ ʠ ʢʦʣʦʥʠʷ ʧʨʠ ʨʝʜʫʢʮʠʠ ʜʦ 2-ʭ ʮʚʝʪʦʚ; 

maxN  - ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ ʪʦʛʦ ʞʝ 

ʮʚʝʪʘ, ʯʪʦ ʠ ʢʦʣʦʥʠʷ ʧʨʠ ʨʝʜʫʢʮʠʠ ʜʦ 2-ʭ ʮʚʝʪʦʚ, 

ʪʦ ʝʩʪʴ, ʚ ʢʦʥʮʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʸʥʘ ʦʜʥʘ ʠʟ ʩʪʘʜʠʡ ʦʙ-

ʨʘʙʦʪʢʠ ʬʦʪʦʛʨʘʬʠʡ ʜʣʷ ʢʫʣʴʪʫʨ P. Chrysogenum ʠ 

M. Racemosus ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʨʘʟʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʬʪʦʨʫʨʘʮʠʣʘ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥ-

ʥʳʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʝʠʭ ʢʦʣʦʥʠʡ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʦʚʧʘʜʘʶʪ, ʧʦʵʪʦʤʫ ʛʨʘʬʠʢ ʠʭ ʨʘʟʚʠʪʠʷ, ʧʦʤʝ-

ʱʸʥʥʳʡ ʚʥʠʟʫ ʨʠʩʫʥʢʘ, ï ʦʜʠʥʘʢʦʚ ʜʣʷ ʦʙʝʠʭ 

ʢʫʣʴʪʫʨ. 



ζColloquium - journal Ȼ#16(40 ),2019 / BIOLOGICAL SCIENCES 15 

 

 
ʈʠʩʫʥʦʢ 2 - ʆʙʨʘʙʦʪʢʘ ʜʠʥʘʤʠʢʠ ʨʦʩʪʘ M. Racemosus ʠ P. Chrysogenum ʧʦʜ ʚʣʠʷʥʠʝʤ ʬʪʦʨʫʨʘʮʠʣʘ ʩ 

ʛʨʘʬʠʢʘʤʠ ʨʘʟʚʠʪʠʷ ʢʦʣʦʥʠʡ  

 

ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʬʪʦ-

ʨʫʨʘʮʠʣʘ ʥʘ Penicillium ʠ Mucor, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʯʠʩʣʦ ʢʣʝʪʦʢ ʤʠʮʝʣʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʢʦʨʦʩʪʴ 

ʠʭ ʨʦʩʪʘ.  

ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʪʦʨʫʨʘʮʠʣʘ 15 ʤʛ/ʤʣ ʚ 

ʩʣʫʯʘʝ ʩ ʤʫʢʦʨʦʤ ʥʘʙʣʶʜʘʝʤ ʧʦʣʥʦʝ ʠʥʛʠʙʠʨʦʚʘ-

ʥʠʝ. ɺ ʩʣʫʯʘʝ ʩ ʧʝʥʠʮʠʣʣʦʤ ï ʯʘʩʪʠʯʥʦʝ. ʇʨʠ 

ʩʨʘʚʥʝʥʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩʘʤʦʡ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʌʋ (1,8 ʤʛ/ʤʣ) ʥʘ ʨʦʩʪ ʤʠʮʝʣʠʷ ʦʙʦʠʭ ʪʝʩʪ 

ʦʙʲʝʢʪʦʚ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ, ʤʦʞʥʦ ʫʚʠ-

ʜʝʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʠʭ ʨʦʩʪʘ ʧʨʠʤʝʨʥʦ ʚ 10-12 ʨʘʟ 

ʥʠʞʝ. 

ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ P. Chrysogenum ʠ M. 

Racemosus ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʩʪʚʦʨʘ ʙʝʥʟʦʣʴʥʦʛʦ 

ʵʢʩʪʨʘʢʪʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
ʈʠʩʫʥʦʢ 3 - ɼʠʥʘʤʠʢʘ ʨʦʩʪʘ ʢʫʣʴʪʫʨ P. Chrysogenum ʠ M. racemosus ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʨʘʩʪʚʦʨʦʤ 

ʙʝʥʟʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ 

 

ʉʢʨʠʥʰʦʪ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘ-

ʞʝʥʠʡ ʨʘʟʚʠʪʠʷ ʢʦʣʦʥʠʡ P. Chrysogenum ʜʣʷ ʨʘʩ-

ʪʚʦʨʦʚ ʙʝʥʟʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ 

ʨʠʩʫʥʢʝ 4. 

ʉʪʝʧʝʥʴ ʨʘʟʚʠʪʠ ̫M. Racemosus ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʨʘʩʪʚʦʨʦʚ ʙʝʥʟʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ, ʦʪʣʠʯʘʣʘʩʴ ʣʠʰʴ 

ʪʝʤ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 6,5 ʤʛ/ʤʣ ʥʘʙʣʶʜʘʣʦʩʴ 

ʧʦʣʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʤʠʮʝʣʠʷ, ʢʘʢ ʠ ʧʨʠ 

13 ʤʛ/ʤʣ. 
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ʈʠʩʫʥʦʢ 4 - ʉʢʨʠʥʰʦʪ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʛʨʘʬʠʢʘʤʠ ʨʘʟʚʠʪʠʷ ʢʦʣʦʥʠʡ P. 

Chrysogenum ʜʣʷ ʙʝʥʟʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ 

 

ɿʘʜʝʨʞʢʘ ʨʦʩʪʘ ʫ P. Chrysogenum ʥʘ ʪʨʝʪʠʡ 

ʜʝʥʴ ʥʘʙʣʶʜʘʣʘʩʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ 

6,5, 3,25 ʠ 1,6 ʤʛ/ʤʣ ʨʘʩʪʚʦʨʘ ʙʝʥʟʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢ-

ʪʘ, ʦʜʥʘʢʦ ʢ ʩʝʜʴʤʦʤʫ ʜʥʶ ʥʘʧʨʦʪʠʚ, ʥʘʙʣʶʜʘʣʘʩʴ 

ʥʝʙʦʣʴʰʘʷ ʩʪʠʤʫʣʷʮʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠ-

ʪʠʷ ʤʠʮʝʣʠʷ. ʇʨʠ ʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʝʥʟʦʣʴ-

ʥʦʛʦ ʵʢʩʪʨʘʢʪʘ (13 ʤʛ/ʤʣ) ʜʦʤʠʥʠʨʦʚʘʣʠ ʪʦʣʴʢʦ 

ʠʥʛʠʙʠʨʫʶʱʠʝ ʵʬʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʝ ʩʪʦʣʴ 

ʩʠʣʴʥʳ ʠ ʥʝ ʜʘʚʘʣʠ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʠʥʛʠʙʠʨʦʚʘ-

ʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʨʦʩʪʘ 

ʢʫʣʴʪʫʨ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʨʘʩʪʚʦʨʘʤʠ ʤʝʪʘ-

ʥʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ. 

 
ʈʠʩʫʥʦʢ 5 - ɼʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨ P. Chrysogenum ʠ M. racemosus ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʩʪʚʦʨʘʤʠ 

ʤʝʪʘʥʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ 

 

ʊʘʢʞʝ, ʢʘʢ ʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʩʪʚʦʨʘʤʠ 

ʙʝʥʟʦʣʴʥʦʛʦ ʵʢʩʪʨʘʢʪʘ, ʜʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨ 

P. Chrysogenum ʠ M. Racemosus ʦʜʠʥʘʢʦʚʘ, ʩ ʨʘʟ-

ʥʠʮʝʡ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ ʫ ʧʝʥʠʮʠʣʣʘ ʧʨʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷʭ 13 ʠ 6,5 ʤʛ/ʤʣ ʦʪʯʸʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʠʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 6,5 

ʤʛ/ʤʣ ʫ ʢʫʣʴʪʫʨʳ M. Racemosus ʠʥʛʠʙʠʨʫʶʱʠʡ 

ʵʬʬʝʢʪ ʥʘ ʨʦʩʪ ʤʠʮʝʣʠʷ ʚʳʨʘʞʝʥ ʥʝ ʯʸʪʢʦ. ʇʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ 3, 25 ʠ 1, 6 ʤʛ/ʤʣ ʫ ʦʙʝʠʭ ʢʫʣʴʪʫʨ 

ʥʘ ʚʪʦʨʦʡ ʜʝʥʴ ʥʘʙʣʶʜʘʣʘʩʴ ʟʘʜʝʨʞʢʘ ʨʘʟʚʠʪʠʷ 

ʤʠʮʝʣʠʷ, ʥʦ ʢ ʧʷʪʦʤʫ ʜʥʶ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʟʘʤʝʪʥʦ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ. 

ʈʠʩʫʥʦʢ 6 ʧʦʢʘʟʳʚʘʝʪ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʬʦ-

ʪʦʛʨʘʬʠʡ ʢʦʣʦʥʠʡ ʢʫʣʴʪʫʨ P. Chrysogenum ʠ M. 

Racemosus ʩ ʛʨʘʬʠʢʘʤʠ ʠʭ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʚʦʜʥʦʛʦ 

ʵʢʩʪʨʘʢʪʘ. 
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ʈʠʩʫʥʦʢ 6 - ʌʦʪʦʛʨʘʬʠʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʛʨʘʬʠʢʘʤʠ ʨʘʟʚʠʪʠʷ ʢʦʣʦʥʠʡ P. Chrysogenum ʠ M. 

Racemosus ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʚʦʜʥʦʛʦ ʵʢʩʪʨʘʢʪʘ  

 

ɼʣʷ ʨʷʜʘ ʜʘʥʥʳʭ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ ʢʦʣʦʥʠʡ ʚ 

ʵʪʦʡ ʯʘʰʢʝ ()tX  ʧʦʩʪʨʦʠʣʠ ʥʝʣʠʥʝʡʥʫʶ ʨʝʛʨʝʩ-

ʩʠʶ ʢʨʠʚʦʡ ɻʦʤʧʝʨʪʮʘ ʚ ʧʨʦʛʨʘʤʤʝ Marhematica 

5.1. 

ʇʦʜʦʙʥʦʝ ʙʳʣʦ ʩʜʝʣʘʥʦ ʜʣʷ ʚʩʝʭ ʯʘʰʝʢ, ʟʘʪʝʤ 

ʙʳʣʠ ʩʦʩʯʠʪʘʥʳ ʧʣʦʱʘʜʠ ʧʦʜ ʢʘʞʜʦʡ ʢʨʠʚʦʡ 

ɻʦʤʧʝʨʪʮʘ ʜʣʷ ʢʘʞʜʦʡ ʯʘʰʢʠ. ɺ ʵʪʦʡ ʢʨʠʚʦʡ 3 

ʢʦʵʬʬʠʮʠʝʥʪʘ, ʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʨʘ-

ʣʠ ʦʢʦʣʦ 20 ʢʘʜʨʦʚ, ʯʪʦʙʳ ʟʘʚʝʜʦʤʦ ʤʥʦʛʦʢʨʘʪʥʦ 

ʙʳʣ ʧʨʝʚʳʰʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ʟʥʘʯʠʤʦ-

ʩʪʠ ʌʠʰʝʨʘ. ʂʨʠʪʝʨʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝʪʝʨʤʠʥʘ-

ʮʠʠ R2 ʥʠ ʨʘʟʫ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʷʜʦʚ ʜʘʥʥʳʭ, ʥʝ 

ʧʦʣʫʯʠʣʩʷ ʜʣʷ ʢʨʠʚʳʭ ʢʠʥʝʪʠʢʠ ʨʦʩʪʘ ʤʠʮʝʣʠʷ 

ʤʝʥʝʝ 0,98. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʦʜʥʘʢʦ, ʦʙ ʦʯʝʥʴ 

ʭʦʨʦʰʝʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʤʦʜʝʣʝʡ ʩ ʢʨʠʚʦʡ ɻʦʤʧʝʨʪ-

ʮʘ ʨʝʘʣʴʥʦʡ ʢʠʥʝʪʠʢʝ ʨʦʩʪʘ ʤʠʮʝʣʠʷ. 

ʆʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ ɻʦʤʧʝʨʪʮʘ 

ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʯʘʰʢʠ, ʛʜʝ ʝʩʪʴ ʘʛʝʥʪ ʚʦʟ-

ʜʝʡʩʪʚʠʷ, ʢ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ ɻʦʤʧʝʨʪʮʘ ʜʣʷ 

ʯʘʰʢʠ ʢʦʥʪʨʦʣʷ ʵʪʦ ʠ ʝʩʪʴ ʩʪʝʧʝʥʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʯʘʰʢʠ. ʂ ʧʦʣʫʯʝʥʥʳʤ 

ʜʘʥʥʳʤ ʜʣʷ ʩʪʝʧʝʥʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʙʳʣʘ ʧʦʩʪʨʦʝ-

ʥʘ ʠʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ, ʪʦʞʝ ʩ ʩʠʛʤʦʠʜʥʦʡ 

ʬʫʥʢʮʠʝʡ, ʥʦ ʪʝʧʝʨʴ ʫʞʝ ʙʳʣʘ ʚʟʷʪʘ ʬʫʥʢʮʠʷ ʏʝʥ-

ʛʘ-ʇʨʫʩʩʘ (ʨʠʩ. 7).  

 
ʈʠʩʫʥʦʢ 7 - ʅʝʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ʩʪʝʧʝʥʠ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩ ʥʘʭʦʞʜʝʥʠ-

ʝʤ ʠʩʢʦʤʦʛʦ IC50 ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʡ ʢʦʣʦʥʠʠ P. Chrysogenum  

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʭʦʞʜʝʥʠʷ ʵʪʦʡ ʨʝʛʨʝʩʩʠʠ, ʢʘʢ 

ʦʜʠʥ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʙʳʣ ʚʳʷʚʣʝʥ IC50.  

ʅʝʣʠʥʝʡʥʫʶ ʨʝʛʨʝʩʩʠʶ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ 

ʩʦʙʩʪʚʝʥʥʘʷ ʥʘʜʩʪʨʦʡʢʘ Excel çʇʦʠʩʢ ʨʝʰʝʥʠʷè. 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʙʳʣʠ ʚʥʝʩʝʥʳ, ʜʘʥʥʳʝ ʥʝ ʣʦʛʘʨʠʬʤʘ 

ʢʦʥʮʝʥʪʨʘʮʠʡ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʤʛ/ʤʣ ʩʪʦʣʙʝʮ ʍ, 

ʩʪʝʧʝʥʴ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʩʪʦʣʙʝʮ Y, ʨʘʩʩʯʠʪʘʥʳ ʧʦ 

ʬʦʨʤʫʣʝ ʏʝʥʛʘ-ʇʨʫʩʩʘ ʨʝʛʨʝʩʩʠʷ ʩʪʦʣʙʝʮ ׀. ʈʘʩ-

ʩʯʠʪʘʥʳ ʙʳʣʠ ʪʘʢʞʝ ʩʪʦʣʙʮʳ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪ-

ʢʣʦʥʝʥʠʷ ʜʘʥʥʳʭ ʦʪ ʨʝʛʨʝʩʩʠʠ (׀-Y)2 ʠ ʢʚʘʜʨʘ-

ʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʩʨʝʜʥʝʛʦ (-ׂY)2. ʎʝʣʝʚʘʷ 

ʷʯʝʡʢʘ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʵʪʦ ʤʠʥʠʤʫʤ ʢʚʘʜʨʘʪʦʚ 

ʦʪʢʣʦʥʝʥʠʷ ʜʘʥʥʳʭ Ɇ(׀-Y)2, ʪʦ ʝʩʪʴ, ʙʳʣ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

 ʊʘʢʞʝ ʨʘʩʩʯʠʪʘʥ ʢʨʠʪʝʨʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʝ-

ʪʝʨʤʠʥʘʮʠʠ R2 ʠ ʥʘʙʣʶʜʘʝʤʳʡ ʟʥʘʯʠʤʦʩʪʠ ʢʨʠʪʝ-

ʨʠʡ ʌʠʰʝʨʘ. ʆʮʝʥʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʠ 

ʜʝʪʝʨʤʠʥʘʮʠʠ ʙʳʣʘ ʚʦ ʚʩʝʭ ʦʙʩʯʠʪʘʥʥʳʭ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʭ ʦʯʝʥʴ ʚʳʩʦʢʘʷ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʤʦʜʝʣʠ ʜʘʥʥʳʤ, ʢʘʢ ʠ ʪʦ, ʯʪʦ ʦʥʠ ʧʦʣʫʯʝʥʳ ʜʦʩʪʘ-

ʪʦʯʥʦ ʪʦʯʥʦ.  
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ɺ ʧʨʦʛʨʘʤʤʝ Exsel ʧʦ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ 

ʥʘʰʣʠ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʟʘ-ʵʬʬʝʢʪ ʜʣʷ ʩʢʦʨʦʩʪʠ ʨʦ-

ʩʪʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʝʥʟʦʣʴʥʦʛʦ, ʤʝʪʘʥʦʣʴʥʦʛʦ 

ʵʢʩʪʨʘʢʪʦʚ, ʚʦʜʥʦʛʦ ʵʢʩʪʨʘʢʪʦʚ ʠ ʬʪʦʨʫʨʘʮʠʣʘ 

(ʨʠʩ. 8). 

 
ʈʠʩʫʥʦʢ 8 - ɿʘʚʠʩʠʤʦʩʪʴ ʜʦʟʘ-ʵʬʬʝʢʪ ʜʣʷ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʦʪ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʥʦʣʴʥʦʛʦ, 

ʙʝʥʟʦʣʴʥʦʛʦ, ʚʦʜʥʦʛʦ ʵʢʩʪʨʘʢʪʦʚ ʠ ʬʪʦʨʫʨʘʮʠʣʘ  

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʩ-

ʥʠʣʦʩʴ ʥʝʦʜʥʦʟʥʘʯʥʦʝ ʠ ʥʝʤʦʥʦʪʦʥʥʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʢʠʥʝʪʠʢʫ ʧʨʠʨʦ-

ʩʪʘ ʙʠʦʤʘʩʩʳ ʦʙʦʠʭ ʪʝʩʪ-ʦʙʲʝʢʪʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʬʪʦʨʫʨʘʮʠʣʘ 15 ʠ 7,5 ʤʛ/ʤʣ. ʇʨʠ ʪʘʢʠʭ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷʭ ʧʦʣʥʦʩʪʴʶ ʠʥʛʠʙʠʨʦʚʘʣʩʷ ʨʦʩʪ ʤʠʮʝʣʠʷ. ɿʘ-

ʜʝʨʞʢʘ ʨʦʩʪʘ ʥʘ 36 ʯʘʩʦʚ ʦʙʥʘʨʫʞʝʥʘ ʫ P. 

Chrysogenum ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʤʝʪʘʥʦʣʴʥʦ-

ʛʦ ʵʢʩʪʨʘʢʪʘ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 3,25 ʠ 1,6 ʤʛ/ʤʣ. 

 

ʆʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʭʦʞʜʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʦʟʘ-

ʵʬʬʝʢʪ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʠʥʛʠʙʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʤʝʪʘʙʦʣʠʪʦʚ ʚʝʩʸʣʢʠ ʥʘ ʤʠʢʦʬʠʣʴ-

ʥʳʝ ʛʨʠʙʢʠ. ʆʜʥʘʢʦ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʟʘ-ʵʬʬʝʢʪ ʥʝ 

ʚʩʝʛʜʘ ʙʳʣʠ ʤʦʥʦʪʦʥʥʳ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʥʘʙʣʶʜʘʣʘʩʴ ʩʪʠʤʫʣʷʮʠʷ ʨʦʩʪʘ ʢʦʣʦʥʠʡ ʜʦ ʦʧʨʝ-

ʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʊʘʢ ʥʘ ʚʪʦʨʳʝ ʩʫʪʢʠ ʩʪʠ-

ʤʫʣʠʨʦʚʘʣʩʷ ʨʦʩʪ ʢʫʣʴʪʫʨʳ Mucor ʧʨʠ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʥʘ ʥʝʛʦ ʤʝʪʘʣʴʥʳʤ ʵʢʩʪʨʘʢʪʦʤ ʚ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ 13 ʤʛ/ʤʣ. ʀʟ ʵʪʦʛʦ ʛʨʘʬʠʢʘ, ʢʘʢ ʠ ʠʟ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʘʟʥʳʭ ʤʠʢʨʦʤʠʮʝʪʦʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʪʠʧʥʳʤʠ, ʯʪʦ ʛʦʚʦ-

ʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩ-

ʪʚʦʨʦʚ ʵʢʩʪʨʘʢʪʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʠʥʛʠ-

ʙʠʨʦʚʘʥʠʷ ʨʦʩʪʘ ʢʣʝʪʦʢ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʯʴ 

ʠʜʝʪ ʦ ʟʘʚʠʩʠʤʦʩʪʷʭ ʪʠʧʘ ʷʜʘ ʧʦʨʦʛʦʚʦʡ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ, ʭʦʪʷ ʥʝ ʦʯʝʥʴ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ. ɸ ʠʤʝʥ-

ʥʦ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʝʜʝʣʘ r (c) ʥʝ ʩʦʢʨʘʱʘʝʪʩʷ, 

ʧʦʪʦʤ ʥʘʯʠʥʘʝʪ ʨʝʟʢʦ ʫʙʳʚʘʪʴ ʠ ʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝ-

ʩʢʠ ʥʘ ʥʝʪ.  

ʇʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʜʘʥʥʳʭ ʪʝʩʪ-

ʦʙʲʝʢʪʘʭ ʨʘʥʝʝ ʥʠʢʝʤ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. ʇʦʵʪʦʤʫ 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʪʦ ʧʝʨʚʘʷ ʨʘʙʦʪʘ, ʥʘʧʨʘʚʣʝʥ-

ʥʘʷ ʥʘ ʠʟʫʯʝʥʠʝ ʧʦʜʘʚʣʝʥʠʷ ʨʦʩʪʘ ʪʘʢʠʭ ʭʦʟʷʡ-

ʩʪʚʝʥʥʦ ʟʥʘʯʠʤʳʭ ʤʠʢʨʦʤʠʮʝʪʦʚ, ʢʘʢ Mucor ʠ 

Penicillium ʨʘʩʪʚʦʨʘʤʠ ɹɸɺ ʚʝʩʸʣʢʠ. ʅʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʛʠʙʠʪʦʨʦʤ ʚ ʨʘʙʦʪʝ ʩʣʝʜʫʝʪ ʧʨʠ-

ʟʥʘʪʴ ʬʪʦʨʫʨʘʮʠʣ, ʘ ʪʦʯʥʝʝ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 15 ʠ 

7,5 ʤʛ/ʤʣ, ʚʝʜʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʤʠ ʧʦʣʥʦʩʪʴʶ 

ʧʨʦʪʝʢʘʣ ʣʠʟʠʩ ʢʣʝʪʦʢ ʦʙʦʠʭ ʤʠʢʨʦʤʠʮʝʪʦʚ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʨʝʧʘʨʘ-

ʪʳ ʥʘ ʦʩʥʦʚʝ ʚʝʩʸʣʢʠ ʦʙʳʢʥʦʚʝʥʥʦʡ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʝ ʥʘ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʨʦʩʪʘ ʤʠʢʨʦʧʘʨʘʟʠʪʥʳʭ 

ʤʠʢʨʦʤʠʮʝʪʦʚ. 

 

ɺʳʚʦʜʳ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʝʪʘʙʦʣʠʪʳ ɹɸɺ ʚʝʩʸʣʢʠ 

ʩʧʦʩʦʙʥʳ, ʚʦ-ʧʝʨʚʳʭ, ʢ ʧʦʣʥʦʤʫ ʠʥʛʠʙʠʨʦʚʘʥʠʶ 

ʨʦʩʪʘ ʢʣʝʪʦʢ ʤʠʮʝʣʠʷ ʤʠʢʨʦʤʠʮʝʪʦʚ, ʯʪʦ ʠ ʧʨʦ-

ʠʟʦʰʣʦ ʩ ʢʣʝʪʢʘʤʠ ʤʫʢʦʨʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ 

ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʨʘʩʪʚʦʨʘ ʬʪʦʨʫʨʘʮʠʜʘ. 

ɺʦ-ʚʪʦʨʳʭ, ʢ ʯʘʩʪʠʯʥʦʤʫ ʠʥʛʠʙʠʨʦʚʘʥʠʶ, ʯʪʦ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʛʨʘʬʠʢʦʚ. ɺ-

ʪʨʝʪʴʠʭ, ʢ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʨʦʩʪʘ ʢʣʝʪʦʢ ʤʠʮʝʣʠʷ, 

ʯʪʦ ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʪʠʧʘ 

çʜʦʟʘïɻ ʬʬʝʢʪè. 

ʅʘ ʦʩʥʦʚʝ ʙʘʟʠʜʠʦʤʠʮʝʪʘ ʚʝʩʸʣʢʠ ʦʙʳʢʥʦ-

ʚʝʥʥʦʡ ʩʦʟʜʘʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʘʷ ʜʦʙʘʚʢʘ ʢ 

ʧʠʱʝ çɺʝʩʝʣʢʘè [4]. 
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PROBLEMS OF MATERNAL BEHAVIOR PRIMIPAROUS FEMALES FELIS CATUS L. IN 

DIFFERENT BREEDS 

 

ɸʥʥʦʪʘʮʠʷ:  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʷʚʠʣʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʤʝʞʜʫ ʧʦʚʝʜʝʥʠʝʤ ʢʦʰʢʠ ʤʘʪʝʨʠ ʠ ʝʝ ʧʦʪʦʤʢʘʤʠ ʞʝʥʩʢʦʛʦ 

ʧʦʣʘ ʧʨʠ ʨʦʜʘʭ, ʚʩʢʘʨʤʣʠʚʘʥʠʠ ʠ ʧʨʠʫʯʝʥʠʝʤ ʧʦʪʦʤʩʪʚʘ ʢ ʛʠʛʠʝʥʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʢʦʰʝʢ ʤʘʪʦʢ ʚ ʧʦʨʦʜʥʳʭ ʧʠʪʦʤʥʠʢʘʭ. 

Abstract:  

The study revealed a pattern between the behavior of a motherôs cat and her female descendants during 

childbirth, feeding and accustoming the offspring to hygiene. The data obtained make it possible to predict the 

behavior of uterine cats in pedigree nurseries. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʰʢʠ ʜʦʤʘʰʥʠʝ, Felis Catus, ʧʦʨʦʜʳ ʢʦʰʝʢ, ʧʦʚʝʜʝʥʠʝ, ʥʘʩʣʝʜʦʚʘʥʠʝ, ʤʘʪʝʨʠʥ-

ʩʢʦʝ ʧʦʚʝʜʝʥʠʝ. 

Keywords: domestic cats, Felis Catus, cat breeds, behavior, inheritance, maternal behavior. 

 

ʇʦʧʫʣʷʨʠʟʘʮʠʷ ʨʘʟʚʝʜʝʥʠʷ ʜʦʤʘʰʥʠʭ ʢʦʰʝʢ 

ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ ʩʪʘʚʠʪ ʥʦʚʳʝ ʟʘʜʘʯʠ ʜʣʷ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ, ʪʘʢ ʢʘʢ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʜʫʢʪʠʚʥʳʭ ʞʠ-

ʚʦʪʥʳʭ ʬʝʣʠʥʦʣʦʛʠʷ ʥʝ ʠʤʝʝʪ ʥʘʢʦʧʣʝʥʥʦʛʦ ʩʝ-

ʣʝʢʮʠʦʥʥʦʛʦ ʦʧʳʪʘ. ʅʘʩʣʝʜʫʝʤʦʩʪʴ ʧʦʚʝʜʝʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʫ ʧʣʝʤʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʫ ʢʦʰʝʢ, ʯʴʝ ʥʘʟʥʘʯʝʥʠʝ - ʫʜʦ-

ʚʣʝʪʚʦʨʷʪʴ ʵʩʪʝʪʠʯʝʩʢʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ. 

ɼʦʤʘʰʥʷʷ ʢʦʰʢʘ ʢʘʢ ʦʙʲʝʢʪ ʧʣʝʤʝʥʥʦʛʦ ʨʘʟʚʝʜʝ-

ʥʠʷ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʝʱʝ ʙʦʣʝʝ ʩʪʨʦʛʠʝ ʢʨʠ-
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ʪʝʨʠʠ [6, 7]. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʢʨʠʪʝʨʠʝʚ ʷʚʣʷʝʪʩʷ 

ʥʦʨʤʘʣʴʥʦʝ ʤʘʪʝʨʠʥʩʢʦʝ ʧʦʚʝʜʝʥʠʝ (ʅʄʇ) ʠ ʚʝ-

ʨʦʷʪʥʦʩʪʴ ʝʛʦ ʧʝʨʝʜʘʯʠ ʧʦʪʦʤʢʘʤ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʚʝʜʝʥʠʷ ʢʦʰʝʢ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʦʮʝʥʢʫ ʧʦʧʫʣʷʮʠʡ ʠ ʚʥʫʪʨʠʛʨʫʧʧʦʚʳʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ [10, 12, 21, 25]. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʫʢʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ ʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤ ʠ ʩʦʮʠʘʣʴʥʦʤ 

ʧʦʚʝʜʝʥʠʠ [1, 2, 3, 5]. ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ 

ʘʫʜʠʦ-ʢʦʤʤʫʥʠʢʘʮʠʠ ʢʘʢ ʚʥʫʪʨʠ ʛʨʫʧʧ, ʪʘʢ ʠ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʦʰʝʢ ʤʘʪʝʨʝʡ. ɺ ʨʘʙʦʪʝ Konerd-

ing W.S. ʩ ʩʦʘʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ ʚʦʟʙʫʞʜʝʥʠʝ ʧʨʠ 

ʟʦʚʝ ʧʦʪʦʤʩʪʚʘ ʫ ʢʦʰʝʢ ʤʘʪʝʨʝʡ [20]. ɺʩʪʨʝʯʘʶʪʩʷ 

ʨʘʙʦʪʳ ʧʦ ʧʠʱʝʚʦʤʫ [11] ʠ ʧʦʣʦʚʦʤʫ ʧʦʚʝʜʝʥʠʶ 

[17]. ʀʩʩʣʝʜʦʚʘʥʠʝ Delgado M. ʠ Hecht J. ʦʩʚʷʱʘʝʪ 

ʠʛʨʦʚʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʰʝʢ [13]. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʜʘʥʥʳʝ ʦ ʪʨʝʢʘʭ ʠ ʧʦʟʘʭ ʢʦʰʝʢ [16, 18]. ʄʘʪʝ-

ʨʠʘʣʳ ʦ ʥʘʩʣʝʜʦʚʘʥʠʠ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʠ ʩʣʦʞʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʝ-

ʤʥʦʛʦʯʠʩʣʝʥʥʳ [4, 14, 19, 22, 23]. ʅʘʩʣʝʜʦʚʘʥʠʝ 

ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʰʝʢ ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʜʠ-

ʥʠʯʥʳʤʠ ʩʪʘʪʴʷʤʠ [8, 15]. ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ 

ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʘʟ-

ʣʠʯʠʡ ʧʦʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ ʜʦʤʘʰ-

ʥʠʭ ʢʦʰʝʢ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʩʥʠʪʴ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʦʪʦʤʢʘʤ ʥʦʨʤʘʣʴʥʦʛʦ ʤʘʪʝʨʠʥ-

ʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ (ʅʄʇ).  

ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʌʠʥʣʷʥʜʠʠ, ʌʨʘʥʮʠʠ, ɻʝʨʤʘʥʠʠ, 

ʇʦʣʴʰʠ ʚ ʧʝʨʠʦʜ ʩ 2014 ʧʦ 2019 ʛʦʜ. ɺ ʠʩʩʣʝʜʦʚʘ-

ʥʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ 

ʧʠʪʦʤʥʠʢʠ ʠ ʟʘʚʦʜʯʠʢʠ ʢʦʰʝʢ ʅʦʚʦʩʠʙʠʨʩʢʘ, ɽʢʘ-

ʪʝʨʠʥʙʫʨʛʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʆʤʩʢʘ, ʅʠʞʥʝʛʦ 

ʊʘʛʠʣʘ, ʇʝʨʤʠ, ʗʨʦʩʣʘʚʣʷ. ʊʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦ-

ʚʣʝʯʝʥʥʳʭ ʵʥʪʫʟʠʘʩʪʦʚ ʦʙʲʷʩʥʠʤʦ ʩʣʦʞʥʦʩʪʴʶ 

ʧʦʜʙʦʨʘ ʢʦʪʦʚ ʠ ʢʦʰʝʢ ʧʦ ʪʨʝʙʫʝʤʳʤ ʢʨʠʪʝʨʠʷʤ. 

ɼʣʷ ʨʘʙʦʪʳ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʜʦʤʘʰʥʠʝ ʢʦʰʢʠ ʊʘʡ-

ʩʢʦʡ ʧʦʨʦʜʳ, ʫʞʝ ʠʤʝʶʱʠʝ ʦʧʳʪ ʤʘʪʝʨʠʥʩʪʚʘ ʠ 

ʧʨʦʷʚʠʚʰʠʝ ʚʩʝ ʧʨʠʟʥʘʢʠ ʥʦʨʤʘʣʴʥʦʛʦ ʤʘʪʝʨʠʥ-

ʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ. ʇʦʨʦʜʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʦʩ-

ʥʦʚʘʥʠʠ ʨʦʜʦʩʣʦʚʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʚʣʘʜʝʣʴ-

ʮʘʤʠ ʠ ʟʘʚʦʜʯʠʢʘʤʠ. ʕʪʦ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʢʣʫʙʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘ-

ʨʦʜʥʳʝ ʬʝʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ: ʄʝʞʜʫʥʘʨʦʜ-

ʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʢʦʰʝʢ (ʘʥʛʣ.: The International Cat 

Association, TICA), ɺʩʝʤʠʨʥʦʡ ʬʝʜʝʨʘʮʠʝʡ ʢʦ-

ʰʝʢ (ʘʥʛʣ.: World Cat Federation, WCF), ɸʩʩʦʮʠʘ-

ʮʠʝʡ ʣʶʙʠʪʝʣʝʡ ʢʦʰʝʢ (ʘʥʛʣ.: The Cat Fanciers' 

Association, CFA), ʢʦʪʦʨʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ 

ʛʣʦʙʘʣʴʥʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ: World 

Cat Congress (ɺʩʝʤʠʨʥʳʡ ʢʦʥʛʨʝʩʩ ʢʦʰʝʢ). ʊʘʢʞʝ 

ʞʠʚʦʪʥʳʝ (ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʧʦʣʘ) ʦʪʙʠʨʘʣʠʩʴ ʧʦ 

ʚʦʟʨʘʩʪʫ: ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʣʝʪ ʠ ʥʝ ʩʪʘʨʰʝ ʧʷʪʠ. 

ʂʦʰʢʠ ï ʩʘʤʢʠ ʩʪʘʣʠ çʧʨʘʨʦʜʠʪʝʣʴʥʠʮʘʤʠè ʚ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ. ʆʪʦʙʨʘʥʥʳʝ ʦʩʦʙʠ ʩʧʘʨʠ-

ʚʘʣʠʩʴ ʩ ʩʘʤʮʘʤʠ, ʤʘʪʝʨʠ ʢʦʪʦʨʳʭ ʠʤʝʣʠ ʥʘʨʫʰʝ-

ʥʠʷ ʚ ʤʘʪʝʨʠʥʩʢʦʤ ʧʦʚʝʜʝʥʠʠ (ʥʝ ʚʩʢʘʨʤʣʠʚʘʣʠ 

ʧʦʪʦʤʩʪʚʦ ʤʦʣʦʢʦʤ, ʥʝ ʧʨʦʚʦʜʠʣʠ ʛʨʫʤʠʥʛ ʠ ʪ.ʜ.). 

ɼʘʣʝʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʪʦʤʩʪʚʦ ʵʪʠʭ ʢʦʰʝʢ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʘʞʜʦʤ ʧʦʢʦʣʝʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʦʪʦʤʢʦʚ ʦʪ ʜʚʫʭ ʧʦʤʝʪʦʚ, ʦʪ ʨʘʟʣʠʯʥʳʭ ʢʦʪʦʚ. 

ʇʦʪʦʤʢʠ ï ʩʘʤʢʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʪʙʦʨʫ ʩ ʮʝʣʴʶ 

ʠʩʢʣʶʯʠʪʴ ʬʠʟʠʯʝʩʢʠʝ ʧʘʪʦʣʦʛʠʠ. ʆʪʙʨʘʢʦʚʘʥʥʳʝ 

ʞʠʚʦʪʥʳʝ ʠʩʢʣʶʯʘʣʠʩʴ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʜʘʣʴ-

ʥʝʡʰʝʤ ʥʘʙʣʶʜʘʣʠ ʟʘ ʩʣʝʜʫʶʱʠʤ ʧʦʢʦʣʝʥʠʝʤ 

ʩʘʤʦʢ, ʦʮʝʥʠʚʘʷ ʧʦ ʪʝʤ ʞʝ ʢʨʠʪʝʨʠʷʤ. ʂʦʣʠʯʝʩʪʚʦ 

ʞʠʚʦʪʥʳʭ ʧʦ ʛʨʫʧʧʘʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ ˉ1.  

ʊʘʙʣʠʮʘ 1. 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʰʝʢ ʚ ʦʧʳʪʝ 

ˉ ʧʦʢʦʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʰʝʢ ʩʘʤʦʢ ʉʘʤʦʢ  ʉʘʤ-ʮʦʚ 

1 ʢʦʰʢʠ ʧʨʘʨʦʜʠʪʝʣʴ-ʥʠʮʳ 1 1 1 1 1 1 1 1 1 1 10 6 

2 ʧʦʪʦʤʢʠ I ʧʦʢʦʣʝʥʠʷ 5 6 4 5 3 4 5 6 4 5 47 12 

3 ʧʦʪʦʤʢʠ II ʧʦʢʦʣʝʥʠʷ 20 22 20 15 18 20 20 19 17 14 185 67 

4 ʧʦʪʦʤʢʠ III ʧʦʢʦʣʝʥʠʷ 58 67 54 61 57 60 55 59 63 52 586 216 

  ʀʪʦʛʦ: 828 301 

 

ʅʦʨʤʘʣʴʥʳʤ ʤʘʪʝʨʠʥʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ 

(ʅʄʇ) ʩʯʠʪʘʣʦʩʴ: ʧʨʦʚʝʜʝʥʠʝ ʨʦʜʦʚ ʚ ʛʥʝʟʜʝ; ʚʳ-

ʣʠʟʳʚʘʥʠʝ ʢʦʪʷʪ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ; ʚʩʢʘʨʤʣʠʚʘʥʠʝ 

ʢʦʪʷʪ ʤʦʣʦʢʦʤ; ʧʨʦʚʝʜʝʥʠʝ ʜʝʬʝʢʘʮʠʠ ʫ ʢʦʪʷʪ; 

ʧʝʨʝʤʝʥʘ ʛʥʝʟʜʘ ʥʝ ʙʦʣʝʝ 4-ʭ ʨʘʟ ʜʘ ʚʩʝ ʚʨʝʤʷ ʚʳ-

ʢʘʨʤʣʠʚʘʥʠʷ; ʧʨʠʫʯʝʥʠʝ ʢʦʪʷʪ ʢ ʤʝʩʪʫ ʜʝʬʝʢʘʮʠʠ; 

ʧʨʠʥʦʩ ʧʠʱʠ ʚ ʛʥʝʟʜʦ; ʦʪʩʫʪʩʪʚʠʝ ʢʘʥʥʠʙʘʣʠʟʤʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʰʢʠ, 

ʩʧʘʨʠʚʘʚʰʠʝʩʷ ʩ ʩʘʤʮʘʤʠ, ʫ ʯʴʠʭ ʤʘʪʝʨʝʡ ʥʝ ʙʳʣʦ 

ʦʪʢʣʦʥʝʥʠʡ ʚ ʤʘʪʝʨʠʥʩʢʦʤ ʧʦʚʝʜʝʥʠʠ. ɺ ʢʦʥ-

ʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2. 

ʂʦʣʠʯʝʩʪʚʦ ʦʩʦʙʝʡ ʚ ʛʨʫʧʧʝ ʢʦʥʪʨʦʣʷ 

ˉ ʧʦʢʦʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʰʝʢ ʩʘʤʦʢ 

ʀʪʦʛʦ ʧʦ 

ʧʦʢʦʣʝ-ʥʠʷʤ 

ʩʘʤʦʢ  

ʉʘʤ-ʮʦʚ 

1 ʢʦʰʢʠ ʧʨʘʨʦʜʠʪʝʣʴʥʠʮʳ 1 1 1 1 1 5 4 

2 ʧʦʪʦʤʢʠ I ʧʦʢʦʣʝʥʠʷ 4 5 4 6 5 24 10 

3 ʧʦʪʦʤʢʠ II ʧʦʢʦʣʝʥʠʷ 17 16 21 19 17 90 53 

4 ʧʦʪʦʤʢʠ III ʧʦʢʦʣʝʥʠʷ 46 52 55 66 62 281 112 

  ʀʪʦʛʦ:  484 179 
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ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫ-

ʥʘʨʦʜʥʳʤʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʙʠʦ-

ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠ-

ʚʦʪʥʳʭ (CIOMS) [9, 24].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʚʳʷʚʣʝʥʦ 

ʧʦʩʪʝʧʝʥʥʦʝ ʫʛʘʩʘʥʠʝ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʧʨʠ ʚʷʟʢʘʭ ʩ ʢʦʪʘʤʠ ʦʪ ʢʦʰʝʢ ʩ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤ 

ʧʦʚʝʜʝʥʠʝʤ (ʊʘʙʣʠʮʘ ˉ3). ɺ ʧʝʨʚʦʤ ʧʦʢʦʣʝʥʠʠ ʫ 

ʥʝʢʦʪʦʨʳʭ ʩʘʤʦʢ ʤʳ ʥʘʙʣʶʜʘʣʠ ʦʪʩʫʪʩʪʚʠʝ ʠʥʪʝ-

ʨʝʩʘ ʢ ʢʦʪʷʪʘʤ ʢʦʥʮʘ ʧʦʜʩʦʩʥʦʛʦ ʧʝʨʠʦʜʘ. ʕʪʦ ʚʳ-

ʨʘʞʘʣʦʩʴ ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʨʠʫʯʝʥʠʷ ʢʦʪʷʪ ʢ ʤʝʩʪʫ 

ʜʝʬʝʢʘʮʠʠ, ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʥʦʩʘ ʧʠʱʠ ʚ ʛʥʝʟʜʦ ʠ 

ʝʜʠʥʠʯʥʳʝ ʩʣʫʯʘʠ ʦʪʢʘʟʘ ʦʪ ʚʳʢʘʨʤʣʠʚʘʥʠʷ ʤʦʣʦ-

ʢʦʤ. ɺʦ ʚʪʦʨʦʤ ʧʦʢʦʣʝʥʠʠ ʠ ʜʘʣʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʠ-

ʧʦʚ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚʦʟʨʘʩ-

ʪʘʣʦ, ʜʦ ʧʨʦʷʚʣʝʥʠʡ ʢʘʥʥʠʙʘʣʠʟʤʘ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤ ʢʦʪʷʪʘʤ.  

ʊʘʙʣʠʮʘ 3. 

ʇʨʦʷʚʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ 

ʧʦʢʦʣʝʥʠʷ 

ʂʦʰʢʠ, ʫ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʦ-

ʚʘʣʠ ʚʩʝ ʧʨʠʟʥʘʢʠ ʥʦʨʤʘʣʴʥʦʛʦ 

ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʢʦʰʢʠ ʩ ʯʘʩʪʠʯ-

ʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ 

ʅʄʇ 

ʢʦʰʢʠ ʩ ʧʦʣ-

ʥʳʤ ʦʪʩʫʪ-

ʩʪʚʠʝʤ ʅʄʇ 

ʢʦʰʢʠ ʧʨʘʨʦʜʠʪʝʣʴʥʠʮʳ 10 100,0 0 0,0 0 0,0 

ʧʦʪʦʤʢʠ I ʧʦʢʦʣʝʥʠʷ 45 95,7 2 4,3 0 0,0 

ʧʦʪʦʤʢʠ II ʧʦʢʦʣʝʥʠʷ 151 81,6 34 18,4 0 0,0 

ʧʦʪʦʤʢʠ III ʧʦʢʦʣʝʥʠʷ 397 67,7 177 30,2 12 2,0 

 
ʦʩʦʙʝʡ % ʦʩʦʙʝʡ % ʦʩʦʙʝʡ % 

 

ʀʟʤʝʥʝʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʪʨʝʭ ʧʦʢʦʣʝʥʠʡ ʩʦ-

ʩʪʘʚʣʷʶʪ ʥʝ ʙʦʣʝʝ 32% ʞʠʚʦʪʥʳʭ, ʦʜʥʘʢʦ ʩ ʧʦʣ-

ʥʦʡ ʫʪʨʘʪʦʡ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚʩʝʛʦ 2% 

(ɼʠʘʛʨʘʤʤʘ 1). ʇʨʠʯʝʤ ʯʘʩʪʠʯʥʘʷ ʫʪʨʘʪʘ ʅʄʇ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʝ ʨʦʜʦʚ ʚʥʝ ʛʥʝʟʜʘ; ʦʪʩʫʪ-

ʩʪʚʠʝ ʚʳʣʠʟʳʚʘʥʠʷ ʢʦʪʷʪ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ ʠ 

ʚʩʢʘʨʤʣʠʚʘʥʠʷ; ʤʥʦʛʦʢʨʘʪʥʘʷ ʧʝʨʝʤʝʥʘ ʤʝʩʪʘ; 

ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʫʯʝʥʠʷ ʢʦʪʷʪ ʢ ʪʫʘʣʝʪʫ ʠ ʧʨʠʥʦʩʘ 

ʧʠʱʠ ʚ ʛʥʝʟʜʦ. ɺ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʤʘʪʝʨʠʥʩʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʦʩʪʘʚʘʣʦʩʴ ʥʦʨʤʘʣʴʥʳʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʪʨʝʭ ʧʦʢʦʣʝʥʠʡ.  

ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʧʦʣʦʞʠʪʴ ʜʦʤʠ-

ʥʘʥʪʥʫʶ ʨʦʣʴ ʢʦʰʝʢ ï ʩʘʤʦʢ ʚ ʧʝʨʝʜʘʯʝ ʤʘʪʝʨʠʥ-

ʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦʪʦʤʩʪʚʫ. 
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ʉʘʚʝʣʴʝʚʘ ɽʢʘʪʝʨʠʥʘ ʉʝʨʛʝʝʚʥʘ 

ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ, ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʣʘʙʦʨʘʪʦʨʠʠ ʈʘʟʚʠʪʠʷ ʅʝʨʚʥʦʡ ʉʠʩʪʝʤʳ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʦʨʬʦʣʦʛʠʠ ʯʝʣʦ-

ʚʝʢʘè,, ʈʦʩʩʠʷ,  

ʃʦʚʯʠʥʦʚʩʢʘʷ ɼʘʨʴʷ ʅʠʢʦʣʘʝʚʥʘ 
ʩʪʫʜʝʥʪ 4 ʢʫʨʩʘ, ʬʘʢʫʣʴʪʝʪ ʚʝʯʝʨʥʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ, ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʄʦʩʢʦʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʘʢʘʜʝʤʠʷ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ - ʄɺɸ ʠʤʝʥʠ ʂ.ʀ. ʉʢʨʷʙʠʥʘè, ʛ. ʄʦʩʢʚʘ  
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PROBLEMS OF MATERNAL BEHAVIOR PRIMIPAROUS FEMALES FELIS CATUS L. IN 

DIFFERENT BREEDS. 

 

ɸʥʥʦʪʘʮʠʷ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʢʦʰʝʢ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴ-

ʥʦʩʪʴ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʧʫʣʷʨʥʦʩʪʠ ʧʦʨʦʜʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʟʘʩʣʫʞʠʚʘʝʪ ʠʩʩʣʝ-

ʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʝ ʩʘʤʦʢ ʚ ʧʝʨʚʫʶ ʙʝʨʝʤʝʥʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʜʝʣʘʝʪʩʷ ʟʘʢʣʶʯʝ-

ʥʠʝ ʦ ʧʨʠʛʦʜʥʦʩʪʠ ʢʦʰʢʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʣʝʤʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

Abstract: Investigation of maternal behavior of cats is becoming important due to the increasing popularity 

of pedigree breeding. Special attention should be paid upon the investigation of the behavior of females in the 

first pregnancy. Behavior during postpartum period since it is on the basis of this that the conclusion is made 

about the suitability of the cat for further selection in breeding.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʰʢʘ, Felis Catus, ʧʦʚʝʜʝʥʠʝ, ʤʘʪʝʨʠʥʩʢʦʝ ʧʦʚʝʜʝʥʠʝ, ʧʦʩʪʨʦʜʦʚʦʡ ʧʝʨʠʦʜ, ʧʝʨ-

ʚʘʷ ʙʝʨʝʤʝʥʥʦʩʪʴ, ʨʘʟʚʝʜʝʥʠʝ, ʢʘʥʥʠʙʘʣʠʟʤ, ʧʦʨʦʜʳ ʢʦʰʝʢ, ʧʝʨʚʦʨʦʜʷʱʠʝ. 

Keywords: cat, Felis Catus, behavior, maternal behavior, postpartum period, first pregnancy, breeding, 

cannibalism, cat breeds, primiparas. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʢʦʰʝʢ 

ʚ ʧʦʩʪʨʦʜʦʚʦʡ ʧʝʨʠʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʧʨʠʛʦʜʥʦʩʪʠ ʩʘʤʦʢ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʫʯʘʩʪʠʶ ʚ ʩʝ-

ʣʝʢʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʨʦʜʦʡ. ʅʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʝʣʝʢʮʠʠ ʜʦʤʘʰʥʠʭ ʢʦʰʝʢ [8, 11, 

12] ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ [2, 13, 

16]. ɺʝʩʴʤʘ ʦʙʰʠʨʥʳ ʜʘʥʥʳʝ ʧʦ ʛʝʥʝʪʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʦʨʦʜʥʦʛʦ ʨʦʜʩʪʚʘ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʪʠʥʝʥʪʘʭ [27]. ʊʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʙʦʪʳ ʧʦ 

ʚʝʪʝʨʠʥʘʨʥʦʤʫ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʧʠʪʦʤʥʠʢʦʚ Felis 

Catus [20, 21, 28, 32, 33]. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʧʨʠ ʛʨʫʧʧʦʚʦʤ ʩʦʜʝʨʞʘʥʠʠ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝ ʜʦʤʘʰʥʠʭ ʢʦʰʝʢ ʦʭʚʘʪʳʚʘʶʪ 

ʚʠʨʫʩʥʳʝ, ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʠʥʬʝʢʮʠʠ, ʘ ʪʘʢʞʝ ʧʘʨʘ-

ʟʠʪʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ [26, 29, 22]. ʏʘʩʪʴ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʦʮʝʥʢʫ ʧʦʧʫʣʷʮʠʡ ʠ 

ʚʥʫʪʨʠʛʨʫʧʧʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ [4, 5, 6, 7], ʘ 

ʪʘʢʞʝ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʠʯʘʚʰʠʭ 

ʠ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ [25]. ʃʠʪʝʨʘʪʫʨʥʳʝ ʜʘʥʥʳʝ 

ʦ ʨʘʟʚʝʜʝʥʠʠ ʜʦʤʘʰʥʠʭ ʢʦʰʝʢ ʠ ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ 

ʧʦʚʝʜʝʥʠʷ ʬʨʘʛʤʝʥʪʘʨʥʳ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʨʘʙʦʪʳ 

ʧʦ ʚʣʠʷʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʜʥʷ ʥʘ 

ʧʦʣʦʚʳʝ ʮʠʢʣʳ ʫ ʩʝʣʝʢʮʠʦʥʥʳʭ ʞʠʚʦʪʥʳʭ [24]. 

ʈʘʙʦʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʧʨʦʩʘʭ ʚʣʘʜʝʣʴʮʝʚ ʠ ʟʘ-

ʚʦʜʯʠʢʦʚ [23, 30, 34] ʜʘʶʪ ʥʝʢʦʪʦʨʦʝ ʧʦʥʠʤʘʥʠʝ 

ʧʨʦʙʣʝʤ ʧʦʨʦʜʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ. ʄʘʪʝʨʠʥʩʢʦʝ ʧʦ-

ʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʦ ʫ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʜʠʢʠʭ 

ʢʦʰʘʯʴʠʭ [1, 3, 9, 10, 18, 19], ʥʦ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝ-

ʨʝʡ ʜʦʤʘʰʥʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ Felis ʦʛʨʘʥʠ-

ʯʝʥʦ ʥʝʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [17]. ʇʨʦʙʣʝʤʳ 

ʧʦʚʝʜʝʥʠʷ ʧʝʨʚʦʨʦʜʷʱʠʭ ʞʠʚʦʪʥʳʭ ʥʝ ʟʘʪʨʘʛʠʚʘ-

ʣʠ ʢʦʰʝʢ ʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʛʨʳʟʫ-

ʥʘʭ [15]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʯʝ-

ʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʝʨʚʦʨʦʜʷʱʠʭ ʤʘʪʝʨʝʡ ʧʨʠ 

ʩʝʣʝʢʮʠʦʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʢ-

ʪʫʘʣʴʥʳʤ. ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʤʦʨʬʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦʨʦʜʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ ʜʦʤʘʰʥʠʭ ʢʦʰʝʢ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʦ-

ʙʣʝʤʳ ʧʦʩʪʨʦʜʦʚʦʛʦ ʧʝʨʠʦʜʘ ʫ ʜʦʤʘʰʥʠʭ ʧʝʨʚʦ-

ʨʦʜʷʱʠʭ ʢʦʰʝʢ (Felis Catus L. 1758) ʨʘʟʣʠʯʥʳʭ 

ʧʦʨʦʜ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʦʪʦ-

ʙʨʘʥʦ ʧʷʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʚʦʠʤ ʬʝ-

ʥʦʪʠʧʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʧʦʨʦʜ 

ʢʦʰʝʢ: ʄʝʡʥ ʂʫʥ, ʂʫʨʠʣʴʩʢʠʡ ʙʦʙʪʝʡʣ, ʐʦʪʣʘʥʜ-

ʩʢʘʷ ʚʠʩʣʦʫʭʘʷ, ʊʘʡʩʢʘʷ, ʆʨʠʝʥʪʘʣʴʥʘʷ ʢʦʨʦʪʢʦ-

ʰʝʨʩʪʥʘʷ. ʇʦʨʦʜʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʨʦʜʦʩʣʦʚʥʳʭ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ ʚʣʘʜʝʣʴʮʘʤʠ ʠ 

ʟʘʚʦʜʯʠʢʘʤʠ. ʕʪʦ ʪʘʢʞʝ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʧʨʝʜ-

ʩʪʘʚʠʪʝʣʷʤʠ ʢʣʫʙʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʝ 

ʬʝʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ: ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʩ-

ʩʦʮʠʘʮʠʝʡ ʢʦʰʝʢ (ʘʥʛʣ.: The International Cat Asso-

ciation, TICA), ɺʩʝʤʠʨʥʦʡ ʬʝʜʝʨʘʮʠʝʡ ʢʦ-

ʰʝʢ (ʘʥʛʣ.: World Cat Federation, WCF), ɸʩʩʦʮʠʘ-

ʮʠʝʡ ʣʶʙʠʪʝʣʝʡ ʢʦʰʝʢ (ʘʥʛʣ.: The Cat Fanciers' 

Association, CFA), ʢʦʪʦʨʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ 

ʛʣʦʙʘʣʴʥʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ: World 

Cat Congress (ɺʩʝʤʠʨʥʳʡ ʢʦʥʛʨʝʩʩ ʢʦʰʝʢ). ʂʦʥ-

ʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʜʦʤʘʰʥʠʭ ʢʦʰʝʢ ʩʦʩʪʦʷʣʘ ʠʟ ʙʝʩ-

ʧʦʨʦʜʥʳʭ ʦʩʦʙʝʡ - ʤʝʪʠʩʦʚ, ʧʦʜʦʙʨʘʥʥʳʭ ʯʘʩʪʥʳ-

ʤʠ ʣʠʮʘʤʠ ʥʘ ʫʣʠʮʝ, ʥʦ ʥʝ ʩʪʝʨʠʣʠʟʦʚʘʥʥʳʭ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʝʨʠʦʜ ʩ 2013 ʧʦ 2019 

ʛʦʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ɹʝʣʦ-

ʨʫʩʩʠʠ, ʀʪʘʣʠʠ, ʌʨʘʥʮʠʠ, ɻʝʨʤʘʥʠʠ, ʌʠʥʣʷʥʜʠʠ, 

ʀʟʨʘʠʣʷ ʠ ɸʥʛʣʠʠ. ɾʠʚʦʪʥʳʝ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʦ 

ʚʦʟʨʘʩʪʫ: ʥʝ ʤʝʥʝʝ 15 ʤʝʩʷʮʝʚ ʠ ʥʝ ʙʦʣʝʝ 30 ʤʝʩʷ-

ʮʝʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʦʪʩʫʪʩʪʚʠʝ ʬʠʟʠʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʞʠʣʳʤ ʠʣʠ ʩʣʠʰʢʦʤ 

ʤʦʣʦʜʳʤ ʚʦʟʨʘʩʪʦʤ. ʊʘʢʞʝ ʫʯʠʪʳʚʘʣʦʩʴ ʦʙʱʝʝ 

ʩʦʩʪʦʷʥʠʝ ʦʩʦʙʝʡ: ʦʪʦʙʨʘʥʥʳʝ ʢʦʰʢʠ ʙʳʣʠ ʢʣʠʥʠ-

ʯʝʩʢʠ ʟʜʦʨʦʚʳ, ʚ ʭʦʨʦʰʝʡ ʬʠʟʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʥʝ 

ʠʤʝʣʠ ʨʘʥʝʝ ʚʳʷʚʣʝʥʥʳʭ ʧʦʚʝʜʝʥʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

(ʪʘʢʠʭ ʢʘʢ ʘʛʨʝʩʩʠʚʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʧʘʥʠʢʘ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʯʝʣʦʚʝʢʘ, ʬʨʠʛʠʜʥʦʩʪʴ ʠ ʪ.ʜ.). ɼʣʷ ʯʠʩʪʦ-

ʪʳ ʥʘʙʣʶʜʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʰʝʢ, ʧʨʦʜʫʢʪʠʚʥʦ 
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ʩʧʘʨʠʚʘʚʰʠʭʩʷ ʚʧʝʨʚʳʝ, ʪʦ ʝʩʪʴ ʞʠʚʦʪʥʳʭ ʫ ʢʦʪʦ-

ʨʳʭ ʦʪʩʫʪʩʪʚʦʚʘʣ ʦʧʳʪ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʉʘʤʢʠ, ʥʝ ʟʘʙʝʨʝʤʝʥʝʚʰʠʝ ʚ ʧʝʨʚʫʶ ʚʷʟʢʫ (ʩʧʘʨʠ-

ʚʘʥʠʝ) ʠʩʢʣʶʯʘʣʠʩʴ. ɹʳʣʦ ʩʦʩʪʘʚʣʝʥʦ 5 ʛʨʫʧʧ ʧʦ 

ʧʦʨʦʜʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ʦʜʥʘ ʛʨʫʧʧʘ ʢʦʥ-

ʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. ɺ ʢʘʞʜʫʶ ʛʨʫʧʧʫ ʚʭʦʜʠʣʦ 50 

ʩʘʤʦʢ. ɺʩʝʛʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʜʝʡʩʪʚʦʚʘʥʦ 300 

ʩʘʤʦʢ Felis Catus ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ. ʈʘʙʦʪʘ ʧʨʦʚʦ-

ʜʠʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʨʝʢʦ-

ʤʝʥʜʘʮʠʷʤʠ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʠʚʦʪʥʳʭ (CIOMS) 

[14, 35]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, 

ʯʪʦ ʧʦʨʦʜʥʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʩʣʘʙʦ ʚʣʠʷʝʪ ʥʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʘʨʫʰʝʥʠʡ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʚʝʜʝ-

ʥʠʷ (ʊʘʙʣʠʮʘ 1). ʆʜʥʘʢʦ ʯʘʩʪʦʪʘ ʧʨʦʷʚʣʝʥʠʡ ʧʨʦ-

ʙʣʝʤʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʫ ʢʦʰʝʢ ʧʦʨʦʜʳ ʂʫʨʠʣʴʩʢʠʡ 

ʙʦʙʪʝʡʣ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʥʝʞʝʣʠ ʯʝʤ ʫ ʢʦʰʝʢ 

ʧʦʨʦʜʳ ʆʨʠʝʥʪʘʣʴʥʘʷ ʢʦʨʦʪʢʦʰʝʨʩʪʥʘʷ. ɺ ʢʦʥ-

ʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʯʘʩʪʦʪʘ ʥʘʨʫʰʝʥʠʡ ʤʘʪʝʨʠʥʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʚʳʷʚʣʝʥʘ ʚ ʧʷʪʠ ʩʣʫʯʘʷʭ (10 %) ʦʪ ʯʠʩ-

ʣʘ ʧʦʜʦʧʳʪʥʳʭ. 

ʊʘʙʣʠʮʘ 1. 

ʇʨʦʷʚʣʝʥʠʝ ʥʘʨʫʰʝʥʠʡ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʦ ʧʦʨʦʜʘʤ 

ˉ ʇʦʨʦʜʘ ʢʦʰʝʢ ɺʩʝʛʦ ʩʘʤʦʢ ʉʘʤʢʠ ʩ ʥʘʨʫʰʝʥʠʝʤ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

1 ʂʫʨʠʣʴʩʢʠʡ ʙʦʙʪʝʡʣ 50 10 

2 ʄʝʡʥ ʂʫʥ 50 16 

3 ʊʘʡʩʢʘʷ 50 17 

4 ʐʦʪʣʘʥʜʩʢʘʷ ʚʠʩʣʦʫʭʘʷ 50 22 

5 ʆʨʠʝʥʪʘʣʴʥʘʷ ʢʦʨʦʪʢʦʰʝʨʩʪʥʘʷ 50 31 

6 ʂʦʥʪʨʦʣʴ 50 5 

 

ʕʪʦ ʚʝʨʦʷʪʥʦ ʚʳʟʚʘʥʦ ʫʜʘʣʝʥʥʦʩʪʴʶ ʦʪ ʜʠʢʦʡ 

ʬʦʨʤʳ, ʪʘʢ ʢʘʢ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʦʨʦʜʳ ʂʫʨʠʣʴʩʢʠʡ 

ʙʦʙʪʝʡʣ ʠʤʝʶʪ ʚ ʧʨʝʜʢʘʭ ʜʦʤʘʰʥʠʭ ʧʦʣʫʜʠʢʠʭ 

ʢʦʰʝʢ - ʘʙʦʨʠʛʝʥʦʚ ʢʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ (ʥʝ ʜʘʣʝʝ 

10 ʧʦʢʦʣʝʥʠʷ), ʘ ʫ ʢʦʰʝʢ, ʧʦʜʦʙʨʘʥʥʳʭ ʥʘ ʫʣʠʮʝ 

ʤʘʪʝʨʠʥʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪ ʚʳʞʠʚʘʥʠʝ. ʋ 

ʆʨʠʝʥʪʘʣʴʥʦʡ ʢʦʨʦʪʢʦʰʝʨʩʪʥʦʡ ʧʦʨʦʜʳ ʜʠʢʠʝ 

ʧʨʝʜʢʠ, ʨʘʚʥʦ ʢʘʢ ʠ ʤʝʪʠʩʘʮʠʷ ʥʝ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 20 ʧʦʢʦʣʝʥʠʡ.  

ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʥʘʨʫʰʝʥʠʷ ʤʘʪʝ-

ʨʠʥʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʜʦʤʘʰʥʠʭ ʢʦʰʝʢ:  

1. ʧʨʦʚʝʜʝʥʠʝ ʨʦʜʦʚ ʚʥʝ çʛʥʝʟʜʘè (ʚʳʙʨʘʥ-

ʥʦʛʦ ʩʘʤʦʡ ʢʦʰʢʦʡ ʤʝʩʪʘ ʜʣʷ ʨʦʜʦʚ);  

2. ʦʪʩʫʪʩʪʚʠʝ ʠʥʩʪʠʥʢʪʘ ʚʳʣʠʟʳʚʘʪʴ ʢʦʪʷʪ 
ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ - ʧʦʪʦʤʩʪʚʦ ʦʩʪʘʝʪʩʷ ʚ ʧʣʦʜʥʳʭ 

ʦʙʦʣʦʯʢʘʭ; ʦʪʩʫʪʩʪʚʠʝ ʠʥʩʪʠʥʢʪʘ ʢʦʨʤʠʪʴ ʧʦʪʦʤ-

ʩʪʚʦ ʤʦʣʦʢʦʤ (ʢʦʰʢʠ, ʫ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʦʚʘʣʦ 

ʤʦʣʦʢʦ, ʚʳʚʦʜʠʣʠʩʴ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ);  

3. ʦʪʩʫʪʩʪʚʠʝ ʠʥʩʪʠʥʢʪʘ ʧʨʦʚʝʜʝʥʠʷ ʜʝʬʝʢʘ-
ʮʠʠ ʫ ʢʦʪʷʪ - ʪʘʢ ʢʘʢ ʢʦʪʷʪʘ ʥʝ ʤʦʛʫʪ ʠʩʧʨʘʞʥʷʪʩʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʙʝʟ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʤʘʩʩʘʞʘ, 

ʧʨʦʚʦʜʠʤʦʛʦ ʢʦʰʢʦʡ ʤʘʪʝʨʴʶ;  

4. ʟʘʪʘʧʪʳʚʘʥʠʝ ʢʦʪʷʪ - ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʩʪʦ-

ʷʥʥʦʡ ʧʝʨʝʤʝʥʝ ʤʝʩʪʘ ʢʦʰʢʦʡ ʤʘʪʝʨʴʶ ʚ ʧʨʝʜʝʣʘʭ 

ʛʥʝʟʜʘ, ʯʪʦ ʥʘʥʦʩʠʪ ʪʨʘʚʤʳ ʢʦʪʷʪʘʤ;  

5. ʠʟʣʠʰʥʝʝ ʪʘʩʢʘʥʠʝ ʢʦʪʷʪ - ʢʦʰʢʘ ʧʝʨʝʪʘʩ-

ʢʠʚʘʝʪ ʧʦʪʦʤʩʪʚʦ ʩ ʤʝʩʪʘ ʥʘ ʤʝʩʪʦ ʯʘʱʝ 1 ʨʘʟʘ ʚ 

ʩʫʪʢʠ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʚʨʝʞʜʘʷ ʢʦʪʷʪ;  

6. ʢʘʥʥʠʙʘʣʠʟʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʦʚʦʨʦʞ-
ʜʝʥʥʳʤ ʢʦʪʷʪʘʤ (ʥʘʣʠʯʠʝ ʧʘʪʦʣʦʛʠʡ ʫ ʥʦʚʦʨʦʞ-

ʜʝʥʥʳʭ ʠʩʢʣʶʯʘʣʠ ʧʫʪʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʦʙʩʣʝ-

ʜʦʚʘʥʠʷ ʧʣʦʜʦʚ ʠ ʚʠʟʫʘʣʴʥʦ ʧʨʠ ʨʦʜʘʭ);  

7. ʢʘʥʥʠʙʘʣʠʟʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʥʦʚʦʟ-
ʨʘʩʪʥʳʤ ʢʦʪʷʪʘʤ ï ʦʪ 7-ʤʠ ʜʥʝʚʥʦʛʦ ʜʦ ʤʝʩʷʯʥʦʛʦ 

ʚʦʟʨʘʩʪʘ (ʥʘʣʠʯʠʝ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʧʘʪʦʣʦʛʠʡ ʠʩ-

ʢʣʶʯʘʣʠ ʧʫʪʝʤ ʦʩʤʦʪʨʦʚ ʚʝʪʝʨʠʥʘʨʥʳʤ ʩʧʝʮʠʘʣʠ-

ʩʪʦʤ); 

8. ʦʪʩʫʪʩʪʚʠʝ ʠʥʩʪʠʥʢʪʘ ʢʦʨʤʠʪʴ ʧʦʪʦʤʩʪʚʦ 

ʤʦʣʦʢʦʤ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʵʢʣʘʤʧʩʠʠ ʠʩʢʣʶʯʘʣʠ ʚʝʪʝʨʠ-

ʥʘʨʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶ-

ʱʘʷʩʷ ʧʘʪʦʣʦʛʠʷ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ - ʦʪʢʘʟ 

ʢʦʨʤʠʪʴ ʧʦʪʦʤʩʪʚʦ, ʘ ʥʘʠʙʦʣʝʝ ʨʝʜʢʘʷ - ʧʦʝʜʘʥʠʝ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʢʦʪʷʪ. ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ ˉ2.  

ʊʘʙʣʠʮʘ 2. 

ʊʠʧʳ ʧʘʪʦʣʦʛʠʡ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʇʦʨʦʜʘ ʢʦʰʝʢ 
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ʊʠʧʳ ʧʘʪʦʣʦʛʠʡ 

 

ʧʨʦʚʝʜʝʥʠʝ ʨʦʜʦʚ ʚʥʝ çʛʥʝʟʜʘè 3 2 3 2 5 0 

ʦʪʩʫʪʩʪʚʠʝ ʠʥʩʪʠʥʢʪʘ ʚʳʣʠʟʳʚʘʪʴ ʢʦʪʷʪ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ 1 4 2 5 5 0 

ʦʪʩʫʪʩʪʚʠʝ ʠʥʩʪʠʥʢʪʘ ʢʦʨʤʠʪʴ ʧʦʪʦʤʩʪʚʦ ʤʦʣʦʢʦʤ 4 6 6 7 9 0 

ʦʪʩʫʪʩʪʚʠʝ ʠʥʩʪʠʥʢʪʘ ʧʨʦʚʝʜʝʥʠʷ ʜʝʬʝʢʘʮʠʠ ʫ ʢʦʪʷʪ  1 1 2 2 4 0 

ʟʘʪʘʧʪʳʚʘʥʠʝ ʢʦʪʷʪ 1 1 1 2 2 0 

ʠʟʣʠʰʥʝʝ ʪʘʩʢʘʥʠʝ ʢʦʪʷʪ 1 1 1 2 2 5 

ʧʦʝʜʘʥʠʝ ʢʦʪʷʪ ʥʦʚʦʨʦʞʜʝʥʥʳʭ  0 1   2 2 0 

ʧʦʝʜʘʥʠʝ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʢʦʪʷʪ 0 0 0 0 2 0 
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ʉʚʦʜʥʘʷ ʜʠʘʛʨʘʤʤʘ ˉ1 ʠʣʣʶʩʪʨʠʨʫʝʪ ʯʘʩʪʦʪʫ 

ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʘʪʦʣʦʛʠʡ ʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʨʦʜʳ. ʊʘʢ ʚ ʧʦʨʦʜʝ ʦʨʠʝʥʪʘʣʴ-

ʥʘʷ ʢʦʨʦʪʢʦʰʝʨʩʪʥʘʷ ʚʳʷʚʣʝʥʳ ʚʩʝ ʪʠʧʳ ʧʘʪʦʣʦ-

ʛʠʡ, ʘ ʫ ʢʦʰʝʢ-ʤʝʪʠʩʦʚ ʧʨʠʩʫʪʩʪʚʦʚʘʣʦ ʪʦʣʴʢʦ 

ʠʟʣʠʰʥʝʝ ʪʘʩʢʘʥʠʝ ʢʦʪʷʪ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʨʦʜʳ, ʚʳʚʝʜʝʥʥʳʝ 

ʥʝʜʘʚʥʦ (ʦʨʠʝʥʪʘʣʴʥʘʷ ʢʦʨʦʪʢʦʰʝʨʩʪʥʘʷ, ʰʦʪ-

ʣʘʥʜʩʢʘʷ ʚʠʩʣʦʫʭʘʷ) ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʧʘʪʦʣʦʛʠ-

ʯʝʩʢʠʤ ʧʨʦʷʚʣʝʥʠʷʤ ʚ ʤʘʪʝʨʠʥʩʢʦʤ ʧʦʚʝʜʝʥʠʠ. ɺ 

ʦʩʪʘʣʴʥʳʭ ʧʦʨʦʜʘʭ ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʧʨʦʙʣʝʤʳ ʣʝʛ-

ʢʦ ʫʩʪʨʘʥʠʤʳ ʧʨʠ ʧʦʤʦʱʠ ʚʣʘʜʝʣʴʮʘ ʠʣʠ ʩʧʝʮʠʘ-

ʣʠʩʪʘ. 
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STUDE OF THE POSSIBILITIES OF FORMATION AND DISTRIBUTION OF RARE ELEMENTS IN 

BRINES OF THE RIPYAT TROUGH  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥ ʛʝʥʝʟʠʩ ʠ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʩʦʣʦʚ ʇʨʠʧʷʪʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʇʨʝʜ-

ʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʝʚʦʥʩʢʠʭ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʇʨʠʧʷʪʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʀʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʦʣʘʭ. ʆʙʦʩʥʦʚʘʥʘ ʧʨʦʤʳʰʣʝʥʥʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʨʘʩʩʦʣʦʚ ʇʨʠʧʷʪʩʢʦʛʦ ʧʨʦʛʠʙʘ. 

Abstract 

This article describes the genesis and the formation of brines of the Pripyat Trough. The classification of 

Devonian aquifers of the Pripyat Trough is presented. The possibilities of accumulation and distribution of rare 

elements in brines are studied. The industrial significance of brines of the Pripyat Trough is substantiated. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʩʦʣʳ, ʇʨʠʧʷʪʩʢʦʡ ʧʨʦʛʠʙ, ʡʦʜ, ʙʨʦʤ, ʩʪʨʦʥʮʠʡ, ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ. 

Key words: brines, Pripyat trough, iodine, bromine, strontium, rare elements. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʟʥʘʯʝ-

ʥʠʝ ʠʟʫʯʝʥʠʶ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʛʠʜ-

ʨʦʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʊʘʢʠʝ ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ, 

ʢʘʢ ʡʦʜ, ʙʨʦʤ, ʩʪʨʦʥʮʠʡ, ʣʠʪʠʡ, ʨʫʙʠʜʠʡ ʠ ʜʨ., 

ʦʙʣʘʜʘʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʢʘʪʠʦʥʦʛʝʥʥʳʤʠ ʠ 

ʘʥʠʦʥʦʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʧʦʩʦʙʥʳ ʥʘʢʘʧʣʠ-

ʚʘʪʴʩʷ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʚʳʰʝ 

ʢʣʘʨʢʦʚʳʭ ʠ ʦʧʨʝʜʝʣʷʶʪ ʪʝʤ ʩʘʤʳʤ ʠʭ ʧʨʦʤʳʰ-

ʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʨʘʩʩʦʣʦʚ ʪʨʝʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠ-

ʧʦʚ: ʭʣʦʨʠʜʥʳʭ ʨʘʩʩʦʣʦʚ ʘʨʪʝʟʠʘʥʩʢʠʭ ʙʘʩʩʝʡʥʦʚ 

(ʧʣʘʪʬʦʨʤ, ʢʨʘʝʚʳʭ ʧʨʦʛʠʙʦʚ, ʤʝʞʛʦʨʥʳʭ ʚʧʘ-

ʜʠʥ); ʫʛʣʝʢʠʩʣʳʭ ʭʣʦʨʠʜʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʛʠʜʨʦ-

ʢʘʨʙʦʥʘʪʥʦ-ʭʣʦʨʠʜʥʳʭ ʦʙʣʘʩʪʝʡ ɽʣʴʩʢʦʡ ʩʢʣʘʜʯʘ-

ʪʦʩʪʠ; ʪʝʨʤʠʥʘʣʴʥʳʭ, ʦʙʳʯʥʦ ʭʣʦʨʠʜʥʳʭ, ʨʝʞʝ ï 

ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʭ ʚʦʜ ʦʙʣʘʩʪʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʚʫʣʢʘʥʠʟʤʘ. 

ɿʥʘʷ, ʢʘʢʦʡ ʵʣʝʤʝʥʪ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʟʚʣʝ-

ʢʘʪʴ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʜʝʣʷʪʩʷ ʥʘ ʡʦʜʥʳʝ, ʙʨʦʤ-

ʥʳʝ, ʙʦʨʦʥʦʩʥʳʝ, ʩʪʨʦʥʮʠʝʥʦʩʥʳʝ ʠ ʪ.ʜ., ʚ ʦʪʥʦ-

ʰʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ï ʥʘ ʡʦʜʦ-

ʙʨʦʤʥʳʝ, ʡʦʜʦ-ʙʨʦʤʥʦ-ʩʪʨʦʥʮʠʝʚʳʝ ʠ ʜʨ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʚʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʰʠʨʦʢʠʡ ʢʦʤʧʣʝʢʩ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚʩʪʨʝʯʝʥʳ, 

ʧʦ ʜʘʥʥʳʤ ɹʝʣʅʀɻʈʀ (ɹʝʣʦʨʫʩʩʢʠʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʡ ʠʥʩʪʠʪʫʪ), 

ʪʦʣʴʢʦ ʚ ʜʝʚʦʥʩʢʠʭ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʇʨʠ-

ʧʷʪʩʢʦʛʦ ʘʨʪʝʟʠʘʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʨʝʩʧʫʙʣʠʢʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʛʝʥʝʟʠʩʘ 

ʚʦʜ ʠ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦ- ʠ ʤʘʢʨʦ-

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜʦʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝ-

ʩʪʚʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʨʝʰʝʥʠʶ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʠ ï 

ʚʳʷʚʣʝʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʝ ʩʧʦʩʦʙ ʠʭ ʚʳʜʝʣʝʥʠʷ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʩʦʣʦʚ ʇʨʠʧʷʪʩʢʦʛʦ ʧʨʦʛʠʙʘ 

ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʢʘʬʝʜʨʝ ʭʠʤʠʠ ʋʯʨʝʞʜʝʥʠʷ ʦʙʨʘ-

ʟʦʚʘʥʠʷ çɻʦʤʝʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨ-

ʩʠʪʝʪʘ ʠʤʝʥʠ ʌ. ʉʢʦʨʠʥʳè.  

ɻʣʫʙʠʥʥʳʝ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʇʨʠʧʷʪʩʢʦʛʦ 

ʙʘʩʩʝʡʥʘ ï ʵʪʦ ʭʣʦʨʠʜʥʳʝ ʨʘʩʩʦʣʳ ʤʝʞʩʦʣʝʚʦʛʦ, 

ʧʦʜʩʦʣʝʚʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʠ ʧʦʜʩʦʣʝʚʦʛʦ ʪʝʨʨʠ-

ʛʝʥʥʦʛʦ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʝʨʭʥʝʛʦ ʠ ʩʨʝʜ-

ʥʝʛʦ ʜʝʚʦʥʘ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʦʪ 270 ʜʦ 440 ʛ/ʣ. 

ʇʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʨʦʤʘ, ʡʦʜʘ, ʩʪʨʦʥʮʠʷ ʠ ʨʝʜʢʠʭ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʩʦʣʘʭ, ʇʨʠʧʷʪʩʢʠʡ ʧʨʦ-

ʛʠʙ ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ ʚ ʤʠʨʝ. ʉʦ-

ʜʝʨʞʘʥʠʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʣʠʪʨʝ ʨʘʩʩʦʣʘ ʧʨʝ-

ʚʦʩʭʦʜʷʪ ʘʥʘʣʦʛʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʫʧʥʳʭ ʙʘʩ-

ʩʝʡʥʦʚ ʭʣʦʨʠʜʥʳʭ ʚʦʜ (ʇʨʠʢʘʩʧʠʡʩʢʦʛʦ, 

ɿʘʧʘʜʥʦʉʠʙʠʨʩʢʦʛʦ, ɼʥʝʧʨʦʚʩʢʦ-ɼʦʥʝʮʢʦʛʦ ʠ ʜʨ.). 

ɺ ʩʚʦʙʦʜʥʦʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʇʨʠ-

ʧʷʪʩʢʦʛʦ ʘʨʪʝʟʠʘʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʚʳʜʝʣʷʝʪʩʷ ʨʷʜ 

ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʦʪʣʦʞʝ-

ʥʠʷʤ ʚʝʨʭʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ, ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ 

ʜʝʚʦʥʘ, ʠ ʪʘʢ ʜʘʣʝʝ, ʪʘʢ ʢʘʢ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʦʙʦ-

ʛʘʱʸʥʥʳʝ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʘʤʠ, ʢʘʢ ʠ ʧʨʦʤʳʰʣʝʥ-

ʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ, ʩʚʷʟʘʥʳ ʩ ʦʪʣʦʞʝʥʠʷ-

ʤʠ ʜʝʚʦʥʘ.  

ɺ ʨʘʟʨʝʟʝ ʜʝʚʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚʳʜʝʣʷʝʪʩʷ 

ʯʝʪʳʨʝ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʠʜ-

ʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦ-

ʙʝʥʥʦʩʪʷʤʠ [1]. 

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʨʝʧ-

ʢʠʝ ʭʣʦʨʠʜʥʳʝ ʨʘʩʩʦʣʳ ʇʨʠʧʷʪʩʢʦʛʦ ʙʘʩʩʝʡʥʘ 
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ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʤʷ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʢʣʘʩʩʘʤʠ: 

ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʳʝ, ʭʣʦʨʠʜʥʦ-

ʥʘʪʨʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʝ ʠ ʭʣʦʨʠʜʥʦ-ʤʘʛʥʠʝʚʦ-

ʢʘʣʴʮʠʝʚʳʝ. 

ʄʘʢʩʠʤʘʣʴʥʦ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʜʦ 440 ʛ/ʣ) ʠ 

ʤʝʪʘʤʦʨʬʦʟʠʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʩʩʦʣʳ ʭʣʦʨʠʜ-

ʥʦ-ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ, 

ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʧʦʜʩʦʣʝʚʳʭ 

ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ, ʣʠʪʦʣʦʛʦ-

ʬʘʮʠʘʣʴʥʦʡ ʠ ʛʝʦʪʝʨʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ, ʧʨʦ-

ʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʮʝʥʥʳʭ ʤʠʢʨʦ-

ʢʦʤʧʦʥʝʥʪʦʚ ʙʨʦʤʘ, ʡʦʜʘ, ʩʪʨʦʥʮʠʷ ʠ ʙʦʨʘ, ʨʝʜʢʠʭ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɹʨʦʤ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʨʘʩʩʦʣʘʭ ʚ ʧʨʦʮʝʩʩʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ. ʅʝ ʦʙʨʘʟʫʷ ʩʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝ-

ʨʘʣʦʚ, ʦʥ ʚʳʜʝʣʷʝʪʩʷ ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ ʚʤʝʩʪʝ ʩ ʭʣʦ-

ʨʠʜʘʤʠ ʚ ʚʠʜʝ ʠʟʦʤʦʨʬʥʦʡ ʧʨʠʤʝʩʠ. ʂʦʵʬʬʠʮʠʝʥ-

ʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʨʦʤʘ ʚ ʭʣʦʨʠʜʘʭ ʤʝʞʜʫ ʪʚʝʨ-

ʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ 

ʝʜʠʥʠʮʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʧʦʩʪʝʧʝʥʥʦ ʢʦʥʮʝʥ-

ʪʨʠʨʦʚʘʪʴʩʷ ʚ ʨʘʩʪʚʦʨʝ ʚʦ ʚʨʝʤʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʩʦʣʝʡ. 

ɺ ʨʘʩʩʦʣʘʭ ʇʨʠʧʷʪʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʙʨʦʤ ʪʝʩʥʦ 

ʩʚʷʟʘʥ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚ ʨʘʩʩʦʣʘʭ ʭʣʦʨʠʜʥʦ-ʤʘʛʥʠʝʚʦ-

ʢʘʣʴʮʠʝʚʦʛʦ ʢʣʘʩʩʘ (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʙʨʦʤʘ ʦʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʭʣʦʨʘ) ʨʘʩʩʦʣʦʚ 

 

ɺ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʙʨʦʤ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʦ ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʭʣʦ-

ʨʘ) ʨʘʩʩʦʣʦʚ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʪʨʦʥʮʠʷ (ʨʠʩ. 3). 

 

 
ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʩʪʨʦʥʮʠʷ ʦʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʭʣʦʨʘ) ʨʘʩʩʦʣʦʚ 

 

ɺ ʧʨʦʮʝʩʩʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʪʨʦʥʮʠʡ ʛʝʦʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥ ʩ ʢʘʣʴʮʠʝʤ. ʄʝʪʦʜʦʤ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʩʪʨʦʥʮʠʷ ʩ ʢʘʣʴʮʠʝʤ, ʤʘʛʥʠʝʤ, ʩʫʣʴʬʘʪʘʤʠ, ʞʝʣʝʟʦʤ ʠ ʛʣʫʙʠʥʦʡ ʟʘʣʝʛʘʥʠʷ 

ʨʘʩʩʦʣʦʚ [3]. 

ʅʝʢʦʪʦʨʦʝ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʦʢʘʟʳʚʘʝʪ ʥʝʬʪʝʥʦʩʥʦʩʪʴ ʥʝʜʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʝʬʪʷʥʳʭ ʟʘʣʝʞʝʡ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʫʣʴʬʘʪʦʚ, ʯʪʦ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʠ ʢʦʥ-

ʮʝʥʪʨʠʨʦʚʘʥʠʶ ʩʪʨʦʥʮʠʷ. 

ʁʦʜ, ʪʠʧʠʯʥʳʡ ʙʠʦʛʝʥʥʳʡ ʵʣʝʤʝʥʪ, ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʩʩʝʷʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ʚ ʧʦʨʦʜʘʭ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 

ʉʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʡʦʜʘ ʚ ʨʘʩʩʦʣʘʭ ʠ ʩʦʜʝʨʞʘʥʠʝ  ʚ ʧʦʨʦʜʘʭ n = 3, p = 0.95 

ʂʦʤʧʣʝʢʩ 
ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ  % ʥʘ 

ʙʝʩʢʘʨʙʦʥʘʪʥʦʝ ʚʝʱʝʩʪʚʦ 
ʉʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʡʦʜʘ, ʤʛ/ʣ 

ʄʝʞʩʦʣʝʚʦʡ  0,86 Ñ  41,40 Ñ 1,86 

ʇʦʜʩʦʣʝʚʦʡ ʢʘʨʙʦʥʘʪʥʳʡ 0,35 Ñ  20,60 Ñ 2,40 

ʇʦʜʩʦʣʝʚʦʡ ʪʝʨʨʠʛʝʥʥʳʡ 0,21 Ñ  10,80 Ñ 0,98 

 

ʇʦʵʪʦʤʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʡʦʜʘ ʚ ʨʘʩʩʦʣʘʭ ʚʩʝʭ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ ʤʝʞʩʦʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʧʦʜʩʦʣʝʚʦʤ ʢʘʨʙʦʥʘʪʥʦʤ 

ʠ ʦʩʦʙʝʥʥʦ ʚ ʧʦʜʩʦʣʝʚʳʭ ʪʝʨʨʠʛʝʥʥʳʭ ʢʦʤʧʣʝʢ-

ʩʘʭ. ʁʦʜ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʜʠʩ-

ʧʝʨʩʥʦʩʪʠ, ʩʧʦʩʦʙʝʥ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʟʥʘʯʠʪʝʣʴ-

ʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʟʘʤʢʥʫʪʳʭ 

ʧʦʣʦʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʥʝʙʦʣʴʰʠʝ ʨʝʟʝʨʚʫʘʨʳ ʚʥʫʪ-

ʨʠʩʦʣʝʚʳʭ ʠ ʤʝʞʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ. ɽʛʦ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʧʦʚʳʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʧʦʜʚʝʨ-

ʞʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʆʙʣʘʜʘʷ 

ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ, ʭʣʦʨʠʜʳ ʨʝʜʢʠʭ ʱʝʣʦʯ-

ʥʳʭ ʤʝʪʘʣʣʦʚ ʥʠʢʦʛʜʘ ʥʝ ʜʦʩʪʠʛʘʶʪ ʥʘʩʳʱʝʥʠʷ ʚ 

ʧʨʠʨʦʜʥʳʭ ʭʣʦʨʠʜʥʳʭ ʚʦʜʘʭ. ʇʦʵʪʦʤʫ ʣʠʪʠʡ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʨʘʩʩʦʣʘʭ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ, ʘ ʨʫʙʠʜʠʡ ʠ ʮʝʟʠʡ ʚʳʚʦʜʠʪʩʷ ʚ 

ʪʚʝʨʜʫʶ ʬʘʟʫ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʘʨʥʘʣʣʠʪʘ, 

ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʱʘʷ ʢʘʣʠʡ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʝʜʢʠʝ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ ʦʙ-

ʣʘʜʘʶʪ ʥʠʟʢʦʡ ʤʠʛʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʭʦ-

ʨʦʰʦ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʇʦ 

ʩʧʦʩʦʙʥʦʩʪʷʤ ʢ ʠʦʥʥʦʤʫ ʦʙʤʝʥʫ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣ-

ʣʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʷʜʫ: 

 

Cs > Rb > K > Na > Zn, 

 

ʢʦʪʦʨʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ 

ʤʦʞʝʪ ʚʠʜʦʠʟʤʝʥʷʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʚ: 

 

Cs > Zn > Rb > K > Na   [2]. 

 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʜʢʠʭ ʱʝ-

ʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠʫʨʦʯʝʥʳ ʢ ʨʘʩʩʦʣʘʤ ʩʝʚʝʨʥʦʡ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʳ ʇʨʠʧʷʪʩʢʦʛʦ ʧʨʦ-

ʛʠʙʘ, ʛʜʝ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʙʦʣʝʝ ʧʨʦʛʨʝʪʳ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʠʩʪʳʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ. 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʨʫʙʠʜʠʷ ʚ ʨʘʩʩʦʣʘʭ ʵʪʦʡ 

ʟʦʥʳ ʜʦʩʪʠʛʘʝʪ 9-11 ʤʛ/ʣ, ʮʝʟʠʷ ï 0,04-0,3 ʤʛ/ʣ. ɺ 

ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʶʞʥʦʡ ʟʦʥʘʭ ʩʨʝʜʥʠʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʧʨʝʚʳʰʘʶʪ 4-5 ʤʛ/ʣ ʠ 0-0,2 

ʤʛ/ʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʙʫʩʣʦʚʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʤʝʱʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʨʝʜʢʦ ʵʣʝʤʝʥʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚ ʇʨʠʧʷʪʩʢʦʤ ʙʘʩʩʝʡʥʝ. ʎʝʥʥʳʝ ʵʣʝʤʝʥʪʳ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʨʘʩʩʦʣʘʤ ʚʩʝʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʢʣʘʩ-

ʩʦʚ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʉʤʝʰʘʥ-

ʥʳʝ ʨʘʩʩʦʣʳ ʠ ʨʘʩʩʦʣʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʪʣʠʯʘʶʪ-

ʩʷ ʚʝʩʴʤʘ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʥʠʭ ʮʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʇʨʠʧʷʪʩʢʦʤ ʙʘʩʩʝʡʥʝ ʧʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʥʥʳʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚʳʜʝʣʷʶʪ 

ʪʨʠ ʪʠʧʘ ʚʦʜ: ʙʨʦʤʥʳʝ, ʡʦʜʦ-ʙʨʦʤʥʦ-

ʩʪʨʦʥʮʠʝʥʦʩʥʳʝ, ʡʦʜʦ-ʙʨʦʤʥʦ-ʩʪʨʦʥʮʠʝʥʦʩʥʦ-

ʨʝʜʢʦʱʝʣʦʯʥʦʤʝʪʘʣʣʴʥʳʝ.  

ɹʨʦʤʥʳʝ ʚʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʦʛʨʘʥʠʯʝʥ-

ʥʳʭ ʫʯʘʩʪʢʘʭ, ʚ ʧʦʜʩʦʣʝʚʦʤ ʢʘʨʙʦʥʘʪʥʦʤ ʠ ʧʦʜʩʦ-

ʣʝʚʦʤ ʪʝʨʨʠʛʝʥʥʦʤ ʢʦʤʧʣʝʢʩʘʤ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʩ-

ʩʦʣʘʤ ʭʣʦʨʠʜʥʦ-ʢʘʣʴʮʠʝʚʦ-ʥʘʪʨʠʝʚʦʛʦ ʢʣʘʩʩʘ. 

ʕʪʦʪ ʪʠʧ ʚʦʜ ʩʣʘʙʦ ʥʘʩʳʱʝʥ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝ-

ʩʪʚʦʤ, ʟʘʣʝʛʘʝʪ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʛʣʫ-

ʙʠʥʘʭ, ʥʦ ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʳ, ʯʪʦʙʳ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʨʦʤʘ ʜʦʩʪʠʛʘʣʘ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ. 

ɺ ʤʝʞʩʦʣʝʚʦʤ ʢʦʤʧʣʝʢʩʝ ʦʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʶʞʥʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʟʦʥʳ ʠ ʚ ʦʪʜʝʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦ-

ʥʳ. ɺ ʧʦʜʩʦʣʝʚʳʭ ʢʦʤʧʣʝʢʩʘʭ ʵʪʦʪ ʪʠʧ ʚʦʜ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʤʝʥʝʝ ʰʠʨʦʢʦ. 

ʁʦʜʦ-ʙʨʦʤʥʦ-ʩʪʨʦʥʮʠʝʥʦʩʥʦ-

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʝ ʚʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʩʦʣʘʤʠ 

ʭʣʦʨʠʜʥʦ-ʥʘʪʨʠʝʚʦʛʦ ʠ ʭʣʦʨʠʜʥʦ-ʤʘʛʥʠʝʚʦ-

ʢʘʣʴʮʠʝʚʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ. ɺ ʤʝʞʩʦʣʝ-

ʚʦʤ ʢʦʤʧʣʝʢʩʝ ʦʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʦʣʴʢʦ ʚ ʮʝʥ-

ʪʨʝ ʩʝʚʝʨʥʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʳ ʠ ʚ 

ʜʝʧʨʝʩʩʠʦʥʥʦʡ ʯʘʩʪʠ ʶʞʥʦʡ ʟʦʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʨʤʘʣʴʥʳʝ (60-80ÁC) ʨʘʩʩʦ-

ʣʳ ʤʝʞʩʦʣʝʚʦʛʦ ʠ ʧʦʜʩʦʣʝʚʦʛʦ ʦʪʣʦʞʝʥʠʡ ʜʝʚʦʥʘ 

ʇʨʠʧʷʪʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʩʦʜʝʨʞʘʪ ʢʦʤʧʣʝʢʩ ʮʝʥʥʳʭ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʧʦʩʪʘʥʦʚʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ 

ʚʳʷʩʥʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  
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THE FUNGUS FUSARIUM LANGSETHIAE ON WHEAT GRAINS IN THE TAMBOV REGION  

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʟʘʨʘʞʝʥʥʦʩʪʠ ʟʝʨʥʘ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʬʫʟʘʨʠʦʟʥʦʡ ʠʥʬʝʢʮʠʝʡ ʙʳʣ ʚʳʷʚʣʝʥ ʛʨʠʙ 

Fusarium langsethiae. ʈʘʥʝʝ ʜʘʥʥʳʡ ʚʠʜ ʥʝ ʙʳʣ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɽʛʦ ʦʪʥʦʩʠʣʠ ʢ ʢʘʪʝʛʦʨʠʠ ʥʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ï Fusarium spp. ʇʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʛʨʠʙʘ, ʝʛʦ ʦʪʣʠʯʠʝ ʦʪ ʙʣʠʟʢʦʛʦ ʢ ʥʝʤʫ ʚʠʜʘ ï Fusarium poae. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʣʘʚʥʳʤ ʦʪ-

ʣʠʯʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʷʚʣʷʝʪʩʷ ʤʝʥʴʰʠʡ ʨʘʟʤʝʨ ʤʠʢʨʦʢʦʥʠʜʠʡ ʛʨʠʙʘ Fusarium langsethiae ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʚʠʜʦʤ Fusarium poae. 

Abstract 

In the study of contamination of spring wheat grain infection with fusarium was identified in the fungus 

Fusarium langsethiae. Previously, this species was not identified in the Tambov region. It was classified as an 

undefined species ï Fusarium spp. The description of the morphological features of the fungus, its difference 

from its close species ï Fusarium poae. It is shown that the main distinguishing feature is the smaller size of the 

microconidia of the fungus Fusarium langsetiae in comparison with the species Fusarium poae. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʰʝʥʠʮʘ, ʟʝʨʥʦ, ʟʘʨʘʞʝʥʥʦʩʪʴ, ʛʨʠʙ Fusarium langsethiae, ʤʠʢʨʦʢʦʥʠʜʠʠ, ʠʜʝʥ-

ʪʠʬʠʢʘʮʠʷ.  

Key words: wheat, grain, contamination, fungus Fusarium langsethiae, microconidia, identification. 

 

ɻʨʠʙʳ ʨʦʜʘ Fusarium ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʨʘʟ-

ʣʠʯʥʳʝ ʙʦʣʝʟʥʠ ʜʠʢʦʨʘʩʪʫʱʠʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. ʅʘ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨʘʭ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʦʪʤʝʯʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝ-

ʚʳʭ ʛʥʠʣʝʡ ʬʫʟʘʨʠʦʟʥʦʡ ʵʪʠʦʣʦʛʠʠ. ʅʘʠʙʦʣʝʝ 

ʦʧʘʩʥʳʤ ʟʘʙʦʣʝʚʘʥʠʝʤ ʧʰʝʥʠʮʳ ʷʚʣʷʝʪʩʷ ʬʫʟʘʨʠ-

ʦʟ ʢʦʣʦʩʘ. ʇʦʤʠʤʦ ʩʥʠʞʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʩ-

ʪʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʨʘʞʝʥʠʷ ʧʘʪʦʛʝʥʦʤ, ʚ ʟʝʨʥʝ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʠʢʦʪʦʢʩʠʥʳ (ʜʝʟʦʢʩʠ-

ʥʠʚʘʣʝʥʦʣ, ʥʠʚʘʣʝʥʦʣ, ʊ-2, ʜʠʘʮʝʪʦʢʩʠʩʮʠʨʧʝʥʦʣ, 

ʟʝʘʨʘʣʝʥʦʥ, ʤʦʥʠʣʠʬʦʨʤʠʥ, ʬʫʤʦʥʠʟʠʥ). ʆʥʠ ʚʳ-

ʟʳʚʘʶʪ ʦʪʨʘʚʣʝʥʠʝ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʠ ʪʝʧʣʦ-

ʢʨʦʚʥʳʭ ʞʠʚʦʪʥʳʭ. ɿʝʨʥʦ ʧʰʝʥʠʮʳ, ʩʦʜʝʨʞʘʱʝʝ 

ʪʦʢʩʠʥʳ ʬʫʟʘʨʠʝʚʳʭ ʛʨʠʙʦʚ ʚʳʰʝ ʧʨʝʜʝʣʴʥʦ ʜʦ-

ʧʫʩʪʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʣʴʟʷ ʫʧʦʪʨʝʙʣʷʪʴ ʥʘ 

ʧʠʱʝʚʳʝ ʠ ʬʫʨʘʞʥʳʝ ʮʝʣʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʣʥʦʩʪʴʶ ʫʩʪʦʡʯʠʚʳʭ ʢ ʬʫʟʘʨʠʦʟʫ ʢʦʣʦʩʘ ʩʦʨʪʦʚ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʧʦʢʘ ʥʝ ʩʦʟʜʘʥʦ. ɺ ʩʚʷʟʠ ʩ ʧʦ-

ʚʩʝʤʝʩʪʥʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ ʛʨʠʙʦʚ ʨʦʜʘ 

Fusarium ʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʚʠʜʦʚ, 

ʢʦʣʦʩ ʠ ʟʝʨʥʦ ʧʰʝʥʠʮʳ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ 

ʦʢʘʟʳʚʘʶʪʩʷ ʟʘʨʘʞʝʥʳ ʵʪʠʤʠ ʧʘʪʦʛʝʥʘʤʠ. ɺ ʶʞ-

ʥʳʭ ʨʝʛʠʦʥʘʭ ʩʪʨʘʥʳ ʬʫʟʘʨʠʦʟ ʢʦʣʦʩʘ ʠʤʝʝʪ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ï ʧʦʷʚʣʝʥʠʝ ʥʘ ʢʦʣʦʩʢʦʚʳʭ 

ʯʝhʫʡʢʘʭ ʨʦʟʦʚʦʛʦ ʤʠʮʝʣʠʷ ʛʨʠʙʘ. ɺ ʫʤʝʨʝʥʥʦʤ 

ʢʣʠʤʘʪʝ ʩʨʝʜʥʝʡ ʧʦʣʦʩʳ ʟʘʨʘʞʝʥʥʦʩʪʴ ʢʦʣʦʩʘ ʠ 

ʟʝʨʥʘ ʥʦʩʠʪ ʩʢʨʳʪʳʡ ʭʘʨʘʢʪʝʨ ʠ ʚʳʷʚʣʷʝʪʩʷ ʪʦʣʴ-

ʢʦ ʧʨʠ ʤʠʢʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ [1, ʩ. 46-50; 2, 22 

ʩ.]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘ-

ʪʝʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʩʴʤʘ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. 

ʇʨʦʙʣʝʤʥʳʡ ʭʘʨʘʢʪʝʨ ʠʤʝʝʪ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʬʫʟʘʨʠʝʚʳʭ ʛʨʠʙʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʨʦʜ 

Fusarium ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠ-

ʜʦʚ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʠʤʝʶʪ ʩʭʦʜʥʳʝ ʤʦʨʬʦʣʦʛʦ-

ʢʫʣʴʪʫʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ. ɼʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʦʧʨʝ-

ʜʝʣʠʪʴ ʠʭ ʤʦʞʝʪ ʣʠʰʴ ʩʧʝʮʠʘʣʠʩʪ ʩ ʚʳʩʦʢʦʡ ʢʚʘ-

ʣʠʬʠʢʘʮʠʝʡ. ʅʦ ʠ ʟʜʝʩʴ ʤʦʛʫʪ ʙʳʪʴ ʥʝʷʩʥʦʩʪʠ. 

ʆʙʳʯʥʦ ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʚʠʜ ʛʨʠʙʘ ʝʛʦ ʦʪʤʝʯʘʶʪ ʢʘʢ çFusarium spp.è. ɺ ʧʦ-

ʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩ ʧʦʷʚʣʝʥʠʝʤ ʇʎʈ-ʘʥʘʣʠʟʘ 

ʵʪʘ ʟʘʜʘʯʘ ʫʧʨʦʩʪʠʣʘʩʴ. ʊʘʢ, ʚʠʜ ʛʨʠʙʘ Fusarium 

langsethiae Torp and Nirenberg (2004) ʫʜʘʣʦʩʴ ʠʜʝʥ-

ʪʠʬʠʮʠʨʦʚʘʪʴ ʣʠʰʴ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠ 

ʟʘʪʝʤ ʚʳʜʝʣʠʪʴ ʚ ʯʠʩʪʫʶ ʢʫʣʴʪʫʨʫ. ʕʪʦʪ ʚʠʜ ʠʤʝʝʪ 

ʙʦʣʴʰʦʝ ʩʭʦʜʩʪʚʦ ʩ ʜʨʫʛʠʤ ʚʠʜʦʤ ï Fusarium poae 

(Peck.) Wollenw. (1913). ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʚʠʜ 

Fusarium langsethiae ʙʳʣ ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥ ʥʘ ʟʝʨʥʝ 

ʷʯʤʝʥʷ ʠʟ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2003 ʛʦʜʫ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʦʥ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʤ 

ʨʝʛʠʦʥʝ, ʂʠʨʦʚʩʢʦʡ, ʆʨʣʦʚʩʢʦʡ, ʊʶʤʝʥʩʢʦʡ ʦʙʣʘ-

ʩʪʷʭ ʠ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ [3, 52 ʩ.]. ɺʝʨʦʷʪʥʦ, 

ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦʪ ʚʠʜ ʛʨʠʙʘ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥ ʠ ʚ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʜʘʥʥʦʤ ʨʝʛʠ-

ʦʥʝ ʥʘ ʧʦʩʝʚʘʭ ʧʰʝʥʠʮʳ ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 
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ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʬʫʟʘʨʠʝʚʳʭ ʛʨʠʙʦʚ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ. ʅʦ 

ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ, ʧʨʠʟʥʘʢʠ ʢʦʪʦʨʳʭ ʥʝ ʧʦʜʭʦʜʠʣʠ 

ʢ ʫʞʝ ʠʟʚʝʩʪʥʳʤ, ʦʪʥʝʩʝʥʳ ʥʘʤʠ ʢ ʢʘʪʝʛʦʨʠʠ 

çFusarium spp.è. ʂ ʠʭ ʯʠʩʣʫ, ʚʝʨʦʷʪʥʦ ʧʨʠʥʘʜʣʝ-

ʞʘʣ ʠ ʚʠʜ Fusarium langsethiae. ʉ ʧʦʷʚʣʝʥʠʝʤ ʦʧʠ-

ʩʘʥʠʷ ʝʛʦ ʤʦʨʬʦʣʦʛʦ-ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʮʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʦ ʚʳʜʝʣʝʥʠʝ 

ʵʪʦʛʦ ʚʠʜʘ ʛʨʠʙʘ ʚ ʯʠʩʪʫʶ ʢʫʣʴʪʫʨʫ ʠ ʝʛʦ ʠʜʝʥʪʠ-

ʬʠʢʘʮʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦ-

ʚʘʣʦʩʴ ʟʝʨʥʦ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʩʦʨʪʘ ɼʘʨʴʷ, ʫʨʦʞʘʷ 

2018 ʛʦʜʘ, ʚʳʨʘʱʝʥʥʦʝ ʚ ʢʦʣʣʝʢʮʠʦʥʥʦʤ ʧʠʪʦʤ-

ʥʠʢʝ ʉʨʝʜʥʝʨʫʩʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻɹʅʋ çʌʅʎ ʠʤ. 

ʀ.ɺ. ʄʠʯʫʨʠʥʘè. ʇʦʜʛʦʪʦʚʢʘ ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʢ 

ʤʠʢʦʣʦʛʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶ-

ʱʝʤ: ʠʭ ʧʨʦʤʳʚʘʣʠ ʚ ʪʝʯʝʥʠʠ ʜʚʫʭ ʯʘʩʦʚ ʧʦʜ 

ʩʪʨʫʝʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ. ʉʪʝʨʠʣʠʟʦʚʘʣʠ ʚ 0,1 

% ʨʘʩʪʚʦʨʝ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʩʝʨʝʙʨʘ (AgNO3) ʚ ʪʝ-

ʯʝʥʠʠ ʦʜʥʦʡ ʤʠʥʫʪʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʝʤʝʥʘ ʧʨʦʤʳ-

ʚʘʣʠ ʩʪʝʨʠʣʴʥʦʡ ʚʦʜʦʡ. ɿʘʪʝʤ ʟʝʨʥʦ ʧʨʦʩʫʰʠʚʘʣʠ 

ʤʝʞʜʫ ʜʚʫʭ ʩʣʦʝʚ ʩʪʝʨʠʣʴʥʦʡ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ 

ʙʫʤʘʛʠ ʠ ʨʘʩʢʣʘʜʳʚʘʣʠ ʚ ʯʘʰʢʠ ʇʝʪʨʠ ʥʘ ʠʩʢʫʩ-

ʩʪʚʝʥʥʫʶ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʏʘʧʝʢʘ. ʏʘʰʢʠ ʇʝʪ-

ʨʠ ʩ ʨʘʟʣʦʞʝʥʥʳʤʠ ʩʝʤʝʥʘʤʠ ʧʰʝʥʠʮʳ ʧʦʤʝʱʘʣʠ 

ʚ ʪʝʨʤʦʩʪʘʪ. ʀʥʢʫʙʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 24,5 ï 25,0Áʉ ʚ ʪʝʯʝʥʠʠ ʜʚʫʭ ʩʫʪʦʢ. ɿʘʪʝʤ 

ʧʨʦʚʦʜʠʣʠ ʠʟʦʣʷʮʠʶ ʛʨʠʙʦʚ ʚ ʦʪʜʝʣʴʥʳʝ ʯʘʰʢʠ 

ʇʝʪʨʠ ʠ ʧʨʦʙʠʨʢʠ ʩ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ. ʉʥʦʚʘ 

ʧʦʤʝʱʘʣʠ ʠʭ ʚ ʪʝʨʤʦʩʪʘʪ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʷʪʴ 

ʩʫʪʦʢ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʳʥʠ-

ʤʘʣʠ ʯʘʰʢʠ ʇʝʪʨʠ ʠ ʧʨʦʙʠʨʢʠ ʠ ʦʩʪʘʚʣʷʣʠ ʠʭ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (20 ï 22Áʉ) ʥʘ ʜʚʦʝ ʩʫʪʦʢ 

ʧʨʠ ʝʩʪʝʩʪʚʝʥʥʦʤ ʦʩʚʝʱʝʥʠʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʨ-

ʬʦʣʦʛʦ-ʢʫʣʴʪʫʨʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ 

15-ʝ ʩʫʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʨʫʢʦʚʦʜʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ [4, 84 ʩ.; 5, 406 ʩ.]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʩʝʤʷʥ ʧʰʝ-

ʥʠʮʳ ʚ ʯʠʩʪʫʶ ʢʫʣʴʪʫʨʫ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʠ ʠʜʝʥ-

ʪʠʬʠʮʠʨʦʚʘʥʦ ʜʚʘ ʚʠʜʘ ʬʫʟʘʨʠʝʚ ï Fusarium poae 

(Peck.) Wollenw. (1913) ʠ Fusarium langsethiae Torp 

and Nirenberg (2004). ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʵʪʠ 

ʚʠʜʳ ʠʤʝʶʪ ʩʭʦʞʠʝ ʧʨʠʟʥʘʢʠ. ʇʦʵʪʦʤʫ ʜʘʣʝʝ, ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʦʜʷʪʩʷ ʠʭ ʤʦʨʬʦʣʦʛʦ-

ʢʫʣʴʪʫʨʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ.  

ʅʘ ʢʫʣʴʪʫʨʝ ʛʨʠʙʘ Fusarium poae ʦʙʨʘʟʦʚʘʣʩʷ 

ʙʝʣʳʡ, ʚʦʟʜʫʰʥʳʡ, ʧʫʰʠʩʪʳʡ ʤʠʮʝʣʠʡ. ʈʝʚʝʨʩ 

ʙʝʣʦ-ʢʨʝʤʦʚʳʡ, ʥʘ ʥʝʢʦʪʦʨʳʭ ʠʟʦʣʷʪʘʭ ʢʘʨʤʠʥʦ-

ʚʦ-ʢʨʘʩʥʳʡ. ʂʦʥʠʜʠʝʥʦʩʮʳ ʚʝʪʚʠʩʪʳʝ, ʦʙʨʘʟʦʚʘ-

ʣʠʩʴ ʥʘ ʛʠʬʘʭ ʚʦʟʜʫʰʥʦʛʦ ʤʠʮʝʣʠʷ. ʂʦʥʠʜʠʦʛʝʥ-

ʥʳʝ ʢʣʝʪʢʠ (ʤʦʥʦʬʠʘʣʠʜʳ) ʠʤʝʣʠ ʭʘʨʘʢʪʝʨʥʫʶ 

ʘʤʧʫʣʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. ʉʧʦʨʦʥʦʰʝʥʠʝ ʙʳʩʪʨʦʝ. 

ʍʣʘʤʠʜʦʩʧʦʨʳ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. ʆʪʤʝʯʝʥʦ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʜʚʫʭ ʪʠʧʦʚ ʢʦʥʠʜʠʡ: ʤʘʢʨʦ- ʠ ʤʠʢʨʦʢʦʥʠ-

ʜʠʡ. ʄʘʢʨʦʢʦʥʠʜʠʠ ʧʨʷʤʳʝ ʠʣʠ ʵʣʣʠʧʪʠʯʝʩʢʠ 

ʠʟʦʛʥʫʪʳʝ, ʩ ʪʨʝʤʷ ʧʝʨʝʛʦʨʦʜʢʘʤʠ. ʆʥʠ ʚʩʪʨʝʯʘ-

ʣʠʩʴ ʨʝʜʢʦ (ʝʜʠʥʠʯʥʳʝ). ʄʠʢʨʦʢʦʥʠʜʠʠ ʦʜʥʦʢʣʝ-

ʪʦʯʥʳʝ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ, ʩʦʙʨʘʥʳ ʚ ʣʦʞʥʳʝ ʛʦ-

ʣʦʚʢʠ. ʌʦʨʤʘ ʤʠʢʨʦʢʦʥʠʜʠʡ ʦʢʨʫʛʣʘʷ ʠʣʠ ʨʝʧʦ-

ʚʠʜʥʘʷ, ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʥʠʭ ʦʩʪʨʦʢʦʥʝʯʥʳʝ. 

ʀʭ ʨʘʟʤʝʨʳ ʩʦʩʪʘʚʠʣʠ 5-8 x 6-10 ʤʢʤ. ʀʟʦʣʷʪʳ 

Fusarium poae ʠʤʝʣʠ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʚʠʜʘ ʬʨʫʢ-

ʪʦʚʳʡ ʟʘʧʘʭ. 

ɻʨʠʙ Fusarium langsethiae ʠʤʝʣ ʩʣʘʙʦʨʘʟʚʠ-

ʪʳʡ, ʩʝʨʦʚʘʪʦ-ʙʝʣʳʡ ʤʠʮʝʣʠʡ. ʂʦʥʠʜʠʝʥʦʩʮʳ ʚʝʪ-

ʚʠʩʪʳʝ. ʈʝʚʝʨʩ ʛʨʷʟʥʦ-ʞʝʣʪʳʡ. ʂʦʣʦʥʠʠ ʠʤʝʣʠ 

ʧʦʨʦʰʠʩʪʳʡ ʚʠʜ ʠʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʩʧʦʨʫʣʠʨʦʚʘʥʠʷ. 

ʄʦʥʦʬʠʘʣʠʜʥʳʝ ʢʦʥʠʜʠʦʛʝʥʥʳʝ ʢʣʝʪʢʠ ʠʤʝʣʠ 

ʘʤʧʫʣʦʚʠʜʥʫʶ ʬʦʨʤʫ. ʄʘʢʨʦʢʦʥʠʜʠʠ ʠ ʭʣʘʤʠʜʦ-

ʩʧʦʨʳ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʄʠʢʨʦʢʦʥʠʜʠʠ ʤʥʦʛʦʯʠʩ-

ʣʝʥʥʳʝ, ʩʦʙʨʘʥʳ ʚ ʣʦʞʥʳʝ ʛʦʣʦʚʢʠ. ʌʦʨʤʘ ʰʘʨʦ-

ʚʠʜʥʘʷ. ʉʨʝʜʠ ʤʠʢʨʦʢʦʥʠʜʠʡ ʚʩʪʨʝʯʘʣʦʩʴ ʤʥʦʛʦ 

ʦʩʪʨʦʢʦʥʝʯʥʳʭ. ʀʭ ʨʘʟʤʝʨʳ ʙʳʣʠ ʤʝʥʴʰʝ ʠ ʩʦʩʪʘ-

ʚʠʣʠ 4-7 x 4-9 ʤʢʤ. ʀʟʦʣʷʪʳ Fusarium langsethiae 

ʥʝ ʠʤʝʣʠ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʛʦ ʟʘʧʘʭʘ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʦʩʥʦʚʥʦʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 

ʚʠʜʘʤʠ Fusarium poae ʠ F. langsethiae ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʨʘʟʤʝʨʘʭ ʠʭ ʤʠʢʨʦʢʦʥʠʜʠʡ. ɽʱʝ ʦʜʥʦ ʭʘʨʘʢʪʝʨ-

ʥʦʝ ʦʪʣʠʯʠʝ ï ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʢʦʥʠʜʠʡ 

ʩ ʦʩʪʨʦʢʦʥʝʯʥʦʡ ʬʦʨʤʦʡ ʫ ʚʠʜʘ Fusarium 

langsethiae. ʇʨʠ ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʠ ʠ ʠʜʝʥʪʠʬʠ-

ʢʘʮʠʠ ʵʪʠʭ ʚʠʜʦʚ ʜʘʥʥʳʝ ʧʨʠʟʥʘʢʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʛʣʘʚʥʳʤ ʦʨʠʝʥʪʠʨʦʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʪʣʠʯʠʷ-

ʤʠ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʤʘʢʨʦʢʦʥʠʜʠʡ ʫ ʚʠʜʘ 

Fusarium langsethiae, ʧʦʨʦʰʠʩʪʳʡ ʚʠʜ ʝʛʦ ʢʦʣʦʥʠʡ, 

ʩʣʘʙʘʷ ʨʘʟʚʠʪʦʩʪʴ ʤʠʮʝʣʠʷ. ʇʨʠʩʫʪʩʪʚʠʝ ʵʪʦʛʦ 

ʚʠʜʘ ʛʨʠʙʘ ʥʘ ʟʝʨʥʝ ʧʰʝʥʠʮʳ ʚ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘ-

ʩʪʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʝʛʦ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʚ ʧʘʪʦʛʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʚʦʟʙʫ-

ʜʠʪʝʣʝʡ ʬʫʟʘʨʠʦʟʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʟʝʨʥʦʚʳʭ ʢʫʣʴ-

ʪʫʨ. 
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TRACKS PREPARATIONS  

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʙʘʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʳʭ ʛʥʠʣʝʡ ʠ ʬʫʟʘ-

ʨʠʦʟʥʦʡ ʠʥʬʝʢʮʠʠ ʩʝʤʷʥ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʬʝʢʮʠʦʥʥʦʤ 

ʬʦʥʝ. ɺ ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʪʳʝ ʢʫʣʴʪʫʨʳ ʛʨʠʙʦʚ Fusarium avenaceum, F. oxysporum ʠ F. 

sporotrichioides. ʇʨʦʚʝʜʝʥʦ ʠʩʧʳʪʘʥʠʝ ʜʚʫʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʬʫʥʛʠʮʠʜʘ ɼʠʚʠʜʝʥʜ 

ʩʪʘʨ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʙʘʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ 

ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʧʘʨʘʪʘ ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʦʪʜʝʣʴʥʦ. ʅʘʠʙʦʣʝʝ 

ʚʳʩʦʢʘʷ (92,0 ï 94,9 %) ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʨʥʝʚʳʭ ʛʥʠʣʝʡ ʠ ʬʫʟʘʨʠʦʟʥʦʡ ʠʥ-

ʬʝʢʮʠʠ ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʦʪʤʝʯʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʘʢʦʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʬʫʥʛʠʮʠʜʦʚ ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʠ 

ɺʠʥʮʠʪ. ʆʪʤʝʯʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʛʨʠʙʦʚ ʨʦʜʘ Fusarium ʢ ʙʘʢʦʚʳʤ ʢʦʤʧʦʟʠ-

ʮʠʷʤ ʧʨʝʧʘʨʘʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʨʘʟʜʝʣʴʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ. 

Abstract 
The influence of side compositions of preparations on the development of root rot and fusarium infection of 

winter wheat seeds was studied. The experiments were carried out on an artificial infectious background. Pure 

cultures of Fusarium avenaceum, F. oxysporum and F. sporotrichioides fungi were used in the experiments. Two 

compositions of preparations based on the Dividend star fungicide were tested. It is shown that the use of tank 

compositions significantly more reduces the level of development of the disease compared with the use of the 

preparation Dividend star separately. The most high (92,0 ï 94,9 %) biological effectiveness against root rot 

and fusarium infection of wheat seeds was detected when using a tank of the composition of the fungicides Divi-

dend star and Vincit. A significant decrease in the resistance of fungi of the genus Fusarium to lateral composi-

tions of preparations was noted compared with their separate use. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʰʝʥʠʮʘ, ʛʨʠʙʳ ʨʦʜʘ Fusarium, ʢʦʨʥʝʚʳʝ ʛʥʠʣʠ, ʬʫʟʘʨʠʦʟʥʘʷ ʠʥʬʝʢʮʠʷ, ʬʫʥʛʠʮʠ-

ʜʳ, ʙʘʢʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ.  

Key word: wheat, fungi of the genus Fusarium, root rot, fusarium infection, fungicides, tank compositions, 

biological effectiveness, resistance. 

 

ʅʘ ʧʦʩʝʚʘʭ ʧʰʝʥʠʮʳ ʚ ʎʝʥʪʨʘʣʴʥʦ-

ʏʝʨʥʦʟʝʤʥʦʤ ʨʝʛʠʦʥʝ ʬʫʟʘʨʠʦʟʥʳʝ ʢʦʨʥʝʚʳʝ ʛʥʠ-

ʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʚʩʝʤʝʩʪʥʦ. ʇʨʠ ʤʠʢʦʣʦʛʠʯʝ-

ʩʢʦʤ ʘʥʘʣʠʟʝ ʠʤʝʥʥʦ ʵʪʠ ʧʘʪʦʛʝʥʳ ï ʛʨʠʙʳ ʨʦʜʘ 

Fusarium, ʚʳʜʝʣʷʶʪʩʷ ʚ ʯʠʩʪʫʶ ʢʫʣʴʪʫʨʫ ʩ ʧʦʨʘ-

ʞʝʥʥʳʭ ʢʦʨʥʝʡ ʨʘʩʪʝʥʠʡ [2, ʩ. 546-553; 3, ʩ. 190-

193]. ɿʘʙʦʣʝʚʘʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʦʙʫʨʝʥʠʷ 

ʧʨʦʨʦʩʪʢʦʚ, ʢʦʣʝʦʧʪʠʣʝ, ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ 

ʢʦʨʥʝʡ, ʫʟʣʘ ʢʫʱʝʥʠʷ. ʏʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʫʭʣʷ-

ʚʦʩʪʴ ʢʦʨʥʝʡ, ʧʦʙʝʣʝʥʠʝ ʩʪʝʙʣʷ (ʙʝʣʦʢʦʣʦʩʦʩʪʴ). ɺ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚ ʢʦʣʦʩʝ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʟʝʨʝʥ. 

ʇʨʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʥʘ ʧʦʨʘʞʝʥ-

ʥʳʭ ʫʯʘʩʪʢʘʭ ʪʢʘʥʠ ʧʦʷʚʣʷʝʪʩʷ ʞʝʣʪʦʚʘʪʳʡ ʠʣʠ 

ʨʦʟʦʚʳʡ ʥʘʣʝʪ ʤʠʮʝʣʠʷ ʛʨʠʙʘ ʩʦ ʩʧʦʨʦʥʦʰʝʥʠʝʤ. 

ɽʩʣʠ ʧʨʦʨʦʩʪʢʠ ʧʦʨʘʞʘʶʪʩʷ ʬʫʟʘʨʠʦʟʥʦʡ ʠʥʬʝʢ-

ʮʠʝʡ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ, ʪʦ ʧʨʦ-

ʠʩʭʦʜʠʪ ʠʭ ʛʠʙʝʣʴ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ï ʠʟʨʝʞʠʚʘʥʠʝ 

ʧʦʩʝʚʦʚ ʢʫʣʴʪʫʨʳ. ʅʘ ʨʘʩʪʝʥʠʷʭ ʧʰʝʥʠʮʳ, ʚʳ-

ʨʦʩʰʠʭ ʠʟ ʟʘʨʘʞʝʥʥʳʭ ʬʫʟʘʨʠʦʟʦʤ ʩʝʤʷʥ ʙʦʣʝʝ 

ʜʨʫʛʠʭ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʦʡ ʛʥʠʣʠ. 

ʉʪʝʙʣʠ ʩʪʘʥʦʚʷʪʩʷ ʥʠʟʢʦʨʦʩʣʳʤʠ, ʫʤʝʥʴʰʘʝʪʩʷ 

ʯʠʩʣʦ ʟʝʨʝʥ ʚ ʢʦʣʦʩʝ, ʩʥʠʞʘʝʪʩʷ ʠʭ ʚʝʩ [5, 22 ʩ.]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʝʚʳ ʧʰʝʥʠʮʳ ʩʪʘʥʦʚʷʪʩʷ ʤʘʣʦʧʨʦ-

ʜʫʢʪʠʚʥʳʤʠ. ʌʫʟʘʨʠʦʟʥʘʷ ʠʥʬʝʢʮʠʷ ʯʘʩʪʦ ʧʝʨʝʜʘ-

ʝʪʩʷ ʩ ʩʝʤʝʥʘʤʠ. ɿʘʨʘʞʝʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʪʘʢʞʝ ʯʝʨʝʟ ʧʦʯʚʫ ʠʣʠ ʩ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʨʝʟʝʨʚʘʪʦʤ ʤʥʦʛʠʭ ʚʠʜʦʚ ʧʘʪʦ-

ʛʝʥʦʚ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤ 

ʧʨʠʝʤʦʤ ʢʦʥʪʨʦʣʷ ʨʘʟʚʠʪʠʷ ʢʦʨʥʝʚʳʭ ʛʥʠʣʝʡ ʷʚ-

ʣʷʝʪʩʷ ʧʨʝʜʧʦʩʝʚʥʦʝ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʩʝʤʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʰʝʥʠʮʳ. ʅʦ ʥʝ ʚʩʝ ʧʨʝʧʘʨʘʪʳ, ʧʨʠʤʝ-

ʥʷʝʤʳʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚʥʳ ʚ 

ʦʪʥʦʰʝʥʠʠ ʛʨʠʙʦʚ ʨʦʜʘ Fusarium. ɼʘʥʥʦʝ ʦʙʩʪʦʷ-

ʪʝʣʴʩʪʚʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 
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ʬʫʥʛʠʮʠʜʦʚ-ʧʨʦʪʨʘʚʠʪʝʣʝʡ ʩʝʤʷʥ ʩʦʟʜʘʚʘʣʠʩʴ ʜʣʷ 

ʙʦʨʴʙʳ ʩ ʛʦʣʦʚʥʝʚʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʟʝʨʥʦʚʳʭ 

ʢʫʣʴʪʫʨ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʥʦʛʠʝ ʚʠʜʳ ʬʫʟʘʨʠʝ-

ʚʳʭ ʛʨʠʙʦʚ ʧʨʦʷʚʣʷʶʪ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ ʭʠʤʠʯʝ-

ʩʢʠʤ ʧʨʝʧʘʨʘʪʘʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤ ʜʠʬ-

ʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʚʳʙʦʨʫ ʬʫʥʛʠʮʠʜʦʚ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʦ 

ʩʢʨʠʥʠʥʛʝ ʠ ʚʳʷʚʣʝʥʠʠ ʩʨʝʜʩʪʚ, ʥʘʠʙʦʣʝʝ ʜʝʡ-

ʩʪʚʝʥʥʳʭ ʚ ʦʪʥʦʰʝʥʠʠ ʚʦʟʙʫʜʠʪʝʣʝʡ ʢʦʨʥʝʚʳʭ 

ʛʥʠʣʝʡ ʟʝʨʥʦʚʳʭ ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ [1, ʩ. 35-37]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʴʶ ʧʨʦʪʠʚ ʬʠʪʦʧʘʪʦʛʝʥʦʚ ʦʙʣʘʜʘʶʪ ʧʨʝʧʘʨʘʪʳ, 

ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʜʝʡʩʪʚʫʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʙʘʢʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ ʬʫʥʛʠʮʠ-

ʜʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʧʦʜʦʙʥʳʭ ʩʨʝʜʩʪʚ ʤʦʞʝʪ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʢʦʨʥʝʚʳʭ ʛʥʠ-

ʣʝʡ ʥʘ ʧʦʩʝʚʘʭ ʧʰʝʥʠʮʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴ 

ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʷʣʘ ʚ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ 

ʙʘʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʬʫʥʛʠʮʠʜʦʚ-ʧʨʦʪʨʘʚʠʪʝʣʝʡ 

ʩʝʤʷʥ ʥʘ ʨʘʟʚʠʪʠʝ ʛʨʠʙʦʚ Fusarium avenaceum, F. 

oxysporum ʠ F. sporotrichioides, ʚʳʟʳʚʘʶʱʠʭ ʢʦʨ-

ʥʝʚʳʝ ʛʥʠʣʠ ʧʰʝʥʠʮʳ ʠ ʦʮʝʥʢʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʜʘʥʥʳʭ ʚʠʜʦʚ ʬʫʟʘʨʠʝʚ ʢ ʧʨʠʤʝʥʷʝʤʳʤ ʩʨʝʜʩʪʚʘʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦ-

ʚʘʣʩʷ ʩʝʤʝʥʥʦʡ ʤʘʪʝʨʠʘʣ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʩʦʨʪʘ 

ʄʠʨʦʥʦʚʩʢʘʷ 808. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʳʪʳʚʘʣʠ 

ʜʚʝ ʙʘʢʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʝʧʘʨʘʪʘ ɼʠ-

ʚʠʜʝʥʜ ʩʪʘʨ (ʩ ʬʫʥʛʠʮʠʜʘʤʠ ɺʠʘʣ ʊʊ ʠ ɺʠʥʮʠʪ). 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʢʦʤʧʦʟʠʮʠʡ ʢʘʞʜʳʡ ʠʟ ʬʫʥʛʠʮʠ-

ʜʦʚ ʧʨʠʤʝʥʷʣʩʷ ʚ ʧʦʣʦʚʠʥʥʦʡ ʥʦʨʤʝ ʨʘʩʭʦʜʘ (50 + 

50 %). ʇʨʠ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʙʘʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʥʘ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʳʭ ʛʥʠʣʝʡ, ʚʳʟʳʚʘʝʤʳʭ ʬʫʟʘ-

ʨʠʝʚʳʤʠ ʛʨʠʙʘʤʠ ʧʨʠʤʝʥʷʣʩʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʨʫʣʦʥʥʳʡ ʤʝʪʦʜ [4, 54 ʩ.]. ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʟʘʨʘʞʝʥʠʠ ʩʝʤʷʥ ʧʰʝ-

ʥʠʮʳ ʚʦʜʥʦʡ ʩʫʩʧʝʥʟʠʝʡ ʢʦʥʠʜʠʡ ʛʨʠʙʘ. ɼʣʷ ʵʪʦʛʦ 

ʦʙʨʘʙʦʪʘʥʥʳʝ ʧʨʝʧʘʨʘʪʘʤʠ ʩʝʤʝʥʘ ʨʘʩʢʣʘʜʳʚʘʣʠ 

ʥʘ ʬʠʣʴʪʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ, ʩʤʦʯʝʥʥʫʶ ʚ ʩʫʩʧʝʥ-

ʟʠʠ ʢʦʥʠʜʠʡ. ʌʠʣʴʪʨʦʚʘʣʴʥʫʶ ʙʫʤʘʛʫ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦ ʨʘʟʤʝʱʘʣʠ ʥʘ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʝ. 

ʉʚʝʨʭʫ ʩʝʤʝʥʘ ʥʘʢʨʳʚʘʣʠ ʫʟʢʦʡ ʧʦʣʠʧʨʦʧʠʣʝʥʦ-

ʚʦʡ ʧʣʝʥʢʦʡ, ʪʘʢʞʝ ʩʤʦʯʝʥʥʦʡ ʚ ʩʫʩʧʝʥʟʠʠ ʢʦʥʠ-

ʜʠʡ. ʇʦʣʠʵʪʠʣʝʥʦʚʫʶ ʧʣʝʥʢʫ ʩ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ 

ʙʫʤʘʛʦʡ ʠ ʨʘʟʣʦʞʝʥʥʳʤʠ ʩʝʤʝʥʘʤʠ ʩʚʦʨʘʯʠʚʘʣʠ ʚ 

ʨʫʣʦʥ, ʢʦʪʦʨʳʡ ʧʦʤʝʱʘʣʠ ʚ ʭʠʤʠʯʝʩʢʠʡ ʩʪʘʢʘʥ. ɺ 

ʩʪʘʢʘʥ ʥʘ ʦʜʥʫ ʧʷʪʫʶ ʚʳʩʦʪʳ ʨʫʣʦʥʘ ʥʘʣʠʚʘʣʠ 

ʚʦʜʥʫʶ ʩʫʩʧʝʥʟʠʶ ʢʦʥʠʜʠʡ ʛʨʠʙʘ. ʉʪʘʢʘʥʳ ʩ ʨʫ-

ʣʦʥʘʤʠ ʨʘʟʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʝ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 

14 ʩʫʪʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 21Áʉ. ɺ ʢʦʥʪʨʦʣʝ ʩʝʤʝʥ-

ʥʦʡ ʤʘʪʝʨʠʘʣ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʥʝ ʦʙʨʘ-

ʙʘʪʳʚʘʣʠ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʚʨʝʤʝʥʠ ʠʥʢʫʙʘʮʠʠ ʨʫ-

ʣʦʥʳ ʨʘʟʚʦʨʘʯʠʚʘʣʠ ʠ ʦʧʨʝʜʝʣʷʣʠ ʫʨʦʚʝʥʴ ʨʘʟʚʠ-

ʪʠʷ ʢʦʨʥʝʚʳʭ ʛʥʠʣʝʡ ʠ ʟʘʨʘʞʝʥʥʦʩʪʴ ʩʝʤʷʥ 

ʬʫʟʘʨʠʦʟʥʦʡ ʠʥʬʝʢʮʠʝʡ. ɺ ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʯʠʩʪʳʝ ʢʫʣʴʪʫʨʳ ʛʨʠʙʦʚ Fusarium avenaceum, F. 

oxysporum ʠ F. sporotrichioides. ʕʪʠ ʚʠʜʳ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʎʏʈ ʠ ʚʳʟʳʚʘʶʪ ʢʦʨʥʝʚʳʝ ʛʥʠ-

ʣʠ ʠ ʬʫʟʘʨʠʦʟʥʫʶ ʠʥʬʝʢʮʠʶ ʩʝʤʷʥ ʧʰʝʥʠʮʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʢʘʞʜʳʤ ʚʠʜʦʤ ʛʨʠʙʘ ʧʨʦʚʦʜʠ-

ʣʠʩʴ ʦʪʜʝʣʴʥʦ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʯʠʪʳ-

ʚʘʣʠ ʩʨʝʜʥʶʶ ʚʝʣʠʯʠʥʫ. ɹʠʦʣʦʛʠʯʝʩʢʫʶ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʠʩʧʳʪʳʚʘʝʤʳʭ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʷʣʠ ʧʦ 

ʦʙʱʝʧʨʠʥʷʪʦʡ ʬʦʨʤʫʣʝ. ʋʨʦʚʝʥʴ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʛʨʠʙʦʚ ʢ ʭʠʤʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʘʤ ʦʧʨʝʜʝʣʷʣʠ, ʢʘʢ 

ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʥʘʠʚʳʩʰʝʡ ʧʨʦʮʝʥʪʥʦʡ ʚʝʣʠʯʠʥʦʡ 

(100 %) ʠ ʟʥʘʯʝʥʠʝʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʦʧʳʪʘʭ:  

 

RS = 100 % ï ɹ.ʕ.,  (1) 

 

ʛʜʝ: RS ï ʫʨʦʚʝʥʴ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ (%) 

ɹ.ʕ. ï ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ (%). 

ɺ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʫʨʦʚʝʥʴ ʨʝʟʠʩʪʝʥʪ-

ʥʦʩʪʠ (Rs) ʦʪʨʘʞʘʣ ʜʦʣʶ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʥʘʯʘʣʘ 

ʛʨʠʙʘ (ʚ ʧʨʦʮʝʥʪʘʭ), ʩʧʦʩʦʙʥʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʬʫʥʛʠʮʠʜʘ ʟʘʨʘʞʘʪʴ ʩʝʤʝʥʘ ʠ ʚʳʟʳʚʘʪʴ ʢʦʨʥʝʚʫʶ 

ʛʥʠʣʴ ʧʰʝʥʠʮʳ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩ-

ʧʳʪʳʚʘʝʤʳʝ ʩʨʝʜʩʪʚʘ ʦʢʘʟʘʣʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʣʠʷ-

ʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʢʦʨʥʝʚʳʭ ʛʥʠʣʝʡ ʦʟʠʤʦʡ ʧʰʝʥʠ-

ʮʳ. ɺʠʜʳ ʛʨʠʙʦʚ Fusarium avenaceum, F. 

oxysporum ʠ F. sporotrichioides ʚ ʮʝʣʦʤ ʧʨʦʷʚʣʷʣʠ 

ʥʠʟʢʠʡ (5,1 %) ʠ ʩʨʝʜʥʠʡ (13,7 %) ʫʨʦʚʝʥʴ ʨʝʟʠ-

ʩʪʝʥʪʥʦʩʪʠ ʢ ʠʩʧʳʪʳʚʘʝʤʳʤ ʢʦʤʧʦʟʠʮʠʷʤ ʬʫʥʛʠ-

ʮʠʜʦʚ (ʪʘʙʣʠʮʘ 1). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʭ ʙʠʦʣʦʛʠʯʝ-

ʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 94,9 % (ɼʠʚʠʜʝʥʜ 

ʩʪʘʨ ʂʉ, 0,5 ʣ/ʪ + ɺʠʥʮʠʪ ʉʂ, 1 ʣ/ʪ) ʠ 86,3 % (ɼʠ-

ʚʠʜʝʥʜ ʩʪʘʨ ʂʉ, 0,5 ʣ/ʪ + ɺʠʘʣ ʊʊ ɺʉʂ, 0,2 ʣ/ʪ). 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʧʘʨʘʪʘ ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʂʉ ʚ ʧʦʣʦ-

ʚʠʥʥʦʡ ʥʦʨʤʝ ʨʘʩʭʦʜʘ (0,5 ʣ/ʪ) ʩʥʠʞʘʣʦ ʨʘʟʚʠʪʠʝ 

ʢʦʨʥʝʚʳʭ ʛʥʠʣʝʡ ʥʘ 58,3 %. ʈʝʟʠʩʪʝʥʪʥʦʩʪʴ ʬʫʟʘ-

ʨʠʝʚ ʢ ʬʫʥʛʠʮʠʜʫ ʚ ʩʥʠʞʝʥʥʦʡ ʜʦʟʝ ʦʢʘʟʘʣʘʩʴ ʜʦ-

ʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ï 41,7 %. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘ-

ʨʘʪʘ ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʂʉ ʚ ʧʦʣʥʦʡ ʥʦʨʤʝ ʨʘʩʭʦʜʘ (1 

ʣ/ʪ) ʩʦʩʪʘʚʠʣʘ 75,7 %, ʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʠʟʫʯʘʝʤʳʭ 

ʚʠʜʦʚ ʛʨʠʙʦʚ ʢ ʵʪʦʤʫ ʩʨʝʜʩʪʚʫ ï 24,3 %.  

ʊʘʙʣʠʮʘ 1 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʙʘʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʬʫʥʛʠʮʠʜʘ ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʚ ʦʪʥʦʰʝʥʠʠ ʚʦʟʙʫʜʠʪʝ-

ʣʝʡ ʢʦʨʥʝʚʳʭ ʛʥʠʣʝʡ ï ʛʨʠʙʦʚ Fusarium avenaceum, F. oxysporum ʠ F. sporotrichioides ʠ ʨʝʟʠʩʪʝʥʪ-

ʥʦʩʪʴ ʧʘʪʦʛʝʥʦʚ ʢ ʭʠʤʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʘʤ 

ɹʘʢʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ  

ʠ ʥʦʨʤʳ ʨʘʩʭʦʜʘ ʧʨʝʧʘʨʘʪʦʚ 

ʂʦʨʥʝʚʳʝ ʛʥʠʣʠ 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, % ʈʝʟʠʩʪʝʥʪʥʦʩʪʴ, % 

ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʂʉ,1 ʣ/ʪ 75,7 24,3 

ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʂʉ,0,5 ʣ/ʪ 58,3 41,7 

ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʂʉ,0,5 ʣ/ʪ  

+ ɺʠʘʣʊʊ ɺʉʂ,0,2 ʣ/ʪ 
86,3 13,7 

ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʂʉ,0,5 ʣ/ʪ  

+ ɺʠʥʮʠʪ ʉʂ,1 ʣ/ʪ 
94,9 5,1 
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ɺ ʦʪʥʦʰʝʥʠʠ ʬʫʟʘʨʠʦʟʥʦʡ ʠʥʬʝʢʮʠʠ ʩʝʤʷʥ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʅʦ ʟʜʝʩʴ ʙʠʦ-

ʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʳʪʳʚʘʝʤʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʝʧʘʨʘʪʦʚ ʙʳʣʘ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʠ ʩʦʩʪʘʚʠʣʘ 92,0 

% (ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʂʉ, 0,5 ʣ/ʪ + ɺʠʥʮʠʪ ʉʂ, 1 ʣ/ʪ) ʠ 80,3 % (ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʂʉ, 0,5 ʣ/ʪ + ɺʠʘʣ ʊʊ ɺʉʂ, 

0,2 ʣ/ʪ). ʈʝʟʠʩʪʝʥʪʥʦʩʪʴ ʬʫʟʘʨʠʝʚ ʢ ʵʪʠʤ ʩʨʝʜʩʪʚʘʤ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʥʠʟʢʦʤ (8,0 %) ʠ ʩʨʝʜʥʝʤ (19,7 %) 

ʫʨʦʚʥʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʧʘʨʘʪʘ ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʚ ʧʦʣʥʦʡ ʥʦʨʤʝ ʨʘʩʭʦʜʘ ʩʥʠʞʘʣʦ ʧʦʨʘʞʝ-

ʥʠʝ ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʬʫʟʘʨʠʦʟʥʦʡ ʠʥʬʝʢʮʠʝʡ ʥʘ 59,1 %, ʚ ʧʦʣʦʚʠʥʥʦʡ ï ʥʘ 37,2 %.  

ʊʘʙʣʠʮʘ 2  

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʙʘʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʬʫʥʛʠʮʠʜʘ ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʚ ʦʪʥʦʰʝʥʠʠ ʬʫʟʘʨʠʦʟ-

ʥʦʡ ʠʥʬʝʢʮʠʠ ʩʝʤʷʥ, ʚʳʟʳʚʘʝʤʦʡ ʛʨʠʙʘʤʠ Fusarium avenaceum, F.oxysporum ʠ F.sporotrichioides ʠ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʧʘʪʦʛʝʥʦʚ ʢ ʭʠʤʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʘʤ 

ɹʘʢʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ  

ʠ ʥʦʨʤʳ ʨʘʩʭʦʜʘ ʧʨʝʧʘʨʘʪʦʚ 

ʌʫʟʘʨʠʦʟʥʘʷ ʠʥʬʝʢʮʠʷ ʩʝʤʷʥ 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, % ʈʝʟʠʩʪʝʥʪʥʦʩʪʴ, % 

ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʂʉ,1ʣ/ʪ 59,1 40,9 

ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʂʉ,0,5ʣ/ʪ 37,2 62,8 

ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʂʉ,0,5ʣ/ʪ  

+ ɺʠʘʣʊʊ ɺʉʂ,0,2 ʣ/ʪ 
80,3 19,7 

ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʂʉ, 0,5 ʣ/ʪ  

+ ɺʠʥʮʠʪ ʉʂ,1 ʣ/ʪ 
92,0 8,0 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʙʘʢʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʝʧʘʨʘʪʘ ɼʠʚʠ-

ʜʝʥʜ ʩʪʘʨ ʠ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʚʠʜʦʚ ʛʨʠʙʦʚ Fusarium avenaceum, F. oxysporum ʠ 

F. sporotrichioides ʢ ʧʨʠʤʝʥʷʝʤʳʤ ʩʨʝʜʩʪʚʘʤ. ɺʳ-

ʷʚʣʝʥʘ ʢʦʤʧʦʟʠʮʠʷ ʬʫʥʛʠʮʠʜʦʚ (ɼʠʚʠʜʝʥʜ ʩʪʘʨ 

ʂʉ, 0,5 ʣ/ʪ + ɺʠʥʮʠʪ ʉʂ, 1 ʣ/ʪ), ʦʙʣʘʜʘʶʱʘʷ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ (92,0 ï 94,9 %) ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʨʥʝʚʳʭ ʛʥʠʣʝʡ ʠ ʬʫʟʘʨʠʦʥʦʡ ʠʥ-

ʬʝʢʮʠʠ ʩʝʤʷʥ ʧʰʝʥʠʮʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʙʘʢʦʚʳʝ 

ʢʦʤʧʦʟʠʮʠʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʥʠ-

ʞʘʣʠ ʧʦʨʘʞʝʥʠʝ ʨʘʩʪʝʥʠʡ ʚʳʰʝʥʘʟʚʘʥʥʳʤʠ ʧʘʪʦ-

ʛʝʥʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʜʝʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʧʨʝʧʘʨʘʪʘ ɼʠʚʠʜʝʥʜ ʩʪʘʨ ʚ ʧʦʣʥʦʡ ʥʦʨʤʝ ʨʘʩ-

ʭʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʧʨʘʢʪʠʢʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʚʳʙʦʨʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ.  
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Abstract 

The article presents the basic requirements: zootechnical and sanitary to systems for ensuring microclimate 

in barns, pig houses, poultry houses, the provision of which, within established limits, with sanitary norms and 

rules contribute to the preservation of animal health and the provision of animal products. 
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Zoohygiene begins with the protection of live-

stock facilities from the introduction of infections and 

ends with the development of measures for the dispos-

al of industrial waste [4]; it prevents the aerogenic 

pathway of the spread of microorganisms, develops 

veterinarian ruptures and sanitary protection zones; 

forms the principles of filling and emptying the prem-

ises, preventive breaks in sections, determines the 

number of animals in sections and rooms, as well as 

optimal conditions for keeping, feeding, watering and 

caring for animals to receive from them ecologically 

clean, safe for humans products that meet modern 

regulations and GOSTs [1]. 

The microclimate of livestock premises is a set of 

physical and chemical factors that have formed within 

them the air environment. The most important pa-

rameters of the microclimate include: temperature and 

relative humidity, speed of its movement, chemical 

composition, and the presence of suspended dust par-

ticles and microorganisms.  

When assessing the chemical composition of air, 

first of all, determine the content of harmful gases: 

carbon dioxide, ammonia, hydrogen sulfide, carbon 

monoxide, the presence of which reduces the body's 

resistance to diseases. Important factors affecting the 

formation of the microclimate are also illumination; 

the temperature of the inner surfaces of the enclosing 

structures, which determines the dew point (the point 

of condensation); the value of radiant heat exchange 

between these structures and animals; air ionization 

[3]. 

Zootechnical and sanitary-hygienic requirements 

for the maintenance of animals and birds are reduced 

to ensure that all indicators of the microclimate in the 

premises are strictly maintained within the established 

norms of technological design. These norms are ap-

pointed taking into account the technical conditions 

and determine the permissible changes in temperature, 

relative humidity, air flow rate, as well as indicate the 

maximum permissible content of harmful gases in the 

indoor air. 

According to SP 106.13330.2012 "Livestock, 

poultry and livestock buildings and premises. The 

updated edition of SNiP 2.10.03-84 (with Change N 

1)" all livestock and poultry buildings shall be 

equipped with ventilation. The need for heating (cool-

ing) of these buildings, as well as the performance of 

heating (cooling) and ventilation systems should be 

determined by calculation, depending on the specified 

parameters of indoor and outdoor air, heat, moisture 

and gas emissions by animals and birds (taking into 

account changes in the process of their growth) in the 

premises, heat from operating equipment, heat from 

solar radiation, heat loss through enclosing structures, 

heat loss with air infiltration through leaks in the fenc-

es [2]. 

 Air conditioning in the premises for keeping an-

imals and poultry is allowed to provide for the re-

quirements of technology, if the specified parameters 

of the microclimate of the premises can not be provid-

ed with ventilation, including ventilation with evapo-

rative cooling of the air. 

In rooms for the maintenance of animals, nutria, 

rabbits and birds in cases when heat losses are not 

compensated by heat releases, it is necessary to pro-

vide air heating combined with supply ventilation. In 

the maternity wards of cattle, in the premises for keep-

ing sows with piglets, young rabbits and poultry, it is 

allowed to use heating systems with local heating de-

vices. For heating of suckling pigs and young birds, 

young birds should be provided for local heating sys-

tems [2]. 

In General, the treatment of supply air includes 

dust removal, odour removal (deodorization), decon-

tamination (disinfection), heating, humidification (or 

dehumidification) and cooling. When developing a 

technological scheme for processing the supply air, 

this process is sought to make the most; economical, 

and automatic control ð the most simple. In addition, 

the rooms should be dry, warm, well-lit and isolated 

from external noise. 

The deviation of the microclimate parameters in 

the premises from the established limits leads to a 

decrease in milk yield by 10-20 %, a decrease in 

weight gain by 20-30 %, an increase in waste" of 

young animals to 5-40 %, a decrease in egg 

production of chickens by 30ð 35 %, to the 

Consumption of additional amounts of feed, a 

reduction in the service life of equipment, machines 

and buildings themselves, a decrease in animal 

resistance to various diseases. 

Thus, in order to preserve the health of farm 

animals, and as a result of obtaining meat and dairy 

products, it is necessary to provide a microclimate of 

the premises where the animals are kept. In 

maintaining the parameters of the microclimate at the 

level of zootechnical and sanitary requirements, an 

important role is played by the design of doors, gates, 

the presence of vestibules that open when distributing 

feed and manure by mobile feeders, robotic systems, 

respectively, both in summer and in winter. 

Hydrogen sulfide and other gases in large 
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quantities affect the cardiovascular, nervous, 

respiratory system. Pathologically affecting the body 

can lead to the development of diseases and even 

death of both animals and maintenance personnel. 

Rooms are often overcooled, and animals suffer 

from colds. Microclimate standards for different types 

of premises are given in table 1, and maximum 

permissible concentrations of harmful gases ð in 

table 2. 

Table 1 

Parameters of the microclimate of livestock buildings 
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Table 2 

Maximum permissible concentrations of harmful substances gases in the air of livestock  

and poultry premises 

ɺʨʝʜʥʦʜʝʡʩʪʚʫʶʱʠʡ ʛʘʟ 
ʇʦʤʝʱʝʥʠʷ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʝ ʧʪʠʮʝʚʦʜʯʝʩʢʠʝ 

ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ, % 

ɸʤʤʠʘʢ, ʤʛ/ʣ 

ʉʝʨʦʚʦʜʦʨʦʜ, ʤʛ/ʣ 

0,25 

0,02 

0,01 

0,18-0,20 

0,01 

0,005 
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ʉHARACTERIZATION OF THE ORIGINAL MATERIAL OF WINTER BARLEY FOR 

RESISTANCE TO DARK BROWN BLOCH  

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ ʠʟʫʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʠʥʠʡ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ ʢ ʪʝʤʥʦ-ʙʫʨʦʡ ʧʷʪʥʠʩʪʦʩʪʠ ʣʠ-

ʩʪʴʝʚ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ  

Abstract 

The study shows the study of the resistance of winter barley lines to dark brown bloch in field conditions. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʟʠʤʳʡ ʷʯʤʝʥʴ, ʪʝʤʥʦ-ʙʫʨʘʷ ʧʷʪʥʠʩʪʦʩʪʴ ʣʠʩʪʴʝʚ, ʫʩʪʦʡʯʠʚʦʩʪʴ, Bipolaris so-

rokiniana 

Key words: winter barley, dark brown bloch, resistance, Bipolaris sorokiniana 

 

ʗʯʤʝʥʴ ï ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴ-

ʪʫʨ ʚ ʤʠʨʦʚʦʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ. ɽʝ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʦ - ʟʝʨʥʦ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʥʘ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʝ, ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʢʦʨ-

ʤʦʚʳʝ ʮʝʣʠ. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʠʣʘ ʰʠʨʦʢʠʡ ʘʨʝʘʣ ʚʦʟʜʝʣʳʚʘʥʠʷ ʠ ʚʦʩ-

ʪʨʝʙʦʚʘʥʥʦʩʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ [1, 3]. 

ɼʣʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʵʪʦ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʦʨʤʦʚ, ʟʝʨʥʦ ʷʯʤʝʥʷ ʩʦʜʝʨʞʠʪ 

68 % ʫʛʣʝʚʦʜʦʚ, 7-18 % ʙʝʣʢʘ, 2,1 % ʞʠʨʘ, 1,5-2,5 

% ʟʦʣʳ ʠ 3-5 % ʢʣʝʪʯʘʪʢʠ. ʕʪʦ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚ-

ʥʘʷ, ʩʢʦʨʦʩʧʝʣʘʷ, ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʘʷ ʠ ʭʦʣʦʜʦʩʪʦʡ-

ʢʘʷ ʢʫʣʴʪʫʨʘ, ʥʝ ʪʨʝʙʦʚʘʪʝʣʴʥʘʷ ʢ ʤʝʭʘʥʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʧʦʯʚʳ [2].  

ɹʣʘʛʦʜʘʨʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, 

ʷʯʤʝʥʴ ʩʪʘʣ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʢʫʣʴʪʫʨʦʡ 

ʚ ʤʠʨʦʚʦʤ ʟʝʤʣʝʜʝʣʠʠ. ɽʛʦ ʘʨʝʘʣ ʦʭʚʘʪʳʚʘʝʪ ʩʘ-

ʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʟʦʥʳ 

ï ʦʪ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ ʜʦ ʩʫʙʪʨʦʧʠʢʦʚ. ʆʥ ʧʨʠʩʧʦ-

ʩʦʙʣʝʥ ʢ ʚʳʨʘʱʠʚʘʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʘ, ʟʘʩʫʭʠ, 

ʱʝʣʦʯʥʳʭ ʠ ʟʘʩʦʣʝʥʥʳʭ ʧʦʯʚ. ʀʟ-ʟʘ ʙʦʣʴʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʦʯʚʳ, ʷʯʤʝʥʴ ʤʦʞ-

ʥʦ ʚʳʨʘʱʠʚʘʪʴ ʚ ʨʘʡʦʥʘʭ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʭʦʜʷʪ 

ʜʣʷ ʧʰʝʥʠʮʳ [4, 5]. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʧʦʧʫʣʷʨʥʦʩʪʠ ʷʯ-

ʤʝʥʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʳʩʦʢʘʷ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʫ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ. 

ʉʘʤʦʡ ʢʨʫʧʥʦʡ ʩʪʨʘʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʷʯ-

ʤʝʥʷ ʩʯʠʪʘʝʪʩʷ ʈʦʩʩʠʷ. ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ ʩʨʝʜʠ 

ʩʫʙʲʝʢʪʦʚ ʈʌ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʧʦ ʚʘʣʦʚʳʤ 

ʩʙʦʨʘʤ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ, ʛʜʝ ʦʥʠ ʜʦʩʪʠʛʘʶʪ 930 

ʪʳʩ. ʪʦʥʥ (çɸɹ-ʎʝʥʪʨè) ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 6,1 % ʦʪ 

ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʈʦʩʩʠʠ [8].  

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ 

ʧʦʣʫʯʝʥʠʶ ʚʳʩʦʢʠʭ ʫʨʦʞʘʝʚ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʟʝʨʥʘ 

ʷʯʤʝʥʷ, ʷʚʣʷʶʪʩʷ ʙʦʣʝʟʥʠ ʚʳʟʳʚʘʝʤʳʝ ʛʝʤʠʙʠʦ-

ʪʨʦʬʥʳʤʠ ʧʘʪʦʛʝʥʘʤʠ [3]. 

 ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʠʪʩʷ ʪʝʤʥʦ-ʙʫʨʘʷ ʧʷʪʥʠ-

ʩʪʦʩʪʴ ï ʚʦʟʙʫʜʠʪʝʣʴ - ʘʩʢʦ-ʤʠʮʝʪ Cochliobolus 

sativus (S. Ito & Kurib.) Drechsler ex Dastur 

(Bipolaris sorokiniana (Sacc.) Shoemaker. 

ɺʦʟʙʫʜʠʪʝʣʴ ʪʸʤʥʦ-ʙʫʨʦʡ ʧʷʪʥʠʩʪʦʩʪʠ ʠʤʝʝʪ 

ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠ ʚʳʟʳʚʘʝʪ 

ʨʘʟʣʠʯʥʳʝ ʩʠʤʧʪʦʤʳ. ʆʯʝʥʴ ʚʘʞʥʘ ʧʨʘʚʠʣʴʥʘʷ 

ʜʠʘʛʥʦʩʪʠʢʘ ʚʦʟʙʫʜʠʪʝʣʝʡ ʧʨʠ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʪʘʢ ʢʘʢ ʦʥʘ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʙʦ-

ʣʝʟʥʠ ʥʘ ʧʦʩʝʚʘʭ. 

ʇʨʠ ʩʠʣʴʥʦʤ ʨʘʟʚʠʪʠʠ ʧʷʪʥʠʩʪʦʩʪʠ ʩʥʠʞʝʥʠʝ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʦʣʦʩʴʝʚ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 15 

%, ʢʦʣʠʯʝʩʪʚʘ ʟʝʨʝʥ ʚ ʢʦʣʦʩʝ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 20 

%, ʘ ʩʙʦʨʘ ʩʦʣʦʤʳ ʥʘ 32 % ʠ ʚ ʮʝʣʦʤ ʩʥʠʞʝʥʠʝ 

ʫʨʦʞʘʡʥʦʩʪʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 36ï50 % ʠ ʙʦʣʝʝ [5, 

6]. 

ɺʨʝʜʦʥʦʩʥʦʩʪʴ ʙʦʣʝʟʥʠ ʩʦʩʪʦʠʪ ʚ ʧʨʷʤʳʭ ʧʦ-

ʪʝʨʷʭ ʫʨʦʞʘʷ ʠʟ-ʟʘ ʩʥʠʞʝʥʥʦʛʦ ʬʦʪʦʩʠʥʪʝʟʘ ʨʘʩ-

ʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ ʩʥʠʞʝʥʠʠ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ, ʢʦʪʦʨʦʝ 

ʷʚʣʷʝʪʩʷ ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʣʦʜʘ ʚ 

ʧʠʚʦʚʘʨʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɺ ʩʠʩʪʝʤʝ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʦʪ ʙʦʣʝʟʥʠ 

ʦʩʦʙʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʩʪʦʡʯʠʚʳʭ ʢ ɺ. Sorokiniana ʩʦʨʪʦʚ.  

ʎʝʣʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʘʩʴ ʠʤʤʫʥʦ-

ʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ 

ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʪʝʤʥʦ-ʙʫʨʦʡ ʧʷʪʥʠʩʪʦʩʪʠ ʣʠʩʪʴʝʚ 

ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʬʝʢʮʠʦʥʥʦʤ ʬʦʥʝ ʠ ʠʭ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʷ ʧʦ ʪʠʧʘʤ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʄʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ, ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʦʧʳʪʥʦʤ ʧʦʣʝ ʌɻɹʅʋ ɺʅʀʀɹɿʈ ʦʩʝʥʴʶ 

2016 ʛʦʜʘ ʙʳʣ ʚʳʩʝʷʥ ʥʘʙʦʨ ʠʟ 23 ʣʠʥʠʠ ʦʟʠʤʦʛʦ 

ʷʯʤʝʥʷ, ʨʘʟʣʠʯʥʳʭ ʦʨʠʛʠʥʘʪʦʨʦʚ, ʜʣʷ ʦʮʝʥʢʠ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʟʙʫʜʠʪʝʣʶ ʪʝʤʥʦ-ʙʫʨʦʡ ʧʷʪʥʠ-

ʩʪʦʩʪʠ. ʇʦʩʝʚ ʧʨʦʠʟʚʦʜʠʣʠ ʚ ʪʨʝʭʢʨʘʪʥʦʡ ʧʦʚʪʦʨ-

ʥʦʩʪʠ ʥʘ ʜʝʣʷʥʢʘʭ ʧʣʦʱʘʜʴʶ 2 ʤ2. 

ʇʦʩʝʚ ʙʳʣ ʧʨʦʚʝʜʝʥ 19 ʩʝʥʪʷʙʨʷ 2016 ʛʦʜʘ. 

ʇʨʝʜʰʝʩʪʚʝʥʥʠʢ ï ʧʘʨ. ɼʝʣʷʥʢʠ ʨʘʩʧʦʣʘʛʘʣʠ ʚ 

ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: ʢʦʥʪʨʦʣʴ, ʟʘʱʠʱʝʥʥʳʡ ʬʫʥʛʠʮʠ-

ʜʦʤ ɸʣʴʪʦ ʉʫʧʝʨ, ʂʉ ʠ ʠʥʬʝʢʮʠʦʥʥʳʡ ʫʯʘʩʪʦʢ. ɺ 

ʢʘʞʜʦʤ ʚʘʨʠʘʥʪʝ ʩʦʨʪʘ ʚʳʩʝʚʘʣʠ ʚ ʪʨʝʭʢʨʘʪʥʦʡ 

ʧʦʚʪʦʨʥʦʩʪʠ ʥʘ ʜʝʣʷʥʢʘʭ ʧʣʦʱʘʜʴʶ 2 ʤ2. ʇʝʨʚʳʡ 

ʫʯʝʪ ʙʦʣʝʟʥʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʤʦʤʝʥʪ ʧʝʨʚʠʯʥʦʛʦ 

ʧʨʦʷʚʣʝʥʠʷ, ʧʦʩʣʝʜʫʶʱʠʝ ï ʩ ʠʥʪʝʨʚʘʣʦʤ 10-12 

ʩʫʪʦʢ ʜʦ ʬʘʟʳ ʤʦʣʦʯʥʦ-ʚʦʩʢʦʚʦʡ ʩʧʝʣʦʩʪʠ ʟʝʨʥʘ 

ʧʦ ʰʢʘʣʝ ɹʘʙʘʷʥʮʘ ʠ ʜʨ. [2]: 

0-5 % - ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʠ ʚʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

10-15 % - ʫʩʪʦʡʯʠʚʦʩʪʴ 

25 % - ʩʣʘʙʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ  

30-65 % - ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 

90-100 % - ʚʳʩʦʢʘʷ ʠ ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʚʦʩʧʨʠ-

ʠʤʯʠʚʦʩʪʴ. 

ʂʦʥʪʨʦʣʴ ʧʦ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ - ʩʦʨʪ ʉʪʨʘʪʝʛ. 

ʆʩʥʦʚʥʳʤʠ ʬʠʪʦʧʘʪʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪ-

ʨʘʤʠ ʦʮʝʥʢʠ ʣʠʥʠʡ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʘʪʦʛʝʥʫ 

ʷʚʣʷʣʠʩʴ ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʠ (ʚ ʧʨʦʮʝʥʪʘʭ) ʠ 

ʧʣʦʱʘʜʴ ʧʦʜ ʢʨʠʚʦʡ ʨʘʟʚʠʪʠʷ ʙʦʣʝʟʥʠ (ʇʂʈɹ). 

ɿʥʘʷ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʜ ʢʨʠʚʦʡ ʨʘʟʚʠʪʠʷ ʙʦ-

ʣʝʟʥʠ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʣʠʥʠʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʦ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʦʨʪʘ, ʥʘʭʦʜʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʙʦʣʝʟʥʠ (ʀʋ): 

ʀʋ+ʇʂʈɹ ʩʦʨʪʘ/ʇʂʈɹ ʢʦʥʪʨʦʣʷ. ɿʘʪʝʤ ʣʠʥʠʠ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʣʠ ʧʦ ʤʝʪʦʜʫ ɸ. ɸ. ʄʘʢʘʨʦʚʘ [3]. 

ʈʝʟʫʣʴʪʘʪʳ. 

ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʩʝʟʦʥʘ 

2017 ʛʦʜʘ ʩʣʦʞʠʣʠʩʴ ʙʣʘʛʦʧʨʠʷʪʥʦ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʧʘʪʦʛʝʥʘ, ʫʞʝ ʚ ʢʦʥʮʝ ʘʧʨʝʣʷ ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʠ ʥʘ 

ʥʝʢʦʪʦʨʳʭ ʣʠʥʠʷʭ ʜʦʩʪʠʛʘʣʦ 10 %. ɺ ʬʘʟʫ ʤʦʣʦʯ-

ʥʦ-ʚʦʩʢʦʚʦʡ ʩʧʝʣʦʩʪʠ ʨʘʟʚʠʪʠʝ ʙʦʣʝʟʥʠ ʥʘ ʢʦʥ-

ʪʨʦʣʴʥʦʤ ʧʦ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʩʦʨʪʝ ʉʪʨʘʪʝʛ ʜʦ-

ʩʪʠʛʘʣʦ ʜʦ 60 % (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʠʥʠʡ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʪʝʤʥʦ-ʙʫʨʦʡ ʧʷʪʥʠʩʪʦʩʪʠ  

(ɺʅʀʀɹɿʈ, 2017 ʛ.) 

ɻʠʙʨʠʜʥʘʷ ʢʦʤʙʠʥʘ-

ʮʠʷ 

ʉʪʝʧʝʥʴ ʧʦ-

ʨʘʞʝʥʠʷ, % 

ʇʂʈɹ, 

ʫʩʣ. ʝʜ. 

ʀʥʜʝʢʩ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ (ʀʋ) 
ʉʪʝʧʝʥʴ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʉʪʨʘʪʝʛ (ʢʦʥʪʨʦʣʴ) 60 236,9 - ɺʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 

2ɺ1ʄ2 /ʇʘʨʘʣʣʝʣʫʤ 

1620 
10 58,0 0,4 ʋʤʝʨʝʥʥʘʷ ʨʘʩʦʥʝʩʧʝʮʠʬʠʯʝʩʢʘʷ  

ʍʫʪʦʨʦʢ/ʂʘʨʠʦʢʘ  15 89,7 0,5 ʋʤʝʨʝʥʥʘʷ ʨʘʩʦʥʝʩʧʝʮʠʬʠʯʝʩʢʘʷ 

ʂ1/ɻʦʨʜʝʡ 20 96,3 0,5 ʋʤʝʨʝʥʥʘʷ ʨʘʩʦʥʝʩʧʝʮʠʬʠʯʝʩʢʘʷ 

ʃʘʨʝʮ/ʂʘʨʠʦʢʘ  10 68,1 0,4 ʋʤʝʨʝʥʥʘʷ ʨʘʩʦʥʝʩʧʝʮʠʬʠʯʝʩʢʘʷ 

ʂʦʥʜʨʘʪ/ʍʫʪʦʨʦʢ 10 93,1 0,6 ʋʤʝʨʝʥʥʘʷ ʨʘʩʦʥʝʩʧʝʮʠʬʠʯʝʩʢʘʷ  

2ɺ1ʄ2/ʃʘʨʝʮ 30 131,2 0,8 ʉʣʘʙʘʷ ʨʘʩʦʥʝʩʧʝʮʠʬʠʯʝʩʢʘʷ 

ʍʫʪʦʨʦʢ/ʂʘʨʠʦʢʘ  15 89,7 0,5 ʋʤʝʨʝʥʥʘʷ ʨʘʩʦʥʝʩʧʝʮʠʬʠʯʝʩʢʘʷ 

ʍʫʪʦʨʦʢ/ʂʘʨʠʦʢʘ  25 133,7 0,8 ʉʣʘʙʘʷ ʨʘʩʦʥʝʩʧʝʮʠʬʠʯʝʩʢʘʷ 

ʂɸ-1/ʂɸ-11  30 138,7 0,8 ʉʣʘʙʘʷ ʨʘʩʦʥʝʩʧʝʮʠʬʠʯʝʩʢʘʷ 

ʃʘʨʝʮ/ʂʘʨʠʦʢʘ  25 117,1 0,7 ʉʣʘʙʘʷ ʨʘʩʦʥʝʩʧʝʮʠʬʠʯʝʩʢʘʷ 

ʂɸ-1/ʂɸ-11 40 163,7 0,7 ʉʣʘʙʘʷ ʨʘʩʦʥʝʩʧʝʮʠʬʠʯʝʩʢʘʷ  

 

ɺ ʭʦʜʝ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʦʨʘʞʘʝ-

ʤʦʩʪʴ ʩʦʨʪʦʦʙʨʘʟʮʦʚ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ ʤʳ ʫʩʪʘʥʦ-

ʚʠʣʠ, ʯʪʦ ʣʠʥʠʡ ʩ ʧʦʨʘʞʘʝʤʦʩʪʴʶ ʜʦ 10 % ʙʳʣʦ 14 

ʢʦʤʙʠʥʘʮʠʡ, ʘ ʩ ʧʨʦʮʝʥʪʦʤ ʧʦʨʘʞʝʥʠʷ 11 ï 20 % 

ʚʩʝʛʦ 4. ʉʪʝʧʝʥʴ ʧʦʨʘʞʝʥʠʷ 20 ï 30 % ʚʳʷʚʠʣʠ ʫ 4 

ʬʦʨʤ. ʋ ʩʦʨʪʦʦʙʨʘʟʮʘ ʂɸ ï 1/ʂɸ ï 11 ʧʦʨʘʞʝʥ-

ʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 40 %, ʘ ʢʦʥʪʨʦʣʴʥʳʡ ʩʦʨʪ ʉʪʨʘʪʝʛ 

ʧʦʨʘʟʠʣʩʷ ʜʦ 60 %. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʳ 

ʚʳʷʚʠʣʠ ʣʠʥʠʠ, ʧʨʦʷʚʣʷʶʱʠʝ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠ-

ʚʦʩʪʴ ʥʘ ʠʥʬʝʢʮʠʦʥʥʦʤ ʬʦʥʝ ʢ ʧʘʪʦʛʝʥʘʤ ʪʝʤʥʦ-

ʙʫʨʦʡ ʧʷʪʥʠʩʪʦʩʪʠ, ʚ ʫʩʣʦʚʠʷʭ ʦʧʳʪʘ: 

2ɺ1ʄ2/ʇʘʨʘʣʣʝʣʫʤ 1620, ʂʦʥʜʨʘʪ/ʍʫʪʦʨʦʢ ʠ ʜʨ. 

ʉʨʝʜʥʶʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʧʦʢʘʟʘʣʠ ʪʘʢʠʝ ʣʠʥʠʠ 

ʢʘʢ ʍʫʪʦʨʦʢ/ʂʘʨʠʦʢʘ, ʂ1/ɻʦʨʜʝʡ ʠ ʜʨ. ɺʦʩʧʨʠʠʤ-

ʯʠʚʳʤʠ ʦʢʘʟʘʣʠʩʴ ʪʘʢʠʝ ʩʦʨʪʦʦʙʨʘʟʮʳ ʢʘʢ 

2ɺ1ʄ2/ʃʘʨʝʮ, ʂɸ-1/ ʂɸ-11. 

ɹʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʦʬʠ-

ʣʘʢʪʠʢʠ ʵʧʠʜʝʤʠʡ ʪʝʤʥʦ-ʙʫʨʦʡ ʧʷʪʥʠʩʪʦʩʪʠ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʣʠʥʠʠ ʷʯʤʝʥʷ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʨʘ-
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ʩʦʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʥʘʰʘ ʨʘʙʦʪʘ ʙʫʜʝʪ ʧʨʦʜʦʣʞʝʥʘ ʥʘ ʠʟʫʯʝʥʠʠ ʜʘʥ-

ʥʳʭ ʣʠʥʠʷʭ ʥʘ ʛʨʫʧʧʦʚʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʥʘ ʜʨʫ-

ʛʠʝ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʮʝʥʥʳʝ ʧʨʠʟʥʘʢʠ. 
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DIVERSITY OF FUNGUSES OF THE GENUS FUSARIUM ON CROPS OF GRAIN CROPS IN THE 

CENTRAL B LACK -EARTH REGION  

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʛʨʠʙʦʚ ʨʦʜʘ Fusarium ʥʘ ʧʦʩʝʚʘʭ ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ ʚ ʎʝʥ-

ʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʤ ʨʝʛʠʦʥʝ. ɿʘ ʧʝʨʠʦʜ ʩ 2003 ʧʦ 2014 ʛʦʜʳ ʚʳʜʝʣʝʥʦ ʚ ʯʠʩʪʫʶ ʢʫʣʴʪʫʨʫ ʠ ʠʜʝʥʪʠʬʠ-

ʮʠʨʦʚʘʥʦ ʪʨʠʥʘʜʮʘʪʴ ʚʠʜʦʚ ʬʫʟʘʨʠʝʚ: Fusarium acuminatum; F. avenaceum F. culmorum; F. equiseti; F. 

graminearum; F. moniliforme; F. oxysporum; F. poae; F. proliferatum; F. sambucinum; F. semitectum; F. 

solani ʠ F. sporotrichioides. ɼʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʟʘʥʠʤʘʣʠ ʚʠʜʳ Fusarium poae ʠ F. sporotrichioides. 

ʏʘʩʪʦʪʘ ʠʭ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʩʦʩʪʘʚʠʣʘ 17,1 ï 20,7 %. ʋ ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʘʨʴʠʨʦʚʘʣ 

ʦʪ 1,2 ʜʦ 11,9 %.  

Abstract 

The study of the species composition of fungi of the genus Fusarium on wheat and barley crops in the Cen-

tral Black Earth region was carried out. From 2003 to 2014, thirteen species of fusarium were isolated and 

identified in pure culture: Fusarium acuminatum; F. avenaceum F. culmorum; F. equiseti; F. graminearum; F. 

moniliforme; F. oxysporum; F. poae; F. proliferatum; F. sambucinum; F. semitectum; F. solani and F. spo-
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rotrichioides. The dominant position was occupied by the species Fusarium poae and F. sporotrichioides. The 

frequency of their occurrence was 17,1 ï 20,7%. In other species, this figure ranged from 1,2 to 11,9%. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʰʝʥʠʮʘ, ʷʯʤʝʥʴ, ʛʨʠʙʳ ʨʦʜʘ Fusarium, ʚʠʜ, ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ.  

Key words: wheat, barley, fungi of the genus Fusarium, species, frequency of occurrence. 

 

ɻʨʠʙʳ ʨʦʜʘ Fusarium ʠʤʝʶʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ. ʆʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʚʩʝʭ ʢʦʥʪʠʥʝʥʪʘʭ 

ʧʣʘʥʝʪʳ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʧʘʪʦʛʝʥʥʳʤʠ ʠ 

ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʢʫʣʴ-

ʪʫʨʥʳʭ ʨʘʩʪʝʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʚʠʜʦʚ ʬʫʟʘʨʠʝʚ 

ʷʚʣʷʶʪʩʷ ʩʘʧʨʦʪʨʦʬʘʤʠ, ʦʩʪʘʣʴʥʳʝ ï ʬʘʢʫʣʴʪʘ-

ʪʠʚʥʳʝ ʧʘʨʘʟʠʪʳ. ʆʥʠ ʚʳʟʳʚʘʶʪ ʛʥʠʣʠ ʢʦʨʥʝʚʦʡ 

ʩʠʩʪʝʤʳ, ʧʦʨʘʞʘʶʪ ʩʝʤʝʥʘ, ʧʣʦʜʳ, ʩʝʷʥʮʳ, ʢʦʨʥʝ- 

ʠ ʢʣʫʙʥʝʧʣʦʜʳ. ɻʨʠʙʳ ʨʦʜʘ Fusarium ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʛʜʘ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʧʦʩʝʚʘʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. 

ɺ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʤ ʨʝʛʠʦʥʝ (ʎʏʈ) ʵʪʠ 

ʧʘʪʦʛʝʥʳ ʯʘʱʝ, ʯʝʤ ʜʨʫʛʠʝ ʚʠʜʳ ʛʨʠʙʦʚ, ʚʳʟʳʚʘ-

ʶʪ ʢʦʨʥʝʚʳʝ ʛʥʠʣʠ ʫ ʨʘʩʪʝʥʠʡ ʦʟʠʤʦʡ ʠ ʷʨʦʚʦʡ 

ʧʰʝʥʠʮʳ [3, ʩ.239-241]. ʆʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʣʠ-

ʩʪʴʷʭ ʠ ʩʪʝʙʣʷʭ ʨʘʩʪʝʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʚʠʜʦʚ ʬʫ-

ʟʘʨʠʝʚ ʩʧʦʩʦʙʥʳ ʟʘʨʘʞʘʪʴ ʢʦʣʦʩ ʠ ʩʝʤʝʥʘ ʟʝʨʥʦ-

ʚʳʭ ʟʣʘʢʦʚ. ɺ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʥʝʡ 

ʧʦʣʦʩʳ ʩʪʨʘʥʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʏʝʨ-

ʥʦʟʝʤʴʷ, ʧʦʨʘʞʝʥʠʝ ʟʝʨʥʘ ʠ ʢʦʣʦʩʘ ʥʦʩʠʪ ʩʢʨʳʪʳʡ 

ʭʘʨʘʢʪʝʨ. ɺʠʟʫʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʟʘʙʦʣʝʚʘʥʠʷ 

ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ. ɿʘʨʘʞʝʥʥʦʩʪʴ ʩʝʤʷʥ ʬʫʟʘʨʠʦ-

ʟʦʤ ʚʳʷʚʣʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʠ-

ʢʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [2, ʩ. 46-50; 5, 22 ʩ.]. ɿʥʘʯʠ-

ʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʘʨʘʞʝʥʥʦʩʪʴ ʟʝʨʥʘ ʦʢʘʟʳʚʘʶʪ 

ʧʦʛʦʜʥʳʝ ʬʘʢʪʦʨʳ [4, ʩ. 41-43]. ɺ ʎʏʈ ʟʝʨʥʦʚʳʝ 

ʢʫʣʴʪʫʨʳ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʘʰʥʠ. ʂ 

ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪʩʷ ʦʟʠʤʘʷ ʧʰʝʥʠʮʘ, ʷʨʦʚʳʝ ʧʰʝ-

ʥʠʮʘ ʠ ʷʯʤʝʥʴ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʦʩʪʠ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʦʥʦʩʥʳʭ ʚʦʟ-

ʙʫʜʠʪʝʣʝʡ ʙʦʣʝʟʥʝʡ ʥʘ ʟʝʨʥʦʚʳʭ ʟʣʘʢʘʭ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʬʠʪʦʧʘʪʦʣʦʛʠʠ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʮʝʣʴ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʠʟʫʯʝʥʠʠ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʛʨʠʙʦʚ ʨʦʜʘ Fusarium 

ʥʘ ʧʦʩʝʚʘʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʚ ʎʝʥʪʨʘʣʴʥʦ-

ʏʝʨʥʦʟʝʤʥʦʤ ʨʝʛʠʦʥʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠʩʴ ʩʝʤʝʥʘ, ʢʦʣʦʩʴʷ, ʩʪʝʙʣʠ, ʣʠʩʪʴʷ ʠ ʢʦʨʥʠ, 

ʩʦʙʨʘʥʥʳʝ ʩ ʨʘʩʪʝʥʠʡ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ, ʷʨʦʚʳʭ 

ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʧʦʩʝʚʦʚ ʚ 

ɹʝʣʛʦʨʦʜʩʢʦʡ, ɺʦʨʦʥʝʞʩʢʦʡ, ʂʫʨʩʢʦʡ, ʃʠʧʝʮʢʦʡ ʠ 

ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʷʭ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʠʢʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʪʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʟʝʨʥʦʚʳʭ 

ʢʫʣʴʪʫʨ ʧʨʦʤʳʚʘʣʠ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ (2 ʯʘʩʘ), 

ʟʘʪʝʤ ʩʪʝʨʠʣʠʟʦʚʘʣʠ ʚ 0,1 % ʨʘʩʪʚʦʨʝ ʥʠʪʨʘʪʘ ʩʝ-

ʨʝʙʨʘ ʚ ʪʝʯʝʥʠʠ ʦʜʥʦʡ ʤʠʥʫʪʳ. ɼʘʣʝʝ ʩʥʦʚʘ ʧʨʦ-

ʤʳʚʘʣʠ ʩʪʝʨʠʣʴʥʦʡ ʚʦʜʦʡ ʠ ʧʨʦʩʫʰʠʚʘʣʠ ʩ ʧʦʤʦ-

ʱʴʶ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ (ʩʪʝʨʠʣʠʟʦʚʘʥʥʦʡ). 

ʉʝʤʝʥʘ ʠ ʬʨʘʛʤʝʥʪʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʨʘʩʢʣʘʜʳʚʘʣʠ ʚ ʯʘʰʢʠ ʇʝʪʨʠ ʥʘ ʪʚʝʨʜʫʶ ʧʠʪʘ-

ʪʝʣʴʥʫʶ ʩʨʝʜʫ. ʏʘʰʢʠ ʇʝʪʨʠ ʨʘʟʤʝʱʘʣʠ ʚ ʪʝʨʤʦ-

ʩʪʘʪʝ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʦʪ ʜʚʫʭ ʜʦ ʧʷʪʠ ʩʫʪʦʢ. ʊʝʤ-

ʧʝʨʘʪʫʨʘ ʠʥʢʫʙʘʮʠʠ ï 25Áʉ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʦʚʦʜʠ-

ʣʘʩʴ ʠʟʦʣʷʮʠʷ ʬʫʟʘʨʠʝʚ ʚ ʧʨʦʙʠʨʢʠ ʩ ʧʠʪʘʪʝʣʴʥʦʡ 

ʩʨʝʜʦʡ. ʇʨʦʙʠʨʢʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʪʦʡ ʞʝ ʪʝʤ-

ʧʝʨʘʪʫʨʝ ʧʷʪʴ ʩʫʪʦʢ. ɿʘʪʝʤ ʠʭ ʦʩʪʘʚʣʷʣʠ ʥʘ ʨʘʩʩʝ-

ʷʥʥʦʤ ʦʩʚʝʱʝʥʠʠ ʥʘ 2 ï 5 ʩʫʪʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

20 ï 22Áʉ. ʀʜʝʥʪʠʬʠʢʘʮʠʶ ʚʠʜʦʚ ʬʫʟʘʨʠʝʚ ʧʦ 

ʤʦʨʬʦʣʦʛʦ-ʢʫʣʴʪʫʨʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ ʧʨʦʚʦʜʠʣʠ 

ʥʘ 15-ʝ ʩʫʪʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʠʢ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʨʫʢʦʚʦʜʩʪʚʘ ɺ.ʀ. ɹʠʣʘʡ [1, 552 ʩ.], ʅ.ʇ. ʐʠʧʠʣʦ-

ʚʦʡ ʠ ɺ.ɻ. ʀʚʘʱʝʥʢʦ [6, 84 ʩ.], W. Gerlach ʠ H. 

Nirenberg [7, 406 ʩ.]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʣʝʪʥʠʭ (2003 ï 2014 ʛʛ.) 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʏʝʨʥʦ-

ʟʝʤʴʷ ʩ ʧʦʩʝʚʦʚ ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ ʚ ʯʠʩʪʫʶ ʢʫʣʴ-

ʪʫʨʫ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʪʨʠʥʘʜʮʘʪʴ ʚʠʜʦʚ ʬʫʟʘʨʠʝʚʳʭ 

ʛʨʠʙʦʚ: Fusarium acuminatum Ellis and Everhart 

(1895) and Wollenweber (1917); F. avenaceum 

(Corda ex Fries) Saccardo (1886); F. culmorum (W.G. 

Smith) Saccardo (1895); F. equiseti (Corda) Saccardo 

(1886); F. graminearum Schwabe (1838); F. 

moniliforme J. Sheld. (1904); F. oxysporum 

Schlchtendal (1824) emend Snyder and Hansen 

(1940); F. poae (Peck) Wollenweber in Lewis (1913); 

F. proliferatum (Matsushima) Nirenberg (1976); F. 

sambucinum Fuckel (1869); F. semitectum Berkeley 

and Ravenel in Berkeley (1875); F. solani (Martius) 

Saccardo (1881) emend Snyder and Hansen pro parte 

(1941); F. sporotrichioides Sherbakoff (1915). ʏʘʩʪʦ-

ʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʵʪʠʭ ʚʠʜʦʚ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 1,2 ʜʦ 

20,7 % (ʪʘʙʣʠʮʘ).  

ʊʘʙʣʠʮʘ 

ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚʠʜʦʚ ʛʨʠʙʦʚ ʨʦʜʘ Fusarium ʥʘ ʧʦʩʝʚʘʭ ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ ʚ  

ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʤ ʨʝʛʠʦʥʝ (ʩʨʝʜʥʝʝ ʟʘ 2003 ï 2014 ʛʛ.) 
 ̄ʧ/ʧ ɺʠʜʳ ʛʨʠʙʦʚ ʨʦʜʘ Fusarium ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, % 
1 F. poae 20,7 
2 F. sporotrichioides 17,1 
3 F. avenaceum 11,9 
4 F. solani 10,1 
5 F. graminearum 8,5 
6 F. equiseti 8,2 
7 F. culmorum 6,4 
8 F. semitectum 5,2 
9 F. oxysporum 3,6 
10 F. sambucinum 3,2 
11 F. moniliforme 2,2 
12 F. acuminatum 1,6 
13 F. proliferatum 1,2 



ζColloquium - journal Ȼ#16(40 ),2019 / AGRICULTURAL SCIENCES 41 

 

ɺʳʷʚʣʝʥʥʳʝ ʚʠʜʳ ʬʫʟʘʨʠʝʚ ʧʦ ʜʘʥʥʦʤʫ ʧʦʢʘ-

ʟʘʪʝʣʶ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʛʨʫʧʧ. ɺ ʧʝʨʚʫʶ, ʢ ʜʦʤʠʥʠʨʫʶʱʠʤ ʚʠʜʘʤ, ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʛʨʠʙʳ Fusarium poae ʠ F. sporotrichioides 

(ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 17,1 ï 20,7 %). ɺʦ ʚʪʦʨʫʶ 

ï ʚʠʜʳ Fusarium avenaceum, F. solani, F. gramine-

arum ʠ F. equiseti (8,2 ï 11,9 %). ʂ ʪʨʝʪʴʝʡ ï ʛʨʠʙʳ 

Fusarium culmorum ʠ F. semitectum (5,2 ï 6,4 %). ɺ 

ʯʝʪʚʝʨʪʫʶ ʚʭʦʜʠʣʠ ʚʠʜʳ Fusarium oxysporum ʠ F. 

sambucinum (3,2 ï 3,6 %). ʂ ʧʦʩʣʝʜʥʝʡ ʛʨʫʧʧʝ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʛʨʠʙʳ Fusarium moniliforme, F. 

acuminatum ʠ F. proliferatum (1,2 ï 2,2 %). ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʧʘʪʦʛʝʥʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʛʨʠʙʦʚ ʨʦʜʘ Fusarium ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʷʪʴʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʥʦʚʳʭ ʩʦʨʪʦʚ, ʩʨʝʜʩʪʚ ʟʘ-

ʱʠʪʳ ʨʘʩʪʝʥʠʡ, ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. ʊʘʢ, ʟʘ ʧʦ-

ʩʣʝʜʥʠʝ ʛʦʜʳ (2017 ï 2018 ʛʛ.) ʚ ʯʠʩʣʦ ʜʦʤʠʥʠʨʫ-

ʶʱʠʭ ʚʠʜʦʚ ʚʦʰʝʣ ʛʨʠʙ Fusarium equiseti. ɺʦʟ-

ʤʦʞʥʦ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʣʠʜʠʨʫʶʱʝʝ 

ʧʦʣʦʞʝʥʠʝ ʵʪʦʛʦ ʚʠʜʘ ʛʨʠʙʘ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʩʦʨʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʰʝʥʠʮʳ ʠ ʷʯʤʝʥʷ ʚ ʎʏʈ. ʅʦ 

ʵʪʠ ʜʘʥʥʳʝ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʫʪʦʯʥʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʜʦʩʪʘ-

ʪʦʯʥʦ ʰʠʨʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʬʫʟʘʨʠʝʚʳʭ 

ʛʨʠʙʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʏʝʨʥʦ-

ʟʝʤʴʝ ʥʘ ʧʦʩʝʚʘʭ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ. ɺʳʷʚʣʝʥʦ 

ʪʨʠʥʘʜʮʘʪʴ ʚʠʜʦʚ ʛʨʠʙʦʚ ʨʦʜʘ Fusarium, ʚʳʟʳʚʘ-

ʶʱʠʭ ʢʦʨʥʝʚʳʝ ʛʥʠʣʠ ʠ ʬʫʟʘʨʠʦʟ ʟʝʨʥʘ ʥʘ ʨʘʩʪʝ-

ʥʠʷʭ ʦʟʠʤʦʡ ʠ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ, ʷʨʦʚʦʛʦ ʷʯʤʝʥʷ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʜʦʤʠʥʠʨʫʶʱʠʝ ʚʠʜʳ ï Fusarium 

poae ʠ F. sporotrichioides. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦ-

ʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʟʘʱʠʪʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʚʳʙʦʨʝ ʬʫʥʛʠʮʠʜʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʟʘʙʦʣʝʚʘʥʠʡ ʬʫʟʘʨʠʦʟʥʦʡ ʵʪʠʦʣʦʛʠʠ ʥʘ ʧʦʩʝʚʘʭ 

ʟʝʨʥʦʚʳʭ ʟʣʘʢʦʚ. 
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THE INFLUENCE OF WEATHER CONDITIONS ON DEVELOPMENT OF BROWN RUST OF 

WHEAT  

 

ɸʥʥʦʪʘʮʠʷ 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʦʛʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʟʚʠʪʠʝ ʚʦʟʙʫʜʠʪʝʣʷ ʙʫʨʦʡ ʨʞʘʚʯʠʥʳ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʛʨʘʥʠʯʥʳʝ ʬʘʢʪʦʨʳ ʧʦʛʦʜʳ. ʉʦʩʪʘʚʣʝʥʘ ʬʦʨʤʫʣʘ, ʦʪʨʘʞʘʶʱʘʷ ʠʭ 

ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʧʘʪʦʛʝʥʘ. ʌʦʨʤʫʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʦʪʥʦʰʝʥʠʝ ʩʫʤʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʠʥʠ-

ʤʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʚʳʰʝ ʠʣʠ ʨʘʚʥʳʭ 40 % ʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʰʝ ʠʣʠ ʨʘʚʥʦʡ 15Áʉ. ʂʦʵʬ-

ʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ, ʦʪʨʘʞʘʶʱʠʝ ʜʘʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʠʣʠ 0,845 ï 0,902.  

Abstract 

The influence of weather factors on the development of the causative agent of brown rust of winter wheat 

was studied. Boundary weather factors were identified in the analysis of the data. Composed of a formula that 
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reflects their influence on the development of the pathogen. The formula is a ratio of the sum of the relative min-

imum humidity above or equal to 40 % and its temperature above or equal to 15ÁC. The correlation coefficients 

reflecting this dependence were 0,845 ï 0,902. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʰʝʥʠʮʘ, ʙʫʨʘʷ ʨʞʘʚʯʠʥʘ, ʛʨʘʥʠʯʥʳʝ ʬʘʢʪʦʨʳ ʧʦʛʦʜʳ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʠʥʠ-

ʤʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʬʦʨʤʫʣʘ, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ. 

Key words: wheat, brown rust, boundary weather factors, relative minimum air humidity, average daily air 

temperature, formula, correlation coefficient. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʘʢʪʦʨʳ ʧʦʛʦʜʳ ʦʢʘʟʳʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʚʦʟʙʫʜʠʪʝʣʝʡ 

ʙʦʣʝʟʥʝʡ ʨʘʩʪʝʥʠʡ. ɺ ʜʚʘʜʮʘʪʦʤ ʚʝʢʝ ʙʳʣʠ ʨʘʟʨʘ-

ʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʘ ʦʩʥʦʚʥʳʭ ʬʠʪʦʧʘʪʦʛʝʥʦʚ 

- ʤʝʪʝʦʧʘʪʦʣʦʛʠʯʝʩʢʠʡ ʠ ʤʝʪʝʦʙʠʦʣʦʛʠʯʝʩʢʠʡ [1, 

32 ʩ.; 2, 144 ʩ.; 3, 271 ʩ]. ʅʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʙʫʝʪ 

ʥʘʣʠʯʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝ-

ʥʠʷ ʟʘ ʨʘʟʚʠʪʠʝʤ ʙʦʣʝʟʥʝʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ ʦʙ-

ʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʧʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ, ʩʦ-

ʩʪʘʚʣʝʥʥʘʷ ʜʣʷ ʦʜʥʦʛʦ ʧʫʥʢʪʘ, ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʧʨʠ-

ʤʝʥʠʤʦʡ ʥʘ ʜʨʫʛʦʤ. ɺ ʬʦʨʤʫʣʳ ʧʨʦʛʥʦʟʘ ʯʘʩʪʦ 

ʚʭʦʜʷʪ ʧʷʪʴ-ʰʝʩʪʴ ʬʘʢʪʦʨʦʚ ʧʦʛʦʜʳ. ʊʦ ʝʩʪʴ, ʧʦʢʘ 

ʥʝ ʧʦʣʫʯʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʡ, ʫʥʠʚʝʨʩʘʣʴʥʦʡ 

ʬʦʨʤʫʣʳ, ʦʪʨʘʞʘʶʱʝʡ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʧʨʘʚʝʜʣʠʚʦʡ ʜʣʷ ʜʦʩʪʘ-

ʪʦʯʥʦ ʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʦʙʣʘʩʪʴ, ʢʨʘʡ). ɺ ʩʚʷ-

ʟʠ ʩ ʵʪʠʤ, ʮʝʣʴ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʷʣʘ ʚ 

ʠʟʫʯʝʥʠʠ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʥʘ ʧʨʠʤʝʨʝ ʚʦʟʙʫʜʠʪʝʣʷ 

ʙʫʨʦʡ ʨʞʘʚʯʠʥʳ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ. ʈʘʙʦʪʘ ʧʨʦʚʦ-

ʜʠʣʘʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʤʥʦʛʦʣʝʪʥʠʝ ʜʘʥʥʳʝ ʦ ʧʦʨʘʞʝʥʠʠ 

ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚʦʟʙʫʜʠʪʝʣʝʤ ʙʫʨʦʡ ʨʞʘʚʯʠʥʳ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʛʦʜʦʚʳʭ ʦʪʯʝʪʘʭ ʪʨʸʭ ʧʫʥʢʪʦʚ 

ʥʘʙʣʶʜʝʥʠʷ ï ʊʘʤʙʦʚʩʢʦʛʦ, ʉʪʘʨʦʶʨʴʝʚʩʢʦʛʦ ʠ 

ʂʠʨʩʘʥʦʚʩʢʦʛʦ ʛʦʩʩʦʨʪʦʫʯʘʩʪʢʦʚ (ɻʉʋ) ʟʘ 1971-

1991 ʛʦʜʳ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʤʝʪʝʦ-

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʪʦʪ ʞʝ ʧʝʨʠʦʜ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʠ-

ʢʠ ʧʨʠʤʝʥʷʣʦʩʴ ʨʫʢʦʚʦʜʩʪʚʦ ʂ.ʄ. ʉʪʝʧʘʥʦʚʘ ʠ 

ɸ.ɽ. ʏʫʤʘʢʦʚʘ [3, 271 ʩ.]. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʧʨʦ-

ʛʨʘʤʤʳ çExcelè. 

ʈʘʙʦʪʘ ʩʦʩʪʦʷʣʘ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʬʘʢʪʦʨʳ ʧʦʛʦʜʳ, 

ʦʢʘʟʳʚʘʶʱʠʝ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ 

ʚʦʟʙʫʜʠʪʝʣʷ ʙʫʨʦʡ ʨʞʘʚʯʠʥʳ. ɿʘʪʝʤ ʫʩʪʘʥʘʚʣʠʚʘ-

ʣʠʩʴ ʤʝʩʷʮʳ ʛʦʜʘ, ʢʦʛʜʘ ʵʪʦ ʚʣʠʷʥʠʝ ʙʳʣʦ ʙʦʣʝʝ 

ʟʥʘʯʠʤʳʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʦʢʘʟʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʤʠʥʠʤʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʠ ʩʫʤʤʘ ʦʩʘʜʢʦʚ. ʇʝʨʠʦʜʦʤ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʵʪʠ 

ʬʘʢʪʦʨʳ ʦʢʘʟʳʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʚʦʟʙʫʜʠʪʝʣʷ ʙʫʨʦʡ ʨʞʘʚʯʠʥʳ, ʦʢʘʟʘʣʩʷ ʤʘʡ ʤʝʩʷʮ. 

ɺʪʦʨʦʡ ʵʪʘʧ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʷʣ ʚ ʚʳʷʚʣʝʥʠʠ 

ʟʥʘʯʝʥʠʡ ʚʝʣʠʯʠʥ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʛʨʘʥʠʯʥʳʭ ʬʘʢ-

ʪʦʨʦʚ ʧʦʛʦʜʳ. ʊʘʢʦʝ ʟʥʘʯʝʥʠʝ (×tÁ>10ÁC) ʚʧʝʨʚʳʝ 

ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ɻ.ʊ. ʉʝʣʷʥʠʥʦʚʳʤ (1928) ʚ 

ʬʦʨʤʫʣʝ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ [4, ʩ. 

169-178]. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʠʭ 

ʚʝʣʠʯʠʥ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ʚʦʟʜʫʭʘ ʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʛʦʜʳ ʵʧʠʬʠʪʦʪʠʡ ʠ 

ʜʝʧʨʝʩʩʠʠ ʨʘʟʚʠʪʠʷ ʚʦʟʙʫʜʠʪʝʣʷ ʙʫʨʦʡ ʨʞʘʚʯʠʥʳ 

(ʪʘʙʣʠʮʘ 1).  

ʊʘʙʣʠʮʘ 1  

ɻʨʘʥʠʯʥʳʭ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʦʚ ʧʦʛʦʜʳ ʟʘ ʤʘʡ ʤʝʩʷʮ ʥʘ ʛʦʩʩʦʨʪʦʫʯʘʩʪʢʘʭ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

ʉʦʨʪʦʫʯʘʩʪʦʢ 

ɿʥʘʯʝʥʠʷ ʧʦʛʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʟʘ ʤʘʡ ʤʝʩʷʮ ʥʘ ʩʦʨʪʦʫʯʘʩʪʢʘʭ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

(ʩʨʝʜʥʝʝ ʟʘ 1971ï1991 ʛʛ.) 

ʚ ʛʦʜʳ ʵʧʠʬʠʪʦʪʠʡ ʚ ʛʦʜʳ ʜʝʧʨʝʩʩʠʠ 

ʉʨʝʜʥʝʩʫʪʦʯʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ, Áʉ 

ʆʪʥʦʩʠʪ. ʤʠʥʠʤ. 

ʚʣʘʞʥ. ʚʦʟʜʫʭʘ, % 

ʉʨʝʜʥʝʩʫʪʦʯʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟ-

ʜʫʭʘ, Áʉ 

ʆʪʥʦ-

ʩʠʪ.ʤʠʥʠʤ.ʚʣʘʞʥ.ʚʦ

ʟʜʫʭʘ, % 

ʊʘʤʙʦʚʩʢʠʡ 12,6 44 15,6 33 

ʂʠʨʩʘʥʦʚʩʢʠʡ 12,1 49 15,0 35 

ʉʪʘʨʦʶʨʴʝʚʩʢʠʡ 11,4 51 14,9 37 

ɻʨʘʥʠʯʥʳʝ ʟʥʘ-

ʯʝʥʠʷ (ʩʨʝʜʥʝʝ ʧʦ 

3-ʤ ɻʉʋ) 

12,0 48 15,2 35 

 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʦʪʦʙʨʘ-

ʥʳ ʙʣʠʟʢʠʝ ʢ ʥʠʤ ʟʥʘʯʝʥʠʷ: ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʠʥʠ-

ʤʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ï ɺ Ó 40%, ʠ ʝʛʦ ʩʨʝʜ-

ʥʝʩʫʪʦʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ï tÁ Ó 15ÁC. ʊʨʝʪʠʡ ʵʪʘʧ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʷʣ ʚ ʚʳʯʠʩʣʝʥʠʠ ʩʫʤʤ ʛʨʘʥʠʯ-

ʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʛʦʜʳ ʟʘ ʤʘʡ ʤʝʩʷʮ ʠ ʦʮʝʥʢʝ ʠʭ 

ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʟʘʙʦʣʝʚʘʥʠʷ. 

ɼʘʣʝʝ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʚʝʨʦʷʪʥʘʷ ʬʦʨʤʫʣʘ 

ʧʨʦʛʥʦʟʘ:  

ʀ =  ,  (1) 

ʛʜʝ: ʀ ï ʠʥʜʝʢʩ ʧʦʛʦʜʳ; 

×ɺ Ó 40% ï ʩʫʤʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʠʥʠʤʘʣʴ-

ʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʚʳʰʝ ʠʣʠ ʨʘʚʥʦʡ 40 %; 

×tÁ Ó 15ÁC ï ʩʫʤʤʘ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʪʝʤʧʝʨʘ-

ʪʫʨ ʚʦʟʜʫʭʘ, ʚʳʰʝ ʠʣʠ ʨʘʚʥʳʭ 15ÁC. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ, ʦʪʨʘʞʘʶʱʠʝ 

ʩʚʷʟʴ ʠʥʜʝʢʩʘ ʧʦʛʦʜʳ ʩ ʨʘʟʚʠʪʠʝʤ ʟʘʙʦʣʝʚʘʥʠʷ ʥʘ 

ʚʩʝʭ ʧʫʥʢʪʘʭ ʥʘʙʣʶʜʝʥʠʷ (ɻʉʋ) ʙʳʣʠ ʚʳʩʦʢʠʤʠ ʠ 

ʩʦʩʪʘʚʠʣʠ 0,845-0,902. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ 
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ʨʘʩʯʝʪʘ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (1) ʜʣʷ ʊʘʤʙʦʚʩʢʦʛʦ ʛʦʩʩʦʨʪʦʫʯʘʩʪʢʘ (ʪʘʙʣʠʮʘ 2). 

 

ʊʘʙʣʠʮʘ 2  

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʠʥʜʝʢʩʦʚ ʧʦʛʦʜʳ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (1) ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

ʧʦʨʘʞʝʥʠʷ ʦʟʠʤʦʡ ʧʰʝʥʠʮʳ ʚʦʟʙʫʜʠʪʝʣʝʤ ʙʫʨʦʡ ʨʞʘʚʯʠʥʳ ʥʘ ʊʘʤʙʦʚʩʢʦʤ ɻʉʋ 

ɻʦʜ ʇʦʨʘʞʝʥʠʝ ʙʫʨʦʡ ʨʞʘʚʯʠʥʦʡ, % ×ɺÓ40 % (%) ×tÁÓ15Áʉ (Áʉ) 
ʀ = 

 

1971 0 350 273 1,28 

1972 0 299 312 0,96 

1974 68 1380 123 11,22 

1975 0 228 529 0,43 

1976 58 1118 151 7,40 

1977 53 673 396 1,70 

1978 61 1046 100 10,46 

1979 0 194 484 0,40 

1980 93 1191 99 12,03 

1982 73 675 129 5,23 

1986 0 410 327 1,25 

1987 0 781 256 3,05 

1988 0 307 323 0,95 

1989 0 783 212 3,69 

1990 52 629 112 5,62 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, R 0,773 -0,699 0,845 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥ-

ʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (1) ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫ-

ʝʪʩʷ ʩ ʫʨʦʚʥʝʤ ʧʦʨʘʞʝʥʠʷ ʨʘʩʪʝʥʠʡ ʧʰʝʥʠʮʳ ʙʫ-

ʨʦʡ ʨʞʘʚʯʠʥʦʡ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘ-

ʟʘʣʠ, ʯʪʦ ʜʘʥʥʘʷ ʬʦʨʤʫʣʘ ʦʪʨʘʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʨʘʟʚʠʪʠʷ ʚʦʟʙʫʜʠʪʝʣʝʡ ʨʞʘʚʯʠʥʳ ʦʪ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ ʠ ʥʘ ʜʨʫʛʠʭ ʢʫʣʴʪʫʨʘʭ ï ʦʟʠʤʦʡ ʨʞʠ, ʷʨʦ-

ʚʦʡ ʧʰʝʥʠʮʝ ʠ ʦʚʩʝ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʵʪʦʪ ʚʦʧʨʦʩ 

ʦʩʚʷʱʝʥ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʤʦʥʦʛʨʘʬʠʠ [5, 186 ʩ.]. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʥʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʛʦʜʳ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ ʧʨʦʛʥʦʟʘ, ʧʨʠʤʝʥʠ-

ʤʫʶ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʘʤʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɺʦʟʤʦʞ-

ʥʦ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʦʢʘʞʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ ʠ ʚ 

ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ, ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ.  
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DISSOCIATION CONSTANTS OF MAIN IONOGENIC GROUPS OF HUMIC ACIDS EXTRACTED 

FROM SAPROPEL OF NOVGOROD REGION  

 

ɸʥʥʦʪʘʮʠʷ 

ʉʦʜʝʨʞʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʩ ʨʘʟʣʠʯʥʳʤ ʩʨʦʜʩʪʚʦʤ ʢ ʧʨʦʪʦʥʘʤ ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʠʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʩʪʴ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʢʘʢ ʤʘʢʨʦʣʠʛʘʥʜʦʚ. ʄʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʦʧʨʝ-

ʜʝʣʝʥʳ ʢʦʣʠʯʝʩʪʚʘ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʠ ʬʝʥʦʣʴʥʳʭ ʛʨʫʧʧ ʚ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪʘʭ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 3,26 

ʤʤʦʣʴ/ʛ ʠ 6,26-6,99 ʤʤʦʣʴ/ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʬʝʥʦʣʴʥʳʭ ʛʨʫʧʧ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʤʦʣʦʜʳʭ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ. ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʥʳʭ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʠʦʥʦʛʝʥʥʳʭ ʛʨʫʧʧ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʜʠʩʢʨʝʪʥʳʭ ʫʯʘʩʪʢʦʚ. ʈʘʩʩʯʠʪʘʥʳ ʫʩʣʦʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʠʦʥʦʛʝʥ-

ʥʳʭ ʛʨʫʧʧ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʩʘʧʨʦʧʝʣʷ ʧʨʠ ʠʦʥʥʦʡ ʩʠʣʝ I = 0,15 ʤʦʣʴ/ʜʤ3: pK1 = 3,9; pK2 = 9,1. 

Abstract 

The presence of functional groups with different affinities for protons defines polyfunctional macroligand 

properties of humic acids. Carboxylic and phenolic groups contents have been determined by potentiometric 

titration and were 3,26 mmol/g and 6,26-6,99 mmol/g respectively. Organic matter with low degree of humifica-

tion tends to have higher content of phenolic groups. The apparent dissociation constants of sapropel humic 

acids main ionogenic groups were determined using discrete site model at ionic strength of 0,15 mol/dm3: pK1 = 

3,9; pK2 = 9,1. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʧʨʦʧʝʣʴ, ʛʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʠ ʬʝʥʦʣʴʥʳʭ ʛʨʫʧʧ, 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ, ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʦʩʥʦʚʥʳʭ ʠʦʥʦʛʝʥʥʳʭ ʛʨʫʧʧ. 

Keywords: sapropel, humic acids, carboxylic and phenolic groups content, potentiometric titration, disso-

ciation constants of main ionogenic groups. 

 

ʆʩʥʦʚʥʳʤʠ ʠʦʥʦʛʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ ɻʂ ʷʚʣʷ-

ʶʪʩʷ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʠ ʬʝʥʦʣʴʥʳʝ ʛʨʫʧʧʳ. ʉʦʜʝʨ-

ʞʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ɻʂ ʚʘʨʴʠʨʫʝʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʥʠ ʚʳʜʝ-

ʣʝʥʳ. ʂʦʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢ-

ʪʫʨʝ ʤʘʢʨʦʤʦʣʝʢʫʣ ɻʂ ʠ ʠʭ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘ-

ʮʠʠ ï ʵʪʦ ʚʘʞʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʠʭ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 

ɺʳʜʝʣʝʥʠʝ ɻʂ ʠʟ ʩʘʧʨʦʧʝʣʷ ʦʟʝʨʘ ʃʠʧʦʚʦ 

ʅʦʚʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ [1]. 

ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʨʝʥʪʛʝʥʦʬʣʫʦ-

ʨʝʩʮʝʥʪʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ʉʧʝʢʪʨʦʩʢʘʥ ʄʘʢʩ GVM 

ʠ ʠʥʬʨʘʢʨʘʩʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ʩʝʨʳ ʠ ʫʛʣʝʨʦʜʘ 

LECO-200. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʚ %) ʚʦʟʜʫʰʥʦ-ʩʫʭʦʛʦ ʩʘʧʨʦʧʝʣʷ 

Cʦʙ ɦ Nʦʙ ɦ K2O P2O5 CaO MgO SiO2 Al 2O3 Fe2O3 S H2Oʩʚʷʟ 

50,30 0,40 0,45 0,65 7,60 2,80 23,50 4,80 3,20 1,30 5,00 

 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦ-

ʜʝʨʞʘʥʠʷ ʠʦʥʦʛʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʠ 

ʠʭ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʦʤʝʪ-

ʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ [5, 6]. ʆʩʦʙʝʥʥʦʩʪʠ ɻʂ, ʪʘʢʠʝ 

ʢʘʢ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʘʷ ʧʨʠʨʦʜʘ, ʭʠʤʠʯʝʩʢʘʷ ʛʝʪʝ-

ʨʦʛʝʥʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ɻʂ ʦʙʫʩʣʘʚʣʠ-

ʚʘʶʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦ-

ʛʦ ʪʠʪʨʦʚʘʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʢʨʠʚʳʭ 

ʪʠʪʨʦʚʘʥʠʷ ɻʂ ʤʦʞʝʪ ʥʝ ʥʘʙʣʶʜʘʪʴʩʷ ʯʝʪʢʠʭ ʧʝ-
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ʨʝʛʠʙʦʚ ʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʦʯʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦ-

ʩʪʠ ʪʨʝʙʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ.  

ɺ ʨʘʙʦʪʝ [5] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ, ʉʆʆʅ- ʠ ʆʅ-ʛʨʫʧʧ ʚ ʤʘʢʨʦʤʦʣʝʢʫ-

ʣʘʭ ɻʂ ʨʘʟʣʠʯʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘ-

ʤʠ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʙʨʘʪʥʦʛʦ ʘʮʠʜʠ-

ʤʝʪʨʠʯʝʩʢʦʛʦ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ɻʂ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʛʝʥʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 50 ʤʛ ɻʂ ʨʘʩʪʚʦʨʷʣʠ ʚ 10 

ʩʤ3 0,1 ʥ NaOH, ʜʦʙʘʚʣʷʣʠ 10 ʩʤ3 1 ʥ KNO3 ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʠʦʥʥʦʡ ʩʠʣʳ, ʨʘʚʥʦʡ 0,15 ʄ, ʦʙʲʝʤ 

ʨʘʩʪʚʦʨʘ ʜʦʚʦʜʠʣʠ ʜʦ 60 ʩʤ3. ʇʨʦʚʦʜʠʣʠ ʦʙʨʘʪʥʦʝ 

ʘʮʠʜʠʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ 0,1 ʥ ʨʘʩʪʚʦʨʦʤ 

HCl, ʟʘʪʝʤ ʩʨʘʟʫ ʧʨʷʤʦʝ ʘʣʢʘʣʠʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪ-

ʨʦʚʘʥʠʝ 0,1 ʥ ʨʘʩʪʚʦʨʦʤ NaOH. ɿʥʘʯʝʥʠʝ ʨʅ ʨʘʩ-

ʪʚʦʨʦʚ ʠʟʤʝʨʷʣʠ ʥʘ ʨʅ-ʤʝʪʨʝ ɸʅʀʆʅ-4100. ʇʦ-

ʩʢʦʣʴʢʫ ʢʨʠʚʳʝ ʪʠʪʨʦʚʘʥʠʷ ʥʝ ʠʤʝʶʪ ʯʝʪʢʠʭ ʧʝʨʝ-

ʛʠʙʦʚ, ʪʦ ʜʣʷ ʩʫʞʜʝʥʠʷ ʦ ʢʦʣʠʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ɻʂ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʬʬʝ-

ʨʝʥʮʠʘʣʴʥʳʝ ʬʦʨʤʳ ʢʨʠʚʳʭ ʪʠʪʨʦʚʘʥʠʷ. 

ʂʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʠʦʥʦʛʝʥʥʳʭ ʛʨʫʧʧ 

ɻʂ ʦʧʨʝʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʜʠʩʢʨʝʪ-

ʥʳʭ ʫʯʘʩʪʢʦʚ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʤʦʜʝʣʠ, ɻʂ ʩʦʜʝʨʞʘʪ 

ʜʠʩʢʨʝʪʥʳʝ ʫʯʘʩʪʢʠ ʩʚʷʟʳʚʘʥʠʷ ʠʦʥʦʚ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʩʭʦʜʥʳʝ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ. ʂʦʥ-

ʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ ʜʣʷ ʪʦʞʜʝʩʪʚʝʥʥʳʭ ʫʯʘʩʪʢʦʚ 

ʙʫʜʝʪ ʦʜʠʥʘʢʦʚʦʡ. 

ʂʨʠʚʳʝ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1, 2. ʀʥʪʝʛʨʘʣʴʥʳʝ ʢʨʠ-

ʚʳʝ ʪʠʪʨʦʚʘʥʠʷ ɻʂ ʠʤʝʶʪ ʧʣʘʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʰʠʨʦʢʦʡ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴ-

ʥʦʩʪʠ ʵʪʠʭ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʤ ʢʨʠʚʳʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦ-

ʚʘʥʠʷ ɻʂ ʦʧʨʝʜʝʣʝʥʳ ʜʚʝ ʪʦʯʢʠ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ.  

  
ʈʠʩ. 1. ʀʥʪʝʛʨʘʣʴʥʘʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʳʝ ʘʮʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ɻʂ 

1 ï ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʦʙʨʘʪʥʦʛʦ ʘʮʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ɻʂ; 

2 ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʘʷ ʢʨʠʚʘʷ ʦʙʨʘʪʥʦʛʦ ʘʮʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ɻʂ 

 

 
 

ʈʠʩ. 2. ʀʥʪʝʛʨʘʣʴʥʘʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʳʝ ʘʣʢʘʣʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

1 ï ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ ʧʨʷʤʦʛʦ ʘʣʢʘʣʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ɻʂ; 

2 ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʘʷ ʢʨʠʚʘʷ ʧʨʷʤʦʛʦ ʘʣʢʘʣʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ɻʂ 
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ʂʦʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ pH, ʨʘʩʩʯʠ-

ʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ (1) 

 

 
(1) 

 

ʛʜʝ E ï ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, 

ʤʤʦʣʴ/ʛ; 

ʉ ï ʢʦʥʮʝʥʪʨʘʮʠʷ HCl, ʤʦʣʴ/ʜʤ3; 

V0 ï ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ HCl, ʧʦʰʝʜʰʠʡ ʥʘ ʪʠʪ-

ʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʙʝʟ ɻʂ, ʜʤ3; 

V1 ï ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ HCl, ʧʦʰʝʜʰʠʡ ʥʘ ʪʠʪ-

ʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ NaOH ʚ  

ʧʨʠʩʫʪʩʪʚʠʠ ɻʂ, ʜʤ3; 

m ï ʥʘʚʝʩʢʘ ɻʂ, ʛ. 

 

ʇʨʠ ʪʠʪʨʦʚʘʥʠʠ ɻʂ ʦʙʨʘʟʫʶʪʩʷ ʙʫʬʝʨʥʳʝ ʩʠ-

ʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʣʘʙʦʡ ʢʠʩʣʦʪʳ ʠ ʝʝ ʩʦʣʠ [6, 

8]. ʇʦʚʝʜʝʥʠʝ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ɻʝʥʜʝʨʩʦʥʘ-ʍʘʩʩʝʣʴʙʘʭʘ (2), ʢʦʪʦʨʦʝ 

ʩʚʷʟʳʚʘʝʪ ʢʦʥʩʪʘʥʪʫ ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪʳ, ʝʝ ʨʅ 

ʠ ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪʳ. 

 

, (2) 

 

ʛʜʝ m ï ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʵʣʝʢʪʨʦ-

ʩʪʘʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ  

 ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ; 

Ŭ ï ʩʪʝʧʝʥʴ ʜʠʩʩʦʮʠʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʦʩʥʦʚʥʳʭ 

ʢʠʩʣʳʭ ʛʨʫʧʧ ʧʨʦʚʦʜʠʣʠ ʛʨʘʬʠʯʝʩʢʠ ʧʦ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʨʅ ʦʪ  (ʨʠʩʫʥʢʠ 3, 4). ɻʂ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʩʤʝʩʴ ʦʜʥʦʪʠʧʥʳʭ ʤʦʣʝʢʫʣ, ʚ ʢʦʪʦʨʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʦʪʜʝʣʴʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʥʝʠʜʝʥʪʠʯʥʳ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʨʦʙʝ. ɺʩʣʝʜʩʪʚʠʝ 

ʵʪʦʛʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʧʨʝʜʝʣʷʶʪ ʩʨʝʜʥʶʶ 

ʢʦʥʩʪʘʥʪʫ ʠʦʥʠʟʘʮʠʠ ʧʨʠ Ŭ = 0,5. ʊʦʯʢʘ ʧʝʨʝʩʝʯʝ-

ʥʠʷ ʧʨʷʤʦʡ ʩ ʦʩʴʶ ʦʨʜʠʥʘʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ pK. 

 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʨʅ ʦʪ  ʜʣʷ ʘʮʠʜʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

1 ï ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ pH ʦʪ ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ ʬʝʥʦʣʴʥʳʭ ʛʨʫʧʧ; 

2 ï ʚʝʣʠʯʠʥʳ pH ʦʪ ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

 

  

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʨʅ ʦʪ  ʜʣʷ ʘʣʢʘʣʠʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 
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ʈʘʩʩʯʠʪʘʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʢʠʩʣʦʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ ʫʩʣʦʚʥʳʝ ʢʦʥʩʪʘʥʪʳ 

ʜʠʩʩʦʮʠʘʮʠʠ ɻʂ ʧʨʠ I = 0,15 ʤʦʣʴ/ʜʤ3 ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 2. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʙʝʣʢʘʤʠ ʩʯʠʪʘʶʪ, ʯʪʦ 

ʧʨʠ ʨʅ ʥʠʞʝ 7 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʠʩʩʦʮʠʠʨʫʶʪ 

ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʢʠʩʣʦʪ-

ʥʦʩʪʠ, ʨʅ ʚʳʰʝ 9 ï ʬʝʥʦʣʴʥʳʝ [2]. 

ʊʘʙʣʠʮʘ 2. 

ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ɻʂ ʩʘʧʨʦʧʝʣʷ ʠ ʫʩʣʦʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ʜʠʩ-

ʩʦʮʠʘʮʠʠ ʠʦʥʦʛʝʥʥʳʭ ʛʨʫʧʧ (ʧʨʠ I = 0,15 ʤʦʣʴ/ʜʤ3) 

ʊʠʪʨʦʚʘʥʠʝ pK1 pK2 ʂʦʣʠʯʝʩʪʚʦ 

ïCOOH-ʛʨʫʧʧ, ʤʤʦʣʴ/ʛ 

ʂʦʣʠʯʝʩʪʚʦ 

 ïOH-ʛʨʫʧʧ, ʤʤʦʣʴ/ʛ 

ʆʙʨʘʪʥʦʝ ʘʮʠʜʠʤʝʪʨʠʯʝʩʢʦʝ 3,9 9,1 3,26 6,26 

ʇʨʷʤʦʝ ʘʣʢʘʣʠʤʝʪʨʠʯʝʩʢʦʝ - 9,1 - 6,99 

 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ 

ʠʦʥʦʛʝʥʥʳʭ ʛʨʫʧʧ ɻʂ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʠʭ 

ʤʘʢʨʦʣʠʛʘʥʜʥʳʝ ʩʚʦʡʩʪʚʘ, ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ, ʠ ʩʦʟʜʘʶʪ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʩ ʮʝʣʴʶ ʨʘʟʜʝʣʝ-

ʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʩʨʝʜ. 
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DETERMINATION OF STABILITY CONSTANTS FOR METAL IONS COMPLEXES WITH HUMIC 

ACIDS OF NOVGOROD REGION BY POTENTIOMETRIC TITRATION  

 

ɸʥʥʦʪʘʮʠʷ 

ʇʦʣʠʵʣʝʢʪʨʦʣʠʪʥʘʷ ʧʨʠʨʦʜʘ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ 

ʜʝʣʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʷʤʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ ʢʦʤʧʣʝʢʩʦʦʙ-

ʨʘʟʦʚʘʥʠʷ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. ʄʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʦʧʨʝʜʝ-

ʣʝʥʳ ʫʩʣʦʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʠʦʥʘʤʠ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʣʣʦʚ 

ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʠʦʥʥʦʡ ʩʠʣʝ I = 0,15 ʤʦʣʴ/ʜʤ3. ʃʦʛʘʨʠʬʤʳ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ ɻʂ ʩ Cd(II), Pb(II) ʠ Cu(II) ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 3,11; 4,34; 4,75. ʉʧʦʩʦʙʥʦʩʪʴ ʛʫʤʠʥʦʚʳʭ 
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ʢʠʩʣʦʪ ʢ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʩʦʟʜʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʩ ʮʝʣʴʶ ʨʘʟʜʝʣʝʥʠʷ ʠ 

ʠʟʚʣʝʯʝʥʠʷ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʧʦ-

ʣʫʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʚ ʛʫʤʘʪʦʚ ʤʝʪʘʣʣʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʫʜʦʙʨʝʥʠʡ. 

Abstract 

Polyelectrolyte nature of humic acids, polydispersity and chemical heterogeneity make direct determination 

of thermodynamic stability constant of metal-humic acids complexes nearly impossible. Apparent stability con-

stants of metal-humic acid complexes were determined by potentiometric titration method using reactive binding 

sites model at ionic strength of 0,15 mol/dm3. Logarithms of apparent stability constants of humic acid complex-

es with Cd(II), Pb(II) and Cu(II) were 3,11; 4,34; 4,75 respectively. Humic acids complexing ability also allows 

to separate and extract metal cations from various media, in particular to purify wastewater, and produce con-

cetrated humates for use as biofertilizers. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʧʨʦʧʝʣʴ, ʛʫʤʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ, ʢʦʥʩʪʘʥʪʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. 

Keywords: sapropel, humic acids, potentiometric titration, stability constants, heavy metals. 

 

ʉʧʦʩʦʙʥʦʩʪʴ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ (ɻʂ) ʢ ʢʦʤ-

ʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʶ ʩʦʟʜʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʩ ʮʝʣʴʶ ʨʘʟʜʝʣʝʥʠʷ ʠ ʠʟʚʣʝʯʝ-

ʥʠʷ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ [2, 7]. ʇʝʨʩʧʝʢʪʠʚ-

ʥʳʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʙʠʦʫʜʦʙʨʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʩʘʧʨʦʧʝʣʷ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʠʥʦ-

ʚʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʤʧʣʝʢʩʦʚ ʛʫʤʠʥʦ-

ʚʳʭ ʢʠʩʣʦʪ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ɻʂ, ʚʳʜʝʣʝʥ-

ʥʳʝ ʠʟ ʩʘʧʨʦʧʝʣʷ ʦʟʝʨʘ ʃʠʧʦʚʦ ʅʦʚʛʦʨʦʜʩʢʦʡ ʦʙ-

ʣʘʩʪʠ. ɺʳʜʝʣʝʥʠʝ ɻʂ ʠʟ ʩʘʧʨʦʧʝʣʷ ʧʨʦʚʦʜʠʣʠ ʩʦ-

ʛʣʘʩʥʦ [1]. 

ʇʦʣʠʵʣʝʢʪʨʦʣʠʪʥʘʷ ʧʨʠʨʦʜʘ ɻʂ, ʧʦʣʠʜʠʩ-

ʧʝʨʩʥʦʩʪʴ ʠ ʭʠʤʠʯʝʩʢʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʜʝʣʘʶʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʷʤʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦ-

ʚʘʥʠʷ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ. 

ʉʣʦʞʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ɻʂ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʧʦʜʭʦʜʘ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ 

ʩʚʦʡʩʪʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʚʳʙʦʨ ʤʦʜʝʣʠ, ʥʘʠʙʦʣʝʝ ʧʨʘʚʠʣʴʥʦ ʦʧʠʩʳʚʘʶʱʝʡ 

ʩʚʷʟʳʚʘʥʠʝ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ 

ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ɻʂ ʩ ʠʦʥʘʤʠ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ, ʥʝʚʦʟʤʦʞʥʦ ʢʦʨʨʝʢʪʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝ-

ʭʠʦʤʝʪʨʠʶ ʢʦʤʧʣʝʢʩʘ ʠ ʤʦʣʷʨʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ɻʂ. ʇʨʠ ʩʣʦʞʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʩʠʩʪʝʤʝ ʤʦʛʫʪ ʩʦʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯ-

ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʚ-

ʥʦʚʝʩʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɻʂ ʧʨʠʤʝʥʷʝʪʩʷ ʤʦ-

ʣʷʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʩʚʷʟʳʚʘʥʠʝ 

ʠʦʥʘ ʤʝʪʘʣʣʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ɻʂ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʩʪʝʭʠʦʤʝʪʨʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ɻʂ-ʤʝʪʘʣʣ. ʂʦʤʧʣʝʢʩʦʦʙʨʘʱʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ɻʂ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 

ʦʧʨʝʜʝʣʷʶʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʠ ʬʝ-

ʥʦʣʴʥʳʝ ʛʨʫʧʧʳ [4, 5, 8, 9]. 

ʆʧʨʝʜʝʣʝʥʳ ʢʦʣʠʯʝʩʪʚʘ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ɻʂ ʩʘʧʨʦʧʝʣʷ ʠ ʫʩʣʦʚʥʳʝ 

ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʦʩʥʦʚʥʳʭ ʠʦʥʦʛʝʥʥʳʭ 

ʛʨʫʧʧ (ʪʘʙʣʠʮʘ 1) [3]. 

ʊʘʙʣʠʮʘ 1. 

ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʦʩʪʘʚʝ ɻʂ ʩʘʧʨʦʧʝʣʷ ʠ ʫʩʣʦʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ʜʠʩ-

ʩʦʮʠʘʮʠʠ ʠʦʥʦʛʝʥʥʳʭ ʛʨʫʧʧ (I = 0,15 ʤʦʣʴ/ʜʤ3) 

ʊʠʪʨʦʚʘʥʠʝ pK1 pK2 ʂʦʣʠʯʝʩʪʚʦ  

ïCOOH-ʛʨʫʧʧ, ʤʤʦʣʴ/ʛ 

ʂʦʣʠʯʝʩʪʚʦ  

ïOH-ʛʨʫʧʧ, ʤʤʦʣʴ/ʛ 

ʆʙʨʘʪʥʦʝ ʘʮʠʜʠʤʝʪʨʠʯʝʩʢʦʝ 3,9 9,1 3,26 6,26 

ʇʨʷʤʦʝ ʘʣʢʘʣʠʤʝʪʨʠʯʝʩʢʦʝ - 9,1 - 6,99 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤ-

ʧʣʝʢʩʦʚ ɻʂ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦ-

ʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ʜʣʷ 

ʠʦʥʠʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [6]. ʇʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʨʘʩ-

ʯʝʪʘ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (1). 

 

 

(

(1) 

 

ʛʜʝ [M←i] ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʚ ʩʦ-

ʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ;  

[Mi ] ï ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʤʝ-

ʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ; 

 ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʪʘʣʣʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʦʧʨʝʜʝʣʷ-

ʣʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ 

ʠʦʥʦʩʝʣʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʜʦʚ. ɺ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ 

ʬʦʨʤʝ (2) ʫʨʘʚʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʷʤʦʡ ʚ ʢʦʦʨʜʠʥʘ-

ʪʘʭ  : 

 

 
(2) 

 

ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʷʤʦʡ ʩ ʦʩʴʶ ʦʨʜʠʥʘʪ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ lgʂʫʩʪ ʢʦʤʧʣʝʢʩʘ, ʪʘʥʛʝʥʩ ʫʛʣʘ 

ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ ʨʘʚʝʥ ʯʠʩʣʫ ʣʠʛʘʥʜʥʳʭ ʛʨʫʧʧ, 

ʢʦʦʨʜʠʥʠʨʫʝʤʳʭ ʦʜʥʠʤ ʠʦʥʦʤ ʤʝʪʘʣʣʘ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʥʳʭ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ɻʂ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʤʝʪʦʜʦʤ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ 

ʘʮʠʜʠʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ɻʂ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 1 ʛ/ʜʤ3, ʩʦʜʝʨʞʘʱʠʭ ʩʦʣʠ Cd(II), 

Pb(II), Cu(II) ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 10-4 ʤʦʣʴ/ʜʤ3. ʂʨʠ-
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ʚʳʝ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1-3, ʟʘʚʠʩʠʤʦʩʪʠ   

ʥʘ ʨʠʩʫʥʢʘʭ 4-6. ʂʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤ-

ʧʣʝʢʩʦʚ ɻʂ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙ-

ʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2.  

ʂʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ɻʂ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʧʦ ʤʝʪʦʜʫ  

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ʄʝʪʘʣʣ lgʂʫʩʪ n 

Cd 3,11 1,33 

Pb 4,34 1,62 

Cu 4,75 1,76 

 

  
ʈʠʩ. 1. ʀʥʪʝʛʨʘʣʴʥʘʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʳʝ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ  

ɻʂ,  ʤʦʣʴ/ʜʤ3 

1 ï ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ; 2 ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʘʷ 

 

 
ʈʠʩ. 2. ʀʥʪʝʛʨʘʣʴʥʘʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʳʝ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ  

ɻʂ,  ʤʦʣʴ/ʜʤ3 

1 ï ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ;2 ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʘʷ 

 
ʈʠʩ. 3. ʀʥʪʝʛʨʘʣʴʥʘʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʳʝ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ  

ɻʂ, ʤʦʣʴ/ʜʤ3 



50 CHEMICAL SCIENCES / ζColloquium - journal Ȼ# 16(40),2019 

  

ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ  ,  ʤʦʣʴ/ʜʤ3 

 

 

ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ  ,  ʤʦʣʴ/ʜʤ3 

 

 

ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ  ,  ʤʦʣʴ/ʜʤ3 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤ-

ʧʣʝʢʩʦʚ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ pH 3ï7. ʇʨʠ ʜʘʥʥʦʤ pH 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʬʝʥʦʣʴʥʳʭ ʛʠʜʨʦʢʩʠʣʦʚ ʧʨʦʪʦ-

ʥʠʨʦʚʘʥʘ ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ ʩʚʷ-

ʟʳʚʘʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ. ʉʚʷʟʳʚʘʥʠʝ ʠʦʥʦʚ ʤʝ-

ʪʘʣʣʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʢʘʨ-

ʙʦʢʩʠʣʴʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦ 

ʪʠʧʫ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠ ʠʦʥʥʦ-ʢʦʚʘʣʝʥʪʥʦʤʫ ʤʝʭʘ-

ʥʠʟʤʫ. 
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ʋɼʂ 622.7.061.1 

 

ʂʠʙʘʥʦʚʘ ʄʘʨʠʘʥʥʘ ʉʝʨʛʝʝʚʥʘ 

ʙʘʢʘʣʘʚʨ ʢʘʬʝʜʨʳ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʇʝʧʝʣʷʝʚ ʅʠʢʦʣʘʡ ʆʣʝʛʦʚʠʯ 

ʙʘʢʘʣʘʚʨ ʢʘʬʝʜʨʳ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʉʪʘʨʦʩʪʠʥ ɸʥʜʨʝʡ ɻʝʦʨʛʠʝʚʠʯ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɸʅɸʃʀɿ ʉʆɺʈɽʄɽʅʅʓʍ ʌʃʆʊɸʎʀʆʅʅʓʍ ʇɽʅʆʆɹʈɸɿʆɺɸʊɽʃɽʁ ɺ ʇʈʆʀɿɺʆɼʉʊɺɽ 
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ANALYSIS OF MODERN FLOTATION FOAMS IN THE PRODUCTION OF POTASSIUM 

CHLORIDE  

 

ɸʥʥʦʪʘʮʠʷ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʬʣʦʪʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʦʙʦʛʘʱʝʥʠʷ ʢʘ-

ʣʠʡʥʳʭ ʨʫʜ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʬʣʦʪʘʮʠʦʥʥʳʭ ʨʝʘ-

ʛʝʥʪʦʚ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʦʙʨʘʟʫʶʱʠʭ ʨʝʘʛʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ, ʦʪ ʩʚʦʡʩʪʚ ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʠʟʚʣʝʯʝʥʠʝ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʚ ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʠʩʢʫ ʩʦʚʨʝʤʝʥʥʳʭ ʚʩʧʝʥʠʚʘʪʝʣʝʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦ-ʧʘʪʝʥʪʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ, ʚ ʢʦʪʦʨʦʡ ʘʚʪʦʨʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʠ ʨʘʟʣʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʚʣʠʷʥʠʝ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩ ʩʦʙʠʨʘʪʝʣʷʤʠ ʠ ʬʣʦʢʫʣʷʥʪʘʤʠ ʥʘ ʧʨʦʮʝʩʩ ʬʣʦʪʘʮʠʠ 

ʭʣʦʨʠʜʘ ʢʘʣʠʷ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʦʛʘʱʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʨʫʜ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʶ ʬʣʦʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʚʩʧʝʥʠʚʘʪʝ-

ʣʝʡ ʩʦʚʤʝʩʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩʧʠʨʪʦʚ ʠ ʵʬʠʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʣʠʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴ ʠ ʜʠ-2-ʵʪʠʣʛʝʢʩʠʣʦʚʳʡ 

ʵʬʠʨ. ʊʘʢʞʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʪʨʘʜʠʮʠʦʥʥʳʝ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʠ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʦʝ ʠʟʚʣʝʯʝʥʠʝ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʠʷ. ʊʘʢʠʤʠ ʚʩʧʝʥʠʚʘʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʣʘʫʨʠʣʩʫʣʴʬʘʪ 

ʥʘʪʨʠʷ (SDS), ʩʦʩʥʦʚʦʝ ʤʘʩʣʦ ʠ ʛʣʠʢʦʣʝʚʳʡ ʵʬʠʨ.  
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ʉʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʦʮʝʩʩ ʦʙʦʛʘʱʝʥʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʛʝʥ-

ʪʘ ʩʦʙʠʨʘʪʝʣʷ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ, ʧʨʠʤʝʥʷʷ ʚʤʝʩʪʦ ʥʝʛʦ ʩʤʝʩʴ ʥʝʠʦʥʦʛʝʥʥʦʛʦ ʬʣʦʢʫʣʷʥʪʘ ʠ ʧʝ-

ʥʦʦʙʨʘʟʦʚʘʪʝʣʷ. 

ʉ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ 

ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ, ʪʘʢʠʭ ʢʘʢ ʤʘʟʫʪ ʠ ʢʝʨʦʩʠʥ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʘ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʬʣʦʪʦʨʝʘʛʝʥʪʦʚ, ʧʨʠʤʝʥʷʷ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʧʠʨʪʘʤʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʦʙʦ-

ʛʘʱʝʥʠʷ ʢʘʣʠʡʥʳʭ ʨʫʜ ʬʣʦʪʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʘʭ ʠʟʚʣʝʯʝʥʠʷ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʠʷ ʧʫʪʸʤ ʧʝʥʥʦʡ ʬʣʦʪʘ-

ʮʠʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʠ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʪʘʢʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, 

ʢʘʢ ʩʦʩʥʦʚʦʝ ʤʘʩʣʦ, ʩʧʠʨʪʳ, ʧʨʦʜʫʢʪʳ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ, ʩʣʦʞʥʳʝ ʠ ʧʨʦʩʪʳʝ ʵʬʠʨʳ. 

Abstarct 

Today, the flotation method is one of the main ways of enrichment of potash ores. The effectiveness of this 

process directly depends on the flotation reagents used. One of the main process-forming agents is a foaming 

agent, the extraction of potassium chloride directly depends on the properties and chemical composition of the 

foaming agent. 

The work is devoted to the search for modern blowing agents used in Russian and foreign technologies for 

the production of potassium chloride. The paper presents the results of the analysis of the scientific and patent 

literature over the past 10 years, in which the authors considered blowing agents of different composition, the 

effect of their joint use with collectors and flocculants on the process of potassium chloride flotation. 

The results show that in modern technology of mineral ores enrichment special attention is paid to carrying 

out flotation processes with the use of joint compositions of alcohols and ethers such as polypropylene glycol 

and di-2-ethylhexyl ether as blowing agents. Also at the moment, the traditional foaming agents that provide 

high extraction of potassium chloride remain relevant. These blowing agents are sodium lauryl sulfate (SDS), 

pine oil and glycol ether. 

Modern technology allows for the enrichment process without the use of an insoluble residue collector's re-

agent, using instead a mixture of non-ionic flocculant and a foaming agent. 

With the booming petrochemical industry, the number of refined products such as fuel oil and kerosene is 

increasing. This suggests that these substances can be used as flotation reagents, using, together with alcohols, 

for enrichment processes of potash ores by the flotation method. 

The search results showed that in the processes of extraction of potassium chloride by froth flotation widely 

used foaming agents, which include such organic substances as pine oil, alcohols, refined products, esters and 

ethers. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʭʣʦʨʠʜ ʢʘʣʠʷ, ʦʙʦʛʘʱʝʥʠʝ ʢʘʣʠʡʥʳʭ ʨʫʜ, ʬʣʦʪʘʮʠʷ, ʬʣʦ-

ʪʦʨʝʘʛʝʥʪʳ, ʚʩʧʝʥʠʚʘʪʝʣʴ, ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ.  

Keywords: mineral fertilizer, potassium chloride, enrichment potassic ores, flotation, flotation reagent, 

blowing agent, frother. 

 

ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝ-

ʣʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʧʦʪʨʝʙʥʦʩʪʠ ʥʘ ʩʝʣʴʩʢʦ-

ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʧʨʦʜʫʢʮʠʶ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʦ-

ʚʳʰʝʥʠʶ ʦʙʲʸʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʟʜʘʥʠʶ ʙʦʣʝʝ ʧʣʦʜʦʨʦʜʥʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʩʣʦʷ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʮʝʣʠʥʥʳʭ ʟʝʤʣʷʭ. ʄʠʥʝʨʘʣʴʥʳʤʠ 

ʫʜʦʙʨʝʥʠʷʤʠ ʥʘʟʳʚʘʶʪ ʩʦʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʵʣʝʤʝʥ-

ʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ ʠ ʚʥʦʩʠ-

ʤʳʝ ʚ ʧʦʯʚʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʠʭ ʠ ʫʩʪʦʡʯʠʚʳʭ 

ʫʨʦʞʘʝʚ [1]. 

ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʢʘʥʠ ʨʘʩʪʝʥʠʷ, ʝʛʦ ʨʦʩʪʘ ʠ 

ʨʘʟʚʠʪʠʷ ʪʨʝʙʫʝʪʩʷ ʦʢʦʣʦ 60 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥ-

ʪʦʚ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʫʛʣʝʨʦʜ, ʢʠʩʣʦʨʦʜ ʠ 

ʚʦʜʦʨʦʜ, ʦʙʨʘʟʫʶʱʠʝ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʨʘʩʪʠʪʝʣʴ-

ʥʦʡ ʤʘʩʩʳ. ʆʩʥʦʚʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʨʘʩ-

ʪʝʥʠʡ ʥʦʩʷʪ ʪʘʢʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʳ, ʢʘʢ ʘʟʦʪ, 

ʬʦʩʬʦʨ ʠ ʢʘʣʠʡ. 

ʂʘʣʠʡ ʥʝʦʙʭʦʜʠʤ ʨʘʩʪʝʥʠʷʤ ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ 

ʚʦʜʳ ʠ ʩʠʥʪʝʟʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʘʭʘʨʦʚ. ʆʥ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʫʩʚʦʝʥʠʶ ʫʛʣʝʢʠʩʣʦʪʳ, ʘʢʪʠʚʠʟʠ-

ʨʫʷ ʧʨʦʮʝʩʩ ʬʦʪʦʩʠʥʪʝʟʘ, ʧʦʚʳʰʘʷ ʠʤʤʫʥʠʪʝʪ 

ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʢ ʨʘʟʣʠʯʥʳʤ 

ʙʦʣʝʟʥʷʤ, ʤʦʨʦʟʫ ʠ ʟʘʩʫʭʝ, ʪʘʢʞʝ ʢʘʣʠʡ ʥʝʦʙʭʦʜʠʤ 

ʨʘʩʪʝʥʠʷʤ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ, 

ʧʦʚʳʰʝʥʠʷ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦ-

ʜʦʚ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʜʦʩʪʫʧʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʷʚʣʷʝʪʩʷ ʭʣʦʨʠʩʪʳʡ ʢʘ-

ʣʠʡ. ɼʦʣʷ ʭʣʦʨʠʜʘ ʢʘʣʠʷ, ʦʪ ʚʩʝʭ ʧʨʦʠʟʚʦʜʠʤʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʈʦʩʩʠʠ, ʩʦʩʪʘʚʣʷʝʪ 

34%. ʍʣʦʨʠʜ ʢʘʣʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʢʘʣʠʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʢʦʣʦ 95% KCl ʧʨʠ-

ʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ, ʘ ʦʩʪʘʣʴʥʦʝ ʢʦʣʠ-

ʯʝʩʪʚʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʚ ʩʦʝʜʠʥʝʥʠʷ ʢʘʣʠʷ, ʧʨʠ-

ʤʝʥʷʝʤʳʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ.  

ʍʣʦʨʠʜ ʢʘʣʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʦʝ ʤʠ-

ʥʝʨʘʣʴʥʦʝ ʫʜʦʙʨʝʥʠʝ, ʪʘʢ ʠ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʦʤ-

ʧʣʝʢʩʥʳʭ ʫʜʦʙʨʝʥʠʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ 

ʨʝʟʫʣʴʪʘʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠʩʭʦʜʥʦʛʦ ʭʣʦʨʠʜʘ 

ʢʘʣʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʦʙʦʛʘʱʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʬʣʦ-

ʪʦʨʝʘʛʝʥʪʦʚ [1]. 

ʇʨʝʦʙʣʘʜʘʶʱʠʤʠ ʩʧʦʩʦʙʘʤʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦ-

ʜʫʢʪʘ ñʭʣʦʨʠʩʪʳʡ ʢʘʣʠʡò ʠʟ ʩʠʣʴʚʠʥʠʪʘ ʷʚʣʷʶʪʩʷ 

ʬʣʦʪʘʮʠʦʥʥʳʡ, ʛʘʣʫʨʛʠʯʝʩʢʠʡ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʳʡ ʤʝʪʦʜʳ. ɺʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʨʘ-

ʙʦʪʢʠ ʩʠʣʴʚʠʥʠʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, 
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ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʧʨʦʝʢʪʠʨʫʝʤʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʩ-

ʩʦʨʪʠʤʝʥʪʫ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥ-

ʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʠʟ ʩʠʣʴ-

ʚʠʥʠʪʘ ʷʚʣʷʝʪʩʷ ʬʣʦʪʘʮʠʦʥʥʳʡ ʤʝʪʦʜ, ʪʘʢ ʢʘʢ ʦʥ 

ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʵʥʝʨʛʦʟʘʪʨʘʪʥʳʤ, ʯʝʤ ʛʘʣʫʨʛʠʯʝ-

ʩʢʠʡ ʤʝʪʦʜ ʦʙʦʛʘʱʝʥʠʷ. ʌʣʦʪʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝʥʠʠ ʤʠʥʝʨʘʣʦʚ ʠʟʤʝʣʴʯʝʥʥʦʡ 

ʨʫʜʳ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʦʡ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʫʜʝʨ-

ʞʠʚʘʪʴʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ. 

ʇʨʠʤʝʥʷʷ ʬʣʦʪʘʮʠʦʥʥʳʝ ʨʝʘʛʝʥʪʳ, ʤʦʞʥʦ ʠʩʢʫʩ-

ʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʤʠʥʝʨʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʣʦʭʦ ʩʤʘʯʠʚʘʝʤʳʝ ʚʦʜʦʡ (ʛʠʜʨʦ-

ʬʦʙʥʳʝ) ʯʘʩʪʠʮʳ ʧʨʠʣʠʧʘʶʪ ʢ ʧʫʟʳʨʴʢʘʤ ʚʦʟʜʫʭʘ, 

ʚʩʧʣʳʚʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʫʣʴʧʳ ʠ ʦʙʨʘʟʫʶʪ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʫʶ ʧʝʥʫ, ʘ ʭʦʨʦʰʦ ʩʤʘʯʠʚʘʝʤʳʝ 

ʚʦʜʦʡ (ʛʠʜʨʦʬʠʣʴʥʳʝ) ʯʘʩʪʠʮʳ ʥʝ ʧʨʠʣʠʧʘʶʪ ʢ 

ʧʫʟʳʨʴʢʘʤ ʠ ʦʩʪʘʶʪʩʷ ʚ ʦʙʲʝʤʝ ʧʫʣʴʧʳ [3,4]. 

ʌʣʦʪʘʮʠʦʥʥʳʝ ʨʝʘʛʝʥʪʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ 

ʥʘ ʩʦʙʠʨʘʪʝʣʝʡ, ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʠ, ʜʝʧʨʝʩʩʦʨʳ, 

ʘʢʪʠʚʘʪʦʨʳ ʠ ʨʝʛʫʣʷʪʦʨʳ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʡ ʪʘʢʦʡ ʬʣʦʪʘʮʠʦʥʥʳʡ 

ʨʝʘʛʝʥʪ, ʢʘʢ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ (ʚʩʧʝʥʠʚʘʪʝʣʴ), ʢʦ-

ʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʨʝʘʛʝʥʪʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʬʣʦʪʘʮʠʠ. 

ʇʝʥʦʦʙʨʘʟʦʚʘʪʝʣʠ ï ʵʪʦ ʚʝʱʝʩʪʚʘ, ʧʦʚʳʰʘʶ-

ʱʠʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʧʝʥʳ, ʩʧʦ-

ʩʦʙʩʪʚʫʶʱʠʝ ʣʫʯʰʝʤʫ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʚʦʟʜʫʭʘ 

ʚ ʧʫʣʴʧʝ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʣʴʯʘʡʰʠʭ ʧʫʟʳʨʴʢʦʚ 

[5]. ʆʙʳʯʥʦ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʠ ʷʚʣʷʶʪʩʷ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʇɸɺ), ʤʦʣʝʢʫʣʳ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʦʣʷʨʥʦ-ʘʧʧʦʣʷʨʥʳʤʠ (ʜʠ-

ʬʠʣʴʥʳʤʠ). ʇʦʣʷʨʥʘʷ ʯʘʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʛʠʜʨʦʢʩʠʣʦʤ, ʢʘʨʙʦʥʠʣʦʤ, ʩʫʣʴʬʦʛʨʫʧʧʦʡ, 

ʘʤʠʥʦʛʨʫʧʧʦʡ ʠ ʜʨ. ʄʦʣʝʢʫʣʳ ʇɸɺ ʘʜʩʦʨʙʠʨʫʶʪ-

ʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ ʛʘʟ ï ʞʠʜʢʦʩʪʴ, ʧʦ-

ʥʠʞʘʷ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʧʨʠ ʵʪʦʤ ʧʦʣʷʨ-

ʥʳʝ ʛʨʫʧʧʳ ʤʦʣʝʢʫʣʳ ʦʙʨʘʱʝʥʳ ʚ ʚʦʜʫ, ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʯʝʛʦ ʧʫʟʳʨʴʢʠ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʪʩʷ 

ʫʩʪʦʡʯʠʚʳʤʠ ʛʠʜʨʘʪʥʳʤʠ ʦʙʦʣʦʯʢʘʤʠ, ʧʨʝʧʷʪ-

ʩʪʚʫʶʱʠʤʠ ʠʭ ʩʣʠʷʥʠʶ [6]. 

ɺ ʧʨʦʮʝʩʩʝ ʧʝʥʥʦʡ ʬʣʦʪʘʮʠʠ ʚʘʞʥʫʶ ʨʦʣʴ 

ʠʛʨʘʝʪ ʢʘʯʝʩʪʚʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʧʝʥʳ. ʄʠʥʝʨʘ-

ʣʠʟʦʚʘʥʥʘʷ ʧʝʥʘ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʤʦʞʝʪ ʙʳʪʴ 

ʜʚʫʭ ʚʠʜʦʚ: ʭʨʫʧʢʦʡ ʠ ʚʷʟʢʦʡ. ʍʨʫʧʢʘʷ ʧʝʥʘ ʙʳʩʪ-

ʨʦ ʨʘʟʨʫʰʘʪʴʩʷ, ʧʨʠ ʵʪʦʤ ʬʣʦʪʠʨʫʶʱʠʝʩʷ ʯʘʩʪʠ-

ʮʳ ʣʝʛʢʦ ʦʩʳʧʘʶʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʠʟʦ-

ʚʘʥʥʦʛʦ ʧʫʟʳʨʴʢʘ ʠ ʪʦʥʫʪ ʚ ʦʙʲʸʤʝ ʧʫʣʴʧʳ. ʕʪʦ 

ʷʚʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʠʟʚʣʝʯʝʥʠʷ ʤʠʥʝ-

ʨʘʣʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʨʴ ʧʨʦʜʫʢʪʘ. ɺʷʟʢʘʷ ʧʝʥʘ 

ʦʯʝʥʴ ʫʩʪʦʡʯʠʚʘ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, 

ʦʥʘ ʧʣʦʭʦ ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʧʦʜʜʘʸʪʩʷ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʩ ʚʳʜʝ-

ʣʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʪʘ ʚ ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ [7,8]. ʇʦ-

ʵʪʦʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʥʥʦʡ ʬʣʦʪʘʮʠʠ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠ ʧʦʣʥʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘ-

ʚʠʣʴʥʦ ʧʦʜʦʙʨʘʪʴ ʨʝʘʛʝʥʪʥʳʡ ʨʝʞʠʤ. 

ʇʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦ-

ʮʝʩʩʝ ʬʣʦʪʘʮʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʠʥʝʪʠʢʠ. ʃʠʤʠʪʠ-

ʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʧʝʥʥʦʡ ʬʣʦʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʙʨʘ-

ʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʫʟʳʨʸʢ-ʯʘʩʪʠʮʘ, ʢʦʪʦʨʘʷ ʧʨʦ-

ʪʝʢʘʝʪ ʟʘ ʩʯʸʪ ʘʜʩʦʨʙʮʠʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ 

ʯʘʩʪʠʮʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʟʳʨʴʢʘ [9]. ʇʨʠ ʧʦʤʦ-

ʱʠ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʤʦʞʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 

ʧʨʦʮʝʩʩ ʘʜʩʦʨʙʮʠʠ, ʘ ʠʤʝʥʥʦ, ʧʦʚʳʰʘʪʴ ʚʝʨʦʷʪ-

ʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʠʷ ʯʘʩʪʠʮʳ ʤʠʥʝʨʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʧʫʟʳʨʴʢʘ ʚʦʟʜʫʭʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʘʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ [10]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘ ʦʙʦʛʘʱʝ-

ʥʠʷ ʢʘʣʠʡʥʳʭ ʨʫʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʧʨʝʜ-

ʣʘʛʘʝʪ ʤʥʦʞʝʩʪʚʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʝ-

ʰʝʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʈʘʩ-

ʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠʟ ʥʠʭ. 

ɼʣʷ ʦʙʟʦʨʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʙʳʣ ʚʳʙʨʘʥ ʚʨʝʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʢ, ʢʦʪʦʨʳʡ ʩʦ-

ʩʪʘʚʠʣ 10 ʣʝʪ, ʪʦ ʝʩʪʴ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʠʯʝ-

ʩʢʠʝ ʨʝʰʝʥʠʷ ʩ 2009 ʧʦ 2019 ʛʛ.  

ʂʣʘʫʩ-ʋʣʴʨʠʭ ʇʝʜʝʡʥ ʚ ʧʘʪʝʥʪʝ [11] ʟʘʷʚʣʷʝʪ, 

ʯʪʦ ʜʘʥʥʦʝ ʠʟʦʙʨʝʪʝʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʦʙʦʛʘ-

ʱʝʥʠʷ ʨʫʜ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʨʘʩʪʚʦʨʠʤʦ-

ʛʦ ʦʩʪʘʪʢʘ. ɺ ʧʨʦʮʝʩʩʝ ʧʝʥʥʦʡ ʬʣʦʪʘʮʠʠ ʧʨʠʤʝ-

ʥʷʶʪ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ, ʩʦʜʝʨʞʘʱʠʡ ʚ ʩʚʦʸʤ ʩʦ-

ʩʪʘʚʝ ʧʨʦʩʪʦʡ ʠ / ʠʣʠ ʩʣʦʞʥʳʡ ʵʬʠʨ, ʛʜʝ ʵʬʠʨ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʝ: 

1) ʇʨʦʩʪʦʡ ʵʬʠʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʦʨʤʫʣʝ:  

RO-R ' 

ʛʜʝ R - ʣʠʥʝʡʥʳʝ ʠʣʠ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʘʣʢʠʣʴ-

ʥʳʝ, ʠʣʠ ʘʣʢʝʥʠʣʴʥʳʝ ʛʨʫʧʧʳ ʩ ʯʠʩʣʦʤ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʦʪ 2 ʜʦ 30; 

R '- ʣʠʥʝʡʥʳʝ ʠʣʠ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʘʣʢʠʣʴʥʳʝ, 

ʠʣʠ ʘʣʢʝʥʠʣʴʥʳʝ ʛʨʫʧʧʳ ʩ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʫʛʣʝʨʦ-

ʜʘ ʦʪ 1 ʜʦ 30.  

2) ʉʣʦʞʥʳʡ ʵʬʠʨ ʧʦʣʫʯʘʶʪ ʨʝʘʢʮʠʝʡ ʦʜʥʦ- 

ʠʣʠ ʤʥʦʛʦʦʩʥʦʚʥʦʡ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʯʠʩʣʦʤ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʦʪ 2 ʜʦ 30 (ʢʠʩʣʦʪʥʳʡ ʦʩʪʘʪʦʢ) ʩ 

ʦʜʥʦ- ʠʣʠ ʤʥʦʛʦʘʪʦʤʥʳʤ ʩʧʠʨʪʦʤ ʩ ʯʠʩʣʦʤ ʘʪʦ-

ʤʦʚ ʫʛʣʝʨʦʜʘ ʦʪ 1 ʜʦ 30 (ʩʧʠʨʪʦʚʦʡ ʦʩʪʘʪʦʢ). 

3) ʇʨʦʩʪʦʡ ʵʬʠʨ ʠ / ʠʣʠ ʩʣʦʞʥʳʡ ʵʬʠʨ ʷʚʣʷ-

ʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠʤʠ, ʨʘʟʤʝʨ ʢʦʣʴʮʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 6 

ʜʦ 30 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ.  

4) ʇʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ ʠʟʦʙʨʝʪʝʥʠʷ, ʧʦʤʠʤʦ, 

ʧʨʦʩʪʦʛʦ ʠ/ʠʣʠ ʩʣʦʞʥʦʛʦ ʵʬʠʨʘ, ʩʦʜʝʨʞʠʪ, ʧʦ 

ʤʝʥʴʰʝʡ ʤʝʨʝ, ʩʧʠʨʪ, ʢʦʪʦʨʳʡ ʥʝʩʝʪ ʫʛʣʝʚʦʜʦʨʦʜ-

ʥʳʡ ʦʩʪʘʪʦʢ ʩ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʦʪ 6 ʜʦ 16, 

ʠ/ʠʣʠ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʧʦʣʠʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʙʳʣʠ ʨʘʩʩʤʦʪ-

ʨʝʥʳ ʢʦʤʧʦʟʠʮʠʠ, ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 1.  
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ʊʘʙʣʠʮʘ 1 

ʉʦʩʪʘʚ ʢʦʤʧʦʟʠʮʠʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ 

ʂʦʤʧʦʥʝʥʪ ʉʦʩʪʘʚ ʢʦʤʧʦʟʠʮʠʡ (% ʤʘʩʩ.) 

ˉ1 ˉ2 ˉ3 ˉ4 ˉ5 ˉ6 ˉ7 

ʇʦʣʠʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴ 200ʛ/ʤʦʣʴ 75 75 75 75 75 75 0 

ɼʠ-2-ʵʪʠʣʛʝʢʩʠʣʦʚʳʡ ʵʬʠʨ 4,1 25 0 12,5 10 10 16 

2-ʵʪʠʣʛʝʢʩʠʣʢʠʩʣʦʪʘ-2-ʵʪʠʣʛʝʢʩʠʣʦʚʳʡ ʵʬʠʨ 4,3 0 0 0 0 0 17 

ʉ16-ʣʘʢʪʦʥ 3,5 0 0 0 0 0 14 

2-ʵʪʠʣʛʝʢʩʠʣʙʫʪʠʨʘʪ 1,1 0 25 12,5 10 10 5 

2-ʵʪʠʣʛʝʢʩʘʥʜʠʦʣ-(1,3)-ʤʦʥʦ-ʥ-ʙʫʪʠʨʘʪ 2,6 0 0 0 0 0 11 

2-ʵʪʠʣʛʝʢʩʘʥʦʣ 1,2 0 0 0 5 0 5 

ʉ4-ʉ6-ʘʮʝʪʘʪ 0,7 0 0 0 0 0 3 

2-ʵʪʠʣʛʝʢʩʘʥʜʠʦʣ-(1,3) 1,1 0 0 0 0 5 4 

ʇʨʦʩʪʦʡ ʵʬʠʨ ʠ ʩʣʦʞʥʳʡ ʵʬʠʨ > ʉ20 2,3 0 0 0 0 0 9 

ʇʨʦʯʝʝ 4,1 0 0 0 0 0 16 

 

ʈʝʟʫʣʴʪʘʪʳ ʬʣʦʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʝʤʝʥʪʦʚ ʧʦ ʚʳʭʦʜʫ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ (ʥ.ʦ.) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʠ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1:  

 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ ʦʪ ʩʦʩʪʘʚʘ ʢʦʤʙʠʥʘʮʠʡ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʫ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢ-

ʪʠʚʥʳʤ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʝʤ ʦʢʘʟʘʣʘʩʴ ʢʦʤʧʦʟʠʮʠʷ 

ˉ2, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʠʪ 75% ʤʘʩʩ. ʧʦʣʠʧʨʦ-

ʧʠʣʝʥʛʣʠʢʦʣʷ ʠ 25% ʤʘʩʩ. ʜʠ-2-ʵʪʠʣʛʝʢʩʠʣʦʚʦʛʦ 

ʵʬʠʨʘ. ʇʨʠ ʵʪʦʤ ʚʳʭʦʜ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ 

ʩʦʩʪʘʚʠʣ 73,7 %. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʬʣʦʪʘʮʠʠ ʢʦ-

ʣʠʯʝʩʪʚʦ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚʘʨʴʠʨʫʶʪ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɼʦʙʘʚʣʝʥʠʝ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʤʝʥʴ-

ʰʝ 0,4 ʛ/ʪ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʥʝʦʙʦʛʘʱʝʥʥʦʡ 

ʩʦʣʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚʳʩʦʢʦʝ ʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʪʨʝʙʫʝʪ ʜʦʙʘʚʣʝʥʠʷ 

ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʩʦʙʠʨʘʪʝʣʷ ʩʠʣʴʚʠʥʘ. ɼʦʙʘʚ-

ʣʝʥʠʝ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʢʦʣʠʯʝʩʪʚʝ ʙʦʣʝʝ 150 ʛ/ʪ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʩʠʣʴʚʠʥʘ ʚ ʭʦʜʝ 

ʬʣʦʪʘʮʠʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘʠʣʫʯ-

ʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ ʧʝ-

ʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʦʪ 20 ʜʦ 50 ʛ/ʪ ʥʝʦʙʦʛʘʱʝʥʥʦʡ ʩʦ-

ʣʠ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ - ʧʨʠ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 20 ʜʦ 40 

ʛ/ʪ ʥʝʦʙʦʛʘʱʝʥʥʦʡ ʩʦʣʠ; ʦʩʦʙʝʥʥʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴ-

ʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ 30 ʛ/ʪ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ - ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʩʠʣʴʚʠʥʠʪʘ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

ɺ ʧʘʪʝʥʪʝ [12] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʝʨʘʩ-

ʪʚʦʨʠʤʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʬʣʦʪʠʨʦʚʘʪʴʩʷ ʪʘʢ, 

ʯʪʦ ʦʥʠ ʩʥʘʯʘʣʘ ʬʣʦʢʫʣʠʨʫʶʪʩʷ ʩ ʥʝʠʦʥʦʛʝʥʥʳʤ 

ʬʣʦʢʫʣʷʥʪʦʤ ʠ ʵʪʠ ʭʣʦʧʴʷ ʟʘʪʝʤ ʬʣʦʪʠʨʫʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʧʝʥʦʦʙʨʘʟʫʶʱʝʛʦ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʦʝ 

ʩʦʜʝʨʞʠʪ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʦʜʠʥ ʧʦʣʠʧʨʦʧʠ-

ʣʝʥʛʣʠʢʦʣʴ ʠ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʦʜʠʥ ʩʧʠʨʪ, ʩʦʜʝʨ-

ʞʘʱʠʡ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʨʘʜʠʢʘʣ, ʠʤʝʶʱʠʡ ʦʪ 6 ʜʦ 

16 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʦʙʠʨʘʪʝʣʷ. 

ɸʚʪʦʨʦʤ ʧʘʪʝʥʪʘ [13] ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙ ʠʟ-

ʚʣʝʯʝʥʠʷ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʧʫʪʝʤ ʬʣʦʪʘʮʠʠ ʧʝʨʚʠʯ-

ʥʳʭ ʩʠʣʴʚʠʥʦʚʳʭ ʨʫʜ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝ-

ʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝ-

ʣʷ ʧʨʠʤʝʥʷʝʪʩʷ ʩʦʩʥʦʚʦʝ ʤʘʩʣʦ ʠʣʠ ʛʣʠʢʦʣʝʚʳʝ 

ʵʬʠʨʳ, ʚ ʢʦʣʠʯʝʩʪʚʝ 15 ~ 30 ʛ / ʪ ʨʫʜʳ.  
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ɸʥʘʣʠʟ ʧʨʠʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʠʤʝ-

ʥʝʥʠʶ ʜʘʥʥʳʭ ʚʩʧʝʥʠʚʘʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣ.2: 

 

 

ʊʘʙʣʠʮʘ 2 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʇʝʥʦʦʙʨʘʟʦʚʘʪʝʣʠ KCl ʚ 

ʨʫʜʝ 

(%) 

ʅʝʨʘʩʪʚʦʨʠʤʳʡ 

ʦʩʪʘʪʦʢ ʚ ʨʫʜʝ (%) 

ʈʘʩʭʦʜ ʨʝʘ-

ʛʝʥʪʘ (ʛ/ʪ 

ʨʫʜʳ) 

KCl ʚ ʛʦʪʦʚʦʤ 

ʧʨʦʜʫʢʪʝ (%) 

ʉʪʝʧʝʥʴ ʠʟʚʣʝ-

ʯʝʥʠʷ KCl (%) 

ʉʦʩʥʦʚʦʝ ʤʘʩʣʦ 31,93 3,5 25 95,8 92,8 

26,5 4,2 15 95,6 91,2 

34,5 3,2 26 96,2 93,2 

40,2 2,1 30 95,3 92,5 

32,2 3,2 30 95,5 90,8 

ɻʣʠʢʦʣʝʚʳʡ ʵʬʠʨ 31,2 3,9 20 95,7 92,8 

 

ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʨʫʜʝ ʭʣʦʨʠʜʘ ʢʘʣʠʷ - 34,5%, ʘ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ-3,2% ʨʘʩʭʦʜ ʩʦʩʥʦʚʦʛʦ 

ʤʘʩʣʘ ʩʦʩʪʘʚʣʷʝʪ 26 ʛ/ʪ ʨʫʜʳ, ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʚ ʛʦʪʦʚʦʤ ʧʨʦʜʫʢʪʝ ʩʦʩʪʘʚʣʷʝʪ 96,2%, 

ʘ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ 93,2%. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʩʧʠʨʪʘ ʠ ʧʨʦ-

ʜʫʢʪʦʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ (ʢʝʨʦʩʠʥ, ʤʘʟʫʪ) ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʧʘʪʝʥʪʝ [14]. 

ɺ ʪʘʙʣ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʚʩʧʝʥʠʚʘʪʝʣʝʡ ʥʘ ʧʨʦ-

ʮʝʩʩ ʬʣʦʪʘʮʠʠ: 

ʊʘʙʣʠʮʘ 3 

ɺʣʠʷʥʠʝ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʦʧʨʝʜʝʣʸʥʥʦʡ ʬʨʘʢʮʠʠ ʥʘ ʬʣʦʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ 

ʌʨʘʢʮʠʷ 

ʨʫʜʳ (ʤʤ) 

ʉʦʩʪʘʚ ʨʫʜʳ 

(%) 
ʇʨʠʤʝʥʷʝʤʳʡ ʧʝʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴ 

ʈʘʩʭʦʜ ʧʝʥʦʦʙʨʘ-

ʟʦʚʘʪʝʣʷ (ʛ/ʪ) 

ʉʦʩʪʘʚ ʢʦʥ-

ʮʝʥʪʨʘʪʘ (%) 
ʉʪʝʧʝʥʴ ʠʟ-

ʚʣʝʯʝʥʠʷ KCl 

(%) KCl NaCl KCl NaCl 

0,5 ʠ ʤʝ-

ʥʝʝ 
12,87 50,52 

ʂʝʨʦʩʠʥ 100 

76,25 12,27 72,31 ʄʝʪʠʣʘʤʠʣʦʚʳʡ 

ʩʧʠʨʪ 
40 

0,75 ʠ 

ʤʝʥʝʝ 
19,32 42,05 

ʄʘʩʣʦ ˉ2 (ʩʤʝʩʴ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ) 
50 88,29 4,92 74,68 

1,0 ʠ ʤʝ-

ʥʝʝ 
15,9 54,66 

ʄʘʟʫʪ 60 

86,25 5,83 75,29 ʄʝʪʠʣʧʝʥʪʝʥʦ-

ʚʳʡ ʩʧʠʨʪ 
40 

 

ʍʘʥ ʂʠ ʏʦʥ ʚ ʩʚʦʸʤ ʧʘʪʝʥʪʝ [15] ʧʨʝʜʣʘʛʘʝʪ ʠʟʚʣʝʯʝʥʠʝ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʬʣʦʪʘʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʣʘʫʨʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ (SDS) ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 2-6 ʤʣ/ ʪʦʥʥʫ 

ʥʝʦʙʦʛʘʱʸʥʥʦʡ ʩʦʣʠ.  

ʉʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

2:  

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ KCl ʦʪ ʨʘʩʭʦʜʘ ʚʩʧʝʥʠʚʘʪʝʣʷ ʣʘʫʨʠʣʩʫʣʴʬʘʪ ʥʘʪʨʠʷ (SDS) 
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ɹʝʟ ʧʨʠʤʝʥʝʥʠʷ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪʩʷ 80%- ʥʘʷ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʭʣʦʨʠʜʘ ʢʘ-

ʣʠʷ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʪ 2 ʤʣ ʜʦ 6 ʤʣ ʣʘʫʨʠʣʩʫʣʴ-

ʬʘʪʘ ʥʘʪʨʠʷ (SDS), ʚ ʢʘʯʝʩʪʚʝ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʷ, 

ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 96 ï 97%. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʮʝʩʩ ʧʝʥʥʦʡ ʬʣʦʪʘʮʠʠ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʚ ʢʘʣʠʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ 

ʠʤʝʥʥʦ, ʚ ʧʦʣʫʯʝʥʠʠ ʭʣʦʨʠʜʘ ʢʘʣʠʷ, ʪʦ ʧʨʠʤʝʥʝ-

ʥʠʝ ʚʩʧʝʥʠʚʘʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʮʝʩʩʝ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʦ. ʇʘʪʝʥʪʥʳʡ ʧʦʠʩʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʨʦ-

ʮʝʩʩʘʭ ʠʟʚʣʝʯʝʥʠʷ KCl ʧʫʪʸʤ ʧʝʥʥʦʡ ʬʣʦʪʘʮʠʠ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʢʠʝ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʠ ʢʘʢ 

ʥʝʧʦʣʷʨʥʳʝ ʤʘʩʣʘ, ʩʧʠʨʪʳ, ʧʨʦʜʫʢʪʳ ʥʝʬʪʝʧʝʨʝ-

ʨʘʙʦʪʢʠ, ʩʣʦʞʥʳʝ ʠ ʧʨʦʩʪʳʝ ʵʬʠʨʳ. ʇʨʠʤʝʥʝʥʠʝ 

ʜʘʥʥʳʭ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʠʟʚʣʝʯʝʥʠʷ 

ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ 

ʬʣʦʪʘʮʠʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʫʩʪʦʡʯʠʚʦʡ ʧʝʥʳ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʞʠʜ-

ʢʦʩʪʴ-ʛʘʟ, ʫʚʝʣʠʯʠʚʘʶʪ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʭʣʦʨʠ-

ʜʘ ʢʘʣʠʷ ʠ ʯʠʩʪʦʪʫ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. ʇʨʠ 

ʦʧʨʝʜʝʣʸʥʥʦʤ ʩʦʩʪʘʚʝ ʧʝʥʦʦʙʨʘʟʦʚʘʪʝʣʠ ʚʳʧʦʣ-

ʥʷʶʪ ʜʚʦʡʥʫʶ ʬʫʥʢʮʠʶ ʚ ʧʨʦʮʝʩʩʝ ʦʙʦʛʘʱʝʥʠʷ, 

ʦʥʠ ʟʘʤʝʥʷʶʪ ʜʝʡʩʪʚʠʝ ʩʦʙʠʨʘʪʝʣʷ, ʪʝʤ ʩʘʤʳʤ 

ʩʥʠʞʘʷ ʨʘʩʭʦʜ ʨʝʘʛʝʥʪʦʚ ʠ ʫʚʝʣʠʯʠʚʘʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ 

ʢʘʣʠʡʥʳʭ ʨʫʜ. 

ʉʧʠʩʦʢ ʠʩʪʦʯʥʠʢʦʚ 

1. ʇʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï URL: 

https://www.agro-sputnik.ru/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

22.03.2019). 

2. ɹʨʘʛʠʥʘ ɺ.ʀ., ɹʨʘʛʠʥ ɺ.ʀ. ʌʣʦʪʘʮʠʦʥʥʳʝ 
ʤʝʪʦʜʳ ʦʙʦʛʘʱʝʥʠʷ: ʢʦʥʩʧʝʢʪ ʣʝʢʮʠʡ. ï ʂʨʘʩʥʦ-

ʷʨʩʢ: 2010. ï 123 ʩ. 

3. ɸʙʨʘʤʦʚ ɸ.ɸ. ʌʣʦʪʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʦ-
ʛʘʱʝʥʠʷ. ï ʄ.: ɻʦʨʥʘʷ ʢʥʠʛʘ, 2016. ï 595ʩ. 

4. ɹʦʛʜʘʥʦʚ ʆ.ʉ., ʄʘʢʩʠʤʦʚ ʀ.ʀ., ʇʦʜʥʝʢ 

ɸ.ʂ., ʗʥʠʩ ʅ.ɸ. ʊʝʦʨʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʬʣʦʪʘʮʠʠ 

ʨʫʜ. ï ʄ.: ʅʝʜʨʘ, 1990. ï 363 ʩ. 

5. ʅʘʟʥʘʯʝʥʠʝ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʣʦʪʘʮʠʦʥ-
ʥʳʭ ʨʝʘʛʝʥʪʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï URL: 

http://xn--80agec0aqcasshn.xn--p1ai/articles/ (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 22.03.2019). 

6. ʃʘʥʛʝ ʂ.ʈ. ʇʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝ-

ʩʪʚʘ: ʩʠʥʪʝʟ, ʩʚʦʡʩʪʚʘ, ʘʥʘʣʠʟ, ʧʨʠʤʝʥʝʥʠʝ / ʂ.ʈ. 

ʃʘʥʛʝ; ʥʘʫʯ. ʨʝʜ. ʃ.ʇ. ɿʘʡʯʝʥʢʦ. ï ʉʇʙ.: ʇʨʦʬʝʩ-

ʩʠʷ, 2004. ï 240ʩ. 

7. ʇʦʟʠʥ ʄ.ɽ. ʊʝʭʥʦʣʦʛʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ/ ʄ. ɽ. ʇʦʟʠʥ. ï ʃʝ-

ʥʠʥʛʨʘʜ: ʍʠʤʠʷ,1989. ï 352 ʩ. 

8. ʊʠʪʢʦʚ ʉ.ʅ., ʄʘʤʝʜʦʚ ɸ.ʀ., ʉʦʣʦʚʴʸʚ ɽ.ʀ. 
ʆʙʦʛʘʱʝʥʠʝ ʢʘʣʠʡʥʳʭ ʨʫʜ. ï ʄ.: ʅʝʜʨʘ, 1982. ï 

216ʩ. 

9. ʊʠʪʢʦʚ ʉ.ʅ. ɸʢʪʠʚʘʮʠʷ ʜʝʡʩʪʚʠʷ ʢʘʪʠʦʥ-
ʥʳʭ ʨʝʘʛʝʥʪʦʚ ï ʩʦʙʠʨʘʪʝʣʝʡ // ɿʘʧʠʩʢʠ ʛʦʨʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ. ï 2005. ï ˉʊʦʤ 165. ï ʉ. 191-195. 

10. ɸʣʠʬʝʨʦʚʘ ʉ.ʅ. ɸʢʪʠʚʘʮʠʷ ʧʨʦʮʝʩʩʦʚ 

ʬʣʦʪʘʮʠʠ ʰʣʘʤʦʚ ʠ ʩʠʣʴʚʠʥʘ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʢʘ-

ʣʠʡʥʳʭ ʨʫʜ: ʘʚʪʦʨʝʬ. ʜʠʩ. ... ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ: 

25.00.13. ï ɽʢʘʪʝʨʠʥʙʫʨʛ, 2007. 

11. ʇʝʥʦʦʙʨʘʟʦʚʘʪʝʣʴ ʠ ʩʧʦʩʦʙ ʬʣʦʪʘʮʠʠ ʥʝ-
ʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʦʙʦʛʘʱʸʥʥʳʭ ʢʘʣʠʡ-

ʥʳʭ ʩʦʣʝʡ: ʧʘʪ. ʈʦʩ. ʌʝʜʝʨʘʮʠʷ/ ʇʝʜʝʡʥ ʂʣʘʫʩ-

ʋʣʴʨʠʭ ï ˉ 2 532 303; ʟʘʷʚʣ. 10.02.2010; ʦʧʫʙʣ. 

10.11.2014. ɹʶʣ. ˉ 31. ï 13ʩ. 

12. ʉʦʙʠʨʘʪʝʣʴ ʠ ʩʧʦʩʦʙ ʬʣʦʪʘʮʠʠ ʥʝʨʘʩʪʚʦ-
ʨʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʳʭ ʩʦʣʝʡ ʢʘʣʠʷ: ʧʘʪ. 

ʈʦʩ. ʌʝʜʝʨʘʮʠʷ/ ʇʝʜʝʡʥ ʂʣʘʫʩ-ʋʣʴʨʠʭ ï ˉ 2 532 

486; ʟʘʷʚ. 10.02.2010; ʦʧʫʙʣ. 10.11.2014. ɹʶʣ. ˉ 31 

ï 13ʩ. 

13. ʉʧʦʩʦʙ ʠʟʚʣʝʯʝʥʠʷ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʧʫʪʝʤ 
ʛʨʫʙʦʡ ʬʣʦʪʘʮʠʠ ʧʝʨʚʠʯʥʳʭ ʩʠʣʴʚʠʥʦʚʳʭ ʨʫʜ: 

ʧʘʪ. ʂʠʪʘʡ/ ʏʞʫʥʣʘʥʴ ʃʷʥʴʭʘʡ, ï ˉ 103145152; 

ʟʘʷʚ. 11.04.2013; ʦʧʫʙʣ. 13.11.2013 ï 6ʩ. 

14. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʭʣʦʨʠʜʘ ʢʘʣʠʷ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʤʝʰʝʥʠʷ ʩʦʣʝʡ ʢʘʣʠʷ: ʧʘʪ. ʂʠʪʘʡ/ 

ʏʞʘʥ ʍʫʥʨʫ, ʗʥ ʖʥʯʞʫ ʂʦʥʜʞʠʥ, ʃʠ ʎʠʥʭʘʡ ʃʶ, 

ʉʠʥʮʟʷʥ ʃʶ ɻʦʮʟʶ ï ˉ 103708504; ʟʘʷʚ. 

30.12.2013; ʦʧʫʙʣ. 09.12.2015 ï 7ʩ. 

15. ʉʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʣʠʡʥʳʭ ʩʦʝʜʠʥʝ-
ʥʠʡ: ʧʘʪ. ʖʞʥʘʷ ʂʦʨʝʷ/ ʍʘʥ ʂʠ ʏʦʥ ï ˉ 

20180111174; ʟʘʷʚ. 31.03.2017; ʦʧʫʙʣ. 11.10.2018 ï 

12ʩ. 

https://www.agro-sputnik.ru/
http://флотореагент.рф/articles/


ζColloquium - journal Ȼ#16(40 ),2019 / CHEMICAL SCIENCES 57 

 

ʋʞʘʭʦʚʘ ʃʝʡʣʘ ʗʭʴʷʝʚʥʘ 

ʜʦʮ. ʢʘʬʝʜʨʳ ʭʠʤʠʠ 

ʀʥʛʫʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʉʫʣʪʳʛʦʚʘ ɿʘʭʠʨʘʪ ʍʘʩʘʥʦʚʥʘ 

ʜ-ʨ ʭʠʤ. ʥʘʫʢ, ʧʨʦʬ. ʢʘʬʝʜʨʳ ʭʠʤʠʠ 

ʀʥʛʫʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʨʯʘʢʦʚʘ ʈʘʠʩʘ ɼʞʘʙʨʘʠʣʦʚʥʘ 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ʢʘʬ. ʍʠʤʠʠ 

ʀʥʛʫʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʠʪʠʝʚʘ ʃʫʠʟʘ ʀʙʨʘʛʠʤʦʚʥʘ 

ʢʘʥʜ. ʭʠʤ. ʥʘʫʢ, ʜʦʮ. ʢʘʬ. ʍʠʤʠʠ 

ʀʥʛʫʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺɿɸʀʄʆʉɺʗɿʔ ʂʀʉʃʆʊʅʆɻʆ ʏʀʉʃɸ ʄɸʉʃɸ ɺ ʉɽʄɽʅɸʍ ʄɸʉʃʀʏʅʓʍ ʂʋʃʔʊʋʈ ʉ 

ʇʆʃʋʏɸɽʄʓʄʀ ʌʆʉʌʆʃʀʇʀɼɸʄʀ 

 

Uzhahova Leila Yahyaevna 

Assoc. Department of Chemistry, Ingush State University 

Sultygova Zahirat Hasanovna 

Dr. him. sciences, prof. Department of Chemistry, Ingush State University 

Archakova Raisa Dzhabrailovna 

Cand. tech. sciences, prof. kaf Chemistry, Ingush State University 

Kitieva Luiza Ibrahimovna 

Cand. chemical Sciences, Assoc. kaf Chemistry, Ingush State University 

 

INTERRELATION OF THE ACID NUMBER OF OIL IN SEEDS OF OIL -GROWING CULTURES 

WITH THE OBTAINED PHOSPHOLIP IDES 

 

ɸʥʥʦʪʘʮʠʷ 

ʂʠʩʣʦʪʥʦʝ ʯʠʩʣʦ ʤʘʩʣʘ ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʩʝʤʷʥ ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨ. ʅʘʨʷʜʫ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʞʘʷ ʠ ʚʘʣʦʚʳʤ ʩʙʦʨʦʤ ʩʝʤʷʥ ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨ, ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʩʦʭʨʘʥʝʥʠʝ ʠ ʫʣʫʯʰʝʥʠʝ ʝʛʦ ʢʘʯʝʩʪʚʘ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʤʘʩʣʘ. ɺʘʞʥʳʤ ʧʨʠʟʥʘʢʦʤ ʢʘʯʝ-

ʩʪʚʘ ʩʝʤʷʥ ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʪʥʦʝ ʯʠʩʣʦ ʤʘʩʣʘ, ʢʦʪʦʨʦʝ ʩʣʫʞʠʪ ʧʦʢʘʟʘʪʝʣʝʤ ʩʦʜʝʨ-

ʞʘʥʠʷ ʚ ʥʠʭ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. ʀʟʚʝʩʪʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʂʏ ʤʘʩʣʘ ʚ ʩʝʤʝʥʘʭ ʠ ʩʪʝʧʝʥʠ ʚʳʚʝʜʝʥʠʷ 

ʬʦʩʬʦʣʠʧʠʜʦʚ ʠʟ ʤʘʩʣʘ: ʯʝʤ ʚʳʰʝ ʂʏ, ʪʝʤ ʙʦʣʴʰʝ ʬʦʩʬʦʣʠʧʠʜʦʚ ʚʳʚʦʜʠʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʘʪʘʮʠʠ 

[1,2]. ɹʳʣʘ ʠʟʫʯʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ, ʂʏ ʤʘʩʣʘ ʚ ʩʝʤʝʥʘʭ ʠ ʢʘʯʝʩʪʚʘ ʬʦʩʬʦʣʠʧʠʜʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʦ ʂʏ 

ʤʘʩʣʘ ʚ ʩʝʤʝʥʘʭ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʬʦʩʬʦʣʠʧʠʜʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ, 

ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

Abstract 

Acid oil is one of the main indicators of the quality of oilseeds. Along with the increase in yield and the 

gross yield of oilseeds, the primary task is to preserve and improve its quality in order to increase oil produc-

tion. An important sign of the quality of oilseeds is the acid number of the oil, which serves as an indicator of the 

content of free fatty acids in them. The relationship between cn of oil in seeds and the degree of elimination of 

phospholipids from oil is known: the higher the cn, the more phospholipids are eliminated in the process of hy-

dration [1,2]. The interrelationship of the cns oil in seeds and the quality of phospholipids was studied, and the 

cn oil in seeds was determined, at which high-quality phospholipid concentrates suitable for the production of 

dietary supplements and functional foods are possible. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʠʩʣʦʪʥʦʝ ʯʠʩʣʦ, ʤʘʩʣʠʯʥʳʝ ʢʫʣʴʪʫʨʳ, ʬʦʩʬʦʣʠʧʠʜʳ 

Keywords: acid number, oilseeds, phospholipids 

 

ʄʘʩʣʠʯʥʳʝ ʢʫʣʴʪʫʨʳ ï ʛʨʫʧʧʘ ʨʘʩʪʝʥʠʡ, ʢʦ-

ʪʦʨʳʝ ʚʦʟʜʝʣʳʚʘʶʪ ʨʘʜʠ ʧʦʣʫʯʝʥʠʷ ʞʠʨʥʳʭ ʤʘ-

ʩʝʣ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʧʠʱʝʚʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʣʝʡ. 

ʕʪʦ ʦʜʥʦʣʝʪʥʠʝ ʤʥʦʛʦʣʝʪʥʠʝ ʨʘʩʪʝʥʠʷ ʩʝʤʝʡʩʪʚ, ʚ 

ʦʩʥʦʚʥʦʤ ʪʨʘʚʷʥʠʩʪʳʝ: ʧʦʜʩʦʣʥʝʯʥʠʢ, ʩʦʷ, ʘʨʘʭʠʩ, 

ʨʘʧʩ, ʣʝʥ ʤʘʩʣʠʯʥʳʡ.  

ɹʠʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝʤʷʥ ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨ 

ʢʫʣʴʪʫʨʘ ʉʦʜʝʨʞʘʥʠʝ ʞʠʨʘ ʚ ʘʙʩʦʣʶʪʥʦ 
ʩʫʭʦʤ ʚʝʱʝʩʪʚʝ ʩʝʤʷʥ, ʛ 

ʁʦʜʥʦʝ 
ʯʠʩʣʦ 

ʏʠʩʣʦ ʦʤʳʣʝ-
ʥʠʷ% 

ʂʠʩʣʦʪʥʦʝ 
ʯʠʩʣʦ, % 

ʧʦʜʩʦʣʥʝʯʥʠʢ 29,0-56,9 119-144 183-196 0,1-2,4 

ʉʦʷ 15,5-24,5 107-137 190-212 0,0-5,7 

ɻʦʨʯʠʮʘ 35,2-47.0 94-112 182-183 0,0-3,0 

ʂʣʝʱʝʚʠʥʘ 47,2-58,6 81-86 182-187 0,9-6,8 

ʈʘʧʩ ʦʟʠʤʳʡ 45,0-49,6 94-112 167-185 0,1-11,0 

ʣʝʥ 30,0-50,0 97-102 152-180 1,2-6,0 
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 ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʙʦʣʴʰʝ ʤʘʩʣʘ, ʯʝʣʦʚʝʢ ʩʦ-

ʟʜʘʝʪ ʥʫʞʥʳʝ ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ ʫʩʣʦʚʠʷ. 

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʘʛʨʦʪʝʭʥʠʢʝ, ʤʝʭʘ-

ʥʠʟʘʮʠʠ ʧʦʩʝʚʘ ʠ ʫʙʦʨʢʝ, ʚʳʚʝʜʝʥʠʶ ʥʦʚʳʭ ʩʦʨ-

ʪʦʚ, ʦʙʱʝʡ ʢʫʣʴʪʫʨʝ ʟʝʤʣʝʜʝʣʠʷ. ʀʤʝʥʥʦ ʦʪ ʵʪʠʭ 

ʬʘʢʪʦʨʦʚ ʟʘʚʠʩʠʪ ʫʨʦʞʘʡʥʦʩʪʴ ʢʫʣʴʪʫʨʳ. ʅʘʨʷʜʫ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʞʘʷ ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʦʩʥʦʚʥʦʡ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʠ ʫʣʫʯʰʝʥʠʝ ʝʛʦ ʢʘ-

ʯʝʩʪʚʘ ʩ ʮʝʣʴʶ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʳʨʘ-

ʙʦʪʢʠ ʧʠʱʝʚʦʛʦ ʤʘʩʣʘ. ɺʘʞʥʝʡʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʩʝʤʷʥ, ʢʘʢ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʩʣʘ, ʥʦ ʠ ʝʛʦ ʢʠʩ-

ʣʦʪʥʦʝ ʯʠʩʣʦ. ɺʝʣʠʯʠʥʘ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʦ ʤʘʩʣʘ 

ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ 

ʤʘʩʣʠʯʥʦʛʦ ʩʳʨʴʷ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʘʢʪʠʚʥʦʩʪʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ 

ʚ ʩʝʤʝʥʘʭ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʤʛ ʂʆʅ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʞʠʨ-

ʥʳʭ ʢʠʩʣʦʪ ʚ 1 ʛʨ. ʤʘʩʣʘ. ʄʘʩʣʦ ʩ ʢʠʩʣʦʪʥʳʤ ʯʠʩ-

ʣʦʤ ʙʦʣʝʝ 5,0 ʤʛ. ʂʆʅ ʥʝ ʧʨʠʛʦʜʥʦ ʜʣʷ ʧʠʪʘʥʠʷ 

ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʨʘʬʠʥʘʮʠʠ. ʏʝʤ ʥʠʞʝ ʢʠʩ-

ʣʦʪʥʦʝ ʯʠʩʣʦ ʤʘʩʣʘ, ʪʝʤ ʤʝʥʴʰʝ ʢʘʥʮʝʨʦʛʝʥʦʚ 

ʦʙʨʘʟʫʝʪʩʷ ʚ ʤʘʩʣʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. 

ʇʨʠʯʠʥʘʤʠ ʚʳʩʦʢʦʛʦ ʟʥʘʯʝʥʠʷ ʢʠʩʣʦʪʥʦʛʦ 

ʯʠʩʣʘ ʤʦʛʫʪ ʙʳʪʴ ʥʝ ʜʦʟʨʝʣʦʩʪʴ ʩʝʤʷʥ, ʠʭ ʧʦʨʯʘ 

ʧʨʠ ʭʨʘʥʝʥʠʠ. ʇʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʭʨʘʥʝʥʠʷ (ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʭʨʘʥʝʥʠʝ ʚ ʧʣʦʭʦ ʦʯʠʱʝʥʥʳʭ ʝʤʢʦʩʪʷʭ ʠʣʠ ʥʘ ʦʪ-

ʢʨʳʪʦʤ ʚʦʟʜʫʭʝ) ʚ ʩʝʤʝʥʘʭ ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨ 

ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʤʘʩʣʘ ʠ ʝʛʦ ʧʨʦʛʦʨʢʘʥʠʝ, 

ʘ ʪʘʢʞʝ ʨʘʩʧʘʜ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʥʝʧʨʠʷʪʥʳʤ ʟʘʧʘʭʦʤ ʠ 

ʚʢʫʩʦʤ. ʕʪʠ ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦ-

ʨʷʶʪʩʷ ʚ ʤʘʩʣʝ ʧʨʠ ʝʛʦ ʠʟʚʣʝʯʝʥʠʠ. ʇʦʚʳʰʝʥʥʘʷ 

ʢʠʩʣʦʪʥʦʩʪʴ ʤʘʩʣʘ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʠ ʥʘ ʜʨʫʛʠʝ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʝʤʝʥʘʭ ʠ ʠʭ ʧʦʨʯʝ. 

ʇʨʠ ʧʦʚʳʰʝʥʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ ʤʘʩʣʘ ʫʚʝʣʠʯʠʚʘʝʪ-

ʩʷ ʦʪʩʪʦʡ ʠ ʩʥʠʞʘʝʪʩʷ ʚʳʭʦʜ ʨʘʬʠʥʠʨʦʚʘʥʥʦʛʦ 

ʤʘʩʣʘ.  

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ ʤʘʩʝʣ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʂʏ ʨʘʩʪʝʪ ʩʪʝ-

ʧʝʥʴ ʧʝʨʝʭʦʜʘ ʬʦʩʬʦʣʠʧʠʜʦʚ ʚ ʤʘʩʣʦ. ʕʪʦ ʩʚʷʟʘʥʦ 

ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʙʝʣʢʦʚʦ-ʣʠʧʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʩʘʤʦʩʦʛʨʝʚʘʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʤʠ. ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝ-

ʩʪʚʘ ʤʘʩʣʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʦʢʠʩʣʝʥʠʷ: ʫʚʝʣʠʯʠʚʘ-

ʝʪʩʷ ʇʏ, ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʢʦʨʠʯʥʝʚʳʝ ʧʠʛʤʝʥʪʳ, 

ʧʦʚʳʰʘʝʪʩʷ ʫʨʦʚʝʥʴ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʧʨʦ-

ʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ, 

ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʧʝʪʨʦʣʝʡʥʦʤ ʵʬʠʨʝ. ʀʟʤʝʥʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʦʣʝʠʥʦʚʦʡ ʠ ʣʠʥʦʣʝʚʦʡ ʢʠʩʣʦʪ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʚ ʩʝʤʝʥʘʭ 

ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʥʠʞʘʶʱʠʭ ʢʘʯʝʩʪʚʦ 

ʬʦʩʬʦʣʠʧʠʜʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢ 

ʧʦʚʳʰʝʥʠʶ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ, ʘ ʟʥʘʯʠʪ ʢ ʥʝʧʨʠ-

ʛʦʜʥʦʩʪʠ ʫʧʦʪʨʝʙʣʝʥʠʷ ʤʘʩʣʘ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʨʘʬʠʥʘʮʠʠ. 
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STABILIZATION OF COMPLEX POLYESTERS OXYGEN ACCEPTORS  

 

ɸʥʥʦʪʘʮʠʷ 

ʇʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʠ ʥʦʤʝʥʢʣʘʪʫʨʝ ʠʟʜʝʣʠʡ ʠʟ ʧʣʘʩʪʤʘʩʩ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ 

ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʪʘʙʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʫʣʫʯʰʝʥʥʳʤʠ ʵʢʩʧʣʫ-

ʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʠ ʧʝʨʝʨʘʙʦʪʢʝ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʭʨʘʥʝʥʠʠ ʧʦʣʠʤʝʨʳ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʩʪʘʨʝʥʠʶ ʠ ʧʦʪʝʨʝ ʠʩʭʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ 

ʧʦʣʠʵʬʠʨʦʚ ʠ ʚʣʠʷʥʠʝ ʥʘ ʥʠʭ ʘʢʮʝʧʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʬʠʟʠʢʦ-ʭʠʤʠʠ ʧʦʣʠʤʝʨʦʚ.  

Annotation 

Constantly growing requirements to quality and the product range from plastic predetermine creation of the 

new polymeric materials possessing stable properties and the improved operational characteristics. During pro-

cessing, operation and storage polymers are exposed to a number of chemical and physical factors that lead to 

aging and loss of the original complex of physical and chemical properties. In this regard, the study of methods 

of stabilization of complex polyesters and the influence of acceptors on them is one of the most important tasks 

of physical chemistry of polymers.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʠʵʬʠʨʳ, ʩʪʘʙʠʣʠʟʘʮʠʷ, ʘʢʮʝʧʪʦʨʳ ʢʠʩʣʦʨʦʜʘ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

Key words: polyesters, stabilization, oxygen acceptors, molecular weight 

 

ɺʷʟʢʦʩʪʴ ʧʦʣʠʤʝʨʥʦʛʦ ʨʘʩʧʣʘʚʘ ʢʦʥʪʨʦʣʠʨʫ-

ʝʪʩʷ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ: ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 

ʧʦʣʠʤʝʨʘ ʄʄ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʫʯʘʩʪʢʘ 

ʮʝʧʠ ʤʝʞʜʫ ʟʘʮʝʧʣʝʥʠʷʤʠ ʄ3. ʆʙʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʷʟʢʦʩʪʠ ʧʦʣʠʤʝʨʥʦʛʦ ʨʘʩʧʣʘʚʘ ʦʪ ʫʢʘʟʘʥʥʳʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʠʤʝʝʪ ʚʠʜ: 
2

3
3

~
ʄM

M
h .  (1) 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʇʊʈ ʦʪ ʩʦ-

ʜʝʨʞʘʥʠʷ Z Cz ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʇɹʊ + Z, ʛʜʝ ʢʘʢ ʠ 

ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʇʕɺʇ+Z, ʥʘʙʣʶʜʘʝʪʩʷ ʤʠʥʠʤʫʤ 

ʇʊʈ (ʠʣʠ ʤʘʢʩʠʤʫʤ h) ʚ ʠʥʪʝʨʚʘʣʝ 

0,05 0,10zʉ= ·  ʤʘʩʩ. %.  

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʚʚʝʜʝʥʠʠ Z ʚ ʇɹʊ ʥʝʪ ʦʩʥʦʚʘ-

ʥʠʡ ʧʨʝʜʧʦʣʘʛʘʪʴ ʠʟʤʝʥʝʥʠʷ ʄʄ, ʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 

(1) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

3
3 3ʇʊʈ .ʉ ʄ=   (2) 

ʂʦʥʩʪʘʥʪʫ ʉ3 ʚ ʫʨʘʚʥʝʥʠʠ (5.2) ʤʦʞʥʦ ʦʧʨʝ-

ʜʝʣʠʪʴ, ʠʩʭʦʜʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʇɹʊ 

(ʇʊʈ = 14 ʛ/(10 ʤʠʥ), ʄ3 = 0,86): ʉ3 @ 22. ʉʨʘʚʥʝ-

ʥʠʝ ʚʝʣʠʯʠʥ ʄ3 (ʫʨʘʚʥʝʥʠʝ (2)) ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʳ ʫʯʘʩʪʢʘ ʮʝʧʠ ʤʝʞʜʫ ʟʘʮʝʧʣʝʥʠʷʤʠ ʚ ʪʚʝʨ-

ʜʦʬʘʟʥʦʤ ʧʦʣʠʤʝʨʝ ʄʢʣ (ʫʨʘʚʥʝʥʠʝ (3)) ʧʨʠʚʝʜʝʥʦ 

ʚ ʪʘʙʣ. 1.  

ʢʣ

c

,
RT

ʄ
E

r
=   (3) 

ʛʜʝ r -ʧʣʦʪʥʦʩʪʴ ʧʦʣʠʤʝʨʘ, ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʠʩʧʳʪʘʥʠʡ (T > Tc), ɽʩ ï ʤ 

ʫʧʨʫʛʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʠʩʧʳʪʘʥʠʷʭ ʧʨʠ T > 

Tc. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʣʠʯʠʥʳ ʄʢʣ ʦʧʨʝʜʝʣʝʥʳ ʠʟ 

ʠʟʚʝʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʢʘʫʯʫʢʦʚʦʡ ʚʳʩʦʢʦʵʣʘʩʪʠʯ-

ʥʦʩʪʠ. 
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ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʪʝʢʫʯʝʩʪʠ ʨʘʩʧʣʘʚʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Z ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʇɹʊ+Z. 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʢʠ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʟʘʮʝʧʣʝʥʠʡ,  

ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʇɹʊ+Z 

Cz, ʤʘʩʩ. % r, * ʛ/ʩʤ3 ʄ3, ʫʨʘʚʥʝʥʠʝ (2) ʄʢʣ. ʫʨʘʚʥʝʥʠʝ (3) 

0 1,240 0,86 0,86 

0,01 1,150 0,88 0,88 

0,05 1,245 0,74 0,33 

0,10 1,244 0,77 0,30 

0,50 1,243 0,82 0,64 

1,00 1,238 0,86 1,19 

* ʧʣʦʪʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʘ ʬʣʦʪʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ. 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʢʦʤʧʦʟʠʪʦʚ 

ʇʕɺʇ+ Z ʪʘʢʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʣʦ ʧʨʠʤʝʨʥʦʝ 

ʨʘʚʝʥʩʪʚʦ ʚʝʣʠʯʠʠ ʄ3 ʠ ʄʢʣ. ʆʜʥʘʢʦ ʜʣʷ ʢʦʤʧʦʟʠ-

ʪʦʚ ʇɹʊ + Z ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ Z 0,05 ʠ 0,10 ʤʘʩʩ. % 

ʧʦʣʫʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ (ʧʨʠʤʝʨʥʦ ʚ 2,5 ʨʘʟʘ) ʨʘʩ-

ʭʦʞʜʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʇʕɺʇ+Z ʢʣʘʩʪʝʨʥʘʷ ʩʝʪʢʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʘʩʧʣʘʚʝ, ʘ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠ-

ʟʘʮʠʠ ʝʸ ʫʟʣʳ (ʢʣʘʩʪʝʨʳ), ʦʪʪʦʨʛʘʶʪʩʷ ʠʟ ʢʨʠʩʪʘʣ-

ʣʠʟʠʨʫʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ ʚ ʥʝʢʨʠʩʪʘʣʣʠʩʪʠʯʝʩʢʠʝ, 

ʚ ʦʩʥʦʚʥʦʤ ʤʝʞʬʘʟʥʳʝ, ʦʙʣʘʩʪʠ. ɼʣʷ ʠʩʭʦʜʥʦʛʦ 

ʇɹʊ ʠ ʢʦʤʧʦʟʠʪʦʚ ʇɹʊ + Z ʩ ʩʦʜʝʨʞʘʥʠʝʤ Z 0,01; 

0,5 ʠ 1,0 ʤʘʩʩ. % ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʣʘʩʪʝʨ-

ʥʦʡ ʩʝʪʢʠ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʝʥ ʦʧʠʩʘʥʥʦʤʫ ʚʳ-

ʰʝ ʜʣʷ ʇʕɺʇ + Z ʠ ʧʦʵʪʦʤʫ ʜʣʷ ʥʠʭ ʚʳʧʦʣʥʷʝʪʩʷ 

ʫʩʣʦʚʠʝ ʄ3 @ ʄʢʣ (ʪʘʙʣ.5.1). ɼʣʷ ʢʦʤʧʦʟʠʪʦʚ 

ʇɹʊ+Z ʩ ʩʦʜʝʨʞʘʥʠʝʤ Z 0,05 ʠ 0,10 ʤʘʩʩ. % ʢ ʢʣʘ-

ʩʪʝʨʥʦʡ ʩʝʪʢʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʠ Z ʚ ʨʘʩʧʣʘʚʝ, ʧʨʠ ʊ <ʊʩ ʜʦ-

ʙʘʚʣʷʝʪʩʷ ʢʣʘʩʪʝʨʥʘʷ ʩʝʪʢʘ, ʯʴʠ ʫʟʣʳ (ʢʣʘʩʪʝʨʳ) 

ʬʦʨʤʠʨʫʝʪʩʷ, ʢʘʢ ʜʣʷ ʘʤʦʨʬʥʳʭ ʥʝʤʦʜʠʬʠʮʠʨʦ-

ʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʩʠʣʘʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʣʦʪʥʦʩʪʴ ʜʚʫʭ ʪʠʧʦʚ ʢʣʘʩʪʝʨʥʦʡ 

ʩʝʪʢʠ, ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ, ʩʦʦʪʥʦʩʠʪʩʷ ʢʘʢ 1:2,2. 

ʀʥʘʯʝ ʛʦʚʦʨʷ, ʚ ʢʦʤʧʦʟʠʪʘʭ ʇɹʊ+Z, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʇʕɺʇ+ Z, ʚ ʠʥʪʝʨʚʘʣʝ ʉZ = 0,05·0,10 ʤʘʩʩ. % 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʳʡ ʵʬʬʝʢʪ ʫʚʝʣʠʯʝʥʠʷ Vʢʣ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʩʠʣʘʤʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ. ʄʝʭʘʥʠʟʤ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ ʵʬʬʝʢʪʘ 

ʦʧʠʩʘʥ ʚ ʛʣʘʚʝ 4. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʢʦʤʧʦʟʠʪʘʭ 

ʇɹʊ+Z ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʢʣʘʩʪʝʨʦʚ: ʦʙʫʩʣʦʚ-

ʣʝʥʥʳʭ ʥʘʪʷʞʝʥʠʝʤ ʮʝʧʝʡ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠ-

ʟʘʮʠʠ ʠ ñʟʘʤʦʨʘʞʠʚʘʥʠʝʤò ʣʦʢʘʣʴʥʦʛʦ ʧʦʨʷʜʢʘ ʚ 

ʩʪʝʢʣʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʤʧʦʟʠʪʦʚ ʇɹʊ + Z. 

ʅʘʜʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪ ʫʨʦ-

ʚʝʥʴ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʧʦʣʠʤʝʨʘʭ, 

ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦ-

ʩʪʴʶ D ʫʯʘʩʪʢʘ ʮʝʧʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʝʸ ʪʦʧʦʣʦʛʠ-

ʯʝʩʢʦʡ ʬʠʢʩʘʮʠʠ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʤʝʞʜʫ ʤʘʢʨʦ-

ʤʦʣʝʢʫʣʷʨʥʳʤʠ çʟʘʭʣʝʩʪʘʤʠè ʠʣʠ ʢʣʘʩʪʝʨʘʤʠ).  

ʅʘ ʨʠʩ.2 ʧʨʠʚʝʜʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠ-

ʤʦʩʪʴ tgd ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ ʇɹʊ+Z. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʛʨʘʬʠʢʦʚ ʵʪʦʛʦ ʨʠʩʫʥʢʘ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ T¢ 70 

Áʉ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʘ ʚʝʣʠʯʠʥʘ D, ʟʥʘʯʝʥʠʷ 

tgd ʩʣʘʙʦ ʟʘʚʠʩʷʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Z. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʤʝʥʴh ʝʝ ʟʥʘʯʝʥʠʝ tgd ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʘ ʇɹʊ+Z ʩ ʩʦʜʝʨʞʘʥʠʝʤ Z, ʨʘʚʥʳʤ 

0,10 ʤʘʩʩ. % . ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ tgd ʧʦʣʥʦʩʪʴʶ ʩʦ-

ʛʣʘʩʫʝʪʩʷ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ D(Cz).  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʚʝʜʝʥʠʝ Z ʚ ʧʦʣʠʤʝʨʥʫʶ 

ʤʘʪʨʠʮʫ ʇɹʊ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,05 · 0,1 ʤʘʩʩ. % ʧʨʠ-

ʚʦʜʠʪ ʢ ʦʛʨʘʥʠʯʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʚ ʠʩʭʦʜʥʦʤ ʧʦʣʠʤʝʨʝ, ʪ.ʢ. ʚ ʢʦʤ-

ʧʦʟʠʮʠʷʭ ʇɹʊ + Z ʟʥʘʯʝʥʠʷ V3 ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, 

ʯʝʤ ʚ ʠʩʭʦʜʥʦʤ ʇɹʊ. 
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ʈʠʩ.2. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ  

ʇɹʊ(B-005) + Z c ʩʦʜʝʨʞʘʥʠʝʤ Fe/FeO: 0 (1); 0,01% (2); 0,05% (3); 0,1% (4). 

 

ʊʘʢʦʡ ʩʧʦʩʦʙ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʧʦʣʠ-

ʵʬʠʨʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʫʩʪʦʡʯʠʚʳʝ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘ-

ʪʫʨ ʠ ʩʚʝʪʘ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  
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ɸʥʥʦʪʘʮʠʷ 

ʀʪʘʢʦʥʦʚʘʷ ʢʠʩʣʦʪʘ- ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʜʠʢʘʨʙʦʥʦʚʳʭ ʥʝʧʨʝʜʝʣʴʥʳʭ ʢʠʩʣʦʪ, ʢʦʪʦʨʘʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʥʝ ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʩʚʦʙʦʜʥʦʡ ʢʠʩʣʦʪʳ, ʥʦ 

ʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʦʥʦ- ʠ ʧʦʣʠʵʬʠʨʳ.  

ɽʩʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʠʪʘʢʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʝʸ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʤʝʜʠʮʠʥʝ. 

ʋʯʠʪʳʚʘʷ ʪʝʥʜʝʥʮʠʶ ʚ ʩʦʢʨʘʱʝʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʘʢʨʠʣʘʤʠʜʘ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʦʠʩʢ ʥʦʚʳʭ 

ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʠʪʘʢʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʦʤʠʤʦ ʪʨʘʜʠʮʠʦʥʥʳʭ- ʧʠʨʦʣʠʟʘ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʠ ʤʠʢʨʦ-

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ. Abstract 

Itakonic acid is a representative of dicarboxylic unsaturated acids, which is widely used in industry in the 

production of various polymers, not only in the form of free acid, but also of various derivatives, in particular 

mono- and polyethers. 

There are prospects for the use of itaconic acid and its derivatives in medicine. 

Given the tendency to reduce the use of acrylamide, it is important to search for new ways to produce ita-

conic acid, in addition to traditional pyrolysis of citric acid and microbiological. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʧʨʝʜʝʣʴʥʳʝ ʢʠʩʣʦʪʳ, ʠʪʘʢʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʭʠʤʠ-

ʯʝʩʢʠʡ ʩʠʥʪʝʟ.  

Keywords: unsaturated acids, itaconic acid, microbiological synthesis, chemical synthesis. 

 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʠʪʘʢʦʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʀʪʘʢʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʪʥʦʩʠʪʩʷ ʢ ʥʝʧʨʝʜʝʣʴ-

ʥʳʤ ʜʠʢʘʨʙʦʥʦʚʳʤ ʢʠʩʣʦʪʘʤ.  

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʟʚʘʥʠʷ - ʀʪʂ, ʤʝʪʠʣʝʥʙʫ-

ʪʘʥʜʠʦʚʘʷ ʢʠʩʣʦʪʘ, ʤʝʪʠʣʝʥʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ 
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ʀʪʘʢʦʥʦʚʘʷ ʢʠʩʣʦʪʘ- ʙʝʣʦʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 130,1; ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ 172Áʉ; ɛ= 7,49 * 10  30 ʂʣ * ʤ; H0
ʦʙʨ -840 

ʢɼʞ/ʤʦʣʴ; ʂ1 1,40 * 10  4, ʂ2 3,56 * 10  6 ʚ ʚʦʜʝ 

ʧʨʠ 25Áʉ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ (ʛ ʥʘ 100 ʛ): 8,3 

(20 Áʉ), 29,3 (50 Áʉ), 72,6 (70 Áʉ). ʈʘʩʪʚʦʨʠʤ ʚ ʵʪʘ-

ʥʦʣʝ, ʤʝʪʘʥʦʣʝ, ʊɻʌ, ʜʠʦʢʩʘʥʝ, ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤ ʚ 

ʜʠʵʪʠʣʦʚʦʤ ʵʬʠʨʝ, ʙʝʥʟʦʣʝ [1].  

ʀʪʘʢʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʤʘʩʰʘʙʘʭ ʜʦ 30 ʪʳʩʷʯ ʪʦʥʥ, ʠʟ ʥʠʭ 15 ʪʳ-

ʩʷʯ ʭʠʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʠ 15 ʪʳʩʷʯ- ʤʠʢʨʦʙʠʦ-

ʣʦʛʠʯʝʩʢʠʤ [2]. ʆʞʠʜʘʝʪʩʷ ʯʪʦ ʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʦ ʢ 2020 ʛ. ʚʦʟʨʘʩʪʸʪ ʜʦ 410 ʪʳʩʷʯ ʪʦʥʥ [3]. ʇʦ 

ʠʟʚʝʩʪʥʳʤ ʜʘʥʥʳʤ [4], ʠʪʘʢʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʧʨʦʠʟ-

ʚʦʜʠʣʘʩʴ ʚ ʙʳʚʰʝʤ ʉʉʉʈ. 

ʆʩʥʦʚʥʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʪʘʢʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʠ ʝʸ ʵʬʠʨʦʚ- ʧʦʣʫʯʝʥʠʝ ʩʦʧʦʣʠʤʝʨʦʚ ʚ 

ʨʘʟʥʳʭ ʩʦʯʝʪʘʥʠʷʭ ʠ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʥʘʧʨʠʤʝʨ, 

ʥʠʪʨʠʣʘʢʨʠʣʦʚʦʝ ʚʦʣʦʢʥʦ çʥʠʪʨʦʥè. ʊʘʢʠʝ ʩʦʧʦ-

ʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ ʫʣʫʯʰʝʥʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠ-

ʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʩʪʠ-

ʢʦʚ, ʘʜʛʝʟʠʚʦʚ ʠ ʧʦʢʨʳʪʠʡ. 

ʀʪʘʢʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʥʪʝʟʝ 

ʇɸɺ, ʬʘʨʤʧʨʝʧʘʨʘʪʦʚ, ʢʨʘʩʠʪʝʣʝʡ ʠ ʜʨʫʛʠʭ. 

ʅʝʢʦʪʦʨʳʝ ʤʦʥʦ- ʠ ʜʠʵʬʠʨʳ ʠʪʘʢʦʥʦʚʦʡ ʢʠʩ-

ʣʦʪʳ ʦʙʣʘʜʘʶʪ ʘʥʪʠʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʠʣʠ ʙʦʣʝ-

ʫʪʦʣʷʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ɽʩʪʴ ʜʘʥʥʳʝ[5], ʯʪʦ ʠʪʘʢʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʠʪʘ-

ʢʦʥʘʪ) ʧʨʦʜʫʮʠʨʫʝʪʩʷ ʤʘʢʨʦʬʘʛʘʤʠ - ʢʣʝʪʢʘʤʠ 

ʚʨʦʞʜʝʥʥʦʛʦ ʠʤʤʫʥʠʪʝʪʘ ð ʠ ʫʯʘʩʪʚʫʝʪ 

ʚ ʨʝʛʫʣʷʮʠʠ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʦʙʣʘʜʘʝʪ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʜʝʡʩʪʚʠʝʤ. ʉʦ-

ʯʝʪʘʥʠʝ ʠʤʠʭʠʤʦʜʘ (ʥʘʨʫʞʥʳʡ ʠʤʤʦʜʫʣʷʪʦʨ) ʩ 

ʜʠʤʝʪʠʣʠʪʘʢʦʥʘʪʦʤ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʨʘʟʚʠʪʠʝ ʧʘʪʦ-

ʣʦʛʠʯʝʩʢʠʭ ʩʠʤʧʪʦʤʦʚ ʫ ʞʠʚʦʪʥʳʭ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʜʠʤʝʪʠʣʠʪʘʢʦʥʘʪ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʦʜʘʚʣʝʥʠʷ ʚʦʩʧʘʣʝʥʠʷ 

ʚ ʪʝʨʘʧʠʠ ʧʩʦʨʠʘʟʘ ʠ ʜʨʫʛʠʭ ʘʫʪʦʠʤʤʫʥʥʳʭ ʟʘʙʦ-

ʣʝʚʘʥʠʡ. 

ʀʪʘʢʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʠʥʪʝʟʝ 

ʧʠʨʨʦʣʠʜʦʥʦʚ, ʣʘʢʪʦʥʦʚ ʠ ʜʨʫʛʠʭ ʮʠʢʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ.  

ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠʪʘʢʦʥʦʚʦʡ ʢʠʩʣʦʪʳ: 

1. ʍʠʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ, ʧʝʨʝʛʦʥʢʘ ʣʠʤʦʥʥʦʡ 

ʢʠʩʣʦʪʳ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʦʙʨʘʟʫʝʪʩʷ ʠʪʘʢʦʥʦʚʳʡ 

ʘʥʛʠʜʨʠʜ: ʢʦʪʦʨʳʡ ʛʠʜʨʦʣʠʟʫʶʪ ʜʦ ʩʚʦʙʦʜʥʦʡ 

ʢʠʩʣʦʪʳ ʧʦ ʩʭʝʤʝ [6]: 
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200 ʛ. ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ ʥʘʛʨʝʚʘʶʪ ʢʘʢ ʤʦʞ-

ʥʦ ʙʳʩʪʨʝʝ, ʚʨʝʤʷ ʥʝ ʙʦʣʝʝ 12 ʤʠʥʫʪ. ʆʙʨʘʟʫʝʪʩʷ 

40-50 ʛ. ʠʪʘʢʦʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ (24-39 % ʦʪ ʪʝʦʨʝ-

ʪʠʯʝʩʢʦʛʦ). 40 ʛ. ʠʪʘʢʦʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʢʠʧʷʪʷʪ ʩ 

100 ʤʣ. ʚʦʜʳ, ʦʭʣʘʞʜʘʶʪ ʠ ʦʪʜʝʣʷʶʪ ʚʳʧʘʚʰʠʝ 

ʢʨʠʩʪʘʣʣʳ ʠʪʘʢʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ɺʳʭʦʜ 11-18 ʛ. 

(37-47% ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ). ɽʩʣʠ ʚʝʩʪʠ ʨʘʩʯʸʪ 

ʠʩʭʦʜʷ ʠʟ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ, ʪʦ ʚʳʭʦʜ ʩʦʩʪʘʚʠʪ 8- 

14%. ʂʨʦʤʝ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʘʢʦʥʠʪʦʚʫʶ, ʠʪʘʤʘʣʝʚʫʶ ʢʠʩʣʦʪʳ, ʮʠʪʨʘʢʦ-

ʥʦʚʳʡ ʘʥʛʠʜʨʠʜ. 

2. ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʥʜʝʥʩʘ-

ʮʠʠ ʜʠʵʪʠʣʬʫʤʘʨʘʪʘ ʠʣʠ ʤʘʣʝʠʥʘʪʘ ʩ ʥʠʪʨʦʤʝʪʘ-

ʥʦʤ, ʢʘʪʘʣʠʟʘʪʦʨ ʜʠʵʪʠʣʘʤʠʥ: 
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ʅʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʘ-ʜʣʠʪʝʣʴʥʦʩʪʴ, ʜʦ 5 ʩʫʪʦʢ. 

ɺʳʭʦʜ 22-42%.  

ɽʩʪʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʚʝʨʩʠʠ ʩ ʧʨʠʤʝ-

ʥʝʥʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʝʞʬʘʟʥʦʛʦ ʧʝʨʝʥʦʩʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʜʦ 7-8 ʯʘʩʦʚ ʠ ʚʳʭʦʜ, 

ʥʘʧʨʠʤʝʨ, [7]. 

3.ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʡ ʩʧʦʩʦʙ. 

ʅʝʢʦʪʦʨʳʝ ʛʨʠʙʳ ʩʧʦʩʦʙʥʳ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ 

ʘʢʦʥʠʪʦʚʫʶ ʢʠʩʣʦʪʫ (ʫʯʘʩʪʥʠʢʘ ʮʠʢʣʘ ʂʨʝʙʩʘ) ʚ 

ʠʪʘʢʦʥʦʚʫʶ. 

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʠʣ ʵʪʦ ʂʫʥʘʰʠʪʘ (ʗʧʦʥʠʷ, 

1929 ʛ.) ʥʘ ʛʨʠʙʘʭ Aspergillus itakonis, ʚʧʦʩʣʝʜ-

ʩʪʚʠʠ ʂʵʣʵʤ (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, 1939 ʛ.) ʥʘ ʛʨʠʙʘʭ 

Aspergillus terreus. ɺ CCCʈ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʭʥʦ-

ʣʦʛʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Aspergillus terreus[4,8,9]. 

ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʩʧʦʩʦʙʘ ʬʝʨʤʝʥʪʘʮʠʠ- 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʠ ʛʣʫʙʠʥʥʦʝ. ʉʳʨʴʸ- ʤʝʣʘʩʩʘ ʠʣʠ 

ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʣʶʢʦʟʳ. 

ʊʨʝʙʫʝʪʩʷ ʜʦʙʘʚʢʘ ʩʦʣʝʡ ʤʝʜʠ, ʤʘʛʥʠʷ ʠ ʮʠʥ-

ʢʘ ʠ ʧʦʜʜʝʨʞʢʘ ʨʅ ʥʘ ʫʨʦʚʥʝ 3,8. 

ɺʳʭʦʜ ʜʦʩʪʠʛʘʝʪ 60% ʚ ʨʘʩʯʸʪʝ ʥʘ ʠʩʪʦʯʥʠʢ 

ʫʛʣʝʨʦʜʘ, ʧʨʦʮʝʩʩ ʩʯʠʪʘʝʪʩʷ ʦʯʝʥʴ ʪʨʫʜʦʸʤʢʠʤ ʠ 

ʜʦʨʦʛʠʤ. 

3.ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʧʦʩʦʙ ʧʦ-

ʣʫʯʝʥʠʷ ʠʪʘʢʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʠʩʭʦʜʷ ʠʟ ʱʘʚʝʣʝʚʦ-

ʫʢʩʫʩʥʦʛʦ ʵʬʠʨʘ ʠ ʨʝʘʢʪʠʚʘ ɺʠʪʪʠʛʘ ʧʦ ʩʭʝʤʝ: 
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ʘ) ʑʘʚʝʣʝʚʦʫʢʩʫʩʥʳʡ ʵʬʠʨ, ʜʠʵʪʠʣʦʢʩʘʣʦʘʮʝ-

ʪʘʪ [10].  

ɺ ʢʨʫʛʣʦʜʦʥʥʫʶ ʢʦʣʙʫ ʝʤʢʦʩʪʴʶ 250 ʤʣ ʧʦ-

ʤʝʱʘʶʪ 80 ʤʣ. ʘʙʩʦʣʶʪʥʦʛʦ ʵʬʠʨʘ ʠ ʚʥʦʩʷʪ ʪʦʥʢʦ 

ʥʘʨʝʟʘʥʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʥʘʪʨʠʡ (24 ʛ), ʦʯʠʱʝʥ-

ʥʳʡ ʦʪ ʢʦʨʢʠ ʦʢʠʩʣʦʚ. ʇʨʠʙʘʚʣʷʶʪ ʜʠʵʪʠʣʦʢʩʘʣʘʪ 

(15 ʛ.) ʠ ʟʘʪʝʤ ʯʝʨʝʟ ʢʘʧʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʤʝʜʣʝʥʥʦ, 

ʧʦ ʢʘʧʣʷʤ, ʧʨʠʣʠʚʘʶʪ ʭʦʨʦʰʦ ʚʳʩʫʰʝʥ-

ʥʡr ʫʢʩʫʩʥʦʵʪʠʣʦʚʳʡ ʵʬʠʨ (10,8 ʛ); ʨʝʘʢʮʠʷ ʥʘʯʠ-

ʥʘʝʪʩʷ ʩʘʤʘ ʩʦʙʦʡ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ 

ʚʝʩʴ ʫʢʩʫʩʥʦʵʪʠʣʦʚʳʡ ʵʬʠʨ ʧʨʠʙʘʚʣʝʥ, ʨʝʘʢʮʠʦʥ-

ʥʫʶ ʩʤʝʩʴ ʥʘʛʨʝʚʘʶʪ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʠ 300ʉ ʜʦ 

ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʝʩʴ ʥʘʪʨʠʡ ʥʝ ʨʘʩʪʚʦʨʠʪʩʷ (ʥʘ ʯʪʦ 

ʪʨʝʙʫʝʪʩʷ ʦʢʦʣʦ 1,5 ʯʘʩʘ), ʠ ʦʩʪʘʚʣʷʶʪ ʩʪʦʷʪʴ ʚ 

ʪʝʯʝʥʠʝ ʥʦʯʠ. ʅʘ ʜʨʫʛʦʡ ʜʝʥʴ ʚʳʜʝʣʠʚʰʠʡʩʷ ʚ 

ʚʠʜʝ ʞʝʣʪʦʡ ʤʘʩʩʳ ʥʘʪʨʠʡ-ʱʘʚʝʣʝʚʦʫʢʩʫʩʥʳʡ 

ʵʬʠʨ ʦʪʩʘʩʳʚʘʶʪ ʥʘ ʚʦʨʦʥʢʝ ɹʶʭʥʝʨʘ ʠ ʧʨʦʤʳʚʘ-

ʶʪ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʫʭʦʛʦ ʵʬʠʨʘ. ɿʘʪʝʤ 

ʩʤʝʰʠʚʘʶʪ ʥʘʪʨʠʡʱʘʚʝʣʝʚʦʫʢʩʫʩʥʳʡ ʵʬʠʨ ʩ ʥʝ-

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜ,r ʧʨʠʙʘʚʣʷʶʪ ʥʝʩʢʦʣʴ-

ʢʦ ʢʫʩʦʯʢʦʚ ʣʴʜʘ ʠ ʧʦʜʢʠʩʣʷʶʪ 10%-

ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʝʨʥʦʡ ʢʠʩʣʦ-

ʪ.r ʈʘʩʪʚʦʨ ʧʝʨʝʣʠʚʘʶʪ ʚ ʜʝʣʠʪʝʣʴʥʫʶ ʚʦʨʦʥʢʫ ʠ 

4 ʨʘʟʘ ʠʟʚʣʝʢʘʶʪ ʵʬʠʨʦʤ, ʙʝʨʷ ʚ ʧʝʨʚʳʡ ʨʘʟ 25 ʤʣ 

ʵʬʠʨʘ ʠ ʟʘʪʝʤ 3 ʨʘʟʘ ʧʦ 15 ʤʣ. ʉʦʝʜʠʥʝʥʥʳʝ ʵʬʠʨ-

ʥʳʝ ʚʳʪʷʞʢʠ ʧʨʦʤʳʚʘʶʪ 5 ʤʣ 10%-ʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʫʛʣʝʢʠʩʣʦʛʦ ʥʘʪʨʠʷ, ʟʘʪʝʤ ʜʚʘ ʨʘʟʘ ʚʦʜʦʡ (10 ʠ 5 

ʤʣ) ʠ ʩʫʰʘʪ ʭʣʦʨʠʩʪʳʤ ʢʘʣʴʮʠʝʤ. ɺʳʩʫʰʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʫʶʪ ʯʝʨʝʟ ʥʝʙʦʣʴʰʦʡ ʩʢʣʘʜʯʘʪʳʡ 

ʬʠʣʴʪʨ, ʧʝʨʝʣʠʚʘʶʪ ʚ ʢʦʣʙʫ ʂʣʷʡʟʝʥʘ ʠ ʦʪʛʦʥʷʶʪ 

ʵʬʠʨ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ. ʆʩʪʘʚʰʠʡʩʷ ʚ ʢʦʣʙʝ ʱʘʚʝ-

ʣʝʚʦʫʢʩʫʩʥʳʡ ʵʬʠʨ ʧʝʨʝʛʦʥʷʶʪ ʚ ʚʘʢʫʫʤʝ. 

ɺʳʭʦʜ ʦʢʦʣʦ 15 ʛ. ʊ.ʢʠʧ. 131-1320ʉ / 24 

ʤʤ.ʨʪ.ʩʪ., nD=1.4516 

ʙ) ʄʝʪʠʣʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡʙʨʦʤʠʜ ʧʦʣʫʯʘʶʪ 

ʩʤʝʰʠʚʘʥʠʝʤ ʚ ʢʦʣʙʝ 50 ʛ. ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʩ 

250 ʛ. ʙʝʥʟʦʣʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʨʠ -100ʉ 50 ʛ. ʙʨʦ-

ʤʠʩʪʦʛʦ ʤʝʪʠʣʘ. ʉʤʝʩʴ ʦʩʪʘʚʣʷʶʪ ʥʘ 24 ʯʘʩʘ. ʆʙ-

ʨʘʟʦʚʘʚʰʫʶʩʷ ʩʦʣʴ (51 ʛ.) ʩ ʊ.ʧʣ.227-2290ʉ ʦʪʜʝ-

ʣʷʶʪ ʠ ʧʨʦʤʳʚʘʶʪ ʙʝʥʟʦʣʦʤ. 

ʈʘʩʪʚʦʨ 13,2 ʛ (0,1 ʤʦʣʴ) ʜʠʵʪʠʣʦʢʩʘʣʦʘʮʝʪʘʪʘ 

ʚ 250 ʤʣ. ʜʠʭʣʦʨʤʝʪʘʥʘ ʩʤʝʰʠʚʘʶʪ ʩ 300 ʤʣ. 2ʄ. 

NaOH ʠ ʧʨʠ ʵʥʝʨʛʠʯʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠʢʘ-

ʧʳʚʘʶʪ ʨʘʩʪʚʦʨ 27,6 ʛ. (0,1 ʤʦʣʴ) ʤʝʪʠʣʝʥʪʨʠʬʝ-

ʥʠʣʬʦʩʬʦʥʠʡʙʨʦʤʠʜʘ.  

ʇʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʘʟʫ ʦʪʜʝ-

ʣʷʶʪ, ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʤʳʚʘʶʪ ʚʦʜʦʡ ʜʦ 

ʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʨʦʤʳʚʥʳʭ ʚʦʜ ʠ ʚʳʩʫʰʠ-

ʚʘʶʪ ʥʘʜ Na2SO4. ʆʪʛʦʥʷʶʪ ʨʘʩʪʚʦʨʠʪʝʣʴ ʚ ʚʘʢʫʫ-

ʤʝ ʠ ʦʩʥʦʚʥʫʶ ʬʨʘʢʮʠʶ ʧʨʠ ʊ.ʢʠʧ. 72-730ʉ/2 

ʤʤ.ʨʪ.ʩʪ. 

ɺʳʭʦʜ 20,3 ʛ. (80%). ɼʠʵʪʠʣʠʪʘʢʦʥʘʪ- ʙʝʩ-

ʮʚʝʪʥʘʷ ʞʠʜʢʦʩʪʴ, ʊ.ʢʠʧ. =2250ʉ ʠʣʠ nD=1.4380 

ʚ) ʚ ʢʦʣʙʫ, ʩʥʘʙʞʸʥʥʫʶ ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴ-

ʥʠʢʦʤ ʧʦʤʝʱʘʶʪ ʩʫʩʧʝʥʟʠʶ 18,8 ʛ. (0,1 ʤʦʣʴ) ʜʠ-

ʵʪʠʣʠʪʘʢʦʥʘʪʘ ʚ 200 ʤ. 2ʅ. NaOH ʥʘʛʨʝʚʘʶʪ ʚ ʪʝ-

ʯʝʥʠʝ 1 ʯʘʩʘ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ. ʇʦ ʦʭʣʘʞʜʝʥʠʠ ʧʦʜ-

ʢʠʩʣʷʶʪ ʚʦʜʥʳʡ ʩʣʦʡ ʨʘʩʪʚʦʨʦʤ HCl (1:1) ʜʦ 

ʢʠʩʣʦʡ ʨʝʘʢʮʠʠ ʧʦ ʣʘʢʤʫʩʫ. ʋʧʘʨʠʚʘʶʪ ʜʦ ʥʘʯʘʣʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʘ. ɺʳʭʦʜ ʠʪʘʢʦʥʦʚʦʡ ʢʠʩ-

ʣʦʪʳ 11 ʛ. (83%) 
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ʈʘʩʧʦʣʦʞʝʥ ʅʝʨʯʠʥʩʢ ʚ ʧʨʝʜʛʦʨʴʷʭ ɹʦʨʱʦ-

ʚʦʯʥʦʛʦ ʭʨʝʙʪʘ, ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ʅʝʨʯʠ, ʚ 7 

ʢʤ ʦʪ ʝʸ ʚʧʘʜʝʥʠʷ ʚ ʐʠʣʢʫ (ʙʘʩʩʝʡʥ ɸʤʫʨʘ) ʠ ʚ 

305 ʢʤ ʢ ʚʦʩʪʦʢʫ ʦʪ ʏʠʪʳ. 

ʈʠʩʢ ʧʨʠʩʫʱ ʣʶʙʦʡ ʩʬʝʨʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʤʥʦʞʝʩʪʚʦʤ ʫʩʣʦʚʠʡ ʠ 

ʬʘʢʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʠʣʠ ʦʪ-

ʨʠʮʘʪʝʣʴʥʦʤʫ ʠʩʭʦʜʫ ʧʨʠʥʠʤʘʝʤʳʭ ʠʥʜʠʚʠʜʫʫ-

ʤʘʤʠ ʨʝʰʝʥʠʡ. 

1 ʉʮʝʥʘʨʠʠ ʘʚʘʨʠʡ. ɼʣʷ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʩʮʝʥʘʨʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʚʘʨʠʡʥʳʤ ʨʘʟ-

ʣʠʚʦʤ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦ ʪʷʞʝʩʪʠ ʧʦʩʣʝʜʩʪʚʠʷʤ: - ʉʮʝʥʘ-

ʨʠʡ 1. ɸʚʘʨʠʡʥʳʡ ʨʘʟʣʠʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʈɻʉ-25 ʩ ʤʘʩʣʦʤ ʚ ʮʝʭʝ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʢʣʘʜ ˉ 904; - ʉʮʝʥʘ-

ʨʠʡ 2. ɸʚʘʨʠʡʥʳʡ ʨʘʟʣʠʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʨʝʟʝʨʚʫʘʨʘ ʩ ʜʠʟʪʦʧʣʠʚʦʤ ʚ 

ɸʊʎ; - ʉʮʝʥʘʨʠʡ 3. ɸʚʘʨʠʡʥʳʡ ʨʘʟʣʠʚ ʥʝʬʪʝʧʨʦ-

ʜʫʢʪʘ ʥʘ ʧʣʦʱʘʜʢʝ ʩʣʠʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʛʝʨʤʝʪʠ-

ʟʘʮʠʠ ʘʚʪʦʮʠʩʪʝʨʥʳ ʩ ʙʝʥʟʠʥʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɸʊʎ; - ʉʮʝʥʘʨʠʡ 4. ɸʚʘʨʠʡʥʳʡ ʨʘʟʣʠʚ ʥʝʬʪʝʧʨʦ-

ʜʫʢʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʈɺʉ-175 ʩ 

ʤʘʩʣʦʤ ʚ ʮʝʭʝ ˉ 17. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ 

ʨʝʟʝʨʚʫʘʨʘ ʚʝʩʴ ʥʝʬʪʝʧʨʦʜʫʢʪ ʚʥʫʪʨʠ ʞʝʣʝʟʦʙʝ-

ʪʦʥʥʦʡ ʚʘʥʥʳ ʧʦʜʚʘʣʴʥʦʛʦ ʧʦʤʝʱʝʥʠʷ ʦʙʲʝʤʦʤ 

3024 ʤ 2. ɿʘʛʨʷʟʥʝʥʠʷ ʛʨʫʥʪʘ ʥʝ ʧʨʦʠʟʦʡʜʝʪ. ʆʙʲ-

ʝʤ ʚʳʣʠʚʰʝʛʦʩʷ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʪ 25 ʤ 3. 

ʊʦʣʱʠʥʘ ʩʣʦʷ ʨʘʟʣʠʚʰʠʭʩʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩʦ-

ʩʪʘʚʠʪ 0,033 ʤ ʥʘ ʧʣʦʱʘʜʠ 756 ʤ 2. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʤʘʩʩʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘ (ʄʤ, ʪ), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʘʟ-

ʣʠʪʴʩʷ ʧʨʠ ʩʮʝʥʘʨʠʠ ˉ 1, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʦʙʲ-

ʝʤʫ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ (ʤʘʩʣʦ = 0,910) ʧʦ ʬʦʨʤʫʣʝ: ʛʜʝ: 

Qʤ ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʦʙʲʝʤ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʤ3); r 

ï ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ (ʪ/ʤ3 ). 
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ʈʠʩʫʥʦʢ 1. ʅʝʨʯʠʥʩʢʠʡ ʩʢʣʘʜ ɻʉʄ. 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʯʝʪʦʤ ʤʘʩʩʘ ʥʝʬʪʝʧʨʦ-

ʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʘʟʣʠʪʴʩʷ ʄ ʤ = Qʤ Ö r 40 

ʧʨʠ ʩʮʝʥʘʨʠʠ ʩʦʩʪʘʚʣʷʝʪ 22,75 ʪʦʥʥʳ. ʉʮʝʥʘʨʠʡ 2. 

ɸʚʘʨʠʡʥʳʡ ʨʘʟʣʠʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʨʝʟʝʨʚʫʘʨʘ ʩ ʜʠʟʪʦʧʣʠʚʦʤ ʚ ɸʊʎ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʧʦʜʟʝʤʥʦʛʦ ʨʝʟʝʨ-

ʚʫʘʨʘ ʚʝʩʴ ʥʝʬʪʝʧʨʦʜʫʢʪ ʚʥʫʪʨʠ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ 

ʚʘʥʥʳ ʧʣʦʱʘʜʴʶ 150 ʤ 2. ɿʘʛʨʷʟʥʝʥʠʷ ʛʨʫʥʪʘ ʥʝ 

ʧʨʦʠʟʦʡʜʝʪ. ʆʙʲʝʤ ʚʳʣʠʚʰʝʛʦʩʷ ʥʝʬʪʝʧʨʦʜʫʢʪʘ 

ʩʦʩʪʘʚʠʪ 35,71 ʤ 3. ʊʦʣʱʠʥʘ ʩʣʦʷ ʨʘʟʣʠʚʰʠʭʩʷ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʠʪ 0,24 ʤ. ɻʨʘʥʠʮʳ ʟʦʥʳ 

ʨʘʟʣʠʚʘ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 7. ʄʘʢʩʠʤʘʣʴ-

ʥʘʷ ʤʘʩʩʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘ (ʄʤ, ʪ), ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʨʘʟʣʠʪʴʩʷ ʧʨʠ ʩʮʝʥʘʨʠʠ ˉ 2, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʦʙʲʝʤʫ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ (ʜʠʟʪʦʧʣʠʚʦ = 0,860) ʧʦ ʬʦʨʤʫʣʝ 

(ʘʥʘʣʦʛʠʯʥʦ ʩʮʝʥʘʨʠʶ ˉ 1). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩ-

ʯʝʪʦʤ ʤʘʩʩʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʘʟ-

ʣʠʪʴʩʷ ʧʨʠ ʩʮʝʥʘʨʠʠ ʩʦʩʪʘʚʣʷʝʪ 30,71 ʪʦʥʥʳ. ʉʮʝ-

ʥʘʨʠʡ 3. ɸʚʘʨʠʡʥʳʡ ʨʘʟʣʠʚ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʥʘ 

ʧʣʦʱʘʜʢʝ ʩʣʠʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʘʚ-

ʪʦʮʠʩʪʝʨʥʳ ʩ ʙʝʥʟʠʥʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʊʎ. ʇʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʣʠʚʘ ʠ ʧʦʨʘʞʘʶʱʠʭ 

ʬʘʢʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʠ ʜʦʧʫʱʝʥʠʷ: - ʦʙʲʝʤ ɸʎ ʩ ʥʝʬʪʝʧʨʦʜʫʢ-

ʪʦʤ: 10 ʤ 3; - ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʮʠʩʪʝʨʥʳ: 1. ʇʨʠ 

ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ɸʎ ʥʝʬʪʝʧʨʦʜʫʢʪ ʨʘʟʦʣʴʝʪʩʷ ʥʘ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʤ ʧʦʢʨʳʪʠʠ ʪʝʨʨʠʪʦʨʠʠ ʧʣʦʱʘʜʢʠ 

ʥʘʣʠʚʘ ʪʦʧʣʠʚʦʟʘʧʨʘʚʱʠʢʦʚ ʚʥʫʪʨʠ ʦʙʚʘʣʦʚʘʥʠʷ. 

ʇʣʦʱʘʜʴ ʙʫʜʝʪ ʨʘʚʥʘ ʧʣʦʱʘʜʠ ʦʙʚʘʣʦʚʘʥʠʷ, ʪʦ 

ʝʩʪʴ 21 ʤ 2. ɻʨʘʥʠʮʳ ʟʦʥʳ ʨʘʟʣʠʚʘ ʧʨʠʚʝʜʝʥʳ ʚ 

ʧʨʠʣʦʞʝʥʠʠ 8. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʥʝʬʪʝʧʨʦʜʫʢ-

ʪʘ (ʄʤ, ʪ), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʘʟʣʠʪʴʩʷ ʥʘ ʪʝʨʨʠʪʦ-

ʨʠʠ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʦʙʲʝʤʫ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘ (ʙʝʥʟʠʥ = 

0,780) ʧʦ ʬʦʨʤʫʣʝ (ʘʥʘʣʦʛʠʯʥʦ ʩʮʝʥʘʨʠʶ ˉ 1). ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʯʝʪʦʤ ʤʘʩʩʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʘʟʣʠʪʴʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʩʦʩʪʘʚ-

ʣʷʝʪ 7,8 ʪʦʥʥʳ. 41 ʉʮʝʥʘʨʠʡ 4. ɸʚʘʨʠʡʥʳʡ ʨʘʟʣʠʚ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʈɺʉ-

175 ʩ ʤʘʩʣʦʤ ʚ ʮʝʭʝ ˉ 17. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʛʝʨʤʝ-

ʪʠʟʘʮʠʠ ʨʝʟʝʨʚʫʘʨʘ ʚʝʩʴ ʥʝʬʪʝʧʨʦʜʫʢʪ ʚʥʫʪʨʠ ʞʝ-

ʣʝʟʦʙʝʪʦʥʥʦʡ ʚʘʥʥʳ ʧʦʣʫʟʘʛʣʫʙʣʝʥʥʦʛʦ ʨʝʟʝʨʚʫʘ-

ʨʘ ʧʣʦʱʘʜʴʶ 31,95 ʤ 2. ɿʘʛʨʷʟʥʝʥʠʷ ʛʨʫʥʪʘ ʥʝ 

ʧʨʦʠʟʦʡʜʝʪ. ʆʙʲʝʤ ʚʳʣʠʚʰʝʛʦʩʷ ʥʝʬʪʝʧʨʦʜʫʢʪʘ 

ʩʦʩʪʘʚʠʪ 175 ʤ 3. ʊʦʣʱʠʥʘ ʩʣʦʷ ʨʘʟʣʠʚʰʠʭʩʷ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩʦʩʪʘʚʠʪ 5,47 ʤ. ɻʨʘʥʠʮʳ ʟʦʥʳ 

ʨʘʟʣʠʚʘ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 9. ʄʘʢʩʠʤʘʣʴ-

ʥʘʷ ʤʘʩʩʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘ (ʄʤ, ʪ), ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʨʘʟʣʠʪʴʩʷ ʧʨʠ ʩʮʝʥʘʨʠʠ ˉ 1, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʦʙʲʝʤʫ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘ (ʤʘʩʣʦ = 0,910) ʧʦ ʬʦʨʤʫʣʝ (ʘʥʘʣʦ-

ʛʠʯʥʦ ʩʮʝʥʘʨʠʶ ˉ 1). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʯʝʪʦʤ 

ʤʘʩʩʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʘʟʣʠʪʴʩʷ 

ʧʨʠ ʩʮʝʥʘʨʠʠ ʩʦʩʪʘʚʣʷʝʪ 159,25 ʪʦʥʥʳ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʨʠʩʢʦʚ ï ʵʪʦ 

ʧʨʦʮʝʜʫʨʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʩʚʷʟʠ ʩ ʯʝʤ-ʪʦ (ʨʘʟʤʝʨ 

ʫʱʝʨʙʘ, ʚʝʨʦʷʪʥʦʩʪʴ, ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʧʝʨʘʮʠʷ). 

ʂʦʛʜʘ ʵʪʘʧ ʚʳʷʚʣʝʥʠʷ ʧʦʜʭʦʜʠʪ ʢ ʟʘʚʝʨʰʝʥʠʶ, ʥʘ 

ʚʳʭʦʜʝ ʚʦʟʥʠʢʘʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ, 
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ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʝʨʚʠʯʥʦ ʦʮʝʥʝʥ ʪʘʢ ʥʘʟʳʚʘʝ-

ʤʳʡ çʥʘʯʘʣʴʥʳʡ ʨʠʩʢè, ʪʦ ʝʩʪʴ ʨʠʩʢ ʠʜʝʠ, ʨʠʩʢ 

ʟʘʤʳʩʣʘ ʜʘʣʴʥʝʡʰʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʘʣʝʝ, ʧʝʨʝʭʦ-

ʜʷ ʥʘ ʵʪʘʧʳ ʦʮʝʥʢʠ ʠ ʘʥʘʣʠʟʘ, ʚʦʟʥʠʢʘʝʪ ʥʘʤʝʨʝ-

ʥʠʝ ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʠʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʠ 

ʦʮʝʥʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʠʩʢʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦ-

ʪʘʪʴ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʤʝʥʴʰʝʥʠʶ 

ʩʪʝʧʝʥʠ ʝʛʦ ʦʧʘʩʥʦʩʪʠ. 
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THE STATE OF THE ISSUE OF IMPROVING POWER CABLE MODELS.  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʣʦʚʳʝ ʢʘʙʝʣʠ ʥʘʧʨʷʞʝʥʠʝʤ 6-20 ʢɺ. ʀʩʪʦʨʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ, ʛʦʚʦʨʠʪʩʷ ʦ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʨʘʩʯʝʪʘ ʧʝʨʝʭʦʜʥʳʭ ʪʝʧʣʦʚʳʭ ʧʨʦ-

ʮʝʩʩʦʚ, ʥʦ ʪʦʣʴʢʦ ʜʣʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʥʘʧʨʷʞʝʥʠʝʤ ʚʳʰʝ 35 ʢɺ. 

Abstract 

This article discusses power cables with a voltage of 6-20 kV. The history of the origin of cable lines, refers 

to various mathematical methods for calculating transient thermal processes, but only for high-voltage cable 

lines with a voltage above 35 kV. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʉʠʣʦʚʳʝ ʢʘʙʝʣʠ, ʢʘʙʝʣʴʥʳʝ ʣʠʥʠʠ, ʘʣʛʦʨʠʪʤ, ʩʠʣʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ, ʤʦʱ-

ʥʦʩʪʴ. 

Key words: Power cables, cable lines, algorithm, power transformers, power. 

 

ʇʦʜʦʙʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʪʝʧʣʦʚʳʭ ʤʦʜʝʣʝʡ ʩʣʦʞʠʣʦʩʴ ʠ ʩ ʩʠʣʦʚʳʤʠ ʢʘʙʝ-

ʣʷʤʠ ʥʘʧʨʷʞʝʥʠʝʤ 6-20 ʢɺ. ʇʝʨʚʳʝ ʢʘʙʝʣʴʥʳʝ 

ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʚʩʝʛʦ ʥʘ 20 ʣʝʪ "ʤʦʣʦʞʝ" 

ʧʝʨʚʳʭ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ. ʇʦʷʚʣʝʥʠʝ ʢʘʙʝʣʷ 10 

ʢɺ ʦʪʥʦʩʠʪʩʷ ʢ 1890 ʛ. ʠ ʩʚʷʟʘʥʥʦ ʩ ʠʤʝʥʝʤ ʘʥ-

ʛʣʠʡʩʢʦʛʦ ʠʥʞʝʥʝʨʘ ʌʝʨʨʘʥʪʠ [1,2,3]. ɺ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʙʝʣʷ ʌʝʨʨʘʥʪʠ 

ʙʳʣʠ ʚʩʝ ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʠʝʩʷ ʧʨʠʟʥʘʢʠ ʢʘ-

ʙʝʣʴʥʳʭ ʠʟʜʝʣʠʡ: ʛʠʙʢʦʩʪʴ ʠ ʨʘʩʪʷʞʠʤʦʩʪʴ, ʩʪʦʡ-

ʢʦʩʪʴ ʢ ʠʟʛʠʙʘʤ, ʜʦʩʪʘʪʦʯʥʘʷ ʪʚʝʨʜʦʩʪʴ, ʯʪʦʙʳ 

ʠʩʢʣʶʯʠʪʴ ʩʤʝʱʝʥʠʝ ʞʠʣʳ. ɺ ʪʨʠʜʮʘʪʳʝ ʛʦʜʳ ʚ 

ʨʷʜʝ ʩʪʨʘʥ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʨʦʣʦʞʝʥʳ ʤʘʩʣʦʥʘʧʦʣ-

ʥʝʥʥʳʝ ʢʘʙʝʣʠ[4,5,6,7] 35 ʠ ʇʆ ʢɺ. ʇʝʨʚʘʷ ʢʘ-

ʙʝʣʴʥʘʷ ʣʠʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʙʳʣʘ 

ʠʟʛʦʪʦʚʣʝʥʘ ʚ 1931 ʛ. ʥʘ ʟʘʚʦʜʝ "ʉʝʚʢʘʙʝʣʴ" ʠ ʧʨʦ-

ʣʦʞʝʥʘ ʚ ʃʝʥʠʥʛʨʘʜʝ. 

ɿʘ 80 ʣʝʪ ʵʚʦʣʶʮʠʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʢʘʙʝʣʴ-

ʥʦʡ ʪʝʭʥʠʢʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʜʦʚʝʜʝʥʳ ʜʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʤʥʦʛʠʝ ʪʠʧʳ ʢʘʙʝ-

ʣʝʡ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʩʥʦʚʫ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

ʤʥʦʛʠʭ ʢʨʫʧʥʳʭ ʟʘʚʦʜʦʚ ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʩʦʩʪʘʚʣʷ-

ʶʪ ʧʦʜʟʝʤʥʳʝ ʢʘʙʝʣʴʥʳʝ ʣʠʥʠʠ ʥʘʧʨʷʞʝʥʠʝʤ 6-20 

ʢɺ. ʆʜʥʠʤ ʠʟ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʥʘ 

ʜʦʧʫʩʪʠʤʫʶ ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙ-

ʥʦʩʪʴ[8,9,10,11,12] ʢʘʙʝʣʝʡ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʦʣʷʮʠʠ ʞʠʣ ʢʘʙʝʣʷ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʦʣʷ-

ʮʠʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʚʷʟʘʥʥʦ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʪʝʭʥʠ-

ʯʝʩʢʠʭ ʪʨʫʜʥʦʩʪʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠʤʝʥʷʶʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʞʠʣ ʢʘʙʝʣʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʤʥʦʛʦ ʘʣʛʦʨʠʪʤʦʚ 

ʨʘʩʯʝʪʘ[13,14,15,16,17], ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʨʘʩʯʝʪʘ ʧʝʨʝʭʦʜʥʳʭ ʪʝʧ-

ʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʪʦʣʴʢʦ ʜʣʷ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ 

ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʥʘʧʨʷʞʝʥʠʝʤ ʚʳʰʝ 35 ʢɺ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʚʘʞʥʦʩʪʴʶ ʙʝʟʘʚʘ-

ʨʠʡʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʵʪʠʭ ʣʠʥʠʡ ʠ ʙʦʣʴʰʠʤʠ 

ʟʘʪʨʘʪʘʤʠ ʤʘʰʠʥʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʨʘʩ-

ʯʝʪʦʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠ-

ʣʦʚʳʭ ʢʘʙʝʣʷʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʘʷ ʪʝʭʥʠʢʘ ʩʜʝʣʘʣʘ ʩʪʨʝʤʠʪʝʣʴʥʳʡ ʨʳʚʦʢ ʚʧʝʨʝʜ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʥʞʝʥʝʨʘʤ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʢʘʙʝʣʴʥʳʭ 

ʣʠʥʠʷʭ[18,19,20] ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤ-

ʧʴʶʪʝʨʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ. ʇʦ-

ʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪ ʜʦʧʫʩʪʠʤʳʭ ʧʝʨʝʛʨʫʟʦʢ ʩʠʣʦ-

ʚʳʭ ʢʘʙʝʣʝʡ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʘʙʝʣʝʡ ʥʘʧʨʷʞʝʥʠʝʤ 
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35-110 ʢɺ, ʥʦ ʠ 6-10 ʢɺ. ʆʜʥʘʢʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ 

ʜʣʷ ʩʠʣʦʚʳʭ ʢʘʙʝʣʝʡ 6-10 ʢɺ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʱʝʥʳ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʘ. ʅʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ ʚʦʟʤʦʞ-

ʥʦ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʝʪʘ ʜʣʷ ʚʳʩʦ-

ʢʦʚʦʣʴʪʥʳʭ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʫʯʠʪʳʚʘʣʠ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʫʩʣʦʚʠʷ ʧʨʦʢʣʘʜʢʠ ʚʳ-

ʩʦʢʦʚʦʣʴʪʥʳʭ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ. ʅʘʧʨʠʤʝʨ, ʘʣʛʦ-

ʨʠʪʤʳ ʨʘʩʯʝʪʘ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʜʣʷ 

ʤʘʩʣʦʥʘʧʦʣʥʝʥʥʳʭ ʠʣʠ ʦʜʥʦʞʠʣʴʥʳʭ ʛʘʟʦʥʘʧʦʣ-

ʥʝʥʥʳʭ ʩʠʣʦʚʳʭ ʢʘʙʝʣʝʡ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʵʪʠ ʘʣʛʦʨʠʪʤʳ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪ-

ʢʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʪʨʝʭʞʠʣʴʥʳʭ 

ʩʠʣʦʚʳʭ ʢʘʙʝʣʝʡ ʥʘʧʨʷʞʝʥʠʝʤ 6-10 ʢɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʧʨʦʩ ʥʘʛʨʫʟʦʯʥʦʡ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʩʠʩʪʝʤʳ ʩʠʣʦʚʳʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠ ʢʘʙʝ-

ʣʝʡ ʚ ʩʣʦʞʠʚʰʝʡʩʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʥʘ 

ʟʘʚʦʜʘʭ ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʝʡʰʠʤ ʚʦʧʨʦʩʦʤ ʵʢʦʥʦ-

ʤʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. ʈʘʟʤʝʨʳ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦ-

ʞʝʥʠʡ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦʜʩʪʘʥʮʠʡ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʯʝʪʘ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʛʨʫʟʦʯʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʚʳʙʦʨʝ ʝʝ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦ-

ʩʪʠ. 
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FEATURES OF THE FLOW OF POTATO  MEZGI IN PROCESSING IN STARCH  

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ, ʧʨʠʟʥʘʥʥʦʝ ʚʦ ʚʩʝʤ ʤʠʨʝ ʜʦʤʠʥʠʨʫʶʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʨʘʟʚʠʪʠʷ 

ʵʢʦʥʦʤʠʢʠ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʯʝʣʦʚʝʢʦʤ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʩʪʨʫʢʪʫʨʝ ʧʠʪʘʥʠʷ ʣʶʜʝʡ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʨʘʥ ʨʘʩʪʠʪʝʣʴʥʳʝ ʧʨʦ-

ʪʝʠʥʳ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʞʠʚʦʪʥʳʤʠ. ɺ ʗʧʦʥʠʠ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 78,3 ʠ 21,7; ʚ ʋʢʨʘʠʥʝ - 72,3 

ʠ 27,7; ʉʐɸ - 65,3 ʠ 32,9; ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ - 61, ʢ 32,4; ʌʈɻ- 65,3 ʠ 34,7; ʌʨʘʥʮʠʠ - 60 ʠ 40; ʂʘʥʘʜʝ - 68,4 

ʠ 31,6; ʂʠʪʘʝ - 87,3 ʠ 12,7; ʀʪʘʣʠʠ - 74,6 ʠ 25,4. ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚʥʦʩʠʪ 

ʧʨʘʚʠʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʙʨʘʥʥʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʧʦʣʫʯʘʝʤʳʭ ʚʪʦʨʠʯ-

ʥʳʭ ʧʠʱʝʚʳʭ ʨʝʩʫʨʩʦʚ. ʕʪʦ ʚ ʯʘʩʪʥʦʩʪʠ ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʭʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʢʘʨʪʦʬʝʣʷ (ʢʘʨ-

ʪʦʬʝʣʴʥʦʡ ʤʝʟʛʠ) ʚ ʢʨʘʭʤʘʣ.  

Annotation 

Rational environmental management, recognized worldwide as the dominant trend in the development of 

the economy, implies the most complete use of vegetable raw materials in the processing of human consumption. 

For example, in the structure of the nutrition of people in most countries, plant proteins predominate over ani-

mals. In Japan, the ratio is 78.3 and 21.7; in Ukraine - 72.3 and 27.7; United States - 65.3 and 32.9; Great Britain 

- 61, in to 32.4; Germany - 65.3 and 34.7; France - 60 and 40; Canada - 68.4 and 31.6; China - 87.3 and 12.7; 

Italy - 74.6 and 25.4. A significant contribution to the solution of this problem is made by the correct use of the 

harvested agricultural raw materials and the processing of the resulting secondary food resources. This applies in 

particular to the processing of waste from potato processing (potato mash) into starch. 
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ʀʟʚʝʩʪʥʘʷ ʨʘʙʦʪʘ ɺʦʣʘʨʦʚʠʯʘ ʄ.ʇ. [1] ʧʦʢʘ-

ʟʘʣʘ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʠʱʝʚʳʭ ʞʠʜʢʦʩʪʝʡ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʩʴʤʘ ʩʣʦʞʥʦʝ ʨʝʦʣʦʛʠʯʝʩʢʦʝ ʪʝ-

ʣʦ, ʧʨʦʷʚʣʷʶʱʝʝ ʫʧʨʫʛʠʝ, ʧʣʘʩʪʠʯʝʩʢʠʝ, ʚʷʟʢʦ-

ʫʧʨʫʛʠʝ ʠ ʥʝʣʠʥʝʡʥʦ- ʚʷʟʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʤʦʞʝʪ 

ʙʳʪʴ ʦʪʥʝʩʝʥʦ ʢ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʣʠʤʝʨʘʤ ʩʣʦʞ-

ʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʦʵʪʦʤʫ ʦʥʠ ʥʝ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ 

ʚʷʟʢʦʩʪʠ ʅʴʶʪʦʥʘ ʠ ʠʭ ʚʷʟʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʣʴ-

ʟʷ ʦʧʠʩʘʪʴ ʦʜʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ï ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʚʷʟʢʦʩʪʠ. ʕʪʠ ʩʚʦʡʩʪʚʘ, ʠʩʩʣʝʜʫʝʤʳʝ ʩ ʧʦʤʦʱʴʶ 

ʚʠʩʢʦʟʠʤʝʪʨʦʚ ʠ ʨʘʟʣʠʯʥʳʭ ʨʝʦʤʝʪʨʦʚ, ʧʨʠʭʦʜʠʪ-

ʩʷ ʦʧʠʩʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʫʨʘʚʥʝ-

ʥʠʡ ʠ ʬʫʥʢʮʠʡ ʪʠʧʘ 

öö
÷

õ
ææ
ç

å
=

dy

dv
f x

xy
t  (1) 

ʊʘʢʠʝ ʞʠʜʢʦʩʪʠ ʥʘʟʳʚʘʶʪʩʷ ʥʝʥʴʶʪʦʥʦʚʩʢʠ-

ʤʠ. ɺʷʟʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦ-

ʩʪʝʡ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʫʩʣʦʚʥʳʤ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ 
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dy

x
dv

dy

x
dv

f

ʵʬ

ö
ö

÷

õ

æ
æ

ç

å

=h  (2) 

ɺ ʩʠʣʫ ʩʣʦʞʥʦʩʪʠ ʩʦʩʪʘʚʘ ʧʠʱʝʚʳʭ ʩʨʝʜ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ ʦ ʚʷʟʢʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʝʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 

ʧʦʣʫʯʘʶʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʨʘʩʯʝʪʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʨʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ [2]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳ-

ʙʨʘʥʘ ʤʝʟʛʘ, ʧʦʣʫʯʘʝʤʘʷ ʦʪ ʧʝʨʝʨʘʙʦʪʢʠ ʢʘʨʪʦʬʝʣʷ 

ʘʙʨʘʟʠʚʥʳʤ ʩʧʦʩʦʙʦʤ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʝʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʨʦ-

ʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ 55,1-

56,3% ʠ ʪʝʤʧʝʨʘʪʫʨʝ 27-28 Üʉ. 

ʉʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙ-

ʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʚʠʩʢʦʟʠʤʝʪʨʝ 

çʈʝʦʪʝʩʪ ï 2è (ɻɼʈ). ʂʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʜ-

ʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ Ű, ʥ/ʤĮ: 

 

at ʢ=  

 

ʛʜʝ: ʢ ï ʢʦʥʩʪʘʥʪʘ ʮʠʣʠʥʜʨʘ; 

 a - ʟʥʘʯʝʥʠʝ, ʦʪʩʯʠʪʘʥʥʦʝ ʩʦ ʰʢʘʣʳ ʠʥʜʠʢʘ-

ʪʦʨʥʦʛʦ ʧʨʠʙʦʨʘ. 

ʕʬʬʝʢʪʠʚʥʘʷ ʚʷʟʢʦʩʪʴ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʬʦʨ-

ʤʫʣʝ: 

h
ʵʬ=

g

akÖ

 

 

ʛʜʝ: ʢ ï ʢʦʥʩʪʘʥʪʘ ʮʠʣʠʥʜʨʘ; 

 a - ʟʥʘʯʝʥʠʝ ʥʘ ʰʢʘʣʝ; 

 g - ʛʨʘʜʠʝʥʪ ʩʢʦʨʦʩʪʠ. 

ʂʨʠʚʳʝ ʪʝʯʝʥʠʷ ʤʝʟʛʠ, ʧʦʩʣʝ ʚʳʭʦʜʘ ʠʟ ʤʘ-

ʰʠʥʳ ʂʅɸ-600 ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʬʠʣʴʪʨʦʚʘʥʠʠ [3] 

ʜʦ ʚʣʘʞʥʦʩʪʠ (W= 55,3%) ʠ ʤʝʟʛʠ, ʧʦʩʣʝ ʯʘʩʦʚʦʛʦ 

ʦʪʩʪʘʠʚʘʥʠʷ ʚ ʥʘʢʦʧʠʪʝʣʝ (W= 55,1%), ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʢʨʠʚʳʝ ʪʝʯʝʥʠʷ ʤʝʟʛʠ ʩʦʚʧʘʜʘʶʪ ʩ 

ʢʨʠʚʳʤʠ ʪʝʯʝʥʠʷ ʧʩʝʚʜʦʧʣʘʩʪʠʯʥʳʭ ʞʠʜʢʦʩʝʪʝʡ 

ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʠʩʧʝʨʥʦʩʪʠ ʯʘʩʪʠʮ ʢʘʨʪʦʬʝʣʷ, 

ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʘʙʨʘʟʠʚʘ [4]. ɼʣʷ ʵʪʠʭ 

ʞʠʜʢʦʩʪʝʡ ʢʘʩʘʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦ ʆʩʚʘʣʴʜʫ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 
m

n
ʢ ö

÷

õ
æ
ç

å

µ

µ
=

w
t  

ʛʜʝ ʢ ʠ m ï ʧʦʩʪʦʷʥʥʳʝ. 

 

S = 0.02907958

r = 0.99824141

ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ 1/ʩ

ʢ
ʘ
ʩ
ʘ
ʪ
ʝ
ʣ
ʴ
ʥ
ʦ
ʝ
 
ʥ
ʘ
ʧ
ʨ
ʷ
ʞ
ʝ
ʥ
ʠ
ʝ
 
ʥ
/
ʤ
2

0.6 1.4 2.3 3.2 4.1 5.0 5.81.01

1.20

1.39

1.58

1.77

1.96

2.15

 
 

mʢgt=  

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

ʢ = 1.1336045 

ʤ = 0.35559443 

ʧʨʠ W ï55,3% 

ʢʦʥʪʨʦʣʴ1 
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S = 0.11485953

r = 0.95023108

ʩʢʦʨʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ 1/ʩ

ʢ
ʘ
ʩ
ʘ
ʪ
ʝ
ʣ
ʴ
ʥ
ʦ
ʝ
 
ʥ
ʘ
ʧ
ʨ
ʷ
ʞ
ʝ
ʥ
ʠ
ʝ
 
ʥ
/
ʤ
2

0.6 1.4 2.3 3.2 4.1 5.0 5.80.97

1.10

1.22

1.35

1.48

1.61

1.73

 
ʈʠʩʫʥʦʢ - ʂʨʠʚʳʝ ʪʝʯʝʥʠʷ ʜʣʷ ʤʝʟʛʠ ʧʨʠ t=27 Üʉ 

ʢʘʨʪʦʬʝʣʴʥʘʷ ʤʝʟʛʘ ʩ W= 55,3%,  

ʢʘʨʪʦʬʝʣʴʥʘʷ ʤʝʟʛʘ ʩ W= 55,1% ʧʦʩʣʝ ʯʘʩʦʚʦʛʦ ʦʪʩʪʘʠʚʘʥʠʷ 

 

mʢgt=  

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

ʢ = 0.92772543 

ʤ = 0.32855602 

ʧʨʠ W ï55,1% 

ʢʦʥʪʨʦʣʴ 2 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 

ʊʘʙʣʠʮʘ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ˉ ʧ/ʧ ʋʨʘʚʥʝʥʠʝ ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʇʨʠʤʝʯʘʥʠʝ 

ʆʙʨʘʟʝʮ ʪʝʩʪʘ, W=55,3% mʢgt=
 

ʢ = 1.1336045 

ʤ = 0.35559443 

 

ʆʙʨʘʟʝʮ ʪʝʩʪʘ, W=55,1% mʢgt=
 

ʢ = 0.92772543 

ʤ = 0.32855602 

 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʢ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʩʠʩʪʝʥʮʠʠ 

ʞʠʜʢʦʩʪʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʚʷʟʢʦʩʪʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʦʚʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ 

ʀʟʛʦʪʦʚʣʝʥʳ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʠʟ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜ ʢʨʝʤʥʠʝʚʦʡ ʤʘʪʨʠ-

ʮʳ, ʫʧʨʦʯʥʝʥʥʦʡ ʙʝʩʢʝʨʥʦʚʳʤʠ ʚʦʣʦʢʥʘʤʠ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (SiCf/SiC) ʤʝʪʦʜʦʤ PIP ʪʝʭʥʦʣʦʛʠʠ. ʆʧʨʝʜʝ-

ʣʝʥʳ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ SiCf/SiC ʥʘ ʯʝʪʳʨʸʭ ʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

1000 Áʉ.  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʂʂʄ SiCf/SiC ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʳʰʝʥʳ ʧʫʪʸʤ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨ-

ʞʘʥʠʷ ʚʦʣʦʢʥʘ, ʧʦʚʳʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʧʠʪʦʢ ʧʦʣʠʤʝʨʦʤ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʤʘʪʨʠʮʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʨʠʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʠʤʝʨʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ ʠ ʧʠʨʦʣʠʟʘ (PIP) ʠ ʭʠʤʠʯʝ-

ʩʢʦʛʦ ʛʘʟʦʚʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ (CVI). 

Annotations 

Prototypes were made of a ceramic material based on a silicon carbide matrix of silicon carbide (SiCf / 

SiC) reinforced with coreless silicon carbide fibers. by the PIP method of technology. The strength characteris-

tics of a SiCf/SiC material at four point bending at a temperature of 1000 Á C are determined. 

The mechanical properties of CMC SiCf/SiC can be enhanced by increasing the volume content of the fiber, 

increasing the amount of polymer impregnation to reduce the porosity of the matrix material and using hybrid 

polymer infiltration and pyrolysis technology (PIP) and chemical gas penetration (CVI). 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʝʨʘʤʠʯʝʩʢʠʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʚʦʣʦʢʥʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʠʩʧʳʪʘʥʠʷ 

ʥʘ ʠʟʛʠʙ, ʧʨʦʯʥʦʩʪʴ. 

Key words: ceramic matrix composite, fiber of silicon carbide, bending tests, strength. 

 

ɺʚʝʜʝʥʠʝ 

ɺ 70-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚʦ ʚʩʝʭ ʨʘʟ-

ʚʠʪʳʭ ʩʪʨʘʥʘʭ (ʉʐɸ, ʗʧʦʥʠʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, 

ɻʝʨʤʘʥʠʷ, ʌʨʘʥʮʠʷ, ʉʉʉʈ) ʧʦ ʧʨʦʛʨʘʤʤʘʤ, ʚ ʦʩ-

ʥʦʚʥʦʤ, ʬʠʥʘʥʩʠʨʫʝʤʳʤ ʛʦʩʫʜʘʨʩʪʚʦʤ, ʧʨʦʚʦʜʠ-

ʣʠʩʴ ʦʙʰʠʨʥʳʝ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʤʦʥʦ-

ʣʠʪʥʦʡ ʢʝʨʘʤʠʢʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʝʪʘʣʷʤ ʠ ʫʟ-

ʣʘʤ ʘʚʠʘʮʠʦʥʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʕʪʠ ʨʘʙʦʪʳ ʜʘʣʠ ʦʧʨʝʜʝ-

ʣʸʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʜʥʘʢʦ ʥʠʟʢʘʷ ʚʷʟʢʦʩʪʴ ʨʘʟ-

ʨʫʰʝʥʠʷ ʤʦʥʦʣʠʪʥʦʡ ʢʝʨʘʤʠʢʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠ-

ʚʦʜʠʚʰʘʷ ʢ ʨʘʟʨʫʰʝʥʠʶ ʦʪ ʫʜʘʨʘ ʧʦʩʪʦʨʦʥʥʠʤʠ 
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ʯʘʩʪʠʮʘʤʠ) ʥʝ ʧʦʟʚʦʣʠʣʘ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʫʶ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ ʜʚʠʛʘʪʝʣʝʡ ʨʘʟʣʠʯ-

ʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʷʟʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʢʝʨʘ-

ʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʂʂʄ) 

ʧʦʯʪʠ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʷʟ-

ʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʤʦʥʦʣʠʪʥʦʡ ʢʝʨʘʤʠʢʠ [1]. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʝ ʧʨʦʯ-

ʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʣʠʪ-

ʥʦʡ ʢʝʨʘʤʠʢʦʡ, ʧʦʟʚʦʣʠʣʦ ʨʘʟʨʘʙʦʪʘʪʴ ʂʂʄ ʠ ʜʝ-

ʪʘʣʠ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʴ ʵʪʠʭ ʜʝʪʘʣʝʡ ʚ ʫʩʣʦʚʠ̫ ʭ ʜʣʠʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʝʡ. 

ʈʘʟʨʘʙʦʪʢʘ 3-ʛʦ ʧʦʢʦʣʝʥʠʷ ʙʝʩʢʝʨʥʦʚʳʭ ʚʦʣʦ-

ʢʦʥ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (SiCf), ʨʘʙʦʪʘʶʱʠʭ ʜʣʠʪʝʣʴ-

ʥʦ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 

1316Áʉ, ʧʦʟʚʦʣʠʣʘ ʬʠʨʤʘʤ General Electric ʠ 

SNECMA ʧʨʠʤʝʥʠʪʴ ʂʂʄ SiCf/SiC ʚ ʚʳʩʦʢʦʪʝʤ-

ʧʝʨʘʪʫʨʥʳʭ ʫʟʣʘʭ ʜʚʠʛʘʪʝʣʝʡ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘ-

ʮʠʠ LEAP ʠ GE9x [2].  

ɺ ʈʦʩʩʠʠ ʨʘʙʦʪʳ ʧʦ ʂʂʄ ʪʠʧʘ SiCf/SiC ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝ ʚʝʜʫʪʩʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʧʨʝʨʳʚʥʳʭ ʙʝʩʢʝʨʥʦʚʳʭ ʚʦʣʦʢʦʥ 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʩʪʘʙʠʣʥɹʦʛʦ ʢʘʯʝʩʪʚʘ. ʃʘʙʦʨʘ-

ʪʦʨʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʢʘʨʙʠʜ ʢʨʝʤʥʠʝʚʳʭ ʚʦʣʦ-

ʢʦʥ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʟʘʥʠʤʘʝʪʩʷ 

ɸʆ çɻʅʀʀʍʊʕʆʉè [3], ʢʦʪʦʨʦʝ ʧʳʪʘʝʪʩʷ ʚʳʧʫʩ-

ʢʘʪʴ ʚʦʣʦʢʥʘ SiCf ʩʦ ʩʪʘʙʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʩ ʚʦʣʦʢʥʘʤʠ ʤʘʨʢʠ Nicalon 200N 

1-ʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʥʘʣʘʜʠʪʴ ʠʟʛʦʪʦʚʣʝʥʠʝ ʙʝʢʝʨʥʦ-

ʚʳʭ ʚʦʣʦʢʦʥ 3-ʛʦ ʧʦʢʦʣʝʥʠʷ, ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʩ 

ʚʦʣʦʢʥʘʤʠ ʤʘʨʦʢ Hi-Nicalon Type S, Tyranno SA-3. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʯʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʴ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ 

ʚʦʣʦʢʦʥ SiC ʧʨʦʠʟʚʦʜʩʪʚʘ ʗʧʦʥʠʠ ʠ ʉʐɸ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʄʘʨʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʯʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʚʦʣʦʢʦʥ SiC ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʗʧʦʥʠʠ ʠ ʉʐɸ 

ɺʦʣʦʢ-

ʥʘ SiC 

ʇʨʦʠʟʚʦʜʠ-

ʪʝʣʴ 

ʄʝʪʦʜ 

ʦʪʚʝʨʞʜʝ-

ʥʠʷ 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ ʧʠʨʦ-

ʣʠʟʘ, 

Áʉ 

ʇʣʦʪ-

ʥʦʩʪʴ, 

ʛ/ʩʤ3 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦ-

ʩʪʠ, ɻʇʘ 

ʄʦʜʫʣʴ 

ʫʧʨʫʛʦ-

ʩʪʠ, ɻʇʘ 

ɼʠʘʤʝʪʨ 

ʬʠʣʘʤʝʥ-

ʪʘ, ʤʢʤ 

ʂʦʣʠʯʝ-

ʩʪʚʦ ʬʠ-

ʣʘʤʝʥʪ ʚ 

ʞʛʫʪʝ 

ʉʪʦʠ-

ʤʦʩʪʴ  

ʇʝʨʚʦʛʦ 

ʧʦʢʦʣʝ-

ʥʠʷ 

Nicalon 200N 

(Nippon-

Carbon) 

ʆʢʠʩʣʝʥʠʝ  1200 2,55 3 220 14 11 500 ú2650/ʢʛ  

Tyranno Lox-

M (UBE In-

dustries) 

ʆʢʠʩʣʝʥʠʝ  1200 2,48 3,3 180 11 800 ú1500/ʢʛ  

Tyranno S 

(UBE 

Industries) 

ʆʢʠʩʣʝʥʠʝ 1200 2,35 3,2 170 8,5 
800 

1600 
ú1200/ʢʛ 

ɺʪʦʨʦʛʦ 

ʧʦʢʦʣʝ-

ʥʠʷ 

Hi-Nicalon 

(Nippon-

Carbon) 

ʕʣʝʢʪʨ. 

ʆʙʣʫʯʝʥʠʝ 
1300 2,74 2,8 270 14 500 ú8000/ʢʛ  

Tyranno ZMI 

(UBE 

Industries) 

ʆʢʠʩʣʝʥʠʝ 1300 2,48 3,4 195 11 800 ú2000/ʢʛ 

ʊʨʝʪʴʝʛʦ 

ʧʦʢʦʣʝ-

ʥʠʷ 

Hi-Nicalon S 

(Nippon-

Carbon) 

ʕʣʝʢʪʨ. 

ʦʙʣʫʯʝʥʠʝ 
>1500 3,1 2,6 420 12 500 ú11500/ʢʛ  

Tyranno SA-3 

(UBE Indus-

tries) 

ʆʢʠʩʣʝʥʠʝ 

 
>1700 3,1 2,8 375 

10 

7,5 

800 

1600 
ú8000/ʢʛ 

Sylramic (COI 

Ceramics) 
ʆʢʠʩʣʝʥʠʝ  >1700 3,2 3,2 380 10 800 ú18750/ʢʛ  

Sylramic iBN 

(COI Ceram-

ics) 

ʆʢʠʩʣʝʥʠʝ >1700 3,2 - - 10 800 
ʅʝʠʟ-

ʚʝʩʪʥʦ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʣʣʝʢʪʠʚʦʤ ʘʚʪʦʨʦʚ ʦʪ-

ʨʘʙʘʪʳʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʞʘʨʦ-

ʚʳʭ ʪʨʫʙ, ʵʣʝʤʝʥʪʦʚ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʩʦʧʣʦʚʳʭ 

ʘʧʧʘʨʘʪʦʚ, ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʠ ʣʦʧʘʪʦʢ ʪʫʨʙʠʥ ʤʘʣʦ-

ʨʘʟʤʝʨʥʳʭ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʠʟ ʢʝʨʘʤʠ-

ʯʝʩʢʠʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [4]. ʉʦʚʝʨ-

ʰʝʥʩʪʚʫʶʪʩʷ ʤʝʪʦʜʠʢʠ ʨʘʩʯʸʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʘʥʠʟʦʪʨʦʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩ ʫʯʝʪʦʤ ʥʘʧʨʘʚʣʝʥʠʷ 

ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʢʨʠʚʠʟʥʳ ʤʦʥʦʩʣʦʝʚ. ʇʨʦʚʦʜʷʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʦʥʦ-

ʣʠʪʥʳʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʥʦʨ-

ʤʘʣʴʥʳʭ (20 Áʉ) ʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʜʦ 

1500 Áʉ). ʈʘʙʦʪʳ ʚʝʜʫʪʩʷ ʚ ʦʩʥʦʚʥʦʤ c ʢʘʨʙʠʜ 

ʢʨʝʤʥʠʝʚʳʤʠ ʤʘʪʨʠʮʘʤʠ, ʘʨʤʠʨʦʚʘʥʥʳʤʠ ʫʛʣʝ-

ʨʦʜʥʳʤʠ ʚʦʣʦʢʥʘʤʠ (ʉf), ʢʘʨʙʠʜ ʢʨʝʤʥʠʝʚʳʤʠ 

ʚʦʣʦʢʥʘʤʠ (SiCf) ʠ ʯʘʩʪʠʮʘʤʠ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʘʣ-

ʤʘʟʘ.  

1 ʀʟʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʠʟ ʂʂʄ SiCf/SiC 

ʆʩʥʦʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜ 

ʢʨʝʤʥʠʝʚʦʡ ʤʘʪʨʠʮʳ ʜʣʷ ʘʨʤʠʨʦʚʘʥʥʳʭ ʢʝʨʘʤʠ-

ʯʝʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ 

ʦʩʘʞʜʝʥʠʝ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ (ʤʝʪʦʜ CVI), ʧʨʦʧʠʪʢʘ 

ʨʘʩʧʣʘʚʦʤ ʢʨʝʤʥʠʷ (ʤʝʪʦʜ RMI) ʠ ʧʨʦʧʠʪʢʘ ʨʘʩ-

ʪʚʦʨʦʤ ʧʦʣʠʤʝʨʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʥʦʛʦʢʨʘʪʥʳʤ 

ʧʠʨʦʣʠʟʦʤ (ʤʝʪʦʜ PIP).  
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ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʠʜ ʢʨʝʤ-

ʥʠʝʚʦʡ ʤʘʪʨʠʮʳ, ʧʦʢʘʟʘʣ, ʯʪʦ ʢʘʞʜʳʡ ʤʝʪʦʜ ʧʦ-

ʨʘʟʥʦʤʫ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʩʪʦʠʤʦʩʪʴ ʢʦʥʝʯʥʦʛʦ ʂʂʄ (ʩʤ. ʨʠʩʫʥʦʢ 

1). ʅʘʠʙʦʣʴʰʘʷ ʜʝʛʨʘʜʘʮʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʫ ʤʝʪʦʜʘ ʩ ʧʨʦʧʠʪʢʦʡ ʞʠʜʢʦʛʦ ʨʘʩʧʣʘʚʘ 

ʢʨʝʤʥʠʷ (RMI), ʥʘʠʙʦʣʴʰʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʫ ʤʝʪʦ-

ʜʘ ʦʩʘʞʜʝʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ (CVI). ɼʣʷ ʧʦʣʫʯʝ-

ʥʠʷ ʢʘʨʙʠʜ ʢʨʝʤʥʠʝʚʦʡ ʤʘʪʨʠʮʳ ʤʝʪʦʜʦʤ PIP ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝ ʟʥʘ-

ʯʠʪʝʣʴʥʘ ʜʝʛʨʘʜʘʮʠʷ ʩʚʦʡʩʪʚ ʠ ʥʠʟʢʘʷ ʪʨʫʜʦʝʤ-

ʢʦʩʪʴ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ 

ʫʯʝʩʪʴ, ʯʪʦ ʧʦʨʠʩʪʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʘʤʘʷ ʚʳʩʦʢʘʷ 

ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʂʂʄ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʠ ʩʥʠʞʘ-

ʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʧʠʪʦʢ ʠ ʧʠʨʦ-

ʣʠʟʘ. 

 
ʈʠʩʫʥʦʢ 1 ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʠʜ ʢʨʝʤʥʠʝʚʦʡ ʤʘʪʨʠʮʳ 

 

ʉ ʧʦʤʦʱʴʶ ʥʘʤʦʪʢʠ ʤʝʞʜʫ ʜʚʫʤʷ ʦʩʷʤʠ ʙʳ-

ʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʨʝʬʦʨʤʳ ʦʙʨʘʟʮʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʣʦʢʥʘ SiC (70 ʚʦʣʦʢʦʥ), ʫʣʦʞʝʥʥʳʭ 

ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʜʣʷ ʧʨʦʧʠʪʢʠ ʢʝʨʘʤʦʦʙʨʘ-

ʟʫʶʱʠʤ ʧʦʣʠʤʝʨʦʤ (ʨʠʩʫʥʦʢ 2). 

ɺ ʢʘʯʝʩʪʚʝ ʘʨʤʠʨʫʶʱʠʭ ʚʦʣʦʢʦʥ ʚʟʷʪʳ ʙʝʩ-

ʢʝʨʥʦʚʳʝ ʚʦʣʦʢʥʘ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ 3-ʛʦ ʧʦʢʦʣʝ-

ʥʠʷ ʤʘʨʢʠ Hi-Nicalon Type S (OX), ʥʘ ʢʦʪʦʨʳʝ ʥʝ 

ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʠʥʪʝʨʬʘʟʥʳʝ ʧʦʢʨʳʪʠʷ (ʩʤ. ʨʠʩʫ-

ʥʦʢ 3, ʘ). 

ʇʦ ʪʝʭʥʦʣʦʛʠʠ PIP (ʧʦʣʠʤʝʨʥʘʷ ʠʥʬʠʣʴʪʨʘ-

ʮʠʷ ʠ ʧʠʨʦʣʠʟ) ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʧʳʪʥʳʝ ʦʙʨʘʟ-

ʮʳ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʥʘ 4-ʭ ʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʠʟ ʤʘʪʝ-

ʨʠʘʣʘ SiCf/SiC ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ 

3,85ʭ2,52ʭ47,6 ʤʤ (ʩʤ. ʨʠʩʫʥʦʢ 3, ʙ). ʀʟʛʦʪʦʚʣʝʥ-

ʥʳʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʧʨʦʧʠʪʢʠ ʩʤʝʩʴʶ ʧʦʣʠʤʝʨʘ ʜʦ 

ʧʠʨʦʣʠʟʘ ʠʤʝʣʠ ʧʣʦʪʥʦʩʪʴ 1,82 ʛ/ʩʤ3, ʛʜʝ ʦʙʲʝʤ-

ʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʣʦʢʥʘ ʩʦʩʪʘʚʣʷʣʦ ʧʦʨʷʜʢʘ V f = 

0,42-0,45. ʄʥʦʛʦʢʨʘʪʥʫʶ ʧʨʦʧʠʪʢʫ ʠ ʧʠʨʦʣʠʟ ʧʨʦ-

ʚʦʜʠʣʠ 4 ʨʘʟʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʣʦʪʥʦʩʪʴ ʂʂʄ 

SiCf/SiC ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 8% ʠ ʩʦʩʪʘʚʠʣʘ 1,95 ʛ/ʩʤ3. 

 
ʈʠʩʫʥʦʢ 2. ʅʘʤʦʪʢʘ ʧʨʝʬʦʨʤʳ ʦʙʨʘʟʮʦʚ ʠʟ ʚʦʣʦʢʥʘ SiC 

 

ʅʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʠʟʢʠʤ ʦʙʲʝʤʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʣʦʢʥʘ SiC, ʧʦ-

ʚʳʰʝʥʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʧʠʪʢʠ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʣʦ ʙʳ ʫʤʝʥʴʰʠʪʴ ʧʦ-

ʨʠʩʪʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʤʘ-

ʪʝʨʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʨʬʘʟʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚʦʣʦ-

ʢʦʥ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʢʘʯʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʦʤ 
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ʧʨʦʧʠʪʦʢ ʧʦʣʠʤʝʨʦʤ. ɺ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʘʨʴʠʨʫʶʪʩʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʫʢʣʘʜʢʠ ʚʦʣʦʢʦʥ, ʥʘʠʤʝʥʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝ-

ʨʠʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 1,97 ʛ/ʩʤ3 ʜʣʷ 3D-4D ʘʨʤʠʨʦʚʘʥ-

ʥʳʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʨʠʩʪʦʩʪʴʶ 10,5%, ʥʘʠʙʦʣʴʰʘʷ 

ʧʣʦʪʥʦʩʪʴ ʘʥʘʣʦʛʠʯʥʘ ʫʢʣʘʜʢʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʪʠʧʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 2,34 ʛ/ʩʤ3 ʩ ʧʦʨʠʩʪʦʩʪʴʶ 7,5% 

[5]. 

  
ʈʠʩʫʥʦʢ 3. ɺʦʣʦʢʥʦ Hi-Nicalon Type S ʠ ʦʙʨʘʟʮʳ ʠʟ ʤʘʪʝʨʠʘʣʘ SiCf/SiC (ʘ ï ʚʦʣʦʢʥʦ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ Hi-

Nicalon Type S, ʙ ï ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʠʟ ʤʘʪʝʨʠʘʣʘ SiCf/SiC) 

 

 

ʆʩʥʘʩʪʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʚʳʢʣʘʜʢʫ ʚʦʣʦʢʦʥ SiC ʩ ʬʠʢʩʘʮʠʝʡ ʚ ʥʘʪʷʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʬʦʨ-

ʤʦʦʙʨʘʟʦʚʘʥʠʝʤ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʜʣʷ ʪʨʝʭ ʠ ʯʝʪʳʨʝʭ ʪʦʯʝʯʥʦʛʦ ʠʟʛʠʙʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʤʦʜʝʣʴ ʦʩʥʘʩʪʢʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4 ʠ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʘʥʠʷ (1), ʥʘ 

ʢʦʪʦʨʦʝ ʚʳʢʣʘʜʳʚʘʝʪʩʷ ʚʦʣʦʢʥʦ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠ ʥʘʪʷʛʠʚʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʭ ʩ ʬʠʢ-

ʩʘʮʠʝʡ ʜʝʪʘʣʷʤʠ (3 ʠ 4), ʚ ʢʘʥʘʣʳ 5 ʫʢʣʘʜʳʚʘʝʪʩʷ ʛʝʨʤʝʪʠʟʠʨʫʶʱʠʡ ʞʛʫʪ, ʚʩʝ ʜʝʪʘʣʠ ʩʪʷʛʠʚʘʶʪʩʷ ʧʦ-

ʤʦʱʴʶ ʙʦʣʪʦʚ (6), ʧʨʦʧʠʪʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ ʢʘʥʘʣ 7. 

 

 
ʈʠʩʫʥʦʢ 4. ʄʦʜʝʣʴ ʦʩʥʘʩʪʢʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʂʂʄ ʤʝʪʦʜʦʤ PIP 

 

2 ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʂʂʄ SiCf/SiC ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 Áʉ 

ʂʂʄ SiCf/SiC ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʯʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʣʠʪʥʦʡ 

ʢʝʨʘʤʠʢʦʡ, ʦʜʥʘʢʦ ʚʷʟʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʝʢʨʘʱʝʥʠʝ ʨʦʩʪʘ ʪʨʝʱʠʥ ʧʨʠ ʥʘʛʨʫʟʢʘʭ ʜʘʶʪ ʧʨʝ-

ʠʤʫʱʝʩʪʚʦ ʜʘʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʦʯ-

ʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʫʜʘʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʚ ʚʠʜʝ ʟʘʢʦʣʦʯʝʥʥʦʛʦ ʛʚʦʟʜʷ ʚ ʦʙʨʘʟʝʮ ʤʘʪʝʨʠʘʣʘ ʠʟ SiCf/SiC. 

ʇʨʠ ʵʪʦʤ ʨʦʩʪ ʪʨʝʱʠʥ ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʦʙʨʘʟʮʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

 

 
ʈʠʩʫʥʦʢ 5. ɼʝʤʦʥʩʪʨʘʮʠʷ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʚʠʜʝ ʟʘʢʦʣʦʯʝʥʥʦʛʦ ʛʚʦʟʜʷ  

ʚ ʦʙʨʘʟʝʮ ʤʘʪʝʨʠʘʣʘ ʠʟ SiCf/SiC 
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ʆʧʨʝʜʝʣʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʠ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ (4-ʭ ʪʦʯʝʯʥʳʡ ʩʠʤʤʝʪʨʠʯʥʳʡ ʠʟ-

ʛʠʙ) ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
ʈʠʩʫʥʦʢ 6. ʉʭʝʤʘ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʯʝʪʳʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ 

 

ɼʘʪʯʠʢ ˉ 1 (ʨʘʩʪʷʞʝʥʠʝ), ˉ3 (ʩʞʘʪʠʝ) ïʠʟʤʝʨʝʥʠʝ ʧʨʦʜʦʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ; ʜʘʪʯʠʢ ˉ 2ï ʠʟʤʝʨʝ-

ʥʠʝ ʧʦʧʝʨʝʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. 

ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʝ Instron 5985 c ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʝʯʴʶ 

EuroTherm ʠ ʩ ʧʦʤʦʱʴʶ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ (ʨʠʩʫʥʦʢ 7) ʚ ʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʞ-

ʥʠʤʠ ʦʧʦʨʘʤʠ L1=40 ʤʤ, ʤʝʞʜʫ ʚʝʨʭʥʠʤʠ - L2=20 ʤʤ. 

 

  
ʈʠʩʫʥʦʢ 7. ʂʝʨʘʤʠʯʝʩʢʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ  

ʥʘ ʯʝʪʳʨʝʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ 

 

ɺ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʨʠʤʝʥʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʧʦ ʥʘʛʨʫʟʢʝ (ʈʤʘʭ=100 ʢʛ) ʦʙ-

ʨʘʟʮʳ ʥʘʛʨʫʞʘʣʠʩʴ ʜʦ ʥʘʛʨʫʟʢʠ ʈ=100 ʢʛ. ʇʨʦʛʠʙ ʚ ʮʝʥʪʨʝ ʦʙʨʘʟʮʘ ʠʟʤʝʨʷʣʩʷ ʜʝʬʣʝʢʪʦʤʝʪʨʦʤ ʩ ʜʠʘʧʘ-

ʟʦʥʦʤ ʠʟʤʝʨʝʥʠʷ Ñ1ʤʤ.  

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ çʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʠʟ-

ʛʠʙʝè - çʜʝʬʦʨʤʘʮʠʷ ʧʨʠ ʠʟʛʠʙʝè (ʨʠʩʫʥʦʢ 8). 

ʅʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ: 

ʅʘʧʨʷʞʝʥʠʝ ʧʨʠ ʠʟʛʠʙʝ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ (1):  

3* *

24* *

P L

b h
s= ,      (1) 

ʛʜʝ L- ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʧʦʨʘʤʠ (40 ʤʤ); 

ɼʝʬʦʨʤʘʮʠʷ ʧʨʠ ʠʟʛʠʙʝ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ (2): 
4,36* *

2

h

L

d
e=

      (2)

 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʬʦʨʤʫʣʝ (3) 
3*0,17* *

3*

L m
E

b h

s

e
= =  ,     (3) 
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ʛʜʝ 
P

m
d
= - ʫʛʦʣ ʥʘʢʣʦʥʘ ʢʨʠʚʦʡ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000Áʉ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ɸʥʘʣʠʟ ʜʠʘʛʨʘʤʤ 

ʥʘʛʨʫʞʝʥʠʷ (ʨʠʩʫʥʦʢ 8) ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ ʥʘʛʨʫʟʢʠ ʟʘ ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ ʚʦʣʦʢʦʥ ʠ ʤʛʥʦʚʝʥʥʦʛʦ ʝʸ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘ ʜʨʫʛʠʝ ʚʦʣʦʢʥʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʘʨʤʠʨʦʚʘʥʥʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʮʘ. 

ʇʨʝʢʨʘʱʝʥʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠ ʧʘʜʝʥʠʠ ʥʘʛʨʫʟʢʠ ʥʘ 50% ʦʪ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ. ʇʨʠ ʚʠʟʫʘʣʴʥʦʤ ʦʩʤʦʪʨʝ ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʨʘʟʨʫʰʝʥʠʝ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʪ.ʝ. ʥʝʪ ʢʘʪʘʩʪʨʦ-

ʬʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʠʟ ʤʘʪʝʨʠʘʣʘ SiCf/SiC ʧʨʠ 1000Á ʉ 

ʄʝʪʢʘ 

ʦʙʨʘʟʮʘ 

ʐʠʨʠʥʘ, 

ʤʤ 

ʊʦʣʱʠʥʘ, 

ʤʤ 

ʅʘʛʨʫʟʢʘ, 

ʅ 

ʅʘʧʨʷʞʝʥʠʝ, 

ʄʇʘ 

ɼʝʬʦʨʤʘʮʠʷ ʧʨʠ 

ʠʟʛʠʙʝ (ɼʘʪʯʠʢ ʧʨʦ-

ʛʠʙʘ) 

[%] 

ʄʦʜʫʣʴ ʫʧʨʫ-

ʛʦʩʪʠ, ɻʇʘ 

ˉ1 4,0 2,6 144,37 160,17 0,210 97,41 

ˉ2 3,8 2,5 138,78 175,30 0,180 113,21 

ˉ3 3,8 2,6 117,37 137,08 0,188 92,35 

ʉʨʝʜʥʝʝ 157,51 0,192 100,99 

 

 
ʈʠʩʫʥʦʢ 8. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ ʠʟ ʤʘʪʝʨʠʘʣʘ SiCf/SiC ʥʘ 4-ʭ ʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʧʨʠ 1000 Áʉ 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʛʦʪʦʚʣʝʥʳ 

ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʠʟ ʤʘʪʝʨʠʘʣʘ SiCf/SiC ʤʝʪʦʜʦʤ 

PIP ʪʝʭʥʦʣʦʛʠʠ. ʆʧʨʝʜʝʣʝʥʳ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜ ʢʨʝʤʥʠʝʚʦʡ ʤʘʪʨʠʮʳ (SiC) 

ʫʧʨʦʯʥʝʥʥʦʛʦ ʙʝʩʢʝʨʥʦʚʳʤʠ ʚʦʣʦʢʥʘʤʠ ʢʘʨʙʠʜʘ 

ʢʨʝʤʥʠʷ (SiCf) ʥʘ ʯʝʪʳʨʸʭ ʪʦʯʝʯʥʳʡ ʠʟʛʠʙ. ʉʨʝʜ-

ʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʠʟʛʠʙʝ ʩʦʩʪʘʚʠʣʠ 157,51 ʄʇʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000 Áʉ. ʍʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ 

ʢʚʘʟʠʧʣʘʩʪʠʯʥʳʡ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʘʨʤʠʨʦʚʘʥʠʠ 

ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʂʂʄ SiCf/SiC ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʚʳʰʝʥʳ ʧʫʪʸʤ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʩʦ-

ʜʝʨʞʘʥʠʷ ʚʦʣʦʢʥʘ, ʧʦʚʳʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʧʠ-

ʪʦʢ ʧʦʣʠʤʝʨʦʤ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʤʘʪʝʨʠʘ-

ʣʘ ʤʘʪʨʠʮʳ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʨʠʜʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ ʧʦʣʠʤʝʨʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ ʠ ʧʠʨʦʣʠʟʘ (PIP) ʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʛʘʟʦʚʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ (CVI). 
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REDUCTION OF THE MASS OF THE FRAMEWORK OF THE PANELS OF SOLAR BATTERIES  

 

ɸʥʥʦʪʘʮʠʷ 

ʈʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʢʘʨʢʘʩʘ ʧʘʥʝʣʝʡ ʩʦʣ-

ʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʩʦʟʜʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʨʘʩʩʯʠʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʢʘʨʢʘʩʘ ʩ ʫʤʝʥʴʰʝʥʥʦʡ 

ʤʘʩʩʦʡ ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

Abstract 

The possibility of applying the method of topological optimization of the framework of solar panels has 

been considered, a mathematical model has been created, and a framework design with a reduced mass and 

enhanced physico-mechanical characteristics has been calculated. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʥʝʣʴ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʦʧʦʣʦʛʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, 3d 

ʧʝʯʘʪʴ, ʚʳʩʦʢʦʤʦʜʫʣʴʥʦʝ ʚʦʣʦʢʥʦ. 

Keywords: solar panel, structural analysis, topological optimization, 3d printing, high-modulus fiber. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʈʦʩʪ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ 

ʩʜʝʣʘʣ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʨʫʧʥʦ-

ʛʘʙʘʨʠʪʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʢʨʳ-

ʚʘʶʱʠʭʩʷ ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ (ʉɹ). 

ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʝ ʤʘʩʩʘ ʠ 

ʦʙʲʝʤ, ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, 

ʥʘʠʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʧʘʥʝʣʝʡ. ʊʘʢʞʝ ʥʝʤʘʣʦʚʘʞʥʦ 

ʫʯʝʩʪʴ ʥʘʛʨʫʟʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʩʢʨʳʪʠʠ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʩʪʘʨʪʝ ʨʘʢʝʪʳ ʠ ʚʳʚʦʜʝ ʥʘ ʦʨʙʠʪʫ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʤʘʩʩʝ ʪʨʝʙʫʝʪ-

ʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ, ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʢʣʶʯʘʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʆʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚ-

ʣʷʝʪʩʷ ʘʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ.  

ʎʝʣʴ. ʉʥʠʞʝʥʠʝ ʤʘʩʩʳ ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʳʭ 

ʙʘʪʘʨʝʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠ-

ʤʠʟʘʮʠʠ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʚʳʙʨʘʥʥʦʡ ʩʭʝʤʳ ʤʝʪʦʜʦʤ 

3D ʧʝʯʘʪʠ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʨʤʠʨʦ-

ʚʘʥʥʳʭ ʥʝʧʨʝʨʳʚʥʳʤ ʚʦʣʦʢʥʦʤ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʴʶ ʚ ʨʘʙʦʪʝ ʧʦʩʪʘʚʣʝʥʳ 

ʠ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʨʦʚʝʩʪʠ ʪʦʧʦʣʦʛʠʯʝʩʢʫʶ ʦʧʪʠʤʠʟʘʮʠʶ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʳ ʢʘʨʢʘʩʘ. 

2. ʇʦʩʪʨʦʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʥʘ ʦʩ-

ʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʪʠʤʠʟʘʮʠʠ. 

3. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʚʠʜʳ ʥʘʛʨʫʟʦʢ ʧʨʠ ʚʳʚʦʜʝ ʂɸ ʥʘ ʦʨʙʠʪʫ ʠ ʦʧʨʝʜʝ-

ʣʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʙʦʪʳ 

ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʧʘʥʝʣʝʡ ʉɹ [1]. 

ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʨʘʩʯʝʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʨʢʘʩʘ ʧʘʥʝʣʝʡ ʉɹ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʤʦʜʝʣʝʡ ʙʫʜʝʪ ʧʨʦ-

ʚʦʜʠʪʴʩʷ ʚ ʩʨʝʜʝ Femap with NX Nastran, [2;3].  

ɼʣʷ ʧʦʜʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʩʪʠ 

ʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦ-

ʚʘʪʴ ʤʦʜʝʣʴ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʟʜʘʥʘ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʛʝʦʤʝʪʨʠʶ ʚ 

ʢʘʨʢʘʩ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʙʠʝʥʠʷ ʥʘ ʢʦʥʝʯʥʳʝ ʵʣʝ-

ʤʝʥʪʳ. 

ɿʘ ʦʩʥʦʚʫ ʛʝʦʤʝʪʨʠʠ ʙʫʜʝʪ ʚʟʷʪʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʠʟ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʨʝʧʣʝʥʠʷ ʧʘʥʝʣʝʡ ʉɹ [4]. ɼʦʧʦʣʥʠ-

ʪʝʣʴʥʦ ʢ ʥʝʡ ʙʫʜʫʪ ʜʦʙʘʚʣʝʥʳ ʨʝʙʨʘ ʞʝʩʪʢʦʩʪʠ, 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠ-

ʟʘ (ʨʠʩ 1). 

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʟʘʜʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʠ ʩʚʦʡʩʪʚ. 

ʄʘʪʝʨʠʘʣ ʙʫʜʝʥ ʟʘʜʘʥ ʢʘʢ ʠʟʦʪʨʦʧʥʳʡ, ʩ ʫʢʘʟʘʥ-

ʥʳʤʠ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʟʘʜʘʥʠʠ ʧʘʨʘʤʝʪʨʘʤʠ  

ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʛʝʦʤʝʪʨʠʠ ʠ ʟʘʜʘʥʠʷ ʤʘʪʝʨʠʘ-

ʣʘ ʩʣʝʜʫʝʪ ʵʪʘʧ ʨʘʟʙʠʝʥʠʷ ʥʘʰʝʡ ʤʦʜʝʣʠ ʥʘ ʢʦ-

ʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ. ɼʣʷ ʜʘʥʥʦʛʦ ʨʘʩʯʝʪʘ ʵʪʦ ʵʣʝ-

ʤʝʥʪʳ Beam. ʋʢʘʟʘʥʥʳʡ ʵʣʝʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʬʦʨʤʳ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʇʘʨʘʤʝʪʨʳ ʚʥʫʪʨʠ ʵʣʝʤʝʥ-

ʪʦʚ ʠʤʝʶʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʬʦʨʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳ-

ʯʠʩʣʷʶʪʩʷ ʪʨʝʙʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩʦʜʝʨʞʘʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʤʘʪʝʨʠʘʣʘ. 

ʇʦʩʣʝ ʟʘʜʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ Beam 

ʥʫʞʥʦ ʨʘʟʙʠʪʴ ʧʦʩʪʨʦʝʥʥʫʶ ʛʝʦʤʝʪʨʠʶ ʥʘ ʢʦʥʝʯ-

ʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʫʢʘʟʘʚ ʠʭ ʦʨʠʝʥʪʘ-
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ʮʠʶ ʚ ʛʣʘʚʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ ʧʦʤʦʱʴʶ ʚʝʢ-

ʪʦʨʘ, ʫʢʘʟʳʚʘʶʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ OY.  

ʋʩʪʘʥʦʚʠʚ ʪʦʯʢʠ ʟʘʢʨʝʧʣʝʥʠʷ ʚ ʟʘʜʘʥʥʳʭ ʪʝʭ-

ʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ ʢʦʦʨʜʠʥʘʪʘʭ, ʤʦʞʥʦ ʧʨʦʚʦ-

ʜʠʪʴ ʨʘʩʯʝʪ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ.  

 
ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪʳ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

(ʘ); ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʢʘʨʢʘʩʘ ʧʘʥʝʣʝʡ ʉɹ, ʩʦʟʜʘʥʥʘʷ ʚ ʩʨʝʜʝ Femap with NX Nastran (ʙ) 

 

ɼʣʷ ʟʘʜʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʬʦʨʤʫ ʩʝʯʝʥʠʷ. (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʌʦʨʤʘ ʩʝʯʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

 

ʆʜʥʘʢʦ, ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʢʘʟʘʪʴ ʥʘʛʨʫʟʢʫ. ɼʣʷ ʧʨʦʝʢʪʠʨʫʝʤʳʭ 

ʤʦʜʝʣʝʡ ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʧʦ ʚʩʝʤʫ ʪʝʣʫ ʫʩʢʦʨʝʥʠʝ ʚʝʣʠʯʠʥʦʡ ʚ 5 g. 

 

 
ʈʠʩ. 3. ʄʦʜʝʣʴ ˉ1 ʢʘʨʢʘʩʘ ʧʘʥʝʣʝʡ ʉɹ, ʩʦʟʜʘʥʥʘʷ ʚ ʩʨʝʜʝ Femap with NX Nastran 

 

ɼʣʷ ʤʦʜʝʣʠ (ʨʠʩ. 3) ʪʘʢʞʝ ʥʫʞʥʦ ʧʦʜʦʙʨʘʪʴ ʟʥʘʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʥʝʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʩʫʤʤʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʘ ʙʳʣʘ ʨʘʚʥʘ 8 ʢʛ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 0,1 ʢʛ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚʝʣʠʯʠʥʘ ʥʝʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʤʘʩʩʳ Mʬ  ɻ= 7,985 ʢʛ. 

ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʫʩʣʦʚʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʝ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʧʝʨʚʦʡ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʟʥʘʯʝʥʠʝʤ ʨʘʚʥʳʤ ɜ1 min = 20 ɻʮ. ɺʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ 

ʧʨʠ ʨʝʛʫʣʠʨʦʚʢʝ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʯʘʩʪʦʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʯʘʩʪʦʪ 

ʅʦʤʝʨ ʨʘʩʯʝʪʘ ʥʘ ʩʦʙʩʪʚʝʥ-

ʥʳʝ ʯʘʩʪʦʪʳ 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʤʘʩ-

ʩʘ, ʢʛ 

ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ, 

ʤʤĬʤʤ 

ʇʝʨʚʘʷ ʩʦʙʩʪʚʝʥʥʘʷ 

ʯʘʩʪʦʪʘ, ɻʮ 

1 5,66 4,5Ĭ0,15 30,58 

2 5,03 4,0Ĭ0,15 26,83 

3 4,40 3,5Ĭ0,15 22,75 

4 4,02 3,2Ĭ0,15 20,32 

5 3,98 3,17Ĭ0,15 20,12 
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ɺ ʭʦʜʝ ʧʷʪʦʛʦ ʨʘʩʯʝʪʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ʧʝʨʚʦʡ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ, ʨʘʚʥʦʝ ɜ1 = 20,12 ɻʮ, 

ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʶ (ʨʠʩ. 4). 

 

 
ʈʠʩ. 4. ɼʝʬʦʨʤʘʮʠʠ ʧʣʘʩʪʠʥʳ ʧʨʠ ʧʝʨʚʦʡ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʝ ɜ1=20,12 ɻʮ 

 

ʊʦʛʜʘ ʤʘʩʩʘ ʧʦʣʫʯʠʚʰʝʡʩʷ ʤʦʜʝʣʠ ʨʘʚʥʘ m = 3,98 ʢʛ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʳʧʦʣʥʝʥʠʷ ʯʝʪʚʝʨʪʦʛʦ ʪʨʝʙʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ ʦʪʜʝʣʴʥʦ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʥʘʛʨʫʟʢʠ, ʜʝʡ-

ʩʪʚʫʶʱʝʡ ʧʦ ʚʩʝʤ ʦʩʷʤ.  

ʅʘʧʨʷʞʝʥʠʷ ʧʨʠ ʫʩʢʦʨʝʥʠʠ 5g ʧʦ ʦʩʠ OX ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 

ɿʘʧʘʩ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʦʩʠ OX ʨʘʚʝʥ 9,17. 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 5. ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʥʘʛʨʫʟʢʝ ʧʦ ʦʩʠ OX (ʘ);  

ʌʦʨʤʘ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʥʘʛʨʫʟʢʝ ʧʦ ʦʩʠ OX(ʙ) 
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ʅʘʧʨʷʞʝʥʠʷ ʧʨʠ ʫʩʢʦʨʝʥʠʠ 5g ʧʦ ʦʩʠ OY ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6 (ʘ). 

ɿʘʧʘʩ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʝʥ ʧʦ ʦʩʠ OY 12,8 (ʨʠʩ. 6 (ʙ)). 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 6. ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʥʘʛʨʫʟʢʝ ʧʦ ʦʩʠ OY (ʘ); 

ʬʦʨʤʘ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʥʘʛʨʫʟʢʝ ʧʦ ʦʩʠ OY (ʙ) 

 

ʅʘʧʨʷʞʝʥʠʷ ʧʨʠ ʫʩʢʦʨʝʥʠʠ 5g ʧʦ ʦʩʠ OZ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 7 (ʘ). 

ɿʘʧʘʩ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʚʝʥ ʧʦ ʦʩʠ OZ 2,0 (ʨʠʩ. 7 (ʙ)). 

 

 
ʘ) 

 
ʙ) 

ʈʠʩ. 7. ʄʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʥʘʛʨʫʟʢʝ ʧʦ ʦʩʠ OZ (ʘ); 

ʬʦʨʤʘ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʥʘʛʨʫʟʢʝ ʧʦ ʦʩʠ OZ (ʙ) 
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ʉʨʘʚʥʝʥʠʝ ʢʦʥʝʯʥʦʡ ʤʦʜʝʣʠ ʩ ʧʨʝʜʳʜʫʱʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʙʫʜʫʪ 

ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʢʘʨʢʘʩʦʚ ʧʘʥʝʣʝʡ ʉɹ, ʧʝʨʚʦʛʦ, 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʩ ʫʯʝʪʦʤ ʛʝʥʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠ-

ʟʘ ʠ ʚʪʦʨʦʛʦ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠ-

ʤʠʟʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ.  

ʋʩʣʦʚʠʷ ʨʘʩʯʝʪʘ ʠʜʝʥʪʠʯʥʳ ï ʦʙʝ ʤʦʜʝʣʠ ʨʘʩ-

ʩʯʠʪʘʥʳ ʚ ʘʥʘʣʦʛʠʯʥʦʤ ʇʆ, ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʥʘʛʨʫʟʢʘʤʠ ʠ ʦʜʠʥʘʢʦʚʳʤ ʪʠʧʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ. 

ɺ ʪʘʙʣʠʮʝ 2 ʫʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʤʦʜʝʣʝʡ ʩ ʫʯʝʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʛʝʥʝʨʘʪʠʚʥʦʛʦ 

ʘʥʘʣʠʟʘ. 

ʊʘʙʣʠʮʘ 2 

ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʨʢʘʩʘ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʭ ʩʭʝʤ ʠ ʢʘʨʢʘʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʄʦʜʝʣʴ ʧʘʨʘʤʝʪʨʳ ʀʩʭʦʜʥʘʷ ʤʦʜʝʣʴ ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ 

ʂʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʤʘʩʩʘ, ʢʛ 5,90 4,32 

ʅʝʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʤʘʩʩʘ, ʢʛ 7,98 7,99 

ʇʨʦʬʠʣʴ ʤʤ*ʤʤ 1,6*45 1,5*45 

ʇʝʨʚʘʷ ʯʘʩʪʦʪʘ, ɻʮ 21,73 20,23 

 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʂʘʨʢʘʩ ʧʘʥʝʣʝʡ ʉɹ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ, ʦʪʚʝʯʘʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦ-

ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʝʥʥʳʤ ʢ ʜʘʥ-

ʥʦʤʫ ʠʟʜʝʣʠʶ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʳʰʝ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ, ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝ-

ʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʘʪʝʨʠʘʣʦʚ. ʅʦ 

ʚ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʪʦʣʴʢʦ 

ʥʝʢʦʪʦʨʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ. 

ʇʦʚʳʩʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʥʦ ʧʨʠ ʚʳʧʦʣ-

ʥʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʢʘʨʢʘʩʘ: 

- ʜʦʙʘʚʣʝʥʠʝ ʨʝʰʝʪʯʘʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ 

ʩʣʘʙʦʥʘʛʨʫʞʝʥʥʳʝ ʟʦʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪ ʤʘʩ-

ʩʫ, ʪʘʢ ʢʘʢ ʵʪʦ ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʠʪʴ ʨʝʙʨʘ ʞʝʩʪʢʦ-

ʩʪʠ, ʩʣʫʞʘʱʠʝ ʪʦʣʴʢʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯ-

ʥʦʡ ʚʝʣʠʯʠʥʳ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ; 

- ʘʥʘʣʠʟ ʩʣʦʞʥʦʡ ʫʢʣʘʜʢʠ ʚʦʣʦʢʥʘ ʚ ʧʨʦ-
ʮʝʩʩʝ ʧʝʯʘʪʠ ʧʦʟʚʦʣʠʪ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʥʳʭ ʚʦʣʦʢʦʥ ʠ ʤʠ-

ʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʩʣʘʙʳʝ ʩʚʦʡ-

ʩʪʚʘ ʚʦʣʦʢʥʘ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʢʦʤʧʦʟʠʪʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦʧʝʨʝʯʥʦʤ ʫʢʣʘʜʢʝ ʚʦʣʦʢʥʘ ʧʨʠ 

ʧʝʯʘʪʠ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʞʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦʧʝ-
ʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʨʢʘʩʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟʤʝʥʷʝʤʦʡ 

ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʢʘʨʢʘʩʘ, ʜʘʥʥʳʝ ʨʘʩʯʝʪʳ ʤʦʞ-

ʥʦ ʪʘʢʞʝ ʧʨʦʚʝʩʪʠ ʩ ʧʦʤʦʱʴʶ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʛʢʦʡ ʩʝʪʢʠ, ʧʨʠʢʨʝʧʣʝʥ-
ʥʦʡ ʢ ʦʩʥʦʚʥʦʤʫ ʧʨʦʬʠʣʶ ʥʝʩʫʱʝʛʦ ʢʘʨʢʘʩʘ, ʠʟʛʦ-

ʪʦʚʣʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ; 

- ʧʨʠʤʝʥʝʥʠʝ ʜʨʫʛʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʥʘʧʨʠʤʝʨ, 

PEEK) ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ. 
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INTRUSION DETECTION SYSTEM BASED ON THE IMMU NE SYSTEM AND NEURAL 

NETWORK DETECTORS  

 

ɸʥʥʦʪʘʮʠʷ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ. ʄʝʪʦʜ ï ʘʥʘʣʠʟ ʩʝʪʝʚʦʛʦ 

ʪʨʘʬʠʢʘ ʧʨʠ ʧʦʤʦʱʠ ʥʝʡʨʦʩʝʪʝʡ ʂʦʭʦʥʝʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥ ʘʣʛʦʨʠʪʤ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ 

ʥʘ ʦʩʥʦʚʝ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʜʝʪʝʢʪʦʨʦʚ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʜʦʩʪʘʪʦʯʥʦ ʦʧʪʠʤʠʟʠʨʦ-

ʚʘʥ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʕɺʄ. 

Abstract: 

The aim of the work is to build an intrusion detection system. Method - analysis of network traffic using the 

Coho-Nen neural networks. The result is an algorithm for analyzing network traffic based on the immune system 

and neural network detectors. This algorithm is sufficiently optimized for further implementation on a computer. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ; ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ; ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝ-

ʥʠʡ. 

Keywords: neural network; Information Security; intrusion detection system. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʙʦʣʴʰʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʥʝʡʨʦʩʝʪʝʚʳʭ ʩʪʨʫʢʪʫʨ, ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ 

ʩ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʵʪʦ ʧʨʠ ʘʥʘʣʠʟʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝ-

ʥʳ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʩʨʝʜʩʪʚʘʭ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ, ʪʘʢʠʤʠ ʩʪʨʫʢ-

ʪʫʨʘʤʠ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ ʠ ʩʘ-

ʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʢʘʨʪʘ ʧʨʠʟʥʘʢʦʚ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʘʥʘʣʠʟʝ ʤʥʦʞʝʩʪʚʘ ʜʠʩ-

ʢʨʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʩʪʨʫʢʪʫʨʳ ʤʥʦʛʦʩʣʦʡʥʳʡ ʧʝʨʩʝʧʪʨʦʥ. ʆʜʥʘʢʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʧʘʨʘ-

ʤʝʪʨʳ, ʧʦʩʪʘʚʠʚ ʯʠʩʣʦʚʦʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʝ ʩʦʜʝʨʞʠʤʦʤʫ ʧʘʨʘʤʝʪʨʘ. ʂ ʦʛʨʘʥʠʯʝʥʠʷʤ 

ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʜʦ-

ʩʪʘʪʦʯʥʫʶ ʛʣʫʙʠʥʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʚʳʚʦʜʘ ʥʦʚʳʭ ʟʥʘʥʠʡ ʠ ʦʙʦʙʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʝʨʝʦʙʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʟʠʪʴʩʷ 

ʧʨʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʥʝʠʟʚʝʩʪʥʳʭ ʨʘʥʝʝ ʫʷʟʚʠ-

ʤʦʩʪʝʡ ʠʣʠ ʥʦʚʳʭ ʚʠʜʦʚ ʘʪʘʢ. ʇʨʠ ʛʨʘʤʦʪʥʦʡ ʨʘʟ-

ʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʫʢʘʟʘʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʦʜʦʣʝʥʳ.  

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʜʦʩʪʘʪʢʠ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦ-

ʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʝʨʩʝʧʪʨʦʥʘ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ɺ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʦʠʩʢʘ ʘʥʦʤʘʣʠʡ 

ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʧʧʘʨʘʪ ʩʘʤʦʦʨʛʘ-

ʥʠʟʫʶʱʠʭʩʷ ʩʝʪʝʡ ʂʦʭʦʥʝʥʘ. 

ʇʨʠ ʦʙʫʯʝʥʠʠ ʩʝʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ, ʩʦ-

ʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʛʨʫʧʧʘ ʥʝʡʨʦʥʦʚ, ʢʦʥʢʫʨʠʨʫʶ-

ʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʧʦʣʫʯʘʝʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʚʭʦʜʥʳʝ 

ʚʝʢʪʦʨʳ. ʉʫʤʤʘʨʥʳʝ ʚʳʭʦʜʳ ʦʪʜʝʣʴʥʳʭ ʥʝʡʨʦʥʦʚ 

ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʠ ʟʘʚʠʩʷʪ ʦʪ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘ-

ʯʝʥʠʡ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʚʳʭʦʜʘ ʩʨʘʚʥʠʚʘʶʪʩʷ ʠ ʥʝʡʨʦʥ, ʟʥʘʯʝʥʠʝ 

ʚʳʭʦʜʘ ʢʦʪʦʨʦʛʦ ʦʢʘʟʘʣʦʩʴ ʥʘʠʙʦʣʴʰʠʤ, ʧʨʠʟʥʘ-

ʝʪʩʷ ʧʦʙʝʜʠʪʝʣʝʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʠʣ ʥʘʟʚʘ-

ʥʠʝ WTA. ʅʘ ʩʚʦʝʤ ʚʳʭʦʜʝ ʥʝʡʨʦʥ-ʧʦʙʝʜʠʪʝʣʴ 

ʚʳʨʘʙʘʪʳʚʘʝʪ ʩʦʩʪʦʷʥʠʝ ʦʜʠʥ, ʦʩʪʘʣʴʥʳʝ ʞʝ ʧʝʨʝ-

ʭʦʜʷʪ ʚ ʩʦʩʪʦʷʥʠʝ ʥʦʣʴ. 

ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʘʤʦʦʨʛʘʥʠʟʫʶ-

ʱʠʭʩʷ ʩʝʪʝʡ ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ 

ʚʪʦʨʞʝʥʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʮʠʧʘ çʥʝʧʦʭʦʞʝʩʪʠè 

ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʵʪʘʣʦʥʥʳʝ ʩʦʩʪʦʷ-

ʥʠʷ, ʪʦ ʝʩʪʴ ʪʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʩʝʪʴ ʦʙʫʯʘ-

ʣʘʩʴ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʩʝʪʠ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʠʟʚʝʩʪʥʳʝ ʘʪʘʢʠ, ʥʦ ʠ ʥʝ-

ʠʟʚʝʩʪʥʳʝ ʨʘʥʝʝ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥ-

ʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʟʘʜʘʯʘʭ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦ-

ʤʘʣʠʡ ʧʦʢʘʟʘʣ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ 

ʨʝʘʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʝʪʷʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʧʨʦʙʣʝʤʘ ʩʦʦʪʥʦʰʝʥʠʷ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʘʥʘʣʠʟʠ-

ʨʫʝʤʳ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ ʥʝʡʨʦʥʥʦʡ 

ʚ̫ʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ: ʧʨʠ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʘʥʘʣʠʟʠʨʫʝʤʳ ʧʘʨʘʤʝʪʨʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʩʝʪʠ. ʆʜʥʘʢʦ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠ-

ʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʥʠʞʝʥʠʝ ʪʦʯ-

ʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ. 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʭʦʜʠʪʴ ʘʢʪʫ-

ʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʚ ʜʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤ ʚʳʷʚʣʝʥʠʷ 

ʘʥʦʤʘʣʠʡ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʶ ʩ ʠʤʤʫʥ-

ʥʦʡ ʩʠʩʪʝʤʦʡ ʯʝʣʦʚʝʢʘ, ʠ ʚʳʷʚʠʪʴ ʠʭ ʦʙʱʠʝ ʩʚʦʡ-

ʩʪʚʘ. ɸʜʘʧʪʘʮʠʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʠ ʨʘʩ-
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ʧʨʝʜʝʣʝʥʥʦʩʪʴ ï ʩʚʦʡʩʪʚʘ, ʧʨʠʩʫʱʠʝ ʠʤʤʫʥʥʳʤ 

ʩʠʩʪʝʤʘʤ, ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʢ ʩʠʩʪʝʤʘʤ ʚʳʷʚʣʝʥʠʷ ʘʥʦʤʘʣʠʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʠʤʤʫʥʥʳʭ ʩʠʩʪʝʤ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʦʙʲʝʢʪʦʚ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʯʘʩʪʠ: çʩʚʦʠè 

ʠ çʯʫʞʠʝè. ʉʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʥʦʩʷʪ ʧʨʘʚʦʤʝʨʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ çʩʚʦʠè, ʘ ʠʥʳʝ ʩʦʙʳ-

ʪʠʷ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʝʩʷ ʢʘʢ ʫʛʨʦʟʘ ʠʣʠ ʘʪʘʢʘ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ çʯʫʞʠʝè. ʕʪʠ ʢʣʘʩʩʳ ʩʦʙʳʪʠʡ 

ʜʦʣʞʥʘ ʫʤʝʪʴ ʦʪʣʠʯʘʪ ʠ ʩʠʩʪʝʤʘ ʚʳʷʚʣʝʥʠʷ ʘʥʦ-

ʤʘʣʠʡ. 

ɺ ʩʦʩʪʘʚʝ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʜʝʪʝʢʪʦʨʳ, ʨʝʘʛʠʨʫʶʱʠʝ ʥʘ çʯʫʞʠʝè 

ʵʣʝʤʝʥʪʳ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʩ ʪʦʯ-

ʥʦʩʪʴʶ ʦʧʨʝʜʝʣʠʪʴ ʛʜʝ çʩʚʦʡè, ʘ ʛʜʝ çʯʫʞʦʡè. ʇʨʠ 

ʩʦʟʜʘʥʠʠ ʜʝʪʝʢʪʦʨʦʚ ʪʘʢʦʛʦ ʨʦʜʘ ʧʨʠʤʝʥʷʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʙʥʘʨʫʞʝ-

ʥʠʷ, ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ ʘʣʛʦʨʠʪʤ çʦʪʨʠʮʘʪʝʣʴ-

ʥʦʛʦ ʦʪʙʦʨʘè. ʉʫʪʴ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʟʘʢʣʶʯʘʝʪ-

ʩʷ ʚ ʪʝʩʪʠʨʦʚʘʥʠʠ ʩʣʫʯʘʡʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʛʦ ʜʝ-

ʪʝʢʪʦʨʘ ʥʘ ʣʝʛʠʪʠʤʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʪʦ ʝʩʪʴ ʥʘ 

çʩʚʦʠʭè ʩʦʙʳʪʠʷʭ. ʇʨʠ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʜʝʪʝʢʪʦʨ 

ʩʨʘʙʘʪʳʚʘʝʪ ʥʘ ʟʘʜʘʥʥʦʤ ʥʘʙʦʨʝ ʜʘʥʥʳʭ, ʝʛʦ ʫʜʘ-

ʣʷʶʪ ʠ ʛʝʥʝʨʠʨʫʶʪ ʜʨʫʛʦʡ. ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʦʤʫ 

ʤʝʪʦʜʫ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʙʦʨ ʜʝʪʝʢʪʦʨʦʚ, ʩʨʘʙʘʪʳ-

ʚʘʶʱʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ çʯʫʞʠʝè ʩʦʙʳʪʠʷ ʠ ʥʝ 

ʨʝʘʛʠʨʫʶʱʠʭ ʥʘ ʧʨʘʚʦʤʝʨʥʳʝ, çʩʚʦʠè. 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟ-

ʨʘʙʘʪʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʩʦʟʜʘʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ 

ʜʝʪʝʢʪʦʨʦʚ ʘʥʦʤʘʣʠʡ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʜʝʪʝʢʪʦʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʦʪʢʣʦʥʝʥʠʡ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʠʭ ʩ ʪʝʢʫʱʠʤʠ ʜʘʥʥʳʤʠ. 

ʇʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʤʤʫʥʥʦʡ 

ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ ʜʣʷ ʬʫʥʢ-

ʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ. 

ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʣʦʛʠʯʝʩʢʦʝ ʜʝʣʝʥʠʝ ʥʘ 

ʩʣʝʜʫʶʱʠʝ ʤʦʜʫʣʠ: 

1) ʩʙʦʨʘ ʪʨʘʬʠʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʢʠ; 

2) ʦʙʫʯʝʥʠʷ; 

3) ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ; 

4) ʦʧʦʚʝʱʝʥʠʷ. 

ʉʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʫʩʪʘʥʘʚʣʠʚʘ-

ʝʪʩʷ ʥʘ ʫʟʝʣ ʩʝʪʠ. ʊʨʘʬʠʢ, ʧʦʩʪʫʧʘʶʱʠʡ ʯʝʨʝʟ 

ʫʟʝʣ ʩʝʪʠ, ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʦʜʫʣʠ 

ʩʙʦʨʘ ʪʨʘʬʠʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʢʠ, ʧʨʠ 

ʵʪʦʤ ʚʳʜʝʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʨʘʙʦʪʳ ʩʝʪʠ, ʧʨʠʟʥʘʢʠ. ʇʦ ʚʳʜʝʣʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʩʯʝʪ ʩʪʘʪʠʩʪʠʢʠ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʧʦʩʣʝ ʵʪʦʛʦ ʩʦʙʨʘʥʥʘʷ ʩʪʘ-

ʪʠʩʪʠʢʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʚʝʢʪʦʨʘ. ʇʨʝʜʦ-

ʩʪʘʚʣʝʥʥʳʡ ʚʝʢʪʦʨ ʚʢʣʶʯʘʝʪ ʜʚʘʜʮʘʪʴ ʢʦʦʨʜʠʥʘʪ: 

ʢʦʣʠʯʝʩʪʚʦ ʚʭʦʜʷʱʠʭ, ʠʩʭʦʜʷʱʠʭ, ʚʥʫʪʨʠʩʝʪʝʚʳʭ 

IP, TCP, UDP ʧʘʢʝʪʦʚ; ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʦ-

ʩʦʚ ʥʝʨʘʟʨʝʰʝʥʥʳʭ ʧʦʨʪʦʚ UDP; ʢʦʣʠʯʝʩʪʚʦ ʟʘ-

ʚʝʨʰʝʥʥʳʭ ʟʘʧʨʦʩʦʚ ʧʦ ʧʨʦʪʦʢʦʣʫ TCP; ʢʦʣʠʯʝ-

ʩʪʚʦ ʥʝʟʘʚʝʨʰʝʥʥʳʭ ʟʘʧʨʦʩʦʚ ʧʦ ʧʨʦʪʦʢʦʣʫ TCP; 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʘʚʝʨʰʝʥʥʳʭ ʟʘʧʨʦʩʦʚ ʧʦ ʧʨʦʪʦʢʦʣʫ 

TCP, ʪʘʡʤ-ʘʫʪ ʦʪʚʝʪʘ ʥʘ ʢʦʪʦʨʳʝ ʠʩʪʝʢ; ʢʦʣʠʯʝ-

ʩʪʚʦ ʦʧʨʦʩʦʚ ʧʦʨʪʦʚ TCP; ʢʦʣʠʯʝʩʪʚʦ ʦʧʨʦʩʦʚ 

ʨʘʟʨʝʰʝʥʥʳʭ ʧʦʨʪʦʚ TCP; ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ 

TCP, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʫʩʪʘʥʦʚʣʝʥʠʷ, ʪʦ 

ʝʩʪʴ SYN SEND; ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ TCP, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʦ ʝʩʪʴ 

ESTABLISHED; ʢʦʣʠʯʝʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ TCP, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʟʘʢʨʳʪʠʷ, ʪʦ ʝʩʪʴ FIN 

SEND ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ; ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʦʧʨʦʩʦʚ ʨʘʟʨʝʰʝʥʥʳʭ ʧʦʨʪʦʚ ʧʨʦʪʦʢʦʣʘ TCP ʢ 

ʢʦʣʠʯʝʩʪʚʫ ʦʧʨʦʩʦʚ ʚʩʝʭ ʧʦʨʪʦʚ ʵʪʦʛʦ ʧʨʦʪʦʢʦʣʘ; 

ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʪʢʨʳʚʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 

TCP ʢ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʝʜʦ-

ʩʪʘʚʣʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʭʦʜʝ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ. 

ɺ ʤʦʜʫʣʝ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʢʘʢ ʜʝʪʝʢʪʦʨ 

ʧʨʠʤʝʥʷʝʪʩʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʦʩʥʦʚʳʚʘʶʱʘʷʩʷ ʥʘ 

ʤʥʦʛʦʩʣʦʡʥʦʤ ʧʝʨʩʝʧʪʨʦʥʝ. ɼʘʥʥʘʷ ʩʝʪʴ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ:  ʥʝʡʨʦʥʦʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ-

ʥʦʛʦ ʩʣʦʷ,  ʥʝʡʨʦʥʦʚ ʩʢʨʳʪʦʛʦ ʩʣʦʷ ʠ ʜʚʘ ʥʝʡʨʦ-

ʥʘ ʚʳʭʦʜʥʦʛʦ ʩʣʦʷ. 

ɺ ʨʝʞʠʤʝ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʥʘ ʚʭʦʜ ʜʝ-

ʪʝʢʪʦʨʘ ʧʝʨʝʜʘʶʪʩʷ ʚʝʢʪʦʨʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦ ʩʝʪʝʚʦʤ ʪʨʘʬʠʢʝ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʥʝʡʪʨʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʚʪʦʨʦ-

ʛʦ ʩʣʦʷ (ʩʢʨʳʪʦʛʦ), ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʧʝʨʚʦʤ (ʨʘʩʧʨʝ-

ʜʝʣʠʪʝʣʴʥʦʤ) ʩʣʦʝ. ʂʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʩʣʦʷ ʨʘʚʥʷʝʪʩʷ ʨʘʟ-

ʤʝʨʥʦʩʪʠ ʚʝʢʪʦʨʘ ʩʪʘʪʠʩʪʠʢʠ. 

ʅʝʡʨʦʥʳ ʂʦʭʦʥʝʥʘ ʩʦʩʪʘʚʣʷʶʪ ʚʪʦʨʦʡ ʩʣʦʡ, ʚ 

ʥʝʤ ʧʨʠʤʝʥʝʥ ʢʦʥʢʫʨʝʥʪʥʳʡ ʧʨʠʥʮʠʧ ʦʙʫʯʝʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʦʤ 

WTA. ɹʣʘʛʦʜʘʨʷ ʥʝʡʨʦʥʥʦʤʫ ʩʣʦʶ ʂʦʭʦʥʝʥʘ ʦʙ-

ʨʘʟʫʶʪʩʷ ʢʣʘʩʪʝʨʳ, ʜʘʣʝʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʘʞʜʦʤʫ 

ʠʟ ʥʠʭ ʩʪʘʚʠʪʩʷ ʩʚʦʡ ʥʝʡʨʦʥʥʳʡ ʵʣʝʤʝʥʪ.  

ɼʚʘ ʣʠʥʝʡʥʳʭ ʥʝʡʨʦʥʥʳʭ ʵʣʝʤʝʥʪʘ, ʠʩʧʦʣʴ-

ʟʫʶʱʠʝ ʣʠʥʝʡʥʫʶ ʬʫʥʢʮʠʶ ʘʢʪʠʚʘʮʠʠ, ʩʦʩʪʘʚʣʷ-

ʶʪ ʪʨʝʪʠʡ ʩʣʦʡ. ʈʝʰʝʥʠʝ ʦʙ ʘʥʦʤʘʣʴʥʦʡ ʠʣʠ ʥʦʨ-

ʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʢʘʥʠʨʫʝʤʦʛʦ ʚʝʢʪʦʨʘ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʪʨʝʪʴʝʤ ʩʣʦʝ.  

ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʘʥʦʤʘʣʠʠ ʤʦʜʫʣʝʤ ʦʙʥʘ-

ʨʫʞʝʥʠʷ ʤʦʜʫʣʴ ʦʧʦʚʝʱʝʥʠʷ ʚʳʚʦʜʠʪ ʧʨʝʜʫʧʨʝ-

ʞʜʘʶʱʝʝ ʩʦʦʙʱʝʥʠʝ. 

ɺ ʨʝʞʠʤʝ ʦʙʫʯʝʥʠʷ ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ 

ʘʥʦʤʘʣʠʡ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʬʫʥʢ-

ʮʠʦʥʠʨʫʝʪ ʥʘ ʪʠʧʠʯʥʦʤ ʜʣʷ ʜʘʥʥʦʡ ʩʝʪʠ ʪʨʘʬʠʢʝ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʦʙʫʯʝʥʠʝ ʥʘ ʣʝʛʠʪʠʤʥʳʭ 

ʩʦʙʳʪʠʷʭ ʜʣʷ ʜʘʥʥʦʡ ʩʝʪʠ.  

ʀʟʥʘʯʘʣʴʥʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʦʙ-

ʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ, ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʛʝʥʝʨʠ-

ʨʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʥʝʡʨʦʩʝʪʝʚʳʭ ʜʝʪʝʢʪʦʨʦʚ, ʦʭʚʘ-

ʪʳʚʘʶʱʠʭ ʚʩʶ ʜʦʧʫʩʪʠʤʫʶ ʦʙʣʘʩʪʴ ʟʥʘʯʝʥʠʡ. ʀʟ 

ʥʠʭ ʩʦʟʜʘʝʪʩʷ ʥʘʯʘʣʴʥʘʷ ʧʦʧʫʣʷʮʠʷ. ʇʦʩʣʝ ʯʝʛʦ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʭʚʘʪ ʪʨʘʬʠʢʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ 

ʬʦʨʤʠʨʫʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʘ ʚʭʦʜ ʢʘʞʜʦʛʦ ʠʟ ʥʝʡʨʦʩʝʪʝʚʳʭ ʜʝʪʝʢʪʦʨʦʚ 

ʧʦ ʦʯʝʨʝʜʠ ʧʦʜʘʝʪʩʷ ʚʝʢʪʦʨ ʧʦʢʘʟʘʪʝʣʝʡ ʩʪʘʪʠʩʪʠ-

ʢʠ. ʋʜʘʣʷʶʪʩʷ ʠʟ ʧʦʧʫʣʷʮʠʠ ʜʝʪʝʢʪʦʨʳ, ʦʙʥʘʨʫ-

ʞʠʚʰʠʝ ʚ ʜʘʥʥʦʤ ʚʝʢʪʦʨʝ ʘʥʦʤʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ çʦʪʨʠʮʘ-

ʪʝʣʴʥʦʛʦ ʦʪʙʦʨʘ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝ-

ʤʳè. 

ʆʙʫʯʝʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʤ ʥʝ ʦʙʥʘʨʫʞʝʥʘ ʘʥʦʤʘʣʴʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʩʦʟʜʘʥʠʝ 

ʧʨʘʚʠʣʴʥʦ ʦʙʫʯʝʥʥʦʡ ʨʘʙʦʯʝʡ ʧʦʧʫʣʷʮʠʠ, ʜʝʷ-

ʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʥʦʨʤʘʣʴʥʦʤ 

ʪʨʘʬʠʢʝ. 
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ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ ʚ ʨʝʞʠʤʝ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦ-

ʤʘʣʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʧʫʣʷʮʠʝʡ ʜʝʪʝʢʪʦʨʦʚ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʟʘʭʚʘʯʝʥʥʦʤ ʪʨʘʬʠʢʝ, ʬʦʨ-

ʤʠʨʫʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʚʝʢʪʦʨʳ. ʆʥʠ ʥʘʧʨʘʚ-

ʣʷʶʪʩʷ ʥʘ ʚʭʦʜʳ ʥʝʡʨʦʩʝʪʝʚʳʭ ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʟʘʜʘʥʦ 

ʚʨʝʤʷ ʞʠʟʥʠ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʢʘʟʘʪʴ ʝʛʦ ʧʦʣʝʟ-

ʥʦʩʪʴ. ʕʪʦ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʣʷ ʧʝ-

ʨʠʦʜʘ ʞʠʟʥʠ ʜʝʪʝʢʪʦʨʘ ʚ ʩʠʩʪʝʤʝ, ʢʦʛʜʘ ʦʥ ʥʝ ʚʳ-

ʷʚʣʷʝʪ ʘʥʦʤʘʣʠʠ, ʥʦ ʥʝ ʫʜʘʣʷʝʪʩʷ ʠʟ ʨʘʙʦʯʝʡ ʧʦ-

ʧʫʣʷʮʠʠ. ʇʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʝʪʝʢʪʦʨʦʤ 

ʧʦʣʫʯʝʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʢʘʢ ʧʨʘʚʦʤʝʨʥʦʡ, ʚʨʝʤʷ 

ʞʠʟʥʠ ʜʘʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʦ. ɼʝʪʝʢ-

ʪʦʨʳ, ʥʝ ʦʙʥʘʨʫʞʠʚʰʠʝ ʟʘ ʧʝʨʠʦʜ ʬʫʥʢʮʠʦʥʠʨʦ-

ʚʘʥʠʷ ʥʠ ʦʜʥʦʡ ʘʥʦʤʘʣʠʠ, ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʚʨʝʤʷ 

ʞʠʟʥʠ, ʦʜʥʘʢʦ, ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝ-

ʥʠʷ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʪʘʢʠʝ ʜʝʪʝʢʪʦʨʳ ʫʜʘʣʷʶʪ-

ʩʷ ʠʟ ʨʘʙʦʯʝʡ ʧʦʧʫʣʷʮʠʠ. 

ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʜʝʪʝʢʪʦʨʦʤ ʘʥʦʤʘʣʠʠ ʚʨʝ-

ʤʷ ʞʠʟʥʠ ʩʙʨʘʩʳʚʘʝʪʩʷ, ʟʘʧʫʩʢʘʷ ʤʝʭʘʥʠʟʤ ʢʣʦʥʠ-

ʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. ɽʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʜʝ-

ʪʝʢʪʦʨʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ ʩʦʪʥʠ, ʪʦ ʩʦʟʜʘʝʪʩʷ ʜʚʝ ʝʛʦ 

ʢʦʧʠʡ, ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʤʫʪʘʮʠʷ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʩʣʫʯʘʡʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘ ʤʘʣʫʶ ʚʝʣʠʯʠʥʫ. ʇʦ-

ʩʢʦʣʴʢʫ ʚʝʨʦʷʪʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʘʥʦʤʘʣʠʡ, 

ʩʭʦʞʠʭ ʩ ʦʙʥʘʨʫʞʝʥʥʦʡ, ʤʝʭʘʥʠʟʤ ʤʫʪʘʮʠʠ ʢʣʦ-

ʥʠʨʦʚʘʥʥʦʛʦ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʦʟʚʦʣʷʝʪ 

ʠʭ ʦʙʥʘʨʫʞʠʪʴ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʨʦʞʜʘʝʪ çʠʤ-

ʤʫʥʥʫʶ ʧʘʤʷʪʴè ʩʠʩʪʝʤʳ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʨʦʜʩʪʚʝʥʥʳʭ ʘʥʦʤʘʣʠʡ.  
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THE USE OF MICROPILES FOR LOW -RISE HOUSING 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪ 3 ʚʠʜʘ ʤʠʢʨʦʩʚʘʡ, ʘ ʠʤʝʥʥʦ ʥʘʙʠʚʥʳʝ, ʚʜʘʚʣʠʚʘʝʤʳʝ ʠ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ. 

ʍʘʨʘʢʪʝʨʠʟʫʷ ʢʘʞʜʳʡ ʠʟ ʚʠʜʦʚ ʤʠʢʨʦʩʚʘʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʤʠʢ-

ʨʦʩʚʘʡ ʜʣʷ ʤʘʣʦʵʪʘʞʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʦ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ. 

Abstract 

The article considers 3 types of micropiles, namely, printed, pressed and CFA. Describing each of the types 

of micro-piles the scope of their application is considered. The use of micro-piles for low-rise housing is a prom-

ising direction and can be used in different regions of Russia. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʜʘʤʝʥʪ, ʤʠʢʨʦʩʚʘʠ, ʙʫʨʦʥʘʙʠʚʥʳʝ ʤʠʢʨʦʩʚʘʠ, ʟʘʙʠʚʥʳʝ ʤʠʢʨʦʩʚʘʠ, ʙʫʨʦʠʥʲ-

ʝʢʮʠʦʥʥʳʝ ʤʠʢʨʦʩʚʘʠ. 

Keywords: the Foundation, micropiles, drilled micropiles, micropiles driven piles, bored micropiles. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʠʢʨʦʩʚʘʠ ʩ 

ʫʩʧʝʭʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʫʩʠʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ 

ʟʜʘʥʠʡ ʧʨʠ ʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʘʞʝ ʥʘ ʧʦʯʚʘʭ ʩ 

ʚr ʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʛʣʠʥʠʩʪʳʭ ʠʣʠ 

ʠʣʠʩʪʳʭ ʫʯʘʩʪʢʘʭ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʫʩʪʨʦʡʩʪʚʘ ʤʠʢʨʦʩʚʘʡ ʷʚ-

ʣʷʶʪʩʷ: 

- ʭʦʨʦʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʙʝʟ ʩʥʠʞʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

- ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ - ʦʢʦʣʦ 100 ʣʝʪ 

- ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʟʘ ʩʯʝʪ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʥʘʧʨʠʤʝʨ, ʘʨʤʠʨʦʚʘʥʠʷ; 
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- ʚʳʩʦʢʘʷ ʚʣʘʛʦʩʪʦʡʢʦʩʪʴ, ʦʛʥʝʫʧʦʨʥʦʩʪʴ, 

ʩʪʦʡʢʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ; 

- ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʠ 

ʫʯʨʝʜʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʚʠʜʘʤʠ ʫʩʠʣʝʥʠʷ. 

ʄʠʢʨʦʩʚʘʠ - ʵʪʦ ʥʝʙʦʣʴʰʠʝ ʩʚʘʠ ʩ ʩʝʯʝʥʠʝʤ, 

ʢʘʢ ʧʨʘʚʠʣʦ ʦʪ 100 ʜʦ 300 ʤʤ, ʢʦʪʦʨʳʝ ʠʟʛʦʪʘʚʣʠ-

ʚʘʶʪʩʷ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ, ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ 

ʤʝʪʘʣʣʘ. ɼʣʠʥʘ ʤʠʢʨʦʩʚʘʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦ-

ʚʠʡ ʧʨʠʤʝʥʝʥʠʷ ʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʤʦʞʝʪ ʩʦ-

ʩʪʘʚʣʷʪʴ ʦʪ 2 ʤʝʪʨʦʚ ʜʦ 12 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ [1]. 

ʇʦ ʩʧʦʩʦʙʫ ʫʩʪʨʦʡʩʪʚʘ ʤʠʢʨʦʩʚʘʠ ʤʦʛʫʪ 

ʙʳʪʴ: 

- ʥʘʙʠʚʥʳʝ; 

- ʚʜʘʚʣʠʚʘʝʤʳʝ; 

- ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠ-

ʢʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʤʠʢʨʦʩʚʘʡ 

ʫʩʠʣʝʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʘʚʪʦʨʘʤʠ [4, 

ʩ. 134]. 

ʂʦʥʩʪʨʫʢʮʠʷ ʙʫʨʦʥʘʙʠʚʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ 

ʤʠʢʨʦʩʚʘʠ ʩ ʨʘʩʰʠʨʝʥʥʦʡ ʧʷʪʦʡ. ɹʫʨʦʥʘʙʠʚʥʳʝ 

ʤʠʢʨʦʩʚʘʠ ʩ ʨʘʩʰʠʨʝʥʥʦʡ ʧʷʪʦʡ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ 

ʚ ʚʠʜʝ ʩʪʝʨʞʥʝʡ ʢʨʫʛʣʦʛʦ ʩʝʯʝʥʠʷ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ 

ʜʠʘʤʝʪʨʦʤ ʜʦ 250 ʤʤ.  

ɹʫʨʦʥʘʙʠʚʥʳʝ ʤʠʢʨʦʩʚʘʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʫʩʪʨʘʠʚʘʝʪʩʷ ʚ ʩʢʚʘʞʠʥʘʭ, ʠʟʛʦʪʦʚʣʝʥ-

ʥʳʭ ʩ ʧʦʤʦʱʴʶ ʰʥʝʢʦʚʦʛʦ ʙʫʨʘ ʙʝʟ ʦʙʩʘʜʥʳʭ 

ʪʨʫʙ. ʐʥʝʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʩʝʢʮʠʷʤʠ ʜʣʠʥʦʡ ʜʦ 

1,5, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʙʫʨʝʥʠʠ 

ʩʢʚʘʞʠʥ ʚ ʧʦʜʚʘʣʴʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. ɹʫʨʝʥʠʝ ʧʨʦ-

ʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʤʝʭʘ-

ʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʚʨʫʯʥʫʶ, ʠ, ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ ʛʣʫʙʠʥʝ ʜʦ 6 - 8 ʤ. ʇʦʩʣʝ 

ʟʘʯʠʩʪʢʠ ʜʥʘ ʩʢʚʘʞʠʥʳ ʩʧʝʮʠʘʣʴʥʳʤ ʰʥʝʢʦʤ, 

ʫʩʪʨʘʠʚʘʝʪʩʷ ʨʘʩʰʠʨʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʝʝ ʥʠʞʥʝʛʦ 

ʢʦʥʮʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʨʤʘʪʫʨʥʳʡ ʢʘʨʢʘʩ, ʠ 

ʩʢʚʘʞʠʥʘ ʟʘʧʦʣʥʷʝʪʩʷ ʙʝʪʦʥʦʤ. ɼʣʷ ʫʩʪʨʦʡʩʪʚʘ 

ʨʦʰʠʨʝʥʥʷʤ ʧʷʪʠ ʩʢʚʘʞʠʥʳ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʭʘʥʠ-

ʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʦʧʫʩʢʘʝʪʩʷ ʚ ʩʢʚʘʞʠʥʫ 

ʜʦ ʫʨʦʚʥʷ ʟʘʙʦʷ ʠ ʬʠʢʩʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʥʘʧʨʘʚʣʷʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. 

ɹʫʨʦʥʘʙʠʚʥʳʝ ʤʠʢʨʦʩʚʘʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ 

ʧʷʪʦʡ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʩʪʝʨʞʥʝʡ ʢʨʫʛʣʦʛʦ 

ʩʝʯʝʥʠʷ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ ʜʠʘʤʝʪʨʦʤ ʜʦ 250 ʤʤ ʠ 

ʫʩʪʨʘʠʚʘʶʪʩʷ ʚ ʩʢʚʘʞʠʥʘʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʩʧʦʩʦ-

ʙʦʤ ʰʥʝʢʦʚʦʛʦ ʙʫʨʝʥʠʷ ʙʝʟ ʦʙʩʘʜʥʳʭ ʪʨʫʙ. ʇʨʝʜ-

ʣʦʞʝʥʥʘʷ ʤʠʢʨʦʩʚʘʷ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʥʝʩʣʦʞʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦ-

ʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʠʭ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʜʦʩʪʫʧʝ ʠ ʚ 

ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [8, ʩ. 

292]. 

ɺ ʧʨʘʢʪʠʢʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʤʠʢʨʦʩʚʘʠ ʜʠʘʤʝʪʨʦʤ ʜʦ 250 ʤʤ ʬʠʨʤʳ 

çSOLETANGE BACHYè, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʣʠʟ-

ʢʠʤʠ ʧʦ ʪʝʭʥʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʩʚʘʠ 

ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʜʠʘʤʝʪʨʘʭ (ʜʦ 250 ʤʤ) ʙʝʟ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʦʡ ʧʷʪʠ ʚ ʦʙʳʯʥʳʭ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʷʭ 

ʠʤʝʶʪ ʥʝʚʳʩʦʢʫʶ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʜʣʷ ʠʭ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʤʝʥʷʶʪ ʜʦʨʦʛʦʝ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʛʘʙʘʨʠʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʯʪʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʪʝʭʥʦʣʦʛʠʶ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʧʦʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʋʩʪʨʦʡʩʪʚʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʜʦ ʜʚʫʭ ʜʠʘ-

ʤʝʪʨʦʚ ʧʷʪʠ ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʦʧʦʨʳ ʟʥʘʯʠʪʝʣʴʥʦ (ʧʦʯʪʠ ʚ 

4 ʨʘʟʘ) ʧʦʚʳʩʠʪʴ ʝʝ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʋʧʨʦ-

ʱʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʠʢʨʦʩʚʘʡ ʩ ʧʦ-

ʤʦʱʴʶ ʥʝʩʣʦʞʥʦʛʦ ʧʦʨʪʘʪʠʚʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʠʪʴ ʠʭ ʚ 

ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʜʦʩʪʫʧʘ (ʥʘʧʨʠʤʝʨ, ʚ 

ʧʦʜʚʘʣʴʥʳʭ ʧʦʤʝʱʝʥʠʷʭ) ʠ ʚ ʩʣʦʞʥʳʭ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʥʘʧʨʠʤʝʨ, ʥʘ ʩʢʣʦʥʘʭ 

ʭʦʣʤʦʚ) [2]. 

ɹʫʨʦʥʘʙʠʚʥʘʷ ʤʠʢʨʦʩʚʘʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʫʩʪʨʘʠʚʘʝʪʩʷ ʚ ʩʢʚʘʞʠʥʘʭ, ʠʟʛʦʪʦʚʣʝʥ-

ʥʳʭ ʩ ʧʦʤʦʱʴʶ ʰʥʝʢʦʚʦʛʦ ʙʫʨʘ ʙʝʟ ʦʙʩʘʜʥʳʭ 

ʪʨʫʙ. ʐʥʝʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʩʝʢʮʠʷʤʠ ʜʣʠʥʦʡ ʜʦ 

1,5, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʙʫʨʝʥʠʠ 

ʩʢʚʘʞʠʥ ʚ ʧʦʜʚʘʣʴʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. ɹʫʨʝʥʠʝ ʧʨʦ-

ʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʤʝʭʘ-

ʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʚʨʫʯʥʫʶ, ʠ, ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 6-8ʤ. ʇʦʩʣʝ 

ʟʘʯʠʩʪʢʠ ʜʥʘ ʩʢʚʘʞʠʥʳ ʩʧʝʮʠʘʣʴʥʳʤ ʰʥʝʢʦʤ 

ʫʩʪʨʘʠʚʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʝʝ ʥʠʞ-

ʥʝʛʦ ʢʦʥʮʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʘʨʤʘʪʫʨʥʳʡ ʢʘʨʢʘʩ, ʠ 

ʩʢʚʘʞʠʥʘ ʟʘʧʦʣʥʷʝʪʩʷ ʙʝʪʦʥʦʤ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʟʘʙʠʚʥʦʡ ʤʠʢʨʦʩʚʘʠ 

ʄʠʢʨʦʩʚʘʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʚ ʟʘʚʦʜʩʢʠʭ ʫʩʣʦ-

ʚʠʷʭ ʩ ʞʝʣʝʟʦʙʝʪʦʥʘ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʫʙ ʧʨʦ-

ʠʟʚʦʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʣʠʥʳ. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʧʨʠʤʝʥʷʶʪ ʙʝʪʦʥ ʤʘʨʢʠ ʄ500, ʘ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙ-

ʥʦʩʪʴ ʦʜʥʦʡ ʪʘʢʦʡ ʩʚʘʠ ʜʦʭʦʜʠʪ ʜʦ 8 ʪʦʥʥ (ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʨʫʥʪʦʚ) [3]. 

ʋʩʪʨʦʡʩʪʚʦ ʤʠʢʨʦʩʚʘʠ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʚ 

ʪʝʯʝʥʠʝ ʮʝʣʦʛʦ ʛʦʜʘ. ɼʣʷ ʟʘʙʠʚʢʠ ʩʚʘʡ ʠʩʧʦʣʴʟʫʶʪ 

ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ʩ ʣʝʛʢʠʤ 

ʜʠʟʝʣʴ-ʤʦʣʦʪʦʤ. ʉʚʘʷ ʟʘʙʠʚʘʝʪʩʷ ʚ ʧʦʯʚʫ ʥʘ ʛʣʫ-

ʙʠʥʫ ʜʦ 3,7 ʤʝʪʨʘ. ɺ ʧʨʦʮʝʩʩʝ ʟʘʙʠʚʘʥʠʷ ʩʚʘʡ ʠʜʝʪ 

ʚʳʪʝʩʥʝʥʠʝ ʛʨʫʥʪʘ ʚ ʩʪʦʨʦʥʳ ʠ ʚʥʠʟ, ʥʘʯʠʥʘʶʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʫʧʣʦʪʥʝʥʥʳʝ ʟʦʥʳ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʜʝʣʘʝʪ ʪʘʢʠʝ ʩʚʘʠ ʙʦʣʝʝ ʥʘʜʝʞʥʦʡ ʦʩʥʦ-

ʚʦʡ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʘ-

ʨʠʘʥʪʘʤʠ. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʩʚʘʡ, ʠ 

ʦʪʣʘʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʥʪʘʞʘ ʩʚʘʡʥʳʭ ʧʦʣʝʡ 

ʧʦʟʚʦʣʷʶʪ ʩʦʯʝʪʘʪʴ ʩʚʘʡʥʦʝ ʧʦʣʝ ʩ ʜʨʫʛʠʤʠ ʵʣʝ-

ʤʝʥʪʘʤʠ ʠ ʚʠʜʘʤʠ ʬʫʥʜʘʤʝʥʪʘ, ʥʘʧʨʠʤʝʨ, ʨʦʩʪ-

ʚʝʨʢʦʚ ʠʣʠ ʤʦʥʦʣʠʪʥʦʡ ʧʣʠʪʦʡ. ʊʘʢʞʝ, ʧʨʠ ʧʨʦʝʢ-

ʪʠʨʦʚʘʥʠʠ ʬʫʥʜʘʤʝʥʪʘ ʥʘ ʟʘʙʠʚʥʳʭ ʩʚʘʷʭ ʤʦʞʥʦ 

ʚʢʣʶʯʘʪʴ ʚ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʶ ʤʘʣʳʝ ʧʦʜʟʝʤʥʳʝ 

ʩʦʦʨʫʞʝʥʠʷ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʤʠʢʨʦ-

ʩʚʘʡ 

ɹʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ ʩʚʘʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝ-

ʥʷʶʪ ʜʣʷ ʫʩʠʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ: 

- ʚ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʘʚʘ-

ʨʠʡʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʟʜʘʥʠʷ; 

- ʜʣʷ ʮʝʣʝʡ ʥʘʜʩʪʨʦʡʢʠ; 

- ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʳ ʠ ʧʝʨʝʜʘʯʝ ʥʘ ʬʫʥʜʘʤʝʥʪʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ. 
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ʏʘʱʝ ʚʩʝʛʦ ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʧʨʠʤʝʥʷ-

ʝʪʩʷ ʥʘ ʛʣʠʥʠʩʪʦʡ ʧʦʯʚʝ. ɹʫʨʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʰʥʝʢʦʚʦʡ ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʚʳʝʤʢʫ ʛʨʫʥʪʘ. ɼʠʘʤʝʪʨ ʫʙʦʡʥʦʛʦ ʟʫʙʠʣʘ ʥʝ 

ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ ʨʘʟʤʝʨ ʰʥʝʢʘ ʙʦʣʝʝ ʯʝʤ ʥʘ 10 - 

15 ʤʤ, ʵʪʦ ʦʙʝʩʧʝʯʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʟʘʪʠʨʢʠ 

ʩʪʝʥ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʘʤʝʪʨʘ ʩʢʚʘʞʠʥʳ ʧʦʜʘʯʘ 

ʨʘʩʪʚʦʨʘ ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ ʩʘʤʦʪʝʢʦʤ, ʪʘʢ ʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʲʝʢʮʠʦʥʥʦʡ ʪʨʫʙʳ, ʢʦʪʦʨʘʷ ʦʙʝʩ-

ʧʝʯʠʪ ʧʦʜʘʯʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʘʙʦʡ [7, c. 48]. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʢʘʟʘʣ, 

ʦʯʝʥʴ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ 

ʧʦ ʨʘʩʯʝʪʫ ʤʘʣʳʭ ʩʚʘʡ ʫʩʠʣʝʥʠʷ. ʆʥʠ ʠʤʝʶʪ ʨʘʟ-

ʤʝʨʳ, ʩʦʠʟʤʝʨʠʤʳʝ ʩʦ ʩʪʘʨʳʤ ʬʫʥʜʘʤʝʥʪʦʤ ʠʣʠ 

ʚʥʦʚʴ ʨʦʩʪʚʝʨʢʦʚ, ʧʦʵʪʦʤʫ ʥʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴʩʷ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. ʍʘʨʘʢʪʝʨ ʠʭ ʨʘʙʦ-

ʪʳ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʚ ʩʦʩʪʘʚʝ ʚʥʦʚʴ ʢʦʤʣʝʢʩʥʦʛʦ ʢʦʥ-

ʩʪʨʫʢʮʠʠ, ʛʜʝ ʩʫʜʴʙʘ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʫʶ ʚʦʩʧʨʠ-

ʥʠʤʘʶʪ ʤʠʢʨʦʩʚʘʠ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʘ [5, ʩ. 140]. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʫʩʠʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ 

ʑʝʙʝʥʦʯʥʳʝ ʩʚʘʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʣʷ ʩʣʘʙʳʭ ʛʨʫʥʪʦʚ ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ ʜʣʷ ʛʣʠʥʠʩʪʳʭ ʠ ʩʫʛʣʠʥʢʦʚ, ʥʦ ʠʭ ʫʩʪʨʦʡʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʛʨʦʤʦʟʜʢʦʡ ʦʧʝʨʘʮʠʝʡ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ 

ʵʪʦʤʫ ʤʦʞʝʪ ʩʪʘʪʴ ʱʝʙʝʥʦʯʥʳʝ ʤʠʢʨʦʩʚʘʠ, ʥʦ 

ʨʘʩʯʝʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʥʠʭ ʝʱʝ ʥʠʢʪʦ ʥʝ 

ʚʳʧʦʣʥʷʣ. ʇʦʪʦʤʫ ʯʪʦ ʵʪʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʢʦ-

ʪʦʨʦʝ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʦʢ ʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ [6, ʩ. 

122]. 

ɺʠʥʪʦʚʳʝ ʩʚʘʠ-ʰʫʨʫʧʳ ʧʦʢʘ ʧʨʝʜʣʘʛʘʶʪʩʷ ʥʝ 

ʜʣʷ ʫʩʠʣʝʥʠʷ, ʘ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʣʝʛʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʩʧʦʩʦʙʘ ʚʢʨʫʯʠʚʘʥʠʷ ʚʠʥʪʦʚʳʭ 

ʩʚʘʡ ʚ ʛʨʫʥʪ - ʤʝʭʘʥʠʯʝʩʢʠʡ ʠ ʨʫʯʥʦʡ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʪʨʫʙ ʜʣʷ ʫʩʠʣʝ-

ʥʠʷ ʚʤʝʩʪʦ ʤʝʪʘʣʣʠʯʝʩʢʠʭ. 

ʉʨʘʚʥʠʚʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ 

ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʪʨʫʙ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ ʫʩʠʣʝʥʠʷ 

ʜʣʷ ʬʫʥʜʘʤʝʥʪʦʚ ʤʝʣʢʦʛʦ ʟʘʣʦʞʝʥʠʷ ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʪʨʫʙʳ 

ʫʜʦʙʥʦ ʫʩʪʨʘʠʚʘʪʴ ʚ ʧʦʜʚʘʣʴʥʦʤ ʧʦʤʝʱʝʥʠʠ ʧʦ-

ʪʦʤʫ ʯʪʦ ʦʥʠ ʨʝʞʫʪʩʷ ʠ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʚ-

ʣʁ ʚʘʪʳ ʠʭ ʩʝʢʮʠʷʤʠ. ʅʦ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʪʨʫʙʳ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʧʣʘʩʪʤʘʩʩʦʚʳʭ ʩʦ ʚʨʝʤʝʥʝʤ ʢʦʨʨʦʜʠ-

ʨʫʶʪ. ʇʣʘʩʪʤʘʩʩʦʚʳʝ ʪʨʫʙʳ ʥʝ ʠʤʝʶʪ ʪʘʢʦʛʦ ʥʝ-

ʜʦʩʪʘʪʢʘ ʠ ʧʦ ʩʪʦʠʤʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʶʪ ʩʪʦʠʤʦʩʪʴ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ [9, ʩ. 90]. 

ɺʳʚʦʜʳ 

ʊʝʤʘ ʘʢʪʫʘʣʴʥʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠ ʪʨʝʙʫ-

ʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʠʢʨʦʩʚʘʡ 

(ʱʝʙʝʥʴ, ʧʣʘʩʪʠʢ) ʪʨʝʙʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʘ 

ʠʭ ʨʘʙʦʪʳ ʩ ʛʨʫʥʪʦʤ. 

ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʠʥʪʦʚʳʭ ʩʚʘʡ-ʰʫʨʫʧʦʚ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 

ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ʤʝʪʦʜʠʢʘ ʠʭ 

ʨʘʩʯʝʪʘ. 
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NEW METHODS AND INFRASTRUCTURE SOLUTIONS FOR AUGMENTED REALITY  

 

ɸʥʥʦʪʘʮʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (AR) ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ, ʭʦʪʷ 

ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ AR ʠʤʝʣʠ ʧʨʦʩʪʳʝ ʤʝʪʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ. ʆʪʩʣʝʞʠʚʘʥʠʝ AR, ʪʝʭʥʦʣʦʛʠʷ ʦʪʦʙʨʘʞʝʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʠʛʣʠ ʫʨʦʚʥʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ. ʆʜʥʘʢʦ ʩʫʱʝ-

ʩʪʚʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʥʦʚʳʭ ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ  

Abstract 

Augmented Reality (AR) research has been conducted for several decades, although until recently most AR 

applications had simple interaction methods using traditional input devices. AR tracking, display technology and 

software has progressed to the point where commercial applications can be developed. However there are op-

portunities to provide new advanced interaction techniques for AR applications. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʤʝʪʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʱʫʪʠʤʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ 

ʠʥʪʝʨʬʝʡʩʳ. 

Keywords: Augmented Reality, Interaction Techniques, Tangible User Inter-faces. 

 

ɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʜʣʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʠ ʩʝʪʝʡ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʚ ʤʦʙʠʣʴ-

ʥʳʡ ʚʝʢ. ɹʦʣʝʝ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʨʪʘʪʠʚ-

ʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʠʣʦʞʝʥʠʡ ʠ ʰʠʨʦʢʦʝ ʧʦʜʢʣʶʯʝ-

ʥʠʝ ʢ ʀʥʪʝʨʥʝʪʫ ʫʚʝʣʠʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʧʦʜʢʣʶ-

ʯʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʫʩʣʫʛʘʤ. ʇʦʚʩʝʜʥʝʚʥʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ - ʜʦʨʦʛʠ, ʚʦʜʘ, ʟʜʘʥʠʷ, ʩʦʦʨʫʞʝ-

ʥʠʷ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʢʘʞʜʳʡ 

ʜʝʥʴ. 

ɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʜʣʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʠ ʩʝʪʝʡ - ʵʪʦ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʞʠʟʥʠ. ɽʩʪʴ ʙʝʩʢʦʥʝʯʥʳʝ ʚʦʟʤʦʞ-

ʥʦʩʪʠ, ʥʘʯʠʥʘʷ ʦʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʩʝʢʪʦʨʘ, ʠ 

ʟʘʢʘʥʯʠʚʘʷ ʪʨʘʥʩʧʦʨʪʦʤ, ʫʩʪʦʡʯʠʚʳʤ ʨʘʟʚʠʪʠʝʤ ʠ 

ʩʣʫʞʙʘʤʠ ʵʢʩʪʨʝʥʥʦʡ ʧʦʤʦʱʠ. ɼʦʧʦʣʥʝʥʥʘʷ ʨʝ-

ʘʣʴʥʦʩʪʴ ʧʦʟʚʦʣʠʪ ʦʙʱʝʩʪʚʫ ʙʳʪʴ ʫʤʥʝʝ ʠ ʙʳʩʪʨʝʝ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚʦʢʨʫʛ. 

ɻʦʨʦʜʘ ʤʦʛʫʪ ʩʪʘʪʴ ʥʘʤʥʦʛʦ ʫʤʥʝʝ ʙʣʘʛʦʜʘʨʷ 

ʜʦʩʪʫʧʫ ʢ ʠʥʩʪʨʫʤʝʥʪʘʤ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʢʦ-

ʪʦʨʳʝ ʧʦʤʦʛʫʪ ʚʩʝʤ ʤʝʩʪʥʳʤ ʩʣʫʞʙʘʤ ʠ ʩʨʝʜʩʪʚʘʤ 

ʫʣʫʯʰʠʪʴ ʥʘʰʫ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ. 

ɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ - ʵʪʦ ʥʦʚʘʷ ʪʝʭʥʦʣʦ-

ʛʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʙʝʟʫʧʨʝʯʥʦ ʩʦʯʝʪʘʪʴ ʚʠʨʪʫ-

ʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʨʝʘʣʴʥʳʤ ʤʠʨʦʤ. ɸʟʫʤʘ 

ʚʳʜʝʣʷʝʪ ʪʨʠ ʢʣʶʯʝʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʧʦʣ-

ʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ: ʦʙʲʝʜʠʥʝʥʠʝ ʨʝʘʣʴʥʳʭ ʠ ʚʠʨ-

ʪʫʘʣʴʥʳʭ ʦʙʨʘʟʦʚ, ʚʠʨʪʫʘʣʴʥʳʝ ʦʙʨʘʟʳ ʨʝʛʠʩʪʨʠ-

ʨʫʶʪʩʷ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳ ʚ ʨʝʘʣʴ-

ʥʦʤ ʚʨʝʤʝʥʠ [1]. ʕʪʠ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʢʣʶʯʝʚʦʡ ʯʘ-

ʩʪʴʶ ʧʝʨʚʦʛʦ AR-ʧʨʠʣʦʞʝʥʠʷ, ʩʦʟʜʘʥʥʦʛʦ ʉʘʟʝʨ-

ʣʝʥʜʦʤ ʙʦʣʝʝ 40 ʣʝʪ ʥʘʟʘʜ. ʉ ʪʝʭ ʧʦʨ ʙʳʣʦ 

ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʛʦ ʠʥʪʝʨʝʩʥʳʭ ʧʨʦʪʦʪʠʧʦʚ AR-

ʧʨʠʣʦʞʝʥʠʡ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʤʝʜʠʮʠʥʘ, ʦʙʨʘ-

ʟʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʜʨʫʛʠʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ AR ʠʤʝʝʪ ʜʦʣʛʫʶ ʠʩʪʦʨʠʶ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʩ-

ʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʧʳʪʘ AR (ʪʘʢʠʭ 

ʢʘʢ ʫʩʪʨʦʡʩʪʚʘ ʩʣʝʞʝʥʠʷ ʠ ʦʪʦʙʨʘʞʝʥʠʷ), ʘ ʥʝ ʥʘ 

ʩʧʦʩʦʙʘʭ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʣʫʯʰʝ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʚʠʨʪʫʘʣʴʥʳʤ ʢʦʥʪʝʥʪʦʤ. ʂʘʢ 

ʛʦʚʦʨʠʪ ʀʩʠʠ, ʦʙʣʘʩʪʴ AR ʙʳʣʘ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘ-

ʥʘ ʩ ç... ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʯʠʩʪʦ ʚʠʟʫʘʣʴʥʳʭ ʨʘʩʰʠ-

ʨʝʥʠʡè [3], ʠ ʭʦʪʷ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʙʦʣʴʰʠʝ 

ʫʩʧʝʭʠ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʦʪʦʙʨʘʞʝʥʠʷ AR ʠ ʤʝʪʦʜʘʭ 

ʦʪʩʣʝʞʠʚʘʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʩʨʝʜʘʤʠ AR 

ʦʙʳʯʥʦ ʦʛʨʘʥʠʯʠʚʘʣʦʩʴ ʣʠʙʦ ʧʘʩʩʠʚʥʳʤ ʧʨʦʩʤʦʪ-

ʨʦʤ ʠʣʠ ʧʨʦʩʪʳʤ ʧʨʦʩʤʦʪʨʦʤ ʚʠʨʪʫʘʣʴʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʡ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ. 

ʅʘʧʨʠʤʝʨ, ʚ ʧʨʠʣʦʞʝʥʠʠ NaviCam ʦʪ 

Rekimoto ʯʝʣʦʚʝʢ ʠʩʧʦʣʴʟʫʝʪ ʨʫʯʥʦʡ ɾʂ-ʜʠʩʧʣʝʡ 

ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʚʠʨʪʫʘʣʴʥʳʭ ʘʥʥʦʪʘʮʠʡ, ʥʘʢʣʘʜʳ-
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ʚʘʝʤʳʭ ʥʘ ʨʝʘʣʴʥʳʡ ʤʠʨ [4], ʥʦ ʥʝ ʤʦʞʝʪ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʦʚʘʪʴ ʠʣʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ 

ʘʥʥʦʪʘʮʠʠ. ɸʥʘʣʦʛʠʯʥʦ, ʥʘʨʫʞʥʦʝ AR-

ʧʨʠʣʦʞʝʥʠʝ Feiner Touring Machine [4] ʧʦʟʚʦʣʷʣʦ 

ʨʘʟʤʝʱʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʤʝʪʢʠ ʥʘʜ ʟʜʘʥʠʷʤʠ ʚ ʨʝ-

ʘʣʴʥʦʤ ʤʠʨʝ, ʥʦ ʦʧʷʪʴ ʞʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʤʦʛ ʤʘ-

ʥʠʧʫʣʠʨʦʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʤ ʢʦʥʪʝʥʪʦʤ. ʇʨʝʞʜʝ 

ʯʝʤ ʪʝʭʥʦʣʦʛʠʷ AR ʩʤʦʞʝʪ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ-

ʩʷ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʫʣʫʯʰʝʥʥʳʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʦʧʳʪ. 

ɸʧʧʘʨʘʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ: ʧʨʦʮʝʩʩʦʨ, ʜʠʩʧʣʝʡ, ʜʘʪʯʠʢʠ ʠ 

ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʙʠʣʴʥʳʝ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʩʤʘʨʪʬʦʥʳ ʠ 

ʧʣʘʥʰʝʪʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʩʦʜʝʨʞʘʪ ʵʪʠ ʵʣʝʤʝʥʪʳ, 

ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʘʤʝʨʫ ʠ ʜʘʪʯʠʢʠ 

ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (MEMS), ʪʘʢʠʝ 

ʢʘʢ ʘʢʩʝʣʝʨʦʤʝʪʨ, GPS ʠ ʪʚʝʨʜʦʪʝʣʴʥʳʡ ʢʦʤʧʘʩ, 

ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʜʭʦʜʷʱʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ AR. [1] 

ʚ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ ʪʝʭ-

ʥʦʣʦʛʠʠ: ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʚʦʣʥʦʚʦʜʳ ʠ ʦʪʨʘʞʘʶ-

ʱʠʝ ʚʦʣʥʦʚʦʜʳ. 

ʈʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʝʥʜʝ-

ʨʠʥʛʝ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʦʧʪʠʯʝ-

ʩʢʠʝ ʧʨʦʝʢʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʤʦʥʠʪʦʨʳ, ʧʦʨʪʘʪʠʚ-

ʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʠʩʪʝʤʳ ʦʪʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʥʦʩʷʪ ʥʘ ʪʝʣʝ ʯʝʣʦʚʝʢʘ. 

ʐʣʝʤ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (HMD) ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ ʜʠʩʧʣʝʷ. HMD ʧʦʤʝ-

ʱʘʶʪ ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʢ ʬʠʟʠʯʝʩʢʦʛʦ ʤʠʨʘ, ʪʘʢ ʠ 

ʚʠʨʪʫʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ HMD ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʘʪʯʠʢʠ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʰʝʩʪʠ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʩʠʩʪʝʤʝ ʩʦʛʣʘʩʦʚʳʚʘʪʴ ʚʠʨʪʫʘʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʩ ʬʠʟʠʯʝʩʢʠʤ ʤʠʨʦʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʤ ʦʙʨʘʟʦʤ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ ʢ ʜʚʠʞʝʥʠʷʤ 

ʛʦʣʦʚʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. HMD ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʤʦʙʠʣʴ-

ʥʫʶ ʠ ʩʦʚʤʝʩʪʥʫʶ ʨʘʙʦʪʫ. [3] ʂʦʥʢʨʝʪʥʳʝ ʧʨʦ-

ʚʘʡʜʝʨʳ, ʪʘʢʠʝ ʢʘʢ uSens ʠ Gestigon, ʚʢʣʶʯʘʶʪ 

ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʞʝʩʪʘʤʠ ʜʣʷ ʧʦʣʥʦʛʦ ʚʠʨʪʫ-

ʘʣʴʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ. 

ɺ ʷʥʚʘʨʝ 2015 ʛʦʜʘ Meta ʟʘʧʫʩʪʠʣʘ ʧʨʦʝʢʪ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ Horizons Ventures, ʊʠʤʘ ɼʨʝʡʧʝʨʘ, 

ɸʣʝʢʩʠʩʘ ʆʛʘʥʷʥʘ, BOE Optoelectronics ʠ ɻʘʨʨʠ 

ʊʘʥʘ. 17 ʬʝʚʨʘʣʷ 2016 ʛʦʜʘ ʢʦʤʧʘʥʠʷ Meta 

ʘʥʦʥʩʠʨʦʚʘʣʘ ʩʚʦʡ ʧʨʦʜʫʢʪ ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘ 

TED, Meta 2. ʅʘʫʰʥʘʷ ʛʘʨʥʠʪʫʨʘ Meta 2 ʩ ʛʦʣʦʚ-

ʥʳʤ ʜʠʩʧʣʝʝʤ ʠʩʧʦʣʴʟʫʝʪ ʩʝʥʩʦʨʥʫʶ ʤʘʪʨʠʮʫ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʫʢ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ, 

ʚʠʜʝʥʠʷ ʧʦʣʷ ʟʨʝʥʠʷ 90 ʛʨʘʜʫʩʦʚ (ʧʦ ʜʠʘʛʦʥʘʣʠ) ʠ 

ʨʘʟʨʝʰʝʥʠʝ ʜʠʩʧʣʝʷ 2560 x 1440 (20 ʧʠʢʩʝʣʝʡ ʥʘ 

ʛʨʘʜʫʩ), ʯʪʦ ʩʯʠʪʘʝʪʩʷ ʥʘʠʙʦʣʴʰʠʤ ʧʦʣʝʤ ʟʨʝʥʠʷ 

(FOV), ʜʦʩʪʫʧʥʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

AR-ʜʠʩʧʣʝʠ ʤʦʞʥʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʥʘ 

ʫʩʪʨʦʡʩʪʚʘʭ, ʥʘʧʦʤʠʥʘʶʱʠʭ ʦʯʢʠ. ɺʝʨʩʠʠ ʚʢʣʶ-

ʯʘʶʪ ʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʤʝʨʳ ʜʣʷ 

ʧʝʨʝʭʚʘʪʘ ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ ʠ ʧʦʚʪʦʨ-

ʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʝʛʦ ʨʘʩʰʠʨʝʥʥʦʛʦ ʦʙʟʦʨʘ ʯʝʨʝʟ 

ʦʢʫʣʷʨʳ, ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʝ-

ʥʠʷ AR ʧʨʦʝʮʠʨʫʶʪʩʷ ʠʣʠ ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʧʦʚʝʨʭ-

ʥʦʩʪʝʡ ʣʠʥʟ ʦʯʢʦʚ. 

ʂʦʥʪʘʢʪʥʳʝ ʣʠʥʟʳ, ʢʦʪʦʨʳʝ ʦʪʦʙʨʘʞʘʶʪ AR 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ. ʕʪʠ ʙʠʦʥʠ-

ʯʝʩʢʠʝ ʢʦʥʪʘʢʪʥʳʝ ʣʠʥʟʳ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʵʣʝ-

ʤʝʥʪʳ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ, ʚʩʪʨʦʝʥʥʳʝ ʚ ʦʙʲʝʢʪʠʚ, 

ʚʢʣʶʯʘʷ ʠʥʪʝʛʨʘʣʴʥʫʶ ʩʭʝʤʫ, ʩʚʝʪʦʜʠʦʜʳ ʠ ʘʥ-

ʪʝʥʥʫ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ. ʇʝʨʚʳʡ ʜʠʩʧʣʝʡ ʩ 

ʢʦʥʪʘʢʪʥʳʤʠ ʣʠʥʟʘʤʠ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʚ 1999 

ʛʦʜʫ, ʟʘʪʝʤ 11 ʣʝʪ ʩʧʫʩʪʷ, ʚ 2010-2011 ʛʦʜʘʭ. ɽʱʝ 

ʦʜʥʘ ʚʝʨʩʠʷ ʢʦʥʪʘʢʪʥʳʭ ʣʠʥʟ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʘʷ 

ʜʣʷ ʚʦʝʥʥʳʭ ʉʐɸ, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʙʦʪʳ ʩ 

AR-ʦʯʢʘʤʠ, ʧʦʟʚʦʣʷʷ ʩʦʣʜʘʪʘʤ ʩʬʦʢʫʩʠʨʦʚʘʪʴʩʷ 

ʥʘ ʙʣʠʟʢʠʭ ʢ ʛʣʘʟʫ AR-ʠʟʦʙʨʘʞʝʥʠʷʭ ʥʘ ʦʯʢʘʭ ʠ 

ʦʪʜʘʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ ʚ ʪʦ ʞʝ ʚʨʝ-

ʤʷ. 

ɺ ʬʫʪʫʨʠʩʪʠʯʝʩʢʦʤ ʢʦʨʦʪʢʦʤʝʪʨʘʞʥʦʤ ʬʠʣʴ-

ʤʝ Sight ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʩʪʨʦʡʩʪʚʘ ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ, ʧʦʜʦʙʥʳʝ ʢʦʥʪʘʢʪʥʳʤ ʣʠʥʟʘʤ. 

ʄʥʦʛʠʝ ʫʯʝʥʳʝ ʨʘʙʦʪʘʶʪ ʥʘʜ ʢʦʥʪʘʢʪʥʳʤʠ 

ʣʠʥʟʘʤʠ, ʩʧʦʩʦʙʥʳʤʠ ʥʘ ʨʘʟʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʜʚʠʛʠ. ʇʘʪʝʥʪ, ʧʦʜʘʥʥʳʡ Samsung, ʦʧʠʩʳʚʘʝʪ 

ʢʦʥʪʘʢʪʥʫʶ ʣʠʥʟʫ AR, ʢʦʪʦʨʘʷ, ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ 

ʚʩʪʨʦʝʥʥʫʶ ʢʘʤʝʨʫ ʥʘ ʩʘʤʦʤ ʦʙʲʝʢʪʠʚʝ. ɼʠʟʘʡʥ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʝʛʦ ʠʥʪʝʨʬʝʡʩʦʤ, 

ʤʦʨʛʘʷ ʛʣʘʟʦʤ. ʆʥ ʪʘʢʞʝ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʚʷʟʠ 

ʩʦ ʩʤʘʨʪʬʦʥʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʦʪʩʥʷ-

ʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʤ ʦʪʜʝʣʴʥʦ. ɺ ʩʣʫ-

ʯʘʝ ʫʩʧʝʭʘ ʦʙʲʝʢʪʠʚ ʙʫʜʝʪ ʠʤʝʪʴ ʢʘʤʝʨʫ ʠʣʠ ʜʘʪ-

ʯʠʢ ʚʥʫʪʨʠ ʥʝʛʦ. ɻʦʚʦʨʷʪ, ʯʪʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ, ʯʪʦ 

ʫʛʦʜʥʦ, ʦʪ ʜʘʪʯʠʢʘ ʩʚʝʪʘ ʜʦ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʜʣʷ ʤʥʦʛʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʦʪ ʠʛʨ ʠ ʨʘʟʚʣʝʯʝʥʠʡ ʜʦ 

ʤʝʜʠʮʠʥʳ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʙʠʟʥʝʩʘ. ʇʨʠʤʝʨʳ ʦʙʣʘ-

ʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʚʢʣʶʯʘʶʪ ʘʨʭʝʦʣʦʛʠʶ, ʘʨʭʠʪʝʢ-

ʪʫʨʫ, ʪʦʨʛʦʚʣʶ ʠ ʦʙʨʘʟʦʚʘʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ (AR) 

- ʵʪʦ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʩ 

ʤʘʰʠʥʦʡ, ʢʦʪʦʨʦʝ ʥʘʢʣʘʜʳʚʘʝʪ ʚʠʨʪʫʘʣʴʥʳʝ ʢʦʤ-

ʧʦʥʝʥʪʳ ʥʘ ʨʝʘʣʴʥʫʶ ʩʨʝʜʫ ʩʦ ʤʥʦʛʠʤʠ ʧʦʪʝʥʮʠ-

ʘʣʴʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, 

ʥʘʯʠʥʘʷ ʦʪ ʦʙʫʯʝʥʠʷ ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʦʚʩʝʜʥʝʚʥʦʡ 

ʞʠʟʥʴʶ (ʨʘʟʚʣʝʯʝʥʠʷ, ʜʝʤʦʥʩʪʨʘʮʠʷ ʚ ʣʦʙʦʚʦʤ 

ʩʪʝʢʣʝ ʘʚʪʦʤʦʙʠʣʷ ʠ ʪ.ʜ.). 
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DEVELOPMENT OF A SENSOR MODULE FOR DETERMINING THE INTERNAL 

THERMOPHYSICAL PROPERTIES OF OBJECTS WITH A CONTACT -FREE MEASUREMENT 

METHOD ON  THE ROS PLATFORM  

 

ɸʥʥʦʪʘʮʠʷ 

ʉʪʘʪʴʷ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʩʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʊʌʉ, ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʵʢʩ-

ʧʨʝʩʩ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʙʝʟ ʚʟʷʪʠʷ ʧʨʦʙ. ʆʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʩʝʥʩʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʢʩʠʜ ʛʨʘʬʝʥʘ (ʆɻ), ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ 

ʧʨʠʝʤʥʠʢ ʩʠʛʥʘʣʦʚ, ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʧʦʛʣʦʱʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɺ 

ʠʪʦʛʝ ʨʘʟʨʘʙʦʪʘʥ ʩʝʥʩʦʨʥʳʡ ʤʦʜʫʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʩʚʦʡʩʪʚ (ʊʌʉ) ʩ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝ-

ʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʦʙʲʝʢʪʦʚ ʥʘ ʧʣʘʪʬʦʨʤʝ ROS Ubuntu (ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʦʥ-

ʥʘʷ ʩʠʩʪʝʤʘ ʥʘ ubuntu), ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. 

Abstrat 

The non-contact method of measuring thermophysical properties TPP is a convenient express measurement 

method, which allows researching samples without taking samples. One of the promising materials for contact-

less sensors is graphene oxide (GO), for introduction into the receiver of signals, due to the high values of ab-

sorption and sensitivity. As a result, a sensor module was developed to determine the internal properties (TPP) 

with a contactless method of measuring space and objects on the Ubuntu ROS platform (Ubuntu robotic operat-

ing system), and theoretical calculations were also developed. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ, ʪʝʧʣʦʧʨʦʚʦʜ-

ʥʦʩʪʴ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʘʥʪʝʥʥʘ, ʟʦʥʜʠʨʦʚʘʥʠʝ. 

Keywords: thermophysical properties, contactless measurement method, thermal conductivity, dielectric 

constant, antenna, sounding. 
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ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ (ʊʌʉ) ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʦʚʦʜʠʪʩʷ ʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤ, ʥʦ 

ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʳʭ ʵʪʦʪ 

ʤʝʪʦʜ ʩʪʘʥʦʚʠʪʩʷ ʥʝʧʨʠʛʦʜʥʳʤ. ɹʝʩʢʦʥʪʘʢʪʥʳʡ 

ʩʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʵʢʩʧʨʝʩʩ ʤʝ-

ʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ (ʊʌʉ), ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦ-

ʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʙʝʟ ʚʟʷʪʠʷ ʧʨʦʙ. ʆʜ-

ʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʙʝʩʢʦʥ-

ʪʘʢʪʥʳʭ ʩʝʥʩʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʢʩʠʜ ʛʨʘʬʝʥʘ (ʆɻ), 

ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʷʤ ʧʦʛʣʦʱʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ [1].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʟʘʜʘʯʠ 

ʧʨʦʚʝʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʲʝʢʪʦʚ ʩ 

ʧʦʤʦʱʴʶ ʧʨʠʝʤʥʠʢʘ ʠ ʧʝʨʝʜʘʪʯʠʢʘ ʨʫʧʦʨʥʦʡ ʘʥ-

ʪʝʥʥʳ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʠʟʛʦ-

ʪʦʚʣʝʥʘ ʣʘʙʦʨʘʪʦʨʥʳʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʩʪʝʥʜ. ʀʟ-

ʤʝʨʷʝʤʳʡ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʲʝʢʪ ʠʤʝʣ ʠʟʚʝʩʪʥʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ (ʊʌʉ). ʇʦʪʦʢ ʉɺʏ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʭ ʚʦʣʥ, ʠʟʣʫʯʘʝʤʳʡ ʨʫʧʦʨʥʦʡ ʘʥʪʝʥʥʦʡ, ʟʦʥʜʠ-

ʨʦʚʘʣ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ, ʠʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠ-

ʣʦʩʴ ʚ ʜʚʫʭ ʩʨʝʜʘʭ, ʛʜʝ ʥʘ ʧʝʨʚʦʤ ʩ ʚʦʟʜʫʰʥʳʤ 

ʥʘʧʦʣʥʝʥʠʝʤ ʠ ʦʙʨʘʟʮʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ 

ʪʦʢ, ʥʘʧʨʷʞʝʥʠʷ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʣʘʪʬʦʨʤʘ ROS (ʨʠʩʫʥʦʢ 1), ʷʚʣʷʝʪʩʷ ʦʪʢʨʳ-

ʪʦʡ ʩʠʩʪʝʤʦʡ ʠ ʧʦʢʘʟʳʚʘʝʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʠ ʤʦʜʝʣʠʨʫʝʪ 3D ʤʦʜʝʣʴ, ʚʠʟʫʘʣʠʟʠʨʫʝʪ 

ʧʨʦʮʝʩʩ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʧʦʥʷʪʥʦʤ ʠʥʪʫʠʪʠʚʥʦʤ 

ʠʥʪʝʨʬʝʡʩʝ. ɼʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ [3].  

 
a 

 
ʙ 

ʈʠʩʫʥʦʢ 2. ʇʣʘʪʬʦʨʤʘ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ: ʨʝʟʫʣʴʪʘʪ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʠ 
ʧʨʦʩʪʨʘʥʩʪʚʘ (ʘ); ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʦʨʠʝʥʪʘʮʠʷ ʚʥʫʪʨʠ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʙ) 

ʊʝʢʩʪ ʉʪʘʪʴʠ. ʊʝʢʩʪ ʉʪʘʪʴʠ. ʊʝʢʩʪ ʉʪʘʪʴʠ. çʎʠʪʘʪʘè [1, ʩ. 209]. ʊʝʢʩʪ. 
ʉʩʳʣʘʪʴʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʠʩʪʦʯʥʠʢ ʤʦʞʥʦ ʠʣʠ ʩʩʳʣʢʘʤʠ [1, ʩ. 209].  
ʀʣʠ ʩʥʦʩʢʘʤʠ 1 
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ʆɻ ʩʘʤ ʧʦ ʩʝʙʝ, ʷʚʣʷʝʪʩʷ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴ-

ʥʳʤ ʩʝʥʩʦʨʦʤ, ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʦʣʥʳ ʚ ʆɻ ʦʙʨʘ-

ʟʫʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʙʣʘʛʦʜʘʨʷ ʧʨʦʮʝʩʩʫ 

ʠʥʜʫʮʠʨʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʆɻ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʠ ʫʣʫʯʰʘʝʪʩʷ ʧʨʦʚʦʜʠʤʦʩʪʴ (ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ 

ʆɻ), ʟʘ ʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦ-

ʣʝʡ ʚ ʆɻ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ, 

ʆɻ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʠʟʣʫʯʝʥʠʠ ʪʝʨʷʝʪ ʩʚʝʪʦʯʫʚ-

ʩʪʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ (ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ), ʜʘʥʥʘʷ 

ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʟʘʤʢʥʫʪʦʡ ʩʨʝʜʝ 

(ʚʘʢʫʫʤ), ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʠʟ-

ʣʫʯʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʩʪʦʨʦʥʥʠʝ ʠʟʣʫʯʝʥʠʷ, ʜʣʷ ʨʝ-

ʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʨʝʰʝʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʤʘʢʝʪ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʜʣʷ ʧʦʛʣʦʱʝʥʠʷ 

ʩʪʦʨʦʥʥʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ.  

 
a 

 
ʙ 

ʈʠʩʫʥʦʢ 2. ʉʝʥʩʦʨʥʳʡ ʤʦʜʫʣʴ: ʤʘʢʝʪ ʆɻ (ʘ); ʧʦʢʘʟʘʪʝʣʠ ʆɻ (ʙ) 

 

ʀʟʣʫʯʘʝʤʘʷ ʟʦʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, 

ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʣʫʙʠʥʳ Z1, ʧʦʩʣʝ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʨʳʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʦʭʣʘʞʜʝ-

ʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʯʪʦʙʳ ʚʥʫʪʨʝʥʥʠʡ 

ʥʘʛʨʝʚ ʩʦʦʙʱʘʣ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʧʦʩʣʝ ʧʨʝʨʳ-

ʚʘʥʠʷ ʧʦʚʪʦʨʥʦ ʠʟʣʫʯʘʝʪʩʷ ʉɺʏ ʚʦʣʥʘʤʠ. ʇʦʚʝʨʭ-

ʥʦʩʪʴ ʦʙʨʘʟʮʘ ʧʦʜʚʝʨʛʘʶʪ ʉɺʏ ʠʟʣʫʯʝʥʠʶ ʩ ʧʨʝ-

ʨʳʚʘʥʠʷʤʠ, ʦʩʫʱʝʩʪʚʣʷʷ ʥʘʛʨʝʚ ʦʙʨʘʟʮʘ. ɼʣʷ ʪʘ-

ʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʉɺʏ 

ʠʟʣʫʯʝʥʠʝ ʩ ʧʨʝʨʳʚʘʥʠʝʤ ʬʦʨʤʠʨʫʶʪ ʨʫʧʦʨʥʦʡ 

ʘʥʪʝʥʥʦʡ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʨʝʨʳʚʘʥʠʷ ʟʦʥʜʠʨʦʚʘʥʠʷ ʚʳ-

ʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʥʘ ʚʝʣʠʯʠʥʫ ʠʟʙʳʪʦʯʥʦʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʚ 6é10 Áʉ, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʠʨʦʤʝʪʨʦʤ ʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʤʦʱʥʦʩʪʴ ʠ 

ʜʣʠʥʳ ʚʦʣʥʳ ʉɺʏ-ʛʝʥʝʨʘʪʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʠ-

ʪʝʣʴʥʦʩʪʴ ʥʘʛʨʝʚʘ ʟʘʚʠʩʠʪ ʦʪ ʩʘʤʦʛʦ ʦʙʨʘʟʮʘ, ʜʣʷ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʜʝʣʴʥʦ [2]. ɺ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʦʱʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʠʘʧʘʟʦʥʦʤ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʦʙʨʘʟʮʦʚ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʊʌʉ. 

, 

(1) 

, 

(2) 

ɺ ʠʪʦʛʝ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ ʩʝʥʩʦʨʥʳʡ 

ʤʦʜʫʣʴ ʩ ʙʝʩʢʦʥʪʘʢʪʥʳʤ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ ʊʌʉ, 

ʩ ʛʣʫʙʠʥʦʡ ʜʦ 1é10 ʩʤ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯ-

ʥʠʢʘ ʠʟʣʫʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʛʨʘʬʝʥʦʚʳʡ ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʩʝʥʩʦʨ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝ-
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ʨʘʪʫʨʳ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʦʯʥʦʩʪʴ ʠʟ-

ʤʝʨʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ (ʪʝʤʧʝ-

ʨʘʪʫʨʳ), ʪʘʢʞʝ ʚʩʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʠ 

ʧʨʦʥʫʤʝʨʦʚʘʥʳ ʦʪʜʝʣʴʥʦ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʥʘ ʤʦʥʠʪʦʨʝ, ʩ 

ʜʘʣʴʥʝʡʰʝʡ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʚ ROS.  
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ɸʥʥʦʪʘʮʠʷ 
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Abstract 

This article discusses this method of reading schematic diagrams, like the use of diagrams. The basic prin-

ciples of plotting and possible areas of their application are given. 
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ʏʪʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʨʝʣʝʡʥʦʡ ʟʘ-

ʱʠʪʳ ʠ ʘʚʪʦʤʘʪʠʢʠ ï ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ ʠ ʢʨʦ-

ʧʦʪʣʠʚʳʡ ʧʨʦʮʝʩʩ. ʂʘʢ ʧʨʘʚʠʣʦ, ʫ ʦʧʳʪʥʦʛʦ ʠʥ-

ʞʝʥʝʨʘ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʥʝ ʚʳʟʳʚʘʝʪ ʥʠʢʘʢʠʭ ʪʨʫʜ-

ʥʦʩʪʝʡ, ʥʦ ʩʠʪʫʘʮʠʷ ʦʙʩʪʦʠʪ ʩʦʚʩʝʤ ʧʦ-ʜʨʫʛʦʤʫ, 

ʝʩʣʠ ʨʝʯʴ ʠʜʸʪ ʦ, ʥʘʧʨʠʤʝʨ, ʩʪʫʜʝʥʪʘʭ. 

ɼʣʷ ʷʩʥʦʩʪʠ ʢʘʨʪʠʥʳ ʢ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʩʭʝ-

ʤʘʤ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʠ ʘʚʪʦʤʘʪʠʢʠ (ʈɿɸ) ʤʦʞʥʦ 

ʧʦʩʪʨʦʠʪʴ ʵʧʶʨʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʥʘʛʣʷʜʥʦ ʦʪʦʙʨʘ-

ʞʘʪʴ ʨʘʙʦʪʫ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʭʝʤʳ. ɽʩʪʝʩʪʚʝʥʥʦ, ʜʣʷ 

ʧʦʣʥʦʮʝʥʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʥʝʦʙʭʦʜʠʤ ʦʧʨʝʜʝʣʝʥ-

ʥʳʡ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ, ʤʠʥʠʤʫʤ ʠʟ ʢʦʪʦʨʳʭ ï ʵʪʦ 

ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʠ ʣʦʛʠʢʘ 

ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʟʘʱʠʪ. ɺʩʝ ʵʪʠ ʘʩʧʝʢʪʳ ʤʦʞʥʦ 

ʠʟʫʯʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘ-

ʪʫʨʝ. 

ʇʦʩʪʨʦʝʥʠʝ ʵʧʶʨʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝ-

ʩʢʦʣʴʢʦ ʵʪʘʧʦʚ, ʧʝʨʚʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʘʥʝ-

ʩʝʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʭʝʤʳ ʥʘ ʛʨʘʬʫ. ɺʩʝ ʢʦʥʪʘʢ-

ʪʳ ʠ ʦʙʤʦʪʢʠ ʨʝʣʝ, ʢʦʥʪʘʢʪʳ ʩʘʤʦʫʜʝʨʞʘʥʠʷ, ʨʘʟ-

ʣʠʯʥʳʝ ʚʳʜʝʨʞʢʠ ʚʨʝʤʝʥʠ ʠ ʜʨ. ï ʚʩʸ ʜʦʣʞʥʦ 

ʙʳʪʴ ʫʯʪʝʥʦ. ʇʦʨʷʜʦʢ ʥʘʥʝʩʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʝ 

ʧʨʠʥʮʠʧʠʘʣʝʥ. ʅʦʨʤʘʣʴʥʦ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʘʢʪ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʟʘʰʪʨʠʭʦʚʘʥʥʦʡ ʦʙʣʘʩʪʴʶ. ɺʟʘʠʤʦ-

ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʥʪʘʢʪʘʤʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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https://doi.org/10.24411/2520-6990-2019-10508


ζColloquium - journal Ȼ#16(40 ),2019 / TECHNICAL SCIENCE 95 

 

 
ʈʠʩʫʥʦʢ 1. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʢʦʥʪʘʢʪʘʤʠ 

 

ɺ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ ʵʧʶʨʳ ʩʪʨʝʣʦʯʢʘʤʠ 

ʧʦʢʘʟʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ 

ʩ ʦʩʪʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʭʝʤʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʩʠʛʥʘʣ ʥʝ ʧʦʩʪʫʧʠʪ ʥʘ ʢʘʪʫʰʢʫ ʚʢʣʶʯʝʥʠʷ YAʉ ʜʦ 

ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʟʘʤʢʥʫʪ ʢʦʥʪʘʢʪ SQ1.2. ɺ 

ʵʧʶʨʝ ʧʦʣʦʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩʭʝʤʳ 

ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʪʦʯʢʠ, ʧʦʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʧʝʨʝʩʝʯʝʥʠʠ ʣʠʥʠʠ (ʫʢʘʟʳʚʘʶʱʝʡ ʚʟʘʠʤʦʩʚʷʟʴ) ʠ 

ʢʦʥʪʘʢʪʘ (ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʫʯʠʪʳʚʘʪʴʩʷ). 

ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦʣʦʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʥʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʦʣʦʞʝ-

ʥʠʝ ʜʨʫʛʦʛʦ ʢʦʥʪʘʢʪʘ ï ʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ ʥʠʢʘʢ ʥʝ 

ʦʪʦʙʨʘʞʘʝʪʩʷ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʩʫʪʠ ʧʨʦʠʩʭʦʜʷʱʝʛʦ 

ʤʦʞʥʦ ʚʩʧʦʤʥʠʪʴ ʧʨʦʩʪʝʡʰʫʶ ʩʭʝʤʫ ʤʘʢʩʠʤʘʣʴ-

ʥʦ-ʪʦʢʦʚʦʡ ʟʘʱʠʪʳ ʩ ʧʫʩʢʦʤ ʧʦ ʥʘʧʨʷʞʝʥʠʶ, ʛʜʝ 

ʧʦʣʦʞʝʥʠʝ ʢʦʥʪʘʢʪʘ ʨʝʣʝ ʪʦʢʘ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʦʣʦ-

ʞʝʥʠʝ ʢʦʥʪʘʢʪʘ ʨʝʣʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʦʜʥʘʢʦ ʥʘʣʠʯʠʝ ʣʠʙʦ ʦʪʩʫʪʩʪʚʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʦʙʤʦʪʢʝ ʢʘʪʫʰʢʠ ʦʪʢʣʶʯʝʥʠʷ ʟʘʚʠʩʠʪ ʠʤʝʥʥʦ ʦʪ 

ʩʨʘʙʦʪʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʚʫʭ ʨʘʥʝʝ ʧʝʨʝʯʠʩʣʝʥ-

ʥʳʭ ʨʝʣʝ, ʧʨʠ ʨʘʟʦʤʢʥʫʪʦʤ ʩʦʩʪʦʷʥʠʠ ʭʦʪʷ ʙʳ 

ʦʜʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩʠʛʥʘʣ ʥʘ ʧʨʠʚʦʜ ʦʪʢʣʶʯʝʥʠʷ ʥʝ 

ʧʨʦʡʜʝʪ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ çʀè). 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʧʦʩʪʨʦʝʥʠʷ ʵʧʶʨʳ ʷʚʣʷ-

ʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʢʦʥʪʘʢʪʘʤʠ. 

ʉʪʨʝʣʦʯʢʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʥʘ ʢʘʢʦʡ ʵʣʝ-

ʤʝʥʪ ʩʭʝʤʳ ʧʦʚʣʠʷʝʪ ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʦʧʨʝ-

ʜʝʣʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʩʨʘʙʘʪʳʚʘʥʠʝ 

ʧʫʩʢʦʚʦʛʦ ʦʨʛʘʥʘ ʢʘʢʦʡ-ʣʠʙʦ ʟʘʱʠʪʳ ʤʦʞʝʪ ʧʨʠ-

ʚʝʩʪʠ, ʝʩʪʝʩʪʚʝʥʥʦ, ʢ ʧʦʜʘʯʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙ-

ʤʦʪʢʫ ʦʪʢʣʶʯʝʥʠʷ ʚʳʢʣʶʯʘʪʝʣʷ ʠ ʫʢʘʟʘʪʝʣʴʥʦʝ 

ʨʝʣʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʢ ʯʝʤʫ ʧʨʠ-

ʚʝʜʸʪ ʚʦʟʚʨʘʪ ʢʦʥʪʘʢʪʘ ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʵʪʦ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʪʨʝʣʦʯʢʦʡ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʩʧʨʘʚʘ ʦʪ 

ʢʦʥʪʘʢʪʘ. 

ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʫʢʘʟʘʪʴ 

ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʨʠʚʦʜʘ ʚʳʢʣʶʯʘʪʝʣʷ ʠ ʧʝ-

ʨʝʡʪʠ ʢ ʧʨʦʚʝʨʢʝ ʧʦʩʪʨʦʝʥʥʦʡ ʵʧʶʨʳ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʩ ʥʘʥʝʩʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ 

ʧʦ ʧʦʨʷʜʢʫ, çʩʚʝʨʭʫ-ʚʥʠʟè. ʆʜʥʘʢʦ ʵʪʦ ʥʠ ʚ ʢʦʝʤ 

ʩʣʫʯʘʝ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʪʘʢʦʡ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠ ʙʫʜʫ ʩʨʘʙʘʪʳʚʘʪʴ ʠ ʢʦʥʪʘʢʪʳ. ʇʨʠʤʝʨ ʧʦ-

ʩʪʨʦʝʥʠʷ ʵʧʶʨʳ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. ɺ ʢʘʯʝ-

ʩʪʚʝ ʦʙʨʘʟʮʘ ʚʟʷʪʘ ʩʭʝʤʘ ʤʘʢʩʠʤʘʣʴʥʦ-ʪʦʢʦʚʦʡ 

ʟʘʱʠʪʳ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʚʢʣʶʯʝʥʠʷ 

ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʩ ʦʜʥʦʩʪʦʨʦʥʥʠʤ ʧʠʪʘʥʠ-

ʝʤ ʦʜʥʦʛʦ ʠʟ ʣʘʙʦʨʘʪʦʨʥʳʭ ʩʪʝʥʜʦʚ ʧʦ ʨʝʣʝʡʥʦʡ 

ʟʘʱʠʪʝ. 

 
ʈʠʩʫʥʦʢ 2. ʇʨʠʤʝʨ ʧʦʩʪʨʦʝʥʠʷ ʵʧʶʨʳ  



96 TECHNICAL SCIENCE / ζColloquium - journal Ȼ# 16(40),2019 

ʇʦʩʪʨʦʝʥʠʝ ʵʧʶʨ ï ʭʦʨʦʰʘʷ ʪʨʝʥʠʨʦʚʢʘ ʜʣʷ 

ʥʘʯʠʥʘʶʱʠʭ ʨʝʣʝʡʱʠʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ï ʩʪʫʜʝʥʪʦʚ 

ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʯʪʝʥʠʶ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʩʭʝʤ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʳ ʫʜʝʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ ʚʨʝʤʝʥʠ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʫʯʠʪʳ-

ʚʘʪʴ ʩʣʦʞʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʧʶʨʳ ʤʦʛʫʪ ʠʩ-

ʧʨʘʚʠʪʴ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ, ʠʭ ʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ ï 

ʣʠʙʦ ʧʦ ʧʦʩʪʨʦʝʥʥʦʡ ʵʧʶʨʝ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʧʨʠʥ-

ʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ ʨʝʣʝʡʥʦʡ ʟʘʱʠʪʝ, ʣʠʙʦ ʧʦ ʩʭʝ-

ʤʝ ʧʦʩʪʨʦʠʪʴ ʵʧʶʨʫ ʠ ʪ.ʜ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
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ɸʥʥʦʪʘʮʠʷ 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʚ ʨʝʘʢʪʦʨʝ 

çɸʢʘʮʠʷè ʥʘ ʧʨʠʤʝʨʝ ʦʜʥʦʛʦ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʉʠʙʠʨʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʈʘʩʩʤʦʪʨʝʥ ʦʪʝʯʝʩʪʚʝʥʥʳʡ 

ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ. ʇʨʝʜʣʦʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʩʯʸʪ ʟʘʤʝʥʳ ʨʝʘʛʝʥʪʘ. ʇʨʦʩʯʠʪʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʠʟʚʣʝʯʝ-

ʥʠʷ. 

Abstract 

This article describes a method of processing of gravity concentrates in the Acacia leach reactor. As an ex-

ample there is gravity concentrates of one of the Siberian gold ore fields. There is considered domestic experi-

ence of using new highly effective chemical additives. The possibility of improving is proposed by replacing the 

reagent. Factors of gold recovery have calculated. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɿʦʣʦʪʦ, ʚʳʱʝʣʘʯʠʚʘʥʠʝ, ʮʠʘʥʠʨʦʚʘʥʠʝ, ʨʝʘʛʝʥʪ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʢʦʥʮʝʥʪʨʘʪ, 

Acacia. 

Keywords: Gold, leaching, cyanidation, reagent, gravity concentrates, Acacia.  

 

ɺɺɽɼɽʅʀɽ 

ʆʜʥʦʡ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʝ-

ʨʝʨʘʙʦʪʢʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʷʚʣʷʝʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʝ ʮʠʘʥʠʨʦʚʘʥʠʝ ʚ ʫʩʪʘʥʦʚʢʝ çAcaciaè. 

ʉʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʠʟʚʣʝʢʘʪʴ ʜʦ 99 % ʟʦʣʦʪʘ [3]. 

ɺʦʟʤʦʞʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʚʦʚʣʝʢʘʪʴ 

ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʬʣʦʪʘʮʠʦʥʥʳʝ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʠ 

ʦʙʲʝʜʠʥʸʥʥʳʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʬʣʦʪʘʮʠʦʥʥʳʝ ʢʦʥ-

ʮʝʥʪʨʘʪʳ [3, 5]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪ-

ʢʦʤ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʫʝʤʳʭ ʦʢʠʩʣʠʪʝʣʝʡ [1-4, 7]. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʘʛʨʝʛʘʪʦʤ, ʦʜʥʘʢʦ, ʧʨʦ-

ʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʨʝʰʘʶʪʩʷ ʦʪʣʘʜʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

[7,8]. ʊʘʢ, ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʨʝʘʛʝʥʪʦʚ.  

ʈʦʩʪ ʧʦʢʘʟʘʪʝʣʝʡ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ - ʘʢʪʫ-

ʘʣʴʥʳʡ ʚʦʧʨʦʩ, ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʮʝʣʠ ʨʘʙʦʪʳ ʚʭʦ-

ʜʠʪ ʧʦʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʮʝʩʩʘ ʟʘ ʩʯʸʪ ʫʚʝ-

ʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʘʛʝʥʪʦʚ-ʦʢʠʩʣʠʪʝʣʝʡ. 

ʉʦʛʣʘʩʥʦ ʪʠʧʦʚʦʡ ʩʭʝʤʝ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚʝʜʫ-

ʱʠʤʠ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ɿʀʌ [3,6], 

ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, 

ʧʦʜʨʝʰʸʪʥʳʡ ʧʨʦʜʫʢʪ ʛʨʘʚʠʪʘʮʠʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʝ ʮʠʘʥʠʨʦʚʘʥʠʝ. 
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ɻʨʘʚʠʪʘʮʠʦʥʥrʡ 
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ʆʙʝʟʟʦʣʦʯʝʥʥrʡ 

ʨʘʩʪʚʦʨ
ʂʘʪʦʜʥrʡ ʦʩʘʜʦʢ

ʅʘ ʧʝʨʝʨʘʙʦʪʢʫ 
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ʩʧʦʩʦʙʦʤ

ʅʘ ʧʝʨʝʨʘʙʦʪʢʫ 

ʩʦʨʙʮʠʦʥʥrʤ 

ʮʠʘʥʠʨʦʚʘʥʠʝʤ

ʆʪʤr ʚʢʘ ʦʪ ʟʦʣʦʪʘ, 

ʜʘʣɹʥʝʡh ʘ̫ ʧʝʨʝʨʘʙʦʪʢʘ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ

ʈʝʘʛʝʥʪr

ʅʘ 

ʨʫʜʦʧʦʜʛʦʪʦʚʢʫ 

ʠ ʦʙʦʛʘɦʝʥʠʝ

 
ʈʠʩʫʥʦʢ 1. ʊʠʧʦʚʘʷ ʩʭʝʤʘ ʫʯʘʩʪʢʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ 

 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʮʠʘʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʩʪʘʥʦʚʢʠ ConSep Acacia CS8000, ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ 

ʜʦʙʘʚʣʷʝʪʩʷ ʟʘʨʫʙʝʞʥʳʡ ʨʝʘʛʝʥʪ LeachAid. 

LeachAid ʪʝʭʥʦʣʦʛʠʯʝʥ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʜʦʙʥʦʛʦ ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʚ ʪʚʸʨʜʦʤ ʚʠʜʝ ʚ 

ʥʘʯʘʣʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʆʢʠʩʣʠʪʝʣʴ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʙʝʟʦʧʘʩʥʳʡ. ʅʘʧʨʠʤʝʨ, ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ LeachAid, ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʣʷʪʴ ʧʦʩʪʝʧʝʥʥʦ, ʚ ʩʚʷʟʠ ʩʦ ʚʩʪʫʧʣʝʥʠʝʤ ʝʸ ʚ ʨʝʘʢʮʠʶ ʩ ʮʠʘʥʠ-

ʜʘʤʠ. ʂ ʪʦʤʫ ʞʝ, ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ ʦʙʨʘʟʫʝʪ ʪʦʢʩʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ɺ.ɺ. 

ʇʝʣʠʭʘ ʠ ɺ.ʄ. ʉʘʣʦʚʘ (ʀʨʛʠʨʝʜʤʝʪ), ʧʦ ʩʨʘʚʥʝʥʠʶ, ʩ ʜʨʫʛʠʤʠ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʝʘʛʝʥ-

ʪʘʤʠ, LeachAid ʧʦʢʘʟʳʚʘʝʪ ʜʦʩʪʦʡʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [7]: 

 

 
ʈʠʩʫʥʦʢ 2. ɼʘʥʥʳʝ ʠʩʧʳʪʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ (Acacia) 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʮʠʘʥʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ-

ʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʢʘʟʘʪʝʣʝʤ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ LeachAid ʠʟʚʣʝʯʝʥʠʝ ʟʦʣʦʪʘ 

ʜʦʩʪʠʛʘʝʪ ʚ ʩʨʝʜʥʝʤ 96-97 %, ʦʜʥʘʢʦ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʯʘʱʝ ʧʘʜʘʝʪ ʜʦ 90-93 %. ɼʘʥʥʳʡ ʩʧʘʜ ʤʦʞʥʦ ʦʙʲ-

ʷʩʥʠʪʴ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʤʦʩʪʴʶ ʠʟʚʣʝʯʝ-
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ʥʠʷ ʦʪ ʥʝʧʦʩʪʦʷʥʥʦʛʦ ʩʦʩʪʘʚʘ ʛʨʘʚʠʦʢʦʥʮʝʥʪʨʘʪʘ, 

ʣʠʙʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʫʩʪʘʥʦʚʢʠ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʧʘʨʘʤʝʪʨʦʚ. ʇʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʢʦʥʮʝʥʪʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ 600 ʛ/ʪ ʟʦʣʦʪʘ, ʩʥʠʞʝ-

ʥʠʝ ʠʟʚʣʝʯʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʦʡ, ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦʠʩʢʝ ʭʠʤʠʯʝ-

ʩʢʠʭ ʜʦʙʘʚʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ. ʊʘʢ, ʧʦʠʩʢ, ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʟʘʤʝʥʘ ʨʝʘʛʝʥʪʘ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʸʪʝ ʤʦʛʫʪ ʧʦʚʳ-

ʩʠʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʝʨʝʜʝʣʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʮʠ-

ʘʥʠʨʦʚʘʥʠʷ. 

ʉʨʝʜʠ ʨʘʟʥʦʦʙʨʘʟʠʷ ʨʝʘʛʝʥʪʦʚ [2, 4] ʦʩʦʙʦ 

ʚʳʜʝʣʷʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ, ʘ ʠʤʝʥʥʦ, ʥʠʪʨʦʩʦʝʜʠ-

ʥʝʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ ʩʠʣʴʥʦʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ: (I) RNO2 Ÿ(II ) RNO Ÿ (III ) 

RN=N(O)R Ÿ (IV) RN=NR. ʉʦʝʜʠʥʝʥʠʷ ʩʪʘʙʠʣʠ-

ʟʠʨʫʶʪ ʢʦʤʧʣʝʢʩʳ Au (I) [3].  

ɹʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ɽʚʜʦʢʠʤʦʚʘ ɸ. ɺ. ʠ 

ɺʦʡʣʦʰʥʠʢʦʚʘ ɻ. ʀ. (ʠʥʩʪʠʪʫʪ çʀʨʛʠʨʝʜʤʝʪè) ʠʟ 

ʨʘʙʦʪ [3] ʠ [2] ʠʟʚʝʩʪʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʘʟʦʪʠʩʪʳʭ ʨʝʘʛʝʥʪʦʚ ʥʘ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʘʭ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʀʥʩʪʠʪʫʪ ʧʨʝʜʩʪʘʚʠʣ ʰʠʨʦʢʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ 

ʨʝʘʛʝʥʪʦʚ-ʫʩʢʦʨʠʪʝʣʝʡ ʠ ʧʦʢʘʟʘʣ ʚʣʠʷʥʠʝ ʥʘ ʧʦʢʘ-

ʟʘʪʝʣʠ ʠʟʚʣʝʯʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝ-

ʢʦʪʦʨʳʝ ʠʟ ʥʠʭ: 

ʊʘʙʣʠʮʘ 2 

ɺʣʠʷʥʠʝ ʨʝʘʛʝʥʪʦʚ-ʫʩʢʦʨʠʪʝʣʝʡ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʮʠʘʥʠʨʦʚʘʥʠʷ ʟʦʣʦʪʘ  

ʠʟ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ 

ʈʝʘʛʝʥʪ ʉʦʜʝʨʞʘʥʠʝ Au ʚ ʠʩʭʦʜ. ʢʦʥʮ. -ʪʝ, ʛ/ʪ ʀʟʚʣʝʯʝʥʠʝ Au, % 

NBA 271.0 96.7 

NBA-A 258.5 97.5 

K 245.5 96.9 

Leach Well 249.3 96.3 

 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʧʳʪʘʥʠʷ ʀʨʛʠʨʝʜʤʝʪʘ ʧʦʜ-

ʪʚʝʨʜʠʣʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʫʩʪʘʥʦʚʦʢ ʠʥʪʝʥʩʠʚ-

ʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʨʝʘʛʝʥʪʘ-

ʤʠ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʘʛʝʥ-

ʪʦʚ-ʫʩʢʦʨʠʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʘʨʦʤʘʪʠʯʝʩʢʠʝ 

ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʷ ʈʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

çNBAè, çNBA- ɸè ʠ çʂè [3]. 

ʉʦʛʣʘʩʥʦ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʜʣʷ 

ʟʘʤʝʥʳ LeachAid ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʘʛʝʥʪ çNBA-ɸè. 

ʊʘʢʞʝ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜ-

ʣʦʞʝʥʥʳʡ ʨʝʘʛʝʥʪ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝʛʦ ʨʘʩʭʦʜʘ, ʧʦʟ-

ʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʠʟʚʣʝʯʝʥʠʷ ʜʦ 98,7-99% ʟʦʣʦʪʘ 

(ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʟʦʣʦʪʘ ʚ ʛʨʘʚʠʦʢʦʥʮʝʥʪʨʘʪʝ ʦʪ 

200 ʠ ʚʳʰʝ ʛ/ʪ), ʪʦʛʜʘ ʢʘʢ LeachAid ʧʨʠ ʧʦʜʦʙʥʳʭ 

ʫʩʣʦʚʠʷʭ ʜʘʸʪ ʠʟʚʣʝʯʝʥʠʝ 96-97%. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʸʪʦʚ ʢʘʯʝʩʪʚʝʥʥʦ-

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʭʝʤ, ʩ ʫʯʸʪʦʤ ʧʨʦʯʠʭ ʨʘʚʥʳʭ 

ʫʩʣʦʚʠʡ (ʨʅ, ʪʝʤʧʝʨʘʪʫʨʳ, ʦʪʥʦʰʝʥʠʷ ɾ:ʊ, ʩʦʩʪʘ-

ʚʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ), ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʟʘʤʝʥʳ.  

ʇʨʠʥʷʪʦʝ ʠʟʚʣʝʯʝʥʠʝ ʜʣʷ LeachAid ʠ NBA-A, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 97 ʠ 99%  

ʊʘʙʣʠʮʘ 3 

ʊʘʙʣʠʮʘ ʙʘʣʘʥʩʘ ʢʘʯʝʩʪʚʝʥʥʦ-ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʩʭʝʤʳ (ʙʘʟʘ) 

ʀʥʪʝʥʩʠʚʥʦʝ ʮʠʘʥʠʨʦʚʘʥʠʝ ʛʨʘʚʠʦʢʦʥʮʝʥʪʨʘʪʘ 

ʇʦʩʪʫʧʘʝʪ ʂʦʣʠʯʝʩʪʚʦ Au, ʛ/ʯ 

ɻʨʘʚʠʦʢʦʥʮʝʥʪʨʘʪ  727,50000 

ʆʙʝʟʟʦʣʦʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʙʦʨʦʪʥʳʡ 59,0610 

ʈʝʘʛʝʥʪʳ 0,0000 

ʀʪʦʛʦ 786,5610 

ɺʳʭʦʜʠʪ ʂʦʣʠʯʝʩʪʚʦ Au, ʛ/ʯ 

ʅʘʩʳɦʝʥʥʳʡ ʨʘʩʪʚʦʨ 641,0610 

ʍʚʦʩʪʳ  145,50000 

ʀʪʦʛʦ 786,5610 

 

ʊʘʙʣʠʮʘ 4 

ʈʘʩʯʸʪ ʙʘʣʘʥʩʘ ʢʘʯʝʩʪʚʝʥʥʦ-ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʩʭʝʤʳ (ʧʨʦʝʢʪ) 

ʀʥʪʝʥʩʠʚʥʦʝ ʮʠʘʥʠʨʦʚʘʥʠʝ ʛʨʘʚʠʦʢʦʥʮʝʥʪʨʘʪʘ 

ʇʦʩʪʫʧʘʝʪ ʂʦʣʠʯʝʩʪʚʦ Au, ʛ/ʯ 

ɻʨʘʚʠʦʢʦʥʮʝʥʪʨʘʪ  742,50000 

ʆʙʝʟʟʦʣʦʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʦʙʦʨʦʪʥʳʡ 59,08290 

ʈʝʘʛʝʥʪʳ 0,0000 

ʀʪʦʛʦ 801,58290 

ɺʳʭʦʜʠʪ ʂʦʣʠʯʝʩʪʚʦ Au, ʛ/ʯ 

ʅʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ 637,49040 

ʍʚʦʩʪʳ  164,09250 

ʀʪʦʛʦ 801,58290 
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ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʨʦʩʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʠʟʚʣʝʯʝ-

ʥʠʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʦʠʟʚʝʩʪʠ ʟʘʤʝʥʫ ʨʝʘʛʝʥʪʘ LeachAid ʥʘ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ NBA-A, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ, ʩʦʛʣʘʩ-

ʥʦ ʧʨʦʚʝʜʸʥʥʳʤ ʠʥʩʪʠʪʫʪʦʤ ʀʨʛʠʨʝʜʤʝʪ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷʤ, ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

2. ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʦʧʨʦʙʦʚʘʥʠʝ ʥʘ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʢʦʥʮʝʥʪʨʘʪʘʭ ʚ ʨʝʘʢʪʦʨʝ Consep 

Acacia 8000. 

3. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʚ ʭʦʜʝ ʨʘʩʯʸʪʦʚ ʟʥʘ-

ʯʝʥʠʡ, ʘʟʦʪʦʩʦʜʝʨʞʘʱʠʡ ʨʝʘʛʝʥʪ ʨʦʩʩʠʡʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ NBA-A ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʨʘʩʭʦʜ 

ʧʨʠ ʟʘʛʨʫʟʢʝ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʠʟʚʣʝʯʝʥʠʷ (ʜʦ 99% ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʟʦʣʦʪʘ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʢʦʥʮʝʥʪʨʘʪʝ 600 ʛ/ʪ). 

4. ʇʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʪʨʫʜʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʝʘʢʪʦʨʘ Consep Acacia 8000, 

ʥʝʦʙʭʦʜʠʤʘ ʦʪʨʘʙʦʪʢʘ ʨʝʞʠʤʦʚ. 
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ʋʩʢʦʚ ʀʚʘʥ ɸʣʝʢʩʘʥʜʨʦʚʠʯ  

ʉʪʫʜʝʥʪ, ʌɻɹʆʋ ɺʆ çʊɻɸʉʋè  

 

ʉʈɸɺʅɽʅʀɽ ʄɽʊʆɼɸ ʂʆʅɽʏʅʓʍ ʈɸɿʅʆʉʊɽʁ ʀ ʄɽʊʆɼɸ ʂʆʃʃʆʂɸʎʀʁ ʇʆ 

ʆʇʈɽɼɽʃɽʅʀʖ ʂʈʀʊʀʏɽʉʂʀʍ ʉʀʃ ʉʊɽʈɾʅɽʁ ʇɽʈɽʄɽʅʅʆɻʆ ʉɽʏɽʅʀʗ 

 

Uskov Ivan Aleksandrovich  

Student, OF THE "TRACEè  

 

COMPARISON OF FINITE DIFFERENCE METHOD AND A COLLOCATION METHOD FOR 

DETERMINING THE CRITIC AL FORCES IN RODS OF VARIABLE CROSS SECTION 

 

ɸʥʥʦʪʘʮʠʷ 

ʊʝʤʦʡ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʤʝʪʦʜʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʣ ʩʪʝʨʞʥʝʡ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ. ʄʝʪʦʜ ʢʦʣʣʦʢʘʮʠʡ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʨʞʥʝʡ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ. ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʪʝʨʞʥʠ, ʠʤʝʶʱʠʝ ʧʝʨʝʤʝʥʥʦʝ ʩʝʯʝʥʠʝ, ʥʦ ʨʘʩ-

ʯʝʪ ʠʭ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʟʳʚʘʝʪ ʪʨʫʜʥʦʩʪʠ. ɿʘʜʘʯʘ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙ-

ʨʘʟʦʤ: ʟʘʜʘʥ ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʳʡ ʩʪʝʨʞʝʥʴ, ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʠʯʝʩʢʫʶ ʩʠʣʫ. 

ɸʥʥʦʪʘʮʠʷ 

ʊʝʤʦʡ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʤʝʪʦʜʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʣ ʩʪʝʨʞʥʝʡ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ. ʄʝʪʦʜ ʢʦʣʣʦʢʘʮʠʡ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʨʞʥʝʡ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ. ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʪʝʨʞʥʠ, ʠʤʝʶʱʠʝ ʧʝʨʝʤʝʥʥʦʝ ʩʝʯʝʥʠʝ, ʥʦ ʨʘʩ-

ʯʝʪ ʠʭ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʟʳʚʘʝʪ ʪʨʫʜʥʦʩʪʠ. ɿʘʜʘʯʘ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙ-

ʨʘʟʦʤ: ʟʘʜʘʥ ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʳʡ ʩʪʝʨʞʝʥʴ, ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʠʯʝʩʢʫʶ ʩʠʣʫ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʂʨʠʪʠʯʝʩʢʠʝ ʩʠʣʳ, ʫʩʪʦʡʯʠʚʦʩʪʴ, ʦʧʨʝʜʝʣʝʥʠʝ, ʬʦʨʤʫʣʠʨʦʚʢʘ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ, ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʬʫʥʢʮʠʷ. 

Keyword. Critical forces, stability, definition, formulation, differential equation, integration, function. 

 

ɺ ʢʫʨʩʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʤʳ ʠʟʫʯʠ-

ʣʠ ʩʪʝʨʞʝʥʴ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʇʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʥʘʰʣʠ ʬʦʨʤʫʣʫ ʕʡʣʝʨʘ. ɼʣʷ ʩʪʝʨʞʥʷ ʧʝʨʝʤʝʥʥʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ EI ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʪ ʭ 

ʧʦʵʪʦʤʫ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

http://econf.rae.ru/pdf/2010/09/3d8e28caf9.pdf
https://zolotodb.ru/article/10673
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ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ ʫʜʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ. 

ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʚʤʝʩʪʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʪ.ʝ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʨʘʟʥʦʩʪʝʡ ʠ ʤʝʪʦʜ ʢʦʣʣʦʢʘʮʠʡ. 

ʉʪʝʨʞʝʥʴ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ: 

 

 
ʈʠʩʫʥʦʢ 1. ʉʪʝʨʞʝʥʴ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʥʫʞʥʦ ʬʫʥʢʮʠʶ ʟʘʧʠʩʘʪʴ ʯʝʨʝʟ ʢʦʥʝʯʥʳʝ 

ʨʘʟʥʦʩʪʠ. ʉʫʪʴ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʟʘʤʝʥʠʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪʥʦʰʝʥʠʷʤʠ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. ʋ 

ʥʘʩ ʝʩʪʴ ʢʘʢʘʷ-ʪʦ ʬʫʥʢʮʠʷ, ʟʘʤʝʥʷʝʤ ʝʝ ʧʘʨʘʙʦʣʦʡ, ʢʦʵʬʬʠʮʠʝʥʪʳ, ʘ, b, ʩ ʥʝʠʟʚʝʩʪʥʳ. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʠʩʭʦʜʠʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʢʨʠʚʘʷ ʜʦʣʞʥʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ 3 ʪʦʯʢʠ. 

 

 
ʈʠʩʫʥʦʢ 2. ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ 

 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʟʘʧʠʩʘʥʥʦʝ ʚ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʷʭ, ʠʤʝʝʪ ʚʠʜ: 

 

 yi+1 -2yi+ yi-1dx2+ ai2yi=0  (1) 

 

ʀ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

ʂʦʵʬʬʠʮʠʝʥʪ ɓ ʤʳ ʚʚʝʣʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʳʨʘʟʠʪʴ ʧʝʨʝʤʝʥʥʫʶ ʞʝʩʪʢʦʩʪʠ ʯʝʨʝʟ ʢʘʢʦʡ-ʪʦ ʧʘʨʘʤʝʪʨ 

ʦʜʥʦʛʦ ʩʝʯʝʥʠʷ (I0). 

ʀ ʜʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʩʣʫʯʘʝʚ ʠ ʩʨʘʚʥʠʤ ʨʝʟʫʣʴʪʘʪʳ. 

 

 yi-1+ Bi2-2yi+ yi+1 =0  (2) 

 

ʈʘʟʙʠʚʘʝʤ ʙʘʣʢʫ ʥʘ ʜʚʘ ʫʯʘʩʪʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳ ʧʦʣʫʯʘʝʤ ʟʥʘʯʝʥʠʝ I0, ʪʘʢ ʢʘʢ ʚ ʰʘʨʥʠʨʘʭ 0. 

 

 
ʈʠʩʫʥʦʢ 3. ʈʘʟʙʠʪʠʝ ʩʪʝʨʞʥʷ 

 

ɽʩʣʠ ʨʘʟʙʠʚʘʪʴ ʙʘʣʢʫ ʥʘ 4 ʫʯʘʩʪʢʘ, ʪʦ ʬʘʢʪʠʯʝʩʢʠ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʞʝʩʪʢʦʩʪʴ ʩʪʝʨʞʥʷ ʩʪʘʥʦʚʠʪʩʷ 

ʩʪʫʧʝʥʯʘʪʘʷ ʧʝʨʝʤʝʥʥʘʷ. 

-ɼʣʷ ʢʘʞʜʦʛʦ ʩʝʯʝʥʠʷ ʥʘʰʣʠ ʞʝʩʪʢʦʩʪʴ. 

-ʇʘʨʘʤʝʪʨ ɓ ʚʳʨʘʟʠʤ ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʝʜʥʝʡ ʪʦʯʢʠ. 

ʊʘʢ ʞʝ ʤʳ ʧʨʦʚʝʣʠ ʨʘʩʯʝʪʳ, ʩ ʫʯʝʪʦʤ ʩʠʤʤʝʪʨʠʠ, ʧʨʠ ʜʝʣʝʥʠʠ ʙʘʣʢʠ ʥʘ 8 ʫʯʘʩʪʢʦʚ  
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ʅʘ ʪʘʙʣʠʮʝ ʚʠʜʠʤ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠ ʩʨʘʚʥʠʚʘʝʤ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʙʦʣʴ-

ʰʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʩʠʣʳ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʜʝʣʝʥʠʠ ʥʘ 8 ʫʯʘʩʪʢʦʚ. 

 

 
ʈʠʩʫʥʦʢ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

 

ʂʨʘʪʢʠʝ ʚʳʚʦʜʳ: 

1. ʄʝʪʦʜ ʦʙʣʘʜʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʧʨʠʤʝ-

ʥʝʥʠʷ. 

2. ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʠʤʝʥʷʪʴ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʝʣʴʟʷ ʧʦʣʫʯʠʪʴ 

ʟʘʤʢʥʫʪʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ (ʪʦ ʝʩʪʴ ʚ ʦʩ-

ʥʦʚʥʦʤ ʜʣʷ ʩʪʝʨʞʥʝʡ ʩ ʧʝʨʝʤʝʥʥʦʡ ʞʝʩʪʢʦʩʪʴʶ).  

3. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʫʯʘʩʪʢʦʚ ʜʝʣʝ-

ʥʠʷ ʪʦʯʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ, ʦʜʥʘʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʚʳʧʦʣʥʝʥʠʡ.  

4.ʇʨʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ ʦʧʠʨʘʥʠʷ ʩʪʝʨʞʥʷ 

ʥʝʦʙʭʦʜʠʤʦ ʫʨʘʚʥʝʥʠʝ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʯʝʪ-

ʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ.  

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʦʛʠʙʘ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʨʷʜʘ: 

 

 y= i=1 naiʒi(x)  (3) 

 

ʕʪʦʪ ʨʷʜ ʜʦʣʞʝʥ ʦʪʚʝʯʘʪʴ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠ-

ʷʤ. ɺ ʨʘʥʝʝ ʧʨʠʚʝʜʝʥʥʦʤ ʩʪʝʨʞʥʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠ-

ʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚ ʦʧʦʨʘʭ ʷʚʣʷʶʪʩʷ: 

ʇʝʨʝʤʝʱʝʥʠʝ ʠ ʋʛʦʣ ʧʦʚʦʨʦʪʘ, ʘ ʩʪʘʪʠʯʝʩʢʠʤʠ: 

ʄʦʤʝʥʪ. 

ɽʩʣʠ ʫ ʥʘʩ ʙʫʜʝʪ ʩʪʝʨʞʝʥʴ ʞʸʩʪʢʦʛʦ ʟʘʱʝʤʣʝ-

ʥʠʷ, ʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ: ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʫʛʦʣ ʧʦʚʦ-

ʨʦʪʘ ʙʫʜʝʪ ʨʘʚʝʥ ʥʫʣʶ, ʘ ʩʪʘʪʠʯʝʩʢʠ: ʤʦʤʝʥʪʘ, 

ʧʦʧʝʨʝʯʥʦʡ ʠ ʧʨʦʜʦʣʴʥʘʷ ʩʠʣʘ ʥʝ ʨʘʚʥʳ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʫʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚ-

ʥʝʥʠʝ 4-ʛʦ ʧʦʨʷʜʢʘ ʠ ʪʦʛʜʘ ʧʦʷʚʣʷʝʪʩʷ ʟʘʢʦʥ ʦʪʦ-

ʨʚʘʥʥʳʭ ʪʦʯʝʢ. ʊʦ ʝʩʪʴ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʘʧʧʨʦʢʩʠ-

ʤʠʨʦʚʘʪʴ ʠʟʦʛʥʫʪʫʶ ʧʨʷʤʫʶ ʥʫʞʥʦ ʝʱʸ ʟʥʘʪʴ 

ʪʦʯʢʠ ʟʘ ʢʦʥʪʫʨʦʤ ʠ ʜʘʣʝʝ ʵʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʫʩʣʦʚʠʷ ʩʠʤʤʝʪʨʠʠ. 

ʅʘʰʘ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʠʯʝʩʢʫʶ ʩʠʣʫ 

ʜʣʷ ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʦʛʦ ʩʪʝʨʞʥʷ ʧʝʨʝʤʝʥʥʦʛʦ ʩʝ-

ʯʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 1-ʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʤʳ ʚʟʷʣʠ ʦʜ-

ʥʫ ʪʦʯʢʫ ʢʦʣʣʦʢʘʮʠʡ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʧʦʩʨʝ-

ʜʠʥʝ ʩʪʝʨʞʥʷ, ʘ ʬʦʨʤʫ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʧ-

ʧʨʦʢʩʠʤʠʨʫʝʤ ʧʨʠ ʧʦʤʦʱʠ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʪ.ʢ. ʫ 

ʥʘʩ ʚʩʝʛʦ ʦʜʥʘ ʧʦʩʪʦʷʥʥʘʷ ʘ1 ʠ ʚʟʷʣʠ ʧʨʦʠʟʚʦʜ-

ʥʳʝ. 

ʊʘʢʞʝ ʜʣʷ ʨʘʩʯʸʪʘ ʚʟʷʣʠ 2 ʪʦʯʢʠ ʢʦʣʣʦʢʘʮʠʡ ʚ 

ʧʫʥʢʪʘʭ l/4 ʠ l/2. 

ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʪʦʯʢʠ ʚʳʯʠʩʣʠʣʠ ʧʨʦʠʟʚʦʜʥʫʶ 

ʵʪʦʡ ʬʫʥʢʮʠʠ. 

ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʬʫʥʢʮʠʡ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦ-

ʨʷʪʴ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʚʝ-

ʨʠʪʴ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʠʣʠ ʥʝʪ ʤʳ ʚʳʯʠʩʣʠʣʠ ʧʨʦ-

ʠʟʚʦʜʥʳʝ, ʧʦʜʩʪʘʚʠʣʠ ʚ ʬʦʨʤʫʣʳ ʠ ʧʦʣʫʯʠʣʠ ʟʥʘ-

ʯʝʥʠʷ. 

ʄʳ ʟʘʥʝʩʣʠ ʥʘʰʠ ʠʟʤʝʨʝʥʠʷ ʚ ʪʘʙʣʠʮʫ ʠ 

ʩʨʘʚʥʠʣʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʳ ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʯʝʢ ʢʦʣ-

ʣʦʢʘʮʠʡ ʪʦʯʥʦʩʪʴ ʤʝʪʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʥʦ ʚʦʟ-

ʨʘʩʪʘʝʪ ʪʨʫʜʦʸʤʢʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ. 

 

ʂʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʢʦʣʣʦʢʘʮʠʠ  ʇʨʠʤʝʯʘʥʠʝ 

1 9,87  

2 8,62  

ʈʠʩʫʥʦʢ 4 ï ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʧʨʠʚʝʜʸʥʥʳʭ ʧʨʠʤʝʨʦʚ, ʤʳ 

ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʢʨʘʪʢʠʝ ʚʳʚʦʜʳ  

Å ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʯʝʢ ʢʦʣʣʦʢʘʮʠʡ ʪʦʯʥʦʩʪʴ 
ʤʝʪʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʥʦ ʚʦʟʨʘʩʪʘʝʪ ʪʨʫʜʦʸʤʢʦʩʪʴ 

ʚʳʯʠʩʣʝʥʠʡ. 

Å ʄʝʪʦʜ ʦʙʣʘʜʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʠʟʤʝ-
ʥʝʥʠʷ ʠ ʜʘʸʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ.  

Å ʊʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ ʤʝʪʦʜʦʤ 
ʢʦʣʣʦʢʘʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ ʥʘ ʩʢʦʣʴʢʦ ʪʦʯʥʦ ʚʳ-

ʙʨʘʥʥʘʷ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʠʩʪʠʥʦʡ ʬʦʨʤʝ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

ɺ ʩʪʘʪʴʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʤʝʪʦʜʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʨʠʪʠʯʝ-

ʩʢʠʭ ʩʠʣ ʩʪʝʨʞʥʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ. ʇʦ ʠʪʦʛʫ 

ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 
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ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘ-

ʮʠʦʥʘʣʴʥʳʤ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʝʪʦʜʘ ʢʦʣʣʦʢʘʮʠʡ.  

ʊʘʢʞʝ, ʧʝʨʚʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʠʡ ʦʙʲ-

ʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪ-

ʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʧʨʠʦʨʠʪʝʪ-

ʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʠ ʚʳʙʦʨʝ ʥʘʠʣʫʯʰʝʛʦ ʤʝʞʜʫ 

ʜʘʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʣ 

ʩʪʝʨʞʥʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ. 
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PROVIDING ACCESS CONTROL OF EXTERNAL APPLICATIONS TO RUNOS CONTROLLER 

RESOURSES IN SDN NETWORKS 

 

ɸʥʥʦʪʘʮʠʷ:  

ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʝʪʠ ʥʝ ʚʩʝʛʜʘ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʧʝʨʝʜʘʚʘʝʤʦʡ 

ʧʦ ʩʝʪʠ ʠʥʬʦʨʤʘʮʠʠ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʧʨʦʛʨʘʤʤʥʦ-ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʩʝʪʝʡ. ʂʣʶʯʝʚʳʤ ʵʣʝ-

ʤʝʥʪʦʤ ʪʘʢʠʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʣʝʨ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʢʦʪʨʦʣʣʝʨ Runos, ʧʦʢʘʟʘʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʢʦʥʪʨʦʣʴ ʜʦ-

ʩʪʫʧʘ ʚʥʝʰʥʠʭ ʧʨʠʣʦʞʝʥʠʡ ʢ ʨʝʩʫʨʩʘʤ ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʧʨʠʣʦʞʝʥʠʷ. 

Summary:  

Traditional networks are not always able to efficiently process large amounts of information transmitted 

over the network. This has led to the emergence of software-configured networks. The key element of such net-
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works is the controller. This article discusses the Runos controller, shows the need to create additional software 

that provides control of external application access to controller resources, and suggests an application model. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʇʨʦʛʨʘʤʤʥʦ-ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʝ ʩʝʪʠ, Runos. 

Key words: Software-defined networks, Runos. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʝʤʠʪʝʣʴ-

ʥʳʡ ʨʦʩʪ ʦʙʲʝʤʦʚ ʧʝʨʝʜʘʚʘʝʤʦʡ ʧʦ ʩʝʪʠ ʠʥʬʦʨʤʘ-

ʮʠʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʩʝʪʠ ʥʝ ʚʩʝʛʜʘ ʩʧʦʩʦʙʥʳ ʵʬ-

ʬʝʢʪʠʚʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʪʘʢʠʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ. ʕʪʦ 

ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʧʨʦʛʨʘʤʤʥʦ-

ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʩʝʪʝʡ. ʈʳʥʦʢ SDN ʪʝʭʥʦʣʦʛʠʡ 

ʨʘʩʪʸʪ ʠ ʧʦ ʧʨʦʛʥʦʟʘʤ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ ʨʘʩʪʠ [1]. 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʣʶʙʦʡ ʧʨʦʛʨʘʤʤʥʦ-

ʢʦʥʬʠʛʫʨʠʨʫʝʤʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʣʝʨ. ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʝʢʪʦʚ, 

ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ.  

Runos ï ʧʝʨʚʳʡ ʨʦʩʩʠʡʩʢʠʡ ʢʦʥʪʨʦʣʣʝʨ. ʆʩ-

ʥʦʚʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷ-

ʶʪʩʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʦʢʦʣʦ 30 

ʤʣʥ. ʧʦʪʦʢʦʚ ʚ ʩʝʢʫʥʜʫ ʠ ʚʨʝʤʷ ʥʘ ʫʩʪʘʥʦʚʢʫ ʥʦ-

ʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ð 45 ʤʢʩ. ʈʘʟʨʘʙʦʪʯʠʢʠ ʟʘʷʚʣʷ-

ʶʪ, ʯʪʦ ʥʘ 2014 ʛʦʜ ʵʪʦ ʩʘʤʳʡ ʙʳʩʪʨʳʡ SDN ʢʦʥ-

ʪʨʦʣʣʝʨ ʚ ʤʠʨʝ [2].  

ɺ ʧʨʦʝʢʪʝ ʨʝʘʣʠʟʦʚʘʥ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ, ʩ ʧʦʤʦ-

ʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦ-

ʷʥʠʝ ʩʝʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʢ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʠ-

ʣʦʞʝʥʠʷʤ ʢʦʥʪʨʦʣʣʝʨʘ ʤʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʝ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʨʘʩʰʠʨʠʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʕʪʠ ʧʨʠʣʦʞʝʥʠʷ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʞʝ ʠʤʝʶʱʫʶʩʷ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʩʪʴ ʢʦʥʪʨʦʣʣʝʨʘ ʩ ʧʦʤʦʱʴʶ REST API. 

ɺʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʢʦʥʪʨʦʣʣʝʨʘ ʨʘʟʜʝʣʝʥʘ 

ʥʘ ʦʪʜʝʣʴʥʳʝ ʤʠʢʨʦʩʝʨʚʠʩʳ, ʧʦʵʪʦʤʫ ʢʦʥʪʨʦʣʣʝʨ 

ʥʝʦʪʜʝʣʠʤ ʦʪ ʩʚʦʠʭ ʧʨʠʣʦʞʝʥʠʡ. ʆʙʱʘʷ ʩʭʝʤʘ 

ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʝʜʩʪʘʚ-

ʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1 [3]. 

 
ʈʠʩʫʥʦʢ 1 ð ʆʙʱʘʷ ʩʭʝʤʘ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʢʦʥʪʨʦʣʣʝʨʘ RUNOS 

 

ɺʦʟʤʦʞʥʳʝ ʫʛʨʦʟʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

REST API, ʚʦʟʥʠʢʘʶʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʜʦʩʪʫʧ ʢ API 

ʚʦʟʤʦʞʝʥ ʩ ʩʝʨʚʝʨʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʦʤʠʤʦ ʮʝʣʝʚʳʭ 

ʧʨʠʣʦʞʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʚʨʝʜʦʥʦʩ-

ʥʳʝ. ʀʩʧʦʣʴʟʫʷ ʚʦʟʤʦʞʥʦʩʪʠ REST API ʪʘʢʠʝ 

ʧʨʠʣʦʞʝʥʠʷ ʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʝʪʠ, ʥʦ ʜʘʞʝ ʥʘʨʫʰʠʪʴ ʝʝ 

ʨʘʙʦʪʫ [4]. 

ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪ-

ʩʷ ʜʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʜʘʥʥʳʤ ʫʛʨʦʟʘʤ, ʩʘʤʳʡ 

ʥʘʜʝʞʥʳʡ ð ʵʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʥʦʩʪʠ ʢ API. 

ʊʦ ʝʩʪʴ ʥʫʞʥʦ ʚʳʜʝʣʠʪʴ ʢʦʤʧʣʝʢʩ ʚʥʫʪʨʝʥʥʠʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʟʘʚʝʜʦʤʦ ʥʘʜʝʞʥʳʭ, ʚʳʜʝʣʠʪʴ ʠʤ 

ʩʝʨʚʝʨ ʠ ʨʘʟʨʝʰʠʪʴ ʠʤ ʜʦʩʪʫʧ ʢ API. ʅʦ ʵʪʦʪ ʤʝ-

ʪʦʜ ʜʦʩʪʘʪʦʯʥʦ ʥʝʫʜʦʙʝʥ, ʪʘʢ ʢʘʢ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʨʘʙʦʪʳ ʩʝʪʠ ʤʦʞʝʪ ʧʦʥʘʜʦʙʠʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-

ʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ. 

ʉʣʝʜʫʶʱʠʡ ʚʘʨʠʘʥʪ ð ʘʚʪʦʨʠʟʘʮʠʷ ʧʨʠʣʦ-

ʞʝʥʠʡ. ʕʪʦʪ ʤʝʪʦʜ ʙʦʣʝʝ ʫʜʦʙʝʥ, ʧʦʪʦʤʫ ʯʪʦ ʧʨʠ 

ʘʚʪʦʨʠʟʘʮʠʠ ʧʨʠʣʦʞʝʥʠʷ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʥʝ ʪʦʣʴʢʦ ʜʦʩʪʫʧʘ ʢ API, ʥʦ 

ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʜʦʩʪʫʧ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʦʪ-

ʜʝʣʴʥʳʭ ʟʘʧʨʦʩʦʚ, ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠ-

ʣʦʞʝʥʠʶ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʘʚʘ. 

ɼʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʦʣʞʥʦ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: 

- ʩʦʟʜʘʥʠʝ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ; 

- ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ; 

- ʘʚʪʦʨʠʟʘʮʠʶ ʚʥʝʰʥʠʭ ʧʨʠʣʦʞʝʥʠʡ. 

ʉʦʟʜʘʥʠʝ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʫʯʝʪʥʳʭ ʟʘʧʠʩʝʡ 

ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʠʟ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ. ʋ 

ʢʘʞʜʦʡ ʫʯʝʪʥʦʡ ʟʘʧʠʩʠ ʜʦʣʞʥʘ ʙʳʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʘʥʦʚʠʪʴ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʟʘʧʨʦʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠʣʦʞʝʥʠʷ ʙʫʜʫʪ ʧʦʣʫʯʘʪʴ ʠʥ-

ʬʦʨʤʘʮʠʶ ʠ ʠʤʝʪʴ ʜʦʩʪʫʧ ʪʦʣʴʢʦ ʢ ʪʝʤ ʚʦʟʤʦʞʥʦ-
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ʩʪʷʤ ʩʝʪʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʠʭ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʧʦʤʦ-

ʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʨʫʰʝʥʠʷ 

ʨʘʙʦʪʳ ʩʝʪʠ. 
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USING THE MODEL OF COMPUTER ATTACKS TO PREVENT THE ACTIONS OF CYBER 

CRIMES BASED ON THE CYBER THREAT FRAMEWORK MODEL  

 

ɸʥʥʦʪʘʮʠʷ: ʂʠʙʝʨʧʨʝʩʪʫʧʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʣʘʥ ʟʘ-

ʱʠʪʳ ʩʧʦʩʦʙʥʳʡ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʜʝʡʩʪʚʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ ʜʦ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʙʫʜʫʪ ʩʦʚʝʨʰʝʥʳ. ɼʣʷ 

ʵʪʦʡ ʮʝʣʠ ʚ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ Cyber Threat Framework, ʢʘʢ ʦʩʥʦʚʫ ʪʘʢʦʤʫ ʧʣʘ-

ʥʫ, ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʘʨʠʘʥʪʳ ʫʣʫʯʰʝʥʠʷ ʤʦʜʝʣʠ. 

Summary: Cybercrime is constantly growing; it is necessary to create a universal protection plan that can 

predict the actions of intruders before they are committed. For this purpose, the article proposed the use of the 

Cyber Threat Framework model as the basis for such a plan, an example of the use and options for improving 

the model. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʴ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʘʪʘʢʘ, ʢʠʙʝʨʫʛʨʦʟʘ, ʢʠʙʝʨʙʝʟʦʧʘʩ-

ʥʦcʪʴ, ʤʝʨʳ ʟʘʱʠʪʳ 

Key words: model of computer attacks, computer attacks, cyber threats, cyber-security, protection 

measures. 

 

ʆʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʩʦʜʝʨʞʠʪ-

ʩʷ ʚ ʢʠʙʝʨʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʧʨʠʚʦ-

ʜʠʪ ʢ ʩʝʨʴʝʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ɼʘʥʥʳʝ, ʥʘʭʦʜʷ-

ʱʠʝʩʷ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʧʘʩʥʦʩʪʠ 

ʩʦ ʩʪʦʨʦʥʳ ʭʘʢʝʨʦʚ. ʂʘʞʜʳʡ ʛʦʜ ʯʠʩʣʦ ʘʪʘʢ ʟʣʦ-

ʫʤʳhʣʝʥʥʠʢʦʚ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ʀʉ) 

ʢʦʨʧʦʨʘʮʠʡ, ʧʨʝʜʧʨʠʷʪʠʡ, ʦʙʳʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʨʘʩʪʝʪ. ʇʦ ʜʘʥʥʳʤ ʩʪʘʪʠʩʪʠʢʠ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ [1], 

ʚ ʧʝʨʚʦʤ ʢʚʘʨʪʘʣʝ 2018 ʛʦʜʘ ʯʠʩʣʦ ʘʪʘʢ, ʥʘʧʨʘʚ-

ʣʝʥʥʳʭ ʥʘ ʧʝʨʩʦʥʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦʣʴʟʦʚʘ-
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ʪʝʣʝʡ, ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 32% ʚ ʩʨʘʚʥʝʥʠʠ ʩ 2017 ʛʦ-

ʜʦʤ (23%), ʚ 53% ʩʣʫʯʘʝʚ ʥʘʧʘʜʝʥʠʡ ʧʨʝʩʣʝʜʫʝʪʩʷ 

ʬʠʥʘʥʩʦʚʘʷ ʚʳʛʦʜʘ. ɼʦʣʷ ʘʪʘʢ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʘʚʠʣʘ 52%.  

ɿʘ 2017 ʛʦʜ ʚ ʉʐɸ ʧʨʦʠʟʦʰʣʦ ʙʦʣʝʝ 130 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʫʪʝʯʝʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʘʨʛʝʪʠʨʦ-

ʚʘʥʥʳʭ ʢʠʙʝʨʘʪʘʢ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʟʘ ʛʦʜ ʚʳʨʦʩ ʥʘ 

27 % [2]. ɺ 2019 ʛʦʜʫ ʫʱʝʨʙ ʦʪ ʘʪʘʢ ʚʳʤʦʛʘʪʝʣʝʡ 

ʚʦʟʨʘʩʪʝʪ ʜʦ $11,5 ʤʠʣʣʠʘʨʜʦʚ [2].  

ɿʘ ʧʝʨʚʫʶ ʧʦʣʦʚʠʥʫ 2018 ʛʦʜʘ ʧʨʘʚʦʦʭʨʘʥʠ-

ʪʝʣʴʥʳʤʠ ʦʨʛʘʥʘʤʠ ʈʌ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 

121 ʪʳʩ. 247 ʧʨʝʩʪʫʧʣʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʩʦ-

ʚʝʨʰʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʀʊ ʪʝʭʥʦʣʦʛʠʡ. ɿʘ 

ʚʝʩʴ 2017 ʛʦʜ - 90 ʪʳʩ. 587 [3]. ʄʦʰʝʥʥʠʯʝʩʢʠʝ 

ʜʝʡʩʪʚʠʷ, ʩʦʚʝʨʰʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʧʣʘʪʝʞʘ (ʩʪʘʪʴʷ 159.3 ʋʂ ʈʌ), 

ʚʦʟʨʦʩʣʠ ʚ 7 ʨʘʟ ʚ ʧʝʨʚʦʤ ʧʦʣʫʛʦʜʠʝ 2018 ʛʦʜ [3]. 

ʇʨʠ ʵʪʦʤ ʥʘ 19,6% ʫʤʝʥʴʰʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩ-

ʩʣʝʜʦʚʘʥʥʳʭ ʧʨʝʩʪʫʧʣʝʥʠʡ, ʚʳʨʦʩʣʦ ʥʘ 30,5% 

ʯʠʩʣʦ ʥʝʨʘʩʢʨʳʪʳʭ ʧʨʝʩʪʫʧʣʝʥʠʡ [3]. 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʢʠʙʝʨʧʨʝʩʪʫʧʥʠʢʘʤʠ ʥʝʦʙʭʦʜʠ-

ʤʦ ʠʤʝʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʢʘʢ ʦʥʠ ʙʫʜʫʪ ʜʝʡ-

ʩʪʚʦʚʘʪʴ. ɾʝʣʘʪʝʣʴʥʦ, ʟʥʘʪʴ ʥʝ ʪʦʣʴʢʦ ʮʝʣʴ, ʥʘ 

ʢʦʪʦʨʫʶ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥʥʘ ʚʨʝʜʦʥʦʩʥʘʷ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ, ʥʦ ʠ ʪʘʢʪʠʢʫ, ʪʝʭʥʠʢʠ, ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʭʘ-

ʢʝʨʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʩʦ-

ʟʜʘʪʴ ʪʘʢʦʝ ʩʨʝʜʩʪʚʦ ʙʦʨʴʙʳ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ 

ʨʘʩʢʨʳʚʘʪʴ ʧʣʘʥ ʠ ʜʝʡʩʪʚʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ.  

ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʩʪʘʪʴ ʨʘʟ-

ʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ. ʆʥʘ ʙʫʜʝʪ 

ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʪʴ ʠ ʦʧʠʩʳʚʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ 

ʜʝʡʩʪʚʠʷ, ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ ʘʪʘʢʫʶʱʠʭ, ʦʧʨʝʜʝ-

ʣʷʪʴ ʚʝʢʪʦʨʳ ʘʪʘʢ, ʠʥʩʪʨʫʤʝʥʪʳ ʟʣʦʫʤʳʰʣʝʥʥʠ-

ʢʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʥʘʧʘʜʝʥʠʷ, ʤʝʨʳ ʟʘʱʠ-

ʪʳ, ʧʦʤʦʛʘʪʴ ʦʮʝʥʠʪʴ ʩʝʨʴʝʟʥʦʩʪʴ ʧʦʩʣʝʜʩʪʚʠʡ. 

ɿʥʘʷ ʚʩʝ ʜʝʡʩʪʚʠʷ ʘʪʘʢʫʶʱʠʭ, ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ 

ʫʩʧʝʰʥʫʶ ʟʘʱʠʪʫ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʜʘʥʥʳʭ. ʊʘʢʫʶ ʤʦʜʝʣʴ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʥʘ ʦʩʥʦʚʝ 

ʩʫʱʝʩʪʚʫʶʱʝʡ. 

ʄʦʜʝʣʴ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ çCyber Threat 

Frameworkè ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ 

ʉʐɸ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʠ ʢʘʪʝʛʦʨʠʟʘʮʠʠ ʩʦʙʳʪʠʡ ʢʠʙʝʨʫʛʨʦʟ [5], 

ʘ ʪʘʢʞʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʘʪʘʢ ʠʣʠ ʠʟʤʝʥʝʥʠʡ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʦʚʦʜʠʤʦʡ 

ʢʠʙʝʨʧʨʦʪʠʚʥʠʢʘʤʠ.  

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʠʤʝʥʠʤʘ ʢʦ ʚʩʝʤ, ʢʪʦ ʩʚʷʟʘʥ 

ʠʣʠ ʨʘʙʦʪʘʝʪ ʩ ʢʠʙʝʨʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʝʝ ʧʨʠʥʮʠʧʠ-

ʘʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ 

ʦʧʠʩʳʚʘʝʪ ʠ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʨʝʜʦʥʦʩʥʦʡ 

ʢʠʙʝʨʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ ʠ ʩʚʷʟʘʥ-

ʥʳʡ ʩ ʥʝʡ çʣʝʢʩʠʢʦʥè [6] ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʩʨʝʜʩʪʚʘ 

ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʢʠʙʝʨʫʛʨʦʟ ʪʘʢ, 

ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʳʡ ʦʙʤʝʥ ʠʥʬʦʨʤʘ-

ʮʠʝʡ ʠ ʘʥʘʣʠʟ ʢʠʙʝʨʫʛʨʦʟ, ʯʪʦ ʧʦʣʝʟʥʦ ʢʘʢ ʜʣʷ 

ʣʠʮ, ʠʤʝʶʱʠʭ ʩʪʘʨʰʫʶ ʜʦʣʞʥʦʩʪʴ, ʧʨʠʥʠʤʘʶʱʠʭ 

ʨʝʰʝʥʠʷ, 

ʪʘʢ ʠ ʜʣʷ ʩʦʪʨʫʜʥʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʙʦʣʝʝ ʫʟʢʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ (ʩʪʘʞʝʨʳ, ʤʣʘʜʰʠʝ ʠʥʞʝʥʝʨʳ ʠ ʪ.ʜ.). 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʚ ʜʘʥʥʫʶ ʤʦʜʝʣʴ ʤʦʞʥʦ ʩʦʟʜʘʪʴ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʣʘʥ ʧʦ ʟʘʱʠʪʝ ʦʪ ʢʠʙʝʨʘʪʘʢ ʟʣʦ-

ʫʤʳʰʣʝʥʥʠʢʦʚ. 

 ʉʪʨʫʢʪʫʨʘ ʦʭʚʘʪʳʚʘʝʪ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʨʦʪʠʚ-

ʥʠʢʘ ʦʪ ʧʦʜʛʦʪʦʚʢʠ ʩʠʣ, ʩʨʝʜʩʪʚ ʠ ʮʝʣʝʡ ʜʦ ʧʝʨ-

ʚʦʥʘʯʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʮʝʣʷʤʠ ʠʣʠ ʚʨʝ-

ʤʝʥʥʳʤʠ ʥʝʥʘʚʷʟʯʠʚʳʤʠ ʩʙʦʷʤʠ ʩʦ ʩʪʦʨʦʥʳ ʧʨʦ-

ʪʠʚʥʠʢʘ, ʜʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʩʰʠʨʝʥʠʷ 

ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʮʝʣʝʚʳʭ ʩʝʪʷʭ, ʜʦ ʩʦʟʜʘʥʠʷ ʵʬ-

ʬʝʢʪʦʚ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʢʨʘʞʠ, ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ 

ʠʣʠ ʥʘʨʫʰʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 1 ʚʠʜʥʦ, ʯʪʦ ʤʦʜʝʣʴ 

ʩʦʩʪʦʠʪ ʠʟ 4 ʩʪʘʜʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʮʝʣʠ ʧʨʦʚʝʜʝʥʠʷ 

ʜʝʡʩʪʚʠʷ ʠʣʠ ʩʝʨʠʠ ʜʝʡʩʪʚʠʡ ʚ ʢʘʞʜʦʡ ʠʟ ʥʠʭ. 

 
ʈʠʩʫʥʦʢ 1. ʄʦʜʝʣʴ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ CTF 
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ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ, ʩʦ ʩʚʷ-

ʟʘʥʥʳʤ ʩ ʥʝʡ çʣʝʢʩʠʢʦʥʦʤè, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ-

ʩʷ ʜʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʢʠʙʝʨʜʝʷʪʝʣʴ-

ʥʦʩʪʠ [7]. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʠ:  

- ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʚʘʨʠʘʮʠʝʡ, ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʤʦʜʝʣʝʡ, ʩʧʦʩʦʙʩʪʚʫʷ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠ, ʚʦʟʤʦʞʥʦ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ ʦʙʤʝʥʫ ʜʘʥʥʳʤʠ ʠ ʧʦʥʠʤʘʥʠʶ 

ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ; 

- ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪ ʜʝʷʪʝʣʴ-
ʥʦʩʪʴ, ʩʚʷʟʘʥʥʫʶ ʩ ʫʛʨʦʟʦʡ ʥʝʟʘʤʳʩʣʦʚʘʪʳʤ ʩʧʦ-

ʩʦʙʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʥʳʭ 

ʠʥʮʠʜʝʥʪʘʭ, ʥʘʯʠʥʘʷ ʦʪ ʧʨʠʥʷʪʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʜʦ ʘʥʘʣʠʟʘ ʜʝʡʩʪʚʠʡ ʘʪʘʢʫʶʱʠʭ ʠ ʚʳʨʘ-

ʙʦʪʢʠ ʤʝʨ ʢʠʙʝʨʟʘʱʠʪʳ, ʘ ʪʘʢʞʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ 

ʦʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʰʠʨʦʢʦʛʦ ʧʨʦʬʠʣʷ ʜʦ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʵʢʩʧʝʨʪʦʚ; 

- ʧʦʜʜʝʨʞʢʘ ʦʙʱʝʡ ʩʠʪʫʘʮʠʦʥʥʦʡ ʦʩʚʝʜʦʤ-
ʣʝʥʥʦʩʪʠ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ; 

- ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʧʨʘʚʥʫʶ ʪʦʯʢʫ ʜʣʷ ʦʨʛʘʥʠ-
ʟʘʮʠʡ, ʢʦʪʦʨʳʝ ʝʱʝ ʥʝ ʦʧʨʝʜʝʣʠʣʠʩʴ ʩ ʟʘʱʠʪʥʳʤʠ 

ʤʝʨʘʤʠ; 

- ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʦʡ, ʥʦ ʛʠʙʢʠʡ ʩʦʚʤʝʩʪ-
ʥʳʡ ʩʧʦʩʦʙ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʢʘʪʝʛʦʨʠʟʘʮʠʠ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʥʘʣʠʟ, ʧʨʠʥʷ-

ʪʠʝ ʨʝʰʝʥʠʡ ʠ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ; 

- ʦʙʣʝʛʯʘʝʪ ʘʥʘʣʠʟ ʢʠʙʝʨʫʛʨʦʟ ʠ ʘʥʘʣʠʟ ʨʘʟ-
ʨʳʚʦʚ (ʤʝʪʦʜ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʡ ʜʣʷ ʧʦʠʩʢʘ ʯʠʩʣʘ ʜʝʡʩʪʚʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʟʘʜʘʥʥʦʡ ʮʝʣʠ), ʘ ʪʘʢʞʝ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝ-

ʤʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʝʣʠ ʢʦʤ-

ʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʉTF ʘʥʘʣʠʟʠʨʫʷ ʢʦʤʧʨʦʤʝʪʘʮʠʶ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʧʦʯʪʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʊʘʙʣʠʮʘ 1.  

ʇʦʣʫʯʝʥʠʝ (ʠʟʤʝʥʝʥʠʝ) ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʧʦʯʪʳ 

ʋʨʦʚʥʠ ʎʝʣʠ ɼʝʡʩʪʚʠʷ ʀʥʜʠʢʘʪʦʨʳ 

ʇʦʜʛʦʪʦʚʢʘ ʈʘʟʨʘʙʦʪʢʘ ʨʝʩʫʨʩʦʚ ʠ ʚʦʟʤʦʞ-

ʥʦʩʪʝʡ 

ʉʦʟʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʜʦʩʪʠ-

ʞʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ 

ʢʠʙʝʨʜʝʷʪʝʣʴʥʦʩʪʠ 

ʇʦʯʪʦʚʳʝ ʘʢʢʘʫʥʪʳ 

ɹʘʥʢʦʚʩʢʠʝ ʩʯʝʪʘ 

ʇʨʠʦʙʨʝʪʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʟʥʘ-

ʥʠʷ ʦ ʞʝʨʪʚʘʭ 

ʇʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ ʩʦ-

ʮʠʘʣʴʥʳʭ ʩʝʪʷʭ 

ʇʦʩʝʱʝʥʠʝ ʩʘʡʪʦʚ 

ʞʝʨʪʚʳ 

ɺʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʨʝʜʧʦʣʘʛʘ-

ʝʤʦʡ ʞʝʨʪʚʦʡ 

ʋʙʝʞʜʘʪʴ ʣʶʜʝʡ ʜʝʡ-

ʩʪʚʦʚʘʪʴ ʦʪ ʠʤʝʥʠ ʩʫʙʲ-

ʝʢʪʘ ʫʛʨʦʟ 

ʉʦʜʝʨʞʘʥʠʝ ʧʠʩʴʤʘ 

ɼʦʩʪʘʚʢʘ ʚʨʝʜʦʥʦʩʥʳʭ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ 

ʆʪʧʨʘʚʠʪʴ ʧʠʩʴʤʦ ʉʦʜʝʨʞʘʥʠʝ ʧʠʩʴʤʘ 

ʇʨʠʩʫʪʩʪʚʠʝ ʋʩʪʘʥʦʚʠʪʴ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʋʩʪʘʥʦʚʣʝʥʠʝ ʥʝʟʘʢʦʥʥʦ-

ʛʦ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʉʦʜʝʨʞʘʥʠʝ ʧʠʩʴʤʘ 

ʕʬʬʝʢ-

ʪʳ/ʇʦʩʣʝʜʩʪ

ʚʠʷ 

ʀʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʠ/ʠʣʠ ʧʦʚʝ-

ʜʝʥʠʷ ʢʦʤʧʴʶʪʝʨʘ, ʩʝʪʠ ʠʣʠ 

ʩʠʩʪʝʤʳ 

ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ 

ʟʘʧʫʩʢʘ ʧʨʦʮʝʩʩʘ ʚ ʩʠ-

ʩʪʝʤʝ ʞʝʨʪʚʳ 

ɼʝʥʴʛʠ ʘʚʪʦʨʠʟʦʚʘʥʥʦ-

ʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʝʨʝ-

ʥʘʧʨʘʚʣʷʶʪʩʷ ʟʣʦ-

ʫʤʳʰʣʝʥʥʠʢʫ 

ɺ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʧʦʜʨʦʙʥʦ ʨʘʩʧʠʩʘʥʳ ʜʝʡ-

ʩʪʚʠʷ ʟʣʦʫʤʳʰʣʝʥʥʠʢʘ ʥʘ ʢʘʞʜʦʤ ʫʨʦʚʥʝ ʤʦʜʝʣʠ 

CTF. ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʧʦʥʠʤʘʪʴ 

ʩʣʝʜʫʶʱʠʡ ʰʘʛ, ʢʦʪʦʨʳʡ ʩʦʚʝʨʰʠʪ ʠʩʧʦʣʥʠʪʝʣʴ 

ʫʛʨʦʟ, ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʝʤʫ, ʧʨʠʤʝʥʷʷ ʤʝʨʳ 

ʟʘʱʠʪʳ ʠʣʠ ʢʦʥʪʨʤʝʨʳ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʣʘʥʘ ʟʘʱʠʪʳ 

ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ 

ʮʝʣʠ ʠ ʜʝʡʩʪʚʠʷ, ʯʪʦ ʧʦʩʣʫʞʠʪ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʤ 

ʘʥʘʣʠʟʦʤ ʜʣʷ ʘʪʘʢʠ, ʚʦʟʤʦʞʥʘ ʠʥʪʝʛʨʘʮʠʷ (ʩʠʥʪʝʟ) 

ʩ ʜʨʫʛʠʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʘʢʪʠʚʥʳʝ ʜʝʡʩʪʚʠʷ ʟʣʦʫʤʳʰ-

ʣʝʥʥʠʢʘ, ʩʦʩʪʘʚʣʝʥʠʝ ʮʝʧʦʯʝʢ ʘʪʘʢ ʧʨʦʪʠʚʥʠʢʘ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʣʫʯʰʝʥʠʷ ʤʦʜʝʣʠ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʘʪʘʢ.  
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FORMATION OF INFORMATION SECURITY CULTURE AMONG CITIZENS  

 

ɸʥʥʦʪʘʮʠʷ:  

ʋʨʦʚʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʛʨʘʞʜʘʥ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʥʠʟʢʠʤ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʦʙʱʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʫʣʴ-

ʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʘ ʧʨʦʙʣʝʤʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʨʘʟ-

ʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. 

Summary:  

The level of information literacy of citizens in modern society is very low. So, it is necessary to form an in-

formation culture in society and, above all, an information security culture, because this problem is one of the 

main problems of the development of modern society.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʢʫʣʴʪʫʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʩʥʦʚʳ 

ʢʫʣʴʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ  

Key words: Information security, information security culture, basics of information security culture 

 

ɺʩʝʦʙʲʝʤʣʶʱʠʡ ʨʦʩʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʚ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʝʪʠ ʧʦʜʣʦʞʥʳʭ ʨʝ-

ʩʫʨʩʦʚ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʜʝʩʪʨʫʢʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʠʥʪʝʨʝʩʳ ʣʠʯʥʦʩʪʠ, ʦʙʱʝʩʪʚʘ ʠ 

ʛʦʩʫʜʘʨʩʪʚʘ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ 

ʦʙʱʝʩʪʚʝ ʛʨʘʞʜʘʥʝ, ʦʙʣʘʜʘʶʱʠʝ ʥʠʟʢʦʡ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʛʨʘʤʦʪʥʦʩʪʴʶ, ʦʢʘʟʳʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʫʷʟʚʠʤʳʤʠ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʤʦʰʝʥʥʠʢʦʚ, 

ʦʨʫʜʫʶʱʠʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ. ɺʩʝ ʵʪʦ, ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʨʠʚʦʜʠʪ ʥʘʥʝʩʝʥʠʶ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʫʱʝʨʙʘ ʛʨʘʞʜʘʥʘʤ ʠʟ-ʟʘ ʠʭ ʥʠʟʢʦʡ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʘ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʚʩʪʘʣʦ ʥʘ ʢʦʤʤʝʨʯʝʩʢʠʝ ʨʝʣʴʩʳ ʠ 

ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʦʤ ʚʳʠʛʨʳʰʘ ʚ ʢʦʥʢʫʨʝʥʪʥʦʡ 

ʙʦʨʴʙʝ, ʘ ʵʪʦ ʧʨʠʚʦʜʠʪ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢ ʧʦʩʪʦ-

ʷʥʥʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʨʝʜʩʪʚ ʠ ʥʘʚʳʢʦʚ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʡ ʠʟ ʛʣʘʚ-

ʥʳʭ ʧʨʦʙʣʝʤ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝ-

ʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʣʠʯʥʦʩʪʠ, ʦʙʱʝʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʧʝʰʥʦ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʧʦ-

ʪʦʢʫ ʚʳʟʦʚʦʚ ʠ ʫʛʨʦʟ, ʠʩʭʦʜʷʱʠʭ ʠʟ ʠʥʬʦʨʤʘʮʠ-

https://www.dni.gov/files/ODNI/documents/features/Cyber_Thre-at_Framework_Lexicon_20180718.pdf
https://www.dni.gov/files/ODNI/documents/features/Cyber_Thre-at_Framework_Lexicon_20180718.pdf
https://www.dni.gov/files/ODNI/documents/features/Cyber_Thre-at_Framework_Lexicon_20180718.pdf
https://www.dni.gov/files/-ODNI/documents/features/Application_of_the_Common_Cyber_Threat_Framework_-_Use_Cases._UNCL._20180718.pdf
https://www.dni.gov/files/-ODNI/documents/features/Application_of_the_Common_Cyber_Threat_Framework_-_Use_Cases._UNCL._20180718.pdf
https://www.dni.gov/files/-ODNI/documents/features/Application_of_the_Common_Cyber_Threat_Framework_-_Use_Cases._UNCL._20180718.pdf
https://www.dni.gov/files/-ODNI/documents/features/Application_of_the_Common_Cyber_Threat_Framework_-_Use_Cases._UNCL._20180718.pdf
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ʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʘʞʜʦʤʫ ʯʣʝʥʫ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʘʜʘʪʴ ʦʧʨʝʜʝʣʝʥ-

ʥʳʤ ʤʠʥʠʤʫʤʦʤ ʟʥʘʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʙʳʪʴ ʛʦʪʦʚʳʤ ʢ ʘʢʪʠʚ-

ʥʦʡ ʙʦʨʴʙʝ ʟʘ ʯʠʩʪʦʪʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʢʠʙʝʨʧʨʝʩʪʫʧʥʠʢʦʚ. ʇʨʠ ʙʳʩʪʨʦ ʚʦʟʨʘʩʪʘʶ-

ʱʝʤ ʫʨʦʚʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʛʨʘʤʦʪʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʠʭ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ ʦʢʘʟʳʚʘʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ 

ʥʠʟʢʠʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʠ ʘʢ-

ʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʷʚʣʷʝʪʩʷ ʬʦʨ-

ʤʠʨʦʚʘʥʠʝ ʚ ʦʙʱʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʢʫʣʴʪʫʨʳ 

ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʫʣʴʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ɼʦʢʪʨʠʥʦʡ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ ʦʪ 5 ʜʝʢʘʙʨʷ 2016 ʛʦʜʘ. ɺ ʥʝʡ ʧʨʷʤʦ ʦʪʤʝʯʝʥʦ, 

ʯʪʦ çʩʦʩʪʦʷʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴʶ ʛʨʘʞ-

ʜʘʥ ʚ ʚʦʧʨʦʩʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè.  

ʊʘʙʣʠʮʘ 1.  

ʉʪʘʪʠʩʪʠʢʘ ʨʦʩʪʘ ʯʠʩʣʘ ʢʠʙʝʨʧʨʝʩʪʫʧʣʝʥʠʡ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʘ ʬʝʜʝʨʘʣʴʥʦʡ 

ʧʘʣʘʪʳ ʘʜʚʦʢʘʪʦʚ. 

 2016 2017 
ʗʥʚʘʨʴ-

ʀʶʥʴ 2018 

ʄʦʰʝʥʥʠʯʝʩʪʚʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ ʧʣʘʪʝʞʘ, ʩʪ. 

159.3 ʋʂ ʈʌ 
226 228 741 

ʇʨʝʩʪʫʧʣʝʥʠʷ ʚ ʩʬʝʨʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʛʣ. 28 ʋʂ ʈʌ 1748 1883 1233 

ʅʝʧʨʘʚʦʤʝʨʥʳʡ ʜʦʩʪʫʧ ʢ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʪ. 272 ʋʂ ʈʌ 994 1079 827 

ʉʦʟʜʘʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʨʝʜʦʥʦʩʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʩʪ. 273 ʋʂ ʈʌ 
751 802 406 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʪʠʩʪʠʢʘ, (ʊʘʙʣʠʮʘ 1), ʢʦ-

ʣʠʯʝʩʪʚʦ ʢʠʙʝʨʧʨʝʩʪʫʧʣʝʥʠʡ ʨʘʩʪʝʪ. ʆʜʥʦʡ ʠʟ 

ʧʨʠʯʠʥ ʵʪʦʛʦ ʬʘʢʪʘ, ʢʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, 

ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʛʨʘʞʜʘʥ ʚ ʦʙʣʘ-

ʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ 

ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʫʯʝʥʠʷ ʚʩʝʭ ʩʣʦʝʚ ʥʘʩʝʣʝʥʠʷ 

ʢʫʣʴʪʫʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʩʪʨʘʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʘʨʝʥʝ. ɺ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ 

ʩʧʝʮʠʘʣʴʥʳʝ ʢʫʨʩʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʧʦʣʴʟʦʚʘʪʝ-

ʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʝʪʠ çʀʥʪʝʨʥʝʪè ʤʦʞʥʦ 

ʥʘʡʪʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʢʫʨʩʦʚ, ʢʦʪʦʨʳʝ 

ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʫʯʝʥʠʷ ʢʫʣʴʪʫ-

ʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʏʪʦʙʳ ʦʮʝʥʠʪʴ 

ʨʝʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʤʘʩʩʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ, ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʠʭ ʩʦʜʝʨʞʘʥʠʝ, ʠʤʝʷ ʚ ʚʠʜʫ 

ʢʦʥʮʝʧʮʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʝʜʣʦʞʝʥʥʫʶ ʨʝʟʦʣʶʮʠʝʡ 

ɻʝʥʝʨʘʣʴʥʦʡ ɸʩʩʘʤʙʣʝʠ ʆʆʅ A/RES/57/239. 

ʇʦ ʤʥʝʥʠʶ ɻʝʥʝʨʘʣʴʥʦʡ ɸʩʩʘʤʙʣʝʠ ʆʆʅ, ʩʦ-

ʟʜʘʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ 

ʜʦʣʞʥʦ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʨʷʜʝ ʙʘʟʦʚʳʭ ʧʨʠʥʮʠʧʦʚ. 

ʕʪʠʭ ʧʨʠʥʮʠʧʦʚ ʜʦʣʞʥʳ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʚʩʝ ʯʣʝ-

ʥʳ ʛʣʦʙʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ (ʛʦʩ-

ʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ, ʧʨʝʜʧʨʠʷʪʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ), ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʩʝʪʠ, ʧʦʩʪʘʚʣʷʶʪ ʠʭ, 

ʚʣʘʜʝʶʪ ʠ ʫʧʨʘʚʣʷʶʪ ʠʤʠ, ʦʙʩʣʫʞʠʚʘʶʪ ʠʣʠ ʠʩ-

ʧʦʣʴʟʫʶʪ ʠʭ. ɻʣʦʙʘʣʴʥʘʷ ʢʫʣʴʪʫʨʘ ʢʠʙʝʨʙʝʟʦʧʘʩ-

ʥʦʩʪʠ ʚ ʪʨʘʢʪʦʚʢʝ ʜʘʥʥʦʡ ʨʝʟʦʣʶʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ 

ʥʘ ʦʩʥʦʚʝ ʜʝʚʷʪʠ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: 

- ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʴ ʦʙ ʫʛʨʦʟʘʭ ʠ ʧʦʜʭʦʜʘʭ ʢ 

ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠ-

ʩʪʝʤ ʠ ʩʝʪʝʡ; 

- ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʟʘ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠ ʩʝʪʝʡ ʩʦʦʙʨʘʟʥʦ 

ʩ ʨʦʣʴʶ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ;  

- ʨʝʘʛʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʠ-

ʥʷʪʠʝ ʩʚʦʝʚʨʝʤʝʥʥʳʭ ʠ ʩʦʚʤʝʩʪʥʳʭ ʤʝʨ ʧʦ ʧʨʝʜʫ-

ʧʨʝʞʜʝʥʠʶ ʠʥʮʠʜʝʥʪʦʚ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʙʝʟʦʧʘʩ-

ʥʦʩʪʴ; 

- ʵʪʠʢʘ ʢʘʢ ʫʯʝʪ ʟʘʢʦʥʥʳʭ ʠʥʪʝʨʝʩʦʚ ʜʨʫʛʠʭ 

ʩʪʦʨʦʥ ʠ ʧʨʠʟʥʘʥʠʝ ʢʘʞʜʳʤ ʫʯʘʩʪʥʠʢʦʤ, ʯʪʦ ʝʛʦ 

ʜʝʡʩʪʚʠʷ ʠʣʠ ʙʝʟʜʝʡʩʪʚʠʝ ʤʦʛʫʪ ʧʨʠʯʠʥʠʪʴ ʚʨʝʜ 

ʜʨʫʛʠʤ; 

- ʜʝʤʦʢʨʘʪʠʷ ʢʘʢ ʥʝʧʨʝʤʝʥʥʦʝ ʩʣʝʜʦʚʘʥʠʝ 

ʮʝʥʥʦʩʪʷʤ ʜʝʤʦʢʨʘʪʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, ʚʢʣʶʯʘʷ 

ʩʚʦʙʦʜʫ ʦʙʤʝʥʘ ʤʳʩʣʷʤʠ ʠ ʠʜʝʷʤʠ ʠ ʩʚʦʙʦʜʥʳʡ 

ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ;  

- ʦʮʝʥʢʘ ʨʠʩʢʘ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ ʦʙʷʟʘʪʝʣʴ-

ʥʫʶ ʦʮʝʥʢʫ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʠʩʢʘ ʣʶʙʳʭ ʜʝʡ-

ʩʪʚʠʡ, ʚʳʷʚʣʝʥʠʝ ʫʛʨʦʟ ʠ ʬʘʢʪʦʨʦʚ ʫʷʟʚʠʤʦʩʪʠ; 

- ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʩʨʝʜʩʪʚ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʘʢ ʚʘʞʥʝʡʰʠʡ ʵʣʝ-

ʤʝʥʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥrʭ ʩʠʩʪʝʤ ʠ ʩʝʪʝʡ;  

- ʫʧʨʘʚʣʝʥʠʝ ʦʙʝʩʧʝʯʝʥʠʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʭʚʘʪʳʚʘʶʱʝʛʦ 

ʚʩʝ ʫʨʦʚʥʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʣʝʥʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʱʝʩʪʚʘ ʠ ʚʩʝ ʘʩʧʝʢʪʳ ʠʭ ʦʧʝʨʘʮʠʡ ʚ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʡ ʩʬʝʨʝ;  

- ʧʝʨʝʦʮʝʥʢʘ ʢʘʢ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʥʝʩʝʥʠʝ 

ʥʘʜʣʝʞʘʱʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʣʠʪʠʢʫ, ʧʨʘʢʪʠʢʫ, ʤʝ-

ʨʳ ʠ ʧʨʦʮʝʜʫʨʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ɻʝʥʝʨʘʣʴʥʘʷ ɸʩʩʘʤʙʣʝʷ ʆʆʅ ʧʨʝʜʣʦʞʠʣʘ 

ʚʩʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʦʨʛʘʥʠʟʘ-

ʮʠʷʤ ʠ ʛʦʩʫʜʘʨʩʪʚʘʤ-ʯʣʝʥʘʤ ʆʨʛʘʥʠʟʘʮʠʠ ʫʯʠʪʳ-

ʚʘʪʴ ʵʪʠ ʵʣʝʤʝʥʪʳ ʚ ʨʘʤʢʘʭ ʠʭ ʫʩʠʣʠʡ ʧʦ ʨʘʟʚʠ-

ʪʠʶ ʚ ʦʙʱʝʩʪʚʝ ʢʫʣʴʪʫʨʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ 

ʨʝʟʦʣʶʮʠʠ ʧʨʷʤʦ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ çʩʝʛʦʜʥʷ ʢʦʤʧʝ-

ʪʝʥʪʥʦʩʪʴ ʚ ʩʬʝʨʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙ-

ʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʫʩʧʝʰʥʦʡ ʩʦʮʠʘʣʠʟʘʮʠʠ ʣʠʯ-

ʥʦʩʪʠ ʚ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ ʦʙʱʝʩʪʚʘè.  

ʉ ʵʪʠʭ ʧʦʟʠʮʠʡ ʧʝʨʝʯʝʥʴ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ 
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ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʦʙʫʯʝʥʠʠ ʚ ʮʝ-

ʣʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʝʜʫʶ-

ʱʠʤ ʩʧʠʩʢʦʤ:  

1. ʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠè. 

ʈʘʟʨʘʙʦʪʯʠʢ: ʅʀʋ ɺʐʕ (ʄʀʕʄ ʠʤ. ɸ. ʅ. ʊʠʭʦ-

ʥʦʚʘ) [13]; 

2. çʄʝʥʝʜʞʤʝʥʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠè. ʈʘʟʨʘʙʦʪʯʠʢ: ʅʀʋ ɺʐʕ (ʄʀʕʄ ʠʤ. ɸ. ʅ. 

ʊʠʭʦʥʦʚʘ) [14]; 

3. çIntroduction to Cybersecurityè (çɺʚʝʜʝʥʠʝ ʚ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴè). ʈʘʟʨʘʙʦʪʯʠʢ: University of 

Washington [15]; 

4. çEssentials of Cybersecurityè (çʆʩʥʦʚʳ ʢʠ-

ʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠè). ʈʘʟʨʘʙʦʪʯʠʢ: University of 

Washington [16]; 

5.  çComputer Systems Securityè (çɹʝʟ-

ʦʧʘʩʥʦʩʪʴ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤè). ʈʘʟʨʘʙʦʪʯʠʢ: 

Massachusetts Institute of Technology [17]. 

ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠʚʦʜʠʪ ʥʘʩ ʢ 

ʩʣʝʜʫʶʱʠʤ ʚʳʚʦʜʘʤ: 

- ʢ ʧʨʠʥʷʪʦʡ ʆʆʅ ʢʦʥʮʝʧʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʣʦʙʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘʠʙʦʣʝʝ 

ʙʣʠʟʢʦ ʧʦʜʭʦʜʷʪ ʢʫʨʩʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʅʀʋ 

ɺʐʕ (ˉˉ 1,2). ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʢʫʨʩʳ 

ʦʯʝʥʴ ʧʦʭʦʞʠ. ʂʫʨʩ ˉ2 ʩʦʩʨʝʜʦʪʦʯʝʥ, ʚ ʦʩʥʦʚʥʦʤ, 

ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʨʘʚʦʚʳʭ ʤʝʪʦʜʘʭ ʟʘʱʠʪʳ ʠʥ-

ʬʦʨʤʘʮʠʠ. ɺʩʝ ʵʪʠ ʢʫʨʩʳ ʠʩʧʦʣʴʟʫʶʪ ʦʜʠʥ ʠ ʪʦʪ 
ʞʝ ʩʮʝʥʘʨʠʡ ʚʠʜʝʦ-ʣʝʢʮʠʠ ʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʜʥʠʤ 

ʠ ʪʝʤ ʞʝ ʘʚʪʦʨʦʤ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʄʀʕʄ ʠʤ. 

ɸ. ʅ. ʊʠʭʦʥʦʚʘ, ɸ. ɺ. ʉʦʨʦʢʠʥʳʤ. ʆʙʱʠʡ ʥʝʜʦ-

ʩʪʘʪʦʢ ʢʫʨʩʦʚ ʅʀʋ ɺʐʕ ð ʥʝ ʨʘʩʩʤʦʪʨʝʥʳ ʛʫʤʘ-

ʥʠʪʘʨʥʳʝ ʘʩʧʝʢʪʳ, ʘ ʪʘʢʞʝ ʧʨʦʙʣʝʤʳ ʩʦʙʩʪʚʝʥʥʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ, ʯʪʦ, ʢʩʪʘʪʠ, ʦʪʤʝʯʝʥʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩ-

ʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʚ ɼʦʢʪʨʠʥʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [1];  

- ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʞʝ 

ʢʫʨʩʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ɺʘʰʠʥʛʪʦʥʩʢʦʤ ʫʥʠʚʝʨ-

ʩʠʪʝʪʝ (ˉˉ 3-4). ʆʜʥʘʢʦ ʚ ʩʦʜʝʨʞʘʪʝʣʴʥʦʤ ʧʣʘʥʝ 

ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʠʥʷʪʦʛʦ ʚ ʈʦʩʩʠʠ ʧʦʜʭʦʜʘ, 

ʥʘʯʠʥʘʷ ʩ ʨʘʟʣʠʯʠʷ ʪʝʨʤʠʥʦʚ, ʥʘʧʨʠʤʝʨ, çʠʥʬʦʨ-

ʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴè ʠ çʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴè. 

ʕʪʦ ʧʦʩʪʦʷʥʥʳʡ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʠʡ ʩʧʦʨ, ʚʦ ʤʥʦ-

ʛʦʤ ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʣʠʪʠʯʝʩʢʠʤʠ ʚʦʧʨʦʩʘʤʠ; 

- ʧʦ ʦʪʜʝʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʦʜʭʦʜʘʤ ʢ 

ʨʝʰʝʥʠʶ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʙʣʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝ-

ʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʫʨʩ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʄʘʩʩʘʯʫ-

ʩʝʪʩʢʠʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ (ˉ 5). ʕʪʠ 

ʤʦʤʝʥʪʳ ʚʧʦʣʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʙʘʟʦʚʦʛʦ ʢʫʨʩʘ ʧʦ ʢʫʣʴʪʫʨʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʝʛʦ ʢʘʢ ʦʩʥʦʚʫ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʢʫʨʩʘ ʥʝʣʴ-

ʟʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʦʚʝʩʪʢʝ ʜʥʷ ʛʣʘʚʥʳʤ ʘʢ-

ʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩʦʤ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ 

ʦʙʫʯʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʫʣʴʪʫʨʳ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʦʙʣʝ-

ʤʘ ʨʘʟʨʘʙʦʪʢʠ ʙʘʟʦʚʦʛʦ ʢʫʨʩʘ, ʩ ʫʩʣʦʚʥʳʤ ʥʘʟʚʘ-

ʥʠʝʤ çʆʩʥʦʚʳ ʢʫʣʴʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠè. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 

1. ɼʦʢʪʨʠʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ: ʇʨʝʟʠʜʝʥʪ ʈʌ ɺ. ɺ. ʇʫʪʠʥ 

ʦʪ 5 ʜʝʢʘʙʨʷ 2016 ʛ. N 646 // ʄ.: ʆʤʝʛʘ ð 2016. 

2. ʈʝʟʦʣʶʮʠʷ ɻʝʥʝʨʘʣʴʥʦʡ ɸʩʩʘʤʙʣʝʠ ʆʆʅ 

A/RES/57/239 çʉʦʟʜʘʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ 

ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠè [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ʈʝ-

ʞʠʤ ʜʦʩʪʫʧʘ: 

http://daccessdds.un.org/doc/UNDOC/GEN/N02/738/

25/ PDF/N0273825.pdf?OpenElement (ʜʘʪʘ ʦʙʨʘʱʝ-

ʥʠʷ: 18.06.2019). 

3. Introduction to Cybersecurityè [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] // ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.coursera.org/learn/cyber-conflict (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 05.03.2019). 

4. ʄʝʥʝʜʞʤʝʥʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠè [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  

https://www.coursera.org/learn/management-

informacionnoi-bezopasnosti. (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

05.03.2019). 

5. çEssentials of Cybersecurityè [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] // ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.edx.org/professional-

certificate/uwashingtonx-essentials-cybersecurity (ʜʘ-

ʪʘ ʦʙʨʘʱʝʥʠʷ: 05.03.2019). 

6. çʄʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠè 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ʈʝʞʠʤ ʜʦʩʪʫ-

ʧʘ:https://www.coursera.org/learn/metody-i-sredstva-

zashity-%20informacii (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

05.03.2019). 

7 çComputer Systems Securityè [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] // ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://ocw.mit.edu/courses/electrical-engineering-

and-computer-science/6-858-computer-systems-

security-fall-2014/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.03.2019). 
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DIGITALIZATION. ORIGIN AND ASPECTS OF DEVELOPMENT  

 

ɸʥʥʦʪʘʮʠʷ:  

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʛʣʘʚʥʳʤ ʘʩʧʝʢʪʘʤ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʜʠʜʞʠʪʘʣʠʟʘʮʠʠ. ɼʘʥʦ ʦʧʨʝʜʝ-

ʣʝʥʠʝ ʪʝʨʤʠʥʘ ʠ ʢʨʘʪʢʦ ʠʟʣʦʞʝʥʘ ʝʛʦ ʠʩʪʦʨʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʬʝʨʳ ʜʠʜʞʠʪʘʣʠʟʘʮʠʠ ʠ 

ʝʝ ʢʦʥʢʨʝʪʥʳʝ ʦʙʣʘʩʪʠ. ɺʳʜʝʣʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʪʨʝʥʜʳ.  

Abstract:  

The article is devoted to the main aspects of the origin and development of digitalization. The definition of 

the term is given and its history is briefly stated. The article describes the scope of digitalization and its specific 

areas. Modern trends are highlighted. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɼʠʜʞʠʪʘʣʠʟʘʮʠʷ, ʩʬʝʨʳ ʜʠʜʞʠʪʘʣʠʟʘʮʠʠ, ʜʠʜʞʠʪʘʣʠʟʘʮʠʷ ʢʫʣʴʪʫʨʳ, ʜʠʜʞʠ-

ʪʘʣʠʟʘʮʠʷ ʧʦʣʠʪʠʢʠ, ʜʠʞʜʠʪʘʣʠʟʘʮʠʷ ʵʢʦʥʦʤʠʢʠ, ʮʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ. 

Keywords: Digitalization, areas of digitalization, digitalization of culture, digitalization of politics, digitali-

zation of the economy, digital economy. 

 

ɽʱʝ 100 ʣʝʪ ʥʘʟʘʜ ʚʤʝʩʪʦ ʢʦʤʧʴʶʪʝʨʦʚ ʥʘʜ 

ʩʣʦʞʥʳʤʠ ʧʨʦʝʢʪʘʤʠ ʪʨʫʜʠʣʠʩʴ ʢʦʤʘʥʜʳ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʣʠ ʨʘʩʯʝʪʳ, ʜʝʣʘʣʠ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʧʨʠʥʠʤʘʣʠ ʨʝʰʝʥʠʷ ʧʦ ʚʩʝʤ 

ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʘʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʇʦʟʞʝ ʠʤʠ 

ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʧʨʠʙʦʨʳ, ʢʦʪʦ-

ʨʳʝ ʫʩʢʦʨʠʣʠ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʥʩʪʨʫʤʝʥ-

ʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʥʝ ʧʨʦʩʪʦ ʨʘʙʦʪʫ ʯʝʣʦʚʝʢʘ, ʥʦ 

ʠ ʚʦʚʩʝ ʠʩʢʣʶʯʠʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ ʪʨʫʜ ʠʟ ʧʨʦʮʝʩʩʘ. 

ʅʘʧʨʠʤʝʨ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʚ ʙʠʟʥʝʩʝ ʚʳ-

ʩʯʠʪʳʚʘʶʪ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʜʫʢ-

ʪʘ, ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʯʝʣʦʚʝʢ ʧʨʠʥʠʤʘʝʪ 

ʨʝʰʝʥʠʝ ʦ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʠʣʠ ʩʦʭʨʘʥʝʥʠʠ 

ʪʝʢʫʱʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʙʦʪʳ. ʇʨʠ ʵʪʦʤ ʚ ʩʘʤʦʤ ʨʘʩ-

ʯʝʪʝ ʧʦʢʘʟʘʪʝʣʝʡ ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ ʠʩʢʣʶʯʝʥʦ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʯʝʥʳʝ ʚʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ 

ʠʟʤʝʥʝʥʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ ʦʙʱʝʩʪʚʘ. ɺʦ-ʧʝʨʚʳʭ, ʪʝʭʥʦʣʦʛʠʠ ʨʘʟ-

ʚʠʚʘʶʪʩʷ ʙʳʩʪʨʝʝ ʠ ʣʶʜʷʤ ʥʝʦʙʭʦʜʠʤʦ ʘʜʘʧʪʠʨʦ-

ʚʘʪʴʩʷ ʧʦʜ ʥʦʚʳʝ ʫʩʣʦʚʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʪʝʭʥʦʣʦʛʠʶ 

ʚʣʠʷʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʥʦ ʠ ʥʘ 

ʩʧʦʩʦʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʦʢʨʫʞʘʶʱʠʤ ʤʠʨʦʚ ï 

ʧʦʚ̫ʠʣʠʩʴ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʨʘʙʦʪʳ, ʦʙʱʝʥʠʷ, ʩʦ-

ʟʜʘʥʠʷ ʢʫʣʴʪʫʨʥʳʭ ʮʝʥʥʦʩʪʝʡ. ɺ-ʪʨʝʪʴʠʭ, ʠʟʤʝʥʷ-

ʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦ ʤʥʦʛʠʭ ʧʨʦʬʝʩʩʠʷʭ, ʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʦʬʝʩʩʠʡ ʨʠʩʢʫʝʪ ʩʪʘʪʴ ʥʝʥʫʞʥʳ-

ʤʠ ʠ ʧʦʜ ʵʪʦ ʪʘʢʞʝ ʧʨʝʜʩʪʦʠʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ. 

ʊʝʨʤʠʥ çɼʠʜʞʠʪʘʣʠʟʘʮʠʷè ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʘʥ-

ʛʣʠʡʩʢʦʛʦ çdigitalisationè - ʦʮʠʬʨʦʚʳʚʘʥʠʝ, ʧʝʨʝ-

ʚʦʜ ʚ ʧʦʣʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ɸʤʝʨʠʢʘʥʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʪʝʨʤʠʥ ʙʳʣ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥ ʚ 1971 

ʛʦʜʫ ʧʨʦʬʝʩʩʦʨʦʤ ʈʦʙʝʨʪʦʤ ɺʘʪʯʝʣʦʤ ʚ ʜʦʢʣʘʜʝ ʦ 

ʧʦʩʣʝʜʩʪʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʨʘʙʦʪʝ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ. 

ʉʘʤ ʪʝʨʤʠʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦ-

ʤʠʯʝʩʢʫʶ ʩʬʝʨʫ ʦʙʱʝʩʪʚʘ, ʥʦ ʠ ʜʨʫʛʠʝ ʩʬʝʨʳ ï 

ʧʦʣʠʪʠʯʝʩʢʫʶ, ʩʦʮʠʘʣʴʥʫʶ, ʢʫʣʴʪʫʨʥʫʶ. ɺ ʙʠʟʥʝ-

ʩʝ ʧʦʜ ʜʠʜʞʠʪʘʣʠʟʘʮʠʝʡ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʝʨʝʭʦʜ ʢ 

ʛʣʦʙʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʠʙʳʣʠ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʩʦ-

ʮʠʘʣʴʥʦʡ, ʧʦʣʠʪʠʯʝʩʢʦʡ ʠ ʢʫʣʴʪʫʨʥʳʭ ʩʬʝʨʘʭ ï 

ʧʝʨʝʥʦʩ ʧʦʣʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʧʨʦʬʝʩʩʠʡ ʚ ʮʠʬʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʅʘʧʨʠ-

ʤʝʨ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʈʦʩʩʠʠ ʧʦʷʚʠʣʦʩʴ ʤʥʦʞʝ-

ʩʪʚʦ ʩʝʨʚʠʩʦʚ ʜʣʷ ʦʙʱʝʥʠʷ ʣʶʜʝʡ ʠ ʦʙʤʝʥʘ ʦʧʳ-

ʪʦʤ. 

ʊʝʭʥʦʣʦʛʠʠ. ʆʜʥʦ ʠʟ ʛʣʘʚʥʳʭ ʩʚʦʡʩʪʚ ʜʠʜʞʠ-

ʪʘʣʠʟʘʮʠʠ ï ʢʦʥʚʝʨʛʝʥʮʠʷ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʩʦʝʜʠʥʷʶʪ ʚ ʩʝʙʝ 

ʥʝʩʢʦʣʴʢʦ ʩʚʦʡʩʪʚ ʧʨʝʜʤʝʪʦʚ, ʥʘʧʨʠʤʝʨ ʩʤʘʨʪʬʦʥ 

ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʪʝʣʝʬʦʥ, ʤʝʩʩʝʥʜʞʝʨ, ʢʘʣʴʢʫʣʷ-

ʪʦʨ, ʦʨʛʘʥʘʡʟʝʨ, ʬʦʪʦʘʧʧʘʨʘʪ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

ɿʥʘʥʠʷ ʠ ʦʙʫʯʝʥʠʝ. ʇʦʤʠʤʦ ʚʣʠʷʥʠʷ ʥʘ ʦʙ-

ʱʝʥʠʝ ʣʶʜʝʡ ʠ ʫʩʢʦʨʝʥʠʝ ʨʘʙʦʪʳ ʙʠʟʥʝʩʘ, ʜʠʜʞʠ-

ʪʘʣʠʟʘʮʠʷ ʪʘʢʞʝ ʦʢʘʟʘʣʘ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʥʘ-

ʥʠʷ ʣʶʜʝʡ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʠʥʪʝʨʥʝʪʘ 

ʜʦʩʪʫʧ ʢ ʟʥʘʥʠʷʤ ʩʪʘʣ ʧʨʦʱʝ, ʤʘʩʰʪʘʙʥʝʝ ʠ ʜʝ-

ʰʝʚʣʝ. ʀʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʫʶ ʨʘʥʴʰʝ ʤʦʞʥʦ ʙʳ-

ʣʦ ʫʟʥʘʪʴ ʪʦʣʴʢʦ ʠʟ ʢʥʠʛ ʣʠʙʦ ʧʨʠ ʦʙʱʝʥʠʠ ʩʦ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʪʝʧʝʨʴ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʦʪʢʨʳʪʦʤ 

ʜʦʩʪʫʧʝ ʚ ʠʥʪʝʨʥʝʪʝ. ɹʣʘʛʦʜʘʨʷ ʥʦʚʳʤ ʠʥʩʪʨʫʤʝʥ-

ʪʘʤ, ʩʧʝʮʠʘʣʠʩʪʳ ʤʦʛʫʪ ʦʙʱʘʪʴʩʷ ʩ ʢʘʥʜʠʜʘʪʘʤʠ 

ʯʝʨʝʟ ʤʦʙʠʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʩʦʮʩʝʪʠ ʠ ʦʙʣʘʯʥʳʝ 
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ʪʝʭʥʦʣʦʛʠʠ. ʅʘʧʨʠʤʝʨ, ʯʝʣʦʚʝʢ ʧʝʨʝʜ ʩʦʙʝʩʝʜʦʚʘ-

ʥʠʝʤ ʟʘʧʦʣʥʷʝʪ ʥʝ ʧʨʠʚʳʯʥʫʶ ʚʩʝʤ ʘʥʢʝʪʫ ʥʘ ʙʫ-

ʤʘʛʝ, ʘ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʙʦ-

ʪʦʜʘʪʝʣʴ ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʘʝʪ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠʥ-

ʬʦʨʤʘʮʠʶ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʫʚʝʨʝʥʥʦ ʫʪʚʝʨʞʜʘʝʪʩʷ ʥʘ 

ʚʩʝʭ ʵʪʘʧʘʭ ʥʘʡʤʘ ʠ ʦʙʫʯʝʥʠʷ: 

1. ɺʝʙʠʥʘʨʳ, ʢʦʪʦʨʳʝ ʧʨʠʰʣʠ ʥʘ ʩʤʝʥʫ 

ʛʨʫʧʧʦʚʳʤ ʩʝʤʠʥʘʨʘʤ. 

2. ʇʨʦʭʦʞʜʝʥʠʝ ʢʝʡʩʦʚ ʠ ʪʝʩʪʦʚʳʭ ʟʘʜʘʥʠʡ 
ʚʤʝʩʪʦ ʩʦʙʝʩʝʜʦʚʘʥʠʡ. 

3. ʆʙʫʯʝʥʠʝ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʝ ʩʝʨʚʠʩʳ ʠ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʨʪʘʣʳ. 

ʆʮʠʬʨʦʚʢʘ ʚ ʦʙʣʘʩʪʠ HR ʜʘʝʪ ʦʪʣʠʯʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ, ʘ ʠʤʝʥʥʦ ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʨʝʢʨʫ-

ʪʝʨʦʚ ʠ ʨʝʩʸʯʝʨʦʚ, ʫʤʝʥʴʰʝʥʠʝ ʪʝʢʫʯʝʩʪʠ ʢʘʜʨʦʚ, 

ʫʣʫʯʰʝʥʠʝ ʚʦʨʦʥʢʠ ʥʘʡʤʘ ʠ ʧʦʚʳʰʝʥʠʝ ʢʦʥʢʫʨʝʥ-

ʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʂʫʣʴʪʫʨʘ. ɺ ʤʠʨʝ ʧʦʷʚʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʚʦʟ-

ʤʦʞʥʦʩʪʝʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʫʣʴʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ ï 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʠʥʪʝʨʥʝʪʘ ʤʦʛʫʪ ʚʳʢʣʘʜʳʚʘʪʴ ʚ ʩʝʪʴ 

ʩʚʦʠ ʬʠʣʴʤʳ, ʤʫʟʳʢʘʣʴʥʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʣʠʪʝʨʘ-

ʪʫʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʢʘʨʪʠʥʳ. ʉʦʟʜʘʚʘʪʴ ʚʳʰʝ-

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʢʫʣʴʪʫʨʳ ʪʘʢʞʝ ʤʦʞʥʦ ʠ 

ʧʦʤʦʱʴʶ ʫʩʪʨʦʡʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʦʣʠʪʠʢʘ. ʇʦʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʙʳʣʠ ʧʝ-

ʨʝʥʝʩʝʥʳ ʚ ʮʠʬʨʦʚʫʶ ʩʬʝʨʫ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʝ-

ʠʤʫʱʝʩʪʚʘ ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘ-

ʮʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʨʳʯʘʛʠ ʜʘʚʣʝ-

ʥʠʷ, ʜʦʩʪʫʧ ʢ ʟʘʢʨʳʪʦʡ ʨʘʥʝʝ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʦʤʠʤʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʜʠʜʞʠʪʘʣʠʟʘʮʠʷ ʪʘʢʞʝ 

ʠʤʝʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʋʛʨʦʟʘ ʠʩ-

ʯʝʟʥʦʚʝʥʠʷ ʤʥʦʛʠʭ ʧʨʦʬʝʩʩʠʡ ʠʟʤʝʥʠʪ ʵʢʦʥʦʤʠ-

ʯʝʩʢʫʶ ʩʬʝʨʫ ʦʙʱʝʩʪʚʘ. ʇʝʨʝʚʦʜ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʮʠʬʨʦʚʫʶ ʩʬʝʨʫ ʧʨʠʚʝʣ ʢ ʧʦʷʚʣʝʥʠʶ 

ʢʠʙʝʨʤʦʰʝʥʥʠʢʦʚ, ʧʦʵʪʦʤʫ ʩʝʡʯʘʩ ʦʩʦʙʦ ʦʩʪʨʦ 

ʩʪʦʠʪ ʚʦʧʨʦʩ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʩʝʪʠ. 

ʊʘʢʞʝ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʩʧʝʢʪʦʚ ʜʠʜʞʠ-

ʪʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʩʝʦʙʱʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʮʠʬʨʦ-

ʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʨʦʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʦʚʝʨʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʚ ʩʝʪʠ ʥʘ ʧʦʜʣʠʥʥʦʩʪʴ, 

ʜʦʩʪʫʧ ʢ ʬʦʨʫʤʘʤ ʠ ʧʨʦʯʠʤ ʧʣʦʱʘʜʢʘʤ ʦʙʤʝʥʘ 

ʠʥʬʦʨʤʘʮʠʝʡ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʢʪʦ ʫʛʦʜʥʦ ʠ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʘʤʳʭ ʨʘʟʥʳʭ ʮʝʣʝʡ. 

ʊʨʝʥʜʳ ʜʠʜʞʠʪʘʣʠʟʘʮʠʠ, ʚʳʜʝʣʝʥʥʳʝ ʩʧʝʮʠ-

ʘʣʠʩʪʘʤʠ ʤʠʨʦʚʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ: 

1. ʇʦʷʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ çʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡè 
- ʠʥʪʝʛʨʘʮʠʷ ʨʝʘʣʴʥʦʛʦ ʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʠʨʦʚ ʚ 

ʢʦʥʮʝʧʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

2. ʈʝʚʦʣʶʮʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ï ʩʦʟʜʘ-

ʥʠʝ ʤʥʦʞʝʩʪʚʘ ʩʠʩʪʝʤ ʘʥʘʣʠʪʠʢʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʝʢʪʦʨʦʚ ʙʠʟʥʝʩʘ. 

3. ʄʘʩʩʦʚʦʝ ʚʥʝʜʨʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥ-

ʪʝʣʣʝʢʪʘ. 

ɼʠʜʞʠʪʘʣʠʟʘʮʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʷʚʣʷʝʪ-

ʩʷ ʛʣʦʙʘʣʴʥʳʤ, ʚʩʝʦʙʲʝʤʣʶʱʠʤ ʧʨʦʮʝʩʩʦʤ, ʢʦʪʦ-

ʨʳʡ ʟʘʪʨʘʛʠʚʘʝʪ ʤʥʦʛʠʝ ʩʬʝʨʳ ʦʙʱʝʩʪʚʘ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʦʮʠʘʣʴʥʦʡ, ʧʦʣʠʪʠʯʝʩʢʦʡ, ʢʫʣʴʪʫʨʥʦʡ, ʵʢʦʥʦʤʠ-

ʯʝʩʢʦʡ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʬʝʨʘʭ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ 

ʦʙʱʝʩʪʚʘ ï ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʧʦʜ ʥʦʚʳʝ ʫʩʣʦʚʠʷ ʠ 

ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦʩʫʱʝʩʪʚʣʷʷ ʧʨʦʪʠʚʦ-

ʜʝʡʩʪʚʠʝ ʥʝʜʦʩʪʘʪʢʘʤ ʜʠʜʞʠʪʘʣʠʟʘʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ: 
1. ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʨʪʘʣ Mentamore. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://mentamore.com 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 29.07.2019). 

2. ɸʩʩʦʮʠʘʮʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʜʠʨʝʢʪʦʨʦʚ. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: http://nand.ru (ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ: 29.07.2019). 

3. ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʨʪʘʣ Worldsellers. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://worldsellers.ru 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 29.07.2019). 
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