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çʅɸʎʀʆʅɸʃʔʅʓʁ ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʀʁ  

ʊʆʄʉʂʀʁ ʇʆʃʀʊɽʍʅʀʏɽʉʂʀʁ ʋʅʀɺɽʈʉʀʊɽʊè 

ʇʣʘʥʠʨʫʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ 

ʧʦ ʆʆʇ 18.04.01 (ʤʘʛʠʩʪʨ) 

ʥʘʧʨʘʚʣʝʥʠʝ çʍʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷè 

 

ʂʦʜ 

ʨʝʟʫʣʴ 

ʪʘʪʘ 

ʈʝʟʫʣʴʪʘʪ ʦʙʫʯʝʥʠʷ 

(ʚʳʧʫʩʢʥʠʢ ʜʦʣʞʝʥ ʙʳʪʴ ʛʦʪʦʚ) 

ʆʙʱʝʢʫʣʴʪʫʨʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ 

ʈ1 ʉʧʦʩʦʙʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ ʩʚʦʡ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ, ʦʙʱʝʢʫʣʴʪʫʨʥʳʡ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ, ʜʦʙʠʚʘʪʴʩʷ 

ʥʨʘʚʩʪʚʝʥʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʚʦʝʡ ʣʠʯʥʦʩʪʠ 

ʈ2 ɻʦʪʦʚʥʦʩʪʴ ʢ ʢʦʦʧʝʨʘʮʠʠ ʩ ʢʦʣʣʝʛʘʤʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦ-  

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʳʭ; ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʷʚʣʷʪʴ ʠʥʠʮʠʘʪʠʚʫ, ʣʠʯʥʫʶ  

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ; ʙʳʪʴ ʢʦʤʤʫʥʠʢʘʙʝʣʴʥʳʤ. 

ʈ3 ɼʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʦʥʠʤʘʥʠʝ ʚʦʧʨʦʩʦʚ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʮʠʚʠʣʠʟʘʮʠʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʶʨʠʜʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ,  

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʠʥʞʝʥʝʨʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʚʣʠʷʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ ʥʘ 

ʩʦʮʠʘʣʴʥʳʡ ʢʦʥʪʝʢʩʪ ʠ ʩʦʮʠʘʣʴʥʫʶ ʩʨʝʜʫ 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ 

ʈ4 ʉʧʦʩʦʙʥʦʩʪʴ ʢ ʦʚʣʘʜʝʥʠʶ ʙʘʟʦʚʳʤʠ ʟʥʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʙʘʟʦʚʳʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ 
ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʠʤʝʥʝʥʠʝ ʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʈ5 ʇʦʥʠʤʘʪʴ ʩʫʱʥʦʩʪʴ ʠ ʟʥʘʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 
ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʱʝʩʪʚʘ, ʙʳʪʴ ʛʦʪʦʚʳʤ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ  
ʪʝʭʥʦʣʦʛʠʡ 

ʈ6 ɹʳʪʴ ʩʧʦʩʦʙʥʳʤ ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ, ʧʨʦʚʝʜʝʥʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ  
ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʠʭ ʚ ʬʦʨʤʝ, ʘʜʝʢʚʘʪʥʦʡ ʟʘʜʘʯʝ 

ʈ7 ɹʳʪʴ ʩʧʦʩʦʙʥʳʤ ʢ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʙʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʟʥʘʥʠʷ ʜʣʷ 
ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 
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ʋʊɺɽʈɾɼɸʖ: 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʆʆʇ 
18.04.01 ʍʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

 ______________ ʉ.ɺ.ʈʦʤʘʥʝʥʢʦ 

09.03.2020 ʛ. 

ɿɸɼɸʅʀɽ 
ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ɺ ʬʦʨʤʝ:  

ʄʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ 

(ʙʘʢʘʣʘʚʨʩʢʦʡ ʨʘʙʦʪʳ, ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʘ/ʨʘʙʦʪʳ, ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ) 

ʉʪʫʜʝʥʪʫ:  

ɻʨʫʧʧʘ ʌʀʆ 

 

9ɼʄ81 ʍʫʩʘʠʥʦʚʦʡ ɸʣʴʙʠʥʝ ʌʘʡʟʠʨʘʭʤʦʥʦʚʥʝ 

ʊʝʤʘ ʨʘʙʦʪʳ: 

ʀʟʫʯʝʥʠʝ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʘʪʫʣʠʥʘ ʥʘ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʵʣʝʢʪʨʦʜʘʭ 

ʋʪʚʝʨʞʜʝʥʘ ʧʨʠʢʘʟʦʤ ʜʠʨʝʢʪʦʨʘ 

(ʜʘʪʘ, ʥʦʤʝʨ) 

ˉ59-74ʩ ʦʪ 28.02.2020ʛ. 

 

ʉʨʦʢ ʩʜʘʯʠ ʩʪʫʜʝʥʪʦʤ 

ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ: 

05.06.2020 ʛ. 

ʊʝʭʥʠʯʝʩʢʦʝ ʟʘʜʘʥʠʝ: 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢ ʨʘʙʦʪʝ 
(ʥʘʠʤʝʥʦʚʘʥʠʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʣʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʣʠ 

ʥʘʛʨʫʟʢʘ; ʨʝʞʠʤ ʨʘʙʦʪʳ (ʥʝʧʨʝʨʳʚʥʳʡ, 

ʧʝʨʠʦʜʠʯʝʩʢʠʡ, ʮʠʢʣʠʯʝʩʢʠʡ ʠ ʪ. ʜ.); ʚʠʜ 

ʩʳʨʴʷ ʠʣʠ ʤʘʪʝʨʠʘʣ ʠʟʜʝʣʠʷ; ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʨʦʜʫʢʪʫ, ʠʟʜʝʣʠʶ ʠʣʠ ʧʨʦʮʝʩʩʫ; ʦʩʦʙʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ (ʵʢʩʧʣʫʘʪʘʮʠʠ) ʦʙʲʝʢʪʘ 

ʠʣʠ ʠʟʜʝʣʠʷ ʚ ʧʣʘʥʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, 

ʵʥʝʨʛʦʟʘʪʨʘʪʘʤ; ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʪ. ʜ.). 

ɻʣʘʚʥʳʤ ʦʙʲʝʢʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ 

ʧʘʪʫʣʠʥ- ʤʠʢʦʪʦʢʩʠʥ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʡ 

ʨʘʟʣʠʯʥʳʤʠ ʛʨʠʙʘʤʠ. ʇʘʪʫʣʠʥ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ 

ʤʝʩʪʦ ʩʨʝʜʠ ʤʠʢʦʪʦʢʩʠʥʦʚ, ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʠʚʰʠʩʴ ʠ ʧʨʦʷʚʠʚʰʠʡ ʩʝʙʷ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʠʯʠʥʳ ʧʠʱʝʚʳʭ ʪʦʢʩʠʢʦʟʦʚ. 
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ʇʝʨʝʯʝʥʴ ʧʦʜʣʝʞʘʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʶ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʝ ʚʦʧʨʦʩʦʚ 
(ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʠʩʪʦʯʥʠʢʘʤ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʜʦʩʪʠʞʝʥʠʡ 

ʤʠʨʦʚʦʡ ʥʘʫʢʠ ʪʝʭʥʠʢʠ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʦʙʣʘʩʪʠ; ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ; 

ʩʦʜʝʨʞʘʥʠʝ ʧʨʦʮʝʜʫʨʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ; 

ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ; 

ʥʘʠʤʝʥʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʟʜʝʣʦʚ, 

ʧʦʜʣʝʞʘʱʠʭ ʨʘʟʨʘʙʦʪʢʝ; ʟʘʢʣʶʯʝʥʠʝ ʧʦ 

ʨʘʙʦʪʝ). 

1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ;  

2. ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ; 

3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ; 

4. ʌʠʥʘʥʩʦʚʳʡ ʤʝʥʝʜʞʤʝʥʪ, 
ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ; 

5. ʉʦʮʠʘʣʴʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ; 

6. ɿʘʢʣʶʯʝʥʠʝ. 

ʇʝʨʝʯʝʥʴ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʩ ʪʦʯʥʳʤ ʫʢʘʟʘʥʠʝʤ ʦʙʷʟʘʪʝʣʴʥʳʭ 

ʯʝʨʪʝʞʝʡ) 

- 

ʂʦʥʩʫʣʴʪʘʥʪʳ ʧʦ ʨʘʟʜʝʣʘʤ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 
(ʩ ʫʢʘʟʘʥʠʝʤ ʨʘʟʜʝʣʦʚ) 

ʈʘʟʜʝʣ ʂʦʥʩʫʣʴʪʘʥʪ 

çʌʠʥʘʥʩʦʚʳʡ ʤʝʥʝʜʞʤʝʥʪ, 

ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝ» 

ʗʢʠʤʦʚʘ ʊ.ɹ. 

çʉʦʮʠʘʣʴʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴè ɻʦʨʙʝʥʢʦ ʄ.ɺ. 

çɸʥʛʣʠʡʩʢʠʡ ʷʟʳʢè ʋʩʪʶʞʘʥʠʥʘ ɸ.ʂ. 

ʅʘʟʚʘʥʠʷ ʨʘʟʜʝʣʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʠʩʘʥʳ ʥʘ ʨʫʩʩʢʦʤ ʠ ʠʥʦʩʪʨʘʥʥʦʤ 

ʷʟʳʢʘʭ: 

ʅʘ ʨʫʩʩʢʦʤ: ɻʣʘʚʘ 1 ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ; 1.2 ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʘʪʫʣʠʥʘ; 1.2.1 ʀʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ ʧʘʪʫʣʠʥʘ ʠ ʥʦʨʤʳ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʨʦʜʫʢʪʘʭ; 1.2.2 

ʅʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʟʜʦʨʦʚʴʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʘʪʫʣʠʥʦʤ; 1.2.3 ʂʦʥʪʨʦʣʴ ʤʠʢʦʪʦʢʩʠʥʦʚ; 1.3. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ; 1.3.1 ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ; 1.3.2. ɼʨʫʛʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ; 1.4  

ɺʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ 

ʅʘ ʘʥʛʣʠʡʩʢʦʤ: Chapter 1 Literature Review; 1.2 Physico-chemical and toxicological properties of patulin; 

1.2.1 History of the discovery of patulin and the norms of its containing in products; 1.2.2 Patulin-related 

adverse health effects; 1.2.3 Mycotoxin control; 1.3. Physico-chemical methods for the determination of 

mycotoxins; 1.3.1 Chromatographic methods for the determination of mycotoxins; 1.3.2. Other methods for 

the determination of mycotoxins; 1.4 Voltammetric methods for the analysis of food products on the content 

of mycotoxins 
 

ɼʘʪʘ ʚʳʜʘʯʠ ʟʘʜʘʥʠʷ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʚʳʧʫʩʢʥʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦ ʣʠʥʝʡʥʦʤʫ ʛʨʘʬʠʢʫ 

 

ɿʘʜʘʥʠʝ ʚʳʜʘʣ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ɼʦʣʞʥʦʩʪʴ ʌʀʆ 

ʋʯʝʥʘʷ 

ʩʪʝʧʝʥʴ, 

ʟʚʘʥʠʝ 

ʇʦʜʧʠʩʴ ɼʘʪʘ 

ɺʝʜʫʱʠʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ ʀʐʍɹʄʊ 

ʉʣʝʧʯʝʥʢʦ ɻʘʣʠʥʘ 

ɹʦʨʠʩʦʚʥʘ 
ʜ.ʭ.ʥ.  09.03.2020 ʛ. 

   

ɿʘʜʘʥʠʝ ʧʨʠʥʷʣ ʢ ʠʩʧʦʣʥʝʥʠʶ ʩʪʫʜʝʥʪ: 
ɻʨʫʧʧʘ ʌʀʆ ʇʦʜʧʠʩʴ ɼʘʪʘ 

9ɼʄ81 ʍʫʩʘʠʥʦʚʘ ɸʣʴʙʠʥʘ ʌʘʡʟʠʨʘʭʤʦʥʦʚʥʘ  09.03.2020 ʛ. 
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ɿɸɼɸʅʀɽ ɼʃʗ ʈɸɿɼɽʃɸ 

çʌʀʅɸʅʉʆɺʓʁ ʄɽʅɽɼɾʄɽʅʊ, ʈɽʉʋʈʉʆʕʌʌɽʂʊʀɺʅʆʉʊʔ ʀ 

ʈɽʉʋʈʉʆʉɹɽʈɽɾɽʅʀɽè 

ʉʪʫʜʝʥʪʫ: 
ɻʨʫʧʧʘ ʌʀʆ 

9ɼʄ81 ʍʫʩʘʠʥʦʚʘ ɸʣʴʙʠʥʘ ʌʘʡʟʠʨʘʭʤʦʥʦʚʥʘ 
ʐʢʦʣʘ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʰʢʦʣʘ 

ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ 

ʆʪʜʝʣʝʥʠʝ ʰʢʦʣʳ(ʅʆʎ)  

ʋʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ ʄʘʛʠʩʪʨʘʪʫʨʘ ʅʘʧʨʘʚʣʝʥʠʝ/ʩʧʝʮʠʘʣʴʥʦʩʪʴ ʍʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ/ 
ʇʝʨʩʧʝʢʪʠʚʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢ ʨʘʟʜʝʣʫ çʌʠʥʘʥʩʦʚʳʡ ʤʝʥʝʜʞʤʝʥʪ, ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝè: 

1. ʉʪʦʠʤʦʩʪʴ ʨʝʩʫʨʩʦʚ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

(ʅʀ): ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, 

ʬʠʥʘʥʩʦʚʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʯʝʣʦʚʝʯʝʩʢʠʭ 

ʉʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ, ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʩʦʛʣʘʩʥʦ ʧʨʠʤʝʥʷʝʤʦʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʳʥʦʯʥʳʤʠ ʮʝʥʘʤʠ. ʆʢʣʘʜʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʢʣʘʜʘʤʠ ʩʦʪʨʫʜʥʠʢʦʚ çʅʀ ʊʇʋè 

2. ʅʦʨʤʳ ʠ ʥʦʨʤʘʪʠʚʳ ʨʘʩʭʦʜʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ - ʨʘʡʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ- 1,3; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʧʣʘʪ ï 0,2; 

- ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ï 16% 

3. ʀʩʧʦʣʴʟʫʝʤʘʷ ʩʠʩʪʝʤʘ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ, ʩʪʘʚʢʠ 

ʥʘʣʦʛʦʚ,  ʦʪʯʠʩʣʝʥʠʡ, ʜʠʩʢʦʥʪʠʨʦʚʘʥʠʷ ʠ 

ʢʨʝʜʠʪʦʚʘʥʠʷ 

 ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʯʠʩʣʝʥʠʡ ʥʘ ʫʧʣʘʪʫ ʚʦ ʚʥʝʙʶʜʞʝʪʥʳʝ 

ʬʦʥʜʳ ï 30,2% 

ʇʝʨʝʯʝʥʴ ʚʦʧʨʦʩʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʝ: 

1. ʆʮʝʥʢʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠ ʘʣʴʪʝʨʥʘʪʠʚ ʧʨʦʚʝʜʝʥʠʷ ʅʊʀ ʩ 

ʧʦʟʠʮʠʠ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ; ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʧʨʦʚʝʜʝʥʠʝ SWOT-ʘʥʘʣʠʟʘ 

ʅʊʀ. 

2. ʇʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ ʅʊʀ: 

ʩʪʨʫʢʪʫʨʘ ʠ ʛʨʘʬʠʢ ʧʨʦʚʝʜʝʥʠʷ, ʙʶʜʞʝʪ, ʨʠʩʢʠ ʠ 

ʦʨʛʘʥʠʟʘʮʠʷ ʟʘʢʫʧʦʢ 

 ʇʣʘʥʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʨʘʙʦʪ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʅʊʀ; 

ʈʘʩʯʝʪ ʙʶʜʞʝʪʘ ʟʘʪʨʘʪ ʥʘ ʅʊʀ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʥʦʡ, ʬʠʥʘʥʩʦʚʦʡ, 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʈʘʩʯʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʘ 

ʇʝʨʝʯʝʥʴ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʩ ʪʦʯʥʳʤ ʫʢʘʟʘʥʠʝʤ ʦʙʷʟʘʪʝʣʴʥʳʭ ʯʝʨʪʝʞʝʡ): 

1. ʄʘʪʨʠʮʘ SWOT 

2. ɼʠʘʛʨʘʤʤʘ ʀʩʠʢʘʚʳ 

3. ʂʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ ʛʨʘʬʠʢ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ 

ɼʘʪʘ ʚʳʜʘʯʠ ʟʘʜʘʥʠʷ ʜʣʷ ʨʘʟʜʝʣʘ ʧʦ ʣʠʥʝʡʥʦʤʫ ʛʨʘʬʠʢʫ 02.03.2020 

ɿʘʜʘʥʠʝ ʚʳʜʘʣ ʢʦʥʩʫʣʴʪʘʥʪ: 
ɼʦʣʞʥʦʩʪʴ ʌʀʆ ʋʯʝʥʘʷ ʩʪʝʧʝʥʴ, 

ʟʚʘʥʠʝ 

ʇʦʜʧʠʩʴ ɼʘʪʘ 

ɼʦʮʝʥʪ ʆʉɻʅ ʗʢʠʤʦʚʘ ʊʘʪʴʷʥʘ ɹʦʨʠʩʦʚʥʘ ʢ.ʢɻʦʥ.ʥ.  02.03.2020 
ɿʘʜʘʥʠʝ ʧʨʠʥʷʣ ʢ ʠʩʧʦʣʥʝʥʠʶ ʩʪʫʜʝʥʪ: 

ɻʨʫʧʧʘ ʌʀʆ ʇʦʜʧʠʩʴ ɼʘʪʘ 

9ɼʄ81 ʍʫʩʘʠʥʦʚʘ ɸʣʴʙʠʥʘ ʌʘʡʟʠʨʘʭʤʦʥʦʚʥʘ  02.03.202

0 
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ɿɸɼɸʅʀɽ ɼʃʗ ʈɸɿɼɽʃɸ  

çʉʆʎʀɸʃʔʅɸʗ ʆʊɺɽʊʉʊɺɽʅʅʆʉʊʔè 

 

ʉʪʫʜʝʥʪʫ: 
ɻʨʫʧʧʘ ʌʀʆ 

9ɼʄ81 ʍʫʩʘʠʥʦʚʘ ɸʣʴʙʠʥʘ ʌʘʡʟʠʨʘʭʤʦʥʦʚʥʘ 

 
ʐʢʦʣʘ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ 

ʰʢʦʣʘ ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ 

ʆʪʜʝʣʝʥʠʝ (ʅʆʎ)  

ʋʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ ʄʘʛʠʩʪʨʘʪʫʨʘ ʅʘʧʨʘʚʣʝʥʠʝ/ʩʧʝʮʠʘʣʴʥʦʩʪʴ ʍʠʤʠʯʝʩʢʘʷ 

ʪʝʭʥʦʣʦʛʠʷ/ 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʙʠʦʤʝʜʠʮʠʥʩʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ 

  

ʊʝʤʘ ɺʂʈ:  

ʀʟʫʯʝʥʠʝ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʘʪʫʣʠʥʘ ʥʘ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʵʣʝʢʪʨʦʜʘʭ 

 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢ ʨʘʟʜʝʣʫ çʉʦʮʠʘʣʴʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴè: 

1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʚʝʱʝʩʪʚʦ, 

ʤʘʪʝʨʠʘʣ, ʧʨʠʙʦʨ, ʘʣʛʦʨʠʪʤ, ʤʝʪʦʜʠʢʘ, ʨʘʙʦʯʘʷ ʟʦʥʘ) 

ʠ ʦʙʣʘʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʘʪʫʣʠʥ 

ʈʘʙʦʯʘʷ ʟʦʥʘ: ʣʘʙʦʨʘʪʦʨʠʷ ʊʇʋ; 

ʇʨʠʙʦʨ - ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʢʦʤʧʣʝʢʩʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ çʉʊɸè ʠ 

çʉʊɸ ï ʵʣʝʤʝʥʪè 

ʄʝʪʦʜʠʢʘ - ʧʦʜʛʦʪʦʚʢʘ ʧʦʩʫʜʳ, 

ʵʣʝʢʪʨʦʜʦʚ ʢ ʨʘʙʦʪʝ, ʧʨʦʚʝʨʢʘ ʧʦʩʫʜʳ 

ʥʘ ʯʠʩʪʦʪʫ, ʧʦʣʫʯʝʥʠʝ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʬʦʥʦʚʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ, ʜʘʣʝʝ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ 

ʜʦʙʘʚʣʝʥʠʠ ʧʘʪʫʣʠʥʘ ʚ ʨʘʩʪʚʦʨ 

ʨʝʛʠʩʪʨʘʮʠʷ ʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʩ ʧʦʢʘʟʘʥʠʷʤʠ ʚʳʩʦʪʳ ʠ 

ʧʦʪʝʥʮʠʘʣʘ ʧʠʢʘ. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ: 

ʧʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ; 

ʢʦʥʪʨʦʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʣʘʙʦʨʘʪʦʨʠʠ 

ʇʝʨʝʯʝʥʴ ʚʦʧʨʦʩʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʨʘʟʨʘʙʦʪʢʝ: 

1. ʇʨʘʚʦʚʳʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ: 

- ʩʧʝʮʠʘʣʴʥʳʝ (ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʠ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʨʘʙʦʯʝʡ ʟʦʥʳ) ʧʨʘʚʦʚʳʝ 

ʥʦʨʤʳ ʪʨʫʜʦʚʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ; 

- ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʠ 
ʢʦʤʧʦʥʦʚʢʝ ʨʘʙʦʯʝʡ ʟʦʥʳ. 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ˉ 426-ʌɿ ʦʪ 28 

ʜʝʢʘʙʨʷ 2013 ʛʦʜʘ çʆ ʩʧʝʮʠʘʣʴʥʦʡ 

ʦʮʝʥʢʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘè 

ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ˉ 123-ʌɿ ʦʪ 

22.07.2008 ʛ (ʨʝʜ. ʦʪ 10.07 2012 ʛ.) 

çʊʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʦ ʪʨʝʙʦʚʘʥʠʠ 

ʢ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè 



7 

 

2. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ: 

2.1. ɸʥʘʣʠʟ ʚʳʷʚʣʝʥʥʳʭ ʚʨʝʜʥʳʭ ʠ ʦʧʘʩʥʳʭ 

ʬʘʢʪʦʨʦʚ  

2.2. ʆʙʦʩʥʦʚʘʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ 

ʚʦʟʜʝʡʩʪʚʠʷ 

ī ʆʪʢʣʦʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 
ʤʠʢʨʦʢʣʠʤʘʪʘ; 
ī ʇʨʝʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʰʫʤʘ; 
ī ʆʪʩʫʪʩʪʚʠʝ ʠʣʠ ʥʝʜʦʩʪʘʪʦʢ 
ʝʩʪʝʩʪʚʝʥʥʦʛʦ 
ʩʚʝʪʘ; 
- ʈʘʙʦʪʘ ʩ ʚʨʝʜʥʳʤʠ ʠ ʦʧʘʩʥʳʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. 

- ʉʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʢʦʣʣʝʢʪʠʚʥʳʝ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ. 
ʂ ʦʧʘʩʥʳʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪ 
ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʧʦʚʳʰʝʥʥʦʡ ʠʣʠ 
ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦʢʦʚʝʜʫʱʠʝ ʯʘʩʪʠ 
ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʚʳʰʝʥʥʦʝ 
ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʮʝʧʠ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʞʘʨʘ. 
ʀʩʧʦʣʴʟʫʝʤʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ: 
ʩʧʝʮʦʜʝʞʜʘ, ʧʝʨʯʘʪʢʠ, ʦʯʢʠ, 
ʨʝʩʧʠʨʘʪʦʨ. 

3. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ: 

 

ɸʪʤʦʩʬʝʨʘ: ʚʦʟʜʝʡʩʪʚʠʝ ʟʘ ʩʯʝʪ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʭʦʜʝ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʥʘ ʵʪʘʧʘʭ ʘʥʘʣʠʟʘ 

ɻʠʜʨʦʩʬʝʨʘ: ʚʦʟʜʝʡʩʪʚʠʝ ʟʘ ʩʯʝʪ 

ʧʦʧʘʜʘʥʠʷ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ 

ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʨʝʘʢʪʠʚʦʚ, ʦʧʘʩʥʳʭ 

ʚʝʱʝʩʪʚ 

ʃʠʪʦʩʬʝʨʘ: ʍʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʦʯʚʳ ʧʨʠ ʥʝʚʝʨʥʦʡ ʫʪʠʣʠʟʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ, ʨʝʘʢʪʠʚʦʚ 

4. ɹʝʟʦʧʘʩʥʦʩʪʴ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ: 

 

-ʟʘʤʳʢʘʥʠʝ ʧʨʦʚʦʜʢʠ ʠ ʚʦʟʛʦʨʘʥʠʝ; 

-ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʞʘʨʘ ʥʘ ʨʘʙʦʯʝʤ 

ʤʝʩʪʝ. 

ɼʘʪʘ ʚʳʜʘʯʠ ʟʘʜʘʥʠʷ ʜʣʷ ʨʘʟʜʝʣʘ ʧʦ ʣʠʥʝʡʥʦʤʫ ʛʨʘʬʠʢʫ  

 

ɿʘʜʘʥʠʝ ʚʳʜʘʣ ʢʦʥʩʫʣʴʪʘʥʪ: 

ɼʦʣʞʥʦʩʪʴ ʌʀʆ ʋʯʝʥʘʷ 

ʩʪʝʧʝʥʴ, 

ʟʚʘʥʠʝ 

ʇʦʜʧʠʩʴ ɼʘʪʘ 

ɼʦʮʝʥʪ ʆʆɼ ɻʦʨʙʝʥʢʦ ʄʠʭʘʠʣ 

ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʢ.ʪ.ʥ.   

 

ɿʘʜʘʥʠʝ ʧʨʠʥʷʣ ʢ ʠʩʧʦʣʥʝʥʠʶ ʩʪʫʜʝʥʪ: 

ɻʨʫʧʧʘ ʌʀʆ ʇʦʜʧʠʩʴ ɼʘʪʘ 

9ɼʄ81 ʍʫʩʘʠʥʦʚʘ ɸʣʴʙʠʥʘ ʌʘʡʟʠʨʘʭʤʦʥʦʚʥʘ   
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ʐʢʦʣʘ: ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʰʢʦʣʘ ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ  

ʅʘʧʨʘʚʣʝʥʠʝ ʧʦʜʛʦʪʦʚʢʠ (ʩʧʝʮʠʘʣʴʥʦʩʪʴ): 18.04.01 ʍʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʋʨʦʚʝʥʴ ʦʙʨʘʟʦʚʘʥʠʷ: ʄʘʛʠʩʪʨʘʪʫʨʘ  

ʇʝʨʠʦʜ ʚʳʧʦʣʥʝʥʠʷ: ʦʩʝʥʥʠʡ /ʚʝʩʝʥʥʠʡ ʩʝʤʝʩʪʨ 2019 /2020 ʫʯʝʙʥʦʛʦ ʛʦʜʘ 

ʌʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʙʦʪʳ: 

ʄʘʛʠʩʪʝʨʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ 
(ʙʘʢʘʣʘʚʨʩʢʘʷ ʨʘʙʦʪʘ, ʜʠʧʣʦʤʥʳʡ ʧʨʦʝʢʪ/ʨʘʙʦʪʘ, ʤʘʛʠʩʪʝʨʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ) 

ʂɸʃɽʅɼɸʈʅʓʁ ʈɽʁʊʀʅɻ-ʇʃɸʅ  

ʚʳʧʦʣʥʝʥʠʷ ʚʳʧʫʩʢʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʉʨʦʢ ʩʜʘʯʠ ʩʪʫʜʝʥʪʦʤ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ:  

 
ɼʘʪʘ  

ʢʦʥʪʨʦʣʷ 

ʅʘʟʚʘʥʠʝ ʨʘʟʜʝʣʘ (ʤʦʜʫʣʷ) /  

ʚʠʜ ʨʘʙʦʪʳ (ʠʩʩʣʝʜʦʚʘʥʠʷ) 

ʄʘʢʩʠʤʘʣʴʥʳʡ  

ʙʘʣʣ ʨʘʟʜʝʣʘ (ʤʦʜʫʣʷ) 

23.03.2020 ʛ  ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 10 

06.04.2020 ʛ. ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 10 

20.04.2020 ʛ. ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ 10 

04.05.2020 ʛ. ʉʦʩʪʘʚʣʝʥʠʝ ʟʘʢʣʶʯʝʥʠʷ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ 
ʠʩʩʣʝʜʦʚʘʥʠʷ 

10 

18.05.2020 ʛ. ʈʘʟʨʘʙʦʪʢʘ ʨʘʟʜʝʣʦʚ çʉʦʮʠʘʣʴʥʘʷ 
ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴè ʠ çʌʠʥʘʥʩʦʚʳʡ 
ʤʝʥʝʜʞʤʝʥʪ, ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 
ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝè, ʨʘʟʜʝʣʘ ɺʂʈ ʥʘ 
ʠʥʦʩʪʨʘʥʥʦʤ ʷʟʳʢʝ 

10 

05.06.2020 ʛ. ʆʬʦʨʤʣʝʥʠʝ ɺʂʈ 10 

19.06.2020 ʛ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ɺʂʈ 40  

ʉʦʩʪʘʚʠʣ ʧʨʝʧʦʜʘʚʘʪʝʣʴ: 
ɼʦʣʞʥʦʩʪʴ ʌʀʆ ʋʯʝʥʘʷ ʩʪʝʧʝʥʴ,  

ʟʚʘʥʠʝ 
ʇʦʜʧʠʩʴ ɼʘʪʘ 

ɺʝʜʫʱʠʡ ʥʘʫʯʥʳʡ 

ʩʦʪʨʫʜʥʠʢ ʀʐʍɹʄʊ 

ʉʣʝʧʯʝʥʢʦ ɻ.ɹ. ʜ.ʭ.ʥ.,  

ʧʨʦʬʝʩʩʦʨ 
   09.03.2020 ʛ. 

ʉʆɻʃɸʉʆɺɸʅʆ:  
ʈʫʢʦʚʦʜʠʪʝʣʴ ʆʆʇ 

18.04.01 ʍʠʤʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʌʀʆ ʋʯʝʥʘʷ ʩʪʝʧʝʥʴ,  

ʟʚʘʥʠʝ 
ʇʦʜʧʠʩʴ ɼʘʪʘ 

ʇʨʦʬʝʩʩʦʨ ʀʐʍɹʄʊ ʈʦʤʘʥʝʥʢʦ ʉ.ɺ. ʜ.ʭ.ʥ.    09.03.2020 ʛ. 
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ʈɽʌɽʈɸʊ 

 

ɺʳʧʫʩʢʥʘʷ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ 115 ʣʠʩʪʦʚ, 70 ʠʩʪʦʯʥʠʢʦʚ 

ʣʠʪʝʨʘʪʫʨʳ, 27 ʪʘʙʣʠʮ ʠ 17 ʨʠʩʫʥʢʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʘʪʫʣʠʥ, ʠʥʚʝʨʩʠʦʥʥʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ, 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ, ʬʨʫʢʪʦʚʳʝ ʩʦʢʠ, ʥʝʢʪʘʨʳ.  

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʬʨʫʢʪʦʚʳʝ ʩʦʢʠ ʠ ʥʝʢʪʘʨʳ, ʩʦʜʝʨʞʘʥʠʝ 

ʧʘʪʫʣʠʥʘ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ: ʠʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʘʪʫʣʠʥʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʝʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʬʨʫʢʪʦʚʳʭ ʩʦʢʘʭ ʠ ʥʝʢʪʘʨʘʭ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

1. ʀʩʩʣʝʜʦʚʘʪʴ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʘʪʫʣʠʥʘ ʚ ʤʦʜʝʣʴʥʳʭ 

ʩʨʝʜʘʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʜʘʭ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʤʘʪʨʠʮʳ ʧʠʱʝʚʳʭ ʦʙʲʝʢʪʦʚ (ʬʨʫʢʪʦʚʳʝ ʩʦʢʠ ʠ ʥʝʢʪʘʨʳ) ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ 

ʧʘʪʫʣʠʥʘ. ɺʳʙʨʘʪʴ ʫʩʣʦʚʠʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʫʶ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ 

ʚ ʬʨʫʢʪʦʚʳʭ ʩʦʢʘʭ ʠ ʥʝʢʪʘʨʘʭ. 

ɺ ʨʘʤʢʘʭ ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʚʦ ʬʨʫʢʪʦʚʳʭ ʩʦʢʘʭ ʠ ʥʝʢʪʘʨʘʭ 

ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʚʝʜʝʥʠʝʤ, 5 ʨʘʟʜʝʣʘʤʠ ʠ ʟʘʢʣʶʯʝʥʠʝʤ, ʧʨʠʚʝʜʝʥ 

ʩʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʄʘʛʠʩʪʝʨʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʥʘʫʯʥʦʡ ʛʨʫʧʧʝ ʧʨʦʬ. ʉʣʝʧʯʝʥʢʦ 

ɻ.ɹ. ʀʐʍʄɹʊ ʤʘʛʠʩʪʨʘʥʪʦʤ ʛʨʫʧʧʳ 9ɼʄ81 ɸ.ʌ. ʍʫʩʘʠʥʦʚʦʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʜ.ʭ.ʥ. ʉʣʝʧʯʝʥʢʦ ɻ.ɹ. 
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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

 

ʃɼ50 - ʩʨʝʜʥʷʷ ʜʦʟʘ ʚʝʱʝʩʪʚʘ ʚ ʤʠʣʣʠʛʨʘʤʤʘʭ ʥʘ 1 ʢʠʣʦʛʨʘʤʤ ʞʠʚʦʡ ʤʘʩʩʳ, 

ʚʳʟʳʚʘʶʱʝʡ ʛʠʙʝʣʴ, 50% ʧʦʜʦʧʳʪʥʳʭ ʞʠʚʦʪʥʳʭ.  

AOAC International  - The Association of Official Analytical Chemists (ɸʩʩʦʮʠʘʮʠʷ 

ʦʬʠʮʠʘʣʴʥʳʭ ʭʠʤʠʢʦʚ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ) 

5-ʆʄʌ ï 5-ʦʢʩʠʤʝʪʠʣʬʫʨʬʫʨʦʣ 

ʇɼʂ - ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ  

ʄɼʋ - ʤʘʢʩʠʤʘʣʴʥʦ-ʜʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ  

ɺʆɿ (WHO) - ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

ʕʄɸ - ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ  

ɺɸʀ - ɺʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ   

https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=11&ved=2ahUKEwjg6baU__HoAhWcwcQBHd68BsoQFjAKegQIBRAB&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2FBF02670789&usg=AOvVaw2JBa4pKMPVbyfBUo5fLccK
https://www.google.ru/url?sa=t&rct=j&q=&esrc=s&source=web&cd=11&ved=2ahUKEwjg6baU__HoAhWcwcQBHd68BsoQFjAKegQIBRAB&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2FBF02670789&usg=AOvVaw2JBa4pKMPVbyfBUo5fLccK
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ʉʨʝʜʠ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʙʠʦʛʝʥʥʳʭ ʜ̫ʦʚ, ʟʘʛʨʷʟʥʷʶʱʠʭ ʢʦʨʤʘ ʠ ʧʨʦʜʫʢʪʳ 

ʧʠʪʘʥʠʷ, ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʤʠʢʦʪʦʢʩʠʥʳ ï ʚʪʦʨʠʯʥʳʝ ʤʝʪʘʙʦʣʠʪʳ ʧʣʝʩʥʝʚʳʭ 

ʛʨʠʙʦʚ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʚr ʩʦʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ.  ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ 

ʙʦʣʝʝ 250 ʚʠʜʦʚ ʨʘʟʣʠʯʥʳʭ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ, ʚʳʜʝʣʷʶʱʠʭ ʙʦʣʝʝ 500 ʪʦʢʩʠʯʝʩʢʠʭ 

ʤʝʪʘʙʦʣʠʪʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʩʝʨʴʝʟʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ ʠ 

ʞʠʚʦʪʥʳʭ [1]. ɼʣʷ ʨʦʩʪʘ ʧʣʝʩʝʥʠ ʙʣʘʛʦʧʨʠʷʪʥʳ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: ʩʦʜʝʨʞʘʥʠʝ 

ʚʣʘʛʠ ʚ ʢʦʨʤʝ ʩʚʳʰʝ 11,5%, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʩʚʳʰʝ 70%, 

ʧʨʠʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ 1-2%, ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʰʝ 20ʦʉ. 

ʇʦʪʝʨʠ ʦʪ ʤʠʢʦʪʦʢʩʠʢʦʟʦʚ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʩʫʱʝʩʪʚʝʥʥʳ ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ: 

ʚʳʩʦʢʦʡ ʣʝʪʘʣʴʥʦʩʪʴʶ ʠ ʚʳʥʫʞʜʝʥʥʳʤ ʫʙʦʝʤ; ʦʪʯʝʪʣʠʚʳʤ ʩʥʠʞʝʥʠʝʤ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ; ʥʘʨʫʰʝʥʠʝʤ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ; ʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʣʝʯʝʥʠʝ; 

ʠʟʲʷʪʠʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʩʩ ʢʦʨʤʦʚ [2]. 

ʅʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʤʠʢʦʪʦʢʩʠʥʦʚ ʩ ʥʫʢʣʝʦʬʠʣʴʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ɼʅʂ, ʈʅʂ ʠ ʙʝʣʢʦʚ, ʦʙʣʘʜʘʶʪ 

ʘʬʣʘʪʦʢʩʠʥʳ, ʧʨʦʜʫʮʠʨʫʝʤʳʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʛʨʠʙʘʤʠ Aspergillus, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʛʝʧʘʪʦʢʘʥʮʝʨʦʛʝʥʦʤ ʷʚʣʷʝʪʩʷ ʧʘʪʫʣʠʥ [2]. 

ʏʝʣʦʚʝʯʝʩʢʠʝ ʤʠʢʦʟʳ ̫ ʚʣʷʶʪʩʷ ʧʨʦʙʣʝʤʦʡ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, 

ʦʩʦʙʝʥʥʦ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʦʩʣʘʙʣʝʥʥʳʤ ʠʤʤʫʥʠʪʝʪʦʤ, ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʙʦʣʴʥʳʭ, 

ʙʦʣʴʥʳʭ ʥʘ  ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʜʨ. ʚʦʟʜʝʡʩʪʚʠʝ ʣʶʙʦʛʦ ʢʩʝʥʦʙʠʦʪʠʢʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʤʠʢʦʪʦʢʩʠʥʦʚ, ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʘʤ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʥʘʨʫʰʝʥʠʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʜʠʩʬʫʥʢʮʠʠ ʧʝʯʝʥʠ ʠ ʧʦʯʝʢ, ʘ ʪʘʢʞʝ ʚʝʜʫʪ 

ʢ ʦʥʢʦʣʦʛʠʯʝʩʢʠʤ ʟʘʙʦʣʝʚʘʥʠʷʤ. ɻʨʠʙʢʠ, ʧʨʦʜʫʮʠʨʫʶʱʠʝ ʤʠʢʦʪʦʢʩʠʥʳ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʫʶ ʧʨʦʙʣʝʤʫ ʜʣʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʥʘʢʦʧʣʝʥʥʳʝ ʚ ʦʨʛʘʥʠʟʤʝ ʤʠʢʦʪʦʢʩʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʪʦʢʩʠʯʥʳʤʠ, 

ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ, ʤʫʪʘʛʝʥʥʳʤʠ ʠ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ. 

ʦʙʥʘʨʫʞʝʥʠʝ ʤʠʢʦʪʦʢʩʠʥʦʚ ʠʤʝʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ [2]. 

https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/mycosis
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/immunocompromised-patient
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/hydrocarbon
https://ezproxy.ha.tpu.ru:2056/topics/earth-and-planetary-sciences/mycotoxin
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/nervous-system-malformation
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/kidney-dysfunction
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʘʪʫʣʠʥ ʩʯʠʪʘʝʪʩʷ ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʠ ʤʥʦʛʠʝ 

ʩʪʨʘʥʳ ʢʦʥʪʨʦʣʠʨʫʶʪ ʩʦʜʝʨʞʘʥʠʝ ʧʘʪʫʣʠʥʘ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ. ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʣʝʜʦʚ 

ʧʘʪʫʣʠʥʘ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʩʳʨʴʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʠʟʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʘʪʫʣʠʥʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʝʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʬʨʫʢʪʦʚʳʭ ʩʦʢʘʭ ʠ ʥʝʢʪʘʨʘʭ. 

ɿʘʜʘʯʠ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ: 

1) ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʘʪʫʣʠʥʘ ʚ ʤʦʜʝʣʴʥʳʭ 

ʩʨʝʜʘʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʜʘʭ. 

2) ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʤʘʪʨʠʮʳ ʧʠʱʝʚʳʭ ʦʙʲʝʢʪʦʚ (ʬʨʫʢʪʦʚʳʝ ʩʦʢʠ ʠ ʥʝʢʪʘʨʳ) ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ 

ʧʘʪʫʣʠʥʘ. ʚʳʙʨʘʪʴ ʫʩʣʦʚʠʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

3) ʨʘʟʨʘʙʦʪʘʪʴ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʫʶ ʤʝʪʦʜʠʢʫ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ 

ʚ ʬʨʫʢʪʦʚʳʭ ʩʦʢʘʭ ʠ ʥʝʢʪʘʨʘʭ. 
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ɻʃɸɺɸ 1 ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ 

1.1 ʄʠʢʦʪʦʢʩʠʥʳ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 

ʄʠʢʦʪʦʢʩʠʥʳ ʷʚʣʷʶʪʩʷ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʚʪʦʨʠʯʥʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ, 

ʚʳʜʝʣʷʝʤʳʤʠ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʛʨʠʙʦʚ. ʀʭ ʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʧʨʦʩʪʳʭ ʯʝʪʳʨʝʭʫʛʣʝʨʦʜʥʳʭ (ʉ4) ʩʦʝʜʠʥʝʥʠʡ ʜʦ ʩʣʦʞʥʳʭ 

ʚʝʱʝʩʪʚ. ʋʧʦʤʠʥʘʥʠʷ ʦ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʝʱʝ ʩ ʜʨʝʚʥʠʭ ʚʨʝʤʝʥ, ʥʦ ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʢ ʜʘʥʥʳʤ ʪʦʢʩʠʥʘʤ ʚʦʟʥʠʢ ʣʠʰʴ ʚ 60-ʭ ʛʛ. ʍʍ ʚʝʢʘ.  

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʚʣʘʞʥʦʩʪʴ [13]. ɹʦʣʴʰʠʥʩʪʚʦ ʤʠʢʦʪʦʢʩʠʥʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳ ʚ 

ʦʙʳʯʥʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʙʨʘʙʦʪʢʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ (80ï1210ʉ), 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʣʦ ʠʣʠ ʩʦʚʩʝʤ ʥʝ ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʚʘʨʢʘ ʠ ʞʘʨʢʘ, ʠʣʠ ʜʘʞʝ ʧʦʩʣʝ ʧʘʩʪʝʨʠʟʘʮʠʠ. 

ʄʠʢʦʪʦʢʩʠʥʳ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʩʝʢʪʦʨ ʠ ʧʠʱʝʚʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠʟ-ʟʘ ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ ʢʦʨʤʘ. ʆʥʠ ʚʧʦʣʥʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʝʱʝ ʚ ʧʦʣʝ, ʢʦʛʜʘ 

ʨʘʩʪʝʥʠʷ ʥʘʯʠʥʘʶʪ ʨʘʩʪʠ ʠ ʥʘʙʠʨʘʪʴʩʷ ʩʠʣ, ʘ ʪʘʢʞʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʦʙʨʘʙʦʪʢʠ, 

ʭʨʘʥʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʧʨʦʜʘʞʠ. ɿʝʨʥʦʚʳʝ ʢʫʣʴʪʫʨʳ, ʭʨʘʥʷʱʠʝʩʷ 

ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ, ʫʞʝ ʤʦʛʫʪ ʩʪʘʪʴ ʤʠʰʝʥʴʶ ʜʣʷ ʟʘʨʘʞʝʥʠʷ ʪʦʢʩʠʥʘʤʠ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʠʜʳ Penicillium ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʘʩʪʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʘʭ, ʯʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʘʪʫʣʠʥʘ ʚʦ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ.ɽʩʣʠ ʥʘ 

ʣʶʙʦʤ ʠʟ ʵʪʘʧʦʚ ʩʙʦʨʘ ʫʨʦʞʘʷ ʠ ʧʦʩʣʝ ʩʙʦʨʘ ʫʨʦʞʘʷ ʧʦʚʨʝʞʜʝʥʘ ʢʦʞʫʨʘ ʧʣʦʜʘ 

ʣʠʙʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʫʪʝʤ, ʣʠʙʦ ʥʘʩʝʢʦʤʳʤʠ ʠʣʠ ʫʢʫʩʘʤʠ ʞʠʚʦʪʥʳʭ, ʧʣʦʜ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʳʤ ʤʠʢʨʦʙʥʦʡ ʧʦʨʯʝ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʜʘʝʪ ʙʘʢʪʝʨʠʷʤ ʠ 

ʛʨʠʙʘʤ ʜʦʩʪʫʧ ʢ ʤʷʛʢʦʡ ʪʢʘʥʠ ʧʣʦʜʘ. ʇʪʠʮʳ, ʛʨʳʟʫʥʳ ʠ ʥʘʩʝʢʦʤʳʝ, ʤʦʛʫʪ ʥʝʩʪʠ ʥʘ 

ʩʝʙʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʧʦʵʪʦʤʫ ʠʭ ʩʣʝʜʫʝʪ ʚʩʝʛʜʘ ʜʝʨʞʘʪʴ ʧʦʜʘʣʴʰʝ ʦʪ ʩʚʝʞʠʭ 

ʬʨʫʢʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʢʦʪʦʨʳʝ ʠʩʧʦʨʯʝʥʥʳʝ ʧʣʦʜʳ ʤʦʛʫʪ ʠʥʬʠʮʠʨʦʚʘʪʴ 

ʥʝʧʦʚʨʝʞʜʝʥʥʳʝ ʧʣʦʜʳ ʠ ʚʳʟʳʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʦʧʫʩʢʘʶʪ ʠʭ 

ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʠ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʜʨʫʛʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ʅʝʧʨʘʚʠʣʴʥʘʷ ʜʝʤʦʥʩʪʨʘʮʠʷ ʬʨʫʢʪʦʚ ʥʘ ʨʳʥʢʝ ʤʦʞʝʪ ʪʘʢʞʝ ʧʨʠʚʝʩʪʠ ʢ 

https://ezproxy.ha.tpu.ru:2056/topics/earth-and-planetary-sciences/mycotoxin
https://ezproxy.ha.tpu.ru:2056/topics/earth-and-planetary-sciences/secondary-metabolite
https://ezproxy.ha.tpu.ru:2056/topics/food-science/penicillium
https://ezproxy.ha.tpu.ru:2056/science/article/pii/S0278691519302352#bib4
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ʧʝʨʝʢʨʝʩʪʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʪʦʚʘʨʦʚ. ʇʣʦʭʘʷ ʛʠʛʠʝʥʠʯʝʩʢʘʷ ʧʨʘʢʪʠʢʘ ʨʘʙʦʪʥʠʢʦʚ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦ ʚʨʝʤʷ ʧʦʢʘʟʘ ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʤʘʨʢʝʪʠʥʛʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʅʘʢʦʥʝʮ, ʣʶʙʘʷ ʥʝʧʨʘʚʠʣʴʥʘʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʩʯʠʪʘʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʧʫʪʝʤ ʟʘʛʨʷʟʥʝʥʠʷ [2]. 

ʄʠʢʦʪʦʢʩʠʥʳ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʪʷʞʝʣʳʭ ʦʪʨʘʚʣʝʥʠʡ, ʤʠʢʦʪʦʢʩʠʢʦʟʦʚ ʚ 

ʦʨʛʘʥʠʟʤʝ ʞʠʚʦʪʥʳʭ ʠ ʣʶʜʝʡ. 

ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʯʝʣʦʚʝʢʘ ʵʪʦ ʘʬʣʘʪʦʢʩʠʥʳ, ʦʭʨʘʪʦʢʩʠʥ ɸ, ʧʘʪʫʣʠʥ, ʬʫʤʦʥʠʟʠʥʳ, 

ʜʝʟʦʢʩʠʥʠʚʘʣʝʥʦʣ, ʥʠʚʘʣʝʥʦʣ, ʟʝʘʨʘʣʝʥʦʥ, ʪʦʢʩʠʥʳ ʊ-2 ʠ ʅʊ-2 [19]. ʇʦʩʪʫʧʘʶʪ 

ʤʠʢʦʪʦʢʩʠʥʳ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʧʠʱʫ ʟʘʨʘʞʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʠʢʦʪʦʢʩʠʥʳ ʥʦʨʤʠʨʫʶʪʩʷ ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚʦ 

ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ, ʚʢʣʶʯʘʷ ʈʌ, ʛʜʝ ʫʩʪʘʥʦʚʣʝʥʳ ʇɼʂ ʠʣʠ ʄɼʋ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʤʠʢʦʪʦʢʩʠʥʦʚ [13]. 

ʂʦʥʪʨʦʣʠʨʫʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʵʪʠʤʠ ʪʦʢʩʠʥʘʤʠ, ʨʘʟʨʘʙʘʪʳʚʘʷ 

ʜʦʩʪʦʚʝʨʥʳʝ, ʵʢʩʧʨʝʩʩʥʳʝ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʠʭ ʠʥʜʠʢʘʮʠʠ, ʥʦʨʤʠʨʫʶ 

ʙʝʟʦʧʘʩʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʤʠʢʦʪʦʢʩʠʥʦʚ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝʤ ʧʦʨʘʞʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʣʝʩʥʝʚʳʤʠ 

ʛʨʠʙʘʤʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʣʝʩʥʝʚʳʝ ʛʨʠʙʳ ʥʝ ʧʨʦʩʪʦ ʧʦʢʨʳʚʘʶʪ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʘ ʧʨʦʥʠʢʘʶʪ ʛʣʫʙʦʢʦ ʚʥʫʪʨʴ.  

ʂʘʞʜʳʡ ʛʦʜ ʫʱʝʨʙ ʦʪ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʳʨʴʝ ʚ ʤʠʨʝ ʙʦʣʴʰʝ 30 ʤʣʨʜ ʜʦʣʣʘʨʦʚ.  

ʄʠʢʦʪʦʢʩʠʢʦʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʛʨʦʤʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ ʚʦ 

ʚʩʝʤ ʤʠʨʝ. ʄʘʩʰʪʘʙ ʦʧʘʩʥʦʩʪʠ ʭʨʦʥʠʯʝʩʢʠʭ ʬʦʨʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʪ 

ʠʟʚʝʩʪʥʳʝ ʚʩʧʳʰʢʠ ʦʩʪʨʳʭ ʬʦʨʤ ʦʪʨʘʚʣʝʥʠʡ ʚ ʀʥʜʠʠ, ʉʐɸ, ʈʦʩʩʠʠ, ʗʧʦʥʠʠ 

ʂʠʪʘʝ ʩ ʣʝʪʘʣʴʥʳʤ ʠʩʭʦʜʦʤ ʜʣʷ ʤʥʦʛʠʭ ʪʳʩʷʯ ʣʶʜʝʡ. 

ʄʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʠʟ ʧʝʨʚʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʟʘʚʠʩʷʪ ʦʪ 

ʚʠʜʘ ʧʨʦʜʫʮʠʨʫʶʱʝʛʦ ʦʨʛʘʥʠʟʤʘ ʠ ʫʩʣʦʚʠʡ ʙʠʦʩʠʥʪʝʟʘ. ɺʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʤʝʭʘʥʠʟʤʳ:  
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1) ʧʦʣʠʢʝʪʠʜʥʳʡ (ʘʬʣʘʪʦʢʩʠʥ, ʦʭʨʘʪʦʢʩʠʥ, ʧʘʪʫʣʠʥ). ʕʪʦʪ ʤʝʭʘʥʠʟʤ 

ʩʯʠʪʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʤʥʦʛʠʭ ʤʠʢʦʪʦʢʩʠʥʦʚ;  

2) ʪʝʨʧʝʥʦʠʜʥʳʡ (ʪʨʠʭʦʪʝʮʝʥʦʚʳʝ ʤʠʢʦʪʦʢʩʠʥʳ);  

3) ʥʝʧʨʷʤʦʡ ʯʝʨʝʟ ʮʠʢʣ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (ʨʫʙʨʘʪʦʪʦʢʩʠʥʳ);  

4) ʘʤʠʥʦʢʠʩʣʦʪʥʳʡ (ʠʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ-ʘʤʠʥʦʢʠʩʣʦʪʳ), ʵʨʛʦʘʣʢʘʣʦʠʜʳ, 

ʮʠʢʣʦʧʠʘʟʦʥʦʚʘʷ ʢʠʩʣʦʪʘ;  

5) ʩʤʝʰʘʥʥʳʡ (ʢʦʛʜʘ ʜʚʘ ʠ ʙʦʣʝʝ ʤʝʭʘʥʠʟʤʦʚ), ʧʨʦʠʟʚʦʜʥʳʝ 

ʮʠʢʣʦʧʠʘʟʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʠʩʭʦʜʷ ʠʟ ʯʠʩʣʘ ʚʢʣʶʯʝʥʥʳʭ ʚ ʤʦʣʝʢʫʣʫ ʉ2 ʝʜʠʥʠʮ 

ʤʠʢʦʪʦʢʩʠʥʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʤʦʥʦʢʝʪʠʜʳ (ʟʝʘʨʘʣʝʥʦʥ), ʪʝʪʨʘʢʝʪʠʜʳ (ʧʘʪʫʣʠʥ), 

ʧʝʥʪʘʢʝʪʠʜʳ (ʦʭʨʘʪʦʢʩʠʥʘ), ʛʝʢʩʘʢʝʪʠʜʳ, ʛʝʧʪʘʢʝʪʠʜʳ, ʦʢʪʘʢʝʪʠʜʳ, ʜʝʢʘʢʝʪʠʜʳ 

(ʘʬʣʘʪʦʢʩʠʥʳ) [17].  

ʅʘʨʫʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ, ʫʙʦʨʢʘ 

ʫʨʦʞʘʷ ʥʝ ʚʦʚʨʝʤʷ, ʥʝʢʘʯʝʩʪʚʝʥʥʘʷ ʩʫʰʢʘ ʝʛʦ ʧʝʨʝʜ ʟʘʢʣʘʜʢʦʡ ʥʘ ʭʨʘʥʝʥʠʝ, 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʟʘʱʠʪʘ ʫʨʦʞʘʷ ʦʪ ʚʣʘʛʠ ï ʚʩʝ ʵʪʠ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠʚʦʜʷʪ ʢ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʪʦʢʩʠʥʦʚ. ʈʘʟʤʥʦʞʘʷʩʴ ʥʘ ʧʨʦʜʫʢʪʘʭ, ʧʦʤʠʤʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠʭ 

ʪʦʢʩʠʥʘʤʠ, ʧʣʝʩʥʝʚʳʝ ʛʨʠʙʳ ʧʦʨʪʷʪ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʦʚ, ʪʝʤ 

ʩʘʤʳʤ ʩʥʠʞʘʷ ʠʭ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʠʭ ʢ ʧʦʨʯʝ, ʜʝʣʘʷ ʥʝʛʦʜʥʳʤʠ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ ʚ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʛʠʙʝʣʠ ʞʠʚʦʪʥʳʭ.  

ʇʘʪʫʣʠʥ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʤʠʢʦʪʦʢʩʠʥʦʚ, ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʠʚʰʠʩʴ ʠ ʧʨʦʷʚʠʚʰʠʡ ʩʝʙʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʯʠʥʳ ʧʠʱʝʚʳʭ ʪʦʢʩʠʢʦʟʦʚ. 

 

1.2 ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʘʪʫʣʠʥʘ 

 

ʇʘʪʫʣʠʥ (4-ʛʠʜʨʦʢʩʠ-4ʅ-ʬʫʨʦ [3,2-ʩ] ʧʠʨʘʥ-2 (6ʅ) -ʆʅ) (ʨʠʩʫʥʦʢ 1) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʥʘʩʳʱʝʥʥʳʡ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʡ ʣʘʢʪʦʥ [11], ʤʠʢʦʪʦʢʩʠʥ, 

ʚʳʨʘʙʘʪʳʚʘʝʤʳʡ ʨʘʟʣʠʯʥʳʤʠ ʛʨʠʙʘʤʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ 60 ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ Aspergillus, Byssochlamys ʠ Penicillium. ʉʨʝʜʠ Aspergillus ʢ ʯʠʩʣʫ ʚʠʜʦʚ, 

ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʧʘʪʫʣʠʥ, ʦʪʥʦʩʷʪʩʷ: A. clavatus, A. giganteus ʠ A. longivesica. ɺ 

ʨʦʜʫ Penicillium ʥʘʩʯʠʪʳʚʘʝʪʩʷ 13 ʚʠʜʦʚ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʧʘʪʫʣʠʥ, ʚʢʣʶʯʘʷ P. 

https://ezproxy.ha.tpu.ru:2056/topics/earth-and-planetary-sciences/aspergillus
https://ezproxy.ha.tpu.ru:2056/topics/food-science/penicillium
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carneum, P. clavigerum, P. ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʡ, P. coprobium, P. dipodomyicola, P. 

expansum, P. glandicola, P. gladioli, P. griseofulvum, P. marinum, P. paneum, P. 

sclerotigenum ʠ P. vulpinum [12]. 

 

ʈʠʩʫʥʦʢ 1- ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʧʘʪʫʣʠʥʘ 

 

ʀʤʝʝʪ ʵʤʧʠʨʠʯʝʩʢʫʶ ʬʦʨʤʫʣʫ C7H6O4, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʣʳʡ ʧʦʨʦʰʦʢ ʩ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 154,12 ʛ/ʤʦʣʴ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ 111 ÁC [41]. ʆʥ 

ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ ʠ ʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ: ʤʝʪʘʥʦʣ, ʵʪʘʥʦʣ, ʘʮʝʪʦʥ 

ʠ ʵʪʠʣʘʮʝʪʘʪ. ʅʝ ʨʘʟʨʫʰʘʝʪʩʷ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʠ ʦʥ ʜʦʚʦʣʴʥʦ ʫʩʪʦʡʯʠʚ ʚ 

ʢʠʩʣʦʡ ʩʨʝʜʝ, ʥʦ ʥʝʩʪʘʙʠʣʝʥ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʠ ʢ ʬʝʨʤʝʥʪʘʮʠʠ. ʀʟ-ʟʘ ʝʛʦ 

ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʧʘʪʫʣʠʥ ʨʝʘʛʠʨʫʝʪ ʩ ʥʫʢʣʝʦʬʠʣʘʤʠ, ʦʩʦʙʝʥʥʦ ʩ 

ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʘʤʠʥʦʛʨʫʧʧʘʤʠ, ʪʘʢʠʝ ʢʘʢ ʮʠʩʪʝʠʥ, ʛʣʫʪʘʪʠʦʥ, 

ʙʝʣʢʠ ʠ ʪ. ʜ. ʆʥ ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʣʴʬʠʪʦʚ, 

ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʅʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 276ʥʤ (Ů 

16600), ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʘʣʠʯʠʝʤ ʢʝʪʦ-ʛʨʫʧʧʳ, ʩʦʧʨʷʞʝʥʥʦʡ ʩ ʥʝʧʨʝʜʝʣʴʥʳʤʠ 

ʩʚʷʟʷʤʠ. 

ʉʦʛʣʘʩʥʦ ʤʥʦʛʠʤ ʙʠʦʭʠʤʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, 

ʧʫʪʴ ʙʠʦʩʠʥʪʝʟʘ ʧʘʪʫʣʠʥʘ ʩʦʩʪʦʠʪ ʠʟ 10 ʵʪʘʧʦʚ (ʨʠʩʫʥʦʢ 2) [2]. 

https://ezproxy.ha.tpu.ru:2056/topics/earth-and-planetary-sciences/biosynthesis
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P.expansum - ʵʪʦ ʦʩʥʦʚʥʦʡ ʧʠʱʝʚʦʡ ʟʘʛʨʷʟʥʠʪʝʣʴ, ʧʨʦʠʟʚʦʜʷʱʠʡ ʧʘʪʫʣʠʥ [2, 

11]. ʇʦʩʢʦʣʴʢʫ ʨʘʟʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠʤʝʶʪ ʨʘʟʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚʘʭ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʠʜʳ ʛʨʠʙʢʦʚ ʟʘʛʨʷʟʥʷʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ 

ʠ ʜʘʞʝ ʬʨʫʢʪʳ. P. expansum ʧʨʝʜʧʦʯʠʪʘʝʪ ʩʝʤʝʯʢʦʚʳʝ ʠ ʢʦʩʪʦʯʢʦʚʳʝ ʬʨʫʢʪʳ, 

ʪʘʢʠʝ ʢʘʢ ʧʝʨʩʠʢʠ, ʚʠʰʥʷ ʠ ʬʨʫʢʪʳ, ʫ ʢʦʪʦʨʳʭ ʦʥʠ ʚʳʟʳʚʘʶʪ çʛʦʣʫʙʫʶ ʛʥʠʣʴè 

(ʨʠʩ. 3). 

 

ʈʠʩʫʥʦʢ 2 - ʇʫʪʠ ʙʠʦʩʠʥʪʝʟʘ ʧʘʪʫʣʠʥʘ 

 

https://ezproxy.ha.tpu.ru:2056/topics/food-science/pome-fruit
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ʈʠʩʫʥʦʢ 3 ï ɻʦʣʫʙʘʷ ʛʥʠʣʴ ʥʘ ʷʙʣʦʢʘʭ 

 

ʇʨʦʜʫʢʮʠʷ ʧʘʪʫʣʠʥʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, 

pH ʠ ʜʨʫʛʠʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʨʦʩʪʘ ʈ. 

expansum ʠ ʚʳʨʘʙʦʪʢʠ ʧʘʪʫʣʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 0ï240ʉ. ɼʦ ʩʠʭ ʧʦʨ ʥʝ ʷʩʥʦ, ʢʦʛʜʘ 

ʛʨʠʙʳ ʚʳʜʝʣʷʶʪ ʧʘʪʫʣʠʥ. ʅʘʧʨʠʤʝʨ, ʫʨʦʚʝʥʴ ʧʘʪʫʣʠʥʘ, ʚʳʜʝʣʷʝʤʦʛʦ P. expansum 

ʧʨʠ ʟʘʨʘʞʝʥʠʠ ʷʙʣʦʢ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 2 ʜʦ 100 ʤʢʛ/ʛ; ʦʜʥʘʢʦ ʪʦʯʥʳʡ 

ʫʨʦʚʝʥʴ ʥʝ ʩʚʷʟʘʥ ʥʠ ʩ ʠʥʬʝʢʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʨʠʙʢʦʚʳʭ ʚʠʜʦʚ, ʥʠ ʩ 

ʠʭ ʧʘʪʦʛʝʥʥʦʩʪʴʶ [2].  

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʧʘʪʫʣʠʥ ʥʝ 

ʨʘʟʨʫʰʘʣʩʷ ʚ ʷʙʣʦʯʥʦʤ ʩʦʢʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 800ʉ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ. ʊʘʢʞʝ ʙʳʣʦ 

ʥʝʙʦʣʴʰʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʘʪʫʣʠʥʘ ʚ ʩʦʢʝ, ʭʨʘʥʷʱʝʤʩʷ ʜʦ 3 ʥʝʜʝʣʠ ʧʨʠ 22 ʩ. ʇʘʪʫʣʠʥ 

ʫʩʪʦʡʯʠʚ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ, ʜʠʘʧʘʟʦʥ ʨH 3,5ï5,5 ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 

1250C.  

ʉʦʜʝʨʞʘʥʠʝ ʧʘʪʫʣʠʥʘ ʚ ʧʠʱʝ ʤʦʞʝʪ ʙʳʪʴ ʩʥʠʞʝʥʦ ʧʦ ʚʩʝʡ ʮʝʧʦʯʢʝ 

ʦʙʨʘʙʦʪʢʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʨʘʚʠʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʭʨʘʥʝʥʠʝ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʧʨʦʜʫʢʪʦʚ ʤʦʛʫʪ ʦʛʨʘʥʠʯʠʪʴ ʨʦʩʪ ʛʨʠʙʢʦʚ ʠ ʚʳʨʘʙʦʪʢʫ ʧʘʪʫʣʠʥʘ. 

ʆʙʱʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʷ ʧʘʩʪʝʨʠʟʘʮʠʶ, ʬʠʣʴʪʨʘʮʠʶ ʠ ʬʝʨʤʝʥʪʘʮʠʶ, 

ʚʣʠʷʶʪ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʧʘʪʫʣʠʥʘ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ, ʥʦ ʩʘʤʠ ʧʦ ʩʝʙʝ ʥʝ ʷʚʣʷʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʳʤʠ ʤʝʨʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ [46].  

https://ezproxy.ha.tpu.ru:2056/topics/earth-and-planetary-sciences/pathogenicity
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ʂʦʣʠʯʝʩʪʚʦ ʧʘʪʫʣʠʥʘ ʚ ʩʦʢʘʭ ʤʦʞʝʪ ʙʳʪʴ ʫʤʝʥʴʰʝʥʦ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʛʥʠʣʳʭ 

ʠʣʠ ʧʦʚʨʝʞʜʝʥʥʳʭ ʧʣʦʜʦʚ, ʥʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʝʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʤʠʢʦʪʦʢʩʠʥ ʜʠʬʬʫʥʜʠʨʫʝʪ ʚ ʟʜʦʨʦʚʳʝ ʯʘʩʪʠ ʧʣʦʜʘ [44].  

 

1.2.1 ʀʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ ʧʘʪʫʣʠʥʘ ʠ ʥʦʨʤʳ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʨʦʜʫʢʪʘʭ  

 

ʇʘʪʫʣʠʥ ð ʦʜʠʥ ʠʟ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʤʠʢʦʪʦʢʩʠʥʦʚ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ 

ʚʳʨʘʞʝʥʥʳʤʠ ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ ʠ ʤʫʪʘʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʘʪʫʣʠʥ ʩʦʜʝʨʞʠʪʩʷ 

ʚʦ ʤʥʦʛʠʭ ʧʦʨʘʞʝʥʥʳʭ ʛʥʠʣʴʶ ʦʚʦʱʘʭ, ʬʨʫʢʪʘʭ ʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨʘʭ, ʥʦ 

ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʷʙʣʦʢʠ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʦʙʨʘʙʦʪʢʠ, 

ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ ʧʘʪʫʣʠʥʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʦ 17,5 ʤʛ/ʢʛ ʦʥ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʘʢʞʝ 

ʚ ʛʨʫʰʘʭ, ʙʘʥʘʥʘʭ, ʪʦʤʘʪʘʭ, ʦʙʣʝʧʠʭʝ, ʘʙʨʠʢʦʩʘʭ, ʧʝʨʩʠʢʘʭ, ʯʝʨʝʰʥʝ, ʚʠʥʦʛʨʘʜʝ, 

ʢʣʫʙʥʠʢʝ, ʛʦʣʫʙʠʢʝ, ʙʨʫʩʥʠʢʝ, ʢʘʣʠʥʝ. ʇʘʪʫʣʠʥ ʣʝʛʢʦ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦ ʬʨʫʢʪʦʚʳʭ 

ʩʦʢʘʭ ʚʦ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʠʟ-ʟʘ ʩʚʦʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʪʘʢʠʭ ʢʘʢ ʭʦʨʦʰʘʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʤʠʢʦʪʦʢʩʠʥʘ ʙʳʣʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʚʷʟʘʥʦ ʩ ʝʛʦ 

ʘʥʪʠʙʠʦʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʧʝʥʠʮʠʣʣʠʥʘ ʚ 1929 ʛʦʜʫ ʫʯʝʥʳʝ 

ʙʳʣʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʧʦʠʩʢʝ ʜʨʫʛʠʭ ʘʥʪʠʙʠʦʪʠʢʦʚ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʭ ʛʨʠʙʘʤʠ. 

ɺʧʝʨʚʳʝ ʦʥ ʙʳʣ ʚʳʜʝʣʝʥ ʠʟ Penicillium griseofulvum ʚ 1943 ʛʦʜʫ ɻʘʨʦʣʴʜʦʤ 

ʈʝʡʩʪʨʠʢʦʤ. ɺʩʢʦʨʝ ʧʦʩʣʝ ʝʛʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʪʫʣʠʥ ʙʳʣ ʠʟʫʯʝʥ ʚ ʙʨʠʪʘʥʩʢʦʤ 

ʤʝʜʠʮʠʥʩʢʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʮʝʥʪʨʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʪʝʨʮʠʥʠʥè ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʪʠʤʠʢʨʦʙʥʦʛʦ ʘʛʝʥʪʘ ʧʨʦʪʠʚ ʥʝʢʦʪʦʨʳʭ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʭ ʙʘʢʪʝʨʠʡ, ʪʘʢʠʭ ʢʘʢ Mycobacterium tuberculosis [2]. ɺ 1940-ʭ 

ʛʦʜʘʭ ʧʘʪʫʣʠʥ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʪʱʘʪʝʣʴʥʦ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʘʥʪʠʙʠʦʪʠʢʘ. ʀʟʥʘʯʘʣʴʥʦ ʚʳʜʝʣʝʥ ʢʘʢ ʧʨʦʪʠʚʦʛʨʠʙʢʦʚʳʡ ʧʨʝʧʘʨʘʪ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʝʡʩʪʚʠʷ, ʧʦʟʞʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʥ ʧʦʜʘʚʣʷʝʪ ʙʦʣʝʝ 75 

ʨʘʟʣʠʯʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʚʠʜʦʚ, ʚʢʣʶʯʘʷ ʛʨʘʤʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ 

ʛʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ, ʪʘʢʞʝ ʪʦʢʩʠʯʝʥ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʜʨʫʛʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ ʢʨʳʩ, ʢʦʰʝʢ, ʢʨʦʣʠʢʦʚ ʠ ʤʳʰʝʡ.  ʃʠʰʴ ʚ 1954 ʛʦʜʫ 

ʚʩʧʳʰʢʘ ʦʪʨʘʚʣʝʥʠʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʚʝʪʝʨʠʥʘʨʘʤ, 
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ʯʪʦ ʧʘʪʫʣʠʥ ʷʚʣʷʝʪʩʷ ʤʠʢʦʪʦʢʩʠʥʦʤ. ʀʟ-ʟʘ ʝʛʦ ʪʦʢʩʠʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʘʢ 

ʘʥʪʠʙʠʦʪʠʢʘ ʙʳʣʦ ʧʨʝʢʨʘʱʝʥʦ [18]. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʘʪʫʣʠʥ ʪʦʢʩʠʯʝʥ ʢʘʢ ʜʣʷ ʨʘʩʪʝʥʠʡ, ʪʘʢ ʠ ʜʣʷ 

ʜʨʦʞʞʝʡ [12].  

ʇʘʪʫʣʠʥ ʚʭʦʜʠʪ ʚ ʩʧʠʩʦʢ ʤʠʢʦʪʦʢʩʠʥʦʚ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʳʭ ʚ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʘʭ ʨʝʛʫʣʠʨʫʶʪʩʷ. ʕʪʦʪ ʩʧʠʩʦʢ ʚʢʣʶʯʘʝʪ ʘʬʣʘʪʦʢʩʠʥʳ, ʦʭʨʘʪʦʢʩʠʥ ɸ, 

ʬʫʤʦʥʠʟʠʥʳ, ʪʨʠʭʦʪʝʮʝʥʳ ʠ ʟʝʘʨʘʣʝʥʦʥ. 

ʅʘʮʠʦʥʘʣʴʥʳʤʠ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʛʨʫʧʧʘʤʠ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʠʪʘʥʠʠ ʯʝʣʦʚʝʢʘ ʷʙʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʪʦʯʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʧʘʪʫʣʠʥʘ ʥʝ ʙʦʣʝʝ 50 ʤʛ/ʢʛ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʨʘʥ 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ ʫʨʦʚʝʥʴ ʧʘʪʫʣʠʥʘ ʚ ʩʦʢʝ ʦʪ 20 ʜʦ 50 ʤʛ/ʢʛ [18, 42].  

ɽʚʨʦʧʝʡʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʩ 2003 ʛʦʜʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ʧʘʪʫʣʠʥʘ 50 ʤʢʛ/ʢʛ ʜʣʷ ʬʨʫʢʪʦʚʳʭ ʩʦʢʦʚ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ, 25 

ʤʢʛ/ʢʛ ʜʣʷ ʪʚʝʨʜʳʭ ʷʙʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ 10 ʤʢʛ/ʢʛ ʜʣʷ ʩʦʢʦʚ ʠ ʧʨʦʜʫʢʪʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʤʣʘʜʝʥʮʝʚ ʠ ʜʝʪʝʡ ʤʣʘʜʰʝʛʦ ʚʦʟʨʘʩʪʘ [12]. ʅʝʩʤʦʪʨʷ ʥʘ 

ʥʘʣʠʯʠʝ ʵʪʠʭ ʧʨʘʚʠʣ, ʧʘʪʫʣʠʥ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ ʚʦ 

ʚʩʝʤ ʤʠʨʝ [45]. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʨʦʚʝʥʴ ʧʘʪʫʣʠʥʘ ʚ ʷʙʣʦʯʥʳʭ ʧʨʦʜʫʢʪʘʭ ʜʣʷ ʜʝʪʝʡ ʫʩʪʘʥʦʚʣʝʥ ʚ 

5 ʨʘʟ ʥʠʞʝ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʚʟʨʦʩʣʳʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʜʝʪʠ ʚ 

ʚʦʟʨʘʩʪʝ ʜʦ 12 ʣʝʪ ʥʘʭʦʜʷʪʩʷ ʚ ʦʧʘʩʥʦʩʪʠ (ɺʆɿ, 2005). ɼʝʪʠ ʠʤʝʶʪ ʬʠʟʠʦʣʦʛʠʶ, 

ʦʪʣʠʯʥʫʶ ʦʪ ʬʠʟʠʦʣʦʛʠʠ ʚʟʨʦʩʣʳʭ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʙʦʣʝʝ ʫʷʟʚʠʤʳʤʠ [3]. ʄʥʦʛʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʪʘʢʞʝ ʥʘ ʫʨʦʚʥʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʥʘ ʙʝʨʝʤʝʥʥʳʭ ʞʝʥʱʠʥʘʭ, ʪʘʢ ʢʘʢ ʪʦʢʩʠʢʘʥʪʳ, ʧʦʪʨʝʙʣʷʝʤʳʝ 

ʤʘʪʝʨʴʶ, ʤʦʛʫʪ ʥʝʤʝʜʣʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʨʘʟʚʠʪʠʝ ʧʣʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʝʨʝʤʝʥʥʳʝ 

ʞʝʥʱʠʥʳ ʷʚʣʷʶʪʩʷ ʝʱʝ ʦʜʥʦʡ ʛʨʫʧʧʦʡ ʨʠʩʢʘ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʝʡ ʝʚʨʦʧʝʡʩʢʦʡ ʢʦʤʠʩʩʠʠ ʠ ʥʘ ʦʩʥʦʚʝ 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʫʨʦʚʥʷ NOEL (no effect level) ʧʘʪʫʣʠʥʘ (43 ʤʢʛ/ʢʛ ʤʘʩʩʳ ʪʝʣʘ) 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʩʫʪʦʯʥʘʷ ʜʦʟʘ ʧʘʪʫʣʠʥʘ ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʫʨʦʚʥʝ 0,4 ʤʢʛ/ʢʛ ʤʘʩʩʳ ʪʝʣʘ. ʕʪʦʪ ʫʨʦʚʝʥʴ ʙʳʣ ʧʨʠʥʷʪ 

https://ezproxy.ha.tpu.ru:2056/topics/earth-and-planetary-sciences/fetus
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/tolerable-daily-intake
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ʙʦʣʴʰʠʥʩʪʚʦʤ ʘʥʘʣʠʟʦʚ ʦʮʝʥʢʠ ʨʠʩʢʘ ʜʣʷ ʟʜʦʨʦʚʴʷ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʧʘʪʫʣʠʥ (EC, 

2006). 

ʉʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʪʘʤʦʞʝʥʥʦʛʦ ʩʦʶʟʘ ˉ 

021/2011 «ʆ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠè, ʚ ʧʣʦʜʦʚʦʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ ʜʣʷ 

ʧʠʪʘʥʠʷ ʜʝʪʝʡ, ʙʝʨʝʤʝʥʥʳʭ ʠ ʢʦʨʤʷʱʠʭ ʞʝʥʱʠʥ ʥʘ ʦʩʥʦʚʝ ʷʙʣʦʢ, ʪʦʤʘʪʦʚ, 

ʦʙʣʝʧʠʭʠ ʠ ʢʘʣʠʥʳ ʧʨʠʩʫʪʩʪʚʠʝ ʧʘʪʫʣʠʥʘ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ [2]. 

 

1.2.2 ʅʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʟʜʦʨʦʚʴʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʘʪʫʣʠʥʦʤ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʘʪʫʣʠʥ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʢʘʥʮʝʨʦʛʝʥ ʯʝʣʦʚʝʢʘ 3 

ʛʨʫʧʧʳ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʘʛʝʥʪʩʪʚʦʤ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʢʘ (IARC, 1986) [14], ʯʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʞʠʚʦʪʥʳʭ ʠʣʠ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʝʛʦ ʢʘʥʮʝʨʦʛʝʥʝʟʘ ( IARC, 2018).  

ʊʦʢʩʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʘʪʫʣʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚʨʝʜʥʳʭ ʘʜʜʫʢʪʦʚ ʩ ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʚʘʞʥʳʭ ʙʠʦʤʦʣʝʢʫʣ. ʉʨʦʜʩʪʚʦ 

ʧʘʪʫʣʠʥʘ ʢ ʩʫʣʴʬʛʠʜʨʠʣʴʥʳʤ ʛʨʫʧʧʘʤ ʰʠʨʦʢʦ ʦʧʠʩʘʥʦ, ʦʙʲʷʩʥʷʷ ʝʛʦ 

ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ ʤʥʦʛʠʤ ʬʝʨʤʝʥʪʘʤ (ɸʊʌʘʟʘ, 

ʣʠʟʦʩʦʤʘʣʴʥʳʝ ʬʝʨʤʝʥʪʳ, ʈʅʂ-ʧʦʣʠʤʝʨʘʟʘ ʠ ʪ. ʜ.), ʝʛʦ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ 

ʚʢʣʶʯʘʶʪ ʨʘʟʨʫʰʝʥʠʝ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʘ ʙʝʣʢʘ, 

ʪʨʘʥʩʧʦʨʪʘ ʘʤʠʥʦʢʠʩʣʦʪ, ʥʘʨʫʰʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʪʨʘʥʩʣʷʮʠʷ, ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

ʩʠʥʪʝʟʘ ɼʅʂ, ʠʥʪʝʨʬʝʨʦʥ ʧʨʦʜʫʮʠʨʫʶʱʠʭ T-ʭʝʣʧʝʨʥʳʭ ʢʣʝʪʦʢ 1-ʛʦ ʪʠʧʘ.  

ʃɼ50 ʧʘʪʫʣʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 15 ʜʦ 25 ʤʛ/ʢʛ ʠ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʞʠʚʦʪʥʳʭ ʠ ʧʫʪʠ 

ʚʦʟʜʝʡʩʪʚʠʷ [44]. 

ʇʘʪʫʣʠʥ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʨʝʘʢʪʠʚʥʦʡ ʤʦʣʝʢʫʣʦʡ, ʩʧʦʩʦʙʥʦʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʙʝʣʢʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʩʚʷʟʝʡ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ, 

ʟʘʩʪʘʚʣʷʷ ʠʭ ʚʝʩʪʠ ʩʝʙʷ ʢʘʢ ʠʥʛʠʙʠʪʦʨ ʬʝʨʤʝʥʪʘ [45]. 

ʆʩʪʨʳʝ ʩʠʤʧʪʦʤʳ ʫʧʦʪʨʝʙʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʚʢʣʶʯʘʶʪ ʚʦʟʙʫʞʜʝʥʠʝ, ʩʫʜʦʨʦʛʠ, 

ʦʜʳʰʢʫ, ʟʘʩʪʦʡ ʚ ʣʝʛʢʠʭ, ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʝ ʩʠʤʧʪʦʤʳ ʚʢʣʶʯʘʷ ʪʦʰʥʦʪʫ, 

ʨʚʦʪʫ, ʷʟʚʫ, ʢʠʰʝʯʥʳʝ ʢʨʦʚʦʠʟʣʠʷʥʠʷ ʠ ʧʦʨʘʞʝʥʠʷ ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʠ. ʂ 

https://ezproxy.ha.tpu.ru:2056/science/article/pii/S0278691519302352#bib26
https://ezproxy.ha.tpu.ru:2056/science/article/pii/S0278691519302352#bib26
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/carcinogenesis
https://ezproxy.ha.tpu.ru:2056/science/article/pii/S0278691519302352#bib37
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/thiol-group
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/thiol-group
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/lysosome-enzyme
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/rna-polymerase
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/nausea
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/intestine-injury
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ʭʨʦʥʠʯʝʩʢʠʤ ʩʠʤʧʪʦʤʘʤ ʫʧʦʪʨʝʙʣʝʥʠʶ ʧʘʪʫʣʠʥʘ ʦʪʥʦʩʷʪʩʷ ʛʝʥʦʪʦʢʩʠʯʝʩʢʠʡ, 

ʥʝʡʨʦʪʦʢʩʠʯʝʩʢʠʡ ʠ ʢʘʥʮʝʨʦʛʝʥʥʳʡ ʵʬʬʝʢʪʳ.  

ʇʘʪʫʣʠʥ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʩʚʷʟʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ɼʅʂ. 

ʕʪʠ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʦʙʲʷʩʥʠʪʴ ʩʦʦʙʱʝʥʥʳʝ ʪʝʨʘʪʦʛʝʥʥʳʝ ʠ ʢʘʥʮʝʨʦʛʝʥʥʳʝ 

ʵʬʬʝʢʪʳ. ʅʝʪ ʩʦʦʙʱʝʥʠʡ ʦ ʚʦʟʤʦʞʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʧʘʪʫʣʠʥʘ ʧʨʠ ʚʜʳʭʘʥʠʠ 

ʪʦʢʩʠʥʘ ʚ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʡ ʬʦʨʤʝ.  

ʂʨʦʤʝ ʪʦʛʦ, ɺʆɿ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʘʪʫʣʠʥ ʢʘʢ ʚʦʟʤʦʞʥʦʝ ʛʝʥʦʪʦʢʩʠʯʝʩʢʦʝ 

ʩʦʝʜʠʥʝʥʠʝ (WHO, 2005).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʵʢʩʧʨʝʩʩʥʳʭ, ʵʢʦʥʦʤʠʯʥʳʭ ʠ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʘʪʫʣʠʥʘ 

ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ, ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. 

 

1.2.3 ʂʦʥʪʨʦʣʴ ʤʠʢʦʪʦʢʩʠʥʦʚ 

 

ɹr ʣʠ ʧʨʠʥʷʪʳ ʪʨʠ ʦʩʥʦʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʫʤʝʥʴʰʝʥʠʷ ʠʣʠ ʜʘʞʝ ʫʩʪʨʘʥʝʥʠʷ 

ʧʨʠʩʫʪʩʪʚʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ: ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ 

ʤʠʢʦʪʦʢʩʠʥʘʤʠ ʚ ʧʝʨʠʦʜ ʜʦ ʠ ʧʦʩʣʝ ʩʙʦʨʘ ʫʨʦʞʘʷ, ʜʝʪʦʢʩʠʢʘʮʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ, ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʚʩʘʩʳʚʘʥʠʝ ʤʠʢʦʪʦʢʩʠʥʦʚ 

ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ. ʇʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʤʝʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʧʦʜʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʘʭ, 

ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. ɼʦʣʞʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʬʝʨʤʦʡ, ʤʝʪʦʜʳ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʝʢʪʠʮʠʜʦʚ, ʬʫʥʛʠʮʠʜʦʚ, ʘ ʪʘʢʞʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ, ʠʨʨʠʛʘʮʠʷ ʠ ʦʪʙʦʨ ʩʦʨʪʦʚ ʛʘʨʘʥʪʠʨʫʶʪ, ʯʪʦ ʨʘʩʪʝʥʠʷ 

ʙʫʜʫʪ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʘʤ ʚʦʟʜʝʡʩʪʚʠʷ [44].  

ʆʜʥʘʢʦ, ʥʝ ʢʘʞʜʦʝ ʭʨʘʥʠʣʠʱʝ ʠʤʝʝʪ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʵʪʠʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʠ ʝʩʪʴ 

ʧʨʦʙʣʝʤʳ ʩ ʯʨʝʟʤʝʨʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʬʫʥʛʠʮʠʜʦʚ. ʋʣʫʯʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʬʨʫʢʪʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʦʙʨʘʙʦʪʢʝ, ʩ ʧʦʤʦʱʴʶ ʤʳʪʴʷ, ʦʙʨʝʟʢʠ ʠ 

ʩʦʨʪʠʨʦʚʢʠ - ʚʩʝ ʵʪʦ ʦʯʝʥʴ ʧʦʣʝʟʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʘʪʫʣʠʥʘ. ʕʪʠ 

ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʙʳʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤʠ ʜʣʷ ʚʩʝʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, 
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ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʦʪʭʦʜʳ ʩʳʨʴʷ. ʆʪʭʦʜʳ ʩʘʤʠ ʧʦ ʩʝʙʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʙʣʝʤʫ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʪʨʝʙʫʶʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʧʨʠ ʦʙʨʘʱʝʥʠʠ 

ʠ ʫʪʠʣʠʟʘʮʠʠ. ʊʠʧʠʯʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝʜʦʩʪʘʪʦʯʥʳ, ʠ 

ʥʝʦʙʭʦʜʠʤʦ ʜʘʣʴʥʝʡʰʝʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʘʪʫʣʠʥʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʥʝʫʙʝʜʠʪʝʣʴʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʘʢʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ 

ʤʝʪʦʜʦʚ ʠ ʧʦʵʪʦʤʫ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʛʘʨʘʥʪʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʦʙʝʩʧʦʢʦʝʥʥʦʩʪʴ ʧʦ ʧʦʚʦʜʫ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʦʢʩʠʯʥʦʩʪʠ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʧʘʪʫʣʠʥʘ ʥʝʢʦʪʦʨʳʤʠ ʠʟ ʵʪʠʭ 

ʩʧʦʩʦʙʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʝʱʝ ʧʨʝʜʩʪʦʠʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ, ʘ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ, ʢʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ [45]. 

ɿʘʛʨʷʟʥʝʥʠʷ ʧʦʩʣʝ ʩʙʦʨʘ ʫʨʦʞʘʷ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ, ʢʦʥʪʨʦʣʠʨʫʷ ʚʣʘʞʥʦʩʪʴ, 

ʪʝʤʧʝʨʘʪʫʨʫ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʨʝʜʠʪʝʣʝʡ, ʥʘʩʝʢʦʤʳʭ ʠ ʞʠʚʦʪʥʳʭ. 

ɼʝʪʦʢʩʠʢʘʮʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ, ʭʠʤʠʯʝʩʢʠʤʠ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʘ ʠ ʠʥʦʛʜʘ ʦʛʨʘʥʠʯʝʥʘ ʠʟ-ʟʘ ʧʨʦʙʣʝʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʦʟʤʦʞʥʳʭ ʧʦʪʝʨʴ ʚ ʧʠʪʘʪʝʣʴʥʦʤ ʢʘʯʝʩʪʚʝ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʩʪʦʠʤʦʩʪʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ 

ʚʤʝʘhʪʝʣʴʩʪʚ, ʠʟʫʯʝʥʥʳʭ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʚʢʣʶʯʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʜʣʷ ʩʥʠʞʝʥʠʷ ʘʙʩʦʨʙʮʠʠ ʤʠʢʦʪʦʢʩʠʥʦʚ ʠʟ ʧʦʪʨʝʙʣʷʝʤʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʫʱʝʩʪʚʫʶʪ ʯʝʪʢʠʝ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʙʘʢʪʝʨʠʡ ʩʥʠʞʘʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʠʢʦʪʦʢʩʠʥʦʚ ʫ ʣʶʜʝʡ, ʥʦ ʥʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [44]. 

 

1.3 ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ 

 

ʊʦʪ ʬʘʢʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʠʢʦʪʦʢʩʠʥʦʚ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ ʧʨʠ ʦʯʝʥʴ 

ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʥʘʣʠʯʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ ʥʘʜʝʞʥʳʭ 

ʤʝʪʦʜʦʚ ʠʭ ʦʙʥʘʨʫʞʝʥʠʷ. ʨʷʜ ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ 

ʢ ʘʥʘʣʠʟʫ ʤʠʢʦʪʦʢʩʠʥʦʚ ʠʟ-ʟʘ ʠʭ ʨʘʟʣʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ [44]. ʆʧʨʝʜʝʣʝʥʠʝ 

ʤʠʢʦʪʦʢʩʠʥʦʚ ʦʩʥʦʚʘʥʦ ʥʘ ʠʟʚʣʝʯʝʥʠʠ ʵʪʠʭ ʚʝʱʝʩʪʚ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 
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ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʚ ʪ. ʯ. ʘʮʝʪʦʥʠʪʨʠʣʦʤ, ʭʣʦʨʦʬʦʨʤʦʤ, ʪʦʣʫʦʣʦʤ, ʤʝʪʘʥʦʣʦʤ, 

ʵʪʠʣʘʮʝʪʘʪʦʤ, ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʝ ʵʢʩʪʨʘʢʪʘ ʥʘ ʠʤʤʫʥʦʘʬʬʠʥʥʳʭ ʢʦʣʦʥʢʘʭ 

ʠʣʠ ʪʚʝʨʜʦʬʘʟʥʦʡ ʵʢʩʪʨʘʢʮʠʝʡ. 

 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʠʩʧʦʣʴʟʫʶʪ ʠʤʤʫʥʦʭʠʤʠʯʝʩʢʠʝ, 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ, ʦʧʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ʀʤʤʫʥʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʜʥʦʛʦ 

ʠʣʠ ʥʝʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʤʠʢʦʪʦʢʩʠʥʦʚ. ɺ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ 

ʚʳʩʦʢʦʩʧʝʮʠʬʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʥʪʠʛʝʥʘ ʠ ʘʥʪʠʪʝʣʘ. ʇʨʷʤʳʝ ʠ ʥʝʧʨʷʤʳʝ 

ʤʝʪʦʜʳ ʀʌɸ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʘʬʣʘʪʦʢʩʠʥʦʚ ʠ ʪʦʢʩʠʥʦʚ 

Fusarium ʚ ʟʣʘʢʘʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʭʨʘʪʦʢʩʠʥʘ ʠ ʧʘʪʫʣʠʥʘ ʚ ʚʠʥʘʭ ʠ ʦʙʨʘʟʮʘʭ ʧʠʱʠ 

[44]. ʀʤʤʫʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʦʩʥʦʚʘʥ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʝʞʜʫ ʘʥʪʠʛʝʥʦʤ 

(ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʠʥʪʝʨʝʩ ʘʥʘʣʠʪʦʤ) ʠ ʚʳʜʝʣʝʥʥʳʤ ʘʥʪʠʪʝʣʦʤ, ʚʳʨʘʙʦʪʘʥʥʳʤ 

ʧʨʦʪʠʚ ʘʥʪʠʛʝʥʘ. ɸʥʪʠʪʝʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʳ IgG ʠʣʠ IgY. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʤʦʣʝʢʫʣʳ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʢʦʤʧʣʝʤʝʥʪʝ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʛʨʫʧʧ (ʵʧʠʪʦʧ) ʥʘ ʘʥʪʠʛʝʥʝ, ʘ ʥʝ ʥʘ ʚʩʝʤ ʘʥʪʠʛʝʥʝ. ɼʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʥʪʠʪʝʣ ʤʠʢʦʪʦʢʩʠʥʳ ʷʚʣʷʶʪʩʷ ʛʘʧʪʝʥʘʤʠ (ʩʣʠʰʢʦʤ ʤʘʣʝʥʴʢʠʤʠ, 

ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʠʤʤʫʥʦʣʦʛʠʯʝʩʢʠʡ ʦʪʚʝʪ), ʧʦʵʪʦʤʫ ʦʥʠ ʢʦʥʲʶʛʠʨʦʚʘʥʳ ʩ 

ʧʦʣʠʧʝʧʪʠʜʘʤʠ ʠʣʠ ʙʝʣʢʘʤʠ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʤʫʥʦʛʝʥʘ [16, 40].  

ʊʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 

 ʂʘʧʠʣʣʷʨʥʳʡ ʵʣʝʢʪʨʦʬʦʨʝʟ (ʂʕ) ð ʵʪʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʟʘʨʷʜʘ ʚ ʨʘʩʪʚʦʨʝ, ʘ ʥʝ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʨʘʩʪʚʦʨʝʥʥʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʦʡ. 

ʈʘʟʜʝʣʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʤʠʛʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʨʘʙʦʯʝʤ ʙʫʬʝʨʝ. 

ʂʘʪʠʦʥʳ ʤʠʛʨʠʨʫʶʪ ʥʘ ʢʘʪʦʜ, ʘ ʘʥʠʦʥʳ ʤʠʛʨʠʨʫʶʪ ʥʘ ʘʥʦʜ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʦʩʤʦʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ. ɿʘʪʝʤ ʘʥʘʣʠʪʳ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʠʣʠ ʋʌ-ʧʦʛʣʦʱʝʥʠʷ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ ʦʙʥʘʨʫʞʝʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʂʕ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʝʥʠʝ ʤʠʢʦʪʦʢʩʠʥʦʚ ʥʘ ʩʣʝʜʦʚʳʭ ʫʨʦʚʥʷʭ [46]. ʈʘʟʜʝʣʝʥʠʝ 

ʥʝʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʤʠʮʝʣʣ ʚ ʤʝʪʦʜʠʢʝ, 

ʠʟʚʝʩʪʥʦʡ ʢʘʢ ʤʠʮʝʣʣʷʨʥʘʷ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʘʷ ʢʘʧʠʣʣʷʨʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

(MECC) [16]. 
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ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʬʨʘʢʨʘʩʥʳʭ (ʀʂ) ʘʥʘʣʠʟʘʪʦʨʦʚ ʠ ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʩʢʨʠʥʠʥʛʘ 

ʤʠʢʦʪʦʢʩʠʥʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʙʨʘʟʮʘ ʟʝʨʥʘ. ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʪʠʭ ʤʝʪʦʜʦʚ 

ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʦʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʙʳʩʪʨʳʡ ʨʝʟʫʣʴʪʘʪ ʠ ʥʝʨʘʟʨʫʰʘʝʤʦʩʪʴ ʦʙʨʘʟʮʘ. 

ɻʥʠʝʥʠʝ ʷʜʨʘ ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʬʫʤʦʥʠʟʠʥʦʤ ʚ ʢʫʢʫʨʫʟʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʪʨʘʞʝʥʠʷ ʙʣʠʞʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ 

ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʟʘʛʨʷʟʥʝʥʥʳʤʠ ʠ ʯʠʩʪʳʤʠ ʧʘʨʪʠʷʤʠ [16]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʟʣʠʯʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ ʦʩʥʦʚʘʥʳ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʘʥʪʠʛʝʥ-ʘʥʪʠʪʝʣʦ ʧʦʢʘʟʘʣʠ ʦʪʣʠʯʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʣʷ 

ʙʳʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ, ʢʚʘʨʮʝʚʳʡ ʤʠʢʨʦʙʘʣʘʥʩ (ʤʠʢʨʦʚʝʩʳ), ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʧʣʘʟʤʝʥʥʳʡ 

ʨʝʟʦʥʘʥʩ ʠ ʪʘʢ ʜʘʣʝʝ. ʉʝʥʩʦʨʥʳʝ ʤʝʪʦʜʳ ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʠʤʝʶʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʘʶʱʝʛʦ ʘʥʘʣʠʟʘ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠ 

ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ [13], ʧʦʟʚʦʣʷʶʱʠʝ ʦʪʜʝʣʠʪʴ 

ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʤʠʢʦʪʦʢʩʠʥ ʦʪ ʧʨʠʤʝʩʝʡ ʠ ʧʦʤʝʭ, ʢʦʪʦʨʳʝ ʚʩʝ ʝʱʝ ʤʦʛʫʪ 

ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʵʢʩʪʨʘʢʪʘ [3, 41, 42]. 

 

1.3.1 ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʪʫʣʠʥʘ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʪʦʥʢʦʩʣʦʡʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

(ʊʉʍ), ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩ ʤʘʩʩ-ʩʝʣʝʢʪʠʚʥʦʡ ʜʝʪʝʢʮʠʝʡ (ɻʍ-ʄʉ), 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʜʝʪʝʢʮʠʠ 

(ʋʌ, ʄʉ, ɼʄɼ).  

ʊʦʥʢʦʩʣʦʡʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ (ʊʉʍ) ʙʳʣʘ ʧʝʨʚʳʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʚ 

ʷʙʣʦʯʥʦʤ ʩʦʢ. ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʧʘʪʫʣʠʥʘ ʤʝʪʦʜʦʤ ʊʉʍ ʙʳʣ ʫʪʚʝʨʞʜʝʥ AOAC ʥʘ 

ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʝ ʉʢʦʪʪʦʤ (1974). ʕʪʦʪ ʤʝʪʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʵʢʩʪʨʘʢʮʠʷ ʵʪʠʣʘʮʝʪʘʪʦʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ ʩ ʩʠʣʠʢʘʛʝʣʝʤ. ʇʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ ʙʳʣ 20 ʤʛ/ʣ 

(ʉʢʦʪʪ, 1974). 

ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʦʙʥʘʨʫʞʝʥʠʝ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʧʫʪʝʤ ʨʘʩʧʳʣʝʥʠʷ 3-ʤʝʪʠʣ-2-

ʙʝʥʟʦʪʠʘʟʦʣʠʥʦʥ ʛʠʜʨʘʟʦʥʘ ʩ ʧʨʝʜʝʣʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 20 ʤʛ/ʣ. 

ʆʜʥʘʢʦ, ʝʛʦ ʠʟʚʣʝʯʝʥʠʷ ʙʳʣʠ ʥʠʟʢʠʤʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʙʳʣʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ, ʠ 

ʨʘʟʜʝʣʝʥʠʷ ʩ ʤʘʪʨʠʮʝʡ ʯʘʩʪʦ ʙʳʣʠ ʧʨʦʙʣʝʤʘʪʠʯʥʳ. ʀʟ-ʟʘ ʵʪʦʛʦ ʊʉʍ ʚ ʥʘʰʝ ʚʨʝʤʷ 

ʙʳʣ ʧʦʯʪʠ ʟʘʙʨʦʰʝʥ ʚ ʨʫʪʠʥʥʦʤ ʘʥʘʣʠʟʝ ʧʘʪʫʣʠʥʘ [41, 42]. 

ɺ ʮʝʣʦʤ, ʊʉʍ - ʵʪʦ ʥʝʜʦʨʦʛʦʡ, ʙʳʩʪʨʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʧʦʣʫʯʝʥʠʷ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʠʣʠ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʚʠʟʫʘʣʴʥʳʭ ʦʮʝʥʦʢ; ʥʘʜʝʞʥʳʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʜʝʥʩʠʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. 

ʇʘʪʫʣʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʫʶ ʧʦʣʷʨʥʫʶ ʤʦʣʝʢʫʣʫ. ʝʛʦ 

ʥʠʟʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʧʨʷʤʦʡ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ɻʍ. ʀʟ-ʟʘ ʩʚʦʝʛʦ 

ʦʛʨʘʥʠʯʝʥʠʷ ʣʝʪʫʯʠʤʠ ʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ɻʍ ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʦʜʭʦʜʷʱʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʮʝʣʝʡ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʤʝʥʝʝ ʧʦʣʷʨʥʳʡ, ʙʦʣʝʝ ʣʝʪʫʯʠʡ ʘʥʘʣʠʪ ʠ ʚʳʭʦʜ 

ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʦʥʦʚ, ʧʨʠʥʷʪʳ ʩʪʨʘʪʝʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʘʮʠʣʠʨʦʚʘʥʠʝ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʠʤʝʪʠʣʩʠʣʠʣʦʚʦʛʦ ʵʬʠʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʩʪʘʙʠʣʴʥʳ, ʩ 

ʭʦʨʦʰʠʤʠ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʥʘʜʝʞʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʧʘʪʫʣʠʥʘ. ʇʦʩʣʝ ʜʝʨʠʚʘʪʠʟʘʮʠʠ ʧʘʪʫʣʠʥ ʤʦʞʝʪ ʙʳʪʴ ʦʙʥʘʨʫʞʝʥ ʩ ʧʦʤʦʱʴʶ ɻʍ 

ʜʝʪʝʢʪʦʨʦʤ ʩ ʟʘʭʚʘʪʦʤ ʵʣʝʢʪʨʦʥʦʚ. ʆʜʥʘʢʦ ɻʍ ʙʝʟ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʥʝ ʭʚʘʪʘʝʪ 

ʩʧʝʮʠʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʄʉ ʙʳʣ ʩʚʷʟʘʥ ʩ ɻʍ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʫʚʝʣʠʯʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʪʦʜʘ. 

ʚʥʫʪʨʝʥʥʠʡ ʩʪʘʥʜʘʨʪ (IS), ʦʩʦʙʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʦʪʦʧʦʚ ʧʘʪʫʣʠʥʘ, 

ʢʦʤʧʝʥʩʠʨʫʝʪ ʧʦʪʝʨʠ ʮʝʣʝʚʳʭ ʘʥʘʣʠʪʦʚ ʠ ʵʬʬʝʢʪʳ ʧʦʜʘʚʣʝʥʠʷ ʤʘʪʨʠʮʳ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʦʯʥʳʡ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ɻʍïʄʉ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʦʩʥʦʚʘʥʳ 

ʥʘ ʜʝʨʠʚʘʪʠʟʘʮʠʠ ʠ ʪʨʝʙʫʶʪ ʠʟʦʪʦʧʥʦʛʦ ʤʝʯʝʥʦʛʦ ʧʘʪʫʣʠʥʘ ʢʘʢ IS, ʢʦʪʦʨʳʡ ʥʝ ʙʳʣ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʝʥ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ. ʄʝʪʦʜ ʫʜʘʯʥʦ ʧʨʠʤʝʥʝʥ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʚ ʷʙʣʦʢʘʭ ʠ ʷʙʣʦʯʥʳʭ ʧʨʦʜʫʢʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʩʦʢʘʭ, ʩʠʜʨʝ ʠ 
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ʜʝʪʩʢʦʤ ʧʠʪʘʥʠʠ, ʬʨʫʢʪʦʚʦ-ʘʡʚʦʚʳʭ ʜʞʝʤʘʭ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʧʨʝʜʝʣ 

ʦʙʥʘʨʫʞʝʥʠʷ 5,8 ʤʛ/ʢʛ [4]. 

ɺʕɾʍ ʥʘʰʣʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʤʠʢʦʪʦʢʩʠʥʦʚ. 

ʇʦʣʷʨʥʘʷ ʧʨʠʨʦʜʘ ʤʠʢʦʪʦʢʩʠʥʦʚ ʠ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʘʥʦʣ ʠ ʘʮʝʪʦʥʠʪʨʠʣ, ʧʦʜʨʘʟʫʤʝʚʘʶʪ, ʯʪʦ ʦʥʠ ʣʝʛʢʦ 

ʧʦʜʜʘʶʪʩʷ ʨʘʟʜʝʣʝʥʠʶ ʥʘ ʢʦʣʦʥʢʘʭ ɺʕɾʍ ʩ ʦʙʨʘʱʝʥʥʦʡ ʬʘʟʦʡ, ʠ ʵʪʦ ʧʨʠʚʝʣʦ ʢ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʤʝʪʦʜʘʤ. ʉʪʝʧʝʥʴ, ʚ ʢʦʪʦʨʦʡ ɺʕɾʍ ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ 

ʤʠʢʦʪʦʢʩʠʥʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʙʘʟʳ ʜʘʥʥʳʭ ʦ ʚʨʝʤʝʥʘʭ 

ʫʜʝʨʞʠʚʘʥʠʷ, ʧʦʢʘʟʘʪʝʣʷʭ ʫʜʝʨʞʠʚʘʥʠʷ, ʤʘʢʩʠʤʫʤʘʭ ʧʦʛʣʦʱʝʥʠʷ ʚ ʋʌ-ʩʧʝʢʪʨʝ ʠ 

ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʤʦʥʦʠʟʦʪʦʧʥʳʭ ʠʦʥʘʭ ʜʣʷ 474 ʤʝʪʘʙʦʣʠʪʦʚ ʛʨʠʙʦʚ. ʆʬʠʮʠʘʣʴʥʳʡ 

ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶ ʞʠʜʢʦʩʪʥʫʶ 

ʭʨʦʤʘʪʦʛʨʘʬʠʶ (ɺʕɾʍ) ʩ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ (ʋʌ) ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ, ʢʘʢ ʦʧʠʩʘʥʦ 

ɸʩʩʦʮʠʘʮʠʝʡ ʦʬʠʮʠʘʣʴʥʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʝ 

ʦʙʥʘʨʫʞʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʋʌ- ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ, ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʦʥʠʟʘʮʠʠ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ 

ʧʨʠʚʝʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʨʷʜʘ ʤʝʪʦʜʦʚ ɾʍ-ʄʉ, ʩʧʦʩʦʙʥʳʭ ʢ ʦʯʝʥʴ ʥʠʟʢʠʤ ʧʨʝʜʝʣʘʤ 

ʦʙʥʘʨʫʞʝʥʠʷ [38.40]. ɺʥʝʜʨʝʥʠʝ ʧʨʠʙʦʨʦʚ ɾʍ-ʄʉ ʩʜʝʣʘʣʦ ʚʦʟʤʦʞʥʳʤ ʨʘʟʨʘʙʦʪʢʫ 

ʤʫʣʴʪʠʪʦʢʩʠʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʨʷʜʘ ʩʪʨʫʢʪʫʨʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʪʦʢʩʠʥʦʚ ʚ ʦʜʥʦʤ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʤ ʮʠʢʣʝ. ʇʦʪʨʝʙʥʦʩʪʴ ʚ ʪʘʢʠʭ 

ʤʫʣʴʪʠʪʦʢʩʠʥʦʚʳʭ ʤʝʪʦʜʘʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʜʠʥ ʚʠʜ ʛʨʠʙʦʚ ʧʨʦʜʫʮʠʨʫʝʪ 

ʨʘʟʣʠʯʥʳʝ ʪʦʢʩʠʥʳ ʠ ʯʪʦ ʦʜʠʥ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʡ ʧʨʦʜʫʢʪ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʛʨʷʟʥʝʥ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʛʨʠʙʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʧʦʷʚʣʝʥʠʶ 

ʨʷʜʘ ʨʘʟʣʠʯʥʳʭ ʪʦʢʩʠʥʦʚ [16, 41, 42]. 

ʉʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʚʦ ʬʨʫʢʪʦʚʳʭ ʧʨʦʜʫʢʪʘʭ - ɺʕɾʍ ʩ ʋʌ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ [6,16]. ʕʪʦ ʦʬʠʮʠʘʣʴʥʳʡ ʤʝʪʦʜ ʧʨʠʥʷʪ AOAC International (1995) 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʚ ʷʙʣʦʯʥʦʤ ʩʦʢʝ ʩ ʧʨʝʜʝʣʦʤ ʦʙʥʘʨʫʞʝʥʠʷ 5 ʤʛ / ʜʤ3. ɺ 

ʵʪʦʤ ʤʝʪʦʜʝ ʧʨʦʟʨʘʯʥʳʡ ʷʙʣʦʯʥʳʡ ʩʦʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ 

ʵʪʠʣʘʮʝʪʘʪʦʤ; ʤʫʪʥʳʡ ʷʙʣʦʯʥʳʡ ʩʦʢ ʠ ʷʙʣʦʯʥʦʝ ʧʶʨʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʧʝʢʪʠʥʘʟʥʳʤ 

ʬʝʨʤʝʥʪʦʤ ʜʦ ʠʟʚʣʝʯʝʥʠʷ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ: ʤʝʰʘʶʱʝʝ 
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ʚʣʠʷʥʠʝ 5-ʆʄʌ, ʯʪʦ ʯʘʩʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʘʪʫʣʠʥʘ; 

ʥʠʟʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ; ʚʳʩʦʢʠʡ ʨʘʩʭʦʜ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ ʧʦʜʪʚʝʨʜʠʪʴ 

ʝʛʦ ʥʘʣʠʯʠʝ, ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʙʦʣʝʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ, 

ʪʘʢʠʝ ʢʘʢ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (ʄʉ) [7, 40, 41]. ɺ ʨʘʙʦʪʝ [47] ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʠʟʚʣʝʯʝʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ ɻʍ-ʄʉ ʠʣʠ ɺʕɾʍ-ʄʉ ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʫ ʧʦ QuEChERS (Quick, Easy, Cheap, Effective, Rugged, Safe). 

ʄʝʪʦʜ ɺʕɾʍ-ɼʄɼ ʦʙʣʘʜʘʝʪ ʜʦʩʪʫʧʥʦʩʪʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʊʉʍ, ʠ ʧʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳʤ ʜʣʷ ʘʥʘʣʠʟʘ ʧʣʦʜʦʚʦʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʛʦ 

ʤʠʢʦʪʦʢʩʠʥʘ [15]. 

ʈ̫ ʜ ʤʠʢʦʪʦʢʩʠʥʦʚ ʥʝ ʧʦʛʣʦʱʘʶʪ ʚ ʋʌ-ʜʠʘʧʘʟʦʥʝ, ʠ ʜʣʷ ʥʠʭ ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʷʱʠʝ ʤʝʪʦʜʳ ʜʝʨʠʚʘʪʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʥʘʨʫʞʠʚʘʪʴ ʋʌ 

ʠʣʠ ʬʣʫʦʨʝʩʮʝʥʮʠʶ. ʇʨʠʤʝʨʘʤʠ ʵʪʦʛʦ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʥ ʊ-2 ʠ ʬʫʤʦʥʠʟʠʥʳ [16, 41]. 

ʉʦʝʜʠʥʝʥʠʝ ɺʕɾʍ ʠ ʄʉ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʠʦʥʠʟʘʮʠʠ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ (API), ʪʘʢʠʭ ʢʘʢ ʵʣʝʢʪʨʦʨʘʩʧʳʣʠʪʝʣʴʥʘʷ ʠʦʥʠʟʘʮʠʷ (ESI) ʠ ʭʠʤʠʯʝʩʢʘʷ 

ʠʦʥʠʟʘʮʠʷ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ (APCI), ʠ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʥʘʩʪʦʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʦʪʢʨʳʣʠ ʥʦʚʳʝ ʤʝʪʦʜʦʣʦʛʠʠ ʜʣʷ ʨʫʪʠʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʤʠʢʦʪʦʢʩʠʥʦʚ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʪʦʜʳ ʊʉʍ ʠ ɺʕɾʍ ʯʘʩʪʦ ʪʨʝʙʫʶʪ ʜʝʨʠʚʘʪʠʟʘʮʠʠ 

ʜʣʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ɾʍ-ʄʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʪʦʜ ʜʝʪʝʢʮʠʠ, 

ʥʝʟʘʚʠʩʠʤʳʡ ʦʪ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʣʠ ʦʪ ʋʌ - ʧʦʛʣʦʱʝʥʠʷ 

ʠʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʤʦʣʝʢʫʣʳ [16]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʌ ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʦʪʦʢʩʠʥʦʚ ʚ ʟʝʨʥʝ, ʧʣʦʜʦʦʚʦʱʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʩʫʭʦʬʨʫʢʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ɻʆʉʊʦʚ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ [13]: 

1) ɻʆʉʊ 34140-2017 çʇʨʦʜʫʢʪʳ ʧʠʱʝʚʳʝ, ʢʦʨʤʘ, ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʝ 

ʩʳʨʴʝ. ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤè [22]; 

2) ɻʆʉʊ 32835-2014 çʇʨʦʜʫʢʮʠʷ ʩʦʢʦʚʘʷ. ʆʧʨʝʜʝʣʝʥʠʝ ʤʠʢʦʪʦʢʩʠʥʦʚ 

ʤʝʪʦʜʦʤ ʪʘʥʜʝʤʥʦʡ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

(ɺʕɾʍ-ʄʉ)» [23]; 
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3) ɻʆʉʊ 31748-2012 çʇʨʦʜʫʢʪʳ ʧʠʱʝʚʳʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʘʬʣʘʪʦʢʩʠʥʘ B1 ʠ 

ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʬʣʘʪʦʢʩʠʥʦʚ B1, B2, G1 ʠ G2 ʚ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨʘʭ, ʦʨʝʭʘʭ ʠ 

ʧʨʦʜʫʢʪʘʭ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ. ʄʝʪʦʜ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠè 

[24]; 

4) ʄʋ 4082-86 «ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʘʬʣʘʪʦʢʩʠʥʦʚ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ 

ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠè [25]; 

5) ɻʆʉʊ 30711-2001 «ʇʨʦʜʫʢʪʳ ʧʠʱʝʚʳʝ. ʄʝʪʦʜʳ ʚʳʷʚʣʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʬʣʘʪʦʢʩʠʥʦʚ B1 ʠ M1» [26]; 

6) ɻʆʉʊ 28038-2013 çʇʨʦʜʫʢʪʳ ʧʝʨʝʨʘʙʦʪʢʠ ʧʣʦʜʦʚ ʠ ʦʚʦʱʝʡ. ʄʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʦʪʦʢʩʠʥʘ ʧʘʪʫʣʠʥʘè [21]; 

7) ɻʆʉʊ ʈ 51435-99    ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʦʪʦʢʩʠʥʘ ʧʘʪʫʣʠʥ 

ʚ ʩʦʢʝ ʷʙʣʦʯʥʦʤ, ʩʦʢʝ ʷʙʣʦʯʥʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʤ ʠ ʥʘʧʠʪʢʘʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʷʙʣʦʯʥʳʡ ʩʦʢ ʩ ʧʦʤʦʱʴʶ ɺʕɾʍ» [27]; 

8) ɻʆʉʊ 31691-2012 «ɿʝʨʥʦ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ, ʢʦʤʙʠʢʦʨʤʘ. 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʝʘʨʘʣʝʥʦʥʘ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠè [28]; 

9) ɻʆʉʊ ISO 17372-2016 «ʂʦʨʤʘ ʜʣʷ ʞʠʚʦʪʥʳʭ. ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʟʝʘʨʘʣʝʥʦʥʘ ʤʝʪʦʜʘʤʠ ʠʤʤʫʥʦʘʬʬʠʥʥʦʡ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠè [29]; 

10) ɻʆʉʊ ɽʅ 15850-2013 «ʇʨʦʜʫʢʪʳ ʧʠʱʝʚʳʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʟʝʘʨʘʣʝʥʦʥʘ ʚ 

ʧʨʦʜʫʢʪʘʭ ʜʣʷ ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ ʥʘ ʢʫʢʫʨʫʟʥʦʡ ʦʩʥʦʚʝ, ʷʯʤʝʥʥʦʡ, ʢʫʢʫʨʫʟʥʦʡ ʠ 

ʧʰʝʥʠʯʥʦʡ ʤʫʢʝ, ʧʦʣʝʥʪʝ ʠ ʧʨʦʜʫʢʪʘʭ ʥʘ ʟʝʨʥʦʚʦʡ ʦʩʥʦʚʝ ʜʣʷ ʧʠʪʘʥʠʷ ʛʨʫʜʥʳʭ ʜʝʪʝʡ 

ʠ ʜʝʪʝʡ ʨʘʥʥʝʛʦ ʚʦʟʨʘʩʪʘ. ʄʝʪʦʜ ɺʕɾʍ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʤʫʥʦʘʬʬʠʥʥʦʡ 

ʢʦʣʦʥʦʯʥʦʡ ʦʯʠʩʪʢʠ ʵʢʩʪʨʘʢʪʘ ʠ ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤè [30]; 

11) ʄʋ 5177-90 «ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʜʝʟʦʢʩʠʥʠʚʘʣʝʥʦʣʘ (ʚʦʤʠʪʦʢʩʠʥʘ) ʠ ʟʝʘʨʘʣʝʥʦʥʘ ʚ ʟʝʨʥʝ 

ʠ ʟʝʨʥʦʧʨʦʜʫʢʪʘʭè [31]; 

12) ɻʆʉʊ ɽʅ 15891-2013 «ʇʨʦʜʫʢʪʳ ʧʠʱʝʚʳʝ. ʦʧʨʝʜʝʣʝʥʠʝ 

ʜʝʟʦʢʩʠʥʠʚʘʣʝʥʦʣʘ ʚ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʤ ʟʝʨʥʝ, ʧʨʦʜʫʢʪʘʭ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ ʠ 

ʧʨʦʜʫʢʪʘʭ ʥʘ ʟʝʨʥʦʚʦʡ ʦʩʥʦʚʝ ʜʣʷ ʧʠʪʘʥʠʷ ʛʨʫʜʥʳʭ ʜʝʪʝʡ ʠ ʜʝʪʝʡ ʨʘʥʥʝʛʦ ʚʦʟʨʘʩʪʘ. 
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ʄʝʪʦʜ ɺʕɾʍ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʤʫʥʦʘʬʬʠʥʥʦʡ ʢʦʣʦʥʦʯʥʦʡ ʦʯʠʩʪʢʠ ʵʢʩʪʨʘʢʪʘ ʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘè 

[32]; 

13) ɻʆʉʊ ʈ 51116-97 «ʂʦʤʙʠʢʦʨʤʘ, ʟʝʨʥʦ, ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ. ʄʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʜʝʟʦʢʩʠʥʠʚʘʣʝʥʦʣʘ (ʚʦʤʠʪʦʢʩʠʥʘ)è [33]; 

14) ɻʆʉʊ ɽʅ 15835-2013 «ʇʨʦʜʫʢʪʳ ʧʠʱʝʚʳʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʭʨʘʪʦʢʩʠʥʘ ɸ 

ʚ ʧʨʦʜʫʢʪʘʭ ʥʘ ʟʝʨʥʦʚʦʡ ʦʩʥʦʚʝ ʜʣʷ ʧʠʪʘʥʠʷ ʛʨʫʜʥʳʭ ʜʝʪʝʡ ʠ ʜʝʪʝʡ ʨʘʥʥʝʛʦ ʚʦʟʨʘʩʪʘ. 

ʄʝʪʦʜ ɺʕɾʍ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʤʫʥʦʘʬʬʠʥʥʦʡ ʢʦʣʦʥʦʯʥʦʡ ʦʯʠʩʪʢʠ ʵʢʩʪʨʘʢʪʘ ʠ 

ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠè [34]; 

15) ɻʆʉʊ ISO 15141-2-2013 «ʇʨʦʜʫʢʪʳ ʧʠʱʝʚʳʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʦʭʨʘʪʦʢʩʠʥʘ ɸ ʚ ʟʝʨʥʝ ʠ ʟʝʨʥʦʚʳʭ ʧʨʦʜʫʢʪʘʭ. ʏʘʩʪʴ 2. ʄʝʪʦʜ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʦʯʠʩʪʢʦʡ ʙʠʢʘʨʙʦʥʘʪʦʤè [35]; 

16) ɻʆʉʊ ʈ ɽʅ 15829-2011    ʇʨʦʜʫʢʪʳ ʧʠʱʝʚʳʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʭʨʘʪʦʢʩʠʥʘ 

A ʚ ʢʦʨʠʥʢʝ, ʠʟʶʤʝ, ʢʠʰʤʠʰʝ, ʩʤʝʩʷʭ ʩʫʰʝʥʳʭ ʬʨʫʢʪʦʚ ʠ ʠʥʞʠʨʝ ʩʫʰʝʥʦʤ. ʄʝʪʦʜ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʤʫʥʦʘʬʬʠʥʥʦʡ 

ʢʦʣʦʥʦʯʥʦʡ ʦʯʠʩʪʢʠ ʵʢʩʪʨʘʢʪʘ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʦ ʬʣʶʦʨʝʩʮʝʥʮʠʠ [36].  

 

1.4 ɺʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ 

ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ 

 

ʇʨʠʤʝʥʷʝʤʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʘ ʜʣʷ ʘʥʘʣʠʟʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʠʤʝʶʪ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʪʨʝʙʫʶʪ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʥʠ ʪʨʫʜʦʝʤʢʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʨʦʛʠʝ ʨʝʘʢʪʠʚʳ, ʘ 

ʜʣʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʫʞʥʳ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʂʘʢ ʫʞʝ 

ʦʪʤʝʯʘʣʦʩʴ, ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʜʘʥʥʳʤ ʤʝʪʦʜʘʤ ʤʦʛʫʪ ʚʳʩʪʫʧʠʪʴ ʕʄɸ.  

ʕʄɸ ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʦʮʝʩʩʘʭ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʨʘʩʪʚʦʨʝ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʠʣʠ ʚ ʧʨʠʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ɸʥʘʣʠʪʠʯʝʩʢʠʤ ʩʠʛʥʘʣʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʣʶʙʦʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 
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ʨʘʩʪʚʦʨʘ ʠ ʧʦʜʜʘʝʪʩʷ ʪʦʯʥʦʤʫ ʠʟʤʝʨʝʥʠʶ. ʀʟʤʝʨʷʝʤʳʡ ʧʘʨʘʤʝʪʨ ʦʧʨʝʜʝʣʷʝʪ ʤʝʪʦʜ 

ʘʥʘʣʠʟʘ ʠ ʝʛʦ ʥʘʟʚʘʥʠʝ.  

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʕʄɸ ʧʝʨʝʞʠʚʘʶʪ ʙʫʨʥʦʝ 

ʨʘʟʚʠʪʠʝ, cʨʝʜʠ ʥʠʭ ʣʠʜʠʨʫʶʱʫʶ ʧʦʟʠʮʠʶ ʟʘʥʠʤʘʶʪ ʤʝʪʦʜʳ ɺɸ (ʨʠʩʫʥʦʢ 4).  

 

 

ʈʠʩʫʥʦʢ 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ 

ʘʥʘʣʠʟʘ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦʩʚʷʱʝʥʘ ɺɸ-ʤʝʪʦʜʘʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʪʘʣʣʘʤ (ʨʠʩʫʥʦʢ 5). ʆʜʥʘʢʦ 

ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʨʦʩʪʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ɺɸ-ʦʧʨʝʜʝʣʝʥʠʶ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʘ ʠʤʝʥʥʦ ʦʧʨʝʜʝʣʝʥʠʶ ʨʷʜʘ ʚʠʪʘʤʠʥʦʚ ʠ ʘʥʪʠʙʠʦʪʠʢʦʚ ʚ 

ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʙʠʦʦʙʲʝʢʪʘʭ, ʬʘʨʤʧʨʝʧʘʨʘʪʘʭ, ʨʝʞʝ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʠ, 

ʢ ʩʦʞʘʣʝʥʠʶ,  ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ ʨʘʙʦʪ ʧʦ ɺɸ- ʢʦʥʪʨʦʣʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ. 

 

ʈʠʩʫʥʦʢ 5 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʦʧʨʝʜʝʣʷʝʤʳʤ ʢʦʤʧʦʥʝʥʪʘʤ 
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8%
6%

ɺɸ (70 %)

ʇʦʪʝʥʮʠʦʤʝʪʨʠʷ (16 %)

ɸʤʧʝʨʦʤʝʪʨʠʷ (8 %)

ʂʦʥʜʫʢʪʦʤʝʪʨʠʷ (6 %)

56%

13%

31% ʄʝʪʘʣʣʳ (56 %)

ʅʝʤʝʪʘʣʣʳ (13 %)

ʆʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ (31 %)
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ʄʝʪʦʜʳ ɺɸ ̫ ʚʣʷʶʪʩʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ (ʩʨʘʚʥʠʤʳ ʩ ɸɸʉ), ʙʳʩʪʨʳʤʠ, 

ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ, ʵʢʦʥʦʤʠʯʥʳʤʠ, ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ɺɸ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʪʠʚʳ, ʤʝʪʦʜʠʢʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ. ʄʝʪʦʜʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʜʝʰʝʚʠʟʥʘ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʦʚ ɺɸ ʚ ʦʙʲʝʢʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʥʘ ʩʦʜʝʨʞʘʥʠʷ ʘʬʣʘʪʦʢʩʠʥʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [8] ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʘʬʣʘʪʦʢʩʠʥʘ B1 

ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʧʦʣʷʨʦʛʨʘʬʠʠ. ɸʚʪʦʨʳ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʬʣʘʪʦʢʩʠʥʘ B1 ʠ G1 ʚ ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨ, ʛʜʝ 

ʩʤʝʩʴ 0,1 ʤʦʣʴ/ʜʤ3 (CH3)4NBr, 0,1 ʤʦʣʴ/ʜʤ3 LiCl ʠ 40% CH3OH. ʇʦʪʝʥʮʠʘʣʳ ʧʠʢʦʚ 

ʧʦʣʫʚʦʣʥʳ ʘʬʣʘʪʦʢʩʠʥʘ B1 ʠ G1 ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ E1/2 ( ʘʬʣ B1) = (ï1,33±0,02)ɺ 

ʠ  E1/2 ( ʘʬʣG1)  = (ï1,25±0,02) ɺ ʦʪʥʦʩʠʪʝʣʴʥʦ AgCl- ʘʥʦʜʘ.  

ɺ [9] ʦʧʠʩʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʘʬʣʘʪʦʢʩʠʥʘ B1 ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʥʘ 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʤ ʵʣʝʢʪʨʦʜʝ, ʢʦʪʦʨʳʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʩʠʣʠʢʘʛʝʣʴ-ʠʦʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʦʧʣʸʥʢʠ ʚ ʧʳʣʴʮʝ ʧʯʝʣ. ɸʚʪʦʨʳ ʫʚʝʣʠʯʠʣʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʝʥʩʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʠʦʥʥʫʶ 

ʞʠʜʢʦʩʪʴ ʛʝʢʩʘʬʪʦʨʬʦʩʬʘʪ 1-ʘʤʠʣ-2,3-ʜʠʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ. ʉʝʥʩʦʨ ʜʘʚʘʣ 

ʣʠʥʝʡʥʳʡ ʦʪʢʣʠʢ ʚ ʜʠʘʧʘʟʦʥʝ 0,1-10 ʥʛ/ʤʣ ʘʬʣʘʪʦʢʩʠʥʘ B1, ʧʨʝʜʝʣ ʦʙʥʘʨʫʞʝʥʠʷ 

0,01 ʥʛ/ʤʣ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ ʥʘ ʩʠʣʠʢʘʛʝʣʝ, ʥʦʚʳʡ ʩʝʥʩʦʨ 

ʯʫʚʩʪʚʠʪʝʣʴʥʝʝ ʚ 2 ʨʘʟʘ, ʫʩʪʦʡʯʠʚʝʝ ʚ 190 ʨʘʟ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʤʝʰʘʶʪ ʪʠʧʳ 

ʘʬʣʘʪʦʢʩʠʥʘ B2, G1, G2, M1. ʄʝʨʘ ʧʨʘʚʠʣʴʥʦʩʪʠ 96,0-102,5%. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʦʩʣʦʞʥʝʥ ʤʦʜʠʬʠʢʘʮʠʝʡ ʘʛʝʥʪʘ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʘʥʘʣʠʟʘ.  

ɺ ʨʘʙʦʪʝ [10] ʤʝʪʦʜʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ 

ʦʧʠʩʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʘʬʣʘʪʦʢʩʠʥʘ B1 ʥʘ ʛʨʘʬʠʪʦʚʳʭ ʧʝʯʘʪʥʳʭ ʵʣʝʢʪʨʦʜʘʭ, ʩ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʤʫʥʦʨʝʘʛʝʥʪʘʤʠ. ɸʚʪʦʨʳ ʚ ʢʘʯʝʩʪʚʝ 

ʤʝʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʝʨʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʱʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʠʛʥʘʣʘ. 

ʉʫʙʩʪʨʘʪʦʤ ʩʣʫʞʠʣ 1-ʥʘʬʪʠʣʬʦʩʬʘʪ, ʦʢʠʩʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ 1-ʥʘʬʪʦʣ, ʢʘʪʘʣʠʟʠʨʫʝʪ 

ʱʝʣʦʯʥʫʶ ʬʦʩʬʘʪʘʟʫ. ɺʦʟʥʠʢʘʶʱʠʡ ʪʦʢ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʤʝʪʦʜʘʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ.  ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʛʨʘʬʠʪʦʚʳʡ 
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ʧʝʯʘʪʥʳʡ ʵʣʝʢʪʨʦʜ ʪʨʝʙʫʝʪ ʦʙʥʦʚʣʝʥʠʷ ʠ ʥʘʥʝʩʝʥʠʷ ʬʝʨʤʝʥʪʘ, ʜʝʣʘʷ ʨʘʙʦʪʫ ʙʦʣʝʝ 

ʪʨʫʜʦʝʤʢʦʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʢʩʠʯʥʳʝ ʨʝʘʛʝʥʪʳ. ɺ ʣʠʪʝʨʘʪʫʨʝ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʜʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ ʠ 

ʬʦʥʦʚʳʤʠ ʵʣʝʢʪʨʦʣʠʪʘʤʠ ʩ ʨʘʟʣʠʯʥʦʡ ʨH.  
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ɻʃɸɺɸ 2 ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

2.1 ʇʨʠʙʦʨʳ, ʵʣʝʢʪʨʦʜʳ, ʷʯʝʡʢʠ  

 

ʀʥʚʝʨʩʠʦʥʥʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ, ʢʘʢ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʤʝʪʦʜ 

ʘʥʘʣʠʟʘ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʙʦʨʦʚ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʊʨʝʙʦʚʘʥʠʷ 

ʢ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʶʪ. ʇʦʤʠʤʦ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, 

ʘʥʘʣʠʟʘʪʦʨʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʦʪʦʨʳʝ 

ʦʙʣʝʛʯʘʶʪ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ: ʧʨʦʩʪʦʪʘ ʠ ʫʜʦʙʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʤʧʘʢʪʥʳʡ 

ʨʘʟʤʝʨ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ.  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʦʤʧʣʝʢʩʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ 

«ʉʊɸè ʠ çʉʊɸ ï ʵʣʝʤʝʥʪè (ʛ.ʊʦʤʩʢ, ʆʆʆ ʀʊʄ) (ʨʠʩʫʥʦʢ 6).  

ʂʦʤʧʣʝʢʩ çʉʊɸ» (ʊʋ 4215-001-20694097-98) ð ʵʪʦ ʧʨʠʙʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ, ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʩ ʪʨʝʤʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʷʯʝʡʢʘʤʠ 

ʚ ʢʦʤʧʣʝʢʪʝ ʩ IBM ï ʩʦʚʤʝʩʪʠʤʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʘʢʝʪʦʤ 

ʧʨʦʛʨʘʤʤ çʉʊɸè.  ʇʨʠʙʦʨ ʚʥʝʩʝʥ ʚ ʬʝʜʝʨʘʣʴʥʳʡ ʨʝʝʩʪʨ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ, 

ʧʨʦʰʝʜʰʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ˉ 17933-04.  ʉʝʨʪʠʬʠʢʘʪʳ ʦʙ 

ʫʪʚʝʨʞʜʝʥʠʠ ʪʠʧʘ ʠʟʤʝʨʝʥʠʡ RU.C.31.113A ˉ 37983 (ʈʦʩʩʠʷ), KZ.02.03.03383-

2010/17933-09 ̄  6206 (ʂʘʟʘʭʩʪʘʥ), UA-MI/3-382-2002 ˉ 000590 ʩʝʨʠʷ ɼ(ʋʢʨʘʠʥʘ). 

 

                      

ʈʠʩʫʥʦʢ 6ï ʢʦʤʧʣʝʢʩʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʩʝʨʠʠ «ʉʊɸ» 

 

ɺ ʘʥʘʣʠʟʘʪʦʨʝ ʉʊɸ ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʨʝʛʠʩʪʨʘʮʠʠ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤ: ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʠ ʩʪʫʧʝʥʯʘʪʳʡ ʩ ʧʨʦʠʟʚʦʜʥʦʡ ʬʫʥʢʮʠʝʡ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʚʳʙʨʘʪʴ ʥʘʠʣʫʯʰʠʝ ʨʘʙʦʯʠʝ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʝʱʝʩʪʚ. 
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ɹʣʦʢ ʷʯʝʝʢ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʢʪʨʦʜʦʚ (ʠʥʜʠʢʘʪʦʨʥʳʡ, ʩʨʘʚʥʝʥʠʷ, 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ), ʩʤʝʥʥʳʭ ʩʪʘʢʘʥʯʠʢʦʚ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʚʤʝʩʪʠʤʦʩʪʴʶ 15-

20 ʩʤ3, ʪʨʫʙʢʘ ʜʣʷ ʧʦʜʚʦʜʘ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ. 

 

2.1.1 ʕʣʝʢʪʨʦʜʳ 

 

ɻʨʘʬʠʪʦʚʳʡ ʵʣʝʢʪʨʦʜ (ɻʕ) (ʨʠʩʫʥʦʢ 7, ɸ) ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʛʨʘʬʠʪʦʚʦʛʦ 

ʩʪʝʨʞʥʷ ʩ ʜʠʘʤʝʪʨʦʤ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 3-5 ʤʤ, ʢʦʪʦʨʳʡ ʧʨʦʧʠʪʘʥ ʩʤʝʩʴʶ 

ʧʘʨʘʬʠʥʘ, ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ.  

ʈʪʫʪʥʦ-ʧʣʝʥʦʯʥʳʡ ʵʣʝʢʪʨʦʜ (ʈʇʕ) (ʨʠʩʫʥʦʢ 7, ɹ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʬʪʦʨʦʧʣʘʩʪʦʚʳʡ ʩʪʝʨʞʝʥʴ ʩ ʟʘʧʨʝʩʩʦʚʘʥʥʦʡ ʩʝʨʝʙʨʷʥʦʡ ʧʨʦʚʦʣʦʢʦʡ ʜʠʘʤʝʪʨʦʤ 2,0 

ʤʤ ʠ ʜʣʠʥʦʡ 9-10 ʤʤ, ʧʣʦʱʘʜʴ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʦʣʦ 15,0 ʤʤ2. ʇʦʜʛʦʪʦʚʢʘ 

ʵʣʝʢʪʨʦʜʘ ʢ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘʥʝʩʝʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʝʨʝʙʨʘ ʧʣʝʥʢʠ 

ʨʪʫʪʠ. ʇʦʢʨʳʪʠʝ ʨʪʫʪʴʶ ʧʨʦʠʟʚʝʜʝʥʘ ʧʦʛʨʫʞʝʥʠʝʤ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʵʣʝʢʪʨʦʜʘ 

(ʩʝʨʝʙʨʷʥʦʡ ʧʨʦʚʦʣʦʢʠ) ʚ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʨʪʫʪʴ ʥʘ 2-3ʩʤ, ʧʦʩʣʝ ʵʪʦʛʦ ʨʪʫʪʴ 

ʨʘʩʪʠʨʘʣʠ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʦʡ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʝʸ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʨʝʙʨʘ. ʇʦʣʫʯʝʥʥʳʡ ʈʇʕ ʭʨʘʥʠʣʠ ʚ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ.  

ʉʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʵʣʝʢʪʨʦʜ (ʉʋʕ) ï ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ ʩʪʝʨʞʝʥʴ ʩ ʜʠʘʤʝʪʨʦʤ 

1,5 ï 2,0 ʤʤ, ʟʘʧʨʝʩʩʦʚʘʥ ʚʦ ʬʪʦʨʦʧʣʘʩʪʦʚʳʡ ʜʝʨʞʘʪʝʣʴ ʜʠʘʤʝʪʨʦʤ 5 ï 6 ʤʤ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʣʠʥʘ ʚʳʩʪʫʧʘʶʱʝʡ ʯʘʩʪʠ ʩʪʝʨʞʥʷ (ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ) 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʘ ʙʳʣʘ 8 ï 12 ʤʤ (ʨʠʩʫʥʦʢ 7, ɺ).  

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʉʋʕ ʢ ʨʘʙʦʪʝ ʦʥ ʙʳʣ ʦʙʝʟʞʠʨʝʥ ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʠ ʧʨʦʤʳʪ 

ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ 

ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʨʠʩʫʥʦʢ 7, ɻ) 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʭʣʦʨʠʜʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ (ʍʉʕ) ï ʵʣʝʢʪʨʦʜ ʚʪʦʨʦʛʦ ʨʦʜʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʝʨʝʙʨʷʥʫʶ  ʧʨʦʚʦʣʦʢʫ ʚ ʚʠʜʝ ʩʧʠʨʘʣʠ, ʧʦʢʨʳʪʫʶ  AgCl ʠ 

ʧʦʛʨʫʞʝʥʥʫʶ ʚ ʨʘʩʪʚʦʨ KCl, ʩ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʥʝ ʙʦʣʝʝ 3,0 ʢOʤ.  

ʂʦʥʪʘʢʪ ʵʣʝʢʪʨʦʜʦʚ ʩ ʧʨʠʙʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʪʦʢʦʦʪʚʦʜʘ ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʟʲʝʤʘ.  
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ɸ   ɹ ɺ ɻ 

ʈʠʩʫʥʦʢ 7ï ʊʠʧʳ ʵʣʝʢʪʨʦʜʦʚ: ɸ ï ɻʕ, ɹ ï ʈʇʕ, ɺ ï ʉʋʕ, ɻïʍʉʕ 

 

2.1.2 ʉʪʘʥʜʘʨʪʥʳʝ ʦʙʨʘʟʮʳ ʠ ʘʪʪʝʩʪʦʚʘʥʥʳʝ ʩʤʝʩʠ 

 

ɻʉʆ 7937-2001 (ʇ-10) ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ ʧʘʪʫʣʠʥʘ ʚ ʩʤʝʩʠ ʙʝʥʟʦʣʘ ʠ 

ʘʮʝʪʦʥʠʪʨʠʣʘ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʛʨʘʜʫʠʨʦʚʢʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʤʠʢʦʪʦʢʩʠʥʘ ʚ ʧʨʦʜʫʢʪʘʭ ʧʠʪʘʥʠʷ, ʢʦʨʤʘʭ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʤ ʩʳʨʴʝ. 

ʆʩʥʦʚʥʦʡ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʝ 100,0 ʤʛ/ʜʤ3, ʧʘʪʫʣʠʥʘ ʛʦʪʦʚʠʣʠ ʠʟ ɻʉʆ 

ʧʘʪʫʣʠʥʘ ʚ ʩʤʝʩʠ ʙʝʥʟʦʣʘ ʠ ʘʮʝʪʦʥʠʪʨʠʣʘ.  

ʈʘʙʦʯʠʝ ʨʘʩʪʚʦʨʳ ï ʘʪʪʝʩʪʦʚʘʥʥʳʝ ʩʤʝʩʠ (ɸʉ) ʧʦʣʫʯʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʨʘʟʙʘʚʣʝʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ ʩʨʘʟʫ ʧʝʨʝʜ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʷʯʝʡʢʘ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʘ ʵʣʝʢʪʨʦʜʘ, 

ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʧʨʦʧʫʩʢʘʪʴ ʯʝʨʝʟ ʠʩʩʣʝʜʫʝʤʫʶ ʩʠʩʪʝʤʫ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ ʠʣʠ 

ʠʟʤʝʨʷʪʴ ʧʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʜʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʤ ʧʨʠʤʝʥʷʝʪʩʷ ʪʨʝʭʵʣʝʢʪʨʦʜʥʘʷ ʷʯʝʡʢʘ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʫʭʵʣʝʢʪʨʦʜʥʫʶ ʷʯʝʡʢʫ ʩʦ ʩʤʝʥʥʳʤʠ ʢʚʘʨʮʝʚʳʤʠ 

ʩʪʘʢʘʥʯʠʢʘʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʥʜʠʢʘʪʦʨʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʛʨʘʬʠʪʦʚʳʡ ʵʣʝʢʪʨʦʜ. ʕʪʠ ʵʣʝʢʪʨʦʜʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʪʚʝʨʜʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ ʩʠʣʴʥʦ ʢʠʩʣʳʭ ʠ ʱʝʣʦʯʥʳʭ 

ʨʘʩʪʚʦʨʘʭ. 
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ʈʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʵʣʝʢʪʨʦʜʘ ʷʚʣʷʣʩʷ ʛʨʘʬʠʪ, ʧʨʠʩʫʪʩʪʚʠʝ ʩʚʦʙʦʜʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʠʜʘʝʪ ʧʨʦʚʦʜʠʤʦʩʪʠ ʛʨʘʬʠʪʘ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʕʣʝʢʪʨʦʜʦʤ 

ʩʨʘʚʥʝʥʠʷ ʩʣʫʞʠʣ ʥʘʩʳʱʝʥʥʳʡ ʭʣʦʨʠʜ ʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ (ʥʘʩ. ʭ.ʩ.ʵ.). 

ʆʧʨʝʜʝʣʝʥʠʷ ʨH ʨʘʩʪʚʦʨʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʥʦʩʥʦʛʦ ʨH-

ʤʝʪʨʘ-ʤʠʣʣʠʚʦʣʴʪʘʤʧʝʨʤʝʪʨʘ, ʨH-673 ʦʙʳʯʥʳʤ ʩʧʦʩʦʙʦʤ. ʇʦʛʨʝʰʥʦʩʪʴ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʨHʨʘʩʪʚʦʨʘ ʥʝ ʧʨʝʚʳʰʘʣʘ ʚʝʣʠʯʠʥʫ Ñ0,1 %. 

 

2.2 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ. ʦʯʠʩʪʢʘ ʧʦʩʫʜʳ 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʤʝʪʦʜʝ ʀɺɸ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ: ʠʩʧʦʣʴʟʫʝʤʘʷ ʚʦʜʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʨʝʘʢʪʠʚʳ, 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ ʚʦʟʜʫʭ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, ʧʦʩʫʜʘ, ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. 

ʌʦʥʦʚʳʝ ʨʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠ ʠʟ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʩʦʣʠ ʥʘʪʨʠʷ 

ʬʦʩʬʦʨʥʦʢʠʩʣʦʛʦ ʜʚʫʟʘʤʝʱʝʥʥʦʛʦ ʆʉ.ʏ.  

ɺʩʝ ʨʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠʩʴ ʚ ʤʝʨʥʳʭ ʢʦʣʙʘʭ ʩ ʧʨʠʪʝʨʪʳʤʠ ʧʨʦʙʢʘʤʠ, ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʜʥʦʢʘʥʘʣʴʥʳʝ ʜʦʟʘʪʦʨʳ ʧʝʨʝʤʝʥʥʦʛʦ ʦʙʲʝʤʘ ʬʠʨʤʳ çʃʝʥʧʠʧʝʪè 

(ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ ʙʦʣʝʝ 5% (ʦʪʥ.). 

ʇʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʩʫʜʫ ʩʥʘʯʘʣʘ ʧʨʦʤʳʚʘʣʠ ʩʦʜʦʡ, ʟʘʪʝʤ ʦʧʦʣʘʩʢʠʚʘʣʠ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ.  

ʂʚʘʨʮʝʚʳʝ ʩʪʘʢʘʥʯʠʢʠ ʧʝʨʝʜ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʧʨʦʪʝʨʪʳ ʩʫʭʦʡ ʩʦʜʦʡ ʧʨʠ 

ʧʦʤʦʱʠ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ, ʪʱʘʪʝʣʴʥʦ ʦʧʦʣʘʩʢʠʚʘʶʪ ʩʥʘʯʘʣʘ 

ʚʦʜʦʧʨʦʚʦʜʥʦʡ, ʟʘʪʝʤ ʙʠʜʠʩʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɿʘʪʝʤ ʚ ʢʘʞʜʳʡ ʩʪʘʢʘʥʯʠʢ 

ʜʦʙʘʚʣʷʶʪ ʧʦ 0,1-0,2 ʩʤ3 ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʩʪʘʢʘʥʯʠʢʠ 

ʧʦʤʝʱʘʶʪ ʚ ʢʦʤʧʣʝʢʩ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ çʊʝʤʦʩ-ʕʢʩʧʨʝʩʩè (ʧʨʠ ʦʪʢʨʳʪʦʡ ʢʨʳʰʢʝ) 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 300-350 C0. ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʧʨʝʢʨʘʱʝʥʠʷ ʚʳʜʝʣʝʥʠʷ ʧʘʨʦʚ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʩʦ ʩʪʝʥʦʢ ʩʪʘʢʘʥʯʠʢʦʚ ʠʭ ʧʨʦʢʘʣʠʚʘʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500-600 C0 ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʧʨʠ ʟʘʢʨʳʪʦʡ ʢʨʳʰʢʝ.  

ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʫ ʩʪʘʢʘʥʯʠʢʠ ʧʨʦʚʝʨʷʣʠ ʥʘ ʯʠʩʪʦʪʫ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘʣʠʚʘʣʠ ʚ ʥʠʭ ʬʦʥʦʚʳʡ ʵʣʝʢʪʨʦʣʠʪ ʠ ʩʥʠʤʘʣʠ 
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ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʚ ʨʝʞʠʤʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʠʢʦʚ ʥʘ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʝ, ʩʪʘʢʘʥʯʠʢʠ ʩʯʠʪʘʣʠʩʴ ʯʠʩʪʳʤʠ. ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʯʠʩʪʦʪʫ 

ʜʨʫʛʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʦʩʫʜʳ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʦʧʳʪʝ, ʚ ʥʝʝ ʥʘʣʠʚʘʣʠ 

ʬʦʥʦʚʳʡ ʨʘʩʪʚʦʨ, ʭʦʨʦʰʦ ʚʩʪʨʷʭʠʚʘʣʠ ʝʛʦ ʠ ʧʝʨʝʣʠʚʘʣʠ ʚ ʯʠʩʪʳʡ ʢʚʘʨʮʝʚʳʡ 

ʩʪʘʢʘʥʯʠʢ. ʇʦʩʣʝ ʧʨʦʚʦʜʠʣʠ ʵʣʝʢʪʨʦʣʠʟ ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚʦʣʴʪʘʤʧʝʨʥʳʝ ʢʨʠʚʳʝ.  

 

2.3 ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

ɺʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʠʥʜʠʢʘʪʦʨʥʳʭ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʵʣʝʢʪʨʦʜʘʭ: ʛʨʘʬʠʪʦʚʦʤ (ʧʦʣʠʵʪʠʣʝʥʦʤ ʩ ʧʘʨʘʬʠʥʦʤ ʚ 

ʚʘʢʫʫʤʝ), ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʤ (ʉʋʕ) ʠ ʫʛʣʝʩʠʪʘʣʦʚʦʤ, ʠ ʪʘʢʞʝ ʥʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʨʪʫʪʴʶ ʉʋʕ; ʵʣʝʢʪʨʦʜ ʩʨʘʚʥʝʥʠʷ-ʥʘʩʳʱʝʥʥʳʡ 

ʭʣʦʨʠʜʩʝʨʝʙʨʷʥʳʡ. 

ɺʥʘʯʘʣʝ ʧʦʣʫʯʘʣʠ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʫ ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ, ʜʘʣʝʝ ʧʨʠ 

ʧʦʩʪʝʧʝʥʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʧʘʪʫʣʠʥʘ ʚ ʨʘʩʪʚʦʨ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʠʡ 

ʩʠʛʥʘʣ ʩ ʧʦʢʘʟʘʥʠʷʤʠ ʚʳʩʦʪʳ ʠ ʧʦʪʝʥʮʠʘʣʘ ʧʠʢʘ. 
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ɻʃɸɺɸ 3 ʈEɿʋʃʔʊAʊʓ ʀ ʆɹʉʋɾɼEʅʀʗ 

3.1  ɺʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʪʫʣʠʥʘ 

3.1.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʘʪʫʣʠʥʘ ʥʘ 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʤ ʵʣʝʢʪʨʦʜʝ 

 

ʇʘʪʫʣʠʥ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʘʮʝʪʦʥʝ, ʭʣʦʨʦʬʦʨʤʝ, ʜʠʭʣʦʨʤʝʪʘʥʝ, 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʝ, ʵʪʘʥʦʣʝ, ʠʟʦʧʨʦʧʘʥʦʣʝ, ʥʦ ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ ʵʬʠʨʝ. ɺ ʙʝʥʟʦʣʝ 

ʠ ʭʣʦʨʦʬʦʨʤʝ ʧʘʪʫʣʠʥ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʪʝʤʥʦʪʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘʤʠ ʚʳʙʨʘʥ ʵʪʘʥʦʣ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʦʣʷʨʥʦʩʪʴʶ, 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʴʶ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ 

ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ 

ʨʘʙʦʯʠʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʨʦʩʪʦʪʦʡ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʦʪʩʫʪʩʪʚʠʝ ʪʦʢʩʠʯʥʦʡ ʨʪʫʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ʚʳʙʨʘʥ ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʳʡ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ 

ʥʘʠʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ ʩʠʛʥʘʣʘ, ʤʝʥʴʰʠʡ ʦʩʪʘʪʦʯʥʳʡ ʪʦʢ ʠ ʭʦʨʦʰʫʶ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʩʠʛʥʘʣʦʚ ʥʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʝ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʘʪʫʣʠʥ ʧʦʣʫʯʝʥ ʥʘ ʩʣʝʜʫʶʱʠʭ ʬʦʥʘʭ: 0,1 M Na2HPO4, 

0,1 M (NH4)2SO4 ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʙʫʬʝʨʥʦʡ ʩʤʝʩʠ ɹʨʠʪʪʦʥʘ-ʈʦʙʠʥʩʦʥʘ. ʅʘ 

ʨʠʩʫʥʢʝ 8 ʧʨʠʚʝʜʝʥʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ ʧʘʪʫʣʠʥʘ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʬʦʥʦʚʦʤ 

ʵʣʝʢʪʨʦʣʠʪʝ 0,1 M Na2HPO4. 

 

ʈʠʩʫʥʦʢ 8 - ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʘ 

ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʧʘʪʫʣʠʥʘ. 

ʀʕï ʉʋʕ, ʬʦʥʦʚʳʡ ʵʣʝʢʪʨʦʣʠʪ 

0,1 M Na2HPO4: 

1 ï ʬʦʥ;  

2 ï ʧʨʦʙʘ ʩʧʘʪ=0,005 ʤʛ/ʜʤ3; 

3 ï ʜʦʙʘʚʢʘ ʩʧʘʪ=0,01 ʤʛ/ʜʤ3 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 8 ʥʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʝ, ʧʨʠ ʧʦʪʝʥʮʠʘʣʝ Eʧ = 0,641 ɺ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʡ ʧʠʢ, ʢʦʪʦʨʳʡ ʧʨʠ ʚʚʝʜʝʥʠʠ ʜʦʙʘʚʢʠ 

ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʩʤʝʩʠ ʧʘʪʫʣʠʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʚʝʜʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ,  ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ. 

ʃʫʯʰʠʤ ʬʦʥʦʚʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ ʷʚʣʷʝʪʩʷ 0,1 M Na2HPO4, ʧʦʣʫʯʘʝʪʩʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʩʠʛʥʘʣ, ʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʭʦʨʦʰʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʧʠʢʠ 

ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʛʨʘʬʠʢʦʚ 

ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʨʠʩʫʥʦʢ 9). 

 

ʈʠʩʫʥʦʢ 9- ɻʨʘʜʫʠʨʦʚʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʬʦʥʦʚʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʉʋʕ: 1 ï 0,1 M Na2HPO4, 2 ï 

ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʙʫʬʝʨʥʘʷ ʩʤʝʩʴ ɹʨʠʪʪʦʥʘ-ʈʦʙʠʥʩʦʥʘ (ʨH 5,33), 3-0,1 M (NH4)2SO4. 

ɺ ʜʠʘʧʘʟʦʥʝ ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʜʦ 0,015 ʤʛ/ʜʤ3)   ʧʝʨʩʧʝʢʪʠʚʥʝʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ 0,1 M Na2HPO4, 

ʀʟʚʝʩʪʥʦ, ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ 

ʢʘʪʠʦʥʥʦʡ, ʥʝʡʪʨʘʣʴʥʦʡ ʠʣʠ ʘʥʠʦʥʥʦʡ ʬʦʨʤʘʭ. ʄʝʭʘʥʠʟʤ ʠ ʩʢʦʨʦʩʪ ɹʧʨʦʪʝʢʘʥʠʷ 

ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʪʫʣʠʥʘ ʚ 

ʩʠʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʨH ʠ ʧʦʵʪʦʤʫ ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨH 

ʩʨʝʜʳ ʥʘ ʩʠʛʥʘʣ ʧʘʪʫʣʠʥʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʧʠʢʘ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ 

ʧʘʪʫʣʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 10.  
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ʈʠʩʫʥʦʢ 10 - ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʧʠʢʘ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʦʪ ʨH 

ʩʨʝʜʳ ʥʘ ʉʋʕ, ʩʧʘʪ=0,005 ʤʛ/ʜʤ3, Űɻ=30ʩ; w=30ʤɺ/ʩ; ʬʦʥ ï0,1 M Na2HPO4 

 

ʀʟ ʨʠʩʫʥʢʘ 10 ʩʣʝʜʫʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʠʜʨʦʢʩʠʜ-ʠʦʥʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʠʢʘ ʚ ʢʘʪʦʜʥʫʶ ʦʙʣʘʩʪʴ, ʪʦ ʝʩʪʴ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʣʝʛʯʝʥʠʶ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʦʢʠʩʣʝʥʠʷ ʧʘʪʫʣʠʥʘ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ 

ʧʨʦʪʝʢʘʥʠʝʤ ʩʪʫʧʝʥʯʘʪʦʡ ʨʝʘʢʮʠʠ ʜʝʧʨʦʪʦʥʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʧʘʪʫʣʠʥʘ, 

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʩʪʘʜʠʠ ʦʪʜʘʯʠ ʵʣʝʢʪʨʦʥʘ ʦʪ ʤʦʣʝʢʫʣʳ 

ʜʝʧʦʣʷʨʠʟʘʪʦʨʘ ʢ ʵʣʝʢʪʨʦʜʫ ʠʣʠ ʚʦʚʩʝ ʧʨʦʪʝʢʘʪʴ ʩ ʥʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ.  

ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʨH ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʠʟʤʝʥʷʝʪʩʷ ʬʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ 

ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʨʦʪʦʣʠʪʠʯʝʩʢʠʤ ʨʘʚʥʦʚʝʩʠʝʤ. ʅʘ ʦʪʨʳʚ 

ʵʣʝʢʪʨʦʥʘ ʦʪ ʥʝʡʪʨʘʣʴʥʦʡ ʯʘʩʪʠʮʳ ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ, ʯʝʤ ʦʪ ʢʘʪʠʦʥʥʦʡ, 

ʧʦʵʪʦʤʫ ʧʦʪʝʥʮʠʘʣ ʧʠʢʘ ʧʘʪʫʣʠʥʘ ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ, ʥʠʞʝ, ʯʝʤ ʚ ʢʠʩʣʦʡ. 

ɿʥʘʯʝʥʠʷ ʨH ʚ ʪʦʯʢʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʦʜʦʣʞʝʥʠʡ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʥʮʠʘʣʘ ʧʠʢʘ ʦʪ ʨH ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʘʤ 

ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʩʪʘʥʪ ʜʠʩʩʦʮʠʘʮʠʠ ʨK1=2,21 ʠ ʨK2=7,0. 
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ʈʠʩʫʥʦʢ 11 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʦʪ 

ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʣʠʟʘ, ʬʦʥ- 0,1 M Na2HPO4. ʉ=0,0015 ʤʛ/ʜʤ
3, 

w = 30 ʤɺ/ʩ, Űɻ=30 ʩ, Eʧ= (0,64Ñ0,05) ɺ. 

 

 

ʈʠʩʫʥʦʢ 12 ï ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʧʠʢʘ ʧʘʪʫʣʠʥʘ ʦʪ ʚʨʝʤʝʥʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʣʠʟʘ, ʬʦʥ- 0,1 M Na2HPO4. ʉ=5Ā10
-3 ʤʛ/ʜʤ3, w = 30 ʤɺ/ʩ, 

Eʧ= (0, 0,64Ñ0,05) ɺ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʣʦʞʝʥʳ ʨʘʙʦʯʠʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʘʪʫʣʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1. ʈʘʙʦʯʠʝ ʫʩʣʦʚʠʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ 

ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʝʥʠʷ ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʌʦʥʦʚʳʡ ʵʣʝʢʪʨʦʣʠʪ 0,1 M Na2HPO4 

ʀʩʧʦʣʴʟʫʝʤʘʷ ʩʠʩʪʝʤʘ 3-ʭ ʵʣʝʢʪʨʦʜʥʘʷ 

ʕʣʝʢʪʨʦʜʳ: 

¶ ʠʥʜʠʢʘʪʦʨʥʳʡ 

¶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ 

¶ ʩʨʘʚʥʝʥʠʷ  

 

ʉʋʕ 

ʍʉʕ 

ʍʉʕ 

ɼʠʘʧʘʟʦʥ ʨʘʟʚʸʨʪʢʠ ʧʦʪʝʥʮʠʘʣʦʚ, ɺ 0,0é..  +1,1 

ʉʢʦʨʦʩʪʴ ʣʠʥʝʡʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ, ʤɺ/ʩ  30 

ʇʦʪʝʥʮʠʘʣ ʧʠʢʘ, ɺ 0,64 ± 0,05 

ʇʦʣʷʨʠʟʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ 

ʵʣʝʢʪʨʦʥʘʢʦʧʣʝʥʠʷ, ɺ 

0,0 

 

3.2 ʈʘʟʨʘʙʦʪʢʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ 

ʚ ʬʨʫʢʪʦʚʳʭ ʩʦʢʘʭ ʠ ʥʝʢʪʘʨʘʭ. 

 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʧʨʦʚʝʜʝʥʘ ʨʘʟʨʘʙʦʪʢʘ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʷ ʧʘʪʫʣʠʥʘ ʠ ʥʘ ʧʨʠʤʝʨʝ 

ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ 

ʤʝʪʦʜʦʤ çʚʚʝʜʝʥʦ-ʥʘʡʜʝʥʦè. ʄʦʜʝʣʴʥʳʡ ʨʘʩʪʚʦʨ ʩʦʩʪʦʷʣ ʠʟ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ ʩ ʨʘʟʣʠʯʥʦʡ ʜʦʙʘʚʢʦʡ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʘʪʫʣʠʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2. ʇʨʦʚʝʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʤʝʪʦʜʦʤ çʚʚʝʜʝʥʦ-ʥʘʡʜʝʥʦè 

ʆʙʨʘʟʝʮ ʉʦʜʝʨʞʘʥʠʝ ʧʘʪʫʣʠʥʘ, ʤʛ/ʜʤ3 

ʄʦʜʝʣʴʥʳʡ 

ʨʘʩʪʚʦʨ ˉ1 

ʇʨʦʙʘ ɺʚʝʜʝʥʦ ʅʘʡʜʝʥʦ 

0,019±0,002 0,02 0,039±0,003 

ʄʦʜʝʣʴʥʳʡ 

ʨʘʩʪʚʦʨ ˉ2 

0,015±0,004 0,04 0,055±0,004 
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ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤʫ ʧʦʚʝʜʝʥʠʶ ʧʘʪʫʣʠʥʘ 

ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʠʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʦʙʥʘʨʫʞʝʥʠʝʤ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ 

ʢʦʣʠʯʝʩʪʚ ʝʛʦ ʚ ʬʨʫʢʪʦʚʳʭ ʩʦʢʘʭ ʠ ʥʝʢʪʘʨʝ. ɸʣʛʦʨʠʪʤ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʚʢʣʶʯʘʶʪ 

ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ: 

1. ɺʟʷʪʠʝ ʥʘʚʝʩʢʠ ʧʨʦʙʳ. 

2. ʂʠʩʣʦʪʥʳʡ ʛʠʜʨʦʣʠʟ ʩ HCl ʢʦʥʮ. ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ. 

3. ʌʠʣʴʪʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʦʩʘʜʢʘ. 

4. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʘʪʫʣʠʥʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. 

ʇʨʦʚʝʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʘ ʤʝʪʦʜʦʤ çʚʚʝʜʝʥʦ-

ʥʘʡʜʝʥʦè (ʪʘʙʣʠʮʘ 3). 

ʊʘʙʣʠʮʘ 3. ʇʨʦʚʝʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʘʪʫʣʠʥʘ ʚ ʧʨʦʙʘʭ ʬʨʫʢʪʦʚʳʭ ʩʦʢʘʭ ʠ ʥʝʢʪʘʨʝ ʤʝʪʦʜʦʤ 

çʚʚʝʜʝʥʦ-ʥʘʡʜʝʥʦè, (ʨ = 0,95, n =5).  

ʆʙʲʝʢʪ ʉʦʜʝʨʞʘʥʠʝ ʧʘʪʫʣʠʥʘ, ʤʢʛ/ʜʤ3 

ɺ ʧʨʦʙʝ ɺʚʝʜʝʥʦ ʅʘʡʜʝʥʦ 

ɸʧʝʣʴʩʠʥʦʚʳʡ ʩʦʢ 

(ʧʨʦʠʟʚʦʜʠʪʝʣʴ 

ʢʦʤʧʘʥʠʷ 

«ʇʨʦʛʨʝʩʩè) 

 2,79±0,41 

  

2,00 

 

4,81±0,72 

 

ʗʙʣʦʯʥʳʡ ʩʦʢ 

(ʧʨʦʠʟʚʦʜʠʪʝʣʴ  

ɺʠʤʤ-ɹʠʣʣʴ-ɼʘʥʥ) 

 1,94±0,35 

 

2,00 

 

3,95±0,65 

 

ɸʙʨʠʢʦʩʦʚʳʡ 

ʥʝʢʪʘʨ 

(ʧʨʦʠʟʚʦʜʠʪʝʣʴ  

ɸʆ«ɼʘʥʦʥ ʈʦʩʩʠʷè 

 3,92±0,58 

  

4,00 

 

7,85±1,12 
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ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ 3 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʘʪʫʣʠʥʘ ʚʦʟʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʡ 15-20% ʚ ʜʠʘʧʘʟʦʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ 2Ö10-3 ÷ 2Ö10-1 ʤʛ/ʜʤ3.  

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʨʦʩʪ, ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʘʢʪʠʚʦʚ ʠ 

ʪʨʫʜʦʟʘʪʨʘʪ. ɼʠʘʧʘʟʦʥ ʦʧʨʝʜʝʣʷʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 0,001 ʜʦ 10,00 ʤʛ/ʜʤ3. 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (Sr) ʥʝ ʙʦʣʝʝ 30%. 
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ɻʃɸɺɸ 4 ʌʀʅɸʅʉʆɺʓʁ ʄɽʅɽɼɾʄɽʅʊ, 

ʈɽʉʋʈʉʆʕʌʌɽʂʊʀɺʅʆʉʊʔ ʀ ʈɽʉʋʈʉʆʉɹɽʈɽɾɽʅʀɽ 

 

ɺ ʥʘʰʠ ʜʥʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ. ʇʨʠ ʧʦʠʩʢʝ ʠʩʪʦʯʥʠʢʦʚ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʝʛʦ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʢʦʤʤʝʨʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʨʘʟʨʘʙʦʪʢʠ. 

ʂʦʤʤʝʨʯʝʩʢʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʢʨʠʪʝʨʠʷʤʠ: ʙʫʜʝʪ ʣʠ ʧʨʦʜʫʢʪ ʚʦʩʪʨʝʙʦʚʘʥ ʥʘ ʨʳʥʢʝ, ʢʘʢʦʚʘ ʙʫʜʝʪ 

ʝʛʦ ʩʪʦʠʤʦʩʪʴ, ʯʪʦʙʳ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʠʪʝʣʷ, ʢʘʢʦʚ ʙʶʜʞʝʪ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ, 

ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʚʳʭʦʜʘ ʥʘ ʨʳʥʦʢ ʠ ʪ.ʜ. 

ʂʦʤʤʝʨʯʝʩʢʘʷ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʢʘʢ ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ 

ʧʨʝʜʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ ʚʩʝʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ. ʆʙʱʠʝ ʢʨʠʪʝʨʠʠ 

ʢʦʤʤʝʨʯʝʩʢʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʢʨʘʪʢʦ ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʢʘʢ 

ʬʠʥʘʥʩʦʚʫʶ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ (ʬʠʥʘʥʩʦʚʘʷ ʦʮʝʥʢʘ) ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʥʚʝʩʪʠʮʠʡ (ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ). ʇʝʨʚʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʣʠʢʚʠʜʥʦʩʪʠ ʚ ʭʦʜʝ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ; ʚʦ ʚʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʝʢʪʘ ʩʦʭʨʘʥʷʪʴ ʧʦʢʫʧʘʪʝʣʴʩʢʫʶ ʮʝʥʥʦʩʪʴ ʚʣʦʞʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʝʤʧ ʠʭ ʧʨʠʨʦʩʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʨʘʟʜʝʣʘ çʬʠʥʘʥʩʦʚʳʡ ʤʝʥʝʜʞʤʝʥʪ, 

ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʝè ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠ ʫʩʧʝʰʥʦʩʪʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʘ, ʨʘʟʨʘʙʦʪʢʘ 

ʤʝʭʘʥʠʟʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʵʪʘʧʝ 

ʨʝʘʣʠʟʘʮʠʠ. 

 

4.1 ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʪʨʝʙʠʪʝʣʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʚʝʨʛʥʫʪʴ ʨʘʩʩʤʦʪʨʝʥʠʶ ʮʝʣʝʚʦʡ ʨʳʥʦʢ ʠ ʧʨʦʚʝʩʪʠ ʝʛʦ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʝ. 
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ʎʝʣʝʚʦʡ ʨʳʥʦʢ ï ʩʝʛʤʝʥʪʳ ʨʳʥʢʘ, ʥʘ ʢʦʪʦʨʦʤ ʚ ʙʫʜʫʱʝʤ ʙʫʜʫʪ ʧʨʦʜʘʚʘʪʴʩʷ 

ʨʘʟʨʘʙʦʪʢʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʝʛʤʝʥʪ ʨʳʥʢʘ ï ɻ ʪʦ ʦʩʦʙʳʤ ʦʙʨʘʟʦʤ ʚʳʜʝʣʝʥʥʘʷ ʯʘʩʪʴ 

ʨʳʥʢʘ, ʛʨʫʧʧʳ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʦʙʱʠʤʠ ʧʨʠʟʥʘʢʘʤʠ. 

ʉʝʛʤʝʥʪʠʨʦʚʘʥʠʝ ï ʵʪʦ ʨʘʟʜʝʣʝʥʠʝ ʧʦʢʫʧʘʪʝʣʝʡ ʥʘ ʦʜʥʦʨʦʜʥʳʝ ʛʨʫʧʧʳ, ʜʣʷ 

ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʪʦʚʘʨ ʠʣʠ ʫʩʣʫʛʘ.  

ʎʝʣʝʚʳʤ ʨʳʥʢʦʤ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʪʫʣʠʥʘ ʚʦ ʬʨʫʢʪʦʚʳʭ ʩʦʢʘʭ ʠ ʥʝʢʪʘʨʘʭ ʷʚʣʷʝʪʩʷ ʧʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʬʨʫʢʪʦʚʳʭ ʩʦʢʦʚ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʣʘʙʦʨʘʪʦʨʠʠ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʢʘʯʝʩʪʚʦ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠʥʩʪʘʥʮʠʡ. 

ɻʣʘʚʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʤʦʛʫʪ ʩʪʘʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʜʝʪʩʢʠʭ ʬʨʫʢʪʦʚʳʭ ʩʦʢʦʚ ʠ ʥʝʢʪʘʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʣʦʞʥʳʝ 

ʵʪʘʧʳ ʨʘʙʦʪʳ ʠ ʜʣʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʙ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʠʢʦʪʦʢʩʠʥʦʚ, ʚ ʥʘʰʝʤ 

ʩʣʫʯʘʝ ʧʘʪʫʣʠʥʘ. ʇʨʠʤʝʥʷʷ ʜʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚ 

ʨʘʟʳ ʩʦʢʨʘʱʘʶʪ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʢʦʪʦʢʩʠʥʦʚ, ʪʝʤ ʩʘʤʳʤ 

ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʚ ʮʝʣʦʤ ʠ ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʦʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʦ ʩʝʛʤʝʥʪʠʨʦʚʘʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʨʘʟʨʘʙʦʪʢʠ. 

ɺʳʜʝʣʝʥ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʡ ʩʝʛʤʝʥʪ ʨʳʥʢʘ: ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ 

ʠʤʝʥʥʦ ʧʝʨʝʨʘʙʦʪʢʠ ʬʨʫʢʪʦʚ. 

 

4.1.1 ɼʠʘʛʨʘʤʤʘ ʀʩʠʢʘʚʳ 

 

ɼʠʘʛʨʘʤʤʘ ʧʨʠʯʠʥʳ-ʩʣʝʜʩʪʚʠʷ ʀʩʠʢʘʚʳ (Cause-and-Effect-Diagram) - ʵʪʦ 

ʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ, 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʯʠʥ ʧʨʦʙʣʝʤʳ 

ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʠʘʛʨʘʤʤʳ: 

ɺʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʙʣʝʤʳ; 

ɸʥʘʣʠʟ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ; 

ʆʮʝʥʢʘ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ.  

ʆʙʱʠʡ ʚʠʜ ʜʠʘʛʨʘʤʤʳ ʀʩʠʢʘʚʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 13. 
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ʈʠʩʫʥʦʢ 13 - ʆʙʱʠʡ ʚʠʜ ʜʠʘʛʨʘʤʤʳ ʀʩʠʢʘʚʳ 

 

ʇʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤʳ ʥʘʯʠʥʘʶʪ ʩ ʬʦʨʤʫʣʠʨʦʚʢʠ ʧʨʦʙʣʝʤʥʦʡ 

ʦʙʣʘʩʪʠ/ʪʝʤʳ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʘʥʘʣʠʟʘ ʠ ʥʘʥʦʩʠʪʩʷ ʥʘ ʮʝʥʪʨʘʣʴʥʫʶ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʩʪʨʝʣʢʫ ʜʠʘʛʨʘʤʤʳ. 

 

4.1.2 ʆʮʝʥʢʘ ʛʦʪʦʚʥʦʩʪʠ ʧʨʦʝʢʪʘ ʢ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ 

 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʧʨʦʝʢʪʘ ʢ 

ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʙʣʠʮʳ, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʦ 

ʩʪʝʧʝʥʠ ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ ʧʨʦʝʢʪʘ ʩ ʧʦʟʠʮʠʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʠ ʢʦʤʧʝʪʝʥʮʠʷʤ 

ʨʘʟʨʘʙʦʪʯʠʢʘ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ. ʂʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ ï ʧʨʦʮʝʩʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

(ʨʳʥʦʯʥʦʡ) ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ 

ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ. ɺ ʜʘʥʥʦʤ ʧʨʦʮʝʩʩʝ ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ 

ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ï ʨʘʟʨʘʙʦʪʯʠʢʠ, ʠʥʚʝʩʪʦʨʳ, ʘ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʠ 

ʦʙʩʣʫʞʠʚʘʶʱʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʫʯʘʩʪʥʠʢʠ. ʇʝʨʝʯʝʥʴ ʚʦʧʨʦʩʦʚ 

ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 4. 
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ʊʘʙʣʠʮʘ 4 ɹʣʘʥʢ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʛʦʪʦʚʥʦʩʪʠ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʢ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ 

ˉ ʧ/ʧ ʅʘʠʤʝʥʦʚʘʥʠʝ ʉʪʝʧʝʥʴ 

ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ  

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ 

ʋʨʦʚʝʥʴ 

ʠʤʝʶʱʠʭʩʷ 

ʟʥʘʥʠʡ ʫ 

ʨʘʟʨʘʙʦʪʯʠʢʘ 

1. ʆʧʨʝʜʝʣʝʥ ʠʤʝʶʱʠʡʩʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʟʘʜʝʣ 

3 4 

2. ʆʧʨʝʜʝʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʘʜʝʣʘ 

4 4 

3. ʆʧʨʝʜʝʣʝʥʳ ʦʪʨʘʩʣʠ ʠ ʪʝʭʥʦʣʦʛʠʠ (ʪʦʚʘʨʳ, 

ʫʩʣʫʛʠ) ʜʣʷ ʧʨʝʜʣʦʞʝʥʠʷ ʥʘ ʨʳʥʢʝ 

4 4 

4. ʆʧʨʝʜʝʣʝʥʘ ʪʦʚʘʨʥʘʷ ʬʦʨʤʘ ʥʘʫʯʥʦ-  

ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʝʣʘ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘ 

ʨʳʥʦʢ 

3 3 

5. ʆʧʨʝʜʝʣʝʥʳ ʘʚʪʦʨʳ ʠ ʦʩʫʱʝʩʪʚʣʝʥʘ ʦʭʨʘʥʘ 

ʠʭ ʧʨʘʚ 

4 5 

6. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʪʦʠʤʦʩʪʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ 

4 4 

7. ʇʨʦʚʝʜʝʥʳ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʳʥʢʦʚ ʩʙʳʪʘ 

3 3 

8. ʈʘʟʨʘʙʦʪʘʥ ʙʠʟʥʝʩ-ʧʣʘʥ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ 

ʥʘʫʯʥʦʡ ʨʘʟʨʘʙʦʪʢʠ 

5 5 

9. ʆʧʨʝʜʝʣʝʥʳ ʧʫʪʠ ʧʨʦʜʚʠʞʝʥʠʷ ʥʘʫʯʥʦʡ 

ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʨʳʥʦʢ 

4 3 

10.  ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʘʪʝʛʠʷ (ʬʦʨʤʘ) ʨʝʘʣʠʟʘʮʠʠ 

ʥʘʫʯʥʦʡ ʨʘʟʨʘʙʦʪʢʠ 

3 3 

11.  ʇʨʦʨʘʙʦʪʘʥʳ ʚʦʧʨʦʩʳ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʚʳʭʦʜʘ ʥʘ ʟʘʨʫʙʝʞʥʳʡ 

ʨʳʥʦʢ 

2 2 

12.  ʇʨʦʨʘʙʦʪʘʥʳ ʚʦʧʨʦʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʣʫʛ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʦʜʜʝʨʞʢʠ, ʧʦʣʫʯʝʥʠʷ ʣʴʛʦʪ 

2 2 

13.  ʇʨʦʨʘʙʦʪʘʥʳ ʚʦʧʨʦʩʳ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʥʘʫʯʥʦʡ ʨʘʟʨʘʙʦʪʢʠ 

3 2 

14. ʀʤʝʝʪʩʷ ʢʦʤʘʥʜʘ ʜʣʷ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ 

ʥʘʫʯʥʦʡ ʨʘʟʨʘʙʦʪʢʠ 

3 3 

15. ʇʨʦʨʘʙʦʪʘʥ ʤʝʭʘʥʠʟʤ ʨʝʘʣʠʟʘʮʠʠ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ 

3 2 
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ʆʮʝʥʢʘ ʛʦʪʦʚʥʦʩʪʠ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʢ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ (ʠʣʠ ʫʨʦʚʝʥʴ 

ʠʤʝʶʱʠʭʩʷ ʟʥʘʥʠʡ ʫ ʨʘʟʨʘʙʦʪʯʠʢʘ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ɹʩʫʤ = ×ɹi , ʛʜʝ ɹʩʫʤ ï ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ ʧʦ ʢʘʞʜʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ; ɹi ï ʙʘʣʣ ʧʦ i-ʤʫ ʧʦʢʘʟʘʪʝʣʶ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʘ ʚʳʰʝ ʩʨʝʜʥʝʛʦ (ʦʪ 45 ʜʦ 59). ʇʨʦʚʝʜʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʳʥʢʦʚ ʩʙʳʪʘ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʘ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʘ. 

 

4.1.3 ʄʝʪʦʜ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʂʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʥʘʥʠʡ ʚ ʧʨʦʜʫʢʪ, ʫʩʣʫʛʫ 

ʠʣʠ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʧʨʠʙʳʣʠ. 

ʂʦʤʤʝʨʮʠʘʣʠʟʘʮʠʷ ʚ ʥʘʫʢʝ ï ʵʪʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʫʯʥʳʭ ʠʟʳʩʢʘʥʠʡ 

ʠ ʨʘʟʨʘʙʦʪʦʢ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʦʚʘʨʦʚ ʠʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʫʩʣʫʛ, ʩ ʪʝʤ, ʯʪʦʙʳ ʵʪʠ 

ʪʦʚʘʨʳ ʠʣʠ ʫʩʣʫʛʠ, ʤʦʞʥʦ ʙʳʣʦ ʧʨʦʜʘʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʤʤʝʨʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʅʀʆʂʈ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʫʯʝʥʠʝʤ ʬʠʥʘʥʩʦʚʳʭ ʠ ʧʨʦʯʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʮʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʟʘʢʫʧʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʘʢʪʠʚʦʚ; ʥʘʝʤ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ), ʣʠʙʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʢʦʧʣʝʥʠʡ. 

ʇʨʠʙʳʣʴ ʤʦʞʝʪ ʙʳʪʴ ʝʜʠʥʦʨʘʟʦʚʦʡ, ʣʠʙʦ ʨʝʛʫʣʷʨʥʦʡ. 

ɺʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜʳ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʠ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʳʛʦʜ. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʚʳʙʦʨʘ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʥʠʤʘʪʴ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ. ɸ ʠʤʝʥʥʦ: 

¶ ʊʦʨʛʦʚʣʷ ʧʘʪʝʥʪʥʳʤʠ ʣʠʮʝʥʟʠʷʤʠ; 

¶ ʇʝʨʝʜʘʯʘ ʥʦʫ-ʭʘʫ; 

¶ ʀʥʞʠʥʠʨʠʥʛ; 

¶ ʌʨʘʡʯʘʡʟʠʥʛ; 

¶ ʆʨʛʘʥʠʟʘʮʠʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ; 

¶ ʆʨʛʘʥʠʟʘʮʠʷ ʩʦʚʤʝʩʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 
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ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʶʪʩʷ: ʠʥʞʠʥʠʨʠʥʛ, ʪʦʨʛʦʚʣʷ 

ʧʘʪʝʥʪʥʳʤʠ ʣʠʮʝʥʟʠʷʤʠ. 

ʀʥʞʠʥʠʨʠʥʛ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʜʦʛʦʚʦʨʘ ʦʜʥʦʡ 

ʩʪʦʨʦʥʦʡ, ʠʤʝʥʫʝʤʦʡ ʢʦʥʩʫʣʴʪʘʥʪʦʤ, ʜʨʫʛʦʡ ʩʪʦʨʦʥʝ, ʠʤʝʥʫʝʤʦʡ ʟʘʢʘʟʯʠʢʦʤ, 

ʢʦʤʧʣʝʢʩʘ ʠʣʠ ʦʪʝʣʴʥʳʭ ʚʠʜʦʚ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʫʛ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ, ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʠ ʚʚʦʜʦʤ ʦʙʲʝʢʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʟʘʢʘʟʯʠʢʘ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʠʤʝʶʱʠʭʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʧʣʦʪʴ ʜʦ 

ʚʥʝʜʨʝʥʠʷ ʠʟʜʝʣʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʜʘʞʝ ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʚʦ ʬʨʫʢʪʦʚʳʭ ʩʦʢʘʭ ʠ ʥʝʢʪʘʨʘʭ. ʇʦʩʣʝ ʟʘʱʠʪʳ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʘʪʝʥʪʥʳʤ ʧʨʘʚʦʤ, ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʘʪʪʝʩʪʘʮʠʠ ʤʝʪʦʜʠʢʠ, ʧʣʘʥʠʨʫʝʪʩʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʤʝʪʦʜʠʢʠ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʡ ʧʨʦʜʘʞʠ ʩʦʚʤʝʩʪʥʦ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʦʚ. 

ɼʣʷ ʢʦʤʧʘʥʠʡ, ʫ ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʨʫʛʦʡ ʬʠʨʤʳ (ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʦʙʦʨʫʜʦʚʘʥʠʝ) ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʤ ʧʨʦʜʘʞʫ ʧʘʪʝʥʪʥʳʭ ʣʠʮʝʥʟʠʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ. 

4.2 ʀʥʠʮʠʘʮʠʷ ʧʨʦʝʢʪʘ 

 

ɻʨʫʧʧʘ ʧʨʦʮʝʩʩʦʚ ʠʥʠʮʠʘʮʠʠ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ ʠʣʠ ʥʦʚʦʡ ʬʘʟʳ ʩʫʱʝʩʪʚʫʶʱʝʛʦ. ɺ ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʦʚ 

ʠʥʠʮʠʘʮʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟʥʘʯʘʣʴʥʳʝ ʮʝʣʠ ʠ ʩʦʜʝʨʞʘʥʠʝ ʠ ʬʠʢʩʠʨʫʶʪʩʷ 

ʠʟʥʘʯʘʣʴʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ. ʆʧʨʝʜʝʣʷʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʠ ʚʥʝʰʥʠʝ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥʳ ʧʨʦʝʢʪʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ, ʠ ʚʣʠʷʪʴ ʥʘ 

ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ. ɼʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʟʘʢʨʝʧʣʷʝʪʩʷ ʚ ʫʩʪʘʚʝ 

ʧʨʦʝʢʪʘ. 

ʋʩʪʘʚ ʧʨʦʝʢʪʘ ʜʦʢʫʤʝʥʪʠʨʫʝʪ ʙʠʟʥʝʩ - ʧʦʪʨʝʙʥʦʩʪʠ, ʪʝʢʫʱʝʝ ʧʦʥʠʤʘʥʠʝ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʟʘʢʘʟʯʠʢʘ ʧʨʦʝʢʪʘ, ʘ ʪʘʢʞʝ ʥʦʚʳʡ ʧʨʦʜʫʢʪ, ʫʩʣʫʛʫ ʠʣʠ ʨʝʟʫʣʴʪʘʪ, 

ʢʦʪʦʨʳʡ ʧʣʘʥʠʨʫʝʪʩʷ ʩʦʟʜʘʪʴ. 
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ʋʩʪʘʚ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʤʘʛʠʩʪʝʨʩʢʦʡ ʨʘʙʦʪʳ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ: 

1. ʎʝʣʠ ʠ ʨʝʟʫʣʴʪʘʪ ʧʨʦʝʢʪʘ. 

ʀʥʬʦʨʤʘʮʠʷ ʧʦ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʩʪʦʨʦʥʘʤ ʧʨʦʝʢʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 

4.1 

ʊʘʙʣʠʮʘ 4.1. ɿʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥʳ ʧʨʦʝʢʪʘ 

ɿʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥʳ ʧʨʦʝʢʪʘ ʆʞʠʜʘʥʠʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ ʧʨʦʝʢʪʘ 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʈʌ 

 - ʦʬʦʨʤʣʝʥʠʝ ʧʘʪʝʥʪʦʚ; 

 - ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ; 

 - ʜʦʢʣʘʜʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ; 

 - ʧʫʙʣʠʢʘʮʠʷ ʩʪʘʪʝʡ ʚ ʞʫʨʥʘʣʘʭ ʩ ʚʳʩʦʢʠʤ Impact 

Factor. 

ɺ ʪʘʙʣʠʮʝ 4.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʝʨʘʨʭʠʠ ʮʝʣʝʡ ʧʨʦʝʢʪʘ ʠ 

ʢʨʠʪʝʨʠʷʭ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ. 

 

ʊʘʙʣʠʮʘ 4.2. ʎʝʣʠ ʠ ʨʝʟʫʣʴʪʘʪ ʧʨʦʝʢʪʘ 

ʎʝʣʠ ʧʨʦʝʢʪʘ  ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʚʦ 

ʬʨʫʢʪʦʚʳʭ ʩʦʢʘʭ ʠ ʥʝʢʪʘʨʘʭ 

ʆʞʠʜʘʝʤʳʝ 

ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʝʢʪʘ: 

 ʆʙʦʩʥʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʥʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʚ 

ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʘʭ ʩ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʂʨʠʪʝʨʠʠ 

ʧʨʠʝʤʢʠ 

ʨʝʟʫʣʴʪʘʪʘ 

ʧʨʦʝʢʪʘ: 

 ʈʝʟʫʣʴʪʘʪ ʜʦʣʞʝʥ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥ 

ʊʨʝʙʦʚʘʥʠʷ ʢ 

ʨʝʟʫʣʴʪʘʪʫ 

ʧʨʦʝʢʪʘ: 

1) ʧʨʦʙʣʝʤʘ ʧʨʦʝʢʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʘʢʪʫʘʣʴʥʦʡ, ʠʤʝʶʱʝʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ, ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

2) ʫʩʪʘʥʦʚʠʪʴ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʦʩʥʦʚʥʦʛʦ w-ʩʦʜʝʨʞʘʱʝʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

  

2.ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʝʢʪʘ 

ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʫʯʘʩʪʥʠʢʦʚ ʨʘʙʦʯʝʡ ʛʨʫʧʧʳ, ʦʧʨʝʜʝʣʠʪʴ ʨʦʣʴ 

ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ ʚ ʧʨʦʝʢʪʝ, ʘ ʪʘʢʞʝ ʧʨʦʧʠʩʘʪʴ ʬʫʥʢʮʠʠ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ 

ʧʨʦʝʢʪʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ. ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʝʢʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 4.3 
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ʊʘʙʣʠʮʘ 4.3. ʈʘʙʦʯʘʷ ʛʨʫʧʧʘ ʧʨʦʝʢʪʘ 

ˉ 

ʧ/ʧ 

ʌʀʆ, ʦʩʥʦʚʥʦʝ 

ʤʝʩʪʦ ʨʘʙʦʪʳ, 

ʜʦʣʞʥʦʩʪʴ 

ʈʦʣʴ ʚ 

ʧʨʦʝʢʪʝ 
ʌʫʥʢʮʠʠ 

ʊʨʫʜʦ-

ʟʘʪʨʘʪ, 

ʯʘʩ. 

1 ʉʣʝʧʯʝʥʢʦ ɻ.ɹ. 
ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʧʨʦʝʢʪʘ 

ʆʪʚʝʯʘʝʪ ʟʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʝʢʪʘ, 

ʢʦʦʨʜʠʥʠʨʫʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʥʘʙʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʨʘʙʦʪʳ, ʦʨʛʘʥʠʟʫʝʪ 

ʨʘʙʦʯʝʝ ʤʝʩʪʦ; ʢʦʥʩʫʣʴʪʠʨʫʝʪ ʧʦ 

ʦʪʜʝʣʴʥʳʤ ʚʠʜʘʤ ʨʘʙʦʪ 

420 

2 ʗʢʠʤʦʚʘ ʊ.ɹ. ʵʢʩʧʝʨʪ 

ʂʦʥʩʫʣʴʪʠʨʫʝʪ ʧʦ ʚʦʧʨʦʩʘʤ 

ʬʠʥʘʥʩʦʚʦʛʦ ʤʝʥʝʜʞʤʝʥʪʘ, 

ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ 

2 

3 ɻʦʨʙʝʥʢʦ ʄ.ɺ. ʵʢʩʧʝʨʪ 
ʂʦʥʩʫʣʴʪʠʨʫʝʪ ʧʦ ʚʦʧʨʦʩʘʤ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 
2 

4 ʋʩʪʶʞʘʥʠʥʘ ɸ.ʂ. ʵʢʩʧʝʨʪ 
ʂʦʥʩʫʣʴʪʠʨʫʝʪ ʧʦ ʯʘʩʪʠ ʘʥʛʣʠʡʩʢʦʛʦ 

ʷʟʳʢʘ 
2 

5 ʍʫʩʘʠʥʦʚʘ ɸ.ʌ. ʠʩʧʦʣʥʠʪʝʣʴ 
ɺʳʧʦʣʥʷʝʪ ʦʪʜʝʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ 

ʧʨʦʝʢʪʫ 
2406 

ʀʪʦʛʦ: 2832 

 

3.ʆʛʨʘʥʠʯʝʥʠʷ ʠ ʜʦʧʫʱʝʥʠʷ ʧʦ ʧʨʦʝʢʪʫ 

ʆʛʨʘʥʠʯʝʥʠʷ ʧʨʦʝʢʪʘ ï ɻ ʪʦ ʚʩʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʩʣʫʞʠʪʴ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ ʫʯʘʩʪʥʠʢʦʚ ʢʦʤʘʥʜʳ ʧʨʦʝʢʪʘ, ʘ ʪʘʢʞʝ çʛʨʘʥʠʮʳ ʧʨʦʝʢʪʘè - 

ʧʘʨʘʤʝʪʨʳ ʧʨʦʝʢʪʘ ʠʣʠ ʝʛʦ ʧʨʦʜʫʢʪʘ, ʢʦʪʦʨʳʝ ʥʝ ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʨʘʤʢʘʭ 

ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ. ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.4. 

ʊʘʙʣʠʮʘ 4.4. ʆʛʨʘʥʠʯʝʥʠʷ ʧʨʦʝʢʪʘ 

ʌʘʢʪʦʨ ʆʛʨʘʥʠʯʝʥʠʷ/ ʜʦʧʫʱʝʥʠʷ 

3.1. ɹʶʜʞʝʪ ʧʨʦʝʢʪʘ, ʨʫʙ. 734897,42 

3.1.1. ʀʩʪʦʯʥʠʢ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʌ 

3.2. ʉʨʦʢʠ ʧʨʦʝʢʪʘ: 01.09.2018 ʛ. ï 31.08.2020 ʛ. 

3.2.1. ɼʘʪʘ ʫʪʚʝʨʞʜʝʥʠʷ ʧʣʘʥʘ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʦʤ 

01.01.2019 ʛ. 
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4.3 ʇʣʘʥʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʦʝʢʪʦʤ 

 

ɻʨʫʧʧʘ ʧʨʦʮʝʩʩʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʮʝʩʩʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʨʘʙʦʪ, ʫʪʦʯʥʝʥʠʷ ʮʝʣʝʡ ʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʳʭ ʮʝʣʝʡ. ʇʣʘʥ 

ʫʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: 

 

4.3.1 ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪ ʧʨʦʝʢʪʘ 

 

ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪ (ʀʉʈ) ï ʜʝʪʘʣʠʟʘʮʠʷ ʫʢʨʫʧʥʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʨʘʙʦʪ. ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʀʉʈ ʩʪʨʫʢʪʫʨʠʨʫʝʪʩʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʛʦ 

ʧʨʦʝʢʪʘ. ʅʘ ʨʠʩʫʥʢʝ 14 ʧʨʝʜʩʪʘʚʣʝʥ ʰʘʙʣʦʥ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʙʦʪ ʧʦ 

ʧʨʦʝʢʪʫ. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 14 ï ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪ ʧʨʦʝʢʪʘ 

 

ʈʠʩʫʥʦʢ 14 ï ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪ ʧʨʦʝʢʪʘ 
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4.3.2 ʂʦʥʪʨʦʣʴʥʳʝ ʩʦʙʳʪʠʷ ʧʨʦʝʢʪʘ 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʢʣʶʯʝʚʳʝ ʩʦʙʳʪʠʷ 

ʧʨʦʝʢʪʘ, ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʜʘʪʳ ʠ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦ 

ʩʦʩʪʦʷʥʠʶ ʥʘ ʵʪʠ ʜʘʪʳ. ʂʦʥʪʨʦʣʴʥʳʝ ʩʦʙʳʪʠʷ ʧʨʦʝʢʪʘ ʦʙʦʟʥʘʯʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.5. 

ʊʘʙʣʠʮʘ 4.5. ʂʦʥʪʨʦʣʴʥʳʝ ʩʦʙʳʪʠʷ ʧʨʦʝʢʪʘ 

ˉ ʧ/ʧ ʂʦʥʪʨʦʣʴʥʦʝ ʩʦʙʳʪʠʝ ɼʘʪʘ 

ʈʝʟʫʣʴʪʘʪ  

(ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ  

ʜʦʢʫʤʝʥʪ) 

1 ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

ʉʝʥʪʷʙʨʴ - 

ʆʢʪʷʙʨʴ,  

2018 ʛ. 

ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʚ 

ɺʂʈ 

2 ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʠ ʠ ʟʘʜʘʯ 
ʅʦʷʙʨʴ, 2018 

ʛ. 

ʈʘʟʜʝʣ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʚ 

ɺʂʈ 

3 ʈʘʟʨʘʙʦʪʢʘ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ 
ʅʦʷʙʨʴ, 2018 

ʛ. 
ʇʣʘʥ ʨʘʙʦʪ 

4 

ɺʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʫʞʝ ʠʟʚʝʩʪʥʳʭ  

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ  

ʧʘʪʫʣʠʥʘ; ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʥʘ ʤʦʜʝʣʴʥʳʭ  

ʨʘʩʪʚʦʨʘʭ 

ɼʝʢʘʙʨʴ 2018 

ï  

ɸʧʨʝʣʴ 2019 

ʛ. 

ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ɺʂʈ 

5 
ʀʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ 

ʧʘʪʫʣʠʥʘ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʘʭ 

ʄʘʡ - 

ʆʢʪʷʙʨʴ, 2019 

ʛ. 

ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ɺʂʈ 

6 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ (ʩʦʢʠ ʠ ʥʝʢʪʘʨʳ) ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ 

ʅʦʷʙʨʴ 2019 

ï ʗʥʚʘʨʴ  

2020 ʛ. 

ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ɺʂʈ 

7 

ɸʧʨʦʙʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʥʘ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ, 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʗʥʚʘʨʴ - 

ʌʝʚʨʘʣʴ,  

2020 ʛ. 

ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ɺʂʈ 

8 
ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ  

ʜʦʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ɺʂʈ 
ʄʘʨʪ, 2020 ʛ. 

ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʢʨ 

9 ʆʬʦʨʤʣʝʥʠʝ ɺʂʈ 
ɸʧʨʝʣʴ - 

ʀʶʥʴ, 2020 ʛ. 

ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ɺʂʈ 

 

4.3.3 ʇʣʘʥ ʧʨʦʝʢʪʘ 

 

ɺ ʨʘʤʢʘʭ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʧʦʩʪʨʦʝʥ ʢʘʣʝʥʜʘʨʥʳʡ ʠ ʣʠʥʝʡʥʳʡ 

ʛʨʘʬʠʢʠ ʧʨʦʝʢʪʘ. ʃʠʥʝʡʥʳʡ ʛʨʘʬʠʢ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ (ʪʘʙʣʠʮʘ 4.6).  
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ʊʘʙʣʠʮʘ 4.6. ʂʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ ʧʨʦʝʢʪʘ 

ʂʦʜ  

ʨʘʙʦʪʳ 
ʅʘʟʚʘʥʠʝ 

ɼʣʠʪʝʣʴʥʦʩʪʴ, 

ʜʥʠ 

ɼʘʪʘ 

ʥʘʯʘʣʘ 

ʨʘʙʦʪ 

ɼʘʪʘ 

ʦʢʦʥʯʘʥʠʷ 

ʨʘʙʦʪ 

ʉʦʩʪʘʚ 

ʫʯʘʩʪʥʠʢʦʚ 

(ʌʀʆ 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʠʩʧʦʣʥʠʪʝʣʝʡ) 
1 ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 

80 01.09.18 20.11.18 
ʍʫʩʘʠʥʦʚʘ 

ɸ.ʌ. 

2 ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʝʡ ʠ ʟʘʜʘʯ 

3 10.11.18 13.11.18 

ʍʫʩʘʠʥʦʚʘ 

ɸ.ʌ.,  

ʉʣʝʧʯʝʥʢʦ ɻ.ɹ. 

3 ʈʘʟʨʘʙʦʪʢʘ ʧʣʘʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ 4 18.11.18 22.11.18 

ʉʣʝʧʯʝʥʢʦ ɻ.ɹ., 

ʍʫʩʘʠʥʦʚʘ 

ɸ.ʌ. 

4 ɺʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʤʝʪʦʜʠʢ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ 134 14.11.18 2.04.2019 
ʍʫʩʘʠʥʦʚʘ 

ɸ.ʌ. 

5 ʀʟʫʯʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ 

ʧʘʪʫʣʠʥʘ ʥʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʵʣʝʢʪʨʦʜʘʭ 

70 3.04.19 25.09.19 
ʍʫʩʘʠʥʦʚʘ 

ɸ.ʌ. 

6 ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ (ʩʦʢʦʚ 

ʠ ʥʝʢʪʘʨʦʚ) ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ 

60 1.10.19 31.12.20 
ʍʫʩʘʠʥʦʚʘ 

ɸ.ʌ. 

7 ɸʧʨʦʙʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʪʫʣʠʥʘ ʥʘ ʨʝʘʣʴʥʳʭ 

ʦʙʨʘʟʮʘʭ, ʤʝʪʨʦʣʦʛʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ 

44 14.01.20 1.03.20 

ʉʣʝʧʯʝʥʢʦ ɻ.ɹ. 

ʍʫʩʘʠʥʦʚʘ 

ɸ.ʌ. 

8 ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʨʘʙʦʪʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ 

ɺʂʈ 

34 1.03.20 05.04.20 

ʉʣʝʧʯʝʥʢʦ ɻ.ɹ.,  

ʍʫʩʘʠʥʦʚʘ 

ɸ.ʌ. 

9 ʆʬʦʨʤʣʝʥʠʝ ɺʂʈ 60 1.04.20 2.06.20 
ʍʫʩʘʠʥʦʚʘ 

ɸ.ʌ. 

ʀʪʦʛʦ, ʜʥʝʡ 489 
 

ɼʠʘʛʨʘʤʤʘ ɻʘʥʪʘ ï ʵʪʦ ʪʠʧ ʩʪʦʣʙʯʘʪʳʭ ʜʠʘʛʨʘʤʤ (ʛʠʩʪʦʛʨʘʤʤ), ʢʦʪʦʨʳʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ ʧʨʦʝʢʪʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʙʦʪʳ ʧʦ 

ʪʝʤʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʨʦʪʷʞʝʥʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ ʦʪʨʝʟʢʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠʩʷ 

ʜʘʪʘʤʠ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʳʭ ʨʘʙʦʪ. ɻʨʘʬʠʢ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 

4.7. 
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ʊʘʙʣʠʮʘ 4.7. ʂʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ-ʛʨʘʬʠʢ ʧʨʦʚʝʜʝʥʠʷ ʅʀʆʂʈ ʧʦ ʪʝʤʝ ʩ ʩʝʥʪʷʙʨʷ 2018 ʧʦ ʠʶʥʴ 2020 

 

ˉ 

ʨʘʙʦʪ

 r

ɺʠʜ ʨʘʙʦʪʳ 

ʉʦʩʪʘʚ 

ʫʯʘʩʪʥʠʢ

ʦʚ 

ʊ, 

ʢʘ

ʣ. 

ʜʥ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ 

ʩʝʥʪʷʙʨ

 ɹ

ʦʢʪʷʙʨ

 ɹ

ʥʦʷʙʨ

 ɹ

ʜʝʢʘʙʨ

 ɹ

ʷʥʚʘʨ

 ɹ

ʬʝʚʨʘʣ

 ɹ

ʤʘʨ

ʪ 

ʘʧʨʝʣ

 ɹ
ʤʘʡ ʠʶʥʴ 

1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

1 
ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ 

ɼʠʧʣʦʤʥʠ

ʢ 
80                                 

2 
ʇʦʩʪʘʥʦʚʢʘ ʮʝʣʝʡ ʠ 

ʟʘʜʘʯ 

ʅʘʫʯ. 

ʈʫʢ.,  

ʜʠʧʣʦʤʥʠ

ʢ 

3                                           

3 

ʈʘʟʨʘʙʦʪʢʘ ʧʣʘʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʨʘʙʦʪ 

ʅʘʫʯ. ʈʫʢ, 

ʜʠʧʣʦʤʥʠ

ʢ 

4                                           

4 

ɺʦʩʧʨʦʠʟʚʝʜʝʥʠʝ 

ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʪʫʣʠʥʘ 

ʜʠʧʣʦʤʥʠ

ʢ 
134                     

5 

ʀʟʫʯʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʧʘʪʫʣʠʥʘ ʥʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʵʣʝʢʪʨʦʜʘʭ 

ʜʠʧʣʦʤʥʠ

ʢ 
70 
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6 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ 

ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʲʝʢʪʦʚ (ʩʦʢʦʚ ʠ 

ʥʝʢʪʘʨʦʚ) ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩ

ʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʠʧʣʦʤʥʠ

ʢ 
60                              

7 

ɸʧʨʦʙʘʮʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ 

ʥʘ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ, 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʘʷ 

ʦʮʝʥʢʘ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ 

ʅʘʫʯ. 

ʈʫʢ.,  

ʜʠʧʣʦʤʥʠ

ʢ 

44                                       

8 

ʆʙʩʫʞʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʦʨʘʙʦʪʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʯʘʩʪʠ ɺʂʈ 

ʅʘʫʯ. 

ʈʫʢ., 

ʜʠʧʣʦʤʥʠ

ʢ 

34                                         

9 ʆʬʦʨʤʣʝʥʠʝ ɺʂʈ 
ʜʠʧʣʦʤʥʠ

ʢ 
60                                 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ ʫʩʪʘʥʦʚʣʝʥʘ ʪʨʫʜʦʟʘʪʨʘʪʥʦʩʪʴ ʜʣʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ ʧʨʦʝʢʪʘ, ʚ ʢʘʣʝʥʜʘʨʥʳʭ ʜʥʷʭ: ʜʣʷ 

ʨʫʢʦʚʦʜʠʪʝʣʷ ï 85 ʜʥʝʡ, ʜʣʷ ʠʩʧʦʣʥʠʪʝʣʷ 489 ʜʥʷ; ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʨʘʙʦʯʠʝ ʜʥʠ: ʜʣʷ ʨʫʢʦʚʦʜʠʪʝʣʷ ï 70 ʜʥʝʡ, ʜʣʷ 

ʜʠʧʣʦʤʥʠʢʘ ï 401 ʜʥʷ.  
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4.3.4 ɹʶʜʞʝʪ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʅʊʀ) 

 

ɹʶʜʞʝʪ ʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ ʩʦʩʪʘʚʣʷʣʩʷ ʩ ʫʯʝʪʦʤ ʧʨʦʚʝʜʝʥʠʷ ʅʀʈ ʟʘ 

ʦʜʠʥ ʛʦʜ (365 ʜʥʝʡ). ɿʘʪʨʘʪʳ ʥʘ ʅʀʈ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʩʪʘʪʴʷʤ ʢʘʣʴʢʫʣʷʮʠʠ, 

ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʜʚʝ ʛʨʫʧʧʳ ʟʘʪʨʘʪ ʧʨʷʤʳʝ ʟʘʪʨʘʪʳ ʠ ʥʘʢʣʘʜʥʳʝ ʟʘʪʨʘʪʳ. 

 ʈʘʩʯʝʪ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʚʢʣʶʯʘʝʪ ʩʪʦʠʤʦʩʪʴ ʚʩʝʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ: 

- ʧʨʠʦʙʨʝʪʘʝʤʳʝ ʩʦ ʩʪʦʨʦʥʳ ʩʳʨʴʝ ʠ ʤʘʪʝʨʠʘʣʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ; 

- ʧʦʢʫʧʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺʩʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʝʘʢʪʠʚʳ, ʣʘʙʦʨʘʪʦʨʥʫʶ ʧʦʩʫʜʫ ʠ ʩʨʝʜʩʪʚʘ 

ʟʘʱʠʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 4.8. -4.9. 

ʉʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʥʢʨʝʪʥʦʛʦ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʠ ʠʤʝʶʱʝʛʦʩʷ ʚ ʜʘʥʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʭ ʦʪʯʠʩʣʝʥʠʡ. ɺʩʝ ʨʘʩʯʝʪʳ ʧʦ ʧʨʠʦʙʨʝʪʝʥʠʶ 

ʩʧʝʮʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʤʝʶʱʝʛʦʩʷ ʚ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʪʝʤʳ. 

 

ʊʘʙʣʠʮʘ 4.8. ʄʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʂʦʣ-

ʚʦ, 

ʰʪ 

ʉʪʦʠʤʦʩʪʴ 

ʩ ʅɼʉ, 

ʨʫʙ/ʰʪ 

ʉʫʤʤʘ, 

ʨʫʙ 

ʉʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʣʝʪ ʨʫʙ/ʰʪ 

ɸʤʦʨʪʠʟʘʮʠʷ, 

ʨʫʙ 

ɺʝʩʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 1 78740,00 78740,00 12 6561,66 

ʂʦʤʧʣʝʢʩ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠ-

ʯʝʩʢʠʡ ʩʪʘʮʠʦʥʘʨʥʳʡ 

1 156000,00 156000,00 8 19500,00 

ʀʪʦʛʦ: 234740,00   
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ʊʘʙʣʠʮʘ 4.9. ʄʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʝʘʢʪʠʚʳ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʣ-ʚʦ 
ʉʪʦʠʤʦʩʪʴ ʩ 

ʅɼʉ 
ʉʫʤʤʘ, ʨʫʙ 

ʉʪʘʥʜʘʨʪ ʧʘʪʫʣʠʥʘ 1 ʘʤʧ. 8516,00 8516,00 

ʇʝʨʭʣʦʨʘʪ ʘʤʤʦʥʠʷ 0,1 ʢʛ 1235,00 (ʢʛ) 123,50 

ɺʦʜʘ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ 1 ʣ 65,0 (5 ʣ) 13,00 

ʄʦʜʠʬʠʮʠʨʫʶʱʠʡ ʨʘʩʪʚʦʨ ʟʦʣʦʪʘ 1 ʘʤʧ (5ʤʣ) 870,00 870,00 

ʄʦʜʠʬʠʢʘʪʦʨ ʩʦʣʠ 0,01 ʢʛ 500,00(ʢʛ) 5,00 

ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ 0,01 ʣ 120,00(ʣ) 1,20 

ʂʘʣʠʷ ʭʣʦʨʠʜ 0,500 ʢʛ 100,00 (ʢʛ) 50,00 

ʀʪʦʛʦ: 9578,70 

 

 

ʊʘʙʣʠʮʘ 4.9.1 ï ʄʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʣʘʙʦʨʘʪʦʨʥʫʶ ʧʦʩʫʜʫ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʣʠʯʝʩʪʚʦ, 

ʰʪ 
ʉʪʦʠʤʦʩʪʴ ʩ ʅɼʉ, ʨʫʙ/ʰʪ ʉʫʤʤʘ, ʨʫʙ 

ʂʦʣʙʳ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʤʦʚ 

ʩʪʝʢʣʷʥʥʳʝ 
4 

1 ʣ ï 210,00 ï 1 ʰʪ 

430,00 50 ʤʣ ï 100,0 ï 2 ʰʪ 

100 ʤʣ ï 120,00 - 1 ʰʪ 

ʇʨʦʙʠʨʢʠ ʪʠʧʘ ʕʧʧʝʥʜʦʨʬ 20 519,00 (500 ʰʪ) 20,76 

ɼʦʟʘʪʦʨ ʦʜʥʦʢʘʥʘʣʴʥʳʡ 20 ʤʢʣ 1 4000,00 4000,00 

ʌʠʣʴʪʨʦʚʘʣʴʥʘʷ ʙʫʤʘʛʘ 1 ʫʧ 150,00 150,00 

ʂʶʚʝʪʘ ʢʚʘʨʮʝʚʘʷ 3 ʰʪ 490,00 1470,00 

ʉʪʝʢʣʦʫʛʣʝʨʦʜʥʳʝ ʵʣʝʢʪʨʦʜʳ 3 ʰʪ 850,00 2550,00 

ʍʣʦʨʠʜʩʝʨʝʙʨʷʥʥʳʝ ʵʣʝʢʪʨʦʜʳ 6 ʰʪ 800,00 4800,00 

ɸʟʦʪ ʚ ʙʘʣʣʦʥʘʭ 1 ʙʘʣʣʦʥ 4500,00 4500,00 

ʀʪʦʛʦ: 17920,76 

 

 

ʊʘʙʣʠʮʘ 4.9.2. ʄʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ 
ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʣʠʯʝʩʪʚʦ, ʰʪ ʉʪʦʠʤʦʩʪʴ ʩ ʅɼʉ, ʨʫʙ/ʰʪ ʉʫʤʤʘ, ʨʫʙ 

ʍʘʣʘʪ 1 1500,00 1500,00 

ʇʝʨʯʘʪʢʠ 2 100,00 200,00 

ʀʪʦʛʦ: 1700,00 

 

 

 

 



63 

 

  

ʊʘʙʣʠʮʘ 4.9.3. ï ʆʙʱʠʝ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʠʜ ʟʘʪʨʘʪ ʉʫʤʤʘ, ʨʫʙ 

ʄʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʝʘʢʪʠʚʳ 9578,70 

ʄʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʣʘʙʦʨʘʪʦʨʥʫʶ ʧʦʩʫʜʫ 17920,76 

ʄʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ 1700,00 

ʄʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ 234740,00 

ʀʪʦʛʦ: 263939,49 

ʆʩʥʦʚʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʠʩʧʦʣʥʠʪʝʣʝʡ ʪʝʤʳ 

ɺʝʣʠʯʠʥʘ ʨʘʩʭʦʜʦʚ ʧʦ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ 

ʪʨʫʜʦʝʤʢʦʩʪʠ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ ʠ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʦʧʣʘʪʳ ʪʨʫʜʘ. ʉʪʘʪʴʷ 

ʚʢʣʶʯʘʝʪ ʦʩʥʦʚʥʫʶ ʟʘʨʘʙʦʪʥʫʶ ʧʣʘʪʫ ʨʘʙʦʪʥʠʢʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʥʷʪʳʭ 

ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʦʝʢʪʘ (ʚʢʣʶʯʘʷ ʧʨʝʤʠʠ, ʜʦʧʣʘʪʳ) ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʟʘʨʘʙʦʪʥʫʶ 

ʧʣʘʪʫ. 

ʆʩʥʦʚʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ (ɿʦʩʥ) ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ:  

 ɿʦʩʥ = ɿʜʥ * ʊʨʘʙ, ʛʜʝ ʊʨ ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪ, ʚʳʧʦʣʥʷʝʤʳʭ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʤ ʨʘʙʦʪʥʠʢʦʤ, ʨʘʙ. ʜʥ., ɿʜʥ ï ʩʨʝʜʥʝʜʥʝʚʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ 

ʨʘʙʦʪʥʠʢʘ, ʨʫʙ. ʉʨʝʜʥʝʜʥʝʚʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ɿʜʥ = ɿʤ*ʄ/Fʜ, ʛʜʝ ɿʤ ï ʤʝʩʷʯʥʳʡ ʜʦʣʞʥʦʩʪʥʦʡ ʦʢʣʘʜ ʨʘʙʦʪʥʠʢʘ, ʨʫʙ., ʄ ï 

ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʷʮʝʚ ʨʘʙʦʪʳ ʙʝʟ ʦʪʧʫʩʢʘ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ: ʧʨʠ ʦʪʧʫʩʢʝ ʚ 48 ʨʘʙ. ʜʥʝʡ 

ʄ=10,4 ʤʝʩʷʮʘ, 6-ʜʥʝʚʥʘʷ ʥʝʜʝʣʷ, Fʜ ï ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʛʦʜʦʚʦʡ ʬʦʥʜ ʨʘʙʦʯʝʛʦ 

ʚʨʝʤʝʥʠ ʥʘʫʯʥʦ -    ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʨʘʙ. ʜʥ. 

ʅʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ ʧʦʥʘʜʦʙʠʣʦʩʴ 401 ʨʘʙʦʯʠʭ ʜʥʝʡ. ɹʘʣʘʥʩ ʨʘʙʦʯʝʛʦ 

ʚʨʝʤʝʥʠ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 4.9.4. 

ʊʘʙʣʠʮʘ 4.9.4. ɹʘʣʘʥʩ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ 

ʇʦʢʘʟʘʪʝʣʠ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʈʫʢʦʚʦʜʠʪʝʣʴ 
ʀʥʞʝʥʝʨ  

(ʜʠʧʣʦʤʥʠʢ) 

ʂʘʣʝʥʜʘʨʥʦʝ ʯʠʩʣʦ ʜʥʝʡ 365 365 

ʂʦʣʠʯʝʩʪʚʦ ʥʝʨʘʙʦʯʠʭ ʜʥʝʡ 

 

 

 

58 62 
- ʚʳʭʦʜʥʳʝ ʜʥʠ 44 48 

- ʧʨʘʟʜʥʠʯʥʳʝ ʜʥʠ 14 14 

ʇʦʪʝʨʠ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ 56 28 
- ʦʪʧʫʩʢ 56 28 

- ʥʝʚʳʭʦʜʳ ʧʦ ʙʦʣʝʟʥʠ - - 
ɼʝʡʩʪʚʠʪʝʣʴʥʳʡ ʛʦʜʦʚʦʡ ʬʦʥʜ ʨʘʙʦʯʝʛʦ  

ʚʨʝʤʝʥʠ 
251 275 
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ʄʝʩʷʯʥʳʡ ʜʦʣʞʥʦʩʪʥʦʡ ʦʢʣʘʜ ʨʘʙʦʪʥʠʢʘ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ɿʤ =ɿʙ *(kʧʨ +kʜ)*kʨ , ʛʜʝ ɿʙ ï ʙʘʟʦʚʳʡ ʦʢʣʘʜ, ʨʫʙ.; kʧʨ ï ʧʨʝʤʠʘʣʴʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʦʙ ʦʧʣʘʪʝ ʪʨʫʜʘ); kʜ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʦʧʣʘʪ ʠ ʥʘʜʙʘʚʦʢ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʦʙ ʦʧʣʘʪʝ ʪʨʫʜʘ); kʨ ï ʨʘʡʦʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʨʘʚʥʳʡ 1,3 (ʜʣʷ ʊʦʤʩʢʘ).  

ʇʨʠ ʨʘʩʯʝʪʝ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʥʘʫʯʥʦ ï ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʧʨʦʯʝʛʦ 

ʧʝʨʩʦʥʘʣʘ ʧʨʦʝʢʪʘ ʫʯʠʪʳʚʘʣʠʩʴ ʤʝʩʷʯʥʳʝ ʜʦʣʞʥʦʩʪʥʳʝ ʦʢʣʘʜʳ ʨʘʙʦʪʥʠʢʦʚ, 

ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

ʉʦʛʣʘʩʥʦ ʠʥʬʦʨʤʘʮʠʠ ʩʘʡʪʘ ʪʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʜʦʣʞʥʦʩʪʥʦʡ ʦʢʣʘʜ (ʇʇʉ) ʧʨʦʬʝʩʩʦʨʘ ʚ 2020 ʛʦʜʫ ʙʝʟ ʫʯʝʪʘ ʈʂ ʩʦʩʪʘʚʠʣ 49150,00 

ʨʫʙ., ʠʩʧʦʣʥʠʪʝʣʷ (ʤʘʛʠʩʪʨʘʥʪʘ) ï 12130,00 ʨʫʙ. ʈʘʩʯʝʪ ʦʩʥʦʚʥʦʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ 

ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 4.9.4. 

 

ʊʘʙʣʠʮʘ 4.9.5. ʈʘʩʯʸʪ ʦʩʥʦʚʥʦʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ 

ʀʩʧʦʣʥʠʪʝʣʠ ɿʙ, ʨʫʙ. kʧʨ kʜ kʨ ɿʤ, ʨʫʙ ɿʜʥ, ʨʫʙ. 
ʊʨ, ʨʘʙ. 

ʜʥ. 
ɿʦʩʥ, ʨʫʙ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ 49150,00 - - 1,3 63895,00 2647,40 70 185318,00 

ʀʥʞʝʥʝʨ-

ʜʠʧʣʦʤʥʠʢ 
12130,00 - - 1,3 15769,00 596,35 401 239136,35 

 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ 

ɺ ʜʘʥʥʫʶ ʩʪʘʪʴʶ ʚʢʣʶʯʘʝʪʩʷ ʩʫʤʤʘ ʚʳʧʣʘʪ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʦ ʪʨʫʜʝ, ʥʘʧʨʠʤʝʨ, ʦʧʣʘʪʘ ʦʯʝʨʝʜʥʳʭ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʦʪʧʫʩʢʦʚ; ʦʧʣʘʪʘ ʚʨʝʤʝʥʠ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ; ʚʳʧʣʘʪʘ ʚʦʟʥʘʛʨʘʞʜʝʥʠʷ ʟʘ ʚʳʩʣʫʛʫ ʣʝʪ ʠ ʪ.ʧ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ 10-15% ʦʪ 

ʦʩʥʦʚʥʦʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʨʘʙʦʪʥʠʢʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʚʳʧʦʣʥʝʥʠʠ ʅʀʈ:  
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ɿʜʦʧ = kʜʦʧ *ɿʦʩʥ, ʛʜʝ ɿʜʦʧ ï ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ, ʨʫʙ., kʜʦʧ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʨʧʣʘʪʳ. ɺ ʪʘʙʣ. 4.9.6 ʧʨʠʚʝʜʝʥʘ ʬʦʨʤʘ ʨʘʩʯʸʪʘ 

ʦʩʥʦʚʥʦʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ. 

ʊʘʙʣʠʮʘ 4.9.6. - ɿʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʠʩʧʦʣʥʠʪʝʣʝʡ ʅʊʀ 

ɿʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʈʫʢʦʚʦʜʠʪʝʣʴ ʀʥʞʝʥʝʨ (ʜʠʧʣʦʤʥʠʢ) 

ʆʩʥʦʚʥʘʷ ʟʘʨʧʣʘʪʘ 185318,00 239136,35 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʨʧʣʘʪʘ 22238,16 28696, 36 

ʀʪʦʛʦ ʧʦ ʩʪʘʪʴʝ ʉɿʇ 207556,16 267832,71 

 

ʆʪʯʠʩʣʝʥʠʷ ʥʘ ʩʦʮʠʘʣʴʥʳʝ ʥʫʞʜʳ 

ʆʪʯʠʩʣʝʥʠʷ ʥʘ ʩʦʮʠʘʣʴʥʳʝ ʥʫʞʜʳ ʩʦʩʪʘʚʣʷʝʪ 30,2 % ʦʪ ʩʫʤʤʳ ʟʘʨʘʙʦʪʥʦʡ 

ʧʣʘʪʳ ʚʩʝʭ ʩʦʪʨʫʜʥʠʢʦʚ. ɿʘʪʨʘʪʳ ʧʦ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʯʠʪʘʥʳ ʧʦ ʬʦʨʤʫʣʝ:  

ɿʦ.ʩ.ʥ. = 0,302*ɿʦʩʥ., ʛʜʝ ɿʦ.ʩ.ʥ. ï ʟʘʪʨʘʪʳ ʥʘ ʦʪʯʠʩʣʝʥʠʷ ʥʘ ʩʦʮʠʘʣʴʥʳʝ 

ʥʫʞʜʳ, ʨʫʙ. 

ɼʣʷ ʨʫʢʦʚʦʜʠʪʝʣʷ ï 55966,04, ʜʣʷ ʠʩʧʦʣʥʠʪʝʣʷ ï 72219,18. 

ʅʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ 

ɺ ʵʪʫ ʩʪʘʪʴʶ ʚʢʣʶʯʝʥʳ ʟʘʪʨʘʪʳ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʥʢʨʝʪʥʫʶ ʪʝʤʫ. ʈʘʩʯʝʪ 

ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ ʧʨʦʚʝʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

ʉʥʘʢʣ = ʂʥʘʢʣ*(ɿʦʩʥ+ɿʜʦʧ), ʛʜʝ ʂʥʘʢʣ ï ʢʦʵʬʬʠʮʠʝʥʪ ʥʘʢʣʘʜʥʳʭ ʨʘʩʭʦʜʦʚ 

ʨʘʚʥʳʡ 16%. ʉʥʘʢʣ = 76062,21 ʨʫʙ. 

ɿʘʪʨʘʪʳ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʅʀʈ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʦʪʜʝʣʴʥʳʤ ʩʪʘʪʴʷʤ ʟʘʪʨʘʪ ʩʦʩʪʘʚʣʷʝʪʩʷ 

ʢʘʣʴʢʫʣʷʮʠʷ ʧʣʘʥʦʚʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʅʀʈ. ɺ ʧʨʦʝʢʪʝ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʟʘʪʨʘʪʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʧʣʘʪʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʨʘʙʦʪʥʦʡ     ʧʣʘʪʳ ʥʘʫʯʥʦ ï 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʧʨʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ ʧʨʦʝʢʪʘ, ʥʘʫʯʥʳʤʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ 

ʢʦʤʘʥʜʠʨʦʚʢʘʤʠ, ʦʧʣʘʪʦʡ ʨʘʙʦʪ, ʚʳʧʦʣʥʷʝʤʳʭ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ. ʉʤʝʪʘ ʟʘʪʨʘʪ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 4.9.7. 
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ʊʘʙʣʠʮʘ 4.9.7. ï ʉʤʝʪʘ ʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʅʀʈ 

ʉʪʘʪʴʠ ʟʘʪʨʘʪ ɿʘʪʨʘʪʳ, ʨʫʙ. 

ʉʳʨʴʝ ʠ ʤʘʪʝʨʠʘʣʳ 29199,46 

ʉʧʝʮʠʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʥʘʫʯʥʳʭ (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ) ʨʘʙʦʪ 

(ʘʤʦʨʪʠʟʘʮʠʷ) 
26061,66 

ʌʦʥʜ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ 475388,87 

ʆʪʯʠʩʣʝʥʠʷ ʥʘ ʩʦʮʠʘʣʴʥʳʝ ʥʫʞʜʳ 128185,22 

ʅʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ 76062,21 

ʀʪʦʛʦ 734897,42 

ɸʥʘʣʠʟ ʩʤʝʪʳ ʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʥʘʫʯʥʦ ï ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʠʡ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ, ʧʦʩʪʘʚʣʝʥʥʳʡ ʚ ʤʘʛʠʩʪʝʨʩʢʦʡ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʩ ʧʦʟʠʮʠʠ ʬʠʥʘʥʩʦʚʦʡ ʠ ʨʝʩʫʨʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʨʠʝʤʣʝʤʳʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ (ʥʘʧʨʠʤʝʨ, 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤʠ). 

 

4.3.5 ʆʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʝʢʪʘ 

 

ɺ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʘʟʦʚʳʭ ʚʘʨʠʘʥʪʦʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ 

ʩʪʨʫʢʪʫʨ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʝʢʪʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 15. 

 

ʈʠʩʫʥʦʢ 15- ʇʨʦʝʢʪʥʘʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʝʢʪʘ 

 

4.3.6 ʄʘʪʨʠʮʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ɼʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʤʘʪʨʠʮʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (ʪʘʙʣ. 4.9.8). 
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ʊʘʙʣʠʮʘ 4.9.8. ʄʘʪʨʠʮʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʕʪʘʧʳ ʧʨʦʝʢʪʘ 

ʉ
ʣ
ʝ
ʧ
ʯ
ʝ
ʥ
ʢ
ʦ
 
ɻ
.
ɹ
.
,
 

ʨ
ʫ
ʢ
ʦ
ʚ
ʦ
ʜ
ʠ
ʪ
ʝ
ʣ
ʴ
 

ʧ
ʨ
ʦ
ʝ
ʢ
ʪ
ʘ
 

 

ɻ
ʦ
ʨ
ʙ
ʝ
ʥ
ʢ
ʦ
 
ʄ
.
ɺ
.
,
 

ʵ
ʢ
ʩ
ʧ
ʝ
ʨ
ʪ
 

 

ʋ
ʩ
ʪ
ʶ
ʞ
ʘ
ʥ
ʠ
ʥ
ʘ
 
ɸ
.
ʂ
.
,
 

ʵ
ʢ
ʩ
ʧ
ʝ
ʨ
ʪ

 

ʗ
ʢ
ʠ
ʤ
ʦ
ʚ
ʘ
 
ʊ
.
ɹ
.
,
 

ʵ
ʢ
ʩ
ʧ
ʝ
ʨ
ʪ
 

 

ʍ
ʫ
ʩ
ʘ
ʠ
ʥ
ʦ
ʚ
ʘ
 
ɸ
.
ʌ
.
,
 

ʠ
ʩ
ʧ
ʦ
ʣ
ʥ
ʠ
ʪ
ʝ
ʣ
ʴ
 

 

ʉʦʩʪʘʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʘʜʘʥʠʷ 
ʦ         

ʀʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ         ʠ, ʦ 

ɺʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʦ       ʠ, ʦ 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

        ʠ, ʦ 

ʆʙʦʙʱʝʥʠʝ ʠ ʦʮʝʥʢʘ 

ʨʝʟʫʣʴʪʘʪʦʚ 
ʦ       ʠ, ʦ 

ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʦ       ʠ, ʦ 

ʆʬʦʨʤʣʝʥʠʝ ʢʦʤʧʣʝʢʪʘ 

ʜʦʢʫʤʝʥʪʘʮʠʠ 
ʦ,ʩ ʦ, ʩ ʦ, ʩ ʦ, ʩ ʠ, ʦ 

ʉʪʝʧʝʥʴ ʫʯʘʩʪʠʷ ʚ ʧʨʦʝʢʪʝ ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʦʪʚʝʪʩʪʚʝʥʥʳʡ (ʦ)ï ʣʠʮʦ, ʦʪʚʝʯʘʶʱʝʝ ʟʘ ʨʝʘʣʠʟʘʮʠʶ ʵʪʘʧʘ ʧʨʦʝʢʪʘ    ʠ 

ʢʦʥʪʨʦʣʠʨʫʶʱʝʝ ʝʛʦ ʭʦʜ. 

¶ ʠʩʧʦʣʥʠʪʝʣʴ (ʠ) ï ʣʠʮʦ (ʣʠʮʘ), ʚʳʧʦʣʥʷʶʱʠʝ ʨʘʙʦʪʳ ʚ ʨʘʤʢʘʭ ʵʪʘʧʘ ʧʨʦʝʢʪʘ. 

¶ ʫʪʚʝʨʞʜʘʶʱʝʝ ʣʠʮʦ (ʫ) ï ʣʠʮʦ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʘʧʘ 

ʧʨʦʝʢʪʘ (ʝʩʣʠ ʵʪʘʧ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʪʚʝʨʞʜʝʥʠʝ). 

¶ ʩʦʛʣʘʩʫʶʱʝʝ ʣʠʮʦ (ʩ) ï ʣʠʮʦ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʝ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʝʢʪʘ ʠ 

ʫʯʘʩʪʚʫʶʱʝʝ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʘʧʘ ʪʨʝʙʦʚʘʥʠʷʤ. 

 

4.3.7 ʇʣʘʥ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ ʧʨʦʝʢʪʘ 

 

ʇʣʘʥ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ ʦʪʨʘʞʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʤʫʥʠʢʘʮʠʷʤ ʩʦ 

ʩʪʦʨʦʥʳ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ. ʇʣʘʥ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ ʧʨʠʚʝʜʝʥ ʚ 

ʪʘʙʣʠʮʝ 4.9.9. 
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ʊʘʙʣʠʮʘ 4.9.9. ʇʣʘʥ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ 

ˉ ʧ/ʧ 
ʂʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʧʝʨʝʜʘʝʪʩʷ 

ʂʪʦ ʧʝʨʝʜʘʝʪ 

ʠʥʬʦʨʤʘʮʠ ʁ

ʂʦʤʫ 

ʧʝʨʝʜʘʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ 

ʂʦʛʜʘ 

ʧʝʨʝʜʘʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ 

1. ʉʪʘʪʫʩ ʧʨʦʝʢʪʘ 
ʠʩʧʦʣʥʠʪʝʣʴ 

ʧʨʦʝʢʪʘ 

ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʧʨʦʝʢʪʘ 

ʝʞʝʥʝʜʝʣʴʥʦ 

(ʩʨʝʜʘ) 

2. 
ʆʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʦ 

ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʝʢʪʘ 

ʠʩʧʦʣʥʠʪʝʣʴ 

ʧʨʦʝʢʪʘ 

ʫʯʘʩʪʥʠʢʘʤ 

ʧʨʦʝʢʪʘ 

ʝʞʝʥʝʜʝʣʴʥʦ 

(ʧʦʥʝʜʝʣʴʥʠʢ) 

3. 
ɼʦʢʫʤʝʥʪʳ ʠ ʠʥʬʦʨʤʘʮʠʷ 

ʧʦ ʧʨʦʝʢʪʫ 

ʠʩʧʦʣʥʠʪʝʣʴ 

ʧʨʦʝʢʪʘ 

ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʧʨʦʝʢʪʘ 

ʥʝ ʧʦʟʞʝ ʩʨʦʢʦʚ 

ʛʨʘʬʠʢʦʚ 

4. 
ʆ ʚʳʧʦʣʥʝʥʠʠ ʢʦʥʪʨʦʣʴʥʦʡ 

ʪʦʯʢʠ 

ʠʩʧʦʣʥʠʪʝʣʴ 

ʧʨʦʝʢʪʘ 

ʨʫʢʦʚʦʜʠʪʝʣʶ 

ʧʨʦʝʢʪʘ 

ʥʝ ʧʦʟʞʝ ʜʥʷ 

ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʩʦʙʳʪʠʷ  

ʫʧʨʘʚʣʝʥʠʷ  

4.3.8 ʈʝʝʩʪʨ ʨʠʩʢʦʚ ʧʨʦʝʢʪʘ 

 

ʀʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʨʠʩʢʠ ʧʨʦʝʢʪʘ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʚʦʟʤʦʞʥʳʝ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʧʨʦʝʢʪʝ ʠ ʚʳʟʚʘʪʴ 

ʧʦʩʣʝʜʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʧʦʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ. ɺʦʟʤʦʞʥʳʝ 

ʨʠʩʢʠ ʧʨʦʝʢʪʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.10 

ʊʘʙʣʠʮʘ 4.10. ʈʝʝʩʪʨ ʨʠʩʢʦʚ 

ˉ ʈʠʩʢ 

ɺʝʨʦʷʪʥʦʩʪʴ 

ʥʘʩʪʫʧʣʝʥʠʷ (1-

5) 

ɺʣʠʷʥʠʝ 

ʨʠʩʢʘ (1-5) 

ʋʨʦʚʝʥʴ  

ʨʠʩʢʘ 

ʉʧʦʩʦʙʳ  

ʩʤʷʛʯʝʥʠʷ  

ʨʠʩʢʘ 

ʋʩʣʦʚʠʷ 

ʥʘʩʪʫʧʣʝʥʠʷ 

1 ʊʝʭʥʠʯʝʩʢʠʡ 3 5 ʚʳʩʦʢʠʡ 

ʧʦʚʳʰʝʥʠʝ 

ʪʨʝʙʦʚʘʥʠʡ, 

ʧʨʦʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʠ 

ʥʝʠʩʧʨʘʚʥʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ 

2 
ʆʨʛʘʥʠʟʘʮʠʦʥ

-ʥʳʡ 
5 5 ʚʳʩʦʢʠʡ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ 

ʧʨʦʝʢʪʘ, 

ʨʘʩʩʪʘʥʦʚʢʘ 

ʧʨʠʦʨʠʪʝʪʦʚ 

ʥʝʭʚʘʪʢʘ  

ʨʝʩʫʨʩʦʚ 

3 
ʋʧʨʘʚʣʝʥʠʝ  

ʧʨʦʝʢʪʦʤ 
1 4 ʥʠʟʢʠʡ 

ʜʦʣʛʦʩʨʦʯʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʥʝʢʦʤʧʝʪʝʥʪʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ 
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4.4 . ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʥʦʡ (ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ), ʬʠʥʘʥʩʦʚʦʡ, 

ʙʶʜʞʝʪʥʦʡ, ʩʦʮʠʘʣʴʥʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

4.4.1. ʆʮʝʥʢʘ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɽʛʦ ʥʘʭʦʞʜʝʥʠʝ ʩʚʷʟʘʥʦ ʩ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʜʚʫʭ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʭ ʚʝʣʠʯʠʥ: ʬʠʥʘʥʩʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʀʥʪʝʛʨʘʣʴʥʳʡ ʬʠʥʘʥʩʦʚʳʡ ʧʦʢʘʟʘʪʝʣʴ Iʨʬ ʨʘʟʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ:  

Iʨʬ=ʌpi/ʌmax,  ʌʨi ï ʩʪʦʠʤʦʩʪʴ i-ʛʦ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʥʝʥʠʷ; 

ʌmax ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʠʩʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʧʨʦʝʢʪʘ (ʚ ʪ.ʯ. ʘʥʘʣʦʛʠ). 

ʇʦʣʫʯʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʦʪʨʘʞʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʏʠʩʣʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʙʶʜʞʝʪʘ ʟʘʪʨʘʪ ʨʘʟʨʘʙʦʪʢʠ ʚ 

ʨʘʟʘʭ (ʟʥʘʯʝʥʠʝ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ), ʣʠʙʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʯʠʩʣʝʥʥʦʝ ʫʜʝʰʝʚʣʝʥʠʝ 

ʩʪʦʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʨʘʟʘʭ (ʟʥʘʯʝʥʠʝ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʥʦ ʙʦʣʴʰʝ ʥʫʣʷ). 

ʀʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʥʝʥʠʷ 

ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὅ В ὥὦ , Ὅ В ὥὦ  (10) 

ʛʜʝ Ὅ  ï ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʣʷ i-ʛʦ ʚʘʨʠʘʥʪʘ 

ʠʩʧʦʣʥʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ; 

aiï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ i-ʛʦ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʥʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ; 

ὦ , ὦ  ï ʙʘʣʴʥʘʷ ʦʮʝʥʢʘ i-ʛʦ ʚʘʨʠʘʥʪʘ ʠʩʧʦʣʥʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ, 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʵʢʩʧʝʨʪʥʳʤ ʧʫʪʝʤ ʧʦ ʚʳʙʨʘʥʥʦʡ ʰʢʘʣʝ ʦʮʝʥʠʚʘʥʠʷ; 

n ï ʯʠʩʣʦ ʧʘʨʘʤʝʪʨʦʚ ʩʨʘʚʥʝʥʠʷ. 
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ʊʘʙʣʠʮʘ 4.11. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʘʨʠʘʥʪʦʚ ʠʩʧʦʣʥʝʥʠʷ 

ʧʨʦʝʢʪʘ 

ʆʙʲʝʢʪ  

ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʝʩʦʚʦʡ  

ʢʦʵʬʬʠʮʠʝʥʪ  

ʧʘʨʘʤʝʪʨʘ 

ɺʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʠʩʧ. 1 

ʍʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʠʩʧ. 2 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 0,30  5  5 

ʇʨʦʩʪʦʪʘ 

ʘʧʧʘʨʘʪʫʨʥʦʛʦ 

ʦʬʦʨʤʣʝʥʠʷ 

0,20 5 2 

ɹr ʩʪʨʦʪʘ ʦʧʨʝʜʝʣʝʥʠʷ 0,30 5 3 

ʆʪʩʫʪʩʪʚʠʝ 

ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ 

0,20 5 4 

ʀʪʦʛʦ  5,0 3,6 

Iʨīʠʩʧ1 = 5 × 0,3 + 5 × 0,2 + 5 × 0,3 + 5 × 0,2 + 5 × 0,2 = 5  

Iʨīʠʩʧ2 =5 × 0,3 + 2 × 0,2 + 3 × 0,3 + 4 × 0,2 = 3,6 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʦʢʘʟʘʥʦ 

ʢʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʚ 

ʥʝʢʪʘʨʘʭ ʠ ʩʦʢʘʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʦʩʪʦʪʘ 

ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʠ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ 1 ʘʥʘʣʠʟ, ʷʚʣʷʶʪʩʷ 

ʙʝʟʫʩʣʦʚʥʳʤʠ ʧʣʶʩʘʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʠʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ. 
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ɻʃɸɺɸ 5 ʉʆʎʀɸʃʔʅɸʗ ʆʊɺɽʊʉʊɺɽʅʅʆʉʊʔ 

 

ʅʘʫʯʥʘʷ ʨʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚʦ 2 ʢʦʨʧʫʩʝ ʊʇʋ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ˉ230 ʥʘʫʯʥʦʡ 

ʛʨʫʧʧʳ ʧʨʦʬʝʩʩʦʨʘ, ʜ.ʭ.ʥ, ʚʝʜʫʱʝʛʦ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ ʀʐʍɹʄʊ ʉʣʝʧʯʝʥʢʦ 

ɻʘʣʠʥʳ ɹʦʨʠʩʦʚʥʳ. 

ʄʘʛʠʩʪʝʨʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ʩʚʷʟʘʥʘ ʩ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʧʘʪʫʣʠʥʘ ʚʦ ʬʨʫʢʪʦʚʳʭ ʩʦʢʘʭ ʠ ʥʝʢʪʘʨʘʭ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʯʘʩʪʠ ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ 

ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ 

ʩʦʟʜʘʥʠʠ ʙʝʟʦʧʘʩʥʳʭ, ʙʝʟʚʨʝʜʥʳʭ, ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. 

ʇʘʪʫʣʠʥ ï ʤʠʢʦʪʦʢʩʠʥ, ʚʳʨʘʙʘʪʳʚʘʝʤʳʡ ʨʘʟʣʠʯʥʳʤʠ ʛʨʠʙʘʤʠ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ 60 ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ Aspergillus, Byssochlamys ʠ Penicillium. 

ʆʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʳʤʠ ʤʫʪʘʛʝʥʥʳʤ ʠ ʢʘʥʮʝʨʦʛʝʥʥʳʤ ʜʝʡʩʪʚʠʷʤʠ. ʉʦʜʝʨʞʠʪʩʷ 

ʚʦ ʤʥʦʛʠʭ ʧʦʨʘʞʝʥʥʳʭ ʛʥʠʣʴʶ ʦʚʦʱʘʭ, ʬʨʫʢʪʘʭ ʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨʘʭ, ʥʦ 

ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʷʙʣʦʢʠ ʠ ʧʨʦʜʫʢʪʳ ʠʭ 

ʦʙʨʘʙʦʪʢʠ, ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ ʧʘʪʫʣʠʥʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʦ 17,5 ʤʛ/ ʢʛ ʦʥ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʘʢʞʝ ʚ ʛʨʫʰʘʭ, ʙʘʥʘʥʘʭ, ʪʦʤʘʪʘʭ, ʦʙʣʝʧʠʭʝ, ʘʙʨʠʢʦʩʘʭ, 

ʧʝʨʩʠʢʘʭ, ʯʝʨʝʰʥʝ, ʚʠʥʦʛʨʘʜʝ, ʢʣʫʙʥʠʢʝ, ʛʦʣʫʙʠʢʝ, ʙʨʫʩʥʠʢʝ, ʢʘʣʠʥʝ. 

ʇʨʘʚʠʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʭʨʘʥʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʧʨʦʜʫʢʪʦʚ ʤʦʛʫʪ ʦʛʨʘʥʠʯʠʪʴ 

ʨʦʩʪ ʛʨʠʙʢʦʚ ʠ ʚʳʨʘʙʦʪʢʫ ʧʘʪʫʣʠʥʘ. ʆʙʱʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ, ʚʢʣʶʯʘʷ 

ʧʘʩʪʝʨʠʟʘʮʠʶ, ʬʠʣʴʪʨʘʮʠʶ ʠ ʬʝʨʤʝʥʪʘʮʠʶ, ʚʣʠʷʶʪ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʧʘʪʫʣʠʥʘ ʚ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ, ʥʦ ʥʝ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤʠ ʤʝʨʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʦʜʝʨʞʘʥʠʝ ʧʘʪʫʣʠʥʘ ʚʦ ʬʨʫʢʪʘʭ ʠ ʧʨʦʜʫʢʪʘʭ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʩʪʨʦʛʦ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ 

ʤʝʪʦʜʠʢ ʦʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ʅʘʤʠ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ  

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʠʥʚʝʨʩʠʦʥʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʚʦ ʬʨʫʢʪʦʚʳʭ ʩʦʢʘʭ ʠ ʥʝʢʪʘʨʘʭ. ɼʘʥʥʳʡ ʤʝʪʦʜ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ, ʥʠʟʢʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ 
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ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʫ, ʤʘʣʝʥʴʢʠʤʠ ʦʙʲʝʤʘʤʠ ʧʨʦʙ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ, 

ʥʘʣʠʯʠʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʈʝʘʣʴʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʠ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʠʱʝʚʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʬʨʫʢʪʦʚʳʭ ʩʦʢʦʚ, ʘ ʪʘʢʞʝ 

ʢʦʥʪʨʦʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʢʘʯʝʩʪʚʦ ʧʠʱʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʠʥʩʪʘʥʮʠʡ. 

ʋʯʠʪʳʚʘʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ 

ʪʨʝʙʫʶʪ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʘʥʘʣʠʟʘ, ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʧʨʠʤʝʥʝʥʠʝ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʦʜʥʦʛʦ ʘʥʘʣʠʟʘ, ʠ ʩʥʠʟʠʪʴ ʝʛʦ ʩʪʦʠʤʦʩʪʴ. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʭʨʘʥʳ ʪʨʫʜʘ ʠ ʪʝʭʥʠʢʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʙʦʪʦʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʜʦʨʦʚʴʝ ʨʘʙʦʪʥʠʢʦʚ 

ʣʘʙʦʨʘʪʦʨʠʡ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʇʦʜ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ, ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʟʘ ʚʣʠʷʥʠʝ ʝʝ ʨʝʰʝʥʠʡ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ 

ʦʙʱʝʩʪʚʦ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʯʝʨʝʟ ʧʨʦʟʨʘʯʥʦʝ ʠ ʵʪʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ, 

ʩʦʜʝʡʩʪʚʫʶʱʝʝ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ (ʟʜʦʨʦʚʴʝ ʠ ʙʣʘʛʦʩʦʩʪʦʷʥʠʝ ʦʙʱʝʩʪʚʘ); 

ʫʯʠʪʳʚʘʶʱʝʝ ʦʞʠʜʘʥʠʷ ʚʩʝʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ; ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʫ ʠ ʩʦʛʣʘʩʫʶʱʝʝʩʷ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʥʦʨʤʘʤ ʧʦʚʝʜʝʥʠʷ; ʘ ʪʘʢʞʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʚ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʩʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʨʠʤʝʥʷʶʱʝʝʩʷ ʚ ʝʝ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʭ.  

ʇʦʜ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʧʦʥʠʤʘʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʬʠʟʠʯʝʩʢʦʛʦ, ʧʩʠʭʠʯʝʩʢʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ 

ʙʣʘʛʦʧʦʣʫʯʠʷ ʪʨʫʜʷʱʠʭʩʷ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʠʯʠʥʝʥʠʷ ʚʨʝʜʘ ʟʜʦʨʦʚʴʶ ʠʟ-ʟʘ 

ʫʩʣʦʚʠʡ ʪʨʫʜʘ. ɸ ʪʘʢʞʝ, ʟʘʱʠʪʘ ʪʨʫʜʷʱʠʭʩʷ ʦʪ ʨʘʟʣʠʯʥʳʭ ʨʠʩʢʦʚ ʟʜʦʨʦʚʴʶ ʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʢ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʫʞʜʘʤʠ ʪʨʫʜʷʱʠʭʩʷ. 

ʉʦʙʣʶʜʝʥʠʝ ʚʩʝʭ ʧʨʘʚʠʣ ʦʭʨʘʥʳ ʪʨʫʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʦʧʘʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʠʟ-
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ʟʘ ʨʠʩʢʘ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ (ʪʨʘʚʤʳ, ʩʤʝʨʪʴ ʪʨʫʜʷʱʝʛʦʩʷ) 

ʜʘʙʳ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʥʝʧʨʠʷʪʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ.  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʘʩʴ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ 

ʣʘʙʦʨʘʪʦʨʠʷ ʜʣʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ [48]. 

 

5.1. ʇʨʘʚʦʚʳʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʟʥʘʢʦʤʠʪʩʷ ʩ ʧʨʘʚʦʚʳʤʠ ʥʦʨʤʘʤʠ ʠ ʘʢʪʘʤʠ. 

ʉʦʛʣʘʩʥʦ [55] ʥʦʨʤʠʨʦʚʘʥ: 

ω ʨʝʞʠʤ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ - ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ, ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʥʘ ʨʘʙʦʯʠʭ 

ʤʝʩʪʘʭ, ʢʦʪʦʨʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʧʝʮʠʘʣʴʥʦʡ ʦʮʝʥʢʠ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʦʪʥʝʩʝʥʳ ʢ 

ʚʨʝʜʥʳʤ ʫʩʣʦʚʠʷʤ ʪʨʫʜʘ 3 ʠʣʠ 4 ʩʪʝʧʝʥʠ, ʠʣʠ ʦʧʘʩʥʳʤ ʫʩʣʦʚʠʷʤ ʪʨʫʜʘ, - ʥʝ ʙʦʣʝʝ 

36 ʯʘʩʦʚ ʚ ʥʝʜʝʣʶ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʝʞʝʜʥʝʚʥʦʡ ʨʘʙʦʪʳ (ʩʤʝʥʳ) ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 8 ʯʘʩʦʚ.  

Å  ʟʘʱʠʪʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ ʨʘʙʦʪʥʠʢʘ ï ʩʦʛʣʘʩʥʦ ʊʂ ʈʌ ʉʪʘʪʝʡ 86-

90. ɺ ʜʘʥʥʳʭ ʩʪʘʪʴʷʭ ʦʧʠʩʘʥʳ: ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʣʫʯʝʥʠʶ ʦʪ ʨʘʙʦʪʥʠʢʘ 

ʧʝʨʩʦʥʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʘʚʠʣʘ ʝʝ ʦʙʨʘʙʦʪʢʠ, ʭʨʘʥʝʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʥʘʨʫʰʝʥʠʝ ʥʦʨʤ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʦʙʨʘʙʦʪʢʦʡ ʠ ʟʘʱʠʪʦʡ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ; 

Å  ʦʧʣʘʪʘ ʠ ʥʦʨʤʠʨʦʚʘʥʠʝ ʪʨʫʜʘ- ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʥʦʨʤʘʤʠ ʪʨʫʜʦʚʦʛʦ 

ʢʦʜʝʢʩʘ; ʆʧʣʘʪʘ ʪʨʫʜʘ ʚ ʨʘʡʦʥʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʠ ʧʨʠʨʘʚʥʝʥʥʳʭ ʢ ʥʠʤ 

ʤʝʩʪʥʦʩʪʷʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʡʦʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ 

ʧʨʦʮʝʥʪʥʳʭ ʥʘʜʙʘʚʦʢ ʢ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʝ. ʈʘʟʤʝʨ ʨʘʡʦʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠ 

ʧʦʨʷʜʦʢ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʟʘʨʘʙʦʪʥʦʡ ʧʣʘʪʳ ʨʘʙʦʪʥʠʢʦʚ ʦʨʛʘʥʠʟʘʮʠʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʡʦʥʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʠ ʧʨʠʨʘʚʥʝʥʥʳʭ ʢ ʥʠʤ ʤʝʩʪʥʦʩʪʷʭ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

Å ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ ʠ ʧʝʥʩʠʦʥʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ï ʩʦʛʣʘʩʥʦ ʌʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ "ʆʙ ʦʩʥʦʚʘʭ ʦʙʷʟʘʪʝʣʴʥʦʛʦ 

ʩʦʮʠʘʣʴʥʦʛʦ ʩʪʨʘʭʦʚʘʥʠʷ" ʦʪ 16.07.1999 N 165-ʌɿ (ʚ ʨʝʜʘʢʮʠʠ ʦʪ 03.08.2018) 
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ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʘʚʘ ʠ ʦʙʷʟʘʥʥʦʩʪʠ ʟʘʩʪʨʘʭʦʚʘʥʥʳʭ ʣʠʮ ʥʘ ʩʚʦʝʚʨʝʤʝʥʥʦʝ 

ʧʦʣʫʯʝʥʠʝ ʩʪʨʘʭʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʧʦʨʷʜʢʝ ʠ ʥʘ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʣʝʥʳ 

ʬʝʜʝʨʘʣʴʥʳʤʠ ʟʘʢʦʥʘʤʠ ʦ ʢʦʥʢʨʝʪʥʳʭ ʚʠʜʘʭ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʩʦʮʠʘʣʴʥʦʛʦ 

ʩʪʨʘʭʦʚʘʥʠʷ. 

ɺʩʝ ʨʘʙʦʪʥʠʢʠ ʣʘʙʦʨʘʪʦʨʠʠ ʦʙʷʟʘʥʳ ʧʨʦʡʪʠ ʠʥʩʪʨʫʢʪʘʞ ʧʦ ʪʝʭʥʠʢʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ: ʟʥʘʪʴ ʤʝʨʳ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʧʝʨʚʠʯʥʳʭ ʩʨʝʜʩʪʚ ʧʦʞʘʨʦʪʫʰʝʥʠʷ, ʧʣʘʥ ʵʚʘʢʫʘʮʠʠ ʠ ʥʘʭʦʞʜʝʥʠʝ ʢʥʦʧʦʢ 

ʦʧʦʚʝʱʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ [56] ʥʘ ʨʘʙʦʪʫ ʚ ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʠʥʠʤʘʶʪʩʷ 

ʣʠʮʘ ʥʝ ʤʦʣʦʞʝ 18 ʣʝʪ, ʧʨʦʰʝʜʰʠʝ ʤʝʜʠʮʠʥʩʢʦʝ ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ 

ʚʦʧʨʦʩʘ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʆʪ ʢʘʞʜʦʛʦ ʨʘʙʦʪʥʠʢʘ ʣʘʙʦʨʘʪʦʨʠʠ ʪʨʝʙʫʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʩʣʝʜʫʶʱʠʭ 

ʧʨʘʚʠʣ: 

- ʢ ʨʘʙʦʪʝ ʥʝ ʜʦʧʫʩʢʘʶʪʩʷ ʣʠʮʘ, ʥʝ ʧʨʦʰʝʜʰʠʝ ʠʥʩʪʨʫʢʪʘʞ (ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʜʣʷ ʩʪʫʜʝʥʪʦʚ ï 2 ʨʘʟʘ ʚ ʛʦʜ); 

- ʨʘʙʦʪʘ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʟʘʧʨʝʱʝʥʘ ʙʝʨʝʤʝʥʥʳʤ ʞʝʥʱʠʥʘʤ ʠ 

ʥʝʩʦʚʝʨʰʝʥʥʦʣʝʪʥʠʤ [ʀʆʊ - 003 - 10]; 

-ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 8 ʯʘʩʦʚ ʚ ʜʝʥʴ 

(ʧʝʨʝʨʳʚʳ ʯʝʨʝʟ ʢʘʞʜʳʝ 45-50 ʤʠʥʫʪ) 

- ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʤʝʜʦʩʤʦʪʨʦʚ ï ʨʘʟ ʚ ʛʦʜ [57] 

-ʧʨʠ ʨʘʙʦʪʝ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩʣʝʜʫʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʣʶʙʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ: ʯʝʨʝʟ ʣʝʛʢʠʝ, ʢʦʞʫ ʠʣʠ ʯʝʨʝʟ 

ʨʦʪ; 

-ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʢʦʦʧʘʩʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʣʝʡ 

(ʤʳʪʴʷ ʧʦʩʫʜʳ); 

-ʣʶʙʳʝ ʨʘʙʦʪʳ ʩ ʛʘʟʦʦʙʨʘʟʥʳʤʠ, ʣʝʪʫʯʠʤʠ ʠʣʠ ʧʳʣʷʱʠʤʠ ʞʠʜʢʠʤʠ ʠ 

ʪʚʝʨʜʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʧʨʦʚʦʜʠʪʴ ʪʦʣʴʢʦ ʚ ʚʳʪʷʞʥʦʤ ʰʢʘʬʫ ʧʨʠ ʚʢʣʶʯʝʥʥʦʡ 

ʚʝʥʪʠʣʷʮʠʠ, ʣʝʪʫʯʠʝ ʪʚʝʨʜʳʝ ʠ ʞʠʜʢʠʝ ʚʝʱʝʩʪʚʘ ʜʝʨʞʘʪʴ ʧʣʦʪʥʦ ʫʢʫʧʦʨʝʥʥʳʤʠ, ʘ 

ʥʘʠʙʦʣʝʝ ʣʝʪʫʯʠʝ ð ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʣʢʘʭ ʚ ʚʳʪʷʞʥʦʤ ʰʢʘʬʫ, ʚʟʚʝʰʠʚʘʪʴ 

ʣʝʪʫʯʠʝ ʪʚʝʨʜʳʝ ʠ ʞʠʜʢʠʝ ʚʝʱʝʩʪʚʘ ʪʦʣʴʢʦ ʚ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʶʱʠʭʩʷ ʩʦʩʫʜʘʭ; 



75 

 

  

-ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʷʜʦʚ ʚ ʦʨʛʘʥʠʟʤ ʯʝʨʝʟ ʢʦʞʫ ʤʦʞʥʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʣʠ 

ʫʤʝʥʴʰʠʪʴ ʧʫʪʝʤ ʩʦʙʣʶʜʝʥʠʷ ʣʠʯʥʦʡ ʛʠʛʠʝʥʳ ʠ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʦʜʝʞʜʳ. 

 

5.1.2 ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ ʧʦ ʢʦʤʧʦʥʦʚʢʝ ʨʘʙʦʯʝʡ ʟʦʥʳ 

 

ʆʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʨʘʙʦʯʝʝ ʤʝʩʪʦ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ 

ʯʝʣʦʚʝʢ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʈʘʙʦʯʝʝ ʤʝʩʪʦ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʧʦʜʩʠʩʪʝʤʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʦʜ ʦʨʛʘʥʠʟʘʮʠʝʡ ʨʘʙʦʯʝʛʦ 

ʤʝʩʪʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʝʛʦ ʦʩʥʘʱʝʥʠʝ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʫʜʦʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʘʮʠʦʥʘʣʴʥʘʷ ʧʣʘʥʠʨʦʚʢʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʣʦʱʘʜʠ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʯʝʪʢʦʡ ʩʠʩʪʝʤʳ ʦʙʩʣʫʞʠʚʘʥʠʷ, 

ʦʪʚʝʯʘʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʩʦʟʜʘʥʠʝ ʢʦʤʬʦʨʪʥʳʭ 

ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ. 

ʂ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [55], ʚ ʫʩʣʦʚʠʷʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʦʭʨʘʥʳ ʪʨʫʜʘ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ: ʪʝʭʥʠʯʝʩʢʠʝ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʵʨʛʦʥʦʤʠʯʝʩʢʠʝ. 

ʂ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʥʦʩʷʪʩʷ ʦʩʥʘʱʝʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ 

ʩʦʚʨʝʤʝʥʥʳʤ, ʠʩʧʨʘʚʥʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʠʥʩʪʨʫʤʝʥʪʦʤ, ʦʩʥʘʩʪʢʦʡ, 

ʧʨʠʙʦʨʘʤʠ ʠ ʧʦʜʲʝʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʩʦʩʪʦʷʪ ʚ ʨʘʮʠʦʥʘʣʴʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ, 

ʠʤʝʶʱʝʛʦʩʷ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ ʧʨʝʜʝʣʘʭ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʚ 

ʥʘʭʦʞʜʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ, ʩʦʟʜʘʥʠʠ 

ʙʝʟʦʧʘʩʥʳʭ ʠ ʙʝʟʚʨʝʜʥʳʭ ʜʣʷ ʨʘʙʦʪʥʠʢʘ ʫʩʣʦʚʠʡ ʪʨʫʜʘ. 

ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʟʘʥʷʪʦʩʪʴ ʨʘʙʦʪʥʠʢʦʚ, ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ. 

ʕʨʛʦʥʦʤʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ 

ʨʘʟʤʝʱʝʥʠʝ ʨʘʙʦʪʥʠʢʘ ʚ ʟʦʥʝ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚ ʥʝʡ ʧʨʝʜʤʝʪʦʚ 

ʪʨʫʜʘ, ʢʦʪʦʨʳʝ ʙʳ ʦʙʝʩʧʝʯʠʚʘʣʠ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʫʶ ʨʘʙʦʯʫʶ ʧʦʟʫ, ʥʘʠʙʦʣʝʝ 
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ʢʦʨʦʪʢʠʝ ʠ ʫʜʦʙʥʳʝ ʟʦʥʳ ʜʚʠʞʝʥʠʷ, ʥʘʠʤʝʥʝʝ ʫʪʦʤʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʧʦʚʪʦʨʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʚʠʞʝʥʠʡ. 

ʉʦʛʣʘʩʥʦ [58] ʂʦʥʩʪʨʫʢʮʠʷ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʠ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʩʝʭ 

ʝʛʦ ʵʣʝʤʝʥʪʦʚ (ʩʠʜʝʥʴʝ, ʦʨʛʘʥʳ ʫʧʨʘʚʣʝʥʠʷ, ʩʨʝʜʩʪʚʘ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʪ.ʜ.) ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʤ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʫ ʨʘʙʦʪʳ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 

ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʞʝʥʱʠʥ (ʝʩʣʠ ʨʘʙʦʪʘʶʪ ʪʦʣʴʢʦ ʞʝʥʱʠʥʳ) ʠ 

ʤʫʞʯʠʥ (ʝʩʣʠ ʨʘʙʦʪʘʶʪ ʪʦʣʴʢʦ ʤʫʞʯʠʥʳ); ʝʩʣʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʙʩʣʫʞʠʚʘʶʪ 

ʞʝʥʱʠʥʳ ʠ ʤʫʞʯʠʥʳ - ʦʙʱʠʝ ʩʨʝʜʥʠʝ ʧʦʢʘʟʘʪʝʣʠ ʞʝʥʱʠʥ ʠ ʤʫʞʯʠʥ. 

ʉʦʛʣʘʩʥʦ [59]: 

1. ʈʘʙʦʯʝʝ ʤʝʩʪʦ, ʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʦʩʥʘʱʝʥʠʝ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʘʨʘʢʪʝʨʦʤ ʨʘʙʦʪʳ, ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʭʨʘʥʫ 

ʟʜʦʨʦʚʴʷ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʶʱʠʭ. 

2. ʂʦʥʩʪʨʫʢʮʠʷ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ, ʝʛʦ ʨʘʟʤʝʨʳ ʠ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʝʛʦ 

ʵʣʝʤʝʥʪʦʚ (ʦʨʛʘʥʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʩʨʝʜʩʪʚ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʢʨʝʩʣʘ, 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʧ.) ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʘʥʪʨʦʧʦʤʝʪʨʠʯʝʩʢʠʤ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʯʝʣʦʚʝʢʘ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʫ ʨʘʙʦʪʳ. 

3. ʋʨʦʚʥʠ (ʢʦʥʮʝʥʪʨʘʮʠʠ) ʦʧʘʩʥʳʭ ʠ (ʠʣʠ) ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʯʝʣʦʚʝʢʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ, ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. 

4. ʈʘʙʦʯʝʝ ʤʝʩʪʦ ʠ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʝʛʦ ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʙʝʟʦʧʘʩʥʦʝ, ʫʜʦʙʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʯʠʩʪʢʫ. 

5. ʂʦʥʩʪʨʫʢʮʠʷ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʜʦʙʥʫʶ ʨʘʙʦʯʫʶ ʧʦʟʫ 

ʯʝʣʦʚʝʢʘ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʢʨʝʩʣʘ, ʚʳʩʦʪʳ ʠ ʫʛʣʘ 

ʥʘʢʣʦʥʘ ʧʦʜʩʪʘʚʢʠ ʜʣʷ ʥʦʛ ʧʨʠ ʝʝ ʧʨʠʤʝʥʝʥʠʠ ʠ (ʠʣʠ) ʚʳʩʦʪʳ ʠ ʨʘʟʤʝʨʦʚ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʂʦʛʜʘ ʥʝʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʚʳʩʦʪʳ ʠ ʫʛʣʘ 

ʥʘʢʣʦʥʘ ʧʦʜʩʪʘʚʢʠ ʜʣʷ ʥʦʛ, ʚʳʩʦʪʳ ʠ ʨʘʟʤʝʨʦʚ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʦʧʫʩʢʘʝʪʩʷ 

ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʠʟʛʦʪʦʚʣʷʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʩ ʥʝʨʝʛʫʣʠʨʫʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
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ʆʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʨʘʙʦʯʝʡ ʧʦʟʳ. 

6. ʈʘʙʦʯʝʝ ʤʝʩʪʦ ʜʦʣʞʥʦ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʦʩʚʝʱʝʥʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʭʘʨʘʢʪʝʨʫ ʠ ʫʩʣʦʚʠʷʤ ʚʳʧʦʣʥʷʝʤʦʡ ʨʘʙʦʪʳ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʚʘʨʠʡʥʦʝ 

ʦʩʚʝʱʝʥʠʝ. 

7. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʨʘʙʦʪʘʶʱʠʭ ʦʧʘʩʥʳʭ 

ʠ (ʠʣʠ) ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʜʦʣʞʥʦ ʙʳʪʴ ʦʩʥʘʱʝʥʦ ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ, ʩʨʝʜʩʪʚʘʤʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ 

ʩʧʘʩʘʪʝʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʨʝʜʩʪʚʘʤ ʟʘʱʠʪʳ, ʚʭʦʜʷʱʠʤ ʚ ʢʦʥʩʪʨʫʢʮʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [60]. 

8. ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʢʦʤʧʦʥʦʚʢʘ ʨʘʙʦʯʠʭ ʤʝʩʪ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʙʝʟʦʧʘʩʥʳʡ ʜʦʩʪʫʧ ʥʘ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʡ ʵʚʘʢʫʘʮʠʠ ʧʨʠ 

ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ. ʇʫʪʠ ʵʚʘʢʫʘʮʠʠ ʠ ʧʨʦʭʦʜʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʦʟʥʘʯʝʥʳ ʠ ʠʤʝʪʴ 

ʜʦʩʪʘʪʦʯʥʫʶ ʦʩʚʝʱʝʥʥʦʩʪʴ. 

 

5.2 ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

5.2.1 ɸʥʘʣʠʟ ʚʨʝʜʥʳʭ ʠ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʦʙʲʝʢʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚʨʝʜʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, 

ʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʨʘʥʝʝ, ʮʝʣʴʶ 

ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʚ ʦʪʥʦʰʝʥʠʠ ʪʨʫʜʷʱʠʭʩʷ ʷʚʣʷʝʪʩʷ ʣʠʢʚʠʜʘʮʠʷ 

ʞʠʟʥʝʥʥʦ-ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʩʣʝʜʫʶʱʝʝ: 

1. ʆʙʷʟʘʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ: ʣʘʙʦʨʘʪʦʨʥʳʡ 

ʭʘʣʘʪ, ʦʯʢʠ, ʧʝʨʯʘʪʢʠ, ʨʝʩʧʠʨʘʪʦʨʳ.  

2. ʉʣʝʜʦʚʘʥʠʝ ʧʨʘʚʠʣʘʤ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʥʦʨʤ: ʪʱʘʪʝʣʴʥʦʝ ʤʳʪʴʸ ʨʫʢ 

ʧʦʩʣʝ ʨʘʙʦʪʳ, ʠʩʢʣʶʯʝʥʠʷ ʧʨʠʥʷʪʠʷ ʧʠʱʠ ʠ ʥʘʧʠʪʢʦʚ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʠ ʪ.ʜ. 

3. ʆʙʷʟʘʪʝʣʴʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚʳʪʷʞʥʳʭ ʰʢʘʬʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠ ʨʝʛʫʣʷʨʥʦʝ ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʧʦʤʝʱʝʥʠʡ. 
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4. ʍʨʘʥʝʥʠʝ ʨʝʘʢʪʠʚʦʚ ʩʦʛʣʘʩʥʦ ʠʭ ʩʨʦʢʘʤ ʛʦʜʥʦʩʪʠ ʠ ʛʝʨʤʝʪʠʯʥʦʩʪʠ. 

ʊʘʢ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʦʚ ʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʘʧʨʷʤʫʶ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʚʦʟʜʫʰʥʦ-ʢʘʧʝʣʴʥʳʤ ʧʫʪʸʤ, ʯʝʨʝʟ ʢʦʞʫ [49]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʤʦʞʥʳʭ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ ʚ ʪʘʙʣʠʮʝ 5.1. 
 

ʊʘʙʣʠʮʘ 5.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʝʱʝʩʪʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʨʘʙʦʪʳ 

ˉ 

ʧ\

ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʌʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ 

ɺʝʣʠʯʠʥ

ʘ ʇɼʂ, 

ʤʛ/ʤ3 

ʂʣʘʩʩ 

ʦʧʘʩʥʦʩʪ

ʠ 

ʆʙʱʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʪʦʢʩʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ 

 

1. 

ʕʪʠʣʦʚʳʡ ʩʧʠʨʪ 

[50] 

ʃʝʛʢʦ 

ʚʦʩʧʣʘʤʝʥʷʶʱʘ

ʷ ʙʝʩʮʚʝʪʥʘʷ 

ʞʠʜʢʦʩʪʴ ʩ 

ʭʘʨʘʢʪʝʨʥʳʤ 

ʟʘʧʘʭʦʤ. 

ʆʙʣʘʩʪʴ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ 

3,6-19% 

1000 4 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʦʟʳ, ʧʫʪʝʡ 

ʧʦʩʪʫʧʣʝʥʠʷ ʚ 

ʦʨʛʘʥʠʟʤ, ʘ ʪʘʢʞʝ 

ʪʦʣʝʨʘʥʪʥʦʩʪʠ 

ʦʨʛʘʥʠʟʤʘ ʢ 

ʪʦʢʩʠʯʝʩʢʠʤ ʜʦʟʘʤ 

ʵʪʘʥʦʣʘ,ʧʨʦʷʚʣʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠ

ʭ ʵʬʬʝʢʪʦʚ ʠ ʩʪʝʧʝʥʴ 

ʠʭ ʚʳʨʘʞʝʥʥʦʩʪʠ 

ʤʦʛʫʪ ʙʳʪʴ ʦʯʝʥʴ 

ʨʘʟʣʠʯʥʳ. 

2. 

 

ʉʝʨʥʘʷ ʢʠʩʣʦʪʘ 

(ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ

) [51] 

ɹʝʩʮʚʝʪʥʘʷ 

ʤʘʩʣʷʥʠʩʪʘʷ 

ʞʠʜʢʦʩʪʴ 

1 2 

ʇʦʨʘʞʘʝʪ 

ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ, 

ʢʦʞʫ, ʩʣʠʟʠʩʪʳʝ 

ʦʙʦʣʦʯʢʠ. ɺʳʟʳʚʘʝʪ 

ʟʘʪʨʫʜʥʝʥʠʝ ʜʳʭʘʥʠʷ, 

ʢʘʰʝʣʴ, ʥʝʨʝʜʢʦ 

ʣʘʨʠʥʛʠʪ, ʪʨʘʭʝʠʪ, 

ʙʨʦʥʭʠʪ. 

5. 

ʆʨʪʦʬʦʩʬʦʨʥʘʷ 

ʂʠʩʣʦʪʘ (ʬʦʩʬʦʨʥʘʷ 

ʢʠʩʣʦʪʘ) [52] 

ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ 

ʢʠʩʣʦʪʘ ʩʨʝʜʥʝʡ 

ʩʠʣʳ; ʩ 

ʭʠʤʠʯʝʩʢʦʡ 

ʬʦʨʤʫʣʦʡ 

H3PO4, ʢʦʪʦʨʘʷ 

ʧʨʠ 

1 2 

ʆʙʣʘʜʘʝʪ 

ʧʦʚʨʝʞʜʘʶʱʠʤ 

ʜʝʡʩʪʚʠʝʤ ʥʘ ʢʦʞʥʳʝ 

ʧʦʢʨʦʚʳ ʠ ʩʣʠʟʠʩʪʳʝ 

ʦʙʦʣʦʯʢʠ ʛʣʘʟ. 

http://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BB%D0%B5%D1%80%D0%B0%D0%BD%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C_%28%D1%84%D0%B0%D1%80%D0%BC%D0%B0%D0%BA%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F%29
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ʩʪʘʥʜʘʨʪʥʳʭ 

ʫʩʣʦʚʠʷʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ 

ʙʝʩʮʚʝʪʥʳʝ 

ʛʠʛʨʦʩʢʦʧʠʯʥʳʝ 

ʢʨʠʩʪʘʣʣʳ.  

ʊʢʠʧ= 42,35 Áʉ. 

6 ʇʘʪʫʣʠʥ 

ɹʝʣʘʷ 

ʙʝʩʮʚʝʪʥʘʷ 

ʞʠʜʢʦʩʪʴ ʩʦ 

ʩʧʝʮʠʬʠʯʝʩʢʠʤ 

ʟʘʧʘʭʦʤ 

- 4 

ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʯʝʨʝʟ 

ɾʂʊ ʚ ʙʦʣʴʰʠʭ ʜʦʟʘʭ 

ʚʦʟʤʦʞʝʥ ʣʝʪʘʣʴʥʳʡ 

ʠʩʭʦʜ 

7 
ɻʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ 

[53] 

ʙʝʣʦʝ ʪʚʸʨʜʦʝ 

ʚʝʱʝʩʪʚʦ 
0,5 2 

ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʥʘ 

ʢʦʞʫ, ʩʣʠʟʠʩʪʳʝ 

ʦʙʦʣʦʯʢʠ ʠ ʚ ʛʣʘʟʘ 

ʦʙʨʘʟʫʶʪʩʷ ʩʝʨʴʸʟʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʦʞʦʛʠ. 

ʇʦʧʘʜʘʥʠʝ ʚ ʛʣʘʟʘ 

ʚʳʟʳʚʘʝʪ 

ʥʝʦʙʨʘʪʠʤʳʝ 

ʠʟʤʝʥʝʥʠʷ 

ʟʨʠʪʝʣʴʥʦʛʦ ʥʝʨʚʘ 

(ʘʪʨʦʬʠʶ) 

* ʇɼʂ ï ʧʨʝʜʝʣʴʥʦ-ʜʦʧʫʩʪʠʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʤʛ/ʤ3 

* ʂʣʘʩʩʳ ʦʧʘʩʥʦʩʪʠ:  

1 ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ ï ʯʨʝʟʚʳʯʘʡʥʦ ʦʧʘʩʥʳʝ 

2 ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ ï ʚʳʩʦʢʦ ʦʧʘʩʥʳʝ 

3 ʢʣʘʩʩ ʦʧʘʩʥʦʩʪʠ ï ʫʤʝʨʝʥʥʦ ʦʧʘʩʥʳʝ 

4 ͊ͫͫ͟͡ ͙ͦͨ͊ͫͤͦͫͭ ς ͣ ͊ͦͦͨ͊ͫͤ͡·͔ 

 

 

ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.2 ʥʠʞʝ. 

 

 

 

 

 

http://ru.wikipedia.org/wiki/%D0%9E%D0%B6%D0%BE%D0%B3
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ʊʘʙʣʠʮʘ 5.2. ï ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʬʦʨʤʠʨʫʶʱʠʝ 

ʦʧʘʩʥʳʝ ʠ ʚʨʝʜʥʳʝ ʬʘʢʪʦʨʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ 
ʌʘʢʪʦʨʳ 

(ɻʆʉʊ 12.0.003-2015)  

ʕʪʘʧʳ ʨʘʙʦʪ ʅʦʨʤʘʪʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ 
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1. ʆʪʢʣʦʥʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ 

ʤʠʢʨʦʢʣʠʤʘʪʘ 

+ + + ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (ʇɼʂ) ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ 

ʚ ʚʦʟʜʫʭʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʧʨʠʚʝʜʝʥʳ ʚ 

ɻʅ 2.2.5.1313ï03. 

ɻʆʉʊ 12.1.007ï76 ʉʉɹʊ. 

ɺʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠ 

ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɻʆʉʊ 12.4.011ï89 ʉʉɹʊ. 

ʉʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʨʘʙʦʪʘʶʱʠʭ. 

ʇʅɼ ʌ 12.13.1-03. ʄʝʪʦʜʠʯʝʩʢʠʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ. ʊʝʭʥʠʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʠ ʨʘʙʦʪʝ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʣʘʙʦʨʘʪʦʨʠʷʭ (ʦʙʱʠʝ ʧʦʣʦʞʝʥʠʷ). 

ʉʘʥʇʠʅ 2.2.4.548ï96. 

ɻʠʛʠʝʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʤʠʢʨʦʢʣʠʤʘʪʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʤʝʱʝʥʠʡ. 

ɻʆʉʊ 12.1.019 (ʩ ʠʟʤ. ˉ1) ʉʉɹʊ. 

ʕʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʴ. ʆʙʱʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʠ ʥʦʤʝʥʢʣʘʪʫʨʘ ʚʠʜʦʚ 

ʟʘʱʠʪʳ. 

ʌʝʜʝʨʘʣʴʥʳʡ ɿʘʢʦʥ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʦʪ 22 ʠʶʣʷ 2008 ʛ. N 123-

ʌɿ "ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʦ 

ʪʨʝʙʦʚʘʥʠʷʭ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

2. ʇʨʝʚʳʰʝʥʠʝ ʫʨʦʚʥʷ 

ʰʫʤʘ 

- - - 

3. ʆʪʩʫʪʩʪʚʠʝ ʠʣʠ 

ʥʝʜʦʩʪʘʪʦʢ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʩʚʝʪʘ 

- - - 

4. ʅʝʜʦʩʪʘʪʦʯʥʘʷ 

ʦʩʚʝʱʝʥʥʦʩʪʴ ʨʘʙʦʯʝʡ 

ʟʦʥʳ 

 + + 

5. ʇʦʚʳʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, 

ʟʘʤʳʢʘʥʠʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ 

ʧʨʦʠʟʦʡʪʠ ʯʝʨʝʟ ʪʝʣʦ 

ʯʝʣʦʚʝʢʘ 

+ + +  

6. ʍʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ + + +  
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5.2.2 ʆʙʦʩʥʦʚʘʥʠʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʟʘʱʠʪʝ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʦʪ ʜʝʡʩʪʚʠʷ 

ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʬʘʢʪʦʨʦʚ 

 

ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʧʦʢʘʟʘʪʝʣʝʡ ʤʠʢʨʦʢʣʠʤʘʪʘ 

ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʚ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʪʨʫʜʷʱʠʡʩʷ ʥʘʭʦʜʠʪʩʷ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʳ ʧʦʤʝʱʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʦʟʜʫʭʘ: 

¶ ʪʝʤʧʝʨʘʪʫʨʘ (t) ï 19-210ʉ; 

¶ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ï 60 - 64%; 

¶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ (v) ï 0,2 ʤ/ʩ. 

ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʧʪʠʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ. ʊʘʢʞʝ, ʩʦʛʣʘʩʥʦ 

[54] ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ ʢʘʪʝʛʦʨʠʠ 2ʘ.  

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʥʘ 

ʧʦʩʪʦʷʥʥʦʡ ʦʩʥʦʚʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʝʥʪʠʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʦʜʘʶʱʘʷ ʯʠʩʪʳʡ 

ʚʦʟʜʫʭ ʚ ʨʘʙʦʯʫʶ ʟʦʥʫ ʠ ʚʳʚʦʜʷʱʘʷ ʟʘʛʨʷʟʥʝʥʥʳʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʣʦʢʘʣʴʥʘʷ ʚʝʥʪʠʣʷʮʠʷ/ʚʳʪʷʞʥʘʷ (ʟʘʛʨʷʟʥʝʥʥʳʡ ʚʦʟʜʫʭ ʚʳʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʚʝʥʪʠʣʷʪʦʨʦʚ), ʩʦʙʩʪʚʝʥʥʦ, ʜʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚʳʪʷʞʥʦʡ ʰʢʘʬ, ʛʜʝ ʧʨʦʚʦʜʠʪʩʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ.  

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʨʘʙʦʯʝʡ ʟʦʥʳ 

ɼʣʷ ʨʘʙʦʪʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʪʠʧ 

ʦʩʚʝʱʝʥʠʷ. ɺ ʨʘʙʦʯʝʡ ʟʦʥʝ ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʝ, ʪʘʢ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʚʠʜʳ ʦʩʚʝʱʝʥʠʷ, ʯʪʦʙʳ ʥʝ ʚʳʟʳʚʘʪʴ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ ʛʣʘʟ 

ʪʨʫʜʷʱʠʭʩʷ ʠ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [61] ʜʣʷ 

ʨʘʙʦʪʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʟʥʘʯʝʥʠʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ 400 ʣʢ ʥʘ 

ʨʘʙʦʯʠʭ ʩʪʦʣʘʭ ʦʪ ʦʙʱʝʛʦ ʦʩʚʝʱʝʥʠʷ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʷʭ ʦʙʘ ʚʠʜʘ 

ʦʩʚʝʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʣʶʢʩʤʝʪʨʘ ʢʘʞʜʳʡ ʛʦʜ. 

ɺ ʜʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʠʩʧʦʣʴʟʫʶʪ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʠ ʝʩʪʝʩʪʚʝʥʥʦʝ 

ʦʩʚʝʱʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʨʘʙʦʪʘ ʚ ʦʩʥʦʚʥʦʤ ʟʨʠʪʝʣʴʥʘʷ, ʪʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. 

ʇʦʤʝʱʝʥʠʝ ʠʤʝʝʪ ʨʘʟʤʝʨʳ: 
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A - ʜʣʠʥʘ ʧʦʤʝʱʝʥʠʷ - 10 ʤ; 

B ï ʰʠʨʠʥʘ ʧʦʤʝʱʝʥʠʷ - 7 ʤ; 

H ï ʚʳʩʦʪʘ ʧʦʤʝʱʝʥʠʷ - 6 ʤ. 

ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʧʦʤʝʱʝʥʠʷ, ʧʨʠ ʩʨʝʜʥʝʤ ʢʦʥʪʨʦʣʝ ʨʘʟʣʠʯʠʷ ʩ 

ʪʸʤʥʳʤ ʬʦʥʦʤ, ʩʦʩʪʘʚʣʷʝʪ ɽ = 300ʣʢ. ʇʦ ʪʘʙʣʠʮʝ 10 ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ [62] 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʧʦʪʦʣʢʘ, ʩʪʝʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ: 

Rʧ=50%, Rʩ=50%. ʇʦʪʦʣʦʢ ʧʦʙʝʣʝʥʥʳʡ, ʚ ʩʳʨʳʭ ʧʦʤʝʱʝʥʠʷʭ. ʉʪʝʥʳ 

ʩʚʝʞʝʧʦʙʝʣʝʥʥʳʝ ʩ ʦʢʥʘʤʠ ʙʝʟ ʰʪʦʨ. 

ʉ ʪʘʙʣʠʮʳ 9 ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ [62] ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ k =1,5 

(ʧʦʤʝʱʝʥʠʝ ʩ ʤʘʣʳʤ ʚʳʜʝʣʝʥʠʝʤ ʧʳʣʠ); ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ Z = 1,1, 

hʨʧ- 0,85ʤ. 

ʋʨʦʚʝʥʴ ʦʪ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʧʦʪʦʣʢʘ ʩʦʩʪʘʚʣʷʝʪ: 

h = h ï hʨ ï hc = 6ʤ ï 0,85ʤ ï 1ʤ= 4,15 ʤ 

ɼʣʷ ʦʩʚʝʱʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʝʪʠʣʴʥʠʢʠ ʪʠʧʘ ʆɼ ʤʦʱʥʦʩʪʴʶ 80 ɺʪ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʚʝʪʠʣʴʥʠʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ɚ=1,4. 

ʈʘʩʯʝʪʥʘʷ ʜʣʠʥʘ ʤʝʞʜʫ ʜʚʫʤʷ ʨʷʜʘʤʠ ʩʚʝʪʠʣʴʥʠʢʦʚ: 

L= ɚ*h= 1,4*4,15ʤ = 5,81ʤ 

ʊʦʛʜʘ l=L/3=5,81/3=1,94ʤ 

ʏʠʩʣʦ ʨʷʜʦʚ ʩʚʝʪʠʣʴʥʠʢʦʚ: 

n = B/L = 10/5,81= 1,72= 2ʨʷʜʘ 

ʊʦʛʜʘ l=L/3=2,2ʤ 

N=6*2=12 ʣʘʤʧ 
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ʊʘʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʣʘʤʧ ʩʯʠʪʘʝʤ ʫʤʝʩʪʥʳʤ, ʪ.ʢ. ʨʘʙʦʯʠʝ ʤʝʩʪʘ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʧʝʨʠʤʝʪʨʫ ʢʦʤʥʘʪʳ (ʨʠʩ.16). 

ʈʠʩʫʥʦʢ 16 - ʈʘʩʧʦʣʦʞʝʥʠʝ ʣʘʤ ʚ ʧʦʤʝʱʝʥʠʠ. 

 

ʀʥʜʝʢʩ ʦʩʚʝʱʝʥʠʷ: 

i= S/h(A+B)=70/79,9=0,9 

ʆʧʨʝʜʝʣʷʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ:  

h = 0,44 ʠʟ ʪʘʙʣʠʮʳ 12 ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ [62]. 

ʆʧʨʝʜʝʣʷʝʤ ʧʦʪʨʝʙʥʳʡ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ ʣʘʤʧ ʚ ʢʘʞʜʦʤ ʠʟ ʨʷʜʦʚ:  

ʌ=300*70*1,5*1,1/12*0,44=34650/5,28=6563ʣʤ 

ʀʟ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʩʦʙʠʷ [62] ʧʦ ʪʘʙʣʠʮʝ 1 ʚʳʙʠʨʘʝʤ ʙʣʠʞʘʡʰʫʶ 

ʩʪʘʥʜʘʨʪʥʫʶ ʣʘʤʧʫ ï ʃʊɹ 80ɺʪ ʩ ʧʦʪʦʢʦʤ 5200ʣʤ. ɼʝʣʘʝʤ ʧʨʦʚʝʨʢʫ ʚʳʧʦʣʥʝʥʠʷ 

ʫʩʣʦʚʠʷ: 

-10%¢ (5200-6563)/5200Ò +20 % 

-10%¢ -26,2Ò +20 % 

ʆʧʨʝʜʝʣʷʝʤ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 
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P = 12 Ā 80 = 960ɺʪ 

ɿʥʘʷ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʧʦʤʝʱʝʥʠʷ, ʪʠʧ ʩʚʝʪʠʣʴʥʠʢʦʚ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ 

ʩʪʝʥ ʠ ʧʦʪʦʣʢʘ, ʠʥʜʝʢʩ ʧʦʤʝʱʝʥʠʷ, ʨʘʩʩʯʠʪʘʚ ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ, ʩʜʝʣʘʚ ʧʨʦʚʝʨʢʫ 

ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʨʦʚʥʷ 

ʦʩʚʝʱʝʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ 1-2 

ʩʚʝʪʠʣʴʥʠʢʘ. 

ʇʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ 

ʆʮʝʥʢʫ ʫʨʦʚʥʷ ʰʫʤʘ ʥʘ ʚ ʨʘʙʦʯʠʭ ʟʦʥʘʭ ʧʨʦʚʦʜʷʪ ʜʣʷ ʩʦʦʪʥʝʩʝʥʠʷ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʘʥʠʪʘʨʥʳʭ ʥʦʨʤ, ʜʣʷ ʦʮʝʥʢʠ ʰʫʤʘ ʦʪ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩ ʪʦʡ ʮʝʣʴʶ, ʯʪʦʙʳ ʙʦʨʦʪʴʩʷ ʩ ʰʫʤʦʤ. ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʰʫʤ 

ʠʩʧʦʣʴʟʫʶʪ ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʠʟʤʝʨʝʥʥʦʛʦ ʫʨʦʚʥʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʚʳʨʘʞʘʶʱʠʡʩʷ ʚ ʜʝʮʠʙʝʣʘʭ (ʜɹ) ʚ ʘʢʪʠʚʥʳʭ ʧʦʣʦʩʘʭ ʯʘʩʪʦʪ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʧʨʝʜʝʣʴʥʳʤ ʩʧʝʢʪʨʦʤ. ʉʦʛʣʘʩʥʦ [63,64, ʫʨʦʚʝʥʴ ʰʫʤʘ ʥʝ ʜʦʣʞʝʥ 

ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. ʉʦʛʣʘʩʥʦ [65] ʘʜʝʢʚʘʪʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʰʫʤʘ ʩʦʩʪʘʚʣʷʶʪ 80 ʜɹ.  

ʇʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʫʨʦʚʝʥʴ (ʇɼʋ) ʰʫʤʘ - ɻ ʪʦ ʫʨʦʚʝʥʴ ʬʘʢʪʦʨʘ, ʢʦʪʦʨʳʡ 

ʧʨʠ ʝʞʝʜʥʝʚʥʦʡ ʨʘʙʦʪʝ ʥʝ ʙʦʣʝʝ 40 ʯʘʩʦʚ ʥʝ ʜʦʣʞʝʥ ʚʳʟʳʚʘʪʴ ʦʪʢʣʦʥʝʥʠʡ ʚ 

ʩʦʩʪʦʷʥʠʠ ʟʜʦʨʦʚʴʷ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. ʊʘʢʞʝ, ʩʦʙʣʶʜʝʥʠʝ ʇɼʋ ʰʫʤʘ ʥʝ ʠʩʢʣʶʯʘʝʪ ʥʘʨʫʰʝʥʠʝ ʟʜʦʨʦʚʴʷ 

ʫ ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʣʠʮ.  

ʕʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʴ 

ʕʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʫʩʪʦʡʯʠʚʳʤ ʢ ʫʩʣʦʚʠʷʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʣʠʙʦ ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʱʠʱʝʥʦ ʦʪ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʦʩʢʦʣʴʢʫ, ʥʘʧʨʠʤʝʨ, ʩʳʨʦʩʪʴ, 

ʞʠʜʢʦʩʪʠ, ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ ʫʚʝʣʠʯʠʚʘʶʪ ʨʠʩʢ 

ʧʦʨʘʞʝʥʠʷ ʪʦʢʦʤ ʯʝʣʦʚʝʢʘ. ɺʜʦʙʘʚʦʢ, ʬʘʢʪʦʨʘʤʠ ʚʦʟʤʦʞʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʪʦʢʦʤ 

ʤʦʛʫʪ ʙʳʪʴ ʪʦʢʦʧʨʦʚʦʜʷʱʠʝ ʧʦʣʳ, ʘ ʪʘʢʞʝ ʙʣʠʟʣʝʞʘʱʠʭ ʢ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʤ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʟʘʟʝʤʣʸʥʥʳʭ ʧʨʝʜʤʝʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʨʠʢʦʩʥʦʚʝʥʠʝ ʯʝʣʦʚʝʢʘ ʠ ʢ 

ʪɻʠʤ ʧʨʝʜʤʝʪʘʤ, ʠ ʢ ʦʙʦʨʫʜʦʚʘʥʠʶ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʟʘʨʷʜ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʧʨʦʡʪʠ ʯʝʨʝʟ ʪʝʣʦ ʯʝʣʦʚʝʢʘ. ʃʘʙʦʨʘʪʦʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʦʩʦʙʦ 

ʦʧʘʩʥʳʤ ʧʦʤʝʱʝʥʠʷʤ ʠʟ-ʟʘ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ (ʧʦʩʪʦʷʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 
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ʘʛʨʝʩʩʠʚʥʳʭ ʛʘʟʦʚ, ʧʘʨʦʚ, ʞʠʜʢʦʩʪʝʡ, ʨʘʟʨʫʰʘʶʱʝ ʚʣʠʷʶʱʠʭ ʥʘ ʠʟʦʣʷʮʠʶ 

ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ ʠ ʠʭ ʪʦʢʦʚʝʜʫʱʠʭ ʯʘʩʪʝʡ), ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ 

ʫʩʣʦʚʠʡ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ. ʏʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʞʠʟʥʝʥʥʦ ʦʧʘʩʥʳʝ 

ʩʠʪʫʘʮʠʠ ʠʟ-ʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʧʨʘʚʠʣʘ 

ʟʘʱʠʪʳ ʦʪ ʧʦʨʘʞʝʥʠʷ ʪʦʢʦʤ ʩʦʛʣʘʩʥʦ [19]. ʊʘʢʞʝ ʚ ʩʚʷʟʠ ʩ ʜʘʥʥʦʡ ʫʛʨʦʟʦʡ, 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʜʦʣʞʥʦ ʠʤʝʪʴ ʟʘʱʠʪʥʦʝ ʟʘʟʝʤʣʝʥʠʝ [67]. 

ʅʘʧʨʷʞʝʥʠʷ ʧʨʠʢʦʩʥʦʚʝʥʠʷ ʠ ʪʦʢʠ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʯʝʣʦʚʝʢʘ ʧʨʠ 

ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʳʰʘʪʴ: ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ 

ʪʦʢʝ (50 ʛʎ) <2 ʆʤ ʠ 0.3 ɸʤ; ʧʨʠ ʧʝʨʝʤʝʥʥʦʤ (400 ʛʎ) <3 ʆʤ ʠ 0.4 ɸʤ; ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʤ <8 ʆʤ ʠ 1 ɸʤ ʩʦʛʣʘʩʥʦ [68].  

ʃʘʙʦʨʘʪʦʨʥʦʝ ʧʦʤʝʱʝʥʠʝ ʦʪʥʦʩʷʪ ʢ 1-ʦʤʫ ʢʣʘʩʩʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʧʘʩʥʦʩʪʴʶ ʧʦʨʘʞʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ, ʣʠʙʦ ʥʘʦʙʦʨʦʪ, ʥʦ ʙʝʟ ʪʨʝʙʫʶʱʠʭʩʷ 

ʫʩʣʦʚʠʡ, ʩʦʟʜʘʶʱʠʭ ʫʛʨʦʟʫ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ [67]. 

ʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʇʦʤʝʱʝʥʠʷ ʨʘʙʦʯʝʡ ʟʦʥʳ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʙʳʪʴ ʦʩʥʘʱʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʦʞʘʨʦʪʫʰʝʥʠʷ [69,70]. 

ʇʨʦʙʣʝʤʥʘʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʤʠʢʨʦʧʨʠʤʝʩʝʡ 

ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ɼ, ʢ ʟʦʥʝ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴʶ. 

ʇʦʞʘʨ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʠʩʧʨʘʚʥʦʛʦ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠ ʢʦʨʦʪʢʦʤ ʟʘʤʳʢʘʥʠʠ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʢʨʳʪʳʭ 

ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʧʨʠ ʦʯʠʩʪʢʝ, ʧʝʨʝʛʦʥʢʝ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʭʩʷ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʞʘʨʘ ʚ ʧʦʤʝʱʝʥʠʠ ʣʘʙʦʨʘʪʦʨʠʠ ʚʳʭʦʜʳ ʥʝ 

ʟʘʛʨʦʤʦʞʜʘʶʪʩʷ ʠ ʧʨʦʭʦʜ ʤʝʞʜʫ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʩʪʦʣʘʤʠ ʩʚʦʙʦʜʝʥ. ɸ ʪʘʢʞʝ ʚʩʝ 

ʩʦʪʨʫʜʥʠʢʠ ʦʟʥʘʢʦʤʣʝʥʳ ʩ ʠʥʩʪʨʫʢʮʠʝʡ ʠ ʧʣʘʥʦʤ ʵʚʘʢʫʘʮʠʠ, ʪʘʢ ʢʘʢ 

ʧʨʦʭʦʞʜʝʥʠʝ ʠʥʩʪʨʫʢʪʘʞʘ ʧʦ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʨʘʚʠʣʘʤ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʭʠʤʠʯʝʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʥʘ ʚʠʜʥʦʤ ʤʝʩʪʝ ʜʦʣʞʝʥ ʙʳʪʴ ʞʠʜʢʦʩʪʥʳʡ ʠʣʠ ʫʛʣʝʢʠʩʣʦʪʥʳʡ 

ʦʛʥʝʪʫʰʠʪʝʣʴ ʫ ʚʭʦʜʥʦʡ ʜʚʝʨʠ. ʅʘʜʦ ʧʦʤʥʠʪʴ, ʛʦʨʷʱʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ 
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ʚʝʱʝʩʪʚʘ ʥʝʣʴʟʷ ʪʫʰʠʪʴ ʚʦʜʦʡ (ʙʠʪʫʤ, ʤʘʩʣʦ, ʙʝʥʟʠʥ, ʙʝʥʟʦʣ), ʘ ʪʘʢʞʝ 

ʟʘʛʦʨʝʚʰʫʶʩʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʢʫ ʪʫʰʠʪʴ ʚʦʜʦʡ ʥʝʣʴʟʷ.  

ɼʣʷ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ, ʝʩʣʠ ʦʥʠ ʚʦʟʥʠʢʣʠ, ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʚʩʝʛʜʘ ʠʤʝʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʩʨʝʜʩʪʚʘ: 

¶ ʨʫʯʥʦʡ ʧʝʥʥʳʡ ʦʛʥʝʪʫʰʠʪʝʣʴ ʆʍʇ-10 (ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʫʰʝʥʠʷ ʧʦʞʘʨʦʚ 

ʪʚʝʨʜʳʭ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʃɺɾ) 

¶ ʨʫʯʥʦʡ ʚʦʟʜʫʰʥʦ-ʧʝʥʥʳʡ ʦʛʥʝʪʫʰʠʪʝʣʴ ʆɺʇ-10 (ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʪʫʰʝʥʠʷ 

ʤʥʦʛʠʭ ʚʝʱʝʩʪʚ/ʤʘʪʝʨʠʘʣʦʚ, ʢʨʦʤʝ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʚʝʱʝʩʪʚ, ʛʦʨʷʱʠʭ 

ʙʝʟ ʜʦʩʪʫʧʘ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ) 

¶ ʘʩʙʝʩʪʦʚʦʝ ʦʜʝʷʣʦ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʫʰʝʥʠʷ ʦʙʝʩʪʦʯʝʥʥʳʭ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʦʚ, ʛʦʨʷʱʝʡ ʦʜʝʞʜʳ) 

¶ ʧʝʩʦʢ (ʜʣʷ ʪʫʰʝʥʠʷ ʦʙʝʩʪʦʯʝʥʥʳʭ ʛʦʨʷʱʠʭ ʧʨʦʚʦʜʦʚ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ). 

ɸʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʛʥʝʪʫʰʠʪʝʣʝʡ: ʧʦʜʥʝʩʪʠ ʦʛʥʝʪʫʰʠʪʝʣʴ ʢ 

ʠʩʪʦʯʥʠʢʫ ʧʦʞʘʨʘ ʥʘ ʜʠʩʪʘʥʮʠʠ ʥʝ ʤʝʥʝʝ 1 ʤʝʪʨʘ, ʧʨʠ ʧʦʤʦʱʠ ʠʛʣʳ/ʛʚʦʟʜʷ 

ʧʨʦʯʠʩʪʠʪʴ ʩʧʨʳʩʢ, ʨʳʯʘʛ ʧʦʚʝʨʥʫʪʴ ʜʦ ʦʪʢʘʟʘ ʜʦ 180Á, ʧʝʨʝʚʝʨʥʫʪʴ ʦʛʥʝʪʫʰʠʪʝʣʴ 

ʚʚʝʨʭ ʜʥʦʤ ʠ ʥʘʧʨʘʚʠʪʴ ʩʪʨʫʶ ʥʘ ʦʛʦʥʴ. 

 

5.3 ʆʭʨʘʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

 

ʇʨʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʧʘʪʫʣʠʥʘ ʚʦʟʤʦʞʥʳ ʥʝʢʦʪʦʨʳʝ 

ʚʨʝʜʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʦʟʜʫʰʥʫʶ ʩʨʝʜʫ, ʚʦʜʫ ʠ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʦʯʚʳ. ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʟʘʛʨʷʟʥʝʥʠʷ, ʚ ʪʘʙʣʠʮʝ 5.3, ʧʨʠʚʝʜʝʥʳ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ. 
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ʊʘʙʣʠʮʘ 5.3. ɺʨʝʜʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ. 

ʇʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʠ 

ʢʦʤʧʦʥʝʥʪʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʅɼ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ɺʨʝʜʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʇʨʠʨʦʜʦʦʭʨʘʥʥʳʝ 

ʤʝʨʦʧʨʠʷʪʠʷ 

ɸʪʤʦʩʬʝʨʘ ɻʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ, 

ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʭʦʜʝ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʘ ʵʪʘʧʘʭ 

ʘʥʘʣʠʟʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʨʤʝʪʠʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʰʣʠʬʦʚ; 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 

ʬʠʣʴʪʨʦʚ ʜʣʷ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠʚʨʝʜʥʳʭ ʛʘʟʦʚ 

ɻʠʜʨʦʩʬʝʨʘ ʇʦʧʘʜʘʥʠʝ ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ 

ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʨʝʘʢʪʠʚʦʚ, 

ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ, ʥʘʧʨʠʤʝʨ, 

ʨʪʫʪʠ 

ʆʨʛʘʥʠʟʘʮʠʷ ʩʣʠʚʘ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ; 

ʆʙʝʟʚʨʝʞʠʚʘʥʠʝ ʨʝʘʛʝʥʪʦʚ 

ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʧʦʩʦʙʘʤʠ, ʨʝʛʝʥʝʨʘʮʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʃʠʪʦʩʬʝʨʘ ʍʠʤʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʦʯʚʳ ʧʨʠ ʥʝʚʝʨʥʦʡ 

ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʪʭʦʜʦʚ, ʨʝʘʢʪʠʚʦʚ 

ʉʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʚʝʨʥʦʛʦ 

ʩʙʦʨʘ ʠ ʭʨʘʥʝʥʠʷ ʪʚʝʨʜʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ; 

ʆʨʛʘʥʠʟʘʮʠʷ ʫʪʠʣʠʟʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ, ʫʪʠʣʠʟʘʮʠʠ ʠ, ʧʨʠ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʨʝʛʝʥʝʨʘʮʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʝʤʳʝ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʠʢʠ, ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʜʣʷ 

ʧʝʨʝʚʦʜʘ ʪʦʢʩʠʯʝʩʢʠʭ ʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʙʝʟʦʧʘʩʥʳʝ ʣʠʙʦ ʤʝʥʝʝ 

ʪʦʢʩʠʯʥʳʝ. 

 

5.4 ɹʝʟʦʧʘʩʥʦʩʪʴ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʠ ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ 

 

ʂʣʶʯʝʚʦʡ ʬʘʢʪʦʨ ʩʦʙʣʶʜʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ð ʵʪʦ 

ʚʩʝʛʜʘ ʙʳʪʴ ʥʘʛʦʪʦʚʝ ʢ ʚʩʝʚʦʟʤʦʞʥʳʤ ʯʨʝʟʚʳʯʘʡʥʳʤ ʩʠʪʫʘʮʠʷʤ (ʏʉ).  
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ ʈ22.0.02-94 ʏʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʩʪʦʷʥʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʝʪ ʫʛʨʦʟʘ ʞʠʟʥʠ ʠ ʥʘʥʦʩʠʪʩʷ ʠʤʫʱʝʩʪʚʫ ʥʘʩʝʣʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʷʚʣʝʥʠʷ ʦʯʘʛʘ ʏʉ ʥʘ ʦʙʲʝʢʪʝ, ʠʣʠ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʪʝʨʨʠʪʦʨʠʠ.  

ʏʉ ʧʦ ʧʨʠʯʠʥʘʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʉʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ (ʨʘʟʨʫʰʠʪʝʣʴʥʳʝ ʷʚʣʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʥʘʧʨʠʤʝʨ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʦʧʦʣʟʥʠ, ʮʫʥʘʤʠ, ʫʨʘʛʘʥʳ ʠ ʪ.ʜ.) 

2. ʊʝʭʥʦʛʝʥʥʳʝ ʘʚʘʨʠʠ (ʥʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʘʚʘʨʠʠ, ʧʨʘʚʠʣ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ, ʥʘʨʫʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ) 

3. ʉʦʮʠʘʣʴʥʦ-ʧʦʣʠʪʠʯʝʩʢʠʝ ʢʦʥʬʣʠʢʪʳ (ʥʘʧʨʠʤʝʨ, ʤʝʞʥʘʮʠʦʥʘʣʴʥʳʝ 

ʨʘʟʥʦʛʣʘʩʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʦʨʫʞʠʡ ʤʘʩʩʦʚʦʛʦ ʧʦʨʘʞʝʥʠʷ ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʤʠ 

ʛʨʫʧʧʠʨʦʚʢʘʤʠ). 

ɺ ʩʣʫʯʘʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʘʚʘʨʠʠ ʚ ʧʦʤʝʱʝʥʠʠ ʣʘʙʦʨʘʪʦʨʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʵʚʘʢʫʠʨʦʚʘʪʴ ʪʨʫʜʷʱʠʭʩʷ, ʪʘʢ ʢʘʢ ʤʦʞʝʪ ʥʘʯʘʪʴʩʷ ʚʦʟʛʦʨʘʥʠʝ ʠ ʇɼʂ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭʝ ʤʦʞʝʪ ʧʦʜʥʷʪʴʩʷ. ʇʨʠ ʚʦʟʛʦʨʘʥʠʠ ʥʫʞʥʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʞʘʨʘ/ʷʜʦʚʠʪʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʦʙʝʩʪʦʯʠʪʴ 

ʣʘʙʦʨʘʪʦʨʠʶ. ʅʫʞʥʦ ʚʳʟʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʩʣʫʞʙʳ ʠ ʦʢʘʟʘʪʴ ʧʝʨʚʫʶ ʧʦʤʦʱʴ 

ʥʫʞʜʘʶʱʠʤʩʷ. ʇʨʠ ʵʪʦʤ ʧʝʨʩʦʥʘʣʫ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʟʦʧʘʩʠʪʴ ʩʝʙʷ ʩʨʝʜʩʪʚʘʤʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʠ ʢʦʣʣʝʢʪʠʚʥʦʡ ʟʘʱʠʪʳ. ʇʦʩʣʝ ʣʠʢʚʠʜʘʮʠʠ ʯʨʝʟʚʳʯʘʡʥʦʡ 

ʩʠʪʫʘʮʠʠ ʧʦʤʝʱʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʦʚʝʪʨʝʥʦ ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʟʘʛʨʷʟʥʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ. 

ɺ ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ ʵʚʘʢʫʘʮʠʷ ʣʶʜʝʡ ʧʨʦʚʦʜʠʪʩʷ ʩʦʛʣʘʩʥʦ ʧʣʘʥʫ 

ʵʚʘʢʫʘʮʠʠ (ʨʠʩʫʥʦʢ 17) 
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ʈʠʩʫʥʦʢ 17 - ʇʣʘʥ ʵʚʘʢʫʘʮʠʠ ʠʟ ʘʫʜʠʪʦʨʠʡ 226-230, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʘ 

ʥʘʫʯʥʘʷ ʛʨʫʧʧʘ ʉʣʝʧʯʝʥʢʦ ɻ.ɹ. 
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ɿɸʂʃʖʏɽʅʀɽ 

 

ɺ ʨʘʙʦʪʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʦʧʨʦʩʘʤ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʠ ʚʳʙʦʨʫ ʫʩʣʦʚʠʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʪʫʣʠʥʘ. 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʧʘʪʫʣʠʥʘ,  

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʛʦ  ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ɼʣʷ ʧʘʪʫʣʠʥʘ ʚʦʣʴʪʘʤʧʝʨʥʳʝ 

ʢʨʠʚʳʝ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʫʨʦʚʥʝ 10 -7 - 10-9 ʤʦʣʴ/ʜʤ3 ʧʦʣʫʯʝʥʳ ʚʧʝʨʚʳʝ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʠʢʠ 

ʠʟʤʝʨʝʥʠʡ ʤʘʩʩʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʘʪʫʣʠʥʘ ʚ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʥʘ 

ʩʪʝʢʣʦʫʛʣʝʨʦʜʥʦʤ ʵʣʝʢʪʨʦʜʝ. 

 ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨH ʬʦʥʦʚʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ 

ʧʘʪʫʣʠʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨH 5,33 ʩʠʛʥʘʣ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʧʠʢ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʪʦʢʘ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʠʢʘ ʚ 

ʢʘʪʦʜʥʫʶ ʦʙʣʘʩʪʴ ʩ ʧʝʨʝʭʦʜʦʤ ʨH ʚ ʢʠʩʣʫʶ ʦʙʣʘʩʪʴ.  

ʆʮʝʥʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʤʝʪʦʜʦʤ 

çʚʚʝʜʝʥʦ-ʥʘʡʜʝʥʦè ʚ ʚʘʨʠʘʥʪʝ ʤʝʪʦʜʘ ʜʦʙʘʚʦʢ. ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʪʫʣʠʥʘ ʥʝ ʫʩʪʫʧʘʝʪ, ʘ ʧʦ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʚʦʩʭʦʜʠʪ ʠʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʳ. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʳʙʨʘʥʳ ʨʘʙʦʯʠʝ ʫʩʣʦʚʠʷ 

ʠʟʤʝʨʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʘʪʫʣʠʥʘ ʠ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʝʛʦ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʘʚʪʦʨʘʤʠ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʠʢʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʘʪʫʣʠʥʘ ʚ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʠ ʢʦʨʤʦʚʳʭ ʜʦʙʘʚʢʘʭ.  

ʊʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʩʦʟʜʘʥʘ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʘʷ ʨʘʟʨʘʙʦʪʢʘ, ʦʪʚʝʯʘʶʱʘʷ ʩʦʚʨʝʤʝʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʟʜʝʣʘ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʦʙʦʙʱʝʥʠʠ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, 

ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʚʨʝʞʜʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʦʚ ʫʣʫʯʰʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʵʢʦʣʦʛʠʠ. ʉʦʙʣʶʜʝʥʠʝ ʚʩʝʭ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ 
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ʩʦʪʨʫʜʥʠʢʘʤ ʧʦʚʨʝʞʜʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʦʟʤʦʞʥʳʝ 

ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ, ʘ ʧʨʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʪʨʝʟʚʦ ʤʳʩʣʠʪʴ, ʧʨʘʚʠʣʴʥʦ 

ʩʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʝʘʨʘʣʝʥʦʥʘ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ʩ ʧʦʧʨʘʚʢʘʤʠ) 

29.  ɻʆʉʊ ISO 17372-2016 ʢʦʨʤʘ ʜʣʷ ʞʠʚʦʪʥʳʭ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʟʝʘʨʘʣʝʥʦʥʘ ʤʝʪʦʜʘʤʠ ʠʤʤʫʥʦʘʬʬʠʥʥʦʡ ʢʦʣʦʥʦʯʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

30.   ɻʆʉʊ EN 15850-2013 ʧʨʦʜʫʢʪʳ ʧʠʱʝʚʳʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʟʝʘʨʘʣʝʥʦʥʘ ʚ 

ʧʨʦʜʫʢʪʘʭ ʜʣʷ ʜʝʪʩʢʦʛʦ ʧʠʪʘʥʠʷ ʥʘ ʢʫʢʫʨʫʟʥʦʡ ʦʩʥʦʚʝ, ʷʯʤʝʥʥʦʡ, ʢʫʢʫʨʫʟʥʦʡ ʠ 

ʧʰʝʥʠʯʥʦʡ ʤʫʢʝ, ʧʦʣʝʥʪʝ ʠ ʧʨʦʜʫʢʪʘʭ ʥʘ ʟʝʨʥʦʚʦʡ ʦʩʥʦʚʝ ʜʣʷ ʧʠʪʘʥʠʷ ʛʨʫʜʥʳʭ 

ʜʝʪʝʡ ʠ ʜʝʪʝʡ ʨʘʥʥʝʛʦ ʚʦʟʨʘʩʪʘ. ʄʝʪʦʜ ɺʕɾʍ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʤʫʥʦʘʬʬʠʥʥʦʡ 

ʢʦʣʦʥʦʯʥʦʡ ʦʯʠʩʪʢʠ ʵʢʩʪʨʘʢʪʘ ʠ ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ 
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31.  ʄʋ 5177-90 ʤʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʜʝʟʦʢʩʠʥʠʚʘʣʝʥʦʣʘ (ʚʦʤʠʪʦʢʩʠʥʘ) ʠ ʟʝʘʨʘʣʝʥʦʥʘ ʚ ʟʝʨʥʝ 

ʠ ʟʝʨʥʦʧʨʦʜʫʢʪʘʭ 

32.   ɻʆʉʊ en 15891-2013 ʧʨʦʜʫʢʪʳ ʧʠʱʝʚʳʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʜʝʟʦʢʩʠʥʠʚʘʣʝʥʦʣʘ 

ʚ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʤ ʟʝʨʥʝ, ʧʨʦʜʫʢʪʘʭ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʧʨʦʜʫʢʪʘʭ ʥʘ ʟʝʨʥʦʚʦʡ 

ʦʩʥʦʚʝ ʜʣʷ ʧʠʪʘʥʠʷ ʛʨʫʜʥʳʭ ʜʝʪʝʡ ʠ ʜʝʪʝʡ ʨʘʥʥʝʛʦ ʚʦʟʨʘʩʪʘ. ʄʝʪʦʜ ʚʵʞʭ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʤʫʥʦʘʬʬʠʥʥʦʡ ʢʦʣʦʥʦʯʥʦʡ ʦʯʠʩʪʢʠ ʵʢʩʪʨʘʢʪʘ ʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 

33.   ɻʆʉʊ ʈ 51116-97 ʢʦʤʙʠʢʦʨʤʘ, ʟʝʨʥʦ, ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ. ʄʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʜʝʟʦʢʩʠʥʠʚʘʣʝʥʦʣʘ (ʚʦʤʠʪʦʢʩʠʥʘ) 

34.   ɻʆʉʊ EN 15835-2013 ʧʨʦʜʫʢʪʳ ʧʠʱʝʚʳʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʭʨʘʪʦʢʩʠʥʘ ʘ ʚ 

ʧʨʦʜʫʢʪʘʭ ʥʘ ʟʝʨʥʦʚʦʡ ʦʩʥʦʚʝ ʜʣʷ ʧʠʪʘʥʠʷ ʛʨʫʜʥʳʭ ʜʝʪʝʡ ʠ ʜʝʪʝʡ ʨʘʥʥʝʛʦ 

ʚʦʟʨʘʩʪʘ. ʄʝʪʦʜ ʚʵʞʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʤʫʥʦʘʬʬʠʥʥʦʡ ʢʦʣʦʥʦʯʥʦʡ ʦʯʠʩʪʢʠ 

ʵʢʩʪʨʘʢʪʘ ʠ ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

35.   ɻʆʉʊ ISO 15141-2-2013 ʧʨʦʜʫʢʪʳ ʧʠʱʝʚʳʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʦʭʨʘʪʦʢʩʠʥʘ ʘ ʚ ʟʝʨʥʝ ʠ ʟʝʨʥʦʚʳʭ ʧʨʦʜʫʢʪʘʭ. ʏʘʩʪʴ 2. ʄʝʪʦʜ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ 

ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʦʯʠʩʪʢʦʡ ʙʠʢʘʨʙʦʥʘʪʦʤ 

36.   ɻʆʉʊ P EN 15829-2011 ʧʨʦʜʫʢʪʳ ʧʠʱʝʚʳʝ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʭʨʘʪʦʢʩʠʥʘ ʘ ʚ 

ʢʦʨʠʥʢʝ, ʠʟʶʤʝ, ʢʠʰʤʠʰʝ, ʩʤʝʩʷʭ ʩʫʰʝʥʳʭ ʬʨʫʢʪʦʚ ʠ ʠʥʞʠʨʝ ʩʫʰʝʥʦʤ. ʄʝʪʦʜ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʠʤʤʫʥʦʘʬʬʠʥʥʦʡ ʢʦʣʦʥʦʯʥʦʡ ʦʯʠʩʪʢʠ ʵʢʩʪʨʘʢʪʘ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʦ 

ʬʣʶʦʨʝʩʮʝʥʮʠʠ (ʧʝʨʝʠʟʜʘʥʠʝ) 

37.  Yang Y., Li G., Wu D., Liu J., Li X., Luo P., Hu N., Wang H., Wu Y. Recent 

advances on toxicity and determination methods of mycotoxins in foodstuffs // Trends in 

food science & Technology. V.96. February.2020. P.233-252. 

Doi.org/10.1016/j.tifs.2019.12.021 

38.  Malik K.A., Blasco C., Picó Y. Liquid chromatographyïmass spectrometry in food 

safety // Journal of chromatography A.1217. 2010. 4018ï4040 

39.  Alcántara-Durán J., Moreno-González D.,  García-Reyes J.F., Molina-Díaz A. Use 

of a modified quechers method for the determination of mycotoxin residues in edible nuts 
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by nano flow liquid chromatography high resolution mass spectrometry // Food 

chemistry. V.279. 1 may.2019. P.144-149 

40.  Turner N.W., Bramhmbhatt H., Szabo-Vezse M., Poma A., Coker R., Piletsky S.A. 

Analytical methods for determination of mycotoxins: an update (2009-2014) // Analytica 

chimica acta. V.901. 11 december. 2015. P.12-33 

41.  Vidal A., Ouhibi S., Ghalib R. , Hedhili A.,  De Saeger S., De Boevre M. The 

mycotoxin patulin: an updated short review on occurrence, toxicity and analytical 

challenges // food and chemical toxicology. V. 129. July. 2019. P.249-256 

42.  Al -Gaal B., Salama S., Al-Qasmi N., Jaganjac M. Mycotoxin contamination of 

food and feed in the gulf cooperation council countries and its detection // toxicon. V. 

171. 5 december. 2019. P. 43-50 

43.  Perestrelo R., Silva P., Porto-Figueira P., Pereira J.A.M., Silva C., Medina S., 

Camara J.S. Quechers - fundamentals, relevant improvements, applications and future 

trends // Analytica chimica acta. V.1070. 6 september 2019. P.1-28 

44.  Mandappa m.i., Basavaraj k., Manonmani h.k. Analysis of mycotoxins in fruit 

juices // fruit juices. Extraction, composition, quality and analysis. 2018. P.763-777 

45.  Ioi D.J., Zhou T., Tsao R., Marcone M.F. Mitigation of patulin in fresh and foods 

and beverages // Toxins (basel).2017.May,9(5):157. Doi: 10.3390/toxins9050157 

46.  Kharayat B.S., Yogendra S.Y. Mycotoxins in foods: mycotoxicoses, detection, 

and management // Microbial contamination and food degradation. Handbook of food 

bioengineering.2018. P.395-421 

47.  ɸʚʜʝʝʚʘ ʅ.ʄ. ʇʨʦʙʦʧʦʜʛʦʪʦʚʢʘ QuEChERS ʠ ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʞʠʜʢʦʩʪʥʦ-

ʞʠʜʢʦʩʪʥʘʷ ʤʠʢʨʦʵʢʩʪʨʘʢʮʠʷ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʤʠʢʦʪʦʢʩʠʥʦʚ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ // ʉʘʨʘʪʦʚ, 2013 

48. ɻʆʉʊ ʈ ʀʉʆ 26000-2012 ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ. 2013. 

ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ, 2002. ï 131 ʩ. 

49. ʊʝʭʥʠʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ (ʦʙʱʠʝ 

ʧʦʣʦʞʝʥʠʷ). ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʇʅɼ ʌ 12.13.1-03. 

50. ɻʆʉʊ ʈ 51999-2002. ʉʧʠʨʪ ʵʪʠʣʦʚʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʨʝʢʪʠʬʠʢʦʚʘʥʥʳʡ ʠ ʜʝʥʘʪʫʨʠʨʦʚʘʥʥʳʡ. ɼʘʪʘ ʚʚʝʜʝʥʠʷ: 01.01.2004. 
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51. ɻʆʉʊ 2184-2013 ʂʠʩʣʦʪʘ ʩʝʨʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʩ 

ʇʦʧʨʘʚʢʘʤʠ) 

52. ɻʆʉʊ 10678-76 ʂʠʩʣʦʪʘ ʦʨʪʦʬʦʩʬʦʨʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ. ʊʝʭʥʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ (ʩ ʀʟʤʝʥʝʥʠʷʤʠ N 1-6) 

53. ɻʆʉʊ 4328-77 ʈʝʘʢʪʠʚʳ. ʅʘʪʨʠʷ ʛʠʜʨʦʦʢʠʩʴ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʩ 

ʀʟʤʝʥʝʥʠʷʤʠ N 1, 2) 

54. ʉʘʥʠʪʘʨʥʳʝ ʧʨʘʚʠʣʘ ʠ ʥʦʨʤʳ ʉʘʥʇʠʅ 2.2.4.548-96 çɻʠʛʠʝʥʠʯʝʩʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʠʢʨʦʢʣʠʤʘʪʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡè (ʫʪʚ. 

ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ɻʦʩʢʦʤʩʘʥʵʧʠʜʥʘʜʟʦʨʘ ʈʌ ʦʪ 1 ʦʢʪʷʙʨʷ 1996 ʛ. N 21). 

55. ʊʨʫʜʦʚʦʡ ʢʦʜʝʢʩ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 30.12.2001 N 197-ʌɿ (ʨʝʜ. 

ʆʪ 24.04.2020) 

56. ʇʅɼ ʌ 12.13.1-03. ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ. ʊʝʭʥʠʢʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʨʘʙʦʪʝ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ (ʦʙʱʠʝ ʧʦʣʦʞʝʥʠʷ) 

57. ʇʨʠʢʘʟ ʄʠʥʟʜʨʘʚʩʦʮʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʦʪ 12.04.2011 N 302ʥ (ʨʝʜ. ʦʪ 

18.05.2020) "ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʧʝʨʝʯʥʝʡ ʚʨʝʜʥʳʭ ʠ (ʠʣʠ) ʦʧʘʩʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʨʘʙʦʪ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʷʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʤʝʜʠʮʠʥʩʢʠʝ ʦʩʤʦʪʨʳ 

(ʦʙʩʣʝʜʦʚʘʥʠʷ), ʠ ʇʦʨʷʜʢʘ ʧʨʦʚʝʜʝʥʠʷ ʦʙʷʟʘʪʝʣʴʥʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʦʩʤʦʪʨʦʚ (ʦʙʩʣʝʜʦʚʘʥʠʡ) ʨʘʙʦʪʥʠʢʦʚ, ʟʘʥʷʪʳʭ ʥʘ 
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1.2 Physico-chemical and toxicological properties of patulin 

Patulin {4-hydroxy-4H-furo [3,2-c] pyran-2 (6H) -OH} (Fig. 1) is an unsaturated 

heterocyclic lactone [11], mycotoxin produced by various fungi, at least 60 different 

species, in particular Aspergillus, Byssochlamys and Penicillium. Among Aspergillus, 

patulin-producing species include: A. clavatus, A. giganteus, and A. longivesica. In the 

genus Penicillium, there are 13 species producing patulin, including P. carneum, P. 

clavigerum, P. concentric, P. coprobium, P. dipodomyicola, P. expansum, P. glandicola, 

P. gladioli, P. griseofulvum, P. marinum , P. paneum, P. sclerotigenum, and P. vulpinum 

[12]. 

 

 

Figure 1 - The structural formula of patulin 

 

Patulin has the empirical formula C7H6O4, absorbs ultraviolet with one peak at 276 

nm (which decreases after reaction with the SH group). This is a white powder with a 

molecular weight of 154.12 g / mol and a melting point of 111 °C [41]. It is soluble in 

water and polar organic solvents: methanol, ethanol, acetone and ethyl acetate. It is not 

destroyed by high temperature and it is quite stable in an acidic environment, but unstable 

in an alkaline environment and to fermentation. Due to its electrophilic nature, patulin 

reacts with nucleophiles, especially with sulfhydryl groups and amino groups, such as 

cysteine, glutathione, proteins, etc. It gradually breaks down when stored in the presence 

of sulfites, sulfhydryl groups and ascorbic acid. 
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The ultraviolet spectrum has an absorption band at 276 nm (Ů 16600), due to the 

presence of a keto group conjugated to unsaturated bonds. 

       According to many biochemical studies, the pathogen biosynthesis of patulin consists 

of 10 stages (Fig. 2) [2]. 

 

 

 

Figure 2 - Pathogen biosynthesis of patulin. 

 

     P.expansum is the main food contaminant producing patulin [2, 11]. As different 

microorganisms have different nutrient needs, certain types of fungi contaminate certain 

foods and even fruits. P.expansum prefers pome fruits and stone fruits, such as peaches, 

cherries and fruits, in which they cause ñblue rotò (Fig. 3). 
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Figure 3 - Blue rot on apples 

 

    Patulinôs production depends on various factors, such as temperature, pH and other 

physiological parameters. Temperature range for growth p. expansum and patulin 

production is 0ï24 ° c. It is still not clear when fungus secrete patulin. for example, the 

level of patulin secreted by P. expansum upon infection of apples can vary from 2 to 100 

ɛg / g; however, the exact level is not associated with the infectious characteristics of 

fungal species, nor with their pathogenicity [2]. 

In studies of chemical stability was reported that patulin did not break down in apple 

juice at a temperature of 80 ° C for 20 minutes. There was also a slight patulin decrease 

could be observed in juice stored for up to 3 weeks at 22 s. Patulin is resistant to thermal 

degradation, the pH range is 3.5ï5.5 when heated to 125 ° C.  

The content of patulin in food can be reduced throughout the food processing chain. 

Proper handling, storage and transportation of products can limit fungal growth and 

patulin production. General processing methods, including pasteurization, filtration and 

fermentation, affect the content of patulin in food products, but are not sufficient safety 

[46]. 

The amount of patulin in juices can be reduced after the removal of rotten or damaged 

fruits, but cannot be completely removed, since mycotoxin diffuses into healthy parts of 

the fetus [44]. 
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1.2.1 History of the discovery of patulin and the norms of its containing in 

products 

Patulin is one of the common mycotoxins that has pronounced carcinogenic and 

mutagenic properties. Patulin is found in many rotten vegetables, fruits and grains, but 

the most typical sources are apples and their processed products, where the content of 

patulin can reach up to 17.5 mg / kg; it is also found in pears, bananas, tomatoes, sea 

buckthorn, apricots, peaches, cherries, grapes, strawberries, blueberries, lingonberries, 

viburnum. Patulin is easily found in fruit juices during processing due to its physical 

properties. Such as good solubility in water, stability when heated and in an acidic 

environment. 

The study of this mycotoxin was originally associated with its antibiotic properties. 

after the discovery of penicillin in 1929, scientists were interested in finding other 

antibiotics produced by fungi. It was first isolated from Penicillium griseofulvum in 1943 

by Harold Reystrike. Soon after its identification, patulin was studied at a British medical 

research center called ñtercininò as an antimicrobial agent against certain gram-positive 

and gram-negative bacteria, such as Mycobacterium tuberculosis [2]. In the 1940s, patulin 

was thoroughly studied for potential use as an antibiotic. Initially isolated as a broad 

spectrum antifungal drug. action, it was later found to inhibit more than 75 different 

bacterial species, including gram-positive and gram-negative bacteria, is also toxic to a 

wide range of other biological systems, including rats, cats, rabbits and mice. Only in 

1954 did an outbreak of cattle poisoning demonstrate to veterinarians that patulin is 

mycotoxin. Due to its toxicity, use as an antibiotic has been discontinued [18]. 

In addition, it has been proven that patulin is toxic to both plants and yeast [12]. 

Patulin is included in the list of mycotoxins, the level of which in foods is regulated. 

This list includes aflatoxins, ochratoxin A, fumonisins, trichothecenes, and zearalenone. 

National and international groups have recommended that the residual amounts of 

patulin not exceed 50 mg / kg for apple products used in human nutrition, while most 

countries regulate the level of patulin in juice from 20 to 50 mg / kg [18, 42].  

Since 2003, the European regulation establishes a maximum level of patulin content 

of 50 ɛg / kg for fruit juices and derivative products, 25 ɛg / kg for solid apple products 



104 

 

 104 

and 10 ɛg / kg for juices and products intended for infants and young children [12]. 

Despite these rules, patulin is still found in foods around the world [45]. 

In addition, the level of patulin in apple products for children is 5 times lower than 

the acceptable level for adults, which indicates that children under the age of 12 are at 

risk (WHO, 2005). Children have a physiology different from that of adults, which makes 

them more vulnerable [3]. Many studies have also focused on exposure levels of various 

pollutants in pregnant women, as toxicants consumed by the mother can immediately 

affect fetal development. Thus, pregnant women are in another risk group. 

In accordance with the recommendation of the European Commission and based on 

the established level of NOEL (no effect level) of patulin (43 ɛg / kg body weight), the 

preliminary maximum allowable daily dose of patulin was set at 0.4 ɛg / kg body weight. 

This level has been accepted by most of the health risk assessment analyzes performed 

on patulin (EC, 2006). 

According to the requirements of the technical regulation of the customs union No. 

021/2011 ñon food safetyò, the presence of patulin is not allowed in the fruit and vegetable 

products for children, pregnant and lactating women based on apples, tomatoes, sea 

buckthorn and viburnum [2]. 

 

1.2.2 Patulin-related adverse health effects 

Currently, patulin is classified as a human carcinogen of group 3 by the International 

Agency for Research on Cancer (IARC, 1986) [14], which means that animal studies or 

epidemiological studies are insufficient to confirm its carcinogenesis (IARC, 2018). 

The toxic effects of patulin can be associated with the formation of harmful adducts 

with sulfhydryl groups of important biomolecules. The affinity of patulin for sulfhydryl 

groups is widely described, explaining its inhibitory effect on many enzymes (ATPase, 

lysosomal enzymes, RNA polymerase, etc.), its undesirable effects include destruction of 

the plasma membrane, inhibition of protein synthesis, amino acid transport, and 

transcription disorder and translation, inhibition of DNA synthesis, interferon-producing 

T-helper cells of the 1st type. 
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 Patulin LD50 is from 15 to 25 mg / kg and depends on the type of animals and the 

route of exposure [44]. 

Patulin is a highly reactive molecule capable of interacting with proteins to form 

intramolecular and intermolecular cross-links with specific amino acids, forcing them to 

behave as an enzyme inhibitor [45]. 

Acute symptoms of consuming patulin include agitation, cramps, shortness of breath, 

pulmonary congestion, gastrointestinal symptoms including nausea, vomiting, ulcer, 

intestinal hemorrhage, and damage to the duodenum. The chronic symptoms of the use 

of patulin include genotoxic, neurotoxic and carcinogenic effects. 

Patulin can form intermolecular bonds with DNA molecules. These properties may 

explain the reported teratogenic and carcinogenic effects. There are no reports of possible 

toxicity of patulin by inhalation of the toxin in powder form.  

In addition, WHO views patulin as a possible genotoxic compound (WHO, 2005). 

Currently, the question of developing rapid, economical and highly sensitive methods 

for measuring mass concentrations of patulin in various objects, including food, remains 

open.  

 

1.2.3 Mycotoxin control 

Three main strategies for reducing the elimination of the presence of mycotoxins in 

food: prevention of mycotoxin contamination before and after harvest, detoxification of 

mycotoxins present in food, and inhibition of the absorption of mycotoxins in the 

gastrointestinal tract. Preventive measures aimed at suppressing the formation of 

mycotoxins in agricultural products are the most effective approach to prevent exposure 

to consumers. Proper farm management, plant growing methods to improve viability, the 

use of insecticides, fungicides, as well as biological control, irrigation and selection of 

varieties ensure that plants are less susceptible to adverse factors [44]. 

However, not every storage facility has access to all these technologies, and there are 

some problems with the excessive use of chemical fungicides. improving the quality of 

fruits to be processed by washing, pruning and sorting - all these are very useful tools for 

controlling patulin. These processes may not be economically feasible for all 
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manufacturers, since they also significantly increase the waste of raw materials. The 

waste itself is a pollution problem and requires special attention when handling and 

disposing. Typical pretreatment methods are insufficient, and further reduction in the 

amount of patulin is necessary. However, the evidence is inconclusive regarding the 

actual effectiveness of these methods and therefore cannot be used to guarantee safety. In 

addition, there is concern about the potential toxicity of compounds resulting from the 

decomposition of patulin by some of these methods. most of these products have yet to 

be identified, and some of them have been found to be toxic [45]. 

Post-harvest pollution can be avoided by controlling humidity, temperature, and 

microbiological pests, insects, and animals. Detoxification of mycotoxins by various 

physical, chemical and biological methods is less effective and sometimes limited due to 

safety problems, possible nutritional losses of processed products and cost implications. 

Some of the most promising interventions studied to date include the use of 

microorganisms to reduce the absorption of mycotoxins from consumed foods in the 

gastrointestinal tract. Clear evidence exists of the ability of probiotic bacteria to reduce 

the potential bioavailability of certain mycotoxins in humans, but further studies are 

needed [44]. 

 

1.3. Physico-chemical methods for the determination of mycotoxins 

The fact that most mycotoxins are toxic at very low concentrations makes it necessary 

to have sensitive and reliable methods for their detection. A number of different analytical 

methods have been applied to the analysis of mycotoxins due to their different structure 

[44]. The determination of mycotoxins is based on the extraction of these substances with 

organic solvents, including acetonitrile, chloroform, toluene, methanol, ethyl acetate, and 

subsequent purification of the extract on immunoaffinity columns or by solid phase 

extraction. 

For the determination of mycotoxins, immunochemical, chromatographic, optical and 

electrochemical methods are used. Immunochemical methods are used to selectively 

determine one or a small number of mycotoxins. It is based on the highly specific 

interaction of antigen and antibody. Direct and indirect ELISA methods were developed 
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for the detection of aflatoxins and Fusarium toxins in cereals, as well as for ochratoxin 

and patulin in wines and food samples [44]. The immunological principle is based on the 

interaction between an antigen (an analyte of interest) and an isolated antibody generated 

against an antigen. antibodies are immunoglobulins IgG or IgY. Molecular recognition is 

based on the spatial complement of certain chemical groups (epitopes) on the antigen, 

and not on the entire antigen. For the production of antibodies, mycotoxins are haptens 

(too small to cause an immunological response); therefore, they are conjugated to 

polypeptides or proteins to form an immunogen [16, 40]. 

The following methods are also applied: 

 Capillary electrophoresis (CE) is an instrumental method that provides the separation 

of components based on the charge in the solution, rather than the chromatographic 

interaction between the dissolved and stationary phases. Separation is achieved by 

migration of charged particles in a working buffer. Cations migrate to the cathode, and 

anions migrate to the anode under the influence of electroosmotic flow. The analytes are 

then detected using fluorescence or UV absorption. In combination with the detection of 

fluorescence, CE allows the detection of mycotoxins at trace levels [46]. Separation of 

uncharged particles can be achieved by introducing micelles in a technique known as 

micellar electrokinetic capillary chromatography (MECC) [16]. 

In this regard, the researchers studied the possibility of using infrared (IR) analyzers 

and analysis of the main components for screening mycotoxins directly from a grain 

sample. The advantages of these methods are ease of use, quick result and indestructibility 

of the sample. Rotting of the core and fumonisin contamination in maize were detected 

using near-infrared reflection spectroscopy, which made it possible to distinguish 

between contaminated and clean batches [16]. 

Recently, various optical sensors based on antigen-antibody interactions have shown 

excellent performance for fast detection and with high sensitivity, including fluorescence, 

quartz microbalance (microbalance), surface plasma resonance, and so on. Sensory 

methods show high selectivity, while other methods have their advantages. 

For the confirmatory analysis, more accurate and highly sensitive chromatographic 

methods are used [13], which allow one to separate the analyzed mycotoxin from 
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impurities and interference that may still be present after purification of the extract [3, 41, 

42]. 

 

1.3.1 Chromatographic methods for the determination of mycotoxins 

Quantitative determination of patulin in food products can be performed by several 

methods, such as thin layer chromatography (TLC), gas chromatography with mass 

selective detection (GC-MS), high performance liquid chromatography with various 

types of detection (UV, MS, DMD). 

Thin layer chromatography (TLC) was the first method used to identify and quantify 

patulin in apple juice. TLC analysis of patulin was approved by AOAC based on a study 

by Scott (1974). This method involves extraction with ethyl acetate followed by 

purification using a silica gel chromatography column. The detection limit was 20 mg / 

L (Scott, 1974). 

In this method, detection was achieved by spraying 3-methyl-2-benzothiazolinone 

hydrazone with a detection limit of approximately 20 mg / L. However, its extracts were 

low, sensitivity was insufficient, and matrix separation was often problematic. Because 

of this, TLC has almost been abandoned in routine analysis of patulin [41, 42]. 

In general, TLC is an inexpensive, fast analytical method for obtaining high-quality 

or semi-quantitative visual assessments; reliable quantitative results can also be obtained 

using densitometric measurements. 

Patulin is a low molecular weight polar molecule. its low variability limits its direct 

analysis by GC. Due to its limitation on volatile and thermostable compounds, the GC is 

not suitable method for commercial purposes. 

In order to obtain a less polar, more volatile analyte and the yield of more specific 

ions, strategies such as acylation and the formation of trimethylsilyl ether have been 

adopted. The resulting derivatives are stable, with good chromatographic properties for 

reliable detection of patulin. After derivatization, the patulin can be detected using a GC 

detector with electron capture. However, GC without mass spectrometry lacks special 

capabilities for identification. MS was coupled to GC to provide additional selectivity and 

increase the sensitivity of the method. the internal standard (IS), especially the use of 
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patulin isotopes, compensates for the loss of target analytes and matrix suppression 

effects. Therefore, accurate quantitative GC ï MS determination of patulin is based on 

derivatization and requires isotopic labeled patulin as IS, which was not commercially 

available until recently. The method has been successfully applied to determine patulin 

in apples and apple products, as well as in juices, cider and baby food, and fruit and quince 

jams. A relatively low detection limit of 5.8 mg / kg [4]. 

HPLC is widely used in the analysis of mycotoxins. The polar nature of mycotoxins 

and their solubility in water and organic solvents such as methanol and acetonitrile imply 

that they are readily separated by reverse phase HPLC columns, and this has led to a 

variety of methods. The extent to which HPLC is suitable for the separation of mycotoxins 

can be measured based on a database of retention times, retention rates, UV absorption 

maxima and prevailing monoisotopic ions for 474 fungal metabolites. The official method 

for determining patulin is high performance liquid chromatography (HPLC) with 

ultraviolet (UV) detection, as described by the Association of Official Analytical 

Chemistry. Chromatographic detection is mainly achieved using UV and fluorescence 

detectors, the successful application of ionization methods at atmospheric pressure has 

led to the development of a number of LC-MS methods capable of very low detection 

limits [38.40]. The introduction of LC-MS instruments has made it possible to develop 

multitoxin methods suitable for a number of structurally diverse toxins in a single 

chromatographic cycle. The need for such multitoxin methods lies in the fact that one 

type of mushroom produces various toxins and that one agricultural product may be 

contaminated with different types of mushrooms, which leads to the simultaneous 

appearance of a number of different toxins [16, 41, 42]. 

So, the most common method currently used to quantify patulin in fruit products is 

HPLC with UV detection [6.16]. This is the official method adopted by AOAC 

International (1995) for apple juice with a detection limit of 5 mg / L. However, 

interfering peaks of 5-hydroxymethylfurfural may occur on the chromatogram, which 

often makes it difficult to determine the exact content of patulin. Therefore, to confirm 

its presence, more specific detection methods, such as mass spectrometry (MS) after 

separation by LC or gas chromatography (GC), are usually used [7, 40, 41]. 
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The HPLC-DMD method has the availability of equipment and higher sensitivity 

compared to TLC, and therefore is the most suitable for the analysis of fruit and vegetable 

products for the content of this mycotoxin [15]. 

A number of mycotoxins are not absorbed in the UV range, and suitable derivatization 

methods have been developed for them to detect UV or fluorescence. Examples of this 

are T-2 toxin and fumonisins [16, 41]. 

The combination of HPLC and MS using atmospheric pressure ionization (API) 

methods such as electrospray ionization (ESI) and atmospheric pressure chemical 

ionization (APCI), and the development of commercial benchtop instruments, have 

opened up new methodologies for the routine analysis of mycotoxins. While TLC and 

HPLC often require derivatization for sensitive detection, LC-MS provides a detection 

method that is independent of the formation of chemical derivatives or of UV absorption 

or fluorescence properties of the molecule [16]. 

To date, in the Russian Federation, the content of mycotoxins in grain, fruits and 

vegetables, dried fruits is determined using the following GOSTs and guidelines [13]: 

1) GOST 34140-2017 ñFood products, feed, food raw materials. method for 

determining mycotoxins using high performance liquid chromatography with mass 

spectrometric detection ò[22]; 

2) GOST 32835-2014 ñJuice products. Determination of mycotoxins by tandem high-

performance liquid chromatography-mass spectrometry (HPLC-MS) ò[23]; 

3) GOST 31748-2012 ñFood products. Determination of aflatoxin B1 and the total 

content of aflatoxins B1, B2, G1 and G2 in cereals, nuts and their processed products. 

The method of high performance liquid chromatography "[24]; 

4) MU 4082-86 "Methodology for the determination of aflatoxins in food products 

using high performance liquid chromatography" [25]; 

5) GOST 30711-2001 ñFood products. Methods for detecting and determining the 

content of aflatoxins B1 and M1 ò[26]; 

6) GOST 28038-2013 ñProducts of processing fruits and vegetables. Methods for the 

determination of mycotoxin patulin ò[21]; 
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7) GOST R 51435-99 Method for determining the content of mycotoxin patulin in 

apple juice, concentrated apple juice and drinks containing apple juice using HPLC "[27]; 

8) 8) GOST 31691-2012 ñGrain and products of its processing, animal feed. 

determination of zearalenone content by high performance liquid chromatography ò[28]; 

9) GOST ISO 17372-2016 ñAnimal feed. determination of the content of zearalenone 

by immunoaffinity column chromatography and high performance liquid 

chromatography "[29]; 

10) GOST EN 15850-2013 ñFood products. Determination of zearalenone in corn-

based baby foods, barley, corn and wheat flour, polenta and cereal-based foods for infants 

and young children. HPLC method using immunoaffinity column purification of the 

extract and fluorimetric detection ò[30]; 

11) MU 5177-90 "Guidelines for the detection, identification and determination of 

the content of deoxynivalenol (vomitoxin) and zearalenone in grain and grain products" 

[31]; 

12) GOST EN 15891-2013 ñFood products. determination of deoxynivalenol in food 

grain, its processed products and grain-based products for feeding infants and young 

children. HPLC method using immunoaffinity column purification of the extract and 

spectrophotometric detection in the ultraviolet region of the spectrum ò[32]; 

13) GOST R 51116-97 ñCompound feed, grain, products of its processing. A method 

for determining the content of deoxynivalenol (vomitoxin) ò[33]; 

14) GOST EN 15835-2013 ñFood products. Determination of ochratoxin A in cereal-

based products for feeding infants and young children. HPLC method using 

immunoaffinity column purification of the extract and fluorimetric detection ò[34]; 

15) GOST ISO 15141-2-2013 ñFood products. Determination of ochratoxin A content 

in grain and cereal products. Part 2. High performance liquid chromatography method 

with bicarbonate purification ò[35]; 

16) GOST R EN 15829-2011 Food Products. Determination of ochratoxin A in 

cinnamon, raisins, raisins, dried fruit mixes and dried figs. The method of high-

performance liquid chromatography using immunoaffinity column purification of the 

extract and detection by fluorescence [36]. 
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1.4 Voltammetric methods for the analysis of food products on the content of 

mycotoxins 

The physicochemical methods used for food analysis have their own disadvantages 

and advantages. For example, optical analysis methods require a long time, they are 

laborious, expensive reagents are used, and chromatographic analysis requires expensive 

equipment. As already noted, an EMA may be an alternative to these methods. 

EMAs are based on processes that occur in the analyzed solution on the surface of the 

electrode or in the electrode space under the influence of an electric current. An analytical 

signal can be any electrical parameter that depends on the concentration of the analyzed 

solution and can be accurately measured. The measured parameter determines the 

analysis method and its name. 

As the results of the literature review showed, EMA is undergoing rapid development, 

among them VA methods occupy a leading position (Figure 4). 

   

Figure 4 - Distribution of publications on electrochemical methods of analysis 

 

Today, the bulk of publications are devoted to VA-methods for the determination of 

inorganic substances, in particular metals (Figure 5). However, over the past 5 years, there 

has been a tendency to increase publications on VA-determination of organic substances, 

namely the determination of a number of vitamins and antibiotics in model solutions, bio-

objects, pharmaceuticals, less often in food products and, unfortunately, there is 

practically no work on VA-control of organic substances in food products. 
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Figure 5 - Distribution of publications by defined components 

 

VA methods are highly sensitive (comparable to AAS), fast, universal, economical, 

and have a wide diagnostic spectrum for determining components in various objects. To 

implement the VA methods, chemical reagents and sample preparation techniques are 

used. The methods are automated, which determines the cheapness of the research. The 

diagnostic capabilities of VA methods in food research facilities for aflatoxins are very 

promising. 

So, for example, there is in [8] attachment a method for determining aflatoxin B1 was 

described by differential polarography. The authors for the joint determination of 

aflatoxin B1 and G1 as a background electrolyte proposed a solution containing a mixture 

of 0.1 mol / dm3 (CH3) 4NBr, 0.1 mol / dm3 LiCl and 40% CH3OH. The peak potentials 

of the half-wave of aflatoxin B1 and G1 were recorded at E1 / 2 (afl B1) = (ï1.33 ± 0.02) 

V and E1 / 2 (afl G1) = (ï1.25 ± 0.02) V relative to AgClï anode. 

There is in [9] attachment described the determination of aflatoxin B1 by the 

electrochemical method on a glassy carbon electrode modified with silica gel-ionic liquid 

to form a biofilm in bee pollen. The authors increased the sensitivity of the sensor using 

1-amyl-2,3-dimethylimidazolium hexafluorophosphate ionic liquid as a modifier. The 

sensor gave a linear response in the range of 0.1-10 ng / ml aflatoxin B1, the detection 

limit of 0.01 ng / ml. Compared to the classic silica gel sensor, the new sensor is 2 times 

more sensitive, 190 times more stable, aflatoxins B2, G1, G2, M1 do not interfere with 

the determination. The measure of correctness is 96.0-102.5%. In this method, the 

determination of aflatoxin B1 is complicated by the use of a modifying agent, which 

increases the total analysis time. 
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There is in [10] attachment the methods of differential pulsed voltammetry described 

the determination of aflatoxin B1 on graphite printed electrodes on the surface of which 

immunoreagents were immobilized. The authors used enzymes as a label that provides 

the appearance of the analytical signal. The substrate was 1-naphthylphosphate, the 

oxidation of which to 1-naphthol catalyzed alkaline phosphatase. The emerging current 

was recorded by differential pulse voltammetry methods. In this work, a graphite printing 

electrode requires updating and applying the enzyme, making the work more time 

consuming, and toxic reagents are also used. In the literature, voltammetric methods for 

the determination of mycotoxins are used on various carbon-containing electrodes with 

various modifiers and background electrolytes with different pH. 

 

 

 

 


