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ʋɼʂ 338.001.36: 502/504 (470+571) 

ɹɹʂ 

ʅ 

ʅ 

ʇʝʨʩʧʝʢʪʠʚʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ: ʤʘʪʝʨʠʘʣʳ 7-ʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, 06-08 ʘʧʨʝʣʷ 2026 ʛ., 

ʧʨʦʚʦʜʠʤʦʡ ʚ ʨʘʤʢʘʭ XXIII ʋʨʘʣʴʩʢʦʡ ʛʦʨʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʝʢʘʜʳ 02-11 

ʘʧʨʝʣʷ 2026 ʛ., ɽʢʘʪʝʨʠʥʙʫʨʛ: ʀʟʜʘʪʝʣʴʩʪʚʦ ï ʋɻɻʋ, 2026. ï 245 ʩ. ï ISBN 

 
 
ɺ ʩʙʦʨʥʠʢʝ ʤʘʪʝʨʠʘʣʦʚ ʢʦʥʬʝʨʝʥʮʠʠ ʨʘʩʩʤʦʪʨʝʥ ʰʠʨʦʢʠʡ ʢʨʫʛ ʚʦʧʨʦʩʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʚ ʥʝʤ ʦʩʚʝʱʝʥʳ ʚʦʧʨʦʩʳ: ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʫʣʴʪʫʨʳ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ 
ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʡ ʮʠʚʠʣʠʟʘʮʠʠ, ʪʝʭʥʦʩʬʝʨʦʣʦʛʠʠ, ʢʘʢ ʥʦʚʦʡ ʥʘʫʢʠ, ʠ ʝʝ 
ʨʦʣʠ ʚ ʵʢʦʥʦʤʠʢʝ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ, ʵʢʦʣʦʛʠʟʘʮʠʠ ʪʝʭʥʦʩʬʝʨʳ, ʢʘʢ 
ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ ʈʦʩʩʠʠ, ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 
ʦʩʚʦʝʥʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ 
ʢʦʤʧʣʝʢʩʘ, ʧʨʦʙʣʝʤ ʠ ʙʘʨʴʝʨʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʦʨʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 
ʧʦʚʳʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʈʌ ʚ ʨʘʤʢʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 
ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʦʙʱʝʩʪʚʝ "ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʟʥʘʥʠʷ", 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʦʩʧʠʪʘʥʠʷ ʚ 
ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ. 

ʄʘʪʝʨʠʘʣʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ 
ʚʦʧʨʦʩʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʩʬʝʨʦʡ, ʪʝʭʥʦʩʬʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʙʨʘʱʝʥʠʷ ʩ 
ʦʪʭʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ, ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ 
ʧʨʝʜʧʨʠʷʪʠʡ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʝʡ, ʘ 
ʪʘʢʞʝ ʙʳʪʴ ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ. 
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ʇʈɽɼʀʉʃʆɺʀɽ 
 

ʉʝʜʴʤʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʇʝʨʩʧʝʢʪʠʚʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻè ʧʨʦʭʦʜʠʣʘ ʥʘ  

ʧʣʦʱʘʜʢʘʭ ʋʨʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʋɻɻʋ) ʠ 

ʋʜʤʫʨʪʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʋʜɻʋ). 

ɺ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 129 ʯʝʣʦʚʝʢ, ʧʨʝʜʩʪʘʚʣʷʚʰʠʭ 29 ʚʫʟʦʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʜʦ ɺʣʘʜʠʚʦʩʪʦʢʘ, 8 ʀʥʩʪʠʪʫʪʦʚ 

ʈɸʅ ʠ ʅʀʀ, ʜʨʫʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʌʝʜʝʨʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʘ ʪʘʢʞʝ 6 ʜʦʢʣʘʜʯʠʢʦʚ 

ʠʟ ʩʪʨʘʥ ʉʅɻ (ɸʟʝʨʙʘʡʜʞʘʥ, ɹʝʣʦʨʫʩʩʠʷ, ʋʟʙʝʢʠʩʪʘʥ) ʠ ʀʨʘʢʘ. 

ʆʩʥʦʚʥʳʤʠ ʪʝʤʘʤʠ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ: 

          - ʕʢʦʣʦʛʠʟʘʮʠʷ ʪʝʭʥʦʩʬʝʨʳ, ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʨʦʝʢʪ ʈʦʩʩʠʠ; 

- ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʦʚ ʵʢʦʥʦʤʠʢʠ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʠ ʙʠʦʵʢʦʥʦʤʠʢʠ; 

- ʇʨʠʨʦʜʦʧʦʜʦʙʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʩʚʦʝʥʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ; 

          - ʋʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ; 

- ʇʦʚʳʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʈʌ ʚ ʨʘʤʢʘʭ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ; 

          - ʉʠʩʪʝʤʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʩʚʝʱʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʚʫʟʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʫʞʜʝʥʠʷ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʢʨʫʧʥʳʝ ʥʘʫʯʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʪʨʘʥ ʉʅɻ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʠʣʠʩʴ 

ʚ ʜʦʢʣʘʜʘʭ: 

1) ʕʬʬʝʢʪʠʚʥʦʩʪ ɹʠ ʢʫʣʴʪʫʨʘ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʡ 

ʮʠʚʠʣʠʟʘʮʠʠ (ʂʦʯʫʨʦʚ ɹ.ʀ.). 

2) ʊʝʭʥʦʩʬʝʨʦʣʦʛʠʠ ʢʘʢ ʥʦʚʘ ̫ʥʘʫʢʘ ʠ ʝʝ ʨʦʣʴ ʚ ʵʢʦʥʦʤʠʢʝ ʟʘʤʢʥʫʪʦʛʦ 

ʮʠʢʣʘ (ʃʠʧʘʝʚ ɸ.ɸ.). 

3) ʆʙʦʩʥʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʳ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʪʦʧʣʠʚʘ (ʊʨʫʙʝʮʢʦʡ, ʂ.ʅ., ɻʘʣʯʝʥʢʦ ʖ.ʇ., 

ʂʘʣʘʙʠʥ ɻ.ɺ.). 

4) çʄʘʰʠʥr ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʙʣʦʢʘʤʠè ʜʣʷ ʙʫʜʫʱʝʡ ʵʢʦʪʝʭʥʦʩʬʝʨʳ 

(ʊʢʘʯʝʥʢʦ ʖ.ʃ.). 

5) ʇʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪ rʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʩʚʦʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʅʘʫʤʦʚ ɺ.ɸ.). 

6) ʈʝʘʣʠʟʘʮʠʷ ʵʢʦʥʦʤʠʢʠ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʥʘ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʭ 

ʰʘʭʪʘʭ, ʚʳʚʝʜʝʥʥʳʭ ʥʘ ʤʦʢʨʫʶ ʢʦʥʩʝʨʚʘʮʠʶ (ɿʦʙʥʠʥ ɹ.ɹ.). 

7) ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʣʠʥʠʩʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ: ʦʪ ʚʦʜʦʦʯʠʩʪʢʠ ʜʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʦʟʠʪʦʚ 

(ɻʦʣʦʚʘʯʝʚʘ ɽ.ɸ., ʉʦʢʦʣʦʚ ʃ.ʀ.). 

8) ʇʦʚʳʰʝʥʠʝ ʥʝʬʪʝʠʟʚʣʝʯʝʥʠʷ ʠʟ ʧʣʘʩʪʦʚ ʟʘ ʩʯʝʪ ʠʥʩʠʥʝʨʘʮʠʠ ʦʪʭʦʜʦʚ 

(ɸʣʴ ɹʘʩʠʩʠ ʄ.ʅ.ʄ.). 

9) ʆʪʭʦʜ r ʙʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʢ ʩʳʨʴʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʨʙʝʥʪʦʚ 

(ʗʨʫʩʦʚʘ ʉ.ɹ., ɻʦʨʜʠʝʥʢʦ ʇ.ʉ.). 

10) ɹʫʜʫʱʝʝ ʩʝʪʠ ʅʠʞʝʛʦʨʦʜʩʢʠʭ ʛʝʦʧʘʨʢʦʚ (ʀʚʘʥʦʚ ɸ.ɺ., ʆʬʠʮʝʨʦʚʘ 

ɺ.ɺ., ʀʚʘʥʦʚʘ ʄ.ɸ.). 

11) ʇʫʪʠ ʵʢʦʣʦʛʠʟʘʮʠʠ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ: ʵʢʦʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ 

(ʂʨʘʩʥʦʧʝʨʦʚʘ ʉ.ɸ.). 

12) ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʩʦʟʜʘʥʠʷ ʙʠʦʮʠʜʥʳʭ ʤʝʤʙʨʘʥ ʜʣʷ ʦʯʠʩʪʢʠ ʠ 
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ʦʧʨʝʩʥʝʥʠʷ ʚʦʜʳ (ʍʘʡʜʘʨʦʚ ʈ.ʈ., ɻʘʨʠʧʦʚ ʀ.ʊ., ɻʘʣʠʫʣʠʥ ʀ.ɻ., ɻʘʧʫʨʦʚʘ ʆ.ʋ., 

ɽʚʛʨʘʬʦʚʘ ʉ.ʖ.). 

13) ʌʦʨʤʘʪʳ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ ʢʘʢ 

ʬʘʢʪʦʨ ʨʘʟʚʠʪʠʷ ʠʥʞʝʥʝʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʧʨʠʨʦʜʦʦʙʫʩʪʨʦʡʩʪʚʘ (ɼʨʫʞʘʢʠʥʘ ʆ.ʇ.). 

          ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʯʘʩʪʥʠʢʠ ʫʜʝʣʠʣʠ ʩʦʟʜʘʥʠʶ ʛʝʦʧʘʨʢʦʚ ʠ ʵʢʦʪʫʨʠʟʤʫ 

ʢʘʢ ʩʪʨʘʪʝʛʠʠ ʩʦʜʝʡʩʪʚʠʷ ʵʢʦʣʦʛʠʠ ʠ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʣʦʢʘʣʴʥʳʭ 

ʩʦʦʙʱʝʩʪʚ, ʨʘʟʚʠʪʠʶ ʚʦʣʦʥʪʝʨʩʪʚʘ ʠ ʜʦʙʨʦʚʦʣʴʯʝʩʪʚʘ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʥʬʝʨʝʥʮʠʷ ʥʝ ʪʦʣʴʢʦ ʫʛʣʫʙʠʣʘ 

ʧʦʥʠʤʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ ʧʦʜʭʦʜʦʚ ʢ ʵʢʦʧʨʦʩʚʝʱʝʥʠ,ʁ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʨʘʟʚʠʪʠʶ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʦ ʠ 

ʩʦʟʜʘʣʘ ʙʘʟʫ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʩʦʚʤʝʩʪʥʳʭ ʠʥʠʮʠʘʪʠʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʟʘʱʠʪʫ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʙʫʜʫʱʝʛʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʩʜʝʣʘʥ ʚʘʞʥʳʡ ʰʘʛ ʢ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʦʥʠʤʘʥʠʶ ʠ 

ʨʝʰʝʥʠʶ ʘʢʪʫʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ, ʢ 

ʜʘʣʴʥʝʡʰʠʤ ʩʦʚʤʝʩʪʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ  ʠ ʧʨʦʝʢʪʘʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʄʘʪʝʨʠʘʣʳ ʢʦʥʬʝʨʝʥʮʠʠ ʯʘʩʪʠʯʥʦ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʝʪʝʚʦʤ ʠʟʜʘʥʠʠ 

çʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʩʬʝʨʦʡè. 

 
ʉʦʧʨʝʜʩʝʜʘʪʝʣʴ ʢʦʥʬʝʨʝʥʮʠʠ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

çʋɻɻʋè ʠ çʋʜɻʋè, ʘʢʘʜʝʤʠʢ ʈɸɽʅ, ʛʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ 

ʩʝʪʝʚʦʛʦ ʠʟʜʘʥʠʷ çʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʩʬʝʨʦʡè 
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ʋɼʂ 504.064 

ɻɽʆʕʂʆʃʆɻʀʏɽʉʂʆɽ ʆɹʆʉʅʆɺɸʅʀɽ ʉʀʉʊɽʄʓ ʄʆʅʀʊʆʈʀʅɻɸ 

ʄʋʊʅʆʉʊʀ ʀ ɺɿɺɽʐɽʅʅʓʍ ɺɽʑɽʉʊɺ ʇʈʀ ʈɸɹʆʊɸʍ 

ɻʀɼʈʆʅɸʄʓɺɸ 

ɹʝʣʦʫʩʦʚ ʄ. ʖ., ʂʦʥʶʰʢʦʚ ɺ. ɺ. 

ʌɻɸʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦè, 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 
ʈʘʙʦʪʳ ʛʠʜʨʦʥʘʤʳʚʘ ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ʧʦʯʪʠ ʥʝʠʟʙʝʞʥʦ 

ʬʦʨʤʠʨʫʶʪ ʰʣʝʡʬ ʧʦʚʳʰʝʥʥʦʡ ʤʫʪʥʦʩʪʠ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʪʘʢʦʛʦ 

ʰʣʝʡʬʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʣʦʢʘʣʴʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʫ 

ʠʩʪʦʯʥʠʢʘ, ʥʦ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʩʦʭʨʘʥʝʥʠʷ ʚʟʚʝʩʠ, ʫʤʝʥʴʰʝʥʠʝʤ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʚʦʜʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʦʭʚʘʪʦʤ ʟʦʥʳ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʦ ʜʘʥʥʳʤ ʤʥʦʛʦʣʝʪʥʝʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʃʫʞʩʢʦʡ ʛʫʙʳ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʟʚʝʰʝʥʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʛʦʜʳ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ ʨʘʙʦʪ ʜʦʩʪʠʛʘʣʘ 80 ʛ/ʤ3, ʪʦʛʜʘ ʢʘʢ ʚ ʙʦʣʝʝ 

ʩʧʦʢʦʡʥʳʝ ʧʝʨʠʦʜʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʦʥʘ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʣʘ 2,0ï10,3 ʛ/ʤ3, 

ʘ ʣʦʢʘʣʴʥʦ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 37,8ï47,4 ʛ/ʤ3 [1]. 

ʇʝʨʝʥʦʩ ʚʟʚʝʰʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʤʝʝʪ 

ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʫʪʥʦʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʦʪʜʝʣʴʥʳʭ ʨʘʟʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʠʣʠ ʪʦʣʴʢʦ ʩʫʪʦʯʥʳʭ ʩʨʝʜʥʠʭ: ʥʘ ʩʪʨʫʢʪʫʨʫ ʨʷʜʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʣʠʷʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ, ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ, ʩʚʷʟʥʦʩʪʴ ʚʦʜʦʝʤʘ ʠ ʤʦʨʬʦʤʝʪʨʠʷ ʘʢʚʘʪʦʨʠʠ [2]. ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʞʝ ʚ ʠʥʪʝʨʚʘʣʝ 20ï30 ʤʠʥʫʪ ʤʫʪʥʦʩʪʴ ʤʦʞʝʪ 

ʟʘʤʝʪʥʦ ʢʦʣʝʙʘʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ ʤʘʢʨʦʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʰʘʛ ʨʝʛʠʩʪʨʘʮʠʠ 

ʚ ʤʦʥʠʪʦʨʠʥʛʝ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ ʤʠʥʫʪʳ, ʘ ʥʝ ʯʘʩʳ [3]. 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʷ ʤʫʪʥʦʩʪʠ. ʆʙʨʘʙʦʪʢʘ 

78 ʧʦʧʝʨʝʯʥʳʭ ʧʨʦʬʠʣʝʡ ʠ 40 079 ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʟʚʝʩʠ ʧʦ ʛʣʫʙʠʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ, ʛʨʘʥʫʣʦʤʝʪʨʠʠ ʠ ʧʦʣʦʞʝʥʠʷ ʚʝʨʪʠʢʘʣʠ; ʜʣʷ ʯʘʩʪʠ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʩ ʠʟʤʝʨʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʝʚʳʰʘʣʠ 0,9 

[4]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʥʪʨʦʣʴ ʪʦʣʴʢʦ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʟʘʥʠʞʘʪʴ ʨʝʘʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ. 

ʉʧʫʪʥʠʢʦʚʳʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʜʦʧʦʣʥʷʪʴ ʧʦʣʝʚʦʡ ʤʦʥʠʪʦʨʠʥʛ ʢʘʨʪʠʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʰʣʝʡʬʘ, ʦʜʥʘʢʦ ʥʝ ʟʘʤʝʥʷʶʪ ʥʘʪʫʨʥʳʝ 

ʠʟʤʝʨʝʥʠʷ. ɼʣʷ ʧʨʠʙʨʝʞʥʳʭ ʚʦʜ ʘʣʛʦʨʠʪʤ Nechad ʜʘʝʪ ʥʘʠʙʦʣʝʝ ʥʘʜʝʞʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʤʫʪʥʦʩʪʠ ʤʝʥʝʝ 50 NTU, ʪʦʛʜʘ ʢʘʢ ʘʣʛʦʨʠʪʤ Dogliotti 

ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʤʫʪʥʦʩʪʠ, ʥʘʯʠʥʘʷ ʧʨʠʤʝʨʥʦ ʩʦ 100 

NTU; ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʙʷʟʘʪʝʣʴʥʘ ʚʝʨʠʬʠʢʘʮʠʷ ʧʦ ʢʚʘʟʠʩʠʥʭʨʦʥʥʳʤ 

ʠʟʤʝʨʝʥʠʷʤ in situ [5]. 

ʎʝʣɹʁ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʧʦʜʭʦʜʦʚ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʤʫʪʥʦʩʪʠ ʠ 

ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʛʠʜʨʦʥʘʤʳʚʝ ʥʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʨʘʩʯʝʪʥʦʛʦ ʧʨʠʤʝʨʘ. ʇʨʦʚʝʨʢʘ ʚʳʙʨʘʥʥʳʭ ʧʦʜʭʦʜʦʚ 

ʚʳʧʦʣʥʝʥʘ ʜʣʷ ʫʩʣʦʚʥʦʡ ʤʝʣʢʦʚʦʜʥʦʡ ʘʢʚʘʪʦʨʠʠ ʚ ʬʦʨʤʝ ʨʘʩʯʝʪʥʦʛʦ 
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ʵʢʩʧʝʨʠʤʝʥʪʘ. ɿʘʜʘʯʠ ʨʘʙʦʪʳ: ʦʧʨʝʜʝʣʠʪʴ ʨʘʮʠʦʥʘʣʴʥʫʶ ʩʭʝʤʫ ʩʪʘʥʮʠʡ ʠ 

ʛʦʨʠʟʦʥʪʦʚ ʥʘʙʣʶʜʝʥʠʡ, ʧʦʢʘʟʘʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʣʦʢʘʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ 

ʟʘʚʠʩʠʤʦʩʪʠ çFTUïSSCè, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʨʘʚʥʠʪʴ ʚʣʠʷʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ, ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʠ ʚʝʪʨʦʚʦʛʦ ʚʪʦʨʠʯʥʦʛʦ 

ʚʟʤʫʯʠʚʘʥʠʷ ʥʘ ʧʠʢ, ʜʣʠʪʝʣʴʥʦʩʪʴ, ʠʥʪʝʛʨʘʣʴʥʫʶ ʜʦʟʫ ʠ ʜʣʠʥʫ ʰʣʝʡʬʘ. 

ʇʨʠʙʦʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʩʝʪʴ ʥʘʙʣʶʜʝʥʠʡ 

ɼʣʷ ʨʘʩʯʝʪʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʥʷʪʘ ʫʩʣʦʚʥʘʷ ʧʨʠʙʨʝʞʥʘʷ ʘʢʚʘʪʦʨʠʷ 

ʛʣʫʙʠʥʦʡ 5ï8 ʤ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʚʜʦʣʴʙʝʨʝʛʦʚʳʤ ʧʝʨʝʥʦʩʦʤ ʦʪ ʫʯʘʩʪʢʘ 

ʛʠʜʨʦʥʘʤʳʚʘ. ɼʠʘʧʘʟʦʥʳ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ, ʧʨʦʜʦʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ ʠ ʟʘʪʫʭʘʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʚʳʙʨʘʥʳ ʚ ʧʨʝʜʝʣʘʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʨʘʙʦʪ ʧʦ ʧʝʨʝʥʦʩʫ ʚʟʚʝʩʠ ʠ 

ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ [2, 6, 7]. 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʚʢʣʶʯʘʝʪ ʩʪʘʮʠʦʥʘʨʥʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʜʘʪʯʠʢʠ ʤʫʪʥʦʩʪʠ, ʧʨʦʬʠʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʣʝʥʦʩʪʠ, 

ʨʝʛʠʩʪʨʘʮʠʶ ʪʝʯʝʥʠʡ ʘʢʫʩʪʠʯʝʩʢʠʤ ʜʦʧʣʝʨʦʚʩʢʠʤ ʧʨʦʬʠʣʦʛʨʘʬʦʤ (ʠʣʠ 

ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʧʨʠʙʦʨʦʤ), ʘ ʪʘʢʞʝ ʜʠʩʢʨʝʪʥʳʡ ʧʨʦʙʦʦʪʙʦʨ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ. ʀʥʪʝʨʚʘʣ ʥʝʧʨʝʨʳʚʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʠʥʷʪ ʨʘʚʥʳʤ 10 ʤʠʥʫʪʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʵʧʠʟʦʜʳ 

ʚʪʦʨʠʯʥʦʛʦ ʚʟʤʫʯʠʚʘʥʠʷ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʨʷʜʘ [3, 8]. 

ʉʝʪʴ ʥʘʙʣʶʜʝʥʠʡ ʩʪʨʦʠʪʩʷ ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʟʜʝʣʝʥʠʷ ʬʦʥʦʚʦʡ, 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʟʦʥ. ɺ ʦʙʷʟʘʪʝʣʴʥʳʡ ʥʘʙʦʨ ʚʭʦʜʷʪ ʬʦʥʦʚʘʷ 

ʩʪʘʥʮʠʷ ʚʥʝ ʦʞʠʜʘʝʤʦʛʦ ʰʣʝʡʬʘ, ʙʣʠʞʥʷʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʪʘʥʮʠʷ, ʢʦʥʪʨʦʣʴʥʳʡ 

ʩʪʚʦʨ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʦʜʥʘ ʠʣʠ ʜʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʪʘʥʮʠʠ ʚ ʜʘʣʴʥʝʡ 

ʟʦʥʝ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʳ ʚʦʟʜʝʡʩʪʚʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʜʘʣʴʥʠʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʧʫʥʢʪ. 

ʅʘ ʈʠʩʫʥʦʢ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʩʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʧʫʥʢʪʦʚ 

ʥʘʙʣʶʜʝʥʠʡ ʠ ʛʦʨʠʟʦʥʪʦʚ ʦʪʙʦʨʘ ʧʨʦʙ. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʫʥʢʪʦʚ ʢʦʥʪʨʦʣʷ ʠ ʛʦʨʠʟʦʥʪʦʚ ʦʪʙʦʨʘ ʧʨʦʙ ʧʨʠ ʛʠʜʨʦʥʘʤʳʚʝ 

B0 ï ʬʦʥʦʚʳʡ ʧʫʥʢʪ ʚʥʝ ʰʣʝʡʬʘ; 

B1 ï ʙʣʠʞʥʷʷ ʟʦʥʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 

B2 ï ʢʦʥʪʨʦʣʴʥʳʡ ʩʪʚʦʨ ʦʩʥʦʚʥʦʡ ʪʦʯʢʠ ʨʝʘʛʠʨʦʚʘʥʠʷ; 

B3, B4 ï ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʠ ʜʘʣʴʥʷʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʟʦʥʳ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʫʥʢʪʦʚ ʢʦʥʪʨʦʣʷ ʧʨʠʚʝʜʝʥʘ ʚ ʊʘʙʣʠʮʘ 1. 
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ʊʘʙʣʠʮʘ 1 ï ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʩʝʪʴ ʥʘʙʣʶʜʝʥʠʡ ʜʣʷ ʤʝʣʢʦʚʦʜʥʦʡ ʘʢʚʘʪʦʨʠʠ 

ʇʫʥʢʪ 
x, 

ʢʤ 
ʌʫʥʢʮʠʷ ɻʦʨʠʟʦʥʪʳ ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

B0 -0,8 ʬʦʥʦʚʘʷ ʩʪʘʥʮʠʷ 
ʧʦʚʝʨʭʥʦʩʪʥʳʡ, 

ʧʨʠʜʦʥʥʳʡ 

FTU, SSC, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʩʦʣʝʥʦʩʪʴ 

B1 +0,3 
ʦʧʝʨʘʮʠʦʥʥʘʷ ʙʣʠʞʥʷʷ 

ʟʦʥʘ 

0,5 ʤ; 0,5H; 0,2 ʤ ʦʪ 

ʜʥʘ 
FTU, SSC, ʤʝʪʝʦʧʘʨʘʤʝʪʨʳ 

B2 +2,0 ʢʦʥʪʨʦʣʴʥʳʡ ʩʪʚʦʨ 
0,5 ʤ; 0,5H; 0,2 ʤ ʦʪ 

ʜʥʘ 
FTU, SSC, ADCP/ʪʝʯʝʥʠʷ 

B3 +3,5 ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʟʦʥʘ 
0,5 ʤ; 0,5H; 0,2 ʤ ʦʪ 

ʜʥʘ 
FTU, SSC, ʧʨʦʟʨʘʯʥʦʩʪʴ 

B4 +5,0 
ʜʘʣʴʥʷʷ ʜʠʘʛʥʦʩʪʠ- 

ʯʝʩʢʘʷ ʩʪʘʥʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ, 

ʧʨʠʜʦʥʥʳʡ 
FTU, ʪʦʯʝʯʥʳʝ ʧʨʦʙʳ SSC 

 

ʇʨʦʙʦʦʪʙʦʨ, ʣʘʙʦʨʘʪʦʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʧʦʢʘʟʘʪʝʣʠ ʚʦʟʜʝʡʩʪʚʠʷ 
ɼʠʩʢʨʝʪʥʳʝ ʧʨʦʙʳ ʚʦʜʳ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʪʙʠʨʘʪʴ ʙʘʪʦʤʝʪʨʦʤ ʠʣʠ 

ʘʥʘʣʦʛʠʯʥʳʤ ʚʦʜʦʟʘʙʦʨʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʥʘ ʪʨʝʭ ʛʦʨʠʟʦʥʪʘʭ: 0,5 ʤ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʚ ʩʝʨʝʜʠʥʝ ʪʦʣʱʠ ʚʦʜʳ (0,5H) ʠ ʚ 0,2 ʤ ʦʪ ʜʥʘ. ʊʘʢʘʷ ʩʭʝʤʘ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʩʤʝʰʠʚʘʪʴ ʩʦʙʩʪʚʝʥʥʦ ʚʦʜʥʫʶ ʚʟʚʝʩʴ ʩ ʜʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʚ ʪʦ 

ʞʝ ʚʨʝʤʷ ʬʠʢʩʠʨʦʚʘʪʴ ʤʘʢʩʠʤʫʤ ʤʫʪʥʦʩʪʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ. ɺ ʘʢʪʠʚʥʦʡ 

ʬʘʟʝ ʨʘʙʦʪ ʧʘʨʥʳʝ ʧʨʦʙʳ "ʜʘʪʯʠʢ ï ʣʘʙʦʨʘʪʦʨʠʷ" ʩʣʝʜʫʝʪ ʦʪʙʠʨʘʪʴ ʥʝ ʨʝʞʝ 

ʦʜʥʦʛʦ ʨʘʟʘ ʚ 3 ʯʘʩʘ, ʘ ʧʦʩʣʝ ʧʨʝʚʳʰʝʥʠʷ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ï ʩ ʯʘʩʦʚʳʤ 

ʰʘʛʦʤ ʜʦ ʥʦʨʤʘʣʠʟʘʮʠʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ SSC/TSS ʚʳʧʦʣʥʷʝʪʩʷ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠ ʧʦʩʣʝ ʬʠʣʴʪʨʦʚʘʥʠʷ 

ʯʝʨʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʳʝ ʤʝʤʙʨʘʥʥʳʝ ʬʠʣʴʪʨʳ ʩ ʨʘʟʤʝʨʦʤ ʧʦʨ 0,45 ʤʢʤ 

ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʩʫʰʠʚʘʥʠʷ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʧʨʠ 105 Áʉ. ɼʣʷ ʯʘʩʪʠ ʧʨʦʙ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʧʦʣʥʷʪʴ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʧʦʩʢʦʣʴʢʫ 

ʨʘʟʤʝʨ ʠ ʬʦʨʤʘ ʯʘʩʪʠʮ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʦʧʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ. ʍʨʘʥʝʥʠʝ ʧʨʦʙ 

ʜʦʣʞʥʦ ʠʩʢʣʶʯʘʪʴ ʧʦʩʪʦʨʦʥʥʠʝ ʧʨʠʤʝʩʠ ʠ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʚʟʚʝʩʠ. 

ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʧʦʤʠʤʦ ʩʘʤʦʡ ʤʫʪʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʷ ʚʦʟʜʝʡʩʪʚʠʷ: ʧʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ 

Ὕ ÍÁØ Ὕὸ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʧʦʨʦʛʘ ʐ   ᷿ὍὝὸ  χπὨ, 

ʛʜʝ ὍὝὸ  χπ ï ʠʥʜʠʢʘʪʦʨʥʘʷ ʬʫʥʢʮʠʷ, ʨʘʚʥʘʷ 1 ʧʨʠ Ὕὸ  χπ ʠ 0 ʚ 
ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ. ʀʥʪʝʛʨʘʣʴʥʘʷ ʜʦʟʘ ʧʨʝʚʳʰʝʥʠʷ ʧʦʨʦʛʘ $  ᷿άὥὼὝὸ
 χπȟπὨὸ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʰʣʝʡʬʘ ὒ ȟ   ï 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʰʣʝʡʬʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʝʚʳʰʝʥʠʝ 70 FTU. 

ʆʙʦʟʥʘʯʝʥʠʷ: 

T ï ʤʫʪʥʦʩʪʴ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʝ, FTU; 

ʐ  ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ ʧʦʨʦʛʘ 70 FTU, ʯ; 

$  ï ʠʥʪʝʛʨʘʣʴʥʘʷ ʜʦʟʘ ʧʨʝʚʳʰʝʥʠʷ ʧʦʨʦʛʘ, FTUĀʯ; 

ὒ ȟ   - ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʰʣʝʡʬʘ, ʢʤ; 

x ï ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʠʩʪʦʯʥʠʘ, ʢʤ; 
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t ï ʚʨʝʤʷ, ʯ; 

ὍὝὸ  χπ ï ʠʥʜʠʢʘʪʦʨʥʘʷ ʬʫʥʢʮʠʷ, ʙʝʟʨʘʟʤʝʨʥʘʷ ʚʝʣʠʯʠʥʘ 

ʈʘʩʯʝʪʥʘʷ ʧʦʩʪʘʥʦʚʢʘ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʦʧʠʩʘʥʦ ʫʧʨʦʱʝʥʥʦʡ 

ʦʜʥʦʤʝʨʥʦʡ ʘʜʚʝʢʪʠʚʥʦ-ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʭʝʤʦʡ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ 

ʟʘʪʫʭʘʥʠʝʤ ʠ ʦʪʜʝʣʴʥʳʤ ʚʝʪʨʦʚʳʤ ʯʣʝʥʦʤ ʚʪʦʨʠʯʥʦʛʦ ʚʟʤʫʯʠʚʘʥʠʷ (ʬʦʨʤʫʣʳ 

(1) ʠ (2)). ʌʦʥʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʥʷʪʘ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʩʪʦʯʥʠʢʘ ʟʘʜʘʚʘʣʘʩʴ ʪʨʝʤʷ ʠʤʧʫʣʴʩʘʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʟʘʧʫʩʢ ʨʘʙʦʪ, ʬʘʟʫ 

ʫʩʪʦʡʯʠʚʦʛʦ ʛʠʜʨʦʥʘʤʳʚʘ ʠ ʟʘʚʝʨʰʝʥʠʝ ʦʧʝʨʘʮʠʠ. ɼʣʷ ʩʮʝʥʘʨʠʷ ʩ ʚʝʪʨʦʚʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʦʙʘʚʣʝʥ ʧʦʟʜʥʠʡ ʠʤʧʫʣʴʩ ʚʪʦʨʠʯʥʦʛʦ ʚʟʤʫʯʠʚʘʥʠʷ. 

˞ὼȟὸ ὅ —ὸϽή†ϽὋὼȟὸ †ϽὨ†Ὑ ὸϽὩὼὴ‗  ὼ (1) 

ʗʜʨʦ ʧʝʨʝʥʦʩʘ: 

Ὃὼȟ— τ“Ὀὼ—Ⱦ ϽὩὼὴ
ὼ  Ὗ—

τὈ—
   Ὡὼὴ‗ὼȟ—  π (2) 

ʆʙʦʟʥʘʯʝʥʠʷ: 

C(x,t) ï ʨʘʩʯʝʪʥʘʷ ʤʫʪʥʦʩʪʴ ʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʪʦʯʢʝ x ʚ ʤʦʤʝʥʪ t, FTU; 

ὅ  ï ʬʦʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʤʫʪʥʦʩʪʠ, FTU; 

ή† ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʟʚʝʩʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

Ű, FTU/ʯ; 

G(x, t-Ű) ï ʬʫʥʢʮʠʷ ʦʪʢʣʠʢʘ ʩʠʩʪʝʤʳ ʧʝʨʝʥʦʩʘ, 1/ʢʤ; 

† - ʧʝʨʝʤʝʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ, ʯ; 

—  ὸ ɀ † - ʚʨʝʤʷ, ʧʨʦʰʝʜʰʝʝ ʩ ʤʦʤʝʥʪʘ ʧʦʩʪʫʧʣʝʥʠʷ ʧʦʨʮʠʠ ʚʟʚʝʩʠ, ʯ; 

Ὀ  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʜʦʣʴʥʦʡ ʪʫʨʙʫʣʝʥʪʥʦʡ ʜʠʬʬʫʟʠʠ, ʢʤĮ/ʯ; 

U ï ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʘʜʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ, ʢʤ/ʯ; 

‗ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʫʤʤʘʨʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʦʙʣʘʢʘ ʚʟʚʝʩʠ ʧʨʠ ʧʝʨʝʥʦʩʝ, 1/ʢʤ; 

Ὑ ὸ  ï ʜʦʙʘʚʢʘ ʢ ʤʫʪʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʚʪʦʨʠʯʥʳʤ ʚʝʪʨʦʚʳʤ 

ʚʟʤʫʯʠʚʘʥʠʝʤ, FTU; 

‗  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʚʢʣʘʜʘ ʚʪʦʨʠʯʥʦʛʦ 

ʚʟʤʫʯʠʚʘʥʠʷ, 1/ʢʤ; 

ɼʣʷ ʧʝʨʝʚʦʜʘ ʚ ʤʫʪʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʣʦʢʘʣʴʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ὊὝὟ 
 ὥὛὛὅ; ʛʣʫʙʠʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ (b) ʫʯʠʪʳʚʘʣʘʩʴ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 1,00 ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ, 1,22 ʜʣʷ ʩʨʝʜʥʝʛʦ ʠ 1,45ï1,55 ʜʣʷ ʧʨʠʜʦʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ [4]. 

ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʩ ʰʘʛʦʤ 10 ʤʠʥ. 

ʇʘʨʘʤʝʪʨʳ ʩʮʝʥʘʨʠʝʚ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʘ 2. ʇʦʨʦʛ 70 FTU ʠʩʧʦʣʴʟʦʚʘʥ 

ʢʘʢ ʫʩʣʦʚʥʳʡ ʫʨʦʚʝʥʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʩʮʝʥʘʨʠʝʚ; ʚ ʨʝʘʣʴʥʦʤ ʧʨʦʝʢʪʝ ʦʥ ʜʦʣʞʝʥ ʫʪʦʯʥʷʪʴʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʬʦʥʦʚʳʭ 

ʜʘʥʥʳʭ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢʦʥʢʨʝʪʥʦʛʦ ʚʦʜʥʦʛʦ ʦʙʲʝʢʪʘ [7]. 
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ʊʘʙʣʠʮʘ 2 - ʇʘʨʘʤʝʪʨʳ ʨʘʩʯʝʪʥʳʭ ʩʮʝʥʘʨʠʝʚ 

ʉʮʝ- 

ʥʘ- 

ʨʠʡ 

U, 

ʤ/ʩ 
Ὀ , 

ʢʤĮ/ʯ 

ɚ, 

1/ʢʤ 

ɼʦʣʷ ʪʦʥ- 

ʢʦʡ ʬʨʘʢ- 

ʮʠʠ, % 

ʉʢʦʨʦʩʪʴ 

ʚʝʪʨʘ, ʤ/ʩ 
ʆʧʠʩʘʥʠʝ ʩʮʝʥʘʨʠʷ 

S1 0,08 0,045 0,32 22 2,0 ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʩʣʘʙʦʝ ʪʝʯʝʥʠʝ 

S2 0,14 0,050 0,25 28 3,0 ʩʨʝʜʥʷʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʙʘʟʦʚʳʡ ʧʝʨʝʥʦʩ 

S3 0,14 0,055 0,21 35 4,0 ʧʦʚʳʰʝʥʥʘʷ ʜʦʣʷ ʪʦʥʢʦʡ ʬʨʘʢʮʠʠ 

S4 0,14 0,060 0,17 35 8,0 ʚʝʪʨʦʚʦʝ ʚʪʦʨʠʯʥʦʝ ʚʟʤʫʯʠʚʘʥʠʝ 

S5 0,22 0,045 0,09 35 4,0 ʩʠʣʴʥʘʷ ʘʜʚʝʢʮʠʷ ʠ ʜʘʣʴʥʠʡ ʧʝʨʝʥʦʩ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʃʦʢʘʣʴʥʘʷ ʢʘʣʠʙʨʦʚʢʘ çFTU ï SSCè. 

ʀʣʣʶʩʪʨʘʪʠʚʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʜʣʷ ʜʚʫʭ ʪʠʧʦʚ ʚʟʚʝʩʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ɼʣʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʚʟʚʝʩʠ ʧʦʣʫʯʝʥʦ ʫʨʘʚʥʝʥʠʝ FTU=2,38SSC0,79 

ʧʨʠ R2=0,963; ʜʣʷ ʩʤʝʰʘʥʥʦʡ ʚʟʚʝʩʠ FTU=0,61SSC0,92 ʧʨʠ R2=0,921. ʈʘʟʣʠʯʠʝ 

ʢʨʠʚʳʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ: ʧʨʠ SSC=150 ʤʛ/ʣ ʜʘʪʯʠʢ ʜʣʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʚʟʚʝʩʠ 

ʧʦʢʘʟʳʚʘʝʪ ʦʢʦʣʦ 124,6 FTU, ʘ ʜʣʷ ʩʤʝʰʘʥʥʦʡ ʦʢʦʣʦ 61,3 FTU. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʠʤʝʥʝʥʠʝ çʫʥʠʚʝʨʩʘʣʴʥʦʛʦè ʧʝʨʝʩʯʝʪʘ ʙʝʟ ʫʯʝʪʘ ʛʨʘʥʫʣʦʤʝʪʨʠʠ ʩʧʦʩʦʙʥʦ ʜʘʪʴ 

ʦʰʠʙʢʫ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. 

ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʠ ʢʘʞʜʦʤ ʠʟʤʝʥʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʛʨʫʥʪʘ, ʩʝʟʦʥʘ 

ʠʣʠ ʩʦʩʪʘʚʘ ʧʫʣʴʧʳ ʢʘʣʠʙʨʦʚʢʫ ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʷʪʴ ʧʦ ʧʘʨʥʳʤ ʜʘʥʥʳʤ 

çʜʘʪʯʠʢ ï ʧʨʦʙʘè. ɼʣʷ ʟʘʜʘʯ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʵʪʦ ʚʘʞʥʝʝ, ʯʝʤ 

ʥʦʤʠʥʘʣʴʥʘʷ ʧʘʩʧʦʨʪʥʘʷ ʪʦʯʥʦʩʪʴ ʩʘʤʦʛʦ ʪʫʨʙʠʜʠʤʝʪʨʘ. 

 

ʈʠʩʫʥʦʢ 2 ï ʂʘʣʠʙʨʦʚʦʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʤʫʪʥʦʩʪʴʶ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʜʚʫʭ ʪʠʧʦʚ ʚʟʚʝʩʠ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʤʫʪʥʦʩʪʠ 

ʅʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʝʥ ʩʮʝʥʘʨʠʡ S4, ʚ ʢʦʪʦʨʦʤ ʘʢʪʠʚʥʘʷ ʬʘʟʘ ʛʠʜʨʦʥʘʤʳʚʘ 

ʩʦʯʝʪʘʝʪʩʷ ʩ ʚʝʪʨʦʚʳʤ ʚʪʦʨʠʯʥʳʤ ʚʟʤʫʯʠʚʘʥʠʝʤ. ʅʘ (ʨʠʩʫʥʢʝ 3, ʘ) ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ 
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ʟʦʥʘ ʧʨʝʚʳʰʝʥʠʷ 70 FTU ʚ ʧʨʠʜʦʥʥʦʤ ʛʦʨʠʟʦʥʪʝ ʬʦʨʤʠʨʫʝʪʩʷ ʯʝʨʝʟ 8ï10 ʯ ʧʦʩʣʝ 

ʥʘʯʘʣʘ ʨʘʙʦʪ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʨʠʤʝʨʥʦ ʜʦ 3,7 ʢʤ ʦʪ ʠʩʪʦʯʥʠʢʘ. ʇʦʩʣʝ ʦʩʣʘʙʣʝʥʠʷ 

ʧʝʨʚʠʯʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʨʷʜ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʚʪʦʨʠʯʥʳʡ ʵʧʠʟʦʜ ʚʟʤʫʯʠʚʘʥʠʷ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʝʚʳʰʝʥʠʝ ʧʦʨʦʛʘ ʧʦʚʪʦʨʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 16ï20 ʯ. 

ɺ ʩʪʚʦʨʝ B2 ʛʣʫʙʠʥʥʳʝ ʨʘʟʣʠʯʠʷ ʦʢʘʟʳʚʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ (ʨʠʩʫʥʢʝ 3, ʙ). 

ɼʣʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʤʘʢʩʠʤʫʤ ʩʦʩʪʘʚʣʷʝʪ 71,2 FTU ʠ ʧʦʨʦʛ ʧʨʝʚʳʰʘʝʪʩʷ 

ʚʩʝʛʦ 0,83 ʯ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʨʝʜʥʝʤ ʛʦʨʠʟʦʥʪʝ ʤʘʢʩʠʤʫʤ ʜʦʩʪʠʛʘʝʪ 83,3 FTU ʧʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 5,00 ʯ, ʘ ʚ ʧʨʠʜʦʥʥʦʤ ï 95,5 FTU ʠ 7,33 ʯ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʦ ʚʪʦʨʦʤ ʧʠʢʝ ʩʮʝʥʘʨʠʷ S4 ʧʨʠʜʦʥʥʘʷ ʤʫʪʥʦʩʪʴ ʚ ʩʪʚʦʨʝ B2 ʩʥʦʚʘ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 91,3 FTU ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 17,2 ʯ ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʘʙʦʪ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʟʘʚʝʨʰʝʥʠʝ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʛʠʜʨʦʥʘʤʳʚʘ ʥʝ ʵʢʚʠʚʘʣʝʥʪʥʦ ʦʢʦʥʯʘʥʠʶ 

ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 
 

  
ʈʠʩʫʥʦʢ 3 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʧʦʣʝ ʤʫʪʥʦʩʪʠ ʜʣʷ ʩʮʝʥʘʨʠʷ S4 ʠ ʠʟʤʝʥʝʥʠʝ 

ʤʫʪʥʦʩʪʠ ʧʦ ʛʣʫʙʠʥʝ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʩʪʚʦʨʝ C2 

ʉʮʝʥʘʨʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʚʦʟʜʝʡʩʪʚʠʷ 

ʉʚʦʜʥʳʝ ʯʠʩʣʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʊʘʙʣʠʮʘ 3 ʠ ʥʘ ʈʠʩʫʥʦʢ 4. ɺ 

ʩʮʝʥʘʨʠʠ S1 ʧʨʝʚʳʰʝʥʠʝ ʧʦʨʦʛʘ 70 FTU ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ ʥʠ ʚ ʢʦʥʪʨʦʣʴʥʦʤ 

ʩʪʚʦʨʝ, ʥʠ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʟʦʥʝ, ʉʮʝʥʘʨʠʡ S2 ʫʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤʫ ʚʳʭʦʜʫ ʟʘ ʧʦʨʦʛ ʚ B2: ʤʘʢʩʠʤʫʤ 73,5 FTU ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

1,33 ʯ, ʦʜʥʘʢʦ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ S3 ʧʨʝʚʳʰʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʪʦʥʢʦʡ ʬʨʘʢʮʠʠ ʚ ʩʮʝʥʘʨʠʠ S3 ʧʦʚʳʰʘʝʪ ʧʠʢ ʚ B2 ʜʦ 

104,4 FTU ʠ ʠʥʪʝʛʨʘʣʴʥʫʶ ʜʦʟʫ ʜʦ 101,1 FTUĿʯ, ʘ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʟʦʥʝ S3 

ʚʦʟʥʠʢʘʝʪ ʫʩʪʦʡʯʠʚʦʝ ʧʨʝʚʳʰʝʥʠʝ: ʤʘʢʩʠʤʫʤ 79,9 FTU ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ 3,33 ʯ, 

ɺʝʪʨʦʚʦʝ ʚʪʦʨʠʯʥʦʝ ʚʟʤʫʯʠʚʘʥʠʝ (S4) ʜʘʝʪ ʥʝʣʠʥʝʡʥʳʡ ʵʬʬʝʢʪ: ʧʨʠ 

ʤʝʥʴʰʝʤ ʧʠʢʝ ʚ B2 (95,5 FTU ʧʨʦʪʠʚ 104,4 FTU ʚ S3) ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ 

ʚʦʟʨʘʩʪʘʝʪ ʜʦ 7,33 ʯ, ʘ ʠʥʪʝʛʨʘʣʴʥʘʷ ʜʦʟʘ ï ʜʦ 107,4 FTUĿʯ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʦʜʥʦʤʫ ʤʘʢʩʠʤʫʤʫ ʥʝʜʦʩʪʘʪʦʯʥʘ. 

ʅʘʠʙʦʣʝʝ ʜʘʣʴʥʠʡ ʧʝʨʝʥʦʩ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʮʝʥʘʨʠʠ S5: ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ 

ʢʦʨʦʪʢʦʝ ʣʦʢʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ B2 (2,17 ʯ), ʤʘʢʩʠʤʫʤ ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʟʦʥʝ 

ʜʦʩʪʠʛʘʝʪ 93,6 FTU, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʰʣʝʡʬʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 5,8 ʢʤ. ʅʘ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ B4 ʚ ʵʪʦʤ ʩʮʝʥʘʨʠʠ ʤʘʢʩʠʤʫʤ ʩʦʩʪʘʚʣʷʝʪ 79,9 FTU, ʠ 

ʧʦʨʦʛ ʧʨʝʚʳʰʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 1,67 ʯ. 
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ʊʘʙʣʠʮʘ 3 ï ʀʪʦʛʠ ʨʘʩʯʝʪʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʢʣʶʯʝʚʳʭ ʩʪʚʦʨʘʭ 

ʉʮʝʥʘʨʠʡ 
Ὕ   ʚ B2, 

FTU 

ʐ  ʚ B2, 

ʯ 

$  ʚ B2, 

FTUĿʯ 

Ὕ   ʚ S3, 

FTU 

ʐ  ʚ B3, 

ʯ 

ὒ ȟ  , 

ʢʤ 

S1 48,7 0,00 0,0 34,2 0,00 0,88 

S2 73,5 1,33 3,0 54,7 0,00 2,18 

S3 104,4 4,83 101,1 79,9 3,33 3,90 

S4 95,5 7,33 107,4 76,6 3,33 3,73 

S5 106,2 2,17 51,3 93,6 2,33 5,80 

 

  

ʈʠʩʫʥʦʢ 4 ï ʉʮʝʥʘʨʥʦʝ ʩʨʘʚʥʝʥʠʝ ʤʝʪʨʠʢ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʫʪʥʦʩʪʠ 

ʧʦ ʨʘʩʩʪʦʷʥʠʶ (ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ ʜʣʷ ʤʝʪʨʠʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʧʦʨʮʠʘʥʘʣʝʥ ╛ ȟ□╪● ) 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʩʭʝʤʘ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ 
ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʨʝʭʩʪʫʧʝʥʯʘʪʘʷ ʩʭʝʤʘ 

ʨʝʘʛʠʨʦʚʘʥʠʷ. ʇʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ï ʧʨʝʚʳʰʝʥʠʝ 50 FTU ʚ 

ʢʦʥʪʨʦʣʴʥʦʤ ʩʪʚʦʨʝ C2 ʙʦʣʝʝ ʯʝʤ ʥʘ 30 ʤʠʥ ʠʣʠ ʣʶʙʦʝ ʧʨʝʚʳʰʝʥʠʝ ʬʦʥʦʚʦʛʦ 

ʫʨʦʚʥʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 20 FTU ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ B1. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʯʘʩʪʦʪʘ ʧʨʦʙʦʦʪʙʦʨʘ ʠ ʧʨʦʚʦʜʠʪʩʷ ʚʥʝʦʯʝʨʝʜʥʘʷ ʧʨʦʚʝʨʢʘ ʩʦʩʪʦʷʥʠʷ ʜʘʪʯʠʢʦʚ. 

ʆʛʨʘʥʠʯʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ï ʧʨʝʚʳʰʝʥʠʝ 70 FTU ʚ ʩʪʚʦʨʝ B2 ʙʦʣʝʝ ʯʝʤ ʥʘ 

2 ʯ ʣʠʙʦ ʣʶʙʦʝ ʧʨʝʚʳʰʝʥʠʝ 70 FTU ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʟʦʥʝ B3. ɼʣʷ ʪʘʢʦʛʦ ʨʝʞʠʤʘ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʥʠʞʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʠʜʨʦʥʘʤʳʚʘ ʥʘ 25ï30 %, ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 

ʧʦʣʦʞʝʥʠʝ ʧʫʣʴʧʦʧʨʦʚʦʜʘ ʠ ʫʪʦʯʥʷʪʴ ʩʦʩʪʘʚ ʚʟʚʝʩʠ ʧʦ ʵʢʩʧʨʝʩʩ-ʣʘʙʦʨʘʪʦʨʠʠ. 

ʇʨʠʦʩʪʘʥʦʚʢʘ ʨʘʙʦʪ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ 100 FTU ʚ ʩʪʚʦʨʝ B2, 

80 FTU ʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʟʦʥʝ B3 ʣʠʙʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʚʪʦʨʥʦʛʦ 

ʚʪʦʨʠʯʥʦʛʦ ʧʠʢʘ ʧʦʩʣʝ ʚʝʪʨʦʚʦʛʦ ʩʦʙʳʪʠʷ. 

ʆʙʩʫʞʜʝʥʠʝ, ʚʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʦʥʠʪʦʨʠʥʛ ʤʫʪʥʦʩʪʠ ʧʨʠ 

ʛʠʜʨʦʥʘʤʳʚʝ ʜʦʣʞʝʥ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʝ ʥʘ ʦʜʥʦ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʘ ʥʘ 

ʩʦʙʳʪʠʡʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʦʟʜʝʡʩʪʚʠʷ. ʉʮʝʥʘʨʠʠ S3ïS5 ʧʦʢʘʟʳʚʘʶʪ ʪʨʠ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʤʝʭʘʥʠʟʤʘ ʨʠʩʢʘ: ʫʚʝʣʠʯʝʥʠʝ ʪʦʥʢʦʡ ʬʨʘʢʮʠʠ ʧʦʚʳʰʘʝʪ 

ʧʠʢ, ʚʝʪʨʦʚʦʝ ʚʪʦʨʠʯʥʦʝ ʚʟʤʫʯʠʚʘʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʜʦʟʫ, ʘ ʫʩʠʣʝʥʠʝ 

ʪʝʯʝʥʠʷ ʧʝʨʝʥʦʩʠʪ ʨʠʩʢ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ. ʊʘʢʦʡ ʚʳʚʦʜ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ 

ʦ ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʡ ʜʠʥʘʤʠʢʝ ʚʟʚʝʩʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʣʦʢʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ, ʥʦ ʠ ʩʤʝʥʫ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʫʪʝʡ ʧʝʨʝʥʦʩʘ [2, 8]. 



13  

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʦʟʥʘʯʘʝʪ ʦʙʷʟʘʪʝʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʥʝʧʨʝʨʳʚʥʳʭ ʜʘʪʯʠʢʦʚ, ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʦʙʦʦʪʙʦʨʘ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʯʝʥʠʡ. 

ʂʦʥʪʨʦʣʴ ʧʦ ʪʨʝʤ ʛʦʨʠʟʦʥʪʘʤ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʘʢʚʘʪʦʨʠʷʭ, ʛʜʝ 

ʧʨʠʜʦʥʥʘʷ ʤʫʪʥʦʩʪʴ ʩʧʦʩʦʙʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʠʪʴ ʧʦʚʝʨʭʥʦʩʪʥʫʶ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʠʣʠ ʪʦʣʴʢʦ ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʨʦʙ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʦʤ ʛʠʜʨʦʥʘʤʳʚʘ [4, 5]. 

ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʫʪʥʦʩʪʠ ʧʨʠ ʛʠʜʨʦʥʘʤʳʚʝ ʦʙʷʟʘʪʝʣʴʥʘ 

ʣʦʢʘʣʴʥʘʷ ʢʘʣʠʙʨʦʚʢʘ ʧʦ ʧʘʨʥʳʤ ʜʘʥʥʳʤ çFTU ï SSCè. ɺ ʨʘʩʯʝʪʥʦʤ ʧʨʠʤʝʨʝ ʧʨʠ 

SSC = 150 ʤʛ/ʣ ʦʧʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʜʣʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʚʟʚʝʩʠ ʦʢʘʟʘʣʩʷ ʧʨʠʤʝʨʥʦ 

ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʩʤʝʰʘʥʥʦʡ. ʄʦʥʠʪʦʨʠʥʛʦʚʘʷ ʩʝʪʴ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʥʝ 

ʤʝʥʝʝ ʦʜʥʦʡ ʬʦʥʦʚʦʡ, ʦʜʥʦʡ ʙʣʠʞʥʝʡ ʦʧʝʨʘʮʠʦʥʥʦʡ, ʦʜʥʦʛʦ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ 

ʦʜʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʩʪʘʥʮʠʠ, ʘ ʠʟʤʝʨʝʥʠʷ ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʷʪʴ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ 

ʪʨʝʭ ʛʦʨʠʟʦʥʪʘʭ ʚʦʜʥʦʡ ʪʦʣʱʠ. ɺ ʧʨʠʜʦʥʥʦʤ ʛʦʨʠʟʦʥʪʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʪʚʦʨʘ B2 

ʤʘʢʩʠʤʫʤ ʤʫʪʥʦʩʪʠ ʠʟʤʝʥʷʣʩʷ ʦʪ 48,7 ʜʦ 106,2 FTU, ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ 

70 FTU ï ʦʪ 0 ʜʦ 7,33 ʯ, ʠʥʪʝʛʨʘʣʴʥʘʷ ʜʦʟʘ ï ʜʦ 107,4 FTUĿʯ. ʅʘʠʙʦʣʴʰʝʝ ʜʘʣʴʥʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʷʚʣʝʥʦ ʜʣʷ ʩʮʝʥʘʨʠʷ ʩʠʣʴʥʦʡ ʘʜʚʝʢʮʠʠ S5: ʤʘʢʩʠʤʫʤ ʚ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʟʦʥʝ ʜʦʩʪʠʛ 93,6 FTU, ʘ ʜʣʠʥʘ ʰʣʝʡʬʘ ʚʦʟʨʦʩʣʘ ʜʦ 5,8 ʢʤ. 

ɺʝʪʨʦʚʦʝ ʚʪʦʨʠʯʥʦʝ ʚʟʤʫʯʠʚʘʥʠʝ ʩʧʦʩʦʙʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʦʚʪʦʨʥʳʡ ʧʠʢ 

ʤʫʪʥʦʩʪʠ ʧʦʯʪʠ ʩʦʧʦʩʪʘʚʠʤʳʡ ʩ ʧʝʨʚʠʯʥʳʤ (91,3 FTU ʚ B2 ʯʝʨʝʟ 17,2 ʯ), ʧʦʵʪʦʤʫ 

ʟʘʚʝʨʰʝʥʠʝ ʦʩʥʦʚʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʥʝ ʜʦʣʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʯʠʪʘʪʴʩʷ 

ʦʢʦʥʯʘʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʠʢ ʤʫʪʥʦʩʪʠ, ʥʦ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʝʚʳʰʝʥʠʷ 

ʧʦʨʦʛʘ, ʠʥʪʝʛʨʘʣʴʥʫʶ ʜʦʟʫ ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʰʣʝʡʬʘ; ʠʤʝʥʥʦ ʩʦʯʝʪʘʥʠʝ ʵʪʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʜʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʦʤ ʨʘʙʦʪ. 
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ʌɸʂʊʆʈʓ ɺʃʀʗʅʀʗ ɹɽʉʇʀʃʆʊʅʆʁ ɸɺʀɸʎʀʀ ʅɸ ʅɸʉɽʃɽʅʀɽ 

ʉɽʃʀʊɽɹʅʓʍ ʊɽʈʈʀʊʆʈʀʁ 

ɺʘʩʠʣʴʝʚ ʂ. ɺ., ʅʘʫʤʦʚʘ ʊ. ɺ. 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠè, 

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɹʝʩʧʠʣʦʪʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ (ɹɸʉ) ʩʪʨʝʤʠʪʝʣʴʥʦ ʩʪʘʥʦʚʷʪʩʷ 

ʦʙʳʜʝʥʥʦʩʪʴʶ ï ʦʥʠ ʚʩʸ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʦʩʪʘʚʢʠ, ʥʘʙʣʶʜʝʥʠʷ, ʦʭʨʘʥʳ, 

ʠ ʞʠʣʳʝ ʢʚʘʨʪʘʣʳ ʥʝ ʠʩʢʣʶʯʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʩʝʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ï ʢʘʢʠʝ ʠʤʝʥʥʦ 

ʬʘʢʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʙʦʪʦʡ ɹɸʉ, ʚʣʠʷʶʪ ʥʘ ʯʝʣʦʚʝʢʘ ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʝʩʧʠʣʦʪʥʘʷ ʘʚʠʘʮʠʷ ʜʦʣʞʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʦʚʳʡ ʠʩʪʦʯʥʠʢ ʪʝʭʥʦʩʬʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʨʝʙʫʶʱʠʡ 

ʠʟʫʯʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ [1]. ʕʪʠ ʬʘʢʪʦʨʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʜʝʣʠʪʴ ʥʘ ʯʝʪʳʨʝ 

ʛʨʫʧʧʳ. ɸ ʠʤʝʥʥʦ: ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʯʝʩʢʠʝ. 

ʇʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

ʅʘʩʝʣʝʥʠʝ ʦʪʚʝʯʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ɹɸʉ ʨʷʜʦʤ ʩ ʞʠʣʴʸʤ ʪʨʝʚʦʛʦʡ, 

ʩʪʨʝʩʩʦʤ, ʬʦʙʠʷʤʠ. ɸʵʨʦʬʦʙʠʷ ʢʘʢ ʷʚʣʝʥʠʝ ʠʟʚʝʩʪʥʘ ʜʘʚʥʦ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʢ 

ʥʝʡ ʜʦʙʘʚʠʣʘʩʴ ʜʨʦʥʦʬʦʙʠʷ ï ʩʪʨʘʭ ʠʤʝʥʥʦ ʧʝʨʝʜ ʙʝʩʧʠʣʦʪʥʠʢʘʤʠ. ɼʦʩʪʘʪʦʯʥʦ 

ʫʚʠʜʝʪʴ ʘʧʧʘʨʘʪ ʠʣʠ ʫʩʣʳʰʘʪʴ ʦ ʥʸʤ, ʯʪʦʙʳ ʵʪʦʪ ʩʪʨʘʭ ʧʨʦʷʚʠʣʩʷ. ɼʚʝ ʦʩʥʦʚʥʳʝ 

ʧʨʠʯʠʥʳ ʟʘʧʫʩʢʘʶʪ ʵʪʦʪ ʤʝʭʘʥʠʟʤ. ʇʝʨʚʘʷ ï ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ: ʧʦʩʪʦʷʥʥʳʝ 

ʫʧʦʤʠʥʘʥʠʷ ʦ ʙʦʝʚʳʭ ʦʧʝʨʘʮʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʦʥʦʚ. ɺʪʦʨʘʷ ï 

ʩʠʪʫʘʮʠʦʥʥʘʷ: ʨʠʩʢ ʘʚʘʨʠʠ ʠ ʧʘʜʝʥʠʷ ʘʧʧʘʨʘʪʘ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ. ʉʦʚʦʢʫʧʥʦʩʪʴ 

ʵʪʠʭ ʧʨʠʯʠʥ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʬʦʨʪ ʥʘʩʝʣʝʥʠʷ ʠ ʟʘʢʨʝʧʣʷʝʪ 

ʥʝʛʘʪʠʚʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʙʝʩʧʠʣʦʪʥʦʡ ʘʚʠʘʮʠʠ. ʇʦʜʦʙʥʳʝ ʨʝʘʢʮʠʠ ʪʘʢʞʝ 

ʬʠʢʩʠʨʫʶʪʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʜʨʫʛʠʭ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʚʳʟʳʚʘʶʱʠʝ ʩʪʨʝʩʩ ʠ ʥʘʨʫʰʝʥʠʷ ʩʥʘ [2]. 

ʍʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

ʍʠʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ɹɸʉ ʠʜʸʪ ʧʦ ʜʚʫʤ ʢʘʥʘʣʘʤ. ʇʝʨʚʳʡ ï ʰʪʘʪʥʘʷ 

ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ. ɺʪʦʨʦʡ ï ʧʦʩʣʝʜʩʪʚʠʷ ʘʚʘʨʠʡ. ʀʟ 

ʚʳʭʣʦʧʘ ʜʚʠʛʘʪʝʣʝʡ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦʩʪʫʧʘʶʪ ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, 

ʦʢʩʠʜʳ ʘʟʦʪʘ, ʧʣʶʩ ʪʚʸʨʜʳʝ ʯʘʩʪʠʮʳ ʠ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʂʦʛʜʘ ʙʝʩʧʠʣʦʪʥʠʢʦʚ 

ʩʪʘʥʦʚʠʪʩʷ ʤʥʦʛʦ, ʵʪʠ ʚʳʙʨʦʩʳ ʚ ʩʫʤʤʝ ʫʞʝ ʚʣʠʷʶʪ ʥʘ ʩʦʩʪʘʚ ʚʦʟʜʫʭʘ. ɸʚʘʨʠʠ 

ʥʝʩʫʪ ʦʪʜʝʣʴʥʫʶ ʫʛʨʦʟʫ. ʇʨʠ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ. ɻʦʨʷʱʠʝ 

ʦʩʪʘʪʢʠ, ʧʨʦʣʠʪʦʝ ʪʦʧʣʠʚʦ, ʚʳʪʝʢʰʠʝ ʪʝʭʞʠʜʢʦʩʪʠ ʟʘʨʘʞʘʶʪ ʛʨʫʥʪ ʠ ʚʦʜʦʸʤʳ. 

ɸ ʟʥʘʯʠʪ, ʩʪʨʘʜʘʶʪ ʠ ʧʨʠʨʦʜʘ, ʠ ʣʶʜʠ. ʇʦʜʦʙʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʨʝʜʳ, ʛʜʝ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ ʠʟʤʝʥʷʶʪ ʩʦʩʪʦʷʥʠʝ 

ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʬʦʨʤʠʨʫʶʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ [3]. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

ʆʙʫʩʣʦʚʣʝʥʳ ʦʧʦʩʨʝʜʦʚʘʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʯʝʣʦʚʝʢʘ ʙʠʦʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ, ʢʘʢ ʧʦʩʣʝʜʩʪʚʠʡ ʜʝʛʨʘʜʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʙʠʦʪʝ 



15  

ʚʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ ʠʥʳʭ ʬʘʢʪʦʨʦʚ. ʅʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪ 

ʩʠʩʪʝʤ ʩʚʷʟʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʨʦʥʘʤʠ ʠ ʩʠʩʪʝʤʳ ʧʦʜʘʚʣʝʥʠʷ ʩʠʛʥʘʣʦʚ ʩʧʦʩʦʙʥʦ 

ʫʥʠʯʪʦʞʘʪʴ ʵʢʦʩʠʩʪʝʤʥʫʶ ʤʠʢʨʦʙʠʦʪʫ [4], ʘ ʪʘʢʞʝ ʩʙʠʚʘʪʴ ʥʘʚʠʛʘʮʠʦʥʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʫ ʧʪʠʮ ʠ ʥʘʩʝʢʦʤʳʭ. ʈʝʟʫʣʴʪʘʪ ï ʧʦʪʝʨʷ ʦʨʠʝʥʪʘʮʠʠ. ʆʩʦʙʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʜʘʥʥʦʤʫ ʬʘʢʪʦʨʫ ʧʨʦʷʚʣʷʶʪ ʧʝʨʝʣʸʪʥʳʝ ʚʠʜʳ, ʠʛʨʘʶʱʠʝ 

ʦʩʦʙʫʶ ʧʣʘʥʝʪʘʨʥʫʶ ʨʦʣʴ ʚ ʩʦʭʨʘʥʝʥʠʠ ʧʠʱʝʚʳʭ ʮʝʧʝʡ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ [5]. 

ʌʠʟʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

ʂʣʶʯʝʚʳʤ ʬʠʟʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ɹɸʉ ʷʚʣʷʝʪʩʷ ʰʫʤ. 

ʋʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʠ ʥʘʟʥʘʯʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʠ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 70 ʜɹɸ ʜʣʷ ʙʳʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʜʦ 100ï110 

ʜɹɸ ʜʣʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠ ʚʦʝʥʥʳʭ ʤʦʜʝʣʝʡ. ʐʫʤ ʦʢʘʟʳʚʘʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʚʳʟʳʚʘʷ ʨʘʟʜʨʘʞʝʥʠʝ, 

ʩʥʠʞʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, ʫʭʫʜʰʝʥʠʝ ʩʥʘ ʠ ʦʙʱʝʝ ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʞʠʟʥʠ. ɺ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʘʢʫʩʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʫʩʠʣʠʚʘʝʪ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʫʶ ʰʫʤʦʚʫʶ ʥʘʛʨʫʟʢʫ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ 

ʦʙʣʘʩʪʠ ʛʠʛʠʝʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʰʫʤʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʝʜʫʱʠʭ ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʜʣʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʥʘʯʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʬʘʢʪʦʨʘ [6, 7]. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʢʝʪʠʨʦʚʘʥʠʷ 

ɼʣʷ ʦʮʝʥʢʠ ʚʦʩʧʨʠʷʪʠʷ ʥʘʩʝʣʝʥʠʝʤ ʬʘʢʪʦʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ɹɸʉ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʘʥʢʝʪʠʨʦʚʘʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ 100 ʨʝʩʧʦʥʜʝʥʪʦʚ ʚ 

ʚʦʟʨʘʩʪʝ ʦʪ 18 ʜʦ 65 ʣʝʪ. ʆʧʨʦʩ ʥʦʩʠʣ ʘʥʦʥʠʤʥʳʡ ʭʘʨʘʢʪʝʨ. ʈʝʩʧʦʥʜʝʥʪʘʤ ʙʳʣ 

ʟʘʜʘʥ ʚʦʧʨʦʩ: çʂʘʢʦʡ ʠʟ ʬʘʢʪʦʨʦʚ ʧʨʠ ʚʦʟʤʦʞʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɹɸʉ ʚ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ɺʳ ʩʯʠʪʘʝʪʝ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ?è. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʧʘʩʥʦʩʪʠ. 

ʊʘʙʣʠʮʘ 1 ï ʆʮʝʥʢʘ ʫʨʦʚʥʷ ʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ɹɸʉ ʥʘ ʯʝʣʦʚʝʢʘ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʬʘʢʪʦʨʦʚ ʂʦʵʬʬʠʮʠʝʥʪ ʦʧʘʩʥʦʩʪʠ (k) ʋʨʦʚʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ 

ʇʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 0,62 ɺʨʝʜʥʳʡ 

ʍʠʤʠʯʝʩʢʠʝ 0,78 ʆʧʘʩʥʳʡ 

ʌʠʟʠʯʝʩʢʠʝ (ʰʫʤʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ) 1,18 ʆʯʝʥʴ ʦʧʘʩʥʳʡ 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ 0,66 ɺʨʝʜʥʳʡ 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 0,75 ʆʧʘʩʥʳʡ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʫʨʦʚʥʝʡ ʦʧʘʩʥʦʩʪʠ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʠʥʪʝʨʚʘʣʘʤ: 

- k < 0,5 ï ʙʝʟʦʧʘʩʥʳʡ;  

- 0,5 Ò k < 0,7 ï ʚʨʝʜʥʳʡ; 

- 0,7 Ò k < 0,9 ï ʦʧʘʩʥʳʡ; 

- k Ó 1,0 ï ʦʯʝʥʴ ʦʧʘʩʥʳʡ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʝʝ. ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʪʦʨ (ʰʫʤ) ʠʤʝʝʪ 

k = 1,18, ʪʦ ʝʩʪʴ ʢʘʪʝʛʦʨʠʷ çʦʯʝʥʴ ʦʧʘʩʥʳʡè. ʈʝʩʧʦʥʜʝʥʪʳ ʩʯʠʪʘʶʪ ʝʛʦ ʩʘʤʳʤ 
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ʦʧʘʩʥʳʤ. ɺ ʫʩʣʦʚʠʷʭ ʩʝʣʠʪʝʙʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʘʢʫʩʪʠʢʘ ʚʳʩʪʫʧʘʝʪ ʛʣʘʚʥʳʤ 

ʥʝʛʘʪʠʚʥʳʤ ʬʘʢʪʦʨʦʤ. ʇʝʨʝʡʜʸʤ ʢ ʭʠʤʠʯʝʩʢʠʤ (k = 0,78) ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ 

(k = 0,75) ʬʘʢʪʦʨʘʤ. ʈʝʩʧʦʥʜʝʥʪʳ ʦʪʥʝʩʣʠ ʠʭ ʢ çʦʧʘʩʥʳʤè. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ: 

ʥʘʩʝʣʝʥʠʝ ʦʩʦʟʥʘʸʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʨʠʩʢʠ. ʇʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

(k = 0,62) ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ (k = 0,66) ʬʘʢʪʦʨʳ ʪʦʞʝ ʦʮʝʥʝʥʳ. ʈʝʩʧʦʥʜʝʥʪʳ 

ʦʪʥʝʩʣʠ ʠʭ ʢ ʢʘʪʝʛʦʨʠʠ çʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝè. ɺʝʨʦʷʪʥʘʷ ʧʨʠʯʠʥʘ ï 

ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʠ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʵʪʠʭ ʬʘʢʪʦʨʦʚ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʩʧʨʠʷʪʠʝ ʬʘʢʪʦʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʨʘʩʪʘ ʠ ʫʩʣʦʚʠʡ 

ʧʨʦʞʠʚʘʥʠʷ ʨʝʩʧʦʥʜʝʥʪʦʚ: ʤʦʣʦʜʳʝ ʣʶʜʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʘʜʘʧʪʘʮʠʶ ʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʪʦʛʜʘ ʢʘʢ ʩʪʘʨʰʠʝ ʚʦʟʨʘʩʪʥʳʝ 

ʛʨʫʧʧʳ ʦʮʝʥʠʚʘʶʪ ʝʛʦ ʢʘʢ ʙʦʣʝʝ ʟʥʘʯʠʤʦʝ. ɾʠʪʝʣʠ ʛʦʨʦʜʦʚ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʙʦʣʝʝ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʰʫʤʦʚʦʡ ʥʘʛʨʫʟʢʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʣʴʩʢʠʤ ʥʘʩʝʣʝʥʠʝʤ. 

ɺʳʚʦʜ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʥʘʩʝʣʝʥʠʝ ʩʝʣʠʪʝʙʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʚʢʣʶʯʘʶʱʠʤ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʰʫʤʦʚʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ. ɺ ʫʩʣʦʚʠʷʭ ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ ʧʨʠʤʝʥʝʥʠʷ ɹɸʉ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨ ʧʦ ʩʥʠʞʝʥʠʶ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʚ ʯʘʩʪʠ ʥʦʨʤʠʨʦʚʘʥʠʷ ʰʫʤʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʧʨʝʜʝʣʘʭ ʩʝʣʠʪʝʙʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ. 
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ʕʂʆʃʆɻʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʇʈʀʄɽʅɽʅʀʗ 

ʄʆɼʀʌʀʎʀʈʆɺɸʅʅʓʍ ɻʃʀʅʀʉʊʓʍ ʄɸʊɽʈʀɸʃʆɺ: ʆʊ 

ɺʆɼʆʆʏʀʉʊʂʀ ɼʆ ʇʈʆʀɿɺʆɼʉʊɺɸ ʉʊʈʆʀʊɽʃʔʅʓʍ ʂʆʄʇʆɿʀʊʆɺ 

ɻʦʣʦʚʘʯʝʚʘ ɽ. ɸ., ʉʦʢʦʣʦʚ ʃ. ʀ. 

ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʉʝʨʛʦ ʆʨʜʞʦʥʠʢʠʜʟʝ (ʄɻʈʀ)è, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 
ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʜʦʝʤʦʚ ʠʦʥʘʤʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (ʪʘʢʠʭ ʢʘʢ ʩʚʠʥʝʮ, 

ʢʘʜʤʠʡ, ʤʝʜʴ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦʙʣʝʤʫ 

ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʪʦʢʩʠʯʥʦʩʪʠ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʙʠʦʘʢʢʫʤʫʣʷʮʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ [1]. ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ 

ʩʪʦʯʥʳʭ ʚʦʜ (ʨʝʘʛʝʥʪʥʦʝ ʦʩʘʞʜʝʥʠʝ, ʠʦʥʦʦʙʤʝʥ, ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ), 

ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʦʪʭʦʜʦʚ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʥʠʟʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ, ʙʫʜʫʯʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʚʳʛʦʜʥʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʯʘʩʪʦ ʥʝ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʧʦʣʥʳʤ 

ʠʟʚʣʝʯʝʥʠʝʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʥʘʧʨʠʤʝʨ, ʬʦʩʬʘʪʦʚ), ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʜʠʠ ʛʣʫʙʦʢʦʡ ʜʦʦʯʠʩʪʢʠ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʨʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ, ʵʢʦʥʦʤʠʯʥʳʭ ʠ 

ʵʢʦʣʦʛʠʯʥʳʭ ʩʦʨʙʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʛʣʫʙʦʢʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʬʦʩʬʘʪʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʝʡ 

[2]. ʇʨʠʨʦʜʥʳʝ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʤʝʢʪʠʪʦʚʦʡ ʛʨʫʧʧʳ 

(ʥʘʧʨʠʤʝʨ, ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ), ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʦʩʥʦʚʘ ʜʣʷ 

ʪʘʢʠʭ ʩʦʨʙʝʥʪʦʚ [3, 4]. ʕʪʦ ʦʙʦʩʥʦʚʘʥʦ ʠʭ ʜʦʩʪʫʧʥʦʩʪʴʶ, ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, 

ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʨʘʟʚʠʪʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʠʦʥʥʦʤʫ ʦʙʤʝʥʫ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʩʦʨʙʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʛʣʠʥ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ. ʄʝʭʘʥʠʟʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʢʣʶʯʘʶʪ ʬʠʟʠʯʝʩʢʫʶ ʘʜʩʦʨʙʮʠʶ, ʠʦʥʥʳʡ ʦʙʤʝʥ ʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ, ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʛʣʠʥ ʯʘʩʪʦ ʦʛʨʘʥʠʯʝʥʘ ʠʭ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʝʤʢʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʫʩʣʦʚʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʙʰʠʨʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʨʙʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚʘʭ ʯʠʩʪʳʭ ʛʣʠʥ, ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ ʚʦʧʨʦʩ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʪʥʳʭ ʩʦʨʙʝʥʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʦʪʭʦʜʘʤʠ (ʥʘʧʨʠʤʝʨ, ʣʴʥʦʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʦʩʘʜʢʘʤʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ). ʅʝʷʩʥʦ, ʢʘʢ ʠʤʝʥʥʦ ʩʠʥʝʨʛʠʷ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʣʠʷʝʪ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘ ʝʛʦ 

ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ, ʢʠʥʝʪʠʢʫ ʠ ʤʝʭʘʥʠʟʤʳ ʠʟʚʣʝʯʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ, ʥʦ ʠ ʘʥʠʦʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʪʘʢʠʭ ʢʘʢ ʬʦʩʬʘʪʳ. ʆʪʩʫʪʩʪʚʠʝ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʦʧʪʠʤʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ 

ʢʦʤʧʦʟʠʪʦʚ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤʘʭ ʦʯʠʩʪʢʠ ʪʘʢʞʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʣʠʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʡ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʠʨʦʜʥʳʝ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʠ ʠʭ 

ʢʦʤʧʦʟʠʪʥʳʝ ʬʦʨʤʳ. 

ɻʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʛʣʠʥʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʚ ʧʨʦʮʝʩʩʘʭ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʪʘʢ ʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʛʣʠʥʠʩʪʳʝ 

ʩʦʨʙʝʥʪʳ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʜʦʦʯʠʩʪʢʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʦʯʠʱʝʥʥʳʭ ʩʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ 

ʩʦʩʪʘʚʦʤ, ʩʪʨʫʢʪʫʨʦʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʨʤʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ) ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ, ʠʭ ʩʦʨʙʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʳʷʚʠʪʴ ʜʦʤʠʥʠʨʫʶʱʠʝ 

ʤʝʭʘʥʠʟʤʳ ʠʟʚʣʝʯʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʪʦʨʠʯʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʩʦʨʙʝʥʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

1. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʮʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʛʣʠʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

2. ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ 

ʩʦʨʙʮʠʦʥʥʳʝ ʠ ʩʪʨʦʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʣʠʥ. 

3. ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʚʦʡʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

4. ʆʙʦʩʥʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʮʠʢʣʠʥʛʘ ʥʘʩʳʱʝʥʥʳʭ ʩʦʨʙʝʥʪʦʚ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ; ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ; 

ʩʠʥʭʨʦʥʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻ/ɼʉʂ); ʩʦʨʙʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʠʥʠʩʪʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʩʠʥʭʨʦʥʥʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʢʘʢ ʤʝʪʦʜʘ, ʥʘʠʙʦʣʝʝ ʪʦʯʥʦʛʦ ʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʨʠʙʦʨ-ʪʝʨʤʦʘʥʘʣʠʟʘʪʦʨ. ɸʥʘʣʠʟʠʨʫʝʤʫʶ ʧʨʦʙʫ ʛʣʠʥʳ ʩ ʬʠʢʩʘʮʠʝʡ ʚʝʩʘ ʚ ʤʛ 

ʥʘʛʨʝʚʘʣʠ ʚ ʟʘʜʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ ʩ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʘʪʤʦʩʬʝʨʝ 

ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ, ʬʠʢʩʠʨʦʚʘʣʠ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ 

(ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ï ʊɻ) ʠ ʚʦʟʥʠʢʘʶʱʠʝ ʵʢʟʦ- ʠ ʵʥʜʦʵʬʬʝʢʪʳ 

(ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ ï ɼʉʂ). ʊɻ/ɼʉʂ-ʘʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʪʝʨʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʘʪʦʨʝ STA 449 F3 Jupiter ʬʠʨʤʳ çNETZSCHè 

(ʌʈɻ). ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ NETZSCH Proteus Thermal Analysis, ʚʝʨʩʠʷ 6.1.0 ʚ ʚʠʜʝ 

ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʋʩʣʦʚʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʥʘʛʨʝʚ ʧʨʦʙ ʧʨʦʚʦʜʠʣʩʷ ʜʦ 

1200 0ʉ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʣʘ 20 0ʉ/ʤʠʥ, ʧʨʦʜʫʚʦʯʥʳʡ ʛʘʟ ʧʝʯʠ ï ʚʦʟʜʫʭ ʩ 

ʨʘʩʭʦʜʦʤ 20 ʤʣ/ʤʠʥ., ʟʘʱʠʪʥʳʡ ʛʘʟ ʚʝʩʦʚʦʡ ʯʘʩʪʠ ʧʨʠʙʦʨʘ ï ʘʨʛʦʥ ʩ ʨʘʩʭʦʜʦʤ 20 

ʤʣ/ʤʠʥ. ʄʘʩʩʘ ʦʙʨʘʟʮʦʚ ï 1,92 ʤʛ, 2,75 ʤʛ, 3,69 ʤʛ. ʄʘʪʝʨʠʘʣ ʪʠʛʣʝʡ ï ʢʦʨʫʥʜ. 

ɸʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʛʣʠʥʳ ʠ ʧʨʦʮʝʩʩ ʠʭ ʧʨʦʢʘʣʠʚʘʥʠʷ ʧʨʦʚʝʜʝʥ ʤʝʪʦʜʦʤ 

ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʊɻ/ɼʉʂ ʩ ʧʦʣʫʯʝʥʠʝʤ ʢʨʠʚʳʭ: Tɻ 
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(ʠʥʪʝʛʨʘʣʴʥʘʷ ʢʨʠʚʘʷ) ï ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʘ (%) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (Áʉ); ɼʊɻ 

ï ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʊɻ-ʢʨʠʚʦʡ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʩʢʦʨʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ 

ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʚʦ ʚʨʝʤʝʥʠ (%/ʤʠʥ.). ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʦʙʨʘʟʮʘ ˉ 2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2, ʛʜʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʧʣʦʚʳʝ ʷʚʣʝʥʠʷ 

(ʵʢʟʦʵʬʬʝʢʪʳ) ʦʪ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʩʞʠʛʘʥʠʠ ʦʙʨʘʟʮʘ ʛʣʠʥʳ (ʩʠʥʠʤ 

ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʘ ʢʨʠʚʘʷ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ɼʉʂ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ ʵʢʟʦ- 

ʠ ʵʥʜʦʵʬʬʝʢʪʳ (ʤɺʪ/ʤʛ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (Áʉ)). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʦʙʨʘʟʮʦʚ ʛʣʠʥ ʙʝʟ ʫʯʝʪʘ ʧʦʪʝʨʴ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ 

(ʇʇʇ), ʧʨʠʚʝʜʝʥʥʳʝ ʢ 100 % ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʚ ʪʘʙʣʠʮʝ. 

ʆʙʨʘʟʝʮ ˉ 1 ɼʫʙʥʘ (ʊʫʣʴʩʢʘʷ ʦʙʣ.): SiO2: 55.0 %, Al2O3: 27.4 %, Fe2O3: 

10.4 %, MgO: 2.0 %, CaO: 0.7 %, Na2O: 0.1 %, K2O: 3.5 %, TiO2: 0.8 %, P2O3: 0.1 %, 

ʚʦʜʘ ʛʠʜʨ.: ʥʝ ʦʧʨʝʜʝʣʷʣʘʩʴ, ʇʇʇ: ʥʝ ʦʧʨʝʜʝʣʷʣʠʩʴ. 

ʆʙʨʘʟʝʮ ˉ 2 ɿʫʜʥʘ (ʨʠʩʫʥʦʢ 1): SiO2: 56.7 %, Al2O3: 28.0 %, Fe2O3: 7.4 %, 

MgO: 2.2 %, CaO: 0.8 %, Na2O: 0.1 %, K2O: 3.7 %, TiO2: 1.0 %, P2O3: 0.1 %, ʚʦʜʘ 

ʛʠʜʨ.: ʥʝ ʦʧʨʝʜʝʣʷʣʘʩʴ, ʇʇʇ: ʥʝ ʦʧʨʝʜʝʣʷʣʠʩʴ. 

 

ʈʠʩʫʥʦʢ 1 ï ɺʥʝʰʥʠʡ ʚʠʜ ʦʙʨʘʟʮʘ ˉ 2 

ʆʙʨʘʟʝʮ ˉ 3 ʇʘʣʳʛʦʨʩʢʠʪ: SiO2: 55.6 %, Al2O3: 13.1 %, Fe2O3: 6.1 %, MgO: 

9.4 %, CaO: 11.8 %, Na2O: 0.1 %, K2O: 3.3 %, TiO2: 0.5 %, P2O3: 0.1 %, ʚʦʜʘ ʛʠʜʨ.: 

ʥʝ ʦʧʨʝʜʝʣʷʣʠʩʴ, ʇʇʇ: ʥʝ ʦʧʨʝʜʝʣʷʣʠʩʴ. 

ɻʣʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. 

ʌʨʘʢʮʠʷ ʢʨʫʧʥʝʝ 0,5 ʤʤ ʩʦʜʝʨʞʠʪʩʷ ʚ ʥʠʭ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,5 %, ʬʨʘʢʮʠʷ 0,01-0,25 

ʤʤ ï 4,2 %, ʬʨʘʢʮʠʷ ʤʝʥʝʝ 0,01 ʤʤ ï 95,3 %. ʇʣʘʩʪʠʯʥʦʩʪʴ ʛʣʠʥ 19ï36, 

ʧʨʝʦʙʣʘʜʘʝʪ 25ï27. ʆʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʩʧʫʯʠʚʘʥʠʷ 1150ï1250 0ʉ. 

ʄʘʨʢʠ ʢʝʨʘʤʟʠʪʘ 250ï350. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ: ʦʙʨʘʟʮʳ ˉ 1 ʠ ˉ 2 ʩʭʦʞʠ ʧʦ ʩʦʩʪʘʚʫ; 

ʦʙʨʘʟʝʮ ˉ 3 ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ MgO ʠ CaO; 
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ʨʘʟʣʠʯʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ AlϜOϝ ʠ SiOϜ. 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ: 

ï ʆʙʨʘʟʝʮ ˉ 1 ʩʦʜʝʨʞʠʪ ʢʘʦʣʠʥʠʪ (ʜʦ 40 %), ʛʝʪʠʪ, ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ; 

ï ʆʙʨʘʟʝʮ ˉ 2 ʠʤʝʝʪ ʩʭʦʞʠʡ ʩʦʩʪʘʚ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʦʣʠʥʠʪʘ (ʜʦ 

25 %); 

ï ʆʙʨʘʟʝʮ ˉ 3 ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʩʪʦʠʪ ʠʟ ʧʘʣʳʛʦʨʩʢʠʪʘ (25 %), 

ʩʤʝʢʪʠʪʘ (50 %) ʠ ʢʘʨʙʦʥʘʪʦʚ (20 %). 

ʇʦʚʝʜʝʥʠʝ ʧʨʠ ʦʙʞʠʛʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 1200 0C ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʦʙʨʘʟʮʦʚ ʛʣʠʥ ʧʦʢʘʟʘʣʦ: 

ï  ̄1 ï ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ, ʦʧʣʘʚʣʝʥʠʝ; 

ï  ̄2 ï ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ ʛʣʠʥʠʩʪʦʛʦ ʦʙʨʘʟʮʘ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ, ʯʪʦ 

ʚʘʞʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʛʣʠʥ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʝʨʘʤʟʠʪʦʚʦʛʦ ʛʨʘʚʠʷ; 

ï  ̄3 ï ʠʥʪʝʥʩʠʚʥʦʝ ʦʧʣʘʚʣʝʥʠʝ ʦʙʨʘʟʮʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʝʢʣʦʚʠʜʥʦʛʦ 

ʩʣʦʷ. 

ɸʥʘʣʠʟ ʪʝʨʤʦʛʨʘʤʤ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʝʨʚʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 146,1 0C, 133,7 0C, 141,5 0C ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ˉ 1, ˉ 2 ʠ ˉ 3, ʪ.ʝ. ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʧʦʪʝʨʠ ʤʘʩʩʳ ʧʨʦʠʩʭʦʜʠʣ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (130-150 0C). ʈʠʩʫʥʦʢ 1 ʦʪʨʘʞʘʝʪ 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʨʦʙʝ ʛʣʠʥʳ (ʦʙʨʘʟʝʮ ˉ 2) ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʛʜʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 133,7 0ʉ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʙʦʣʴʰʦʡ ʵʥʜʦʵʬʬʝʢʪ (-0,4 ʤɺʪ/ʤʛ), ʧʦʩʣʝ 

ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʷʪ ʵʢʟʦ-ʧʨʦʮʝʩʩʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʩ ʥʘʨʘʩʪʘʶʱʠʤ 

ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ (ʦʪ 0,6 ʤɺʪ/ʤʛ ʧʨʠ 187 0ʉ ʜʦ 2 ʤɺʪ/ʤʛ ʧʨʠ 400 0ʉ) ʠ ʩʚʷʟʘʥʥʳʝ 

ʩ ʚʳʛʦʨʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʘ. ʅʘʠʙʦʣʴʰʝʝ ʚʳʜʝʣʝʥʠʝ ʪʝʧʣʘ 

ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʢ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ (448 0ʉ) ʠ ʩ ʧʝʨʝʭʦʜʦʤ ʢʦ ʚʪʦʨʦʡ 

ʩʪʫʧʝʥʠ ʜʝʩʪʨʫʢʮʠʠ ï ʧʦ ʩʢʦʨʦʩʪʠ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ (544 0ʉ). ʇʨʦʮʝʩʩ ʩʚʷʟʘʥ ʩ 

ʫʜʘʣʝʥʠʝʤ ʬʠʟʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ ʩʢʘʯʢʦʦʙʨʘʟʥʦ. 

ɺʪʦʨʦʡ ʵʪʘʧ ʧʦʪʝʨʠ ʤʘʩʩʳ ï ʜʝʛʠʜʨʘʪʘʮʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ï 

ʧʨʦʠʩʭʦʜʠʣ ʚ ʜʠʘʧʘʟʦʥʝ 300ï450 0C, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʝʣʘ ʦʪ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ɺʦʟʤʦʞʥʳʡ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚ ʜʠʘʧʘʟʦʥʝ 200ï300 0C ʙʳʣ ʩʚʷʟʘʥ ʩ 

ʚʳʛʦʨʘʥʠʝʤ (ʨʘʟʣʦʞʝʥʠʝʤ) ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʠ ʧʨʦʷʚʣʷʣʩʷ ʢʘʢ ʩʥʠʞʝʥʠʝ 

ʤʘʩʩʳ ʥʘ ʪʝʨʤʦʛʨʘʤʤʘʭ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʪʝʨʤʦʛʨʘʤʤ, ʦʩʪʘʪʦʯʥʘʷ ʤʘʩʩʘ ʦʙʨʘʟʮʦʚ ʧʦ 

ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 670 0ʉ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ 94 % (ʜʣʷ ʦʙʨʘʟʮʦʚ ˉ 1, 

 ̄2 ʠ ˉ 3), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦ 

ʩʥʠʞʝʥʠʝʤ ʤʘʩʩʳ, ʘ ʠʤʝʥʥʦ: ʥʘ 6,26 %, ʥʘ 5,83 % ʠ ʥʘ 5,77 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ˉ 1, ˉ 2 ʠ ˉ 3. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʚ ʦʙʨʘʟʮʘʭ 

ʤʠʥʝʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʅʘʠʙʦʣʴʰʝʝ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʥʘ 20,74 % 

ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʜʣʷ ʦʙʨʘʟʮʘ ˉ 3 ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 1100 0ʉ, ʘ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ˉ 1 ʠ ˉ 2 ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ ʧʨʠ ʪʦʡ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʩʪʘʚʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï 12,47 % ʠ 11,87 %. ʀʩʩʣʝʜʦʚʘʥʥʳʝ 

ʦʙʨʘʟʮʳ ʛʣʠʥʳ ˉ 3 ʠʤʝʶʪ ʧʣʦʪʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ 

ʤʦʥʪʤʦʨʠʣʦʥʠʪʦʚʳʭ ʛʣʠʥ, ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 670 0ʉ ʧʦʢʘʟʳʚʘʶʪ ʥʝʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ (5,83 %). ʈʝʟʢʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʜʣʷ ʦʙʨʘʟʮʘ ˉ 2 ʜʦ 

11,87 % ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 700ï1100 0ʉ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝʤ 
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ʩʪʨʫʢʪʫʨʳ ʢʘʦʣʠʥʠʪʘ, ʧʦʪʝʨʝʡ ʢʦʥʩʪʠʪʫʮʠʦʥʥʦʡ ʚʦʜʳ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʦʙʨʘʟʮʦʚ ʛʣʠʥʳ. ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩʫʥʦʢ 2), ʧʦ ʢʨʠʚʦʡ ɼʊɻ, ʚʠʜʥʦ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʝ 

ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ, ʛʜʝ ʜʚʝ ʪʝʤʧʝʨʘʪʫʨʳ ï 250 Áʉ ʠ 550 Áʉ ʷʚʣʷʶʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤʠ 

ʧʨʠ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʛʣʠʥʳ. ɸʥʘʣʦʛʠʯʥʦ ʚʳʛʣʷʜʠʪ ʢʨʠʚʘʷ ʜʣʷ ʦʙʨʘʟʮʘ ˉ 1. ʘ 

ʜʣʷ ʦʙʨʘʟʮʘ ˉ 3 ʢʨʠʪʠʯʝʩʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩʪʘʣʠ 750 Áʉ ʠ 810 Áʉ. 

 

ʈʠʩʫʥʦʢ 2 ï ʂʨʠʚʳʝ Tɻ/ɼʊɻ/ɼʉʂ ʜʣʷ ʛʣʠʥʠʩʪʦʛʦ ʦʙʨʘʟʮʘ ˉ 2 

ʌʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ˉ 1 ʠ ˉ 2 ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 550 0C, ʘ ʜʣʷ ʦʙʨʘʟʮʘ ˉ 3 ï ʧʨʠ ʟʥʘʯʝʥʠʷʭ 750 0C ʠ ʚʳʰʝ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʪʨʫʢʪʫʨʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ, ʚʦʟʥʠʢʘʶʪ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ. 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʧʠʢʦʚ ʥʘ 

ʢʨʠʚʳʭ ɼʉʂ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 550ï600 0C ʠ ʩʚʷʟʘʥʳ ʩ 

ʦʢʠʩʣʝʥʠʝʤ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʧʨʠʤʝʩʝʡ. ʆʩʦʙʝʥʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ: 

ʦʙʱʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʠʧʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ; 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʣʦʞʥʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ; 

ʧʣʘʚʥʳʡ ʭʘʨʘʢʪʝʨ ʢʨʠʚʳʭ ʛʦʚʦʨʠʪ ʦ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ: 

ï ʦʙʨʘʟʮʳ ˉ 1 ʠ ˉ 2 ʠʤʝʶʪ ʩʭʦʞʠʡ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʩʦʜʝʨʞʘʪ 

ʥʘʪʨʠʝʚʫʶ ʬʦʨʤʫ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʩʦʢʦʡ 

ʥʘʙʫʭʘʝʤʦʩʪʴʶ ʦʙʨʘʟʮʦʚ ʚ ʚʦʜʝ. ɺʦʜʥʳʝ 5 %-ʥʳʝ ʩʫʩʧʝʥʟʠʠ ʠʤʝʶʪ 

ʩʪʫʜʥʝʦʙʨʘʟʥʳʡ ʚʠʜ ʚ ʦʪʣʠʯʠʝ ʦʪ ʞʠʜʢʦʡ, ʪʝʢʫʯʝʡ ʩʫʩʧʝʥʟʠʠ ʦʙʨʘʟʮʘ ˉ 3; 

ï ʦʙʨʘʟʝʮ ˉ 3 ʦʪʣʠʯʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʢʘʨʙʦʥʘʪʥʳʭ ʧʨʠʤʝʩʝʡ MgO ʠ CaO; 

ï ʨʘʟʣʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʛʣʠʥʠʩʪʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʦʙʞʠʛʝ ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ 

ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʛʣʠʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʩʠʥʭʨʦʥʥʦʛʦ 
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ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ, 

ʦʮʝʥʠʪʴ ʧʦʪʝʥʮʠʘʣ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʣʫʯʝʥʠʷ 

ʩʦʨʙʝʥʪʦʚ, ʚʳʷʚʠʪʴ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʛʣʠʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʟʠʪʦʚʦʛʦ ʛʨʘʚʠʷ. 

ʆʪʤʝʯʝʥʘ ʪʘʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʣʠʥ, ʢʘʢ ʨʝʟʢʦʝ 

ʠʟʤʝʥʝʥʠʝ ʝʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʦʪ ʪʚʝʨʜʳʭ, 

ʧʣʦʪʥʳʭ ʠ ʭʨʫʧʢʠʭ ʧʨʠ ʩʫʰʢʝ ʠʣʠ ʦʙʞʠʛʝ ʜʦ ʤʷʛʢʠʭ, ʧʦʜʘʪʣʠʚʳʭ ʠ ʥʘʙʫʭʘʶʱʠʭ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʜʳ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʳʚʦʜʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʘʚʪʦʨʘʤʠ ʚ 

ʩʪʘʪʴʝ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ [5, 6]. ʅʘʙʫʭʘʥʠʝ ʛʣʠʥʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʦʯʠʩʪʢʠ ʚʦʜʳ ʠ ʦʩʥʦʚʘʥʦ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ ʧʦʛʣʦʱʘʪʴ ʚʦʜʫ ʠ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ ʦʙʲʸʤʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ 

ʫʜʘʣʷʪʴ ʠʟ ʚʦʜʳ ʨʘʟʣʠʯʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ. ɺʳʜʝʣʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʘ 

ʥʘʙʫʭʘʥʠʷ ʛʣʠʥ: ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ (ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʛʠʜʨʘʪʘʮʠʷ) ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʸʤʘ (ʥʘʧʨʠʤʝʨ, ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ 

ʘʜʩʦʨʙʠʨʫʝʪ ʦʢʦʣʦ 0,5 ʛ ʚʦʜʳ ʥʘ 1 ʛ ʩʫʭʦʡ ʛʣʠʥʳ, ʝʛʦ ʦʙʲʸʤ ʫʜʚʘʠʚʘʝʪʩʷ) ʠ 

ʦʩʤʦʪʠʯʝʩʢʦʝ (ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ) ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʸʤʘ 

(ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ ʘʜʩʦʨʙʠʨʫʝʪ ʦʢʦʣʦ 10 ʛ ʚʦʜʳ ʥʘ 1 ʛ ʩʫʭʦʡ ʛʣʠʥʳ, ʪ. ʝ. ʝʛʦ ʦʙʲʸʤ 

ʚʦʟʨʘʩʪʘʝʪ ʚ 20 ʨʘʟ). ʅʘʙʫʭʘʥʠʝ ʛʣʠʥ ʚ ʚʦʜʦʦʯʠʩʪʢʝ ʨʘʙʦʪʘʝʪ ʟʘ ʩʯʸʪ ʩʣʝʜʫʶʱʠʭ 

ʵʬʬʝʢʪʦʚ: ʘʜʩʦʨʙʮʠʷ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʠʦʥʥʳʡ ʦʙʤʝʥ, ʢʦʘʛʫʣʷʮʠʷ ʠ ʬʣʦʢʫʣʷʮʠʷ, 

ʫʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ. 

ʅʘʠʙʦʣʴʰʝʡ ʥʘʙʫʭʘʝʤʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʩʤʝʢʪʠʪʳ (ʦʩʦʙʝʥʥʦ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ) ʙʣʘʛʦʜʘʨʷ ʧʦʜʚʠʞʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ. ʄʝʥʝʝ 

ʩʢʣʦʥʥʳ ʢ ʥʘʙʫʭʘʥʠʶ ʢʘʦʣʠʥʠʪ ʠ ʛʠʜʨʦʩʣʶʜʳ. ɹʦʣʝʝ ʜʠʩʧʝʨʩʥʳʝ ʛʣʠʥʳ ʩ 

ʙʦʣʴʰʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʙʫʭʘʶʪ ʩʠʣʴʥʝʝ. ʉʤʝʢʪʠʪʳ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ 

ʜʦ 33% ʟʘʤʝʱʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ, ʯʪʦ ʧʨʠʜʘʝʪ ʠʤ ʚʳʩʦʢʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʢʘʪʠʦʥʥʦʤʫ ʦʙʤʝʥʫ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʫʜʘʣʝʥʠʶ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʦʙʤʝʥʥʳʤʠ ʢʘʪʠʦʥʘʤʠ 

ʷʚʣʷʶʪʩʷ Na+, K+, ʉa2+, ʄg2+. ɺ ʧʨʦʩʪʝʡʰʝʤ ʚʘʨʠʘʥʪʝ ʚʩʝ ʛʣʠʥʳ ʠʤʝʶʪ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʫʶ ʧʣʘʩʪʠʥʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʪʝʪʨʘʵʜʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʜʠʥ ʢʘʪʠʦʥ (ʚ ʦʩʥʦʚʥʦʤ Si, Al ʠʣʠ Fe) ʦʢʨʫʞʝʥ ʯʝʪʳʨʴʤʷ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ. 

ʄʦʥʪʤʦʨʠʣʣʦʥʠʪʫ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʫʜʘʣʝʥʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ-ʟʘ ʝʛʦ ʩʘʤʦʛʦ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʨʝʜʠ ʚʩʝʭ 

ʛʣʠʥ ʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʙʝʥʪʦʥʠʪʘʭ. ʄʦʥʪʤʦʨʠʣʣʦʥʠʪ ʪʘʢʞʝ 

ʦʙʣʘʜʘʝʪ ʩʘʤʳʤʠ ʤʝʣʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʠ ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ [7, 8, 9]. ʇʦʵʪʦʤʫ 

ʛʣʠʥʳ (ʦʩʦʙʝʥʥʦ ʙʝʥʪʦʥʠʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ) ʠʩʧʦʣʴʟʫʶʪ ʚ 

ʚʦʜʦʦʯʠʩʪʢʝ: ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʦʚ ʚ ʬʠʣʴʪʨʘʭ ʠ ʩʦʨʙʮʠʦʥʥʳʭ ʙʘʨʴʝʨʘʭ; ʜʣʷ 

ʢʦʘʛʫʣʷʮʠʠ/ʬʣʦʢʫʣʷʮʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʢʦʘʛʫʣʷʥʪʘʤʠ (ʥʘʧʨʠʤʝʨ, 

ʩʦʣʷʤʠ ʘʣʶʤʠʥʠʷ ʠʣʠ ʞʝʣʝʟʘ); ʚ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ (ʥʘʧʨʠʤʝʨ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʛʣʠʥʳ ʩ ʧʨʠʚʠʪʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʜʣʷ 

ʩʝʣʝʢʪʠʚʥʦʡ ʩʦʨʙʮʠʠ); ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʦʪ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ, 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʢʨʘʩʠʪʝʣʝʡ, ʬʦʩʬʘʪʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
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ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʦʨʙʝʥʪʦʚ ʚ ʫʜʘʣʝʥʠʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʛʣʠʥʠʩʪʦʛʦ ʩʳʨʴʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʦʪʭʦʜʘʤʠ, ʧʦʟʚʦʣʷʝʪ: ʫʚʝʣʠʯʠʪʴ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʫʣʫʯʰʠʪʴ 

ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʫʜʘʣʷʝʤʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

ʇʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ: ʬʠʟʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ; ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʠʦʥʥʳʡ ʦʙʤʝʥ, ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ); 

ʢʘʧʠʣʣʷʨʥʦʛʦ ʚʧʠʪʳʚʘʥʠʷ ʚ ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʛʣʠʥ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʦʙʘʚʣʝʥʠʝ ʚʦʜʦʧʨʦʚʦʜʥʳʭ ʦʩʘʜʢʦʚ 

(20-40 ʤʘʩ.%), ʧʦʚʳʰʘʝʪ ʩʦʨʙʮʠʦʥʥʫʶ ʸʤʢʦʩʪʴ ʠ ʨʘʩʰʠʨʷʝʪ ʩʧʝʢʪʨ ʫʜʘʣʷʝʤʳʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ ʠ ʬʦʩʬʘʪʳ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʘʜʩʦʨʙʮʠʠ, ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɼʣʷ ʬʦʩʬʘʪʦʚ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʭʝʤʦʩʦʨʙʮʠʷ ʩ ʫʯʘʩʪʠʝʤ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ 

ʤʘʛʥʠʷ ʠʟ ʦʩʘʜʢʘ, ʧʦʟʚʦʣʷʷ ʩʥʠʞʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʦ 0,22 ʤʛ/ʜʤį. 

ɺʳʷʚʣʝʥʳ ʤʝʭʘʥʠʟʤʳ ʩʦʨʙʮʠʠ: ʭʝʤʦʩʦʨʙʮʠʷ ï ʦʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʯʘʩʪʠʝʤ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ ʠʟ ʦʩʘʜʢʦʚ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ; 

ʬʠʟʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ ï ʧʦʛʣʦʱʝʥʠʝ ʬʦʩʬʘʪʦʚ ʥʘ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʩʦʨʙʝʥʪʘ: ʥʝ ʪʨʝʙʫʝʪ ʧʨʦʤʳʚʢʠ; ʠʤʝʝʪ ʥʝʚʳʩʦʢʫʶ 

ʩʪʦʠʤʦʩʪʴ; ʫʥʠʚʝʨʩʘʣʝʥ ʠ ʧʨʦʩʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ; ʤʦʞʝʪ ʫʪʠʣʠʟʠʨʦʚʘʪʴʩʷ ʢʘʢ 

ʥʘʩʳʱʝʥʥʳʡ ʘʤʤʦʥʠʝʤ ʠ ʬʦʩʬʘʪʘʤʠ ʢʦʤʧʦʥʝʥʪ ʧʦʯʚʦʛʨʫʥʪʦʚ, ʣʠʙʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʝʨʘʤʟʠʪʘ. 

ɻʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʦʙʣʘʜʘʶʪ ʨʘʟʚʠʪʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (15ï500 

ʤĮ/ʛ), ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʨʘʩʪʚʦʨʸʥʥʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ. ʆʜʥʘʢʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʪʨʝʙʫʝʪʩʷ ʠʭ 

ʤʦʜʠʬʠʢʘʮʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʠʥʠʩʪʳʝ ʩʦʨʙʝʥʪʳ, ʦʩʦʙʝʥʥʦ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʜʨʫʛʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ (ʥʘʧʨʠʤʝʨ, ʦʩʘʜʢʘʤʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ), ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʜʦʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʘ ʠʭ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʝʨʘʤʟʠʪʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʛʣʠʥʳ, ʩʪʝʧʝʥʠ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʛʣʠʥʠʩʪʦʛʦ 

ʩʦʨʙʝʥʪʘ. 

ɺʳʚʦʜʳ: 

ï ʆʧʨʝʜʝʣʝʥʳ ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʦʙʨʘʟʮʦʚ ʛʣʠʥ ʩ ʩʦʜʝʨʞʘʥʠʝʤ SiOϜ 
55-57 %, AlϜOϝ 13-28 %, FeϜOϝ 6-10 %, MgO 2-10 %, CaO 0-12 %, Na2O 1 %, K2O 

3-4 %, TiO2 0ï1 %, P2O3 0,1 %. 

ï ʋʩʪʘʥʦʚʣʝʥʘ ʚʳʩʦʢʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʨʘʟʮʦʚ ʩ ʧʦʪʝʨʝʡ 

ʤʘʩʩʳ ʥʝ ʙʦʣʝʝ 12,5 % ʧʨʠ 1100 0C, ʯʪʦ ʚʘʞʥʦ ʫʯʝʩʪʴ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʝʨʘʤʟʠʪʘ. 

ï ɼʦʩʪʠʛʥʫʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʦʪ ʬʦʩʬʘʪʦʚ ʜʦ 0,22 ʤʛ/ʜʤį ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʦʩʘʜʢʦʚ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ 20ï40 %. 

ï ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʯʠʩʪʢʠ ʦʪ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. 

ï ɺʳʷʚʣʝʥʳ ʤʝʭʘʥʠʟʤʳ ʩʦʨʙʮʠʠ: ʠʦʥʥʳʡ ʦʙʤʝʥ, ʭʝʤʦʩʦʨʙʮʠʷ, ʬʠʟʠʯʝʩʢʘʷ 

ʘʜʩʦʨʙʮʠʷ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʣʠʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʚʳʩʦʢʫʶ ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʟʘʛʨʷʟʥʷʶʱʠʤ 

ʚʝʱʝʩʪʚʘʤ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʩʦʨʙʝʥʪʦʚ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʠʤʝʥʝʥʠʶ ʛʣʠʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʳ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʠʬʠʢʘʮʠʠ, ʨʘʩʰʠʨʝʥʠʝʤ ʩʧʝʢʪʨʘ ʦʯʠʱʘʝʤʳʭ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʨʝʮʝʧʪʫʨ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ, ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʣʠʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʋɼʂ 556.5 

ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʉʊʆʂɸ 
ɺɿɺɽʐɽʅʅʓʍ ʅɸʉʆʉʆɺ ʨ. ʅɽɺʓ 

ɿʘʬʘʨʟʦʜʘ ʂ., ʏʫʩʦʚ ɸ. ʅ. 

ʌɻɸʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦè, 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʣʝʪʥʶʶ ʠʩʪʦʨʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʦʧʨʦʩʳ ʛʝʥʝʟʠʩʘ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʪʦʢʘ ʚʣʝʢʦʤʳʭ ʥʘʥʦʩʦʚ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʅʝʚʳ 

ʦʩʪʘʶʪʩʷ ʠʟʫʯʝʥʥʳʤʠ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. ʆʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʬʘʢʪʦʨʘʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʲʝʤʘʭ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʨʘʙʦʪʘʭ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, 

ʧʦʣʫʯʝʥʥʳʤ ʚ 1983 ʛ., ʛʦʜʦʚʦʡ ʦʙʲʝʤ ʩʪʦʢʘ ʚʣʝʢʦʤʳʭ ʥʘʥʦʩʦʚ ʦʮʝʥʠʚʘʣʩʷ ʚ 100 

ʪʳʩ ʤį. 

ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʤʝʪʠʣʘʩʴ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʢ 

ʩʦʢʨʘʱʝʥʠʶ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʳʩʪʫʧʘʝʪ 

ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʥʘ ʩʫʜʦʭʦʜʥʦʤ ʬʘʨʚʘʪʝʨʝ. 

ʈʘʙʦʪʳ ʧʦ ʫʚʝʣʠʯʝʥʠʶ ʩʫʜʦʭʦʜʥʳʭ ʛʘʙʘʨʠʪʦʚ, ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʚ 

1960ï1980-ʭ ʛʦʜʘʭ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʧʦʜʚʦʜʥʳʭ ʩʚʘʣʦʢ ʛʨʫʥʪʘ ʚ ʨʫʩʣʝ ʅʝʚʳ ʠ 

ʐʣʠʩʩʝʣʴʙʫʨʛʩʢʦʡ ʛʫʙʝ, ʥʘʧʨʦʪʠʚ, ʩʣʫʞʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʧʦʩʪʫʧʣʝʥʠʷ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʛʦʨʦʜʩʢʦʡ ʯʝʨʪʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʧʦʩʪʫʧʣʝʥʠʷ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʦʡ ʩʤʝʩʠ ʨʘʥʝʝ ʷʚʣʷʣʘʩʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʈʝʯʥʦʛʦ 

ʧʦʨʪʘ (ʛʨʫʟʦʚʳʝ ʧʣʦʱʘʜʢʠ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʅʝʚʳ ʤʝʞʜʫ ɺʦʣʦʜʘʨʩʢʠʤ ʠ 

ʌʠʥʣʷʥʜʩʢʠʤ ʤʦʩʪʘʤʠ). 

ɺ ʩʦʚʨʝʤʝʥʥʳʡ ʧʝʨʠʦʜ, ʩ ʫʯʝʪʦʤ ʧʨʝʢʨʘʱʝʥʠʷ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʩʦʢʨʘʱʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʛʦʜʦʚʘʷ ʤʘʩʩʘ ʚʣʝʢʦʤʳʭ ʥʘʥʦʩʦʚ ʚ 

ʟʦʥʝ ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ, ʧʦ ʦʮʝʥʦʯʥʳʤ ʜʘʥʥʳʤ, ʥʝ ʧʨʝʚʳʰʘʝʪ 65 ʪʳʩ. 

ʪ/ʛʦʜ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʫ ʨʘʩʭʦʜʫ 2,06 ʢʛ/ʩ. ɸʥʘʣʠʟ ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʅʝʚʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʩʪʫʧʣʝʥʠʝ ʚʟʚʝʰʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʩʝʟʦʥʥʫʶ ʠ ʩʦʙʳʪʠʡʥʫʶ ʧʨʠʨʦʜʫ. ɺ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʜʘ ʨʝʢʠ ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʦʡ ʤʫʪʥʦʩʪʴʶ (ʦʢʦʣʦ 7,0 ʤʛ/ʣ), 

ʦʜʥʘʢʦ ʚ ʧʝʨʠʦʜʳ ʚʝʩʝʥʥʝʛʦ ʧʦʣʦʚʦʜʴʷ ʠ ʣʝʪʥʝ-ʦʩʝʥʥʠʭ ʧʘʚʦʜʢʦʚ ʣʝʚʦʙʝʨʝʞʥʳʝ 

ʧʨʠʪʦʢʠ ʩʧʦʩʦʙʥʳ ʧʦʚʳʰʘʪʴ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦ 60 ʤʛ/ʣ. ʆʩʥʦʚʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ 

ʪʚʝʨʜʦʛʦ ʩʪʦʢʘ ʚʳʩʪʫʧʘʝʪ ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ: ʰʪʦʨʤʦʚʦʝ ʚʦʣʥʝʥʠʝ ʨʘʟʤʳʚʘʝʪ 

ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʨʘʡʦʥʝ ʠʩʪʦʢʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤ 

ʤʘʢʩʠʤʫʤʦʤ ʤʫʪʥʦʩʪʠ ʚ 145 ʤʛ/ʣ. 

ɺʥʫʪʨʠʛʦʜʦʚʦʡ ʨʝʞʠʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʧʠʢʘʤʠ (ʠʶʥʴ, ʦʢʪʷʙʨʴ) ʠ 

ʩʧʘʜʘʤʠ ʩʪʦʢʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʝʪʨʦʚʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʜʣʷ ʩʪʚʦʨʘ ʅʦʚʦʩʘʨʘʪʦʚʢʠ, ʬʠʢʩʠʨʫʶʪ 

ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʡ ʨʘʩʭʦʜ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ ʥʘ ʫʨʦʚʥʝ 17,6 ʢʛ/ʩ. ʇʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʛʦʨʦʜʩʢʫʶ ʘʛʣʦʤʝʨʘʮʠʶ, ʟʘ ʩʯʝʪ ʩʙʨʦʩʦʚ ʩʪʦʯʥʳʭ ʠ 

ʣʠʚʥʝʚʳʭ ʚʦʜ, ʪʚʝʨʜʳʡ ʩʪʦʢ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠʤʝʨʥʦ ʥʘ 15ï20 %. ʉʫʤʤʘʨʥʘʷ 

ʥʘʛʨʫʟʢʘ ʥʘ ʦʩʥʦʚʥʳʝ ʨʫʢʘʚʘ ʜʝʣʴʪʳ (ɹʦʣʴʰʘʷ ʅʝʚʘ, ʄʘʣʘʷ ʅʝʚʘ, ʅʝʚʢʠ) 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ 21 ʢʛ/ʩ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʛʦʜʦʚʦʡ ʤʘʩʩʝ ʚ 660 ʪʳʩ ʪʦʥʥ. 
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ʊʘʙʣʠʮʘ 1 ï ɼʘʥʥʳʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʘʩʭʦʜʦʚ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ 

ʥʘ ʫʩʪʴʝʚʳʭ ʫʯʘʩʪʢʘʭ ʦʩʥʦʚʥʳʭ ʨʫʢʘʚʦʚ ʅʝʚʩʢʦʡ ʜʝʣʴʪʳ 

ɺʦʜʦʩʪʦʢ ʈʘʩʭʦʜ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ, ʢʛ/ʩ 

ɹ. ʅʝʚʘ 9,52 

ʄ. ʅʝʚʘ 3,86 

ɹ. ʅʝʚʢʘ 0,73 

ʉʨ. ʅʝʚʢʘ 1,43 

ʄ. ʅʝʚʢʘ 1,93 

ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚʦʜ ʅʝʚʳ ʚ ʘʢʚʘʪʦʨʠʶ ʅʝʚʩʢʦʡ ʛʫʙʳ ʚ ʰʪʠʣʝʚʳʭ 

ʫʩʣʦʚʠʷʭ ʠʭ ʤʫʪʥʦʩʪʴ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. 

ɼʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʧʨʠ ʚʦʣʥʦʚʦʤ ʚʦʟʜʝʡʩʪʚʠʠ: ʚʝʪʨʦʚʦʝ 

ʚʦʣʥʝʥʠʝ ʚʳʟʳʚʘʝʪ ʚʟʤʫʯʠʚʘʥʠʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʣʘʤʠ ʠ 

ʧʝʩʢʘʤʠ. ʊʘʢ, ʧʨʠ ʟʘʧʘʜʥʦʤ ʚʝʪʨʝ ʩʢʦʨʦʩʪʴʶ 10 ʤ/ʩ ʤʫʪʥʦʩʪʴ ʥʘ ʦʪʤʝʣʷʭ 

ʥʝʚʩʢʦʛʦ ʙʘʨʘ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 20ï25 ʤʛ/ʣ. ɺʠʟʫʘʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʩʣʫʞʠʪ 

ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: ʦʪʤʝʣʠ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʤʫʪʥʦʡ 

ʚʦʜʝ ʙʝʣʝʩʦʛʦ ʦʪʪʝʥʢʘ, ʪʦʛʜʘ ʢʘʢ ʥʘʜ ʬʘʨʚʘʪʝʨʘʤʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦʜʘ 

ʪʝʤʥʦ-ʩʠʥʝʛʦ ʮʚʝʪʘ. ɺ ʰʪʦʨʤʦʚʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʨʠʙʨʝʞʥʳʭ ʦʪʤʝʣʷʭ ʤʫʪʥʦʩʪʴ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ï ʜʦ 1000-1500 ʤʛ/ʣ. 

ʊʘʙʣʠʮʘ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʣʝʢʦʤʳʭ ʥʘʥʦʩʦʚ ʥʘ ʫʩʪʴʝʚʳʭ ʫʯʘʩʪʢʘʭ 

ʦʩʥʦʚʥʳʭ ʨʫʢʘʚʦʚ ʅʝʚʩʢʦʡ ʜʝʣʴʪʳ 

ɺʦʜʦʪʦʢ ʉʢʦʨʦʩʪʴ, ʤ/ʩ 
ɺʝʨʦʷʪʥʳʡ ʜʠʘʧʘʟʦʥ ʚʝʣʠʯʠʥ 

ʨʘʩʭʦʜʘ ʚʣʝʢʦʤʳʭ ʥʘʥʦʩʦʚ, ʢʛ/ʩ 

ɹ. ʅʝʚʘ 0,45 0,85 õ 1,00 

ʄ. ʅʝʚʘ 0,36 0,34 õ 0,.42 

ɹ. ʅʝʚʢʘ 0,38 0,06 õ 0,08 

ʉʨ. ʅʝʚʢʘ 0,20 0,12 õ 0,16 

ʄ. ʅʝʚʢʘ 0,25 0,17 õ 0,21 

ɺ ʫʩʪʴʝʚʳʭ ʦʙʣʘʩʪʷʭ ʄʘʣʦʡ ʅʝʚʳ ʠ ʄʘʣʦʡ ʅʝʚʢʠ ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʦʙʩʪʘʥʦʚʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʩʦʚʦʢʫʧʥʳʤ ʚʣʠʷʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʄʝʭʘʥʠʟʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʪʚʝʨʜʦʛʦ ʩʪʦʢʘ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ɺʦ-ʧʝʨʚʳʭ, ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʥʘʥʦʩʦʚ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʨʝʯʥʳʤ ʧʦʪʦʢʦʤ, ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚ ʇʝʪʨʦʚʩʢʦʤ ʬʘʨʚʘʪʝʨʝ ʠ ʚ 

ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʥʠʞʝʥʠʷʭ ʨʝʣʴʝʬʘ ʜʥʘ (ʢʘʨʴʝʨʥʳʭ ʚʳʝʤʢʘʭ), ʯʪʦ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʦʪʤʝʪʦʢ ʜʥʘ ʚ ʵʪʠʭ ʟʦʥʘʭ. ɺʦ-ʚʪʦʨʳʭ, ʬʘʨʚʘʪʝʨʳ ʠ ʢʘʨʴʝʨʳ 

ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʣʦʚʫʰʝʢ ʜʣʷ ʥʘʥʦʩʦʚ, ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʩʦ ʩʪʦʨʦʥʳ ʤʦʨʷ ʠ 

ʧʨʠʙʨʝʞʥʳʭ ʦʪʤʝʣʝʡ (ʢʘʢ ʩ ʩʝʚʝʨʘ, ʪʘʢ ʠ ʩ ʶʛʘ). ɺ-ʪʨʝʪʴʠʭ, ʚʦʣʥʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʠʥʠʮʠʠʨʫʝʪ ʣʦʢʘʣʴʥʳʝ ʨʘʟʤʳʚʳ ʦʪʤʝʣʳʭ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥ ʂʨʝʩʪʦʚʩʢʦʛʦ 

ʦʩʪʨʦʚʘ ʠ ʦʩʪʨʦʚʘ ɼʝʢʘʙʨʠʩʪʦʚ, ʭʦʪʷ ʤʘʩʰʪʘʙʳ ʵʪʦʡ ʘʙʨʘʟʠʠ ʦʮʝʥʠʚʘʶʪʩʷ ʢʘʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʚ ʫʢʘʟʘʥʥʦʤ ʨʘʡʦʥʝ (ʧʨʠʫʩʪʴʝʚʦʝ ʚʟʤʦʨʴʝ) 

ʙʳʣ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ 

ʜʣʠʪʝʣʴʥʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ï ʩ 1899 ʧʦ 2011 ʛ. (ʨʠʩ. 1ï3). 
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ʈʠʩʫʥʦʢ.1 ï ʋʩʪʴʝʚʦʡ ʫʯʘʩʪʦʢ ʨʨ. ʄʘʣʦʡ ʅʝʚʳ ʠ ʄʘʣʦʡ ʅʝʚʢʠ. ʌʨʘʛʤʝʥʪ ʢʘʨʪʳ 1899 ʛ 
 

 

 

ʈʠʩʫʥʦʢ 2 ï ʋʩʪʴʝʚʦʡ ʫʯʘʩʪʦʢ ʨʨ. ʄʘʣʦʡ ʅʝʚʳ ʠ ʄʘʣʦʡ ʅʝʚʢʠ. ʌʨʘʛʤʝʥʪ ʢʘʨʪʳ 1916 ʛ. 
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ʈʠʩʫʥʦʢ 3 ï ʋʩʪʴʝʚʦʡ ʫʯʘʩʪʦʢ ʨʨ. ʄʘʣʦʡ ʅʝʚʳ ʠ ʄʘʣʦʡ ʅʝʚʢʠ. ʂʦʩʤʦʩʥʠʤʦʢ 2011 ʛ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʟʘ ʧʝʨʠʦʜ ʩ 1899 ʧʦ 

2011 ʛʛ. ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʥʘʤʠʢʠ 

ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʚ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ɺ ʮʝʣʦʤ ʢʦʥʬʠʛʫʨʘʮʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʘʢʚʘʪʦʨʠʠ 

ʦʪʣʠʯʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴʶ. ɼʦ ʩʝʨʝʜʠʥʳ XX ʚʝʢʘ ʙʝʨʝʛ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨ. ʄʘʣʦʡ 

ʅʝʚʢʠ ʩʦʭʨʘʥʷʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʝ ʦʯʝʨʪʘʥʠʷ, ʘ ʬʠʢʩʠʨʫʝʤʳʝ ʚ 

ʧʦʩʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ ʣʦʢʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʥʦʩʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʝʩʪʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʜʥʘʢʦ ʠʭ ʧʨʦʷʚʣʝʥʠʝ ʚʦ ʤʥʦʛʦʤ ʠʥʠʮʠʠʨʦʚʘʥʦ 

ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʤʝʰʘʪʝʣʴʩʪʚʦʤ. 

ʅʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʣʘʥʦʚʳʭ ʦʯʝʨʪʘʥʠʡ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ 

ʩʚʷʟʘʥʳ ʩ ʪʝʭʥʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʙʝʨʝʛʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʥʘʨʫʰʝʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʝʞʠʤʘ ʪʨʘʥʩʧʦʨʪʘ ʥʘʥʦʩʦʚ: ʢʘʢ ʚʟʚʝʰʝʥʥʳʭ, ʪʘʢ ʠ 

ʚʣʝʢʦʤʳʭ (ʜʦʥʥʳʭ), ʧʝʨʝʤʝʱʘʝʤʳʭ ʚʜʦʣʴʙʝʨʝʛʦʚʳʤ ʧʦʪʦʢʦʤ. 

ʅʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʘʢʚʘʪʦʨʠʠ ʜʦʤʠʥʠʨʫʶʱʠʤ ʧʨʦʮʝʩʩʦʤ 

ʷʚʣʷʝʪʩʷ ʘʢʢʫʤʫʣʷʮʠʷ ʥʘʥʦʩʦʚ, ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʥʘ 

ʧʦʜʚʦʜʥʦʤ ʩʢʣʦʥʝ ʫ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ. ʅʘʢʦʧʣʝʥʠʝ ʪʚʝʨʜʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʛʨʘʥʠʮʘʭ 

ʫʯʘʩʪʢʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʝʩʪʝʩʪʚʝʥʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ. ʅʘ ʧʦʜʭʦʜʝ ʢ ʧʨʠʫʩʪʴʝʚʦʤʫ ʚʟʤʦʨʴʶ, ʚ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ʩ ʫʩʪʴʝʚʳʤʠ 

ʫʯʘʩʪʢʘʤʠ ʄʘʣʦʡ ʅʝʚʳ ʠ ʄʘʣʦʡ ʅʝʚʢʠ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʢʦʥʦʤʝʨʥʦʝ ʩʥʠʞʝʥʠʝ 

ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ, ʯʪʦ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʩʘʞʜʝʥʠʷ 

ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʦʪʣʦʞʝʥʠʷ ʚʣʝʢʦʤʳʭ (ʜʦʥʥʳʭ) ʥʘʥʦʩʦʚ. 

ʂʨʠʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʦʜʚʠʞʥʦʩʪʴ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, 

ʷʚʣʷʝʪʩʷ ʥʝʨʘʟʤʳʚʘʶʱʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ. ɼʣʷ ʧʝʩʢʦʚ ʤʝʣʢʦʡ ʠ ʩʨʝʜʥʝʡ ʢʨʫʧʥʦʩʪʠ 

ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʥʝʨʘʟʤʳʚʘʶʱʠʭ ʩʢʦʨʦʩʪʝʡ ʩʦʩʪʘʚʣʷʶʪ 0,5ï0,6 ʤ/ʩ. 

ɸʥʘʣʠʟ ʩʢʦʨʦʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʝʚʳʰʝʥʠʝ 

ʫʢʘʟʘʥʥʳʭ ʧʦʨʦʛʦʚʳʭ ʟʥʘʯʝʥʠʡ ʥʘ ʠʩʩʣʝʜʫʝʤʦʤ ʫʯʘʩʪʢʝ ʬʠʢʩʠʨʫʝʪʩʷ 
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ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʛʦʥʥʳʝ ʬʘʟʳ ʨʝʞʠʤʘ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ 6.45, ʧʨʠ 

ʩʛʦʥʥʳʭ ʷʚʣʝʥʠʷʭ ʬʦʨʤʠʨʫʶʪʩʷ ʟʦʥʳ ʧʦʚʳʰʝʥʥʳʭ ʩʢʦʨʦʩʪʝʡ (ʩʚʳʰʝ 0,5 ʤ/ʩ), 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ʧʨʝʜʝʣʘʭ ʇʝʪʨʦʚʩʢʦʛʦ ʬʘʨʚʘʪʝʨʘ, ʥʘ ʝʛʦ ʙʨʦʚʢʘʭ, ʘ ʪʘʢʞʝ ʥʘ 

ʩʝʚʝʨʥʦʡ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʛʨʘʥʠʮʘʭ ʬʦʨʤʠʨʫʝʤʳʭ ʫʯʘʩʪʢʦʚ. ɺ ʵʪʠʭ ʟʦʥʘʭ 

ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʛʨʷʜʦʚʦʝ ʜʚʠʞʝʥʠʝ ʥʘʥʦʩʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʧʦʪʦʢʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʜʥʘ ʘʤʧʣʠʪʫʜʦʡ, 

ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ ʚʳʩʦʪʦʡ ʛʨʷʜ (0,75ï1,00 ʤ). 

 

 
ʈʠʩʫʥʦʢ 4 ï ʀʟʦʣʠʥʠʠ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ ʧʨʝʚʳʰʘʶʱʠʭ ʥʝʨʘʟʤʳʚʘʶʰʫʶ ʩʢʦʨʦʩʪʴ ʚ 

ʧʨʝʜʝʣʘʭ ʫʩʪʴʝʚʦʛʦ ʫʯʘʩʪʢʘ ʨʨ. ʄʘʣʦʡ ʅʝʚʳ ʠ ʄʘʣʦʡ ʅʝʚʢʠ ʚ ʫʩʣʦʚʠʷ ʩʧʘʜʘ ʫʨʦʚʥʝʡ ʚ 

ʅʝʚʩʢʦʡ ʛʫʙʝ (ʨʘʩʭʦʜ ʚʦʜʳ ʨ. ʅʝʚʳ 3400 ʤ3/ʩ, ʫʨʦʚʝʥʴ ʚʦʜʳ ʅʝʚʩʢʦʡ ʛʫʙʳ çʤʠʥʫʩè 1,28 ʤ ɹʉ): 

ʘ) ʩʦʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ; ʙ) ʧʨʦʝʢʪʥʳʝ ʫʩʣʦʚʠʷ 
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ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʩʥʦʚʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʛʦ ʩʪʦʢʘ ʨ. ʅʝʚʳ ʚ 

ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʪʫʧʣʝʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ ʠʤʝʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʦʙʳʪʠʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʰʪʦʨʤʦʚʳʤ ʨʘʟʤʳʚʦʤ 

ʦʪʣʦʞʝʥʠʡ ʚ ʠʩʪʦʢʝ ʠʟ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʠ ʧʘʚʦʜʢʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʧʨʠʪʦʢʦʚ, 

ʪʦʛʜʘ ʢʘʢ ʩʪʦʢ ʚʣʝʢʦʤʳʭ ʥʘʥʦʩʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʪʠʣʩʷ ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ (ʜʥʦʫʛʣʫʙʣʝʥʠʷ, 

ʛʨʫʟʦʚʳʭ ʨʘʙʦʪ). ɺʳʧʦʣʥʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʫʤʤʘʨʥʳʡ ʨʘʩʭʦʜ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ ʧʦ ʦʩʥʦʚʥʳʤ ʨʫʢʘʚʘʤ ʜʝʣʴʪʳ 

ʩʦʩʪʘʚʣʷʝʪ 21 ʢʛ/ʩ (660 ʪʳʩ ʪ/ʛʦʜ), ʘ ʜʠʘʧʘʟʦʥ ʚʝʨʦʷʪʥʳʭ ʨʘʩʭʦʜʦʚ ʚʣʝʢʦʤʳʭ 

ʥʘʥʦʩʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,06 ʜʦ 1,00 ʢʛ/ʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʪʦʢʘ. ʃʠʪʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʫʩʪʴʝʚʳʭ ʯʘʩʪʷʭ ʄʘʣʦʡ 

ʅʝʚʳ ʠ ʄʘʣʦʡ ʅʝʚʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʥʠʞʝʥʠʷʭ ʨʝʣʴʝʬʘ, ʧʨʠ ʵʪʦʤ 

ʧʣʘʥʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʬʠʢʩʠʨʫʝʤʳʝ ʧʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ 

ʤʘʪʝʨʠʘʣʘʤ ʟʘ 1899ï2011 ʛʛ., ʦʙʫʩʣʦʚʣʝʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ, ʥʘʨʫʰʘʶʱʠʤ ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʜʦʣʴʙʝʨʝʛʦʚʦʡ ʪʨʘʥʩʧʦʨʪ ʥʘʥʦʩʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

ʨʫʩʣʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ ʚ 

ʧʨʝʜʝʣʘʭ ʅʝʚʩʢʦʡ ʜʝʣʴʪʳ. 
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ʌɻɹʆʋ ɺʆ çʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʛ. ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ʀʥʪʝʨʝʩ ʢ ʩʦʭʨʘʥʝʥʠʶ ʥʘʩʣʝʜʠʷ ʚʝʣʠʢʦʛʦ ʠʥʞʝʥʝʨʘ ɺ.ɻ. ʐʫʭʦʚʘ ʩʪʘʣ 

ʚʩʝʤʠʨʥʳʤ ʧʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ ʢʥʠʛʠ ʢʨʫʧʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʪʚʦʨʯʝʩʪʚʘ 
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ʨʫʩʩʢʦʛʦ ʛʝʥʠʷ ʧʨʦʬʝʩʩʦʨʘ ʈ. ɻʨʝʬʝ ʠ ʜʨʘʤʘʪʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʧʦ ʩʧʘʩʝʥʠʶ 

ʦʜʥʦʡ ʠʟ ʰʝʩʪʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʧʦʨ ʃʕʀ ʥʘ ʙʝʨʝʛʫ ʆʢʠ [1]. ɺʦʣʥʘ ʠʥʪʝʨʝʩʘ 

ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʠ ʩʦʭʨʘʥʠʪʴ 5 ʪʚʦʨʝʥʠʡ ʐʫʭʦʚʘ, ʩʦʟʜʘʥʥʳʭ ʥʘ 

ʥʠʞʝʛʦʨʦʜʩʢʦʡ ʟʝʤʣʝ. ɺ ʯʠʩʣʝ ʚʳʷʚʣʝʥʥʳʭ ʠ ʚʥʝʩʝʥʥʳʭ ʚ ʯʠʩʣʦ ʦʙʲʝʢʪʦʚ 

ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ 14-ʤʝʪʨʦʚʘʷ ʧʦʞʘʨʥʘʷ ʢʘʣʘʥʯʘ ʚ ʃʷʭʦʚʝ ɹʘʣʘʭʥʠʥʩʢʦʛʦ 

ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ, ʚʥʝʩʝʥʥʘʷ ʚ ʯʠʩʣʦ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʚ 2021 ʛ. 

ɹʘʰʥʷ ʚ ʧʦʩʸʣʢʝ ʃʷʭʦʚʦ ʚʳʩʦʪʦʡ 14 ʤʝʪʨʦʚ ʠ ʜʠʘʤʝʪʨʦʤ ʚ ʦʩʥʦʚʘʥʠʠ 3,3 ʤʝʪʨʘ 

ʩʦʩʪʦʠʪ ʠʟ 24 ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʨʞʥʝʡ ʠ ʩʝʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʢʦʣʝʮ, ʯʝʪʳʨʝʭ 

ʣʝʩʪʥʠʯʥʳʭ ʤʘʨʰʝʡ ʩ ʜʝʨʝʚʷʥʥʳʤʠ ʧʣʦʱʘʜʢʘʤʠ ʠ ʜʝʨʝʚʷʥʥʦʡ ʩʤʦʪʨʦʚʦʡ 

ʙʫʜʢʦʡ (ʩʤ. ʨʠʩʫʥʦʢ 1 ʩʣʝʚʘ). ɺ 2025 ʛ. ʟʘʚʝʨʰʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʵʪʦʡ ʙʘʰʥʠ ʠ 

ʚʳʧʦʣʥʝʥʘ ʝʝ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʘʷ ʟʘʱʠʪʘ [2]. 

  

ʈʠʩʫʥʦʢ 1 ï ʏʝʪʳʨʥʘʜʮʘʪʠʤʝʪʨʦʚʘʷ ʧʦʞʘʨʥʘʷ ʢʘʣʘʥʯʘ ʚ ʃʷʭʦʚʝ ɹʘʣʘʭʥʠʥʩʢʦʛʦ 

ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ (ʩʣʝʚʘ) ʠ 20-ʤʝʪʨʦʚʘʷ ʧʦʞʘʨʥʘʷ ʚʳʰʢʘ ʥʘ ʫʣ. ʂʀʄʘ ʚ ʅʠʞʥʝʤ 

ʅʦʚʛʦʨʦʜʝ (ʩʧʨʘʚʘ) 

20-ʤʝʪʨʦʚʘʷ ʧʦʞʘʨʥʘʷ ʚʳʰʢʘ ʥʘ ʫʣ. ʂʀʄʘ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ ʙʳʣʘ 

ʩʦʦʨʫʞʝʥʘ ʚ ʢʦʥʮʝ 19 ʚʝʢʘ [3]. ɻʠʧʝʨʙʦʣʦʠʜ ʙʘʰʥʠ ʩʦʩʪʦʠʪ ʠʟ 32 ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʩʪʝʨʞʥʝʡ ʩ 12 ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʢʦʣʴʮʘʤʠ. ʕʣʝʤʝʥʪʳ ʙʘʰʥʠ ʩʦʝʜʠʥʷʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ ʢʣʝʧʢʘʤʠ, ʢʘʢ ʠ ʢʘʣʘʥʯʘ ʚʦʟʣʝ ʃʷʭʦʚʘ (ʩʤ. ʨʠʩʫʥʦʢ 1 ʩʧʨʘʚʘ). 

ʈʘʟʤʝʱʝʥʠʝ ʙʘʰʥʠ ʥʘ ʫʣ. ʂʀʄʘ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʜʦʨʦʛʠ 

ʧʦʜʚʝʨʛʘʝʪ ʵʪʦʪ ʦʙʲʝʢʪ ʨʠʩʢʫ ʧʦʚʨʝʞʜʝʥʠʷ ʦʪ ʢʦʨʨʦʟʠʠ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʜʚʫʭ ʚʳʙʨʘʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʭʨʘʥʝʥʠʷ ʥʘʩʣʝʜʠʷ 

ʐʫʭʦʚʘ ʚ ʨʝʛʠʦʥʝ, ʛʜʝ ʦʥʠ ʩʦʭʨʘʥʠʣʠʩʴ ʥʘʠʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦ: ʯʝʪʳʨʝ ʰʫʭʦʚʩʢʠʭ 

ʦʙʲʝʢʪʘ ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʫʜʘʣʝʥʠʠ ʥʝ ʙʦʣʝʝ 200 ʢʤ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʧʦʩʝʪʠʪʴ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʜʥʷ. 

ʂʦʨʨʦʟʠʷ ʢʘʢ ʬʘʢʪʦʨ ʨʘʟʨʫʰʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ɺʦʟʚʝʜʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦ ʩʪʘʣʴʥʳʤ ʢʘʨʢʘʩʦʤ ʥʘʯʘʣʦʩʴ ʚ 

ʩʝʨʝʜʠʥʝ 19 ʚʝʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʩʪʘʣʝʣʠʪʝʡʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʇʦʷʚʠʣʠʩʴ ʩʪʘʣʴʥʳʝ ʤʦʩʪʳ ʠ ʙʘʰʥʠ, ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʤ ʧʦʚʨʝʞʜʝʥʠʷ ʢʦʪʦʨʳʭ 

ʩʪʘʣʘ ʢʦʨʨʦʟʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʛʦ ʧʨʠʤʝʨʘ ʦʙʳʯʥʦ ʧʨʠʚʦʜʷʪ 
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ʜʘʥʥʳʝ ʦ ʪʦʤ, ʯʪʦ ʕʡʬʝʣʝʚʫ ʙʘʰʥʶ ʟʘ 137 ʣʝʪ ʧʨʠʰʣʦʩʴ ʢʨʘʩʠʪʴ 20 ʨʘʟ, ʥʘ ʯʪʦ 

ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʢʦʣʦ ʪʳʩʷʯʠ ʪʦʥʥ ʢʨʘʩʢʠ. ʇʨʠ ʵʪʦʤ ʩʦʛʣʘʩʥʦ ʜʦʢʣʘʜʫ ʦ 

ʩʦʩʪʦʷʥʠʠ ʙʘʰʥʠ 2014 ʛʦʜʫ ʥʘ ʥʝʡ ʙʳʣʠ ʪʨʝʱʠʥʳ ʠ ʨʞʘʚʯʠʥʘ, ʘ ʜʦʢʣʘʜ, 

ʩʜʝʣʘʥʥʳʡ ʚ 2016 ʛʦʜʫ, ʦʙʥʘʨʫʞʠʣ 884 ʜʝʬʝʢʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ 68, ʢʦʪʦʨʳʝ, ʢʘʢ 

ʫʪʚʝʨʞʜʘʝʪʩʷ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʠʩʢ ʜʣʷ çʜʦʣʛʦʚʝʯʥʦʩʪʠè ʢʦʥʩʪʨʫʢʮʠʠ [4]. 

ʉʪʝʧʝʥʴ ʧʦʨʘʞʝʥʠʷ ʢʦʨʨʦʟʠʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʈʠʩʫʥʦʢ 2 ï ʌʨʘʛʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʨʘʞʝʥʥʳʝ ʢʦʨʨʦʟʠʝʡ ʥʘ ʙʘʰʥʝ ʚ ʂʦʧʦʩʦʚʝ 

(ʩʚʝʨʭʫ) ʠ ʟʘʱʠʱʝʥʥʳʝ ʧʦʩʣʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʙʘʰʥʠ ʚ ʃʷʭʦʚʝ (ʩʥʠʟʫ) 

ʄʦʜʝʣʴ ʨʘʩʩʝʠʚʘʥʠʷ ʚʳʟʳʚʘʶʱʠʭ ʢʦʨʨʦʟʠʶ ʚʝʱʝʩʪʚ. ɺ ʫʩʣʦʚʠʷʭ ʅʠʞʥʝʛʦ 

ʅʦʚʛʦʨʦʜʘ ʬʦʥʦʚʳʡ ʫʨʦʚʝʥʴ ʚʳʟʳʚʘʶʱʠʭ ʢʦʨʨʦʟʠʶ ʚʝʱʝʩʪʚ ʬʦʨʤʠʨʫʝʪʩʷ 

ʚʳʩʦʢʠʤʠ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʣʠʥʝʡʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ï 

ʘʚʪʦʤʦʙʠʣʴʥʳʤʠ ʜʦʨʦʛʘʤʠ. ʇʨʠ ʵʪʦʤ ʣʠʥʝʡʥʳʝ ʠʩʪʦʯʥʠʢʠ ʚʥʦʩʷʪ ʦʩʥʦʚʥʦʡ 

ʚʢʣʘʜ ʚ ʣʦʢʘʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʜʦʨʦʛʘʤ. ʂ ʯʠʩʣʫ 

ʚʳʟʳʚʘʶʱʠʭ ʢʦʨʨʦʟʠʶ ʚʝʱʝʩʪʚ ʚ ʚʳʙʨʦʩʘʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ 

ʦʪʥʦʩʷʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʠʦʢʩʠʜ ʩʝʨʳ. ɺ ʈʦʩʩʠʠ ʧʨʠʥʷʪ 

ʩʪʘʥʜʘʨʪ ɻʆʉʊ ʈ 56162-2019 çɺʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ 

ʧʦʪʦʢʘʤʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ ʨʘʟʥʦʡ 

ʢʘʪʝʛʦʨʠʠè [5]. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʩʪʘʥʜʘʨʪʫ ʤʦʛʫʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʤʘʩʩʳ 

ʚʳʙʨʦʩʦʚ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʳ ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʦʪʦʢʦʤ ʩ ʫʯʝʪʦʤ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʧʦ 

ʪʠʧʘʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʧʦ ʭʘʨʘʢʪʝʨʫ ʜʚʠʞʝʥʠʷ ʥʘ ʧʨʷʤʦʣʠʥʝʡʥʳʭ 

ʫʯʘʩʪʢʘʭ ʠ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʟʘʧʨʝʱʘʶʱʠʭ ʩʠʛʥʘʣʦʚ ʩʚʝʪʦʬʦʨʦʚ. 

ɺʳʙʨʦʩʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ q (ʛ/ʩ) ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ L ʢʤ ʚʳʯʠʩʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

ή
Ἐ
Вz Ἑἱz ἑἱz Ἲἤἳ     (1) 

ʛʜʝ  Mi ï ʫʜʝʣʴʥʳʡ ʧʨʦʙʝʛʦʚʳʡ ʚʳʙʨʦʩ ʘʚʪʦʤʦʙʠʣʝʡ i-ʪʦʡ ʛʨʫʧʧʳ;  Gi ï ʤʘʢʩʠʤʘʣʴʥʘʷ 



33  

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦ ʚʩʝʤ ʧʦʣʦʩʘʤ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ;  rV ï ʧʦʧʨʘʚʦʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʢʦʪʦʨʘʷ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʙʝʨʝʪʩʷ ʠʟ ʀʥʪʝʨʥʝʪʘ ʩ ʧʦʤʦʱʴʶ ʧʘʨʩʠʥʛʘ. 

ʊʘʙʣʠʮʘ 1 ï ɿʥʘʯʝʥʠʷ ʫʜʝʣʴʥʳʭ ʧʨʦʙʝʛʦʚʳʭ ʚʳʙʨʦʩʦʚ ʜʠʦʢʩʠʜʘ ʩʝʨʳ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʘʚʪʦʤʦʙʠʣʝʡ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʛʨʫʧʧʳ 

ʘʚʪʦʤʦʙʠʣʝʡ 

ʅʦʤʝʨ 

ʛʨʫʧʧʳ, i= 

ɺʳʙʨʦʩ, ʛ/ʢʤ 

SO2 

ʃʝʛʢʦʚʳʝ 1 0,66  10-2 

ɸʚʪʦʬʫʨʛʦʥʳ ʠ ʤʠʢʨʦʘʚʪʦʙʫʩʳ  ʤʘʩʩʦʡ ʜʦ 3,5 ʪ 2 1,40  10-2 

ɻʨʫʟʦʚʳʝ ʤʘʩʩʦʡ ʦʪ 3,5 ʜʦ 12 ʪ 3 2,60 10-2 

ɻʨʫʟʦʚʳʝ ʤʘʩʩʦʡ ʩʚʳʰʝ 12 ʪ 4 3,90 10-2 

ɸʚʪʦʙʫʩʳ ʤʘʩʩʦʡ ʩʚʳʰʝ 3,5 ʪ 5 2,20 10-2 

 

ʅʘ ʦʩʥʦʚʝ ʨʘʩʯʝʪʘ ʤʘʩʩʳ ʚʳʙʨʦʩʦʚ ʢʘʞʜʳʝ 20 ʤʠʥʫʪ ʚʳʧʦʣʥʷʝʪʩʷ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʦʪ ʣʠʥʝʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʧʦ ʛʘʫʩʩʦʚʦʡ ʤʦʜʝʣʠ ʨʘʩʩʝʠʚʘʥʠʷ ʜʣʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʦʪ 

ʢʨʦʤʢʠ ʜʦʨʦʛʠ ʠ ʜʣʷ ʚʳʩʦʪ ʦʪ ʦʩʥʦʚʘʥʠʷ ʜʦ ʚʝʨʰʠʥʳ [6]. 

ʊʘʙʣʠʮʘ 2 ï ɿʥʘʯʝʥʠʷ ʧʦʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ r,  ʫʯʠʪʳʚʘʶʱʠʭ ʩʨʝʜʥʶʶ  

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ  V ʥʘ ʚʳʙʨʘʥʥʦʡ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʝ 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ V. ʢʤ/ʯ r V 

5 1,40 

10 1,35 

15 1,30 

20 1,20 

25 1,10 

30 1,00 

35 0,90 

40 0,75 

45 0,60 

50 0,50 

55 0,40 

60 0,30 

˞
ᶻ

Ѝᶻᶻ ᶻ
Ὂ     (2) 

ʛʜʝ: ʉ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʚʦʟʜʫʭʝ, ʤʛ/ʤ3;  sz ï 

ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ɻʘʫʩʩʦʚʘ ʨʘʩʩʝʠʚʘʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʤ 

(ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʪʘʙʣʠʮʝ 5);  v ï ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ, ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʚ ʨʘʩʯʝʪʥʳʡ 

ʤʝʩʷʮ ʣʝʪʥʝʛʦ ʧʝʨʠʦʜʘ, ʤ/ʩ;  j ï ʫʛʦʣ, ʩʦʩʪʘʚʣʷʝʤʳʡ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʪʨʘ ʢ ʪʨʘʩʩʝ 

ʜʦʨʦʛʠ. ʇʨʠ ʫʛʣʝ ʦʪ 900 ʜʦ 300 ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʩʣʝʜʫʝʪ ʫʤʥʦʞʘʪʴ ʥʘ ʩʠʥʫʩ ʫʛʣʘ, 

ʧʨʠ ʫʛʣʝ ʤʝʥʝʝ 300 ï ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 0,5;  F =0,002 ï ʬʦʥʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ, ʤʛ/ʤ3. 

ɼʣʷ ʙʘʰʥʠ ʥʘ ʫʣ. ʂʀʄʘ ʚ ʧʨʦʩʪʝʡʰʝʡ ʤʦʜʝʣʠ ʜʦʨʦʛʘ ʥʘʧʨʘʚʣʝʥʘ ʚ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʨʠ ʟʘʧʘʜʥʦʤ, ʶʛʦ-ʟʘʧʘʜʥʦʤ ʠ ʶʞʥʦʤ ʚʝʪʨʝ 

ʚʳʙʨʦʩʳ ʦʪ ʜʦʨʦʛʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʫʜʘʣʝʥʥʫʶ ʦʪ ʙʘʰʥʠ ʩʪʦʨʦʥʫ ʜʦʨʦʛʠ, 
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ʦʩʪʘʚʣʷʷ ʚ ʟʦʥʝ ʙʘʰʥʠ ʣʠʰʴ ʬʦʥʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʝʥʠʝ ʘʢʪʫʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ, ʢʦʪʦʨʳʝ ʩʯʠʪʳʚʘʶʪʩʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʩʫʨʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩ ʢʨʠʪʝʨʠʷʤʠ 

ʪʘʙʣʠʮʳ 3 ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʛʘʫʩʩʦʚʘ ʨʘʩʩʝʠʚʘʥʠʷ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ sz, ʤ [7]: 

„ ὥz ὼ      (3) 

ʇʘʨʘʤʝʪʨʳ a b ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʛʘʫʩʩʦʚʘ ʨʘʩʩʝʠʚʘʥʠʷ 

ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ůz ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 3 ï ʂʣʘʩʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʇʵʩʢʫʠʣʘ 

ʉʢʦʨʦʩʪʴ 

ʚʝʪʨʘ, 

ʤ/ʩ 

ɼʥʝʚʥʦʝ ʚʨʝʤʷ 

ʋʨʦʚʝʥʴ ʩʦʣʥʝʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ 

ʅʦʯʥʦʝ ʚʨʝʤʷ 

ʆʙʣʘʯʥʦʩʪʴ 

ʉʠʣʴʥʳʡ ʉʨʝʜʥʠʡ ʉʣʘʙʳʡ >50% <50% 

V< 2 A A ï B B E F 

2 ï 3 A ï B B C E F 

3 ï 5 B B ï C C D E 

5 ï 6 C C ï D D D D 

> 6 C D D D D 

ʊʘʙʣʠʮʘ 4 ï ʇʘʨʘʤʝʪʨʳ a, b ʜʣʷ ʨʘʩʯʝʪʘ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

 ʛʘʫʩʩʦʚʘ ʨʘʩʩʝʠʚʘʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ sz, 

ʂʣʘʩʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʢʨʦʤʢʠ ʜʦʨʦʛʠ, x, ʤ a b 

A x<100 122,800 0,94470 

B x<200 90,673 0,93198 

C x<30000 61,141 0,91465 

D x<300 34,459 0,86974 

E x<100 24,260 0,83660 

F x<200 15,209 0,81558 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 5 ʟʥʘʯʝʥʠʡ sz ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʦ 

ʘʢʪʫʘʣʴʥʳʤ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʚʳʙʠʨʘʝʪʩʷ ʦʜʠʥ ʠʟ ʰʝʩʪʠ ʢʣʘʩʩʦʚ 

ʫʩʪʦʡʯʠʚʦʩʪʠ (ʩʤ. ʪʘʙʣʠʮʫ 3) ʠ sinj. 

ʊʘʙʣʠʮʘ 5 ï ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʩʠʛʤʘ sz ʜʣʷ ʧʨʠʟʝʤʥʦʛʦ 

ʷʨʫʩʘ ʰʫʭʦʚʩʢʦʡ ʙʘʰʥʠ ʥʘ ʫʣ. ʂʀʄʘ ʦʪ ʙʣʠʞʘʡʰʝʡ ʢ ʜʦʨʦʛʝ ʜʦ ʩʘʤʦʡ ʫʜʘʣʝʥʥʦʡ ʦʪ 

ʜʦʨʦʛʠ ʪʦʯʢʠ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʘʨʢʘʩʝ ʢʘʣʘʥʯʠ ʜʣʷ ʚʩʝʭ ʢʣʘʩʩʦʚ ʇʵʩʢʫʠʣʘ 

x, ʤ 13,5 16,0 18,5 

A 2,10 2,47 2,83 

B 1,64 1,92 2,20 

C 1,19 1,39 1,59 

D 0,82 0,94 1,07 

E 0,66 0,76 0,86 

F 0,45 0,52 0,59 
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ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʤ ʨʘʩʯʝʪʳ ʜʣʷ ʥʘʠʤʝʥʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ sinj=0,5, ʢʣʘʩʩ ʫʩʪʦʡʯʠʚʦʩʪʠ F, ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ï 1 ʤ/ʩ, 

ʯʪʦ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʟʠʤʦʡ ʚ 7:00 ʧʨʠ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʝʤʩʷ ʚ ɿʘʨʝʯʥʦʡ ʯʘʩʪʠ 

ʛʦʨʦʜʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʪʨʘ. 

 

ʈʠʩʫʥʦʢ 3 ï ʂʦʥʮʝʥʪʨʘʮʠʷ ʜʠʦʢʩʠʜʘ ʩʝʨʳ (ʤʛ/ʤ3) ʚ ʧʨʠʟʝʤʥʦʤ ʩʣʦʝ ʚ ʧʨʝʜʝʣʘʭ 

ʙʘʰʥʠ ʥʘ ʫʣ. ʂʀʄʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʘʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʪʤʦʩʬʝʨʳ 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʙʘʰʥʠ ʜʣʷ ʫʤʝʨʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ, ʢʣʘʩʩ ʫʩʪʦʡʯʠʚʦʩʪʠ B. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʘʩʯʝʪʦʚ, ʚ ʥʘʠʙʦʣʴʰʝʡ ʤʝʨʝ ʢʦʨʨʦʟʠʠ ʧʦʜʚʝʨʞʝʥ ʥʠʞʥʠʡ ʷʨʫʩ. ʉ 

ʫʯʝʪʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʥʘ ʨʠʩʫʥʢʝ 3, ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʢʦʨʨʦʟʠʠ 

ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʩʦ ʩʪʦʨʦʥʳ ʜʦʨʦʛʠ. 

ɼʣʷ ʙʘʰʥʠ ʚ ʃʷʭʦʚʝ ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʩʯʝʪʳ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ, ʪʘʢ ʢʘʢ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʦʢʠ ʚʦʟʣʝ ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʦʵʪʦʤʫ ʫʨʦʚʝʥʴ 

ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʥʠʤʘʝʤ ʨʘʚʥʳʤ ʬʦʥʦʚʦʤʫ ʚ ʅʠʞʥʝʤ ʅʦʚʛʦʨʦʜʝ, ʪʦ ʝʩʪʴ 0,002 ʤʛ/ʤ3. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʳʚʦʜʳ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʨʨʦʟʠʦʥʥʫʶ 

ʥʘʛʨʫʟʢʫ ʥʘ ʰʫʭʦʚʩʢʫʶ ʙʘʰʥʶ ʥʘ ʫʣ. ʂʀʄʘ ʧʦʵʣʝʤʝʥʪʥʦ, ʪʦ ʝʩʪʴ ʥʘ ʢʘʞʜʳʡ ʠʟ 

ʩʪʝʨʞʥʝʡ ʠ ʥʘ ʢʘʞʜʦʝ ʩʚʷʟʫʶʱʝʝ ʩʪʝʨʞʥʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʢʦʣʴʮʦ. ʉʨʝʜʥʝʩʫʪʦʯʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʝʟʦʥʘ, ʟʠʤʦʡ ʯʘʱʝ ʠʥʚʝʨʩʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʚʝʪʨʘ, ʯʪʦ ʜʘʩʪ ʩʨʝʜʥʝʩʫʪʦʯʥʫʶ ʧʨʠʟʝʤʥʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʠʤʝʨʥʦ ʥʘ ʫʨʦʚʥʝ ʇɼʂ. ɼʣʷ ʣʷʭʦʚʩʢʦʡ ʙʘʰʥʠ ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʘʞʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 0,5 ʇɼʂʩʩ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ 

ʧʨʦʛʥʦʟ ʢʦʨʨʦʟʠʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʚʧʝʨʝʜ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʦʥʣʘʡʥ ʤʦʥʠʪʦʨʠʥʛ 

ʩʦʩʪʦʷʥʠʷ ʙʘʰʝʥ ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ 

ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʤ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ. 

0

0,002

0,004

0,006

0,008

0,01

0,012

0,0135 0,01475 0,016 0,01725 0,0185 0,01975 0,021 0,02225 0,0235 0,02475

˴ͦͤͼ͔ͤͭͪ͊ͼ͙Ύ ͙͙͒ͦͫ͒͊͟ ͔ͫͪ·

C_A C_B C_C C_D C_E C_F



36  

 

ʈʠʩʫʥʦʢ 4 ï ʂʦʥʮʝʥʪʨʘʮʠʷ ʜʠʦʢʩʠʜʘ ʩʝʨʳ (ʤʛ/ʤ3) ʥʘ ʚʳʩʦʪʝ ʦʪ 0 ʜʦ 12 ʤ ʜʣʷ  

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʣʘʥʯʠ ʥʘ ʂʀʄʘ ʧʨʠ ʫʤʝʨʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ (ʢʣʘʩʩ B) 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʈʘʡʥʝʨ ɻʨʝʬʝ, ʆʪʪʤʘʨ ʇʝʨʯʠ, ʕʨʠʢʘ ɻʨʝʬʝ ʠ ʜʨ. ɻʝʥʠʡ ʣʝʛʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɺʣʘʜʠʤʠʨ ʐʫʭʦʚ (1853-1939): ʚ 2 ʪʦʤʘʭ ʄʦʩʢʚʘ: ʉʚʷʟʴ ʵʧʦʭ, 2024. 

2. ɿʘʚʝʨʰʝʥʘ ʨʝʩʪʘʚʨʘʮʠʷ ʦʙʲʝʢʪʘ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ çʇʦʞʘʨʥʘʷ ʢʘʣʘʥʯʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʥʞʝʥʝʨʘ ʐʫʭʦʚʘ ɺ.ɻ.è ʚ ɹʘʣʘʭʥʠʥʩʢʦʤ ʦʢʨʫʛʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://nobl.ru/novosti-nizhegorodskoj-oblasti-za-vse-vremya/zavershena-restavratsiya- 

obekta-kulturnogo-naslediya-pozharnaya-kalancha-konstruktsii-inzhenera-shukhova. 

3. ʉʪʘʣʴʥʳʝ ʘʞʫʨʳ. ʉʦʦʨʫʞʝʥʠʷ ɺʣʘʜʠʤʠʨʘ ʐʫʭʦʚʘ ʚ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.kommersant.ru/doc/8269561. 

4. Eiffel Tower riddled with rust and in need of repair, leaked reports say URL: 

https://www.theguardian.com/world/2022/jul/04/eiffel-tower-riddled-with-rust-and-in-need-of-repai

r-leaked-reports-say. 

5. ɻʆʉʊ ʈ 56162-2019 ʅʘʮʠʦʥʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ɺʳʙʨʦʩʳ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. ʄʝʪʦʜ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʧʦʪʦʢʘʤʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ ʨʘʟʥʦʡ 

ʢʘʪʝʛʦʨʠʠ. ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ, ʄʦʩʢʚʘ, 2019. 

6. ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʯʝʪʫ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʠ ʤʦʩʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. ʄʠʥʠʩʪʝʨʩʪʚʦ ʪʨʘʥʩʧʦʨʪʘ ʈʌ, 

ʌʝʜʝʨʘʣʴʥʳʡ ʜʦʨʦʞʥʳʡ ʜʝʧʘʨʪʘʤʝʥʪ. ʄ, 1995. 

7. ɹʝʨʣʷʥʜ ʄ.ɽ. ʇʨʦʛʥʦʟ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. ɻʠʜʨʦʤʝʪʝʦʠʟʜʘʪ. 

ʃʝʥʠʥʛʨʘʜ, 1985. 272 ʩ. 

8. Ivanov A., Ivanova M. Online services for urban environment monitoring. 24th 

International Multidisciplinary Scientific GeoConference SGEM 2024. Conference Proceedings, 

2024.Vol. 24. Issue 2.1. 
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ʋɼʂ 502.174.3 

ʄɽʊʆɼʀʂɸ ʈɸʉʏɽʊɸ ɿɸɻʈʗɿʅɽʅʀʗ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʓ 

ʌʆʊʆʕʃɽʂʊʈʀʏɽʉʂʀʄʀ ʉʆʃʅɽʏʅʓʄʀ ʄʆɼʋʃʗʄʀ ɺ 

ʇʈʆʎɽʉʉɽ ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ 

ʂʘʨʪʘʰʦʚ ʄ. ɸ., ʄʘʩʣʠʢʦʚ ɺ. ʀ. 

ʌɻɸʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦè, 

ʀʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʠʥʩʪʠʪʫʪ, ɺʳʩʰʘʷ ʰʢʦʣʘ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʧʦ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʉʕʉ ʥʘ ʆʉ 

ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʝʡ ʵʥʝʨʛʦ-ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʌʉʄ (ʪʘʙʣʠʮʘ 1). ɺ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ɹʣʦʢ 1. ʇʨʦʠʟʚʦʜʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʙʣʠʮʘ 1 ï ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʵʥʝʨʛʦ-ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʌʉʄ 

ɹʣʦʢ 1. ʇʨʦʠʟʚʦʜʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ 

ɹʘʟʦʚʳʡ ʧʦʢʘʟʘʪʝʣʴ ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʄʘʪʝʨʠʘʣʦʸʤʢʦʩʪʴ 
ʄʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʣʝʤʝʥʪʦʚ ʧʘʥʝʣʠ 

ʕʥʝʨʛʦʸʤʢʦʩʪʴ  
ʂʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʝʥʥʦʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ ʧʘʥʝʣʠ 

ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ 

ʕʤʠʩʩʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʘʥʝʣʠ (ʦʢʠʩʣʳ ʫʛʣʝʨʦʜʘ, ʩʝʨʳ ʠ ʜʨ.) 

 

1. ʄʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʢʦʥʢʨʝʪʥʦʛʦ ʌʉʄ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ 

ʣʠʩʪʫ ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʬʠʨʤʳ ʠʟʛʦʪʦʚʠʪʝʣʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʳʣ ʚʳʙʨʘʥ ʌʉʄ HI-MO 7 LR5-72HGD 590M, 

ʤʦʱʥʦʩʪʴʶ 590 ɺʪ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ: 

ʊʘʙʣʠʮʘ 2 ï ʄʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʌʉʄ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʄʦʱʥʦʩʪʴ, ɺʪ ʅʘʠʤʝʥʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘ ʄʘʩʩʘ, ʢʛ 

ʌʉʄ HI-MO 7 

LR5-72HGD 590M,  

2278 ʭ 1134 ʭ 30 ʤʤ 

590 

ʈʘʤʘ ʘʣʶʤʠʥʠʝʚʘʷ 4,8 

ɿʘʢʘʣʸʥʥʦʝ ʩʪʝʢʣʦ 14 

ʉʣʦʡ ʥʘʧʳʣʝʥʠʷ 1 

ʂʨʝʤʥʠʝʚʳʝ ʷʯʝʡʢʠ 10 

ʀʟʦʣʷʮʠʦʥʥʳʡ ʩʣʦʡ 1 

ɹʣʦʢ ʩʦʝʜʠʥʝʥʠʡ ʠ ʚʳʭʦʜʥʦʡ ʢʘʙʝʣʴ 1 

ʀʪʦʛʦ: 31,8 

ʋʜʝʣʴʥʘʷ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʌʉʄ ʥʘ 1 ɺʪ ʤʦʱʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 0,0539 

(ʢʛ/ɺʪ). 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʌʉʄ. 

ʋʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʝʤʥʠʝʚʦʡ ʷʯʝʡʢʠ, ʩ ʫʯʝʪʦʤ 
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ʦʯʠʩʪʢʠ ʤʘʪʝʨʠʘʣʘ [1] ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ (1) 

Eʦʙʱʝʝ=Eʭʠʤ. ʨʝʘʢʮʠʷ+Eʜʠʩʪʠʣʣʷʮʠʷ+Eʚʦʩʩʪʘʥʦʚʣʝʥʠʝ+Eʜʦʧ. ʧʦʪʝʨʠ 
(

1) 

ʛʜʝ:  %̏ ̂̆̆̚ ï ʩʫʤʤʘʨʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 1 ʢʛ ʧʦʣʠʢʨʝʤʥʠʷ 

(ʢɺʪĿʯ/ʢʛ); 

%̖ ̉Ȣ̍  ̗̑̆́̋Ȣ ï ʵʥʝʨʛʠʷ ʥʘ ʩʠʥʪʝʟ 1 ʢʛ ʪʨʠʭʣʦʨʩʠʣʘʥʘ (~20 ʢɺʪĿʯ/ʢʛ); 

%̅ ̠̗̠̉̒̓̉̌̌̉ ï ʵʥʝʨʛʠʷ ʥʘ ʜʠʩʪʠʣʣʷʮʠʶ ʠ ʦʯʠʩʪʢʫ 1 ʢʛ ʪʨʠʭʣʦʨʩʠʣʘʥʘ (~15 

ʢɺʪĿʯ/ʢʛ); 

%̃ ̏̒̒̓́̎̏̃̌̆̎̉̆ ï ʵʥʝʨʛʠʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 1 ʢʛ ʢʨʝʤʥʠʷ ʚ ʨʝʘʢʪʦʨʝ 

ʉʠʤʝʥʩʘ (~110 ʢɺʪĿʯ/ʢʛ); 

%̅ ̏Ȣ̐  ̐̏̓̆̑̉ ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ (~10 ʢɺʪĿʯ/ʢʛ). 

ʋʜʝʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʢʨʝʤʥʠʝʚʦʡ ʷʯʝʡʢʠ ʩʦʩʪʘʚʠʪ:  

Eʦʙʱʝʝ=20ʩʠʥʪʝʟ+15ʜʠʩʪʠʣʣʷʮʠʷ+110ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ+10ʜʦʧ. ʧʦʪʝʨʠ=155 ̋ˏ̓
̘

̋̄
 

(

(2) 

ʊʦʛʜʘ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʢʨʝʤʥʠʝʚʦʡ ʷʯʝʡʢʠ ʩ ʤʘʩʩʦʡ ʢʨʝʤʥʠʷ 10 ʢʛ, 

ʤʦʱʥʦʩʪʴʶ 590 ɺʪ: 

Eʢʨʝʤʥʠʡ=ρπ ̋ ̄ρυυ ̋ ˏ̓
̘

̋̄
ρυυπ ̋ ˏ̘̓  

(

(3) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʢʨʝʤʥʠʝʚʳʭ ʷʯʝʝʢ ʥʘ 1 ɺʪ 

ʤʦʱʥʦʩʪʠ ʩʦʩʪʘʚʠʪ: 

%̔ Ȣ̅  ̋̑̆̍̎̉̊

ρυυπ

υωπ
ςȟφςχ ̋ ˏ̓

̘

ˏ̓
 

(

(4) 

ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʌʉʄ. 

ʊʘʙʣʠʮʘ 3 ï ʕʥʝʨʛʦʸʤʢʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʌʉʄ 590 ɺʪ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʵʣʝʤʝʥʪʘ 

ʄʘʩʩʘ 

ʵʣʝʤ., ʢʛ 

ʋʜʝʣ. 

ʵʥʝʨʛʦʸʤʢ. 

ʵʣʝʤ., ʢɺʪĿʯ/ʢʛ 

ʕʥʝʨʛʦʸʤʢ. 

ʵʣʝʤ. ʢɺʪĿʯ 

ʋʜʝʣ. ʵʥʝʨʛʦʝʤʢ. 

ʥʘ 1 ɺʪ ʤʦʱʥ. ʧʘʥ., 

ʢɺʪĿʯ/ɺʪ 

ʈʘʤʘ ʘʣʶʤʠʥʠʝʚʘʷ 4,8 55 *  246 0,416 

ɿʘʢʘʣʸʥʥʦʝ ʩʪʝʢʣʦ 14 7,28 * 95 0,161 

ʉʣʦʡ ʥʘʧʳʣʝʥʠʷ 1 20 *  19 0,032 

ʂʨʝʤʥʠʝʚʳʝ ʷʯʝʡʢʠ 10 155 ** 1550 2,627 

ʀʟʦʣʷʮʠʦʥʥʳʡ ʩʣʦʡ 1 20 *  19 0,032 

ɹʣʦʢ ʩʦʝʜ. ʠ ʚʳʭ. ʢʘʙ 1 20 *  19 0,032 

ʀʪʦʛʦ: 31,8 - 1948 3,3 

ɺʚʠʜʫ ʥʝʙʦʣʴʰʦʡ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʌʉʄ ʠʭ 

ʟʥʘʯʝʥʠʷ ʧʨʠʥʠʤʘʣʠʩʴ ʧʦ ʫʢʨʫʧʥʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʠʩʪʦʯʥʠʢʝ 

[2, 3, 4].  * ʋʢʨʫʧʥʸʥʥʳʝ ʧʦʢʘʟʘʪʝʣʴ  ** ʈʘʩʯʝʪʥʳʡ ʧʦʢʘʟʘʪʝʣʴ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 3 ʧʦʢʘʟʘʣ, ʯʪʦ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʢʨʝʤʥʠʝʚʦʡ ʷʯʝʡʢʠ ʩʦʩʪʘʚʣʷʝʪ 92 % ʦʪ ʦʙʱʠʭ ʧʦ ʌʉʄ, ʧʦʵʪʦʤʫ, ʜʝʪʘʣʴʥʳʝ 

ʨʘʩʯʝʪʳ ʵʥʝʨʛʦʟʘʪʨʘʪ ʮʝʣʝʩʦʦʙʨʘʟʥʳ ʪʦʣʴʢʦ ʜʣʷ ʢʨʝʤʥʝʚʦʡ ʷʯʝʡʢʠ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʵʤʠʩʩʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ 

ʚʦʟʜʫʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʌʉʄ. 
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ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 1 ʢʛ ʢʨʝʤʥʠʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʡ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʩʦʩʪʘʚʣʷʝʪ 0,345 ʢʛ ʫ.ʪ. (ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ) ʚ ʫʛʦʣʴʥʦʤ ʵʢʚʠʚʘʣʝʥʪʝ. ʇʨʠ 

ʩʞʠʛʘʥʠʠ 1 ʢʛ ʫ.ʪ. (ʫʛʣʷ) ʚʳʙʨʦʩʳ ʉʆ2 ʩʦʩʪʘʚʣʷʶʪ 2,76 ʢʛ [5]. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 10 ʢʛ ʢʨʝʤʥʠʷ ʚʳʙʨʦʩʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʩʦʩʪʘʚʷʪ (5): 

- Í̍́̓Å !z̍́̓ 
(

(5) 

ʛʜʝ:   !  ï ʢʦʵʬʬʠʮʠʝʥʪ ʵʤʠʩʩʠʠ j-ʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ i-ʤʘʪʝʨʠʘʣʘ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʨʘʚʥʳʡ 0,952; 

Í  ï ʤʘʩʩʘ j-ʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ i-ʤʘʪʝʨʠʘʣʘ; 

Å ï ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʵʣʝʤʝʥʪʘ. 

ʆʧʨʝʜʝʣʷʝʤ ʵʤʠʩʩʠʶ ʉʆ2 (ʧʘʨʥʠʢʦʚʳʡ ʛʘʟ) ʠ SO2, (ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ 

ʟʘʛʨʷʟʥʠʪʝʣʴ, ʚʳʟʳʚʘʶʱʠʡ ʟʘʙʦʣʝʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʫ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʛʨʫʧʧ 

ʥʘʩʝʣʝʥʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ [6]. 

ʕʤʠʩʩʠʷ CO2 ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʝʤʥʠʝʚʦʡ ʷʯʝʡʢʠ, ʤʦʱʥʦʩʪʴʶ 590 ɺʪ 

ʩʦʩʪʘʚʷʪ: 

- ̋̑̆̍ρπzρυυzπȟστυzςȟχφ ρτχυȟω ̋  ̄#/̞ ̋ ̃ 
(

(6) 

ʊʦʛʜʘ ʫʜʝʣʴʥʘʷ ʵʤʠʩʩʠʷ ʥʘ 1ɺʪ ʤʦʱʥʦʩʪʠ: 

-
Í̍́̓Å !z̍́̓

υωπ
ςȟυπρ ̋  ̄#/ 

̞̋̃

ˏ̓
 

(

(7) 

ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʵʤʠʩʩʠʠ SO2 ʜʣʷ ʢʨʝʤʥʠʷ, ʧʦ ʬʦʨʤʫʣʝ 6, ʩ ʫʯʝʪʦʤ, ʯʪʦ 

ʧʨʠ ʩʞʠʛʘʥʠʠ 1 ʢʛ ʫʛʣʷ ʥʘ ʊʕʉ ʚʳʙʨʦʩʳ ʩʦʩʪʘʚʣʷʶʪ 8,8 ʢʛ SO2, ʪʦʛʜʘ ʵʤʠʩʩʠʷ 

ʙʫʜʝʪ ʨʘʚʥʘ 4705,8 ʢʛ SO2 ʵʢʚ. ɺ ʪʘʙʣʠʮʝ 4 ʧʨʠʚʝʜʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʤʠʩʩʠʡ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟ ʩʧʨʘʚʦʯʥʠʢʦʚ. ʉʨʘʚʥʠʚ ʧʦʣʫʯʠʚʰʠʝʩʷ ʨʘʩʯʝʪʥʳʝ ʠ 

ʪʘʙʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʩʯʝʪ ʜʦʩʪʦʚʝʨʥʳʡ, ʧʨʠʥʷʪʴ ʚʦ 

ʚʥʠʤʘʥʠʝ ʬʘʢʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ 0,952 ʙʳʣʦ ʚʟʷʪʦ ʜʣʷ ʫʛʣʷ ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʚʳʩʰʠʤ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʚ ʪʘʙʣʠʮʝ. 

ɺ ʪʘʙʣʠʮʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʵʤʠʩʩʠʠ CO2 ʠ SO2 ʜʣʷ ʌʉʄ HI-MO 7 

LR5-72HGD 590M [7, 8, 9]. 

ʊʘʙʣʠʮʘ 4. ʕʤʠʩʩʠʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʌʉʄ, ʤʦʱʥʦʩʪʴʶ 590 ɺʪ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʵʣʝʤʝʥʪʘ 

ʄʘʩʩʘ 

ʵʣʝʤ., 

ʢʛ 

ʂʦʵʬʬ. ʵʤʠʩʩʠʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝ-ɦʚ 

ʕʤʠʩʩʠʷ 

ʟʘʛʨ-ʱʠʭ 

ʚʝʱʝʩʪʚ 

ʋʜʝʣ. ʵʤʠʩʩʠʷ 

ʢʛ CO2 

ʵʢʚ/ʢʛ 

ʢʛ SO2 

ʵʢʚ/ʢʛ 

ʢʛ CO2 

ʵʢʚ 

ʢʛ SO2 

ʵʢʚ 

ʢʛ CO2 

ʵʢʚ/ɺʪ 

ʢʛ SO2 

ʵʢʚ/ɺʪ 

ʈʘʤʘ ʘʣʶʤʠʥʠʝʚʘʷ 4,8 8ï12 0,3-0,6 48 2,4 0,081 0,004 

ɿʘʢʘʣʸʥʥʦʝ ʩʪʝʢʣʦ 14 1,2ï1,5 0,05-0,1 18,9 0,98 0,032 0,002 

ʉʣʦʡ ʥʘʧʳʣʝʥʠʷ 1 3ï5 0,02-0,05 4 0,035 0,007 0,0001 

ʂʨʝʤʥʠʝʚʳʝ ʷʯʝʡʢʠ 10 80ï120 0,1-0,3 1000 2 1,695 0,003 

ʀʟʦʣʷʮʠʦʥʥʳʡ ʩʣʦʡ 1 3ï5 0,02-0,05 4 0,04 0,007 0,0001 

ɹʣʦʢ ʩʦʝʜ. ʠ ʚʳʭ. ʢʘʙ 1 2,2ï2,5 0,03-0,06 2,4 0,05 0,004 0,0002 

ʀʪʦʛʦ: 31,8 - - 1077,3 5,05 1,826 0,0093 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʚʝʜʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʵʤʠʩʩʠʠ 
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ʉʆ2 ʠ SO2 ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʌʉʄ: SilaSolar 900ɺʪ TOPCon, LR4-60HPB-360W ʠ 

SM 100M-36B, ʦʧʨʝʜʝʣʝʥʘ ʤʘʪʝʨʠʘʣʦʸʤʢʦʩʪʴ ʠ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʵʣʝʤʝʥʪʦʚ, 

ʧʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʪʘʙʣʠʮʝ 5. 

ʊʘʙʣʠʮʘ 5 ï ʋʜʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʤʘʪʝʨʠʘʣʦʸʤʢʦʩʪʠ, ʵʥʝʨʛʦʸʤʢʦʩʪʠ, ʵʤʠʩʩʠʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʌʉʄ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 
ʄʦʱʥʦʩʪʴ ʌʉʄ, ɺʪ 

900 590 360 100 

ʋʜʝʣʴʥʘʷ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ, ʢʛ/ɺʪ 0,0422 0,0539 0,0661 0,0800 

ʋʜʝʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ, ʢɺʪĿʯ/ɺʪ 1,392 3,300 3,335 4,205 

ʋʜʝʣʴʥʘʷ ʵʤʠʩʩʠʷ ʢʛ CO2 ɻ ʢʚ /ɺʪ 0,493 1,826 1,704 2,198 

ʋʜʝʣʴʥʘʷ ʵʤʠʩʩʠʷ ʢʛ SO2 ɻ ʢʚ /ɺʪ 0,0093 0,0093 0,01 0,012 

ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʤʝʶʪ ʌʉʄ 

ʤʦʱʥʦʩʪʴʶ 590 ʠ 360 ɺʪ. ʇʦ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ ʠʭ ʨʘʟʥʠʮʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

11 %, ʧʦ ʦʩʪʘʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʦʨʷʜʢʘ 7 %. ʅʘʠʭʫʜʰʠʝ ʫʜʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʠʤʝʝʪ ʌʉʄ ʤʦʱʥʦʩʪʴʶ 100 ɺʪ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʌʉʄ ʝʝ 

ʤʘʪʝʨʠʘʣʦʸʤʢʦʩʪʴ ʥʘ 32 % ʙʦʣʴʰʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʥʘ 22 % 

ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʠ ʵʤʠʩʩʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

ɺʳʚʦʜʳ 

1. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʫʜʝʣʴʥʦʡ ʵʤʠʩʩʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ 

ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʌʉʄ ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʠʭ 

ʤʘʪʝʨʠʘʣʦʸʤʢʦʩʪʠ, ʵʥʝʨʛʦʸʤʢʦʩʪʠ, ʵʤʠʩʩʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʜʣʷ ʯʝʪʳʨʝʭ 

ʌʉʄ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʣʦʢʘ 1 (ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʤʘʪʝʨʠʘʣʦʚ). 

2. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ (ʪʘʙʣʠʮʘ 5), ʯʪʦ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ 

ʫʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʤʝʶʪ ʌʉʄ ʤʦʱʥʦʩʪʴʶ 590 ɺʪ ʠ 360 ɺʪ, ʧʦʵʪʦʤʫ ʧʨʠ 

ʫʢʨʫʧʥʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʵʥʝʨʛʦ-ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʚʳʜʝʣʷʪʴ ʜʠʘʧʘʟʦʥ ʤʦʱʥʦʩʪʝʡ ʌʉʄ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʭ ʫʜʝʣʴʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʦʣʥʝʯʥʳʭ 

ʫʩʪʘʥʦʚʦʢ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʌʉʄ ʤʦʱʥʦʩʪʴʶ ʦʪ 100 ɺʪ ʜʦ 900 ɺʪ. 
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ʋɼʂ 502/504 

ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʆʏʀʉʊʂʀ ʉʊʆʏʅʓʍ ɺʆɼ  

ʅɸ ʆɹʒɽʂʊɸʍ ɾɽʃɽɿʅʆɼʆʈʆɾʅʆɻʆ ʊʈɸʅʉʇʆʈʊɸ 

ʃʫʛʘʩʴʢʦʚʘ ʅ. ɺ., ɺʝʨʣʘʥ ɺ. ʉ., ʇʝʪʨʦʚ ɻ. ɺ., ʇʨʦʢʦʧʴʝʚʘ ʂ. ɸ. 

ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷè, 

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ʆʯʠʩʪʢʘ ʩʪʦʢʦʚ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ï ʦʩʪʨʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʧʨʦʙʣʝʤʘ: ʝʞʝʛʦʜʥʦ ʧʨʝʜʧʨʠʷʪʠʷ ʦʪʨʘʩʣʠ ʩʙʨʘʩʳʚʘʶʪ ʜʝʩʷʪʢʠ ʤʠʣʣʠʦʥʦʚ 

ʢʫʙʦʤʝʪʨʦʚ ʚʦʜ. ʂ ʚʨʝʜʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ 

ʣʦʢʦʤʦʪʠʚʥʳʭ ʠ ʚʘʛʦʥʥʳʭ ʜʝʧʦ, ʣʦʢʦʤʦʪʠʚʥʦ-ʚʘʛʦʥʦʨʝʤʦʥʪʥʳʭ ʟʘʚʦʜʦʚ, 

ʧʨʦʤʳʚʦʯʥʦ-ʧʨʦʧʘʨʦʯʥʳʭ ʧʫʥʢʪʦʚ, ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ, ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʠ ʜʨʫʛʠʭ 

ʮʝʭʦʚ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦ ʧʨʠʨʦʜʝ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, 

ʬʝʥʦʣ, ʩʦʣʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʇɸɺ, ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʠʩʣʦʪʳ, 

ʱʝʣʦʯʠ [1]. ʀʟʥʦʰʝʥʥʳʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʟʘʜʘʯʝʡ ï 

ʩʪʦʢʠ ʧʦʧʘʜʘʶʪ ʚ ʚʦʜʦʸʤʳ ʠ ʥʘ ʨʝʣʴʝʬ ʙʝʟ ʜʦʣʞʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʦʪʨʘʚʣʷʷ ʧʦʯʚʫ, 

ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ ʠ ʨʝʢʠ. ʕʪʦ ʥʘʨʫʰʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʫʙʠʚʘʝʪ 

ʚʦʜʥʳʭ ʦʙʠʪʘʪʝʣʝʡ ʠ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʚʦʜʦʸʤʦʚ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ 

ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʜʣʷ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ. ʄʦʜʝʨʥʠʟʘʮʠʷ ʦʯʠʩʪʥʳʭ 

ʩʠʩʪʝʤ, ʚʥʝʜʨʝʥʠʝ ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʩʪʨʦʛʠʡ ʣʘʙʦʨʘʪʦʨʥʳʡ ʢʦʥʪʨʦʣʴ 

ʧʦʟʚʦʣʷʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʜ ʧʨʠʨʦʜʝ: ʩʦʢʨʘʪʠʪʴ ʩʙʨʦʩ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, 

ʟʘʱʠʪʠʪʴ ʚʦʜʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʠ ʩʦʭʨʘʥʠʪʴ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ ʠ ʞʠʚʦʪʥʳʭ. 

ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩʪʦʯʥʳʝ ʚʦʜʳ 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʘʧʧʘʨʘʪʫʨʳ, ʧʨʠ ʧʨʦʤʳʚʢʝ ʠʟʜʝʣʠʡ, 

ʧʨʠ ʪʨʘʚʣʝʥʠʠ ʠ ʥʘʥʝʩʝʥʠʠ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ, ʧʨʠ ʦʢʨʘʩʢʝ ʠʟʜʝʣʠʡ ʠ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩʪʘʥʦʯʥʦʛʦ ʧʘʨʢʘ ʵʤʫʣʴʩʠʷʤʠ [2]. 

ɺ ʩʪʨʫʢʪʫʨʝ ʠʩʪʦʯʥʠʢʦʚ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʦʙʲʝʢʪʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʢʘʪʝʛʦʨʠʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʠʩʪʦʯʥʠʢʦʚ. 
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ʉʪʘʮʠʦʥʘʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤʧʣʝʢʩʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʶʱʠʤ ʣʦʢʦʤʦʪʠʚʦ-ʚʘʛʦʥʦʨʝʤʦʥʪʥʳʝ ʜʝʧʦ, 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʤʳʚʦʯʥʦ-ʧʨʦʧʘʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʪʝʧʣʦʛʝʥʝʨʠʨʫʶʱʠʝ 

ʫʩʪʘʥʦʚʢʠ ʢʦʪʝʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʫʯʘʩʪʢʠ 

ʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ. 

ʇʝʨʝʜʚʠʞʥʫʶ ʛʨʫʧʧʫ ʠʩʪʦʯʥʠʢʦʚ ʬʦʨʤʠʨʫʶʪ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʘʨʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʧʣʦʚʦʟʥʳʡ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ, ʧʫʪʝʚʳʝ 

ʤʘʰʠʥʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʘ 

ʪʘʢʞʝ ʧʘʩʩʘʞʠʨʩʢʠʡ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ʋʢʘʟʘʥʥʳʝ ʦʙʲʝʢʪʳ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪ ʪʝʭʥʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ 

ʵʢʦʩʠʩʪʝʤʫ ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʦʩʪʘʚʦʤ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 

ʉʨʝʜʠ ʢʣʶʯʝʚʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʩʪʦʯʥʳʭ ʚʦʜ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

ʅʝʬʪʝʧʨʦʜʫʢʪʳ (ʤʘʟʫʪ, ʪʦʧʣʠʚʦ, ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ), ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ 

(ʩʚʠʥʝʮ, ʤʝʜʴ, ʮʠʥʢ, ʢʘʜʤʠʡ, ʙʘʨʠʡ ʠ ʜʨ.), ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ 

(ʇɸɺ), ʢʠʩʣʦʪʳ ʠ ʱʸʣʦʯʠ, ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ, ʬʝʥʦʣʳ, ʤʠʥʝʨʘʣʴʥʳʝ 

ʚʟʚʝʩʠ (ʧʝʩʦʢ, ʯʘʩʪʠʮʳ ʛʨʫʥʪʘ, ʩʦʣʠ), ʭʣʦʨʥʘʷ ʠʟʚʝʩʪʴ, ʢʘʫʩʪʠʯʝʩʢʘʷ ʩʦʜʘ ʠ 

ʜʨʫʛʠʝ ʜʝʟʠʥʬʠʮʠʨʫʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʩʪʦʢʠ ʩ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʫʪʝʡ ʠ ʤʦʩʪʦʚ. 

ʇʦʩʣʝʜʩʪʚʠʷ ʪʘʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʚʢʣʶʯʘʶʪ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ, 

ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʜʦʸʤʘʭ, ʨʦʩʪ ʚʦʜʦʨʦʩʣʝʡ, ʟʘʙʦʣʘʯʠʚʘʥʠʝ, ʘ 

ʪʘʢʞʝ ʨʠʩʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʣʝʟʥʝʪʚʦʨʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʨʝʙʫʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ (ʤʝʭʘʥʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ), ʧʝʨʝʭʦʜ ʥʘ ʟʘʤʢʥʫʪʳʝ ʮʠʢʣʳ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴ 

ʟʘ ʩʦʙʣʶʜʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʱʝʥʠʷ ʩ ʦʧʘʩʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʦʙʲʝʢʪʘʤ, ʛʜʝ ʦʙʨʘʟʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʩʪʦʢʠ, 

ʧʨʦʤʳʚʦʯʥʦ-ʧʨʦʧʘʨʦʯʥʳʤ ʩʪʘʥʮʠʷʤ, ʜʝʟʠʥʬʝʢʮʠʦʥʥʦ-ʧʨʦʤʳʚʦʯʥʳʤ ʩʪʘʥʮʠʷʤ, 

ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʤ ʮʝʭʘʤ. 

ɸʥʘʣʠʟ ʩʦʩʪʘʚʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʝʜʧʨʠʷʪʠʡ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʝʙʫʝʤʦʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʦʪ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ, ʬʝʥʦʣʳ ʠ ʧʘʪʦʛʝʥʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʥʠʢʘʝʪ ʦʩʪʨʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʧʦʜʭʦʜʘʭ ʢ ʦʯʠʩʪʢʝ ʩʪʦʯʥʳʭ ʚʦʜ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ: ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʟʘʛʨʷʟʥʝʥʠʡ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʤʧʘʢʪʥʦʩʪʴ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʫʧʨʘʚʣʝʥʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʨʝʰʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʚʦʜʦʦʯʠʩʪʢʠ ʥʘ ʦʙʲʝʢʪʘʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ 

ʫʜʘʣʝʥʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʦʪʨʘʩʣʠ. 

ɸʜʩʦʨʙʮʠʦʥʥʘʷ ʦʯʠʩʪʢʘʷʚʣ̫ʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ 
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ʤʝʪʦʜʦʤ ʫʜʘʣʝʥʠʷ ʠʟ ʚʦʜʳ ʨʘʩʪʚʦʨʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʧʨʠʨʦʜʥʦʛʦ ʠ 

ʥʝʧʨʠʨʦʜʥʦʛʦ ʦʩʘʞʜʝʥʠʷ [3]. ʇʨʦʮʝʩʩ ʦʩʥʦʚʘʥ ʥʘ ʧʦʛʣʦʱʝʥʠʠ ʚʝʱʝʩʪʚ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʚʸʨʜʦʛʦ ʘʜʩʦʨʙʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʜʩʦʨʙʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ, ʩʠʣʠʢʘʛʝʣʠ, ʮʝʦʣʠʪʳ. ʆʯʠʩʪʢʘ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ 

ʧʨʦʤʳʚʦʯʥʦ-ʧʨʦʧʘʨʦʯʥʳʭ ʩʪʘʥʮʠʷʭ, ʛʜʝ ʫʩʪʘʥʦʚʢʠ ʩ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʫʛʣʝʤ ʠ 

ʮʝʦʣʠʪʘʤʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʜʘʣʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʬʝʥʦʣʦʚ ʩ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʜʦ 95 %. ʄʝʪʦʜ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʬʝʥʦʣʦʚ ʠ ʇɸɺ. 

ʄʝʤʙʨʘʥʥʘʷ ʦʯʠʩʪʢʘ ʚʢʣʶʯʘʝʪ ʦʙʨʘʪʥʳʡ ʦʩʤʦʩ, ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʶ ʠ 

ʥʘʥʦʬʠʣʴʪʨʘʮʠʶ. ʄʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʤʝʤʙʨʘʥ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʣʠʯʥʳʤ ʚʝʱʝʩʪʚʘʤ ʧʨʦʭʦʜʠʪʴ ʠʣʠ ʟʘʜʝʨʞʠʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ, 

ʟʘʨʷʜʘ ʤʦʣʝʢʫʣ. ʇʨʝʠʤʫʱʝʩʪʚʘ: ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʬʠʣʴʪʨʘʮʠʠ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, 

ʜʦʣʛʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʤʝʤʙʨʘʥ [4]. ʄʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʥʝʜʨʝʥʳ ʥʘ ʢʨʫʧʥʳʭ 

ʩʦʨʪʠʨʦʚʦʯʥʳʭ ʩʪʘʥʮʠʷʭ ʜʣʷ ʜʦʦʯʠʩʪʢʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ. 

ʌʣʦʪʘʮʠʦʥʥʘʷ ʦʯʠʩʪʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʚʩʧʣʳʪʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʯʘʩʪʠʮ ʩ 

ʧʫʟʳʨʴʢʘʤʠ ʚʦʟʜʫʭʘ. ʇʨʠʤʝʥʝʥʠʝ ʬʣʦʪʘʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʚʦʜʳ, ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ ʨʝʘʛʝʥʪʦʚ, ʩʦʢʨʘʪʠʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ, ʩʥʠʟʠʪʴ ʦʙʚʦʜʥʸʥʥʦʩʪʴ ʠʟʚʣʝʢʘʝʤʳʭ 

ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʪʝʤ ʩʘʤʳʤ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʠʭ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ [5]. 

ʈʘʟʣʠʯʘʶʪ ʤʝʭʘʥʠʯʝʩʢʫʶ, ʭʠʤʠʯʝʩʢʫʶ ʠ ʵʣʝʢʪʨʦʬʣʦʪʘʮʠʶ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʝʥ 

ʜʣʷ ʦʯʠʩʪʢʠ ʧʨʦʤʳʚʦʯʥʦ-ʧʨʦʧʘʨʦʯʥʳʭ ʩʪʦʢʦʚ. 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ï ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʨʘʩʱʝʧʣʷʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ʜʣʷ ʧʨʦʩʪʝʡʰʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʙʷʟʘʪʝʣʴʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩʯʠʪʘʝʪʩʷ ʘʢʪʠʚʥʳʡ ʠʣ ï ʩʦʦʙʱʝʩʪʚʦ 

ʞʠʚʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʡ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪ ʟʘʛʨʷʟʥʝʥʠʷ [6]. ʄʝʪʦʜ 

ʚʢʣʶʯʘʝʪ ʘʵʨʦʙʥʳʝ ʠ ʘʥʘʵʨʦʙʥʳʝ ʧʨʦʮʝʩʩʳ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʨʝʰʝʥʠʷ:ʙʠʦʬʠʣʴʪʨʳ, ʘʵʨʦʪʝʥʢʠ, ʤʝʪʘʥʪʝʥʢʠ, ʤʝʤʙʨʘʥʥʳʝ ʙʠʦʨʝʘʢʪʦʨʳ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 

ʫʟʣʘʭ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ ɹʇʂ, ʍʇʂ, ʘʤʤʦʥʠʡʥʦʛʦ ʘʟʦʪʘ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʟʘʛʨʷʟʥʝʥʠʡ. ʏʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʵʪʘʧ ʢʦʤʧʣʝʢʩʥʦʡ ʦʯʠʩʪʢʠ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʦʪʜʝʣʴʥʦ, ʪʘʢ ʠ ʚ 

ʢʦʤʙʠʥʘʮʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. 

ɺʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ ʥʘ ʦʙʲʝʢʪʘʭ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ 

ʟʘʪʨʘʪʳ ʥʘ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ, ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʥʘ ʨʝʘʛʝʥʪʳ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʨʦʢ ʩʣʫʞʙʳ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʜʦʩʪʠʛʘʝʪ 10ï15 ʣʝʪ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʫʶ ʦʢʫʧʘʝʤʦʩʪʴ ʠʥʚʝʩʪʠʮʠʡ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ: ʫʜʘʣʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʜʦʩʪʠʛʘʝʪ 

98ï99 %, ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ï ʜʦ 95 %, ʬʝʥʦʣʦʚ ʠ ʇɸɺ ï 90ï95 %. ʕʪʦ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʦʝʤʦʚ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʟʘʱʠʱʘʝʪ ʚʦʜʥʳʝ 

ʵʢʦʩʠʩʪʝʤʳ ʠ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʚʦʜʦʝʤʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʨʠʷʪʠʷʤ ʵʢʦʥʦʤʠʪʴ ʜʦ 900 ʪʳʩʷʯ ʨʫʙʣʝʡ ʚ ʛʦʜ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʣʘʪʝʞʘʭ. 
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ʅʘʧʨʠʤʝʨ, ʚ ʣʦʢʦʤʦʪʠʚʥʦʤ ʜʝʧʦ çʋʣʴʷʥʦʚʩʢ-ʮʝʥʪʨè ʚʥʝʜʨʝʥʠʝ ʘʜʩʦʨʙʮʠʦʥʥʦʡ 

ʦʯʠʩʪʢʠ ʜʘʣʦ ʵʢʦʥʦʤʠʶ ʦʢʦʣʦ 560 ʪʳʩʷʯ ʨʫʙʣʝʡ ʝʞʝʛʦʜʥʦ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 

ʧʣʘʪʝʞʝʡ ʠ ʵʢʦʥʦʤʠʠ ʚʦʜʳ [7]. 

ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ 

ʪʨʝʙʦʚʘʥʠʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʢʘʢ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʚʠʜʘ ʧʝʨʝʚʦʟʦʢ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ 

ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʆɹʆʉʅʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʇʈʀʈʆɼʅʓʍ 

ʉʆʈɹɽʅʊʆɺ ʇʈʀ ʈɽʂʋʃʔʊʀɺɸʎʀʀ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓʍ 

ɿɽʄɽʃʔ 

ʄʝʱʝʨʷʢʦʚ ʄ. ʇ. 

ʌɻɹʆʋ ɺʆ çɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ɺʦʣʛʦʛʨʘʜ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 
ʇʦʯʚʝʥʥʘʷ ʩʨʝʜʘ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʝʡʰʠʡ ʩʠʩʪʝʤʥʦ 

ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʦʨʛʘʥʠʟʤ, ʚ ʢʦʪʦʨʦʤ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ [1]. ʉʝʨʴʝʟʥʦʩʪʴ ʦʙʦʟʥʘʯʝʥʥʦʡ ʧʨʦʙʣʝʤʘʪʠʢʠ 

ʤʥʦʛʦʢʨʘʪʥʦ ʫʩʫʛʫʙʣʷʝʪʩʷ ʪʝʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ, ʯʪʦ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ 
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ʪʝʭʥʦʛʝʥʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʚʝʜʝʪ ʢ ʛʣʫʙʦʢʦʤʫ ʥʘʨʫʰʝʥʠʶ ʝʝ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʪʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʨʘʟʨʫʰʘʷ ʦʩʦʙʦ 

ʮʝʥʥʳʡ ʛʫʤʫʩʦʚʳʡ ʩʣʦʡ, ʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʦʠʩʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ 

ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʯʚ ʧʦʩʣʝ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝʬʪʴʶ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʝʪʩʷ, ʙʝʟʫʩʣʦʚʥʦ, ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ 

ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʥʘʫʢʠ [2]. ʇʨʦʙʣʝʤʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ 

ʙʠʦʮʝʥʦʟʘ, ʥʘʨʫʰʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʚʝʜʝʥʠʷ ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʩʪʦʠʪ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ. ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʜʝʢʦʥʪʘʤʠʥʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚʩʝʛʜʘ ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʚʦʧʨʦʩʳ 

ʩʪʝʧʝʥʠ ʠ ʩʢʦʨʦʩʪʠ ʦʯʠʩʪʢʠ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, ʥʦ ʠ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʯʚʳ ʩ ʮʝʣʴʶ 

ʚʦʟʚʨʘʱʝʥʠʷ ʠʭ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ [3]. 

ʆʙʲʝʢʪʦʤ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʠ ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʳʝ ʧʦʯʚʳ 

ɻʦʨʦʜʠʱʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʜʦʣʴ 

ʥʝʬʪʝʪʨʫʙʦʧʨʦʚʦʜʘ çʂʫʡʙʳʰʝʚïʊʠʭʦʨʝʮʢè, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʦʨʙʠʨʫʶʱʝʛʦ ʤʝʣʠʦʨʘʥʪʘ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʠ 

ʦʯʠʩʪʢʠ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʥʘ ʧʨʠʤʝʨʝ ʜʚʫʭ ʫʯʘʩʪʢʦʚ (ɺʦʣʛʦʛʨʘʜʩʢʘʷ ʠ 

ʈʦʩʪʦʚʩʢʘʷ ʦʙʣʘʩʪʠ) [4]. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʤʠ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʘʚʪʦʨʦʚ, ʠʩʩʣʝʜʫʶʱʠʭ ʧʨʦʙʣʝʤʳ 

ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʪʝʭʥʦʛʝʥʥʦ ʥʘʨʫʰʝʥʥʳʭ ʥʝʬʪʴʶ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʧʦʯʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʩʦʨʙʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ï ʮʝʦʣʠʪʦʚ ʠ ʛʫʤʠʥʦʚʳʭ 

ʧʨʝʧʘʨʘʪʦʚ [5]. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʷʭ ʧʦ ʠʭ ʧʨʦʚʝʜʝʥʠʶ [6]. ʆʪʙʦʨ 

ʩʤʝʰʘʥʥʳʭ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʧʦʣʷ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʦʪʙʦʨʫ ʧʨʦʙ, ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʤʠ ɻʆʉʊʘʤʠ 17.4.3.01-2017 ʠ 

17.4.02-84. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʬʪʷʥʳʭ ʩʦʨʙʝʥʪʦʚ ʧʦ ʩʚʦʝʤʫ ʧʨʦʠʩʭʦʞʜʝʥʠʶ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 1. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʦʛʣʦʪʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ 

ʤʘʨʢʠ ɹɸʋ-ɸ, ʮʝʦʣʠʪʘ ʀʣʦʚʣʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, 

ʚʝʨʤʠʢʫʣʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʤʝʣʠʦʨʘʥʪʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩʤʝʰʘʥʥʳʝ ʧʦʯʚʝʥʥʳʝ ʦʙʨʘʟʮʳ ʩ ʜʚʫʭ ʧʘʭʦʪʥʳʭ 

ʫʯʘʩʪʢʦʚ ʧʣʦʱʘʜʴʶ ʧʦ 1 ʛʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ɻʦʨʦʜʠʱʝʥʩʢʦʤ ʨʘʡʦʥʝ 

ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʫʯʘʩʪʦʢ ˉ 1) ʠ ʚ ɿʠʤʦʚʥʠʢʦʚʩʢʦʤ ʨʘʡʦʥʝ ʈʦʩʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ (ʫʯʘʩʪʦʢ ˉ 2). ʋʯʘʩʪʢʠ ʚʳʙʨʘʥʳ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝʬʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʧʦ ʠʭ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʭʦʜʠʪ 

ʥʝʬʪʝʧʨʦʚʦʜ çʂʫʡʙʳʰʝʚïʊʠʭʦʨʝʮʢè. 
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ʈʠʩʫʥʦʢ 1 ï ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʬʪʷʥʳʭ ʩʦʨʙʝʥʪʦʚ 

ʄʘʩʩʦʚʫʶ ʜʦʣʶ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʝ ʦʧʨʝʜʝʣʷʣʠ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʠ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʌɻɹʆʋ 

ɺʆ ɺʦʣʛʦʛʨʘʜʩʢʠʡ ɻɸʋ [7ï9]. ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʧʨʠʤʝʥʷʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʦʡ ʇʅɼʌ 16.1.41-04, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʤ ʦʪʜʝʣʝʥʠʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʪ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ [10, 11]. 

ʇʘʨʘʣʣʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘ ʧʨʠʙʦʨʝ 

çʕʢʩʧʝʨʪ-003è ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʩʚʝʪʦʬʠʣʴʪʨʘ 470 ʥʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʪʝʩʪ-ʩʠʩʪʝʤ ʄʕʊ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʷʪʴ ʥʘʯʘʣʴʥʦʝ ʠ ʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʝ ʧʦʩʣʝ ʝʝ ʢʦʥʪʘʢʪʘ ʩ ʧʨʠʨʦʜʥʳʤʠ ʩʦʨʙʝʥʪʘʤʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʳ ʧʨʦʚʝʣʠ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ 

ʧʦʛʣʦʪʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚʳʙʨʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʧʨʠʨʦʜʥʳʡ ʤʝʣʠʦʨʘʥʪ ʩ ʥʘʠʣʫʯʰʠʤʠ ʧʦʛʣʦʪʠʪʝʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʯʚʝʥʥʳʤ ʥʝʬʪʷʥʳʤ ʧʦʣʣʶʪʘʥʪʘʤ. ɼʘʥʥʳʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʜʠʥʘʢʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʟʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɹʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʷʥʳʭ 

ʧʦʣʣʶʪʘʥʪʦʚ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʨʠʨʦʜʥʳʡ ʮʝʦʣʠʪ. ʅʘ ʚʦʩʴʤʳʝ ʩʫʪʢʠ ʚʦ ʚʩʝʭ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʧʨʦʠʩʭʦʜʠʣʘ ʘʢʪʠʚʥʘʷ ʩʦʨʙʮʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, 

ʦʜʥʘʢʦ ʧʦʩʣʝ ʜʚʝʥʘʜʮʘʪʠʜʥʝʚʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʚʝʨʤʠʢʫʣʠʪ ʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ʩʪʘʣʠ ʥʝ ʪʦʣʴʢʦ ʥʝ ʧʦʛʣʦʱʘʪʴ, ʥʦ ʠ ʦʪʜʘʚʘʪʴ ʥʝʢʦʪʦʨʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʘʥʝʝ ʥʘʢʦʧʣʝʥʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. ʋʚʣʘʞʥʝʥʠʝ ʢʘʞʜʦʛʦ ʠʟ ʦʙʨʘʟʮʦʚ 

ʧʦʯʚʳ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʫʩʠʣʠʚʘʣʦ ʧʨʦʮʝʩʩ ʜʝʩʦʨʙʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʯʠʪʘʝʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʠʨʦʜʥʳʭ ʤʝʣʠʦʨʘʥʪʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʦ ʥʘʨʫʰʝʥʥʳʭ 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʛʨʷʟʥʝʥʠʷ ʥʝʬʪʴʶ ʠ ʝʝ ʧʨʦʜʫʢʪʘʤʠ ʟʝʤʝʣʴ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʦ. 

ɼʦʣʷ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠʟ ʧʦʯʚʳ ʧʨʠ ʧʦʤʦʱʠ ʚʝʨʤʠʢʫʣʠʪʘ ʩʦʩʪʘʚʠʣʘ 

34 %, ʮʝʦʣʠʪʘ ï 75 %, ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ï 61 %. 
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ʊʘʙʣʠʮʘ 1 ï ʉʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʝ ʧʦ ʜʥʷʤ (ʤʛ/ʢʛ) 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʦʨʙʝʥʪʘ 
ʉʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʝ ʧʦ ʜʥʷʤ, (ʤʛ/ʢʛ) 

1 5 8 12 

ɺʝʨʤʠʢʫʣʠʪ  169 110 101 112 

ʇʨʠʨʦʜʥʳʡ ʮʝʦʣʠʪ  164 79 47 42 

ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ  162 84 56 64 

 

ʆʜʥʘʢʦ, ʠʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ 

ʚʳʚʦʜ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʠʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʦʡ ʩʦʨʙʮʠʠ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʫʜʝʨʞʠʚʘʪʴ ʥʘʢʦʧʣʝʥʥʳʡ ʩʦʨʙʘʪ ʚ ʧʦʨʘʭ 

ʤʠʥʝʨʘʣʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʥʝ ʜʦʧʫʩʢʘʷ ʜʝʩʦʨʙʮʠʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʨʠʩ. 2). ʀʤʝʥʥʦ ʵʪʦ ʫʥʠʢʘʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʮʝʦʣʠʪʘ 

ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʧʨʠʨʦʜʥʳʤʠ ʩʦʨʙʝʥʪʘʤʠ ï ʥʝ ʦʪʜʘʚʘʪʴ ʥʘʢʦʧʣʝʥʥʳʝ ʚ ʧʦʨʘʭ 

ʟʘʛʨʷʟʥʠʪʝʣʠ ʦʙʨʘʪʥʦ ʚ ʧʦʯʚʫ ï ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʚʳʩʦʢʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ 

ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

 

ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʠʢʘ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʧʦʯʚʝ 

ɼʘʣʝʝ ʥʘʰʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʮʝʥʢʫ 

ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝʬʪʷʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ. ɼʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʣʶʪʘʥʪʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2. ɸʥʘʣʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʦʜʥʦʤ ʠ 

ʪʦʤ ʞʝ ʦʙʨʘʟʮʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʩʭʦʞʜʝʥʠʷ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣʠ ʚ ʧʝʨʚʦʤ 

ʚʘʨʠʘʥʪʝ 11,85 %, ʘ ʚʦ ʚʪʦʨʦʤ ï 12,79 %, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʦʡ 

ʩʭʦʜʠʤʦʩʪʠ ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ ʤʝʪʦʜʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʧʦʧʘʜʘʷ ʚ 

ʧʦʯʚʫ, ʩʧʦʩʦʙʥʳ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʢʘʢ 
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ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ, ʪʘʢ ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʨʦʜʚʠʞʝʥʠʷ 

ʥʝʬʪʠ ʚ ʧʦʯʚʝ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʦʩʪʘʚʘ 

ʛʨʫʥʪʘ ʠ ʥʝʬʪʠ, ʚʣʘʞʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʠ ʧʦʯʚʳ, ʧʣʦʪʥʦʩʪʠ ʩʣʦʞʝʥʠʷ 

ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ʆʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ʊʘʙʣʠʮʘ 2 ï ʉʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʧʦ ʛʦʨʠʟʦʥʪʘʤ ʚ ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ 

ʈʘʟʨʝʟ ʧʦ 

ʛʦʨʠʟʦʥʪʘʤ 

ɻʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ 

ʤʝʪʦʜ, ʤʛ/ʢʛ 

ʌʦʪʦʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʡ 

ʤʝʪʦʜ çʕʢʩʧʝʨʪ-003è, 

ʤʛ/ʢʛ 

ʈʘʩʭʦʞʜʝʥʠʝ, 

% ʦʪ 

çʕʢʩʧʝʨʪ-003è 

ʇʣʦʜʦʨʦʜʥʳʡ ʩʣʦʡ, 

ɸï1 
189,4 162,3 16,7 

ʈʘʟʨʝʟ 

ɸï2 
67,8 59,5 14,3 

ʈʘʟʨʝʟ 

ɸï3 
12,2 56,3 ï 

ʇʣʦʜʦʨʦʜʥʳʡ ʩʣʦʡ, 

ɺï1 
187,1 166,2 12,6 

ʈʘʟʨʝʟ 

ɺï2 
64,3 62,9 2,2 

ʈʘʟʨʝʟ 

ɺï3 
58,1 53,4 8,8 

 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʦʨʙʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʦʣʠʪʦʚʳʭ ʤʝʣʠʦʨʘʥʪʦʚ ʩ ʮʝʣʴʶ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʭʦʜʝ ʨʝʢʫʣʴʪʠʚʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʯʚ ʥʝʬʪʷʥʳʤʠ 

ʧʦʣʣʶʪʘʥʪʘʤʠ. ʀʤʝʥʥʦ ʪʘʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʤʳ ʩʯʠʪʘʝʤ ʦʩʦʙʝʥʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʦʨʙʠʨʫʶʱʝʛʦ 

ʤʝʣʠʦʨʘʥʪʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʮʝʦʣʠʪ ʠ ʛʫʤʠʥʦʚʳʡ ʧʨʝʧʘʨʘʪ. 

ɻʫʤʠʥʦʚʳʝ ʢʦʥʮʝʥʪʨʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʳʥʢʝ ʧʨʝʧʘʨʘʪʘʤʠ ʚ ʞʠʜʢʦʡ ʠ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʡ ʬʦʨʤʘʭ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ. 

ʀʤʝʥʥʦ ʧʦʩʣʝʜʥʠʝ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ 

ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʧʨʦʮʝʩʩʝ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʥʘʨʫʰʝʥʥʳʭ ʧʦʯʚ. ʆʥʠ 

ʩʪʠʤʫʣʠʨʫʶʪ ʨʘʟʚʠʪʠʝ ʧʦʯʚʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʦʚʳʰʘʶʪ ʧʣʦʜʦʨʦʜʠʝ, 

ʫʚʝʣʠʯʠʚʘʶʪ ʚʣʘʛʦʝʤʢʦʩʪʴ ʠ ʧʦʨʦʟʥʦʩʪʴ, ʚʳʩʪʫʧʘʶʪ ʩʦʨʙʝʥʪʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʘʟʣʠʯʥʳʤ ʧʦʯʚʝʥʥʳʤ ʧʦʣʣʶʪʘʥʪʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʨʛʘʥʠʯʝʩʢʠʤ. ɻʫʤʠʥʦʚʳʝ 

ʢʠʩʣʦʪʳ ʩʧʦʩʦʙʥʳ ʢʦʘʛʫʣʠʨʦʚʘʪʴʩʷ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ 

ʭʠʤʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ, ʢʘʢ ʙʳ ʦʙʚʦʣʘʢʠʚʘʷ, 

ʧʦʛʣʦʱʘʷ ʠ ʣʦʢʘʣʠʟʫʷ ʠʭ. ʎʝʦʣʠʪʳ ʞʝ, ʦʙʣʘʜʘʷ ʞʝʩʪʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʩʧʦʩʦʙʥʦʡ ʢ ʠʦʥʦʟʘʤʝʱʝʥʠʶ, ʭʦʨʦʰʦ ʩʪʨʫʢʪʫʨʠʨʫʶʪ ʧʦʯʚʫ, 

ʫʚʝʣʠʯʠʚʘʶʪ ʝʝ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʫʩʢʦʨʷʷ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʥʝʬʪʷʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʠ ʩʣʫʞʘʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʪʨʠ ʝʤʢʦʩʪʠ ʦʙʲʝʤʦʤ 5 ʣ ʥʘ ʜʥʦ ʥʘʩʳʧʘʣʠ ʤʝʣʢʠʡ 

ʛʨʘʚʠʡʥʳʡ ʱʝʙʝʥʴ ʬʨʘʢʮʠʠ 10ï20 ʤʤ ʩʣʦʝʤ 1,5ï2 ʩʤ, ʘ ʩʚʝʨʭʫ ʧʦʤʝʱʘʣʠ 3 ʢʛ 

ʧʦʯʚʳ, ʟʘʛʨʷʟʥʝʥʥʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦ ʥʝʬʪʴʶ ʖʞʥʦ-ʇʝʨʚʦʤʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
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ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʛ/ʢʛ. ʇʨʝʧʘʨʘʪ ʚʥʦʩʠʣʠ ʚ ʢʘʞʜʳʡ ʢʦʥʪʝʡʥʝʨ 

ʚ ʚʠʜʝ ʩʤʝʩʠ ʠʟ ʨʘʩʯʝʪʘ 150 ʛ/ʢʛ ʧʦʯʚʳ ʮʝʦʣʠʪʘ (ʬʨʘʢʮʠʝʡ 1ï3 ʤʤ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ 60ï70 %) ʠ 15 ʛ/ʤĮ ʛʫʤʠʥʦʚʦʛʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʘ 

ʦʩʥʦʚʝ ʙʫʨʦʛʦ ʫʛʣʷ (ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʥʝ ʤʝʥʝʝ 65 %), ʯʪʦ ʚ 

ʧʝʨʝʩʯʝʪʝ ʥʘ ʥʘʰ ʦʙʲʝʤ ʠ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʩʪʘʚʠʣʦ 450 ʛ ʧʨʠʨʦʜʥʦʛʦ 

ʮʝʦʣʠʪʘ ʠ 6 ʛ ʛʫʤʠʥʦʚʦʛʦ ʧʨʝʧʘʨʘʪʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʩʫʱʝʩʪʚʣʷʣʠ ʨʳʭʣʝʥʠʝ 

(ʧʝʨʝʤʝʰʠʚʘʥʠʝ) ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʛʨʫʥʪʘ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʩʦʨʙʠʨʫʶʱʠʤ ʤʝʣʠʦʨʘʥʪʦʤ. 

ʈʝʢʫʣʴʪʠʚʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 6 ʤʝʩʷʮʝʚ (ʦʜʠʥ ʩʝʟʦʥ) ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ 

ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʥʘ ʫʨʦʚʥʝ 60 % ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʚʳʰʝ +3 Áʉ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʩʥʠʞʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʟʘʛʨʷʟʥʝʥʠʷ ʩʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʦʡ ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʦʡ ʧʦʯʚʳ ʩ 50 ʛ/ʢʛ ʜʦ 0,562 ʛ/ʢʛ 

ʠ ʪʝʤʥʦ-ʢʘʰʪʘʥʦʚʦʡ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʦʡ ï ʩ 50 ʛ/ʢʛ ʜʦ 0,489 ʛ/ʢʛ (ʪʘʙʣʠʮʘ 3). 

ʇʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʦʙʨʘʟʮʦʚ ʧʦʯʚ ʰʝʣ ʥʝʨʘʚʥʦʤʝʨʥʳʤʠ 

ʪʝʤʧʘʤʠ: ʥʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʩʦʨʙʮʠʠ, ʙʦʣʝʝ 80 %, ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʧʝʨʚʳʝ ʪʨʠ 

ʤʝʩʷʮʘ, ʟʘʤʝʜʣʷʷʩʴ ʧʦ ʤʝʨʝ ʥʘʩʳʱʝʥʠʷ ʩʦʨʙʝʥʪʘ. 

ʂ ʢʦʥʮʫ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʠʡ 

ʧʨʦʠʩʭʦʜʠʣʦ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ, ʦʢʘʟʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʳʤ 

ʤʝʣʠʦʨʘʥʪʦʤ ʥʘ ʧʦʯʚʫ, ʯʪʦ ʚʳʨʘʞʘʣʦʩʴ ʚ ʫʣʫʯʰʝʥʠʠ ʝʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʩʘʤʦʦʯʠʩʪʢʝ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ ʧʦʣʝʟʥʦʡ ʧʦʯʚʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʛʫʤʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʊʘʙʣʠʮʘ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ 

ˉ 

ʋʯʘʩʪʢʘ 
ʊʠʧ ʧʦʯʚʳ 

ʀʩʭʦʜʥʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ, 

ʛ/ʢʛ 

ʆʩʪʘʪʦʯʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʩʣʝ 

ʨʝʢʫʣʴʪʠʚʘʮʠʠ,  ʛ/ʢʛ (ʧʦ ʤʝʩʷʮʘʤ) 

1 2 3 4 5 6 

1 
ʉʚʝʪʣʦ-ʢʘʰʪʘʥʦʚʘʷ 

ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʘʷ 
50 35,379 23,240 13,373 5,784 2,543 0,562 

2 
ʊʝʤʥʦ-ʢʘʰʪʘʥʦʚʘʷ 

ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ 
50 34,867 22,744 11,523 6,035 2,421 0,489 

 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʯʚʳ ʫʯʘʩʪʢʘ ˉ 2 ʰʣʦ ʥʝʩʢʦʣʴʢʦ ʙʳʩʪʨʝʝ, ʠ ʦʩʪʘʪʦʯʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʷʥʳʭ ʧʦʣʣʶʪʘʥʪʦʚ ʧʦ ʠʩʪʝʯʝʥʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʝʨʠʦʜʘ (6 

ʤʝʩʷʮʝʚ) ʚ ʦʙʨʘʟʮʘʭ ʧʦʯʚ ʫʯʘʩʪʢʘ ˉ 1 ʙʳʣʦ ʥʘ 13 % ʚʳʰʝ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʯʝʪʚʝʨʪʦʤ ʤʝʩʷʮʝ ʚ ʦʙʨʘʟʮʘʭ ʧʦʯʚʳ ʫʯʘʩʪʢʘ ˉ 2 ʥʘʙʣʶʜʘʣʦʩʴ 

ʥʝʢʦʪʦʨʦʝ ʟʘʤʝʜʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ. ʇʦʣʘʛʘʝʤ, ʯʪʦ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʤʦʛ 

ʙʳʪʴ ʩʧʨʦʚʦʮʠʨʦʚʘʥ ʥʝʜʦʫʚʣʘʞʥʝʥʠʝʤ ʧʦʯʚʳ (ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʚʣʘʞʥʦʩʪʠ ʥʘ 

ʫʨʦʚʥʝ 60 %) ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ ʚ ʥʠʞʥʠʝ ʩʣʦʠ. 

ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʪʝʭʥʦʛʝʥʥʦ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʶ ʥʝʬʪʷʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ 

ʧʦʯʚʝ ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ ʜʦ ʜʦʧʫʩʪʠʤʦʛʦ ʫʨʦʚʥʷ 0,562 ʠ 0,489 ʛ/ʢʛ, ʯʪʦ ʥʠʞʝ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ 1 ʛ/ʢʛ ʩʦʛʣʘʩʥʦ ɻʆʉʊ ʈ 57447-2017. 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʷʚʣʝʥʥʳʡ ʩʧʦʩʦʙ ʦʯʠʩʪʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 

ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ ʜʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʯʠʱʝʥʥʦʡ ʧʦʯʚʳ ʧʨʠ 

ʚʦʟʜʝʣʳʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ɿʘʢʣʶʯʝʥʠʝ 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʯʠʪʘʝʤ 

ʚʦʟʤʦʞʥʳʤ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɺʦ-ʧʝʨʚʳʭ, ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ 

ʧʨʠʨʦʜʥʳʝ ʤʝʣʠʦʨʘʥʪʳ ʩʧʦʩʦʙʥʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʠʟʚʣʝʢʘʪʴ ʠ ʧʦʛʣʦʱʘʪʴ ʠʟ ʧʦʯʚʳ ʪʝʭʥʦʛʝʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʦʜʥʘʢʦ ʧʨʠʨʦʜʥʳʡ 

ʮʝʦʣʠʪ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ï ʫʜʝʨʞʠʚʘʪʴ ʥʘʢʦʧʣʝʥʥʳʝ 

ʟʘʛʨʷʟʥʠʪʝʣʠ ʚ ʩʚʦʝʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʦʙʨʘʪʥʫʶ ʜʝʩʦʨʙʮʠʶ. 

ɺʦ-ʚʪʦʨʳʭ, ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʪʝʭʥʦʣʦʛʠʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ 

ʥʝʬʪʝʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʝʣʠʦʨʘʥʪʘ ʥʘ ʦʩʥʦʚʝ ʮʝʦʣʠʪʘ ʠ ʛʫʤʠʥʦʚʦʛʦ ʧʨʝʧʘʨʘʪʘ. ɿʘ 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʝʨʠʦʜ (6 ʤʝʩʷʮʝʚ) ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʷʥʳʭ 

ʟʘʛʨʷʟʥʝʥʠʡ ʜʦ ʙʝʟʦʧʘʩʥʦʛʦ ʫʨʦʚʥʷ 0,562 ʠ 0,489 ʛ/ʢʛ. ɺ-ʪʨʝʪʴʠʭ, ʜʘʥʥʘʷ ʩʪʝʧʝʥʴ 

ʩʦʨʙʮʠʠ ʜʦʩʪʠʛʘʣʘʩʴ ʧʨʠ ʩʪʨʦʛʦʤ ʩʦʙʣʶʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ: 

ʧʦʜʜʝʨʞʘʥʠʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʥʘ ʫʨʦʚʥʝ 60 % ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ ʥʝ 

ʥʠʞʝ +3 Áʉ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʘʙʦʪ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʝʤʝʣʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʥʘʨʫʰʝʥʥʳʭ 

ʥʝʬʪʷʥʳʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʤʝʣʠʦʨʠʨʫʶʱʝʛʦ ʩʦʨʙʝʥʪʘ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʟʜʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʦʨʙʝʥʪʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʧʦʤʠʤʦ ʮʝʦʣʠʪʘ ʠ ʛʫʤʠʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛʠʝ 

ʧʨʠʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʫʩʠʣʠʚʘʶʱʠʝ ʤʝʣʠʦʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ. 
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ʋɼʂ 699.812.2 

ʅɽʉɻʆʈɸɽʄʓʁ ʌɸʉɸɼ 

ʄʦʨʦʟʦʚʘ ɸ. ʇ., ʎʘʧʣʠʝʥʢʦ ɸ. ɼ., ʍʦʭʣʦʚʘ ʃ. ʀ. 

ʌɻɹʆʋ ɺʆ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʫè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ʇʨʦʪʠʚʦʧʦʞʘʨʥʳʝ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʝ ʬʘʩʘʜʳ ʠ ʚʠʪʨʘʞʠ ï ʵʪʦ ʥʝʥʝʩʫʱʠʝ 

ʥʘʨʫʞʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʦʛʥʝʩʪʦʡʢʦʩʪʴʶ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʨʦʯʥʦʛʦ ʢʘʨʢʘʩʘ 

(ʘʣʶʤʠʥʠʝʚʦʛʦ ʠʣʠ ʩʪʘʣʴʥʦʛʦ) ʠ ʦʛʥʝʩʪʦʡʢʦʛʦ ʩʪʝʢʣʘ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʚʝʩʥʳʤʠ, ʟʘʧʦʣʥʷʪʴ ʧʨʦʝʤʳ ʠʣʠ ʠʤʝʪʴ ʠʟʦʛʥʫʪʳʝ ʬʦʨʤʳ [1]. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʵʪʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʘʥʘʣʦʛʠʯʥʳ ʦʙʳʯʥʳʤ 

ʥʝʥʝʩʫʱʠʤ ʥʘʨʫʞʥʳʤ ʩʪʝʥʘʤ. ʋʟʣʳ ʢʨʝʧʣʝʥʠʷ ʢ ʧʝʨʝʢʨʳʪʠʷʤ ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʛʥʝʩʪʦʡʢʦʩʪʴ ʜʦ 60 ʤʠʥʫʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʝʨʝʢʨʳʪʠʶ. 

ʆʮʝʥʠʚʘʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ (E) ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ (I) ʚ 

ʤʝʩʪʘʭ ʧʨʠʤʳʢʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ (R) ʚ ʤʝʩʪʘʭ ʢʨʝʧʣʝʥʠʷ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʥʘʨʫʞʥʳʤ ʥʝʥʝʩʫʱʠʤ ʩʪʝʥʘʤ ʠʟʣʦʞʝʥʳ ʚ ʪʘʙʣʠʮʝ ʌɿ-123 

çʊʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè [2]. 

ʅʘʨʫʞʥʳʝ ʩʚʝʪʦʧʨʦʟʨʘʯʥʳʝ ʩʪʝʥʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʨʝʜʝʣ ʦʛʥʝʩʪʦʡʢʦʩʪʠ 

ɽ30 ʜʣʷ ʟʜʘʥʠʡ I ʩʪʝʧʝʥʠ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʠ ɽ15 ʜʣʷ IIïIV ʩʪʝʧʝʥʝʡ. 

ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʜʘʥʠʡ ʧʨʠʤʝʥʷʶʪʩʷ 

ʚʝʥʪʠʣʠʨʫʝʤʳʝ ʬʘʩʘʜʥʳʝ ʩʠʩʪʝʤʳ ʠʟ ʥʝʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʵʬʬʝʢʪʠʚʥʦ 

ʩʜʝʨʞʠʚʘʶʱʠʭ ʦʛʦʥʴ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

ï ʂʘʤʝʥʥʘʷ ʚʘʪʘ: ʥʝ ʛʦʨʠʪ, ʚʳʜʝʨʞʠʚʘʝʪ ʜʦ 1000 Áʉ. 

ï ʌʠʙʨʦʮʝʤʝʥʪʥʳʝ ʧʘʥʝʣʠ: ʠʥʝʨʪʥʳ ʢ ʦʛʥʶ, ʥʝ ʚʳʜʝʣʷʶʪ ʚʨʝʜʥʳʭ ʠʩʧʘʨʝʥʠʡ. 

ï ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʩʘʡʜʠʥʛ: ʥʝʛʦʨʶʯʠʡ (ʚʘʞʥʳ ʤʘʨʢʘ ʤʝʪʘʣʣʘ ʠ ʧʦʢʨʳʪʠʝ). 

ï ʌʘʩʘʜʥʳʡ ʢʝʨʘʤʦʛʨʘʥʠʪ: ʧʨʦʯʥʳʡ ʠ ʥʝʛʦʨʶʯʠʡ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ. 
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ʊʘʙʣʠʮʘ 1 ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʪʝʧʝʥʠ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʠ ʧʨʝʜʝʣʘ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, ʩʪʨʦʝʥʠʡ ʠ ʧʦʞʘʨʥʳʭ ʦʪʩʝʢʦʚ 

 
 

ï ʐʪʫʢʘʪʫʨʢʘ (ʮʝʤʝʥʪʥʘʷ/ʛʠʧʩʦʚʘʷ): ʦʛʥʝʫʧʦʨʥʘ, ʟʘʱʠʱʘʝʪ ʦʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ. 

ʇʨʠ ʚʳʙʦʨʝ ʥʝʛʦʨʶʯʝʛʦ ʬʘʩʘʜʘ ʫʯʠʪʳʚʘʶʪʩʷ ʪʠʧ ʦʙʲʝʢʪʘ, ʢʣʠʤʘʪ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʪʨʝʙʦʚʘʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɺʝʥʪʠʣʠʨʫʝʤʳʝ ʬʘʩʘʜʳ ï ʩʦʚʨʝʤʝʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʦʙʣʠʮʦʚʢʠ, 

ʩʦʯʝʪʘʶʱʝʝ ʵʩʪʝʪʠʢʫ ʠ ʧʨʘʢʪʠʯʥʦʩʪʴ. ɺʦʟʜʫʰʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʩʪʝʥʦʡ ʠ 

ʦʪʜʝʣʢʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʠʨʢʫʣʷʮʠʶ ʚʦʟʜʫʭʘ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʩʢʦʧʣʝʥʠʝ ʚʣʘʛʠ ʠ 

ʫʣʫʯʰʘʝʪ ʪʝʧʣʦʠʟʦʣʷʮʠʶ. ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʥʝʩʫʱʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, 

ʫʪʝʧʣʠʪʝʣʴ, ʚʦʟʜʫʰʥʳʡ ʟʘʟʦʨ ʠ ʜʝʢʦʨʘʪʠʚʥʫʶ ʦʙʣʠʮʦʚʢʫ. ʅʝʛʦʨʶʯʠʝ 

ʚʝʥʪʠʣʠʨʫʝʤʳʝ ʬʘʩʘʜʳ ʠʩʧʦʣʴʟʫʶʪ ʤʘʪʝʨʠʘʣʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʦʛʥʝʩʪʦʡʢʦʩʪʴʶ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ [3]. 

ʅʦʨʤʘʪʠʚʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʛʦʨʶʯʝʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʈʦʩʩʠʠ 

ɺ ʈʌ ʚʦʧʨʦʩʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʠʭ ʛʦʨʶʯʝʩʪʠ 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʤʠ ʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʘʢʪʘʤʠ [3]. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʥʝʛʦʨʶʯʠʭ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʦʚ 
ʇʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʦʚ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʬʘʢʪʦʨʦʚ: 

ï ʊʠʧ ʟʜʘʥʠʷ: ʥʘʟʥʘʯʝʥʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʧʦʩʪʨʦʡʢʠ. 

ï ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ: ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʛʠʦʥʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ï ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ: ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʠ ʠʥʞʝʥʝʨʥʳʝ ʨʝʰʝʥʠʷ. 

ï ʊʨʝʙʦʚʘʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʥʦʨʤʘʪʠʚʥʳʝ ʧʨʝʜʧʠʩʘʥʠʷ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ. 

ɺʳʙʦʨ ʦʙʣʠʮʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʚʝʥʪʠʣʠʨʫʝʤʦʛʦ ʬʘʩʘʜʘ 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʜʘʚʘʪʴ ʦʙʣʠʮʦʚʦʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʢʣʘʩʩʘ ʅɻ [3]. 

ʂ ʪʘʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʷʪʩʷ, ʥʘʧʨʠʤʝʨ: 

¶ ʂʝʨʘʤʦʛʨʘʥʠʪ. 

¶ ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʧʘʥʝʣʠ. 

¶ ʅʘʪʫʨʘʣʴʥʳʡ ʢʘʤʝʥʴ. 

ɺʳʙʦʨ ʫʪʝʧʣʠʪʝʣʷ 
ʅʝʚʦʩʧʣʘʤʝʥʷʝʤʳʡ ʫʪʝʧʣʠʪʝʣʴ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʚʝʥʪʠʣʠʨʫʝʤʦʛʦ ʬʘʩʘʜʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʪʝʧʣʦʠʟʦʣʷʮʠʶ. ɼʣʷ 

ʥʝʛʦʨʶʯʠʭ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʦʚ ʧʦʜʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʫʪʝʧʣʠʪʝʣʝʡ: 

¶ ʄʠʥʝʨʘʣʴʥʘʷ ʚʘʪʘ: ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʅɻ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʦʛʥʝʩʪʦʡʢʦʩʪʴʶ ʠ ʙʝʟʦʧʘʩʥʘ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [3]. 

¶ ɹʘʟʘʣʴʪʦʚʘʷ ʚʘʪʘ: ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʛʦʨʶʯʠʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʦʚ, ʥʝ ʚʳʜʝʣʷʝʪ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʥʘʛʨʝʚʝ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʚʦʩʭʦʜʥʫʶ ʪʝʧʣʦʠʟʦʣʷʮʠʶ [3]. 

ʂʨʝʧʝʞʥʳʝ ʩʠʩʪʝʤʳ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʛʦʨʶʯʠʭ 

ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʨʝʧʝʞʥʳʝ ʩʠʩʪʝʤʳ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʘʣʶʤʠʥʠʡ ʠʣʠ ʦʮʠʥʢʦʚʘʥʥʘʷ ʩʪʘʣʴ [3]. 

ʈʝʛʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʚʳʙʦʨ 
ɺ ʨʝʛʠʦʥʘʭ ʩ ʧʦʚʳʰʝʥʥʳʤ ʨʠʩʢʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʚ (ʥʘʧʨʠʤʝʨ, ʚ 

ʶʞʥʳʭ ʠʣʠ ʟʘʩʫʰʣʠʚʳʭ ʨʘʡʦʥʘʭ) ʧʨʠʤʝʥʝʥʠʝ ʥʝʛʦʨʶʯʠʭ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʦʚ 

ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ. ɺ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘʭ ʪʘʢʞʝ ʢʨʘʡʥʝ 

ʚʘʞʥʦ ʚʳʙʠʨʘʪʴ ʦʙʣʠʮʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʚʳʩʦʢʠʤ ʢʣʘʩʩʦʤ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ ʥʘ ʩʦʩʝʜʥʠʝ ʩʪʨʦʝʥʠʷ [3]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠʤʝʥʷʝʤʳʭ ʩʧʦʩʦʙʦʚ ʦʛʥʝʟʘʱʠʪʳ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʆʛʥʝʟʘʱʠʪʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ: ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ. 

1. ʆʙʝʪʦʥʠʨʦʚʘʥʠʝ, ʦʰʪʫʢʘʪʫʨʠʚʘʥʠʝ, ʦʙʢʣʘʜʢʘ ʢʠʨʧʠʯʦʤ: 

¶ ʇʣʶʩʳ: ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ. 

¶ ʄʠʥʫʩʳ: ʙʦʣʴʰʘʷ ʤʘʩʩʘ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʨʝʧʝʞʘ, ʩʣʦʞʥʦʩʪʴ ʨʝʤʦʥʪʘ ʠ 

ʨʘʙʦʪ ʥʘ ʚʳʩʦʪʝ, ʪʨʫʜʦʝʤʢʦʩʪʴ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʟʘʱʠʪʳ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪ. 

2. ʇʣʠʪʳ ʠʟ ʧʦʨʠʩʪʳʭ/ʚʦʣʦʢʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ: 

¶ ʇʣʶʩʳ: ʛʠʟʢʘʷ ʤʘʩʩʘ, ʚʠʙʨʦʩʪʦʡʢʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ, 

ʥʠʟʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ. 

¶ ʄʠʥʫʩʳ: ʪʨʝʙʫʶʪʩʷ ʙʦʣʴʰʠʝ ʪʦʣʱʠʥʳ, ʚʳʩʦʢʘʷ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʨʠʩʢ 

ʢʦʨʨʦʟʠʠ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʟʘʱʠʪʳ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪ, ʩʣʦʞʥʦʩʪʴ ʨʘʙʦʪ ʥʘ 

ʚʳʩʦʪʝ [4]. 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʩʪʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʞʠʜʢʦʛʦ ʩʪʝʢʣʘ 
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ʇʣʶʩʳ: 

1. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ. 

ʄʠʥʫʩʳ: 

1. ʅʠʟʢʘʷ ʚʠʙʨʦʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʷ ʧʨʠ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩʣʦʝʚ; 

2. ʊʨʫʜʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʟʘʜʘʥʥʳʭ ʪʦʣʱʠʥ ʧʦʢʨʳʪʠʷ; 

3. ɹʦʣʴʰʘʷ ʧʦ ʚʨʝʤʝʥʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʠ ʩʫʰʢʠ ʧʦʢʨʳʪʠʷ; 

4. ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʜʨʫʛʠʭ ʨʘʙʦʪ; 

5. ɹʦʣʴʰʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʨʠ ʥʘʥʝʩʝʥʠʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʛʥʝʟʘʱʠʪʥʳʭ ʢʨʘʩʦʢ ʚʩʧʫʯʠʚʘʶʱʝʛʦʩʷ ʪʠʧʘ (ʪʦʥʢʦʩʣʦʡʥʳʝ ʧʦʢʨʳʪʠʷ) 

ʇʣʶʩʳ: 

1. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ; 

2. ʄʘʣʘʷ ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ; 

3. ɺʦʟʤʦʞʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʚʘʣʠʢʦʤ, ʢʠʩʪʴʶ, ʨʘʩʧʳʣʝʥʠʝʤ; 

4. ɺʦʟʤʦʞʥʦʩʪʴ ʟʘʱʠʪʳ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪ ʤʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ; 

5. ɺʦʟʤʦʞʥʦʩʪʴ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʨʠ; 

6. ʅʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʘ; 

7. ʀʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʦʛʥʝʟʘʱʠʪʥʳʝ, ʥʦ ʠ ʜʝʢʦʨʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʄʠʥʫʩʳ: 

1. ʆʛʨʘʥʠʯʝʥʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

2. ʊʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ [4]. 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʦʛʥʝʟʘʱʠʪʥʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ: ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

¶ ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ: ʰʠʨʦʢʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, ʥʝ ʦʛʨʘʥʠʯʝʥʥʘʷ ʥʦʨʤʘʤʠ. 

¶ ʕʢʦʥʦʤʠʯʥʦʩʪʴ: ʜʝʰʝʚʣʝ ʦʛʥʝʟʘʱʠʪʥʳʭ ʢʨʘʩʦʢ ʠ ʘʥʘʣʦʛʠʯʥʳʭ ʩʠʩʪʝʤ. 

¶ ʕʢʦʣʦʛʠʯʥʦʩʪʴ: ʙʝʟʦʧʘʩʝʥ, ʙʝʟ ʟʘʧʘʭʘ. 

¶ ʇʨʦʩʪʦʪʘ: ʥʠʟʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ, ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʧʦʜʛʦʪʦʚʢʠ. 

¶ ʕʬʬʝʢʪʠʚʥʦʩʪʴ: ʪʦʥʢʦʝ ʧʦʢʨʳʪʠʝ, ʟʘʱʠʪʘ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪ, 

ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʪʝʨʴ. 

¶ ʋʜʦʙʩʪʚʦ ʥʘʥʝʩʝʥʠʷ: ʚʘʣʠʢ, ʢʠʩʪʴ, ʨʘʩʧʳʣʝʥʠʝ. 

¶ ʉʦʚʤʝʩʪʠʤʦʩʪʴ: ʩʣʦʠ ʩʠʩʪʝʤʳ ʧʦʣʥʦʩʪʴʶ ʩʦʚʤʝʩʪʠʤʳ. 

¶ ɼʝʢʦʨʘʪʠʚʥʦʩʪʴ: ʦʙʣʘʜʘʝʪ ʪʘʢʞʝ ʜʝʢʦʨʘʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʝʜʦʩʪʘʪʢʠ: 

¶ ʂʦʥʪʨʦʣʴ ʪʦʣʱʠʥʳ: ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ. 

¶ ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ: ʨʘʙʦʪʳ ʪʦʣʴʢʦ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ [4]. 

ʇʨʠ ʚʳʙʦʨʝ ʬʘʩʘʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʘʞʥʳ ʥʝ ʪʦʣʴʢʦ ʦʛʥʝʩʪʦʡʢʦʩʪʴ, ʥʦ ʠ 

ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʪʝʧʣʦ- ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʷ, ʘ ʪʘʢʞʝ ʵʩʪʝʪʠʢʘ [5]. 

ʅʝʛʦʨʶʯʠʝ ʤʘʪʝʨʠʘʣʳ: 
¶ ʂʠʨʧʠʯ: ʥʘʜʝʞʥʳʡ, ʥʝʛʦʨʶʯʠʡ, ʩ ʭʦʨʦʰʝʡ ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ. 

¶ ʂʣʠʥʢʝʨʥʘʷ ʧʣʠʪʢʘ: ʧʨʦʯʥʘʷ, ʪʝʨʤʦʩʪʦʡʢʘʷ, ʠʤʠʪʠʨʫʝʪ ʢʠʨʧʠʯ. 

¶ ʅʘʪʫʨʘʣʴʥʳʡ/ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʢʘʤʝʥʴ: ʧʨʝʩʪʠʞʝʥ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 

ʦʛʥʝʟʘʱʠʪʫ. 
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¶ ʌʘʩʘʜʥʳʝ ʧʘʥʝʣʠ: ʚʳʙʠʨʘʡʪʝ ʥʝʛʦʨʶʯʠʝ ʚʠʜʳ (ʥʘʧʨʠʤʝʨ, 

ʢʝʨʘʤʦʛʨʘʥʠʪʥʳʝ). 

¶ ʐʪʫʢʘʪʫʨʢʘ (ʮʝʤʝʥʪʥʘʷ/ʛʠʧʩʦʚʘʷ): ʚʳʩʦʢʘʷ ʦʛʥʝʫʧʦʨʥʦʩʪʴ. 

¶ ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʩʩʝʪʳ/ʩʘʡʜʠʥʛ: ʠʩʧʦʣʴʟʫʡʪʝ ʥʝʛʦʨʶʯʠʝ ʚʠʜʳ ʤʝʪʘʣʣʘ. 

¶ ʂʘʤʝʥʥʘʷ ʚʘʪʘ: ʣʫʯʰʠʡ ʚʳʙʦʨ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʛʥʷ. 

ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʢʘʢ ʟʘʱʠʪʥʳʡ, ʪʘʢ ʠ 

ʵʩʪʝʪʠʯʥʳʡ ʬʘʩʘʜ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ: ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ 

ʥʝʛʦʨʶʯʠʭ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ (ʢʠʨʧʠʯ, ʢʣʠʥʢʝʨ, ʮʝʤʝʥʪʥʘʷ ʰʪʫʢʘʪʫʨʢʘ, ʢʘʤʝʥʥʘʷ 

ʚʘʪʘ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪ ʧʦʞʘʨʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʤʘ [5]. 

ʅʝʢʦʪʦʨʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ: 
ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʢʘʨʢʘʩʥʳʭ ʜʦʤʦʚ ï ʥʝʛʦʨʶʯʘʷ ʦʪʜʝʣʢʘ ʦʙʷʟʘʪʝʣʴʥʘ, ʪʘʢ ʢʘʢ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʥʦʛʦ ʜʨʝʚʝʩʠʥʳ, ʠ ʙʝʟ ʟʘʱʠʪʳ ʬʘʩʘʜʘ ʦʛʦʥʴ ʤʦʞʝʪ ʦʭʚʘʪʠʪʴ ʩʪʝʥʳ. 

ʈʝʛʠʦʥʳ ʩ ʚʳʩʦʢʠʤ ʨʠʩʢʦʤ ʚʦʟʛʦʨʘʥʠʡ ï ʥʘʧʨʠʤʝʨ, ʚ ʶʞʥʳʭ ʠʣʠ ʩʫʭʠʭ 

ʨʘʡʦʥʘʭ. ɻʫʩʪʦʥʘʩʝʣʸʥʥʳʝ ʛʦʨʦʜʩʢʠʝ ʨʘʡʦʥʳ ï ʚʘʞʥʦ ʚʳʙʠʨʘʪʴ ʦʙʣʠʮʦʚʢʫ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʦʛʥʝʩʪʦʡʢʦʩʪʠ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʨʠʩʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʞʘʨʘ 

ʥʘ ʩʦʩʝʜʥʠʝ ʟʜʘʥʠʷ [6]. 

ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ ʥʝʛʦʨʶʯʠʭ ʬʘʩʘʜʥʳʭ ʩʠʩʪʝʤ: 
ɺʝʥʪʠʣʠʨʫʝʤʳʝ ʬʘʩʘʜʳ ï ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʠʩʪʝʤʘ ʦʙʣʠʮʦʚʢʠ, ʚ ʢʦʪʦʨʦʡ 

ʤʝʞʜʫ ʩʪʝʥʦʡ ʠ ʦʙʣʠʮʦʚʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʝʩʪʴ ʚʦʟʜʫʰʥʳʡ ʟʘʟʦʨ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʪʝʥʘʤ çʜʳʰʘʪʴè ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʧʣʦʠʟʦʣʷʮʠʶ. 

ʌʘʩʘʜʥʳʝ ʧʘʥʝʣʠ ï ʥʘʧʨʠʤʝʨ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ (ʠʟ ʩʪʘʣʠ ʠʣʠ ʘʣʶʤʠʥʠʷ), 

ʢʝʨʘʤʠʯʝʩʢʠʝ (ʙʣʘʛʦʜʘʨʷ ʞʘʨʦʧʨʦʯʥʦʡ ʢʝʨʘʤʠʢʝ), ʬʠʙʨʦʮʝʤʝʥʪʥʳʝ (ʩʦʩʪʦʷʪ ʠʟ 

ʮʝʤʝʥʪʘ ʠ ʚʦʣʦʢʦʥ). 

ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʝʥʦʧʣʘʩʪ ʠ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʡ 

ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ ï ɻ ʪʠ ʤʘʪʝʨʠʘʣʳ ʛʦʨʶʯʠʝ ʠ ʚʳʜʝʣʷʶʪ ʷʜʦʚʠʪʳʡ ʜʳʤ ʧʨʠ ʧʦʞʘʨʝ [6]. 

ʄʦʥʪʘʞ: 

ɼʣʷ ʤʦʥʪʘʞʘ ʥʝʛʦʨʶʯʠʭ ʬʘʩʘʜʥʳʭ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʡʪʝ ʥʝʛʦʨʶʯʠʝ 

ʵʣʝʤʝʥʪʳ (ʤʝʪʘʣʣ, ʦʮʠʥʢʦʚʘʥʥʳʝ ʩʘʤʦʨʝʟʳ, ʤʠʥʝʨʘʣʴʥʳʝ ʜʶʙʝʣʠ). ɼʝʨʝʚʷʥʥʫʶ 

ʦʙʨʝʰʸʪʢʫ ʦʙʨʘʙʘʪʳʚʘʡʪʝ ʦʛʥʝʟʘʱʠʪʦʡ. ʆʩʪʘʚʣʷʡʪʝ ʚʝʥʪʠʣʠʨʫʝʤʳʡ ʟʘʟʦʨ 3ï5 

ʩʤ ʤʝʞʜʫ ʦʙʣʠʮʦʚʢʦʡ ʠ ʩʪʝʥʦʡ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʣʘʛʠ ʠ ʧʣʝʩʝʥʠ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʦʙʨʘʪʠʪʴʩʷ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʘʤ ʜʣʷ ʤʦʥʪʘʞʘ ʠ ʨʝʛʫʣʷʨʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʞʘʨʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ [6]. 

ʅʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ: 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʛʦʨʶʯʝʩʪʠ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ ʚ ʈʦʩʩʠʠ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʪʘʢʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʢʘʢ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʊʝʭʥʠʯʝʩʢʠʡ 

ʨʝʛʣʘʤʝʥʪ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠè, ɻʆʉʊ 30244-94 çʄʘʪʝʨʠʘʣʳ 

ʩʪʨʦʠʪʝʣʴʥʳʝ. ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʛʦʨʶʯʝʩʪʴè, ʉʅʠʇ, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ 

ʧʨʠʤʝʥʝʥʠʝ ʛʦʨʶʯʠʭ ʠ ʥʝʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʘʭ [6]. 

ʆʛʥʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʥʝʩʛʦʨʘʝʤʳʭ ʬʘʩʘʜʦʚ: 

ʎʝʣʴ: ʆʧʨʝʜʝʣʝʥʠʝ ʢʣʘʩʩʘ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʬʘʩʘʜʘ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ [7]. 
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ʄʝʪʦʜʠʢʘ: 

ʄʦʥʪʘʞ: ʆʙʨʘʟʝʮ ʬʘʩʘʜʘ ʥʘ ʥʝʛʦʨʶʯʝʡ ʩʪʝʥʝ ʩ ʠʤʠʪʘʮʠʝʡ ʧʨʦʸʤʦʚ. 

ɺʦʟʜʝʡʩʪʚʠʝ: ʀʤʠʪʘʮʠʷ ʧʦʞʘʨʘ ʠʟ ʧʦʤʝʱʝʥʠʷ ʯʝʨʝʟ ʧʨʦʸʤ ʥʘ ʬʘʩʘʜ. 

ʈʝʛʠʩʪʨʘʮʠʷ: ʀʟʤʝʨʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ, ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ʛʘʟʦʚ. 

ʇʨʦʚʝʨʢʘ ʛʘʟʦʚ: ʇʦʜʥʝʩʝʥʠʝ ʦʛʥʷ ʢ ʤʝʩʪʘʤ ʚʳʭʦʜʘ ʛʘʟʦʚ [7, 8]. 

ʆʙʦʨʫʜʦʚʘʥʠʝ: 

ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ (ʦʛʥʝʚʘʷ ʢʘʤʝʨʘ, ʬʨʘʛʤʝʥʪ ʩʪʝʥʳ), 

ʪʝʨʤʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ, ʜʘʪʯʠʢʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ [8]. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ: 

ʈʝʟʫʣʴʪʘʪʳ ʦʛʥʝʚʳʭ ʠʩʧʳʪʘʥʠʡ ʬʘʩʘʜʥʳʭ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʷʶʪ ʠʭ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʣʘʩʩʫ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʦʪʩʫʪʩʪʚʠʝ ʪʝʧʣʦʚʳʭ 

ʵʬʬʝʢʪʦʚ, ʚʪʦʨʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʞʠʛʘʥʠʷ ʠ ʦʙʨʫʰʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʘʩʩʦʡ 

ʙʦʣʝʝ 1 ʢʛ ʚ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʠʩʪʝʤʳ 

ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 31251-2008 ʜʣʷ ʢʣʘʩʩʘ ʂ0 [8, 9]. 

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʩʠʩʪʝʤʳ ʫʪʝʧʣʝʥʠʷ ʜʣʷ ʟʜʘʥʠʡ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʢʣʘʩʩʘ ʧʦʞʘʨʥʦʡ 

ʦʧʘʩʥʦʩʪʠ ʠ ʚʳʩʦʪʳ. 

ʆʙʦʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʦʚ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʫʢʘʟʳʚʘʶʪ ʚʨʝʤʷ ʚ ʤʠʥʫʪʘʭ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ [8, 9, 10]. 

ʉʦʛʣʘʩʥʦ ɻʆʉʊ 30247, ʩʪʘʥʜʘʨʪʥʳʝ ʟʥʘʯʝʥʠʷ: 15, 30, 45, 60, 90, 120, 150, 

180, 240, 360 ʤʠʥʫʪ [10]. 

ʇʨʠʤʝʨʳ: 

- R 120: 120 ʤʠʥʫʪ ʧʦ ʧʦʪʝʨʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

- RE 60: 60 ʤʠʥʫʪ ʧʦ ʧʦʪʝʨʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʣʠ ʮʝʣʦʩʪʥʦʩʪʠ (ʯʪʦ 

ʥʘʩʪʫʧʠʪ ʨʘʥʴʰʝ). 

- REI 30: 30 ʤʠʥʫʪ ʧʦ ʧʦʪʝʨʝ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʮʝʣʦʩʪʥʦʩʪʠ ʠʣʠ 

ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ (ʯʪʦ ʥʘʩʪʫʧʠʪ ʨʘʥʴʰʝ) [10]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʦʛʥʝʫʧʦʨʥʦʛʦ ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʜʦʤʦʚ, ʚ ʢʦʪʦʨʦʤ ʙʠʪʦʝ ʩʪʝʢʣʦ ï 

ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʙʫʜʫʱʝʤ ʜʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʜʦʚʦʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʦ. ʉʪʝʢʣʦ ʩʧʦʩʦʙʥʦ ʫʤʝʥʴʰʠʪʴ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

ʙʝʟʫʩʣʦʚʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʟ 

ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʥʝʩʛʦʨʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʢʘʟʳʚʘʶʪ ʩʝʙʷ 

ʦʛʥʝʟʘʱʠʪʥʳʝ ʢʨʘʩʢʠ ʚʩʧʫʯʠʚʘʶʱʝʛʦʩʷ ʪʠʧʘ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʦʛʥʝʟʘʱʠʪʥʘʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ. ɹʝʟʫʩʣʦʚʥʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ 

ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʮʝʣʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʘʞʜʦʛʦ 

ʜʦʤʘ. ʕʪʘ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚʥʝʩʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʮʝʧʦʯʢʫ 

ʧʝʨʝʨʘʙʦʪʢʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʥʦʛʦʨʘʟʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʢʦʪʦʨʳʡ ʢʘʞʜʳʡ ʛʦʜ ʧʦʧʘʜʘʝʪ ʥʘ ʩʚʘʣʢʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʘ 83 % ʩʦʩʪʦʷʪ ʠʟ 

ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʩʪʝʢʣʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʪʦʛʦ ʩʪʝʢʣʘ, ʙʣʘʛʦʜʘʨʷ ʜʦʙʘʚʣʝʥʠʶ ʧʦʣʠʤʝʨʥʳʭ ʩʚʷʟʫʶʱʠʭ, 

ʢʦʪʦʨʳʝ ʛʘʨʘʥʪʠʨʫʶʪ ʙʦʣʴʰʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʤʝʥʴʰʫʶ ʧʨʝʜʨʘʩʧʦʣʦʞʝʥʥʦʩʪʴ ʢ 
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ʧʦʣʦʤʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʱʴ ʵʢʦʣʦʛʠʠ, ʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʚʳʛʦʜʥʦʝ ʠʟʦʙʨʝʪʝʥʠʝ. 
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ʋɼʂ 614.7 

ɸʅɸʃʀɿ ʂʃʀʄɸʊʀʏɽʉʂʀʍ ʌɸʂʊʆʈʆɺ, ʆʂɸɿʓɺɸʖʑʀʍ 

ʇʆʊɽʅʎʀɸʃʔʅʆɽ ʅɽɻɸʊʀɺʅʆɽ ɺʆɿɼɽʁʉʊɺʀɽ ʅɸ 

ʉɸʅʀʊɸʈʅʆ-ʍʀʄʀʏɽʉʂʀɽ ʇʆʂɸɿɸʊɽʃʀ ɺʆɼʓ ʉʀʉʊɽʄ 

ʎɽʅʊʈɸʃʔʅʆɻʆ ɺʆɼʆʉʅɸɹɾɽʅʀʗ ʅɸʉɽʃɽʅʀʗ, 

ʈɸʉʇʆʃʆɾɽʅʅʓʍ ʅɸ ʊɽʈʈʀʊʆʈʀʗʍ ʉ ʉɽʄʀɸʈʀɼʅʓʄ 

ʂʃʀʄɸʊʆʄ ʀ ʉ ʈɸɿʅʆʁ ʉʊɽʇɽʅʔʖ ɿɸʉʋʐʃʀɺʆʉʊʀ 

ʄʫʭʠʪʜʠʥʦʚʘ ʊ. ɸ., ʂʘʩʠʤʮʝʚʘ ʅ. ɺ., ʕʨʜʥʠʝʚ ʃ. ʇ., ʄʠʢʝʨʦʚ ɸ. ʅ. 

ʉʘʨʘʪʦʚʩʢʠʡ ʄʅʎ ʛʠʛʠʝʥʳ ʌɹʋʅ çʌʅʎ ʄʇʊ ʋʈɿʅè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ, ʛ. ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʩʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ 

ʟʘʜʘʯʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʬʝʜʝʨʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʏʠʩʪʘʷ ʚʦʜʘè, 

ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çɾʠʣʴʝ ʠ ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘè, 

ʩʦʟʜʘʥʥʦʛʦ ʧʦ ʨʝʰʝʥʠʶ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ. 

ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʳʝ ʫʩʣʦʚʠʷ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ 
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ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʟʘʩʫʰʣʠʚʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʩʝʤʠʘʨʠʜʥʳʤ ʢʣʠʤʘʪʦʤ. ʇʦʢʘʟʘʪʝʣʴ 

ʩʪʝʧʝʥʠ ʟʘʩʫʰʣʠʚʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʧʦʜʨʘʟʜʝʣʷʝʪ ʟʝʤʣʠ ʥʘ ʵʢʩʪʨʘʘʨʠʜʥʳʝ, 

ʘʨʠʜʥʳʝ ʠ ʧʦʣʫʘʨʠʜʥʳʝ, ʠʣʠ ʯʨʝʟʚʳʯʘʡʥʦ ʟʘʩʫʰʣʠʚʳʝ, ʟʘʩʫʰʣʠʚʳʝ ʠ 

ʧʦʣʫʟʘʩʫʰʣʠʚʳʝ. ʂ ʵʢʩʪʨʘʘʨʠʜʥʳʤ ʦʪʥʦʩʷʪ ʦʙʣʘʩʪʠ, ʛʜʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʧʦʩʪʦʷʥʥʳʭ ʟʘʩʫʭ ï 75ï100 %, ʢ ʘʨʠʜʥʳʤ ï 50ï75 % ʠ ʩʝʤʠʘʨʠʜʥʳʤ ï 20ï40 % 

[1]. ʇʦ ʜʘʥʥʳʤ ʈʦʩʛʠʜʨʦʤʝʪʘ ʟʘ 2023 ʛʦʜ, ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʣʤʳʢʠʠ ʦʪʥʦʩʠʪʩʷ ʢ ʵʢʩʪʨʘʘʨʠʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ 

ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʦʪʥʦʩʠʪʩʷ ʢ ʘʨʠʜʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ 

ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʢ ʧʦʣʫʘʨʠʜʥʦʡ. ʇʨʠ ʵʪʦʤ, ʥʘ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʜʝʡʩʪʚʫʝʪ ʭʦʣʦʜʥʳʡ ʩʝʤʠʘʨʠʜʥʳʡ (ʩʪʝʧʥʦʡ) ʢʣʠʤʘʪ [2]. 

ʅʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ ʩʝʤʠʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ ʩʥʠʞʘʝʪ ʩʪʝʧʝʥʴ 

ʫʚʣʘʞʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʧʦʚʳʰʘʷ ʟʘʩʫʰʣʠʚʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ. ɿʘʩʫʰʣʠʚʦʩʪʴ 

ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʉʝʣʷʥʠʥʦʚʘ [6], 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʚʰʠʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʜʥʠ 

ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ ʙʦʣʝʝ 10 0ʉ ʢ ʟʥʘʯʝʥʠʶ ʩʫʤʤʳ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʪʝ ʞʝ ʜʥʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʟʦʥ ʫʚʣʘʞʥʝʥʠʷ ʧʦ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʦʤʫ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʉʝʣʷʥʠʥʦʚʘ, ʢ ʦʯʝʥʴ ʟʘʩʫʰʣʠʚʳʤ ʟʦʥʘʤ ʥʘ ʶʛʝ ʈʦʩʩʠʠ ʦʪʥʦʩʷʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʨʝʛʠʦʥʳ: 

ï ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ ï 0,28; 

ï ʈʝʩʧʫʙʣʠʢʘ ʂʘʣʤʳʢʠʷ ï 0,32; 

ï ɺʦʣʛʦʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ ï 0,65; 

ï ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ï 0,47. 

ʈʘʟʣʠʯʠʷ ʛʠʜʨʦʪʝʨʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʩʫʰʣʠʚʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ ʠ ʦʩʦʙʦʛʦ ʚʣʠʷʥʠʷ ʩʫʭʦʛʦ ʢʣʠʤʘʪʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ. ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʟʘʩʫʰʣʠʚʦʩʪʴ ʪʝʨʨʠʪʦʨʠʡ ʩ 

ʩʫʭʠʤ ʢʣʠʤʘʪʦʤ ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʷʜʫ: ɺʦʣʛʦʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ ï ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ 

ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ï ʈʝʩʧʫʙʣʠʢʘ ʂʘʣʤʳʢʠʷ ï ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ. ʉʘʤʘ 

ʩʪʝʧʝʥʴ ʘʨʠʜʥʦʩʪʠ ʢʣʠʤʘʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, 

ʠʩʭʦʜʷ ʠʟ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ, ʚʳʧʘʚʰʠʭ ʟʘ ʛʦʜ, 

ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ, ʚʳʧʘʚʰʠʤ ʟʘ ʧʝʨʠʦʜ ʩ ʘʧʨʝʣʷ ʧʦ ʩʝʥʪʷʙʨʴ, ʩʨʝʜʥʝʡ ʛʦʜʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʩʝʟʦʥʥʳʭ ʠ ʛʦʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʚʳʧʘʚʰʠʭ 

ʦʩʘʜʢʦʚ ʘʨʠʜʥʳʡ ʢʣʠʤʘʪ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʧʫʩʪʳʥʥʳʡ ʠ ʩʪʝʧʥʦʡ [4]. 

ʇʨʝʚʳʰʝʥʠʝ ʩʨʝʜʥʝʡ ʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 18 0ʉ ʦʧʨʝʜʝʣʷʝʪ ʞʘʨʢʠʡ 

ʘʨʠʜʥʳʡ ʢʣʠʤʘʪ. ʇʨʠ ʤʝʥʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʣʠʤʘʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ 

ʭʦʣʦʜʥʳʡ ʘʨʠʜʥʳʡ. ʊʘʢ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʂʸʧʧʝʥʘ, ʩʫʭʦʡ ʢʣʠʤʘʪ 

ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʞʘʨʢʠʡ (BWh) ʠ ʭʦʣʦʜʥʳʡ (BWk) ʧʫʩʪʳʥʥʳʡ (ʘʨʠʜʥʳʡ) ʢʣʠʤʘʪ, 

ʞʘʨʢʠʡ (BSh) ʠ ʭʦʣʦʜʥʳʡ (BSk) ʩʪʝʧʥʦʡ (ʩʝʤʠʘʨʠʜʥʳʡ) ʢʣʠʤʘʪ [3, 4]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʟʘʩʫʰʣʠʚʳʝ 

ʪʝʨʨʠʪʦʨʠʠ ʩ ʩʝʤʠʘʨʠʜʥʳʤ ʢʣʠʤʘʪʦʤ: ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʣʝʚʦʙʝʨʝʞʴʷ ʨʝʢʠ 

ɺʦʣʛʘ ʚ ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʣʝʚʦʙʝʨʝʞʥʘʷ ʯʘʩʪʴ ʠ ʜʝʣʴʪʘ ʨʝʢʠ ɺʦʣʛʠ ʚ 

ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʣʤʳʢʠʷ. ʇʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʢʣʠʤʘʪ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚ 2023 ʛʦʜʫ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʧʨʦʙʣʝʤʳ, ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʠʩʪʦʯʥʠʢʘʭ ʥʘ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʪʦʣʴʢʦ ʫʭʫʜʰʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ 23-ʣʝʪʥʠʤ ʪʨʝʥʜʦʤ ʠʟʤʝʥʝʥʠʷ 
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ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʊʘʙʣʠʮʘ 1 ï ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʉʘʨʘʪʦʚʩʢʦʡ, 

ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʝʡ ʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʣʤʳʢʠʠ ʚ 2023 ʛʦʜʫ [5] 

ʀʩʩʣʝʜʫʝʤʘʷ  

ʪʝʨʨʠʪʦʨʠʷ 

ʂʦʣʠʯʝʩʪʚʦ 

ʦʩʘʜʢʦʚ, 

ʚʳʧʘʚʰʠʭ ʟʘ 

ʛʦʜ, ʤʤ 

ʂʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, 

ʚʳʧʘʚʰʠʭ ʚ ʧʝʨʠʦʜ 

ʘʧʨʝʣʴ- 

ʩʝʥʪʷʙʨʴ, ʤʤ 

ʉʨʝʜʥʷʷ  

ʛʦʜʦʚʘʷ  

ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ, ʦʉ 

ʂʣʘʩʩ ʢʣʠʤʘʪʘ 

ʧʦ ʢʣʘʩʩʠ- 

ʬʠʢʘʮʠʠ 

ʂʸʧʧʝʥʘ 

ʉʘʨʘʪʦʚʩʢʘʷ ʦʙʣ. (ʧ. 

ɸʣʝʢʩʘʥʜʨʦʚ-ɻʘʡ) 
377 152 12,7 BSk ï 

ʭʦʣʦʜʥʳʡ 

ʩʪʝʧʥʦʡ 

(ʩʝʤʠʘʨʠʜʥʳʡ) 

ʢʣʠʤʘʪ 

ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣ.  

(ʛ. ɸʩʪʨʘʭʘʥʴ) 
261 194 9,4 

ʈʝʩʧʫʙʣʠʢʘ ʂʘʣʤʳʢʠʷ 

(ʛ. ʕʣʠʩʪʘ) 
430 216 11,7 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʦʩʪ ʩʨʝʜʥʝʡ ʛʦʜʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ (ʪʘʙʣʠʮʘ 2) ʥʘ ʬʦʥʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʛʦʜʦʚʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ, ʚʳʧʘʚʰʠʭ ʟʘ ʥʘʠʙʦʣʝʝ 

ʟʘʩʫʰʣʠʚʳʡ ʧʝʨʠʦʜ ʩ ʤʘʷ ʧʦ ʘʚʛʫʩʪ (ʪʘʙʣʠʮʘ 3). 

ʊʘʙʣʠʮʘ 2 ï ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʡ ʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʘʨʠʜʥʦʩʪʠ (2000-2023 ʛʛ.) [5] 

ɻʦʜ 

ʥʘʙʣʶ-

ʜʝʥʠʷ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʘʨʠʜʥʦʛʦ ʨʝʛʠʦʥʘ  

(ʧʫʥʢʪ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʢʘʟʘʪʝʣʝʡ) / ɿʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʛʦʜʦʚʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʛʦʜʘʤ, ʦʉ 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʷʭ ʩ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ 

ʘʨʠʜʥʦʩʪʠ, ʦʉ 

ʈʝʩʧʫʙʣʠʢʘ 

ʂʘʣʤʳʢʠʷ 

(ʛ. ʕʣʠʩʪʘ) 

ɸʩʪʨʘʭʘʥʩʢʘʷ 

ʦʙʣʘʩʪʴ  

(ʛ. ɸʩʪʨʘʭʘʥʴ) 

ʉʘʨʘʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ (ʖʛʦ-ɺʦʩʪʦʯʥʘʷ 

ʯʘʩʪʴ ʣʝʚʦʛʦ ʙʝʨʝʛʘ ʨ. ɺʦʣʛʘ  

(ʧ. ɸʣʝʢʩʘʥʜʨʦʚ-ɻʘʡ) 

2000 10,50 11,20 8,60 10,10 

2005 10,60 11,50 8,30 10,13 

2009 10,70 11,80 7,70 9,73 

2015 10,90 10,80 8,50 10,40 

2020 11,50 12,20 9,00 10,90 

2023 11,70 12,70 9,40 11,27 

ʊʘʙʣʠʮʘ 3 ïɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʚʰʠʭ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ ʟʘ ʛʦʜ ʢ ʢʦʣʠʯʝʩʪʚʫ ʦʩʘʜʢʦʚ ʚʳʧʘʚʰʠʭ ʟʘ ʧʝʨʠʦʜ ʤʘʡ-ʘʚʛʫʩʪ (2000-2023 ʛʛ.) [5] 

ɻʦʜ 

ʥʘʙʣʶ- 

ʜʝʥʠʷ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʘʨʠʜʥʦʛʦ ʨʝʛʠʦʥʘ 

(ʧʫʥʢʪ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʢʘʟʘʪʝʣʝʡ) / ɿʥʘʯʝʥʠʝ ʂ (ʩʫʤʤʘ 

ʦʩʘʜʢʦʚ, ʚʳʧʘʚʰʠʭ ʟʘ ʛʦʜ / ʩʫʤʤʘ ʦʩʘʜʢʦʚ, ʚʳʧʘʚʰʠʭ ʟʘ 

ʧʝʨʠʦʜ ʤʘʡ-ʘʚʛʫʩʪ), ʦʉ 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʂ 

(ʂʦʵʬʬʠʮʠʝʥʪ = ʩʫʤʤʘ 

ʦʩʘʜʢʦʚ, ʚʳʧʘʚʰʠʭ ʟʘ 

ʛʦʜ /ʩʫʤʤʘ ʦʩʘʜʢʦʚ, 

ʚʳʧʘʚʰʠʭ ʟʘ ʧʝʨʠʦʜ 

ʤʘʡ-ʘʚʛʫʩʪ) ʥʘ ʪʝʨʨʠʪʦ- 

ʨʠʷʭ ʩ ʩʝʤʠʘʨʠʜʥʳʤ 

ʢʣʠʤʘʪʦʤ 

ʈʝʩʧʫʙʣʠʢʘ 

ʂʘʣʤʳʢʠʷ 

(ʛ. ʕʣʠʩʪʘ) 

ɸʩʪʨʘʭʘʥʩʢʘʷ 

ʦʙʣʘʩʪʴ 

(ʛ. ɸʩʪʨʘʭʘʥʴ) 

ʉʘʨʘʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 

(ʖʛʦ-ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ 

ʣʝʚʦʛʦ ʙʝʨʝʛʘ ʨ. ɺʦʣʛʘ     

(ʧ. ɸʣʝʢʩʘʥʜʨʦʚ-ɻʘʡ) 

2000 2,35 2,31 2,43 2,36 

2005 3,53 3,13 3,94 2,53 

2009 2,36 2,30 3,77 2,69 

2015 2,61 3,77 4,96 3,78 

2020 2,72 2,10 4,12 2,98 

2023 2,64 3,18 3,73 3,18 
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ʋʚʝʣʠʯʠʚʘʶʱʘʷʩʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʩʝʟʦʥʥʳʤ ʦʩʘʜʢʦʚ, 

ʚʳʧʘʚʰʠʭ ʚ ʩʘʤʳʡ ʪʝʧʣʳʡ ʧʝʨʠʦʜ, ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʛʦʜʦʚʳʭ ʦʩʘʜʢʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʟʘʩʫʰʣʠʚʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ, ʦʪ ʛʦʜʘ ʢ ʛʦʜʫ, ʧʦʚʳʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʠʩʪʦʯʥʠʢʘʭ ʜʦ ʟʥʘʯʝʥʠʡ, 

ʧʨʝʚʳʰʘʶʱʠʭ ʛʠʛʠʝʥʠʯʝʩʢʠʝ ʥʦʨʤʘʪʠʚʳ, ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʦʩʪʦʤ ʚ ʣʝʪʥʠʝ 

ʩʝʟʦʥʳ. ɺ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʘʝʪ ʵʪʫ ʧʨʦʙʣʝʤʫ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜʦʚ. ɼʘʥʥʳʝ ʧʦ ʜʠʥʘʤʠʢʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʠʜʦʚ ʚ ʚʦʜʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4 ï ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜʦʠʩʪʦʯʥʠʢʘʭ ʩ ʨʘʟʥʳʤ ʪʠʧʦʤ ʧʠʪʘʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʘʨʠʜʥʦʩʪʠ 

ʅʘʟʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʚʦʜʦʠʩʪʦʯʥʠʢʘ, ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʪʠʧʘ ʧʠʪʘʥʠʷ 

ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜʦʚ 

ʚ ʚʦʜʝ ʚʦʜʦʠʩʪʦʯʥʠʢʘ  

ɻʦʜ ʥʘʙ- 

ʣʶʜʝʥʠʷ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦ- 

ʨʠʜʦʚ, ʤʛ/ʣ (nʇɼʂ) 

ʄʠʥʝʨʘʣʠ- 

ʟʘʮʠʷ, ʤʛ/ʣ  

ʈʝʩʧʫʙʣʠʢʘ ʂʘʣʤʳʢʠʷ [7], ʟʘ 2024 ʛ ï ʜʘʥʥʳʝ ʉʄʅʎɻ 

ʈʝʢʘ ʕʣʠʩʪʠʥʢʘ, ʧʠʪʘʥʠʝ ʜʦʞʜʝʚʦʝ 
2015 1338 (3,8) 2260 

2021 1820 (5,2) - 

ʆʟʝʨʦ ʄʘʥʳʯ-ɻʫʜʠʣʦ 2024 5573 (15,9) 9580 

ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ [8], ʟʘ 2024 ʛ ï ʜʘʥʥʳʝ ʉʄʅʎɻ 

ʈʝʢʘ ɸʭʪʫʙʘ, ʨʫʢʘʚ ʨʝʢʠ ɺʦʣʛʘ  

(ʠʩʪʦʢ ʠʟ ʨʝʢʠ ɺʦʣʛʘ ʠ ʚʧʘʜʘʝʪ ʚ ɺʦʣʛʫ) 

2015 24 (0,06) ʥʝʪ ʜʘʥʥʳʭ 

2018 71 (0,20) 228 

2024 97 (0,28) 337 

ʉʘʨʘʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʩʦʙʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʉʄʅʎɻ 

ʈʝʢʘ ʏʘʣʳʢʣʘ, ʧʠʪʘʥʠʝ ʩʥʝʛʦʚʦʝ, 

ʜʦʞʜʝʚʦʝ 

2023 245 (0,7) 673 

2024 491 (1,4) 1230 

ʈʝʢʘ ɹʦʣʴʰʦʡ ʋʟʝʥʴ, ʧʠʪʘʥʠʝ ʩʥʝʛʦʚʦʝ, 

ʜʦʞʜʝʚʦʝ, ʧʦʜʧʠʪʢʘ ʠʟ ʨʝʢʠ ɺʦʣʛʘ 

2023 58 (0,17) 223 

2024 98 (0,28) 337 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʠʜʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʦʠʩʪʦʯʥʠʢʘʭ ʩ ʨʘʟʥʳʤ ʪʠʧʦʤ ʧʠʪʘʥʠʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʘʨʠʜʥʦʩʪʠ (ʈʝʩʧʫʙʣʠʢʘ ʂʘʣʤʳʢʠʷ, 

ɸʩʪʨʘʭʘʥʩʢʘʷ ʠ ʉʘʨʘʪʦʚʩʢʘʷ ʦʙʣʘʩʪʠ) ʧʦʜʚʝʨʞʝʥʳ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʨʦʩʪʫ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʦʜʘ ʥʘʙʣʶʜʝʥʠʷ. 

ɺ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʠ, ʢʘʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʘʨʘʪʦʚʩʢʦʡ ʠ ɸʩʪʨʘʭʘʥʩʢʦʡ 

ʦʙʣʘʩʪʝʡ, ʪʘʢ ʠ ʚ ʂʘʣʤʳʢʠʠ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʪʦʣʴʢʦ 

ʜʦʞʜʝʚʳʤ ʠ ʩʥʝʛʦʚʳʤ ʧʠʪʘʥʠʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʠʢʦʚʳʤʠ ʧʦʚʳʰʝʥʠʷʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʜʦ ʫʨʦʚʥʝʡ, ʦʧʘʩʥʳʭ ʜʣʷ 

ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ. 

ʅʘ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʩʝʤʠʘʨʠʜʥʳʤ ʢʣʠʤʘʪʦʤ, ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʧʘʜʘʝʤʳʭ ʦʩʘʜʢʦʚ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʣʘʛʠ, ʧʨʠʥʦʩʠʤʦʡ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʪʣʘʥʪʠʯʝʩʢʠʤʠ ʮʠʢʣʦʥʘʤʠ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʫ ʙʝʨʝʛʦʚ 

ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʢʦʥʪʠʥʝʥʪʘ. ʆʪʤʝʯʝʥʥʳʡ ʪʨʝʥʜ ʢ ʧʦʚʳʰʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʜʳ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʚ ʧʝʨʠʦʜ ʩ 2015 ʧʦ 2024 ʛʛ., 

ʦʙʦʩʥʦʚʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʜʘʝʤʳʭ ʦʩʘʜʢʦʚ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ 

ʘʨʠʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʟʘ ʦʩʝʥʥʝ-ʟʠʤʥʝ-ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ [5, 9]. 
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ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʦ 42 ʣʝʪ, ʪʘʢ ʞʝ ʦʧʨʝʜʝʣʷʝʪ ʪʨʝʥʜ 

ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʦʢʝʘʥʝ ʚ ʟʦʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʮʠʢʣʦʥʦʚ. ʕʪʦʪ ʬʘʢʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʨʘʩʪʘʶʱʫʶ ʪʝʥʜʝʥʮʠʶ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʚʳʧʘʜʘʝʤʳʭ ʦʩʘʜʢʦʚ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚ ʧʝʨʠʦʜ 

ʩʝʥʪʷʙʨʴ-ʘʧʨʝʣʴ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩ ʤʘʷ ʧʦ ʘʚʛʫʩʪ ʥʘ ʘʨʠʜʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʥʘʩʪʫʧʘʝʪ 

ʟʘʩʫʰʣʠʚʳʡ ʧʝʨʠʦʜ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʦʟʜʝʡʩʪʚʠʝʤ ɸʟʠʘʪʩʢʠʭ ʘʥʪʠʮʠʢʣʦʥʦʚ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʘʜ ʪʝʨʨʠʪʦʨʠʝʡ ɸʟʠʠ (ʄʦʥʛʦʣʠʠ, ʂʠʪʘʷ). ʊʨʝʥʜ ʧʦʩʣʝʜʥʝʛʦ 

ʜʝʩʷʪʠʣʝʪʠʷ (2013ï2023 ʛʛ.) ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ 

ʀʥʜʠʡʩʢʦʤ ʦʢʝʘʥʝ [7], ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʝʟʦʥʘ ʧʨʦʜʚʠʞʝʥʠʷ 

ʤʫʩʩʦʥʥʳʭ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʚ ʩʪʦʨʦʥʫ ʢʦʥʪʠʥʝʥʪʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

ʆʧʦʩʨʝʜʦʚʘʥʥʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʣʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ɸʟʠʘʪʩʢʠʭ 

ʘʥʪʠʮʠʢʣʦʥʦʚ ʥʘʜ ʠʩʩʣʝʜʫʝʤʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʩ ʩʝʤʠʘʨʠʜʥʳʤ ʢʣʠʤʘʪʦʤ. ʕʪʦʪ 

ʬʘʢʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʥʜʝʥʮʠʝʡ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʜʘʝʤʳʭ ʦʩʘʜʢʦʚ 

ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʟʘʩʫʭ (ʢʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʙʝʟ 

ʦʩʘʜʢʦʚ ʠʣʠ ʩ ʦʩʘʜʢʘʤʠ ʤʝʥʝʝ 10 ʤʤ) ʥʘ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʛʦʜʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʳʧʘʜʘʝʤʳʭ 

ʦʩʘʜʢʦʚ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʙʦʟʥʘʯʝʥʥʳʡ ʪʨʝʥʜ ʥʘ ʩʥʠʞʝʥʠʝ ʧʦ ʚʩʝʤ 

ʠʩʩʣʝʜʫʝʤʳʤ ʨʝʛʠʦʥʘʤ ʩ ʩʝʤʠʘʨʠʜʥʳʤ ʢʣʠʤʘʪʦʤ. ʕʪʦʪ ʪʨʝʥʜ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʦʙʱʝʨʦʩʩʠʡʩʢʦʛʦ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʫʚʝʣʠʯʝʥʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ. ʊʘʢ, ʩ 

2014 ʛʦʜʘ ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʪʨʝʥʜʦʚʦʡ ʣʠʥʠʠ, 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʣʤʳʢʠʠ ʫʤʝʥʴʰʠʣʦʩʴ ʧʨʠʤʝʨʥʦ ʥʘ 30 ʤʤ, ʚ ʉʘʨʘʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ï ʥʘ 22 ʤʤ, ʚ ɸʩʪʨʘʭʘʥʩʢʦʡ ï ʥʘ 11 ʤʤ. ʇʨʠ ʵʪʦʤ ʧʦ ʈʦʩʩʠʠ ʢʦʣʠʯʝʩʪʚʦ 

ʦʩʘʜʢʦʚ, ʚʳʧʘʜʘʝʤʳʭ ʟʘ ʛʦʜ, ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 83 ʤʤ [10]. 

ʇʦ ʩʦʙʩʪʚʝʥʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ, ʟʘ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩ 2024 ʧʦ 2025 

ʛʛ.), ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ ʩʘʥʠʪʘʨʥʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʝʞʝʛʦʜʥʦʡ ʩʝʟʦʥʥʦʡ ʮʠʢʣʠʯʥʦʩʪʴʶ, ʭʘʨʘʢʪʨʠʟʫʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʭʫʜʰʝʥʠʝʤ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʣʝʪʥʝ-ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʵʪʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʟʘ ʟʠʤʥʝ-ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ 

(ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, 

ʩʝʟʦʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ) ʧʦʢʘʟʘʣ, ʯʪʦ ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ 

ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ ʠ ʈʝʩʧʫʙʣʠʢʘ ʂʘʣʤʳʢʠʷ ʦʪʥʦʩʷʪʩʷ ʢ 

ʪʝʨʨʠʪʦʨʠʷʤ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʟʘʩʫʰʣʠʚʦʩʪʠ ʥʘ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʝʪ 

ʭʦʣʦʜʥʳʡ ʩʪʝʧʥʦʡ (ʩʝʤʠʘʨʠʜʥʳʡ) ʢʣʠʤʘʪ. 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʥʘ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ: ʫʤʝʥʴʰʘʝʪʩʷ ʛʦʜʦʚʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʳʧʘʜʘʝʤʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʧʘʜʘʝʤʳʭ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʩʫʰʣʠʚʳʭ ʜʥʝʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʣʝʪʥʠʡ ʩʝʟʦʥ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʩʦʯʝʪʘʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʷʤʠ 

ʢʣʠʤʘʪʘ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʤʠ ʥʘ ʧʣʘʥʝʪʝ ɿʝʤʣʷ ʟʘ ʧʦʩʣʝʜʥʠʝ 42 ʛʦʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ 

ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʨʘʟʥʠʮʝʡ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʦʜʳ ʚ ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʠ 
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ʀʥʜʠʡʩʢʦʤ ʦʢʝʘʥʘʭ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʣʠʤʘʪʘ ʥʘ 

ʟʘʩʫʰʣʠʚʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʩ ʩʝʤʠʘʨʠʜʥʳʤ ʢʣʠʤʘʪʦʤ. 
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ʋɼʂ 69.01 

ɹʋɼʋʑɽɽ ɼɽʈɽɺʗʅʅʓʍ ʄʅʆɻʆʕʊɸɾɽʂ ɺ ʈʆʉʉʀʀ 

ʇʨʫʜʥʠʢʦʚ ɽ. ʉ., ʉʘʭʘʨʦʚ ɼ. ʄ., ʍʦʭʣʦʚʘ ʃ. ʀ. 

ʌɻɹʆʋ ɺʆ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʫè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ɼʨʝʚʝʩʠʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʤʘʣʦʯʠʩʣʝʥʥʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʯʝʣʦʚʝʢʦʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʚʝʢʦʚ. ʆʥʘ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦʡ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʦʯʥʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʟʜʘʥʠʡ, ʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʠ ʨʘʩʪʷʞʝʥʠʝ ʦʥʘ 

ʥʠʯʝʤ ʥʝ ʫʩʪʫʧʘʝʪ ʙʝʪʦʥʫ. ʆʜʥʘʢʦ ʦʜʥʠʤʠ ʠʟ ʝʝ ʛʣʘʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʘʷ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ ʠ ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʢ ʛʥʠʝʥʠʶ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʧʦʩʪʨʦʡʢʘʭ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʡ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʨʘʟʚʠʪʠʝʤ 

ʪʝʭʥʦʣʦʛʠʡ, ʯʝʣʦʚʝʢ ʩʤʦʛ ʧʨʠʡʪʠ ʢ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʜʨʝʚʝʩʠʥʳ ʢʘʢ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʫʙʨʘʚ ʝʝ ʥʝʜʦʩʪʘʪʢʠ ʠ ʫʩʠʣʠʚ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʘ ʠʤʝʥʥʦ 

ï ʠʟʦʙʨʝʪʝʥʠʶ ʢʣʝʝʥʳʭ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ CLT-ʧʘʥʝʣʝʡ [1, 2, 3]. 
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ʂʣʝʝʥʳʝ ʜʨʝʚʝʩʥʳʝ ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ 

ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʝʩʫʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʪʜʝʣʢʠ ʟʜʘʥʠʷ. ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʫʰʢʝ 

ʤʘʪʝʨʠʘʣʘ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʮʝʥʪʘ ʚʣʘʞʥʦʩʪʠ (12 %), ʫʜʘʣʝʥʠʠ ʪʘʢʠʭ 

ʜʝʬʝʢʪʦʚ, ʢʘʢ ʩʫʯʢʠ ʠ ʛʥʠʣʴ, ʧʦʩʣʝʜʫʶʱʝʤ ʚʳʨʘʚʥʠʚʘʥʠʠ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ, 

ʥʘʥʝʩʝʥʠʠ ʢʣʝʷ ʠ ʧʨʝʩʩʦʚʢʝ [4]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʠʩʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʘʝʪʩʷ ʙʦʣʝʝ ʧʨʦʯʥʳʡ ʠ ʤʝʥʝʝ 

ʧʦʞʘʨʦʦʧʘʩʥʳʡ ʤʘʪʝʨʠʘʣ, ʥʘʰʝʜʰʠʡ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʚ ʜʦʤʦʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʥʦ ʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʚʚʠʜʫ ʥʠʟʢʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʛʦʨʝʥʠʠ (90ï120 

ʤʠʥʫʪ), ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʧʨʦʣʝʪʳ, ʪʝʤ ʩʘʤʳʤ 

ʩʦʟʜʘʚʘʷ ʙʦʣʴʰʝ ʤʝʩʪʘ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

CLT-ʧʘʥʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʝʨʠʘʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʣʦʝʚ 

ʜʨʝʚʝʩʠʥʳ, ʩʢʣʝʝʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʩʣʦʚʦʤ 

(ʨʠʩʫʥʦʢ 1). ʇʦ ʩʚʦʡʩʪʚʘʤ, ʵʪʠ ʧʘʥʝʣʴ ʦʙʲʝʜʠʥʷʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʩʚʦʡʩʪʚʘ ʜʚʫʭ 

ʤʘʪʝʨʠʘʣʦʚ ï ʢʣʝʝʥʦʛʦ ʙʨʫʩʘ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʳ. ʉ ʢʣʝʝʥʳʤ ʙʨʫʩʦʤ ʝʛʦ 

ʦʙʲʝʜʠʥʷʝʪ ʦʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʵʪʘʧʳ 

ʩʫʰʢʠ, ʪʦʨʮʦʚʢʠ ʠ ʧʨʝʩʩʦʚʢʠ ʩ 4-ʭ ʩʪʦʨʦʥ. ɺ ʛʦʪʦʚʦʤ ʚʠʜʝ ʢʦʥʩʪʨʫʢʮʠʷ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʩʣʦʡʥʦʡ. ʂʘʢ ʜʣʷ ʣʶʙʦʡ ʤʥʦʛʦʩʣʦʡʥʦʡ ʧʘʥʝʣʠ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʜʣʷ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ï 3 ʠ 12 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʝ ʪʦʣʱʠʥʘ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ 45 ʜʦ 480 ʤʤ. ʕʪʘ ʚʝʣʠʯʠʥʘ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ [4]. ʉ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʧʘʥʝʣʷʤʠ ʧʘʥʝʣʠ 

ʦʙʲʝʜʠʥʷʶʪ ʧʨʦʯʥʦʩʪʥʳʝ ʢʘʯʝʩʪʚʘ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʥʠʬʠʢʘʮʠʠ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ, ʪʘʢʠʝ ʢʘʢ ʩʪʝʥʦʚʳʝ ʠ ʧʝʨʝʛʦʨʦʜʦʯʥʳʝ ʧʘʥʝʣʠ, 

ʧʣʠʪʳ ʧʝʨʝʢʨʳʪʠʷ, ʢʦʣʦʥʥʳ ʠ ʙʘʣʢʠ. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ CLT -ʧʘʥʝʣʠ 

ɽʩʣʠ ʨʘʥʴʰʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʟ ʜʝʨʝʚʘ ʚ ʦʩʥʦʚʥʦʤ ʥʘʰʣʦ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʘʣʦʵʪʘʞʥʳʭ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ, ʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʣʝʝʥʦ-ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʦ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʜʝʨʝʚʘ ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʝʡʯʘʩ, ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʜʝʨʝʚʦ 
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ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʠ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʜʦʤʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʘʢ ʠ ʜʣʷ 

ʦʬʠʩʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʭʦʚ. 

ʃʠʜʠʨʫʶʱʠʤʠ ʩʪʨʘʥʘʤʠ, ʜʦʙʠʚʰʠʭʩʷ ʥʘʠʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʜʦʩʪʠʞʝʥʠʡ ʚ ʜʝʨʝʚʷʥʥʦʤ ʤʥʦʛʦʵʪʘʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʷʚʣʷʶʪʩʷ ɸʚʩʪʨʘʣʠʷ, 

ɸʚʩʪʨʠʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ, ʂʘʥʘʜʘ ʠ ʅʦʨʚʝʛʠʷ [2]. ʉʫʱʝʩʪʚʫʶʪ ʧʨʦʝʢʪʳ ʧʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʜʝʨʝʚʷʥʥʳʭ ʚʳʩʦʪʦʢ, ʥʘʧʨʠʤʝʨ, ʧʨʦʝʢʪ 44-ʵʪʘʞʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ 

ʚ ʏʠʢʘʛʦ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʛʦ ʧʨʝʚʳʰʘʝʪ 120 ʤʝʪʨʦʚ, ʦʜʥʘʢʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʝʱʝ ʥʝ ʥʘʯʘʪʦ. ʄʠʨʦʚʳʤ ʨʝʢʦʨʜʦʤ ʧʦ ʚʳʩʦʪʝ ʜʝʨʝʚʷʥʥʦʛʦ ʟʜʘʥʠʷ 

ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʩʪʘʝʪʩʷ ʙʘʰʥʷ Mjßst¬rnet (ʅʦʨʚʝʛʠʷ, ɹʨʫʤʫʥʜʜʘʣ) (ʨʠʩʫʥʦʢ 

2), ʯʴʷ ʚʳʩʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 85,4 ʤʝʪʨʘ. ɺ ʭʦʜʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʢʣʝʝʥʦ-ʜʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʦʧʦʨ ʠ CLT-ʧʘʥʝʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʷ. 

ɺ ʈʦʩʩʠʠ, ʢ ʩʦʞʘʣʝʥʠʶ, ʤʥʦʛʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʟ ʜʝʨʝʚʘ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʥʝ ʧʦʣʫʯʠʣʦ ʜʦʣʞʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʟʜʘʥʠʝʤ, 

ʧʦʣʥʦʩʪʴʶ ʩʜʝʣʘʥʥʳʤʠ ʠʟ ʜʝʨʝʚʘ, ʷʚʣʷʶʪʩʷ ʦʬʠʩʥʦʝ ʟʜʘʥʠʝ ʢʦʨʧʦʨʘʮʠʠ çGood 

Woodè (ʨʠʩʫʥʦʢ 3), ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʧʦʩʝʣʢʝ ɽʣʠʥʦ, ɿʝʣʝʥʦʛʨʘʜ, 

ʥʘʩʯʠʪʳʚʘʶʱʝʝ 4 ʵʪʘʞʘ ʠ ʠʤʝʶʱʝʝ ʚʳʩʦʪʫ ʦʢʦʣʦ 19,7 ʤʝʪʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʢʦʣʦʥʥʳ ʩʝʯʝʥʠʝʤ 280Ĭ800 ʤʤ ʚʳʩʦʪʦʡ 

12 ʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʨʠʛʝʣʠ ʠ ʧʦʜʢʦʩʳ ʩʝʯʝʥʠʝʤ 180Ĭ390 ʤʤ. 

ɺ ʈʦʩʩʠʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢʣʝʝʥʦ-ʜʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʪʘʢ ʞʝ 

ʧʦʣʫʯʘʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʥʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠ ʨʝʛʠʦʥʘʣʴʥʫʶ 

ʩʧʝʮʠʬʠʢʫ. ɺʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʚ ʵʪʦʡ ʩʬʝʨʝ ʟʘʜʘʶʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʧʳʪ ʠ 

ʥʘʨʘʙʦʪʢʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʠ ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ. 

 

  

ʈʠʩʫʥʦʢ 2 ï ɹʘʰʥʷ Mjßst¬rnet 

(ʅʦʨʚʝʛʠʷ, ɹʨʫʤʫʥʜʜʘʣ) 

ʈʠʩʫʥʦʢ 3 ï ʎʝʥʪʨʘʣʴʥʳʡ ʦʬʠʩ GOOD WOOD 

 

ʅʘ ʨʠʩ. 4 ʠ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʙʣʠʮʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

CLT-ʧʘʥʝʣʝʡ, ʘ ʪʘʢʞʝ ʩʨʘʚʥʝʥʠʝ ʵʪʠʭ ʩʚʦʡʩʪʚ ʩ ʞʝʣʝʟʦʙʝʪʦʥʦʤ. ʉʨʘʚʥʝʥʠʝ ʩ 

ʞʝʣʝʟʦʙʝʪʦʥʦʤ, ʦʩʥʦʚʥʳʤ ʠ ʥʘʠʙʦʣʝʝ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʚʦʟʚʝʜʝʥʠʷ ʟʜʘʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʙʦʟʥʘʯʠʪʴ ʥʝ ʪʦʣʴʢʦ 

ʜʦʧʫʩʪʠʤʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ CLT-ʧʘʥʝʣʝʡ ʠ ʢʣʝʝʥʦ-ʜʝʨʝʚʷʥʥʳʭ 
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ʢʦʥʩʪʨʫʢʮʠʡ, ʥʦ ʠ ʚʳʷʚʠʪʴ ʝʝ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʵʪʘʣʦʥʥʳʤ ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

 

ʈʠʩʫʥʦʢ 4 ï ʊʘʙʣʠʮʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ CLT -ʧʘʥʝʣʝʡ [5] 

 
ʈʠʩʫʥʦʢ 5 ï ʊʘʙʣʠʮʘ ʩʨʘʚʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ CLT -ʧʘʥʝʣʝʡ ʠ ʞʝʣʝʟʦʙʝʪʦʥʘ [5] 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʪʘʙʣʠʮ (ʨʠʩ. 4 ʠ ʨʠʩ. 5) [5], ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ CLT-ʧʘʥʝʣʝʡ ʠʤʝʝʪ ʨʷʜ ʚʝʩʦʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʳʤ ʦʥʘ ʧʦʣʫʯʘʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʂʣʝʝʥʳʝ ʜʨʝʚʝʩʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʛʦʨʘʟʜʦ ʣʝʛʯʝ, ʯʝʤ ʤʘʩʩʦʚʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʞʝʣʝʟʦʙʝʪʦʥ, ʙʦʣʝʝ 
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ʵʢʦʣʦʛʠʯʥʳ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴʶ, ʥʠʟʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ 

ʠ ʚʳʩʦʢʠʤ ʰʫʤʦʧʦʛʣʦʱʝʥʠʝʤ. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ CLT-ʧʘʥʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʘʢʨʝʩʪ ʩʢʣʝʝʥʳʝ ʣʘʤʝʣʠ, ʩʦʟʜʘʝʪʩʷ ʵʬʬʝʢʪ ʚʟʘʠʤʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ ʩʣʦʝʚ ʩ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʚʦʣʦʢʥʘʤʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʠʟʛʠʙ. 

ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʦʛʥʝʩʪʦʡʢʦʩʪʴ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʨʝʚʝʩʠʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʝʩʴʤʘ ʛʦʨʶʯʠʡ ʤʘʪʝʨʠʘʣ ʚʚʠʜʫ ʩʚʦʝʡ ʧʦʨʠʩʪʦʩʪʠ ʠ 

ʦʙʠʣʴʥʳʭ ʠʥʢʣʶʟʠʡ ʚʦʟʜʫʭʘ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʘʢʦʡ 

ʥʝʜʦʩʪʘʪʦʢ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, CLT-ʧʘʥʝʣʠ, ʚʚʠʜʫ ʩʚʦʝʡ ʥʠʟʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʦʙʨʘʙʦʪʢʠ ʢʣʝʝʚʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʧʦʜ ʧʨʝʩʩʦʤ (ʯʪʦ ʩʥʠʞʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ ʚ ʜʨʝʚʝʩʠʥʝ, ʟʘʧʦʣʥʝʥʥʳʭ ʚʦʟʜʫʭʦʤ), ʩʤʦʛʣʠ ʧʨʝʦʜʦʣʝʪʴ 

ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʜʨʝʚʝʩʠʥʳ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʦʛʥʝʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʥʝʣʝʡ ʧʦʷʚʣʷʝʪʩʷ ʦʙʫʛʣʝʥʥʳʡ ʩʣʦʡ, ʚʳʧʦʣʥʷʶʱʠʡ ʟʘʱʠʪʥʫʶ 

ʬʫʥʢʮʠʶ ʠ ʥʝ ʜʘʶʱʠʡ ʢʠʩʣʦʨʦʜʫ ʧʦʧʘʩʪʴ ʚʥʫʪʨʴ ʧʘʥʝʣʠ. ʉʢʦʨʦʩʪʴ ʦʙʫʛʣʠʚʘʥʠʷ 

CLT-ʧʘʥʝʣʠ ʩʦʩʪʘʚʣʷʝʪ 0,7ï0,8 ʤʤ ʚ ʤʠʥʫʪʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ 

ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʩʝʯʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʜʣʠʪʝʣʴʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʦʛʥʝʤ (ʨʠʩʫʥʦʢ 6). 

 

 

ʈʠʩʫʥʦʢ 6 ï ʊʘʙʣʠʮʘ ʧʨʝʜʝʣʘ ʦʛʥʝʩʪʦʡʢʦʩʪʠ CLT -ʢʦʥʩʪʨʫʢʮʠʡ [5] 

ʀʩʭʦʜʷ ʠʟ ʪʘʙʣʠʮʳ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʤʦʞʥʦ ʧʦʥʷʪʴ, ʯʪʦ ʚʳʰʝʫʧʦʤʷʥʫʪʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʯʪʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʞʝʣʝʟʦʙʝʪʦʥʦʤ ʠ 

ʟʘʤʝʪʥʦ ʦʙʭʦʜʷʪ ʞʝʣʝʟʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʝʨʷʶʱʠʭ ʩʚʦʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ 

ʤʝʥʴʰʝʤ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʩ ʦʛʥʝʤ, ʯʪʦ ʜʝʣʘʝʪ ʢʣʝʝʥʦ-ʜʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠ CLT-ʧʘʥʝʣʠ ʜʦʩʪʦʡʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʪʨʘʜʠʮʠʦʥʥʦ ʫʩʪʦʷʚʰʠʤʩʷ 

ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʘʤ. 

ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʢʘʞʫʱʝʡʩʷ 

ʜʦʨʦʛʦʚʠʟʥʝ ʠ ʥʝʦʢʫʧʘʝʤʦʩʪʠ ʂɼʂ ʠ CLT ʢʦʥʩʪʨʫʢʮʠʡ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʭ, ʣʝʛʢʦʜʦʩʪʫʧʥʳʭ, ʧʨʦʯʥʳʭ, ʠ, ʛʣʘʚʥʦʝ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ 

ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɹʦʣʴʰʘʷ ʮʝʥʘ ʤʘʪʝʨʠʘʣʦʚ ʦʢʫʧʘʝʪʩʷ ʣʝʛʢʦʩʪʴʶ ʠ 

ʩʢʦʨʦʩʪʴʶ ʠʭ ʤʦʥʪʘʞʘ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʠ ʥʘ ʬʫʥʜʘʤʝʥʪʝ ʠ ʧʝʨʝʚʦʟʢʠ ʚʚʠʜʫ ʠʭ 

ʣʝʛʢʦʩʪʠ, ʧʨʠ ʪʦʤ ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʦʩʪʘʶʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʩ 

ʞʝʣʝʟʦʙʝʪʦʥʦʤ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʧʨʝʚʦʩʭʦʜʷʪ. 

ʆʜʥʘʢʦ, ʧʨʠ ʚʩʝʭ ʜʦʩʪʦʠʥʩʪʚʘʭ ʜʘʥʥʦʛʦ ʚʠʜʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʝʭʥʦʣʦʛʠʷ 

ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʚʝʩʪʥʦʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ʊʦʣʴʢʦ 
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ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʦʥʪʘʞʥʠʢʠ ʩ ʦʧʳʪʦʤ ʨʘʙʦʪʳ ʩ CLT-ʧʘʥʝʣʷʤʠ 

ʩʤʦʛʫʪ ʚʦʟʚʝʩʪʠ ʢʘʨʢʘʩ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʚʩʶ 

ʥʘʛʨʫʟʢʫ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ʟʘʚʠʩʠʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʪ 

ʥʘʣʠʯʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʯʠʭ, ʠʤʝʶʱʠʭ ʥʝʦʙʭʦʜʠʤʫʶ 

ʢʚʘʣʠʬʠʢʘʮʠʶ [6]. 

ɸʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʡ ʦʪʨʘʩʣʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʚʦʜʘ ʧʨʘʚʠʣ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ ʦʬʠʮʠʘʣʴʥʦ ʟʘʢʨʝʧʠʪʴ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʤʘʪʝʨʠʘʣʘʤ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʥʩʪʨʫʢʮʠʷʤ ʟʜʘʥʠʡ, ʠʥʞʝʥʝʨʥʦʡ ʧʦʜʛʦʪʦʚʢʝ, 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʚʦʟʚʝʜʝʥʠʷ ʚ ʨʘʟʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ [7, 8]. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʵʪʦʪ ʜʦʢʫʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʚʝʜʦʤʩʪʚʘʭ. ɹʦʣʝʝ ʪʦʛʦ, ʚʦʟʥʠʢʘʝʪ ʥʦʚʘʷ ʟʘʜʘʯʘ ï ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʠʟʜʝʣʠʷ 

ʢʣʝʝʥʳʭ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʧʦʜʦʙʠʠ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʠʟʜʝʣʠʡ, ʯʪʦ ʩʜʝʣʘʝʪ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʝʱʝ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ ʠ ʧʦʟʚʦʣʠʪ 

ʨʘʩʧʨʦʩʪʨʘʥʠʪʴʩʷ ʰʠʨʝ. ʊʘʢʞʝ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʩʨʦʢʫ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʥʦʛʦʵʪʘʞʝʢ. ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʛʣʦ ʙʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʩʦʟʜʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʠʪʴ 

ʦʙʲʸʤʳ ʤʥʦʛʦʵʪʘʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʟ ʢʣʝʝʥʳʭ ʜʨʝʚʝʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʋɼʂ 691.502.17 

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅɸʗ ʀʅʊɽɻʈɸʎʀʗ ɺ ʋʇʈɸɺʃɽʅʀʀ 

ʕɺʆʃʖʎʀɽʁ ʊɽʍʅʆʉʌɽʈʓ: ʄɽʊʆɼʀʂɸ ɼɽʂɸʈɹʆʅʀɿɸʎʀʀ 

ʃʆɻʀʉʊʀʏɽʉʂʆɻʆ ʕʊɸʇɸ ɾʀɿʅɽʅʅʆɻʆ ʎʀʂʃɸ 

ʉʊʈʆʀʊɽʃʔʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

ʉʚʠʨʠʜʝʥʢʦ ɺ. ɸ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʜʝʧʘʨʪʘʤʝʥʪʘ ʧʦ ʮʠʬʨʦʚʦʤʫ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʧʨʦʝʢʪʦʚ  

ʆʆʆ çʀʥʞʠʥʠʨʠʥʛʦʚʘʷ ʢʦʨʧʦʨʘʮʠʷ çʀʈɹʀʉè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ʉʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ, ʷʚʣʷʷʩʴ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʩʨʝʜʳ 

ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʩʪʫʧʘʝʪ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʣʦʙʘʣʴʥʫʶ ʵʢʦʩʠʩʪʝʤʫ. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʇʨʦʛʨʘʤʤʳ ʆʆʅ ʧʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ (UNEP), ʥʘ ʜʦʣʶ ʟʜʘʥʠʡ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 36 % ʤʠʨʦʚʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ 

39 % ʛʣʦʙʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʠʟʤʝʥʝʥʠʝ 

ʢʣʠʤʘʪʘ [1]. ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʚʨʝʤʝʥʠ ʠ ʨʝʩʫʨʩʦʚ ʢʘʢ ʜʣʷ 

ʛʦʩʫʜʘʨʩʪʚʘ, ʪʘʢ ʠ ʜʣʷ ʙʠʟʥʝʩʘ, ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʩʝʢʪʦʨʘ, ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʚʦʚʣʝʯʝʥʠʝ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ ʚ ʩʠʩʪʝʤʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʷʚʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʠʛʨʦʢʦʚ ʥʘ ʤʠʨʦʚʦʡ 

ʘʨʝʥʝ, ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʚʢʣʶʯʠʣʘʩʴ ʚ ʵʪʦʪ ʧʨʦʮʝʩʩ. ʇʦʩʣʝ ʩʦʚʝʱʘʥʠʷ ʧʦ ʚʦʧʨʦʩʘʤ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʠ ʥʠʟʢʦʫʛʣʝʨʦʜʥʦʡ ʵʢʦʥʦʤʠʢʠ ʚ ʇʨʘʚʠʪʝʣʴʩʪʚʝ ʈʌ ʚ 

ʬʝʚʨʘʣʝ 2021 ʛʦʜʘ ʠ ʟʘʷʚʣʝʥʠʷ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɺ.ɺ.ʇʫʪʠʥʘ ʚ ʘʧʨʝʣʝ 2021 

ʛʦʜʘ ʦ ʚʘʞʥʦʩʪʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʣʝʪʦʤ ʪʦʛʦ ʞʝ ʛʦʜʘ ʙʳʣ ʧʨʠʥʷʪ ʌʝʜʝʨʘʣʴʥʳʡ 

ʟʘʢʦʥ ʦʪ 02.07.2021 ˉ 296 çʆʙ ʦʛʨʘʥʠʯʝʥʠʠ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚè [2]. 

ʕʪʦʪ ʟʘʢʦʥ ʩʪʘʣ ʟʥʘʢʦʚʳʤ ʩʦʙʳʪʠʝʤ, ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʟʘʢʨʝʧʠʚ ʦʩʥʦʚʳ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʩʪʨʘʥʝ ʠ ʦʙʦʟʥʘʯʠʚ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʚʝʢʪʦʨ ʜʚʠʞʝʥʠʷ ʢ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʫʩʠʣʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʟʜʘʥʠʡ ʥʘ ʢʣʠʤʘʪ ʙʳʣʠ 

ʩʬʦʢʫʩʠʨʦʚʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʩʦʢʨʘʱʝʥʠʠ çʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦè 

ʫʛʣʝʨʦʜʘ (Operational Carbon) ʚʳʙʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ [3]. ʕʪʦʪ ʧʦʜʭʦʜ, ʜʦʤʠʥʠʨʦʚʘʚʰʠʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʜʝʩʷʪʠʣʝʪʠʡ, ʧʨʠʚʝʣ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʨʦʛʨʝʩʩʫ ʚ ʦʙʣʘʩʪʠ 

ʥɻʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʪʠʤʫʣʠʨʦʚʘʚ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʫʪʝʧʣʝʥʠʷ, 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʥʦʚʳʝ ʟʜʘʥʠʷ ʧʨʠʙʣʠʞʘʶʪʩʷ ʧʦ ʩʚʦʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢ ʩʪʘʥʜʘʨʪʘʤ ʙʣʠʟʢʦʛʦ ʢ ʥʫʣʝʚʦʤʫ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ (NZEB), 

ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʠʪ ʚʪʦʨʦʡ, ʨʘʥʝʝ ʥʝʜʦʦʮʝʥʝʥʥʳʡ ʢʦʤʧʦʥʝʥʪ - 

çʚʦʧʣʦʱʝʥʥʳʡè ʫʛʣʝʨʦʜ (Embodied Carbon) [4]. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʳʙʨʦʩʦʚ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʳʭ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʟʜʘʥʠʷ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʣʝʜʫʶʱʠʭ ʟʘ ʥʝʡ: ʦʪ ʜʦʙʳʯʠ ʩʳʨʴʷ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʜʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʨʝʤʦʥʪʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʥʦʩʘ. 
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ʂʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʦʮʝʥʢʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ (ʆɾʎ). ʆɾʎ ʧʦʟʚʦʣʷʝʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʟʜʘʥʠʷ ʠʣʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ï ʦʪ ʜʦʙʳʯʠ ʩʳʨʴʷ ʜʦ ʫʪʠʣʠʟʘʮʠʠ. ɺ ʨʘʤʢʘʭ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʆɾʎ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, 

ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʩ 

ʫʯʸʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ. ʅʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʆɾʎ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʩʩʠʚʥʳʭ ʠ 

ʘʢʪʠʚʥʳʭ ʩʪʨʘʪʝʛʠʡ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʥʘ ʵʪʘʧʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ï ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʠ ʚʳʙʨʦʩʦʚ, ʚ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ï ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʵʤʠʩʩʠʡ, ʘ ʧʨʠ ʜʝʤʦʥʪʘʞʝ ï ʜʣʷ ʦʮʝʥʢʠ ʧʦʪʝʥʮʠʘʣʘ 

ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ [5]. ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ LCA ʚʩʸ ʯʘʱʝ ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʩ ʮʠʬʨʦʚʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʟʜʘʥʠʡ (ʊʀʄ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʘʩʯʸʪʳ ʠ ʫʯʠʪʳʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 

ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ [6]. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʦʮʝʥʢʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʠʥʪʝʛʨʘʮʠʠ ʮʠʬʨʦʚʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʨʠʥʮʠʧʦʚ ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 

ʫʩʣʦʚʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʠ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʟʘʩʪʨʦʝʥʥʦʡ ʩʨʝʜʳ [7]. 

ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦ-ʛʨʘʞʜʘʥʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʳʩʪʫʧʘʝʪ ʦʜʥʠʤ 

ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʤʠʩʩʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʧʨʷʤʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʧʨʠʨʦʜʥʦ-ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ  

ʢʦʤʧʣʝʢʩʳ (ʇʊʂ). ɼʣʷ ʇʊʂ ʶʞʥʦʡ ʯʘʩʪʠ ʇʨʠʥʝʚʩʢʦʡ ʥʠʟʠʥʳ (ʚʦʜʦʩʙʦʨʥʳʡ 

ʙʘʩʩʝʡʥ ʨ.ʆʭʪʘ) ʭʘʨʘʢʪʝʨʥʳ ʠʟʙʳʪʦʯʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʠ ʚʳʩʦʢʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʪʝʭʥʦʛʝʥʥʦʤʫ ʩʪʦʢʫ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʮʝʥʢʘ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ (ʆɾʎ) ʤʘʪʝʨʠʘʣʦʚ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʧʨʦʩʪʦ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝʡ, ʘ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʨʠʩʢʘʤʠ. 

ʄʝʪʦʜʠʢʘ. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʧʨʠ ʧʦʤʦʱʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠʥʪʝʛʨʘʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʴʶ (ʎʀʄ) ʠ 

ʤʘʰʠʥʦʯʠʪʘʝʤʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʙʘʟʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʜʝʢʣʘʨʘʮʠʡ ʧʨʦʜʫʢʮʠʠ. 

ʈʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ISO 14044 ʠ ɻʆʉʊ ʈ 

56276-2014, ʦʭʚʘʪʳʚʘʷ ʤʦʜʫʣʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʤʘʪʝʨʠʘʣʘ ʦʪ ʜʦʙʳʯʠ ʩʳʨʴʷ 

(A1) ʜʦ (C4) ʨʘʟʤʝʱʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ ʦʪʭʦʜʦʚ ʠʣʠ (D) ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

ʎʝʥʪʨʘʣʴʥʳʤ ʟʚʝʥʦʤ ʷʚʣʷʝʪʩʷ ʩʝʤʘʥʪʠʯʝʩʢʦʝ çʢʘʨʪʠʨʦʚʘʥʠʝè, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʷʝʪ ʩʦʦʪʥʦʩʠʪʴ ʧʦʟʠʮʠʶ ʤʘʪʝʨʠʘʣʘ ʠʟ ʎʀʄ (ʚʳʧʦʣʥʝʥʥʳʭ ʚ 

ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʇʆ) ʩ ʚʝʨʠʬʠʮʠʨʦʚʘʥʥʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʜʝʢʣʘʨʘʮʠʡ ʧʨʦʜʫʢʮʠʠ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʫʛʣʝʨʦʜʥʦʤ ʩʣʝʜʝ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, ʢʨʦʤʝ (ɸ4) ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ 

ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ɼʘʥʥʘʷ ʤʘʰʠʥʦʯʠʪʘʝʤʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʦʪʩʫʪʩʪʚʠʷ ʛʦʪʦʚʳʭ ʙʠʙʣʠʦʪʝʢ ʆɾʎ ʤʘʪʝʨʠʘʣʦʚ ʚ ʈʌ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʵʪʘʧʘ A4 ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ 
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ʦʩʥʦʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʇʊʂ. ɼʣʷ ʨʘʩʯʸʪʘ ʚʳʙʨʦʩʦʚ ʥʘ 

ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (Activity-Based Method) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʦʣʦʛʠʝʡ ISO 14083 ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʪʘʥʜʘʨʪʘ EN15804: 

Ὁὃτ ά Ὠzz ὉὪ ρ 

ʛʜʝ m ï ʤʘʩʩʘ ʛʨʫʟʘ (ʪ), d ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʟʘʚʦʜʘ ʜʦ ʧʣʦʱʘʜʢʠ (ʢʤ), Ef ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʙʨʦʩʦʚ = 0,068 (ʢʛ CO2 ï ʵʢʚ/(ʪÖʢʤ) ʜʣʷ ʪʷʞʝʣʦʛʦ ʛʨʫʟʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ (ʚʝʨʠʬʠʮʠʨʦʚʘʥ GLEC Framework) 

ά ”z ὠ ς 

ʛʜʝ  ” ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʘ  V ï ʦʙʲʸʤ. 

ʇʦʢʘʟʘʪʝʣʴ d ʦʪʨʘʞʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʟʘʚʦʜʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʩʩʯʠʪʳʚʘʝʪ ʠʥʩʪʨʫʤʝʥʪ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ: ʘʜʨʝʩ ʦʙʲʝʢʪʘ 

ʚʥʦʩʠʪʩʷ ʚ ʜʠʘʣʦʛʦʚʦʝ ʦʢʥʦ, ʘʜʨʝʩ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʙʝʨʝʪʩʷ ʠʟ ʤʘʰʠʥʦʯʠʪʘʝʤʦʡ 

ʙʘʟʳ ʜʘʥʥʳʭ ʠʟ ʩʪʦʣʙʮʘ çɸʜʨʝʩ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʣʦʱʘʜʢʠè, ʝʩʣʠ ʫʢʘʟʘʥʦ 

ʥʝʩʢʦʣʴʢʦ ʘʜʨʝʩʦʚ, ʪʦ ʚʳʙʠʨʘʝʪʩʷ ʙʣʠʞʘʡʰʠʡ, ʧʫʪʴ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ 

ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʪʷʞʝʣʦʛʦ ʛʨʫʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ ʫʯʝʪʦʤ ʟʘʧʨʝʪʘ ʜʚʠʞʝʥʠʷ ʧʦ 

ʥʝʢʦʪʦʨʳʤ ʦʙʱʝʩʪʚʝʥʥʳʤ ʜʦʨʦʛʘʤ. 

ʈʘʩʯʸʪ ʵʪʘʧʘ A4 ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʨʘʙʦʪʫ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʠʥʪʝʣʣʝʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘ ʩʝʢʫʥʜʳ ʧʝʨʝʩʯʠʪʳʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ ʠ ʚʳʙʠʨʘʪʴ ʩ ʥʘʠʤʝʥʴʰʠʤ ʫʛʣʝʨʦʜʥʳʤ ʩʣʝʜʦʤ. 

ʈʝʟʫʣʴʪʘʪ  r
ɺ ʭʦʜʝ ʘʧʨʦʙʘʮʠʠ ʤʝʪʦʜʠʢʠ ʥʘ ʦʙʲʝʢʪʝ ʚ ʜ. ʅʦʚʦʩʝʨʛʠʝʚʢʘ (ʃʝʥʠʥʛʨʘʜʩʢʘʷ 

ʦʙʣʘʩʪʴ) ʙʳʣ ʚʳʷʚʣʝʥ ʨʷʜ ʢʨʠʪʠʯʝʩʢʠʭ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ. ɺ 

ʠʩʭʦʜʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʊʋ) ʙʳʣ ʟʘʣʦʞʝʥ ʙʝʪʦʥ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʨʘʮʠʦʥʘʣʴʥʳʤ ʧʦ ʛʝʦʵʢʦʣʦʛʠʠ, ʚʝʜʴ 

ʜʠʩʪʘʥʮʠʷ ʜʦʩʪʘʚʢʠ 785 ʢʤ ʧʨʠʚʝʣʘ ʙʳ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʵʤʠʩʩʠʠ. 

ʀʥʩʪʨʫʤʝʥʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʧʦʜʩʚʝʪʠʣ ʦʰʠʙʢʫ ʚ ʊʋ ʠ ʧʨʝʜʣʦʞʠʣ 

ʚʘʨʠʘʥʪ ʟʘʤʝʥʳ ʥʘ çɹʝʪʦʥ ʃʉʈè ʩ ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʣʝʯʦʤ 10 ʢʤ, ʯʪʦ ʥʠʚʝʣʠʨʫʝʪ 

ʣʦʛʠʩʪʠʯʝʩʢʠʡ ʩʣʝʜ ʠ ʠʩʢʣʶʯʘʝʪ ʨʠʩʢ ʧʦʨʯʠ ʩʤʝʩʠ ʠʟ-ʟʘ ʧʦʪʝʨʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʧʨʠʤʝʥʝʥ ʢ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʬʘʩʘʜʘ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 

ʫʪʝʧʣʠʪʝʣʷ 11686 ʤ2. ɹʘʟʦʚʳʡ ʤʘʪʝʨʠʘʣ ʢʘʤʝʥʥʦʡ ʚʘʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

çʊʝʭʥʦʥʠʢʦʣʴè ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʘʜʨʝʩʘ ʟʘʚʦʜʦʚ: ʈʷʟʘʥʴ (ʎʝʥʪʨʘʣʴʥʳʡ ʨʝʛʠʦʥ): 

ʆʆʆ çɿʘʚʦʜ ʊɽʍʅʆè, ʛ. ʈʷʟʘʥʴ, ʨ-ʥ ɺʦʩʪʦʯʥʳʡ ʧʨʦʤʫʟʝʣ, ʜ. 21, ʩʪʨ. 58;  ɿʘʠʥʩʢ 

(ʇʦʚʦʣʞʴʝ): ʆʆʆ çɿʘʚʦʜ ʊɽʍʅʆè, ʈʊ, ʛ. ɿʘʠʥʩʢ, ʫʣ. ɸʚʪʦʟʘʚʦʜʩʢʘʷ, ʜ. 7.; 

ʏʝʣʷʙʠʥʩʢ (ʋʨʘʣ): ʌʠʣʠʘʣ ʆʆʆ çɿʘʚʦʜ ʊɽʍʅʆè, ʛ. ʏʝʣʷʙʠʥʩʢ, ʫʣ. ɺʘʣʜʘʡʩʢʘʷ, 

ʜ. 5.; ʖʨʛʘ (ʉʠʙʠʨʴ): ʆʆʆ çɿʘʚʦʜ ʊɽʍʅʆè, ʂʝʤʝʨʦʚʩʢʘʷ ʦʙʣ., ʛ. ʖʨʛʘ, 

ʫʣ. ɾʝʣʝʟʥʦʜʦʨʦʞʥʘʷ, ʜ. 1., ɹʝʣʛʦʨʦʜ (ʏʝʨʥʦʟʝʤʴʝ): ʆʆʆ çɿʘʚʦʜ ʊɽʍʅʆè, 

ʛ. ɹʝʣʛʦʨʦʜ, ʫʣ. ʂʦʥʩʪʘʥʪʠʥʘ ɿʘʩʣʦʥʦʚʘ, ʜ. 183., ʂʨʘʩʥʳʡ ʉʫʣʠʥ (ʖʛ): ʆʆʆ 

çɿʘʚʦʜ ʊɽʍʅʆè, ʈʦʩʪʦʚʩʢʘʷ ʦʙʣ., ʛ. ʂʨʘʩʥʳʡ ʉʫʣʠʥ, ʫʣ. ɿʘʚʦʜʩʢʘʷ, ʜ. 1., 

ʍʘʙʘʨʦʚʩʢ (ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ): ʆʆʆ çʊɽʍʅʆʅʀʂʆʃʔ ɼʘʣʴʥʠʡ ɺʦʩʪʦʢè, 

ʛ. ʍʘʙʘʨʦʚʩʢ, ʫʣ. ɹʝʨʝʟʦʚʘʷ, ʜ. 30. ɼʣʷ ʦʙʲʝʢʪʘ ʚ ʜ. ʅʦʚʦʩʝʨʛʠʝʚʢʘ ʠʥʩʪʨʫʤʝʥʪ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʦʧʨʝʜʝʣʠʣ ʙʣʠʞʘʡʰʫʶ ʧʣʦʱʘʜʢʫ ʧʨʦʠʟʚʦʜʩʪʚʘ: 

ʛ. ʈʷʟʘʥʴ (ɺʦʩʪʦʯʥʳʡ ʧʨʦʤʫʟʝʣ). ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ 915 ʢʤ. ɺ ʪʘʙʣʠʮʝ 1 
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ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʧʦ ʵʪʘʧʫ A4 ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ 

ʧʨʦʜʫʢʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʠʩʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. 

ʊʘʙʣʠʮʘ 1 ï ʇʦʢʘʟʘʪʝʣʠ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʥʘ ʵʪʘʧʝ A4 ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʇʣʦʱʘʜʴ, ʤ2 
  

ʋʛʣʝʨʦʜʥʳʡ ʩʣʝʜ, A4, 

ʢʛ CO2 ʵʢʚ 

1584,47 ʊʝʭʥʦʥʠʢʦʣʴ ʊʝʭʥʦʚʝʥʪ ʆʧʪʠʤʘ 50 ʤʤ 443,95 

1583,96 ʊʝʭʥʦʥʠʢʦʣʴ ʊʝʭʥʦʚʝʥʪ ʆʧʪʠʤʘ 100 ʤʤ 887,57 

542,22 ʊʝʭʥʦʥʠʢʦʣʴ ʊʝʭʥʦʬʘʩ ɼʝʢʦʨ 50 ʤʤ 538,69 

1775,28 ʊʝʭʥʦʥʠʢʦʣʴ ʊʝʭʥʦʬʘʩ ɼʝʢʦʨ 100 ʤʤ 1077,39 

772,24 ʊʝʭʥʦʥʠʢʦʣʴ ʊʝʭʥʦʬʘʩ 50 ʤʤ 348,57 

997,62 ʊʝʭʥʦʥʠʢʦʣʴ ʊʝʭʥʦʬʘʩ 100 ʤʤ 900,39 

378,67 ʊʝʭʥʦʥʠʢʦʣʴ ʊʝʭʥʦʬʘʩ ʕʬʬʝʢʪ 40 ʤʤ 127,32 

1304,95 ʊʝʭʥʦʥʠʢʦʣʴ ʊʝʭʥʦʬʘʩ ʕʬʬʝʢʪ 50 ʤʤ 548,08 

530,62 ʊʝʭʥʦʥʠʢʦʣʴ ʊʝʭʥʦʬʘʩ ʕʬʬʝʢʪ 100 ʤʤ 446,17 

11,38 ʊʝʭʥʦʥʠʢʦʣʴ ʊʝʭʥʦʬʘʩ ʕʬʬʝʢʪ 140 ʤʤ 14,11 

1095,62 ʊʝʭʥʦʥʠʢʦʣʴ ʊʝʭʥʦʨʫʬ ʅ ʆʧʪʠʤʘ 100 ʤʤ 579,64 

1110,89 ʊʝʭʥʦʥʠʢʦʣʴ ʊʝʭʥʦʨʫʬ ʅ ʆʧʪʠʤʘ 100 ʤʤ 760,39 

11687,92   6672,27 

ʄʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʇʨʠ ʧʦʜʙʦʨʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ 

ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʥʦ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ 

(ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, ʩʨʦʢ ʩʣʫʞʙʳ), ʘ ʪʘʢ ʞʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ ʚʳʙʦʨ ʫʪʝʧʣʠʪʝʣʷ ʩ ʜʚʦʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦʚʳʰʘʝʪ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦ 50 ʣʝʪ, ʯʪʦ ʩʥʠʞʘʝʪ ʯʘʩʪʦʪʫ ʨʝʥʦʚʘʮʠʦʥʥʳʭ 

ʮʠʢʣʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʦʣʛʦʩʨʦʯʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʇʊʂ. 

ɺ ʭʦʜʝ ʘʧʨʦʙʘʮʠʠ ʤʝʪʦʜʠʢʠ ʘʣʛʦʨʠʪʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʮʝʥʢʠ 

ʧʨʝʜʣʦʞʠʣ ʟʘʤʝʥʠʪʴ ʠʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

çRockwoolè, ʫʯʠʪʳʚʘʷ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ. 

ɼʠʩʪʘʥʮʠʷ ʜʦʩʪʘʚʢʠ ʧʦ ʜʘʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʩʦʢʨʘʪʠʣʘʩʴ ʜʦ 155 ʢʤ, ʚʝʜʴ ʟʘʚʦʜʳ 

ʠʟʛʦʪʦʚʠʪʝʣʷ ʧʦ ʙʘʟʝ ʜʳʥʥʳʭ ʥʘʭʦʜʷʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʘʜʨʝʩʘʤ: ʛ. ɹʘʣʘʰʠʭʘ, 

ʤʢʨ. ɾʝʣʝʟʥʦʜʦʨʦʞʥʳʡ, ʫʣ. ɸʚʪʦʟʘʚʦʜʩʢʘʷ, ʜ. 48; ʛ. ɺʳʙʦʨʛ, ʧʨʦʤʟʦʥʘ 

çʃʘʟʘʨʝʚʢʘè, ʫʣ. ʇʨʦʤʳʰʣʝʥʥʘʷ, ʜ. 3.; ʛ. ɽʣʘʙʫʛʘ, ʪʝʨʨʠʪʦʨʠʷ ʆʕɿ çɸʣʘʙʫʛʘè, 

ʫʣ. ʐ-2, ʢʦʨʧ. 1; ʛ. ʊʨʦʠʮʢ, ʫʣ. ʕʥʝʨʛʝʪʠʢʦʚ, ʜ. 1. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʘʜʨʝʩ ʢ 

ʦʙʲʝʢʪʫ: ʛ. ɺʳʙʦʨʛ, ʧʨʦʤʟʦʥʘ çʃʘʟʘʨʝʚʢʘè, ʫʣ. ʇʨʦʤʳʰʣʝʥʥʘʷ, ʜ. 3. ɼʠʩʪʘʥʮʠʷ 

ʜʦʩʪʘʚʢʠ ʩʦʢʨʘʪʠʣʘʩʴ ʚ 4,9 ʨʘʟʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʩʦʢʨʘʱʝʥʠʶ ʫʛʣʝʨʦʜʥʳʭ ʚʳʙʨʦʩʦʚ 

ʥʘ ʵʪʘʧʝ (ɸ4) ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʚ 7,8 ʨʘʟ. ɺ ʪʘʙʣʠʮʝ 2 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʤʘʪʝʨʠʘʣʫ. 

ʆʙʱʠʡ ʦʙʲʸʤ ʧʨʝʜʦʪʚʨʘʱʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʦʛʨʘʞʜʘʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʤʥʦʛʦʵʪʘʞʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ ʥʘ ʵʪʘʧʝ (A4) ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ 

ʩʦʩʪʘʚʠʣ 5816 ʢʛ CO2 ɻ ʢʚ ʙʝʟ ʫʯʝʪʘ ʦʰʠʙʢʠ ʚ ʠʩʭʦʜʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦ 

ʙʝʪʦʥʫ. ɺ ʧʣʦʩʢʦʩʪʠ ʛʝʦʵʢʦʣʦʛʠʠ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦʩʧʦʩʦʙʩʪʚʦʚʘʣ: 

¶ ʉʥʠʞʝʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ ʇʊʂ: ʆʧʪʠʤʠʟʘʮʠʷ ʣʦʛʠʩʪʠʢʠ ʧʦʟʚʦʣʠʣʘ 

ʩʦʭʨʘʥʠʪʴ ʵʢʚʠʚʘʣʝʥʪ ʛʦʜʦʚʦʡ ʨʘʙʦʪʳ ʣʝʩʥʦʛʦ ʫʯʘʩʪʢʘ ʧʣʦʱʘʜʴʶ 0,27 ɻʘ. 
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¶ ʉʦʭʨʘʥʝʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

¶ ʕʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ. 

ʊʘʙʣʠʮʘ 2 ï ʇʦʢʘʟʘʪʝʣʠ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʥʘ ʵʪʘʧʝ A4 ʜʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʇʣʦʱʘʜʴ, 

ʤ2 
ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʋʛʣʝʨʦʜʥʳʡ ʩʣʝʜ, A4, 

ʢʛ CO2 ʵʢʚ 

1584,47 Rockwool ɺʝʥʪʠ ɹʘʪʪʩ ɼ ʆʧʪʠʤʘ 50 ʤʤ 41,69 

1583,96 Rockwool ɺʝʥʪʠ ɹʘʪʪʩ ɼ ʆʧʪʠʤʘ 100 ʤʤ 76,18 

542,22 Rockwool ʈʦʢʬʘʩʘʜ 50 ʤʤ 31,48 

1775,28 Rockwool ʈʦʢʬʘʩʘʜ 100 ʤʤ 177,83 

772,24 Rockwool ʌʘʩʘʜ ɹʘʪʪʩ ɼ ʆʧʪʠʤʘ 50 ʤʤ 45,30 

997,62 Rockwool ʌʘʩʘʜ ɹʘʪʪʩ ɼ ʆʧʪʠʤʘ 100 ʤʤ 108,13 

378,67 Rockwool ʌʘʩʘʜ ɹʘʪʪʩ ʆʧʪʠʤʘ 40 ʤʤ 19,17 

1304,95 Rockwool ʌʘʩʘʜ ɹʘʪʪʩ ʆʧʪʠʤʘ 50 ʤʤ 82,53 

530,62 Rockwool ʌʘʩʘʜ ɹʘʪʪʩ ʆʧʪʠʤʘ 100 ʤʤ 61,56 

11,38 Rockwool ʌʘʩʘʜ ɹʘʪʪʩ ʆʧʪʠʤʘ 140 ʤʤ 1,95 

1095,62 Rockwool ʈʫʬ ɹʘʪʪʩ ɺ ʆʧʪʠʤʘ 50 ʤʤ 92,41 

1110,89 Rockwool ʈʫʬ ɹʘʪʪʩ ʅ ʆʧʪʠʤʘ 100 ʤʤ 117,1 

11687,92   855,33 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʝʨʝʭʦʜ ʦʪ ʯʠʩʪʦ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ 

ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʮʠʬʨʦʚʫʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʚ ʩʨʝʜʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʝʤ ʪʝʭʥʦʩʬʝʨʳ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʚʳʙʦʨʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ ʷʚʣʷʝʪʩʷ 

ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʷ ʜʦʩʪʠʛʘʪʴ ʮʝʣʝʡ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʚʣʦʞʝʥʠʡ. 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʘ ʥʘ ʩʪʨʘʥʳ ʉʅɻ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʜʠʥʦʛʦ ʢʦʥʪʫʨʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 
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ɸʅɸʃʀɿ ɻɸɿʆɺʓʍ ʊʆʂʉʀʏʅʓʍ ɺʓɹʈʆʉʆɺ ʇʈʀ ʈʋʏʅʆʁ ɼʋɻʆɺʆʁ, 

ʏɸʉʊʀʏʅʆ-ʄɽʍɸʅʀɿʀʈʆɺɸʅʅʆʁ ʉɺɸʈʂɽ ʀ ʇʃɸɿʄɽʅʅʆʁ ʈɽɿʂɽ 

ʉʪʘʮʝʥʢʦ ɺ.ʅ., ʉʘʜʳʢʦʚ ʈ.ʍ. 

ʌɻɸʆʋ ɺʆ çɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè,  ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, ʦ. ʈʫʩʩʢʠʡ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ʉʚʘʨʢʘ ʠ ʨʝʟʢʘ ï ʦʜʥʠ ʠʟ ʩʘʤʳʭ ʛʣʘʚʥʳʭ ʠ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʠʤʝʥʥʦ: ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʚ 

ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʠ, ʚ ʩʪʘʣʴʥʦʤ ʤʦʩʪʦʩʪʨʦʝʥʠʠ, ʚ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚ ʠʥʳʭ ʦʪʨʘʩʣʷʭ. ɼʦ 60ï65 % ʤʠʨʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ 

ʩʪʘʣʴʥʦʛʦ ʧʨʦʢʘʪʘ ʠʜʝʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʚʘʨʥʳʭ ʩʪʘʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. 

ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʩʚʘʨʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ï 70ï80 % ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʜʫʛʦʚʳʝ ʤʝʪʦʜʳ. ʆʜʥʘʢʦ, ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʩʪʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʤʠʨʝ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʜʫʛʦʚʳʭ ʠ 

ʧʣʘʟʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʘʷ ʩʚʘʨʢʘ ʚ ʩʨʝʜʝ ʟʘʱʠʪʥʳʭ 

ʛʘʟʦʚ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʚʦʣʦʢʘʤʠ (MIG, MAG), ʠ ʧʣʘʟʤʝʥʥʘʷ ʨʝʟʢʘ, ʢʘʢ ʠ ʨʫʯʥʘʷ, 

ʪʘʢ ʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʘʷ. ʊʦʯʥʳʭ ʜʘʥʥʳʭ ʜʦʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʫʯʥʳʭ, 

ʯʘʩʪʠʯʥʦ-ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʜʫʛʦʚʳʭ ʩʧʦʩʦʙʦʚ ʩʚʘʨʢʠ ʠ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʠ ʚ 

ʤʠʨʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʪ, ʦʜʥʘʢʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʘʷ 

ʮʠʬʨʘ ʜʦʩʪʠʛʘʝʪ ʜʦ 60ï63 %. ʆʪʜʝʣʴʥʦ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʩʪʦʠʥʩʪʚʘ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 

ʫʤʝʥʴʰʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ, ʫʚʝʣʠʯʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʠ ʩʚʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʮʝʣʦʤ, ʫʤʝʥʴʰʝʥʠʝ ʧʦʪʝʨʴ 

ʩʚʘʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ çʨʫʯʥʳʤʠè ʤʝʪʦʜʘʤʠ 

ʩʚʘʨʢʠ ʠ ʨʝʟʢʠ), ʫʤʝʥʴʰʝʥʠʝ ʩʚʘʨʦʯʥʦʛʦ ʧʝʨʩʦʥʘʣʘ. 

ʆʜʥʘʢʦ ʩ ʨʦʩʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʨʫʯʥʳʭ ʠ 

ʯʘʩʪʠʯʥʦ-ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʩʚʘʨʢʠ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʦʧʘʩʥʳʭ 

ʪʦʢʩʠʯʥʳʭ ʩʚʘʨʦʯʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ, ʪʘʢʠʭ ʢʘʢ: 

ï ʦʢʩʠʜʳ ʘʟʦʪʘ (ʦʩʦʙʝʥʥʦ ʜʚʫʦʢʠʩʴ ʘʟʦʪʘ NO2) ï ʚʳʟʳʚʘʶʪ ʦʩʪʨʦʝ ʦʪʨʘʚʣʝʥʠʝ, 

ʩʠʤʧʪʦʤʳ: ʨʘʟʜʨʘʞʝʥʠʝ ʩʣʠʟʠʩʪʳʭ ʦʙʦʣʦʯʝʢ ʛʣʘʟ, ʥʦʩʘ, ʢʘʰʝʣʴ, ʦʪʝʢ ʣʝʛʢʠʭ [16]; 

ï ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (ʫʛʘʨʥʳʡ ʛʘʟ ʉʆ) ï ʦʪʨʘʚʣʷʶʱʝʝ ʜʝʡʩʪʚʠʝ ʵʪʦʛʦ ʦʢʩʠʜʘ 

ʦʩʥʦʚʘʥʦ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʟʜʘʚʘʪʴ ʩ ʛʝʤʦʛʣʦʙʠʥʦʤ ʚ ʢʨʦʚʠ ʫʩʪʦʡʯʠʚʦʝ ʩʦʝʜʠʥʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʛʘʟʦʦʙʤʝʥʫ. ʉʠʤʧʪʦʤʳ ʦʩʪʨʦʛʦ ʦʪʨʘʚʣʝʥʠʷ: 

ʫʯʘʱʝʥʥʦʝ ʩʝʨʜʮʝʙʠʝʥʠʝ, ʦʙʱʘʷ ʩʣʘʙʦʩʪʴ, ʧʦʟʳʚʳ ʢ ʨʚʦʪʝ, ʜʘʚʣʝʥʠʝ ʚ ʚʠʩʢʘʭ, ʚ 

ʛʨʫʜʠ, ʩʧʫʪʘʥʥʦʝ ʩʦʟʥʘʥʠʝ ʚʧʣʦʪʴ ʜʦ ʝʛʦ ʧʦʪʝʨʠ, ʩʫʜʦʨʦʛʠ, ʫʜʫʰʴʝ (ʘʩʬʠʢʩʠʷ) [16]; 

ï ʦʟʦʥ (ʆ3) ï ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʩʚʘʨʢʝ ʠ ʨʝʟʢʝ ʚ ʠʥʝʨʪʥʳʭ ʛʘʟʘʭ; ʦʪʤʝʯʘʶʪʩʷ 

ʩʫʭʦʩʪʴ ʚʦ ʨʪʫ, ʨʘʟʜʨʘʞʝʥʠʝ ʩʣʠʟʠʩʪʳʭ ʛʣʘʟ ʠ ʥʦʩʘ, ʙʦʣʴ ʟʘ ʛʨʫʜʠʥʦʡ, ʢʘʰʝʣʴ, 

ʯʫʚʩʪʚʦ ʩʠʣʴʥʦʡ ʫʩʪʘʣʦʩʪʠ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʥʘʨʫʰʝʥʠʷ [16]; 

ï ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ (ʉʆ2) ï ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʙʝʟ ʟʘʧʘʭʘ ʠ ʮʚʝʪʘ, ʦʢʘʟʳʚʘʝʪ 

ʫʜʫʰʘʶʱʠʡ ʵʬʬʝʢʪ, ʚʳʟʳʚʘʝʪ ʪʘʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʢʘʢ ʧʥʝʚʤʦʢʦʥʠʦʟʦʤ ʠ 

ʭʨʦʥʠʯʝʩʢʠʡ ʙʨʦʥʭʠʪ [16]; 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʛʘʟʦʚʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʚʘʨʦʯʥʳʭ ʚʳʙʨʦʩʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʝ ʩʚʘʨʢʠ 
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(ʦʢʦʣʦʜʫʛʦʚʘʷ ʟʦʥʘ) ʥʝʜʦʩʪʘʪʦʯʥʦ, ʠ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʇɼʂ, ʦʜʥʘʢʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʪʚʝʨʜʦʡ ʠ ʛʘʟʦʚʦʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘ ʟʜʦʨʦʚʴʝ ʩʚʘʨʱʠʢʦʚ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɺ ʨʘʙʦʪʘʭ ʀʥʩʪʠʪʫʪʘ ʠʥʞʝʥʝʨʥʦʡ ʵʢʦʣʦʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤ.ʉʫʥʴ ʗʪʩʝʥʘ [1] ʧʨʠʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ ʧʦ ʪʚʝʨʜʳʤ ʛʘʟʦʚʳʤ 

ʩʚʘʨʦʯʥʳʤ ʯʘʩʪʠʮʘʤ ʧʦ ʨʫʯʥʦʡ ʠ ʯʘʩʪʠʯʥʦ-ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʝ 

ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ ʤʘʨʢʠ AISI 304, AISI 308L ʚ ʟʦʥʝ ʨʘʙʦʪʳ ʩʚʘʨʱʠʢʘ: 

ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʞʝʣʝʟʘ ʠ ʝʛʦ ʦʢʠʩʣʦʚ 106,09 ʤʢʛ/ʤ2; 

ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʨʦʤʘ ʠ ʝʛʦ ʦʢʩʠʜʦʚ 40,94 ʤʢʛ/ʤ2 ; 

ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʘʨʛʘʥʮʘ ʠ ʝʛʦ ʦʢʩʠʜʦʚ 27,43 ʤʢʛ/ʤ2 . 

ɼʘʥʥʳʝ ʦ ʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝ ʧʨʠʚʦʜʷʪʩʷ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ [2] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ 

ʦʢʠʩʣʦʚ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʛʠʧʝʨʪʦʥʠʠ ʫ ʩʚʘʨʱʠʢʦʚ, ʚ [3] ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ 

ʚʳʙʨʦʩʦʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ 

ʩʚʘʨʢʠ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ [4] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʪʦʢʩʠʯʥʳʭ 

ʚʳʙʨʦʩʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʜʦʚ SMAW (ʨʫʯʥʦʡ ʜʫʛʦʚʦʡ ʩʚʘʨʢʠ 

ʧʦʢʨʳʪʳʤ ʵʣʝʢʪʨʦʜʦʤ) ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʩ ʥʘʥʦ-ʩʠʣʠʢʘʪʥʳʤ ʧʦʢʨʳʪʠʝʤ. 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʳʜʝʣʝʥʠʡ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʩʚʘʨʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʚʳʜʝʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʨʘʩʭʦʜʫʝʤʳʭ ʩʚʘʨʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ; ʥʘ ʜʣʠʥʫ ʨʝʟʘ; ʥʘ ʝʜʠʥʠʮʫ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʥʘ ʝʜʠʥʠʮʫ ʤʘʩʩʳ 

ʨʘʩʭʦʜʫʝʤʳʭ ʥʘʧʣʘʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ). 

ʄʝʪʦʜʠʢʘ [11] ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ 

ɻʆʉʊ 17.2.1.04-77 ʠ ɻʆʉʊ 17.2.4.02-81 [12, 13]. ɸʥʘʣʦʛʠʯʥʳʝ ʤʝʪʦʜʠʢʠ 

ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʊʝʭʥʠʯʝʩʢʦʤ ʢʦʜʝʢʩʝ ʫʩʪʘʥʦʚʠʚʰʝʡʩʷ ʧʨʘʢʪʠʢʠ ʊʂʇ 

17.08-02-2006 (02120), ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʄʠʥʧʨʠʨʦʜʳ ɹʝʣʘʨʫʩʠ [14]. ʊʨʝʙʦʚʘʥʠʷ 

ʥʘʩʪʦʷʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʢʦʜʝʢʩʘ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥ ʚʳʙʨʦʩʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ [14]: 

ï ʧʨʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʠ ʥʦʨʤʠʨʦʚʘʥʠʠ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ; 

ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ, ʚʝʜʦʤʩʪʚʝʥʥʦʤ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʢʦʥʪʨʦʣʝ ʟʘ 

ʩʦʙʣʶʜʝʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤʘʪʠʚʦʚ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ 

ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ; 

ï ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ; 

ï ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʨʝʢʦʥʩʪʨʫʢʮʠʶ, 

ʨʘʩʰʠʨʝʥʠʝ, ʪʝʭʥʠʯʝʩʢʦʝ ʧʝʨʝʚʦʦʨʫʞʝʥʠʝ, ʤʦʜʝʨʥʠʟʘʮʠʶ, ʠʟʤʝʥʝʥʠʝ ʧʨʦʬʠʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʣʠʢʚʠʜʘʮʠʶ ʦʙʲʝʢʪʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ; 

ï ʫʩʪʘʥʦʚʣʝʥʠʠ ʨʘʟʨʝʰʝʥʥʳʭ (ʣʠʤʠʪʠʨʫʝʤʳʭ) ʦʙʲʝʤʦʚ ʚʳʙʨʦʩʦʚ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ; 

ï ʚʝʜʝʥʠʠ ʧʝʨʚʠʯʥʦʛʦ ʫʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ; 

ï ʚʝʜʝʥʠʠ ʦʪʯʝʪʥʦʩʪʠ ʦ ʚʳʙʨʦʩʘʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ. 

ʇʨʠʤʝʨʳ ʫʜʝʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʜʝʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʠ 

ʯʘʩʪʠʯʥʦ-ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1, ʧʨʠ ʧʣʘʟʤʝʥʥʦʡ 
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ʨʝʟʢʝ ï ʚ ʪʘʙʣʠʮʝ 2, ʧʨʠ ʨʫʯʥʦʡ ʜʫʛʦʚʦʡ ï ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 1 ï ʋʜʝʣʴʥʳʝ ʚʳʜʝʣʝʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʝ [16] 

ʄʘʨʢʘ 

ʩʚʘʨʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ 

ɺʳʜʝʣʝʥʠʝ ʟʘʛʨʷʟʥʠʪʝʣʷ, ʛ/ʢʛ ʩʚʘʨʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʇʨʦʯʠʝ 

ʟʘʛʨʷʟʥʠʪʝʣʠ 

ʉʚʘʨʦʯ- 

ʥʳʡ 

ʘʵʨʦʟʦʣʴ 

ʉʦʝʜʠ-

ʥʝʥʠʷ 

ʤʘʨ- 

ʛʘʥʮʘ 

ʆʢʩʠʜʳ 

ʭʨʦʤʘ 

ʌʪʦʨʠʩ-

ʪʳʡ 

ʚʦʜʦʨʦʜ 

ʆʢʩʠʜʳ 

ʘʟʦʪʘ 

ʆʢʩʠ- 

ʜʳ 

ʫʛʣʝ- 

ʨʦʜʘ 

ʅʘʠʤʝʥʦ-

ʚʘʥʠʝ 

ʂʦʣʠ-

ʯʝʩʪʚʦ 

ʇʨʦʚʦʣʦʢʘ 

ʕʇ-245 12,4 0,54 - 0,36 - - 
ʆʢʠʩʣʳ 

ʞʝʣʝʟʘ 
11,50 

ʇʇ-106,  

ʇʇ-108 
12,0 0,70 - - 0,80 - 

ʆʢʠʩʣʳ 

ʞʝʣʝʟʘ 
0,70 

ʇʨʦʚʦʣʦʢʘ 

ʉʚ-08ɻ2ʉ 9,70 0,50 0,02 - - 14,00 
ʆʢʠʩʣʳ 

ʞʝʣʝʟʘ 
7,48 

ʉɺ-ʍ19ʅ9ʌ

2ʉɿ 
7,00 0,42 0,03 - - 14,00 

ʆʢʠʩʣʳ 

ʞʝʣʝʟʘ 
0,04 

ʉɺ-10ʍ20ʅ7

ʉʊ 
8,00 0,45 0,03 - - - - - 

ʉɺ-16ʍ16ʅ2

5ʄ6 
15,00 2,00 1,00 - - - 

ʆʢʩʠʜʳ 

ʥʠʢʝʣʷ 
- 

ʕʇ-245 12,40 0,61 - - - 3,20  - 

ʉɺ-ʆ8ʍɻʅ2

ʄʊ 
6,50 - 0,03 - 0,80 11,00 

ʆʢʠʩʣʳ 

ʪʠʪʘʥʘ 
0,40 

ʇʨʦʚʦʣʦʢʘ 

ʄʅɾ-ʂɻ5-1-

02-0,2 
18,00 0,30 - - - - 

ʆʢʩʠʜʳ 

ʥʠʢʝʣʷ 
0,80 

ʂʄʎ 8,00 0,60 - - - - ʄʝʜʴ 6,00 

ɼ-20 10,90 0,09 - - - - 
ʆʢʩʠʜʳ 

ʘʣʶʤʠʥʠʷ 
7,60 

ɸʄʎ 22,10 0,62 - - 2,45 - - 20,00 

ɸʄɻ-6ʊ 50,00 0,25 - - 0,33 - - 8,50 

ɸʣʶʤʠʥʠʝʚʘʷ 10,00 - - - 0,90 - - - 

ʊʠʪʘʥʦʚʘʷ 14,70 - - - - - 
ʆʢʩʠʜʳ 

ʪʠʪʘʥʘ 
5,00 

ʊʘʙʣʠʮʘ 2 ï ʋʜʝʣʴʥʳʝ ʚʳʜʝʣʝʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʝ [16] 

ʉʧʦʩʦʙ ʨʝʟʢʠ, 

ʚʠʜ ʠ ʪʦʣʱʠʥʘ 

ʤʝʪʘʣʣʘ, ʤʤ 

ɺʳʜʝʣʝʥʠʝ ʥʘ 1 ʧʦʛ. ʤ ʨʝʟʘ, ʛ/ʤ, ʟʘ 1 ʯʘʩ ʨʘʙʦʪʳ 

ɸʵʨʦʟʦʣʠ Mg Cr Ni Al CO NOx 

ʛ/ʤ ʛ/ʯ ʛ/ʤ ʛ/ʯ ʛ/ʤ ʛ/ʯ ʛ/ʤ ʛ/ʯ ʛ/ʤ ʛ/ʯ ʛ/ʤ ʛ/ʯ ʛ/ʤ ʛ/ʯ 

ʈʝʟʢʘ ʩʪʘʣʠ ʫʛʣʝʨʦʜʠʩʪʦʡ 

10 40 810 0,12 24     - - 1,4 - 7 - 

12 15 315       14 280 1,5 32 0,6 13 

20 25 390       22 345 2,5 38 1 16 

30 35 350       33 335 2,7 - 1,5 - 

ʈʝʟʢʘ ʩʪʘʣʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʦʡ 

14 6 790 0,18 24       2 265 10 130 
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20 10 960 0,3 29       2,5 - 14 - 

ʈʝʟʢʘ ʩʪʘʣʠ ʣʝʛʠʨʦʚʘʥʥʦʡ 

5 3 990   0,14 46     1,5 - 6 200 

10 5 1370   0,24 66     1,9 470 10 - 

20 12 1600   0,58 77     2,1 - 13 - 

ʈʝʟʢʘ ʩʪʘʣʠ ʤʘʨʛʘʥʮʦʚʠʩʪʦʡ 

5 4 790 0,72 140       1,4 - 7 128 

10 6 765 1,16 150       2 265 10 - 

20 10 920 1,73 170       2,5 - 13 - 

ʈʝʟʢʘ ʩʧʣʘʚʦʚ ʘʣʶʤʠʥʠʷ 

8 3 -       2,5 - 0,5 - 2 612 

20 4 480       3,5 440 0,6 75 3 - 

80 6,5 -       8 - 1 - 9 - 

ʈʝʟʢʘ ʩʧʣʘʚʦʚ ʪʠʪʘʥʘ 

10 3 455     2,7 425   0,4 - 11 160 

20 7 645     6,4 515   0,5 40 15 - 

30 12,5 680     12 640   0,6 - 19 - 

ʊʘʙʣʠʮʘ 3 ï ʋʜʝʣʴʥʳʝ ʚʳʜʝʣʝʥʠʷ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʧʨʠ ʨʫʯʥʦʡ ʜʫʛʦʚʦʡ ʩʚʘʨʢʝ (ʥʘ 1 ʢʛ 

ʠʟʨʘʩʭʦʜʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʦʚ) [16] 

ʄʘʨʢʘ  

ʵʣʝʢʪʨʦʜʦʚ 

ʂʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʛ/ʢʛ 

ʊʚʝʨʜʳʝ ʯʘʩʪʠʮʳ ʩʚʘʨʦʯʥʦʛʦ ʘʵʨʦʟʦʣʷ 
ɻʘʟʦʦʙʨʘʟʥʳʝ ʚʝʱʝʩʪʚʘ 

ʂʦʣ-ʚʦ 

ʪʚʝʨʜʳʭ 

ʯʘʩʪʠʮ 

ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʘʨʛʘʥʝʮ 

ʠ ʦʢʩʠʜʳ 

ʦʢʠʩʴ 

ʭʨʦʤʘ 
ʬʪʦʨʠʜʳ 

ʬʪʦʨʠʩʪʳʡ  

ʚʦʜʦʨʦʜ 

ʦʢʩʠʜʳ 

ʘʟʦʪʘ 

ʦʢʩʠʜ 

ʫʛʣʝʨʦʜʘ 

ʋʆʅʀ 13/45 18,0 0,9 1,4 3,45 0,75 1,5 13,3 

ʋʆʅʀ 13/55 16,0 1,1 1,0 1,0 - 2,76 13,3 

ʋʆʅʀ 13/65 7,5 1,41 0,8 0,8 1,16 - - 

ʋʆʅʀ 13/80 11,2 0,78 1,05 1,05 1,14 - - 

ʋʆʅʀ 13/85 12,1 0,69 1,3 1,3 1,1 - - 

ɸʅʆ-1 9,6 0,43 - - 2,13 - - 

ɸʅʆ-3 17,0 2,2 - - - - - 

ɸʅʆ-4 17,8 1,05 0,41 - - - - 

ɸʅʆ-5 10,7 1,44 - - - - - 

ɸʅʆ-6 16,3 1,54 - - - - - 

ʆʕʉ-3 15,2 0,41 - - - - - 

ʆʕʉ-4 9,9 1,37 - - - - - 

ʆʕʉ-6 11,4 0,86 - - - - - 

ʕɸ-606/11 10,25 0,66 0,3 1,9 0,004 1,3 1,4 

ʕɸ-395/8 18,5 1,2 0,32 - 0,9 - 0,5 

ʕɸ-400/10ʋ 7,2 0,48 0,85 0,02 - 0,99 - 

ʕɸ-98/15 10,3 0,74 0,81 - 0,8 - - 

ʕʪʠ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʤʘʩʩʦʚʳʡ ʚʳʙʨʦʩ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, 

ʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʩʦʧʦʩʪʘʚʠʪʴ ʩ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʥʝʚʦʟʤʦʞʥʦ [17]. 
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ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʟʣʠʯʥʳʭ 

ʛʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʚʘʨʦʯʥʳʭ ʚʳʙʨʦʩʘʭ ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʩʚʘʨʱʠʢʘ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʨʫʯʥʦʡ ʜʫʛʦʚʦʡ, ʯʘʩʪʠʯʥʦ-ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʠ ʚ ʩʨʝʜʝ 

ʟʘʱʠʪʥʳʭ ʛʘʟʦʚ ʠ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʠ ʥʘ ʧʨʠʤʝʨʝ ʩʧʣʦʰʥʦʡ ʠ ʧʦʨʦʰʢʦʚʳʭ 

ʧʨʦʚʦʣʦʢ, ʘʫʩʪʝʥʠʪʥʳʭ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ, ʩʪʘʣʝʡ ʧʝʨʣʠʪʥʦʛʦ ʢʣʘʩʩʘ ʩ 

ʧʨʝʜʝʣʦʤ ʪʝʢʫʯʝʩʪʠ ʜʦ 300 ʄʇʘ ʠ ʪʠʪʘʥʘ. 

ɿʘ ʦʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʘʨʢʠ ʵʣʝʢʪʨʦʜʦʚ ʩ ʧʦʢʨʳʪʠʝʤ ʠ ʩʚʘʨʦʯʥʳʭ ʧʨʦʚʦʣʦʢ, 

ʘʪʪʝʩʪʦʚʘʥʥʳʝ ʚ ʩʠʩʪʝʤʝ ʅɸʂʉ (çʅʘʮʠʦʥʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʢʦʥʪʨʦʣʷ ʠ ʩʚʘʨʢʠè) 

ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ (ʪʘʙʣʠʮʘ 4), ʜʠʘʤʝʪʨ 

ʵʣʝʢʪʨʦʜʦʚ ʩʦʩʪʘʚʣʷʣ 3,2 ʤʤ. ʉʚʘʨʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʘʧʧʘʨʘʪʝ çʂɽɼʈè ʥʘ 

ʩʣʝʜʫʶʱʠʭ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ 

ʵʣʝʢʪʨʦʜʦʚ: 80, 95, 110 ɸ, ʧʣʦʱʘʜʴ ʨʘʙʦʯʝʡ ʟʦʥʳ ʩʚʘʨʱʠʢʘ ʩʦʩʪʘʚʣʷʣʘ ʯʝʪʳʨʝ 

ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʘ, ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʤʝʩʪʥʦʡ ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʮʠʝʡ. ʄʝʩʪʦ 

ʦʪʙʦʨʘ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ (ʟʦʥʘ ʜʳʭʘʥʠʷ ʩʚʘʨʱʠʢʘ) ï 150ï250 ʤʤ ʥʘʜ ʩʚʘʨʦʯʥʦʡ 

ʜʫʛʦʡ. ʆʪʙʦʨ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʛʘʟʦʚʳʤ ʟʦʥʜʦʤ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʠʟʤʝʨʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʚʝʨʝʥʥʳʤ ʢʦʤʧʘʢʪʥʳʤ ʚʳʩʦʢʦʪʦʯʥʳʤ 

ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʤ OPTIMA7, ʩʝʨʠʷ ˉ332452 (ʨʠʩʫʥʦʢ 1). ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʝʨʝʥʦʩʥʦʡ ʧʨʠʙʦʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ CO, 

CO2, NO ʠ NO2 ʚ ʚʦʟʜʫʭʝ ʠ ʛʘʟʘʭ ʧʦʤʝʱʝʥʠʡ ʠ ʫʩʪʘʥʦʚʦʢ. 

ʊʘʙʣʠʮʘ 4 

ʈʫʪʠʣʦʚʳʝ 

d=3,2 ʤʤ 

1 Atlantic CHE 589-1 (E7018) 

2 Kiswel KST-308L 

3 Kiswel KR3000 

ʆʩʥʦʚʥʳʝ 

d=3,2 ʤʤ 

4 ʋʆʅʀʀ 13/55 ʃʕɿ 

5 Nittetsu 16W 

6 Bohler Thermanit Chromo 9V 

7 CHL-608R 

8 KOBELCO LB-524 

ɿʘ ʦʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʯʘʩʪʠʯʥʦ-ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʝ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʘʨʢʠ ʧʨʦʚʦʣʦʢ, ʘʪʪʝʩʪʦʚʘʥʥʳʝ 

ʅɸʂʉ (ʅʘʮʠʦʥʘʣʴʥʦʝ ʘʛʝʥʪʩʪʚʦ ʢʦʥʪʨʦʣʷ ʠ ʩʚʘʨʢʠ) ʠ ʧʦʚʩʝʤʝʩʪʥʦ 

ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ: ʧʨʦʚʦʣʦʢʠ ʤʘʨʦʢ Kiswel K-316LT, Kiswel 

ʂʉ-28, ʉʚ-08ʍ20ʅ9ɻ7ʊ, ʜʠʘʤʝʪʨ ʧʨʦʚʦʣʦʢ 1,2 ʤʤ. ʇʨʠ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʝ 

ʚʳʙʨʘʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ: ʩʪʘʣʴ 

ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʘʷ ʉʪ3ʩʧ5, ʩʪʘʣʴ ʥʝʨʞʘʚʝʶʱʘʷ AiSi 304 ʠ ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ 

ɺʊ1-0, ʧʨʠ ʨʝʟʢʝ ʩʪʘʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʥ 6, 10 ʠ 14 ʤʤ, ʧʨʠ 

ʨʝʟʢʝ ʪʠʪʘʥʘ 4 ʠ 8 ʤʤ. ʇʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʧʨʠ ʨʝʟʢʝ ʚʳʙʨʘʥʘ ʪʦʣʱʠʥʘ 

ʧʣʘʩʪʠʥ, ʪ.ʢ. ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʳʙʨʦʩʳ (ʪʘʙʣʠʮʘ 2). 

ʉʚʘʨʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʩʚʘʨʦʯʥʦʤ ʧʦʣʫʘʚʪʦʤʘʪʝ ʤʘʨʢʠ Kemppi c ʠʩʪʦʯʥʠʢʦʤ 

ʧʠʪʘʥʠʷ KMS 400, ʠ ʧʦʜʘʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ MX33 ʥʘ ʩʣʝʜʫʶʱʠʭ ʨʝʞʠʤʘʭ: 

ï ʩʚʘʨʦʯʥʳʡ ʪʦʢ ʚ ʜʠʘʧʘʟʦʥʝ 90-120 ɸ, ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʪʦʯʢʘʤʠ 90, 100, 120ɸ; 
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ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʜʫʛʝ 20-21 ɺ; 

ï ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʧʨʦʚʦʣʦʢʠ 5,0-5,6 ʤʝʪʨʦʚ ʚ ʤʠʥʫʪʫ; 

ï ʨʘʩʭʦʜ ʟʘʱʠʪʥʦʛʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 9-12 ʣ/ʤʠʥ. 

ʄʝʩʪʦ ʦʪʙʦʨʘ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ (ʟʦʥʘ ʜʳʭʘʥʠʷ ʩʚʘʨʱʠʢʘ) ï 150ï200 ʤʤ 

ʥʘʜ ʩʚʘʨʦʯʥʦʡ ʜʫʛʦʡ. 

ʈʝʟʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʧʣʘʟʤʦʪʨʦʥʝ ʤʘʨʢʠ BimArc CUT-100 (ʨʠʩʫʥʦʢ 1, 

ʙ) ʥʘ ʩʣʝʜʫʶʱʠʭ ʨʝʞʠʤʘʭ: 

ï ʪʦʢ 80 ɸ; 

ï ʜʘʚʣʝʥʠʝ ʛʘʟʘ ï 0,50 ʄʇʘ; 

ï ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʠʡ ʛʘʟ ï ʚʦʟʜʫʭ. 

ʄʝʩʪʦ ʦʪʙʦʨʘ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ï 150ï200 ʤʤ ʧʦʜ ʟʦʥʦʡ ʨʝʟʢʠ. 

ʇʣʦʱʘʜʴ ʨʘʙʦʯʝʡ ʟʦʥʳ ʩʚʘʨʱʠʢʘ ʩʦʩʪʘʚʣʷʣʘ 4 ʤ2, ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʤʝʩʪʥʦʡ 

ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʮʠʝʡ. ʆʪʙʦʨ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩʧʝʮʠʘʣʴʥʳʤ ʛʘʟʦʚʳʤ ʟʦʥʜʦʤ ʩ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʠʟʤʝʨʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʚʝʨʝʥʥʳʤ ʢʦʤʧʘʢʪʥʳʤ 

ʚʳʩʦʢʦʪʦʯʥʳʤ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʦʤ OPTIMA7, ʩʝʨʠʷ ˉ332452 (ʨʠʩʫʥʦʢ 1). ʆʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʨʝʥʦʩʥʦʡ ʧʨʠʙʦʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ CO, CO2, NO ʠ NO2 ʚ ʚʦʟʜʫʭʝ ʠ ʛʘʟʘʭ ʧʦʤʝʱʝʥʠʡ ʠ ʫʩʪʘʥʦʚʦʢ. 

      

ʈʠʩʫʥʦʢ 1 ï ɺʳʩʦʢʦʪʦʯʥʳʡ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ OPTIMA7 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ OPTIMA7 (ʧʨʦʠʟʚʦʜʠʪʝʣʴ - 

MRU GmbH, ɻʝʨʤʘʥʠʷ): 

ï ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʝʥʩʦʨʳ O2 ʠ CO (ʩʨʦʢ ʩʣʫʞʙʳ ʜʦ 6 ʣʝʪ); 

ï ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʀʂ ʩʝʥʩʦʨʦʚ CO2, CH4; 

ï ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ: ʦʪ 1 ʜʦ 7 ï ʥʘ ʚʳʙʦʨ (ʆ2, ʉʆ, NO, NO2, 

SO2, H2S, CH4, CO2). 

ɼʠʘʧʘʟʦʥʳ ʠʟʤʝʨʝʥʠʷ ʠ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ 

OPTIMA7 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

ʊʘʙʣʠʮʘ 5 

ʀʟʤʝʨʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʇʦʛʨʝʰʥʦʩʪʴ 

ʆʢʩʠʜ ʫʛʣʝʨʦʜʘ CO 
(0... 100) ʤʣʥ-1 Ñ5 ʤʣʥ-1 

(ʩʚ. 100... 300) ʤʣʥ-1 Ñ5% 

ʆʢʩʠʜ ʘʟʦʪʘ NO 
(0... 100) ʤʣʥ-1 Ñ10 ʤʣʥ-1 

(ʩʚ. 100... 4000) ʤʣʥ-1 Ñ10% 

ɼʠʦʢʩʠʜ ʘʟʦʪʘ NO2 
(0... 50) ʤʣʥ-1 Ñ5 ʤʣʥ-1 

(ʩʚ. 50... 500) ʤʣʥ-1 Ñ10% 

ɼʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ CO2 
(0... 5) % Ñ0,2% 

(0... 8) % Ñ0,5% 
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ʅʘ ʢʘʞʜʦʤ ʨʝʞʠʤʝ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʦʚʪʦʨʷʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʚ 

ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʠʚʦʜʠʣʠʩʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʜʠʦʢʩʠʜʦʚ 

ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ ʧʨʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʝ ʧʨʦʚʦʣʦʢʘʤʠ Kiswel K-316LT, 

Kiswel ʂʉ-28 ʠ ʉʚ-08ʍ20ʅ9ɻ7ʊ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʦʢ 2, ʠʟʤʝʨʝʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʢʩʠʜʘ ʠ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʧʨʠ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʝ ʤʝʪʘʣʣʦʚ ï ʩʪʘʣʴ 

ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʘʷ ʉʪ3ʩʧ5, ʩʪʘʣʴ ʥʝʨʞʘʚʝʶʱʘʷ AiSi 304 ʠ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ 

ɺʊ1-0 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʘ ʙ 

  
ʚ 

 
ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ (ʘ), ʜʠʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ (ʙ) ʠ 

ʘʟʦʪʘ (ʚ) ʧʨʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʝ ʧʨʦʚʦʣʦʢʘʤʠ: 

1 ï Kiswel K-316LT ;  2 ï Kiswel ʂʉ-28;  3 ï ʉʚ-08ʍ20ʅ9ɻ7ʊ 

 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʝ ʧʦʢʘʟʳʚʘʝʪ 

ʩʣʝʜʫʶʱʝʝ (ʨʠʩʫʥʦʢ 2). 

1. ɼʣʷ ʚʩʝʭ ʤʘʨʦʢ ʩʚʘʨʦʯʥʳʭ ʧʨʦʚʦʣʦʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʝʣʠʯʠʥʳ 

ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ CO ʠ 

ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ NO2. ʊʘʢ ʜʣʷ ʨʘʟʥʳʭ ʩʚʘʨʦʯʥʳʭ ʧʨʦʚʦʣʦʢ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʢʘ ʩ 

90 ʜʦ 120 ɸ ʢʦʥʮʝʥʪʨʘʮʠʷ CO ʧʦʚʳʰʘʝʪʩʷ ʩ 70ï300 ʤʛ/ʤ3 ʜʦ 900ï1800 ʤʛ/ʤ3,  

ʢʦʥʮʝʥʪʨʘʮʠʷ NO2 ʧʦʚʳʰʘʝʪʩʷ ʩ 0,2ï0,6 ʤʛ/ʤ3 ʜʦ 0,6ï1,0 ʤʛ/ʤ3. ʂʦʥʮʝʥʪʨʘʮʠʷ 

ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ 

ʧʦʣʫʯʝʥʳ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [5ï10]. 

2. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ CO ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ: 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 709,98 0ʉ (ʪʝʤʧʝʨʘʪʫʨʘ ʩʚʘʨʦʯʥʦʡ ʜʫʛʠ ʜʦ 5000ï7000 0ʉ) 
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ʠʩʭʦʜʷ ʠʟ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʩʠʩʪʝʤʳ ʉʆïCO2, ʨʘʚʥʦʚʝʩʠʝ 

ʩʠʩʪʝʤʳ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʉʆ ʠʟ ʫʛʣʝʨʦʜʘ ʠ CO2. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚʥʝʜʨʝʥʠʷ ʫʛʣʝʨʦʜʘ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʢʦʥʮʝʥʪʨʘʮʠʷ CO2 ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʠ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʛʘʟʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ [15]. 

3. ʇʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʘʟʦʚ CO ʠ NO2 ʧʨʠ ʩʚʘʨʢʝ ʧʦʚʦʣʦʢʦʡ 

ʉʚ-08ʍ20ʅ9ɻ7ʊ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʩʪʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʦʚʦʣʦʢ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʝʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʩʪʴʶ (ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʠʝʤ). 

4. ʇʦʩʢʦʣʴʢʫ ʜʘʚʣʝʥʠʝ ʜʫʛʠ ʧʨʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʝ ʚ ʟʘʱʠʪʥʦʤ ʛʘʟʝ 

ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʨʫʯʥʦʡ ʜʫʛʦʚʦʡ ʩʚʘʨʢʝ ʧʦʢʨʳʪʳʤ ʵʣʝʢʪʨʦʜʦʤ, ʘ ʟʘʱʠʱʝʥʥʦʩʪʴ 

ʝʝ ʙʦʣʴʰʝ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʘʟʦʪʘ ʚʦʟʜʫʭʘ, ʯʘʩʪʠʯʥʦ 

ʧʦʜʩʘʩʳʚʘʝʤʦʤ ʟʘʱʠʪʥʳʤ ʛʘʟʦʤ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʩʨʝʜʥʠʝ ʩʣʦʠ ʟʘʱʠʪʳ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʷʜʦʤ ʩ ʜʫʛʦʡ ʦʙʨʘʟʫʝʪʩʷ ʦʢʩʠʜ ʘʟʦʪʘ ʚ ʦʯʝʥʴ ʤʘʣʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʠʷ. ʇʦʩʣʝ ʦʪʜʘʣʝʥʠʷ ʦʪ 

ʜʫʛʠ ʠ ʨʘʟʦʛʨʝʪʳʭ ʩʣʦʝʚ ʛʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʜʘʣʴʥʝʡʰʝʝ ʦʢʠʩʣʝʥʠʝ ʜʦ NO2 ʫʞʝ 

ʦʢʠʩʣʝʥʥʦʛʦ ʘʟʦʪʘ ʠ ʘʟʦʪʘ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

NO ʧʦʯʪʠ ʦʪʩʫʪʩʪʚʫʝʪ [15]. 

ʘ ʙ 

  
ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʢʩʠʜʘ (ʘ) ʠ ʜʠʦʢʩʠʜʘ (ʙ) ʘʟʦʪʘ ʧʨʠ ʧʣʘʟʤʝʥʥʦʡ 

ʨʝʟʢʝ:  1 ï ʩʪʘʣʴ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʘʷ ʉʪ3ʩʧ5; 2 ï ʩʪʘʣʴ ʥʝʨʞʘʚʝʶʱʘʷ AiSi 304; 3 ï 

ʪʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ɺʊ1-0. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʝ ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʝʝ 

(ʨʠʩʫʥʦʢ 3). 

1. ʇʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 1527 0ʉ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʟʤʝʥʥʦʡ ʜʫʛʠ ʜʦ 

7000-10000 0ʉ) ʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʘʟʦʪ ʠʟ ʩʦʩʪʘʚʘ ʦʢʨʫʞʘʶʱʝʡ ʠ 

ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ ʚ ʟʦʥʝ ʨʝʟʢʠ ʩʧʦʩʦʙʝʥ ʦʢʠʩʣʷʪʴʩʷ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʦʢʩʠʜ NO ʧʦ ʨʝʘʢʮʠʠ [15]: 

N2+O3ź2NO 

ʆʜʥʘʢʦ ʧʨʠ ʪʘʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ ʟʘʪʨʫʜʥʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʚ ʩʚʷʟʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʟʙʳʪʦʯʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʟʦʥʝ ʨʝʟʢʠ 

ʧʫʪʝʤ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ (ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ), ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʝʤ ʧʨʝʙʳʚʘʥʠʷ 

ʛʦʨʝʥʠʷ ʚʝʱʝʩʪʚ ʚ ʟʦʥʝ ʨʝʟʘ. 

2. ɼʣʷ ʚʩʝʭ ʚʠʜʦʚ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʥ 

ʧʦʚʳʰʘʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ NO ʠ ʜʠʦʢʩʠʜʘ NO2 ʘʟʦʪʘ. ʊʘʢ ʜʣʷ ʩʪʘʣʝʡ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʥ ʩ 6 ʜʦ 14 ʤʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʠ ʜʠʦʢʩʠʜʘ 
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ʘʟʦʪʘ ʧʦʚʳʰʘʝʪʩʷ ʚ 1,5ï2 ʨʘʟʘ. ɼʣʷ ʪʠʪʘʥʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʥ ʩ 6 

ʜʦ 14 ʤʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʚʳʰʘʝʪʩʷ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦ ï ʚ 2ï2,5 ʨʘʟʘ. 

3. ʅʘʠʙʦʣʝʝ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʘ ʠ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʝ ʩʪʘʣʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʉʪ3ʩʧ5, ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ï ʧʨʠ ʨʝʟʢʝ ʩʪʘʣʠ ʥʝʨʞʘʚʝʶʱʝʡ AiSi 304 ʠ ʥʘʠʙʦʣʴʰʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ï ʜʣʷ ʪʠʪʘʥʦʚʦʛʦ ʩʧʣʘʚʘ ɺʊ1ï0. ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʚ 

[5ï10], ʛʜʝ ʧʨʦʚʝʜʝʥʳ ʧʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʘʟʦʚ ʩ 

ʫʯʝʪʦʤ ʨʘʩʩʝʠʚʘʥʠʷ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʩʚʘʨʦʯʥʳʭ ʘʵʨʦʟʦʣʝʡ. 

4. ʇʨʠ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʝ ʚʳʙʨʦʩʳ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ 

ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʝ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠ ʧʣʘʟʤʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʛʨʦʤʥʳʭ ʪʝʤʧʝʨʘʪʫʨ [15], ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʦʢʩʠʜʦʚ. 

ʊʘʢ ʢʘʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʣʠʥʝʡʥʳʭ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʠ ʦʙʦʙʱʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʠʜʘ 

̒ Ὅ́ ὦ, 
ʘ ʜʣʷ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʠ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʠʜʘ 

̒ ‏́ ὦ, 
ʛʜʝ ʩ ï ʢʦʥʮʝʥʪʨʘʮʠʷ, ʤʛ/ʤ3; I ï ʩʚʘʨʦʯʥʳʡ ʪʦʢ, ɸ; ŭ ï ʪʦʣʱʠʥʘ ʤʝʪʘʣʣʘ, ʤʤ; a, b ï 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʠʭ ʟʥʘʯʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʤʘʨʦʢ ʩʚʘʨʦʯʥʳʭ ʧʨʦʚʦʣʦʢ ʧʨʠ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʝ ʠ ʚʠʜʦʚ ʤʝʪʘʣʣʘ ʧʨʠ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʝ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 6. ɿʥʘʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʩʪʘʚʣʷʶʪ R2=0,8ï0,98. 

ʊʘʙʣʠʮʘ 6 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ˉ  CO CO2 NO NO2 

a b a b a b a b 

ʄʝʭʘʥʠʟʠʨʦʚʘʥʥʘʷ ʩʚʘʨʢʘ, ʧʨʦʚʦʣʦʢʘ 

1 Kiswel K-316LT 28,7 2560 0,051 0,51 - - 0,0124 0,7 

2 Kiswel ʂʉ-28 24,1 2100 0,045 1,75 - - 0,0124 0,9 

3 ʉʚ-08ʍ20ʅ9ɻ7ʊ 53,9 4670 0,01 4,4 - - 0,013 0,61 

ʇʣʘʟʤʝʥʥʘʷ ʨʝʟʢʘ, ʤʝʪʘʣʣʳ 

4 ʉʪʘʣʴ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʘʷ ʉʪ3ʩʧ5 - - - - 161 353 100 500 

5 ʉʪʘʣʴ ʥʝʨʞʘʚʝʶʱʘʷ AiSi 304 - - - - 270 1516 178 44,4 

6 ʊʠʪʘʥʦʚʳʡ ʩʧʣʘʚ ɺʊ1-0 - - - - 538 2830 723 580 

ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠ ʈɼʉ ʚʳʷʚʣʝʥʳ ʚʳʙʨʦʩʳ ʪʦʢʩʠʯʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ï ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ CO ʠ ʘʟʦʪʘ NO, ʚʳʙʨʦʩʦʚ ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ NO2 

ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ CO ʠ NO ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ 

ʨʫʪʠʣʦʚʦʛʦ ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4, ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ ʥʘ 

ʨʠʩʫʥʢʝ 5. ʈʝʟʫʣʴʪʘʪʳ ï ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʩʚʘʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ 

ʛʘʟʦʚ ʦʪ ʩʠʣʳ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʝʝ. 
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1. ʇʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʤʘʨʦʢ ʵʣʝʢʪʨʦʜʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ 

ʧʦʚʳʰʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ. ʅʘ ʠʟʤʝʥʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ ʚʣʠʷʝʪ ʩʦʩʪʘʚ ʦʙʤʘʟʢʠ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʨʫʪʢʘ ʩʚʘʨʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʚ [13], ʛʜʝ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʩʚʘʨʦʯʥʳʭ ʪʦʢʦʚ 100ï130 ɸ, ʧʨʠ 

ʵʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʜʝʣʝʥʠʡ ʘʵʨʦʟʦʣʝʡ ʠ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʦʢʘ ʧʨʝʚʳʰʘʶʪ ʚ ʜʚʘ ʨʘʟʘ ʟʥʘʯʝʥʠʷ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʳʭ ʪʦʢʘʭ. 

2. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʨʫʪʠʣʦʚʦʛʦ ʪʠʧʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ. ʊʘʢ ʜʣʷ ʧʝʨʚʳʭ 

ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʦʚ 

ʫʛʣʝʨʦʜʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 30ï40 ʤʛ/ʤ3, ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ ï 160ï180 ʤʛ/ʤ3. ʕʪʠ 

ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ [18], ʛʜʝ ʚʳʜʝʣʝʥʠʷ 

ʘʵʨʦʟʦʣʝʡ ʠ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʜʣʷ ʨʫʪʠʣʦʚʳʭ ʧʦʢʨʳʪʠʡ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʨʳʪʠʷʤʠ ʦʩʥʦʚʥʳʤʠ ʠ ʮʝʣʣʶʣʦʟʥʳʤʠ). 

3. ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʨʫʪʠʣʦʚʦʛʦ ʪʠʧʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ. ʊʘʢ ʜʣʷ ʧʝʨʚʳʭ 

ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʚʘʨʦʯʥʦʛʦ ʪʦʢʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʦʚ 

ʘʟʦʪʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 20ï30 ʤʛ/ʤ3, ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ ï 50ï80 ʤʛ/ʤ3. 

4. ʇʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʚʩʝʭ ʤʘʨʦʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʚ 

1,5ï2 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 50ï80 ʤʛ/ʤ3. 

ʘ ʙ 

  
ʈʠʩʫʥʦʢ 4 ï ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ (ʘ) ʠ ʘʟʦʪʘ (ʙ) ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ 

ʨʫʪʠʣʦʚʦʛʦ ʪʠʧʘ 1 ï Atlantic  CHE 589-1 (E7018); 2 ï Kiswel KST-308L; 3 ï Kiswel KR3000 

ʊʘʢ ʢʘʢ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʣʠʥʝʡʥʦʡ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙʦʙʱʝʥʳ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʠʜʘ 

̒ Ὅ́ ὦ, 
ʛʜʝ ʩ ï ʢʦʥʮʝʥʪʨʘʮʠʷ, ʤʛ/ʤ3; I ï ʩʚʘʨʦʯʥʳʡ ʪʦʢ, ɸ; a, b ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʠʭ ʟʥʘʯʝʥʠʷ 

ʜʣʷ ʨʘʟʥʳʭ ʤʘʨʦʢ ʵʣʝʢʪʨʦʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 7. ɺ ʵʪʦʡ ʞʝ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ 

ʟʥʘʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʠʭ ʚʝʣʠʯʠʥʳ ʩʦʩʪʘʚʣʷʶʪ R2=0,8-0,98. 

ɺʳʚʦʜʳ 

ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ: 

1. ʇʨʠ ʯʘʩʪʠʯʥʦ-ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʝ ʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ ʚ 

ʩʨʝʜʝ ʟʘʱʠʪʥʳʭ ʛʘʟʦʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʠʣʳ ʪʦʢʘ ʠ ʪʦʣʱʠʥʳ ʤʘʪʝʨʠʘʣʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʙʫʜʫʪ 
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ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ CO, CO2, NO2. ʇʨʠ ʵʪʦʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʚʘʨʦʯʥʦʡ ʧʨʦʚʦʣʦʢʝ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʦʚʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʳʙʨʦʩʦʚ ʙʫʜʫʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 

ʘ ʙ 

  
ʈʠʩʫʥʦʢ 5 ï ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ (ʘ) ʠ ʘʟʦʪʘ (ʙ) ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ 

ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ. 4 ï ʋʆʅʀʀ 13/55 ʃʕɿ; 5 ï Nittetsu 16W; 6 ï Bohler Thermanit  Chromo 

9V; 7 ï CHL -608R; 8 ï KOBELCO LB -524 

ʊʘʙʣʠʮʘ 7 

ˉ ʵʣʝʢʪʨʦʜ 
NO CO 

a b R2 a b R2 

1 Atlantic CHE 589-1 (E7018) 0,71 -47,4 0,96 0,99 -72 0,98 

2 Kiswel KST-308L 0,3 -18,7 0,99 0,71 -51 0,87 

3 Kiswel KR3000 0,37 -20,7 0,98 0,77 -41 0,97 

4 ʋʆʅʀʀ 13/55 ʃʕɿ 0,29 -16,9 0,43 1,1 -86 0,79 

5 Nittetsu 16W 0,27 -8,7 0,98 3,9 -263 0,87 

6 Bohler Thermanit Chromo 9V 0,61 -6,3 0,84 0,39 -17 0,98 

7 CHL-608R 1,6 -97 0,98 3,1 -153 0,96 

8 KOBELCO LB-524 2,1 -132 0,95 2,5 -86 0,94 

2. ʇʨʠ ʧʣʘʟʤʝʥʥʦʡ ʨʝʟʢʝ, ʢʦʥʮʝʥʪʨʘʮʠʠ NO, NO2 ʥʝ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʩʚʘʨʢʝ, ʦʜʥʘʢʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʦʚ 

ʫʛʣʝʨʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠʭ ʧʦʯʪʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ. 

ʄʦʞʥʦ ʪʘʢ ʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʤʘʪʝʨʠʘʣʝ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʪʘʢʞʝ ʙʫʜʫʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 

3. ʕʣʝʢʪʨʦʜʳ ʩ ʨʫʪʠʣʦʚʳʤ ʧʦʢʨʳʪʠʝʤ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ 

ʠʦʥʠʟʘʮʠʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʤʝʥʴʰʝ ʚʳʙʨʦʩʘ ʚ ʟʦʥʫ ʩʚʘʨʢʠ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʜʘʤʠ ʩ ʦʩʥʦʚʥʳʤ ʧʦʢʨʳʪʠʝʤ. ɼʣʷ ʨʫʪʠʣʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʙʨʦʩʦʚ ʧʦ ʦʢʩʠʜʫ ʫʛʣʝʨʦʜʘ ʉʆ ʥʝ ʧʨʝʚʳʰʘʝʪ 40 ʤʛ/ʤ3, ʜʣʷ 

ʦʩʥʦʚʥʳʭ ï 180 ʤʛ/ʤ3. ʇʦ ʦʢʩʠʜʫ ʘʟʦʪʘ NO ʜʣʷ ʨʫʪʠʣʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʳʙʨʦʩʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 30 ʤʛ/ʤ3, ʜʣʷ ʦʩʥʦʚʥʳʭ ï 90 ʤʛ/ʤ3. ʅʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ ʚʣʠʷʝʪ ʩʦʩʪʘʚ ʦʙʤʘʟʢʠ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʧʨʫʪʢʘ ʩʚʘʨʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

4. ʆʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʘ ʘʟʦʪʘ NO ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʚʘʨʦʯʥʦʡ ʜʫʛʠ ʚ ʟʦʥʝ ʩʚʘʨʢʠ (5000ï7000 ʂ) ʦʢʠʩʣʝʥʠʝʤ ʘʟʦʪʘ ʢʠʩʣʦʨʦʜʦʤ ʠʟ 
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ʩʦʩʪʘʚʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʪʨʫʜʥʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʜʠʦʢʩʠʜʘ ʘʟʦʪʘ, ʚ ʥʘʰʠʭ ʘʥʘʣʠʟʘʭ ʵʪʦʪ ʚʠʜ ʦʢʩʠʜʘ ʥʝ ʦʙʥʘʨʫʞʝʥ. 
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ɹʀʆʃʆɻʀʏɽʉʂɸʗ, ʉɽʁʉʄʀʏɽʉʂɸʗ ʀ ʕʂʆʃʆɻʀʏɽʉʂɸʗ 
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ɼɸʅʅʓʍ ʀ ɺʆɿʄʆɾʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ɺ ʊɽʇʃʓʍ ʀ ʉʋʍʀʍ 
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ʉʪʨʦʠʪʝʣʴʥʘʷ ʠʥʜʫʩʪʨʠʷ ʠʱʝʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʢʣʠʤʘʪ. ʂʦʥʮʝʧʮʠʷ çʟʜʘʥʠʡ ʢʘʢ ʛʣʦʙʘʣʴʥʦʛʦ 

ʫʛʣʝʨʦʜʥʦʛʦ ʭʨʘʥʠʣʠʱʘè [9] ʧʨʠʦʙʨʝʪʘʝʪ ʩʪʦʨʦʥʥʠʢʦʚ, ʘ ʧʝʨʝʢʨʝʩʪʥʦ-ʢʣʝʝʥʘʷ 

ʜʨʝʚʝʩʠʥʘ (CLT) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʢʣʶʯʝʚʦʡ ʠʥʩʪʨʫʤʝʥʪ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ CLT ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜ ʥʘ 13ï69 % ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʞʝʣʝʟʦʙʝʪʦʥʦʤ [8, 10]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ CLT ʚʝʜʫʪʩʷ ʧʦ ʚʩʝʤʫ ʤʠʨʫ: ʚ ʉʐɸ ʠ ʂʘʥʘʜʝ [1, 5, 8, 12], 

ɽʚʨʦʧʝ [3, 4, 19, 31], ʊʫʨʮʠʠ [20, 21], ʂʠʪʘʝ [33], ʗʧʦʥʠʠ [30], ɹʨʘʟʠʣʠʠ [22], 

ɸʚʩʪʨʘʣʠʠ [30], ʀʥʜʦʥʝʟʠʠ [29] ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. ʂʘʞʜʦʝ ʛʦʩʫʜʘʨʩʪʚʦ 

ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʩʦʙʩʪʚʝʥʥʳʝ ʥʦʨʤʘʪʠʚʥʳʝ ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʝʪ ʤʝʩʪʥʳʝ ʧʦʨʦʜʳ 

ʜʨʝʚʝʩʠʥʳ ʠ ʫʯʠʪʳʚʘʝʪ ʩʚʦʡ ʢʣʠʤʘʪ [30]. ʕʪʦ ʩʦʟʜʘʝʪ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʫʶ ʙʘʟʫ 

ʟʥʘʥʠʡ, ʛʜʝ ʨʝʟʫʣʴʪʘʪʳ ʯʘʩʪʦ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʨʫʛ ʜʨʫʛʫ ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʥʘʧʨʷʤʫʶ ʧʝʨʝʥʝʩʝʥʳ ʚ ʠʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

ɼʣʷ ʈʦʩʩʠʠ ʩ ʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʥʝʦʙʭʦʜʠʤ 

ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʧʳʪʘ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʪʝʧʣʳʝ ʠ ʩʫʭʠʝ ʨʝʛʠʦʥʳ (ʦʪʜʝʣʴʥʳʝ ʨʘʡʦʥʳ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ), ʛʜʝ 

ʨʠʩʢ ʙʠʦʧʦʨʘʞʝʥʠʷ ʥʠʞʝ, ʯʝʤ ʚʦ ʚʣʘʞʥʦʤ ʢʣʠʤʘʪʝ, ʥʦ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ 

ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨ, ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ CLT ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʘʩʧʝʢʪʘʭ ï 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʫʛʨʦʟʝ [1, 2], ʩʝʡʩʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ [3, 4], ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ [6, 7] ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ [27]. ʇʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ 

ʦʮʝʥʢʠ, ʘ ʜʘʥʥʳʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʨʫʛ ʜʨʫʛʫ. ʇʨʦʛʥʦʟʳ ʜʦʣʛʦʚʝʯʥʦʩʪʠ 150ï300 

ʣʝʪ [27] ʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʜʘʥʥʳʤʠ ʦ ʩʢʦʨʦʩʪʠ ʜʝʛʨʘʜʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ [1, 5], ʘ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʦʢʘʟʘʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʥʦʨʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [20]. 

ʎʝʣʴ ʩʪʘʪʴʠ ï ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʟʥʘʥʠʡ ʦ ʙʠʦʣʦʛʠʯʝʩʢʠʭ, 

ʩʝʡʩʤʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʘʭ ʠ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ CLT-ʟʜʘʥʠʡ, ʚʳʷʚʠʪʴ 

ʧʨʦʪʠʚʦʨʝʯʠʷ ʠ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʘʥʥʳʭ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ 

ʪʝʧʣʳʭ ʠ ʩʫʭʠʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ. ʆʪʙʦʨ ʠʩʪʦʯʥʠʢʦʚ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʢʨʠʪʝʨʠʷʤ: 

2020ï2026 ʛʛ., ʨʝʮʝʥʟʠʨʫʝʤʳʝ ʩʪʘʪʴʠ ʠ ʦʙʟʦʨʳ ʚ Scopus/WoS, ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ 

ʦʭʚʘʪ (ʉʐɸ, ɽʚʨʦʧʘ, ʊʫʨʮʠʷ, ʏʠʣʠ, ɸʟʠʷ), ʪʝʤʘʪʠʢʘ (ʙʠʦ-, ʩʝʡʩʤʦ-, 

ʵʢʦ-ʫʩʪʦʡʯʠʚʦʩʪʴ CLT). 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʫʛʨʦʟʘ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʣʘʞʥʦʩʪʴ ʢʘʢ ʛʣʘʚʥʳʡ ʬʘʢʪʦʨ ʨʠʩʢʘ. 

ʀʩʪʦʯʥʠʢʠ ʫʚʣʘʞʥʝʥʠʷ: ʦʩʘʜʢʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʥʝʧʨʘʚʠʣʴʥʦʝ ʭʨʘʥʝʥʠʝ, 
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ʢʦʥʜʝʥʩʘʮʠʷ, ʧʨʦʪʝʯʢʠ [2]. ʂʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ: ʪʦʨʮʳ, ʩʦʝʜʠʥʝʥʠʷ, ʢʦʥʪʘʢʪ ʩ 

ʬʫʥʜʘʤʝʥʪʦʤ. ɺʣʘʞʥʦʩʪʴ >25 % ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʛʨʠʙʦʚ. 

ɼʨʝʚʝʩʠʥʘ ʚ CLT ʦʪʥʦʩʠʪʩʷ ʢ 4 ʢʣʘʩʩʫ ʜʦʣʛʦʚʝʯʥʦʩʪʠ (ʥʝʩʪʦʡʢʠʝ) [2, 13]. 

ʇʦʩʣʝ 40 ʥʝʜʝʣʴ ʚʦʟʜʝʡʩʪʚʠʷ ʛʨʠʙʦʚ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ 

ʩʥʠʞʘʝʪʩʷ ʜʦ 57 %, ʵʥʝʨʛʦʨʘʩʩʝʠʚʘʥʠʝ ï ʥʘ 90 % [1]. ɻʨʠʙʥʦʝ ʧʦʨʘʞʝʥʠʝ ʤʝʥʷʝʪ 

ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ: ʨʘʟʨʫʰʝʥʠʝ ʠʜʝʪ ʧʦ ʢʣʝʝʚʦʤʫ ʰʚʫ ʠʣʠ ʜʨʝʚʝʩʠʥʝ. ɼʘʞʝ 

ʮʠʢʣʠʯʝʩʢʦʝ ʫʚʣʘʞʥʝʥʠʝ ʙʝʟ ʛʨʠʙʢʦʚ ʩʥʠʞʘʝʪ ʧʣʘʩʪʠʯʥʦʩʪʴ ʥʘ 50 %. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ >50 % ʜʝʣʘʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʝʚʦʟʤʦʞʥʳʤ [1]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ [5, 14] ʧʦʜʪʚʝʨʜʠʣʠ: ʛʝʨʤʝʪʠʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʪʝʨʷʶʪ 

<5 % ʤʘʩʩʳ ʟʘ 21 ʥʝʜʝʣʶ, ʥʝʛʝʨʤʝʪʠʟʠʨʦʚʘʥʥʳʝ ï 20ï25 %. ʊʝʨʤʠʯʝʩʢʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʛʨʠʙʳ [14], ʥʦ ʩʥʠʞʘʝʪ ʧʨʦʯʥʦʩʪʴ [13]. ʄʠʮʝʣʠʡ 

ʧʨʦʥʠʢʘʝʪ ʯʝʨʝʟ ʢʣʝʝʚʦʡ ʰʦʚ [15]. ʌʝʥʦʣʴʥʳʝ ʢʣʝʠ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ, 

ʤʦʯʝʚʠʥʦ-ʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ï ʥʘʠʤʝʥʝʝ. 

ɺ ʩʪʝʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʥʘ ʥʘʨʫʞʥʳʝ 5 ʤʤ ʚʣʠʷʶʪ ʜʦʞʜʠ (40%), ʥʘ 

ʚʥʫʪʨʝʥʥʠʝ ʩʣʦʠ ï ʥʘʯʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ (ʜʦ 26 %) [17]. ɺʳʩʳʭʘʥʠʝ ʩʪʨʦʡʚʣʘʛʠ 

ʟʘʥʠʤʘʝʪ 2ï3 ʛʦʜʘ, ʤʝʤʙʨʘʥʳ ʟʘʧʠʨʘʶʪ ʚʣʘʛʫ [12]. ʊʦʨʮʳ ʠ ʟʘʟʦʨʳ ʤʝʞʜʫ 

ʣʘʤʝʣʷʤʠ ï ʛʣʘʚʥʳʡ ʨʠʩʢ, 5-ʩʣʦʡʥʳʝ ʧʘʥʝʣʠ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʜʝʛʨʘʜʘʮʠʠ [34]. 

ʉʝʡʩʤʠʯʝʩʢʘʷ ʫʛʨʦʟʘ ʠ  ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʉʨʘʚʥʝʥʠʝ CLT ʠ ʢʠʨʧʠʯʘ ʢʘʢ ʟʘʧʦʣʥʝʥʠʷ ʨʘʤ ʧʦʢʘʟʘʣʦ: ʢʠʨʧʠʯ ʜʘʝʪ 

ʧʠʢʦʚʫʶ ʥʘʛʨʫʟʢʫ 124,8 ʢʅ ʧʨʦʪʠʚ 91,2 ʢʅ, ʥʦ CLT ʧʣʘʩʪʠʯʥʝʝ (ʜʨʝʡʬ 8,5 % 

ʧʨʦʪʠʚ 4 %) [18]. ʂʠʨʧʠʯ ʨʘʙʦʪʘʝʪ ʢʘʢ ʜʠʘʛʦʥʘʣʴʥʘʷ ʨʘʩʧʦʨʢʘ, ʚʳʟʳʚʘʷ ʭʨʫʧʢʦʝ 

ʨʘʟʨʫʰʝʥʠʝ. 

ɼʚʫʭʣʝʪʥʠʡ ʤʦʥʠʪʦʨʠʥʛ ʚ ʏʠʣʠ ʚʳʷʚʠʣ: ʞʝʩʪʢʦʩʪʴ ʤʝʥʷʝʪʩʷ ʥʘ 9 % ʧʦ 

ʩʝʟʦʥʘʤ, ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʠ M5.4 ʧʘʜʘʝʪ ʥʘ 15 % ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ [3, 4]. 

ʆʙʥʘʨʫʞʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʚʣʘʞʥʦʩʪʴʶ ʠ ʯʘʩʪʦʪʦʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ 8-ʵʪʘʞʥʦʛʦ ʟʜʘʥʠʷ Palisaden ʧʦʢʘʟʘʣʦ: ʧʨʠ ʤʘʣʳʭ 

ʢʦʣʝʙʘʥʠʷʭ ʞʝʩʪʢʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʚʣʠʷʝʪ ʥʘ ʯʘʩʪʦʪʳ ï ʦʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʛʝʦʤʝʪʨʠʝʡ [19]. ʇʨʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʝ >5 ʤ ʩʜʚʠʛʦʚʳʝ ʤʦʜʳ ʩʤʝʥʷʶʪʩʷ 

ʢʨʫʪʠʣʴʥʳʤʠ. 

CLT-ʟʜʘʥʠʝ ʧʦ ɽʚʨʦʢʦʜʫ 8 ʤʦʞʝʪ ʥʝ ʚʳʜʝʨʞʘʪʴ ʨʝʘʣʴʥʳʭ ʥʘʛʨʫʟʦʢ [20]. 

ɾʝʣʝʟʦʙʝʪʦʥʥʦʝ ʟʜʘʥʠʝ, ʫʮʝʣʝʚʰʝʝ ʚ ʊʫʨʮʠʠ, ʠʤʝʣʦ ʠʥʜʝʢʩ ʩʪʝʥ 1,5ï1,84 % ʧʨʠ 

ʥʦʨʤʝ 0,6 %. ɼʣʷ CLT ʪʘʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʥʝʪ [21]. 

ʂʨʝʧʝʞʥʳʝ ʧʣʘʩʪʠʥʳ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʜʣʷ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ [29], ʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʩʥʠʞʘʝʪ ʫʩʪʘʣʦʩʪʥʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ [29]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚ ʌʠʥʣʷʥʜʠʠ ʩʨʘʚʥʠʣʦ ʜʦʤʘ-ʙʣʠʟʥʝʮʳ ʠʟ ʜʝʨʝʚʘ ʠ ʙʝʪʦʥʘ 

[31]. ʆʙʱʘʷ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ ʦʜʠʥʘʢʦʚʘ (3,8/5), ʥʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʤʬʦʨʪ 

ʨʘʟʣʠʯʘʝʪʩʷ: ʚ ʙʝʪʦʥʥʦʤ 94 % ʜʦʚʦʣʴʥʳ, ʚ ʜʝʨʝʚʷʥʥʦʤ ï 68 % (21% ʞʘʣʫʶʪʩʷ ʥʘ 

ʭʦʣʦʜ, 12 % ʥʘ ʞʘʨʫ). ʕʪʦ ʩʣʝʜʩʪʚʠʝ ʤʝʥʴʰʝʡ ʪʝʧʣʦʚʦʡ ʠʥʝʨʮʠʠ ʜʝʨʝʚʘ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʉʦʛʣʘʩʥʦ ʤʝʪʘ-ʘʥʘʣʠʟʫ [11], ʩʥʠʞʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 

11 % ʜʦ 310 %. ʈʘʟʙʨʦʩ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʮʝʧʦʯʝʢ 

ʧʦʩʪʘʚʦʢ ʠ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ [22ï24]. ɹʘʨʴʝʨʳ: ʜʝʬʠʮʠʪ ʢʘʜʨʦʚ, 

ʩʣʘʙʦʝ ʨʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚ, ʩʢʝʧʪʠʮʠʟʤ [11]. 

ʂʨʠʪʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ï ʩʨʦʢ ʩʣʫʞʙʳ. ɼʠʥʘʤʠʯʝʩʢʠʡ ʫʯʝʪ ʜʣʷ ʛʠʙʨʠʜʥʦʛʦ 
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ʟʜʘʥʠʷ ʧʦʢʘʟʘʣ: ʦʢʫʧʘʝʤʦʩʪʴ ʚʳʙʨʦʩʦʚ ʦʪ ʚʳʨʫʙʢʠ ʣʝʩʘ ï 23 ʛʦʜʘ, ʧʦʣʥʘʷ 

ʢʦʤʧʝʥʩʘʮʠʷ ï 67ï80 ʣʝʪ [7]. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʚʳʛʦʜʘ ʨʝʘʣʠʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺʳʙʨʦʩʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ CLT ʚʘʨʴʠʨʫʶʪʩʷ 103ï846 ʢʛ COϜ-ʵʢʚ/ʤį 
(ʨʘʟʙʨʦʩ ʚ 8 ʨʘʟ) [22]. ʆʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ: ʣʝʩʦʟʘʛʦʪʦʚʢʠ (ʜʠʟʝʣʴ), 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʢʣʝʠ. ʋʛʣʝʨʦʜʥʳʡ ʩʣʝʜ ʚʥʝ ɽʚʨʦʧʳ ʥʘ 52 % ʚʳʰʝ [23]. 

ɺʳʷʚʣʝʥʦ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʤʦʜʝʣʴʥʳʤʠ ʠ ʨʝʘʣʴʥʳʤʠ ʦʮʝʥʢʘʤʠ: 

ʤʦʜʝʣʠ ʟʘʥʠʞʘʶʪ ʩʣʝʜ ʥʘ ʩʦʪʥʠ ʢʛ/ʤĮ. ɻʘʨʤʦʥʠʟʘʮʠʷ ʤʝʪʦʜʦʣʦʛʠʠ ʩʦʢʨʘʱʘʝʪ 

ʨʘʟʙʨʦʩ >80 % [24]. 

ʉʨʘʚʥʝʥʠʝ ʩʪʨʘʪʝʛʠʡ: ʨʝʥʦʚʘʮʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩ CLT ʠʤʝʶʪ ʙʣʠʟʢʠʝ 

GWP (7,12 vs 7,38 ʢʛ COϜ/ʤĮ/ʛʦʜ), ʥʦ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʜʘʝʪ ʮʠʨʢʫʣʷʨʥʦʩʪʴ 42 % 

ʧʨʦʪʠʚ 25 % ʧʨʠ ʫʜʚʦʝʥʠʠ ʩʪʦʠʤʦʩʪʠ [26]. 

ɸʥʘʣʠʟ Brock Commons ʧʦʢʘʟʘʣ: ʧʦʣʥʦʩʪʴʶ ʜʝʨʝʚʷʥʥʦʝ ʟʜʘʥʠʝ ʪʝʨʷʝʪ 86 % 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʛʠʙʨʠʜ (ʙʝʪʦʥʥʦʝ ʷʜʨʦ + ʜʝʨʝʚʦ) ʩʥʠʞʘʝʪ ʫʛʣʝʨʦʜ ʥʘ 52 % 

[6]. ʄʘʩʩʘ ʪʘʢʦʛʦ ʟʜʘʥʠʷ ʥʘ 33,2 % ʤʝʥʴʰʝ, ʭʨʘʥʝʥʠʝ ʫʛʣʝʨʦʜʘ ï 1,84Ĭ10ϑ ʢʛ 
COϜ-ʵʢʚ [8]. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʦʛʫʪ ʥʠʚʝʣʠʨʦʚʘʪʴʩʷ ʚʳʙʦʨʦʤ ʢʣʝʝʚ: 

ʢʘʨʙʘʤʠʜʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ï ʥʘʠʤʝʥʝʝ ʚʣʘʛʦʩʪʦʡʢʠʝ ʠ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʝ, 

ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ʩʪʦʡʯʝ, ʥʦ ʪʦʞʝ ʜʘʶʪ ʵʤʠʩʩʠʶ [25]. 

ʆʙʩʫʞʜʝʥʠʝ 

ɻʦʚʦʨʠʪʴ ʦ ʜʦʣʛʦʚʝʯʥʦʩʪʠ CLT-ʟʜʘʥʠʡ ʚ 150ï300 ʣʝʪ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ. 

ʆʪʩʫʪʩʪʚʫʶʪ ʜʣʠʪʝʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ (ʩʘʤʳʝ ʩʪʘʨʳʝ CLT-ʟʜʘʥʠʷ ʧʦʩʪʨʦʝʥʳ ʚ 

1990-ʭ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʙʳʩʪʨʳʝ ʜʝʛʨʘʜʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ: ʩʦʝʜʠʥʝʥʠʷ ʪʝʨʷʶʪ 57 % ʧʨʦʯʥʦʩʪʠ ʟʘ 40 ʥʝʜʝʣʴ [1], ʚʳʩʳʭʘʥʠʝ 

ʩʪʨʦʡʚʣʘʛʠ ʟʘʥʠʤʘʝʪ 2ï3 ʛʦʜʘ [12], ʛʨʠʙʳ ʨʘʟʚʠʚʘʶʪʩʷ ʟʘ ʤʝʩʷʮʳ [14]. ɼʣʷ 

ʦʢʫʧʘʝʤʦʩʪʠ ʫʛʣʝʨʦʜʥʦʛʦ ʢʨʝʜʠʪʘ ʥʫʞʥʦ 67ï80 ʣʝʪ [7], ʥʦ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʨʠʩʢʠ ʩʪʘʚʷʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʜʘʞʝ ʵʪʦʪ ʩʨʦʢ. ɼʘʞʝ ʧʦ 

ʦʧʪʠʤʠʩʪʠʯʥʳʤ ʧʨʦʛʥʦʟʘʤ, ʦʙʰʠʚʢʘ ʞʠʚʝʪ 50ï75 ʣʝʪ, ʦʪʜʝʣʢʘ ð 50ï70 ʣʝʪ [27]. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ CLT ʢ ʚʥʝʰʥʝʡ ʩʨʝʜʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ: 

ʩʝʟʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʣʘʞʥʦʩʪʠ ʤʝʥʷʶʪ ʞʝʩʪʢʦʩʪʴ ʥʘ 9ï15 % [3,4], ʞʠʪʝʣʠ 

ʞʘʣʫʶʪʩʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʩʢʦʤʬʦʨʪ (32 % ʧʨʦʪʠʚ 6 % ʚ ʙʝʪʦʥʥʦʤ) [31]. 

ɸʥʘʣʠʟ ʚʳʷʚʣʷʝʪ ʩʠʩʪʝʤʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 ï ʇʨʦʪʠʚʦʨʝʯʠʷ ʚ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ɸʩʧʝʢʪ ʈʝʢʦʤʝʥʜʘʮʠʷ ɸ 

 

ʈʝʢʦʤʝʥʜʘʮʠʷ ɹ 

 

ʉʫʪʴ ʧʨʦʪʠʚʦʨʝʯʠʷ 

ɻʝʨʤʝʪʠʟʘʮʠʷ ɻʝʨʤʝʪʠʟʠʨʦʚʘʪʴ 

ʪʦʨʮʳ [14] 

ɻʝʨʤʝʪʠʟʘʮʠʷ 

ʤʝʤʙʨʘʥʘʤʠ ʟʘʧʠʨʘʝʪ 

ʚʣʘʛʫ [12] 

ʉʧʘʩʘʝʪ ʦʪ ʚʦʜʳ, ʥʦ 

ʟʘʤʝʜʣʷʝʪ ʚʳʩʳʭʘʥʠʝ 

ʂʣʝʠ ʌʝʥʦʣʴʥʳʝ ʥʘʠʙʦʣʝʝ 

ʩʪʦʡʢʠʝ  [15] 

ʌʝʥʦʣʴʥʳʝ ʜʘʶʪ 

ʵʤʠʩʩʠʶ 

ʬʦʨʤʘʣʴʜʝʛʠʜʘ [25] 

ʉʘʤʳʝ ʩʪʦʡʢʠʝ ï ʩʘʤʳʝ 

ʪʦʢʩʠʯʥʳʝ 

ʊʝʨʤʦʤʦʜʠʬʠ

ʢʘʮʠʷ 

ʕʬʬʝʢʪʠʚʥʘ ʧʨʦʪʠʚ 

ʛʨʠʙʦʚ  [14] 

ʉʥʠʞʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ [13] 

ɿʘʱʠʪʘ ʮʝʥʦʡ ʧʦʪʝʨʠ 

ʧʨʦʯʥʦʩʪʠ 

ʋʪʝʧʣʠʪʝʣʴ ʄʠʥʚʘʪʘ ʣʫʯʰʝ ʩʫʰʠʪ 

[17] 

PUR ʣʫʯʰʝ ʛʨʝʝʪ 

[17] 

ʂʦʤʧʨʦʤʠʩʩ 

ʩʫʰʢʘ/ʪʝʧʣʦʠʟʦʣʷʮʠʷ 
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ɾʝʩʪʢʦʩʪʴ 

ʩʦʝʜʠʥʝʥʠʡ 

ʋʚʝʣʠʯʠʚʘʪʴ 

ʞʝʩʪʢʦʩʪʴ [29] 

ʈʦʩʪ ʞʝʩʪʢʦʩʪʠ ʩʥʠʞʘʝʪ 

ʫʩʪʘʣʦʩʪʴ [29] 

ɾʝʩʪʢʦʩʪʴ ʩʝʛʦʜʥʷ ï 

ʨʘʟʨʫʰʝʥʠʝ ʟʘʚʪʨʘ 

ʉʨʦʢ ʩʣʫʞʙʳ 150ï300 ʣʝʪ [27] ɼʝʛʨʘʜʘʮʠʷ ʟʘ 40 ʥʝʜʝʣʴ 

[1] 

ʈʘʟʨʳʚ ʚ 390 ʨʘʟ 

ʋʯʝʪ ʫʛʣʝʨʦʜʘ ʇʝʨʠʦʜ LCA 60 ʣʝʪ 

[30] 

ʅʫʞʥʦ 67ï80 ʣʝʪ [7] ʅʦʨʤʳ ʠ ʨʘʩʯʝʪʳ ʥʝ 

ʩʦʚʧʘʜʘʶʪ 

ʉʝʡʩʤʠʢʘ ɽʚʨʦʢʦʜʘ 8 ʜʦʩʪʘʪʦʯʥʦ   

EC8 

ʅʝʜʦʩʪʘʪʦʯʥʦ [20] ʅʦʨʤʳ ʥʝ ʨʘʙʦʪʘʶʪ 

ɹʠʦʛʝʥʥʳʡ 

ʫʛʣʝʨʦʜ 

ʋʯʝʪ "-1" [22,23] ɼʠʥʘʤʠʯʝʩʢʠʡ ʫʯʝʪ 

[7] 

ʄʛʥʦʚʝʥʥʳʡ ʢʨʝʜʠʪ ʧʦʜ 

ʙʫʜʫʱʝʝ 

ɿʘʱʠʪʘ ʦʪ 

ʚʣʘʛʠ 

ʇʘʨʦʥʝʧʨʦʥʠʮʘʝʤʳʝ 

ʤʝʤʙʨʘʥʳ [28] 

ʇʘʨʦʧʨʦʥʠʮʘʝʤʳʝ ʩʣʦʠ 

[28] 

ɿʘʱʠʪʘ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʩʫʰʢʝ 

ʊʝʤʧʝʨʘʪʫʨ- 

ʥʳʡ ʢʦʤʬʦʨʪ 

ʆʙʱʘʷ ʫʜʦʚʣ. 3,8/5 

[31] 

32% ʥʝʜʦʚʦʣʴʥʳ 

ʪʝʤʧʝʨʘʪʫʨʦʡ [31] 

ʆʙʱʘʷ ʦʮʝʥʢʘ 

ʤʘʩʢʠʨʫʝʪ ʧʨʦʙʣʝʤʳ 

ʉʪʘʥʜʘʨʪʳ ʨʘʟʥʳʭ ʩʪʨʘʥ ʨʘʟʣʠʯʘʶʪʩʷ [30], ʤʝʪʦʜʦʣʦʛʠʠ LCA ʥʝ 

ʛʘʨʤʦʥʠʟʠʨʦʚʘʥʳ (ʨʘʟʙʨʦʩ 8 ʨʘʟ) [22ï24]. ɺʣʘʛʘ ï ʠʥʪʝʛʨʠʨʫʶʱʠʡ ʬʘʢʪʦʨ: 

ʟʘʧʫʩʢʘʝʪ ʛʨʠʙʢʠ [2], ʦʧʨʝʜʝʣʷʝʪ ʞʝʩʪʢʦʩʪʴ [3, 4], ʚʳʟʳʚʘʝʪ ʜʝʛʨʘʜʘʮʠʶ [28], 

ʚʣʠʷʝʪ ʥʘ ʚʳʙʦʨ ʢʣʝʝʚ [7, 15] ʠ ʢʦʤʬʦʨʪ [31]. ɻʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ï ʢʦʤʧʨʦʤʠʩʩ: 

ʩʥʠʞʝʥʠʝ ʫʛʣʝʨʦʜʘ ʥʘ 52 % ʧʨʠ ʜʦʧʫʩʪʠʤʳʭ ʥʘʛʨʫʟʢʘʭ [6]. 

ʂʣʠʤʘʪʠʯʝʩʢʦʝ ʟʦʥʠʨʦʚʘʥʠʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ CLT ʚ ʈʦʩʩʠʠ 

ɿʦʥʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʥʘ ʦʩʥʦʚʝ ʉʇ 131.13330 (ʚʣʘʞʥʦʩʪʴ, 

ʪʝʤʧʝʨʘʪʫʨʘ), ʉʇ 14.13330 ʠ ʆʉʈ-97 (ʩʝʡʩʤʠʢʘ), ʜʘʥʥʳʭ ɻʠʜʨʦʤʝʪʮʝʥʪʨʘ 

(ʋʌ-ʨʘʜʠʘʮʠʷ). ʂʘʪʝʛʦʨʠʠ ʨʠʩʢʘ (ʥʠʟʢʠʡ/ʩʨʝʜʥʠʡ/ʚʳʩʦʢʠʡ) ʧʨʠʩʚʦʝʥʳ ʧʦ 

ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʝ. 

ɼʣʷ ʪʝʧʣʳʭ ʠ ʩʫʭʠʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ ʭʘʨʘʢʪʝʨʝʥ ʧʦʥʠʞʝʥʥʳʡ ʨʠʩʢ 

ʙʠʦʧʦʨʘʞʝʥʠʷ [2, 17], ʥʦ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ: 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʤʬʦʨʪ [31], ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ, ʩʝʡʩʤʠʯʝʩʢʠʝ ʨʠʩʢʠ [20, 21]. 

ʊʘʙʣʠʮʘ 2 ï ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʟʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ ʨʠʩʢʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

 
ɼʣʠʪʝʣʴʥʦʝ ʋʌ-ʚʦʟʜʝʡʩʪʚʠʝ ʫʩʢʦʨʷʝʪ ʜʝʛʨʘʜʘʮʠʶ ʧʦʢʨʳʪʠʡ [32]. 

ʉʦʚʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʚʣʘʞʥʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʋʌ ʧʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʥʦʤʫ 

ʩʪʘʨʝʥʠʶ, ʧʨʠʯʝʤ 5-ʩʣʦʡʥʳʝ ʧʘʥʝʣʠ ʙʦʣʝʝ ʫʷʟʚʠʤʳ, ʘ ʪʦʨʮʳ ʠ ʟʘʟʦʨʳ ï ʛʣʘʚʥʳʡ 
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ʨʠʩʢ [34]. ʇʝʨʩʧʝʢʪʠʚʥʳ TiOϜ ï ʧʦʢʨʳʪʠʷ [33]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 2, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʨʝʛʠʦʥʘʤʠ ʜʣʷ 

ʚʥʝʜʨʝʥʠʷ CLT ʷʚʣʷʶʪʩʷ ʶʞʥʳʝ ʩʫʭʠʝ ʟʦʥʳ (ʂʘʣʤʳʢʠʷ, ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, 

ʩʫʭʠʝ ʨʘʡʦʥʳ ɼʘʛʝʩʪʘʥʘ) ʠ ʨʝʟʢʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʩʫʭʠʝ ʨʝʛʠʦʥʳ (ʊʳʚʘ, ʶʛ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ). ʅʘʠʤʝʥʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ ʚʣʘʞʥʳʝ 

ʨʝʛʠʦʥʳ (ʂʘʨʝʣʠʷ, ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ, ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ). 

ʊʘʙʣʠʮʘ 3 ï ʋʨʦʚʝʥʴ ʋʌ-ʨʠʩʢʘ ʜʣʷ CLT ʧʦ ʨʝʛʠʦʥʘʤ ʈʌ 

 
 

ʆʮʝʥʢʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ɿʥʘʯʝʥʠʷ ʋʌ-ʨʠʩʢʘ: 1 ï ʥʠʟʢʠʡ, 2 ï 

ʩʨʝʜʥʠʡ, 3 ï ʚʳʩʦʢʠʡ. ɼʣʷ ʨʝʛʠʦʥʦʚ ʩ ʚʳʩʦʢʠʤ ʋʌ-ʨʠʩʢʦʤ (ʈʝʩʧʫʙʣʠʢʘ ʂʨʳʤ, 

ʈʝʩʧʫʙʣʠʢʘ ɼʘʛʝʩʪʘʥ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʣʤʳʢʠʷ, ɸʩʪʨʘʭʘʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʈʝʩʧʫʙʣʠʢʘ 

ʊʳʚʘ) ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʋʌ-ʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ, 

ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ TiOϜ [33] ʠʣʠ ʘʢʨʠʣʦʚʳʭ ʩʦʩʪʘʚʦʚ ʩ 

ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ ʜʦʙʘʚʢʘʤʠ [32]. 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ CLT ʚ ʈʦʩʩʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʦʥʠʨʦʚʘʥʠʝ, 

ʫʯʠʪʳʚʘʶʱʝʝ: 

¶ ʚʣʘʞʥʦʩʪʥʳʡ ʨʝʞʠʤ; 

¶ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʘʤʧʣʠʪʫʜʳ; 

¶ ʩʝʡʩʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ; 

¶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ; 

¶ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ [34]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʆ ʜʦʣʛʦʚʝʯʥʦʩʪʠ CLT ʛʦʚʦʨʠʪʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ: ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʙʳʩʪʨʳʝ ʜʝʛʨʘʜʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʛʥʦʟʳ 150ï300 ʣʝʪ ʥʝ ʧʦʜʪʚʝʨʞʜʝʥʳ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʨʫʛ ʜʨʫʛʫ (ʪʘʙʣʠʮʘ 1). 

ɽʜʠʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʝʨʝʚʷʥʥʳʭ ʟʜʘʥʠʡ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ï ʦʪ 

ʞʝʩʪʢʦʩʪʠ ʜʦ ʢʦʤʬʦʨʪʘ. 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ CLT ʚ ʈʦʩʩʠʠ ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ 
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ʨʘʟʥʦʦʙʨʘʟʠʷ. ɺ ʪʝʧʣʳʭ ʠ ʩʫʭʠʭ ʨʝʛʠʦʥʘʭ ʨʠʩʢ ʙʠʦʧʦʨʘʞʝʥʠʷ ʩʥʠʞʝʥ, ʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʢʦʤʬʦʨʪʘ, ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʩʝʡʩʤʠʢʠ. 

ʊʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʟʦʥʠʨʦʚʘʥʠʷ ʈʌ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ CLT. 

ɻʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ï ʨʘʮʠʦʥʘʣʴʥʳʡ ʢʦʤʧʨʦʤʠʩʩ, ʩʥʠʞʘʶʱʠʡ ʫʛʣʝʨʦʜ ʥʘ 

52 % [6]. 
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ʋɼʂ 62-665.4 

ʆɹɿʆʈ ʉʆɺʈɽʄɽʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ʀɿɺʃɽʏɽʅʀʗ ɼʀʆʂʉʀɼɸ 

ʂʈɽʄʅʀʗ ʀɿ ɿʆʃʆʐʃɸʂʆɺʓʍ ʆʊʍʆɼʆɺ ʊɽʇʃʆɺʆʁ 

ʕʅɽʈɻɽʊʀʂʀ 

ɼʘʥʠʣʦʚ ʆ. ʉ.1, ʄʝʟʝʥʮʝʚ ɸ. ʖ.1, ʊʘʩʢʠʥ ɸ. ɺ.2, ɸʣʝʢʩʝʡʢʦ ʃ. ʅ.3 

1 ʌɻɹʆʋ ɺʆ çɿʘʧʦʣʷʨʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʅ.ʄ.ʌʝʜʦʨʦʚʩʢʦʛʦè, 

ʛ. ʅʦʨʠʣʴʩʢ, ʈʦʩʩʠʷ 
2 ʌɻɸʆʋ ɺʆ çɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, ʈʦʩʩʠʷ 

3 çɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ɻʦʤʝʣʴ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤʳ 

ɿʦʣʘ ʠ ʰʣʘʢ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʥʘ ʊʕʉ, ʊʕʎ, ɻʈʕʉ ʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʤʥʦʛʦʪʦʥʥʘʞʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʦʣʷ ʫʛʣʷ ʚ ʤʠʨʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40 %. ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʝʛʦ ʧʦʪʨʝʙʣʝʥʠʝ ʨʘʩʪʸʪ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʚ ʨʝʛʠʦʥʘʭ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʪʦʧʣʠʚʘ. ʇʦ ʧʨʦʛʥʦʟʘʤ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʪʨʝʙʣʝʥʠʝ ʠʩʢʦʧʘʝʤʦʛʦ ʫʛʣʷ ʚ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ ʩʪʨʘʥʳ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ ʧʷʪʠ ʣʝʪ ʤʦʞʝʪ 

ʫʚʝʣʠʯʠʪʴʩʷ ʜʦ 150 ʤʣʥ ʪ ʚ ʛʦʜ. ʇʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʦʙʳʯʝ ʫʛʣʷ ʨʘʩʪʝʪ ʠ 

ʢʦʣʠʯʝʩʪʚʦ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ (ɿʐʆ) [1, 2]. 

ʇʦ ʠʥʬʦʨʤʘʮʠʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʠ ʈʦʩʩʠʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʫʛʦʣʴʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʢʘʞʜʳʡ ʛʦʜ ʧʨʦʠʟʚʦʜʷʪ ʜʦ 22 ʤʣʥ ʪ. 

ʟʦʣʦʰʣʘʢʦʚ. ʆʙʱʠʡ ʦʙʲʝʤ ɿʐʆ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 1,5ï1,8 ʤʣʨʜ ʪ. 

ʅʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ [3]: 

1. ʋʚʝʣʠʯʝʥʠʝ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʵʢʦʩʠʩʪʝʤʳ 

(ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʟʘʛʨʷʟʥʝʥʥʦʡ ʪʚʝʨʜʳʤʠ ʯʘʩʪʠʮʘʤʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʞʠʜʢʦʡ 

ʬʘʟʳ ʚ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʧʳʣʝʚʳʤʠ ʚʳʙʨʦʩʘʤʠ ʠ ʜʨ.). 

2. ʇʨʝʜʧʨʠʷʪʠʷ ʵʥʝʨʛʝʪʠʢʠ ʥʝʩʫʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʭʨʘʥʝʥʠʝʤ ʠ ʨʘʟʤʝʱʝʥʠʝʤ ɿʐʆ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʟʘʥʠʤʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ (ʪʳʩʷʯʠ ʛʝʢʪʘʨ ʟʝʤʣʠ). ʇʨʠ ʵʪʦʤ ʩʝʡʯʘʩ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʚʝʜʝʥʳ ʢ ʤʠʥʠʤʫʤʫ ʩʚʦʙʦʜʥʳʝ ʦʙʲʝʤʳ ʭʨʘʥʠʣʠʱ ʜʣʷ ɿʐʆ, ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ 

ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʦʥʠ ʧʝʨʝʧʦʣʥʝʥʳ. 

3. ʅʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʝ, ʪʘʢ ʢʘʢ ʯʘʩʪʴ ʟʦʣʦʦʪʚʘʣʦʚ 
ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʛʦʨʦʜʩʢʠʤ ʟʘʩʪʨʦʡʢʘʤ, ʤʝʩʪʘʤʠ 

ʨʘʩʩʪʦʷʥʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,5 ʢʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʧʝʨʝʨʘʙʦʪʢʘ ɿʐʆ ʚ ʈʦʩʩʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʘ. ʊʘʢ, 

ʝʩʣʠ ʚ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥʘʭ ʫʨʦʚʝʥʴ ʨʝʮʠʢʣʠʥʛʘ ʟʦʣʦʰʣʘʢʦʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 70 ʜʦ 100 %, ʪʦ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʦ ʜʘʥʥʳʤ ʥʘʮʠʦʥʘʣʴʥʦʡ 

ɸʩʩʦʮʠʘʮʠʠ ʨʘʟʚʠʪʠʷ ʚʪʦʨʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʷ ʥʘ ʤʘʡ 2025 ʛʦʜʘ ʚ 

ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʣʘʥʘ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʧʦ ʧʦʚʳʰʝʥʠʶ ʦʙʲʝʤʦʚ ʫʪʠʣʠʟʘʮʠʠ ɿʐʆ (ʨʝʰʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ˉ1557-ʨ ʦʪ 15.06.2022) ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ 

ʨʝʛʠʦʥʘʤ, ʛʝʥʝʨʠʨʫʶʱʠʤ ʥʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ ɿʐʆ [4]: 

1) ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ (ʦʙʲʝʤ ʛʝʥʝʨʘʮʠʠ ï 1,2 ʤʣʥ ʪ/ʛʦʜ) ï ʫʨʦʚʝʥʴ 

ʧʝʨʝʨʘʙʦʪʢʠ ï 49 %; 
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2) ʂʝʤʝʨʦʚʩʢʘʷ ʦʙʣʘʩʪʴ (ʦʙʲʝʤ ʛʝʥʝʨʘʮʠʠ ï 1,4ï2,5 ʤʣʥ ʪ/ʛʦʜ) ï ʫʨʦʚʝʥʴ 

ʧʝʨʝʨʘʙʦʪʢʠ ï 18ï27 %; 

3) ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ (ʦʙʲʝʤ ʛʝʥʝʨʘʮʠʠ ï 1,9ï2,1 ʤʣʥ ʪ/ʛʦʜ) ï ʫʨʦʚʝʥʴ 

ʧʝʨʝʨʘʙʦʪʢʠ ï 13ï16 %; 

4) ʉʚʝʨʜʣʦʚʩʢʘʷ ʦʙʣʘʩʪʴ (ʦʙʲʝʤ ʛʝʥʝʨʘʮʠʠ ï 4,3ï5,2 ʤʣʥ ʪ/ʛʦʜ) ï ʫʨʦʚʝʥʴ 

ʧʝʨʝʨʘʙʦʪʢʠ ï 12 %; 

5) ʇʨʠʤʦʨʩʢʠʡ ʢʨʘʡ (ʦʙʲʝʤ ʛʝʥʝʨʘʮʠʠ ï 1,8ï2,7 ʤʣʥ ʪ/ʛʦʜ) ï ʫʨʦʚʝʥʴ 

ʧʝʨʝʨʘʙʦʪʢʠ ï 1 %. 

ʇʨʠ ʵʪʦʤ ʝʩʪʴ ʢʨʫʧʥʳʝ ʨʝʛʠʦʥʳ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʢʘʢ ʈʝʩʧʫʙʣʠʢʘ ʉʘʭʘ 

(ʗʢʫʪʠʷ) ʛʜʝ ʧʝʨʝʨʘʙʦʪʢʘ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʣʘʥʘ ʚʦʦʙʱʝ ʥʝ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ (ʥʘ 2022 ʛ. ï 0 %). 

ɺ ʮʝʣʦʤ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʠʥʠʮʠʘʪʠʚʳ ʌʝʜʝʨʘʣʴʥʦʛʦ ʇʨʘʚʠʪʝʣʴʩʪʚʘ 

ʩʪʨʘʥʳ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʫʪʠʣʠʟʘʮʠʠ ɿʐʆ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʜʦ 

15 % ʚ 2024 ʛʦʜʫ ʠ ʜʦ 50 % ʚ 2035 ʛʦʜʫ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʠʥʠʮʠʘʪʠʚʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʚʳʛʦʜʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʟʦʣʳ 

ʠ ʰʣʘʢʦʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʢʘʢ ʪʦʚʘʨʥʦʛʦ ʨʝʩʫʨʩʘ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

1. ɿʐʆ ʷʚʣʷʶʪʩʷ ʜʝʰʝʚʳʤ, ʜʦʩʪʫʧʥʳʤ, ʥʝʚʟʨʳʚʦʦʧʘʩʥʳʤ ʠ ʥʝʛʦʨʶʯʠʤ 
ʪʝʭʥʦʛʝʥʥʳʤ ʦʪʭʦʜʦʤ. 

2. ʇʨʠ ʨʘʙʦʪʝ ʩ ʟʦʣʦʰʣʘʢʦʚʳʤʠ ʦʪʭʦʜʘʤʠ ʥʝ ʪʨʝʙʫʝʪʩʷ: 

ï ʧʨʦʚʦʜʠʪʴ ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʨʦʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ; 

ï ʦʪʢʨʳʚʘʪʴ ʢʘʧʠʪʘʣʦʝʤʢʠʝ ʛʦʨʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʜʣʷ ʜʦʙʳʯʠ; 

ï ʧʝʨʝʤʝʱʘʪʴ ʨʝʩʫʨʩʳ, ʪʘʢ ʢʘʢ ɿʐʆ ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʦʣʠʛʦʥʘʭ (ʰʣʘʢʦʥʘʢʦʧʠʪʝʣʷʭ) ʠ ʛʦʪʦʚʳ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʥʘ ʤʝʩʪʝ ʠʭ ʛʝʥʝʨʘʮʠʠ. 

3. ɿʐʆ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʤ ʩʪʘʪʴ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ, ʩʦʮʠʘʣʴʥʳʡ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

ʇʦ ʩʦʩʪʘʚʫ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ɿʐʆ ʩʦʩʪʘʚʣʷʶʪ ʦʢʩʠʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ: 

ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ (ʦʢʩʠʜ ʢʨʝʤʥʠʷ IV) ï 45-60 %; ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ï 10,1-21,8 %; 

ʦʢʩʠʜ ʞʝʣʝʟʘ ï 4,1-10,6 %; ʦʢʩʠʜ ʢʘʣʴʮʠʷ ï 2,5-9,6 %; ʦʢʩʠʜ ʤʘʛʥʠʷ ï 0,5-4,8 % ʠ 

ʩʝʨʥʳʡ ʘʥʛʠʜʨʠʜ ï 0,03-2,7 % [5]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʚ ʟʦʣʦʰʣʘʢʦʚ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʳʩʪʫʧʘʝʪ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ (ʢʨʝʤʥʝʟʝʤ). ʆʥ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ ï ʦʪ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʜʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ 

çʙʝʣʦʡ ʩʘʞʠè (ʤʠʢʨʦʜʠʩʧʝʨʩʥʦʡ ʘʤʦʨʬʥʦʡ ʬʦʨʤʳ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ), ʥʘ 

ʢʦʪʦʨʫʶ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠ ʧʦʪʨʝʙʣʝʥʠʷ [6, 7]. 

ʇʦ ʩʚʦʝʤʫ ʘʛʨʝʛʘʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʘʤʦʨʬʥʘʷ ʬʦʨʤʘ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʘʩʪʠʮ 

ʨʘʟʤʝʨʦʤ 1ï100 ʥʤ, ʠʤʝʶʱʠʡ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: ʦʪ ʵʣʝʢʪʨʦʥʠʢʠ ʜʦ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɺ ʈʦʩʩʠʠ ʘʤʦʨʬʥʳʡ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ ʧʨʦʜʫʢʪ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ 

ʠʤʧʦʨʪʥʳʡ. ʊʘʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ 
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ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʜʝʩʷʪʢʠ-ʩʦʪʥʠ ʪʳʩʷʯ ʪʦʥʥ) ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʧʨʦʠʟʚʦʜʷʪ ʝʛʦ ʚ ʥʝʜʦʩʪʘʪʦʯʥʳʭ ʦʙʲʝʤʘʭ. ʅʘʧʨʠʤʝʨ, ʩ 2016 ʧʦ 2019 ʛʛ. ʚ ʩʪʨʘʥʫ 

ʙʳʣʦ ʠʤʧʦʨʪʠʨʦʚʘʥʦ 214000 ʪʦʥʥ ʧʨʦʜʫʢʪʘ, ʧʨʠ ʵʪʦʤ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʩʦʩʪʘʚʠʣʦ ʚʩʝʛʦ 16784 ʪ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʲʝʤ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʨʳʥʢʘ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʢʘʞʜʳʡ ʛʦʜ ʚʦʟʨʘʩʪʘʣ [8]. 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʛʣʦʙʘʣʴʥʦʤ ʨʳʥʢʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʪʦʚʘʨʥʦʛʦ ʧʨʦʜʫʢʪʘ, 

ʪʦ ʝʛʦ ʦʙʲʝʤ ʠʟʤʝʨʷʝʪʩʷ ʤʠʣʣʠʦʥʘʤʠ ʪʦʥʥ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ çMarket Research 

Futureè ʥʘ 2024 ʛ. ʦʙʲʝʤ ʨʳʥʢʘ ʩʦʩʪʘʚʠʣ 9,3 ʤʣʨʜ ʜʦʣʣ. ʉʐɸ, ʩ ʧʨʦʛʥʦʟʦʤ ʝʛʦ 

ʨʦʩʪʘ ʢ 2035 ʛ ʜʦ 17,2 ʤʣʨʜ ʜʦʣʣ. ʉʐɸ [9]. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ɿʐʆ 

ʇʝʨʝʭʦʜʷ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ 

ʠʟʚʣʝʯʝʥʠʶ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ, 

ʧʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʪʠʧʦʚʦʡ ʧʨʦʮʝʩʩ ʩʞʠʛʘʥʠʷ ʫʛʣʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʰʣʘʢʘ ʠ 

ʣʝʪʫʯʝʡ ʟʦʣʳ (ʨʠʩʫʥʦʢ 1). 

 
ʈʠʩʫʥʦʢ 1 ï ʊʠʧʦʚʦʡ ʧʨʦʮʝʩʩ ʩʞʠʛʘʥʠʷ ʫʛʣʷ: 1 ï ʫʛʦʣʴʥʳʡ ʰʪʘʙʝʣʴ; 2 ï ʫʛʦʣʴʥʳʡ 

ʢʦʥʚʝʡʝʨ; 3 ï ʫʛʦʣʴʥʳʡ ʙʫʥʢʝʨ; 4 ï ʫʛʦʣʴʥʘʷ ʜʨʦʙʠʣʢʘ; 5 ï ʪʦʧʢʘ; 6 ï ʵʣʝʢʪʨʦʬʠʣʴʪʨ;      

7 ï ʩʢʨʫʙʙʝʨ SO2; 8 ï ʜʳʤʦʚʘʷ ʪʨʫʙʘ; 9 ï CO2, H2O, NOx, SOx; 10 ï CO2, H2O, NOx. 

ʊʠʧʦʚʦʡ ʧʨʦʮʝʩʩ ʩʞʠʛʘʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ ʫʛʣʷ ʤʦʞʥʦ ʚʢʨʘʪʮʝ ʧʨʝʜʩʪʘʚʠʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʀʟ ʫʛʦʣʴʥʦʛʦ ʰʪʘʙʝʣʷ 1 ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʚʝʡʝʨʘ 2 ʪʚʝʨʜʦʝ ʠʩʢʦʧʘʝʤʦʝ 

ʪʦʧʣʠʚʦ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚ ʙʫʥʢʝʨʝ 3, ʦʪʢʫʜʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʛʦʣʴʥʫʶ ʜʨʦʙʠʣʢʫ 4. 

2. ɼʘʣʝʝ ʠʟ ʜʨʦʙʠʣʢʠ 4 ʠʟʤʦʣʦʪʳʡ ʫʛʦʣʴ ʧʦʜʘʝʪʩʷ ʚ ʪʦʧʢʫ 5 ʩ ʚʦʟʜʫʰʥʳʤ 

ʜʫʪʴʝʤ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʦʙʨʘʟʫʝʪʩʷ ʧʝʨʚʳʡ ʪʝʭʥʦʛʝʥʥʳʡ ʦʪʭʦʜ ï ʢʦʪʣʦʚʦʡ ʰʣʘʢ 

(ʥʝʩʛʦʨʝʚʰʠʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʠ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ). ʊʘʢʞʝ 

ʧʨʠ ʩʞʠʛʘʥʠʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʛʘʟʦʚ 9, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ CO2, H2O, NOx, SOx. 

3. ɺ ʚʦʟʜʫʰʥʦʤ ʧʦʪʦʢʝ ʠʟ ʪʦʧʢʠ 5 ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʦʯʝʥʴ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ ʥʝʩʛʦʨʝʚʰʝʛʦ ʪʦʧʣʠʚʘ. ʕʪʦʪ ʧʦʪʦʢ ʚʤʝʩʪʝ ʩ 

ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʛʦʨʝʥʠʷ 9 ʧʦʜʘʶʪʩʷ ʥʘ ʵʣʝʢʪʨʦʬʠʣʴʪʨ 6, ʛʜʝ 

ʦʙʨʘʟʫʝʪʩʷ ʚʪʦʨʦʡ ʪʝʭʥʦʛʝʥʥʳʡ ʦʪʭʦʜ ï ʣʝʪʫʯʘʷ ʟʦʣʘ. 

ɺʦʟʜʫʭ 

9 

2 3
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CaO, CaCO3  
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ʂʦʪʣʦʚʦʡ ʰʣʘʢ 

6 

ʃʝʪʫʯʘʷ ʟʦʣʘ 

7 

ʆʪʭʦʜʳ 

ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ 

ʜʳʤʦʚʳʭ ʛʘʟʦʚ  
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4. ʀʟ ʵʣʝʢʪʨʦʬʠʣʴʪʨʘ 6 ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ ʛʦʨʝʥʠʷ 9 ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ 

ʦʢʩʠʜʦʚ ʩʝʨʳ (SOx) ʧʦʜʘʶʪʩʷ ʚ ʩʢʨʫʙʙʝʨ SO2 7, ʛʜʝ ʜʦʙʘʚʣʷʶʪʩʷ CaO ʠ CaʉO3 

ʜʣʷ ʥʝʡʪʨʘʣʠʟʘʮʠʠ SOx ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʪʭʦʜʦʚ ʜʝʩʫʣʴʬʫʨʠʟʘʮʠʠ ʜʳʤʦʚʳʭ 

ʛʘʟʦʚ. 

5. ʆʯʠʱʝʥʥʘʷ ʦʪ SOx ʩʤʝʩʴ ʛʘʟʦʚ 10 (CO2, H2O, NOx) ʧʦʜʘʝʪʩʷ ʚ ʜʳʤʦʚʫʶ 

ʪʨʫʙʫ. 

ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ [10ï35] ʨʘʩʩʤʦʪʨʠʤ ʢʣʶʯʝʚʳʝ ʤʝʪʦʜʳ 

ʠʟʚʣʝʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʡ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ. 

ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [22] ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ ʠʟʚʣʝʯʝʥʠʷ ʜʠʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ ʠʟ ʣʝʪʫʯʝʡ ʟʦʣʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩʫʥʦʢ 2). 

 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʟʚʣʝʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ʟʦʣʦʰʣʘʢʦʚʳʭ 

ʦʪʭʦʜʦʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ: 1 ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ; 2 ï ʟʦʣʴ-ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ 

ʉʫʪʴ ʩʭʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ɿʐʆ (ʱʝʣʦʯʥʳʤ 

ʩʧʝʢʘʥʠʝʤ, ʱʝʣʦʯʥʳʤ ʚʳʱʝʣʘʯʠʚʘʝʤ, ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʳʤ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ) ʩ: 

ï ʚʳʜʝʨʞʢʦʡ ʨʘʩʪʚʦʨʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʨʝʤʝʥʠ ʩ 

ʂʠʩʣʦʪʥʦ-ʱʝʣʦ

ʯʥʦʝ 

ʚʳʱʝʣʘʯʠʚʘʥʠʝ 

ɼʦʙʘʚʣʝʥʠʝ 

ʢʠʩʣʦʪʳ 
ɼʦʙʘʚʣʝʥʠʝ 
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ʚʳʱʝʣʘʯʠʚʘʥʠʝ 

ɿʦʣʦʰʣʘʢʦʚʳʝ ʦʪʭʦʜʳ 

ɺʳʜʝʨʞʢʘ 
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ʧʦʣʫʯʝʥʠʝʤ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʦʩʘʜʢʦʤ SiO2, ʢʦʪʦʨʳʡ 

ʧʦʪʦʤ ʬʠʣʴʪʨʫʶʪ; 

ï ʜʦʙʘʚʣʝʥʠʝʤ ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ CO2, ʚʳʜʝʨʞʢʦʡ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʨʝʤʝʥʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʟʦʣʴ-ʛʝʣʷ ʩ ʜʘʣʴʥʝʡʰʝʡ 

ʬʠʣʴʪʨʘʮʠʝʡ ʠ ʩʫʰʢʦʡ. 

ʄʝʪʦʜ ʱʝʣʦʯʥʦʛʦ ʩʧʝʢʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʰʠʚʘʥʠʝ ɿʐʆ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʱʝʣʦʯʘʤʠ, ʥʘʧʨʠʤʝʨ, ʝʜʢʠʤ ʥʘʪʨʦʤ (NaOH), ʢʘʨʙʦʥʘʪʦʤ ʥʘʪʨʠʷ 

(Na2CO3) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʘʣʴʮʠʥʠʨʦʚʘʥʠʝʤ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʑʝʣʦʯʥʳʤ ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʩʠʣʠʢʘʪʥʳʡ ʨʘʩʪʚʦʨ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ ɿʐʆ ʩ ʱʝʣʦʯʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ (NaOH, KOH) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 100ï150 0ʉ. 

ʂʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ʟʦʣʦʰʣʘʢʦʚʳʭ 

ʦʪʭʦʜʦʚ ʵʥʝʨʛʦʧʨʝʜʧʨʠʷʪʠʡ ʊʕʂ ʚʢʣʶʯʘʝʪ: 

1) ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʘʢʪʠʚʘʮʠʶ ʦʪʭʦʜʦʚ ʧʫʪʝʤ ʠʭ ʦʙʨʘʙʦʪʢʠ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʤ ʥʘʪʨʠʷ (NaHCO3) ʩ ʥʘʛʨʝʚʦʤ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 

100 ʜʦ 200 0ʉ; 

2) ʧʨʦʮʝʩʩ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ï ʦʪʭʦʜʳ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ 

ʢʠʩʣʦʪʦʡ, ʥʘʧʨʠʤʝʨ H2SO4 ʠʣʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʱʝʣʦʯʴʶ, ʥʘʧʨʠʤʝʨ, ʝʜʢʠʤ 

ʥʘʪʨʦʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘ ʩʤʝʩʠ ʢʠʩʣʦʪʳ ʠʣʠ ʱʝʣʦʯʠ ʩ ɿʐʆ 100ï105 0ʉ; 

3) ʬʠʣʴʪʨʘʮʠʶ ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʠ ʪʚʝʨʜʳʡ 

SiO2 ʦʩʘʜʦʢ [33]. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʣʠʯʥʳʭ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ɿʐʆ. 

Erol M., K¿­¿kbayrak S. ʠ Ersoy-Meri­boyu A. ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʣʫʯʝʥʠʝ 

ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ɿʐʆ ʤʝʪʦʜʦʤ ʱʝʣʦʯʥʦʛʦ ʩʧʝʢʘʥʠʷ [13]. ɸʚʪʦʨʘʤʠ ʙʳʣʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʡ ʤʝʪʦʜ ʠʟʚʣʝʯʝʥʠʷ SiO2 ʠʟ 

ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ 

ʵʢʩʪʨʘʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʦʣʴʢʦ ʱʝʣʦʯʠ. 

Samantaray S. ʩ ʩʦʘʚʪʦʨʘʤʠ [27] ʠʟʫʯʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʪʘʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ (20 %, 30 %, 40 %) ʚ ʧʨʦʮʝʩʩʘʭ 

ʱʝʣʦʯʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ʟʦʣʳ ʫʥʦʩʘ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʩʤʝʩʠ. ʆʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʦʧʳʪʘʭ 

ʭʠʤʠʯʝʩʢʦʛʦ ʨʝʘʛʝʥʪʘ ʩʦʩʪʘʚʠʣʘ 20 %, ʧʨʠ ʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʙʣʶʜʘʣʘʩʴ 

ʥʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʪʨʘʢʮʠʠ SiO2 (61 %). 

ɺ ʨʘʙʦʪʝ [30] ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʡ 

ʤʝʪʦʜ ʠʟʚʣʝʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ʣʝʪʫʯʝʡ ʟʦʣʳ ʦʜʥʦʡ ʠʟ ʠʥʜʦʥʝʟʠʡʩʢʠʭ 

ɻʈʕʉ. ʃʝʪʫʯʘʷ ʟʦʣʘ ʩʤʝʰʠʚʘʣʘʩʴ ʩ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ (1 ʄ) ʩ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʥʘʛʨʝʚʦʤ ʩʤʝʩʠ 90 0C ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʝʭ ʯʘʩʦʚ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨʘ ʩ ʪʚʝʨʜʳʤ ʦʩʘʜʢʦʤ. ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʬʠʣʴʪʨʦʚʘʥʠʝ ʩ ʦʪʜʝʣʝʥʠʝʤ ʦʩʘʜʢʘ, ʝʛʦ ʧʨʦʤʳʚʢʘ ʚʦʜʦʡ ʜʦ ʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʠ 

ʥʘ ʢʠʩʣʦʪʫ ʠ ʚʳʩʫʰʠʚʘʥʠʝ ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʧʨʠ 110 0C ʚ ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʦʩʘʜʦʢ ʨʘʩʪʚʦʨʷʣʩʷ ʝʜʢʠʤ ʥʘʪʨʦʤ (3 ʄ) ʩ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʚʳʜʝʨʞʢʦʡ ʩʤʝʩʠ 90ÁC ʚ ʪʝʯʝʥʠʝ 2 ʯ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ. ɼʘʣʝʝ 

ʜʦʙʘʚʣʷʣʩʷ ʨʘʩʪʚʦʨ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1, ʧʦʣʫʯʝʥʥʳʡ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʩʘʜʦʢ ʢʨʝʤʥʝʟʝʤʘ ʬʠʣʴʪʨʦʚʘʣʩʷ ʠ ʚʳʩʫʰʠʚʘʣʩʷ. 
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ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [35] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʧʝʨʝʨʘʙʦʪʢʠ ɿʐʆ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʝʜʢʦʛʦ ʥʘʪʨʘ ʚ 

ʧʨʦʮʝʩʩʘʭ ʝʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʪ 100 ʜʦ 160 ʛ/ʣ ʚ ʪʝʯʝʥʠʝ 2,5 ʯ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʵʢʩʪʨʘʢʮʠʶ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʚ ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʩ 53 ʜʦ 68 %. 

ɺʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʝʥ ʩʧʦʩʦʙ ʟʦʣʴ-ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ 

ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ɿʐʆ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʢʠʪʘʡʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Pingshuo Company of China Coal 

Group ʚʳʧʫʩʢʘʶʱʝʡ ʜʦ 200000 ʪ ʧʨʦʜʫʢʪʘ ʚ ʛʦʜ [24]. 

ʇʝʨʝʡʜʝʤ ʪʝʧʝʨʴ ʢ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʨʘʟʨʘʙʦʪʢʘʤ ʧʦ ʠʟʚʣʝʯʝʥʠʶ SiO2 ʠʟ ɿʐʆ. 

ɺ ʧʘʪʝʥʪʝ RU 2302375 [12] ʧʨʝʜʣʦʞʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʧʝʨʝʨʘʙʦʪʢʠ 

ʟʦʣʦʰʣʘʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʛʣʠʥʦʟʝʤʘ ʠ ʢʨʝʤʥʝʟʝʤʘ. ʆʥ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʬʠʟʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ ʦʪʭʦʜʦʚ, ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʧʦʣʫʯʘʝʤʳʭ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʉʦʛʣʘʩʥʦ 

ʦʧʠʩʘʥʠʶ ʘʢʪʠʚʘʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʯʘʩʪʠʮʳ ʦʪʭʦʜʦʚ ʨʘʟʤʝʨʦʤ ʦʪ 0,05 ʜʦ 0,2 ʤʤ 

ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʜʘʨʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ (ʩʢʦʨʦʩʪʴ ʜʦ 300 ʤ/ʩ) ʩ ʮʝʣʴʶ ʠʭ 

ʜʠʩʧʝʨʛʘʮʠʠ ʦʪ 2 ʜʦ 10 ʨʘʟ. ɺʳʱʝʣʘʯʠʚʘʥʠʝ ʝʜʢʠʤ ʥʘʪʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 80 ʜʦ 110 0ʉ. ʆʩʘʜʦʢ, ʩʦʜʝʨʞʘʱʠʡ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʘʨʙʦʥʠʟʘʮʠʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ SiO2. 

A. Shoppert ʩ ʩʦʘʚʪʦʨʘʤʠ [18] ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʜʠʦʢʩʠʜʘ 

ʢʨʝʤʥʠʷ ʠʟ ʣʝʪʫʯʝʡ ʟʦʣʳ ʈʝʬʪʠʥʩʢʦʡ ɻʈʕʉ. ɼʝʩʠʣʠʢʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʪʚʦʨʘ ʝʜʢʦʛʦ ʥʘʪʨʘ ʧʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʝ 

ʩʤʝʩʠ 95ÁC ʚ ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʝʣʳʡ ʢʨʝʤʥʝʟʝʤ 

ʙʳʣ ʧʦʣʫʯʝʥ ʧʦʩʣʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʘʨʙʦʥʠʟʘʮʠʠ ʠ ʧʨʠʤʝʥʝʥʠʷ 

ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. ɺʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʠʣ 46,2 %. 

ɸʚʪʦʨʳ ʨʘʙʦʪʳ [21] ʧʨʝʜʣʘʛʘʶʪ ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ ʟʦʣʦʰʣʘʢʦʚʳʭ 

ʦʪʭʦʜʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʚʦʨʦʤ NaHCO3 (120 ʛ/ʣ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʢʨʝʤʥʝʟʝʤʘ ʩ 20 ʜʦ 68 %. 

ɸʣʝʢʩʝʡʢʦ ʃ.ʅ., ʊʘʩʢʠʥ ɸ.ɺ. ʩ ʩʦʘʚʪʦʨʘʤʠ [26] ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʧʝʢʘʥʠʠ ɿʐʆ ʇʨʠʤʦʨʩʢʦʡ ɻʈʕʉ ʩ NaOH ʠ ʢʘʨʙʦʥʘʪʦʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1000Áʉ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʚʳʜʝʨʞʢʦʡ 210ï230 0ʉ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ 11000 ʇʘ ʚ ʘʚʪʦʢʣʘʚʝ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ 

ʦʙʨʘʙʘʪʳʚʘʣʩʷ HCl (pH 1ï1,5) ʩ ʦʩʘʞʜʝʥʠʝʤ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ ʚ ʚʠʜʝ ʛʝʣʷ. 

ɼʘʣʝʝ ʛʝʣʴ ʬʠʣʴʪʨʦʚʘʣʩʷ, ʧʨʦʤʳʚʘʣʩʷ 5 % ʨʘʩʪʚʦʨʦʤ HCl, ʧʦʜʚʝʨʛʘʣʩʷ ʩʫʰʢʝ ʠ 

ʥʘʛʨʝʚʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 500 0C. ɺʳʭʦʜ ʢʨʝʤʥʝʟʝʤʘ ʩʦʩʪʘʚʠʣ ʙʦʣʝʝ 90 %. 

ɽʩʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚʳʰʝ ʤʘʪʝʨʠʘʣ ʤʦʞʥʦ ʫʚʠʜʝʪʴ, 

ʯʪʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʢʨʝʤʥʝʟʝʤʘ ʠʟ ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ: 

1) ʥʝʦʙʭʦʜʠʤʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʠʣʠ ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ 

ʦʪʭʦʜʦʚ; 

2) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʛʝʥʪʦʚ (NaOH, H2SO4, HCl). 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʢʦʣʦʛʠʟʘʮʠʠ ʧʦʣʫʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ɿʐʆ ʠ 

ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʘʢʪʠʚʘʮʠʶ ʦʪʭʦʜʦʚ ʠʟʤʝʣʴʯʝʥʠʝʤ ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ 

ʠʩʩʣʝʜʦʚʘʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʠ 
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ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

Xu Y.-W., Jiang J., Feng Y. [20] ʠʟʫʯʠʣʠ ʚʣʠʷʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʥʘ ʧʨʦʮʝʩʩʳ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʱʝʣʦʯʥʦʤ ʩʧʦʩʦʙʝ ʧʦʣʫʯʝʥʠʷ ʢʨʝʤʥʝʟʝʤʘ 

ʠʟ ɿʐʆ. ʉʦʛʣʘʩʥʦ ʠʭ ʚʳʚʦʜʘʤ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʝʚʘ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʳ 

ʚʳʰʝ 100ᴈ ʚʦʟʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʤʦʱʥʦʩʪʴʶ 600 ɺʪ ʚ ʪʝʯʝʥʠʠ 10 ʤʠʥ 

ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ɿʐʆ ʚ 3 ʨʘʟʘ (ʩ 60 ʤʠʥ ʜʦ 20 ʤʠʥ) ʩ 

45 %-ʥʳʤ ʚʳʭʦʜʦʤ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

Xian Y.M. ʩ ʢʦʣʣʝʛʘʤʠ [31] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʚ ʩʚʦʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʨʦʣʴ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʘʭ ʧʦʣʫʯʝʥʠʷ 

ʢʨʝʤʥʝʟʝʤʘ ʠʟ ʦʪʭʦʜʦʚ ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ. ʀʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʠʟʣʫʯʝʥʠʝ (ʤʦʱʥʦʩʪʴ 600 ɺʪ, ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ï 15 ʤʠʥ): 

1) ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʫʰʘʝʪ ʩʚʷʟʴ ʢʨʝʤʥʠʡ- ʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ɿʐʆ (SiO2-Al2O3); 

2) ʫʚʝʣʠʯʠʚʘʝʪ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɿʐʆ. 

ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʘʢʪʠʚʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 

ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʫʤʝʥʴʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʠʤʝʥʷʝʤʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʧʨʠ ʠʟʚʣʝʯʝʥʠʠ ʢʨʝʤʥʝʟʝʤʘ. 

ɺʳʚʦʜʳ 

1. ʂʘʢ ʧʦʢʘʟʘʣ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʣʠʪʝʨʘʪʫʨʳ, ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʘʪʠʢʝ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʟʘʨʫʙʝʞʥʳʝ 

ʥʘʫʯʥʳʝ ʢʦʣʣʝʢʪʠʚʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʂʅʈ. 

2. ʉʪʘʥʜʘʨʪʥʳʝ ʩʧʦʩʦʙʳ ʠʟʚʣʝʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠʟ ʟʦʣʦʰʣʘʢʦʚʳʭ 

ʦʪʭʦʜʦʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʘʩʥʳʤʠ, ʪʘʢ ʢʘʢ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʱʝʣʦʯʝʡ ʠ ʢʠʩʣʦʪ. 

ʊʘʢʞʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʚʳʭʦʜʫ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʠʣʠ ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ 

ʦʪʭʦʜʦʚ. 

3. ʕʢʦʣʦʛʠʟʘʮʠʷ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʦʣʫʯʝʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠʟ 

ʟʦʣʦʰʣʘʢʦʚʳʭ ʦʪʭʦʜʦʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʦʟʤʦʞʥʘ ʧʫʪʝʤ ʨʘʩʰʠʨʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʵʬʬʝʢʪʦʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʠʣʦʚʳʭ ʧʦʣʝʡ. 
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ʇɽʈʉʇɽʂʊʀɺʓ ʇʈʀʄɽʅɽʅʀʗ ʌʆʉʌʆɻʀʇʉɸ ɺ ʉʊʈʆʀʊɽʃʔʉʊɺɽ 

ʀʙʘʪʫʣʣʠʥʘ ɸ. ɸ., ʂʣʠʤʦʚʘ ɸ. ʉ., ʍʦʭʣʦʚʘ ʃ. ʀ. 

ʌɻɹʆʋ ɺʆ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʫè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ʌʦʩʬʦʛʠʧʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʤʘʩʰʪʘʙʥʳʭ ʚʠʜʦʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ. ɽʞʝʛʦʜʥʦ ʚ ʤʠʨʝ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʤʠʣʣʠʦʥʳ ʪʦʥʥ 

ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ, ʧʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʫʶ ʪʦʥʥʫ ʧʨʠʭʦʜʠʪʩʷ 5 ʪʦʥʥ ʬʦʩʬʦʛʠʧʩʘ. 

ʆʛʨʦʤʥʘʷ ʝʛʦ ʤʘʩʩʘ ʩʢʣʘʜʠʨʫʝʪʩʷ ʚ ʦʪʚʘʣʘʭ, ʧʨʠʥʦʩʷ ʵʢʦʣʦʛʠʠ ʙʦʣʴʰʠʝ ʧʨʦʙʣʝʤʳ. 

ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʬʦʩʬʦʛʠʧʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʠʚʳʯʥʦʛʦ 

ʛʠʧʩʘ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʦʥ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ. ʆʥʠ ʚʠʜʷʪ ʚ ʥʸʤ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʭʦʨʦʰʠʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ. ʕʪʘ ʦʪʨʘʩʣʴ ʥʫʞʜʘʝʪʩʷ ʚ ʥʦʚʦʤ ʥʝʜʦʨʦʛʦʤ ʠ ʜʦʩʪʫʧʥʦʤ ʩʳʨʴʝ, 

ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʩʪʘʪʴ ʬʦʩʬʦʛʠʧʩ, ʪʘʢ ʢʘʢ ʧʨʦʙʣʝʤʘ ʝʛʦ ʫʪʠʣʠʟʘʮʠʠ ʪʘʢʞʝ ʪʨʝʙʫʝʪ 

ʨʝʰʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ 

ʬʦʩʬʦʛʠʧʩ ʚ ʧʦʣʥʦʮʝʥʥʳʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʩʪʝʥ ʠ ʜʨʫʛʠʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʦʩʬʦʨʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʧʦʚʣʝʢ ʟʘ ʩʦʙʦʡ ʨʝʟʢʠʡ ʧʨʠʨʦʩʪ ʚʳʙʨʦʩʦʚ ʌɻ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ [1]. 

ɺ ʩʨʝʜʥʝʤ ʠʟ ʢʘʞʜʦʡ ʪʦʥʥʳ ʧʨʦʠʟʚʝʜʝʥʥʦʡ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʝʪʩʷ 

4,5ï5 ʪ ʌɻ [2, 3]. ɺ ʈʌ ʝʞʝʛʦʜʥʦ ʦʙʨʘʟʫʝʪʩʷ 15 ʤʣʥ ʪ ʌɻ, ʠ ʤʘʩʩʘ ʦʪʭʦʜʦʚ ʚ 

ʥʘʢʦʧʠʪʝʣʷʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʝʚʳʰʘʝʪ 400 ʤʣʥ ʪ [4]. 

ʅʘʢʦʧʣʝʥʥʳʡ ʌɻ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʭʨʘʥʠʪʩʷ ʥʘ ʦʪʢʨʳʪʳʭ ʧʦʣʠʛʦʥʘʭ, ʟʘʥʠʤʘʷ 
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ʥʝʤʘʣʦ ʟʝʤʣʠ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʥ ʘʥʘʣʦʛʠʯʝʥ ʧʨʠʨʦʜʥʦʤʫ ʛʠʧʩʫ ʠ ʥʘ 

ʜʦʣʶ CaSO4Ö2H2O ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 90 %, ʥʦ ʚʨʝʜʥʳʝ ʧʨʠʤʝʩʠ ʚ ʌɻ, ʪʘʢʠʝ ʢʘʢ 

ʨʘʩʪʚʦʨʠʤʳʡ ʬʦʩʬʦʨ, ʨʘʩʪʚʦʨʠʤʳʡ ʬʪʦʨ, ʵʚʪʝʢʪʠʯʝʩʢʠʡ ʬʦʩʬʦʨ, ʘ ʪʘʢʞʝ 

ʩʣʝʜʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʨʘʜʠʦʥʫʢʣʠʜʳ, ʚʳʟʳʚʘʶʪ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ï ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ, ʚʦʜʳ ʠ ʧʦʯʚʳ [5]. ʇʨʠ ʵʪʦʤ 

ʝʞʝʛʦʜʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʌɻ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 

ʦʢʦʣʦ 10 %, ʘ ʧʨʠʤʝʥʷʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʮʝʩʩʳ ʥʝ ʨʘʟʚʠʪʳ ʧʦʣʥʦʮʝʥʥʦ [7]. 

ʉʝʛʦʜʥʷ ʬʦʩʬʦʛʠʧʩʫ (ʌɻ) ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʪʨʸʭ 

ʢʣʶʯʝʚʳʭ ʦʙʣʘʩʪʷʭ: ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʭʠʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʠ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʥ ʧʦʣʫʯʠʣ 

ʠʤʝʥʥʦ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʬʝʨʝ ʚʚʠʜʫ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʧʩʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʧʨʘʚʣʝʥʦ 

ʥʘ ʟʘʤʝʱʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʛʠʧʩʘ ʬʦʩʬʦʛʠʧʩʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʠʟʫʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʜʦʙʘʚʢʠ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʨʦʢʦʚ ʩʭʚʘʪʳʚʘʥʠʷ 

ʮʝʤʝʥʪʘ, ʩʦʟʜʘʥʠʷ ʛʠʧʩʦʢʘʨʪʦʥʥʳʭ ʣʠʩʪʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʜʝʣʦʯʥʳʭ ʰʧʘʢʣʝʚʦʢ 

ʠ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʚ ʜʦʨʦʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ï ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʠʪʫʤʦʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ [10]. 

ʇʦʤʠʤʦ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʥʘʧʨʘʚʣʝʥʠʡ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʜʫʪ ʨʘʟʨʘʙʦʪʢʠ 

ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʩʪʝʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʢʠʨʧʠʯʝʡ, ʙʣʦʢʦʚ, ʧʣʠʪʢʠ) ʩ ʜʦʙʘʚʢʦʡ 

ʠʣʠ ʥʘ ʦʩʥʦʚʝ ʌɻ. ʃʝʛʢʠʝ ʧʣʠʪʳ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʠʟ ʩʤʝʩʠ ʌɻ, ʮʝʤʝʥʪʘ, ʣʝʪʫʯʝʡ 

ʟʦʣʳ ʠ ʩʪʝʢʣʦʚʦʣʦʢʥʘ [11]. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʌɻ ʚ 

ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʝʪ 5 %. ʆʜʥʘʢʦ ʝʩʣʠ ʵʪʦʪ ʧʨʦʮʝʥʪ ʫʚʝʣʠʯʠʚʘʪʴ, ʪʦ 

ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ ʩʥʠʞʘʝʪʩʷ. ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʢʞʝ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʌɻ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʦʞʞʝʥʥʳʭ 

ʧʫʩʪʦʪʝʣʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʢʠʨʧʠʯʝʡ. ʌʦʩʬʦʛʠʧʩ ʚʚʦʜʠʣʠ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʩʩʦʚʳʭ 

ʜʦʣʷʭ (ʦʪ 5 ʜʦ 40 %) ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʳ ʧʝʩʢʘ ʚ ʩʦʩʪʘʚ ʢʠʨʧʠʯʘ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʌɻ ʜʦ 30 % ʤʘʩ. ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʠʨʧʠʯʝʡ ʫʜʦʚʣʝʪʚʦʨʷʣʠ 

ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʌɻ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʢʠʨʧʠʯʝʡ. 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ [1, 2, 3, 4, 5, 7, 10, 11] ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʘʣʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʤʳʰʣʝʥʥʦ ʦʩʚʦʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʨʫʧʥʦʪʦʥʥʘʞʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʷʞʫʱʠʭ ʠʣʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠʟʜʝʣʠʡ, ʛʜʝ ʌɻ ʙʳʣ ʙʳ ʚ ʨʦʣʠ 

ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʙʦʣʴʰʝʡ 

ʯʘʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʌɻ ʣʠʰʴ ʢʘʢ ʜʦʙʘʚʢʫ ʚ ʮʝʤʝʥʪʥʳʭ ʨʘʩʪʚʦʨʘʭ. 

ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʳʭ ʦʩʥʦʚʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʚʷʞʫʱʠʭ 

ʷʚʣʷʝʪʩʷ ʌɻ, ʦʜʥʘʢʦ ʜʦʩʪʠʛʥʫʪʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ, ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʠ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʚʦʜʦʩʪʦʡʢʦʩʪʠ ʥʫʞʜʘʶʪʩʷ ʚ ʫʣʫʯʰʝʥʠʠ [13]. ʂʣʘʩʩʠʯʝʩʢʠʝ ʧʫʪʠ 

ʫʣʫʯʰʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʦʩʦʙʝʥʥʦ ʛʠʜʨʦʬʠʟʠʯʝʩʢʠʭ) ʚʢʣʶʯʘʶʪ 

ʛʠʜʨʦʬʦʙʠʟʘʮʠʶ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ, ʚʚʝʜʝʥʠʝ ʫʧʣʦʪʥʷʶʱʠʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʚ 

ʩʳʨʴʝʚʫʶ ʩʤʝʩʴ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʜʚʫʚʦʜʥʦʛʦ ʛʠʧʩʘ. ʇʦʩʣʝʜʥʝʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ 

ʟʘʱʠʪʥʳʭ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʦʙʦʣʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ CaSO4Ö2H2O. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʉʆ2 ʚ 

ʢʘʯʝʩʪʚʝ ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʝʛʦ ʧʨʦʮʝʩʩʳ ʢʘʨʙʦʥʘʪʥʦʛʦ 

ʪʚʝʨʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʥʘʧʨʠʤʝʨ, ʛʠʜʨʘʪʥʦʡ 



103  

ʠʟʚʝʩʪʠ) ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʚʷʞʫʱʝʤ ʥʘ ʦʩʥʦʚʝ ʌɻ, ʯʪʦ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ 

ʧʦʣʫʯʝʥʠʝ ʧʨʦʯʥʦʛʦ ʠ ʚʦʜʦʩʪʦʡʢʦʛʦ ʢʘʤʥʷ. 

ʆʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ, ʢʪʦ ʥʘʯʘʣ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʫ ʧʝʨʝʨʘʙʦʪʢʠ ʬʦʩʬʦʛʠʧʩʘ ʚ 

ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʩʪʘʣʠ ʩʦʪʨʫʜʥʠʢʠ ʠʥʩʪʠʪʫʪʘ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ 

ʩʠʩʪʝʤ ɸʅ ɹʉʉʈ. ʆʥʠ ʩʦʟʜʘʣʠ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʦʛʠʧʩʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʦʡ ʩʤʦʣʳ ʠ ʩʪʝʢʣʦʚʦʣʦʢʥʘ. ʀʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʦʣʞʠʣʠ 

ʩʦʪʨʫʜʥʠʢʠ ɹʝʣʦʨʫʩʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʯʝʥʴ ʚʘʞʥʳʤ ʧʨʦʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʦʪʨʫʜʥʠʢʦʚ ʂʨʳʤʩʢʦʛʦ ʌʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ.ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ. 

ʋʯʸʥʳʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʪʝʭʥʦʣʦʛʠʶ ʬʦʩʬʦʛʠʧʩʦʚʳʭ ʙʣʦʢʦʚ ʜʣʷ ʥʘʨʫʞʥʳʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ ʟʜʘʥʠʡ. ʆʥʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚʠʙʨʦʧʨʝʩʩʦʚʘʥʠʝʤ, ʘ ʟʘʪʝʤ 

ʦʪʧʨʘʚʣʷʶʪʩʷ ʚ ʢʘʤʝʨʫ ʢʘʨʙʦʥʠʟʘʮʠʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʴʮʠʷ 

(ʜʦʙʘʚʣʷʝʤʦʛʦ ʚ ʌɻ) ʩ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ (ʉʆ2) ʦʙʨʘʟʫʝʪ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ 

(ʉʘʉʆ3), ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʜʦ 11 % ʠ ʩʥʠʞʘʝʪ ʠʭ 

ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ. ɺ 2026 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ ʚʦʟʚʝʩʪʠ ʠʟ ʙʣʦʢʦʚ ʥʝʙʦʣʴʰʦʝ 

ʩʦʦʨʫʞʝʥʠʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʙʦʪʝ. 

ɻʦʚʦʨʷ ʦ ʤʝʪʦʜʝ ʢʘʨʙʦʥʠʟʘʮʠʠ, ʥʝʚʦʟʤʦʞʥʦ ʥʝ ʫʧʦʤʷʥʫʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦ 

ʨʘʟʨʘʙʦʪʢʝ ʚʷʞʫʱʝʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʦʛʠʧʩʘ, ʪʚʝʨʜʝʶʱʝʛʦ ʧʦ 

ʩʤʝʰʘʥʥʦʤʫ ʪʠʧʫ. ɺ ʨʘʙʦʪʝ [14] ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

ʢʘʨʙʦʥʠʟʘʮʠʠ. ɺ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʚʪʦʨʘʤʠ ʚʷʞʫʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʣʝʞʠʪ 

ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʪʚʝʨʜʝʥʠʶ, ʩʦʯʝʪʘʶʱʠʡ ʜʚʘ ʤʝʭʘʥʠʟʤʘ: ʛʠʜʨʘʪʘʮʠʶ (ʧʨʦʮʝʩʩ 

ʪʚʝʨʜʝʥʠʷ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʩ ʚʦʜʦʡ) ʬʦʩʬʦʛʠʧʩʘ ʠ ʢʘʨʙʦʥʠʟʘʮʠʶ ʠʟʚʝʩʪʠ. ɽʩʣʠ 

ʛʠʜʨʘʪʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʧʦʣʫʚʦʜʥʦʛʦ 

ʛʠʧʩʘ (CaSO4Ŀ0,5H2O) ʚ ʜʚʫʚʦʜʥʳʡ (CaSO4Ŀ2H2O), ʪʦ ʢʘʨʙʦʥʠʟʘʮʠʷ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʫʣʫʯʰʝʥʠʠ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʚʨʘʱʘʷ ʝʛʦ ʠʟ ʦʙʳʯʥʦʛʦ 

ʛʠʧʩʦʚʦʛʦ ʢʘʤʥʷ ʚ ʧʨʦʯʥʳʡ ʠ ʚʦʜʦʩʪʦʡʢʠʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʢʘʤʝʥʴ. 

ʇʨʦʮʝʩʩ ʥʘʯʠʥʘʝʪʩʷ ʜʦ ʪʦʛʦ, ʢʘʢ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ. 

ʉʳʨʴʝʚʘʷ ʩʤʝʩʴ ʛʦʪʦʚʠʪʩʷ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʪʝʨʤʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 120ï140 ÁC ʬʦʩʬʦʛʠʧʩʘ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʣʫʚʦʜʥʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʠ ʛʠʜʨʘʪʥʦʡ ʠʟʚʝʩʪʠ. ʇʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʩ ʚʦʜʦʡ ʠ ʬʦʨʤʦʚʘʥʠʷ 

ʤʝʪʦʜʦʤ ʧʦʣʫʩʫʭʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʶʪ ʚ ʵʢʩʠʢʘʪʦʨ, ʛʜʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʥʘ 90 ʤʠʥʫʪ. ʕʪʦ ʚʨʝʤʷ 

ʦʪʚʦʜʠʪʩʷ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʛʠʜʨʘʪʘʮʠʠ ʌɻ, ʯʪʦʙʳ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʝʨʚʠʯʥʘʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʫʜʫʱʝʛʦ ʢʘʤʥʷ. ʀ ʣʠʰʴ ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ 

ʥʘʯʠʥʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ, ʚʘʞʥʝʡʰʠʡ ʵʪʘʧ ð ʧʨʠʥʫʜʠʪʝʣʴʥʘʷ ʢʘʨʙʦʥʠʟʘʮʠʷ. 

ʆʙʨʘʟʮʳ ʧʝʨʝʥʦʩʷʪ ʚ ʛʝʨʤʝʪʠʯʥʫʶ ʢʘʤʝʨʫ, ʛʜʝ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʯʘʩʦʚ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩʨʝʜʘ ʩ 50 % ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʟʘʧʫʩʢʘʝʪʩʷ ʭʠʤʠʯʝʩʢʘʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʛʠʜʨʦʢʩʠʜʦʤ ʢʘʣʴʮʠʷ, ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ 

ʠʟʚʝʩʪʠ, ʠ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ (Ca(OH)2 + COϜ Ÿ CaCO3Ź + H2O). ʇʨʦʜʫʢʪʦʤ 

ʵʪʦʡ ʨʝʘʢʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʝʥʷʝʪ 

ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʢʘʨʙʦʥʘʪ ʥʝ ʧʨʦʩʪʦ ʟʘʧʦʣʥʷʝʪ ʧʦʨʳ, 

ʧʦʚʳʰʘʷ ʧʣʦʪʥʦʩʪʴ, ʥʦ ʠ ʩʦʟʜʘʝʪ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʙʚʦʣʘʢʠʚʘʶʪ ʢʨʠʩʪʘʣʣʳ ʛʠʧʩʘ, ʟʘʱʠʱʘʷ ʠʭ ʦʪ ʨʘʟʨʫʰʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʚʦʜʳ. 

ʂʘʨʙʦʥʠʟʘʮʠʷ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʦʩʠʪ ʩʪʫʧʝʥʯʘʪʳʡ ʧʦʜʭʦʜ: ʦʥʘ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʩʪʝʧʝʥʥʦ ʧʨʦʜʚʠʛʘʝʪʩʷ ʚʛʣʫʙʴ ʦʙʨʘʟʮʘ, ʧʨʠʯʝʤ 
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ʩʢʦʨʦʩʪʴ ʠ ʛʣʫʙʠʥʘ ʵʪʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʡ 

ʩʤʝʩʠ. ʉʣʠʰʢʦʤ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʟʚʝʩʪʠ ʠʣʠ ʚʦʜʳ ʫʧʣʦʪʥʷʝʪ ʩʪʨʫʢʪʫʨʫ 

ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʛʘʟ ʥʝ ʤʦʞʝʪ ʧʨʦʥʠʢʥʫʪʴ ʚʛʣʫʙʴ, ʠ ʢʘʨʙʦʥʠʟʘʮʠʷ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʘ ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʘʥʘ ʢʘʢ 

ʧʨʷʤʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠʩʧʳʪʘʥʠʷʤʠ, ʪʘʢ ʠ ʪʝʨʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. 

ʉʨʘʚʥʝʥʠʝ ʦʙʨʘʟʮʦʚ, ʧʨʦʰʝʜʰʠʭ ʠ ʥʝ ʧʨʦʰʝʜʰʠʭ ʢʘʨʙʦʥʠʟʘʮʠʶ, ʧʦʢʘʟʘʣʦ 

ʚʧʝʯʘʪʣʷʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʧʨʦʯʥʦʩʪʴ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʦʟʨʘʩʪʘʣʘ 

ʥʘ 4ï10 ʄʇʘ, ʧʣʦʪʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʣʘʩʴ, ʘ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ, ʥʘʧʨʦʪʠʚ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʣʦʩʴ. ʊʝʨʤʦʛʨʘʤʤʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʟʘʬʠʢʩʠʨʦʚʘʣʠ 

ʭʘʨʘʢʪʝʨʥʳʡ ʧʠʢ ʨʘʟʣʦʞʝʥʠʷ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ 

ʩʪʘʣʦ ʥʝʦʩʧʦʨʠʤʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʢʘʨʙʦʥʠʟʘʮʠʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʦʠʟʦʰʣʘ, ʘ ʛʠʜʨʘʪʥʘʷ ʠʟʚʝʩʪʴ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʧʨʦʯʥʳʡ ʠ 

ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʢʘʤʝʥʴ. ɺ ʠʪʦʛʝ ʤʘʪʝʨʠʘʣ, ʩʦʜʝʨʞʘʱʠʡ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʟʚʝʩʪʠ (ʦʪ 10 ʜʦ 30 %), ʧʨʠʦʙʨʝʪʘʣ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʷʛʯʝʥʠʷ 0,78ï0,8, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʳʩʦʢʫʶ ʚʦʜʦʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ï ʢʘʯʝʩʪʚʦ, ʩʦʚʝʨʰʝʥʥʦ 

ʥʝʜʦʩʪʠʞʠʤʦʝ ʜʣʷ ʯʠʩʪʦʛʦ ʛʠʧʩʦʚʦʛʦ ʢʘʤʥʷ. 

ɹʣʘʛʦʜʘʨʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʬʦʩʬʦʛʠʧʩʘ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺʦ-ʧʝʨʚʳʭ, ʚ 

ʩʚʷʟʠ ʩ ʪʝʥʜʝʥʮʠʝʡ ʨʦʩʪʘ ʩʧʨʦʩʘ ʥʘ ʫʜʦʙʨʝʥʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʠʤʝʥʥʦ ʬʦʩʬʦʨʠʪʦʚ. ʂ 

ʧʨʠʤʝʨʫ, ʚ ʈʦʩʩʠʠ ʟʘʧʘʩʳ ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 400 ʤʣʥ ʪ. ʇʝʨʝʨʘʙʦʪʢʘ 

ʬʦʩʬʦʛʠʧʩʘ ʚ ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʧʦʤʦʞʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʠʟʣʠʰʢʘ 

ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ 

ʩʦʟʜʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʧʦʟʚʦʣʷʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʠʣʴʷ, ʠʟ-ʟʘ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʩʳʨʴʷ. ʊʘʢʞʝ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ 

ʚʦʟʚʦʜʠʪʴ ʤʘʣʦʵʪʘʞʥʳʝ ʟʜʘʥʠʷ ʤʦʞʥʦ ʙʫʜʝʪ ʚ ʨʘʟʳ ʙʳʩʪʨʝʝ, ʚ ʩʚʷʟʠ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʢʨʝʧʣʝʥʠʷ ʙʣʦʢʦʚ. ɺ-ʪʨʝʪʴʠʭ, ʚ ʩʣʫʯʘʝ ʩ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʨʦʩʪʝ ʧʨʦʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʚʦʜʦʩʪʦʡʢʦʩʪʠ. 

ʆʜʥʘʢʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʤʘʪʝʨʠʘʣʦʤ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʨʘʟʣʠʯʥʳʝ ʙʘʨʴʝʨʳ ʠ 

ʚʳʟʦʚʳ. ɻʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ï ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʩʦʩʪʘʚʘ ʬʦʩʬʦʛʠʧʩʘ. ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʩʭʦʜʥʳʭ ʬʦʩʬʘʪʥʳʭ ʨʫʜ, ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʦʩʬʦʨʥʦʡ 

ʢʠʩʣʦʪʳ ʠ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ ʦʪʭʦʜʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʜʥʦʛʦ 

ʚʠʜʘ ʬʦʩʬʦʛʠʧʩʘ ʤʦʛʫʪ ʥʝ ʧʦʜʦʡʪʠ ʜʣʷ ʜʨʫʛʦʛʦ. ʊʘʢʞʝ ʜʣʷ ʤʘʪʝʨʠʘʣʘ ʥʫʞʥʘ 

ʦʙʷʟʘʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ, ʪʘʢ ʢʘʢ ʚ ʥʸʤ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ. ɽʱʸ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʩʝʨʴʸʟʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʨʦʙʣʝʤʳ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʩʪʦʷʪ ʥʘ ʤʝʩʪʝ. 

ʅʘʧʨʠʤʝʨ, ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ (ʇʅʀʇʋ) ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʙʠʦʩʪʦʡʢʠʝ ʩʪʨʦʡʤʘʪʝʨʠʘʣʳ ʠʟ 

ʬʦʩʬʦʛʠʧʩʘ ʩ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ, ʘ ʋʭʘʥʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʪʝʭʥʦʣʦʛʠʡ ʠʩʩʣʝʜʫʝʪ ʧʨʦʮʝʩʩʳ ʢʘʣʴʮʠʥʘʮʠʠ ʬʦʩʬʦʛʠʧʩʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʞʝ ʵʪʠʤ ʤʘʪʝʨʠʘʣʦʤ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʢʦʤʧʘʥʠʠ. ʆʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʧʨʦʷʚʣʷʶʪ ʢʠʪʘʡʩʢʠʝ ʢʦʨʧʦʨʘʮʠʠ ʚ ʩʚʷʟʠ ʩ 
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ʩʝʨʴʸʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʚ ʩʪʨʘʥʝ. ʊʘʢʞʝ ʢʨʫʧʥʳʡ ʧʨʦʝʢʪ 

ʧʣʘʥʠʨʫʶʪ ʩʦʟʜʘʪʴ ʚ ʀʥʜʠʠ. ɺ ʈʦʩʩʠʠ ʂʨʳʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩ 

ʧʘʨʪʥʝʨʦʤ ʆʆʆ çʂʈʆʉʉè ʛʦʪʦʚʠʪ ʦʧʳʪʥʫʶ ʧʘʨʪʠʶ ʥʘ 2026 ʛʦʜ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʬʦʩʬʦʛʠʧʩ ʧʝʨʝʩʪʘʣ ʙʳʪʴ ʧʨʦʩʪʦ ʧʨʦʙʣʝʤʥʳʤ 

ʦʪʭʦʜʦʤ ʠ ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʦʙʲʝʢʪ ʩʝʨʴʝʟʥʦʛʦ ʥʘʫʯʥʦʛʦ ʠʥʪʝʨʝʩʘ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʝʨʩʧʝʢʪʠʚ. ʄʘʩʰʪʘʙʳ ʝʛʦ ʥʘʢʦʧʣʝʥʠʷ ʚʦ ʚʩʸʤ ʤʠʨʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʨʘʞʘʶʪ. 

ʌʦʩʬʦʛʠʧʩ ʟʘʥʠʤʘʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʦʛʦ ʮʝʥʥʦʛʦ ʨʝʩʫʨʩʘ ʢʘʢ ʟʝʤʣʷ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʘʩʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʅʝʣʴʟʷ ʥʝ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ 

ʧʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʡʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʬʦʩʬʦʛʠʧʩʘ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʡ ʩʬʝʨʝ. 

ʅʘʧʨʠʤʝʨ, ʝʛʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʨʫʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʚʦʜʷʪʩʷ 

ʜʘʥʥʳʝ ʥʝ ʧʨʦʩʪʦ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʠʭ ʜʦʙʘʚʦʢ, ʥʦ ʠ ʦ ʪʦʤ, ʩ ʢʘʢʦʡ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʠʭ ʩʪʦʠʪ ʚʥʦʩʠʪʴ ʚ ʧʦʯʚʫ. 

ʄʝʞʜʫ ʪʝʤ ʦʙʲʝʤʳ ʬʦʩʬʦʛʠʧʩʘ, ʥʘʢʦʧʣʝʥʥʳʝ ʚ ʦʪʚʘʣʘʭ, ʧʨʦʜʦʣʞʘʶʪ 

ʨʘʩʪʠ, ʠ ʵʪʦ ʥʝ ʤʦʞʝʪ ʥʝ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʩʦʩʪʦʷʥʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʝʩʣʠ ʤʘʪʝʨʠʘʣ ʧʨʦʰʝʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʣʦʢʘʣʴʥʦ, ʦʥ ʥʝ ʥʘʥʦʩʠʪ ʚʨʝʜʘ ʧʨʠʨʦʜʝ ʠ ʜʘʞʝ ʩʧʦʩʦʙʝʥ ʜʘʚʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ, ʥʘʧʨʠʤʝʨ, ʚ ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʬʦʩʬʦʛʠʧʩ ʚʦʟʣʘʛʘʶʪ ʜʦʚʦʣʴʥʦ 

ʙʦʣʴʰʠʝ ʥʘʜʝʞʜʳ. ʉʦʟʜʘʥʠʝ ʙʝʟʦʪʭʦʜʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʩ 

ʜʘʣʴʥʝʡʰʝʡ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʚʪʦʨʠʯʥʳʭ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʵʢʦʣʦʛʠʠ, ʵʢʦʥʦʤʠʢʠ ʠ ʨʷʜʘ 

ʜʨʫʛʠʭ ʚʘʞʥʳʭ ʩʝʢʪʦʨʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ 

ʧʦʪʨʝʙʣʷʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʠ ʣʶʙʦʡ ʰʘʛ ʚ ʩʪʦʨʦʥʫ ʠʭ 

ʟʘʤʝʱʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʤʠ ʦʪʭʦʜʘʤʠ ʜʘʝʪ ʦʱʫʪʠʤʳʡ ʵʬʬʝʢʪ ʩʨʘʟʫ ʧʦ ʥʝʩʢʦʣʴʢʠʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ. ɺʦ-ʧʝʨʚʳʭ, ʩʥʠʞʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʥʘ ʢʘʨʴʝʨʳ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʢʦʪʦʨʳʝ ʠʩʪʦʱʘʶʪʩʷ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʭʦʪʝʣʦʩʴ ʙʳ. 

ɺʦ-ʚʪʦʨʳʭ, ʨʝʰʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʠʥʘʯʝ ʧʨʦʜʦʣʞʘʣʠ 

ʙʳ ʢʦʧʠʪʴʩʷ ʛʦʜʘʤʠ ʠ ʦʪʨʘʚʣʷʪʴ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ-ʪʨʝʪʴʠʭ, ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʤʝʥʴʰʝʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ, 

ʯʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʞʠʣʴʝ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ. ʂ ʪʦʤʫ ʞʝ ʨʘʟʚʠʪʠʝ 

ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʟʜʘʝʪ ʥʦʚʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʠ ʩʪʠʤʫʣʠʨʫʝʪ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦ ʪʦʞʝ ʷʚʣʷʝʪʩʷ ʥʝʤʘʣʦʚʘʞʥʳʤ. 
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ʋɼʂ 574.635 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʅɽʂʃɽʊʆʏʅʓʍ ʇʆʃʀʄɽʈʅʓʍ ɺɽʑɽʉʊɺ 

ʉʆʆɹʑɽʉʊɺɸ ɸʕʈʆɹʅʆɻʆ ɻʈɸʅʋʃʀʈʆɺɸʅʅʆɻʆ ʀʃɸ 

ʀʟʤʘʡʣʦʚʘ ʀ. ɿ.1, ʉʤʠʨʥʦʚʘ ʊ. ʉ.1, ʉʘʢʘʷʥ ɼ. ʀ.2 

1 ʌɻɸʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) 

ʠʤ.ʀ.ʄ.ɻʫʙʢʠʥʘè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2 ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘè, 

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 
ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʮʝʥʢʠ ʨʦʣʠ ʚʥʝʢʣʝʪʦʯʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʚʝʱʝʩʪʚ 

(ɺʇɺ) ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʦʦʙʱʝʩʪʚʘ ʘʵʨʦʙʥʦʛʦ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʠʣʘ. ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʩʦʩʪʘʚ ɺʇɺ ʚ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʤ 

ʠ ʩʚʦʙʦʜʥʦʤ ʘʢʪʠʚʥʦʤ ʠʣʝ; ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʯʝʨʝʜʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʧʦ ʥʘʣʠʯʠʶ ʩʫʙʩʪʨʘʪʘ) ʥʘ 
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ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ɺʇɺ ʚ ʛʨʘʥʫʣʘʭ ʘʢʪʠʚʥʦʛʦ ʠʣʘ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʉʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʵʨʦʙʥʦʛʦ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʠʣʘ 

(ɸɻʀ) ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʩʦʚʤʝʱʘʪʴ ʧʨʦʮʝʩʩʳ ʫʜʘʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ 

ʬʦʩʬʦʨʘ ʚ ʦʜʥʦʤ ʙʠʦʨʝʘʢʪʦʨʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʭʣʦʧʴʝʚʠʜʥʦʛʦ 

ʘʢʪʠʚʥʦʛʦ ʠʣʘ, ɸɻʀ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʪʥʳʝ, ʩʬʝʨʠʯʝʩʢʠʝ ʘʛʣʦʤʝʨʘʪʳ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʩʘʞʜʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʢ ʪʦʢʩʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ. 

ɺʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʪʨʫʢʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʛʨʘʥʫʣ, ʷʚʣʷʶʪʩʷ ʚʥʝʢʣʝʪʦʯʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʚʝʱʝʩʪʚʘ 

(ɺʇɺ). ʕʪʠ ʚʝʱʝʩʪʚʘ ʦʙʨʘʟʫʶʪ ʚʦʢʨʫʛ ʢʣʝʪʦʢ ʙʠʦʧʣʝʥʦʯʥʳʡ ʤʘʪʨʠʢʩ, ʢʦʪʦʨʳʡ 

ʩʢʨʝʧʣʷʝʪ ʠʭ ʚ ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʠʜʘʝʪ ʛʨʘʥʫʣʝ ʬʦʨʤʫ.  ʅʝʩʤʦʪʨʷ ʥʘ 

ʚʘʞʥʦʩʪʴ ɺʇɺ, ʤʥʦʛʠʝ ʬʘʢʪʦʨʳ ʠʭ ʨʦʣʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʨʘʥʫʣ 

ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʦ 

ʚʟʘʠʤʦʩʚʷʟʠ ʩʦʩʪʘʚʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ɺʇɺ ʚ ʛʨʘʥʫʣʝ ʩ ʫʩʣʦʚʠʷʤʠ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ɺʇɺ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʤʝʩʴ ʙʠʦʧʦʣʠʤʝʨʦʚ, ʦʩʥʦʚʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʧʦʣʠʩʘʭʘʨʠʜʳ, ʙʝʣʢʠ, ʛʫʤʠʥʦʧʦʜʦʙʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʣʠʧʠʜʳ ʠ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ. ʉʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʙʝʣʢʦʚ (PN) ʠ ʧʦʣʠʩʘʭʘʨʠʜʦʚ (PS), ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ, 

ʚʣʠʷʶʱʠʤ ʥʘ ʩʚʦʡʩʪʚʘ ʛʨʘʥʫʣ. ɺʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ PN/PS ʯʘʩʪʦ ʢʦʨʨʝʣʠʨʫʝʪ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʪʦʢ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ 

ʘʛʨʝʛʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʣʦʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʫʣ ʘʢʪʠʚʥʦʛʦ ʠʣʘ [1]. 

ʇʨʝʞʜʝ ʚʩʝʛʦ ɺʇɺ ʚʳʧʦʣʥʷʶʪ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʦʣʴ, ʬʦʨʤʠʨʫʷ 

ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʨʠʢʩ, ʢʦʪʦʨʳʡ ʧʨʠʜʘʝʪ ʛʨʘʥʫʣʘʤ ʧʨʦʯʥʦʩʪʴ ʠ ʬʦʨʤʫ; 

ʜʚʫʭʚʘʣʝʥʪʥʳʝ ʢʘʪʠʦʥʳ (CaĮ , MgĮ ) ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʠʦʥʥʳʭ ʤʦʩʪʠʢʦʚ, 

ʩʚʷʟʳʚʘʶʱʠʭ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʛʨʫʧʧʳ ʧʦʣʠʤʝʨʦʚ ʠ ʫʧʣʦʪʥʷʶʱʠʭ 

ʩʪʨʫʢʪʫʨʫ. ɺʘʞʥʘ ʪʘʢʞʝ ʘʜʛʝʟʠʚʥʘʷ ʨʦʣʴ ɺʇɺ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʧʨʠʢʨʝʧʣʝʥʠʝ ʢʣʝʪʦʢ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʢʨʠʪʠʯʝʩʢʠʤ ʵʪʘʧʦʤ ʟʘʧʫʩʢʘ ʧʨʦʮʝʩʩʘ ʛʨʘʥʫʣʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʨʦʮʝʩʩ ʧʨʝʚʨʘʱʝʥʠʷ ʠʣʘ ʚ ʧʣʦʪʥʳʝ ʛʨʘʥʫʣʳ ʩʚʷʟʘʥ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʦʩʪʘʚʘ ɺʇɺ. ʅʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʛʨʘʥʫʣʷʮʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, 

ʠʩʧʳʪʳʚʘʶʱʠʝ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ, ʚ 

ʮʠʢʣʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʠʪʘʥʠʷ, ʥʘʯʠʥʘʶʪ ʘʢʪʠʚʥʦ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ɺʇɺ ʢʘʢ 

ʟʘʱʠʪʥʳʡ ʤʝʭʘʥʠʟʤ [2]. ʕʪʦʪ ʤʘʪʨʠʢʩ ʠʟ ɺʇɺ ʮʝʤʝʥʪʠʨʫʝʪ ʢʣʝʪʢʠ, ʬʦʨʤʠʨʫʷ 

ʧʝʨʚʠʯʥʳʝ ʘʛʨʝʛʘʪʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʫʧʣʦʪʥʷʶʪʩʷ. 

ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʛʨʘʥʫʣ ʘʢʪʠʚʥʦʛʦ ʠʣʘ 

ʷʚʣʷʝʪʩʷ ʩʝʣʝʢʮʠʷ ʤʝʜʣʝʥʥʦʨʘʩʪʫʱʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʚʳʨʘʙʘʪʳʚʘʶʪ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ɺʇɺ, ʯʝʤ ʙʳʩʪʨʦʨʘʩʪʫʱʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ʕʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʝʝ ʧʨʦʯʥʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʛʨʘʥʫʣ.  

ʉʪʘʙʠʣʴʥʦʩʪʴ ʛʨʘʥʫʣ ʚʦ ʚʨʝʤʝʥʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʦʭʨʘʥʝʥʠʷ 

ʮʝʣʦʩʪʥʦʩʪʠ ɺʇɺ-ʤʘʪʨʠʢʩʘ. ʏʨʝʟʤʝʨʥʳʡ ʨʦʩʪ ʥʠʪʯʘʪʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʥʝʜʦʩʪʘʪʦʢ ʩʫʙʩʪʨʘʪʘ ʚ ʷʜʨʝ ʛʨʘʥʫʣʳ ʠʣʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ɺʇɺ 
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ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʳʭʣʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʫʣ ʘʢʪʠʚʥʦʛʦ ʠʣʘ, ʩʥʠʞʝʥʠʶ 

ʧʨʦʯʥʦʩʪʠ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʢ ʠʭ ʨʘʩʧʘʜʫ. 

ɺʳʜʝʣʝʥʠʝ ɺʇɺ ʠʟ ʙʠʦʤʘʩʩʳ ʛʨʘʥʫʣ ʧʨʦʚʦʜʠʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ Adav ʠ Lee [3]. ʋʯʠʪʳʚʘʷ ʢʦʤʧʘʢʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʛʨʘʥʫʣ, ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʪʨʘʢʮʠʠ ʦʙʨʘʟʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʠ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ ʛʨʘʥʫʣ. ɼʘʣʝʝ ʢ 

ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʦʤʫ ʦʙʨʘʟʮʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʦʙʘʚʣʷʣʠ ʬʦʨʤʘʣʠʥ ʠ ʨʘʩʪʚʦʨ 

NaOH. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 12 200 ʦʙ ʚ ʪʝʯʝʥʠʝ 20 

ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʜʦʩʘʜʦʯʥʫʶ ʞʠʜʢʦʩʪʴ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʥʳʡ ʬʠʣʴʪʨ 

ʩ ʧʦʨʠʩʪʦʩʪʴʶ 0,2 ʤʢʤ. ʇʦʣʫʯʝʥʥʳʡ ʬʠʣʴʪʨʘʪ, ʩʦʜʝʨʞʘʱʠʡ ɺʇɺ, ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʚ ʩʦʩʪʘʚʝ ɺʇɺ ʧʨʦʚʦʜʠʣʠ 

ʬʝʥʦʣ-ʩʝʨʥʦʢʠʩʣʦʪʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ɼʶʙʫʘ [5]. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʝʘʢʮʠʠ 

ʫʛʣʝʚʦʜʦʚ ʩ ʬʝʥʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʦʛʦ ʮʚʝʪʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ 

ʠʟʤʝʨʷʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 490 ʥʤ.  

ʉʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʚ ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʭ ɺʇɺ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʃʦʫʨʠ 

[4]. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʙʠʫʨʝʪʦʚʦʡ ʨʝʘʢʮʠʠ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʝʧʪʠʜʥʳʭ ʩʚʷʟʝʡ ʩ 

ʠʦʥʘʤʠ CuĮ  ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ) ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʨʝʘʢʪʠʚʘ 

ʌʦʣʠʥʘ-ʏʦʢʘʣʴʪʝʫ ʪʠʨʦʟʠʥʦʤ ʠ ʪʨʠʧʪʦʬʘʥʦʤ. ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠʟʤʝʨʷʣʠ 

ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 750 ʥʤ. 

ɺʳʚʦʜʳ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʥʝʢʣʝʪʦʯʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʚʝʱʝʩʪʚ (ɺʇɺ) ʚ 

ʪʨʘʜʠʮʠʦʥʥʦʤ ʘʢʪʠʚʥʦʤ ʠʣʝ ʠ ʘʵʨʦʙʥʦʤ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʤ ʠʣʝ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ɺʇɺ ʚʳʷʚʠʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤ ʠ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʠʣʦʤ. ɺ ʘʢʪʠʚʥʦʤ ʠʣʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʩʦʩʪʘʚʠʣʦ 

27,68 ʤʣ/ʛ, ʙʝʣʢʦʚ ï 26,82 ʤʣ/ʛ (ʩʦʦʪʥʦʰʝʥʠʝ PN/PS = 0,97). ɺ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʤ 

ʠʣʝ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʦʢʘʟʘʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ: 63,35 ʤʣ/ʛ ʠ 100,2 ʤʣ/ʛ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʩʦʦʪʥʦʰʝʥʠʝ PN/PS ʚʦʟʨʦʩʣʦ ʜʦ 1,58. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʙʝʣʢʦʚ ʠ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʣʦʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʵʨʦʙʥʳʭ ʛʨʘʥʫʣ ʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʜʠʥ ʠʟ 

ʢʣʶʯʝʚʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. 
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ʋɼʂ 665.6 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʀʅʊɽɻʈɸʎʀʀ ɹʀʆʂʆʄʇʆʅɽʅʊʆɺ ɺ 

ʊɽʍʅʆʃʆɻʀʖ ʇɽʈɽʈɸɹʆʊʂʀ ʅɽʌʊʀ ɼʃʗ ɼʆʉʊʀɾɽʅʀʗ ʎɽʃɽʁ 

ʋʉʊʆʁʏʀɺʆɻʆ ʈɸɿɺʀʊʀʗ 

ʂʦʞʝʚʥʠʢʦʚʘ ʖ. ɺ., ʉʫʢʦʥʱʠʢʦʚʘ ɸ. ɸ., ʉʘʣʴʥʠʢʦʚʘ ʗ. ʂ. 

ʌɻɸʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) 

ʠʤ.ʀ.ʄ.ɻʫʙʢʠʥʘè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʉʦʚʨʝʤʝʥʥʘʷ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʜʚʫʭ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ: ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 

ʨʘʩʪʫʱʝʛʦ ʩʧʨʦʩʘ ʥʘ ʤʦʪʦʨʥʳʝ ʪʦʧʣʠʚʘ ʠ ʫʞʝʩʪʦʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʝʢʘʨʙʦʥʠʟʘʮʠʝʡ ʵʢʦʥʦʤʠʢʠ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʡʪʠ ʙʘʣʘʥʩ ʤʝʞʜʫ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ, ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ 

ʧʝʨʝʨʘʙʦʪʢʘ ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ ʩ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʙʠʦʢʦʤʧʦʥʝʥʪʘʤʠ 

(ʙʠʦʥʝʬʪʴʶ, ʙʠʦʙʠʪʫʤʦʤ). ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʨʘʩʰʠʨʝʥʠʷ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʅʇɿ ʠ ʩʥʠʞʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʟʘ ʩʯʝʪ 

ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʦ ʈʦʤʘʰʢʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

(ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ) ï ʢʨʫʧʥʝʡʰʝʝ ʚ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʤʘʰʢʠʥʩʢʦʡ ʥʝʬʪʠ (ʧʣʦʪʥʦʩʪʴ 0,8620 ʛ/ʩʤį, ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ 

1,61 % ʤʘʩ.) ʦʪʥʦʩʠʪ ʝʸ ʢ ʢʣʘʩʩʫ ʩʝʨʥʠʩʪʳʭ, ʯʪʦ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʡ ʛʠʜʨʦʦʯʠʩʪʢʠ. 

ɸʥʘʣʠʟ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʊʘʪʘʨʩʪʘʥʘ ʧʦʢʘʟʘʣ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʠʦʤʘʩʩʳ: ʚ ʨʝʛʠʦʥʝ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʦʢʦʣʦ 30 ʪʳʩʷʯ ʛʝʢʪʘʨʦʚ ʪʦʨʬʷʥʳʭ 

ʤʘʩʩʠʚʦʚ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ (ʦʪʭʦʜʳ ʣʝʩʦʧʠʣʝʥʠʷ) ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ (ʩʦʣʦʤʘ, ʞʤʳʭ, ʩʚʝʢʣʦʚʠʯʥʳʡ ʞʦʤ). ʉʦʛʣʘʩʥʦ 

ʦʮʝʥʢʘʤ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʝʨʝʨʘʙʦʪʢʠ ʵʪʠʭ ʦʪʭʦʜʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 

ʜʦ 1,62 ʤʣʥ ʪ.ʫ.ʪ., ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʩʪʠʪʴ ʜʦ 20 % ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʣʦʢʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʧʦʪʦʯʥʦʡ ʩʭʝʤʳ 

ʅʇɿ ʤʦʱʥʦʩʪʴʶ 15 ʤʣʥ ʪʦʥʥ/ʛʦʜ. 

ɺʘʨʠʘʥʪ 1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʣʘʩʩʠʯʝʩʢʫʶ ʩʭʝʤʫ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʥʝʬʪʠ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʫʩʪʘʥʦʚʢʠ ʕʃʆʋ-ɸɺʊ, ʛʠʜʨʦʦʯʠʩʪʢʫ ʚʩʝʭ ʬʨʘʢʮʠʡ, 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʨʠʬʦʨʤʠʥʛ ʠ ʢʨʝʢʠʥʛ, ʟʘʤʝʜʣʝʥʥʦʝ ʢʦʢʩʦʚʘʥʠʝ, ʚʠʩʙʨʝʢʠʥʛ ʠ 

ʘʣʢʠʣʠʨʦʚʘʥʠʝ. ɻʣʫʙʠʥʘ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦ ʜʘʥʥʦʡ ʩʭʝʤʝ ʩʦʩʪʘʚʣʷʝʪ 97,10 % ʤʘʩ., 

ʠʥʜʝʢʩ ʅʝʣʴʩʦʥʘ ï 9,37. 

ɺʘʨʠʘʥʪ 2 ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʥʪʝʛʨʘʮʠʶ ʚ ʩʭʝʤʫ ʫʩʪʘʥʦʚʦʢ ʙʳʩʪʨʦʛʦ ʧʠʨʦʣʠʟʘ 

ʙʠʦʤʘʩʩʳ. ʉʳʨʴʝʤ ʜʣʷ ʧʠʨʦʣʠʟʘ ʩʣʫʞʘʪ ʪʦʨʬ ʠ ʜʨʝʚʝʩʥʳʝ ʦʧʠʣʢʠ. ʇʦʣʫʯʝʥʥʳʝ 

ʧʨʦʜʫʢʪʳ (ʙʠʦʥʝʬʪʴ, ʧʠʨʦʣʠʟʥʳʡ ʛʘʟ, ʙʠʦʫʛʦʣʴ) ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʜʘʣʴʥʝʡʰʝʝ 

ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʝ. ɾʠʜʢʠʝ ʧʨʦʜʫʢʪʳ ʧʠʨʦʣʠʟʘ (ʙʠʦʥʝʬʪʴ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʮʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʠʪʫʤʦʚ (ʜʦ 10 % ʦʪ 

ʤʘʩʩʳ) ʠ ʩʦʚʤʝʩʪʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʚʘʢʫʫʤʥʳʤ ʛʘʟʦʡʣʝʤ ʚ ʧʨʦʮʝʩʩʘʭ 

ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʳʭʦʜʘ ʩʚʝʪʣʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ʅʘ ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʙʘʣʘʥʩʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦʚʣʝʯʝʥʠʝ 0,47 % 
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ʤʘʩ. ʪʦʨʬʘ ʠ 0,67 % ʤʘʩ. ʦʧʠʣʦʢ (ʦʪ ʤʘʩʩʳ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʥʝʬʪʠ) ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʙʠʦʥʝʬʪʠ (0,76 % ʤʘʩ.) ʠ ʧʠʨʦʣʠʟʥʦʛʦ ʛʘʟʘ 

(0,33 % ʤʘʩ.). ʇʠʨʦʣʠʟʥʳʡ ʛʘʟ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ 

ʥʫʞʜ ʫʩʪʘʥʦʚʢʠ (ʟʘʤʝʱʝʥʠʝ ʜʦ 60ï70 % ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʮʝʩʩʘ), ʘ 

ʙʠʦʫʛʦʣʴ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʠʣʠ ʧʦʯʚʝʥʥʦʛʦ ʤʝʣʠʦʨʘʥʪʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʙʠʪʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 1 

ʤʣʥ ʪ/ʛʦʜ) ʧʦʜʪʚʝʨʜʠʣ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʙʠʦʢʦʤʧʦʥʝʥʪʦʚ ʙʝʟ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʢʠʩʣʝʥʠʝ ʛʫʜʨʦʥʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʧʠʨʦʣʠʟʥʦʡ ʩʤʦʣʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʘʜʛʝʟʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʙʠʪʫʤʘ ʤʘʨʢʠ ɹʅɼ 60/90. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʥʝʬʪʷʥʦʛʦ ʛʫʜʨʦʥʘ ʠ ʫʪʠʣʠʟʘʮʠʠ 

ʦʪʭʦʜʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʘʤ ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʦʢʨʘʱʝʥʠʠ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʟʘ ʩʯʝʪ 

ʟʘʤʝʱʝʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ ʩʳʨʴʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ 

ʧʝʨʝʨʘʙʦʪʢʘ ʥʝʬʪʠ ʩ ʙʠʦʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʦʡ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʡ. ʀʥʪʝʛʨʘʮʠʷ ʫʩʪʘʥʦʚʦʢ ʧʠʨʦʣʠʟʘ ʙʠʦʤʘʩʩʳ ʚ 

ʩʪʨʫʢʪʫʨʫ ʅʇɿ ʧʦʟʚʦʣʷʝʪ: 

1. ʈʘʩʰʠʨʠʪʴ ʩʳʨʴʝʚʫʶ ʙʘʟʫ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ ʩʯʝʪ ʚʦʚʣʝʯʝʥʠʷ ʤʝʩʪʥʳʭ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ. 

2. ʋʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʥʟʠʥʦʚ ʠ 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʜʦʨʦʞʥʳʭ ʙʠʪʫʤʦʚ. 

3. ʉʥʠʟʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ 

ʟʘʭʦʨʘʥʠʚʘʝʤʳʭ ʦʪʭʦʜʦʚ ʠ ʩʦʢʨʘʱʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ 

ʤʦʱʥʦʩʪʝʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʠ çʟʝʣʝʥʦʛʦè ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ʋɼʂ 579.6: 669.1 

ʇʆɼɹʆʈ ʆʇʊʀʄɸʃʔʅʆʁ ɼʆɿʓ ɹʋʈʆʋɻʆʃʔʅʆɻʆ ɿʆʃʆʐʃɸʂɸ 

ɼʃʗ ɹʀʆɺʓʑɽʃɸʏʀɺɸʅʀʗ ʈɽɼʂʆɿɽʄɽʃʔʅʓʍ ʄɽʊɸʃʃʆɺ 

ʉʥʝʛʠʨʝʚ ɺ. ɸ., ʉʘʙʠʨʦʚʘ ʊ. ʄ. 

ʌɻɸʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ 

ɹ.ʅ.ɽʣʴʮʠʥʘè, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

ʇʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ ʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠʟ ʟʦʣʦʰʣʘʢʦʚʳʭ 

ʦʪʭʦʜʦʚ (ɿʐʆ) ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʘʢʪʫʘʣʴʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʢʘʢ ʚ ʩʚʷʟʠ ʩ ʠʭ ʜʦʩʪʫʧʥʦʩʪʴʶ, ʪʘʢ ʠ ʚ ʩʚʷʟʠ ʩ ʩʦʧʦʩʪʘʚʠʤʦʩʪʴʶ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʤʝʪʘʣʣʦʚ ʩ ʧʨʠʨʦʜʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʥʝʤʘʣʦʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚ ɿʐʆ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʤʝʪʘʣʣʦʚ, ʚʢʣʶʯʘʷ 

ʪʦʢʩʠʯʥʳʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʩʢʘʥʜʠʷ ʠ ×ʈɿʄ ʠʟ ʟʦʣʦʰʣʘʢʘ ʙʘʢʪʝʨʠʷʤʠ 

At. ferrooxidans ʩ ʜʦʢʘʟʘʥʥʳʤ ʯʘʩʪʠʯʥʳʤ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ 

ʥʝʤ ʞʝʣʝʟʘ [1], ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʧʨʦʮʝʩʩʘ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʜʣʷ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʳ ʟʦʣʦʰʣʘʢʘ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ (ʂɾ) 

ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʧʦʜʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʳ 

ʟʦʣʦʰʣʘʢʘ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʢʘʥʜʠʷ ʠ ʜʨʫʛʠʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʈɿʄ). 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʧʦʩʦʙ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ ʈɿʄ ʠʟ ʟʦʣʦʰʣʘʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʘʢʪʝʨʠʡ At. ferrooxidans.  

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʙʫʨʦʫʛʦʣʴʥʳʡ ʟʦʣʦʰʣʘʢ ʦʪ ʩʞʠʛʘʥʠʷ ʚ 

ʢʦʪʝʣʴʥʦʡ ʀʨʢʫʪʩʢʠʭ ʫʛʣʝʡ ɸʟʝʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʠ, ʚʢʣʶʯʘʶʱʝʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ, ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ 

ʜʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʘʩʳʱʝʥʠʷ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʢʠʩʣʦʨʦʜʦʤ 

ʚʦʟʜʫʭʘ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʝʛʦ ʜʦʩʪʫʧʘ ʢ ʢʣʝʪʢʘʤ ʙʘʢʪʝʨʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʜʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʦʣʦʰʣʘʢʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʠ ʘʵʨʠʨʦʚʘʥʠʶ ʙʳʣʦ ʫʜʝʣʝʥʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ. ʇʨʠʤʝʥʝʥʥʳʡ 

ʜʣʷ ʵʪʦʛʦ ʤʝʪʦʜ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʘʩʩʘʞʠʨʦʚʘʥʠʷ ʩ ʜʦʟʦʡ ʟʦʣʦʰʣʘʢʘ ʚ ʧʘʩʩʘʞʝ 

7 % ʧʦʟʚʦʣʠʣ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʩʪʝʧʝʥʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʰʣʘʢʘ ʚ 

ʂɾ ʙʝʟ ʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʦʮʝʥʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʤʝʪʘʣʣʦʚ ʚ ʢʘʞʜʦʤ ʧʘʩʩʘʞʝ. 

ʀʩʭʦʜʷ ʠʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʩʣʦʞʥʝʥʠʷ ʧʦʜʛʦʪʦʚʢʠ ʟʦʣʦʰʣʘʢʘ ʢ 

ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʶ ʟʘ ʩʯʝʪ ʧʨʦʚʝʜʝʥʠʷ ʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ, 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʦʙʦʞʞʝʥʥʳʤ ʠ ʥʝʦʙʦʞʞʝʥʥʳʤ ʙʫʨʦʫʛʦʣʴʥʳʤʠ 

ʟʦʣʦʰʣʘʢʘʤʠ ʦʪ ʩʞʠʛʘʥʠʷ ɸʟʝʡʩʢʠʭ ʫʛʣʝʡ [2]. 

ɿʘ ʦʢʦʥʯʘʥʠʝ ʢʘʞʜʦʛʦ ʧʘʩʩʘʞʘ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʢʘʥʜʠʷ ʠ ʜʨʫʛʠʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠʥʠʤʘʣʦʩʴ ʧʨʝʢʨʘʱʝʥʠʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 
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Fe3+ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ ʝʝ ʨʅ. ʂʘʢ ʫʩʪʘʥʦʚʣʝʥʦ, ʵʪʦ 

ʦʙʝʩʧʝʯʠʚʘʣʦ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʩʢʘʥʜʠʷ ʠʟ ʟʦʣʦʰʣʘʢʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

×ʈɿʄ (ʨʠʩʫʥʦʢ 1). 

 

ʈʠʩʫʥʦʢ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʳ ʜʣʷ ʦʙʦʞʞʝʥʥʦʛʦ ʠ ʥʝʦʙʦʞʞʝʥʥʦʛʦ 

ʟʦʣʦʰʣʘʢʦʚ ʚ ʭʦʜʝ ʤʥʦʛʦʧʘʩʩʘʞʥʦʛʦ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʠ ʮʝʣʝʚʳʭ ʤʝʪʘʣʣʦʚ ʙʘʢʪʝʨʠʷʤʠ 

At. ferrooxidans 

ʅʘʙʣʶʜʘʶʱʫʶʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʠʨʦʩʪʘ ʩʢʘʥʜʠʷ ʠ ʞʝʣʝʟʘ ʦʪ ʧʝʨʚʦʛʦ 

(7 %) ʧʘʩʩʘʞʘ ʢ ʚʪʦʨʦʤʫ (14 %) ʩ ʚʳʨʘʚʥʠʚʘʝʤ ʠʭ ʧʨʠʨʦʩʪʘ ʚ ʧʦʩʣʝʜʫʶʱʠʭ 

ʧʘʩʩʘʞʘʭ 3 (21 %) ʠ 4 (28 %), ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, ʘ ʠʤʝʥʥʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʬʘʟʦʡ 

ʨʦʩʪʘ ʙʘʢʪʝʨʠʡ At. ferrooxidans ʚ ʧʘʩʩʘʞʘʭ ˉˉ 1ï2 ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʘʟʦʡ ʠʭ 

ʨʘʟʚʠʪʠʷ ʚ ʧʘʩʩʘʞʘʭ ˉˉ 3ï4. ʀʩʭʦʜʷ ʠʟ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʮʝʣʝʚʳʭ ʤʝʪʘʣʣʦʚ ʚ ʯʝʪʚʝʨʪʦʤ ʧʘʩʩʘʞʝ, ʘ ʪʘʢʞʝ ʚ ʥʘʙʣʶʜʘʚʰʝʤʩʷ ʝʝ ʩʥʠʞʝʥʠʠ ʚ 

ʧʷʪʦʤ ʧʘʩʩʘʞʝ, ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʤʘʣʴʥʦʡ ʠʩʭʦʜʥʦʡ ʜʦʟʳ ʦʙʦʞʞʝʥʥʦʛʦ ʠ 

ʥʝʦʙʦʞʞʝʥʥʦʛʦ ʟʦʣʦʰʣʘʢʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ ʙʳʣʘ ʧʨʠʥʷʪʘ 

28 %. ɼʦʩʪʠʛʘʝʤʘʷ ʧʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʢʘʥʜʠʷ ʠ ×ʈɿʄ ʠʟ 

ʦʙʦʞʞʝʥʥʦʛʦ ʟʦʣʦʰʣʘʢʘ ʙʳʣʘ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʦʙʦʞʞʝʥʥʦʛʦ ʠ ʩʦʩʪʘʚʠʣʘ, %:  

95,47 ʠ 92,26 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʦʜʥʦʧʘʩʩʘʞʥʳʝ ʦʧʳʪʳ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʦʡ ʦʙʦʞʞʝʥʥʦʛʦ ʠ 

ʥʝʦʙʦʞʞʝʥʥʦʛʦ ʟʦʣʦʰʣʘʢʦʚ 28 % (ʨʠʩʫʥʦʢ 1, ʧʘʩʩʘʞʠ ʦʧʪʠʤ.) ʧʦʜʪʚʝʨʜʠʣʠ 

ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʜʦʟʳ ʟʦʣʦʰʣʘʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ 

ʟʦʣʦʰʣʘʢʘ ʙʘʢʪʝʨʠʷʤʠ At. ferrooxidans, ʧʨʦʠʩʭʦʜʷʱʝʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ 

ʩʦʙʩʪʚʝʥʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʧʦʥʝʥʪʘʭ, ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʩʫʙʩʪʨʘʪʝ Fe2+ ʠ ʬʦʩʬʦʨʝ, ʢʦʩʚʝʥʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠʟ ʥʝʛʦ ʢʘʢ ʩʢʘʥʜʠʷ, ʪʘʢ ʠ ×ʈɿʄ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʵʪʦ, ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ ʦʩʪʘʝʪʩʷ ʦʯʝʥʴ ʥʠʟʢʦʡ ʜʘʞʝ ʧʨʠ 

ʫʩʣʦʚʠʠ 100 % ʠʭ ʠʟʚʣʝʯʝʥʠʷ ʠ ʩʦʩʪʘʚʠʪ, ʤʛ/ʣ: ʜʣʷ ʩʢʘʥʜʠʷ ï ~ 20; ʜʣʷ ×ʈɿʄ ï ~ 183. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʫʯʠʪʳʚʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʩʣʦʞʥʦʩʪʴ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʩʢʘʥʜʠʷ ʠ ʜʨʫʛʠʭ ʈɿʄ ʠʟ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʂɾ, ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʠʟʫʯʝʥʠʝ 
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ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʢʘʥʜʠʷ ʚ ʂɾ ʟʘ ʩʯʝʪ ʧʦʠʩʢʘ ʥʦʚʳʭ 

ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ. 

ʂʘʢ ʫʩʪʘʥʦʚʣʝʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʟʳ ʟʦʣʦʰʣʘʢʘ ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʚʳʰʝ 

28 % (ʨʠʩʫʥʦʢ 1, ʧʘʩʩʘʞ ˉ 5) ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʮʝʣʝʚʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʚʷʟʠ ʩ ʫʭʫʜʰʝʥʠʝʤ ʫʩʣʦʚʠʡ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʙʘʢʪʝʨʠʡ At. ferrooxidans. ɺʳʩʦʢʠʝ ʜʦʟʳ ʟʦʣʦʰʣʘʢʘ ʚ ʂɾ ʧʦʚʳʰʘʶʪ 

ʧʦʚʨʝʞʜʝʥʠʷ ʙʘʢʪʝʨʠʡ, ʩʥʠʞʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠ ʥʘʩʳʱʝʥʠʷ 

ʂɾ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ, ʘ ʜʣʠʪʝʣʴʥʦʝ ʧʨʝʙʳʚʘʥʠʠ ʟʦʣʦʰʣʘʢʘ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ 

ʂɾ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠʟ ʥʝʛʦ ʥʝʮʝʣʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʚʳʰʘʶʱʠʭ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝ (ʩʫʭʦʡ ʦʩʪʘʪʦʢ) ʂɾ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʧʦʚʳʰʝʥʠʝ ʜʦʟʳ ʟʦʣʦʰʣʘʢʘ ʚ ʂɾ ʙʳʣʦ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʫʚʣʝʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʣʝʚʳʭ ʤʝʪʘʣʣʦʚ ʚ ʂɾ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ. ʊʘʢ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʢʘʥʜʠʷ ʠ ×ʈɿʄ ʠʟ ʟʦʣʦʰʣʘʢʘ, ʠʭ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʂɾ ʦʩʪʘʝʪʩʷ ʦʯʝʥʴ ʥʠʟʢʠʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʠʭ ʤʘʣʳʤ (75 ʠ 638 ʛ/ʪ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʟʦʣʦʰʣʘʢʝ, ʯʪʦ ʩʦʧʨʷʞʝʥʦ ʩ ʚʳʩʦʢʦʡ 

ʟʘʪʨʘʪʥʦʩʪʴʶ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʠʭ 

ʢʦʥʮʝʥʪʨʘʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩ ʵʪʠʤ ʧʨʦʜʦʣʞʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʠʩʢ ʨʝʰʝʥʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʣʝʚʳʭ ʤʝʪʘʣʣʦʚ ʚ 

ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. 

ɺʦʟʤʦʞʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ 

ʧʨʦʚʝʜʝʥʠʝ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ ʨʝʞʠʤʝ ʤʥʦʛʦʧʘʩʩʘʞʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʩ 

ʫʜʘʣʝʥʠʝʤ ʦʪʨʘʙʦʪʘʥʥʦʡ ʜʦʟʳ ʟʦʣʦʰʣʘʢʘ ʠʟ ʂɾ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʯʝʨʝʜʥʦʛʦ 

ʧʘʩʩʘʞʘ ʧʝʨʝʜ ʟʘʤʝʥʦʡ ʝʝ ʥʘ ʥʦʚʫʶ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʠʝ ʚʨʝʤʝʥʠ 

ʧʨʝʙʳʚʘʥʠʷ ʦʯʝʨʝʜʥʦʡ ʜʦʟʳ ʟʦʣʦʰʣʘʢʘ ʚ ʂɾ ʥʝ ʪʦʣʴʢʦ ʩʥʠʟʠʪ ʩʪʝʧʝʥʴ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠʟ ʥʝʝ ʥʝʮʝʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʠ ʧʦʟʚʦʣʠʪ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʘʵʨʠʨʦʚʘʥʠʷ ʠ ʬʠʣʴʪʨʦʚʘʥʠʷ ʂɾ. 

ʋʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʢʫ ʤʥʦʛʦʧʘʩʩʘʞʥʦʛʦ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʘʢʪʝʨʠʡ, 

ʟʘʢʣʶʯʘʶʱʫʶʩʷ ʚ ʜʦʙʘʚʢʝ ʦʪ ʧʘʩʩʘʞʘ ʢ ʧʘʩʩʘʞʫ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʤʘʩʩʝ ʜʦʟ 

ʟʦʣʦʰʣʘʢʘ, ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʜʦʟʳ ʟʦʣʦʰʣʘʢʘ ʙʳʣʘ ʚʳʙʨʘʥʘ 14 %, ʨʘʚʥʘʷ 

ʧʦʣʦʚʠʥʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʳ ï 28 %. ɿʘ ʬʘʢʪʦʨ, ʣʠʤʠʪʠʨʫʶʱʠʡ 

ʟʘʚʝʨʰʝʥʠʝ ʪʝʢʫʱʝʛʦ ʧʘʩʩʘʞʘ, ʙʳʣʦ ʧʨʠʥʷʪʦ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʝʢʨʘʱʝʥʠʝ ʧʨʠʨʦʩʪʘ ʚ ʂɾ, ʚʳʱʝʣʦʯʝʥʥʦʛʦ ʠʟ ʟʦʣʦʰʣʘʢʘ 

ʞʝʣʝʟʘ (Fe3+). 

ʇʦʩʣʝ ʧʘʩʩʘʞʘ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʡ ʦʪʨʘʙʦʪʘʥʥʳʡ ʦʩʘʜʦʢ ʟʦʣʦʰʣʘʢʘ 

ʧʨʦʤʳʚʘʣʠ ʥʘ ʬʠʣʴʪʨʝ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ 

ʧʨʠʩʦʝʜʠʥʷʣʠ ʧʨʦʤʳʚʥʫʶ ʚʦʜʫ ʢ ʬʠʣʴʪʨʘʪʫ ʂɾ, ʢʦʪʦʨʳʡ ʚʦʟʚʨʘʱʘʣʠ ʚ 

ʙʠʦʢʫʣʴʪʠʚʘʪʦʨ, ʚʥʦʩʠʣʠ ʚ ʥʝʛʦ ʩʣʝʜʫʶʱʫʶ ʜʦʟʫ ʟʦʣʦʰʣʘʢʘ ʠ ʧʨʦʚʦʜʠʣʠ 

ʦʯʝʨʝʜʥʦʡ ʧʘʩʩʘʞ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʧʦʚʪʦʨʷʷ ʚʩʝ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʧʨʦʮʝʜʫʨʳ 

ʦʪ ʧʘʩʩʘʞʘ ʢ ʧʘʩʩʘʞʫ. ʇʦʚʪʦʨʝʥʠʝ ʧʘʩʩʘʞʝʡ ʦʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦʩʣʝ ʩʥʠʞʝʥʠʷ ʠʣʠ 

ʧʨʝʢʨʘʱʝʥʠʷ ʧʦʣʥʦʪʳ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʞʝʣʝʟʘ ʠʟ ʦʯʝʨʝʜʥʦʡ ʧʦʨʮʠʠ ʟʦʣʦʰʣʘʢʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʳʙʨʘʥʥʦʡ ʧʦʨʮʠʦʥʥʦʡ ʜʦʙʘʚʢʠ ʟʦʣʦʰʣʘʢʘ 14 % ʧʦʟʚʦʣʠʣʦ 

ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʝ ʩʢʘʥʜʠʷ ʠ ×ʈɿʄ ʪʦʣʴʢʦ ʚ ʜʚʫʭ 

ʧʘʩʩʘʞʘʭ, ʪʦ ʝʩʪʴ ʧʨʠ ʩʫʤʤʘʨʥʦʡ ʜʦʟʝ ʟʦʣʦʰʣʘʢʘ ʚ ʂɾ 28 %, ʷʚʣʷʶʱʝʡʩʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʦʜʥʦʧʘʩʩʘʞʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʠʟ-ʟʘ ʩʦʭʨʘʥʝʥʠʷ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʨʠʨʦʩʪʘ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʠ ʞʝʣʝʟʘ ʚ ʂɾ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ 
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ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʘʩʩʘʞʘ ʩ 7 ʜʦ 4 ʩʫʪʦʢ, ʥʘʯʠʥʘʷ ʩ ʯʝʪʚʝʨʪʦʛʦ ʧʘʩʩʘʞʘ, ʵʢʩʧʝʨʠʤʝʥʪ 

ʙʳʣ ʧʨʦʜʦʣʞʝʥ ʜʦ ʧʘʩʩʘʞʘ ˉ 5, ʚʢʣʶʯʠʪʝʣʴʥʦ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʠʣ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʧʨʝʢʨʘʱʝʥʠʝ ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ ʩʢʘʥʜʠʷ, ʢʘʢ ʠ ×ʈɿʄ, ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝʤ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʘʢʪʝʨʠʡ At. ferrooxidans ʟʘ ʩʯʝʪ ʦʩʪʘʥʦʚʢʠ 

ʧʨʦʮʝʩʩʘ ʠ ʧʦʪʝʨʠ ʠʭ ʢʣʝʪʦʢ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʂɾ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʭʨʘʥʝʥʠʝ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ Fe3+ ʚ ʧʘʩʩʘʞʘʭ ˉˉ 3ï5, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʢʘʥʜʠʷ 

ʠ ×ʈɿʄ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʦʪʝʢʘʥʠʝʤ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʙʝʩʢʦʥʪʘʢʪʥʦʛʦ 

ʙʠʦʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʪ.ʝ. ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʝʤ ʥʘʢʦʧʣʝʥʥʳʭ ʚ ʂɾ ʤʝʪʘʙʦʣʠʪʦʚ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʙʘʢʪʝʨʠʡ At. ferrooxidans. 
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ʀʉʂʋʉʉʊɺɽʅʅʓʁ ʇʆʏɺʆɻʈʋʅʊ ʅɸ ʆʉʅʆɺɽ ɿʆʃʓ ʉɾʀɻɸʅʀʗ 

ʆʉɸɼʂɸ ʉʊʆʏʅʓʍ ɺʆɼ ɼʃʗ ɹʃɸɻʆʋʉʊʈʆʁʉʊɺɸ ɻʆʈʆɼʉʂʀʍ 

ʊɽʈʈʀʊʆʈʀʁ 

ʉʫʯʢʦʚ ɼ. ɺ. 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʧʝʨʘʪʨʠʮʳ ɽʢʘʪʝʨʠʥʳ IIè, 

ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ɼʣʷ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʧʨʦʙʣʝʤʘ 

ʦʙʨʘʱʝʥʠʷ ʩ ʦʩʘʜʢʘʤʠ ʩʪʦʯʥʳʭ ʚʦʜ (ʆʉɺ) ʩʦʭʨʘʥʷʝʪ ʚʳʩʦʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʅʘ 

ɻʋʇ çɺʦʜʦʢʘʥʘʣ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘè ʚʥʝʜʨʝʥʦ ʩʞʠʛʘʥʠʝ ʆʉɺ ʚ ʧʝʯʘʭ 

ʧʩʝʚʜʦʦʞʠʞʝʥʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʤʥʦʛʦʢʨʘʪʥʦ ʩʥʠʟʠʪʴ ʦʙʲʸʤ ʦʪʭʦʜʦʚ. 

ʆʜʥʘʢʦ ʝʞʝʛʦʜʥʦ ʦʙʨʘʟʫʝʪʩʷ ʦʢʦʣʦ 50 ʪʳʩ ʪʦʥʥ ʟʦʣʳ, ʢʦʪʦʨʘʷ ʧʦʣʥʦʩʪʴʶ 

ʚʳʚʦʟʠʪʩʷ ʥʘ ʧʦʣʠʛʦʥ çʉʝʚʝʨʥʳʡè (ʟʘʧʦʣʥʝʥ ʙʦʣʝʝ ʯʝʤ ʥʘ 90 % ʧʨʦʝʢʪʥʦʡ 

ʤʦʱʥʦʩʪʠ). ʈʘʟʤʝʱʝʥʠʝ ʦʪʭʦʜʘ ʚʙʣʠʟʠ ʞʠʣʳʭ ʢʚʘʨʪʘʣʦʚ ʩʦʟʜʘʸʪ ʪʝʭʥʦʛʝʥʥʫʶ 

ʫʛʨʦʟʫ ʠ ʧʨʦʪʠʚʦʨʝʯʠʪ ʟʘʜʘʯʘʤ ʧʝʨʝʭʦʜʘ ʢ ʵʢʦʥʦʤʠʢʝ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ. 

ʉʦʛʣʘʩʥʦ [1], ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʛʨʫʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʠʯʝʩʢʠ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʆʉɺ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʫʪʠʣʠʟʘʮʠʠ. ɿʦʣʘ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʝ 

ʜʦʨʦʞʥʳʭ ʦʪʢʦʩʦʚ [2, 3]. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʸʣʳʭ 

ʤʝʪʘʣʣʦʚ (ʊʄ) ʥʘʜʟʦʨʥʳʝ ʦʨʛʘʥʳ ʯʘʩʪʦ ʥʝ ʨʝʢʦʤʝʥʜʫʶʪ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. 

https://sciencedata.urfu.ru/portal/ru/persons/--(8664792d-1b0e-4d92-82f7-a05cbaec2185).html
https://sciencedata.urfu.ru/portal/ru/persons/--(14efaf34-1700-44c2-9f27-81990d1f2ae4).html
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ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʦʣʳ ʩʞʠʛʘʥʠʷ 

ʆʉɺ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʦʯʚʦʛʨʫʥʪʘ. ʆʙʲʝʢʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʟʦʣʘ ʩʞʠʛʘʥʠʷ ʆʉɺ ʖʛʦ-ɿʘʧʘʜʥʳʭ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ɻʋʇ çɺʦʜʦʢʘʥʘʣ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘè. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʚʣʠʷʥʠʷ ʟʦʣʳ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʨʘʩʪʝʥʠʡ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʜʦʧʫʩʪʠʤʳʝ ʜʦʟʳ 

ʚʥʝʩʝʥʠʷ. ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʪʘʥʦʚʣʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʵʬʬʝʢʪʘ ʚʥʝʩʝʥʠʷ ʟʦʣʳ ʚ ʜʦʟʝ ʜʦ 20 % (ʧʦ ʤʘʩʩʝ) ʥʘ ʚʩʭʦʞʝʩʪʴ ʠ 

ʙʠʦʤʘʩʩʫ Trifolium prat®nse ʧʨʠ ʧʦʜʪʚʝʨʞʜʝʥʠʠ IV ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ ʦʪʭʦʜʘ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ï ʨʘʟʨʘʙʦʪʢʘ ʩʦʩʪʘʚʘ ʦʨʛʘʥʦʤʠʥʝʨʘʣʴʥʦʡ ʧʦʯʚʦʩʤʝʩʠ 

ʜʣʷ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 
ɿʦʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʧʦʨʦʰʦʢ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. 

ʆʪʙʦʨ ʧʨʦʙ ʚʳʧʦʣʥʝʥ ʧʦ ʤʝʪʦʜʠʢʝ [4]. ʂʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʸʥ 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ Niton XLt 898. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ Pb, Zn, Mn, Cu ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʩʧʝʢʪʨʦʤʝʪʨ ɸɸʉ-7000, Shimadzu, ʗʧʦʥʠʷ) ʧʦ ʤʝʪʦʜʠʢʝ [5]. 

ʂʣʘʩʩ ʦʧʘʩʥʦʩʪʠ ʨʘʩʩʯʠʪʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʆ çʈʘʩʯʸʪ ʢʣʘʩʩʘ 

ʦʧʘʩʥʦʩʪʠ ʦʪʭʦʜʦʚ 2.0è ʩʦʛʣʘʩʥʦ [6] ʠ ʧʦʜʪʚʝʨʞʜʸʥ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝʤ ʥʘ 

ʪʝʩʪ-ʢʫʣʴʪʫʨʳ ʭʣʦʨʝʣʣʳ [7]. 

ɼʦʧʫʩʪʠʤʳʝ ʜʦʟʳ ʚʥʝʩʝʥʠʷ ʟʦʣʳ ʚ ʧʦʯʚʫ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʤʝʪʦʜʠʢʝ [8]. 

ʄʦʜʝʣʴʥʳʝ ʧʦʯʚʦʩʤʝʩʠ (ʢʦʥʪʨʦʣʴ ï 100 ʛ ʧʦʯʚʳ; ʦʧʳʪ ï ʜʦʙʘʚʢʘ ʟʦʣʳ 5, 

10, 15, 20 ʛ ʥʘ 100 ʛ ʧʦʯʚʳ, ʨʠʩʫʥʦʢ 1) ʠʩʧʳʪʳʚʘʣʠʩʴ ʥʘ Trifolium prat®nse. 

ɺʳʩʝʚʘʣʠ ʧʦ 25 ʩʝʤʷʥ ʥʘ ʦʙʨʘʟʝʮ, ʧʦʣʠʚ 3 ʨʘʟʘ ʚ ʥʝʜʝʣʶ ʧʦ 50 ʤʣ. ʂʠʩʣʦʪʥʦʩʪʴ 

ʩʦʣʝʚʦʡ ʚʳʪʷʞʢʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʦ ʤʝʪʦʜʠʢʝ [9]. 

 

ʈʠʩʫʥʦʢ 1 ï ʉʦʩʪʘʚ ʧʦʯʚʦʩʤʝʩʠ ʤʦʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 
ʉʦʜʝʨʞʘʥʠʝ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ. ʋʩʪʘʥʦʚʣʝʥʳ ʧʨʝʚʳʰʝʥʠʷ: Zn ï 

1740 ʤʛ/ʢʛ (7,9 ʆɼʂ), Pb ï 200 ʤʛ/ʢʛ (6,3 ʇɼʂ), Cu ï 492 ʤʛ/ʢʛ (3,7 ʆɼʂ). 

ʉʫʤʤʘʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘʛʨʷʟʥʝʥʠʷ Zc = 15,9, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ 
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ʟʘʛʨʷʟʥʝʥʠʷ [10]. ʂʣʘʩʩ ʦʧʘʩʥʦʩʪʠ ï IV (ʤʘʣʦʦʧʘʩʥʳʡ), ʧʦʜʪʚʝʨʞʜʸʥ 

ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝʤ. 

ʈʘʩʯʸʪ ʜʦʧʫʩʪʠʤʳʭ ʜʦʟ. ʇʨʠ ʚʥʝʩʝʥʠʠ ʟʦʣʳ ʠʟ ʨʘʩʯʸʪʘ 28,53 ʪ/ʛʘ ʚ ʛʦʜ 

(ʣʠʤʠʪʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ï Zn) ʩʦʜʝʨʞʘʥʠʝ ʊʄ ʚ ʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʥʝ 

ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʘʪʠʚʦʚ (ʪʘʙʣʠʮʘ). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʨʝʜʥʝʡ ʝʞʝʛʦʜʥʦʡ ʜʦʟʳ ʚʥʝʩʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʦʯʚʫ 

Me 
ʅʦʨʤʘʪʠʚʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʇʦʯʚʘ ɿʦʣʘ ɼʜʦʧ ɼʩʨ ʌ+ɼ 

ʤʛ/ʢʛ ʛ/ʛʘ ʪ/ʛʘĿʛʦʜ ʤʛ/ʢʛ 

Mn 1 500 30 965 3 510 000 363,73 52,29 

Pb 32 3 200 678 00 33,90 7,62 

Cu 132 3 492 307 800 62,56 14,37 

Zn 220 10,5 1 740 496 500 28,53 50,69 

ɺʝʛʝʪʘʮʠʦʥʥʳʡ ʦʧʳʪ. ʇʝʨʚʳʝ ʚʩʭʦʜʳ ï ʥʘ 3 ʩʫʪʢʠ. ɺ ʢʦʥʪʨʦʣʝ ʚʩʭʦʞʝʩʪʴ 

88 %. ɺ ʦʙʨʘʟʮʘʭ ʩ ʜʦʙʘʚʢʦʡ 5 ʠ 10 ʛ ʟʦʣʳ ʚʩʭʦʞʝʩʪʴ ʜʦʩʪʠʛʣʘ 100 % (ʥʘ 5ï6 

ʩʫʪʢʠ). ʆʙʨʘʟʝʮ ʩ 20 ʛ ʟʦʣʳ ʧʦʢʘʟʘʣ ʚʩʭʦʞʝʩʪʴ ʥʠʞʝ ʢʦʥʪʨʦʣʴʥʦʡ (ʨʠʩʫʥʦʢ 2). 

ʋʩʪʘʥʦʚʣʝʥʦ ʧʦʚʳʰʝʥʠʝ pH ʩʦʣʝʚʦʡ ʚʳʪʷʞʢʠ ʥʘ 1,5ï2 ʝʜ. ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʷ (5,03 ʝʜ. pH). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʘʷ ʜʦʙʘʚʢʘ ʟʦʣʳ ï ʜʦ 10 ʛ ʥʘ 

100 ʛ ʧʦʯʚʳ (ʥʝ ʙʦʣʝʝ 20 % ʧʦ ʤʘʩʩʝ). 

ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʠʢʘ ʚʩʭʦʞʝʩʪʠ ʦʙʨʘʟʮʦʚ 

 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. ʇʨʝʜʣʦʞʝʥ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʧʨʠʛʦʜʥʦʩʪʠ ʦʪʭʦʜʘ ʜʣʷ ʧʦʯʚʦʛʨʫʥʪʦʚ: 

¶ ʈʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʘʥʘʣʠʟ 

(ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ). 

¶ ʈʘʩʯʸʪ ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ + ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝ. 

¶ ʆʧʨʝʜʝʣʝʥʠʝ pH ʩʦʣʝʚʦʡ ʚʳʪʷʞʢʠ. 

¶ ʈʘʩʯʸʪ ʜʦʧʫʩʪʠʤʳʭ ʜʦʟ ʚʥʝʩʝʥʠʷ. 

¶ ɺʝʛʝʪʘʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ (ʚʩʭʦʞʝʩʪʴ, ʙʠʦʤʘʩʩʘ). 
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ʕʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʈʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʟʦʣʳ ʤʦʞʥʦ ʥʘ ʧʨʠʤʝʨʝ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʨʦʞʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, 

ʪʨʝʙʫʶʱʠʭ ʦʟʝʣʝʥʠʪʝʣʴʥʦʛʦ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ. ʉ ʫʯʝʪʦʤ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʜʦʨʦʛ, 

ʪʨʝʙʫʶʱʠʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʨʝʤʦʥʪʘ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ [11] ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ [12], ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ 

ʨʘʩʯʝʪʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʜʦʨʦʛ ʚ ʦʪʢʦʩʘʭ [13] ʠ ʧʨʠʙʨʦʚʦʯʥʳʭ ʧʦʣʦʩʘʭ 

[14], ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʦʯʚʦʛʨʫʥʪʘ ʥʘ ʦʩʥʦʚʝ ʟʦʣʳ ʆʉɺ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘ ʧʣʦʱʘʜʠ ʧʦʨʷʜʢʘ 40 ʛʘ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʟʘʤʝʥʠʪʴ 1141 ʪ 

ʧʨʠʚʦʟʥʦʛʦ ʛʨʫʥʪʘ (ʠʟ ʨʘʩʯʝʪʘ ʚʥʝʩʝʥʠʷ 28,53 ʪ/ʛʘĿʛʦʜ). ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ï 

ʤʝʥʝʝ ʛʦʜʘ. ʇʨʝʜʦʪʚʨʘʱʸʥʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ ʦʪ ʧʨʝʢʨʘʱʝʥʠʷ 

ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 64 ʤʣʥ ʨʫʙ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɿʦʣʘ ʩʞʠʛʘʥʠʷ ʆʉɺ ɻʋʇ çɺʦʜʦʢʘʥʘʣ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘè ʠʤʝʝʪ IV ʢʣʘʩʩ 

ʦʧʘʩʥʦʩʪʠ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʦʩʪʘʚʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʦʯʚʦʛʨʫʥʪʦʚ ʧʨʠ 

ʜʦʟʝ ʚʥʝʩʝʥʠʷ ʥʝ ʙʦʣʝʝ 28,53 ʪ/ʛʘ ʚ ʛʦʜ (ʜʦ 20 % ʧʦ ʤʘʩʩʝ). ɺ ʚʝʛʝʪʘʮʠʦʥʥʦʤ 

ʦʧʳʪʝ ʥʘ Trifolium prat®nse ʧʦʜʪʚʝʨʞʜʝʥʦ ʫʣʫʯʰʝʥʠʝ ʚʩʭʦʞʝʩʪʠ ʠ ʨʦʩʪʘ 

ʨʘʩʪʝʥʠʡ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʥʥʦ ʚʳʙʠʨʘʪʴ 

ʦʪʭʦʜʳ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʫ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 
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ɿɸʄʂʅʋʊʓʁ ʈɽʉʋʈʉʅʓʁ ʎʀʂʃ ʀ ʈɸɿɺʀʊʀɽ ʎʀʂʃʀʏɽʉʂʆʁ 

ʕʂʆʅʆʄʀʂʀ: ʀʅʅʆɺɸʎʀʀ ʀ ʇɽʈʉʇɽʂʊʀɺʓ 

ʊʦʧʦʣʴʩʢʘʷ ɺ. ɺ., ɿʘʙʠʨʦʚʘ ʄ. ɼ., ʍʦʭʣʦʚʘ ʃ. ʀ. 

ʌɻɹʆʋ ɺʆ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʧʦ ɿʝʤʣʝʫʩʪʨʦʡʩʪʚʫè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʙʳʩʪʨʳʡ ʨʦʩʪ ʥʘʩʝʣʝʥʠʷ, ʫʨʙʘʥʠʟʘʮʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ ʠ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʦʚʳʰʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ ʤʦʜʝʣʷʤ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʤ 

ʥʘ ʧʨʠʥʮʠʧʘʭ ʮʠʢʣʠʯʝʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʵʢʦʥʦʤʠʢʠ ʟʘʤʢʥʫʪʦʛʦ ʨʝʩʫʨʩʥʦʛʦ 

ʮʠʢʣʘ. ʊʘʢʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ, ʤʠʥʠʤʠʟʘʮʠʶ ʦʪʭʦʜʦʚ ʠ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʚʪʦʨʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʨʝʩʫʨʩʦʚ ʥʘ ʚʩʝʭ 

ʵʪʘʧʘʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʦʜʫʢʮʠʠ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 
ʂʦʥʮʝʧʮʠʷ ʵʢʦʥʦʤʠʢʠ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʦʜʥʦʨʘʟʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʥʘʮʝʣʝʥʘ ʥʘ ʠʭ ʩʦʭʨʘʥʝʥʠʝ 

ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʟʘ ʩʯʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʚʦʟʚʨʘʪʘ 

ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ [1]. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ 

ʧʨʦʜʫʢʪʘ ʠ ʵʢʦʥʦʤʠʢʦʡ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ, ʦʩʥʦʚʘʥʳ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ 

ʢʦʥʮʝʧʮʠʷʭ: 

1. ʇʦʥʷʪʠʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʦʚʘʨʘ ʦʧʠʩʳʚʘʝʪ ʵʪʘʧʳ, ʢʦʪʦʨʳʝ 

ʧʨʦʭʦʜʠʪ ʧʨʦʜʫʢʪ ʦʪ ʤʦʤʝʥʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ ʫʪʠʣʠʟʘʮʠʠ. 

2. ʕʢʦʥʦʤʠʢʘ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʤʠʥʠʤʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʣʠʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʦʜʫʢʪʦʚ. 
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3.  ʂʦʥʮʝʧʮʠʷ ʵʢʦ ʜʠʟʘʡʥʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʨʘʟʙʠʨʘʶʪʩʷ ʠ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ. ʕʢʦ ʜʠʟʘʡʥ ʫʯʠʪʳʚʘʝʪ ʚʝʩʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʧʨʦʜʫʢʪʘ, 

ʚʢʣʶʯʘʷ ʪʘʢʠʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʩʪʦʪʘ 

ʨʘʟʙʦʨʢʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ [2]. 

ʈʝʩʫʨʩʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ (ʦʨʛʘʥʠʢʘ) ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦ 

ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʙʠʦʩʬʝʨʫ ʯʝʨʝʟ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ ʠʣʠ ʘʥʘʵʨʦʙʥʦʝ ʨʘʟʣʦʞʝʥʠʝ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ (ʤʝʪʘʣʣʳ, ʧʣʘʩʪʠʢʠ) ʩʦʟʜʘʥʳ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦʛʦ ʮʠʨʢʫʣʠʨʦʚʘʥʠʷ 

ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ. ɼʘʥʥʳʡ ʧʨʠʥʮʠʧ ʧʦʟʚʦʣʷʝʪ ʚʦʚʣʝʢʘʪʴ 

ʧʨʦʜʫʢʪʳ ʦʙʨʘʪʥʦ ʚ ʦʙʦʨʦʪ, ʩʦʭʨʘʥʷʷ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʵʢʦʥʦʤʠʢʠ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ï ʧʨʠ 

ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʚ ʠʜʝʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʙʦʨʦʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, 

ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʜʦʣʞʥʳ ʩʪʘʥʦʚʠʪʴʩʷ ʨʝʟʝʨʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʥʘʙʞʝʥʠʷ [3]. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʠʜʝʘʣʴʥʦ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʠʪʴʩʷ 

ʧʨʝʜʝʣʴʥʦʡ ʧʦʣʝʟʥʦʩʪʠ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʟʘʪʨʘʪ ʥʘ 

ʦʜʥʫ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʘʯʝʩʪʚʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ [4]. ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʢʦʥʮʝʧʮʠʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ (ʨʠʩʫʥʦʢ 1), ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʮʠʦʥʘʣʴʥʦʤ 

ʧʦʪʨʝʙʣʝʥʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ 

ʠ ʢʦʥʝʯʥʦʩʪʴʶ ʨʝʩʫʨʩʦʚ. ʋʩʧʝʰʥʦʡ ʤʦʜʝʣʴʶ ʜʣʷ ʕɿʎ ʙʫʜʝʪ çʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʣʷ 

ʨʘʟʙʦʨʢʠè, ʠʩʧʦʣʴʟʫʶʱʝʝ ʤʦʜʫʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʨʝʤʦʥʪʘ. 

 
ʈʠʩʫʥʦʢ 1 ï ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ɺʥʝʜʨʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʵʢʦʥʦʤʠʢʠ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʤʦʞʝʪ ʩʪʘʪʴ 

ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʠʩʪʦʱʝʥʠʷ ʨʝʩʫʨʩʦʚ ʚ ʈʦʩʩʠʠ. ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʧʨʠʚʝʜʝʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʠ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʣʫʯʰʝʥʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʠʟʥʝʩʘ. 

ʅʦʚʝʡʰʠʝ ʨʝʰʝʥʠʷ 

ʀʥʥʦʚʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʚʝʩʴ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʠʟʜʝʣʠʷ, ʦʧʪʠʤʠʟʠʨʫʷ ʧʨʦʮʝʩʩʳ ʨʘʟʙʦʨʢʠ ʠ ʦʮʝʥʠʚʘʷ 

ʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜ ʝʱʝ ʥʘ ʵʪʘʧʝ ʜʠʟʘʡʥʘ. ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 
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ʜʘʥʥʳʭ ʦ ʩʦʩʪʦʷʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʠʭ ʪʝʢʫʱʠʭ ʧʘʨʘʤʝʪʨʘʭ ʠ ʩʦʩʪʦʷʥʠʠ 

ʩʨʝʜʳ (ʨʠʩʫʥʦʢ 2), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʩʢʨʳʪʳʝ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʇʦʚʩʝʤʝʩʪʥʦʝ ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʥʘ ʨʝʘʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʪʦʯʥʦ ʚʳʷʚʣʷʪʴ ʦʪʢʣʦʥʝʥʠʷ ʚ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, ʚ ʢʦʪʦʨʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʨʘʙʦʪʘʝʪ ʚ ʠʟʙʳʪʦʯʥʳʭ ʨʝʞʠʤʘʭ, ʯʪʦ ʩʝʨʴʝʟʥʦ ʩʥʠʟʠʪ ʘʚʘʨʠʡʥʦʩʪʴ [5]. 

ɺʥʝʜʨʝʥʠʝ çʧʨʠʥʮʠʧʦʚ ʙʝʟʦʪʭʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè ʠʩʢʣʶʯʘʝʪ ʧʦʧʘʜʘʥʠʝ 

ʪʦʢʩʠʥʦʚ ʚ ʵʢʦʩʠʩʪʝʤʳ, ʩʥʠʞʘʷ ʨʠʩʢʠ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʨʘʢʘ ʣʝʛʢʠʭ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʩʧʦʩʦʙʥʘ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ CO2 ʥʘ 7,5 ɻʪ ʟʘ 

ʜʝʩʷʪʠʣʝʪʠʝ. ʇʝʨʝʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʪʨʝʙʫʝʪ ʢʨʘʪʥʦ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ: ʥʘʧʨʠʤʝʨ, 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʪʦʨʠʯʥʦʛʦ ʘʣʶʤʠʥʠʷ ʵʢʦʥʦʤʠʪ 95 % ʵʥʝʨʛʦʟʘʪʨʘʪ. ʆʨʛʘʥʠʯʝʩʢʠʝ 

ʦʪʭʦʜʳ ʯʝʨʝʟ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʧʨʠʨʦʜʥʳʡ ʢʘʧʠʪʘʣ ʧʦʯʚ [6]. 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʨ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʮʠʬʨʦʚʳʤ ʜʚʦʡʥʠʢʦʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʦʩʩʠʠ ʫʞʝ ʧʨʠʥʷʪʳ ʤʝʨʳ ʧʦ ʚʥʝʜʨʝʥʠʶ ʕɿʎ: 

ʌʝʜʝʨʘʣʴʥʳʡ ʧʨʦʝʢʪ çʕʢʦʥʦʤʠʢʘ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘè ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɹʫʮʘʝʚʘ 

ɼʝʥʠʩʘ ʇʝʪʨʦʚʠʯʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥʘ ʚʦʚʣʝʯʝʥʥʦʩʪʴ 

ʝʞʝʛʦʜʥʦ ʦʙʨʘʟʫʝʤʳʭ ʦʪʭʦʜʦʚ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʠʯʥʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʩʳʨʴʷ. ʂʣʶʯʝʚʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʝʢʪʘ ʢ 2030 ʛʦʜʫ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ: 

ʨʝʘʣʠʟʘʮʠʷ ʦʪʨʘʩʣʝʚʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ɺʈ ʠ ɺʉ ʠʟ ʦʪʭʦʜʦʚ ʚ ʩʬʝʨʘʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ɾʂʍ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʨʝʘʣʠʟʘʮʠʷ ʤʝʨ 

ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ, ʥʝ ʧʦʜʣʝʞʘʱʠʭ 

ʧʝʨʝʨʘʙʦʪʢʝ, ʚ ʮʝʣʷʭ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʠ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ 

ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʙʨʘʱʝʥʠʷ ʩ ʊʂʆ [7]. 

ʕɿʎ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʣʛʦʩʨʦʯʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʧʝʨʝʜ 

ʣʠʮʦʤ ʧʨʠʪʦʢʘ 3 ʤʠʣʣʠʘʨʜʦʚ ʥʦʚʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʢ 2030 ʛʦʜʫ. ɿʘʤʢʥʫʪʳʡ ʮʠʢʣ 

ʩʥʠʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʦʣʘʪʠʣʴʥʳʭ ʨʳʥʢʦʚ ʧʝʨʚʠʯʥʦʛʦ ʩʳʨʴʷ ʠ ʧʦʣʠʪʠʯʝʩʢʠʭ 

ʨʠʩʢʦʚ ʧʦʩʪʘʚʦʢ. 

Biolive ʊʫʨʮʠʷ 

Biolive ʧʦʷʚʠʣʠʩʴ ʚ 2016 ʛʦʜʫ ʚ ʠʥʢʫʙʘʮʠʦʥʥʦʤ ʮʝʥʪʨʝ ʉʪʘʤʙʫʣʴʩʢʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʆʩʥʦʚʘʣʘ ʢʦʤʧʘʥʠʶ ɼʫʡʛʫ ʁʳʣʤʘʟ ï ʭʠʤʠʢ, ʤʦʣʦʜʘʷ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʥʠʮʘ ʚ ʦʙʣʘʩʪʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ. ʀʜʝʷ ʧʨʠʰʣʘ ʚ ʛʦʣʦʚʫ ʜʝʚʫʰʢʝ 

ʙʣʘʛʦʜʘʨʷ ʦʪʮʫ, ʢʦʪʦʨʳʡ ʦʯʝʥʴ ʣʶʙʠʪ ʦʣʠʚʢʠ ʠ ʦʩʪʘʚʣʷʝʪ ʧʦʩʣʝ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ 

ʢʦʩʪʦʯʝʢ. ʆʥʘ ʨʝʰʠʣʘ ʜʝʣʘʪʴ ʙʠʦʧʣʘʩʪʠʢ ʠʟ ʦʣʠʚʢʦʚʳʭ ʢʦʩʪʦʯʝʢ. ʂ ʧʨʦʝʢʪʫ 

ʧʨʠʩʦʝʜʠʥʠʣʠʩʴ ʜʚʦʝ ʝʝ ʢʦʣʣʝʛ. ʇʦ ʠʭ ʨʘʩʩʢʘʟʘʤ, ʧʝʨʚʳʡ ʦʙʨʘʟʝʮ ʧʨʦʜʫʢʮʠʠ 

ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʜʦʤʘʰʥʝʡ ʣʘʙʦʨʘʪʦʨʠʠ. ʄʦʣʦʜʳʝ ʣʶʜʠ ʧʨʝʟʝʥʪʦʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ 

https://www.crunchbase.com/organization/biolive
https://www.bbc.com/future/article/20190124-how-olive-stones-could-help-replace-plastic
https://www.bbc.com/future/article/20190124-how-olive-stones-could-help-replace-plastic
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ʩʚʦʝʡ ʨʘʙʦʪʳ. ʂ 2019 ʛʦʜʫ ʢʦʤʘʥʜʘ ʧʦʣʫʯʠʣʘ 3,5 ʪ ʧʣʘʩʪʠʢʘ ʠʟ 5 ʪ ʢʦʩʪʦʯʝʢ. 

Loop (ʂʘʥʘʜʘ) 

ɹʳʣʘ ʦʩʥʦʚʘʥʘ ʚ 2015 ʛʦʜʫ ɼʘʥʠʵʣʝʤ ʉʦʣʦʤʠʪʘ ʚ ʊʝʨʨʝʙʦʥʥʝ (ʂʘʥʘʜʘ). 

ʉʦʣʦʤʠʪʘ ʨʘʙʦʪʘʣ 12 ʣʝʪ ʠʥʞʝʥʝʨʦʤ-ʢʦʤʧʴʶʪʝʨʱʠʢʦʤ ʚ ʢʦʤʧʘʥʠʠ Bell 

(Canada). ɺ 2011 ʦʥ ʫʰʝʣ ʠʟ Bell ʠ ʚʦʟʛʣʘʚʠʣ ʧʨʦʝʢʪ ʧʦ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʩʚʘʣʦʢ ʚ 

ʖʞʥʦʡ ʂʘʨʦʣʠʥʝ. çɿʘ ʵʪʦ ʚʨʝʤʷ ʷ ʧʦʟʥʘʢʦʤʠʣʩʷ ʩ ʭʠʤʠʢʦʤ, ʫ ʢʦʪʦʨʦʛʦ ʙʳʣʘ 

ʦʨʠʛʠʥʘʣʴʥʘʷ ʠʜʝʷ ʜʣʷ ʥʘʰʝʡ ʪʝʭʥʦʣʦʛʠʠ (ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ ʥʝʡʣʦʥʘ). ʗ 

ʧʨʦʬʠʥʘʥʩʠʨʦʚʘʣ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʄʦʥʨʝʘʣʝ ï ʨʘʩʩʢʘʟʳʚʘʝʪ ʉʦʣʦʤʠʪʘ. 

ʂʦʤʧʘʥʠʷ ʨʘʩʱʝʧʣʷʝʪ ʥʘ ʤʦʣʝʢʫʣʳ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ 

(ʇʕʊ) ʠ ʧʦʣʠʵʬʠʨʥʦʝ ʚʦʣʦʢʥʦ (ʜʘʞʝ ʟʘʛʨʷʟʥʝʥʥʦʝ) ʠ ʩʦʟʜʘʝʪ ʩʳʨʴʝ, ʧʨʠʛʦʜʥʦʝ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʧʘʢʦʚʢʠ ʠ ʪʝʢʩʪʠʣʷ. ɿʘ ʛʦʜʳ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ Loop 

ʟʘʢʣʶʯʠʣʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʘʨʪʥʝʨʩʪʚʘ ʩ Coca-Cola, PepsiCo, Danone (Evian), ʘ 

ʪʘʢʞʝ ʩ ʚʝʜʫʱʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʪʝʢʩʪʠʣʷ ʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [8]. 

ʇʨʦʙʣʝʤʳ ʥʘ ʧʫʪʠ ʚʥʝʜʨʝʥʠʷ 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʧʝʨʝʭʦʜ ʢ ʮʠʢʣʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

(ʕɿʎ) ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʵʢʦʥʦʤʠʢʘ ʦʩʪʘʝʪʩʷ 

çʟʘʙʣʦʢʠʨʦʚʘʥʥʦʡè, ʚ ʨʘʤʢʘʭ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʦʚʘʨʳ ʯʘʩʪʦ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʢʘʢ ʩʣʦʞʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ, ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʣʝʛʢʦʡ ʨʘʟʙʦʨʢʠ ʠʣʠ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʤʘʩʩʦʚʦʡ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ 

(ʦʩʦʙʝʥʥʦ ʚ ʵʣʝʢʪʨʦʥʠʢʝ) ʜʝʣʘʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠ ʩʣʦʞʥʳʤ ʠ 

ʜʦʨʦʛʦʩʪʦʷʱʠʤ. 

ʉʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʩʦʨʪʠʨʦʚʢʠ ʯʘʩʪʦ ʥʝʵʬʬʝʢʪʠʚʥʳ ʠʣʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʯʪʦ 

ʤʝʰʘʝʪ ʢʦʤʧʘʥʠʷʤ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ ʩʪʘʙʠʣʴʥʦʤʫ ʧʦʪʦʢʫ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ. ɺ ʈʦʩʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʬʠʮʠʪ ʤʦʱʥʦʩʪʝʡ ʜʣʷ ʛʣʫʙʦʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʩʣʦʞʥʳʭ ʦʪʭʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʵʣʝʢʪʨʦʥʠʢʘ ʠ ʢʦʤʧʦʟʠʪʳ. 

ʅʘ ʕɿʎ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʜʝʡʩʪʚʫʶʱʝʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ: ʩʫʱʝʩʪʚʫʶʱʘʷ 

ʩʠʩʪʝʤʘ ʦʙʣʘʛʘʝʪ ʥʘʣʦʛʦʤ ʪʨʫʜ (ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʨʝʩʫʨʩ), ʥʦ ʦʩʪʘʚʣʷʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʥʘʣʦʛʦʚʳʤ ʧʦʪʨʝʙʣʝʥʠʝ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʧʝʨʚʠʯʥʦʛʦ ʩʳʨʴʷ. 

ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʦʪʭʦʜʦʚ ʥʘ ʧʦʣʠʛʦʥʘʭ ʜʝʣʘʝʪ ʧʝʨʝʨʘʙʦʪʢʫ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʜʣʷ ʯʘʩʪʥʳʭ ʠʥʚʝʩʪʦʨʦʚ. 

ɺ ʈʦʩʩʠʠ ʩʪʘʪʫʩ çʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷè ʶʨʠʜʠʯʝʩʢʠ ʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʯʪʦ 

ʩʦʟʜʘʝʪ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʙʘʨʴʝʨʳ ʜʣʷ ʙʠʟʥʝʩʘ. ʄʝʭʘʥʠʟʤʳ ʨʘʩʰʠʨʝʥʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʯʘʩʪʦ ʩʣʘʙʦ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʩ ʨʝʘʣʴʥʳʤ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʨʳʥʢʦʚ ʚʪʦʨʩʳʨʴʷ. 

ʇʨʦʜʫʢʪʦʚʘʷ ʫʪʠʣʠʟʘʮʠʷ ʥʘʮʝʣʝʥʘ ʥʘ ʧʨʦʜʣʝʥʠʝ ʩʨʦʢʘ ʩʣʫʞʙʳ ʪʦʚʘʨʘ, 

ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ ʧʣʘʪʬʦʨʤʳ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʨʘʟʣʠʯʥʳʝ ʧʨʦʛʨʘʤʤʳ 

ʧʦ ʨʝʤʦʥʪʫ ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʥʦʚʳʭ 

ʩʧʦʩʦʙʦʚ ʧʨʦʜʣʝʥʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʪʦʚʘʨʘ ʷʚʣʷʶʪʩʷ ʦʙʥʦʚʣʝʥʠʷ ʇʆ ʧʦ 

ʚʦʟʜʫʭʫ. ʅʦʚʦʝ ʇʆ ʧʦʚʳʰʘʝʪ ʦʩʪʘʪʦʯʥʫʶ ʩʪʦʠʤʦʩʪʴ ʪʦʚʘʨʘ, ʪʘʢ ʢʘʢ 

ʦʧʪʠʤʠʟʠʨʫʝʪ ʝʛʦ ʨʘʙʦʪʫ. 

ʄʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʫʞʝ ʜʘʚʥʦ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʩʪʨʘʪʝʛʠʠ 

ʤʘʪʝʨʠʘʣʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʩʪʘʨʘʶʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʜʫʢʮʠʶ ʠʟ 

ʤʝʥʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ ʙʣʘʛʦʜʘʨʷ ʜʦʩʪʠʞʝʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʀʀ ʠ 

https://www.mewburn.com/news-insights/in-conversation-with-an-innovator-daniel-solomita-ceo-and-founder-of-loop-industries
https://www.mewburn.com/news-insights/in-conversation-with-an-innovator-daniel-solomita-ceo-and-founder-of-loop-industries
https://chemstations.com/knowledge_center/loop_industries_case_study
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ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʘʪʝʨʠʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʭʦʜʠʪ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. 

ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʷ SXD Zero Waste (ʟʘʥʠʤʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʫʪʠʣʠʟʘʮʠʝʡ ʦʪʭʦʜʦʚ ï ʧʨʠʤ. ʨʝʜ.) 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷ ʐʝʣʣʠ ʉʶ ʧʨʠʤʝʥʷʝʪ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʜʣʷ 

ʨʝʜʠʟʘʡʥʘ ʤʘʢʝʪʦʚ ʦʜʝʞʜʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʝʟʢʦʚ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʶʪʩʷ ʩʚʠʪʝʨʳ, ʧʣʘʪʴʷ ʠʣʠ ʙʨʶʢʠ ʩ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʫʣʝʚʳʤʠ ʦʪʭʦʜʘʤʠ ʪʢʘʥʠ ʠ ʩʥʠʞʝʥʥʳʤʠ ʥʘ 55 % ʟʘʪʨʘʪʘʤʠ. ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ 

ʞʝ ʜʠʟʘʡʥʝ ʦʩʪʘʸʪʩʷ 10ï30 % ʦʪʭʦʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʟʥʝʩʫ ʥʝʦʙʭʦʜʠʤʦ 

ʧʝʨʝʩʤʦʪʨʝʪʴ ʫʩʪʘʨʝʚʰʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʦʙʫʯʝʥʠʝ 

ʢʣʠʝʥʪʦʚ B2B ʦ ʧʦʪʝʥʮʠʘʣʝ ʵʢʦʥʦʤʠʠ ʟʘʪʨʘʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʜʦʚʳʭ 

ʥʘʫʯʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʦ ʠ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʮʝʧʦʯʢʠ ʧʦʩʪʘʚʦʢ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʩʦʢʨʘʪʠʪʴ 

ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

ɹʦʣʝʝ ʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʧʦʜʭʦʜʫ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʩʥʠʟʠʪʴ ʚʨʝʜʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʝʨʝʭʦʜ ʢ ʮʠʢʣʠʯʝʩʢʦʡ ʵʢʦʥʦʤʠʢʝ (ʕɿʎ) ï ʵʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʨʘʟʲʝʜʠʥʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʟʘʤʢʥʫʪʳʡ ʨʝʩʫʨʩʥʳʡ ʮʠʢʣ ʠ ʨʘʟʚʠʪʠʝ ʮʠʢʣʠʯʝʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʷʚʣʷʶʪʩʷ 

ʢʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʝʨʝʭʦʜʘ ʢ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʤʫ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʦʪʚʝʪʩʪʚʝʥʥʦʤʫ ʨʘʟʚʠʪʠʶ ʦʙʱʝʩʪʚʘ. ɺʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʩʪʨʘʪʝʛʠʡ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ, ʩʥʠʟʠʪʴ ʦʙʲʝʤ ʦʪʭʦʜʦʚ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʮʠʢʣʠʯʝʩʢʦʡ ʵʢʦʥʦʤʠʢʠ ʦʪʢʨʳʚʘʶʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʙʠʟʥʝʩʘ, ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ, ʩʧʦʩʦʙʩʪʚʫʷ 

ʥʝ ʪʦʣʴʢʦ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʨʦʩʪʫ. ɺ ʫʩʣʦʚʠʷʭ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʭʦʜʘ ʢ ʤʦʜʝʣʷʤ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ, ʠʤʝʥʥʦ ʵʪʠ ʢʦʥʮʝʧʮʠʠ ʙʫʜʫʪ ʠʛʨʘʪʴ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʙʫʜʫʱʝʛʦ ʥʘ ʧʫʪʠ ʢ ʙʦʣʝʝ ʛʘʨʤʦʥʠʯʥʦʤʫ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʶ ʯʝʣʦʚʝʢʘ ʠ ʧʨʠʨʦʜʳ. 
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ʋɼʂ 678.5:631.1 

ʈɸɿɺʀʊʀɽ ʄɽʊʆɼʆɺ ʇʈʆʀɿɺʆɼʉʊɺɸ ʇʆʃʀʄɽʈʅʓʍ 

ʂʆʄʇʆɿʀʎʀʆʅʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʉ ʇʈʀʄɽʅɽʅʀɽʄ 

ɺʊʆʈʀʏʅʆɻʆ ʉʓʈʔʗ ɸɻʈʆʇʈʆʄʓʐʃɽʅʅʓʍ ʂʆʄʇʃɽʂʉʆɺ 

ʎʟʠʥʴ ʃʴʶʡ, ɹʦʙʦʤʫʨʦʜʦʚ ʐ. ʋ., ʉʢʦʧʠʥʮʝʚ ʀ. ɺ. 

ʌɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 
ʇʨʦʙʣʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ 

ʤʠʨʦʚʦʛʦ ʥʘʩʝʣʝʥʠʷ ʠ ʜʝʬʠʮʠʪʘ ʨʝʩʫʨʩʦʚ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʸ ʙʦʣʴʰʫʶ 

ʘʢʪʫʘʣʴʥʦʩʪʴ. ɺ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ (ɸʇʂ) ʝʞʝʛʦʜʥʦ ʦʙʨʘʟʫʶʪʩʷ 

ʩʦʪʥʠ ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ï ʩʪʝʙʣʠ ʠ ʩʦʣʦʤʘ 

ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʬʨʫʢʪʦʚʦ-ʦʚʦʱʥʳʝ ʦʪʭʦʜʳ, ʥʘʚʦʟ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ʊʨʘʜʠʮʠʦʥʥʦ ʦʥʠ ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʩʞʠʛʘʥʠʝʤ ʠʣʠ ʜʝʧʦʥʠʨʦʚʘʥʠʝʤ 

ʥʘ ʧʦʣʠʛʦʥʘʭ, ʯʪʦ ʥʘʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʠ ʚʣʝʯʸʪ 

ʥʝʨʘʮʠʦʥʘʣʴʥʦʝ ʨʘʩʭʦʜʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ [1]. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ 

ɸʇʂ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʘʨʤʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʇʂʄ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʵʢʦʩʠʩʪʝʤʫ, ʫʤʝʥʴʰʠʪʴ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʧʦʣʫʯʠʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [2, 3]. ʅʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ ʜʘʥʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ: ʨʳʥʦʢ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʣʘʩʪʠʢʦʚ ʜʦʩʪʠʛ 

$5,43 ʤʣʨʜ ʚ 2023 ʛʦʜʫ ʠ, ʧʦ ʧʨʦʛʥʦʟʘʤ, ʫʜʚʦʠʪʩʷ ʢ 2030 ʛʦʜʫ [4]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʂʄ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ɸʇʂ, ʦʮʝʥʢʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ 

ʢʦʤʧʦʟʠʪʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ɸʇʂ 
ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʂ ʨʘʩʪʠʪʝʣʴʥʳʤ ʦʪʥʦʩʷʪʩʷ ʩʪʝʙʣʠ 

ʟʣʘʢʦʚʳʭ ʢʫʣʴʪʫʨ (ʩʦʣʦʤʘ ʧʰʝʥʠʮʳ, ʨʠʩʘ, ʢʫʢʫʨʫʟʳ), ʦʩʪʘʪʢʠ ʧʣʦʜʦʚ ʠ ʦʚʦʱʝʡ, 

ʭʣʦʧʢʦʚʳʝ ʠ ʯʘʡʥʳʝ ʦʪʭʦʜʳ. ɾʠʚʦʪʥʦʚʦʜʯʝʩʢʠʝ ʦʪʭʦʜʳ ʚʢʣʶʯʘʶʪ ʥʘʚʦʟ ʠ 

ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ [1]. 

ʉʦʣʦʤʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʚʠʜʦʤ ʨʘʩʪʠʪʝʣʴʥʳʭ 
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ʦʪʭʦʜʦʚ: ʚʳʭʦʜ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1,5 ʜʦ 3 ʪʦʥʥ ʥʘ ʪʦʥʥʫ ʟʝʨʥʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: 

ʮʝʣʣʶʣʦʟʘ ï 35ï45 %, ʛʝʤʠʮʝʣʣʶʣʦʟʘ ï 25ï30 %, ʣʠʛʥʠʥ ï 15ï20 %. ʊʘʢʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʝʸ ʧʨʠʛʦʜʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʣʠʛʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʇʂʄ. ɸʛʨʦʦʪʭʦʜʳ ï ʨʠʩʦʚʘʷ ʰʝʣʫʭʘ, ʞʤʳʭ 

ʩʘʭʘʨʥʦʛʦ ʪʨʦʩʪʥʠʢʘ, ʩʪʝʙʣʠ ʢʫʢʫʨʫʟʳ ï ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʮʝʣʣʶʣʦʟʳ (ʜʦ 40ï50 %), ʯʪʦ ʧʨʠʜʘʸʪ ʧʨʦʯʥʦʩʪʴ ʠ ʞʸʩʪʢʦʩʪʴ ʧʦʣʫʯʘʝʤʳʤ 

ʢʦʤʧʦʟʠʪʘʤ [5]. 

ʌʨʫʢʪʦʚʦ-ʦʚʦʱʥʳʝ ʦʪʭʦʜʳ (ʢʦʞʫʨʘ, ʩʝʤʝʥʘ, ʞʤʳʭ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ (ʜʦ 90 %) ʠ ʙʦʛʘʪʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʡ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʧʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʢ ʧʦʣʠʤʝʨʘʤ. ɺʚʝʜʝʥʠʝ ʦʪʭʦʜʦʚ ɸʇʂ ʚ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʧʦʣʠʤʝʨʳ ï ʧʦʣʠʧʨʦʧʠʣʝʥ, ʧʦʣʠʵʪʠʣʝʥ ï ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʟʜʘʥʠʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [6]. 

2. ʊʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʧʦʣʥʠʪʝʣʝʡ ʇʂʄ 
ɺʳʙʦʨ ʤʝʪʦʜʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ɸʇʂ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʦʥʝʯʥʦʤʫ ʥʘʧʦʣʥʠʪʝʣʶ. 

ʌʠʟʠʯʝʩʢʘʷ (ʤʝʭʘʥʠʯʝʩʢʘʷ) ʦʙʨʘʙʦʪʢʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʟʤʝʣʴʯʝʥʠʝ, 

ʛʨʘʥʫʣʠʨʦʚʘʥʠʝ ʠ ʧʨʝʩʩʦʚʘʥʠʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʠ ʦʙʣʝʛʯʝʥʠʷ 

ʩʤʝʰʠʚʘʥʠʷ ʩ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ. ʊʝʨʤʠʯʝʩʢʘʷ ʩʫʰʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ 

ʦʩʪʘʪʦʯʥʦʡ ʚʣʘʞʥʦʩʪʠ ʜʦ 3ï5 %, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʢʘʯʝʩʪʚʘ ʇʂʄ. 

ʍʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʚʢʣʶʯʘʝʪ ʱʝʣʦʯʥʦʡ ʠ ʢʠʩʣʦʪʥʳʡ ʛʠʜʨʦʣʠʟ ʩ ʮʝʣʴʶ 

ʨʘʟʨʫʰʝʥʠʷ ʣʠʛʥʠʥʦʮʝʣʣʶʣʦʟʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʧʦʚʳʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚʦʣʦʢʥʘ. ʑʝʣʦʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʚʦʨʦʤ NaOH (5ï10 %) ʫʚʝʣʠʯʠʚʘʝʪ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ ʠ ʫʣʫʯʰʘʝʪ ʘʜʛʝʟʠʶ ʢ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʝ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʇʂʄ ʫʣʫʯʰʘʶʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʤʝʞʬʘʟʥʦʛʦ 

ʩʮʝʧʣʝʥʠʷ ʤʝʞʜʫ ʚʦʣʦʢʥʦʤ ʠ ʤʘʪʨʠʮʝʡ ï ʟʘ ʩʯʸʪ ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʨʘʙʦʪʦʢ (ʱʝʣʦʯʥʦʡ, ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ, ʧʣʘʟʤʝʥʥʦʡ) [7]. 

ʊʝʨʤʦʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ (ʧʠʨʦʣʠʟ ʧʨʠ 400ï600 0C) ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʙʠʦʯʘʨ ï ʚʳʩʦʢʦʫʛʣʝʨʦʜʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ, ʫʣʫʯʰʘʶʱʠʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʙʘʨʴʝʨʥʳʝ ʩʚʦʡʩʪʚʘ ʇʂʄ. ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ï ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʜʝʛʨʘʜʘʮʠʷ 

ʠ ʘʵʨʦʙʥʦʝ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ ï ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʩ ʟʘʜʘʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ. 

3. ʊʝʭʥʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʇʂʄ 
ʂʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʘ ʇʂʄ ʷʚʣʷʶʪʩʷ 

ʦʙʲʸʤʥʘʷ ʠ ʤʘʩʩʦʚʘʷ ʜʦʣʠ ʥʘʧʦʣʥʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʥʘʧʦʣʥʠʪʝʣʷ W_f ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ: 

ὡ   
ά̎

ά̎   ά̍
  ρππϷȟ 

ʛʜʝ mʥ ï ʤʘʩʩʘ ʥʘʧʦʣʥʠʪʝʣʷ, mʤ ï ʤʘʩʩʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ. ʇʨʠ mʥ = 30 ʛ ʠ mʤ 

= 100 ʛ: Wf = 30 / 130 Ĭ 100% å 23,1%. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʸʤʥʦʡ ʜʦʣʠ ʫʯʠʪʳʚʘʶʪʩʷ ʧʣʦʪʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʇʨʠʤʝʨ: ʧʣʦʪʥʦʩʪʴ ʩʦʣʦʤʝʥʥʦʛʦ ʚʦʣʦʢʥʘ ʧʦʩʣʝ ʱʝʣʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ɟʥ å 1,4 
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ʛ/ʩʤį, ʧʣʦʪʥʦʩʪʴ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʦʡ ʤʘʪʨʠʮʳ ɟʤ å 0,91 ʛ/ʩʤį: 

ὠ  

ά̎
”̎

ά̎
”̎
  
ά̍
”̍

  ρππϷ  ρφȟσϷȢ 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʢʦʤʧʦʟʠʪʘ E_c ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʨʘʚʠʣʫ ʩʤʝʩʝʡ [8]: 

Ὁ  ὠ  Ὁ̎  ὠ̍  Ὁ̍ȟ 

ʛʜʝ Eʥ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʥʘʧʦʣʥʠʪʝʣʷ, Eʤ ï ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʤʘʪʨʠʮʳ. ʇʨʠ Eʥ 

= 40 ɻʇʘ (ʮʝʣʣʶʣʦʟʥʦʝ ʚʦʣʦʢʥʦ), Eʤ = 1,5 ɻʇʘ (ʧʦʣʠʧʨʦʧʠʣʝʥ), Vf = 0,163: Ec å 

7,8 ɻʇʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ ʜʣʷ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʥʘʪʫʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʬʦʨʤʦʚʘʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ 20ï40 0C ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʤʘʪʨʠʮʳ. ɼʣʷ ʧʦʣʠʧʨʦʧʠʣʝʥʘ (Tʧʣ å 165 0C) ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ 

ʩʦʩʪʘʚʣʷʝʪ 185ï205 0C. ɺʨʝʤʷ ʩʤʝʰʝʥʠʷ ʚ ʵʢʩʪʨʫʜʝʨʝ ï 15ï30 ʤʠʥ ʧʨʠ ʩʢʦʨʦʩʪʠ 

ʰʥʝʢʘ 40ï60 ʦʙ/ʤʠʥ. 

4. ʉʚʦʡʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʇʂʄ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ɸʇʂ 
ɺʚʝʜʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ ʦʙʲʸʤʥʳʭ ʜʦʣʷʭ 10ï30 % 

ʠʟʤʝʥʷʝʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʇʂʄ. ʇʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ 

ʥʝʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʤ ʩʦʩʪʘʚʝ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʥʘ 10ï20 %, ʦʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʧʘʪʠʙʠʣʠʟʘʪʦʨʦʚ (ʤʘʣʝʠʥʠʟʠʨʦʚʘʥʥʳʡ ʧʦʣʠʧʨʦʧʠʣʝʥ ï MAPP) ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʵʪʦ ʩʥʠʞʝʥʠʝ. ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 

15ï40 % ʟʘ ʩʯʸʪ ʘʨʤʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ [3]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʇʂʄ ʥʘ ʦʩʥʦʚʝ PLA ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʠʟ ʩʪʝʙʣʷ ʘʨʪʠʰʦʢʘ 

ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 10ï40 % ʤʘʩʩ ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ï 

ʭʘʨʘʢʪʝʨʥʘʷ ʪʝʥʜʝʥʮʠʷ, ʪʨʝʙʫʶʱʘʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʘ [8]. ɼʣʷ ʥʘʧʦʣʥʠʪʝʣʝʡ 

ʠʟ ʦʪʭʦʜʦʚ ɸʇʂ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚʥʦʩʠʪ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʝ (5ï20 % ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʚʦʣʦʢʥʘ ʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ), ʯʪʦ ʩʣʫʞʠʪ ʦʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ [2]. 

ʇʂʄ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ɸʇʂ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʦʛʦʥʘʞʥʳʭ ʠʟʜʝʣʠʡ (ʜʝʢʠʥʛ, ʧʣʠʥʪʫʩ), ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʠʪ, 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʠʥʚʝʥʪʘʨʷ, ʘ ʪʘʢʞʝ ʪʘʨʳ ʠ ʫʧʘʢʦʚʢʠ ʜʣʷ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ 2023 ʛʦʜʫ ʈʆʉɹʀʆʊɽʍ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʇʂʄ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʠʟ ʦʪʭʦʜʦʚ ɸʇʂ (ʩʚʝʢʦʣʴʥʳʡ ʞʦʤ, ʦʚʩʷʥʘʷ 

ʣʫʟʛʘ, ʰʝʣʫʭʘ ʛʨʝʯʠʭʠ) ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ 

ʙʘʨʴʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʨʠʛʦʜʥʳ ʜʣʷ ʢʦʥʪʘʢʪʘ ʩ ʧʠʱʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ [6]. 

5. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ɸʇʂ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʇʂʄ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ: ʩʥʠʞʘʝʪʩʷ ʦʙʲʸʤ ʦʪʭʦʜʦʚ, ʥʘʧʨʘʚʣʷʝʤʳʭ 

ʥʘ ʩʞʠʛʘʥʠʝ ʠ ʟʘʭʦʨʦʥʝʥʠʝ, ʫʤʝʥʴʰʘʶʪʩʷ ʚʳʙʨʦʩʳ COϜ (ʥʘ 20ï35 % ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʥʘʧʦʣʥʠʪʝʣʷʤʠ), ʩʦʢʨʘʱʘʝʪʩʷ ʧʦʪʨʝʙʣʝʥʠʝ 

ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ. ʈʳʥʦʢ ʧʝʨʝʨʘʙʦʪʢʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʚ ʈʦʩʩʠʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʤʝʨʝʥʥʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ ʚʩʣʝʜʩʪʚʠʝ ʘʢʪʠʚʠʟʘʮʠʠ 

ʩʧʨʦʩʘ ʩʦ ʩʪʦʨʦʥʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʧʠʱʝʚʦʡ ʦʪʨʘʩʣʝʡ [9]. 
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ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴʶ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ: ʩʪʦʠʤʦʩʪʴ ʩʦʣʦʤʳ ï 1ï3 ʪʳʩ ʨʫʙ/ʪ ʧʨʦʪʠʚ 30ï80 ʪʳʩ ʨʫʙ/ʪ 

ʜʣʷ ʩʪʝʢʣʷʥʥʦʛʦ ʚʦʣʦʢʥʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʛʦʪʦʚʦʛʦ ʇʂʄ ʥʘ 15ï25 %. 

ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʚ 

ʤʘʩʩʦʚʳʭ ʩʝʛʤʝʥʪʘʭ ʨʳʥʢʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʜʝʢʦʨʘʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʙʘʨʴʝʨʳ: 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʩʦʩʪʘʚʘ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʚʳʩʦʢʦʝ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ 

ʥʘʪʫʨʘʣʴʥʳʭ ʚʦʣʦʢʦʥ ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʥʠʤ ʫʭʫʜʰʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠʟʜʝʣʠʡ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ. ʈʝʰʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ʠ ʧʨʠʤʝʥʝʥʠʝ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ 

[7]. ɺʚʝʜʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʧʣʘʚʦʚ ʧʦʣʠʵʪʠʣʝʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʩ ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʠʟ ʦʪʭʦʜʦʚ ɸʇʂ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʙʠʦʜʝʩʪʨʫʢʮʠʠ ʤʘʪʝʨʠʘʣʘ, 

ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʫʧʘʢʦʚʦʯʥʳʭ ʧʣʸʥʦʢ [10]. 

ɿʘʢʣʶʯʝʥʠʝ 
ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ɸʇʂ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʘʧʦʣʥʠʪʝʣʝʡ ʇʂʄ ʧʦʢʘʟʘʣ, ʯʪʦ ʬʠʟʠʯʝʩʢʘʷ, ʭʠʤʠʯʝʩʢʘʷ ʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʘʷ 

ʧʨʝʜʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʘʧʦʣʥʠʪʝʣʠ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʊʝʭʥʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʩ ʤʦʜʫʣʝʤ ʫʧʨʫʛʦʩʪʠ 6ï10 

ɻʇʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ 15ï25 % ʦʙ. 

ʇʨʠʤʝʥʝʥʠʝ ʚʪʦʨʠʯʥʦʛʦ ʩʳʨʴʷ ɸʇʂ ʚ ʇʂʄ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʦʯʝʪʘʶʱʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ 

ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʤʧʘʪʠʙʠʣʠʟʠʨʫʶʱʠʭ ʩʠʩʪʝʤ, ʧʦʚʳʰʝʥʠʠ 

ʚʣʘʛʦʩʪʦʡʢʦʩʪʠ ʙʠʦʢʦʤʧʦʟʠʪʦʚ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʈʝʮʠʢʣʠʥʛ ʦʪʭʦʜʦʚ ʚ ɸʇʂ ʩʧʨʘʚʦʯʥʠʢ / ʄ-ʚʦ ʩʝʣ. ʭʦʟ-ʚʘ ʈʌ, ʌɻɹʅʋ "ʈʦʩ. ʅʀʀ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʪʝʭʥ.-ʵʢʦʥ. ʠʩʩʣʝʜ. ʧʦ ʠʥʞ.-ʪʝʭʥ. ʦʙʝʩʧʝʯʝʥʠʶ ʘʛʨʦʧʨʦʤ. ʢʦʤʧʣ."; [ɻʦʣʫʙʝʚ ʀ.ɻ. 

ʠ ʜʨ., ʨʝʜ.: ʃ.ʊ.ʄʝʭʨʘʜʟʝ, ɺ.ʀ. ʉʠʜʦʨʦʚʘ]. ʄʦʩʢʚʘ: ʌɻɹʅʋ "ʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭ", 2011. 296 ʩ. 

2. Shelly, Daksh & Singhal, Varun & Jaidka et al. (2025). Mechanical performance of bioȤbased 

fiber reinforced polymer composites: A review. Polymer Composites. 46. S9-S43. 10.1002/pc.30000.  

3. Khoaele, Katleho & Mphahlele, Justice & Gbadeyan et al. Current Approaches on Natural 

Fiber Reinforcement Surface Treatment for Construction Material Application. International Journal 

of Polymer Science. 2024. 

4. ɹʠʦʨʘʟʣʘʛʘʝʤʳʝ ʧʣʘʩʪʠʢʠ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://ru.wikipedia.org/wiki /ɹʠʦʨʘʟʣʘʛʘʝʤʳʝ_ʧʣʘʩʪʠʢʠ?ysclid=mncn2090hu153796721. 

5. Rajaram, Srinivasan & Subbiah, Thirugnanam & Arockiasamyet al. (2024). Transforming 

Agricultural Waste into Sustainable Composite Materials: Mechanical Properties of Tamarindus 

Fruit Fiber (TFF)-Reinforced Polylactic Acid Composites. Engineering Proceedings. 61. 32. 

10.3390/engproc2024061032. 

6. ɹʠʦʨʘʟʣʘʛʘʝʤʳʝ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʜʣʷ ʫʧʘʢʦʚʢʠ ʤʷʩʥʦʡ ʧʨʦʜʫʢʮʠʠ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://meat-expert.ru/articles/764-biorazlagaemye- 

polimernye-kompozitsii-dlya-upakovki-myasnoy-produktsii. 

7. Mylsamy, Bhuvaneshwaran & Shanmugam, Senthil & Aruchamy, Karthik & Palanisamy, 

Sivasubramanian & Rajini, N. (2024). A review on natural fiber composites: Polymer matrices, fiber 



127  

surface treatments, fabrication methods, properties, and applications. Polymer Engineering & 

Science. 64. 2345-2373. 10.1002/pen.26713. 

8. ķen, Ķ., Sever, K. Production and characterization of agricultural waste natural fiber-filled 

polylactic acid composites. Polym. Bull. 82, 4051ï4074 (2025). 

9. ʇʝʨʝʨʘʙʦʪʢʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ: ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʙʠʟʥʝʩ ʚ ʈʌ [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://marketing.rbc.ru/articles/11775/. 

10. ɹʠʦʨʘʟʣʘʛʘʝʤʳʝ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʫʟʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.dissercat. 

com/content/biorazlagaemye-polimernye-kompozitsii-modifitsirovannye-ultrazvukovoi-obrabotkoi-

v-protsesse. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



128  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʘʟʜʝʣ 3 

 
ʕʂʆʃʆɻʀʏɽʉʂʀɽ ʀ 

ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʂʆʄʇʃɽʂʉʓ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



129  

ʋɼʂ 630.4 

ʀɿʄɽʅɽʅʀɽ ʂɸʊɽɻʆʈʀʀ ʉɸʅʀʊɸʈʅʆɻʆ ʉʆʉʊʆʗʅʀʗ ɽʃʆɺʓʍ 

ɼʈɽɺʆʉʊʆɽɺ ɺ ɿɸɺʀʉʀʄʆʉʊʀ ʆʊ ʋʉʃʆɺʀʁ 

ʄɽʉʊɸʇʈʆʀɿʈɸʉʊɸʅʀʗ 

 
ɸʛʘʬʦʥʦʚʘ ʊ. ʅ.1, 2, ɺʝʜʝʨʥʠʢʦʚ ʂ. ɽ.2, ʅʦʚʦʞʠʣʦʚ ɸ. ʉ.1 

1ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
2 ʋʜʤʫʨʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʞʝʚʩʢ, ʈʦʩʩʠʷ 

 

ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ɽʣʦʚʳʝ ʣʝʩʘ ʩʣʫʞʘʪ ʩʨʝʜʦʡ ʦʙʠʪʘʥʠʷ ʜʣʷ ʤʥʦʛʠʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, 

ʞʠʚʦʪʥʳʭ, ʛʨʠʙʦʚ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ 

ʣʝʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʘʥʳ [11]. ʄʝʞʜʫ ʪʝʤ ʚ ʥʘʯʘʣʝ XXI  

ʩʪʦʣʝʪʠʷ ʬʠʢʩʠʨʫʝʪʩʷ ʩʥʠʞʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʝʣʦʚʳʭ ʣʝʩʦʚ ʠ ʫʭʫʜʰʝʥʠʝ ʠʭ 

ʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʘʨʝʘʣʘ ʨʦʜʘ Picea. ʅʘʠʙʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʨʘʡʦʥʘʭ ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʝʣʦʚʳʭ ʣʝʩʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʋʜʤʫʨʪʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠ ̫ʝʣʦʚʳʭ ʣʝʩʦʚ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʨʝʜʠʪʝʣʝʡ ʠ ʙʦʣʝʟʥʝʡ, ʯʪʦ 

ʪʦʞʝ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ [4]. 

ʄʘʩʩʦʚʦʝ ʫʩʳʭʘʥʠʝ ʝʣʴʥʠʢʦʚ ʧʦʚʳʰʘʝʪ ʧʦʞʘʨʥʫʶ ʦʧʘʩʥʦʩʪʴ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʜʝʛʨʘʜʘʮʠʠ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ [2]. ʅʝʙʣʘʛʦʧʨʠʷʪʥʦʝ ʩʘʥʠʪʘʨʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʝʣʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʝʝ ʛʦʜʦʚʦʡ ʧʨʠʨʦʩʪ ʠ ʚʳʟʚʘʪʴ 

ʧʦʩʪʝʧʝʥʥʫʶ ʛʠʙʝʣʴ [9]. ʉʚʦʝʚʨʝʤʝʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʵʪʠ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. 

ɽʣʴʥʠʢʠ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʣʝʩʘ, ʧʦʛʣʦʱʘʶʪ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. ʆʜʥʘʢʦ 

ʦʩʣʘʙʣʝʥʥʳʝ ʠ ʧʦʛʠʙʘʶʱʠʝ ʜʝʨʝʚʴʷ ʧʝʨʝʩʪʘʶʪ ʚʳʧʦʣʥʷʪʴ ʵʪʫ ʬʫʥʢʮʠʶ ʠ ʜʘʞʝ 

ʤʦʛʫʪ ʩʪʘʪʴ ʠʩʪʦʯʥʠʢʦʤ ʚʳʙʨʦʩʦʚ CO  ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ [12]. ʂʦʥʪʨʦʣʴ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʣʝʩʦʚ ʧʦʤʦʛʘʝʪ ʦʮʝʥʠʚʘʪʴ ʫʛʣʝʨʦʜʥʳʡ ʙʘʣʘʥʩ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʤʝʨʳ 

ʧʦ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ [6]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʝʣʴʥʠʢʦʚ ï ʥʝ ʧʨʦʩʪʦ ʥʘʫʯʥʘʷ 

ʟʘʜʘʯʘ, ʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʩʪʦʡʯʠʚʦʛʦ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ, ʩʦʭʨʘʥʝʥʠʷ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ ʠ ʙʦʨʴʙʳ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ [5]. ʈʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, 

ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʳʝ ʤʝʨʳ ʟʘʱʠʪʳ 

ʧʦʤʦʛʫʪ ʩʦʭʨʘʥʠʪʴ ʝʣʦʚʳʝ ʣʝʩʘ ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ [7]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʫʯʝʥʠʝ ʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʝʣʦʚʳʭ ʣʝʩʦʚ ʚ 

ʪʘʝʞʥʦʡ ʟʦʥʝ ʇʨʝʜʫʨʘʣʴʷ ʥʘ ʧʨʠʤʝʨʝ ʋʜʤʫʨʪʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, ʚʳʷʚʣʝʥʠʝ 

ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʛʠʙʝʣʠ ʦʩʦʙʝʡ ʚ ʜʨʝʚʦʩʪʦʝ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2024-2025 ʛʛ. ʚ ʪʘʝʞʥʦʡ ʟʦʥʝ ɽʚʨʦʧʝʡʩʢʦʡ 

ʯʘʩʪʠ ʈʌ. ɼʣʷ ʦʮʝʥʢʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʝʣʦʚʳʭ 

ʜʨʝʚʦʩʪʦʝʚ ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʧʨʦʙʥʳʝ ʧʣʦʱʘʜʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʦʙʱʝ ʧʨʠʥʷʪʳʭ 

ʤʝʪʦʜʠʢ [8]. ʋʯʘʩʪʢʠ ʝʣʦʚʦʛʦ ʣʝʩʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʙʠʨʘʣʠʩʴ ʩ ʥʘʣʠʯʠʝʤ 

ʫʩʳʭʘʶʱʠʭ ʠ ʧʦʛʠʙʰʠʭ ʦʩʦʙʝʡ, ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʣʝʩʘ.  

ʅʘ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʷʭ ʦʮʝʥʠʚʘʣʩʷ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʜʨʝʚʦʩʪʦʷ, ʘ ʪʘʢʞʝ 

ʪʘʢʩʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʚʦʟʨʘʩʪ, ʚʳʩʦʪʘ, ʜʠʘʤʝʪʨ) ʜʨʝʚʦʩʪʦʷ. ʉʘʥʠʪʘʨʥʦʝ 
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ʩʦʩʪʦʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʦʩʦʙʝʡ ʠ ʜʨʝʚʦʩʪʦʷ ʚ ʮʝʣʦʤ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʢʨʠʪʝʨʠʷʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʇʦʩʪʘʥʦʚʣʝʥʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 9 ʜʝʢʘʙʨʷ 2020 ʛʦʜʘ ˉ 2047. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʝʩʪʘ ʠ ʫʩʣʦʚʠʡ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʥʘ ʩʘʥʠʪʘʨʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʜʨʝʚʦʩʪʦʝʚ ʙʳʣʠ ʟʘʣʦʞʝʥʳ 2 ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʠ (ʇʇ7, 

ʇʇ8), ʛʜʝ ʜʨʝʚʦʩʪʦʠ ʠʤʝʣʠ ʣʫʯʰʝʝ ʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ 

ʩʨʘʚʥʝʥʠʷ ʩ ʇʇ ʥʘ ʢʦʪʦʨʳʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʫʩʳʭʘʥʠʝ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʜʨʝʚʦʩʪʦʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʢʦʥʪʨʦʣʴʥʳʝ 

ʧʨʦʙʥʳʝ ʧʣʦʱʘʜʠ ʟʘʢʣʘʜʳʚʘʣʠʩʴ ʚ ʪʠʧʘʭ ʣʝʩʘ ʧʦʜʦʙʥʳʭ ʪʝʤ, ʛʜʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 

ʫʩʳʭʘʶʱʠʝ ʠ ʫʩʦʭʰʠʝ ʜʨʝʚʦʩʪʦʠ (ɽʏ ʠ ɽʐʊ). 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʙʥʳʭ ʧʣʦʱʘʜʝʡ ʥʘ ʢʘʨʪʝ ʀʛʨʠʥʩʢʦʛʦ 

ʨʘʡʦʥʘ ʋʜʤʫʨʪʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ɺʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʝʣʦʚʳʝ ʜʨʝʚʦʩʪʦʠ ʧʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ ʦʪʥʦʩʠʣʠʩʴ ʢ 

ʩʤʝʰʘʥʥʳʤ, ʚʦʟʨʘʩʪʥʘʷ ʛʨʫʧʧʘ ï ʦʪ ʧʨʠʩʧʝʚʘʶʱʠʭ ʜʦ ʩʧʝʣʳʭ, ʧʦ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ï 1-3 ʢʣʘʩʩ ʙʦʥʠʪʝʪʘ (ʪʘʙʣʠʮʘ 1). 

ʀʩʩʣʝʜʫʝʤʳʝ ʜʨʝʚʦʩʪʦʠ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪʣʠʯʠʝ ʧʦ ʧʦʣʥʦʪʝ. 

ɺʘʨʴʠʨʦʚʘʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʣʥʦʪʳ ʦʪ 0,3 ʜʦ 0,7. ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʛʠʙʰʠʭ ʜʝʨʝʚʴʝʚ ʥʘ ʇʇ 2,4,5 ʠ 6. ɺ ʵʪʠʭ 

ʜʨʝʚʦʩʪʦʷʭ ʦʙʲʝʤ ʩʫʭʦʩʪʦʡʥʦʡ ʜʨʝʚʝʩʠʥʳ ʧʨʠʤʝʨʥʦ ʨʘʚʝʥ ʦʙʲʝʤʫ 

ʩʳʨʦʩʨʘʩʪʫʱʝʡ. 
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ʊʘʙʣʠʮʘ 1 ï ʆʩʥʦʚʥʳʝ ʣʝʩʦʚʦʜʩʪʚʝʥʥʦ-ʪʘʢʩʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʩʩʣʝʜʫʝʤʳʭ ʝʣʦʚʳʭ 

ʜʨʝʚʦʩʪʦʝʚ 

ˉ 

ʇʇ 
ʉ
ʦ
ʩ
ʪ
ʘ
ʚ
 
ʜ
ʨ
ʝ
ʚ
ʦ
ʩ
ʪ
.

 

ʇ
ʦ
ʨ
ʦ
ʜ
ʘ

 

ɺ
ʦ
ʟ
ʨ
ʘ
ʩ
ʪ
,
 
ʣ
ʝ
ʪ

 

ʉʨʝʜʥʠʝ 

ʂ
ʣ
ʘ
ʩ
ʩ
 
ʙ
ʦ
ʥ
ʠ
ʪ
ʝ
ʪ
ʘ

 

ʊ
ʠ
ʧ
 
ʣ
ʝ
ʩ
ʦ
ʨ
ʘ
ʩ
ʪ
.
 

ʫ
ʩ
ʣ
ʦ
ʚ
ʠ
ʡ

 

ʆ
ʪ
ʥ
ʦ
ʩ
ʠ
ʪ
ʝ
ʣ
ʴ
ʥ
ʘ
ʷ
 

ʧ
ʦ
ʣ
ʥ
ʦ
ʪ
ʘ

 

ɻ
ʫ
ʩ
ʪ
ʦ
ʪ
ʘ
,
 
ʰ
ʪ
/
ʛ
ʘ

 ɿʘʧʘʩ, ʤ3/ʛʘ. 

ɼ
ʠ
ʘ
ʤ
ʝ
ʪ
ʨ
,
 
ʩ
ʤ

 

ɺ
ʳ
ʩ
ʦ
ʪ
ʘ
,
 
ʤ

 

ʦ
ʙ
ʱ
ʠ
ʡ

 

ʙ
ʝ
ʟ
 
ʩ
ʫ
ʭ
ʦ
ʩ
ʪ
ʦ
ʷ

 

ʩ
ʫ
ʭ
ʦ
ʩ
ʪ
ʦ
ʷ

 

1 

 

4ɽ4ɹ2ʇ 

ɽ 70 20,9 20,2 2 

ɽʏ 

0,4 508 132 72 61 

ʇ 90 28,2 22,9 2 0,05 120 68 18 49 

ɹ 60 24,5 22,7 1ʘ 0,6 436 147 143 4 

ʀʪʦʛʦ:      0,6 1064 347 233 114 

 

2 

 

 

8ɽ1ʇ1ɹ 

ɽ 70 20,5 20,9 2 

ɽɿʄ 

0,18 468 234 36 198 

ʇ 75 12,4 18,5 2 0,15 324 40 31 8 

ɹ 65 30,7 20,5 1 0,12 52 33 33 0 

ʀʪʦʛʦ:      0,3 844 307 100 206 

 

3 

 

 

5ɽ3ɹ2ʇ 

ɽ 70 23,7 19,6 2 

ɽʈʊ 

0,47 568 232 106 126 

ʇ 70 20,4 18,6 2 0,08 276 82 20 62 

ɹ 60 23,5 19,5 1 0,53 420 125 122 3 

ʀʪʦʛʦ:      0,6 1264 439 248 191 

 

4 

 

 

 

7ɽ2ɹ1ʃʧ+ʇ 

ɽ 80 22,3 20,1 2 

ɽʐʊ 

0,21 304 268 10 258 

ʇ 85 29,8 19,8 2 0,03 16 18 10 8 

ɹ 65 35,9 20,2 2 0,17 52 45 45 0 

ʃʧ 70 20,3 19,7 2 0,11 100 28 18 10 

ʀʪʦʛʦ:      0,4 472 359 83 276 

5 

 

6ɽ2ɹ2ʆʩ+ʇ 

ɽ 70 22,3 21,8 2 

ɽʏ 

0,33 408 164 75 89 

ʇ 70 18,1 19,6 3 0,03 48 23 8 16 

ɹ 65 22,1 20,1 2 0,2 204 53 45 8 

ʆʩ 65 29,6 20 2 0,14 88 55 36 20 

ʀʪʦʛʦ:      0,4 748 295 164 133 

6 
7ɽ3ɹ ɽ 85 18,7 21,6 3 

ɽʐʊ 
0,08 436 164 14 150 

ɹ 65 23,3 22,6 2 0,1 84 25 24 1 

ʀʪʦʛʦ:      0,3 520 189 38 151 

7 

 

7ɽ2ɹ1ʆʩ+ʇ 

(ʢʦʥʪʨʦʣʴ) 

ɽ 75 23 20,3 3 

ɽʐʊ 

0,95 616 213 205 9 

ʇ 80 23,5 20,1 3 0,05 28 13 13 0 

ɹ 70 24,9 21,2 2 0,09 64 25 24 1 

ʆʩ 70 35,6 20,6 2 0,08 20 21 21 0 

ʀʪʦʛʦ:      0,7 728 272 263 10 

 

8 

 

 

6ɽ3ɹ1ʇ 

(ʢʦʥʪʨʦʣʴ) 

ɽ 75 21 19,8 2 

ɽʏ 

0,67 488 136 133 3 

ʇ 80 20,4 19,6 2 0,04 40 16 11 4 

ɹ 60 27,1 20,8 1 0,25 132 49 49 0 

ʀʪʦʛʦ:      0,6 660 201 193 7 

*ɽʏ ï ʝʣʴʥʠʢ ʯʝʨʥʠʯʥʳʡ, ɽɿʄ ï ʝʣʴʥʠʢ ʟʝʣʝʥʦʤʦʰʥʠʢ, ɽʈʊ ï ʝʣʴʥʠʢ ʨʘʟʥʦʪʨʘʚʥʳʡ,  

ɽʐʊ ï ʝʣʴʥʠʢ ʰʠʨʦʢʦʪʨʘʚʥʳʡ. 

 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʝ 

ʥʘʙʣʶʜʘʶʪʩʷ (4,52-4,89) ʚ ʜʨʝʚʦʩʪʦʷʭ, ʢʦʪʦʨʳʝ ʧʨʦʠʟʨʘʩʪʘʶʪ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩ 

ʪʠʧʘʤʠ ʣʝʩʘ ʝʣʴʥʠʢ ʟʝʣʝʥʦʤʦʰʥʳʡ (ɽɿʄ) ʠ ʝʣʴʥʠʢ ʰʠʨʦʢʦʪʨʘʚʥʳʡ (ɽʐʊ) 
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(ʪʘʙʣʠʮʘ 2). ɺʦʟʤʦʞʥʦ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʝ ʪʠʧʳ ʣʝʩʘ ʬʦʨʤʠʨʫʶʪʩʷ 

ʥʘ ʙʦʣʝʝ ʚʣʘʞʥʳʭ ʧʦʯʚʘʭ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʝʣʦʚʳʭ ʜʨʝʚʦʩʪʦʝʚ ʚ ʩʚʷʟʠ ʩ ʥʘʨʫʰʝʥʠʝʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʯʚʝʥʥʦʛʦ ʨʝʞʠʤʘ ʚ ʤʝʞʩʝʟʦʥʴʝ. ʀʟ-ʟʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʡ ʢʦʨʥʝʚʦʡ 

ʩʠʩʪʝʤʳ ʝʣʴ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʚʳʜʝʨʞʠʚʘʪʴ ʠʟʙʳʪʦʯʥʦʝ ʫʚʣʘʞʥʝʥʠʝ [13], ʚ ʩʚʷʟʠ ʩ 

ʯʝʤ ʜʝʨʝʚʴʷ ʧʦʩʪʝʧʝʥʥʦ ʦʩʣʘʙʝʚʘʶʪ ʠ ʪʝʨʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʪʠʚʦʩʪʦʷʪʴ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʘʤ, ʚ ʚʠʜʝ ʧʘʪʦʛʝʥʥʳʭ ʚʨʝʜʠʪʝʣʝʡ. 

ʊʘʙʣʠʮʘ 2 ï ʉʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʝʣʦʚʳʭ ʜʨʝʚʦʩʪʦʝʚ 

ˉ ʇʇ 
ʊʠʧ 

ʣʝʩʘ 

ɼʨʝʚ. 

ʧʦʨ. 

ɽʜ. 

ʠʟʤ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʝʨʝʚʴʝʚ ʧʦ 

ʢʘʪʝʛʦʨʠʷʤ ʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʉʨʝʜʥʝʚʟ. 

ʢʘʪ. ʩʘʥ. 

ʩʦʩʪ. 

1 2 3 4 5 
 

1 2 3 4 5 6 7 8 9 14 

  
  

ɽʏ  

ɽ 
ʰʪ. 20 76 64 112 236 

3,99 
  

1 

% 5,2 67,9 100 87,5 286,5 

ʇ 
ʰʪ. 8 4   8 100 

4,67 
    % 2,1 3,6   6,3 83,1 

    
ɹ 

ʰʪ. 360 32   8 36 
1,24 

    % 92,8 28,6   6,3 30,5 

ʀʪʦʛʦ: 
ʰʪ. 388 112 64 128 372 

  
% 36,5 10,5 6 12 35 

    
ɽ 

ʰʪ.   128 8 76 196 
4,31 

    %   47,1 100 43,2 215,5 

    
ʇ 

ʰʪ.       32 16 
4,67 

5 ɽʏ %       18,2 6,9 

    
ɹ 

ʰʪ.   112   48 44 
3,29 

    %   41,2   27,3 62,1 

    
ʆʩ 

ʰʪ.   32   20 36 
3,92 

    %   11,8   11,4 15,5 

ʀʪʦʛʦ: 
ʰʪ.   272 8 176 292 

  
%   36,4 1,1 23,5 39 

    
ɽ 

ʰʪ. 408 72 4   4 
1,21 

    % 75,6 78,3 25   50 

8 ɽʏ 
ʇ 

ʰʪ. 8 12 12   8 
2,69 

 (ʂʦʥʪʨ.)   % 1,5 13 75   150 

    
ɹ 

ʰʪ. 124 8       
1,05 

    % 23 8,7       

ʀʪʦʛʦ: 
ʰʪ. 540 92 16   12 

  
% 81,8 13,9 2,4   1,8 

    
ɽ 

ʰʪ. 24 84 20 8 332 
4,52 

    % 16,7 28,8 45,5 66,7 374,6 

2 ɽɿʄ ʇ ʰʪ. 72 208 20 4 20 2,64 
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    % 50 71,2 45,5 33,3 25,4 

    
ɹ 

ʰʪ. 48   4     
1,27 

    % 33,3   9,1     

ʀʪʦʛʦ: 
ʰʪ. 144 292 44 12 352 

  
% 17,1 34,6 5,2 1,4 41,8 

    
ɽ 

ʰʪ. 60 120 32 56 300 
3,46 

    % 13,9 73,2 72,7 70 143,8 

3 ɽʈʊ 
ʇ 

ʰʪ.   24 12 24 216 
4,56 

    %   14,6 27,3 30 224,2 

    
ɹ 

ʰʪ. 372 20     28 
1,15 

    % 86,1 12,2     132,1 

ʀʪʦʛʦ: 
ʰʪ. 432 164 44 80 544 

  
% 34,2 13 3,5 6,3 43 

     
ɽ 

ʰʪ. 16   12 4 272 
4,89 

    % 12,5   60 12,5 181,1 

    
ʇ 

ʰʪ. 4   4 4 4 
3,97 

4 

  
  
  
  

ɽʐʊ % 3,1   20 12,5 14,3 

  

  
  
  

ɹ 
ʰʪ. 28 4 4 16   

1,75 
% 21,9 100 20 50   

ʃʧ 
ʰʪ. 80     8 12 

2,47 
% 62,5     25 4,6 

ʀʪʦʛʦ: 
ʰʪ. 128 4 20 32 288 

  
% 27,1 0,8 4,2 6,8 61 

    
ɽ 

ʰʪ. 104 12 8   312 
4,71 

6 ɽʐʊ % 65 50 66,7   300 

    
ɹ 

ʰʪ. 56 12 4   12 
1,46 

    % 35 50 33,3   100 

ʀʪʦʛʦ: 
ʰʪ. 160 24 12   324 

  
% 30,8 4,6 2,3   62,3 

    
ɽ 

ʰʪ. 468 80 12 12 44 
1,38 

    % 87,3 80 75 42,9 283,3 

    
ʇ 

ʰʪ. 4 12 4 8   
2,49 

7 ɽʐʊ % 0,7 12 25 28,6   

 (ʂʦʥʪʨ.)   
ɹ 

ʰʪ. 44 8   8 4 
2,18 

    % 8,2 8   28,6 16,7 

    
ʆʩ 

ʰʪ. 20         
1 

    % 3,7         

ʀʪʦʛʦ: 
ʰʪ. 536 100 16 28 48 

  
% 73,6 13,7 2,2 3,8 6,5 
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ʍʘʨʘʢʪʝʨ ʧʦʚʨʝʞʜʝʥʠʡ ʫʩʳʭʘʶʱʠʭ ʠ ʧʦʛʠʙʰʠʭ ʦʩʦʙʝʡ ʝʣʠ ʚʳʷʚʠʣ 

ʧʦʨʘʞʝʥʠʝ ʢʩʠʣʦʬʘʛʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʠ ʤʘʪʦʯʥʳʭ ʭʦʜʦʚ ʧʦʜ ʢʦʨʦʡ ʧʦʟʚʦʣʠʣ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʘʪʦʛʝʥʘ, ʢʘʢ Ips typographus Linnaeus. ʇʦʤʠʤʦ ʪʠʧʦʛʨʘʬʘ 

ʚʳʷʚʣʝʥ ʚʝʨʰʠʥʥʳʡ ʢʦʨʦʝʜ, ʘ ʥʘ ʧʠʭʪʝ ʫʩʩʫʨʠʡʩʢʠʡ ʧʦʣʠʛʨʘʬ.  

ʆʩʥʦʚʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʦʩʣʘʙʣʝʥʠʷ ʝʣʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ ʷʚʣʷʶʪʩʷ 

ʥʘʩʝʢʦʤʳʝ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʦʨʦʝʜ-ʪʠʧʦʛʨʘʬ. ʆʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʳʣʝʪʥʳʝ ʦʪʚʝʨʩʪʠʷ ʩ ʢʘʧʝʣʴʢʘʤʠ ʟʘʩʦʭʰʝʡ 

ʞʠʚʠʮʳ [10]. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʢʦʨʦʝʜʘ-ʪʠʧʦʛʨʘʬʘ (Ips typographus L.) ʧʨʦʭʦʜʠʣʘ 

ʧʦ ʨʠʩʫʥʢʫ ʭʦʜʦʚ [14]. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʛʠʙʰʠʝ ʦʩʦʙʠ ʝʣʠ ʠ ʧʠʭʪʳ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ, ʯʝʤ ʜʝʨʝʚʴʷ 1ï3 ʢʘʪʝʛʦʨʠʠ ʩʦʩʪʦʷʥʠʷ (ʨʠʩʫʥʦʢ 2). 

 

ʈʠʩʫʥʦʢ 2 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʨʝʚʴʝʚ 5 ʢʘʪʝʛʦʨʠʠ ʩʘʥ. ʩʦʩʪʦʷʥʠʷ ʥʘ ʇʇ ʧʦ ʩʪʫʧʝʥʷʤ 

ʪʦʣʱʠʥʳ 

 

ʇʦ ʥʘʰʠʤ ʥʘʙʣʶʜʝʥʠʷʤ ʚʳʷʚʣʷʝʪʩʷ, ʯʪʦ ʥʘʠʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʝʣʦʚʳʤʠ 

ʜʨʝʚʦʩʪʦʷʤʠ ʷʚʣʷʶʪʩʷ ʩʧʝʣʳʝ ʠ ʧʝʨʝʩʪʦʡʥʳʝ ʜʝʨʝʚʴʷ ʩ ʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ. 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʣʴʰʝ ʚʩʝʛʦ ʧʦʜʚʝʨʞʝʥʳ ʫʩʳʭʘʥʠʶ ʜʝʨʝʚʴʷ ʩ 

ʜʠʘʤʝʪʨʦʤ ʦʪ 20 ʩʤ ʠ ʙʦʣʝʝ. 

ʆʙʩʫʞʜʝʥʠʝ 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʩʠʪʫʘʮʠʷ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʜʣʠʪʝʣʴʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʫʩʳʭʘʥʠʷ 

ʝʣʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ, ʚʳʷʚʣʷʝʪ ʧʨʦʩʣʝʞʠʚʘʶʱʫʶʩʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʛʠʙʝʣʠ ʝʣʴʥʠʢʦʚ [3]. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʢʪʦʨʘʤʠ ʩʦʩʪʦʷʥʠʷ 

ʥʘʩʘʞʜʝʥʠʡ, ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʠ ʙʠʦʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ. 

ʉʠʣʴʥʝʝ ʚʩʝʛʦ ʚʳʨʘʞʝʥʘ ʦʩʣʘʙʣʝʥʥʦʩʪʴ ʜʨʝʚʦʩʪʦʝʚ ʧʦ ʜʘʥʥʳʤ ʥʘʰʠʭ 
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ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʪʘʢʠʭ ʪʠʧʘʭ ʣʝʩʘ, ʢʘʢ ʝʣʴʥʠʢ ʟʝʣʝʥʦʤʦʰʥʳʡ ʠ ʝʣʴʥʠʢ 

ʰʠʨʦʢʦʪʨʘʚʥʳʡ, ʛʜʝ ʧʨʦʮʝʥʪ ʧʦʛʠʙʰʠʭ ʜʝʨʝʚʴʝʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 50 ʜʦ 80 

ʧʨʦʮʝʥʪʦʚ. 

ɿʘʩʫʭʠ 2010-2011 ʛʦʜʦʚ ʟʘʪʨʦʥʫʣʠ ʣʝʩʘ ʥʝ ʪʦʣʴʢʦ ʋʜʤʫʨʪʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ, 

ʪʘʢʘʷ ʧʨʦʙʣʝʤʘ ʟʘʪʨʦʥʫʣʘ ʚʝʩʴʤʘ ʦʙʰʠʨʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ʅʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʧʨʝʜʝʣʠʣʠʩʴ ʨʘʟʣʠʯʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʫʩʳʭʘʥʠʷ ʜʨʝʚʦʩʪʦʝʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʇʝʨʤʩʢʦʤ ʢʨʘʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʨʦʝʜ ʪʠʧʦʛʨʘʬ ʥʝ ʧʦʚʨʝʞʜʘʝʪ ʜʝʨʝʚʴʷ ʯʝʡ ʜʠʘʤʝʪʨ 

ʙʳʣ ʤʝʥʴʰʝ 12 ʩʤ [1]. ʊʦʛʜʘ ʢʘʢ ʧʦ ʥʘʰʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʋʜʤʫʨʪʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʝ ʜʝʨʝʚʴʷ ʩ ʪʦʣʱʠʥʦʡ ʩʪʚʦʣʘ 12 ʩʤ ʠ ʤʝʥʴʰʝ ʪʘʢʞʝ ʧʦʚʨʝʞʜʘʣʠʩʴ 

ʢʦʨʦʝʜʦʤ ʪʠʧʦʛʨʘʬʦʤ. 

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʧʣʦʱʘʜʝʡ ʫʩʳʭʘʥʠʷ ʝʣʴʥʠʢʦʚ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʨʘʙʦʪʳ ʧʦ ʫʯʝʪʫ ʥʘʩʘʞʜʝʥʠʡ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʫʩʳʭʘʶʱʠʭ 

ʜʝʨʝʚʴʝʚ ʠ ʧʦʜʛʦʪʦʚʠʪʴ ʧʣʘʥʳ ʨʘʙʦʪ ʧʦ ʚʳʙʦʨʦʯʥʳʤ ʠʣʠ ʩʧʣʦʰʥʳʤ ʩʘʥʠʪʘʨʥʳʤ 

ʨʫʙʢʘʤ, ʦʩʦʙʝʥʥʦ ʚ ʩʧʝʣʳʭ ʠ ʧʝʨʝʩʪʦʡʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ, ʛʜʝ ʩʣʦʞʠʣʠʩʴ 

ʫʩʪʦʡʯʠʚʳʝ ʨʝʟʝʨʚʘʪʳ ʢʦʨʦʝʜʘ ʪʠʧʦʛʨʘʬʘ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʧʦʩʣʝ ʟʘʩʫʰʣʠʚʳʭ 

2010-2011 ʛʦʜʦʚ. 

ʋʯʠʪʳʚʘʷ ʚʘʞʥʫʶ ʨʦʣʴ ʫʩʳʭʘʥʠʷ ʝʣʴʥʠʢʦʚ ʚ ʋʜʤʫʨʪʩʢʦʡ ʈʝʩʧʫʙʣʠʢʝ 

ʧʨʦʜʦʣʞʠʪʴ ʠʟʫʯʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ 

ʙʦʨʴʙʳ ʩ ʤʘʩʩʦʚʳʤ ʫʩʳʭʘʥʠʝʤ ʝʣʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

1. ɺ ʫʩʣʦʚʠʷʭ ʩʤʝʰʘʥʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʧʦʨʦʜʥʳʡ ʩʦʩʪʘʚ ʥʝ ʦʢʘʟʳʚʘʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʨʝʚʦʩʪʦʝʚ ʢ ʫʩʳʭʘʥʠʶ, ʧʦʨʘʞʝʥʠʶ 

ʙʦʣʝʟʥʷʤʠ ʠ ʚʨʝʜʠʪʝʣʷʤʠ. 

2. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʩʥʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʝʣʦʚʳʭ ʥʘʩʘʞʜʝʥʠʡ 

ʚʳʩʪʫʧʘʶʪ ʜʠʤʝʪʨ ʠ ʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʨʝʚʦʩʪʦʝʚ, ʘ ʪʘʢʞʝ 

ʣʝʩʦʨʘʩʪʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ.  

3. ʅʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʦʣʫʯʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʪʤʝʯʝʥʦ ʚ ʝʣʴʥʠʢʘʭ 

ʟʝʣʝʥʦʤʦʰʥʦʛʦ ʠ ʰʠʨʦʢʦʪʨʘʚʥʦʛʦ ʪʠʧʦʚ ʣʝʩʘ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʠʡ 

ʧʨʦʮʝʥʪ ʧʦʛʠʙʰʠʭ ʜʝʨʝʚʴʝʚ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʠʟʙʳʪʦʯʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ 

ʧʦʯʚ ʠ ʦʩʣʘʙʣʝʥʠʝʤ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʝʣʠ. 

4. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʫʷʟʚʠʤʦʩʪʴʶ ʦʪʣʠʯʘʶʪʩʷ ʩʧʝʣʳʝ ʠ 

ʧʝʨʝʩʪʦʡʥʳʝ ʜʨʝʚʦʩʪʦʠ, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʦʯʘʛʘʤʠ ʤʘʩʩʦʚʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ 

ʢʦʨʦʝʜʘ-ʪʠʧʦʛʨʘʬʘ.  

5. ʅʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʠ ʚʝʩʪʠ ʫʯʝʪ ʜʨʝʚʦʩʪʦʝʚ ʩ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʚʨʝʞʜʝʥʥʦʩʪʠ ʛʨʠʙʥʳʤʠ ʙʦʣʝʟʥʷʤʠ ʠ ʥʘʩʝʢʦʤʳʤʠ 

ʚʨʝʜʠʪʝʣʷʤʠ. 
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ɺʓʈʋɹʂɸ ʃɽʉʆɺ ʂɸʂ ɻʃʆɹɸʃʔʅɸʗ ʇʈʆɹʃɽʄɸ XXI ɺɽʂɸ 

ɸʜʘʤʝʥʢʦ ɸ. ʆ. 

ɻɹʆʋ ɺʆ çɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɺʚʝʜʝʥʠʝ 

ʃʝʩʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʟʘʥʠʤʘʶʱʠʝ ʦʢʦʣʦ ʪʨʝʪʠ ʧʣʦʱʘʜʠ ʩʫʰʠ, ʚʳʧʦʣʥʷʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʙʠʦʩʬʝʨʳ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ, ʨʝʛʫʣʠʨʫʶʪ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʨʝʞʠʤ ʧʣʘʥʝʪʳ, ʩʦʭʨʘʥʷʶʪ 

ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʠ ʩʣʫʞʘʪ ʩʨʝʜʦʡ ʦʙʠʪʘʥʠʷ ʜʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ 

ʥʘʟʝʤʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʚʠʜʦʚ. ʆʜʥʘʢʦ ʚ ʪʝʢʫʱʝʝ ʚʨʝʤʷ ʘʥʪʨʦʧʦʛʝʥʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʣʝʩʥʳʝ ʤʘʩʩʠʚʳ ʜʦʩʪʠʛʣʦ ʦʛʨʦʤʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʧʨʝʚʨʘʪʠʚ 

ʧʨʦʙʣʝʤʫ ʥʝʭʚʘʪʢʠ ʣʝʩʦʚ ʚ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʦʩʪʨʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʛʨʦʟ ʜʣʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʉʪʨʝʤʠʪʝʣʴʥʘʷ ʫʪʨʘʪʘ ʣʝʩʥʦʛʦ ʧʦʢʨʦʚʘ 

ʩʪʘʚʠʪ ʧʦʜ ʚʦʧʨʦʩ ʚʳʧʦʣʥʝʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʙʷʟʘʪʝʣʴʩʪʚ, 

ʩʦʭʨʘʥʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʙʣʘʛʦʧʦʣʫʯʠʝ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. 
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ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʆʙʝʟʣʝʩʝʥʠʝ ï ʧʦʣʥʦʝ ʠ ʥʝʦʙʨʘʪʠʤʦʝ ʫʥʠʯʪʦʞʝʥʠʝ ʜʨʝʚʝʩʥʦʛʦ ʧʦʢʨʦʚʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʚʦʜʦʤ ʪʝʨʨʠʪʦʨʠʠ ʚ ʢʘʪʝʛʦʨʠʶ ʥʝʣʝʩʥʳʭ ʟʝʤʝʣʴ: 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠʣʠ ʧʫʩʪʦʰʝʡ. ɼʝʛʨʘʜʘʮʠʷ 

ʣʝʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʭʫʜʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʣʝʩʥʦʡ 

ʵʢʦʩʠʩʪʝʤʳ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʧʦʪʝʨʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʩʥʠʞʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʠ ʥʘʨʫʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʧʨʠ ʬʦʨʤʘʣʴʥʦʤ ʩʦʭʨʘʥʝʥʠʠ ʪʝʨʨʠʪʦʨʠʠ 

ʧʦʜ ʣʝʩʦʤ. ʇʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴʶ ʵʪʠʤ ʜʝʩʪʨʫʢʪʠʚʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚʳʩʪʫʧʘʝʪ 

ʢʦʥʮʝʧʮʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʣʝʩʦʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʘʷ ʪʘʢʦʝ 

ʭʦʟʷʡʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʦʝ ʥʝ ʧʦʜʨʳʚʘʝʪ ʠʭ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʩʦʭʨʘʥʷʝʪ ʵʢʦʩʠʩʪʝʤʥʳʝ 

ʫʩʣʫʛʠ ʜʣʷ ʙʫʜʫʱʝʛʦ. 

ɺʳʜʝʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʝʩʘ: 

1. ʇʦʣʥʘʷ (ʩʧʣʦʰʥʘʷ) ʚʳʨʫʙʢʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʧʦʣʥʦʝ ʦʩʚʦʙʦʞʜʝʥʠʝ 

ʪʝʨʨʠʪʦʨʠʠ ʜʣʷ ʥʫʞʜ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʣʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

2. ɺʳʙʦʨʦʯʥʘʷ ʨʫʙʢʘ ʮʝʥʥʳʭ ʧʦʨʦʜ ʜʨʝʚʝʩʠʥʳ, ʢʦʪʦʨʘʷ, ʥʘʨʫʰʘʝʪ 

ʩʪʨʫʢʪʫʨʫ ʣʝʩʥʦʛʦ ʩʦʦʙʱʝʩʪʚ ʠ ʯʘʩʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʥʘʨʫʰʝʥʠʷʤʠ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ. 

3. ʌʨʘʛʤʝʥʪʘʮʠʷ ʣʝʩʥʳʭ ʤʘʩʩʠʚʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʢʣʘʜʢʠ ʜʦʨʦʛ, ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʠʣʠ ʩʦʟʜʘʥʠʷ ʦʙʰʠʨʥʳʭ ʚʳʨʫʙʦʢ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʜʝʣʝʥʠʶ 

ʝʜʠʥʳʭ ʵʢʦʩʠʩʪʝʤ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʯʪʦ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʧʦʜʜʝʨʞʘʥʠʶ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʇʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʆʙʲʝʜʠʥʝʥʥʳʭ ʅʘʮʠʡ ʩ ʥʘʯʘʣʘ 1990-ʭ ʛʦʜʦʚ ʤʠʨʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ 

ʫʪʨʘʪʠʣʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 420 ʤʠʣʣʠʦʥʦʚ ʛʝʢʪʘʨʦʚ ʣʝʩʥʳʭ ʧʣʦʱʘʜʝʡ. ʅʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦ ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʚ ʪʨʦʧʠʯʝʩʢʠʭ ʠ ʙʦʨʝʘʣʴʥʳʭ 

ʨʝʛʠʦʥʘʭ, ʦʙʨʘʟʫʶʱʠʭ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʛʦʨʷʯʠʝ ʪʦʯʢʠè ʦʙʝʟʣʝʩʝʥʠʷ: ʙʘʩʩʝʡʥ 

ʨʝʢʠ ɸʤʘʟʦʥʢʠ ʚ ʖʞʥʦʡ ɸʤʝʨʠʢʝ, ʦʩʪʨʦʚʥʳʝ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʛʦʩʫʜʘʨʩʪʚʘ 

ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ (ʀʥʜʦʥʝʟʠʷ, ʄʘʣʘʡʟʠʷ), ʮʝʥʪʨʘʣʴʥʦʘʬʨʠʢʘʥʩʢʠʡ ʨʝʛʠʦʥ 

ʙʘʩʩʝʡʥʘ ʂʦʥʛʦ, ʘ ʪʘʢʞʝ ʦʙʰʠʨʥʳʝ ʣʝʩʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʣʦʢʘʣʴʥʳʝ ʫʩʧʝʭʠ ʚ 

ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚ ʨʷʜʝ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ, ʛʣʦʙʘʣʴʥʳʡ ʪʨʝʥʜ ʦʩʪʘʸʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ. 

ʈʘʩʰʠʨʝʥʠʝ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʦʱʘʜʝʡ ʧʦʜ ʧʘʩʪʙʠʱʘ ʜʣʷ ʢʨʫʧʥʦʛʦ 

ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʧʣʘʥʪʘʮʠʠ ʤʘʩʣʠʯʥʦʡ ʧʘʣʴʤʳ ʠ ʩʦʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʢʦʣʦ 80% 

ʦʙʝʟʣʝʩʝʥʠʷ ʚ ʪʨʦʧʠʯʝʩʢʦʡ ʟʦʥʝ. ɻʣʦʙʘʣʠʟʘʮʠʷ ʨʳʥʢʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʡ ʩʧʨʦʩ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʥʘʧʨʷʤʫʶ ʩʪʠʤʫʣʠʨʫʝʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʣʝʩʦʚ ʚ ʩʝʣʴʭʦʟʫʛʦʜʴʷ ʥʘ ʜʨʫʛʠʭ ʢʦʥʪʠʥʝʥʪʘʭ. ɿʥʘʯʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʚʥʦʩʷʪ ʜʦʙʳʚʘʶʱʠʝ ʦʪʨʘʩʣʠ (ʥʝʬʪʝʛʘʟʦʚʘʷ, ʛʦʨʥʦʜʦʙʳʚʘʶʱʘʷ) ʠ 

ʩʚʷʟʘʥʥʘʷ ʩ ʥʠʤʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʘ ʪʘʢʞʝ ʤʘʩʰʪʘʙʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʣʝʩʦʟʘʛʦʪʦʚʢʠ. 

ʉʦʮʠʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʠʯʠʥʳ ʩʚʷʟʘʥʳ ʩ ʙʝʜʥʦʩʪʴʶ ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʘʣʴʪʝʨʥʘʪʠʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ɼʣʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʝʣʴʩʢʦʛʦ 

ʥʘʩʝʣʝʥʠʷ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ ʣʝʩ ʦʩʪʘʸʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʜʨʝʚʝʩʥʦʛʦ ʪʦʧʣʠʚʘ, 
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ʩʚʦʙʦʜʥʳʭ ʟʝʤʝʣʴ ʜʣʷ ʧʦʜʩʝʯʥʦ-ʦʛʥʝʚʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʠ ʩʨʝʜʩʪʚ ʢ 

ʩʫʱʝʩʪʚʦʚʘʥʠʶ. ʋʩʠʣʠʚʘʝʪ ʜʘʚʣʝʥʠʝ ʥʝʨʝʰʝʥʥʦʩʪʴ ʚʦʧʨʦʩʦʚ ʟʝʤʝʣʴʥʦʡ 

ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʮʠʶ ʟʘ ʨʝʩʫʨʩʳ. 

ʅʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʨʝʥʝ ʢʣʶʯʝʚʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʷʚʣʷʝʪʩʷ: 

ï ʎʝʣʴ: 15 ʎʝʣʝʡ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʆʆʅ, ʥʘʧʨʷʤʫʶ ʢʘʩʘʶʱʘʷʩʷ 

ʩʦʭʨʘʥʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

ï ʄʥʦʛʦʩʪʦʨʦʥʥʠʝ ʧʦʣʠʪʠʯʝʩʢʠʝ ʜʝʢʣʘʨʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʦʙʷʟʘʪʝʣʴʩʪʚʦ 

ʙʦʣʝʝ ʯʝʤ ʩʪʘ ʩʪʨʘʥ, ʧʨʠʥʷʪʦʝ ʥʘ ʂʦʥʬʝʨʝʥʮʠʠ ʆʆʅ ʧʦ ʢʣʠʤʘʪʫ (COP26) ʚ 

ɻʣʘʟʛʦ, ʦʩʪʘʥʦʚʠʪʴ ʧʨʦʮʝʩʩ ʦʙʝʟʣʝʩʝʥʠʷ ʢ 2030 ʛʦʜʫ. 

ï ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʜʦʙʨʦʚʦʣʴʥʦʡ ʣʝʩʥʦʡ ʩʝʨʪʠʬʠʢʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʦʪʨʝʙʠʪʝʣʷʤ ʜʝʣʘʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʚʳʙʦʨ. 

ï ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

(ʥʘʧʨʠʤʝʨ, ʧʣʘʪʬʦʨʤʘ Global Forest Watch) ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ 

ʩʦʩʪʦʷʥʠʝʤ ʣʝʩʦʚ. 

ï ʋʢʨʝʧʣʝʥʠʝ ʧʨʘʚ ʢʦʨʝʥʥʳʭ ʠ ʤʝʩʪʥʳʭ ʩʦʦʙʱʝʩʪʚ ʥʘ ʫʧʨʘʚʣʝʥʠʝ 

ʣʝʩʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ, ʯʝʡ ʪʨʘʜʠʮʠʦʥʥʳʡ ʫʢʣʘʜ ʟʘʯʘʩʪʫʶ ʥʘʠʙʦʣʝʝ 

ʛʘʨʤʦʥʠʯʝʥ ʩ ʧʨʠʨʦʜʦʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʙʣʝʤʘ ʚʳʨʫʙʢʠ ʣʝʩʦʚ ʚ XXI ʚʝʢʝ ʧʨʠʦʙʨʝʣʘ ʭʘʨʘʢʪʝʨ ʛʣʦʙʘʣʴʥʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʛʨʦʟʳ. ʃʝʩʥʳʝ ʵʢʦʩʠʩʪʝʤʳ, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʙʠʦʩʬʝʨʥʦʛʦ ʙʘʣʘʥʩʘ, ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʥʝʦʙʨʘʪʠʤʦʤʫ ʫʥʠʯʪʦʞʝʥʠʶ ʠ ʜʝʛʨʘʜʘʮʠʠ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʆʩʥʦʚʥʳʤʠ ʜʚʠʞʫʱʠʤʠ ʩʠʣʘʤʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʠʥʪʝʨʝʩʳ (ʨʘʩʰʠʨʝʥʠʝ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʜʦʙʳʚʘʶʱʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ), ʩʦʮʠʘʣʴʥʦ-ʜʝʤʦʛʨʘʬʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʩʪʨʘʥʘʭ ʠ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʝ ʩʣʘʙʦʩʪʠ. ʇʦʩʣʝʜʩʪʚʠʷ ʦʙʝʟʣʝʩʝʥʠʷ ʥʦʩʷʪ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʡ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʭʘʨʘʢʪʝʨ, ʟʘʪʨʘʛʠʚʘʷ ʢʣʠʤʘʪ, ʚʦʜʥʳʝ 

ʨʝʩʫʨʩʳ, ʧʦʯʚʳ ʠ ʙʣʘʛʦʧʦʣʫʯʠʝ ʢʦʨʝʥʥʳʭ ʥʘʨʦʜʦʚ. 

ɼʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʵʪʦʡ ʫʛʨʦʟʝ ʥʝʦʙʭʦʜʠʤʳ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ 

ʜʝʡʩʪʚʠʷ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʣʶʜʝʡ ʢ ʢʘʯʝʩʪʚʝʥʥʦʡ 

ʞʠʟʥʠ. 
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ʈɸɿʈɸɹʆʊʂɸ ʂʆʄʇʃɽʂʉɸ ʈɽʐɽʅʀʁ ɿɸɼɸʏʀ ʃʆʂɸʃʀɿɸʎʀʀ 

ʀ ʃʀʂɺʀɼɸʎʀʀ ʈɸɿʃʀɺʆɺ ʅɽʌʊʀ ʉ ʄʆʈʉʂʀʍ 

ʅɽʌʊɽɻɸɿʆɺʓʍ ʉʆʆʈʋɾɽʅʀʁ 

ɸʤʠʥʦʚ ʊ. ɺ., ʉʤʠʨʥʦʚʘ ʊ. ʉ. 

ʌɻɸʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) 

ʠʤ. ʀ.ʄ.ɻʫʙʢʠʥʘè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ʇʦʧʘʜʘʥʠʝ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʤʦʨʝ ʤʦʞʝʪ ʠʤʝʪʴ, ʢʘʢ 

ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʚ ʚʠʜʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʦ ʜʦʙʳʯʝ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʣʠ ʩʪʦʢʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩ 

ʩʫʰʠ, ʪʘʢ ʠ ʧʨʠʨʦʜʥʳʡ ʭʘʨʘʢʪʝʨ ʚ ʚʠʜʝ ʧʨʦʩʘʯʠʚʘʥʠʡ ʥʝʬʪʠ ʠʟ ʪʨʝʱʠʥ ʥʘ 

ʤʦʨʩʢʦʤ ʜʥʝ. ʆʜʥʘʢʦ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʦʙʨʘʟʫʶʱʝʝʩʷ 

ʧʨʠ ʵʪʦʤ ʥʝʬʪʷʥʦʝ ʧʷʪʥʦ ʚ ʚʠʜʝ ʪʦʥʢʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʩʧʦʩʦʙʥʦ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʛʘʪʠʚʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʪʘʢʠʤ, ʢʘʢ: ʛʠʙʝʣʴ 

ʤʦʨʩʢʠʭ ʦʙʠʪʘʪʝʣʝʡ ʠ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʬʣʦʨʳ ʠ ʬʘʫʥʳ ʠʣʠ ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʦʙʝʨʝʞʴʷ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʥʝʬʪʴ ʠʣʠ ʥʝʬʪʝʧʨʦʜʫʢʪ, ʧʦʧʘʚʰʠʝ ʚ ʤʦʨʝ, 

ʧʨʠʚʦʜʷʪ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʧʦʩʢʦʣʴʢʫ ʛʠʙʝʣʴ ʨʳʙ ʠʣʠ 

ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʙʝʨʝʞʴʷ ʧʨʠʚʦʜʠʪ ʢ ʫʧʘʜʢʫ ʨʳʙʦʣʦʚʥʦʡ ʠʣʠ ʪʫʨʠʩʪʠʯʝʩʢʦʡ 

ʦʪʨʘʩʣʝʡ. ɹʦʣʝʝ ʪʦʛʦ, ʝʩʣʠ ʧʨʠʯʠʥʦʡ ʧʦʧʘʜʘʥʠʷ ʥʝʬʪʠ ʚ ʤʦʨʝ ʩʪʘʣ ʘʚʘʨʠʡʥʳʡ 

ʨʘʟʣʠʚ, ʪʦ ʚʠʥʦʚʥʦʝ ʣʠʮʦ ʜʘʥʥʦʛʦ ʨʘʟʣʠʚʘ ʥʝʩʝʪ ʫʙʳʪʢʠ ʚ ʚʠʜʝ ʰʪʨʘʬʦʚ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʧʨʦʜʦʣʞʝʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʡ ʜʘʥʥʳʡ ʨʘʟʣʠʚ 

ʧʨʦʠʟʦʰʝʣ. ɺ ʦʩʦʙʳʭ ʩʣʫʯʘʷʭ ʚʠʥʦʚʥʦʝ ʣʠʮʦ ʤʦʞʝʪ ʣʠʰʠʪʴʩʷ ʣʠʮʝʥʟʠʠ ʧʦ 

ʜʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʩʪʦʠʪ ʚʦʧʨʦʩ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʩʢʠʭ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʡ ʠ ʧʨʠʣʝʛʘʶʱʠʭ ʢ 

ʥʠʤ ʧʦʙʝʨʝʞʠʡ, ʛʜʝ ʦʙʠʪʘʝʪ ʜʦ ʧʷʪʠʜʝʩʷʪʠ ʧʨʦʮʝʥʪʦʚ ʥʘʩʝʣʝʥʠʷ ɿʝʤʣʠ, ʠ ʛʜʝ 

ʟʦʥʳ ʙʠʦʧʨʦʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʦʚʧʘʜʘʶʪ ʩ ʦʩʚʦʝʥʠʝʤ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʰʝʣʴʬʝ ʤʦʨʩʢʠʤʠ ʤʘʨʰʨʫʪʘʤʠ ʪʘʥʢʝʨʦʚ ʧʝʨʝʚʦʟʯʠʢʦʚ ʥʝʬʪʠ 

ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ [1]. 

ʋʯʠʪʳʚʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʧʨʠʝʤʫ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʧʨʦʩʘʯʠʚʘʥʠʡ ʥʘ ʜʥʝ ʤʦʨʷ, ʚʚʠʜʫ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ, ʚʘʞʥʦ ʩʜʝʣʘʪʴ ʘʢʮʝʥʪ ʥʘ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʘʭ ʥʝʬʪʠ, ʢʘʢ ʥʘ 

ʠʩʪʦʯʥʠʢʘʭ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʘ ʢʦʪʦʨʳʝ ʯʝʣʦʚʝʢ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʩʧʝʭʦʤ ʨʝʘʛʠʨʫʝʪ, ʧʨʠʤʝʥʷʷ ʪʘʢʠʝ ʤʝʪʦʜʳ ʣʠʢʚʠʜʘʮʠʠ 

ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ (ʃɸʈʅ), ʢʘʢ: ʤʝʭʘʥʠʯʝʩʢʠʡ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʠ ʪʝʨʤʠʯʝʩʢʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʘʞʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠ 

ʚʥʝʜʨʷʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʨʳ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ. 

ʄʝʪʦʜʳ ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ 

ʎʝʣʴ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʶʙʦʛʦ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʤʝʪʦʜʘ ʧʦ ʣʠʢʚʠʜʘʮʠʠ 

ʘʚʘʨʠʡʥʦʛʦ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ ï ʵʪʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʫʱʝʨʙ, ʣʦʢʘʣʠʟʦʚʘʪʴ ʥʝʬʪʷʥʦʝ ʧʷʪʥʦ ʠ ʫʜʘʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʡ ʦʙʲʝʤ ʧʦʧʘʚʰʝʡ ʥʝʬʪʠ ʚ ʤʦʨʝ ʟʘ ʢʨʘʪʯʘʡʰʝʝ ʚʨʝʤʷ. 
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ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʦʧʝʨʘʮʠʠ ʧʦ 

ʧʣʘʥʠʨʦʚʘʥʠʶ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʘ, ʚʢʣʶʯʘʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʥʠʤʢʦʚ ʠʣʠ ʘʚʠʘʮʠʦʥʥʦʡ ʩʲʝʤʢʠ ʜʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʘʩʰʪʘʙʝ ʨʘʟʣʠʚʘ, 

ʣʘʟʝʨʥʳʝ ʬʣʫʦʨʠʤʝʪʨʳ, ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʜʘʪʯʠʢʠ ʠ ʠʥʬʨʘʢʨʘʩʥʳʝ ʩʢʘʥʝʨʳ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʬʪʠ ʠʣʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘ, ʘ ʪʘʢʞʝ 

ʦʧʝʨʘʮʠʠ ʧʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʠ, ʧʦ ʠʪʦʛʫ, ʚʳʙʦʨ ʣʫʯʰʠʭ 

ʚʘʨʠʘʥʪʦʚ [2]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʥʦʚ, ʙʦʥʦʧʦʩʪʘʥʦʚʱʠʢʦʚ, ʩʢʠʤʤʝʨʦʚ ʦʪʥʦʩʠʪʩʷ ʢ 

ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʧʨʠʟʥʘʥ 

ʥʘʠʙʦʣʝʝ ʜʝʡʩʪʚʝʥʥʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ, ʩ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚʦ ʤʥʦʛʠʭ 

ʩʪʨʘʥʘʭ ʤʠʨʘ, ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʩ ʨʘʟʣʠʚʘʤʠ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 

ɼʣʷ ʩʜʝʨʞʠʚʘʥʠʷ ʥʝʬʪʠ ʠ ʝʝ ʧʝʨʝʥʘʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʘʱʠʪʳ ʢʨʘʡʥʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʷʟʚʠʤʳʭ ʫʯʘʩʪʢʦʚ ʧʦʙʝʨʝʞʴʷ ʧʨʠʤʝʥʷʶʪ ʙʦʥʦʚʳʝ ʟʘʛʨʘʞʜʝʥʠʷ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʙʦʥʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʠʤʝʶʱʠʭ, ʢʘʢ ʧʨʘʚʠʣʦ 

ʫʩʨʝʜʥʝʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʥʘʜʚʦʜʥʦʛʦ ʙʦʨʪʘ, ʧʦʧʣʘʚʢʘ, ʙʘʣʣʘʩʪʘ, 

ʩʦʝʜʠʥʠʪʝʣʷ, ʧʦʜʚʦʜʥʦʡ ʶʙʢʠ, ʢʣʘʧʘʥʘ ʜʣʷ ʚʳʧʫʩʢʘ ʛʘʟʘ. ɹʦʥʳ ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʦʜʥʘʢʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʭ ʦʙʱʘʷ ʮʝʣʴ ʧʦ ʥʝʜʦʧʫʱʝʥʠʶ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʠ ʠʣʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʚ ʤʦʨʝ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʪʠʧʠʯʥʳʡ ʚʠʜ ʙʦʥʘ ʟʘʥʘʚʝʩʘ, ʦʜʥʦʛʦ ʠʟ 

ʤʥʦʞʝʩʪʚʘ ʜʨʫʛʠʭ ʪʠʧʦʚ ʙʦʥʦʚ [3]. 

ʂ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʥʦʚ ʦʪʥʦʩʠʪʩʷ ʩʢʦʨʦʩʪʴ ʙʫʢʩʠʨʦʚʢʠ, 

ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʠ ʢʦʨʨʝʢʪʥʳʡ ʧʦʜʙʦʨ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʠʧʘ ʙʦʥʘ ʧʦʜ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʠʪʫʘʮʠʶ. ɹʦʥ ʚʦʟʤʦʞʥʦ ʙʫʢʩʠʨʦʚʘʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ V, U ʠ 

Jïʦʙʨʘʟʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʙʦʥʘ ʧʦ Vïʦʙʨʘʟʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʫʜʥʦ 

ʥʝʬʪʝʩʙʦʨʱʠʢ ʥʘʭʦʜʠʪʩʷ ʧʦʩʝʨʝʜʠʥʝ, ʘ ʙʫʢʩʠʨʦʚʱʠʢʠ ʚʧʝʨʝʜʠ. 

  
ʈʠʩʫʥʦʢ 1 ï ɹʦʥ-ʟʘʥʘʚʝʩ, ʠʤʝʶʱʠʡ ʞʝʩʪʢʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʚʥʝʰʥʠʡ ʙʘʣʣʘʩʪ 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʤʝʥʝʥʠʝ V ï ʦʙʨʘʟʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ 
 

ɼʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʙʦʥʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʚʚʠʜʫ ʥʘʛʨʫʟʦʢ, ʢʦʪʦʨʳʝ ʙʦʥ ʜʦʣʞʝʥ 

ʚʳʜʝʨʞʠʚʘʪʴ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʧʨʠ ʚʳʙʦʨʝ ʢʦʥʩʪʨʫʢʮʠʠ ʙʦʥʘ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ, ʚʳʩʦʪʫ ʥʘʜʚʦʜʥʦʛʦ ʙʦʨʪʘ ʠ ʧʦʜʚʦʜʥʦʡ ʶʙʢʠ, ʚʝʩ ʠ 
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ʠʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʦʥʘ. 

ʊʘʢʞʝ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʠʣʳ ʪʝʯʝʥʠʷ ʚʦʜʳ ʠ ʚʝʪʨʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʙʦʥʦʚʦʝ ʟʘʛʨʘʞʜʝʥʠʝ ʚ ʤʦʤʝʥʪ ʙʫʢʩʠʨʦʚʢʠ ʠ ʚ 

ʟʘʷʢʦʨʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ. ɼʨʫʛʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʢʦʪʦʨʦʡ ʥʝʣʴʟʷ 

ʧʨʝʥʝʙʨʝʛʘʪʴ, ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʙʫʢʩʠʨʦʚʢʠ, ʪʨʝʙʫʶʱʘʷ ʩʦʙʣʶʜʝʥʠʷ ʙʘʣʘʥʩʘ 

ʤʝʞʜʫ ʦʪʩʫʪʩʪʚʠʝʤ ʫʪʝʯʢʠ ʠʟ ʧʦʜ ʙʦʥʘ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʤʘʥʝʚʨʝʥʥʦʩʪʴʶ 

ʙʫʢʩʠʨʫʝʤʦʛʦ ʙʦʥʘ ʙʫʢʩʠʨʦʚʱʠʢʘʤʠ [3]. ɺʷʟʢʦʩʪʴ ʥʝʬʪʠ ʠʛʨʘʝʪ ʪʘʢʞʝ 

ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʚʳʙʦʨʝ ʩʢʠʤʤʝʨʘ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʚʩʷʢʠʡ ʩʢʠʤʤʝʨ 

ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʩʙʦʨʘ ʚʳʩʦʢʦʚʷʟʢʦʡ ʠʣʠ ʤʘʣʦʚʷʟʢʦʡ ʥʝʬʪʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʝʥʠʝ ʙʦʥʦʚʦʛʦ ʟʘʛʨʘʞʜʝʥʠʷ ʢʦʤʙʠʥʠʨʫʝʪʩʷ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʢʠʤʤʝʨʦʚ ï ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ ʩʙʦʨʘ ʥʝʬʪʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʢʠʤʤʝʨʘ ʠ ʝʛʦ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ 

ʟʘʙʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʥʘʧʨʘʚʣʷʝʪ ʥʝʬʪʴ ʚʦ ʚʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ, ʧʦʩʣʝ 

ʢʦʪʦʨʦʛʦ ʥʝʬʪʴ ʙʣʘʛʦʜʘʨʷ ʥʘʩʦʩʥʦʡ ʩʠʩʪʝʤʝ ʧʦʧʘʜʘʝʪ ʚ ʥʘʢʦʧʠʪʝʣʴʥʳʡ ʙʘʢ. ʇʨʠ 

ʵʪʦʤ ʚʦʜʘ ʦʪʩʝʠʚʘʝʪʩʷ ʧʨʠ ʩʙʦʨʝ ʥʝʬʪʠ. ʈʘʙʦʪʘ ʩʢʠʤʤʝʨʦʚ ʦʩʥʦʚʘʥʘ ʥʘ 

ʦʣʝʦʬʠʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʩʢʠʤʤʝʨʝ. ʉʢʠʤʤʝʨʳ, ʢʘʢ ʠ 

ʙʦʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʪ ʣʝʥʪʦʯʥʳʭ ʜʦ ʜʠʩʢʦʚʳʭ, ʦʜʠʥ ʠʟ 

ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʦʢ 3. 

ɺʘʞʥʳʤ ʫʪʦʯʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʠʩʧʝʨʛʝʥʪʦʚ 

ʚ ʢʦʤʙʠʥʘʮʠʠ ʩʦ ʩʢʠʤʤʝʨʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʝ, ʵʤʫʣʴʛʠʨʦʚʘʥʥʳʝ 

ʚʦʜʦʥʝʬʪʷʥʳʝ ʵʤʫʣʴʩʠʠ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʪʦʣʱʝ ʚʦʜʳ, ʘ ʥʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ 

ʧʦʜʜʘʶʪʩʷ ʵʬʬʝʢʪʠʚʥʦʤʫ ʩʙʦʨʫ ʩʢʠʤʤʝʨʘʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʩʧʝʨʛʝʥʪʦʚ, ʩʦʨʙʝʥʪʦʚ, ʘʜʩʦʨʙʝʥʪʦʚ ʠ ʜʨʫʛʠʭ 

ʦʩʘʞʜʘʶʱʠʭ ʘʛʝʥʪʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ [1, 4]. 

ʉʫʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʠʩʧʝʨʛʝʥʪʦʚ ʩʚʦʜʠʪʩʷ ʢ ʜʨʦʙʣʝʥʠʶ ʥʝʬʪʷʥʦʛʦ ʧʷʪʥʘ ʥʘ 

ʤʥʦʞʝʩʪʚʦ ʤʝʣʢʠʭ ʢʘʧʝʣʝʢ ʧʫʪʝʤ ʫʩʢʦʨʝʥʠʷ ʧʨʠʨʦʜʥʦʡ ʜʠʩʧʝʨʩʠʠ, ʯʪʦ ʧʦʢʘʟʘʥʦ 

ʩʭʝʤʘʪʠʯʥʦ ʥʘ ʨʠcʫʥʢʝ 4 [5]. 

  
ʈʠʩʫʥʦʢ 3 ï ʄʘʣʦʛʘʙʘʨʠʪʥʳʡ ʦʣʝʦʬʠʣʴʥʳʡ 

ʜʠʩʢʦʚʳʡ ʩʢʠʤʤʝʨ 
ʈʠʩʫʥʦʢ 4 ï ʇʨʦʮʝʩʩ ʭʠʤʠʯʝʩʢʦʡ 

ʜʠʩʧʝʨʩʠʠ ʥʝʬʪʠ 
 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʮʝʩʩʳ 

ʥʘʧʳʣʝʥʠʷ ʜʠʩʧʝʨʛʝʥʪʦʚ, ʫʤʝʥʴʰʝʥʠʷ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʥʝʬʪʠ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ) ʠ ʨʘʟʣʦʞʝʥʠʝ ʢʘʧʝʣʝʢ 

ʥʝʬʪʠ ʟʘ ʩʯʝʪ ʧʨʠʨʦʜʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

ɼʠʩʧʝʨʛʝʥʪʳ ʜʝʣʷʪʩʷ, ʢʘʢ ʧʦ ʧʦʢʦʣʝʥʠʷʤ ʦʪ ʙʦʣʝʝ ʪʦʢʩʠʯʥʳʭ ʢ ʤʝʥʝʝ 
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ʪʦʢʩʠʯʥʳʤ, ʪʘʢ ʠ ʧʦ ʪʠʧʫ ʧʨʠʤʝʥʝʥʠʷ ʠ ʩʦʩʪʘʚʫ, ʘ ʪʘʢʞʝ ʧʦ ʤʝʭʘʥʠʟʤʫ ʜʝʡʩʪʚʠʷ. 

ʇʦʢʘʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʧʨʠ ʚʳʙʦʨʝ ʜʠʩʧʝʨʛʝʥʪʦʚ ʵʪʦ 

ʚʷʟʢʦʩʪʴ ʥʝʬʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʳʚʘʥʠʷ ʥʝʬʪʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ 

ʚʣʠʷʶʪ ʥʘ ʩʪʝʧʝʥʴ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʝʬʪʠ, ʢʦʪʦʨʦʝ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʦʪʩʦʝʜʠʥʝʥʠʶ ʢʘʧʝʣʝʢ ʥʝʬʪʠ ʦʪ ʚʦʜʳ. 

ɼʠʩʧʝʨʛʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʥʘʥʝʩʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʫʜʦʚ ʠʣʠ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʨʙʝʥʪʦʚ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʤʝʪʦʜʘ. 

ʉʦʨʙʝʥʪʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ, ʪ.ʝ. 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ. ʂʘʞʜʳʡ ʪʠʧ ʠʤʝʝʪ, ʢʘʢ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʦʡ 

ʩʪʦʠʤʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʪʘʢ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚ ʚʠʜʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʩʦʨʙʝʥʪʳ ï ɻ ʪʦ ʪʦʨʬ, ʦʧʠʣʢʠ, ʢʦʨʘ ʠ 

ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ï ʵʪʦ ʧʝʤʟʘ, ʧʦʣʠʧʨʦʧʠʣʝʥ ʠ ʜʨʫʛʠʝ [6]. 

ʂʨʠʪʝʨʠʷʤʠ ʜʣʷ ʚʳʙʦʨʘ ʩʦʨʙʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʠʭ ʧʣʘʚʫʯʝʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʫʜʝʨʞʠʚʘʪʴ ʥʝʬʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʨʷʜ ʠʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ 

ʩʦʨʙʝʥʪʳ ʥʝʦʙʭʦʜʠʤʦ ʚʦʚʨʝʤʷ ʫʜʘʣʷʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʧʦʚʪʦʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʩʦ ʚʨʝʤʝʥʝʤ ʩʦʨʙʝʥʪ ʧʝʨʝʩʪʘʝʪ ʫʜʝʨʞʠʚʘʪʴ 

ʥʝʬʪʴ ʠ ʥʘʯʠʥʘʝʪ ʝʝ ʚʳʧʫʩʢʘʪʴ. 

ʅʘʠʙʦʣʝʝ ʙʝʟʚʨʝʜʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʚ 

ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʙʘʢʪʝʨʠʡ ʠ ʛʨʠʙʢʦʚ, ʢʦʪʦʨʳʝ 

ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʥʝʬʪʴ ʚ ʚʦʜʫ ʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʳʚʝʜʝʥʦ 

ʦʛʨʦʤʥʦʝ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʙʘʢʪʝʨʠʡ ʧʦʜ ʨʘʟʥʳʝ ʩʣʫʯʘʠ ʠ ʪʠʧʳ ʥʝʬʪʠ. ʀʤʝʶʪʩʷ 

ʜʘʞʝ ʰʪʘʤʤʳ ʩʧʦʩʦʙʥʳʝ ʚʳʜʝʨʞʠʚʘʪʴ ʫʩʣʦʚʠʷ ʘʨʢʪʠʯʝʩʢʦʛʦ ʭʦʣʦʜʘ [7]. 

ʅʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʩʧʦʩʦʙʥʳʭ ʨʘʩʱʝʧʣʷʪʴ ʫʛʣʝʚʦʜʦʨʦʜʳ ʚʣʠʷʶʪ 

ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʪʦʢʩʠʯʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʬʪʠ, ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ. ʇʦʵʪʦʤʫ ʢʦʨʨʝʢʪʥʳʡ ʧʦʜʙʦʨ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʝʪʦʜʘ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʧʦ ʣʠʢʚʠʜʘʮʠʠ ʥʝʬʪʷʥʦʛʦ ʧʷʪʥʘ. ɺʟʷʪʠʝ ʧʨʦʙʳ ʚʦʜʳ, ʝʝ 

ʘʥʘʣʠʟ ʪʘʢʞʝ ʥʝ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʡʥʦʛʦ ʨʘʟʣʠʚʘ. ʂ ʪʦʤʫ ʞʝ, 

ʚʘʞʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʜʠʩʧʝʨʛʝʥʪʳ ʩʧʦʩʦʙʥʳ ʩʚʝʩʪʠ ʥʘ ʥʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ʊʝʨʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩʪʨʦʛʦ ʦʛʨʘʥʠʯʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ ʨʷʜʘ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥ ʩ 

ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʜʝʣʘʤ ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ, 

ʯʨʝʟʚʳʯʘʡʥʳʤ ʩʠʪʫʘʮʠʷʤ ʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ 

(ʄʏʉ), ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʢʚʘʪʦʨʠʷʭ ʤʦʨʝʡ ʥʘʰʝʡ 

ʩʪʨʘʥʳ [8]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʠʨʝ. ɺʳʞʠʛʘʥʠʝ ʦʛʥʝʤ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʪʦʣʱʠʥʝ ʧʣʝʥʢʠ ʥʝ ʤʝʥʝʝ 3 ʤʤ. ʆʜʥʘʢʦ ʧʦʧʘʜʘʥʠʝ ʙʦʣʴʰʦʛʦ 

ʦʙʲʝʤʘ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʚ ʚʦʟʜʫʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʠʦʩʪʘʥʦʚʢʝ ʠʣʠ ʧʦʣʥʦʡ 

ʦʪʤʝʥʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʚʠʜʫ ʚʳʩʦʢʦʛʦ ʨʠʩʢʘ ʜʣʷ ʞʠʟʥʠ 

ʧʝʨʩʦʥʘʣʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʦʤʫ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʨʠʩʢʫ. 

ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʠʤʝʶʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɺʘʞʥʳʤ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦʙʳ ʠʭ ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʣʦ ʧʨʠʥʮʠʧʫ 

ʨʘʙʦʪʳ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʤʝʪʦʜʘ. 
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ʂʦʤʧʣʝʢʩʳ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ 

ʥʝʬʪʠ ʩ ʤʦʨʩʢʠʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ 

ʀʩʪʦʯʥʠʢʘʤʠ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʤʦʨʝ ʷʚʣʷʶʪʩʷ ʤʦʨʩʢʠʝ 

ʥʝʬʪʝʛʘʟʦʚʳʝ ʩʦʦʨʫʞʝʥʠʷ ʠ ʩʫʜʥʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʝʠʩʧʨʘʚʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʪʘʢʦʛʦ, ʢʘʢ ʧʨʦʪʠʚʦʚʳʙʨʦʩʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʥʘ ʜʥʝ ʰʝʣʴʬʘ 

ʤʦʨʷ, ʦʪʢʘʟ ʣʠʥʠʠ ʛʣʫʰʝʥʠʷ ʠʣʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʠʣʠ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʶ (ɻʅɺʇ) ʥʘ ʤʦʨʩʢʦʡ ʥʝʬʪʷʥʦʡ 

ʧʣʘʪʬʦʨʤʝ ʠʣʠ ʙʫʨʦʚʦʤ ʩʫʜʥʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʘʚʘʨʠʡʥʦʤʫ 

ʨʘʟʣʠʚʫ ʥʝʬʪʠ. ʊʘʢʞʝ ʘʚʘʨʠʡʥʳʡ ʨʘʟʣʠʚ ʥʝʬʪʠ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʨʦʙʦʠʥʳ ʚ ʢʦʨʧʫʩʝ ʥʝʬʪʷʥʦʛʦ ʪʘʥʢʝʨʘ. 

ɹʦʣʝʝ ʪʦʛʦ ʫʜʘʣʝʥʥʦʩʪʴ ʤʦʨʩʢʠʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʥʘʣʠʯʠʝ 

ʢʨʫʛʣʦʩʫʪʦʯʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʥʘ ʜʘʥʥʳʭ ʦʙʲʝʢʪʘʭ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʝʘʛʠʨʦʚʘʥʠʷ ʚ ʢʨʘʪʯʘʡʰʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʩ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʨʘʟʣʠʚʘ ʩ ʮʝʣʴʶ ʥʝʜʦʧʫʱʝʥʠʷ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʥʝʬʪʷʥʦʛʦ ʧʷʪʥʘ ʠ  

ʧʦʷʚʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʚʦʜʦʥʝʬʪʷʥʳʭ ʵʤʫʣʴʩʠʡ ʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʥʝʬʪʠ, ʘ 

ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʚ ʩʣʝʜʦʚʘʥʠʠ ʪʨʝʙʦʚʘʥʠʷ ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʧʨʘʚʠʪʝʣʴʩʪʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ 2451 [8], ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʝ ʥʦʨʤʘʪʠʚ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ 

ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʩʨʦʢ ʜʦ 4 ʯʘʩʦʚ ʩ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʟʣʠʚʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʤʘʥʠʶ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ 

ʧʨʦʙʣʝʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ 

ʘʚʘʨʠʡʥʳʭ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʠʣʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʠʤʝʶʱʠʭʩʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʩʣʦʞʥʝʥʠʝʤ ʧʨʠ ʦʧʝʨʘʮʠʷʭ ʧʦ ʃɸʈʅ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʚ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʢʦʛʜʘ ʨʠʩʢ ʜʣʷ 

ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʧʦʚʳʰʝʥ, ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. ɺʩʝ ʵʪʦ 

ʩʧʦʩʦʙʥʦ ʧʨʠʚʝʩʪʠ ʢ ʫʩʣʦʞʥʝʥʠʶ ʦʧʝʨʘʮʠʡ ʧʦ ʜʘʣʴʥʝʡʰʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠ 

ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʇʦʧʳʪʢʘ ʨʝʰʠʪʴ ʜʘʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʧʨʠʚʝʣʦ ʢ ʧʘʪʝʥʪʥʦʤʫ ʘʥʘʣʠʟʫ ʠ ʘʥʘʣʠʟʫ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ 

ʟʘʜʘʥʥʦʡ ʪʝʤʝ, ʧʦ ʠʪʦʛʫ ʢʦʪʦʨʦʛʦ ʚʦʟʥʠʢʣʦ ʧʦʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʟʣʠʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩ ʙʫʨʦʚʳʭ ʧʣʘʪʬʦʨʤ ʠʣʠ ʩ 

ʩʫʜʥʘ ʧʝʨʝʚʦʟʯʠʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʝʛʦ ʚ ʢʦʤʧʣʝʢʩ ʨʝʰʝʥʠʡ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʠ 

ʣʠʢʚʠʜʘʮʠʠ ʘʚʘʨʠʡʥʦʛʦ ʨʘʟʣʠʚʘ ʥʝʬʪʠ [9]. ɼʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʨʝʰʝʥʠʡ ʩʦʩʪʦʠʪ 

ʠʟ ʘʣʛʦʨʠʪʤʘ ʜʝʡʩʪʚʠʡ, ʧʝʨʚʳʤ ʰʘʛʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʫʩʪʨʦʡʩʪʚʘ ʚ ʤʦʤʝʥʪ ʨʘʟʣʠʚʘ ʜʣʷ ʩʜʝʨʞʠʚʘʥʠʷ ʥʝʬʪʠ ʠʣʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʜʦ 

ʧʦʜʭʦʜʘ ʙʦʥʦʧʦʩʪʘʥʦʚʱʠʢʦʚ ʠʣʠ ʥʝʬʪʝʩʙʦʨʱʠʢʦʚ. 

ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʚʦʛʦ ʰʘʛʘ ʘʣʛʦʨʠʪʤʘ ʚ ʚʘʨʠʘʥʪʝ 

ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʠʩʧʦʣʥʝʥʠʡ ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʩʫʜʥʝ ʜʦ ʠ ʧʦʩʣʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʨʘʟʣʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 5 ʠ 6. 

ɸʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ, ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʘ ʤʝʨ ʧʦ ʥʝʜʦʧʫʱʝʥʠʶ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʧʷʪʥʘ ʠ ʝʛʦ ʣʠʢʚʠʜʘʮʠʠ ʧʦ ʠʪʦʛʫ, 

ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʢʨʝʧʠʪʴʩʷ ʢ ʙʦʨʪʫ ʩʫʜʥʘ ʠ ʚ ʥʫʞʥʳʡ 

ʤʦʤʝʥʪ ʙʳʪʴ ʚʳʧʫʱʝʥʥʳʤ ʜʠʩʪʘʥʮʠʦʥʥʦ. ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʰʘʛʘʭ ʧʨʦʠʩʭʦʜʠʪ 

ʜʘʣʴʥʝʡʰʝʝ ʦʢʦʣʴʮʦʚʳʚʘʥʠʝ ʨʘʟʣʠʚʘ ʧʦʜʦʰʝʜʰʠʤʠ ʩʧʫʩʪʷ ʚʨʝʤʷ 

ʧʦʩʪʘʥʦʚʱʠʢʘʤʠ ʠ ʝʛʦ ʣʠʢʚʠʜʘʮʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʢʠʤʤʝʨʦʚ. ɺʘʞʥʦʡ ʨʝʤʘʨʢʦʡ 

ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʩʝ ʰʘʛʠ ʘʣʛʦʨʠʪʤʘ ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʘ ʨʝʰʝʥʠʡ 
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ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʧʦʩʦʙʩʪʚʦʚʘʥʠʝ ʚ ʩʢʦʨʝʡʰʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ 

ʨʘʟʣʠʚʘ. ɺʳʧʦʣʥʝʥʠʝ ʜʘʥʥʳʭ ʰʘʛʦʚ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 7. 

  

ʈʠʩʫʥʢʠ 5 ʠ 6 ï ʉʭʝʤʘʪʠʯʥʘʷ ʠʣʣʶʩʪʨʘʮʠʷ ʘʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʚʠʜʘ ʥʘ ʥʝʬʪʷʥʫʶ 

ʧʣʘʪʬʦʨʤʫ ʩ ʨʘʟʤʝʱʝʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʣʠʚʘ ʥʝʬʪʠ 

 

ʈʠʩʫʥʦʢ 7 ï ʀʣʣʶʩʪʨʘʮʠʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʰʘʛʦʚ 

ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʘ 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʦʩʪʠ ʵʣʝʤʝʥʪʦʚ 

ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʚ ʝʛʦ ʚʘʨʠʘʪʠʚʥʦʩʪʠ ʢʨʝʧʣʝʥʠʷ ʢ ʙʦʨʪʫ ʩʫʜʥʘ 

ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 8 ʠ 9, ʛʜʝ ʥʝʨʘʟʨʳʚʥʦʝ ʙʦʥʦʚʦʝ ʟʘʛʨʘʞʜʝʥʠʝ 

ʥʘʭʦʜʠʪʩʷ ʝʤʢʦʩʪʷʭ, ʧʨʠʢʨʝʧʣʝʥʥʳʭ ʢ ʙʦʨʪʫ ʩʫʜʥʘ ʠ ʨʘʩʢʨʳʚʘʝʤʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦ. 

  

ʈʠʩʫʥʢʠ 8 ʠ 9 ï ʀʣʣʶʩʪʨʘʮʠʠ ʘʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʚʠʜʘ ʥʘ ʙʫʨʦʚʫʶ ʧʣʘʪʬʦʨʤʫ ʩ 

ʨʘʟʤʝʱʝʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʤʢʦʩʪʝʡ 
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ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ 

ʦʧʠʩʘʥʦ ʚ ʧʘʪʝʥʪʝ ˉ 2787389 [9]. 

ʅʘʧʦʣʥʝʥʠʷ ʝʜʠʥʦʡ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʙʦʥʦʚʦʛʦ ʢʦʣʴʮʘ ʚʦʟʤʦʞʥʦ, ʢʘʢ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚʤʦʥʪʠʨʦʚʘʥʥʳʭ ʧʠʨʦʧʘʪʨʦʥʦʚ, ʪʘʢ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʨʝʩʩʦʨʦʚ. ʂ ʪʦʤʫ ʞʝ, ʚʦʟʤʦʞʥʘ ʟʘʤʝʥʘ ʥʘʜʫʚʥʦʛʦ ʙʦʥʘ ʥʘ 

ʩʦʨʙʮʠʦʥʥʳʡ ʠʣʠ ʜʨʫʛʠʝ ʚʠʜʳ ʙʦʥʦʚ, ʚʢʣʶʯʘʷ ʙʦʥ ʩ ʞʝʩʪʢʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, 

ʠʩʢʣʶʯʘʶʱʠʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʘʟʦʚʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʠʥʬʦʨʤʘʮʠʠ ʚʩʝʡ ʥʝʦʙʭʦʜʠʤʦʡ ʦ ʪʠʧʝ ʩʫʜʥʘ, ʛʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ 

ʫʩʪʨʦʡʩʪʚʘ ʠ ʚʠʜʝ ʥʝʬʪʠ ʠʣʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʜʦʙʳʚʘʝʤʦʛʦ ʠʣʠ ʧʝʨʝʚʦʟʠʤʦʛʦ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʢʦʤʧʣʝʢʩ ʨʝʰʝʥʠʡ ʧʨʠʤʝʥʠʤ ʠ ʜʣʷ ʩʣʫʯʘʝʚ ʩ ʨʘʟʣʠʚʦʤ 

ʥʝʬʪʠ ʩ ʥʝʬʪʷʥʦʛʦ ʪʘʥʢʝʨʘ ʠʣʠ ʙʫʨʦʚʦʛʦ ʩʫʜʥʘ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 10 ʠ 11. 

  

ʈʠʩʫʥʢʠ 10 ʠ 11 ï ʀʣʣʶʩʪʨʘʮʠʷ ʘʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʚʠʜʘ ʥʘ ʥʝʬʪʷʥʦʡ ʪʘʥʢʝʨ ʠ ʙʫʨʦʚʦʝ 

ʩʫʜʥʦ ʩ ʨʘʩʧʨʘʚʣʝʥʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ, ʧʨʠ ʧʦʣʥʦʡ ʟʘʧʦʣʥʝʥʥʦʩʪʠ ʥʝʬʪʴʶ 

ʦʢʦʣʴʮʦʚʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʦʢʨʫʛ ʥʝʬʪʷʥʦʛʦ ʪʘʥʢʝʨʘ ʚ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ 

ʵʪʘʧʦʚ ʘʣʛʦʨʠʪʤʘ ʜʝʡʩʪʚʠʡ 
 

ʀʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʷ ʧʨʠʤʝʥʝʥʠʷ ʩʦʨʙʮʠʦʥʥʦʛʦ ʙʦʥʘ ʩʦ 

ʩʢʠʤʤʝʨʘʤʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʩʫʜʥʝ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ ʚ 

ʥʘʣʠʯʠʝ ʩʚʦʙʦʜʥʦʛʦ ʙʘʢʘ ʠʣʠ ʝʤʢʦʩʪʠ, ʥʘʧʨʠʤʝʨ ʢʝʩʩʦʥʘʭ, ʢʫʜʘ ʚʦʟʤʦʞʥʦ 

ʟʘʢʘʯʢʘ ʚʳʣʠʚʘʶʱʝʡʩʷ ʥʝʬʪʠ ʠʣʠ ʥʝʬʪʝʧʨʦʜʫʢʪʘ. 

ɺʳʚʦʜʳ 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʘ ʨʝʰʝʥʠʡ ʟʘʜʘʯʠ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʠ 

ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʩ ʤʦʨʩʢʠʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʩʦʦʨʫʞʝʥʠʡ ï ʵʪʦ ʰʘʛ ʢ ʨʘʟʨʝʰʝʥʠʶ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʜʘʣʝʥʥʦʩʪʴʶ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʦʪ ʙʝʨʝʛʘ 

ʠ ʚʩʝʤʠ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʧʦʧʳʪʢʝ ʣʦʢʘʣʠʟʦʚʘʪʴ 

ʠ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʘʚʘʨʠʡʥʳʡ ʨʘʟʣʠʚ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʤʦʨʝ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɺʳʨʘʞʘʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʄʠʥʠʩʪʝʨʩʪʚʫ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʵʢʦʣʦʛʠʠ 

ʉʚʝʨʜʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʫʥʠʚʝʨʩʠʪʝʪʘʤ ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʠ ʌɻɹʆʋ ɺʆ çʋʜʤʫʨʪʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè ʟʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʫʯʘʩʪʚʦʚʘʪʴ ʚ 7-ʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʝʨʩʧʝʢʪʠʚʳ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻè, ʘ ʪʘʢʞʝ ʩʝʪʝʚʦʤʫ ʠʟʜʘʥʠʶ 

çʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʩʬʝʨʦʡè ʟʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʨʘʙʦʪʘʤʠ ʜʨʫʛʠʭ 
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ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʧʫʙʣʠʢʘʮʠʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʋʙʝʞʜʝʥ, ʯʪʦ 

ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʤʝʨʦʧʨʠʷʪʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʦʙ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʠʥʳʭ ʘʩʧʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʢʦʣʦʛʠʝʡ. 

ʆʪʜʝʣʴʥʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʭʦʯʝʪʩʷ ʚʳʨʘʟʠʪʴ ʛʣʘʚʥʦʤʫ ʨʝʜʘʢʪʦʨʫ ʩʝʪʝʚʦʛʦ 

ʠʟʜʘʥʠʷ çʋʧʨʘʚʣʝʥʠʝ ʪʝʭʥʦʩʬʝʨʦʡè, ʘʢʘʜʝʤʠʢʫ ʈɸɽʅ ʃʠʧʘʝʚʫ ɸʣʝʢʩʘʥʜʨʫ 

ɸʥʘʪʦʣʴʝʚʠʯʫ ʟʘ ʦʧʝʨʘʪʠʚʥʫʶ ʢʦʤʤʫʥʠʢʘʮʠʶ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʇʘʪʠʥ ʉ.ɸ. ʅʝʬʪʷʥʳʝ ʨʘʟʣʠʚʳ ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʦʨʩʢʫʶ ʩʨʝʜʫ ʠ ʙʠʦʨʝʩʫʨʩʳ. ʄ.: 

ʀʟʜ-ʚʦ ɺʅʀʈʆ, 2008. 510 ʩ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʤʝʪʦʜʦʚ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʘ ʥʝʬʪʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʫʤʤʘʨʥʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʚʳʛʦʜʳ (ɸʉʕɺ) [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʩʦʚʤʝʩʪʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ IOGP-IPIECA 

ʧʦ ʥʘʜʣʝʞʘʱʝʡ ʧʨʘʢʪʠʢʝ, 2017. URL: https://www.ospri.online/site/assets/files/1130/ 

neba_ru-v2.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 29.03.2026). 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʥʦʚʳʭ ʟʘʛʨʘʞʜʝʥʠʡ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ // 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʬʝʜʝʨʘʮʠʷ ʚʣʘʜʝʣʴʮʝʚ ʪʘʥʢʝʨʦʚ ʧʦ ʚʦʧʨʦʩʘʤ ʟʘʛʨʷʟʥʝʥʠʷ (ITOPF). 2011. 12 ʩ. 

(ʉʝʨʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʜʦʢʫʤʝʥʪʦʚ; ˉ 3). URL: https://www.itopf.org/fileadmin/ 

language_variants/TIP_3_2011_RU_FINAL.pdf  (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 29.03.2026). 

4. ʉʘʚʝʣʴʝʚ ɼ.ɺ., ʀʣʴʥʠʮʢʠʡ ʉ.ɺ., ɻʦʥʯʘʨʦʚ ɺ.ʉ. ʄʝʪʦʜʠʢʘ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ 

ʘʚʘʨʠʡʥʳʭ ʧʨʦʣʠʚʦʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ // ʅʘʫʯʥʳʡ ʃʠʜʝʨ, 2023. ˉ 6 (104). URL: 

https://scilead.ru/article/4020-metodika-likvidatsii-posledstvij-avarijnikh-p. 

5. ʇʨʠʤʝʥʝʥʠʝ ʜʠʩʧʝʨʛʝʥʪʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ: ʪʝʭʥ. ʠʥʬʦʨʤ. 

ʜʦʢʫʤʝʥʪ ˉ 4 / ITOPF, 2011. 12 ʩ. URL: https://www.itopf.org/fileadmin/language_variants/ 

TIP_4_2011_RU_FINAL.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 29.03.2026). 

6. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʨʙʝʥʪʦʚ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ: ʊʝʭʥʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʨʦʰʶʨʘ ˉ 8. ʃʦʥʜʦʥ: ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʬʝʜʝʨʘʮʠʷ ʚʣʘʜʝʣʴʮʝʚ ʪʘʥʢʝʨʦʚ ʧʦ 

ʟʘʛʨʷʟʥʝʥʠʶ (ITOPF), 2012. 12 ʩ. URL: https://www.itopf.org/fileadmin/language_variants/ 

TIP_8_2012_RU_FINAL.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 29.03.2026). 

7. ʐʪʘʤʤ Pseudoalteromonas arctica ʜʣʷ ʜʝʩʪʨʫʢʮʠʠ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ: ʧʘʪ. 

2703142 ʈʌ: ʄʇʂ C12N 1/20, C02F 3/34, C12R 1/01 / ʇʦʥʦʤʘʨʝʥʢʦ ɽ.ɸ., ɿʘʡʮʝʚʘ ɽ.ɺ., 

ʂʦʨʦʣʴʢʦʚʘ ʉ.ɺ. ʠ ʜʨ.; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ʌɻɹʋʅ çʌʝʜʝʨʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ "ʖʞʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ". ˉ 2018146861; ʟʘʷʚʣ. 26.12.2018; 

ʦʧʫʙʣ. 15.10.2019, ɹʶʣ. ˉ 29. 1 ʩ. 

8. ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 31.12.2020 ˉ 2451 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʨʘʚʠʣ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʠ ʣʠʢʚʠʜʘʮʠʠ ʨʘʟʣʠʚʦʚ ʥʝʬʪʠ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʤʦʨʩʢʠʭ 

ʚʦʜ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʤʦʨʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʦ 

ʧʨʠʟʥʘʥʠʠ ʫʪʨʘʪʠʚʰʠʤʠ ʩʠʣʫ ʥʝʢʦʪʦʨʳʭ ʘʢʪʦʚ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè // 

ʉʦʙʨʘʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ʈʌ. 18.01.2021. ˉ 3 (ʏʘʩʪʴ I). ʉʪ. 583. 

9. ʇʘʪʝʥʪ 2787389 ʈʦʩʩʠʡʩʢʘʷ ʬʝʜʝʨʘʮʠʷ, ʄʇʂ E 02 B 15/08, E 02 B 15/0871. 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʨʘʟʣʠʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʩ ʙʫʨʦʚʳʭ ʧʣʘʪʬʦʨʤ ʠʣʠ ʩ ʩʫʜʥʘ 

ʧʝʨʝʚʦʟʯʠʢʘ / ɸʤʠʥʦʚ ʊ.ɺ.; ʟʘʷʚʠʪʝʣʴ ʠ ʧʘʪʝʥʪʦʦʙʣʘʜʘʪʝʣʴ ʋʬʘ. ˉ 2022100896; ʟʘʷʚʣ. 

14.01.2022; ʦʧʫʙʣ. 09.01.2023, ɹʶʣ. ˉ 1. 13 ʩ. 

 

 

 

 

 

 

 

 



147  

ʋɼʂ 332.142 

ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʕʂʆʃʆɻʀʏɽʉʂʆɻʆ 

ʇɸʃʆʄʅʀʏɽʉʂʆɻʆ ʊʋʈʀɿʄɸ 

ɺʘʨʛʫʟʠʥʘ ʄ. ɻ., ʗʢʦʚʝʥʢʦ ʅ. ɺ. 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɻ.ʌ.ʄʦʨʦʟʦʚʘ, 

ʛ. ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʘʣʦʤʥʠʯʝʩʪʚʦ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʜʫʭʦʚʥʦʝ, ʥʦ ʠ 

ʢʫʣʴʪʫʨʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʟʚʦʣʷʷ ʧʨʠʚʣʝʯʴ ʚʥʠʤʘʥʠʝ ʢ ʧʘʤʷʪʥʠʢʘʤ ʠ ʜʨʫʛʠʤ 

ʦʙʲʝʢʪʘʤ ʨʘʟʣʠʯʥʳʭ ʤʠʨʦʚʳʭ ʨʝʣʠʛʠʡ. ʇʦʤʠʤʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʝʣʠʛʠʦʟʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʜʘʥʥʳʡ ʚʠʜ ʪʫʨʠʟʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʳʝ ʬʦʨʤʳ ʚ ʩʚʷʟʠ ʩ 

ʚʦʟʨʦʞʜʝʥʠʝʤ ʠʥʪʝʨʝʩʘ ʢ ʜʫʭʦʚʥʦ-ʥʨʘʚʩʪʚʝʥʥʳʤ ʠ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʠʤ 

ʮʝʥʥʦʩʪʷʤ, ʚʦʩʧʠʪʘʥʠʶ ʛʫʤʘʥʥʦʩʪʠ, ʨʘʟʚʠʪʠʶ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ, ʢʫʣʴʪʫʨʥʦʤʫ ʠ ʜʫʭʦʚʥʦʤʫ ʨʦʩʪʫ ʣʶʜʝʡ ʠ ʘʢʪʠʚʥʳʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʨʘʥʝʝ ʫʪʨʘʯʝʥʥʦʡ ʤʦʥʘʰʝʩʢʦʡ, ʤʦʣʠʪʚʝʥʥʦʡ ʞʠʟʥʠ ʚ 

ʤʦʥʘʩʪʳʨʷʭ ʈʫʩʩʢʦʡ ʧʨʘʚʦʩʣʘʚʥʦʡ ʮʝʨʢʚʠ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. 

ʄʦʥʘʩʪʳʨʠ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʚʨʘʱʘʶʪ ʩʝʙʝ ʨʦʣʴ ʥʝ ʪʦʣʴʢʦ ʜʫʭʦʚʥʳʭ 

ʮʝʥʪʨʦʚ ʧʨʘʚʦʩʣʘʚʠʷ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʧʘʣʦʤʥʠʯʝʩʪʚʘ, 

ʨʝʣʠʛʠʦʟʥʦʛʦ ʪʫʨʠʟʤʘ ʯʝʨʝʟ ʦʨʛʘʥʠʟʘʮʠʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʫʨʦʚ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʧʘʣʦʤʥʠʢʦʚ ʠ ʪʫʨʠʩʪʦʚ ʚ ʛʦʩʪʠʥʠʮʘʭ 

ʧʨʠ ʤʦʥʘʩʪʳʨʷʭ. ɼʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʤʠʩʩʠʠ ʪʫʨʠʟʤʘ ʚ 

ʜʫʭʦʚʥʦ- ʥʨʘʚʩʪʚʝʥʥʦʤ ʚʦʩʧʠʪʘʥʠʠ ʦʙʱʝʩʪʚʘ [4]. 

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʨʘʟʚʠʪʠʝ ʠ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʘʣʦʤʥʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ ʩʨʝʜʠ 

ʥʘʩʝʣʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʠʤ ʚʦʟʨʘʩʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʦʚ 

ʤʦʥʘʩʪʳʨʝʡ. 

 

ʈʠʩʫʥʦʢ 1 ï ɺʦʟʨʘʩʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʦʚ ʤʦʥʘʩʪʳʨʝʡ 

6%

34%

27%

22%

11%

ʤʦʣʦʞʝ 13 ʣʝʪ

13-25 ʣʝʪ

25-45 ʣʝʪ

45-60 ʣʝʪ

ʩʪʘʨʰʝ 60 ʣʝʪ
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ʇʦ ʜʘʥʥʳʤ ʥʘ ʢʦʥʝʮ 2025 ʛʦʜʘ, ʣʠʜʝʨʘʤʠ ʧʦ ʧʫʪʝʰʝʩʪʚʠʷʤ ʚ ʤʦʥʘʩʪʳʨʠ ï 

34 % ï ʩʪʘʣʠ ʧʘʣʦʤʥʠʢʠ ʚ ʚʦʟʨʘʩʪʝ 13ï25 ʣʝʪ. ʏʫʪʴ ʤʝʥʴʰʝ ï 27 % ï ʵʪʦ 

ʧʘʣʦʤʥʠʢʠ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 25 ʜʦ 45 ʣʝʪ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ ʛʨʘʬʠʢʘ, 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʘʣʦʤʥʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ ʩʨʝʜʠ ʤʦʣʦʜʝʞʠ ʚʦʟʨʘʩʪʘʝʪ. 

ʇʘʣʦʤʥʠʢʠ ʠ ʛʦʩʪʠ ʤʦʥʘʩʪʳʨʝʡ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʦʙʠʪʝʣʠ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʜʥʝʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʛʦʩʪʠʥʠʮʳ ʠʣʠ ʝʝ ʘʥʘʣʦʛʘ. ʅʘʣʠʯʠʝ ʚ ʤʦʥʘʩʪʳʨʝ 

ʛʦʩʪʠʥʠʮʳ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʥʦ ʠ 

ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ ʫʯʘʩʪʠʶ ʚ ʚʘʞʥʝʡʰʠʭ ʪʘʠʥʩʪʚʘʭ ʮʝʨʢʚʠ ʚ ʩʪʝʥʘʭ ʤʦʥʘʩʪʳʨʷ. 

ʕʪʦ ʚʩʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʤʦʥʘʩʪʳʨʝʡ ʠ ʠʭ 

ʪʝʨʨʠʪʦʨʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʩʦ ʩʪʦʨʦʥʳ ʧʘʣʦʤʥʠʢʦʚ ʠ 

ʧʦʩʝʪʠʪʝʣʝʡ [6]. 

ʇʘʣʦʤʥʠʯʝʩʪʚʦ ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʬʦʨʤʘ ʪʫʨʠʟʤʘ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʦʚ, 

ʤʦʪʠʚʠʨʦʚʘʥʥʳʭ ʨʝʣʠʛʠʦʟʥʳʤʠ ʫʙʝʞʜʝʥʠʷʤʠ, ʣʠʙʦ ʤʦʪʠʚʠʨʦʚʘʥʥʳʭ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʨʝʣʠʛʠʦʟʥʳʭ ʟʘʩʣʫʛ ʧʝʨʝʜ ʦʙʱʠʥʦʡ, ʧʦʢʘʷʥʠʷ, ʠʩʮʝʣʝʥʠʷ ʦʪ ʙʦʣʝʟʥʝʡ 

ʠʣʠ ʨʝʰʝʥʠʷ ʩʚʦʠʭ ʤʠʨʩʢʠʭ ʧʨʦʙʣʝʤ [2]. 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʧʘʣʦʤʥʠʯʝʩʢʠʡ ʪʫʨʠʟʤ ï ʵʪʦ ʚʠʜ ʪʫʨʠʟʤʘ, ʢʦʪʦʨʳʡ 

ʩʦʯʝʪʘʝʪ ʧʦʩʝʱʝʥʠʝ ʩʚʷʪʳʭ ʤʝʩʪ ʩ ʙʝʨʝʞʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

ʊʘʢʦʡ ʪʫʨʠʟʤ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʨʠʨʦʜʘ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʧʘʣʦʤʥʠʯʝʩʢʠʭ ʤʘʨʰʨʫʪʦʚ, ʠ ʧʘʣʦʤʥʠʢʠ ʩʪʨʝʤʷʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʢʦʩʠʩʪʝʤʳ. 

ʎʝʣʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʣʦʤʥʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ ʧʝʨʝʯʠʩʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2 ï ʎʝʣʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʣʦʤʥʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ 

ʇʨʠʤʝʨʘʤʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʣʦʤʥʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ: 

Åʇʫʪʝʰʝʩʪʚʝʥʥʠʢʠ ʠʥʚʝʩʪʠʨʫʶʪ ʚ ʟʘʱʠʪʫ 
ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʸʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʣʦʞʝʥʠʡ ʦʪ 
ʪʫʨʠʩʪʦʚ ʠʣʠ ʪʫʨʦʧʝʨʘʪʦʨʦʚ. 

ʉʦʭʨʘʥʝʥʠʝ ʧʨʠʨʦʜʳ

Åʊʫʨʠʩʪʳ ʠʟʫʯʘʶʪ ʬʣʦʨʫ ʠ ʬʘʫʥʫ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ 
ʩʨʝʜʝ, ʫʯʘʩʪʚʫʶʪ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠʭ, ʥʘʫʯʥʳʭ, 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʚʦʣʦʥʪʸʨʩʢʠʭ ʧʨʦʛʨʘʤʤʘʭ.

ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʮʝʣʴ

Åʇʫʪʝʰʝʩʪʚʝʥʥʠʢʠ ʦʪʜʳʭʘʶʪ ʚ ʥʝʪʨʦʥʫʪʳʭ 
ʧʨʠʨʦʜʥʳʭ ʫʛʦʣʢʘʭ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ 
ʬʠʟʠʯʝʩʢʦʝ ʠ ʜʫʰʝʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʆʪʜʳʭ ʠ ʨʝʢʨʝʘʮʠʷ

Åʊʫʨʠʟʤ ʩʦʟʜʘʸʪ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʠ ʨʘʟʚʠʚʘʝʪ 
ʤʝʩʪʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ 

ʞʠʟʥʠ

ʇʦʜʜʝʨʞʢʘ ʤʝʩʪʥʳʭ 
ʩʦʦʙʱʝʩʪʚ
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ï ʄʘʨʰʨʫʪ çɼʦʨʦʛʘ ʚ ʃʘʚʨʫè ʚ ʈʦʩʩʠʠ. ʉʦʚʤʝʱʘʝʪ ʵʣʝʤʝʥʪʳ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ, ʩʧʦʨʪʠʚʥʦʛʦ ʠ ʧʘʣʦʤʥʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ. ʕʪʦ ʜʣʠʥʥʦʝ 

ʧʝʰʝʭʦʜʥʦʝ ʧʫʪʝʰʝʩʪʚʠʝ ï 120 ʢʤ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʩʝʣʦ ʈʘʜʦʥʝʞ, ʍʦʪʴʢʦʚ 

ʤʦʥʘʩʪʳʨʴ, ʤʫʟʝʠ-ʟʘʧʦʚʝʜʥʠʢʠ çɸʙʨʘʤʮʝʚʦè, çʄʫʨʘʥʦʚʦè ʠ ʧʦʣʝʚʳʝ ʠ ʣʝʩʥʳʝ 

ʪʨʦʧʳ [5]. 

ï ʄʘʨʰʨʫʪ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʘʰʢʝʥʪʩʢʦʡ ʦʙʣʘʩʪʠ (ʋʟʙʝʢʠʩʪʘʥ). 

ʉʦʯʝʪʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʠ ʧʘʣʦʤʥʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʷ: ʚʢʣʶʯʘʝʪ 

ʍʦʜʞʠʢʝʥʪʩʢʠʝ ʧʝʪʨʦʛʣʠʬʳ, ʏʘʨʚʘʢʩʢʦʝ ʚʦʜʦʭʨʘʥʠʣʠʱʝ, ʢʘʤʝʥʥʳʝ ʜʦʤʘ ʚ 

ʜʝʨʝʚʥʝ ɹʫʨʯʤʫʣʣʘ, ʧʘʣʦʤʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʐʝʡʭʘ ʋʤʘʨʘ ɺʘʣʠ ɹʦʛʫʩʪʘʥʠ ʚ 

ʜʝʨʝʚʥʝ ɹʦʛʫʩʪʘʥ ʠ ʪʘʠʥʩʪʚʝʥʥʫʶ ʧʝʱʝʨʫ, ʢʦʪʦʨʫʶ, ʩʦʛʣʘʩʥʦ ʤʝʩʪʥʳʤ 

ʠʩʪʦʨʠʷʤ, ʧʦʩʝʪʠʣ ɹʘʭʘʫʜʜʠʥ ʅʘʢʰʙʘʥʜʠ [3]. 

ï ʇʫʪʝʰʝʩʪʚʠʝ ʢ ʧʨʠʨʦʜʥʳʤ ʩʚʷʪʳʤ ʠʩʪʦʯʥʠʢʘʤ. ʉʦʝʜʠʥʷʝʪ ʵʣʝʤʝʥʪʳ 

ʧʘʣʦʤʥʠʯʝʩʢʦʛʦ, ʣʝʯʝʙʥʦʛʦ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʠ ʢʫʣʴʪʫʨʥʦʛʦ ʪʫʨʠʟʤʘ. ɺ ʨʷʜʝ 

ʩʪʨʘʥ ʤʠʨʘ ʩʚʷʱʝʥʥʳʝ ʨʦʜʥʠʢʠ ʠ ʠʩʪʦʯʥʠʢʠ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦ ʦʪʥʝʩʝʥʳ ʢ ʦʩʦʙʦ 

ʦʭʨʘʥʷʝʤʳʤ ʧʨʠʨʦʜʥʳʤ ʪʝʨʨʠʪʦʨʠʷʤ (ʆʆʇʊ) ʠʣʠ ʦʙʲʝʢʪʘʤ 

ʧʨʠʨʦʜʥʦ-ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ [7]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʤʙʠʦʟ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʧʘʣʦʤʥʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘ ʤʦʞʝʪ 

ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʩʦʟʜʘʥʠʠ ʤʘʨʰʨʫʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʯʝʪʘʶʪ ʵʣʝʤʝʥʪʳ ʵʪʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ. ʊʘʢʦʡ ʩʠʤʙʠʦʟ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʦʙʲʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʠʨʦʜʦʡ ʠ ʨʝʣʠʛʠʝʡ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʪʫʨʠʩʪʦʚ, ʠ 

ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʝʢʪʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪ ʧʫʪʝʰʝʩʪʚʠʷ, ʩʦʯʝʪʘʶʱʠʝ ʵʪʠ 

ʥʘʧʨʘʚʣʝʥʠʷ. 
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ʋɼʂ 338:502 

ʕʂʆʃʆɻʀʏɽʉʂʀɽ ʀ ʕʂʆʅʆʄʀʏɽʉʂʀɽ ʂʆʄʇʃɽʂʉʓ 

ʄʘʤʝʜʦʚ ʕ. ʇ. 

ʌɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʕ.ɹʘʫʤʘʥʘè, 

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʫʩʢʦʨʝʥʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʱʝʩʪʚʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʘʨʘʩʪʘʶʱʠʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʚʳʟʦʚʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʨʦʩʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʜʝʛʨʘʜʘʮʠʷ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʠʩʪʦʱʝʥʠʝ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɼʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʫʶʪ ʞʸʩʪʢʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʠ ʪʨʝʙʫʶʪ 

ʧʝʨʝʭʦʜʘ ʢ ʫʩʪʦʡʯʠʚʳʤ ʬʦʨʤʘʤ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ 

ʠʥʪʝʛʨʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʥʪʝʨʝʩʦʚ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʘ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʫʩʪʦʡʯʠʚʳʭ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʭʦʟʷʡʩʪʚʝʥʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʨʠʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʝʨʨʠʪʦʨʠʡ. ɺ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʠ ʨʦʩʩʠʡʩʢʦʡ ʧʨʘʢʪʠʢʝ ʚʩʸ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ 

ʧʨʦʮʝʩʩʳ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢʠ, ʨʘʟʚʠʪʠʝ ʢʘʨʙʦʥʦʚʳʭ ʧʦʣʠʛʦʥʦʚ ʠ 

ʢʘʨʙʦʥʦʚʳʭ ʬʝʨʤ, ʚʥʝʜʨʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ çʟʝʣʸʥʦʛʦè ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʠ 

ʩʦʟʜʘʥʠʝ ʵʢʦ-ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʧʘʨʢʦʚ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʦʩʥʦʚʘ ʜʣʷ ʩʥʠʞʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʜʦʩʪʠʞʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʮʝʣʝʡ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʥʘʫʯʥʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʚʠʪʠʶ 

ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʠʨʦʚʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʘʜʘʧʪʘʮʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʢ ʥʦʚʳʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʢʮʝʥʪʦʤ ʥʘ 

ʧʨʦʮʝʩʩʳ ʢʘʨʙʦʥʠʟʘʮʠʠ, ʨʘʟʚʠʪʠʝ ʢʘʨʙʦʥʦʚʳʭ ʧʦʣʠʛʦʥʦʚ ʠ ʢʘʨʙʦʥʦʚʳʭ ʬʝʨʤ, ʘ 

ʪʘʢʞʝ çʟʝʣʸʥʦʛʦè ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʠ ʨʦʩʩʠʡʩʢʦʡ ʧʨʘʢʪʠʢʝ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʛʣʦʙʘʣʴʥʳʝ ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ; 

ï ʨʘʩʩʤʦʪʨʝʪʴ ʨʦʣʴ ʢʘʨʙʦʥʦʚʳʭ ʧʦʣʠʛʦʥʦʚ ʠ ʢʘʨʙʦʥʦʚʳʭ ʬʝʨʤ ʚ ʩʠʩʪʝʤʝ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʫʛʣʝʨʦʜʥʳʤ ʙʘʣʘʥʩʦʤ ʪʝʨʨʠʪʦʨʠʡ; 

ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ çʟʝʣʸʥʦʛʦè ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʠ ʵʢʦ- 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʧʘʨʢʦʚ ʢʘʢ ʵʣʝʤʝʥʪʦʚ ʫʩʪʦʡʯʠʚʳʭ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ; 

ï ʦʮʝʥʠʪʴ ʟʥʘʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʟʝʤʥʳʭ, ʙʝʩʧʠʣʦʪʥʳʭ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ; 
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ï ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʧʨʠʨʦʜʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ 

ʧʨʠʨʦʜʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʢʘʨʙʦʥʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢʠ, 

ʤʝʭʘʥʠʟʤʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʨʙʦʥʦʚʳʭ ʧʦʣʠʛʦʥʦʚ ʠ ʢʘʨʙʦʥʦʚʳʭ ʬʝʨʤ, ʘ 

ʪʘʢʞʝ ʠʥʩʪʨʫʤʝʥʪʳ çʟʝʣʸʥʦʛʦè ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʳʭ 

ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

1. ʂʘʨʙʦʥʦʚʳʝ ʧʦʣʠʛʦʥʳ ʠ ʢʘʨʙʦʥʦʚʳʝ ʬʝʨʤʳ 

ʂʘʨʙʦʥʦʚʳʝ ʧʦʣʠʛʦʥʳ ï ʵʪʦ ʩʧʝʮʠʘʣʴʥʳʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ 

ʫʯʘʩʪʢʠ ʩ ʪʠʧʠʯʥʳʤʠ ʵʢʦʩʠʩʪʝʤʘʤʠ (ʨʝʣʴʝʬ, ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʧʦʯʚʝʥʥʳʡ 

ʧʦʢʨʦʚ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʧʦʪʦʢʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ 

ʚ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ. ʅʘ ʪʘʢʠʭ ʧʦʣʠʛʦʥʘʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʣʝʚʳʝ 

ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ COϜ, CHϞ, NO ʠ 
ʜʨʫʛʠʭ ʛʘʟʦʚ. ʊʘʢ, ʚ ʨʘʤʢʘʭ ʧʠʣʦʪʥʦʛʦ ʧʨʦʝʢʪʘ ʄʠʥʦʙʨʥʘʫʢʠ ʟʘʧʫʱʝʥʘ ʩʝʪʴ ʠʟ 

19 ʢʘʨʙʦʥʦʚʳʭ ʧʦʣʠʛʦʥʦʚ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ (ʦʙʱʘʷ 

ʧʣʦʱʘʜʴ å 313 000 ʛʘ) [1]. ʅʘ ʧʨʠʚʝʜʸʥʥʦʤ ʧʨʠʤʝʨʝ [2] (ʨʠʩʫʥʦʢ 1) ʧʦʢʘʟʘʥʘ 

ʪʠʧʦʚʘʷ ʧʦʣʠʛʦʥʥʘʷ ʧʣʦʱʘʜʢʘ ʩ ʤʦʙʠʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʠ ʢʫʧʦʣʴʥʳʤʠ 

ʤʦʜʫʣʷʤʠ ʜʣʷ ʥʘʫʯʥʳʭ ʧʨʠʙʦʨʦʚ [3, 4]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʥʘʟʝʤʥʳʝ ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʘ ʛʘʟʦʚ ʥʘʜ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʝʡ 

ʧʦʣʠʛʦʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʢʘʤʝʨʳ ʥʘ ʙʝʩʧʠʣʦʪʥʠʢʘʭ ʠ 

ʩʧʫʪʥʠʢʘʭ. ʊʘʢ, ʧʨʠ ʦʪʢʨʳʪʠʠ ʧʝʨʚʦʛʦ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ ʧʦʜ ʊʶʤʝʥʴʶ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʨʘʙʦʪʫ ʜʨʦʥʘ ʜʣʷ ʦʮʝʥʢʠ ʛʘʟʦʦʙʤʝʥʘ (ʨʠʩʫʥʦʢ 2) [2, 5]. ʅʘ 

ʧʦʣʠʛʦʥʘʭ ʪʘʢʞʝ ʪʝʩʪʠʨʫʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʉʆϜ: ʦʪ 
ʧʦʜʙʦʨʘ ʜʨʝʚʝʩʥʳʭ ʢʫʣʴʪʫʨ ʜʦ ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ɺ ʈʦʩʩʠʠ 

ʢʦʥʮʝʧʮʠʷ ʢʘʨʙʦʥʦʚʳʭ ʬʝʨʤ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ ʧʨʦʪʦʪʠʧʳ ʧʨʝʜʧʨʠʷʪʠʡ ʜʣʷ 

ʘʢʪʠʚʥʦʛʦ ʫʣʘʚʣʠʚʘʥʠʷ ʫʛʣʝʨʦʜʘ: ʥʘ ʪʘʢʠʭ ʬʝʨʤʘʤ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ 

ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʣʝʩʥʳʝ ʠ ʘʛʨʦʪʝʭʥʦʣʦʛʠʠ ʩʝʢʚʝʩʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ [2]. 

 

ʈʠʩʫʥʦʢ 1 ï ʊʠʧʦʚʘʷ ʧʦʣʠʛʦʥʥʘʷ ʧʣʦʱʘʜʢʘ ʩ ʤʦʙʠʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ 

ʠ ʢʫʧʦʣʴʥʳʤʠ ʤʦʜʫʣʷʤʠ ʜʣʷ ʥʘʫʯʥʳʭ ʧʨʠʙʦʨʦʚ [2] 
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ʈʠʩʫʥʦʢ 2 ï ʈʘʙʦʪʘ ʜʨʦʥʘ ʧʨʠ ʦʮʝʥʢʝ ʛʘʟʦʦʙʤʝʥʘ ʧʨʠ ʦʪʢʨʳʪʠʠ 

ʧʝʨʚʦʛʦ ʢʘʨʙʦʥʦʚʦʛʦ ʧʦʣʠʛʦʥʘ ʧʦʜ ʊʶʤʝʥʴʶ [2] 

1. çɿʝʣʸʥʦʝè ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ 

ɺ ʈʦʩʩʠʠ ʠ ʤʠʨʝ çʟʝʣʝʥʦʝè (ʵʢʦʣʦʛʠʯʝʩʢʦʝ) ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʘʞʥʝʡʰʠʡ ʬʘʢʪʦʨ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʫʣʫʯʰʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ [3]. ɺʩʸ ʙʦʣʴʰʝ ʢʦʤʧʘʥʠʡ ʚʥʝʜʨʷʶʪ ESG-ʧʨʦʝʢʪʳ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ: ʩʦʟʜʘʶʪʩʷ çʟʝʣʸʥʳʝè ʩʪʘʨʪʘʧʳ, ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɸʥʘʣʠʟ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʧʝʨʝʭʦʜ ʙʠʟʥʝʩʘ ʥʘ ʫʩʪʦʡʯʠʚʫʶ ʤʦʜʝʣʴ ʫʩʢʦʨʷʶʪ ʤʘʢʨʦ-, ʤʝʟʦ- ʠ 

ʤʠʢʨʦʫʨʦʚʥʝʚʳʝ ʩʪʠʤʫʣʳ: 

¶ ʉʪʠʤʫʣʳ: ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ (ʩʫʙʩʠʜʠʠ, ʥʦʨʤʘʪʠʚʳ, 

çʟʝʣʝʥʳʝè ʠʥʚʝʩʪʠʮʠʠ), ʜʘʚʣʝʥʠʝ ʨʳʥʢʘ (ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʡ ʩʧʨʦʩ ʥʘ 

ʵʢʦ-ʧʨʦʜʫʢʮʠʶ) ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ. 

¶ ʇʨʦʙʣʝʤʳ: ʬʠʥʘʥʩʦʚʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʝʜʦʩʪʘʪʦʢ ʟʥʘʥʠʡ ʠ 

ʢʚʘʣʠʬʠʢʘʮʠʠ ʫ ʄʉʇ, ʙʨʝʤʷ ʧʝʨʚʠʯʥʳʭ ʠʥʚʝʩʪʠʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʦʩʪ çʟʝʣʸʥʦʛʦè ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ 

ʧʨʦʜʚʠʞʝʥʠʝʤ ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʙʠʟʥʝʩ ʠ ʠʥʥʦʚʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʢʣʶʯʝʚʦʡ ʩʧʦʩʦʙ 

ʨʝʰʝʥʠʷ ʪʝʢʫʱʠʭ ʧʨʦʙʣʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [2]. 

2. ʋʩʪʦʡʯʠʚʳʝ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʉʦʚʨʝʤʝʥʥʘʷ ʵʢʦʥʦʤʠʢʘ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʘʨʘʩʪʘʶʱʠʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʂʦʥʮʝʧʮʠʷ ʧʣʘʥʝʪʘʨʥʳʭ ʛʨʘʥʠʮ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʣʶʜʠ ʫʞʝ 

ʧʨʝʚʳʰʘʶʪ ʙʝʟʦʧʘʩʥʳʝ ʧʨʝʜʝʣʳ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʢʣʶʯʝʚʳʭ ʧʨʦʮʝʩʩʦʚ (ʢʣʠʤʘʪ, 

ʮʠʢʣ ʘʟʦʪʘ, ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʜʨ.). ʇʝʨʝʩʝʯʝʥʠʝ ʵʪʠʭ ʛʨʘʥʠʮ ʛʨʦʟʠʪ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʠ ʥʝʦʙʨʘʪʠʤʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ɺ ʦʪʚʝʪ ʬʦʨʤʠʨʫʶʪʩʷ 

ʟʘʤʢʥʫʪʳʝ (ʢʨʫʛʦʚʳʝ) ʤʦʜʝʣʠ ʵʢʦʥʦʤʠʢʠ: ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʦʡ çʣʠʥʝʡʥʦʡè 

ʩʭʝʤʳ ʨʝʩʫʨʩʳ ʧʦʚʪʦʨʥʦ ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʮʠʢʣ. ʅʘʧʨʠʤʝʨ, ʵʢʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʧʘʨʢʠ ʥʘʮʝʣʝʥʳ ʥʘ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʳʨʴʷ, ʵʥʝʨʛʠʠ, ʚʦʜʳ ʠ ʦʙʤʝʥ 
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ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʤʝʞʜʫ ʧʨʝʜʧʨʠʷʪʠʷʤʠ (ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʩʠʤʙʠʦʟ). ʎʝʣʴ 

ʪʘʢʠʭ ʠʥʠʮʠʘʪʠʚ ï ʧʦʚʳʩʠʪʴ ʨʝʩʫʨʩʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ 

ʵʢʦʩʠʩʪʝʤʳ. 

¶ ɻʣʦʙʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ: ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ (ʧʦʚʳʰʝʥʠʝ COϜ ʠ 
ʪʝʤʧʝʨʘʪʫʨ), ʜʝʛʨʘʜʘʮʠʷ ʧʦʯʚ, ʠʩʪʦʱʝʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ [5]. 

¶ ʉʪʨʘʪʝʛʠʠ ʩʤʷʛʯʝʥʠʷ: ʨʘʟʚʠʪʠʝ çʟʝʣʸʥʳʭè ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʙʠʦʠʥʞʝʥʝʨʠʠ, ʧʝʨʝʭʦʜ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʙʠʦʵʢʦʥʦʤʠʢʫ ʠ 

ʮʠʨʢʫʣʷʨʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʮʝʧʦʯʢʠ [6]. 

ʋʩʪʦʡʯʠʚʳʝ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʪʝʩʥʫʶ 

ʠʥʪʝʛʨʘʮʠʶ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʧʨʠʨʦʜʥʳʤʠ ʮʠʢʣʘʤʠ. ʕʪʦ ʚʢʣʶʯʘʝʪ 

ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʙʠʦʠʥʥʦʚʘʮʠʠ), ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʪʭʦʜʦʚ, ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʧʨʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʦʚ. 

3. ʇʨʦʛʥʦʟ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʨʘʟʤʝʱʝʥʠʷ 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʤʦʜʝʣʝʡ, ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʩʮʝʥʘʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʫʯʠʪʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ, ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʠ ʫʨʙʘʥʠʟʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʨʘʥʝʝ ʦʮʝʥʠʪʴ 

ʙʫʜʫʱʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʵʢʦʩʠʩʪʝʤʳ ʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʣʘʥʳ ʨʘʟʚʠʪʠʷ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʝʨʝʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʣʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʦʙʷʟʘʪʝʣʴʥʘ ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

(ʆɺʆʉ/ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʵʢʩʧʝʨʪʠʟʘ). ʊʘʢʘʷ ʵʢʩʧʝʨʪʠʟʘ 

ʘʥʘʣʠʟʠʨʫʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ çʧʨʠʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣè 

ʫʯʘʩʪʢʘ (ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ, ʥʘʣʠʯʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʫʷʟʚʠʤʦʩʪʴ ʙʠʦʮʝʥʦʟʦʚ ʠ 

ʜʨ.) ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʩʪʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʨʠʩʢʘʤʠ. 

4. ʇʨʠʨʦʜʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʵʢʦ-ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʧʘʨʢʠ 

ʕʢʦʠʥʜʫʩʪʨʠʘʣʴʥʳʡ (ʧʨʠʨʦʜʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ) ʧʘʨʢ ï ʵʪʦ 

ʩʦʦʙʱʝʩʪʚʦ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʙʱʝʡ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʢʦʦʧʝʨʠʨʫʶʱʠʭʩʷ ʚ ʫʧʨʘʚʣʝʥʠʠ ʨʝʩʫʨʩʘʤʠ [6]. ɺ ʨʘʤʢʘʭ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʩʠʤʙʠʦʟʘ ʢʦʤʧʘʥʠʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʵʥʝʨʛʠʝʡ, ʩʳʨʴʝʚʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʦʪʭʦʜʦʚ. 

ʊʘʢʘʷ ʤʦʜʝʣʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘʱʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʣʝʜʘ ʠ ʧʦʚʳʰʝʥʠʶ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ: ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʣʫʯʘʶʪ ʚʳʛʦʜʥʦʝ ʧʦʚʪʦʨʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʵʢʦʩʠʩʪʝʤʘ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ ʟʘ ʩʯʝʪ ʩʥʠʟʠʚʰʝʡʩʷ ʥʘʛʨʫʟʢʠ. ʉʨʝʜʠ ʧʨʝʠʤʫʱʝʩʪʚ ʵʢʦ-ʧʘʨʢʦʚ ï 

ʩʥʠʞʝʥʠʝ ʠʟʜʝʨʞʝʢ ʥʘ ʦʪʭʦʜʳ ʠ ʢʦʤʤʫʥʘʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ 

ʫʪʠʣʠʟʘʮʠʠ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢʞʝ ʫʢʨʝʧʣʝʥʠʝ çʟʝʣʸʥʦʛʦè ʠʤʠʜʞʘ 

ʙʠʟʥʝʩʘ. 

ʇʨʠʤʝʨʳ (ʛʣʦʙʘʣʴʥʳʝ): ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʩʦʟʜʘʶʪʩʷ ʵʢʦʧʘʨʢʠ ʩ 

ʟʘʤʢʥʫʪʳʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʢʘʩʢʘʜʘʤʠ ʠ ʦʙʱʠʤ ʚʦʜʦʩʥʘʙʞʝʥʠʝʤ. ɺ ʈʦʩʩʠʠ 

ʢʦʥʮʝʧʮʠʷ ʪʘʢʞʝ ʥʘʯʠʥʘʝʪ ʚʥʝʜʨʷʪʴʩʷ ʚ ʨʘʤʢʘʭ ʥʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ 

ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʧʦʜʜʝʨʞʢʠ ʠʥʥʦʚʘʮʠʡ; ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʤʙʠʦʟʦʚ. 
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5. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʵʢʦʩʠʩʪʝʤ, ʨʝʤʝʜʠʘʮʠʷ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʷ 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘʨʫʰʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ï ʧʨʠʦʨʠʪʝʪ ʤʠʨʦʚʦʛʦ çʟʝʣʸʥʦʛʦè 

ʧʝʨʝʭʦʜʘ. ʊʝʭʥʦʣʦʛʠʠ ʨʝʤʝʜʠʘʮʠʠ ʚʢʣʶʯʘʶʪ ʬʠʟʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʧʦʯʚ, ʚʦʜʦʸʤʦʚ ʠ ʟʝʤʝʣʴ ʧʦʩʣʝ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʬʠʪʦʨʝʤʝʜʠʘʮʠʷ (ʨʘʩʪʝʥʠʷ, 

ʧʦʛʣʦʱʘʶʱʠʝ ʠ ʨʘʟʨʫʰʘʶʱʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ), ʤʠʢʨʦʙʥʳʝ ʙʠʦʧʨʝʧʘʨʘʪʳ ʠ 

ʩʦʟʜʘʥʠʝ ʪʝʨʨʘʩʥʦ-ʬʠʪʦʮʝʥʦʟʥʳʭ ʩʠʩʪʝʤ. ɺʘʞʥʳʤ ʪʨʝʥʜʦʤ ʷʚʣʷʶʪʩʷ 

ʫʛʣʝʨʦʜʦʜʝʧʦʥʠʨʫʶʱʠʝ ʙʠʦʪʝʭʥʦʣʦʛʠʠ: ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʪʦʜʳ 

ʙʠʦʨʝʤʝʜʠʘʮʠʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʚʳʙʨʦʩʦʚ ʠ ʫʩʠʣʝʥʠʝ 

ʧʦʛʣʦʱʝʥʠʷ ʉʆϜ [7]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʰʘʪʴ ʜʚʝ ʟʘʜʘʯʠ ï ʦʯʠʩʪʢʫ 

ʩʨʝʜ ʠ ʧʦʚʳʰʝʥʠʝ ʫʛʣʝʨʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʣʘʥʜʰʘʬʪʦʚ. ʊʘʢ, ʫʯʸʥʳʝ ʄɻʋ 

ʩʦʟʜʘʶʪ ʪʝʭʥʦʣʦʛʠʠ ʤʠʢʨʦʙʥʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʯʚ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ çʚʳʪʝʩʥʝʥʠʶè ʫʛʣʝʨʦʜʘ ʠʟ ʘʪʤʦʩʬʝʨʳ ʚ ʧʦʯʚʫ. 

ʇʨʠʤʝʨʳ ʧʨʘʢʪʠʢʠ: ʨʝʢʫʣʴʪʠʚʘʮʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʚʘʣʦʚ (ʩʦʟʜʘʥʠʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʦʟʝʣʝʥʝʥʠʝ, ʩʦʟʜʘʥʠʝ ʣʦʞʥʳʭ ʪʝʨʨʘʩ ʜʣʷ 

ʥʘʢʦʧʣʝʥʠʷ ʚʦʜʳ), ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʦʣʦʪ ʠ ʣʝʩʥʳʭ ʤʘʩʩʠʚʦʚ, ʘ ʪʘʢʞʝ 

ʨʝʘʙʠʣʠʪʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʯʝʨʝʟ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʦʧʫʩʪʦʰʝʥʠʝ 

ʪʦʢʩʠʥʦʚ. ɻʣʘʚʥʘʷ ʮʝʣʴ ï ʩʬʦʨʤʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʳʡ ʙʠʦʬʠʣʴʪʨ, ʩʧʦʩʦʙʥʳʡ 

ʦʯʠʱʘʪʴ ʚʦʟʜʫʭ ʠ ʟʝʤʣʶ ʧʨʠʨʦʜʥʳʤʠ ʩʠʣʘʤʠ. 

6. ʄʦʥʠʪʦʨʠʥʛ ʧʨʠʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ: ʥʘʟʝʤʥʳʝ ʠ ʢʦʩʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʉʦʚʨʝʤʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʢʦʤʙʠʥʠʨʫʝʪ ʥʘʟʝʤʥʳʝ ʜʘʪʯʠʢʠ, ɹʇʃɸ ʠ 

ʢʦʩʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʠ ʩʧʫʪʥʠʢʠ ʥʘʙʣʶʜʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʨʝʛʫʣʷʨʥʦ ʩʢʘʥʠʨʦʚʘʪʴ ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ: ʧʦ ʩʥʠʤʢʘʤ ʤʦʞʥʦ 

ʦʮʝʥʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʣʝʩʦʚ, ʩʝʣʴʭʦʟʫʛʦʜʠʡ, ʢʘʯʝʩʪʚʦ ʚʦʜʦʸʤʦʚ ʠ ʜʠʥʘʤʠʢʫ 

ʧʨʠʙʨʝʞʥʳʭ ʟʦʥ. Terra-Tech (ʈʂʉ) ʦʪʤʝʯʘʝʪ, ʯʪʦ ʪʘʢʠʝ ʜʘʥʥʳʝ ʧʦʤʦʛʘʶʪ 

ʦʪʩʣʝʞʠʚʘʪʴ ʨʘʟʤʝʱʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ, ʩʚʘʣʦʢ, ʚʳʩʘʜʢʫ ʜʝʨʝʚʴʝʚ, 

ʦʧʫʩʪʳʥʠʚʘʥʠʝ, ʣʝʩʥʳʝ ʧʦʞʘʨʳ, ʧʣʘʚʣʝʥʠʝ ʣʝʜʥʠʢʦʚ, ʨʝʢʫʣʴʪʠʚʘʮʠʶ ʟʝʤʝʣʴ ʠ 

ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ [8]. ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʘʟʝʤʥʳʝ ʩʪʘʥʮʠʠ ʠ ʙʝʩʧʠʣʦʪʥʠʢʠ 

ʬʠʢʩʠʨʫʶʪ ʣʦʢʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʫʨʦʚʥʠ ʛʘʟʦʚ, ʚʦʜʫ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʦʯʚʳ). ʅʘʧʨʠʤʝʨ, ʥʘ ʢʘʨʙʦʥʦʚʳʭ ʧʦʣʠʛʦʥʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʜʨʦʥʳ ʩ 

ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʤʠ ʢʘʤʝʨʘʤʠ ʜʣʷ ʦʮʝʥʦʢ ʛʘʟʦʦʙʤʝʥʘ ʧʦ ʧʣʦʱʘʜʷʤ. 

 - ʂʦʩʤʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ: ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʘʷ ʩʲʸʤʢʘ ʩʥʠʤʘʝʪ 

ʠʟʤʝʥʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʵʨʦʟʠʶ, ʧʣʦʱʘʜʠ ʚʦʜʦʸʤʦʚ ʠ ʜʨ., ʧʦʟʚʦʣʷʷ 

ʧʦʩʪʨʦʠʪʴ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ ʠʟʤʝʥʝʥʠʡ. 

- ɼʨʦʥʳ ʠ ɹʇʃɸ: ʦʧʝʨʘʪʠʚʥʦ ʩʦʙʠʨʘʶʪ ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʝ ʜʘʥʥʳʝ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʟʜʦʨʦʚʴʷ ʣʝʩʦʚ ʠ ʧʦʣʝʡ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ 

ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʨʘʟʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʘʟʦʚ ʧʦ ʪʝʨʨʠʪʦʨʠʠ [2].  

- ʎʠʬʨʦʚʠʟʘʮʠʷ ʠ ʀʀ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ 

(çʎʠʬʨʦʚʘʷ ɿʝʤʣʷè) ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʳʩʪʨʦʝ ʚʳʷʚʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ 

ʠ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʦʪʯʸʪʥʦʩʪʠ ʧʦ ESG [8]. 

ɿʘʢʣʶʯʝʥʠʝ ʠ ʘʚʪʦʨʩʢʘʷ ʧʦʟʠʮʠʷ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʫʩʪʦʡʯʠʚʳʭ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 
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ʫʩʣʦʚʠʝʤ ʧʝʨʝʭʦʜʘ ʢ ʥʦʚʦʡ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ ʩʥʠʞʝʥʠʝ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʩʦʭʨʘʥʝʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʢʘʧʠʪʘʣʘ. ʂʘʨʙʦʥʦʚʳʝ 

ʧʦʣʠʛʦʥʳ ʠ ʢʘʨʙʦʥʦʚʳʝ ʬʝʨʤʳ ʚʳʩʪʫʧʘʶʪ ʢʣʶʯʝʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʳ 

ʦʮʝʥʢʠ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ ʪʝʨʨʠʪʦʨʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʫʯʥʫʶ 

ʦʩʥʦʚʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʫʛʣʝʨʦʜʥʦʡ 

ʥʝʡʪʨʘʣʴʥʦʩʪʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ çʟʝʣʸʥʦʝè ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ ʠ ʵʢʦ-ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ 

ʧʘʨʢʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʥʪʝʛʨʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʚ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʧʦʩʦʙʩʪʚʫʷ ʨʘʟʚʠʪʠʶ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʠ 

ʮʠʨʢʫʣʷʨʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ, 

ʙʝʩʧʠʣʦʪʥʳʭ ʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. 

ɸʚʪʦʨʩʢʘʷ ʧʦʟʠʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʥʘʠʙʦʣʴʰʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʩʦʯʝʪʘʶʱʠʡ 

ʨʘʟʚʠʪʠʝ ʢʘʨʙʦʥʦʚʳʭ ʧʦʣʠʛʦʥʦʚ, ʧʦʜʜʝʨʞʢʫ çʟʝʣʸʥʦʛʦè ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʠ 

ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʀʤʝʥʥʦ ʪʘʢʘʷ 

ʠʥʪʝʛʨʘʮʠʷ ʥʘʫʯʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʧʦʩʦʙʥʘ 

ʦʙʝʩʧʝʯʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʭ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʪʝʨʨʠʪʦʨʠʡ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʝʥʜʳ 

ɺ ʨʘʤʢʘʭ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʥʦʚʳʡ ʧʦʜʭʦʜ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ çʟʝʣʸʥʦʤ ʧʝʨʝʭʦʜʝè ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʨʝʚʦʣʶʮʠʠ. ʉʨʝʜʠ 

ʢʣʶʯʝʚʳʭ ʪʝʥʜʝʥʮʠʡ: 

- ɼʝʢʘʨʙʦʥʠʟʘʮʠʷ ʵʢʦʥʦʤʠʢʠ: ʨʦʩʪ ʪʦʨʛʦʚʣʠ ʫʛʣʝʨʦʜʥʳʤʠ ʢʨʝʜʠʪʘʤʠ ʠ 

ʢʘʨʙʦʥʦʚʳʤʠ ʧʨʦʝʢʪʘʤʠ (ʥʘʧʨʠʤʝʨ, ʢʘʨʙʦʥʦʚʳʝ ʧʦʣʠʛʦʥʳ ʠ ʬʝʨʤʳ), ʨʘʟʚʠʪʠʝ 

çʥʫʣʝʚʳʭè ʚʳʙʨʦʩʦʚ ʚ ʵʥʝʨʛʝʪʠʢʝ ʠ ʪʨʘʥʩʧʦʨʪʝ; 

- ʎʠʨʢʫʣʷʨʥʘʷ ʵʢʦʥʦʤʠʢʘ: ʵʢʦ-ʧʘʨʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʠʤʙʠʦʟʳ 

ʠʥʪʝʛʨʠʨʫʶʪ ʟʘʤʢʥʫʪʳʝ ʮʠʢʣʳ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʧʦʜʜʝʨʞʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʝ 

ʨʘʟʚʠʪʠʝ; 

- Digital -ʪʝʭʥʦʣʦʛʠʠ ʚ ʵʢʦʣʦʛʠʠ: ʧʦʚʩʝʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʥʝʡʨʦʩʝʪʝʡ ʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ (ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ) ʧʨʦʮʝʩʩʦʚ; 

- ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ: ʦʙʤʝʥ ʦʧʳʪʦʤ ʠ ʩʪʘʥʜʘʨʪʘʤʠ 

(ʩʦʛʣʘʰʝʥʠʷ ʧʦ ʢʣʠʤʘʪʫ, ʩʝʪʠ ʥʘʫʯʥʳʭ ʧʨʦʝʢʪʦʚ) ʩʪʠʤʫʣʠʨʫʝʪ ʚʥʝʜʨʝʥʠʝ 

ʣʫʯʰʠʭ ʧʨʘʢʪʠʢ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʂʘʨʙʦʥʦʚʳʝ ʧʦʣʠʛʦʥʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: (https://carbon-polygons.ru/). 

2. ʂʘʨʙʦʥʦʚʳʝ ʧʦʣʠʛʦʥʳ. ʆ ʧʨʦʝʢʪʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

(https://carbon-polygons.ru/about/). 

3. ɿʝʣʝʥʦʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ ʠ ʘʩʧʝʢʪʳ ʝʛʦ ʨʘʟʚʠʪʠʷ ï ʪʝʤʘ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ ʧʦ 

ʵʢʦʥʦʤʠʢʝ ʠ ʙʠʟʥʝʩʫ ʯʠʪʘʡʪʝ ʙʝʩʧʣʘʪʥʦ ʪʝʢʩʪ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʚ 
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ʵʣʝʢʪʨʦʥʥʦʡ ʙʠʙʣʠʦʪʝʢʝ ʂʠʙʝʨʃʝʥʠʥʢʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

(https://cyberleninka.ru/article/ n/zelenoe-predprinimatelstvo-i-aspekty-ego-razvitiya). 

4. ɿʝʣʝʥʘʷ ʧʦʚʝʩʪʢʘ ʜʣʷ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ï ʪʨʝʥʜʳ, ʚʳʟʦʚʳ, ʧʝʨʩʧʝʢʪʠʚʳ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: (https://foresight-journal.hse.ru/). 

5. Planetary boundaries ï Stockholm Resilience Centre [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: (https://www.stockholmresilience.org/research/planetary-boundaries.html). 

6. Eco-industrial parks | UNIDO [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

(https://www.unido.org/stories/eco-industrial-parks-resource-efficiency-and-industrial-symbiosis). 

7. ʈʝʢʫʣʴʪʠʚʘʮʠʷ ʠ ʨʝʤʝʜʠʘʮʠʷ ʟʘʛʨʷʟʥʝʥʥʳʭ ʠ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʧʦʯʚ ʠ ʟʝʤʝʣʴ 
[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: (https://soil.msu.ru/nauka/innovatsii/innovatsii-na- 

fakultete-pochvovedeniya/tekhnologii-rekultivatsii-i-remediatsii). 

8. ʎʠʬʨʦʚʘʷ ʵʢʦʣʦʛʠʷ: ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʠʟ ʢʦʩʤʦʩʘ ï ɻʝʦʬʠʟʠʢʘ-ʂʦʩʤʦʩ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: (https://geocos.ru/2023/06/23/cifrovaya-yekologiya- 

potencial-primene/). 

 

ʋɼʂ 339.9:631(510) 

çɿɽʃɽʅʓʁè ʂʋʈʉ ʂʀʊɸʗ ɺ ʄɽɾɼʋʅɸʈʆɼʅʆʄ 

ɸɻʈʆʉʆʊʈʋɼʅʀʏɽʉʊɺɽ 

ʄʘʨʠʥʯʝʥʢʦ ʊ. ɽ. 

ʌɻɹʅʋ çʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘè (ʌɻɹʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè), ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, 

ʇʨʘʚʜʠʥʩʢʠʡ, ʈʦʩʩʠʷ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

ˉ 082-00120-26-00 ʥʘ ʪʝʤʫ 1.17-26/27 ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʚ 

ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʜʣʦʞʝʥʠʡ 

ʧʦ ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ɺʚʝʜʝʥʠʝ 

ɻʣʦʙʘʣʴʥʳʡ çʟʝʣʝʥʳʡè ʧʝʨʝʭʦʜ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʠʤʧʝʨʘʪʠʚʳ ʩʪʘʥʦʚʷʪʩʷ ʜʦʤʠʥʘʥʪʦʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʡ 

ʵʢʦʥʦʤʠʢʠ ʠ ʧʦʣʠʪʠʢʠ [1, 2]. ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʙʫʜʫʯʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʠʩʪʦʯʥʠʢʦʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʠ ʩʝʢʪʦʨʦʤ, ʥʘʠʙʦʣʝʝ 

ʫʷʟʚʠʤʳʤ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ, ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʵʧʠʮʝʥʪʨʝ ʵʪʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʇʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʆʆʅ 

(ʌɸʆ), ʘʛʨʦʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʢʘʢ ʚ 

ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ, ʪʘʢ ʠ ʚ ʩʤʷʛʯʝʥʠʠ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʡ [3, 4]. 

2025-2026 ʛʛ. ʦʟʥʘʤʝʥʦʚʘʣʠʩʴ ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʜʚʠʛʦʤ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʦʚʝʩʪʢʝ. ɺ ʥʦʷʙʨʝ 2025 ʛ. ʚ ɹʝʣʝʥʝ (ɹʨʘʟʠʣʠʷ) 

ʩʦʩʪʦʷʣʘʩʴ 30-ʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʦʨʦʥ ʈʘʤʦʯʥʦʡ ʢʦʥʚʝʥʮʠʠ ʆʆʅ ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʢʣʠʤʘʪʘ (COP30), ʢʦʪʦʨʘʷ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʠʣʘ ʘʛʨʦʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ʢʘʢ ʦʜʥʦ ʠʟ ʰʝʩʪʠ ʦʩʥʦʚʥʳʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ɻʣʦʙʘʣʴʥʦʡ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʦʚʝʩʪʢʠ. ʍʦʪʷ ʦʬʠʮʠʘʣʴʥʳʝ ʧʝʨʝʛʦʚʦʨʳ ʧʦ 

ʘʛʨʦʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʤ ʩʠʩʪʝʤʘʤ ʙʳʣʠ ʧʝʨʝʥʝʩʝʥʳ ʥʘ 2026 ʛ., ʩʘʤ ʬʘʢʪ 

ʚʢʣʶʯʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʤʘʪʠʢʠ ʚ ʯʠʩʣʦ ʧʨʠʦʨʠʪʝʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 
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ʦ ʧʨʠʟʥʘʥʠʠ ʝʝ ʢʣʶʯʝʚʦʡ ʨʦʣʠ ʚ ʜʦʩʪʠʞʝʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʮʝʣʝʡ [5]. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʩʠʣʝʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʦʚʝʩʪʢʠ ʘʢʪʠʚʠʟʠʨʦʚʘʣʠʩʴ 

ʫʩʠʣʠʷ ʧʦ ʠʥʪʝʛʨʘʮʠʠ ʘʛʨʦʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʚ ʥʘʮʠʦʥʘʣʴʥʳʝ 

ʩʪʨʘʪʝʛʠʠ ʩʦʭʨʘʥʝʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. ɺ ʬʝʚʨʘʣʝ 2026 ʛ. ʚ ʰʪʘʙ-ʢʚʘʨʪʠʨʝ ʌɸʆ 

ʚ ʈʠʤʝ ʩʦʩʪʦʷʣʦʩʴ ʟʘʩʝʜʘʥʠʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʧʦʩʚʷʱʝʥʥʦʝ ʨʝʘʣʠʟʘʮʠʠ 

ʂʫʥʴʤʠʥʩʢʦ-ʄʦʥʨʝʘʣʴʩʢʦʡ ʛʣʦʙʘʣʴʥʦʡ ʨʘʤʦʯʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʦ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʶ [6]. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʌɸʆ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʦʙʥʦʚʣʝʥʥʳʭ ʅʘʮʠʦʥʘʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ ʠ ʧʣʘʥʦʚ ʜʝʡʩʪʚʠʡ ʧʦ 

ʩʦʭʨʘʥʝʥʠʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 35 % ʚʩʝʭ ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ 

ʩʪʨʘʥʘʤʠ ʤʝʨ ʧʦ ʜʦʩʪʠʞʝʥʠʶ ʥʘʮʠʦʥʘʣʴʥʳʭ ʮʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ 

ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʘʛʨʦʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʇʨʠ ʵʪʦʤ 48 % ʩʪʨʘʥ 

ʩʦʦʙʱʘʶʪ, ʯʪʦ ʫʪʨʘʪʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʫʞʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ [7, 8]. 

ɺ ʷʥʚʘʨʝ 2026 ʛ. ʚ ɹʝʨʣʠʥʝ ʧʨʦʰʝʣ 18-ʡ ɻʣʦʙʘʣʴʥʳʡ ʬʦʨʫʤ ʧʦ 

ʧʨʦʜʦʚʦʣʴʩʪʚʠʶ ʠ ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ (GFFA), ʩʦʙʨʘʚʰʠʡ ʤʠʥʠʩʪʨʦʚ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠʟ 59 ʩʪʨʘʥ [8]. ʂʣʶʯʝʚʦʡ ʪʝʤʦʡ ʬʦʨʫʤʘ ʩʪʘʣʘ ʚʟʘʠʤʦʩʚʷʟʴ 

ʚʦʜʥʦʡ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʜ ʜʝʚʠʟʦʤ çɺʦʜʘ. ʋʨʦʞʘʠ. ʅʘʰʝ 

ʙʫʜʫʱʝʝè. ʅʘ ʬʦʨʫʤʝ ʧʨʠʟʥʘʣʠ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚʦʜʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ ʥʠʢʦʛʜʘ ʥʝ ʙʳʣʦ ʩʪʦʣʴ ʚʘʞʥʳʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʘʚ ʯʝʣʦʚʝʢʘ ʥʘ ʚʦʜʫ 

ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʠʝ, ʠ ʧʦʜʪʚʝʨʜʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʛʣʦʙʘʣʴʥʫʶ ʚʦʜʥʫʶ ʧʦʚʝʩʪʢʫ [8, 9]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʙʦʟʥʘʯʠʣʩʷ ʥʦʚʳʡ ʚʝʢʪʦʨ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʦʚʝʩʪʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ 

ʢʦʥʚʝʨʛʝʥʮʠʝʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʙʠʦʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠ ʚʦʜʥʳʭ ʘʩʧʝʢʪʦʚ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚʦʢʨʫʛ ʘʛʨʦʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ. ʇʨʠʟʥʘʥʠʝ ʠʭ 

ʢʣʶʯʝʚʦʡ ʨʦʣʠ ʥʘ COP30, ʠʥʪʝʛʨʘʮʠʷ ʚ ʥʘʮʠʦʥʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ ʩʦʭʨʘʥʝʥʠʷ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʘʢʮʝʥʪ ʥʘ ʚʦʜʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʠʪʦʛʦʚʳʭ ʜʦʢʫʤʝʥʪʘʭ GFFA 

2026 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʥʩʝʥʩʫʩʘ: 

ʠʤʝʥʥʦ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʝʤ 

ʜʦʩʪʠʞʝʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʮʝʣʝʡ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʘʥʘʣʠʟ ʩʪʨʘʪʝʛʠʡ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʜʝʨʞʘʚ, 

ʘʜʘʧʪʠʨʫʶʱʠʭ ʩʚʦʠ ʧʦʜʭʦʜʳ ʢ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʘʛʨʦʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʧʦʜ ʥʦʚʳʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʤʧʝʨʘʪʠʚʳ. 

ʅʘ ʵʪʦʤ ʬʦʥʝ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʦʜʭʦʜʦʚ 

ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʜʝʨʞʘʚ ʢ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʘʛʨʦʩʦʪʨʫʜʥʠʯʝʩʪʚʫ. ʂʠʪʘʡʩʢʘʷ 

ʅʘʨʦʜʥʘʷ ʈʝʩʧʫʙʣʠʢʘ, ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʝʚʨʘʪʠʚʰʘʷʩʷ ʠʟ ʩʪʨʘʥʳ, 

ʩʪʘʣʢʠʚʘʚʰʝʡʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʛʦʣʦʜʘ, ʚ ʛʣʦʙʘʣʴʥʦʛʦ ʣʠʜʝʨʘ ʚ ʦʙʣʘʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʜʚʠʛ ʚ ʩʚʦʝʡ 

ʩʪʨʘʪʝʛʠʠ: ʦʪ ʤʦʜʝʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʩʫʨʩʥʦʡ ʵʢʩʧʘʥʩʠʠ ʢ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʶ ʩʝʙʷ ʢʘʢ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ 

çʟʝʣʝʥʳʭè ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ [10]. 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʘʛʨʦʩʪʨʘʪʝʛʠʠ ʂʠʪʘʷ, ʚʳʷʚʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠʤʧʝʨʘʪʠʚʘ ʠ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ 

ʧʦʩʣʝʜʥʝʡ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʧʦʚʝʩʪʢʠ çʟʝʣʝʥʦʛʦè ʧʝʨʝʭʦʜʘ ʚ 

ʢʦʥʪʝʢʩʪʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʨʝʥʜʦʚ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʘʣʠʟʝ ʦʬʠʮʠʘʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʂʠʪʘʷ ʟʘ 2024-2026 

ʛʛ., ʜʦʢʣʘʜʳ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʛʝʥʪʩʪʚ, ʘ ʪʘʢʞʝ ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʫʶ ʙʘʟʫ ʩʦʩʪʘʚʣʷʶʪ ʢʦʥʮʝʧʮʠʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ 

ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʪʝʦʨʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ [11, 12]. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʚʢʣʶʯʘʝʪ: ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʧʦʟʚʦʣʠʚʰʠʡ 

ʧʨʦʩʣʝʜʠʪʴ ʵʚʦʣʶʮʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ ʚ ʧʦʣʠʪʠʢʝ ʂʠʪʘʷ; ʩʠʪʫʘʮʠʦʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʣʷ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʝʢʪʦʚ (ʨʠʩʦʚʦʜʩʪʚʦ ʥʘ 

ʄʘʜʘʛʘʩʢʘʨʝ, ʘʛʨʦʵʢʦʣʦʛʠʷ ʚ ʋʛʘʥʜʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʟʝʤʝʣʴ ʚ ɸʥʛʦʣʝ, ʨʘʟʚʠʪʠʝ 

ʢʘʢʘʦ ʚ ʉʘʤʦʘ); ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʤʝʪʦʜ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦʜʭʦʜʦʚ ʂʠʪʘʷ ʩ 

ʛʣʦʙʘʣʴʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʂʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʵʢʦʣʦʛʠʟʘʮʠʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

ʂʠʪʘʷ ʚʳʩʪʫʧʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʇʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʆʆʅ (ʌɸʆ) ʚ ʨʘʤʢʘʭ ʤʝʭʘʥʠʟʤʘ ʖʛ-ʖʛ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

(SouthïSouth cooperation) [4]. ɺ ʝʝ ʨʘʤʢʘʭ ʨʝʘʣʠʟʫʝʪʩʷ ʬʣʘʛʤʘʥʩʢʘʷ ʠʥʠʮʠʘʪʠʚʘ 

ʌɸʆ, ʧʨʠʟʚʘʥʥʘʷ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʘʛʨʦʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʫʪʸʤ 

ʧʦʜʜʝʨʞʢʠ ʩʪʨʘʥ ʚ ʧʨʦʜʚʠʞʝʥʠʠ ʠʭ ʦʩʦʙʦ ʮʝʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ çʆʜʥʘ ʩʪʨʘʥʘ ï ʦʜʠʥ ʧʨʠʦʨʠʪʝʪʥʳʡ ʧʨʦʜʫʢʪè (One Country One 

Priority Product, OCOP), ʨʝʘʣʠʟʫʝʤʳʡ ʯʝʨʝʟ ʇʨʦʛʨʘʤʤʫ ʌɸʆ-ʂʠʪʘʡ [13]. 

ʀʥʠʮʠʘʪʠʚʘ OCOP ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʨʦʜʚʠʞʝʥʠʝ ʦʩʦʙʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʫʥʠʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʣʦʢʘʮʠʷʤʠ ʠ ʤʝʪʦʜʘʤʠ ʚʝʜʝʥʠʷ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʠʶʣʴ 2025 ʛ. 95 ʛʦʩʫʜʘʨʩʪʚ-ʯʣʝʥʦʚ ʌɸʆ 

ʦʙʷʟʘʣʠʩʴ ʧʨʦʜʚʠʛʘʪʴ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 56 ʦʩʦʙʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʚʢʣʶʯʘʷ ʙʘʥʘʥʳ (ʄʘʣʘʚʠ), ʜʞʝʢʬʨʫʪ (ɹʘʥʛʣʘʜʝʰ), ʩʣʘʜʢʫʶ ʯʝʨʝʰʥʶ 

(ʋʟʙʝʢʠʩʪʘʥ), ʢʘʢʘʦ (ʊʨʠʥʠʜʘʜ ʠ ʊʦʙʘʛʦ) ʠ ʬʠʥʠʢʠ (ɽʛʠʧʝʪ) [12, 13]. ʂʠʪʘʡ 

ʧʨʠʥʷʣ ʥʘ ʩʝʙʷ ʦʙʷʟʘʪʝʣʴʩʪʚʦ ʚ ʨʘʟʤʝʨʝ 5 ʤʣʥ ʜʦʣʣ. ʉʐɸ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʢʨʫʧʥʝʡʰʠʤ ʝʜʠʥʠʯʥʳʡ ʚʟʥʦʩʦʤ ʚ ʠʥʠʮʠʘʪʠʚʫ, ʥʘ ʨʘʟʚʠʪʠʝ ʧʦʪʝʥʮʠʘʣʘ ʠ 

ʧʨʦʚʝʜʝʥʠʝ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ 15 ʩʪʨʘʥʘʭ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʠʭ 

ʫʥʠʢʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʨʦʣʴ ʟ ʚ 

ʧʨʦʜʚʠʞʝʥʠʠ ʤʝʪʦʜʦʚ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʤʝʩʪʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʦʜʚʠʞʝʥʠʝ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʫʪʝʤ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩ 

ʘʢʮʝʥʪʦʤ ʥʘ çʟʝʣʝʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʟʝʣʝʥʦʝ ʭʨʘʥʝʥʠʝ, ʟʝʣʝʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʠ 

ʟʝʣʝʥʳʡ ʤʘʨʢʝʪʠʥʛè [13]. 

ʇʨʦʛʨʘʤʤʘ OCOP, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʂʠʪʘʷ ʘʢʪʠʚʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʨʝʛʠʦʥʝ. ʊʘʢ, ʚ ʥʦʷʙʨʝ 2025 ʛ. ʩʪʘʨʪʦʚʘʣ ʧʨʦʝʢʪ ʧʦ ʨʘʟʚʠʪʠʶ 

ʮʝʧʦʯʢʠ ʩʦʟʜʘʥʠʷ ʩʪʦʠʤʦʩʪʠ ʢʘʢʘʦ ʚ ʉʘʤʦʘ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʚʳʙʨʘʥʦ ʚ ʢʘʯʝʩʪʚʝ 

çʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʡ ʩʪʨʘʥʳè ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʜʨʫʛʠʭ ʦʩʪʨʦʚʥʳʭ ʛʦʩʫʜʘʨʩʪʚ 

ʊʠʭʦʛʦ ʦʢʝʘʥʘ [14]. ʕʪʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʘʩʧʝʢʪʳ ʚ ʦʪʥʦʰʝʥʠʷʭ 

FAO ʠ ʉʘʤʦʘ, ʠ ʂʠʪʘʡ ʛʦʪʦʚ ʦʙʤʝʥʠʚʘʪʴʩʷ ʟʥʘʥʠʷʤʠ ʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ [12, 14]. 
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ʍʦʨʦʰʠʤ ʧʨʠʤʝʨʦʤ ʫʩʧʝʰʥʦʛʦ ʪʨʘʥʩʬʝʨʘ ʢʣʠʤʘʪʠʯʝʩʢʠ- 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʳʩʪʫʧʘʝʪ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʂʠʪʘʷ ʩ ʄʘʜʘʛʘʩʢʘʨʦʤ ʚ 

ʦʙʣʘʩʪʠ ʛʠʙʨʠʜʥʦʛʦ ʨʠʩʘ [10]. ʈʠʩ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʠʪʘʥʠʷ ʥʘ 

ʄʘʜʘʛʘʩʢʘʨʝ, ʟʘʥʠʤʘʷ ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʫ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʟʝʤʝʣʴ ʩʪʨʘʥʳ. ʆʜʥʘʢʦ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʩʝʤʝʥʘ ʠ ʫʩʪʘʨʝʚʰʠʝ ʤʝʪʦʜʳ ʚʝʜʝʥʠʷ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩʜʝʨʞʠʚʘʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ɺ 2007 ʛ. ʂʠʪʘʡ ʟʘʧʫʩʪʠʣ ʧʨʦʝʢʪ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʛʠʙʨʠʜʥʦʛʦ 

ʨʠʩʘ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʧʨʦʜʚʠʞʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʩʦʨʪʦʚ ʠ ʧʝʨʝʜʘʯʫ 

ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʦʚ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ [10, 12]. ʂʠʪʘʡʩʢʠʤ ʵʢʩʧʝʨʪʘʤ 

ʫʜʘʣʦʩʴ ʚʳʚʝʩʪʠ ʧʷʪʴ ʩʦʨʪʦʚ ʛʠʙʨʠʜʥʦʛʦ ʨʠʩʘ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʤʝʩʪʥʳʤ 

ʫʩʣʦʚʠʷʤ, ʩʦ ʩʨʝʜʥʝʡ ʫʨʦʞʘʡʥʦʩʪʴʶ 7,5 ʪ/ʛʘ, ʯʪʦ ʚ 2-3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʤʝʩʪʥʳʭ 

ʩʦʨʪʦʚ. ʅʦʚʳʝ ʩʦʨʪʘ ʚʳʨʘʱʠʚʘʣʠʩʴ ʥʘ ʩʦʚʦʢʫʧʥʦʡ ʧʣʦʱʘʜʠ ʦʢʦʣʦ 90 ʪʳʩ ʛʘ ʧʦ 

ʚʩʝʡ ʩʪʨʘʥʝ, ʯʪʦ ʩʜʝʣʘʣʦ ʄʘʜʘʛʘʩʢʘʨ ʢʨʫʧʥʝʡʰʠʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʛʠʙʨʠʜʥʦʛʦ 

ʨʠʩʘ ʚ ɸʬʨʠʢʝ. 

ʕʪʦʪ ʧʨʦʝʢʪ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ ʭʦʨʦʰʠʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʧʦʩʢʦʣʴʢʫ 

ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʘʜʘʧʪʘʮʠʠ ʢ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ. ɺʳʚʝʜʝʥʥʳʝ ʩʦʨʪʘ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʟʘʩʫʭʝ ʠ ʚʨʝʜʠʪʝʣʷʤ, ʯʪʦ ʩʥʠʞʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʭʠʤʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚʘʭ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʩʣʝʜ ʨʠʩʦʚʦʜʩʪʚʘ 

[10]. ʕʪʦ ʥʘʧʨʷʤʫʶ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʮʝʣʷʤʠ ɻʣʦʙʘʣʴʥʦʛʦ ʬʦʨʫʤʘ ʧʦ 

ʧʨʦʜʦʚʦʣʴʩʪʚʠʶ ʠ ʩʝʣʴʩʢʦʤʫ ʭʦʟʷʡʩʪʚʫ 2026 (Global Forum for Food and 

Agriculture 2026, GFFA) ʧʦ ʧʨʦʜʚʠʞʝʥʠʶ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ 

ʩʝʣʝʢʮʠʠ ʨʘʩʪʝʥʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʟʘʩʫʭʦ- ʠ ʩʦʣʝʫʩʪʦʡʯʠʚʦʩʪʠ [8]. 

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʪʨʝʭʩʪʦʨʦʥʥʠʡ ʧʨʦʝʢʪ 

ʂʠʪʘʡ-ʌɸʆ-ʋʛʘʥʜʘ, ʨʝʘʣʠʟʫʝʤʳʡ ʚ ʨʘʤʢʘʭ ʤʝʭʘʥʠʟʤʘ ʖʛ-ʖʛ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. 

ʇʨʦʝʢʪ ʦʙʲʝʜʠʥʷʝʪ ʵʢʩʧʝʨʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʌɸʆ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ 

ʂʠʪʘʷ ʠ ʤʝʩʪʥʳʡ ʦʧʳʪ ʋʛʘʥʜʳ, ʪʨʘʥʩʬʦʨʤʠʨʫʷ ʨʘʟʦʚʫʶ ʧʦʤʦʱʴ ʚ ʫʩʪʦʡʯʠʚʦʝ 

ʥʘʨʘʱʠʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ [15]. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʦʝʢʪʘ ʩʪʘʣʦ ʚʥʝʜʨʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʤʝʪʦʜʦʚ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚʢʣʶʯʘʷ 

ʩʠʩʪʝʤʫ ʨʠʩʦ-ʨʳʙʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ, ʟʘʠʤʩʪʚʦʚʘʥʥʘʷ ʠʟ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢʠʪʘʡʩʢʦʛʦ ʦʧʳʪʘ, ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʨʘʱʠʚʘʪʴ ʨʠʩ ʠ 

ʨʘʟʚʦʜʠʪʴ ʨʳʙʫ ʥʘ ʦʜʥʦʤ ʧʦʣʝ, ʯʪʦ ʩʦʟʜʘʝʪ ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ: ʨʳʙʘ ʧʦʝʜʘʝʪ 

ʩʦʨʥʷʢʠ ʠ ʚʨʝʜʠʪʝʣʝʡ (ʩʥʠʞʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʝʩʪʠʮʠʜʘʭ), ʘ ʝʝ ʦʪʭʦʜʳ ʩʣʫʞʘʪ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʫʜʦʙʨʝʥʠʝʤ ʜʣʷ ʨʠʩʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʠʥʮʠʧʳ, 

ʟʘʣʦʞʝʥʥʳʝ ʚ ʥʝʜʘʚʥʦ ʦʙʥʦʚʣʝʥʥʦʤ ʇʣʘʥʝ ʜʝʡʩʪʚʠʡ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʠ 

ʫʩʪʦʡʯʠʚʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʣʝʩʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʜʨʫʛʠʭ 

ʠʥʩʪʨʫʤʝʥʪʘʭ ʌɸʆ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ [16, 17]. 

ʇʨʦʝʢʪ ʭʦʨʦʰʦ ʦʪʚʝʪʩʪʚʫʝʪ ʧʦʪʨʝʙʥʦʩʪʷʤ ʋʛʘʥʜʳ ʚ 

ʢʣʠʤʘʪʠʯʝʩʢʠ-ʫʩʪʦʡʯʠʚʦʤ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʥʘʧʨʷʤʫʶ ʧʦʚʳʰʘʷ ʫʨʦʚʝʥʴ 

ʞʠʟʥʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʫʛʘʥʜʠʡʩʢʠʭ ʬʝʨʤʝʨʦʚ 

ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʫʯʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʨʦʞʘʡʥʦʩʪʴ ʨʠʩʘ ʚ ʋʛʘʥʜʝ 

ʨʘʩʪʝʪ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʭʠʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʵʢʦʩʠʩʪʝʤʳ [15]. 

ɺ 2025 ʛ. ʧʨʦʠʟʦʰʝʣ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʜʚʠʛ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʦʣʠʪʠʢʝ 

ʂʠʪʘʷ ʚ ʦʪʥʦʰʝʥʠʠ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʘ ɸʬʨʠʢʠ, ʛʜʝ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʠʤʧʝʨʘʪʠʚ 

ʪʘʢʞʝ ʠʛʨʘʝʪ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʫʶ ʨʦʣʴ. ʅʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳʤ 
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ʧʨʠʤʝʨʦʤ ʚʳʩʪʫʧʘʶʪ ʧʨʦʝʢʪʳ ʚ ɸʥʛʦʣʝ, ʛʜʝ ʢʠʪʘʡʩʢʠʝ ʢʦʤʧʘʥʠʠ ʧʨʠʩʪʫʧʠʣʠ ʢ 

ʦʩʚʦʝʥʠʶ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʤʝʪʦʜʦʚ. 

ʊʘʢ, ʢʦʤʧʘʥʠʷ Sinohydro ʧʦʣʫʯʠʣʘ 25-ʣʝʪʥʶʶ ʣʴʛʦʪʥʫʶ ʢʦʥʮʝʩʩʠʶ ʥʘ 

ʦʩʚʦʝʥʠʝ 30 ʪʳʩ ʛʘ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʟʝʤʝʣʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ. ʇʨʦʝʢʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʤʝʪʦʜʦʚ ʢʦʥʩʝʨʚʠʨʫʶʱʝʛʦ ʟʝʤʣʝʜʝʣʠʷ 

ʠ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ. ɸʥʘʣʦʛʠʯʥʳʡ 

ʧʦʜʭʦʜ ʨʝʘʣʠʟʫʝʪ CITIC Group, ʦʩʚʘʠʚʘʶʱʘʷ 100 ʪʳʩ ʛʘ ʧʦʜ ʩʦʶ ʠ ʢʫʢʫʨʫʟʫ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʧʨʦʝʢʪʦʚ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʜʣʷ ʵʢʦʣʦʛʠʟʘʮʠʠ ʨʝʛʠʦʥʘ, 

ʧʦʩʢʦʣʴʢʫ ʚʳʭʦʜʠʪ ʟʘ ʨʘʤʢʠ ʩʦʙʩʪʚʝʥʥʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʟʝʤʝʣʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʝʢʚʝʩʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʚ 

ʧʦʯʚʘʭ, ʧʦʚʳʰʝʥʠʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʫʣʫʯʰʝʥʠʶ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ 

ʪʝʨʨʠʪʦʨʠʡ. ʇʦ ʜʘʥʥʳʤ ʠʥʠʮʠʘʪʠʚʳ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʘʞʝ 10 % ʠʟ 1 ʤʣʨʜ ʛʘ 

ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʟʝʤʝʣʴ ʚ ʤʠʨʝ ʦʙʝʩʧʝʯʠʪ ʥʝ ʪʦʣʴʢʦ ʧʨʦʜʦʚʦʣʴʩʪʚʠʝʤ 154 ʤʣʥ 

ʯʝʣʦʚʝʢ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ ʮʝʣʝʡ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ʂʫʥʴʤʠʥʩʢʦ-ʄʦʥʨʝʘʣʴʩʢʦʡ ʨʘʤʦʯʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚ 

ʦʙʣʘʩʪʠ ʚ ʦʙʣʘʩʪʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ [18, 19]. 

ɽʱʝ ʦʜʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʵʢʦʣʦʛʠʟʘʮʠʠ ʢʠʪʘʡʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ 

ʚʳʩʪʫʧʘʝʪ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʚ ʘʬʨʠʢʘʥʩʢʦʝ ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ. ʅʘ ʬʝʨʤʝ Fountainhill Estate ʚ ʧʨʦʚʠʥʮʠʠ ʂʚʘʟʫʣʫ-ʅʘʪʘʣ (ʖʞʥʘʷ 

ɸʬʨʠʢʘ) ʜʨʦʥ ʢʠʪʘʡʩʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʦʤʧʘʥʠʠ XAG ʚʥʦʩʠʪ ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʚʢʣʘʜ ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʧʳʣʝʥʠʷ ʬʫʥʛʠʮʠʜʦʚ ʥʘʜ ʧʦʣʷʤʠ ʩʘʭʘʨʥʦʛʦ 

ʪʨʦʩʪʥʠʢʘ [10]. ɼʣʷ ʨʫʯʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʧʝʩʪʠʮʠʜʦʚ ʥʘ 40 ʛʘ ʪʨʝʙʦʚʘʣʦʩʴ 30ï40 

ʨʘʙʦʪʥʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʮʝʣʳʡ ʜʝʥʴ, ʪʦʛʜʘ ʢʘʢ ʩ ʜʨʦʥʦʤ ʵʪʫ ʟʘʜʘʯʫ ʚʳʧʦʣʥʷʝʪ 

ʢʦʤʘʥʜʘ ʠʟ ʪʨʝʭ ʯʝʣʦʚʝʢ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʷ ʧʦʪʝʨʠ ʧʝʩʪʠʮʠʜʦʚ ʠ 

ʤʠʥʠʤʠʟʠʨʫʷ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʊʘʢʠʝ ʠʥʥʦʚʘʮʠʠ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʧʨʠʟʳʚ GFFA ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ 

ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ [8]. 

ʉ ʤʦʤʝʥʪʘ ʚʳʭʦʜʘ ʥʘ ʶʞʥʦʘʬʨʠʢʘʥʩʢʠʡ ʨʳʥʦʢ ʚ 2020 ʛ. ʜʨʦʥʳ XAG 

ʦʙʩʣʫʞʠʣʠ ʙʦʣʝʝ 66 ʪʳʩ ʛʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ. ʉʦʢʨʘʱʝʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʠʤʠʢʘʪʦʚ ʥʘ ʵʪʠʭ ʧʣʦʱʘʜʷʭ ʩʦʩʪʘʚʠʣʦ ʚ ʩʨʝʜʥʝʤ 30 % ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʙʨʘʙʦʪʢʠ [10]. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

ʠʤʧʝʨʘʪʠʚ ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʳʤ ʜʨʘʡʚʝʨʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʦʚʝʩʪʢʠ [20]. ɺ 

ʵʪʦʤ ʞʝ ʢʣʶʯʝ ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʠʪʘʡʩʢʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʘʛʨʦʩʪʨʘʪʝʛʠʠ. ʂʠʪʘʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦʟʠʮʠʦʥʠʨʫʝʪ ʩʝʙʷ ʢʘʢ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʩʪʘʚʱʠʢʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ, ʯʪʦ ʬʦʨʤʠʨʫʝʪ 

ʥʦʚʳʡ ʪʠʧ çʟʝʣʝʥʦʡè ʤʷʛʢʦʡ ʩʠʣʳ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʢʦʪʦʨʳʭ ʟʘʧʘʜʥʳʭ ʤʦʜʝʣʝʡ, ʜʝʡʩʪʚʫʶʱʠʭ ʧʫʪʝʤ 

ʥʘʚʷʟʳʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ, ʢʠʪʘʡʩʢʠʡ ʧʦʜʭʦʜ ʧʨʝʜʣʘʛʘʝʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ʫʩʣʦʚʠʷʤ ʩʪʨʘʥ-ʧʘʨʪʥʝʨʦʚ ʠ ʠʭ 

ʧʦʪʨʝʙʥʦʩʪʷʤ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ. ʊʘʢʘʷ ʩʪʨʘʪʝʛʠʷ ʧʦʟʚʦʣʷʝʪ ʂʠʪʘʶ 
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ʩʦʯʝʪʘʪʴ ʧʨʦʜʚʠʞʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʦʚʝʩʪʢʠ ʩ ʫʢʨʝʧʣʝʥʠʝʤ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʛʦ 

ʚʣʠʷʥʠʷ ʠ ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʘʤ [11]. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʠʪʘʡʩʢʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʤʝʭʘʥʠʟʤʳ çʜʚʫʩʪʦʨʦʥʥʝʛʦ ʩʠʤʙʠʦʟʘè, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ çɼʦʢʣʘʜʝ ʦʙ ʠʥʚʝʩʪʠʮʠʷʭ ʢʠʪʘʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ɸʬʨʠʢʫ 

2025è [18]. ʕʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʪʘʢʠʭ ʦʪʥʦʰʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʥʪʝʨʝʩʳ 

ʂʠʪʘʷ ʠ ʩʪʨʘʥ-ʧʘʨʪʥʝʨʦʚ ʚ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʧʝʨʝʧʣʝʪʘʶʪʩʷ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʣʛʦʩʨʦʯʥʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʥʝʩʢʦʣʴʢʦ 

ʚʳʚʦʜʦʚ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʠʤʧʝʨʘʪʠʚ ʩʪʘʥʦʚʠʪʩʷ ʩʠʩʪʝʤʦʦʙʨʘʟʫʶʱʠʤ ʵʣʝʤʝʥʪʦʤ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʛʨʦʩʪʨʘʪʝʛʠʠ ʂʠʪʘʷ. ɸʥʘʣʠʟ ʠʥʠʮʠʘʪʠʚ 2024-2026 ʛʛ. 

(ʧʨʦʛʨʘʤʤʘ OCOP ʩ ʦʭʚʘʪʦʤ 95 ʩʪʨʘʥ ʠ 56 ʧʨʦʜʫʢʪʦʚ, 

ʢʣʠʤʘʪʠʯʝʩʢʠ-ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʝ ʨʠʩʦʚʦʜʩʪʚʦ ʥʘ ʄʘʜʘʛʘʩʢʘʨʝ ʩ ʨʦʩʪʦʤ 

ʫʨʦʞʘʡʥʦʩʪʠ ʜʦ 7,5 ʪ/ʛʘ, ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʝʢʪʳ ʚ ʋʛʘʥʜʝ ʩ ʚʥʝʜʨʝʥʠʝʤ 

ʨʠʩʦʚʦ-ʨʳʙʥʦʛʦ ʩʠʤʙʠʦʟʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʟʝʤʝʣʴ ʚ ɸʥʛʦʣʝ ʥʘ 

ʧʣʦʱʘʜʠ 130 ʪʳʩ ʛʘ) ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʵʢʦʣʦʛʠʟʘʮʠʶ ʢʠʪʘʡʩʢʦʛʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ. 

ʂʠʪʘʡ ʧʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʤʦʜʝʣʴ çʟʝʣʝʥʦʛʦè ʧʝʨʝʭʦʜʘ, 

ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʘʜʘʧʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʡ ʢ ʤʝʩʪʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʠʥʪʝʛʨʘʮʠʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʟʥʘʥʠʡ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʘʛʨʦʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʜʭʦʜʘʤʠ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʟʘʧʘʜʥʦʡ ʥʦʨʤʘʪʠʚʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ, ʢʠʪʘʡʩʢʠʡ ʧʦʜʭʦʜ 

ʧʨʝʜʣʘʛʘʝʪ ʧʨʘʛʤʘʪʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʦ ʚ ʢʦʥʪʝʢʩʪʝ ʨʝʘʣʠʟʘʮʠʠ ʂʫʥʴʤʠʥʩʢʦ-ʄʦʥʨʝʘʣʴʩʢʦʡ 

ʨʘʤʦʯʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʛʜʝ 48 % ʩʪʨʘʥ ʫʞʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʝʛʘʪʠʚʥʳʤ ʚʣʠʷʥʠʝʤ 

ʫʪʨʘʪʳ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʠʤʧʝʨʘʪʠʚ ʂʠʪʘʷ ʩʪʘʥʦʚʠʪʩʷ ʠʥʩʪʨʫʤʝʥʪʦʤ çʟʝʣʝʥʦʡè 

ʤʷʛʢʦʡ ʩʠʣʳ, ʫʢʨʝʧʣʷʶʱʠʤ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʂʠʪʘʷ. ʇʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʢʘʢ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘ ʢʣʠʤʘʪʠʯʝʩʢʠ-ʫʩʪʦʡʯʠʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʝʪ 

ʫʩʪʦʡʯʠʚʫʶ ʦʩʥʦʚʫ ʜʣʷ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʪʨʘʥʘʭ ʛʣʦʙʘʣʴʥʦʛʦ ʖʛʘ, 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝʤ ʛʝʦʛʨʘʬʠʠ ʧʨʦʝʢʪʦʚ ʦʪ ɸʬʨʠʢʠ ʜʦ 

ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ (ʉʘʤoa ʢʘʢ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʘʷ ʩʪʨʘʥʘ OCOP). 

ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʢʠʪʘʡʩʢʦʡ ʤʦʜʝʣʠ ʠʤʝʝʪ ʛʣʦʙʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʛʨʦʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ 

ʫʩʣʦʚʠʷʭ ʫʩʠʣʠʚʘʶʱʝʛʦʩʷ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʠʥʪʝʛʨʘʮʠʷ 

ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʩʪʘʥʦʚʷʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʕʢʦʣʦʛʠʟʘʮʠʷ ʢʠʪʘʡʩʢʠʭ ʠʥʚʝʩʪʠʮʠʡ ʠ 

ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʝʪ ʥʦʚʫʶ ʥʦʨʤʘʪʠʚʥʫʶ ʩʨʝʜʫ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʩʪʘʥʜʘʨʪʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝ ʙʘʨʴʝʨʦʤ, ʘ ʜʨʘʡʚʝʨʦʤ ʨʘʟʚʠʪʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʠʤʧʝʨʘʪʠʚ ʚʳʩʪʫʧʘʝʪ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʠʪʘʡʩʢʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʛʨʦʩʪʨʘʪʝʛʠʠ, ʦʧʨʝʜʝʣʷʷ ʝʝ ʚʢʣʘʜ ʚ 

ʛʣʦʙʘʣʴʥʳʡ çʟʝʣʝʥʳʡè ʧʝʨʝʭʦʜ ʠ ʬʦʨʤʠʨʫʷ ʥʦʚʫʶ ʧʘʨʘʜʠʛʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
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ʩʪʨʘʥ ʛʣʦʙʘʣʴʥʦʛʦ ʉʝʚʝʨʘ ʠ ʖʛʘ ʚ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. ʋʩʧʝʰʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʚ ʧʨʘʢʪʠʢʫ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʂʠʪʘʶ ʥʝ ʪʦʣʴʢʦ ʫʢʨʝʧʣʷʪʴ ʩʚʦʠ 

ʧʦʟʠʮʠʠ ʚ ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʝ, ʥʦ ʠ ʚʥʦʩʠʪʴ ʨʝʘʣʴʥʳʡ ʚʢʣʘʜ 

ʚ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʦʭʨʘʥʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʜʣʷ 

ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. 
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ʩʪʘʣʠ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʥʘ ʧʨʠʤʝʨʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 
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2025 ʛʦʜʘʭ ʷʨʢʦ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʠʩʪʝʤʳ ʦʪʚʦʜʘ ʜʦʞʜʝʚʳʭ ʠ ʪʘʣʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ 

ʩʠʩʪʝʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʜʝʨʞʠʚʘʥʠʝ ʠ ʨʘʟʜʝʣʝʥʠʝ ʦʙʲʸʤʦʚ ʚʦʜʳ, ʚʳʭʦʜʷʱʝʡ 

ʠʟ ʨʝʢ ʧʨʠ ʨʘʟʣʠʚʘʭ, ʫʩʪʘʨʝʣʠ ʠ ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʚʦʟʨʦʩʰʝʡ ʥʘ ʥʠʭ ʥʘʛʨʫʟʢʦʡ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪ ʢʠʪʘʡʩʢʠʡ ʫʯʸʥʳʡ, ʘʨʭʠʪʝʢʪʦʨ ʂʫʥʮʟʷʥ 

ʖʡ ʚ ʚʠʜʝ ʢʦʥʮʝʧʮʠʠ ʛʦʨʦʜʦʚïʛʫʙʦʢ. ɽʸ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪ ʚʦ ʤʥʦʛʠʭ ʛʦʨʦʜʘʭ 

ʂʠʪʘʷ, ʀʥʜʠʠ ʠ ɻʝʨʤʘʥʠʠ. ʆʩʥʦʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤʳ 

ʛʦʨʦʜʦʚ ʛʫʙʦʢ ʥʘʯʘʣʠʩʴ ʚ ʂʠʪʘʝ ʚ 2000-ʭ ʛʦʜʘʭ. ʇʨʠʯʠʥʦʡ ʵʪʦʤʫ ʩʪʘʣʦ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʨʘʙʦʪʳ ʛʦʨʦʜʩʢʠʭ ʜʨʝʥʘʞʥʳʭ ʩʠʩʪʝʤ. ɺ ʩʠʣʫ ʩʚʦʝʡ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ, ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʥʘ ʧʨʠʸʤ ʦʛʨʦʤʥʳʭ ʦʙʲʸʤʦʚ ʚʦʜʳ, ʧʨʠʭʦʜʷʱʠʭ ʧʨʠ ʥʘʚʦʜʥʝʥʠʷʭ ʠ ʨʘʟʣʠʚʘʭ ʨʝʢ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʦʤ ʨʘʩʢʣʘʜʝ ʧʨʠʚʦʜʷʪ ʣʠʰʴ ʢ ʥʘʨʫʰʝʥʠʶ ʨʘʙʦʪʳ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, ʚ ʭʫʜʰʝʤ ʢ ʩʦʪʥʷʤ ʨʘʟʨʫʰʝʥʥʳʭ ʜʦʤʦʚ, ʦʛʨʦʤʥʦʤʫ 

ʢʦʣʠʯʝʩʪʚʫ ʧʦʩʪʨʘʜʘʚʰʠʭ ʠ ʧʦʛʠʙʰʠʭ. ʉʠʩʪʝʤʘ ʛʦʨʦʜʦʚ ʛʫʙʦʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʠʤʝʥʥʦ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʩ 2010-ʭ ʛʦʜʦʚ ʚʩʸ 

ʘʢʪʠʚʥʝʝ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʦʚʳʭ ʛʦʨʦʜʦʚ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʪʘʨʳʭ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

çɻʦʨʦʜʘ ʛʫʙʢʠè ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ 

ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʦʜʦʧʨʦʚʦʜʷʱʠʭ ʧʦʢʨʳʪʠʡ ʛʦʨʦʜʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ: ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ, ʧʝʰʠʝ ʫʣʠʮʳ ʠ ʪʨʦʪʫʘʨʳ. 
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ɼʘʥʥʳʝ ʚʠʜʳ ʧʦʢʨʳʪʠʡ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʧʨʦʧʫʩʢʘʶʪ ʯʝʨʝʟ ʩʝʙʷ ʚʝʩʴ ʦʙʲʸʤ 

[2ï4], ʧʨʠʭʦʜʷʱʝʡ ʥʘ ʥʠʭ ʚʦʜʳ. ɼʘʣʝʝ, ʧʨʦʩʘʯʠʚʘʷʩʴ ʚʥʠʟ, ʦʥʘ ʧʨʦʭʦʜʠʪ 

ʥʝʩʢʦʣʴʢʦ ʩʪʝʧʝʥʝʡ ʛʨʫʙʦʡ ʦʯʠʩʪʢʠ ʠ ʧʦʧʘʜʘʝʪ ʚ ʨʝʟʝʨʚʫʘʨ ʬʠʥʘʣʴʥʦʡ ʦʯʠʩʪʢʠ ʠ 

ʭʨʘʥʝʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʦʜʘʯʫ 

ʚʦʜʳ ʢ ʣʶʙʳʤ ʙʣʠʞʘʡʰʠʤ ʩʦʦʨʫʞʝʥʠʷʤ, ʩʦʟʜʘʚʘʷ ʩʫʱʝʩʪʚʝʥʥʫʶ ʵʢʦʥʦʤʠʶ ʚ 

ʨʝʛʠʦʥʘʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʦʩʘʜʢʦʚ [1] (ʨʠʩʫʥʦʢ 1). ɸ ʪʘʢʞʝ ʠʩʧʘʨʷʪʩʷ, 

ʦʭʣʘʞʜʘʷ ʚʦʟʜʫʭ ʠ ʥʘʩʳʱʘʷ ʝʛʦ ʚʣʘʛʦʡ ʚ ʞʘʨʢʫʶ ʧʦʛʦʜʫ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʠʩʪʝʤʳ 

ʇʦʢʨʳʪʠʷ ʥʝ ʦʛʨʘʥʠʯʝʥʳ ʚ ʩʚʦʸʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʟʘ ʩʯʸʪ ʪʠʧʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. ɼʣʷ ʜʦʨʦʞʥʳʭ ʩʠʩʪʝʤ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪ çʚʦʜʦʧʨʦʚʦʜʷʱʠʡ ʘʩʬʘʣʴʪè. ɽʛʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ ʢʨʫʧʥʳʭ 

ʬʨʘʢʮʠʡ ʱʝʙʥʷ, ʙʠʪʫʤʥʦʛʦ ʚʷʞʫʱʝʛʦ ʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʝʡ ʧʝʩʢʘ. 

ʆʥ ʦʪʣʠʯʥʦ ʧʨʦʚʦʜʠʪ ʯʝʨʝʟ ʩʝʙʷ ʚʦʜʫ, ʪʝʤ ʩʘʤʳʤ ʧʦʣʥʦʩʪʴʶ ʫʙʠʨʘʷ ʣʫʞʠ ʥʘ 

ʜʦʨʦʛʘʭ (ʨʠʩʫʥʦʢ 2). 

 

ʈʠʩʫʥʦʢ 1 ï ʈʘʙʦʪʘ ʩʠʩʪʝʤʳ çɻʦʨʦʜ ʛʫʙʢʘè. ʀʟʦʙʨʘʞʝʥʠʝ ʩʛʝʥʝʨʠʨʦʚʘʥʦ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʥʘ ʦʩʥʦʚʝ, ʦʧʠʩʘʥʥʳʭ ʧʨʠʥʮʠʧʦʚ. 

 

ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʚʦʜʦʧʨʦʚʦʜʷʱʝʛʦ ʘʩʬʘʣʴʪʘ (Google, Overclockers) 
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ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʩʮʝʧʣʝʥʠʝ ʢʦʣʸʩ ʘʚʪʦʤʦʙʠʣʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʘʩʬʘʣʴʪʘ ʚʦ ʚʨʝʤʷ ʜʦʞʜʷ ʠ ʩʦʢʨʘʪʠʪ ʢʦʣʠʯʝʩʪʚʦ ɼʊʇ. ʊʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʷ 

ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʛʠʜʨʦʧʣʘʥʠʨʦʚʘʥʠʝ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʜʦʨʦʛʝ, ʩʢʦʣʴʞʝʥʠʝ 

ʢʦʣʸʩ ʥʘ ʪʦʥʢʦʤ ʩʣʦʝ ʚʦʜʳ (ʨʠʩʫʥʦʢ 3). 

 

ʈʠʩʫʥʦʢ 3 ï ɻʠʜʨʦʧʣʘʥʠʨʦʚʘʥʠʝ ʘʚʪʦʤʦʙʠʣʷ ʩ ʧʦʪʝʨʝʡ ʫʧʨʘʚʣʝʥʠʷ (Google photos) 

ɼʣʷ ʧʝʰʠʭ ʫʣʠʮ, ʧʣʦʱʘʜʝʡ ʠ ʧʘʨʢʦʚʳʭ ʜʦʨʦʞʝʢ ʤʦʞʝʪ ʧʦʜʦʡʪʠ ʜʘʞʝ 

ʚʳʣʦʞʝʥʥʘʷ ʥʘ ʧʝʩʦʢ ʪʨʦʪʫʘʨʥʘʷ ʧʣʠʪʢʘ. ɹʣʘʛʦʜʘʨʷ ʢʨʫʧʥʳʤ ʩʪʳʢʘʤ ʦʥʘ ʪʘʢʞʝ 
ʩʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʦʣʴ ʛʫʙʢʠ. ʆʜʥʘʢʦ ʧʦʜʦʙʥʦʝ ʨʝʰʝʥʠʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ 

ʧʨʦʩʪʦʪʫ, ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʞʝʪ ʥʘʯʘʪʴ ʪʨʝʙʦʚʘʪʴ ʨʝʛʫʣʷʨʥʦʡ ʦʯʠʩʪʢʠ ʠʟ-ʟʘ 

ʟʘʛʨʷʟʥʝʥʠʷ ʩʪʳʢʦʚ. ʇʦʵʪʦʤʫ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʨʦʞʝʢ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʦʜʦʧʨʦʥʠʮʘʝʤʳʡ ʢʠʨʧʠʯ (ʨʠʩʫʥʦʢ 4) ʠʣʠ ʚʦʜʦʧʨʦʥʠʮʘʝʤʫʶ ʧʣʠʪʢʫ. 

 

ʈʠʩʫʥʦʢ 4 ï ɺʦʜʦʧʨʦʥʠʮʘʝʤʳʡ ʢʠʨʧʠʯ (Google photos) 

ʆʥʠ ʥʝ ʫʩʪʫʧʘʶʪ ʦʙʳʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʚ ʢʨʘʩʦʪʝ ʠ ʥʝ ʧʝʨʝʩʪʘʥʫʪ 

ʚʳʧʦʣʥʷʪʴ ʩʚʦʶ ʦʩʥʦʚʥʫʶ ʬʫʥʢʮʠʶ, ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʷ ʣʶʜʷʤ 

ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʭʦʜʠʪʴ ʧʦ ʧʘʨʢʘʤ ʠ ʫʣʠʮʘʤ ʚ ʣʶʙʫʶ ʧʦʛʦʜʫ ʠ ʵʢʦʥʦʤʠʪʴ ʥʘ 

ʝʞʝʛʦʜʥʳʭ ʚʝʩʝʥʥʠʭ ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪʘʭ. 
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ɹʣʘʛʦʪʚʦʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʩʠʭʠʢʫ 

ʉʠʩʪʝʤʘ ʛʦʨʦʜʦʚ ʛʫʙʦʢ ʪʘʢʞʝ ʙʣʘʛʦʪʚʦʨʥʦ ʚʣʠʷʝʪ ʥʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʞʠʚʫʱʠʭ ʚ ʥʝʡ ʣʶʜʝʡ. ʆʪʧʨʘʚʣʷʷʩʴ ʚ ʣʶʙʫʶ ʪʦʯʢʫ ʛʦʨʦʜʘ ʣʶʜʠ 

ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʚʝʪʦʯʥʳʭ ʩʘʜʦʚ, ʚʦʜʦʸʤʦʚ ʠ ʬʦʥʪʘʥʦʚ. 

ɼʝʨʝʚʴʷ ʠ ʦʟʸʨʘ ʦʢʘʟʳʚʘʶʪ ʤʦʱʥʦʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʩʠʭʠʢʫ, 

ʩʥʠʞʘʷ ʫʨʦʚʝʥʴ ʢʦʨʪʠʟʦʣʘ (ʛʦʨʤʦʥʘ ʩʪʨʝʩʩʘ), ʪʨʝʚʦʞʥʦʩʪʠ ʠ ʜʝʧʨʝʩʩʠʠ [5-6]. 

ʊʘʢʞʝ ʦʥʠ ʩʤʷʛʯʘʶʪ ʛʦʨʦʜʩʢʦʡ ʰʫʤ, ʧʦʟʚʦʣʷʷ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʤʦʟʛʫ 

ʨʘʩʩʣʘʙʠʪʴʩʷ ʦʪ ʧʦʩʪʦʷʥʥʳʭ ʛʨʦʤʢʠʭ ʟʚʫʢʦʚ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʥʠʞʝʥʠʝ 

ʩʪʨʝʩʩʘ ʦʢʘʟʳʚʘʶʪ ʮʠʢʣʠʯʥʦ ʜʚʠʛʘʶʱʠʝʩʷ ʦʙʲʝʢʪʳ. ʀʤʠ ʤʦʛʫʪ ʙʳʪʴ ʢʨʦʥʳ 

ʜʝʨʝʚʴʝʚ, ʪʨʘʚʘ ʠʣʠ ʚʦʣʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʸʨ. ʇʦʩʣʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʦʜʦʙʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʯʝʣʦʚʝʢ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʧʦʚʳʰʘʝʪʩʷ 

ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʚʥʠʤʘʪʝʣʴʥʦʩʪʴ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ. 

ʆʟʝʣʝʥʝʥʠʝ ʢʨʦʚʝʣʴ ʤʝʛʘʧʦʣʠʩʘ 

ɺʦʜʦʧʨʦʥʠʮʘʝʤʳʝ ʧʦʢʨʳʪʠʷ ʚʘʞʥʳ ʜʣʷ ʦʙʱʝʛʦ ʢʣʠʤʘʪʘ ʛʦʨʦʜʘ, ʘ ʢʘʢ 

ʥʘʩʯʝʪ ʤʠʢʨʦʢʣʠʤʘʪʘ ʦʪʜʝʣʴʥʦʛʦ ʤʥʦʛʦʵʪʘʞʥʦʛʦ ʜʦʤʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʟʘʪʦʧʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʟʝʣʝʥʝʥʠʝ ʢʨʳʰ ʠ ʩʦʟʜʘʥʠʝ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʘʜʦʚ. ʆʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʧʘʜʘʝʪ ʥʘ ʢʨʳʰʠ ʞʠʣʳʭ ʠ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ, ʩʪʝʢʘʝʪ ʧʦ ʚʦʜʦʩʪʦʢʘʤ ʚʥʠʟ ʥʘ ʦʪʤʦʩʪʢʫ ʠ ʫʣʠʮʫ ʠ ʪʦʣʴʢʦ 

ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʟʘʪʦʧʣʝʥʠʷ. ɺʝʜʴ ʚʦʜʝ ʥʫʞʥʦ ʝʱʝ ʚʨʝʤʷ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ 

ʣʠʚʥʝʚʢʠ, ʘ ʚ ʘʥʦʤʘʣʴʥʦ ʩʠʣʴʥʳʝ ʜʦʞʜʠ ʥʘ ʩʯʝʪʫ ʢʘʞʜʘʷ ʩʝʢʫʥʜʘ. ʅʦ ʟʝʣʝʥʳʝ 

ʢʨʳʰʠ ʫʩʪʨʦʝʥʳ ʪʘʢ: ʥʘ ʢʨʦʚʣʶ ʟʜʘʥʠʷ ʫʢʣʘʜʳʚʘʶʪ ʤʥʦʞʝʩʪʚʦ ʩʣʦʝʚ ʜʨʝʥʘʞʘ, 

ʚʦʜʦʥʘʢʦʧʠʪʝʣʴʥʳʭ ʤʘʪʦʚ, ʩʣʦʡ ʧʦʯʚʳ ʠ ʩʘʤʠ ʨʘʩʪʝʥʠʷ [8] (ʨʠʩ. 5). 

ɼʨʝʥʘʞ ʦʪʚʦʜʠʪ ʣʠʰʥʶʶ ʚʣʘʛʫ, ʘ ʢʝʨʘʤʟʠʪ ʤʦʞʝʪ ʚʧʠʪʳʚʘʪʴ ʚ ʩʝʙʷ ʠ 

ʫʜʝʨʞʠʚʘʪʴ ʚʦʜʫ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʪʴ ʘʵʨʘʮʠʶ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ, ʟʘʜʝʨʞʠʚʘʪʴ 

ʚʳʤʳʚʘʥʠʝ ʧʦʯʚʳ ʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʟʘʩʦʨʝʥʠʝ ʚʦʜʦʩʪʦʢʦʚ. ʂʨʳʰʘ ʙʫʜʪʦ ʙʳ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʛʨʦʤʥʳʡ ʛʦʨʰʦʢ ʩ ʨʘʩʪʝʥʠʷʤʠ. çɻʦʨʰʦʢè ʫʜʝʨʞʠʚʘʝʪ ʚʦʜʥʳʝ 

ʧʦʪʦʢʠ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʠʭ ʙʦʣʴʰʫʶ ʯʘʩʪʴ, ʣʠʰʥʷʷ ʚʣʘʛʘ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ 

ʩʪʝʢʘʪʴ ʧʦ ʚʦʜʦʩʪʦʢʘʤ, ʥʦ ʫʤʝʥʴʰʠʪ ʥʘʛʨʫʟʢʫ ʥʘ ʚʦʜʦʩʪʦʯʥʳʝ ʩʠʩʪʝʤʳ. 

 

ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ çʟʝʣʝʥʳʭ ʢʨʳʰè (Google photos) 
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ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʫʜʝʨʞʠʚʘʥʠʷ ʚʣʘʛʠ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʜʭʦʜʷʪ ʩʫʢʢʫʣʝʥʪʳ, ʤʭʠ, ʟʣʘʢʠ, ʤʝʣʢʠʝ ʢʫʩʪʘʨʥʠʢʠ. ʋ ʟʝʣʝʥʳʭ 

ʢʨʳʰ ʤʥʦʛʦ ʧʣʶʩʦʚ: ʦʭʣʘʞʜʝʥʠʝ ʧʦʤʝʱʝʥʠʷ ï ʩʦʣʥʮʝ ʥʝ ʞʘʨʠʪ ʥʘ ʢʨʦʚʝʣʴʥʦʝ 

ʧʦʢʨʳʪʠʝ, ʩʥʠʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʜʠʮʠʦʥʝʨʦʚ, ʥʘ ʚʝʨʭʥʠʭ 

ʵʪʘʞʘʭ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʭʣʘʜʥʝʝ. ʈʘʩʪʝʥʠʷ ʧʦʛʣʦʱʘʶʪ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʦʯʠʱʘʶʪ 

ʚʦʟʜʫʭ. ɿʝʣʝʥʳʝ ʢʨʳʰʠ ʩʪʘʥʦʚʷʪʩʷ ʤʠʥʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠ 

ʦʩʪʨʦʚʢʘʤʠ ʞʠʟʥʠ ʚ ʙʝʪʦʥʥʦʤ ʛʦʨʦʜʝ [9]. 

 

ʈʠʩʫʥʦʢ 6 ï ʇʨʠʤʝʨ ʦʟʝʣʝʥʝʥʠʷ ʢʨʦʚʣʠ ʤʭʘʤʠ ʠ ʩʫʢʢʫʣʝʥʪʘʤʠ (Google photos) 

ɼʦʞʜʝʚʳʝ ʩʘʜʳ 

ɽʱʝ ʦʜʥʘ ʟʘʜʫʤʢʘ ʙʦʨʴʙʳ ʩ ʧʦʪʦʧʘʤʠ ï ʵʪʦ ʜʦʞʜʝʚʳʝ ʩʘʜʳ. ʉʘʜʳ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʫʨʦʚʝʥʴ ʩ ʟʝʤʣʝʡ, ʢ ʥʠʤ ʧʦʜʚʝʜʝʥʳ ʧʦ ʘʩʬʘʣʴʪʫ ʚʦʜʦʢʘʥʘʣʳ. 

ɺʦʜʘ ʩ ʜʦʨʦʛ, ʪʨʦʪʫʘʨʦʚ ʠ ʢʨʳʰ ʩʪʝʢʘʝʪ ʚ ʚʦʜʥʳʡ ʩʘʜ, ʠ ʦʙʨʘʟʫʝʪ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʦʪʦʢ, ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʟʘʩʘʞʝʥʥʳʡ ʨʘʩʪʝʥʠʷʤʠ [7]. ʂʦʨʥʝʚʘʷ 

ʩʠʩʪʝʤʘ ʨʘʩʪʝʥʠʡ ʬʠʣʴʪʨʫʝʪ, ʦʯʠʱʘʝʪ ʚʦʜʫ ʦʪ ʧʳʣʠ, ʫʣʠʯʥʦʡ ʛʨʷʟʠ ʠ ʠʥʳʭ 

ʛʦʨʦʜʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ. ʕʪʦʪ ʧʦʪʦʢ ʚʝʜʝʪ ʚ ʣʠʚʥʝʚʢʠ ʠ ʜʘʣʝʝ ʧʦ ʧʦʜʟʝʤʥʳʤ 

ʢʘʥʘʣʘʤ ʧʦʧʘʜʘʝʪ ʚ ʤʝʩʪʥʳʝ ʨʝʢʠ ʠ ʩʪʦʷʯʫʶ ʚʦʜʫ, ʫʭʦʜʠʪ ʚ ʧʦʯʚʫ, ʯʘʩʪʴ ʚʣʘʛʠ 

ʠʩʧʘʨʷʝʪʩʷ. ɼʦʞʜʝʚʳʝ ʩʘʜʳ ʩʦʟʜʘʶʪ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʜʚʦʨʘʭ, 

ʧʘʨʢʘʭ, ʫʣʠʮʘʭ ʩ ʥʝʦʞʠʚʣʝʥʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ ʜʚʠʞʝʥʠʝʤ. 

ʋʜʘʯʥʳʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪ çɿʝʣʸʥʘʷ ʜʦʣʠʥʘè ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʢʫʣʴʪʫʨʥʦʛʦ ʮʝʥʪʨʘ ʎʟʠʥʠʥ ʚ ʂʠʪʘʝ ï ʪʝʨʨʠʪʦʨʠʷ ʧʦʥʠʞʝʥʘ ʥʘ 2 ʤʝʪʨʘ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʣʫʙʦʢʫʶ ʧʦʩʘʜʢʫ ʜʝʨʝʚʴʝʚ ʠ ʩʦʟʜʘʥʠʝ ʜʦʞʜʝʚʦʛʦ ʩʘʜʘ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʚʳʧʦʣʥʝʥʘ ʠʟ ʛʠʙʢʦʛʦ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʛʦ ʘʩʬʘʣʴʪʘ, ʘ ʧʦʡʤʘ ʜʣʠʥʦʡ 

600 ʤʝʪʨʦʚ ʠ ʛʣʫʙʠʥʦʡ 0,5 ʤʝʪʨʘ ʩʧʦʩʦʙʥʘ ʚʤʝʩʪʠʪʴ ʜʦ 600 ʢʫʙʦʤʝʪʨʦʚ ʚʦʜʳ. 

ɺʦʜʘ, ʜʦʩʪʠʛʰʘʷ ʧʝʨʝʧʦʣʥʝʥʠʷ, ʫʭʦʜʠʪ ʚ ʛʦʨʦʜʩʢʫʶ ʣʠʚʥʝʚʫʶ ʩʠʩʪʝʤʫ ʯʝʨʝʟ 

ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʣʦʜʮʳ, ʘ ʩʘʤʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʬʦʨʤʣʝʥʦ ʚʣʘʞʥʦ ʦʙʠʪʘʝʤʦʡ 

ʬʣʦʨʦʡ. ɸʥʘʣʦʛʠʯʥʫʶ ʧʦ ʟʘʤʳʩʣʫ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʞʠʣʦʤ ʢʚʘʨʪʘʣʝ 

Neuss-Weckhoven ʚ ɻʝʨʤʘʥʠʠ (ʨʠʩʫʥʦʢ 8), ʛʜʝ ʚʦʜʥʘʷ ʘʨʪʝʨʠʷ ʷʚʣʷʝʪʩʷ 

ʜʦʤʠʥʘʥʪʥʦʡ ʚ ʣʘʥʜʰʘʬʪʥʦʡ ʩʠʩʪʝʤʝ. 
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ʈʠʩʫʥʦʢ 7 ï ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʦʞʜʝʚʦʛʦ ʩʘʜʘ (Google, media.contented.ru) 

 

 

ʈʠʩʫʥʦʢ 8 ï ʂʚʘʨʪʘʣ Neuss-Weckhoven ʚ ɻʝʨʤʘʥʠʠ (Google photos) 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʠʪʳʚʘʷ ʧʨʦʙʣʝʤʫ ʩʪʨʝʤʠʪʝʣʴʥʦ ʠʟʤʝʥʷʶʱʝʛʦʩʷ 

ʢʣʠʤʘʪʘ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ, ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʛʦʨʦʜʦʚ ʛʫʙʦʢ ʚ ʧʦʩʪʨʦʡʢʝ 

ʥʦʚʳʭ ʠ ʘʜʘʧʪʘʮʠʠ ʩʪʘʨʳʭ ʛʦʨʦʜʦʚ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʨʝʰʝʥʠʝʤ 

ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʙʣʝʤ, ʥʘʢʦʧʠʚʰʠʭʩʷ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ: ʩʥʠʞʝʥʠʝ 

ʦʙʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʫʣʠʮ ʠ ʥʘʩʳʱʝʥʠʝ ʚʦʟʜʫʭʘ ʚʣʘʛʦʡ ʟʘ ʩʯʸʪ ʠʩʧʘʨʝʥʠʷ 
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ʥʘʢʦʧʠʚʰʝʡʩʷ ʚʦʜʳ, ʦʙʝʩʧʝʯʝʥʠʝ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʚʥʫʪʨʠʛʦʨʦʜʩʢʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʜʘʯʘ ʚʦʜʳ ʙʣʠʟʣʝʞʘʱʠʤ ʧʦʩʪʨʦʡʢʘʤ, 

ʥʘʩʳʱʝʥʠʝ ʛʦʨʦʜʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ ʟʝʣʝʥʴʶ ʠ ʚʦʜʦʸʤʘʤʠ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ 

ʚʳʛʦʜʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʮʝʥ ʥʘ 

ʟʘʢʫʧʢʫ ʚʦʜʦʧʦʛʣʦʱʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʤʝʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʩʪʝʤʳ. 
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ʠʤ.ɸ.ʅ.ʊʫʧʦʣʝʚʘ-ʂɸʀè, ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ, ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʛʦʨʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ 

ʜʠʥʘʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʛʜʝ ʪʝʭʥʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʪʝʩʥʦ ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʩ 

ʧʨʠʨʦʜʥʳʤʠ. ʈʦʩʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʩʦʟʜʘʶʪ ʙʝʩʧʨʝʮʝʜʝʥʪʥʫʶ 

ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʘʪʤʦʩʬʝʨʫ, ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʠ ʧʦʯʚʳ. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʪʨʘʜʠʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ 

ʜʘʥʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʦʩʪʦʚ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʘʥʘʣʠʟʘʭ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʚʦʶ 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ. ɻʣʘʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʷʚʣʷʶʪʩʷ ʜʠʩʢʨʝʪʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, 

ʟʘʧʘʟʜʳʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʫʯʝʪʘ ʤʥʦʞʝʩʪʚʘ ʢʦʩʚʝʥʥʳʭ 

https://www.vzavtra.net/materialy/permeable-yibrick-vodopronicaemyj-kirpich-iz-keramicheskix-otxodov.html
https://www.architime.ru/activity/2025/rain_gardens.htm
https://www.architime.ru/activity/2025/rain_gardens.htm
https://reader.lanbook.com/book/471650?demoKey=e084aab0fb58c396a96d6ed91cda1e5c#2
https://elar.usfeu.ru/bitstream/123456789/14412/1/VCh_25_33.pdf?ysclid=mmjngwwbxb438275271
https://elar.usfeu.ru/bitstream/123456789/14412/1/VCh_25_33.pdf?ysclid=mmjngwwbxb438275271
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ʬʘʢʪʦʨʦʚ ʚ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʧʝʨʝʭʦʜʘ ʢ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʤʫ ʫʨʦʚʥʶ ʤʦʥʠʪʦʨʠʥʛʘ ï ʧʨʦʘʢʪʠʚʥʦʤʫ ʠ 

ʚʳʩʦʢʦʪʦʯʥʦʤʫ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʚʠʜʠʪʩʷ ʚ ʢʦʥʚʝʨʛʝʥʮʠʠ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ (Big 

Data). ʀʩʧʦʣʴʟʦʚʘʥʠʝ Big Data ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ 

ʨʘʟʥʦʨʦʜʥʳʝ ʧʦʪʦʢʠ ʠʥʬʦʨʤʘʮʠʠ: ʦʪ ʧʦʢʘʟʘʥʠʡ ʪʳʩʷʯ ʜʘʪʯʠʢʦʚ ʜʦ ʩʧʫʪʥʠʢʦʚʳʭ 

ʩʥʠʤʢʦʚ ʠ ʜʘʥʥʳʭ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʘʥʦʚ. ʕʪʦ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʛʦʨʦʜʘ, ʩʧʦʩʦʙʥʦʛʦ 

ʥʝ ʪʦʣʴʢʦ ʬʠʢʩʠʨʦʚʘʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ, ʥʦ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʝʛʦ ʠʟʤʝʥʝʥʠʝ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʦʩʥʦʚʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʞʠʪ 

ʧʦʥʠʤʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʢ ʠʝʨʘʨʭʠʯʝʩʢʦʡ, ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ 

ʩʠʩʪʝʤʳ. ʂʣʘʩʩʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʟʚʝʥʘ: 

ʥʘʙʣʶʜʝʥʠʝ, ʦʮʝʥʢʘ ʠ ʧʨʦʛʥʦʟ. ʆʜʥʘʢʦ ʚ ʫʩʣʦʚʠʷʭ Big Data ʵʪʘ ʩʪʨʫʢʪʫʨʘ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʢʠʙʝʨʬʠʟʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʛʜʝ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʶʪ 

ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ. 

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʚʳʩʪʫʧʘʶʪ: 

1. ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ ʩʝʪʴ ʜʘʪʯʠʢʦʚ ʠ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ: ɺʢʣʶʯʘʝʪ ʥʝ 

ʪʦʣʴʢʦ ʩʪʘʮʠʦʥʘʨʥʳʝ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʳ ʠ ʤʝʪʝʦʩʪʘʥʮʠʠ, ʥʦ ʠ ʤʦʙʠʣʴʥʳʝ 

ʢʦʤʧʣʝʢʩʳ (ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʦʙʱʝʩʪʚʝʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ), ʜʘʥʥʳʝ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʜʘʥʥʳʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ). 

2. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʩʙʦʨʘ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ: ʆʙʝʩʧʝʯʠʚʘʝʪ 

ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʮʝʥʪʨʳ ʦʙʨʘʙʦʪʢʠ. ʂʨʠʪʠʯʝʩʢʠ 

ʚʘʞʥʳʤ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʪʦʢʦʣʦʚ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ (IoT) ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

3. ʇʨʦʛʨʘʤʤʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʥʘ ʙʘʟʝ Big Data: ʗʜʨʦ ʩʠʩʪʝʤʳ, 

ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ (ʦʟʝʨʘ ʜʘʥʥʳʭ), ʠʥʩʪʨʫʤʝʥʪʳ ʠʭ 

ʧʨʝʜʦʙʨʘʙʦʪʢʠ (ʦʯʠʩʪʢʘ, ʘʛʨʝʛʘʮʠʷ, ʥʦʨʤʘʣʠʟʘʮʠʷ) ʠ ʤʦʜʫʣʠ ʘʥʘʣʠʪʠʢʠ. 

4. ʇʦʜʩʠʩʪʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ: ʀʩʧʦʣʴʟʫʝʪ ʧʦʩʪʨʦʝʥʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʠ ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʚʠʜʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʢʘʨʪ ʠ ʦʪʯʝʪʦʚ [1]. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ï ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʜʝʣʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ï ʙʳʣ ʧʨʠʤʝʥʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʩʠʥʪʝʟʠʨʫʶʱʠʡ ʥʝʩʢʦʣʴʢʦ 

ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ. ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʦʡ ʧʦʩʣʫʞʠʣʠ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʠʚʰʠʝ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʨʘʩʩʝʠʚʘʥʠʷ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʝ ʩ ʫʯʝʪʦʤ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʠ ʨʝʣʴʝʬʘ 

ʤʝʩʪʥʦʩʪʠ. ɼʣʷ ʨʘʙʦʪʳ ʩ ʨʘʟʥʦʨʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʬʨʝʡʤʚʦʨʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ 

(ʥʘʧʨʠʤʝʨ, ʧʘʨʘʜʠʛʤʘ MapReduce), ʧʦʟʚʦʣʷʶʱʠʝ ʧʘʨʘʣʣʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ 
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ʪʝʨʘʙʘʡʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʚʳʙʨʦʩʘʤʠ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʬʠʢʩʠʨʫʝʤʳʤ ʫʨʦʚʥʝʤ 

ʟʘʛʨʷʟʥʝʥʠʷ. ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʧʨʦʛʥʦʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʩʳʛʨʘʣʠ 

ʤʝʪʦʜʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʥʩʘʤʙʣʝʚʳʝ ʘʣʛʦʨʠʪʤʳ (ʩʣʫʯʘʡʥʳʡ 

ʣʝʩ, ʛʨʘʜʠʝʥʪʥʳʡ ʙʫʩʪʠʥʛ), ʧʦʢʘʟʘʚʰʠʝ ʥʘʠʣʫʯʰʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʫʯʝʪʫ 

ʥʝʣʠʥʝʡʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

(ɻʀʉ-ʪʝʭʥʦʣʦʛʠʠ) ʧʦʟʚʦʣʠʣʦ ʧʨʠʚʷʟʘʪʴ ʚʩʝ ʨʘʩʯʝʪʳ ʢ ʢʦʥʢʨʝʪʥʳʤ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʩʦʟʜʘʪʴ ʜʝʪʘʣʴʥʳʝ ʢʘʨʪʳ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʎʝʥʪʨʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʶʱʝʡ ʩʣʦʞʥʫʶ ʧʨʠʨʦʜʫ ʛʦʨʦʜʩʢʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʫʨʦʚʝʥʴ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʟʘʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʛʨʫʧʧ ʬʘʢʪʦʨʦʚ. ʌʦʨʤʘʣʴʥʦ ʵʪʦ 

ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

% ȟ̖̔ȟὸ Æ0Ôȟ1ØȟÙȟÔȟ-ØȟÙȟÔȟ2ØȟÙ , 

ʛʜʝ    E (x, y, t) ï ʠʥʪʝʛʨʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (x, y) 

ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t; 

P(t) ï ʚʝʢʪʦʨʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʘʨʘʤʝʪʨ, 

ʫʯʠʪʳʚʘʶʱʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʡ (ʮʠʢʣʠʯʥʦʩʪʴ, ʩʝʟʦʥʥʦʩʪʴ), 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ ʩʦʩʪʘʚ ʚʳʙʨʦʩʦʚ. ɼʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʦʪ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʧʨʝʜʧʨʠʷʪʠʡ. 

Q (x, y, t) ï ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʚ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʝ. ɺʢʣʶʯʘʝʪ 

ʪʝʤʧʝʨʘʪʫʨʫ, ʚʣʘʞʥʦʩʪʴ, ʩʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ, ʫʨʦʚʝʥʴ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ, ʪʘʢ ʢʘʢ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʮʝʩʩʳ 

ʨʘʩʩʝʠʚʘʥʠʷ, ʧʝʨʝʥʦʩʘ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʋʯʠʪʳʚʘʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʛʦʜʳ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʛʦʨʦʜʘ. 

M (x, y, t) ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʩʪʨʫʢʪʫʨʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ. ʄʦʜʝʣʴ 

ʫʯʠʪʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ, ʥʦ ʠ ʠʭ ʩʦʩʪʘʚ 

(ʣʝʛʢʦʚʳʝ/ʛʨʫʟʦʚʳʝ, ʪʠʧ ʜʚʠʛʘʪʝʣʷ), ʘ ʪʘʢʞʝ ʜʦʨʦʞʥʫʶ ʩʠʪʫʘʮʠʶ (ʧʨʦʙʢʠ, 

ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ), ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʦʙʲʝʤ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ. 

R (x, y) ï ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʝʩʪʥʦʩʪʠ. ʉʪʘʪʠʯʝʩʢʠʡ, ʥʦ ʢʨʘʡʥʝ ʚʘʞʥʳʡ ʬʘʢʪʦʨ. ɺʢʣʶʯʘʝʪ ʚʳʩʦʪʫ ʥʘʜ 

ʫʨʦʚʥʝʤ ʤʦʨʷ, ʥʘʣʠʯʠʝ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ (ʣʝʛʢʠʝ ʛʦʨʦʜʘ), ʧʣʦʪʥʦʩʪʴ ʠ ʚʳʩʦʪʫ 

ʟʘʩʪʨʦʡʢʠ (ʵʬʬʝʢʪ ʛʦʨʦʜʩʢʦʛʦ ʢʘʥʴʦʥʘ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʧʨʦʚʝʪʨʠʚʘʥʠʶ), 

ʙʣʠʟʦʩʪʴ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʌʫʥʢʮʠʷ f ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʧʦʣʠʛʦʥʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ ʩʦʙʦʡ ʫʩʣʦʚʥʳʡ ʪʠʧʠʯʥʳʡ 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʛʦʨʦʜ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ 
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ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: 

ï ɼʝʪʘʣʴʥʳʝ ʨʷʜʳ ʜʘʥʥʳʭ ʩ ʚʠʨʪʫʘʣʴʥʳʭ ʤʝʪʝʦʩʪʘʥʮʠʡ, ʦʭʚʘʪʳʚʘʶʱʠʝ 

ʚʩʝ ʨʘʡʦʥʳ ʛʦʨʦʜʘ. 

ï ɻʨʘʬʠʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʟʘʤʝʨʝʥʥʳʝ (ʩʠʤʫʣʠʨʦʚʘʥʥʳʝ) 

ʦʙʲʝʤʳ ʚʳʙʨʦʩʦʚ ʦʪ 15 ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ï ɼʘʥʥʳʝ ʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʘʭ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʧʦ ʚʨʝʤʝʥʠ 

ʩʫʪʦʢ ʠ ʜʥʷʤ ʥʝʜʝʣʠ. 

ï ʎʠʬʨʦʚʘʷ ʢʘʨʪʘ ʤʝʩʪʥʦʩʪʠ ʩ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʨʝʣʴʝʬʝ ʠ 

ʟʘʩʪʨʦʡʢʝ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʜʚʘ ʵʪʘʧʘ: ʦʙʫʯʝʥʠʝ ʥʘ 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʭ ʜʘʥʥʳʭ (ʟʘ 3 ʛʦʜʘ) ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʪʦʯʥʦʩʪʠ 

ʧʨʦʛʥʦʟʦʚ ʥʘ ʥʦʚʳʭ ʜʘʥʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ 0,85 ʫʩʣ. ʝʜ. 

ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ 0,52 ʫʩʣ. ʝʜ. 

ʂʦʣʠʯʝʩʪʚʦ ʢʨʠʪʠʯʝʩʢʠʭ ʟʦʥ 4 

ʊʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ 92% 

ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ 2 ʤʠʥʫʪʳ 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʘ (92 %) ʜʦʩʪʠʛʥʫʪʘ ʙʣʘʛʦʜʘʨʷ ʫʯʝʪʫ ʚʩʝʛʦ 

ʢʦʤʧʣʝʢʩʘ ʬʘʢʪʦʨʦʚ ʠ ʧʨʠʤʝʥʝʥʠʶ ʘʥʩʘʤʙʣʝʚʳʭ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

ɺʳʷʚʣʝʥʠʝ ʯʝʪʳʨʝʭ ʢʨʠʪʠʯʝʩʢʠʭ ʟʦʥ ʧʦʟʚʦʣʠʣʦ ʣʦʢʘʣʠʟʦʚʘʪʴ ʫʯʘʩʪʢʠ ʩ 

ʫʩʪʦʡʯʠʚʳʤ ʧʨʝʚʳʰʝʥʠʝʤ ʇɼʂ. ɺʨʝʤʷ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤʳ ʚ 2 ʤʠʥʫʪʳ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʧʝʨʘʪʠʚʥʳʭ ʤʝʨ ʦʧʦʚʝʱʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠʣʠ 

ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʨʘʙʦʪʳ ʛʦʨʦʜʩʢʠʭ ʩʣʫʞʙ. 

ɸʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣ ʩʦʟʜʘʥ ʘʣʛʦʨʠʪʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʚʠʜʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ. ɽʛʦ ʨʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʥʚʝʡʝʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ: 

1. ʉʙʦʨ ʠ ʘʛʨʝʛʘʮʠʷ ʜʘʥʥʳʭ: ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʚʩʝʭ 

ʠʩʪʦʯʥʠʢʦʚ (ʜʘʪʯʠʢʠ, ʤʝʪʝʦʩʣʫʞʙʳ, ʧʨʝʜʧʨʠʷʪʠʷ, ɻʀɹɼɼ) ʩʪʝʢʘʝʪʩʷ ʚ ʝʜʠʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʭʨʘʥʠʣʠʱʝ (ʦʟʝʨʦ ʜʘʥʥʳʭ). ʇʨʦʠʩʭʦʜʠʪ ʧʝʨʚʠʯʥʘʷ ʘʛʨʝʛʘʮʠʷ ʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ [6]. 

2. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʦʯʠʩʪʢʘ: ʂʨʠʪʠʯʝʩʢʠʡ ʵʪʘʧ ʨʘʙʦʪʳ ʩ Big 

Data. ɺʳʧʦʣʥʷʝʪʩʷ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʬʠʣʴʪʨʘʮʠʷ ʘʥʦʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

(ʚʳʙʨʦʩʦʚ), ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʧʫʱʝʥʥʳʭ ʜʘʥʥʳʭ (ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜʦʤ 

ʠʥʪʝʨʧʦʣʷʮʠʠ), ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʠʝ ʜʘʥʥʳʭ ʢ ʝʜʠʥʦʤʫ ʬʦʨʤʘʪʫ (ʥʦʨʤʘʣʠʟʘʮʠʷ). 

3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʟʥʘʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ: ʥʘ ʦʩʥʦʚʝ ʦʯʠʱʝʥʥʳʭ 
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ʜʘʥʥʳʭ ʩʦʟʜʘʝʪʩʷ ʤʥʦʛʦʤʝʨʥʘʷ ʤʘʪʨʠʮʘ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʦʜʝʣʠ. ɺ ʥʝʝ 

ʚʭʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʥʦ ʠ ʠʭ ʣʘʛʦʚʳʝ ʟʥʘʯʝʥʠʷ 

(ʜʘʥʥʳʝ ʟʘ ʧʨʝʜʳʜʫʱʠʝ ʯʘʩʳ), ʘ ʪʘʢʞʝ ʘʛʨʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʪʠʩʪʠʢʠ (ʩʨʝʜʥʝʝ, 

ʤʘʢʩʠʤʫʤ ʟʘ ʧʝʨʠʦʜ). 

4. ʆʙʫʯʝʥʠʝ ʠ ʚʘʣʠʜʘʮʠʷ ʤʦʜʝʣʠ: ʀʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʝʣʷʪʩʷ ʥʘ 

ʦʙʫʯʘʶʱʫʶ ʠ ʪʝʩʪʦʚʫʶ ʚʳʙʦʨʢʠ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʦʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʙʫʩʪʠʥʛʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʨʦʩʩ-ʚʘʣʠʜʘʮʠʝʡ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʝʨʝʦʙʫʯʝʥʠʷ. 

5. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ: ʆʙʫʯʝʥʥʘʷ ʤʦʜʝʣʴ ʧʨʠʥʠʤʘʝʪ ʥʘ ʚʭʦʜ ʘʢʪʫʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʠ ʚʳʜʘʝʪ ʧʨʦʛʥʦʟ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʛʦʨʦʜʘ ʩ 

ʟʘʜʘʥʥʳʤ ʛʦʨʠʟʦʥʪʦʤ (ʥʘʧʨʠʤʝʨ, ʥʘ 6, 12 ʠ 24 ʯʘʩʘ ʚʧʝʨʝʜ). 

6. ɺʠʟʫʘʣʠʟʘʮʠʷ ʠ ʦʧʦʚʝʱʝʥʠʝ: ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʘ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʥʘ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʢʘʨʪʝ ʛʦʨʦʜʘ ʚ ʚʠʜʝ ʪʝʧʣʦʚʳʭ ʢʘʨʪ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʨʠʩʢʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʟʦʥʳ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʪ 

ʦʧʦʚʝʱʝʥʠʷ ʜʣʷ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʦʨʛʘʥʦʚ ʠ ʥʘʩʝʣʝʥʠʷ. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʳ 

ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʳʚʘʶʪ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ. ʊʦʯʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ ʫʨʦʚʥʝ 92 % ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʜʦʩʪʘʪʦʯʥʳʤ 

ʜʣʷ ʧʨʠʥʷʪʠʷ ʚʟʚʝʰʝʥʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʦʪ 

ʩʪʨʘʪʝʛʠʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʫʞʝ ʩʣʫʯʠʚʰʝʝʩʷ ʟʘʛʨʷʟʥʝʥʠʝ ʢ ʩʪʨʘʪʝʛʠʠ ʝʛʦ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʣʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʸ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʷʭ: 

ï ʆʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ. ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ 

ʚʦʟʜʫʭʘ ʚ ʨʝʞʠʤʝ, ʙʣʠʟʢʦʤ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ. 

ï ɸʥʘʣʠʪʠʢʘ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʪʦʢʦʚ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ ʠʩʪʦʯʥʠʢʠ 

ʟʘʛʨʷʟʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʧʨʠ ʨʫʯʥʦʤ ʘʥʘʣʠʟʝ. 

ï ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʩʠʪʫʘʮʠʡ. ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʪʴ 

ʫʭʫʜʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʟʘ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʜʘʝʪ ʚʨʝʤʷ ʥʘ ʟʘʧʫʩʢ 

ʵʢʩʪʨʝʥʥʳʭ ʧʨʦʪʦʢʦʣʦʚ (ʥʘʧʨʠʤʝʨ, ʦʛʨʘʥʠʯʝʥʠʝ ʜʚʠʞʝʥʠʷ ʠʣʠ ʧʨʠʦʩʪʘʥʦʚʢʘ 

ʨʘʙʦʪʳ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʪʝʦʫʩʣʦʚʠʷʭ) [3]. 

ï ʆʧʪʠʤʠʟʘʮʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɼʘʥʥʳʝ ʦ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʨʠʪʠʯʝʩʢʠʭ ʟʦʥ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʦ ʨʘʟʤʝʱʝʥʠʠ ʥʦʚʳʭ ʦʯʠʩʪʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʠʟʤʝʥʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʘʟʚʷʟʦʢ ʠʣʠ ʚʳʩʘʜʢʝ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʠʥʪʝʛʨʠʨʫʶʱʘʷ 

ʜʘʥʥʳʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʠʩʧʦʣʴʟʫʶʱʘʷ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ ʝʸ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʛʦʨʦʜʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʥʘ ʩʪʘʪʴ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ çʫʤʥʦʛʦ 

ʛʦʨʦʜʘè, ʦʙʝʩʧʝʯʠʚʘʷ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʋʃʔʊʈɸʌʀʆʃɽʊʆɺʆɻʆ ʀɿʃʋʏɽʅʀʗ ʀ 

ʅʀɿʂʆʏɸʉʊʆʊʅʆɻʆ ʋʃʔʊʈɸɿɺʋʂɸ ʅɸ ʉʊɸɹʀʃʀɿɸʎʀʖ 

ʆʍʃɸɾɼɸʖʑʀʍ ɾʀɼʂʆʉʊɽʁ 

ʉʦʢʦʣʦʚ ʃ. ʀ.1, ɺʦʨʦʧʘʡ ʃ. ʄ.2, ʉʤʠʨʥʦʚʘ ʀ. ʄ.1 

1ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʉʝʨʛʦ ʆʨʜʞʦʥʠʢʠʜʟʝè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2 ʌɻɹʆʋ ɺʆ çɺʦʣʦʛʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ɺʦʣʦʛʜʘ, ʈʦʩʩʠʷ 

ʉʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʝ ʞʠʜʢʦʩʪʠ (ʉʆɾ), ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʤʝʪʘʣʣʦʚ, ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʩʤʝʩʷʤʠ, ʚ 

ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. ɺ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʘʟʦʪ- ʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ 

ʤʘʩʣʷʥʳʝ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ, ʧʦʣʫʩʠʥʪʝʪʠʯʝʩʢʠʝ ʉʆɾ, ʵʤʫʣʴʩʦʣʳ [1]. ʉʦʝʜʠʥʝʥʠʷ 

ʘʟʦʪʘ ʠ ʫʛʣʝʨʦʜʘ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʉʆɾ ʩʣʫʞʘʪ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ ʜʣʷ 

ʙʘʢʪʝʨʠʡ, ʜʨʦʞʞʝʡ ʠ ʛʨʠʙʦʚ, ʚʳʟʳʚʘʷ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʧʦʨʘʞʝʥʠʝ. 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ, 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʦʢʨʘʱʝʥʠʝʤ ʩʨʦʢʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʤʫʣʴʩʠʡ. 

ʇʨʠʟʥʘʢʘʤʠ ʙʠʦʧʦʨʘʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʩʣʦʝʥʠʝ ʵʤʫʣʴʩʠʠ, ʧʦʷʚʣʝʥʠʝ 

ʛʥʠʣʦʩʪʥʦʛʦ ʟʘʧʘʭʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʘ, ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ, ʟʥʘʯʝʥʠʝ ʨʅ ʩʨʝʜʳ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʵʤʫʣʴʩʠʠ ʫʪʨʘʯʠʚʘʶʪ ʬʫʥʢʮʠʠ 

ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʠ ʩʪʘʥʦʚʷʪʩʷ ʢʦʨʨʦʟʠʦʥʥʦ-ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, 

ʚʳʟʳʚʘʶʱʠʤʠ ʢʦʨʨʦʟʠʶ ʤʝʪʘʣʣʦʚ ʧʦʩʣʝ ʠʭ ʦʙʨʘʙʦʪʢʠ [2]. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝʥʠʷ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʭ 

ʞʠʜʢʦʩʪʝʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʬʠʟʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʂ ʬʠʟʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʘʷ 
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(ʋʌ), ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ (ʋɿ) ʦʙʨʘʙʦʪʢʠ, ʥʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ. 

ʪʝʨʤʦʧʘʩʪʝʨʠʟʘʮʠʷ. ʍʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʢʣʶʯʘʶʪ ʙʠʦʮʠʜʥʫʶ ʦʙʨʘʙʦʪʢʫ; 

ʤʝʭʘʥʠʯʝʩʢʠʝ ï ʧʨʠʥʫʜʠʪʝʣʴʥʫʶ ʮʠʨʢʫʣʷʮʠʶ, ʬʠʣʴʪʨʦʚʘʥʠʝ, ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ, 

ʫʜʘʣʝʥʠʝ ʠʥʦʨʦʜʥʦʛʦ ʤʘʩʣʘ ʠ ʧʝʥʳ [3]. 

ʆʜʥʘʢʦ, ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʠ ʦʜʠʥ ʠʟ ʥʠʭ 

ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʫʶ ʢʦʤʧʣʝʢʩʥʫʶ ʦʙʨʘʙʦʪʢʫ ʉʆɾ ʠ ʝʝ ʩʪʘʙʠʣʠʟʘʮʠʶ ʦʪ 

ʜʝʡʩʪʚʠʷ ʙʘʢʪʝʨʠʡ, ʛʨʠʙʦʚ ʠ ʜʨʦʞʞʝʡ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ, ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʡ ʢʦʤʧʣʝʢʩʥʳʡ 

ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʉʆɾ ʦʪ ʨʘʟʥʳʭ ʚʠʜʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʨʘʞʝʥʠʷ (ʙʘʢʪʝʨʠʘʣʴʥʦʝ, ʛʨʠʙʢʦʚʦʝ, ʜʨʦʞʞʝʚʦʝ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʠʥʝʨʛʠʟʤʝ 

ʜʝʡʩʪʚʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ ʠ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʘ. ɿʘ ʩʯʝʪ ʩʠʥʝʨʛʠʟʤ ʋɿʆ ʠ ʋʌ ʦʙʣʫʯʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʩʪʘʙʠʣʠʟʘʮʠʷ ʦʙʨʘʙʦʪʘʥʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʠʭ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʦʡʢʦʩʪʠ ʢ 

ʜʝʡʩʪʚʠʶ ʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ: 

1) ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʩʭʦʜʥʦʡ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʉʆɾ, 

ʢʦʪʦʨʫʶ ʠʩʧʦʣʴʟʫʶʪ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʠʢʣʘʭ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʦʚ; 

2) ʠʩʩʣʝʜʦʚʘʪʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʭʣʘʞʜʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ: ʚʨʝʤʷ ʢʦʤʧʣʝʢʩʥʦʡ ʋɿ ʠ ʋʌ ʦʙʨʘʙʦʪʢʠ, ʦʙʲʝʤ ʉʆɾ, ʩʢʦʨʦʩʪʴ 

ʮʠʨʢʫʣʷʮʠʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʉʆɾ; 

3) ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʩʪʝʧʝʥʠ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʋɿ ʠ ʋʌ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʉʆɾ ʋɿ ʠ 

ʋʌ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʧʨʝʜʝʣʝʥʠʝ ʚʣʠʷʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʥʝʨʛʠʟʤʘ 

ʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʩʪʝʧʝʥʴ 

ʘʥʪʠʩʝʧʪʠʨʦʚʘʥʠʷ ʵʤʫʣʴʩʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʦʚ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʠ ʚʠʜʦʚ ʙʠʦʧʦʨʘʞʝʥʠʷ ʉʆɾ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠ ʤʝʪʦʜ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʵʢʩʧʨʝʩʩ-ʪʝʩʪʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʷʪ ʥʘ ʙʘʟʝ ʆʆʆ çʅʦʚʦʪʝʭ-ʕʂʆè, ʛ. ɺʦʣʦʛʜʘ, ɿɸʆ 

çɺʦʣʦʛʦʜʩʢʠʡ ʧʦʜʰʠʧʥʠʢʦʚʳʡ ʟʘʚʦʜè (ʮʝʭ NÁ 1), ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ 

ʙʠʦʣʦʛʠʠ ʠ ʭʠʤʠʠ ʌɻɹʆʋ ɺʆ çɺʦʣʦʛʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè. ɺ 

ʮʝʭʝ ɿɸʆ çɺʇɿè ʙʳʣʘ ʚʤʦʥʪʠʨʦʚʘʥʘ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʣʠʥʠʶ ʜʣʷ 

ʤʝʪʘʣʣʦʦʙʨʘʙʦʪʢʠ ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʦʚ ʢʦʤʧʣʝʢʩʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʩʤʘʟʦʯʥʦ-ʦʭʣʘʜʠʪʝʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ ʤʦʜʝʣʠ ECO-2A61050US, 

ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʘʷ ʢʦʣʣʝʢʪʠʚʦʤ ʧʨʝʜʧʨʠʷʪʠʷ çʅʦʚʦʪʝʭ-ʕʂʆè. 

ʇʨʠ ʝʝ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʘ, ʋʌ ʦʙʣʫʯʝʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʪʝʢʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʜʢʠʭ ʩʨʝʜʘʭ, 
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ʚʢʣʶʯʘʷ ʉʆɾ, ʠ ʚʳʟʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢ ʜʝʡʩʪʚʠʶ 

ʦʢʠʩʣʠʪʝʣʝʡ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʬʘʢʪʦʨʦʚ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝʥʠʷ. ɼʣʷ 

ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʉʆɾ ʚ ʫʩʪʘʥʦʚʢʫ ʚʤʦʥʪʠʨʦʚʘʥʳ ʜʚʝ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʣʘʤʧʳ ʠ ʋ3ʆ ʠʟʣʫʯʘʪʝʣʴ (ʋɿʀ 106), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʯʘʩʪʦʪʫ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ 39,3 ʢɻʮ. ʈʘʙʦʯʠʡ ʦʙʲʝʤ ʢʘʤʝʨʳ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ 12 

ʣ, ʩʢʦʨʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ 10 ʤ3/ʯʘʩ. 

ɺʳʧʦʣʥʝʥʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʠʩʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ ʋɿ ʠ ʋʌ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʨʘʟʥʳʭ ʚʠʜʦʚ ʞʠʜʢʠʭ ʩʨʝʜ ʥʘʭʦʜʷʪ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʠʭ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʋɿ ʠʥʠʮʠʠʨʫʝʪ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ, ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʚʩʝ 

ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʉʆɾ. ʕʪʦ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ, ʨʘʩʪʚʦʨʝʥʠʷ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʜʝʛʘʟʘʮʠʠ, ʢʦʘʛʫʣʷʮʠʠ, 

ʵʤʫʣʴʛʠʨʦʚʘʥʠʷ, ʦʯʠʩʪʢʠ, ʧʝʥʦʛʘʰʝʥʠʷ. 

ɼʣʷ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʟʨʘʯʥʳʭ ʞʠʜʢʠʭ ʩʨʝʜ ʠ ʚʦʟʜʫʭʘ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʋʌ-ʦʙʣʫʯʝʥʠʝ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ 

ʩʧʦʩʦʙʘ ʙʘʢʪʝʨʠʮʠʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʩʨʝʜ ʠ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʨʦʟʨʘʯʥʳʭ 

ʩʨʝʜ. ʆʭʣʘʞʜʘʶʱʠʝ ʞʠʜʢʦʩʪʠ ï ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʬʘʟ ʠ 

ʠʤʝʶʱʠʝ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ. ʇʦʵʪʦʤʫ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʘʥʪʠʩʝʧʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʉʆɾ ʪʦʣʴʢʦ ʋʌ-ʦʙʣʫʯʝʥʠʝʤ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʩʨʝʜʳ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʠ ʥʝ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩʥʳʡ ʩʧʦʩʦʙ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʉʆɾ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʠʥʝʨʛʠʟʤʝ ʋɿ- ʠ ʋʌ-ʵʬʬʝʢʪʦʚ. ɿʘ ʩʯʝʪ 

ʫʣʴʪʨʘʟʚʫʢʘ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʞʠʜʢʦʩʪʠ. ʂʘʚʠʪʘʮʠʷ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʵʤʫʣʴʩʠʠ ʧʫʟʳʨʴʢʦʚ ʚʦʟʜʫʭʘ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʶ çʧʫʩʪʦʪʳè ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʞʠʜʢʦʩʪʠ ʠ ʤʘʩʝʣ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʝ [5]. 

ʀʟʤʝʥʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ ʦʟʚʫʯʠʚʘʝʤʦʡ ʩʨʝʜʳ ʚʳʟʳʚʘʝʪ ʪʘʢʞʝ 

ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʦʙʤʝʥʥʳʭ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʭʘʨʘʢʪʝʨ ʩʨʝʜʳ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʉʆɾ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʨʘʞʝʥʠʡ [5]. 

ʆʜʥʘʢʦ, ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʋɿ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʚʷʟʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ 

ʞʠʜʢʦʩʪʝʡ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʥʠʞʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʩʪʝʧʝʥʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʉʆɾ ʢ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʧʦʨʘʞʝʥʠʶ. ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ 

ʥʦʚʳʝ ʪʠʧʳ ʋɿ ʨʝʘʢʪʦʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʧʦ ʟʥʘʯʝʥʠʷʤ ʦʙʣʘʩʪʝʡ ʙʣʠʞʥʝʛʦ ʧʦʣʷ, ʦʪʨʘʞʝʥʥʦʛʦ 

ʧʦʣʷ, ʜʘʣʴʥʝʛʦ ʧʦʣʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʤʫʣʴʩʠʡ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʪʦʨʘ 10 

ʣ/ʤʠʥ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʧʨʦʭʦʜʠʣʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ʆʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ ʠʟ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʙʘʢʘ ʜʣʷ ʙʘʢʪʝʨʠʮʠʜʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʩʪʫʧʘʝʪ ʚ ʢʦʤʧʣʝʢʩʥʫʶ ʫʩʪʘʥʦʚʢʫ ʤʦʜʝʣʠ ECO-2A61050US ʜʣʷ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʞʠʜʢʠʭ ʩʨʝʜ. ʉʫʤʤʘʨʥʳʡ ʦʙʲʝʤ 

ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʉʆɾ ï 5 ʤ3, ʩʢʦʨʦʩʪʴ ʮʠʨʢʫʣʷʮʠʠ ʞʠʜʢʦʩʪʠ ï 

10 ʤ3/ʯʘʩ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʝʡʩʪʚʠʷ ʋɿ ʠ ʋʌ ʠʩʧʦʣʴʟʫʶʪ ʭʠʤʠʯʝʩʢʠʡ ʠ ʠʥʜʠʢʘʪʦʨʥʳʡ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. 

ɸʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ6 ʯʪʦ ʪʠʧʦʚʘʷ 

ʙʠʦʠʥʜʠʢʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʠʥʜʠʢʘʪʦʨʘ ʪʨʠʬʝʥʠʣʪʝʪʨʘʟʦʣʠʫʤ ʭʣʦʨʠʜ (ʊʊʍ) 

ʷʚʣ̫ʝʪʩʷ ʥʝʪʦʯʥʦʡ, ʪʘʢ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ ʊʊʍ, ʧʦ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪ 

ʩʪʝʧʝʥʴ ʙʠʦʧʦʨʘʞʝʥʠʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʧʨʦʜʫʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʙʘʢʪʝʨʠʡ, ʛʨʠʙʦʚ ʠ ʜʨʦʞʞʝʡ, ʥʦ ʠ ʦʪ ʜʝʡʩʪʚʠʷ ʋʌ-ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʜʝʡʩʪʚʠʠ 

ʩʦʣʥʝʯʥʳʤʠ ʣʫʯʘʤʠ ʥʘ ʦʙʨʘʙʦʪʘʥʥʳʝ ʞʠʜʢʦʩʪʠ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ 

ʦʢʨʘʰʠʚʘʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʢʨʘʩʥʳʡ ʮʚʝʪ ʙʝʟ ʧʨʠʩʫʪʩʪʚʠʷ ʤʠʢʨʦʬʣʦʨʳ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʙʣʶʜʘʪʴ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʩʣʦʚʠʷʤ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ: ʠʩʢʣʶʯʠʪʴ 

ʜʝʡʩʪʚʠʝ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ, ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʦʧʪʠʤʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠʥʢʫʙʘʮʠʠ ʦʪ 28 ʜʦ 35 0ʉ ʧʨʠ ʚʨʝʤʝʥʠ ʙʠʦʠʥʜʠʢʘʮʠʠ 

24 ʯʘʩʘ. 

ʉʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʦʪʙʠʨʘʶʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʆɾ, ʜʦʙʘʚʣʷʶʪ 1 ʤʣ 

ʊʊʍ, ʪʝʨʤʦʩʪʘʪʠʨʫʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 25ï35 0ʉ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʨʘʩʢʠ ʧʦ ʰʢʘʣʝ ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ ʙʠʦʧʦʨʘʞʝʥʠʷ ʉʆɾ ʚ 

ʙʘʣʣʘʭ (ʪʘʙʣʠʮʘ 1) [1]. 

ʊʘʙʣʠʮʘ 1 ï ʉʪʝʧʝʥʴ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝʥʠʷ ʉʆɾ 

ʂʦʣʠʯʝʩʪʚʦ ʙʘʢʪʝʨʠʡ, 

ʢʣʝʪʦʢ/ʤʣ 
ɹʘʣʣ 

ʍʘʨʘʢʪʝʨ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʰʠʚʘʥʠʷ ʵʤʫʣʴʩʠʠ ʩ ʊʊʍ, 

ʩʪʝʧʝʥʴ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝʥʠʷ 

0 0 ʎʚʝʪ ʵʤʫʣʴʩʠʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ 

ɼʦ 10000 1 ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʚ ʚʠʜʝ ʧʷʪʝʥ ʠʣʠ ʢʦʣʴʮʘ 

ʦʪ 10000 ʜʦ 100000 2 ʗʨʢʦ-ʢʨʘʩʥʘʷ ʦʢʨʘʩʢʘ ʚ ʚʠʜʝ ʧʷʪʥʘ ʥʘ ʜʥʝ ʧʨʦʙʠʨʢʠ 

ʆʪ 100000 ʜʦ 

100000000 
3 ʈʦʟʦʚʘʷ ʦʢʨʘʩʢʘ ʵʤʫʣʴʩʠʠ ʚ ʧʨʦʙʠʨʢʝ 

ɹʦʣʝʝ 100000000 4 ʗʨʢʦ-ʢʨʘʩʥʘʷ ʦʢʨʘʩʢʘ ʚʩʝ ʵʤʫʣʴʩʠʠ ʚ ʧʨʦʙʠʨʢʝ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʉʆɾ ʦʧʨʝʜʝʣʷʶʪ ʪʘʢʞʝ ʫʩʣʦʚʠʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʉʆɾ ʠʣʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʪʝʭʥʦʣʦʛʠʶ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʦʪʨʘʙʦʪʘʥʥʳʭ ʉʆɾ. 

ɿʥʘʯʝʥʠʝ ʙʘʣʣʦʚ 0-1 ʜʦʢʘʟʳʚʘʝʪ ʩʦʭʨʘʥʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʉʆɾ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɹʘʣʣʳ 2-3 ï ʜʦʢʘʟʳʚʘʶʪ 

ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʧʦʨʘʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ. ʕʤʫʣʴʩʠʷ ʧʦʣʥʦʩʪʴʶ ʧʦʨʘʞʝʥʘ, ʧʦʜʣʝʞʠʪ ʧʦʣʥʦʡ ʟʘʤʝʥʝ ʠʣʠ 

ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʝʩʣʠ 

ʩʪʝʧʝʥʴ ʙʠʦʧʦʨʘʞʝʥʠʷ ʨʘʚʥʘ 4 ʙʘʣʣʘʤ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʪʦʯʥʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʦʨʘʞʝʥʠʷ ʉʆɾ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʙʠʦʢʦʥʪʨʦʣʷ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʨʝʩʩ-ʪʝʩʪʦʚ 



178  

çɹʠʦʢʦʥʪʨʦʣʴè, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʪʘʢʞʝ ʚʠʜ ʧʦʨʘʞʝʥʠʷ 

ʧʨʦʩʪʝʡʰʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ï ʙʘʢʪʝʨʠʷʤʠ, ʛʨʠʙʘʤʠ ʠ ʜʨʦʞʞʘʤʠ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʧʦʣʴʟʫʶʪʩʷ ʪʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʰʢʘʣʘʤʠ ʫʨʦʚʥʷ ʧʦʨʘʞʝʥʠʷ ʉʆɾ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʷʪ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ ʙʠʦʧʦʨʘʞʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʉʆɾ. ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʦʜʙʠʨʘʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ ʉʆɾ ʠ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʠ ʙʠʦʧʦʨʘʞʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʉʆɾ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʧʨʝʜʝʣʷʶʪ ʩʪʝʧʝʥʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 4ï5 % ʚ ʪʝʯʝʥʠʝ 10 ʩʫʪʦʢ. ɺ 

ʩʦʩʪʘʚ ʞʠʜʢʦʩʪʠ ʚʭʦʜʷʪ ʤʠʥʝʨʘʣʴʥʳʝ ʤʘʩʣʘ, ʵʤʫʣʴʛʘʪʦʨ, ʠʥʛʠʙʠʪʦʨ ʢʦʨʨʦʟʠʠ, 

ʙʘʢʪʝʨʠʮʠʜʥʘʷ ʧʨʠʩʘʜʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 ï ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʝʡ ʙʠʦʧʦʨʘʞʝʥʠʷ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʋʌ ʠ ʋɿ ʵʤʫʣʴʩʠʠ, 

ʦʙʨʘʟʝʮ ˉ 1 

ɺʨʝʤʷ 

ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʙʨʘʙʦʪʢʠ 

ʉʆɾ, ʯʘʩ 

ɺʨʝʤʷ 

ʙʠʦʠʥʜʠʢʘʮʠʠ 

ʚ ʣʘʙʦʨʘʪʦʨʠʠ, 

ʩʫʪʢʠ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʙʠʦʧʦʨʘʞʝʥʠʷ 

ʍʠʤʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʩ 

ʨʘʩʪʚʦʨʦʤ 

ʊʊʍ 

ʕʢʩʧʨʝʩʩ-ʪʝʩʪʳ 

ɹʘʢʪʝʨʠʠ, 

ʂʆɽ/ʩʤ2 

ɻʨʠʙʳ, 

ʂʆɽ/ʩʤ2 

ɼʨʦʞʞʠ, 

ʂʆɽ/ʩʤ2 

0 0 0 0 0 0 

0 1 0 
103, 

ʟʥʘʯʠʪʝʣʴʥʳʡ 
0 

102, ʦʯʝʥʴ 

ʥʠʟʢʠʡ 

0 2 0 104, ʫʤʝʨʝʥʥʳʡ 0 
102, ʦʯʝʥʴ 

ʥʠʟʢʠʡ 

0 3 0 104, ʫʤʝʨʝʥʥʳʡ 103, ʚʳʩʦʢʠʡ * 

0 4 2 104, ʫʤʝʨʝʥʥʳʡ 103, ʚʳʩʦʢʠʡ * 

0 5 2 104, ʫʤʝʨʝʥʥʳʡ 103, ʚʳʩʦʢʠʡ * 

0 6 2 104, ʫʤʝʨʝʥʥʳʡ 103, ʚʳʩʦʢʠʡ * 

0 7 2 104, ʫʤʝʨʝʥʥʳʡ 103, ʚʳʩʦʢʠʡ * 

0 8 3 104, ʫʤʝʨʝʥʥʳʡ 103, ʚʳʩʦʢʠʡ * 

0 10 4 104, ʫʤʝʨʝʥʥʳʡ 103, ʚʳʩʦʢʠʡ * 

ʇʨʠʤʝʯʘʥʠʝ: * ʢʫʣʴʪʠʨʦʚʘʥʠʝ ʛʨʠʙʦʚ ʠ ʜʨʦʞʞʝʡ ʧʨʦʚʦʜʠʪʩʷ ʩʦʚʤʝʩʪʥʦ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ 

ʞʝ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ; ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʧʦʨʘʞʝʥʠʷ ʛʨʠʙʘʤʠ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʥʦʝ 

ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʜʨʦʞʞʝʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʙʠʦʧʦʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʜʚʫʤʷ 

ʤʝʪʦʜʘʤʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʩʪʝʧʝʥʴ ʙʠʦʧʦʨʘʞʝʥʠʷ 

ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʚ ʜʝʥʴ ʦʪʙʦʨʘ ʧʨʦʙʳ ʩʦʩʪʘʚʣʷʝʪ 0 ʙʘʣʣʦʚ. ʏʝʨʝʟ ʩʫʪʢʠ ʧʦʩʣʝ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 25 ʜʦ 35 0ʉ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʠ ʜʨʦʞʞʝʚʦʛʦ ʙʠʦʧʦʨʘʞʝʥʠʷ: ʙʘʢʪʝʨʠʘʣʴʥʦʝ ʧʦʨʘʞʝʥʠʝ ʧʦ 

ʧʦʢʘʟʘʪʝʣʷʤ ʂʆɽ/ʩʤ2 ï 103, ʫʨʦʚʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ, ʜʨʦʞʞʝʚʦʝ ʧʦʨʘʞʝʥʠʝ ï 

102, ʫʨʦʚʝʥʴ ʦʯʝʥʴ ʥʠʟʢʠʡ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ 

ʙʠʦʩʪʘʙʠʣʠʟʘʮʠʠ ʜʦ 10 ʩʫʪʦʢ ʙʝʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ 

ʩʪʝʧʝʥʝʡ ʚʩʝʭ ʚʠʜʦʚ ʙʠʦʧʦʨʘʞʝʥʠʡ ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʦʨʘʞʝʥʠʷ ʛʨʠʙʘʤʠ 

ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʉʆɾ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʨʘʞʝʥʠʷ 

ʜʨʦʞʞʘʤʠ ʠ ʙʘʢʪʝʨʠʷʤʠ. ʏʝʨʝʟ 72 ʯʘʩʘ ʙʠʦʠʥʜʠʢʘʮʠʠ ʟʥʘʯʝʥʠʝ ʂʆɽ/ʩʤ2 ʜʣʷ 
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ʛʨʠʙʦʚ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ï 103, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ ʉʆɾ 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʪʨʦʝ ʩʫʪʦʢ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʥʘʭʦʞʜʝʥʠʷ 

ʉʆɾ ʚ ʫʩʣʦʚʠʷʭ ʮʝʭʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 10-15 0ʉ ʩʪʝʧʝʥʴ ʙʠʦʧʦʨʘʞʝʥʠʷ 

ʙʘʢʪʝʨʠʷʤʠ, ʛʨʠʙʘʤʠ ʠ ʜʨʦʞʞʘʤʠ ʚʦʟʨʘʩʪʘʝʪ ʠ ʠʟʤʝʥʷʶʪʩʷ ʝʝ 

ʢɻʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʉʆɾ ʧʦ ʠʟʤʝʥʝʥʠʶ ʫʨʦʚʥʷ ʙʠʦʧʦʨʘʞʝʥʠʷ ʠ ʚʨʝʤʝʥʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ. 

ʆʙʨʘʟʮʳ ʉʆɾ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʝʧʝʥʴʶ ʧʦʨʘʞʝʥʠʷ 4 ʙʘʣʣʘ, ʧʦʜʚʝʨʛʘʶʪ 

ʦʙʨʘʙʦʪʢʝ ʋɿ ʠ ʋʌ ʚ ʥʦʚʦʡ ʫʩʪʘʥʦʚʢʝ, ʚʤʦʥʪʠʨʦʚʘʥʥʦʡ ʚ ʮʝʭʝ. ʇʨʦʧʫʩʢʘʶʪ 

ʉʆɾ ʩʦ ʩʢʦʨʦʩʪʴʶ ʮʠʨʢʫʣʷʮʠʠ 10 ʤ3/ʯʘʩ. ʆʙʨʘʙʘʪʳʚʘʶʪ ʵʤʫʣʴʩʠʠ ʚ ʪʝʯʝʥʠʝ 24, 

48, 72, 96, 120 ʯʘʩʦʚ. ʏʝʨʝʟ ʢʘʞʜʳʝ 24 ʯʘʩʘ ʪʝʩʪʠʨʫʶʪ ʧʨʦʙʳ ʉʆɾ ʥʘ ʩʪʝʧʝʥʴ 

ʙʠʦʧʦʨʘʞʝʥʠʷ ʧʦʩʣʝ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʦʙ ï 11, ʚʨʝʤʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʘʭ 

ʚ ʯʘʩʘʭ, ʚʨʝʤʷ ʙʠʦʠʥʜʠʢʘʮʠʠ ʠ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʬʣʦʨʳ 

ʜʘʥʦ ʚ ʪʘʙʣʠʮʘʭ ʚ ʩʫʪʢʘʭ. 

ʊʘʙʣʠʮʘ 3 ï ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʝʡ ʙʠʦʧʦʨʘʞʝʥʠʷ, ʦʙʨʘʟʝʮ ˉ 2 

ɺʨʝʤʷ 

ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʙʨʘʙʦʪʢʠ 

ʉʆɾ, ʯʘʩ 

ɺʨʝʤʷ 

ʙʠʦʠʥʜʠ-ʢʘ

ʮʠʠ ʚ 

ʣʘʙʦʨʘʪʦ- 

ʨʠʠ, ʩʫʪʢʠ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʙʠʦʧʦʨʘʞʝʥʠʷ 

ʍʠʤʠʯʝʩ- 

ʢʠʡ ʤʝʪʦʜ ʩ 

ʨʘʩʪʚʦʨʦʤ 

ʊʊʍ 

ʕʢʩʧʨʝʩʩ-ʪʝʩʪʳ 

ɹʘʢʪʝʨʠʠ, ʂʆɽ/ʩʤ2 
ɻʨʠʙʳ, 

ʂʆɽ/ʩʤ2 
ɼʨʦʞʞʠ, ʂʆɽ/ʩʤ2 

24 0 0 0 0 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 

24 1 0 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 0 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 

24 2 0 103, ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 0 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 

24 3 1 103, ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 0 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 

24 4 1 103, ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 0 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 

24 5 1 103, ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 0 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 

24 6 1 103, ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 0 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 

24 7 3 103, ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 0 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 

24 9 4 103, ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 0 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 

24 15 4 103, ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 0 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʯʝʨʝʟ 24 ʯʘʩʘ ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʉʆɾ ʫʣʴʪʨʘʟʚʫʢʦʤ ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʩʪʘʙʠʣʠʟʘʮʠʷ, 

ʧʨʠ ʵʪʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʫʨʦʚʝʥʴ ʙʠʦʧʦʨʘʞʝʥʠʷ ʉʆɾ ʩ 4 ʙʘʣʣʦʚ (ʠʩʭʦʜʥʘʷ ʉʆɾ) 

ʜʦʷ 0 ʙʘʣʣʦʚ. ʆʜʥʘʢʦ, ʥʘ ʚʪʦʨʳʝ ʩʫʪʢʠ ʧʨʦʠʩʭʦʜʠʪ ʩʥʦʚʘ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ 

ʙʠʦʧʦʨʘʞʝʥʠʷ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʙʠʦʧʦʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ 7 ʩʫʪʢʠ 

ʙʠʦʠʥʜʠʢʘʮʠʠ ʠ ʩʦʩʪʘʚʣʷʝʪ 3 ʙʘʣʣʘ. ʅʘ 9 ʩʫʪʢʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ï 4 ʙʘʣʣʘ. 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʋɿ ʠ ʋʌ ʦʙʨʘʙʦʪʢʠ 
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ʥʘ ʨʘʟʥʳʝ ʚʠʜʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ï ʙʘʢʪʝʨʠʠ, ʛʨʠʙʳ, ʜʨʦʞʞʠ. ɹʘʢʪʝʨʠʘʣʴʥʘʷ 

ʩʪʝʧʝʥʴ ʙʠʦʧʦʨʘʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʵʢʩʧʨʝʩʩ ʤʝʪʦʜʦʤ ʯʝʨʝʟ 24 ʯʘʩʘ 

ʙʠʦʠʥʜʠʢʘʮʠʠ, ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʦʯʝʥʴ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʠ ʂʆɽ/ʩʤ2 ʨʘʚʥʦ 102. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʙʠʦʠʥʣʠʢʘʮʠʠ ʦʪ ʜʚʫʭ ʜʦ ʧʷʪʥʘʜʮʘʪʠ ʩʫʪʦʢ 

ʫʨʦʚʝʥʴ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʨʘʞʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ, ʂʆɽ/ʩʤ2 

ʩʦʩʪʘʚʣʷʝʪ 103. ʇʨʠ ʦʮʝʥʢʝ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʜʨʦʞʞʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʂʆɽ/ʩʤ2 ʩʦʩʪʘʚʣʷʝʪ 102; ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʯʝʥʴ 

ʥʠʟʢʦʤʫ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʷ. ɻʨʠʙʢʦʚʦʝ ʧʦʨʘʞʝʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʦʙʝ ʧʦʩʣʝ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʉʆɾ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʚʳʟʳʚʘʝʪ ʣʠʰʴ ʯʘʩʪʠʯʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʫʨʦʚʥʝʡ ʟʘʛʨʷʟʥʝʥʠʷ ʙʘʢʪʝʨʠʷʤʠ, ʜʨʦʞʞʘʤʠ ʠ ʛʨʠʙʘʤʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ. 

ɺ ʪʘʙʣʠʮʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ˉ 3 ʉʆɾ 

ʧʦʩʣʝ 48 ʯʘʩʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʚʨʝʤʝʥʠ ʙʠʦʠʥʜʠʢʘʮʠʠ 49 ʩʫʪʦʢ. 

ʊʘʙʣʠʮʘ 4 ï ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʝʡ ʙʠʦʧʦʨʘʞʝʥʠʷ, ʦʙʨʘʟʝʮ ˉ 3 

ɺʨʝʤʷ 

ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʙʨʘʙʦʪʢʠ 

ʉʆɾ, ʯʘʩ 

ɺʨʝʤʷ 

ʙʠʦʠʥʜʠʢʘʮʠʠ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ, 

ʩʫʪʢʠ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʙʠʦʧʦʨʘʞʝʥʠʷ 

ʍʠʤʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʩ 

ʨʘʩʪʚʦʨʦʤ 

ʊʊʍ 

ʕʢʩʧʨʝʩʩ-ʪʝʩʪʳ 

ɹʘʢʪʝʨʠʠ, 

ʂʆɽ/ʩʤ2 

ɻʨʠʙʳ, 

ʂʆɽ/ʩʤ2 

ɼʨʦʞʞʠ, 

ʂʆɽ/ʩʤ2 

48 0 0 0 0 0 

48 1 0 0 0 0 

48 2 1 0 0 0 

48 3 1 0 0 0 

48 4 1 0 0 0 

48 5 1 0 0 0 

48 6 3 
103, 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 
0 

102, ʦʯʝʥʴ 

ʥʠʟʢʠʡ 

48 7 4 
103, 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 
0 

102, ʦʯʝʥʴ 

ʥʠʟʢʠʡ 

48 9 4 
103, 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 
0 

102, ʦʯʝʥʴ 

ʥʠʟʢʠʡ 

48 14 4 
103, 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 
0 

102, ʦʯʝʥʴ 

ʥʠʟʢʠʡ 

48 49 4 
103, 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 
0 

102, ʦʯʝʥʴ 

ʥʠʟʢʠʡ 

 

ʈʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʨʠ 48 ʯʘʩʦʚʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʋɿ ʠ ʋʌ 

ʦʙʨʘʙʦʪʢʝ ʉʆɾ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʥʝʨʛʠʟʤʘ ʜʝʡʩʪʚʠʡ ʚʩʝʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. ʇʨʠ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚʦʟʨʘʩʪʘʝʪ ʩʪʝʧʝʥʴ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʦʙ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʨʦʢ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʆʧʨʝʜʝʣʷʝʤʳʡ ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʫʨʦʚʝʥʴ ʙʠʦʧʦʨʘʞʝʥʠʷ ʉʆɾ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʩʣʝ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 4 ʙʘʣʣʘ ʥʘ ʩʝʜʴʤʳʝ ʩʫʪʢʠ ʙʠʦʠʥʜʠʢʘʮʠʠ. 

ɹʘʢʪʝʨʠʘʣʴʥʦʝ, ʛʨʠʙʢʦʚʦʝ, ʜʨʦʞʞʝʚʦʝ ʫʨʦʚʥʠ ʟʘʛʨʷʟʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ 

ʵʢʩʧʨʝʩʩ ʤʝʪʦʜʦʤ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʧʷʪʠ ʩʫʪʦʢ ʙʠʦʠʥʜʠʢʘʮʠʠ, ʨʘʚʥʳ 0. 
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ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʧʦʨʘʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʥʘ 

ʰʝʩʪʳʝ ʩʫʪʢʠ ʙʠʦʠʥʜʠʢʘʮʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ; ʂʆɽ/ʩʤ2 ï 103. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʙʠʦʠʥʜʠʢʘʮʠʠ ʜʦ 49 ʩʫʪʦʢ. 

ɿʥʘʯʝʥʠʷ ʫʨʦʚʥʝʡ ʛʨʠʙʢʦʚʦʛʦ ʠ ʜʨʦʞʞʝʚʦʛʦ ʧʦʨʘʞʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʧʷʪʠ 

ʩʫʪʦʢ ʨʘʚʥʳ 0. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʨʝʤʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʉʆɾ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʘʙʠʣʠʟʘʮʠʶ ʵʤʫʣʴʩʠʠ ʟʘ ʩʯʝʪ ʧʦʛʘʰʝʥʠʷ ʙʘʢʪʝʨʠʡ, ʛʨʠʙʦʚ, 

ʜʨʦʞʞʝʡ. 

ɺ ʪʘʙʣʠʮʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ˉ4 ʉʆɾ 

ʧʦʩʣʝ 72 ʯʘʩʦʚʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʚʨʝʤʷ ʙʠʦʠʥʜʠʢʘʮʠʠ ï 48 ʯʘʩʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʵʤʫʣʴʩʠʠ 

ʜʦ 72 ʯʘʩʦʚ ʧʨʠʟʥʘʢʠ ʧʦʨʘʞʝʥʠʷ ʉʆɾ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ 4 ʩʫʪʢʠ. ɹʘʢʪʝʨʠʘʣʴʥʦʝ 

ʙʠʦʧʦʨʘʞʝʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ: ʂʆɽ/ʩʤ2 ï 103; ʫʨʦʚʝʥʴ ʜʨʦʞʞʝʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʯʝʥʴ ʥʠʟʢʠʡ: ʛʨʠʙʢʦʚʦʝ ʧʦʨʘʞʝʥʠʝ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ ʥʝ 

ʠʟʤʝʥʷʶʪʩʷ ʪʝʯʝʥʠʝ 48 ʩʫʪʦʢ ʙʠʦʠʥʜʠʢʘʮʠʠ ʠ ʜʦʢʘʟʳʚʘʶʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ 

ʵʬʬʝʢʪ ʩʠʥʝʨʛʠʟʤʘ ʜʝʡʩʪʚʠʷ ʋʌ ʠ ʋɿ ʦʙʨʘʙʦʪʢʠ. 

ʊʘʙʣʠʮʘ 5 ï ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʝʡ ʙʠʦʧʦʨʘʞʝʥʠʷ, ʦʙʨʘʟʝʮ ˉ 4 

ɺʨʝʤʷ 

ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʙʨʘʙʦʪʢʠ 

ʉʆɾ, ʯʘʩ 

ɺʨʝʤʷ 

ʙʠʦʠʥʜʠʢʘʮʠʠ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ, 

ʩʫʪʢʠ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʙʠʦʧʦʨʘʞʝʥʠʷ 

ʍʠʤʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʩ 

ʨʘʩʪʚʦʨʦʤ 

ʊʊʍ 

ʕʢʩʧʨʝʩʩ-ʪʝʩʪʳ 

ɹʘʢʪʝʨʠʠ, 

ʂʆɽ/ʩʤ2 

ɻʨʠʙʳ, 

ʂʆɽ/ʩʤ2 

ɼʨʦʞʞʠ, 

ʂʆɽ/ʩʤ2 

72 0 0 0 0 0 

72 1 0 0 0 0 

72 2 0 0 0 0 

72 3 0 0 0 0 

72 4 1 
103, 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 
0 

102, ʦʯʝʥʴ 

ʥʠʟʢʠʡ 

72 5 1-2 
103, 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 
0 

102, ʦʯʝʥʴ 

ʥʠʟʢʠʡ 

72 7 3 
103, 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 
0 

102, ʦʯʝʥʴ 

ʥʠʟʢʠʡ 

72 12 3 
103, 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 
0 

102, ʦʯʝʥʴ 

ʥʠʟʢʠʡ 

72 48 3 
103, 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ 
0 

102, ʦʯʝʥʴ 

ʥʠʟʢʠʡ 

 

ɺ ʪʘʙʣʠʮʝ 6 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʩʣʷʥʳʭ ʉʆɾ ʋɿ ʠ ʋʌ ʚ ʪʝʯʝʥʠʝ 96 ʯʘʩʦʚ, ʚʨʝʤʷ 

ʙʠʦʠʥʜʠʢʘʮʠʠ 47 ʩʫʪʦʢ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʉʆɾ ʜʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʥʝʨʛʠʟʤʘ ʚʣʠʷʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʋ30 ʠ ʋʌ ʥʘ 

ʩʪʝʧʝʥʴ ʙʘʢʪʝʨʠʮʠʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʭʣʘʞʜʘʶʱʠʭ ʞʠʜʢʦʩʪʝʡ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʜʦ 96 ʯʘʩʦʚ ʚʦʟʨʘʩʪʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʯʠʩʪʢʠ ʦʪ ʨʘʟʥʳʭ 

ʚʠʜʦʚ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʉʆɾ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʨʦʢ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʋʨʦʚʥʠ ʜʨʦʞʞʝʚʦʛʦ ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʪʝʯʝʥʠʝ 

43 ʩʫʪʦʢ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʩʪʘʙʠʣʠʟʘʮʠʠ. 
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ʊʘʙʣʠʮʘ 6 ï ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʝʡ ʙʠʦʧʦʨʘʞʝʥʠʷ, ʦʙʨʘʟʝʮ ˉ 5 

ɺʨʝʤʷ 

ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʙʨʘʙʦʪʢʠ 

ʉʆɾ, ʯʘʩ 

ɺʨʝʤʷ 

ʙʠʦʠʥʜʠʢʘʮʠʠ 

ʚ ʣʘʙʦʨʘʪʦʨʠʠ, 

ʩʫʪʢʠ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʙʠʦʧʦʨʘʞʝʥʠʷ 

ʍʠʤʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʩ 

ʨʘʩʪʚʦʨʦʤ 

ʊʊʍ 

ʕʢʩʧʨʝʩʩ-ʪʝʩʪʳ 

ɹʘʢʪʝʨʠʠ, 

ʂʆɽ/ʩʤ2 

ɻʨʠʙʳ, 

ʂʆɽ/ʩʤ2 

ɼʨʦʞʞʠ, 

ʂʆɽ/ʩʤ2 

96 0 0 0 0 0 

96 1 0 0 0 0 

96 2 0 0 0 0 

96 3 0 0 0 0 

96 4 1-2 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 0 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 

96 5 2 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 0 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 

96 12 3 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 0 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 

96 47 3 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 0 102, ʦʯʝʥʴ ʥʠʟʢʠʡ 

ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʩʪʝʧʝʥʴ ʙʠʦʧʦʨʘʞʝʥʠʷ 

ʉʆɾ ʦʙʨʘʟʮʘ ˉ 6 ʧʦʩʣʝ 120 ʯʘʩʦʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʉʪʝʧʝʥʴ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʉʆɾ ʦʧʨʝʜʝʣʷʣʠ ʚ ʪʝʯʝʥʠʝ 45 ʩʫʪʦʢ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 7. 

ʊʘʙʣʠʮʘ 7 ï ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʝʡ ʙʠʦʧʦʨʘʞʝʥʠʷ, ʦʙʨʘʟʝʮ ˉ 6 

ɺʨʝʤʷ 

ʢʦʤʧʣʝʢʩʥʦʡ 

ʦʙʨʘʙʦʪʢʠ 

ʉʆɾ, ʯʘʩ 

ɺʨʝʤʷ 

ʙʠʦʠʥʜʠʢʘʮʠʠ ʚ 

ʣʘʙʦʨʘʪʦʨʠʠ, 

ʩʫʪʢʠ 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʙʠʦʧʦʨʘʞʝʥʠʷ 

ʍʠʤʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʩ 

ʨʘʩʪʚʦʨʦʤ 

ʊʊʍ 

ʕʢʩʧʨʝʩʩ-ʪʝʩʪʳ 

ɹʘʢʪʝʨʠʠ, 

ʂʆɽ/ʩʤ2 

ɻʨʠʙʳ, 

ʂʆɽ/ʩʤ2 

ɼʨʦʞʞʠ, 

ʂʆɽ/ʩʤ2 

120 0 0 0 0 0 

120 1 1 0 0 0 

120 2 1 0 0 0 

120 3 1 0 0 0 

120 4 2 0 0 0 

120 45 2 0 0 0 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʨʝʤʷ ʩʪʝʨʠʣʠʟʘʮʠʠ 120 ʯʘʩʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʩʦʭʨʘʥʷʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ 45 ʩʫʪʦʢ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʙʠʦʧʦʨʘʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʘʷ 

ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʩʦʩʪʘʚʣʷʝʪ 1-2 ʙʘʣʣʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʠʥʜʠʢʘʪʦʨʥʳʤ 

ʤʝʪʦʜʦʤ ï 0 ʙʘʣʣʦʚ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʙʠʦʠʥʜʠʢʘʮʠʠ ʜʦ 3 

ʤʝʩʷʮʝʚ ʩʦʭʨʘʥʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʩʪʘʙʠʣʠʟʘʮʠʠ. ʋʨʦʚʥʠ ʜʨʦʞʞʝʚʦʛʦ, 

ʛʨʠʙʢʦʚʦʛʦ ʠ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 0 ʙʘʣʣʦʚ ʯʝʨʝʟ ʪʨʠ ʤʝʩʷʮʘ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1) ʢʦʤʧʣʝʢʩʥʘʷ ʋɿ ʠ ʋʌ ʦʙʨʘʙʦʪʢʘ ʞʠʜʢʦʩʪʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

2) ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʉʆɾ ʧʦʩʣʝ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʦʙʲʷʩʥʷʝʪʩʷ ʩʠʥʝʨʛʠʟʤʦʤ ʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʘ. ɿʘ ʩʯʝʪ 

ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʞʠʜʢʠʭ ʩʨʝʜʘʭ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʋʌ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʘʙʠʣʠʟʘʮʠʠ; 

3) ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʉʆɾ ʦʪ 48 

ʜʦ 72 ʯʘʩʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʝʡ ʚʩʝʭ ʚʠʜʦʚ ʙʠʦʧʦʨʘʞʝʥʠʷ; 

4) ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʧʦʩʦʙʘ 

ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʉʆɾ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʨʦʢʘ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʝʟ ʜʨʫʛʠʭ ʚʠʜʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʦʚʳʡ ʩʧʦʩʦʙ ʩʪʘʙʠʣʠʟʘʮʠʠ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʉʆɾ, ʥʦ ʠ ʜʣʷ ʜʨʫʛʠʭ ʵʤʫʣʴʩʠʡ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʞʠʜʢʠʭ ʩʨʝʜ ʩ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʷ ʠ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ 

ʚʷʟʢʦʩʪʠ. 
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ʋɼʂ 711.58 

ɸʈʍʀʊɽʂʊʋʈʅʆ-ʇʃɸʅʀʈʆɺʆʏʅʓɽ ʇʈʀʅʎʀʇʓ ʌʆʈʄʀʈʆɺɸʅʀʗ 

çʎʀʈʂʋʃʗʈʅʓʍè ɾʀʃʓʍ ʂɺɸʈʊɸʃʆɺ 

ʍʦʭʣʦʚʘ ʃ. ʀ., ɺʝʣʴʢʦʚʩʢʘʷ ʄ. ʀ., ʄʫʭʠʥ ɺ. ɺ. 

ʌɻɹʆʋ ɺʆ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʫè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʘʷ ʤʦʜʝʣʴ ʛʦʨʦʜʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʣʠʥʝʡʥʦʡ 

ʵʢʦʥʦʤʠʢʝ, ʠʩʯʝʨʧʘʣʘ ʩʚʦʡ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʉʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ 

ʧʦʪʨʝʙʣʷʝʪ ʦʢʦʣʦ 35 % ʜʦʙʳʚʘʝʤʳʭ ʚ ʤʠʨʝ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʦʪʭʦʜʳ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʩʥʦʩʘ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 30 % ʚʩʝʭ ʪʚʸʨʜʳʭ ʦʪʭʦʜʦʚ ʚ ʤʠʨʝ [1]. ɺ 

ʈʦʩʩʠʠ ʝʞʝʛʦʜʥʦ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ 70 ʤʣʥ ʪʦʥʥ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʪʭʦʜʦʚ, ʧʨʠ ʵʪʦʤ 

ʫʨʦʚʝʥʴ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 10ï15 %, ʯʪʦ ʩʦʟʜʘʸʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʥʘʛʨʫʟʢʫ ʥʘ ʧʦʣʠʛʦʥʳ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [2]. 

ʎʠʨʢʫʣʷʨʥʘʷ ʵʢʦʥʦʤʠʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʛʝʥʝʨʘʪʠʚʥʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ 

ʤʘʪʝʨʠʘʣʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʮʝʥʥʦʩʪʴ ʠ ʧʦʣʝʟʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʣʛʦ; ʦʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʜʥʦ ʠʟ ʢʣʶʯʝʚʳʭ ʨʝʰʝʥʠʡ ʧʨʦʙʣʝʤʳ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʠʤʝʥʠʤʦʝ ʥʘ ʪʨʸʭ ʫʨʦʚʥʷʭ: ʦʧʝʨʘʮʠʦʥʥʦʤ (ʧʨʦʮʝʩʩʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ), ʪʘʢʪʠʯʝʩʢʦʤ (ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʦʮʝʩʩʦʚ) ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʤ (ʫʨʦʚʝʥʴ 

ʦʨʛʘʥʠʟʘʮʠʠ ʠʣʠ ʪʝʨʨʠʪʦʨʠʠ) [3]. 

ʆʩʦʙʝʥʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʣʛʦʤ ʞʠʟʥʝʥʥʦʤ 

ʮʠʢʣʝ ʦʙʲʝʢʪʦʚ ʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʦʩʪʠ ʮʝʧʦʯʝʢ ʧʦʩʪʘʚʦʢ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 

ʦʪʩʣʝʞʠʚʘʥʠʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ [4]. 

ʇʦʵʪʦʤʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʮʠʨʢʫʣʷʨʥʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, 

ʦʭʚʘʪʳʚʘʶʱʠʡ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʥʦ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʦʨʛʘʥʠʟʘʮʠʶ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʎʝʣʴ ʩʪʘʪʴʠ ï ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʧʨʠʥʮʠʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʠʣʳʭ ʢʚʘʨʪʘʣʦʚ ʢʘʢ ʙʘʟʦʚʳʭ ʷʯʝʝʢ ʮʠʨʢʫʣʷʨʥʦʡ 

ʛʦʨʦʜʩʢʦʡ ʵʢʦʥʦʤʠʢʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʙʘʟʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ 

ʢʦʥʮʝʧʮʠʡ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʢʦʥʮʝ XX ï ʥʘʯʘʣʝ XXI ʚʝʢʘ. 

ɺʦ-ʧʝʨʚʳʭ, ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [5] ʚʚʦʜʷʪ ʧʦʥʷʪʠʝ çʦʪ ʢʦʣʳʙʝʣʠ ʜʦ 

ʢʦʣʳʙʝʣʠè, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʦʪʭʦʜʳ ʜʦʣʞʥʳ ʩʪʘʥʦʚʠʪʴʩʷ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ 

ʜʣʷ ʥʦʚʳʭ ʮʠʢʣʦʚ ï ʙʠʦʣʦʛʠʯʝʩʢʠʭ (ʚʦʟʚʨʘʱʘʝʤʳʭ ʚ ʧʨʠʨʦʜʫ) ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʭ 

(ʩʦʭʨʘʥʷʝʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʦʙʦʨʦʪʝ). ɼʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʦʪʨʠʮʘʝʪ ʧʦʥʷʪʠʝ 

ʦʪʭʦʜʦʚ ʢʘʢ ʪʘʢʦʚʳʭ, ʧʨʝʜʣʘʛʘʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʩʝ ʧʨʦʜʫʢʪʳ ʢʘʢ ʨʝʩʫʨʩʳ ʜʣʷ 

ʙʫʜʫʱʠʭ ʮʠʢʣʦʚ. 

ɺʦ-ʚʪʦʨʳʭ, ʠʩʩʣʝʜʦʚʘʥʠʝ [6] ʩʬʦʨʤʠʨʦʚʘʣʦ ʠʝʨʘʨʭʠʶ ʵʣʝʤʝʥʪʦʚ ʩ ʨʘʟʥʳʤ 

ʩʨʦʢʦʤ ʩʣʫʞʙʳ ï çʰʝʩʪʠ ʩʣʦʝʚè ʟʜʘʥʠʷ:  

ǒ ʫʯʘʩʪʦʢ ï ʚʝʯʥʳʡ; 

ǒ ʢʘʨʢʘʩ ï 30-300 ʣʝʪ; 

ǒ ʦʙʦʣʦʯʢʘ/ʬʘʩʘʜ ï 20-40 ʣʝʪ; 

ǒ ʠʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ ï 7-15 ʣʝʪ; 
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ǒ ʚʥʫʪʨʝʥʥʷʷ ʧʣʘʥʠʨʦʚʢʘ ï 3-30 ʣʝʪ; 

ǒ ʤʝʙʝʣʴ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ï ʝʞʝʛʦʜʥʦ. 

ʕʪʘ ʠʝʨʘʨʭʠʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʵʣʝʤʝʥʪʳ ʟʜʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʠʭ ʤʦʞʥʦ ʙʳʣʦ ʟʘʤʝʥʷʪʴ ʩ ʨʘʟʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, 

ʥʝ ʥʘʨʫʰʘʷ ʮʝʣʦʩʪʥʦʩʪʠ ʦʩʪʘʣʴʥʳʭ. 

 

ʈʠʩ. 1. ʀʝʨʘʨʭʠʷ ʩʣʦʸʚ ʜʦʤʘ ʧʦ ʩʨʦʢʫ ʩʣʫʞʙʳ [6] 

ɺ-ʪʨʝʪʴʠʭ, ʢʦʥʮʝʧʮʠʷ çʟʜʘʥʠʡ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʳʭ ʙʘʥʢʦʚè [7] 

ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʟʜʘʥʠʷ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʭʨʘʥʠʣʠʱʘ ʮʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʪʦʨʳʭ ʜʦʣʞʥʘ ʙʳʪʴ ʜʦʩʪʫʧʥʘ ʜʣʷ ʙʫʜʫʱʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺ-ʯʝʪʚʸʨʪʳʭ, ʪʝʦʨʠʷ ʛʦʨʦʜʩʢʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ [8] ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʛʦʨʦʜ ʢʘʢ 

ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ ʩ ʚʭʦʜʷʱʠʤʠ (ʵʥʝʨʛʠʷ, ʚʦʜʘ, ʤʘʪʝʨʠʘʣʳ) ʠ ʠʩʭʦʜʷʱʠʤʠ 

(ʦʪʭʦʜʳ, ʚʳʙʨʦʩʳ) ʧʦʪʦʢʘʤʠ, ʫʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʳʤʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʦ. 

ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʚ ʠʟʫʯʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʛʣʘʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʨʠʥʮʠʧʳ ʮʠʨʢʫʣʷʨʥʦʛʦ ʢʚʘʨʪʘʣʘ. 

ʇʨʠʥʮʠʧ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʮʠʢʣʦʚ 
ʇʣʘʥʠʨʦʚʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʚʘʨʪʘʣʘ ʜʦʣʞʥʘ ʠʟʥʘʯʘʣʴʥʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴʩʷ ʩ 

ʫʯʸʪʦʤ ʜʚʠʞʝʥʠʷ ʨʝʩʫʨʩʥʳʭ ʧʦʪʦʢʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ [9] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʠ ʥʘ ʫʨʦʚʥʝ ʛʦʨʦʜʘ, ʠ ʢʣʶʯʝʚʳʤʠ ʨʝʰʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ: 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʭʘʙʳ, ʧʦʜʟʝʤʥʘʷ ʣʦʛʠʩʪʠʢʘ ʠ ʚʦʜʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʘʢ 

ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʠʡ ʵʣʝʤʝʥʪ. 

ʊʦ ʝʩʪʴ, ʚ ʩʪʨʫʢʪʫʨʝ ʢʚʘʨʪʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʨʘʟʤʝʱʝʥʠʝ ʧʫʥʢʪʦʚ 

ʩʙʦʨʘ ʠ ʩʦʨʪʠʨʦʚʢʠ ʚʪʦʨʩʳʨʴʷ, ʤʘʩʪʝʨʩʢʠʭ ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, 

ʣʦʢʘʣʴʥʳʭ ʵʥʝʨʛʦʫʟʣʦʚ ʠ ʩʪʘʥʮʠʡ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʢʠ. ʊʘʢʠʝ ʦʙʲʝʢʪʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʢʘʢ ʜʣʷ ʞʠʪʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʪʨʘʥʩʧʦʨʪʘ, 

ʥʦ ʧʨʠ ʵʪʦʤ ʠʟʦʣʠʨʦʚʘʥʳ ʦʪ ʞʠʣʳʭ ʟʦʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʬʦʨʪʥʦʡ ʩʨʝʜʳ [10]. 

ʇʨʠʤʝʥʝʥʠʝ ʚʘʢʫʫʤʥʳʭ ʩʠʩʪʝʤ ʩʙʦʨʘ ʦʪʭʦʜʦʚ, ʩʦʝʜʠʥʷʶʱʠʭ ʚʩʝ ʟʜʘʥʠʷ ʩ 

ʩʦʨʪʠʨʦʚʦʯʥʳʤ ʮʝʥʪʨʦʤ, ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʤʫʩʦʨʦʚʦʟʘʭ ʥʘ 

ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʆʧʳʪ [11] ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʪʘʢʠʝ ʩʠʩʪʝʤʳ 
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ʩʥʠʞʘʶʪ ʪʨʘʥʩʧʦʨʪʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ 80 % ʠ ʧʦʚʳʰʘʶʪ ʜʦʣʶ ʨʘʟʜʝʣʴʥʦ 

ʩʦʙʠʨʘʝʤʳʭ ʦʪʭʦʜʦʚ ʜʦ 70 %. ʀʥʪʝʛʨʘʮʠʷ ʩʠʩʪʝʤ ʩʙʦʨʘ ʠ ʦʯʠʩʪʢʠ ʣʠʚʥʝʚʳʭ ʠ 

ʩʝʨʳʭ ʚʦʜ ʚ ʣʘʥʜʰʘʬʪʥʳʡ ʜʠʟʘʡʥ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʪʴ ʚʦʜʥʳʝ 

ʨʝʩʫʨʩʳ, ʥʦ ʠ ʩʦʟʜʘʚʘʪʴ ʢʦʤʬʦʨʪʥʫʶ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʫʶ ʩʨʝʜʫ [12]. 

ʇʨʠʥʮʠʧ ʤʦʜʫʣʴʥʦʩʪʠ ʠ ʜʝʤʦʥʪʠʨʫʝʤʦʩʪʠ 

ʀʩʩʣʝʜʦʚʘʥʠʝ [13] ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʤʦʜʫʣʴʥʦʩʪʠ 

ʠ ʜʝʤʦʥʪʠʨʫʝʤʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʜʝʤʦʥʪʘʞʘ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʝʮʠʢʣʠʥʛʫ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʥʠʞʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ï ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʟʜʘʥʠʷ ʢʘʢ çʢʦʥʩʪʨʫʢʪʦʨʳè, 

ʬʦʨʤʠʨʫʷ ʢʘʨʢʘʩ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʡ ʮʠʨʢʫʣʷʨʥʦʩʪʠ. 

ʊ.ʦ, ʬʦʨʤʠʨʫʝʪʩʷ ʠʝʨʘʨʭʠʷ ʩʣʦʝʚ: ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʥʝʩʫʱʝʛʦ ʢʘʨʢʘʩʘ 

ʠ ʩʤʝʥʷʝʤʳʭ ʵʣʝʤʝʥʪʦʚ (ʬʘʩʘʜʦʚ, ʧʝʨʝʛʦʨʦʜʦʢ, ʠʥʞʝʥʝʨʠʠ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʘʟʲʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʤʝʩʪʦ ʥʝʨʘʟʲʝʤʥʳʭ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [14] ʨʘʟʨʘʙʦʪʘʣʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʩʪʝʧʝʥʝʡ ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʦʩʪʠ ʟʜʘʥʠʡ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʪʠʧʘʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʦʜʫʣʝʡ ʠ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʟʤʝʨʦʚ 

ʧʦʟʚʦʣʠʪ ʦʙʣʝʛʯʠʪʴ ʙʫʜʫʱʫʶ ʟʘʤʝʥʫ ʠ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ 

ʜʨʫʛʠʭ ʧʨʦʝʢʪʘʭ. ɸʚʪʦʨʳ [15, 16] ʧʨʝʜʣʘʛʘʶʪ ʢʦʥʢʨʝʪʥʳʝ 

ʘʨʭʠʪʝʢʪʫʨʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʠʸʤʳ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʴʥʳʭ ʩʝʪʦʢ, 

ʦʛʨʘʥʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʪʠʧʦʚ ʩʦʝʜʠʥʝʥʠʡ, ʜʦʩʪʫʧʥʦʩʪʴ ʫʟʣʦʚ ʜʣʷ ʜʝʤʦʥʪʘʞʘ. 

ʇʨʠʥʮʠʧ ʤʘʪʝʨʠʘʣʴʥʦʡ ʧʘʩʧʦʨʪʠʟʘʮʠʠ 

ʏʪʦʙʳ ʩʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʦʙ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʧʦʚʪʦʨʥʦʤ ʧʨʠʤʝʥʝʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʥʝʜʨʠʪʴ ʤʘʪʝʨʠʘʣʴʥʳʡ 

ʧʘʩʧʦʨʪ ï ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʘʨʭʠʚʠʨʫʝʪ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʤʘʪʝʨʠʘʣʘʭ, ʩʧʦʩʦʙʩʪʚʫʷ ʠʭ ʧʦʚʪʦʨʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠ ʧʝʨʝʨʘʙʦʪʢʝ [17]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʪʘʢʠʭ ʧʘʩʧʦʨʪʦʚ ʧʦʚʳʰʘʝʪ 

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʤʦʥʪʘʞʘ ʥʘ 25ï30 %. ɼʣʷ ʵʪʦʛʦ ʢʘʞʜʦʤʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʵʣʝʤʝʥʪʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ 

(QR-ʢʦʜ/RFID-ʤʝʪʢʘ) ʩ ʜʘʥʥʳʤʠ: ʪʠʧ ʤʘʪʝʨʠʘʣʘ, ʤʘʩʩʘ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ, 

ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʠʥʩʪʨʫʢʮʠʷ ʧʦ ʜʝʤʦʥʪʘʞʫ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɼʘʥʥʳʝ ʤʦʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ BIM-ʤʦʜʝʣʴ ʢʚʘʨʪʘʣʘ ʜʣʷ ʫʯʸʪʘ 

ʧʝʨʩʧʝʢʪʠʚʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʧʨʝʜʧʨʦʝʢʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ [18]. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʪʝʦʨʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʩʧʦʨʪʦʚ, 

ʢʦʪʦʨʳʝ ʥʝʧʨʝʨʳʚʥʦ ʦʙʥʦʚʣʷʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʟʜʘʥʠʷ 

ʙʣʘʛʦʜʘʨʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʠ IoT-ʜʘʪʯʠʢʦʚ [19], 

ʦʜʥʘʢʦ ʜʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ. 

ʇʨʠʥʮʠʧ ʠʥʪʝʛʨʘʮʠʠ ʩ ʧʨʠʨʦʜʥʳʤʠ ʮʠʢʣʘʤʠ 

ʉʪʦʠʪ ʧʨʝʜʫʩʤʦʪʨʝʪʴ, ʯʪʦ ʢʚʘʨʪʘʣ ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʩʥʠʞʘʪʴ ʥʘʛʨʫʟʢʫ ʥʘ 

ʧʨʠʨʦʜʫ, ʥʦ ʠ ʩʪʘʥʦʚʠʪʴʩʷ ʯʘʩʪʴʶ ʵʢʦʩʠʩʪʝʤʳ, ʫʯʘʩʪʚʫʷ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʮʠʢʣʘʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ [20]. ɼʘʥʥʳʡ ʧʨʠʥʮʠʧ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʚʥʝʜʨʝʥʠʷ ʟʝʣʸʥʳʭ ʢʨʳʰ ʠ ʬʘʩʘʜʦʚ. ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʩʥʠʞʘʶʪ ʵʬʬʝʢʪ 
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çʪʝʧʣʦʚʦʛʦ ʦʩʪʨʦʚʘè ʥʘ 2ï3 0C, ʟʘʜʝʨʞʠʚʘʶʪ ʜʦ 60 % ʣʠʚʥʝʚʳʭ ʩʪʦʢʦʚ ʠ ʩʦʟʜʘʶʪ 

ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʜʣʷ ʛʦʨʦʜʩʢʦʛʦ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ [21]. 

ʄʦʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ ʬʠʪʦʨʝʤʝʜʠʘʮʠʠ (ʪʝʭʥʦʣʦʛʠʷ 

ʦʯʠʩʪʢʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʝʥʠʡ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ï ʦʩʥʦʚʘʥʘ 

ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʧʦʛʣʦʱʘʪʴ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʚʢʣʶʯʘʷ ʪʷʞʸʣʳʝ 

ʤʝʪʘʣʣʳ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʠʟʙʳʪʦʯʥʳʝ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ) ʠ 

ʙʠʦʧʣʘʪʦ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʠ ʣʠʚʥʝʚʳʭ ʚʦʜ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʝʥʠʡ, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʚ ʦʙʱʝʩʪʚʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʨʠʛʦʜʥʦʡ ʜʣʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʛʝʥʪʦʚ [21]. ʂʘʩʘʪʝʣʴʥʦ ʧʠʱʝʚʳʭ ʠ ʟʝʣʸʥʳʭ ʦʪʭʦʜʦʚ, ʚʦʟʤʦʞʝʥ ʚʘʨʠʘʥʪ ʠʭ 

ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʢʦʤʧʦʩʪ ʜʣʷ ʫʜʦʙʨʝʥʠʷ ʚʥʫʪʨʠʢʚʘʨʪʘʣʴʥʳʭ ʟʝʣʸʥʳʭ ʥʘʩʘʞʜʝʥʠʡ 

ʜʣʷ ʟʘʤʳʢʘʥʠʷ ʮʠʢʣʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʫʜʦʙʨʝʥʠʷʭ. 

 

ʈʠʩʫʥʦʢ 2 ï ʎʠʢʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ) 

ɸʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʮʝʥʥʦʩʪʠ ʩʤʦʛʫʪ ʢʦʤʧʣʝʢʩʥʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʧʨʠ ʫʩʣʦʚʠʠ ʚʥʝʜʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʩʫʨʩʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʮʠʬʨʦʚʦʡ ʚʝʨʩʠʠ ʢʚʘʨʪʘʣʘ ʠ 

ʫʪʚʝʨʞʜʸʥʥʳʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ [22] ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʤʘʪʝʨʠʘʣʘʭ. ʀʥʪʝʛʨʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʀʥʪʝʨʥʝʪʘ 

ʚʝʱʝʡ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʪʩʣʝʞʠʚʘʶʪ ʩʦʩʪʦʷʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʘʷ 
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ʧʣʘʪʬʦʨʤʘ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

ʘ) ʤʦʥʠʪʦʨʠʥʛ ʟʘʧʦʣʥʝʥʠʷ ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʣʦʛʠʩʪʠʢʠ ʦʪʭʦʜʦʚ; 

ʙ) ʫʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʠ ʨʘʙʦʪʦʡ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ; 

ʚ) ʢʦʦʨʜʠʥʘʮʠʷ ʨʘʙʦʪʳ ʩʝʨʚʠʩʦʚ ʠ ʨʝʤʦʥʪʥʳʭ ʤʘʩʪʝʨʩʢʠʭ; 

ʛ) ʚʝʜʝʥʠʝ ʫʯʸʪʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʩʧʦʨʪʦʚ ʠ ʠʭ ʘʢʪʫʘʣʠʟʘʮʠʷ ʠ ʪ.ʧ. 

ʋʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʥʮʠʧʦʚ ʮʠʨʢʫʣʷʨʥʦʩʪʠ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ [16]. ʕʪʦ ʪʨʝʙʫʝʪ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ 

ʧʨʘʚʠʣʘ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʠ ʟʘʩʪʨʦʡʢʠ (ʇɿɿ), ʦʙʷʟʳʚʘʶʱʠʭ ʟʘʩʪʨʦʡʱʠʢʦʚ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʨʘʟʜʝʣʴʥʦʛʦ ʩʙʦʨʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ. 

ʊʘʢʞʝ ʪʨʝʙʫʝʪʩʷ ʚʚʝʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʦʣʝ ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʈʦʩʩʠʠ. ʋʞʝ ʝʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʦʪʝʥʮʠʘʣ ʮʠʢʣʠʯʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʦʚʘʥʠʝ [23] ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʱʝʙʥʷ ʠʟ ʙʝʪʦʥʥʦʛʦ ʣʦʤʘ: ʧʨʦʯʥʦʩʪʴ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 80ï95 % ʦʪ ʧʝʨʚʠʯʥʳʭ ʧʨʠ ʩʥʠʞʝʥʠʠ ʩʪʦʠʤʦʩʪʠ ʥʘ 

30ï40 %. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʘʢʪʫʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʚʠʜʝʪʴ ʦʮʝʥʠʪʴ ʮʝʣʫʶ ʩʠʪʫʘʮʠʶ. ʕʪʦ ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʤʦʞʝʪ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ çʮʠʨʢʫʣʷʨʥʳʭè ʟʜʘʥʠʡ ʠ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʠʭ 

ʨʝʩʫʨʩʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 3 ï ɺʟʘʠʤʦʩʚʷʟʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ (ʩʦʩʪʘʚʣʝʥʦ ʘʚʪʦʨʘʤʠ) 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ çʮʠʨʢʫʣʷʨʥʳʭè ʞʠʣʳʭ ʢʚʘʨʪʘʣʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʫʶ ʟʘʜʘʯʫ, ʪʨʝʙʫʶʱʫʶ ʠʥʪʝʛʨʘʮʠʠ 
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ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ. ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʎʠʨʢʫʣʷʨʥʳʡ ʢʚʘʨʪʘʣ ï ʵʪʦ ʮʝʣʦʩʪʥʘʷ ʩʠʩʪʝʤʘ, ʛʜʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, 

ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʝ ʦʙʲʝʜʠʥʷʶʪʩʷ [3]. ʇʨʠʥʮʠʧʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʤʦʜʫʣʴʥʦʩʪʠ, ʤʘʪʝʨʠʘʣʴʥʦʡ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʠ 

ʙʠʦʧʦʟʠʪʠʚʥʦʩʪʠ ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʢʦʤʧʣʝʢʩʥʦ, ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ï ʦʪ ʢʦʥʮʝʧʮʠʠ ʜʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚʦʟʤʦʞʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. 

2. ʇʝʨʝʭʦʜ ʢ ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʝ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ 

ʫʯʝʪʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ, ʤʘʪʝʨʠʘʣʴʥʳʝ ʧʘʩʧʦʨʪʘ ʠ BIM-ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ [17, 18, 19]. 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʦʜʫʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝ 

ʪʦʣʴʢʦ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʥʦ ʠ ʤʦʞʝʪ ʙʳʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʚʳʛʦʜʥʳʤ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʫʪʠʣʠʟʘʮʠʶ ʠ ʟʘʢʫʧʢʫ ʧʝʨʚʠʯʥʳʭ 

ʨʝʩʫʨʩʦʚ [11, 23]. 

ʆʩʥʦʚʥʳʤʠ ʧʨʝʧʷʪʩʪʚʠʷʤʠ ʜʣʷ ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ ʷʚʣʷʶʪʩʷ: 

ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʝʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʥʘ 

ʣʠʥʝʡʥʫʶ ʤʦʜʝʣʴ; ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʚʠʪʦʛʦ ʨʳʥʢʘ ʚʪʦʨʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ; ʜʝʬʠʮʠʪ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ, ʚʣʘʜʝʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ [2]. 

ʇʠʣʦʪʥʳʝ ʧʨʦʝʢʪʳ, ʨʝʘʣʠʟʫʝʤʳʝ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤ ʨʝʥʦʚʘʮʠʠ ʞʠʣʦʛʦ 

ʬʦʥʜʘ (ʥʘʧʨʠʤʝʨ, ʚ ʄʦʩʢʚʝ) ʠʣʠ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʢʦʤʧʣʝʢʩʥʦʝ ʨʘʟʚʠʪʠʝ 

ʪʝʨʨʠʪʦʨʠʡ) ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʝʛʠʦʥʘʭ, ʤʦʛʣʠ ʙʳ ʩʪʘʪʴ ʧʦʣʠʛʦʥʘʤʠ ʜʣʷ ʦʪʨʘʙʦʪʢʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʥʦʨʤʘʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʟʜʘʥʠʝ çʨʝʛʫʣʷʪʦʨʥʳʭ 

ʧʝʩʦʯʥʠʮè ʜʣʷ ʘʧʨʦʙʘʮʠʠ ʮʠʨʢʫʣʷʨʥʳʭ ʧʨʠʥʮʠʧʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʢʚʘʨʪʘʣʘʭ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʪʠʨʘʞʠʨʦʚʘʥʠʝʤ ʫʩʧʝʰʥʦʛʦ ʦʧʳʪʘ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ: 

ǒ ʨʘʟʨʘʙʦʪʢʫ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʤʝʩʪʥʳʤ ʫʩʣʦʚʠʷʤ ʤʝʪʦʜʦʣʦʛʠʡ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʘʩʧʦʨʪʦʚ ʩ ʫʯʸʪʦʤ ʨʦʩʩʠʡʩʢʦʡ ʩʠʩʪʝʤʳ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ; 

ǒ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʥʳʤʠ ʧʦʪʦʢʘʤʠ ʥʘ ʫʨʦʚʥʝ ʢʚʘʨʪʘʣʦʚ; 

ǒ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ 

ʮʠʨʢʫʣʷʨʥʳʭ ʧʨʠʥʮʠʧʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʚʢʣʶʯʘʷ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ 

(ʥʘʣʦʛʦʚʳʝ ʣʴʛʦʪʳ, ʩʫʙʩʠʜʠʠ). 
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ʕʂʆʃʆɻʆʅɽɿɸɺʀʉʀʄʓɽ ɾʀʃʓɽ ʄʆɼʋʃʀ ɺ ʕʂʉʊʈɽʄɸʃʔʅʆʁ 

ʉʈɽɼɽ 

ʐʠʙʘʝʚʘ ɽ. ʖ., ʌʝʜʦʪʦʚʘ ɽ. ɸ., ʍʦʭʣʦʚʘ ʃ. ʀ. 

ʌɻɹʆʋ ɺʆ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʫè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ. ʃʶʜʠ ʦʪʢʨʳʚʘʶʪ ʯʪʦ-ʪʦ ʥʦʚʦʝ, 

ʠʟʦʙʨʝʪʘʶʪ ʪʦ, ʯʝʛʦ ʥʝ ʤʦʛʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʨʘʥʝʝ, ʦʩʚʘʠʚʘʶʪ ʥʦʚʳʝ ʪʝʨʨʠʪʦʨʠʠ 

ʟʝʤʥʦʛʦ ʰʘʨʘ ʠ ʜʘʞʝ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʤʠʨ 

ʪʝʭʥʦʣʦʛʠʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʘʫʢʠ ʨʘʟʚʠʚʘʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ. ɾʠʟʥʴ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʧʣʘʥʝʪʳ ɿʝʤʣʷ ʫʞʝ ʥʝ ʧʨʦʩʪʦ ʯʴʷ-ʪʦ ʬʘʥʪʘʟʠʷ, ʵʪʦ ʙʫʜʫʱʘʷ 

ʨʝʘʣʴʥʦʩʪʴ, ʢʘʢ ʠ ʧʦʣʥʦʮʝʥʥʘʷ ʞʠʟʥʴ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ, ʥʘʧʨʠʤʝʨ, ʚ ɸʨʢʪʠʢʝ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʟʠʤʦʡ ʤʦʞʝʪ ʦʧʫʩʢʘʪʴʩʷ ʥʠʞʝ 

ʤʠʥʫʩ 60 ʛʨʘʜʫʩʦʚ, ʠʣʠ ʚ ʧʫʩʪʳʥʝ ɼʝʰʪʝ-ʃʫʪ, ʛʜʝ ʨʝʢʦʨʜʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʦʩʪʘʚʠʣʘ ʙʦʣʴʰʝ 70 ʛʨʘʜʫʩʦʚ ʪʝʧʣʘ [1]. 

ʕʢʦʣʦʛʦʥʝʟʘʚʠʩʠʤʳʝ ʞʠʣʳʝ ʤʦʜʫʣʠ ʩʪʨʦʷʪʩʷ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʷʚʣʷʝʪʩʷ 

ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʠʚʳʯʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʧʨʦʚʝʜʝʥʠʝ 

ʢʦʤʤʫʥʠʢʘʮʠʡ. ɼʘʥʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦʝ 

ʤʝʩʪʦ ʜʣʷ ʙʫʜʫʱʝʛʦ ʤʝʛʘʧʦʣʠʩʘ, ʣʶʜʠ ʝʜʫʪ ʪʫʜʘ ʧʦ ʜʨʫʛʠʤ ʧʨʠʯʠʥʘʤ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠʣʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ʫʯʸʥʳʝ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʧʦʩʸʣʢʘʭ ʠʟ ʘʚʪʦʥʦʤʥʳʭ ʤʦʜʫʣʝʡ ʠ ʤʦʛʫʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʛʝʦʣʦʛʠʶ ʥʝʜʦʩʪʫʧʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʶ ʚ ʪʘʢʠʭ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ: ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʠʝ ʠʣʠ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʠʟʦʣʷʮʠʷ, ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʵʢʦʣʦʛʠʷ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʠ ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʦʪʜʘʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʪʝʨʨʠʪʦʨʠʡ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ 

ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʦʜʫʣʴʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʜʦʤʦʚ, ʯʪʦʙʳ 

ʩʤʷʛʯʠʪʴ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʢʣʠʤʘʪʘ ʥʘ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ. ʕʪʦ ʨʝʰʘʝʪʩʷ ʦʩʦʙʳʤʠ ʘʨʭʠʪʝʢʪʫʨʥʦ- 

ʧʣʘʥʠʨʦʚʦʯʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ɺʳʛʦʜʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʶʪʩʷ 

ʵʢʦʣʦʛʦʥʝʟʘʚʠʩʠʤʳʝ ʞʠʣʳʝ ʤʦʜʫʣʠ ï ʦʙʲʝʢʪʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚʜʘʣʠ ʦʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚ ʪʷʞʝʣʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʠ ʙʝʟ ʙʦʣʴʰʦʛʦ ʚʨʝʜʘ ʵʢʦʣʦʛʠʠ. 

ʇʝʨʚʦʝ, ʥʘ ʯʪʦ ʥʫʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʧʨʠ ʚʳʙʦʨʝ ʪʘʢʦʛʦ ʪʠʧʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʵʪʦ ʢʣʠʤʘʪ, ʚ ʢʦʪʦʨʦʤ ʙʫʜʫʪ ʩʪʨʦʠʪʴʩʷ ʤʦʜʫʣʴʥʳʝ ʜʦʤʘ: 

ʥʘʩʢʦʣʴʢʦ ʪʘʤ ʚʳʩʦʢʠʝ ʠʣʠ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʘʢʦʡ ʚʝʪʝʨ ʧʨʝʦʙʣʘʜʘʝʪ, ʢʘʢʦʡ 

ʪʠʧ ʛʨʫʥʪʘ ʙʫʜʝʪ ʥʘ ʫʯʘʩʪʢʝ ʟʘʩʪʨʦʡʢʠ, ʢʘʢʦʡ ʨʝʣʴʝʬ, ʢʘʢʠʝ ʦʩʘʜʢʠ ʠ ʚ ʢʘʢʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʤʦʛʫʪ ʚʳʧʘʩʪʴ. 

ʊʘʢʞʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʨʦʝʢʪʦʚ, ʥʘʩʢʦʣʴʢʦ ʦʥʠ ʧʦʣʝʟʥʳ ʠ ʙʝʟʦʧʘʩʥʳ 

ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʦʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʵʪʦ ʪʘʷʥʠʝ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ, ʝʩʣʠ ʦʥʘ ʧʨʦʜʦʣʞʠʪ ʪʘʷʪʴ ʠ ʯʝʣʦʚʝʢ ʙʫʜʝʪ 

ʵʪʦʤʫ ʩʦʜʝʡʩʪʚʦʚʘʪʴ, ʪʦ ʥʝʠʟʙʝʞʥʦ ʧʦʷʚʠʪʩʷ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʧʨʦʙʣʝʤ, 
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ʢʦʪʦʨʳʝ ʧʦʚʣʠʷʶʪ ʠ ʥʘ ʢʣʠʤʘʪ, ʠ ʥʘ ʦʙʱʝʝ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ, ʪʘʢ ʢʘʢ ʧʦʪʝʧʣʝʥʠʝ 

ʚʳʟʳʚʘʝʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʤʝʪʘʥʘ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʨʝʜʝʥ ʜʣʷ ʯʝʣʦʚʝʢʘ, 

ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʫʝʪ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ, ʯʪʦ ʙʝʟʫʩʣʦʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʣʠʤʘʪʝ, 

ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʪ.ʜ. [2]. ɺ ʩʣʫʯʘʝ ʧʝʨʝʭʦʜʘ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʢ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʛʨʘʜʫʩʫ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʜʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ʙʫʜʫʪ ʧʦʜʚʝʨʞʝʥʳ ʨʘʟʨʫʰʝʥʠʶ [3]. ʊʘʢʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʢʘʢ ʨʘʟ ʩ 

ʧʦʤʦʱʴʶ ʤʦʜʫʣʴʥʳʭ ʜʦʤʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ çʦʪʨʳʚʘʪʴʩʷè ʦʪ ʨʝʣʴʝʬʘ ʠ ʥʝ 

ʥʘʛʨʝʚʘʪʴ ʝʛʦ ʙʣʘʛʦʜʘʨʷ ʩʚʘʡʥʦʤʫ ʬʫʥʜʘʤʝʥʪʫ [4]. 

ɾʠʣʦʡ ʤʦʜʫʣʴ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ ʠ ʠʤʝʝʪ ʜʚʘ ʚʝʢʪʦʨʘ. ʇʝʨʚʳʡ 

ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʤʫ ʨʝʰʝʥʠʶ ʟʜʘʥʠʷ, ʢʦʛʜʘ ʚ ʧʣʘʥʠʨʦʚʢʝ 

ʜʦʤʘ ʧʨʠʤʝʥʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ çʤʦʜʫʣʴè ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʘʙʦʨʘ ʧʦʤʝʱʝʥʠʡ, ʦʥ, 

ʧʦʚʪʦʨʷʷʩʴ, ʦʙʨʘʟʫʝʪ ʞʠʣʦʝ ʟʜʘʥʠʝ ʠʣʠ ʠʥʳʝ ʬʫʥʢʮʠʠ. ɺʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ, ʢʦʛʜʘ ʟʜʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪʩʷ ʠʟ ʷʯʝʝʢ ï ʙʣʦʢ-ʤʦʜʫʣʝʡ [5]. 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʘʥʥʦʛʦ ʪʠʧʘ ʞʠʣʴʷ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʠʭ ʜʦʤʦʚ ʣʝʞʠʪ ʚ ʵʢʦʣʦʛʠʯʥʦʩʪʠ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʙʳʩʪʨʦʚʦʟʚʦʜʠʤʦʩʪʠ ʠ ʵʢʦʥʦʤʠʠ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ [6]. 

ʄʦʜʫʣʴʥʳʝ ʜʦʤʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʞʠʣʦʡ ʤʦʜʫʣʴ ʩ 

ʧʣʘʥʠʨʦʚʢʦʡ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʦʙʲʝʜʠʥʠʪʴ ʩ ʜʨʫʛʠʤʠ ʪʘʢʠʤʠ 

ʙʣʦʢʘʤʠ (ʨʠʩʫʥʦʢ 1). ʊʘʢʠʝ ʩʦʦʨʫʞʝʥʠʷ ʩʦʙʠʨʘʶʪ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʚʦʜʘʭ, ʥʘ 

ʪʝʨʨʠʪʦʨʠʶ ʟʘʩʪʨʦʡʢʠ ʠʭ ʜʦʩʪʘʚʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, 

ʪʘʢʦʛʦ ʢʘʢ ʪʨʘʣ, ʫʜʣʠʥʝʥʥʳʝ ʬʫʨʳ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʠʣʠ ʜʘʞʝ 

ʚʝʨʪʦʣʝʪ, ʫʞʝ ʧʦʯʪʠ ʛʦʪʦʚʳʤʠ, ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʚʤʦʥʪʠʨʦʚʘʪʴ ʠʭ ʚ ʟʝʤʣʶ, ʠ 

ʜʦʜʝʣʘʪʴ ʢʘʢʠʝ-ʪʦ ʜʝʪʘʣʠ ʫ ʬʘʩʘʜʘ ʠʣʠ ʚʥʫʪʨʠ ʧʣʘʥʠʨʦʚʢʠ [7]. 

 

ʈʠʩʫʥʦʢ 1 ï ʇʨʠʤʝʨʳ ʢʦʤʧʦʥʦʚʢʠ ʙʣʦʢʦʚ ʚ ʟʜʘʥʠʠ: 
ʘ ï ʩʦʦʩʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ; ʙ ï ʩʦ ʩʜʚʠʞʢʦʡ ʧʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ; ʚ ï ʩʦ ʩʜʚʠʞʢʦʡ ʧʦ ʧʦʧʝʨʝʯʥʦʡ 

ʦʩʠ; ʛ ï ʩ ʧʨʦʜʦʣʴʥʳʤ ʠ ʧʦʧʝʨʝʯʥʳʤ ʩʜʚʠʛʦʤ; ʜ ï ʩ ʧʦʚʦʨʦʪʦʤ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ; ʝ ï ʩ 

ʨʘʟʜʚʠʞʢʦʡ ʜʣʷ ʢʦʨʠʜʦʨʘ; ʞ ï ʩ ʚʳʜʚʠʞʢʦʡ ʠʟ ʧʣʦʩʢʦʩʪʠ ʬʘʩʘʜʘ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ 

ʙʣʦʢʦʚ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʵʨʢʝʨʦʚ ʠ ʣʦʜʞʠʡ; ʟ ï ʩ ʚʳʜʚʠʞʢʦʡ ʠʟ ʧʣʦʩʢʦʩʪʠ ʬʘʩʘʜʘ ʨʷʜʘ ʙʣʦʢʦʚ 

ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʘʣʝʨʝʡ, ʢʦʨʠʜʦʨʦʚ 
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ʊʘʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʵʢʦʥʦʤʠʪ ʠ ʬʠʥʘʥʩʳ, ʠ ʚʨʝʤʷ ʥʘ ʧʦʩʪʨʦʡʢʫ ʠ ʥʝ 

ʩʠʣʴʥʦ ʚʤʝʰʠʚʘʝʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʪʘʢ ʢʘʢ ʤʥʦʛʦ ʣʶʜʝʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʜʣʷ ʨʘʙʦʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʘʤʦʤ ʫʯʘʩʪʢʝ ʥʝ ʥʫʞʥʦ. 

ɸ ʯʪʦ ʞʝ ʪʘʢʦʝ ʘʚʪʦʥʦʤʥʳʝ ʤʦʜʫʣʴʥʳʝ ʜʦʤʘ? ʇʨʘʢʪʠʯʝʩʢʠ ʪʦ ʞʝ ʩʘʤʦʝ, 

ʯʪʦ ʠ ʦʙʳʯʥʳʝ ʤʦʜʫʣʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʵʪʦ ʩʦʦʨʫʞʝʥʠʝ, ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪ ʵʥʝʨʛʠʶ ʩʦʣʥʮʘ, ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 

ʚʦʟʜʫʰʥʳʭ ʠ ʚʦʜʥʳʭ ʧʦʪʦʢʦʚ, ʛʝʦʪʝʨʤʘʣʴʥʫʶ ʠ ʘʵʨʦʪʝʨʤʘʣʴʥʫʶ ʵʥʝʨʛʠʠ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʨʝʩʫʨʩʦʤ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʠʷ ʩʦʣʥʮʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʚʳʨʘʙʦʪʢʠ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʠʩʪʦʯʥʠʢʦʤ ʥʠʟʢʦʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ [8]. 

ʅʘʧʨʠʤʝʨ, ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʠʣʠ ʢʦʣʣʝʢʪʦʨʳ. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ 

ʚʳʨʘʙʘʪʳʚʘʶʪ ʵʥʝʨʛʠʶ ʜʘʞʝ ʚ ʧʘʩʤʫʨʥʳʝ ʜʥʠ, ʘ ʠʟʣʠʰʢʠ ʤʦʞʥʦ ʭʨʘʥʠʪʴ ʚ 

ʘʢʢʫʤʫʣʷʪʦʨʘʭ [9]. 

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʜʦʤʘ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʩʙʦʨʘ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʙʳʣʠ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʝ ʧʨʠʸʤʳ, ʪʘʢʠʝ ʢʘʢ ʚʚʝʜʝʥʠʝ ʢʦʣʣʝʢʪʦʨʘ, 

ʩʣʝʜʷʱʝʛʦ ʟʘ ʩʦʣʥʮʝʤ [8]. 

ʋʩʧʝʰʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʤʘʣʘʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ 

ʢʦʣʣʝʢʪʠʚʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʥʝʨʛʠʠ [10]. ʊʘʢ ʚʝʪʨʷʥʳʝ ʪʫʨʙʠʥʳ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʥʳ ʧʨʦʠʟʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʢʘʢ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʧʠʪʘʥʠʷ, ʪʘʢ ʠ ʜʣʷ 

ʨʝʟʝʨʚʥʦʛʦ, ʝʩʣʠ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʥʝʜʦʩʪʘʪʦʯʥʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʚʝʪʨʘ 

ʠʩʧʦʣʴʟʫʶʪ ʚʝʪʨʦʚʫʶ ʫʩʪʘʥʦʚʢʫ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʞʠʣʦʛʦ ʤʦʜʫʣʷ, ʪʘʢ ʢʘʢ ʝʛʦ ʨʘʙʦʪʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʠʣʴʥʳʤ 

ʰʫʤʦʤ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʚʝʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʦʧʦʨʥʦʡ ʢʘʨʢʘʩʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɻʝʥʝʨʘʪʦʨ ʚʳʨʘʙʘʪʳʚʘʝʪ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʦʩʪʫʧʘʝʪ ʯʝʨʝʟ ʩʠʣʦʚʦʡ ʢʘʙʝʣʴ 

ʚ ʢʦʥʪʨʦʣʣʝʨ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʜʦʤʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʥʘʩʦʩʳ (ʨʠʩʫʥʦʢ 2), ʦʥʠ 

ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 3ï4 ʤ, ʟʘʙʠʨʘʶʪ ʪʝʧʣʦ ʦʪ ʟʝʤʣʠ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʪʘʸʪʩʷ 

ʩʪʘʙʠʣʴʥʦʡ ʢʨʫʛʣʳʡ ʛʦʜ, ʠ ʧʝʨʝʜʘʶʪ ʝʛʦ ʚʥʫʪʨʴ ʜʦʤʘ ʜʣʷ ʦʙʦʛʨʝʚʘ. ʃʝʪʦʤ 

ʩʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʥʘʦʙʦʨʦʪ, ʚʳʚʦʜʷ ʠʟʣʠʰʢʠ ʪʝʧʣʘ ʠʟ ʜʦʤʘ ʚ ʛʨʫʥʪ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠʤʝʨʥʦ ʜʚʝ ʪʨʝʪʠ ʦʪʦʧʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʧʦʣʫʯʘʝʪʩʷ ʙʝʩʧʣʘʪʥʦ ʟʘ 

ʩʯʸʪ ʧʨʠʨʦʜʳ ʠ ʪʦʣʴʢʦ ʦʜʥʫ ʪʨʝʪʴ ʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ ʜʣʷ ʨʘʙʦʪʳ 

ʩʘʤʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. ɹʣʘʛʦʜʘʨʷ ʪʝʧʣʦʚʳʤ ʥʘʩʦʩʘʤ, ʟʘʪʨʘʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ 

ʩʥʠʞʘʶʪʩʷ ʚ 5 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʟʝʣʴʥʳʤ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʦʪʦʧʣʝʥʠʝʤ [11]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʦʣʦʛʦʥʝʟʘʚʠʩʠʤʳʡ ʞʠʣʦʡ ʤʦʜʫʣʴ ï ʵʪʦ ʙʣʦʢ ʜʣʷ 

ʧʨʦʞʠʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʘʤ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʝʙʝ ʵʥʝʨʛʠʶ ʠ ʪʝʧʣʦ, ʩʥʠʟʠʪʴ 

ʚʣʠʷʥʠʝ ʘʛʨʝʩʩʠʚʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʠʭ ʫʙʨʘʪʴ, ʯʪʦʙʳ 

ʧʨʦʞʠʚʘʶʱʝʤʫ ʚ ʥʝʤ ʯʝʣʦʚʝʢʫ ʙʳʣʦ ʢʦʤʬʦʨʪʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʘʥʥʦʤ 

ʧʦʤʝʱʝʥʠʠ. ʅʦ ʘʚʪʦʥʦʤʥʳʡ ʞʠʣʦʡ ʤʦʜʫʣʴ ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʛʝʥʝʨʠʨʦʚʘʥʠʝ, ʥʦ ʠ 

ʩʦʭʨʘʥʝʥʠʝ ʩʦʟʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʚʥʫʪʨʠ, ʟʘ ʵʪʦ ʦʪʚʝʯʘʝʪ ʧʣʘʥʠʨʦʚʢʘ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʞʠʣʴʷ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ. 
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ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧ ʫʩʪʨʦʡʩʪʚʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʨʫʥʪʦʚʳʭ ʪʝʧʣʦʚʳʭ ʥʘʩʦʩʦʚ 

ʇʦ ʩʧʦʩʦʙʫ ʧʦʣʫʯʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʵʪʦʡ ʵʥʝʨʛʠʠ ʘʚʪʦʥʦʤʥʳʝ ʩʠʩʪʝʤʳ 

ʜʝʣʷʪʩʷ ʥʘ ʘʢʪʠʚʥʳʝ ʠ ʧʘʩʩʠʚʥʳʝ. ɼʣʷ ʘʢʪʠʚʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʩʚʦʡʩʪʚʝʥʥʦ 

ʥʘʣʠʯʠʝ ʩʢʘʪʥʦʡ ʢʨʦʚʣʠ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʠ 

ʢʦʣʣʝʢʪʦʨʳ. ʀʥʦʛʜʘ ʦʥʠ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʠ ʥʘ ʚʥʝʰʥʠʭ ʩʪʝʥʘʭ ʟʜʘʥʠʷ. ɺ 

ʧʘʩʩʠʚʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤʘʭ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠʥʮʠʧ ʥʘʛʨʝʚʘ ʚʥʫʪʨʝʥʥʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ (ʨʠʩʫʥʦʢ 3): ʠʟʙʳʪʢʠ ʪʝʧʣʘ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚʥʫʪʨʝʥʥʠʤ ʪʝʨʤʘʣʴʥʳʤ 

ʤʘʩʩʠʚʦʤ: ʚʥʫʪʨʝʥʥʠʤʠ ʩʪʝʥʘʤʠ, ʢʘʤʠʥʘʤʠ, ʸʤʢʦʩʪʷʤʠ ʩ ʚʦʜʦʡ ʠʣʠ ʜʨʫʛʠʤʠ 

ʞʠʜʢʦʩʪʷʤʠ; ʠʣʠ ʚʥʝʰʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʜʘʥʠʷ (ʶʞʥʫʶ ʩʪʝʥʫ, ʢʦʪʦʨʘʷ ʚ ʪʝʯʝʥʠʝ 

ʜʥʷ ʦʩʚʝʱʝʥʘ ʩʦʣʥʮʝʤ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʢʨʘʩʷʪ ʚ ʪʸʤʥʳʡ ʮʚʝʪ ʜʣʷ 

ʙʦʣʴʰʝʛʦ ʥʘʛʨʝʚʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʧʝʨʝʜ ʩʪʝʥʦʡ ʥʘ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʩʪʘʚʷʪ 

ʩʪʝʢʣʦ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʸʪ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʢʦʧʣʝʥʠʝʤ ʪʝʧʣʘ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʧʣʘʥʠʨʦʚʢʘ ʠ ʵʨʛʦʥʦʤʠʢʘ ʦʥʠ ʧʦʤʦʛʫʪ ʩʦʢʨʘʪʠʪʴ 

ʪʝʧʣʦʧʦʪʝʨʠ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʪʦʧʣʝʥʠʝ. 

ʕʨʢʝʨʳ, ʨʘʟʣʠʯʥʳʝ ʫʛʣʫʙʣʝʥʠʷ ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʤʦʩʪʠʢʘʤʠ 

ʭʦʣʦʜʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʧʦʵʪʦʤʫ ʣʫʯʰʝ ʚʩʝʛʦ ʚʳʙʠʨʘʪʴ ʢʘʢʫʶ-ʪʦ ʧʨʦʩʪʫʶ, ʬʦʨʤʫ. 

ɹʦʣʴʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʷʪ ʢʚʘʜʨʘʪ, ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʠʣʠ ʙʣʠʟʢʠʝ ʢ ʵʪʦʤʫ ʦʯʝʨʪʘʥʠʷ. 

ʂʦʤʧʘʢʪʥʦʩʪʴ ʠʛʨʘʝʪ ʥʝ ʧʦʩʣʝʜʥʶʶ ʨʦʣʴ. ʏʝʤ ʙʦʣʴʰʝ ʦʙʲʝʤ ʧʦʤʝʱʝʥʠʡ, ʪʝʤ 

ʜʦʣʴʰʝ ʚʨʝʤʝʥʠ ʠ ʙʦʣʴʰʝ ʩʠʣ ʥʫʞʥʦ, ʯʪʦʙʳ ʝʛʦ ʦʪʦʧʠʪʴ ʠʣʠ ʧʨʦʚʝʪʨʠʪʴ. ʇʨʠ 

ʨʘʟʤʝʱʝʥʠʠ ʜʦʤʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʝʛʦ ʙʫʜʫʱʝʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʦʨʦʥ ʩʚʝʪʘ ʠ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚʝʪʨʦʚ. ʉʝʚʝʨʥʘʷ ʩʪʦʨʦʥʘ 

ʩʯʠʪʘʝʪʩʷ ʚʝʪʨʝʥʦʡ ʠ ʥʝ ʩʦʣʥʝʯʥʦʡ, ʧʦʵʪʦʤʫ ʦʥʘ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʭʦʣʦʜʥʦʡ [12]. 

ɿʜʝʩʴ ʣʫʯʰʝ ʨʘʟʤʝʩʪʠʪʴ ʙʫʬʝʨʥʳʝ ʧʦʤʝʱʝʥʠʷ ï ʩʘʨʘʡ, ʧʦʜʩʦʙʢʫ, ʢʣʘʜʦʚʫʶ, 

ʛʘʨʘʞ ʠ ʪ.ʜ. ʆʥʠ ʧʦʩʣʫʞʘʪ ʥʝʢʠʤ ʙʘʨʴʝʨʦʤ ʜʣʷ ʭʦʣʦʜʥʦʛʦ ʚʦʟʜʫʭʘ ʠ ʩʠʣʴʥʦʛʦ 

ʚʝʪʨʘ. ɺ ʛʣʫʙʠʥʝ ʟʜʘʥʠʷ ʣʫʯʰʝ ʨʘʩʧʦʣʦʞʠʪʴ ʩʧʘʣʴʥʳʝ ʢʦʤʥʘʪʳ, ʛʦʩʪʠʥʫʶ, 

ʛʦʩʪʝʚʫʶ, ʢʫʭʥʶ ʠ ʪ.ʜ. 
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ʈʠʩʫʥʦʢ 3 ï ʇʘʩʩʠʚʥʘʷ ʘʚʪʦʥʦʤʥʘʷ ʩʠʩʪʝʤʘ ʧʦʣʫʯʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʪʝʧʣʘ ʠ ʵʥʝʨʛʠʠ ʩʦʣʥʮʘ 

ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʦʛʨʝʚʘ ʚʩʝʡ ʧʣʦʱʘʜʠ ʙʘʪʘʨʝʠ ʠ ʦʙʦʛʨʝʚʘʪʝʣʠ ʣʫʯʰʝ 

ʨʘʩʧʦʣʘʛʘʪʴ ʚ ʮʝʥʪʨʝ ʜʦʤʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʪʝʧʣʦ ʠ 

ʠʟʙʝʛʘʪʴ ʭʦʣʦʜʥʳʭ ʟʦʥ [13]. 

ʆʢʥʘ ʥʝ ʩʣʝʜʫʝʪ ʨʘʩʧʦʣʘʛʘʪʴ ʩ ʩʝʚʝʨʥʦʡ ʩʪʦʨʦʥʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʧʦʪʝʨʴ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʢʦʥ ʩʣʝʜʫʝʪ 

ʪʘʢʞʝ ʜʫʤʘʪʴ ʦ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʚʝʪʝ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʥʠʭ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʵʢʦʥʦʤʠʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʋʯʠʪʳʚʘʷ ʚʩʝ ʵʪʠ ʥʶʘʥʩʳ ʤʦʞʥʦ ʩʦʟʜʘʪʴ 

ʘʚʪʦʥʦʤʥʳʡ ʜʦʤ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʥʝ ʪʦʣʴʢʦ ʫʶʪʥʳʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ, ʥʦ ʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ, ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʩʫʨʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚ ʞʘʨʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʦʟʜʘʶʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʦʤʝʱʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʚʝʥʪʠʣʷʮʠʡ. ʆʢʥʘ ʜʝʣʘʶʪ ʤʝʥʴʰʝ, ʪʘʢ ʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʤʘʰʨʘʙʠʷ (ʜʝʢʦʨʘʪʠʚʥʘʷ ʨʝʰʝʪʢʘ ʥʘ ʦʢʥʘʭ), ʦʜʥʘ ʠʟ ʝʝ ʬʫʥʢʮʠʡ ʵʪʦ ʨʘʩʩʝʠʚʘʪʴ 

ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ. 

ɽʱʝ ʦʜʠʥ ʩʧʦʩʦʙ ʧʦʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʠ ʟʜʘʥʠʷ ʵʪʦ ʨʘʟʤʝʱʘʪʴ ʝʛʦ 

ʥʝʤʥʦʛʦ ʟʘʢʦʧʘʚ ʚ ʟʝʤʣʶ. ʊʘʢ ʢʘʢ ʟʝʤʣʷ ʤʝʜʣʝʥʥʦ ʦʩʪʳʚʘʝʪ, ʦʥʘ ʩʤʦʞʝʪ ʦʪʜʘʚʘʪʴ 

ʧʨʦʭʣʘʜʫ ʜʥʝʤ, ʘ ʥʦʯʴʶ ʥʘʦʙʦʨʦʪ ʪʝʧʣʦ. 
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ʇʦʤʠʤʦ ʵʪʦʛʦ ʪʘʢʦʡ ʤʦʜʫʣʴʥʳʡ ʜʦʤ ʤʦʞʝʪ ʠʤʝʪʴ ʧʦʙʣʠʟʦʩʪʠ ʩʚʦʡ ʦʘʟʠʩ 

ʠʣʠ ʤʘʣʝʥʴʢʠʡ ʩʘʜ, ʛʜʝ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʨʘʩʪʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʙʦʡ ʩʦʟʜʘʶʪ ʪʝʥʠ, 

ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʣʠʷʝʪ ʥʘ ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʦ ʩʘʞʘʪʴ ʛʫʩʪʳʝ ʚʠʜʳ 

ʠʣʠ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʥʝ ʩʪʦʠʪ, ʪʘʢ ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʧʦʤʝʰʘʪʴ ʚʝʥʪʠʣʷʮʠʠ [14]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʤʠʨʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʜʝʣʘ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: ʦʪ 

ʘʨʢʪʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʠʞʝ ʤʠʥʫʩ 60 ʛʨʘʜʫʩʦʚ ʜʦ ʧʫʩʪʳʥʴ, ʛʜʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʝʚʳʰʘʝʪ 70 ʛʨʘʜʫʩʦʚ. ʈʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʢʦʤʬʦʨʪʥʦʛʦ 

ʧʨʦʞʠʚʘʥʠʷ ʚ ʪʘʢʠʭ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʩʪʘʥʦʚʷʪʩʷ ʵʢʦʣʦʛʦʥʝʟʘʚʠʩʠʤʳʝ 

ʘʚʪʦʥʦʤʥʳʝ ʤʦʜʫʣʴʥʳʝ ʜʦʤʘ. 

ʆʥʠ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʦʟʚʦʜʠʤʳʤʠ 

ʩʦʦʨʫʞʝʥʠʷʤʠ, ʩʨʝʜʠ ʥʠʭ: ʘʚʪʦʥʦʤʥʦʩʪʴ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ʩʦʣʥʝʯʥʦʡ, ʚʝʪʨʦʚʦʡ, ʛʝʦʪʝʨʤʘʣʴʥʦʡ) ʧʦʟʚʦʣʷʝʪ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚʜʘʣʠ ʦʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʤʠʥʠʤʠʟʘʮʠʷ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʭʨʫʧʢʠʝ ʵʢʦʩʠʩʪʝʤʳ (ʥʘʧʨʠʤʝʨ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʪʘʷʥʠʷ ʚʝʯʥʦʡ 

ʤʝʨʟʣʦʪʳ ʟʘ ʩʯʸʪ ʩʚʘʡʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ), ʘʜʘʧʪʠʚʥʦʩʪʴ: ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʢʦʥʢʨʝʪʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ (ʵʢʩʪʨʝʤʘʣʴʥʳʡ 

ʭʦʣʦʜ/ʞʘʨʘ), ʵʢʦʥʦʤʠʯʥʦʩʪʴ: ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʦʪʦʧʣʝʥʠʝ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʷʤ; ʙʳʩʪʨʦʚʦʟʚʦʜʠʤʦʩʪʴ: 

ʤʦʜʫʣʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʥʘ ʟʘʚʦʜʘʭ ʠ ʜʦʩʪʘʚʣʷʶʪʩʷ ʥʘ ʤʝʩʪʦ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ 

ʩʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʵʢʦʣʦʛʦʥʝʟʘʚʠʩʠʤʳʭ ʞʠʣʳʭ ʤʦʜʫʣʝʡ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʩʰʠʨʝʥʠʶ ʛʨʘʥʠʮ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʧʨʦʞʠʚʘʥʠʷ ï ʢʘʢ ʥʘ 

ɿʝʤʣʝ, ʪʘʢ ʠ ʟʘ ʝʸ ʧʨʝʜʝʣʘʤʠ, ʜʝʣʘʷ ʞʠʟʥʴ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʧʨʦʩʪʦ 

ʚʦʟʤʦʞʥʦʡ, ʘ ʢʦʤʬʦʨʪʥʦʡ ʠ ʫʩʪʦʡʯʠʚʦʡ. 
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ʋɼʂ 662.63:658.5(075.8) 

ʈɸɿʈɸɹʆʊʂɸ ʀ ʕʂʆʅʆʄʀʏɽʉʂʆɽ ʆɹʆʉʅʆɺɸʅʀɽ 

ɹʀɿʅɽʉ-ʄʆɼɽʃʀ ʇʈʆʀɿɺʆɼʉʊɺɸ ʊʆʇʃʀɺʅʓʍ ɹʈʀʂɽʊʆɺ ʀɿ 

ɼʈɽɺɽʉʅʓʍ ʆʇʀʃʆʂ ɺ ʋʉʃʆɺʀʗʍ ʇɽʈɽʍʆɼɸ ʂ ʎʀʈʂʋʃʗʈʅʆʁ 

ʕʂʆʅʆʄʀʂɽ 

ʂʫʟʥʝʮʦʚʘ ɺ. ʉ., ʂʘʤʝʥʩʢʘʷ ɽ. ʆ. 

ɻɹʆʋ ɺʆ çɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè,  

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʩʪʨʝʤʣʝʥʠʷ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʠ ʩʥʠʞʝʥʠʶ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʮʠʨʢʫʣʷʨʥʘʷ ʵʢʦʥʦʤʠʢʘ 

ʩʪʘʥʦʚʠʪʩʷ ʢʣʶʯʝʚʦʡ ʧʘʨʘʜʠʛʤʦʡ, ʧʨʝʦʙʨʘʟʫʶʱʝʡ ʪʨʘʜʠʮʠʦʥʥʳʝ ʣʠʥʝʡʥʳʝ 

ʤʦʜʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʝʝ 

ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʙʠʦʵʥʝʨʛʝʪʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʭʦʜʦʚ ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʠ. ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʪʦʧʣʠʚʥʳʭ ʙʨʠʢʝʪʦʚ ʠʟ ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ 

ʧʨʠʤʝʨ ʟʘʤʳʢʘʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʧʦʪʦʢʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ 

ʧʨʦʙʣʝʤʫ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʚ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʮʝʧʦʯʢʘ ʦʧʝʨʘʮʠʡ: ʧʦʜʛʦʪʦʚʢʘ ʠ ʠʟʤʝʣʴʯʝʥʠʝ ʩʳʨʴʷ, ʩʫʰʢʘ ʜʦ 

ʦʧʪʠʤʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 8ï12 % ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʫʰʠʣʢʠ, ʧʨʝʩʩʦʚʘʥʠʝ ʥʘ ʫʜʘʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʦʤ ʧʨʝʩʩʝ ʧʦʜ 

ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʩ ʚʳʜʝʣʝʥʠʝʤ ʧʨʠʨʦʜʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʣʠʛʥʠʥʘ, ʦʭʣʘʞʜʝʥʠʝ 

ʠ ʫʧʘʢʦʚʢʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ. ɼʘʥʥʘʷ ʩʭʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʫʩʢ 

ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʙʨʠʢʝʪʦʚ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʪʝʧʣʦʪʚʦʨʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʦ 5 ʢɺʪĀʯ/ʢʛ ʠ ʟʦʣʴʥʦʩʪʴʶ ʤʝʥʝʝ 1 %, ʯʪʦ ʧʨʝʚʦʩʭʦʜʠʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʜʨʦʚ ʠ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʫʛʣʝʤ, ʥʦ ʩ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʝʝ ʥʠʟʢʠʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʦʝʢʪʘ ʆʆʆ çʊʦʧʠʤɼʦʤè 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʚʳʩʦʢʫʶ ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʠ ʬʠʥʘʥʩʦʚʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ. ʉʫʤʤʘʨʥʳʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ, ʚʢʣʶʯʘʶʱʠʝ ʧʨʠʦʙʨʝʪʝʥʠʝ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʜʛʦʪʦʚʢʫ ʧʦʤʝʱʝʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ, ʩʦʩʪʘʚʣʷʶʪ 

118 531 ʨʫʙ. ʇʨʠ ʧʣʘʥʦʚʦʤ ʦʙʲʝʤʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 14 000 ʫʧʘʢʦʚʦʢ ʚ ʤʝʩʷʮ (10 ʢʛ 

ʢʘʞʜʘʷ) ʠ ʦʪʧʫʩʢʥʦʡ ʮʝʥʝ 4,5 ʨʫʙ. ʟʘ ʫʧʘʢʦʚʢʫ ʧʨʦʝʢʪ ʛʝʥʝʨʠʨʫʝʪ ʝʞʝʤʝʩʷʯʥʫʶ 

ʯʠʩʪʫʶ ʧʨʠʙʳʣʴ ʚ ʨʘʟʤʝʨʝ 16 382 ʨʫʙ., ʜʦʩʪʠʛʘʷ ʪʦʯʢʠ ʙʝʟʫʙʳʪʦʯʥʦʩʪʠ ʧʨʠ 

ʦʙʲʝʤʝ ʧʨʦʜʘʞ 8 732 ʫʧʘʢʦʚʢʠ. ʉʨʦʢ ʦʢʫʧʘʝʤʦʩʪʠ ʠʥʚʝʩʪʠʮʠʡ ʩʦʩʪʘʚʣʷʝʪ 6 

ʤʝʩʷʮʝʚ, ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʜʘʞ ï 26 %. ɸʥʘʣʠʟ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʝʢʪʘ ʢ ʢʦʣʝʙʘʥʠʷʤ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʧʨʦʜʘʞ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʨʦʩʪ ʩʪʦʠʤʦʩʪʠ ʩʳʨʴʷ ʚʚʠʜʫ ʝʛʦ ʥʠʟʢʦʡ ʜʦʣʠ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʪʨʘʪ ʠʤʝʝʪ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʬʠʥʘʥʩʦʚʳʡ ʨʝʟʫʣʴʪʘʪ. 

ʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʘʩʧʝʢʪʘʭ. ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʚʢʣʘʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ 

ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʜʝʨʝʚʦʦʙʨʘʙʦʪʢʠ (175 ʪʦʥʥ ʦʧʠʣʦʢ ʝʞʝʤʝʩʷʯʥʦ), 
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ʩʦʢʨʘʱʝʥʠʠ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʟʘ ʩʯʝʪ ʟʘʤʝʱʝʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ 

ʪʦʧʣʠʚʘ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʣʳ. ʇʨʦʝʢʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʣʷʤ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʆʆʅ (ʎʋʈ 7, 8, 12, 13). ʉʦʮʠʘʣʴʥʳʡ ʵʬʬʝʢʪ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ (ʜʦ 15 ʯʝʣʦʚʝʢ), ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʜʦʤʦʭʦʟʷʡʩʪʚ ʠ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ, ʘ ʪʘʢʞʝ ʚ ʫʣʫʯʰʝʥʠʠ ʫʩʣʦʚʠʡ 

ʞʠʟʥʠ ʟʘ ʩʯʝʪ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʜʦʙʥʦʛʦ ʠ ʯʠʩʪʦʛʦ ʚʠʜʘ ʪʦʧʣʠʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʙʠʟʥʝʩ-ʤʦʜʝʣʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʧʣʠʚʥʳʭ 

ʙʨʠʢʝʪʦʚ ʠʟ ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʤʦʡ, 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʩʦʮʠʘʣʴʥʦ-ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʠʥʠʮʠʘʪʠʚʦʡ, 

ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʠʥʮʠʧʘʤ ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʠ. ɽʝ ʚʥʝʜʨʝʥʠʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʝʥʠʶ ʩʪʘʙʠʣʴʥʦʡ ʧʨʠʙʳʣʠ, ʥʦ ʠ ʨʝʰʝʥʠʶ 

ʘʢʪʫʘʣʴʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʨʘʟʚʠʪʠʶ ʨʝʛʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʠ ʧʝʨʝʭʦʜʫ 

ʢ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʤʦʜʝʣʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʷʚʣʷʶʪʩʷ ʜʠʚʝʨʩʠʬʠʢʘʮʠʷ ʧʨʦʜʫʢʮʠʠ 

(ʥʘʧʨʠʤʝʨ, ʚʳʧʫʩʢ ʧʝʣʣʝʪ), ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʫʛʠʭ ʚʠʜʦʚ ʙʠʦʤʘʩʩʳ, ʦʧʪʠʤʠʟʘʮʠʷ 

ʣʦʛʠʩʪʠʢʠ ʜʣʷ ʵʢʩʧʦʨʪʘ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ɺʆɿʆɹʅʆɺʃʗɽʄʓʍ ʀʉʊʆʏʅʀʂʆɺ ʕʅɽʈɻʀʀ 

ʄʘʨʪʫʩʝʚʠʯ ʂ. ɼ., ʂʘʤʝʥʩʢʘʷ ɽ.ʆ. 

ɻɹʆʋ ɺʆ çɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɺʦʟʦʙʥʦʚʣʷʝʤʘʷ ʵʥʝʨʛʝʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʥʝʨʛʠʠ ʟʘ 

ʩʯʸʪ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʠ ʧʨʠ ʵʪʦʤ ʤʠʥʠʤʠʟʠʨʫʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʢʦʩʠʩʪʝʤʫ. ʂ ʦʩʥʦʚʥʳʤ 

ʚʠʜʘʤ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʦʪʥʦʩʷʪʩʷ ʩʦʣʥʝʯʥʘʷ, ʚʝʪʨʦʚʘʷ, ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʘ, 

ʙʠʦʵʥʝʨʛʝʪʠʢʘ ʠ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʬʦʨʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʧʦʪʝʥʮʠʘʣʦʤ [1]. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʩʚʷʟʘʥʦ ʩ ʨʷʜʦʤ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 
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ʤʠʥʠʤʠʟʘʮʠʷ ʠʣʠ ʧʦʣʥʦʝ ʠʩʢʣʶʯʝʥʠʝ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʠ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʝʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʕʪʦ 

ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʦʙʦʩʪʨʝʥʠʷ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ 

ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʩʦʢʨʘʱʝʥʠʝ ʟʘʧʘʩʦʚ ʠʩʢʦʧʘʝʤʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʠ 

ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ ʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʂʣʶʯʝʚʳʤ ʘʩʧʝʢʪʦʤ ʩʪʘʥʦʚʠʪʩʷ 

ʚʥʝʜʨʝʥʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʩʪʥʳʭ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ. ʊʘʢʠʝ ʤʝʨʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʚʘʞʥʳʡ ʬʘʢʪʦʨ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʥʝʨʛʠʝʡ ʠ ʫʢʨʝʧʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʘʚʪʦʥʦʤʠʠ ʥʘ ʫʨʦʚʥʝ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ. 

ɺ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʵʥʝʨʛʝʪʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʘʨʫʩʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʚʘ ʛʣʘʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʙʠʦʤʘʩʩʳ ʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ 

ʪʝʧʣʦʚʫʶ ʠ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʧʨʦʚʝʜʝʥʳ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʳʧʦʣʥʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʧʠʨʦʣʠʟʘ ʙʠʦʤʘʩʩʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʦʟʜʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʙʘʟʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʦʮʝʥʢʫ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʚ 

ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʘʥʘ ʨʘʩʧʦʣʘʛʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʢʦʣʦ 6,1 % ʦʙʱʝʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ [2]. 

ʇʨʦʮʝʩʩ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠʟ ʙʠʦʤʘʩʩʳ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʝʸ ʭʠʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʩʞʠʛʘʥʠʷ ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ, ʦʩʪʘʪʢʦʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʦʜʫʢʪʦʚ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʝʯʘʭ ʠʣʠ ʢʦʪʣʘʭ. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʯʘʩʪʠʝʤ ʢʠʩʣʦʨʦʜʘ, 

ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʇʦʣʫʯʝʥʥʦʝ ʪʝʧʣʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʥʘʛʨʝʚʘ ʚʦʜʳ ʜʦ ʧʘʨʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ; ʧʘʨ, 

ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ, ʧʝʨʝʜʘʸʪ ʵʥʝʨʛʠʶ ʨʘʙʦʯʝʡ ʩʨʝʜʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʚ 

ʜʚʠʞʝʥʠʝ ʪʫʨʙʠʥʫ ʠʣʠ ʜʚʠʛʘʪʝʣʴ, ʩʚʷʟʘʥʥʳʡ ʩ ʛʝʥʝʨʘʪʦʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ 

ʩʘʤʳʤ ʚʳʨʘʙʦʪʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [3]. 

ʇʘʨʘʣʣʝʣʴʥʦ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʤʝʪʦʜʳ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʅʘ ʢʨʳʰʝ ʠʥʩʪʠʪʫʪʘ ʫʩʪʘʥʦʚʣʝʥʳ ʰʝʩʪʴ ʙʣʦʢʦʚ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ; 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʠʥʚʝʨʪʦʨʥʦʤ ʟʘʣʝ, ʘ ʚ 

ʩʦʩʝʜʥʝʤ ʧʦʤʝʱʝʥʠʠ ʨʘʟʤʝʱʸʥ ʙʘʢ-ʘʢʢʫʤʫʣʷʪʦʨ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʵʪʘʧʥʦ, ʚʢʣʶʯʘʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʝʸ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ ʪʝʧʣʦʚʫʶ ʬʦʨʤʫ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʦʩʪʫʧʥʦʛʦ ʨʝʩʫʨʩʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʧʠʨʦʣʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʳ ʧʨʦʝʢʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʙʠʦʤʘʩʩʳ ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʣʝʪʫʯʠʭ ʛʘʟʦʚ, 

ʙʠʦʫʛʣʷ. ɺ ʧʣʘʥʘʭ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ ʟʥʘʯʠʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 
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ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʠʟ ʙʠʦʤʘʩʩʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʧʝʨʝʯʝʥʴ ʧʨʦʜʫʢʪʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʧʦʚʳʩʠʪʴ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʙʠʦʤʘʩʩʳ 

ʠ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʚʳʛʣʷʜʠʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʠʨʦʣʠʟʘ ʠ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʩʪʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʪʭʦʜʳ, ʧʦʣʫʯʘʷ ʧʨʠ ʵʪʦʤ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ. 
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1 ʌɻɹʆʋ ɺʆ çʋʜʤʫʨʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʀʞʝʚʩʢ, ʈʦʩʩʠʷ 
2 ʆʆʆ çɼʝʘʣʘʥ ʕʥʝʨʛʦè, ʛ. ʀʞʝʚʩʢ, ʈʦʩʩʠʷ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʪʠʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ) ʚ ʩʬʝʨʝ 

ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʕʥʝʨʛʠʷ ʩʦʣʥʮʘ, ʚʝʪʨʘ ʠ ʜʚʠʞʫʱʝʡʩʷ 

ʚʦʜʳ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʯʘʩʪʥʳʭ ʜʦʤʦʚʣʘʜʝʣʴʮʝʚ, 

ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʠ ʜʘʞʝ ʞʠʪʝʣʝʡ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʦʚ. ʅʘ ʬʦʥʝ 

ʵʥʝʨʛʦʜʝʬʠʮʠʪʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʷʭ ɽʜʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʈʦʩʩʠʠ 

ʨʘʟʚʠʪʠʝ ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ ʘʩʧʝʢʪʳ 

ʧʨʠʤʝʥʝʥʠʷ ʫʩʪʘʥʦʚʦʢ ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʚ ʈʌ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ. ʇʨʘʚʦʚʳʝ ʦʩʥʦʚʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʚ ʈʦʩʩʠʠ ʟʘʣʦʞʝʥʳ ʚ [1] ʠ ʟʘʢʨʝʧʣʝʥʳ ʚ [2]. 

ʉʦʛʣʘʩʥʦ ʩʪʘʪʴʝ 26 ʟʘʢʦʥʘ [2], ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʦʙʲʝʢʪʦʚ 

ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢ ʦʙʲʝʢʪʘʤ ʵʣʝʢʪʨʦʩʝʪʝʚʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩ 

ʫʨʦʚʥʝʤ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 1ʢɺ. ʇʨʠ ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʜʦʣʞʥʦ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʚʳʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʩʝʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ 15 ʢɺʪ [2]. 

ɿʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʫʩʪʘʥʦʚʣʝʥʦ [2], ʯʪʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ 
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ʦʙʲʝʢʪʦʚ ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʦʛʦʚʦʨʘ ʩ ʩʝʪʝʚʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ. ʉʝʪʝʚʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʥʝ ʚʧʨʘʚʝ ʦʪʢʘʟʘʪʴ ʦʙʨʘʪʠʚʰʝʤʫʩʷ ʣʠʮʫ ʚ 

ʫʩʣʫʛʝ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʠ ʟʘʢʣʶʯʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʜʦʛʦʚʦʨʘ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʦʙʲʝʢʪʦʚ ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʜʦʣʞʥʦ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʚʳʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʩʝʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʡ ʚʝʣʠʯʠʥʫ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʥʠʤʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʧʦʪʨʝʙʠʪʝʣʷ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʟʘʢʦʥʦʪʚʦʨʯʝʩʪʚʘ ʚ ʦʙʣʘʩʪʠ 

ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʧʨʦʜʦʣʞʠʣʦʩʴ. ɺ ʢʦʥʮʝ ʜʝʢʘʙʨʷ 2025 ʛʦʜʘ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʫʶ ɼʫʤʫ ʙʳʣ ʚʥʝʩʝʥ ʟʘʢʦʥʦʧʨʦʝʢʪ ˉ 

1109066ï8 çʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆʙ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʝè (ʦ ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ). ɼʦʢʫʤʝʥʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʩʦʟʜʘʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʪʠʤʫʣʦʚ ʜʣʷ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ ʦʩʥʦʚʝ ɺʀʕ.18 ʬʝʚʨʘʣʷ 2026 ʛʦʜʘ ʟʘʢʦʥʦʧʨʦʝʢʪ 

ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʥʘ ʧʣʝʥʘʨʥʦʤ ʟʘʩʝʜʘʥʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ɼʫʤʳ ʠ ʧʨʠʥʷʪ ʚ 

ʧʝʨʚʦʤ ʯʪʝʥʠʠ [3, 4, 5]. 

ɼʘʥʥʳʡ ʟʘʢʦʥʦʧʨʦʝʢʪ ʪʘʢʞʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʝʨʝʜʘʯʫ ʇʨʘʚʠʪʝʣʴʩʪʚʫ ʈʌ 

ʧʦʣʥʦʤʦʯʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʙʲʝʤʘ ʚʳʜʘʯʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʙʲʝʢʪʦʤ ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʝʪʴ. 

ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʧʦʷʩʥʠʪʝʣʴʥʦʡ ʟʘʧʠʩʢʝ ʢ ʟʘʢʦʥʦʧʨʦʝʢʪʫ, ʜʝʡʩʪʚʫʶʱʝʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʚ 15 ʢɺʪ ʩʜʝʨʞʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʨʳʥʢʘ ʙʦʣʝʝ ʤʦʱʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʤʝʭʘʥʠʟʤ ʛʠʙʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʢʨʦʛʝʥʝʨʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʨʘʩʭʦʜʦʚ ʥʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʥʦ ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʪʘʢʠʝ ʫʩʪʘʥʦʚʢʠ ʩʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ ʨʝʟʝʨʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ [5]. 

ʆʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʥʠʷ ʆʆʆ çɼʝʘʣʘʥ ʕʥʝʨʛʦè (ʛ. 

ʀʞʝʚʩʢ). ʇʨʝʜʧʨʠʷʪʠʝ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʩʦʟʜʘʥʠʠ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʵʥʝʨʛʠʶ ʚʦʜʳ, ʚʝʪʨʘ ʠ ʩʦʣʥʮʘ, ʧʨʝʜʣʘʛʘʷ ʢʦʤʧʣʝʢʩʥʳʝ ʨʝʰʝʥʠʷ 

ʜʣʷ ʘʚʪʦʥʦʤʥʦʛʦ ʠ ʨʝʟʝʨʚʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ. 

ʂʦʤʧʘʥʠʷ ɼʝʘʣʘʥ ʕʥʝʨʛʦ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʨʝʯʥʳʭ, 

ʚʦʜʦʧʦʛʨʫʞʥʳʭ (ʙʝʩʧʣʦʪʠʥʥʳʭ) ʤʠʢʨʦ ɻʕʉ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʌ ʩ ʪʫʨʙʠʥʦʡ 

ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʩʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ ʨʦʪʦʨʦʤ. ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʝʪʝʡ ʢʦʤʧʘʥʠʠ çɼʝʘʣʘʥ ʕʥʝʨʛʦè ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʭʦʨʦʰʦ ʧʨʦʨʘʙʦʪʘʥʥʳʭ ʠ ʧʨʦʰʝʜʰʠʭ ʠʩʧʳʪʘʥʠʷ ʤʘʣʦʤʦʱʥʳʭ ʙʣʦʢʦʚ. 

ɹʣʘʛʦʜʘʨʷ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʦʛʣʘʩʦʚʘʥʠʶ ʵʪʠ ʙʣʦʢʠ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʜʣʷ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʚ ʝʜʠʥʫʶ ʩʝʪʴ. ʇʦʩʪʨʦʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʪʘʥʮʠʠ 

ʧʦʩʪʘʚʣʷʶʪ ʩʛʝʥʝʨʠʨʦʚʘʥʥʫʶ ʵʥʝʨʛʠʶ ʚ ʩʝʪʴ ʪʨʝʙʫʝʤʦʡ ʤʦʱʥʦʩʪʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʜʘʥʠʝʤ ʟʘʢʘʟʯʠʢʘ. 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʠ ʥʘʠʙʦʣʴʰʫʶ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʠʤʝʶʪ ʩʪʘʥʮʠʠ ʛʠʙʨʠʜʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ (Hybrid), ʩʦʯʝʪʘʶʱʠʝ ʚ 

ʩʝʙʝ, ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘ ʧʝʨʚʠʯʥʳʭ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʥʘʧʨʠʤʝʨ, ʩʦʣʥʝʯʥʫʶ 

ʵʥʝʨʛʠʶ ʠ ʵʥʝʨʛʠʶ ʚʝʪʨʘ. ʆʥʠ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ, ʢʘʢ ʧʦʩʪʘʚʣʷʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ʩʝʪʴ ʜʣʷ ʧʨʦʜʘʞʠ, ʪʘʢ ʠ ʦʪʜʘʚʘʪʴ ʝʝ ʚ ʘʚʪʦʥʦʤʥʫʶ ʩʝʪʴ 
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ʜʣʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʧʝʨʝʨʳʚʘ ʚ ʛʝʥʝʨʘʮʠʠ ʠʣʠ ʧʨʠ 

ʪʨʝʙʦʚʘʥʠʠ ʚʢʣʶʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ, ʚ ʛʠʙʨʠʜʥʳʭ ʩʪʘʥʮʠʷʭ 

ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʥʘʢʦʧʠʪʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʘ ʪʘʢ ʞʝ ʠʤʝʝʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʯʝʨʝʟ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʚʚʦʜ ʨʝʟʝʨʚʘ 

(ɸɺʈ) ʙʝʥʟʦ- (ʜʠʟʝʣʴ-) ʛʝʥʝʨʘʪʦʨʦʚ ʠʣʠ ʨʝʟʝʨʚʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʫʩʢʘʶʪʩʷ ʙʣʦʢʠ 2-ʭ ʩʝʨʠʡ ʨʝʯʥʳʭ ɻʕʉ: ʙʳʪʦʚʘʷ 

ʩʝʨʠʷ çɸʢʫʣʘè ʠ ʧʨʦʤʳʰʣʝʥʥʘʷ ʩʝʨʠʷ çGSè.  

ʉʝʨʠʷ çɸʢʫʣʘè ʚʳʜʘʝʪ ʤʦʱʥʦʩʪʴ ʜʦ 5 (6,2) ʢɺʪ ʠ ʙʦʣʝʝ, ʥʘʧʨʷʞʝʥʠʝ 220ɺ 

50 ɻʮ ʯʠʩʪʳʡ ʩʠʥʫʩ. ɺʳʨʘʙʘʪʳʚʘʝʤʘʷ ʤʦʱʥʦʩʪʴ ʩʝʨʠʡʥʦʡ ʤʦʜʝʣʠ ʟʘʚʠʩʠʪ ʦʪ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʢʠ ʚ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ɻʕʉ. 

ʉʝʨʠʷ çGSè ʚʳʨʘʙʘʪʳʚʘʝʪ ʦʪ 5 ʜʦ 100 ʢɺʪ ʠ ʙʦʣʝʝ, ʥʘʧʨʷʞʝʥʠʝʤ 220/380ɺ 

50 ɻʮ ʯʠʩʪʳʡ ʩʠʥʫʩ. ʀʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʵʪʘ ʩʪʘʥʮʠʷ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʧʨʦʝʢʪʫ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʙʩʣʝʜʦʚʘʥʠʷ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ɻʕʉ. 

ʉʨʝʜʠ ʨʘʟʨʘʙʦʪʦʢ ʢʦʤʧʘʥʠʠ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʤʠʢʨʦ ɻʕʉ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʘʙʦʪʳ ʥʘ ʨʝʢʘʭ ʠ ʚʦʜʦʩʙʨʦʩʘʭ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧʝʨʝʧʘʜʦʤ, ʥʘʧʦʨʦʤ (H) ʠ ʤʘʣʳʤ ʨʘʩʭʦʜʦʤ (Q) ʚʦʜʳ. ʋʩʪʘʥʦʚʢʘ GS Hydro K-2 

ʤʦʱʥʦʩʪʴʶ 2 ʢɺʪ (ʨʠʩʫʥʦʢ 1) ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʙʳʩʪʨʦʚʦʟʚʦʜʠʤʳʭ 

ʛʠʜʨʦʩʪʘʥʮʠʡ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʘʧʦʨ ʚʦʜʳ ʩʦʟʜʘʝʪʩʷ 

ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʝʨʝʧʘʜʘ ʫʨʦʚʥʝʡ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʦʩʨʝʜʩʪʚʦʤ ʜʝʨʠʚʘʮʠʠ 

(ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʘʥʘʣʦʚ, ʪʨʫʙʦʧʨʦʚʦʜʦʚ). ʉʪʨʫʡʥʦ-ʢʦʚʰʦʚʘʷ ʪʫʨʙʠʥʘ (ʪʫʨʙʠʥʘ 

ʇʝʣʪʦʥʘ) ʩʪʘʥʮʠʠ ʠʤʝʝʪ ʘʢʪʠʚʥʳʡ ʨʦʪʦʨ (ʨʠʩʫʥʦʢ 2). ʅʘʨʘʙʦʪʢʘ ʩʪʘʥʮʠʠ GS 

Hydro K-2 ʩʦʩʪʘʚʣʷʝʪ ʜʦ 1,4 ʄɺʪĿʯ ʚ ʤʝʩʷʮ. ʅʘ ʚʳʭʦʜʝ ʩʪʘʥʮʠʠ ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 220 ɺ ʯʘʩʪʦʪʦʡ 50 ɻʮ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦ-ɻʕʉ GS Hydro K-2 ʈʠʩʫʥʦʢ 2 ï ʈʦʪʦʨ ʤʠʢʨʦ-ɻʕʉ GS 

Hydro K -2 
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ɻʠʜʨʦʩʪʘʥʮʠʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʩʝʪʝʚʦʤ, ʘʚʪʦʥʦʤʥʦʤ ʠ ʛʠʙʨʠʜʥʦʤ 

ʠʩʧʦʣʥʝʥʠʠ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʦʥʠ ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴʩʷ ʚ 

ʧʘʨʘʣʣʝʣʴʥʫʶ ʨʘʙʦʪʫ ʯʝʨʝʟ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʢʦʣʣʝʢʪʦʨ. 

ʃʠʥʝʡʢʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ GS ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʷʤʠ ʨʘʟʣʠʯʥʦʡ 

ʤʦʱʥʦʩʪʠ: GS-0,3 (0,3 ʢɺʪ) ï ʢʦʤʧʘʢʪʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʤʘʣʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ; 

GS-1,5 (1,5 ʢɺʪ) ï ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʯʘʩʪʥʳʭ ʜʦʤʦʚʣʘʜʝʥʠʡ; GS-2 (2 

ʢɺʪ) ï ʫʩʪʘʥʦʚʢʘ ʧʦʚʳʰʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ ʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʠʭ ʦʙʲʝʢʪʦʚ. 

 

 

ʈʠʩʫʥʦʢ 3. ɻʠʙʨʠʜʥʘʷ ʚʝʪʨʦʩʦʣʥʝʯʥʘʷ ʩʪʘʥʮʠʷ 

ɺʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ ʠ ʚ 

ʩʦʩʪʘʚʝ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʛʠʙʨʠʜʥʳʝ ʫʩʪʘʥʦʚʢʠ, ʩʦʯʝʪʘʶʱʠʝ 

ʚʝʪʨʦʚʫʶ ʠ ʩʦʣʥʝʯʥʫʶ ʛʝʥʝʨʘʮʠʶ. ʂʦʤʧʘʥʠʷ çɼʝʘʣʘʥ ʕʥʝʨʛʦè ʧʨʦʠʟʚʦʜʠʪ 

ʚʝʪʨʦʩʦʣʥʝʯʥʳʝ ʩʪʘʥʮʠʠ ʩʝʨʠʠ GSk ʤʦʱʥʦʩʪʴʶ 1,5 ʢɺʪ, 2 ʢɺʪ, 3 ʢɺʪ, 6,2 ʢɺʪ, 12 

ʢɺʪ. 

ɺʝʪʨʦʩʦʣʥʝʯʥʘʷ ʩʪʘʥʮʠʷ GSK-5, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 3, ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʙʳʩʪʨʦʚʦʟʚʦʜʠʤʫʶ ʢʘʨʢʘʩʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʤʦʱʥʦʩʪʴʶ 5 (6,2) ʢɺʪ. 

ɼʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ 
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ʫʜʘʣʝʥʠʠ ʦʪ ʦʩʥʦʚʥʳʭ ʩʝʪʝʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʝ ʵʥʝʨʛʦʧʠʪʘʥʠʝ ʧʨʠ 

ʧʝʨʝʤʝʥʯʠʚʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ [6]. 

ɺʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʫʩʪʘʥʦʚʦʢ ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʷʚʣʷʶʪʩʷ ʛʝʥʝʨʘʪʦʨʳ ʥʘ 

ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. 

ʆʆʆ çɼʝʘʣʘʥ ʕʥʝʨʛʦè ʧʨʦʝʢʪʠʨʫʝʪ ʠ ʧʨʦʠʟʚʦʜʠʪ ʘʢʩʠʘʣʴʥʳʝ ʠ ʨʘʜʠʘʣʴʥʳʝ 

ʛʝʥʝʨʘʪʦʨʳ ʩʦ ʩʪʝʧʝʥʷʤʠ ʟʘʱʠʪʳ ʦʪ IP 54 ʜʦ IP68 ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʤʦʱʥʦʩʪʝʡ ʦʪ 

0,1 ʜʦ 50 ʢɺʪ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʜʣʷ ʤʠʥʠ- ʠ 

ʤʠʢʨʦɻʕʉ; ʜʣʷ ʚʝʪʨʦʩʪʘʥʮʠʡ ʥʘ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ ʜʨ.). 

ʅʝʢʦʪʦʨʳʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʟʘʱʠʱʝʥʳ ʧʘʪʝʥʪʘʤʠ, 

ʥʘʧʨʠʤʝʨ [7, 8]. 

ʈʦʩʩʠʡʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʚʦʩʪʨʝʙʦʚʘʥʳ ʥʝ ʪʦʣʴʢʦ 

ʥʘ ʚʥʫʪʨʝʥʥʝʤ, ʥʦ ʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʨʳʥʢʝ. ʂʦʤʧʘʥʠʷ çɼʝʘʣʘʥ ʕʥʝʨʛʦè 

ʟʘʢʣʶʯʠʣʘ ʢʦʥʪʨʘʢʪ ʥʘ ʧʦʩʪʘʚʢʫ 40 ʤʠʥʠ-ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ ʋʟʙʝʢʠʩʪʘʥ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʦʜʥʦʛʦ ʠʟ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʨʝʩʧʫʙʣʠʢʠ [9]. ʇʝʨʚʘʷ ʦʯʝʨʝʜʴ ʧʦʩʪʘʚʢʠ ʚʢʣʶʯʘʝʪ 8 

ʤʠʥʠ-ɻʕʉ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 230 ʢɺʪ. ʇʨʦʝʢʪ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʦʨʛʦʚʣʠ ʋʜʤʫʨʪʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠ ʠ 

ʈʝʛʠʦʥʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʢʦʤʧʝʪʝʥʮʠʡ [10]. ʈʘʥʝʝ, ʚ ʩʝʥʪʷʙʨʝ 2024 ʛʦʜʘ, ʢʦʤʧʘʥʠʷ 

ʟʘʢʣʶʯʠʣʘ ʣʠʮʝʥʟʠʦʥʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʩ ʂʦʢʘʥʜʩʢʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʟʘʚʦʜʦʤ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʨʝʘʣʠʟʘʮʠʶ ʩʚʦʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʋʟʙʝʢʠʩʪʘʥʝ. 

ʇʨʦʜʫʢʮʠʷ ʠʟʛʦʪʘʚʣʠʚʘʣʘʩʴ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʈʌ, ʘ 

ʪʘʢ ʞʝ ʜʣʷ ʧʦʩʪʘʚʢʠ ʚ ʉʝʨʙʠʶ, ɸʬʨʠʢʫ (ʂʦʥʛʦ), ʂʳʨʛʳʟʩʪʘʥ, ʂʘʟʘʭʩʪʘʥ, ʚʝʜʫʪʩʷ 

ʧʝʨʝʛʦʚʦʨʳ ʥʘ ʦʪʢʨʳʪʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚ ʢʦʤʧʘʥʠʠ ʚ ɻʨʫʟʠʠ, ʋʟʙʝʢʠʩʪʘʥʝ, 

ʂʳʨʛʳʟʩʪʘʥʝ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʜʦʚʝʨʠʷ ʢ ʨʦʩʩʠʡʩʢʠʤ 

ʪʝʭʥʦʣʦʛʠʷʤ. 

ʈʘʟʚʠʪʠʝ ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ɺʀʕ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʷʜ ʟʥʘʯʠʤʳʭ 

ʵʬʬʝʢʪʦʚ: ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʦʚ ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ; ʧʦʚʳʰʝʥʠʝ 

ʥʘʜʝʞʥʦʩʪʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʫʜʘʣʝʥʥʳʭ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʪʝʨʨʠʪʦʨʠʡ; 

ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʚ ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ; ʨʘʟʚʠʪʠʝ ʵʢʩʧʦʨʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ; 

ʩʥʠʞʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɺʀʕ ʚ ʫʩʪʘʥʦʚʢʘʭ ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ. 

ʇʨʠʥʷʪʳʝ ʚ 2025ï2026 ʛʦʜʘʭ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʠʥʠʮʠʘʪʠʚʳ ʩʦʟʜʘʶʪ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʭ ʫʩʪʘʥʦʚʢʠ ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ. 

ʆʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʪʘʢʠʝ ʢʘʢ ʆʆʆ çɼʝʘʣʘʥ ʕʥʝʨʛʦè, 

ʧʨʝʜʣʘʛʘʶʪ ʰʠʨʦʢʫʶ ʣʠʥʝʡʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ, ʚʢʣʶʯʘʷ 

ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʠ ʛʠʙʨʠʜʥʳʝ ʚʝʪʨʦʩʦʣʥʝʯʥʳʝ 

ʫʩʪʘʥʦʚʢʠ. ʅʘʣʠʯʠʝ ʧʘʪʝʥʪʦʚ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʦʩʩʠʡʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ. 

ʕʢʩʧʦʨʪʥʳʝ ʧʦʩʪʘʚʢʠ ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʤʠʢʨʦʛʝʥʝʨʘʮʠʠ ʚ 

ʩʪʨʘʥʳ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ɸʬʨʠʢʠ, ʩʪʘʥʘʭ ɽʉ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʠʟʥʘʥʠʝ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ ʠ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ 



207  

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ. 
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MODERN TECHNOLOGICAL DEVELOPMENT: ARTIFICIAL 

INTELLIGENCE AND ITS PSYCHOLOGICAL ASPECTS  

Mutallimzada Aytan Sabir  

çBaku State Universityè, Baku, Azerbaijan 

Advanced high-technology digital applications, while accelerating and 

enhancing our lives on the one hand, are on the other hand causing a narrowing in the 

realm of fundamental human values. It is also evident that humanoid robots produced 

through artificial intelligence, which are rapidly becoming present in every sphere of 

life, generate concerns about the future of the human race. As previously noted, the 

effects of artificial intelligence studies on individuals and society constitute a 

significant field of research within psychiatry, psychology, and the behavioral 

sciences. On the other side of the coin lies the issue of benefiting from artificial 

intelligence developments within the field of psychology [5]. 

Artificial Intelligence (AI) technologies have rapidly penetrated our daily lives 

over the past decade. Tools such as smart assistants, chatbots, recommendation 

systems, and therapy support programs are creating significant changes not only in 

work and education but also in our psychological experiences. This new form of 

relationship that people establish with technology produces complex effects on 

psychological well-being, social bonds, and decision-making processes [8]. In this 

article, we will examine the areas where artificial intelligence touches human 

psychology in light of scientific studies and explore the emerging opportunities and 

risks in a clear and accessible language. 

The Role of Artificial Intelligence in Psychological Support 

AI-supported applications provide significant assistance in the treatment of 

common mental health problems such as depression and anxiety. Especially for 

individuals who hesitate to seek psychological help or have limited access to services, 

chatbots available 24/7 offer mood tracking and guidance. In a study conducted by 

Fitzpatrick, Darcy, and Vierhile (2017), the use of an AI-based chatbot called Woebot 

was associated with a reduction in participantsô depressive symptoms. However, it is 

emphasized that such programs cannot fully replace human therapists; empathy, 

intuition, and the ability to build therapeutic relationships remain distinctive strengths 

of human psychologists [1]. 

The Impact of AI on Social Bonds and Emotional Dependency 

Intensive interaction with artificial intelligence may increase the risk of social 

isolation in some individuals. Sherry Turkle (2023), a leading researcher in the social 

sciences, highlights that peopleôs growing attachment to technology may weaken real 

human relationships. Particularly among individuals experiencing loneliness, artificial 

çfriendshipsè formed with AI can substitute face-to-face communication, potentially 

reducing psychological resilience. This may lead to a decline in social skills and an 

inability to fully meet emotional needs [7]. 

Research conducted by Kato and Nishida (2024) at Waseda University indicates 
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that the attachment styles people develop toward artificial intelligence may reflect their 

emotional tendencies in human relationships. Many individuals are beginning to 

perceive AI systems not merely as tools but also as ñcompanionsò that provide 

emotional support. Especially those with higher levels of loneliness may experience a 

comforting sense of closeness through AI interaction. However, such attachment 

cannot offer the empathy, understanding, and emotional depth found in real human 

relationships. Due to AIôs lack of consciousness, it may not fully satisfy individualsô 

social needs in the long term. Therefore, it is important to approach emotional 

relationships with AI cautiously, view technology as a supportive tool, and avoid 

allowing it to completely replace human contact [4]. 

AI and Emerging Psychological Interaction Patterns 

Kato and Nishida (2024) further examined attachment styles toward artificial 

intelligence and found that these interactions may mirror individualsô interpersonal 

attachment patterns. People may view AI not only as a functional instrument but also 

as an entity providing emotional support. This suggests the emergence of a new 

relational dynamic between technology and human psychology. Nevertheless, such 

attachment should not be expected to replace real human relationships, as artificial 

intelligence lacks consciousness and genuine emotional understanding. 

AI algorithms influence decision-making mechanisms by analyzing usersô 

preferences and offering personalized recommendations. At times, this may 

consciously or unconsciously reinforce cognitive biases. A study by Zhou and 

colleagues (2025) demonstrates that manipulative AI designs can significantly affect 

usersô financial and emotional decisions. For example, social media platforms and 

online shopping websites may use personal data to encourage increased consumption. 

Therefore, ethical standards and usersô psychological awareness are of great 

importance in the use of artificial intelligence [2]. 

Virtual Reality in Psychotherapy 

In all these areas, AI-based algorithmic models and applications can lay the 

groundwork for significant advancements. Beyond the issues of will and 

decision-making, which are often the focal points in artificial intelligence applications, 

important insights can also be gained regarding emotional processes-often 

neglected-and the recovery from trauma. 

Within the process of psychological treatment, virtual reality (VR) applications 

provide substantial benefits in psychotherapy. Confronting past experiences ï often a 

crucial step for individuals with psychological difficulties-can be facilitated more 

rapidly through AI-supported virtual reality environments. Through various 

technological devices, perceptions and images resembling past experiences can be 

recreated in highly realistic virtual scenarios and simulation environments. These 

simulations stimulate the brain, eyes, ears, and bodily sensations, enabling individuals 

to face their past more effectively and safely [6]. 

In this way, it may become possible to make faster progress in addressing issues 

such as addiction, obsessive tendencies, anxiety disorders, post-traumatic stress disorders, 

and antisocial behavior. However, as in many other fields, it is extremely important to 

establish clear ethical standards and boundaries regarding the use of artificial intelligence 
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in psychology. Another area where AI psychology can provide significant benefits is in 

addressing psychological problems arising from the digital age itself. Artificial 

intelligence applications can be effectively utilized in combating crimes committed in 

virtual environments, cyber abuse, digital addiction, and data security issues. 

Future Psychological Concerns and Opportunities 

With the rise of AI, concerns such as çloss of humanityè, çdecline in empathyè, 

and çloss of controlè are becoming increasingly widespread. On the other hand, 

AI-supported technologies facilitate communication for individuals with disabilities 

and provide personalized psychological support and educational opportunities. 

Managing the ethical and psychological dimensions of AI in a balanced way is critical 

for societal mental health. As technology continues to advance, understanding its 

psychological impact and fostering public awareness become essential [3]. 

Conclusion 

Artificial intelligence has both positive and negative effects on human 

psychology. While it increases access to psychological support services, it may also 

bring the risk of social isolation. The attachment styles people develop toward AI open 

new psychological domains; however, they do not replace genuine human 

relationships. Moreover, the influence of AI on our decisions must be carefully 

evaluated from ethical and psychological perspectives. 

In conclusion, it is necessary to benefit from artificial intelligence as a tool that 

facilitates and improves life. Setting aside the dominant powersô claim of surpassing 

humans by replicating them through advanced robotics, it is essential and valuable for 

artificial intelligence to focus on understanding humans more deeply and to be utilized 

in addressing psychological problems. 

In the future, understanding the psychological effects of artificial intelligence will 

be indispensable for healthy and conscious technology use. As individuals regulate their 

relationship with technology, it is important to consider their own social and emotional needs. 
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ʋɼʂ 37.033 

ʈʆʃʔ ʆɹʈɸɿʆɺɸʅʀʗ ɺ ʌʆʈʄʀʈʆɺɸʅʀʀ ʕʂʆʃʆɻʀʏɽʉʂʆɻʆ 

ʉʆɿʅɸʅʀʗ ɺ ʀʅʊɽʈɽʉɸʍ ʋʉʊʆʁʏʀɺʆɻʆ ʈɸɿɺʀʊʀʗ 

ʂʫʮʝʧʘʣʦʚʘ ɼ. ɸ. 

ɻɹʆʋ ɺʆ çɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʛ. ʄʠʥʩʢ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ 

ɺʚʝʜʝʥʠʝ 

ʉʝʛʦʜʥʷ, ʢʦʛʜʘ ʤʠʨ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʚʳʟʦʚʘʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, 

ʠʩʪʦʱʝʥʠʷ ʨʝʩʫʨʩʦʚ ʠ ʧʦʪʝʨʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʚʦʧʨʦʩ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʚʳʭʦʜʠʪ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʙʨʘʟʦʚʘʥʠʝ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʥʝ 

ʧʨʦʩʪʦ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʧʝʨʝʜʘʯʠ ʟʥʘʥʠʡ, ʥʦ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʟʥʘʥʠʷ. ʇʦʜ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʦʟʥʘʥʠʝʤ ʷ ʧʦʥʠʤʘʶ ʥʝ ʪʦʣʴʢʦ 

ʧʦʥʠʤʘʥʠʝ ʧʨʦʙʣʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʦ ʠ ʛʦʪʦʚʥʦʩʪʴ ʢ ʜʝʡʩʪʚʠʷʤ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʛʘʨʤʦʥʠʯʥʦʤʫ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʶ ʯʝʣʦʚʝʢʘ ʠ ʧʨʠʨʦʜʳ. ɺ ʤʦʝʤ 

ʜʦʢʣʘʜʝ ʷ ʭʦʯʫ ʨʘʩʩʤʦʪʨʝʪʴ, ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ ʚʣʠʷʝʪ ʥʘ ʵʪʦ ʩʦʟʥʘʥʠʝ, ʦʧʠʨʘʷʩʴ ʥʘ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʧʨʠʤʝʨʳ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʠ ʧʦʢʘʟʘʪʴ, ʧʦʯʝʤʫ ʦʥʦ 

ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʙʫʜʫʱʝʛʦ [1]. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʅʘʯʥʝʤ ʩ ʪʦʛʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʢʣʘʜʳʚʘʝʪ ʦʩʥʦʚʳ ʧʦʥʠʤʘʥʠʷ ʵʢʦʩʠʩʪʝʤ 

ʠ ʠʭ ʫʷʟʚʠʤʦʩʪʠ. ɺ ʰʢʦʣʴʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʥʘʯʠʥʘʷ ʩ ʤʣʘʜʰʠʭ ʢʣʘʩʩʦʚ, ʜʝʪʠ 

ʟʥʘʢʦʤʷʪʩʷ ʩ ʙʘʟʦʚʳʤʠ ʧʦʥʷʪʠʷʤʠ ʵʢʦʣʦʛʠʠ ï ʮʠʢʣʦʤ ʚʦʜʳ, ʧʠʱʝʚʳʤʠ 

ʮʝʧʦʯʢʘʤʠ, ʚʣʠʷʥʠʝʤ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʧʨʠʨʦʜʫ. ʕʪʦ ʥʝ ʧʨʦʩʪʦ 

ʬʘʢʪʳ ʠʟ ʫʯʝʙʥʠʢʘ; ʵʪʦ ʧʝʨʚʳʝ ʰʘʛʠ ʢ ʦʩʦʟʥʘʥʠʶ ʚʟʘʠʤʦʩʚʷʟʠ ʚʩʝʛʦ ʞʠʚʦʛʦ. ɺ 

ʐʚʝʮʠʠ ʠ ʌʠʥʣʷʥʜʠʠ, ʥʘʧʨʠʤʝʨ, ʝʱʝ ʚ ʜʝʪʩʢʠʭ ʩʘʜʘʭ ʧʨʦʚʦʜʷʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʫʨʦʢʠ ʠ ʠʛʨʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʦʩʧʠʪʘʥʠʝ ʣʶʙʚʠ ʢ ʧʨʠʨʦʜʝ ʠ ʯʠʩʪʦʪʝ ʚʦʢʨʫʛ 

ʩʝʙʷ. ʊʘʢʠʝ ʧʨʘʢʪʠʢʠ ʥʝ ʪʦʣʴʢʦ ʜʘʶʪ ʟʥʘʥʠʷ, ʥʦ ʠ ʚʦʩʧʠʪʳʚʘʶʪ ʵʤʧʘʪʠʶ ʢ 

ʧʨʠʨʦʜʝ. ʇʝʨʝʭʦʜʷ ʦʪ ʪʝʦʨʠʠ ʢ ʧʨʘʢʪʠʢʝ, ʤʳ ʚʠʜʠʤ, ʯʪʦ ʠʤʝʥʥʦ ʯʝʨʝʟ ʦʧʳʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʝʚʨʘʱʘʝʪ ʘʙʩʪʨʘʢʪʥʳʝ ʠʜʝʠ ʚ ʣʠʯʥʳʝ ʫʙʝʞʜʝʥʠʷ [2]. 

ʅʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʰʢʦʣʴʥʳʤʠ ʩʪʝʥʘʤʠ. ɺ ʚʳʩʰʠʭ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ʠ ʧʨʦʛʨʘʤʤʘʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʮʝʥʪ 

ʩʤʝʱʘʝʪʩʷ ʥʘ ʢʨʠʪʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤ. ʉʪʫʜʝʥʪʳ 

ʠʟʫʯʘʶʪ, ʩʢʘʞʝʤ, ʇʘʨʠʞʩʢʦʝ ʩʦʛʣʘʰʝʥʠʝ ʧʦ ʢʣʠʤʘʪʫ ʠʣʠ ʮʝʣʠ ʆʆʅ ʚ ʦʙʣʘʩʪʠ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʨʘʟʙʠʨʘʷ ʠʭ ʥʘ ʩʝʤʠʥʘʨʘʭ. ɿʜʝʩʴ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʢʘʢ ʵʪʦ 

ʬʦʨʤʠʨʫʝʪ ʥʝ ʧʘʩʩʠʚʥʦʝ ʟʥʘʥʠʝ, ʘ ʘʢʪʠʚʥʫʶ ʧʦʟʠʮʠʶ. ʗ ʚʩʧʦʤʠʥʘʶ ʩʚʦʡ ʦʧʳʪ 

ʨʘʙʦʪʳ ʩ ʛʨʫʧʧʦʡ ʩʪʫʜʝʥʪʦʚ ʚ ʦʜʥʦʤ ʠʟ ʙʝʣʦʨʫʩʩʢʠʭ ʚʫʟʦʚ: ʤʳ ʧʨʦʚʦʜʠʣʠ 

ʜʝʙʘʪʳ ʦ ʚʣʠʷʥʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʩʪʘ ʥʘ ʵʢʦʣʦʛʠʶ. ɺ ʠʪʦʛʝ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʥʝ 

ʪʦʣʴʢʦ ʠʟʤʝʥʠʣʠ ʩʚʦʠ ʚʟʛʣʷʜʳ, ʥʦ ʠ ʠʥʠʮʠʠʨʦʚʘʣʠ ʣʦʢʘʣʴʥʳʝ ʢʘʤʧʘʥʠʠ ʧʦ 

ʩʥʠʞʝʥʠʶ ʧʣʘʩʪʠʢʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʪʠʤʫʣʠʨʫʝʪ ʧʝʨʝʭʦʜ ʦʪ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʩʦʟʥʘʥʠʷ ʢ ʢʦʣʣʝʢʪʠʚʥʳʤ ʜʝʡʩʪʚʠʷʤ, 

ʜʝʣʘʷ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʥʝ ʘʙʩʪʨʘʢʪʥʦʡ ʮʝʣʴʶ, ʘ ʨʝʘʣʴʥʦʡ ʟʘʜʘʯʝʡ [3]. 

ɼʘʣʝʝ, ʩʪʦʠʪ ʧʦʛʦʚʦʨʠʪʴ ʦ ʨʦʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʝʦʜʦʣʝʥʠʠ ʙʘʨʴʝʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʢʫʣʴʪʫʨʥʳʝ ʩʪʝʨʝʦʪʠʧʳ ʠʣʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠʥʪʝʨʝʩʳ. ɺ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ, ʛʜʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʯʘʩʪʦ ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʩ 
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ʙʝʜʥʦʩʪʴʶ, ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʤʦʛʘʝʪ ʣʶʜʷʤ ʫʚʠʜʝʪʴ ʜʦʣʛʦʩʨʦʯʥʳʝ ʚʳʛʦʜʳ ʦʪ 

ʫʩʪʦʡʯʠʚʳʭ ʧʨʘʢʪʠʢ. ɺʦʟʴʤʝʤ ʀʥʜʠʶ: ʧʨʦʛʨʘʤʤʳ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ 

ʧʨʦʩʚʝʱʝʥʠʶ ʚ ʩʝʣʴʩʢʠʭ ʨʘʡʦʥʘʭ ʫʯʘʪ ʬʝʨʤʝʨʦʚ ʤʝʪʦʜʘʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʷʝʪ ʧʦʯʚʫ, ʥʦ ʠ ʧʦʚʳʰʘʝʪ ʜʦʭʦʜʳ. ʊʘʢʠʝ 

ʠʥʠʮʠʘʪʠʚʳ ʧʣʘʚʥʦ ʩʚʷʟʳʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ 

ʨʘʟʚʠʪʠʝʤ, ʧʦʢʘʟʳʚʘʷ, ʯʪʦ ʵʢʦʣʦʛʠʷ ï ʵʪʦ ʥʝ ʞʝʨʪʚʘ, ʘ ʠʥʚʝʩʪʠʮʠʷ [4]. 

ʆʜʥʘʢʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʣʞʥʦ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ, ʯʪʦʙʳ ʦʪʚʝʯʘʪʴ 

ʩʦʚʨʝʤʝʥʥʳʤ ʚʳʟʦʚʘʤ. ʉ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʳ ʥʘʙʣʶʜʘʝʤ ʩʜʚʠʛ 

ʢ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʘʤ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʛʜʝ ʩʪʫʜʝʥʪʳ ʤʦʛʫʪ 

çʧʦʙʳʚʘʪʴè ʚ ʨʘʟʨʫʰʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʠʣʠ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʩʣʝʜʩʪʚʠʷ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ. ʕʪʦ ʜʦʙʘʚʣʷʝʪ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʩʣʦʡ ʢ ʦʙʫʯʝʥʠʶ, 

ʫʩʠʣʠʚʘʷ ʤʦʪʠʚʘʮʠʶ. ʅʦ ʟʜʝʩʴ ʚʘʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʫʧʥʦʩʪʴ: ʥʝ ʚʩʝ ʠʤʝʶʪ 

ʨʘʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʪʘʢʠʤ ʨʝʩʫʨʩʘʤ. ʇʦʵʪʦʤʫ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʣʞʥʳ ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʠʥʢʣʶʟʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʯʪʦʙʳ 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʟʥʘʥʠʝ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʫ ʚʩʝʭ ʩʣʦʝʚ ʦʙʱʝʩʪʚʘ. ʇʝʨʝʭʦʜʷ ʢ 

ʛʣʦʙʘʣʴʥʦʤʫ ʢʦʥʪʝʢʩʪʫ, ʤʳ ʚʠʜʠʤ, ʯʪʦ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʧʘʨʪʥʝʨʩʪʚʘ, ʢʘʢ ʚ 

ʨʘʤʢʘʭ ʖʅɽʉʂʆ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʤʝʥʫ ʦʧʳʪʦʤ, ʜʝʣʘʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ [5]. 

ɿʘʢʣʶʯʝʥʠʝ 

ʆʙʨʘʟʦʚʘʥʠʝ ï ʵʪʦ ʤʦʩʪ ʤʝʞʜʫ ʩʝʛʦʜʥʷʰʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʠ ʟʘʚʪʨʘʰʥʠʤʠ 

ʨʝʰʝʥʠʷʤʠ. ʆʥʦ ʬʦʨʤʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʟʥʘʥʠʷ, ʥʦ ʠ ʮʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʧʦʙʫʞʜʘʶʪ ʢ ʦʪʚʝʪʩʪʚʝʥʥʦʤʫ ʧʦʚʝʜʝʥʠʶ. ɽʩʣʠ ʤʳ ʭʦʪʠʤ ʜʦʩʪʠʯʴ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ, ʪʦ ʠʥʚʝʩʪʠʮʠʠ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʣʞʥʳ ʩʪʘʪʴ 

ʧʨʠʦʨʠʪʝʪʦʤ. ʀʤʝʥʥʦ ʯʝʨʝʟ ʪʘʢʦʝ ʩʦʟʥʘʥʠʝ ʤʳ ʩʤʦʞʝʤ ʧʦʩʪʨʦʠʪʴ ʤʠʨ, ʛʜʝ 

ʯʝʣʦʚʝʢ ʠ ʧʨʠʨʦʜʘ ʩʦʩʫʱʝʩʪʚʫʶʪ ʚ ʛʘʨʤʦʥʠʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʟʥʘʥʠʝ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://mchs.gov.ru/ministerstvo/o-ministerstve/terminy-mchs-rossii/term/1737 (ʜʘʪʘ ʜʦʩʪʫʧʘ: 

14.12.2025). 

2. ɺ ʧʦʠʩʢʘʭ ʟʥʘʥʠʡ: ʢʘʢ ʚʳʩʪʨʦʝʥʘ ʩʠʩʪʝʤʘ ʵʢʦʧʨʦʩʚʝʱʝʥʠʷ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://soz.bio/v-poiskakh-znaniy-kak-vystroena-sistem/  

(ʜʘʪʘ ʜʦʩʪʫʧʘ: 14.12.2025). 

3. ʇʘʨʠʞʩʢʦʝ ʩʦʛʣʘʰʝʥʠʝ ï ʨʝʘʣʴʥʳʡ ʰʘʥʩ ʫʜʝʨʞʘʪʴ ʧʣʘʥʝʪʫ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʢʘʪʘʩʪʨʦʬʳ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ:  https://sdgs.by/news/parizhskoe- 

soglashenie-realnyj-shans-uderzhat-planetu-ot-klimaticheskoj-katastrofy/?print=print (ʜʘʪʘ 

ʜʦʩʪʫʧʘ: 14.12.2025). 

4. ɺ ʀʥʜʠʠ ʩʪʘʨʪʫʝʪ ʅʘʮʠʦʥʘʣʴʥʘʷ ʤʠʩʩʠʷ ʧʦ ʥʘʪʫʨʘʣʴʥʦʤʫ ʟʝʤʣʝʜʝʣʠʶ ʜʣʷ ʬʝʨʤʝʨʦʚ 

ʩ ʛʦʩʧʦʜʜʝʨʞʢʦʡ ʚ 32 ʤʣʨʜ ʨʫʙʣʝʡ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://soz.bio/v-indii-startuet-nacionalnaya-missiya/.(ʜʘʪʘ ʜʦʩʪʫʧʘ: 14.12.2024). 

5. ʖʅɽʉʂʆ ʟʘʷʚʣʷʝʪ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʣʞʥʦ ʩʪʘʪʴ ʦʩʥʦʚʥʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʳ ʢ 2025 ʛʦʜʫ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.unesco.org/ru/articles/yunesko-zayavlyaet-chto-ekologicheskoe-obrazovanie-dolzhno-

stat-osnovnym-komponentom-uchebnoy (ʜʘʪʘ ʜʦʩʪʫʧʘ: 14.12.2024.). 

 

 

 



214  

ʋɼʂ 574:51 

ʕʂʆʃʆɻʀʏɽʉʂʆɽ ʄʓʐʃɽʅʀɽ: ʆʊ ʊɽʍʅʀʏɽʉʂʆʁ 

ɸɻʈɽʉʉʀʀ ʂ ʄɸʊɽʄɸʊʀʂɽ ɺʆʉʊʆʂɸ 

ʄʘʚʨʠʢʠʜʠ ʌ. ʀ.1, ʍʦʨʴʢʦʚ ʉ. ɸ.2 

1 ʌɻɹʋʅ çʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʥʝʬʪʠ ʠ ʛʘʟʘ ʈɸʅè, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2 ʌɻɹʆʋ ɺʆ çʋʜʤʫʨʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʀʞʝʚʩʢ, ʈʦʩʩʠʷ 

ɺʚʝʜʝʥʠʝ 

ʉʘʤʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʝʨʤʠʥʘ çʵʢʦʣʦʛʠʷè ʚʚʦʜʠʪ ʚ ʢʨʫʛ ʧʦʟʥʘʥʠʷ ʚʦʧʨʦʩʳ 

ʦʩʥʦʚ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʙʳʪʠʷ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʵʢʦʣʦʛʠʷ ʝʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʘʷ, ʘ ʥʝ 

ʬʠʟʠʯʝʩʢʘʷ çʊʝʦʨʠʷ ɺʩʝʛʦè. 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʦʙʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, 

ʙʘʟʠʨʫʶʱʠʭʩʷ ʚʦʢʨʫʛ ʦʪʥʦʰʝʥʠʷ çʧʨʠʨʦʜʥʦʝ ï ʪʝʭʥʠʯʝʩʢʦʝè, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʳʭʦʜʦʤ ʦʙʩʫʞʜʝʥʠʷ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. ɺʤʝʩʪʦ ʨʦʙʢʠʭ ʧʦʧʳʪʦʢ ʫʤʝʨʠʪʴ 

ʘʧʧʝʪʠʪʳ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʩʦʭʨʘʥʠʚ ʝʛʦ 

ʤʘʰʠʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ [1], ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʝ 

ʥʘ ʤʳʰʣʝʥʠʝ ʯʝʣʦʚʝʢʘ ï ʦʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ ʪʚʦʨʮʘ ʪʝʭʥʠʯʝʩʢʦʡ ʘʛʨʝʩʩʠʠ. ɺ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʠʜʝʶ ʩʪʘʣʠ ʚʪʦʨʛʘʪʴʩʷ ʜʘʥʥʳʝ ʛʫʤʘʥʠʪʘʨʥʳʭ ʥʘʫʢ, ʘ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʩʝʛʦʜʥʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʦʧʪʠʢʝ ʯʝʣʦʚʝʯʝʩʢʠʭ 

ʮʝʥʥʦʩʪʝʡ. ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠʜʝʠ ʥʘʫʢʠ: ʢʦʨʧʫʩ 

ʧʦʥʷʪʠʡ ʟʘʧʘʜʥʦʛʦ ʨʘʮʠʦʥʘʣʠʟʤʘ ʩʪʘʣ ʟʘʤʝʱʘʪʴʩʷ ʠʜʝʷʤʠ ʚʦʩʪʦʯʥʦʛʦ 

ʤʠʨʦʚʦʟʟʨʝʥʠʷ [2, 3, 4, 5, 6]. 

ʇʨʦʙʣʝʤʘ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ 

ʕʪʦʪ ʩʜʚʠʛ ʤʳʰʣʝʥʠʷ ʫʧʠʨʘʝʪʩʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʩʠʭʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ ʢʘʢ ʷʜʨʘ ʦʙʱʝʡ ʪʝʦʨʠʠ ʩʠʩʪʝʤ. ɺ ʵʪʦʤ 

ʧʣʘʥʝ ʪʘʢʞʝ ʧʨʦʠʟʦʰʣʠ ʦʙʥʘʜʝʞʠʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʝʩʪʝʩʪʚʝʥʥʦ-ʧʨʠʨʦʜʥʫʶ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʬʨʘʢʪʘʣʦʚ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʭ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʙʠʦʣʦʛʠʠ ʠ ʧʩʠʭʠʢʝ, ʯʝʤʫ ʧʦʩʚʷʱʝʥʦ ʥʝʤʘʣʦ ʨʘʙʦʪ, ʠʤʝʶʱʠʭ 

ʥʝʦʙʭʦʜʠʤʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ. ʌʦʨʤʘʣʴʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʬʨʘʢʪʘʣʦʚ ʧʦʩʚʷʱʝʥʳ 

ʨʘʙʦʪʳ ʘʚʪʦʨʦʚ [8]. 

ʕʢʦʣʦʛʠʷ ʟʘʜʘʝʪ ʬʦʢʫʩ ʧʨʦʙʣʝʤʳ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ. ʅʘ ʧʝʨʚʦʤ ʧʣʘʥʝ 

ʟʜʝʩʴ ʩʪʦʠʪ ʦʙʱʝʩʠʩʪʝʤʥʘʷ ʧʨʦʙʣʝʤʘ çʦʙʱʝʛʦ ʟʥʘʤʝʥʘʪʝʣʷè: ʢʘʢʠʤ ʦʙʨʘʟʦʤ in 

vivo ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʦʙʲʝʢʪʳ ʠ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ in vitro ʷʚʣʷʶʪʩʷ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʟʦʙʱʝʥʥʳʤʠ? 

ʎʝʣʴ ʨʘʙʦʪʳ 

ɺ ʨʘʙʦʪʝ [8] ʠʟʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʩʦʜʝʨʞʘʥʠʶ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʵʢʦʣʦʛʠʠ. ɽʛʦ ʦʩʥʦʚʘ ï ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ ʬʨʘʢʪʘʣʦʚ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʥʦʛʦʤʦʜʘʣʴʥʦʩʪʠ 

2-ʘʜʠʯʝʩʢʠʭ ʯʠʩʝʣ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʝʢʚʘʪʥʦʩʪʴ ʬʦʨʤʘʣʠʟʘʮʠʠ ʵʪʦʡ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ. ʉʧʝʮʠʬʠʢʦʡ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʯʝʣʦʚʝʢʘ ʚ ʪʝʦʨʠʶ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʯʠʥʥʦ-ʨʝʬʣʝʢʩʠʚʥʦʛʦ ʢʨʫʛʘ ʜʠʥʘʤʠʢʠ, ʘʜʝʢʚʘʪʥʦʛʦ 

ʠʟʚʝʩʪʥʳʤ ʧʨʠʨʦʜʥʳʤ ʮʠʢʣʘʤ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ 
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ʛʫʤʘʥʠʪʘʨʥʦʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʷ ʚ ʬʦʨʤʘʣʴʥʫʶ ʪʝʦʨʠʶ. ʄʝʡʥʩʪʨʠʤʦʤ ʵʪʦʡ ʠʜʝʠ 

ʩʪʘʣʦ ʦʙʨʘʱʝʥʠʝ ʢ ʠʜʝʷʤ ʠ ʧʦʥʷʪʠʷʤ ʚʦʩʪʦʯʥʳʭ ʬʠʣʦʩʦʬʠʡ. ɸʚʪʦʨʳ ʩʪʨʝʤʷʪʩʷ 

ʧʦʢʘʟʘʪʴ, ʯʪʦ ʣʠʥʠʷ ʤʳʩʣʠ çʄʘʪʝʤʘʪʠʢʘ ʠ ɺʦʩʪʦʢè ʠʤʝʝʪ ʥʘʜʝʞʥʦʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʠʩʪʝʤʘ ʛʫʤʘʥʠʪʘʨʥʳʭ ʧʦʥʷʪʠʡ ï 

ʷʟʳʢ, ʩʦʟʥʘʥʠʝ, ʜʫʭʦʚʥʦʩʪʴ ï ʤʦʞʝʪ ʠʟʣʘʛʘʪʴʩʷ ʠ ʧʨʝʧʦʜʘʚʘʪʴʩʷ ʢʘʢ 

ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʘʷ ʜʠʩʮʠʧʣʠʥʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʝʜʠʥʩʪʚʘ ʧʨʝʜʣʦʞʠʣ ɻ.ɼ. ɻʘʯʝʚ ʚ ʩʚʦʝʤ 

ʘʥʘʣʠʟʝ ʤʥʦʛʦʦʙʨʘʟʠʷ ʥʘʨʦʜʦʚ ʠ ʠʭ ʢʫʣʴʪʫʨ ï çɺʦʟʣʶʙʣʝʥʥʘʷ ʥʝʧʦʭʦʞʝʩʪʴè [7]. 

ʆʥʦ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʚʦʧʣʦʱʝʥʠʝ ʧʨʦʙʣʝʤʳ ʇʣʘʪʦʥʘ (ɽʜʠʥʦʝïʄʥʦʛʦʝ), 

ʩʠʩʪʝʤʥʦʡ ʧʘʨʘʜʠʛʤʳ (ʎʝʣʦʝïʏʘʩʪʴ), ʧʦʟʥʘʚʘʪʝʣʴʥʦʛʦ ʜʫʘʣʠʟʤʘ 

(ʈʘʟʫʤïʏʫʚʩʪʚʘ) ʠ ʯʠʩʣʦʚʦʡ ʘʩʠʤʤʝʪʨʠʠ (ʚʝʱʝʩʪʚʝʥʥʳʝ R ʠ p-ʘʜʠʯʝʩʢʠʝ ʯʠʩʣʘ 

Z2). ɺʩʝ ʵʪʠ ʧʘʨʳ ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷʤʠ ʘʩʠʤʤʝʪʨʠʠ çɿʘʧʘʜïɺʦʩʪʦʢè. 

ɻʫʤʘʥʠʪʘʨʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠʜʝʠ ʧʨʦʛʨʝʩʩʘ 

ʉʝʛʦʜʥʷ ʪʝʤʘ çʕʢʦʣʦʛʠʷ ʠ ʜʫʭʦʚʥʦʩʪʴè ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʦʪ ʧʝʨʚʦʙʳʪʥʳʭ 

ʦʙʱʝʩʪʚ ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʚʦʩʪʦʯʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʤʳʩʣʠ. ʂʠʪʘʡʩʢʦʝ ɼʘʦ, 

ʛʨʝʯʝʩʢʠʡ ʃʦʛʦʩ, ʨʠʪʘ ʠ ʜʭʘʨʤʘ ʚ ʀʥʜʠʠ ʠ ʙʫʜʜʠʟʤʝ, ʘʰ-ʐʘʨʠôʘ ʚ ʠʩʣʘʤʝ, ʠʜʝʷ 

ɺʩʝʝʜʠʥʩʪʚʘ ʨʫʩʩʢʦʡ ʨʝʣʠʛʠʦʟʥʦʡ ʬʠʣʦʩʦʬʠʠ, ʧʦʣʠʪʝʠʟʤ, ʦʙʦʞʝʩʪʚʣʝʥʠʝ 

ʇʨʠʨʦʜʳ ʷʟʳʯʥʠʢʘʤʠ ï ʚʩʝ ʦʥʠ ʦʜʠʥʘʢʦʚʦ ʦʧʠʩʳʚʘʶʪ ʏʝʣʦʚʝʢʘ ʠ ʂʦʩʤʦʩ ʢʘʢ 

ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʩ ʥʨʘʚʩʪʚʝʥʥʦʩʪʴʶ ʧʦʨʷʜʦʢ ʚʝʱʝʡ. ʕʪʘ ʢʘʨʪʠʥʘ ʧʝʨʚʠʯʥʦʩʪʠ 

ʥʝʚʠʜʠʤʦʛʦ, ʮʝʥʪʨʘʣʴʥʦʡ ʨʦʣʠ ʩʚʷʟʠ ʏʝʣʦʚʝʢʘ ʠ ʇʨʠʨʦʜʳ, ʧʨʠʥʘʜʣʝʞʠʪ 

ɺʦʩʪʦʢʫ, ʢʦʪʦʨʳʡ ʝʩʪʴ ʥʝ ʩʪʦʣʴʢʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʥʷʪʠʝ, ʩʢʦʣʴʢʦ ʩʠʩʪʝʤʘ 

ʠʜʝʡ ʭʦʣʠʟʤʘ, ʤʠʨʦʚʦʟʟʨʝʥʠʷ, ʦʪʣʠʯʥʦʛʦ ʦʪ ʟʘʧʘʜʥʦʛʦ ʨʘʮʠʦʥʘʣʠʟʤʘ. 

ʄʠʨʦʚʦʟʟʨʝʥʠʝ ɺʦʩʪʦʢʘ ʩʬʦʨʤʠʨʦʚʘʣʦ ʠʜʝʶ ʦʩʦʟʥʘʥʥʦʛʦ ʢʘʧʠʪʘʣʠʟʤʘ [5] 

ʠ çʙʫʜʜʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʠè [3, 6]. ɺ ʥʝʡ ʯʝʣʦʚʝʢ ʩʪʘʚʠʪʩʷ ʚ ʮʝʥʪʨ ʧʨʦʛʨʝʩʩʘ: 

çʆʙʲʝʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʯʘʩʪʴʷ ʚʘʞʥʝʝ ʦʙʲʝʤʘ ʚʘʣʦʚʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘè. ʆʙʱʠʤ ʤʝʩʪʦʤ ʵʪʠʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʧʦʩʪʘʥʦʚʢʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ ʠ ʧʩʠʭʠʢʠ ʚ ʮʝʥʪʨ ʥʘʫʯʥʦʛʦ ʧʦʟʥʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʬʘʢʪʦʨʘ ʠ ʧʨʠʟʥʘʥʠʝ ʇʨʠʨʦʜʳ ʧʦʣʥʦʧʨʘʚʥʳʤ ʧʘʨʪʥʝʨʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʨʠ ʚʩʝʡ ʩʚʦʝʡ ʙʳʪʠʡʥʦʡ ʦʯʝʚʠʜʥʦʩʪʠ ʥʘʫʯʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʙʣʦʢʠʨʫʝʪ ʘʚʪʦʨʠʪʝʪ ʤʘʪʝʤʘʪʠʢʠ: ʪʨʝʙʫʝʪʩʷ ʜʦʢʘʟʘʪʴ çʦʙʲʝʢʪʠʚʥʦʩʪʴ 

ʩʫʙʲʝʢʪʠʚʥʦʛʦè, çʦʯʝʚʠʜʥʦʩʪʴ ʥʝʚʠʜʠʤʦʛʦè. ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʜʦʢʘʟʘʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʞʠʟʥʠ, ʧʩʠʭʠʢʠ, ʩʦʟʥʘʥʠʷ, ʷʟʳʢʘ, ʧʨʠʨʦʜʳ ʠ ʩʘʤʦʛʦ ʯʝʣʦʚʝʢʘ 

ʥʝʚʦʟʤʦʞʥʦ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʚʦʟʤʦʞʥʦ ʚʢʣʶʯʠʪʴ ʠʭ ʚ ʥʘʫʯʥʫʶ ʢʘʨʪʠʥʫ ʤʠʨʘ. 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʷʟʳʢ ʤʘʪʝʤʘʪʠʢʠ ʨʘʟʦʨʚʘʣ ʙʳʪʠʝ, ʠʟʦʣʠʨʦʚʘʣ ʝʛʦ ʦʪʜʝʣʴʥʳʝ 

ʬʨʘʛʤʝʥʪʳ ʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʮʝʣʦʩʪʥʦʡ ʢʘʨʪʠʥʳ. 

ʏʪʦ ʥʝ ʪʘʢ ʩ ʤʘʪʝʤʘʪʠʢʦʡ? 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʳʰʣʝʥʠʠ (ʢʘʢ ʥʘʫʯʥʦʤ, ʪʘʢ ʠ ʦʙʳʜʝʥʥʦʤ) ʤʘʪʝʤʘʪʠʢʘ 

ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ, 

ʪʦʯʥʦʩʪʴ ʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʠ. 

ɺ ʵʢʦʣʦʛʠʠ, ʢʘʢ ʠ ʚʦ ʚʩʝʤ ʝʩʪʝʩʪʚʦʟʥʘʥʠʠ, ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʧʦʣʶʩʘ. 

ʇʝʨʚʳʡ ï ʤʘʪʝʨʠʘʣʴʥʳʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʘʙʣʶʜʘʝʤʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʠ ʷʚʣʝʥʠʡ. ɺʪʦʨʦʡ ï ʵʚʦʣʶʮʠʦʥʥʳʡ, ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, 
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ʥʝʜʦʩʪʫʧʥʳʡ ʯʫʚʩʪʚʝʥʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ. ʄʘʪʝʤʘʪʠʢʘ ʵʢʦʣʦʛʠʠ ʦʛʨʘʥʠʯʝʥʘ 

ʬʠʟʠʯʝʩʢʠʤʠ ʨʘʩʯʸʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʝʨʚʦʛʦ ʧʦʣʶʩʘ [9, 10]. 

ʅʝ ʤʝʥʷʝʪ ʜʝʣʦ ʜʘʞʝ ʦʙʨʘʱʝʥʠʝ ʢ ʥʦʚʝʡʰʠʤ ʠʜʝʷʤ ʬʨʘʢʪʘʣʴʥʦʡ ʪʝʦʨʠʠ 

[26]. ɺʪʦʨʦʡ ʧʦʣʶʩ ʩʦ ʚʨʝʤʝʥ ʢʠʙʝʨʥʝʪʠʢʠ, ʧʳʪʘʚʰʝʡʩʷ ʩʜʝʣʘʪʴ ʙʠʦʣʦʛʠʶ 

çʥʦʚʦʡ ʬʠʟʠʢʦʡè, ʦʩʪʘʝʪʩʷ ʥʝʜʦʩʪʫʧʥʳʤ ʤʘʪʝʤʘʪʠʢʝ. ʀʤʝʥʥʦ ʵʪʦʪ ʠʟʲʷʥ 

ʧʨʠʟʥʘʝʪʩʷ ʧʨʠʯʠʥʦʡ ʢʨʠʟʠʩʘ. 

ɸʛʨʝʩʩʠʚʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚʦʧʣʦʱʝʥʘ ʚ ʦʩʥʦʚʘʥʠʷʭ 

ʤʘʪʝʤʘʪʠʢʠ, ʚ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ ʠ ʚ ʘʢʩʠʦʤʝ ʚʳʙʦʨʘ (AC), ʠ ʚ ʦʪʥʦʰʝʥʠʠ 

ʯʝʣʦʚʝʢʘ ʢ ʵʪʠʤ ʦʩʥʦʚʘʥʠʷʤ. ʆʙʘ ʵʪʠʭ ʧʦʣʦʞʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʩʦʜʝʨʞʘʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʘʙʩʪʨʘʢʮʠʠ ï ʦʪʨʳʚʘ ʝʸ ʧʨʝʜʤʝʪʘ ʦʪ ʨʝʘʣʴʥʦʩʪʠ. ɸʙʩʪʨʘʢʮʠʷ 

ʝʩʪʴ ʟʘʤʝʱʝʥʠʝ ʎʝʣʦʛʦ ʝʛʦ ʏʘʩʪʴʶ ʠ ʦʪʙʨʘʩʳʚʘʥʠʷ ʚʩʝʛʦ ʦʩʪʘʣʴʥʦʛʦ. 

ɸʢʩʠʦʤʘ ʚʳʙʦʨʘ ʧʦʩʪʫʣʠʨʫʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʝʩʫʨʩʘ 

ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʧʣʦʱʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʪʝʦʨʠʡ. ɽʩʣʠ ʦʛʨʘʥʠʯʠʪʩʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʪʦʣʴʢʦ ʢʦʥʝʯʥʳʭ ʤʥʦʞʝʩʪʚ, ʪʦ ʫʪʚʝʨʞʜʝʥʠʝ AC ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʢʘʟʘʥʦ, ʠʩʭʦʜʷ ʠʟ ʘʢʩʠʦʤ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ. ʆʥʦ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʢʘʟʘʥʦ 

ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʙʝʩʢʦʥʝʯʥʳʭ ʤʥʦʞʝʩʪʚ. 

ɸʢʩʠʦʤʳ ʪʝʦʨʠʠ ʤʥʦʞʝʩʪʚ ʠʤʝʶʪ ʧʨʦʩʪʫʶ ʩʝʤʘʥʪʠʢʫ. ʆʥʘ ʝʩʪʴ ʧʨʠʥʷʪʠʝ 

ʘʪʦʤʠʟʤʘ ʧʦʜ ʚʠʜʦʤ ʘʢʩʠʦʤʳ ʬʫʥʜʠʨʦʚʘʥʠʷ (axiom of foundation, AF ï ʘʥʛʣ.) ʠ 

ʜʦʧʫʱʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʥʠʯʝʤ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʧʝʨʠʨʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘʤʠ ï 

ʩʦʙʠʨʘʥʠʝ ʠʭ ʚ ʝʜʠʥʦʝ ʤʥʦʞʝʩʪʚʦ, ʧʦʜʩʪʘʥʦʚʢʫ, ʚʢʣʶʯʝʥʠʝ/ʠʩʢʣʶʯʝʥʠʝ, 

ʦʪʙʨʘʩʳʚʘʥʠʝ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʦʜʦʙʥʳʭ ʜʝʡʩʪʚʠʡ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʷʭ ʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʢʘʞʜʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʨʦʮʝʜʫʨʝ ï ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ, 

ʚʳʯʠʩʣʝʥʠʠ, ʠ ʩʦʩʪʘʚʣʷʝʪ ʪʦ, ʯʪʦ ʥʘʟʳʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʦʡ 

ʩʠʤʚʦʣʦʚ. ɺ ʪʘʢʦʡ ʥʘʫʢʝ ʯʝʣʦʚʝʢ ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʘʙʩʪʨʘʢʪʥʦʛʦ ʤʥʦʞʝʩʪʚʘ, 

ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʫʞʝ ʩʦʟʜʘʥʳ ʠ ʜʘʶʪʩʷ ʛʦʪʦʚʳʤʠ. ɺ ʧʨʠʤʝʥʝʥʠʠ ʢ ʥʘʫʢʘʤ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʷʜʨʘ ʪʘʢʠʝ ʘʢʩʠʦʤʳ ʜʦʧʫʩʢʘʶʪ ʧʨʦʠʟʚʦʣʴʥʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʞʠʟʥʴʶ, ʇʨʠʨʦʜʦʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʦʟʥʘʥʠʝʤ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʵʢʦʥʦʤʠʢʘ, ʥʘʯʘʚʰʘʷʩʷ ʩ ʨʘʙʦʪʳ ʋ. ʇʝʪʪʠ çʇʦʣʠʪʠʯʝʩʢʘʷ 

ʘʨʠʬʤʝʪʠʢʘè, ʧʦʷʚʠʚʰʝʡʩʷ ʚ 1676 ʛʦʜʫ, ʩʝʛʦʜʥʷ ʧʨʝʜʩʪʘʝʪ ʚ ʚʠʜʝ ʣʠʙʝʨʘʣʠʟʤʘ ʠ 

ʤʦʥʝʪʘʨʠʟʤʘ ï ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʣʦʥʦʚ ʘʢʩʠʦʤʳ ʚʳʙʦʨʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʘʙʩʪʨʘʢʮʠʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʪʝʭʥʠʯʝʩʢʠ ʨʘʟʚʠʪʳʝ ʩʪʨʘʥʳ ʩʪʦʣʴ ʘʛʨʝʩʩʠʚʥʳ: ʠʭ 

ʧʦʥʠʤʘʥʠʝ ʞʠʟʥʠ ʧʦʩʪʦʷʥʥʦ ʪʨʝʙʫʝʪ ʥʦʚʳʭ ʨʝʩʫʨʩʦʚ. 

ʂʘʥʪʦʨʦʚʩʢʘʷ ʤʘʪʝʤʘʪʠʢʘ ʝʩʪʴ ʚʥʝʧʨʠʨʦʜʥʘʷ ʨʝʘʣʴʥʦʩʪʴ. ɽʸ ʪʝʦʨʠʠ ʵʪʦ in 

vitro ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʙʣʦʢʠʨʫʶʪ ʙʠʦʣʦʛʠʶ, ʪ.ʝ. ʨʝʘʣʴʥʦʩʪʴ in vivo. 

ʀʥʦʝ ʜʝʣʦ ʪʝʦʨʠʷ ʤʥʦʞʝʩʪʚ ɼ. ʄʠʨʠʤʘʥʦʬʬʘ. ɿʜʝʩʴ ʤʥʦʞʝʩʪʚʦ 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʥʠʢʘʶʱʠʤ ʨʘʟʫʤʦʤ [28] ï ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤ 

ʟʘʛʣʷʜʳʚʘʥʠʝʤ/ʨʘʟʣʠʯʝʥʠʝʤ ʜʝʪʘʣʝʡ ʦʙʲʝʢʪʘ (zooming in). ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʢʘʥʪʦʨʦʚʩʢʦʡ ʪʝʦʨʠʠ, ʪʝʦʨʠʷ ʄʠʨʠʤʘʥʦʬʬʘ ʥʝ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʧʨʠʪʦʢʘ 

ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʠʤʝʥʠʤʘ ʚ ʛʫʤʘʥʠʪʘʨʥʦʡ ʩʬʝʨʝ ï ʷʟʳʢʝ, ʤʳʰʣʝʥʠʠ, ʧʩʠʭʠʢʝ. ɽʸ 

ʬʦʨʤʘʣʴʥʘʷ ʦʩʥʦʚʘ ï ʘʢʩʠʦʤʘ ʘʥʪʠʬʫʥʜʠʨʦʚʘʥʠʷ (AFA) [13], ʪ.ʝ. ʘʥ-ʘʪʦʤʠʷ. ɺ 

ʧʨʝʜʝʣʝ ʧʨʦʥʠʢʘʶʱʝʛʦ ʘʥʘʣʠʟʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʤʘʪʝʨʠʠ ʚʧʣʦʪʴ ʜʦ ʝʸ 

ʩʘʤʦʦʪʨʠʮʘʥʠʷ (ʂ.ɻ. ʖʥʛ, ɻ. ʇʘʪʪʠ) ʠ ʧʝʨʝʭʦʜ ʝʸ ʚ ʩʠʤʚʦʣʠʯʝʩʢʫʶ ʨʝʘʣʴʥʦʩʪʴ. 

ʄʘʪʝʨʠʝʡ ʤʥʦʞʝʩʪʚ ʄʠʨʠʤʘʥʦʬʬʘ ʷʚʣʷʶʪʩʷ ʛʨʘʥʠʮʳ ʪʝʣ, ʧʨʦʮʝʩʩʦʚ, ʧʦʥʷʪʠʡ. 

ʕʪʘ ʤʘʪʝʨʠʷ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʙʦʪʘʤʠ ʧʦ ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ. ɽʸ 

ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʠʟʠʯʝʩʢʦʡ ʥʝʦʧʨʝʜʝʣʠʤʦʩʪʠ, ʥʝʠʟʤʝʨʠʤʦʩʪʠ, 

https://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%81%D0%B8%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D0%B8_%D0%BC%D0%BD%D0%BE%D0%B6%D0%B5%D1%81%D1%82%D0%B2
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ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʫ. ɹʫʜʫʯʠ ʚ ʧʦʩʪʦʷʥʥʦʤ ʜʚʠʞʝʥʠʠ ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʫʩʢʦʣʴʟʘʶʱʝʡ ʨʝʘʣʴʥʦʩʪʴʶ ʜʣʷ ʪʝʦʨʠʡ. ʄʠʨ ʛʨʘʥʠʮ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ 

ʩʦʚʤʝʱʝʥʳ ï ʵʪʦ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʠʨ. ʇʨʦʙʣʝʤʘ ʚ ʩʧʦʩʦʙʘʭ ʥʘʙʣʶʜʝʥʠʷ ʠ 

ʦʧʠʩʘʥʠʷ. 

ʄʥʦʞʝʩʪʚʘ ʂʘʥʪʦʨʘ  ʩʦʩʪʘʚʣʷʶʪ ʤʘʪʝʨʠʘʣʴʥʳʡ ʧʦʣʶʩ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, 

ʄʠʨʠʤʘʥʦʬʬʘ ï ʵʚʦʣʶʮʠʦʥʥʳʡ.  

ɺ ʮʝʣʦʤ ʤʘʪʝʤʘʪʠʢʘ ʝʩʪʴ ʩʪʝʨʝʦʪʠʧʥʦʝ, ʢʦʥʚʝʨʛʝʥʪʥʦʝ ʤʳʰʣʝʥʠʝ, 

ʥʘʧʨʘʚʣʝʥʥʦʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʰʣʦʝ. ʄʳʰʣʝʥʠʝ ʦʙ ʵʢʦʣʦʛʠʠ, ʯʝʣʦʚʝʢʝ, 

ʜʫʭʦʚʥʦʩʪʠ, ʚʦʩʪʦʯʥʦʝ ʤʠʨʦʧʦʥʠʤʘʥʠʝ ʝʩʪʴ ʤʳʰʣʝʥʠʝ ʜʠʚʝʨʛʝʥʪʥʦʝ, 

ʪʚʦʨʯʝʩʢʦʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʚ ʙʫʜʫʱʝʝ. ʕʪʦ ʜʚʝ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʣʦʛʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ. ʇʝʨʚʘʷ ï ʛʸʜʝʣʝʚʩʢʘʷ (ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʘʷ ʠ ʥʝʧʦʣʥʘʷ), ʚʪʦʨʘʷ ï 

ʇʨʝʩʙʫʨʛʝʨʘ (ʩ ʦʪʨʠʮʘʥʠʝʤ, ʥʦ ʧʦʣʥʘʷ ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʘʷ). ʇʝʨʚʘʷ ï ʩʠʤʚʦʣ 

ʨʝʜʫʢʮʠʦʥʠʟʤʘ, ʣʝʚʦʧʦʣʫʰʘʨʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʟʘʧʘʜʥʦʛʦ ʨʘʮʠʦʥʘʣʠʟʤʘ, ʚʪʦʨʘʷ ï 

ʘʥʪʠʨʝʜʫʢʮʠʦʥʠʟʤʘ, ʭʦʣʠʟʤʘ, ʧʨʘʚʦʧʦʣʫʰʘʨʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʚʦʩʪʦʯʥʦʡ 

ʬʠʣʦʩʦʬʠʠ. 

ʅʘʚʷʟʳʚʘʥʠʝ ʦʜʥʦʛʦ ʦʙʨʘʟʘ ʤʘʪʝʤʘʪʠʢʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʝʩʪʴ ʥʘʚʷʟʳʚʘʥʠʝ 

ʰʘʙʣʦʥʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʘʢʪʠʢʘ ʣʠʙʝʨʘʣʠʟʤʘ ʚ 

ʵʢʦʥʦʤʠʢʝ. ʃʠʜʝʨʩʪʚʦ ɿʘʧʘʜʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʦʠʩʪʝʢʘʝʪ ʠʟ 

ʜʦʤʠʥʠʨʦʚʘʥʠʷ çʤʳʰʣʝʥʠʷ ʩʦʢʨʘʱʝʥʥʳʤ ʨʘʟʫʤʦʤè (ɸ.ʌ. ʃʦʩʝʚ). 

ɺʦʩʪʦʯʥʦʝ ʤʠʨʦʚʦʟʟʨʝʥʠʝ, ʧʨʘʚʦʧʦʣʫʰʘʨʥʦʝ ʧʦ ʩʫʪʠ, ʤʦʞʝʪ ʜʦʧʦʣʥʠʪʴ ʪʫ 

ʯʘʩʪʴ, ʤʳʩʣʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʝʚʦʧʦʣʫʰʘʨʥʦʤʫ 

ʜʠʢʪʘʪʫ. ʊʘʢʘʷ ʧʘʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʨʘʟʚʠʪʠʷ ʞʠʟʥʠ, ʢʦʪʦʨʘʷ ʩʦʟʠʜʘʝʪ 

ʩʝʙʷ ʚ ʫʩʣʦʚʠʷʭ ʦʯʝʚʠʜʥʦʛʦ ʩʘʤʦʨʘʟʨʫʰʝʥʠʷ [18]. ʌʦʨʤʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ 

ʵʪʦʡ ʧʘʨʘʜʦʢʩʘʣʴʥʦʡ ʧʘʨʳ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦʚʘʷ ʘʩʠʤʤʝʪʨʠʷ, ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʢʦʪʦʨʦʡ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʚʢʣʶʯʘʷ ʙʠʦʣʦʛʠʶ. 

ʏʠʩʣʦʚʘʷ ʘʩʠʤʤʝʪʨʠʷ ʝʩʪʴ ʩʦʯʝʪʘʥʠʝ ʚʝʱʝʩʪʚʝʥʥʳʭ (R) ʠ ʨ-ʘʜʠʯʝʩʢʠʭ 

ʯʠʩʝʣ (ʩʠʤʚʦʣ çʨè ʦʪ ʧʨʦʩʪʳʭ ʯʠʩʝʣ, ʚ ʯʘʩʪʥʦʩʪʠ Z2  ï ʮʝʣʳʝ 2-ʘʜʠʯʝʩʢʠʝ ʯʠʩʣʘ). 

ʇʦʣʷ ʵʪʠʭ ʯʠʩʝʣ ʧʦʣʫʯʘʶʪ ʧʦʧʦʣʥʝʥʠʝʤ ʧʦʣʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʯʠʩʝʣ ʦʙʳʯʥʦʡ 

ʤʝʪʨʠʢʦʡ (ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʠʩʣʘ) ʠ ï ʫʣʴʪʨʘʤʝʪʨʠʢʦʡ (ʨ-ʘʜʠʯʝʩʢʠʝ ʯʠʩʣʘ). ʆʜʥʘ 

ʠʟ ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʵʪʦʡ ʧʘʨʳ ʪʘʢʦʚʘ: ʚʝʱʝʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʤʠʨʫ, ʨ-ʘʜʠʯʝʩʢʠʝ ʯʠʩʣʘ ï ʤʠʨʫ ʠʜʝʘʣʴʥʦʤʫ. 

ɹʠʦʣʦʛʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʪʝʤʘʪʠʢʦʡ 

ɹʠʦʣʦʛʠʷ ʩʦʩʪʘʚʣʷʝʪ ʷʜʨʦ ʚʩʝʭ ʨʘʟʜʝʣʦʚ ʥʘʫʢʠ ʦ ʞʠʟʥʠ ï ʦʪ ʢʣʝʪʦʢ ʜʦ 

ʩʦʮʠʫʤʦʚ. ʆʥʘ ʞʝ ï ʧʘʨʘʜʠʛʤʘ ʦʙʱʝʡ ʪʝʦʨʠʠ ʩʠʩʪʝʤ. ʅʝʘʜʝʢʚʘʪʥʦʩʪʴ 

ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʙʠʦʣʦʛʠʠ ʥʝ ʨʘʟ ʦʪʤʝʯʘʣʘʩʴ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

(ʅ.ɸ. ɹʝʨʥʰʪʝʡʥ, ʇ.ʂ. ɸʥʦʭʠʥ, ɸ.ɺ. ɹʨʫʰʣʠʥʩʢʠʡ, ʖ.ɸ. ʐʨʝʡʜʝʨ, ʅ.ʅ. ʄʦʠʩʝʝʚ) 

ʠ ʧʨʦʜʦʣʞʘʝʪ ʧʨʠʚʣʝʢʘʪʴ ʚʥʠʤʘʥʠʝ [27]. ɼʠʘʛʥʦʟ ʀ.ʄ. ɻʝʣʴʬʘʥʜʘ ʦ 

çʥʝʧʦʩʪʠʞʠʤʦʡ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʪʝʤʘʪʠʢʠ ʚ ʙʠʦʣʦʛʠʠè ʩʝʛʦʜʥʷ ʨʘʟʚʠʣʩʷ ʚ 

ʦʞʠʜʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʘʪʝʤʘʪʠʢʠ ï ʧʦʠʩʢʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ 

ʤʘʪʝʤʘʪʠʢʝ [17] ʚ ʧʨʦʪʠʚʦʚʝʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ. 

ʉʫʱʥʦʩʪʥʳʤʠ ʦʪʣʠʯʠʷʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʦʪ ʬʠʟʠʯʝʩʢʠʭ 

ʷʚʣʷʶʪʩʷ ʘʥʘʪʦʤʠʷ (ʜʝʡʩʪʚʫʶʱʘʷ ʜʝʣʠʤʦʩʪʴ ʎʝʣʦʛʦ) ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ (ʨʘʟʣʠʯʠʝ 

ʬʦʨʤ, ʬʘʟ, ʩʦʩʪʦʷʥʠʡ). ʕʪʘ ʧʘʨʘ ʠʩʢʣʶʯʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʧʨʝʜʝʣʠʤʦʩʪʴ, 

ʩʚʦʡʩʪʚʝʥʥʫʶ ʤʘʪʝʨʠʘʣʴʥʳʤ ʪʦʯʢʘʤ ʬʠʟʠʢʠ. ɹʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʦʪ 
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ʦʨʛʘʥʠʟʤʦʚ ʜʦ ʵʢʦʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʩʫʱʥʦʩʪʷʤʠ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʪʦʯʝʢ ʬʠʟʠʢʠ.  

ʌʨʘʢʪʘʣʳ ʢʘʢ ʘʥʘʪʦʤʠʷ ʧʨʠʨʦʜʳ 

ʉʝʛʦʜʥʷ ʤʘʪʝʤʘʪʠʢʘ ʬʨʘʢʪʘʣʦʚ ʦʛʨʘʥʠʯʝʥʘ ʬʠʟʠʢʦʡ ï ʜʨʦʙʥʳʤʠ 

ʨʘʟʤʝʨʥʦʩʪʷʤʠ, ʠʨʨʝʛʫʣʷʨʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʀʩʪʠʥʥʳʝ, ʥʝʬʠʟʠʯʝʩʢʠʝ ʬʨʘʢʪʘʣʳ ʚʦʟʥʠʢʘʶʪ ʚ ʧʨʝʜʝʣʝ ʜʝʣʠʤʦʩʪʠ ʤʘʪʝʨʠʠ, 

ʪʘʤ, ʛʜʝ ʤʘʪʝʨʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʩʠʤʚʦʣ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʥʝʚʠʜʠʤʳʤʠ, 

ʥʝʩʣʳʰʠʤʳʤʠ, ʥʝʦʱʫʱʘʝʤʳʤʠ ï ʥʫʣʴʤʝʨʥʳʤʠ ʧʦ ʪʝʨʤʠʥʦʣʦʛʠʠ ʤʘʪʝʤʘʪʠʢʠ. 

ʌʨʘʢʪʘʣʴʥʳʡ ʤʠʨ ʝʩʪʴ ʩʝʪʴ ʩʠʤʚʦʣʠʯʝʩʢʦʡ ʜʠʥʘʤʠʢʠ, ʚʠʜʠʤʳʡ ʧʨʦʥʠʢʘʶʱʠʤ, 

ʘ ʥʝ ʦʪʨʘʞʘʶʱʠʤ ʨʘʟʫʤʦʤ [28]. 

ʇʦ ʠʟʚʝʩʪʥʦʡ ʪʝʦʨʝʤʝ ʠʟ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʤʝʨʳ ʥʫʣʴʤʝʨʥʳʝ 

ʤʥʦʞʝʩʪʚʘ ʤʦʛʫʪ ʧʦʨʦʞʜʘʪʴ ʢʘʢ ʤʘʪʝʨʠʶ, ʪʘʢ ʠ ʩʠʤʚʦʣ ï çʥʠʯʪʦ, ʢʦʪʦʨʦʝ ʝʩʪʴ 

ʚʩʸè [14, 15]. ʕʪʘ ʪʝʦʨʝʤʘ, ʫʪʚʝʨʞʜʘʶʱʘʷ ʨʦʞʜʝʥʠʝ ʤʘʪʝʨʠʠ ʠʟ çʥʘʧʦʣʥʝʥʥʦʡ 

ʧʫʩʪʦʪʳè, ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʫ ʙʠʦʣʦʛʠʠ ʚ ʤʘʪʝʤʘʪʠʢʝ. ʌʨʘʢʪʘʣʳ ʝʩʪʴ 

ʤʥʦʞʝʩʪʚʘ ʩ ʘʥʘʪʦʤʠʝʡ, ʚʳʩʢʘʟʳʚʘʥʠʷ ʩ ʧʣʘʥʦʤ ʩʦʜʝʨʞʘʥʠʷ. ʆʥʠ 

ʤʥʦʛʦʤʦʜʘʣʴʥʳ, ʪ.ʝ. ʢʘʯʝʩʪʚʝʥʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳ ʢʘʢ ʙʠʦʣʦʛʠʷ ʠ ʧʩʠʭʠʢʘ 

ʯʝʣʦʚʝʢʘ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʚʦʡʥʦʡ ʤʦʜʫʩ ʦʧʠʩʘʥʠʷ ʠ ʤʳʰʣʝʥʠʷ ï ʠ 

ʩʣʦʚʘʤʠ, ʠ ʦʙʨʘʟʘʤʠ. 

ɺʦ ʬʨʘʢʪʘʣʴʥʦʡ ʪʦʧʦʣʦʛʠʠ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʩʫʱʥʦʩʪʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʙʲʝʢʪʘʤʠ ʠ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʥʦʡ 

ʧʨʠʨʦʜʳ. ʆʙʱʥʦʩʪʴ ʪʦʧʦʣʦʛʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʦʙʲʝʢʪʦʚ 

ʚʥʝʰʥʝʛʦ ʤʠʨʘ ʜʝʣʘʝʪ çʚʦʩʪʦʯʥʫʶè ʤʘʪʝʤʘʪʠʢʫ ʪʝʦʨʠʝʡ in vivo. 

ʊʘʢʦʝ ʧʦʥʠʤʘʥʠʝ ʬʨʘʢʪʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʪʴ 

ʧʨʠʯʠʥʥʦ-ʨʝʬʣʝʢʩʠʚʥʳʡ ʢʨʫʛ, ʩʚʷʟʳʚʘʶʱʠʡ ʪʦʥʢʫʶ, ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʩʫʱʥʦʩʪʴ ʧʨʠʨʦʜʳ ʩ ʝʸ ʚʝʱʝʩʪʚʝʥʥʦʡ ʛʨʘʥʴʶ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʩʥʦʚʥʳʝ 

ʧʦʥʷʪʠʷ ʚʦʩʪʦʯʥʦʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʷ ʚʢʣʶʯʘʶʪʩʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʪʝʦʨʠʶ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʥʠʩʭʦʜʷʱʫʶ ʧʨʠʯʠʥʥʦʩʪʴ ï ʚʣʠʷʥʠʝ 

ʮʝʣʦʛʦ ʥʘ ʯʘʩʪʠ, ʯʝʣʦʚʝʢʘ ʥʘ ʧʨʠʨʦʜʫ, ʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʦʪʜʘʣʝʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. 

ʄʠʢʨʦʢʦʩʤ ʠ ʤʘʢʨʦʢʦʩʤ 

ʏʝʣʦʚʝʢ ʚʭʦʜʠʪ ʚ ʩʠʩʪʝʤʥʫʶ ʪʝʦʨʠʶ ʯʝʨʝʟ ʠʟʦʤʦʨʬʠʟʤ ʩʚʦʝʛʦ 

ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʯʠʩʣʦʚʦʡ ʘʩʠʤʤʝʪʨʠʠ. ʇʦʵʪʦʤʫ ʤʘʪʝʤʘʪʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʯʠʩʣʦʚʦʡ ʘʩʠʤʤʝʪʨʠʠ, ʝʩʪʴ ʤʘʪʝʤʘʪʠʢʘ ʬʨʘʢʪʘʣʴʥʦʡ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʠ 

ʇʨʠʨʦʜʳ. 

ʇʨʝʜʩʪʘʚʠʤ ʨʘʩʰʠʨʝʥʥʫʶ ʩʠʤʚʦʣʠʯʝʩʢʫʶ ʟʘʧʠʩʴ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ. 

ʇʨʠʨʦʜʳʣʦʛʠʷʧʩʠʭʦʬʠʟʠʦʷʬʨʘʢʪʘʣʴʥʘ

ʥʝʚʠʜʠʤʦʝʚʠʜʠʤʦʝʥʠʝʧʨʦʥʠʢʥʦʚʝʦʪʨʘʞʝʥʠʝʭʦʣʠʟʤʟʤʨʝʜʫʢʮʠʦʥʠ

ʄʠʨʠʤʘʥʦʬʬʂʘʥʪʦʨɺʦʩʪʦʢɿʘʧʘʜBioTechnoccccZRU

¹

¹³@³@³@

@³@³@³@³@³= 212

 

 

ʛʜʝ    U ï ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʠʩʪʝʤʥʳʭ ʦʙʲʝʢʪʦʚ; 

R, Z2 ï ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʝʱʝʩʪʚʝʥʥʳʭ ʠ ʮʝʣʳʭ 2-ʘʜʠʯʝʩʢʠʭ ʯʠʩʝʣ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

1ʩʩ, 2ʩʩ ï ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʩʠʛʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ɿʜʝʩʴ ʠʟʦʤʦʨʬʳ ʦʙʦʟʥʘʯʘʶʪ ʩʣʝʚʘ ʥʘʧʨʘʚʦ: ʯʠʩʣʦʚʘʷ ʘʩʠʤʤʝʪʨʠʷ 

ʬʨʘʢʪʘʣʦʚ, ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʩʠʛʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʝʭʥʠʢʠ ʠ 

ʙʠʦʣʦʛʠʠ, ʢʘʥʪʦʨʦʚʩʢʠʝ ʠ ʤʠʨʠʤʘʥʦʬʬʩʢʠʝ ʦʩʥʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ, ʜʚʝ ʫʩʪʘʥʦʚʢʠ 

ʠ ʜʚʘ ʧʦʣʶʩʘ ʥʘʫʢʠ, ʩʧʦʩʦʙʳ ʥʘʙʣʶʜʝʥʠʷ, ʜʚʝ ʨʝʘʣʴʥʦʩʪʠ. ʕʪʘ çʫʚʝʨʝʥʥʦʩʪʴ ʚ 

ʥʝʚʠʜʠʤʦʤè, çʦʙʲʝʢʪʠʚʥʦʩʪʴ ʩʫʙʲʝʢʪʠʚʥʦʛʦè ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʩʪʦʯʥʳʭ 

ʧʦʥʷʪʠʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʀʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʯʠʩʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʧʨʠʜʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʚʝʩ ʠʜʝʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ. 

ʕʥʝʨʛʝʪʠʢʘ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʠ ʇʨʠʨʦʜʳ ʤʦʜʝʣʠʨʫʝʪʩʷ 

ʧʨʠʯʠʥʥʦ-ʨʝʬʣʝʢʩʠʚʥʳʤ ʢʨʫʛʦʤ, ʮʠʢʣʠʯʝʩʢʦʡ ʵʥʝʨʛʝʪʠʢʦʡ, ʩʚʷʟʳʚʘʶʱʝʡ ʜʚʘ 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʥ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʯʝʪʳʨʝʭʤʝʨʥʦʩʪʴ ʚ ʪʝʦʨʠʠ ʵʚʦʣʶʮʠʠ [11]. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʚ ʚʠʜʝ ʣʦʛʠʯʝʩʢʠʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʜʦʧʦʣʥʝʥʠʡ. 

ɼʣʷ ʜʚʫʭ ʪʦʯʝʢ Uvu Í,  ʦʧʨʝʜʝʣʝʥʳ ʯʝʪʳʨʝ ʧʨʦʠʟʚʦʜʥʳʭ ʢʦʤʙʠʥʘʮʠʷʤʠ 

ʘʨʭʠʤʝʜʦʚʦʡ ʠ ʥʝʘʨʭʠʤʝʜʦʚʦʡ ʤʝʪʨʠʢ: 
),(/),((
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ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʧʨʠʯʠʥʥʦ-ʨʝʬʣʝʢʩʠʚʥʳʡ ʢʨʫʛ. ʇʨʠʯʝʤ 
04321 ¸ÖÖÖ eeee
ʚ ʩʠʣʫ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʪʨʠʢ. ʆʥ ʩʦʧʨʷʛʘʝʪ ʮʝʣʝʚʫʶ ʠ ʤʘʪʝʨʠʘʣʴʥʫʶ ʧʨʠʯʠʥʳ 

ʠ ʜʝʡʩʪʚʫʝʪ ʥʘ ʣʝʟʚʠʠ ʭʘʦʩʘ ï ʩʦʟʜʘʥʠʠ ʫʧʦʨʷʜʦʯʝʥʥʳʭ, ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨ 

ï e3 ʚ ʫʩʣʦʚʠʷʭ ʠʭ ʨʘʟʨʫʰʝʥʠʷ, ʜʠʚʝʨʛʝʥʮʠʠ ï e2 [18]. ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ï e1 ʜʦʧʦʣʥʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ, ʢʘʢ ʬʠʟʠʢʘ ʜʦʧʦʣʥʷʝʪʩʷ 

ʩʝʛʦʜʥʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʪʠʢʦʡ, ʠ ʭʠʤʠʯʝʩʢʠʤʠ ï e4 ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ. 

ɺʥʝʰʥʠʝ ʜʚʠʞʝʥʠʷ e1,e2,e3 ʩʦʧʨʷʞʝʥʳ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʚʠʞʝʥʠʝʤ ʦʨʛʘʥʠʟʤʘ e4 ï 

ʢʘʢ çʚʥʝʰʥʝʝ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʝʝè. ʕʥʝʨʛʝʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʦʩʠʪʝʣʝʤ ʯʝʪʳʨʝʭ 

ʪʠʧʦʚ ʧʨʠʯʠʥ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʨʝʤʝʥ 4321 ,,, tttt . ʉʦʧʨʷʞʝʥʠʝ ʧʨʠʯʠʥ ʠ ʚʨʝʤʸʥ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʥʚʦʣʶʮʠʝʡ ʧʨʦʩʪʨʘʥʩʪʚ. 
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ʇʨʠʯʠʥʥʦ-ʨʝʬʣʝʢʩʠʚʥʳʡ ʢʨʫʛ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʠʥʪʝʨʧʨʝʪʘʮʠʡ, ʢʦʪʦʨʳʝ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʚ ʝʩʪʝʩʪʚʦʟʥʘʥʠʠ ʢʘʢ ʧʨʠʨʦʜʥʳʝ ʮʠʢʣʳ, çʧʫʪʴ ʚʚʝʨʭè ʠ çʧʫʪʴ 

ʚʥʠʟè ʨʘʟʚʠʪʠʷ ʠ ʫʛʘʩʘʥʠʷ ʞʠʟʥʠ. ɺ ʙʠʦʣʦʛʠʠ ʣʦʢʘʣʴʥʦ ï ʤʝʪʘʙʦʣʠʟʤ, ʚ 

ʵʢʦʣʦʛʠʠ ï ʢʘʢ ʟʘʤʳʢʘʶʱʠʡʩʷ ʢʨʫʛ ɹ.ʂʦʤʤʦʥʝʨʘ, ʚ ʧʩʠʭʦʣʦʛʠʠ ï ʢʘʢ 

ʨʝʬʣʝʢʪʦʨʥʳʡ ʢʨʫʛ (ʜʫʛʘ) ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ, ʚ ʚʦʩʪʦʯʥʳʭ 

ʬʠʣʦʩʦʬʠʷʭ ï ʢʘʢ ʜʝʡʩʪʚʠʝ ɼʘʦ, ɹʨʘʭʤʘʥʘ. ʂʘʢ ʤʠʬ ʦʙ ʫʤʠʨʘʶʱʝʤ ʠ 

ʚʦʩʢʨʝʩʘʶʱʝʤ ɺʳʩʰʝʤ ʩʫʱʝʩʪʚʝ ï ʵʪʦ ʠʟʚʝʩʪʥʳʡ ʢʫʣʴʪʫʨʥʳʡ ʘʨʭʝʪʠʧ, 

ʤʝʪʘʬʦʨʠʯʝʩʢʠ ʩʚʷʟʳʚʘʶʱʠʡ ʚʠʜʠʤʳʡ ʠ ʥʝʚʠʜʠʤʳʡ ʤʠʨʳ. ʉʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ 

ʩʧʝʢʪʨ ʤʠʬʦʚ ʥʘʨʦʜʦʚ ɿʝʤʣʠ ʦʙ ʫʩʪʨʦʡʩʪʚʝ ʂʦʩʤʦʩʘ, çʚʦʣʰʝʙʥʦ ʩʦʛʣʘʩʦʚʘʥʥʳʭ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤè (ʕ.ʐʨʝʜʠʥʛʝʨ), ʚ ʢʦʪʦʨʳʭ ʨʝʬʣʝʢʩʠʚʥʳʡ ʢʨʫʛ ʧʨʝʜʩʪʘʝʪ ʚ 

ʨʘʟʣʠʯʥʳʭ ʠʧʦʩʪʘʩʷʭ [21]. ɺ ʮʝʣʦʤ ʦʥ ʩʪʨʫʢʪʫʨʠʨʫʝʪ çʨʝʰʝʥʠʝè ʧʨʦʙʣʝʤʳ 

ʇʣʘʪʦʥʘ ʦ ʬʦʨʤʘʣʠʟʘʮʠʠ ʩʚʷʟʠ ʜʚʠʞʝʥʠʡ ʎʝʣʦʛʦ ʠ ʏʘʩʪʝʡ. ɺ ʪʘʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʵʪʘ ʮʠʢʣʠʯʝʩʢʘʷ ʧʨʠʯʠʥʥʦʩʪʴ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʥʘʯʘʣʦʤ 
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ʙʠʦʤʦʨʬʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʦʩʤʦʩʘ ï ɾʠʚʦʡ ʂʦʩʤʦʩ, ɾʠʚʘʷ ɿʝʤʣʷ. ʊʘʢʞʝ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ ʋʨʦʙʦʨʦʩ ʢʘʢ ʤʦʜʝʣʴ ʢʦʩʤʦʩʘ.  

ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʦʙʨʘʟ ʨʝʬʣʝʢʩʠʚʥʦʛʦ ʢʨʫʛʘ ï ʝʩʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ 

ʧʨʦʝʢʪʠʚʥʘʷ ʧʣʦʩʢʦʩʪʴ RP2: 

 

 

ʉʚʷʟʥʘʷ ʩʫʤʤʘ ʧʨʦʝʢʪʠʚʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʪʝʭʥʦʮʝʥʦʟʦʚ ʠ ʵʢʦʩʠʩʪʝʤ 

ʦʙʨʘʟʫʝʪ ʙʫʪʳʣʢʫ ʂʣʝʡʥʘ ï ʦʜʥʦʩʪʦʨʦʥʥʶʶ ʛʝʦʤʝʪʨʠʶ, ʚʦʧʣʦʱʘʶʱʫʶ 

ʝʜʠʥʩʪʚʦ ʚʥʫʪʨʝʥʥʝʛʦ ʠ ʚʥʝʰʥʝʛʦ, ʤʠʢʨʦ- ʠ ʤʘʢʨʦ-. ʅʘʨʷʜʫ ʩ ʮʠʢʣʦʤ, ʢʨʫʛʦʚʳʤ 

ʜʚʠʞʝʥʠʝʤ, ʣʝʥʪʦʡ ʄʸʙʠʫʩʘ, ʙʫʪʳʣʢʦʡ ʂʣʝʡʥʘ  ʠ, ʨʝʞʝ, ʜʨʫʛʠʤʠ 

ʦʜʥʦʩʪʦʨʦʥʥʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʵʪʘ ʛʝʦʤʝʪʨʠʷ ʜʘʚʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʦʙʱʝʡ ʪʝʦʨʠʠ ʩʠʩʪʝʤ. ʀʤʠ ʠʣʣʶʩʪʨʠʨʫʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʠ ʧʘʨʘʜʦʢʩʘʣʴʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʩʠʩʪʝʤʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 

ʇʨʠʯʠʥʥʳʝ ʢʨʫʛʠ ʢʘʢ ʤʦʜʝʣʠ ʧʨʠʨʦʜʥʳʭ ʮʠʢʣʦʚ ʫʪʚʝʨʞʜʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʤʘʪʝʤʘʪʠʢʫ ʢʘʢ ʥʘʫʢʫ ʦʙʨʘʟʦʚ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʘʥʪʠʨʝʜʫʢʮʠʦʥʠʟʤʘ [12]. 

ʇʩʠʭʠʢʘ ʠ ʤʳʰʣʝʥʠʝ 

ʇʨʠʚʝʜʝʥʥʘʷ ʚʳʰʝ ʮʝʧʦʯʢʘ ʠʟʦʤʦʨʬʠʟʤʦʚ ʟʘʤʳʢʘʝʪʩʷ ʧʩʠʭʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʯʠʩʣʦʚʦʡ ʘʩʠʤʤʝʪʨʠʠ. 
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ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʜʝʪʘʣʴʥʦʝ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʰʠʨʦʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʩʠʭʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʃ.ʄ. ɺʝʢʢʝʨʘ [22], ʅ.ʀ. ʏʫʧʨʠʢʦʚʦʡ [23], 

ʉ.ʕ. ʇʦʣʷʢʦʚʘ [24], ʯʪʦ ʯʠʩʣʦʚʘʷ ʘʩʠʤʤʝʪʨʠʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʩʪʨʦʝʥʠʡ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʩʠʭʠʢʠ ï ʯʫʚʩʪʚʝʥʥʫʶ 

ʥʝʜʦʩʪʫʧʥʦʩʪʴ, ʦʯʝʚʠʜʥʦʩʪʴ, ʦʪʨʘʞʝʥʠʝ ʨʝʘʣʴʥʦʩʪʠ, ʨʝʬʣʝʢʪʦʨʥʫʶ ʪʝʦʨʠʶ, 

ʦʧʝʨʝʞʘʶʱʝʝ ʦʪʨʘʞʝʥʠʝ (ʇ.ʂ. ɸʥʦʭʠʥ), ʧʨʝʜʤʝʪʥʦʩʪʴ (ʩʠʩʪʝʤʥʦʩʪʴ). 

ʀʥʪʨʦʩʧʝʢʮʠʷ ï ʚʥʫʪʨʝʥʥʠʡ ʚʟʛʣʷʜ, ʨʝʬʣʝʢʩʠʷ ʤʳʩʣʠ ʩʪʘʥʦʚʠʪʩʷ ʦʙʲʝʢʪʠʚʥʳʤ 

ʧʨʦʮʝʩʩʦʤ ʠ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʯʝʣʦʚʝʢ ʥʦʩʠʪ ʚ ʩʝʙʝ ʦʙʨʘʟ ʚʥʝʰʥʝʛʦ 

ʤʠʨʘ ʠ ʩʘʤ ʥʘʭʦʜʠʪʩʷ ʚ ʥʸʤ. 

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ ʦ ʪʦʤ, ʢʘʢ ʜʝʡʩʪʚʫʶʪ ʥʝʤʘʪʝʨʠʘʣʴʥʳʝ ʩʫʱʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ çʚʦʩʪʦʯʥʦʝè ʩʦʜʝʨʞʘʥʠʝ ʪʝʦʨʠʠ. ɺ ʤʦʜʝʣʠ ʯʠʩʣʦʚʦʡ 

ʘʩʠʤʤʝʪʨʠʠ ʬʠʟʠʯʝʩʢʘʷ, ʚʦʩʭʦʜʷʱʘʷ ʧʨʠʯʠʥʥʦʩʪʴ e1 ʠ e3 ʜʦʧʦʣʥʷʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ, ʥʠʩʭʦʜʷʱʝʡ e2 ʠ e4, ʪ.ʝ. ʜʝʡʩʪʚʠʝʤ ʪʦʥʢʦʛʦ ʤʠʨʘ ʛʨʘʥʠʮ, 

ʩʠʤʚʦʣʦʚ, ʧʩʠʭʠʢʠ. ʕʪʦ ʝʩʪʴ ʙʠʦʣʦʛʠʯʝʩʢʘʷ, ʘ ʥʝ ʪʝʭʥʠʯʝʩʢʘʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ. 

ɹʦʣʝʝ ʧʦʣʥʦʝ ʝʸ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʠʤʝʥʥʦ ʚ ʵʚʦʣʶʮʠʦʥʥʦʤ ʧʣʘʥʝ, ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʜʝʪʘʣʴʥʫʶ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʮʠʢʣʠʯʝʩʢʦʡ 

ʵʥʝʨʛʝʪʠʢʠ [11]. ɺ ʵʪʦʤ ʚʠʜʠʪʩʷ ʧʝʨʩʧʝʢʪʠʚʘ ʜʠʘʛʥʦʩʪʠʢʠ (ʝʩʣʠ ʥʝ 
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ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ!) ʦʪʜʘʣʝʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʠ 

ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʵʢʦʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʝʪ ʚ ʚʠʜʝ çʯʠʩʣʦʚʦʛʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦè 

ʘʪʣʘʩʘ ʩʚʦʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʘ. 

ʇʦʜʨʦʙʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʯʠʩʣʦʚʦʡ ʤʦʜʝʣʠ ʧʩʠʭʠʢʠ ʩʣʠʰʢʦʤ ʦʙʲʝʤʥʦ. 

ɿʜʝʩʴ ʜʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʛʨʘʤʦʪʥʳʡ, ʤʳʩʣʷʱʠʡ ʦʙʦʠʤʠ 

ʧʦʣʫʰʘʨʠʷʤʠ ʯʝʣʦʚʝʢ ï ʵʪʦ ʯʝʣʦʚʝʢ, ʚ ʩʦʟʥʘʥʠʠ ʢʦʪʦʨʦʛʦ ʩʬʦʨʤʠʨʦʚʘʥ ʘʜʝʢʚʘʪʥʳʡ 

ʦʙʨʘʟ ʇʨʠʨʦʜʳ (ʝʸ ʧʩʠʭʠʯʝʩʢʘʷ ʨʝʧʨʝʟʝʥʪʘʮʠʷ) ʠ ʚ ʢʦʪʦʨʦʤ ʦʥ ʫʯʘʩʪʚʫʝʪ ʢʘʢ 

ʵʣʝʤʝʥʪ, ʚʢʣʶʯʝʥʥʳʡ ʚʦ ʤʥʦʛʠʝ ʨʝʬʣʝʢʩʠʚʥʳʝ (ʨʝʬʣʝʢʪʦʨʥʳʝ) ʢʨʫʛʠ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʵʢʦʣʦʛʠʠ ʢʘʢ ʪʝʦʨʠʠ ʧʨʝʜʝʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ï ʧʦ ʰʠʨʦʪʝ 

ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʠ ʛʣʫʙʠʥʝ ʩʝʤʘʥʪʠʢʠ ʷʟʳʢʘ ï ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʢʦʥʪʫʨʳ 

ʦʙʦʩʥʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʤʘʪʝʤʘʪʠʢʘ ʫʞʝ ʥʝ ʷʚʣʷʝʪʩʷ 

ʦʧʧʦʥʝʥʪʦʤ, ʥʦ ʩʣʫʞʠʪ çʠʥʪʝʛʨʠʨʫʶʱʠʤ ʤʥʦʞʠʪʝʣʝʤè. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ 

ʧʘʨʘʣʣʝʣʝʥ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʩʠʭʠʢʠ ʠ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʦʛʣʘʩʠʝ ʩ ʝʸ ʦʩʥʦʚʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʞʝ ʥʘ 

ʬʦʨʤʘʣʴʥʦʡ ʦʩʥʦʚʝ ʚʢʣʶʯʠʪʴ ʯʝʣʦʚʝʢʘ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʝʭʥʠʢʠ ʠ ʇʨʠʨʦʜʳ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʪʨʦʠʪʴ çʜʚʫʭʧʦʣʫʰʘʨʥʦʝè ʙʠʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. 
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ʅʝʜʶʨʤʘʛʦʤʝʜʦʚ ɻ. ɻ. 

ʌɻɹʆʋ ɺʆ çɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

ʛ. ʄʘʭʘʯʢʘʣʘ, ʈʦʩʩʠʷ 

 

ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʘʷ ʮʠʚʠʣʠʟʘʮʠʷ ʠ ʙʠʦʩʬʝʨʘ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʩʧʨʘʚʠʪʴʩʷ 

ʩ ʚʨʝʜʥʳʤʠ ʦʪʭʦʜʘʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʧʦʵʪʦʤʫ ʨʦʩʪ ʥʝʛʘʪʠʚʥʦʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʫ ʧʨʠʚʝʣ ʢ 

ʨʘʟʚʠʪʠʶ ʚ ʥʘʯʘʣʝ XXI  ʚʝʢʘ çʛʣʦʙʘʣʴʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘè. 

ʉʪʘʥʦʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʣʦʢʘʣʴʥʳʤʠ ʠ ʨʝʛʠʦʥʘʣʴʥʳʤʠ çɻ ʢʦʣʦʛʠʯʝʩʢʠʤʠ ʢʨʠʟʠʩʘʤʠè ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʋʛʨʦʟʘ ʫʥʠʯʪʦʞʝʥʠʷ ʙʠʦʩʬʝʨʳ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʞʠʟʥʠ 

ʧʨʠʦʙʨʝʣʘ ʨʝʘʣʴʥʳʝ ʦʯʝʨʪʘʥʠʷ, ʧʦʵʪʦʤʫ ʧʝʨʝʜ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʩʪʦʠʪ ʮʝʣʴ ï 

ʚʳʞʠʚʘʥʠʝ ʝʛʦ ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʠʜʘ.  

ʂʘʢ ʦʪʤʝʯʘʣ ɸ. ʇʝʯʯʝʠ, çʠʩʪʠʥʥʘʷ ʧʨʦʙʣʝʤʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʠʜʘ ʚ ʪʦʤ, ʯʪʦ 

ʦʥ ʦʢʘʟʘʣʩʷ ʥʝʩʧʦʩʦʙʥʳʤ ʚ ʢʫʣʴʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʠʜʪʠ ʚ ʥʦʛʫ ʠ 

ʧʨʠʩʧʦʩʦʙʠʪʴʩʷ ʢ ʪʝʤ ʠʟʤʝʥʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʩʘʤ ʚʥʝʩ ʚ ʵʪʦʪ ʤʠʨè [6]. 

ʉʪʘʚʰʘʷ ʨʝʘʣʴʥʦʩʪʴʶ ʧʨʦʙʣʝʤʘ ʚʳʞʠʚʘʝʤʦʩʪʠ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʪʨʝʙʫʝʪ 

ʥʦʚʳʭ ʚʠʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ ʚ ʦʙʱʝʧʣʘʥʝʪʘʨʥʦʤ ʤʘʩʰʪʘʙʝ, ʪ.ʝ. 

ʥʦʚʦʡ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ ï 

ʠʥʪʝʛʨʘʪʠʚʥʦʝ ʧʨʠʞʠʟʥʝʥʥʦʝ ʢʘʯʝʩʪʚʦ ʠ ʚʘʞʥʝʡʰʝʝ ʩʚʦʡʩʪʚʦ ʩʦʚʨʝʤʝʥʥʦʡ 

ʣʠʯʥʦʩʪʠ, ʢʘʢ ʥʦʩʠʪʝʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʫʤʝʥʠʡ, ʮʝʥʥʦʩʪʝʡ ʠ ʠʜʝʘʣʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʭʘʨʘʢʪʝʨ ʠ ʫʨʦʚʝʥʴ ʦʪʥʦʰʝʥʠʡ ʚ ʩʠʩʪʝʤʝ çʯʝʣʦʚʝʢ ï ʦʙʱʝʩʪʚʦ ï 

ʧʨʠʨʦʜʘè ʠ ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʠʜʘʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʢɻʦʣʦʛʠʯʝʩʢʦʤ ʚʦʩʧʠʪʘʥʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʩʠʩʪʝʤʝ 

ʰʢʦʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʦʙʣʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ 
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ʰʢʦʣʴʥʠʢʦʚ ʠʟʫʯʘʣʠ ʨʷʜ ʦʪʝʯʝʩʪʚʝʥʥʳʭ (ɻʣʘʟʘʯʝʚ ʉ.ʅ., ɿʘʭʣʝʙʥʳʡ ɸ.ʅ., 

ʅʝʜʶʨʤʘʛʦʤʝʜʦʚ ɻ.ɻ., ʅʝʩʛʦʚʦʨʦʚʘ ʅ.ʇ., ʉʝʤʯʫʢ ʅ.ʄ., ʉʫʨʘʚʝʛʠʥʘ ʀ.ʊ., 

ʊʶʤʘʩʝʚʘ ɿ.ʀ. ʠ ʜʨ.) [5] ʠ ʟʘʨʫʙʝʞʥʳʭ (ʋ. ɹʨʦʥʬʝʥʙʨʝʥʥʝʨ, ʊʦʜʦʨʠʥʘ ɼ.ʃ., 

ʗʥʘʢʠʝʚʘ ɽ.ʂ. ʠ ʜʨ.) [8] ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʜʥʘʢʦ ʧʨʦʙʣʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʥʦʚ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʛʨʘʞʜʘʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʫ ʰʢʦʣʴʥʠʢʦʚ ʥʝ ʨʝʰʝʥʳ. 

ɸʥʘʣʠʟ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʰʢʦʣʴʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʧʨʦʪʠʚʦʨʝʯʠʝ: 

ï ʤʝʞʜʫ ʧʦʪʝʥʮʠʘʣʦʤ ʰʢʦʣʴʥʳʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʫʯʘʱʠʭʩʷ ʠ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤʠ 

ʫʩʣʦʚʠʷʤʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʰʢʦʣʳ; 

ï ʤʝʞʜʫ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʧʨʠʤʝʥʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʰʢʦʣʴʥʠʢʦʚ ʥʘ 

ʦʩʥʦʚʝ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʰʢʦʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ, ï ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʤʝʥʠʤʳʭ ʚ ʫʨʦʯʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʰʢʦʣʴʥʦʤʫ ʚʦʟʨʘʩʪʫ. 

ʅʘʣʠʯʠʝ ʫʢʘʟʘʥʥʳʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʦʙʣʝʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʙʦʩʥʦʚʘʥʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ 

ʰʢʦʣʴʥʠʢʦʚ ʥʘ ʦʩʥʦʚʝ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʰʢʦʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ ʚ 

ʫʩʣʦʚʠʷʭ ʫʨʦʯʥʦʡ ʠ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. çɻʣʦʙʘʣʴʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʟʠʩè (ʠʣʠ 

çʧʣʘʥʝʪʘʨʥʳʡè) ï ʵʪʦ ʛʣʦʙʘʣʴʥʳʝ, ʯʘʩʪʦ ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ (ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʩʫʰʠ, ʦʢʝʘʥʘ, ʧʦʪʝʨʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʜʨ.), 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚʩʣʝʜʩʪʚʠʝ ʙʝʩʢʦʥʪʨʦʣʴʥʦʛʦ ʧʨʘʛʤʘʪʠʯʝʩʢʦʛʦ 

(ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ) ʦʪʥʦʰʝʥʠʷ ʯʝʣʦʚʝʢʘ ʢ ʧʨʠʨʦʜʝ (ɻʘʛʘʨʠʥ ɸ.ɺ.) [4]. 

çɻʣʦʙʘʣʴʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʨʠʟʠʩè ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʮʝʧʦʯʢʫ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʩʦʙʳʪʠʡ: çʨʦʩʪ ʥʘʩʝʣʝʥʠʷ Ÿ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ Ÿ ʥʘʨʫʰʝʥʠʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʮʠʢʣʦʚ Ÿ ʟʘʛʨʷʟʥʝʥʠʝ 

ʩʨʝʜʳ (+ ʠʟʤʝʥʝʥʠʝ ʣʠʢʘ ʧʣʘʥʝʪʳ) Ÿ ʫʪʨʘʪʘ ʤʝʩʪʦʦʙʠʪʘʥʠʡ Ÿ ʨʘʟʨʫʰʝʥʠʝ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ Ÿ ʜʝʛʨʘʜʘʮʠʷ ʵʢʦʩʠʩʪʝʤ Ÿ ʥʘʨʫʰʝʥʠʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʠ 

ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʙʠʦʩʬʝʨʳ Ÿ ʫʛʨʦʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʯʝʣʦʚʝʯʝʩʪʚʘè 

(ɹʨʦʜʩʢʠʡ ɸ.ʂ., ʉʘʬʨʦʥʦʚʘ ɼ.ɺ.) [2]. 

ʆʟʘʙʦʯʝʥʥʦʩʪʴ ʤʠʨʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ 

ʢʨʠʟʠʩʘʤʠ ï ʧʦʢʘʟʘʪʝʣ ɹʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʩʠʪʴ ʩʪʘʪʫʩ ʠ ʧʨʠʟʥʘʪʴ ʧʨʠʦʨʠʪʝʪ 

çɻ ʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷè, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ çʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʢʫʣʴʪʫʨʘè ʣʠʯʥʦʩʪʠ ʠ ʦʙʱʝʩʪʚʘ. 

ʈʝʘʣʠʟʘʮʠʷ ʩʦʜʝʨʞʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʰʢʦʣʘʭ ɼʘʛʝʩʪʘʥʘ), ʚʦʟʤʦʞʥʘ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭ ʤʦʜʝʣʝʡ ï ʦʜʥʦʧʨʝʜʤʝʪʥʦʡ, 

ʤʥʦʛʦʧʨʝʜʤʝʪʥʦʡ ʠ ʩʤʝʰʘʥʥʦʡ, ʠʟ ʢʦʪʦʨʳʭ ʧʝʨʚʳʝ ʜʚʝ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ 

ʟʥʘʥʠʝʚʦʡ ʧʘʨʘʜʠʛʤʝ, ʘ ʪʨʝʪʴʷ ï ʥʘ ʢʫʣʴʪʫʨʦʩʦʦʙʨʘʟʥʦʡ. çʉʤʝʰʘʥʥʘʷ ʤʦʜʝʣʴè 

ʠʤʝʝʪ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ çʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳè: ʚʩʝ 

ʧʨʝʜʤʝʪʳ ʚʥʦʩʷʪ ʩʚʦʡ ʚʢʣʘʜ, ʥʦ ʢʦʦʨʜʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ï ʫ çʵʢʦʣʦʛʠʠè (ʠʣʠ 

çʨʝʛʠʦʥʘʣʴʥʦʡ ʵʢʦʣʦʛʠʠè). çʉʤʝhʘʥʥʘʷ ʤʦʜʝʣʴè ʚ ʜʘʛʝʩʪʘʥʩʢʠʭ ʰʢʦʣʘʭ 

ʨʝʘʣʠʟʫʝʪʩ ̫ çʧʦ ʛʦʨʠʟʦʥʪʘʣʠè: ʫʯʝʙʥʳʡ ʧʨʝʜʤʝʪ (çʕʢʦʣʦʛʠʷè ʠʣʠ çʕʢʦʣʦʛʠʷ 
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ɼʘʛʝʩʪʘʥʘè, ʘ ʩʯʝʪ ʯʘʩʦʚ ʰʢʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ) + ʵʢʦʣʦʛʠʟʘʮʠʷ 

ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ (ʙʠʦʣʦʛʠʷ, ʭʠʤʠʷ, ʬʠʟʠʢʘ, ʛʝʦʛʨʘʬʠʷ ʠ ʜʨ.) + 

ʚʥʝʢʣʘʩʩʥʘʷ ʨʘʙʦʪʘ ʧʦ ʵʢʦʣʦʛʠʠ. 

ʇʦʥʷʪʠʝ çʵʢʦʣʦʛʠʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘè ʫʯʝʥʳʝ ʪʨʘʢʪʫʶʪ ʥʝʦʜʥʦʟʥʘʯʥʦ (ʚ 

ʩʦʜʝʨʞʘʥʠʝ ʧʦʥʷʪʠʷ ʚʢʣʘʜʳʚʘʝʪʩ ̫ ʨʘʟʣʠʯʥʳʡ ʩʤʳʩʣ), ʦʜʥʘʢʦ ʥʘʠʙʦʣʝʝ 

ʩʦʚʦʢʫʧʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʢʘʢ 

çʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʚʢʣʶʯʘʶʱʘʷ ʩʠʩʪʝʤʫ 

ʩʦʮʠʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʤʦʨʘʣʴʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʥʦʨʤ ʠ ʩʧʦʩʦʙʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʙʱʝʩʪʚʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʦʡ, ʧʨʝʝʤʩʪʚʝʥʥʦ ʬʦʨʤʠʨʫʝʤʘʷ ʚ 

ʦʙʱʝʩʪʚʝʥʥʦʤ ʩʦʟʥʘʥʠʠ ʠ ʧʦʚʝʜʝʥʠʠ ʣʶʜʝʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʞʠʟʥʠ ʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʢʦʣʝʥʠʡ ʥʝʧʨʝʨʳʚʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ 

ʧʨʦʩʚʝʱʝʥʠʝʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʟʜʦʨʦʚʦʤʫ ʦʙʨʘʟʫ ʞʠʟʥʠ, ʜʫʭʦʚʥʦʤʫ ʨʦʩʪʫ 

ʦʙʱʝʩʪʚʘ, ʫʩʪʦʡʯʠʚʦʤʫ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ, ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ ʠ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘè (ʇʨʦʝʢʪ ʌɿ ʈʌ çʆʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʢʫʣʴʪʫʨʝè ˉ 90060840-3) [7]. 

ʌʦʨʤʠʨʫʷ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʢʫʣʴʪʫʨʫ ʰʢʦʣʴʥʠʢʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 

ʚʦʟʨʘʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦʛʦ ʧʝʨʠʦʜʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʰʢʦʣʘ ʦʭʚʘʪʳʚʘʝʪ 

ʚʩʝ ʥʘʩʝʣʝʥʠʝ ʚ ʪʦʤ ʚʦʟʨʘʩʪʝ, ʢʦʛʜʘ ʫʜʘʯʥʦ ʩʦʯʝʪʘʶʪʩʷ ʣʶʙʦʟʥʘʪʝʣʴʥʦʩʪʴ ʩ ʫʞʝ 

ʚʦʟʥʠʢʘʶʱʠʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʢ ʘʥʘʣʠʟʫ ʷʚʣʝʥʠʡ, ʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʙʫʯʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʦʜʳ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʫʩʣʦʚʠʷ ʦʧʠʨʘʷʩʴ 

ʥʘ ʨʝʢʦʤʝʥʜʘʮʠʠ ʚʦʟʨʘʩʪʥʦʡ ʧʝʜʘʛʦʛʠʢʠ ʠ ʧʩʠʭʦʣʦʛʠʠ. 

ɺʦʟʨʘʩʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʰʢʦʣʴʥʠʢʦʚ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʧʦʩʦʙʩʪʚʫʶʪ, ʘ ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʩʣʦʞʥʷʶʪ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʚ 

ʧʨʦʮʝʩʩʝ ʫʯʝʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺ ʩʪʨʫʢʪʫʨʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʰʢʦʣʴʥʠʢʦʚ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʯʝʪʳʨʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʢʦʤʧʦʥʝʥʪʘ (ʢʦʛʥʠʪʠʚʥʳʡ, 

ʵʤʦʮʠʦʥʘʣʴʥʦ-ʵʩʪʝʪʠʯʝʩʢʠʡ, ʮʝʥʥʦʩʪʥʦ-ʩʤʳʩʣʦʚʦʡ ʠ ʜʝʷʪʝʣʴʥʦʩʪʥʳʡ). 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʰʢʦʣʴʥʠʢʦʚ ʷʚʣʷʝʪʩʷ çʩʤʝʰʘʥʥʦʝ 

ʦʙʫʯʝʥʠʝè (ʩ ʘʥʛʣ. ʷʟ. çblended learningè ï ʩʤʝʰʠʚʘʪʴ) ï ʬʦʨʤʘ ʦʙʫʯʝʥʠʷ, 

ʩʦʚʤʝʱʘʶʱʘʷ ʪʨʘʜʠʮʠʦʥʥʦʝ ʦʙʫʯʝʥʠʝ ʚ ʭʦʜʝ ʣʠʯʥʦʛʦ ʦʙʱʝʥʠʷ (ʣʠʮʦʤ ʢ ʣʠʮʫ, 

face-to-face) ʩ ʦʙʫʯʝʥʠʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡè. 

ʉʤʝʰʘʥʥʦʝ ʦʙʫʯʝʥʠʝ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʟʥʘʯʝʥʠʝ ʠ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ  

çéʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʦʧʝʨʘʮʠʡ, ʩʦʚʝʨʰʘʝʤʳʭ 

ʧʝʜʘʛʦʛʦʤ ʠ ʫʯʘʱʠʤʠʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʮʝʣʠ (ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʨʝʜʩʪʚ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʡ) (ɹʦʨʜʦʚʩʢʘʷ ʅ.ɺ., ʂʦʰʢʠʥʘ ɽ.ɸ. ʠ ʜʨ.) [1]. 

ʋʯʠʪʝʣʴ ʵʢʦʣʦʛʠʠ/ʙʠʦʣʦʛʠʠ ʚʳʩʪʨʘʠʚʘʝʪ ʫʯʝʙʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʘʱʠʭʩʷ 

ʪʘʢ, ʯʪʦʙʳ ʦʥʠ ʦʩʚʘʠʚʘʣʠ ʦʧʨʝʜʝʣʝʥʥʫʶ ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠʟʫʯʘʝʤʦʛʦ ʧʘʨʘʛʨʘʬʘ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʩ ʧʦʤʦʱʴʶ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʘ ʫʨʦʢʝ ʞʝ ʫʯʠʪʝʣʴ 

ʨʘʙʦʪʘʝʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤʠ ʫʯʝʥʠʢʘʤʠ, ʯʪʦ ʚʳʩʚʦʙʦʞʜʘʝʪ ʚʨʝʤʷ 

ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʟʥʘʥʠʡ, ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ, 

ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʠ ʪ.ʜ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ, ʩ ʧʦʤʦʱʴʶ 

çʩʤʝʰʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷè ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʥʘ ʣʠʯʥʦʩʪʥʦʤ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʤ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʷʭ: 



225  

- ʥʘ ʣʠʯʥʦʩʪʥʦʤ ʫʨʦʚʥʝ: ʧʦʚʳʰʝʥʠʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʦʛʦ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʫʨʦʚʥʷ ʫʯʝʙʥʦʡ ʤʦʪʠʚʘʮʠʠ, ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ 

ʢʘʯʝʩʪʚʦʤ ʦʙʫʯʝʥʠʷ ʵʢʦʣʦʛʠʠ ʚ ʮʝʣʦʤ; 

- ʥʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʤ ʫʨʦʚʥʝ: ʦʧʪʠʤʠʟʘʮʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʫʨʦʢʘʭ 

ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʳʭ ʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ 

ʫʯʝʪʦʤ ʠʭ ʜʠʜʘʢʪʠʯʝʩʢʦʛʦ ʠ ʚʦʩʧʠʪʘʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ; 

- ʥʘ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤ ʫʨʦʚʥʝ: ʛʦʪʦʚʥʦʩʪʴ ʫʯʠʪʝʣʝʡ ʢ ʦʩʫʱʝʩʪʚʣʝʥʠʶ 

ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʤʝʰʘʥʥʦʤ ʬʦʨʤʘʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [9]. 

ɺʳʚʦʜʳ. ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʰʢʦʣʴʥʠʢʦʚ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʦ 

ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʥʦʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ. ʀʩʧʦʣʴʟʫʷ ʧʦʜʭʦʜ, 

ʧʨʝʜʣʦʞʝʥʥʳʡ ɺʝʨʛʝʣʝʩ ɻ.ʀ. [3] ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʚʝʨʝʥʥʘʷ ʩʠʩʪʝʤʘ 

ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʰʢʦʣʴʥʠʢʦʚ: 

ï  ʩʦʮʠʘʣʴʥʦ-ʟʥʘʯʠʤʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ; 

ï ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʩʦʜʝʨʞʘʪʝʣʴʥʦ-ʜʝʷʪʝʣʴʥʦʩʪʥʦʡ ʩʪʦʨʦʥʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ; 

ï  ʘʢʪʠʚʠʟʘʮʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ;  

ï ʧʦʚʳhʝʥʠʝ ʫʨʦʚʥ ̫ ʵʢʦʣʦʛʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʫʯʠʪʝʣʝʡ 

ʙʠʦʣʦʛʠʠ (ʢʦʣʦʛʠʠ) ʠ ʜʨʫʛʠʭ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥ;  

ï ʧʝʜʘʛʦʛʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ (ʚ ʯʘʩʪʥʦʩʪʠ ï çʩʤʝʰʘʥʥʦʝ ʦʙʫʯʝʥʠʝè), 

ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʠʜʫ ʠ ʩʦʜʝʨʞʘʥʠʶ ʫʯʝʙʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʰʢʦʣʴʥʠʢʦʚ. 
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ʌʆʈʄʀʈʆɺɸʅʀɽ ʕʂʆʃʆɻʀʏɽʉʂʆʁ ʂʋʃʔʊʋʈʓ ʐʂʆʃʔʅʀʂʆɺ 

ʏɽʈɽɿ ʆɹʈɸɿʆɺɸʊɽʃʔʅʓɽ ʇʈʆɻʈɸʄʄʓ ʀʅʊɽʈɸʂʊʀɺʅʓʍ 

ʋʈʆʂʆɺ ʅɸ ʇʈʀʄɽʈɽ ʋɼʄʋʈʊʉʂʆɻʆ ɹʆʊɸʅʀʏɽʉʂʆɻʆ ʉɸɼɸ 

 
ʆʩʠʧʦʚʘ ɻ. ɺ. ɼʨʫʞʘʢʠʥʘ ʆ. ʇ. 

ʌɻɹʆʋ ɺʇʆ çʋʜʤʫʨʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʀʞʝʚʩʢ, ʈʦʩʩʠʷ 

 

ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʧʦʚʝʩʪʢʘ ʩʝʛʦʜʥʷ ʯʝʪʢʦ ʦʧʨʝʜʝʣʷʝʪ ʧʨʠʦʨʠʪʝʪʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ 

ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʥʘʩʝʣʝʥʠʷ. ʅʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʘ ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʰʢʦʣʴʥʠʢʠ. 

ʅʦʚʦʝ ʚʨʝʤʷ ʜʠʢʪʫʝʪ ʥʦʚʳʝ ʬʦʨʤʘʪʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʰʢʦʣʴʥʠʢʦʚ, ʪʘʢʦʡ ʢʘʢ ʥʘʧʨʠʤʝʨ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝ ʠ ʧʨʦʩʚʝʱʝʥʠʝ ʥʘ 

ʤʘʨʰʨʫʪʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʨʦʧʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ 

ʪʝʨʨʠʪʦʨʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʥʝʠʩʩʷʢʘʝʤʳʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʪʨʦʧʘ ï ʵʪʦ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʡ ʠ ʦʩʦʙʦ 

ʦʭʨʘʥʷʝʤʳʡ ʧʨʦʛʫʣʦʯʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʳʡ ʤʘʨʰʨʫʪ, ʩʦʟʜʘʥʥʳʡ ʩ ʮʝʣʴʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʩʚʝʱʝʥʠʷ ʥʘʩʝʣʝʥʠʷ. [1] ɿʥʘʥʠʷ, ʢʦʪʦʨʳʝ ʰʢʦʣʴʥʠʢʠ ʩʤʦʛʫʪ 

ʧʦʣʫʯʠʪʴ ʥʘ ʪʨʦʧʝ, ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʤʘʪʝʨʠʘʣʦʤ 

ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. 

ʇʝʨʝʜ ɹʋ ʋʈ çɼʠʨʝʢʮʠʠ ʆʆʇʊ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʋʜʤʫʨʪʩʢʦʡ 

ʈʝʩʧʫʙʣʠʢʠè ʊʆ ʋʜʤʫʨʪʩʢʠʤ ʙʦʪʘʥʠʯʝʩʢʠʤ ʩʘʜʦʤ ʧʦʩʪʘʚʣʝʥʘ ʦʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ 

ʟʘʜʘʯ ï ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʩʚʝʱʝʥʠʝ ï ʚʦʩʧʠʪʘʥʠʝ ʙʝʨʝʞʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ 

ʧʨʠʨʦʜʝ, ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʢʫʨʩʠʡ, ʩʦʟʜʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʦʧ, ʟʥʘʢʦʤʷʱʠʝ 

ʧʦʩʝʪʠʪʝʣʝʡ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʧʨʠʨʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʘʜʘ. 

ɻʨʘʤʦʪʥʦ ʩʧʣʘʥʠʨʦʚʘʥʥʦʝ ʦʙʫʩʪʨʦʡʩʪʚʦ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʦʧ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʥʠʡ ʦ 

ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʠʨʦʚʦʟʟʨʝʥʠʷ, ʥʘʮʝʣʝʥʥʦʛʦ ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʠ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ ʙʦʛʘʪʩʪʚ. 

ʋʜʤʫʨʪʩʢʠʡ ʙʦʪʘʥʠʯʝʩʢʠʡ ʩʘʜ ʷʚʣʷʝʪʩʷ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʦʡ ʧʨʠʨʦʜʥʦʡ 

ʪʝʨʨʠʪʦʨʠʝʡ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 686,93 ʛʘ, ʠʟ ʢʦʪʦʨʳʭ 327,4 ʛʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʣʝʩʥʳʝ ʫʛʦʜʴʷ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʬʦʥʜʘʤʠ, ʥʘʩʯʠʪʳʚʘʶʱʠʤʠ 562 

ʜʠʢʦʨʘʩʪʫʱʠʭ ʪʘʢʩʦʥʘ ʩʦʩʫʜʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʚʠʜʦʚʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 

ʪʨʝʪʴ ʚʩʝʡ ʬʣʦʨʳ ʋʜʤʫʨʪʠʠ. ʆʥ ʥʘʭʦʜʠʪʩʷ ʚ 30 ʢʤ ʦʪ ʛʦʨʦʜʘ ʠ ʫʜʘʣʝʥ ʦʪ 

ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ. ɺ ʟʘʧʦʚʝʜʥʳʭ ʣʝʩʘʭ ɹʦʪʘʥʠʯʝʩʢʦʛʦ ʩʘʜʘ ʚʩʪʨʝʯʘʶʪʩʷ 

ʫʥʠʢʘʣʴʥʳʝ ʜʝʨʝʚʴʷ-ʜʦʣʛʦʞʠʪʝʣʠ: ʝʣʠ, ʩʦʩʥʳ, ʦʩʠʥʘ, ʚʷʟʳ, ʣʠʧʳ, ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʥʠʭ ʧʦʨʘʞʘʶʪ ʩʚʦʠʤʠ ʚʧʝʯʘʪʣʷʶʱʠʤʠ ʨʘʟʤʝʨʘʤʠ. ɹʦʣʴʰʘʷ ʪʝʨʨʠʪʦʨʠʷ 

ʧʦʤʦʛʘʝʪ ʩʦʭʨʘʥʠʪʴ ʧʦʧʫʣʷʮʠʠ ʜʠʢʦʨʘʩʪʫʱʠʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ, ʤʥʦʛʠʝ ʠʟ 

ʢʦʪʦʨʳʭ ʩʯʠʪʘʶʪʩʷ ʨʝʜʢʠʤʠ, ʨʝʣʠʢʪʦʚʳʝ, ʵʥʜʝʤʠʢʠ ʠ ʩʫʙʵʥʜʝʤʠʢʠ ʋʨʘʣʘ, ʘ ʜʚʘ 

ʚʠʜʘ ʟʘʥʝʩʝʥʳ ʚ ʩʦʩʪʘʚ çʂʨʘʩʥʦʡ ʢʥʠʛʠ ʋʜʤʫʨʪʩʢʦʡ ʈʝʩʧʫʙʣʠʢʠè ʠ 9 ʚʠʜʦʤ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ çʂʨʘʩʥʦʡ ʢʥʠʛʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè [2]. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʕʢʦʣʦʛʠʯʝʩʢʦʝ ʙʣʘʛʦʧʦʣʫʯʠʝè ʠ ʧʨʦʝʢʪʘ çʉʦʭʨʘʥʝʥʠʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʠ ʨʘʟʚʠʪʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʪʫʨʠʟʤʘè (2025ï2030 

ʛʛ.). ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʪʫʨʠʟʤʘ ʜʦ 2035 ʛʦʜʘ ʥʘʟʳʚʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʪʫʨʠʟʤ 

ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ɸʢʪʫʘʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʭr 

ʬʦʨʤʘʪʦʚ ʦʙʫʯʝʥʠʷ ʰʢʦʣʴʥʠʢʦʚ ʥʘ ʧʨʠʨʦʜʝ ʠ ʨʦʩʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʟʥʘʥʠʷ. 

ʇʦʩʣʝ ʧʘʥʜʝʤʠʠ ʚʥʫʪʨʝʥʥʠʡ ʪʫʨʠʟʤ ʩʪʘʣ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʟʘʨʫʙʝʞʥʳʤ ʧʦʝʟʜʢʘʤ, 

ʘ ʚʥʠʤʘʥʠʝ ʢ ʟʜʦʨʦʚʦʤʫ ʦʙʨʘʟʫ ʞʠʟʥʠ ʠ ʵʢʦʣʦʛʠʠ ï ʥʦʚʳʤ ʩʪʘʥʜʘʨʪʦʤ ʦʪʜʳʭʘ. 

(ʎʠʬʨʦʚʘʷ ʛʠʛʠʝʥʘ, ʫʩʪʘʣʦʩʪʴ ʦʪ ʛʦʨʦʜʩʢʦʛʦ ʪʝʤʧʘ ʞʠʟʥʠ ʠ ʩʫʝʪʳ, ʩʥʠʞʝʥʠʝ 

ʩʪʨʝʩʩʘ ʦʪ ʪʝʤʧʘ ʞʠʟʥʠ). 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʦʩʪʦʤ ʩʧʨʦʩʘ ʥʘ ʩʝʤʝʡʥʳʝ ʬʦʨʤʘʪʳ 

ʦʪʜʳʭʘ ʠ ʪʫʨʠʟʤʘ. ʈʦʜʠʪʝʣʠ ʭʦʪʷʪ ʜʘʪʴ ʜʝʪʷʤ ʦʧʳʪ ʞʠʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʧʨʠʨʦʜʦʡ ʠ ʩʬʦʨʤʠʨʦʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʤʳʰʣʝʥʠʝ. ʕʢʦʪʨʦʧʳ ʦʙʦʨʫʜʦʚʘʥʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʪʝʥʜʘʤʠ, ʠʛʨʦʚʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʟʦʥʘʤʠ ʦʪʜʳʭʘ, ʯʪʦ 

ʜʝʣʘʝʪ ʠʭ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʩʝʤʝʡ ʩ ʜʝʪʴʤʠ. 

ʎʝʣʴ ʧʨʦʝʢʪʘ: ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʢɻʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʩʚʝʱʝʥʠ ̫ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʤʘʨʰʨʫʪʘ ʧʦ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʤ ʧʨʠʨʦʜʥʳʤ ʪʝʨʨʠʪʦʨʠʷʤ 

ʋʜʤʫʨʪʩʢʦʛʦ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʩʘʜʘ. 

ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʤʘʨʰʨʫʪʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʦʧʳ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʋʜʤʫʨʪʩʢʦʛʦ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʩʘʜʘ.  

2. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʵʢʦʪʨʦʧʳ.  

3. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʢʝʡʩʘ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʫʨʦʢʦʚ ʥʘ ʆʆʇʊ 

ʋʜʤʫʨʪʩʢʦʛʦ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʩʘʜʘ, ʧʨʦʭʦʜʷ ʤʘʨʰʨʫʪ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʨʦʧʳ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʢʨʝʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʵʢʦʪʨʦʧʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʋʜʤʫʨʪʩʢʦʛʦ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʩʘʜʘ. 

ʕʢʦʪʫʨʠʟʤ ʨʘʩʪʸʪ ʙʳʩʪʨʝʝ ʦʙʳʯʥʦʛʦ ʪʫʨʠʟʤʘ ð ʜʦ 2030 ʛʦʜʘ ʝʛʦ ʪʝʤʧʳ 

ʙʫʜʫʪ ʜʦʩʪʠʛʘʪʴ 15% ʚ ʛʦʜ (ʧʠʰʝʪ Forbes) [3].  ɺ ʈʦʩʩʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʯʝʪʳʨʝ 

ʛʦʜʘ ʯʠʩʣʦ ʵʢʦʪʫʨʠʩʪʦʚ ʚʳʨʦʩʣʦ ʧʦʯʪʠ ʚʜʚʦʝ. ɺ 2025 ʛʦʜʫ ʯʠʩʣʝʥʥʦʩʪʴ ʣʶʜʝʡ, 

ʧʦʩʝʪʠʚʰʠʭ ʟʘʧʦʚʝʜʥʠʢʠ ʠ ʆʆʇʊ ʧʨʝʚʳʩʠʣʦ 22 ʤʣʥ, ʯʪʦ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʛʨʘʬʠʢʝ ʨʠʩʫʥʢʘ 1. 

 

ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʠʢʘ ʧʦʩʝʱʝʥʠʷ ʟʘʧʦʚʝʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʈʦʩʩʠʠ 
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ɺ ʋʜʤʫʨʪʠʠ ʩʠʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠʨʦʜʥʳʡ ʠ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʳʡ 

ʪʫʨʠʟʤ. ɺ 2025 ʛʦʜʫ ʪʫʨʠʩʪʠʯʝʩʢʠʡ ʧʦʪʦʢ ʜʦʩʪʠʛ 1,9 ʤʣʥ ʯʝʣʦʚʝʢ, ʯʪʦ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʛʨʘʬʠʢʝ ʨʠʩʫʥʢʘ 2 [4]. 

 
ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʠʢʘ ʧʦʩʝʱʝʥʠʷ ʪʫʨʠʩʪʦʚ ʚ ʋʜʤʫʨʪʠʠ 

 

ʇʨʠʨʦʜʥʳʡ ʠ ʠʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʋʜʤʫʨʪʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʨʘʟʚʠʪʠʶ ʤʥʦʛʠʭ ʚʠʜʦʚ ʪʫʨʠʟʤʘ: 

1. ʢʫʣʴʪʫʨʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʳʡ 

2. ʦʭʦʪʥʠʯʴʝ-ʧʨʦʤʳʩʣʦʚʳʡ 

3. ʘʢʪʠʚʥʳʡ (ʩʧʦʨʪʠʚʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʡ) 

4. ʣʝʯʝʙʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʡ 

5. ʵʢʦʣʦʛʠʯʝʩʢʠʡ 

6. ʜʝʣʦʚʦʡ 

7. ʩʝʣʴʩʢʠʡ 

8. ʩʦʙʳʪʠʡʥʳʡ 

ʉʦʟʜʘʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʜʤʫʨʪʩʢʦʛʦ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʩʘʜʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʪʨʦʧʳ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 6 ʢʤ ʧʦʟʚʦʣʠʪ ʨʘʩʰʠʨʠʪʴ ʟʥʘʥʠʷ ʰʢʦʣʴʥʠʢʦʚ ʦʙ 

ʦʙʲʝʢʪʘʭ ʠ ʧʨʦʮʝʩʩʘʭ ʦʢʨʫʞʘʶʱʝʡ ʥʘʩ ʧʨʠʨʦʜʳ. ʇʦ ʤʠʤʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʞʠʚʦʡ 

ʠ ʥʝ ʞʠʚʦʡ ʧʨʠʨʦʜʝ, ʥʝʦʙʭʦʜʠʤʦ ʰʢʦʣʴʥʠʢʦʚ ʥʘʫʯʠʪʴ ʥʘʙʣʶʜʘʪʴ ʠ ʟʘʤʝʯʘʪʴ 

ʷʚʣʝʥʠʷ ʧʨʠʨʦʜʳ, ʚʠʜʝʪʴ ʧʨʝʢʨʘʩʥʦʝ ʠ ʫʜʠʚʠʪʝʣʴʥʦʝ ʚ ʩʘʤʳʭ ʦʙʳʯʥʳʭ ʞʠʚʳʭ 

ʦʙʲʝʢʪʘʭ. ʇʦʟʥʘʚʘʪʝʣʴʥʳʝ ʧʨʦʛʫʣʢʠ ʧʦ ʵʢʦʪʨʦʧʝ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʚʦʩʧʠʪʘʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʥʘʩʝʣʝʥʠʷ, ʨʘʟʦʚʴʸʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʩʦʟʥʘʪʝʣʴʥʦʩʪʴ, ʟʘʢʨʝʧʠʪ ʧʨʘʚʠʣʘ ʧʦʚʝʜʝʥʠʷ ʥʘ ʧʨʠʨʦʜʝ. 

ʉʦʪʨʫʜʥʠʢʠ ɺʩʝʤʠʨʥʦʡ ʆʨʛʘʥʠʟʘʮʠʠ ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʩʯʠʪʘʣʠ, ʯʪʦ 6 ʢʤ ʠʣʠ 10 000 ʰʘʛʦʚ ʝʞʝʜʥʝʚʥʦʡ ʧʝʰʝʡ 

ʧʨʦʛʫʣʢʠ ʧʦʤʦʛʫʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʨʘʟʚʠʪʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ ʠʭ ʯʠʩʣʝ 

ʥʝ ʪʦʣʴʢʦ ʦʩʪʝʦʧʦʨʦʟ, ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ, ʛʠʧʝʨʪʦʥʠʷ, ʥʦ ʠ ʢʘʨʜʠʦʤʠʦʧʘʪʠʷ ʠ 

ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʨʘʢʘ. ʆʜʥʘʢʦ, ʜʣʷ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ 

ʨʘʟʣʠʯʥʳ. ʅʘʧʨʠʤʝʨ, ʜʝʪʠ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 5 ʜʦ 10 ʣʝʪ ʤʦʛʫʪ ʙʝʟ ʪʨʫʜʘ ʧʨʦʭʦʜʠʪʴ ʜʦ 
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11 000-15 000 ʰʘʛʦʚ, ʧʦʜʨʦʩʪʢʠ ï12 000 ï 20 000, ʚʟʨʦʩʣʳʝ ï ʦʪ 5 000 ʜʦ 10 000, 

ʧʦʞʠʣʳʝ ï ʦʪ 3 000 ʜʦ 5 000 [5]. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʪʨʦʧʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴ 6 ʢʤ ʙʫʜʝʪ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʛʫʣʦʯʥʦʡ 

ʢʘʪʝʛʦʨʠʠ, ʪʘʢ ʢʘʢ ʝʸ ʤʦʞʥʦ ʧʨʦʡʪʠ ʟʘ 1 ʜʝʥʴ. ʇʫʪʝʰʝʩʪʚʫʶ ʧʦ ʤʘʨʰʨʫʪʫ 

ʧʦʤʦʞʝʪ ʦʪʢʣʶʯʠʪʴʩʷ ʦʪ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʠ ʥʘʩʣʘʜʠʪʩʷ ʞʠʚʦʡ ʧʨʠʨʦʜʦʡ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʦʪʦʨʚʘʚ ʠʭ ʦʪ ʵʢʨʘʥʦʚ 

ʪʝʣʝʚʠʟʦʨʦʚ/ʢʦʤʧʴʶʪʝʨʦʚ/ʪʝʣʝʬʦʥʦʚ, ʧʝʨʝʟʘʛʨʫʟʠʪʴʩʷ ʟʘ ʩʯʸʪ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʬʠʟʠʯʝʩʢʦʝ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʠ ʢʦʛʥʠʪʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʉ 

ʧʩʠʭʠʯʝʩʢʠʤʠ ʨʘʩʩʪʨʦʡʩʪʚʘʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʤʠʣʣʠʦʥʳ ʣʶʜʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʰʢʦʣʴʥʦʤ ʚʦʟʨʘʩʪʝ. ʇʘʥʜʝʤʠʷ ʢʦʨʦʥʘʚʠʨʫʩʘ ʣʠʰʴ ʦʙʦʩʪʨʠʣʘ ʧʨʦʙʣʝʤʫ ï ʪʦʣʴʢʦ 

ʚ ʈʦʩʩʠʠ ʜʝʧʨʝʩʩʠʚʥʳʝ ʩʠʤʧʪʦʤʳ, ʬʦʙʠʠ ʠ ʜʨʫʛʠʝ ʧʨʦʙʣʝʤʳ ʥʘʙʣʶʜʘʣʠʩʴ ʫ 80 

% ʰʢʦʣʴʥʠʢʦʚ [6]. 

ʂʦʤʘʥʜʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʩʢʦʛʦ ʠ ʀʤʧʝʨʩʢʦʛʦ ʢʦʣʣʝʜʞʝʡ 

ʃʦʥʜʦʥʘ ʨʝʰʠʣʘ ʚʳʷʩʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʧʨʦʛʫʣʢʠ ʚ ʣʝʩʫ ʙʣʘʛʦʪʚʦʨʥʳ ʜʣʷ ʜʝʪʩʢʦʡ 

ʧʩʠʭʠʢʠ. ʋʯʝʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʘʥʥʳʝ ʦ 3568 ʜʝʪʷʭ ʦʪ 9 ʜʦ 15 ʣʝʪ ʠʟ 31 ʰʢʦʣʳ 

ʃʦʥʜʦʥʘ, ʯʴʝ ʧʩʠʭʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʮʝʥʠʚʘʣʦʩʴ ʚ 2014-2018 ʛʦʜʘʭ. ʕʪʦʪ 

ʚʦʟʨʘʩʪ ï ʢʣʶʯʝʚʦʡ ʚ ʨʘʟʚʠʪʠʠ ʤʳʰʣʝʥʠʷ, ʨʘʩʩʫʞʜʝʥʠʡ ʠ ʤʠʨʦʧʦʥʠʤʘʥʠʷ 

ʰʢʦʣʴʥʠʢʦʚ, ʯʪʦ ʧʦʢʘʟʘʣʦ ʨʝʟʫʣʴʪʘʪʳ ʚ ʩʨʝʜʥʝʤ ʥʘ 16 % ʚʳʰʝ ʧʦʢʘʟʘʪʝʣʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʴ [7]. 

ɺ ʥʘʯʘʣʝ ʤʘʷ 2026 ʛʦʜʘ ʚ ʆʙʱʝʩʪʚʝʥʥʦʡ ʧʘʣʘʪʝ ʧʨʝʜʣʦʞʠʣʠ ʯʘʱʝ 

ʧʨʦʚʦʜʠʪʴ ʟʘʥʷʪʠʷ ʜʣʷ ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʢʦʚ ʥʘ ʩʚʝʞʝʤ ʚʦʟʜʫʭʝ, ʧʦʜʦʙʥʳʝ 

ʟʘʥʷʪʠʷ ʧʦʤʦʛʫʪ ʜʝʪʷʤ ʣʫʯʰʝ ʧʦʥʷʪʴ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ, ʘ ʪʘʢʞʝ ʧʨʦʙʫʜʷʪ 

ʠʥʪʝʨʝʩ ʢ ʝʩʪʝʩʪʚʝʥʥʳʤ ʥʘʫʢʘʤ ʠ ʠʩʪʦʨʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʨʘʟʦʚʴʶʪ 

ʣʶʙʦʟʥʘʪʝʣʴʥʦʩʪʴ ʠ ʥʘʫʯʘʪ ʙʝʨʝʞʥʝʝ ʦʪʥʦʩʠʪʴʩʷ ʢ ʧʨʠʨʦʜʝ. ʆʩʦʙʝʥʥʦ ʜʣʷ 

ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʳ ʟʘʥʷʪʠʷ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ ʩʧʦʩʦʙʥʳ ʫʣʫʯʰʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʠ ʫʤʝʥʴʰʘʪʴ ʦʪʚʣʝʢʘʝʤʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʚ ʟʝʣʝʥʦʡ ʟʦʥʝ, ʛʜʝ ʥʠʞʝ ʢʦʛʥʠʪʠʚʥʘʷ 

ʥʘʛʨʫʟʢʘ. ɼʣʷ ʧʝʨʚʦʢʣʘʩʩʥʠʢʦʚ ʪʘʢʦʡ ʬʦʨʤʘʪ ʤʦʞʝʪ ʪʘʢʞʝ ʦʙʣʝʛʯʠʪʴ 

ʧʨʠʚʳʢʘʥʠʝ ʢ ʰʢʦʣʝ ʠ ʩʥʠʟʠʪʴ ʩʪʨʝʩʩ [8]. 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʪʨʦʧʘ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʇʦʟʥʘʚʘʪʝʣʴʥʘʷ ʠ ʦʙʫʯʘʶʱʘʷ ʟʘʜʘʯʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʨʦʧʳ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʛʨʫʞʝʥʠʝ ʚ ʤʠʨ ʞʠʚʦʡ ʠ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ, ʟʥʘʢʦʤʩʪʚʦ ʩ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʠ ʫʩʣʦʚʠʷʤʠ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ 

ʚʣʠʷʥʠʷ ʯʝʣʦʚʝʢʘ ʥʘ ʵʢʦʩʠʩʪʝʤʳ. 

2. ʈʘʟʚʠʚʘʶʱʘʷ ʟʘʜʘʯʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʨʦʧʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʩʦʜʝʡʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʫ ʰʢʦʣʴʥʠʢʦʚ ʥʘʙʣʶʜʘʪʝʣʴʥʦʩʪʠ, ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʤʳʰʣʝʥʠʷ, ʚʦʩʧʨʠʷʪʠʷ ʛʘʨʤʦʥʠʠ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ, ʨʘʩʢʨʳʪʠʶ ʪʚʦʨʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ. 

3. ɺʦʩʧʠʪʘʪʝʣʴʥʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʠʨʦʚʦʟʟʨʝʥʠʷ, 

ʨʘʟʚʠʪʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ. ʐʢʦʣʴʥʠʢʠ, ʟʥʘʢʦʤʷʩʴ ʩ ʧʨʠʨʦʜʦʡ ʨʦʜʥʦʛʦ 

ʢʨʘʷ, ʚʠʜʷʪ ʝʝ ʢʨʘʩʦʪʫ ʠ ʫʷʟʚʠʤʦʩʪʴ, ʦʩʦʟʥʘʶʪ, ʯʪʦ ʢʘʞʜʳʡ ʝʝ ʵʣʝʤʝʥʪ ʷʚʣʷʝʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʵʢʦʩʠʩʪʝʤʳ. 

4. ʆʟʜʦʨʦʚʠʪʝʣʴʥʘʷ ʟʘʜʘʯʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʨʦʧʳ ʨʝʘʣʠʟʫʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 

ʥʘʭʦʞʜʝʥʠʶ ʥʘ ʩʚʝʞʝʤ ʚʦʟʜʫʭʝ, ʚ ʦʢʨʫʞʝʥʠʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʥʦʤʫ ʦʪʜʳʭʫ ʥʘ ʧʨʠʨʦʜʝ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʛʨʫʟʢʝ [9]. 

http://www.gazeta.ru/social/2020/09/14/13250570.shtml
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ʕʪʘʧʳ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ: 

1. ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ (ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʨʦʧʳ, ʧʦʩʪʘʥʦʚʢʘ ʦʙʱʝʩʪʚʝʥʥʦ-ʟʥʘʯʠʤʦʡ ʮʝʣʠ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʟʘʜʘʯ ʠ ʦʙʲʝʤʘ ʨʘʙʦʪ, ʧʦʨʷʜʢʘ ʜʝʡʩʪʚʠʡ). 

2. ʇʨʦʝʢʪʠʨʦʚʦʯʥʳʡ (ʠʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʨʦʧʳ, ʩʦʩʪʘʚʣʝʥʠʝ ʦʙʱʝʛʦ ʧʣʘʥʘ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʪʨʦʧʳ). 

3. ʇʦʠʩʢʦʚʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ (ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʩʪʥʦʩʪʠ, ʚʳʙʦʨ 

ʤʘʨʰʨʫʪʘ ʪʨʦʧʳ, ʚʳʷʚʣʝʥʠʝ ʵʢʩʢʫʨʩʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʦʩʪʘʥʦʚʦʢ, ʠʟʫʯʝʥʠʝ 

ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ). 

4. ʇʨʘʢʪʠʯʝʩʢʠʡ (ʧʨʦʢʣʘʜʢʘ ʤʘʨʰʨʫʪʘ, ʩʦʩʪʘʚʣʝʥʠʝ ʢʘʨʪʦʩʭʝʤʳ, 

ʧʘʩʧʦʨʪʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʨʦʧʳ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʤʝʨʦʧʨʠʷʪʠʡ ʫʯʝʙʥʦʡ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʨʦʧʳ, ʩʦʟʜʘʥʠʝ ʧʣʘʥʘ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ, 

ʪʝʤʘʪʠʢʠ ʠ ʪʝʢʩʪʦʚ ʵʢʩʢʫʨʩʠʡ ʠ ʪʝʤʘʪʠʯʝʩʢʠʭ ʫʨʦʢʦʚ ʧʦ ʦʢʨʫʞʘʶʱʝʤʫ 

ʤʠʨʫ/ʟʦʦʣʦʛʠʠ/ʙʠʦʣʦʛʠʠ, ʧʨʘʚʠʣ ʧʦʚʝʜʝʥʠʷ, ʧʦʜʛʦʪʦʚʢʘ ʵʢʩʢʫʨʩʦʚʦʜʦʚ). 

5. ʆʬʦʨʤʣʝʥʠʝ (ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʫʪʝʚʦʜʠʪʝʣʝʡ, 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʦʬʦʨʤʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʥʰʣʘʛʦʚ, ʪʘʙʣʠʯʝʢ, ʫʢʘʟʘʪʝʣʝʡ). 

6. ɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʨʦʧʳ (ʦʙʫʩʪʨʦʡʩʪʚʦ ʠ ʫʢʨʝʧʣʝʥʠʝ 

ʪʨʦʧ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʘʥʰʣʘʛʦʚ, ʫʢʘʟʘʪʝʣʝʡ, ʪʘʙʣʠʯʝʢ, ʤʝʩʪ 

ʦʪʜʳʭʘ, ʧʣʦʱʘʜʦʢ ʜʣʷ ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ). 

7. ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ. ʅʘʯʘʣʦ ʨʘʙʦʪʳ ʪʨʦʧʳ (ʦʪʢʨʳʪʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʪʨʦʧʳ, ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʢʫʨʩʠʠ). 

8. ʇʝʨʩʧʝʢʪʠʚʥʳʡ (ʨʘʩʰʠʨʝʥʠʝ ʪʨʦʧʳ, ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ). 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʪʨʦʧʘ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʧʦ ʚʠʜʦʚʳʤ ʪʦʯʢʘʤ ʠ ʦʙʲʝʢʪʘʤ 

ʋʜʤʫʨʪʩʢʦʛʦ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʩʘʜʘ (ʨʠʩʫʥʦʢ 3). ʂ ʚʠʜʦʚʳʤ ʪʦʯʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

1. ʈʘʩʪʝʥʠʷ. 

2. ʋʯʘʩʪʢʠ, ʛʜʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʞʠʚʦʪʥʳʭ ʠ ʩʣʝʜʳ ʠʭ ʧʨʝʙʳʚʘʥʠʷ. 

3. ʋʯʘʩʪʢʠ ʩ ʠʥʪʝʨʝʩʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʥʝʞʠʚʦʡ ʧʨʠʨʦʜʳ. 

4. ʋʯʘʩʪʢʠ ʜʣʷ ʦʪʜʳʭʘ. 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʦʝʢʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ SWOT-ʘʥʘʣʠʟ 

ï ʵʪʦ ʤʝʪʦʜ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʩ ʫʯʸʪʦʤ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. ʊʘʢ ʞʝ ʤʳ 

ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʠʪʴ ʨʠʩʢʠ ʧʨʦʝʢʪʘ. 

ʈʠʩʢʠ: 

1. ʈʠʩʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʦʙʲʝʢʪʦʚ, ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ 

2. ʇʦʣʠʪʠʯʝʩʢʘʷ/ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ 

3. ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ 

4. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʨʠʩʢ (ʩʚʷʟʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ) 

5. ʈʠʩʢ ʥʝʭʚʘʪʢʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ 

6. ʈʠʩʢ ʥʝʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ ʧʦʢʫʧʘʪʝʣʝʡ 

7. ʈʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ 

8. ʋʜʘʣʝʥʥʦʩʪʴ ʦʪ ʛʦʨʦʜʘ 
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ʈʠʩʫʥʦʢ 3 ï ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʵʢʦʪʨʦʧʘ ʥʘ 6 ʢʤ 

 

 
ʊʘʙʣʠʮʘ 1 ï SWON ʘʥʘʣʠʟ 

ʉʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʉʣʘʙʳʝ ʩʪʦʨʦʥʳ 

1. ʇʨʠʨʦʜʥʦ ï ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

ʪʝʨʨʠʪʦʨʠʠ, ʙʦʣʴʰʘʷ ʪʝʨʨʠʪʦʨʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤ ʨʝʣʴʝʬʦʤ. 

2. ʂʦʣʣʝʢʮʠʠ 120 ʚʠʜʦʚ ʨʝʜʢʠʭ ʨʘʩʪʝʥʠʡ. 

3. ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʢʫʨʩʠʡ ʠ ʄʂ ʚ 

ʞʠʚʦʧʠʩʥʦʤ ʤʝʩʪʝ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ 

ʩʧʝʮʠʘʣʠʩʪʦʚ.  

4. ʆʟʜʦʨʦʚʠʪʝʣʴʥʳʝ ʧʨʦʛʫʣʢʠ ʚ 

ʧʦʟʥʘʚʘʪʝʣʴʥʦʤ ʬʦʨʤʘʪʝ, ʵʢʩʢʫʨʩʠʠ ʚ 

ʠʥʪʝʨʝʩʥʦʡ ʜʠʥʘʤʠʯʥʦʡ ʬʦʨʤʝ ʜʣʷ ʜʝʪʝʡ.  

1. ʆʪʩʫʪʩʪʚʠʝ ʚ ʰʪʘʪʝ ʛʠʜʘ-ʵʢʩʢʫʨʩʦʚʦʜʘ. 
2. ʋʜʘʣʝʥʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʦʪ ʛʦʨʦʜʘ ʠ ʥʠʟʢʘʷ 

ʪʨʘʥʩʧʦʨʪʥʘʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʤʘʨʰʨʫʪʘ.  

3.ʅʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʆʆʇʊ. 
4. ɹʦʣʴʰʠʝ ʚʣʦʞʝʥʠʷ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ.  

5. ʅʠʟʢʘʷ ʦʧʣʘʪʘ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ ʙʶʜʞʝʪʥʦʡ 

ʩʬʝʨʳ ɼʠʨʝʢʮʠʠ ʆʆʇʊ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʋʛʨʦʟʳ 


