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ɸʅʆʊɸʎɯʗ 

ʉʝʚʨʶʢʦʚ ʆ. ɺ. ʇʦʰʫʢ ʥʦʚʠʭ ʘʥʪʠʛʽʧʦʢʩʘʥʪʽʚ ʩʝʨʝʜ ʧʦʭʽʜʥʠʭ 5,7ïʜʠʛʽʜʨʦ 

ï 1ʅïʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʪʘ ʠʚʯʝʥʥʷ ʾʭ ʬʘʨʤʘʢʦʜʠʥʘʤʽʢʠ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ 

ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ 

ʥʘʫʢ (ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ) ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 14.03.05 çʌʘʨʤʘʢʦʣʦʛʽʷè (22 ï ʦʭʦ-

ʨʦʥʘ ʟʜʦʨʦʚôʷ). ï ʅʘʮʽʦʥʘʣʴʥʠʡ ʬʘʨʤʘʮʝʚʪʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʄʆɿ ʋʢʨʘʾʥʠ, 

ʍʘʨʢʽʚ, 2017. 

 

ʋ ʜʠʩʝʨʪʘʮʽʾ ʉʝʚʨʶʢʦʚʘ ʆ. ɺ. ʥʘʚʝʜʝʥʦ ʪʝʦʨʝʪʠʯʥʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʥʦʚʝ 

ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʦʛʦ ʥʘʫʢʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʬʘʨʤʘʢʦʣʦʛʽʾ, ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʧʽʜ-

ʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʘʨʤʘʢʦʢʦʨʝʢʮʽʾ ʛʽʧʦʢʩʠʯʥʠʭ ʩʪʘʥʽʚ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷ ʩʧʦʣʫʢʠ 1-ʬʝʥʝʪʠʣ-5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-2,4,6-ʪʨʽʦʥ) 

(ʜʝʟʘʧʫʨʫ) ʷʢ ʘʥʪʠʛʽʧʦʢʩʘʥʪʘ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʤʠ ʪʘ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʠʤʠ ʚʣʘʩ-

ʪʠʚʦʩʪʤ̫ʠ ʽ ʩʧʨʠʷʪʣʠʚʠʤ ʧʨʦʬʽʣʝʤ ʙʝʟʧʝʢʠ. 

ɺʧʝʨʰʝ ʫ ʨʦʙʦʪʽ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 15 ʥʦʚʠʭ ʩʧʦʣʫʢ  ʧʦʭʽʜʥʠʭ 5,7-

ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ, ʷʢʽ ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʥʘ ʢʘʬʝʜʨʽ ʦʨʛʘʥʽʯʥʦʾ 

ʭʽʤʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʬʘʨʤʘʮʝʚʪʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʜʦʮʝʥʪʦʤ ʂ. ʄ. ʉʠʪʥʠʢ ʧʽʜ 

ʢʝʨʽʚʥʠʮʪʚʦʤ ʘʢʘʜʝʤʽʢʘ, ʧʨʦʬʝʩʦʨʘ ɺ. ʇ. ʏʝʨʥʠʭ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʛʥʦʟʫ 

ʩʧʝʢʪʨʫ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʩʪʨʫʢʪʫʨʥʦʶ ʬʦʨʤʫʣʦʶ ʟʘ 

ʢʦʤʧôʶʪʝʨʥʦʶ ʧʨʦʛʨʘʤʦ  ʁPASS (Prediction Activiti  Spectra for Substances) ʙʫʣʘ 

ʚʩʪʘʥʦʚʣʝʥʘ  ʚʠʩʦʢʘ ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʫ ʩʧʦʣʫʢ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʾ, ʘʥʪʠʦʢʩʠ-

ʜʘʥʪʥʦʾ ʪʘ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ʋ ʭʦʜʽ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʛʦ ʩʢʨʠʥʽʥʛʫ 

ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʛʦʩʪʨʘ ʪʦʢʩʠʯʥʽʩʪʴ, ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʘ ʪʘ ʘʥʪʠʝ-

ʢʩʫʜʘʪʠʚʥʘ ʜʽʷ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʩʧʦʣʫʢʠ-ʣʽʜʝʨʘ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʙʝʟʧʝʯʥʦʩʪʽ 

ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʦʛʣʠʙʣʝʥʦʛʦ ʾʾ ʚʠʚʯʝʥʥʷ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʛʦʩʪʨʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ LD50 

15 ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧ̔ʨʠʤʽʜʠʥʫ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʦʯʝ-

ʨʝʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥʽ ʤʠʰʘʤ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 1333 ʜʦ 2916 ʤʛ/ʢʛ, ʪʦʙʪʦ 

ʫʩʽ ʩʧʦʣʫʢʠ ʥʘʣʝʞʘʪʴ ʜʦ V ʢʣʘʩʫ ʪʦʢʩʠʯʥʦʩʪʽ (ʧʨʘʢʪʠʯʥʦ ʥʝʪʦʢʩʠʯʥʽ) ʟʛʽʜʥʦ ʟ 
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ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʉʠʜʦʨʦʚʘ ʂ. ʂ. ʅʘ ʤʦʜʝʣʽ ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ ʫ ʚʩʽʭ 15 ʜʦʩʣʽʜʞʫ-

ʚʘʥʠʭ ʩʧʦʣʫʢ ʚʩʪʘʥʦʚʣʝʥʘ ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʥʘ ʨʽʚʥʽ 31  131 %. ɸʥʪʠʛʽ-

ʧʦʢʩʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʚʦʩʴʤʠ ʩʧʦʣʫʢ KMS-162, KMS-163, KMS-172, KMS-178, 

KMS-179, KMS-211, KMS-214, KMS-217 ʫ ʜʦʟʽ, ʱʦ ʩʪʘʥʦʚʠʪʴ 1/100 LD50, ʩʢʣʘʣʘ 

ʚʽʜʧʦʚʽʜʥʦ 89; 100; 103; 83; 94; 131; 94, 71 % ʪʘ ʙʫʣʘ ʚʽʨʦʛʽʜʥʦ ʚʠʱʦʶ ʟʘ ʪʘʢʫ 

ʧʨʝʧʘʨʘʪʘ ʧʦʨʽʚʥʷʥʥʷ ʤʝʢʩʠʜʦʣʘ ʚ ʜʦʟʽ 100 ʤʛ/ʢʛ. ʅʘ ʤʦʜʝʣʽ ʛʦʩʪʨʦʛʦ ʪʝʪʨʘʭʣʦʨ-

ʤʝʪʘʥʦʚʦʛʦ ʛʝʧʘʪʠʪʫ ʚʠʨʘʞʝʥʫ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚʠʷʚʠʣʠ ʰʽʩʪʴ ʩʧʦʣʫʢ 

ʂʄS-162, ʂʄS-176, ʂʄS-191, ʂʄS-211, ʂʄS-214, ʂʄS-217, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ 

ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 34; 43; 42; 44; 42; 41 % ʪʘ ʧʽʜʚʠ-

ʱʝʥʥʷ ʨʽʚʥʷ ʚʽʜʥʦʚʣʝʥʦʛʦ ʛʣʫʪʘʪʽʦʥʫ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 126; 131; 125; 133; 116; 123 %.  

ʅʘ ʤʦʜʝʣʽ ʢʘʨʘʛʝʥʽʥʦʚʦʛʦ ʥʘʙʨʷʢʫ ʰʽʩʪʴ ʩʧʦʣʫʢ KMS-178, KMS-179, 

KMS-217, KMS-214, KMS-191, KMS-211 ʚʠʷʚʠʣʠ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʨʽʚʥʽ 14; 18,6; 36,9; 40,8; 47,1; 48,8 %. ɿʘ ʚʝʣʠʯʠʥʦʶ ʘʥʪʠʝʢʩʫʜʘ-

ʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʧʦʣʫʢʠ KMS-191 ʪʘ KMS-211 ʚ ʜʦʟʽ 8 ʤʛ/ʢʛ ʥʝ ʧʦʩʪʫʧʘʣʠʩʴ 

ʧʨʝʧʘʨʘʪʫ ʧʦʨʽʚʥʷʥʥʷ ʚʦʣʴʪʘʨʝʥʫ ʚ ʜʦʟʽ 8 ʤʛ/ʢʛ. 

ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ çʩʪʨʫʢʪʫʨʘïʘʢʪʠʚʥʽʩʪʴè  ʧʦʢʘʟʘʚ, ʱʦ ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ ʪʘ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ ʟʫʤʦʚʣʝʥʘ ʙʘʟʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ 

- 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʦʤ. ɺʽʜʩʫʪʥʽʩʪʴ ʜʠʬʝʥʽʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ 

ʫ ʧʦʣʦʞʝʥʥʽ 5,5 ʧʽʨʦʣʦʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʮʠʭ 

ʚʠʜʽʚ ʘʢʪʠʚʥʦʩʪʽ. ɺʠʨʘʞʝʥʽʩʪʴ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘ-

ʷʚʥʦʩʪʽ ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ ʜʚʦʭ ʬʝʥʦʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʫ 5 ʧʦʣʦʞʝʥʥʽ ʧʽʨʦ-

ʣʦʧʽʨʠʤʽʜʠʥʦʚʦʾ ʩʠʩʪʝʤʠ, ʘ ʚ ʧʽʜʛʨʫʧʽ ʩʧʦʣʫʢ ʟ ʥʘʷʚʥʽʩʪʶ ʮʠʭ ʨʘʜʠʢʘʣʽʚ ʤʘʻ 

ʧʝʚʥʫ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ: ʧʨʠ ʧʦʜʦʚʞʝʥʥʽ ʘʣʽʬʘʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ʚ ʧʝʨʰʦʤʫ ʧʦʣʦ-

ʞʝʥʥʽ ʜʝʟʘʧʫʨʠʥʦʚʦʾ ʩʠʩʪʝʤʠ ʚʽʜ ʪʨʴʦʭ ʜʦ ʧôʷʪʠ ʘʪʦʤʽʚ ʢʘʨʙʦʥʫ   ʟʙʽʣʴʰʫʻʪʴ-

ʩʷ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʢʨʠʥʽʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ 

ʚʽʜʽʙʨʘʥʘ ʩʧʦʣʫʢʘ ʧʽʜ ʰʠʬʨʦʤ KMS-211 ï 1-ʬʝʥʝʪʠʣ-5,7-ʜʠʛʽʜʨʦ-1H-ʧʽʨʦʣʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥ-2,4,6-ʪʨ̔ʦʥ (ʫʤʦʚʥʘ ʥʘʟʚʘ çɼʝʟʘʧʫʨè), ʷʢʘ ʚʠʷʚʠʣʘ ʥʘʡʙʽʣʴʰ ʚʠʨʘʞʝ-

ʥʫ ʘʥʪʠʛʽʧʦʢʩʠʯʥʫ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʪʘ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʭʘʨʘʢʪʝʨʠ-

ʟʫʻʪʴʩʷ ʙʽʣʴʰ ʥʠʟʴʢʦʶ ʪʦʢʩʠʯʥʽʩʪʶ. ʅʘ ʤʦʜʝʣʽ ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ ʚʩʪʘʥʦʚʣʝʥʘ ʩʝʨʝ-



 

 

4 

ʜʥʴʦʝʬʝʢʪʠʚʥʘ ʜʦʟʘ ʜʝʟʘʧʫʨʫ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦʤʫ ʚʚʝʜʝʥʥʽ  ï 10 ʤʛ/ʢʛ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜʥʴʦʩʤʝʨʪʝʣʴʥʘ ʜʦʟʘ (LD50) ʜʝʟʘʧʫʨʫ ʧʨʠ ʚʥʫʪʨʽʰ-

ʥʴʦʰʣʫʥʢʦʚʦʤʫ ʚʚʝʜʝʥʥʽ ʤʠʰʘʤ ʪʘ ʱʫʨʘʤ ʻ ʚʠʱʦʶ ʟʘ 5000 ʤʛ/ʢʛ. ʉʝʨʝʜʥʴʦ-

ʩʤʝʨʪʝʣʴʥʘ ʜʦʟʘ ʩʧʦʣʫʢʠ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʯʝʨʝʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥʽ ʱʫʨʘʤ ʩʪʘʥʦʚʠʪʴ 

4250 ʤʛ/ʢʛ, ʤʠʰʘʤ ï 2916 ʤʛ/ʢʛ. ɿʛʽʜʥʦ ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʂ. ʂ. ʉʠʜʦʨʦʚʘ ʜʝʟʘʧʫʨ 

ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ V ʢʣʘʩʫ ʪʦʢʩʠʯʥʦʩʪʽ ï ʧʨʘʢʪʠʯʥʦ ʥʝʪʦʢʩʠʯʥʽ ʨʝʯʦʚʠʥʠ.  

ɺ ʭʨʦʥʽʯʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʩʪʘʥʦʚʣʝʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʪʦʢʩʠʯʥʦʛʦ ʚʧʣʠʚʫ 

ʜʝʟʘʧʫʨʫ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ ʩʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʽʡ ʜʦʟʽ 10 ʤʛ/ʢʛ ʪʘ ʚ ʜʦʟʘʭ 25 ʤʛ/ʢʛ ʽ 

100 ʤʛ/ʢʛ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʪʘ ʪʨʴʦʭ ʤʽʩʷʮʽʚ ʥʘ ʟʘʛʘʣʴʥʦʪʨʦʬʽʯʥʽ ʧʨʦʮʝʩʠ, ʬʫʥʢ-

ʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʎʅʉ, ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ, ʧʝʯʽʥʢʠ, ʥʠʨʦʢ, ʢʣʽʪʠʥʥʠʡ 

ʩʢʣʘʜ ʢʨʦʚʽ, ʩʪʘʥ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ʰʣʫʥʢʫ, ʘ ʪʘʢʦʞ ʟʜʘʪʥʽʩʪʴ ʜʝʟʘʧʫʨʫ ʚ ʜʦ-

ʟʘʭ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʫʤʦʚʥʦʪʝʨʘʧʝʚʪʠʯʥʫ ʚ 2,5 ʨʘʟʫ ʪʘ ʚ 10 ʨʘʟʽʚ, ʧʦʩʠʣʶʚʘʪʠ 

ʜʝʪʦʢʩʠʢʫʶʯʫ ʬʫʥʢʮʽʶ ʧʝʯʽʥʢʠ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʩʢʦʨʦʯʝʥʥʽ ʛʝʢʩʝʥʘʣʦʚʦʛʦ 

ʩʥʫ ʚʽʜʧʦʚʽʜʥʦ ʚ 1,5 ʨʘʟʠ ʯʝʨʝʟ ʦʜʠʥ ʪʘ ʪʨʠ ʤʽʩʷʮʽ ʚʚʝʜʝʥʥ̫ . 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʝʟʘʧʫʨʫ 

ʥʘ ʤʦʜʝʣʷʭ ʛʽʧʦʢʩʽʡ ʨʽʟʥʦʛʦ ˇʝʥʝʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʝʟʘʧʫʨ ʚ ʩʝʨʝʜʥʴʦʝʬʝʢʪʠ-

ʚʥʽʡ ʜʦʟʽ 10 ʤʛ/ʢʛ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦʤʫ ʚʚʝʜʝʥʥʽ ʚʠʷʚʠʚ ʚʠʨʘʞʝʥʫ ʘʥʪʠ-

ʛʽʧʦʢʩʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʥʘ ʨʽʚʥʽ 104; 134 ʪʘ 206 % ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʤʦʜʝʣʽ ʛʦʩʪʨʦʾ 

ʛʽʩʪʦʪʦʢʩʠʯʥʦʾ, ʥʦʨʤʦʙʘʨʠʯʥʦʾ ʛʽʧʝʨʢʘʧʥʽʯʥʦʾ ʪʘ ʛʦʩʪʨʦʾ ʛʽʧʦʙʘʨʠʯʥʦʾ ʛʽʧʦʢʩʽʾ, 

ʟʘ ʚʠʨʘʞʝʥʽʩʪʶ ʷʢʦʾ ʥʝ ʧʦʩʪʫʧʘʚʩʷ ʧʨʝʧʘʨʘʪʫ ʧʦʨʽʚʥʷʥʥʷ ʤʝʢʩʠʜʦʣʫ. 

ʅʘ ʤʦʜʝʣʽ ʝʤʦʮʽʡʥʦ-ʙʦʣʴʦʚʦʛʦ ʩʪʨʝʩʫ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ ʧʦʩʠʣʝʥʥʷʤ 

ʇʆʃ ʪʘ ʟʥʠʞʝʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʟʘʭʠʩʪʫ, ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʨʘʞʝ-

ʥʠʡ ʛʘʣʴʤʽʚʥʠʡ ʝʬʝʢʪ ʜʝʟʘʧʫʨʫ ʥʘ ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʇʆʃ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ 

ʜʦʩʪʦʚʽʨʥʝ ʟʥʠʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʽʦʢʘʨʜʽ ʪʘ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʨʚ̔ʥʷ ʊɹʂ-

ʨʝʘʢʪʘʥʪʽʚ ʥʘ 72,3 ʽ 70,6 %; ɼʂ ï ʥʘ 77,1 ʽ 58,7%; ʊʂ ï ʥʘ 84,6 ʽ 71,7 %; ʪʘ ʐʆ ï 

ʥʘ 38,7 ʽ 32,9 %; ʽ ʩʪʠʤʫʣʶʚʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʬʝʨ-

ʤʝʥʪʫ ʉʆɼ: ʧʽʜʚʠʱʝʥʥʷ ʚ ʤʽʦʢʘʨʜʽ ʥʘ 108,2%; ʚ ʝʨʠʪʨʦʮʠʪʘʭ ʥʘ 83,4 %. 

ɺʩʪʘʥʦʚʣʝʥʦ ʧʨʷʤʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʤʽʩʪʦʤ ʧʨʦʜʫʢʪʽʚ ɺʈʆ ʚ 

ʤʽʦʢʘʨʜʽ ʪʘ ʩʪʫʧʝʥʝʤ ʫʰʢʦʜʞʝʥʥʷ ʤʽʦʢʘʨʜʽʦʮʠʪʽʚ, ʘ ʪʘʢʦʞ ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ ʟ 

ʘʢʪʠʚʥʽʩʪʶ ʉʆɼ. ʈʽʚʥʽ ɼʂ ʟ r=0,94 (ʨ<0,001) ʪʘ ʐʆ ʟ r=0,86; (ʨ<0,05) ʣʽʥʽʡʥʦ 
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ʟʚʦʨʦʪʥʴʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ ʉʆɼ. ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʦʜʥʘʢʦʚʦ ʨʝʘʣʟ̔ʫʻʪʴʩʷ 

ʷʢ ʫ ʤʽʦʢʘʨʜʽ, ʪʘʢ ʽ ʫ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ. ʇʨʠ ʮʴʦʤʫ ʜʝʟʘʧʫʨ ʧʝʨʝʚʝʨh ʫʻ ʚ ʮʴʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ ʨʝʬʝʨʝʥʩ-ʧʨʝʧʘʨʘʪ, ʡʤʦʚʽʨʥʦ ʟʘ ʨʘʭʫʥʦʢ ʩʚʦʻʾ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʾ.  

ɺʩʪʘʥʦʚʣʝʥʘ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʝʟʘʧʫʨʫ ʥʘ ʤʦʜʝʣʽ ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ: ʟʘ-

ʩʽʙ ʟʥʠʞʫʚʘʚ ʣʝʪʘʣʴʥʽʩʪʴ ʪʚʘʨʠʥ ʚ 2,5 ʨʘʟʠ ʪʘ ʚ 2,4 ʨʘʟʫ ʧʦʜʦʚʞʫʚʘʚ ʯʘʩ ʜʦ ʟʘ-

ʛʠʙʝʣʽ ʪʚʘʨʠʥ (p<0,05), ʧʨʠʚʦʜʠʚ ʜʦ ʟʥʠʞʝʥʥʷ ʢʦʝʬʮ̔ʽʻʥʪʫ ʤʘʩʠ ʣʝʛʝʥʴ ʱʫʨʽʚ ʫ 

1,8 ʨʘʟʫ (p<0,05) ʧʦʨʽʚʥʷʥʦ ʜʦ ʛʨʫʧʠ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ ʽ ʚʠʷʚʠʚ ʚʠʩʦʢʫ ʘʥ-

ʪʠʝʢʩʫʜʘʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ ʥʘ ʨʽʚʥʽ 78 % ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʬʝʨʝʥʩ-ʧʨʝʧʘʨʘʪʦʤ ʽʥʜʦ-

ʤʝʪʘʮʠʥʦʤ (57 %) (p>0,05). ɺʚʝʜʝʥʥʷ ʜʝʟʘʧʫʨʫ ʯʠʥʠʣʦ ʚʠʨʘʟʥʠʡ ʧʦʟʠʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʣʝʛʝʥʝʚʦʾ ʧʘʨʝʥʭʽʤʠ ʱʫʨʽʚ: ʫ 57 % ʪʚʘʨʠʥ ʘʣʴʚʝʦʣʷʨʥʠʡ ʨʠ-

ʩʫʥʦʢ ʪʢʘʥʠʥʠ ʙʫʚ ʟʙʝʨʝʞʝʥʠʡ, ʣʠʰʝ ʜʨʽʙʥʽ ʧʦʦʜʠʥʦʢʽ ʜʽʣʷʥʢʠ ʤʽʩʪʠʣʠ ʘʣʴʚʝʦ-

ʣʠ ʟ ʥʝʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʧʨʠʩʪʽʥʢʦʚʦʾ ʙʽʣʢʦʚʦʾ ʨʽʜʠʥʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʚʘʨʠʥ, ʣʽ-

ʢʦʚʘʥʠʭ ʽʥʜʦʤʝʪʘʮʠʥʦʤ, ʤʽʢʨʦʮʠʨʢʫʣʷʪʦʨʥʽ ʨʦʟʣʘʜʠ, ʟʤʽʥʠ ʩʪʘʥʫ ʧʝʨʠʚʘʟʘʣʴ-

ʥʠʭ ʧʨʦʩʪʦʨʽʚ ʥʘ ʪʣʽ ʜʽʾ ʜʝʟʘʧʫʨʫ ʙʫʣʠ ʧʨʘʢʪʠʯʥʦ ʚʜ̔ʩʫʪʥʽ. 

ɿʘ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʴ in vitro ʚʩʪʘʥʦʚʣʝʥʦ: ʚʠʨʘʞʝʥʫ ʘʥʪʠʨʘʜʠʢʘʣʴʥʫ ʘʢ-

ʪʠʚʥʽʩʪʴ ʜʝʟʘʧʫʨʫ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʟʥʠʞʝʥʥʷ ʚʠʭʽʜʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ɼʌʇɻ ʯʝ-

ʨʝʟ 60 ʭʚ ï ʥʘ 46 %, ʯʝʨʝʟ 120 ʭʚ ï ʥʘ 64,7 %, ʱʦ ʚʢʘʟʫʻ ʥʘ ʡʦʛʦ ʧʝʨʝʚʘʛʠ ʥʘʜ 

ʤʝʢʩʠʜʦʣʦʤ, ʷʢʠʡ ʥʝ ʚʠʷʚʠʚ ʘʥʘʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ; ʟʜʘʪʥʽʩʪʴ ʟʘʩʦʙʫ ʧʝʨʝʭʦʧ-

ʣʶʚʘʪʠ ʛʽʜʨʦʢʩʠʣʴʥʽ ʨʘʜʠʢʘʣʠ ï ʚ ʤʦʜʝʣʴʥʽʡ ʩʠʩʪʝʤʽ ʟ ʜʝʟʦʢʩʠʨʠʙʦʟʦʶ ʘʥʪʠʨʘ-

ʜʠʢʘʣʴʥʘ ʜʽʷ ʜʝʟʘʧʫʨʫ ʥʘ ʨʽʚʥʽ 50 % ʚʠʟʥʘʯʝʥʘ ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 0,30 ʤʢʛ/ʤʣ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʣʘ ʪʘʢʽʡ ʤʘʥʽʪʫ ʽ ʧʦʩʪʫʧʘʣʘʩʷ ʽʦʥʦʣʫ. ɺ ʤʦʜʝʣʴʥʽʡ ʩʠʩʪʝʤʽ ʧʝʨʝʪʚʦ-

ʨʝʥʥʷ ʘʜʨʝʥʘʣʽʥʫ ʥʘ ʘʜʨʝʥʦʭʨʦʤ ʜʝʟʘʧʫʨ ʚʠʷʚʠʚ ʟʜʘʪʥʽʩʪʴ çʧʝʨʝʭʦʧʣʶʚʘʪʠè 

ʩʫʧʝʨʦʢʩʠʜʥʽ ʘʥʽʦʥʨʘʜʠʢʘʣʠ ʥʘ ʨʽʚʥʽ ʨʝʬʝʨʝʥʩ-ʧʨʝʧʘʨʘʪʫ ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 3-6 

ʤʢʛ/ʤʣ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʦʩʪʫʧʘʚʩʷ ʦʩʪʘʥʥʴʦʤʫ ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 12-100 ʤʢʛ/ʤʣ. ʅʘ 

ʤʦʜʝʣʽ ʧʝʨʝʦʢʠʩʥʝʥʥʷ ʣʽʧʦʧʨʦʪʝʾʜ̔ ʚ ʷʻʯʥʦʛʦ ʞʦʚʪʢʘ, ʱʦ ʽʥʜʫʢʦʚʘʥʽ Fʝ2+ʇʆʃ, 

ʜʝʟʘʧʫʨ (0,2-100,0 ʤʢʛ/ʤʣ) ʚʠʷʚʠʚ ʘʥʪʠʦʢʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʽʥʛʽʙʫʶʯʠ ʫʪʚʦʨʝʥʥʷ 

ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ ʥʘ 72,6-97,4 %, ʜʝʱʦ ʧʦʩʪʫʧʘʶʯʠʩʴ ʽʦʥʦʣʫ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙˇʨʫʥʪʦʚʫʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʧʦʰʫʢʫ 

ʥʦʚʠʭ ʘʥʪʠʛʽʧʦʢʩʠʯʥʠʭ ʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʟʘʩʦʙʽʚ ʚ ʨʷʜʫ ʧʦʭʽʜʥʠʭ 5,7ï

ʜʠʛʽʜʨʦï1ʅïʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ, ʘ ʚʠʷʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ çʩʪʨʫʢʪʫʨʘ-ʜʽʷè ʻ 
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ʮʽʥʥʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʘʥʪʠʛʽʧʦʢ-

ʩʘʥʪʽʚ ʽ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʚʽʜʽʙʨʘʪʠ ʩʝʨʝʜ 15 ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 5,7ï

ʜʠʛʽʜʨʦï1ʅïʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʩʧʦʣʫʢʫ-ʣʽʜʝʨʘ (ʜʝʟʘʧʫʨ) ï 1-ʬʝʥʝʪʠʣ-5,7-

ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-2,4,6-ʪʨʽʦʥ), ʷʢʘ ʚʠʷʚʠʣʘ ʚʠʨʘʞʝʥʽ ʘʥʪʠʛʽʧʦ-

ʢʩʠʯʥʽ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʪʘ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɿʘ ʨʽʚʥʝʤ ʘʥʪʠʛʽʧʦʢʩʠ-

ʯʥʦʾ ʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʜʽʾ ʚʦʥʘ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʝʨʝʚʝʨ-

ʰʫʻ ʧʨʝʧʘʨʘʪ ʧʦʨʽʚʥʷʥʥʷ ʤʝʢʩʠʜʦʣ; ʥʘ ʤʦʜʝʣʽ ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ ʚʠʷʚʣʷʻ ʚʠʱʫ 

ʝʬʝʢʪʠʚʥʽʩʪ,ɹ ʥʽʞ ʽʥʜʦʤʝʪʘʮʠʥ.  

In vitro ʚʩʪʘʥʦʚʣʝʥʽ ʘʥʪʠʨʘʜʠʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʟʘʧʫʨʫ ʪʘ ʡʦʛʦ ʟʜʘʪ-

ʥʽʩʪʴ ʧʝʨʝʭʦʧʣʶʚʘʪʠ ʩʫʧʝʨʦʢʩʠʜʘʥʽʦʥ, ʥʘʷʚʥʽʩʪʴ ʘʥʪʠʦʢʠʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ 

ʦʜʥʠʤ ʟ ʤʝʭʘʥʽʟʤʽʚ ʡʦʛʦ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ: ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʾ, ʘʥʪʠʝʢ-

ʩʫʜʘʪʠʚʥʦʾ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʤʦʜʝʣʽ ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ, ʚ ʷʢʽʡ ʧʦʻʜʥʫʶʪʴʩʷ ʜʝʢʽʣʴ-

ʢʘ ʧʘʪʦʛʝʥʝʪʠʯʥʠʭ ʣʘʥʦʢ ï ʝʢʩʫʜʘʮʽʷ, ʛʽʧʦʢʩʽʷ, ʧʦʩʠʣʝʥʥʷ ʇʆʃ. ɿʥʘʯʥʘ ʘʥʪʠʝʢ-

ʩʫʜʘʪʠʚʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʝʟʘʧʫʨʫ, ʧʨʘʢʪʠʯʥʦ ʥʘ ʨʽʚʥʽ ʅʇɿɿ ʚʦʣʴʪʘʨʝʥʫ, ʥʘ ʤʦʜʝʣʽ 

ʢʘʨʘʛʝʥʽʥʦʚʦʛʦ ʥʘʙʨʷʢʫ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʰʢʦʜʞʫʶʯʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʪʘʥ ʩʣʠʟʦʚʦʾ 

ʦʙʦʣʦʥʢʠ ʰʣʫʥʢʘ, ʱʦ ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʚ ʭʨʦʥʽʯʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʜʘʻ ʤʦʞʣʠ-

ʚʽʩʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ ʧʨʦ ʧʝʨʝʚʘʞʥʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʡ ʤʝʭʘʥʽʟʤ ʡʦʛʦ ʜʽʾ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙˇʨʫʥʪʦʚʫʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʜʝʟʘʧʫʨʫ ʷʢ ʘʥʪʠʛʽ-

ʧʦʢʩʘʥʪʘ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʤʠ ʪʘ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʙʝʟʧʝʯʥʦ-

ʛʦ ʧʨʠ ʭʨʦʥʽʯʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ ʡʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʟ ʤʝ-

ʪʦʶ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʧʨʘʢʪʠʯʥʫ ʤʝʜʠʮʠʥʫ. 

ʂʣʯʁʦʚʽ ʩʣʦʚʘ: ʧʦʭʽʜʥ ̔ 5,7ïʜʠʛʽʜʨʦï1ʅïʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ; ʛʦʩʪʨʘ 

ʪʦʢʩʠʯʥʽʩʪʴ, ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʘ ʘʢʪʠʚʥʽʩʪʴ, ʘʥʪʠʝʢʩʫ-

ʜʘʪʠʚʥʘ ʘʢʪʠʚʥʽʩʪʴ, 1-ʬʝʥʝʪʠʣ-5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-2,4,6-

ʪʨʽʦʥ), ʜʝʟʘʧʫʨ, ʥʘʙʨʷʢ ʣʝʛʝʥʴ, ʘʥʪʠʨʘʜʠʢʘʣʴʥʘ ʜʽʷ.  
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ANNOTATION  

Sevryukov O.V. Search of new antihypoxants among derivatives of 5.7-dihydro 

- 1H-pyrrolo [2.3-d] pyrimidine and study of their pharmacodynamics.  Qualification 

scientific work with the manuscript copyright. 

The thesis for a candidate of pharmaceutical science degree (PhD) in speciality 

14.03.05 çPharmacologyè (22  ʅealthcare).  National University of Pharmacy 

Ministry of Health of Ukraine, Kharkiv, 2017. 

 

The thesis of Sevryukov O. V. has given the theoretical generalization and the 

new solution of the actual scientific problem of pharmacology, aimed at increasing 

the effectiveness of pharmacocorrection of hypoxic states by using the compound of           

1-phenethyl-5,7-dihydro-1H-pyrrolo[2,3-d]pyrimidine-2,4,6-trion) (dezapur) as an 

antihypoxant with antioxidant and anti-exudative properties and a favourable safety 

profile. 

For the first time, the paper studies 15 new compounds  derivatives of 5.7-

dihydro-1H-pyrrolo[2,3-d]pyrimidine, synthesized at the Department of Organic 

Chemistry of the National pharmaceutical University by Associate Professor K. M. 

Sytnyk, supervised by the Academician, Professor B. P. Chernykh. According to the 
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results of prediction of the spectrum of pharmacological activity under the struc-

tural formula with PASS (Prediction Activiti Spectra for Substances) software, high 

probability of antihypoxic, antioxidant and anti-exudative activity in the compounds 

has been established. The pharmacological screening has allowed the study of acute 

toxicity, antihypoxic, antioxidant and anti-exudative activity with the purpose of de-

tection of the most safe and effective compound for the further study thereof.  

The results of the acute toxicity study has shown that LD50 of the 15 new deriva-

tives of 5.7-dihydro-1H-pyrrolo[2,3-d]pyrimidine in the intraperitoneal administration 

to mice is in the range of 1333 to 2916 mg/kg, that is, all compounds have V ʩlass of 

toxicity under the classification of Sidorov K. K (almost non-toxic). In the model of 

hemic hypoxia, in all 15 compounds tested, antihypoxic activity has been established at 

the level of 31 ï 131 %. The antihypoxic activity of eight compounds KMS-162, 

KMS-163, KMS-172, KMS-178, KMS-179, KMS-211, KMS-214, KMS-217 in a dose 

of 1/10 LD50 amounted to 89, 100 , 103, 83, 94, 131, 94, 71 % correspondingly, and 

was significantly higher than that of a mexidol dose of 100 mg / kg. Six compounds of 

KMS-162, KMS-176, KMS-191, KMS-211, KMS-214, KMS-217 have been detected 

in the model of acute tetrachlormethane hepatitis, as evidenced by a decrease of the 

TBA-active products content of 34, 43, 42, 44, 42, 41 %, and increased level of re-

duced glutathione for 126, 131, 125, 133, 116, 123% correspondingly. 

In the carrageenan edema model, six compounds of KMS-178, KMS-179, 

KMS-217, KMS-214, KMS-191, KMS-211 have shown anti-exudative activity, at the 

level of 14; 18.6; 36.9; 40.8; 47.1; 48.8 % correspondingly. The anti-exudative activi-

ty of compounds KMS-191 and KMS-211 in a dose of 8 mg/kg was no worse than 

the one of comparative drug voltaren in the dose of 8 mg/kg. 

The analysis of the "structure-activity" dependence has shown that the antihypox-

ic and antioxidant activity of the investigated compounds is due to the basic structure of 

5,7-dihydro-1H-pyrrolo[2,3-d]pyrimidine. The absence of the biphenyl radical in the 5.5 

position of the pyrrolo-pyrimidine cycle causes increase in these types of activity. The 

anti-exudative activity does not depend on the presence of the two phenolic radicals in 

the 5 position of the pyrrolo-pyrimidine system, and in the subgroup of compounds at 
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these radicals has a certain pattern: it increases at extension of the aliphatic chain in 

the first position of the dezapurine system from three to five carbon atoms. 

For further study based on the results of screening studies, compound KMS-

211 - 1-phenethyl-5,7-dihydro-1H-pyrrolo[2,3-d]pyrimidine-2,4,6-trion (the conven-

tional name "Desapur") has been chosen, This has shown the most pronounced anti-

hypoxic, antioxidant and antiexudative activity and has been characterized by lower 

toxicity. In the model of hemic hypoxia, a median effective dose of dezapur has been 

determined at an intragastric administration of 10 mg/kg. It has been established that 

median lethal dose of dezapur (LD50) at intragastric administration to mice and rats is 

over 5000 mg/kg. The median lethal dose for intraperitoneal administration to rats is 

4250 mg/kg, to mice - 2916 mg/ kg. According to the classification of K. K. Sidorov, 

dezapur can be attributed to the V class toxicity - almost non-toxic substances. The 

chronic experiment has shown no toxic effect of dezapur on general-trophic process-

es, functional state of the central nervous system, cardiovascular system, liver, kid-

ney, the cellular composition of blood, the state of the mucous membrane of the 

stomach when administered at a mean effective dose of 10 mg/kg and at doses of 25 

mg/kg and 100 mg/kg during one and three months, as well as the ability of dezapur, 

in doses exceeding the conditional therapeutic in 2.5 and 10 times, to intensify the de-

toxifying liver function, what is shown in reduction of hexenal sleep in 1.5 times re-

spectively in one and in three months of administration. 

The deep study of antihypoxic activity of dezapur on models of hypoxia of dif-

ferent genesis has shown that dezapur in a mean effective dose of 10 mg/kg at intra-

gastric administration has shown a pronounced antihypoxic activity at the level of 

104; 134 and 206% respectively, in the model of acute histotoxic, normobaric hyper-

capnic and acute hypobaric hypoxia, which has shown itself not less pronounced than 

the comparative drug mexidol. 

In the model of emotional and painful stress accompanied by increased Lipid 

peroxidation and decreased antioxidant defense activity, the expressed inhibitory ef-

fect of dezapur on Lipid peroxidation products has ben established, as evidenced by a 

significant decrease in the myocardium and in serum of TBA-reaʩtants respectively 
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by 72.3 and 70.6 %; diene conjugates (DC)  by 77.1 and 58.7 %; triene conjugates 

(TC)  by 84.6 and 71.7 %; and Schiff's bases (SB)  by 38.7 % and 32.9 %; and 

stimulating effect on the activity of antioxidant enzyme SOD: increase in myocardi-

um by 108.2 %; in erythrocytes by 83.4 %. 

A direct correlation between the content of free-radical oxidation products in 

myocardium and the degree of damage of myocardiocytes, as well as the feedback with 

the activity of SOD has been established. Levels of DC with r = 0.94 (p <0.001) and 

SB with r = 0.86; (p <0.05) are linearly reverse dependent on the activity of SOD. This 

dependence is equally realized both in myocardium and serum. Herewith, dezapur sur-

passes the reference drug in this respect, probably due to its complex action. 

The high efficacy of dezapur on the model of pulmonary edema has been estab-

lished: the drug reduced the mortality of animals by 2.5 times and increased the time to 

animal death by 2.4 times (p<0.05), it caused decrease of the rats lung mass in 1.8 

times (p<0.05) compared with the control group and showed high antiexudative activi-

ty at 78 % compared to the reference drug indomethacin (57 %) (p> 0.05). The admin-

istration of dezapur had a distinct positive effect on the structure of lung parenchyma 

of rats: 57 % of animals, had their alveolar pattern of tissue retained, only small single 

sites contained alveoli with insignificant contents of the parietal fluid protein. Unlike 

animals treated with indomethacin, microcirculatory disorders, changes of the perivasal 

spaces state on the background of the dezapur action were almost absent. 

It has been established according to in vitro studies: a pronounced antiradical 

activity of dezapur, which is evidenced by a decrease of the initial concentration of 

DPPH after 60 min  by 46 %, after 120 min  by 64.7 %, indicating its benefits over 

mexidol, which has shown no similar activity; the ability of the agent to intercept hy-

droxyl radicals  in the model system with deoxyribose, the antiradical action of 

dezapur at the level of 50 % has been determined at a concentration of 0.30 ɛg/ml, 

which corresponds to such of mannitol and is worse than of ionol. In the model system 

for adrenalin conversion to adrenochrome dezapur showed the ability to "intercept" su-

peroxide anion radicals at the reference drug level at a concentration of 3-6 ɛg/ml of 

medium and was inferior to the latter at a concentration of 12-100 ɛg/ml. 
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On the model of egg yolk lipoproteins reoxidation induced by Fe2+ lipid peroxi-

dation, dezapur (0.2-100.0 ɛg/ml) has shown antioxidant properties, inhibiting the for-

mation of TBA-active products by 72.6-97.4 %, being somewhat inferior to ionol. 

The obtained results substantiate the perspective of the further search of new anti-

hypoxic and antioxidant agents in a series of derivatives of 5.7-dihydro-1H-pyrrolo[2,3-

d]pyrimidine. The revealed "structure-effect" dependence is valuable for further pur-

poseful synthesis of perspective antihypoxants and antioxidants.The conducted studies 

enabled selection of a leader compound (dezapur) - 1-phenethyl-5,7-dihydro-1H-

pyrrolo[2,3- d]pyrimidine-2,4,6-trion) out of 15 new derivatives of the 5.7-dihydro-1H-

pyrrolo[2,3-d]pyrimidine that exhibited pronounced antihypoxic, antioxidant and antiex-

udative properties. By the level of antihypoxic and antioxidant action, it is not worse, 

and in some cases it is better than the comparative drug mexidol; on the model of pul-

monary edema it shows a better efficiency than indomethacin. 

In vitro, antiradical properties of dezapur and its ability to intercept superoxi-

danium have been established; the presence of antioxidant properties is one of the 

mechanisms of its pharmacological activity: antihypoxic, antiexudative, and efficacy 

in the pulmonary edema model, which combines several pathogenetic units - exuda-

tion, hypoxia, and enhancement of LPO. Significant antiexudative activity of 

dezapur, almost at the level of NSAIDs of voltaren, on the model of carragenin ede-

ma and the absence of damaging effects on the state of the stomach mucous mem-

brane, which has been proven in the chronic experiment, makes it possible to assert a 

predominantly antioxidant mechanism of its action.The obtained results substantiate 

the prospects of dezapur as an antihypoxant with antioxidant and anti-exudative 

properties, safe in chronic use, and the feasibility of its further study for the purpose 

of introduction into practical medicine. 

Key words: derivatives of 5.7-dihydro-1H-pyrrolo[2,3-d]pyrimidine; acute tox-

icity, antihypoxic activity , antioxidant activity, antiexudative activity, 1-phenethyl-

5,7-dihydro-1H-pyrrolo[2,3-d]pyrimidine-2,4,6-trione, dezapur, pulmonary edema, 

antiradical action. 
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ɸʊʌ  ï  ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪ; 
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ʇʆʃ  ï  ʧʝʨʝʢʠʩʥʝ ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ; 
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ɺʉʊʋʇ 

 

ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʩʦʢʘ ʧʦʰʠʨʝʥʽʩʪʴ, ʪʷʞ-

ʢʽʩʪʴ ʧʝʨʝʙʽʛʫ ʪʘ ʽʥʚʘʣʽʜʠʟʫʶʯʠʡ ʭʘʨʘʢʪʝʨ ʧʘʪʦʣʦʛʽʡ ï ʽʥʩʫʣʴʪʽʚ, ʽʥʬʘʨʢʪʽʚ, 

ʽʰʝʤʽʯʥʠʭ ʩʪʘʥʽʚ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ, ʧʘʪʦʛʝʥʝʪʠʯʥʠʤ ʙʘʟʠʩʦʤ ʷʢʠʭ ʻ ʛʽʧʦʢʩʽʷ ʪʘ 

ʘʩʦʮʽʡʦʚʘʥʘ ʟ ʥʝʶ ʘʢʪʠʚʘʮʽʷ ʧʨʦʮʝʩʽʚ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʥʝʥʥʷ (ɺʈʆ), ʚʠ-

ʟʥʘʯʘʶʪʴ ʟʘʭʠʩʪ ʚʽʜ ʛʽʧʦʢʩʽʾ ʪʘ ʾʾ ʥʘʩʣʽʜʢʽʚ ʷʢ ʧʝʨh ʦʨʷʜʥʝ ʟʘʚʜʘʥʥʷ ʤʝʜʠʮʠʥʠ, ʘ 

ʧʨʦʙʣʝʤʘ, ʧʦʚ'ʷʟʘʥʘ ʟ ʮʠʤ, ʥʘʙʫʚʘʻ ʩʦʮʽʘʣʴʥʦʾ ʟʥʘʯʫʱʦʩʪʽ [13; 36; 77; 168; 181; 

184; 213].  

ɺ ʦʩʥʦʚʽ ʛʽʧʦʢʩʽʾ ʙʫʜʴ-ʷʢʦʛʦ ʛʝʥʝʟʫ ʣʝʞʠʪʴ ʜʝʬʽʮʠʪ ʝʥʝʨʛʽʾ, ʷʢʠʡ ʧʨʠʟʚʦ-

ʜʠʪʴ ʜʦ ʷʢʽʩʥʦ ʦʜʥʦʪʠʧʥʠʭ ʤʝʪʘʙʦʣʽʯʥʠʭ ʪʘ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʫ ʨʽʟʥʠʭ ʪʢʘʥʠʥʘʭ 

ʽ ʦʨʛʘʥʘʭ [83; 93; 123; 183]. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʯʠʥ ʛʽʧʦʢʩʽʾ ʚ ʤʽʦʢʘʨʜʽ ʪʘ ʧʝʯʽʥʮʽ 

ʚʜ̔ʙʫʚʘʶʪʴʩʷ ʧʘʪʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ï ʘʢʪʠʚʫʻʪʴʩʷ ʛʣʽʢʦʣʽʟ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʢʦʥʮʝʥʪ-

ʨʘʮʽʷ ʧʽʨʫʚʘʪʫ ʽ ʣʘʢʪʘʪʫ, ʱʦ ʟʫʤʦʚʣʶʻ ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʮʝʩʽʚ ʘʚʪʦʦʢʠʩʥʝʥʥʷ [36; 

53; 148; 170; 188]. ʋʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ (ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ, ʘʣʴʚʝʦ-

ʣʦʮʠʪʽʚ, ʥʝʡʨʦʮʠʪʽʚ, ʛʝʧʘʪʦʮʠʪʽʚ ʪʘ ʽʥ.) ʟʫʤʦʚʣʝʥʦ ʥʝ ʪʽʣʴʢʠ ʛʽʧʦʢʩʽʻʶ ʽ ʧʦʨʫ-

ʰʝʥʥʷʤ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʡ ʫʪʚʦʨʝʥʥʷʤ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ (ɺʈ), ʱʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʩʥʘʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʩʠʩʪʝʤʠ [166; 186; 217] ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ (ʇʆʃ) ʤʝʤ-

ʙʨʘʥ ʢʣʪ̔ʠʥ. ʎʝ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʤʝʤʙʨʘʥʥʠʭ ʩʪʨʫʢ-

ʪʫʨ, ʨʦʙʦʪʠ ʤʝʤʙʨʘʥʦʧʦʚôʷʟʘʥʠʭ ʬʝʨʤʝʥʪʽʚ, ʽʦʥʥʠʭ ʢʘʥʘʣʽʚ, ʨʝʮʝʧʪʦʨʽʚ [131; 

209]. 

ʆʪʞʝ, ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʛʽʧʦʢʩʽʾ ʷʢʥʘʡʰʚʠʜʰʝ ʧʦʪʨʽʙʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʝ-

ʧʘʨʘʪʠ, ʷʢʽ ʟʜʘʪʥʽ ʟʘʭʠʩʪʠʪʠ ʢʣʽʪʠʥʠ ʦʨʛʘʥʽʚ ʚʽʜ ʛʽʧʦʢʩʽʾ, ʟʘʧʦʙʽʛʘʶʪʴ ʧʦʨʫʰʝʥʥʶ 

ʝʥʝʨʛʦʫʪʚʦʨʝʥʥʷ, ʟʤʝʥʰʫʶʪʴ ʧʨʦʜʫʢʮʽʶ ɺʈ [13; 21; 44; 204], ʪʦʙʪʦ ʧʨʦʚʦʜʠʪʠ 

ʪʘʢ ʟʚʘʥʫ çʨʝʘʥʽʤʘʮʽʶè ʥʘ ʢʣʽʪʠʥʥʦʤʫ ʨʽʚʥʽ, ʩʫʪʴ ʷʢʦʾ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʽ-

ʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴ ʚʠʨʘʞʝʥʽ ʘʥʪʠʛʽʧʦʢʩʠʯʥʽ ʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘ-

ʩʪʠʚʦʩʪʽ. ʋ ʥʘʰ ʯʘʩ ʣʽʢʘʨʩʴʢʽ ʟʘʩʦʙʠ, ʷʢʠʤ ʧʨʠʪʘʤʘʥʥʽ ʩʘʤʝ ʮʽ ʬʘʨʤʘʢʦʣʦʛʽʯʥʽ 

ʝʬʝʢʪʠ, ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʧʨʘʢʪʠʯʥʽʡ ʤʝʜʠʮʠʥʽ. ʇʠʣʴʥʘ ʫʚʘʛʘ ʜʦ ʘʥʪʠʛʽ-

ʧʦʢʩʘʥʪʽʚ, ʾʭ ʨʽʟʥʦʙʽʯʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʪʘ ʢʣʽʥʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʫʤʦʚʣʝʥʽ ʾʭ-
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ʥʴʦʶ ʨʽʟʥʦʤʘʥʽʪʥʦʶ ʤʝʪʘʙʦʣʦʪʨʦʧʥʦʶ ʜʽʻʶ, ʤʝʭʘʥʽʟʤʠ ʷʢʦʾ ʚʢʣʶʯʘʶʪʴ ʨʝʛʫ-

ʣʷʮʽʶ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ ʪʘ ʚʧʣʠʚ ʥʘ ʝʥʝʨʛʝʪʠʯʥʠʡ ʦʙʤʽʥ; ʜʽʶ ʥʘ ʧʨʦʮʝʩʠ ɺʈʆ ʽ 

ʧʨʦʥʠʢʥʽʩʪʴ ʢʣʽʪʠʥʥʠʭ ʤʝʤʙʨʘʥ; ʚʧʣʠʚ ʥʘ ʨʝʛʫʣʷʪʦʨʥʽ ʬʘʢʪʦʨʠ ʢʣʽʪʠʥʥʦʾ ʘʜʘʧ-

ʪʘʮʽʾ ʡ ʽʥʰʽ ʧʨʦʮʝʩʠ [38; 44; 69; 96; 113; 114]. ʇʝʨʝʚʘʛʦʶ ʪʘʢʠʭ ʧʨʝʧʘʨʘʪʽʚ ʻ ʤʦ-

ʞʣʠʚʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʟ ʧʨʦʬʽʣʘʢʪʠʯʥʦʶ, ʽ ʟ ʣʽʢʫʚʘʣʴʥʦʶ ʤʝʪʦʶ. 

ʆʜʥʘʢ ʘʨʩʝʥʘʣ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʽʟ ʧʨʦʪʠʛʽʧʦʢʩʠʯʥʦʶ ʜʽʻʶ ʜʦʩʠʪʴ ʦʙ-

ʤʝʞʝʥʠʡ, ʰʠʨʦʪʘ ʡ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʽʢʫʚʘʣʴʥʠʭ ʜʦʟ ʥʝʚʝʣʠʢʽ. ʂʨʽʤ ʪʦʛʦ, ʧʨʦʪʠʛʽ-

ʧʦʢʩʠʯʥʘ ʜʽʷ ʥʘʷʚʥʠʭ ʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʧʨʘʢʪʠʯʥʠʭ ʣʽʢʘʨʽʚ ʧʨʝʧʘʨʘʪʽʚ ʚʠʷʚʣʷ-

ʻʪʴʩʷ ʥʝ ʧʨʠ ʚʩʽʭ ʚʠʜʘʭ ʛʽʧʦʢʩʽʾ, ʘ ʜʝʷʢʽ ʘʥʪʠʛʽʧʦʢʩʘʥʪʠ ʤʘʶʪʴ ʥʝʙʘʞʘʥʽ ʧʦʙʽʯʥʽ 

ʝʬʝʢʪʠ (ʚ ʤʝʢʩʠʜʦʣʫ ʡ ʝʤʦʢʩʠʧʽʥʫ ï ʧʦʤʽʨʥʝ ʧʽʜʚʠʱʝʥʥʷ ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ, 

ʟʙʫʜʞʝʥʥʷ ʘʙʦ ʩʦʥʣʠʚʽʩʪʴ, ʘʣʝʨʛʽʯʥʽ ʨʝʘʢʮʽʾ), ʱʦ ʦʙʤʝʞʫʻ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ [1; 

17; 46; 71; 78]. ʊʦʤʫ ʧʦʰʫʢ ʥʦʚʠʭ ʨʝʯʦʚʠʥ ʽʟ ʰʠʨʰʦʶ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʶ ʜʽʻʶ ʽ 

ʚʽʜʩʫʪʥʽʩʪʶ ʧʦʙʽʯʥʠʭ ʝʬʝʢʪʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʬʘʨ-

ʤʘʢʦʣʦʛʽʾ, ʱʦ ʽ ʙʫʣʦ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʻ ʛʨʫʧʘ ʩʠʥʪʝʪʠʯʥʠʭ ʩʧʦʣʫʢ ʫ 

ʨʷʜʫ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛ̔ʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ, ʷʢʠʤ, ʟʘ ʧʨʦʛʥʦʟʦʤ 

PASS (Predic-tion Activitʫ Spectra for Substances), ʧʨʠʪʘʤʘʥʥʘ ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ, 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʘ ʡ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʘ ʘʢʪʠʚʥʽʩʪʴ. ʆʩʢʽʣʴʢʠ ʮʽ ʩʧʦʣʫʢʠ ʨʘʥʽʰʝ ʥʝ 

ʚʠʚʯʘʣʠʩʷ, ʙʫʣʦ ʜʦʮʽʣʴʥʠʤ ʜʦʩʣʽʜʠʪʠ ʾʭʥʽ ʬʘʨʤʘʢʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʡ ʦʙˇʨʫ-

ʥʪʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʘʥʪʠʛʽʧʦʢʩʘʥʪʽʚ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ, ʛʨʘʥʪʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʨʘʤʢʘʭ ʟʘʪʚʝʨʜʞʝʥʦʾ ʄʆɿ ʋʢʨʘʾʥʠ ʥʘʫʢʦ-

ʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʬʘʨʤʘʮʝʚʪʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʌʘʨʤʘʢʦʣʦ-

ʛʯ̔ʥʝ ʚʠʚʯʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚè (ˉ ʜʝʨʞʨʝ-

ʻʩʪʨʘʮʽʾ 0114U000956). ɸʚʪʦʨ ʻ ʩʧʽʚʚʠʢʦʥʘʚʮʝʤ ʮʽʻʾ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʪʝʤʠ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʧʦʰʫʢʫ ʥʦʚʠʭ ʘʥʪʠʛʽʧʦʢʩʘʥʪʽʚ 

ʩʝʨʝʜ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚ-

ʥʦʛʦ ʽ ʙʝʟʧʝʯʥʦʛʦ ʣʽʢʘʨʩʴʢʦʛʦ ʟʘʩʦʙʫ ʜʣʷ ʬʘʨʤʘʢʦʪʝʨʘʧʝʚʪʠʯʥʦʾ ʢʦʨʝʢʮʽʾ ʛʧ̔ʦʢ-

ʩʠʯʥʠʭ ʩʪʘʥʽʚ. 
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ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘ-

ʚʜʘʥʥʷ: 

1. ʇʨʦʚʝʩʪʠ ʩʢʨʠʥʽʥʛ 15 ʥʦʚʠʭ ʩʧʦʣʫʢ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ 

ʥʘ ʥʘʷʚʥʽʩʪʴ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʾ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʡ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩ-

ʪʽ ʪʘ ʚʠʟʥʘʯʠʪʠ ʾʭʥʶ ʛʦʩʪʨʫ ʪʦʢʩʠʯʥʽʩʪʴ. 

2. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ çʩʪʨʫʢʪʫʨʘ-ʜʽʷ-ʪʦʢʩʠʯʥʽʩʪʴè ʫ ʨʷʜʫ ʥʦʚʠʭ ʧʦʭʽʜ-

ʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ. 

3. ɺʽʜʽʙʨʘʪʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʩʧʦʣʫʢʫ-ʣʽʜʝʨʘ ʟ ʥʘʡʙʽʣʴʰ ʚʠʨʘʞʝʥʦʶ ʘʥ-

ʪʠʛʽʧʦʢʩʠʯʥʦʶ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʶ ʡ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʦʶ ʜʽʻʶ, ʚʠʟʥʘʯʠʪʠ ʾʾ ɽɼ50 

ʟʘ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʜʦʩʣʽʜʠʪʠ ʛʦʩʪʨʫ ʽ ʭʨʦʥʽʯʥʫ ʪʦʢʩʠʯʥʽʩʪʴ. 

4. ɼʦʩʣʽʜʠʪʠ ʘʥʪʠʛʽʧʦʢʩʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʩʧʦʣʫʢʠ-ʣʽʜʝʨʘ ʥʘ ʨʽʟʥʠʭ ʤʦʜʝʣʷʭ ʛʽʧʦ-

ʢʩʽʡ. 

5. ɼʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʩʧʦʣʫʢʠ-ʣʽʜʝʨʘ ʥʘ ʬʘʢʪʦʨʠ ʧʨʦ-/ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʙʘʣʘʥʩʫ 

ʫ ʤʽʦʢʘʨʜʽ, ʝʨʠʪʨʦʮʠʪʘʭ ʪʘ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʟʘ ʫʤʦʚ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʫ.  

6. ʆʮʽʥʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʧʦʣʫʢʠ-ʣʽʜʝʨʘ ʥʘ ʤʦʜʝʣʽ ʛʦʩʪʨʦʛʦ ʪʦʢʩʠʯʥʦʛʦ ʥʘʙʨʷʢʫ 

ʣʝʛʝʥʴ. 

7. ɼʦʩʣʽʜʠʪʠ ʦʢʨʝʤʽ ʤʝʭʘʥʽʟʤʠ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʾ ʪʘ ʘʥʪʠʦʢʠʩʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʧʦʣʫ-

ʢʠ-ʣʽʜʝʨʘ ʥʘ ʤʦʜʝʣʷʭ in vitro. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʬʘʨʤʘʢʦʣʦʛʽʯʥʘ ʢʦʨʝʢʮʽʷ ʛʽʧʦʢʩʠʯʥʠʭ ʩʪʘʥʽʚ.  

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʬʘʨʤʘʢʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 5,7-

ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ.  

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʬʘʨʤʘʢʦʣʦʛʽʯʥʽ (ʤʦʜʝʣʶʚʘʥʥʷ ʛʽʧʦʢʩʽʾ: ʛʝʤʽʯʥʦʾ, ʛʽ-

ʩʪʦʪʦʢʩʠʯʥʦʾ, ʥʦʨʤʦʙʘʨʠʯʥʦʾ ʛʽʧʝʨʢʘʧʥʽʯʥʦʾ, ʛʽʧʦʙʘʨʠʯʥʦʾ; ʤʦʜʝʣʶʚʘʥʥʷ ʛʝʧʘ-

ʪʠʪʫ, ʫʨʘʞʝʥʥʷ ʤʽʦʢʘʨʜʫ ʧʦ ʪʠʧʫ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʫ, ʥʘʙʨʷʢʫ ʟʘʜʥʴʦʾ ʢʽʥʮʽʚ-

ʢʠ ʱʫʨʽʚ, ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ; ʪʦʢʩʠʢʦʣʦʛʽʯʥʽ: ʜʦʩʣʽʜʞʝʥʥʷ ʛʦʩʪʨʦʾ ʪʘ ʭʨʦʥʽʯʥʦʾ ʪʦ-

ʢʩʠʯʥʦʩʪʽ; ʙʽʦʭʽʤʽʯʥʽ: ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ, ʜʽʻʥʦʚʠʭ ʢʦʥôʶʛʘʪʽʚ, 

ʪʨʠʻʥʦʚʠʭ ʢʦʥôʶʛʘʪʽʚ, ʰʠʬʦʚʠʭ ʦʩʥʦʚ, ʚʽʜʥʦʚʣʝʥʦʛʦ ʛʣʫʪʘʪʽʦʥʫ, ʘʢʪʠʚʥʦʩʪʽ ʩʫ-

ʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʠ, ʘʩʧʘʨʪʘʪʘʤʽʥʦʪʨʘʥʩʬʝʨʘʟʠ, ʘʣʘʥʽʥʘʤʽʥʦʪʨʘʥʩʬʝʨʘʟʠ, ʚʤʽʩ-

ʪʫ ʟʘʛʘʣʴʥʦʛʦ ʙʽʣʢʘ ʚ ʢʨʦʚʽ ʪʘ ʩʝʯʦʚʠʥʽ, ʙʽʣʽʨʫʙʽʥʫ, ʭʦʣʝʩʪʝʨʦʣʫ, ʛʣʶʢʦʟʠ, ʩʝʯʦ-

ʚʠʥʠ ʚ ʢʨʦʚʽ ʪʘ ʩʝʯʽ, ʚʤʽʩʪʫ ʘʟʦʪʫ ʚ ʩʝʯʦʚʠʥʽ, ʛʝʤʦʛʣʦʙʽʥʫ ʚ ʢʨʦʚʽ; ʛʽʩʪʦʣʦʛʯ̔ʥʽ 
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(ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʣʝʛʝʥʴ ʤʝʪʦʜʦʤ ʩʚʽʪʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ); ʤʝʪʦʜʠ in 

vitro: ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʨʘʜʠʢʘʣʽʚ  2,2-ʜʠʬʝʥʽʣ-1-ʧʽʢʨʠʣʛʽʜʨʘʟʠʥʫ, ʛʽʜʨʦʢʩʠʣʴ-

ʥʦʛʦ, ʩʫʧʝʨʦʢʩʠʜʘʥʽʦʥʫ ʪʘ ʩʪʘʪʠʩʪʠʯʥʽ (ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʫ Stʘtʽstica 6.0, t-

ʢʨʠʪʝʨʽʡ ʉʪʴʶʜʝʥʪʘ, ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʡ U-ʢʨʠʪʝʨʽʻʤ ʄʘʥʥʘ-ʋʽʪʥʽ, ʢʫʪʦʚʝ ʧʝʨʝʪ-

ʚʦʨʝʥʥʷ ʌʽʰʝʨʘ, ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʮ̫ʽʾ ʇʽʨʩʦʥʘ). 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʋ ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʪʝʦʨʝʪʠʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ ʥʘʷʚʥʽʩʪʴ ʫ ʥʦʚʠʭ ʩʧʦʣʫʢ  ʧʦʭʽʜ-

ʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʘʥʪʠʛʽʧʦʢʩʠʯʥʠʭ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ 

ʪʘ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʪʘ ʨʦʟʰʠʨʝʥʽ ʫʷʚʣʝʥʥʷ ʱʦʜʦ ʟʘʣʝʞʥʦʩʪʽ 

çʩʪʨʫʢʪʫʨʘïʘʢʪʠʚʥʽʩʪʴïʪʦʢʩʠʯʥʽʩʪʴè. ʇʦʢʘʟʘʥʦ, ʱʦ ʾʭʥʷ ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ ʡ ʘʥ-

ʪʠʦʢʩʠʜʘʥʪʥʘ ʘʢʪʠʚʥʽʩʪʴ ʟʫʤʦʚʣʝʥʘ ʙʘʟʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ï 5,7-ʜʠʛʽʜʨʦ-1ʅ-

ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʦʤ. ɺʽʜʩʫʪʥʽʩʪʴ ʜʠʬʝʥʽʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʚ ʧʦʣʦʞʝʥʥʽ 5,5 

ʧʽʨʦʣʦʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʮʠʭ ʚʠʜʽʚ ʘʢʪʠʚʥʦʩʪʽ ʪʘ 

ʟʥʠʞʝʥʥʷ ʪʦʢʩʠʯʥʦʩʪʽ. ɺʠʨʘʞʝʥʽʩʪʴ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʧʽʜʛʨʫʧʽ 

ʩʧʦʣʫʢ ʽʟ ʥʘʷʚʥʽʩʪʶ ʮʠʭ ʨʘʜʠʢʘʣʽʚ ʤʘʻ ʧʝʚʥʫ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ: ʧʨʠ ʧʦʜʦʚʞʝʥʥʽ 

ʘʣʽʬʘʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ʚ ʧʝʨʰʦʤʫ ʧʦʣʦʞʝʥʥʽ ʜʝʟʘʧʫʨʠʥʦʚʦʾ ʩʠʩʪʝʤʠ ʚʽʜ ʪʨʴʦʭ 

ʜʦ ʧôʷʪʠ ʘʪʦʤʽʚ ʢʘʨʙʦʥʫ ʧʽʜʚʠʱʫʻʪʩɹʷ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʘʥʠʭ ʱʦʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

çʩʪʨʫʢʪʫʨʘ-ʘʢʪʠʚʥʽʩʪʴ-ʪʦʢʩʠʯʥʽʩʪʴè ʫ ʨʷʜʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʭʽʜʥʠʭ ʦʙʨʘʥʦ ʧʝ-

ʨʩʧʝʢʪʠʚʥʫ ʩʧʦʣʫʢʫ 1-ʬʝʥʝʪʠʣ-5,7-ʜʠʛʽʜʨʦ-1H-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-2,4,6-

ʪʨʽʦʥ (ʫʤʦʚʥʘ ʥʘʟʚʘ çɼʝʟʘʧʫʨè). ʆʪʨʠʤʘʥʽ ʥʦʚʽ ʜʘʥʽ ʱʦʜʦ ʬʘʨʤʘʢʦʜʠʥʘʤʽʢʠ ʽ 

ʙʝʟʧʝʢʠ ʩʧʦʣʫʢʠ çɼʝʟʘʧʫʨè: ʫʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʦʥʘ ʻ ʧʨʘʢʪʠʯʥʦ ʥʝʪʦʢʩʠʯʥʦʶ ʨʝ-

ʯʦʚʠʥʦʶ (V ʢʣʘʩ ʪʦʢʩʠʯʥʦʩʪʽ ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʂ. ʂ. ʉʠʜʦʨʦʚʘ, 1973) ʪʘ ʥʝ ʯʠ-

ʥʠʪʴ ʪʦʢʩʠʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʘʛʘʣʴʥʦʪʨʦʬʽʯʥʽ ʧʨʦʮʝʩʠ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ 

ʎʅʉ, ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ, ʧʝʯʽʥʢʠ, ʥʠʨʦʢ, ʢʣʽʪʠʥʥʠʡ ʩʢʣʘʜ ʢʨʦʚʽ, ʩʪʘʥ 

ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ʰʣʫʥʢʘ ʟʘ ʪʨʠʚʘʣʦʛʦ ʚʚʝʜʝʥʥʷ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʩʧʦʣʫʢʘ-ʣʽʜʝʨ ʧʨʦʷʚʣʷʻ ʚʠʩʦʢʫ ʘʥʪʠʛʽʧʦʢʩʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʥʘ ʤʦʜʝʣʷʭ ʛʦʩʪʨʦʾ ʛʽʩʪʦʪʦʢʩʠʯʥʦʾ, ʥʦʨʤʦʙʘʨʠʯʥʦʾ ʛʽʧʝʨʢʘʧʥʽʯʥʦʾ ʪʘ ʛʽʧʦʙʘʨʠʯ-

ʥʦʾ ʛʽʧʦʢʩʽʾ ʚ ʱʫʨʽʚ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦʤʫ ʚʚʝʜʝʥʥʽ ʚ ɽɼ50 10 ʤʛ/ʢʛ ʚʽʜʧʦ-

ʚʽʜʥʦ ʥʘ ʨʽʚʥʽ 104%; 134 % ʪʘ 206 %, ʟʘ ʚʠʨʘʞʝʥʽʩʪʶ ʷʢʦʾ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʧʨʝ-
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ʧʘʨʘʪʫ ʧʦʨʽʚʥʷʥʥʷ ʤʝʢʩʠʜʦʣʫ. ʇʽʜʪʚʝʨʞʝʥʦ ʘʥʪʠʦʢʩʠʜʘʥʪʫ ʘʢʪʠʚʥʽʩʪʴ ʩʧʦʣʫ-

ʢʠ-ʣʽʜʝʨʘ ʟʘ ʫʤʦʚ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʫ: ʚʩʪʘʥʦʚʣʝʥʦ ʚʠʨʘʞʝʥʠʡ ʛʘʣʤɹʽʚʥʠʡ 

ʝʬʝʢʪ ʜʝʟʘʧʫʨʫ ʥʘ ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʇʆʃ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʜʦʩʪʦʚʽʨʥʝ ʟʥʠ-

ʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʚ ʤʽʦʢʘʨʜʽ ʪʘ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʨʽʚʥʷ ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ (ʊɹʂ-ʈ) 

ʥʘ 72,3 % ʽ 70,6 %; ʜʽʻʥʦʚʠʭ ʢʦʥôʶʛʘʪʽʚ (ɼʂ) ï ʥʘ 77,1 % ʽ 58,7 %; ʪʨʽʻʥʦʚʠʭ 

ʢʦʥôʶʛʘʪʽʚ (ʊʂ) ï ʥʘ 84,6 % ʽ 71,7 %; ʰʠʬʦʚʠʭ ʦʩʥʦʚ (ʐʆ) ï ʥʘ 38,7 % ʽ 32,9 % 

ʽ ʩʪʠʤʫʣʶʚʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʬʝʨʤʝʥʪʫ ʉʆɼ: ʧʽʜ-

ʚʠɦ ʝʥʥʷ ʚ ʤʽʦʢʘʨʜʽ ʥʘ 108,2%; ʫ ʝʨʠʪʨʦʮʠʪʘʭ ï ʥʘ 83,4%. 

ʋʩʪʘʥʦʚʣʝʥʘ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʝʟʘʧʫʨʫ ʥʘ ʤʦʜʝʣʽ ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ ʱʫ-

ʨʽʚ: ʟʥʠʞʝʥʥʷ ʣʝʪʘʣʴʥʦʩʪʽ ʪʚʘʨʠʥ ʫ 2,5 ʨʘʟʘ ʽ ʫ 2,4 ʨʘʟʘ ʧʦʜʦʚʞʝʥʥʷ ʯʘʩʫ ʜʦ ʟʘ-

ʛʠʙʝʣʽ ʪʚʘʨʠʥ (p<0,05), ʟʥʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʤʘʩʠ ʣʝʛʝʥʴ (ʂʄʃ) ʫ 1,8 ʨʘʟʘ 

(p<0,05) ʧʦʨʽʚʥʷʥʦ ʟ ʛʨʫʧʦʶ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ; ʟʙʝʨʝʞʝʥʥʷ ʘʣʴʚʝʦʣʷʨʥʦʛʦ 

ʨʠʩʫʥʢʫ ʣʝʛʝʥʴ, ʟʘʧʦʙʽʛʘʥʥʷ ʨʦʟʚʠʪʢʫ ʤʽʢʨʦʮʠʨʢʫʣʷʪʦʨʥʠʭ ʨʦʟʣʘʜʽʚ ʽ ʟʤʽʥʘʤ 

ʧʝʨʠʚʘʟʘʣʴʥʠʭ ʧʨʦʩʪʦʨʽʚ. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʤʝʭʘʥʽʟʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʧʦʣʫʢʠ-ʣʽʜʝʨʘ ʟʫʤʦʚ-

ʣʝʥʠʡ ʛʘʣʴʤʫʚʘʥʥʷʤ ʫʪʚʦʨʝʥʥʷ ʨʘʜʠʢʘʣʽʚ 2,2-ʜʠʬʝʥʽʣ-1-ʧʽʢʨʠʣʛʽʜʨʘʟʠʥʫ (ɼʌʇɻ) 

(ʥʘ 46,0% ʽ 64,7% ʚʽʜʧʦʚʽʜʥʦ ʯʝʨʝʟ 60 ʭʚ ʪʘ 120 ʭʚ); ʛʽʜʨʦʢʩʠʣʴʥʠʭ (ʥʘ ʨʽʚʥʽ 50 %, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʝʬʝʢʪʫ ʤʘʥʽʪʫ ʽ ʻ ʥʠʞʯʠʤ ʟʘ ʝʬʝʢʪ ʽʦʥʦʣʫ) ʪʘ ʩʫʧʝʨʦʢʩʠʜʘʥʽʦʥʫ (ʚ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 3-6 ʤʢʛ/ʤʣ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʨʽʚʥʽ ʨʝʬʝʨʝʥʩ-ʧʨʝʧʘʨʘʪʫ) ʪʘ ʟʜʘʪʥʽʩʪʶ 

ʛʘʣʴʤʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ ʧʨʠ ʽʥʜʫʢʦʚʘʥʦʤʫ Fe2+ ʇʆʃ ʫ ʩʫʩʧʝʥʟʽʾ 

ʞʦʚʪʢʦʚʠʭ ʣʽʧʦʧʨʦʪʝʾʜʽʚ ʥʘ ʨʽʚʥʽ 72,6%-97,4 %, ʜʝʱʦ ʧʦʩʪʫʧʘʶʯʠʩʴ ʽʦʥʦʣʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʙˇʨʫʥʪʦʚʘʥʘ ʧʝʨʩʧʝʢʪʠ-

ʚʥʽʩʪʴ ʧʦʰʫʢʫ ʥʦʚʠʭ ʘʥʪʠʛʽʧʦʢʩʠʯʥʠʭ ʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʨʷʜʫ ʧʦʭʽ-

ʜʥʠʭ 5,7ïʜʠʛʽʜʨʦï1ʅïʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ, ʘ ʚʠʷʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ çʩʪʨʫʢ-

ʪʫʨʘ-ʜʽʷ-ʪʦʢʩʠʯʥʽʩʪʴè ʮʽʥʥʘ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ ʧʝʨʩʧʝ-

ʢʪʠʚʥʠʭ ʘʥʪʠʛʽʧʦʢʩʘʥʪʽʚ ʽ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʛʣʠʙʣʝʥʦʛʦ 

ʚʠʚʯʝʥʥʷ ʬʘʨʤʘʢʦʜʠʥʘʤʽʢʠ ʡ ʦʢʨʝʤʠʭ ʤʝʭʘʥʽʟʤʽʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʜʽʾ ʦʙˇʨʫʥ-

ʪʦʚʫʶʪʴ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʜʝʟʘʧʫʨʫ ʷʢ ʝʬʝʢʪʠʚʥʦʛʦ ʽ ʙʝʟʧʝʯʥʦʛʦ ʘʥʪʠʛʽʧʦʢʩʘʥʪʘ 

ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʤʠ ʡ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ ʡʦʛʦ 

ʧʦʜʘʣʴʰʦʛʦ ʜʦʢʣʽʥʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ. 
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ɿʘʧʨʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʾ ʭʽʤʽʯʥʦʾ ʩʧʦʣʫʢʠ 1-ʬʝʥʝʪʠʣ-5,7-

ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d] ʧʽʨʠʤʽʜʠʥ-2,4,6-ʪʨʽʦʥʫ (ɼʝʟʘʧʫʨ) ʷʢ ʘʥʪʠʦʢʩʠʜʘʥʪʘ 

ʧʨʠ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʘʭ (ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʣʠʩʪ ʄʆɿ ʋʢʨʘʾʥʠ ʧʨʦ ʥʦʚʦʚʚʝʜʝʥʥʷ ʫ 

ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ˉ 319-2015, 2015) ʪʘ ʧʦʪʝʥʮʽʡʥʦʛʦ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʛʦ 

ʣʽʢʘʨʩʴʢʦʛʦ ʟʘʩʦʙʫ (ʧʘʪʝʥʪ ʋʢʨʘʾ ʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ103357, 2015 ʨ.).  

ʈʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʦ ʚ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʠʡ 

ʧʨʦʮʝʩ ʢʘʬʝʜʨ: ʬʘʨʤʘʢʦʣʦʛʽʾ ʅʌʘʋ (ʧʨʦʪʦʢʦʣ ˉ 1 ʚʽʜ 29.08.2016 ʨ.), ʬʘʨʤʘʢʦʣʦ-

ʛʽʾ ʪʘ ʤʝʜʠʯʥʦʾ ʨʝʮʝʧʪʫʨʠ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

(ʧʨʦʪʦʢʦʣ ˉ 6 ʚʽʜ 27.10.2015 ʨ.), ʬʘʨʤʘʢʦʣʦʛʽʾ ʽ ʢʣʽʥʽʯʥʦʾ ʬʘʨʤʘʢʦʣʦʛʽʾ ɼʋ 

çɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʤʝʜʠʯʥʘ ʘʢʘʜʝʤʽʷ ʄʆɿ ʋʢʨʘʾʥʠè (ʧʨʦʪʦʢʦʣ ˉ 4 ʚʽʜ 

15.12.2015 ʨ.), ʧʨʦʤʠʩʣʦʚʦʾ, ʢʣʽʥʽʯʥʦʾ ʬʘʨʤʘʮʽʾ ʪʘ ʢʣʽʥʽʯʥʦʾ ʬʘʨʤʘʢʦʣʦʛʽʾ ʅʘʮʽʦ-

ʥʘʣʴʥʦʾ ʤʝʜʠʯʥʦʾ ʘʢʘʜʝʤʽʾ ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʦʩʚʽʪʠ ʽʤʝʥʽ ʇ. ʃ. ʐʫʧʠʢʘ (ʧʨʦʪʦʢʦʣ 

ˉ 5 ʚʽʜ 16.03.2016 ʨ.). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɼʠʩʝʨʪʘʥʪʦʤ ʨʘʟʦʤ ʽʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠ-

ʢʦʤ ʚʠʟʥʘʯʝʥʽ ʤʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʉʘʤʦʩʪʽʡʥʦ ʧʨʦʚʝʜʝʥʦ ʧʘʪʝʥʪʥʠʡ 

ʧʦʰʫʢ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʘʥʠʭ ʣʽʪʝʨʘʪʫʨʠ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ, ʨʦʟʨʦʙʣʝʥʦ ʧʨʦ-

ʛʨʘʤʫ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʡʥʷʪʦ ʫʯʘʩʪʴ ʫ ʧʣʘʥʫʚʘʥʥʽ ʪʘ ʚʠʢʦʥʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, 

ʟʜʽʡʩʥʝʥʦ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, 

ʥʘʧʠʩʘʥʽ ʚʩʽ ʨʦʟʜʽʣʠ ʜʠʩʝʨʪʘʮʽʾ ʪʘ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚʠʩʥʦʚʢʠ. ɼʠʩʝʨʪʘʥʪʦʤ ʩʘʤʦ-

ʩʪʽʡʥʦ ʧʨʦʚʝʜʝʥʦ ʧʽʜʛʦʪʦʚʢʫ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʜʦ ʧʫʙʣʽʢʘʮʽʾ ʟʘ ʦʩʥʦʚʥʠʤʠ ʧʦʣʦ-

ʞʝʥʥʷʤʠ ʜʠʩʝʨʪʘʮʽʾ. Cʧʽʚʘʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʡ ʻ ʥʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ                

ɺ. ɸ. ɺʦʣʢʦʚʦʡ ʪʘ ʥʘʫʢʦʚʮʽ, ʷʢʽ ʙʨʘʣʠ ʫʯʘʩʪʴ ʫ ʦʢʨʝʤʠʭ ʬʨʘʛʤʝʥʪʘʭ ʜʦʩʣʽʜʞʝʥ-

ʥʷ: ʉ. ɺ. ʂʦʣʽʩʥʠʢ, ʂ. ʄ. ʉʠʪʥʽʢ, ɻ. ʇ. ʌʦʤʥ̔ʘ, ʃ. ɺ. ʂʘʨʘʙʫʪ,                              

ʃ. ɺ. ʃʫʢôʷʥʦʚʘ, ʄ. ɭ. ɹʝʨʝʟʥʷʢʦʚʘ, ʅ. ɺ. ʈʝʰʝʪʥʷʢ, ɸ. ʆ. ʉʽʣʘʻʚ. ʆʩʦʙʠʩʪʫ ʫʯ-

ʘʩʪʴ ʥʘʚʝʜʝʥʦ ʫ ʩʧʠʩʢʫ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʧʨʘʮʴ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ. ɻʽʩʪʦʣʦʛʽʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥ̔  ʟʘ ʫʯʘʩʪʽ ʢʘʥʜ. ʙʽʦʣ. ʥ., ʩʪ. ʥ. ʩʧ. ʎʅɼʃ ʅʌʘʋ                   

ʖ. ɹ. ʃʘʨôʷʥʦʚʩʴʢʦʾ. 

ɸʧʨʦʙʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʜʠ-

ʩʝʨ-ʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ ʚʠʢʣʘʜʝʥʽ ʡ ʦʙʛʦʚʦʨʝʥʽ ʥʘ: IV ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʌʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʢʘʢ ʠʥʪʝʛʨʘʮʠʷ ʥʘʫʢʠ, ʦʙ-
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ʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘè (ɹʻʣʛʦʨʦʜ, 9-16 ʢʚʽʪʥʷ 2014 ʨ.); ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫ-

ʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʦʚʝ ʫ ʤʝʜʠʮʠʥʽ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫè (ʃʴʚʽʚ, 28-29 

ʣʠʩʪʦʧʘʜʘ 2014 ʨ.); the XX international scien. and pract. conf. of young scientists 

and student çActual Questions of Development of New Drugsè (Kharkiv, 22-23 

April , 2014); I ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ çʊʝʭʥʦ-

ʣʦʛʽʯʥʽ ʪʘ ʙʽʦʬʘʨʤʘʮʝʚʪʠʯʥʽ ʘʩʧʝʢʪʠ ʩʪʚʦʨʝʥʥʷ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ ʨʽʟʥʦʾ 

ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʜʽʾè (ʍʘʨʢʽʚ, 7-8 ʣʠʩʪʦʧʘʜʘ 2014 ʨ.); ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çɿʘʙʝʟʧʝʯʝʥʥʷ ʟʜʦʨʦʚôʷ ʥʘʮʽʾ ʪʘ ʟʜʦʨʦʚôʷ ʦʩʦʙʠʩʪʦʩʪʽ 

ʷʢ ʧʨʽʦʨʠʪʝʪʥʘ ʬʫʥʢʮʽʷ ʜʝʨʞʘʚʠè (ʆʜʝʩʘ, 23-24 ʩʽʯʥʷ 2015 ʨ.). 

ʆʙʩʷʛ ʽ ʩʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʥʦʪʘʮʽʾ 

ʫʢʨʘʾʥʩʴʢʦʶ ʪʘ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʘʤʠ, ʚʩʪʫʧʫ, ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʠ, ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʤʝ-

ʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, 6 ʨʦʟʜʽʣʽʚ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʘʥʘʣʽʟʫ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝ-

ʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʤʽʩʪʠʪʴ 224 

ʥʘʡʤʝʥʫʚʘʥʴ (141ï ʢʠʨʠʣʠʮʝʶ ʽ 83 ï ʣʘʪʠʥʠʮʝʶ) ʪʘ ʜʦʜʘʪʢʽʚ. ʆʙʩʷʛ ʦʩʥʦʚʥʦʛʦ 

ʪʝʢʩʪʫ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 151 ʩʪʦʨʽʥʢʫ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ. ʈʦʙʦʪʘ ʽʣʶʩʪʨʦʚʘʥʘ 

35 ʪʘʙʣʠʮʷʤʠ ʽ 10 ʨʠʩʫʥʢʘʤʠ. 
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ʈʆɿɼɯʃ 1 

ɻɯʇʆʂʉɯʗ ʗʂ ʇɸʊʆɻɽʅɽʊʀʏʅɸ ʃɸʅʂɸ ʆʈɻɸʅʅʀʍ ɯ ʉʀʉʊɽʄʅʀʍ 

ʇʆʈʋʐɽʅʔ ʊɸ ʇɽʈʉʇɽʂʊʀɺʀ ʇʆʐʋʂʋ ɯ ʉʊɺʆʈɽʅʅʗ ʅʆɺʀʍ  

ʃɯʂɸʈʉʔʂʀʍ ɿɸʉʆɹɯɺ ɿ ɸʅʊʀɻɯʇʆʂʉʀʏʅʆʖ ɸʂʊʀɺʅɯʉʊʖ  

(ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ) 

 

1.1 ʉʫʯʘʩʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʧʣʠʚ ʛʽʧʦʢʩʽʾ ʥʘ ʦʨʛʘʥʠ ʪʘ ʩʠʩʪʝʤʠ 

 

ɻʽʧʦʢʩʽʷ ï ʮʝ ʪʠʧʦʚʠʡ ʧʘʪʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʠʞʝʥ-

ʥʷʤ ʚʤʽʩʪʫ ʢʠʩʥʶ ʚ ʢʨʦʚʽ ʪʘ ʪʢʘʥʠʥʘʭ, ʨʦʟʚʠʪʢʦʤ ʢʦʤʧʣʝʢʩʫ ʚʪʦʨʠʥʥʠʭ ʥʝʩʧʝ-

ʮʠʬʽʯʥʠʭ ʤʝʪʘʙʦʣʽʯʥʠʭ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʨʦʟʣʘʜʽʚ, ʘ ʪʘʢʦʞ ʨʝʘʢʮʽʻʶ ʘʜʘʧʪʘ-

ʮʽʾ. ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʛʽʧʦʢʩʽʶ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʷʢ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʪʨʝʙʠ 

ʢʣʽʪʠʥ ʚ ʝʥʝʨʛʦʧʨʦʜʫʢʮʽʾ ʚ ʩʠʩʪʝʤʽ ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʦʛʦ ʦʢʠʩʥʶʚʘʣʴʥʦʛʦ ʬʦʩʬʦ-

ʨʠʣʶʚʘʥʥʷ [18, 23, 53, 134]. 

ʅʝʜʦʩʪʘʪʥʽʡ ʪʨʘʥʩʧʦʨʪ ʢʠʩʥʶ ʜʦ ʪʢʘʥʠʥ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʠʡ ʟʘʭʚʦʨʶ-

ʚʘʥʥʷʤʠ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, ʢʨʦʚʦʥʦʩʥʦʾ ʩʠʩʪʝʤʠ, ʩʠʩʪʝʤʽ ʢʨʦʚʽ ʘʙʦ ʟʥʠʞʝʥʥʷʤ 

ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʢʠʩʥʶ ʫ ʚʜʠʭʫʚʘʥʦʤʫ ʧʦʚʽʪʨʽ. ʇʦʨʫʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʠʩʥʶ ʚ ʪʢʘʥʠʥʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʝʜʦʩʪʘʯʽ ʜʠʭʘʣʴʥʠʭ ʬʝʨʤʝʥʪʽʚ ʘʙʦ ʟʥʠʞʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʜʠʬʫʟʽʾ ʢʠʩʥʶ ʯʝʨʝʟ ʢʣʽʪʠʥʥʽ ʤʝʤʙʨʘʥʠ. ɺ ʦʩʥʦʚʽ ʧʘʪʦʛʝʥʝʟʫ ʙʫʜʴ-

ʷʢʦʾ ʛʽʧʦʢʩʽʾ ʻ ʧʦʨʫʰʝʥʥʷ ʧʨʦʮʝʩʫ ʝʥʝʨʛʦʫʪʚʦʨʝʥʥʷ ʚ ʤʽʪʦʭʦʥʜʨʽʷʭ ʚʥʘʩʣʽʜʦʢ 

ʧʦʨʫʰʝʥʥʷ ʙʽʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʨʦʟʨʽʟʥʷʶʪʴ ʛʽʧʦʢʩʽʾ: ʝʢʟʦʛʝʥʥʦʛʦ ʪʘ ʝʥʜʦʛʝʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ. 

ɻʽʧʦʢʩʽʾ ʝʢʟʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʚʠʥʠʢʘʶʪʴ ʷʢ ʥʘʩʣʽʜʦʢ ʜʝʬʽʮʠʪʫ ʢʠʩʥʶ 

ʫ ʚʜʠʭʫʚʘʥʦʤʫ ʧʦʚʽʪʨʽ, ʫ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʨʦʟʨʽʟʥʷʶʪʴ ʥʦʨʤʦʙʘʨʠʯʥʫ ʪʘ ʛʽʧʦʙʘʨʠ-

ʯʥʫ ʛʽʧʦʢʩʽʶ. ʅʦʨʤʦʙʘʨʠʯʥʘ ʛʽʧʦʢʩʽʷ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʙʘʨʦʤʝʪ-

ʨʠʯʥʦʤʫ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ, ʘʣʝ ʟʥʠʞʝʥʦʤʫ ʧʘʨʮʽʘʣʴʥʦʤʫ ʪʠʩʢʫ ʢʠʩʥʶ ʫ 

ʚʜʠʭʫʚʘʥʦʤʫ ʧʦʚʽʪʨʽ (ʧʨʠʢʣʘʜʦʤ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʚ ʟʘʤʢʥʫʪʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʥʝ-

ʚʝʣʠʢʦʛʦ ʦʙôʻʤʫ). ɻʽʧʦʙʘʨʠʯʥʘ ʛʽʧʦʢʩʽʷ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʠ ʟʘʛʘʣʴʥʦʤʫ ʟʥʠʞʝʥʥʽ 
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ʙʘʨʦʤʝʪʨʠʯʥʦʛʦ ʪʠʩʢʫ ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʧʽʜʡʦʤʽ ʥʘ ʚʠʩʦʪʫ ʘʙʦ ʧʨʠ ʟʥʘʭʦ-

ʜʞʝʥʥʽ ʚ ʥʝʛʝʨʤʝʪʠʟʦʚʘʥʦʤʫ ʣʽʪʘʣʴʥʦʤʫ ʘʧʘʨʘʪʽ ʙʝʟ ʢʠʩʥʝʟʘʙʝʟʧʝʯʫʶʯʦʾ ʩʠʩʪʝ-

ʤʠ, ʜʝ ʪʠʩʢ ʢʠʩʥʶ ʟʥʠʞʝʥʦ ʧʨʠʙʣʠʟʥʦ ʜʦ 100 ʤʤ ʨʪ. ʩʪ.). ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʫ ʚʽ-

ʜʧʦʚʽʜʴ ʥʘ ʟʤʽʥʫ ʧʦʢʘʟʥʠʢʽʚ ʛʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʢʨʦʚʽ (ʛʽʧʦʢʩʝʤʽʶ ʪʘ ʛʽʧʝʨʢʘʧʥʽʶ) 

ʟʙʫʜʞʫʶʪʴʩʷ ʭʝʤʦʨʝʮʝʧʪʦʨʠ ʘʦʨʪʠ, ʢʘʨʦʪʠʜʥʠʭ ʢʣʫʙʦʯʢʽʚ, ʮʝʥʪʨʘʣʴʥʽ ʭʝʤʦʨʝ-

ʮʝʧʪʦʨʠ, ʱʦ ʚʠʢʣʠʢʘʻ ʩʪʠʤʫʣʷʮʽʶ ʜʠʭʘʣʴʥʦʛʦ ʮʝʥʪʨʫ, ʨʦʟʚʠʪʦʢ ʪʘʭʽ ʪʘ ʛʽʧʝʨʧ-

ʥʦʻ, ʛʘʟʦʚʦʛʦ ʘʣʢʘʣʦʟʫ, ʟʙʽʣʴʰʝʥʥʷ ʯʠʩʣʘ ʬʫʥʢʮʽʦʥʫʶʯʠʭ ʘʣʴʚʝʦʣ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʱʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʨʆ2 ʜʦ 50 ʤʤ ʨʪ. ʩʪ. ʚʠʥʠʢʘʶʪʴ ʪʷʞʢʽ ʨʦʟʣʘʜʠ, ʥʝʩʫʤʽʩʥʽ ʟ 

ʞʠʪʪʷʤ [7, 42, 87, 93; 128, 213].  

ɽʥʜʦʛʝʥʥʽ ʛʽʧʦʢʩʠʯʥʽ ʩʪʘʥʠ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʧʘʪʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʠ-

ʟʚʦʜʷʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʛʘʟʦʦʙʤʽʥʫ ʚ ʣʝʛʝʥʷʭ, ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʢʠʩʥʶ 

ʜʦ ʦʨʛʘʥʽʚ ʘʙʦ ʜʦ ʧʦʨʫʰʝʥʥʷ ʡʦʛʦ ʫʪʠʣʟ̔ʘʮʽʾ ʪʢʘʥʠʥʘʤʠ. ɼʦ ʛʽʧʦʢʩʽʡ ʝʥʜʦʛʝʥʥʦ-

ʛʦ ʧʦʭʦʜʞʝʥʥʷ ʚʽʜʥʦʩʷʪʴ ʪʘʢʽ ʚʠʜʠ: ʨʝʩʧʽʨʘʪʦʨʥʫ, ʮʠʨʢʫʣʷʪʦʨʥʫ, ʛʝʤʽʯʥʫ, ʪʢʘ-

ʥʠʥʥʫ, ʩʫʙʩʪʨʘʪʥʫ ʽ ʟʤʽʰʘʥʫ.  

ʈʝʩʧʽʨʘʪʦʨʥʘ (ʜʠʭʘʣʴʥʘ) ʛʽʧʦʢʩʽʷ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʛʘʟʦʦ-

ʙʤʽʥʫ ʚ ʣʝʛʝʥʷʭ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʘʣʴʚʝʦʣʷʨʥʦʶ ʛʽʧʦʚʝʥʪʠʣʷʮʽʻʶ, ʧʦʨʫʰʝʥʥʷʤ ʣʝ-

ʛʝʥʝʚʦʛʦ ʢʨʦʚʦʪʦʢʫ, ʧʦʨʫʰʝʥʥʷʤ ʚʝʥʪʠʣʷʮʽʡʥʦ-ʧʝʨʬʫʟʽʡʥʠʭ ʚʽʜʥʦʰʝʥʴ ʘʙʦ ʟʘ-

ʪʨʫʜʥʝʥʥ̫ ʭ ʜʠʬʫʟʽʾ ʢʠʩʥʶ ʯʝʨʝʟ ʘʣʴʚʝʦʣʷʨʥʦ-ʢʘʧʽʣʷʨʥʫ ʤʝʤʙʨʘʥʫ. ʇʘʪʦʛʝʥʝʪʠ-

ʯʥʠʡ ʣʘʥʮʶʛ ʜʣʷ ʜʘʥʦʛʦ ʚʠʜʫ ʛʽʧʦʢʩʽʾ ï ʮʝ ʟʤʝʥʰʝʥʥʷ ʭʚʠʣʠʥʥʦʛʦ ʦʙôʻʤʫ ʜʠ-

ʭʘʥʥʷ, ʟʥʠʞʝʥʥʷ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ ʢʠʩʥʶ ʚ ʘʣʴʚʝʦʣʷʨʥʦʤʫ ʧʦʚʽʪʨʽ, ʟʥʠʞʝʥʥʷ 

ʥʘʧʨʫʞʝʥʥʷ ʢʠʩʥʶ ʚ ʢʨʦʚʽ, ʧʨʦʪʽʢʘʶʯʦʾ ʯʝʨʝʟ ʣʝʛʝʥʽ, ʟʥʠʞʝʥʥʷ ʥʘʩʠʯʝʥʥʷ ʛʝ-

ʤʦʛʣʦʙʽʥʫ ʢʠʩʥʝʤ, ʟʤʝʥʰʝʥʥʶ ʚʤʽʩʪʫ ʢʠʩʥʶ ʚ ʘʨʪʝʨʽʘʣʴʥʽʡ ʢʨʦʚʽ (ʛʽʧʦʢʩʝʤʽʷ), 

ʷʢʘ ʧʦʻʜʥʫʻʪʴʩʷ ʟ ʛʽʧʝʨʢʘʧʥʽʻʶ ʽ ʘʮʠʜʦʟʦʤ. 

ʎʠʨʢʫʣʷʪʦʨʥʘ (ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʘ) ʛʽʧʦʢʩʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʧʦʨʫʰʝʥ-

ʥʷʭ ʢʨʦʚʦʦʙʽʛʫ, ʷʢ ̔ʬʦʨʤʫʁʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʛʽʧʦʚʦʣʝʤʽʾ, ʩʝʨʮʝʚʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ, 

ʟʥʠʞʝʥʥʷ ʪʦʥʫʩʫ ʩʪʽʥʦʢ ʩʫʜʠʥ, ʨʦʟʣʘʜʽʚ ʤʽʢʨʦʮʠʨʢʫʣʷʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝ-

ʜʦʩʪʘʪʥʴʦʛʦ ʢʨʦʚʦʧʦʩʪʘʯʘʥʥʷ ʪʢʘʥʠʥ, ʘ ʟʥʘʯʠʪʴ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʥʘʜʭʦʜʞʝʥʥ ̫

ʢʠʩʥʶ ʜʦ ʪʢʘʥʠʥ. ɿʤʝʥʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʨʦʚʦʪʦʢʫ ʚ ʤʽʢʨʦʢʘʧʽʣʷʨʥʦ-

ʤʫ ʨʫʩʣʽ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʝ ʟ ʩʠʩʪʝʤʥʠʤʠ (ʢʨʦʚʦʚʪʨʘʪʘ, ʩʝʨʮʝʚʘ ʥʝʜʦʩʪʘʪ-

ʥʽʩʪʴ, ʰʦʢ, ʢʦʣʘʧʩ) ʘʙʦ ʤʽʩʮʝʚʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ (ʪʨʦʤʙʦʟ, ʝʤʙʦʣʽʷ, ʽʰʝʤʽʷ, ʚʝ-
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ʥʦʟʥʘ ʛʽʧʝʨʝʤʽʷ). ʇʘʪʦʛʝʥʝʪʠʯʥʘ ʦʩʥʦʚʘ ʮʽʻʾ ʛʽʧʦʢʩʽʾ ï ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʩʝʨ-

ʮʷ, ʧʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ ʽ ʚʤʽʩʪ ʢʠʩʥʶ ʚ ʘʨʪʝʨʽʘ-

ʣʴʥʽʡ ʢʨʦʚʽ ʽ ʟʥʠʞʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚ ʚʝʥʦʟʥʽʡ ʢʨʦʚʽ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʘ ʘʨʪʝʨʽʦ-

ʚʝʥʦʟʥʘ ʨʽʟʥʠʮʷ ʧʦ ʢʠʩʥʶ.  

ɻʝʤʽʯʥʘ (ʢʨʦʚôʷʥʘ) ʛʽʧʦʢʩʽʷ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʠʚ-

ʥʦʾ ʢʠʩʥʝʚʦʾ ʻʤʢʦʩʪʽ ʢʨʦʚʽ. ɻʝʤʦʛʣʦʙʽʥ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʢʦʤ  

ʢʠʩʥʶ. ʊʨʘʥʩʧʦʨʪ ʢʠʩʥʶ ʚʽʜ ʣʝʛʝʥʴ ʜʦ ʪʢʘʥʠʥ ʟʘʚʞʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʫʯʘʩʪʶ 

ʛʝʤʦʛʣʦʙʽʥʫ. ɻʽʧʦʢʩʽʷ ʚʠʥʠʢʘʻ, ʷʢ ʨʝʟʫʣʴʪʘʪ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʛʝʤʦʛʣʦʙʽʥʫ ʧʨʠ 

ʘʥʝʤʽʷʭ, ʘ ʪʘʢʦʞ ʧʨʠ ʧʦʨʫʰʝʥʥʷʭ ʟʜʘʪʥʦʩʪʽ ʛʝʤʦʛʣʦʙʽʥʫ ʟʚôʷʟʫʚʘʪʠ, ʪʨʘʥʩʧʦʨ-

ʪʫʚʘʪʠ ʽ ʚʽʜʜʘʚʘʪʠ ʪʢʘʥʠʥʘʤ ʢʠʩʝʥʴ. ɻʦʣʦʚʥʠʤʠ ʣʘʥʮʶʛʘʤʠ ʟʥʠʞʝʥʥʷ ʢʠʩʥʝʚʦʾ 

ʻʤʢʦʩʪʽ ʢʨʦʚʽ ʻ: ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʛʝʤʦʛʣʦʙʽʥʫ ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ʢʨʦʚʽ, ʧʦʨʫ-

ʰʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʝʤʦʛʣʦʙʽʥʫ. ʂʠʩʥʝʚʦʪʨʘʥʩʧʦʨʪʥʘ ʬʫʥʢʮʽʷ 

ʛʝʤʦʛʣʦʙʽʥʫ ʧʦʨʫʰʫʻʪʴʩʷ ʧʨʠ ʦʪʨʫʻʥʥʽ ʯʘʜʥʠʤ ʛʘʟʦʤ (ʉʆ) ʘʙʦ ʤʝʪʛʝʤʦʛʣʦʙʽ-

ʥʫʪʚʦʨʶʚʘʯʘʤʠ (ʥʽʪʨʘʪʠ, ʥʽʪʨʠʪʠ, ʦʢʠʩ ʘʟʦʪʫ, ʧʦʭʽʜʥʽ ʘʥʽʣʽʥʫ, ʙʝʥʟʦʣʫ ʪʘ ʽʥʰ.). 

ɼʣʷ ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ ʭʘʨʘʢʪʝʨʥʝ ʧʦʻʜʥʘʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʘʨʮʽʘʣʴʥʦʛʦ ʪʠʩʢʫ 

ʢʠʩʥʶ ʚ ʘʨʪʝʨʽʘʣʴʥʽʡ ʢʨʦʚʽ ʩʧʦʨʽʜʥʝʥʦʛʦ ʟ ʧʦʥʠʞʝʥʠʤ ʦʙôʻʤʥʠʤ ʚʤʽʩʪʦʤ ʢʠʩʥʶ 

ʫ ʚʝʥʦʟʥʽʡ ʢʨʦʚʽ (ʨʆ2 ʽ ʚʤʽʩʪ ʢʠʩʥʶ ʟʥʠʞʝʥʽ).  

ʊʢʘʥʠʥʥʘ (ʛʽʩʪʦʪʦʢʩʠʯʥʘ) ʛʽʧʦʢʩʽʷ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʟʜʘʪʥʦʩʪʽ 

ʢʣʽʪʠʥ ʫʪʠʣʽʟʫʚʘʪʠ ʢʠʩʝʥʴ ʘʙʦ ʫ ʟʚôʷʟʢʫ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦ-

ʛʦ ʦʢʠʩʥʝʥʥʷ (ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ɸʊʌ) ʚʥʘʩʣʽʜʦʢ ʨʦʟôʻʜʥʘʥʥʷ ʦʢʠʩʥʝʥʥʷ ʽ 

ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ. ʋʪʠʣʽʟʘʮʽʷ ʢʠʩʥʶ ʢʣʽʪʠʥʘʤʠ ʤʦʞʝ ʧʦʨʫʰʫʚʘʪʠʩʷ ʚʥʘʩʣʽʜʦʢ ʜʽʾ 

ʨʽʟʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ ʬʝʨʤʝʥʪʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ, ʧʨʠʢʣʘʜʦʤ ʤʦʞʫʪʴ ʩʣʫʛʫ-

ʚʘʪʠ ʽʦʥʠ ʮʽʘʥʫ (ʉN-), ʷʢʽ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʦʢʠʩʥʝʥʥʶ ʮʠʪʦʭʨʦʤʫ. ɺʥʘʩʣʽʜʦʢ 

ʮʦɹʛʦ ʙʣʦʢʫʻʪʴʩʷ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘʣʽʟʘ ʜʠʭʘʣʴʥʦʛʦ ʬʝʨʤʝʥʪʘ ʪʘ ʪʨʘʥʩʧʦʨʪʫ ʢʠʩʥ ʁ

ʜʦ ʮʠʪʦʭʨʦʤʘ. ʇʨʠ ʮʴʦʤʫ ʨʝʘʢʮʽʾ ʪʢʘʥʠʥʥʦʛʦ ʜʠʭʘʥʥʷ, ʷʢʽ ʘʢʪʠʚʫʁ ʪʴʩʷ ʜʨʫʛʠʤʠ 

ʘʛʝʥʪʘʤʠ (ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʟʘʣʽʟʦ) ʥʝ ʽʥʛʽʙʫʶʪʴʩʷ. ʇʨʠʛʥʽʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʬʝʨʤʝʥ-

ʪʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʤʦʞʣʠʚʝ ʧʨʠ ʥʝʩʧʝʮʠʬʽʯʥʦʤʫ ʽʥʛʙ̔ʫʚʘʥʥʽ ʬʝʨʤʝʥʪʽʚ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʽʦʥʘʤʠ ʤʝʪʘʣʽʚ (Ag, Hg, Cu ). ʇʨʠ ʮʴʦʤʫ, ʚʢʘʟʘʥʽ ʤʝʪʘʣʠ 

ʧʨʦʪʠʣʝʞʥʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ SH ʛʨʫʧʘʤʠ ʬʝʨʤʝʥʪʽʚ ʟ ʫʪʚʦʨʝʥʥʷʤ ʾʭ ʥʝʘʢʪʠʚʥʦʾ 

ʤʝʨʢʘʧʪʦʾʜʥʦʾ ʬʦʨʤʠ. ɺ ʨʦʣʽ ʢʦʥʢʫʨʝʥʪʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ ʦʢʩʘʣʘʪ 
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ʽ ʤʘʣʦʥʘʪ, ʷʢʽ ʙʣʦʢʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʩʫʢʮʠʥʘʪʘ ʟ ʩʫʢʮʠʥʘʪʜʝʛʽʜʨʦʛʝʥʘʟʦʶ ʚ ʮʠʢ-

ʣʽ ʪʨʠʢʘʨʙʦʥʦʚʠʭ ʢʠʩʣʦʪ; ʬʪʦʨʣʠʤʦʥʥʘ ʢʠʩʣʦʪʘ ʢʦʥʢʫʨʫʻ ʟʘ ʘʢʪʠʚʥʠʡ ʮʝʥʪʨ ʘʢʦ-

ʥʽʪʘʟʠ ʟ ʮʠʪʨʘʪʦʤ. ʋ ʤʽʪʦʭʦʥʜʨʽʷʭ ʚʽʜʤʽʯʘʻʪʴʩʷ ʫʰʢʦʜʞʝʥʥʷ ʤʝʤʙʨʘʥ, ʱʦ ʻ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʥʘʜʤʽʨʥʦʾ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʠʭ ʪʘ ʣʽʧʦʧʝʨʦʢʩʠʜʥʠʭ ʧʨʦ-

ʮʝʩʽʚ, ʘʢʪʠʚʘʮʽʷ ʛʽʜʨʦʣʘʟ ʣʽʟʦʩʦʤ, ʜʽʷ ʥʘʜʣʠʰʢʫ ʘʤʬʽʬʽʣʴʥʠʭ ʩʧʦʣʫʢ ʧʝʨʝʨʦʟʪʷʛʫ 

ʽ ʨʦʟʪʛ̫ʫ ʥʘʙʨʷʢʣʠʭ ʢʣʽʪʠʥ ʽ ʾʭ ʤʽʪʦʭʦʥʜʨʽʡ [46, 56, 79, 93; 203]. 

ʉʫʙʩʪʨʘʪʥʘ (ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʛʣʶʢʦʟʠ ʪʘ ʞʠʨʥʠʭ ʢʠʩʣʦʪ) ʛʽʧʦʢʩʽʷ ʚ ʙʽʣʴʰʦʩ-

ʪʽ ʚʠʧʘʜʢʽʚ ʧʦʚôʷʟʘʥʘ ʟ ʧʦʨʫʰʝʥʥʷʤ ʜʦʩʪʘʚʢʠ ʽ ʫʪʠʣʽʟʘʮʽʾ ʦʩʥʦʚʥʠʭ ʩʫʙʩʪʨʘʪʽʚ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ ʢʠʩʥʶ. ɻʽʧʦʢʩʽʷ ʮʴʦʛʦ ʪʠ-

ʧʫ ʚʠʥʠʢʘʻ ʧʨʠ ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʪʨʘʥʩʧʦʨʪ ̔ʛʣʶʢʦʟʠ ʚ ʢʣʽʪʠʥʠ. ɼʦ ʮʽʻʾ ʛʽʧʦʢʩʽʾ 

ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʘ ʪʢʘʥʠʥʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʷʢʘ ʰʚʠʜʢʦ ʨʝʘʛʫʻ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʛʣʶʢʦʟʠ (ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʛʣʶʢʦʟʠ 5-8 ʭʚ. ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʛʠʙʝʣʴ ʯʫʪʣʠʚʠʭ ʥʝʨ-

ʚʦʚʠʭ ʢʣʽʪʠʥ). ɺʽʜʩʫʪʥʽʩʪʴ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʫ ʤʽʦʢʘʨʜʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ 

ʮʽʻʾ ʛʽʧʦʢʩʽʾ. [170; 173; 177] 

ɿʤʽʰʘʥʘ ʛʽʧʦʢʩʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʠʤ ʧʦʨʫʰʝʥʥʷʤ ʬʫʥʢʮʽʡ 

ʜʚʦʭ ʘʙʦ ʪʨʴʦʭ ʩʠʩʪʝʤ ʦʨʛʘʥʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʢʘʥʠʥʠ ʢʠʩʥʝʤ ʽ ʩʫʙʩʪʨʘʪʽʚ 

ʤʝʪʘʙʦʣʽʟʤʫ ʚ ʧʨʦʮʝʩʽ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ 

ʥʘʨʢʦʪʠʯʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ ʟʜʘʪʥʽ ʫ ʚʠʩʦʢʠʭ ʜʦʟʘʭ ʧʨʠʛʥʽʯʫʚʘʪʠ ʬʫʥʢʮʽʶ ʩʝʨʮʷ, 

ʥʝʡʨʦʥʽʚ ʜʠʭʘʣʴʥʦʛʦ ʮʝʥʪʨʫ ʽ ʘʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʽʚ ʪʢʘʥʠʥʥʦʛʦ ʜʠʭʘʥʥʷ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʦʟʚʠʪʢʫ ʽ ʪʨʠʚʘʣʦʩʪʽ ʢʠʩʥʝʚʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ ʨʦʟʨʽ-

ʟʥʷʶʪʴ ʙʣʠʩʢʘʚʠʯʥʫ, ʛʦʩʪʨʫ ʽ ʭʨʦʥʽʯʥʽ ʬʦʨʤʠ ʛʽʧʦʢʩʽʾ [23, 75, 91; 211]. ɹʫʜʴ ʷʢʘ 

ʬʦʨʤʘ ʛʽʧʦʢʩʽʾ ʚʠʢʣʠʢʘʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʤʽʥʠ ʚ ʦʨʛʘʥʽʟʤʽ. ʂʘʨʪʠʥʘ ʛʽʧʦʢʩʽʾ ʤʦʞʝ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʩʷ ʨʽʟʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʽ ʦʙʩʪʘʚʠʥʘʤʠ: ʬʦʨʤʦʶ, ʚʠʜʦʤ, ʪʨʠʚʘʣʽʩ-

ʪʶ ʢʠʩʥʝʚʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ, ʽʥʜʠʚʽʜʫʘʣʴʥʦʶ ʯʫʪʣʠʚʽʩʪʶ ʦʨʛʘʥʽʟʤʫ ʜʦ ʜʝʬʽʮʠʪʫ 

ʢʠʩʥʶ, ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʽʥʰʠʤʠ ʧʨʠʯʠʥʘʤʠ [17, 44, 55]. 

ʇʨʠ ʛʽʧʦʢʩʽʾ ʧʝʨʰʠʤʠ ʦʟʥʘʢʘʤʠ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʦʨʫʰʝʥʴ ʻ ʟʤʝʥʰʝʥʥʷ ʩʠ-

ʥʪʝʟʫ ʤʘʢʨʦʝʨʛʽʯʥʠʭ ʩʧʦʣʫʢ ʽ ʟʤʽʥʠ ʚʫʛʣʝʚʦʜʥʦʛʦ ʦʙʤʽʥʫ: ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʢʪʠʚʘ-

ʮʽʷ ʛʣʽʢʦʣʽʟʫ, ʛʣʽʢʦʛʝʥʦʣʽʟʫ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʜʫʢʮʽʷ ʧʽʨʫʚʘʪʫ ʽ ʣʘʢʪʘʪʫ [37, 48, 

169, 188]. 

ʂʠʩʝʥʴ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ. 
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ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʡʦʛʦ ʫʯʘʩʪʶ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʙʽʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ. ɿʘ ʫʯʘʩ-

ʪʶ ʢʠʩʥʶ ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʘʢʽ ʙʽʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ:  

ï ʪʢʘʥʠʥʥʝ (ʢʣʽʪʠʥʥʝ) ʜʠʭʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʤʽʪʦʭʦʥʜʨʽʷʭ ʢʣʽʪʠʥ ʟʘʚʜʷʢʠ ʜʝ-

ʛʽʜʨʦʛʝʥʘʟʘʤ ʪʘ ʽʥʰʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʜʠʭʘʣʴʥʦʛʦ ʣʘʥʮʶʛʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʪʨʘʥʩʧʦʨʪ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ ʩʫʙʩʪʨʘʪʽʚ ʥʘ ʢʠʩʝʥʴ. ʆʩʥʦʚʥʘ ʬʫʥʢʮʽʷ ʢʣʽʪʠʥʥʦʛʦ ʜʠ-

ʭʘʥʥʷ ï ʚʠʚʽʣʴʥʝʥʥʷ ʝʥʝʨʛʽʾ ʟ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʽ ʘʢʫʤʫʣʶʚʘʥʥʷ ʾʭ ʚ ʤʘʢʨʦʝʨ-

ʛʽʯʥʠʭ ʟʚôʷʟʢʘʭ ɸʊʌ (ʦʢʠʩʥʶʚʘʣʴʥʝ ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ); 

ï ʤʽʢʨʦʩʦʤʥʝ ʦʢʠʩʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʤʫ ʨʝʪʠʢʫʣʫʤʽ ʢʣʽʪʠʥ. 

ʂʘʪʘʣʽʟʘʪʦʨʘʤʠ ʤʽʢʨʦʩʦʤʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʻ ʦʢʩʠʛʝʥʘʟʠ ï ʬʝʨʤʝʥʪʠ, ʷʢʽ ʧʨʠʻʜ-

ʥʫʶʪʴ ʢʠʩʝʥʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʩʫʙʩʪʨʘʪʫ. ɿʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʢʠʩʥʶ, 

ʱʦ ʧʨʠʻʜʥʫʶʪʴʩʷ, ʨʦʟʨʽʟʥʷʶʪʴ ʤʦʥʦʦʢʩʠʛʝʥʘʟʠ ʽ ʜʽʦʢʩʠʛʝʥʘʟʠ. ʇʝʨʰʽ ʟʘʙʝʟʧʝ-

ʯʫʶʪʴ ʨʝʘʢʮʽʾ ʛʽʜʨʦʢʩʠʣʶʚʘʥʥʷ (ʫʪʚʦʨʝʥʥʷ ʩʪʝʨʦʾʜʥʠʭ ʛʦʨʤʦʥʽʚ, ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʨʦʣʽʥʫ ʚ ʦʢʩʠʧʨʦʣʽʥ), ʽʥʰ̔ ï ʨʝʘʢʮʽʾ ʜʝʪʦʢʩʠʢʘʮʽʾ ʚ ʧʝʯʽʥʮʽ. ʎʝʡ ʪʠʧ ʨʝʘʢʮʽʡ 

ʦʩʦʙʣʠʚʦ ʽʥʪʝʥʩʠʚʥʦ ʧʨʦʭʦʜʠʪʴ ʫ ʧʝʯʽʥʮʽ ʪʘ ʜʝʷʢʠʭ ʝʥʜʦʢʨʠʥʥʠʭ ʟʘʣʦʟʘʭ;  

ï ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʧʝʨʦʢʩʠʜʽʚ ʧʨʦʭʦʜʷʪʴ ʫ ʧʝʨʦʢʩʠʩʦʤʘʭ, ʘ ʪʘʢʦʞ ʫ ʛʨʘʥʫʣʘʭ 

ʥʝʡʪʨʦʬʽʣʽʚ ʽ ʤʘʢʨʦʬʘʛʽʚ. ɰʭ ʢʘʪʘʣʽʟʘʪʦʨʘʤʠ ʻ ʦʢʩʠʜʘʟʠ ï ʬʝʨʤʝʥʪʠ, ʱʦ ʟʘʙʝʟʧʝ-

ʯʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʦʧʝʨʦʢʩʠʜʽʚ ʮʽʣʦʛʦ ʨʷʜʫ ʩʧʦʣʫʢ ʽ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ. ʎʽ ʨʝ-

ʘʢʮʽʾ ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʚ ʢʘʪʘʙʦʣʽʟʤʽ ʜʝʷʢʠʭ ʩʧʦʣʫʢ ïʘʤʽʥʦʢʠʩʣʦʪ, ʧʫʨʠʥʽʚ ʽ ʦʜ-

ʥʦʛʦ ʟ ʤʝʭʘʥʽʟʤʽʚ ʙʘʢʪʝʨʠʮʠʜʥʦʩʪʽ; 

ï ʨʝʘʢʮʽʾ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʷʢʽ ʘʢʪʠʚʫʶʪʴʩʷ ʧʨʠ ʧʘʪʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʘʭ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʁ ʪʴʩʷ ʦʢʩʠʜʘʥʪʥʠʤ ʩʪʨʝʩʦʤ (ʫʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥ, ʜʽʷ 

ʽʦʥʽʟʫʶʯʦʾ ʨʘʜʽʘʮʽʾ, ʜʝʷʢʽ ʚʠʜʠ ʦʪʨʫʻʥʴ ʪʦʱʦ).  

ʆʜʥʠʤ ʽʟ ʮʝʥʪʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʦʢʩʠʜʘʥʪʥʦʛʦ ʩʪʨʝʩʫ ʻ ʧʝʨʝʢʠʩʥʝ ʦʢʠʩ-

ʥʝʥʥʷ ʣʽʧʽʜʽʚ (ʇʆʃ). ʆʩʢʽʣʴʢʠ ʩʝʨʝʜ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʙʽʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʛʦ-

ʣʦʚʥʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʨʝʘʢʮʽʾ ʢʣʽʪʠʥʥʦʛʦ ʜʠʭʘʥʥʷ, ʛʧ̔ʦʢʩʽʷ ʚʠʢʣʠʢʘʻ ʨʦʟʣʘʜʠ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʤʽʥʫ. ɹʽʦʣʦʛʽʯʥʠʡ ʩʠʥʪʝʟ ʤʘʢʨʦʝʨʛʽʯʥʠʭ ʩʧʦʣʫʢ ï ʮʝ ʩʢʣʘʜʥʠʡ 

ʥʝʨʦʟʨʠʚʥʠʡ ʣʘʥʮʶʛ ʙʽʦʭʽʤʽʯʥʠʭ ʟʤʽʥ ʫ ʤʽʪʦʭʦʥʜʨʽʷʭ ʢʣʽʪʠʥ, ʱʦ ʤʦʞʫʪʴ ʚʽʜʙʫ-

ʚʘʪʠʩʷ ʷʢ ʟʘ ʫʯʘʩʪʶ ʢʠʩʥʶ, ʪʘʢ ʽ ʙʝʟ ʥʴʦʛʦ. ʇʨʠ ʧʦʨʫʰʝʥʥʽ ʧʨʦʮʝʩʫ ʤʽʪʦʭʦʥʜʨʽ-

ʘʣʴʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʘʣʴʤʫʚʘʥʥʷ ʩʧʦʣʫʯʝʥʦʛʦ ʟ ʥʠʤ ʬʦʩʬʦʨʠʣʶ-

ʚʘʥʥʷ ʽ ʚʠʥʠʢʘʻ ʧʨʦʛʨʝʩʫʶʯʠʡ ʜʝʬʽʮʠʪ ɸʊʌ ï ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʚ ʢʣʪ̔ʠʥʽ [15, 44, 
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134, 165, 203].  

ʇʨʠ ʛʽʧʦʢʩʽʾ ʢʣʽʪʠʥ ʧʦʨʫʰʫʻʪʴʩʷ ʧʨʦʮʝʩ ʚʟʘʻʤʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ï ʚʽʜʥʦʚ-

ʣʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʫ ʜʠʭʘʣʥɹʦʤʫ ʣʘʥʮʶʟʽ. ʂʘʪʘʣʽʟʘʪʦʨʠ ʜʠʭʘʣʴʥʦʛʦ ʣʘʥʮʶʛʘ ʚ 

ʮʠʭ ʫʤʦʚʘʭ ʥʝ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʨʦʣʴ ʘʢʮʝʧʪʦʨʽʚ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜ ʚʽʜʥʦʚʣʝʥʠʭ 

ʢʦʬʝʨʤʝʥʪʽʚ, ʪʘʢ ʷʢ ʩʘʤʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʽʜʥʦʚʣʝʥʦʤʫ ʩʪʘʥʽ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʫ 

ʪʢʘʥʠʥʘʭ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʚʽʜʥʦʚʣʝʥʠʭ ʬʦʨʤ ʢʦʬʝʨʤʝʥʪʽʚ ʽ ʟʥʘʯʥʦ ʟʨʦʩ-

ʪʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʅɸɼʅ/ʅɸɼ ʪʘ ʅɸɼʌʅ/ʅɸɼʌ. 

ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʥʠʞʫʻʪʴʩʷ ʘʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʦʢʠʩʥʦʛʦ ʬʦʩʬʦʨʠʣʶ-

ʚʘʥʥʷ, ʝʥʝʨʛʦʫʪʚʦʨʝʥʥʷ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʤʘʢʨʦʝʨʛʽʯʥʠʭ ʟʚôʷʟʢʘʭ ɸʊʌ ʽ 

ʢʨʝʘʪʠʥʬʦʩʬʘʪʫ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʬʝʨʤʝʥʪʽʚ ï ʮʠʪʦʭʨʦ-

ʤʦʢʩʠʜʘʟʠ, ʩʫʢʮʠʥʘʪʜʝʛʽʜʨʦʛʝʥʘʟʠ, ʤʘʣʘʪʜʝʛʽʜʨʦʛʝʥʘʟʠ, ʱʦ ʟʤʝʥʰʫʻ ʽʥʪʝʥʩʠʚ-

ʥʽʩʪʴ ʨʫʭʫ ʝʣʝʢʪʨʦʥʽʚ. ʎʝ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʘʢʪʠʚʥʦʩʪʽ ʣʘʢʪʘʪʜʝʛʽʜʨʦʛʝʥʘʟʠ, 

ʛʝʢʩʦʢʽʥʘʟʠ, Ŭ-ʛʣʶʢʘʥʬʦʩʬʦʨʠʣʘʟʠ, ʱʦ ʧʦʨʫʰʫʻ ʛʣʽʢʦʣʽʪʠʯʥʠʡ ʣʘʥʮʶʛ. ɺʠʱʝ 

ʟʛʘʜʘʥʽ ʬʝʨʤʝʥʪʠ ʛʣʽʢʦʣʽʟʫ ʧʽʜʚʠʱʫʶʪʴ ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʘʜʫ ʚʫʛʣʝʚʦʜʽʚ ʽ ʥʘʢʦʧʠ-

ʯʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʦʣʦʯʥʦʾ ʽ ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪ, ʱʦ ʩʧʨʠʷʻ ʘʢʪʠʚʘʮʽʾ ʚʽ-

ʣɹʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ [85, 97, 116, 146].  

ʋ ʧʘʪʦʛʝʥʝʟʽ ʛʽʧʦʢʩʠʯʥʠʭ ʩʪʘʥʽʚ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʦʨʛʘ-

ʥʽʟʤʽ (ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚ ʤʦʟʢʫ) ʦʢʩʠʜʫ ʘʟʦʪʫ (NO). ʇʦʤʽʨʥʘ ʘʢʪʠʚʘʮʽʷ ʧʨʦʜʫʢʮʽʷ 

ʦʢʩʠʜʫ ʘʟʦʪʫ ʚʠʢʣʠʢʘʻ ʨʦʟʰʠʨʝʥʥʷ ʧʨʝʢʘʧʽʣʷʨʥʠʭ ʩʫʜʠʥ, ʟʥʠʞʝʥʥʷ ʘʜʛʝʟʽʾ ʽ ʘʛ-

ʨʝʛʘʮʽʾ ʪʨʦʤʙʦʮʠʪʽʚ, ʘʢʪʠʚʘʮʽʷ ʩʠʥʪʝʟʫ ʩʪʨʝʩ-ʙʽʣʢʽʚ, ʱʦ ʟʘʭʠʱʘʶʪʴ ʢʣʽʪʠʥʠ ʚʽʜ 

ʫʰʢʦʜʞʝʥʥʷ, ʛʽʧʝʨʧʨʦʜʫʢʮʽʷ NO ʚʠʢʣʠʢʘʻ ʫʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥ ʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʥʝʨʚʦʚʠʭ. ɻʽʧʦʢʩʽʷ ʥʝʨʚʦʚʦʾ ʪʢʘʥʠʥʠ ʟʙʽʣʴʰʫʻ ʚʠʚʽʣʴʥʝʥʥʷ ʛʣʫʪʘʤʘʪʫ, ʷʢʠʡ ʚʠ-

ʢʣʠʢʘʻ ʟʙʫʜʞʝʥʥʷ ʽ ʮʠʪʦʪʦʢʩʠʯʥʠʡ ʝʬʝʢʪ, ʱʦ ʚʠʢʣʠʢʘʻ ʟʘʛʠʙʝʣʴ ʥʝʡʨʦʥʽʚ [32, 

79, 124; 133]. 

ʇʨʠ ʛʽʧʦʢʩʽʾ ʚ ʦʨʛʘʥʽʟʤʽ ʬʦʨʤʫʻʪʴʩʷ ʜʠʥʘʤʽʯʥʘ ʩʠʩʪʝʤʘ ʧʦ ʜʦʩʷʛʥʝʥʥʶ ʽ 

ʧʽʜʪʨʠʤʘʥʥʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʚ ʢʣʽʪʠʥʘʭ. ʉʠʩʪʝʤʘ 

ʨʝʘʣʽʟʫʻ ʩʚʦʾ ʝʬʝʢʪʠ ʟʘ ʨʘʭʫʥʦʢ ʘʢʪʠʚʘʮʽʾ ʜʦʩʪʘʚʢʠ ʢʠʩʥʶ ʽ ʩʫʙʩʪʨʘʪʽʚ ʤʝʪʘʙʦʣʽ-

ʟʤʫ ʜʦ ʪʢʘʥʠʥ ʽ ʚʢʣʶʯʝʥʥʷ ʾʭ ʚ ʨʝʘʢʮʽʶ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʢʠʩʥʝʥʥʷ. ɺ ʩʪʨʫʢʪʫʨʫ 

ʩʠʩʪʝʤʠ ʚʭʦʜʷʪʴ ʣʝʛʝʥʽ, ʩʝʨʮʝ, ʩʫʜʠʥʥʘ ʩʠʩʪʝʤʘ, ʢʨʦʚ, ʩʠʩʪʝʤʘ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʦʢʠʩʥʝʥʥʷ ʽ ʨʝʛʫʣʷʪʦʨʥ̔  ʩʠʩʪʝʤʠ [15, 47, 143, 177, 203]. ɸʜʘʧʪʘʮʽʡʥʽ ʨʝʘʢʮʽʾ ʧʦ-
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ʜʽʣʝʥ̔  ʥʘ ʝʢʩʪʨʝʥʥʫ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʫ ʘʜʘʧʪʘʮʽʶ. ɻʦʩʪʨʽ ʨʝʘʢʮʽʾ ʚʠʨʘʞʘʶʪʴʩʷ ʫ 

ʟʤʽʥʽ ʬʫʥʢʮʽʾ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʽ ʢʨʦʚʦʟʘʙʝʩʧʝʯʝʥʥʷ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ 

ʭʚʠʣʠʥʥʦʛʦ ʽ ʩʠʩʪʦʣʽʯʥʦʛʦ ʦʙôʻʤʫ ʢʨʦʚʽ, ʰʚʠʜʢʦʩʪʽ ʢʨʦʚʽ, ʧʽʜʚʠʱʝʥʥʷ ʘʨʪʝʨʽʘ-

ʣʴʥʦʛʦ ʪʠʩʢʫ ʽ ʧʦʚʝʨʥʝʥʥʷ ʚʝʥʦʟʥʦʾ ʢʨʦʚʽ ʜʦ ʩʝʨʮʷ, ʱʦ ʩʧʨʠʷʻ ʧʨʠʩʢʦʨʝʥʥʶ ʜʦ-

ʩʪʘʚʢʠ ʢʠʩʥʶ ʜʦ ʪʢʘʥʠʥ. ʋ ʚʠʧʘʜʢʫ ʚʘʞʢʦʾ ʛʽʧʦʢʩʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʮʝʥʪʨʘʣʽʟʘʮʽʷ 

ʢʨʦʚʦʦʙʽʛʫ ï ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʢʨʦʚʽ ʥʘʧʨʘʚʣʷʻʪʴʩʷ ʜʦ ʞʠʪʪʻʚʦ ʥʝʦʙʭʽʜʥʠʭ ʦʨʛʘ-

ʥʽʚ. ɻʽʧʦʢʩʽʷ ʻ ʧʦʪʫʞʥʠʤ ʩʫʜʠʥʥʦʨʦʟʰʠʨʶʶʯʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʢʦʨʦʥʘʨʥʠʭ ʩʫ-

ʜʠʥ, ʘʣʝ ʨʘʟʦʤ ʟ ʪʠʤ ʟʚʫʞʫʶʪʴʩʷ ʩʫʜʠʥʠ ʤôʷʟʽʚ ʽ ʦʨʛʘʥʽʚ ʯʝʨʝʚʥʦʾ ʧʦʨʦʞʥʠʥʠ. 

ʂʨʦʚʦʪʦʢ ʯʝʨʝʟ ʪʢʘʥʠʥʠ ʨʝʛʫʣʶʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚ ʥʠʭ ʪʠʩʢʫ ʽ ʯʠʤ ʥʠʞʯʝ ʡʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ, ʪʠʤ ʙʽʣʴʰʝ ʢʨʦʚʽ ʧʨʠʪʽʢʘʻ ʜʦ ʮʠʭ ʪʢʘʥʠʥ [15, 47, 143, 177, 222]. 

ʉʫʜʠʥʥʦʨʦʟʰʠʨʶʶʯʫ ʜʽʶ ʤʘʶʪʴ ʧʨʦʜʫʢʪʠ ʨʦʟʧʘʜʫ ɸʊʌ (ɸɼʌ, ɸʄʌ, ʥʝʦʨʛʘ-

ʥʽʯʥʠʡ ʬʦʩʬʘʪ), ʘ ʪʘʢʦʞ CO2, H
+-ʽʦʥʠ, ʤʦʣʦʯʥʘ ʢʠʩʣʦʪʘ ʽ ʢʽʣʴʢʽʩʪʴ ʾʭ ʧʨʠ ʛʽʧʦʢ-

ʩʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɺ ʫʤʦʚʘʭ ʘʮʠʜʦʟʫ ʟʥʠʞʫʻʪʴʩʷ ʟʙʫʜʣʠʚʽʩʪʴ ɓ-ʨʝʮʝʧʪʦʨʽʚ ʧʦ ʚʽ-

ʜʥʦʰʝʥʥʶ ʜʦ ʢʘʪʝʭʦʣʘʤʽʥʽʚ, ʱʦ ʪʘʢʦʞ ʩʧʨʠʷʻ ʨʦʟʰʠʨʝʥʥʶ ʩʫʜʠʥ. ʊʝʨʤʽʥʦʚʽ 

ʧʨʠʩʪʦʩʫʚʘʣʴʥʽ ʨʝʘʢʮʽʾ ʟ ʙʦʢʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʧʨʦʷʚʣʷʶʪʴʩʷ ʡʦʛʦ ʧʦʯʘʩʪʽʰʘʥ-

ʥʷʤ ʽ ʧʦʛʣʠʙʣʝʥʥʷʤ, ʱʦ ʩʧʨʠʷʻ ʧʦʢʨʘɦ ʝʥʥʶ ʚʝʥʪʠʣʷʮʽʾ ʘʣʴʚʝʦʣ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʢʣʶʯʝʥʥʷ ʚ ʘʢʪ ʜʠʭʘʥʥʷ ʨʝʟʝʨʚʥʠʭ ʘʣʴʚʝʦʣ. ɻʽʧʝʨʚʝʥʪʠʣʷʮʽʷ ʦʙʫʤʦʚʣʶʻ ʨʦʟ-

ʚʠʪʦʢ ʛʽʧʦʢʘʧʥʽʾ, ʷʢʘ ʧʽʜʚʠʱʫʻ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʛʝʤʦʛʣʦʙʽʥʫ ʜʦ ʢʠʩʥʶ ʽ ʧʨʠʩʢʦ-

ʨʶʻ ʦʢʩʠʛʝʥʘʮʽʶ ʧʨʠʪʦʢʫ ʢʨʦʚʽ ʜʦ ʣʝʛʝʥʴ. ʇʨʦʪʷʛʦʤ ʜʚʦʭ ʜʽʙ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʛʦʩ-

ʪʨʦʾ ʛʽʧʦʢʩʽʾ ʚ ʝʨʠʪʨʦʮʠʪʘʭ ʟʙʽʣʴʰʫʻʪʴʩʷ 2,3ïʜʠʬʦʩʬʦʛʣʽʮʝʨʘʪʫ (ɼʌɻ) ʽ ɸʊʌ, 

ʱʦ ʧʨʠʩʢʦʨʶʻ ʚʽʜʜʘʯʫ ʢʠʩʥʶ ʪʢʘʥʠʥʘʤ [15, 47, 143, 177, 222]. 

ʇʨʠʩʪʦʩʫʚʘʣʴʥʘ ʨʝʘʢʮʽʷ ʪʢʘʥʠʥ ʜʦ ʛʽʧʦʢʩʽʾ ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʧʽʜʚʠʱʝʥʥʽ 

ʦʢʠʩʥʝʥʥʷ ʽ ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ, ʘʢʪʠʚʘʮʽʾ ʛʣʽʢʦʣʽʟʘ, ʟʘ ʨʘʭʫʥʦʢ ʷʢʦʛʦ ʟʘʜʦʚʦʣʴ-

ʥʷʶʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʪʨʝʙʠ ʢʣʽʪʠʥ. ʇʨʠ ʧʽʜʩʠʣʝʥʥʽ ʛʣʽʢʦʣʽʟʘ ʚ ʪʢʘʥʠʥʘʭ ʥʘʢʦ-

ʧʠʯʫʻʪʴʩʷ ʤʦʣʦʯʥʘ ʢʠʩʣʦʪʘ, ʨʦʟʚʠʚʘʻʪʴʩʷ ʘʮʠʜʦʟ, ʷʢʠʡ ʧʨʠʩʢʦʨʶʻ ʜʠʩʦʮʽʘʮʽʶ 

ʛʝʤʦʛʣʦʙʽʥʫ ʚ ʢʘʧʽʣʷʨʘʭ [30, 45, 194]. 

ɼʦʚʛʦʪʨʠʚʘʣʽ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʪʦʩʫʚʘʣʴʥʽ ʨʝʘʢʮʽʾ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʭʨʦ-

ʥʽʯʥʽʡ ʛʽʧʦʢʩʽʾ ʥʘ ʬʦʥʽ ʨʽʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʧʝʨʝʙʫʚʘʥʥʽ ʚ ʛʦʨʘʭ, 

ʪʨʝʥʫʚʘʥʥʽ ʚ ʙʘʨʦʢʘʤʝʨʘʭ. ʋ ʮʠʭ ʫʤʦʚʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʝʨʠʪʨʦʮʠʪʽʚ ʽ 

ʛʝʤʦʛʣʦʙʽʥʫ ʚʥʘʩʣʽʜʦʢ ʘʢʪʠʚʘʮʽʾ ʝʨʠʪʨʦʧʦʝʟʘ ʧʽʜ ʜʽʻʶ ʝʨʠʪʨʦʧʦʝʪʠʥʫ, ʷʢʠʡ ʘʢ-
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ʪʠʚʥʦ ʚʠʜʽʣʷʻʪʴʩʷ ʥʠʨʢʘʤʠ ʧʨʠ ʛʽʧʦʢʩʽʾ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʠʩ-

ʥʝʚʘ ʻʤʢʽʩʪʴ ʢʨʦʚʽ ʪʘ ʾʾ ʦʙôʻʤ, ʘ ʚ ʝʨʠʪʨʦʮʠʪʘʭ ʧʽʜʚʠʱʫʻʪʴʩʷ 2,3ïɼʌɻ, ʟʥʠʞʫʶ-

ʯʦʛʦ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʛʝʤʦʛʣʦʙʽʥʫ ʜʦ ʢʠʩʥʶ, ʱʦ ʧʨʠʩʢʦʨʶʻ ʡʦʛʦ ʚʽʜʜʘʯʫ ʪʢʘʥʠ-

ʥʘʤ [17, 50, 152, 193, 222].  

ɻʽʧʦʢʩʽʷ ʻ ʚʠʨʘʞʝʥʠʤ ʩʪʨʝʩʦʨʥʠʤ ʬʘʢʪʦʨʦʤ ʧʽʜ ʜʽʻʶ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʘʢʪʠʚʘʮʽʷ ʛʽʧʦʪʘʣʘʤʦ-ʛʽʧʦʬʽʟʘʨʥʦ-ʘʜʨʝʥʘʣʦʚʦʾ ʩʠʩʪʝʤʠ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʜ̔ʣʝʥʥʷ 

ʚ ʢʨʦʚ ʛʣʶʢʦʢʦʨʪʠʢʦʾʜʽʚ, ʷʢʽ ʘʢʪʠʚʫʶʪʴ ʬʝʨʤʝʥʪʠ ʜʠʭʘʣʴʥʦʛʦ ʣʘʥʮʶʛʘ ʽ ʧʽʜʚʠ-

ʱʫʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʣʽʪʠʥʥʠʭ ʤʝʤʙʨʘʥ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʤʝʤʙʨʘʥ ʣʽʟʦʩʦʤ. ʎʝ ʟʥʠ-

ʞʫʻ ʟʘʛʨʦʟʫ ʚʠʜʽʣʝʥʥʷ ʟ ʦʩʪʘʥʥʽʭ ʚ ʮʠʪʦʧʣʘʟʤʫ ʛʽʜʨʦʣʽʪʠʯʥʠʭ ʬʝʨʤʝʥʪʽʚ, ʟʜʘʪ-

ʥʠʭ ʚʠʢʣʠʢʘʪʠ ʘʫʪʦʣʽʟ ʢʣʽʪʠʥ. ʍʨʦʥʽʯʥʘ ʛʽʧʦʢʩʽʷ ʧʨʠʟʚʦʜʠʪʴ ʥʝ ʪʽʣʴʢʠ ʜʦ ʬʫʥʢ-

ʮʽʦʥʘʣʴʥʠʭ ʨʦʟʣʘʜʽʚ ʘʣʝ ʽ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ ï ʜʝʬʽʮʠʪ ʤʘʢʨʦʝʨʛʽʯʥʠʭ ʬʦʩʬʦʨʥʠʭ 

ʩʧʦʣʫʢ, ʱʦ ʚʠʢʣʠʢʘʻ ʘʢʪʠʚʘʮʽʶ ʩʠʥʪʝʟʫ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʽ ʙʽʣʢʽʚ. ʎʽ ʙʽʦʭʽʤʽ-

ʯʥʽ ʟʩʫʚʠ ʧʽʜʩʠʣʶʶʪʴ ʫ ʪʢʘʥʠʥʘʭ ʧʣʘʩʪʠʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ ʛʽʧʝʨ-

ʪʨʦʬʽʾ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ ʽ ʜʠʭʘʣʴʥʦʾ ʤʫʩʢʫʣʘʪʫʨʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʘʧʘʨʘʪʫ ʟʦʚʥʽʰʥʴʦʛʦ ʜʠʭʘʥʥʷ ʽ ʢʨʦʚʦʦʙʽʛʫ [17, 50, 163, 193, 222]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʪʨʠʚʘʣʽʡ ʘʜʘʧʪʘʮʽʾ ʜʦ ʛʽʧʦʢʩʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʛʽʧʝʨʚʝ-

ʥʪʠʣʷʮʽʷ ʣʝʛʝʥʴ, ʥʦʨʤʘʣʟ̔ʫʻʪʴʩʷ ʨʦʙʦʪʘ ʩʝʨʮʷ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʩʪʫʧʝʥʷ 

ʛʽʧʦʢʩʽʾ, ʫʩʫʥʝʥʥʷ ʩʪʨʝʩ-ʩʠʥʜʨʦʤʫ. ɺʽʜʙʫʚʘʻʪʴʩʷ ʘʢʪʠʚʘʮʽʷ ʩʪʨʝʩ-ʣʽʤʽʪʫʶʯʠʭ 

ʩʠʩʪʝʤ ʦʨʛʘʥʽʟʤʫ, ʧʽʜʚʠɦ ʝʥʥʷ ʦʧʽʦʾʜʥʠʭ ʧʝʧʪʠʜʽʚ ʚ ʥʘʜʥʠʨʥʠʢʘʭ, ʛʦʣʦʚʥʦʤʫ 

ʤʦʟʢʫ. ʆʧʽʦʾʜʥʽ ʧʝʧʪʠʜʠ ʟʥʠʞʫʶʪʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʤʽʥʫ ʽ ʧʦʪʨʝʙ 

ʪʢʘʥʠʥ ʫ ʢʠʩʥʽ. ʇʽʜʩʠʣʶʻʪʴʩʷ ʘʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʽʚ, ʣʽʢʚʽʜʫʶʯʠʭ ʫʰʢʦʜʞʫʯʁʫ 

ʜʽʶ ʧʨʦʜʫʢʪʽʚ ʇʆʃ: ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʠ, ʢʘʪʘʣʘʟʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʘʜʘ-

ʧʪʘʮʽʾ ʜʦ ʛʽʧʦʢʩʽʾ ʧʽʜʚʠʱʫʻʪʴʩʷ ʨʝʟʠʩʪʝʥʪʥʽʩʪʴ ʦʨʛʘʥʽʟʤʫ ʜʦ ʜʽʾ ʽʥʰʠʭ ʫʰʢʦ-

ʜʞʫʶʯʠʭ ʬʘʢʪʦʨʽʚ (ʩʪʨʝʩʦʨʽʚ) [78, 117, 163, 214]. 

ʇʨʠ ʨʽʟʢʦ ʚʠʨʘʞʝʥʽʡ ʛʽʧʦʢʩʽʾ ʘʜʘʧʪʘʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʜʦʩʪʘ-

ʪʥʽ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʢʦʤʧʝʥʩʘʮʽʷ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʙʽʦʭʽʤʽʯʥʠʤʠ ʬʫʥʢʮʽʦʥʘ-

ʣʴʥʠʤʠ ʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ. ʏʫʪʣʠʚʽʩʪʴ ʨʽʟʥʠʭ ʪʢʘʥʠʥ ʽ ʦʨʛʘʥʽʚ ʜʦ 

ʫʰʢʦʜʞʫʶʯʦʛʦ ʚʧʣʠʚʫ ʛʽʧʦʢʩʽʾ ʜʦʩʠʪʴ ʨʽʟʥʘ. ɺ ʫʤʦʚʘʭ ʧʦʚʥʦʛʦ ʧʨʠʧʠʥʝʥʥʷ ʧʦ-

ʩʪʘʯʘʥʥʷ ʢʠʩʥʶ ʩʫʭʦʞʠʣʣʷ, ʭʨʷʱʽ ʽ ʢʽʩʪʢʠ ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʶ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ 

ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʛʦʜʠʥ, ʜʦʚʛʘʩʪʦ-ʩʤʫʛʘʩʪʽ ʤôʷʟʠ ï ʙʽʣʷ 2 ʛʦʜʠʥ, ʤʽʦʢʘʨʜ, ʥʠʨ-
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ʢʠ ʽ ʧʝʯʽʥʢʘ ï 20-40 ʭʚʠʣʠʥ, ʪʦʜʽ ʷʢ ʚ ʢʦʨʽ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʧʨʠ ʮʠʭ ʞʝ ʫʤʦ-

ʚʘʭ ʚʞʝ ʯʝʨʝʟ 2,5-3 ʭʚʠʣʠʥʠ ʟôʷʚʣʷʶʪʴʩʷ ʚʦʛʥʠʱʘ ʥʝʢʨʦʟʫ, ʘ ʯʝʨʝʟ 7-8 ʭʚʠʣʠʥ 

ʥʘʩʪʘʻ ʟʘʛʠʙʝʣʴ ʫʩʽʭ ʢʣʽʪʠʥ ʢʦʨʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ. ɼʝʱʦ ʙʽʣʴʰʫ ʩʪʽʡʢʽʩʪʴ ʤʘ-

ʶʪʴ ʥʝʡʨʦʥʠ ʜʦʚʛʘʩʪʦʛʦ ʤʦʟʢʫ ï ʾʭ ʜʽʷʣʴʥʽʩʪʴ ʤʦʞʝ ʚʽʜʥʦʚʣʶʚʘʪʠʩʴ ʯʝʨʝʟ 30 

ʭʚʠʣʠʥ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʜʦʩʪʘʚʢʠ ʢʠʩʥʶ [57, 109; 191; 212]. 

ɺ ʦʩʥʦʚʽ ʚʩʽʭ ʧʦʨʫʰʝʥʴ ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ ʧʨʠ ʛʽʧʦʢʩʽʾ ʣʝʞʠʪʴ ʟʥʠʞʝʥʥʷ 

ʫʪʚʦʨʝʥʥʷ, ʘʙʦ ʧʦʚʥʝ ʧʨʠʧʠʥʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʤʘʢʨʦʝʨʛʽʯʥʠʭ ʬʦʩʬʦʨʥʠʭ ʩʧʦʣʫʢ, 

ʷʢʝ ʦʙʤʝʞʫʻ ʟʜʘʪʥʽʩʪʴ ʢʣʽʪʠʥ ʚʠʢʦʥʫʚʘʪʠ ʥʦʨʤʘʣʴʥʽ ʬʫʥʢʮʽʾ ʽ ʧʽʜʪʨʠʤʫʚʘʪʠ 

ʩʪʘʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʛʦʤʝʦʩʪʘʟʫ. ʇʨʠ ʥʝʜʦʩʪʘʪʥʴʦʤʫ ʧʦʪʨʘʧʣʷʥʥʽ ʚ ʢʣʽʪʠʥʠ ʢʠʩ-

ʥʶ ʧʽʜʩʠʣʶʻʪʴʩʷ ʧʨʦʮʝʩ ʘʥʘʝʨʦʙʥʦʛʦ ʛʣʽʢʦʣʽʟʫ, ʘʣʝ ʚʽʥ ʤʦʞʝ ʣʠʰʝ ʚ ʥʝʟʥʘʯʥʦ-

ʤʫ ʩʪʫʧʝʥʽ ʢʦʤʧʝʥʩʫʚʘʪʠ ʧʦʩʣʘʙʣʝʥʥʷ ʦʢʠʩʥʠʭ ʧʨʦʮʝʩʽʚ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪɹ-

ʩʷ ʢʣʽʪʠʥ ʎʅʉ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʷʢʠʭ ʚ ʩʠʥʪʝʟʽ ʤʘʢʨʦʝʨʛʽʯʥʠʭ ʩʧʦʣʫʢ ʥʘʡʙʽʣʴʰ ʚʠ-

ʩʦʢʘ. ɺ ʥʦʨʤʽ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ ʤʦʟʢʦʤ ʩʢʣʘʜʘʻ ʙʽʣʷ 20% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʦʪʨʝ-

ʙʠ ʚ ʥʴʦʤʫ ʦʨʛʘʥʽʟʤʫ. ʇʽʜ ʜʽʻʶ ʛʽʧʦʢʩʽʾ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʦʥʠʢʣʠʚʽʩʪʴ ʢʘʧʽʣʷʨʽʚ 

ʤʦʟʢʫ, ʱʦ ʚʝʜʝ ʜʦ ʡʦʛʦ ʥʘʙʨʷʢʫ [17, 50, 163, 193, 222].  

ʄʽʦʢʘʨʜ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʣʘʙʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʝʥʝʨʛʦʟʘʙʝʟʧʝ-

ʯʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʘʥʘʝʨʦʙʥʠʭ ʧʨʦʮʝʩʽʚ. ɻʣʽʢʦʣʽʟ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʝʙʫ ʢʘʨ-

ʜʽʦʤʽʦʮʠʪʽʚ ʚ ʝʥʝʨʛʽʾ ʣʠʰʝ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʭʚʠʣʠʥ. ɿʘʧʘʩ ʛʣʽʢʦʛʝʥʫ ʚ ʤʽʦʢʘ-

ʨʜʽ ʰʚʠʜʢʦ ʚʠʩʥʘʞʫʪ̒ɹ ʩʷ. ɺʤʽʩʪ ʛʣʽʢʦʣʽʪʠʯʥʠʭ ʬʝʨʤʝʥʪʽʚ ʫ ʢʘʨʜʽʦʤʽʦʮʠʪʘʭ ʥʝ-

ʟʥʘʯʥʠʡ. ɻʣʽʢʦʣʽʟ ʥʝ ʪʽʣʴʢʠ ʻ ʥʝʘʜʝʢʚʘʪʥʠʤ ʟʘʩʦʙʦʤ ʚʠʚʽʣʴʥʝʥʥʷ ʝʥʝʨʛʽʾ, ʘʣʝ ʽ 

ʯʠʥʠʪʴ ʥʝʛʘʪʠʚʥʫ ʜʽʶ ʥʘ ʽʥʰʽ ʤʝʪʘʙʦʣʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ʢʣʽʪʠʥʽ, ʪʘʢ ʚʥʘʩʣʽʜʦʢ ʥʘ-

ʢʦʧʠʯʝʥʥʷ ʤʦʣʦʯʥʦʾ ʽ ʧʽʨʦʚʠʥʦʛʨʘʜʥʦʾ ʢʠʩʣʦʪ ʨʦʟʚʠʚʘʻʪʴʩʷ ʤʝʪʘʙʦʣʽʯʥʠʡ ʘʮʠ-

ʜʦʟ, ʷʢʠʡ ʟʤʝʥʰʫʻ ʘʢʪʠʚʥʽʩʪʴ ʪʢʘʥʠʥʥʠʭ ʬʝʨʤʝʥʪʽʚ; ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʘʢʪʠʚʥʽʩʪʴ 

ʤʦʥʦʘʤʽʥʦʦʢʩʠʜʘʟʠ [17, 50, 163, 193, 222]. ʇʨʠ ʨʽʟʢʦ ʚʠʨʘʞʝʥʦʤʫ ʜʝʬʽʮʠʪʽ ʤʘʢ-

ʨʦʝʨʛʽʚ ʧʦʨʫʰʫʻʪʴʩʷ ʬʫʥʢʮʽʷ ʝʥʝʨʛʦʟʘʣʝʞʥʠʭ ʤʝʤʙʨʘʥʥʠʭ ʥʘʩʦʩʽʚ. ɺʥʘʩʣʽʜʦʢ 

ʮʴʦʛʦ ʧʦʨʫʰʫʻʪʴʩʷ ʨʝʛʫʣʷʮʽʷ ʧʝʨʝʤʽʱʝʥʥʷ ʽʦʥʽʚ ʯʝʨʝʟ ʢʣʽʪʠʥʫ ʤʝʤʙʨʘʥ. ɺʽʜʙʫ-

ʚʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʡ ʚʠʭʽʜ ʟ ʢʣʽʪʠʥ ʢʘʣʽʶ ʽ ʥʘʜʣʠʰʢʦʚʝ ʧʦʪʨʘʧʣʷʥʥʷ ʚʩʝʨʝʜʠʥʫ 

ʥʠʭ ʥʘʪʨʽʶ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʽ ʟʤʽʥʝʥʥʶ 

ʥʝʨʚʦʚʦ-ʤôʷʟʦʚʦʾ ʟʙʫʜʣʠʚʦʩʪʽ, ʷʢʘ ʩʧʦʯʘʪʢʫ ʧʽʜʚʠʱʫʻʪʴʩʷ, ʘ ʧʦʪʽʤ ʧʦʩʣʘʙʣʶ-

ʻʪʴʩʷ ʽ ʚʪʨʘʯʘʻʪʴʩʷ. ʉʣʽʜʦʤ ʟʘ ʽʦʥʦʤ ʥʘʪʨʽʶ ʚ ʢʣʽʪʠʥʠ  ʩʧʨʤ̫ʦʚʫʻʪʴʩʷ ʚʦʜʘ, ʘ ʮʝ 
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ʚʠʢʣʠʢʘʻ ʾʭ ʥʘʙʨʷʢ. ʆʢʨʽʤ ʥʘʪʨʽʶ ʚ ʢʣʽʪʠʥʘʭ ʫʪʚʦʨʶʻʪʴʩʷ ʥʘʜʣʠʰʦʢ ʢʘʣʮɹʽʶ, 

ʧʦʚô̫ ʟʘʥʠʡ ʟ ʧʦʨʫʰʝʥʥʷʤ ʬʫʥʢʮʽʾ ʝʥʝʨʛʦʟʘʣʝʞʥʦʛʦ ʢʘʣʴʮʽʻʚʦʛʦ ʥʘʩʦʩʫ. ʇʽʜʚʠ-

ʱʝʥʝ ʧʦʪʨʘʧʣʷʥʥʷ ʢʘʣʴʮʽʶ ʚ ʥʝʡʨʦʥʠ ʦʙʫʤʦʚʣʝʥʝ ʚʽʜʢʨʠʪʪʷʤ ʜʦʧʦʤʽʞʥʠʭ ʢʘ-

ʣʴʮʽʻʚʠʭ ʢʘʥʘʣʴʮʽʚ ʧʽʜ ʜʽʻʶ ʛʣʫʪʘʤʘʪʘ, ʫʪʚʦʨʝʥʥʷ ʷʢʦʛʦ ʧʨʠ ʛʽʧʦʢʩʽʾ ʟʙʽʣʴʰʫ-

ʻʪʴʩʷ. ɯʦʥʠ ʢʘʣʴʮʽʶ ʘʢʪʠʚʫʶʪʴ ʬʦʩʬʦʣʽʧʘʟʫ ɸ2, ʷʢʘ ʨʫʡʥʫʻ ʣʽʧʽʜʥʽ ʢʦʤʧʣʝʢʩʠ 

ʢʣʽʪʠʥʥʠʭ ʤʝʤʙʨʘʥ, ʱʦ ʙʽʣʴʰʦʶ ʤʽʨʦ ʁʧʦʨʫʰʫʻ ʨʦʙʦʪʫ ʤʝʤʙʨʘʥʥʠʭ ʥʘʩʦʩʽʚ ʽ 

ʬʫʥʢʮʽʶ ʤʽʪʦʭʦʥʜʨʽʡ [5, 27, 50, 97, 112, 147, 222].  

ʇʨʠ ʛʦʩʪʨʽʡ ʛʽʧʦʢʩʽʾ ʨʦʟʚʠʚʘʻʪʴʩʷ ʩʪʨʝʩ-ʩʠʥʜʨʦʤ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʙʽʣʢʦ-

ʚʠʡ ʦʙʤʽʥ, ʚʠʢʣʠʢʘʻ ʥʝʛʘʪʠʚʥʠʡ ʘʟʦʪʠʩʪʠʡ ʙʘʣʘʥʩ, ʧʽʜʚʠʱʫʻ ʨʦʟʭʦʜʫʚʘʥʥʷ ʞʠ-

ʨʦʚʠʭ ʟʘʧʘʩʽʚ ʦʨʛʘʥʽʟʤʫ. ʇʦʰʢʦʜʞʫʶʯʫ ʜʽʶ ʥʘ ʢʣʽʪʠʥʠ ʯʠʥʷʪʴ ʧʨʦʜʫʢʪʠ ʇʆʃ, 

ʱʦ ʚ ʫʤʦʚʘʭ ʛʽʧʦʢʩʽʾ ʧʽʜʩʠʣʶʻʪʴʩʷ. ʋʪʚʦʨʝʥʽ ʧʨʠ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʘʢʪʠʚʥʽ ʬʦʨʤʠ 

ʢʠʩʥʶ ʪʘ ʽʥʰʽ ʚʽʣʴʥʽ ʨʘʜʠʢʘʣʠ ʧʦʰʢʦʜʞʫʶʪʴ ʟʦʚʥʽʰʥʶ ʽ ʚʥʫʪʨʽʰʥʶ ʤʝʤʙʨʘʥʠ 

ʢʣʽʪʠʥ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʤʝʤʙʨʘʥʠ ʣʽʟʦʩʦʤ. ʎʴʦʤʫ ʩʧʨʠʷʻ ʽ ʨʦʟʚʠʪʦʢ ʘʮʠʜʦʟʫ. ɺʥʘ-

ʩʣʽʜʦʢ ʮʠʭ ʚʧʣʠʚʽʚ ʣʽʟʦʩʦʤʠ ʚʠʚʽʣʴʥʷʶʪʴ ʛʽʜʨʦʣʽʪʠʯʥʽ ʬʝʨʤʝʥʪʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴ-

ʩʷ ʚ ʥʠʭ, ʧʨʦʷʚʣʷʶʪʴ ʫʰʢʦʜʞʫʶʯʫ ʜʽʶ ʥʘ ʢʣʪ̔ʠʥʠ ʘʞ ʜʦ ʨʦʟʚʠʪʢʫ ʘʫʪʦʣʽʟʫ       

[5, 27, 50, 97, 112, 147, 222]. 

ʆʪʞʝ, ʧʨʠ ʛʽʧʦʢʩʠʯʥʠʭ ʩʪʘʥʘʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʚ ʦʨʛʘʥʽʟʤʽ ʥʘ ʤʦʣʝʢʫ-

ʣʷʨʥʦʤʫ, ʩʫʙʢʣʽʪʠʥʥʦʤʫ, ʢʣʽʪʠʥʥʦʤʫ, ʦʨʛʘʥʥʦʤʫ ʽ ʩʠʩʪʝʤʥʦʤʫ ʨʽʚʥʷʭ ʽ ʢʦʨʝʛʫ-

ʚʘʥʥʷ ʮʠʭ ʧʦʨʫʰʝʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʦʚʽʪʨʷ, ʟʙʘʛʘʯʝʥʦʛʦ ʢʠʩʥʝʤ, ʥʝʜʦʩʪʘʪʥʴʦ, 

ʪʦʤʫ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʶʪʴ ʬʘʨʤʘʢʦʣʦʛʽʯʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʟʤʝʥ-

ʰʝʥʥʶ ʛʽʧʦʢʩʽʾ ʽ ʧʽʜʚʠʱʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʦʨʛʘʥʽʟʤʫ ʜʦ ʢʠʩʥʝʚʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ. 

ʈʦʟʨʦʙʢʘ ʽ ʨʘʮʽʦʥʘʣʴʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʥʘʟʠ-

ʚʘʶʪʴ ʘʥʪʠʛʽʧʦʢʩʘʥʪʘʤʠ, ̒  ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʬʘʨʤʘʢʦʣʦʛʽʾ. 

 

1.2 ʇʦʨʫʰʝʥʥʷ ʧʨʦ- ʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʙʘʣʘʥʩʫ ʧʨʠ ʛʽʧʦʢʩʽʾ ʪʘ ʡʦʛʦ    

ʧʘʪʦʛʝʥʝʪʠʯʥʘ ʨʦʣʴ 

 

ɺʽʣʴʥʦʨʘʜʠʢʘʣʴʥʝ ʦʢʠʩʥʝʥʥʷ (ɺʈʆ) ʻ ʦʜʥʠʤ ʟ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʤʝʭʘʥ̔ʟʤʽʚ 

ʧʦʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥ, ʘʣʝ ʨʘʟʦʤ ʟ ʮʠʤ ʻ ʥʝʦʙʭʽʜʥʠʤ ʧʨʦʮʝʩʦʤ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʣʽʪʠʥ. ɺʽʣʴʥʦʨʘʜʠʢʘʣʴʥʽ ʧʨʦʮʝʩʠ ʧʨʠʡʤʘʶʪʴ ʫʯʘʩʪʴ ʫ ʨʝʘʢʮʽ-
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ʷʭ ʦʢʠʩʥʶʚʘʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ, ʙʽʦʩʠʥʪʝʟʽ ʧʨʦʩʪʘʛʣʘʥʜʠʥʽʚ ʪʘ ʥʫʢʣʝʾ-

ʥʦʚʠʭ ʢʠʩʣʦʪ, ʚ ʨʝʛʫʣʷʮʽʾ ʣʽʧʦʣʽʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʚ ʧʨʦʮʝʩʘʭ ʤʽʪʦʟʫ, ʤʝʪʘʙʦʣʽ-

ʟʤʽ ʢʘʪʝʭʦʣʘʤʽʥʽʚ [5, 20, 86, 165, 172, 193]. 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ɺʈʆ ʻ ʟʘʢʦʥʦʤʽʨʥʠʤ ʧʨʦʮʝʩʦʤ ʧʨʠ ʜʽʾ ʥʘ ʦʨʛʘ-

ʥʽʟʤ ʧʘʪʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ ʽʥʬʝʢʮʽʡʥʦʾ ʪʘ ʥʝʽʥʬʝʢʮʽʡʥʦʾ ʧʨʠʨʦʜʠ. ɸʢʪʠʚʘʮʽʷ ʧʨʦ-

ʮʝʩʽʚ ɺʈʆ ʚʠʥʠʢʘʻ, ʧʝʨʰ ʟʘ ʚʩʝ ʧʨʠ ʽʰʝʤʽʾ, ʛʽʧʦʢʩʽʾ, ʘ ʪʘʢʦʞ ʧʨʠ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʽʥ-

ʬʝʢʮʽʷʭ ʪʘ ʽʥʪʦʢʩʠʢʘʮʽʷʭ, ʝʥʜʦʢʨʠʥʦʧʘʪʽʷʭ, ʩʠʪʫʘʮʽʷʭ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟʽ ʩʪʨʝʩʦʤ, 

ʧʨʠ ʧʫʭʣʠʥʥʦʤʫ ʨʦʩʪʽ, ʘʫʪʦʽʤʫʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʥʷʭ [5, 20, 86, 165, 172, 193]. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʽʥʜʫʢʪʦʨʘ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʦʢʠʩʣʶʚʘ-

ʣʴʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʚʽʜʽʛʨʘʶʪʴ ʘʢʪʠʚʥʽ ʬʦʨʤʠ ʢʠʩʥʶ (ɸʌʂ), ʦʨʛʘʥʽʯʥʽ ʨʘʜʠ-

ʢʘʣʠ ʪʘ ʧʝʨʝʢʠʩʠ.  

ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʢʠʩʥʶ, ʱʦ ʧʦʪʨʘʧʠʣʘ ʫ ʢʣʽʪʠʥʫ, ʧʽʜʜʘʻʪʴʩʷ ʬʝʨʤʝʥʪʘʪʠʚ-

ʥʦʤʫ ʢʘʪʘʙʦʣʽʟʤʫ ʚ ʤʽʪʦʭʦʥʜʨʽʷʭ ʫ ʧʨʦʮʝʩʽ ʜʚʫʭʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘ ʪʝʪʨʘʝʣʝʢʪ-

ʨʦʥʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ, ʱʦ ʢʘʪʘʣʽʟʫʻʪʴʩʷ ʮʠʪʦʭʨʦʤʦʢʩʠʜʘʟʦʶ. ʇʦʨʷʜ ʟ ʮʽʻʶ ʦʩ-

ʥʦʚʥʦʶ ʨʝʘʢʮʽʻʶ ʤʦʞʝ ʧʨʦʭʦʜʠʪʠ ʩʪʫʧʝʥʝʚʝ ʦʜʥʦʝʣʝʢʪʨʦʥʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʤʦ-

ʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʥʶ. ɺʽʣʴʥʽ ʨʘʜʠʢʘʣʠ (ɺʈ) ʢʠʩʥʶ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʶʪʴʩʷ, 

ʽʥʘʢʪʠʚʫʶʪʴʩʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʶ ʩʠʩʪʝʤʦʶ. ʄʽʞ ʮʠʤ ʽʥʪʝʥʩʠʚʥʝ ʫʪʚʦʨʝʥʥʷ ɺʈ 

ʟʜʘʪʥʝ ʚʠʢʣʠʢʘʪʠ ʣʘʥʮʶʛʦʚʠʡ ʧʨʦʮʝʩ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʦʛʦ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʦʛʦ 

ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ, ʙʽʣʢʽʚ, ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ, ʚʫʛʣʝʚʦʜʽʚ [5, 19, 

86, 165, 172, 193]. 

ɼʦ ɸʌʂ ʚʽʜʥʦʩʷʪʴ: ʩʫʧʝʨʦʢʩʠʜʥʠʡ ʘʥʽʦʥ-ʨʘʜʠʢʘʣ, ʛʽʜʨʦʢʩʠʣʴʥʠʡ ʨʘʜʠ-

ʢʘʣ, ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ. ɺʩʪʘʥʦʚʣʝʥʦ ʱʦ, ʩʫʧʝʨʦʢʩʠʜʥʠʡ ʘʥʽʦʥ-ʨʘʜʠʢʘʣ ʫʪʚʦʨʶ-

ʻʪʴʩʷ ʧʨʠ ʦʜʥʦʝʣʝʢʪʨʦʥʥʦʤʫ ʧʝʨʝʥʦʩʽ ʚʽʜ ʬʣʘʚʦʥʦʚʠʭ ʦʢʩʠʜʘʟ, ʮʠʪʦʭʨʦʤʘ ʉ, 

ʫʙʽʭʽʥʦʥʘ, ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʦʾ ʮʠʪʦʭʨʦʤʦʢʩʠʜʘʟʠ. ʅʝʬʝʨʤʝʥʪʘʪʠʚʥʠʤ ʰʣʷʭʦʤ 

ʩʫʧʝʨʦʢʩʠʜʥʠʡ ʘʥʽʦʥ-ʨʘʜʠʢʘʣ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ, ʱʦ ʤʽʩʪʷʪʴ ʢʘʪʽʦʥʠ ʥʝ-

ʧʦʩʪʽʡʥʦʾ ʚʘʣʝʥʪʥʦʩʪʽ (ʟʘʣʟ̔ʘ, ʤʽʜʽ). ʉʫʧʝʨʦʢʩʠʜʥʠʡ ʘʥʽʦʥ-ʨʘʜʠʢʘʣ ʜʘʣʽ ʤʦʞʝ 

ʫʪʚʦʨʶʚʘʪʠ ʧʝʨʝʢʠʩ ʚʦʜʥʶ. ʅʘʩʪʫʧʥʝ ʦʜʥʦʚʘʣʝʥʪʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʧʝʨʝʢʠʩʫ ʚʦʜ-

ʥʶ ʚʝʜʝ ʜʦ ʫʪʚʦʨʝʥʥʷ ʛʽʜʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʫ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ 

ʟʘʣʽʟʘ (ʨʝʘʢʮʽʷ ʌʝʥʪʦʥʘ). ʇʝʨʦʢʩʠʜ ʚʦʜʥʶ ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʦʢʩʠʜʘʟ, ʱʦ 

ʤʽʩʪʷʪʴ ʤʽʜʴ, ʛʝʤ, ʬʣʘʚʽʥʦʚʠʡ ʬʨʘʛʤʝʥʪ. ʇʝʨʝʢʠʩ ʚʦʜʥʶ ʥʝ ʻ ʚʽʣʴʥʠʤ ʨʘʜʠʢʘ-
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ʣʦʤ, ʘʣʝ ʚʦʣʦʜʽʻ ʟʜʘʪʥʽʩʪʶ ʽʥʽʮʽʶʚʘʪʠ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʝ ʦʢʠʩʥʝʥʥʷ, ʽ ʪʦʤʫ ʻ 

ʮʠʪʦʪʦʢʩʠʯʥʦʶ ʩʧʦʣʫʢʦʶ [183, 189].  

ɺʟʘʻʤʦʜʽʷ ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ ʘʥʽʦʥ-ʨʘʜʠʢʘʣʫ ʪʘ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ ʚʝʜʝ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʩʘʤʦʛʦ ʩʠʣʴʥʦʛʦ ʽʥʽʮʽʘʪʦʨʘ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ï ʛʽʜʨʦʢ-

ʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʫ, ʰʚʠʜʢʦ ʘʪʘʢʫʶʯʦʛʦ ʩʧʦʣʫʢʠ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ: ʙʽʣʢʠ, ʣʽʧʽʜʠ, 

ʥʫʢʣʝʾʥʦʚʽ ʢʠʩʣʦʪʠ, ʚʫʛʣʝʚʦʜʠ, ʟ ʫʪʚʦʨʝʥʥʷʤ ʛʽʜʨʦʢʩʠʣʴʥʦʛʦ ʧʦʭʽʜʥʦʛʦ ʚʽʜʧʦʚʽ-

ʜʥʦʾ ʤʦʣʝʢʫʣʠ [97, 152, 163]. 

ɻʝʥʝʨʘʮʽʷ ɸʌʂ ï ʦʙʦʚôʷʟʢʦʚʠʡ ʘʪʨʠʙʫʪ ʘʝʨʦʙʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʝʫʢʘʨʽʦʪʽʚ. ʈʘ-

ʟʦʤ ʟ ʮʠʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʦʢ ʢʣʽʪʠʥ ʚ ʢʠʩʥʝʚʦʤʽʩʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʝ 

ʙʫʣʦ ʙ ʤʦʞʣʠʚʠʤ ʙʝʟ ʽʩʥʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʩʠʩʪʝʤ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʬʝʨʤʝʥʪʘ-

ʪʠʚʥʽ ʪʘ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʠ. ʋʪʚʦʨʝʥʥʷ ʧʨʦʦʢʩʠʜʘʥʪʽʚ ʪʘ ʾʭ ʜʝʟʘʢ-

ʪʠʚʘʮʽʷ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ ʫ ʞʠʚʠʭ ʩʠʩʪʝʤʘʭ ʧʦʩʪʽʡʥʠʡ ʧʨʦʮʝʩ. ʊʦʤʫ ʜʣʷ ʧʽʜʪʨʠ-

ʤʘʥʥʷ ʛʦʤʝʦʩʪʘʟʫ ʥʝʦʙʭʽʜʥʘ ʧʦʩʪʽʡʥʘ ʛʝʥʝʨʘʮʽʷ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ [97, 152, 163]. 

ɸʥʪʠʦʢʩʠʜʘʥʪʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʚʝʣʠʢʽ ʛʨʫʧʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʦ-

ʣʝʢʫʣʷʨʥʦʾ ʤʘʩʠ [113, 114]: ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʪʘ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʽ. 

ɺʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʠ ï ʩʧʦʣʫʢʠ-ʬʝʨʤʝʥʪʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦ-

ʛʦ ʟʘʭʠʩʪʫ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʪʠʨʘʜʠʢʘʣʴʥʠʡ ʟʘʭʠʩʪ ʙʽʦʧʦʣʽ-

ʤʝʨʽʚ. ɼʣʷ ʬʝʨʤʝʥʪʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʧʨʠʪʘʤʘʥʥʘ ʚʠʩʦʢʘ ʩʧʝʮʠʬʽʯʥʽʩʪʴ ʪʘ 

ʨʦʣʴ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʽʦʥʽʚ ʤʝʪʘʣʽʚ ï Cu, Fe, Mn, Zn, Se [44, 42, 82, 176]. 

ɼʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʬʝʨʤʝʥʪʽʚ ʚʽʜʥʦʩʷʪʴʩ:̫ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ (ʉʆɼ) 

- ʽʥʘʢʪʠʚʫʻ ʩʫʧʝʨʦʢʩʠʜʥʠʡ ʘʥʽʦʥ-ʨʘʜʠʢʘʣ; ʢʘʪʘʣʘʟʘ ï ʽʥʘʢʪʠʚʫʻ ʧʝʨʦʢʩʠʜ ʚʦʜ-

ʥ ;ʁ ʮʝʨʫʣʦʧʣʘʟʤʽʥ ï ʧʨʷʤʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘ ʬʫʥʢʮʽʷ ʧʦʚôʷʟʘʥʘ ʟ ʩʫʧʝʨʦʢʩʠʜʜʠ-

ʩʤʫʪʘʟʥʦʶ ʪʘ ʬʝʨʨʦʦʢʩʠʜʘʟʥʦʶ ʘʢʪʠʚʥʽʩʪʶ. ʎʝ ʦʩʥʦʚʥʠʡ ʨʝʘʢʪʘʥʪ ʛʦʩʪʨʦʾ ʬʘʟʠ 

ʟʘʧʘʣʝʥʥʷ; ʛʣʫʪʘʪʽʦʥʧʝʨʦʢʩʠʜʘʟʘ - ʨʫʡʥʫʻ ʛʽʜʨʦʧʝʨʝʢʠʩʠ ʣʽʧʽʜʽʚ ʪʘ ʧʝʨʦʢʩʠʜ 

ʚʦʜʥʶ [97, 152, 163; 208]. 

ʆʢʨʽʤ ʪʦʛʦ, ʜʦ ʚʠʩʦʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʩʧʦʣʫʢ ʚʽʜʥʦʩʷʪʴ 

ʙʽʣʢʠ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʟʜʘʪʥʽʩʪʶ ʟʚôʷʟʫʚʘʪʠ ʽʦʥʠ ʤʝʪʘʣʽʚ ʟ ʧʝʨʝʤʽʥʥʦʶ ʚʘʣʝʥʪʥʽ-

ʩʪʶ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʯʠʥʷʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʜʽʶ. ɼʦ ʮʠʭ ʙʽʣʢʽʚ ʥʘʣʝʞʘʪʴ: ʘʣʴʙʫ-

ʤ̔ʥʠ ʧʣʘʟʤʠ ʢʨʦʚʽ, ʪʨʘʥʩʬʝʨʠʥ, ʬʝʨʠʪʠʥ, ʣʘʢʪʦʬʝʨʠʥ. ɹʽʣʴʰʽʩʪʴ ʮʠʭ ʙʽʣʢʽʚ  ̒

ʝʬʝʢʪʠʚʥʠʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ, ʘʣʝ ʚʦʥʠ ʧʦʛʘʥʦ ʧʨʦʥʠʢʘʶʪʴ ʯʝʨʝʟ ʤʝʤʙʨʘʥʠ ʪʘ 
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ʙ̔ʦʣʦʛʽʯʥʽ ʙʘʨôʻʨʠ [82, 113, 191]. 

ʅʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ ʻ ʛʣʫʪʘʪʽʦʥ, ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦ-

ʪʘ, ʪʦʢʦʬʝʨʦʣ, ʨʝʪʽʥʦʾʜʠ, ʚʽʪʘʤʽʥʠ ʛʨʫʧʠ ʈ ʪʘ ʂ. ʂʨʽʤ ʮʴʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʘʢ-

ʪʠʚʥʽʩʪʴ ʤʘʶʪʴ ʜʝʷʢʽ ʘʤʽʥʦʢʠʩʣʦʪʠ, ʧʦʣʽʘʤʽʥʠ, ʙʽʣʨ̔ʫʙʽʥ [48, 112, 151, 208; 220]. 

ɽʬʝʢʪʠʚʥʠʤʠ çʧʘʩʪʢʘʤʠè ʨʘʜʠʢʘʣʽʚ ʻ ʬʝʥʦʣʴʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʠ, ʟʦʢʨʝʤʘ 

ʧʨʦʩʪʽ ʬʝʥʦʣʠ, ʥʘʬʪʦʣʠ, ʦʢʩʠʧʦʭʽʜʥʽ ʜʨʫʛʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ. ɼʦ ʪʝʧʝʨʽʰ-

ʥʴʦʛʦ ʯʘʩʫ ʚʠʜʽʣʝʥʦ ʜʝʢʽʣʴʢʘ ʪʠʩʷʯ ʬʝʥʦʣʴʥʠʭ ʩʧʦʣʫʢ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʨʘʞʝʥʠʤ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʤ ʝʬʝʢʪʦʤ ʚʦʣʦʜʽʶʪʴ ʚʽʪʘʤʽʥʠ ɽ ʪʘ ʂ, ʫʙʽʭʽʥʦʥʠ, ʪʨʠʧʪʦʬʘʥ ʪʘ 

ʬʝʥʽʣʘʣʘʥʽʥ, ʘ ʪʘʢʦʞ ʙʽʣʴʰʽʩʪʴ ʨʦʩʣʠʥʥʠʭ ʪʘ ʪʚʘʨʠʥʥʠʭ ʧʽʛʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ, ʢʘ-

ʨʦʪʠʥʦʾʜʠ, ʬʣʘʚʦʥʦʾʜʠ, ʬʝʥʽʣʢʘʨʙʦʥʦʚʽ ʢʠʩʣʦʪʠ [82, 113, 191]. 

ɾʠʨʦʨʦʟʯʠʥʥʠʡ ʢʦʤʧʣʝʢʩ, ʷʢʠʡ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚ ʛʽʜʨʦʬʦʙʥʦʤʫ ʰʘʨʽ ʙʽʦ-

ʣʦʛʽʯʥʠʭ ʤʝʤʙʨʘʥ ʽʥʘʢʪʠʚʫʻ ʨʘʜʠʢʘʣʠ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʪʘ ʟʘʭʠʱʘʻ ʾʭ ʚʽʜ ʧʝʨʝʢʠ-

ʩʥʦʛʦ ʦʢʠʩʥʝʥʥʷ. ɹʣʠʟʴʢʦ 50% ʢʣʽʪʠʥʥʦʛʦ ʪʦʢʦʬʝʨʦʣʫ ʤʽʩʪʠʪʴʩʷ ʚ ʷʜʨʽ, 30% - ʚ 

ʤʝʤʙʨʘʥʘʭ ʤʽʪʦʭʦʥʜʨʽʡ, 20% - ʚ ʤʽʢʨʦʩʦʤʘʣʴʥʠʭ ʤʝʤʙʨʘʥʘʭ. ɼʝʬʽʮʠʪ ʪʦʢʦʬʝ-

ʨʦʣʫ ʚʝʜʝ ʜʦ ʜʝʩʪʨʫʢʮʽʾ ʤʝʤʙʨʘʥ. ʆʢʨʽʤ ʪʦʢʦʬʝʨʦʣʫ, ʚ ʢʣʽʪʠʥʘʭ ʤʽʩʪʷʪʴʩʷ ʚʦʜʦ-

ʨʦʟʯʠʥʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʘʩʢʦʨʙʘʪ, ʷʢʠʡ ʨʝʘʛʫʻ ʟ ʙʽʣʴʰ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʪʘ ʧʽʜʪʨʠʤʫʻ ʚʤʽʩʪ ʪʦʢʦʬʝʨʦʣʫ [82, 113, 191]. 

ɸʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʽʥʘʢʪʠʚʫʶʯʦʾ 

ʜʽʾ ʥʘ ʚʽʣʴʥʽ ʨʘʜʠʢʘʣʠ ʪʘ ʟʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʶ ʜʽʻʶ ʧʝʨʝʚʠʱʫʻ ʽʥʰʽ ʘʥʪʠʦʢʩʠʜʘ-

ʥʪʠ ʧʣʘʟʤʠ ʢʨʦʚʽ. ɸʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʧʦʚôʷʟʘʥʽ ʟ 

ʥʘʷʚʥʽʩʪʶ ʚ ʾʾ ʩʪʨʫʢʪʫʨʽ ʜʚʦʭ ʬʝʥʦʣʴʥʠʭ ʛʨʫʧ ʪʘ ʾʾ ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʥʠʤʠ ʧʝʨʝʭʦ-

ʜʘʤʠ. ɺʦʥʘ ʤʦʞʝ ʙʫʪʠ ʘʢʮʝʧʪʦʨʦʤ ʪʘ ʜʦʥʘʪʦʨʦʤ ʧʨʦʪʦʥʽʚ ʚʦʜʥʶ. ʉʣʽʜ ʟʘʟʥʘʯʠ-

ʪʠ, ʱʦ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʽʦʥʽʚ Fe ʘʙʦ Cu ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ ʩʪʘʻ ʩʠʣʴʥʠʤ ʧʨʦʦʢ-

ʩʠʜʘʥʪʦʤ. ɺʪʨʘʯʘʶʯʠ ʘʪʦʤ ʚʦʜʥʶ, ʚʦʥʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʨʘʜʠʢʘʣ ï ʤʦʥʦʜʝʛʽʜ-

ʨʦʘʩʢʦʨʙʥ̔ʦʚʫ ʢʠʩʣʦʪʫ, ʱʦ ʚʠ̫ʚʣʷʻ ʧʨʦʦʢʩʠʜʘʥʪʥʠʡ ʝʬʝʢʪ. ɺʪʨʘʪʘ ʱʝ ʦʜʥʦʛʦ 

ʘʪʦʤʫ ʚʦʜʥʶ ʚʝʜʝ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʝʛʽʜʨʦʘʩʢʦʨʙʽʥʦʚʦʾ ʢʠʩʣʦʪʠ. ʎʽ ʨʝʘʢʮʽʾ ʚʽʜʙʫ-

ʚʘʶʪʴʩʷ ʟʘ ʫʯʘʩʪʶ ʬʝʨʤʝʥʪʫ ʘʩʢʦʨʙʘʪʦʢʩʠʜʘʟʠ, ʱʦ ʤʽʩʪʠʪʴ ʤʽʜʴ. ɺʽʜʦʤʦ, ʱʦ 

ʘʩʢʦʨʙʽʥʦʚʘ ʢʠʩʣʦʪʘ ʚʽʜʥʦʚʣʶʻ ʧʨʦʜʫʢʪ ʦʢʠʩʥʝʥʥʷ ʪʦʢʦʬʝʨʦʣʫ ï ʪʦʢʦʬʝʨʦʢʩʠʜ 

ʚ ʪʦʢʦʬʝʨʦʣ, ʪʘ ʚʽʪʘʤʽʥʠ ʛʨʫʧʠ ʈ [82, 113, 191]. 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʤʫ ʟʘʭʠʩʪʽ ʦʨʛʘʥʽʟʤʫ ʚʽʜʽʛʨʘʶʪʴ SH ï ʚʤ̔-
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ʩʥ̔ ʩʧʦʣʫʢʠ, ʜʦ ʷʢʠʭ ʢʨʽʤ ʛʣʫʪʘʪʽʦʥʫ ʚʽʜʥʦʩʷʪʴ ʮʠʩʪʝʾʥ, ʤʝʪʽʦʥʽʥ ʪʘ ʽʥʰ. SH-

ʩʧʦʣʫʢʠ ʤʘʶʪʴ ʧʨʦʚʽʜʥʫ ʨʦʣʴ ʫ ʟʘʭʠʩʪʽ ʢʣʽʪʠʥ ʚʽʜ ʛʜ̔ʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʫ. ɺ 

ʟʚôʷʟʢʫ ʟ ʢʦʨʦʪʢʠʤ ʧʝʨʽʦʜʦʤ ʽʩʥʫʚʘʥʥʷ ʪʘ ʨʘʜʽʫʩʦʤ ʜʠʬʫʟʽʾ ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝ-

ʤʘʭ ʚʢʘʟʘʥʘ ʩʧʦʣʫʢʘ ʥʝ ʧʽʜʜʘʻʪʴʩʷ ʬʝʨʤʝʥʪʘʪʠʚʥʽʡ ʽʥʘʢʪʠʚʘʮʽʾ, ʪʘ ʚ ʪʦʡ ʞʝ ʯʘʩ 

ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʩʠʣʴʥʫ ʮʠʪʦʪʦʢʩʠʯʥʫ ʪʘ ʤʫʪʘʛʝʥʥʫ ʜʽʶ. ʆʩʪʘʥʥʻ ʚʠʟʥʘʯʘʻ 

ʟʥʘʯʠʤʽʩʪʴ SH-ʩʧʦʣʫʢ, ʘʢʪʠʚʥʠʭ ʧʝʨʝʭʦʧʣʶʚʘʯʽʚ ʛʽʜʨʦʢʩʠʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ. 

ʉʝʨʝʜ ʬʣʘʚʦʥʦʾʜʽʚ ʥʘʡʙʽʣʴʰ ʚʠʚʯʝʥʽ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʚʝʨʮʠ-

ʪʠʥʫ ʪʘ ʨʫʪʠʥʫ. ʌʣʘʚʦʥʦʾʜʠ ʛʘʩʷʪʴ ʩʫʧʝʨʦʢʩʠʜʥʠʡ ʘʥʽʦʥ-ʨʘʜʠʢʘʣ, ʯʠʥʷʪʴ ʘʥʪʠʘ-

ʪʝʨʦʛʝʥʥʫ ʜʽʶ [82, 108, 166, 180, 221]. 

ʗʢ ʚʽʜʦʤʦ, ʚ ʫʤʦʚʘʭ ʦʢʠʩʥʦʛʦ ʩʪʨʝʩʫ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʛʽʧʦʢʩʽʾ, ʽʰʝʤʽʾ, ʛʽʧʝ-

ʨʦʢʩʽʾ, ʜʽʾ ʩʪʨʝʩʦʨʥʠʭ ʬʘʢʪʦʨʽʚ ʽʥʬʝʢʮʽʡʥʦʾ ʧʨʠʨʦʜʠ, ʬʝʨʤʝʥʪʘʪʠʚʥʠʡ ʟʘʭʠʩʪ 

ʤʝʥʰ ʝʬʝʢʪʠʚʥʠʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʦʪʝʢʪʦʨʥʦʶ ʜʽʻʶ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʘʥʪʠ-

ʦʢʩʠʜʘʥʪʽʚ. ʆʩʪʘʥʥʻ ʟʫʤʦʚʣʝʥʦ ʰʚʠʜʢʦʶ ʽʥʘʢʪʠʚʘʮʽʻʶ ʢʦʥʩʪʠʪʫʪʠʚʥʦʛʦ ʧʫʣʫ 

ʬʝʨʤʝʥʪʽʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʩʠʩʪʝʤʠ ʚʽʣʴʥʠʤʠ ʨʘʜʠʢʘʣʘʤʠ, ʽ ʟʥʘʯʥʠʤ ʯʘʩʦʤ, ʥʝ-

ʦʙʭʽʜʥʠʤ ʜʣʷ ʽʥʜʫʢʮʽʾ ʾʭ ʨʝʩʠʥʪʝʟʫ. ɺ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʥʘʯʠʤʽʩʪʴ ʥʠ-

ʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʾʭ ʚʝʣʠʢʠʤ ʚʤʽʩʪʦʤ ʚ ʢʣʽʪʠ-

ʥʘʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥʘʭ, ʘ ʪʘʢʦʞ ʾʭ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʶ ʤʽʛʨʘʮʽʡʥʦʶ ʟʜʘʪʥʽʩ-

ʪʶ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʥʘʜʤʽʨʥʦʤʫ ʫʪʚʦʨʝʥʥʽ ʽʥʽʮʽʘʪʦʨʽʚ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʦ-

ʛʦ ʦʢʠʩʥʝʥʥʷ ʤʦʞʝ ʚʠʯʝʨʧʘʪʠʩʷ ʧʫʣ ʽ ʥʝʬʝʨʤʝʥʪʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ, ʷʢʽ ʚʠʢʦʥʘ-

ʚʰʠ ʩʚʦʶ ʬʫʥʢʮʽʶ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʥʝʘʢʪʠʚʥʽ ʬʦʨʤʠ [82, 108, 166, 180, 218].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʥʦʨʤʽ ʚ ʮʽʣʽʩʥʦʤʫ ʤʘʢʨʦʦʨʛʘʥʽʟʤʽ ʩʠʩʪʝʤʠ ʛʝʥʝʨʘʮʽʾ ʚʽʣʴ-

ʥʠʭ ʨʘʜʠʢʘʣʽʚ ʪʘ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʛʦ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʟʘʭʠʩʪʫ ʟʥʘʭʦʜʷʪʴʩʷ ʚ 

ʜʽʥʘʤʽʯʥʽʡ ʨʽʚʥʦʚʘʟʽ. 

ʌʘʢʪʦʨʦʤ ʽʥʽʮʽʘʮʽʾ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʬʦʨʤʘʭ ʧʘ-

ʪʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ ʧʨʠ ʛʽʧʦʢʩʽʾ, ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʬʝʨʤʝʥʪʘʪʠʚʥʦʾ 

ʣʘʥʢʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʦʙʫʤʦʚʣʝʥʘ ʱʦʥʘʡʤʝʥʰ ʢʦʤʧʣʝʢʩʥʦ ʁʚʟʘ-

ʻʤʦʜʽʻʶ ʪʨʴʦʭ ʛʨʫʧ ʬʘʢʪʦʨʽʚ: ʧʨʠʛʥʽʯʝʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ ʬʝʨʤʝʥʪʽʚ ʩʫʧʝʨʦʢʩʠʜ-

ʜʠʩʤʫʪʘʟʠ, ʢʘʪʘʣʘʟʠ, ʛʣʫʪʘʪʽʦʥʧʝʨʦʢʩʠʜʘʟʠ ʧʽʜ ʜʽʻʶ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʝʥʜʦ-, ʝʢʟʦ-

ʪʦʢʩʠʥʽʚ ʪʘ ʬʝʨʤʝʥʪʽʚ ʧʘʪʦʛʝʥʥʦʩʪʽ; ʥʘʜʣʠʰʢʦʚʦʶ ʚʠʪʨʘʪʦʶ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ 

ʚʥʘʩʣʽʜʦʢ ʘʢʪʠʚʘʮʽʾ ʇʆʃ; ʚʪʨʘʪʦʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʬʝʨʤʝʥʪʽʚ ʪʘ ʨʦʟʯʠʥʥʠʭ 
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ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʯʝʨʝʟ ʙʽʦʣʦʛʽʯʥʽ ʤʝʤʙʨʘʥʠ ʢʣʪ̔ʠʥ [82, 108, 166, 180, 211]. 

ʅʝʩʧʝʮʠʬʽʯʥʠʤʠ ʽʥʜʫʢʫʶʯʠʤʠ ʬʘʢʪʦʨʘʤʠ ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʽʚ ʣʽʧʦʧʝʨʦʢ-

ʩʠʜʘʮʽʾ ʻ: ʙʘʢʪʝʨʽʘʣʴʥʘ ʽʥʬʝʢʮʽʷ, ʩʪʨʝʩ, ʘʢʪʠʚʘʮʽʷ ʩʠʤʧʘʪʦ-ʘʜʨʝʥʘʣʦʚʦʾ ʩʠʩʪʝʤʠ, 

ʛʽʧʦʢʩʽʷ ʮʠʨʢʫʣʷʪʦʨʥʦʛʦ, ʛʝʤʽʯʥʦʛʦ, ʜʠʭʘʣʴʥʦʛʦ, ʪʢʘʥʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʽʰʝ-

ʤʽʷ, ʨʦʟʚʠʪʦʢ ʣʦʢʘʣʴʥʦʛʦ ʟʘʧʘʣʝʥʥʷ ʘʙʦ ʩʠʩʪʝʤʥʦʾ ʟʘʧʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʞʝ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʽʰʝʤʽʾ ʚʢʣʶʯʘʶʪʴʩʷ ʤʝʭʘʥʽʟʤʠ ʘʢ-

ʪʠʚʘʮʽʾ ʇʆʃ ʝʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʝʨʝʥʦʩʥʠʢʘʤʠ. ʇʨʠʯʠʥʦʶ ʫʪʚʦʨʝʥʥʷ 

ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ ʘʥʽʦʥïʨʘʜʠʢʘʣʘ ʪʘ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ ʫ ʪʢʘʥʠʥʘʭ ʧʨʠ ʽʰʝʤʽʾ ʻ 

ʦʜʥʦ ʝʣʝʢʪʨʦʥʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʢʠʩʥʶ ʥʘ ʫʙʽʭʽʥʦʥʽ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʥʝ ʜʦ-

ʩʛ̫ʣʠ ʮʠʪʦʭʨʦʤʦʢʩʠʜʘʟʠ. ʇʨʠ ʽʰʝʤʽʾ ʪʘ ʛʽʧʦʢʩʽʾ ʪʢʘʥʠʥ ʚʽʜʟʥʘʯʝʥʦ ʧʦʩʣʽʜʦʚʥʝ 

ʟʥʠʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʠ, ʛʣʫʪʘʪʽʦʥʧʝʨʦʢʩʠʜʘʟʠ, ʛʣʫʪʘ-

ʪʽʦʥʪʨʘʥʩʬʝʨʘʟʠ ʪʘ ʢʘʪʘʣʘʟʠ [82, 108, 166, 180, 200]. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ ʛʽʧʦʢʩʽʾ ʪʘ ʽʰʝʤʽʾ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ ʘʥʽʦʥ-ʨʘʜʠʢʘʣʫ, ʱʦ ʻ ʩʣʘʙʢʠʤ ʦʢʠʩʥʠʢʦʤ ʥʝʟʜʘʪʥʠʤ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʽʥʽʮʽʶʚʘʪʠ ʨʝʘʢʮʽʾ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ. ɺ ʟʚôʷʟʢʫ ʟ 

ʯʠʤ, ʦʯʝʚʠʜʥʘ ʚʘʞʣʠʚʘ ʨʦʣʴ ʚ ʽʥʜʫʢʮʽʾ ʧʨʦʮʝʩʽʚ ʣʽʧʦʧʝʨʦʢʩʠʜʘʮʽʾ ʙʽʣʴʰ ʘʛʨʝʩʠ-

ʚʥʠʭ ʛʽʜʨʦʢʩʠʣʴʥʦʛʦ ʪʘ ʛʽʜʨʦʢʩʠʧʝʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʽʚ, ʫʪʚʦʨʝʥʥʷ ʷʢʠʭ ʨʽʟʢʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʘʮʠʜʦʟʫ [82, 108, 166, 180, 200]. 

ʇʽʜ ʜʽʻʶ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʪʦʢʩʠʥʽʚ, ʬʝʨʤʝʥʪʽʚ ʧʘʪʦʛʝʥʥʦʩʪʽ, ʚʽʨʫʩʥʠʭ ʯʘʩ-

ʪʠʥʦʢ ʽʰʝʤʽʾ ʪʘ ʛʽʧʦʢʩʽʾ ʥʝʟʤ̔ʥʥʦ ʚʤʠʢʘʻʪʴʩʷ ʣʝʡʢʦʮʠʪʘʨʥʠʡ ʤʝʭʘʥʽʟʤ ʘʢʪʠʚʘʮʽʾ 

ʇʆʃ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʥʝʡʪʨʦʬʽʣʠ ʪʘ ʤʦʥʦʮʠʪʠ. ɯʥʬʽʣʴʪʨʘʮʽʷ ʽʰʝʤʽʟʦʚʘ-

ʥʠʭ ʟʦʥ ʘʙʦ ʟʦʥ ʟʘʧʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʣʝʡʢʦʮʠʪʘʤʠ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʬʽʢʘ-

ʮʽʻʶ ʣʽʧʦʧʝʨʦʢʩʠʜʘʮʽʾ [41, 44, 46, 199]. 

ʋ ʧʨʦʮʝʩʽ ʇʆʃ ʚʠʜʽʣʷʶʪʴ ʥʘʩʪʫʧʥʽ ʩʪʘʜʽʾ: ʽʥʽʮʽʶʚʘʥʥʷ, ʧʨʦʣʦʥʛʘʮʽʷ, ʨʦʟ-

ʚʠʪʦʢ ʪʘ ʦʙʨʠʚ ʣʘʥʮʶʛʽʚ ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʨʘʜʠʢʘʣʠ ʯʘʩʪʽʰʝ ʫʪ-

ʚʦʨʶʶʪʴʩʷ ʧʨʠ ʦʢʠʩʥʝʥʥʷ ʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ [50, 46, 199]. 

ʗʢ ʚʽʜʦʤʦ ʽʥʽʮʽʘʪʦʨʘʤʠ ʇʆʃ ʚʠʩʪʫʧʘʶʪʴ ʚʠʩʦʢʦʘʢʪʠʚʥʽ ʬʦʨʤʠ ʢʠʩʥʶ: 

ʩʫʧʝʨʦʢʩʠʜʥʠʡ ʘʥʽʦʥ-ʨʘʜʠʢʘʣ, ʛʽʜʨʦʢʩʠʣʴʥʠʡ ʨʘʜʠʢʘʣ, ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ, ʩʠʥʛ-

ʣʝʪʥʠʡ ʢʠʩʝʥʴ. ɸʌʂ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʧʦʣʽʥʝʥʘʩʠʯʝʥʠʤʠ ʞʠʨʥʠʤʠ ʢʠʩʣʦʪʘʤʠ: ʣʽ-

ʥʦʣʝʚʦʶ, ʣʽʥʦʣʝʥʦʚʦʶ, ʘʨʘʭʽʜʦʥʦʚʦʶ ï ʚʘʞʣʠʚʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʦʩʬʦʣʧ̔ʽʜʽʚ 
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ʙʽʦʣʦʛʽʯʥʠʭ ʤʝʤʙʨʘʥ. ɺʽʜʨʠʚ ʘʪʦʤʫ ʚʦʜʥʶ ʚʽʜ ʤʦʣʝʢʫʣʠ ʇʅɾʂ ʧʽʜ ʜʽʻʶ 

ɸʌʂ ʥʘʡʣʝʛʰʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʘʣʴʬʘ-ʧʦʣʦʞʝʥʥʽ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʦʜʚʽʡʥʦʛʦ 

ʟʚôʷʟʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʤʽʱʝʥʥʷ ʮʴʦʛʦ ʧʦʜʚʽʡʥʦʛʦ ʟʚôʷʟʢʫ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʜʽʻʥʦʚʦʛʦ ʢʦʥôʶʛʘʪʫ.  

ʅʘʩʪʫʧʥʘ ʨʝʘʢʮʽʷ ʟ ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ ʚʝʜʝ ʜʦ ʚʢʣʶʯʝʥʥʷ ʡʦʛʦ ʚ ʤʦ-

ʣʝʢʫʣʫ ʇʅɾʂ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʝʨʝʢʠʩʥʦʛʦ ʨʘʜʠʢʘʣʫ. ɼʘʣʽ ʨʝʘʢʮʽʷ ʧʝʨʝʢʠʩʥʦʛʦ 

ʨʘʜʠʢʘʣʫ ʟ ʽʥʰʦʶ ʤʦʣʝʢʫʣʦʶ ʇʅɾʂ ʚʝʜʝ ʜʦ ʫʪʚʦʨʝʥʥʷ ʮʽʻʾ ʢʠʩʣʦʪʠ ʪʘ ʫʪʚʦ-

ʨʝʥʥʷ ʥʦʚʦʛʦ ʨʘʜʠʢʘʣʫ, ʧʽʜʪʨʠʤʫʶʯʦʛʦ ɺʈʆ ʧʦ ʣʘʥʮʛʁʦʚʦʤʫ ʤʝʭʘʥʽʟʤʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʭʝʤʘ ʫʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥʠ ɺʈ ʚ ʨʝʟʫʣʪɹʘʪʽ ʇʆʃ ʾʾ ʤʝʤʙʨʘʥ 

ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ï ʬʦʨʤʫʚʘʥʥʷ ɸʌʂ, ʧʝʨʰ ʟʘ ʚʩʝ, ʛʽʜʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʫ, ʱʦ ʚʦʣʦʜʽʻ ʤʘʢʩʠ-

ʤʘʣʴʥʦʶ ʨʝʘʢʪʦʛʝʥʥʽʩʪʶ, ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʽʥʽʮʽʶʶʯʠʭ ʬʘʢʪʦʨʽʚ 

ʽʥʬʝʢʮʽʡʥʦʾ ʪʘ ʥʝʽʥʬʝʢʮʽʡʥʦʾ ʧʨʠʨʦʜʠ; 

ï ʚ̔ ʜʨʠʚ ʚʦʜʥʶ ʚʽʜ ʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʫʛʣʝʮʝʚʦʚʤʽʩʥʦ-

ʛʦ ʨʘʜʠʢʘʣʫ ʪʘ ʚʦʜʠ; 

ï ʚʟʘʻʤʦʜʽʷ ʚʫʛʣʝʮʝʚʦʚʤʽʩʥʦʛʦ ʨʘʜʠʢʘʣʫ ʟ ʤʦʣʝʢʫʣʷʨʥʠʤ ʢʠʩʥʝʤ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʧʝʨʝʢʠʩʥʦʛʦ ʨʘʜʠʢʘʣʫ; 

ï ʚ̔ ʜʨʠʚ ʚʦʜʥʶ ʟ ʙʦʢʦʚʦʛʦ ʣʘʥʮʶʛʘ ʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʧʝʨʦʢʩʠʜʥʠʤ 

ʨʘʜʠʢʘʣʦʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʣʽʧʽʜʥʦʛʦ ʛʽʜʨʦʧʝʨʝʢʠʩʫ ʽ ʱʝ ʦʜʥʦʛʦ ʚʫʛʣʝʮʝʚʦʤʽʩ-

ʥʦʛʦ ʨʘʜʠʢʘʣʫ; 

ï ʣ̔ ʧʽʜʥʽ ʛʽʜʨʦʧʝʨʝʢʠʩʠ ʟʙʽʣʴʰʫʶʪʴ ʢʦʥʮʝʥʪʨʘʮʽʶ ʮʠʪʦʪʦʢʩʠʯʥʠʭ ʘʣʴʜʝʛʽʜʽʚ, ʘ 

ʚʫʛʣʝʮʝʚʦʤʽʩʥʠʡ ʨʘʜʠʢʘʣ ʧʽʜʪʨʠʤʫʻ ʨʝʘʢʮʽʶ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʦʢʩʠʜʥʠʭ ʨʘʜʠ-

ʢʘʣʽʚ ʧʦ ʣʘʥʮʶʛʫ [108, 114, 174, 186, 208]. 

ʌʝʨʤʝʥʪʘʪʠʚʥʝ ʇʆʃ ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʝʤʦʚʤʽʩʥʦʶ ʮʠʢʣʦʦʢʩʠʛʝʥʘʟʦʶ ʪʘ ʣ̔ -

ʧʦʦʢʩʠʛʝʥʘʟʦʶ, ʱʦ ʤʽʩʪʠʪʴ ʥʝʛʝʤʦʚʝ ʟʘʣʽʟʦ, ʩʫʙʩʪʨʘʪʦʤ ʷʢʠʭ ʻ ʘʨʘʭʽʜʦʥʦʚʘ ʢʠ-

ʩʣʦʪʘ. ʆʩʪʘʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʩʽ ʨʦʟʱʝʧʣʝʥʥʷ ʬʦʩʬʦʣʽʧʽʜʽʚ ʤʝʤʙʨʘʥ ʧʽʜ 

ʜʽʻʶ ʬʦʩʬʦʣʽʧʘʟʠ ɸ2, ʱʦ ʘʢʪʠʚʫʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʘʪʦʛʝʥʥʠʭ ʬʘʢ-

ʪʦʨʽʚ ʫ ʪʦʤʫ ʯʠʩʣʽ ʽʥʬʝʢʮʽʡʥʠʭ, ʘ ʪʘʢʦʞ ʥʘ ʪʣʽ ʛʽʧʦʢʩʽʾ, ʽʰʝʤʽʾ, ʧʽʜ ʜʽʻʶ ʩʪʨʝʩʦ-

ʚʠʭ ʧʦʜʨʘʟʥʠʢʽʚ [108, 111, 174, 186, 208]. 

ɻʝʤʦʚʤʽʩʥʘ ʮʠʢʣʦʢʩʠʛʝʥʘʟʘ ʫʪʚʦʨʶʻ ʝʥʜʦʧʝʨʝʢʠʩʠ ʘʨʘʭʽʜʦʥʘʪʘ ʧʨʠ ʙʽʦ-
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ʩʠʥʪʝʟʽ ʧʨʦʩʪʘʛʣʘʥʜʠʥʽʚ, ʧʨʦʩʪʘʮʠʢʣʽʥʽʚ ʪʘ ʪʨʦʤʙʦʢʩʘʥʽʚ. ʄʝʪʘʙʦʣʽʪʘʤʠ ʣ̔-

ʧʦʢʩʠʛʝʥʘʟʥʦʛʦ ʰʣʷʭʫ  ̒ʣʝʡʢʦʪʨʽʻʥʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚ ʣʝʡ-

ʢʦʮʠʪʘʭ ʪʘ ʪʨʦʤʙʦʮʠʪʘʭ [108, 111, 174, 186, 208]. 

ʇʆʃ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʯʽʧʘʻ ʬʦʩʬʦʣʽʧʽʜʠ ʤʝʤʙʨʘʥ ʢʣʽʪʠʥ ʽ ʪʦʤʫ ʚʠʢʣʠʢʘʻ 

ʚʠʨʘʞʝʥʽ ʧʦʨʫʰʝʥʥʷ ʤʝʤʙʨʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʊʦʨʢʘʶʯʠʩʴ ʧʘʪʦʣʦʛʽʯʥʠʭ ʝʬʝʢʪʽʚ ʚʧʣʠʚʫ ʧʨʦʜʫʢʪʽʚ ʇʆʃ, ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʥʘʢʦʧʠʯʝʥʥʷ ʚ ʛʽʜʨʦʬʦʙʥʦʤʫ ʰʘʨʽ ʤʝʤʙʨʘʥ ʢʣʽʪʠʥ ʛʽʜʨʦʬʽʣʴʥʠʭ ʢʘʨʙʦʢʩʠ-

ʣʴʥʠʭ ʛʨʫʧ ʚʠʢʣʠʢʘʻ ʧʦʷʚʣʝʥʥʷ ʩʚʦʻʨʽʜʥʠʭ ʧʦʨ, ʨʽʟʢʦ ʧʦʨʫʰʫʻ ʤʝʤʙʨʘʥʥʠʡ 

ʪʨʘʥʩʧʦʨʪ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʩʝʣʝʢʪʠʚʥʠʡ. 

ɿʚʝʨʪʘʻ ʥʘ ʩʝʙʝ ʫʚʘʛʫ ʪʦʡ ʬʘʢʪ, ʱʦ ʮʠʪʦʪʦʢʩʠʯʥʽ ʝʬʝʢʪʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʫ 

ʨʽʟʥʠʭ ʩʧʦʣʫʢ ʱʦ ʚʽʜʥʦʩʷʪʴ ʜʦ ɸʌʂ. ɺʽʜʦʤʦ, ʱʦ ʩʫʧʝʨʦʢʩʠʜʥʠʡ ʘʥʽʦʥ ʯʠʥʠʪʴ 

ʥʝʚʝʣʠʢʠʡ ʪʦʢʩʠʯʥʠʡ ʝʬʝʢʪ. ʇʝʨʦʢʩʠʜ ʚʦʜʥʶ ʯʠʥʠʪʴ ʫʰʢʦʜʞʫʶʯʫ ʜʽʶ, ʟʦʢʨʝ-

ʤʘ, ʧʦʨʫʰʫʶʯʠ ʛʦʤʝʦʩʪʘʟ ʢʘʣʴʮʽʶ ʚ ʢʣʽʪʠʥʘʭ. ɻʽʜʨʦʢʩʠʣʴʥʠʡ ʨʘʜʠʢʘʣ ʚʚʘʞʘ-

ʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦʶ ʬʦʨʤʦʶ ʩʝʨʝʜ ɸʌʂ [108, 111, 174, 186, 208]. 

ɹʽʦʣʦʛʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ɸʌʂ ʧʦʚôʷʟʘʥʘ ʟ ʩʠʥʪʝʟʦʤ ʧʨʦʩʪʘʛʣʘʥʜʠʥʽʚ, ʣʝʡʢʦ-

ʪʨʠʻʥʽʚ, ʪʨʦʤʙʦʢʩʘʥʽʚ, ʦʢʠʩʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʙʽʣʢʽʚ, ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ, ʣʽʧʜ̔ʽʚ, 

ʘ ʪʘʢʦʞ ʟ ʫʯʘʩʪ ʁʚ ʽʤʫʥʥʠʭ ʨʝʘʢʮʽʷʭ [108, 111, 174, 186, 208]. 

ʉʪʫʧʥ̔ʴ ʚʨʘʞʝʥʦʩʪʽ ʦʢʠʩʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʤʘʢʨʦʤʦʣʝʢʫʣ ʧʽʜ ʚʧʣʠʚʦʤ ɸʌʂ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʻʤʥʦʩʪʽ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʫʪʚʦʨʝʥʥʷ ʧʨʦʦʢʩʠʜʘʥʪʽʚ. ɺʟʘʻʤʦʜʽʶʯʠ ʟ ʙʽʣʢʘʤʠ, ɸʌʂ ʫʪʚʦʨʶʶʪʴ ʧʨʦʜʫʢʪʠ 

ʙʽʣʢʦʚʦʾ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʣʽʧʦʧʨʦʪʝʾʥʦʚʽ ʢʦʤʧʣʝʢʩʠ. ʆʜʥʠʤ ʟ ʧʨʦʷʚʽʚ ʪʦʢʩʠʯʥʦʾ ʜʽʾ 

ɸʌʂ ʻ ʦʢʠʩʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʙʣʠʟʴʢʦ 240 ʨʽʟʥʦʤʘʥʪ̔ʥʠʭ ʬʝʨʤʝʥʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʬʝʨʤʝʥʪʽʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʩʠʩʪʝʤʠ: ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʠ ʪʘ ʢʘʪʘʣʘʟʠ [108, 

111, 174, 186, 208]. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʦʢʠʩʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʙʽʣʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʘʤʽ-

ʥʦʢʠʩʣʦʪʥʦʛʦ ʩʢʣʘʜʫ ʙʽʣʢʘ. ʅʘʡʙʽʣʴʰ ʯʫʪʣʠʚʽ ʙʽʣʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʘʨʦʤʘʪʠʯʥʽ 

ʘʤʽʥʦʢʠʩʣʦʪʠ ʪʘ ʩʫʣʴʬʛʽʜʨʠʣʴʥʽ ʛʨʫʧʠ. 

ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ɸʌʂ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷʤ ʦʩʥʦʚʥʠʭ ʬʝʨʤʝʥ-

ʪʽʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʟʘʭʠʩʪʫ ʟʘ ʨʘʭʫʥʦʢ ʦʢʠʩʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʽ ʽʥʘʢʪʠʚʘʮʽʾ ʬʝʨ-

ʤʝʥʪʽʚïʘʥʪʠʦʢʩʠʜʘʥʪʽʚ. ʆʩʪʘʥʥʻ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʥʘʞʝʥʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ 
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ʩʠʩʪʝʤʠ ʪʘ ʟʘʛʠʙʝʣʽ ʢʣʽʪʠʥ. ʇʦʢʘʟʘʥʦ, ʱʦ ʪʨʠ ʦʩʥʦʚʥʠʭ ʬʝʨʤʝʥʪʠ ï ʩʫʧʝʨʦʢ-

ʩʠʜʜʠʩʤʫʪʘʟʘ, ʢʘʪʘʣʘʟʘ, ʛʣʫʪʘʪʽʦʥʧʝʨʦʢʩʠʜʘʟʘ ʽʥʘʢʪʠʚʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ. ʂʦ-

ʞʝʥ ʟ ʮʠʭ ʬʝʨʤʝʥʪʽʚ ʟʘʭʠʱʘʻ ʦʜʠʥ ʦʜʥʦʛʦ ʚʽʜ ʧʦʰʢʦʜʞʫʶʯʦʛʦ ʚʧʣʠʚʫ ɸʌʂ 

[108, 111, 174, 186, 208]. 

ʗʢ ʚʽʜʦʤʦ, ʮʠʪʦʪʦʢʩʠʯʥʽ ʝʬʝʢʪʠ ɸʌʂ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʤʦʜʠʬʽʢʘʮʽʾ, 

ʨʦʟʨʠʚʫ ʥʠʪʦʢ ɼʅʂ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʭʨʦʤʦʩʦʤʥʠʭ ʤʫʪʘʮʽʡ. ɺʠʩʦʢʫ ʨʝʘʢʪʦʛʝʥ-

ʥʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ɼʅʂ ʚʠ̫ʚʣʷʻ ʛʽʜʨʦʢʩʠʣʥɹʠʡ ʨʘʜʠʢʘʣ, ʰʚʠʜʢʦ ʨʝʘʛʫʶʯʠ 

ʟ ʜʝʟʦʢʩʠʨʠʙʦʟʦʶ ʪʘ ʘʟʦʪʠʩʪʠʤʠ ʦʩʥʦʚʘʤʠ ɼʅʂ. ɼʽʷ ɸʌʂ ʥʘ ɼʅʂ ʻ ʧʨʦʤʦʪʦ-

ʨʦʤ ʩʦʤʘʪʠʯʥʠʭ ʤʫʪʘʮʽʡ ʪʘ ʢʘʥʮʝʨʦʛʝʥʝʟʫ [100, 108, 174, 186, 198]. 

ʊʦʨʢʘʶʯʠʩʴ ʧʘʪʦʛʝʥʝʪʠʯʥʦʾ ʟʥʘʯʫ ʦɦʩʪʽ ʥʘʜʣʠh ʢʦʚʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ɺʈ ʪʘ 

ʧʨʦʜʫʢʪʽʚ ʣʽʧʦʧʝʨʦʢʩʠʜʘʮʽʾ ʚ ʢʨʦʚʽ ʪʘ ʪʢʘʥʠʥʘʭ ʚ ʫʤʦʚʘʭ ʧʘʪʦʣʦʛʽʾ, ʩʣʽʜ ʟʘʟʥʘ-

ʯʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʾʭ ʧʦʰʢʦʜʞʫʶʯʦʾ ʜʽʾ ʥʘ ʢʣʪ̔ʠʥʥʽ ʩʪʨʫʢʪʫʨʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʦʨʛʘʥʽʚ  ̔ʪʢʘʥʠʥ ʪʘ ʧʦʣʽʤʦʨʬʽʟʤ ʢʣʽʥʽʯʥʠʭ ʧʨʦʷʚʽʚ ʥʘ ʢʣʽʪʠʥʥʦʤʫ, ʦʨʛʘʥʥʦʤʫ, 

ʩʠʩʪʝʤʥʦʤʫ ʨʽʚʥʷʭ [108, 111, 174, 186, 198]. ʇʨʦʮʝʩʠ ʇʆʃ ʧʨʠʡʤʘʶʪʴ ʘʢʪʠʚʥʫ 

ʫʯʘʩʪʴ ʫ ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʶʤʫʶʯʠ ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʥʘʩʪʫʧʥʝ: ʜʝʩʪʘʙʽʣʽʟʘʮʽʷ ʙʽʦʣʦ-

ʛʽʯʥʠʭ ʤʝʤʙʨʘʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽʦʥʽʚ, 

ʤʦʣʝʢʫʣ, ʝʣʝʢʪʨʦʣʽʪʥʦʛʦ ʙʘʣʘʥʩʫ ʢʣʽʪʠʥ, ʜʦ ʚʪʨʘʪʠ ʘʙʦ ʧʦʨʫʰʝʥʥ ̫ʬʫʥʢʮʽʦʥʫ-

ʚʘʥʥʷ ʨʝʮʝʧʪʦʨʽʚ; ʜʝʩʪʘʙʽʣʽʟʘʮʽʷ ʣʽʟʦʩʦʤʘʣʴʥʠʭ ʤʝʤʙʨʘʥ ʚʝʜʝ ʜʦ ʚʠʭʦʜʫ ʪʘ ʘʢ-

ʪʠʚʘʮʽʾ ʣʽʟʦʩʦʤʘʣʴʥʠʭ ʬʝʨʤʝʥʪʽʚ ʟ ʥʘʩʪʫʧʥʠʤ ʧʦʰʢʦʜʞʝʥʥʷʤ ʢʣʽʪʠʥʠ. 

ʈʝʛʫʣʷʪʦʨʦʤ ʨʽʚʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚ ʦʨʛʘʥʽʟʤʽ ʻ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘ ʩʠʩʪʝʤʘ, ʜʦ 

ʷʢʦʾ ʚʭʦʜʷʪʴ ʩʠʩʪʝʤʠ ʬʝʨʤʝʥʪʽʚ ʛʣʫʪʘʪʽʦʥʫ, ʉʆɼ, ʢʘʪʘʣʘʟʠ. ɻʣʫʪʘʪʽʦʥʧʝʨʦʢʩʠ-

ʜʘʟʘ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʘʪʘʣʘʟʦʶ ʩʧʦʨʽʜʥʝʥʘ ʜʦ ʧʝʨʦʢʩʠʜʫ ʚʦʜʥʶ ʽ ʟʘʭʠʰʘʻ ʢʣʽʪʠ-

ʥʠ ʚʽʜ ʡʦʛʦ ʪʦʢʩʠʯʥʦʾ ʜʽʾ. ʇʨʠ ʚʠʥʠʢʥʝʥʥʽ ʣʽʧʦʧʝʨʝʢʠʩʽʚ ʘʢʪʠʚʥʽʩʪʴ ʛʣʫʪʘʪʽʦʥ-

ʧʝʨʦʢʩʠʜʘʟʠ ʟʨʦʩʪʘʻ, ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʦʢʠʩʥʝʥʠʡ ʛʣʫʪʘʪʽʦʥ, ʟʤʽʰʘʥʽ ʜʠʩʫʣʴʬʽʜʠ 

ʛʣʫʪʘʪʽʦʥʫ ʽ ʙʽʣʢʽʚ, ʟʥʠʞʫʻʪʴʩʷ ʨʽʚʝʥʴ ʅɸɼʌʅ ʽ ʚʽʜʥʦʚʣʝʥʦʛʦ ʛʣʫʪʘʪʽʦʥʫ (ɺɻ). 

ʌʝʨʤʝʥʪʘʪʠʚʥʘ ʩʠʩʪʝʤʘ ʛʣʫʪʘʪʽʦʥʫ ʧʨʦʷʚʣʷʻ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʘʢʪʠʚʥʽʩʪʴ ʽ ʚ 

ʫʤʦʚʘʭ ʘʢʪʠʚʘʮʽʾ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʨʽʚʝʥʴ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʛʦ ʛʣʫʪʘʪʽʦʥʫ 

ʟʥʠʞʫʻʪʴʩʷ, ʘ ʦʢʠʩʥʝʥʦʛʦ ʟʨʦʩʪʘʻ [25, 113, 168, 185, 201, 204]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʠʩʙʘʣʘʥʩ ʚ ʩʠʩʪʝʤʽ ʧʨʦ- ʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʩʠʩʪʝʤ ʦʨʛʘ-
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ʥʽʟʤʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʜʤʽʨʥʦʾ ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʽʚ ʇʆʃ ʽ ʙʽʣʢʽʚ, ʻ ʫʥʽʚʝʨ-

ʩʘʣʴʥʠʤ ʧʘʪʦʛʝʥʝʪʠʯʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʧʨʠ ʙʘʛʘʪʴʦʭ ʧʘʪʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ: 

ʽʰʝʤʽʾ ʨʽʟʥʠʭ ʦʨʛʘʥʽʚ, ʛʽʧʦʢʩʽʾ, ʜʠʩʪʨʝʩʽ ʪʦʱʦ. ʊʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ 

ʘʥʪʠʛʧ̔ʦʢʩʘʥʪʽʚ ʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʮʽ ʧʘʪʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ. 

 

1.3 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʩʦʙʽʚ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʦʨʛʘʥʽʟʤʫ ʜʦ         

ʛʽʧʦʢʩʽʾ 

 

ʊʝʨʘʧʽʷ ʛʽʧʦʢʩʠʯʥʠʭ ʩʪʘʥʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʫʯʘʩʥʦʾ ʬʘʨʤʘʢʦʣʦʛʽʾ.  

ʆʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʣʽʢʫʚʘʥʥʷ ʧʨʠ ʜʝʷʢʠʭ ʚʘʞʢʠʭ ʬʦʨʤʘʭ ʛʽʧʦʢ-

ʩʽʾ ï ʻ ʽʥʛʘʣʷʮʽʷ ʢʠʩʥʶ ʧʽʜ ʥʦʨʤʘʣʴʥʠʤ ʘʙʦ ʧʽʜʚʠʱʝʥʠʤ (ʛʽʧʝʨʙʘʨʠʯʥʘ ʦʢʩʠʛʝ-

ʥʘʮʽʷ) ʪʠʩʢʦʤ. ʅʦʨʤʦʙʘʨʠʯʥʘ (ʽʟʦʙʘʨʠʯʥʘ) ʦʢʩʠʛʝʥʦʪʝʨʘʧʽʷ ʧʦʢʘʟʘʥʘ ʚ ʪʠʭ ʚʠ-

ʧʘʜʢʘʭ, ʢʦʣʠ ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʢʠʩʥʶ ʚ ʘʨʪʝʨʽʘʣʴʥʽʡ ʢʨʦʚʽ ʥʠʞʯʝ 60 ʤʤ. ʨʪ. ʩʪ., 

ʘ ʧʨʦʮʝʥʪ ʦʢʩʠʛʝʥʘʮʽʾ ʛʝʤʦʛʣʦʙʽʥʫ ʤʝʥʰʝ 90. ʅʝ ʨʝʢʦʤʝʥʜʫʶʪʴ ʧʨʦʚʦʜʠʪʠ ʦʢ-

ʩʠʛʝʥʘʮʽʶ ʧʨʠ ʙʽʣʴʰ ʚʠʱʦʤʫ ʧʘʨʮʽʘʣʴʥʦʤʫ ʪʠʩʢʫ ʢʠʩʥʶ, ʪʘʢ ʷʢ ʮʝ ʣʠʰʝ ʚ ʥʝ-

ʟʥʘʯʥʦʤʫ ʩʪʫʧʝʥʽ ʧʽʜʚʠʱʠʪʴ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʛʝʤʦʛʣʦʙʽʥʫ, ʘʣʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʥʝʙʘʞʘʥʠʭ ʥʘʩʣʽʜʢʽʚ. ʇʨʠ ʛʽʧʦʚʝʥʪʠʣʷʮʽʾ ʘʣʴʚʝʦʣ ʽ ʧʨʠ ʧʦʨʫʰʝʥʥʽ ʜʠʬʫʟʽʾ 

ʢʠʩʥʶ ʯʝʨʝʟ ʘʣʴʚʝʦʣʷʨʥʫ ʤʝʤʙʨʘʥʫ ʢʠʩʥʝʚʘ ʪʝʨʘʧʽʷ ʩʫʪʪʻʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʣʽʢʚʽ-

ʜʫʻ ʛʽʧʦʢʩʽʶ [31, 115, 145, 150, 167]. 

ɻʽʧʝʨʙʘʨʠʯʥʘ ʦʢʩʠʛʝʥʘʮʽʷ ʦʩʦʙʣʠʚʦ ʧʦʢʘʟʘʥʘ ʧʨʠ ʣʽʢʫʚʘʥʥʽ ʭʚʦʨʠʭ ʟ ʛʦʩ-

ʪʨʦʶ ʧʦʩʪʛʝʤʦʨʘʛʽʯʥʦʶ ʘʥʝʤʽʻʶ ʽ ʧʨʠ ʚʘʞʢʠʭ ʬʦʨʤʘʭ ʦʪʨʫʻʥʥʷ ʦʢʠʩʦʤ ʚʫʛʣʝ-

ʮʶ ʽ ʤʝʪʛʝʤʦʛʣʦʙʽʥʫʪʚʦʨʶʚʘʯʘʤʠ, ʧʨʠ ʜʝʢʦʤʧʨʝʩʽʡʥʽʡ ʭʚʦʨʦʙʽ, ʘʨʪʝʨʽʘʣʴʥʽʡ ʛʘ-

ʟʦʚʽʡ ʝʤʙʦʣʽʾ. ʧʨʠ ʛʦʩʪʨʽʡ ʪʨʘʚʤʽ ʟ ʨʦʟʚʠʪʢʦʤ ʽʰʝʤʽʾ ʪʢʘʥʠʥ ʽ ʧʨʠ ʨʷʜʽ ʽʥʰʠʭ 

ʚʘʞʢʠʭ ʩʪʘʥʘʭ. ɻʽʧʝʨʙʘʨʠʯʥʘ ʦʢʩʠʛʝʥʘʮʽʷ ʣʽʢʚʽʜʫʻ, ʷʢ ʛʦʩʪʨʽ ʪʘʢ ʽ ʚʽʜʜʘʣʝʥʽ ʝʬʝ-

ʢʪʠ ʦʪʨʫʻʥʥʷ ʦʢʠʩʦʤ ʚʫʛʣʝʮʶ [31, 115, 145, 150, 167]. 

ʂʠʩʥʝʚʘ ʪʝʨʘʧʽʷ ʤʘʣʦʝʬʝʢʪʠʚʥʘ ʧʨʠ ʛʽʩʪʦʪʦʢʩʠʯʥʽʡ (ʪʢʘʥʠʥʥʽʡ) ʛʽʧʦʢʩʽʾ 

ʧʨʠ ʛʽʧʦʢʩʽʾ ʦʙʫʤʦʚʣʝʥʽʡ ʚʝʥʦʟʥʦ-ʘʨʪʝʨʽʘʣʴʥʠʤ ʰʫʥʪʫʚʘʥʥʷʤ ʢʨʦʚʽ, ʧʨʠ ʝʤʙʦʣʽʾ 

ʣʝʛʝʥʝʚʦʾ ʘʨʪʝʨʽʾ ʽ ʜʝʷʢʠʭ ʚʨʦʜʞʝʥʠʭ ʚʘʜʘʭ ʩʝʨʮʷ ʽ ʩʫʜʠʥ [31, 115, 145, 150, 167]. 

ʊʨʠʚʘʣʘ ʦʢʩʠʛʝʥʦʪʝʨʘʧʽʷ ʤʦʞʝ ʦʙʫʤʦʚʣʶʚʘʪʠ ʪʦʢʩʠʯʥʫ ʜʽʶ ʥʘ ʦʨʛʘʥʽʟʤ, 
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ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʪʨʘʪʽ ʩʚʽʜʦʤʦʩʪʽ, ʨʦʟʚʠʪʢʫ ʩʫʜʦʤ ʽ ʥʘʙʨʷʢʫ ʤʦʟʢʫ, ʧʨʠʛʥʽ-

ʯʝʥʥʽ ʩʝʨʮʝʚʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʨʦʟʚʠʪʢʫ ʨʝʩʧʽʨʘʪʦʨʥʦʛʦ ʜʠʩʪʨʝʩ-ʩʠʥʜʨʦʤʫ [109]. ʋ 

ʤʝʭʘʥʽʟʤʽ ʫʰʢʦʜʞʫʶʯʦʾ ʜʽʾ ʢʠʩʥʶ ʻ ʥʘʩʪʫʧʥʽ ʬʘʢʪʦʨʠ: ʟʥʠʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʙʘ-

ʛʘʪʴʦʭ ʬʝʨʤʝʥʪʽʚ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʢʣʽʪʠʥʥʦʤʫ ʤʝʪʘʙʦʣʽʟʤʽ, ʫʪʚʦʨʝʥʥʷ ʚʝʣʠ-

ʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʢʠʩʥʶ ʽ ʧʽʜʩʠʣʝʥʥʷ ʇʆʃ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥʥʠʭ ʤʝʤʙʨʘʥ. ɻʽʧʝʨʦʢʩʽʷ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʷʢ 

ʧʨʠʯʠʥʘ ʪʢʘʥʠʥʥʦʾ ʛʽʧʦʢʩʽʾ [12, 97, 169, 176]. 

ɺʘʞʣʠʚʝ ʤʽʩʮʝ ʚ ʪʝʨʘʧʽʾ ʛʽʧʦʢʩʠʯʥʠʭ ʩʪʘʥʽʚ ʤʘʶʪʴ ʘʥʪʠʛʽʧʦʢʩʘʥʪʠ. ʇʝʨ-

ʰʠʤʠ ʩʧʦʣʫʢʘʤʠ ʷʢʽ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʘʥʪʠʛʽʧʦʢʩʘʥʪʠ, ʙʫʣʠ ʘʤʽʥʦʪʽʦʣʦʚʽ ʧʦʭʽʜʥʽ, 

ʪʘʢʽ ʷʢ ʛʫʪʠʤʽʥ. ɺ ʥʘʩʪʫʧʥʽ ʨʦʢʠ ʩʧʦʣʫʢʠ ʽʥʰʦʾ ʭʽʤʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘʢʽ ʷʢ ʮʠʪʦ-

ʭʨʦʤ ʉ, ʫʙʽʭʽʥʦʥ, ʛʽʧʦʢʩʘʥ, ʤʝʢʩʠʜʦʣ ʪʘ ʽʥʰʽ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʠʣʠ ʢʣʘʩ ʘʥʪʠʛʽʧʦ-

ʢʩʘʥʪʽʚ [10, 27, 37, 44, 71; 119].  

ʅʘ ʩʴʦʛʦʜʥʽ ʮʝ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʡ ʢʣʘʩ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʭ ʩʧʦʣʫʢ. ʅʘʢʦʧʠʯʝ-

ʥʘ ʙʘʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʪʘ ʫʩʧʽʰʥʽ ʢʣʽʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʟʚʦʣʠʣʠ ʙʘ-

ʛʘʪʴʦʤ ʩʧʦʣʫʢʘʤ ʟʥʘʡʪʠ ʩʚʦʻ ʢʣʽʥʽʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ [8, 23, 71; 152, 150, 155, 186]. 

ʇʦʛʣʷʜ ʥʘ ʪʝ, ʷʢʽ ʩʘʤʝ ʣʽʢʘʨʩʴʢʽ ʟʘʩʦʙʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʘʥʪʠʛʽʧʦʢʩʘʥʪʽʚ 

ʟ ʧʣʠʥʦʤ ʯʘʩʫ, ʟʤʽʥʶʚʘʚʩʷ. ʆʩʢʽʣʴʢʠ ʛʦʣʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʛʽʧʦʢʩʽʾ ʻ ʧʦʨʫ-

ʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʤʽʥʫ, ʪʦʜʽ ʽ ʟʘʭʠʩʪ ʦʨʛʘʥʽʟʤʫ ʚʽʜ ʛʽʧʦʢʩʽʾ ʧʦʚʠʥʝʥ ʧʦʣʷ-

ʛʘʪʠ, ʧʝʨʰ ʟʘ ʚʩʝ, ʫ ʚʽʜʥʦʚʣʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʢʣʽʪʠʥʠ. ʊʦʤʫ ʚ ʪʝʧʝʨʽ-

ʰʥʽʡ ʯʘʩ ʘʥʪʠʛʽʧʦʢʩʘʥʪʘʤʠ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʩʧʦʣʫʢʠ ʤʝʪʘʙʦʣʽʯʥʦʛʦ ʪʠʧʫ ʜʽʾ, 

ʱʦ ʟʜʘʪʥʽ ʢʦʨʠʛʫʚʘʪʠ ʧʦʨʫʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʤʽʥʫ ʪʘ ʾʭ ʥʘʩʣʽʜʢʠ, ʧʽʜʚʠ-

ʱʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʨʝʟʠʩʪʝʥʪʥʽʩʪʴ ʢʣʽʪʠʥ ʜʦ ʢʠʩʥʝʚʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ ʪʘ ʽʥʰʭ 

ʚʧʣʠʚʽʚ, ʱʦ ʧʦʨʫʰʫʶʪʴ ʝʥʝʨʛʦʧʨʦʜʫʢʮʽʶ [8, 23, 152, 141, 155, 186]. 

ɸʥʪʠʛʽʧʦʢʩʘʥʪʠ ʧʨʠʟʥʘʯʘʶʪʴ ʫ ʩʢʣʘʜʽ ʢʦʤʙʽʥʦʚʘʥʦʾ ʬʘʨʤʘʢʦʪʝʨʘʧʽʾ ʧʨʠ 

ʨʽʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʥʷʭ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʩʪʘʥʘʤʠ ʛʽʧʦʢʩʽʾ ʪʘ ʽʰʝʤʽʾ. ɼʦ ʦʩ-

ʥʦʚʥʠʭ ʧʦʢʘʟʘʥʴ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʪʠʛʽʧʦʢʩʘʥʪʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʘʢʽ ʥʘ-

ʧʨʷʤʢʠ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ: ʥʝʡʨʦʧʨʦʪʝʢʮʽʷ, ʢʘʨʜʽʦʧʨʦʪʝʢʮʽʷ, ʛʝʧʘʪʦʧʨʦʪʝʢʮʽʷ, 

ʛʘʩʪʨʦʧʨʦʪʝʢʮʽʷ ʪʘ ʘʥʛʽʦʧʨʦʪʝʢʮʽʷ [8, 23, 150, 152, 146, 186; 212]. 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ ʢʣʽʪʠʥʠ ʘʥʪʠʛʽʧʦʢʩʘʥʪʠ ʧʽʜʚʠʱʫʶʪʴ ʥʘʩʪʫʧʥʠʤʠ 

ʰʣʷʭʘʤʠ:  
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ï ʧʽʜʚʠʱʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʪʦʭʦʥʜʨʽʷʤʠ ʢʠʩʥʶ ʚ ʧʨʦʮʝʩʘʭ 

ʦʢʠʩʥʝʥʥʷ ʽ ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ ʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʾʭ ʤʝʤʙʨʘʥ;  

ï ʟʤʝʥʰʫʶʪʴ ʽʥʛʽʙʽʮʽʶ ʨʝʘʢʮʽʡ ʮʠʢʣʫ ʂʨʝʙʩʘ ʽ ʧʽʜʪʨʠʤʫʶʪʴ ʘʢʪʠʚʥʽʩʪʴ 

ʩʫʢʮʠʥʘʪʦʢʩʠʜʘʟʥʦʾ ʩʠʩʪʝʤʠ; 

ï ʬʦʨʤʫʶʪʴ ʩʠʩʪʝʤʠ, ʷʢʽ ʩʪʨʠʤʫʶʪʴ ʧʝʨʝʚʘʥʪʘʞʝʥʠʡ ʝʣʝʢʪʨʦʥʘʤʠ ʜʠʭʘʣʴʥʠʡ 

ʣʘʥʮʶʛ; 

ï ʟʙʽʣʴʰʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ɸʊʌ ʫ ʭʦʜʽ ʛʣʽʢʦʣʽʟʫ ʙʝʟ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʮʽʾ 

ʣʘʢʪʘʪʫ; 

ï ʟʥʠʞʫʶʪʴ ʚʠʪʨʘʪʠ ɸʊʌ ʢʣʽʪʠʥʦʶ, ʷʢʽ ʩʧʨʷʤʦʚʘʥʽ ʥʝ ʥʘ ʝʢʩʪʨʝʥʥʫ ʧʽʜʪʨʠʤʢʫ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ. 

ʅʘʡʙʽʣʴʰ ʚʞʠʚʘʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʘʥʪʠʛʽʧʦʢʩʘʥʪʽʚ ʻ [82]: 

1) ʧʨʝʧʘʨʘʪʠ ʟ ʧʦʣʽʚʘʣʝʥʪʥʦʶ ʜʽʻʶ: ʧʦʭʽʜʥʽ ʘʤʽʜʽʥʪʽʦʤʦʯʝʚʠʥʠ, ʽʥʛʽʙʽʪʦʨʽʚ 

ʦʢʠʩʥʝʥʥʷ ʞʠʨʥʠʭ ʢʠʩʣʦʪ (ʘʤʪʠʟʦʣ, ʛʫʪʠʤʽʥ, ʧʨʝʜʫʢʪʘʣ, ʨʘʥʦʣʘʟʠʥ). 

2) ʩʫʢʮʠʥʘʪʚʤʽʩʥʽ (ʨʝʘʤʙʝʨʽʥ, ʤʝʢʩʠʜʦʣ) ʽ ʩʫʢʮʠʥʘʪʫʪʚʦʨʶʶʯʽ ʟʘʩʦʙʠ (ʤʘ-

ʬʫʩʦʣ, ʦʢʩʠʙʫʪʽʨʘʪ ʥʘʪʨʽʶ/ʣʽʪʽʶ). 

3) ʧʨʠʨʦʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʜʠʭʘʣʴʥʦʛʦ ʣʘʥʮʶʛʘ: ʮʠʪʦʭʨʦʤ ʉ (ʮʠʪʦʤʘʢ), 

ʫʙʽʭ̔ʥʦʥ (ʫʙʽʥʦʥ, ʢʦʝʥʟʠʤ Q10), ̔ ʜʝʙʝʥʦʥ (ʥʦʙʝʥ). 

4) ʪhʫʯʥʽ ʨʝʜʦʢʩ-ʩʠʩʪʝʤʠ: ʦʣʽʬʝʥ (ʛ̔ ʧʦʢʩʝʥ).  

5) ʤʘʢʨʦʝʨʛʽʯʥʽ ʩʧʦʣʫʢʠ: ʢʨʝʘʪʠʥʬʦʩʬʘʪ (ʅʝʦʪʦʥ), ʢʠʩʣʦʪʘ ʘʜʝʥʦʟʠʥʪʨʠʬʦ-

ʩʬʦʨʥʘ. 

ɸʤʪʠʟʦʣ ʽ ʛʫʪʠʤʽʥ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʥʝʨʛʝʪʠʢʫ ʢʣʽʪʠʥʠ, ʧʨʦʥʠʢʘʶʪʴ ʫ ʤʽʪʦ-

ʭʦʥʜʨʽʾ ʽ ʩʪʘʙʽʣʽʟʫʶʪʴ ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʽ ʤʝʤʙʨʘʥʠ, ʟʤʝʥʰʫʶʪʴ ʧʨʠʛʥʽʯʝʥʥʷ ʜʝʛʽ-

ʜʨʦʛʝʥʘʟ ʮʠʢʣʫ ʂʨʝʙʩʘ, ʟʘʧʦʙʽʛʘʶʪʴ ʨʦʟôʻʜʥʘʥʥʶ ʦʢʠʩʥʝʥʥʷ ʽ ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ, 

ʟʙʽʣʴʰʫʶʪʴ ʧʨʦʜʫʢʮʽʶ ɸʊʌ. ɸʥʪʠʛʽʧʦʢʩʠʯʥʘ ʜʽʷ ʘʤʪʠʟʦʣʫ ʽ ʛʫʪʠʤʽʥʫ ʧʦʣʛ̫ʘʻ ʚ 

ʪʦʤʫ, ʱʦ ʚʦʥʠ ʟʥʠʞʫʶʪʴ ʧʦʪʨʝʙʫ ʪʢʘʥʠʥ ʫ ʢʠʩʥʽ ʟʘʚʜʷʢʠ ʛʘʣʴʤʫʚʘʥʥʶ ʥʝʬʦʩ-

ʬʦʨʠʣʶʚʘʣʴʥʠʭ ʚʠʜʽʚ ʦʢʠʩʥʝʥʥʷ ï ʤʽʢʨʦʩʦʤʘʣʴʥʦʛʦ ʽ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʦʛʦ [82, 

140, 188]. 

ɸʥʪʠʛʽʧʦʢʩʠʯʥʘ ʜʽʷ ʘʤʪʠʟʦʣʫ ʽ ʛʫʪʠʤʽʥʫ ʚʠʷʚʣʷ̒ ʪʴʩʷ ʚ ʘʢʪʠʚʘʮʽʾ ʛʣʽʢʦʣʽʟʫ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʘʝʨʦʙʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ɸʊʌ. ʇʨʠ ʛʽʧʦʢʩʽʾ ʛʣʽʢʦʣʽʟ ʰʚʠʜʢʦ ʽʥʛʽʙʫ-

ʻʪʴʩʷ ʘʮʠʜʦʟʦʤ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʥʘʢʦʧʠʯʝʥʥʷ ʣʘʢʪʘʪʫ, ʘ ʘʤʪʠʟʦʣ ʽ 
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ʛʫʪʠʤʽʥ ʟʤʝʥʰʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʣʘʢʪʘʪʫ ʚ ʢʣʽʪʠʥʽ, ʱʦ ʧʦʣʝʛʰʫʻ ʚʭʦʜʞʝʥʥʷ ʧʽ-

ʨʫʚʘʪʫ ʚ ʮʠʢʣ ʂʨʝʙʩʘ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʝ ʦʢʠʩʥʝʥʥʷ ʚʫʛ-

ʣʝʚʦʜʽʚ ï ʥʘʡʢʨʘʱʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʧʨʠ ʛʽʧʦʢʩʽʾ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʽʜʚʠ-

ʱʝʥʥʷʤ ʜʠʭʘʣʴʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘ ʬʦʥʽ ʛʫʪʠʤʽʥʫ ʡ ʘʤʪʠʟʦʣʫ. ʎʽ ʘʥʪʠʛʽʧʦʢʩʘʥ-

ʪʠ, ʟʤʝʥʰʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʣʘʢʪʘʪʫ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʩʠʥʪʝʟ ʚʫʛʣʝʚʦʜʽʚ, ʧʦʩʣʘʙ-

ʣʶʶʪʴ ʧʨʦʷʚʠ ʘʮʠʜʦʟʫ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʥʝʨʛʽʻʶ ʢʣʽʪʠʥʠ ʟʘ ʨʘʭʫʥʦʢ ʧʦʥʦʚʣʝʥʥʷ 

ʚʫʛʣʝʚʦʜʽʚ. ɸʤʪʠʟʦʣ ʽ ʛʫʪʠʤʽʥ ʟʥʠʞʫʶʪʴ ʘʢʪʠʚʥʽʩʪʴ ʤʝʤʙʨʘʥʥʠʭ ɸʊʌʘʟ ʫ ʤʝʤ-

ʙʨʘʥʘʭ ʝʨʠʪʨʦʮʠʪʽʚ (Na+, K+ ʽ ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʘʪʘʟʠ) ʥʘ ʧʦʯʘʪʢʫ ʛʽʧʦʢʩʽʾ ʽ ʨʽʟʢʦ 

ʧʽʜʚʠʱʫʚʘʪʠ ʾʭ ʫ ʧʦʜʘʣʴʰʦʤʫ [66, 86, 140, 169]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʱʦ ʮʽ ʧʨʝʧʘʨʘʪʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʧʨʠ ʛʽʧʦʢ-

ʩʽʾ ʽ ʽʰʝʤʽʾ ʩʝʨʮʷ, ʧʝʯʽʥʢʠ, ʥʠʨʦʢ, ʽʥʩʫʣʴʪʘʭ, ʜʠʭʘʣʴʥʽʡ ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʨʽʟʥʦʾ 

ʧʨʠʨʦʜʠ [3, 9, 24, 57, 111]. 

ʈʘʥʦʣʘʟʠʥ ʚʠʷʚʣʷʻ ʷʢ ʘʥʪʠʛʽʧʦʢʩʠʯʥʠʡ ʪʘʢ ʽ ʘʥʪʠʽʰʝʤʽʯʥʠʡ ʝʬʝʢʪʠ, ʛʘʣʴ-

ʤʫʻ ʘʥʘʝʨʦʙʥʠʡ ʛʣʽʢʦʣʽʟ, ʧʽʜʚʠʱʫʻ ʫʪʠʣʽʟʘʮʽʶ ʢʠʩʥʶ ʽʰʝʤʽʟʦʚʘʥʠʤ ʤʽʦʢʘʨʜʦʤ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ɸʊʌ. ɺʽʥ ʻ ʟʚʦʨʦʪʥʠʡ ʽʥʛʽʙʽʪʦʨ 

ʜʝʛʽʜʨʦʛʝʥʘʟʠ ʅɸɼĿʅ ʫ ʤʪ̔ʦʭʦʥʜʨʽʷʭ, ʘ ʮʝ ʩʧʨʠʷʻ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʘʙʦʣʽʟʤʫ. 

ʊʘʢ, ʷʢ ʫ ʨʘʥʦʣʘʟʠʥʘ ʘʥʪʠʘʥʛʽʥʘʣʴʥʠʡ ʝʬʝʢʪ ʥʝ ʜʦʩʠʪʴ ʚʠʨʘʞʝʥʠʡ ʡʦʛʦ ʚʠʢʦʨʠ-

ʩʪʦʚʫʶʪʴ ʚ ʢʦʤʙʽʥʦʚʘʥʽʡ ʪʝʨʘʧʽʾ ʨʘʟʦʤ ʟ ʙʝʪʘ-ʘʜʨʝʥʦʙʣʦʢʘʪʦʨʘʤʠ ʽ ʙʣʦʢʘʪʦʨʘʤʠ 

ʢʘʣʴʮʽʻʚʠʭ ʢʘʥʘʣʽʚ ʫ ʭʚʦʨʠʭ ʥʘ ʽʰʝʤʽʯʥʫ ʭʚʦʨʦʙʫ ʩʝʨʮʷ [29, 66, 152, 169]. 

ɸʥʪʠʛʽʧʦʢʩʘʥʪ ʧʨʷʤʦʾ ʜʽʾ ʝʥʝʨʛʦʩʪʠʤ ʧʨʠ ʛʦʩʪʨʦʤʫ ʽʥʬʘʨʢʪʽ ʤʽʦʢʘʨʜʘ ʥʦ-

ʨʤʘʣʽʟʫʻ ʚʤʽʩʪ ʮʠʪʦʭʨʦʤʫ ʉ, ʧʽʜʚʠʱʫʻ ʚʤʽʩʪ ʥʽʢʦʪʠʥʘʤʽʜʘʜʝʥʽʥʜʠʥʫʢʣʝʦʪʠʜʫ 

(ʅɸɼ) ʽ ʚʽʜʥʦʰʝʥʥʷ ʅɸɼ/ʅɸɼĿʅ, ʘ ʪʘʢʦʞ ʚʤʽʩʪ ʜʦʬʘʤʽʥʫ, ʟʥʠʞʫʻ ʜʦ ʥʦʨʤʠ 

ʚʤʽʩʪ ʥʦʨʘʜʨʝʥʘʣʽʥʫ ʡ ʘʜʨʝʥʘʣʽʥʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʩʘ ʥʝʢʨʦʪʠʟʦ-

ʚʘʥʦʛʦ ʤʽʦʢʘʨʜʘ [9, 10, 169, 182]. ɺʽʥ ʚʧʣʠʚʘʻ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʨʝʜʦʢʩ-

ʧʦʪʝʥʮʽʘʣʫ, ʧʽʜʚʠʱʫʻ ʚʤʽʩʪ ʮʠʪʦʭʨʦʤʫ ʉ, ʧʦʣʽʧʰʫʻ ʝʣʘʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʦʩ-

ʤʦʪʠʯʥʫ ʨʝʟʠʩʪʝʥʪʥʽʩʪʴ ʝʨʠʪʨʦʮʠʪʽʚ, ʟʥʠʞʫʻ ʇʆʃ. ɽʥʝʨʛʦʩʪʠʤ ʤʘʻ ʚʠʨʘʞʝʥʫ 

ʘʥʪʠʛʽʧʦʢʩʠʯʥʫ ʜʽʶ ʽ ʥʘʙʘʛʘʪʦ ʧʝʨʝʚʝʨʰʫʻ ʦʢʩʠʙʫʪʠʨʘʪ ʣʽʪʽʶ, ʨʠʙʦʢʩʠʥ, ʘʤʪʠ-

ʟʦʣ, ʤʽʣʜʨʦʥʘʪ, ʧʽʨʘʮʝʪʘʤ, ʦʣʽʬʝʥ, ʮʠʪʦʭʨʦʤ ʉ, ʩʦʣʢʦʩʝʨʠʣ, ʫʙʽʭʽʥʦʥ, ʧʨʝʜʫʢʪʘʣ 

ʪʘ ʽʥʰʽ ʘʥʪʠʛʽʧʦʢʩʘʥʪʠ [25, 55, 148, 163]. 

ʗʢ ʘʥʪʠʛʽʧʦʢʩʘʥʪʠ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʭʦʜʷʪʴ ʧʨʝʧʘʨʘʪʠ, ʷʢʽ ʧʽʜ-
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ʪʨʠʤʫʶʪʴ ʧʨʠ ʛʽʧʦʢʩʽʾ ʘʢʪʠʚʥʽʩʪʴ ʩʫʢʮʠʥʘʪʦʢʩʠʜʘʟʥʦʛʦ ʣʘʥʮʶʛʘ. ɺʽʜʦʤʦ, ʱʦ 

ʌɸɼ-ʟʘʣʝʞʥʘ ʣʘʥʢʘ ʮʠʢʣʫ ʂʨʝʙʩʘ ʧʽʟʥʽʰʝ ʧʨʠʛʥʽʯʫʻʪʴʩʷ ʧʨʠ ʛʽʧʦʢʩʽʾ ʫ ʧʦʨʽʚ-

ʥʷʥʥʽ ʟ ʅɸɼ-ʟʘʣʝʞʥʠʤʠ ʦʢʩʠʜʘʟʘʤʠ, ʪʦʤʫ ʤʦʞʝ ʧʝʚʥʠʡ ʯʘʩ ʧʽʜʪʨʠʤʫʚʘʪʠ ʝʥʝʨ-

ʛʦʧʨʦʜʫʢʮʽʶ ʚ ʢʣʽʪʠʥʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʚ ʤʽʪʦʭʦʥʜʨʽʷʭ ʩʫʙʩʪʨʘʪʫ ʦʢʠʩʥʝʥʥʷ ï ʩʫ-

ʢʮʠʥʘʪʫ (ʙʫʨʰʪʠʥʦʚʦʾ ʢʠʩʣʦʪʠ) [50, 82]. 

ʇʨʝʧʘʨʘʪʠ, ʷʢʽ ʩʪʚʦʨʝʥʽ ʥʘ ʦʩʥʦʚʽ ʩʫʢʮʠʥʘʪʫ, ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʽ, 

ʦʩʢʽʣʴʢʠ ʝʢʟʦʛʝʥʥʠʡ ʩʫʢʮʠʥʘʪ ʧʦʛʘʥʦ ʧʨʦʥʠʢʘʻ ʢʨʽʟʴ ʙʽʦʣʦʛʽʯʥʽ ʤʝʤʙʨʘʥʠ. ɽʬʝ-

ʢʪʠʚʥʠʤ ʻ ʘʥʪʠʛʽʧʦʢʩʘʥʪ ï ʢʦʤʧʣʝʢʩ ʦʢʩʠʤʝʪʠʣʝʪʠʣʧʽʨʠʜʠʥʫ ʩʫʢʮʠʥʘʪ ʟ ʘʥʪʠʦ-

ʢʩʠʜʘʥʪʦʤ ʝʤʦʢʩʠʧʽʥʦʤ ï ʤʝʢʩʠʜʦʣ, ʷʢʠʡ ʧʦʢʨʘʱʫʻ ʪʨʘʥʩʧʦʨʪ ʩʫʢʮʠʥʘʪʫ ʢʨʽʟʴ 

ʤʝʤʙʨʘʥʠ. ʇʦʜʽʙʥʦ ʜʦ ʝʤʦʢʩʠʧʽʥʫ, ʤʝʢʩʠʜʦʣ ʻ ʽʥʛʽʙʪ̔ʦʨʦʤ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʘʣʝ ʤʘʻ ʙʽʣʴʰ ʚʠʨʘʞʝʥʫ ʘʥʪʠʛʽʧʦʢʩʠʯʥʫ ʜʽʶ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʤʝʢʩʠʜʦʣʫ 

ʧʨʠ ʨʦʟʣʘʜʘʭ ʽʰʝʤʽʯʥʦʛʦ ʛʝʥʝʟʫ ʧʽʜʪʚʝʨʜʞʝʥʘ ʢʣʽʥʽʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ: ʧʨʠ 

ʛʦʩʪʨʠʭ ʧʦʨʫʰʝʥʥʷʭ ʤʦʟʢʦʚʦʛʦ ʢʨʦʚʦʦʙʽʛʫ, ʜʠʩʮʠʨʢʫʣʷʪʦʨʥʽʡ ʝʥʮʝʬʘʣʦʧʘʪʽʾ, 

ʚʝʛʝʪʦʩʫʜʠʥʥʽʡ ʜʠʩʪʦʥʽʾ, ʘʪʝʨʦʩʢʣʝʨʦʪʠʯʥʠʭ ʧʦʨʫʰʝʥʥʷʭ ʬʫʥʢʮʽʡ ʤʦʟʢʫ, ʧʨʠ 

ʢʫʧʽʨʫʚʘʥʥʽ ʘʙʩʪʽʥʝʥʪʥʦʛʦ ʩʠʥʜʨʦʤʫ ʧʨʠ ʘʣʢʦʛʦʣʽʟʤʽ ʽ ʥʘʨʢʦʤʘʥʽʾ, ʪʘ ʽʥʰʠʭ 

ʩʪʘʥʘʭ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʛʽʧʦʢʩʽʻʶ [83, 140, 167, 189].  

ʆʩʥʦʚʥʽ ʣʘʥʢʠ ʤʝʭʘʥʽʟʤʽʚ ʜʽʾ ʤʝʢʩʠʜʦʣʫ ʻ: ʧʦʣʽʧʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙ-

ʤʽʥʫ ʢʣʽʪʠʥʠ, ʘʢʪʠʚʽʟʘʮʽʷ ʝʥʝʨʛʦʩʠʥʪʝʟʫʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʤʽʪʦʭʦʥʜʨʽʡ, ʚʧʣʠʚ ʥʘ 

ʚʤʽʩʪ ʙʽʦʛʝʥʥʠʭ ʘʤʽʥʽʚ ʽ ʧʦʣʽʧʰʝʥʥʷ ʩʠʥʦʧʪʠʯʥʦʾ ʧʝʨʝʜʘʯʽ; ʽʥʛʽʙʫʚʘʥʥʷ ʇʆʃ 

ʤʝʤʙʨʘʥ, ʟʚôʷʟʫʚʘʥʥʷ ʧʝʨʝʢʠʩʥʠʭ ʨʘʜʠʢʘʣʽʚ ʣʽʧʽʜʽʚ; ʧʽʜʚʠʱʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʘʥ-

ʪʠʦʢʩʠʜʘʥʪʥʠʭ ʬʝʨʤʝʥʪʽʚ, ʟʦʢʨʝʤʘ ʉʆɼ; ʽʥʛʽʙʽʮʽʷ ʩʠʥʪʝʟʫ ʪʨʦʤʙʦʢʩʘʥʫ ɸ, ʣʝʡ-

ʢʦʪʨʠʻʥʽʚ ʽ ʧʽʜʩʠʣʝʥʥʷ ʩʠʥʪʝʟʫ ʧʨʦʩʪʘʮʠʢʣʽʥʫ; ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʟʘʛʘʣʴʥʦʛʦ ʭʦ-

ʣʝʩʪʝʨʠʥʫ, ʣʽʧʦʧʨʦʪʝʾʥʽʚ ʥʠʟʴʢʦʾ ʱʽʣʴʥʦʩʪʽ, ʟʥʠʞʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʭʦʣʝʩʪʝ-

ʨʠʥ/ʬʦʩʬʦʣʽʧʽʜʠ; ʟʜʘʪʥʽʩʪʴ ʤʦʜʫʣʶʚʘʪʠ ʨʝʮʝʧʪʦʨʥʽ ʢʦʤʧʣʝʢʩʠ ʤʝʤʙʨʘʥ ʤʦʟʢʫ, 

ʟʦʢʨʝʤʘ ʙʝʥʟʦʜʽʘʟʝʧʽʥʦʚʠʡ, ɻɸʄʂ-ʝʨʛʽʯʥʽ, ʘʮʝʪʠʣʭʦʣʽʥʦʚʽ ʨʝʮʝʧʪʦʨʠ, ʪʘ ʧʽʜʩʠ-

ʣʶʚʘʪʠ ʾʭ ʟʜʘʪʥʽʩʪʴ ʜʦ ʟʚôʷʟʫʚʘʥʥʷ; ʟʜʘʪʥʽʩʪʴ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʙʽʦʣʦʛʽʯʥʽ ʤʝʤʙʨʘ-

ʥʠ, ʟʦʢʨʝʤʘ ʤʝʤʙʨʘʥʠ ʝʨʠʪʨʦʮʠʪʽʚ ʽ ʪʨʦʤʙʦʮʠʪʽʚ.  

ʄʝʢʩʠʜʦʣ ʩʪʠʤʫʣʶʻ ʧʨʷʤʝ ʦʢʠʩʥʝʥʥʷ ʛʣʶʢʦʟʠ ʧʦ ʧʝʥʪʦʟʦʬʦʩʬʘʪʥʦʤʫ 

ʰʣʷʭʫ, ʧʽʜʚʠʱʫʻ ʨʽʚʝʥʴ ʚʽʜʥʦʚʣʝʥʠʭ ʥʫʢʣʝʦʪʠʜʽʚ (ʥʽʢʦʪʠʥʘʤʽʜʘʜʝʥʽʥʜʠʥʫʢʣʝʦ-

ʪʠʜʬʦʩʬʘʪ ʅɸɼʌ) ʽ ʪʠʤ ʩʘʤʠʤ ʧʽʜʩʠʣʶʻ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʡ ʟʘʭʠʩʪ ʢʣʽʪʠʥʠ ʪʘ 
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ʩʪʘʙʽʣʽʟʫʻ ʨʽʚʝʥʴ ʝʥʜʦʛʝʥʥʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ. ʇʨʝʧʘʨʘʪ ʤʘʻ ʚʠʨʘʞʝʥʫ ʪʨʘʥʢ-

ʚʽʣʽʟʫʶʯʫ, ʘʥʪʠʩʪʨʝʩʦʚʫ ʜʽʶ (ʫʩʫʚʘʻ ʪʨʠʚʦʛʫ, ʩʪʨʘʭ, ʟʘʥʝʧʦʢʦʻʥʥʷ), ʧʨʦʪʠʩʫʜʦ-

ʤʥʫ ʘʢʪʠʚʥʽʩʪʴ (ʧʨʠʛʥʽʯʫʻ ʧʝʨʚʠʥʥʦ-ʛʝʥʝʨʘʣʽʟʦʚʘʥʽ ʩʫʜʦʤʠ, ʚʠʢʣʠʢʘʥʽ, ʧʝʨʰ ʟʘ 

ʚʩʝ, ʫʚʝʜʝʥʥʷʤ ɻɸʄʂ-ʝʨʛʽʯʥʠʭ ʨʝʯʦʚʠʥ), ʟʥʘʯʥʫ ʘʥʪʠʛʽʧʦʢʩʠʯʥʫ ʽ ʧʨʦʪʠʽʰʝʤʽ-

ʯʥʫ ʜʽʾ (ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʥʘʷʚʥʽʩʪʶ ʚ ʡʦʛʦ ʩʪʨʫʢʪʫʨʽ ʩʫʢʮʠʥʘʪʫ, ʷʢʠʡ ʚ ʫʤʦʚʘʭ 

ʛʽʧʦʢʩʽʾ ʧʦʪʨʘʧʣʷʻ ʫ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʡ ʧʨʦʩʪʽʨ ʽ ʟʜʘʪʥʠʡ ʦʢʠʩʥʶʚʘʪʠʩʷ ʜʠ-

ʭʘʣʴʥʠʤ ʣʘʥʮʶʛʦʤ). ɿʘ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʤʝʢʩʠʜʦʣ ʟʥʘʯʥʦ ʧʝʨʝʚʝ-

ʨʰʫʻ ʧʝʨʠʪʠʥʦʣ ʽ ʧʽʨʘʮʝʪʘʤ [38, 82, 40].  

ʄʝʢʩʠʜʦʣ ʤʘʻ ʛʝʨʦʧʨʦʪʝʢʪʦʨʥʫ ʜʽʶ, ʢʦʨʠʛʫʻ ʧʦʨʫʰʝʥʽ ʧʨʠ ʩʪʘʨʽʥʥʽ ʧʨʦ-

ʮʝʩʠ ʥʘʚʯʘʥʥʷ ʽ ʧʘʤôʷʪʽ, ʟʥʠʞʫʻ ʫ ʤʦʟʢʫ ʽ ʢʨʦʚʽ ʨʽʚʝʥʴ ʤʘʨʢʝʨʽʚ ʩʪʘʨʽʥʥʷ, ʣʽʧʦ-

ʬʫʩʮʠʥʫ, ʤʘʣʦʥʦʚʦʛʦ ʘʣʴʜʝʛʽʜʫ, ʭʦʣʝʩʪʝʨʠʥʫ, ʟʘʧʦʙʽʛʘʻ ʨʦʟʚʠʪʢʫ ʧʘʪʦʣʦʛʽʯʥʠʭ 

ʟʤʽʥ ʫ ʩʫʜʠʥʥʽʡ ʩʪʽʥʮʽ ʽ ʟʤʝʥʰʫʻ ʩʪʫʧʽʥʴ ʫʰʢʦʜʞʝʥʥʷ ʘʦʨʪʠ (ʘʥʪʠʘʪʝʨʦʛʝʥʥʘ 

ʜʽʷ) [38, 111, 136, 164, 191]. 

ɿʘ ʜʘʥʠʤʠ ʣʽʪʝʨʘʪʫʨʠ, ʚ ʫʤʦʚʘʭ ʫʨʘʞʝʥʥʷ ʧʝʯʽʥʢʠ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʦʤ, ʤʝ-

ʢʩʠʜʦʣ ʟʤʝʥʰʫʻ ʟʦʥʠ ʥʝʢʨʦʟʫ ʪʢʘʥʠʥʠ ʧʝʯʽʥʢʠ ʡ ʦʙôʻʤ ʞʠʨʦʚʦʾ ʜʠʩʪʨʦʬʽʾ ʛʝʧʘ-

ʪʦʮʠʪʽʚ, ʥʦʨʤʘʣʽʟʫʻ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ ʛʝʧʘʪʦʮʠʪʽʚ [31, 70, 151].  

ɿʘʚʜʷʢʠ ʩʚʦʾʤ ʤʝʭʘʥʽʟʤʘʤ ʜʽʾ ʽ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʭ ʝʬʝʢ-

ʪʽʚ ʤʝʢʩʠʜʦʣ ʚʧʣʠʚʘʻ ʥʘ ʦʩʥʦʚʥʽ ʣʘʥʢʠ ʧʘʪʦʛʝʥʝʟʫ ʨʽʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʢʠʩʥʝʟʘʣʝʞʥʠʤʠ ʧʘʪʦʣʦʛʽʯʥʠʤʠ ʩʪʘʥʘʤʠ ʽ ʧʨʦʮʝʩʘʤʠ ɺʈʆ [16, 31, 

83, 174, 185, 214]. ɿʘʟʥʘʯʝʥʽ ʚʠʱʝ ʧʨʦʮʝʩʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʽʦʥʥʦʾ ʨʽʚ-

ʥʦʚʘʛʠ ʽ ʟʚʽʣʴʥʝʥʥʷ ʘʢʪʠʚʥʠʭ ʬʝʨʤʝʥʪʽʚ ʷʢ ʽʟ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʭ ʩʪʨʫʢʪʫʨ, 

ʪʘʢ ʽ ʟ ʩʘʤʠʭ ʢʣʽʪʠʥ. ʗʢ ʧʨʘʚʠʣʦ, ʮʝʡ ʧʨʦʮʝʩ ʟʘʢʽʥʯʫʻʪʴʩʷ ʨʫʡʥʫʚʘʥʥʷʤ ʤʽʪʦʭʦ-

ʥʜʨʽʡ ʪʘ ʽʥʰʠʭ ʩʪʨʫʢʪʫʨ ʢʣʽʪʠʥʠ, ʘ ʽʥʦʜʽ ʽ ʟʘʛʠʙʝʣʣʶ ʢʣʽʪʠʥʠ. 

ɿʽ ʟʜʘʪʥʽʩʪʶ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʷ ʥʘ ʩʫʢʮʠʥʘʪ ʚ ʮʠʢʣʽ ʈʦʙʝʨʪʩʘ (g-

ʘʤʽʥʦʙʫʪʠʨʘʪʥʦʤʫ ʰʫʥʪʽ) ʧʦʚ'ʷʟʘʥʘ ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ ʜʽʷ ʦʢʩʠʙʫʪʠʨʘʪʫ ʥʘ-

ʪʨʽʶ/ʣʽʪʽʶ. ɺ ʫʤʦʚʘʭ ʮʠʨʢʫʣʷʪʦʨʥʦʾ ʛʽʧʦʢʩʽʾ ʦʢʩʠʙʫʪʠʨʘʪ ʧʨʦʪʷʛʦʤ ʢʦʨʦʪʢʦʛʦ ʪʝ-

ʨʤʽʥʫ ʚʩʪʠʛʘʻ ʟʘʧʫʩʪʠʪʠ ʥʝ ʣʠʰʝ ʢʣʽʪʠʥʥʽ ʘʜʘʧʪʘʮʽʡʥʽ ʤʝʭʘʥʽʟʤʠ, ʘʣʝ ʡ ʧʽʜʢʨʽʧʠ-

ʪʠ ʾʭ ʧʝʨʝʙʫʜʦʚʦʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʤʽʥʫ ʚ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʭ ʦʨʛʘʥʘʭ. ʇʨʠ ʛʽʧʦ-

ʢʩʽʾ ʩʧʨʠʷʪʣʠʚʘ ʜʽʷ ʦʢʩʠʙʫʪʠʨʘʪʫ ʥʘʪʨʽʶ ʦʙʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʚʽʥ ʘʢʪʠʚʫʻ ʙʽʣʴʰ 

ʝʥʝʨʛʝʪʠʯʥʦ ʚʠʛʽʜʥʠʡ ʧʝʥʪʦʟʥʠʡ ʰʣʷʭ ʦʙʤʽʥʫ ʛʣʶʢʦʟʠ ʟ ʦʨʽʻʥʪʘʮʽʻʶ ʡʦʛʦ ʥʘ 
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ʰʣʷʭ ʧʨʷʤʦʛʦ ʦʢʠʩʥʝʥʥʷ ʪʘ ʫʪʚʦʨʝʥʥʷ ʧʝʥʪʦʟ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ɸʊʌ. ʆʢ-

ʨʽʤ ʮʴʦʛʦ, ʘʢʪʠʚʘʮʽʷ ʧʝʥʪʦʟʥʦʛʦ ʰʣʷʭʫ ʦʢʠʩʥʝʥʥʷ ʛʣʶʢʦʟʠ ʩʪʚʦʨʶʻ ʧʽʜʚʠʱʝʥʠʡ 

ʨʽʚʝʥʴ ʅɸɼʌʅ, ʷʢʠʡ ʻ ʥʝʦʙʭʽʜʥʠʤ ʢʦʬʘʢʪʦʨʦʤ ʩʠʥʪʝʟʫ ʛʦʨʤʦʥʽʚ, ʱʦ ʚʘʞʣʠʚʦ 

ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘʜʥʠʨʥʠʢʦʚʠʭ ʟʘʣʦʟ. ɿʤʽʥʘ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʬʦʥʫ ʧʨʠ ʚʚʝ-

ʜʝʥʥʽ ʧʨʝʧʘʨʘʪʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʫ ʢʨʦʚʽ ʚʤʽʩʪʫ ʛʣʶʢʦʟʠ, ʷʢʘ ʜʘʻ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʠʭʽʜ ɸʊʌ ʥʘ ʦʜʠʥʠʮʶ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʢʠʩʥʶ ʽ ʟʜʘʪʥʘ ʧʽʜʪʨʠʤʫ-

ʚʘʪʠ ʧʨʦʜʫʢʮʽʶ ʝʥʝʨʛʽʾ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʯʽ ʢʠʩʥʶ. ʆʢʩʠʙʫʪʠʨʘʪ ʣʽʪʽʶ ʜʦʜʘʪʢʦʚʦ 

ʟʜʘʪʥʠʡ ʧʨʠʛʥʽʯʫʚʘʪʠ ʪʽʨʝʦʾʜʥʫ ʘʢʪʠʚʥʽʩʪʴ. ʅʘʪʨʽʶ ʦʢʩʠʙʫʪʠʨʘʪ ʥʽʚʝʣʶʻ ʟʤʽʥʠ ʚ 

ʢʠʩʣʦʪʥʦ-ʣʫʞʥʽʡ ʨʽʚʥʦʚʘʟʽ, ʟʥʠʞʫʻ ʢʽʣʴʢʽʩʪʴ ʥʝʜʦʦʢʠʩʥʝʥʠʭ ʧʨʦʜʫʢʪʽʚ ʫ ʢʨʦʚʽ, 

ʧʦʢʨʘʱʫʻ ʤʽʢʨʦʮʠʨʢʫʣʷʮʽʶ, ʧʨʠʩʢʦʨʶʻ ʰʚʠʜʢʽʩʪʴ ʢʨʦʚʦʪʦʢʫ ʧʦ ʢʘʧʽʣʷʨʘʭ, ʘʨʪʝ-

ʨʽʦʣʘʭ ʽ ʚʝʥʫʣʘʭ, ʣʽʢʚʽʜʫʻ ʷʚʠʱʘ ʩʪʘʟʘ ʚ ʢʘʧʽʣʷʨʘʭ [82, 182, 204, 209]. 

ɿ ʦʙʤʽʥʦʤ ʩʫʢʮʠʥʘʪʫ ʯʘʩʪʢʦʚʦ ʧʦʚ'ʷʟʘʥʠʡ ʘʥʪʠʛʽʧʦʢʩʠʯʥʠʡ ʝʬʝʢʪ ʧʨʝʧʘ-

ʨʘʪʫ ʤʘʬʫʩʦʣ. ʋ ʩʢʣʘʜʽ ʤʘʬʫʩʦʣʫ ʻ ʦʜʠʥ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʮʠʢʣʫ ʂʨʝʙʩʘ ï ʬʫʤʘ-

ʨʘʪ, ʷʢʠʡ ʜʦʙʨʝ ʧʨʦʥʠʢʘ ̒ʯʝʨʝʟ ʤʝʤʙʨʘʥʠ ʽ ʣʝʛʢʦ ʫʪʠʣʽʟʫʻʪʴʩʷ ʚ ʤʽʪʦʭʦʥʜʨʽʷʭ. 

ʇʨʠ ʚʠʨʘʞʝʥʽʡ ʛʽʧʦʢʩʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʥ̔ʘ ʥʘʧʨʷʤʢʫ ʪʝʨʤʽʥʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʮʠʢ-

ʣʫ ʂʨʝʙʩʘ, ʪʦʙʪʦ ʨʝʘʢʮʽʾ ʧʦʯʠʥʘʶʪʴ ʧʨʦʪʽʢʘʪʠ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʽ, ʽ ʬʫʤʘʨʘʪ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʩʫʢʮʠʥʘʪ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʦʩʪʘʥʥʴʦʛʦ. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʚʘʞ-

ʢʦʩʪʽ ʛʽʧʦʢʩʽʾ ʥʘʧʨʷʤ ʪʝʨʤʽʥʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʮʠʢʣʫ ʂʨʝʙʩʘ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʟʚʠ-

ʯʘʡʥʠʡ. ʉʫʢʮʠʥʘʪ, ʷʢʠʡ ʧʨʠ ʮʴʦʤʫ ʥʘʢʦʧʠʯʠʚʩʷ, ʘʢʪʠʚʥʦ ʦʢʠʩʥʁ ʻʪʴʩʷ ʷʢ ʝʬʝʢ-

ʪʠʚʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ. ɺ ʮʠʭ ʫʤʦʚʘʭ ʽ ʬʫʤʘʨʘʪ ʧʝʨʝʚʘʞʥʦ ʦʢʠʩʣʶʻʪʴʩʷ  ̔ʧʝʨʝ-

ʪʚʦʨʶʻʪʴʩʷ ʚ ʤʘʣʘʪ [82,190]. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʘʥʪʽʛʠʧʦʢʩʘʥʪʠ, ʷʢʽ ʻ ʧʨʠʨʦʜʥʠʤʠ ʜʣʷ ʦʨ-

ʛʘʥʽʟʤʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʠʭʘʣʴʥʦʛʦ ʣʘʥʮʶʛʘ ʤʽʪʦʭʦʥʜʨʽʡ, ʽ, ʷʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʧʝʨʝʥʝʩʝʥʥʽ ʝʣʝʢʪʨʦʥʽʚ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʮʠʪʦʭʨʦʤ ʉ ʽ ʫʙʽʭʥ̔ʦʥ (ʫʙʽʥʦʥ). 

ɼʘʥʽ ʧʨʝʧʘʨʘʪʠ, ʧʦ ʩʫʪʽ, ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʶ ʟʘʤʽʩʥʦʾ ʪʝʨʘʧʽʾ, ʦʩʢʽʣʴʢʠ ʧʨʠ 

ʛʽʧʦʢʩʽʾ ʤʽʪʦʭʦʥʜʨʽʾ ʚʪʨʘʯʘʶʪʴ ʯʘʩʪʠʥʫ ʩʚʦʾʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʢʣʶʯʘʶʯʠ, ʧʝʨʝ-

ʥʦʩʥʠʢʠ ʝʣʝʢʪʨʦʥʽʚ [82, 152, 146]. 

 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʝʢʟʦʛʝʥʥʠʡ ʮʠʪʦʭʨʦʤ ʉ ʧʨʠ ʛʽʧʦʢʩʽʾ 

ʧʨʦʥʠʢʘʻ ʚ ʢʣʽʪʠʥʫ ʤʽʪʦʭʦʥʜʨʽʾ, ʚʙʫʜʦʚʫʻʪʴʩʷ ʚ ʜʠʭʘʣʴʥʠʡ ʣʘʥʮʶʛ ʽ ʩʧʨʠʷʻ 

ʥʦʨʤʘʣʽʟʘʮʽʾ ʝʥʝʨʛʦʧʨʦʜʫʢʫʚʘʣʴʥʦʛʦ ʦʢʠʩʥʁ ʚʘʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʚʁʘʥʥʷ. ʇʦʢʘ-
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ʟʘʥʘ ʚʠʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʝʧʘʨʘʪʫ ʧʨʠ ʪʝʨʘʧʽʾ ʢʨʠʪʠʯʥʠʭ ʩʪʘʥʽʚ: ʦʪʨʫʻʥʥʽ 

ʩʥʦʜʽʡʥʠʤʠ ʟʘʩʦʙʘʤʠ ʪʘ ʦʢʠʩʦʤ ʚʫʛʣʝʮʶ; ʪʦʢʩʠʯʥʠʭ, ʽʥʬʝʢʮʽʡʥʠʭ ʽ ʽʰʝʤʽʯʥʠʭ 

ʧʦʰʢʦʜʞʝʥʥʷʭ ʤʽʦʢʘʨʜʫ; ʧʥʝʚʤʦʥʽʷʭ, ʧʦʨʫʰʝʥʥʷʭ ʤʦʟʢʦʚʦʛʦ ʪʘ ʧʝʨʠʬʝʨʠʯʥʦʛʦ 

ʢʨʦʚʦʦʙʽʛʫ. ʋ ʭʚʦʨʠʭ, ʷʢʽ ʦʜʝʨʞʫʶʪʴ ʮʠʪʦʭʨʦʤ ʉ ʧʝʨʝʙʽʛ ʽʥʬʘʨʢʪʫ ʤʽʦʢʘʨʜʘ 

ʩʧʨʠʷʪʣʠʚʽʰʠʡ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʰʚʠʜʰʠʤ ʧʦʣʽʧʰʝʥʥʷʤ ʩʪʘʥʫ ʭʚʦʨʠʭ, 

ʟʙʽʣʴʰʝʥʥʷʤ ʩʝʨʮʝʚʦʛʦ ʚʠʢʠʜʫ, ʟʤʝʥʰʝʥʥʷʤ ʯʠʩʣʘ ʚʠʧʘʜʢʽʚ ʨʦʟʚʠʪʢʫ ʣʽʚʦʰʣʫ-

ʥʦʯʢʦʚʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ [4, 66, 72, 136,]. 

ʋʙ̔ʭ̔ʥʦʥ ï ʢʦʬʝʨʤʝʥʪ, ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʠʡ ʚ ʢʣʽʪʠʥʘʭ ʦʨʛʘʥʽʟʤʫ, ʚ ʭʽʤʽʯ-

ʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʻ ʧʦʭʽʜʥʠʤ ʙʝʥʟʦʭʽʥʦʥʫ ʽ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʧʝʨʝʥʦʩ ̔ʽʦʥʽʚ ʚʦʜʥʶ. 

ʆʢʨʽʤ ʩʧʝʮʠʬʽʯʥʦʾ ʦʢʠʩʥʁ ʚʘʣʴʥʦ-ʚʽʜʥʦʚʥʦʾ ʬʫʥʢʮʽʾ ʚʽʥ ʟʜʘʪʥʠʡ ʚʠʢʦʥʫʚʘʪʠ 

ʨʦʣʴ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʽ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʥʽʡ ʪʝʨʘʧʽʾ ʭʚʦ-

ʨʠʭ ʥʘ ̔h ʝʤʽʯʥʫ ʭʚʦʨʦʙʫ ʩʝʨʮʷ (ɯʍʉ), ʧʨʠ ʽʥʬʘʨʢʪʽ ʤʽʦʢʘʨʜʘ. ʋʙʭ̔̔ʥʦʥ ʥʝ ʧʨʠʟ-

ʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʨʦʥʘʨʥʦʛʦ ʢʨʦʚʦʪʦʢʫ ʽ ʥʝ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʢʠʩʥʝʚʦʛʦ 

ʟʘʧʠʪʫ ʤʽʦʢʘʨʜʘ, ʪʦʤʫ ʘʥʪʠʘʥʛ̔ʥʘʣʴʥʠʡ ʝʬʝʢʪ ʧʨʝʧʘʨʘʪʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʝʨʝʟ 

ʜʝʷʢʠʡ, ʽʥʢʦʣʠ ʜʦʩʠʪʴ ʟʥʘʯʥʠʡ (ʜʦ 3-ʭ ʤʽʩʷʮʽʚ) ʯʘʩ.  

ʇʦʭʽʜʥʠʤ ʫʙʽʭʽʥʦʥʫ ʻ ʽʜʝʙʝʥʦʥ, ʷʢʠʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʝʥʟʠʤʦʤ Q10 ʤʘʻ 

ʤʝʥʰʠʡ ʨʦʟʤʽʨ (ʫ 5 ʨʘʟʽʚ), ʤʝʥʰʫ ʛʽʜʨʦʬʦʙʥʽʩʪʴ ʽ ʙʽʣʴʰʫ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʘʢʪʠ-

ʚʥʽʩʪʴ. ʇʨʝʧʘʨʘʪ ʧʨʦʥʠʢʘʻ ʯʝʨʝʟ ʛʝʤʘʪʦʝʥʮʝʬʘʣʽʯʥʠʡ ʙʘʨ'ʻʨ ʽ ʚ ʟʥʘʯʥʠʭ ʢʽʣʴʢʦ-

ʩʪʷʭ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʚ ʪʢʘʥʠʥʽ ʤʦʟʢʫ. ʄʝʭʘʥʽʟʤ ʜʽʾ ʽʜʝʙʝʥʦʥʫ ʩʭʦʞʠʡ ʟ ʫʙʽʭʥ̔ʦ-

ʥʦʤ. ʅʘʡʙʽʣʴʰ ʯʘʩʪʠʤ ʧʦʙʽʯʥʠʤ ʝʬʝʢʪʦʤ ʧʨʝʧʘʨʘʪʫ (ʜʦ 35%) ʻ ʧʦʨʫh ʝʥʥʷ ʩʥʫ, 

ʷʢʝ ʦʙʫʤʦʚʣʝʥʝ ʡʦʛʦ ʘʢʪʠʚʫʶʯʦʶ ʜʽʻʶ [82, 118].  

ʉʪʚʦʨʝʥʥʷ ʘʥʪʠʛʽʧʦʢʩʘʥʪʽʚ ʟ ʝʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ 

ʩʪʚʦʨʶʶʪʴ ʰʪʫʯʥʽ ʨʝʜʦʢʩ-ʩʠʩʪʝʤʠ, ʤʘʻ ʥʘ ʤʝʪ ̔ʢʦʤʧʝʥʩʫʚʘʪʠ ʜʝʬʽʮʠʪ ʧʨʠʨʦʜʥʦ-

ʛʦ ʘʢʮʝʧʪʦʨʘ ʝʣʝʢʪʨʦʥʽʚ ï ʢʠʩʥʶ. ʐʪʫʯʥʽ ʘʢʮʝʧʪʦʨʠ ʝʣʝʢʪʨʦʥʽʚ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝ-

ʯʫʚʘʪʠ ʦʢʠʩʥʝʥʥʷ ʘʜʝʥʽʥʥʫʢʣʝʦʪʠʜʽʚ (ʅɸɼʅ) ʫ ʮʠʪʦʟʦʣʽ ʢʣʽʪʠʥʠ, ʧʦʧʝʨʝʜʞʫʚʘʪʠ 

ʛʘʣʴʤʫʚʘʥʥʷ ʛʣʽʢʦʣʽʟʫ ʽ ʥʘʜʣʠʰʢʦʚʝ ʥʘʢʦʧʠʯʝʥʥʷ ʣʘʢʪʘʪʫ [82, 151, 169, 204]. 

ʉʝʨʝʜ ʟʘʩʦʙʽʚ, ʱʦ ʬʦʨʤʫʶʪʴ ʰʪʫʯʥʽ ʨʝʜʦʢʩ-ʩʠʩʪʝʤʠ, ʚ ʤʝʜʠʯʥʫ ʧʨʘʢʪʠʢʫ 

ʚʧʨʦʚʘʜʞʝʥʠʡ ʧʨʝʧʘʨʘʪ ʦʣʽʬʝʥ (ʛʽʧʦʢʩʝʥ), ʷʢʠʡ ʻ ʩʠʥʪʝʪʠʯʥʠʤ ʧʦʣʽʭʽʥʦʥʦʤ, ʱʦ 

ʬʦʨʤʫʻ ʰʪʫʯʥʫ ʨʝʜʦʢʩ-ʩʠʩʪʝʤʫ [82, 151, 173]. ʋ ʤʽʞʢʣʽʪʠʥʥʽʡ ʨʽʜʠʥʽ ʧʨʝʧʘʨʘʪ ʜʠ-

ʩʦʮʽʶʻ ʥʘ ʧʦʣʽʭʽʥʦʥʦʚʠʡ ʢʘʪʽʦʥ ʽ ʪʽʦʣʦʚʠʡ ʘʥʽʦʥ. ɸʥʪʠʛʽʧʦʢʩʠʯʥʠʡ ʝʬʝʢʪ ʧʨʝʧʘʨʘ-
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ʪʫ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʦʣʽʬʝʥʦʣʴʥʠʤ ʭʽʥʦʥʦʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʷʢʠʡ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʧʝ-

ʨʝʥʝʩʝʥʥʽ ʝʣʝʢʪʨʦʥʽʚ ʫ ʜʠʭʘʣʴʥʦʤʫ ʣʘʥʮʶʟʽ, ʧʝʨʝʰʢʦʜʞʘʻ ʨʦʟʚʠʪʢʫ ʨʝʘʢʮʽʡ ɺʈʆ ʽ 

ʫʪʚʦʨʝʥʥʶ ʧʝʨʝʢʠʩʽʚ ʣʽʧʽʜʽʚ. ʇʨʠ ʛʽʧʦʢʩʽʾ ʧʨʝʧʘʨʘʪ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʰʚʠʜʢʦʛʦ ʦʢʠʩ-

ʥʝʥʥʷ ʥʘʢʦʧʠʯʝʥʠʭ ʚʽʜʥʦʚʣʝʥʠʭ ʝʢʚʽʚʘʣʝʥʪʽʚ (ʅɸɼʌʅ, ʌɸɼʅ). ʊʽʦʩʫʣʴʬʘʪʥʝ 

ʫʛʨʫʧʫʚʘʥʥʷ ʧʨʝʧʘʨʘʪʫ ʟʘʙʝʟʧʝʯʫʻ ʡʦʤʫ ʧʦʤʽʪʥʫ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʜʽʶ, 

ʥʝʡʪʨʘʣʽʟʘʮʽʶ ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʥʝʥʥʷ ʣʽʧʽʜʽʚ [56, 82, 112, 171, 210]. 

ʋ ʭʚʦʨʠʭ ʭʨʦʥʽʯʥʦʶ ʩʝʨʮʝʚʦʶ ʥʝʜʦʩʪʘʪʥʽʩʪʶ ʥʘ ʬʦʥʽ ʧʨʠʡʦʤʫ ʦʣʽʬʝʥʘ ʟʥʠ-

ʞʫʶʪʴʩʷ ʧʨʦʷʚʠ ʪʢʘʥʠʥʥʦʾ ʛʽʧʦʢʩʽʾ, ʘʣʝ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʣʽʧʰʝʥʥʷ ʥʘʩʦʩʥʦʾ ʬʫʥ-

ʢʮʽʾ ʩʝʨʮʷ, ʱʦ ʦʙʤʝʞʫʻ ʚʞʠʚʘʥʥʷ ʧʨʝʧʘʨʘʪʫ ʧʨʠ ʛʦʩʪʨʽʡ ʩʝʨʮʝʚʽʡ ʥʝʜʦʩʪʘʪʥʦʩʪʽ.  

ɸʥʪʠʛʽʧʦʢʩʘʥʪʦʤ, ʷʢʠʡ ʩʪʚʦʨʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʦ ʾʜʣʷ ʦʨʛʘʥʽʟʤʫ ʤʘʢ-

ʨʦʝʨʛʽʯʥʦ ʾʩʧʦʣʫʢʠ ï ʢʨʝʘʪʠʥʬʦʩʬʘʪʫ, ʻ ʧʨʝʧʘʨʘʪ ʥʝʦʪʦʥ. ʋ ʤʽʦʢʘʨʜʽ ʽ ʚ ʩʢʝʣʝʪʥʠʭ 

ʤ'ʷʟʘʭ ʢʨʝʘʪʠʥʬʦʩʬʘʪ ʚʠʢʦʥʫʻ ʨʦʣʴ ʨʝʟʝʨʚʫ ʭʽʤʽʯʥʦʾ ʝʥʝʨʛʽʾ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʨʝʩʠʥʪʝʟʫ ɸʊʌ, ʛʽʜʨʦʣʽʟ ʷʢʦʾ ʟʘʙʝʟʧʝʯʫʻ ʫʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ, ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ 

ʩʢʦʨʦʯʝʥʥʷ ʘʢʪʦʤʽʦʟʠʥʫ. ɼʽʷ ʷʢ ʝʥʜʦʛʝʥʥʦʛʦ, ʪʘʢ ʽ ʝʢʟʦʛʝʥʥʦʛʦ ʢʨʝʘʪʠʥʬʦʩʬʘʪʫ, 

ʧʦʣʷʛʘʻ ʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʬʦʩʬʦʨʠʣʚʁʘʥʥʽ ɸɼʌ ʽ ʟʙʽʣʴʰʝʥʥʽ ʪʠʤ ʩʘʤʠʤ ʢʽʣʴ-

ʢʦʩʪʽ ɸʊʌ ʫ ʢʣʽʪʠʥʽ. ʇ̔ ʜ ʚʧʣʠʚʦʤ ʧʨʝʧʘʨʘʪʫ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʩʘʨʢʦʣʝʤʥʘ ʤʝʤʙʨʘʥʘ 

ʽʰʝʤʽʟʦʚʘʥʥʠʭ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ, ʟʥʠʞʫʻʪʴʩʷ ʘʛʨʝʛʘʮʽʷ ʪʨʦʤʙʦʮʠʪʽʚ ʽ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʧʣʘʩʪʠʯʥʽʩʪʴ ʤʝʤʙʨʘʥ ʝʨʠʪʨʦʮʠʪʽʚ [82, 146, 206]. ʆʩʥʦʚʥʠʤʠ ʧʦʢʘʟʘʥʥʷʤʠ ʜʦ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʢʨʝʘʪʠʥʬʦʩʬʘʪʫ ʻ ʛʦʩʪʨʠʡ ʽʥʬʘʨʢʪ ʤʽʦʢʘʨʜʘ, ʛʦʩʪʨʝ ʧʦʨʫʰʝʥʥʷʤ 

ʤʦʟʢʦʚʦʛʦ ʢʨʦʚʦʦʙʽʛʫ, ʭʨʦʥʽʯʥʘ ʩʝʨʮʝʚʘ ʥʝʜʦʩʪʘʪʥʽʩʪʴ. ʇʨʝʧʘʨʘʪ ʝʬʝʢʪʠʚʥʠʡ ʫ 

ʭʚʦʨʠʭ ʟ ʛʦʩʪʨʠʤ ʧʦʨʫʰʝʥʥʷʤ ʤʦʟʢʦʚʦʛʦ ʢʨʦʚʦʦʙʽʛʫ.  

ɼʨʫʛʠʤ ʧʨʝʧʘʨʘʪʦʤ ʟ ʮʽʻʾ ʛʨʫʧʠ ʻ ʢʠʩʣʦʪʘ ʘʜʝʥʦʟʠʥʪʨʠʬʦʩʬʦʨʥʘ. ʋ ʷʢʦʩʪʽ 

ʘʥʪʠʛʽʧʦʢʩʘʥʪʘ ʧʨʝʧʘʨʘʪ ʟʥʘʡʰʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʢʘʨʜʽʦʣʦʛʽʾ. ʊʝʨʘʧʝʚʪʠʯʥʠʡ 

ʝʬʝʢʪ ʧʨʝʧʘʨʘʪʫ ʦʙʫʤʦʚʣʝʥʠʡ ʷʢ ʥʝʡʨʦʤʝʜʽʘʪʦʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʚʧʣʠʚ ʥʘ ʘʜ-

ʨʝʥʦ-, ʭʦʣʽʥʦ-, ʧʫʨʠʥʦʚʽ ʨʝʮʝʧʪʦʨʠ), ʪʘʢ ʽ ʚʧʣʠʚʦʤ ʥʘ ʦʙʤʽʥ ʨʝʯʦʚʠʥ ʪʘ ʢʣʽʪʠʥʥʽ 

ʤʝʤʙʨʘʥʠ. ɺ ʫʤʦʚʘʭ ʢʠʩʥʝʚʦʜʝʬʽʮʠʪʥʠʭ ʩʪʘʥʽʚ ʚʠ̫ʚʣʷʶʪʴʩʷ ʥʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʘʜʝʥʽʥʥʫʢʣʝʦʪʠʜʽʚ ʷʢ ʝʥʜʦʛʝʥʠʭ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʠʭ ʨʝʛʫʣʷʪʦʨʽʚ ʤʝʪʘʙʦʣʽʟʤʫ, 

ʬʫʥʢʮʽʷ ʷʢʠʭ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʟʘʭʠʩʪ ʢʣʽʪʠʥʠ ʚʽʜ ʛʽʧʦʢʩʽʾ. ɼʝʬʦʩʬʦʨʠʣʶʚʘʥʥʷ ɸʊʌ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʘʜʝʥʦʟʠʥʫ, ʷʢʠʡ ʤʘʻ ʚʘʟʦʜʠʣʷʪʦʨʥʠʡ, ʘʥʪʠʘ-

ʨʠʪʤʽʯʥʠʡ, ʘʥʪʠʘʥʛʽʥʘʣʴʥʠʡ ʪʘ ʘʥʪʠʘʛʨʝʛʘʮʽʡʥʠʡ ʝʬʝʢʪʠ [82, 146, 217]. 
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ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʠʡ ʘʨʩʝʥʘʣ ʘʥʪʠʛʽʧʦʢʩʘʥʪʽʚ, ʧʨʦʙʣʝʤʘ ʬʘʨʤʘʢʦ-

ʢʦʨʝʢʮʽʾ ʧʦʨʫʰʝʥʴ, ʷʢʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʨʠ ʛʽʧʦʢʩʽʾ, ʱʝ ʥʝ ʚʠʨʽʰʝʥʘ. ʅʘ ʩʴʦʛʦʜ-

ʥʽʰʥʽʡ ʜʝʥʴ ʟ ʛʨʫʧʠ ʘʥʪʠʛʽʧʦʢʩʘʥʪʽʚ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʢʩʠ-

ʜʦʣ, ʝʤʦʢʩʠʧʽʥ. ʆʜʥʘʢ ʚʦʥʠ ʤʘʶʪʴ ʯʠʩʝʣʴʥʽ ʧʦʙʽʯʥʽ ʝʬʝʢʪʠ (ʫ ʝʤʦʢʩʠʧʽʥʫ ï ʧʦ-

ʤʽʨʥʝ ʧʽʜʚʠʱʝʥʥʷ ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ, ʟʙʫʜʞʝʥʥʷ ʘʙʦ ʩʦʥʣʠʚʽʩʪʴ, ʚʠʩʠʧ ʥʘ 

ʰʢʽʨʽ), ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ [2, 31, 82].  

ʆʪʞʝ, ʧʦʰʫʢ ʪʘ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʘ ʙʝʟʧʝʯʥʠʭ ʘʥʪʠʛʽ-

ʧʦʢʩʘʥʪʽʚ ʻ ʥʘʛʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ʬʘʨʤʘʢʦʣʦʛʽʾ. 

 

1.4 ʌʘʨʤʘʢʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʪʘ ʩʧʦʣʫʢ, ʱʦ ʤʽʩʪʷʪʴ 

ʧʽʨʦʣʴʥʽ ʪʘ ʧʽʨʠʤʽʜʠʥʦʚʽ ʬʨʘʛʤʝʥʪʠ 

 

ʅʘ ʢʘʬʝʜʨʽ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʅʌʘʋ ʜʦʮʝʥʪʦʤ ʂ. ʄ. ʉʠʪʥʠʢʦʤ, ʧʽʜ ʢʝʨʽʚ-

ʥʠʮʪʚʦʤ ʘʢʘʜʝʤʽʢʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʧʨʦʬʝʩʦʨʘ ɺ. ʇ. ʏʝʨʥʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʢʦʤʧôʶʪʝʨʥʫ ʧʨʦʛʨʘʤʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʣʷ ʭʽʤʽʯ-

ʥʠʭ ʨʝʯʦʚʠʥ (PASS), ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ ʩʠʥʪʝʟ 15 ʥʦʚʠʭ ʩʧʦʣʫʢ, 

ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]-ʧʽʨʠʤʽʜʠʥʫ ʟ ʧʝʨʝʜʙʘʯʫʚʘʥʦʶ ʘʥʪʠʛʽʧʦʢ-

ʩʠʯʥʦʶ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʶ ʪʘ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʦʶ ʘʢʪʠʚʥʽʩʪʶ.   

ɿ ʪʦʯʢʠ ʟʦʨʫ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʜʝʨʞʘʥʽ ʩʧʦʣʫʢʠ ʷʚʣʷʶʪʴ 

ʩʦʙʦʶ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥ ̔ʧʦʨʦʰʢʠ ʣʝʜʴ ʞʦʚʪʫʚʘʪʦʛʦ, ʙʣʽʜʦ-ʦʨʘʥʞʦʚʦʛʦ ʢʦʣʴʦ-

ʨʫ, ʥʝ ʨʦʟʯʠʥʥ ̔ʫ ʚʦʜʽ ʪʘ ʨʦʟʯʠʥʥ ̔ʫ ʥʝʧʦʣʷʨʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ, ʟʦʢʨʝʤʘ ʫ ʜʠʤʝ-

ʪʠʣʩʫʣʴʬʦʢʩʠʜʽ, ʜʠʤʝʪʠʣʬʦʨʤʘʤʽʜʽ, ʜʽʝʪʠʣʦʚʦʤʫ ʝʬʽʨʽ.  

ɺ ʦʩʥʦʚʽ ʭʽʤʽʯʥʦʾ ʙʫʜʦʚʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ ʣʝʞʠʪʴ ʧʽʨʦʣʦ-[2,3-d]-

ʧʽʨʠʤʽʜʠʥʦʚʘ ʩʠʩʪʝʤʘ (ʨʠʩ.1.1). 

N

N N
 

ʈʠʩ. 1.1. ʇʽʨʦʣʦ-[2,3-d]-ʧʽʨʠʤʽʜʠʥʦʚʝ ʷʜʨʦ 15 ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-

1ʅ-ʧʽʨʦʣʦ[2,3-d]-ʧʽʨʠʤʽʜʠʥʫ. 
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ɿʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʧʦʭʽʜʥʽ ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʚ ʝʢʩʧʝʨʠ-

ʤʝʥʪʽ ʤʦʞʫʪʴ ʚʠ̫ʚʣʷʪʠ ʨʽʟʥʽ ʬʘʨʤʘʢʦʣʦʛʽʯʥʽ ʝʬʝʢʪʠ. ʅʘʧʨʠʢʣʘʜ, ʧʦʭʽʜʥʽ ʧʽʨʦʣʦ 

[2,3-d] ʧʽʨʠʤʽʜʠʥ-2-ʪʽʦʥʫ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʠʷʚʠʣʠ ʚʠʨʘʞʝʥʫ ʧʨʦʪʠʟʘʧʘʣʴʥʫ ʘʢ-

ʪʠʚʥʽʩʪʴ [26, 56, 215, 216].  

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʷʜʨʦ ʥʦʚʠʭ ʩʧʦʣʫʢ ʤʽʩʪʠʪʴ ʧʽʨʦʣʴʥʽ ʪʘ ʧʽʨʠʤʽʜʠʥʦʚʽ 

ʬʨʘʛʤʝʥʪʠ.  

ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚ ʤʝʜʠʯʥʽʡ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʝʧʘʨʘʪʠ,  ʷʢʽ ʤʽʩ-

ʪʷʪʴ ʧʦʜʽʙʥʽ ʬʨʘʛʤʝʥʪʠ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ. ʅʘʧʨʠʢʣʘʜ, ʧʦʭʽʜʥʝ ʪʝʪʨʘʛʽʜʨʦʧʽʨʦʣʘ ï 

ʧʽʨʘʮʝʪʘʤ (ʥʦʦʪʨʦʧʽʣ), ʬʦʥʪʫʨʦʮʝʪʘʤ (ʬʝʥʦʪʨʦʧʽʣ), ʧʨʘʤʽʨʦʮʝʪʘʤ (ʧʨʘʤʽʩʪʘʨ). 

ʎʽ ʧʨʝʧʘʨʘʪʠ ʯʠʥʷʪʴ ʥʦʦʪʨʦʧʥʫ ʜʽʶ. ɿʘʩʪʦʩʦʚʫʶʪʴ ʾʭ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʤʝʪʘʙʦ-

ʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʢʦʨʽ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʧʨʠ ʨʽʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʥʷʭ ʎʅʉ, ʦʩʦʙ-

ʣʠʚʦ ʧʦʚôʷʟʘʥʠʭ ʟ ʧʦʨʫʰʝʥʥʷʤ ʤʦʟʢʦʚʦʛʦ ʢʨʦʚʦʦʙʽʛʫ ʪʘ ʧʘʪʦʣʦʛʽʯʥʠʤʠ ʟʤʥ̔ʘʤʠ 

ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʤʦʟʢʫ. ʃʽʢʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʝʧʘʨʘʪʽʚ ʮʽʻʾ ʛʨʫʧʠ 

ʟʫʤʦʚʣʝʥʽ ʾʭ ʟʜʘʪʥʽʩʪʶ ʚʧʣʠʚʘʪʠ ʥʘ ʽʥʪʝʛʨʘʪʠʚʥʽ ʬʫʥʢʮʽʾ ʤʦʟʢʫ. ɺʦʥʠ ʧʦʢʨʘ-

ʱʫʶʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʜʽʷʣʴʥʽʩʪʴ, ʧʘʤ'ʷʪʴ, ʟʜʘʪʥʽʩʪʴ ʜʦ ʥʘʚʯʘʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʫ 

ʣʶʜʝʡ ʧʦʭʠʣʦʛʦ ʚʽʢʫ [38, 41, 82, 111]. ʋ ʧʩʠʭʽʘʪʨʠʯʥʽʡ ʧʨʘʢʪʠʮʽ ʮʽ ʧʨʝʧʘʨʘʪʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʭʚʦʨʠʭ ʟ ʥʝʚʨʦʪʠʯʥʠʤʠ ʪʘ ʘʩʪʝʥʦʜʠʥʘʤʽʯʥʠʤʠ ʩʪʘʥʘʤʠ ʨʽʟʥʦʛʦ 

ʛʝʥʝʟʫ, ʟ ʦʟʥʘʢʘʤʠ ʘʜʠʥʘʤʽʾ ʫ ʢʣʽʥʽʯʥʽʡ ʢʘʨʪʠʥʽ. ɺ ʥʝʚʨʦʣʦʛʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʮʽ ʟʘ-

ʩʦʙʠ ʧʨʠʟʥʘʯʘʶʪʴ ʧʨʠ ʘʪʝʨʦʩʢʣʝʨʦʟʽ ʩʫʜʠʥ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʩʫʜʠʥʥʦʤʫ ʧʘʨʢʽ-

ʥʩʦʥʽʟʤʽ ʪʘ ʧʨʠ ʽʥʰʠʭ ʟʘʭʚʦʨʶʚʘʥʥʷʭ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʩʫʜʠʥʥʦʶ ʥʝʜʦ-

ʩʪʘʪʥʽʩʪʶ ʪʘ ʧʨʦʷʚʣʷʶʪɹʩʷ ʧʦʨʫʰʝʥʥʷʤ ʫʚʘʛʠ, ʧʘʤôʷʪʽ, ʤʦʚʠ, ʟʘʧʘʤʦʨʦʯʝʥʥʷʭ. 

ɭ ʜʘʥʽ ʧʨʦ ʧʽʜʩʠʣʝʥʥʷ ʧʨʝʧʘʨʘʪʘʤʠ ʮʽʻʾ ʛʨʫʧʠ  ʜʽʾ ʘʥʪʠʜʝʧʨʝʩʘʥʪʽʚ.  

ɯʥʰʠʡ ʬʨʘʛʤʝʥʪ ʥʦʚʠʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʧʦʣʫʢ ï ʧʽʨʠʤʽʜʠʥ. ʇʦʭʽʜʥʽ ʧʽʨʠʤʽ-

ʜʠʥʫ ʪʘʢʦʞ ʟʥʘʡʰʣʠ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝʜʠʯʥʽʡ ʧʨʘʢʪʠʮʽ. ʊʘʢ, ʧʨʝʧʘʨʘʪ ʮʠ-

ʪʽʢʦʣʽʥ (ʮʝʨʘʢʩʦʥ, ʩʦʤʘʟʽʥ) ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʤʽʞʥʠʡ ʧʨʦʜʫʢʪ ʫ ʙʽʦʩʠʥʪʝʟʽ ʬʦʩ-

ʬʦʪʠʜʠʣʭʦʣʽʥʫ ʟ ʭʦʣʽʥʫ. ɺʽʥ ʯʠʥʠʪʴ ʮʝʨʝʙʨʦʧʨʦʪʝʢʪʦʨʥʫ, ʘʥʪʠʽʰʝʤʽʯʥʫ ʪʘ ʧʩʠ-

ʭʦʩʪʠʤʫʣʶʶʯʫ ʜʽʶ. ɼʦʩʣʽʜʠ ʧʦʢʘʟʫʶʪʴ ʱʦ ʧʨʝʧʘʨʘʪ ʧʽʜʚʠʱʫʻ ʱʽʣʴʥʽʩʪʴ ʜʦʬʘ-

ʤʽʥʦʚʠʭ ʪʘ ʘʮʝʪʠʣʭʦʣʽʥʦʚʠʭ ʨʝʮʝʧʪʦʨʽʚ ʚ ʪʢʘʥʠʥʘʭ ʤʦʟʢʫ [92, 94].  

ʇʨʠʟʥʘʯʘʶʪʴ ʮʠʪʽʢʦʣʽʥ ʧʨʠ ʛʦʩʪʨʠʭ ʧʦʨʫʰʝʥʥʷʭ ʤʦʟʢʦʚʦʛʦ ʢʨʦʚʦʦʙʽʛʫ ʪʘ 

ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʯʠ ʫʩʢʣʘʜʥʝʥʴ ʧʦʨʫʰʝʥʴ ʤʦʟʢʦʚʦʛʦ ʢʨʦʚʦʦʙʽʛʫ, ʯʝʨʝʧ-
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ʥʦïʤʦʟʢʦʚʠʭ ʪʨʘʚʤʘʭ ʪʘ ʣʽʢʫʚʘʥʥʽ ʾʭ ʥʘʩʣʽʜʢʽʚ, ʢʦʛʥʪ̔ʠʚʥʠʭ ʧʦʨʫʰʝʥʥʷʭ. 

ɯʥʰʝ ʧʦʭʽʜʥʝ ʧʽʨʠʤʽʜʠʥʫ ï ʤʝʪʠʣʫʨʘʮʠʣ ʯʠʥʠʪʴ ʨʝʛʝʥʝʨʫʶʯʫ ʜʽʶ, ʩʪʠʤʫ-

ʣʶʻ ʟʘʛʦʻʥʥʷ ʨʘʥ, ʧʽʜʩʫʣʶʻ ʣʝʡʢʦʧʦʝʟ, ʧʽʜʚʠʱʫʻ ʽʤʫʥʽʪʝʪ, ʚʠ̫ʚʣʷʻ ʧʨʦʪʠʟʘʧʘ-

ʣʴʥʫ ʜʽʶ. ʇʨʠʟʥʘʯʘʶʪʴ ʤʝʪʠʣʫʨʘʮʠʣ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘʛʦʻʥʥʷ ʨʘʥ, ʷʢ ʩʪʠʤʫ-

ʣʷʪʦʨ ʣʝʡʢʦʧʦʝʟʫ ʧʨʠ ʨʘʜʽʦʪʝʨʘʧʽʾ ʪʘ ʽʥʰʠʭ ʩʪʘʥʘʭ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʣʝʡ-

ʢʦʧʝʥʽʻʶ [13, 82, 133, 214].  

ʊʘʢʦʞ ʫ ʤʝʜʠʯʥʽʡ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʦʭʽʜʥʝ ʧʽʨʠʤʽʜʠʥʫ, ʥʝʩʪʝʨʦʾʜ-

ʥʠʡ ʘʥʘʙʦʣʽʯʥʠʡ ʟʘʩʽʙ ʢʘʣʽʶ ʦʨʦʪʘʪ. ʇʨʝʧʘʨʘʪ ʚʠ̫ ʚʣʷʻ ʟʘʛʘʣʴʥʠʡ ʩʪʠʤʫʣʶʯʁʠʡ 

ʚʧʣʠʚ ʥʘ ʦʙʤʽʥʥʽ ʧʨʦʮʝʩʠ, ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʚʫʛʣʝʚʦʜʥʦʤʫ ʪʘ ʙʽʣʢʦʚʦʤʫ ʦʙʤʽʥʽ. ʆʩ-

ʥʦʚʥʠʤ ʩʪʨʫʢʪʫʨʥʠʤ ʝʣʝʤʝʥʪʦʤ ʧʨʝʧʘʨʘʪʫ ʻ ʦʨʦʪʦʚʘ ʢʠʩʣʦʪʘ, ʷʢʘ ʙʝʨʝ ʫʯʘʩʪʴ ʫ 

ʩʠʥʪʝʟʽ ʧʽʨʠʤʽʜʠʥʦʚʠʭ ʦʩʥʦʚ ʮʠʪʦʟʠʥʫ, ʪʠʤʽʥʫ, ʫʨʘʮʠʣʫ, ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ ʥʫʢ-

ʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ, ʱʦ ʩʪʠʤʫʣʶʻ ʙʽʣʢʦʚʽ ʘʥʘʙʦʣʽʯʥʽ ʧʨʦʮʝʩʠ. ʋʯʘʩʪʴ ʫ ʚʫʛʣʝʚʦʜ-

ʥʦʤʫ ʦʙʤʽʥʽ ʧʦʣʷʛʘʻ ʚ ʧʦʢʨʘʱʝʥʥʽ ʦʙʤʽʥʫ ʛʘʣʘʢʪʦʟʠ. ʇʨʠʟʥʘʯʘʶʪʴ ʢʘʣʽʶ ʦʨʦʪʘʪ 

ʧʨʠ ʜʠʩʪʨʦʬʽʾ ʪʘ ʽʥʬʘʨʢʪʽ ʤʽʦʢʘʨʜʫ, ʭʨʦʥʽʯʥʽʡ ʩʝʨʮʝʚʽʡ ʥʝʜʦʩʪʘʪʥʦʩʪʽ, ʘʥʝʤʽʾ, 

ʘʣʽʤʝʥʪʘʨʥʽʡ ʪʘ ʽʥʬʝʢʮʽʡʥʽʡ ʛʽʧʦʪʨʦʬʽʾ  ʫ ʜʽʪʝʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʠʧʫʩʪʠʪʠ ʪʝ, ʱʦ ʥʦʚʠʤ ʧʦ-

ʭʽʜʥʠʤ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]-ʧʽʨʠʤʽʜʠʥʫ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʪʘʤʘʥʥʽ ʚʠʨʘ-

ʞʝʥʽ ʘʥʪʠʛʽʧʦʢʩʠʯʥʽ ʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1: 

ʇʨʠ ʛʽʧʦʢʩʠʯʥʠʭ ʩʪʘʥʘʭ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʤʽʥʠ ʚ ʦʨʛʘʥʽʟʤʽ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-

ʤʫ, ʩʫʙʢʣʽʪʠʥʥʦʤʫ, ʢʣʽʪʠʥʥʦʤʫ, ʦʨʛʘʥʥʦʤʫ ʽ ʩʠʩʪʝʤʥʦʤʫ ʨʽʚʥʷʭ ʽ ʢʦʨʝʛʫʚʘʥʥʷ 

ʮʠʭ ʧʦʨʫʰʝʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʦʚʽʪʨʷ, ʟʙʘʛʘʯʝʥʦʛʦ ʢʠʩʥʝʤ, ʥʝʜʦʩʪʘʪʥʴʦ, ʪʦʤʫ 

ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʶʪʴ ʬʘʨʤʘʢʦʣʦʛʽʯʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʩʧʨʠʷʶʪʴ ʟʤʝʥʰʝʥʥʶ 

ʛʽʧʦʢʩʽʾ ʽ ʧʽʜʚʠʱʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʦʨʛʘʥʽʟʤʫ ʜʦ ʢʠʩʥʝʚʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ.  

ɿʥʘʯʥʘ ʯʘʩʪʦʪʘ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʽʩʪʴ ʛʽʧʦʢʩʠʯʥʠʭ ʩʪʘʥʽʚ ʪʘ ʘʩʦʮʽʡʦʚʘʥʦʾ ʟ 

ʥʠʤʠ ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʽʚ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʥʝʥʥʷ, ʱʦ ʻ ʚʘʞʣʠʚʦʶ ʧʘʪʦ-

ʛʝʥʝʪʠʯʥʦʶ ʣʘʥʢʦʶ ʪʷʞʢʠʭ ʽʥʚʘʣʽʜʠʟʫʶʯʠʭ ʧʘʪʦʣʦʛʽʡ ï ʽʰʝʤʽʯʥʠʭ ʩʪʘʥʽʚ ʨʽʟ-

ʥʠʭ ʦʨʛʘʥʽʚ, ʽʥʩʫʣʴʪʽʚ, ʽʥʬʘʨʢʪʽʚ, ʘʢʪʫʘʣʽʟʫʻ ʚʘʞʣʠʚʽʩʪʴ ʾʭ ʝʬʝʢʪʠʚʥʦʾ ʬʘʨʤʘʢʦ-

ʢʦʨʝʢʮʽʾ. 
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ɺʽʣʴʥʦʨʘʜʠʢʘʣʴʥʝ ʦʢʠʩʥʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ, ʧʝʨʰ ʟʘ ʚʩʝ, ʧʨʠ ʽʰʝʤʽʾ, ʛʽ-

ʧʦʢʩʽʾ, ʻ ʦʜʥʠʤ ʟ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʦʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥ. ɼʠʩʙʘʣʘʥʩ 

ʧʨʦ- ʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʽʟʤʫ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʜʤʽʨ-

ʥʦʾ ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʽʚ ʇʆʃ, ʙʽʣʢʽʚ ʽ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ. ʊʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ 

ʨʦʟʨʦʙʢʘ ʘʥʪʠʛʽʧʦʢʩʘʥʪʽʚ ʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʽʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʬʝʢʪʠ-

ʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʮʽ ʧʘʪʦʣʦʛʯ̔ʥʽ ʧʨʦʮʝʩʠ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʠʡ ʘʨʩʝʥʘʣ ʘʥʪʠʛʽʧʦʢʩʘʥʪʽʚ, ʧʨʦʙʣʝʤʘ ʝʬʝʢʪʠʚʥʦʾ 

ʬʘʨʤʘʢʦʢʦʨʝʢʮʽʾ ʧʦʨʫʰʝʥʴ, ʷʢʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʨʠ ʛʽʧʦʢʩʽʾ, ʱʝ ʥʝ ʚʠʨʽʰʝʥʘ. ʅʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟ ʛʨʫʧʠ ʘʥʪʠʛʽʧʦʢʩʘʥʪʽʚ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʝʢʩʠʜʦʣ, ʝʤʦʢʩʠʧʽʥ. ʆʜʥʘʢ ʚʦʥʠ ʤʘʶʪʴ ʯʠʩʝʣʴʥʽ ʧʦʙʽʯʥʽ ʝʬʝʢʪʠ, ʷʢʽ ʦʙʤʝʞʫ-

ʶʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʆʪʞʝ, ʧʦʰʫʢ ʪʘ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʪʘ ʙʝʟʧʝʯʥʠʭ ʘʥʪʠʛʽ-

ʧʦʢʩʘʥʪʽʚ ʻ ʥʘʛʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ʬʘʨʤʘʢʦʣʦʛʽʾ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʪʘ ʨʝʟʫʣʴʪʘʪʠ PASS ʧʨʦʛʥʦʟʫ, ʡʤʦʚʽʨʥʦ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʥʦʚʠʤ ʧʦʭʽʜʥʠʤ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]-ʧʽʨʠʤʽʜʠʥʫ ʤʦ-

ʞʫʪʴ ʙʫʪʠ ʧʨʠʪʘʤʘʥʥʽ ʚʠʨʘʞʝʥʽ ʘʥʪʠʛʽʧʦʢʩʠʯʥʽ ʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ 

ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʪʝʥʮʽʡʥʠʤʠ ʢʦʨʝʢʪʦʨʘʤʠ ʛʽʧʦʢʩʠʯʥʠʭ ʩʪʘʥʽʚ.
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ʈʆɿɼɯʃ 2 

ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ 

 

ʋ ʨʦʙʦʪʽ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 15 ʥʦʚʠʭ ʨʝʯʦʚʠʥ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-

ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ, ʷʢʽ ʙʫʣʠ ʩʠʥʪʝʟʦʚʘʥʽ ʥʘ ʢʘʬʝʜʨʽ ʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʅʘʮʽ-

ʦʥʘʣʴʥʦʛʦ ʬʘʨʤʘʮʝʚʪʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʜʦʮʝʥʪʦʤ ʂ. ʄ. ʉʠʪʥʠʢ ʧʽʜ ʢʝʨʽʚʥʠʮ-

ʪʚʦʤ ʘʢʘʜʝʤʽʢʘ, ʧʨʦʬʝʩʦʨʘ ɺ. ʇ. ʏʝʨʥʠʭ. ɼʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʝʢʪʨʫ ʬʘʨʤʘʢʦ-

ʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʘ ʩʪʨʫʢʪʫʨʥʦʶ ʬʦʨʤʫʣʦʶ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʢʦʤʧôʶʪʝʨʥʘ 

ʧʨʦʛʨʘʤʘ PASS (Prediction Activiti  Spectra for Substances). ɺ ʭʦʜʽ ʬʘʨʤʘʢʦʣʦʛʽʯ-

ʥʦʛʦ ʩʢʨʠʥʽʥʛʫ ʜʦʩʣʽʜʞʫʚʘʥʽ ʩʧʦʣʫʢʠ ʚʠʚʯʘʣʠʩʴ ʥʘ ʧʨʝʜʤʝʪ ʛʦʩʪʨʦʾ ʪʦʢʩʠʯʥʦʩ-

ʪʽ, ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʾ, ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʦʾ ʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʜʽʾ ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ 

ʩʧʦʣʫʢʠ-ʣʽʜʝʨʘ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʙʝʟʧʝʯʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʧʦʛʣʠʙʣʝʥʦʛʦ ʾʾ ʚʠʚʯʝʥʥʷ [50, 58, 110, 114, 122]. 

ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.1.  

ʊʘʙʣʠʮʷ 2.1 

ʉʪʨʫʢʪʫʨʥʽ ʬʦʨʤʫʣʠ ʩʧʦʣʫʢ 

ʐʠʬʨ ʄʦʣʝʢʫʣʷʨ-

ʥʘ ʤʘʩʘ 

ʍʽʤʽʯʥʘ  

ʩʪʨʫʢʪʫʨʘ 

ʍʽʤʽʯʥʘ ʥʘʟʚʘ ʨʝʯʦʚʠʥʠ 

1 2 3 4 

KMS-161 409,45 

N
H

NH

N

O

O

O

 

1-Benzyl-5,5-diphenyl-5,7-di-

hydro-1H-pirrolo[2,3-d]pyrimi-

dine-2,4,6-trione 

KMS-162 423,48 

N
H

NH

N

O

O

O

 

1-Phenethyl-5,5-diphenyl-5,7di-

hydro-1H-pirrolo[2,3-d]pyrimi-

dine-2,4,6-trione 
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ʇʨʦʜʦʚʞ. ʪʘʙʣ. 2.1 

1 2 3 4 

KMS-163 361,40 

N
H

NH

N

O

O

O

CH
3  

5,5-Diphenyl-1-propyl-5,7-dihy-

dro-1H-pirrolo[2,3-d]pyrimidine-

2,4,6-trione 

KMS-164 359,39 

N
H

NH

N

O

O

O

CH
2

 

1-Allyl -5,5-diphenyl-5,7-dihy-

dro-1H-pirrolo[2,3-d]pyrimidine-

2,4,6-trione 

KMS-166 437,5 

N
H

NH

N

O

O

O

CH
3

CH
3

 

1-(3,4-Dimethyl-benzyl)-5,5-di-

phenyl-5,7-dihydro-1H-pirrolo 

[2,3-d]pyrimidine-2,4,6-trione 

KMS-168 439,47 

N
H

NH

N

O

O

O

O
CH

3  

1-(4-Methoxy-benzyl)- 5,5-di-

phenyl-5,7-dihydro-1H-pirro-

lo[2,3-d]pyrimidine-2,4,6-trione 

KMS-172 457,92 

N
H

NH

N

O

O

O

Cl  

1-[2-(4-Chloro-phenyl)-ethyl]- 

5,5-diphenyl-5,7-dihydro-1H-pi-

rrolo[2,3-d]pyrimidine-2,4,6-

trione 
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ʇʨʦʜʦʚʞ. ʪʘʙʣ. 2.1 

1 2 3 4 

KMS-174 461,88 

N
H

NH

N

O

O

O

Cl

F  

1-(4-Chloro-3-fluoro- benzyl)- 

5,5-diphenyl-5,7-dihydro-1H-pi- 

rrolo[2,3-d]pyrimidine-2,4,6-

trione 

KMS-176 319,32 

N
H

NH

N
H

O

O

O

 

5,5-Diphenyl-5,7-dihydro-1H-pi-

rrolo[2,3-d]pyrimidine-2,4,6-

trione 

KMS-178 375,43 

N
H

NH

N

O

O

O

CH
3

 

1-Butyl-5,5-diphenyl-5,7-dihy-

dro-1H-pirrolo[2,3-d]pyrimidine-

2,4,6-trione 

KMS-179 389,5 

N
H

NH

N

O

O

O

CH
3

 

1-Pentyl-5,5-diphenyl-5,7-dihy-

dro-1H-pirrolo[2,3-d]pyrimidine-

2,4,6-trione 

KMS-191 443,89 

N
H

NH

N

O

O

O

Cl

 

1-(2-Chloro- benzyl)- 5,5-diphe-

nyl-5,7-dihydro-1H-pirrolo[2,3-

d]pyrimidine-2,4,6-trione 

KMS-211 271,28 

N
H

NH

N

O

O

O

 

1-Phenethyl-5,7-dihydro-1H-pi-

rrolo[2,3-d]pyrimidine-2,4,6-

trione 
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ʇʨʦʜʦʚʞ. ʪʘʙʣ. 2.1 

1 2 3 4 

KMS-214 427,51 

N
H

NH

N

O

O

O

 

1-(2-Cyclohex-1-enyl-ethyl)- 

5,5- diphenyl-5,7-dihydro-1H-pi-

rrolo[2,3-d]pyrimidine-2,4,6-tri-

one 

KMS-217 519,2 

N
H

NH

N

O

O

O

Br

Br  

1-(2,3-Dibromo-propil)- 5,5-di-

phenyl-5,7-dihydro-1H-pirro-

lo[2,3-d]pyrimidine-2,4,6-trione 

 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʙʽʣʠʭ ʥʝʣʽʥʽʡʥʠʭ ʩʪʘʪʝʚʦʟʨʽʣʠʭ ʤʠʰʘʭ ʤʘ-

ʩʦʶ 20 Ñ 2 ʛ, ʙʽʣʠʭ ʥʝʣʽʥʽʡʥʠʭ ʩʪʘʪʝʚʦʟʨʽʣʠʭ ʱʫʨʘʭ ʤʘʩʦʶ 180-220 ʛ. ʊʚʘʨʠʥʠ 

ʙʫʣʠ ʚʠʨʦʱʝʥʽ ʫ ʨʦʟʧʣʽʜʥʠʢʫ ʚʽʚʘʨʽʶ ʎʝʥʪʨʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʣʘʙʦʨʘʪʦ-

ʨ̔ ʾ ʅʌʘʋ, ʧʨʦʮʝʜʫʨʠ ʟ ʪʚʘʨʠʥʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʟʛʽʜʥʦ ʟ ʄʽʞʥʘʨʦʜʥʠʤʠ ʚʠʤʦ-

ʛʘʤʠ ʧʨʦ ʛʫʤʘʥʥʝ ʩʪʘʚʣʝʥʥʷ ʜʦ ʪʚʘʨʠʥ ʪʘ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʚʠʤʦʛ ɼʠʨʝʢʪʠʚʠ 

2010/63/ɽU ʟ ʧʠʪʘʥʴ ʟʘʭʠʩʪʫ ʪʚʘʨʠʥ, ʘ ʪʘʢʦʞ  ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʢʦʥʫ ʋʢʨʘʾʥʠ 

çʇʨʦ ʟʘʭʠʩʪ ʪʚʘʨʠʥ ʚʽʜ ʞʦʨʩʪʢʦʛʦ ʧʦʚʦʜʞʝʥʥʷè  ̄3477-IV  ʚʽʜ 21.02.2006 ʨ. ɺʩʽ 

ʙʦʣʴʦʚʽ ʤʘʥʽʧʫʣʷʮʽʾ ʧʨʦʚʦʜʠʣʠ ʧʽʜ ʝʪʘʤʽʥʘʣ-ʥʘʪʨʽʻʚʠʤ ʥʘʨʢʦʟʦʤ (40 ʤʛ/ʢʛ ʚʥʫʪ-

ʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʦ). ɼʣʷ ʚʠʢʣʶʯʝʥʥʷ ʚʧʣʠʚʫ ʩʝʟʦʥʥʠʭ ʪʘ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ, ʫʩʽ 

ʧʦʢʘʟʥʠʢʠ ʚʠʚʯʘʣʠ ʚ ʨʘʥʢʦʚʽ ʛʦʜʠʥʠ ʚ ʦʩʽʥʥʴʦ-ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ [23, 168].  

ʈʦʟʧʦʜʽʣ ʪʚʘʨʠʥ ʟʘ ʩʝʨʽʷʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʟʛʽʜʥʦ ʽʟ ʟʘʚʜʘʥʥʷʤʠ ʜʦʩʣʽ-

ʜʞʝʥʥʷ, ʥʘʚʝʜʝʥʠʡ ʫ ʪʘʙʣ. 2.2. 

ɻʦʩʪʨʫ ʪʦʢʩʠʯʥʽʩʪʴ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ, 

ʚʠʚʯʘʣʠ ʥʘ ʙʽʣʠʭ ʥʝʣʽʥʽʡʥʠʭ ʤʠʰʘʭ ʨʽʟʥʦʾ ʩʪʘʪʽ ʤʘʩʦʶ 20Ñ2 ʛ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʦ-

ʯʝʨʝʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥʽ ʚ ʜʦʟʘʭ ʚʽʜ 500 ʜʦ 3500 ʤʛ/ʢʛ. ʈʝʯʦʚʠʥʠ ʚʚʦʜʠʣʠ ʫ ʚʠʛʣʷ-
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ʜʽ  ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʾ ʚʦʜʥʦʾ ʩʫʩʧʝʥʟʽʾ, ʩʪʘʙʽʣʽʟʦʚʘʥʦʾ ʪʚʽʥʦʤ-80. ʂʦʞʥʫ ʜʦʟʫ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ 6 ʪʚʘʨʠʥʘʭ [49, 55, 59, 108]. 

 

ʊʘʙʣʠʮʷ 2.2 

ʈʦʟʧʦʜʽʣ ʪʚʘʨʠʥ ʟʘ ʩʝʨʽʷʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʉʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʂʽʣʴʢʽʩʪʴ ʽ ʚʠʜ ʪʚʘʨʠʥ 

1 2 

ɺʠʟʥʘʯʝʥʥʷ ʛʦʩʪʨʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʧʦʭʽʜʥʠʭ  

5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d] ʧʽʨʠʤʽʜʠʥʫ 

912 ʙʽʣʠʭ ʤʠh ʝʡ 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʦʭʽʜʥʠʭ 

5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʥʘ ʤʦʜʝʣʽ ʛʦ-

ʩʪʨʦʾ ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ 

102 ʙʽʣʠʭ ʤʠh ʝʡ 

ɼʦʩʣʽʜʞʝʥʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʦʭʜ̔ʥʠʭ 

5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʥʘ ʤʦʜʝʣʽ ʛʦ-

ʩʪʨʦʛʦ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʦʚʦʛʦ ʛʝʧʘʪʠʪʫ) 

108 ʙʽʣʠʭ ʤʠh ʝʡ 

 

ɺʠʟʥʘʯʝʥʥʷ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʦʭʽʜʥʠʭ 

5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʥʘ ʤʦʜʝʣʽ ʢʘ-

ʨʘʛʝʥʽʥʦʚʦʛʦ ʥʘʙʨʷʢʫ 

102 ʙʽʣʠʭ ʱʫʨʠ 

 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʛʦʩʪʨʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʜʝʟʘʧʫʨʫ 72 ʙʽʣʠʭ ʤʠh ʝʡ 

72 ʙʽʣʠʭ ʱʫʨʽʚ 

ʈʦʟʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʦʾ ʜʦʟʠ ʜʝʟʘʧʫʨʫ 54 ʙʽʣʠʭ ʱʫʨʽʚ 

ɿʘʛʘʣʴʥʦʪʦʢʩʠʯʥʘ ʜʽʷ ʜʝʟʘʧʫʨʫ ʥʘ ʦʨʛʘʥʠ ʽ ʩʠʩʪʝʤʠ 

ʦʨʛʘʥʽʟʤʫ ʧʨʠ ʡʦʛʦ ʪʨʠʚʘʣʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ 

40 ʙʽʣʠʭ ʱʫʨʽʚ 

ɺʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʜʝʟʘʧʫʨʫ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ ʙʣ̔ʠʭ 

ʤʠʰʝʡ ʟʘ ʫʤʦʚ ʨʽʟʥʠʭ ʚʠʜʽʚ ʛʽʧʦʢʩʽʡ 

72 ʙʽʣʠʭ ʤʠh ʝʡ 

ɼʦʩʣʽʜʞʝʥʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʝʟʘʧʫʨʫ ʥʘ 

ʤʦʜʝʣʽ ʝʤʦʮʽʡʥʦ-ʙʦʣʴʦʚʦʛʦ ʩʪʨʝʩʫ  

90 ʙʽʣʠʭ ʱʫʨʽʚ 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʝʟʘʧʫʨʫ ʥʘ ʤʦʜʝʣʽ ʛʦʩʪʨʦ-

ʛʦ ʥʘʙʨʷʢʫ ʣʝʛʝʥʽʚ ʫ ʱʫʨʽʚ 

24 ʙʽʣʠʭ ʱʫʨʽʚ 
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ʈʦʟʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʩʤʝʨʪʝʣʴʥʦʾ ʜʦʟʠ ʧʨʦʚʦʜʠʣʠ ʟʘ ʤʝʪʦʜʦʤ ʂʝʨʙʝʨʘ   

[57, 59, 114], ʟʘ ʬʦʨʤʫʣʦʶ 2.1: 

 

                  LD50 = LD100 ï 
n

(zd)ä
 ,                                       (2.1) 

 

ʜʝ  LD100 ï ʢʽʣʴʢʽʩʪʴ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʚʠʢʣʠʢʘʣʘ ʧʝʚʥʠʡ ʝʬʝʢʪ ʫ 100% 

ʧʽʜʜʦʩʣʽʜʥʠʭ ʪʚʘʨʠʥ ʧʨʦʪʷʛʦʤ ʪʝʨʤʽʥʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ; 

d ï ʽʥʪʝʨʚʘʣ ʤʽʞ ʢʦʞʥʠʤʠ ʜʚʦʤʘ ʩʫʤʽʞʥʠʤʠ ʜʦʟʘʤʠ; 

z ï ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ ʟ ʯʠʩʣʘ ʪʚʘʨʠʥ, ʫ ʷʢʠʭ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʨʝʘ-

ʢʮʽʷ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ, ʧʽʜ ʚʧʣʠʚʦʤ ʢʦʞʥʠʭ ʜʚʦʭ ʩʫʤʽʞʥʠʭ ʜʦʟ; 

ä(zd)ï ʩʫʤʘ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʭ ʯʠʩʝʣ; 

n ï ʢʽʣʴʢʽʩʪʴ ʧʽʜʜʦʩʣʽʜʥʠʭ ʪʚʘʨʠʥ ʫ ʢʦʞʥʽʡ ʛʨʫʧʽ. 

 

ʇʽʜʩʪʘʚʣʷʣʠ ʫ ʬʦʨʤʫʣʫ (2.1) ʟʥʘʯʝʥʥʷ ʪʘ ʛʨʘʬʯ̔ʥʦ ʚʠʨʘʞʘʣʠ çʜʦʟʘ-

ʝʬʝʢʪè, ʟ ʷʢʦʛʦ ʚʠʟʥʘʯʘʣʠ ʚʽʜʥʦʩʥʫ ʩʪʘʥʜʘʨʪʥʫ ʧʦʭʠʙʢʫ LD50. ɿ ʛʨʘʬʽʢʘ ʟʥʘʭʦ-

ʜʠʣʠ LD84, ʽ LD16. ʈʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʣʠ ʟʘ ʬʦʨʤʫʣʦʶ 2.2 

 

            S = 
2

LDLD
1684

-
 ,                                               (2.2) 

 

ʇʦʪʽʤ ʟʥʘʭʦʜʠʣʠ ʩʝʨʝʜʥʶ ʧʦʭʠʙʢʫ ʩʝʨʝʜʥʴʦʩʤʝʨʪʝʣʴʥʦʾ ʜʦʟʠ (ʜʦʚʽʨʯʽ 

ʤʝʞʽ), ʢʦʨʠʩʪʫʶʯʠʩʴ ʬʦʨʤʫʣʦʶ ɻʝʜʜʘʤʘ 2.3: 

 

                                              
n

Ksd
S

50
LD
= ,                                                  (2.3) 

 

ʜʝ  ʂ ï ʢʦʝʬʽʮʽʻʥʪ 0,564; 

d ï ʽʥʪʝʨʚʘʣ ʤʽʞ ʢʦʞʥʠʤʠ ʜʚʦʤʘ ʩʫʤʽʞʥʠʤʠ ʜʦʟʘʤʠ; 

n ï ʯʠʩʣʦ ʜʦʩʣʽʜʥʠʭ ʪʚʘʨʠʥ ʫ ʛʨʫʧʘʭ.  
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ʉʪʫʧʽʥʴ ʪʦʢʩʠʯʥʦʩʪʽ ʚʠʟʥʘʯʘʣʠ ʟʛʽʜʥʦ ʽʟ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʁ  ʢʣʘʩʠʬʽ-

ʢʘʮ̒ʁ̔ ʪʦʢʩʠʯʥʦʩʪʽ ʨʝʯʦʚʠʥ ʂ. ʂ. ʉʠʜʦʨʦʚʘ (1973) [121]. 

ʇʝʨʚʠʥʥʫ ʬʘʨʤʘʢʦʣʦʛʽʯʥʫ ʦʮʽʥʢʫ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʦʚʠʭ ʧʦʭ̔-

ʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʦʜʝʣʽ ʛʦʩʪʨʦʾ ʛʝ-

ʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ, ʚ ʦʩʥʦʚʽ ʷʢʦʾ ʣʝʞʠʪʴ ʟʤʝʥʰʝʥʥʷ ʢʠʩʥʝʚʦʾ ʻʤʥʦʩʪʽ ʛʝʤʦʛʣʦʙʽʥʫ. 

ʈʝʯʦʚʠʥʫ, ʟʜʘʪʥʫ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʦʢʩʠʛʝʤʦʛʣʦʙʽʥ ʫ ʤʝʪʛʝʤʦʛʣʦʙʽʥ ï ʥʘʪʨʽʶ ʥʽʪ-

ʨʠʪ ʚʚʦʜʠʣʠ ʧʽʜʰʢʽʨʥʦ ʚ ʜʦʟʽ 225 ʤʛ/ʢʛ. ʇʨʝʧʘʨʘʪ ʧʦʨʽʚʥʷʥʥʷ ʤʝʢʩʠʜʦʣ ʚ ɽD50 = 

100 ʤʛ/ʢʛ [38] ʪʘ ʜʦʩʣʽʜʞʫʚʘʥʽ ʨʝʯʦʚʠʥʠ ʚ ʜʦʟʽ 1/100 LD50 ʚʚʦʜʠʣʠ ʫ ʚʠʛʣʷʜʽ ʪʦ-

ʥʢʦʜʠʩʧʝʨʩʥʦʾ ʚʦʜʥʦʾ ʩʫʩʧʝʥʟʽʾ, ʩʪʘʙʽʣʽʟʦʚʘʥʦʾ ʪʚʽʥʦʤ-80, ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥ-

ʥʦ ʦʜʥʦʨʘʟʦʚʦ ʟʘ 30 ʭʚ ʜʦ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʊʚʘʨʠʥʠ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ 

ʘʥʘʣʦʛʽʯʥʠʤ ʰʣʷʭʦʤ ʦʪʨʠʤʫʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ. ɸʥʪʠʛʽʧʦʢʩʠʯʥʫ ʘʢʪʠʚ-

ʥʽʩʪʴ ʦʮʽʥʶʚʘʣʠ ʟʘ ʪʨʠʚʘʣʽʩʪʶ ʞʠʪʪʷ ʪʚʘʨʠʥ ʜʦʩʣʽʜʥʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦ-

ʣʴʥʦʾ ʛʨʫʧʠ ʪʘ ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʻʶ ʨʝʬʝʨʝʥʩ-ʧʨʝʧʘʨʘʪʫ ï ʤʝʢʩʠʜʦʣʫ.  

ʇʝʨʚʠʥʥʫ ʦʮʽʥʢʫ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʜʽʾ ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-

ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʚʠʚʯʘʣʠ ʥʘ ʤʦʜʝʣʽ ʛʦʩʪʨʦʛʦ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʦʚʦʛʦ ʛʝʧʘ-

ʪʠʪʫ, ʷʢʠʡ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʬʘʨʤʘʢʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʢʣʘʩʠʯʥʠʡ 

ʤʝʤʙʨʘʥʦʪʨʦʧʥʠʡ ʪʦʢʩʠʥ, ʱʦ ʧʦʩʠʣʶʻ ʇʆʃ ʽ ʧʦʨʫʰʫʻ ʣʽʧʽʜʠ ʚ ʤʝʤʙʨʘʥʽ [32, 

70, 151]. ɸʢʪʠʚʫʶʯʠʩʴ ʥʘ ʮʠʪʦʭʨʦʤʽ ʈ-450, ʚʽʥ ʫʪʚʦʨʶʻ ʨʘʜʠʢʘʣʠ ʉʉɯʟÅ ʽ 

ʉʉʟʆ2
Å, ʷʢʽ ʻ ʽʥʽʮʽʘʪʦʨʘʤʠ ʨʝʘʢʮʽʡ ɺʈʆ ʪʘ ʇʆʃ ʽ ʤʘʶʪʴ ʙʽʣʴʰ ʚʠʨʘʞʝʥʫ ʧʨʦʦʢ-

ʩʠʜʘʥʪʥʫ ʜʽʶ, ʥʽʞ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥ [10]. 

ʇʝʨʝʜ ʤʦʜʝʣʶʚʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ ʤʠʰʽ ʛʦʣʦʜʫʚʘʣʠ ʧʨʦ-

ʪʷʛʦʤ 24 ʛʦʜ ʙʝʟ ʦʙʤʝʞʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ ʚʦʜʠ. ʇʦʪʽʤ ʾʤ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦ 

ʚʚʦʜʠʣʠ ʜʦʩʣʽʜʞʫʚʘʥʽ ʨʝʯʦʚʠʥʠ ʪʘ ʤʝʢʩʠʜʦʣ, ʪʚʘʨʠʥʘʤ ʛʨʫʧʠ ʽʥʪʘʢʪʥʦʛʦ ʢʦʥʪ-

ʨʦʣʶ ʪʘ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ ï ʝʢʚʽʚʘʣʝʥʪʥʫ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ. ʏʝʨʝʟ 1 ʛʦʜ ʪʚʘʨʠ-

ʥʠ ʜʦʩʣʽʜʥʠʭ ʛʨʫʧ ʽ ʛʨʫʧʠ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ ʦʜʝʨʞʫʚʘʣʠ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥ-

ʢʦʚʦ 50 % ʦʣʽʡʥʠʡ ʨʦʟʯʠʥ ʯʦʪʠʨʠʭʣʦʨʠʩʪʦʛʦ ʚʫʛʣʝʮʶ ʟ ʨʦʟʨʘʭʫʥʢʫ 0,04 ʤʣ ʥʘ 

10 ʛ ʤʘʩʠ. ʊʚʘʨʠʥʘʤ ʟ ʛʨʫʧʠ ʽʥʪʘʢʪʥʦʛʦ ʢʦʥʪʨʦʣʶ ʨʦʟʯʠʥ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʫ ʥʝ 

ʚʚʦʜʠʣʠ. ʑʝ ʯʝʨʝʟ 2 ʛʦʜ ʤʠʰʘʤ ʟʥʦʚʫ ʚʚʦʜʠʣʠ ʜʦʩʣʽʜʞʫʚʘʥʽ ʨʝʯʦʚʠʥʠ, ʧʨʝʧʘ-

ʨʘʪ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʝʢʚʽʚʘʣʝʥʪʥʫ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ (ʛʨʫʧʘʤ ʽʥʪʘʢʪʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ 

ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ). 
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ʇʨʦʮʝʜʫʨʫ ʧʦʚʪʦʨʶʚʘʣʠ ʧʨʦʪʷʛʦʤ 3 ʜʥʽʚ. ʅʘ 3 ʜʝʥʴ ʪʚʘʨʠʥ ʥʘʨʢʦʪʠʟʫ-

ʚʘʣʠ ʽ ʚʠʚʦʜʠʣʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʰʣʷʭʦʤ ʜʠʩʣʦʢʘʮʽʾ ʰʠʡʥʠʭ ʭʨʝʙʮʽʚ. ʇʦʪʽʤ ʚʽʜ-

ʜʽʣʷʣʠ ʧʝʯʽʥʢʫ ʽ ʟʚʘʞʫʚʘʣʠ ʾʾ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʥʠʢʘ ʛʝʤʦʜʠʥʘʤʽʢʠ ʦʨʛʘʥʘ ï 

ʤʘʩʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʯʥ̔ʢʠ (ʄʂʇ). 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ɺʈ ʧʨʦʮʝʩʽʚ ʫ ʧʝʯʽʥʮʽ ʧʨʠ ʜʘʥʽʡ ʧʘʪʦʣʦʛʽʾ ʦʮʽʥʶʚʘʣʠ ʟʘ ʢʽʣʴ-

ʢʽʩʥʠʤ ʚʤʽʩʪʦʤ ʫ ʛʦʤʦʛʝʥʘʪʽ ʦʨʛʘʥʘ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʇʆʃ ï ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ, 

ʧʨʠʥʮʠʧ ʤʝʪʦʜʫ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʫʪʚʦʨʝʥʥʽ ʢʦʣʴʦʨʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʷʢʽ ʝʢʩʪʨʘʛʫ-

ʶʪʴʩʷ ʙʫʪʘʥʦʣʦʤ, ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʧʨʦʜʫʢʪʽʚ ʇʆʃ ʟ ʪʽʦʙʘʨʙʽʪʫʨʦʚʦʶ ʢʠʩʣʦʪʦʶ. 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʝ ʧʽʟʥʽʰʝ ʥʽʞ ʯʝʨʝʟ 1,5 ʛʦʜ ʧʽʩʣʷ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ. 

ɺʠʟʥʘʯʘʣʠ ʦʧʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʣʴʥʦʾ ʛʨʫʧʠ ʧʨʦʪʠ ʭʦʣʦʩʪʦʾ ʧʨʦʙʠ ʧʨʠ 

ʜʚʦʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ: 535 ʪʘ 570 ʥʤ ʚ ʢʶʚʝʪʽ ʟ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ 10 ʤʤ. ʈʝʟʫʣʴ-

ʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʨʘʞʘʣʠ ʚ ʦʜʠʥʠʮʷʭ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ [78, 110].  

ʈʦʟʨʘʭʫʥʦʢ ʚʤʽʩʪʫ ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʬʦʨʤʫʣʦʶ 2.4: 
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0,156

ɼ-ɼ 570535 *=ʉ ,                    (2.4) 

 

ʜʝ ʉ ï ʚʤʽʩʪ ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʛʨʫʧʽ, ʤʢʤʦʣʴ/ʣ; 

ɼ535 ï ʦʧʪʠʯʥʘ ʱʠʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʣʴʥʦʾ ʧʨʦʙʠ ʧʨʠ 535 ʥʤ; 

ɼ570 ï ʦʧʪʠʯʥʘ ʱʠʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʣʴʥʦʾ ʧʨʦʙʠ ʧʨʠ 570 ʥʤ; 

0,156 ï ʢʦʝʬʽʮʽʻʥʪ ʤʦʣʷʨʥʦʾ ʝʢʩʪʠʥʢʮʽʾ ʢʦʤʧʣʝʢʩʫ ʤʘʣʦʥʦʚʠʡ ʜʽʘʣʴʜʝ-

ʛʽʜ ï ʪʦ̔ʙʘʨʙʠʪʫʨʦʚʘ ʢʠʩʣʦʪʘ ʫ ʣ/ʤʢʤʦʣʴ/ʩʤ;  

16 ï ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʚʝʜʝʥʥʷ ʩʠʨʦʚʘʪʢʠ. 

 

ʉʪʫʧʽʥʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʟʘʭʠʩʪʫ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʚʘʞʣʠʚʠʭ ʤʦʣʝʢʫʣ ʢʣʽ-

ʪʠʥ ʚʠʟʥʘʯʘʣʠ ʟʘ ʚʤʽʩʪʦʤ ʚʽʜʥʦʚʣʝʥʦʛʦ ʛʣʫʪʘʪʽʦʥʫ, ʧʨʠʥʮʠʧ ʤʝʪʦʜʫ ʷʢʦʛʦ ʙʘʟʫ-

ʻʪʴʩʷ ʥʘ ʨʝʘʢʮʽʾ ʩʫʣʴʬʛʽʜʨʠʣʴʥʠʭ ʛʨʫʧ ʟ ʨʝʘʢʪʠʚʦʤ ɽʣʤʘʥʘ (5,5¡-ʜʠʪʽʦʙʽʩ(2-

ʥʽʪʨʦʙʝʥʟʦʡʥʘ ʢʠʩʣʦʪʘ) [120, 110, 166, 183]. ɺʠʟʥʘʯʘʣʠ ʚʝʣʠʯʠʥʫ ʘʙʩʦʨʙʮʽʾ ʥʘ 

ʬʽʣʴʪʨʽ 405 ʥʤ. ʈʦʟʨʘʭʫʥʦʢ ʚʤʽʩʪʫ ʟʘʛʘʣʴʥʦʛʦ ʛʣʫʪʘʪʽʦʥʫ ʧʨʦʚʦʜʠʣʠ ʩʪʘʥʜʘʨʪ-

ʥʦʶ ʧʨʦʮʝʜʫʨʦʶ ʟ ʢʦʝʬʽʮʽʥ̒ʪʦʤ ʝʢʩʪʠʥʢʮʽʾ ʢʦʤʧʣʝʢʩʫ Ů12 = 13,6 ʤʢʤʦʣʴ-1Āʩʤ-
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1Āʣ ʘʙʦ Ů405 = 11,3 ʤʢʤʦʣʴ-1 Ŀʩʤ-1Ŀʣ ʘʙʦ ʟʘ ʢʘʣʽʙʨʫʚʘʣʥɹʦʶ ʢʨʠʚʦʶ. 

ʆʮʽʥʢʫ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʦʾ ʜʽʾ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʫ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʤʦʜʝʣʽ ʛʦʩʪʨʦʛʦ ʢʘʨʘʛʝʥʽʥʦʚʦʛʦ ʟʘʧʘʣʝʥʥʷ [76, 

104, 113], ʚʠʢʣʠʢʘʥʦʛʦ ʩʫʙʧʣʘʥʪʘʨʥʠʤ ʚʚʝʜʝʥʥʷʤ ʚ ʦʜʥʫ ʟ ʣʘʧʦʢ ʱʫʨʘ 0,1 ʤʣ 1 

% ʨʦʟʯʠʥʫ ʢʘʨʘʛʝʥʽʥʫ. ʇʦʭʽʜʥʽ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d] ʧʽʨʠʤʽʜʠʥʫ ʫ ʜʦʟʽ 8 

ʤʛ/ʢʛ ʽ ʧʨʝʧʘʨʘʪ ʧʦʨʽʚʥʷʥʥʷ ʚʦʣʴʪʘʨʝʥ (ɽɼ50 = 8 ʤʛ/ʢʛ) ʚʚʦʜʠʣʠ ʚʥʫʪʨʽʰʥʴʦ-

ʣhʫʥʢʦʚʦ ʫ ʚʠʛʣʷʜʽ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ, ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʪʚʽʥʦʤ-80, ʟʘ 1 ʛʦʜ ʜʦ ʤʦ-

ʜʝʣʶʚʘʥʥʷ ʥʘʙʨʷʢʫ. ʂʦʥʪʨʦʣʴʥʘ ʛʨʫʧʘ ʪʚʘʨʠʥ ʦʪʨʠʤʫʚʘʣʘ ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ. 

ɸʥʪʠʝʢʩʫʜʘʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ ʨʝʯʦʚʠʥʠ ʦʮʽʥʶʚʘʣʠ ʟʘ ʟʜʘʪʥʽʩʪʶ ʽʥʛʽʙʫʚʘʪʠ ʨʦʟ-

ʚʠʪʦʢ ʥʘʙʨʷʢʫ ʣʘʧʢʠ ʥʘ ʤʦʤʝʥʪ ʡʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʷʚʫ (ʯʝʨʝʟ 3 ʛʦʜʠʥʠ ʧʽ-

ʩʣʷ ʚʚʝʜʝʥʥʷ ʢʘʨʘʛʝʥʽʥʫ) ʟʘ ʤʝʪʦʜʦʤ ɸ. ʉ. ɿʘʭʘʨʝʚʩʴʢʦʛʦ [50, 114]. ɰʾ ʨʦʟʨʘʭʦ-

ʚʫʚʘʣʠ ʫ ʚʽʜʩʦʪʢʘʭ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ ʟʘ ʬʦʨʤʫʣʦʶ 2.5: 

 

                                   ɸ=100% ï 100,
VV

)V(V

ʟʢok

ʟʝoe
³

-

-
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ʜʝ  ɸ     ï ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʘ ʘʢʪʠʚʥʽʩʪʴ;  

Voe ï ʦʙôʻʤ ʥʘʙʨʷʢʣʦʾ ʣʘʧʢʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ;  

Vʟʝ ï ʦʙôʻʤ ʟʜʦʨʦʚʦʾ ʣʘʧʢʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ;  

Vʦʢ ï ʦʙôʻʤ ʥʘʙʨʷʢʣʦʾ ʣʘʧʢʠ ʚ ʢʦʥʪʨʦʣʽ;  

Vʟʢ ï ʦʙ'ʻʤ ʟʜʦʨʦʚʦʾ ʣʘʧʢʠ ʚ ʢʦʥʪʨʦʣʽ.  

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʦʢʩʠʢʦʣʦʛʽʯʥʦʛʦ ʪʘ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʛʦ ʩʢʨʠʥʽʥʛʫ, 

ʦʨʽʻʥʪʫʯʁʠʩʴ ʥʘ ʙʝʟʧʝʯʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʩʧʦʣʫʢʫ ʧʽʜ ʰʠʬʨʦʤ KMS-211, ʱʦ ʦʪʨʠʤʘʣʘ ʫʤʦʚʥʫ 

ʥʘʟʚʫ ʜʝʟʘʧʫʨ. ɿ ʭʽʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʮʝ ï 1-ʬʝʥʝʪʠʣ-5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ-[2,3-

d]ʧʽʨʠʤʽʜʠʥ-2,4,6-ʪʨ̔ʦʥ. ʉʝʨʝʜʥʴʦʩʤʝʨʪʝʣʴʥʫ ʜʦʟʫ ʜʝʟʘʧʫʨʫ ʚʠʚʯʘʣʠ ʥʘ ʜʚʦʭ 

ʚʠʜʘʭ ʪʚʘʨʠʥ: ʙʽʣʠʭ ʥʝʣʽʥʽʡʥʠʭ ʤʠʰʘʭ ʪʘ ʙʽʣʠʭ ʥʝʣʽʥʽʡʥʠʭ ʱʫʨʘʭ ʧʨʠ 

ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʦʤʫ ʽ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦʤʫ ʰʣʷʭʘʭ ʚʚʝʜʝʥʥʷ ʫ ʚʠʛʣʷʜʽ 

ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ, ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʪʚʽʥʦʤ-80 [50, 120]. ʈʦʟʨʘʭʫʥʦʢ LD50 ʧʨʦʚʦ-
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ʜʠʣʠ ʟʘ ʤʝʪʦʜʦʤ ʂʝʨʙʝʨʘ (ʬʦʨʤʫʣʠ 2.1, 2.2, 2.3) [59, 120], ʚʨʘʭʦʚʫʶʯʠ ʜʦʟʠ, 

ʷʢʽ ʚʠʢʣʠʢʘʣʠ 0 ʽ 100% ʣʝʪʘʣʴʥʠʡ ʝʬʝʢʪ. ʆʮʽʥʢʫ ʪʦʢʩʠʯʥʦʩʪʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʟʘ-

ʛʘʣɹʥʦʧʨʠʡʥʷʪʦ  ʁʢʣʘʩʠʬʽʢʘʮʽʻʶ ʂ. ʂ. ʉʠʜʦʨʦʚʘ (1973) [121]. 

ʉʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʫ ʜʦʟʫ ʜʝʟʘʧʫʨʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʫʤʦʚ ʛʦʩʪʨʦʾ ʛʝʤʽʯʥʦʾ ʛʽ-

ʧʦʢʩʽʾ [91, 152] ʥʘ ʙʽʣʠʭ ʥʝʣʽʥʽʡʥʠʭ ʱʫʨʘʭ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦʤʫ ʚʚʝʜʝʥ-

ʥʽ ʫ ʚʠʛʣʷʜʽ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ, ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʪʚʽʥʦʤ-80. ɼʝʟʘʧʫʨ ʚʚʦʜʠʣʠ ʚ ʜʦ-

ʟʘʭ 1, 3, 6, 9, 11, 14, 17, 20 ʤʛ/ʢʛ ʤʘʩʠ ʪʽʣʘ ʪʚʘʨʠʥʠ. ʏʝʨʝʟ 30 ʭʚ ʚʚʦʜʠʣʠ ʥʽʪʨʠʪ 

ʥʘʪʨʽʶ ʚ ʜʦʟʽ 225 ʤʛ/ʢʛ. ɸʥʪʠʛʽʧʦʢʩʠʯʥʠʡ ʝʬʝʢʪ ʚʠʟʥʘʯʘʣʠ ʟʘ ʪʨʠʚʘʣʽʩʪʶ ʞʠʪʪʷ 

ʪʚʘʨʠʥ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ ʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʫ ʚʽʜ 10 ʜʦ 30 ʭʚ ʚʽʜ ʤʦʤʝʥʪʫ ʚʚʝʜʝʥ-

ʥʷ ʤʝʪʛʝʤʦʛʣʦʙʽʥʫʪʚʦʨʶʚʘʯʘ. ʈʦʟʨʘʭʫʥʦʢ ʩʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʦʾ ʜʦʟʠ ʧʨʦʚʦʜʠʣʠ 

ʟʘ ʤʝʪʦʜʦʤ ɹ. ʄ. ʐʪʘʙʩʴʢʦʛʦ, ʢʦʨʠʩʪʫʶʯʠʩʴ ʨʽʚʥʷʥʥʷʤ ʧʨʷʤʦʾ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʜʚʽ ʪʦʯʢʠ:  
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,                                               (2.6) 

 

ʜʝ ʍ1, ʍ2 ï ʟʥʘʯʝʥʥʷ ʜʚʦʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʦʟ, ʷʢʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʬʝʢʪʫ  

ʤʝʥʰʝ ʪʘ ʙʽʣʴʰʝ 50% ʚʽʜʧʦʚʽʜʥʦ;  

   ʋ1, ʋ2 ï ʚʽʜʧʦʚʽʜʥʽ ʚʽʜʩʦʪʢʠ ʝʬʝʢʪʫ.  

 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ ʍ, ʧʽʜʩʪʘʚʣʷʣʠ ʚ ʬʦʨʤʫʣʫ ʟʥʘʯʝʥʥʷ ʫ, 

ʱʦ ʜʦʨʽʚʥʶʶʪʴ 50 %, 84 %,16 % ʝʬʝʢʪʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ɽɼ50, ɽɼ84, ɽɼ16 ʚʜ̔-

ʧʦʚʽʜʥʦ  
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ʇʦʭʠʙʢʫ (m) ʩʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʦʾ ʜʦʟʠ ʚʠʟʥʘʯʘʣʠ ʧʦ ʄʽʣʣʝʨʫ-ʊʝʡʪʥʝʨʫ, 

                                            
N

m
2

2s
°= ,                                                      (2.8) 

ʜʝ N ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʘʭ.  
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʚʽʨʯʠʭ ʤʝʞ ʨʦʟʨʘʭʦʚʫʚʘʣʠ m. ɼʦʩʪʦʚʽʨʥʽ ʤʝʞʽ ɽɼ50 

ʟʥʘʭʦʜʠʣʠ ʧʨʠ p=0,05 (t ï ʢʨʠʪʝʨʽʡ ʉʪʴʶʜʝʥʪʘ) ʜʣʷ ʯʠʩʣʘ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ  

f = N-1. ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʞʣʠʚʦʾ ʟʘʛʘʣʴʥʦʪʦʢʩʠʯʥʦʾ ʜʽʾ ʜʝʟʘʧʫʨʫ ʥʘ ʦʨʛʘʥʠ ʽ 

ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʤʫ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʪʷʛʦʤ 3 ʤʽʩʷʮʽʚ ʥʘ ʙʽʣʠʭ 

ʥʝʣʽʥʽʡʥʠʭ ʱʫʨʘʭ ʦʙʦʭ ʩʪʘʪʝʡ ʤʘʩʦʶ 180Ñ10 ʛ. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦ-

ʚʫʚʘʣʠʩʷ 4 ʛʨʫʧʠ ʪʚʘʨʠʥ (ʧʦ 10 ʫ ʢʦʞʥʽʡ): 1 ʛʨʫʧʘ ï ʪʚʘʨʠʥʠ, ʷʢʠʤ ʚʚʦʜʠʣʠ ʜʝʟ-

ʘʧʫʨ ʫ ʜʦʟʽ ɽɼ50 (10 ʤʛ/ʢʛ); 2 ʛʨʫʧʘ ï ʪʚʘʨʠʥʠ, ʷʢʠʤ ʚʚʦʜʠʣʠ ʜʝʟʘʧʫʨ ʫ ʜʦʟʽ 2,5 

ɽɼ50 (25,0 ʤʛ/ʢʛ); 3 ʛʨʫʧʘ ï ʪʚʘʨʠʥʠ, ʷʢʠʤ ʚʚʦʜʠʣʠ ʜʝʟʘʧʫʨ ʫ ʜʦʟʽ 10 ɽɼ50 (100,0 

ʤʛ/ʢʛ); 4 ʛʨʫʧʘ ï ʪʚʘʨʠʥʠ, ʷʢʽ ʦʪʨʠʤʫʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ (ʢʦʥʪʨʦʣʴ). ɼʝʟʘ-

ʧʫʨ ʚʚʦʜʠʣʠ ʚʥʫʪʨʽʰʥʦɹh ʣʫʥʢʦʚʦ 1 ʨʘʟ ʥʘ ʜʦʙʫ. 

ʇʨʦʪʷʛʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫʩʽ ʪʚʘʨʠʥʠ ʫʪʨʠʤʫʚʘʣʠʩʷ ʚ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ 

ʚʽʚʘʨʽʶ, ʦʜʝʨʞʫʚʘʣʠ ʟʙʘʣʘʥʩʦʚʘʥʠʡ, ʧʦʚʥʦʮʽʥʥʠʡ ʨʘʮʽʦʥ ʾʞʽ ʽ ʚʽʪʘʤʽʥʥʽ ʜʦʙʘʚʢʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʦʨʤ. ʌʫʥʢʮʽʾ ʞʠʪʪʻʚʦʚʘʞʣʠʚʠʭ ʦʨʛʘʥʽʚ ʚʠʚʯʘʣʠ ʚ 

ʜʠʥʘʤʽʮʽ: ʥʘ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʯʝʨʝʟ 30 ʜʥʽʚ ʽ ʯʝʨʝʟ 90 ʜʥʽʚ. 

ʆʜʥʠʤ ʟ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʦʢʩʠʯʥʽʩʪʴ ʜʦʩʣʽʜʞʫ-

ʚʘʥʦʾ ʩʧʦʣʫʢʠ ʻ ʤʘʩʘ ʪʽʣʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ ʚ ʜʠʥʘʤʽʮʽ. ʅʦʨʤʘʣʴʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʪʽʣʘ ʪʚʘʨʠʥ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʜʦʩ-

ʣʽʜʞʫʚʘʥʦʾ ʩʧʦʣʫʢʠ ʥʘ ʦʨʛʘʥʽʟʤ ʪʚʘʨʠʥ. ʄʘʩʫ ʪʽʣʘ ʪʚʘʨʠʥ ʨʝʻʩʪʨʫʚʘʣʠ ʥʘ ʧʦʯʘ-

ʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʯʝʨʝʟ 1 ʪʘ 3 ʤʽʩʷʮʽ. 

ɺʧʣʠʚ ʜʝʟʘʧʫʨʫ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʮʝʥʪʨʘʣʴʥʦʾ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ 

(ʎʅʉ) ʚʠʚʯʘʣʠ, ʩʧʦʩʪʝʨʽʛʘʶʯʠ ʟʘ ʧʦʚʝʜʽʥʢʦʚʠʤʠ ʨʝʘʢʮʽʷʤʠ ʱʫʨʽʚ ʫ ʪʝʩʪʽ çʚʽʜʢ-

ʨʠʪʝ ʧʦʣʝè [79 ]. ʎʝʡ ʪʝʩʪ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʩʪʫʧʽʥʴ ʜʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʧʦʣʫ-

ʢʠ ʥʘ ʨʫʭʦʚʫ ʘʢʪʠʚʥʽʩʪʴ, ʦʨʽʻʥʪʫʚʘʥʥʷ, ʝʤʦʮʽʡʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʦʮʽʥʠʪʠ ʫʤʦʚʥʦ-

ʨʝʬʣʝʢʪʦʨʥʽ ʨʝʘʢʮʽʾ ʜʦʩʣʽʜʥʠʭ ʪʚʘʨʠʥ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ ʧʦʤʽʱʘʣʠ ʚ 

ʩʧʝʮʽʘʣʴʥʫ ʢʘʤʝʨʫ, ʱʦ ʨʦʟʜʽʣʝʥʘ ʥʘ ʢʚʘʜʨʘʪʠ 10 ʩʤ Ĭ 10 ʩʤ. ʋ ʮʝʥʪʨʽ ʧʝʚʥʦʾ ʢʽ-

ʣʴʢʦʩʪʽ ʢʚʘʜʨʘʪʽʚ ʫ ʜʦʚʽʣʴʥʦʤʫ ʧʦʨʷʜʢʫ ʚ ʧʽʜʣʦʟʽ ʟʨʦʙʣʝʥʽ (çʥʽʨʢʠè). ɺ ʭʦʜʽ ʜʦ-

ʩʣʽʜʫ ʚʨʘʭʦʚʫʚʘʣʠ: ʢʽʣʴʢʽʩʪʴ ʢʚʘʜʨʘʪʽʚ, ʜʦ ʷʢʠʭ ʫʚʽʡʰʣʘ ʪʚʘʨʠʥʘ, ʢʽʣʴʢʽʩʪʴ ʧʽʜ-

ʡʦʤʽʚ ʥʘ ʟʘʜʥʽ ʣʘʧʠ (çʩʪʽʡʢʠè), ʢʽʣʴʢʽʩʪʴ ʟʘʛʣʷʜʘʥʴ ʜʦ ʦʪʚʦʨʽʚ, ʢʽʣʴʢʽʩʪʴ ʫʨʠʥʘ-

ʮʽʡ, ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʘʮʽʡ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ (ʉʉʉ) 
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ʦʮʽʥʶʚʘʣʠ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʠ (ɽʂɻ), ʷʢʽ ʟʥʽʤʘʣʠ  ʥʘ ʙʘʛʘʪʦ-

ʢʘʥʘʣʴʥʦʤʫ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʬʽ, ʤʦʜʝʣʽ ɽʂ 1ʊ-03ʄ2 ʫ ʧʦʧʝʨʝʜʥʴʦ ʥʘʨʢʦʪʠʟʦ-

ʚʘʥʠʭ ʪʚʘʨʠʥ ʫ II-ʤʫ ʩʪʘʥʜʘʨʪʥʦʤʫ ʚʽʜʚʝʜʝʥʥʽ ʧʨʠ mV=10 ʤʤ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ 

ʩʪʨʽʯʢʠ 50 ʤʤ/ʩ. ʇʨʠ ʨʦʟʰʠʬʨʫʚʘʥʥʽ ɽʂɻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ: ʽʥʪʝʨʚʘʣ P-Q ï ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʟʙʫʜʞʝʥʥʷ ʧʦ ʤʽʦʢʘʨʜʫ ʰʣʫʥʦʯʢʽʚ, 

ʽʥʪʝʨʚʘʣ Q-ʊ ï ʯʘʩ ʝʣʝʢʪʨʠʯʥʦʾ ʩʠʩʪʦʣʠ, ʏʉʉ ï ʯʘʩʪʦʪʘ ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ, ʟʫ-

ʙʮʽ R ʪʘ T, ʢʦʤʧʣʝʢʩ QRS, ʩʝʛʤʝʥʪʫ S-T ʪʘ ʽʥ. ʆʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʩʣʜ̔ʞʝʥʥʷ 

ʧʦʨʽʚʥʶʚʘʣʠ ʟ ʥʦʨʤʘʣʴʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʦʩʥʦʚʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ɽʂɻ 

ʱʫʨʽʚ [78, 114]. 

ɺʠʟʥʘʯʝʥʥʷ ʛʝʤʦʛʣʦʙʽʥʫ ʧʨʦʚʦʜʠʣʠ ʟʘ ʫʥʽʬʽʢʦʚʘʥʠʤ ʛʝʤʽʛʣʦʙʽʥʮʠʘʥʽʜʥʠʤ 

ʤʝʪʦʜʦʤ, ʧʨʠʥʮʠʧ ʷʢʦʛʦ ʦʩʥʦʚʘʥʠʡ ʥʘ ʫʪʚʦʨʝʥʥʽ ʟʘʙʘʨʚʣʝʥʦʛʦ ʮʽʘʥʤʝʪʛʝʤʦʛʣʦ-

ʙʽʥʫ. ɺʠʤʽʨʶʚʘʥʥʷ ʝʢʩʪʠʥʮʽʾ ʧʨʦʚʦʜʷʪʴ ʥʘ ʂʌʂ-3 ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 560 ʥʤ ʚ 

ʢʶʚʝʪʽ ʟ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ 1 ʩʤ [84, 125]. 

ʐʚʠʜʢʽʩʪʴ ʦʩʽʜʘʥʥʷ ʝʨʠʪʨʦʮʠʪʽʚ (ʐʆɽ) ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʥʽʬʽ-

ʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʇʘʥʯʝʥʢʦʚʘ, ʧʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʩʪʦʚʧʯʠʢʘ ʧʣʘʟʤʠ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʬʟ̔ʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʨʦʚʽ [78, 84]. 

ʂʽʣʴʢʽʩʪʴ ʝʨʠʪʨʦʮʠʪʽʚ ʧʽʜʨʘʭʦʚʫʚʘʣʠ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ ʚ ʧʝʚʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʢʚʘʜʨʘʪʽʚ ʚ ʧʝʨʝʨʘʭʫʥʦʢ ʥʘ 1 ʤʢʣ ʢʨʦʚʽ. ʇʽʜʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ ʝʨʠʪʨʦʮʠʪʽʚ ʚ 1 

ʤʢʣ ʢʨʦʚʽ ʧʨʦʚʦʜʠʣʠ ʟʘ ʬʦʨʤʫʣʦʶ 2.8: 
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ʜʝ: ʍ ï ʯʠʩʣʦ ʝʨʠʪʨʦʮʠʪʽʚ ʚ 1 ʤʢʣ ʢʨʦʚʽ; 

      ʘ ï ʯʠʩʣʦ ʧʽʜʨʘʭʦʚʘʥʠʭ ʝʨʠʪʨʦʮʠʪʽʚ.  

ʃʝʡʢʦʮʠʪʘʨʥʫ ʬʦʨʤʫʣʫ ʧʽʜʨʘʭʦʚʫʚʘʣʠ ʫ ʧʦʬʘʨʙʦʚʘʥʠʭ ʤʘʟʢʘʭ ʢʨʦʚʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʝʥʠʭ ʝʣʝ-

ʤʝʥʪʽʚ ʢʨʦʚʽ ʟ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʧʽʜʨʘʭʫʥʢʦʤ ʣʝʡʢʦʮʠʪʘʨʥʦʾ ʬʦʨʤʫʣʠ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʣʽʯʠʣʴʥʠʢʘ [125]. 

ɺʧʣʠʚ ʜʝʟʘʧʫʨʫ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʧʝʯʽʥʢʠ ʚʠʚʯʘʣʠ ʦʮʽʥʶʶʯʠ ʪʘʢʽ 
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ʧʦʢʘʟʥʠʢʠ: ʚʤʽʩʪ ʟʘʛʘʣʴʥʦʛʦ ʙʽʣʢʘ ʪʘ ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʙʽʣʢʽʚ ʚ ʩʠʨʦʚʘʪʮʽ 

ʢʨʦʚʽ, ʙʽʣʽʨʫʙʽʥʫ ʪʘ ʭʦʣʝʩʪʝʨʠʥʫ, ɸʩɸʊ, ɸʣɸʊ. ɿʘʛʘʣʴʥʠʡ ʙʽʣʦʢ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ 

ʚʠʟʥʘʯʘʣʠ ʙʽʫʨʝʪʦʚʠʤ ʤʝʪʦʜʦʤ, ʧʨʠʥʮʠʧ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʫʪʚʦʨʝʥʥʽ ʩʧʦʣʫʢʠ ʬʽ-

ʦʣʝʪʦʚʦʛʦ ʢʦʣʴʦʨʫ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʙʽʣʢʽʚ ʟ ʩʫʣʴʬʘʪʦʤ ʤʽʜʽ ʚ ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɼʣʷ ʮʴʦʛʦ ʜʦ 0,1 ʤʣ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʜʦʜʘʚʘʣʠ 5 ʤʣ ʨʦʟʯʠʥʫ ʙʽʫʨʝʪʦʚʦʛʦ ʨʝʘʢʪʠ-

ʚʫ, ʟʤʽʰʫʚʘʣʠ. ʏʝʨʝʟ 30 ʭʚ ʚʠʤʽʨʶʚʘʣʠ ʦʧʪʠʯʥʫ ʛʫʩʪʠʥʫ ʥʘ ʌɽʂ-46 ʚ ʢʶʚʝʪʽ ʟ 

ʪʦʚʱʠʥʦʶ ʰʘʨʫ 1 ʩʤ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 500 ï 560 ʥʤ (ʟʝʣʝʥʠʡ ʩʚʽʪʣʦʬʽʣʴʪʨ) 

[32, 70, 151].  

ʌʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʙʽʣʢʽʚ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʦʤ ʤʽʢʨʦʝ-

ʣʝʢʪʨʦʬʦʨʝʟʫ, ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʨʽʟʥʽʡ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʣʫʞʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʘʣʴʙʫʤʽʥʽʚ, Ŭ1-, Ŭ2- ʽ ɔ-ʛʣʦʙʫʣʽʥʽʚ [116]. ʇʨʠ 

ʥʘʥʝʩʝʥʥʽ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʠʡ ʧʘʧʽʨ, ʟʤʦʯʝʥʠʡ ʙʫʬʝʨʥʠʤ ʨʦʟ-

ʯʠʥʦʤ, ʪʘ ʧʨʦʧʫʩʢʘʥʥʽ ʢʨʽʟʴ ʥʴʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʙʽʣʢʠ ʧʝʨʝʩʫʚʘʣʠʩʷ ʟ 

ʨʽʟʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʪʘʢʠʤ ʯʠʥʦʤ ʜʽʣʠʣʠʩʷ ʥʘ ʬʨʘʢʮʽʾ. ʇʦʜʘʣʴʰʘ ʢʽʣʴʢʽʩʥʘ ʦʙʨʦ-

ʙʢʘ ʟʨʘʟʢʽʚ ʧʦʣʷʛʘʣʘ ʫ ʚʠʜʘʣʝʥʥʽ ʬʘʨʙʠ ʟ ʧʘʧʝʨʫ ʪʘ ʚʠʤʽʨʶʚʘʥʥʽ ʦʧʪʠʯʥʦʾ ʛʫʩ-

ʪʠʥʠ ʟʘʙʘʨʚʣʝʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʂʌʂ-3 ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʝʤ. 

ʉʠʥʪʝʪʠʯʥʫ ʬʫʥʢʮʽʶ ʧʝʯʽʥʢʠ ʦʮʽʥʶʚʘʣʠ ʟʘ ʢʽʣʴʢʽʩʪʶ ʭʦʣʝʩʪʝʨʠʥʫ ʚ ʩʠ-

ʨʦʚʘʪʮʽ ʢʨʦʚʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ɯʣʴʢʘ, ʷʢʠʡ ʦʩʥʦʚʘʥʠʡ ʥʘ ʨʝʘʢʮʽʾ ʩʫʤʽʰʽ 

ʦʮʪʦʚʦʛʦ ʘʥʛʽʜʨʠʜʫ, ʩʽʨʯʘʥʦʾ ʪʘ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʟ ʭʦʣʝʩʪʝʨʠʥʦʤ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʩʧʦʣʫʢʠ ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʜʦ 2,1 ʤʣ ʢʠʩʣʦʪʥʦʾ ʩʫʤʽʰʽ ʧʦʚʽʣʴʥʦ 

ʧʦ ʩʪʽʥʮʽ ʧʨʦʙʽʨʢʠ ʜʦʜʘʚʘʣʠ 0,1 ʤʣ ʩʠʨʦʚʘʪʢʠ, ʟʤʽʰʫʚʘʣʠ ʪʘ ʧʦʤʽʱʘʣʠ ʥʘ 20 ʭʚ 

ʚ ʪʝʨʤʦʩʪʘʪ ʧʨʠ 37Áʉ, ʧʦʪʽʤ ʬʦʪʦʤʝʪʨʫʚʘʣʠ ʚ ʢʶʚʝʪʽ ʟ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ 0,5 ʤʤ 

ʧʨʦʪʠ ʨʝʘʢʪʠʚʫ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 625 ʥʤ [32].  

ɺʤʽʩʪ ʙʽʣʽʨʫʙʽʥʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʧʨʦʙʦʶ ʌʫʰʝ, ʧʨʠʥʮʠʧ ʷʢʦʾ ʧʦʣʷʛʘʻ ʫ ʧʦʷ-

ʚʽ ʩʠʥʴʦ-ʟʝʣʝʥʠʭ ʧʣʷʤ ʥʘ ʬʽʣʴʪʨʽ ʧʨʠ ʟʤʦʯʫʚʘʥʥʽ ʩʝʯʽ ʟ ʙʘʨʽʶ ʭʣʦʨʠʜʦʤ ʪʘ ʨʝʘʢ-

ʪʠʚʦʤ ʌʫʰʝ [116]. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʮʠʪʦʣʽʟʫ ʚ ʧʝʯʽʥʮʽ ʦʮʽʥʶʚʘʣʠ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 

ʬʝʨʤʝʥʪʽʚ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ï ʘʩʧʘʨʪʘʪʘʤʽʥʦʪʨʘʥʩʬʝʨʘʟʠ (ɸʩɸʊ) ʪʘ ʘʣʘʥʽʥʘʤʽ-

ʥʦʪʨʘʥʩʬʝʨʘʟʠ ʟʘ ʤʝʪʦʜʦʤ A. Karmen [70, 169]. 

ɸʥʪʠʪʦʢʩʠʯʥʫ ʬʫʥʢʮʽʶ ʧʝʯʽʥʢʠ ʦʮʽʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʢʩʝʥʘʣʦʚʦʾ 
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ʧʨʦʙʠ [50]. ɺʦʥʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʚʚʝʜʝʥʠʡ ʛʝʢʩʝʥʘʣ ʽʥʘʢʪʠʚʫʻʪʴʩʷ ʚ 

ʦʨʛʘʥʽʟʤʽ ʚ ʦʩʥʦʚʥʦʤʫ ʧʝʯʽʥʢʦʶ. ʇʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʾ ʧʝʯʽʥʢʠ ʚʝʜʝ ʜʦ ʟʥʘʯʥʦʛʦ 

ʧʦʜʦʚʞʝʥʥʷ ʩʪʨʦʢʫ ʜʽʾ ʨʝʯʦʚʠʥʠ. ʇʨʠ ʧʦʨʫʰʝʥʥʽ ʘʥʪʠʪʦʢʩʠʯʥʦʾ ʬʫʥʢʮʽʾ ʧʝʯʽʥ-

ʢʠ, ʰʚʠʜʢʽʩʪʴ ʽʥʘʢʪʠʚʘʮʽʾ ʨʝʯʦʚʠʥʠ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʩʦʥ ʧʨʠ ʚʚʝʜʝʥʥ̔  ʪʽʻʾ ʞ ʩʘʤʦʾ 

ʜʦʟʠ ʛʝʢʩʝʥʘʣʫ ʧʦʜʦʚʞʫʻʪʩɹʷ.  

ʌʫʥʢʮʽʶ ʥʠʨʦʢ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʣʝʥʦʾ 

ʩʝʯʽ, ʾʾ ʛʫʩʪʠʥʘ, ʚʤʽʩʪ ʙʣ̔ʢʘ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʝʯʦʚʠʥʠ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ [22].  

ɿʘ ʢʽʣʴʢʽʩʪʶ ʚʠʜʽʣʝʥʦʾ ʟʘ ʜʦʙʫ ʩʝʯʽ ʚʠʟʥʘʯʘʣʠ ʜʦʙʦʚʠʡ ʜʽʫʨʝʟ ʫ ʜʦʩʣʽʜʥʠʭ 

ʪʚʘʨʠʥ. ʇʠʪʦʤʫ ʚʘʛʫ ʩʝʯʽ ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ ʟʚʘʞʫʚʘʥʥʷ 1 ʤʣ ʩʝʯʽ ʥʘ ʘʥʘʣʽʪʠʯ-

ʥʠʭ ʚʘʛʘʭ ʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʤʝʪʦʜʦʤ  

ʂʽʣʴʢʽʩʪʴ ʙʽʣʢʘ ʚ ʩʝʯʽ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ɹʨʘʥʜʝʥʙʫʨʛʘ-ʈʦʙʝʨʪʩʘ-

ʉʪʦʣʴʥʽʢʦʚʘ. ʆʩʥʦʚʫ ʤʝʪʦʜʘ ʩʢʣʘʜʘʻ ʢʽʣʴʮʝʚʘ ʧʨʦʙʘ ɻʝʣʣʝʨʘ ï ʥʘ ʤʝʞʽ ʘʟʦʪʥʦʾ 

ʢʠʩʣʦʪʠ ʪʘ ʩʝʯʽ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʙʽʣʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʘʛʫʣʷʮʽʷ ʪʘ ʟôʷʚʣʷʻʪʴʩʷ ʙʣ̔ʝ 

ʢʽʣʴʮʝ [22]. ɼʣʷ ʮʴʦʛʦ ʥʘ ʥʘʣʠʪʫ ʚ ʧʨʦʙʽʨʢʫ ʘʟʦʪʥʫ ʢʠʩʣʦʪʫ ʥʘʰʘʨʦʚʫʚʘʣʠ ʩʝʯʫ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʰʠʨʠʥʠ ʢʽʣʴʮʷ ʧʽʜʙʠʨʘʣʠ ʩʪʫʧʽʥʴ ʨʦʟʚʝʜʝʥʥʷ ʩʝʯʽ. ʂʦʥʮʝʥʪʨʘʮʽʶ 

ʙʽʣʢʘ ʦʙʯʠʩʣʶʚʘʣʠ ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ ʥʘ ʩʪʫʧʽʥʴ ʨʦʟʚʝʜʝʥʥʷ (0,033). 

ɸʟʦʪ ʩʝʯʦʚʠʥʠ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʚʠʟʥʘʯʘʣʠ ʫʥʽʬʽʢʦʚʘʥʠʤ ʜʽʘʮʝʪʠʣʤʦʥʦʦ-

ʢʩʠʤʥʠʤ ʤʝʪʦʜʦʤ, ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʘʟʦʪ ʩʝʯʦʚʠʥʠ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ 

ʟʘ ʥʘʷʚʥʦʩʪʽ ʪʽʦʩʝʤʽʢʘʨʙʘʟʠʜʫ ʽ ʩʦʣʝʡ ʟʘʣʽʟʘ ʚ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʫʪʚʦʨʶʻ ʟʘ-

ʙʘʨʚʣʝʥʽ ʩʧʦʣʫʢʠ [58]. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʙʘʨʚʣʝʥʥʷ ʙʫʣʘ ʧʨʦʧʦʨʮʽʡʥʘ ʢʦʥʮʝʥʪʨʘ-

ʮʽʾ ʩʝʯʦʚʠʥʠ. ʈʦʟʨʘʭʫʥʦʢ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʝʯʦʚʠʥʠ ʧʨʦʚʦʜʠʣʠ ʟʘ ʬʦʨʤʫʣʦʶ 2.9: 

 

                                           ʍ = 65,16
.

. ³
ʩʪ

ʜʦʩʣ

ɽ

ɽ
                                              (2.9) 

 

ʜʝ ʍ ï ʚʤʽʩʪ ʩʝʯʦʚʠʥʠ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ, ʤʤʦʣʴ/ʣ; 

     ɽʜʦʩʣ. ʪʘ ɽʩʪ. ï ʝʢʩʪʠʥʮʽʾ ʜʦʩʣʽʜʥʦʾ ʪʘ ʩʪʘʥʜʘʨʪʥʦʾ ʧʨʦʙ; 

    16,65 ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʝʯʦʚʠʥʠ ʚ ʩʪʘʥʜʘʨʪʥʽʡ ʧʨʦʙʽ. 
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ʨʅ ʩʝʯʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʥʴʦʛʦ ʪʘ ʯʝʨʚʦʥʦʛʦ ʣʘʢʤʫʩʦʚʦʛʦ 

ʧʘʧʝʨʫ, ʧʨʠ ʮʴʦʤʫ ʜʠʬʝʨʝʥʮʽʶʚʘʣʠ ʥʘʩʪʫʧʥʽ ʟʘʙʘʨʚʣʝʥʥʷ ʽʥʜʠʢʘʪʦʨʽʚ: 

1. ʩʠʥʽʡ ʧʘʧʽʨ ʯʝʨʚʦʥʽʻ, ʯʝʨʚʦʥʠʡ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ï ʨʝʘʢʮʽʷ ʢʠʩʣʘ; 

2. ʯʝʨʚʦʥʠʡ ʩʠʥʽʻ, ʩʠʥʽʡ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ï ʨʝʘʢʮʽʷ ʣʫʞʥʘ; 

3. ʦʙʠʜʚʘ ʧʘʧʽʨʮʽ ʥʝ ʟʤʽʥʶʶʪʴ ʢʦʣʽʨ ï ʨʝʘʢʮʽʷ ʥʝʡʪʨʘʣʴʥʘ; 

4. ʦʙʠʜʚʘ ʧʘʧʽʨʮʽ ʟʤʽʥʶʶʪʴ ʢʦʣʽʨ ï ʨʝʘʢʮʽʷ ʘʤʬʦʪʝʨʥʘ [78]. 

ʈʽʚʝʥʴ ʛʣʶʢʦʟʠ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʩʚʽʜʯʠʪ ɹʧʨʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʧʽʜ-

ʰʣʫʥʢʦʚʦʾ ʟʘʣʦʟʠ, ʧʝʯʽʥʢʠ ʽ ʥʘʜʥʠʨʥʠʢʦʚʠʭ ʟʘʣʦʟ. ɺʤʽʩʪ ʛʣʶʢʦʟʠ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʛʣʶʢʦʟʦʢʩʠʜʘʟʥʠʤ ʤʝʪʦʜʦʤ ʧʦ ʦʢʠʩʥʝʥʥʶ ʦ-ʪʦʣʫ̔ ʜʠʥʫ [116]. ɻʣʶʢʦʟʫ ʩʠʨʦʚʘʪ-

ʢʠ ʢʨʦʚʽ ʥʘʛʨʽʚʘʣʠ ʟ ʦ-ʪʦʣʫ̔ ʜʠʥʦʤ ʫ ʨʦʟʯʠʥʽ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʩʠ-

ʥʴʦʛʦ ʭʨʦʤʦʛʝʥʫ. ʈʦʟʯʠʥ ʚʠʤʽʨʶʚʘʣʠ ʥʘ ʌɽʂ-46 ʫ ʧʦʨʽʚʥʷʥʽ ʟ ʢʦʥʪʨʦʣʴʥʦʶ 

ʧʨʦʙʦʶ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 525 ʥʤ (ʯʝʨʚʦʥʠʡ ʩʚʽʪʦʬʽʣʴʪʨ) ʪʘ ʪʦʚʱʠʥʦʶ ʰʘʨʫ 

ʢʶʚʝʪʠ 1 ʩʤ. ʉʪʫʧʽʥʴ ʟʘʙʘʨʚʣʝʥʥʷ ʙʫʚ ʧʨʦʧʦʨʮʽʡʥʠʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʣʶʢʦʟʠ.  

ɺʧʣʠʚ ʜʝʟʘʧʫʨʫ ʥʘ ʩʣʠʟʦʚʽ ʦʙʦʣʦʥʢʠ ʐʂʊ ʚʠʚʯʘʣʠ ʧʨʠ ʚʚʝʜʝʥʽ ʫ ʚʠʛʣʷʜʽ 

0,1 % ʩʫʩʧʝʥʟʽʾ ʢʘʨʙʦʢʩʠʣʮʝʣʶʣʦʟʠ ʚ ʦʙôʻʤʽ 1 ʤʣ/100 ʛ ʤʘʩʠ ʪʚʘʨʠʥʠ ʧʨʦʪʛ̫ʦʤ 

4 ʜʽʙ. ʅʘ 5 ʜʦʙʫ ʪʚʘʨʠʥ ʚʠʚʦʜʠʣʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʽ ʧʨʦʚʦʜʠʣʠ ʤʘʢʨʦʩʢʦʧʽʯʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʠʟʦʚʦʾ ʰʣʫʥʢʫ ʽ ʜʚʘʥʘʜʮʷʪʠʧʘʣʦʾ ʢʠʰʢʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʷʟʚ. ʋʣʴ-

ʮʝʨʦʛʝʥʥʠʡ ʝʬʝʢʪ ʦʮʽʥʶʚʘʣʠ ʚ ʙʘʣʘʭ ʧʦ ʰʢʘʣʽ [100]. 

ʆʮʽʥʢʫ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʾ ʪʘ ʘʥʪʠʦʢʠʩʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʝʟʘʧʫʨʫ ʚ ʜʦʩʣʽʜʘʭ in 

vitro ʚʠʚʯʘʣʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ (ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʡ ʪʘ ʙʽʦ-

ʭʝʤʽʣʶʤʽʥʝʩʮʝʥʪʥʠʡ). ɺʠʟʥʘʯʝʥʥʷ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʝʟʘʧʫʨʫ ʧʨʦ-

ʚʦʜʠʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʢʽʥʝʪʠʢʦʶ ʚʟʘʻʤʦʜʽʾ ʾʭ ʽʟ ʩʪʘʙʽʣʥɹʠʤ 

ʨʘʜʠʢʘʣʦʤ 2,2-ʜʠʬʝʥʽʣ-1-ʧʽʢʨʠʣʛʽʜʨʘʟʠʥʦʤ (ɼʌʇɻ) [64, 75, 81, 166]. ɿʘʩʪʦʩʫ-

ʚʘʥʥʷ ɼʌʇɻ ʻ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʘʥʪʠʨʘʜʠ-

ʢʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʬ̔ ʟʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʫʙʩʪʘʥʮʽʡ, ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʚʠ-

ʟʥʘʯʝʥʥʽ ʩʪʘʥʫ ʬʽʟʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʩʪʦʩʦʚʥʦ ʩʪʘʙʽʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ 

ɼʌʇɻ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʽʥʪʝʥʩʠʚʥʦ ʟʘʙʘʨʚʣʝʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ʨʝʯʦʚʠʥʫ, ʩʧʠʨʪʦ-

ʚʠʡ ʨʦʟʯʠʥ ʷʢʦʾ ʤʘʻ ʤʘʢʩʠʤʫʤ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ 520 ʥʤ. ɺʠʤʽʨʠ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʅʈ-845-2ɸ (ʉʐɸ) ʫ ʢʚʘʨʮʦʚʠʭ ʢʶʚʝʪʘʭ ʽʟ ʜʦʚʞʠʥʦʶ ʦʧʪʠʯ-

ʥʦʛʦ ʰʣʷʭʫ 1 ʩʤ, ʧʨʠ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽʥʢʫʙʘʮʽʾ 25Üʉ.  
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ɼʣʷ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʘʥʪʠʛʽʧʦʢʩʠʯʦʾ ʜʽʾ ʜʝʟʘʧʫʨʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʨʽʟʥʠʭ ʤʦʜʝʣʷʭ ʛʦʩʪʨʦʛʦ ʢʠʩʥʝʚʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ: ʛʦʩʪʨʦʾ ʛʽʧʦʙʘ-

ʨʠʯʥʦʾ ʛʽʧʦʢʩʽʾ, ʛʦʩʪʨʦʾ ʛʽʧʦʢʩʠʯʥʦʾ ʛʽʧʦʢʩʽʾ, ʛʦʩʪʨʦʾ ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ, ʛʽʩʪʦʪʦʢ-

ʩʠʯʥʦʾ ʛʽʧʦʢʩʽʾ.  

ɻʦʩʪʨʫ ʛʽʧʦʙʘʨʠʯʥʫ ʛʽʧʦʢʩʽʶ ʚʽʜʪʚʦʨʶʚʘʣʠ ʰʣʷʭʦʤ ʧʽʜʥʽʤʘʥʥʷ ʪʚʘʨʠʥ ʥʘ 

ʚʠʩʦʪʫ 11000 ʤ ʟʽ ʰʚʜ̔ʢʠʩʪʶ 50 ʤ/ʩ ʚ ʘʧʘʨʘʪʽ ʂʦʤʦʚʩʴʢʦʛʦ [42, 50, 193]; ʛʦʩʪʨʫ 

ʥʦʨʤʦʙʘʨʠʯʥʫ ʛʽʧʦʢʩʽʶ ʟ ʛʽʧʝʨʢʘʧʥʽʻʶ ï ʰʣʷʭʦʤ ʨʦʟʤʽʱʝʥʥʷ ʪʚʘʨʠʥ ʫ ʛʝʨʤʦ-

ʢʘʤʝʨʽ ʦʙôʻʤʦʤ 200 ʤʣ; ʛʦʩʪʨʫ ʛʝʤʽʯʥʫ ʛʽʧʦʢʩʽʶ ʚʽʜʪʚʦʨʶʚʘʣʠ ʧʽʜʰʢʽʨʥʠʤ ʚʚʝ-

ʜʝʥʥʷʤ ʥʽʪʨʠʪʫ ʥʘʪʨʽʶ ʚ ʜʦʟʽ 225 ʤʛ/ʢʛ [120]; ʛʽʩʪʦʪʦʢʩʠʯʥʫ ʛʽʧʦʢʩʽʶ ï ʧʨʠ ʚʥʫ-

ʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥʽ ʥʘʪʨʽʶ ʥʽʪʨʦʧʨʫʩʠʜʫ ʚ ʜʦʟʽ 25 ʤʛ/ʢʛ [104]. ɸʥ-

ʪʠʛʽʧʦʢʩʠʯʥʫ ʜʽʶ ʦʮʽʥʶʚʘʣʠ ʟʘ ʪʨʠʚʘʣʽʩʪʶ ʞʠʪʪʷ ʪʚʘʨʠʥ. ɿʘ ʦʜʝʨʞʘʥʠʤʠ ʜʘʥʠ-

ʤʠ ʧʨʦʚʦʜʠʣʠ ʧʦʨʽʚʥʷʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ ʪʘ ʨʝʬʝʨʝʥʩ-

ʧʨʝʧʘʨʘʪʦʤ ï ʤʝʢʩʠʜʦʣʦʤ. 

ɿ ʤʝʪʦʶ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʝʟʘʧʫʨʫ ʚʠ-

ʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʝʣʴ ʝʤʦʮʽʡʥʦ-ʙʦʣʴʦʚʦʛʦ ʩʪʨʝʩʫ, ʧʽʜ ʚʧʣʠʚʦʤ ʷʢʦʛʦ ʪʚʘʨʠʥʠ 

ʟʥʘʭʦʜʠʣʠʩʷ ʧʨʦʪʷʛʦʤ 15 ʜʽʙ [152]. ʅʘ 16 ʜʦʙʫ ʪʚʘʨʠʥ ʜʝʢʘʧʽʪʫʚʘʣʠ. ɼʦʩʣʽ-

ʜʞʝʥʥʶ ʧʽʜʣʷʛʘʣʠ ʩʠʨʦʚʘʪʢʘ ʢʨʦʚʽ ʪʘ ʛʦʤʦʛʝʥʘʪ ʤʽʦʢʘʨʜʘ. ʄʽʦʢʘʨʜ ʛʦʤʦʛʝʥʽʟʫ-

ʚʘʣʠ ʚ 5-ʢʨʘʪʥʦʤʫ ʦʙôʻʤʽ ʤʦʣʷʨʥʦʛʦ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ, ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 

ʧʨʠ 4000 ʦʙ/ʭʚ. ʧʨʦʪʷʛʦʤ 15 ʭʚ ʽ ʙʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʩʠʨʦʚʘ-

ʪʮʽ ʢʨʦʚʽ ʽ ʤʽʦʢʘʨʜʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʊɹʂ-ʨʝʘʢʪʘʥʪʠ, ʚʤʽʩʪ ʜʽʻʥʦʚʠʭ (ɼʂ) ʽ ʪʨʠʻʥʦ-

ʚʠʭ ʢʦʥôʶʛʘʪʽʚ (ʊʂ), ʰʠʬʦʚʠʭ ʦʩʥʦʚ (ʐʆ) [50, 116]  ̔ʘʢʪʠʚʥʽʩʪʴ ʩʫʧʝʨʦʢʩʠʜʜʠ-

ʩʤʫʪʘʟʠ (ʉʆɼ) [50]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ ʜʦ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʜʦʜʘʚʘʣʠ 0,8 % ʨʦʟ-

ʯʠʥ ʊɹʂ ʪʘ 2 % ʨʦʟʯʠʥ ʅ3ʈʆ4 , ʨʝʪʝʣʴʥʦ ʟʤʽʰʫʚʘʣʠ ʪʘ ʧʦʤʽʱʘʣʠ ʥʘ 45 ʭʚ ʥʘ ʚʦ-

ʜʷʥʫ ʢʠʧʷʯʫ ʙʘʥʶ. ʇʦʪʽʤ ʦʭʦʣʦʜʞʫʚʘʣʠ ʪʘ ʜʦʜʘʚʘʣʠ ʙʫʪʘʥʦʣ. ɿʤʽʰʫʚʘʣʠ ʪʘ 

ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 3 ʭʚ ʧʨʠ 3000 ʦʙ/ʭʚ. ʅʘʜʦʩʘʜʦʚʫ ʨʽʜʠʥʫ ʬʦʪʦʢʦʣʦʨʠ-

ʤʝʪʨʠʨʫʚʘʣʠ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 518 ʥʤ [116].  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ɼʂ ʽ ʊʂ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʟ ʝʢʩʪʨʘʮʽʻʶ ʣʽʧʽʜʽʚ ʩʫ-

ʤʽʰʰʶ ʛʝʧʪʘʥʫ ʪʘ ʽʟʦʧʨʦʧʽʣʦʚʦʛʦ ʩʧʠʨʪʫ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 232 ʥʤ [50, 116]. 

ʈʝʟʫʣʴʪʘʪ ʚʠʨʘʞʘʣʠ ʚ ʦʜʠʥʠʮʷʭ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʥʘ 1 ʤʛ ʣʽʧʽʜʽʚ. ʆʩʢʽʣʴʢʠ 
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ʨʦʟʨʘʭʫʥʦʢ ʢʦʥʮʝʥʪʨʘʮʽʾ ɼʂ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʣʷʨʥʦʾ ʝʢʩʪʠʥʢʮʽʾ ʟʘʩʪʦʩʫʚʘ-

ʪʠ ʙʫʣʦ ʥʝ ʤʦʞʣʠʚʦ, ʙʦ ʘʥʘʣʽʟʫʻʪʴʩʷ ʩʫʤʽʰ ʣʽʧʽʜʽʚ, ʘ ʥʝ ʯʠʩʪʘ ʨʝʯʦʚʠʥʘ, ʜʣʷ ʚʠ-

ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʣʽʧʽʜʽʚ ʚ ʝʢʩʪʨʘʢʪʽ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʙʦʨʠ ʬʽʨʤʠ 

ĂLachemaò ʟ ʬʦʩʬʦʨʥʦ-ʚʘʥʽʣʽʥʦʚʠʤ ʨʝʘʢʪʠʚʦʤ. ɺʤʽʩʪ ɼʂ ʚʠʟʥʘʯʘʣʠ ʟʘ ʦʧʪʠʯ-

ʥʦʶ ʱʽʣʴʥʽʩʪʶ ʛʝʧʪʘʥʦʚʦʛʦ ʝʢʩʪʨʘʢʪʫ ʧʨʠ l=232 ʥʤ ʥʘ ʜʚʦʧʨʦʤʝʥʝʚʦʤʫ ʩʧʝʢʪ-

ʨʦʬʦʪʦʤʝʪʨʽ ñSpecord UV VISò (ʅʽʤʝʯʯʠʥʘ).  

ʐʆ ʜʘʶʪʴ ʽʥʪʝʥʩʠʚʥʫ ʙʣʘʢʠʪʥʫ ʬʣʶʦʨʝʩʮʝʥʮʽʶ ʟ ʤʘʢʩʠʤʫʤʦʤ ʟʙʫʜʞʝʥ-

ʥʷ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 370 ʥʤ ʪʘ ʤʘʢʩʠʤʫʤʦʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠ-

ʣʽ 450 ʥʤ.  

ʂʘʣʽʙʨʦʚʢʫ ʰʢʘʣʠ ʬʣʶʦʨʠʤʝʪʨʫ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤ ʨʦʟʯʠʥʦʤ 

ʭʽʥʽʥ-ʩʫʣʴʬʘʪʫ. ʌʣʶʦʨʝʩʮʝʥʮʽʶ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠʡʤʘʣʠ ʟʘ 100 %, ʢʦʥʪʨʦʣʝʤ 

ʩʣʫʛʫʚʘʚ ʭʣʦʨʦʬʦʨʤ. ɺʤʽʩʪ ʐʆ ʚʠʨʘʞʘʣʠ ʚ ʫʤʦʚʥʠʭ ʦʜʠʥʠʮʷʭ. 

ɸʢʪʠʚʥʽʩʪʴ ʉʆɼ ʚʠʨʘʞʘʣʠ ʚ ʫʤʦʚʥʠʭ ʦʜʠʥʠʮʷʭ; ʧʨʠ ʮʴʦʤʫ ʟʘ ʦʜʥʫ 

ʫʤʦʚʥʫ ʦʜʠʥʠʮʶ ʚʚʘʞʘʣʠ 50 % ʛʘʣʴʤʫʚʘʥʥʷ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʣʝʥʦʾ ʨʝʘʢʮʽʾ. ɹʫʚ 

ʦʙʨʘʥʠʡ ʢʩʘʥʪʠʥ-ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʥʠʡ ʤʝʪʦʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʪʦʭʨʦʤʫ ʉ [10, 

168, 180, 183]. ʂʩʘʥʪʠʥʦʢʩʠʜʘʟʘ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʠʩʥʶ ʢʘʪʘʣʽʟʫʻ ʨʝʘʢʮʽʶ 

ʦʢʠʩʥʝʥʥʷ ʢʩʘʥʪʠʥʫ, ʧʽʜ ʯʘʩ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʛʝʥʝʨʘʮʽʷ ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ ʘʥʽʦʥ-

ʨʘʜʠʢʘʣʫ, ʷʢʠʡ ʤʦʞʝ ʚʽʜʥʦʚʣʶʚʘʪʠ ʮʠʪʦʭʨʦʤ ʉ ʪʘ ʽʥʰʽ ʩʧʦʣʫʢʠ. ʉʆɼ ʧʨʠʛʥʽʯʫʻ 

ʨʝʘʢʮʽʶ ʚʽʜʥʦʚʣʝʥʥʷ ʮʠʭ ʩʧʦʣʫʢ, ʥʝ ʚʧʣʠʚʘʶʯʠ ʥʘ ʢʘʪʘʣʽʪʠʯʥʠʡ ʮʠʢʣ 

ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʠ. ɼʘʣʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʤʽʥʫ ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ 

ʚʽʜʥʦʚʣʝʥʥʷʤ ʮʠʪʦʭʨʦʤʫ ʉ, ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʪʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʉʆɼ. ɺ ʢʦʥʪʨʦʣʴʥʽʡ 

ʧʨʦʙʽ ʮʽ ʟʤʽʥʠ ʧʦʚʠʥʥʽ ʧʨʠʙʣʠʟʥʦ ʩʢʣʘʜʘʪʠ 0,05 ʦʧʪ ʦʜʠʥʠʮʴ ʟʘ 2 ʭ. ʽʥʢʫʙʘʮʽʾ. ɺ 

ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʨʘʭʦʚʫʚʘʣʠ % ʛʘʣʴʤʫʚʘʥʥʷ ʨʝʘʢʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʉʆɼ ʪʘ ʚʠʨʘʞʘʣʠ 

ʘʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʫ ʚ ʫʤʦʚʥʠʭ ʦʜʠʥʠʮʷʭ, ʷʢʽ ʚʽʜʥʝʩʝʥʽ ʜʦ ʙʽʣʢʘ (ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʩʝʨʮʝʚʦʛʦ ʤôʷʟʘ) ʘʙʦ ʜʦ ʛʝʤʦʛʣʦʙʽʥʫ (ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʢʨʦʚʽ). 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʝʟʘʧʫʨ ʤʘʻ ʘʥʪʠʛʽʧʦʢʩʠʯʥʽ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʪʘ ʘʥʪʠʝʢ-

ʩʫʜʘʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʧʨʠ ʛʽʧʦʢʩʠʯʥʠʭ ʩʪʘʥʘʭ, ʱʦ ʨʦʟʚʠʚʘ-

ʶʪʴʩʷ, ʟʦʢʨʝʤʘ ʷʢ ʥʘʩʣʽʜʦʢ ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ, ʜʝ ʧʨʦʚʽʜʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʻ ʧʦʩʠ-

ʣʝʥʥʷ ʝʢʩʫʜʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ  ʚʠʚʯʝʥʥʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ 
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ʤʦʜʝʣʽ ʛʦʩʪʨʦʛʦ ʥʘʙʨʷʢʫ ʣʝʛʝʥʽʚ ʫ ʱʫʨʽʚ [69, 135]. ɼʘʥʘ ʤʦʜʝʣʴ ˇʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʧʦʨʫʰʝʥʥ ̔ ʧʨʦʥʠʢʥʦʩʪʽ ʛʝʤʘʪʦʧʣʝʚʨʘʣʴʥʦʛʦ ʙʘʨôʻʨʫ ʱʫʨʽʚ, ʚʠʢʣʠʢʘʥʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʯʝʨʝʚʠʥʥʠʤ ʚʚʝʜʝʥʥʷʤ 6% ʨʦʟʯʠʥʫ ʘʤʦʥʽʶ ʭʣʦʨʠʜʫ ʚ ʜʦʟʽ 400 ʤʛ/ʢʛ 

ʤʘʩʠ ʪʚʘʨʠʥʠ. ɼʦʩʣʽʜʞʫʚʘʥʫ ʩʧʦʣʫʢʫ ʜʝʟʘʧʫʨ ʚʚʦʜʠʣʠ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ ʚʥʫʪʨʽʰ-

ʥʴʦʰʣʫʥʢʦʚʦ ʫ ʚʠʛʣʷʜʽ ʚʦʜʥʦʾ ʩʫʩʧʝʥʟʽʾ, ʩʪʘʙʽʣʽʟʦʚʘʥʦ ʾʪʚʽʥʦʤ 80, ʧʨʦʪʷʛʦʤ 5 

ʜʥʽʚ. ɿʘ ʨʝʬʝʨʝʥʩ-ʧʨʝʧʘʨʘʪ ʙʫʣʦ ʦʙʨʘʥʦ ʽʥʜʦʤʝʪʘʮʠʥ ʚ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʡ ʜʦʟʽ      

5 ʤʛ/ʢʛ. ʆʩʪʘʥʥʻ ʚʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʦʜʥʫ ʛʦʜʠʥʫ 

ʜʦ ʚʽʜʪʚʦʨʶʚʘʥʥʷ ʤʦʜʝʣʽ ʛʦʩʪʨʦʛʦ ʥʘʙʨʷʢʫ ʣʝʛʝʥʽʚ. ʏʝʨʝʟ 2 ʛʦʜ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ 

ʪʦʢʩʠʢʘʥʪʫ (6% ʨʦʟʯʠʥʫ ʘʤʦʥʽʶ ʭʣʦʨʠʜʫ) ʪʚʘʨʠʥ ʱʦ ʚʠʞʠʣʠ, ʥʘʨʢʦʪʠʟʫʚʘʣʠ ʽ 

ʚʠʚʦʜʠʣʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʠʩʣʦʢʘʮʽʻʶ ʰʠʡʥʠʭ ʭʨʝʙʮʽʚ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʝʟʘʧʫʨʫ 

ʪʘ ʧʨʝʧʘʨʘʪʫ ʧʦʨʽʚʥʷʥʥʷ ʽʥʜʦʤʝʪʘʮʠʥʫ ʦʮʽʥʶʚʘʣʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: 

ʚʠʞʠʚʘʥʥʷ ʪʚʘʨʠʥ (%), ʯʘʩ ʟʘʛʠʙʝʣʽ (ʭʚ), ʤʘʩʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʝʛʝʥʽʚ (%), ʘʥʪʠ-

ʝʢʩʫʜʘʪʠʚʥʘ ʘʢʪʠʚʥʽʩʪʴ. 

ʄʘʩʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʝʛʝʥʽʚ (ʄʂʃ) ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ 2.10: 
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ʜʝ m ï ʤʘʩʘ ʦʨʛʘʥʫ, ʛ; 

               M ï ʤʘʩʘ ʪʚʘʨʠʥʠ, ʛ. 

 

ɸʥʪʠʝʢʩʫʜʘʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ ʦʮʽʥʶʚʘʣʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʚʠʞʠ-

ʚʘʥʥʷ ʪʚʘʨʠʥ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ (ʂʅʃ) ʟʘ ʬʦʨʤʫʣʦʶ:  
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ʜʝ ʄʂʃ̔ ï ʤʘʩʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʝʛʝʥʽʚ ʪʚʘʨʠʥ ʛʨʫʧʠ ʽʥʪʘʢʪʥʦʛʦ ʢʦʥʪʨʦʣʶ; 

               ʄʂʃʧʢ ï ʤʘʩʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʝʛʝʥʽʚ ʪʚʘʨʠʥ ʛʨʫʧʠ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ;    

ʄʂʃʜ ï ʤʘʩʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʣʝʛʝʥʽʚ ʛʨʫʧʠ ʪʚʘʨʠʥ, ʷʢʽ ʦʪʨʠʤʫʚʘʣʠ                               

ʜʦʩʣʽʜʞʫʚʘʥʫ ʩʧʦʣʫʢʫ (ʜʝʟʘʧʫʨ ʘʙʦ ʥ̔ʜʦʤʝʪʘʮʠʥ). 
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ʂʣʽʥʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʦʟʚʠʪʢʦʤ ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ, ʚʢʣʶʯʘʣʠ ʚʽʟʫʘ-

ʣʴʥʫ ʦʮʽʥʢʫ ʧʦʚʝʜʽʥʢʠ ʪʚʘʨʠʥ (ʟʙʫʜʞʝʥʥʷ, ʥʘʷʚʥʽʩʪʴ ʩʫʜʦʤ, ʟʘʜʠʰʢʠ, ʢʦʨʯʽʚ) ʪʘ 

ʯʘʩ ʟʘʛʠʙʝʣʽ. ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ ʩʪʘʥʫ ʣʝʛʝʥʝʚʦʾ ʪʢʘʥʠʥʠ ʚ ʛʨʫʧʽ ʪʚʘʨʠʥ, ʷʢʠʤ ʚʚʦ-

ʜʠʣʠ ʜʝʟʘʧʫʨ, ʚʠʟʥʘʯʘʣʠ ʥʘʷʚʥʽʩʪʴ ʧʘʪʦʣʦʛʽʯʥʠʭ ʦʟʥʘʢ (ʥʘʷʚʥʽʩʪʴ ʝʢʩʫʜʘʪʫ, ʘʣɹ-

ʚʝʦʣʷʨʥʦʛʦ ʥʘʙʨʷʢʫ, ʚʝʥʦʟʥʦʛʦ ʟʘʩʪʦʶ) ʧʦʨʽʚʥʷʥʦ ʟ ʪʚʘʨʠʥʘʤʠ ʛʨʫʧ ʽʥʪʘʢʪʥʦʛʦ 

ʢʦʥʪʨʦʣʶ, ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ ʪʘ ʛʨʫʧʠ, ʱʦ ʦʪʨʠʤʫʚʘʣʘ ʨʝʬʝʨʝʥʩ-ʧʨʝʧʘʨʘʪ.  

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʙʠʨʘʣʠ 

ʰʤʘʪʦʯʢʠ ʣʝʛʝʥʴ ʫ ʚʩʽʭ ʜʦʩʣʽʜʥʠʭ ʛʨʫʧʘʭ ʪʚʘʨʠʥ, ʬʽʢʩʫʚʘʣʠ ʚ 10 % ʥʝʡʪʨʘʣʴ-

ʥʦʤʫ ʨʦʟʯʠʥʽ ʬʦʨʤʘʣʥ̔ʫ, ʧʦʪʽʤ ʫʱʽʣʴʥʶʚʘʣʠ ʚ ʩʧʠʨʪʽ ʟʨʦʩʪʘʶʯʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ. 

ʇʘʨʘʬʽʥʦʚʽ ʟʨʽʟʠ ʪʦʚʱʠʥʦʶ 5-7 ʤʢʤ ʬʘʨʙʫʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʽʥ-ʝʦʟʠʥʦʤ ʽ ʚʠʙʽʨ-

ʢʦʚʦ ʟʘ ɺʘʥ ɻʽʟʦʤ ʪʘ ʚʠʚʯʘʣʠ ʧʽʜ ʤʽʢʨʦʩʢʦʧʦʤ [67].  

ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʘʥʪʠʨʘʜʠʢʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʝʟʘʧʫʨʫ ʧʨʦʚʦʜʠʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʢʽʥʝʪʠʢʦʶ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʽʟ ʩʪʘʙʽʣʴʥʠʤ ʨʘ-

ʜʠʢʘʣʦʤ 2,2-ʜʠʬʝʥʽʣ-1-ʧʽʢʨʠʣʛʽʜʨʘʟʠʥʦʤ (ɼʌʇɻ) [70, 75, 81, 166]. ɿʜʘʪʥʽʩʪʴ ʜʝ-

ʟʘʧʫʨʫ çʧʝʨʝʭʦʧʣʶʚʘʪʠè ʛʽʜʨʦʢʩʠʣʴʥʽ ʪʘ ʩʫʧʝʨʦʢʩʠʜʥʽ ʨʘʜʠʢʘʣʠ ʚʠʟʥʘʯʘʣʠ ʚʽʜ-

ʧʦʚʽʜʥʦ ʜʝʟʦʢʩʠʨʠʙʦʟʥʠʤ ʤʝʪʦʜʦʤ [70, 75, 81, 166] ʪʘ ʟʘ ʟʜʘʪʥʽʩʪʶ ʩʧʦʣʫʢʠ ʛʘ-

ʣʴʤʫʚʘʪʠ ʨʝʘʢʮʽʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʘʜʨʝʥʘʣʽʥʫ ʥʘ ʘʜʨʝʥʦʭʨʦʤ [199]. ɸʥʪʠʦʢʠʩʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʜʝʟʘʧʫʨʫ ʦʮʽʥʶʚʘʣʠ ʚ ʤʦʜʝʣʴʥʽʡ ʩʠʩʪʝʤʽ ʣʽʧʦʧʨʦʪʝʾʥʽʚ ʞʦʚʪʢʘ ʢʫʨʷ-

ʯʦʛʦ ʷʡʮʷ (ʃʇɾʂʗ) [199], ʚʠʤʽʨʶʶʯʠ Fe+2-ʽʥʽʮʽʡʦʚʘʥʫ ʙʽʦʭʝʤʣ̔ʶʤʽʥʝʩʮʝʥʮʽʶ 

ʥʘ ʙʽʦʭʝʤʽʣʶʤʽʥʦʤʝʪʨʽ ɹʍʃ-06 ʟ ʬʦʪʦʧʽʜʩʠʣʶʚʘʣʴʥʦʶ ʫʩʪʘʥʦʚʢʦʶ ʌɽʋ-79. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʝʟʘʧʫʨʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʤʝ-

ʪʦʜ Fe+2 ï ʽʥʽʮʽʡʦʚʘʥʦʾ ʙʽʦʭʝʤʽʣʶʤʽʥʝʩʮʝʥʮʽʾ (ɹʍʃ), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʝʣʴʥʫ 

ʩʠʩʪʝʤʫ ʣʽʧʦʧʨʦʪʝʾʥʽʚ ʞʦʚʪʢʘ ʢʫʨʷʯʦʛʦ ʷʡʮʷ (ʃʇɾ) [61, 64]. ʋ ʢʶʚʝʪʫ ʙʽʦʭʝʤʽ-

ʣʶʤʽʥʦʤʝʪʨʘ ʚʥʦʩʠʣʠ 0,8 ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ (10,5 ʤʄ ʂʉl, 20 ʤʄ ʂʅ2ʈʆ4,    

ʨʅ = 7,48), 0,1 ʤʣ ʩʫʩʧʝʥʟʽʾ ʃʇɾ, ʨʦʟʚʝʜʝʥʦʾ ʫ 80 ʨʘʟʽʚ ʬʦʩʬʘʪʥʠʤ ʙʫʬʝʨʦʤ. 

ʈʝʘʢʮʽʾ ɺʈʆ ʣʽʧʽʜʽʚ ʽʥʽʮʽʶʚʘʣʠ ʜʦʜʘʚʘʥʥʷʤ Fe2+ ʜʦ ʾʾ ʢʽʥʮʝʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ 

ʢʶʚʝʪʽ 1 ʤʤʦʣʴ. ʈʦʟʯʠʥ ʩʦʣʽ ʟʘʣʽʟʘ ʛʦʪʫʚʘʣʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʟʘʩʪʦʩʫʚʘʥ-

ʥʷʤ ʥʘ 0,01ʅ ʨʦʟʯʠʥʽ ʅʉl ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʘʚʪʦʦʢʠʩʥʝʥʥʷ ʟʘʣʽʟʘ. ɺʦʜʥʽ ʨʦʟʯʠʥʠ 

ʜʝʟʘʧʫʨʫ ʪʘ ʤʝʢʩʠʜʦʣʫ ʜʦʜʘʚʘʣʠ ʜʦ ʧʨʦʙ ʧʝʨʝʜ ʫʚʝʜʝʥʥʷʤ ʩʦʣʽ ʟʘʣʽʟʘ. ʇʨʦʙʠ 

ʽʥʢʫʙʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 3 ʭʚ ʧʨʠ 37Áʉ (ʧʦʩʪʽʡʥʦ ʧʝʨʝʤʽʰʫʶʯʠ) ʪʘ ʨʝʻʩʪʨʫʚʘʣʠ ʭʝ-
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ʤʽʣʶʤʽʥʝʩʮʝʥʮʽʻʶ, ʷʢʘ ʙʫʣʘ ʽʥʽʮʽʡʦʚʘʥʘ ʽʦʥʘʤʠ Fʝ2+. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠ-

ʣʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʽʦʭʝʤʽʣʶʤʽʥʦʤʝʪʨ ɹʍʃ-06 ʟ ʬʦʪʦʧʽʜʩʠʣʶʚʘʣʴʥʦʶ ʫʩʪʘ-

ʥʦʚʢʦʶ ʌɽʋ-79, ʧʨʠ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽʥʢʫʙʘʮʽʾ 37Áʉ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʩʥʦʚʢʽʚ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠ-

ʙʦʨʦʢ ʚʽʜʥʦʩʥʠʭ ʧʝʨʝʤʽʥʥʠʭ, ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʦʜʥʦʬʘʢʪʦʨʥʠʡ ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ 

(ʘʙʦ ʢʨʠʪʝʨʽʡ ʂʨʫʩʢʘʣʘ-ʋʦʣʽʩʘ ʜʣʷ ʜʘʥʠʭ, ʷʢʽ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦ-

ʥʫ ʨʦʟʧʦʜʽʣʝʥʥʷ) ʚʠʷʚʠʚ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ, ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʣʠ ʢʨʠʪʝʨʽʾ ʅʴʶʤʘʥʘ-ʂʝʡʣʩʘ ʜʣʷ ʤʥʦʞʠʥʥʠʭ ʧʦʨʽʚʥʷʥʴ ʘʙʦ ʢʨʠʪʝʨʽʡ 

ʄʘʥʥʘ-ʋʽʪʥʽ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʩʪʘʥʜʘ-

ʨʪʥʠʡ ʧʘʢʝʪ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʦʛʨʘʤ Statistica 6.0. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʘ ʤʘʪʝ-

ʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʨʽʚʝʥʴ ʟʥʘʯʫʱʦʩʪʽ ʨ<0,05 [65, 113]. 
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ʈʆɿɼɯʃ 3 

ʉʂʈʀʅɯʅɻʆɺɯ ɼʆʉʃɯɼɾɽʅʅʗ ʌɸʈʄɸʂʆʃʆɻɯʏʅʆɰ ɸʂʊʀɺʅʆʉʊɯ 

ʅʆɺʀʍ ʇʆʍɯɼʅʀʍ 5,7-ɼʀɻɯɼʈʆ-1ʅ-ʇɯʈʆʃʆ[2,3-d]ʇɯʈʀʄɯɼʀʅʋ  

ʊɸ ɺʀɺʏɽʅʅʗ ɰʍ ɻʆʉʊʈʆɰ ʊʆʂʉʀʏʅʆʉʊɯ 

 

 

3.1 ɺʠʚʯʝʥʥʷ ʛʦʩʪʨʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʥʦʚʠʭ ʧʦʭ̔ʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-

ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ  

 

ɺʠʟʥʘʯʝʥʥʷ ʛʦʩʪʨʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʻ ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʪʦʢʩʠ-

ʢʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʚʠʭ ʩʧʦʣʫʢ. ʆʜʝʨʞʘʥʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʠʪʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʝʬʝʢʪʠʚʥʦʶ ʜʦʟʦʶ ʽ ʥʝʛʘʪʠʚʥʠʤʠ ʝʬʝʢʪʘʤʠ, ʘ ʪʘʢʦʞ ʧʨʦ-

ʚʦʜʠʪʠ ʧʦʨʽʚʥʷʣʴʥʫ ʦʮʽʥʢʫ ʪʦʢʩʠʯʥʦʩʪʽ ʥʦʚʠʭ ʨʝʯʦʚʠʥ ʽʟ ʫʞʝ ʚʽʜʦʤʠʤʠ ʘʥʘʣʦ-

ʛʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʘʢʪʠʯʥʽʡ ʤʝʜʠʮʠʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʚʯʝʥʥʷ ʪʦ-

ʢʩʠʢʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʦʚʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽ-

ʰʠʭ ʝʪʘʧʽʚ ʜʦʢʣʽʥʽʯʥʠʭ ʜʦʩʣʜ̔ʞʝʥʴ [49, 55, 59, 108]. 

ɻʦʩʪʨʫ ʪʦʢʩʠʯʥʽʩʪʴ 15 ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʫ ï ʧʽʜ ʰʠʬʨʘʤʠ: ʂʄS-161, ʂʄS-162, ʂʄS-163, ʂʄS-164, ʂʄS-

166, ʂʄS-168, ʂʄS-172, ʂʄS-174, ʂʄS-176, ʂʄS-178, ʂʄS-179, ʂʄS-191, 

ʂʄS-211, ʂʄS-214, ʂʄS-217 ʚʠʚʯʘʣʠ ʥʘ ʙʽʣʠʭ ʥʝʣʽʥʽʡʥʠʭ ʤʠʰʘʭ ʨʽʟʥʦʾ 

ʩʪʘʪʪʽ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʦʤʫ ʰʣʷʭʫ ʚʚʝʜʝʥʥʷ ʚ ʽʥʪʝʨʚʘʣʽ ʜʦʟ ʚʽʜ 500 

ʜʦ 3500 ʤʛ/ʢʛ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʽ ʟʥʘʯʝʥʥʷ LD50  ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.1. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʘʭʫʥʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥʽ LD50 ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʤʝʞʘʭ ʚʽʜ 1333 ʜʦ 2916 ʤʛ/ʢʛ. 

ɹʽʣʴʰ ʪʦʢʩʠʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ ʻ: KMS-161; KMS-162; KMS-163; KMS-164; 

KMS-166; KMS-168; KMS-172 ʪʘ KMS-178, LD50 ʷʢʠʭ ʩʢʣʘʜʘʻ ʤʝʥʰʝ 2000 

ʤʛ/ʢʛ. LD50 ̔ ʥh ʠʭ ʩʧʦʣʫʢ ʩʪʘʥʦʚʠʣʘ ʙʽʣʴʰʝ 2000 ʤʛ/ʢʛ. 
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ʊʘʙʣʠʮʷ 3.1 

ɻʦʩʪʨʘ ʪʦʢʩʠʯʥʽʩʪɹ 15 ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦ- 

ʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥʽ ʤʠʰʘʤ (XÑSx) 

ʐʠʬʨ ʨʝʯʦʚʠʥʠ 
ɼʦʟʘ, ʷʢʘ ʥʝ ʚʠʢʣʠʢʘʣʘ 

ʣʝʪʘʣʴʥʦʛʦ ʝʬʝʢʪʫ, ʤʛ/ʢʛ 
LD50, ʤʛ/ʢʛ 

KMS-161 500 1625 

KMS-162 750 1500 

KMS-163 500 1333 

KMS-164 1000 1759 

KMS-166 750 1508 

KMS-168 500 1466 

KMS-172 1000 1750 

KMS-174 1250 2000 

KMS-176 1500 2396 

KMS-178 1000 1750 

KMS-179 1750 2500 

KMS-191 2000 2750 

KMS-211 2250 2916 

KMS-214 2250 2875 

KMS-217 2000 2750 

 

ʅʘʡʤʝʥʰ ʪʦʢʩʠʯʥʦʶ ʚʠʷʚʠʣʘʩʷ ʩʫʙʩʪʘʥʮʽʷ ʧʽʜ ʰʠʬʨʦʤ KMS-211 (LD50 

ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥʽ ʤʠʰʘʤ ʩʢʣʘʜʘʣʘ 2916 ʤʛ/ʢʛ). 

ʆʪʞʝ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ LD50 15 ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-

1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥʽ ʤʠʰʘʤ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 1333 ʜʦ 2916 ʤʛ/ʢʛ, ʪʦʙʪʦ ʩʧʦʣʫʢʠ ʥʘʣʝʞʘʪʴ ʜʦ V ʢʣʘʩʫ 

ʪʦʢʩʠʯʥʦʩʪʽ ʟʛʽʜʥʦ ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʉʠʜʦʨʦʚʘ ʂ.ʂ. [121]. 
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3.2 ɼʦʩʣʽʜʞʝʥʥʷ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ 15 ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ              

5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʥʘ ʤʦʜʝʣʽ ʛʦʩʪʨʦʾ ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ  

 

ʅʘʩʪʫʧʥʠʤ ʟʘʚʜʘʥʥʷʤ ʥʘʦh ʾʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʥʦʚʠʭ ʩʧʦʣʫʢ, ʱʦ ʙʫʣʘ ʩʧʨʦʛʥʦʟʦʚʘʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ PASS-

ʧʨʦʛʥʦʟʫ. ʂʠʩʥʝʚʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʦʨ-

ʛʘʥʽʟʤʫ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʫʯʘʩʪʶ ʢʠʩʥʶ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʙʽʦʣʦʛʽʯʥʠʭ ʨʝʘʢʮʽʡ, 

ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʦʙʤʽʥʫ ʨʝʯʦʚʠʥ [38]. ʇʦʰʫʢ ʘʢʪʠʚʥʠʭ ʘʥʪʠ-

ʛʽʧʦʢʩʘʥʪʽʚ ʙʫʚ ʽ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʬʘʨʤʘʢʦʣʦʛʽʾ, ʦʩʢʽʣʴʢʠ ʽʩʥʫʶʯʽ ʘʥʪʠ-

ʛʽʧʦʢʩʘʥʪʠ ʥʝ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʙʝʟʧʝʢʠ.  

ɸʥʪʠʛʽʧʦʢʩʠʯʥʫ ʜʽʶ ʩʧʦʣʫʢ ʦʮʽʥʶʚʘʣʠ ʥʘ ʤʦʜʝʣʽ ʛʦʩʪʨʦʾ ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ 

ʟʘ ʪʨʠʚʘʣʽʩʪʶ ʞʠʪʪʷ ʪʚʘʨʠʥ ʜʦʩʣʽʜʥʦʾ ʛʨʫʧʠ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ ʪʘ ʜʽʻʶ 

ʧʨʝʧʘʨʘʪʘ ʧʦʨʽʚʥʷʥʥʷ ʤʝʢʩʠʜʦʣʫ, ʷʢʠʡ ʚʚʦʜʠʣʠ ʚ ʡʦʛʦ ʩʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʽʡ ʜʦʟʽ 

100 ʤʛ/ʢʛ. ʚʥʫʪʨʽʰʥʴʦʯʝʨʝʚʠʥʥʦ. ʅʦʚʽ ʩʧʦʣʫʢʠ ʚʚʦʜʠʣʠ ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʦ 

ʚ ʜʦʟʽ 1/100 LD50 ʤʛ/ʢʛ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.2. 

ʊʘʙʣʠʮʷ 3.2 

ɸʥʪʠʛʽʧʦʢʩʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-

ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʥʘ ʤʦʜʝʣʽ ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ ʫ ʱʫʨʽʚ (XÑSx), n=6 

 

ʐʠʬʨ 

ʩʧʦʣʫʢʠ 

ʉʝʨʝʜʥʷ ʪʨʠ-

ʚʘʣʽʩʪʴ 

ʞʠʪʪʷ, ʭʚ. 

ɸʥʪʠʛʽʧʦʢʩʠʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ, % 

ɸʢʪʠʚʥʽʩʪʴ 

ʚʽʜʥʦʩʥʦ 

ʤʝʢʩʠʜʦʣʫ, % 

ʂʦʥʪʨʦʣʴ 

(ʥʝʤʽʯʥʘ ʛʽʧʦʢʩʽʷ) 
35,00Ñ0,36 - - 

ʄʝʢʩʠʜʦʣ 56,00Ñ0,37* 60 100 

KMS-161 53,00Ñ0,31* 51 95 

KMS-162 66,00Ñ0,29*/**  89 118 
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ʇʨʦʜʦʚʞ. ʪʘʙʣ. 3.2 

1 2 3 4 

KMS-163 70,00Ñ0,27*/**  100 125 

KMS-164 50,00Ñ0,62* 43 89 

KMS-166 47,00Ñ0,37*/**  34 84 

KMS-168 49,00Ñ0,42* 40 88 

KMS-172 71,00Ñ0,63*/**  103 127 

KMS-174 48,00Ñ0,24* 37 86 

KMS-176 51,00Ñ0,30* 46 91 

KMS-178 64,00Ñ0,61*/**  83 114 

KMS-179 68,00Ñ0,21*/**  94 121 

KMS-191 47,00Ñ0,58* 34 84 

KMS-211 81,00Ñ0,36**  131 145 

KMS-214 68,00Ñ0,18**  94 121 

KMS-217 60,00Ñ0,15*/**  71 107 

ʇʨʠʤʽʪʢʠ:  

1. * ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʪʚʘʨʠʥ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ 

(ʛʝʤʽʯʥʘ ʛʽʧʦʢʩʽʷ), ʨ<0,05; 

2. ** ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʢʩʠʜʦʣʦʤ, ʨ<0,05; 

3. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʾ ʘʢ-

ʪʠʚʥʦʩʪʽ ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ. ʇʨʝʧʘʨʘʪ ʧʦʨʽʚʥʷʥʥʷ ʤʝʢʩʠʜʦʣ ʚʠʷʚʠʚ 

ʘʥʪʠʛʽʧʦʢʩʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʥʘ ʨʽʚʥʽ 60% (ʪʘʙʣ. 3.2). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʩʧʦʣʫʢ KMS-161, KMS-164, 

KMS-166, KMS-168, KMS-174, KMS-176, KMS-191 ʩʢʣʘʣʘ ʚʽʜʧʦʚʽʜʥʦ 51, 43, 34, 

40, 37, 46, 34 % ʪʘ ʙʫʣʘ ʥʠʞʯʘ ʧʦʨʽʚʥʷʥʦ ʟ ʘʢʪʠʚʥʽʩʪʶ ʤʝʢʩʠʜʦʣʘ. 

ɸʥʪʠʛʽʧʦʢʩʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʩʧʦʣʫʢ KMS-162, KMS-163, KMS-172, KMS-

178, KMS-179, KMS-211, KMS-214, KMS-217 ʩʢʣʘʣʘ ʚʽʜʧʦʚʽʜʥʦ 89, 100, 103, 83, 
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94, 131, 94, 71 % ʪʘ ʙʫʣʘ ʚʽʨʦʛʽʜʥʦ ʚʠʱʦʶ ʟʘ ʪʘʢʫ ʤʝʢʩʠʜʦʣʘ ʚ ʜʦʟʽ 100 ʤʛ/ʢʛ. 

ɿʘ ʚʠʨʘʞʝʥʽʩʪʶ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫʩʽ ʜʦʩʣʽʜʞʝʥʽ ʩʧʦʣʫʢʠ ʤʦʞʥʘ 

ʨʦʟʪʘʰʫʚʘʪʠ ʚ ʪʘʢʠʡ ʨʷʜ: KMS-211(131%) > KMS-172 (103%) > KMS-163 (100%) 

> KMS-214 (94%) = KMS-179 (94%) > KMS-162 (89%) > KMS-178 (83%) > KMS-

217 (71%) > KMS-161 (51%) > KMS-176 (46%) >  KMS-164 (43%) > KMS-168 

(40%) > KMS-174 (37%) > KMS-166 (34%) = KMS-191 (34%) (ʪʘʙʣ. 3.2). 

ʇʨʠ ʘʥʘʣʽʟʽ ʟʘʣʝʞʥʦʩʪʽ çʩʪʨʫʢʪʫʨʘïʘʢʪʠʚʥʽʩʪʴè ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʘʥʪʠʛʽ-

ʧʦʢʩʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ ʟʫʤʦʚʣʝʥʘ  ʙʘʟʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʩʧʦ-

ʣʫʢ - 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʦʤ. ʅʘʡʙʽʣʴʰʫ ʘʥʪʠʛʽʧʦʢʩʠʯʥʫ ʘʢ-

ʪʠʚʥʽʩʪʴ ʚʠʷʚʠʣʘ ʩʧʦʣʫʢʘ KMS-211 ï 1-ʬʝʥʝʪʠʣ-5,7-ʜʠʛʽʜʨʦ-1H-ʧʽʨʦʣʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥ-2,4,6-ʪʨʠʦʥ, ʭʽʤʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʷʢʦʾ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʥʰʠʭ ʩʧʦʣʫʢ 

ʚʽʜʩʫʪʥʽʩʪʶ ʜʠʬʝʥʽʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʫ ʧʦʣʦʞʝʥʥʽ 5,5 ʧʽʨʦʣʦ-ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠ-

ʢʣʫ. ɯʥʰʽ ʩʧʦʣʫʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʜʚʘ ʬʝʥʽʣʴʥʠʭ ʨʘʜʠʢʘʣʠ ʫ ʧʦʣʦʞʝʥʥʽ 5,5 ʧʽʨʦʣʦ-

ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ ʚʠʷʚʣʷʶʪʴ ʤʝʥʰ ʚʠʨʘʞʝʥʫ ʘʥʪʠʛʽʧʦʢʩʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ, 

ʥʽʞ ʩʧʦʣʫʢʘ KMS-211.  ʋ ʮʽʡ ʧʽʜʛʨʫʧʽ ʩʧʦʣʫʢ ʥʝ ʚʩʪʘʥʦʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʝʣʠ-

ʯʠʥʠ ʘʥʛʠʛʽʧʦʢʩʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚʽʜ ʧʨʠʨʦʜʠ ʟʘʤʽʩʥʠʢʘ ʫ ʧʝʨʰʦʤʫ ʧʦʣʦʞʝʥʥʽ 

5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʦʛʦ ʷʜʨʘ.  

ʆʪʞʝ, ʥʘ ʤʦʜʝʣʽ ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ ʚʩʪʘʥʦʚʣʝʥʘ ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ʫ ʚʩʽʭ 15 ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ ï ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʫ (ʪʘʙʣ. 3.2). 

ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ çʩʪʨʫʢʪʫʨʘïʘʢʪʠʚʥʽʩʪʴè  ʧʦʢʘʟʘʚ, ʱʦ ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ ʟʫʤʦʚʣʝʥʘ ʙʘʟʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ï 5,7-ʜʠʛʽʜʨʦ-

1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʦʤ. ɺʽʜʩʫʪʥʽʩʪʴ ʜʠʬʝʥʽʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ ʫ ʧʦʣʦ-

ʞʝʥʥʽ 5,5 ʧʽʨʦʣʦ-ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʘʥʪʠʛʽʧʦʢ-

ʩʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. 

ɺ ʨʷʜʫ ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʥʘʡʘʢʪʠʚ-

ʥʽʰʦʶ ʻ ʩʧʦʣʫʢʘ KMS-211 ï 1-ʬʝʥʝʪʠʣ-5,7-ʜʠʛʽʜʨʦ-1H-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-

2,4,6-ʪʨʦ̔ʥ, ʷʢʘ ʚʠʷʚʠʣʘ ʥʘʡʚʠʱʫ ʘʥʪʠʛʧ̔ʦʢʩʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʥʘ ʨʽʚʥʽ 131% ʪʘ 

ʧʝʨʝʚʝʨʰʫʚʘʣʘ ʧʨʝʧʘʨʘʪ ʧʦʨʽʚʥʷʥʥʷ ʤʝʢʩʠʜʦʣ ʥʘ 45 % (ʪʘʙʣ. 3.2). 
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3.3 ʆʮʽʥʢʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-

ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʥʘ ʤʦʜʝʣʽ ʛʦʩʪʨʦʛʦ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʦʚʦʛʦ ʛʝʧʘʪʠʪʫ  

 

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʥʘʢʦʧʠʯʝʥʦ ʙʘʛʘʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʩʪʘʥ 

ʇʆʃ ʧʨʠ ʨʽʟʥʠʭ ʧʘʪʦʣʦʛʽʯʥʠʭ ʩʪʘʥʘʭ: ʘʪʝʨʦʩʢʣʝʨʦʟ,̔ ʧʨʦʤʝʥʝʚʠʭ ʫʨʘʞʝʥʥʷʭ, 

ʩʪʨʝʩ,̔ ʽʰʝʤʽʾ ʪʘ ʛʽʧʦʢʩʽʾ. ɺ ʫʤʦʚʘʭ ʧʘʪʦʣʦʛʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠ-

ʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʇʆʃ, ʫʪʚʦʨʝʥʥʷ ɺʈ ʫ ʤʽʪʦʭʦʥʜʨʽʷʭ ʽ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʤʫ ʨʝʪʠ-

ʢʫʣʫʤʽ, ʱʦ ʻ ʧʨʠʯʠʥʦʶ ʫʰʢʦʜʞʝʥʥʷ ʤʝʤʙʨʘʥʥʠʭ ʩʪʨʫʢʪʫʨ. ɸʥʪʠʦʢʩʠʜʘʥʪʥʘ 

ʩʠʩʪʝʤʘ ʦʨʛʘʥʽʟʤʫ ʽ ʧʝʯʽʥʢʠ, ʟʦʢʨʝʤʘ, ʧʨʦʪʠʩʪʦʾʪʴ ʧʦʰʢʦʜʞʫʶʯʽʡ ʜʽʾ ɺʈ [31, 70, 

151]. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝʥʘʚʝʜʝʥʦʛʦ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ PASS-ʧʨʦʛʥʦʟʫ, ʧʨʝʜʩʪʘʚ-

ʣʷʣʦ ʽʥʪʝʨʝʩ ʚʠʚʯʠʪʠ ʚʧʣʠʚ ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-

d]ʧ̔ ʨʠʤʽʜʠʥʫ ʥʘ ʧʨʦʮʝʩʠ ʇʆʃ ʥʘ ʤʦʜʝʣʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʦʢʩʠʯʥʦʛʦ ʛʝʧʘ-

ʪʠʪʫ ʫ ʤʠʰʝʡ, ʚʠʢʣʠʢʘʥʦʛʦ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʦʤ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʚʯʝʥʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʘʢʪʠʚʥʦʩ-

ʪʽ 15 ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚ 

ʜʦʟʽ 1/100 ʚʽʜ LD50 ʤʛ/ʢʛ, ʥʘʚʝʜʝʥ ̔ʚ ʪʘʙʣʠʮʽ 3.3 

ʊʘʙʣʠʮʷ 3.3 

ɺʧʣʠʚ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʥʘ ʧʨʦʮʝʩʠ ʇʆʃ ʪʘ 

ʩʪʘʥ ɸʆʉ ʧʨʠ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʦʚʦʤʫ ʛʝʧʘʪʠʪʫ ʫ ʤʠʰʝʡ  

ʥʘ 3 ʜʝʥʴ ʝʢʩʧʝʨʠʤʝʥʪʫ (XÑSx), n=6 

 

ʋʤʦʚʠ 

ʜʦʩʣʽʜʫ 

n1/n2 ɺʠʞʠ-

ʚʘʥʽʩʪʴ, 

% 

ʂʄʇ, 

% 

ɺɻ, 

ʫʤ.ʦʜ. 

ʊɹʂ-ʨʝʘʢʪʘʥʪʠ, 

ʤʢʤʦʣʴ/ʣ 

1 2 3 4 5 6 

ɯʥʪʘʢʪʥʠʡ 

ʢʦʥʪʨʦʣʴ 

6/6 

 

100 4,92Ñ0,66 57,06Ñ3,10 55,21Ñ5,62 
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ʇʨʦʜʦʚʞ. ʪʘʙʣ. 3.3 

1 2 3 4 5 6 

ʂʦʥʪʨʦʣʴʥʘ 

ʧʘʪʦʣʦʛʽʷ 

6/5 

 

83,33 6,93Ñ0,25* 23,67Ñ1,92* 116,48Ñ4,10* 

KMS-161 6/6 100 6,76Ñ0,36* 42,12Ñ4,38*/#/**  78,72Ñ6,18*/# 

KMS-162 6/6 100 6,74Ñ0,37* 53,62Ñ4,58# 76,82Ñ5,68*/# 

KMS-163 6/6 100 6,91Ñ0,18* 62,34Ñ3,37#/**  98,23Ñ7,72*/**  

KMS-164 6/5 83,33 6,92Ñ0,11* 58,82Ñ3,22# 92,72Ñ2,20*/#/**  

KMS-166 6/4 66,66 6,91Ñ0,17* 64,72Ñ2,37*/#/**  88,62Ñ6,02*/# 

KMS-168 6/5 83,33 6,88Ñ0,40**  26,63Ñ1,89*/**  90,85Ñ5,94*/#/**  

KMS-172 6/4 66,66 6,91Ñ0,20* 30,58Ñ2,19*/#/**  98,60Ñ3,21*/#/**  

KMS-174 6/6 100 6,89Ñ0,30* 28,85Ñ2,56*/**  79,62Ñ6,94*/# 

KMS-176 6/6 100 6,72Ñ0,43* 54,83Ñ4,80# 66,43Ñ4,00# 

KMS-178 6/5 83,33 6,87Ñ0,31* 33,22Ñ3,20*/#/**  86,52Ñ7,85*/# 

KMS-179 6/5 83,33 6,92Ñ0,42* 40,35Ñ2,94*/#/**  80,42Ñ5,47*/# 

KMS-191 6/6 100 6,54Ñ0,39* 53,42Ñ4,82# 66,82Ñ4,06# 

KMS-211 6/6 100 6,57Ñ0,42* 55,16Ñ2,14# 65,30Ñ5,31# 

KMS-214 6/6 100 6,56Ñ0,40* 51,23Ñ3,80# 67,62Ñ4,69# 

KMS-217 6/6 100 6,62Ñ0,42* 52,82Ñ4,83# 68,72Ñ5,04# 

ʄʝʢʩʠʜʦʣ 6/6 100 6,63Ñ0,48* 53,86Ñ1,62# 72,64Ñ6,7*/# 

ʇʨʠʤʽʪʢʠ:  

1. * ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʽʥʪʘʢʪʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʨ< 0,05; 

2. # ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ, ʨ< 0,05; 

3. ** ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʢʩʠʜʦʣʦʤ, ʨ< 0,05; 

4. n1 ï ʢ̔ ʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʥʘ ʧʦʯʘʪʦʢ ʜʦʩʣʽʜʞʝʥʥʷ; 

5. n2 ï ʢ̔ ʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʥʘ ʢʽʥʝʮʴ ʜʦʩʣʽʜʞʝʥʥʷ. 

 

ʗʢ ʩʚʽʜʯʘʪʴ ʜʘʥʽ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.3, ʚʥʘʩʣʽʜʦʢ ʪʷʞʢʦʾ ʽʥʪʦʢʩʠʢʘʮʽʾ ʟʘ-

ʛʠʥʫʣʘ ʯʘʩʪʠʥʘ ʪʚʘʨʠʥ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ (17 %). ʅʘ 3 ʜʦʙʫ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 
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ʛʨʫʧʽ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ ʫ ʛʦʤʦʛʝʥʘʪʽ ʧʝʯʽʥʢʠ ʚʽʜʤʽʯʘʣʠ ʚʽʨʦʛʽʜʥʝ ʟʙʽʣʴ-

ʰʝʥʥʷ ʚ 2,1 ʨʘʟʫ ʨʽʚʥʷ ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ɺɻ ʫ 2,4 ʨʘʟʫ. ɿʤ̔ʥʠ 

ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʚʽʜʯʘʪʴ ʧʨʦ ʘʢʪʠʚʘʮʽʶ ʧʨʦʮʝʩʽʚ ʇʆʃ ʚʥʘʩʣʽʜʦʢ ʧʨʦʦʢʩʠʜʘʥʪ-

ʥʦʾ ʜʽʾ ʛʝʧʘʪʦʪʦʢʩʠʥʫ. ʊʘʢʦʞ ʨʝʻʩʪʨʫʚʘʣʠ ʜʦʩʪʦʚʽʨʥʝ ʟʙʽʣʴʰʝʥʥʷ ʚ 1,4 ʨʘʟʫ 

ʄʂʇ ʧʦʨʚ̔ʥʷʥʦ ʟ ʽʥʪʘʢʪʥʠʤ ʢʦʥʪʨʦʣʝʤ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʚʘʣʦ ʪʷʞʢʽʩʪʴ ʧʘʪʦʣʦʛʽʾ, 

ʚʠʢʣʠʢʘʥʫ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʦʤ. ʅʘ ʬʦʥʽ ʣʽʢʫʚʘʥʥʷ ʨʝʯʦʚʠʥʘʤʠ ʧʽʜ ʰʠʬʨʘʤʠ 

ʂʄS: 161, 162, 163, 174, 176, 191, 211, 214, 217 ʧʨʦʪʷʛʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘʛʠʙʝʣʽ 

ʪʚʘʨʠʥ ʥʝ ʨʝ̒ ʩʪʨʫʚʘʣʠ. ʇʽʜ ʚʧʣʠʚʦʤ ʽʥʰʠʭ 6 ʩʧʦʣʫʢ: KMS-164; KMS-166; 

KMS-168; KMS-172; KMS-178; KMS-179 ʯʘʩʪʠʥʘ ʤʠʰʝʡ (ʚʽʜ 17 ʜʦ 34 %) ʛʠʥʫ-

ʣʠ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʪʷʞʢʦʛʦ ʫʨʘʞʝʥʥʷ ʧʝʯʽʥʢʠ.  

ʇʨʝʧʘʨʘʪ ʧʦʨʽʚʥʷʥʥʷ ʤʝʢʩʠʜʦʣ ʚʠʷʚʣʷʚ ʚʠʨʘʞʝʥʫ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʜʽʶ, 

ʚʽʨʦʛʽʜʥʦ ʧʽʜʚʠʱʫʶʯʠ ʨʽʚʝʥʴ ɺɻ ʚ 2,3 ʨʘʟʫ ʪʘ ʟʥʠʞʫʶʯʠ ʚʤʽʩʪ ʊɹʂ-ʈ ʚ 1,6 ʨʘʟʫ, 

ʱʦ ʡʤʦʚʽʨʥʦ ʩʧʨʠʷʣʦ 100 % ʚʠʞʠʚʘʥʦʩʪʽ ʪʚʘʨʠʥ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʤʝʢʩʠʜʦʣ ʥʝ 

ʩʧʨʠʷʚ ʟʥʠʞʝʥʥʶ ʂʄʇ. 

ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ ʂʄʇ ʙʫʚ ʚʨ̔ʦʛʽʜʥʦ ʚʠʱʠʤ  

ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʪʘʢʪʥʠʤ ʢʦʥʪʨʦʣʝʤ ʽ ʥʝ ʚʽʜʨʽʟʥʷʚʩʷ ʚʽʜ ʘʥʘʣʦʛʽʯʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʫ 

ʪʚʘʨʠʥ ʟ ʛʨʫʧʠ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ.  

ʏʦʪʠʨʥʘʜʮʷʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʯʦʚʠʥ (ʦʢʨʽʤ ʂʄS-163) ʩʧʨʠʷʣʠ ʚʽʨʦʛʽʜ-

ʥʦʤʫ ʟʤʝʥʰʝʥʥʶ ʚʤʽʩʪʫ ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʟʜʘʪʥʽʩʪʴ ʚʠʱʝʥʘʚʝʜʝʥʠʭ 

ʨʝʯʦʚʠʥ ʽʥʛʽʙʫʚʘʪʠ ʧʨʦʮʝʩʠ ʇʆʃ,  ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ʋʩʽ 15 ʩʧʦʣʫʢ ʚʽʨʦʛʽʜʥʦ ʱʦʜʦ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ ʧʽʜʚʠʱʫʚʘʣʠ ʨʽʚʝʥʴ 

ɺɻ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʾʭ ʟʜʘʪʥʽʩʪʴ ʧʽʜʚʠʱʫʚʘʪʠ ʘʢʪʠʚʥʽʩʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʟʘʭʠʩʪʫ. 

ɿʘ ʚʠʨʘʞʝʥʽʩʪʶ ʛʘʣʴʤʽʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩʠ ʇʆʃ ʩʧʦʣʫʢʠ ʂʄS-161, 

ʂʄS-162, ʂʄS-166, ʂʄS-174, ʂʄS-176, ʂʄS-178, ʂʄS-179, ʂʄS-191, ʂʄS-

211, ʂʄS-214, ʂʄS-217 ʚʽʜʧʦʚʽʜʘʣʠ ʝʬʝʢʪʫ ʧʨʝʧʘʨʘʪʘ ʧʦʨʽʚʥʷʥʥʷ ʤʝʢʩʠʜʦʣʫ. 

ɿʘ ʟʜʘʪʥʽʩʪʶ ʧʽʜʚʠʱʫʚʘʪʠ ʨʽʚʝʥʴ ɺɻ ʩʧʦʣʫʢʠ ʂʄS-162, ʂʄS-164, ʂʄS-

176, ʂʄS-191, ʂʄS-211, ʂʄS-214, ʂʄS-217 ʚʽʜʧʦʚʽʜʘʣʠ ʝʬʝʢʪʫ ʤʝʢʩʠʜʦʣʘ, 

ʩʧʦʣʫʢʠ ʂʄS-163, ʂʄS-166 ʧʝʨʝʚʠʱʫʚʘʣʠ ʡʦʛʦ, ʩʧʦʣʫʢʠ ʂʄS-168, ʂʄS-172, 

ʂʄS-174, ʂʄS-178, ʂʄS-179 ʧʦʩʪʫʧʘʣʠʩʴ ʡʦʤʫ. 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʩʧʦʣʫʢ ʥʘ ʚʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦʢʘ-
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ʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʚ ʫʤʦʚʘʭ ʛʦʩʪʨʦʛʦ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʦʚʦʛʦ ʛʝʧʘ-

ʪʠʪʫ ʻ ʩʧʦʣʫʢʠ ʧʽʜ ʰʠʬʨʘʤʠ: ʂʄS-162, ʂʄS-176, ʂʄS-191, ʂʄS-211, ʂʄS-

214, ʂʄS-217, ʷʢʽ ʚʠʷʚʣʷʶʪʴ ʚʠʨʘʞʝʥʫ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʜʽʶ ʽ ʥʘ ʪʣʽ ʷʢʠʭ ʩʧʦʩ-

ʪʝʨʽʛʘʣʠ 100% ʚʠʞʠʚʘʥʽʩʪʴ ʪʚʘʨʠʥ. ʉʝʨʝʜ ʚʢʘʟʘʥʠʭ ʩʧʦʣʫʢ ʥʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦʶ 

ʟʘ ʫʩʽʤʘ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʙʫʣʘ ʩʧʦʣʫʢʘ KMS-211. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʟ 15 ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 

5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʪʽʣʴʢʠ ʰʽʩʪʴ ʩʧʦʣʫʢ ʧʽʜ ʰʠʬʨʦʤ ʂʄS-

162, ʂʄS-176, ʂʄS-191, ʂʄS-211, ʂʄS-214, ʂʄS-217 ʚʠ̫ʚʣʷʶʪʴ ʚʠʨʘʞʝʥʫ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʘʢʪʠʚʥʽʩʪʴ. ʅʘʡʙʽʣʴʰ ʘʢʪʠʚʥʦʶ ʟʘ ʫʩʽʤʘ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʧʦʢʘ-

ʟʥʠʢʘʤʠ ʙʫʣʘ ʩʧʦʣʫʢʘ KMS-211. 

 

3.4 ɺʠʚʯʝʥʥʷ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʦʚʠʭ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-

1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʥʘ ʤʦʜʝʣʽ ʢʘʨʘʛʝʥʽʥʦʚʦʛʦ ʥʘʙʨʷʢʫ ʫ ʱʫʨʽʚ 

 

ʇʨʦʙʣʝʤʘ ʟʘʧʘʣʝʥʥʷ ʷʚʣʷʻʪʴʩʷ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʚʠʥʠʢʥʝʥʥʷ ʧʘ-

ʪʦʣʦʛʽʯʥʠʭ ʩʪʘʥʽʚ ʫ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ. ʇʨʠʯʠʥʠ ʟʘʧʘʣʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʠ-

ʤʠ: ʚʽʜ ʜʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʜʦ ʚʧʣʠʚʫ ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ [113]. ʋ 

ʧʘʪʦʛʝʥʝʟʽ ʟʘʧʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʦʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘ-

ʥʠʥ ʻ ʧʨʦʮʝʩ ɺʈʆ. ʇʨʠ ʪʨʠʚʘʣʽʡ ʘʢʪʠʚʘʮʽʾ ʦʢʠʩʥʠʭ ʧʨʦʮʝʩʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʦʟ-

ʚʠʪʦʢ ʩʠʥʜʨʦʤʫ ʣʽʧʦʧʝʨʦʢʩʠʜʘʮʽʾ ï ʫʰʢʦʜʞʝʥʥʷ ʤʝʤʙʨʘʥʥʠʭ ʣʽʧʽʜʽʚ, ʥʘʢʦʧʠ-

ʯʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʢʠʩʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʣʽʧʽʜʽʚ ʽ ʙʽʣʢʽʚ, ʷʢʽ ʧʦʨʫʰʫʶʪʴ ʩʪʨʫʢʪʫ-

ʨʫ ʤʝʤʙʨʘʥ ʢʣʽʪʠʥ ʪʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʦʟʚʠʪʢʫ ʘʣʴʪʝʨʘʪʠʚʥʠʭ ʽ ʝʢʩʫʜʘʪʠʚʥʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʪʢʘʥʠʥʘʭ. ʊʦʤʫ ʜʣʷ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦ ʾʢʦʨʝʢʮʽ ʾʟʘʧʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ 

ʧʦʨʷʜ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʅʇɿʇ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʘʩʦʙʠ ʟ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʷʢʽ ʟʜʘʪʥʽ ʛʘʣʴʤʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʥʘ 

ʩʪʘʜʽʾ ʝʢʩʫʜʘʮʽʾ [94, 95, 113]. ʇʨʝʜʩʪʘʚʣʷʣʦ ʽʥʪʝʨʝʩ ʚʠʚʯʠʪʠ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʫ 

ʘʢʪʠʚʥʩ̔ʪɹ ʥʦʚʠʭ ʩʧʦʣʫʢ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʥʘ ʤʦʜʝʣʽ ʢʘ-

ʨʘʛʝʥʽʥʦʚʦʛʦ ʥʘʙʨʷʢʫ ʣʘʧʠ [76, 104, 113]. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.4 
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ʊʘʙʣʠʮʷ 3.4 

ɸʥʪʠʝʢʩʫʜʘʪʠʚʥʘ ʜʽʷ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d] 

ʧʽʨʠʤʽʜʠʥʫ ʥʘ ʤʦʜʝʣʽ ʢʘʨʘʛʝʥʽʥʦʚʦʛʦ ʥʘʙʨʢ̫ʫ (XÑSx), n=6  

ʐʠʬʨ  

ʩʧʦʣʫʢʠ 

ɼʦʟʘ,  

ʤʛ/ʢʛ  

ʇʨʠʨʽʩʪ ʦʙôʻʤʫ  

ʣʘʧʠ, ʫʤ. ʦʜ. 

% ̔ ʥʛʽʙʫʚʘʥʥʷ  

ʥʘʙʨʢ̫ʫ  

ʂʦʥʪʨʦʣʴʥʘ ʧʘʪʦʣʦʛʽʷ -  21,4Ñ0,54 - 

ɺʦʣʴʪʘʨʝʥ 8  10,9Ñ0,33* 49,2 

KMS-161 8 22,8Ñ0,48**  -6,8 

KMS-162 8 23,3Ñ0,53**  -8,9 

KMS-163 8 22,9Ñ0,41**  -7,2 

KMS-164 8 20,35Ñ0,59**  4,9 

KMS-166 8 21,12Ñ0,50**  1,8 

KMS-168 8 21,30Ñ0,58**  0,5 

KMS-172 8 21,30Ñ0,63**  0,5 

KMS-174 8 21,67Ñ0,58**  -1,2 

KMS-176 8 21,2Ñ0,55**  0,8 

KMS-178 8 18,4Ñ0,76**  14,0 

KMS-179 8 17,43Ñ0,42**  18,6 

KMS-191 8 11,33Ñ0,45* 47,1 

KMS-211 8 11,00Ñ0,38* 48,8 

KMS-214 8 12,66Ñ0,27*/**  40,8 

KMS-217 8 13,51Ñ0,33*/**  36,9 

ʇʨʠʤʽʪʢʠ:  

1. * ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ, ʨ<0,05; 

2. ** ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʚʦʣʴʪʘʨʝʥʦʤ, ʨ<0,05; 

3. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 

 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ (ʪʘʙʣ. 3.4) ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟ 15 ʩʧʦʣʫʢ ʰʽʩʪʴ: 

KMS-178, KMS-179, KMS-191, KMS-211, KMS-214, KMS-217 ʚʠʷʚʠʣʠ ʘʥʪʠʝʢ-
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ʩʫʜʘʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚ ʤʝʞʘʭ ʚʽʜ 14,0 ʜʦ 48,8 %. ɯʥʰʽ ʧʦʭʽʜʥʽ KMS-164, 

KMS-166, KMS-176 ʥʝ ʚʠʷʚʠʣʠ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʫ ʜʽʶ, ʘ ʩʧʦʣʫʢʠ ʂʄS-161, 

KMS-162, KMS-163, KMS-168, KMS-172, KMS-174 ʟʙʽʣʴʰʫʚʘʣʠ ʚʝʣʠʯʠʥʫ ʥʘ-

ʙʨʷʢʫ. ʅʘʡʙʽʣʴʰʫ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʘʥʘʣʦʛʽʯʥʫ ʜʦ ʘʢʪʠʚʥʦʩʪʽ ʚʦʣɹ-

ʪʘʨʝʥʫ, ʚʠʷʚʣʝʥʦ ʫ ʩʧʦʣʫʢʠ ʧʽʜ ʰʠʬʨʦʤ KMS-211.  

ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ çʩʪʨʫʢʪʫʨʘ  ʜʽʷè ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ ʧʝʚʥʫ ʟʘʢʦʥʦ-

ʤʽʨʥʽʩʪ:ɹ ʧʨʠ ʧʦʜʦʚʞʝʥʥʽ ʘʣʽʬʘʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ʚ ʧʦʣʦʞʝʥʥʽ 1 ʜʝʟʘʧʫʨʠʥʦʚʦʾ 

ʩʠʩʪʝʤʠ ʚʽʜ 3 (ʂʄS-164) ʜʦ 5 ʘʪʦʤʽʚ ʢʘʨʙʦʥʫ (ʂʄS-179) ʟʙʽʣʴʰʫʚʘʣʘʩʷ ʽ ʘʢʪʠʚ-

ʥ̔ ʩʪʴ ï ʚʽʜ 4,9 ʜʦ 18,6 %. ʅʘʷʚʥʽʩʪʴ ʥʝʥʘʩʠʯʝʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʥʝ ʧʨʠʟʚʦʜʠʣʘ ʜʦ 

ʟʥʘʯʫʱʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʚʽʜ  7,2 ʜʦ 4,9 % (ʂʄS-163, ʂʄS-164 ʚʽʜʧʦ-

ʚʽʜʥʦ), ʧʨʠ ʪʽʡ ʩʘʤʽʡ ʢʽʣʴʢʦʩʪʽ ʘʪʦʤʽʚ ʢʘʨʙʦʥʫ.  

ʉʧʦʣʫʢʘ ʂʄS-217  1-(2,3-ʜʙ̔ʨʦʤʧʨʦʧʽʣ)-5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥ-2,4,6-ʪʨʦ̔ʥ ʪʘ ʧʦʭʽʜʥʝ ʟ ʥʝʥʘʩʠʯʝʥʠʤ ʮʠʢʣʽʯʥʠʤ ʬʨʘʛʤʝʥʪʦʤ ʫ ʤʦ-

ʣʝʢʫʣʽ 1-(ʮʠʢʣʦʛʝʢʩ-1-ʝʥʽʣ-ʝʪʠʣ)-5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-2,4,6-

ʪʨʦ̔ʥ (ʩʧʦʣʫʢʘ ʂʄS-214) ʚʠ̫ʚʠʣʠ ʘʢʪʠʚʥʽʩʪʴ ʥʘ ʨʽʚʥʽ 36,9 ʪʘ 40,8 % ʚʽʜʧʦʚʽʜʥʦ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʻ ʘʣʢʽʣʘ-

ʨʠʣʧʦʭʽʜʥʽ ʩʧʦʣʫʢʠ ʂʄS-191 ʪʘ ʂʄS-211, ʷʢʽ ʚʠʷʚʠʣʠ ʥʘʡʙʽʣʴʰʫ ʘʥʪʠʝʢʩʫʜʘ-

ʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɸʢʪʠʚʥʽʩʪʴ 1-(2-ʭʣʦʨʦʙʝʥʟʠʣ)-5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥ-2,4,6-ʪʨʦ̔ʥʫ (ʩʧʦʣʫʢʘ ʂʄS-191) ʩʪʘʥʦʚʠʣʘ 47,1 %, ʘ ʨʝʯʦʚʠʥʠ 

ʂʄS-211 ï ʟ ʧʦʜʦʚʞʝʥʥʷʤ ʥʘ ʦʜʥʫ ʤʝʪʠʣʝʥʦʚʫ ʣʘʥʢʫ ʘʣʽʬʘʪʠʯʥʠʤ ʣʘʥʮʶʛʦʤ ʽ 

ʚʽʜʩʫʪʥʽʩʪʶ ʜʚʦʭ ʬʝʥʦʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʫ 5 ʧʦʣʦʞʝʥʥʽ ʧʽʨʦʣʦʧʽʨʠʤʽʜʠʥʦʚʦʾ ʩʠʩ-

ʪʝʤʠ ï 48,8 %. ʆʪʞʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʚʠʨʘʞʝʥʽʩʪʴ 

ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ ʜʚʦʭ 

ʬʝʥʦʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʫ 5 ʧʦʣʦʞʝʥʥʽ ʧʽʨʦʣʦʧʽʨʠʤʽʜʠʥʦʚʦʾ ʩʠʩʪʝʤʠ. 

ʉʢʨʠʥʽʥʛʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʾ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʽ ʘʥʪʠʝʢʩʫʜʘ-

ʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʠʚʯʝʥʽ ʥʦʚʽ ʧʦʭʽʜʥʽ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʫ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʅʘ ʝʪʘʧʽ ʩʢʨʠʥʽʥʛʫ ʜʣʷ ʧʦʛʣʠʙʣʝʥʦʛʦ ʚʠʚʯʝʥʥʷ ʥʘʤʠ ʙʫʣʘ ʚʽʜʽʙʨʘʥʘ ʩʧʦ-

ʣʫʢʘ KMS-211 (1-ʬʝʥʝʪʠʣ-5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-2,4,6-ʪʨ̔ʦʥ), 

ʷʢʘ ʚʠ̫ʚʠʣʘ ʚʠʨʘʞʝʥʠʡ ʘʥʪʠʛʽʧʦʢʩʠʯʥʠʡ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʡ ʽ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʠʡ 
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ʝʬʝʢʪʠ ʪʘ ʻ ʥʘʡʤʝʥʰ ʪʦʢʩʠʯʥʦ .ʁ ʉʧʦʣʫʢʘ ʧʽʜ ʰʠʬʨʦʤ KMS-211 ʙʫʣʘ ʥʘʟʚʘʥʘ 

çɼʝʟʘʧʫʨè. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3: 

 

1. LD50 15 ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ ʧʨʠ ʚʥʫʪʨʽʰ-

ʥʴʦʦʯʝʨʝʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥʽ ʤʠʰʘʤ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 1333 ʜʦ 2916 ʤʛ/ʢʛ, 

ʪʦʙʪʦ ʩʧʦʣʫʢʠ ʥʘʣʝʞʘʪʴ ʜʦ V ʢʣʘʩʫ ʪʦʢʩʠʯʥʦʩʪʽ (ʧʨʘʢʪʠʯʥʦ ʥʝʪʦʢʩʠʯʥʽ) ʟʛʽʜʥʦ ʟ 

ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʉʠʜʦʨʦʚʘ ʂ. ʂ. (1973) [121].   

2. ʅʘ ʤʦʜʝʣʽ ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ ʚʩʪʘʥʦʚʣʝʥʘ ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʫ 

ʚʩʽʭ 15 ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ ï ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-

d]ʧʽʨʠʤʽʜʠʥʫ. ɸʥʪʠʛʽʧʦʢʩʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʩʧʦʣʫʢ KMS-162, KMS-163, KMS-

172, KMS-178, KMS-179, KMS-211, KMS-214, KMS-217 ʩʢʣʘʣʘ ʚʽʜʧʦʚʽʜʥʦ 89, 

100, 103, 83, 94, 131, 94, 71% ʪʘ ʙʫʣʘ ʚʽʨʦʛʽʜʥʦ ʚʠʱʦʶ ʟʘ ʪʘʢʫ ʤʝʢʩʠʜʦʣʘ ʚ ʜʦʟʽ 

100 ʤʛ/ʢʛ. 

3. ʅʘ ʤʦʜʝʣʽ ʛʦʩʪʨʦʛʦ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʦʚʦʛʦ ʛʝʧʘʪʠʪʫ ʚʠʨʘʞʝʥʫ ʘʥʪʠʦʢʩʠ-

ʜʘʥʪʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚʠʷʚʠʣʠ ʰʽʩʪʴ ʩʧʦʣʫʢ ʧʽʜ ʰʠʬʨʦʤ ʂʄS-162, ʂʄS-176, ʂʄS-

191, ʂʄS-211, ʂʄS-214, ʂʄS-217. ʅʘ ʤʦʜʝʣʽ ʢʘʨʘʛʝʥʽʥʦʚʦʛʦ ʥʘʙʨʷʢʫ ʰʽʩʪʴ 

ʩʧʦʣʫʢ KMS-178, KMS-179, KMS-217, KMS-214, KMS-191, KMS-211 ʚʠʷʚʠʣʠ 

ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦ ʥʘ ʨʽʚʥʽ 14; 18,6; 36,9; 40,8; 47,1; 48,8%. 

ɿʘ ʚʝʣʠʯʠʥʦʶ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʧʦʣʫʢʠ KMS-191 ʪʘ KMS-211 ʚ ʜʦ-

ʟʽ 8 ʤʛ/ʢʛ ʥʝ ʧʦʩʪʫʧʘʣʠʩʴ ʧʨʝʧʘʨʘʪʫ ʧʦʨʽʚʥʷʥʥʷ ʚʦʣʴʪʘʨʝʥʫ ʚ ʜʦʟʽ 8 ʤʛ/ʢʛ. 

4. ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ çʩʪʨʫʢʪʫʨʘïʘʢʪʠʚʥʽʩʪʴè  ʧʦʢʘʟʘʚ, ʱʦ ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ 

ʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʠʭ ʩʧʦʣʫʢ ʟʫʤʦʚʣʝʥʘ  ʙʘʟʦʚʦʶ ʩʪʨʫʢ-

ʪʫʨʦʶ - 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʦʤ. ɺʽʜʩʫʪʥʽʩʪʴ ʜʠʬʝʥʽʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʘ ʫ ʧʦʣʦʞʝʥʥʽ 5,5 ʧʽʨʦʣʦ-ʧʽʨʠʤʽʜʠʥʦʚʦʛʦ ʮʠʢʣʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠ-

ʱʝʥʥʷ ʮʠʭ ʚʠʜʽʚ ʘʢʪʠʚʥʦʩʪʽ. ɺʠʨʘʞʝʥʽʩʪʴ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʥʝ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʘʙʦ ʚʽʜʩʫʪʥʦʩʪʽ ʜʚʦʭ ʬʝʥʦʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʫ 5 ʧʦʣʦʞʝʥʥʽ ʧʽ-

ʨʦʣʦʧʽʨʠʤʽʜʠʥʦʚʦʾ ʩʠʩʪʝʤʠ, ʘ ʚ ʧʽʜʛʨʫʧʽ ʩʧʦʣʫʢ ʟ ʥʘʚ̫ʥʽʩʪʶ ʮʠʭ ʨʘʜʠʢʘʣʽʚ ʤʘʻ 

ʧʝʚʥʫ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ: ʧʨʠ ʧʦʜʦʚʞʝʥʥʽ ʘʣʽʬʘʪʠʯʥʦʛʦ ʣʘʥʮʶʛʘ ʚ ʧʝʨʰʦʤʫ ʧʦʣʦ-
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ʞʝʥʥʽ ʜʝʟʘʧʫʨʠʥʦʚʦʾ ʩʠʩʪʝʤʠ ʚʽʜ ʪʨʴʦʭ ʜʦ ʧôʷʪʠ ʘʪʦʤʽʚ ʢʘʨʙʦʥʫ ʟʙʽʣʴʰʫʻʪɹ-

ʩ.̫ 

5. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʚʯʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʢʨʠʥʽʥʛʫ ʚʽʜʽʙʨʘʥʘ ʩʧʦʣʫʢʘ ʧʽʜ 

ʰʠʬʨʦʤ KMS-211 ï 1-ʬʝʥʝʪʠʣ-5,7-ʜʠʛʽʜʨʦ-1H-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥ-2,4,6-

ʪʨʠʦʥ (ʫʤʦʚʥʘ ʥʘʟʚʘ çɼʝʟʘʧʫʨè), ʷʢʘ ʚʠ̫ʚʠʣʘ ʥʘʡʙʽʣʴʰ ʚʠʨʘʞʝʥʫ ʘʥʪʠʛʽʧʦʢʩʠʯ-

ʥʫ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʪʘ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʦ  ʁ

ʪʦʢʩʠʯʥʽʩʪʶ. 

 

ʉʧʠʩʦʢ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʧʨʘʮʴ ʟʘ ʪʝʤʦʶ ʨʦʟʜʽʣʫ 3: 

 

1.  Sevryukov O. V., Volkovoy V. A., Kolisnyk S. V., Sytnik K. M. Farmacology 

action of new connection derivatives 5,7-digidro-1H-pyrolo[2,3-D] pyrimidine. 

Actual Questions of Development of New Drugs. Kharkiv, April 22-23, 2014. 

Kharkiv, 2014. P.186. 

2. ʉʝʚʨʶʢʦʚ ʆ. ɺ., ɺʦʣʢʦʚʦʡ ɺ. ɸ. ʇʝʨʚʠʥʥʘ ʦʮʽʥʢʘ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʧʦʭʽʜʥʠʭ 5,7-ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-d]ʧʽʨʠʤʽʜʠʥʫ. ʅʦʚʝ ʫ ʤʝʜʠʮʠʥʽ 

ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ: ʤʘʪʝʨʽʘʣʠ ʤʽʞ ʥʘʨ. ʥʘʫʢ.-ʧʨʘʢʪ. ʢʦʥʬ., ʤ. ʃʴʚʽʚ, 28-29 

ʣʠʩʪʦʧʘʜʘ 2014 ʨ. ʃʴʚʽʚ, 2014. ʉ. 41. 

3. . ʉʝʚʨʶʢʦʚ ɸ. ɺ., ɺʦʣʢʦʚʦʡ ɺ. ɸ. ɺʣʠʷʥʠʝ ʧʨʦʠʟʚʦʜʥʳʭ 5,7-ʜʠʛʠʜʨʦ-1ʅ-

ʧʠʨʦʣ[2,3-d]ʧʠʨʠʤʠʜʠʥʘ ʥʘ ʧʨʦʮʝʩʩʳ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʙʽʦʬʘʨʤʘʮʝʚʪʠʯʥʽ ʘʩʧʝʢʪʠ ʩʪʚʦʨʝʥʥʷ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ 

ʨʽʟʥʦʾ ʥʘʧʨʘʚʣʝʥʥʦʩʪʽ ʜʽʾ: ʤʘʪʝʨʽʘʣʠ I ʤʽʞʥʘʨ. ʥʘʫʢ-ʧʨʘʢʪ. ʽʥʪʝʨʥʝʪ-

ʢʦʥʬʝʨʝʥʮʽʾ, ʤ. ʍʘʨʢʽʚ, 7-8 ʣʠʩʪʦʧʘʜʘ 2014 ʨ. ʍ., 2014. ʉ. 224ï226. 

4. ɺʦʣʢʦʚʦʡ ɺ. ɸ., ʉʝʚʨʶʢʦʚ ʆ. ɺ., ʌʦʤʽʥʘ ɻ. ʇ., ʂʘʨʘʙʫʪ ʃ. ɺ., ʃʫʢôʷʥʦʚʘ 

ʃ. ɺ. ɺʠʚʯʝʥʥʷ ʧʝʨʚʠʥʥʦʾ ʦʮʽʥʢʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʦʭʽʜʥʠʭ 5,7-

ʜʠʛʽʜʨʦ-1ʅ-ʧʽʨʦʣʦ[2,3-D]ʧʽʨʠʤʽʜʠʥʫ ʥʘ ʤʦʜʝʣʽ ʛʦʩʪʨʦʛʦ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʦʚʦ-ʛʦ 

ʛʝʧʘʪʠʪʫ. Journal of Education, Health and Sport. Radom, Poland. 2015.     Vol. 5. 

ˉ 7. P. 429ï438 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʫʯʘʩʪʴ ʫ ʧʦʰʫʢʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʾʭ 

ʘʥʘʣʽʟʽ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʽ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ). 

5. ɺʦʣʢʦʚʦʡ ɺ. ɸ., ʉʝʚʨʶʢʦʚ ɸ. ɺ., ʂʦʣʝʩʥʠʢ ʉ. ɺ., ʉʳʪʥʠʢ ʂ. ʄ., ʌʦʤʠ-        
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ʥʘ ɻ. ʇ. ʀʟʫʯʝʥʠʝ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ ʩʦʜʠʥʝʥʠʡ ʚ 

ʨʷʜʫ ʧʨʦʠʟʚʦʜʥʳʭ 5,7-ʜʠʛʠʜʨʦ-1ʅ-ʧʠʨʦʣʣʦ[2,3-d]ʧʠʨʠʤʠʜʠʥʘ. ʌʘʨʤʘʮʝʚ-

ʪʠʯʝʩʢʠʡ ʢʣʘʩʪʝʨ ʢʘʢ ʠʥʪʝʛʨʘʮʠʷ ʥʘʫʢʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ: 

ʤʘʪʝʨʠʘʣʳ 4-ʦʡ ʤʝʞʜʫʥʘʨ. ʥʘʫʯʥʦ-ʧʨʘʢʪ. ʢʦʥʬ. ʛ. ɹʝʣʛʦʨʦʜ, 9-16 ʘʧʨʝʣʷ 2014 ʛ. 

ɹʝʣʛʦʨʦʜ, 2014. ʉ. 128ï130. 
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ʈʆɿɼɯʃ 4 

ɺʉʊɸʅʆɺʃɽʅʅʗ ʉɽʈɽɼʅʔʆɽʌɽʂʊʀɺʅʆɰ ɼʆɿʀ ɼɽɿɸʇʋʈʋ ʊɸ  

ɺʀɿʅɸʏɽʅʅʗ ɻʆʉʊʈʆɰ ʊɸ ʍʈʆʅɯʏʅʆɰ ʊʆʂʉʀʏʅʆʉʊɯ 

 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥ̔  ʥʦʚʦʛʦ ʣʽʢʘʨʩʴʢʦʛʦ ʟʘʩʦʙʫ ʧʦʨʷʜ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʣʽʢʫʚʘʣʴ-

ʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʦʚôʷʟʢʦʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ ʟʘʛʘʣʴʥʦʪʦʢʩʠʯʥʘ ʜʽʷ, ʱʦ ʜʦ-

ʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʪʦʢʩʠʯʥʦʩʪʽ ʣʽʢʘʨʩʴʢʦʛʦ ʟʘʩʦʙʫ, ʰʠʨʦʪʫ ʪʝʨʘʧʝʚʪʠʯʥʦʾ ʜʽʾ, 

ʡʦʛʦ ʚʠʜʦʚʫ ʯʫʪʣʠʚʽʩʪʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʛʦʩʪʨʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʪʘ ʤʦʞʣʠʚʦʾ ʟʘʛʘʣʴʥʦʪʦʢ-

ʩʠʯʥʦʾ ʜʽʾ ʜʝʟʘʧʫʨʫ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʠʯʥʠʤʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʆ. ɺ. ʉʪʝʬʘ-

ʥʦʚʘ [50]. ʉʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʫ ʜʦʟʫ ʜʝʟʘʧʫʨʫ ʚʠʟʥʘʯʘʣʠ ʥʘ ʤʦʜʝʣʽ ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ. 

 

4.1 ɺʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʦʾ ʜʦʟʠ ʜʝʟʘʧʫʨʫ ʥʘ ʤʦʜʝʣʽ ʛʦʩʪʨʦʾ       

ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʦʾ ʜʦʟʠ ʜʝʟʘʧʫʨʫ ʥʘ ʤʦʜʝʣʽ ʛʦʩʪʨʦʾ ʛʝ-

ʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ ʩʧʦʣʫʢʫ ʚʚʦʜʠʣʠ ʚ ʜʦʟʘʭ: 1, 3, 6, 9, 11, 14, 17, 20 ʤʛ/ʢʛ ʤʘʩʠ ʪʽʣʘ 

ʪʚʘʨʠʥʠ ʫ ʚʠʛʣʷʜʽ ʚʦʜʥʦʾ ʩʫʩʧʝʥʟʽʾ, ʩʪʘʙʽʣʽʟʦʚʘʥʦʾ ʪʚʽʥʦʤ-80, ʚʥʫʪʨʽʰʥʴʦʰʣʫʥ-

ʢʦʚʦ. ɻʝʤʽʯʥʫ ʛʽʧʦʢʩʽʶ ʚʽʜʪʚʦʨʶʚʘʣʠ ʧʽʜʰʢʽʨʥʠʤ ʚʚʝʜʝʥʥʷʤ ʱʫʨʘʤ ʥʘʪʨʽʶ ʥʽʪ-

ʨʠʪʫ ʟ ʨʦʟʨʘʭʫʥʢʫ 225 ʤʛ/ʢʛ ʤʘʩʠ ʪʽʣʘ ʪʚʘʨʠʥʠ. ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʣʠ ʟʘ ʪʨʠʚʘ-

ʣʽʩʪʶ ʞʠʪʪʷ ʜʦʩʣʽʜʥʠʭ ʪʚʘʨʠʥ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ (ʪʘʙʣ. 4.1).  

ʊʘʙʣʠʮʷ 4.1 

ɿʘʣʝʞʥʽʩʪʴ çʜʦʟʘïʘʥʪʠʛʽʧʦʢʩʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴè ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦ-

ʤʫ ʚʚʝʜʝʥʥʽ ʜʝʟʘʧʫʨʫ ʱʫʨʘʤ ʚ ʫʤʦʚʘʭ ʛʦʩʪʨʦʾ ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ (XÑSx, n=6) 

 

ɻʨʫʧʠ ʪʚʘʨʠʥ 

ɼʦʟʘ, 

ʤʛ/ʢʛ  

ʊʨʠʚʘʣʽʩʪʴ  

ʞʠʪʪʷ  

ʪʚʘʨʠʥ, ʭʚ 

ɸʥʪʠʛʽʧʦʢʩʠʯʥʘ  

ʘʢʪʠʚʥʽʩʪʴ, % 

1 2 3 4 

ʂʦʥʪʨʦʣʴʥʘ ʧʘʪʦʣʦʛʽʷ - 17,6Ñ0,21 ˈ 

ɼʝʟʘʧʫʨ 1 18,3Ñ0,4 4,5 
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ʇʨʦʜʦʚʞ. ʪʘʙʣ. 4.1 

1 2 3 4 

ɼʝʟʘʧʫʨ 3 20,6Ñ0,7 17,0 

ɼʝʟʘʧʫʨ 6 22,3Ñ0,4* 26,7 

ɼʝʟʘʧʫʨ 9 26,7Ñ0,45* 51,7 

ɼʝʟʘʧʫʨ 11 27,5Ñ0,48* 56,2 

ɼʝʟʘʧʫʨ 14 26,2Ñ0,42* 48,9 

ɼʝʟʘʧʫʨ 17 25,8Ñ0,3* 46,6 

ɼʝʟʘʧʫʨ 20 24,2Ñ0,42 37,5 

ʇʨʠʤʽʪʢʠ: 

1. * ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʧʦʨʽʚʥʥ̫ʦ ʟ ʢʦʥʪʨʦʣʝʤ, ʨ<0,05; 

                     2.n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 

 

ʉʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʫ ʜʦʟʫ ʜʝʟʘʧʫʨʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ɹ. ʄ. ʐʪʘʙʩʴʢʦ-

ʛʦ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʣʝʞʥʦʩʪʽ ʚʝʣʠʯʠʥʠ ʝʬʝʢʪʫ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʦʟ. 
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ɼʘʣʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʩʝʨʝʜʥʶ ʧʦʭʠʙʢʫ (m) ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʉʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʫ ʜʦʟʫ ʟʥʘʭʦʜʠʣʠ ʧʨʠ ʨ=0,05 ʜʣʷ ʯʠʩʣʘ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦ-

ʜʠ f = N ï 1. (f = 2,571). ʆʪʞʝ, ʜʦʚʽʨʯʽ ʤʝʞʽ ʩʪʘʥʦʚʠʣʠ 2,571Ŀ1,3=3,34. ʊʦʙʪʦ, 

ʥʠʞʥʷ ʜʦʚʽʨʯʘ ʤʝʞʘ ï 6,5 ʤʛ/ʢʛ; ʚʝʨʭʥʷ ʜʦʚʽʨʯʘ ʤʝʞʘ ï 13,2 ʤʛ/ʢʛ.  

ʉʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʘ ʜʦʟʘ ʜʝʟʘʧʫʨʫ ʟʘ ʘʥʛʽʧʦʢʩʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʩʢʣʘʜʘʻ 

9,84 ʤʛ/ʢʛ, ʥʠʞʥʷ ʜʦʚʽʨʯʘ ʤʝʞʘ ʩʪʘʥʦʚʠʪʴ 6,5 ʤʛ/ʢʛ, ʘ ʚʝʨʭʥʷ ï 13,2 ʤʛ/ʢʛ.  
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ʆʪʞʝ, ʥʘ ʤʦʜʝʣʽ ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦʤʫ ʚʚʝʜʝʥʥʽ 

ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʩʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʘ ʜʦʟʘ (ED50) ʜʝʟʘʧʫʨʫ, ʱʦ ʩʢʣʘʣʘ 9,8 ʤʛ/ʢʛ, 

ʪʦʤʫ ʚ ʥʘʩʪʫʧʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʝʟʘʧʫʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ (ʙʣʠ-

ʟʴʢʽʡ ʜʦ 9,8 ʤʛ/ʢʛ) ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʜʦʟʫʚʘʥʥʷ ʽ ʚʚʝʜʝʥʥʷ ʪʚʘʨʠʥʘʤ. 

 

4.2 ɺʠʟʥʘʯʝʥʥʷ ʛʦʩʪʨʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʜʝʟʘʧʫʨʫ 

 

ɻʦʩʪʨʫ ʪʦʢʩʠʯʥʽʩʪʴ ʜʝʟʘʧʫʨʫ ʚʠʚʯʘʣʠ ʥʘ ʜʚʦʭ ʚʠʜʘʭ ʪʚʘʨʠʥ: ʙʽʣʠʭ ʥʝʣʽ-

ʥʽʡʥʠʭ ʩʪʘʪʝʚʦʟʨʽʣʠʭ ʤʠʰʘʭ ʪʘ ʱʫʨʘʭ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦh ʣʫʥʢʦʚʦʤʫ ʪʘ ʚʥʫʪʨʽʰ-

ʥʴʦʦʯʝʨʝʚʠʥʥʦʤʫ ʰʣʷʭʘʭ ʚʚʝʜʝʥʥʷ. ɼʝʟʘʧʫʨ ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʦ ʚʚʦʜʠʣʠ 

ʤʠʰʘʤ ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʟ: 1000, 1500, 2000, 2500, 3000, 3500 ʤʛ/ʢʛ ʤʘʩʠ ʪʚʘʨʠʥʠ; 

ʱʫʨʘʤ ï 2500, 3000, 3500, 4000, 4500 ʪʘ 5000 ʤʛ/ʢʛ ʤʘʩʠ ʪʚʘʨʠʥʠ. ʇʨʠ ʚʥʫʪʨʽʰ-

ʥʴʦʰʣʫʥʢʦʚʦʤʫ ʚʚʝʜʝʥʥ̔  ʜʝʟʘʧʫʨʫ ʤʠʰʘʤ ʜʦʪʨʠʤʫʚʘʣʠʩʷ ʜʽʘʧʘʟʦʥʫ ʚʽʜ 2000 ʜʦ 

4500 ʤʛ/ʢʛ ʤʘʩʠ ʪʚʘʨʠʥʠ; ʱʫʨʘʤ ï ʚʽʜ 3000 ʜʦ 8000 ʤʛ/ʢʛ ʤʘʩʠ ʪʚʘʨʠʥʠ. ʉʧʦʩʪʝ-

ʨʝʞʝʥʥʷ ʟʘ ʟʘʛʘʣʴʥʠʤ ʩʪʘʥʦʤ ʽ ʧʦʚʝʜʽʥʢʦʶ ʪʚʘʨʠʥ ʧʨʦʚʦʜʠʣʠ ʧʨʦʪʛ̫ʦʤ 14 ʜʥʽʚ.  

ʉʝʨʝʜʥʴʦʩʤʝʨʪʝʣʴʥʫ ʜʦʟʫ ʜʝʟʘʧʫʨʫ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ʂʝʨʙʝʨʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʛʦʩʪʨʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʜʝʟʘʧʫʨʫ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝ-

ʚʠʥʥʦʤʫ ʰʣʷʭʫ ʚʚʝʜʝʥʥʷ ʤʠʰʘʤ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.2 ʪʘ ʥʘ ʨʠʩ. 4.1. 

ʊʘʙʣʠʮʷ 4.2 

ɻʦʩʪʨʘ ʪʦʢʩʠʯʥʩ̔ʪɹ ʜʝʟʘʧʫʨʫ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥʽ  

ʤʠh ʘʤ (n=6) 

ʉʝʨʽʷ 

ʜʦʩʣʜ̔ʫ 

ɼʦʟʘ, 

ʤʛ/ʢʛ 

ɺʠʞʠʣʦ ʪʚʘʨʠʥ,  

ʢ̔ʣʴʢʽʩʪʴ 

ʃʝʪʘʣʴʥʽʩʪʴ ʪʚʘʨʠʥ 

ʢʽʣʴʢʽʩʪʴ % 

I 1000 6 0 0,00 

II  1500 6 0 0,00 

III  2000 6 0 0,00 

IV  2500 5 1 16,70 

V 3000 3 3 50 

VI  3500 0 6 100 



 

 

92 

 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

ʚʽʜʩʦʪʦʢ ʝʬʝʢʪʫ 

500 1000 1500  2000 2500 3000  3500 
 

ʈʠʩ. 4.1 ʃʝʪʘʣʴʥʠʡ ʝʬʝʢʪ (%) ʜʝʟʘʧʫʨʫ ʚ ʨʽʟʥʠʭ ʜʦʟʘʭ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʦ-

ʯʝʨʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥʽ ʤʠʰʘʤ 

 

ɺʝʨʭʥʷ ʜʦʚʽʨʯʘ ʤʝʞʘ ʩʢʣʘʣʘ 3062,1 ʤʛ/ʢʛ; ʥʠʞʥʷ ï 2771,24 ʤʛ/ʢʛ.  

ɸʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘʡʙʽʣʴʰ ʤʘʢʩʠʤʘʣʴʥʦ ʧʝ-

ʨʝʥʦʩʠʤʘ ʜʦʟʘ ʜʝʟʘʧʫʨʫ ʧʨʠ ʚ/ʦ ʚʚʝʜʝʥʥʽ ʤʠʰʘʤ ʩʢʣʘʜʘʻ 2000 ʤʛ/ʢʛ, ʪʦʢʩʠʯʥʘ 

ʜʦʟʘ 2500 ʤʛ/ʢʛ, LD50 =2916,67 (3062,1õ2771,24) ʤʛ/ʢʛ ʤʘʩʠ ʪʚʘʨʠʥʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʛʦʩʪʨʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʜʝʟʘʧʫʨʫ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʦ-

ʯʝʨʝʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥ̔  ʫɦʨʘʤ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.3 ʪʘ ʥʘ ʨʠʩ. 4.2.  

ʊʘʙʣʠʮʷ 4.3 

ɻʦʩʪʨʘ ʪʦʢʩʠʯʥʩ̔ʪɹ ʜʝʟʘʧʫʨʫ ʧʨʠ ʚ/ʦ ʚʚʝʜʝʥʥʽ ʫɦʨʘʤ  

ʉʝʨʽʷ ɼʦʟʘ, 

ʤʛ/ʢʛ 

ʋʩʴʦʛʦ ʪʚʘʨʠʥ /  

ʢʽʣʴʢʽʩʪʴ ʚʠʞʠʚh ʠʭ 

ʃʝʪʘʣʴʥʽʩʪʴ ʪʚʘʨʠʥ 

ʢʽʣʴʢʽʩʪʴ % 

I 2500 6/6 0 0,00 

II  3000 6/6 0 0,00 

III  3500 6/5 1 16,70 

IV  4000 6/4 2 33,33 

V 4500 6/3 3 50 

VI  5000 6/0 6 100 
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ʈʠʩ. 4.2 ʃʝʪʘʣʴʥʠʡ ʝʬʝʢʪ (%) ʜʝʟʘʧʫʨʫ ʚ ʨʽʟʥʠʭ ʜʦʟʘʭ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʦ-

ʯʝʨʝʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥʽ ʱʫʨʘʤ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʨʭʥʷ ʤʝʞʘ ʩʢʣʘʜʘʣʘ 4421,4 ʤʛ/ʢʛ; ʥʠʞʥʷ 

ï 4078,6 ʤʛ/ʢʛ. ɸʥʘʣʽʟ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘʡʙʽʣʴʰ ʤʘʢʩʠʤʘ-

ʣʴʥʦ ʧʝʨʝʥʦʩʠʤʘ ʜʦʟʘ ʜʝʟʘʧʫʨʫ ʧʨʠ ʚ/ʦ ʚʚʝʜʝʥʥʽ ʱʫʨʘʤ ʩʢʣʘʜʘʻ 3000 ʤʛ/ʢʛ, ʪʦʢ-

ʩʠʯʥʘ ʜʦʟʘ 3500 ʤʛ/ʢʛ, LD50 ï 4250 (4421,4õ4078,6) ʤʛ/ʢʛ ʤʘʩʠ ʪʚʘʨʠʥʠ.  

ʅʘʩʪʫʧʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʛʦʩʪʨʦʾ ʪʦʢʩʠʯʥʦʩʪʽ 

ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦʤʫ ʚʚʝʜʝʥʥʽ ʤʠʰʘʤ ʪʘ ʱʫʨʘʤ (ʪʘʙʣ. 4.3; 4.4).  

 

ʊʘʙʣʠʮʷ 4.3 

ɻʦʩʪʨʘ ʪʦʢʩʠʯʥʽʩʪɹ ʜʝʟʘʧʫʨʫ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦʤʫ ʚʚʝʜʝʥʥʽ ʤʠʰʘʤ  

ʉʝʨʽʷ ɼʦʟʘ, 

ʤʛ/ʢʛ 

ʋʩʴʦʛʦ ʪʚʘʨʠʥ /  

ʢʽʣʴʢʽʩʪʴ ʚʠʞʠʚʰʠʭ 

ʃʝʪʘʣʴʥʽʩʪʴ ʪʚʘʨʠʥ 

ʢʽʣʴʢʽʩʪʴ % 

1 2 3 4 5 

I 3500 6/6 0 0,00 

II  4000 6/6 0 0,00 

III  4500 6/6 0 0,00 
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IV  5000 6/6 0 0,00 

V 5500 6/6 0 0,00 

VI  6000 6/6 0 0,00 

 

ʊʘʙʣʠʮʷ 4.4 

ɻʦʩʪʨʘ ʪʦʢʩʠʯʥʩ̔ʪɹ ʜʝʟʘʧʫʨʫ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦʤʫ ʚʚʝʜʝʥʥʽ ʱʫʨʘʤ  

 

ʉʝʨʽʷ ɼʦʟʘ, 

ʤʛ/ʢʛ 

ʋʩʴʦʛʦ ʪʚʘʨʠʥ /  

ʢʽʣʴʢʽʩʪʴ ʚʠʞʠʚʰʠʭ 

ʃʝʪʘʣʴʥʽʩʪʴ ʪʚʘʨʠʥ 

ʢʽʣʴʢʽʩʪʴ % 

I 3000 6/6 0 0,00 

II  4000 6/6 0 0,00 

III  5000 6/6 0 0,00 

IV  6000 6/6 0 0,00 

V 7000 6/6 0 0,00 

VI  8000 6/6 0 0,00 

 

ʉʝʨʝʜʥʴʦʩʤʝʨʪʝʣʴʥʫ ʜʦʟʫ ʜʝʟʘʧʫʨʫ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦʤʫ ʚʚʝʜʝʥʥ̔  

ʤʠʰʘʤ ʪʘ ʱʫʨʘʤ ʚʩʪʘʥʦʚʠʪʠ ʥʝ ʚʜʘʣʦʩʷ, ʧʨʦʪʝ ʚʦʥʘ ʻ ʚʠʱʦʶ ʟʘ 5000 ʤʛ/ʢʛ. ʋʩʽ 

ʪʚʘʨʠʥʠ ʜʦ ʢʽʥʮʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʞʠʚʠʤʠ, ʟʘʣʠʰʘʣʠʩʷ ʙʘʜʴʦʨʠʤʠ, ʨʫʭʣʠ-

ʚʠʤʠ, ʤʘʣʠ ʛʘʨʥʠʡ ʘʧʝʪʠʪ ʪʘ ʙʣʠʩʢʫʯʫ ʰʦʨʩʪʢʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʝʜʥʴʦʩʤʝʨʪʝʣʴʥʘ ʜʦʟʘ ʜʝʟʘʧʫʨʫ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦ-

ʚʦʤʫ ʚʚʝʜʝʥʥʽ ʤʠʰʘʤ ʪʘ ʱʫʨʘʤ ʻ ʚʠʱʦʶ ʟʘ 5000 ʤʛ/ʢʛ. ʉʝʨʝʜʥʴʦʩʤʝʨʪʝʣʴʥʘ ʜʦ-

ʟʘ ʜʝʟʘʧʫʨʫ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥʽ ʱʫʨʘʤ ʩʪʘʥʦʚʠʪʴ 4250 

ʤʛ/ʢʛ, ʤʠʰʘʤ ï 2916 ʤʛ/ʢʛ. ɿʛʽʜʥʦ ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʉʠʜʦʨʦʚʘ ʂ. ʂ. (1973) [121]  

ʜʝʟʘʧʫʨ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ V ʘʙʦ VI ʢʣʘʩʫ ʪʦʢʩʠʯʥʦʩʪʽ ï ʧʨʘʢʪʠʯʥʦ ʥʝʪʦʢʩʠʯʥʽ 

ʘʙʦ ʚʽʜʥʦʩʥʦ ʥʝʰʢʽʜʣʠʚʽ ʨʝʯʦʚʠʥʠ. 
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4.3 ɺʧʣʠʚ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʘʭ 10 (ɽɼ50); 25 (2,5ɽɼ50)  ̔100 (10ɽɼ50) ʤʛ/ʢʛ 

ʥʘ ʦʨʛʘʥʠ ʪʘ ʩʠʩʪʝʤʠ ʚ ʭʨʦʥʽʯʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ 

 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʟ ʚʠʚʯʝʥʥʷ ʭʨʦʥʽʯʥʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʜʝʟʘʧʫʨʫ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʥʘ ʙʽʣʠʭ ʥʝʣʽʥʽʡʥʠʭ ʱʫʨʘʭ. ɼʝʟʘʧʫʨ ʚʚʦʜʠʣʠ ʪʚʘʨʠʥʘʤ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦ 1 

ʨʘʟ ʥʘ ʜʦʙʫ ʫ ʚʠʛʣʷʜʽ ʚʦʜʥʦʾ ʩʫʩʧʝʥʟʽʾ, ʩʪʘʙʽʣʽʟʦʚʘʥʦʾ ʪʚʽʥʦʤ-80, ʚ ʜʦʟʘʭ 10; 25 

ʪʘ 100 ʤʛ/ʢʛ, ʱʦ ʫʤʦʚʥʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ɽɼ50; 2,5ɽɼ50; 10ɽɼ50. ʇʨʦʚʝʜʝʥʥʷ ʪʘʢʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʚʩʽʭ ʥʦʚʠʭ ʨʝʯʦʚʠʥ [120]. ɼʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʡ 

ʞʠʪʪʻʚʦʚʘʞʣʠʭ ʦʨʛʘʥʽʚ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʥʘʤʽʮʽ: ʜʦ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʯʝʨʝʟ 

1 ʤʽʩʷʮʴ ʪʘ ʯʝʨʝʟ 3 ʤʽʩʷʮʷ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʶʚʘʣʠ ʟ ʚʠʭʽʜʥʠʤʠ ʜʘ-

ʥʠʤʠ ʽ ʟ ʜʘʥʠʤʠ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʪʚʘʨʠʥ [48]. 

ʇʨʦʪʷʛʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʩʽ ʪʚʘʨʠʥʠ ʫʪʨʠʤʫʚʘʣʠʩʴ ʚ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ 

ʚʽʚʘʨʽʶ (ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ 18-23Áʉ, ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ 55-65 %). ʊʚʘʨʠʥʠ 

ʦʪʨʠʤʫʚʘʣʠ ʧʦʚʥʦʮʽʥʥʠʡ ʭʘʨʯʦʚʠʡ ʨʘʮʽʦʥ ʽ ʚʽʪʘʤʽʥʥ̔  ʜʦʙʘʚʢʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʩʪʘʥʦʚʣʝʥʠʭʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʭ ʥʦʨʤ. ɹʫʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʟʘʛʘʣʴʥʦʛʦ 

ʩʪʘʥʫ ʪʚʘʨʠʥ, ʤʘʩʠ ʪʽʣʘ, ʬʫʥʢʮʽʾ ʉʉʉ, ʎʅʉ, ʢʣʽʥʽʯʥʠʡ ʘʥʘʣʽʟ ʢʨʦʚʽ ï ʝʨʠʪʨʦʮʠ-

ʪʠ, ʛʝʤʦʛʣʦʙʽʥ, ʣʝʡʢʦʮʠʪʠ, ʐʆɽ, ʣʝʡʢʦʮʠʪʘʨʥʘ ʬʦʨʤʫʣʘ, ʙʽʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠ-

ʢ̔ ʚ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʧʝʯʽʥʢʠ ʽ ʥʠʨʦʢ, ʦʮʽʥʢʘ ʩʪʘʥʫ ʩʣʠʟʦʚʦʾ ʰʣʫʥʢʫ [65]. 

 

4.3.1 ɺʧʣʠʚ ʜʝʟʘʧʫʨʫ ʥʘ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʪʘ ʤʘʩʫ ʱʫʨʽʚ 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʚʘʨʠʥʠ ʜʦʙʨʝ ʧʝʨʝʥʦʩʠʣʠ ʪʨʠʚʘʣʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʟʘʧʫʨʫ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦʤʫ ʚʚʝʜʝʥʥʽ ʚ ʪʨʦʴʭ ʜʦʟʘʭ. ɿʘ 

ʟʦʚʥʽʰʥʽʤ ʚʠʛʣʷʜʦʤ, ʧʦʚʝʜʽʥʢʦ,ʁ ʘʢʪʠʚʥʩ̔ʪʁ ʚʦʥʠ ʥʝ ʚʽʜʨʽʟʥʷʣʠʩ ̫ʚʽʜ ʢʦʥʪʨʦ-

ʣʴʥʠʭ ʪʚʘʨʠʥ. ʏʽʪʢʦ ʧʨʦʷʚʣʷʣʠ ʦʨʽʻʥʪʫʚʘʣʴʥʽ ʪʘ ʟʘʭʠʩʥʽ ʨʝʬʣʝʢʩʠ. ɺʠʧʦʨʦʞ-

ʥʝʥʥʷ ʪʚʘʨʠʥ ʙʫʣʠ ʟʚʠʯʘʡʥʦʾ ʢʦʥʩʠʩʪʝʥʮʽʾ ʽ ʢʦʣʴʦʨʫ.  

ɯʥʪʝʛʨʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʙôʻʢʪʠʚʥʦ ʩʚʽʜʯʠʪʠ ʧʨʦ ʩʪʫʧʽʥʴ 

ʪʦʢʩʠʯʥʦʩʪʽ ʥʘ ʦʨʛʘʥʠ ʻ ʤʘʩʘ ʪ̔ʣʘ ʪʚʘʨʠʥʠ ʚ ʜʠʥʘʤʽʮʽ (ʪʘʙʣ. 4.6).  

ɸʥʘʣʦʛʽʯʥʠʡ ʧʨʠʨʽʩʪ ʤʘʩʠ ʪʽʣʘ ʫ ʪʚʘʨʠʥ ʜʦʩʣʽʜʥʠʭ ʽ ʢʦʥʪʨʦʣʴʥʠʭ ʛʨʫʧ (ʪʘʙʣ. 

4.6) ʩʚʽʜʯʠʣʠ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʜʝʟʘʧʫʨʫ ʥʘ ʦʨʛʘʥʽʟʤ ʪʚʘʨʠʥ. 
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ʗʢ ʧʦʢʘʟʘʣʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦ ʢʽʥʮʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʘʩʘ ʪʽʣʘ ʱʫ-

ʨʽʚ ʟʙʽʣʴʰʠʣʘʩʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 68 % ʚ ʜʦʩʣʽʜʥʽʡ ʛʨʫʧʽ ʪʘ ʥʘ 62 % ʚ ʢʦʥʪʨʦʣʴ-

ʥʽʡ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʪʦʢʩʠʯʥʦʛʦ ʚʧʣʠʚʫ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʧʦʣʫʢʠ ʥʘ 

ʟʘʛʘʣʴʥʦʪʨʦʬʽʯʥʽ ʧʨʦʮʝʩʠ.  

ʊʘʙʣʠʮʷ 4.6 

ɼʠʥʘʤʽʢʘ ʤʘʩʠ ʪʽʣʘ ʪʚʘʨʠʥ ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʝʟʘʧʫʨʫ ʧʨʦʪʷʛʦʤ 3 ʤʽʩʷʮʽʚ  

(XÑSx, n=10) 

ɻʨʫʧʠ ʪʚʘʨʠʥ 
ʄʘʩʘ ʪʽʣʘ ʱʫʨʽʚ 

ʚʠʭʽʜʥʽ ʜʘʥʽ ʯʝʨʝʟ 1 ʤʽʩʷʮʴ ʯʝʨʝʟ 3 ʤʽʩʮ̫ ̔

ʂʦʥʪʨʦʣʴ 176,0Ñ1,96 194,0Ñ2,7* 246,0Ñ2,2* 

 

ɼʝʟʘʧʫʨ 

 

10 ʤʛ/ʢʛ 177,3Ñ1,8 198,1Ñ1,9* 250,9Ñ1,9* 

25 ʤʛ/ʢʛ 174,3Ñ2,0 191,3Ñ1,8* 247,3Ñ1,8* 

100 ʤʛ/ʢʛ 180,5Ñ1,6 196,5Ñ1,6* 258,5Ñ1,6* 

ʇʨʠʤʽʪʢʠ:  

1. * ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣ,ʁ ʨ<0,05; 

2. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 

 

4.3.2 ɺʧʣʠʚ ʜʝʟʘʧʫʨʫ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʎʅʉ ʱʫʨʽʚ  

 

ɺʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʧʨʠ ʦʮʽʥʮʽ ʭʨʦʥʽʯʥʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʥʦʚʦʛʦ ʣʽʢʘʨʩʴʢʦʛʦ 

ʟʘʩʦʙʫ ʻ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʎʅʉ. ʅʝʨʚʦʚʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʨʝʛʫʣʷʮʽʶ ʚʩʽʭ ʞʠʪʪʻ-

ʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʦʨʛʘʥʽʟʤʽ ʽ ʡʦʛʦ ʚʟʘʻʤʦʜʽʶ ʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʈʫʭʦʚʘ ʘʢ-

ʪʠʚʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʤʦʪʦʨʥʠʭ ʟʦʥ ʽ ʧʨʦʚʽʜʥʠʭ ʰʣʷʭʽʚ 

ʎʅʉ ʚ ʢʦʨʽ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʧʽʜʢʽʨʢʦʚʠʭ ʩʪʨʫʢʪʫʨʘʭ ʽ ʩʧʠʥʥʦʛʦ ʤʦʟʢʫ, ʩʪʘʥ ʢʦ-

ʦʨʜʠʥʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʅʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʦʥʪʘʥʥʦʾ ʨʫʭʣʠʚʦʾ 

ʘʢʪʠʚʥʦʩʪʽ ʱʫʨʽʚ ʚ ʪʝʩʪʽ çʚʽʜʢʨʠʪʝ ʧʦʣʝè [80]. ʎʝʡ ʪʝʩʪ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʭʘʨʘʢ-

ʪʝʨ ʨʫʭʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʦʨʽʻʥʪʫʚʘʥʥʷ ʽ ʝʤʦʮʽʡʥʫ ʘʢʪʠʚʥʽʩʪʴ ʪʚʘʨʠʥ. ʋ ʝʢʩʧʝʨʠ-

ʤʝʥʪʽ ʨʝʻʩʪʨʫʚʘʣʠ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʩʽʯʝʥʠʭ ʢʚʘʜʨʘʪʽʚ, ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʪʡ̔ʦʢ, ʟʘʛʣʷ-

ʜʘʥʴ ʫ ʥʦʨʢʫ, ʫʤʠʚʘʥʴ, ʜʝʬʝʢʘʮʽʡ, ʫʨʠʥʘʮʽʡ (ʪʘʙʣ. 4.7). 
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ʊʘʙʣʠʮʷ 4.7 

ɺʧʣʠʚ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʎʅʉ 

ʱʫʨʽʚ ʧʨʠ ʡʦʛʦ ʪʨʠʚʘʣʦʤʫ ʚʚʝʜʝʥʥʽ (XÑSx, n=10) 

ɼʦʩʣʽʜʞʫʚʘʥʽ  

ʧʦʢʘʟʥʠʢʠ 

ʂʦʥʪ-

ʨʦʣʴʥʘ  

ʛʨʫʧʘ 

ɼʝʟʘʧʫʨ, 

10 ʤʛ/ʢʛ 

ɼʝʟʘʧʫʨ, 

25 ʤʛ/ʢʛ 

ɼʝʟʘʧʫʨ, 

100 ʤʛ/ʢʛ 

1 2 3 4 5 

ɺʠʭʽʜʥʽ ʜʘʥʽ 

ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʩʽʯʝʥʠʭ  

ʢʚʘʜʨʘʪʽʚ 

16,4Ñ1,1 15,8Ñ0,8 15,2Ñ0,7 15,4Ñ0,9 

ʢʽʣʴʢʽʩʪʴ ʩʪʡ̔ʦʢ 1,6Ñ0,2 1,4Ñ0,3 1,2Ñ0,2 1,3Ñ0,3 

ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʘʮʽʡ 1,8Ñ0,2 1,4Ñ0,3 1,3Ñ0,3 1,1Ñ0,2 

ʢʣ̔ʴʢʽʩʪʴ ʫʨʠʥʘʮʽʡ 1,3Ñ0,3 1,4Ñ0,3 1,5Ñ0,3 1,3Ñ0,3 

ʢʽʣʴʢʽʩʪʴ ʟʘʛʣʷʜʘʥʴ ʫ ʥʦʨʢʠ 1,9Ñ0,2 1,5Ñ0,3 1,4Ñ0,3 1,2Ñ0,2 

1 ʤʽʩʷʮʴ 

ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʩʽʯʝʥʠʭ  

ʢʚʘʜʨʘʪʽʚ 

15,9Ñ1,1 15,0Ñ0,5 15,0Ñ0,5 15,8Ñ1,1 

ʢʽʣʴʢʽʩʪʴ ʩʪʡ̔ʦʢ 2,2Ñ0,1 2,1Ñ0,2 2,2Ñ0,1 2,1Ñ0,2 

ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʘʮʽʡ 1,9Ñ0,2 1,5Ñ0,2 1,3Ñ0,3 1,4Ñ0,3 

ʢʽʣʴʢʽʩʪʴ ʫʨʠʥʘʮʽʡ 1,7Ñ0,2 1,8Ñ0,2 1,7Ñ0,3 1,6Ñ0,3 

ʢʽʣʴʢʽʩʪʴ ʟʘʛʣʷʜʘʥʴ ʫ ʥʦʨʢʠ 1,5Ñ0,3 1,3Ñ0,3 1,4Ñ0,3 1,3Ñ0,3 

3 ʤʽʩʷʮʽ 

ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʩʽʯʝʥʠʭ  

ʢʚʘʜʨʘʪʽʚ 

15,4Ñ0,6 14,8Ñ0,8 14,2Ñ0,5 14,4Ñ0,4 

ʢʽʣʴʢʽʩʪʴ ʩʪʡ̔ʦʢ 1,3Ñ0,3 1,3Ñ0,2 1,4Ñ0,2 1,3Ñ0,3 

ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʘʮʽʡ 1,8Ñ0,3 1,5Ñ0,3 1,6Ñ0,3 1,7Ñ0,3 

ʢʽʣʴʢʽʩʪʴ ʫʨʠʥʘʮʽʡ 1,3Ñ0,3 1,6Ñ0,3 1,4Ñ0,3 1,2Ñ0,2 

ʢʽʣʴʢʽʩʪʴ ʟʘʛʣʷʜʘʥʴ ʫ ʥʦʨʢʠ 1,7Ñ0,3 1,3Ñ0,2 1,2Ñ0,2 1,0Ñ0,2 

ʇʨʠʤʽʪʢʘ. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 
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ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʪʘʙʣ. 4.7) ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦʾ ʨʽ-

ʟʥʠʮʽ ʚ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʩʽʯʝʥʠʭ ʢʚʘʜʨʘʪʽʚ, ʚʝʨʪʠʢʘʣʴʥʠʭ ʩʪʽʡʦʢ, ʟʘʛʣʷʜʘʥʴ ʫ ʥʽʨʢʫ, 

ʫʤʠʚʘʥʴ, ʜʝʬʝʢʘʮʽʡ, ʫʨʠʥʘʮʽʡ ʫ ʪʚʘʨʠʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʪʦʢʩʠʯʥʦʛʦ ʚʧʣʠʚʫ ʜʝʟʘʧʫʨʫ ʥʘ ʎʅʉ ʧʨʠ ʡʦʛʦ ʪʨʠ-

ʚʘʣʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ. 

 

4.3.3 ɺʧʣʠʚ ʜʝʟʘʧʫʨʫ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ 

ʱʫʨʽʚ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʉʉʉ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʧʨʠ ʪʦʢʩʠʢʦʣʦ-

ʛʽʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʥʦʚʦʛʦ ʣʽʢʘʨʩʴʢʦʛʦ ʟʘʩʦʙʫ, ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʦʮʽʥʢʠ ʷʢʦ-

ʛʦ ̒ ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʬʽʷ (ɽʂɻ). ɺʦʥʘ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ 

ʩʝʨʮʷ (ʧʨʦʮʝʩʠ ʟʙʫʜʣʠʚʦʩʪʽ, ʧʨʦʚʽʜʥʦʩʪʽ ʽ ʪ.ʜ.), ʧʦʨʫʰʝʥʥʷ ʚʝʛʝʪʘʪʠʚʥʦʾ ʨʝʛʫʣʷ-

ʮʽʾ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʻʩʪʨʫʚʘʪʠ ʯʠʩʣʦ ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ, ʚʠʤʽʨʶʚʘʪʠ ʽʥʪʝʨ-

ʚʘʣʠ ʤʽʞ ʩʢʦʨʦʯʝʥʥʷʤʠ. ɽʂɻ ʧʨʦʚʦʜʠʣʠ ʫ ʥʘʨʢʦʪʠʟʦʚʘʥʠʭ ʱʫʨʽʚ ʫ II ʩʪʘʥʜʘʨʪ-

ʥʦʤʫ ʚʽʜʚʝʜʝʥʥʽ. ɿʫʙʝʮʴ R ʭʘʨʘʢʪʝʨʠʟʫ ̒ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʙʫʜʞʝʥʥʷ ʚ ʰʣʫʥʦʯ-

ʢʘʭ, ʽʥʪʝʨʚʘʣ R-R ï ʯʠʩʣʦ ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʫʥʢʮʦ̔ʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʉʉʉ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʂɻ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.8. 

ʊʘʙʣʠʮʷ 4.8 

ʇʦʢʘʟʥʠʢʠ ɽʂɻ ʱʫʨʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ 

(XÑSx, n=10) 

ʇʦʢʘʟʥʠʢʠ ʂʦʥʪʨʦʣʴʥʘ 

ʛʨʫʧʘ 

ɼʝʟʘʧʫʨ,  

10 ʤʛ/ʢʛ 

ɼʝʟʘʧʫʨ,  

25 ʤʛ/ʢʛ 

ɼʝʟʘʧʫʨ,  

100 ʤʛ/ʢʛ 

1 2 3 4 5 

ɺʠʭʽʜʥʽ ʜʘʥʽ 

R, mV 0,41Ñ0,01 0,42Ñ0,01 0,44Ñ0,01 0,43Ñ0,013 

RR, ʩʝʢ 0,146Ñ0,001 0,147Ñ0,001 0,148Ñ0,001 0,146Ñ0,001 

ʏʉʉ, ʫʜ/ʭʚ 342,00Ñ1,34 349,00Ñ1,34 347,00Ñ1,10 350,00Ñ1,30 
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ʇʨʦʜʦʚʞ. ʪʘʙʣ. 4.8 

1 2 3 4 5 

1 ʤʽʩʷʮʴ 

R, mV 0,47Ñ0,016 0,44Ñ0,01 0,45Ñ0,01 0,43Ñ0,016 

RR, ʩʝʢ 0,147Ñ0,001 0,145Ñ0,001 0,146Ñ0,001 0,147Ñ0,001 

ʏʉʉ, ʫʜ/ʭʚ 346,00Ñ1,51 347,00Ñ1,61 340,10Ñ0,96 351,00Ñ0,93 

3 ʤʽʩʷʮʽ 

R, mV 0,46Ñ0,02 0,42Ñ0,013 0,46Ñ0,02 0,45Ñ0,01 

RR, ʩʝʢ 0,148Ñ0,001 0,147Ñ0,001 0,146Ñ0,001 0,145Ñ0,001 

ʏʉʉ, ʫʜ/ʭʚ 346,00Ñ1,51 344,00Ñ1,51 350,00Ñ1,20 346,50Ñ1,30 

ʇʨʠʤʽʪʢʘ. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 

 

ɸʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ɽʂɻ ʧʦʢʘʟʘʚ, ʱʦ ʯʠʩʣʦ ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ, ʪʨʠʚʘʣʽʩʪʴ 

ʩʝʨʮʝʚʦʛʦ ʮʠʢʣʫ ʱʫʨʽʚ ʧʨʦʪʷʛʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ ʩʪʘʣʠʤʠ ʚ ʤʝʞʘʭ ʬʽʟʽʦʣʦ-

ʛʽʯʥʦʾ ʥʦʨʤʠ. ʇʦʢʘʟʥʠʢʠ ʟʫʙʮʽʚ ʽ ʽʥʪʝʨʚʘʣʽʚ ɽʂɻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʛʨʫʧ ʜʦʩ-

ʪʦʚʽʨʥʦ ʥʝ ʚʽʜʨʽʟʥʷʣʠʩʴ ʚʽʜ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʽ ʜʘʥʠʭ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʜʝʟʘ-

ʧʫʨʫ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʩʝʨʮʷ ʱʫʨʽʚ, ʥʘ ʨʦʙʦʪʫ ʤʽʦʢʘʨʜʘ, ʪʦʙʪʦ ʧʽʜ ʡʦʛʦ 

ʚʧʣʠʚʦʤ ʥʝ ʟʤʽʥʶʚʘʣʘʩʷ ʜʽʷʣʥɹʽʩʪʴ ʉʉʉ [72]. 

 

4.3.4 ɺʧʣʠʚ ʜʝʟʘʧʫʨʫ ʥʘ ʛʝʤʘʪʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʱʫʨʽʚ 

 

ʆʜʥʠʤ ʽʟ ʩʫʪʪʻʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʝʰʢʽʜʣʠʚʦʩʪʽ ʣʽʢʘʨʩʴʢʦʛʦ ʟʘʩʦʙʫ ʻ ʩʢʣʘʜ 

ʧʝʨʠʬʝʨʠʯʥʦʾ ʢʨʦʚʽ [125]. ɺʽʜʩʫʪʥʽʩʪʴ ʪʦʢʩʠʯʥʦʛʦ ʚʧʣʠʚʫ ʜʝʟʘʧʫʨʫ ʚ ʪʨʴʦʭ ʜʦʩ-

ʣʽʜʞʫʚʘʥʠʭ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʥʘ ʩʢʣʘʜ ʧʝʨʠʬʝʨʠʯʥʦʾ ʢʨʦʚʽ ʱʫʨʽʚ ʧʽʜʪ-

ʚʝʨʜʞʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʪʘʙʣ. 4.9. ʇʨʦʪʷʛʦʤ ʜʦʩʣʽʜʫ ʢʽʣʴʢʽʩʪʴ 

ʝʨʠʪʨʦʮʠʪʽʚ, ʛʝʤʦʛʣʦʙʽʥʫ, ʣʝʡʢʦʮʠʪʽʚ, ʐʆɽ ʥʝ ʟʤʽʥʶʚʘʣʠʩʴ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʭʽʜ-

ʥʠʤʠ ʜʘʥʠʤʠ ʪʘ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʴʥʦ ʾʛʨʫʧʠ (ʪʘʙʣ. 4.9).  
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ʊʘʙʣʠʮʷ 4.9 

ʇʦʢʘʟʥʠʢʠ ʢʣʽʥʽʯʥʦʾ ʢʘʨʪʠʥʠ ʧʝʨʠʬʝʨʠʯʥʦʾ ʢʨʦʚʽ ʱʫʨʽʚ 

ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʧʨʦʪʷʛʦʤ 3 ʤʽʩʷʮʽʚ 

(XÑSx, n=10) 

 

ʋʤʦʚʠ  

ʜʦʩʣʽʜʫ 

ɼʦʩʣʽʜʞʫʚʘʥʠʡ 

ʧʦʢʘʟʥʠʢ 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʊʝʨʤʽʥ ʜʦʩʣʽʜʞʝʥʥʷ 

1 ʤʽʩʷʮʴ 3 ʤʽʩʷʮʽ 

1 2 3 4 5 

 

ʂʦʥʪ-

ʨʦʣʴʥʘ 

ɻʝʤʦʛʣʦʙʽʥ, ʛ/ʣ 127,0Ñ1,03 131,0Ñ0,82 125,0Ñ0,82 

ɽʨʠʪʨʦʮʠʪʠ, 1012/ʣ 5,9Ñ0,1 5,8Ñ0,08 6,6Ñ0,11 

ʃʝʡʢʦʮʠʪʠ, 109/ʣ 6,9Ñ0,08 6,8Ñ0,11 6,43Ñ0,1 

ʐʆɽ, ʤʤ/ʛʦʜ 3,03Ñ0,01 1,6Ñ0,11 1,6Ñ0,1 

  

ɼʝʟʘʧʫʨ, 

10 ʤʛ/ʢʛ 

ɻʝʤʦʛʣʦʙʽʥ, ʛ/ʣ 129,0Ñ1,1 139,0Ñ1,1 126,0Ñ1,5 

ɽʨʠʪʨʦʮʠʪʠ, 1012/ʣ 5,77Ñ0,12 5,7Ñ0,16 6,56Ñ0,1 

ʃʝʡʢʦʮʠʪʠ, 109/ʣ 6,8Ñ0,1 6,3Ñ0,1 6,51Ñ0,2 

ʐʆɽ, ʤʤ/ʛʦʜ 2,1Ñ0,09 1,8Ñ0,08 1,69Ñ0,1 

 

ɼʝʟʘʧʫʨ, 

25 ʤʛ/ʢʛ 

ɻʝʤʦʛʣʦʙʽʥ, ʛ/ʣ 130,0Ñ0,82 124,0Ñ1,1 127,7Ñ1,42 

ɽʨʠʪʨʦʮʠʪʠ, 1012/ʣ 5,8Ñ0,12 5,5Ñ0,09 6,53Ñ0,15 

ʃʝʡʢʦʮʠʪʠ, 109/ʣ 7,0Ñ0,08 6,4Ñ0,14 6,67Ñ0,13 

ʐʆɽ, ʤʤ/ʛʦʜ 2,0Ñ0,12 1,7Ñ0,1 1,7Ñ0,1 

 

ɼʝʟʘʧʫʨ, 

100 ʤʛ/ʢʛ 

ɻʝʤʦʛʣʦʙʽʥ, ʛ/ʣ 128,0Ñ1,1 129,0Ñ1,2 126,8Ñ1,9 

ɽʨʠʪʨʦʮʠʪʠ, 1012/ʣ 5,75Ñ0,13 5,3Ñ0,13 6,5Ñ0,12 

ʃʝʡʢʦʮʠʪʠ, 109/ʣ 6,2Ñ0,12 6,6Ñ0,11 6,74Ñ0,14 

ʐʆɽ, ʤʤ/ʛʦʜ 1,8Ñ0,1 1,5Ñ0,08 1,66Ñ0,09 

ʇʨʠʤʽʪʢʘ. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 

 

ʅʝʚʝʣʠʢʽ ʢʦʣʠʚʘʥʥʷ ʚʤʽʩʪʫ ʛʨʘʥʫʣʦʮʠʪʽʚ ʽ ʘʛʨʘʥʫʣʦʮʠʪʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʜʝ-

ʟʘʧʫʨʫ ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʝʨʽʦʜʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʠ 

ʥʝʚʽʨʦʛʽʜʥʽ ʪʘ ʟʥʘʭʦʜʠʣʠʩʷ ʚ ʤʝʞʘʭ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʢʦʣʠʚʘʥʴ (ʪʘʙʣ. 4.10). 
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ʊʘʙʣʠʮʷ 4.10 

ʇʦʢʘʟʥʠʢʠ ʣʝʡʢʦʮʠʪʘʨʥʦʾ ʬʦʨʤʫʣʠ ʢʨʦʚʽ ʱʫʨʽʚ ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʝʟʘʧʫʨʫ 

ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʧʨʦʪʷʛʦʤ 3 ʤʽʩʷʮʽʚ (XÑSx, n=10) 

ɻʨʫʧʠ 

ʪʚʘʨʠʥ 

ɺʠʜʠ  

ʣʝʡʢʦʮʠʪʽʚ, % 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʊʝʨʤʽʥ ʜʦʩʣʽʜʞʝʥʥ ̫

1 ʤʽʩ. 3 ʤʽʩ. 

1 2 3 4 5 

ʂʦʥʪʨʦʣʴʥʘ 

ʛʨʫʧʘ 

  

ʅʝʡʪʨʦʬʽʣʠ 30,5Ñ2,9 31,6Ñ2,7 32,5Ñ2,32 

ɽʦʟʠʥʦʬʽʣʠ 1,8Ñ0,3 1,3Ñ0,21 1,0Ñ0,21 

ɹʘʟʦʬʽʣʠ 0,7Ñ0,21 0,6Ñ0,22 0,7Ñ0,21 

ʄʦʥʦʮʠʪʠ 2,8Ñ0,55 2,8Ñ0,4 3,0Ñ0,37 

ʃʽʤʬʦʮʠʪʠ 63,3Ñ2,9 62,7Ñ2,6 62,8Ñ2,26 

ɼʝʟʘʧʫʨ, 10 

ʤʛ/ʢʛ 

ʅʝʡʪʨʦʬʽʣʠ 28,2Ñ1,64 34,2Ñ1,63 34,1Ñ1,6 

ɽʦʟʠʥʦʬʽʣʠ 1,0Ñ0,3 1,1Ñ0,28 0,8Ñ0,2 

ɹʘʟʦʬʽʣʠ 0,9Ñ0,23 0,9Ñ0,23 0,8Ñ0,2 

ʄʦʥʦʮʠʪʠ 2,1Ñ0,43 3,3Ñ0,3 3,1Ñ0,31 

ʃʽʤʬʦʮʠʪʠ 67,8Ñ1,84 60,5Ñ1,68 61,3Ñ1,64 

ɼʝʟʘʧʫʨ, 25 

ʤʛ/ʢʛ 

ʅʝʡʪʨʦʬʽʣʠ 30,9Ñ2,1 29,8Ñ2,02 30,1Ñ1,72 

ɽʦʟʠʥʦʬʽʣʠ 1,8Ñ0,3 1,4Ñ0,2 0,8Ñ0,2 

ɹʘʟʦʬʽʣʠ 0,9Ñ0,23 0,8Ñ0,25 0,8Ñ0,2 

ʄʦʥʦʮʠʪʠ 2,7Ñ0,4 3,9Ñ0,3 3,6Ñ0,27 

ʃʽʤʬʦʮʠʪʠ 63,6Ñ2,2 64,2Ñ1,9 65,3Ñ1,7 

ɼʝʟʘʧʫʨ, 100 

ʤʛ/ʢʛ 

ʅʝʡʪʨʦʬʽʣʠ 33,0Ñ2,26 33,4Ñ2,25 33,6Ñ1,96 

ɽʦʟʠʥʦʬʽʣʠ 1,1Ñ0,23 0,9Ñ0,28 0,9Ñ0,2 

ɹʘʟʦʬʽʣʠ 0,9Ñ0,23 1,1Ñ0,23 0,9Ñ0,2 

ʄʦʥʦʮʠʪʠ 3,1Ñ0,31 3,9Ñ0,31 3,5Ñ0,31 

ʃʽʤʬʦʮʠʪʠ 61,6Ñ2,13 60,7Ñ2,1 61,1Ñ2,1 

ʇʨʠʤʽʪʢʘ. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʝʟʘʧʫʨ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʢʣʽʪʠʥʥʠʡ ʩʢʣʘʜ 

ʧʝʨʠʬʝʨʠʯʥʦʾ ʢʨʦʚʽ. 
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4.3.5 ɺʧʣʠʚ ʜʝʟʘʧʫʨʫ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʧʝʯʽʥʢʠ ʱʫʨʽʚ 

 

ʆʩʥʦʚʥʠʡ ʤʝʪʘʙʦʣʽʟʤ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʝʯʽʥʮʽ, ʪʦʤʫ ʚʦ-

ʥʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʨʛʘʥ, ʷʢʠʡ ʚ ʥʘʡʙʽʣʴʰʽʡ ʤʽʨʽ ʧʽʜʜʘʻʪʴʩʷ ʾʭ ʜʽʾ. ʋ ʛʝʧʘʪʦʮʠ-

ʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘʙʽʨ ʬʝʨʤʝʥʪʽʚ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʦʢʠʩʥʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʣʽʢʘʨ-

ʩʴʢʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʤʦʞʫʪʴ ʷʢ ʧʽʜʚʠʱʫʚʘʪʠ, ʪʘʢ ʽ ʟʥʠʞʫʚʘʪʠ ʾʭ ʘʢʪʠʚʥʽʩʪʴ [31, 

151]. ʇʝʯʽʥʢʘ ʚʠʢʦʥʫʻ ʯʠʩʝʣʴʥʽ ʬʫʥʢʮʽʾ ʚ ʦʨʛʘʥʽʟʤʽ: ʙʽʣʢʦʚʦ-ʩʠʥʪʝʪʠʯʥʫ, ʞʦʚ-

ʯʦʚʠʜʽʣʴʥʫ, ʘʥʪʠʪʦʢʩʠʯʥʫ, ʙʘʨôʻʨʥʫ, ʚ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʥʘʤʠ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʜʝʟʘ-

ʧʫʨʫ ʥʘ ʬʫʥʢʮʽʦʥʘʣʥɹʠʡ ʩʪʘʥ ʧʝʯʽʥʢʠ.  

ʌʫʥʢʮʽʶ ʧʝʯʽʥʢʠ ʦʮʽʥʶʚʘʣʠ ʟʘ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: ʚʤʽʩʪʦʤ ʟʘʛʘʣʴʥʦʛʦ 

ʙʽʣʢʘ ʽ ʡʦʛʦ ʬʨʘʢʮʽʡ, ʭʦʣʝʩʪʝʨʠʥʫ, ʛʣʶʢʦʟʠ  ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ, ʘʢʪʠʚʥʩ̔ʪʁ ʤʘʨ-

ʢʝʨʥʠʭ ʬʝʨʤʝʥʪʽʚ ʮʠʪʦʣʽʟʫ ɸʣɸʊ, ɸʩɸʊ [70, 151]. 

ʊʨʠʚʘʣʝ ʚʚʝʜʝʥʥʷ ʜʝʟʘʧʫʨʫ ʥʝ ʚʧʣʠʚʘʣʦ ʥʘ ʚʤʽʩʪ ʙʽʣʢʘ ʽ ʡʦʛʦ ʬʨʘʢʮʽʡ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʪʘʢʪʠʥʠʤʠ ʪʚʘʨʠʥʘʤʠ (ʢʦʥʪʨʦʣʝʤ) (ʪʘʙʣ. 4.11).  

ʊʘʙʣʠʮʷ 4.11 

ɺʤʽʩʪ ʟʘʛʘʣʴʥʦʛʦ ʙʽʣʢʘ ʧʣʘʟʤʠ ʢʨʦʚʽ ʪʘ ʙʽʣʢʦʚʠʭ ʬʨʘʢʮʽʡ ʧʨʠ ʚʚʝʜʝʥʥʽ 

ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʧʨʦʪʷʛʦʤ 3 ʤʩ̔ʷʮʽʚ (XÑSx, n=10) 

ɻʨʫʧʠ 

ʪʚʘʨʠʥ 
ʇʦʢʘʟʥʠʢʠ ɺʠʭʽʜʥʽ ʜʘʥʽ 

ʊʝʨʤʽʥ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

1 ʤʽʩ 3 ʤʽʩ 

1 2 3 4 5 

ʂʦʥʪʨʦʣʴ ɿʘʛʘʣʴʥʠʡ ʙʣ̔ʦʢ, ʛ/ʣ 6,3Ñ0,09 5,85Ñ0,07 6,01Ñ0,09 

ɸʣʴʙʫʤʽʥʠ, % 44,13Ñ0,5 38,2Ñ0,45 40,5Ñ0,34 

ɻʣʦʙʫʣʥ̔ʠ Ŭ1 +Ŭ2, % 23,37Ñ0,45 21,96Ñ0,43 21,02Ñ0,22 

ɻʣʦʙʫʣʥ̔ʠ ɓ, % 21,6Ñ0,31 21,5Ñ0,3 21,5Ñ0,4 

ɻʣʦʙʫʣʥ̔ʠ ɔ, % 10,9Ñ0,97 18,3Ñ0,56 17,0Ñ0,51 

ɼʝʟʘʧʫʨ,  

10 ʤʛ/ʢʛ 

ɿʘʛʘʣʴʥʠʡ ʙʣ̔ʦʢ, ʛ/ʣ 6,69Ñ0,11 5,92Ñ0,08 6,0Ñ0,1 

ɸʣʴʙʫʤʽʥʠ, % 45,31Ñ0,6 40,75Ñ0,56 40,76Ñ0,27 
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ʇʨʦʜʦʚʞ. ʪʘʙʣ. 4.11 

1 2 3 4 5 

 ɻʣʦʙʫʣʥ̔ʠ Ŭ1 +Ŭ2, % 23,0Ñ0,47 21,72Ñ0,34 21,05Ñ0,35 

ɻʣʦʙʫʣʥ̔ʠ ɓ, % 21,84Ñ0,41 21,6Ñ0,3 21,08Ñ0,22 

ɻʣʦʙʫʣʥ̔ʠ ɔ, % 9,85Ñ0,75 15,95Ñ0,88 17,1Ñ0,41 

ɻʣʦʙʫʣʥ̔ʠ ɔ, % 9,85Ñ0,75 15,95Ñ0,88 17,1Ñ0,41 

ɼʝʟʘʧʫʨ,  

25 ʤʛ/ʢʛ 

ɿʘʛʘʣʴʥʠʡ ʙʣ̔ʦʢ, ʛ/ʣ 6,7Ñ0,08 6,05Ñ0,13 7,1Ñ0,11 

ɸʣʴʙʫʤʥ̔ʠ, % 43,4Ñ0,4 40,5Ñ0,39 40,5Ñ0,45 

ɻʣʦʙʫʣʽʥʠ Ŭ1 +Ŭ2, % 20,98Ñ0,28 20,9Ñ0,24 21,2Ñ0,25 

ɻʣʦʙʫʣʽʥʠ ɓ, % 20,87Ñ0,29 21,0Ñ0,16 21,2Ñ0,3 

ɻʣʦʙʫʣʽʥʠ ɔ, % 14,8Ñ0,48 17,4Ñ0,47 17,2Ñ0,6 

ɼʝʟʘʧʫʨ, 

100 ʤʛ/ʢʛ 

ɿʘʛʘʣʴʥʠʡ ʙʣ̔ʦʢ, ʛ/ʣ 6,2Ñ0,09 6,13Ñ0,12 6,3Ñ0,12 

ɸʣʴʙʫʤʥ̔ʠ,% 42,0Ñ0,52 40,46Ñ0,43 39,6Ñ0,29 

ɻʣʦʙʫʣʽʥʠ Ŭ1 +Ŭ2, % 21,5Ñ0,27 21,6Ñ0,31 20,8Ñ0,25 

ɻʣʦʙʫʣʽʥʠ ɓ, % 21,2Ñ0,22 21,2Ñ0,3 21,6Ñ0,34 

ɻʣʦʙʫʣʽʥʠ ɔ, % 15,4Ñ0,73 16,8Ñ0,56 18,0Ñ0,65 

ʇʨʠʤʽʪʢʘ. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 

 

ʂʽʣʴʢʽʩʪʴ ʭʦʣʝʩʪʝʨʠʥʫ ʻ ʪʘʢʦʞ ʧʦʢʘʟʥʠʢʦʤ ʽ ʞʦʚʯʦʚʠʜʽʣʴʥʦʾ ʬʫʥʢʮʽʾ ʧʝ-

ʯʽʥʢʠ [116].  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʪʘʙʣ. 4.12 ï 4.14) ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʦʚʽʨ-

ʥʦʾ ʨʽʟʥʠʮʽ ʧʦʢʘʟʥʠʢʽʚ ʙʽʣʽʨʫʙʽʥʫ ʽ ʭʦʣʝʩʪʝʨʠʥʫ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʢʦʥʪʨʦ-

ʣʴʥʽʡ ʛʨʫʧʘʭ.  

ʆʪʞʝ, ʜʝʟʘʧʫʨ ʥʝ ʯʠʥʠʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʞʦʚʯʦʚʠʜʽʣʴʥʫ ʬʫʥʢʮʽʶ 

ʧʝʯ̔ʥʢʠ.  
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ʊʘʙʣʠʮʷ 4.12 

ʈʽʚʝʥʴ ʙʽʣʽʨʫʙʽʥʫ ʪʘ ʭʦʣʝʩʪʝʨʠʥʫ ʫ ʱʫʨʽʚ ʧʨʠ ʚʚʝʜʝʥʥʽ 

ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʧʨʦʪʛ̫ʦʤ 3 ʤʽʩʷʮʽʚ (XÑSx, n=10) 

ɻʨʫʧʠ 

ʪʚʘʨʠʥ 

ɺʠʭʽʜʥʽ ʜʘʥʽ 
ʊʝʨʤʽʥ ʜʦʩʣʽʜʞʝʥʥʷ 

1 ʤʽʩʷʮʴ 3 ʤʽʩʷʮʽ 

ʙʽʣʽʨʫʙʽʥ, 

ʤʛ% 

ʭʦʣʝʩʪʝ- 

ʨʠʥ, 

ʤʛ% 

ʙʽʣʽʨʫʙʽʥ, 

ʤʛ% 

ʭʦʣʝʩʪʝ- 

ʨʠʥ, 

ʤʛ% 

ʙʽʣʽʨʫʙʽʥ, 

ʤʛ% 

ʭʦʣʝʩʪʝ- 

ʨʠʥ, 

ʤʛ% 

ʂʦʥʪ-

ʨʦʣʴ 
0,38Ñ0,02 33,6Ñ0,91 0,42Ñ0,03 34,5Ñ0,78 0,46Ñ0,02 

 

37,3Ñ0,39 

 

ɼ 

ʝ 

ʟ 

ʘ 

ʧ 

ʫ 

ʨ 

10 

ʤʛ/ʢʛ 
0,39Ñ0,02 35,2Ñ0,57 0,47Ñ0,03 33,9Ñ0,85 0,36Ñ0,03 36,9Ñ0,36 

25 

ʤʛ/ʢʛ 
0,44Ñ0,02 34,8Ñ0,49 0,56Ñ0,03 34,6Ñ0,43 0,53Ñ0,03 35,6Ñ0,36 

100 

ʤʛ/ʢʛ 
0,47Ñ0,03 34,7Ñ0,6 0,45Ñ0,02 33,6Ñ0,74 0,49Ñ0,03 35,1Ñ0,59 

ʇʨʠʤʽʪʢʘ. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 

 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʘʢʪʠʚʥʦʩʪʽ ʤʘʨʢʝʨʥʠʭ ʬʝʨʤʝʥʪʽʚ ɸʣɸʊ, ɸʩɸʊ ʧʨʠ 3-

ʤʽʩʷʯʥʦʤʫ ʚʚʝʜʝʥʥʽ ʜʝʟʘʧʫʨʫ, ʟʤʽʥ ʜʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠ (ʪʘʙʣ. 4.14).   

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʩʪʦʚʽʨʥʦʾ ʨʽʟʥʠʮʽ ʨʽʚʥʷ 

ʛʣʶʢʦʟʠ ʚ ʢʨʦʚʽ ʱʫʨʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʢʦʥʪʨʦʣʴʥʽʡ ʛʨʫʧʘʭ (ʪʘʙʣ. 4.15). 

ʆʪʞʝ, ʜʦʚʝʜʝʥʦ, ʱʦ ʜʝʟʘʧʫʨ ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʝ ʯʠʥʠʪʴ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʫ ʙʽʣʢʦʚʦʛʦ ʦʙʤʽʥʫ. ɺʚʝʜʝʥʥʷ ʜʝʟʘʧʫʨʫ ʧʨʦʪʷʛʦʤ 3 ʤʽ-

ʩʷʮʽʚ ʥʝ ʯʠʥʠʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʝʯʦʚʠʥʦʫʪʚʦʨʶʶʯʫ ʬʫʥʢʮʽʶ ʧʝʯʽʥʢʠ, 

ʧʨʦ ʱʦ ʩʚʽʜʯʠʪʴ ʚʽʜʩʫʪʥʽʩʪʴ ʟʤʽʥ ʚʤʩ̔ʪʫ ʩʝʯʦʚʠʥʠ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ (ʪʘʙʣ. 4.13). 
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ʊʘʙʣʠʮʷ 4.13 

ɺʤʽʩʪ ʩʝʯʦʚʠʥʠ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʱʫʨʽʚ ʧʨʠ ʚʚʝʜʝʥʥʽ 

ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʧʨʦʪʛ̫ʦʤ 3 ʤʽʩʷʮʽʚ (XÑSx, n=10) 

ɻʨʫʧʠ  

ʪʚʘʨʠʥ 

ɺʤʽʩʪ ʩʝʯʦʚʠʥʠ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ, ʤʤʦʣʴ/ʣ 

ʚʠʭʽʜʥʽ ʜʘʥʽ ʯʝʨʝʟ 1 ʤʩ̔ʷʮʴ ʯʝʨʝʟ 3 ʤʽʩʮ̫ ̔

1 2 3 4 

ʂʦʥʪʨʦʣʴ 6,32Ñ0,12 6,4Ñ0,18 6,36Ñ0,2 

 

ɼʝʟʘʧʫʨ 

 

10 ʤʛ/ʢʛ 6,74Ñ0,16 7,14Ñ0,14 6,9Ñ0,1 

25 ʤʛ/ʢʛ 6,73Ñ0,12 7,28Ñ0,21 6,9Ñ0,13 

100 ʤʛ/ʢʛ 6,8Ñ0,07 7,2Ñ0,15 7,1Ñ0,097 

ʇʨʠʤʽʪʢʘ. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 

 

ɸʥʪʠʪʦʢʩʠʯʥʫ ʬʫʥʢʮʽʶ ʧʝʯʽʥʢʠ ʦʮʽʥʶʚʘʣʠ ʟʘ ʤʝʪʦʜʦʤ çʛʝʢʩʝʥʘʣʦʚʦʛʦ 

ʩʥʫè.  

ʊʘʙʣʠʮʷ 4.14 

ɸʢʪʠʚʥʽʩʪʴ ʪʨʘʥʩʘʤʽʥʘʟ ʫ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʱʫʨʽʚ ʧʨʠ ʚʚʝʜʝʥʥʽ 

ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʧʨʦʪʷʛʦʤ 3 ʤʩ̔ʷʮʽʚ (XÑSx, n=10) 

ɻʨʫʧʠ 

ʪʚʘʨʠʥ 

ɺʠʭʽʜʥʽ ʜʘʥʽ 
ʊʝʨʤʽʥ ʜʦʩʣʽʜʞʝʥʥʷ 

1 ʤʽʩʷʮʴ 3 ʤʽʩʷʮʽ 

ɸʣɸʊ, 

ʤʢʘʪ/ʣ 

ɸʩɸʊ, 

ʤʢʘʪ/ʣ 

ɸʣɸʊ, 

ʤʢʘʪ/ʣ 

ɸʩɸʊ, 

ʤʢʘʪ/ʣ 

ɸʣɸʊ, 

ʤʢʘʪ/ʣ 

ɸʩɸʊ, 

ʤʢʘʪ/ʣ 

ʂʦʥʪ-

ʨʦʣʴ 
1,32Ñ0,03 0,76Ñ0,03 1,25Ñ0,03 0,71Ñ0,03 1,39Ñ0,04 0,7Ñ0,03 

ɼ 

ʝ 

ʟ 

ʘ 

ʧ 

ʫ 

ʨ 

10 

ʤʛ/ʢʛ 
1,21Ñ0,03 0,69Ñ0,04 1,26Ñ0,02 0,72Ñ0,03 1,25Ñ0,04 0,7Ñ0,04 

25 

ʤʛ/ʢʛ 
1,36Ñ0,03 0,75Ñ0,04 1,33Ñ0,03 0,74Ñ0,03 1,32Ñ0,03 0,8Ñ0,03 

100 

ʤʛ/ʢʛ 
1,21Ñ0,03 0,7Ñ0,05 1,31Ñ0,03 0,76Ñ0,02 1,41Ñ0,04 0,7Ñ0,03 

ʇʨʠʤʽʪʢʘ. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 
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ʊʘʙʣʠʮʷ 4.15 

ɺʤʽʩʪ ʛʣʶʢʦʟʠ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʱʫʨʽʚ, ʷʢʽ ʦʪʨʠʤʫʚʘʣʠ 

ʜʝʟʘʧʫʨ ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʧʨʦʪʷʛʦʤ 3 ʤʩ̔ʷʮʽʚ (XÑSx, n=10) 

ɻʨʫʧʠ ʪʚʘʨʠʥ ɺʠʭʽʜʥʽ ʜʘʥʽ 
ʊʝʨʤʽʥ ʜʦʩʣʽʜʞʝʥʥʷ 

1 ʤʽʩʷʮʴ 3 ʤʽʩʷʮʽ 

ʂʦʥʪʨʦʣʴ 5,3Ñ0,12 4,84Ñ0,08 5,2Ñ0,1 

 

ɼʝʟʘʧʫʨ 

 

10 ʤʛ/ʢʛ 5,2Ñ0,1 5,1Ñ0,12 5,12Ñ0,08 

25 ʤʛ/ʢʛ 4,98Ñ0,1 5,01Ñ0,11 5,21Ñ0,12 

100 ʤʛ/ʢʛ 5,17Ñ0,11 5,17Ñ0,12 5,3Ñ0,12 

ʇʨʠʤʽʪʢʘ. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 

 

ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʟʥʠʞʝʥʥʽ ʜʝʪʦʢʩʠʢʫʶʯʦʾ ʬʫʥʢʮʽʾ ʧʝʯʽʥʢʠ ʧʨʠʛʥʽʯʫʻʪʴʩʷ 

ʷʢ ʨʦʟʧʘʜ, ʪʘʢ ʽ ʚʠʜʽʣʝʥʥʷ ʙʘʨʙʽʪʫʨʘʪʽʚ ʟ ʦʨʛʘʥʽʟʤʫ. ʊʦʤʫ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʜʝ-

ʟʘʧʫʨʫ ʥʘ ʬʫʥʢʮʽʶ ʧʝʯʽʥʢʠ ʦʮʽʥʶʚʘʣʠ ʟʘ ʪʨʠʚʘʣʩ̔ʪʁ ʩʧʦʥʪʘʥʥʦʾ ʜʽʾ ʛʝʢʩʝʥʘʣʫ.  

ʈʝʟʫʣʪɹʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.16 

ʊʘʙʣʠʮʷ 4.16  

ʊʨʠʚʘʣʽʩʪʴ ʛʝʢʩʘʥʘʣʦʚʦʛʦ ʩʥʫ (ʭʚ) ʫ ʱʫʨʽʚ, ʷʢʽ ʦʪʨʠʤʫʚʘʣʠ ʜʝʟʘʧʫʨ  

ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʧʨʦʪʷʛʦʤ 3 ʤʽʩʷʮʽʚ (XÑSx, n=10) 

ɻʨʫʧʠ ʪʚʘʨʠʥ 

ʊʨʠʚʘʣʽʩʪʴ ʛʝʢʩʘʥʘʣʦʚʦʛʦ ʩʥʫ, ʭʚ 

ʚʠʭʽʜʥʽ 

ʜʘʥʽ 
ʯʝʨʝʟ 1 ʤʩ̔ʷʮʴ ʯʝʨʝʟ 3 ʤʽʩʮ̫ ̔

ʂʦʥʪʨʦʣʴ (ʛʝʢʩʘʥʘʣ, 40 ʤʛ/ʢʛ) 29,03Ñ0,61 31,68Ñ0,35 30,35Ñ0,41 

 

ɼʝʟʘʧʫʨ 

 

10 ʤʛ/ʢʛ 28,42Ñ0,35 29,40Ñ0,29 29,45Ñ0,45 

25 ʤʛ/ʢʛ 27,57Ñ0,88 20,62Ñ0,38*/**  19,67Ñ0,3*/**  

100 ʤʛ/ʢʛ 26,91Ñ0,91 20,97Ñ0,30*/**  19,60Ñ0,36*/**  

ʇʨʠʤʽʪʢʠ:  

1.* ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʚʠʭʜ̔ʥʠʭ ʜʘʥʠʭ, ʨ<0,05; 

2.** ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ, ʨ<0,05;   

3. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 
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ʗʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʠʚʘʣʝ ʚʚʝʜʝʥʥʷ ʜʝʟʘʧʫʨʫ ʫ ʜʦʟʘʭ, ʱʦ ʧʝ-

ʨʝʚʠɦ ʫʶʪʴ ʩʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʫ ʚ 2,5 ʪʘ ʚ 10 ʨʘʟʽʚ ʩʧʨʠʷʻ ʧʨʠʩʢʦʨʝʥʥʶ ʤʝʪʘʙʦ-

ʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʝʯʽʥʮʽ ʡʤʦʚʽʨʥʦ ʷʢ ʥʘʩʣʽʜʦʢ ʝʥʝʨʛʽʟʫʶʯʦʾ ʜʽʾ, ʱʦ ʧʨʦʷʚʣʷ-

ʻʪʴʩʷ ʚ ʩʢʦʨʦʯʝʥʥʽ ʛʝʢʩʝʥʘʣʦʚʦʛʦ ʩʥʫ.  

ʆʪʞʝ, ʚʩʪʘʥʦʚʣʝʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʠʛʥʽʯʫʶʯʦʾ ʜʽʾ ʜʝʟʘʧʫʨʫ ʥʘ ʬʫʥʢʮʽʦʥʘ-

ʣʴʥʠʡ ʩʪʘʥ ʧʝʯʽʥʢʠ ʜʦʩʣʽʜʥʠʭ ʪʚʘʨʠʥ ʚ ʩʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʽʡ ʜʦʟʽ ʪʘ ʧʨʦ ʟʜʘʪ-

ʥʽʩʪʴ ʟʘʩʦʙʫ ʚ ʜʦʟʘʭ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʫʤʦʚʥʦʪʝʨʘʧʝʚʪʠʯʥʫ ʚ 2,5 ʨʘʟʫ ʪʘ ʚ 10 

ʨʘʟʽʚ, ʧʦʩʠʣʶʚʘʪʠ ʜʝʪʦʢʩʠʢʫʶʯʫ ʬʫʥʢʮʽʶ ʧʝʯʽʥʢʠ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʩʢʦʨʦ-

ʯʝʥʥʽ ʛʝʢʩʝʥʘʣʦʚʦʛʦ ʩʥʫ ʚʽʜʧʦʚʽʜʥʦ ʚ 1,5 ʨʘʟʫ ʯʝʨʝʟ 1 ʪʘ 3 ʤʽʩʷʮʽ ʚʚʝʜʝʥʥʷ. 

 

4.3.6 ɺʧʣʠʚ ʜʝʟʘʧʫʨʫ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʥʠʨʦʢ 

 

ʋ ʧʽʜʪʨʠʤʮʽ ʛʦʤʝʦʩʪʘʟʫ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʶʪʴ ʥʠʨʢʠ, ʦʩʢʽʣʴʢʠ ʚʠʢʦ-

ʥʫʶʪʴ ʨʷʜ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʬʫʥʢʮʽʡ, ʦʩʥʦʚʥʠʤʠ ʩʝʨʝʜ ʷʢʠʭ ʻ: ʨʝʛʫʣʷʮʽʷ ʙʘʣʘʥʩʫ 

ʚʦʜʠ ʪʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʽʦʥʽʚ, ʘ ʪʘʢʦʞ ʝʢʩʢʨʝʮʽʷ ʷʢ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʦʙʤʽʥʫ, ʪʘʢ 

ʽ ʯʫʞʦʨʽʜʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʩʧʦʣʫʢ. ʆʜʥʘʢ ʚʦʥʠ ʜʦʩʠʪʴ ʯʘʩʪʦ (10 ï 15 % 

ʚʠʧʘʜʢʽʚ) ʷʚʣʷʶʪʴʩʷ ʦʨʛʘʥʦʤ-ʤʽʰʝʥʥʶ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʣʽʢʘʨʩʴʢʦʛʦ ʟʘʩʦʙʫ ʟ 

ʧʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʾ ʥʝʬʨʦʧʘʪʽʾ. ʌʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʥʠ-

ʨʦʢ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ ʧʨʦʪʷʛʦʤ 3-ʤʽʩʷʯʥʦʛʦ ʚʚʝʜʝʥʥʷ ʜʝʟʘʧʫʨʫ ʦʮʽʥʶ-

ʚʘʣʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʢʽʣʴʢʩ̔ʪʁ ʚʠʜʽʣʝʥʦʾ ʩʝʯʽ, ʚʤʽʩʪʦʤ ʩʝʯʦʚʠʥʠ ʚ 

ʢʨʦʚʽ ʽ ʚ ʩʝʯʽ, ʟʤʽʥʦ  ʁʨʅ, ʚʽʜʥʦʩʥʦ  ʁʛʫʩʪʠʥʦ ,ʁ ʤʽʢʨʦʩʢʦʧʽʻ  ʁʩʝʯʦʚʠʭ ʦʩʘʜʢʽʚ 

[21]. ʈʝʟʫ-ʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥ ̫ʚʧʣʠʚʫ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʧʨʠ 

ʚʚʝʜʝʥʥʽ ʱʫʨʘʤ ʧʨʦʪʷʛʦʤ 3 ʤʽʩʷʮʽʚ ʥʘ ʧʦʢʘʟʥʠʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ  ʥʠʨʦʢ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4.17 ï 4.20. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʚʝ-

ʜʝʥʥʷ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʧʨʦʪʷʛʦʤ 3 ʤʽʩʷʮʽʚ ʱʫʨʘʤ ʥʝ ʚʠʢʣʠ-

ʢʘʻ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʟ ʙʦʢʫ ʩʝʯʦʚʠʜʽʣʴʥʦʾ ʬʫʥʢʮʽʾ ʥʠʨʦʢ. ʂʽʣʴʢʽʩʪʴ ʩʝʯʽ, ʾʾ ʛʫʩʪʠʥʘ 

ʪʘ ʨʅ, ʚʤʽʩʪ ʙʽʣʢʫ, ʩʝʯʦʚʠʥʠ ʪʘ ʘʟʦʪʫ ʩʝʯʦʚʠʥʠ ʥʝ ʟʤʽʥʶʚʘʣʠʩʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ ʪʚʘʨʠʥ. ʄʽʢʨʦʩʢʦʧʽʷ ʩʝʯʦʚʠʭ ʦʩʘʜʢʽʚ ʚʠʷʚʠʣʘ ʥʘʷʚʥʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʥʠʨʦʢ: ʧʣʦʩʢʠʡ 

ʝʧʽʪʝʣʽʡ, ʦʜʠʥʠʯʥʽ ʣʝʡʢʦʮʠʪʠ ʚ ʧʦʣʽ ʟʦʨʫ.  
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ʊʘʙʣʠʮʷ 4.17 

ʇʦʢʘʟʥʠʢʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ  ʥʠʨʦʢ ʱʫʨʽʚ, ʷʢʽ ʦʪʨʠʤʫʚʘʣʠ ʜʝʟʘʧʫʨ  

ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʧʨʦʪʷʛʦʤ 3 ʤʽʩʷʮʽʚ (XÑSx, n=10) 

 

ɼʦʩʣʽʜʞʫʚʘʥʽ 

ʧʦʢʘʟʥʠʢʠ 

ɺʠʭʽʜʥʽ ʜʘʥ ̔ ʊʝʨʤʽʥ ʜʦʩʣʽʜʞʝʥʥʷ 

1 ʤʽʩʷʮʴ 3 ʤʽʩʷʮʽ 

1 2 3 4 

ʂʦʥʪʨʦʣʴ 

ʂʽʣʴʢʽʩʪʴ ʩʝʯʽ, ʤʣ 2,3Ñ0,047 2,2Ñ0,103 2,1Ñ0,088 

ɹʽʣʦʢ, ʛ 188,7Ñ0,927 192,8Ñ0,856 193,6Ñ0,678 

ɻʫʩʪʠʥʘ ʩʝʯʽ 1,006Ñ0,001 1,005Ñ0,001 1,003Ñ0,001 

ɸʟʦʪ ʩʝʯʦʚʠʥʠ, ʤʤʦʣʴ/ʣ 4,96Ñ0,1 4,94Ñ0,05 4,72Ñ0,04 

ʉʝʯʦʚʠʥʘ, ʤʤʦʣʴ/ʣ 6,15Ñ0,1 6,29Ñ0,06 6,3Ñ0,079 

ʨʅ ʩʝʯʽ 6,8Ñ0,073 6,9Ñ0,09 7,0Ñ0,1 

ɼʝʟʘʧʫʨ, 10 ʤʛ/ʢʛ 

ʂʽʣʴʢʽʩʪʴ ʩʝʯʽ, ʤʣ 2,30Ñ0,05 2,40Ñ0,10 2,20Ñ0,10 

ɹʽʣʦʢ, ʛ 190,4Ñ1,1 186,71Ñ2,1 188,5Ñ0,9 

ɻʫʩʪʠʥʘ ʩʝʯʽ 1,005Ñ0,001 1,006Ñ0,001 1,007Ñ0,001 

ɸʟʦʪ ʩʝʯʦʚʠʥʠ, ʤʤʦʣʴ/ʣ 4,94Ñ0,08 4,90Ñ0,10 4,97Ñ0,12 

ʉʝʯʦʚʠʥʘ, ʤʤʦʣʴ/ʣ 6,23Ñ0,09 6,30Ñ0,08 6,17Ñ0,08 

ʨʅ ʩʝʯʽ 6,90Ñ0,10 6,97Ñ0,08 6,9Ñ0,09 

ɼʝʟʘʧʫʨ, 25 ʤʛ/ʢʛ 

ʂʽʣʴʢʽʩʪʴ ʩʝʯʽ, ʤʣ 2,3Ñ0,001 2,6Ñ0,06 2,6Ñ0,1 

ɹʽʣʦʢ, ʛ 188,7Ñ0,88 192,3Ñ1,08 189,3Ñ1,2 

ɻʫʩʪʠʥʘ ʩʝʯʽ 1,006Ñ0,001 1,005Ñ0,001 1,007Ñ0,001 

ɸʟʦʪ ʩʝʯʦʚʠʥʠ, ʤʤʦʣʴ/ʣ 5,34Ñ0,08 5,1Ñ0,07 5,57Ñ0,12 

ʉʝʯʦʚʠʥʘ, ʤʤʦʣʴ/ʣ 6,24Ñ0,09 6,30Ñ0,079 6,24Ñ0,1 
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ʇʨʦʜʦʚʞ. ʪʘʙʣ. 4.17 

1 2 3 4 

ʨʅ ʩʝʯʽ 6,8Ñ0,085 6,9Ñ0,1 6,9Ñ0,097 

ɼʝʟʘʧʫʨ, 100 ʤʛ/ʢʛ 

ʂʽʣʴʢʽʩʪʴ ʩʝʯʽ, ʤʣ 2,6Ñ0,1 2,14Ñ0,095 2,4Ñ0,1 

ɹʽʣʦʢ, ʛ 193,9Ñ0,66 192,2Ñ1,32 190,4Ñ1,98 

ɻʫʩʪʠʥʘ ʩʝʯʽ 1,005Ñ0,001 1,006Ñ0,001 1,005Ñ0,001 

ɸʟʦʪ ʩʝʯʦʚʠʥʠ, ʤʤʦʣʴ/ʣ 5,24Ñ0,07 4,91Ñ0,09 5,67Ñ0,1 

ʉʝʯʦʚʠʥʘ, ʤʤʦʣʴ/ʣ 6,1Ñ0,08 6,23Ñ0,07 6,4Ñ0,065 

ʨʅ ʩʝʯʽ 7,02Ñ0,11 7,1Ñ0,08 6,9Ñ0,11 

ʇʨʠʤʽʪʢʘ. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʧʣʠʚʫ ʜʝʟʘʧʫʨʫ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʥʠʨʦʢ.  

 

4.3.7 ɺʧʣʠʚ ʜʝʟʘʧʫʨʫ ʥʘ ʩʣʠʟʦʚʫ ʦʙʦʣʦʥʢʫ ʐʂʊ ɦʫʨʽʚ 

 

ʆʩʥʦʚʥʠʡ ʰʣʷʭ ʧʨʠʡʦʤʫ ʣʽʢʘʨʩʴʢʦʛʦ ʟʘʩʦʙʫ ï ʧʝʨʦʨʘʣʴʥʠʡ. ɹʽʣʴʰʽʩʪʴ 

ʧʨʝʧʘʨʘʪʽʚ ʚʠʢʣʠʢʘʶʪʴ ʧʦʙʽʯʥʽ ʝʬʝʢʪʠ ʟ ʙʦʢʫ ʐʂʊ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ ʧʨʠ ʟʘʩʪʦ-

ʩʫʚʘʥʥʽ ʅʇɿɿ ʚʠʥʠʢʘʻ ʟʘʛʨʦʟʘ ʫʣʴʮʝʨʦʛʝʥʥʦʾ ʜʽʾ ʥʘ ʩʣʠʟʦʚʫ ʦʙʦʣʦʥʢʫ ʰʣʫʥʢʫ ʽ 

ʜʚʘʥʘʜʮʷʪʠʧʘʣʦ ʾʢʠʰʢʠ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʠʩʧʝʧʩʠʯʥʠʭ ʷʚʠʱ. ʋh ʢʦ-

ʜʞʫʶʯʘ ʜʽʷ ʅʇɿɿ ʥʘ ʐʂʊ ʥʝ ʧʨʝʜʩʪʘʚʣʷʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʟʘʛʨʦʟʠ ʜʣʷ ʞʠʪʪʷ, 

ʘʣʝ ʫʩʢʣʘʜʥʝʥʥʷ, ʷʢʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʽ ʩʪʦʨʦʥʠ ʪʨʘʚʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʤʫʰʫʶʪʴ 

ʭʚʦʨʦʛʦ ʟʫʧʠʥʷʪʠ ʣʽʢʫʚʘʥʥ ̫[95].  

ʊʦʤʫ ʥʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʾ ʫʣʴʮʝʨʦʛʝʥʥʦʾ ʜʽʾ ʜʝʟʘʧʫ-

ʨʫ ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʧʨʠ ʚʚʝʜʝʥʥʽ ʧʨʦʪʷʛʦʤ 3 ʤʽʩʷʮʽʚ. ʋʣʴʮʝʨʦʛʝʥʥʠʡ 

ʝʬʝʢʪ ʦʮʽʥʶʚʘʣʠ ʧʦ 4-ʭ ʙʘʣʴʥʽʡ ʰʢʘʣʽ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 4.18. 
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ʊʘʙʣʠʮʷ 4.18 

ɺʧʣʠʚ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʘʭ 10; 25 ʪʘ 100 ʤʛ/ʢʛ ʥʘ ʩʣʠʟʦʚʫ ʦʙʦʣʦʥʢʫ ʐʂʊ  

ʧʨʦʪʛ̫ʦʤ 3 ʤʽʩʷʮʽʚ ʚʚʝʜʝʥʥʷ (XÑSx, n=10) 

ʋʤʦʚʠ ʜʦʩʣʽʜʫ ʂʽʣʴʢʽʩʪʴ ʝʨʦʟʽʡ ʋʣʴʮʝʨʦʛʝʥʥʘ ʜʽ̫ ʚ ʙʘʣʘʭ 

ʂʦʥʪʨʦʣʴ 0,0Ñ0,0 0,0Ñ0,0 

 

ɼʝʟʘʧʫʨ 

10 ʤʛ/ʢʛ 0,0Ñ0,0 0,0Ñ0,0 

25 ʤʛ/ʢʛ 0,0Ñ0,0 0,0Ñ0,0 

100 ʤʛ/ʢʛ 0,0Ñ0,0 0,0Ñ0,0 

ʇʨʠʤʽʪʢʘ. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 

 

ɸʥʘʣ̔ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʝʟʘʧʫʨ ʥʝ ʚʠʢʣʠʢʘʻ 

ʟʤʽʥ ʟ ʙʦʢʫ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ʰʣʫʥʢʘ, ʪʦʙʪʦ ʥʝ ʯʠʥʠʪʴ ʫʣʴʮʝʨʦʛʝʥʥʦʾ ʜʽʾ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʚʯʝʥʥʷ ʭʨʦʥʽʯʥʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʘʭ 10; 25 ʪʘ 

100 ʤʛ/ʢʛ ʧʨʦʪʷʛʦʤ 3 ʤʽʩʷʮʽʚ ʚʚʝʜʝʥʥʷ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʡʦʛʦ ʪʦʢʩʠʯʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʟʘʛʘʣʴʥʦʪʨʦʬʽʯʥʽ ʧʨʦʮʝʩʠ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʎʅʉ, ʩʝʨʮʝʚʦ-

ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ, ʧʝʯʽʥʢʠ, ʥʠʨʦʢ, ʢʣʽʪʠʥʥʠʡ ʩʢʣʘʜ ʢʨʦʚʽ, ʩʪʘʥ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦ-

ʥʢʠ ʰʣʫʥʢʫ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ ʩʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʽʡ ʜʦʟʽ 10 ʤʛ/ʢʛ ʪʘ ʚ ʜʦʟʘʭ 25 ʤʛ/ʢʛ 

ʽ 100 ʤʛ/ʢʛ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʪʘ ʪʨʴʦʭ ʤʽʩʷʮʽʚ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4: 

 

ɺʩʪʘʥʦʚʣʝʥʘ ʩʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʘ ʜʦʟʘ ʜʝʟʘʧʫʨʫ ï 10 ʤʛ/ʢʛ, ʚ ʷʢʽʡ ʘʥʪʠʛʽ-

ʧʦʢʩʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʩʧʦʣʫʢʠ ʻ ʥʘʡʚʠʱʦʶ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦʤʫ ʚʚʝʜʝʥʥʽ 

ʱʫʨʘʤ ʥʘ ʤʦʜʝʣʽ ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ LD50 ʜʝʟʘʧʫʨʫ ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʰʣʫʥʢʦʚʦʤʫ ʚʚʝʜʝʥʥʽ 

ʤʠʰʘʤ ʪʘ ʱʫʨʘʤ ʻ ʚʠʱʦʶ ʟʘ 5000 ʤʛ/ʢʛ. ʉʝʨʝʜʥʴʦʩʤʝʨʪʝʣʴʥʘ ʜʦʟʘ ʜʝʟʘʧʫʨʫ ʧʨʠ 

ʚʥʫʪʨʽʰʥʴʦʯʝʨʝʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥʽ ʱʫʨʘʤ ʩʪʘʥʦʚʠʪʴ 4250 ʤʛ/ʢʛ, ʤʠʰʘʤ ï 2916 

ʤʛ/ʢʛ. ɿʛʽʜʥʦ ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʂ. ʂ. ʉʠʜʦʨʦʚʘ (1973) [121] ʜʝʟʘʧʫʨ ʤʦʞʥʘ ʚʽʜʥʝ-

ʩʪʠ ʜʦ V ʢʣʘʩʫ ʪʦʢʩʠʯʥʦʩʪʽ ï ʧʨʘʢʪʠʯʥʦ ʥʝʪʦʢʩʠʯʥʽ ʨʝʯʦʚʠʥʠ.  
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ɺʩʪʘʥʦʚʣʝʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʪʦʢʩʠʯʥʦʛʦ ʚʧʣʠʚʫ ʜʝʟʘʧʫʨʫ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ 

ED50 10 ʤʛ/ʢʛ ʪʘ ʚ ʜʦʟʘʭ 25 ʽ 100 ʤʛ/ʢʛ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʪʘ ʪʨʴʦʭ ʤʽʩʷʮʽʚ ʥʘ ʟʘʛʘ-

ʣʴʥʦʪʨʦʬʽʯʥʽ ʧʨʦʮʝʩʠ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʎʅʉ, ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ, 

ʧʝʯʽʥʢʠ, ʥʠʨʦʢ, ʩʢʣʘʜ ʢʨʦʚʽ, ʩʪʘʥ ʩʣʠʟʦʚʦʾ ʦʙʦʣʦʥʢʠ ʰʣʫʥʢʫ. ɺʩʪʘʥʦʚʣʝʥʘ ʟʜʘʪ-

ʥʽʩʪʴ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʘʭ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʫʤʦʚʥʦʪʝʨʘʧʝʚʪʠʯʥʫ ʚ 2,5 ʨʘʟʫ ʪʘ ʚ 10 

ʨʘʟʽʚ, ʧʦʩʠʣʶʚʘʪʠ ʜʝʪʦʢʩʠʢʫʶʯʫ ʬʫʥʢʮʽʶ ʧʝʯʽʥʢʠ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʩʢʦʨʦʯʝʥ-

ʥʽ ʛʝʢʩʝʥʘʣʦʚʦʛʦ ʩʥʫ ʚʽʜʧʦʚʽʜʥʦ ʚ 1,5 ʨʘʟʫ ʯʝʨʝʟ ʦʜʠʥ ʪʘ ʪʨʠ ʤʽʩʷʮʽ ʚʚʝʜʝʥʥʷ. 

 

ʉʧʠʩʦʢ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʧʨʘʮʴ ʟʘ ʪʝʤʦʶ ʨʦʟʜʽʣʫ 4: 

 

1. Sevryukov O. V., Volkovoy V .A., Kolisnyk S. V., Sytnik K. M. The study 

of the antyhypoxic action of 1-phenetyl-5,7-dihydro-1H-pyrrolo-[2,3-D]pyrimidin-

2,4,6-trione (dezapur) on different models of hypoxia. ɺʽʩʥʠʢ ʬʘʨʤʘʮʽʾ. 2015. ˉ 3 

(83). ʉ. 76ï78 (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦ-

ʩʣʽʜʞʝʥʴ, ʦʙʨʦʙʮʽ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʽʜʛʦʪʦʚʮʽ ʩʪʘʪʪʽ).  
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ʈʆɿɼɯʃ 5 

ɺʀɺʏɽʅʅʗ ʌɸʈʄɸʂʆɼʀʅɸʄɯʂʀ ɼɽɿɸʇʋʈʋ 

 

5.1 ɸʥʪʠʛʽʧʦʢʩʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʝʟʘʧʫʨʫ ʥʘ ʨʽʟʥʠʭ ʤʦʜʝʣʷʭ ʛʽʧʦʢʩʽʡ 

 

ʅʘ ʝʪʘʧʽ ʩʢʨʠʥʽʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʜʝʟʘʧʫʨʫ ʥʘ ʤʦʜʝʣʽ ʛʝʤʽʯʥʦʾ ʛʽʧʦʢʩʽʾ, ʷʢʘ ʨʦʟʚʠʚʘʻʪʴʩʷ ʧʨʠ 

ʧʦʨʫʰʝʥʥʽ ʧʝʨʝʥʝʩʝʥʥʷ ʢʠʩʥʶ ʤʝʪʛʝʤʦʛʣʦʙʽʥʦʤ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʚʚʝʜʝʥʥʽ 

ʥʽʪʨʠʪʫ ʥʘʪʨʽʷ.  

ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʜʦʮʽʣʴʥʠʤ ʙʫʣʦ ʦʮʽʥʠʪʠ ʘʥʪʠʛʽʧʦʢʩʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʜʝʟʘʧʫʨʫ ʥʘ ʽʥʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʦʜʝʣʷʭ ʛʦʩʪʨʦʾ ʛʽʧʦʢʩʽʾ ʨʽʟʥʦʛʦ ˇʝʥʝʟʫ: 

ʛʽʩʪʦʪʦʢʩʠʯʥʽʡ, ʥʦʨʤʦʙʘʨʠʯʥʽʡ ʛʽʧʝʨʢʘʧʥʽʯʥʽʡ, ʛʽʧʦʙʘʨʠʯʥʽʡ.  

ɸʥʪʠʛʽʧʦʢʩʠʯʥʫ ʜʽʶ ʦʮʽʥʶʚʘʣʠ ʟʘ ʪʨʠʚʘʣʽʩʪʶ ʞʠʪʪʷ ʪʚʘʨʠʥ ʥʘ ʨʽʟʥʠʭ 

ʤʦʜʝʣʷʭ ʛʽʧʦʢʩʽʾ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʦʜʠʣʠ ʧʦʨʽʚʥʷʣʴʥʫ ʦʮʽʥʢʫ ʟ 

ʨʝʬʝʨʝʥʩ-ʧʨʝʧʘʨʘʪʦʤ ï ʤʝʢʩʠʜʦʣʦʤ ʪʘ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ ʪʚʘʨʠʥ (ʟ 

ʛʽʧʦʢʩʽʻʶ). ɻʦʩʪʨʫ ʛʽʩʪʦʪʦʢʩʠʯʥʫ ʛʽʧʦʢʩʽʶ ʤʦʜʝʣʶʚʘʣʠ ʚʚʝʜʝʥʥʷʤ ʥʽʪʨʦʧʨʫʩʠʜʫ 

ʥʘʪʨʽʷ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 5.1. 

ʊʘʙʣʠʮʷ 5.1 

ɸʥʪʠʛʽʧʦʢʩʠʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ ʟʘ ʫʤʦʚ ʛʦʩʪʨʦʾ  

ʛʽʩʪʦʪʦʢʩʠʯʥʦʾ ʛʽʧʦʢʩʽʾ, ʚʠʢʣʠʢʘʥʦʾ ʥʽʪʨʦʧʨʫʩʠʜʦʤ ʥʘʪʨʽʷ (XÑSx, n=6) 

ʋʤʦʚʠ 

ʜʦʩʣʽʜʫ 

ɼʦʟʘ, 

ʤʛ/ʢʛ 

ɻʦʩʪʨʘ ʛʽʩʪʦʪʦʢʩʠʯʥʘ ʛʽʧʦʢʩʽʷ, ʭʚ 

ʪʨʠʚʘʣʽʩʪʴ 

ʞʠʪʪʷ, ʭʚ 

ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ, % 

ʂʦʥʪʨʦʣʴ (ʛʦʩʪʨʘ 

ʛʽʩʪʦʪʦʢʩʠʯʥʘ ʛʽʧʦʢʩʽʷ) 

 6,28 Ñ0,96 - 

ɼʝʟʘʧʫʨ 10 12,81Ñ0,52* 104 

ʄʝʢʩʠʜʦʣ 100 11,95Ñ0,42* 90 

ʇʨʠʤʽʪʢʠ:  

1.* ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ, ʨ<0,05; 

2. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 
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ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ (ʪʘʙʣ. 5.1), ʱʦ ʥʘ ʤʦʜʝʣʽ ʛʽʩʪʦʪʦʢʩʠʯʥʦʾ 

ʛ̔ʧʦʢʩʽʾ ʜʝʟʘʧʫʨ ʚ ʩʝʨʝʜʥʴʦʝʬʝʢʪʠʚʥʽʡ ʜʦʟʽ 10 ʤʛ/ʢʛ ʚʠʷʚʠʚ ʚʠʨʘʞʝʥʫ ʘʥʪʠʛʽʧʦ-

ʢʩʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʥʘ ʨʽʚʥʽ 104 %, ʱʦ ʚʽʜʧʦʚʽʜʘʣʘ ʘʢʪʠʚʥʦʩʪ̔ ʧʨʝʧʘʨʘʪʫ ʧʦʨʽʚ-

ʥʷʥʥʷ ʤʝʢʩʠʜʦʣʫ 90 %. 

ʅʘ ʤʦʜʝʣʷʭ ʥʦʨʤʦʙʘʨʠʯʥʦʾ ʛʽʧʝʨʢʘʧʥʽʯʥʦʾ ʪʘ ʛʦʩʪʨʦʾ ʛʽʧʦʙʘʨʠʯʥʦʾ ʛʽʧʦʢʩʽʾ 

ʫ ʤʠʰʝʡ ʜʝʟʘʧʫʨ ʪʘ ʤʝʢʩʠʜʦʣ ʚʠʷʚʠʣʠ ʚʠʨʘʞʝʥʫ ʘʥʪʠʛʽʧʦʢʩʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʚ̔ʜʧʦʚʽʜʥʦ ʥʘ ʨʽʚʥʽ 134, 206 % ʪʘ 128, 172 %. ɸʥʪʠʛʽʧʦʢʩʠʯʥʠʡ ʝʬʝʢʪ ʜʝʟʘʧʫʨʫ 

ʥʘ ʮʠʭ ʜʚʦʭ ʤʦʜʝʣʷʭ ʙʫʚ ʚʠʱʠʤ ʟʘ ʝʬʝʢʪ ʧʨʝʧʘʨʘʪʫ ʧʦʨʽʚʥʷʥʥʷ ʤʝʢʩʠʜʦʣʫ, 

ʧʨʦʪʝ ʚʽʜʤʽʥʥʦʩʪʽ ʥʝ ʙʫʣʠ ʩʪʘʪʠʩʪʠʯʥʦ ʚʽʨʦʛʽʜʥʠʤʠ. 

ʊʘʙʣʠʮʷ 5.2 

ɺʧʣʠʚ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ ʤʠʰʝʡ ʟʘ ʫʤʦʚ 

ʛʦʩʪʨʠʭ ʥʦʨʤʦʙʘʨʠʯʥʦʾ ʛʧ̔ʝʨʢʘʧʥʽʯʥʦʾ ʪʘ ʛʽʧʦʙʘʨʠʯʥʦʾ ʛʽʧʦʢʩʽʡ (XÑSx, n=6) 

 

ʋʤʦʚʠ 

ʜʦʩʣʽʜʫ 

ɼʦʟʘ, 

ʤʛ/ʢʛ 

ʅʦʨʤʦʙʘʨʠʯʥʘ 

ʛʽʧʝʨʢʘʧʥʽʯʥʘ ʛʽʧʦʢʩʽʷ 

ɻʦʩʪʨʘ 

ʛʽʧʦʙʘʨʠʯʥʘ ʛʽʧʦʢʩʽʷ, 

ʪʨʠʚʘʣʽʩʪʴ 

ʞʠʪʪʷ, ʭʚ 

ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ, % 

ʪʨʠʚʘʣʽʩʪʴ 

ʞʠʪʪʷ, ʭʚ 

ʘʥʪʠʛʽʧʦʢʩʠʯʥʘ 

ʘʢʪʠʚʥʽʩʪʴ, % 

ʂʦʥʪʨʦʣʴ 

(ʛʽʧʦʢʩʽʷ) 
- 13,33Ñ0,61 - 7,18Ñ0,25 - 

ɼʝʟʘʧʫʨ 10 31,22 Ñ0,21* 134 21,97Ñ0,58* 206 

ʄʝʢʩʠʜʦʣ 100 30,40Ñ0,27* 128 19,51Ñ0,72* 172 

ʇʨʠʤʽʪʢʠ:  

1.* ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ, ʨ<0,05; 

  2. n ï ʢ̔ʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ. 

 

  ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʤʦʜʝʣʷʭ ʛʽʧʦʢʩʽʡ ʨʽʟʥʦʛʦ ʛʝʥʝʟʫ ʜʝʟʘʧʫʨ ʚʠʷʚʠʚ ʚʠʨʘʞʝ-

ʥʫ ʘʥʪʠʛʽʧʦʢʩʠʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɿʘ ʚʠʨʘʞʝʥʽʩʪʶ ʘʥʪʠʛʽʧʦʢʩʠʯʥʦʛʦ ʝʬʝʢʪʫ ʜʝʟʘ-

ʧʫʨ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ ʥʝ ʧʦʩʪʫʧʘʚʩʷ ʧʨʝʧʘʨʘʪʫ ʧʦʨʽʚʥʷʥʥʷ ʤʝʢʩʠʜʦʣʫ ʚ ʜʦʟʽ 100 

ʤʛ/ʢʛ. 
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5.2 ɺʠʚʯʝʥʥʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʜʝʟʘʧʫʨʫ ʥʘ ʤʦʜʝʣʽ ʝʤʦʮʽʡ-

ʥʦ-ʙʦʣʴʦʚʦʛʦ ʩʪʨʝʩʫ ʫ ʫɦʨʽʚ  

 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ɺʈʆ ʻ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʫʯʘʩʥʦʾ ʤʝʜʠʮʠ-

ʥʠ ʪʘ ʬʘʨʤʘʢʦʣʦʛʽʾ, ʦʩʢʽʣʴʢʠ ʜʠʩʙʘʣʘʥʩ ʦʢʠʩʥʦʛʦ ʤʝʪʘʙʦʣʽʟʤʫ ʻ ʚʘʞʣʠʚʦʶ ʧʘʪʦ-

ʛʝʥʝʪʠʯʥʦʶ ʣʘʥʢʦʶ ʚ ʨʦʟʚʠʪʢʫ ʙʘʛʘʪʴʦʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʊʦʤʫ ʜʦʮʽʣʴʥʦʶ ʻ ʢʦʨʝ-

ʢʮʽʷ ʧʨʦʮʝʩʽʚ ɺʈʆ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʱʝʥʘʚʝʜʝʥʝ, ʘʢʪʫʘʣʴʥʠʤ ʙʫʣʦ ʧʦʛʣʠʙʣʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʟʘʧʫʨʫ ʧʨʠ ʧʦʨʫʰʝʥʥʷʭ ʧʨʦ- ʪʘ ʘʥʪʠʦʢʩʠʜʘʥ-

ʪʥʦʛʦ ʙʘʣʘʥʩʫ ʫ ʱʫʨʽʚ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʝʤʦʮʽʡʥʦ-ʙʦʣʴʦʚʠʤ ʩʪʨʝʩʦʤ. 

ʅʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʤʽʩʪ ʧʨʦʜʫʢʪʽʚ ʇʆʃ ï ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ ʧʨʠ ʚʚʝ-

ʜʝʥʥʽ ʜʝʟʘʧʫʨʫ ʟʥʠʞʫʚʘʚʩʷ: ʚ ʤʽʦʢʘʨʜʽ ʥʘ 72,3 %; ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʥʘ 71,6 % 

ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʪʚʘʨʠʥ. ʄʝʢʩʠʜʦʣ ʟʥʠʞʫʚʘʚ ʘʥʘʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʥʘ 63,8 ʪʘ 62,7 % ʚʽʜʧʦʚʽʜʥʦ (ʪʘʙʣ. 5.3). 

ʊʘʙʣʠʮʷ 5.3 

ɺʤʽʩʪ ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ ʫ ʤʽʦʢʘʨʜʽ ʪʘ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʱʫʨʽʚ ʧʽʜ ʚʧʣʠʚʦʤ  

ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ ʟʘ ʫʤʦʚ ʝʤʦʮʽʡʥʦ-ʙʦʣʴʦʚʦʛʦ ʩʪʨʝʩʫ 

(XÑSx, n=6) 

 

ɻʨʫʧʠ 

ʪʚʘʨʠʥ 

ɼʦʟʘ, 

ʤʛ/ʢʛ 

ʈʽʚʝʥʴ ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ ʫ % ʚʽʜ ʢʦʥʪʨʦʣʶ 

ʚ ʤʽʦʢʘʨʜʽ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ 

ʂʦʥʪʨʦʣʴ (ʩʪʨʝʩ) - 100,0Ñ4,6 100,0Ñ4,9 

ɼʝʟʘʧʫʨ 10 27,7Ñ1,7* 29,4Ñ2,3* 

ʄʝʢʩʠʜʦʣ 100 36,2Ñ1,9* 37,3Ñ2,3* 

ʇʨʠʤʽʪʢʠ:  

1. * ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ (ʩʪʨʝʩ), ʨ<0,05; 

2. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ.  

 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ɼʂ ʪʘ ʊʂ ʜʦʚʝʜʝʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʽ 10 
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ʤʛ/ʢʛ ʟʥʠʞʫʻ ʾʭ ʚʤʽʩʪ ʫ ʤʽʦʢʘʨʜʽ ʥʘ 77,1 ʪʘ 84,6 %; ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ï ʥʘ 

59,7 ʪʘ 71,7 % ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʪʚʘʨʠʥ (ʪʘʙʣ. 5.4). ʈʝʬʝʨʝʥʩ-

ʧʨʝʧʘʨʘʪ ʤʝʢʩʠʜʦʣ ʟʥʠʞʫʚʘʚ ʚʤʽʩʪ ʜʘʥʠʭ ʧʨʦʜʫʢʪʽʚ ʇʆʃ ʚ ʤʽʦʢʘʨʜʽ ʥʘ 11,7 ʪʘ 

35,8 %; ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʥʘ 17,86 ʪʘ 31,9 % ʚʽʜʧʦʚʽʜʥʦ, ʦɦ ʙʫʣʦ ʚʽʨʦʛʽʜʥʦ 

ʤʝʥʰʝ, ʥʽʞ ʧʽʜ ʚʧʣʠʚʦʤ ʜʝʟʘʧʫʨʫ.  

ɺʚʝʜʝʥʥʷ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ ʟʥʠʞʫʚʘʣʦ ʚʤʽʩʪ ʐʆ ʚ ʤʽʦʢʘʨʜʽ ʥʘ 

38,7 %, ʘ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ï ʥʘ 32,9 % ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ (ʪʘʙʣ. 5.5). ɿʘ 

ʛʘʣʴʤʽʚʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʫʪʚʦʨʝʥʥʷ ʐʆ ʚ ʤʽʦʢʘʨʜʽ ʪʘ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʜʝʟʘʧʫʨ 

ʚʽʨʦʛʽʜʥʦ ʧʝʨʝʚʝʨʰʫʚʘʚ ʨʝʬʝʨʝʥʩ-ʧʨʝʧʘʨʘʪ ʤʝʢʩʠʜʦʣ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 17 % ʪʘ 

ʥʘ15 % (ʨ<0,05). 

ʊʘʙʣʠʮʷ 5.4 

ɺʤʽʩʪ ʜʽʻʥʦʚʠʭ (ɼʂ) ʪʘ ʪʨʠʻʥʦʚʠʭ ʢʦʥôʶʛʘʪʽʚ (ʊʂ) ʫ ʤʽʦʢʘʨʜʽ ʪʘ ʩʠʨʦʚʘʪʮʽ 

ʢʨʦʚʽ ʱʫʨʽʚ ʧʽʜ ʚʧʣʠʚʦʤ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ ʟʘ ʫʤʦʚ ʝʤʦʮʽʡʥʦ-

ʙʦʣʴʦʚʦʛʦ ʩʪʨʝʩʫ (XÑSx, n=6 

 

ɻʨʫʧʠ 

ʪʚʘʨʠʥ 

ɼʦʟʘ, 

ʤʛ/ʢʛ 

ʄʽʦʢʘʨʜ ʉʠʨʦʚʘʪʢʘ ʢʨʦʚʽ 

ʚ % ʚʽʜ ʢʦʥʪʨʦʣʶ 

ɼʂ ʊʂ ɼʂ ʊʂ 

ʂʦʥʪʨʦʣʴ 

(ʩʪʨʝʩ) 
- 100,00Ñ2,3 100,00Ñ3,9 100,00Ñ3,2 100,00Ñ4,1 

ɼʝʟʘʧʫʨ 10 22,9Ñ1,2*/**  15,4Ñ1,2*/**  41,3Ñ1,1*/**  28,3Ñ2,08*/**  

ʄʝʢʩʠʜʦʣ 100 78,3Ñ3,1* 64,2Ñ1,7* 82,14Ñ3,1* 68,1Ñ1,8* 

 

ʇʨʠʤʽʪʢʠ:  

1.ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ, ʨ<0,05; 

2.** ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʧʨʝʧʘʨʘʪʫ ʧʦʨʽʚʥʷʥʥʷ, ʨ<0,05; 

3.n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ.  
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ʊʘʙʣʠʮʷ 5.5 

ɺʤʽʩʪ ʰʠʬʦʚʠʭ ʦʩʥʦʚ ʫ ʤʽʦʢʘʨʜʽ ʽ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʱʫʨʽʚ ʧʽʜ ʚʧʣʠʚʦʤ 

ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ ʟʘ ʫʤʦʚ ʝʤʦʮʽʡʥʦ-ʙʦʣʴʦʚʦʛʦ ʩʪʨʝʩʫ (XÑSx, n=6) 

 

ɻʨʫʧʠ  

ʪʚʘʨʠʥ 

ɼʦʟʘ,  

ʤʛ/ʢʛ 

ɺʤʽʩʪ ʰʠʬʦʚʠʭ ʦʩʥʦʚ (ʐʆ)  

ʚ % ʚʽʜ ʢʦʥʪʨʦʣʶ 

ʚ ʤʽʦʢʘʨʜʽ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ 

ʂʦʥʪʨʦʣʴ (ʩʪʨʝʩ) - 100,00Ñ3,3 100,00Ñ2,4 

ɼʝʟʘʧʫʨ 10 61,3Ñ1,6*/** 67,1Ñ2,2*/** 

ʄʝʢʩʠʜʦʣ 100 78,3Ñ2,8* 83,1Ñ2,5* 

ʇʨʠʤʽʪʢʠ:  

1. * ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ, ʨ<0,05; 

2. ** ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʧʨʝʧʘʨʘʪʫ ʧʦʨʽʚʥʷʥʥʷ, ʨ<0,05; 

3. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ.  

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʚʽʜʯʘʪʴ ʧʨʦ ʛʘʣʴʤʽʚʥʠʡ 

ʚʧʣʠʚ ʜʝʟʘʧʫʨʫ ʥʘ ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʇʆʃ ʧʨʠ ʝʤʦʮʽʡʥʦ-ʙʦʣʴʦʚʦʤʫ ʩʪʨʝʩʽ ʫ 

ʪʚʘʨʠʥ. ɿʘ ʛʘʣʴʤʽʚʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʫʪʚʦʨʝʥʥʷ ɼʂ, ʊʂ ʪʘ ʐʆ ʚ ʤʽʦʢʘʨʜʽ ʪʘ ʚ 

ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʜʝʟʘʧʫʨ ʧʝʨʝʚʝʨʰʫʚʘʚ ʨʝʬʝʨʝʥʩ-ʧʨʝʧʘʨʘʪ ʤʝʢʩʠʜʦʣ. 

ɺʨʘʭʦʚʫʶʯʠ ʥʘʷʚʥʽʩʪʴ ʫ ʜʝʟʘʧʫʨʫ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʙʫʣʦ 

ʜʦʮʽʣʴʥʠʤ ʦʮʽʥʠʪʠ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʧʽʜʚʠʱʫʚʘʪʠ ʘʢʪʠʚʥʽʩʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ 

ʟʘʭʠʩʪʫ, ʟʦʢʨʝʤʘ ʚʧʣʠʚ ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʬʝʨʤʝʥʪʘ ʉʆɼ.  

ɺʽʜʦʤʦ, ʱʦ ʬʝʨʤʝʥʪ ʉʆɼ ʟʥʝʰʢʦʜʞʫʻ ʩʫʧʝʨʦʢʩʠʜʘʥʽʦʥ-ʨʘʜʠʢʘʣ, 

ʧʝʨʝʪʚʦʨʶʶʯʠ ʡʦʛʦ ʚ ʤʝʥʰ ʪʦʢʩʠʯʥʫ ʩʧʦʣʫʢʫ - ʧʝʨʦʢʩʠʜ ʚʦʜʥʶ ʽ ʪʘʢʠʤ ʯʠʥʦʤ 

ʧʝʨʝʰʢʦʜʞʘʻ ʩʪʨʝʩʦʚʦʤʫ ʽ ʨʝʧʝʨʬʫʟʽʡʥʦʤʫ ʫʰʢʦʜʞʝʥʥʶ ʤʽʦʢʘʨʜʽʦʮʠʪʽʚ, 

ʟʙʝʨʽʛʘʻ ʩʠʣʫ ʽ ʰʚʠʜʢʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʤʽʦʢʘʨʜʫ, ʧʦʧʝʨʝʜʞʫʻ ʛʘʣʴʤʽʚʥʫ ʜʽʶ 

ʥʠʟʴʢʦʛʦ ʨʅ ʥʘ ʰʚʠʜʢʽʩʪʴ ʩʧʦʞʠʚʘʥʥʷ ʢʘʣʴʮʽʶ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʥʠʤ 

ʨʝʪʠʢʫʣʦʤʦʤ ʢʣʽʪʠʥ [168].  

ʈʝʟʫʣʴʪʘʪʠ ʚʧʣʠʚʫ ʜʝʟʘʧʫʨʫ ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʉʆɼ ʚ ʤʽʦʢʘʨʜʽ ʽ ʚ ʝʨʠʪʨʦʮʠʪʘʭ 
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ʢʨʦʚʽ ʱʫʨʽʚ ʟʘ ʫʤʦʚ ʝʤʦʮʽʡʥʦ-ʙʦʣʴʦʚʦʛʦ ʩʪʨʝʩʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 5.6. 

ʊʘʙʣʠʮʷ 5.6 

ɸʢʪʠʚʥʽʩʪʴ ʉʆɼ ʚ ʤʽʦʢʘʨʜ ̔ʽ ʚ ʝʨʠʪʨʦʮʠʪʘʭ ʢʨʦʚʽ ʱʫʨʽʚ ʧʽʜ ʚʧʣʠʚʦʤ 

ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ ʟʘ ʫʤʦʚ ʝʤʦʮʽʡʥʦ-ʙʦʣʴʦʚʦʛʦ ʩʪʨʝʩʫ (XÑSx, n=6) 

 

ɻʨʫʧʠ  

ʪʚʘʨʠʥ 

ɼʦʟʘ,  

ʤʛ/ʢʛ 

ɸʢʪʠʚʥʽʩʪʴ ʉʆɼ ʫ % ʚʽʜ ʢʦʥʪʨʦʣʶ 

ʚ ʤʽʦʢʘʨʜʽ ʚ ʝʨʠʪʨʦʮʠʪʘʭ 

ʂʦʥʪʨʦʣʴ (ʩʪʨʝʩ) - 100,00Ñ2,3 100,00Ñ2,5 

ɼʝʟʘʧʫʨ 10 208,2Ñ3,8*/** 183,4Ñ6,0* 

ʄʝʢʩʠʜʦʣ 100 136,4Ñ1,8* 128,1Ñ4,0* 

ʇʨʠʤʽʪʢʠ:  

1. * ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ, ʨ<0,05; 

2. ** ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʧʨʝʧʘʨʘʪʫ ʧʦʨʽʚʥʷʥʥʷ, ʨ<0,05; 

3. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ.  

 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʘʢʪʠʚʥʦʩʪʽ ʉʆɼ, ʥʘʤʠ ʙʫʣʦ ʚʠʷʚʣʝʥʝ ʾʾ ʧʽʜʚʠʱʝʥʥʷ ʚ 

ʤʽʦʢʘʨʜʽ ʽ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʧʽʜ ʜʽʻʶ ʜʝʟʘʧʫʨʫ ʥʘ 108,2 ʪʘ 83,4 % ʚʽʜʥʦʩʥʦ 

ʢʦʥʪʨʦʣʶ. ʄʝʢʩʠʜʦʣ ʧʽʜʚʠʱʫʚʘʚ ʘʢʪʠʚʥʽʩʪʴ ʉʆɼ ʚ ʤʽʦʢʘʨʜʽ ʥʘ 36,4 %, ʚ 

ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ï ʥʘ 15 % (ʪʘʙʣ. 5.6). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʚʝʜʝʥʥʷ ʜʝʟʘʧʫʨʫ ʚ 

ʜʦʟʽ 10 ʤʛ/ʢʛ ʟʥʠʞʫʻ ʚʤʽʩʪ ʧʨʦʜʫʢʪʽʚ ʇʆʃ ʫ ʪʢʘʥʠʥʽ ʩʝʨʮʷ ʡ ʢʨʦʚʽ, ʩʪʠʤʫʣʶʻ 

ʘʢʪʠʚʥʽʩʪʴ ʉʆɼ ʤʽʦʢʘʨʜʘ ʽ ʝʨʠʪʨʦʮʠʪʽʚ ʢʨʦʚʽ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʥʘʰʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʦʨʽʚʥʷʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʱʦʜʦ ʚʧʣʠʚʫ ʜʝʟʘʧʫʨʫ ʥʘ ʧʦʢʘʟʥʠʢʠ ʇʆʃ ʪʘ ʚʠʷʚʣʝʥʥʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʩʥʫʻ ʧʨʷʤʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʤʽʩʪʦʤ ʧʨʦʜʫʢ-

ʪʽʚ ʇʆʃ ʫ ʤʽʦʢʘʨʜʽ ʪʘ ʩʪʫʧʝʥʝʤ ʫʰʢʦʜʞʝʥʥʷ ʤʽʦʢʘʨʜʽʦʮʠʪʽʚ, ʘ ʪʘʢʦʞ ʟʚʦʨʦʪʥʽʡ 

ʟʚ'ʷʟʦʢ ʟ ʘʢʪʠʚʥʽʩʪʶ ʉʆɼ. 

ʈʽʚʝʥʴ ɼʂ ʣʽʥʽʡʥʦ ʟ r=0,94 (ʨ<0,001) ʟʚʦʨʦʪʥʴʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ 
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ʉʆɼ (ʨʠʩ. 5.2). ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʦʜʥʘʢʦʚʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʷʢ ʫ ʤʽʦʢʘʨʜʽ, ʪʘʢ ʽ ʫ 

ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ. ʇʨʠ ʮʴʦʤʫ ʜʝʟʘʧʫʨ ʧʝʨʝʚʝʨʰʫʻ ʚ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʨʝʬʝʨʝʥʩ-

ʧʨʝʧʘʨʘʪ, ʡʤʦʚʽʨʥʦ ʟʘ ʨʘʭʫʥʦʢ ʩʚʦʻʾ ʢʦʤʧʣʝʢʩʥʦʾ ʜʽʾ.  

ʈʽʚʝʥʴ ʐʆ ʪʘʢʦʞ ʣʽʥʽʡʥʦ ʥʝʛʘʪʠʚʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ ʉʆɼ (r=0,86; 

ʨ<0,05) (ʨʠʩ. 5.3), ʭʦʯʘ ʥʘʭʠʣ ʢʨʠʚʦʾ ʤʝʥʰʠʡ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ɼʂ.  

 

 

 

 

 

 

 

 

ïïĬïïĬïï  ʤʽʦʢʘʨʜ;   ïïĿïïĿïï ʩʠʨʦʚʘʪʢʘ ʢʨʦʚ ̔

ʈʠʩ. 5.2 ɿʘʣʝʞʥʽʩʪʴ ʨʽʚʥʷ ɼʂ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ ʉʆɼ:  

y = ï0,65x + 165 (r = 0,94), Pr <0,001                          

 

 

 

 

 

 

 

 

 

ïïĬïïĬïï  ʤʽʦʢʘʨʜ;   ïïĿïïĿïï ʩʠʨʦʚʘʪʢʘ ʢʨʦʚ ̔

ʈʠʩ. 5.3 ɿʘʣʝʞʥʽʩʪʴ ʨʽʚʥʷ ʐʆ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ ʉʆɼ: 

y = ï0,43x + 143 (r = 0,86), Pr<0,05 

 

ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʤʝʭʘʥʽʟʤ ʬʦʨʤʫʚʘʥʥʷ ʐʆ, ʥʽʞ 
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ʧʨʠ ʫʪʚʦʨʝʥʥʽ ɼʂ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʷʚʣʷʶʪʴʩʷ ʢʽʥʮʝʚʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʇʆʃ. ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʜʝʟʘʧʫʨ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ, ʥʽʞ ʤʝʢʩʠʜʦʣ, ʚʪʨʫʯʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩ 

ʫʪʚʦʨʝʥʥʷ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʇʆʃ. 

ɺʠʢʣʠʢʘʻ ʽʥʪʝʨʝʩ ʚʟʘʻʤʦʚʽʜʥʦʰʝʥʥʷ ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ ʽ ʉʆɼ, ʥʘʚʝʜʝʥʝ ʥʘ 

ʨʠʩ. 5.4. ʅʘ ʨʠʩ. 5.4ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ ʚʽʜ ʉʆɼ ʫ 

ʟʚʠʯʘʡʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ɿ ʥʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʟʚ'ʷʟʦʢ ʊɹʂ-ʨʝʘʢʪʘʥʪʽʚ ʽ ʉʆɼ 

ʥʝʣʽʥʽʡʥʠʡ ʽ ʥʝʛʘʪʠʚʥʠʡ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʢʣʘʜʥʽ ʥʝʧʨʷʤʽ ʚʟʘʻʤʦʚʽʜʥʦʰʝʥʥʷ 

ʤʽʞ ʜʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʪʦʙʪʦ ʘʢʪʠʚʥʽʩʪʴ ʉʆɼ ʚʧʣʠʚʘʻ ʥʘ ʫʪʚʦʨʝʥʥʷ ʊɹʂ-

ʨʝʘʢʪʘʥʪʽʚ. ʆʜʥʘʢ ʨʽʚʝʥʴ ʮʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘʣʝʞʠʪʴ ʱʝ ʡ ʚʽʜ ʽʥʰʠʭ ʬʝʨʤʝʥʪʽʚ, 

ʪʘʢʠʭ ʷʢ ʢʘʪʘʣʘʟʘ ʽ ʧʝʨʦʢʩʠʜʘʟʘ. ʃʽʥʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʊɹʂ-ʨʝʘʢʪʘʥʪʘʤʠ ʽ ʉʆɼ 

ʦʧʠʩʫʻʪʴʩʷ ʚ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ (ʨʠʩ. 5.4 ʙ) ʟ ʜʦʩʠʪʴ ʩʠʣʴʥʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʢʦʨʝʣʷʮʽʾ (r=0,83).  

 

  

 

 

 

 

 

 

 

ʘ                                                                      ʙ 

ïĬïïĬïï  ʤʽʦʢʘʨʜ;   ïïĿïïĿïï ʩʠʨʦʚʘʪʢʘ ʢʨʦʚ ̔

ʈʠʩ. 5.4 ɿʘʣʝʞʥʽʩʪʴ ʚʤʽʩʪʫ ʊɹʂ-ʨʘʢʪʘʥʪʽʚ ʚʽʜ ʘʢʪʠʚʥʦʩʪʽ ʉʆɼ:  

ʘ - ʫ ʟʚʠʯʘʡʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ; ʙ - ʫ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ: 

lg y = ï lg x + lg 5700 (r = 0,83) 

 

ɹʽʦʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʟʚ'ʷʟʢʫ ʥʝ ʟʦʚʩʽʤ ʟʨʦʟʫʤʽʣʝ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, 

ʭʦʯʘ ʚʽʜʦʤʦ, ʱʦ ʥʘʡʢʨʘʱʠʤ ʩʧʦʩʦʙʦʤ ʫ ʣʦʛʘʨʠʬʤʽʯʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʦʧʠʩʫʻʪʴʩʷ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʨʝʮʝʧʪʦʨʽʚ ʽ ʤʝʜʽʘʪʦʨʽʚ, ʨʝʮʝʧʪʦʨʽʚ ʽ ʛʦʨʤʦʥʽʚ. ʉʣʽʜ 
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ʟʘʟʥʘʯʠʪʠ, ʱʦ ʽ ʫ ʚʽʜʥʦʰʝʥʥʽ ʛʘʣʴʤʫʚʘʥʥʷ ʊɹʂ-ʨʘʢʪʘʥʪʽʚ ʜʝʟʘʧʫʨ ʻ ʪʘʢʠʤ ʞʝ 

ʝʬʝʢʪʠʚʥʠʤ ʷʢ ʽ ʚʽʜʦʤʠʡ ʘʥʪʠʦʢʩʠʜʘʥʪ ʤʝʢʩʠʜʦʣ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʠ ʚʚʝʜʝʥʥʽ ʜʝ-

ʟʘʧʫʨʫ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚʠʨʘʞʝʥʠʡ ʛʘʣʴʤʽʚʥʠʡ ʝʬʝʢʪ ʧʦ ʚʽʜʥʦ-

ʰʝʥʥʶ ʜʦ ʧʨʦʜʫʢʪʽʚ ʇʆʃ ʽ ʩʪʠʤʫʣʶʚʘʣʴʥʘ ʜʽʷ ʥʘ ʘʢʪʠʚʥʽʩʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦ-

ʛʦ ʬʝʨʤʝʥʪʫ ʉʆɼ ʥʘ ʤʦʜʝʣʽ ʝʤʦʮʽʡʥʦ-ʙʦʣʴʦʚʦʛʦ ʩʪʨʝʩʫ ʫ ʱʫʨʽʚ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʩʥʫʻ ʧʨʷʤʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʚʤʽʩʪʦʤ ʧʨʦʜʫ-

ʢʪʽʚ ʇʆʃ ʫ ʤʽʦʢʘʨʜʽ ʪʘ ʩʪʫʧʝʥʝʤ ʫʰʢʦʜʞʝʥʥʷ ʤʽʦʢʘʨʜʽʦʮʠʪʽʚ, ʘ ʪʘʢʦʞ ʟʚʦʨʦʪ-

ʥʽʡ ʟʚ'ʷʟʦʢ ʟ ʘʢʪʠʚʥʽʩʪʶ ʉʆɼ. 

ɿʘ ʛʘʣʴʤʽʚʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʇʆʃ: ɼʂ, ʊʂ ʪʘ ʐʆ ʚ 

ʤʽʦʢʘʨʜʽ ʪʘ ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʪʘ ʟʜʘʪʥʽʩʪʶ ʧʽʜʚʠʱʫʚʘʪʠ ʘʢʪʠʚʥʽʩʪʴ ʘʥʪʠʦʢʩʠ-

ʜʘʥʪʥʦʛʦ ʬʝʨʤʝʥʪʫ ʉʆɼ ʫ ʤʽʦʢʘʨʜʽ ʪʘ ʝʨʠʪʨʦʮʠʪʘʭ ʜʝʟʘʧʫʨ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ ʧʝ-

ʨʝʚʝʨʰʫʻ ʨʝʬʝʨʝʥʩ-ʧʨʝʧʘʨʘʪ ʤʝʢʩʠʜʦʣ ʚ ʜʦʟʽ 100 ʤʛ/ʢʛ. 

 

5.3 ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʝʟʘʧʫʨʫ ʥʘ ʤʦʜʝʣʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ ʫ ʫɦʨʽʚ 

 

ʅʘʙʨʷʢ ʣʝʛʝʥʴ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʦʾ ʤʝʜʠʮʠ-

ʥʠ. ʉʤʝʨʪʥʽʩʪʴ ʚʽʜ ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ ʩʪʘʥʦʚʠʪʴ 60-70 %, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʩʫʯʘʩʥʝ 

ʦʩʥʘʱʝʥʥʷ ʥʘʡʢʨʘʱʠʭ ʢʣʽʥʽʢ ʩʚʽʪʫ. ɽʪʽʦʣʦʛʽʷ ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʦ-

ʤʘʥʽʪʥʦʶ. ʅʘʙʨʷʢ ʣʝʛʝʥʴ ï ʮʝ ʧʘʪʦʣʦʛʽʯʥʠʡ ʩʪʘʥ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʨʘʧʪʦʚʦ ʽ ʩʫʧʨʦ-

ʚʦʜʞʫʻʪʴʩʷ ʚʠʧʦʪʽʚʘʥʥʷʤ ʨʽʜʠʥʠ ʟ ʢʘʧʽʣʷʨʽʚ ʚ ʽʥʪʝʨʩʪʠʮʽʘʣʴʥʫ ʪʢʘʥʠʥʫ ʣʝʛʝʥʽʚ ʽ 

ʘʣʴʚʝʦʣʠ. ʎʷ ʧʘʪʦʣʦʛʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʛʘʟʦʦʙʤʽʥʫ ʽ ʢʠʩʥʝʚʦʛʦ ʛʦʣʦ-

ʜʫʚʘʥʥʷ ʪʢʘʥʠʥ ʽ ʦʨʛʘʥʽʚ. ɺʦʥʘ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚʘʞʢʦʶ ʟʘʜʫʭʦʶ ʽ ʫ ʨʘʟʽ ʥʝʥʘʜʘʥʥʷ 

ʥʝʚʽʜʢʣʘʜʥʦʾ ʜʦʧʦʤʦʛʠ ʥʘʙʨʷʢ ʣʝʛʝʥʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʣʝʪʘʣʴʥʦʛʦ ʨʝʟʫʣʪɹʘʪʫ. 

ɻʦʩʪʨʠʡ ʨʝʩʧʽʨʘʪʦʨʥʠʡ ʜʠʩʪʨʝʩ ʩʠʥʜʨʦʤ ï ʷʢ ʩʠʥʜʨʦʤ ʛʦʩʪʨʦʾ ʣʝʛʝʥʝʚʦʾ 

ʥʝʜʦʩʪʘʪʥʦʩʪʽ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʣʦʢʘʣʴʥʫ ʯʠ ʩʠʩʪʝʤʥʫ ʛʽʧʦʢʩʽʶ ʪʢʘ-

ʥʠʥ, ʽʰʝʤʽʶ ʪʘ ʨʝʧʝʨʬʫʟʽʶ, ʟ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʶ ʝʪʽʦʣʦʛʽʻʶ. ɿʘʧʘʣʴʥʠʡ ʧʨʦʮʝʩ ʚ 

ʣʝʛʝʥʷʭ ʧʨʠ ɻʈɼʉ ʧʦʚôʷʟʘʥʠʡ ʟ ʙʘʛʘʪʴʤʘ ʬʘʢʪʦʨʘʤʠ: ʘʢʪʠʚʘʮʽʻʶ ʧʦʣʽʤʦʨʬʥʦʷ-

ʜʝʨʥʠʭ ʥʝʡʪʨʦʬʠʣʽʚ, ʝʥʜʦʪʝʣʽʦʮʠʪʽʚ, ʧʨʦʜʫʢʮʽʻʶ ʚʽʣʴʥʠʭ ʢʠʩʥʝʚʠʭ ʨʘʜʠʢʘʣʽʚ. 
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ʋ ʧʘʪʦʛʝʥʝʟʽ ʛʦʩʪʨʦʛʦ ʨʝʩʧʽʨʘʪʦʨʥʦʛʦ ʜʠʩʪʨʝʩ ʩʠʥʜʨʦʤʫ ʦʩʥʦʚʥʫ ʨʦʣʴ ʚʽʜʽʛ-

ʨʘʻ ʥʝʢʦʨʠʛʦʚʘʥʠʡ ʥʘʙʨʷʢ ʣʝʛʝʥʴ ʚʥʘʩʣʽʜʦʢ ʧʦʰʢʦʜʞʝʥʠʷ ʘʣʴʚʝʦʣʦ-ʢʘʧʽʣʷʨʥʦʾ 

ʤʝʤʙʨʘʥʠ [172]. 

ɺʠʥʠʢʘʶʯʘ ʚʥʘʩʣʽʜʦʢ ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ ʛʦʩʪʨʘ ʜʠʭʘʣʴʥʘ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʻ ʨʝ-

ʟʫʣʴʪʘʪʦʤ ʛʽʧʦʢʩʽ ʾʽ ʧʦʨʫʰʝʥʥʷ ʤʝʪʘʙʦʣʽʟʤʫ. ʎʽ ʧʦʨʫʰʝʥʥʷ ʚʝʜʫʪʴ ʜʦ ʧʽʜʚʠ-

ʱʝʥʥʷ ʚ ʧʣʘʟʤʽ ʢʨʦʚʽ ʨʽʚʥʷ ʚʽʣʴʥʠʭ ʨʘʜʠʢʘʣʽʚ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʨʝʯʦʚʠʥ, ʱʦ ʢʘʪʘ-

ʣʽʟʫʶʪʴ ʽ ʧʨʠʩʢʦʨʶʶʪʴ ʇʆʃ. ɺʽʜʦʤʦ, ʱʦ ʧʨʦʜʫʢʪʠ ʇʆʃ ʚʠʩʦʢʦʪʦʢʩʠʯʥ,̔ 

ʫʰʢʦʜʞʫʶʪʴ ʙʽʦʣʦʛʽʯʥʽ ʤʝʤʙʨʘʥʠ, ʧʦʨʫʰʫʶʪʴ ʤʝʪʘʙʦʣʽʟʤ ʢʣʽʪʠʥ, ʬʦʨʤʫʶʪʴ 

ʩʪʨʝʩ-ʨʝʘʢʮʽʶ ʽ ʩʚʦʻʨʽʜʥʝ ʟʘʤʢʥʫʪʝ ʢʦʣʦ [34, 35; 69, 133, 154]. ʊʦʤʫ ʚ ʪʝʨʘʧʽʶ 

ʛʦʩʪʨʦʾ ʜʠʭʘʣʴʥʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʥʝʦʙʭʽʜʥʦ ʚʢʣʶʯʘʪʠ ʢʦʤʧʣʝʢʩ ʘʥʪʠʦʢʩʠʜʘʥʪ-

ʥʠʭ ʽ ʘʥʪʠʛʽʧʦʢʩʠʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʷʢʽ ʧʦʣʽʧʰʫʶʪʴ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʽ ʧʨʦʮʝʩʠ ʥʘ 

ʢʣʽʪʠʥʥʦʤʫ ʨʽʚʥʽ ʽ ʚʽʜʥʦʚʣʶʶʪʴ ʟʘʭʠʩʥʦ-ʧʨʠʩʪʦʩʫʚʘʣʴʥʽ ʤʝʭʘʥʽʟʤʠ ʭʚʦʨʦʛʦ.  

ɺʨʘʭʦʚʫʶʯʠ ʚʩʪʘʥʦʚʣʝʥʫ ʘʥʪʠʛʽʧʦʢʩʠʯʥʫ ʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫ ʜʽʶ ʩʧʦʣʫʢʠ-

ʣʽʜʝʨʘ ʜʝʟʘʧʫʨʫ ʪʘ ʡʦʛʦ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʜʦʮʽʣʴʥʠʤ ʙʫʣʦ ʚʠʚʯʝʥʥʷ 

ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʤʦʜʝʣʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʙʨʷʢʫ ʫ ʱʫʨʚ̔ [154, 224].  

ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʷʢ ʧʨʝʧʘʨʘʪ ʧʦʨʽʚʥʷʥʥʷ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʅʇɿɿ (ʽʥ-

ʛʽʙʽʪʦʨ ʎʆɻ-1 ʪʘ ʎʆɻ-2) ʽʥʜʦʤʝʪʘʮʠʥ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʦʛʦ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʤʫ ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ ʜʦʚʝʜʝʥʘ ʚ ʙʘʛʘʪʴʦʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [50]. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ ʪʘ ʨʝʬʝʨʝʥʩ-ʧʨʝʧʘʨʘʪʫ ʽʥʜʦʤʝʪʘʮʠ-

ʥʫ ʦʮʽʥʶʚʘʣʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: ʚʠʞʠʚʘʥʥʷ ʪʚʘʨʠʥ (%), ʯʘʩ ʟʘʛʠʙʝʣʽ 

(ʭʚ), ʢʦʝʬʽʮʽʻʥʪ ʤʘʩʠ ʣʝʛʝʥ ɹ(ʂʄʃ, %), ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʘ ʘʢʪʠʚʥʽʩʪʴ (ɸɸ%). 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 5.7. 

ʊʚʘʨʠʥʠ ʟ ʛʨʫʧʠ ʽʥʪʘʢʪʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʨʦʪʷʛʦʤ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘʣʠʰʘʣʠ-

ʩʷ ʞʠʚʠʤʠ, ʙʘʜʴʦʨʠʤʠ, ʨʫʭʣʠʚʠʤʠ. ʇʨʠ ʾʭ ʨʦʟʪʠʥʽ ʣʝʛʝʥʝʚʘ ʪʢʘʥʠʥʘ ʙʫʣʘ ʤʘʣʦ 

ʢʨʦʚôʷʥʠʩʪʘ, ʩʚʽʪʣʦ ʨʦʞʝʚʦʛʦ ʢʦʣʴʦʨʫ. ʂʦʝʬʽʮʽʻʥʪ ʤʘʩʠ ʣʝʛʝʥʽʚ ʩʢʣʘʜʘʚ ʚ ʩʝ-

ʨʝʜʥʴʦʤʫ 0,63. ʋ ʛʨʫʧʽ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ ʯʝʨʝʟ 5 ʭʚʠʣʠʥ ʧʽʩʣʷ ʚʥʫʪʨʽʰʥʴʦ-

ʦʯʝʨʝʚʠʥʥʦʛʦ ʚʚʝʜʝʥʥʷ 6 % ʨʦʟʯʠʥʫ ʘʤʦʥʽʶ ʭʣʦʨʠʜʫ (400 ʤʛ/ʢʛ) ʫ ʱʫʨʽʚ ʨʦʟʚʠ-

ʚʘʚʩʷ ʥʘʙʨʷʢ ʣʝʛʝʥʽʚ, ʷʢʠʡ ʧʨʦʷʚʣʷʚʩʷ ʚ ʢʦʨʦʪʢʦʯʘʩʥʦʤʫ ʟʙʫʜʞʝʥʥʽ ʪʘ ʥʝʩʧʦʢʦʾ. 

ʊʚʘʨʠʥʠ ʟʘʡʤʘʣʠ ʧʦʣʦʞʝʥʥʷ ʥʘ ʯʝʨʝʚʽ. 

http://ua-referat.com/%D0%9C%D0%B5%D1%82%D0%B0%D0%B1%D0%BE%D0%BB%D1%96%D0%B7%D0%BC
http://ua-referat.com/%D0%91%D1%96%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F
http://ua-referat.com/%D0%9C%D0%B5%D1%82%D0%B0%D0%B1%D0%BE%D0%BB%D1%96%D0%B7%D0%BC
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ʊʘʙʣʠʮʷ 5.7 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ ʥʘ ʤʦʜʝʣʽ ʛʦʩʪʨʦʛʦ ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ ʫ 

ʱʫʨʽʚ, ʚʠʢʣʠʢʘʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʠʤ ʚʚʝʜʝʥʥʷʤ ʭʣʦʨʠʜʫ ʘʤʦʥʽʷ 

(ʄÑm; n=6) 

ɻʨʫʧʠ 

ʪʚʘʨʠʥ 

ʏʘʩ 

ʟʘʛʠʙʝʣʽ, ʭʚ 

ʃʝʪʘʣʴ-

ʥʽʩʪʴ, % 

 

ʂʄʃ, % 
ɸɸ, 

% 

ɯʥʪʘʢʪʥʠʡ 

ʢʦʥʪʨʦʣʴ 
- - 0,63Ñ0,04 - 

ʂʦʥʪʨʦʣʴʥʘ ʧʘʪʦʣʦʛʽʷ 38,20Ñ2,82 83 1,62Ñ0,24$ - 

 

ɼʝʟʘʧʫʨ, 10 ʤʛ/ʢʛ 
90,00Ñ10,00*  33* 0,85Ñ0,025**  78 

 

ɯʥʜʦʤʝʪʘʮʠʥ, 5 ʤʛ/ʢʛ 
71,67Ñ3,84* 50* 1,06Ñ0,12# 57 

ʇʨʠʤʽʪʢʠ: 

1. $ ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʽʥʪʘʢʪʥʦʛʦ ʢʦʥʪʨʦʣʶ, p<0,001; 

2.* ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ, p<0,001; 

3. ** ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ, p<0,01; 

4. # ï ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ, p<0,05; 

5. ɸɸ ï ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʘ ʘʢʪʠʚʥʽʩʪʴ, %. 

6. n ï ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ ʫ ʢʦʞʥʽʡ ʛʨʫʧʽ.  

 

ʏʘʩʪʦʪʘ ʪʘ ʛʣʠʙʠʥʘ ʜʠʭʘʥʥʷ ʟʤʽʥʶʚʘʣʠʩʷ: ʩʧʦʯʘʪʢʫ ʥʘʨʦʩʪʘʣʘ, ʧʦʪʽʤ ʟʥʠ-

ʞʫʚʘʣʘʩʷ, ʪʚʘʨʠʥʠ ʟʘʪʠʭʘʣʠ ʽ ʙʫʣʠ ʤʘʣʦʨʫʭʦʤʽ. ʋ ʪʚʘʨʠʥ ʟôʷʚʣʷʣʠʩʷ ʩʫʜʦʤʠ, ʷʢʽ 

ʩʫʧʨʦʚʦʜʞʫʚʘʣʠʩʷ ʢʦʨʯʘʤʠ. ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʨʦʟʚʠʪʦʢ ʚʠʨʘʞʝʥʦʾ 

ʛʽʧʦʢʩʽʾ ʽ ʘʮʠʜʦʟʫ, ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ ʜʠʬʫʟʥʠʡ ʘʣʴʚʝʦʣʷʨʥʠʡ ʥʘʙʨʷʢ ʣʝʛʝʥʽʚ. ʊʚʘ-

ʨʠʥʠ ʟ ʛʨʫʧʠ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ ʛʠʥʫʣʠ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 18 ʭʚ ʜʦ 56 ʭʚ ʧʽʩʣʷ 

ʚʚʝʜʝʥʥʷ ʭʣʦʨʠʜʫ ʘʤʦʥʽʶ. ʉʝʨʝʜʥʽʡ ʯʘʩ ʟʘʛʠʙʝʣʽ ʩʢʣʘʜʘʚ 38 ʭʚʠʣʠʥ. ʋ ʚʩʽʭ ʪʚʘ-
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ʨʠʥ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʘʩʬʽʢʩʽʶ. ɺʩʴʦʛʦ ʚ ʛʨʫʧʽ ʟʘʛʠʥʫʣʦ 5 ʟ 6 ʪʚʘʨʠʥ, ʣʝʪʘ-

ʣʴʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 83 %. ɺʽʟʫʘʣʴʥʦ ʣʝʛʝʥʽ ʟʘʛʠʙʣʠʭ ʪʚʘʨʠʥ ʧʽʩʣʷ ʨʦʟʪʠʥʫ ʙʫʣʠ 

ʟʙ̔ʣʴʰʝʥʽ ʚ ʨʦʟʤʽʨʽ, ʢʨʦʚôʷʥʠʩʪʽ, ʪʝʤʥʦ-ʯʝʨʚʦʥʦʛʦ ʢʦʣʴʦʨʫ, ʟ ʪʨʘʭʝʾ ʚʽʜʽʣʷʣʘʩʷ 

ʨʦʞʝʚʘ ʧʽʥʘ (ʝʢʩʫʜʘʪ). ʂʦʝʬʽʮʽʻʥʪ ʤʘʩʠ ʣʝʛʝʥʽʚ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʚ 1,60, ʱʦ ʚ 

2,54 ʨʘʟʫ ʚʠʱʝ ʟʥʘʯʝʥʥʷ ʂʄʃ ʪʚʘʨʠʥ ʟ ʛʨʫʧʠ ʽʥʪʘʢʪʥʦʛʦ ʢʦʥʪʨʦʣ  ʁ(ʪʘʙʣ. 5.7).  

ʋ ʛʨʫʧʽ ʪʚʘʨʠʥ, ʷʢʽ ʦʪʨʠʤʫʚʘʣʠ ʜʝʟʘʧʫʨ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ, ʯʝʨʝʟ 10 ʭʚʠʣʠʥ 

ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʭʣʦʨʠʜʫ ʘʤʦʥʽʶ ʪʽʣʴʢʠ ʜʚʽ ʪʚʘʨʠʥʠ ʟ hʝʩʪʠ ʧʨʠʡʥʷʣʠ ʙʦʢʦʚʝ 

ʧʦʣʦʞʝʥʥʷ. ɺʩʴʦʛʦ ʫ ʮʽʡ ʛʨʫʧ ̔ʟʘʛʠʥʫʣʦ 2 ʪʚʘʨʠʥʠ ʟ 6, ʱʦ ʩʪʘʥʦʚʠʪʴ 33 %: ʧʝʨ-

ʰʘ ʪʚʘʨʠʥʘ ʟʘʛʠʥʫʣʘ ʥʘ 80 ʭʚ, ʜʨʫʛʘ ï ʯʝʨʝʟ 100 ʭʚ. ʋ ʦʜʥʽʻʾ ʪʚʘʨʠʥʠ ʩʠʤʧʪʦʤʠ 

ʽʥʪʦʢʩʠʢʘʮʽʾ ʟʦʚʩʽʤ ʥʝ ʨʦʟʚʠʥʫʣʠʩʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʯʘʩʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʋ 

ʪʨʴʦʭ ʪʚʘʨʠʥ ʽʥʪʦʢʩʠʢʘʮʽʷ ʧʨʦʭʦʜʠʣʘ ʚ ʣʝʛʢʽʡ ʬʦʨʤʽ ʽ ʥʘ 40 ʭʚʠʣʠʥʽ ʝʢʩʧʝʨʠ-

ʤʝʥʪʫ ʫ ʜʚʦʭ ʪʚʘʨʠʥ ʧʦʩʪʫʧʦʚʦ ʟʥʠʢʣʘ, ʘ ʚ ʪʨʝʪʴʦʾ ï ʩʪʘʥ ʟʘʣʠʰʘʚʩʷ  ʪʷʞʢʠʤ ʜʦ 

ʢʽʥʮʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʉʝʨʝʜʥʽʡ ʯʘʩ ʟʘʛʠʙʝʣʽ ʪʚʘʨʠʥ ʥʘ ʪʣʽ ʚʚʝʜʝʥʥʷ ʜʝʟʘʧʫʨʫ ʚ 

ʜʦʟʽ 10 ʤʛ/ʢʛ ʩʪʘʥʦʚʠʚ 90 ʭʚ ʟ ʤʦʤʝʥʪʫ ʚʚʝʜʝʥʥʷ ʭʣʦʨʠʜʫ ʘʤʦʥʽʶ.  

ʃʝʛʝʥʽ ʪʚʘʨʠʥ, ʷʢʽ ʚʠʞʠʣʠ ʥʝ ʙʫʣʠ ʢʨʦʚôʷʥʠʩʪʠʤʠ, ʘ ʤʘʣʠ ʩʚʽʪʣʦ ʨʦʞʝʚʠʡ 

ʢʦʣʽʨ. ʋ ʟʘʛʠʙʣʠʭ ʪʚʘʨʠʥ ʪʘ ʫ ʪʚʘʨʠʥʠ, ʷʢʘ ʚʠʞʠʣʘ, ʘʣʝ ʙʫʣʘ ʫ ʚʘʞʢʦʤʫ ʩʪʘʥʽ 

ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʣʝʛʝʥʴ ʙʫʚ ʧʦʜʽʙʥʠʡ ʜʦ ʛʨʫʧʠ ʂʇ. ʂʦʝʬʽʮʽʻʥʪ ʤʘʩʠ ʣʝʛʝʥʴ 

ʩʪʘʥʦʚʠʚ ʫ ʩʝʨʝʜʥʴʦʤʫ 0,85, ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʝʟʘʧʫʨʫ ï 78 %. 

ʋ ʛʨʫʧʽ ʪʚʘʨʠʥ, ʷʢʠʤ ʚʚʦʜʠʣʠ ʅʇɿɿ ʽʥʜʦʤʝʪʘʮʠʥ ʯʝʨʝʟ 10 ʭʚʠʣʠʥ ʧʽʩʣʷ 

ʚʚʝʜʝʥʥʷ ʪʦʢʩʠʢʘʥʪʫ ʘʤʦʥʽʶ ʭʣʦʨʠʜʫ 2 ʟ 6 ʪʚʘʨʠʥ ʧʨʠʡʥʷʣʠ ʙʦʢʦʚʝ ʧʦʣʦʞʝʥʥʷ. 

ɺʩʴʦʛʦ ʚ ʛʨʫʧʽ ʟʘʛʠʥʫʣʦ 3 ʟ 6 ʪʚʘʨʠʥ, ʣʝʪʘʣʴʥʽʩʪʴ ʩʪʘʥʦʚʠʣʘ 50 %. ʋ ʚʩʽʭ ʪʚʘʨʠʥ 

ʨʦʟʚʠʥʫʣʠʩʷ ʩʠʤʧʪʦʤʠ ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ: ʫ 3-ʭ ʪʚʘʨʠʥ ʥʘ 35 ʭʚʠʣʠʥʽ ʧʽʩʣʷ ʚʚʝ-

ʜʝʥʥʷ ʭʣʦʨʠʜʫ ʘʤʦʥʽ ̫ʦʟʥʘʢʠ ʛʽʧʦʢʩʽʾ ʩʪʘʣʠ ʧʦʩʪʫʧʦʚʦ ʟʥʠʢʘʪʠ, ʦʜʥʘ ʪʚʘʨʠʥʘ 

ʟʘʛʠʥʫʣʘ ʥʘ 66 ʭʚʠʣʠʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʱʝ ʜʚʽ ʯʝʨʝʟ 77 ʭʚ. ʉʝʨʝʜʥʽʡ ʯʘʩ ʟʘʛʠʙʝʣʽ 

ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʪʦʢʩʠʢʘʥʪʫ ʩʪʘʥʦʚʠʚ 71,67 ʭʚʠʣʠʥʠ. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʣʝʛʝʥʽʚ 

ʥʘʛʘʜʫʚʘʚ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʣʝʛʝʥ ɹʪʚʘʨʠʥ, ʷʢʠʤ ʚʚʦʜʠʣʠ ʜʝʟʘʧʫʨ. ɺʦʥʠ ʙʫʣʠ 

ʩʚʽʪʣʦ ʨʦʞʝʚʦʛʦ ʢʦʣʴʦʨʫ, ʥʝ ʥʘʙʨʷʢʣʽ ʘʙʦ ʧʦʤʽʨʥʦ ʥʘʙʨʷʢʣʽ, ʥʝ ʢʨʦʚôʷʥʠʩʪʽ. 

ʂʄʃ ʥʘ ʪʣʽ ʚʚʝʜʝʥʥʷ ʽʥʜʦʤʝʪʘʮʠʥʫ ʩʪʘʥʦʚʠʚ 1,06, ʘ ʡʦʛʦ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʘ ʘʢ-

ʪʠʚʥʽʩʪʴ ï 57 %.   

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʝʟʘʧʫʨ ʫ ʜʦʟʽ 10 ʤʛ/ʢʛ ʥʘ ʤʦʜʝʣʽ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʥʘʙʨʷʢʫ ʣʝʛʝʥ ɹʩʧʨʠʷʻ ʚʠʞʠʚʘʥʥʶ ʪʚʘʨʠʥ ʪʘ ʙʽʣʴʰʝ, 

ʥʽʞ ʫʜʚʽʯʽ ʧʦʜʦʚʞʫʻ ʯʘʩ ʜʦ ʟʘʛʠʙʝʣʽ ʱʦʜʦ ʛʨʫʧʠ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ (ʪʘʙʣ. 

5.7).  

ɼʝʟʘʧʫʨ ʫ ʜʦʟʽ 10 ʤʛ/ʢʛ ʚʠ̫ʚʠʚ ʙʽʣʴʰ ʚʠʩʦʢʫ ʘʥʪʠʝʢʩʫʜʘʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ 

(78 %) ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʝʬʝʨʝʥʩ-ʧʨʝʧʘʨʘʪʦʤ ʽʥʜʦʤʝʪʘʮʠʥʦʤ (57 %). 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʜʝʟʘʧʫʨʫ 

ʥʘ ʤʦʨʬʦʩʪʨʫʢʪʫʨʫ ʣʝʛʝʥʴ ʟʘ ʫʤʦʚ ʛʦʩʪʨʦʛʦ ʪʦʢʩʠʯʥʦʛʦ ʥʘʙʨʷʢʫ ʣʝʛʝʥʴ.  

ɿʘ ʘʥʘʣʽʟʦʤ ʦʛʣʷʜʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ (ʨʠʩ. 5.6), ʫ ʪʚʘʨʠʥ ʽʥʪʘʢʪʥʦʛʦ ʢʦʥʪʨʦ-

ʣʶ ʧʘʨʝʥʭʽʤʘ ʨʝʩʧʽʨʘʪʦʨʥʦʛʦ ʚʽʜʜʽʣʫ ʣʝʛʝʥʝʚʦʾ ʪʢʘʥʠʥʠ ʙʫʣʘ ʟ ʜʦʙʨʝ ʨʦʟʚʠʥʫ-

ʪʠʤʠ ʘʣʴʚʝʦʣʷʨʥʠʤʠ ʭʦʜʘʤʠ, ʘʣʴʚʝʦʣʷʨʥʠʤʠ ʤʽʰʝʯʢʘʤʠ ʪʘ ʘʣʴʚʝʦʣʘʤʠ, ʱʦ ʨʦ-

ʟʜʽʣʝʥʽ ʪʦʥʢʠʤʠ ʤʽʞʘʣʴʚʝʦʣʷʨʥʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ, ʯʠʩʣʝʥʥʠʤʠ ʙʨʦʥʭʽʦʣʘʤʠ. ï 

 

 

ʈʠʩ. 5.6 ʈʝʩʧʽʨʘʪʦʨʥʠʡ ʚʽʜʜʽʣ ʣʝʛʝʥʝʚʦʾ ʪʢʘʥʠʥʠ ʽʥʪʘʢʪʥʦʛʦ ʱʫʨʘ: ʘ ï ʥʦ-

ʨʤʘʣʴʥʠʡ ʘʣʴʚʝʦʣʷʨʥʠʡ ʨʠʩʫʥʦʢ ʧʘʨʝʥʭʽʤʠ. ʌʘʨʙʫʚʘʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʪʘ ʝʦ-

ʟʠʥʦʤ (ʟʙ. Ĭ200) 

ɸʣʴʚʝʦʣʷʨʥʠʡ ʨʠʩʫʥʦʢ ʥʝ ʧʦʨʫʰʝʥʠʡ, ʦʟʥʘʢ ʘʣʴʚʝʦʣʷʨʥʦʛʦ ʥʘʙʨʷʢʫ, ʧʨʦ-

ʣʽʬʝʨʘʪʠʚʥʠʭ ʷʚʠʱ ʟ ʙʦʢʫ ʤʽʞʘʣʴʚʝʦʣʷʨʥʠʭ ʧʝʨʝʛʦʨʦʜʦʢ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠ. ʏʘʩ-

ʪʠʥʘ ʘʣʴʚʝʦʣ ʟʥʘʭʦʜʠʣʘʩʷ ʫ ʩʪʘʥʽ ʧʦʤʽʨʥʦʛʦ ʩʧʘʜʘʥʥʷ, ʯʘʩʪʠʥʘ ï ʢʦʤʧʝʥʩʘʪʦʨʥʦ 
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ʧʦʤʽʨʥʦ ʨʦʟʰʠʨʝʥʘ (ʷʢ ʥʘʩʣʽʜʦʢ ʨʦʟʢʨʠʪʪʷ ʛʨʫʜʥʦʾ ʧʦʨʦʞʥʠʥʠ). ʃʽʤʬʦʮʠ-

ʪʘʨʥʘ ʨʝʘʢʮʽʷ ʫ ʩʪʨʦʤʽ ʙʨʦʥʭʽʘʣʴʥʦʛʦ ʜʝʨʝʚʘ ʧʦʤʽʨʥʘ. ʂʘʧʽʣʷʨʠ ʤʽʞʘʣʴʚʝʦʣʷʨ-

ʥʠʭ ʧʝʨʝʛʦʨʦʜʦʢ, ʚʥʫʪʨʽʰʥʴʦʦʨʛʘʥʥʽ ʢʨʦʚʦʥʦʩʥʽ ʩʫʜʠʥʠ.  

ʇʨʠ ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʦʤʫ ʚʚʝʜʝʥʥʽ 6 % ʨʦʟʯʠʥʫ ʘʤʦʥʽʶ ʭʣʦʨʠʜʫ(400 

ʤʛ/ʢʛ) ʚ ʣʝʛʝʥʷʭ ʱʫʨʽʚ ʟ ʛʨʫʧʠ ʢʦʥʪʨʦʣʴʥʦʾ ʧʘʪʦʣʦʛʽʾ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʜʠʬʫʟʥʠʡ 

ʘʣʴʚʝʦʣʷʨʥʠʡ ʥʘʙʨʷʢ (ʨʠʩ. 5.7 ʘ). 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 5.7 ʈʝʩʧʽʨʘʪʦʨʥʠʡ ʚʽʜʜʽʣ ʣʝʛʝʥʝʚʦʾ ʪʢʘʥʠʥʠ ʱʫʨʘ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ 

ʘʤʦʥʽʶ ʭʣʦʨʠʜʫ: ʘ  ̔ʙ ï ʤʽʞʘʣʴʚʝʦʣʷʨʥʽ ʧʝʨʝʛʦʨʦʜʢʠ ʚʠʢʨʠʚʣʝʥʽ, ʫ ʧʦʨʦʞʥʠʥʽ 

ʘʣʴʚʝʦʣ ʥʘʙʨʷʢʦʚʘ ʨʽʜʠʥʘ, ʨʠʩʫʥʦʢ ʪʢʘʥʠʥʠ ʩʧʦʪʚʦʨʝʥʠʡ. ɻʝʤʘʪʦʢʩʠʣʽʥ-ʝʦʟʠʥ. 

(ʟʙ.Ĭ200) 

ɸʣʴʚʝʦʣʠ ʙʫʣʠ ʟʘʧʦʚʥʝʥʽ ʙʽʣʢʦʚʦʶ ʨʽʜʠʥʦʶ, ʷʢʘ ʤʘʣʘ ʚʠʛʣʷʜ ʙʣʽʜʦʾ ʝʦʟʠ-

ʥʦʬʽʣʴʥʦʾ ʤʘʩʠ, ʟ ʢʣʽʪʠʥʘʤʠ ʢʨʦʚʽ, ʥʝʯʠʩʣʝʥʥʠʤʠ ʟʣʫʱʝʥʠʤʠ ʢʣʽʪʠʥʘʤʠ ʘʣʴʚʝ-

ʦʣʷʨʥʦʛʦ ʝʧʽʪʝʣʽʶ. ʇʦ ʢʨʘʷʭ ʘʙʦ ʚ ʩʝʨʝʜʠʥʽ ʾʾ ʤʽʩʪʠʣʠʩʷ ʥʝʚʝʣʠʢʽ ʧʦʨʦʞʥʠʥʠ ï 

ʤʽʭʫʨʢʠ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʠʤʽʰʘʣʠʩʷ ʜʦ ʥʝʾ. ʅʘʙʨʷʢʣʘ ʨʽʜʠʥʘ ʯʘʩʪʦ ʨʦʟʪʷʛʫʚʘʣʘ ʪʘ 

ʩʧʦʪʚʦʨʶʚʘʣʘ ʢʦʥʪʫʨʠ ʘʣʴʚʝʦʣ. ʉʪʫʧʽʥʴ ʟʘʧʦʚʥʝʥʥʷ ʘʣʴʚʝʦʣ ʨʽʜʠʥʦʶ ʙʫʚ ʨʽʟ-

ʥʠʡ, ʪʦʤʫ ʯʽʪʢʽʩʪʴ ʤʽʞʘʣʴʚʝʦʣʷʨʥʠʭ ʧʝʨʝʛʦʨʦʜʦʢ ʚʠʨʘʟʥʦ ʢʦʣʠʚʘʣʘʩʷ ʘʙʦ ʥʝ ʚʠ-

ʟʥʘʯʘʣʘʩʷ ʟʦʚʩʽʤ, ʱʦ ʤʘʣʦ ʚʠʛʣʷʜ ʙʝʟʣʘʜʥʦʛʦ ʩʢʫʧʯʝʥʥʷ ʢʣʽʪʠʥ. 

ʋ ʤʽʩʮʷʭ ʟʽ ʟʙʝʨʝʞʝʥʠʤʠ ʤʽʞʘʣʴʚʝʦʣʷʨʥʠʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ ʢʨʦʚʦʥʦʩʥʽ 

ʢʘʧʽʣʷʨʠ ʨʦʟʰʠʨʝʥʽ, ʯʘʩʪʦ ʧʝʨʝʧʦʚʥʝʥʽ ʢʨʦʚ'ʶ (ʜʝ ʚʽʜʤʽʯʘʚʩʷ ʩʪʘʟ ʝʨʠʪʨʦʮʠʪʽʚ) 

ʘ ʙ 
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(ʨʠʩ. 5.7 ʙ). ʇʝʨʠʚʘʟʘʣʴʥʽ ʧʨʦʩʪʦʨʠ ʨʦʟʰʠʨʝʥʽ, ʥʘʙʨʷʢʣʽ. ʆʜʥʦʯʘʩʥʦ ʟ ʘʣʴʚʝ-

ʦʣʘʤʠ, ʷʢʽ ʟʘʧʦʚʥʝʥʽ ʩʝʨʦʟʥʠʤ ʚʠʧʦʪʦʤ, ʟʫʩʪʨʽʯʘʣʠʩʷ ʽ ʪʘʢʽ, ʱʦ ʙʫʣʠ ʚʽʣʴʥʽ ʚʽʜ 

ʥʴʦʛʦ. ʊʘʢʽ ʘʣʴʚʝʦʣʠ, ʷʢ ʧʨʘʚʠʣʦ, ʝʤʬʟ̔ʝʤʦʧʦʜʽʙʥʦ ʨʦʟʪʷʛʥʫʪʽ ʚʥʘʩʣʽʜʦʢ ʷʚʠʱ 

ʛʦʩʪʨʦʾ ʝʤʬʽʟʝʤʠ, ʷʢʘ ʥʘʩʪʫʧʘʻ ʦʜʥʦʯʘʩʥʦ ʟ ʥʘʙʨʷʢʦʤ ʣʝʛʝʥʽʚ. ʊʦʤʫ ʧʦʨʫʰʝʥʦ 

ʘʣʴʚʝʦʣʷʨʥʠʡ ʤʘʣʶʥʦʢ ʣʝʛʝʥʝʚʦʾ ʧʘʨʝʥʭʽʤʠ.  

ɺʚʝʜʝʥʥʷ ʜʝʟʘʧʫʨʫ ʚ ʜʦʟʽ 10 ʤʛ/ʢʛ ʯʠʥʠʣʦ ʚʠʨʘʟʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʣʝʛʝʥʝʚʦʾ ʧʘʨʝʥʭʽʤʠ ʱʫʨʽʚ (ʨʠʩ. 5.8). ʋ 57 % ʪʚʘʨʠʥ ʘʣʴʚʝ-

ʦʣʷʨʥʠʡ ʨʠʩʫʥʦʢ ʪʢʘʥʠʥʠ ʟʙʝʨʝʞʝʥʦ, ʣʠʰʝ ʜʨʽʙʥʽ ʧʦʦʜʠʥʦʢʽ ʜʽʣʷʥʢʠ ʤʽʩʪʠʣʠ  

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 5.8 ʈʝʩʧʽʨʘʪʦʨʥʠʡ ʚʽʜʜʽʣ ʣʝʛʝʥʝʚʦʾ ʪʢʘʥʠʥʠ ʱʫʨʽʚ, ʷʢʠʤ ʚʚʦʜʠʣʠ ʜʝ-

ʟʘʧʫʨ ʫ ʜʦʟʽ 10 ʤʛ/ʢʛ: ʘ ï ʘʣʴʚʝʦʣʷʨʥʠʡ ʨʠʩʫʥʦʢ ʧʘʨʝʥʭʽʤʠ ʟʙʝʨʝʞʝʥʦ, ʧʦʤʽʨʥʝ 

ʧʦʪʦʚʱʝʥʥʷ ʤʽʞʘʣʴʚʝʦʣʷʨʥʠʭ ʧʝʨʝʛʦʨʦʜʦʢ; ʙ ï ʘʣɹʚʝʦʣʷʨʥʠʡ ʨʠʩʫʥʦʢ ʟʤʘʟʘʥʦ 

ʚ ʥʘʩʣʽʜʦʢ ʩʧʘʜʘʥʥʷ ʘʣʴʚʝʦʣ, ʥʝʚʠʨʘʟʥʠʡ ʚʠʭʽʜ ʝʨʠʪʨʦʮʠʪʽʚ ʪʘ ʢʣʽʪʠʥ ʢʨʦʚʽ ʫ 

ʧʨʦʩʚʽʪ ʯʘʩʪʠʥʠ ʘʣʴʚʝʦʣ. ɻʝʤʘʪʦʢʩʠʣʽʥ-ʝʦʟʠʥ (ʟʙ. Ĭ200). 

 

ʘʣʴʚʝʦʣʠ ʟ ʥʝʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʧʨʠʩʪʽʥʢʦʚʦʾ ʙʽʣʢʦʚʦʾ ʨʽʜʠʥʠ. ʇʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ 

ʙʫʣʠ ʤʽʢʨʦʮʠʨʢʫʣʷʪʦʨʥʽ ʨʦʟʣʘʜʠ, ʟʤʽʥʠ ʩʪʘʥʫ ʧʝʨʠʚʘʟʘʣʴʥʠʭ ʧʨʦʩʪʦʨʽʚ (ʨʠʩ. 5.8). 

ʋ ʛʨʫʧʽ ʱʫʨʽʚ, ʷʢʠʤ ʧʦʧʝʨʝʜʥʴʦ ʜʦ ʚʚʝʜʝʥʥʷ 6% ʨʦʟʯʠʥʫ ʘʤʦʥʽʶ ʭʣʦʨʠʜʫ 

ʚʚʦʜʠʣʠ ʧʨʝʧʘʨʘʪ ʧʦʨʽʚʥʷʥʥʷ çɯʥʜʦʤʝʪʘʮʠʥè ʚ ʜʦʟʽ 5 ʤʛ/ʢʛ, ʤʽʢʨʦʩʢʦʧʽʯʥʘ ʢʘʨ-

ʘ ʙ 




