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ɸʅʆʊɸʎɯʗ 

ʊʘʨʘʥʝʮʴ ʖ.ɺ. ɺʧʣʠʚ ʦʨʛʘʥʽʯʥʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʨʦʩʪʫ ʥʘ ʧʘʪʦʛʝʥʝʟ 

ʢʨʠʩʪʘʣʽʚ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ 

ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 05.02.01 ï çʄʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʦè. ï ɯʥʩʪʠʪʫʪ ʤʦʥʦʢʨʠʩʪʘʣʽʚ 

ʅɸʅ ʋʢʨʘʾʥʠ, ʍʘʨʢʽʚ, 2018. 

ɼʠʩʝʨʪʘʮʽʷ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʚʧʣʠʚʫ ʤʦʣʝʢʫʣ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʨʦʩʪʫ ʥʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʤʦʨʬʦʣʦʛʽʶ ʽ ʧʨʦʮʝʩʠ ʥʫʢʣʝʘʮʽʾ ʉʆʄ.  

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʢʘʣʴʮʽʶ, ʦʢʩʘʣʘʪ-ʽʦʥʽʚ ʽ 

ʧʝʨʝʩʠʯʝʥʥʷ ʨʦʟʯʠʥʫ (s) ʥʘ ʤʦʨʬʦʣʦʛʽʶ ʢʨʠʩʪʘʣʽʚ ʉʆʄ. ʇʦʢʘʟʘʥʦ ʟʤʽʥʫ 

ʤʦʨʬʦʣʦʛʽʾ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʧʨʠ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

ʢʘʤʝʥʝʫʪʚʦʨʶʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 0,3-0,5 ʤʤʦʣʴ/ʣ 

ʫʪʚʦʨʶʶʪʴʩʷ ʦʜʠʥʦʯʥʽ ʢʨʠʩʪʘʣʠ ʉʆʄ, ʧʨʠ 1-2 ʤʤʦʣʴ/ʣ ï ʢʦʥʪʘʢʪʥ ̔ ʪʘ 

ʧʨʦʥʠʢʘʶʯ ̔ʜʚʽʡʥʠʢʠ, ʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽ̫ ʭ ʧʦʥʘʜ 3 ʤʤʦʣʴ/ʣ ʫʪʚʦʨʶʶʪʴʩʷ 

ʜʝʥʜʨʠʪʥʽ ʢʨʠʩʪʘʣʠ ʉʆʄ.  

ɺʠʚʯʝʥʦ ʚʧʣʠʚ ʘʤʽʥʦʢʠʩʣʦʪ (L-ɸsp, L-ɸrg, L-Thr) ʪʘ ʚʽʪʘʤʽʥʽʚ (ɺ1, ɺ6, 

ɺ12) ʥʘ ʧʨʦʮʝʩʠ ʥʫʢʣʝʘʮʽʾ ʽ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʉʆʄ. ɺʠʷʚʣʝʥʦ, ʱʦ L-ɸsp ʽ       

L-ɸrg ʥʘʜʘʶʪʴ ʽʥʛʽʙʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʆʄ; ʝʬʝʢʪ ʽʥʛʽʙʫʚʘʥʥʷ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʤʽʥʦʢʠʩʣʦʪ ʚ ʨʦʟʯʠʥʽ. 

ɼʦʜʘʚʘʥʥʷ 20 ʤʤʦʣʴ/ʣ L-ɸsp  ̔ L-ɸrg ʚ ʤʦʜʝʣʴʥʫ ʩʠʩʪʝʤʫ ʉʆʄ ʧʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ [Ca2+]/[C2O4
2ï] = 20:1 (s = 4,6) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʦʜʠʥʦʯʥʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʨʦʟʤʽʨʦʤ 4 - 5 ʤʢʤ. ɿʥʠʞʝʥʥʷ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʚ 

ʉʆʄ ʦʙʫʤʦʚʣʝʥʦ ʘʜʩʦʨʙʮʽʻʶ ʤʦʣʝʢʫʣ ʘʤʽʥʦʢʠʩʣʦʪ ʥʘ ʟʨʦʩʪʘʶʯʠʭ ʛʨʘʥʷʭ 

ʢʨʠʩʪʘʣʘ:  ʙʣʦʢʫʚʘʥʥʷ ʛʨʘʥʝʡ {100}  ̔{010} ʢʨʠʩʪʘʣʘ ʉʆʄ ʤʦʣʝʢʫʣʘʤʠ L-ɸrg 

ʽ ʛʨʘʥʽ {100} ʤʦʣʝʢʫʣʘʤʠ L-ɸsp ʦʙʫʤʦʚʣʝʥʦ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦ  ʁʚʟʘʻʤʦʜʽʻʶ 

ʤʽʞ ʟʘʨʷʜʞʝʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʜʦʤ̔ ʰʦʢ ʽ ʘʪʦʤʘʤʠ ʢʘʣʴʮʽʶ ʽ ʦʢʩʘʣʘʪʫ, ʱʦ 

ʚʠʭʦʜʷʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʛʨʘʥʝʡ ʉʆʄ. ɸʤʽʥʦʢʠʩʣʦʪʠ L-ɸsp  ̔ L-ɸrg 

ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ ʛʨʘʥʴ {121} ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʚʦʜʥʝʚʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ 



 
 

ʤʦʣʝʢʫʣʘʤʠ ʘʤʽʥʦʢʠʩʣʦʪ ʪʘ ʧʨʦʪʦʥʘʤʠ, ʱʦ ʚʠʭʦʜʷʪʴ ʥʘ ʧʦʚʝʨʭʥʶ 

ʛʨʘʥʽ {121}.  

ɼʦʩʣʽʜʞʝʥʦ ʯʘʩ ʽʥʜʫʢʮʽʾ ʉʆʄ ʧʨʠ ʚʚʝʜʝʥʥʽ ʘʤʽʥʦʢʠʩʣʦʪ ʽ ʚʽʪʘʤʽʥʽʚ. 

ɺʠʷʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʽʥʜʫʢʮʽʾ ʚ 10 ʨʘʟʽʚ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ L-ɸsp 

20 ʤʤʦʣʴ/ʣ, ʘ ʧʨʠ 20 ʤʤʦʣʴ/ʣ L-ɸrg ï ʚ 6 ʨʘʟʽʚ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʉʆʄ ʙʝʟ 

ʜʦʤʽʰʦʢ. ʉʪʫʧʽʥʴ ʽʥʛʽʙʫʚʘʥʥʷ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʧʨʠ ʮʴʦʤʫ 

ʩʪʘʥʦʚʠʪʴ 90,2 % ʽ 86,0 %, ʚʽʜʧʦʚʽʜʥʦ. ʇʦʢʘʟʘʥʦ, ʦɦ ʘʤʽʥʦʢʠʩʣʦʪʘ L-ʊhr 

ʧʨʦʤʦʪʫ ̒ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʆʄ: ʯʘʩ ʽʥʜʫʢʮʽʾ ʉʆʄ ʧʨʠ ʚʚʝʜʝʥʥʽ 2-20 ʤʤʦʣʴ/ʣ 

L-ʊhr ʟʤʝʥʰʫʻʪʴʩʷ ʚ ʜʚʘ ʨʘʟʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʘʩʦʤ ʽʥʜʫʢʮʽʾ ʉʆʄ ʙʝʟ 

ʜʦʤʽʰʦʢ.  

ɺʧʝʨʰʝ ʚʠʷʚʣʝʥʦ ʽʥʛʽʙʫʶʯʠʡ ʚʧʣʠʚ ʚʽʪʘʤʽʥʽʚ ɺ1, ɺ6, ɺ12 ʥʘ ʧʨʦʮʝʩʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʽ ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʚ ʉʆʄ. ɿʥʘʡʜʝʥʦ, ʱʦ ʩʪʫʧʽʥʴ ʽʥʛʽʙʫʚʘʥʥʷ 

ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʪʘʤʽʥʽʚ ɺ1 ʽ ɺ6 40-50 ʤʤʦʣʴ/ʣ 

ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 95 %, ʱʦ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʧʨʠʛʥʽʯʫʻ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ 50 ʤʤʦʣʴ/ʣ ʚʽʪʘʤʽʥʫ ɺ6 ʚ ʤʦʜʝʣʴʥʫ ʩʠʩʪʝʤʫ ʉʆʄ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʦʜʠʥʦʯʥʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʨʘʟʤʽʨʦʤ 2 ʤʢʤ, ʱʦ ʚ 

ʧ'ʷʪʴ ʨʘʟʽʚ ʤʝʥʰʝ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʙʝʟ ʜʦʤʽʰʦʢ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʫʪʚʦʨʝʥʥʷʤ ʚʦʜʥʝʚʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʘʪʦʤʘʤʠ ʘʟʦʪʫ ʧʽʨʠʜʠʥʦʚʦʛʦ 

ʢʽʣʴʮʷ ʤʦʣʝʢʫʣʠ ʚʽʪʘʤʽʥʫ ɺ6 ʽ ʧʨʦʪʦʥʘʤʠ, ʱʦ ʚʠʭʦʜʷʪʴ ʥʘ ʧʦʚʝʨʭʥʶ 

ʛʨʘʥʽ {121} ʢʨʠʩʪʘʣʘ ʉʆʄ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʤʦʣʝʢʫʣ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʨʦʩʪʫ ʥʘ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ 

ʉʆʄ. ɺʠʷʚʣʝʥʦ, ʱʦ ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ ʯʠʩʪʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ 

ʩʪʘʥʦʚʠʪʴ 22,0 ʤɼʞ/ʤ2; ʜʦʜʘʚʘʥʥʷ ʚ ʤʦʜʝʣʴʥʫ ʩʠʩʪʝʤʫ ʘʤʽʥʦʢʠʩʣʦʪ L-Asp ʽ 

L-Arg ʟʤʝʥʰʫʻ ʧʦʚʝʨʭʥʝʚʫ ʵʥʝʨʛʽ ʁ ʉʆʄ ʜʦ 19,8-20,8 ʤɼʞ/ʤĮ. ɺʚʝʜʝʥʥʷ 

ʚʽʪʘʤʽʥʽʚ ɺ1 ʽ ɺ6 ʪʘʢʦʞ ʟʥʠʞʫʻ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ, ʦʜʥʘʢ ʥʘ ʢʽʥʝʪʠʯʥʽʡ 

ʢʨʠʚʽʡ ʟʘʨʦʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʚʽ ʜʽʣʷʥʢʠ ʟʽ ʟʣʘʤʦʤ ʧʨʠ           

s=8,0, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʟʘʨʦʜʞʝʥʥʷ ʜʦ 

ʛʦʤʦʛʝʥʥʦʛʦ ʧʨʠ ʚʝʣʠʢʠʭ ʧʝʨʝʩʠʯʝʥʥʷʭ. 

 

 



 
 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʠʭ ʚʧʝʨʰʝ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʦʣʦʞʝʥʥʷʭ:  

1. ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ L-ʘʩʧʘʨʘʛʽʥʦʚʦʾ ʢʠʩʣʦʪʠ (L-ɸsp) 

20 ʤʤʦʣʴ/ʣ ʫ ʤʦʜʝʣʴʥʦʤʫ ʨʦʟʯʠʥʽ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʘʤʝʥʝʫʪʚʦʨʶʶʯʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ([Ca2+]/[C2O4
2ï] = 20:1, ʧʝʨʝʩʠʯʝʥʥʷ s=6,0) ʯʘʩ ʽʥʜʫʢʮʽʾ 

ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ (ʉʆʄ) ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ 10 ʨʘʟʽʚ, ʘ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ L-aʨʛʽʥʽʥʫ (L-ɸrg) 20 ʤʤʦʣʴ/ʣ ï ʫ 6 ʨʘʟʽʚ. ʉʪʫʧʽʥʴ 

ʽʥʛʽʙʫʚʘʥʥʷ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʧʨʠ ʮʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʘʤʽʥʦʢʠʩʣʦʪ   

L-ɸsp ʽ L-ɸrg ʩʪʘʥʦʚʠʪʴ 90,2% ʽ 86,0%, ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʟʥʘʯʥʠʡ ʽʥʛʽʙʫʶʯʠʡ ʚʧʣʠʚ ʤʦʣʝʢʫʣ L-ɸsp ʽ L-ɸrg ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ 

ʉʆʄ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʤʦʜʝʣʴʥʦʤʫ ʨʦʟʯʠʥʽ              

([Ca2+]/[C2O4
2ï] = 20:1, s=4,6) ʘʤʽʥʦʢʠʩʣʦʪ L-ɸsp ʽ L-ɸrg ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

20 ʤʤʦʣʴ/ʣ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʦʜʠʥʦʯʥʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ 

ʨʦʟʤʽʨʦʤ 4-5 ʤʢʤ, ʘ ʥʘʷʚʥʽʩʪʴ ʚʽʪʘʤʽʥʫ ɺ6 (ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 50 ʤʤʦʣʴ/ʣ) ï

 ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʨʦʟʤʽʨʦʤ 2 ʤʢʤ (ʫ ʧʦʨʽʚʥʷʥʥʽ, ʙʝʟ ʜʦʤʽʰʦʢ 

ʫʪʚʦʨʶʶʪʴʩʷ ʜʝʥʜʨʠʪʥʽ ʢʨʠʩʪʘʣʠ ʉʆʄ ʨʦʟʤʽʨʦʤ 10 ʤʢʤ), ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʘʜʩʦʨʙʮʽʻʶ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ 

ʚʦʜʥʝʚʠʭ ʟʚ'ʷʟʢʽʚ ʟ ʛʨʘʥʥʶ {121} ʉʆʄ ʪʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʶ ʚʟʘʻʤʦʜʽʻʶ 

ʤʽʞ ʟʘʨʷʜʞʝʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʜʦʙʘʚʦʢ ʪʘ ʘʪʦʤʘʤʠ ʢʘʣʴʮʽʶ ʽ ʦʢʩʘʣʘʪʫ, 

ʱʦ ʚʠʭʦʜʷʪʴ ʥʘ ʧʦʚʝʨʭʥʶ ʛʨʘʥʝʡ {100} ʽ {010} ʢʨʠʩʪʘʣʘ ʉʆʄ. 

3. ɺʩʪʘʥʦʚʣʝʥʦ ʜʽʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʤʽʥʦʢʠʩʣʦʪʠ L-ʪʨʝʦʥʽʥ (2-

20 ʤʤʦʣʴ/ʣ), ʧʨʠ ʷʢʦʤʫ ʚʦʥʘ ʻ ʧʨʦʤʦʫʪʝʨʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ, ʱʦ 

ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʨʦʜʢʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʫ ʤʦʜʝʣʴʥʽʡ 

ʩʠʩʪʝʤʽ ʽ ʟʤʝʥʰʝʥʥʷʤ ʯʘʩʫ ʽʥʜʫʢʮʽʾ ʉʆʄ ʫ 2 ʨʘʟʠ. 

4. ɺʠʷʚʣʝʥʦ, ʱʦ ʚʽʪʘʤʽʥʠ ɺ1 ʽ ɺ6 ʧʨʠ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʨʦʟʯʠʥʽ 40-

50 ʤʤʦʣʴ/ʣ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʧʨʠʛʥʽʯʫʶʪʴ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ ʉʆʄ 

(ʩʪʫʧʽʥʴ ʽʥʛʽʙʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʙʽʣʴʰʝ 95%), ʽ ʩʧʨʠʷʶʪʴ ʟʙʽʣʴʰʝʥʥʶ 

ʯʘʩʫ ʽʥʜʫʢʮʽʾ (7200 ʩ) ʫ 70 ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʘʩʦʤ ʽʥʜʫʢʮʽʾ ʉʆʄ ʙʝʟ 

ʜʦʤʽʰʦʢ (100 ʩ). 



 
 

5.  ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʤʦʜʝʣʴʥʽʡ ʩʠʩʪʝʤʽ ʉʆʄ             

([Ca2+]/[C2O4
2ï] = 20:1, s = 4,6-14,0) ʚʽʪʘʤʽʥʽʚ ɺ1 ʠ ɺ6 ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 

10-50 ʤʤʦʣʴ/ʣ ʪʘ ɺ12 ʟ ʢʦʥʮʝʥʪʨʘʮiʷʤʠ 20-100 ʤʢʤʦʣʴ/ʣ ʟʤʝʥʰʫʻ 

ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʧʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ 

ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʟʘʨʦʜʞʝʥʥʷ (s=4,6-8,0) ʜʦ ʛʦʤʦʛʝʥʥʦʛʦ ʧʨʠ ʚʝʣʠʢʠʭ 

ʧʝʨʝʩʠʯʝʥʥʷʭ (s=8,0-14,0). 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʘʣʠ 

ʦʩʥʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ:  

ï ʨʦʟʨʦʙʣʝʥʦ ʦʨʠʛʽʥʘʣʴʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʦʢʩʘʣʘʪʫ 

ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʷʢʽʩʥʦ ʚʠʟʥʘʯʘʪʠ ʥʘʷʚʥʽʩʪʴ ʢʨʠʩʪʘʣʽʚ 

ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ ʚ ʬʽʟʽʦʣʦʛʽʯʥʽʡ ʨʽʜʠʥʽ (ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ 

ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 124338 ʚʽʜ 10.04.2018 ʨ.); 

ï ʟʥʘʡʜʝʥʦ ʜʦʤʽʰʢʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ ʪʘ ʧʨʠʛʥʽʯʫʶʪʴ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ ʉʆʄ in vitro ʚ ʫʤʦʚʘʭ 

ʙʣʠʟʴʢʠʭ ʜʦ ʬʽʟʽʦʣʦʛʽʯʥʠʭ. 

ʆʪʨʠʤʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʜʦʤʽʰʦʢ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʧʘʪʦʛʝʥʥʠʭ ʙʽʦʤʽʥʝʨʘʣʽʚ ʉʆʄ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ.  

ɿʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʾ ʟʜʦʙʫʚʘʯʝʤ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʦʧʫʙʣʽʢʦʚʘʥʦ 14 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ɿ ʥʠʭ 5 ʩʪʘʪʝʡ ʫ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ ʞʫʨʥʘʣʘʭ, 1 

ʧʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʽ 8 ʪʝʟ ʢʦʥʬʝʨʝʥʮʽʡ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʚʩʪʫʧʫ, 5 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, 

ʩʧʠʩʢʫ ʮʠʪʦʚʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ  ̔ʜʦʜʘʪʢʫ. ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ 48 ʨʠʩʫʥʢʽʚ, 14 

ʪʘʙʣʠʮʴ, 140 ʥʘʡʤʝʥʫʚʘʥʴ ʮʠʪʦʚʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʽ ʤʘʻ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ 124 

ʩʪʦʨʽʥʢʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʘʣʴʮʽʡ ʦʢʩʘʣʘʪ ʤʦʥʦʛʽʜʨʘʪ, ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ, 

ʧʝʨʝʩʠʯʝʥʥʷ ʨʦʟʯʠʥʫ, ʯʘʩ ʽʥʜʫʢʮʽʾ, ʘʤʽʥʦʢʠʩʣʦʪʠ, ʚʽʪʘʤʽʥʠ, ʽʥʛʽʙʽʪʦʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 
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ABSTRACT  

Taranets Y.V. Effect of organic growth modifiers on the pathogenesis of 

calcium oxalate monohydrate crystals. ï Manuscript. 

Thesis for the degree of Candidate of Technical Sciences (Ph.D.) in specialty 

05.02.01 ï Materials Science. ï Institute for Single Crystals of NAS of Ukraine, 

Kharkiv, 2018. 

The thesis is devoted to the study of the influence of growth modifying 

molecules on the processes of crystallization, morphology and nucleation of COM 

crystals. 

The effect of solution supersaturation (s), as well as of calcium and oxalate 

ions concentration on the morphology of COM crystals, is investigated. Shown is 

the change in the morphology of COM crystals at a stoichiometric ratio of stone-

forming components. Single crystals of COM are found to be formed at 

concentrations of 0.3-0.5 mM, contact and penetrating twins arise at 1-2 mM 

concentration, whereas dendritic COM crystals grow, at concentrations above 

3 mM.   

Studied is the influence of L-Asʨ, L-Arg, L-Thr amino acids and B1, B6, 

B12 vitamins on the processes of nucleation and growth of COM crystals. L-Asp 

and L-Arg are found to have an inhibitory effect on COM crystallization; the effect 

of inhibition increases in proportion to the rise of the concentration of amino acids 

in the solution. Addition of 20 mM of L-ɸsp and L-ɸrg to the COM model system 

with the ratio [Ca2+]/[C2O4
2ï] = 20:1 (s=4.6) leads to the formation of single COM 

crystals with a size of 4-5 ɛm. The decrease in the size of COM crystals is due to 

the adsorption of amino acid molecules on the growing crystal faces: blocking of 

the {100} and {010} faces by L-Arg molecules and of {100} faces by L-ɸsp 

molecules is due to electrostatic interaction between charged additive molecules 

and calcium and oxalate atoms on the surface of COM. L-ɸsp and L-Arg amino 

acids are adsorbed on the {121} face due to the formation of hydrogen bonds 

between the amino acid molecules and protons.  



 
 

The induction time of COM with the introduction of amino acids and 

vitamins was investigated. There was observed the increase in induction time by 10 

times at 20 mM content of L-Asp, and by 6 times at 20 mM content of L-Arg 

compared with pure COM. The degree of inhibition of COM crystal growth was 

90.2% and 86.0%, respectively. It was shown that L-ʊhr amino acid promoted 

COM crystallization: the induction time of COM with the introduction of 2-20 mM 

of L-ʊhr is halved compared with the induction time of COM without additives. 

For the first time, there was revealed the inhibitory effect of B1, B6, B12 

vitamins on the crystallization processes and the size of COM crystals. It was 

found that the inhibition degree of COM crystal growth with 40-50 mM 

concentration of B1 and B6 vitamins exceeded 95% that almost completely 

inhibited crystal growth. It was shown that the addition of 50 mM of B6 vitamin  

to COM model system resulted in the formation of single COM crystals with a size 

of 2 ɛm. That is by five times smaller than the sizes of pure COM crystals due to 

the formation of hydrogen bonds between the nitrogen atoms of pyridine ring of 

B6 molecule and protons on the {121} face of COM crystal. 

Investigated was the effect of growth modifying molecules on COM surface 

energy. It was revealed that the surface energy of pure COM crystals was 

22.0 mJ/m2; the addition of L-Asp and L-Arg amino acids to the model system 

reduce the surface energy of COM to 19.8ï20.8 mJ/mĮ. The introduction of B1 and 

B6 vitamins also reduce the surface energy. However, on the kinetic curve of 

nucleation of COM crystals, two kinetic regions with a break are observed at 

s = 8.0, that is caused by the transition from heterogeneous nucleation to 

homogeneous one takes place at high supersaturations. 

Scientific novelty of the results obtained is contained in the following 

statements formulated fo the first time:  

1. The induction time for calcium oxalate monohydrate (COM) is shown to 

increase by 10 times at 20 mM concentration of L-aspartic acid (L-Asp) in the 

model solution (the ratio of stone forming components ([[Ca2+]/[C2O4
2ï] = 20:1, 

supersaturation s=6.0) and by 6 times at the same concentration of                  



 
 

L-arginine (L-Arg) 20 mM. The degree of inhibition of COM crystal growth at 

these concentrations of L-Asp and L-Arg amino acids is 90.2% and 86.0% 

respectively, that testifies to a significant inhibitory effect the L-Asp and L-Arg 

molecules on the COM crystallization. 

2. It is found that the presence of L-Asp and L-Arg amino acids with a 

concentration of 20 mM in the model solution of ([Ca2+]/[C2O4
2ï] = 20:1, 

s=4,6) leads to the formation of COM single crystals with a size of                    

4-5 microns. The presence of B6 vitamin (with a concentration of 50 mM) give 

rise to the formation of crystals the measuring 2 microns. In the absense of 

admixtures 10 microns dendritic crystals COM are formed. This is due to the 

adsorption of the organic molecules on surface {121} caused by the formation 

of hydrogen bonds, and electrostatic interaction between charged molecules of 

the additives and calcium and oxalic atoms on the faces {100} and {010} of 

COM crystal. 

3. Established is the range of the concentrations of L-threonine amino acid (2-

20 mM) within which it is a promoter of COM crystallization. It is associated 

with an increase in the number of crystallization nuclei in the model system 

and a decrease of the induction time for  COM by 2 times. 

4. B1 and B6 vitamins are found to almost completely inhibit the growth of COM 

crystals at their concentration in the solution of 40-50 mM  (the degree of 

crystallization inhibition being more than 95%), and to contribute to the 

increase of the induction time (7200 s) by 70 times compared with the time of 

COM induction in the absence of impurities (100 s). 

5. The presence of B1 and B6 vitamins with concentrations of 10-50 mM and  of 

B12 vitamin with 20-100 ɛM concentrations in the model COM system 

([Ca2+]/[C2O4
2ï] = 20:1, s=4.6-14.0) reduces the surface energy of COM 

crystals. Thereat, the transition from heterogeneous nucleation (s=4.6-8.0) to 

homogeneous one takes place at high supersatutions (s=8.0-14.0). 

The generalization of experimental and theoretical studies formed the basis 

of technological solutions which allowed:  



 
 

ï to develop an original method for determination of calcium oxalate 

monohydrate  crystals has been developed, that makes it possible to qualitatively 

establish the presence of  calcium oxalate monohydrate crystals in physiological 

liquid (Patent No. 124338 dated April 10, 2018); 

ï to find the admixtures that influence the kinetic parameters of COM 

crystallization and suppress the growth of COM crystals in vitro under the 

conditions close to the physiological. 

The COM crystals obtained in the presence of amino acids and vitamins 

allow to reveal the tendency of the influence of impurities of various nature and 

concentration on the crystallization of the pathogenic COM biominerals and can be 

used to explain the mechanisms of stone formation.  

Within the scope of the present thesis, the applicant in co-authorship has 

published 14 scientific works. Among them, there are 5 papers in national and 

foreign professional scientific journals, 1 patent of Ukraine for utility model and 8 

abstracts of conferences. 

The present thesis consists of the introduction, 5 sections, conclusion, the list 

of the cited literature ʘnd application. The thesis contains 48 figures, 14 tables, 140 

titles of quoted literature and has a total volume of 124 pages. 

Key words: calcium oxalate monohydrate, crystal growth, supersaturation, 

induction time, amino acids, vitamins, the inhibitors of crystallisation. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

ʉʆʄ ï ʢʘʣʴʮʽʡ ʦʢʩʘʣʘʪ ʤʦʥʦʛʜ̔ʨʘʪ; 

ʉʆɼ ï ʢʘʣʴʮʽʡ ʦʢʩʘʣʘʪ ʜʠʛʜ̔ʨʘʪ; 

ʉʆʊ ï ʢʘʣʴʮʽʡ ʦʢʩʘʣʘʪ ʪʨʠʛʽʜʨʘʪ; 

L-Asp ï L-ʘʩʧʘʨʘʛʥ̔ʦʚʘ ʢʠʩʣʦʪʘ; 

L-Arg ï L-ʘʨʛʽʥʽʥ; 

L-Thr ï L-ʪʨʝʦʥʽʥ;  

ʩ ï ʢʦʥʮʝʥʪʨʘʮʽʷ; 

ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ ï ʽʥʬʨʘʯʝʨʚʦʥʘ ʩʧʝʪʨʦʩʢʦʧʽʷ; 

ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ; 

Cɽʄ ï ʩʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽ̫; 

s ï ʧʝʨʝʩʠʯʝʥʥʷ;  

[Ca2+] ï ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ ʢʘʣʴʮʽʶ; 

[C2O4
2ï] ï ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʢʩʘʣʘʪ-ʽʦʥʽʚ; 

Ksp ï ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ;  

ɔ ï ʢʦʝʬʽʮʽʻʥʪ ʘʢʪʠʚʥʦʩʪʽ;  

I ï ʽʦʥʥʘ ʩʠʣʘ ʨʦʟʯʠʥʫ;  

ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ; 

ɯ ï ʩʪʫʧʽʥʴ ʽʥʛʽʙʫʚʘʥʥʷ; 

Ű ï ʯʘʩ ʽʥʜʫʢʮʽʾ; 

J ï ʰʚʠʜʢʽʩʪʴ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ;  

ɸ ï ʧʨʝʜʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʤʥʦʞʥʠʢ;  

ů ï ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ;  
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ï ʦʙô̒ʤ ʤʦʣʝʢʫʣʠ ʉʆʄ;  

k ï ʢʦʥʩʪʘʥʪʘ ɹʦʣʴʮʤʘʥʘ;   

T ï ʪʝʤʧʝʨʘʪʫʨʘ;  

m ï ʯʠʩʣʦ ʽʦʥʽʚ, ʥʘ ʷʢʽ ʜʠʩʦʮʽʶʻ ʦʢʩʘʣʘʪ ʢʘʣʴʮʽʶ ʚ ʨʦʟʯʠʥʽ.  
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ɺʉʊʋʇ 

ʉʝʯʦʢʘʤ'ʷʥʘ ʭʚʦʨʦʙʘ ʟʘʡʤʘʻ ʦʜʥʝ ʟ ʛʦʣʦʚʥʠʭ ʤʽʩʮʴ ʫ ʩʚʽʪʽ ʩʝʨʝʜ 

ʫʨʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʢʦʥʢʨʝʤʝʥʪʽʚ, 

ʷʢʽ ʥʘʡʯʘʩʪʽʰʝ ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ ʥʠʨʢʘʭ, ʩʝʯʦʚʦʤʫ ʤʽʭʫʨʽ ʘʙʦ ʩʝʯʦʚʦʜʘʭ. 

ʂʦʥʢʨʝʤʝʥʪʠ ï ʨʝʟʫʣʴʪʘʪ ʧʘʪʦʛʝʥʥʦʛʦ ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ ʚ ʞʠʚʠʭ 

ʦʨʛʘʥʽʟʤʘʭ, ʷʢʽ ʤʘʶʪʴ ʩʢʣʘʜʥʠʡ ʽ ʥʝʦʜʥʦʨʽʜʥʠʡ ʩʢʣʘʜ, ʧʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʥʠʨʢʦʚʠʭ ʢʘʤʝʥʽʚ ʻ ʦʢʩʘʣʘʪ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪ (CaC2O4 Å H2O, 

COʄ), ʜʦʣʷ ʷʢʦʛʦ ʩʢʣʘʜʘʻ 70-80%. ɺʽʜʧʦʚʽʜʥʦ, ʚʠʚʯʝʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ ʟ 

ʧʨʦʪʦʪʠʧʽʚ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʚ ʛʘʣʫʟʽ 

ʬʽʟʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ.  

ɺ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʨʝʛʫʣʶʻʪʴʩʷ ʤʦʣʝʢʫʣʘʤʠ-

ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ, ʷʢʽ ʟʜʘʪʥʽ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ. ʅʘ ʧʨʦʮʝʩ 

ʟʘʨʦʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʽ ʾʭ ʧʦʜʘʣʴʰʠʡ ʨʽʩʪ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘʜʘʶʪʴ ʨʽʟʥʽ 

ʦʨʛʘʥʽʯʥʽ ʽ ʥʝʦʨʛʘʥʽʯʥʽ ʜʦʤʽʰʢʠ. ɸʤʽʥʦʢʠʩʣʦʪʠ ʽ ʚʽʪʘʤʽʥʠ ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʫ ʧʨʦʮʝʩʘʭ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ. ɺʽʜʦʤʦ, ʱʦ ʜʝʷʢʽ ʘʤʽʥʦʢʠʩʣʦʪʠ, ʟʦʢʨʝʤʘ, 

ʛʣʫʪʘʤʽʥʦʚʘ ʢʠʩʣʦʪʘ, ʣʽʟʠʥ, ʛʣʽʮʠʥ ʯʠʥʷʪʴ ʽʥʛʽʙʫʶʯʫ ʜʽʶ, ʘ ʧʨʦʣʽʥ, ʚʘʣʽʥ, 

ʩʝʨʽʥ ï ʧʨʦʤʦʪʫʶʯʫ. ʇʨʠ ʮʴʦʤʫ ʚʧʣʠʚ ʜʝʷʢʠʭ ʘʤʽʥʦʢʠʩʣʦʪ (L-ʘʩʧʘʨʘʛʽʥʦʚʘ 

ʢʠʩʣʦʪʘ (L-Asp), L-ʘʨʛʽʥʽʥ (L-Arg), L-ʪʨʝʦʥʽʥ (L-Thr)) ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʆʄ 

ʥʝ ʚʠʟʥʘʯʝʥʦ, ʘʙʦ ʜʘʥʽ ʱʦʜʦ ʾʭ ʚʧʣʠʚʫ ʩʫʧʝʨʝʯʣʠʚʽ. ɸʤʽʥʦʢʠʩʣʦʪʠ, ʟʦʢʨʝʤʘ, 

L-Asp, L-Arg, L-Thr ʤʽʩʪʷʪʴʩʷ ʚ ʬʽʟʽʦʣʦʛʽʯʥʦʤʫ ʨʦʟʯʠʥʽ ʽ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʫ 

ʩʢʣʘʜʽ ʥʠʨʢʦʚʠʭ ʢʘʤʝʥʽʚ, ʢʨʽʤ ʪʦʛʦ, ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʤʦʜʝʣʴʥʽʡ ʩʠʩʪʝʤʽ ʉʆʄ 

(ʧʨʠ ʨʅ=5,8) ʚʦʥʠ ʤʘʶʪʴ ʨʽʟʥʠʡ ʟʘʨʷʜʦʚʠʡ ʩʪʘʥ ʟʘʚʜʷʢʠ ʜʠʩʦʮʽʘʮʽʾ ʫ ʚʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʚʽʜʧʦʚʽʜʥʦ, ʨʽʟʥʽ ʡ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʢʨʠʩʪʘʣʘʤʠ ʉʆʄ. 

ʊʠʤ ʯʘʩʦʤ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʦʯʝʚʠʜʥʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʽʪʘʤʽʥʽʚ ʫ ʦʨʛʘʥʽʟʤʽ 

ʣʶʜʠʥʠ, ʾʭ ʨʦʣʴ ʫ ʧʨʦʮʝʩʘʭ ʥʫʢʣʝʘʮʽʾ ʽ ʨʦʩʪʫ ʉʆʄ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʚʯʘʣʘʩʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʽʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʚʽʜʦʤʦ ʣʠʰʝ, 

ʱʦ ʜʝʷʢʽ ʚʽʪʘʤʽʥʠ, ʟʦʢʨʝʤʘ, ʚʽʪʘʤʽʥʠ ɸ, ɽ ʽ ʉ ʟʜʘʪʥʽ ʟʙʽʣʴʰʫʚʘʪʠ ʝʢʩʢʨʝʮʽʶ 

ʦʢʩʘʣʘʪʫ ʫ ʬʽʟʽʦʣʦʛʽʯʥʦ ʾʨʽʜʠʥʠ ʽ ʧʽʜʚʠʱʫʚʘʪʠ ʨʠʟʠʢ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ. ʋ 
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ʟʚ'ʷʟʢʫ ʟ ʮʠʤ, ʚʘʞʣʠʚʦ ʚʠʚʯʠʪʠ ʧʨʦʮʝʩʠ ʥʫʢʣʝʘʮʽʾ ʉʆʄ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʘʤʥ̔ʦʢʠʩʣʦʪ (L-Asp, L-Arg, L-Thr) ʽ ʚʽʪʘʤʽʥʽʚ ʛʨʫʧʠ ɺ (ɺ1, ɺ6, ɺ12). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʩʪʘʥʦʚʣʝʥʥʷ in vitro ʚʧʣʠʚʫ ʤʦʣʝʢʫʣ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ 

ʨʦʩʪʫ ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʆʄ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ, ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ 

ʧʦʰʫʢ ʥʦʚʠʭ ʜʦʤʽʰʦʢ, ʟʜʘʪʥʠʭ ʧʨʽʛʥʽʯʫʚʘʪʠ ʨʽʩʪ ʧʘʪʦʛʝʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ. 

ɿʚ'ʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʅʘʫʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʫ ʜʠʩʝʨʪʘʮʽʾ, ʚʠʢʦʥʫʚʘʣʠʩʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʪʚʝʨʜʞʝʥʦʾ ʪʝʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʡ ʦʩʦʙʠʩʪʦʛʦ ʧʣʘʥʫ ʘʩʧʽʨʘʥʪʘ 

ɯʥʩʪʠʪʫʪʫ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʅɸʅ ʋʢʨʘʾʥʠ (ʧʨʦʪʦʢʦʣ ɺʯʝʥʦʾ ʨʘʜʠ ɯʄʂ ʅɸʅʋ ˉ 

18 ʚʽʜ 03.12.2015 ʨ.), ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʝʤʘʪʠʯʥʠʭ ʧʣʘʥʽʚ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ɯʥʩʪʠʪʫʪʫ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʅɸʅ ʋʢʨʘʾʥʠ ʚ ʨʘʤʢʘʭ 

ʜʝʨʞʙʶʜʞʝʪʥʠʭ ʪʝʤ ñʆʧʪʠʯʥʽ ʛʝʪʝʨʦʛʝʥʥʽ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʦʩʥʦʚʽ ʢʨʠʩʪʘʣʽʚ 

ʬʦʩʬʘʪʽʚ ʟ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ ʽ ʣʶʤʽʥʦʬʦʨʘʤʠ: ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʽò (ñɸʢʪʠʚʘʪʦʨ-3ò, 2014-2016 ʨʨ., ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

 ̄0114U003152), ñʈʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʦʪʨʠʤʘʥʥʷ 

ʥʝʣʽʥʽʡʥʦ-ʦʧʪʠʯʥʠʭ ʢʨʠʩʪʘʣʽʚ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʪʝʨʘʛʝʨʮʦʚʦʛʦ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷò (ñʌʦʪʦʥʽʢʘ-1ò, 2017-2019 ʨʨ., ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

 ̄0117U000288). 

ʄʝʪʘ ʪʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ 

ʢʽʥʝʪʠʢʠ ʟʘʨʦʜʞʝʥʥʷ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ (ʉʆʄ), ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʤʦʣʝʢʫʣ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʨʦʩʪʫ ʥʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, 

ʤʦʨʬʦʣʦʛʽʶ ʪʘ ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʧʦʰʫʢ ʥʦʚʠʭ ʜʦʤʽʰʦʢ, ʷʢʽ ʟʜʘʪʥʽ 

ʧʨʠʛʥʽʯʫʚʘʪʠ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ ʉʆʄ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ 

ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ: 

1) ʚʠʚʯʠʪʠ ʚʧʣʠʚ ʫʤʦʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʘ ʩʘʤʝ ʧʝʨʝʩʠʯʝʥʥʷ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʪʘ ʦʢʩʘʣʘʪʫ ʥʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʦʩʘʜʽʚ, ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʪʘ 

ʤʦʨʬʦʣʦʛʽʶ ʢʨʠʩʪʘʣʽʚ ʉʆʄ; 
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2) ʧʨʦʚʝʩʪʠ ʧʦʰʫʢ ʜʦʤʽʰʦʢ, ʷʢʽ ʟʜʘʪʥʽ ʧʨʠʛʥʽʯʫʚʘʪʠ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ ʉʆʄ 

in vitro ʚ ʫʤʦʚʘʭ ʙʣʠʟʴʢʠʭ ʜʦ ʬʽʟʽʦʣʦʛʽʯʥʠʭ; 

3) ʜʦʩʣʽʜʠʪʠ ʚʣʠʚ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʨʦʩʪʫ ʥʘ ʧʨʦʮʝʩʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ; 

4) ʜʦʩʣʽʜʠʪʠ ʪʝʥʜʝʥʮʽʶ ʚʧʣʠʚʫ ʜʦʤʽʰʦʢ ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʢʽʥʝʪʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ. 

ʆʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʦʨʛʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ (ʘʤʽʥʦʢʠʩʣʦʪ ʽ ʚʽʪʘʤʽʥʽʚ) ʚ ʫʤʦʚʘʭ, ʙʣʠʟʴʢʠʭ ʜʦ 

ʬʽʟʽʦʣʦʛʽʯʥʠʭ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʧʣʠʚ ʘʤʽʥʦʢʠʩʣʦʪ ʽ ʚʽʪʘʤʽʥʽʚ ʨʽʟʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʤʦʨʬʦʣʦʛʽʶ, ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʚ ʪʘ ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʪʨʠʤʘʥʥʷ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʚ ʨʦʙʦʪʽ ʢʨʠʩʪʘʣʽʚ 

ʉʆʄ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʤʝʪʦʜʦʤ ʩʧʦʥʪʘʥʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚ 

ʫʤʦʚʘʭ, ʙʣʠʟʴʢʠʭ ʜʦ ʬʽʟʽʦʣʦʛʽʯʥʠʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʘʟʦʚʦʛʦ 

ʩʢʣʘʜʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʙʝʟ ʜʦʤʽʰʦʢ ʪʘ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʦʨʛʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ (ʈʉɸ) ʪʘ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʄʦʨʬʦʣʦʛʽʶ 

ʢʨʠʩʪʘʣʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʦʤ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʘ 

ʢʽʥʝʪʠʢʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʉʆʄ ï ʪʫʨʙʽʜʠʤʝʪʨʠʯʥʠʤ 

ʤʝʪʦʜʦʤ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʠʭ 

ʚʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʦʣʦʞʝʥʥʷʭ: 

1. ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ L-ʘʩʧʘʨʘʛʽʥʦʚʦʾ ʢʠʩʣʦʪʠ (L-ɸsp) 

20 ʤʤʦʣʴ/ʣ ʫ ʤʦʜʝʣʴʥʦʤʫ ʨʦʟʯʠʥʽ (ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʘʤʥʝʫʪʚʦʨʶʶʯʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ([Ca2+]/[C2O4
2ï] = 20:1, ʧʝʨʝʩʠʯʝʥʥʷ s=6,0) ʯʘʩ ʽʥʜʫʢʮʽʾ 

ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ (ʉʆʄ) ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ 10 ʨʘʟʽʚ, ʘ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ L-aʨʛʽʥʽʥʫ (L-ɸrg) 20 ʤʤʦʣʴ/ʣ ï ʫ 6 ʨʘʟʽʚ. ʉʪʫʧʽʥʴ 

ʽʥʛʽʙʫʚʘʥʥʷ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʧʨʠ ʮʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʘʤʽʥʦʢʠʩʣʦʪ        
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L-ɸsp ʽ L-ɸrg ʩʪʘʥʦʚʠʪʴ 90,2% ʽ 86,0%, ʚʽʜʧʦʚʽʜʥʦ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʟʥʘʯʥʠʡ ʽʥʛʽʙʫʶʯʠʡ ʚʧʣʠʚ ʤʦʣʝʢʫʣ L-ɸsp ʽ L-ɸrg ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʆʄ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʤʦʜʝʣʴʥʦʤʫ ʨʦʟʯʠʥʽ                 

([Ca2+]/[C2O4
2ï] = 20:1, s=4,6) ʘʤʽʥʦʢʠʩʣʦʪ L-ɸsp ʽ L-ɸrg ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

20 ʤʤʦʣʴ/ʣ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʦʜʠʥʦʯʥʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʨʦʟʤʽʨʦʤ 

4-5 ʤʢʤ, ʘ ʥʘʷʚʥʽʩʪʴ ʚʽʪʘʤʽʥʫ ɺ6 (ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 50 ʤʤʦʣʴ/ʣ) ï ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʨʦʟʤʽʨʦʤ 2 ʤʢʤ (ʫ ʧʦʨʽʚʥʷʥʥʽ, ʙʝʟ ʜʦʤʽʰʦʢ 

ʫʪʚʦʨʶʶʪʴʩʷ ʜʝʥʜʨʠʪʥʽ ʢʨʠʩʪʘʣʠ ʉʆʄ ʨʦʟʤʽʨʦʤ 10 ʤʢʤ), ʱʦ ʦʙʫʤʦʚʣʝʥʦ 

ʘʜʩʦʨʙʮʽʻʶ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʚʦʜʥʝʚʠʭ ʟʚ'ʷʟʢʽʚ ʟ 

ʛʨʘʥʥʶ {121} ʉʆʄ ʪʘ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʤʽʞ ʟʘʨʷʜʞʝʥʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʜʦʙʘʚʦʢ ʪʘ ʘʪʦʤʘʤʠ ʢʘʣʴʮʽʶ ʽ ʦʢʩʘʣʘʪʫ, ʱʦ ʚʠʭʦʜʷʪʴ ʥʘ 

ʧʦʚʝʨʭʥʶ ʛʨʘʥʝʡ {100} ʽ {010} ʢʨʠʩʪʘʣʘ ʉʆʄ. 

3. ɺʩʪʘʥʦʚʣʝʥʦ ʜʽʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʽʡ ʘʤʽʥʦʢʠʩʣʦʪʠ L-ʪʨʝʦʥʽʥ (2-

20 ʤʤʦʣʴ/ʣ), ʧʨʠ ʷʢʦʤʫ ʚʦʥʘ ʻ ʧʨʦʤʦʫʪʝʨʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ, ʱʦ 

ʧʦʚ'ʷʟʘʥʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʨʦʜʢʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʫ ʤʦʜʝʣʴʥʽʡ 

ʩʠʩʪʝʤʽ ʽ ʟʤʝʥʰʝʥʥʷʤ ʯʘʩʫ ʽʥʜʫʢʮʽʾ ʉʆʄ ʫ 2 ʨʘʟʠ. 

4. ɺʠʷʚʣʝʥʦ, ʱʦ ʚʽʪʘʤʽʥʠ ɺ1 ʽ ɺ6 ʧʨʠ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʨʦʟʯʠʥʽ 40-

50 ʤʤʦʣʴ/ʣ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʧʨʠʛʥʽʯʫʶʪʴ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ ʉʆʄ 

(ʩʪʫʧʽʥʴ ʽʥʛʽʙʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʙʽʣʴʰʝ 95%), ʽ ʩʧʨʠʷʶʪʴ ʟʙʽʣʴʰʝʥʥʶ 

ʯʘʩʫ ʽʥʜʫʢʮʽʾ (7200 ʩ) ʫ 70 ʨʘʟʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʯʘʩʦʤ ʽʥʜʫʢʮʽʾ ʉʆʄ ʙʝʟ 

ʜʦʤ̔h ʦʢ (100 ʩ). 

5. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʤʦʜʝʣʴʥʽʡ ʩʠʩʪʝʤʽ ʉʆʄ               

([Ca2+]/[C2O4
2ï] = 20:1, s=4,6-14,0) ʚʽʪʘʤʽʥʽʚ ɺ1  ̔ɺ6 ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 10-

50 ʤʤʦʣʴ/ʣ ʪʘ ʚʽʪʘʤʽʥʫ ɺ12 ʟ ʢʦʥʮʝʥʪʨʘʮiʷʤʠ 20-100 ʤʢʤʦʣʴ/ʣ ʟʤʝʥʰʫʻ 

ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʧʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ ʚʽʜ 

ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʟʘʨʦʜʞʝʥʥʷ (s=4,6-8,0) ʜʦ ʛʦʤʦʛʝʥʥʦʛʦ ʧʨʠ ʚʝʣʠʢʠʭ 

ʧʝʨʝʩʠʯʝʥʥʷʭ (s=8,0-14,0).  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʋʟʘʛʘʣʴʥʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʢʣʘʣʠ 

ʦʩʥʦʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ: 
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ï ʨʦʟʨʦʙʣʝʥʦ ʦʨʠʛʽʥʘʣʴʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʦʢʩʘʣʘʪʫ 

ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʷʢʽʩʥʦ ʚʠʟʥʘʯʘʪʠ ʥʘʷʚʥʽʩʪʴ ʢʨʠʩʪʘʣʽʚ 

ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ ʚ ʬʽʟʽʦʣʦʛʽʯʥʽʡ ʨʽʜʠʥʽ (ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ 

ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ˉ 124338 ʚʽʜ 10.04.2018 ʨ.); 

ï ʟʥʘʡʜʝʥʦ ʜʦʤʽʰʢʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ ʪʘ ʧʨʠʛʥʽʯʫʶʪʴ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ ʉʆʄ in vitro ʚ ʫʤʦʚʘʭ 

ʙʣʠʟʴʢʠʭ ʜʦ ʬʽʟʽʦʣʦʛʽʯʥʠʭ. 

ʆʪʨʠʤʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʜʦʤʽʰʦʢ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʧʘʪʦʛʝʥʥʠʭ ʙʽʦʤʽʥʝʨʘʣʽʚ ʉʆʄ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚ ʦʪʨʠʤʘʥʥʽ ʢʨʠʩʪʘʣʽʚ ʉʆʄ in 

vitro ʚ ʫʤʦʚʘʭ ʙʣʠʟʴʢʠʭ ʜʦ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʚ ʧʨʠʩʫʪʥʦʩʪʽ                

ʘʤʽʥʦʢʠʩʣʦʪ [1-3, 7-12] ʽ ʚʽʪʘʤʽʥʽʚ ʛʨʫʧʠ ɺ [4, 14], ʚ ʧʨʦʚʝʜʝʥʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦ ʚʠʚʯʝʥʥʶ ʫʤʦʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ [1, 7], 

ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʚʧʣʠʚʫ ʘʤʽʥʦʢʠʩʣʦʪ ʽ ʚʽʪʘʤʽʥʽʚ ʥʘ ʢʽʥʝʪʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ [4, 5, 13, 14], ʜʦʩʣʽʜʞʝʥʥʽ ʤʦʨʬʦʣʦʛʽʾ ʢʨʠʩʪʘʣʽʚ 

ʉʆʄ [1-4, 8-11]. ʄʝʪʦʜ ʷʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ 

ʤʦʥʦʛʽʜʨʘʪʫ ʚ ʬʽʟʽʦʣʦʛʽʯʥʽʡ ʨʽʜʠʥʽ [6] ʧʨʦʚʝʜʝʥʦ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ ʟ ʥʘʫʢʦʚʠʤ 

ʢʝʨʽʚʥʠʢʦʤ ʯʣ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ, ʜ.ʬ.-ʤ.ʥ. ʇʨʠʪʫʣʦʶ ɯ.ʄ. ʪʘ 

ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. ɹʝʟʢʨʦʚʥʦʶ ʆ.ʄ. (ɯʥʩʪʠʪʫʪ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʅɸʅʋ). ʉʢʘʥʫʶʯʘ 

ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʧʨʦʚʝʜʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥ.ʩ. ʄʘʪʝʡʯʝʥʢʦ ʇ.ɺ. (ɯʥʩʪʠʪʫʪ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʅɸʅʋ). ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ 

ʘʥʘʣʽʟ ʯʠʩʪʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʪʘ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʜʦʤʽʰʦʢ ʧʨʦʚʝʜʝʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. ɹʘʫʤʝʨʘ ɺ.ʄ. ʪʘ ʤ.ʥ.ʩ. ʇʫʟʘʥ ɸ.ʅ. (ɼʅʋ ʅʊʂ 

ñɯʥʩʪʠʪʫʪ ʤʦʥʦʢʨʠʩʪʘʣʽʚò ʅɸʅʋ). ɺʠʤʽʨʶʚʘʥʥʷ ɯʏ-ʩʧʝʢʪʨʽʚ ʧʨʦʚʝʜʝʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. ʉʦʬʨʦʥʦʚʘ ɼ.ʉ. (ɼʅʋ ʅʊʂ ñɯʥʩʪʠʪʫʪ ʤʦʥʦʢʨʠʩʪʘʣʽʚò 

ʅɸʅʋ). ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ ʽ ʤʝʪʠ ʨʦʙʦʪʠ, ʘ ʪʘʢʦʞ ʦʙʛʦʚʦʨʝʥʥʷ ʽ ʽʥʪʝʨʧʨʝʪʘʮʽʷ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʠʩʷ ʩʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ ʽ 

ʩʧʽʚʘʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʡ. ɺʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ ʚ ʦʜʝʨʞʘʥʥʷ ʥʘʫʢʦʚʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ, ʚʧʣʠʚʫ ʜʦʤʽʰʦʢ, 
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ʤʦʨʬʦʣʦʛʽʾ ʢʨʠʩʪʘʣʽʚ ʻ ʚʠʟʥʘʯʘʣʴʥʠʤ. ɿʜʦʙʫʚʘʯʝʤ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʡ 

ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʩʥʦʚʢʠ ʪʘ ʧʦʣʦʞʝʥʥʷ ʨʦʟʜʽʣʽʚ ʜʠʩʝʨʪʘʮʽʾ, ʥʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʪʘ 

ʧʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ 

ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʷ ʥʘ ʪʘʢʠʭ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʪʘ 

ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: IV International research and practice conference 

ñNanotechnology and Nanomaterialsò (NANO-2016), Ukraine, Lviv, 2016;          

V ʅʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ ñʅʘʥʦʨʦʟʤʽʨʥʽ ʩʠʩʪʝʤʠ: ʙʫʜʦʚʘ, ʚʣʘʩʪʠʚʦʩʪʽ, 

ʪʝʭʥʦʣʦʛʽʾò (ʅɸʅʉʀʉ-2016), ʋʢʨʘʾʥʘ, ʂʠʾʚ, 2016; VI International Conference 

ñNanomaterials: Applications and Propertiesò (NAP-2016), Ukraine, Lviv, 2016; 

VIII International Conference for Professionals and Young Scientists ñLow 

Temperature Physicsò (ICPYS-LTP 2017), Ukraine, Kharkiv, 2017; International 

research and practice conference ñNanotechnology and Nanomaterialsò (NANO-

2017), Ukraine, Chernivtsi, 2017; Joint Conferences on Advanced Materials 

Functional and Nanonstructured Materials (FNMAô2017) and Physics of 

Disordered Systems (PDSô2017), Ukraine, Lviv-Yaremche, 2017; IX International 

Conference for Professionals and Young Scientists ñLow Temperature Physicsò 

(ICPYS-LTP 2018), Ukraine, Kharkiv, 2018; Sixth European Conference on 

Crystal Growth (ECCG6), Varna, Bulgaria, 2018. 

ʇʫʙʣʽʢʘʮʽʾ. ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʜʠʩʝʨʪʘʮʽʾ ʚʠʢʣʘʜʝʥʦ ʚ 14 ʥʘʫʢʦʚʠʭ 

ʨʦʙʦʪʘʭ. ɿ ʥʠʭ 5 ʩʪʘʪʝʡ ʫ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ ʞʫʨʥʘʣʘʭ, 1 ʧʘʪʝʥʪ 

ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ ʽ 8 ʪʝʟ ʢʦʥʬʝʨʝʥʮʽʡ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʚʩʪʫʧʫ, 5 ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʮʠʪʦʚʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʽ ʜʦʜʘʪʢʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ 48 ʨʠʩʫʥʢʽʚ, 14 ʪʘʙʣʠʮʴ, 140 ʥʘʡʤʝʥʫʚʘʥʴ ʮʠʪʦʚʘʥʦʾ 

ʣʽʪʝʨʘʪʫʨʠ ʽ ʤʘʻ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ124 ʩʪʦʨʽʥʢʠ. 
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ʈʆɿɼɯʃ 1 

ʇɸʊʆɻɽʅɽɿ ʂʈʀʉʊɸʃɯɺ ʆʂʉɸʃɸʊʋ ʂɸʃʔʎɯʖ ʄʆʅʆɻɯɼʈɸʊʋ  

(ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ) 

 

1.1. ɽʪʽʦʣʦʛʽʷ ʧʘʪʦʛʝʥʥʠʭ ʢʘʤʝʥʽʚ ʪʘ ʾʭ ʚʠʜʠ   

ʃʶʜʩʴʢʠʡ ʦʨʛʘʥʽʟʤ ʻ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʙʽʦʣʦʛʽʯʥʦʶ ʩʠʩʪʝʤʦʶ, ʚ ʷʢʽʡ 

ʙʝʟʧʝʨʝʨʚʥʦ ʬʫʥʢʮʽʦʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʎʽ 

ʧʨʦʮʝʩʠ ʜʦʩʠʪʴ ʪʽʩʥʦ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ, ʽ, ʚ ʨʘʟʽ ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ 

ʷʢʦʛʦ-ʥʝʙʫʜʴ ʦʜʥʦʛʦ ʧʨʦʮʝʩʫ ʧʦʨʫʰʫʻʪʴʩʷ ʮʽʣʽʩʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʻʾ 

ʙʽʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ.  

ʆʜʥʠʤ ʟ ʭʘʨʘʢʪʝʨʥʠʭ ʧʨʠʢʣʘʜʽʚ ʧʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʙʽʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʘʪʦʛʝʥʥʠʤ ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷʤ ʚ 

ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ, ʻ ʩʝʯʦʢʘʤ'ʷʥʘ ʭʚʦʨʦʙʘ, ʘʙʦ ʫʨʦʣʽʪʽʘʟ. ʉʝʯʦʢʘʤ'ʷʥʘ ʭʚʦʨʦʙʘ 

ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʧʨʦʙʣʝʤʦʶ ʛʣʦʙʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʘ 

ʜʝʩʷʪʘ ʣʶʜʠʥʘ ʥʘ ʧʣʘʥʝʪʽ ʩʪʨʘʞʜʘʻ ʚʽʜ ʜʘʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʧʨʠʯʦʤʫ ʜʦ 

ʮʴʦʛʦ ʥʘʡʙʽʣʴʰʫ ʩʭʠʣʴʥʽʩʪʴ ʤʘʶʪʴ ʣʶʜʠ ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʚʽʢʫ [1-4]. 

ʇʨʠʯʠʥʘ ʪʘ ʤʝʭʘʥʽʟʤʠ ʚʠʥʠʢʥʝʥʥʷ ʩʝʯʦʢʘʤ'ʷʥʦʾ ʭʚʦʨʦʙʠ ʻ ʘʢʪʫʘʣʴʥʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ, ʷʢʽ ʱʝ ʜʦ ʢʽʥʮʷ ʥʝ ʚʠʨʽʰʝʥʽ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʻ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʪʝʦʨʽʡ ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ, ʟʦʢʨʝʤʘ, ʪʝʦʨʽʷ ʢʘʪʘʨʫ 

ʣʦʭʘʥʢʠ, ʢʦʣʦʾʜʥʘ ʪʝʦʨ̫̔  ʨʦʩʪʫ (ʪʝʦʨʽʷ ʢʦʣʦʾʜʥʦʛʦ ʟʘʭʠʩʪʫ), ʪʝʦʨʽʷ ʤʘʪʨʠʮʽ 

(ʦʨʛʘʥʽʯʥʘ ʪʝʦʨʽʷ ʨʦʩʪʫ) ʽ ʧʨʦʪʝʦʣʽʟʥʦ-ʽʦʥʥʘ ʪʝʦʨʽʷ. ʊʝʦʨʽʷ ʢʘʪʘʨʫ ʢʦʭʘʥʢʠ 

ʤʘʻ ʜʫʞʝ ʜʘʚʥʶ ʽʩʪʦʨʽʶ ʽ ʧʦʩʣʫʞʠʣʘ ʧʦʯʘʪʢʦʤ ʚʯʝʥʥʷ ʧʨʦ ʨʦʣʴ ʽʥʬʝʢʮʽʾ ʚ 

ʝʪʽʦʣʦʛʽʾ ʥʝʬʨʦʣʽʪʽʘʟʫ; ʚ ʮʽʡ ʪʝʦʨʽʾ ʩʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʦʨʛʘʥʽʯʥ ̔ʨʝʯʦʚʠʥʠ, ʷʢ̔ 

ʫʪʚʦʨʶʪʁʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʘʪʘʨʫ ʣʦʭʘʥʢʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʷʜʨʦʤ 

ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ [3].  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʣʦʾʜʥʦʾ ʪʝʦʨʽʾ, ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʨʦʟʯʠʥ ʣʶʜʠʥʠ (ʩʝʯʘ), ʻ 

ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʤ ʨʦʟʯʠʥʦʤ, ʷʢʠʡ ʧʝʨʝʥʘʩʠʯʝʥʠʡ ʨʦʟʯʠʥʝʥʠʤʠ 

ʤʽʥʝʨʘʣʴʥʠʤʠ ʩʦʣʷʤʠ (ʢʨʠʩʪʘʣʦʾʜʘʤʠ) ʽ ʙʽʣʢʦʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ï ʢʦʣʦʾʜʘʤʠ 

(ʽʥʰʘ ʥʘʟʚʘ ï ʟʘʭʠʩʥʽ ʢʦʣʦʾʜʠ). ɿʘʭʠʩʥʽ ʢʦʣʦʾʜʠ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʥʘʭʦʜʷʪʴʩʷ ʚ 
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ʨʽʚʥʦʚʘʟʽ ʟ ʤʽʥʝʨʘʣʴʥʠʤʠ ʩʦʣʷʤʠ ʽ ʫʪʨʠʤʫʶʪʴ ʾʭ ʚ ʩʝʯʽ ʟʜʦʨʦʚʦʾ 

ʣʶʜʠʥʠ [5, 6]. ʋ ʨʘʟʽ ʧʦʨʫʰʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʦʨʛʘʥʽʯʥʠʤʠ ʽ ʤʽʥʝʨʘʣʴʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ ʢʦʣʦʾʜʠ ʟʘ ʨʘʭʫʥʦʢ ʚʪʨʘʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ 

ʟ ʣʽʦʬʽʣʴʥʠʭ ʚ ʣʽʦʬʦʙʥʽ, ʽ ʧʨʠ ʮʴʦʤʫ, ʚʦʣʦʜʽʶʪʴ ʚʣʘʩʪʠʚʽʩʪʶ ʢʦʘʛʫʣʷʮʽʾ, 

ʢʦʥʛʣʦʤʝʨʘʮʽʾ, ʩʝʜʠʤʝʥʪʘʮʽʾ ʪʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʘ ʚ ʥʘʩʣʽʜʢʫ ʽ ʜʦ 

ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ [3].  

ʆʩʥʦʚʥʘ ʽʜʝʷ ʤʘʪʨʠʯʥʦʾ ʪʝʦʨʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʮʝʥʪʨʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʻ ʨʝʯʦʚʠʥʘ ʙʽʣʢʦʚʦʾ ʧʨʠʨʦʜʠ (ʤʘʪʨʠʢʩ), ʥʘ ʷʢʦʤʫ ʦʩʽʜʘʶʪʴ ʤʘʣʦʨʦʟʯʠʥʥʽ 

ʨʝʯʦʚʠʥʠ (ʩʦʣʽ ʢʘʣʴʮʽʶ  ̔ ʤʘʛʥʽʶ) ʫʪʚʦʨʶʶʯʠ ʨʦʩʪʦʚʫ ʟʦʥʫ ʜʣʷ ʨʦʟʚʠʪʢʫ 

ʢʘʤʝʥʶ [6]. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʚ ʦʩʥʦʚʽ ʧʨʦʪʝʦʣʽʟʥʦ-ʽʦʥʥʦʾ ʪʝʦʨʽʾ 

ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ ʣʝʞʘʪʴ ʜʚʘ ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ, ʟʦʢʨʝʤʘ, ʥʝʜʦʩʪʘʪʥʽʩʪʴ 

ʧʨʦʪʝʦʣʽʟʫ ʩʝʯʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʘʪʨʠʮʽ ʢʘʤʝʥʶ, ʘ ʪʘʢʦʞ 

ʦʧʪʠʤʘʣʴʥʽ ʜʣʷ ʩʝʜʠʤʝʥʪʘʮʽʾ ʢʘʤʥʝʫʪʚʦʨʶʚʘʣʴʥʠʭ ʩʦʣʝʡ ʟʥʘʯʝʥʥʷ 

ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʯʽ [3]. ʇʨʦʪʝ, ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ, ʥʝʤʘʻ ʻʜʠʥʦʾ ʪʝʦʨʽʾ 

ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ, ʘ ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʝʭʘʥʽʟʤʠ ʬʦʨʤʫʚʘʥʥʷ ʢʘʤʝʥʽʚ ʚ ʦʨʛʘʥʽʟʤʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʣʠʰʝ ʥʘ ʨʽʚʥʽ ʛʽʧʦʪʝʟ. 

ʂʘʤʝʥʝʫʪʚʦʨʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʽ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʦʜʠʥ, ʨʽʜʰʝ ʢʽʣʴʢʘ 

ʬʘʢʪʦʨʽʚ, ʘʣʝ, ʷʢ ʧʨʘʚʠʣʦ, ʢʦʣʠ ʻ ʫʤʦʚʠ, ʱʦ ʩʧʨʠʷʶʪʴ ʮʴʦʤʫ. ʗʢ ʚʽʜʦʤʦ, ʚ 

ʟʜʦʨʦʚʽʡ ʥʠʨʮʽ ʢʘʤʽʥʴ ʫʪʚʦʨʠʪʠʩʷ ʥʝ ʤʦʞʝ, ʘʣʝ ʚʩʝ ʞ ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ ʚ 

ʦʨʛʘʥʽʟʤʽ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ, ʻ ʬʘʢʪʦʨ, ʷʢʠʡ ʟʜʘʪʥʠʡ ʪʘʢ ʟʤʽʥʶʚʘʪʠ 

ʬʫʥʢʮʽʶ ʥʝʬʨʦʥʫ, ʱʦ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʚʠʜʽʣʷʶʪʴʩʷ ʟ ʩʝʯʝʶ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʽ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʢʦʥʢʨʝʤʝʥʪ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʙʝʨʫʪʴ 

ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʽ ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ ʫʩʢʣʘʜʥʝʥʦ, ʧʨʠ ʮʴʦʤʫ ʥʝ ʚʩʪʘʥʦʚʣʝʥʦ, ʯʠ 

ʜʽʶʪʴ ʮʽ ʯʠʥʥʠʢʠ ʨʘʟʦʤ ʚ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʷʭ, ʘʙʦ ʚʧʣʠʚʘʶʪʴ ʦʢʨʝʤʦ. 

ʄʦʞʣʠʚʦ ʣʠʰʝ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʦʜʥʽ ʟ ʥʠʭ ʻ ʧʦʩʪʽʡʥʠʤʠ, ʘ ʜʝʷʢʽ ʬʘʢʪʦʨʠ ʻ 

ʪʠʤʯʘʩʦʚʠʤʠ ʽ ʤʦʞʫʪʴ ʩʪʘʪʠ ʧʦʰʪʦʚʭʦʤ ʜʦ ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ, ʘ ʧʦʪʽʤ 

ʟʥʠʢʥʫʪʠ.  

ɺ ʮʽʣʦʤʫ ʧʘʪʦʛʝʥʝʟ ʢʘʤʝʥʽʚ ʤʦʞʥʘ ʬʦʨʤʘʣʴʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʛʨʫʧʠ ï 

ʧʨʠʯʠʥʥʠʡ (ʝʪʽʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ ʩʝʯʦʢʘʤ'ʷʥʦʾ ʭʚʦʨʦʙʠ) ʽ ʬʦʨʤʘʣʴʥʠʡ (ʬʽʟʠʢʦ-
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ʭʽʤʽʯʥʽ ʧʨʠʯʠʥʠ ʬʦʨʤʫʚʘʥʥʷ ʢʘʤʝʥʶ). ʆʜʥʠʤ ʟ ʝʪʽʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ 

ʫʨʦʣʽʪʽʘʟʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʛʝʥʝʪʠʯʥʠʡ ʬʘʢʪʦʨ.  

ʏʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʩʧʘʜʢʦʚʫ ʩʭʠʣʴʥʽʩʪʴ ʷʢ ʦʜʠʥ ʟ 

ʘʩʧʝʢʪʽʚ ʚʠʥʠʢʥʝʥʥʷ ʫʨʦʣʽʪʽʘʟʫ [7-14]. ɺʽʜʧʦʚʽʜʥʦ, ʮʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʠʧʫʩʪʠʪʠ ʽʩʥʫʚʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʛʝʥʽʚ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʚʠʥʠʢʥʝʥʥʷ 

ʜʘʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ ʚ ʣʶʜʩʴʢʦʤʫ ʦʨʛʘʥʽʟʤʽ.  

ɿʥʘʯʫʱʝ ʤʽʩʮʝ ʩʝʨʝʜ ʝʪʽʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʩʝʯʦʢʘʤ'ʷʥʦʾ ʭʚʦʨʦʙʠ 

ʟʘʡʤʘʻ ʘʚʽʪʘʤʽʥʦʟ. ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [15] ʙʫʣʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ 

ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʘʚʽʪʘʤʽʥʦʟʦʤ ʜʝʷʢʠʭ ʚʽʪʘʤʽʥʽʚ ʽ ʨʦʟʚʠʪʢʦʤ ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ ʫ 

ʪʚʘʨʠʥ. ʊʘʢ, ʫ ʪʚʘʨʠʥ, ʱʦ ʥʝ ʦʪʨʠʤʫʚʘʣʠ ʟ ʾʞʝʶ ʚʽʪʘʤʽʥ ɸ ʚ 43% ʚʠʧʘʜʢʽʚ 

ʬʦʨʤʫʚʘʣʠʩʴ ʥʠʨʢʦʚʽ ʢʘʤʝʥʽ ʽ ʢʘʤʝʥʽ ʩʝʯʦʚʦʛʦ ʤʽʭʫʨʘ. ɺʧʣʠʚ ʽʥʰʦʛʦ, ʜʦʩʠʪʴ 

ʚʽʜʦʤʦʛʦ ʚʽʪʘʤʽʥʫ ʉ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʝʢʩʢʨʝʮʽʾ ʦʢʩʘʣʘʪʽʚ ʟ ʩʝʯʝʶ, ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝʦʜʥʦʟʥʘʯʥʠʡ, ʪʘʢ, ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷ [16] 

ʩʧʦʞʠʚʘʥʥʷ ʚʽʪʘʤʽʥʫ ʉ ʥʝ ʙʫʣʦ ʘʩʦʮʽʡʦʚʘʥʝ ʟ ʨʠʟʠʢʦʤ ʬʦʨʤʫʚʘʥʥʷ 

ʧʘʪʦʛʝʥʥʠʭ ʘʛʨʝʛʘʪʽʚ. ɺʽʜʥʦʩʥʦ ʽʥʰʠʭ ʚʽʪʘʤʽʥʽʚ, ʾʭ ʨʦʣʴ ʚ ʧʨʦʮʝʩʘʭ 

ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʩʪʘʥʦʚʣʝʥʘ ʥʝ ʙʫʣʘ. 

ʗʢ ʚʽʜʦʤʦ, ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨʽʜʠʥʠ, ʱʦ ʚʞʠʚʘʻʪʴʩʷ, ʟʦʢʨʝʤʘ ʚʦʜʠ, ʻ 

ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ, ʩʧʨʷʤʦʚʘʥʠʤ ʥʘ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʨʽʜʠʥʠ. ʇʨʦʪʝ, ʚʦʜʘ, ʷʢʫ ʤʠ ʚʞʠʚʘʻʤʦ, ʚ ʙʽʣʴʰʦʩʪʽ ʩʚʦʾʡ ʨʽʟʥʘ 

ʟʘ ʧʦʭʦʜʞʝʥʥʷʤ, ʞʦʨʩʪʢʩ̔ʪʶ ʽ ʩʢʣʘʜʦʤ. ɸʣʝ, ʥʘ ʞʘʣʴ, ʧʠʪʘʥʥʷ, ʜʦ ʷʢʦʾ ʤʽʨʠ 

ʞʦʨʩʪʢʽʩʪʴ ʽ ʤʽʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʚʦʜʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʠʟʠʢ ʫʪʚʦʨʝʥʥʷ ʢʘʤʝʥʽʚ, 

ʜʦʩʽ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ. ʇʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ [17] ʧʦʚô̫ ʟʫʶʪʴ 

ʟʙ̔ʣʴʰʝʥʥʷ ʥʘ ʟʘʭʚʦʨʶʚʘʥʽʩʪʴ ʫʨʦʣʽʪʽʘʟʦʤ ʟ ʚʠʩʦʢʦʶ ʞʦʨʩʪʢʽʩʪʶ ʧʠʪʥʦʾ 

ʚʦʜʠ, ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʚʠʩʦʢʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʚʦʜʠ ʩʦʣʷʤʠ ʤʘʛʥʽʶ ʽ ʢʘʣʴʮʽʶ 

ʟʙʽʣʴʰʫʻ ʚʤʽʩʪ ʮʠʭ ʨʝʯʦʚʠʥ ʚ ʩʝʯʽ, ʪʠʤ ʩʘʤʠʤ ʩʠʣʴʥʦ ʾʾ ʢʦʥʮʝʥʪʨʫʶʯʠ, ʱʦ ʽ ʻ 

ʧʦʪʝʥʮʽʡʥʠʤ ʬʘʢʪʦʨʦʤ ʨʦʟʚʠʪʢʫ ʩʝʯʦʢʘʤô̫ ʥʦʾ ʭʚʦʨʦʙʠ. 

ʋʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʚ ʩʝʯʽ ʩʧʨʠʷʻ ʽ ʚʞʠʚʘʥʥʷ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ 

ʜʝʷʢʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʟʦʢʨʝʤʘ, ʧʨʝʧʘʨʘʪʽʚ ʢʘʜʤʽʶ ʽ ʙʝʨʠʣʽʶ, ʘ ʪʘʢʦʞ 

ʩʫʣʴʬʘʥʽʣʘʤʽʜʽʚ [18].  
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ʇʨʦʪʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʩʽ ʚʠʱʝʟʘʟʥʘʯʝʥʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʟʜʘʪʥʽ ʩʣʫʞʠʪʠ 

ʧʨʠʯʠʥʦʶ ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤʽ, ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʚʥʦʩʷʪʴ ʩʘʤʝ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʠʯʠʥʠ. ʉʝʨʝʜ ʥʠʭ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʟʘʡʤʘʻ ʨʝʘʢʮʽʷ ʩʝʯʽ (ʨʅ) ʽ 

ʥʘʷʚʥʽʩʪʴ ʧʝʚʥʠʭ ʽʥʛʽʙʽʪʦʨʽʚ ʽ ʧʨʦʤʦʫʪʝʨʽʚ (ʤʦʚʘ ʧʨʦ ʷʢʽ ʧʽʜʝ ʪʨʦʭʠ ʧʽʟʥʽʰʝ). 

ʉʚʦʻʯʘʩʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʽʜʪʨʠʤʫʚʘʥʥʷ ʢʠʩʣʦʪʥʦ-ʣʫʞʥʦʛʦ 

ʙʘʣʘʥʩʫ ʢʨʦʚʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʩʦʪʠ ʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʨʅ ʩʝʯʽ, ʱʦ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʻ ñʣʘʢʤʫʩʦʚʠʤ ʧʘʧʽʨʮʝʤò ʨʦʙʦʪʠ ʥʠʨʦʢ, ʧʨʠ ʮʴʦʤʫ ʥʦʨʤʘʣʴʥʘ 

ʢʠʩʣʦʪʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʢʣʽʪʠʥʥʦʾ ʨʽʜʠʥʠ, ʷʢʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʩʘʤʝ ʥʠʨʢʘʤʠ, 

ʤʘʻ ʩʣʘʙʦʣʫʞʥʫ ʧʨʠʨʦʜʫ (ʨʅ 7,35-7,45). ʉʘʤʝ ʽʦʥʠ ʚʦʜʥʶ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʨʠ ʨʦʟʧʘʜʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʚʠʟʥʘʯʘʶʪʴ ʨʝʘʢʮʽʶ ʩʝʯʽ ʫ ʣʶʜʠʥʠ 

(ʦʮʽʥʶʻʪʴʩʷ ʘʢʪʠʚʥʽʩʪʴ ʽʦʥʽʚ ʚʦʜʥʶ ʚ ʙʽʦʣʦʛʽʯʥʽʡ ʨʽʜʠʥʽ). 

ʂʠʩʣʦʪʥʽʩʪʴ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ ʟʜʦʨʦʚʦʾ ʣʶʜʠʥʠ ʢʦʣʠʚʘʻʪʴʩʷ ʚ 

ʜʽʘʧʘʟʦʥʽ ʨʅ 4,4-7,4, ʘʣʝ ʥʘ ʥʝʾ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʨʽʟʥʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ, ʷʢ ʚʽʢ 

ʧʘʮʽʻʥʪʘ, ʭʘʨʘʢʪʝʨ ʭʘʨʯʫʚʘʥʥʷ, ʨʽʚʝʥʴ ʨʫʭʦʚʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʦʙ'ʻʤ ʨʽʜʠʥʽ, ʱʦ 

ʚʠʧʠʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ [3]. ʇʨʦʪʝ ʻ ʽ ʜʝʷʢʽ ʚʽʜʭʠʣʝʥʥʷ 

ʚʽʜ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʥʝ ʟʚ'ʷʟʘʥʽ ʟ ʩʝʯʦʢʘʤ'ʷʥʦʶ ʭʚʦʨʦʙʦʶ, ʟʦʢʨʝʤʘ, ʧʨʠ 

ʥʘʷʚʥʦʩʪʽ ʟʘʭʚʦʨʶʚʘʥʴ ʰʣʫʥʢʘ ʟʽ ʟʥʠʞʝʥʦʶ ʩʝʢʨʝʪʦʨʥʦʶ ʬʫʥʢʮʽʻʶ, 

ʭʨʦʥʽʯʥʦʤʫ ʧʘʥʢʨʝʘʪʠʪʽ ʽ ʛʝʧʘʪʦʭʦʣʽʮʠʩʪʠʪʽ. ʂʠʩʣʦʪʥʽʩʪʴ ʬʽʟʽʦʣʦʛʽʯʥʦʾ 

ʨʽʜʠʥʠ ʣʶʜʠʥʠ, ʚ ʨʘʟʽ ʧʨʠʩʫʪʥʦʩʪʽ ʩʝʯʦʢʘʤ'ʷʥʦʾ ʭʚʦʨʦʙʠ, ʚʧʣʠʚʘʻ ʥʘ ʧʨʠʨʦʜʫ 

ʽ ʩʢʣʘʜ ʢʦʥʢʨʝʤʝʥʪʽʚ. ɯʥʢʦʣʠ, ʘ, ʰʚʠʜʰʝ ʟʘ ʚʩʝ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʧʨʠʨʦʜʘ 

ʢʦʥʢʨʝʤʝʥʪʽʚ, ʷʢʽ ʫʪʚʦʨʠʣʠʩʴ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʨʅ, ʦʩʢʽʣʴʢʠ ʢʘʤʝʥʽ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʣʠʰʝ ʧʨʠ 

ʧʝʚʥʦʤʫ, ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʮʽʻʾ ʨʝʯʦʚʠʥʠ ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʦʤʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʘʡʤʝʥʫʚʘʥʴ 

ʢʦʥʢʨʝʤʝʥʪʽʚ, ʟ ʥʠʟ ʪʽʣʴʢʠ 58 ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʩʝʯʦʚʠʭ [3, 19-22], ʧʨʦʪʝ ʮʝ ʚʩʝ 

ʚʘʨʽʘʮʽʾ ʩʝʯʦʚʠʭ ʢʘʤʝʥʽʚ ʧʦ ʢʦʤʧʦʥʝʥʪʘʤ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʢʘʤʝʥʽʚ. 

ʈʦʙʦʪʠ ʟ ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʽ ʢʽʣʴʢʽʩʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʘʪʦʛʝʥʥʠʭ 

ʢʦʥʢʨʝʤʝʥʪʽʚ [20, 21] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʩʝʯʦʚʽ ʢʘʤʝʥʽ ʤʘʶʪʴ ʟʘʛʘʣʴʥʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʨʛʘʥʽʯʥʦʾ ʪʘ ʥʝʦʨʛʘʥʽʯʥʦʾ 
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ʤʘʪʨʠʮʴ. ɺ ʮʽʣʦʤʫ ʧʘʪʦʛʝʥʥʽ ʘʛʨʝʛʘʪʠ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʯʦʪʠʨʠ ʦʩʥʦʚʥʽ 

ʛʨʫʧʠ, ʘ ʩʘʤʝ, ʬʦʩʬʘʪʥʽ ʢʘʤʝʥʽ, ʦʢʩʘʣʘʪʥʽ, ʫʨʘʪʥʽ, ʽʥʰʽ (ʟʤʽʰʘʥʽ). ʅʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʽ ʢʦʤʦʥʝʥʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʜʦ ʩʢʣʘʜʫ ʢʘʤʝʥʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 1.1. 

ʊʘʙʣ. 1.1. ɺʠʜʠ ʩʝʯʦʚʠʭ ʢʘʤʝʥʽʚ. 

ʌʦʩʬʘʪʥ ̔ʢʘʤʝʥ̔ ʆʢʩʘʣʘʪʥ ̔ ʋʨʘʪʥ ̔ ɯʥʰʽ ʢʘʤʝʥ̔ 

ï ʩʪʨʫʚʪ̔  

 ʄgNH4PO4Ŀ6ʅ2O 

ï ʛʜ̔ʨʦʢʩʠʣʘʧʘʪʠʪ  

Cʘ10(ʈʆ4)6(ʆʅ)2 

ï ʢʘʨʙʦʥʘʪʘʧʘʪʠʪ  

Cʘ10(ʈʆ4)6(ʉʆ3)  

ï ʢʘʨʙʦʥʘʪʛʽʜʨʦʢʩʠʣ 

ʘʧʘʪʠʪ 

Cʘ10(ʈʆ4)3(ʉʆ3)3(ʆʅ)2 

ï ʙʨʫʰʠʪ  

ʉʘHPO4Ŀ2ʅ2O 

ï ʚʝʚʝʣʣʽʪ 

ʉʘC2O4Ŀʅ2O 

ï ʚʝʜʜʝʣʣʽʪ   

ʉʘC2O4Ŀ2ʅ2O  

 

ï ʙʝʟʚʦʜʥʘ 

ʩʝʯʦʚʘ ʢʠʩʣʦʪʘ 

ʉ5ʅ4N4ʆ3  

ï ʜʠʛ̔ʜʨʘʪ 

ʩʝʯʦʚʦʾ 

ʢʠʩʣʦʪʠ  

ʉ5ʅ4N4ʆ3Ŀ2ʅ2O  

ʦʨʛʘʥʽʯʥʽ 

ï ʮʠʩʪʠʥ  

ʉ6ʅ12N2ʆ4S2 

ï ʢʩʘʥʪʠʥ 

ʉ5H4N4O2 

ʥʝʦʨʛʘʥʽʯʥʽ 

ï ʚʘʪʝʨʠʪ, 

ʘʨʘʛʦʥʪ̔ 

ʉʘʉʆ3 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʪʘʢʦʞ ʽʥʰʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʘʤʝʥʽʚ, ʟʦʢʨʝʤʘ, ʾʭ ʱʝ 

ʧʦʜʽʣʷʶʪʴ ʣʠʰʝ ʥʘ ʜʚʽ ʛʨʫʧʠ ï ʦʨʛʘʥʽʯʥʽ ʽ ʥʝʦʨʛʘʥʽʯʥʽ ʢʘʤʝʥʽ. ʇʨʦʪʝ, ʥʘʟʚʠ 

ʢʘʤʝʥʽʚ ʜʦʩʠʪʴ ʫʤʦʚʥʽ, ʚʩʽ ʧʘʪʦʛʝʥʥʽ ʘʛʨʝʛʘʪʠ ʟʜʝʙʽʣʴʰʦʛʦ ʻ ʟʤʽʰʘʥʠʤʠ ʽ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʨʷʜʫ ʦʨʛʘʥʽʯʥʠʭ ʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʘ ʥʘʟʠʚʘʶʪ ɹʾʭ ʪʠʤ ʯʠ 

ʽʥʠhʤ ʢʦʤʧʦʥʝʥʪʦʤ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʷʢʦʛʦ ʧʝʨʝʚʘʞʘʻ ʚ ʢʘʤʝʥʽ. 

ʌʦʩʬʘʪʥʽ ʢʘʤʝʥʽ ʟʜʘʪʥʽ ʫʪʚʦʨʶʚʘʪʠʩʷ ʣʠʰʝ ʚ ʣʫʞʥʽʡ ̔ʥʬʽʢʦʚʘʥʽʡ ʩʝʯʽ 

ʧʨʠ ʨʅ > 7,0. ɿʘ ʟʦʚʥʽʰʥʽʤ ʚʠʛʣʷʜʦʤ ʬʦʩʬʘʪʠ ʙʽʣʦʛʦ ʘʙʦ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ, 

ʤʘʶʪʴ ʥʝʧʨʘʚʠʣʴʥʫ ʬʦʨʤʫ ʽ ʰʦʨʩʪʢʫʚʘʪʫ ʧʦʚʝʨʭʥʶ, ʽʥʦʜʽ ʢʦʨʘʣʦʧʦʜʽʙʥʽ, 

ʚʦʥʠ ʥʝʤʽʮʥʽ ʽ ʣʝʛʢʦ ʢʨʠʰʘʪʴʩʷ. ʅʘʡʙʽʣʴʰ ʯʘʩʪʦ ʟ ʫʩʽʭ ʬʦʩʬʘʪʽʚ ʷʢ ʧʨʠ 

ʧʝʨʚʠʥʥʠʭ ʩʝʯʦʚʠʭ ʢʘʤʝʥʷʭ, ʪʘʢ ʽ ʧʨʠ ʾʭ ʨʝʮʠʜʠʚʘʭ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʩʪʨʫʚʽʪʥʽ 

ʢʦʥʢʨʝʤʝʥʪʠ ʟ ʩʫʤʽʰʰʶ ʢʘʨʙʦʥʘʪʘʧʘʪʠʪʫ, ʘ ʪʘʢʦʞ ʛʜ̔ʨʦʢʩʠʣʘʧʘʪʠʪʫ [23]. 
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ɺʽʜʦʤʦ, ʱʦ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʩʪʨʫʚʽʪʫ ʚ ʬʽʟʽʦʣʦʛʽʯʥʡ̔ ʨʽʜʠʥ ̔ʦʙʦʚ'ʷʟʢʦʚʦ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʧʨʠʩʫʪʥʽʤ ʬʝʨʤʝʥʪ ï ʫʨʝʘʟʘ, ʱʦ ʨʦʟʱʝʧʣʶʻ ʩʝʯʦʚʠʥʫ ʽ 

ʙʘʢʪʝʨʽʾ. ʇʝʨʝʩʠʯʝʥʥʷ ʩʝʯʽ ʤʘʛʥʽʻʤ, ʬʦʩʬʦʨʦʤ, ʘʤʦʥʽʻʤ ʽ ʢʘʨʙʦʥʘʪʘʧʘʪʠʪʦʤ ʚ 

ʣʫʞʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʻ ʦʩʥʦʚʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʘʤʝʥʶ. 

ʅʝʽʥʬʽʢʦʚʘʥʘ ʩʝʯʘ ʥʝ ʤʦʞʝ ʙʫʪʠ ʥʘʩʠʯʝʥʘ ʮʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʚʽʜʧʦʚʽʜʥʦ, 

ʬʦʩʬʘʪʥʽ ʢʦʥʢʨʝʤʝʥʪʠ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʫʪʚʦʨʶʚʘʪʠʩʷ ʥʝ ʙʫʜʫʪʴ.  

ɺʝʣʠʢʫ ʛʨʫʧʫ ʥʠʨʢʦʚʠʭ ʢʘʤʝʥʽʚ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʠʩʣʝʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʷʢʽ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ, ʟʘʡʤʘʶʪʴ ʦʢʩʘʣʘʪʠ 

ʢʘʣʴʮʽʶ ï ʩʦʣʽ ʱʘʚʝʣʝʚʦʾ ʢʠʩʣʦʪʠ. ʆʢʩʘʣʘʪʥʽ ʢʘʤʝʥʽ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ 

ʦʨʛʘʥʽʟʤʽ, ʷʢ ʧʨʘʚʠʣʦ, ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ, ʤʘʶʪʴ ʦʢʨʫʛʣʫ ʘʙʦ ʥʝʧʨʘʚʠʣʴʥʫ ʟ 

ʰʠʧʫʚʘʪʦʶ ʧʦʚʝʨʭʥʝʶ ʬʦʨʤʫ, ʜʫʞʝ ʱʽʣʴʥʽ ʥʘ ʜʦʪʠʢ [24-26]. ɺʣʘʩʪʠʚʦʩʪʽ 

ʦʢʩʘʣʘʪʽʚ ʽ ʾʭ ʚʠʜʠ ʨʦʟʛʣʷʥʝʤʦ ʪʨʦʭʠ ʧʽʟʥʽʰʝ.  

ʉʝʯʦʚʘ ʢʠʩʣʦʪʘ ʽ ʾʾ ʩʦʣʽ ʩʢʣʘʜʘʶʪʴ ʛʨʫʧʫ ʫʨʘʪʥʠʭ ʢʦʥʢʨʝʤʝʥʪʽʚ. 

ʅʘʡʯʘʩʪʽʰʝ ʫʨʘʪʠ ʦʢʨʫʛʣʦʾ ʘʙʦ ʛʨʦʟʜʝʚʽʜʥʦʾ ʬʦʨʤʠ, ʽʟ ʰʦʨʩʪʢʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʞʦʚʪʫʚʘʪʦʛʦ ʢʦʣʴʦʨʫ, ʘʣʝ ʢʦʣʽʨ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʢʣʶʯʝʥʥʷ ʧʽʛʤʝʥʪʥʠʭ ʤʦʣʝʢʫʣ ʫ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʽʚ. ɺ ʥʝʞʠʚʽʡ ʧʨʠʨʦʜʽ 

ʢʨʠʩʪʘʣʽʚ ʧʦʜʽʙʥʦʛʦ ʨʦʜʫ ʥʝ ʽʩʥʫʻ, ʩʝʯʦʚʘ ʢʠʩʣʦʪʘ ʽ ʾʾ ʩʦʣʽ ʫʪʚʦʨʶʶʪʴʩʷ ʣʠʰʝ 

ʚ ʧʨʦʮʝʩʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ ʚʥʘʩʣʽʜʦʢ ʦʢʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ 

ʧʝʨʝʨʦʙʮʽ ʙʽʣʢʘ, ʧʨʠʯʦʤʫ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʜʣʷ ʫʪʚʦʨʝʥʥʷ 

ʫʨʘʪʽʚ ʻ ʢʠʩʣʘ ʨʝʘʢʮʽʷ ʩʝʯʽ. 

ʆʢʨʽʤ ʩʝʯʦʚʦʾ ʢʠʩʣʦʪʠ ʽ ʾʾ ʩʦʣʝʡ ʜʦ ʦʨʛʘʥʽʯʥʠʭ ʢʘʤʝʥʽʚ, ʷʢʽ ʤʦʞʫʪʴ 

ʫʪʚʦʨʶʚʘʪʠʩʷ ʚ ʣʶʜʩʴʢʦʤʫ ʦʨʛʘʥʽʟʤʽ ʚʽʜʥʦʩʷʪʴʩʷ ʢʩʘʥʪʠʥ ʽ ʮʠʩʪʠʥ. 

ʂʩʘʥʪʠʥʦʚ ̔ʢʘʤʝʥʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʧʫʨʽʥʦʚʦʛʦ ʦʙʤʽʥʫ ʽ ʚ 

ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʤʽʩʪʷʪʴ ʩʝʯʦʚʫ ʢʠʩʣʦʪʫ; ʮʠʩʪʠʥʦʚʽ ʢʘʤʝʥʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʩʽʨʯʠʩʪʠʭ ʩʧʦʣʫʢ ʘʤʽʥʦʚʦʾ ʢʠʩʣʦʪʠ, ʦʜʥʘʢ ʫʪʚʦʨʶʶʪʴʩʷ ʮʽ ʢʘʤʝʥʽ ʚʢʨʘʡ ʨʽʜʢʦ 

ʽ ʯʘʩʪʦʪʘ ʾʭ ʚʠʥʠʢʥʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʥʝ ʙʽʣʴʰʝ 0,5-2%. 

 

 



19 
 

1.2. ʆʢʩʘʣʘʪ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪ ʷʢ ʦʩʥʦʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʥʠʨʢʦʚʠʭ 

ʢʘʤʝʥʽʚ  

ʂʘʣʴʮʽʡ ʦʢʩʘʣʘʪ ʻ ʧʨʠʨʦʜʥʠʤ ʤʽʥʝʨʘʣʦʤ, ʷʢʠʡ ʙʫʚ ʚʠʷʚʣʝʥʠʡ ʚ 

ʪʢʘʥʠʥʘʭ ʨʦʩʣʠʥ, ʩʢʣʘʜʽ ʜʝʷʢʠʭ ʢʦʧʘʣʠʥ, ʩʝʯʦʚʠʭ ʢʘʤʝʥʷʭ ʩʩʘʚʮʽʚ [27], ʚ ʪʦʡ 

ʞʝ ʯʘʩ ʦʢʩʘʣʘʪ ʢʘʣʴʮʽʶ ʚʠʩʪʫʧʘʻ ʚ ʷʢʦʩʪʽ ʧʦʙʽʯʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚ ʚʠʨʦʙʥʠʯʠʭ 

ʧʨʦʮʝʩʘʭ, ʪʘʢʠʭ ʷʢ ʧʘʧʽʨ [28], ʧʨʦʜʫʢʪʠ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʥʘʧʦʾ [29, 30]. 

ɯʩʥʫʻ ʪʨʠ ʨʽʟʥʽ ʬʦʨʤʠ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ [31, 32], ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʫ 

ʩʪʫʧʽʥʴ ʚʦʜʥʦʩʪʽ, ʟʦʢʨʝʤʘ, ʤʦʥʦʛʽʜʨʘʪ (CaC2O4ĿH2O, COʄ), 

ʜʠʛʜ̔ʨʘʪ (CaC2O4Ŀ2H2O, COɼ), ʪʨʠʛʽʜʨʘʪ (CaC2O4Ŀ3H2O, COʊ). ɺ ʩʚʦʶ ʯʝʨʛʫ, 

ʨʦʙʦʪʠ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪ ɹʥʘʷʚʥʽʩʪʴ ʉʆʊ ʚ ʥʠʨʢʦʚʠʭ ʢʘʤʝʥʷʭ ʚʽʜʩʫʪʥʽ, ʱʦ, 

ʧʝʚʥʦ, ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʬʘʟʘ ʉʆʊ ʻ ʨʦʟʯʠʥʥʦʶ ʽ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʢʦʥʢʨʝʤʝʥʪʽʚ [33, 34].  

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʢʨʠʩʪʘʣʠ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ ʤʘʶʪʴ 

ʥʘʡʙʽʣʴʰʫ ʱʽʣʴʥʽʩʪʴ (ɟ = 2,3 ʛ/ʩʤ3) ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʱʦ 

ʫʪʚʦʨʶʶʪʴ ʢʘʤʝʥʽ ʚ ʥʠʨʢʘʭ (ʜʣ̫ ʫʨʘʪʚ̔ ɟ=1,8 ʛ/ʩʤ3, ʜʣʷ ʩʪʨʫʚʽʪʘ ɟ = 1,7 ʛ/ʩʤ3, 

ʥʘʚʽʪʴ ʜʣʷ ʉʆɼ ɟ = 1,9 ʛ/ʩʤ3), ʪʦʤʫ ʚʦʥʠ ʥʘʡʛʽʨʰʝ ʧʽʜʜʘʶʪʴʩʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʜʨʦʙʣʝʥʥʶ [35], ʽ ʚʠʜʘʣʷʪʠ ʾʭ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʜʦʚʦʜʠʪʴʩʷ ʭʽʨʫʨʛʽʯʥʠʤ ʰʣʷʭʦʤ.  

ʅʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʟʜʘʚʘʣʦʩʷ ʙ, ʱʦ ʤʦʥʦʛʽʜʨʘʪ ʽ ʜʠʛʽʜʨʘʪ ʦʢʘʣʘʪʫ 

ʢʘʣʴʮʽʶ ʧʦʚʠʥʥʽ ʚʥʦʩʠʪʠ ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʦʮʽʥʥʠʡ ʚʥʝʩʦʢ ʚ ʧʨʦʮʝʩʠ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʢʨʝʤʝʥʪʽʚ, ʘʜʞʝ ʚʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʣʠʰʝ ʦʜʥʽʻʶ ʤʦʣʝʢʫʣʦʶ 

ʚʦʜʠ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ. ʆʜʥʘʢ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʦʮʝʩʠ ʧʘʪʦʛʝʥʥʦʛʦ 

ʤʥ̔ʝʨʘʣʦʫʪʚʦʨʝʥʥ̫ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʧʦʚ'ʷʟʘʥʽ, ʧʝʨʰ ʟʘ ʚʩʝ, ʟ ʬʦʨʤʫʚʘʥʥʷʤ 

ʢʨʠʩʪʘʣʽʚ ʉʆʄ. ʏʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʪʦʛʝʥʥʠʭ ʙʽʦʤʽʥʝʨʘʣʴʥʠʭ ʘʛʨʝʛʘʪʽʚ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʘʤʝʥʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʚ ʦʨʛʘʥʽʟʤʽ 

ʣʶʜʠʥʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʝʯʦʢʘʤ'ʷʥʦʾ ʭʚʦʨʦʙʠ, ʻ ʩʘʤʝ ʦʢʩʘʣʘʪ ʢʘʣʴʮʽʶ 

ʤʦʥʦʛʽʜʨʘʪ, ʡʦʛʦ ʯʘʩʪʢʘ ʩʪʘʥʦʚʠʪʴ 70-80 % [36-41]. ɭ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʨʦʙʽʪ, ʚ ʷʢʠʭ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʟʤʽʰʘʥʽ ʢʘʤʝʥʽ, ʩʢʣʘʜʝʥʽ ʟ ʤʦʥʦʛʽʜʨʘʪʫ ʽ ʜʦʤʽʰʢʠ 
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ʜʠʛʽʜʨʘʪʫ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ [42, 43], ʘʣʝ ʚʩʝ ʞ ʪʘʢʠ ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʢʦʥʢʨʝʤʝʥʪʽʚ  ̒ʩʘʤʝ ʉʆʄ. 

ʂʨʠʩʪʘʣʠ ʉʆʄ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ COɼ, ʻ ʥʘʡʙʽʣʴʰ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ 

ʩʪʘʙʽʣʴʥʦʶ ʬʘʟʦʶ [44, 45], ʪʦʤʫ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʢʨʠʩʪʘʣʠ ʉʆɼ ʙʫʜʫʪʴ 

ʣʝʛʰʝ ʚʠʚʦʜʠʪʠʩʷ ʟ ʦʨʛʘʥʽʟʤʫ, ʥʽʞ ʢʨʠʩʪʘʣʠ ʉʆʄ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʙʫʜʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʤʝʥʰ ʟʥʘʯʥʫ ʨʦʣʴ ʚ ʧʨʦʮʝʩʘʭ ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ, ʢʨʽʤ ʪʦʛʦ, 

ʤʦʞʣʠʚʦ, ʱʦ ʫʪʚʦʨʝʥʥʷ ʉʆɼ ʻ ʟʘʭʠʩʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʚ ʫʤʦʚʘʭ ʩʝʯʦʢʘʤ'ʷʥʦʾ 

ʭʚʦʨʦʙʠ [46]. 

ɼʦʩʣʽʜʞʝʥʥʶ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʦʢʩʘʣʘʪʥʠʭ ʢʘʤʝʥʽʚ ʥʘ ʦʩʥʦʚʽ ʉʆʄ 

ʧʨʠʩʚʷʯʝʥʦ ʜʫʞʝ ʙʘʛʘʪʦ ʨʦʙʽʪ, ʚʩʽ ʚʦʥʠ ʤʘʶʪʴ ʨʽʟʥʠʡ ʭʘʨʘʢʪʝʨ ʽ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʘʙʦ ʤʦʣʝʢʫʣ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʫʪʚʦʨʝʥʥʷ ʢʦʥʢʨʝʤʝʥʪʽʚ. ʆʜʥʘʢ, ʽʩʥʫʻ ʟʘʛʘʣʴʥʝ ʪʚʝʨʜʞʝʥʥʷ, ʷʢʝ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʨʠʩʪʘʣʠ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ ʚ ʬʽʟʽʦʣʦʛʽʯʥʽʡ 

ʨʽʜʠʥ ̔ʟ'ʷʚʣʷʶʪʴʩʷ ʩʘʤʝ ʟʘʚʜʷʢʠ ʛʝʪʝʨʦʛʝʥʥʽʡ ʥʫʢʣʝʘʮʽʾ, ʘ ʥʝ ʛʦʤʦʛʝʥʥʽʡ [47]. 

ʇʨʠ ʮʴʦʤʫ ʯʠʩʣʝʥʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʟʥʘʡʜʝʥʽ ʚ ʥʠʨʢʘʭ, ʜʽʶʪʴ ʷʢ ʦʩʝʨʝʜʢʠ ʜʣʷ 

ʨʦʩʪʫ ʦʢʩʘʣʘʪʥʠʭ ʢʘʤʝʥʽʚ ʽ ʨʦʙʣʷʪʴ ʛʝʪʝʨʦʛʝʥʥʫ ʥʫʢʣʝʘʮʽʁ ʙʽʣʴʰ ʡʤʦʚʽʨʥʦʶ. 

ʊʘʢ, ʜʦʩʣʽʜʞʝʥʥʷ [48-50] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʩʘʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʥʘ ʧʦʧʝʨʝʜʥʴʦ ʩʬʦʨʤʦʚʘʥʦʤʫ ʬʦʩʬʘʪʽ ʢʘʣʴʮʽʶ, ʘʙʦ 

ʧʝʨʰʦʧʨʠʯʠʥʦʶ ʬʦʨʤʫʚʘʥʥʷ ʢʘʤʝʥʶ ʻ ʘʜʛʝʟʽʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʨʘʟʦʤ ʟ 

ʦʨʛʘʥʽʯʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ (ʟʦʢʨʝʤʘ, ʙʽʣʢʘʤʠ) ʜʦ ʥʠʨʢʦʚʦʛʦ ʝʧʽʪʝʣʽʶ [51, 52]. 

ʇʨʦʪʝ ʚʩʝ ʞ ʪʘʢʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʮʽ ʤʦʞʣʠʚʽ ʧʨʠʯʠʥʠ ʬʦʨʤʫʚʘʥʥʷ ʉʆʄ, ʥʘ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʝʤʘʻ ʻʜʠʥʦʾ ʪʝʦʨʽʾ ʫʪʚʦʨʝʥʥʷ ʦʢʩʘʣʘʪʥʠʭ ʢʘʤʝʥʽʚ ʚ ʦʨʛʘʥʽʟʤʽ. 

1.3. ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʽ ʤʦʨʬʦʣʦʛʽʷ ʉʆʄ  

ɿʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʚʠʚʯʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʥʠʨʢʦʚʠʭ ʢʘʤʝʥʽʚ, ʩʧʨʠʷʚ ʜʦʩʣʽʜʞʝʥʥʶ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʉʆʄ, ʪʦʤʫ, 

ʥʘ ʜʘʥʠʡ ʯʘʩ, ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʉʆʄ ʜʦʙʨʝ ʚʠʚʯʝʥʘ [53-57].  

ʂʨʠʩʪʘʣʠ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ (ʫ ʤʽʥʝʨʘʣʦʛʽʾ ʪʘʢʦʞ ʚʽʜʦʤʠʡ 

ʷʢ ʚʝʚʝʣʣʽʪ) ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʧʨʠʟʤʘʪʠʯʥʦʛʦ ʢʣʘʩʫ ʤʦʥʦʢʣʽʥʥʦʾ ʩʠʤʝʪʨʽʾ, 
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ʤʘʶʪʴ ʦʜʥʫ ʧʣʦʱʠʥʫ ʩʠʤʝʪʨʽʾ ʽ ʚʽʩʴ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ b ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ 

ʧʣʦʱʠʥʽ ʩʠʤʝʪʨʽʾ. ɽʣʝʤʝʥʪʘʨʥʘ ˇʨʘʪʢʘ ʉʆʄ ʤʘʻ ʧʨʦʩʪʦʨʦʚʫ ʛʨʫʧʫ ʩʠʤʝʪʨʽʾ 

ʈ21/ʩ, ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʘ=6,290 ¡, b=14,583 ¡, ʩ=10,116 ¡, ɓ=109,46Ü [57, 58].  

 

ʈʠʩ. 1.1. ʈʦʩʪʦʚ ̔ ʰʘʨʠ ʢʨʠʩʪʘʣʘ ʉʆʄ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʘʨʘʣʝʣʴʥʦ 

ʧʣʦɦʠʥʽ (010) [57]. 

ʆʨʽʻʥʪʘʮʽʷ ʈ21/ʩ ̔ ʨʦʟʤʽʨʠ ˇʨʘʪʢʠ ʉʆʄ  ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ 

ʜʘʥʠʤʠ [59, 60]. ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʉʆʄ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʪʠʧʽʚ ʰʘʨʽʚ, 

ʱʦ ʯʝʨʛʫʶʪʴʩʷ (ʨʠʩ. 1.1, 1.2). ʇʨʠ ʮʴʦʤʫ ʢʘʪʽʦʥʠ ʢʘʣʴʮʽʶ ʨʦʟʪʘʰʦʚʘʥʽ ʚ 

ʮʝʥʪʨʽ ʚʠʢʨʠʚʣʝʥʦʾ ʢʚʘʜʨʘʪʥʦʾ ʘʥʪʠʧʨʠʟʤʠ. ʐʘʨʠ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʧʝʨʰʦʛʦ 

ʪʠʧʫ ʬʦʨʤʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙ'ʻʜʥʘʥʥʷ ʧʦʣʽʝʜʨʘ ʢʘʣʴʮʽʶ ʯʝʨʝʟ ʟʘʛʘʣʴʥʽ 

ʨʝʙʨʘ ʟ ʪʨʴʦʤʘ ʩʫʩʽʜʥʽʤʠ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʙʘʛʘʪʴʦʭ 

ʣʘʥʮʶʞʢʽʚ ʟ ʢʚʘʜʨʘʪʥʠʭ ʘʥʪʠʧʨʠʟʤ (ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ [001]). ʐʘʨʠ ʜʨʫʛʦʛʦ 

ʪʠʧʫ ʫʪʚʦʨʶʶʪʴʩʷ ʟ ʦʢʩʘʣʘʪ- ʦ̔ʥʽʚ ʽ ʤʦʣʢʫʣ ʚʦʜʠ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʚ'ʷʟʘʥʽ 



22 
 

ʤʽʞ ʩʦʙʦʶ ʚʦʜʥʝʚʠʤʠ ʟʚ'ʷʟʢʘʤʠ ʚʟʜʦʚʞ ʦʩʽ ʩ ʽ ʣʝʞʘʪʴ ʚ 

ʧʣʦʱʠʥʽ (010) (ʨʠʩ. 1.2). 

 

ʈʠʩ. 1.2. ʈʦʩʪʦʚ ̔ ʰʘʨʠ ʢʨʠʩʪʘʣʘ ʉʆʄ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʘʨʘʣʝʣʴʥʦ 

ʧʣʦʱʠʥʽ (010) [57]. 

ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʩʪʨʫʢʪʫʨʽ ʉʆʄ ʻ ʜʚʘ ʪʠʧʠ 

ʦʢʩʘʣʘʪ-ʽʦʥʽʚ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʧʣʦʱʠʥ (100) ʪʘ (010) ʽ 

ʧʦ-ʨʽʟʥʦʤʫ ʧʦʚ'ʷʟʘʥʽ ʟ ʽʦʥʘʤʠ ʢʘʣʴʮʽʶ. ʇʝʨʰʠʡ ʪʠʧ ʦʢʩʘʣʘʪ-ʽʦʥʽʚ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʧʣʦʱʠʥʘʭ (100) ʽ ʧʦʚ'ʷʟʘʥʠʡ ʰʽʩʪʴʤʘ ʽʦʥʘʤʠ ʢʘʣʴʮʽʶ, ʟ ʥʠʭ 

ʯʦʪʠʨʠ ʧʦʚ'ʷʟʘʥʽ ʦʜʠʥʘʨʥʠʤ ʟʚ'ʷʟʢʦʤ, ʘ ʽʥʰʽ ʜʚʘ ï ʢʣʝʰʥʝʧʦʜʽʙʥʠʤ ʟʚ'ʷʟʢʦʤ. 

ʆʢʩʘʣʘʪ-ʽʦʥʠ ʜʨʫʛʦʛʦ ʪʠʧʫ ʨʦʟʪʘʰʦʚʘʥʽ ʧʘʨʘʣʝʣʴʥʦ ʧʣʦʱʠʥʽ (010) ʽ ʢʦʞʝʥ 

ʽʦʥ ʦʢʩʘʣʘʪʫ ʧʦʚ'ʷʟʘʥʠʡ ʯʦʪʠʨʤʘ ʽʦʥʘʤʠ ʢʘʣʴʮʽʶ, ʜʚʘ ʟ ʷʢʠʭ ʧʦʚ'ʷʟʘʥʽ 

ʭʝʣʘʪʥʠʤ ʟʚ'ʷʟʢʦʤ, ʽʥʰʽ ʜʚʘ ï ʦʜʠʥʘʨʥʠʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʥʘ ʛʨʘʥʷʭ {100} ʽ 

{010} ʢʨʠʩʪʘʣʘ ʉʆʄ ʧʘʨʘʣʝʣʴʥʦ ʯʝʨʛʫʶʪʴʩʷ ʧʦʟʠʪʠʚʥʦ ʽ ʥʝʛʘʪʠʚʥʦ 

ʟʘʨʷʜʞʝʥʽ ʰʘʨʠ ʘʪʦʤʽʚ ʢʘʣʴʮʽʶ ʽ ʦʢʩʘʣʘʪʫ. ʇʨʠ ʪʘʢʦʤʫ ʨʦʟʪʘʰʫʚʘʥʥʽ ʽʦʥʽʚ 

ʤʦʣʝʢʫʣʠ ʚʦʜʠ ʫʪʨʠʤʫʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʦʢʩʘʣʘʪʥʠʭ ʰʘʨʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ 
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ʛʨʘʥʽ {121} ʽ ʟʜʘʪʥʽ ʫʪʚʦʨʶʚʘʪʠ ʤʽʞʤʦʣʝʢʫʣʷʨʥʽ ʽ ʚʥʫʪʨʽʰʥʴʦ-ʤʦʣʝʢʫʣʷʨʥʽ 

ʚʦʜʥʝʚʽ ʟʚ'ʷʟʢʠ. ɺʽʜʧʦʚʽʜʥʦ, ʥʘ ʛʨʘʥʷʭ {100} ʽ {010} ʢʨʠʩʪʘʣʘ ʉʆʄ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʛʫʚʘʥʥʷ ʦʢʩʘʣʘʪʥʠʭ ʛʨʫʧ ʟ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʠ ʚ ʧʣʦʱʠʥʽ (010) 

ʧʘʨʘʣʝʣʴʥʦ ʩ (ʨʠʩ. 1.2).  

ʈʦʟʛʣʷʥʝʤʦ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʨʬʦʣʦʛʽʾ ʢʨʠʩʪʘʣʽʚ ʉʆʄ. ʊʘʢ, ʚʽʜʦʤʦ, ʱʦ 

ʤʦʨʬʦʣʦʛʽʷ ʢʨʠʩʪʘʣʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʡʤʝʥʰʦʶ ʚʽʣʴʥʦ ʁʝʥʝʨʛʽʻʶ ʪʽʣʴʢʠ ʚ 

ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʢʨʠʩʪʘʣ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ ʟ ʩʝʨʝʜʦʚʠʱʝʤ. ʆʜʥʘʢ, 

ʧʽʜ ʯʘʩ ʨʦʩʪʫ ʢʨʠʩʪʘʣʘ, ʤʦʞʣʠʚʝ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ (ʟʦʢʨʝʤʘ, 

ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʚʠʨʦʱʫʚʘʥʥʷ, ʜʝʬʝʢʪʽʚ ʧʦʚʝʨʭʥʽ, 

ʧʨʠʩʫʪʥʦʩʪʽ ʩʪʦʨʦʥʥʽʭ ʨʝʯʦʚʠʥ), ʪʦʜʽ ʚʽʜʧʦʚʽʜʥʦ ʽ ʤʦʨʬʦʣʦʛʽʷ ʛʨʘʥʝʡ 

ʢʨʠʩʪʘʣʘ ʧʽʜʜʘʻʪʴʩʷ ʟʤʽʥʘʤ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷ [55] ʢʨʠʩʪʘʣ ʉʆʄ 

ʤʦʞʝ ʤʘʪʠ ʪʘʢʽ ʛʨʘʥʽ { 100}, {010}, { 001}, {021}   ̔{121} , ʧʨʦʪʝ ʢʨʠʩʪʘʣʠ, ʱʦ 

ʚʠʨʦʱʫʶʪʴʩʷ ʟ ʨʦʟʯʠʥʽʚ, ʟʜʘʪʥʽ ʟʤʽʥʶʚʘʪʠ ʤʦʨʬʦʣʦʛʽʶ ʛʨʘʥʝʡ ʧʝʨʝʜ ʪʠʤ, ʷʢ 

ʧʨʠʡʥʷʪʠ ʨʽʚʥʦʚʘʞʥʫ ʬʦʨʤʫ. 

 

ʈʠʩ. 1.3. ʄʦʨʬʦʣʦʛʽ̫  ʢʨʠʩʪʘʣʘ ʉʆʄ: ʪʠʧʦʚʘ (ʘ, ʙ), ʤʦʜʠʬʽʢʦʚʘʥʘ 

ʜʦʤʽʰʢʘʤʠ (ʚ) [55]. 

ʊʘʢ, ʪʠʧʦʚʦʶ ʤʦʨʬʦʣʦʛʽʻʶ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʻ ʛʝʢʩʘʛʦʥʘʣʴʥʘ ʧʣʘʩʪʠʥʢʘ ʟ 

ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʠʤʠ ʛʨʘʥʷʤʠ {100}, {010}  ̔ {121}, ʜʝ {100} ï ʧʽʥʘʢʦʽʜ, 
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{121}  ï ʧʨʠʟʤʘ, {010} ï ʧʽʥʘʢʦʽʜ [55]. ʄʦʨʬʦʣʦʛʽʷ ʉʆʄ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʥʘ ʨʠʩ. 1.3.  

ʏʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʠʤʠ 

ʛʨʘʥʷʤʠ ʢʨʠʩʪʘʣʘ ʉʆʄ ʻ ʛʨʘʥʽ {100} ʽ {010}. ʇʦʚʝʨʭʥʷ ʮʠʭ ʟʨʦʩʪʘʶʯʠʭ 

ʛʨʘʥʝʡ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ in situ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʫ 

ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ, ʪʦʤʫ ʜʝʪʘʣʴʥʦ ʟʫʧʠʥʷʪʠʩʷ ʥʘ ʨʦʟʛʣʷʜʽ ʤʦʨʬʦʣʦʛʽʾ ʛʨʘʥʝʡ 

ʉʆʄ ʤʠ ʥʝ ʙʫʜʝʤʦ. ɺʽʜʟʥʘʯʠʤʦ ʪʽʣʴʢʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʽ ʛʨʘʥʽ {100} ʽ 

{010} ʢʨʠʩʪʘʣʘ ʉʆʄ ʤʘʶʪʴ ʨʽʟʥʠʡ ʤʝʭʘʥʽʟʤ ʨʦʩʪʫ [54, 61, 62]. ɺ ʩʚʦʶ ʯʝʨʛʫ, 

ʧʦʚʽʣʴʥʦ ʟʨʦʩʪʘʶʯʘ ʛʨʘʥʴ {100} ʢʨʠʩʪʘʣʘ ʉʆʄ ʨʦʩʪʝ ʟʘ ʨʘʭʫʥʦʢ ʜʚʦʤʽʨʥʦʛʦ 

ʟʘʨʦʜʞʝʥʥʷ. ɼʚʦʤʽʨʥʽ ʟʘʨʦʜʢʠ ʟ'ʷʚʣʷʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ ʩʪʠʢʫ ʨʝʙʝʨ [001] ʽ 

[021], ʷʢʽ ʟʛʦʜʦʤ ʨʦʟʨʦʩʪʘʶʪʴʩʷ ʽ ʟʘʡʤʘʶʪʴ ʚʩʶ ʧʦʚʝʨʭʥʶ ʛʨʘʥʽ {100} 

ʢʨʠʩʪʘʣʫ. ʇʨʠ ʮʴʦʤʫ, ʜʦʩʣʽʜʞʝʥʥʷ [54, 61, 62] ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫʪʚʦʨʝʥʥʷ 

ʟʘʨʦʜʢʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʤʽʩʮʽ ʢʨʠʩʪʘʣʘ, ʟʦʢʨʝʤʘ ʪʘʤ, ʜʝ ʻ 

ʷʢʠʡʩʴ ʜʝʬʝʢʪ ʢʨʠʩʪʘʣʘ. ɯ, ʢʦʣʠ ʮʝʡ ʜʝʬʝʢʪ ʟʘʨʦʩʪʘʻ, ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ 

ʧʨʠʧʠʥʷʻʪʴʩʷ ʽ ʨʽʩʪ ʛʨʘʥʽ {100} ʢʨʠʩʪʘʣʘ ʉʆʄ ʟʫʧʠʥʷʻʪʴʩʷ. 

ʐʚʠʜʢʦʟʨʦʩʪʘʶʯʘ ʛʨʘʥʴ {010} ʢʨʠʩʪʘʣʘ ʉʆʄ ʨʦʩʪʝ ʽʥʘʢʰʝ, ʾʡ 

ʚʣʘʩʪʠʚʠʡ ʜʠʩʣʦʢʘʮʽʡʥʠʡ ʤʝʭʘʥʽʟʤ ʨʦʩʪʫ, ʷʢʠʡ, ʷʢ ʚʽʜʦʤʦ, ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ 

ʢʨʠʩʪʘʣʽʚ ʟ ʨʦʟʯʠʥʽʚ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʥʘʙʘʛʘʪʦ ʯʘʩʪʽʰʝ ʥʽʞ ʨʽʩʪ ʜʚʦʤʽʨʥʠʤʠ 

ʟʘʨʦʜʢʘʤʠ. ʇʦʢʘʟʘʥʦ [54, 61, 62], ʱʦ ʥʘ ʛʨʘʥʽ {010} ʫʪʚʦʨʶʻʪʴʩʷ ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʜʠʩʣʦʢʘʮʽʡʥʠʭ ʛʦʨʙʢʽʚ ʟʨʦʩʪʘʥʥʷ, ʧʨʠ ʯʦʤʫ ʯʘʩʪʠʥʘ ʟ ʥʠʭ 

ʛʝʥʝʨʫʻʪʴʩʷ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʛʚʠʥʪʦʚʠʤʠ ʜʠʩʣʦʢʘʮʽʷʤʠ ʧʨʦʪʠʣʝʞʥʦʛʦ 

ʟʥʘʢʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʢʦʥʮʝʥʪʨʠʯʥʦ ʟʘʤʢʥʫʪʠʭ ʨʦʩʪʦʚʠʭ ʰʘʨʽʚ 

ʉʆʄ ʟʘʤʽʩʪʴ ʩʧʽʨʘʣʝʡ. ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʜʣʷ 

ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʭʘʨʘʢʪʝʨʥʘ ʚʠʩʦʢʘ ʱʽʣʴʥʽʩʪʴ ʜʠʩʣʦʢʘʮʽʡ (106 ï 108 cʤī2), ʱʦ 

ʥʝ ̒ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʢʨʠʩʪʘʣʽʚ, ʷʢʽ ʚʠʨʦʱʫʶʪʴ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ.  

1.4. ʄʝʪʦʜʠ ʦʜʝʨʞʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ  

ʂʨʠʩʪʘʣʽʟʘʮʽʷ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʘʡʤʘʻ ʟʥʘʯʥʝ 

ʤʽʩʮʝ ʫ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. ʄʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʢʨʠʩʪʘʣʽʚ 

ʜʦʩʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ. ʊʘʢ, ʢʨʠʩʪʘʣʠ ʚʠʨʦʱʫʶʪʴ ʤʝʪʦʜʦʤ ʟʥʠʞʝʥʥʷ 
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ʪʝʤʧʝʨʘʪʫʨʠ, ʤʝʪʦʜʦʤ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʨʦʟʯʠʥʥʠʢʘ, ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʧʨʠ 

ʭʽʤʽʯʥʽʡ ʨʝʘʢʮʽʾ, ʘ ʪʘʢʦʞ ʙʘʛʘʪʴʤʘ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʾʭ ʤʦʜʠʬʽʢʘʮʽʷʤʠ. 

ʇʨʦʪʝ, ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʚʠʚʯʝʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥ ʽ 

ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤ ʥʘ ʾʭ ʦʩʥʦʚʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʣʘʙʦʨʘʪʦʨʥʽʡ 

ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ ʪʝʨʘʧʽʾ. ʅʝ ʚʠʢʣʶʯʝʥʥʷʤ ʻ ʽ ʧʘʪʦʛʝʥʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʚ 

ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ. 

ʇʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʧʘʪʦʛʝʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʟ 

ʬʟ̔ʽʦʣʦʛʽʯʥʦʾ ʨʽʜʠʥʠ (ʩʝʯʽ) ʻ ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʚʞʝ ʥʝ ʦʜʠʥ ʜʝʩʷʪʦʢ 

ʨʦʢʽʚ, ʦʩʢʽʣʴʢʠ ʧʨʠʯʠʥʘ ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ ʥʦʩʠʪʴ ʛʣʦʙʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. 

ɺʽʜʧʦʚʽʜʥʦ, ʚ ʣʽʪʝʨʘʪʫʨʽ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ 

ʢʨʠʩʪʘʣʽʚ ʉʆʄ [63-68]. 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʢʨʠʩʪʘʣʠ ʉʆʄ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʨʦʟʯʠʥʥʽ ʫ ʚʦʜʽ, ʾʭ ʨʦʟʯʠʥʥʽʩʪʴ ʜʫʞʝ ʤʘʣʘ ʽ ʩʪʘʥʦʚʠʪʴ 5,3Ŀ10ï 5 ʤʦʣʴ/ʣ ʧʨʠ 

37Üʉ, ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ (Ksp) ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʩʪʘʥʦʚʠʪʴ, ʚʽʜʧʦʚʽʜʥʦ, 

2,8Ŀ10ï9 ʤʦʣʴ2/ʣ2 [69], ʪʦʤʫ ʚʠʨʦʱʫʚʘʪʠ ʢʨʠʩʪʘʣʠ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʨʦʟʤʽʨʦʤ 

ʭʦʯʘ ʙ 1-2 ʤʤ ʚ ʮʠʭ ʫʤʦʚʘʭ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʝ ʥʘʜʘʻʪʴʩʷ ʤʦʞʣʠʚʠʤ. 

ʊʘʢ, ʧʨʠ ʟʣʠʚʘʥʥʽ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʽ ʨʦʟʯʠʥʥʦʾ ʩʦʣʽ ʱʘʚʣʝʚʦʾ ʢʠʩʣʦʪʠ (ʢʘʣʽʶ 

ʘʙʦ ʥʘʪʨʽʶ ʦʢʩʘʣʘʪʫ), ʪʦʙʪʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʨʦʟʯʠʥʠ ʪʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʷʢʠʭ ʽ 

ʫʪʚʦʨʶʻʪʴʩʷ ʦʢʩʘʣʘʪ ʢʘʣʴʮʽʶ, ʬʦʨʤʫʶʪʴʩʷ ʢʨʠʩʪʘʣʠ ʉʆʄ ʨʦʟʤʽʨʦʤ ʢʽʣʴʢʘ 

ʥʘʥʦʤʝʪʨʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʚ, ʱʦ ʤʘʶʪʴ ʪʘʢʽ ʨʦʟʤʽʨʠ, ʫʩʢʣʘʜʥʝʥʦ, ʪʦʤʫ 

ʜʘʥʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʥʝʜʦʮʽʣʴʥʠʡ. 

ʑʝ ʦʜʥʠʤ, ʟʜʘʚʘʣʦʩʷ ʙ ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʚʽʜʥʦʩʥʦ ʥʝʩʢʣʘʜʥʠʤ 

ʤʝʪʦʜʦʤ ʦʪʨʠʤʘʥʥʷ ʻ ʚʠʨʦʱʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʥʘ ʟʘʪʨʘʚʢʫ. ʑʦ ʽ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʨʦʙʦʪʘʭ ʘʚʪʦʨʽʚ [64, 66]. ɿʘʪʨʘʚʦʯʥʽ ʢʨʠʩʪʘʣʠ 

ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʦʪʨʠʤʫʚʘʣʠ ʰʣʷʭʦʤ ʚʠʪʨʠʤʫʚʘʥʥʷ 

ʩʫʩʧʝʥʟʽʾ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʚ ʤʘʪʦʯʥʦʤʫ ʨʦʟʯʠʥʽ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʪʠʞʥʽʚ, 

ʦʜʥʘʢ ʷʢʽʩʥʽ ʢʨʠʩʪʘʣʠ ʮʠʤ ʤʝʪʦʜʦʤ ʦʪʨʠʤʘʪʠ ʥʝ ʚʜʘʻʪʴʩʷ ʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ʚʦʥʠ ʥʝ ʧʨʠʜʘʪʥʽ. ʇʨʦʪʝ, ʻ ʥʠʟʢʘ ʨʦʙʦʪ ʜʝ ʘʚʪʦʨʘʤ ʚʜʘʣʦʩʷ ʦʪʨʠʤʘʪʠ 
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ʟʘʚʪʨʘʚʦʯʥ̔ ʢʨʠʩʪʘʣʠ ʤʝʪʦʜʦʤ ʩʧʦʥʪʘʥʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʷʢʽ ʙʫʣʠ ʧʨʠʜʘʪʥʽ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ [63, 67].  

ʌʽʟʽʦʣʦʛʽʯʥʘ ʨʽʜʠʥʘ (ʩʝʯʘ) ʪʘʢʦʞ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʚ ʷʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ [70]. ɼʣʷ ʮʴʦʛʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʬʽʟʽʦʣʦʛʽʯʥʘ ʨʽʜʠʥʘ ʧʘʮʽʻʥʪʽʚ ʟ ʩʝʯʦʢʘʤ'ʷʥʦʶ ʭʚʦʨʦʙʦʶ, 

ʩʘʤʝ ʟ ʚʠʷʚʣʝʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʜʦ ʫʪʚʦʨʝʥʥʷ ʦʢʩʘʣʘʪʥʠʭ ʢʘʤʝʥʽʚ. ʇʨʠ ʮʴʦʤʫ 

ʬʽʟʽʦʣʦʛʽʯʥʘ ʨʽʜʠʥʘ ʟʘʣʠʰʘʣʘʩ ̫ ʚ ʩʪʝʨʠʣʴʥʦʤʫ ʩʦʩʫʜʽ ʥʘ 1-2 ʜʥʷ, ʽ ʧʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʯʘʩʫ ʚʠʧʘʜʘʣʠ ʢʨʠʩʪʘʣʠ ʉʆʄ ʨʦʟʤʽʨʦʤ 30-50 ʤʢʤ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʦʡ ʬʘʢʪ, ʱʦ ʚ ʬʽʟʽʦʣʦʛʽʯʥʦʤʫ ʨʦʟʯʠʥʽ ʚʠʨʦʩʪʘʶʪʴ ʚʽʜʥʦʩʥʦ 

ʚʝʣʠʢʽ ʢʨʠʩʪʘʣʠ ʉʆʄ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʦʥʠ ʥʝ ʧʨʠʜʘʪʥʽ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ 

ʜʫʞʝ ʧʦʛʘʥʫ ʷʢʽʩʪʴ.  

ʂʨʠʩʪʘʣʠ ʦʢʘʣʘʪʫ ʢʘʣʴʮʽʶ, ʢʨʽʤ ʥʘʚʝʜʝʥʠʭ ʩʧʦʩʦʙʽʚ ʤʦʞʥʘ ʱʝ 

ʦʪʨʠʤʘʪʠ ʚ ʨʽʟʥʠʭ ʛʝʣʷʭ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʟʫʩʪʨʽʯʥʦʾ ʜʠʬʫʟʽʾ [70, 71]. 

ʎʠʤ ʤʝʪʦʜʦʤ ʤʦʞʣʠʚʦ ʦʪʨʠʤʫʚʘʪʠ ʢʨʠʩʪʘʣʠ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʨʦʟʤʽʨʦʤ 

ʙʣʠʟʴʢʦ 0,5 ʤʤ. ʂʨʽʤ ʪʦʛʦ, ʚ ʮʴʦʤʫ ʤʝʪʦʜʽ ʟʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ 

ʢʘʤʝʥʝʫʪʚʦʨʶʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ï ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʽ ʦʢʩʘʣʘʪʫ ʢʘʣʽʶ (ʥʘʪʨʽʶ) 

ʚ ʭʦʜʽ ʟʫʩʪʨʽʯʥʦʾ ʜʠʬʫʟʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʪʫʧʦʚʦ, ʽ ʥʝ ʩʪʚʦʨʶʻʪʴʩʷ ʚʠʩʦʢʝ 

ʣʦʢʘʣʴʥʝ ʧʝʨʝʩʠʯʝʥʥʷ, ʷʢ ʫ ʨʘʟʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʟʣʠʚʘʥʥʷ ʨʦʟʯʠʥʽʚ. ʊʘʢʦʞ 

ʤʦʞʣʠʚʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ, ʷʢʘ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʦʨ ʛʝʣʶ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʽ ʦʢʩʘʣʘʪʫ. 

ʉʠʣʽʢʘʪʥʠʡ ʛʝʣʴ ʽ ʧʦʣʽʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ 

ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ. ɼʦʩʣʽʜʞʝʥʥʷ [72-74] 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʢʨʠʩʪʘʣʠ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʮʠʤ ʤʝʪʦʜʦʤ, ʤʘʶʪʴ ʚʠʩʦʢʫ ʷʢʽʩʪʴ, ʘʣʝ 

ʢʨʽʤ ʢʨʠʩʪʘʣʽʚ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ, ʫʪʚʦʨʶʶʪʴʩʷ ʱʝ ʡ ʜʝʥʜʨʠʪʥʽ 

ʢʨʠʩʪʘʣʠ ʉʆʄ ʨʦʟʤʽʨʦʤ ʙʣʠʟʴʢʦ 50 ʤʢʤ. 

ʋ ʪʘʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʷʢ ʞʝʣʘʪʠʥ, ʫʪʚʦʨʶʶʪʴʩʷ ʚʠʜʦʟʤʽʥʝʥʽ ʢʨʠʩʪʘʣʠ 

ʉʆʄ ʟ ʦʢʨʫʛʣʦʶ ʘʙʦ ʦʚʘʣʴʥʦʶ ʤʦʨʬʦʣʦʛʽʻʶ. ʆʜʥʘʢ, ʚ ʮʠʭ ʫʤʦʚʘʭ, ʢʨʽʤ 

ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʢʨʠʩʪʘʣʠ ʉʆɼ, ʽ ʭʦʯʘ ʚʦʥʠ 
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ʬʦʨʤʫʶʪʴʩʷ ʥʘʙʘʛʘʪʦ ʨʽʜʰʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʉʆʄ, ʘʣʝ ʚʩʝ ʞ ʾʭ ʫʪʚʦʨʝʥʥʷ ʤʘʻ 

ʤʽʩʮʝ.  

ɺʣʘʩʥʝ, ʤʝʪʦʜʠ ʦʪʨʠʤʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʟ ʛʝʣʽʚ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʩʽ ʤʦʞʣʠʚʽ ʧʝʨʝʚʘʛʠ, ʤʘʶʪʴ ʽ ʩʫʪʪʻʚʠʡ ʨʷʜ ʥʝʜʦʣʽʢʽʚ. 

ʂʨʠʩʪʘʣʠ, ʱʦ ʚʠʨʦʱʫʶʪʴʩʷ ʚ ʜʘʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʜʫʞʝ ʩʢʣʘʜʥʦ ʚʠʣʫʯʠʪʠ ʽ 

ʚʽʜʤʠʪʠ, ʽ, ʥʘʚʽʪʴ ʷʢʱʦ ʮʝ ʚʜʘʻʪʴʩʷ ʟʨʦʙʠʪʠ, ʤʦʞʣʠʚʘ ʚʪʨʘʪʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʢʨʠʩʪʘʣʽʚ. ɯ ʜʦ ʪʦʛʦ ʞ, ʮʝ ʩʝʨʝʜʦʚʠʱʝ ʥʝ ʟʦʚʩʽʤ ʤʦʜʝʣʶʻ ʙʽʦʣʦʛʽʯʥʫ ʨʽʜʠʥʫ 

ʣʶʜʠʥʠ. 

ɿ ʫʩʽʭ ʨʦʟʛʣʷʥʫʪʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʤʝʪʦʜʠ, ʦʧʠʩʘʥʽ 

ʚ ʨʦʙʦʪʘʭ [75-78], ʥʘʡʙʽʣʴʰ ʙʣʠʟʴʢʽ ʜʦ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʫʤʦʚ. ʇʨʠ ʮʴʦʤʫ 

ʢʨʠʩʪʘʣʠ ʉʆʄ, ʙʫʣʠ ʚʠʨʦʱʝʥʽ ʟ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʤʝʪʦʜʦʤ ʩʧʦʥʪʘʥʥʦʾ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʥʘ ʧʽʜʣʦʞʮ̔ ʟʽ ʩʢʣʘ (ʘʙʦ ʩʣʶʜʠ) ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʜʥʽʚ. ʆʜʥʘʢ, 

ʮʝʡ ʤʝʪʦʜ ʤʘʻ ʥʝʚʝʣʠʢʠʡ ʥʝʜʦʣʽʢ, ʧʦʚ'ʷʟʘʥʠʡ ʟ ʪʠʤ, ʱʦ ʢʨʠʩʪʘʣʠ, ʷʢʽ 

ʚʠʨʦʱʝʥʽ ʥʘ ʧʽʜʣʦʞʮʽ, ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽʣʴʢʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʫʟʢʦʩʧʨʷʤʦʚʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʚ ʷʢʦʤʫ ʧʽʜʣʦʞʢʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ ʧʨʠʣʘʜ, 

ʘʣʝ ʥʝ ʚʩʽ ʤʝʪʦʜʠ ʜʦʟʚʣʷʶʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʢʨʠʩʪʘʣʠ ʥʘ ʧʽʜʣʦʞʮʽ (ʚ ʜʝʷʢʠʭ 

ʥʘʧʨʠʢʣʘʜ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʨʦʟʯʠʥʠ, ʩʫʩʧʝʥʟʽʾ, ʧʦʨʦʰʢʠ). 

1.5. ɺʧʣʠʚ ʫʤʦʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʦʢʩʘʣʘʪʫ 

ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ  

ʅʘ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʚʧʣʠʚʘʶʪʴ ʨʽʟʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʯʠʥʥʠʢʠ. 

ʗʢʱʦ ʥʝ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʨʽʟʥʽ ʜʦʤʽʰʢʦʚʽ ʤʦʣʝʢʫʣʠ ʽ ʤʦʜʠʬʽʢʘʪʦʨʠ ʨʦʩʪʫ (ʘ ʾʭ 

ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʧʽʟʥʽʰʝ) ʥʘ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʧʘʪʦʛʝʥʥʦʾ ʧʨʠʨʦʜʠ ï 

ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ ʚʧʣʠʚʘʶʪʴ ʪʘʢʽ ʬʘʢʪʦʨʠ, ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʨʅ 

ʨʦʟʯʠʥʫ, ʽʦʥʥʘ ʩʠʣʘ ʽ ʧʝʨʝʩʠʯʝʥʥʷ ʩʠʩʪʝʤʠ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. 

ʆʩʢʽʣʴʢʠ ʢʨʠʩʪʘʣʠ ʉʆʄ ʬʦʨʤʫʶʪʴʩʷ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ, ʪʦʙʪʦ ʚ 

ʧʨʠʨʦʜʥʽʡ ʙʽʦʣʦʛʽʯʥʽʡ ʩʠʩʪʝʤʽ, ʪʦ ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʽʰʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʻ 

ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʻ ʧʽʜʪʨʠʤʘʥʥʷ ʩʪʘʣʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ (ʟʦʢʨʝʤʘ, ʽʦʥʥʘ ʩʠʣʘ ʽ 

ʨʅ ʩʝʨʝʜʦʚʠʱʘ), ʽ ʚʽʜ ʪʦʛʦ, ʯʠ ʟʥʘʭʦʜʷʪʴʩʷ ʮʽ ʟʥʘʯʝʥʥʷ ʥʘ ʥʦʨʤʘʣʴʥʦʤʫ ʨʽʚʥʽ, 
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ʘʙʦ ʟʘʟʥʘʶʪʴ ʟʤʽʥ ʚ ʙʽʣʴʰʫ ʯʠ ʤʝʥʰʫ ʩʪʦʨʦʥʫ ʟʘʣʝʞʘʪʠʤʫʪʴ ʧʨʦʮʝʩʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ.  

ʗʢ ʚʽʜʦʤʦ, ʚ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʽ ʤʝʞʽʦʥʥʽ ʚʟʘʻʤʦʜʽʾ, 

ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʽʦʥʥʦʾ ʩʠʣʠ ʨʦʟʯʠʥʽʚ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ 

ʢʦʥʩʪʘʥʪ ʜʠʩʦʮʽʘʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʤʦʣʝʢʫʣ (ʨʽʟʥʠʭ ʢʠʩʣʦʪ, ʙʽʣʢʽʚ). ʅʝʟʥʘʯʥʝ 

ʟʤʝʥʰʝʥʥʷ ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ ʽʦʥʥʦʾ ʩʠʣʠ ʨʦʟʯʠʥʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʩʪʫʧʝʥʷ 

ʽʦʥʽʟʘʮʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʤʦʣʝʢʫʣ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʤʽʥʶʻʪʴʩʷ ʾʭ ʢʦʥʬʦʨʤʘʮʽʷ, ʘ, 

ʦʪʞʝ, ʽ ʾʭ ʙʽʦʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ. ʊʦʤʫ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤ ʽʟ 

ʧʨʦʪʦʪʠʧʽʚ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥ ʜʫʞʝ ʚʘʞʣʠʚʦ, ʱʦʙ ʽʦʥʥʘ ʩʠʣʘ ʤʦʜʝʣʴʥʦʛʦ 

ʨʦʟʯʠʥʫ ʚʽʜʧʦʚʽʜʘʣʘ ʽʦʥʥʽʡ ʩʠʣʽ ʙʽʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʤʦʜʝʣʶʻʪʴʩʷ [79, 80]. 

ʂʨʽʤ ʪʦʛʦ, ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʆʄ ʚʧʣʠʚ ʨʅ ʨʦʟʯʠʥʫ ʻ ʟʥʘʯʥʠʤ. ʗʢ 

ʚʽʜʦʤʦ, ʢʨʠʩʪʘʣʠ ʉʆʄ ʬʦʨʤʫʶʪʴʩʷ ʚ ʢʠʩʣʽʡ ʩʝʯʽ ʧʨʠ ʨʅ=5,5-6,6 [3], ʘ ʧʨʠ 

ʚʽʜʭʠʣʝʥʥʷʭ ʚ ʙʽʣʴʰ ʢʠʩʣʫ ʘʙʦ ʣʫʞʥʫ ʩʪʦʨʦʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʉʆʄ 

ʟʥʠʞʫʻʪʴʩʷ, ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʘʜʞʝʥʥʷ ʽʥʰʠʭ ʬʘʟ, ʟʦʢʨʝʤʘ ʬʦʩʬʘʪʽʚ ʢʘʣʴʮʽʶ ï 

ʛʽʜʨʦʢʩʠʣʘʧʘʪʠʪʫ, ʙʨʫʰʠʪʫ, ʧʨʠʯʦʤʫ, ʯʠʤ ʙʽʣʴʰʝ ʨʅ ʨʦʟʯʠʥʫ, ʪʠʤ 

ʫʪʚʦʨʶʻʪʴʩʷ ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ [55, 81, 82]. 

ɿ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʪʘʢʦʞ ʚʽʜʦʤʠʡ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 

ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ. ʊʘʢ, ʜʦʩʣʽʜʞʝʥʥʷ [44, 45, 64, 83] ʩʚʽʜʯʘʪʴ 

ʧʨʦ ʪʝ, ʱʦ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 15-45Á ʉ ʫʪʚʦʨʶʻʪʴʩʷ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ 

ʩʪʘʙʽʣʴʥʘ ʬʘʟʘ ʉʆʄ. ɯʥʰʽ ʛʽʜʨʘʪʠ ʢʘʣʴʮʽʶ (ʉʆɼ, ʉʆʊ) ʚ ʮʠʭ ʫʤʦʚʘʭ 

ʫʪʚʦʨʠʪʠʩʷ ʥʝ ʤʦʞʫʪʴ. ʇʨʦʪʝ, ʫʪʚʦʨʝʥʥʷ ʉʆɼ ʚʩʝ ʞ ʤʘʻ ʤʽʩʮʝ, ʘʣʝ ʜʣʷ ʮʴʦʛʦ 

ʧʦʪʨʽʙʝʥ ʽʥʰʠʡ ʽʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ, ʟʦʢʨʝʤʘ, ʬʘʟʘ ʉʆɼ ʤʦʞʝ ʫʪʚʦʨʠʪʠʩʷ 

ʣʠʰʝ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʪʠ ʧʨʠ 9Á ʉ, ʢʨʽʤ ʪʦʛʦ, ʧʽʩʣʷ 

ʩʠʥʪʝʟʫ ʉʆɼ ʡʦʛʦ ʧʦʪʨʽʙʥʦ ʟʙʝʨʽʛʘʪʠ ʚ ʭʦʣʦʜʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ -6Á ʉ, ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʡʦʛʦ ʜʝʛʽʜʨʘʪʘʮʽʾ ʽ ʧʝʨʝʭʽʜ ʚ ʬʘʟʫ ʉʆʄ [84, 85]. 

ʇʝʨʝʩʠʯʝʥʥʷ ʨʦʟʯʠʥʫ, ʪʦʙʪʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʤʝʥʝʫʪʚʦʨʶʶʯʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ï ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʽ ʦʢʩʘʣʘʪ-ʽʦʥʽʚ, ʚ ʬʽʟʽʦʣʦʛʽʯʥʽʡ ʨʽʜʠʥʽ ʻ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʢʘʣʴʮʽʶ ʦʢʩʘʣʘʪʫ. ɿʘ 
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ʩʪʫʧʝʥʝʤ ʚʘʞʣʠʚʦʩʪʽ ʧʝʨʝʩʠʯʝʥʥʷ ʻ ʜʨʫʛʠʤ ʬʘʢʪʦʨʦʤ (ʧʽʩʣʷ ʤʦʣʝʢʫʣ-

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ), ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʙʽʛ ʩʝʯʦʢʘʤ'ʷʥʦʾ 

ʭʚʦʨʦʙʠ. ɺ ʣʽʪʝʨʘʪʫʨʽ ʻ ʙʘʛʘʪʦ ʨʦʙʽʪ, ʚ ʷʢʠʭ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʚʧʣʠʚ ʜʦʤʽʰʦʢ ʥʘ 

ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʆʄ ʧʨʠ ʨʽʟʥʦʤʫ ʧʝʨʝʩʠʯʝʥʥʽ ʨʦʟʯʠʥʽʚ [64, 84, 86 ], ʧʨʦʪʝ 

ʜʘʣʝʢʦ ʥʝ ʚʩʽ ʟ ʥʘʷʚʥʠʭ ʨʦʙʽʪ ʜʦʩʣʽʜʞʫʶʪʴ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʩʘʤʝ ʚ ʫʤʦʚʘʭ, 

ʙʣʠʟʴʢʠʭ ʜʦ ʬʽʟʽʦʣʦʛʽʯʥʠʭ. ʂʨʽʤ ʪʦʛʦ, ʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʥʝ ʙʫʣʘ ʚʽʜʦʤʘ 

ʪʝʥʜʝʥʮʽʷ ʚʧʣʠʚʫ ʩʪʝʭ̔ʦʤʝʪʨʽʾ ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʽ ʦʢʩʘʣʘʪ-ʽʦʥʽʚ ʥʘ 

ʤʦʨʬʦʣʦʛʽʶ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʙʝʟ ʜʦʤʽʰʦʢ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʚʘʞʣʠʚʦ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʧʦʷʩʥʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʚʟʘʻʤʦʜʽʾ ʙʽʦʣʦʛʽʯʥʠʭ ʤʦʣʝʢʫʣ ʟ 

ʢʨʠʩʪʘʣʘʤʠ ʉʆʄ. 

1.6. ʄʦʣʝʢʫʣʠ-ʤʦʜʠʬʽʢʘʪʦʨʠ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʉʆʄ  

ɺʘʛʦʤʠʡ ʚʢʣʘʜ ʥʝ ʪʽʣʴʢʠ ʚ ʧʨʦʮʝʩʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʘʣʝ ʽ ʚ ʙʽʦʣʦʛʽʯʥʽ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʚʥʦʩʷʪʴ ʨʽʟʥʽ ʤʦʣʝʢʫʣʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ 

ʽʥʛʽʙʽʪʦʨʘʤʠ ʪʘʢ ʽ ʧʨʦʤʦʫʪʝʨʘʤʠ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʠʩʪʝʤʠ, 

ʱʦ ʘʥʘʣʽʟʫʻʪʴʩʷ.  

ʋ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠʨʦʜʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʨʝʛʫʣʶʻʪʴʩʷ 

ʤʦʣʝʢʫʣʘʤʠ-ʤʦʜʠʬʽʢʘʪʦʨʘʤʠ, ʷʢʽ ʟʜʘʪʥʽ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʦʮʝʩʠ ʨʦʩʪʫ 

ʢʨʠʩʪʘʣʽʚ. ʅʝ ʚʠʢʣʶʯʝʥʥʷʤ ʻ ʽ ʬʽʟʽʦʣʦʛʽʯʥʘ ʨʽʜʠʥʘ ʣʶʜʠʥʠ. ʗʢ ʚʽʜʦʤʦ, 

ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʨʦʟʯʠʥ ʟʜʦʨʦʚʦʾ ʣʶʜʠʥʠ ʽ ʣʶʜʠʥʠ, ʷʢʘ ʩʪʨʘʞʜʘʻ ʥʘ ʩʝʯʦʢʘʤ'ʷʥʫ 

ʭʚʦʨʦʙʫ ʤʽʩʪʠʪʴ ʦʜʥʽ ʡ ʪʽ ʞ ʢʦʤʧʦʥʝʥʪʠ, ʟʦʢʨʝʤʘ, ʤʽʥʝʨʘʣʴʥʽ ʩʦʣʽ (ʢʘʣʴʮʽʡ, 

ʢʘʣʽʡ, ʥʘʪʨʽʡ, ʤʘʛʥʽʡ, ʩʫʣʴʬʘʪʠ, ʥʝʦʨʛʘʥʽʯʥʠʡ ʬʦʩʬʦʨ), ʦʨʛʘʥʽʯʥʽ ʢʦʤʧʦʥʝʥʪʠ 

(ʩʝʯʦʚʠʥʘ, ʢʨʝʘʪʠʥʽʥ, ʛʽʧʫʨʦʚʘ, ʩʝʯʦʚʘ, ʱʘʚʣʝʚʘ, ʤʦʣʦʯʥʘ ʢʠʩʣʦʪʠ ʪʘ ʽʥʰʽ). 

ʇʨʦʪʝ, ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝ ʫ ʚʩʽʭ ʣʶʜʝʡ, ʘ ʧʨʠʯʠʥʦʶ ʪʦʤʫ ʻ 

ʩʘʤʝ ʤʦʣʝʢʫʣʠ-ʤʦʜʠʬʽʢʘʪʦʨʠ, ʷʢʽ ʟʜʘʪʥʽ ʫʪʨʠʤʫʚʘʪʠ ʮʽ ʨʝʯʦʚʠʥʠ ʚ 

ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʨʽʜʠʥʠ ʚ ʨʦʟʯʠʥʝʥʦʤʫ ʩʪʘʥʽ, ʧʝʨʝʰʢʦʜʞʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʾʭ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʆʜʥʘʢ, ʢʦʣʠ ʮʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʚ ʦʨʛʘʥʽʟʤʽ, ʟ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʧʨʠʯʠʥ, ʥʝʜʦʩʪʘʪʥʴʦ, ʚʦʥʠ ʥʝ ʟʜʘʪʥʽ ʚʠʢʦʥʫʚʘʪʠ ʩʚʦʾ ʬʫʥʢʮʽʾ, ʧʦʨʫʰʫʻʪʴʩʷ 

ʣʘʥʮʶʞʦʢ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʧʨʦʮʝʩʽʚ, ʽ ʚ ʦʨʛʘʥʽʟʤʽ ʧʦʯʠʥʘʻʪʴʩʷ ʧʘʪʦʛʝʥʥʘ 

ʢʨʠʩʪʘʣʽʟʘʮʽʷ. ʄʦʣʝʢʫʣ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʜʘʥʽ ʧʨʦʮʝʩʠ, ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ, 
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ʚʩʽ ʚʦʥʠ ʨʽʟʥʽ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ, ʤʦʣʝʢʫʣʷʨʥʦ ʁʤʘʩʦʶ, ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʽ 

ʬʫʥʢʮʽʷʤʠ, ʱʦ ʚʠʢʦʥʫʶʪʴ [87]. ɺ ʷʢʦʩʪʽ ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʤʦʞʫʪʴ ʚʠʩʪʫʧʘʪʠ 

ʦʨʛʘʥʽʯʥʽ ʽ ʥʝʦʨʛʘʥʽʯʥʽ ʜʦʤʽʰʢʠ, ʘʤʽʥʦʢʠʩʣʦʪʠ ʽ ʙʽʣʢʠ, ʘ ʪʘʢʦʞ 

ʤʘʢʨʦʤʦʣʝʢʫʣʠ ʟ ʚʝʣʠʢʦʶ ʤʦʣʝʢʫʣʷʨʥʦʶ ʤʘʩʦʶ.  

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʨʦʙʽʪ, ʷʢʽ ʜʦʩʣʽʜʞʫʶʪʴ ʚʧʣʠʚ ʨʽʟʥʠʭ ʜʦʤʽʰʦʢ ʥʘ 

ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʆʄ, ʜʦʩʠʪʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ, ʪʦʤʫ ʨʦʣʴ ʜʝʷʢʠʭ ʢʣʘʩʽʚ 

ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ ʚʽʜʦʤʘ. ʆʜʥʘʢ, ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʜʘʣʝʢʦ ʥʝ ʚʩʽʭ 

ʨʝʯʦʚʠʥ, ʷʢʽ ʟʜʘʪʥʽ ʚʧʣʠʚʘʪʠ ʥʘ ʧʘʪʦʛʝʥʥʫ ʢʨʠʩʪʘʣʽʟʘʮʽʶ, ʜʦ ʪʦʛʦ ʞ, ʨʦʣʴ 

ʜʝʷʢʠʭ ʟ ʥʠʭ ʚ ʧʨʦʮʝʩʘʭ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ ʩʫʧʝʨʝʯʣʠʚʘ. 

ʊʘʢ, ʩʝʨʝʜ ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʦʢʩʘʣʘʪʘ ʢʘʣʴʮʽʶ, ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʨʦʣʴ ʬʦʩʬʘʪ-ʽʦʥʽʚ, ʽʦʥʽʚ 

ʤʘʛʥʽʶ, ʟʘʣʽʟʘ, ʘ ʪʘʢʦʞ ʩʫʣʴʬʘʪ-ʽʦʥʽʚ. ɺʠʷʚʣʝʥʦ, ʱʦ ʽʦʥʠ ʪʨʴʦʭʚʘʣʝʥʪʥʦʛʦ 

ʟʘʣʽʟʘ ʧʨʠ ʙʽʦʣʦʛʽʯʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʜʘʪʥʽ ʽʥʛʽʙʫʚʘʪʠ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ ʦʢʩʘʣʘʪʫ 

ʢʘʣʴʮʽʶ [61]. ʉʫʣʴʬʘʪ-ʽʦʥʠ ʽ ʬʦʩʬʘʪ-ʽʦʥʠ ʥʘʜʘʶʪʴ ʽʥʛʽʙʫʶʯʠʡ ʚʧʣʠʚ ʥʘ 

ʧʨʦʮʝʩʠ ʢʨʠʩʪʘʣʽʟʘʮʽʽ ʉʆʄ, ʷʢʠʡ ʧʽʜʚʠʱʫʻʪʴʩʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦ 

ʟʙʽʣʴʰʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʦʢ, ʧʨʠ ʮʴʦʤʫ ʬʦʩʬʘʪ-ʽʦʥʠ ʧʦʚʥʽʩʪʶ 

ʽʥʛʽʙʫʚʘʣʠ ʧʨʦʮʝʩʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ [88]. ʈʦʣʴ ʽʦʥʽʚ ʤʘʛʥʽʶ, ʷʢʽ ʻ 

ʘʢʪʠʚʘʪʦʨʘʤʠ ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʘʢʦʞ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ, ʽ ʚʠʷʚʣʝʥʦ 

ʟʥʘʯʥʠʡ ʽʥʛʽʙʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʢʽʥʝʪʠʢʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ, ʧʦʚ'ʷʟʘʥʝ ʟ 

ʧʽʜʚʠʱʝʥʥʷʤ ʨʦʟʯʠʥʥʦʩʪʽ ʉʆʄ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʽʦʥʽʚ ʤʘʛʥʽʶ [89].  

ɺʧʣʠʚ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʟʦʢʨʝʤʘ, ʛʣʽʢʦʟʘʤʽʥʦʛʣʽʢʘʥʽʚ, ʛʣʽʢʦʧʨʦʪʝʾʥʫ 

ʊʘʤʤʘ-ʍʦʨʩʬʘʣʣʘ, ʥʝʬʨʦʢʘʣʴʮʠʥʫ, ʦʩʪʝʦʧʦʥʪʽʥʫ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ, ʥʘ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʪʘʢʦʞ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ [90-92]. 

ʆʩʪʝʦʧʦʥʪʽʥ ï ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʛʣʽʢʦʧʨʦʪʝʽʜ, ʷʢʠʡ ʙʝʨʝ ʫʯʘʩʪʴ ʚ 

ʧʨʦʮʝʩʘʭ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ, ʟʘʡʤʘʻ ʚʘʞʣʠʚʝ ʤʽʩʮʝ ʚ 

ʨʝʛʫʣʶʚʘʥʥʽ ʢʣʽʪʠʥʥʦʾ ʤʽʛʨʘʮʽʾ, ʘʜʛʝʟʽʾ ʽ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʨʽʟʥʠʭ ʢʣʽʪʠʥ [93]. 

ɼʦʩʣʽʜʞʝʥʥʷ [25, 26, 94-97] ʧʦʢʘʟʘʣʠ, ʱʦ ʦʩʪʝʦʧʦʥʪʽʥ, ʱʦ ʤʘʻ ʚ ʩʚʦʻʤʫ 

ʩʢʣʘʜʽ ʧʦʣʽʘʥʽʦʥʥʽ ʦʙʣʘʩʪʽ, ʟʘʧʦʙʽʛʘʻ ʨʦʩʪʫ  ̔ʘʛʨʝʛʘʮʽʾ ʢʨʠʩʪʘʣʽʚ ʉʆʄ. ɹʽʣʦʢ 
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ʊʘʤʤʘ-ʍʦʨʩʬʘʣʣʘ, ʱʦ ʻ ʛʣʽʢʦʧʨʦʪʝʽʥʦʤ ʩʝʯʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ ʪʘʢʦʞ ʷʢ ʽ 

ʦʩʪʝʦʧʦʥʪʽʥ ʥʘʜʘʻ ʽʥʛʽʙʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʆʄ [98, 99]. 

ʂʨʽʤ ʤʘʢʨʦʤʦʣʝʢʫʣ ʙʽʣʢʦʚʦʾ ʧʨʠʨʦʜʠ, ʱʦ ʤʘʶʪʴ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʧʣʠʚ 

ʥʘ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʽʚ ʚ ʬʽʟʽʦʣʦʛʽʯʥʽʡ ʨʽʜʠʥʽ, ʨʦʟʛʣʷʜʘʚʩʷ ʚʧʣʠʚ ʧʦʣʽʩʘʭʘʨʠʜʽʚ ʽ 

ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ 

ʉʆʄ [54, 82, 100, 101]. ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʧʦʣʽʝʣʝʢʪʨʦʣʽʪʽʚ ʥʘ 

ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʆʄ, ʟʛʽʜʥʦ ʟ ʷʢʠʤʠ ʧʦʣʽʝʣʝʢʪʨʦʣʽʪʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʤʝʥʰ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʩʪʘʙʽʣʴʥʦʾ ʬʘʟʠ ʉʆɼ [102]. 

ɺʝʣʠʢʫ ʛʨʫʧʫ ʤʦʣʝʢʫʣ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʷʢʽ ʪʠʤ ʯʠ ʽʥʰʠʤ ʯʠʥʦʤ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʉʆʄ, ʟʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʽʩʥʦʛʦ ʪʘ 

ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʢʦʥʢʨʝʤʝʥʪʽʚ [20, 21], ʩʢʣʘʜʘʶʪʴ 

ʦʨʛʘʥʽʯʥʽ ʤʦʣʝʢʫʣʠ, ʘ ʩʘʤʝ ʙʽʣʢʠ. ɯ ʮʝ ʥʝ ʜʠʚʥʦ, ʦʩʢʽʣʴʢʠ ʙʽʣʢʠ ʚʽʜʽʛʨʘʶʪʴ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʧʨʦʮʝʩʘʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʪʪʻʚʦ ʥʝʦʙʭʽʜʥʠʭ ʬʫʥʢʮʽʡ 

ʣʶʜʩʴʢʦʛʦ ʦʨʛʘʥʽʟʤʫ. ʗʢ ʚʽʜʦʤʦ, ʙʽʣʢʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʘʤʽʥʦʢʠʩʣʦʪ, ʽ ʚʨʘʭʦʚʫʶʯʠ ʮʝʡ ʬʘʢʪ, ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʻ ʚʠʷʚʣʝʥʥʷ 

ʪʝʥʜʝʥʮʽʾ ʚʧʣʠʚʫ ʦʢʨʝʤʠʭ ʘʤʽʥʦʢʠʩʣʦʪ, ʘ ʥʝ ʾʭ ʩʫʢʫʧʥʦʩʪʽ, ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʢʨʠʩʪʘʣʽʚ ʉʆʄ. 

ɺ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʘʤʽʥʦʢʠʩʣʦʪʠ, ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ, 

ʧʨʠʡʤʘʶʯʠ ʫʯʘʩʪʴ ʚ ʙʽʦʩʠʥʪʝʟʽ ʨʷʜʫ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʩʧʦʣʫʢ, ʧʝʧʪʠʜʽʚ ʽ 

ʙʽʣʢʽʚ. ʇʨʠ ʮʴʦʤʫ, ʣʠʰʝ L-ʽʟʦʤʝʨʠ ʘʤʽʥʦʢʠʩʣʦʪ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʤʘʶʪʴ 

ʙʽʦʣʦʛʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ D-ʽʟʦʤʝʨʠ ʥʝ ʧʝʨʝʨʦʙʣʷʶʪʴʩʷ ʬʝʨʤʝʥʪʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʦʨʛʘʥʽʟʤʫ [103]. ɿʜʘʪʥʽʩʪʴ ʙʽʣʴʰʦʩʪʽ ʘʤʽʥʦʢʠʩʣʦʪ ʜʦʙʨʝ 

ʨʦʟʯʠʥʷʪʠʩʷ ʫ ʚʦʜʽ ʻ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʚʩʤʦʢʪʫʚʘʥʥʷ ʘʤʽʥʦʢʠʩʣʦʪ ʽ ʾʭ ʪʨʘʥʩʧʦʨʪ ʚ 

ʦʨʛʘʥʽʟʤʽ. ɸʤʽʥʦʢʠʩʣʦʪʠ ʤʽʩʪʷʪʴʩʷ ʚ ʙʽʦʨʽʜʠʥʘʭ (ʧʣʘʟʤʽ, ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ, 

ʩʝʯʽ), ʾʭ ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʚ ʜʘʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘʚʞʜʠ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʘ 

ʧʦʩʪʽʡʥʦʤʫ ʨʽʚʥʽ, ʧʨʦʪʝ, ʚ ʨʘʟʽ ʧʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʟʤʽʥʶʻʪʴʩʷ ʽ 

ʚʤʽʩʪ ʚʽʣʴʥʠʭ ʘʤʽʥʦʢʠʩʣʦʪ ʚ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʨʽʜʠʥʘʭ. ʊʦʤʫ ʟʘ ʚʤʽʩʪʦʤ 

ʘʤʽʥʦʢʠʩʣʦʪ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʥʘʷʚʥʽʩʪʴ ʧʦʨʫʰʝʥʥʷ ʨʦʙʦʪʠ ʦʨʛʘʥʽʚ, ʟʦʢʨʝʤʘ, 
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ʧʝʯʽʥʢʠ ʽ ʥʠʨʦʢ [103, 104], ʱʦ ʻ ʥʝʟʘʧʝʨʝʯʥʠʤ ʜʦʢʘʟʦʤ ʪʦʛʦ, ʱʦ ʘʤʽʥʦʢʠʩʣʦʪʠ 

ʩʧʨʘʚʣʷʶʪʴ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʚ ʧʨʦʮʝʩʠ ʧʘʪʦʛʝʥʥʦʛʦ ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ. 

ɸʤʽʥʦʢʠʩʣʦʪʠ ʤʘʶʪʴ ʜʫʞʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ. ɺʦʥʠ ʙʝʨʫʪʴ 

ʫʯʘʩʪʴ ʚ ʩʠʥʪʝʟʽ ʘʥʪʠʪʽʣ, ʬʝʨʤʝʥʪʽʚ, ʛʦʨʤʦʥʽʚ (L-ʛʣʽʮʠʥ, L-ʩʝʨʠʥ, L-ʘʨʛʽʥʽʥ, 

L-ʣʽʟʠʥ, L-ʪʨʝʦʥʽʥ, L-ʘʩʧʘʨʘʛʽʥʦʚʘ ʢʠʩʣʦʪʘ), ʩʧʨʠʷʶʪʴ ʚʠʚʝʜʝʥʥʶ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ, ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʤʝʪʘʙʦʣʽʟʤʽ ʦʨʛʘʥʽʯʥʠʭ ʢʠʩʣʦʪ (L-ʘʣʘʥʽʥ), ʻ 

ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ ʥʘ ʢʣʽʪʠʥʥʦʤʫ ʨʽʚʥʽ (L-ʛʣʫʪʘʤʽʥ, L-ʚʘʣʽʥ, L-ʣʝʡʮʠʥ), 

ʚʠʢʦʥʫʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚ ʫʪʚʦʨʝʥʥʽ ʜʠʩʫʣʴʬʽʜʥʠʭ ʤʽʩʪʢʽʚ (L-ʤʝʪʽʦʥʽʥ) ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʚʪʦʨʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʽʣʢʘ [103]. ɺʘʞʣʠʚʫ ʨʦʣʴ ʘʤʽʥʦʢʠʩʣʦʪʠ (L-

ʛʣʫʪʘʤʽʥʦʚʘ ʽ L-ʘʩʧʘʨʘʛʽʥʦʚʘ ʢʠʩʣʦʪʠ) ʚʠʢʦʥʫʶʪʴ ʚ ʨʝʛʫʣʷʮʽʾ ʎʅʉ, ʦʙʤʽʥʥʠʭ 

ʧʨʦʮʝʩʘʭ ʤʦʟʢʦʚʦʾ ʪʢʘʥʠʥʠ (ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪ ʛʣʶʢʦʟʠ, ʜʠʭʘʥʥʷ, 

ʦʢʠʩʥʝ ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ), ʤʝʪʘʙʦʣʽʟʤʽ ʥʝʡʨʦʤʝʜʽʘʪʦʨʽʚ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʢʫ [104]. 

ɸʤʥ̔ʦʢʠʩʣʦʪʘ L-ʘʨʛʽʥʥ̔ (L-Arg) ʙʝʨʝ ʫʯʘʩʪʴ ʚ ʙʽʦʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʷʭ 

in vivo. ɿ L-Arg ʚ ʧʨʦʮʝʩʽ ʡʦʛʦ ʦʢʠʩʣʝʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʦʢʩʠʜ ʘʟʦʪʫ, ʷʢʠʡ ʻ 

ʢʣʶʯʦʚʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʢʣʽʪʠʥʥʦʛʦ ʤʝʪʘʙʦʣʽʟʤʫ, ʙʝʨʝ ʫʯʘʩʪʴ ʚ ʽʤʫʥʥʦʤʫ 

ʟʘʭʠʩʪʽ ʦʨʛʘʥʽʟʤʫ, ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʨʦʮʝʩʠ ʽʥʛʽʙʫʚʘʥʥʷ ʘʛʨʝʛʘʮʽʾ ʪʨʦʤʙʦʮʠʪʽʚ. 

ʊʘʢ, ʚʚʝʜʝʥʥʷ ʤʦʣʝʢʫʣʠ L-Arg ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʢʫ ʧʣʘʟʤʠ ʽ 

ʰʚʠʜʢʦʩʪʽ ʬʽʣʴʪʨʘʮʽʾ ʯʝʨʝʟ ʥʠʨʢʠ [105]. ʑʝ ʦʜʥʽʻʶ ʚʘʞʣʠʚʦʶ ʙʽʦʣʦʛʽʯʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ L-Arg ʻ ʩʠʥʪʝʟ ʧʦʣʽʘʤʽʥʽʚ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʨʝʛʫʣʶʶʪʴ 

ʧʦʣʽʘʤʽʥʦʚʠʡ ʤʝʪʘʙʦʣʽʟʤ, ʧʦʨʫʰʝʥʥʷ ʷʢʦʛʦ ʤʦʞʝ ʙʫʪʠ ʩʫʪʪʻʚʠʤ ʬʘʢʪʦʨʦʤ 

ʢʘʥʮʝʨʦʛʝʥʝʟʫ. ʆʢʩʠʜ ʘʟʦʪʫ ʽ ʧʦʣʽʘʤʽʥʠ, ʷʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʨʘʥʽʰʝ [105], 

ʥʘʜʘʶʪʴ ʽʥʛʽʙʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʨʝʛʫʣʷʮʽʶ ʢʘʥʮʝʨʦʛʝʥʝʟʫ. ɺʩʽ ʥʘʚʝʜʝʥʽ ʬʘʢʪʠ 

ʚʢʘʟʫʶʪʴ ʥʘ ʚʘʞʣʠʚʽʩʪʴ L-Arg ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʙʽʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʄʦʣʝʢʫʣʠ ʘʤʽʥʦʢʠʩʣʦʪ, ʢʨʽʤ ʫʩʴʦʛʦ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ, ʚʧʣʠʚʘʶʪʴ ʽ ʥʘ 

ʧʨʦʮʝʩʠ ʟʘʨʦʜʞʝʥʥʷ ʽ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ ʉʆʄ. ɺʦʥʠ ʤʽʩʪʷʪʴʩʷ ʚ ʬʽʟʽʦʣʦʛʽʯʥʦʤʫ 

ʨʦʟʯʠʥʽ ʣʶʜʠʥʠ ʽ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʚ ʩʢʣʘʜʽ ʦʢʩʘʣʘʪʥʠʭ ʥʠʨʢʦʚʠʭ ʢʘʤʝʥʽʚ [83].  

ʈʘʥʽʰʝ ʚ ʨʦʙʦʪʘʭ [82, 88, 106] ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠʩʫʪʥʽʩʪʴ 

ʘʤʽʥʦʢʠʩʣʦʪ ʩʧʨʘʚʣʷʻ ʩʫʧʝʨʝʯʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ ʦʢʩʘʣʘʪʫ 
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ʢʘʣʴʮʽʶ. ʊʘʢʽ ʘʤʽʥʦʢʠʩʣʦʪʠ, ʷʢ L-ʛʣʫʪʘʤʽʥʦʚʘ ʢʠʩʣʦʪʘ, L-ʣʽʟʠʥ, L-ʛʣʽʮʠʥ 

ʯʠʥʷʪʴ ʽʥʛʽʙʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʆʄ, ʟʥʘʯʥʠʡ ʧʨʦʤʦʪʫʶʯʠʡ 

ʚʧʣʠʚ ï L-ʧʨʦʣʽʥ, L-ʚʘʣʽʥ, L-ʩʝʨʽʥ ʽ L-ʤʝʪʽʦʥʽʥ. 

ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʨʽʚ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʤʦʣʝʢʫʣ-

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʥʘ ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʉʆʄ [90, 107, 108], ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʧʨʠʜʽʣʷʶʪʴ ʘʤʽʥʦʢʠʩʣʦʪʘʤ ʢʠʩʣʦʾ ʧʨʠʨʦʜʠ (L-ʛʣʫʪʘʤʽʥʦʚʘ ʽ L-ʘʩʧʘʨʘʛʽʥʦʚʘ 

ʢʠʩʣʦʪʠ), ʷʢʽ ʥʘ ʾʭʥʶ ʜʫʤʢʫ ʟʜʘʪʥʽ ʚʟʘʻʤʦʜʽʷʪʠ ʟʽ ʟʨʦʩʪʘʶʯʠʤʠ ʛʨʘʥʷʤʠ 

ʢʨʠʩʪʘʣʽʚ COʄ. ʆʜʥʘʢ, ʥʘʚʽʪʴ ʚʧʣʠʚ ʢʠʩʣʠʭ ʘʤʽʥʦʢʠʩʣʦʪ ʥʘ ʧʨʦʮʝʩʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ ʥʝʦʜʥʦʟʥʘʯʥʠʡ. ʊʘʢ, ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ [79, 82],                   

L-ʘʩʧʘʨʘʛʽʥʦʚʘ ʢʠʩʣʦʪʘ (L-Asp) ʽʥʛʽʙʫʻ ʧʨʦʮʝʩʠ ʥʫʢʣʝʘʮʽʾ ʽ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ 

ʉʆʄ ʟʘ ʨʘʭʫʥʦʢ ʘʜʩʦʨʙʮʽʾ ʾʾ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʚ ʉʆʄ. ʋ ʪʦʡ ʞʝ 

ʯʘʩ, ʚ ʨʦʙʦʪʽ [88] ʦʧʠʩʘʥʦ ʧʨʦʤʦʪʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʟʘʨʦʜʞʝʥʥʷ ʉʆʄ, ʷʢʝ 

ʧʦʚ'ʷʟʘʥʝ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚ ʨʦʟʯʠʥʽ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ ʢʦʤʧʣʝʢʩʽʚ 

ʢʘʣʴʮʽʶ ʟ ʢʘʨʙʦʢʩʠʣʴʥʠʤʠ ʛʨʫʧʘʤʠ L-Asp, ʷʢʽ ʽ ʻ ʮʝʥʪʨʘʤʠ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ 

ʢʨʠʩʪʘʣʽʚ ʉʆʄ. ɺʥʝʩʦʢ ʘʤʽʥʦʢʠʩʣʦʪʠ L-ʪʨʝʦʥʽʥ (L-Thr) ʚ ʧʨʦʮʝʩʠ 

ʬʦʨʤʫʚʘʥʥʷ ʉʆʄ ʪʘʢʦʞ ʥʝʦʜʥʦʟʥʘʯʥʠʡ. ɺ ʦʜʥʠʭ ʨʦʙʦʪʘʭ ʥʘʚʦʜʷʪʴʩʷ ʜʘʥʽ 

ʧʨʦ ʪʝ, ʱʦ ʤʦʣʝʢʫʣʘ L-Thr ʧʨʦʤʦʪʫʻ ʧʨʦʮʝʩʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ [109], ʚ 

ʽʥʰʠʭ ï ʱʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ Cʆʄ [82]. 

ʂʨʽʤ ʘʤʽʥʦʢʠʩʣʦʪ, ʱʦ ʤʘʶʪʴ ʢʠʩʣʫ ʧʨʠʨʦʜʫ ʽʩʥʫʶʪʴ ʱʝ ʡ ʦʩʥʦʚʥʽ 

ʘʤʽʥʦʢʠʩʣʦʪʠ (L-ʣʽʟʠʥ, L-Arg), ʚʧʣʠʚ ʷʢʠʭ ʥʘ ʧʨʦʮʝʩʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʨʦʟʛʣʷʜʘʚʩʷ, ʟʦʢʨʝʤʘ, ʥʝ ʚʠʷʚʣʝʥʦ ʚʧʣʠʚ L-Arg ʥʘ ʤʦʨʬʦʣʦʛʽʶ, 

ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʚ ʽ ʢʽʥʝʪʠʢʫ ʟʘʨʦʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ. ʑʦ ʥʝ ʟʦʚʩʽʤ 

ʜʦʮʽʣʴʥʦ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʘʪʦʛʝʥʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʟ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʧʨʠʨʦʜʘ ʽ ʟʘʨʷʜʦʚʠʡ ʩʪʘʥ ʤʦʣʝʢʫʣ, ʱʦ ʚʚʦʜʷʪʴʩʷ, ʜʦʟʚʦʣʷʶʪʴ ʚʩʪʘʥʦʚʠʪʠ 

ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʘʤʽʥʦʢʠʩʣʦʪ ʽ ʤʝʭʘʥʽʟʤʦʤ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟʽ 

ʟʨʦʩʪʘʶʯʠʤʠ ʛʨʘʥʷʤʠ ʧʘʪʦʛʝʥʥʠʭ ʘʛʨʝʛʘʪʽʚ COʄ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ʥʘ 

ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʆʄ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʟʘʨʷʜ ʤʦʣʝʢʫʣʠ, ʘʣʝ ʽ ʪʠʧʠ 

ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʢʨʠʩʪʘʣʦʤ ʽ ʤʦʣʝʢʫʣʦʶ.  
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ʋ ʪʦʡ ʞʝ ʯʘʩ, ʥʝ ʪʽʣʴʢʠ ʚʠʱʝʥʘʚʝʜʝʥʽ ʤʦʣʝʢʫʣʠ ʟʜʘʪʥʽ ʪʠʤ ʯʠ ʽʥʰʠʤ 

ʯʠʥʦʤ ʚʧʣʠʚʘʪʠ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʛʘʥʽʟʤʫ ʽ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ 

ʧʘʪʦʛʝʥʥʠʭ ʘʛʨʝʛʘʪʽʚ. ɺʩʽʤ ʥʘʤ ʚʽʜʦʤʠʡ ʪʘʢʠʡ ʢʣʘʩ ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʭ 

ʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʷʢ ʚʽʪʘʤʽʥʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʟʥʘʯʥʫ ʨʦʣʴ ʚ ʦʨʛʘʥʽʟʤʽ. 

ɺʽʪʘʤʽʥʠ ʨʽʟʥʽ ʟʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ, ʨʦʟʯʠʥʥʽʩʪʶ (ʚʦʜʦʨʦʟʯʠʥʥʽ ï ʚʽʪʘʤʽʥʠ 

ʛʨʫʧʠ ɺ, ʘʩʢʦʨʙʽʥʦʚʘ ʽ ʣʽʧʦʻʚʘ ʢʠʩʣʦʪʠ, ʞʠʨʦʨʦʟʯʠʥʥʽ ï ʚʽʪʘʤʽʥʠ ɸ, ɽ, ʂ) ʽ 

ʬʫʥʢʮʽʷʤ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ. ɺʦʥʠ ʧʽʜʪʨʠʤʫʶʪʴ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʥʝʨʚʦʚʦʾ, 

ʽʤʫʥʥʦʾ, ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤ, ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʢʨʦʚʦʪʚʦʨʝʥʥʽ ʽ ʫʪʚʦʨʝʥʥʽ 

ʬʝʨʤʝʥʪʽʚ, ʧʽʜʚʠʱʫʶʪʴ ʩʪʽʡʢʽʩʪʴ ʦʨʛʘʥʽʟʤʫ ʜʦ ʜʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʽ ʪʦʢʩʠʥʽʚ. 

ɹʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʚ ʦʨʛʘʥʽʟʤʽ ʥʝ ʩʠʥʪʝʟʫʻʪʴʩʷ, ʪʦʤʫ ʣʶʜʠʥʘ ʧʦʚʠʥʥʘ 

ʦʪʨʠʤʫʚʘʪʠ ʾʭ ʟ ʾʞʝʶ ʘʙʦ ʫ ʚʠʛʣʷʜʽ ʭʘʨʯʦʚʠʭ ʜʦʙʘʚʦʢ. 

ʆʜʥʘʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʦʯʝʚʠʜʥʫ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʽʪʘʤʽʥʽʚ ʚ ʦʨʛʘʥʽʟʤʽ 

ʣʶʜʠʥʠ, ʾʭ ʨʦʣʴ ʫ ʧʨʦʮʝʩʘʭ ʥʫʢʣʝʘʮʽʾ ʽ ʨʦʩʪʫ ʉʆʄ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʚʯʘʣʘʩʷ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʽʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʚʽʜʦʤʦ ʣʠʰʝ, 

ʱʦ ʜʝʷʢʽ ʚʽʪʘʤʽʥʠ, ʟʦʢʨʝʤʘ, ʚʽʪʘʤʽʥʠ ɸ, ɽ ʽ ʉ ʟʜʘʪʥʽ ʟʙʽʣʴʰʫʚʘʪʠ ʝʢʩʢʨʝʮʽʶ 

ʦʢʩʘʣʘʪʫ ʫ ʬʽʟʽʦʣʦʛʽʯʥʽʡ ʨʽʜʠʥ ̔ ʽ ʧʽʜʚʠʱʫʚʘʪʠ ʨʠʟʠʢ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʉʆʄ [16, 111]. ɺ ʪʦʡ ʯʘʩ ʷʢ ʚʧʣʠʚ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʚʽʪʘʤʽʥʽʚ ʛʨʫʧʠ ɺ, 

ʟʦʢʨʝʤʘ ʪʽʘʤʽʥʫ, ʧʽʨʠʜʦʢʩʠʥʫ ʽ ʮʽʘʥʦʢʦʙʘʣʘʤʽʥʫ ʥʘ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ 

ʉʆʄ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʥʝ ʙʫʚ ʜʦʩʣʽʜʞʝʥʠʡ. 

ɺʽʜʧʦʚʽʜʥʦ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʚʧʣʠʚʫ 

ʤʦʣʝʢʫʣ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʟʜʘʪʥʠʭ ʚʧʣʠʚʘʪʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, 

ʚʩʽ ʚʦʥʠ ʤʘʶʪʴ ʟʘʛʘʣʴʥʫ ʽʜʝʦʣʦʛʽʶ ʽ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʨʠʛʥʽʯʝʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʉʆʄ. ʗʢ ʚʽʜʦʤʦ, ʧʨʦʮʝʩ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʷʚʣʷʻ ʩʦʙʦʶ ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʠʡ 

ʧʨʦʮʝʩ ʽ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʨʷʜ ʧʦʩʣʽʜʦʚʥʠʭ ʩʪʘʜʽʡ: ʚʽʜ ʩʪʚʦʨʝʥʥʷ ʧʝʨʝʩʠʯʝʥʥʷ 

ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʩʠʩʪʝʤʽ, ʫʪʚʦʨʝʥʥʷ ʟʘʨʦʜʢʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʩʘʤʦʛʦ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ, ʜʦ ʘʛʨʝʛʘʮʽʾ ʽ ʘʛʣʦʤʝʨʘʮʽʾ ʚʞʝ ʩʬʦʨʤʦʚʘʥʠʭ 

ʢʨʠʩʪʘʣʽʚ. ɹʝʟʫʤʦʚʥʦ, ʚʩʽ ʝʪʘʧʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʜʫʞʝ ʚʘʞʣʠʚʽ ʽ ʚʠʷʚʣʝʥʥʷ 

ʚʧʣʠʚʫ ʜʦʤʽʰʦʢ ʥʘ ʩʪʘʜʽʶ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʧʨʠʨʦʜʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ. ɺʘʞʣʠʚʫ ʨʦʣʴ 
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ʚʽʜʽʛʨʘʻ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʜʽʾ ʘʛʨʝʛʘʮʽʾ ʽ ʫʪʚʦʨʝʥʥʷ ʜʝʥʜʨʠʪʥʠʭ ʢʨʠʩʪʘʣʽʚ. 

ʆʜʥʘʢ, ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʟʘʨʦʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʨʘʥʽʰʝ ʥʝ ʚʠʚʯʝʥʠʭ (ʘʙʦ 

ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʭ) ʤʦʣʝʢʫʣ, ʦʩʢʽʣʴʢʠ, ʟʥʘʶʯʠ ʤʝʭʘʥʽʟʤʠ ʥʫʢʣʝʘʮʽʾ, 

ʤʦʞʣʠʚʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ ʽ ʟʘʧʦʙʽʛʘʪʠ ʧʨʦʮʝʩʠ ʧʘʪʦʛʝʥʥʦʾ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ. 
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ɺʠʩʥʦʚʦʢ ʜʦ ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʠ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʨʦʙʦʪʠ 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʢʘʣʴʮʽʡ ʦʢʩʘʣʘʪʫ ʤʦʥʦʛʽʜʨʘʪʫ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ 

ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʟ'ʷʩʫʚʘʥʥʷ ʧʨʠʯʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ ʧʘʪʦʛʝʥʥʦʛʦ 

ʤʽʥʝʨʘʣʦʫʪʚʦʨʝʥʥʷ ʚ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ, ʦʩʢʽʣʴʢʠ ʧʨʦʙʣʝʤʘ ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ 

ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʦʩʠʪʴ ʛʣʦʙʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʠʪʴ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʜʘʥʽʡ ʪʝʤʽ, ʨʷʜ ʧʠʪʘʥʴ, ʦʜʥʘʢ, 

ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ ʚʠʚʯʝʥʠʡ. 

ɼʦ ʤʦʤʝʥʪʫ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʥʘʜ ʜʠʩʝʨʪʘʮʽʻʶ ʧʨʦʮʝʩʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʉʆʄ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʪʘʢʠʭ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʘʤʽʥʦʢʠʩʣʦʪ, ʷʢ L-ʘʩʧʘʨʛʽʥʦʚʘ 

ʢʠʩʣʦʪʘ, L-ʘʨʛʽʥʽʥ, L-ʪʨʝʦʥʽʥ ʙʫʣʠ ʥʝ ʚʠʟʥʘʯʝʥʽ, ʘ ʽʩʥʫʶʯʽ ʚ ʣʽʪʝʨʘʪʫʨʽ ʜʘʥʽ 

ʧʨʦ ʾʭ ʚʧʣʠʚ ʥʦʩʠʣʠ ʩʫʧʝʨʝʯʣʠʚʠʡ ʭʘʨʘʢʪʝʨ. ʂʨʽʤ ʪʦʛʦ ʚʽʜʩʫʪʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʪʝʥʜʝʥʮʽʶ ʚʧʣʠʚʫ ʥʘʚʝʜʝʥʠʭ ʘʤʽʥʦʢʠʩʣʦʪ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʾʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʚ ʫʤʦʚʘʭ, ʙʣʠʟʴʢʠʭ ʜʦ ʬʽʟʽʦʣʦʛʽʯʥʠʭ, ʥʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʤʦʨʬʦʣʦʛʽʶ ʽ ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʚ ʉʆʄ. 

ʊʘʢʦʞ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ ʧʨʦʮʝʩʠ ʟʘʨʦʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ L-ʘʩʧʘʨʛʽʥʦʚʦʾ ʢʠʩʣʦʪʠ, L-ʘʨʛʽʥʽʥʫ, L-ʪʨʝʦʥʽʥʫ, ʥʝ ʜʦʩʣʽʜʞʝʥʦ ʾʭ 

ʚʧʣʠʚ ʥʘ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ ʉʆʄ. ɺʧʣʠʚ ʚʽʪʘʤʽʥʽʚ ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʆʄ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʚʯʘʚʩ̫, ʚʽʜʦʤʦ ʣʠʰʝ ʱʦ, ʟʛʽʜʥʦ ʢʣʽʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʜʝʷʢʽ 

ʞʠʨʦʨʦʟʯʠʥʥʽ ʚʽʪʘʤʽʥʠ (ʚʽʪʘʤʽʥʠ ɸ, ɽ) ʽ ʚʦʜʦʨʦʟʯʠʥʥʠʡ ʚʽʪʘʤʽʥ ʉ ʟʜʘʪʥʽ 

ʟʙʽʣʴʰʫʚʘʪʠ ʝʢʩʢʨʝʮʽʶ ʦʢʩʘʣʘʪʫ ʚ ʬʽʟʽʦʣʦʛʽʯʥʽʡ ʨʽʜʠʥʽ ʽ ʧʽʜʚʠʱʫʚʘʪʠ ʨʠʟʠʢ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ. ɺ ʪʦʡ ʯʘʩ, ʚʧʣʠʚ ʦʩʥʦʚʥʠʭ ʚʽʪʘʤʽʥʽʚ ʛʨʫʧʠ ɺ, ʟʦʢʨʝʤʘ 

ʪʽʘʤʽʥʫ, ʧʽʨʠʜʦʢʩʠʥʫ, ʮʽʘʥʦʢʦʙʘʣʘʤʽʥʫ ʥʘ ʧʨʦʮʝʩʠ ʟʘʨʦʜʞʝʥʥʷ ʽ ʤʦʨʬʦʣʦʛʽʶ 

ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʥʘ ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʥʘʜ ʜʠʩʝʨʪʘʮʽʻʶ, ʟʛʽʜʥʦ ʟ 

ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʥʝ ʨʦʟʛʣʷʜʘʚʩʷ. ʆʪʨʠʤʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʘʤʽʥʦʢʠʩʣʦʪ ( L-ʘʩʧʘʨʛʽʥʦʚʦʾ ʢʠʩʣʦʪʠ, L-ʘʨʛʽʥʽʥʫ, L-ʪʨʝʦʥʽʥʫ) ʪʘ 

ʚʽʪʘʤʽʥʽʚ ʛʨʫʧʠ ɺ (ɺ1, ɺ6, ɺ12) ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʷʚʠʪʠ ʪʝʥʜʝʥʮʽʶ 

ʚʧʣʠʚʫ ʜʦʤʽʰʦʢ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʧʘʪʦʛʝʥʥʠʭ 
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ʙʽʦʤʽʥʝʨʘʣʽʚ ʉʆʄ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ 

ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ.  

ʊʦʤʫ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʢʽʥʝʪʠʢʠ 

ʟʘʨʦʜʞʝʥʥʷ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ (ʉʆʄ), ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʤʦʣʝʢʫʣ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʨʦʩʪʫ ʥʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʤʦʨʬʦʣʦʛʽʶ ʪʘ 

ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʧʦʰʫʢ ʥʦʚʠʭ ʜʦʤʽʰʦʢ, ʷʢʽ ʟʜʘʪʥʽ ʧʨʠʛʥʽʯʫʚʘʪʠ ʨʽʩʪ 

ʢʨʠʩʪʘʣʽʚ ʉʆʄ. 

ʂʦʣʦ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʟʘʚʜʘʥʴ, ʱʦ ʧʽʜʣʷʛʘʣʠ ʚʠʨʽʰʝʥʥʶ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ, ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

Å ʚʠʚʯʠʪʠ ʚʧʣʠʚ ʫʤʦʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʘ ʩʘʤʝ ʧʝʨʝʩʠʯʝʥʥʷ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʪʘ ʦʢʩʘʣʘʪʫ ʥʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʦʩʘʜʽʚ, 

ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʪʘ ʤʦʨʬʦʣʦʛʽʶ ʢʨʠʩʪʘʣʽʚ ʉʆʄ; 

Å ʧʨʦʚʝʩʪʠ ʧʦʰʫʢ ʜʦʤʽʰʦʢ, ʷʢʽ ʟʜʘʪʥʽ ʧʨʠʛʥʽʯʫʚʘʪʠ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ 

ʉʆʄ in vitro ʚ ʫʤʦʚʘʭ ʙʣʠʟʴʢʠʭ ʜʦ ʬʽʟʽʦʣʦʛʽʯʥʠʭ; 

Å ʜʦʩʣʽʜʠʪʠ ʚʣʠʚ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʨʦʩʪʫ ʥʘ 

ʧʨʦʮʝʩʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ; 

Å ʜʦʩʣʽʜʠʪʠ ʪʝʥʜʝʥʮʽʶ ʚʧʣʠʚʫ ʜʦʤʽʰʦʢ ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ 

ʢʽʥʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ. 
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ʈʆɿɼɯʃ 2 

ʄɽʊʆɼʀʂɸ ɽʂʉʇɽʈʀʄɽʅʊʋ 

2.1. ʆʪʨʠʤʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʽn vitro  

ɼʣʷ ʩʠʥʪʝʟʫ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʦʟʯʠʥʥʽ ʩʦʣʽ ʢʘʣʴʮʽʶ ʽ 

ʦʢʩʘʣʘʪʫ, ʘ ʩʘʤʝ, ʭʣʦʨʠʜ ʢʘʣʴʮʽʶ CaCl2 ʽ ʦʢʩʘʣʘʪ ʢʘʣʽʶ K2C2O4Ŀʅ2O. 

ɸʮʝʪʘʪʥʠʡ ʙʫʬʝʨʥʠʡ ʨʦʟʯʠʥ (ʨʅ=5,8) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ 

ʧʦʩʪʽʡʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʽ ʽʦʥʥʦʾ ʩʠʣʠ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ. ɺ ʷʢʦʩʪʽ 

ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʤʽʥʦʢʠʩʣʦʪʠ ï          

L-ʘʩʧʘʨʘʛʽʥʦʚʫ ʢʠʩʣʦʪʫ (L-ɸsp), L-ʘʨʛ̔ʥ̔ʥ (L-ɸrg), L-ʪʨʝʦʥʥ̔ (L-ʊhr) ʪʘ 

ʦʩʥʦʚʥʽ ʚʽʪʘʤʽʥʠ ʛʨʫʧʠ ɺ ï ʪ̔ʘʤ̔ʥ (ɺ1), ʧʨ̔ʠʜʦʢʩʠʥ (ɺ6), 

ʮ̔ʘʥʦʢʦʙʘʣʘʤʥ̔ (ɺ12). ɺʩʽ ʤʦʜʝʣʴʥʽ ʨʦʟʯʠʥʠ ʙʫʣʠ ʚʦʜʥʽ, ʷʢ ʨʦʟʯʠʥʥʠʢ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ.   

2.1.1. ʈʦʟʨʘʭʫʥʦʢ ʧʝʨʝʩʠʯʝʥʴ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ  

ʄʦʜʝʣʴʥʽ ʨʦʟʯʠʥʠ ʯʠʩʪʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʜʦʤʽʰʦʢ 

ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ, ʜʦʩʣʽʜʞʫʚʘʣʠʩʴ ʧʨʠ ʨʽʟʥʠʭ ʧʝʨʝʩʠʯʝʥʥʷʭ. ʇʨʠ ʮʴʦʤʫ 

ʧʝʨʝʩʠʯʝʥʥʷ ʚʘʨʽʶʚʘʣʠ ʚ ʜʽʘʧʘʟʦʥʽ 2,0-17,8. 

ʇʝʨʝʩʠʯʝʥʥʷ (s) ʨʦʟʯʠʥʽʚ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦ  ʁ[37 61,72]: 

                                   s =  ɔ Ŀ {([ Ca2+] Ŀ [C2O4
2ï]) / Ksp}

1/2 ï 1,                 (2.1) 

ʜʝ [Ca2+] ï ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ ʢʘʣʴʮʽʶ,  

[C2O4
2ï] ï ʤʦʣʷʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʢʩʘʣʘʪ-ʽʦʥʽʚ,  

Ksp ï ʜʦʙʫʪʦʢ ʨʦʟʯʠʥʥʦʩʪʽ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ, ʷʢʠʡ ʧʨʠ 37 Áʉ 

ʩʪʘʥʦʚʠʪʴ 2,8Ŀ10ï 9 ʤʦʣʴ2/ʣ2; 

ɔ ï ʢʦʝʬʽʮʽʻʥʪ ʘʢʪʠʚʥʦʩʪʽ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ ʢʦʝʬʽʮʽʻʥʪ ʘʢʪʠʚʥʦʩʪʽ ʚʠʟʥʘʯʘʣʠ ʟ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

                               ïlog ɔ = Az1z2 Ŀ [((I
1/2) / (1+ I1/2)) ï 0.3I ],                 (2.2) 
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ʜʝ ɸ ï ʢʦʥʩʪʘʥʪʘ ɼʝʙʘʷ-ʍʶʢʢʝʣʷ (ɸ = 0,5115), z1 ʽ z2 ï ʟʘʨʷʜʠ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʪʘ 

ʦʢʩʘʣʘʪʫ, ʷʢʽ ʦʜʥʘʢʦʚʽ ʟʘ ʟʥʘʯʝʥʥʤ ʽ ʜʦʨʽʚʥʶʪʴ 2,  

I ï ʽʦʥʥʘ ʩʠʣʘ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ, ʷʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʦʨʽʚʥʶʚʘʣʘ 

I = 0,5ĿɆ (z2c). ʇʽʜʩʫʤʦʚʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʚʩʽʤʘ ʪʠʧʘʤʠ ʽʦʥʽʚ, ʧʨʠʩʫʪʥʽʭ 

ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʨʦʟʯʠʥʽ. 

2.1.2. ʇʨʠʛʦʪʫʚʘʥʥʷ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʽ ʩʠʥʪʝʟ ʢʨʠʩʪʘʣʽʚ ʉʆʄ  

ʂʨʠʩʪʘʣʠ ʉʆʄ ʦʪʨʠʤʫʚʘʣʠ ʤʝʪʦʜʦʤ ʩʧʦʥʪʘʥʥʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʫʤʦʚʘʭ 

ʙʣʠʟʴʢʠʭ ʜʦ ʬʽʟʽʦʣʦʛʽʯʥʠʭ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʦʣʷʨʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʢʘʤʝʥʝʫʪʚʦʨʶʶʯʠʭ ʽʦʥʽʚ, ʘ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʽʦʥʠ ʢʘʣʴʮʽʶ ʽ ʦʢʩʘʣʘʪ-ʽʦʥʠ, 

ʩʪʘʥʦʚʠʣʦ [Ca2+]/[C2O4
2ï] = 1:1  ̔ 20:1. ʇʨʠ ʮʴʦʤʫ ʩʪʝʭʽʦʤʝʪʨʽʷ ʨʦʟʯʠʥʫ 

[Ca2+]/[C2O4
2ï] = 20:1 ʟʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ, ʙʣʠʟʴʢʘ ʜʦ 

ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʧʨʠʩʫʪʥʽʭ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ [75, 76, 78]. ʇʨʦʮʝʩ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ ʷʢ ʯʠʩʪʠʭ ʨʦʟʯʠʥʽʚ, ʪʘʢ ʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʜʦʤʽʰʦʢ 

ʧʨʦʚʦʜʠʣʠ ʚ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʪʝʤʧʝʨʘʪʫʨ ̔37 Áʉ, ʦ̔ʥʥ̔ʡ ʩʠʣ̔ 

ʨʦʟʯʠʥʫ 0,15 ʄ ʪʘ ʨʅ=5,8. ʂʠʩʣʦʪʥʽʩʪʴ ʨʦʟʯʠʥʽʚ, ʷʢʫ ʨʝʛʫʣʶʚʘʣʠ ʜʦʜʘʚʘʥʥʷʤ 

NaOH ʪʘ ʉʅ3ʉʆʆʅ, ʚʠʤʽʨʶʚʘʣʠ ʥʘ pH-ʤʝʪʨʽ pH-150ʄʀ (ʝʣʝʢʪʨʦʜ ʕʉʂ-

10603 ʢʦʤʧʘʥʽʾ ñʀʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʀʊò).  

ʄʦʜʝʣʴʥʘ ʩʠʩʪʝʤʘ ʉʆʄ ʬʦʨʤʫʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʽ ʥʘʩʪʫʧʥʦʛʦ ʩʢʣʘʜʫ: 

ʭʣʦʨʠʜ ʢʘʣʴʮʽʶ, ʦʢʩʘʣʘʪ ʢʘʣʽʶ, ʭʣʦʨʠʜ ʢʘʣʽʶ, ʘʮʝʪʘʪʥʠʡ ʙʫʬʝʨʥʠʡ ʨʦʟʯʠʥ, 

ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ, ʦʨʛʘʥʽʯʥʽ ʜʦʤʽʰʢʠ (L-Asp, L-Arg, L-Thr, ɺ1, ɺ6, ɺ12).  

ʂʦʥʮʝʥʪʨʘʮʽʶ ʦʩʥʦʚʥʠʭ ʢʘʤʝʥʝʫʪʚʦʨʶʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ï ʽʦʥʽʚ 

ʢʘʣʴʮʽʶ ʽ ʦʢʩʘʣʘʪ-ʽʦʥʽʚ ʚ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʚʘʨʽʶʚʘʣʠ ʚ ʜʽʘʧʘʟʦʥʽ 0,2-

3,0 ʤʤʦʣʴ/ʣ. ɯʦʥʥʘ ʩʠʣʘ ʨʦʟʯʠʥʫ, ʷʢʘ ʩʪʚʦʨʶʚʘʣʘʩʷ ʜʦʙʘʚʢʦʶ ʽʥʜʠʬʝʨʝʥʪʥʦʛʦ 

ʝʣʝʢʪʨʦʣʽʪʫ ʭʣʦʨʠʜʫ ʢʘʣʽʶ, ʧʽʜʪʨʠʤʫʚʘʣʘʩʷ ʥʘ ʨʽʚʥʽ 0,15 ʤʦʣʴ/ʣ, ʱʦ ʚ ʩʚʦʶ 

ʯʝʨʛʫ ʦʙʫʤʦʚʣʝʥʦ ʪʘʢʠʤ ʟʥʘʯʝʥʥʷʤ ʽʦʥʥʦʾ ʩʠʣʠ ʙʽʦʣʦʛʽʯʥʦʾ ʨʽʜʠʥʠ ʣʶʜʠʥʠ. 

ɸʤ̔ʥʦʢʠʩʣʦʪʠ (L-ɸsp, L-ɸrg, L-Thr) ̔  ʚ̔ʪʘʤ̔ʥʠ (ɺ1, ɺ6, ɺ12) ʜʦʜʘʚʘʣʠ ʚ 

ʤʦʜʝʣʴʥʫ ʩʠʩʪʝʤʫ ʉʆʄ ʧʦ ʯʝʨʟʽ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʨʝʘʢʮʽʾ, 

ʧʨʠʯʦʤʫ ʢʦʞʥʽʡ ʜʦʙʘʚʮʽ ʚʽʜʧʦʚʽʜʘʚ ʩʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʜʽʘʧʘʟʦʥ. 
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ʂʦʥʮʝʥʪʨʘʮʽʾ ʘʤ̔ʥʦʢʠʩʣʦʪ, ʷʢʽ ʜʦʜʘʚʘʣʠ ʚ ʤʦʜʝʣʴʥʠʡ ʨʦʟʯʠʥ ʚʘʨʽʶʚʘʣʠ ʚ 

ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 ʜʦ 20 ʤʤʦʣʴ/ʣ, ɦ ʦ ʧʦʨʽʚʥʷʥʦ ʟ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʚ ʙʽʦʣʦʛʽʯʥʽʡ 

ʨʽʜʠʥʽ. ʂʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʨʷʜ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʜʣʷ ʚʽʪʘʤʽʥʽʚ ɺ1 ʽ ɺ6 

ʚʘʨʽʶʚʘʚʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 5-50 ʤʤʦʣʴ/ʣ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʪʘʤʽʥʫ ɺ12 ʚ 

ʦʢʩʘʣʘʪʥʽʡ ʩʠʩʪʝʤʽ ï ʚ ʜʽʘʧʘʟʦʥʽ 10-100 ʤʢʤʦʣʴ/ʣ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʦ ʙʽʦʣʦʛʽʯʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʞʥʦʛʦ ʟ ʚʽʪʘʤʽʥʽʚ ʚ 

ʦʨʛʘʥʽʟʤʽ [112,113].  

ʉʠʥʪʝʟʦʚʘʥʽ ʢʨʠʩʪʘʣʠ ʉʆʄ ʙʝʟ ʜʦʤʽʰʦʢ ʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʨʽʟʥʠʭ 

ʘʤʽʥʦʢʠʩʣʦʪ ʽ ʚʽʪʘʤʽʥʽʚ, ʷʢʽ ʚʚʦʜʠʣʠʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽʭ ʢʦʥʮʝʥʪʨʘʮʽʡ, 

ʧʦ ʟʘʢʽʥʯʝʥʥʽ ʜʦʙʠ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʽ ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʟʘʣʠʰʢʽʚ ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ ʽ ʭʣʦʨʠʜʫ ʢʘʣʽʶ. ɺʽʜʤʠʪʽ ʢʨʠʩʪʘʣʠ 

ʉʆʄ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʟʦʢʨʝʤʘ ʩʢʘʥʫʶʯʦʾ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʽ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʾ ʘʜʩʦʨʙʮʽʾ ʘʤʽʥʦʢʠʩʣʦʪ L-ɸsp, L-ɸrg  ̔L-Thr 

ʥʘ ʛʨʘʥʷʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʧʨʦʚʦʜʠʣʠ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʆʄ ʚ ʫʤʦʚʘʭ, 

ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ, ʧʨʦʪʝ ʧʝʨʝʩʠʯʝʥʥʷ ʨʦʟʯʠʥʽʚ ʙʫʣʦ ʧʦʩʪʽʡʥʠʤ ʽ ʩʪʘʥʦʚʠʣʦ 

s = 4,6 ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ [Ca2+]/[C2O4
2ï] = 20:1. ʏʝʨʝʟ ʜʦʙʫ ʧʽʩʣʷ ʩʠʥʪʝʟʫ 

ʩʫʩʧʝʥʟʽʶ ʤʽʢʨʦʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʘ ʫʪʚʦʨʠʣʘʩʷ ʚ ʤʦʜʝʣʴʥʽʡ ʩʠʩʪʝʤʽ, 

ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʽ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ. ʇʦʪʽʤ ʧʨʦʤʠʪʽ ʟʨʘʟʢʠ 

ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʨʦʟʚʦʜʠʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ 5 ʤʣ ʽ ʚʠʤʽʨʶʚʘʣʠ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ Optizen 3220UV ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ190-700 ʥʤ.  

2.2. ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ 

ʪʫʨʙʽʜʠʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ  

ʂʽʥʝʪʠʢʫ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʉʆʄ ʙʝʟ ʜʦʤʽʰʦʢ ʽ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʘʤʽʥʦʢʠʩʣʦʪ (L-ɸsp, L-ɸrg, L-ʊhr) ʪʘ ʚʽʪʘʤʥ̔ʽʚ (ɺ1, ɺ6, ɺ12) 

ʚʠʟʥʘʯʘʣʠ ʪʫʨʙʽʜʠʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʤʫʪʥʦʩʪʽ 

ʨʦʟʯʠʥʽʚ [86, 114, 115]. ʄʦʜʝʣʴʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʉʆʄ ʬʦʨʤʫʚʘʣʘʩʷ ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʷʢ ʚ ʧ.2.1.2. ʆʜʥʘʢ, ʚʠʤʽʨʶʚʘʥʥʷ 
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ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʦʟʯʠʥʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ 

ʟʘʨʦʜʞʝʥʥʷ ʉʆʄ ʧʨʦʚʦʜʠʣʠ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʟʤʽʰʫʚʘʥʥʷ ʨʦʟʯʠʥʽʚ, ʘ ʥʝ ʯʝʨʝʟ 

ʜʦʙʫ. ʇʨʠ ʮʴʦʤʫ ʤʦʤʝʥʪ ʜʦʜʘʚʘʥʥʷ ʨʦʟʨʘʭʦʚʘʥʦʾ ʘʣʽʢʚʦʪʠ ʦʢʩʘʣʘʪʫ ʢʘʣʽʶ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʨʦʟʯʠʥ ʧʨʠʡʤʘʚʩʷ ʟʘ ʧʦʯʘʪʦʢ ʨʝʘʢʮʽʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ. 

ʇʦʪʽʤ ʚʠʤʽʨʶʚʘʣʠ ʦʧʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʉʆʄ ʥʘ ʜʦʚʞʠʥʽ 

ʭʚʠʣʽ 620 ʥʤ, ʷʢʘ ʙʫʣʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʘ ʤʘʩʽ ʢʨʠʩʪʘʣʽʚ COM, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʦʜʠʥʠʮʶ ʦʙ'ʻʤʫ [86, 116, 117].  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʢʽʥʝʪʠʢʘ ʟʘʨʦʜʞʝʥʥʷ ʉʆʄ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʚ 

ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʝʨʝʩʠʯʝʥʴ. ɸ ʩʘʤʝ, ʧʝʨʝʩʠʯʝʥʥʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʨʦʟʯʠʥʽʚ ʉʆʄ ʙʝʟ ʜʦʤʽʰʦʢ ʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʘʤʽʥʦʢʠʩʣʦʪ (L-Asp, L-Arg, L-Thr) 

ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʚʽʪʘʤʽʥʽʚ (ɺ1, ɺ6, ɺ12) ʚʘʨʽʶʚʘʣʦʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 4,6-14,0, 

ʧʨʦʪʝ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤ ʧʝʨʝʩʠʯʝʥʥʷʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ ʙʫʣʦ s = 6,0, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʽ ʦʢʩʘʣʘʪʫ ʚ ʨʦʟʯʠʥʽ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʽʥʜʫʢʮ̔ʡʥʠʡ 

ʧʝʨʽʦʜ. ʇʨʠ s > 8 ʨʝʘʢʮʽʷ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ ʙʝʟ ʜʦʤʽʰʦʢ ʧʨʦʭʦʜʠʣʘ ʜʫʞʝ 

ʰʚʠʜʢʦ, ʱʦ ʜʦʜʘʚʘʣʦ ʥʝʪʦʯʥʽʩʪʴ ʚ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʫ ʽʥʜʫʢʮʽʾ, ʪʘʢ ʷʢ ʚʽʥ ʙʫʚ 

ʜʫʞʝ ʥʠʟʴʢʠʡ. ʅʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʩʠʯʝʥʥʷ ʨʦʟʯʠʥʽʚ (s < 4) ʪʘʢʦʞ ʥʝ 

ʜʦʟʚʦʣʷʣʠ ʦʪʨʠʤʫʚʘʪʠ ʚʽʨʦʛʽʜʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʚʥʝʩʝʥʥʽ ʚ ʨʦʟʯʠʥ 

ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʦʞʣʠʚʠʭ ʽʥʛʽʙʽʪʦʨʽʚ ʧʨʦʮʝʩ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʦʪʽʢʘʚ 

ʜʫʞʝ ʧʦʚʽʣʴʥʦ ʽ ʚʠʥʠʢʘʣʠ ʪʨʫʜʥʦʱʽ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʯʘʩʫ ʽʥʜʫʢʮʽʾ. 

2.2.1. ɺʠʟʥʘʯʝʥʥʷ ʯʘʩʫ ʽʥʜʫʢʮʽʾ ʉʆʄ  

ʇʽʜ ʯʘʩʦʤ ʽʥʜʫʢʮʽʾ ʉʆʄ ʧʨʠʡʤʘʻʪʴʩʷ ʤʦʤʝʥʪ ʚʽʜ ʟʣʠʚʘʥʥʷ ʘʣʽʢʚʦʪ 

ʨʦʟʯʠʥʽʚ ʢʘʤʝʥʝʫʪʚʦʨʶʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʽ ʦʢʩʘʣʘʪʫ ʢʘʣʽʶ 

(ʩʪʚʦʨʝʥʥʷʤ ʚ ʨʦʟʯʠʥʽ ʧʝʨʝʩʠʯʝʥʥʷ) ʜʦ ʧʦʷʚʠ ʧʝʨʰʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ. ʏʘʩ 

ʽʥʜʫʢʮʽʾ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʙʝʟ ʜʦʤʽʰʦʢ ʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʘʤʽʥʦʢʠʩʣʦʪ ʪʘ ʚʽʪʘʤʽʥʽʚ 

ʚʠʟʥʘʯʘʚʩʷ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʤʫʪʥʦʩʪʽ ʨʦʟʯʠʥʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʥʘ 

ʜʦʚʞʠʥʽ ʭʚʠʣʽ 620 ʥʤ. ʂʨʠʩʪʘʣʽʟʘʮʽʷ ʉʆʄ ʚʠʟʥʘʯʘʣʘʩʴ ʯʘʩʦʤ ʽʥʜʫʢʮʽʾ (Ű) ʽ 

ʥʘʭʠʣʦʤ ʤʫʪʥʦʩʪʽ, ʷʢ ʬʫʥʢʮʽʻʶ ʯʘʩʫ. ʏʘʩ ʽʥʜʫʢʮʽʾ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʫ ʤʽʞ 

ʜʦʜʘʚʘʥʥʷʤ ʦʢʩʘʣʘʪʫ ʢʘʣʽʶ ʚ ʨʦʟʯʠʥ ʽ ʤʦʤʝʥʪʦʤ, ʢʦʣʠ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ 
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ʤʦʞʣʠʚʦ ʚʠʤʽʨʷʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʪʦʙʪʦ ʢʦʣʠ ʟʤʽʥʘ ʧʦʛʣʠʥʘʥʥʷ ʨʦʟʯʠʥʽʚ 

ʜʦʨʽʚʥʶʻ 0,005 ʦʜʠʥʠʮʽ (2,5% ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʛʣʠʥʘʥʥʷ). 

2.2.2. ʈʦʟʨʘʭʫʥʦʢ ʩʪʫʧʝʥʷ ʽʥʛʽʙʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ  

ʉʪʫʧʽʥʴ ʽʥʛʽʙʫʚʘʥʥʷ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʻ ʢʽʣʴʢʽʩʥʦʶ ʚʝʣʠʯʠʥʦʶ ʽ 

ʧʦʢʘʟʫʻ ʪʝʥʜʝʥʮʽʶ ʚʧʣʠʚʫ ʚʚʝʜʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣ ʥʘ 

ʧʨʦʮʝʩ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ. ʈʦʟʨʘʭʫʥʦʢ ʩʪʫʧʝʥʷ ʽʥʛʽʙʫʚʘʥʥʷ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʧʦʨʽʚʥʷʥʥʽ ʥʘʭʠʣʽʚ ʢʨʠʚʠʭ ʤʫʪʥʦʩʪʽ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʙʝʟ ʜʦʤʽʰʦʢ ʽ ʢʨʠʩʪʘʣʽʚ 

ʉʆʄ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʘʤʽʥʦʢʠʩʣʦʪ ʽ ʚʽʪʘʤʽʥʽʚ. ʅʘʭʠʣ ʢʨʠʚʦʾ ʤʫʪʥʦʩʪʽ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʚʠʟʥʘʯʘʚʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘ ʛʨʘʬʽʢʦʤ ʟʘʣʝʞʥʦʩʪʽ ʦʧʪʠʯʥʦʛʦ 

ʧʦʛʣʠʥʘʥʥʷ ʨʦʟʯʠʥʽʚ (ʥʘ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 620 ʥʤ) ʚʽʜ ʯʘʩʫ. 

ʉʪʫʧʽʥʴ ʽʥʛʽʙʫʚʘʥʥʷ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʉʆʄ (I, %) ʤʦʣʝʢʫʣʘʤʠ ʜʦʤʽʰʦʢ 

ʦʙʯʠʩʣʶʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ [86]:  

                               I = [1 ï ʊsi  / ʊsc ] Ŀ 100,                                               (2.3) 

ʜʝ ʊsc ï ʥʘʭʠʣ ʢʨʠʚʦʾ ʤʫʪʥʦʩʪʽ ʩʫʩʧʝʥʟʽʡ ʉʆʄ ʙʝʟ ʜʦʤʽʰʦʢ, ʊsi ï ʥʘʭʠʣ ʢʨʠʚʦʾ 

ʤʫʪʥʦʩʪʽ ʩʫʩʧʝʥʟʽʡ ʉʆʄ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʜʦʤʽʰʦʢ. 

2.2.3. ʈʦʟʨʘʭʫʥʦʢ ʧʦʚʝʨʭʥʝʚʦʾ ʝʥʝʨʛʽʾ ʢʨʠʩʪʘʣʽʚ ʉʆʄ  

ʇʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ (ů), ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʙʝʟ ʜʦʤʽʰʦʢ ʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

ʘʤʽʥʦʢʠʩʣʦʪ ʽ ʚʽʪʘʤʽʥʽʚ ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʨʽʚʥʷʥʥʷʤ ɻʽʙʙʩʘ-ʊʦʤʩʦʥʘ: 

                        J = A exp [-16́ ů3 2 /3k3T3m2 (ln s)2],                              (2.4) 

ʜʝ J ï ʰʚʠʜʢʽʩʪʴ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ (ʩ-1), ɸ ï ʧʨʝʜʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʤʥʦʞʥʠʢ, 

ů ï ʧʦʚʝʨʭʥʝʚʘ ʝʥʝʨʛʽʷ (ɼʞ/ʤĮ), ï ʦʙ'ʻʤ ʤʦʣʝʢʫʣʠ ʉʆʄ (1,10Ŀ10ï22 ʩʤ3), k ï 

ʢʦʥʩʪʘʥʪʘ ɹʦʣʴʮʤʘʥʘ (1,38Ŀ10ï23 ɼʞ/ʂ), T ï ʪʝʤʧʝʨʘʪʫʨʘ (ʂ), m ï ʯʠʩʣʦ ʽʦʥʽʚ, 

ʥʘ ʷʢʽ ʜʠʩʦʮʽʶʻ ʦʢʩʘʣʘʪ ʢʘʣʴʮʽʶ ʚ ʨʦʟʯʠʥʽ (m=2), s ï ʧʝʨʝʩʠʯʝʥʥʷ ʨʦʟʯʠʥʫ. 

ʏʘʩ ʽʥʜʫʢʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ Ű ~ 1/J, ʪʦʜʽ 

ʦʪʨʠʤʘʻʤʦ: 

                        ln Ű  = 16ˊů3 2 /3k3T3m2 (ln s)2 + ln k,                              (2.5) 
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ʊʘʥʛʝʥʩ ʢʫʪʘ ʥʘʭʠʣʫ ʘ ʟʘʣʝʞʥʦʩʪʽ ln 1/Ű ʚʽʜ 1/lnĮs ʜʦʨʽʚʥʶʻ 

16́ ů3 2 /3k3T3m2, ʪʦʤʫ:  

                        ů = (3k3T3m2 ʘ /16 ˊ 2 )˘1/3,                                              (2.6) 

ʆʪʞʝ, ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ (2.6) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ 

ʯʠʩʪʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʪʘ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʜʦʤʽʰʦʢ. 

2.3. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʙʫʣʠ ʚʠʨʦʱʝʥʽ ʙʝʟ 

ʜʦʤʽʰʦʢ ʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʾ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʜʠʬʨʘʢʮʽʾ. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʉʆʄ 

ʦʪʨʠʤʘʥʦ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ Siemens D500 (CuK  h ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʛʨʘʬʽʪʦʚʠʡ ʤʦʥʦʭʨʦʤʘʪʦʨ, ʛʝʦʤʝʪʨʽʷ ɹʨʝʛʛʘ-ɹʨʝʥʪʘʥʦ). 

2.4. ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽ̫ 

ʋʪʚʦʨʝʥʥʷ ʬʘʟʠ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʦʾ 

ʘʜʩʦʨʙʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʤʦʣʝʢʫʣ ʥʘ ʛʨʘʥʷʭ ʢʨʠʩʪʘʣʘ ʉʆʄ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʤʝʪʦʜʦʤ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ɯʂ-ʩʧʝʢʪʨʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ 

Spectrum One PerkinElmer. ɿʨʘʟʢʠ ʛʦʪʫʚʘʣʠʩ ɹʤʝʪʦʜʦʤ ʧʨʝʩʫʚʘʥʥʷ ʪʘʙʣʝʪʦʢ ʟ 

Kɺr ʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʥʘʚʽʩʦʢ 0,0005 ʛ COʄ / 0,1 ʛ Kɺr. ɿʘʧʠʩ ʩʧʝʢʪʨʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʠ ʚ ʦʙʣʘʩʪʽ ʚʽʜ 4000 ʜʦ 400 cʤī1. 

2.5. ʉʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ  

ɽʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʣʦʛʽʾ ʟʨʘʟʢʽʚ ʢʨʠʩʪʘʣʽʚ 

ʉʆʄ ʧʨʦʚʦʜʠʣʠʩʷ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʥʘ ʩʢʘʥʽʚʥʦʤʫ 

ʝʣʝʢʪʨʦʥʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ JSM-6390LV. ɺʽʜʤʠʪʠʡ ʚʽʜ ʜʦʤʽʰʦʢ ʪʘ ʙʫʬʝʨʥʦʛʦ 

ʨʦʟʯʠʥʫ ʩʫʙʩʪʨʘʢʪ (ʩʫʩʧʝʥʟʽʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ) ʥʘʥʦʩʠʚʩʷ ʥʘ ʚʫʛʣʠʮʝʚʽ 

ʧʽʜʢʣʘʜʢʠ, ʪʘ ʧʽʩʣʷ ʚʠʩʫʰʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʚ 
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ʨʝʞʠʤʽ ʚʪʦʨʠʥʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʧʨʠ ʧʨʠʩʢʦʨʶʶʯʝʡ ʥʘʧʨʫʟʽ 10-20 ʢɺ. ʈʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʤʽʢʨʦʩʢʦʧʫ ʩʢʣʘʜʘʣʘ 10 ʥʤ. ʌʦʪʦʛʨʘʬʽʾ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʟʙʽʣʴʰʝʥʷʭ 

ʜʦ ʍ500 ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʚ ʪʘ ʜʠʩʧʝʨʩʥʽʩʪʴ. ʅʘ 

ʬʦʪʦʛʨʘʬʽʷʭ ʜʦ ʍ10.000 ʤʦʞʥʘ ʚʽʜʩʣʽʜʢʫʚʘʪʠ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʜʝʥʜʨʽʪʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʽʥʰʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʧʨʠ ʤʦʜʠʬʽʢʘʮʽʾ ʢʨʠʩʪʘʣʽʚ 

ʉʆʄ ʜʦʤʽʰʢʘʤʠ ʘʤʽʥʦʢʠʩʣʦʪ ʪʘ ʚʽʪʘʤʽʥʽʚ. 

2.6. ʗʢʽʩʥʝ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʚ ʤʦʜʝʣʴʥʦʤʫ ʨʦʟʯʠʥʽ ʪʘ 

ʬʽʟʠʦʣʦʛʽʯʥʽʡ ʨʽʜʠʥʽ 

ɺʽʜʦʤʦ, ʱʦ ʢʨʽʤ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʚ ʩʝʯʽ ʤʦʞʫʪʴ ʟʥʘʭʦʜʠʪʠʩʴ ʽʥʰʽ 

ʙʽʦʤʽʥʝʨʘʣʠ, ʷʢʽ ʟʜʘʪʥʽ ʧʨʦʚʦʢʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʧʘʪʦʛʝʥʥʠʭ ʢʨʠʩʪʘʣʽʚ ʽ ʾʭʥʽʭ 

ʢʦʥʢʨʝʤʝʥʪʽʚ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʬʦʩʬʘʪʠ ʢʘʣʴʮʽʶ ʽ ʫʨʘʪʠ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʷʚʥʦʩʪʽ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʚ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʘʭ (ʙʣʠʟʴʢʠʭ ʜʦ ʬʽʟʽʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚ) ʪʘ ʬʽʟʠʦʣʦʛʽʯʥʽʡ ʨʽʜʠʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʙʘʨʚʥʠʢ ʢʦʥʛʦ ʯʝʨʚʦʥʠʡ, 

ʤʘʢʩʠʤʫʤ ʧʦʛʣʠʥʘʥʥʷ ʷʢʦʛʦ ʩʢʣʘʜʘʻ 500 ʥʤ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʙʘʨʚʥʠʢʘ ʢʦʥʛʦ 

ʯʝʨʚʦʥʦʛʦ ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʧʨʦʙʽ ʜʦʨʽʚʥʶʚʘʣʘ 60-90 ʤʢʤʦʣʴ/ʣ, ʮʝʡ ʧʦʢʘʟʥʠʢ 

 ̒ʦʧʪʠʤʘʣʴʥʠʤ  ̔ʚʠʟʥʘʯʝʥʠʡ ʥʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [118]. 

ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʥʰ ʟʘ 60 ʤʢʤʦʣʴ/ʣ ʚʽʜʙʫʚʘʣʦʩʷ ʟʥʠʞʝʥʥʷ 

ʯʫʪʣʠʚʦʩʪʽ ʩʧʦʩʦʙʫ ʚʠʟʥʘʯʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʧʨʠʩʫʪʥʦʩʪʽ ʥʝʟʘʙʘʨʚʣʝʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʣʴʰ ʟʘ 90 ʤʢʤʦʣʴ/ʣ 

ʥʝʜʦʮʽʣʴʥʦ ʪʦʤʫ, ʱʦ ʫ ʧʨʦʙʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʚ'ʷʟʘʥʠʡ ʙʘʨʚʥʠʢ, ʷʢʠʡ ʤʘʻ 

ʤʘʢʩʠʤʫʤ ʧʦʛʣʠʥʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ ʢʦʥʛʦ ʯʝʨʚʦʥʦʛʦ ʽ ʫʩʢʣʘʜʥʶʻ 

ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ. 

ʅʠʞʥʷ ʤʝʞʘ ʚʠʟʥʘʯʝʥʥʷ ʢʘʣʴʮʽʶ ʦʢʩʘʣʘʪʫ ʤʦʥʦʛʽʜʨʘʪʫ ʩʢʣʘʜʘʻ 

0,23 ʤʤʦʣʴ/ʣ, ʧʨʠ ʮʴʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆʄ, ʥʠʞʯʘ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ, 

ʚʚʘʞʘʻʪʴʩʷ ʥʦʨʤʦʶ (ʥʦʨʤʘʣʴʥʠʤ ʨʽʚʥʝʤ ʦʢʩʘʣʘʪ-ʽʦʥʽʚ ʚ ʩʝʯʽ ʚʚʘʞʘʻʪʴʩʷ 0,17-

0,22 ʤʤʦʣʴ/ʣ, ʘ ʚʤʽʩʪ ʟʘʛʘʣʴʥʦʛʦ ʢʘʣʴʮʽʶ ʧʨʦʪʷʛʦʤ ʜʦʙʠ ï ʥʝ ʚʠʱʝ 

5 ʤʤʦʣʴ/ʣ [3]).  
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ɹʝʟʧʦʩʝʨʝʜʥʴʦ, ʧʝʨʝʜ ʚʠʟʥʘʯʝʥʥʷʤ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʧʨʦʙʘʭ, ʛʦʪʫʚʘʣʠʩʷ ʤʦʜʝʣʴʥʽ ʨʦʟʯʠʥʠ ʙʣʠʟʴʢʽ ʜʦ ʬʽʟ̔ʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʟ 

ʨʽʟʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʦʢʩʘʣʘʪ-ʽʦʥʽʚ, ʪʘʢʦʞ ʚʽʜʙʠʨʘʣʠ ʧʨʦʙʫ ʬʽʟʽʦʣʦʛʽʯʥʦʾ 

ʨʽʜʠʥʠ (ʩʝʯʽ), ʷʢʘ ʙʫʜʝ ʜʦʩʣʽʜʞʫʚʘʪʠʩʴ, ʪʘ ʟʨʘʟʢʠ ʬʦʩʬʘʪʽʚ ʢʘʣʴʮʽʶ ʪʘ ʫʨʘʪʽʚ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʫ ʩʝʯʽ ʨʦʟʚʦʜʠʣʠ ʚʦʜʦʶ ʚ 2-4 ʨʘʟʠ (ʜʣʷ ʟʥʠʞʝʥʥʷ ʾʾ 

ʦʧʪʠʯʥʦʾ ʱʽʣʴʥʦʩʪʽ ʧʨʠʙʣʠʟʥʦ ʜʦ 0,6-1 ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 400-600 ʥʤ). 

ʂʦʥʮʝʥʪʨʘʮʽʡʥʫ ʩʝʨʽʶ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʟ ʚʤʽʩʪʦʤ ʦʢʩʘʣʘʪ-ʽʦʥʽʚ ʚ 

ʜʘ̔ʧʘʟʦʥʽ 0,17-1,0 ʤʤʦʣʴ/ʣ ʛʦʪʫʚʘʣʠ ʯʠʥʦʤ, ʦʧʠʩʘʥʠʤ ʥʠʞʯʝ. ʉʧʦʯʘʪʢʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʴʥʦʾ ʦʢʩʘʣʘʪʥʦʡ ʩʠʩʪʝʤʠ ʛʦʪʫʚʘʣʠ ʚʠʭʽʜʥʽ ʨʦʟʯʠʥʠ ʭʣʦʨʠʜʫ 

ʢʘʣʴʮʽʶ (CʘCl2) ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,01 ʤʦʣʴ/ʣ, ʦʢʩʘʣʘʪʫ ʢʘʣʽʶ (K2C2O4) ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,01 ʤʦʣʴ/ʣ ʪʘ  ʭʣʦʨʠʜʫ ʢʘʣʽʶ (ʂʉl) ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

0,5 ʤʦʣɹ/ʣ, ʚ ʷʢʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʫ ʚʦʜʫ. 

ɸʮʝʪʘʪʥʠʡ ʙʫʬʝʨʥʠʡ ʨʦʟʯʠʥ ʟ ʨʅ 5,8 ʛʦʪʫʚʘʚʩʷ ʟʛʽʜʥʦ ɻʆʉʊ 4919.2-77. 

ʇʦʪʽʤ ʟ ʚʠʭʽʜʥʠʭ ʨʦʟʯʠʥʽʚ ʛʦʪʫʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʽʡʥʫ ʩʝʨʽʶ ʤʦʜʝʣʴʥʠʭ 

ʨʦʟʯʠʥʽʚ ʟ ʨʽʟʥʠʤ ʩʢʣʘʜʦʤ K2C2O4: 0,17; 0,22; 0,30; 0,40; 0,50; 0,6; 0,7; 0,8; 0,9 

ʪʘ 1,0 ʤʤʦʣʴ/ʣ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʢʘʣʴʮʽʶ (3 ʤʤʦʣʴ/ʣ ) ʪʘ 

ʦʜʥʘʢʦʚʽʡ ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ. ɯʦʥʥʘ ʩʠʣʘ ʫ ʚʩʽʭ ʨʦʟʯʠʥʘʭ ʜʦʨʽʚʥʶʚʘʣʘ 

0,15 ʤʦʣʴ/ʣ, ʷʢʫ ʩʪʚʦʨʶʚʘʣʠ ʜʦʜʘʚʘʥʥʷʤ ʘʣʽʢʚʦʪʠ Kʉl. ɼʘʣʽ ʚʩʽ ʨʦʟʯʠʥʠ 

ʜʦʚʦʜʠʣʠ ʜʦ ʤʽʪʢʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʪʘ ʟʘʣʠʰʘʣʠ ʥʘ 1 -1,5 ʛʦʜʠʥʠ. ɺ ʮʝʡ 

ʯʘʩ ʛʦʪʫʚʘʣʠ ʚʠʭʽʜʥʠʡ ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʙʘʨʚʥʠʢʘ (ʨʦʟʯʠʥ ʧʦʨʽʚʥʷʥʥʷ) ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 0,001 ʤʦʣʴ/ʣ. 

ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʮʴʦʛʦ ʯʘʩʫ ʢʦʞʝʥ ʟ ʨʦʟʯʠʥʽʚ ʜʽʣʠʣʠ ʥʘ 2 ʯʘʩʪʠʥʠ: 

ʦʜʥʫ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʽ ʧʨʦʤʠʚʘʣʠ ʪʨʠ ʨʘʟʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ, ʘ ʽʥʰʫ ʥʽ. 

ʇʽʩʣʷ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʠ ʦʧʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ ʨʦʟʯʠʥʫ ʧʦʨʽʚʥʷʥʥʷ ʽ 

ʜʝʩʷʪʠ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʨʦʟʯʠʥʽʚ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʚ ʽʥʪʝʨʚʘʣʽ ʜʦʚʞʠʥ ʭʚʠʣʴ 

ʚʽʜ 400 ʜʦ 600 ʥʤ ʚ ʧʦʨʷʜʢʫ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʘʣʘʪ-ʽʦʥʽʚ. 

ʄʘʢʩʠʤʫʤ ʧʦʛʣʠʥʘʥʥʷ ʙʘʨʚʥʠʢʘ ʢʦʥʛʦ ʯʝʨʚʦʥʦʛʦ ʫ ʚʦʜʽ ʩʪʘʥʦʚʠʚ 500 ʥʤ, ʘ ʚ 

ʨʦʟʯʠʥʘʭ, ʱʦ ʤʽʩʪʷʪʴ ʦʢʩʘʣʘʪ-ʽʦʥʠ (ʷʢ ʮʝʥʪʨʠʬʫʛʦʚʘʥʠʭ, ʪʘʢ ʽ ʥʝ 

ʮʝʥʪʨʠʬʫʛʦʚʘʥʠʭ), ʩʪʘʥʦʚʠʚ 484 ʥʤ (ʨʠʩ. 2.1).  
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ʈʠʩ. 2.1. ʅʦʨʤʦʚʘʥʽ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʙʘʨʚʥʠʢʘ ʢʦʥʛʦ ʯʝʨʚʦʥʦʛʦ ʚ 

ʤʦʜʝʣʴʥʦʤʫ ʨʦʟʯʠʥʽ ʙʝʟ ʢʨʠʩʪʘʣʽʚ ʉʆʄ (1), ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʨʠʩʪʘʣʽʚ ʉʆʄ 

(ʢʦʥʮʝʥʪʨʘʮʽʷ ʽʦʥʽʚ [C2O4
2-] = 0,17-1,0 ʤʤʦʣʴ/ʣ, ʘ [ʉʘ2+] = 3,0 ʤʤʦʣʴ/ʣ) (2), 

ʬʦʩʬʘʪʽʚ ʢʘʣʴʮʽʶ (3) ʪʘ ʩʝʯʦʚʦʾ ʢʠʩʣʦʪʠ (4) ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʘʨʚʥʠʢʘ ʢʦʥʛʦ 

ʯʝʨʚʦʥʦʛʦ 60 ʤʢʤʦʣʴ/ʣ.  

ʉʣʜ̔ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʤʽʥʘ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ 4,5 ʜʦ 8 ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʢʦʥʛʦ ʯʝʨʚʦʥʦʛʦ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 60 ʤʢʤʦʣʴ/ʣ ʽ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʘʣʘʪ-

ʽʦʥʽʚ ʚ ʨʦʟʯʠʥʽ ʚʽʜ 0,17 ʜʦ 1,0 ʤʤʦʣʴ/ʣ, ʥʝ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʟʩʫʚʫ ʤʘʢʩʠʤʫʤʫ 

ʧʦʛʣʠʥʘʥʥʷ.  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʝʨʝʢʦʥʘʪʠʩʷ ʚ ʚʠʨʦʛʽʜʥʽʡ ʘʜʩʦʨʙʮʽʾ ʢʦʥʛʦ ʯʝʨʚʦʥʦʛʦ ʥʘ 

ʧʦʚʝʨʭʥʶ ʽʥʰʠʭ ʧʘʪʦʛʝʥʥʠʭ ʙʽʦʤʽʥʝʨʘʣʽʚ, ʚʠʤʽʨʶʚʘʣʠ ʦʧʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ 

ʨʦʟʯʠʥʫ ʧʦʨʽʚʥʷʥʥʷ ʽ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʬʦʩʬʘʪʫ ʢʘʣʴʮʽʶ (ʥʘ ʧʨʠʢʣʘʜʽ 

ʛʜ̔ʨʦʢʩʠʣʘʧʘʪʠʪʫ) ʽ ʫʨʘʪʽʚ (ʥʘ ʧʨʠʢʣʘʜʽ ʩʝʯʦʚʦʾ ʢʠʩʣʦʪʠ) ʚ ʜʽʘʧʘʟʦʥʽ ʜʦʚʞʠʥ 

ʭʚʠʣʴ ʚʽʜ 400 ʜʦ 600 ʥʤ (ʨʠʩ. 2.1). ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʘʢʩʠʤʫʤ ʧʦʛʣʠʥʘʥʥʷ 

ʙʘʨʚʥʠʢʘ ʢʦʥʛʦ ʯʝʨʚʦʥʦʛʦ ʫ ʚʦʜʽ ʩʪʘʥʦʚʠʚ 500 ʥʤ, ʘ ʚ ʨʦʟʯʠʥʘʭ, ʱʦ ʤʽʩʪʷʪʴ 

ʬʦʩʬʘʪʠ ʢʘʣʴʮʽʶ ʽ ʫʨʘʪʠ ï ʩʪʘʥʦʚʠʚ 500-505 ʥʤ. ʆʪʞʝ, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, 

ʱʦ ʥʘ ʬʦʩʬʘʪʠ ʢʘʣʴʮʽʶ ʽ ʫʨʘʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʩʫʪʥʽ ʚ ʬʽʟʽʦʣʦʛʽʯʥʽʡ 

ʨʽʜʠʥʽ ʢʦʥʛʦ ʯʝʨʚʦʥʠʡ ʥʝ ʘʜʩʦʨʙʫʻʪʴʩʷ. ʎʝ ʚʽʜʨʽʟʥʷʻ ʾʭ ʚʽʜ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʥʘ 
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ʷʢʽ ʘʜʩʦʨʙʫʻʪʴʩʷ ʢʦʥʛʦ ʯʝʨʚʦʥʠʡ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʩʫʚʫ ʤʘʢʩʠʤʫʤʫ 

ʧʦʛʣʠʥʘʥʥʷ ʚʽʜ 500 ʥʤ ʜʦ 484 ʥʤ. 
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ʈʠʩ. 2.2. ʅʦʨʤʦʚʘʥʽ ʩʧʝʢʪʨʠ ʧʦʛʣʠʥʘʥʥʷ ʙʘʨʚʥʠʢʘ ʢʦʥʛʦ ʯʝʨʚʦʥʦʛʦ ʫ 

ʬʽʟʽʦʣʦʛʽʯʥʽʡ ʨʽʜʠʥʽ: ʙʝʟ ʢʨʠʩʪʘʣʽʚ ʉʆʄ (1), ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʢʨʠʩʪʘʣʽʚ 

ʉʆʄ (2), ʬʦʩʬʘʪʽʚ ʢʘʣʴʮʽʶ (3) ʪʘ ʩʝʯʦʚʦʾ ʢʠʩʣʦʪʠ (4) ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʙʘʨʚʥʠʢʘ 60 ʤʢʤʦʣʴ/ʣ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʩʝʯʽ (ʟ ʚʤʽʩʪʦʤ 

ʢʨʠʩʪʘʣʽʚ ʉʆʄ) ʧʽʜʪʚʝʨʜʠʣʦ ʟʩʫʚ ʤʘʢʩʠʤʫʤʫ ʧʦʛʣʠʥʘʥʥʷ ʚ ʨʦʟʯʠʥʽ, ʱʦ 

ʤʽʩʪʠʪʴ ʢʨʠʩʪʘʣʠ ʉʆʄ ʚʽʜʥʦʩʥʦ ʨʦʟʯʠʥʫ ʙʘʨʚʥʠʢʘ ʢʦʥʛʦ ʯʝʨʚʦʥʦʛʦ 

(ʨʠʩ. 2.2). ʊʦʙʪʦ, ʧʦ ʩʧʝʢʪʨʘʤ ʧʦʛʣʠʥʘʥʥʷ ʤʦʞʥʦ ʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʱʦʜʦ 

ʥʘʷʚʥʦʩʪʽ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʫ ʬʽʟʽʦʣʦʛʽʯʥʽʡ ʨʽʜʠʥʠ: ʷʢʱʦ ʤʘʢʩʠʤʫʤ ʧʦʛʣʠʥʘʥʥʷ 

ʧʨʦʙʠ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʚʠʭʽʜʥʦʛʦ ʨʦʟʯʠʥʫ ʙʘʨʚʥʠʢʘ, ʪʦʜʽ ʢʨʠʩʪʘʣʠ 

ʢʘʣʴʮʽʶ ʦʢʩʘʣʘʪʫ ʤʦʥʦʛʽʜʨʘʪʫ ʫ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʧʨʦʙʽ ʚʽʜʩʫʪʥʽ, ʷʢʱʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʛʧ̔ʩʦʭʨʦʤʥʠʡ ʟʩʫʚ ʥʘ 14-16 ʥʤ ï ʫ ʧʨʦʙʽ ʧʨʠʩʫʪʥʽ ʢʨʠʩʪʘʣʠ 

ʉʆʄ. 
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ʈʆɿɼɯʃ 3 

ʂʈʀʉʊɸʃɯɿɸʎɯʗ ʉʆʄ ʇʈʀ ʈɯɿʅʆʄʋ ʇɽʈɽʉʀʏɽʅʅɯ 

ʄʆɼɽʃʔʅʀʍ ʈʆɿʏʀʅɯɺ ʊɸ ɺ ʇʈʀʉʋʊʅʆʉʊɯ ɸʄɯʅʆʂʀʉʃʆʊ 

 

3.1. ɺʧʣʠʚ ʩʪʝʭʽʦʤʝʪʨʽʾ ʪʘ ʧʝʨʝʩʠʯʝʥʥʷ ʨʦʟʯʠʥʽʚ ʥʘ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ 

ʤʦʨʬʦʣʦʛʽʶ ʢʨʠʩʪʘʣʽʚ ʉʆʄ 

ʄʦʨʬʦʣʦʛʽʷ ʢʨʠʩʪʘʣʽʚ ʚ ʧʨʦʮʝʩʽ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʽ ʨʦʩʪʫ ʯʘʩʪʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʾʭ ʨʽʚʥʦʚʘʞʥʦʾ ʬʦʨʤʠ. ʈʦʟʙʽʞʥʦʩʪʽ ʚʠʥʠʢʘʶʪʴ, ʥʘʩʘʤʧʝʨʝʜ, 

ʯʝʨʝʟ ʚʧʣʠʚ ʫʤʦʚ, ʧʨʠ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ. ʗʢ ʚʽʜʦʤʦ, ʰʣʷʭʦʤ 

ʚʘʨʽʶʚʘʥʥʷ ʫʤʦʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʟʦʢʨʝʤʘ, ʪʝʤʧʝʨʘʪʫʨʠ, ʨʅ ʨʦʟʯʠʥʫ, 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʢʨʠʩʪʘʣʠ ʨʽʟʥʦʾ 

ʤʦʨʬʦʣʦʛʽʾ. ɿʦʢʨʝʤʘ ʤʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʧʣʠʚ ʩʪʝʭʽʦʤʝʪʨʽʾ ʤʦʜʝʣʴʥʠʭ ʨʦʟʯʠʥʽʚ 

ʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʽ ʦʢʩʘʣʘʪ-ʽʦʥʽʚ ʥʘ ʤʦʨʬʦʣʦʛʽʶ ʢʨʠʩʪʘʣʽʚ ʉʆʄ.  

ʇʝʨʝʜ ʪʠʤ, ʷʢ ʧʝʨʝʡʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ʨʦʟʛʣʷʜʫ ʤʦʨʬʦʣʦʛʽʾ ʢʨʠʩʪʘʣʽʚ 

ʉʆʄ ʪʨʝʙʘ ʚʽʜʟʥʘʯʠʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʩʽ ʢʨʠʩʪʘʣʠ ʉʆʄ, ʩʠʥʪʝʟʦʚʘʥʽ ʧʨʠ 

ʨʽʟʥʦʤʫ ʤʦʣʷʨʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʽ ʧʝʨʝʩʠʯʝʥʽ ʨʦʟʯʠʥʽʚ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʚʠʢʣʶʯʥʦ ʫ ʚʠʛʣʷʜʽ ʬʘʟʠ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ. ɯʥʰʠʭ ʬʘʟ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʘʭ ʚʠʷʚʣʝʥʦ ʥʝ ʙʫʣʦ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʙʫʣʦ ʮʝ 

ʩʪʝʭʽʦʤʝʪʨʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʾ [Ca2+]/[C2O4
2ï] = 1:1 ʘʙʦ 

ʥʝʩʪʝʭʦ̔ʤʝʪʨʠʯʥʝ [Ca2+]/[C2O4
2ï] = 20:1. ɺʘʨʽʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʢʦʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʾ ï ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʽ ʦʢʩʘʣʘʪʫ ʚ ʜʽʘʧʘʟʦʥʽ 0,2-3 ʤʤʦʣʴ/ʣ ʪʘʢʦʞ 

ʥʝ ʚʧʣʠʥʫʣʦ ʥʘ ʩʢʣʘʜ ʬʘʟʠ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.1. ʊʘʢ, 

ʦʩʥʦʚʥʽ ʜʠʬʨʘʢʮʽʡʥʽ ʧʽʢʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ 

ʧʨʠ ʩʪʝʭʽʦʤʝʪʨʽʾ ʨʦʟʯʠʥʫ [Ca2+]/[C2O4
2ï] = 1:1, 20:1 ʪʘ ʧʝʨʝʩʠʯʝʥʥʽ 2,0 - 17,8 

ʟ'ʷʚʣʷʶʪʴʩʷ ʧʨʠ ʟʥʘʯʝʥʥʷʭ 2ɗ ʨʽʚʥʠʭ 14,93Á ʜʣʷ ʚʽʜʙʠʪʪʷ ʚʽʜ ʧʣʦʱʠʥʠ (101), 

15,29Á ʜʣʷ ʚʽʜʙʠʪʪʷ ʚʽʜ ʧʣʦʱʠʥʠ (110) ʽ 24,37Á ʜʣʷ ʚʽʜʙʠʪʪʷ ʚʽʜ 

ʧʣʦʱʠʥʠ (202) [54] (ʨʠʩ. 3.1, ʘ), ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʪʠʧʦʚʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ 

ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʦʪʨʠʤʘʥʠʭ ʚ ʮʠʭ ʫʤʦʚʘʭ (ʨʠʩ. 3.1, ʘ). ɺ ɯʏ-ʩʧʝʢʪʨʘʭ ʯʠʩʪʦʛʦ 
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ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ, ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʧʨʠ [Ca2+]/[C2O4
2ï] = 20:1 ʽ s = 4,6 ʙʫʣʠ 

ʚʠʷʚʣʝʥʽ ʚʩʽ ʦʩʥʦʚʥʽ ʩʤʫʛʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʉʆʄ (ʨʠʩ. 3.1, ʙ). ɼʦ ʥʠʭ 

ʚʽʜʥʦʩʠʪʴʩʷ ʪʠʧʦʚʘ ʛʨʫʧʘ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 3477 ʜʦ 3047 ʩʤī1, 

ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʘʩʠʤʝʪʨʠʯʥʠʤ ʽ ʩʠʤʝʪʨʠʯʥʠʤ ʚʘʣʝʥʪʥʠʤ ʢʦʣʠʚʘʥʥʷʤ OH-

ʛʨʫʧʠ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʚʦʜʠ. ɼʚʽ ʽʥʪʝʥʩʠʚʥʽ ʩʤʫʛʠ 

ʧʦʛʣʠʥʘʥʥʷ ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ 1618 ʽ 1316 cʤī1 ʚʽʜʥʝʩʝʥʽ ʜʦ ʘʩʠʤʝʪʨʠʯʥʠʭ ʽ 

ʩʠʤʝʪʨʠʯʥʠʭ ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ ʛʨʫʧʠ ʉ=ʆ, ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ COʄ ʽ ʤʘʶʪʴ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʚ ʩʫʤʽʰʽ ʟ ʽʥʰʠʤʠ 

ʧʘʪʦʛʝʥʥʠʤʠ ʙʽʦʤʽʥʝʨʘʣʘʤʠ. 

10 20 30 40 50
0

5000

10000

15000

20000

ɯ
,
 
ʚ
ʽ
ʜ
ʥ
.
 
ʦ
ʜ
.

2q, ʛʨʘʜ.

ʘ) 

4000 3500 3000 2500 2000 1500 1000 500
0

20

40

60

80

100

ʊ
,
 
ʚ
ʽ
ʜ
ʥ
.
 
ʦ
ʜ
.

ʍʚʠʣʴʦʚʝ ʯʠʩʣʦ, ʩʤ
-1

1
2

3
4

5

ʙ) 

ʈʠʩ. 3.1. ɼʠʬʨʘʢʪʦʛʨʘʤʘ (ʘ) ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʙʝʟ ʜʦʤʽʰʦʢ ʧʨʠ 

ʤʦʣʷʨʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ [Ca2+]/[C2O4
2ï] = 20:1 (s=4,6),                          

[C2O4
2ï] = 0,2 ʤʤʦʣʴ/ʣ ʪʘ ɯʏ-ʩʧʝʢʪʨʠ (ʙ) ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʧʨʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ [Ca2+]/[C2O4
2ï] = 20:1 (s=4,6), [C2O4

2ï] = 0,2 ʤʤʦʣʴ/ʣ (1) ʽ ʧʨʠ            

[Ca2+]/[C2O4
2ï] = 1:1, [C2O4

2ï]: 0,3 (2), 1 (3), 2 (4), 3 (5) ʤʤʦʣʴ/ʣ.  

ʂʨʽʤ ʪʦʛʦ, ʩʤʫʛʘ ʧʦʛʣʠʥʘʥʥʷ ʥʘ 883 cʤī1 ʟʫʤʦʚʣʝʥʘ ʚʘʣʝʥʪʥʠʤʠ 

ʢʦʣʠʚʘʥʥʷʤʠ ʉïʉ ʟʚ'ʷʟʢʫ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʦʢʩʘʣʘʪʥʦʾ ʛʨʫʧʠ ʚ 

ʟʨʘʟʢʘʭ. ʈʽʟʢʠʡ ʧʽʢ ʥʘ 780 cʤī1 ʦʙʫʤʦʚʣʝʥʠʡ ʢʦʣʠʚʘʥʥʷʤʠ ʛʨʫʧʠ ʆïʉ=ʆ. 

ʉʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ 947 cʤī1  ̔660 cʤī1, ʷʢʽ ʧʨʠʩʫʪʥʽ ʚ ɯʏ-

ʩʧʝʢʪʨʘʭ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʣʠʚʘʥʥʷʤ OH-ʛʨʫʧʠ, ʘ ʪʘʢʦʞ ʩʤʫʛʘ ʟ ʤʘʢʩʠʤʫʤʦʤ 
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ʧʦʛʣʠʥʘʥʥʷ ʥʘ 516 cʤī1, ʱʦ ʧʨʠʩʫʪʥʷ ʚ ʩʧʝʢʪʨʘʭ, ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ 

ʟʚ'ʷʟʢʫ ʤʝʪʘʣ-ʢʠʩʝʥʴ ʚ ʩʪʨʫʢʪʫʨʽ ʉʆʄ [119]. 

ʆʜʥʘʢ, ʷʢʱʦ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʟʨʘʟʢʽʚ ʉʆʄ ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʫʤʦʚ ʩʠʥʪʝʟʫ 

ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʪʦ ʤʦʨʬʦʣʦʛʽʷ ʉʆʄ ʧʨʠ ʮʴʦʤʫ ʚʩʝ ʞ ʟʘʟʥʘʻ ʟʤʽʥ [120, 121]. 

ʊʘʢ, ʤʦʣʷʨʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ [Ca2+]/[C2O4
2ï] = 1:1 ̔  ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʦʢʩʘʣʘʪ-ʽʦʥ̔ʚ ʚ ʜʽʘʧʘʟʦʥʽ 0,3-0,5 ʤʤʦʣʴ/ʣ (s = 2-3) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʦʜʠʥʦʯʥʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ɦʦ ʤʘʶʪʴ ʬʦʨʤʫ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ 

ʧʣʘʩʪʠʥʢʠ (ʨʠʩ. 3.2, ʘ); ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʘʢʘ ʤʦʨʬʦʣʦʛʽʷ ʻ ʪʠʧʦʚʦʶ ʜʣʷ 

ʢʨʠʩʪʘʣʽʚ ʉʆʄ [55]. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʣʴʮʽʶ ʽ ʦʢʩʘʣʘʪʫ ʚ 

ʤʦʜʝʣʴʥʽʡ ʩʠʩʪʝʤʽ ʜʦ 2 ʤʤʦʣʴ/ʣ (s = 4-11) ʫʪʚʦʨʶʶʪʴʩʷ ʢʨʠʩʪʘʣʠ ʉʆʄ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʜʚʽʡʥʠʢʘʤʠ. ʗʢ ʚʽʜʦʤʦ, ʜʚʽʡʥʠʢʠ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ 

ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʽ ʤʘʶʪʴ ʨʽʟʥʫ ʧʨʠʨʦʜʫ ʫʪʚʦʨʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʨʦʩʪʦʚʽ 

ʜʚʽʡʥʠʢʠ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʨʦʩʪʫ ʘʙʦ ʧʨʠ ʤʝʭʘʥʽʯʥʦʤʫ ʚʧʣʠʚʽ 

(ʜʝʬʦʨʤʘʮʽʡʥʽ ʜʚʽʡʥʠʢʠ). ʋ ʨʘʟʽ ʞ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ 

ʢʦʥʪʘʢʪʥʠʭ ʜʚʽʡʥʠʢʽʚ ʨʦʩʪʫ (ʨʠʩ. 3.2, ʙ) ʽ ʧʨʦʥʠʢʘʶʯʠʭ ʜʚʽʡʥʠʢʽʚ (ʨʠʩ. 3.2, ʚ). 

ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʧʨʠ ʨʦʩʪʽ ʢʨʠʩʪʘʣʘ ʟ ʨʦʟʯʠʥʫ, ʷʢʠʡ ʤʘʻ ʥʝʚʝʣʠʢʝ 

ʧʝʨʝʩʠʯʝʥʥʷ, ʙʫʜʽʚʝʣʴʥʽ ʦʜʠʥʠʮʽ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʧʦ ʚʞʝ ʩʬʦʨʤʦʚʘʥ̔ʡ 

ʧʦʚʝʨʭʥʽ ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʧʨʠʻʜʥʘʥʥʷ ʪʽʣʴʢʠ ʜʦ ʪʦʨʮʽʚ ʨʦʩʪʦʚʠʭ ʰʘʨʽʚ [61], 

ʪʦʙʪʦ ʧʨʠ ʜʫʞʝ ʚʝʣʠʢʦʤʫ ʧʝʨʝʩʠʯʝʥʥʽ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ 

ʪʘʢʦʞ ʰʘʨʫʚʘʪʠʡ ʨʽʩʪ ʢʨʠʩʪʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʟʨʦʩʪʘʶʯ ̔ʛʨʘʥʽ ʢʨʠʩʪʘʣʘ ʧʨʠ 

ʚʠʧʘʜʢʦʚʦʤʫ ʟʽʪʢʥʝʥʥʽ ʙʫʜʽʚʝʣʴʥʠʭ ʦʜʠʥʠʮʴ ʘʜʩʦʨʙʫʶʪʴʩʷ ʜʚʦʤʽʨʥʽ ʟʘʨʦʜʢʠ, 

ʚʽʜ ʷʢʠʭ ʽ ʧʦʯʠʥʘʶʪʴ ʨʦʩʪʠ ʰʘʨʠ. 
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ʘ) ʙ) 

ʚ) ʛ) 

ʈʠʩ. 3.2. ʄʦʨʬʦʣʦʛʽʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʧʨʠ ʤʦʣʷʨʥʦʤʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ [Ca2+]/[C2O4
2ï] = 1:1 ʽ [C2O4

2ï] = 0,3-3 ʤʤʦʣʴ/ʣ: ʦʜʠʥʦʯʥʠʡ 

ʢʨʠʩʪʘʣ ʉʆʄ (ʘ), ʢʦʥʪʘʢʪʥʠʡ ʽ ʧʨʦʥʠʢʘʶʯʠʡ ʜʚʽʡʥʠʢʠ (ʙ, ʚ), ʜʝʥʜʨʠʪʥʽ 

ʢʨʠʩʪʘʣʠ ʉʆʄ (ʛ). 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ [Ca2+]/[C2O4
2ï] = 1:1 ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷʭ 

ʦʢʩʘʣʘʪ-ʽʦʥʫ 3 ʤʤʦʣʴ/ʣ ʽ ʚʠʱʝ ʤʘʣʦ ʤʽʩʮʝ ʫʪʚʦʨʝʥʥʷ ʜʝʥʜʨʠʪʥʠʭ ʢʨʠʩʪʘʣʽʚ 

ʉʆʄ (ʨʠʩ. 3, ʛ). ɺ ʜʘʥʠʭ ʫʤʦʚʘʭ, ʦʯʝʚʠʜʥʦ, ʧʨʠʯʠʥʦʶ ʫʪʚʦʨʝʥʥʷ ʜʝʥʜʨʠʪʥʠʭ 

ʢʨʠʩʪʘʣʽʚ ʙʫʣʦ ʩʠʣʴʥʝ ʧʝʨʝʩʠʯʝʥʥʷ ʨʦʟʯʠʥʫ, ʷʢʝ ʜʦʩʷʛʘʻ 17,8, ʪʦʙʪʦ ʟʥʘʯʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʦʥʽʚ ʢʘʣʴʮʽʶ ([Ca2+] = 4 ʤʤʦʣʴ/ʣ)  ̔ ʦʢʩʘʣʘʪ- ʦ̔ʥ̔ʚ 

([C2O4
2ï] = 4 ʤʤʦʣʴ/ʣ). ʇʨʠ ʪʘʢʦʤʫ ʚʠʩʦʢʦʤʫ ʧʝʨʝʩʠʯʝʥʥʽ ʨʦʟʯʠʥʫ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʜʠʬʫʟʽʷ ʨʝʯʦʚʠʥʠ ʜʦ ʢʨʠʩʪʘʣʫ, ʚʝʨʰʠʥʠ ʟʨʦʩʪʘʶʯʦʛʦ 

ʢʨʠʩʪʘʣʘ ʙʽʣʴʰʝ ʜʦʪʠʢʘʶʪʴʩʷ ʟ ʧʝʨʝʩʠʯʝʥʠʤ ʨʦʟʯʠʥʦʤ, ʥʽʞ ʾʭ ʛʨʘʥʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʨʽʩʪ ʫ ʚʝʨʰʠʥ ʡʜʝ ʰʚʠʜʰʝ, ʥʽʞ ʚ ʮʝʥʪʨʽ ʛʨʘʥʝʡ. ʊʦʤʫ ʤʠ 
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ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʫ ʚʠʛʣʷʜʽ ʜʝʥʜʨʠʪʽʚ ʟ ʚʠʪʷʛʥʫʪʠʤʠ 

ʛʦʩʪʨʠʤʠ ʚʝʨʰʠʥʘʤʠ, ʱʦ ʽ ʧʽʜʪʚʝʨʜʞʫʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʨʽʟʥʽ ʯʘʩʪʠʥʠ ʢʨʠʩʪʘʣʫ 

ʤʘʶʪʴ ʨʽʟʥʫ ʰʚʠʜʢʽʩʪʴ ʨʦʩʪʫ, ʽ ʢʨʠʩʪʘʣ ʰʚʠʜʰʝ ʨʦʩʪʝ ʪʠʤʠ ʩʚʦʾʤʠ 

ʯʘʩʪʠʥʘʤʠ, ʫ ʷʢʠʭ ʙʽʣʴʰʝ ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ, ʪʦʙʪʦ ʮʝ ʚʠʩʪʫʧʘʶʯʽ ʯʘʩʪʠʥʠ 

ʢʨʠʩʪʘʣʫ ï ʡʦʛʦ ʚʝʨʰʠʥʠ ʽ ʨʝʙʨʘ. 

 

ʘ) 

 

ʙ) 

ʈʠʩ. 3.3. ʄʦʨʬʦʣʦʛʽʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

[Ca2+]/[C2O4
2ï] = 20:1 ʽ [C2O4

2ï] = 0,2 ʤʤʦʣʴ/ʣ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʫ ʨʘʟʽ 20-ʢʨʘʪʥʦʛʦ ʥʘʜʣʠʰʢʫ ʢʘʣʴʮʽʶ ʚ ʨʦʟʯʠʥʽ, ʪʦʙʪʦ ʧʨʠ 

ʤʦʣʷʨʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʢʘʤʝʥʝʫʪʚʦʨʶʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʾ 

[Ca2+]/[C2O4
2ï] = 20:1 ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷʭ [C2O4

2ï] = 0,2 ʤʤʦʣʴ/ʣ ʽ 

[Ca2+] = 4 ʤʤʦʣʴ/ʣ ʪʘʢʦʞ ʬʦʨʤʫʶʪʴʩʷ ʜʝʥʜʨʠʪʥʽ ʢʨʠʩʪʘʣʠ ʉʆʄ (ʨʠʩ. 3.3), 

ʧʨʦʪʝ ʚʦʥʠ ʥʝ ʤʘʣʠ ʚʠʪʷʛʥʫʪʠʭ ʛʦʩʪʨʠʭ ʛʨʘʥʝʡ, ʘ ʥʘʛʘʜʫʚʘʣʠ ʬʦʨʤʫ ñʨʦʟʝʪʢʠò 

(ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʠʧʘʜʢʫ [Ca2+] [C2O4
2ï] = 1:1, ʜʝ ʪʘʢʦʞ ʤʘʣʦ ʤʽʩʮʝ ʫʪʚʦʨʝʥʥʷ 

ʜʚʽʡʥʠʢʽʚ). ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʷʚʠʱʘ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʤʦʞʝ ʩʪʘʪʠ ʤʝʥʰʝ 

ʧʝʨʝʩʠʯʝʥʥʷ ʨʦʟʯʠʥʫ (s = 4,6), ʪʦʤʫ ʨʽʩʪ ʢʨʠʩʪʘʣʘ ʫ ʚʝʨʰʠʥ ʽ ʚ ʮʝʥʪʨʽ ʛʨʘʥʝʡ 

ʚʽʜʙʫʚʘʚʩʷ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʦ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʪʘʢʦʞ ʚʧʣʠʚʘʻ ʥʝʩʪʝʭʽʦʤʝʪʨʽʷ 

ʨʦʟʯʠʥʫ: ʽʦʥʽʚ ʢʘʣʴʮʽʶ ʚ ʨʦʟʯʠʥʽ ʚ 20 ʨʘʟʽʚ ʙʽʣʴʰʝ ʥʽʞ ʦʢʩʘʣʘʪ-ʽʦʥʽʚ, ʪʦʤʫ 

ʡʤʦʚʽʨʥʦ, ʱʦ ʥʝ ʚʩʽ ʽʦʥʠ ʢʘʣʴʮʽʶ ʟʚ'ʷʟʫʶʪʴʩʷ ʟ ʽʦʥʘʤʠ ʦʢʩʘʣʘʪʫ ʽ ʥʘ ʛʨʘʥʷʭ 

ʢʨʠʩʪʘʣʘ ʦʩʽʜʘʶʪʴ ʜʦʤʽʰʢʠ Ca2+, ɦ ʦ ʥʝ ʫʚʽʡʰʣʠ ʚ ʢʨʠʩʪʘʣ ʉʆʄ. 
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ʆʪʞʝ, ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʤʦʨʬʦʣʦʛʽʾ ʢʨʽʩʪʘʣʽʚ ʧʨʠ ʨʽʟʥʦʤʫ ʧʝʨʝʩʠʯʝʥʥʽ 

ʨʦʟʯʽʥʽʚ ʦʙʫʤʦʚʣʝʥʘ ʨʽʟʥʽʤ ʤʝʭʘʥʽʟʤʦʤ ʨʦʩʪʫ ʢʨʽʩʪʘʣʽʚ ʉʆʄ, ʘ ʩʘʤʻ, ʧʨʠ 

ʥʠʟʴʢʦʤʫ ʧʝʨʝʩʠʯʝʥʥʽ ʤʘʻ ʤʽʩʮʝ ʜʠʩʣʦʢʘʮʽʡʥʽʡ ʤʝʭʘʥʽʟʤ ʨʦʩʪʫ, ʘ ʧʨʠ 

ʚʝʣʠʢʦʤʫ ʧʝʨʝʩʠʯʝʥʥʽ ʨʽʩʪ ʢʨʠʩʪʘʣʫ ʉʆʄ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʚʦʤʽʨʥʦʛʦ 

ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ. 

3.2. ʂʨʠʩʪʘʣʽʟʘʮʽʷ ʉʆʄ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʘʤʽʥʦʢʠʩʣʦʪ-ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʨʦʩʪʫ 

ʢʨʠʩʪʘʣʽʚ  

ʋʪʚʦʨʝʥʥʷ ʘʛʨʝʛʘʪʽʚ ʽ ʜʝʥʜʨʠʪʥʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʙʝʟʫʤʦʚʥʦ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʧʨʠ ʥʘʜʤʽʨʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʝʘʛʫʶʯʠʭ ʽʦʥʽʚ ʚ ʨʦʟʯʠʥʽ. 

ʊʘʢ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʨʦʟʯʠʥ ʣʶʜʠʥʠ, ʷʢʘ ʩʪʨʘʞʜʘʻ ʥʘ 

ʩʝʯʦʢʘʤ'ʷʥʫ ʭʚʦʨʦʙʫ ʤʘʻ ʥʘʜʤʽʨʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʘʤʝʥʝʫʪʚʦʨʶʶʯʠʭ ʽʦʥʽʚ 

(Ca2+  ̔ C2O4
2ï), ʚʽʜʧʦʚʽʜʥʦ ʽ ʢʨʠʩʪʘʣʠ ʉʆʄ ʚ ʬʽʟʽʦʣʦʛʽʯʥʦʤʫ ʨʦʟʯʠʥʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʘʛʨʝʛʘʪʽʚ ʽ ʜʝʥʜʨʠʪʽʚ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʙʫʣʦ ʙ in vitro 

ʟʥʘʡʪʠ ʜʦʤʽʰʢʠ ʽ ʚʠʟʥʘʯʠʪʠ ʽʥʪʝʨʚʘʣʠ ʾʭ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʧʨʠ ʷʢʠʭ ʧʨʠʧʠʥʷʶʪʴ 

ʫʪʚʦʨʶʚʘʪʠʩʷ ʜʝʥʜʨʠʪʠ ʽ ʬʦʨʤʫʶʪʴʩʷ ʦʜʠʥʦʯʥʽ ʢʨʠʩʪʘʣʠ ʉʆʄ (ʱʦ 

ʚʽʜʧʦʚʽʜʘ ̒ in vivo ʟʤʝʥʰʝʥʥʶ ʢʘʤʝʥʝʫʪʚʦʨʝʥʥʷ). ʋ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʚ 

ʷʢʦʩʪʽ ʪʘʢʠʭ ʤʦʜʠʬʽʢʘʪʦʨʽʚ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ 

ʘʤʽʥʦʢʠʩʣʦʪʠ L-ʘʩʧʘʨʛʥ̔ʦʚʘ ʢʠʩʣʦʪʘ (L-ɸsp), L-ʘʨʛ̔ʥ̔ʥ (L-ɸrg),                       

L-ʪʨʝʦʥʥ̔ (L-Thr) ʪʘ ʚ̔ʪʘʤ̔ʥʠ ʛʨʫʧʠ ɺ ï ɺ1, ɺ6, ɺ12. 

3.2.1. ɺʧʣʠʚ L-ʘʩʧʘʨʘʛʽʥʦʚʦʾ ʢʠʩʣʦʪʠ ʥʘ ʧʨʦʮʝʩʠ ʨʦʩʪʫ ʽ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ  

ʄʦʣʝʢʫʣʘ L-ɸsp (ʉʆʆʅ-ʉʅ2-ʉʅ (NH2)-COOH), ʟʛʽʜʥʦ ʭʽʤʽʯʥʦʾ 

ʧʨʠʨʦʜʠ ʨʘʜʠʢʘʣʫ ʽ ʟʘʨʷʜʦʚʦʛʦ ʩʪʘʥʫ, ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʠʩʣʠʭ ʘʤʽʥʦʢʠʩʣʦʪ. 

ɺʽʜʦʤʦ, ʱʦ ʽʟʦʝʣʝʢʪʨʠʯʥʘ ʪʦʯʢʘ (ʧʝʚʥʝ ʟʥʘʯʝʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠ 

ʷʢʦʤʫ ʤʦʣʝʢʫʣʘ ʥʝ ʥʝʩʝ ʝʣʝʢʪʨʠʯʥʦʛʦ ʟʘʨʷʜʫ) ʜʣʷ ʤʦʣʝʢʫʣʠ L-ɸsp 

ʩʪʘʥʦʚʠʪʴ 2,77 [79]. ɸʤʽʥʦʢʠʩʣʦʪʘ L-ɸsp ʤʽʩʪʠʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʜʚʽ 

ʥʝʛʘʪʠʚʥʦ ʟʘʨʷʜʞʝʥʽ ʢʘʨʙʦʢʩʠʣʴʥʽ ʛʨʫʧʠ, ʷʢʽ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ, ʘ ʩʘʤʝ 

ʢʠʩʣʦʪʥʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ, ʟʜʘʪʥʽ ʧʝʨʝʙʫʚʘʪʠ ʚ ʽʦʥʥʦʤʫ ʩʪʘʥʽ. 
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ʈʠʩ. 3.4. ʄʦʣʝʢʫʣʘ L-ʘʩʧʘʨʘʛʽʥʦʚʦʾ ʢʠʩʣʦʪʠ. 

ʂʦʥʩʪʘʥʪʠ ʜʠʩʦʮʘ̔ʮ̔ʾ (ʨK) ʜʣʷ L-ɸsp ʜʦʨʽʚʥʶʶʪʴ ʚʽʜʧʦʚʽʜʥʦ 1,95, 3,71 ʽ 

9,66 [79]. ɯ, ʟʛʽʜʥʦ ʟ ʥʘʚʝʜʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʨK, ʫ L-ɸsp ʚ ʜʦʩʣʽʜʞʫʚʘʥʽʡ 

ʤʦʜʝʣʴʥʽʡ ʩʠʩʪʝʤʽ ʉʆʄ (ʧʨʠ ʨʅ = 5,8) ʦʙʠʜʚʽ ʢʘʨʙʦʢʩʠʣʴʥʽ ʛʨʫʧʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʽʦʥʥʦʤʫ ʚʠʛʣʷʜʽ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʫ ʚʟʘʻʤʦʜʽʶ 

ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʘʤʽʥʦʢʠʩʣʦʪʠ ʟ ʟʘʨʷʜʞʝʥʠʤʠ ʛʨʘʥʷʤʠ ʟʨʦʩʪʘʶʯʦʛʦ 

ʢʨʠʩʪʘʣʘ ʉʆʄ [121-123]. ɺʽʜʧʦʚʽʜʥʦ, ʤʦʞʣʠʚʝ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʨʦʩʪʫ 

ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ. ʇʨʦʪʝ, ʷʢ ʩʚʽʜʯʘʪʴ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ, ʚʧʣʠʚ 

L-ɸsp ʥʘ ʧʨʦʮʝʩʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʉʆʄ ʜʝʱʦ ʩʫʧʝʨʝʯʣʠʚʠʡ. ʊʘʢ, ʟʛʽʜʥʦ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ [79, 82] ʤʦʣʝʢʫʣʠ L-ɸsp ʥʘʜʘʶʪʴ ʽʥʛʽʙʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩʠ 

ʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʚ COʄ, ʰʣʷʭʦʤ ʘʜʩʦʨʙʮʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʢʨʠʩʪʘʣʽʚ COʄ. ɺ 

ʨʦʙʦʪ̔ [109] ʦʧʠʩʫʻʪʴʩʷ ʟʥʘʯʥʝ ʧʨʦʤʦʪʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʟʘʨʦʜʞʝʥʥʷ ʢʨʠʩʪʘʣʽʚ 

COʄ, ʦʙʫʤʦʚʣʝʥʝ ʫʪʚʦʨʝʥʥʷʤ ʢʦʤʧʣʝʢʩʽʚ ʢʘʣʴʮʽʶ ʟ ʢʘʨʙʦʢʩʠʣʴʥʠʤʠ 

ʛʨʫʧʘʤʠ ʘʤʽʥʦʢʠʩʣʦʪʠ L-ɸsp, ʷʢʽ ʽ ʻ ʮʝʥʪʨʘʤʠ ʟʘʨʦʜʢʦʫʪʚʦʨʝʥʥʷ ʢʨʠʩʪʘʣʽʚ 

COʄ. 

ɿʛʽʜʥʦ ʟ ʥʘʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ [121-124], ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʦʜʝʣʴʥʦʛʦ 

ʨʦʟʯʠʥʫ ʉʆʄ ([Ca2+]/[C2O4
2ï] = 20:1, s = 4,6) ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʜʦʤʽʰʦʢ L-ɸsp ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 1 ʜʦ 20 ʤʤʦʣʴ/ʣ (ʨʠʩ. 3.5) ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʽʥʛʽʙʫʚʘʥʥʷ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ COʄ ʽ ʟʤʝʥʰʝʥʥʷ ʾʭ ʨʦʟʤʽʨʽʚ. ʂʨʽʤ ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʚ Cʆʄ ʧʨʠ ʚʚʝʜʝʥʥʽ L-ɸsp ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʱʝ ʡ ʟʤʽʥʘ 

ʤʦʨʬʦʣʦʛʽʾ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ (ʨʠʩ. 3.5). ʊʘʢ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ, 

ʱʦ ʚʚʝʜʝʥʥʷ L-ɸsp ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 1-2 ʤʤʦʣʴ/ʣ ʚ ʨʦʟʯʠʥ ʧʨʠ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʉʆʄ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʨʦʟʤʽʨʘʤʠ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʙʝʟ ʜʦʤʽʰʦʢ (ʨʠʩ. 3.3). 
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ʘ) ʙ) 

ʚ) 

 

ʛ) 

 

ʜ) 

ʈʠʩ. 3.5. ʄʦʨʬʦʣʦʛʽʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

[Ca2+]/[C2O4
2ï] = 20:1, s = 4,6 ʚ ʧʨʠʩʫʪʥʦʩʪʽ L-Asp ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ: 1 (ʘ), 

2 (ʙ), 4 (ʚ), 8 (ʛ), 20 (ʜ) ʤʤʦʣʴ/ʣ. 

ʇʨʠ ʮʴʦʤʫ ʢʨʠʩʪʘʣʠ ʉʆʄ, ʷʢʽ ʙʫʣʠ ʚʠʨʦʱʝʥʽ ʟ ʜʦʜʘʚʘʥʥʷʤ L-ɸsp ʜʘʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʟʨʦʱʝʥʠʭ ʤʽʞ ʩʦʙʦʶ ʦʜʠʥʦʯʥʠʭ 
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ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʽ ʜʚʽʡʥʠʢʽʚ, ʷʢʽ ñʨʦʟʨʦʩʣʠʩʷò. ɼʘʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʣʠʰʝ ʧʨʠ ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʘʤʽʥʦʢʠʩʣʦʪʠ ʽ ʟʙʽʣʴʰʝʥʥʷ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 

4 ʤʤʦʣʴ/ʣ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʽ ʪʦʚʱʠʥʠ ʢʨʠʩʪʘʣʽʚ ʫʟʜʦʚʞ 

ʦʩʝʡ ʩ ʠ b, ʱʦ ʚʠʨʘʟʥʦ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ 3.1. ʇʦʜʘʣʴʰʝ ʜʦʜʘʚʘʥʥʷ 

ʘʤʽʥʦʢʠʩʣʦʪʠ L-ɸsp ʽ ʟʙʽʣʴʰʝʥʥʷ ʚʚʝʜʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 8 ʤʤʦʣʴ/ʣ  ʩʧʨʠʷʻ 

ʫʪʚʦʨʝʥʥʶ ʷʢ ʢʦʛʝʨʝʥʪʥʦ ʟʨʦʱʝʥʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʪʘʢ ʽ ʦʜʠʥʦʯʥʠʭ 

ʢʨʠʩʪʘʣʽʚ (ʨʠʩ. 3.3, ʛ). ɯ, ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ L-ɸsp ʜʦ 20 ʤʤʦʣʴ/ʣ ʣʠʰʝ 

ʧʦʩʠʣʶʻ ʽʥʛʽʙʫʚʘʥʥʷ ʨʦʩʪʫ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʫʪʚʦʨʝʥʥʽ 

ʦʜʠʥʦʯʥʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ (ʨʠʩ. 3.3, ʜ). ɺʽʜʧʦʚʽʜʥʦ, ʽʥʛʽʙʫʚʘʥʥʷ ʢʨʠʩʪʘʣʽʚ 

ʉʆʄ ʽ ʟʤʝʥʰʝʥʥʷ ʾʭ ʨʦʟʤʽʨʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʟʙʽʣʴʰʝʥʥʶ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʙʘʚʢʠ L-ɸsp. ɯ, ʧʨʠ ʚʠʨʦʱʫʚʘʥʥʽ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʟ ʜʦʙʘʚʢʦʶ 

20 ʤʤʦʣʴ/ʣ L-ɸsp ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʢʨʠʩʪʘʣʽʚ COʄ ʚ ʙʽʣʴʰ ʥʽʞ 2 ʨʘʟʠ 

ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʘʢʠʤʠ ʢʨʠʩʪʘʣʘʤʠ COʄ, ʷʢʽ ʙʫʣʠ ʚʠʨʦʱʝʥʽ ʙʝʟ                

ʜʦʤʽʰʦʢ L-ɸsp (ʪʘʙʣ. 3.1).  

ʊʘʙʣ. 3.1. ʈʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ L-ɸsp ʨʽʟʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ. 

c(L-Asp), ʤʤʦʣʴ/ʣ ʘ, ʤʢʤ b, ʤʢʤ ʩ, ʤʢʤ  

 

0 - 2 9-10 

4 5,0Ñ0,2 2,5Ñ0,2 7,6Ñ0,2 

8 5,0Ñ0,2 2,2Ñ0,2 7,0Ñ0,3 

20 3,5Ñ0,2 1,5Ñ0,2 5,0Ñ0,2 

 

ʂʨʽʤ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʠ ʈʉɸ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 

L-ɸsp, ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʩʘʤʝ ʬʘʟʠ ʢʘʣʴʮʽʶ ʦʢʩʘʣʘʪʫ ʤʦʥʦʛʽʜʨʘʪʫ, ʽ 

ʽʥʰʠʭ ʬʘʟ ʚʠʷʚʣʝʥʦ ʥʝ ʙʫʣʦ. ʅʘ ʨʠʩ. 3.6 ʧʨʠʚʝʜʝʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ ʢʨʠʩʪʘʣʽʚ 

COʄ, ʷʢʽ ʚʠʨʦʱʝʥ ̔ʚ ʧʨʠʩʫʪʥʦʩʪʽ 10 ʤʤʦʣʴ/ʣ L-ɸsp; ʜʠʬʨʘʢʮʽʡʥʽ ʧʽʢʠ ʉʆʄ 

ʟ'ʷʚʣʷʶʪʴʩʷ ʧʨʠ ʟʥʘʯʝʥʥʷʭ 2ɗ ʨʚ̔ʥʠʭ 14,93Á ʜʣʷ ʚʽʜʙʠʪʪʷ ʚʽʜ ʧʣʦʱʠʥʠ (101), 



57 
 

15,29Á ʜʣʷ ʚʽʜʙʠʪʪʷ ʚʽʜ ʧʣʦʱʠʥʠ (110)  ̔ 24,37Á ʜʣʷ ʚʽʜʙʠʪʪʷ  ʚʽʜ 

ʧʣʦʱʠʥʠ (202) [54].  
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ʈʠʩ. 3.6. ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

[Ca2+]/[C2O4
2ï] = 20:1,  s = 4,6 ʚ ʧʨʠʩʫʪʥʦʩʪʽ 10 ʤʤʦʣʴ/ʣ L-ɸsp.  

ɯʏ-ʩʧʝʢʪʨʠ ʯʠʩʪʦʛʦ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʧʨʠ s = 4,6  ̔[Ca2+]/[C2O4
2ï] = 20:1 

ʙʝʟ ʜʦʤʽʰʦʢ ʘʤʽʥʦʢʠʩʣʦʪ, ʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʥʴʦʛʦ ʙʫʣʠ 

ʨʦʟʛʣʷʥʫʪʽ ʚ ʧʫʥʢʪʽ 3.1 (ʨʠʩ. 3.1). ʈʝʟʫʣʴʪʘʪʠ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʢʨʠʩʪʘʣʽʚ 

ʉʆʄ, ʢ̫ʽ ʚʠʨʦʱʝʥ ̔ʚ ʧʨʠʩʫʪʥʦʩʪʽ L-ɸsp ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.7. ɺʘʞʣʠʚʦ 

ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʩʚʽʜʯʘʪʴ ʥʝ ʪʽʣʴʢʠ ʧʨʦ ʫʪʚʦʨʝʥʥʷ 

ʬʘʟʠ ʉʆʄ, ʘʣʝ ʽ ʧʨʦ ʘʜʩʦʨʙʮʽ ʁʤʦʣʝʢʫʣʠ L-ɸsp ʥʘ ʛʨʘʥʷʭ ʉʆʄ. ʇʨʦ ʮʝ 

ʩʚʽʜʯʘʪʴ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ L-ɸsp ʧʨʠʩʫʪʥʽ ʚ ʩʧʝʢʪʨʘʭ, ʟʦʢʨʝʤʘ ʩʤʫʛʠ 

ʧʦʛʣʠʥʘʥʥʷ ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ 2907 cʤī1  ̔ 2848 cʤī1, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʘʣʝʥʪʥʠʤ ʢʦʣʠʚʘʥʥʷʤ ʘʤʽʥʦʛʨʫʧʠ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ L-ɸsp [80]. 
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ʈʠʩ. 3.7. ɯʏ-ʩʧʝʢʪʨʠ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʧʨʠ [Ca2+]/[C2O4
2ï] = 20:1, 

s = 4,6 ʙʝʟ ʜʦʤʽʰʦʢ (1) ʪʘ ʚ ʧʨʠʩʫʪʥʦʩʪʽ 10 ʤʤʦʣʴ/ʣ L-ɸsp. 

ʗʢ ʚʽʜʦʤʦ, ʚ ʩʪʨʫʢʪʫʨʽ ʤʦʣʝʢʫʣʠ L-ɸsp ʢʨʽʤ ʘʤʽʥʦʛʨʫʧʠ ʻ ʱʝ ʡ ʜʚʽ 

ʢʘʨʙʦʢʩʠʣʴʥʽ ʛʨʫʧʠ. ɿʛʽʜʥʦ ʟ ʜʘʥʠʤʠ [80] ʤʘʢʩʠʤʫʤʠ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥ ̫

ʚʘʣʝʥʪʥʠʭ ʢʦʣʠʚʘʥʴ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ ʘʤʽʥʦʢʠʩʣʦʪʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 1645 ̔ 

1403 ʩʤī1, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʦʪʝ ʚ ʥʘʰʦʤʫ ʟʨʘʟʢʫ ʮʽ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ 

ʟʩʫʚʘʶʪʴʩʷ, ʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʥʘ 1637  ̔1371 cʤī1 [125]. ɿʩʫʚ ʩʤʫʛ ʧʦʛʣʠʥʘʥʥʷ 

ʽʦʥʽʟʦʚʘʥʠʭ ʢʘʨʙʦʢʩʠʣʴʥʠʭ ʛʨʫʧ L-ɸsp, ʦʯʝʚʠʜʥʦ, ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʫ 

ʚʟʘʻʤʦʜʽʶ ʤʦʣʝʢʫʣʠ L-ɸsp ʟ ʽʦʥʘʤʠ ʢʘʣʴʮʽʶ, ʱʦ ʚʠʭʦʜʷʪʴ ʥʘ ʧʦʚʝʨʭʥʶ 

ʛʨʘʥʝʡ {100} ʽ {010} ʢʨʠʩʪʘʣʘ ʉʆʄ. 

3.2.2. ɺʧʣʠʚ L-ʘʨʛʽʥʽʥʫ ʥʘ ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʆʄ  

ɸʤ̔ʥʦʢʠʩʣʦʪʘ L-ɸrg (ʉʆʆʅ-(ʉʅ2)3-ʉʅ(NH2)-C(NH2)(NH)2) ʥʘʣʝʞʠʪʴ 

ʜʦ ʦʩʥʦʚʥʠʭ ʘʤʽʥʦʢʠʩʣʦʪ, ʦʩʢʽʣʴʢʠ ʤʽʩʪʠʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʦʜʥʫ 

ʢʘʨʙʦʢʩʠʣʴʥʫ ʛʨʫʧʫ ʽ ʜʚʘ ʦʩʥʦʚʥʠʭ ʮʝʥʪʨʘ: ʘʤʽʥʦʛʨʫʧʫ ʽ ʛʫʘʥʽʜʠʥʦʚʫ ʛʨʫʧʫ, 

ʷʢʘ ʧʨʠ ʧʨʦʪʦʥʶʚʘʥʥʽ ʻ ʩʠʣʴʥʦ ʦʩʥʦʚʥʦ  ʁ(ʨʠʩ. 3.8). ʂʦʥʩʪʘʥʪʠ ʜʠʩʦʮʽʘʮʽʾ   

ʜʣʷ L-ɸrg ʜʦʨʽʚʥʶʶʪʴ 2,03, 9,00  ̔ 12,10 ʚ ʪʦʡ ʯʘʩ ʷʢ ʽʟʦʝʣʝʢʪʨʠʯʥʘ ʪʦʯʢʘ 

ʜʦʨʽʚʥʶʻ 10,76 [79]. ɺʠʭʦʜʷʯʠ ʥʘ ʮʴʦʛʦ, ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʤʦʜʝʣʴʥʦʤʫ 
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ʨʦʟʯʠʥʽ ʉʆʄ ʧʨʠ ʨʅ=5,8 ʘʤ̔ ʥʦʢʠʩʣʦʪʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʦʟʯʠʥʽ ʚ ʢʘʪʦ̔ʥʥ̔ʡ 

ʬʦʨʤʽ. 

 

ʈʠʩ. 3.8. ʄʦʣʝʢʫʣʘ L-ʘʨʛʽʥʽʥʫ. 

ʇʝʨʰ ʟʘ ʚʩʝ ʚʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʠ ʈʉɸ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, 

ʷʢʽ ʚʠʨʦʱʝʥʽ ʧʨʠ [Ca2+]/[C2O4
2ï] = 20:1  ̔ s = 4,6 ʚ ʧʨʠʩʫʪʥʦʩʪʽ L-ɸrg 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʬʘʟʠ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ (ʨʠʩ. 3.9). 
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ʈʠʩ .9. ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

[Ca2+]/[C2O4
2ï] = 20:1 ʽ s = 4,6 ʚ ʧʨʠʩʫʪʥʦʩʪʽ 10 ʤʤʦʣʴ/ʣ L-ɸrg. 

ʇʨʦʪʝ, ʦʢʨʽʤ ʦʩʥʦʚʥʦʾ ʬʘʟʠ ʉʆʄ, ʷʢʘ ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʻ, ʚ ʷʢʦʩʪʽ 

ʜʦʤʽʰʢʠ ʧʨʠʩʫʪʥʷ ʬʘʟʘ ʢʘʣʴʮʠʪʫ (ʉʘCO3), ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ L-ɸrg ʧʦʥʘʜ 10 ʤʤʦʣʴ/ʣ. 

ʋʪʚʦʨʝʥʥʷ ʉʘCO3, ʤʦʞʣʠʚʦ, ʦʙʫʤʦʚʣʝʥʦ ʩʢʣʘʜʦʤ ʽ ʭʽʤʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʘʤʽʥʦʢʠʩʣʦʪʠ L-ɸrg. ʄʦʣʝʢʫʣʠ L-ɸrg ʤʽʩʪʷʪʴ ʚ ʩʚʦʻʤʫ ʩʢʣʘʜʽ 

ʦʩʥʦʚʥʽ ʛʨʫʧʠ (ʛʫʘʥʽʜʠʥʦʚʫ ʽ ʘʤʽʥʦ ʛʨʫʧʫ), ʷʢʽ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʫʪʚʦʨʝʥʥʶ 

ʬʘʟʠ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ. ʊʘʢ, ʚ ʨʦʙʦʪ̔ [126] ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ 
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ʘʤ̔ʥʦʢʠʩʣʦʪ, ʟʦʢʨʝʤʘ L-ʩʝʨʠʥʫ  ̔ L-ʘʨʛ̔ʥ̔ʥʫ ʥʘ ʫʪʚʦʨʝʥʥʷ ʬʘʟʠ ʢʘʣʴʮʠʪʫ ʟ 

ʨʦʟʯʠʥʫ, ɦ ʦ ʤʽʩʪʠʪʴ ʽʦʥʠ ʢʘʣʴʮʽʶ. ʇʨʠ ʮʴʦʤʫ ʟʘʟʥʘʯʘʣʦʩʷ, ʱʦ ʚ ʨʦʟʯʠʥʘʭ, ʷʢʽ 

ʤʽʩʪʷʪʴ ʥʘʚʝʜʝʥʽ ʦʩʥʦʚʥʽ ʘʤʽʥʦʢʠʩʣʦʪʠ (ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 25 ʤʤʦʣʴ/ʣ) 

ʫʪʚʦʨʝʥʥʷ ʬʘʟʠ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʚ ʧʨʠʩʫʪʥʦʩʪʽ L-ʩʝʨʠʥʫ ʽ L-ʘʨʛ̔ʥ̔ ʥʫ 

ʧʦʩʠʣʶʚʘʣʦʩ ɹʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʯʠʥʦʤ ʙʝʟ ʜʦʤʽʰʦʢ ʮʠʭ ʘʤʽʥʦʢʠʩʣʦʪ. ʊʘʢʦʞ 

ʫ ʨʦʙʦʪ̔ [127] ʥʘʚʦʜʷʪʴʩʷ ʜʘʥʽ ʧʨʦ ʪʝ, ʱʦ ʦʩʥʦʚʥʽ ʽ ʥʝʡʪʨʘʣʴʥʽ ʘʤʽʥʦʢʠʩʣʦʪʠ 

ʧʨʠʩʢʦʨʶʶʪʴ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʶ ʉʘCO3, ʪʦʜʽ ʷʢ ʢʠʩʣʽ ʘʤʽʥʦʢʠʩʣʦʪʠ ʽʥʛʽʙʫʶʪʴ 

ʨʝʘʢʮʽʶ. ʅʘʚʝʜʝʥʦ ʚʧʣʠʚ L-ʘʩʧʘʨʘʛʽʥʦʚʦʾ ʢʠʩʣʦʪʠ (ʢʠʩʣʘ ʘʤʽʥʦʢʠʩʣʦʪʘ) ʽ     

L-ʘʨʛʽʥʽʥʫ (ʦʩʥʦʚʥʘ ʘʤʽʥʦʢʠʩʣʦʪʘ) ʥʘ ʫʪʚʦʨʝʥʥʷ ʉʘCO3 ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ. 

ʇʨʠ ʮʴʦʤʫ ʫʪʚʦʨʝʥʥʷ ʉʘCO3 ʧʨʠʩʢʦʨʶʚʘʣʦʩʷ ʚ ʨʷʜʫ ʘʤʽʥʦʢʠʩʣʦʪ ï               

L-ʘʩʧʘʨʘʛʽʥʦʚʘ ʢʠʩʣʦʪʘ, L-ʛʣʽʮʠʥ, L-ʩʝʨʠʥ ʽ L-ʘʨʛʽʥʽʥ. ɺʽʜʧʦʚʽʜʥʦ, ʫʪʚʦʨʝʥʥʷ 

ʬʘʟʠ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʧʨʠ ʩʠʥʪʝʟʽ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʚ ʧʨʠʩʫʪʥʦʩʪʽ L-ɸrg (ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 10-20 ʤʤʦʣʴ/ʣ) ʻ ʧʦʙʽʯʥʦʶ ʨʝʘʢʮʽʻ  ʁ (ʚʽʜʩʦʪʢʦʚʠʡ ʚʤʽʩʪ 

ʉʘCO3 ʥʘʩʪʽʣʴʢʠ ʤʘʣʠʡ, ʱʦ ʾ ʤ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ) ʽ ʦʙʫʤʦʚʣʝʥʦ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʦʣʝʢʫʣʠ L-ɸrg, ʪʦʤʫ ʚ ʧʦʜʘʣʴʰʦʤʫ ʮʶ ʬʘʟʫ ʤʠ ʨʦʟʛʣʷʜʘʪʠ 

ʥʝ ʙʫʜʝʤʦ. 

ɿ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʤʦʞʣʠʚʦʾ ʚʟʘʻʤʦʜʽʾ ʘʤʽʥʦʢʠʩʣʦʪʠ L-ɸrg ʟ 

ʢʨʠʩʪʘʣʘʤʠ ʉʆʄ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ɯʏ-ʩʧʝʢʪʨʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ. 

ʊʘʢ, ʚ ɯʏ-ʩʧʝʢʪʨʽ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ ʤʦʥʦʛʽʜʨʘʪʫ ʟ ʜʦʙʘʚʢʦʶ 10 ʤʤʦʣʴ/ʣ L-ɸrg 

ʢʨʽʤ ʩʤʫʛ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ COʄ (ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʯʠʩʪʠʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ 

ʨʦʟʛʣʷʜʘʣʠʩʴ ʚ ʧʫʥʢʪʽ 3.1) ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʩʤʫʛʠ, ʱʦ ʥʘʣʝʞʘʪʴ                             

L-ɸrg (ʨʠʩ. 3.10). ɸ ʩʘʤʝ, ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ ʥʘ 2923 cʤī1  ̔ 2851 cʤī1 

ʦʙʫʤʦʚʣʝʥʽ ʚʘʣʝʥʪʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ ʘʤ̔ʥʦʛʨʫʧ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ L-ɸrg. 

ʉʠʤʝʪʨʠʯʥ ̔ʜʝʬʦʨʤʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʛʨʫʧʠ CH3 ʟ'ʷʚʣʷʶʪʴʩʷ ʧʨʠ 1460 cʤī1  ̔

1379 cʤī1.  ɺʘʣʝʥʪʥ ̔ ʢʦʣʠʚʘʥʥʷ ʛʨʫʧʠ ʉNH ʧʨʠʩʫʪʥ ̔ ʥʘ 771 cʤī1 [72]. 

ɺʽʜʧʦʚʽʜʥʦ, ʨʝʟʫʣʴʪʘʪʠ ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʩʚʽʜʯʘʪʴ ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʧʨʦ 

ʫʪʚʦʨʝʥʥʷ ʬʘʟʠ ʉʆʄ, ʘ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ï ʧʨʦ ʘʜʩʦʨʙʮʽʶ ʤʦʣʝʢʫʣ L-ɸrg ʥʘ 

ʛʨʘʥʷʭ ʢʨʠʩʪʘʣʘ ʉʆʄ, ʱʦ ʟʘʩʚʽʜʯʫʶʪʴ ʩʤʫʛʠ ʧʦʛʣʠʥʘʥʥʷ L-ɸrg ʧʨʠʩʫʪʥʽ ʚ 

ɯʏ-ʩʧʝʢʪʨʘʭ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʟ ʜʦʙʘʚʢʦʶ L-ɸrg. 
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ʈʠʩ. 3.10. ɯʏ-ʩʧʝʢʪʨʠ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

[Ca2+]/[C2O4
2ï] = 20:1, s = 4,6 ʙʝʟ ʜʦʤʽʰʦʢ (1) ʪʘ ʚ ʧʨʠʩʫʪʥʦʩʪʽ                  

10 ʤʤʦʣʴ/ʣ L-Arg (2). 

ʂʨʽʤ ʪʦʛʦ, ʟʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʉɽʄ (ʨʠʩ. 3.11) ʧʨʠ ʚʚʝʜʝʥʥʽ ʤʦʣʝʢʫʣ 

L-ɸrg ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 1-20 ʤʤʦʣʴ/ʣ ʚ ʤʦʜʝʣʴʥʠʡ ʨʦʟʯʠʥ ʦʢʩʘʣʘʪʫ ʢʘʣʴʮʽʶ 

[Ca2+]/[C2O4
2ï] = 20:1, s = 4,6 ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʚ 

COʄ, ʦʜʥʘʢ ʮʝʡ ʝʬʝʢʪ ʧʨʦʷʚʣʷʻʪʴʩʷ ʣʠʰʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷʭ L-ɸrg ʧʦʥʘʜ      

4 ʤʤʦʣʴ/ʣ (ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ L-ɸsp), ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʘʥʽ, ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙʣ. 3.2. ʊʘʢ, ʤʦʨʬʦʣʦʛʽʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ ʧʨʠ ʚʚʝʜʝʥʥʽ ʨʽʟʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ L-ɸrg ʟʘʟʥʘʻ ʜʝʷʢʠʭ ʟʤʽʥ (ʨʠʩ. 3.11). 

ʊʘʙʣ. 3.2. ʈʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʚ ʧʨʠʩʫʪʥʦʩʪʽ L-ɸrg ʨʽʟʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ. 

c(L-Arg), ʤʤʦʣʴ/ʣ ʘ, ʤʢʤ b, ʤʢʤ ʩ, ʤʢʤ  

 

0 - 2 9-10 

4 3,8Ñ0,2 3,5Ñ0,2 5,0Ñ0,2 

8 1,2Ñ0,1 0,7Ñ0,1 3,0Ñ0,3 

20 1,0Ñ0,2 0,7Ñ0,2 3,5Ñ0,3 



62 
 

ʈʠʩ. 3.11. ʄʦʨʬʦʣʦʛʽʷ ʢʨʠʩʪʘʣʽʚ ʉʆʄ, ʷʢʽ ʚʠʨʦʱʝʥʽ ʧʨʠ [Ca2+]/[C2O4
2ï] = 20:1, 

s = 4,6 ʚ ʧʨʠʩʫʪʥʦʩʪʽ L-Arg ʟ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ: 1 (ʘ), 2 (ʙ), 4 (ʚ), 8 (ʛ), 

20 (ʜ) ʤʤʦʣʴ/ʣ. 

ɺʚʝʜʝʥʥʷ ʚ ʤʦʜʝʣʴʥʠʡ ʨʦʟʯʠʥ ʉʆʄ ʤʘʣʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ L-ɸrg, 

ʟʦʢʨʝʤʘ 1-2 ʤʤʦʣʴ/ʣ, ʧʨʠʟʚʦʜʠʪʴ ʧʝʨʝʚʘʞʥʦ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʨʦʥʠʢʘʶʯʠʭ 

 
ʘ) ʙ) 

 
ʚ) ʛ) 

 
ʜ) 


