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Abstract 

This paper describes the possibility of using nanoobjects when creating a new genera-

tion of the efficient thermoelectric converters. 
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ʻʢʪʽʚ ʪʠʧʫ ʥʘʜˇʨʘʪʦʢ, ʥʘʥʦʜʨʦʪʽʚ ʽ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ. ʄʽʨʦʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪ-

ʨʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʻ ʙʝʟʨʦʟʤʽʨʥʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʘ ʜʦʙʨʦʪʥʽʩʪʴ ZT [1], ʷʢʘ, ʫ ʩʚʦʶ ʯʝʨʛʫ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʠʬʝʨʝʥʮʽʡʥʦʾ ʪʝʨʤʦʝʨʩ (a), ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ (s), ʢʦʝʬʽʮʽʻʥʪʘ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (c) ʽ ʘʙʩʦʣʶʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʊ ï ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ (ʊ1 + ʊ2)/2 ʧʝ-

ʨʝʪʚʦʨʶʚʘʯʘ, ʜʝ ʊ1 ʽ ʊ2 ï ʪʝʤʧʝʨʘʪʫʨʠ ʡʦʛʦ ʭʦʣʦʜʥʦʛʦ ʽ ʛʘʨʷʯʦʛʦ ʢʦʥʪʘʢʪʽʚ ʚʽʜʧʦʚʽʜʥʦ): 

csa /2 TTZ =
, (1) 

ɺʝʣʠʯʠʥʫ Z [K-1] ʽʥʢʦʣʠ ʪʘʢʦʞ ʥʘʟʠʚʘʶʪʴ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʶ ʜʦʙʨʦʪʥʽʩʪʶ ʤʘʪʝʨʽ-

ʘʣʫ. 

ʉʪʦʩʦʚʥʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʜʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦ-

ʚʫʶʪʴʩʷ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ, ʪʦ ʟʘ ʦʩʪʘʥʥʽ 50 ʨʦʢ̔ʚ ʥʝ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʟʥʘʯʥʦʛʦ ʾʭ 

ʧʦʢʨʘʱʝʥʥʷ (ZT ʟʘʣʠʰʘʣʦʩʷ ʙʣʠʟʴʢʠʤ ʜʦ 1). 

ʇʝʨʰʠʡ ʝʪʘʧ, ʱʦ ʦʙʽʮʷʚ ʛʨʘʥʜʽʦʟʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʥʦʦʙ'ʻʢʪʽʚ ʚ 

ʧʨʘʢʪʠʢʫ ʪʝʨʤʦʝʣʝʢʪʨʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʘ ʧʦʯʘʪʦʢ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠ-

ʣʽʪʪʷ ʍʍ ʩʪʦʣʽʪʪʷ. ʈʦʙʦʪʠ ʍʽʢʩʘ ʽ ɼʨʝʩʩʝʣʴʭʘʫʟʘ [2, 3] ʧʦʢʣʘʣʠ ʧʦʯʘʪʦʢ ʘʢʪʠʚʥʦʤʫ ʜʦʩ-

ʣʽʜʞʝʥʥʶ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʚʘʥʪʦʚʦ-ʨʦʟʤʽʨʥʠʭ ʩʪʨʫʢʪʫʨ. ʇʨʦʚʝʜʝʥʽ 
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ʨʦʟʨʘʭʫʥʢʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ ʜʦʙʨʦʪʥʦʩʪʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʝʣʠʯʠʥʫ Z ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ ʫ 

2 · 3 ʨʘʟʠ, ʷʢʱʦ ʚʠʛʦʪʦʚʠʪʠ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʤʘʪʝʨʽʘʣ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦʰʘʨʦʚʦʾ ʩʪʨʫ-

ʢʪʫʨʠ ʟ ʢʚʘʥʪʦʚʠʤʠ ʷʤʘʤʠ. ɿʨʦʩʪʘʥʥʷ Z ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʛʫʩʪʠʥʠ 

ʩʪʘʥʽʚ ʥʦʩʽʾʚ ʩʪʨʫʤʫ ʧʦʙʣʠʟʫ ʢʨʘʾʚ ʟʦʥ ʫ ʜʚʦʚʠʤʽʨʥʠʭ ʩʠʩʪʝʤʘʭ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʠʚʠʤʽ-

ʨʥʠʤʠ. ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʷ ʫ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʚʽʜ ʦʙ'ʻʤʥʦʛʦ ʟʨʘʟʢʘ ʜʦ ʟʨʘʟʢʘ ʟ ʢʚʘʥʪʦʚʠʤʠ ʷʤʘʤʠ. ɿʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʛʦ ʞ 

ʩʘʤʦʛʦ ʧʨʠʧʫʱʝʥʥʷ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ [3] ʰʘʨʫʚʘʪʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʩʢʣʘ-

ʜʘʣʠʩʷ ʟ ʢʚʘʥʪʦʚʠʭ ʷʤ ʥʘ ʦʩʥʦʚʽ PbTe, ʨʦʟʤʝʞʦʚʘʥʠʭ ʙʘʨ'ʻʨʘʤʠ ʟ Pb1-xEuxTe, ʧʦʢʘʟʘʣʦ, 

ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ (a2s) ʨʦʩʪʝ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʢʚʘʥ-
ʪʦʚʠʭ ʷʤ. ɿʚʽʜʩʠ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʟʙʽʣʴʰʝʥʥʷ Z ʫ ʪʘʢʠʭ ʩʪʨʫʢ-

ʪʫʨʘʭ. ʆʜʥʘʢ ʫ ʽʥʰʠʭ ʨʦʙʦʪʘʭ [4, 5] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʘʥʘʣʦʛʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʛʫʩʪʠʥʠ 

ʩʪʘʥʽʚ ʫ ʩʪʨʫʢʪʫʨʽ ʟ ʨʦʟʤʽʨʥʠʤ ʢʚʘʥʪʫʚʘʥʥʷʤ, ʷʢʝ ʩʧʨʠʯʠʥʷʣʦ ʧʽʜʚʠʱʝʥʥʷ Z, ʤʦʞʝ ʧʨʠ-

ʟʚʦʜʠʪʠ ʦʜʥʦʯʘʩʥʦ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. ʊʦʤʫ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʨʦʩʪʫ 

Z ʥʘ ʦʩʥʦʚʽ ʧʽʜʚʠʱʝʥʥʷ a2s ʧʦʪʨʽʙʥʦ ʨʦʙʠʪʠ ʚʠʚʘʞʝʥʦ. 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ZT ʟʫʩʠʣʣʷ ʚʯʝʥʠʭ ʚʝʣʠʢʦʶ ʤʽʨʦʶ ʟʦʩʝʨʝʜʠʣʠʩʷ ʥʘ ʧʽʜʭʦʜʽ ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ ʥʘʥʦʦʙ'ʻʤʥʠʭ ʩʪʨʫʢʪʫʨ, ʪʘʢʠʭ ʷʢ ʥʘʥʦʯʘʩʪʠʥʢʠ, ʥʘʥʦʪʨʫʙʢʠ, ʽ ʥʘʥʦʜʨʦʪʠ. 

ʋ ʮʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʧʨʦʷʚʣʷʻʪʴʩʷ ʝʬʝʢʪ ʬʦʥʦʥʥʦʛʦ ʨʦʟʩʽʷʥʥʷ, ʷʢʠʡ ʟʥʠʞʫʻ ʪʝʧʣʦʧ-

ʨʦʚʽʜʥʽʩʪʴ. ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʚ [6] ʜʣʷ ʜʚʦʚʠʤʽʨʥʠʭ ʧʣʽʚʢʦʚʠʭ ʩʠʩʪʝʤ ʟ ʰʠʨʠʥʦʶ 

ʢʚʘʥʪʦʚʠʭ ʷʤ ~ 2 ¡, ʧʦʢʘʟʘʣʠ, ʱʦ ʚʝʣʠʯʠʥʘ ZT ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʟʥʘʯʝʥʴ ~ 6. 

ʆʮʽʥʢʠ ZT [7], ʚʠʢʦʥʘʥʽ ʜʣʷ ʢʚʘʥʪʦʚʦʾ ʷʤʠ (ʂʗ) (111) nïʪʠʧʫ PbTe/Pb1-xEuxTe (ʟʘ 

ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ d = 20 ¡ ʽ ne = 1,5 Ö 1019 cʤ-3), ʚʠʷʚʠʣʠ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʤʦʝʣʝʢʪ-

ʨʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʷʢʠʡ ʩʢʣʘʜʘʚ ZT = 0,87. ʎʝ ʟʥʘʯʝʥʥʷ ʪʽʣʴʢʠ ʫ 2 ʨʘʟʠ ʚʠʱʝ, ʥʽʞ ZT 

ʚ ʦʙ'ʻʤʥʦʤʫ ʤʘʪʝʨʽʘʣʽ. ʋ ʚʠʧʘʜʢʫ ʂʗ (100) (ʟʘ ʪʠʭ ʞʝ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ d ʽ ne) ZT 

ʟʘʣʠʰʘʚʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ, ʦʜʥʘʢ ʥʘ ʨʽʚʥʽ, ʷʢʠʡ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 1,4. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʩʠʚʫ ʢʚʘʥʪʦʚʠʭ ʪʦʯʦʢ ʜʣʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚ [8]. ɺʠʷʚʠʣʦʩʷ, ʱʦ ʢʚʘʥʪʦʚʽ ʪʦʯʢʠ, ʨʦʟʧʦʜʽʣʝʥʽ ʚ ʧʣʦʩʢʠʭ ʰʘʨʘʭ ʫʩʝ-

ʨʝʜʠʥʽ ʤʘʪʨʠʮʽ ʟ ʽʥʰʦʾ ʨʝʯʦʚʠʥʠ, ʨʦʟʩʽʶʶʪʴ ʬʦʥʦʥʠ, ʘʣʝ ʥʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʫʭ ʝʣʝʢʪʨʦ-

ʥʽʚ. ɺ [8] ʜʣʷ ʥʘʜˇʨʘʪʢʠ PbSe0,98Te0,02/PbTe n-ʪʠʧʫ ʧʨʦʚʽʜʥʦʩʪʽ ʦʜʝʨʞʘʣʠ ZT = 1,3 · 1,6 

ʧʨʠ 300 K. ʂʚʘʥʪʦʚʽ ʪʦʯʢʠ ʫʪʚʦʨʶʚʘʣʠʩʷ ʚ ʰʘʨʽ PbSe0,98Te0,02. ɿʘʛʘʣʴʥʘ ʪʦʚʱʠʥʘ ʧʣʽʚʢʠ 

ʙʫʣʘ 0,104 ʤʤ. 

ʋ ʨʦʙʦʪʽ [9] ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʙʽʣʴʰʝʥʥʷ ZT ʜʦ ʚʝʣʠʯʠʥʠ 2,4 ʧʨʠ 300 K ʫ ʥʘʜʛʨʘʪ-

ʢʘʭ Bi2Te3/Sb2Te3 ʟ ʨ-ʪʠʧʦʤ ʧʨʦʚʽʜʥʦʩʪʽ. ʊʦʚʱʠʥʘ ʰʘʨʽʚ ʪʝʣʫʨʠʜʫ ʚʽʩʤʫʪʫ ʩʢʣʘʜʘʣʘ 

10 ¡, ʘ ʪʝʣʫʨʠʜʫ ʩʫʨʤʠ ï 50 ¡. ʅʘʜˇʨʘʪʢʘ, ʩʫʪʪʻʚʦ ʟʤʽʥʶʶʯʠ ʚʣʘʩʪʠʚʦʩʪʽ ʬʦʥʦʥʽʚ (ʟʤʝ-

ʥʰʫʶʯʠ ˇʨʘʪʢʦʚʫ ʯʘʩʪʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ) ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʧʣʠʚʘʣʘ ʥʘ ʨʫʭʣʠʚʽʩʪʴ ʜʽʨʦʢ, 

ʷʢʘ ʙʫʣʘ ʦʜʥʘʢʦʚʦʶ ʚʟʜʦʚʞ ʽ ʧʦʧʝʨʝʢ ʰʘʨʽʚ, ʽ ʟʘʣʠʰʘʣʘʩʷ ʧʨʘʢʪʠʯʥʦ ʪʘʢʦʶ ʞ, ʷʢ ʽ ʚ ʦʜ-

ʥʦʨʽʜʥʦʤʫ Sb2Te3 [9]. ʆʜʥʘʢ ʜʣʷ ʥʘʜʛʨʘʪʦʢ Bi2Te3/Sb2Te2,85Se0,17 ʟ n-ʪʠʧʦʤ ʧʨʦʚʽʜʥʦʩʪʽ 

ʧʨʠ ʪʘʢʠʭ ʞʝ ʪʦʚʱʠʥʘʭ ʰʘʨʽʚ ʩʠʪʫʘʮʽʷ ʚʠʷʚʠʣʘʩʷ ʛʽʨʰʦʶ (ZT = 1,4 ʧʨʠ 300 K), ʱʦ ʧʦʚ'-

ʷʟʘʣʠ ʟ ʧʦʛʽʨʰʝʥʥʷʤ ʷʢʦʩʪʽ ʛʨʘʥʠʮʴ ʨʦʟʜʽʣʫ ʚ ʩʪʨʫʢʪʫʨʘʭ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʠʚ ʪʚʝʨ-

ʜʠʡ ʨʦʟʯʠʥ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʻ Bi2Te3, ʘ ʥʘʡʢʨʘʱʽ 

ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʥʘ ʥʘʜˇʨʘʪʢʘʭ Bi2Te3/Sb2Te3. ʇʨʠʩʪʨʦʾ ʥʘ ʦʩʥʦʚʽ ʪʝʣʫʨʠʜʫ 

ʚʽʩʤʫʪʫ ʪʘ ʡʦʛʦ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʙʣʠʟʫ ʢʽʤʥʘʪ-

ʥʦʾ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʷʢʦʩʪʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʦʭʦʣʦʜʞʫʚʘʯʽʚ ʜʣʷ ʣʘʟʝʨʥʠʭ ʜʽʦʜʽʚ, 

ʪʝʧʣʦʚʠʭ ʜʘʪʯʠʢʽʚ, ʫ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʪʦʱʦ. ɸʣʝ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘʜˇʨʘʪʦʢ, 

ʷʢ ʽ ʦʙ'ʻʤʥʦʛʦ Bi2Te3, ʚʠʩʦʢʦʚʘʨʪʽʩʥʝ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ZT ʟʥʘʯʥʦ ʧʦʢʨʘʱʫʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʩʠʥʪʝʟʫ ʦʙ'ʻʤʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫ-

ʨʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʢʨʘʱʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʢʽʚ: Bi2Te3, SiGe, PbTe ʪʘ ʽʥ. ʋ ʨʦʙʦ-

ʪʽ [10] ʜʦʩʷʛʣʠ ʤʘʢʩʠʤʫʤʫ ZT ʚ 1,4 ʽ 1,3 ʫ ʩʧʣʘʚʽ BiSbTe ʨ-ʪʠʧʫ ʰʣʷʭʦʤ ʧʦʜʨʽʙʥʝʥʥʷ 

ʢʫʣʴʦʢ ʩʧʣʘʚʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʟʣʠʚʢʽʚ ʽ ʚʠʭʽʜʥʠʭ ʟʣʠʚʢʽʚ ʩ ʥʘʩʪʫʧʥʠʤ ʛʘʨʷʯʠʤ ʧʨʝʩʫ-

ʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦ. ʋ [11] ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ ʛʘʨʷʯʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʦʙ'ʻʤʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ Bi-Sb-Te ʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʧʦʨʦʰʢʽʚ Bi2Te3/Sb2Te3, 
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ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʫ. ɼʦ ʨʝʯʽ, ʪʘʢʘ ʪʝʭʥʦʣʦʛʽʷ ʦʜʝʨ-

ʞʘʥʥʷ ʦʙ'ʻʤʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʚʽʜʥʦʩʥʦ ʜʝʰʝʚʦʶ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠ-

ʤʠ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ZT ʙʣʠʟʴʢʦ 1,47 ʦʜʝʨʞʘʥʦ ʧʨʠ 180 ʦC ʚ ʦʙ'ʻʤʥʦʤʫ ʤʘʪʝʨʽʘʣʽ, 

ʷʢʠʡ ʩʢʣʘʜʘʚʩʷ ʟ 1:1 Bi2Te3/Sb2Te3 ʧʦʨʦʰʢʫ. 

ʋ ʨʦʙʦʪʽ [12] ʜʣʷ ʩʠʥʪʝʟʫ Bi0,52Sb1,48Te3 ʦʙ'ʻʤʥʦʛʦ ʩʧʣʘʚʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʤʙʽ-

ʥʦʚʘʥʫ ʪʝʭʥʦʣʦʛʽʶ: ʧʣʘʚʣʝʥʥʷ-ʩʧʽʥʥʽʥʛ/ʤʝʭʘʥʽʯʥʝ ʧʦʜʨʽʙʥʝʥʥʷ/ʽʩʢʨʦʚʝ ʧʣʘʟʤʦʚʝ ʩʧʽ-

ʢʘʥʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʜʝʨʞʘʣʠ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ZT = 1,5 ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫ-

ʨʽ. ɺ [13] ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠʩʫʪʥʽʩʪʴ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ ʦʙ'ʻʤʽ ʤʘʪʨʠʮʽ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯ-

ʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʚʝʣʠʯʠʥʠ ZT ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʩʫʪʪʻʚʦʛʦ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʧʨʦ-

ʚʽʜʥʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ. ʅʘʥʦʩʪʨʫʢʪʫʨʠ ʚ ʦʙ'ʻʤʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʦʧʪʠʤʽʟʫʶʪʴ ʰʣʷ-

ʭʦʤ ʧʽʜʙʦʨʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʢʣʘʜʫ [11] ʽ ʟʘʚʜʷʢʠ ʧʨʦʮʝʩʫ ʧʽʜʛʦʪʦʚʢʠ [10, 12]. 

ʊʘ ʚʩʝ ʞ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʽʚ ʥʘʡʙʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤ ʚʚʘʞʘʻʪʴʩʷ 

ʢʨʝʤʥʽʡ, ʷʢ ʜʦʩʠʪʴ ʜʝʰʝʚʠʡ ʤʘʪʝʨʽʘʣ, ʪʝʭʥʦʣʦʛʽʷ ʷʢʦʛʦ ʜʦʙʨʝ ʨʦʟʚʠʥʫʪʘ ʫ ʧʨʦʤʠʩʣʦʚʦ-

ʩʪʽ. ʆʜʥʘʢ, ʱʝ ʜʦʥʝʜʘʚʥʘ ʚʚʘʞʘʣʦʩʷ, ʱʦ ʩʘʤʝ ʜʣʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʢʨʝʤ-

ʥʽʡ ʟʦʚʩʽʤ ʥʝ ʧʨʠʜʘʪʥʠʡ. ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʦʧʝʨʝʪ-

ʚʦʨʶʚʘʯʽʚ ʚʠʩʫʚʘʻ ʜʦ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʽ ʚʠʤʦʛʠ, 

ʷʢʽ ʥʝ ʦʙʤʝʞʫʶʪʴʩʷ ʨʦʟʛʣʷʜʦʤ ʣʠʰʝ ʜʠʥʘʤʽʢʠ ʝʣʝʢʪʨʦʥʽʚ, ʘ ʚ ʨʽʚʥʽʡ ʤʽʨʽ ʩʪʦʩʫʶʪʴʩʷ ʽ 

ʬʦʥʦʥʥʦʾ ʧʽʜʩʠʩʪʝʤʠ [14]. ʊʦʙʪʦ, ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʭʦʨʦʰʠʤʠ 

ʧʨʦʚʽʜʥʠʢʘʤʠ ʽ, ʚ ʪʦʡ ʞʝ ʯʘʩ, ʤʘʪʠ ʥʠʟʴʢʫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. ɸ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʢʨʝʤ-

ʥʽʶ ʜʫʞʝ ʚʠʩʦʢʘ ʚʥʘʩʣʽʜʦʢ ʚʝʣʠʢʦʛʦ ʬʦʥʦʥʥʦʛʦ ʚʥʝʩʢʫ. 

ʇʨʠ ʨʦʟʤʽʨʽ ʥʘʥʦʢʣʘʩʪʝʨʘ, ʤʝʥʰʦʤʫ ʟʘ ʜʦʚʞʠʥʫ ʚʽʣʴʥʦʛʦ ʧʨʦʙʽʛʫ ʝʣʝʢʪʨʦʥʘ, ʢʦʝ-

ʬʽʮʽʻʥʪ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʘʩʠ-

ʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ [15]. ɸʣʝ ʞ ʝʬʝʢʪʠʚʥʽʩʪʶ ʝʣʝʢʪʨʦʥ-ʬʦʥʦʥʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʝʬʝʢʪ ʟʘʭʦʧʣʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʬʦʥʦʥʘʤʠ. ɯ ʪʝ, ʱʦ ʝʬʝʢʪʦʤ ʟʘʭʦʧʣʝʥʥʷ ʥʝʭʪʫʚʘʪʠ ʘʞ ʥʽʷʢ 

ʥʝ ʤʦʞʥʘ, ʧʦʢʘʟʘʥʦ ʚ [16], ʢʦʣʠ, ʩʫʪʪʻʚʦ ʟʥʠʟʠʚʰʠ c ʤʘʩʠʚʫ ʥʘʥʦʜʨʦʪʽʚ ʜʽʘʤʝʪʨʦʤ 

20 ʥʤ (ʦʧʪʠʤʽʟʦʚʘʥʠʭ ʟʘ ʨʽʚʥʝʤ ʣʝʛʫʚʘʥʥʷ ï ʨ = 3 Ö 1019 ʩʤï3), ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʢʨʝʤʥʽʶ, ʽ ʚʠʢʦʨʠʩʪʘʚʰʠ ʝʬʝʢʪ ʟʘʭʦʧʣʝʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʬʦʥʦʥʘʤʠ, ʧʽʜʚʠʱʠʣʠ ZT ʜʦ 

ʦʜʠʥʠʮʽ ʧʨʠ 200 K, ʭʦʯʘ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʜʣʷ ʦʙ'ʻʤʥʠʭ ʢʨʠʩʪʘʣʽʚ ʢʨʝʤʥʽʶ 

ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,01. ɺʣʘʩʥʝ, ʧʝʨʝʭʽʜ ʚʽʜ ʦʙ'ʻʤʥʦʛʦ ʜʦ ʥʘʥʦʨʦʟʤʽʨʥʦʛʦ 

ʢʨʝʤʥʽʶ ʧʨʠʟʚʽʚ ʜʦ ʨʽʟʢʦʛʦ ʟʥʠʞʝʥʥʷ ʡʦʛʦ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽ ʜʦʟʚʦʣʠʚ ʛʦʚʦʨʠʪʠ ʧʨʦ 

ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʘ ʚ ʝʣʝʢʪʨʠʢʫ. ʇʦʜʘʣʴʰʝ ʟʨʦʩʪʘʥʥʷ ʜʦʙʨʦʪʥʦʩʪʽ 

ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʜʽʘʤʝʪʨʘ ʢʨʝʤʥʽʻʚʦʛʦ ʥʘʥʦʜʨʦʪʘ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚ [17]: ʨʦʟʨʘʭʦʚʘʥʝ ʟʥʘ-

ʯʝʥʥʷ ʟʙʽʣʴʰʫʚʘʣʦʩʷ ʘʞ ʜʦ ʚʝʣʠʯʠʥʠ ZT = 3 ʧʨʠ 300 K ʜʣʷ 2 ʥʤ ʥʘʥʦʜʨʦʪʽʚ. 

ʋ ʨʦʙʦʪʽ [18] ʦʧʠʩʘʥʦ ʢʨʝʤʥʽʻʚʽ ʥʘʥʦʜʨʦʪʠ ʜʽʘʤʝʪʨʦʤ 20 · 300 ʥʤ, ʪʝʧʣʦʧʨʦʚʽʜ-

ʥʽʩʪʴ ʷʢʠʭ ʟʥʠʞʝʥʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʙ'ʻʤʥʠʤ ʢʨʝʤʥʽʻʤ. ʇʦʷʩʥʶʻʪʴʩʷ ʮʝ ʨʦʟʩʽʷʥʥʷʤ ʬʦ-

ʥʦʥʽʚ ʥʘ ʰʦʨʩʪʢʽʡ ʧʦʚʝʨʭʥʽ ʥʘʥʦʜʨʦʪʽʚ. ʇʦʨʽʚʥʶʚʘʣʠʩʷ ʥʘʥʦʜʨʦʪʠ ʟ ʛʣʘʜʢʦʶ ʧʦʚʝʨʭ-

ʥʝʶ, ʦʜʝʨʞʘʥʽ ʪʘʢ ʟʚʘʥʠʤ ʤʝʪʦʜʦʤ "ʧʘʨ-ʨʽʜʠʥʘ-ʢʨʠʩʪʘʣ", ʽ ʟ ʰʦʨʩʪʢʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʦʪʨʠʤʘʥʠʭ ʭʽʤʽʯʥʠʤ ʪʨʘʚʣʝʥʥʷʤ. ʅʦʚʠʡ ʤʝʪʦʜ ʪʨʘʚʣʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟ ʧʦʚʝʨʭʥʽ 

ʢʨʝʤʥʽʻʚʦʾ ʧʽʜʢʣʘʜʢʠ, ʚʤʽʱʝʥʦʾ ʫ ʚʦʜʥʠʡ ʨʦʟʯʠʥ, ʛʘʣʴʚʘʥʽʯʥʦ ʧʨʠʙʠʨʘʶʪʴ ʽʦʥʠ ʩʨʽʙʣʘ, 

ʱʦ ʚʠʢʣʠʢʘʻ ʾʾ ʟʤʽʥʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʢʨʝʤʥʽʻʚʠʭ ʥʘʥʦʜʨʦʪʽʚ ʟ ʰʦʨʩʪʢʦʶ ʧʦʚʝʨʭʥʝʶ. 

ɺʠʷʚʠʣʦʩʷ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʜʽʘʤʝʪʨʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʰʦʨʩʪʢʠʭ ʥʘʥʦʜʨʦʪʽʚ ʫ ʢʽʣʴ-

ʢʘ ʨʘʟʽʚ ʥʠʞʯʘ. ʄʽʥʽʤʘʣʴʥʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʜʦʩʷʛʘʻʪʴʩʷ ʜʣʷ ʥʘʥʦʜʨʦʪʽʚ ʜʽʘʤʝʪʨʦʤ 

50 ʥʤ. ʇʨʠ ʮʴʦʤʫ ʢʦʝʬʽʮʽʻʥʪ ZT = 0,6 ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʱʦ ʫ 60 ʨʘʟʽʚ ʧʝʨʝʚʠ-

ʱʫʻ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʙ'ʻʤʥʦʛʦ ʢʨʝʤʥʽʶ. ɼʦʩʣʽʜʥʠʢʠ ʚʚʘʞʘʶʪʴ, ʱʦ ʱʝ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʟʥʘ-

ʯʝʥʴ ZT ʤʦʞʥʘ ʜʦʩʷʛʪʠ, ʟʤʝʥʰʫʶʯʠ ʜʽʘʤʝʪʨ ʥʘʥʦʜʨʦʪʽʚ ʽ ʟʘʩʪʦʩʫʚʘʚʰʠ ʣʝʛʫʚʘʥʥʷ ʾʭ 

ʽʥʰʠʤʠ ʘʪʦʤʘʤʠ (ʟʦʢʨʝʤʘ, ʘʪʦʤʘʤʠ ʙʦʨʫ). ʎʝ ʧʨʠʟʚʝʜʝ ʜʦ ʙʣʦʢʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʢʦʣʠ-

ʚʘʥʴ ˇʨʘʪʢʠ, ʧʝʨʝʰʢʦʜʞʘʶʯʠ ʾʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʶ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʣʴʥʝ ʟʘ ʪʨʘʥʩʧʦʨʪ ʪʝʧ-

ʣʦʚʦʾ ʝʥʝʨʛʽʾ. ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʞʝ, ʧʨʠ ʟʥʘʯʥʦʤʫ ʟʥʠʞʝʥʥʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʟʙʝʨʽ-

ʛʘʪʠʤʝʪʴʩʷ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʽʚʥʽ. 

ɸʚʪʦʨʠ [18] ʚʧʝʚʥʝʥʽ, ʱʦ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʡ ʢʨʝʤʥʽʡ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʤʦʞʝ ʥʝ 

ʪʽʣʴʢʠ ʧʨʠʥʝʩʪʠ ʨʷʜ ʥʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʥʘ ʩʚʽʪʦʚʠʡ ʨʠʥʦʢ ʧʦʙʫʪʦʚʦʾ ʝʣʝʢʪʨʦʥʽʢʠ (ʥʘʧʨʠ-
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ʢʣʘʜ, ʨʷʜ ʢʦʤʧʘʢʪʥʠʭ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ), ʘʣʝ ʡ ʽʩʪʦʪʥʦ ʧʦʣʽʧʰʠʪʠ ʜʝ-

ʷʢʽ ʚʞʝ ʩʴʦʛʦʜʥʽ ʽʩʥʫʶʯʽ ʧʨʠʩʪʨʦʾ, ʩʝʨʝʜ ʷʢʠʭ ʻ ʽ ʧʘʣʠʚʥʽ ʝʣʝʤʝʥʪʠ. ɹʽʣʴʰʝ ʪʦʛʦ, ʝʬʝʢ-

ʪʠʚʥʽ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʨʠʩ. 1) ʜʦʟʚʦʣʷʪʴ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʠ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʠʩʥʦʾ ʜʽʾ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟʘ ʛʝʥʝʨʘʪʦʨʥʠʤ ʧʨʠʥʮʠʧʦʤ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʊʘʢ ʤʦʞʝ ʚʠʛʣʷʜʘʪʠ ʬʨʘʛʤʝʥʪ ʯʽʧʘ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ, 

ʩʪʚʦʨʝʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʢʨʝʤʥʽʻʚʦʛʦ ʥʘʥʦʜʨʦʪʘ [18]. 

 

ʅʘ ʜʦʜʘʪʦʢ ʜʦ ʩʢʘʟʘʥʦʛʦ ʥʘ ʢʦʨʠʩʪʴ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʢʦʪʨʽ ʥʘ ʩʴʦ-

ʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝ ʚʚʘʞʘʶʪʴʩʷ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʦ-ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ, ʧʦʪʨʽʙʥʦ ʟʘʫʚʘ-

ʞʠʪʠ, ʱʦ ʧʦʰʫʢʠ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ, ʷʢʽ ʟʤʦʞʫʪʴ ʥʝ ʪʽʣʴʢʠ ʧʽʜʚʠ-

ʱʫʚʘʪʠ a, ʯʠ ʾʾ ʘʥʽʟʦʪʨʦʧʽʶ Da, ʘʣʝ ʪʘʢʦʞ ʩʫʪʪʻʚʦ ʟʥʠʞʫʚʘʪʠ ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʩʠʩʪʝ-
ʤʠ, ʽʤʦʚʽʨʥʦ, ʚʽʜʢʨʠʶʪʴ ʫ ʥʝʜʘʣʝʢʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ ʥʦʚʽ ʰʣʷʭʠ ʜʣʷ ʟʥʘʯʥʦʛʦ ʧʽʜʚʠ-

ʱʝʥʥʷ ZT ʥʘʚʽʪʴ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʜʽʙʥʠʭ ʜʦ ʢʨʝʤʥʽʶ (ʯʠ ʡ ʩʘʤʦʛʦ 

Si). 
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ɸʥʦʪʘʮʽ̫ 

ɹʝʟʝʣʝʢʪʨʦʜʥʠʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʜʠʥ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʢʘʧʽʣʷʨʘʭ, ʻ ʧʝʨʩʧʝʢ-

ʪʠʚʥʠʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʛʝʪʝʨʦʜʠʩʧʝʨʩʥʠʭ ʥʘʥʦʩʠʩʪʝʤ. ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʽʜʙʫ-

ʚʘʶʪʴʩʷ ʚ ʫʩʪʘʥʦʚʮʽ ʜʣʷ ʙʝʟʝʣʝʢʪʨʦʜʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ ʨʽʜʠʥ. ɼʦʩʣʽʜʞʝʥʦ ʯʘʩʪʦ-

ʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʥʦʰʫʚʘʣʴʥʦʛʦ ʟʘʪʫʭʘʥʥʷ ʫ ʢʦʣʠʚʘʣʴʥʠʡ ʢʦʥʪʫʨ ʚʠʢʣʠʢʘʥʦʛʦ ʧʨʠʩʫʪʥʽʩ-
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ʪʶ ʨʽʜʠʥʠ ʟ ʧʠʪʦʤʠʤ ʦʧʦʨʦʤ ɟ ʚ ʽʥʜʫʢʪʠʚʥʦ ʟʚôʷʟʘʥʦʤʫ ʢʘʧʽʣʷʨʥʦʤʫ ʩʦʣʝʥʦʾʜʽ ʚ ʜʽʘʧʘ-

ʟʦʥʽ ʯʘʩʪʦʪ 2,2-8,8 ʄɻʮ. 

Abstract 

Electrodeless method of research fluids that flow in capillaries, is a promising research 

of the hetero disperse nanosystems. The processes that occur in the installation for elec-

trodeless resistance measurement of liquids. The frequency dependence investigated of atten-

uation in the oscillating circuit caused by the presence of fluid resistivity ɟ in the inductive 

solenoid capillary bound in the frequency range 2,2-8,8 MHz. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʯʘʩʪʦʪʥʘ ʟʘʣʝʞʥʽʩʪʴ, ʢʦʣʠʚʘʣʴʥʠʡ ʢʦʥʪʫʨ, ʙʝʟʝʣʝʢʪʨʦʜʥʠʡ ʤʝʪʦʜ, 

ʜʦʙʨʦʪʥʽʩʪʴ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʨʽʜʠʥʠ  

Keywords: frequency dependence, skin effect, electrodeless method, quality factor, 

conductivity, resonance frequency, oscillating circuit, liquid. 

ɹʝʟʝʣʝʢʪʨʦʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʧʦʨʫ ʨʽʜʠʥ [1-3] ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʮʽ [4, 5], ʯʘ-

ʩʪʠʥʦʶ ʷʢʦʾ ʻ ʢʘʧʽʣʷʨʥʠʡ ʩʦʣʝʥʦʾʜ ʽʥʜʫʢʪʠʚʥʦ ʟʚôʷʟʘʥʠʡ ʟ ʢʦʣʠʚʘʣʴʥʠʤ ʢʦʥʪʫʨʦʤ, ʷʢʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.  

 
ʈʠʩ. 1. ʂʘʧʽʣʷʨʥʠʡ ʩʦʣʝʥʦʾʜ ʽʥʜʫʢʪʠʚʥʦ ʟʚôʷʟʘʥʠʡ ʟ ʢʦʣʠʚʘʣʴʥʠʤ ʢʦʥʪʫʨʦʤ ʜʣʷ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʨʽʜʠʥ ʙʝʟʝʣʝʢʪʨʦʜʥʠʤ ʩʧʦʩʦʙʦʤ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʙʨʦʪʥʦʩʪʽ Q ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ ʚ ʦʙʣʘʩʪʽ ʯʘʩ-

ʪʦʪ fmin=0,45 ʄɻʮ - fmax =1,5 ʄɻʮ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 2. 

 
ʈʠʩ. 2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʯʘʩʪʦʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʦʙʨʦʪʥʦʩʪʽ Q(f) ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ: 0 

ï ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʨʽʜʠʥʠ, 1-4 ï ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʨʽʜʠʥʠ ʽʟ ʧʠʪʦʤʦʶ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ ů 

(ů1 = 3,45 ʉʤ/ʤ; ů2 = 1,7 ʉʤ/ʤ; ů3 = 0,87 ʉʤ/ʤ; ů4 = 0,096 ʉʤ/ʤ) 
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 ɼʣʷ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʛʣʷʥʝʤʦ ʚʥʦʰʫʚʘʣʴʥʠʡ 

ʚʢʣʘʜ d ʫ ʟʘʪʫʭʘʥʥʷ ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ, ʚʠʢʣʠʢʘʥʦʛʦ ʣʠʰʝ ʥʘʷʚʥʽʩʪʶ ʨʽʜʠʥʠ ʽʟ ʧʠ-

ʪʦʤʦʶ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ ů ʫ ʢʘʧʽʣʷʨʥʦʤʫ ʩʦʣʝʥʦʾʜʽ ʽʥʜʫʢʪʠʚʥʦ ʟʚôʷʟʘʥʦʤʫ ʽʟ ʢʦʣʠʚʘ-

ʣʴʥʠʤ ʢʦʥʪʫʨʦʤ [6]: 
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ssÖ= ),(
1
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, (1) 

ʜʝ Q0 ï ʜʦʙʨʦʪʥʽʩʪʴ ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʨʽʜʠʥʠ, Q(ů) ï

ʜʦʙʨʦʪʥʽʩʪʴ ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʨʽʜʠʥʠ ʽʟ ʧʠʪʦʤʦʶ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩ-
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, (2) 

ʜʝ ɤ=2ˊf, ʄ ï ʚʟʘʻʤʦʽʥʜʫʢʪʠʚʥʽʩʪʴ ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ L ʽ ʢʘʧʣʷʨʥʦʛʦ ʩʦʣʝʥʦʾ-

ʜʘ Lc ʟʘʧʦʚʥʝʥʦʛʦ ʨʽʜʠʥʦʶ, lʢ - ʜʦʚʞʠʥʘ ʢʘʧʽʣʷʨʘ ʟ ʨʽʜʠʥʦʶ; lʟ - ʜʦʚʞʠʥʘ ʢʘʧʽʣʷʨʘ ʟ ʨʽ-

ʜʠʥʶ ʚ ʨʝʘʢʪʠʚʥʽʡ ʟʦʥʽ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʽʥ-ʝʬʝʢʪʫ 
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ʜʝ h ï ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʫ ʢʘʧʽʣʷʨʽ ʟ ʨʽʜʠʥʦʶ, ʷʢʘ ʟʘ-

ʣʝʞʠʪʴ ʚʽʜ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʨʽʜʠʥ. 

ɺʨʘʭʫʚʘʚʰʠ, ʱʦ ʟʛʽʜʥʦ [3]: 

() rÖ= fɸ
r

h

ʢ       (4) 

ʦʜʝʨʞʠʤʦ ʜʣʷ d ʩʣʽʜʫʶʯʠʡ ʚʠʨʘʟ: 

.
)(

)()()(
)()(2 1

0

2

rr

fa
fafAfB

fAfB
d +=-=

    (5) 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʥʦʰʫʚʘʣʴʥʦʛʦ ʟʘʪʫʭʘʥʥʷ di=(1/Qi-1/Q0) ʚʽʜ ʯʘʩʪʦʪʠ f ʧʨʠ-

ʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3, ʜʝ ʽʥʜʝʢʩ ʽ ʥʫʤʝʨʫʻ ʨʽʜʠʥʠ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʚʠʱʝ ʚʢʘʟʘʥʥʠʤʠ ʟʥʘʯʝʥ-

ʥʷʤʠ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. 
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ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʚʥʦʰʫʚʘʣʴʥʦʛʦ ʟʘʪʫʭʘʥʥʷ di=(1/Qi-1/Q0) ʚʽʜ ʯʘʩʪʦʪʠ f ʜʣʷ ʯʦʪʠʨʴʦʭ 

ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʨʽʜʠʥ ů: ů1=3,45Cʤ/ʤ; ů2=1,7 Cʤ/ʤ; 

ů3=0,87 Cʤ/ʤ; ů4=0,096 Cʤ/ʤ. 

ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʢʘʟʫʻ ʥʘ ʥʘʷʚʥʽʩʪʴ ʩʢʽʥ-ʝʬʝʢʪʫ, ʪʦʤʫ ʙʫʣʠ 

ʧʦʙʫʜʦʚʘʥʽ ʟʘʣʝʞʥʦʩʪʽ di=(1/Qi-1/Q0) ʚʽʜ ʯʘʩʪʦʪʠ f3/2, ʷʢʽ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4. ʗʢ ʚʠʜʥʦ ʽʟ 

ʨʠʩ.4 ʜʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚ ʢʦʦʨʜʠʥʘʪʘʭ (f3/2, d) ʤʘʶʪʴ ʚʠʛʣʷʜ ʧʨʷʤʠʭ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʱʝ ʥʘʚʝʜʝʥʫ ʪʝʦʨʝʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʦʙʝʨʥʝʥʦʾ ʜʦʙʨʦʪʥʦʩʪʽ ʚʽʜ 

ʯʘʩʪʦʪʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʩʢʽʥ-ʝʬʝʢʪʫ. ʇʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʢʽʥ-ʝʬʝʢʪʫ d~f.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʥʦʰʫʚʘʣʴʥʦʛʦ ʟʘʪʫʭʘʥʥʷ ʚʽʜ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦ-

ʚʽʜʥʦʩʪʽ ʨʽʜʠʥ ʜʣʷ ʯʦʪʠʨʴʦʭ ʯʘʩʪʦʪ (f1=1,5 ʄɻʮ; f2=1 ʄɻʮ; f3=0,65 ʄɻʮ; f4=0,45 ʄɻʮ) ʪʘ 

ʚʦʩʴʤʠ ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 5. 

ɯʟ ʪʝʦʨʝʪʠʯʥʦʾ ʬʦʨʤʫʣʠ (5) ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʥʦʰʫʚʘʣʴʥʦʛʦ ʟʘ-

ʪʫʭʘʥʥʷ ʚʽʜ ʯʘʩʪʦʪʠ (ʨʠʩ. 4) ʩʣʽʜʫʻ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʘ1(f) ʟʘʣʝʞʠʪʴ ʣʽʥʽʡʥʦ ʚʽʜ ʯʘʩʪʦʪʠ ʚ 

ʩʪʝʧʝʥʽ 3/2. 

 
ʈʠʩ. 4. ɿʘʣʝʞʥʽʩʪʴ ʚʥʦʰʫʚʘʣʴʥʦʛʦ ʟʘʪʫʭʘʥʥʷ d=̔(1/Q -̔1/Q0) ʚʽʜ ʯʘʩʪʦʪʠ f3/2 ʜʣʷ ʨʽʜʠʥ ʽʟ 

ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ (1 ï3,45 ʉʤ/ʤ, 2 - 1,7ʉʤ/ʤ, 3 - 0,87 

ʉʤ/ʤ, 4 - 0,096 ʉʤ/ʤ). 
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ʈʠʩ. 5 ɿʘʣʝʞʥʽʩʪʴ ʚʥʦʰʫʚʘʣʴʥʦʛʦ ʟʘʪʫʭʘʥʥʷ ʚʽʜ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʨʽʜʠʥ ʜʣʷ 

ʯʦʪʠʨʴʦʭ ʬʽʢʩʦʚʘʥʠʭ ʯʘʩʪʦʪ (f1=1,5 ʄɻʮ; f2=1 ʄɻʮ; f3=0,65 ʄɻʮ; f4=0,45 ʄɻʮ) 

 

ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩ. 5 ʮʽ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ ʣʽʥʽʡʥʠʭ ʧʨʠ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ů, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʩʢʽʥ-ʝʬʝʢʪʫ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʣʽ-

ʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʚʥʦʰʫʚʘʣʴʥʦʛʦ ʟʘʪʫʭʘʥʥʷ ʚʽʜ ʢʦʨʝʥʷ ʢʚʘʜʨʘʪʥʦʛʦ ʟ ʧʠʪʦʤʦʾ ʝʣʝʢʪ-

ʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʜʣʷ ʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʧʨʦʚʽʜʥʦʩʪʽ ů, ʷʢʽ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʬʦ-

ʨʤʫʣʦʶ (5) ʪʘ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 6.  

 
ʈʠʩ. 6. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʽ ʪʝʦʨʝʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʥʦʰʫʚʘʣʴʥʦʛʦ ʟʘʪʫʭʘʥʥʷ ʚʽʜ ʢʦʨʝʥʷ 

ʢʚʘʜʨʘʪʥʦʛʦ ʟ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. 

ɯʟ ʬʦʨʤʫʣʠ (5) ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʘ1(f)=-0,006781+3,668Āf3/2ʪʘʢʦʞ 

ʩʣʽʜʫʻ, ʱʦ ʢʦʝʬʽʮʻʥʪ ʘ0(f)=0,2359+2,008Āf2 ʟʘʣʝʞʠʪʴ ʣʽʥʽʡʥʦ ʚʽʜ ʢʚʘʜʨʘʪʫ ʯʘʩʪʦʪʠ f2. 

ɿʥʘʶʯʠ ʘ1(f) ʪʘ ʘ0(f) ʟ ʚʠʨʘʟʫ (5) ʤʦʞʥʘ ʟʥʘʡʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ɺ(f) ʪʘ ɸ(f): ʟʛʽʜʥʦ ʬʦʨʤʫʣ: 
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ɸ(f)= ʘĀf1/2=1,095Āf1/2,      (6) 

ɺ(f) =bĀf =1,675Āf.      (7) 

ɿʛʽʜʥʦ ʚʠʨʘʟʽʚ (4, 6) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘʣʝʞʥʽʩʪʴ ʩʢʽʥ-ʝʬʝʢʪʫ ʚʽʜ ʧʠʪʦʤʦʾ ʝʣʝʢʪ-

ʨʦʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʨʷʜʫ ʬʽʢʩʦʚʘʥʠʭ ʯʘʩʪʦʪ f. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 

9.  

 
ʈʠʩ. 9. ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʰʝʥʥʷ ʩʢʽʥ-ʰʘʨʫ h ʜʦ ʨʘʜʽʫʩʫ rʢ ʚʽʜ ʧʠʪʦʤʦʾ ʝʣʝʢʪʨʦʧʨʦ-

ʚʽʜʥʦʩʪʽ ʨʽʜʠʥ ʜʣʷ ʯʦʪʠʨʴʦʭ ʯʘʩʪʦʪ f (f1=1,5 ʄɻʮ; f2=1 ʄɻʮ; f3=0,65ʄɻʮ; f4=0,45 ʄɻʮ). 

ɺʠʩʥʦʚʦʢ 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʠʪʦʤʦʛʦ ʦʧʦʨʫ ʨʽʜʠʥ ʚ ʢʘʧʽʣʷʨʘʭ ʧʨʠ ʨʽʟʥʠʭ ʯʘʩʪʦʪʘʭ ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʢʦʣʦʾʜʥʠʭ ʨʦʟʯʠʥʽʚ ʽʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʨʘʜʽʘʣʴʥʠʤ ʨʦʟʧʦʜʽ-

ʣʦʤ ʜʠʩʧʝʨʛʫʶʯʠʭ ʨʝʯʦʚʠʥ, ʦʩʦʙʣʠʚʦ ʫ ʚʠʧʘʜʢʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʩ-

ʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ. 
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ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʝʬʠʥʠʮʠʡ, ʨʘʟʨʘʙʦʪʘʥ ʩʠʥʪʘʢʩʠʩ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʟʥʘʥʠʷ ʠʟ ʧʦʪʦ-

ʢʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʧʦʤʦʱʠ ʵʪʠʭ ʪʝʥʟʦʨʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʠ ʩʠʥʪʝʪʠʯʝ-

ʩʢʦʡ ʧʨʦʮʝʜʫʨ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

Abstract 

Semantic information is analyzed by the tensors of mass data of fundamental defini-

tions. New knowledge is extracted from mass data by these tensors and analytical and syn-

thetic procedures. This method allows verifying of mass data. 
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ʇʦʩʪʘʥʦʚʢʘ ʚʦʧʨʦʩʘ. ʇʦʜ ʬʦʨʤʘʣʠʟʘʮʠʝʡ ʧʦʥʠʤʘʶʪ ʦʪʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʥʝʢʦ-

ʪʦʨʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩ ʧʦʤʦʱʴʶ ʩʠʤʚʦʣʦʚ, ʢʘʢʦʛʦ - ʣʠʙʦ ʷʟʳʢʘ, ʧʨʠ ʵʪʦʤ ʬʦʨʤʘ-

ʣʠʟʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʯʝʪʳʨʝ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʘ: 1) ʚʚʝʜʝʥʠʝ ʪʝʨʤʠʥʦʚ ʠʩʭʦʜʥʳʭ 

ʧʦʥʷʪʠʡ, ʘ ʪʘʢʞʝ ʪʝʨʤʠʥʦʚ ʦʩʥʦʚʥʳʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʥʷʪʠʷʤʠ, 2) ʚʚʝʜʝʥʠʝ 

ʧʝʨʝʤʝʥʥʳʭ ʠ ʧʨʘʚʠʣ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʨʤʫʣ, 3) ʚʚʝʜʝʥʠʝ 

ʠʩʭʦʜʥʳʭ ʜʦʢʘʟʫʝʤʳʭ ʬʦʨʤʫʣ (ʘʢʩʠʦʤ), 4) ʚʚʝʜʝʥʠʝ ʧʨʘʚʠʣ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ, ʧʦʟ-

ʚʦʣʷʶʱʠʭ ʠʟ ʘʢʩʠʦʤ ʧʦʣʫʯʘʪʴ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʥʠʭ ʜʦʢʘʟʫʝʤʳʝ ʬʦʨʤʫʣʳ (ʪʝʦʨʝʤʳ) [1]. 

ʇʦʜ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙʳʯʥʦ ʧʦʥʠʤʘʶʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʚʝʜʝʥʠʡ ʦʙ ʦʢʨʫʞʘʶʱʝʤ ʤʠ-

ʨʝ, ʦ ʚʩʝʚʦʟʤʦʞʥʳʭ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʝʤ ʧʨʦʮʝʩʩʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʧʨʠʥʷʪʳ 

ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ, ʵʣʝʢʪʨʦʥʥʳʤʠ ʤʘʰʠʥʘʤʠ ʠ ʜʨʫʛʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝ-

ʤʘʤʠ ʷʚʣʷʶʱʠʭʩʷ ʦʙʲʝʢʪʦʤ ʭʨʘʥʝʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʟʤʝʨʷʶʪ ʚ ʙʠʪʘʭ 

ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʥʠʭ ʝʜʠʥʠʮʘʭ [2].  

ɺʩʣʝʜ ʟʘ ʐʝʥʥʦʥʦʤ, ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʥʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ 

ʪʨʝʭ ʘʩʧʝʢʪʦʚ: ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ, ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʠ ʧʨʘʛʤʘʪʠʯʝʩʢʦʛʦ [3]. 

ʇʦʜ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦʥʠʤʘʶʪ ʩʤʳʩʣʦʚʦʡ ʘʩʧʝʢʪ ʠʥʬʦʨʤʘʮʠʠ, ʦʪ-

ʨʘʞʘʶʱʠʡ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʬʦʨʤʦʡ ʩʦʦʙʱʝʥʠʷ ʠ ʝʛʦ ʩʤʳʩʣʦʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ [1]. 

ʉʠʥʪʘʢʩʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʠʥʬʦʨʤʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʥʬʦʨʤʘʮʠʶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ, ʩʪʨʫʢʪʫʨʳ, ʧʦʩʪʨʦʝʥʠʷ ʧʝʨʝʜʘʚʘʝʤʳʭ ʩʦʦʙʱʝʥʠʡ ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʦ ʢ ʠʭ 

ʩʤʳʩʣʦʚʦʤʫ ʩʦʜʝʨʞʘʥʠʶ [1]. 

ʇʨʘʛʤʘʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʠʥʬʦʨʤʘʮʠʠ ʵʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʦʣʝʟʥʦʩʪʠ, ʧʨʠʛʦʜʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ [1].  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ ʘʜʝʢʚʘʪʥʘʷ ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʘʷ 

ʪʝʦʨʠʷ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʝʝ ʩʠʥʪʘʢʩʠʩ, ʨʘʟʨʘʙʦʪʘʝʤ ʬʦʨʤʘʣʠʟʤ ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʠʡ ʨʝʘʣʠʟʘʮʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʟʥʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʥʪʘʢʩʠʯʝ-

ʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦ-
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ʩʘ ʝʱʝ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ 

ʙʘʟ ʜʘʥʥʳʭ ʠ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ.  

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʠʟ-

ʤʝʨʝʥʠʶ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ ʚ ʢʦʥʮʝʧʮʠʠ ʀ. ɹʘʨ-ʍʠʣʣʝʣʘ ʠ ʈ. 

ʂʘʨʥʘʧʘ ʩʦʦʙʱʝʥʠʝ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʧʨʦʧʦʟʠʮʠʦʥʘʣʴʥʘʷ ʬʦʨʤʫʣʘ, ʘ ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʠʥ-

ʬʦʨʤʘʮʠʷ ʠʟʤʝʨʷʝʪʩʷ ʯʠʩʣʦʤ ʩʦʩʪʦʷʥʠʡ ʫʥʠʚʝʨʩʫʤʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʵʪʘ ʬʦʨʤʫʣʘ ʣʦʞʥʘ 

[4]. ʕʪʦ ʨʝʘʣʠʟʘʮʠʷ ʠʜʝʠ  

ɻ. ɺ. ʃʝʡʙʥʠʮʘ ʦ ʪʦʤ, ʯʪʦ ʣʦʛʠʯʝʩʢʠ ʠʩʪʠʥʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ, ʚʝʨʥʳʝ ʚʦ ʚʩʝʭ ʚʦʟ-

ʤʦʞʥʳʭ ʤʠʨʘʭ, ʥʝ ʤʦʛʫʪ ʥʝʩʪʠ ʬʘʢʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʚʦʜʠʪ ʢ ʘʙ-

ʩʫʨʜʥʳʤ ʚʳʚʦʜʘʤ, ʥʘ ʢʦʪʦʨʳʝ ʫʢʘʟʘʣ ʌʣʦʨʠʜʠ [5]. ʆʥ ʟʘʤʝʪʠʣ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ 

ɹʘʨ - ʍʠʣʣʝʣʘ ʠ ʂʘʨʥʘʧʘ: çĂʊʨʝʫʛʦʣʴʥʠʢ ʠʤʝʝʪ ʯʝʪʳʨʝ ʩʪʦʨʦʥʳñ ʧʦʪʦʤʫ ʯʪʦ ʩʦʛʣʘʩʥʦ 

ʠʭ ʪʝʦʨʠʠ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʵʪʦʤ ʧʨʦʪʠʚʦʨʝʯʠʠ ʟʘʢʣʶʯʝʥʦ ʙʦʣʴʰʝ ʩʤʳʩ-

ʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʯʝʤ ʚ ʫʩʣʦʚʥʦ ʠʩʪʠʥʥʦʤ ʫʪʚʝʨʞʜʝʥʠʠ Ăɿʝʤʣʷ ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʜʥʫ 

ʃʫʥʫñè. ʌʣʦʨʠʜʠ ʥʘʟʚʘʣ ʵʪʦ çʧʘʨʘʜʦʢʩʦʤ ɹʘʨ-ʍʠʣʣʝʣʘ-ʂʘʨʥʘʧʘè [5]. 

ʃ. ʌʣʦʨʠʜʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʥʝ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʩʥʷʪʠʷ ʥʝʦʧʨʝʜʝʣʝʥ-

ʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʐʝʥʥʦʥ [3], ʘ ʨʘʟʜʝʣʷʝʪ ʠ ʨʘʟʚʠʚʘʝʪ ʪʦʯʢʫ ʟʨʝʥʠʷ ʅ. ɺʠʥʝʨʘ [6] ʦ ʪʦʤ, 

ʯʪʦ ʛʣʘʚʥʦʝ ʚ ʠʥʬʦʨʤʘʮʠʠ ʵʪʦ ʩʦʜʝʨʞʘʪʝʣʴʥʦʩʪʴ ʠ ʟʥʘʥʠʷ. 

ʌʣʦʨʠʜʠ ʚʚʝʣ ʧʦʥʷʪʠʝ ʫʩʣʦʚʥʦ ʣʦʞʥʦʛʦ ʧʨʝʜʣʦʞʝʥʠʷ (contingently false sentence), 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʢʦʥʲʶʥʢʮʠʶ ʜʚʫʭ ʝʛʦ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʠʩ-

ʪʠʥʥʘʷ, ʘ ʚʪʦʨʘʷ ð ʣʦʞʥʘʷ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʣʦʛʠʢʠ ʫʩʣʦʚʥʦ ʣʦʞʥʦʝ ʧʨʝʜ-

ʣʦʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦ ʣʦʞʥʳʤ ʠ ʥʝʩʝʪ ʪʦʣʴʢʦ ʜʝʟʠʥʬʦʨʤʘʮʠʶ. ɺ ʝʛʦ ʩʦʙʩʪʚʝʥʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʦʣʠʯʝʩʪʚʦ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʦʙʱʝʥʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝ-

ʧʝʥʴʶ ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʪʦʛʦ ʩʦʦʙʱʝʥʠʷ ʩʠʪʫʘʮʠʠ (ʪʦ ʝʩʪʴ ʪʦʤʫ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʘʥʥʦʤ 

ʤʝʩʪʝ ʠ ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ). ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʚʦʟʥʠʢʘʝʪ ʣʠʙʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʝʩʩʦʜʝʨʞʘʪʝʣʴ-

ʥʦʩʪʠ ʩʦʦʙʱʝʥʠʷ, ʣʠʙʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʥʝʪʦʯʥʦʩʪʠ. ɺ ʩʚʦʝʡ ʪʝʦʨʠʠ ʌʣʦʨʠʜʠ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʧʦʥʷʪʠʝ ʜʝʟʠʥʬʦʨʤʘʮʠʠ, ʚʤʝʩʪʦ ʵʪʦʛʦ ʦʥ ʚʚʦʜʠʪ ʧʦʥʷʪʠʝ 

ʩʪʝʧʝʥʠ ʥʝʪʦʯʥʦʩʪʠ ʫʩʣʦʚʥʦ ʣʦʞʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʥʦʩʪʠ ʘʪʦ-

ʤʘʨʥʳʭ ʧʨʝʜʣʦʞʝʥʠʡ ʌʣʦʨʠʜʠ ʧʨʠʥʠʤʘʝʪ ʧʨʠʥʮʠʧ ʘʧʨʠʦʨʥʦʛʦ ʚʩʝʟʥʘʥʠʷ [5], ʯʪʦ ʩʘʤʦ 

ʷʚʣʷʝʪʩʷ ʧʘʨʘʜʦʢʩʦʤ. 

ʂ ʩʦʞʘʣʝʥʠʶ ʥʝ ʦʜʥʘ ʠʟ ʪʝʦʨʠʡ ʥʝ ʦʧʝʨʠʨʫʝʪ ʩ ʢʦʥʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠ ʥʝ ʧʝ-

ʨʝʚʦʜʠʪ ʝʝ ʚ ʧʨʘʛʤʘʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ ʩʫʙʲʝʢʪʘ, ʯʝʣʦʚʝʢʘ ʠʣʠ ʘʚʪʦʤʘʪʘ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʜʘʥʥʳʭ ʠ ʥʝ 

ʠʤʝʝʪ ʩʠʥʪʘʢʩʠʩʘ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʟʥʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʪʦʢʘ ʜʘʥʥʳʭ. 

ɺ ʨʘʙʦʪʝ [7] ʧʨʝʦʜʦʣʝʥʳ ʫʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴ-

ʥʳʭ ʜʝʬʠʥʠʮʠʡ, ʦʩʪʝʥʩʠʚʥʳʭ (ostensive definition) ʠʣʠ ʢʚʘʟʠ ʦʩʪʝʥʩʠʚʥʳʭ (ʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʯʝʨʝʟ ʧʦʩʨʝʜʩʪʚʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ), ʩʦʟʜʘʥ ʬʦʨʤʘʣʴʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ, ʧʦʟʚʦʣʠʚʰʠʡ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʢʦʥʚʝʥʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʜʝʬʠʥʠʮʠʷʭ ʠ ʧʝʨʝʡʪʠ ʢ 

ʧʨʠʜʘʥʠʶ ʠʤ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ, ʢʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʷʚʣʝʥʠʝ, ʩʫʱʥʦʩʪʴ ʠʣʠ ʦʙʲ-

ʝʢʪʠʚʥʫʶ ʨʝʘʣʴʥʦʩʪʴ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʪʴ ʘʙ-

ʩʪʨʘʢʪʥʳʡ, ʢʦʜʠʬʠʮʠʨʫʶʱʠʡ ʩʤʳʩʣ ʚʩʝʭ ʜʝʬʠʥʠʮʠʡ ʩ ʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ, ʦʩʪʝʥ-

ʩʠʚʥʳʤ ʩʤʳʩʣʦʤ, ʧʦʣʫʯʝʥʘ ʬʦʨʤʫʣʘ ʩʚʷʟʳʚʘʶʱʘʷ ʢʦʣʠʯʝʩʪʚʦ ʙʠʪʦʚ ʠʥʬʦʨʤʘʮʠʠ ʦ ʷʚ-

ʣʝʥʠʠ, ʩʫʱʥʦʩʪʠ ʠʣʠ ʦʙʲʝʢʪʠʚʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʜʝʬʠʥʠʮʠʡ, ʦʧʨʝʜʝʣʷʶ-

ʱʠʤ ʵʪʦ ʷʚʣʝʥʠʝ, ʩʫʱʥʦʩʪʴ ʠʣʠ ʦʙʲʝʢʪʠʚʥʫʶ ʨʝʘʣʴʥʦʩʪʴ: 
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 m- ʜʝʬʠʥʠʮʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʠʟ n ʙʠʪʦʚ ʛʨʫʧʧʳ 

ʧʦ m ʙʠʪʦʚ, ʜʘʶʱʠʭ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʜʘʥʥʦʤ ʷʚʣʝʥʠʠ, ʩʫʱʥʦʩʪʠ ʠʣʠ ʦʙʲʝʢʪʠʚ-

ʥʦʡ ʨʝʘʣʴʥʦʩʪʠ.  
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 ʋʢʘʟʘʥʥʳʝ ʧʦʜʭʦʜʳ ʚ ʪʝʦʨʠʠ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ 

ʛʣʘʚʥʫʶ ʟʘʜʘʯʫ: ʧʝʨʝʜʘʯʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩʤʳʩʣʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʯʫ 

ʝʝ ʩʦʜʝʨʞʘʥʠʷ ʠ ʠʩʪʠʥʥʦʩʪʠ ʵʪʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. ʕʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʜʝʬʠʥʠʮʠʠ, ʢʘʢ 

ʫʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [7], ʢʦʜʠʨʫʶʪʩʷ ʩʦʯʝʪʘʥʠʷʤʠ ʙʠʪʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʬʠʢʩʠʨʫʝʤʳʤʠ ʦʨ-

ʛʘʥʘʤʠ ʯʫʚʩʪʚ ʯʝʣʦʚʝʢʘ. ʊʦ ʝʩʪʴ, ʦʙʲʝʢʪʠʚʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʜʘʥʥʘʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʯʝ-

ʣʦʚʝʢʫ ʚ ʝʛʦ ʦʱʫʱʝʥʠʷʭ, ʝʩʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʦʱʫʱʝʥʠʡ, ʦ ʯʝʤ ʝʱʝ ʜʦʛʘʜʳʚʘʣʩʷ  

ʂʘʥʪ [1]. ʕʪʠʤ ʠ ʨʝʰʘʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʠʩʪʠʥʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʝʬʠʥʠʮʠʡ. 

ʆʥʠ ʥʘʩʪʦʣʴʢʦ ʠʩʪʠʥʥʳ, ʥʘʩʢʦʣʴʢʦ ʪʦʯʥʳ ʬʠʟʠʯʝʩʢʠʝ ʦʱʫʱʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ 

ʦʪʨʘʞʝʥʠʠ ʦʙʲʝʢʪʠʚʥʦʡ ʨʝʘʣʴʥʦʩʪʠ [7]. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ 

ʧʦʥʷʪʠʷʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʝʬʠʥʠʮʠʡ ʧʦʣʥʦʩʪʴʶ ʩʦʜʝʨʞʘʪʝʣʴʥʘ ʠ ʠʩʪʠʥʥʘ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʟʥʘʥʠʷ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʪʦʢʘ ʜʘʥ-

ʥʳʭ. 

ʀʟʣʦʞʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [8] ʩʝʤʘʥʪʠʯʝʩʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʢʘʢ ʩʦʚʦʢʫʧʥʫʶ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘ-

ʮʠʶ, ʢʘʢ ʩʫʤʤʫ ʯʝʣʦʚʝʯʝʩʢʠʭ ʟʥʘʥʠʡ. ɿʘ ʚʳʯʝʪʦʤ ʜʫʙʣʠʨʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʚʠʜʘ 

ABA =Ø  ʠ ʪʦʞʜʝʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʠʜʘ BA= ʢʦʣʠʯʝʩʪʚʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʝ-

ʬʠʥʠʮʠʡ ʩʦʚʦʢʫʧʥʦʡ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʫʜʝʪ ʨʘʚʥʦ [7]: 
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,ʛʜʝ n - ʢʦʣʠʯʝʩʪʚʦ ʫʥʠʢʘʣʴʥʳʭ ʙʠʪʦʚ ʠʥʬʦʨʤʘʮʠʠ; 
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nC
- ʯʠʩʣʦ ʠʭ ʩʦʯʝʪʘʥʠʡ ʠʟ n 

ʙʠʪʦʚ ʧʦ m.  

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʫʥʠ-

ʢʘʣʴʥʳʝ, ʘ ʥʝ ʪʦʞʜʝʩʪʚʝʥʥʳʝ.  

ʄʥʦʞʝʩʪʚʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʝʬʠʥʠʮʠʡ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ ʚʝʢ-

ʪʦʨʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʝʬʠʥʠʮʠʡ [7], ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ ʝʩʪʴ ʤʥʦʞʝʩʪʚʦ ʩʦʯʝʪʘʥʠʡ 
m

nC
 ʚʠʜʘ 1n , 2n , 3n

, 1n 2n , 1n 3n
, 2n 3n

, 1n 2n 3n
, é, 1n  é n n . ɿʜʝʩʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʜʝʬʠʥʠʮʠʠ ʚʠʜʘ nn ʷʚʣʷʶʪʩʷ ʦʜʥʦʙʠʪʦʚʳʤʠ, ʥʘʟʦʚʝʤ ʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʙʠʪʘʤʠ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʀʥʬʦʨʤʘʮʠʷ ʦʨʛʘʥʘʤʠ ʯʫʚʩʪʚ ʯʝʣʦʚʝʢʘ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʧʦʩʪʘʚʣʝ-

ʥʠʷ ʩ ʧʦʨʦʛʦʤ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʩ ʵʪʘʣʦʥʦʤ ï ʝʩʪʴ ʩʠʛʥʘʣ ç1è, ʥʝʪ ʩʠʛʥʘʣʘ ç0è, ʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʚ ʢʦʣʠʯʝʩʪʚʝ ʧʦʨʦʛʦʚ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʬʦʪʦʨʝʮʝʧʪʦʨʥʘʷ 

ʢʣʝʪʢʘ (ʧʘʣʦʯʢʘ) ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʙʫʞʜʝʥʘ ʦʜʥʠʤ ʢʚʘʥʪʦʤ ʩʚʝʪʘ, ʘ ʦʙʦʥʷʪʝʣʴʥʘʷ ʢʣʝʪʢʘ 

ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʚʝʱʝʩʪʚʘ [9], ʪʦ ʝʩʪʴ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʦʜʠʥ ʢʚʘʥʪ 

ʩʚʝʪʘ ʠʣʠ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʠ ʦʧʨʝʜʝʣʷʪ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʟʣʠʯ-

ʥʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʩʠʛʥʘʣʘʤʠ. ʆʪʢʫʜʘ ʬʘʢʪ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʘʧʨʠʤʝʨ ʩʚʝʪʘ, ʤʦʞʥʦ ʟʘʬʠʢ-

ʩʠʨʦʚʘʪʴ ʢʦʥʲʶʥʢʮʠʝʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʙʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʩʚʝʪʘ ʠ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ, 

ʢʨʘʪʥʦʛʦ ʯʠʩʣʫ ʧʦʨʦʛʦʚ (ʢʚʘʥʪʦʚ) Ø1n 2n , ʘ ʥʝʢʦʪʦʨʫʶ ʦʩʚʝʱʝʥʥʫʶ ʦʙʣʘʩʪʴ ʜʚʫʤʝʨʥʦʡ 
ʪʘʙʣʠʮʝʡ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʘʣʛʦʨʠʪʤʘ [10], ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʵʣʝʤʝʥʪʘʨʥʦ 

ʩʨʘʚʥʠʪʴ ʧʦʩʪʫʧʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩ ʪʝʟʘʫʨʫʩʦʤ ʚ ʩʤʳʩʣʝ [11] ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʵʪʫ 

ʧʦʩʪʫʧʠʚʰʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʧʨʘʛʤʘʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ [1], 

ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ.  

ʊʘʢ ʢʘʢ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʪʦʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ: ʟʨʠʪʝʣʴʥʦʡ, ʩʣʫʭʦ-

ʚʦʡ, ʦʙʦʥʷʪʝʣʴʥʦʡ ʠ ʪ.ʜ. ʠʥʬʦʨʤʘʮʠʝʡ - ʧʝʨʝʜʘʚʘʝʤʦʡ ʚ ʦʨʛʘʥʠʟʤʝ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ 

[9], ʪʦ ʣʦʛʠʯʥʦ ʨʘʟʜʝʣʠʪʴ ʙʠʪʳ ʵʪʠʭ ʧʦʪʦʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʚʚʝʜʷ ʧʦʥʷʪʠʝ ʚʝʢʪʦʨʦʚ ʵʪʠʭ 

ʙʠʪʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʞʜʦʤʫ ʠʟ ʧʦʪʦʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʶ-

ʱʠʝ ʠʟ ʩʝʙʷ ʥʝʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʤʘʩʩʠʚʳ ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʪʩʷ 

ʘʧʧʘʨʘʪʥʦ ʚ ʢʠʙʝʨʥʝʪʠʯʝʩʢʦʤ ʫʩʪʨʦʡʩʪʚʝ. ʊʦ ʝʩʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʜʝʬʠʥʠʮʠʠ ʙʫʜʫʪ 

ʦʧʠʩʳʚʘʪʴʩʷ ʤʘʩʩʠʚʘʤʠ ʚʝʢʪʦʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʠʪʦʚ ʠʥʬʦʨʤʘʮʠʠ ʚʠʜʘ: 
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,ʛʜʝ D ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʜʝʬʠʥʠʮʠʷ, n ï ʙʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, i, j, k, l ï ʦʙʦʟʥʘʯʝ-

ʥʠʷ ʤʘʩʩʠʚʦʚ ʚʝʢʪʦʨʦʚ (ʧʦʪʦʢʦʚ) ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ. 

 ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʢʪʦʨʳ ʧʦʣʥʦʡ ʛʨʫʧʧʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʝʬʠʥʠʮʠʡ [7]: 
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ʛʜʝ iD
- ʚʝʢʪʦʨ ʧʦʣʥʦʡ ʛʨʫʧʧʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʝʬʠʥʠʮʠʡ ʜʣʷ i ʢʦʣʠʯʝʩʪʚʘ ʙʠ-

ʪʦʚ ʠʥʬʦʨʤʘʮʠʠ ʦ ʷʚʣʝʥʠʠ, ʩʫʱʥʦʩʪʠ ʠʣʠ ʦʙʲʝʢʪʠʚʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʩʦʜʝʨʞʘʱʠʡ, ʝʩʪʝ-

ʩʪʚʝʥʥʦ, 2i ʯʣʝʥʦʚ, ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʷʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʙʠʪʳ ʠʥʬʦʨʤʘʮʠʠ 

ʠʣʠ ʠʭ ʚʩʝ ʩʦʯʝʪʘʥʠʷ ʠʟ i ʙʠʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪ ʦʜʥʦʛʦ ʜʦ ʩʦʯʝʪʘʥʠʷ ʠʟ i ʙʠʪʦʚ, 
ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʠʭ ʪʝʥʟʦʨʳ. 

ʊʘʢ ʢʘʢ ʚʩʷʢʦʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʜʝʬʠʥʠʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʜʠʨʫʶʱʘʷ ʝʝ ʘʙ-

ʩʪʨʘʢʪʥʘʷ ʜʝʬʠʥʠʮʠʷ (ʦʧʨʝʜʝʣʝʥʠʝ, theoretical definition [1]), ʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʝ ʙʫʜʝʤ 

ʨʘʟʣʠʯʘʪʴ ʵʪʠ ʧʦʥʷʪʠʷ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʧʨʦʮʝʜʫʨʘ ʧʦ-

ʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʟʥʘʥʠʷ ʩʚʝʜʝʪʩʷ ʢ ʚʳʯʠʩʣʝʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʥʟʦʨʦʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʝʬʠʥʠʮʠʡ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʙʠʪʘʤ ʠʥʬʦʨʤʘʮʠʠ, ʧʦ-

ʜʨʦʙʥʝʝ ʚ [7]. ʉʠʥʪʝʟ ʥʦʚʦʛʦ ʟʥʘʥʠʷ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʳʭ ʬʫʥ-

ʜʘʤʝʥʪʘʣʴʥʳʭ ʙʠʪʦʚ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʨʦʮʝʜʫʨʝ ʦʧʠʩʘʥʥʦʡ 

ʚʳʰʝ, ʧʦʜʨʦʙʥʝʝ ʚ [7].  

ɺʝʨʠʬʠʢʘʮʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩʚʝʜʝʪʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʫʩʣʦʚʠʷ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʪʝʥ-

ʟʦʨʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʝʬʠʥʠʮʠʡ: 

 
1)( =" ixxP
 (5) 

,ʛʜʝ ʍi - ʢʦʤʧʦʥʝʥʪʳ ʪʝʥʟʦʨʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʝʬʠʥʠʮʠʡ. 

ʇʨʠ ʥʝʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ, ʢʘʢ ʜʣʷ ʩʣʫʯʘʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʝʬʠʥʠʮʠʡ, ʪʘʢ ʠ 

ʜʣʷ ʩʣʫʯʘʷ ʘʙʩʪʨʘʢʪʥʳʭ ʜʝʬʠʥʠʮʠʡ ʙʫʜʝʪ ʦʟʥʘʯʘʪʴ ʦʰʠʙʢʫ ʥʘʙʣʶʜʝʥʠʡ (ʠʟʤʝʨʝʥʠʡ) 

ʣʠʙʦ ʦʰʠʙʢʫ ʘʙʩʪʨʘʢʪʥʳʭ ʧʦʩʪʨʦʝʥʠʡ.  

ɺʳʚʦʜʳ.  

1. ʉʦʟʜʘʥ ʬʦʨʤʘʣʠʟʤ ʧʦʟʚʦʣʷʶʱʠʡ ʦʜʥʦʟʥʘʯʥʦ ʦʧʠʩʳʚʘʪʴ ʩʝʤʘʥʪʠʯʝʩʢʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ: ʪʝʨʤʠʥʦʣʦʛʠʷ, ʧʦʥʷʪʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʝʬʠʥʠʮʠʡ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʚʝʢʪʦʨʠʟʠʨʦʚʘʥʥʳʭ ʙʠʪʦʚ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʪʝʥʟʦʨʦʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʫʥ-

ʜʘʤʝʥʪʘʣʴʥʳʭ ʜʝʬʠʥʠʮʠʡ. 

2. ʈʘʟʨʘʙʦʪʘʥ ʩʠʥʪʘʢʩʠʩ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʟʥʘʥʠʷ ʠʟ ʧʦʪʦʢʘ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʧʦ-

ʤʦʱʠ ʪʝʥʟʦʨʦʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʜʝʬʠʥʠʮʠʡ, ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʪʠʯʝ-

ʩʢʦʡ ʠ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʧʨʦʮʝʜʫʨ. 

3. ɼʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʡ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʫʪʝʤ 

ʩʠʥʪʘʢʩʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʞʝ ʠʤʝʶʱʝʡʩʷ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

4. ʈʘʟʨʘʙʦʪʘʥʘ ʬʦʨʤʘʣʴʥʘʷ ʧʨʦʮʝʜʫʨʘ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ.  
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http://dic.academic.ru/dic.nsf/dic_new_philosophy/402/%D0%94%D0%95%D0%A4%D0%98%D0%9D%D0%98%D0%A6%D0%98%D0%AF
http://www.nbuv.gov.ua/portal/Soc_Gum/Cher/2012_4/Dybovikov.pdf
http://www.nbuv.gov.ua/portal/Soc_Gum/Cher/2012_4/Dybovikov.pdf
http://vshb.org.ua/algoritm-opredeleniya-tsveta
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ʥʳʭ ʚʦʣʥ ʩ ʯʘʩʪʦʪʦʡ 1020 ɻʮ ʠ ʚʳʰʝ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʞʠʚʳʤʠ ʦʙʲʝʢʪʘʤʠ ʥʝ-

ʠʦʥʠʟʠʨʫʶʱʠʝ ʠʟʣʫʯʝʥʠʷ ʩʧʦʩʦʙʥʳ ʢ ʪʝʧʣʦʚʦʤʫ ʠ ʥʝʪʝʧʣʦʚʦʤʫ ʤʝʭʘʥʠʟʤʘʤ ʧʝʨʝʜʘʯʠ 

ʵʥʝʨʛʠʠ ʚʝʱʝʩʪʚʫ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ ʠʟʣʫʯʝʥʠʡ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʥʘ ʘʪʦʤʥʦʤ ʠ ʤʦʣʝʢʫ-

ʣʷʨʥʦʤ ʫʨʦʚʥʷʭ. ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ ʠʟʣʫʯʝ-

ʥʠʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʨʠʩʢʘ ʜʣʷ ʝʛʦ ʟʜʦʨʦʚʴʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦ-

ʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

Abstract 

People in the modern world lives surrounded by electromagnetic fields, covering the 

range from ultra-long waves with a frequency close to zero to ultra-long waves with a fre-

quency of 1020 Hz and above. When interacting with living objects to non-ionizing radiation 

capable of thermal and no thermal mechanisms of energy transfer to the substance. In this re-

gard, great importance is the study of the nature of the interaction of these radiations with bio-

logical structures at the atomic and molecular levels. An important component of studies of 

human exposure to radiation is currently the risk assessment for electromagnetic fields health 

environment. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʯʝʣʦʚʝʢʘ ʠʟʣʫʯʝʥʠʡ, 

ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʩʦʪʦʚʦʡ ʩʚʷʟʠ, ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ. 

Keywords: electromagnetic fields, human exposure to radiation, medical-biological 

problems of cellular communication, mobile phones. 

 

ɺʚʝʜʝʥʠʝ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʩʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʥʘ ʟʝʤʣʝ ʧʦʩʪʦʷʥʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟ-

ʜʝʡʩʪʚʠʶ ʧʨʠʨʦʜʥʳʭ ʠʟʣʫʯʝʥʠʡ ï ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʬʦʥʘ. ʆʜʥʘʢʦ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʤʤʘʨʥʘʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

(ʕʄʇ) ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʝʥʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʨʦʜʥʳʤ 

ʬʦʥʦʤ, ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʪʳʩʷʯ ʨʘʟ, ʜʦʩʪʠʛʘʷ ʚʝʣʠʯʠʥ 10-1 ï 10 ɺʪ/ʤ2. ʇʨʠʭʦʜʠʪʩʷ ʢʦʥ-

ʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʯʝʣʦʚʝʢ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʞʠʚʸʪ ʚ ʦʢʨʫʞʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ, ʦʭʚʘʪʳʚʘʁ ʱʠʭ ʜʠʘʧʘʟʦʥ ʦʪ ʫʣʴʪʨʘʜʣʠʥʥʳʭ ʚʦʣʥ ʩ ʯʘʩʪʦʪʦʡ ʙʣʠʟʢʦʡ ʢ ʥʫʣʶ ʜʦ 

ʫʣɹʪʨʘʢʦʨʦʪʢʠʭ ʚʦʣʥ ʩ ʯʘʩʪʦʪʦʡ 1020 ɻʮ ʠ ʚʳʰʝ. 

ʅʝʠʦʥʠʟʠʨʫʶʱʠʝ ʠʟʣʫʯʝʥʠʷ (ʦʧʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ, ʤʠʢʨʦʚʦʣʥʦʚʳʝ, ʨʘʜʠʦʯʘ-

ʩʪʦʪʥʳʝ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʠʟʣʫʯʝʥʠʷ) ʠʟ-ʟʘ ʧʨʠʩʫʱʝʡ ʠʤ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ ʥʝ ʚʳʟʳʚʘʶʪ 

ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʞʠʚʳʤʠ ʦʙʲʝʢʪʘʤʠ ʥʝʠʦʥʠʟʠʨʫʶʱʠʝ ʠʟʣʫ-

ʯʝʥʠʷ ʩʧʦʩʦʙʥʳ ʢ ʪʝʧʣʦʚʦʤʫ ʠ ʥʝʪʝʧʣʦʚʦʤʫ ʤʝʭʘʥʠʟʤʘʤ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚʝʱʝʩʪʚʫ. 

ʇʨʠ ʵʪʦʤ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ ʵʬʬʝʢʪʦʚ ʦʙʣʫʯʝʥʠʷ ʞʠʚʳʭ ʦʙʲʝʢʪʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʚ 

ʨʘʟʨʫʰʘʶʱʝʤ ʤʦʣʝʢʫʣʳ ʠ ʩʪʨʫʢʪʫʨʳ ʪʢʘʥʝʡ ʜʝʡʩʪʚʠʠ ʠʟʣʫʯʝʥʠʡ ʙʦʣʴʰʠʭ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʝʡ, ʪʘʢ ʠ ʚ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʧʨʠ ʭʨʦ-

ʥʠʯʝʩʢʦʤ ʠ ʦʩʪʨʦʤ ʥʠʟʢʦʠʥʪʝʥʩʠʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʩ ʙʠʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʥʘ ʘʪʦʤʥʦʤ ʠ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʷʭ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʫʛʣʫʙ-

ʣʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʵʢʦʣʦʛʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ï ʚʳʨʘ-

ʙʦʪʢʘ ʥʦʨʤ ʙʝʟʦʧʘʩʥʳʭ ʫʨʦʚʥʝʡ ʦʙʣʫʯʝʥʠʷ ʜʣʷ ʯʝʣʦʚʝʢʘ.  

ʂ ʚʦʧʨʦʩʫ ʦ ʚʦʟʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢ-

ʪʝʨʘ ʥʘ ʞʠʚʫʶ ʧʨʠʨʦʜʫ ʠ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ [1].  
ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʚʝʜʫʪʩʷ ʫʞʝ 

ʥʝ ʦʜʥʦ ʜʝʩʷʪʠʣʝʪʠʝ. ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ) ʫʯʨʝʞʜʝʥʘ ʜʘʞʝ 

ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ñʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘò. ʕʪʦʡ ʧʨʦʙʣʝʤʝ 

ʫʜʝʣʷʝʪʩʷ ʩʘʤʦʝ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʚʦ ʚʩʸʤ ʤʠʨʝ. 

ɺ ʄʦʩʢʚʝ 21ï24 ʦʢʪʷʙʨʷ 2014 ʛ. ʧʨʦʰʸʣ VII ʉʲʝʟʜ ʧʦ ʨʘʜʠʘʮʠʦʥʥʳʤ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʤ (ʨʘʜʠʦʙʠʦʣʦʛʠʷ, ʨʘʜʠʦʵʢʦʣʦʛʠʷ, ʨʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ), ʚ ʧʨʦʛʨʘʤʤʫ ʢʦʪʦ-
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ʨʦʛʦ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʜʝʡʩʪʚʠʷ ʠʦʥʠʟʠʨʫʶʱʝʡ ʠ ʥʝʠʦʥʠʟʠʨʫʶʱʝʡ 

ʨʘʜʠʘʮʠʠ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʠʪʦʛʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʙʠʦʣʦʛʠʠ, ʨʘʜʠʦʵʢʦʣʦʛʠʠ ʠ ʨʘʜʠ-

ʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʠʩʪʝʤʳ ʩʦʪʦʚʦʡ ʩʚʷʟʠ (ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ ʠ 

ʙʘʟʦʚʳʝ ʩʪʘʥʮʠʠ) ʨʘʙʦʪʘʶʪ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 450 ï 1900 ʄɻʮ. ʕʪʠ ʯʘʩʪʦʪʳ ʚʭʦʜʷʪ ʚ 

ʜʠʘʧʘʟʦʥ ʉɺʏ ʠʣʠ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (0.3 ï 300 ɻɻʮ). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʙʠʣʴ-

ʥʳʝ ʪʝʣʝʬʦʥʳ ï ʠʩʪʦʯʥʠʢʠ ʪʘʢʦʛʦ ʞʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʘʢʦʝ ʠʟʣʫʯʘʶʪ, ʢ 

ʧʨʠʤʝʨʫ, ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ ʠʣʠ ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʧʝʯʠ. ʇʦʵʪʦʤʫ ʦʥʠ ʧʨʝʜʩʪʘʚ-

ʣʷʶʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʅʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʢ ʕʄʇ: ʥʝʨʚʥʘʷ, ʠʤʤʫʥ-

ʥʘʷ, ʵʥʜʦʢʨʠʥʥʘʷ ʠ ʧʦʣʦʚʘʷ, ʭʦʪʷ ʦʪ ʕʄʇ ʩʦʪʦʚʦʛʦ ʪʝʣʝʬʦʥʘ ʩʪʨʘʜʘʝʪ ʚʝʩʴ ʦʨʛʘʥʠʟʤ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʕʄʇ ʚ ʫʩʣʦʚʠʷʭ ʜʣʠʪʝʣʴʥʦʛʦ ʤʥʦʛʦʣʝʪʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʢʘʧ-

ʣʠʚʘʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʤʦʞʥʦ ʨʘʟʚʠʪʠʝ ʦʪʜʘʣʸʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʚʢʣʶʯʘʷ ʜʝʛʝʥʝʨʘ-

ʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʨʘʢ ʢʨʦʚʠ (ʣʝʡʢʦʟʳ), ʦʧʫʭʦʣʠ ʤʦʟʛʘ, 

ʛʦʨʤʦʥʘʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ ʥʘ ʩʲʝʟʜʝ, ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʢʨʳʩ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʧʦʣʝʡ ʥʠʟʢʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ [2]. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ (ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ) ʙʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʧʦʜʦʧʳʪʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘ ʜʝʡʩʪʚʠʝ ʪʘʢʠʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

- ʟʘʩʪʘʚʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʦʨʛʘʥʠʟʤʝ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠ ʥʝʡʨʦʵʥʜʦʢʨʠʥʥʳʝ ʨʝʘʢʮʠʠ ʩʪʨʝʩʩʦʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʚ ʢʦʪʦʨʳʭ ʚʝʜʫʱʘʷ ʨʦʣʴ ʦʪʚʦ-

ʜʠʪʩʷ ʥʘʜʧʦʯʝʯʥʠʢʘʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʧʦʟʠ-

ʮʠʷ ʚ ʪʝʯʝʥʠʝ 15 ʩʫʪʦʢ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʳʤ ʕʄʇ ʩ ʯʘʩʪʦʪʦʡ 170 ʄɻʮ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʚʩʝʛʦ 25 ɺʪ/ʤ2 ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʫʥʢʮʠʶ ʥʘʜʧʦʯʝʯʥʠʢʦʚ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʘ ʩʦʚʦʢʫʧʥʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤʳ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʵʢʦʩʠʩʪʝʤʳ ʠ ʥʝʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ. ɺ 

ʵʪʠʭ ʩʦʚʦʢʫʧʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʦʚʝʜʝʥʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʨʳʩ ï ʩʘʤʦʢ [3]. ɺ 

ʨʝʘʣʴʥʦʤ ʦʢʨʫʞʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʟʣʫʯʝʥʠʷ (ʕʄʀ) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦ-

ʙʦʡ ʠ ʩ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʩʨʝʜʳ ʠʥʦʡ ʧʨʠʨʦʜʳ. ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʧʨʠʚʦ-

ʜʠʪʴ ʢ ʨʘʟʣʠʯʥʳʤ ʵʬʬʝʢʪʘʤ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʦʮʝʥʠʪʴ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʬʘʢʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʦʮʝʥʢʘ ʩʦʚʦʢʫʧʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʞʠ-

ʚʦʪʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʕʄʀ ʈʏ) ʠ ʦʩʪʨʦʛʦ 

ʦʜʥʦʢʨʘʪʥʦʛʦ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ (ʀʀ) ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚ ʜʦʟʘʭ 0.5 ʠ 1.0 ɻʨ [4] 

(137Cs, ʩ ʤʦʱʥʦʩʪʴʶ ʜʦʟʳ 46.2Ā10-2 ɻʨ/ʤʠʥ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʜʝʡʩʪʚʠʝ ʕʄʀ ʈʏ ʥʘ 

ʦʙʣʫʯʸʥʥʳʭ ʚ ʜʦʟʘʭ 0.5 ʠ 1.0 ɻʨ ʢʨʳʩ-ʩʘʤʦʢ ʥʘʨʫʰʘʣʦ ʩʪʨʫʢʪʫʨʫ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʧʦʚʳʰʝʥʠʝʤ ʠʭ ʵʤʦʮʠʦʥʘʣʴʥʦ-

ʪʨʝʚʦʞʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ʉʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ ʚʳʟʳʚʘʝʪ ʦʙʦʩʥʦʚʘʥʥʦʝ ʙʝʩʧʦ-

ʢʦʡʩʪʚʦ ʧʦ ʧʦʚʦʜʫ ʧʦʩʣʝʜʩʪʚʠʡ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʘʟʦʚʳʭ 

ʩʪʘʥʮʠʡ ʠ ʩʦʪʦʚʳʭ ʪʝʣʝʬʦʥʦʚ ʥʘ ʩʦʩʪʦʷʥʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟ-

ʤʦʚ. ʕʪʦʡ ʧʨʦʙʣʝʤʝ ʙʳʣ ʧʦʩʚʷʱʸʥ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʟʫʯʘʣʠʩʴ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʠʪʝʣʴ-

ʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʢʨʦʚʠ, ʵʥʜʦʢʨʠʥʥʦʡ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ ʙʝʣʳʭ ʢʨʳʩ-ʩʘʤʮʦʚ (ʠʩʭʦʜ-

ʥʳʡ ʚʦʟʨʘʩʪ 1 ʤʝʩ.) ʠ 1-ʛʦ ʧʦʢʦʣʝʥʠʷ ʠʭ ʧʦʪʦʤʩʪʚʘ [5]. ʀʩʪʦʯʥʠʢʦʤ ʕʄʀ ʷʚʣʷʣʘʩʴ 

ʫʩʪʘʥʦʚʢʘ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʠʤʠʪʠʨʦʚʘʪʴ ʩʠʛʥʘʣ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ 

(900 ʄɻʮ) ʚ ʨʝʞʠʤʝ ʨʘʟʛʦʚʦʨʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʵʢʩʧʦʟʠʮʠʠ (1 ʠ 2 ʤʝʩ.) ʫ ʞʠʚʦʪʥʳʭ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ ʣʝʡʢʦʮʠʪʦʚ ʠ ʣʠʤʬʦ-

ʮʠʪʦʚ, ʚʦʟʥʠʢʘʝʪ ʜʠʩʧʨʦʧʦʨʮʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʣʦʚʳʭ 

ʢʣʝʪʦʢ ʚ ʪʝʩʪʠʢʫʣʷʨʥʦʡ ʪʢʘʥʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʟʨʝʣʳʭ ʧʦʣʦʚʳʭ ʢʣʝʪʦʢ ʚ ʵʧʠ-

ʜʠʜʠʤʠʩʝ.  

ɺʳʨʘʞʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʢʦʨʪʠʢʦʩʪʝʨʦʥʘ ʠ ʪʝʩʪʦʩʪʝʨʦʥʘ ʚ ʩʳʚʦʨʦʪ-

ʢʝ ʢʨʦʚʠ ʦʙʣʫʯʸʥʥʳʭ ʞʠʚʦʪʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʪʨʝʩʩ-ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʘ ʥʘ ʵʣʝʢ-
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ʪʨʦʤʘʛʥʠʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʂʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ 1-ʛʦ ʧʦʢʦʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʪ ʦʙ-

ʣʫʯʸʥʥʳʭ ʨʦʜʠʪʝʣʝʡ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʧʨʦʜʦʣʞʘʣʦʩʴ ʪʘʢʞʝ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ 

ʕʄʀ, ʙʳʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ (64 ʰʪ.), ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ (86 ʰʪ.). ʋ ʞʠʚʦʪʥʳʭ 

1-ʛʦ ʧʦʢʦʣʝʥʠʷ ʚʳʷʚʣʝʥʳ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʣʝʪʦʢ ʣʝʡʢʦʮʠ-

ʪʘʨʥʦʛʦ ʨʷʜʘ, ʧʦʚʳʰʝʥʠʝ ʯʠʩʣʘ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ [6] ʣʠʤʬʦʮʠʪʦʚ. ɼʣʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʦʙʣʫʯʸʥʥʳʭ ʩʘʤʮʦʚ ʭʘʨʘʢʪʝʨʥʦ ʫʩʢʦʨʝʥʠʝ ʧʦʣʦʚʦʛʦ ʩʦʟʨʝʚʘʥʠʷ ʩ ʦʜʥʦʚʨʝʤʝʥ-

ʥʳʤ ʩʥʠʞʝʥʠʝʤ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʦʚʳʭ ʢʣʝʪʦʢ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʤ ʨʠʩʢʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘʨʫʰʝʥʠʡ ʚ ʢʨʦʚʠ ʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʠ-

ʩʪʝʤʝ ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʦʨʛʘʥʠʟʤʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʕʄʀ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝ-

ʬʦʥʘ. 

ʇʦ ʤʥʝʥʠʶ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʜʠʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʘ ʙʠʦʣʦʛʠʯʝ-

ʩʢʠʝ ʦʙʲʝʢʪʳ, ʦʜʥʠʤ ʠʟ ʜʦʤʠʥʠʨʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪʜʘʣʸʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʷʚʣʷʶʪʩʷ 

ʠʟʤʝʥʝʥʠʷ (ʥʘʨʫʰʝʥʠʷ) ʚ ʩʦʩʪʦʷʥʠʠ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ʠ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʟʚʠʪʠʷ 

ʧʦʪʦʤʩʪʚʘ ʦʙʣʫʯʸʥʥʳʭ ʞʠʚʦʪʥʳʭ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ [7] ʙʳʣ ʤʦʜʝʣʴʥʳʡ ʵʢʩʧʝʨʠ-

ʤʝʥʪ ʧʦ ʚʳʷʚʣʝʥʠʶ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʕʄʀ ʈʏ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ 

ʬʫʥʢʮʠʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ, ʪʝʯʝʥʠʝ ʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʠ ʧʦʩʪʵʤʙʨʠʦʥʘʣʴ-

ʥʦʛʦ ʧʝʨʠʦʜʦʚ ʨʘʟʚʠʪʠʷ ʧʦʪʦʤʩʪʚʘ ʦʪ ʦʙʣʫʯʸʥʥʳʭ ʨʦʜʠʪʝʣʝʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʜʣʷ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠ̫ ʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʬʘʢʪʦʨʘ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ɺ ʤʦʜʝʣʴʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʘʤʮʳ ʠ 

ʩʘʤʢʠ ʤʳʰʝʡ, ʘ ʪʘʢʞʝ ʠʭ ʧʦʪʦʤʩʪʚʦ. ʇʦ ʨʝʟʫʣʪɹʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʢʨʘ-

ʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʦʨʤʘʣʴʥʳʭ ʨʦʜʦʚ ʫ ʦʙʣʫʯʘʝʤʳʭ ʩʘʤʦʢ ʥʘ 20%, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʪʦʤʩʪʚʘ ʥʘ 18% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧ-

ʧʦʡ ʞʠʚʦʪʥʳʭ.  

ʇʨʦʚʦʜʠʣʠʩʴ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʷʚʣʝʥʠʶ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟ-

ʣʫʯʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ (ʄʊ) ʥʘ ʧʩʠʭʦʬʠʟʠʯʝʩʢʦʝ ʟʜʦʨʦʚʴʝ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ 

[8]. ʅʘ ʙʘʟʝ ʃʠʮʝʷ ˉ 10 ʚ ʛʦʨʦʜʝ ʍʠʤʢʠ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʧʝʨʠʦʜ ʩ 2006 ʧʦ 2012 

ʛʛ. ʦʙʩʣʝʜʦʚʘʥʦ (ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʧʩʠʭʦʬʠʟʠʦʣʦʛʘ) 850 

ʫʯʘʱʠʭʩʷ ʥʘʯʘʣʴʥʦʛʦ ʟʚʝʥʘ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 6 ʜʦ 15 ʣʝʪ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘ-

ʶʪ ʥʘ ʤʫʣʴʪʠʚʘʨʠʘʥʪʥʦʩʪʴ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ 

ʥʘ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ ʜʝʪʝʡ. ɺ ʧʨʦʚʝʜʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʴʟʦʚʘ-

ʥʠʝ ʤʦʙʠʣʴʥʳʤ ʪʝʣʝʬʦʥʦʤ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʩʠʭʦʬʠʟʠʯʝʩʢʦʝ ʟʜʦʨʦʚʴʝ 

ʜʝʪʝʡ ʠ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʠʭ ʫʩʧʝʰʥʦʩʪʠ ʧʨʠ ʦʙʫʯʝʥʠʠ ʚ ʦʙʨʘʟʦʚʘʪʝʣʥɹʦʤ ʫʯʨʝʞʜʝʥʠʠ. 

ʆʪʤʝʯʝʥʦ [9], ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʛʝʥʥʦʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʚʦʟʨʦʩʣʦ ʚ ʩʨʝʜʥʝʤ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʩ-

ʪʦʯʥʠʢʘ ʨʝʟʢʦʛʦ ʧʦʚʳʰʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʬʦʥʘ ʥʘʟʚrʘʶʪʩʷ ʙʘʟʦʚʳʝ ʩʪʘʥʮʠʠ ʩʦ-

ʪʦʚʦʡ ʩʚʷʟʠ, ʘ ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ (ʄʊ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʚʩʝʭ ʛʨʫʧʧ ʥʘʩʝ-

ʣʝʥʠʷ. ʄʊ - ʵʪʦ ʦʪʢʨʳʪʳʡ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʝ ʠʤʝʶʱʠʡ ʟʘʱʠ-

ʪʳ, ʜʦʩʪʫʧʥʳʡ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʦ ʧʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʣʦʢʘʣʴʥʦʝ ʦʙʣʫʯʝʥʠʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ 

ʟʘʨʫʙʝʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ʚʣʠʷ-

ʥʠʠ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʥʘ ʟʜʦʨʦʚʴʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʈʝʰʝʥʠʝʤ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʢʘ (IARC) ɺʆɿ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʩʦʪʦʚʳʭ ʪʝʣʝʬʦʥʦʚ ʚʳʜʝʣʝʥʳ 

ʚ ʛʨʫʧʧʫ 2ɺ [10]. ɼʝʪʠ ʚʳʜʝʣʷʶʪʩʷ ʚ ʦʩʦʙʫʶ ʛʨʫʧʧʫ ʨʠʩʢʘ, ʪ. ʢ. ʤʦʟʛ ʨʝʙʸʥʢʘ ʥʘʭʦʜʠʪʩʷ 

ʚ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʪʦʚʦʛʦ ʪʝʣʝʬʦʥʘ ʚ ʝʛʦ ʤʦʟʛʝ ʚ ʜʚʘ ʨʘʟʘ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʢʘʢ ʧʦʛʣʦʱʸʥʥʘʷ ʜʦʟʘ, ʪʘʢ ʠ ʦʙʲʸʤ ʦʙʣʫʯʘʝʤʦʛʦ ʤʦʟʛʘ. ɺʳʚʦʜ: ʩʫʱʝ-

ʩʪʚʫʶʱʠʝ ʥʦʨʤʘʪʠʚʳ (ʧʦ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʤ ʫʨʦʚʥʷʤ ʦʙʣʫʯʝʥʠʷ) ʫʩʪʘʨʝʣʠ, 

ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʝʘʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʠ ʪʨʝʙʫʶʪ ʧʝʨʝʩʤʦʪʨʘ.  
ʄʝʜʠʮʠʥʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ɺʆɿ ʚ ʩʚʦʝʡ ʧʨʦʛʨʘʤʤʝ ñʕʄʀ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘò 

ʥʝʜʚʫʩʤʳʩʣʝʥʥʦ ʢʦʥʩʪʘʪʠʨʫʝʪ: ñéʤʝʜʠʮʠʥʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʪʘʢʠʝ, ʢʘʢ ʟʘʙʦʣʝʚʘʥʠʷ 

ʨʘʢʦʤ, ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʚʝʜʝʥʠʠ, ʧʦʪʝʨʷ ʧʘʤʷʪʠ, ʙʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ, ɸʣʴʮʛʝʡʤʝʨʘ, ʩʠʥ-
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ʜʨʦʤ ʚʥʝʟʘʧʥʦʡ ʩʤʝʨʪʠ ʚʥʝʰʥʝ ʟʜʦʨʦʚʦʛʦ ʨʝʙʸʥʢʘ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʩʦʩʪʦʷʥʠʷ, ʚʢʣʶʯʘʷ 

ʩʘʤʦʫʙʠʡʩʪʚʘ, ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡò. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʙʝʟʚʨʝʜʥʦʩʪʠ ʩʦʪʦʚʦʡ ʩʚʷʟʠ (ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʧʦʷʚʣʷʶʱʘʷ-

ʩʷ ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ) ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ.  

ɺʩʝ ʧʨʠʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʥʝʪʝʧʣʦʚʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʠ ʠʟʣʫʯʝʥʠʡ ʥʘ ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ ʨʘʟʥʦʡ ʩʣʦʞʥʦʩʪʠ 

ʚʳʟʳʚʘʝʪ ʫ ʥʠʭ ʦʙʱʫʶ ʥʝʩʧʝʮʠʬʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʥʘ ʦʙʣʫʯʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ 

ʭʘʨʘʢʪʝʨʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʦʪ ʩʪʘʜʠʠ ʪʨʝʚʦʛʠ ʢ ʩʪʘʜʠʠ ʘʜʘʧʪʘʮʠʦʥʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʩ ʥʘʨʫʰʝʥʠʝʤ ʙʠʦʨʠʪʤʦʚ ʠ ʨʘʟʚʠʪʠʝʤ ʧʘʪʦʣʦʛʠʠ. ʕʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʯʨʝʟʤʝʨʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʡ ʠʣʠ ʚ ʩʣʫʯʘʝ ʨʝʟʦʥʘʥʩʥʳʭ ʩʦʚ-

ʧʘʜʝʥʠʡ ʧʦ ʯʘʩʪʦʪʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʬʘʢʪʦʨʘ ʠ ʩʚʦʡʩʪʚʝʥʥʳʭ ʦʨʛʘʥʘʤ ʠ ʪʢʘʥʷʤ ʵʥʜʦʛʝʥ-

ʥʳʭ ʢʦʣʝʙʘʥʠʡ.  

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʩʦʪʦʚʦʡ ʩʚʷʟʠ.ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʤʦʙʠʣʴʥʳʡ 

ʪʝʣʝʬʦʥ, ʧʦʤʠʤʦ ʩʚʦʝʛʦ ʠʟʥʘʯʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʩʨʝʜʩʪʚʦ ʨʘʟʚʣʝʯʝʥʠʷ 

(ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʤʦʣʦʜʸʞʠ ʠ ʧʦʜʨʦʩʪʢʘʤ). ʉ ʤʦʙʠʣʴʥʳʤ ʪʝʣʝʬʦʥʦʤ 

ʥʠʢʦʛʜʘ ʥʝ ʙʳʚʘʝʪ ʩʢʫʯʥʦ. ɼʣʷ ʤʘʣʝʥʴʢʠʭ ʜʝʪʝʡ ʤʦʙʠʣʴʥʠʢ ʷʚʣʷʝʪʩʷ ʢʨʘʩʠʚʦʡ ʜʦʨʦʛʦʡ 

ʠʛʨʫʰʢʦʡ. ɼʣʷ ʣʶʜʝʡ ʚʟʨʦʩʣʳʭ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ, ʝʛʦ ʤʦʜʝʣʴ, ʤʝʣʦʜʠʷ ʟʚʦʥʢʘ ʩʪʘ-

ʥʦʚʷʪʩʷ ʯʘʩʪʴʶ ʠʤʠʜʞʘ. ʉʝʡʯʘʩ ʤʦʞʥʦ ʧʝʨʝʬʨʘʟʠʨʦʚʘʪʴ ʠʟʚʝʩʪʥʫʶ ʧʦʛʦʚʦʨʢʫ: ñʇʦʢʘ-

ʞʠ ʤʥʝ ʩʚʦʡ ʤʦʙʠʣʴʥʠʢ, ʠ ʷ ʩʢʘʞʫ, ʢʪʦ ʪʳò. 

ʉʦʚʩʝʤ ʥʝʜʘʚʥʦ ʩʦʪʦʚʳʡ ʪʝʣʝʬʦʥ ʙʳʣ ʤʦʜʥʳʤ, ʥʦ ʨʝʜʢʠʤ ʷʚʣʝʥʠʝʤ, ʩʝʡʯʘʩ ʞʝ ʦʥ 

ʝʩʪʴ ʧʦʯʪʠ ʫ ʢʘʞʜʦʛʦ, ʦʩʦʙʝʥʥʦ ʚ ʙʦʣʴʰʠʭ ʛʦʨʦʜʘʭ. ʅʦʚʳʝ ʪʘʨʠʬʥʳʝ ʧʣʘʥʳ ʧʨʦʚʦʮʠ-

ʨʫʶʪ ʣʶʜʝʡ ʨʘʟʛʦʚʘʨʠʚʘʪʴ ʧʦ ʪʝʣʝʬʦʥʫ ʚʩʸ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʜʦʟʘ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʫʶ ʧʦʣʫʯʘʝʪ ʯʝʣʦʚʝʢ ʟʘ ʩʫʪʢʠ, ʚʦʟʨʘʩʪʘʝʪ. ʇʨʝʜʩʪʘʚʠ-

ʪʝʣʠ ʩʦʪʦʚʳʭ ʢʦʤʧʘʥʠʡ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʥʠʢʘʢʦʛʦ ʚʨʝʜʘ ʦʪ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʥʝʪ, 

ʘ ʝʩʣʠ ʠ ʝʩʪʴ, ʪʦ ʥʝ ʙ·ʣʴʰʝ, ʯʝʤ ʦʪ ʦʙʳʯʥʦʛʦ ʙʳʪʦʚʦʛʦ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘ. ʉʪʦʨʦʥʥʠʢʠ 

ʪʘʢʦʛʦ ʤʥʝʥʠʷ ʩʩʣrʘʶʪʩʷ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʵʪʦʪ ʩʯʸʪ.  

ʅʦ ʪʘʢ ʣʠ ʚʩʸ ʙʝʟʦʙʣʘʯʥʦ ʚ ʥʘʰʠʭ ʦʪʥʦʰʝʥʠʷʭ ʩ ʤʦʙʠʣʴʥʳʤ ʪʝʣʝʬʦʥʦʤ? ʉʚʦʝ-

ʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʠ ʨʝʰʝʥʠʝ ʥʘʠʙʦʣʝʝ ʩʝʨʴʸʟʥʳʭ ʧʨʦʙʣʝʤ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʙʫʜʝʪ ʩʧʦ-

ʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʝʸ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʷ ʜʝʪʝʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʝʝ. 

ʅʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʪʦʚʦʛʦ ʪʝʣʝʬʦʥʘ (ʥʘ ʙʳʪʦʚʦʤ 

ʫʨʦʚʥʝ), ʢʦʪʦʨʳʝ ʤʳ ʠ ʩʘʤʠ ʥʝʨʝʜʢʦ ʦʱʫʱʘʝʤ, ʷʚʣʷʶʪʩʷ: ʛʦʣʦʚʦʢʨʫʞʝʥʠʝ, ʜʠʩʢʦʤ-

ʬʦʨʪ, ʪʦʰʥʦʪʘ, ʧʦʚʳʰʝʥʥʘʷ ʫʪʦʤʣʷʝʤʦʩʪʴ, ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʦʱʫʱʝʥʠʝ 

ñʪʝʧʣʘò ʦʢʦʣʦ ʫʭʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦ 39Áʉ) ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʨʠʤʝʨʥʦ ʢ 30 ʤʠʥʫʪʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦʪʦʚʦʛʦ ʪʝʣʝʬʦʥʘ ʥʘ ʛʦʣʦʚʥʦʡ ʤʦʟʛ ʯʝʣʦʚʝʢʘ ʧʦʢʘ-

ʟʘʣʦ, ʯʪʦ ʫʞʝ ʩ 15-ʡ ʩʝʢʫʥʜʳ ʨʘʟʛʦʚʦʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʛʥʝʪʝʥʠʝ ʘʣʬɹʘ- ʠ ʪʝʪʘ-ʨʠʪʤʦʚ 

ʙʠʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ. ɼʘʣʴʰʝ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʫʭʘ, 

ʙʘʨʘʙʘʥʥʦʡ ʧʝʨʝʧʦʥʢʠ ʠ ʧʨʠʣʝʛʘʶʱʝʛʦ ʫʯʘʩʪʢʘ ʤʦʟʛʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʨʘʞʝʥʠʝ, ʯʪʦ 

ʤʦʙʠʣʴʥʠʢ ñʧʦʜʞʘʨʠʚʘʝʪ ʤʦʟʛʠò, ʥʝ ʣʠʰʝʥʦ ʦʩʥʦʚʘʥʠʷ. ɼʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʟʣʫ-

ʯʝʥʠʷ ʩʦʪʦʚʦʛʦ ʪʝʣʝʬʦʥʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʦʛʦ ʙʘʨʴ-

ʝʨʘ, ʠʟ-ʟʘ ʯʝʛʦ ʪʦʢʩʠʯʝʩʢʠʝ ʙʝʣʢʠ ʤʦʛʫʪ ʧʨʦʥʠʢʥʫʪʴ ʚ ʪʢʘʥʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʀʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʞʝ ʢʦʨʦʪʢʠʡ ʜʚʫʭʤʠʥʫʪʥʳʡ ʨʘʟʛʦʚʦʨ ʧʦ ʤʦʙʠʣʴʥʦʤʫ ʪʝʣʝʬʦʥʫ 

ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ, ʢʦʪʦʨʳʡ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʜʘʞʝ ʩʧʫʩʪʷ ʯʘʩ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʟʛʦʚʦʨʘ. 

ʄʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʠ ʥʘ ʥʘʰʝ ʟʨʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʛʦʣʦʚʳ ʫʭʫʜʰʘʝʪʩʷ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ ʛʣʘʟ. ʍʨʫʩʪʘʣʠʢ ʛʣʘʟʘ 

ʭʫʞʝ ʦʤʳʚʘʝʪʩʷ ʢʨʦʚʴʶ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʧʦʤʫʪʥʝʥʠʶ ʠ ʜʘʣʴʥʝʡʰʝʤʫ 

ʨʘʟʨʫʰʝʥʠʶ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʥʝʦʙʨʘʪʠʤʳ.  
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ʉʦʪʦʚʳʡ ʪʝʣʝʬʦʥ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʟʘʤʝʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ 

ʩʠʩʪʝʤʫ. ʃʶʜʠ ʩ ʧʨʦʙʣʝʤʘʤʠ ʩʝʨʜʮʘ ʯʘʩʪʦ ʞʘʣʦʚʘʣʠʩʴ ʥʘ ʙʦʣʠ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʦʥʠ ʥʦʩʠʣʠ ʪʝʣʝʬʦʥ ʚ ʥʘʛʨʫʜʥʦʤ ʢʘʨʤʘʥʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʜʥʦʟʥʘʯʥʦ ʠ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʥʝʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʤʦʞʝʪ ʧʨʝʜ-

ʩʪʘʚʣʷʪʴ ʩʝʨʴʸʟʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʝʩʣʠ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʪʘʢʦ-

ʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʚʳʰʘʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ.  

ʄʠʢʨʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ ʤʦʞʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʥʘ ʠʭ ʦʙʣʘʜʘʪʝʣʝʡ, ʥʦ ʠ ʥʘ ʦʢʨʫʞʘʶʱʠʭ ʣʶʜʝʡ. ʅʘʧʨʠʤʝʨ, ʚ ʤʝʩʪʘʭ ʩʢʦʧʣʝʥʠʷ ʧʦʣʴʟʦ-

ʚʘʪʝʣʝʡ ʄʊ (ʦʙʱʝʩʪʚʝʥʥʳʝ ʠ ʩʣʫʞʝʙʥʳʝ ʟʜʘʥʠʷ, ʪʨʘʥʩʧʦʨʪ) ʠʟʣʫʯʝʥʠʝ ʠʭ ʤʦʙʠʣʴʥʳʭ 

ʪʝʣʝʬʦʥʦʚ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʨʝʜʝʣʸʥʥʫʶ ʫʛʨʦʟʫ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʥʠʭ ʩʘʤʠʭ, ʥʦ ʠ ʜʣʷ 

ʣʶʜʝʡ, ʥʝ ʠʤʝʶʱʠʭ ʄʊ ʠʣʠ ʥʝ ʧʦʣʴʟʫʶʱʠʭʩʷ ʠʤʠ. 

ʅʘʨʷʜʫ ʩ ʄʊ ʠʥʪʝʥʩʠʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ (ʦʩʦʙʝʥ-

ʥʦ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ) ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʝ ʩʪʘʥʮʠʠ ʢʦʤʧʘʥʠʡ ʩʦʪʦʚʦʡ ʩʚʷʟʠ. 

ʋʯʠʪʳʚʘʷ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʤʦʙʠʣʴʥʦʛʦ ʀʥʪʝʨʥʝʪʘ ʠ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʚʠʜʝ-

ʥʠʷ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ ʨʝʟʢʦ ʚʦʟʨʘʩ-

ʪʘʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʦʙʳʯʥʦʛʦ ʪʝʣʝʬʦʥʥʦʛʦ ʨʘʟʛʦʚʦʨʘ, ʚʩʣʝʜ-

ʩʪʚʠʝ ʯʝʛʦ ʥʝʛʘʪʠʚʥʘʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʤʦʞʝʪ ʧʨʠʦʙʨʝʩʪʠ 

ʤʘʩʰʪʘʙʥʳʡ ʭʘʨʘʢʪʝʨ. ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʧʝʨʚʳʝ ʧʨʠʟʥʘʢʠ ʨʘʜʠʦʚʦʣʥʦʚʦʡ ʙʦʣʝʟʥʠ 

ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ ʪʦʣʴʢʦ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʨʝʛʫʣʷʨʥʦʛʦ (ʝʞʝʜʥʝʚʥʦʛʦ) ʦʙʣʫʯʝ-

ʥʠʷ ʣʶʜʝʡ ʤʠʢʨʦʚʦʣʥʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ. 

ɺ ʩʫʱʝʩʪʚʫʶʱʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʪʫʘʮʠʠ ʩ ʉʉʉ ʦʩʦʙʫʶ ʘʢʪʫʘʣʥɹʦʩʪʴ ʧʨʠ-

ʦʙʨʝʪʘʝʪ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʤʠʢʨʦʚʦʣʥʦʚʦʡ (ʨʘʜʠʦʚʦʣʥʦʚʦʡ) ʦʙʩʪʘʥʦʚʢʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʫɦ ʝʩʪʚʣʝʥʠʷ ʪʘʢʦʛʦ ʢʦʥʪʨʦʣʷ (ʩ ʮʝ-

ʣʴʶ ʧʦʣʫʯʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʜʠʦʚʦʣʥʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ), ʧʦ-ʚʠʜʠʤʦʤʫ, ʪʨʝʙʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʪʠʧʳ ʠʟʤʝʨʠ-

ʪʝʣʴʥʦʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʚʢʣʶʯʘʷ ʧʝʨʩʦʥʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʧʦ ʘʥʘʣʦ-

ʛʠʠ ʩ ʜʦʟʠʤʝʪʨʘʤʠ), ʜʦʩʪʫʧʥʳʝ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʚʦʜʠʪʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ñʨʘʜʠʦʤʦʥʠʪʦʨʠʥʛò. 

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʫʯʠʪʳʚʘʷ ʪʝʤʧʳ ʨʘʟʚʠʪʠʷ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʡ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤ ʩʦʪʦʚʦʡ ʩʚʷʟʠ, ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, 

ʧʨʠʩʫʱʠʝ ʠʤ, ʚ ʦʙʦʟʨʠʤʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʙʫʜʫʪ ʪʦʣʴʢʦ ʚʦʟʨʘʩʪʘʪʴ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

1. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ.  

2. ʇʝʨʦʚ ʉ.ʖ. ʠ ʜʨ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘʜʧʦʯʝʯʥʠʢʦʚ ʢʨʳʩ ʧʨʠ ʜʝʡ-

ʩʪʚʠʠ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʧʦʣʝʡ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʄʘʪʝʨʠʘʣʳ VII ʉʲʝʟʜʘ ʧʦ ʨʘʜʠʘ-

ʮʠʦʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ (ʨʘʜʠʦʙʠʦʣʦʛʠʷ, ʨʘʜʠʦʵʢʦʣʦʛʠʷ, ʨʘʜʠʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ), 

ʄʦʩʢʚʘ, 21ï24 ʦʢʪʷʙʨʷ 2014 ʛ.  

3. ʂʘʜʫʢʦʚʘ ɽ.ʄ. ʠ ʜʨ. ʇʦʚʝʜʝʥʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʨʳʩ ï ʩʘʤʦʢ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʡ. ʊʘʤ ʞʝ. 

4. ɻʨʝʡ (ɻʨ) ʨʘʚʝʥ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʝ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʝ-

ʱʝʩʪʚʫ ʤʘʩʩʦʡ 1 ʢʛ ʧʝʨʝʜʘʝʪʩʷ ʵʥʝʨʛʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ 1 ɼʞ. 

ɻʆʉʊ 8.417-81 çɻʉʀ. ɽɼʀʅʀʎʓ ʌʀɿʀʏɽʉʂʀʍ ɺɽʃʀʏʀʅè ɺ ʆɹʃɸʉʊʀ 

ʀʆʅʀɿʀʈʋʖʑʀʍ ʀɿʃʋʏɽʅʀʁ.  

5. ɺʝʨʝʱʘʢʦ ɻ.ɻ. ʠ ʜʨ. ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ, ʵʥʜʦʢʨʠʥʥʦʡ ʠ ʢʨʦʚʝ-

ʪʚʦʨʥʦʡ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ ʢʨʳʩ-ʩʘʤʮʦʚ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʕʄʀ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ. ʊʘʤ ʞʝ.  

6. ɸʧʦʧʪʦӢʟ (ʜʨ.-ʛʨʝʯ. ˊɧˊŰɤůɘɠ ð ʦʧʘʜʘʥʠʝ ʣʠʩʪʴʝʚ) ð ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ. 

7. ʐʠʙʢʦʚʘ ɼ.ɿ. ʠ ʜʨ. ʕʬʬʝʢʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʨʝ-
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ʧʨʦʜʫʢʪʠʚʥʫʶ ʬʫʥʢʮʠʶ ʩʘʤʦʢ ʧʨʠ ʨʘʟʥʳʭ ʤʦʜʝʣʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʘʤ ʞʝ.  

8. ʍʦʨʩʝʚʘ ʅ.ʀ. ʇʩʠʭʦʬʠʟʠʯʝʩʢʦʝ ʟʜʦʨʦʚʴʝ ʜʝʪʝʡ ï ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʙʠʣʴʥʦʡ ʩʚʷ-

ʟʴʶ: ʨʝʟʫʣʴʪʘʪʳ ʣʦʥʛʠʪʶʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʘʤ ʞʝ.  

9. ɻʨʠʛʦʨʴʝʚ ʖ.ɻ. 30 ʣʝʪ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʠ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ (ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝ-

ʘʣʠʠ, ʧʨʦʛʥʦʟ ʦʧʘʩʥʦʩʪʠ, ʨʝʢʦʤʝʥʜʘʮʠʠ). ʊʘʤ ʞʝ.  

10. ʂʘʪʝʛʦʨʠʷ 2ɺ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʤʝʶʪʩʷ ñʦʛʨʘʥʠʯʝʥʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʨʘʟʚʠʪʠʷ 

ʨʘʢʘ ʫ ʯʝʣʦʚʝʢʘ ʠ ʯʪʦ ʧʨʠ ʵʪʦʤ ʥʝʣʴʟʷ ʠʩʢʣʶʯʠʪʴ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚò. 

http://netoncology.ru/news/2467/ 

 

ʆʎɯʅʂɸ ʈɯɺʅʗ ʗʂʆʉʊɯ ʇʈʆɼʋʂʎɯɰ 

 

ɿʝʥʢʽʥ ɸ.ʉ., 

ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ʂɯʊɺʊ, ʧʨʦʬʝʩʦʨ  

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ  

ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɻʦʥʪʘʨ ɼ.ʆ., 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʠ ʂɯʊɺʊ  

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ  

ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ʉʘʛʘʯ ɯ.ɺ., 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʠ ʂɯʊɺʊ  

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ  

ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ʈʫʤʷʥʮʝʚ ɯ.ɺ. 

ʩʪʫʜʝʥʪ ʢʘʬʝʜʨʠ ʂɯʊɺʊ  

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ  

ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

EVALUATION OF QUALITY PRODUCTS  

 

Zenkin A. 
KITVT lecturer , professor 

Kyiv National University of Technology and Design 

Kyiv, Ukraine 

Hontar D. 

student Department KITVT 

Kyiv National University of Technology and Design 

Kyiv, Ukraine 

Sagach I. 
student Department KITVT 

Kyiv National University of Technology and Design 

Kyiv, Ukraine 

Rumyantsev I. 
student Department KITVT 

Kyiv National University of Technology and Design 

Kyiv, Ukraine 

 

ɸʥʦʪʘʮʽʷ 

ʈʦʟʛʣʷʥʫʪʽ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʮʽʣʽ  ̔ʝʪʘʧʠ ʦʮʽʥʢʠ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. ɺʠʟʥʘʯʝʥʽ 

ʤʝʪʦʜʠ ʜʦʟʚʦʣʷʶʯʠ ʦʮʽʥʠʪʠ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʷʢʽ ʦʩʥʦʚʘʥʽ ʥʘ ʧʦʨʽʚʥʷʥʥʽ 
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ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʮʽʥʶʶʯʦʾ ʧʨʦʜʫʢʮʽʾ ʟ ʙʘʟʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦ-

ʢʘʟʥʠʢʽʚ. 

ɸbstract 

The analyzed targets and evaluation stages of production quality. Identified methods al-

lowing to assess quality products, which are based on a comparison of appreciating the values 

of quality products with a base value of relevant indicators. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʮʽʥʢʘ ʨʽʚʥʷ ʷʢʦʩʪʽ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʢʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ, ʧʦʢʘ-

ʟʥʠʢʠ ʥʘʜʽʡʥʦʩʪʽ, ʧʨʦʜʫʢʮʽʷ, ʤʝʪʦʜʠʢʘ. 

Keywords: assessment of quality, forecasting, complex figure, reliability, products, 

methods. 

 

ɽʪʘʧʠ ʦʮʽʥʢʠ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʪʘ 

ʦʮʽʥʢʫ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

ʈʽʚʝʥʴ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ - ʮʝ ʚʽʜʥʦʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʟʘʩʥʦʚʘʥʘ 

ʥʘ ʧʦʨʽʚʥʷʥʥʽ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʮʽʥʶʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟ ʙʘʟʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʆʮʽʥʢʘ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʷʚʣʷʻ ʩʦʙʦʶ ʩʫʢʫʧʥʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʱʦ ʚʢʣʶʯʘʶʪʴ 

ʚʠʙʽʨ ʥʦʤʝʥʢʣʘʪʫʨʠ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʦʮʽʥʶʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʮʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʽ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʟ ʙʘʟʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ʆʮʽʥʢʘ ʨʽʚʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʥʝʦʙʭʽʜʥʘ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʥʘʩʪʫʧʥʠʭ ʟʘʚʜʘʥʴ: 

Å ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʨʝʙ, ʪʝʭʥʽʯʥʦʛʦ ʨʽʚʥʷ ʽ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ; 

Å ʧʣʘʥʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ; 

Å ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʩʚʦʻʥʥʷ ʥʦʚʠʭ ʚʠʜʽʚ ʧʨʦʜʫʢʮʽʾ; 

Å ʚʠʙʽʨ ʥʘʡʢʨʘʱʠʭ ʟʨʘʟʢʽʚ; 

Å ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʟʥʷʪʪʷ ʧʨʦʜʫʢʮʽʾ ʟ ʚʠʨʦʙʥʠʮʪʚʘ; 

Å ʘʪʝʩʪʘʮʽʷ (ʩʝʨʪʠʬʽʢʘʮʽʷ); 

Å ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʢʦʨʜʦʥʦʤ; 

Å ʦʮʽʥʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʨʽʚʥʷ ʽ ʜʽʶʯʠʭ ʩʪʘʥʜʘʨʪʽʚ; 

Å ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ; 

Å ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ; 

Å ʘʥʘʣʽʟ ʜʠʥʘʤʽʢʠ ʨʽʚʥʷ ʷʢʦʩʪʽ; 

Å ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʷʢʽʩʪʴ; 

Å ʪʘ ʽʥ. 

ʇʦʢʘʟʥʠʢʦʤ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʢʽʣʴʢʽʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʜʥʦʛʦ ʘʙʦ 

ʜʝʢʽʣʴʢʦʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʜʫʢʮʽʾ, ʷʢʽ ʩʢʣʘʜʘʶʪʴ ʾʾ ʷʢʽʩʪʴ, ʷʢʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʪʦʩʦʚʥʦ 

ʜʦ ʦʢʨʝʤʠʭ ʫʤʦʚ ʾʾ ʩʪʚʦʨʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʯʠ ʩʧʦʞʠʚʘʥʥʷ.  

1. ʇʦʢʘʟʥʠʢ ʧʨʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʣʘʩʪʠʚʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʦʩ-

ʥʦʚʥʽ ʬʫʥʢʮʽʾ, ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʷʢʠʭ ʚʦʥʘ ʧʨʠʟʥʘʯʝʥʘ, ʽ ʦʙʫʤʦʚʣʶʻ ʦʙʣʘʩʪʴ ʾʾ ʟʘʩʪʦʩʫʚʘʥ-

ʥʷ. 

2. ʇʦʢʘʟʥʠʢ ʝʢʦʥʦʤʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʨʦʚʠʥʠ, ʤʘʪʝʨʽʘʣʽʚ, ʧʘʣʠʚʘ ʪʘ ʝʥʝ-
ʨʛʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʚʠʨʦʙʫ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʡʦʛʦ ʪʝʭʥʽʯʥʫ ʜʦʩʢʦʥʘʣʽʩʪʴ 

ʧʦ ʨʽʚʥʶ ʯʠ ʩʪʫʧʝʥʽ ʩʠʨʦʚʠʥʠ, ʤʘʪʝʨʽʘʣʽʚ, ʧʘʣʠʚʘ ʪʘ ʝʥʝʨʛʽʾ, ʷʢʫ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ. 

3. ʇʦʢʘʟʥʠʢ ʥʘʜʽʡʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʣʘʩʪʠʚʽʩʪʴ ʦʙôʻʢʪʘ ʟʙʝʨʽʛʘʪʠ ʚ ʯʘʩʽ ʫ ʚʩʪʘ-

ʥʦʚʣʝʥʠʭ ʤʝʞʘʭ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʣʘʩʪʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʬʫʥʢʮʽʡ, ʷʢʽ ʚʠʤʘʛʘʶʪʴʩʷ ʚ ʟʘʜʘʥʠʭ ʨʝʞʠʤʘʭ ʽ ʫʤʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦ-

ʚʫʚʘʥʥʷ, ʨʝʤʦʥʪʽʚ, ʟʙʝʨʝʞʝʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. 

ʉʧʨʘʚʥʠʡ ʩʪʘʥ ʦʙ'ʻʢʪʘ - ʮʝ ʪʝ, ʧʨʠ ʷʢʦʤʫ ʚʽʥ ʚʽʜʧʦʚʽʜʘʻ ʚʩʽʤ ʚʠʤʦʛʘʤ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʾ ʪʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʭʦʯʘ ʙ ʦʜʥʦʤʫ ʟ ʮʠʭ ʚʠʤʦʛ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ. 
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ʇʨʘʮʝʟʜʘʪʥʠʡ ʩʪʘʥ - ʮʝ ʪʝ, ʧʨʠ ʷʢʦʤʫ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʴ ʟʜʘʪʥʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʟʘʜʘʥʽ ʬʫʥʢʮʽʾ, ʚʽʜʧʦʚʽʜʘʻ ʚʩʽʤ ʚʠʤʦʛʘʤ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ 

ʪʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʮʠʤ ʚʠʤʦʛʘʤ ʭʦʯʘ ʙ ʦʜʥʦʛʦ ʧʘʨʘ-

ʤʝʪʨʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʧʨʘʮʝʟʜʘʪʥʦʤʫ ʩʪʘʥʽ ʦʙ'ʻʢʪʘ. 

ɻʨʘʥʠʯʥʠʡ ʩʪʘʥ ʦʙ'ʻʢʪʘ - ʮʝ ʪʝ, ʧʨʠ ʷʢʦʤʫ ʡʦʛʦ ʧʦʜʘʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ ʧʨʠ-

ʟʥʘʯʝʥʥʷʤ ʥʝʧʨʠʧʫʩʪʠʤʦ ʘʙʦ ʥʝʜʦʮʽʣʴʥʦ, ʘʙʦ ʚʽʜʥʦʚʣʝʥʥʷ ʡʦʛʦ ʩʧʨʘʚʥʦʛʦ ʯʠ ʧʨʘʮʝʟ-

ʜʘʪʥʦʛʦ ʩʪʘʥʫ ʥʝʤʦʞʣʠʚʝ ʯʠ ʥʝʜʦʮʽʣʴʥʝ. 

ʇʦʰʢʦʜʞʝʥʥʷ - ʧʦʜʽʷ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʧʦʨʫʰʝʥʥʽ ʩʧʨʘʚʥʦʛʦ ʩʪʘʥʫ ʦʙ'ʻʢʪʘ ʧʨʠ ʟʙʝ-

ʨʝʞʝʥʥʽ ʡʦʛʦ ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʩʪʘʥʫ. 

ɺʽʜʤʦʚʘ - ʮʝ ʧʦʜʽʷ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʧʦʨʫʰʝʥʥʽ ʧʨʘʮʝʟʜʘʪʥʦʛʦ ʩʪʘʥʫ ʦʙ'ʻʢʪʘ. 

ɼʝʬʝʢʪ - ʢʦʞʥʝ ʦʢʨʝʤʝ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʚʩʪʘʥʦʚʣʝʥʠʤ ʚʠʤʦʛʘʤ. 

ɺʽʜʤʦʚʘ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʫ ʚʠʨʦʙʽ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴʢʦʭ ʜʝʬʝʢʪʽʚ, 

ʘʣʝ ʧʦʷʚʘ ʜʝʬʝʢʪʽʚ ʥʝ ʟʘʚʞʜʠ ʦʟʥʘʯʘʻ, ʱʦ ʚʠʥʠʢʘʻ ʚʽʜʤʦʚʫ. 

ʈʠʩ. 1. ʉʭʝʤʘ ʮʠʢʣʫ ʧʨʦʭʦʜʞʝʥʥʷ ʚʠʨʦʙʫ 

ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʥʘ ʨʠʩʫʥʢʫ (ʈʠʩ.1): 1 ï ʧʦʰʢʦʜʞʝʥʥʷ; 2 ï ʚʽʜʤʦʚʘ; 3 ï ʧʝʨʝʭʽʜ 

ʦʙôʻʢʪʫ ʚ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ ʯʝʨʝʟ ʥʝʧʝʨʝʙʦʨʥʽ ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ, ʤʦʨʘʣʴʥʦʛʦ 

ʩʪʘʨʽʥʥʷ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ; 4 ï ʚʽʜʥʦʚʣʝʥʥʷ; 5 ï ʨʝʤʦʥʪ. 

4. ɽʨʛʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʟʨʫʯʥʽʩʪʴ ʽ ʢʦʤʬʦʨʪ ʩʧʦʞʠʚʘʥʥʷ (ʝʢʩ-

ʧʣʫʘʪʘʮʽʾ) ʚʠʨʦʙʫ ʥʘ ʝʪʘʧʘʭ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʩʠʩʪʝʤʽ "ʣʶʜʠʥʘ - ʚʠʨʽʙ ï ʩʝʨʝ-

ʜʦʚʠʱʝ ʚʠʢʦʨʠʩʪʘʥʥʷ".  

5. ɽʩʪʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʩʪʝʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʜʫʢʮʽʾ: 

- ʽʥʬʦʨʤʘʮʽʡʥʫ ʚʠʨʘʟʥʽʩʪʴ (ʟʥʘʢʦʚʽʩʪʴ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʪʦʚʘʨʥʠʡ ʟʥʘʢ, ʦʨʠʛʽʥʘʣʴ-

ʥʽʩʪʴ, ʩʪʠʣʴʦʚʝ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʽ ʽʥ.), 

- ʨʘʮʽʦʥʘʣʴʥʽʩʪʴ ʬʦʨʤʠ (ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴ, ʜʦʮʽʣʴ-

ʥʽʩʪʴ), 

- ʮʽʣʽʩʥʽʩʪʴ ʢʦʤʧʦʟʠʮʽʾ (ʦʨʛʘʥʽʟʦʚʘʥʽʩʪʴ ʦʙ'ʻʤʥʦ-ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ, ʧʣʘʩʪʠ-

ʯʥʽʩʪʴ, ʢʦʣʦʨʠʪ ʽ ʽʥ.), 

- ʜʦʩʢʦʥʘʣʽʩʪʴ ʚʠʨʦʙʥʠʯʦʛʦ ʚʠʢʦʥʘʥʥʷ ʽ ʪʦʚʘʨʥʦʛʦ ʚʠʛʣʷʜʫ (ʨʝʪʝʣʴʥʽʩʪʴ ʧʦʢʨʠʪ-
ʪʷ ʽ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ, ʯʠʩʪʦʪʘ ʚʠʢʦʥʘʥʥʷ ʟʯʣʝʥʫʚʘʥʴ, ʟʘʦʢʨʫʛʣʝʥʴ, ʯʽʪʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ 

ʬʽʨʤʦʚʠʭ ʟʥʘʢʽʚ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʧʦʰʢʦʜʞʝʥʴ). 
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ʆʮʽʥʢʘ ʝʩʪʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʢʦʥʢʨʝʪʥʠʭ ʚʠʨʦʙʽʚ ʧʨʦʚʦʜʠʪʴʩʷ ʝʢʩʧʝʨʪ-

ʥʦʶ ʢʦʤʽʩʽʻʶ. ɿʘ ʢʨʠʪʝʨʽʡ ʝʩʪʝʪʠʯʥʦʾ ʦʮʽʥʢʠ ʧʨʠʡʤʘʻʪʴʩʷ ʨʘʥʞʠʨʫʚʘʥʠʭ (ʝʪʘʣʦʥʥʠʡ) 

ʨʷʜ ʚʠʨʦʙʽʚ ʘʥʘʣʦʛʽʯʥʦʛʦ ʢʣʘʩʫ ʽ ʧʨʠʟʥʘʯʝʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʝʢʩʧʝʨʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʙʘ-

ʟʦʚʠʭ ʟʨʘʟʢʽʚ. 

6. ʇʦʢʘʟʥʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʟʫʤʦʚ-

ʣʶʶʪʴ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʚʠʪʨʘʪ, ʤʘʪʝʨʽʘʣʽʚ, ʧʨʘʮʽ ʽ ʯʘʩʫ ʧʨʠ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʧʽʜʛʦ-

ʪʦʚʮʽ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʠʛʦʪʦʚʣʝʥʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʦʜʫʢʮʽʾ. 

ɼʦ ʧʦʢʘʟʥʠʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʦʩʥʦʚʥʽ (ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʨʽʚʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʧʦ ʪʨʫʜʦʤʽʩʪʢʦʩ-

ʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʨʽʚʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʟʘ ʩʦ-

ʙʽʚʘʨʪʽʩʪʶ ʚʠʛʦʪʦʚʣʝʥʥʷ); 

- ʜʦʜʘʪʢʦʚʽ (ʢʦʝʬʽʮʽʻʥʪ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʠʧʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʩʫʭʘ ʤʘʩʘ, 
ʧʠʪʦʤʘ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʴ, ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʪʘ ʽʥ.). 

7. ʇʦʢʘʟʥʠʢʠʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʩʪʽʭʘʨʘʢʪʝʨʠʟʫʶʪʴʧʨʠʩʪʦʩʦʚʘʥʽʩʪʴʧʨʦʜʫʢʮʽʾ ʜʦ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʙʝʟ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʙʦ ʩʧʦʞʠʚʘʥʥʷ. 

ʊʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʻ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ, ʤʘʩʘ, ʢʦʝʬʽʮʽʻʥʪ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠ-

ʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʪʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʜʽʘʧʘʟʦʥ ʜʦʧʫʩʪʠʤʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʚʦʣʦʛʦʩʪʽ, ʪʠʩʢʫ ʽ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ, ʚʠʪʨʘʪʠ, ʯʘʩ ʽ ʪʨʫʜʦʤʽʩʪ-

ʢʽʩʪʴ ʧʽʜʛʦʪʦʚʯʠʭ ʽ ʟʘʢʣʶʯʥʠʭ ʨʦʙʽʪ ʽ ʽʥ. 

ʅʘʡʙʽʣʴʰ ʧʦʚʥʦ ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʽʩʪʴ ʦʮʽʥʶʻʪʴʩʷ ʚʘʨʪʽʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʱʦ ʜʦ-

ʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʚʨʘʭʫʚʘʪʠ ʤʘʪʝʨʽʘʣʴʥʽ ʽ ʪʨʫʜʦʚʽ ʚʠʪʨʘʪʠ, ʢʚʘʣʽʬʽʢʘʮʽʶ ʽ ʢʽʣʴʢʽʩʪʴ ʣʶ-

ʜʝʡ, ʟʘʡʥʷʪʠʭ ʨʦʙʦʪʘʤʠ ʧʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʶ. 

8. ʇʦʢʘʟʥʠʢʠ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʽ ʫʥʽʬʽʢʘʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʫʧʽʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 
ʧʨʦʜʫʢʮʽʾ ʩʪʘʥʜʘʨʪʥʠʭ ʽ ʫʥʽʬʽʢʦʚʘʥʠʭ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ, ʘ ʪʘʢʦʞ ʨʽʚʝʥʴ ʾʾ ʫʥʽʬʽʢʘʮʽʾ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʚʠʨʦʙʘʤʠ. 

ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʢʦʝʬʽʮʽʻʥʪ ʟʘʩʪʦʩʦʚʥʦʩʪʽ, ʢʦʝʬʽʮʽʻʥʪ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ, ʢʦʝʬʽ-

ʮʽʻʥʪ ʤʝʞ ʧʨʦʝʢʪʥʦʡ ʫʥʽʬʽʢʘʮʽʾ, ʫʥʽʬʽʢʘʮʽʷ ʛʨʫʧʠ ʚʠʨʦʙʽʚ ʽ ʽʥ. 

9. ʇʘʪʝʥʪʥʦ ï ʧʨʘʚʦʚʽ ʧʦʢʘʟʥʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʫʧʽʥʴ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ 

ʨʽʰʝʥʴ, ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ ʧʨʦʜʫʢʮʽʾ, ʾʭ ʧʘʪʝʥʪʥʠʡ ʟʘʭʠʩʪ. 

ɼʦ ʧʘʪʝʥʪʥʦ ï ʧʨʘʚʦʚʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʧʦʢʘʟʥʠʢʠ: ʧʘʪʝʥʪʥʦʛʦ ʟʘʭʠʩʪʫ, ʧʘʪʝʥʪʥʦʾ ʯʠ-

ʩʪʦʪʠ, ʪʝʨʠʪʦʨʽʘʣʴʥʦʛʦ ʧʦʰʠʨʝʥʥʷ. ʇʘʪʝʥʪʥʦ ï ʧʨʘʚʦʚʽ ʧʦʢʘʟʥʠʢʠ ʻ ʽʩʪʦʪʥʠʤ ʯʠʥʥʠʢʦʤ 

ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. 

10.  ɽʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʨʽʚʝʥʴ ʰʢʽʜʣʠʚʠʭ ʚʧʣʠʚʽʚ ʥʘ ʥʘʚʢʦ-

ʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʙʦ ʩʧʦʞʠʚʘʥʥʽ ʧʨʦʜʫʢʪʫ. 

ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʬʽʟʠʯʥʽ (ʤʝʭʘʥʽʯʥʽ ï ʨʽʚʥʽ ʧʠʣʦʚʠʜʽʣʝʥʥʷ, ʫʱʽʣʴʥʝʥʥʷ ʛʨʫʥʪʫ, ʰʫʤʫ, ʫʣʴʪʨʘʟ-

ʚʫʢʦʚʠʭ ʢʦʣʠʚʘʥʴ; ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ï ʨʽʚʥʽ ʨʘʜʽʦʧʝʨʝʰʢʦʜ, ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʝʣʝʢ-

ʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʪʘ ʽʥ .; ʨʘʜʽʘʮʽʡʥʽ ï ʨʽʚʥʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʘʣʴʬʘ -, ʙʝʪʘ - ʽ ʛʘʤʤʘ - 

ʯʘʩʪʠʥʦʢ), 

- ʭʽʤʽʯʥʽ (ʚʤʽʩʪ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʚʠʢʠʜʘʶʪʴʩʷ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, 

ʢʦʝʬʽʮʽʻʥʪ ʟʙʝʨʽʛʘʥʥʷ ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʽʥ.), 

- ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ (ʨʽʚʝʥʴ ʧʘʪʦʛʝʥʥʦʩʪʽ ʽ ʚʽʨʫʣʝʥʪʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʚʠʜʽ-
ʣʷʶʪʴʩʷ ʟ ʧʨʝʧʘʨʘʪʽʚ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʩʠʥʪʝʟʫ, ʽ ʽʥ.). 

11.  ʇʦʢʘʟʥʠʢʠ ʙʝʟʧʝʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʟʘʙʝʟʧʝʯʫ-

ʶʪʴ ʙʝʟʧʝʢʫ ʣʶʜʠʥʠ (ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ) ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʙʦ ʩʧʦʞʠʚʘʥʥʽ 

ʧʨʦʜʫʢʮʽʾ, ʤʦʥʪʘʞʽ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ, ʨʝʤʦʥʪʽ, ʟʙʝʨʽʛʘʥʥʽ, ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʽ ʪ.ʜ. 

ɼʦ ʧʦʢʘʟʥʠʢʽʚ ʙʝʟʧʝʢʠ ʚʽʜʥʦʩʷʪʴʩʷ: 

- ʤʝʭʘʥʽʯʥʽ (ʢʦʝʬʽʮʽʻʥʪʠ ʜʝʬʦʨʤʘʮʽʾ, ʟʥʦʰʫʚʘʥʦʩʪʽ, ʨʽʚʝʥʴ ʰʫʤʫ ʽ ʚʽʙʨʘʮʽʡ ʪʘ 

ʽʥ.), 

- ʝʣʝʢʪʨʠʯʥʽ (ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʝʣʝʢʪʨʦʟʘʭʠʩʪʫ, ʡʤʦʚʽʨʥʽʩʪʴ ʫʨʘʞʝʥʥʷ ʝʣʝʢʪ-
ʨʦʩʪʨʫʤʦʤ ʪʘ ʽʥ.), 
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- ʪʝʨʤʽʯʥʽ (ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʦʭʦʣʦʜʞʝʥʥʷ ʽ ʧʝʨʝʛʨʽʚʫ, ʨʽʚʝʥʴ ʪʝʨʤʦʭʽʤʽʯʥʦʾ ʘʛʨʝ-
ʩʠʚʥʦʩʪʽ ʪʘ ʽʥ.), 

- ʧʦʞʝʞʦ - ʪʘ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʽ (ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʧʦʞʝʞʽ ʘʙʦ ʚʠʙʫʭʫ ʪʘ 

ʽʥ.), ʙʽʦʣʦʛʽʯʥʽ (ʡʤʦʚʽʨʥʽʩʪʴ ʙʽʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʪʘ ʽʥ.). 
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Abstract 

Kinetics of polarization dependent changes of photoinduced magnetic anisotropy in 

magnetically ordered medium with initial cubic or combine magnetic anisotropy is described. 

Results are obtained for arbitrary orientation of a light polarization vector in crystallographic 

(110) ï plane of the medium.  

 

Keywords: magnetically ordered medium with photomagnetic properties, orientation-

ally nonequivalent site, active center, uniaxial photoinduced magnetic anisotropy, linearly 

polarized radiation. 

 

Introduction  

An optical exposure by linearly polarized optical radiation leads to changes of aʪ initial 

state magnetic anisotropy (MA) in magnetically ordered medium with photomagnetic proper-

ties [1]. This changes consist in alteration of a cubic magnetocrystalline MA and an appear-

ance or change of the photoinduced MA in media with initial cubic or combine (cubic and 

photoinduced MA) MA respectively [2]. Common conditions for this phenomenon are an ex-

istence of active (light sensitive and magnetically anisotropic) centers in nonequivalent sites 

of the cubic crystal lattice and a possibility of their photoinduced redistribution among these 

sites [1]. In medium with photomagnetic properties the role of these centers is carried out with 

transition metals ions those can exist with different valence states in four orientationally non-

equivalent octahedral ("a") - sites [1,3]. Till now the maximal energy density of the photoin-

duced uniaxial magnetic anisotropy mainly was investigated [2,4]. This work aims at a re-
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search of the active centers redistribution among the "a" - sites and changes of photoiduced 

MA energy density during optical irradiation of the medium with initial cubic or combine 

MA. 

1. Photoinduced redistribution of the active centers 

Availability of symmetry axis of the active centers causes a dependence of electronic 

optical transitions probability on orientation of light polarization vector ɽ [1]. The absorption 

probability 
P

iW  of unit intensity radiation by the center in i-type "a" - sites (i =1,2,3,4) is giv-

en by 
P

iW =[ 0W +L(E.T i)2]= = 0a
[1+B icosy2 ] where T i and iy  is an unit vector along the 

local trigonal axis of the "a" - site of i - type and an angle between this axis and vector ɽ, re-

spectively; 0W , L, 0a
 and B  - phenomenological constants [4]. Local symmetry axes of "a" 

ï sites are directed along <111>-directions, which are easy magnetization axes (EMA) in cu-

bic crystal with 1K ¢ 32K
, where 1K

 and 2K
 are first and second constants of the medium 

cubic ʄɸ [3]. In such medium the crystallographic <110> - and <100> - directions are inter-

mediate (IMA) and hard (HMA) magnetization axes. Probability of transition iW
 of the cen-

ter from i -type "a" - site in one of three others "a" - sites can be submitted by the sum of 

probabilities photoinduced 
P

iWKI0  and thermoactive TW
 transitions [1] where K is a proba-

bility of electron transition from the light excited state in one of others "a" - sites, 0I
 is an op-

tical radiation intensity. The probability TW
 is defined by expression [2,5]: TW

 = 

( )kTEa11exp-n
+

( )kTEexp a22 -n
 where 1aE

 and 2aE
 is a low- and high-

temperature activation energy of thermoactive transitions respectively; 1n and 2nare the 

corresponding to them frequency factors. 

The medium irradiation leads to redistribution of an initial population of the ñaò -sites 

by active centers. Photoinduced distribution of the centers among "a" - sites is described by 

system of equations [2]: 
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in
,  

where NNn ii /= ; N  and iN
 is a total quantity and quantity of active centers in i ïtype 

"a" - sites accordingly (for definiteness i =1,2,3 and 4 corresponds to ñaò - sites with trigonal 

[111] -, [ 111 ] -, [ 111 ] - and [ 111 ] - axis respectively); iW
= A ( )icosBA y20+³

; 

A= KIa0 ; 0A
=1+
( ) ( )kTEexpA a11 -n

+
( ) ( )kTEexpA a22 -n

.  

For radiation with wave vector k0 and polarization vector ɽ, directed accordingly along 

crystallographic < 011 > - direction and arbitrary directions in medium (110) - plane, the solu-

tions of system (1) can be submitted in form [2]: 
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E

ijRj

E

ij

E

i CnCCchCnCCn 011001 366exp tt
  

 
( ) ]( ) }RRj

M

ji CCshCnC 62 101 tD-+
 

( )( )( ) ( )[{ +D-+--+= i

E

ijRi

M

ji

M

j CnCCchCnCCn 1011001 266exp tt
 

 
( ) ]( ) }RRiji

M

j CCshCCn 63 10 tD-+
 



31 

( )M
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where 
E

in
 and 

M

jn
(

E

in 0  and 

M

jn 0 ) are the population densities (population densities in 

initial state) of the centers in "a" - sites with local symmetry axes in (110) - plane ( i ,
j

=2,3; 

ji ¸
) those are nearest to the polarization vector ɽ and magnetization M  respectively; 1n

 

and 4n
( 10n

 and 20n
) are the population densities (population densities in initial state) of the 

centers in "a" - sites with axes which are go out of the (110)-plane; tA=t ; 
E

ii WWC -=D 11 ; 

M

jj WWC -=D 11 ; 

M

j

E

iij WWC -=D
; 

WWWC E

ii 11 = ; 

WWWC M

jj 11 = ; 
WWWC M

j

E

iij = ; 

M

j

E

i WWWC 332 10 ++=
; 

( )M

j

E

i

M

j

E

i WWWWWW ++= 12
; 

2

11 94 ijjiR CCCC D+DD=
, t  is an irradiation time. 

Time dependencies (fig.1) of the centers population densities of "a" - sites at different 

vector E orientation in the medium (110) plane are obtained for the following parameters of 

1253 OFeY
:

+2Fe  [2,3]: T=77ʂ: B=-0.35 [4]; 1aE
=0.07ʝV; 2aE

=0.3ʝV; 1n=1.5.104s-1, 

2n=1.6.1014s-1 [2,6]; 
3

1 105Ö=An
[2]. 

2. Photoinduced magnetic anisotropy 
Photoinduced redistribution of the active centers among ñaò- sites leads to an appear-

ance or change of the photoinduced MA in media with initial cubic or combine MA respec-

tively. The photoinduced MA energy density Pe  of the active centers is given by [5]: 

=Pe Nl4-
[ 

( )432121 nnnn +--aa
+

( )432131 nnnn -+-aa ( )432132 nnnn --++aa
]/3 

(1), 

where l is a constant of spin-orbital coupling [6]; 321 ,, aaa
are directing cosines of 

the magnetization M  relatively to crystallographic [100] -, [010] -, [001] - directions respec-

tively. Substituting the values of 1
n

,
E

in
,

M

jn
 and 4n

 into Eq.(1), we shall obtain: 

( )( )[{ ( ) ( )( ³+--= 66exp22cos2sin22cossin22 01

2

RiijP CchCCCNe ttjqjql

 

 
( )( ) ( )( )( )( )( )( --D+D+---³ 100111010 6 nnCCCCshCCnn E

ijiRRiij

M

j t
  

 

))]( )( )[ ( ) ( )( ³--+-++D- 66exp4321cos34 011

2

0 Rjiijij

M

j CchCCCCCCn ttq
 

 
( ) ( )( )( ) ( )( )]}9236 1011010 i

M

jjijj

E

iRRj

E

i CnCCCnCCshCn -D+D-+-³ t
 (4) 

where 
( ) ( )[ ] ( ){ }WWWWWWWWWWWWC M

j

E

i

M

j

E

i

M

j

E

i

E

i

M

j

M

j +--+-= 42 11 , 

q and j are polar and azimuthal coordinates (q and j are measured from the crystallo-

graphic <111 >- and < 211 >-directions) respectively. 
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ʘ) b) 

Fig. 1. Time dependencies of the centers population densities in
 ( 4,3,2,1=i  ) of  

 "a" - sites at different vector E orientation (population densities 
L

in
, 

H

in
 and  

 
I

in
 are obtained at E orientation accordingly along EMA, HMA and IMA in  

 medium (110) plane respectively) in medium with initial cubic (fig.a) and  

 combine (fig.b) MA. 

 

Time dependencies (fig.2) of energy density P
e

 and EMA direction ɗP  (the angle Pq  is 

measured from the crystallographic <111 > - direction) of the uniaxial photoinduced MA are 

obtained for active centers (
+2Fe  ions in doped 1253 OFeY

[1-3,6]) concentration 0.002 per 

formula unit and l = 5 cm-1 [6].  

3. Discussion  

An medium exposure with vector ɽ orientation in (110) ï plane leads to a rise of the 

population density 
E

in
 of "a" - sites with local trigonal axes in the medium plane those are the 

nearest to the direction of vector ɽ due to reduction of population densities of three other 

types of the "a" ï sites or mainly of the "a" ï sites with local trigonal axes in the medium 

plane those are coincide with the magnetization M  direction accordingly in the medium with 

initial cubic ( 1n
= 2n

= 3n
= 4n

=0.25) (fig.1a) or combine (

M

jn
º0.32, 1n

=
E

in
= 4n º0.23) 

(fig.1b) MA. Maximal changes of the  

 
ʘ) b) 
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ʈʠʩ.2. Time dependencies of the energy density Pe
 and EMA direction ɗP  of the  

 photoinduced MA in the medium with initial cubic (fig.a) and combine (fig.b)  

 MA at different vector polarization E orientation where Ke
 = 

31K
:+ 

272K
.  

 Dependencies ɗ
+

P  as well as KP ee+
 and ɗ

-

P  as well as KP ee-
 are obtained  

 accordingly at vector E deflection from EMA of cubic MA in medium (110)  

 ï plane on a angle 
Eq : 

Eq  = 
+q = 230; 

Eq  = 
-q  = -450 . 

 

population densities are reached at the vector E orientation along one of medium in 

plane EMA of cubic MA (
E

in º0.32, 1n
=

M

jn
= 4n º0.23). At medium irradiation with the 

vector ɽ directed along the medium in ï plane IMA there is pair wise active centers enrich-

ment and depletion of the "a" - sites with medium in - plane ( i ,
j

=2,3; 
ji ¸
) and outgoing 

( i =1,4) trigonal axes respectively. During the orientation of the vector ɽ along medium in ï 

plane HMA the population densities of all four type "a" - sites does not change or are leveled 

( 1n
= 2n

= 3n
= 4n

=0.25) at irradiation of the medium with initial cubic or combine MA.  

Light induced redistribution of the active centers among the orientationally nonequiva-

lent òaò ï sites is the cause of appearance of the uniaxial photoinduced ʄɸ in the medium 

with cubic ʄɸ (fig.2a). At exposure (0<t <¤) of the such medium by radiation with arbi-

trary vector E deflection angle 
Eq  (angle 

Eq  is counted off [111 ] ïdirection) in medium 

(110) ï plane the photoinduced MA energy density Pe
 is changed from zero (fig.2a) to some 

finite (for corresponding direction of the vector ɽ) value of the energy density P
e

 at ¤­t . 

This finite value increases at reduction of the angle 
Eq . Simultaneously the ɽʄɸ of the pho-

toinduced ʄɸ deviates from an starting orientation (at 0­t ) to the direction of the nearest 

to vector E in ï plane ɽʄɸ of the initial cube ʄɸ with rise of irradiation duration t  

(ʨʠʩ.2ʘ). The starting and finite (at ¤­t ) deviations of ɽʄɸ of the photoinduced ʄɸ are 

decreased at reduction of the angle 
Eq . The absolutely maximal value of photoinduced MA 

energy density Pe
 is reached at vector E orientation along in ï plane EMA of initial cubic 

MA. In the last case the EMA of photoinduced MA is oriented along this EMA of the initial 

MA during of all irradiation process.  

Photoinduced redistribution of the active centers among orientationally inequivalent "a" 

ï sites leads to change (fig.2b) of the initial photoinduced MA in medium with initial combine 

MA respectively. During irradiation (0<t <¤) of such medium by radiation with arbitrary 

vector E deflection angle 
Eq  the photoinduced MA energy density Pe

 changes from an abso-

lutely maximal value to minimum value and then converges to some finite (for corresponding 

direction of the vector ɽ) value of the energy density P
e

 at ¤­t . (fig.2b) This finite value 

increases at reduction of the angle 
Eq . Simultaneously the ɽʄɸ of the photoinduced ʄɸ 

passes all direction in medium (110) ï plane from EMA of the cubic MA that is coincided 

with magnetization M  (at 0­t ) to some finite direction in (110) ï plane that is nearest to 

another in ï plane EMA of the cubic MA (at ¤­t ). At vector E orientation along in ï 

plane EMA of cubic MA there is the maximal variation of photoinduced MA energy density 
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Pe
 by its nonmonotonic change between absolutely maximal value and maximal reorientation 

EMA of photoinduced MA between different in ï plane EMA of cubic MA. 

Conclusions 

A medium optical exposure by linearly polarized radiation leads to appearance or 

change of an active centers inhomogeneous population of nonequivalent sites of magnetically 

ordered medium with cubic or combine MA respectively. 

Inhomogeneous population of nonequivalent sites by active centers results in occur-

rence or variation of photoinduced uniaxial MA in the medium with initial cubic or combine 

MA respectively.  

During medium irradiation by radiation with arbitrary polarization vector E orientation 

the photoinduced MA energy density changes from starting (zero or absolutely maximal at 

initial cubic or combine MA) magnitude to some final finite (for corresponding direction of 

the vector ɽ) value. Simultaneously the easy magnetization axis passes all direction in plane 

of the polarization and magnetization vectors from easy magnetization axis of the cubic MA 

coincided with magnetization M or some starting orientation to some final direction that is 

nearest to another in ï plane easy magnetization axis of the cubic MA in the medium with ini-

tial cubic or combine MA respectively 

Maximal changes of the energy density of the photoinduced MA and its easy magneti-

zation axis orientation are reached at polarization vector E orientation along easy magnetiza-

tion axis of medium cubic MA. 
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ɸʥʥʦʪʘʮʠʷ 

ʆʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʨʘʚʥʠʪʝʣʥɹʦʤʫ ʠʩ-

ʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʙʝʣʦʛʦ ʠ ʨʦʟʦʚʦʛʦ ʰʫʤʦʚ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʦʢʦʣʦ 4200 ɻʮ. ʇʨʠʚʦ-

ʜʷʪʩʷ ʛʨʘʬʠʢʠ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʬʘʟʦʚʳʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʦ ʧʘʨʘ-

ʤʝʪʨʘʭ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʠʛʥʘʣʦʚ. 

Abstract 

The results of computer investigation for comparative analyze of white noise and pink 

noise for frequency band around 4200 Hz are discussed. Are presented diagrams of signals 

and their phase reconstruction. The parameters of self-organization for a fain structure of sig-

nals are discussed.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʛʥʘʣ, ʙʝʣʳʡ ʰʫʤ, ʨʦʟʦʚʳʡ ʰʫʤ, ʬʘʟʦʚʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʧʘ-

ʨʘʤʝʪʨʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. 

Keywords: signal, white noise, pink noise, phase reconstruction, parameters of self-

organization 

 

ɺ ʜʚʫʭ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ [3, 5] ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʰʫʤʦ-

ʚʳʭ ʵʬʬʝʢʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʢʫʩʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ. ʅʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʦʧʦʨ-

ʥʳʭ ʟʥʘʯʝʥʠʷ ï 20, 330 ʠ 4186 ɻʮ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʣʦʩʳ ʯʘʩʪʦʪ, 

ʦʭʚʘʪʳʚʘʶʱʝʡ 0. 1 ʦʢʪʘʚʳ (ʠʣʠ 120 ʮʝʥʪʦʚ, ʛʜʝ ʮʝʥʪ ʨʘʚʝʥ ʦʜʥʦʡ ʩʦʪʦʡ ʧʦʣʫʪʦʥʘ ʪʝʤ-

ʧʝʨʠʨʦʚʘʥʥʦʛʦ ʩʪʨʦʷ). ʏʝʤ ʥʠʞʝ ʦʧʦʨʥʘʷ ʯʘʩʪʦʪʘ, ʪʝʤ ʫʞʝ ʜʘʥʥʘʷ ʧʦʣʦʩʘ; ʜʣʷ 20 ɻʮ ʝʝ 

ʰʠʨʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2 ɻʮ, ʜʣʷ ʜʚʫʭ ʜʨʫʛʠʭ ʟʥʘʯʝʥʠʡ ï 24 ʠ 210 ɻʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʩʢʦʣʴʢʫ ʩʚʦʡʩʪʚʘ ʰʫʤʦʚʳʭ ʩʠʛʥʘʣʦʚ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʜʘʥʥʳʭ ʧʦ-

ʣʦʩ, ʪʦ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʪ. ʥ. ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ, ʚ ʦʙʣʘʩʪʠ ʢʦʪʦʨʦʛʦ ʩʫʱʝ-

ʩʪʚʫʝʪ ʩʠʛʥʘʣ. ʂʘʢ ʩʘʤ ʩʠʛʥʘʣ, ʪʘʢ ʠ ʬʠʣʴʪʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʘʣʠʪʨʳ ʧʨʦʮʝʩ-

ʩʦʚ ʢʦʤʧʴʪʁʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ï ʤʫʟʳʢʘʣʴʥʦʛʦ ʨʝʜʘʢʪʦʨʘ Sound Forge [7]. 

ɺ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʜʠʩʢʨʝʪʥʳʝ ʰʫʤʦʚʳʝ ʵʬʬʝʢʪʳ ï ʙʝ-

ʣʳʡ ʰʫʤ (ɹʐ), ʘ ʪʘʢʞʝ çʦʢʨʘʰʝʥʥʳʝè ï ʨʦʟʦʚʳʡ (ʈʐ), ʢʦʨʠʯʥʝʚʳʡ ʠ ʬʠʣʴʪʨʦʚʘʥʥʳʡ. 

ɸʥʘʣʦʛʦʚʳʡ (ʪ. ʝ. ʥʝʧʨʝʨʳʚʥʳʡ) ʩʠʛʥʘʣ ɹʐ ʦʙʣʘʜʘʝʪ ʥʝʟʘʚʠʩʠʤʦʩʪʴʶ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ: ʜʣʷ ʣʶʙʳʭ ʧʨʦʤʝʞʫʪʢʦʚ ʚʨʝʤʝʥʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʭ, ʩʠʛʥʘʣ ʷʚʣʷʝʪʩʷ ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤ, ʪ. ʝ. ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʣʶʙʳʝ 

ʟʥʘʯʝʥʠʷ. ʆʪʩʶʜʘ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ɺʠʥʝʨʘ ï ʍʠʥʯʠʥʘ ʦ ʩʚʷʟʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢ-

ʮʠʡ ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ, ʩʣʝʜʫʝʪ, ʯʪʦ ʜʠʩʧʝʨʩʠʷ ɹʐ ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩ-
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ʢʦʥʝʯʥʦʩʪʠ [1]. çʆʢʨʘʰʝʥʥʳʝè ʰʫʤʳ ʦʪʣʠʯʘʶʪʩʷ ʥʝʢʦʪʦʨʦʡ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʩʪʴʶ ʩʚʦ-

ʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʉʚʦʡʩʪʚʘ ʤʫʟʳʢʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʰʫʤʦʚʳʭ ʵʬʬʝʢʪʦʚ ʤʦʛʫʪ ʠʩʩʣʝ-

ʜʦʚʘʪʴʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ; ʧʦʜʦʙʥʳʡ ʧʦʜʭʦʜ, 

ʨʘʟʚʠʚʘʝʤʳʡ ʥʘʤʠ, ʧʦʣʫʯʠʣ ʥʘʠʤʝʥʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦ-ʤʫʟʳʢʘʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

[2]. ʇʦʜʦʙʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʨʩʢʦʡ ʤʫʟʳʢʘʣʴʥʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥʳ ʯʝʪʳʨʝ ʚʝʨʩʠʠ). ɼʘʥʥʘʷ 

ʤʦʜʝʣʴ ʩʧʦʩʦʙʥʘ ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʜʥʦ- ʠʣʠ ʤʥʦʛʦʛʦʣʦʩʥʳʡ ʤʫʟʳʢʘʣʴʥʳʡ ʩʠʛʥʘʣ ʠ ʬʦʨ-

ʤʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʝʤ ʥʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʠʷ ʨʷʜʘ ʧʝʨʝʤʝʥʥʳʭ, ʢʘʢ ʯʠʩʪʦ ʩʪʘʪʠ-

ʩʪʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʙʣʘʩʪʠ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ. ʂ ʦʩ-

ʥʦʚʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʦʪʥʦʩʷʪʩʷ: ʛʨʘʬʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʩʠʛʥʘʣʘ ʢʘʢ ʥʝʢʦʪʦʨʦʛʦ 

ʩʣʦʞʥʦʛʦ ʦʩʮʠʣʣʠʨʫʶʱʝʛʦ ʧʨʦʮʝʩʩʘ, ʬʘʟʦʚʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʧʫʣʴʩʘʮʠʡ, ʠʥʪʝʛʨʘʣ ʢʦʨʨʝʣʷʮʠʠ, ʵʥʪʨʦʧʠʷ ʩʠʛʥʘʣʘ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠ-

ʩʪʝʤʳ, ʤʛʥʦʚʝʥʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʣʩɹʘ-

ʮʠʡ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʦʞʥʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ (ʠʣʠ ʬʨʘʢʪʘʣʴʥʦʡ) ʨʘʟ-

ʤʝʨʥʦʩʪʠ, ʪ. ʥ. ʧʝʨʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʃʷʧʫʥʦʚʘ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʫ ʤʝʨʳ ʠʥʬʦʨʤʘʮʠʠ ʩʠʛ-

ʥʘʣʘ (ʧʦ ʐʝʥʥʦʥʫ). ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʫʟʳʢʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʦʜʝʨ-

ʞʠʪʩʷ ʚ [2]. 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʥʘʤʠ ʚ [3, 5]; ʚ [4, 

6] ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ ʙʳʣ ʧʨʝʜʧʨʠʥʷʪ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʥʝʢʦʪʦʨʳʭ 

ʩʚʦʡʩʪʚ ʙʝʣʦʛʦ ʠ ʨʦʟʦʚʦʛʦ ʰʫʤʦʚ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʰʫʤʦʚʳʭ ʵʬʬʝʢʪʦʚ ï ʧʦʠʩʢ ʵʬʬʝʢʪʦʚ ʩʘ-

ʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʬʘʟʦʚʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʠʩʢʣʶʯʘʶʱʘʷ 

ʷʚʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʛʥʘʣʘ ʦʪ ʚʨʝʤʝʥʠ, ʥʝʩʝʪ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥ-

ʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ ʩʠʛʥʘʣʘ: ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʩʥʦʚʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʩʚʦʡʩʪʚʘʭ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. 

ʊʘʢ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʣʴʩʘʮʠʡ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʠʟʤʝʥʯʠʚʦʩʪʠ ʨʘʩʩʪʦʷʥʠʡ 

ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʬʘʟʦʚʦʛʦ çʧʦʨʪʨʝʪʘè, ʠʣʠ ʤʝʪʨʠʢʠ; ʠʥʪʝʛʨʘʣ ʢʦʨʨʝʣʮ̫ʠʠ ʧʦʢʘʟʳʚʘʝʪ 

ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʟʥʘʯʝʥʠʡ ʤʝʪʨʠʢʠ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢ ʢʦʣʠʯʝʩʪʚʫ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʟʥʘʯʝʥʠʡ, ʠʣʠ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ. ʕʥʪʨʦʧʠʷ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʝʩʪʴ ʣʦʛʘʨʠʬʤ ʢʦʣʠʯʝʩʪʚʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ; ʣʠ-

ʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʛʨʘʬʠʢʘ ʵʥʪʨʦʧʠʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʠʣʠ 

ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ; ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʪʩʷ ʢʘʢ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ (ʠʣʠ ʬʨʘʢʪʘʣʴʥʘʷ) ʨʘʟʤʝʨʥʦʩʪʴ ʬʘʟʦʚʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. 

ʄʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ʧʨʦʠʟʚʦʜʥʘʷ ʵʥʪʨʦ-

ʧʠʠ ʧʦ ʣʦʛʘʨʠʬʤʫ ʤʝʪʨʠʢʠ. 

ʇʨʦʮʝʩʩ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʨʘʤʢʘʭ ʪʦʡ ʠʣʠ ʠʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (ʥʘʧʨʠ-

ʤʝʨ, ʤʫʟʳʢʘʣʴʥʦʛʦ ʠʣʠ ʰʫʤʦʚʦʛʦ ʩʠʛʥʘʣʘ) ʦʧʠʩʳʚʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʷʜʦʤ ʧʘʨʘʤʝʪ-

ʨʦʚ, ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʵʚʦʣʶʮʠʠ ʠʥʪʝʨʝ-

ʩʫʶʱʝʛʦ ʥʘʩ ʷʚʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʢʘʟʚrʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʠʤʝʥʥʦ ʤʝʪʨʠʢʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. 

ʊʘʢ, ʬʘʟʦʚʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ɹʐ ʚ ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ 20 ɻʮ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʣʘʜʘʝʪ 

ʢʘʢʠʤʠ-ʣʠʙʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ. ʅʘʦʙʦʨʦʪ, ʨʦʟʦʚʳʡ ʰʫʤ ʧʦʨʦʞʜʘʝʪ 

ʨʝʢʦʥʩʪʨʫʢʮʠʶ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʢʦʪʦʨʦʡ ʚʦʟʨʘʩʪʘʶʪ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ 

[4]. ʈʝʟʫʣʴʪʘʪʳ ʜʣʷ ʦʧʦʨʥʦʡ ʯʘʩʪʦʪʳ 330 ɻʮ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ [5]. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʝ ʤʳ ʦʙʩʫʞʜʘʝʤ ʥʝʢʦʪʦʨʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʛʥʘʣʦʚ ɹʐ ʠ ʈʐ ʜʣʷ ʚʝʨʭʥʝʛʦ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ (ʦʧʦʨʥʘʷ ʯʘʩʪʦʪʘ ʩʦʩʪʘʚʣʷʝʪ 

4186 ɻʮ, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 4081ï4291 ɻʮ). ɼʘʥʥʳʡ ʜʠʘʧʘ-
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ʟʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʯʪʠ ʥʝʜʦʩʪʠʞʠʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʫʟʢrʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ; ʦʜ-

ʥʘʢʦ ʦʩʦʙʝʥʥʦʩʪʠ ʰʫʤʦʚʳʭ ʵʬʬʝʢʪʦʚ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ. 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʛʥʘʣʳ ɹʐ ʠ ʈʐ; ʚʥʝʰʥʝ ʦʥʠ ʧʦʯʪʠ ʥʝʦʪʣʠʯʠʤʳ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ (ʘʤʧʣʠʪʫʜʘ ʈʐ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ): 

 
ʈʠʩ. 1. ʉʠʛʥʘʣʳ ʙʝʣʦʛʦ ʠ ʨʦʟʦʚʦʛʦ ʰʫʤʦʚ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʢʦʣʦ ʯʘʩʪʦʪʳ 20 ɻʮ ʩʠʛʥʘʣʳ ɹʐ ʠ ʈʐ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯ-

ʥʳʝ ʨʘʟʣʠʯʠʷ: 

 
 

ʈʠʩ. 2. ʉʠʛʥʘʣʳ ʙʝʣʦʛʦ ʠ ʨʦʟʦʚʦʛʦ ʰʫʤʦʚ ʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ 

 

ɻʨʘʬʠʢʠ ʩʠʛʥʘʣʦʚ ʜʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ 330 ɻʮ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ [5].  

ʇʝʨʝʡʜʝʤ ʢ ʘʥʘʣʠʟʫ ʬʘʟʦʚʳʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ: 
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ʈʠʩ. 3. ʌʘʟʦʚʳʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ɹʐ ʠ ʈʐ 

 

ʄʥʦʞʝʩʪʚʘ ʪʦʯʝʢ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʜʘʥʥʦʤ ʨʠʩʫʥʢʝ, ʜʦʩʪʘʪʦʯʥʦ ʟʘʤʝʪʥʦ ʦʪʣʠ-

ʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʌʘʟʦʚʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʙʝʣʦʛʦ ʰʫʤʘ ʠʤʝʝʪ ʬʦʨʤʫ ʢʨʫʛʘ, ʧʣʦʪ-

ʥʦʩʪʴ ʪʦʯʝʢ ʤʘʢʩʠʤʘʣʴʥʘ ʚ ʮʝʥʪʨʝ ʢʨʫʛʘ ʠ ʠʟʦʪʨʦʧʥʦ ʧʦʥʠʞʘʝʪʩʷ ʢ ʧʝʨʠʬʝʨʠʠ (ʥʝʪ ʚʳ-

ʜʝʣʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʛʜʝ ʪʦʯʢʠ ʚʝʣʠ ʙʳ ʩʝʙʷ ʠʥʘʯʝ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʝʪʨʠʢʘ ʨʘʚ-

ʥʦʤʝʨʥʦ ʚʦʟʨʘʩʪʘʝʪ (ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ). 

ʌʘʟʦʚʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʨʦʟʦʚʦʛʦ ʰʫʤʘ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ çʩʧʣʶʩʥʫʪʳʡè 

ʚʠʜ; ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʤʝʪʨʠʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ʠʣʠ ʙʣʠʟʢʠʭ ʢ ʧʘʨʘʣʣʝʣʴʥʳʤ. 

ʉʨʘʚʥʠʚʘʷ ʬʘʟʦʚʳʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʠʛʥʘʣʦʚ ɹʐ ʠ ʈʐ, ʧʦʩʪʨʦʝʥʥʳʝ ʜʣʷ ʫʟʢʠʭ 

ʧʦʣʦʩ ʯʘʩʪʦʪ ʚ ʥʠʟʢʦʤ, ʩʨʝʜʥʝʤ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʘʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫ-

ʶʱʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʚʳʚʦʜʳ. ʌʘʟʦʚʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʜʣʷ ɹʐ ʩʪʨʫʢʪʫʨʠʨʫʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʦʧʦʨʥʦʡ ʯʘʩʪʦʪʳ: ʝʩʣʠ ʜʣʷ ʥʠʟʢʠʭ ʯʘʩʪʦʪ çʧʦʨʪʨʝʪè ʧʨʘʢʪʠʯʝʩʢʠ ʠʟʦʪʨʦ-

ʧʝʥ, ʪʦ ʜʣʷ ʩʨʝʜʥʝʛʦ ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʤʦʥʦʪʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʤʝʪʨʠʢʠ (ʪ. ʝ. ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 

ʬʘʟʦʚʦʛʦ ʧʦʨʪʨʝʪʘ) ʦʪ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʝʡ ʢ ʧʝʨʠʬʝʨʠʠ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʜʣʷ ɹʐ ʬʘʟʦʚʘʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʯʘʩʪʦʪʳ. 

ʌʘʟʦʚʳʡ çʧʦʨʪʨʝʪè ʨʦʟʦʚʦʛʦ ʰʫʤʘ ʥʝʩʝʪ ʥʘ ʩʝʙʝ ʤʝʥʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ: ʜʣʷ ʚʩʝʭ ʚʳʙʨʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʧʦʨʥʦʡ ʯʘʩʪʦʪʳ ʤʝʪʨʠʢʘ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʈʐ ʟʘʚʠʩʠʤʦʩʪʴ 

ʬʘʟʦʚʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʪ ʯʘʩʪʦʪʳ ʦʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʘʙʦʡ. 

ʇʨʠʯʠʥʳ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʝʞʘʪ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʢʦʨʨʝʣʠ-

ʨʦʚʘʥʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʣʠʯʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʠʛʥʘʣʦʚ. ʇʨʠʤʝ-

ʥʝʥʠʝ ʬʘʟʦʚʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʚʠʟʫʘʣʥɹʫʶ ʦʮʝʥʢʫ ʩʪʝʧʝʥʠ ʢʦʨ-

ʨʝʣʠʨʦʚʘʥʥʦʩʪʠ ʩʠʛʥʘʣʘ. 
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ɸʥʥʦʪʘʮʠʷ 

ʈʘʟʨʘʙʦʪʘʥʘ ʢʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʠʤʝʨʠʟʘʮʠʠ ʤʝ-

ʪʘʥʘ ʚ ʵʪʠʣʝʥ ʠ ʘʮʝʪʠʣʝʥ. ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʘʥʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʧʨʦʚʝʜʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ. ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ.  

Abstract 

Has been developed the kinetic model for the oxidative coupling of methane to ethylene 

and acetylene. Based on the developed kinetic model of the process carried out the theoretical 

optimization. Have been determined the optimal conditions of the process. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʤʝʨʠʟʘʮʠʷ ʤʝʪʘʥʘ, ʵʪʠʣʝʥ, ʘʮʝʪʠʣʝʥ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ. 

Key words: coupling of methane, ethylene, acetylene, kinetic model, theoretical opti-

mization. 

 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ 

ʤʝʪʘʥʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʣʫʯʰʠʤʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣ-

ʮʝʦʣʠʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʢʘʪʘʣʠ-

ʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʠʪʘ ï ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʤʝ-

ʪʦʜʦʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ Ca, Mg, Mn ʠ Li  ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʷʭ [1]. 

ʀʩʧʳʪʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʠʟʫʯʝʥʠʝ ʢʠʥʝʪʠʯʝ-

ʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʮʝʩʩʘ ʥʘ ʘʢʪʠʚʥʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʫʭʩʪʫʧʝʥʯʘ-

ʪʳʭ ʢʚʘʨʮʝʚʳʭ ʨʝʘʢʪʦʨʘʭ ʩʦ ʩʪʫʧʝʥʯʘʪʦʡ ʧʦʜʘʯʝʡ ʢʠʩʣʦʨʦʜʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥ-
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ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʮʝʦʣʠʪʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ LiMgCa-ʢʣʠʥʦʧʪʠʣʦʣʠʪ ʩ 

SiO2/Al2O3 = 10.8, ʩʦʜʝʨʞʘʱʠʡ (ʚ ʤʘʩ. %): Li+-7.0; Mg2+-8.0; Ca2+-8.0, ʧʨʦʷʚʣʷʝʪ ʥʘʠʙʦ-

ʣʝʝ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʤʝʪʘʥʘ ʚ ʵʪʠʣʝʥ ʠ ʘʮʝ-

ʪʠʣʝʥ [1].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʝʛʦ ʚ ʦʜʥʦʤ ʢʚʘʨʮʝʚʦʤ ʠʟʦ-

ʪʝʨʤʠʯʝʩʢʦʤ ʨʝʘʢʪʦʨʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʨʘʟʫ ʦʙʘ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʘ: ʵʪʠʣʝʥ ʠ ʘʮʝ-

ʪʠʣʝʥ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʩʠʣʴʥʦʡ ʵʢʟʦʪʝʨʤʠʯʥʦʩʪʠ ʧʨʦʪʝʢʘʶʱʠʭ ʨʝʘʢʮʠʡ ʠ ʚ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ ʩʤʝʩʠ ʉʅ4+ʆ2. ɺ ʩʚʦʙʦʜʥʦʤ ʦʙʲʝʤʝ ʦʜʥʦʛʦ ʨʝʘʢʪʦʨʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 8000ʉ ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʵʪʠʣʝʥ ʚ ʧʨʦʮʝʩʩʝ ʧʠʨʦʣʠʟʘ ʧʦʩʪʫʧʠʚʰʝʛʦ ʩʶʜʘ 

ʠʟ ʩʣʦʷ ʢʘʪʘʣʠʟʘʪʦʨʘ ʵʪʘʥʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʚʪʦʨʦʛʦ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ - ʘʮʝʪʠʣʝʥʘ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʩʦʚʤʝʱʝʥʠʷ ʨʝʘʢʮʠʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʠʤʝʨʠ-

ʟʘʮʠʠ ʤʝʪʘʥʘ ʚ ʵʪʘʥ, ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʵʪʘʥʘ ʚ ʵʪʠʣʝʥ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ 

ʵʪʠʣʝʥʘ ʚ ʘʮʝʪʠʣʝʥ. ɼʣʷ ʵʪʦʛʦ ʢ ʦʜʥʦʤʫ ʨʝʘʢʪʦʨʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʠʣʠ ʚʪʦʨʦʡ ʩ 

ʪʘʢʠʤ ʞʝ ʦʙʲʝʤʦʤ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ, ʚʳʰʝʜʰʠʝ ʠʟ ʧʝʨʚʦʛʦ ʨʝʘʢʪʦʨʘ, 

ʩʤʝʰʠʚʘʶʪʩʷ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʠ ʩʤʝʩʴ ʧʦʩʪʫʧʘʝʪ ʚʦ ʚʪʦʨʦʡ ʨʝʘʢʪʦʨ. ɿʜʝʩʴ ʪʘʢʞʝ ʥʘ ʢʘʪʘ-

ʣʠʟʘʪʦʨʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ (600-7000ʉ) ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʠʪʝʣʴʥʘʷ ʜʠʤʝʨʠʟʘʮʠʷ ʚ ʵʪʘʥ 

ʧʦʩʪʫʧʠʚʰʝʛʦ ʠʟ ʧʝʨʚʦʛʦ ʨʝʘʢʪʦʨʘ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʤʝʪʘʥʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʘ II 

ʢʘʪʘʣʠʟʘʪʦʨʝ ʠʜʝʪ ʧʨʦʮʝʩʩ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʧʦʩʪʫʧʠʚʰʝʛʦ ʠʟ ʧʝʨʚʦʛʦ 

ʨʝʘʢʪʦʨʘ ʵʪʠʣʝʥʘ ʚ ʘʮʝʪʠʣʝʥ. ɺ ʩʚʦʙʦʜʥʦʤ ʦʙʲʝʤʝ ʚʪʦʨʦʛʦ ʨʝʘʢʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʧʠʨʦ-

ʣʠʟ ʧʦʩʪʫʧʠʚʰʝʛʦ ʠʟ ʧʝʨʚʦʛʦ ʨʝʘʢʪʦʨʘ ʵʪʘʥʘ ʠ ʵʪʘʥʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʜʠʤʝʨʠʟʘʮʠʠ ʤʝʪʘʥʘ ʥʘ ʚʪʦʨʦʤ ʢʘʪʘʣʠʟʘʪʦʨʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʵʪʠʣʝʥ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʪʦʨʦʛʦ ʨʝʘʢʪʦʨʘ ʥʘ ʚʳʭʦʜʝ 

ʠʟ ʩʠʩʪʝʤʳ ʧʦʣʫʯʘʝʤ ʦʙʘ ʥʝʦʙʭʦʜʠʤʳʭ ʮʝʣʝʚʳʭ ʧʨʦʜʫʢʪʘ ï ʵʪʠʣʝʥ ʠ ʘʮʝʪʠʣʝʥ. ʀʩʩʣʝ-

ʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʝʪʘʥʘ ʢ ʢʠʩʣʦʨʦʜʫ 
2n:n 0

O
0
CH 24

¢
 

ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ.  

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʦʙʦʠʭ ʠʟʦʪʝʨʤʠʯʝ-

ʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʩʪʘʚʦʤ ʢʦʥʪʘʢʪʥʦʛʦ ʛʘʟʘ ʚ ʥʠʭ: 
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ʛʜʝ 51 ɸA -
 ï ʚʳʭʦʜʳ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ 2224262 HCʠCO,CO,HC,HC

, ʤʘʩ. %; 
*

1K , 
*

2K  ïʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʷ, 1/ʇʘ; 151 kk -
 ï ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ; 

0

O

0

CH 24
n,n

 ï ʤʦʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʤʝʪʘʥʘ ʠ ʢʠʩʣʦʨʦʜʘ, ʤʦʣʴ/ʩ; iP
 ï ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʇʘ; V I, V II ï ʩʚʦʙʦʜʥʳʝ ʦʙʲʝʤʳ I ʠ II ʨʝʘʢʪʦʨʦʚ, ʩʤ3; 
II

cat

I

cat V,V
 ï ʦʙʲʝʤʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ I ʠ II ʨʝʘʢʪʦʨʘʭ, ʩʤ3.  

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

(2) 



43 

ʊʘʙʣʠʮʘ 1. ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 
*

j

0

j lnK,lnk
 

*

jj Q,E
, ʢɼʞ/ʤʦʣʴ 

0

1lnk  16.79 1E
 

27.73 
0

2lnk  22.24 2E
 

127.12 
0

3lnk
 

43.08 3E
 

109.61 
0

4lnk  3.48 4E
 

68.21 
0

5lnk
 12.08 5E

 
60.71 

0

6lnk
 

-16.43 6E
 

18.72 

0

7lnk
 

38.93 7E
 

259.61 

0

8lnk
 

-9.25 8E
 

1.99 
0

9lnk
 1.77 9E

 
2.47 

*

1lnK  14.163 *

1Q
 

15.40 
*

2lnK  15.033 *

2Q
 

12.66 
0

12lnk  2.997 12E
 

48.52 
0

13lnk
 

20.681 13E
 

24.33 
0

14lnk  1.748 14E
 

20.25 
0

15lnk
 

20.68 15E
 

24.33 

ʀʟ-ʟʘ ʚʳʩʦʢʦʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʧʦʪʦʢʘ (ʯʠʩʣʘ Re>10000) ʦʧʪʠʤʘʣʴʥʳʤ ʪʠʧʦʤ ʨʝ-

ʘʢʪʦʨʘ ʜʣʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣ ʚʳʙʨʘʥ ʨʝʘʢʪʦʨ ʠʜʝʘʣʴʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ, ʛʜʝ ʤʦʞʥʦ 

ʙʝʟ ʦʩʦʙʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʝ ʫʯʠʪʳʚʘʪʴ ʨʘʜʠʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ: 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʨʝʘʛʠʨʫʶʱʝʡ ʩʨʝʜʳ. ʅʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʵʪʦ ʦʪʥʦ-

ʩʠʪʩʷ ʢ ʨʝʘʢʪʦʨʫ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠʥʠʤʘʝʤ ʚʦ ʚʥʠʤʘʥʠʝ ʠʟʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʦʣʴʢʦ 

ʚʜʦʣʴ ʚ ʨʝʘʢʪʦʨʘ. 

ʅʘ ʦʩʥʦʚʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʙʦʠʭ ʨʝʘʢʪʦʨʦʚ ʨʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʆɼʄ. ɿʜʝʩʴ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ (1) ʤʘʢʩʠʤʠʟʠʨʦ-

ʚʘʣʩʷ ʚʳʭʦʜ ʵʪʠʣʝʥʘ: 

{ }I0

O

0

CH

II

HC ,n,n,V,TAmax
2442

v
 

ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʫʧʨʘʚʣʷʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

850T750 I ¢¢ ; 

2520016000 Iɜ¢¢ ; 

2nn 0

O

0

CH 24
: ¢

; 

90V25 I ¢¢ ; 

8.0V3.0 I

cat¢¢
, 

ʥʘ ʚʪʦʨʦʤ ï ʥʘ ʦʩʥʦʚʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (2) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ 

ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ I ʨʝʘʢʪʦʨʘ VI ʤʘʢʩʠʤʠʟʠʨʫʝʪʩʷ ʩʫʤʤʘ ʚʳʭʦʜʦʚ ʵʪʠʣʝʥʘ ʠ ʘʮʝʪʠʣʝʥʘ 

ʥʘ ʚʳʭʦʜʝ ʠʟ ʩʠʩʪʝʤʳ: 

( ) ( ){ }IIII0

O

II

cat

II

HCHC V,n,V,TAAmax
22242

+
 

ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ, ʥʘʣʦʞʝʥʥʳʭ ʥʘ ʧʝʨʝʤʝʥʥʳʝ: 

850T750 II ¢¢ ; 


