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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʮʝʥ-

ʪʨʳ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʧʣʦʱʘʜʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʭʥʦʛʝʥʥʳʝ ʛʝʦ-

ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʚʠʥʮʠʠ [67, 71, 129, 145, 164]. ʇʦʯʚʳ ʛʦʨʦʜʦʚ 

ʷʚʣʷʶʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʦʪ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʢʦʤʤʫʥʘʣʴʥʳʭ ʭʦʟʷʡʩʪʚ, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʤʦʱʥʳʝ ʠʩʪʦʯʥʠʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʶʱʠʭʩʷ ʚ ʨʝʛʠʦ-

ʥʘʣʴʥʳʝ ʤʠʛʨʘʮʠʦʥʥʳʝ ʮʠʢʣʳ [69, 177, 189]. ʇʦʯʚʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ 

ʵʢʦʣʦʛʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʦʚ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ 

ʩʠʩʪʝʤʘʪʠʢʠ ʠ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. 

ɺʦʟʨʘʩʪʘʶʱʠʝ ʧʣʦʱʘʜʠ ʥʘʨʫʰʝʥʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʦ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʯʚ 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ï ʦʜʥʘ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʈʌ ʩ 

ʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʛʦʨʦʜ ɺʦʨʦʥʝʞ. ɺʝʩʦʤʳʡ 

ʚʢʣʘʜ ʚ ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʝʛʦ ʩʪʨʫʢʪʫ-

ʨʳ ʚʥʦʩʷʪ ʧʣʦʱʘʜʥʳʝ ʠ ʪʦʯʝʯʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʤʘʛʠʩʪʨʘʣʠ, 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʜʨʫʛʠʝ ʩʬʝʨʳ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ (ɿɺ) ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʷʚʣʷʶʪʩʷ ʪʷ-

ʞʝʣʳʝ ʤʝʪʘʣʣʳ (ʊʄ) ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʠʟʫʯʝʥʠʶ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʦʙʦʩʥʦʚʘʥʳ ʚʦ ʤʥʦʛʠʭ ʪʨʫʜʘʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝ-

ʥʳʭ ʚ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ (ʅ.ʉ. ʂʘʩʠʤʦʚ [38, 

69-72, 121, 129, 131, 164], ʄ.ɸ. ɻʣʘʟʦʚʩʢʘ ̫[35-38, 164], ɻ.ɺ. ɼʦʙʨʦʚʦʣʩɹʢʠʡ [124], 

ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ [2], ʅ.ɽ. ʂʦʰʝʣʝʚʘ [70, 72, 80], ʖ.ɽ. ʉʘʝʪ [132], ɸ.ʀ. ʇʝʨʝʣʴʤʘʥ 

[121], ɺ.ɽ. ɿʘʢʨʫʪʢʠʥ [61], ɸ.ʀ. ʌʝʜʦʨʦʚʘ [153-155], ɺ.ʄ. ɿʘʭʘʨʦʚ [62, 63], ʉ.ʀ. 

ʂʦʣʝʩʥʠʢʦʚ [13,74,75], M. M. Lasat [185], N. Marmiroli [186], C.R. Meinardi [188], 

D. Munch [191], D. Turer [199] ʠ ʜʨ.). 

ʇʨʦʙʣʝʤʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʤʥʦ-

ʛʠʭ ʢʨʫʧʥʳʭ ʠʥʜʫʩʪʨʠʘʣʴʥʦ-ʨʘʟʚʠʪʳʭ ʛʦʨʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ɺʦʨʦʥʝʞʘ ʩ ʤʠʣʣʠʦʥ-
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ʥʳʤ ʥʘʩʝʣʝʥʠʝʤ. ʆʥ ʪʠʧʠʯʝʥ ʜʣʷ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʮʝʥʪʨʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ 

ʩʪʨʘʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʝʛʦ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʩʠʩʪʝʤ 

ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʥʘ ʜʨʫʛʠʝ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʝ ʨʝʛʠʦʥʳ ʠ ʦʪʜʝʣʴʥʳʝ ʢʨʫʧʥʳʝ ʧʨʦ-

ʤʳʰʣʝʥʥʳʝ ʮʝʥʪʨʳ ʈʦʩʩʠʠ [27]. 

ʈʘʥʝʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ ʚʳʧʦʣʥʝʥ ʨʷʜ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ (ʍ.ɸ. ɼʞʫʚʝʣʠʢʷʥ 

[49], ʉ.ɸ. ɽʧʨʠʥʮʝʚ ʩ ʩʦʘʚʪ. [59, 60], ʅ.ʇ. ʄʘʤʯʠʢ, ʉ.ɸ. ʂʫʨʦʣʘʧ ʩ ʩʦʘʚʪ. [67,87, 

95, 166], ɸ.ɺ. ʅʘʟʘʨʝʥʢʦ, ʀ.ɼ. ʉʚʠʩʪʦʚʘ [108-110], ɸ.ʀ. ʌʝʜʦʨʦʚʘ, ɽ.ɺ. ʐʫʥʝʣʴʢʦ 

[153-155]). ʆʜʥʘʢʦ ʚ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʝ ʨʝʘʣʠʟʦʚʘʥ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ 

ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʤʝʪʦʜʘʤʠ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʪʦʢʩʠʢʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʛʦ (ɻʀʉ) ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ.  

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʤʳʰ-

ʣʝʥʥʦ ʨʘʟʚʠʪʦʛʦ ʛʦʨʦʜʘ.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʘʥʘʣʠʟ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʪʝʭʥʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʛʦʨʦʜʘ ʚ ʨʘʟʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʟʦʥʘʭ, ʘ ʪʘʢʞʝ ʦʮʝʥʢʘ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ 

ʩʚʷʟʝʡ ʚ ʩʠʩʪʝʤʝ çʠʩʪʦʯʥʠʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ï ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚè. 

ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥ-

ʢʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʢʨʫʧʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʮʝʥ-

ʪʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʛʦʨʦʜʘ ʚʳʙʨʘʥ ɺʦʨʦʥʝʞ ï ʢʨʫʧʥʝʡʰʠʡ ʧʨʦʤʳʰʣʝʥʥʦ 

ʨʘʟʚʠʪʳʡ ʮʝʥʪʨ ʏʝʨʥʦʟʝʤʴʷ ʩ ʥʘʩʝʣʝʥʠʝʤ ʙʦʣʝʝ 1 ʤʣʥ. ʯʝʣʦʚʝʢ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ. 

1. ʇʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩ ʧʦʣʝʚʳʭ ʠ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʬʦʨ-

ʤʠʨʦʚʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦ ʟʘʛʨʷʟʥʝʥʠʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʢʨʦʚʘ ʧʦ 78 ʧʦʢʘʟʘʪʝʣʷʤ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʪʷʞʝʣʳ-

ʤʠ ʤʝʪʘʣʣʘʤʠ, ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʘʤ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʪʦʢʩʠ-

ʢʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʯʚ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ ʚ ʪʝʯʝʥʠʝ 2014-2016 ʛʛ.). 

2. ʀʩʩʣʝʜʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʘʢʢʫʤʫʣʷʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʦʭʠʤʠʯʝ-

ʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ /ʩʚʠʥʝʮ (Pb), ʤʝʜʴ (Cu), ʢʘʜʤʠʡ (Cd), ʤʘʨʛʘ-
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ʥʝʮ (Mn), ʮʠʥʢ (Zn), ʭʨʦʤ (Cr), ʥʠʢʝʣʴ (Ni), ʤʳʰʴʷʢ (As), ʚʘʥʘʜʠʡ (V) ʠ ʨʷʜ ʜʨʫ-

ʛʠʭ/ ʠ ʚʘʣʦʚʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ /ʦʢʩʠʜ ʤʘʨʛʘʥʮʘ (MnO), ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ 

(Al 2O3), ʦʢʩʠʜ ʢʨʝʤʥʠʷ (SiO2), ʦʢʩʠʜ ʢʘʣʴʮʠʷ (CaO) ʠ ʨʷʜ ʜʨʫʛʠʭ/ ʚ ʧʦʯʚʘʭ ʨʘʟʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʟʦʥ (ʌɿ), ʚʥʫʪʨʠʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʦʚ, ʬʦʥʦʚʳʭ 

ʫʯʘʩʪʢʦʚ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ. 

3. ʉʦʩʪʘʚʣʝʥʳ ʢʘʨʪʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʧʦ ʫʨʦʚʥʶ 

ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʬʠʪʦʪʦʢʩʠʯʥʦ-

ʩʪʠ ʠ ʪʦʢʩʠʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʢʘʨʪʳ ʠʥʪʝʛʨʘʣʴʥʦʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦ-

ʢʨʦʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ.  

4. ʆʧʨʝʜʝʣʝʥʳ ʣʦʢʘʣʴʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ.  

5. ʀʩʩʣʝʜʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʠʩʪʝʤʝ çʧʦʯʚʝʥ-

ʥʳʡ ʧʦʢʨʦʚ ï ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ ï ʫʣʠʯʥʳʡ ʩʤʝʪè.  

6. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʢʦʤʧʣʝʢʩʥʦʡ ʛʝʦʵʢʦʣʦʛʠʯʝ-

ʩʢʦʡ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

7. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥ-

ʢʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʤʳʰʣʝʥʥʦ-ʨʘʟʚʠʪʦʛʦ ʛʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʧʨʠ-

ʚʝʜʝʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʝʩʩʘ ʥʘ ʧʦʯ-

ʚʝʥʥʳʡ ʧʦʢʨʦʚ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʦʩʥʦʚʘʥʘ ʥʘ ʪʨʫʜʘʭ ʚʝʜʫʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘ-

ʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ ʚ ʦʙʣʘʩʪʠ ʵʢʦʛʝʦʭʠʤʠʠ ʠ ʙʠʦʠʥʜʠʢʘʮʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʫʨ-

ʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠ-

ʨʦʚʘʥʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʵʢʦʛʝʦʭʠʤʠʯʝʩʢʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ (ʙʠʦʪʝ-

ʩʪʠʨʦʚʘʥʠʷ ʠ ʪʦʢʩʠʢʦʣʦʛʠʠ), ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ʀʥʪʝʛʨʠʨʫ-

ʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʦʮʝʥʢʠ, ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʩʣʫʞʘʪ 

ʤʝʪʦʜʳ ʚʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʦʚ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ MS 

EXCEL, STADIA, STATISTICA, ʘ ʪʘʢʞʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʪʝʭʥʦ-

ʣʦʛʠʠ (ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ï ʚ ʩʨʝʜʝ MapInfo Professional) 

ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. ʀʩʭʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʨʠ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥ-

ʥʳʭ ʟʘʜʘʯ ʷʚʠʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ ʨʘʙʦʪ (ʦʪʙʦʨ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ), ʣʘʙʦ-
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ʨʘʪʦʨʥʦ-ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʥʘʣʠʟʘ ʬʦʥʜʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʪʘʪʠʩʪʠ-

ʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʚ ʧʝʨʠʦʜ 

2014 - 2016 ʛʛ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʝʩʧʝʯʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʜʘʥʥʳʭ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡ-

ʩʪʚʫʶʱʠʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʠ ʦʪʨʘʩʣʝʚʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʵʢʦʣʦʛʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʠ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳ-

ʤʠ ʚ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʚ ʤʦʜʝʣʴʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ. ʕʢʦʣʦʛʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʝʥʳ ʥʘ ʙʘʟʝ ʘʪʪʝʩʪʦʚʘʥʥʦʡ ʵʢʦʣʦʛʦ-

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʬʘʢʫʣʴʪʝʪʘ ʛʝʦʛʨʘʬʠʠ, ʛʝʦʵʢʦʣʦʛʠʠ ʠ ʪʫʨʠʟʤʘ ɺʦʨʦʥʝʞ-

ʩʢʦʛʦ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪʘ (ɺɻʋ) ʩʦʚʤʝʩʪʥʦ ͫ ʢʘʬʝʜʨʦʡ ʵʢʦʣʦʛʠʠ ʠ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ɺɻʋ, ʘ ʪʘʢʞʝ ʚ ʘʢʢʨʝʜʠʪʦʚʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

ʂʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɻʝʦʣʦʛʠʠ ɺɻʋ ʎʝʥʪʨʘ ʂʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʣʘʙʦ-

ʨʘʪʦʨʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ɺɻʋ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʦʯ-

ʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ. ɺʧʝʨʚʳʝ ʩʦʟʜʘʥʘ ʠ ʦʧʠʩʘʥʘ ʦʙʟʦʨ-

ʥʘʷ ʧʦʯʚʝʥʥʘʷ ʢʘʨʪʘ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ ʩ ʜʝʪʘʣʠʟʘʮʠʝʡ ʧʦ ʪʠʧʫ ʠ ʫʨʦʚʥʶ ʪʝʭʥʦʛʝʥʥʦʡ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʩʪʠ ʠ ʬʦʥʦʚʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ʉʦʩʪʘʚʣʝʥʳ ʢʘʨʪʳ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʧʦ ʫʨʦʚʥʶ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʬʠʪʦʪʦʢʩʠʯʥʦʩʪʠ ʠ ʪʦʢʩʠʯʥʦʩʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ. ɺʧʝʨʚʳʝ ʜʘʥʘ ʜʝʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʟʦʥ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ ʧʦ ʫʨʦʚʥʶ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣ-

ʣʦʚ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ɺʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚ ʩʠʩʪʝʤʘʭ 

çʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚè, çʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ï ʩʥʝʞʥʳʡ ʧʦʢʨʦʚè, çʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ï 

ʫʣʠʯʥʳʡ ʩʤʝʪè. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʘ ʠʥʪʝʛʨʘʣʴʥʘʷ ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʟʦʥ ʛʦʨʦʜʘ, ʚʥʫʪʨʠʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʠʥʜʠʢʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘ-

ʣʠʟʘ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʧʨʦʜʚʠʥʫʪʴʩʷ 

ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʦʯʚʝʥʥʳʡ ʧʦ-
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ʢʨʦʚ ʚ ʠʥʜʫʩʪʨʠʘʣʴʥʦ ʨʘʟʚʠʪʳʭ ʛʦʨʦʜʘʭ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʥʘʫʯʥʫʶ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʦʙʦʩʥʦʚʘʥʠʠ ʩʭʝʤ ʧʝʨ-

ʩʧʝʢʪʠʚʥʦʛʦ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʢʘʨʪʳ ʠ ʦʙʟʦʨʥʘʷ ʧʦʯ-

ʚʝʥʥʘʷ ʢʘʨʪʘ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʘ ʪʘʢʞʝ ʙʘʟʘ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʦʷʥʠʶ ʧʦʯ-

ʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʛʝʦʵʢʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʥʝ ʪʦʣʴʢʦ ɺʦʨʦʥʝʞʘ, ʥʦ ʠ ʜʨʫʛʠʭ ʢʨʫʧʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤʠ ʩʣʫʞʙʘʤʠ ʠ ʧʨʦʝʢʪʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ 

ʛ. ɺʦʨʦʥʝʞʘ ʠ ʜʨʫʛʠʭ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ ʧʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʨʦʧʨʠʪ̫ʠʡ 

ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʥʝʜʨʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʘʢʪʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʚʝʜʦʤʩʪʚ 

(ʋʧʨʘʚʣʝʥʠʝ ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨʘ ʧʦ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ, ʎʝʥʪʨ ʛʠʛʠʝʥʳ ʠ ʵʧʠʜʝʤʠʦ-

ʣʦʛʠʠ ʚ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ). ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʫʯʝʙʥʦʤ 

ʧʨʦʮʝʩʩʝ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ ʜʠʩʮʠʧʣʠʥ 

çɻʝʦʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛè, çʕʢʦʣʦʛʠʷ ʠ ʭʠʤʠʷ ʧʦʯʚè, çʇʦʯʚʦʚʝʜʝʥʠʝè ʜʣʷ ʩʪʫ-

ʜʝʥʪʦʚ ʥʘʧʨʘʚʣʝʥʠʷ ç05.03.06 - ʕʢʦʣʦʛʠʷ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝè. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. ʊʝʤʘ ʜʠʩʩʝʨ-

ʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 25.00.36 -çɻʝʦʵʢʦʣʦʛʠʷè: ʧ. 

1.8. çʇʨʠʨʦʜʥʘʷ ʩʨʝʜʘ ʠ ʛʝʦʠʥʜʠʢʘʪʦʨʳ ʝʝ ʠʟʤʝʥʝʥʠʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʫʨʙʘʥʠʟʘʮʠʠ ʠ ʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ: ʭʠʤʠʯʝʩʢʦʝ ʠ ʨʘʜʠʦʘʢʪʠʚʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ, 

ʧʦʨʦʜ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʩʦʢʨʘʱʝʥʠʝ ʠʭ ʨʝʩʫʨʩʦʚ, ʥʘʚʝʜʝʥʥʳʝ ʬʠʟʠʯʝ-

ʩʢʠʝ ʧʦʣʷ, ʠʟʤʝʥʝʥʠʝ ʢʨʠʦʣʠʪʦʟʦʥʳè; ʧ.1.17. çɻʝʦʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʪʝʨʨʠʪʦʨʠʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ 

ʛʝʦʵʢʦʣʦʛʠʠ. ʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʠ 

ʢʦʥʪʨʦʣʷè. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʦʙʩʫʞʜʝʥʳ ʠ ʦʜʦʙʨʝʥʳ 

ʥʘ III  ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʕʢʦʣʦʛʠʯʝʩʢʘʷ ʛʝʦʣʦʛʠʷ: ʪʝʦʨʠʷ, ʧʨʘʢʪʠʢʘ ʠ 

ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳè (ɺʦʨʦʥʝʞ, 2013); II ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɸʥʪʨʦʧʦʛʝʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʘ: ʠʩʪʦʨʠʷ ʠ ʩʦʚʨʝʤʝʥ-
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ʥʦʩʪʴè (ɺʦʨʦʥʝʞ, 2015); XI ɹʦʣʴʰʦʤ ʛʝʦʛʨʘʬʠʯʝʩʢʦʤ ʬʝʩʪʠʚʘʣʝ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

2015); ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʦʨʦʜʦʚè (ʉʘʨʘʪʦʚ, 2015); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥ-

ʬʝʨʝʥʮʠʠ çʇʨʠʨʦʜʥʳʝ ʦʧʘʩʥʦʩʪʠ: ʩʚʷʟʴ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠè (ʉʘʨʘʥʩʢ, 2015); ɺʩʝʨʦʩ-

ʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʃʘʥʜʰʘʬʪʥʦ-ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠè (ɺʦʨʦʥʝʞ, 2015); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ 

ʩʪʨʘʥʘʭè (ɹʝʣʛʦʨʦʜ, 2015); ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɻʝʦʭʠʤʠʷ ʣʘʥʜʰʘʬ-

ʪʦʚ /ʢ 100-ʣʝʪʠʶ ɸ.ʀ. ʇʝʨʝʣʴʤʘʥʘ/ (ʄʦʩʢʚʘ, 2016); I ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʢʦʥʛʨʝʩʩʝ ʤʦʣʦ-

ʜʳʭ ʫʯʝʥʳʭ-ʛʝʦʛʨʘʬʦʚ (ʊʚʝʨʴ, 2016);  ʇʝʨʚʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʄʫʥʠʮʠʧʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʛʠʦʥʦʚ: ʧʨʦʙʣʝʤʳ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ, ʨʘʟʚʠʪʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʛʝʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʧʦʣʠʪʠʯʝʩʢʦʡ ʥʝʩʪʘ-

ʙʠʣʴʥʦʩʪʠè (ɺʦʨʦʥʝʞ, 2016). 

ʆʪʜʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ʧʦ ʛʨʘʥʪʫ ʈɻʆ_ʈʌʌʀ (ˉ13-05-41401) çʀʥʪʝʛʨʘʣʴʥʘʷ ʦʮʝʥʢʘ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦ-

ʚʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʢʨʫʧʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʮʝʥʪʨʘ (ʥʘ 

ʧʨʠʤʝʨʝ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ)è ʚ 2014-2016 ʛʛ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ. ɸʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨ-

ʥʳʭ ʜʘʥʥʳʭ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯ, ʮʝʣʝʡ, ʚʳʙʦʨ ʦʙʲʝʢʪʘ ʠ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʝʥʳ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. ɺʩʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ 

ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʘʣʠʟ ʠ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʬʦʨʤʫʣʠʨʦʚʢʘ 

ʚʳʚʦʜʦʚ ʠ ʦʩʥʦʚʥʳʭ ʟʘʱʠʱʘʝʤʳʭ ʧʦʣʦʞʝʥʠʡ ʧʨʦʚʝʜʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. 

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠ-

ʢʦʚʘʥʳ ʚ 21 ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ 4 ʩʪʘʪʴʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʚʝʜʫʱʠʭ ʨʝʮʝʥʟʠ-

ʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ ʧʝʨʝʯʥʷ ɺɸʂ ʈʌ.  

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ. 

1. ɺʳʩʦʢʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʧʦʯʚʝʥ-

ʥʦʛʦ ʧʦʢʨʦʚʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʤʳʰʣʝʥʥʦ-ʨʘʟʚʠʪʦʛʦ ʛʦʨʦʜʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝ-

ʥʠʷ ʢʦʤʧʣʝʢʩʘ ʵʢʦʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʠʥʜʠʢʘʮʠʦʥʥʳʭ, ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝ-

ʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ.  

2. ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ ï ʧʦʣʠʤʝʪʘʣʣʴʥʦʝ. ʇʦ ʩʨʝʜʥʝʤʫ ʩʦʜʝʨʞʘ-
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ʥʠʶ ʧʦʜʚʠʞʥʦʡ ʬʦʨʤʳ ʤʝʪʘʣʣʳ ʦʙʨʘʟʫʶʪ ʩʣʝʜʫʶʱʠʡ ʨʷʜ: Mn > Zn > Pb > Cu > Cd. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ʚʳʷʚʣʝʥʳ ʣʦʢʘʣʴʥʳʝ ʩʨʝʜʥʝʢʦʥʪʨʘʩʪʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʘʥʦʤʘʣʠʠ 

ʧʦ ʧʦʜʚʠʞʥʳʤ ʬʦʨʤʘʤ Zn ʠ Pb; ʩʨʝʜʥʝʢʦʥʪʨʘʩʪʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʘʥʦʤʘʣʠʠ ʧʦ ʚʘʣʦʚʦ-

ʤʫ ʩʦʜʝʨʞʘʥʠʶ Cr, V, Ni, Cu, Ba. ʋʨʦʚʝʥʴ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʣʠʷʝʪ ʥʘ ʫʚʝʣʠ-

ʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ. 

ʊʝʭʥʦʛʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʶʪ Pb, Zn, 

Cu, Cd, Mn, Ni, Cr. 

3. ʉʦʧʨʷʞʝʥʥʳʡ ʘʥʘʣʠʟ ʢʦʥʮʝʥʪʨʘʮʠʡ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦ-

ʢʨʦʚʝ ʛʦʨʦʜʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʘʩʩʦʮʠʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: Ga ʠ V; La ʠ Nb; Pb ʠ Zn; Zr ʠ 

Rb; Zn ʠ Pb; Cd ʠ Cu. ɺʳʷʚʣʝʥʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʛʦ-

ʨʠʟʦʥʪʝ ʧʦʯʚ  ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʜʥʦʪʠʧʥʦʩʪʠ ʘʢʢʫʤʫʣʷʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʝʜʠʥʳ-

ʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ.  

4. ʅʘʠʙʦʣʝʝ ʪʝʭʥʦʛʝʥʥʦ ʟʘʛʨʷʟʥʝʥʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ ʷʚʣʷʶʪ-

ʩʷ ʧʨʦʤʳʰʣʝʥʥʦ ʨʘʟʚʠʪʳʡ ʣʝʚʦʙʝʨʝʞʥʳʡ ʩʝʢʪʦʨ ʛʦʨʦʜʘ (ʃʝʚʦʙʝʨʝʞʥʳʡ ʠ ɾʝʣʝʟʥʦʜʦ-

ʨʦʞʥʳʡ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʨʘʡʦʥʳ), ʘ ʤʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʤʝʯʝʥ ʚ 

ʎʝʥʪʨʘʣʴʥʦʤ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʨʘʡʦʥʝ. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʫʨʦʚʥ ̫ʟʘʛʨʷʟʥʝʥʠʷ 

ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʟʦʥʘʭ ʛʦʨʦʜʘ ʧʦʢʘʟʘ-

ʣʘ, ʯʪʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʦʥʘʭ, ʘ ʪʘʢʞʝ ʚ ʞʠʣʦʡ ʟʦʥʝ ʩʦʚʨʝʤʝʥʥʦʡ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ; ʤʠ-

ʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʤʝʯʝʥ ʚ ʟʦʥʘʭ ʨʝʢʨʝʘʮʠʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʞʠʣʦʡ ʟʘ-

ʩʪʨʦʡʢʠ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 209 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦ-

ʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʩʦʢʨʘʱʝʥʠʡ, ʙʠʙʣʠʦ-

ʛʨʘʬʠʯʝʩʢʦʛʦ ʩʧʠʩʢʘ, ʚʢʣʶʯʘʶʱʝʛʦ 206 ʠʩʪʦʯʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 32 ʠʩʪʦʯʥʠʢʘ ʠʥʦ-

ʩʪʨʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʚ ʦʩʥʦʚʥʦʤ ʪʝʢʩʪʝ ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ 39 ʪʘʙʣʠʮʘʤʠ ʠ 

51 ʨʠʩʫʥʢʦʤ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʤʝʪʦʜʠʯʝʩʢʫʶ ʧʦʤʦʱʴ ʚ ʩʙʦʨʝ ʠ 

ʦʙʨʘʙʦʪʢʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ ʜ.ʛ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ʉ.ɸ. ʂʫ-

ʨʦʣʘʧʫ; ʜ.ʙ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ʃ.ɸ. ʗʙʣʦʥʩʢʠʭ; ʢ.ʭ.ʥ., ʜʦʮʝʥʪʫ ʊ.ʀ. ʇʨʦʞʦʨʠʥʦʡ; ʢ.ʙ.ʥ., ʜʦ-

ʮʝʥʪʫ ɽ.ʖ. ʀʚʘʥʦʚʦʡ ʠ  ʢ.ʛ.ʥ. ʇ.ʄ. ɺʠʥʦʛʨʘʜʦʚʫ. 
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ɻʃɸɺɸ 1. ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʕʂʆʃʆɻʆ-

ɻɽʆʍʀʄʀʏɽʉʂʆʁ ʆʎɽʅʂʀ ʇʈʆʄʓʐʃɽʅʅʓʍ ɻʆʈʆɼʆɺ 

 

1.1. ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʠ  ʤʦʥʠʪʦʨʠʥʛʫ 

ʩʦʩʪʦʷʥʠʷ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ  

 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʨʫʧʥʳʝ ʛʦʨʦʜʘ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʷʶ-

ʱʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪʩʷ ʚ ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʠʛʨʘʮʠʦʥʥʳʝ ʮʠʢʣʳ, ʬʦʨʤʠ-

ʨʫʶʪ ʪʝʭʥʦʛʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʣʘʥʜʰʘʬʪʘ 

[71-76,129,164]. ɺʦʧʨʦʩʳ ʢʦʤʧʣʝʢʩʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʛʦʨʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʛʦ ʫʨʦʚʥʷ ʫʨʙʘʥʠʟʘʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʘʢʪʫʘʣʴʥʳ-

ʤʠ. ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʩʢʦʡ 

ʩʨʝʜʳ ʦʩʥʦʚʳʚʘʝʪʩʷ, ʥʘ ʪʨʫʜʘʭ ʚʝʜʫʱʠʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ ʚ 

ʦʙʣʘʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʅ.ʉ. ʂʘʩʠʤʦʚ [38, 69-72, 121, 129, 131, 

164], ʄ.ɸ. ɻʣʘʟʦʚʩʢʘ ̫ [35-38, 164], ɻ.ɺ. ɼʦʙʨʦʚʦʣʴʩʢʠʡ [124], ɺ.ɸ. ɸʣʝʢʩʝʝʥʢʦ 

[2], ʅ.ɽ. ʂʦʰʝʣʝʚʘ [70, 72, 80], ʖ.ɽ. ʉʘʝʪ [132], ɸ.ʀ. ʇʝʨʝʣʴʤʘʥ [121], ɸ.ʀ. ʌʝʜʦ-

ʨʦʚʘ [153-155], ɺ.ɽ. ɿʘʢʨʫʪʢʠʥ [61], ɺ.ʄ. ɿʘʭʘʨʦʚ [62, 63], ʉ.ʀ. ʂʦʣʝʩʥʠʢʦʚ 

[13,74,75], M. M. Lasat [185], N. Marmiroli [186], C.R. Meinardi [188], D. Munch 

[191], D. Turer [199] ʠ ʜʨ.). 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʩʪʴ ʨʷʜ ʧʦʜʭʦʜʦʚ ʢ ʠʟʫʯʝʥʠʶ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʩʨʝʜʠ ʥʠʭ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶ-

ʱʠʝ [27, 71, 72, 129, 164].  

1. ʆʮʝʥʢʘ ʧʨʠʨʦʜʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʬʦʥʘ ʦʢʨʫʞʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ.  

ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʦʮʝʥʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠ-

ʪʦʨʠʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦʙ ʵʪʘʣʦʥʥʳʭ ʬʦʥʦʚʳʭ ʫʯʘʩʪ-

ʢʘʭ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚʥʝ ʟʦʥr ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʠʭ ʨʘʜʠʘʣʴʥʦʡ ʠ ʣʘ-

ʪʝʨʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʚʳʨʘʞʝʥʥʦʡ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʤʦʜʝʣʝʡ.  

ʇʨʠ ʦʮʝʥʢʝ ʚʘʞʥʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʜʠʫʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟ-

ʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚʦʢʨʫʛ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʦʚ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʥʝ-
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ʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ [2,164].  

2. ʃʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʦʚ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʣʶʙʦʤ ʧʨʦʤʳʰʣʝʥʥʦʤ ʛʦ-

ʨʦʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ 3 ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ. ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʠʩʪʦʯʥʠʢʠ ʚʳ-

ʙʨʦʩʦʚ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʪʨʘʥʩ-

ʧʦʨʪʘ. ɺʦ ʚʪʦʨʫʶ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʪʨʘʥʟʠʪʥʳʝ ʩʨʝʜʳ, ʪʘʢʠʝ ʢʘʢ ʘʪʤʦʩʬʝʨʘ ʛʦʨʦʜʘ ʠ 

ʦʩʘʜʢʠ (ʜʦʞʜʴ, ʩʥʝʛ, ʧʳʣʴ), ʚʨʝʤʝʥʥʳʝ ʠ ʧʦʩʪʦʷʥʥʳʝ ʚʦʜʦʪʦʢʠ, ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʚʦʜʳ ʠ ʚʦʜʦʝʤʳ (ʧʨʫʜʳ, ʦʟʝʨʘ, ʚʦʜʦʭʨʘʥʠʣʠʱʘ), ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ. ʊʨʝʪʴʶ ʛʨʫʧʧʫ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʝʧʦʥʠʨʫʶʱʠʝ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʠ ʪʨʘʥʩ-

ʬʦʨʤʘʮʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ, - ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʦʯʚʳ (ʦʩʦʙʝʥʥʦ ʫʯʘʩʪʢʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ), ʨʘʩʪʝʥʠʷ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʛʦʨʦʜʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ, 

ʥʘʩʝʣʝʥʠʝ ʛʦʨʦʜʘ [129,137, 147, 159].  

ʃʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʡ ʦʮʝʥʢʝ ʛʦʨʦʜʦʚ, ʩʚʷʟʘʥʳ ʚ ʦʩʥʦʚʥʦʤ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʥʝ ʵʤʠʩʩʠʠ ʪʝʭʥʦʛʝʥ-

ʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʠʤʠʩʩʠʠ ʧʦʣʣʶʪʘʥʪʦʚ ï ʬʘʢʪʠʯʝʩʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʜʝʧʦʥʠ-

ʨʫʶʱʠʭ ʩʨʝʜʘʭ [2, 121, 145]. ʅʦ ʵʪʦʪ ʧʦʜʭʦʜ ʜʘyʪ ʤʘʣʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʭʥʦʛʝʥ-

ʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʤʠʛʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ, ʦ ʭʘʨʘʢʪʝʨʝ ʠ 

ʤʝʭʘʥʠʟʤʘʭ ʧʨʦʮʝʩʩʦʚ ʠʭ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʩʣʘʙʦ ʨʘʟʚʠʪʘ ʧʨʦʛʥʦʟʥʘʷ 

ʬʫʥʢʮʠʷ: ʧʨʦʛʥʦʟ ʦʪʚʝʪʥʦʡ ʨʝʘʢʮʠʠ ʣʘʥʜʰʘʬʪʘ ʥʘ ʪʝʭʥʦʛʝʥʥʳʡ ʧʨʠʚʥʦʩ ʵʣʝʤʝʥ-

ʪʦʚ, ʧʨʦʛʥʦʟ ʚʪʦʨʠʯʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʤʠʛʨʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʘʭ [151].  

3. ʆʮʝʥʢʘ ʪʝʭʥʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ.  

ʇʨʦʮʝʩʩ ʫʨʙʘʥʠʟʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʠʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʦʛʨʘ-

ʥʠʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ 

ʩʦʩʪʘʚʦʤ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʆʩʪʨʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʨʫʧʥʳʝ ʧʨʦ-

ʤʳʰʣʝʥʥʳʝ ʮʝʥʪʨʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʘʢʢʫʤʫʣʷʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫ-

ʞʘʁʱʫʶ ʩʨʝʜʫ ʚʳʙʨʦʩʦʚ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʧʝʨʝʜʚʠʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ 

ʢʦʤʤʫʥʘʣʴʥʦ-ʙʳʪʦʚʳʭ ʦʪʭʦʜʦʚ [7, 8, 21, 22, 115, 164, 165, 182].  

ʉʪʘʮʠʦʥʘʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʛʦʨʦʜʘ ʩ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚ ʩ ʠʭ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦ-



 13 

ʛʦ ʚʠʜʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʭʘʨʘʢʪʝʨ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʳ [8]. ɺʦʟʜʝʡʩʪʚʠʝ ʦʪ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʤʦʞʝʪ ʦʱʫʱʘʪʴʩʷ ʜʘʞʝ 

ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʭʘʨʘʢʪʝʨʝ, 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʚʳʙʨʦʩʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʮʝʥʠʪʴ ʤʘʩʰʪʘʙʳ ʠ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ [7]. 

ʂ ʧʝʨʝʜʚʠʞʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʦʪʥʦʩʷʪʩʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪ ʠ ʜʨʫʛʠʝ ʪʨʘʥʩʧʦʨʪ-

ʥʳʝ ʩʨʝʜʩʪʚʘ (ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ, ʚʦʟʜʫʰʥʳʡ, ʤʦʨʩʢʦʡ ʪʨʘʥʩʧʦʨʪ) [18]. ʋʨʦʚʝʥʴ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʦʪ ʥʠʭ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦ-

ʩʪʠ ʦʪ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. ʆʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʚʪʦʤʦʙʠʣʴ-

ʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ ʜʠʩʢʨʝʪʥʦ-ʧʦʜʚʠʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʪʦʢʩʠʯʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʧʨʠʟʝʤʥʳʡ ʩʣʦʡ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʨʝʘʣʴʥʫʶ ʫʛʨʦʟʫ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ ʠ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ. ɺʢʣʘʜ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʚ 

ʵʤʠʩʩʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ,  

ʧʨʝʚʳʰʘʝʪ 70% [52, 72, 166, 167, 173]. 

ʇʦʵʪʦʤʫ ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞ-

ʥʝʡʰʠʭ ʟʘʜʘʯ ʧʨʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʦʚ [2].   

4. ɸʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʦʨʦʜʦʚ.  

ʅʘʠʙʦʣʴʰʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʦʪʤʝʯʘʝʪʩʷ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦ-

ʜʘʭ, ʛʜʝ ʠʟʤʝʥʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʦʠʩʭʦʜʷʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ, ʭʠʤʠ-

ʯʝʩʢʦʛʦ, ʨʘʜʠʘʮʠʦʥʥʦʛʦ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ, ʪʝʧʣʦʚʦʛʦ, ʰʫʤʦʚʦʛʦ ʠ ʙʠʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʡ. ʂ ʠʩʪʦʯʥʠʢʘʤ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠ-

ʷʪʠʷ, ʪʨʘʥʩʧʦʨʪ, ʢʦʤʤʫʥʘʣʴʥʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʠ ʪ.ʜ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠʟʤʝʥʷʶʪʩʷ ʚʩʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʟʜʫʰʥʦʛʦ ʙʘʩʩʝʡʥʘ [9, 59, 109- 

111, 200, 204-206]. 

ʆʩʥʦʚʥʳʤʠ ʟʘʛʨʷʟʥʠʪʝʣʷʤʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʷʚʣʷʶʪʩʷ ʫʛʣʝʢʠʩʣʳʡ 

ʛʘʟ, ʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʜʠʦʢʩʠʜ ʩʝʨʳ ʠ ʘʟʦʪʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʪʤʦʩʬʝʨʘ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʩʦʜʝʨʞʠʪ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ 

ʘʵʨʦʟʦʣʝʡ ʠ ʚ 25 ʨʘʟ ʙʦʣʴʰʝ ʛʘʟʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ çʧʨʠʨʦʜʥʳʤ ʬʦʥʦʤè [85, 88, 

106, 107, 119, 164, 165, 205]. ʅʘʜ ʣʶʙʳʤ ʛʦʨʦʜʦʤ ʥʘʚʠʩʘʝʪ ʛʠʛʘʥʪʩʢʦʝ ʦʙʣʘʢʦ ʠʟ 
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ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʧʨʠʤʝʩʝʡ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʦʩʪʠʨʘʪʴʩʷ ʜʦ 1,5-2 ʢʤ ʠ ʠʤʝʝʪ ʜʠʘ-

ʤʝʪʨ, ʧʨʝʚʦʩʭʦʜʷʱʠʡ ʨʘʟʤʝʨʳ ʛʦʨʦʜʘ [9, 102, 107, 206]. 

ʈʝʟʫʣʴʪʘʪʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʙʘʩʩʝʡʥʘ ʩʪʘʥʦʚʠʪʩʷ ʪʘʢʦʝ ʭʘʨʘʢʪʝʨ-

ʥʦʝ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʷʚʣʝʥʠʝ, ʢʘʢ ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ ʪʫʤʘʥ (ʩʤʦʛ) 

[34]. 

ɿʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦʜʚʝʨʞʝʥʦ ʟʘʤʝʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ, ʚʳ-

ʟʳʚʘʝʤʳʤ ʢʘʢ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʪʘʢ ʠ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʘʚʪʦ-

ʪʨʘʥʩʧʦʨʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʙʘʩʩʝʡʥʘ ʟʘʚʠʩʠʪ 

ʠ ʦʪ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʤʝʯʝʥ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʛʦʨʦʜʘʭ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʛʦʨʥʳʭ ʢʦʪʣʦʚʠʥʘʭ ʩ ʯʘʩʪʥʳʤʠ ʠʥʚʝʨʩʠʷʤʠ 

ʪʝʤʧʝʨʘʪʫʨ, ʪʘʢʠʝ ʢʘʢ ʅʦʚʦʢʫʟʥʝʮʢ, ʂʝʤʝʨʦʚʦ, ʄʘʛʥʠʪʦʛʦʨʩʢ, ʀʨʢʫʪʩʢ ʠ ʜʨ. [2].   

5. ʆʮʝʥʢʘ ʘʪʤʦʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʦʚʝʨ-

ʥʳʤ ʤʝʪʦʜʦʤ ʵʢʩʧʨʝʩʩʥʦʡ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟ-

ʜʫʰʥʦʛʦ ʙʘʩʩʝʡʥʘ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ, ʪ.ʢ. ʩʥʝʛ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦ-

ʩʦʙʥʦʩʪʴʶ.  

ʌʦʥʦʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʷʚʣʷʶʪʩʷ ʥʦʨʤʠʨʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ ʢʘʯʝʩʪʚʘ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʥʦʨʤʘʪʠʚʘ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʷ ʩʥʝʛʘ, ʘ ʥʦʨʤʘʪʠʚʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʤʦʛʫʪ ʙʳʪʴ ʥʝ 

ʚʩʝʛʜʘ ʧʨʠʤʝʥʠʤʳ ʢ ʪʘʣʦʡ ʚʦʜʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʥʝʛʘ ʠ ʟʘʛʨʷʟʥʝʥʠʷ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʘʮʠʠ: ʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʢ 

ʬʦʥʦʚʦʤʫ ʟʥʘʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʦʛʦ ʞʝ ʚʝʱʝʩʪʚʘ [12, 29, 67, 126, 163, 165, 

166, 171] 

6. ʕʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. 

ʉʦʩʪʦʷʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʟʘʚʠʩʠʪ ʦʪ 

ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʚʠʜʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʪʝʧʝʥʠ ʦʩʚʦʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ [49]. ʇʦʯ-

ʚʝʥʥʳʡ ʧʦʢʨʦʚ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʣʘʥʜʰʘʬʪʘ, ʥʘʢʘʧʣʠʚʘʶ-

ʱʠʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʢʦʤʧʦʥʝʥʪʳ ʟʘʛʨʷʟʥʝʥʠʡ ʠʟ ʚʩʝʭ ʩʨʝʜ: ʥʠʞʥʠʝ ʩʣʦʠ 

ʣʠʪʦʩʬʝʨʳ, ʛʠʜʨʦʩʬʝʨʳ, ʘʪʤʦʩʬʝʨʳ [103, 112, 164, 175, 186]. ʇʦʚʝʜʝʥʠʝ ʟʘʛʨʷʟ-

ʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ ʟʘʚʠʩʠʪ ʦʪ ʝʸ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʦ-
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ʵʪʦʤʫ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʛʦʨʦʜʘ ï ʠʥʜʠʢʘʪʦʨ ʪʝʭʥʦ-

ʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. 

ɻʦʨʦʜʩʢʠʝ ʧʦʯʚʳ ʷʚʣʷʶʪʩʷ ʜʝʧʦʥʠʨʫʶʱʝʡ ʩʨʝʜʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ 

ʧʦʣʣʶʪʘʥʪʦʚ. ɿʘʛʨʷʟʥʝʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʛʦʨʦʜʘ ʧʨʠʚʦʜʠʪ ʢ ʩʠʥʪʝʟʫ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʪʦʢʩʠʯʥʝʝ ʠʩʭʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʝʜ-

ʩʪʘʚʣʷʪʴ ʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʛʦʨʦʜʩʢʦʡ ʙʠʦʪʳ ʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. ʂ ʪʘʢʠʤ 

ʚʝʝɦʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ: ʤʝʪʠʣʨʪʫʪʴ, ʩʦʝʜʠʥʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʩ ʜʝʪʝʨʛʝʥʪʘʤʠ, 

ʧʝʩʪʠʮʠʜʘʤʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʞʠʣʳʝ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʜʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʙʘʨʴ-

ʝʨʘʤʠ ʜʣʷ ʚʦʟʜʫʰʥʦʡ ʤʠʛʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʠʤʝʥʥʦ ʨʷʜʦʤ ʩ ʥʠʤʠ ʦʪ-

ʤʝʯʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʦʙʨʘʟʫʶʪʩʷ ʘʥʦʤʘʣʠʠ ʧʦʣʣʶʪʘʥʪʦʚ 

[101].  

ʆʩʥʦʚʥʳʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʦʤʳʰʣʝʥʥʦ-ʨʘʟʚʠʪʳʭ ʛʦʨʦ-

ʜʦʚ ï ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ, ʪʘʢʠʝ ʢʘʢ ʩʚʠʥʝʮ, ʢʘʜʤʠʡ, ʮʠʥʢ, ʤʝʜʴ, ʥʠʢʝʣʴ, ʨʪʫʪʴ. ʊʦʢ-

ʩʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ  ʤʥʦʛʠʭ ʵʣʝʤʝʥʪʦʚ ʫʩʫʛʫʙʣʷʶʪʩʷ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ. ʕʪʦ ʷʚʣʝʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʨʝ-

ʛʠʩʪʨʠʨʦʚʘʥʦ ʜʣʷ Pb, Hg, Cd, Cr ʠ ʨʷʜʘ ʜʨʫʛʠʭ [27, 49, 64, 66, 101, 164]. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʟʘ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʦʩʥʦʚʘʥʘ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʩʨʘʚʥʝʥʠʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʙ ʩ ʧʨʝʜʝʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ (ʇɼʂ) ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʫʤ-

ʤʘʨʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʮʝʥʢʘ ʦʧʘʩʥʦʩʪʠ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʅʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʥʝ ʚʩʝʛʜʘ ʢʦʨʨʝʢʪʥʳʤ, ʧʦ-

ʩʢʦʣʴʢʫ ʇɼʂ ʚ ʈʦʩʩʠʠ ʦʜʥʠ ʠ ʪʝ ʞʝ, ʢʘʢ ʜʣʷ ʧʦʯʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ, 

ʪʘʢ ʠ ʜʣʷ ʧʦʯʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ. [33, 61, 101]. 

7. ʆʮʝʥʢʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʬʦʥʘ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. 

ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ ʛʦʨʦʜʘ ʠʩʧʳʪʳʚʘʝʪ ʥʘ ʩʝʙʝ ʤʦʱʥʦʝ ʪʝʭʥʦʛʝʥʥʦʝ ʚʦʟ-

ʜʝʡʩʪʚʠʝ. ʈʘʩʪʝʥʠʷ ʚ ʛʦʨʦʜʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʯʫʪʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʚʳ-

ʩʦʢʦʛʦ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ. 

ɺʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ ʜʠʦʢʩʠʜʘ ʩʝʨʳ (ʩʦʜʝʨʞʘʪʩʷ ʚ ʧʨʦʜʫʢʪʘʭ ʩʛʦʨʘʥʠʷ ʫʛ-

ʣʷ, ʥʝʬʪʠ ʠ ʤʘʟʫʪʘ) ʠ ʬʪʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ (ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʣʶʤʠ-
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ʥʠʷ ʠ ʬʦʩʬʘʪʦʚ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʛʦ-

ʨʦʜʝ. ʅʝʢʨʦʟʳ ʠ ʭʣʦʨʦʟ ʣʠʩʪʴʝʚ, ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʩʙʨʘʩʳʚʘʥʠʝ ʠʛʣ ʠ ʣʠʩʪʴʝʚ, 

ʟʘʤʝʜʣʝʥʠʝ ʨʦʩʪʘ ʠ ʩʥʠʞʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʨʦʠʩʭʦʜʷʪ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥ-

ʪʨʘʮʠʡ Sʆ2, HF, ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʚʦʟʜʫʰʥʦʤ ʙʘʩʩʝʡʥʝ [27, 66, 67, 72, 187, 189].  

ʈʘʩʪʝʥʠʷ ʚ ʛʦʨʦʜʝ ʩʣʫʞʘʪ ʩʚʦʝʦʙʨʘʟʥʳʤ ʙʘʨʴʝʨʦʤ ʥʘ ʧʫʪʠ ʦʩʘʞʜʝʥʠʷ ʚʳʧʘ-

ʜʝʥʠʡ ʠʟ ʘʪʤʦʩʬʝʨʳ ʚ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ. ʄʝʪʘʣʣʦʩʦʜʝʨʞʘʱʠʝ ʘʵʨʦʟʦʣʠ ʘʙʩʦʨʙʠ-

ʨʫʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʣʠʩʪʴʝʚ (ʩʚʠʥʝʮ), ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʫʪʝʤ ʠʣʠ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ 

ʚʠʜʝ ʧʨʦʥʠʢʘʶʪ ʚ ʫʩʪʴʠʮʘ (ʮʠʥʢ, ʢʘʜʤʠʡ). ʏʘʩʪʴ ʤʝʪʘʣʣʦʚ ʧʦʩʪʫʧʘʝʪ ʚ ʨʘʩʪʝʥʠʷ 

ʠʟ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʯʚ, ʚ ʦʩʥʦʚʥʦʤ ï ʵʪʦ  ʧʦʜʚʠʞʥʳʝ ʬʦʨʤʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ.  

ʇʦʵʪʦʤʫ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦʚʦʜʠʪʩʷ ʙʠʦʛʝʦʭʠ-

ʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʪʚʝʪʥʦʡ ʨʝʘʢʮʠʠ ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʧʨʠʨʦʜʥʳʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠʣʠ ʥʘ ʪʝʭʥʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ [130, 142, 164]. ʀʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʙʠʦʠʥʜʠʢʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʵʬʬʝʢʪʠʚ-

ʥʦ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [6, 13, 14, 67, 137, 153].  

8. ɸʥʘʣʠʟ ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʚʦʜʘʭ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ.  

ɸʥʪʨʦʧʦʛʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʶ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ. ʊʘʢ, ʟʘʛʨʷʟʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʦ-

ʤʳʰʣʝʥʥʳʤʠ ʠ ʢʦʤʤʫʥʘʣʴʥʦ-ʙʳʪʦʚʳʤʠ ʩʪʦʢʘʤʠ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʘʠʙʦʣʝʝ ʷʨʢʦʡ 

ʬʦʨʤʦʡ ʪʝʭʥʦʛʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. ʊʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʧʦʜʪʦʧʣʝʥʠʝ, ʦʩʫʰʝʥʠʝ, ʧʨʦʩʘʜʢʘ ʠ ʧʨ.). 

ɻʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʘʥʘʣʠʟʘ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ [129, 164]. 

ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʭʦʜʳ ʜʣʷ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥ-

ʢʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʆʥʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ 

ʦʧʝʨʘʪʠʚʥʫʶ ʦʮʝʥʢʫ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʭʥʦʛʝʥʝʟʘ, ʘ ʪʘʢʞʝ ʚʳʙʨʘʪʴ ʩʧʦʩʦ-

ʙ  rʦʧʪʠʤʠʟʘʮʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʜʣʷ ʛʦʨʦʜʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ, 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʠʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʍʘʨʘʢʪʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʨʦʜʩʢʠʭ 

ʪʝʨʨʠʪʦʨʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʝʭʥʦʛʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʚ 

ʛʦʨʦʜʝ. ɿʦʥʳ ʛʦʨʦʜʘ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʛʦʨʦʜʘ. 
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1.2.  ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ  

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʥʦʛʠʝ ʟʘʜʘʯʠ ʨʝ-

ʰʘʶʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ  ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʪʝʭ-

ʥʦʣʦʛʠʡ ʩʚʷʟʘʥʘ ʩ ʨʘʟʚʠʪʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʙʨʘ-

ʙʦʪʢʠ ʠ ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʯʠʥʘʣʘʩʴ ʩ ʩʦʟʜʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʚ 1960-1970 ʛʛ., ʩʠʩʪʝʤ ʧʨʦʛʨʘʤʤ ʚ 

1970-1980 ʛʛ. ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʛʝʦʜʘʥʥʳʭ ʚ ʢʦʥʮʝ 1970- 

ʥʘʯʘʣʝ 1980 ʛʛ. ʇʦʷʚʣʝʥʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʀʉ) ʚ 

ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ʜʘʣʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʨʘʟʚʠʪʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ [10, 19, 27, 67, 70, 79, 81, 113, 114, 150]. 

ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʘʧʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʝʩʪʠ ʩʙʦʨ, ʦʙʨʘʙʦʪʢʫ, 

ʜʦʩʪʫʧ, ʚʠʟʫʘʣʠʟʘʮʠʶ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʧʨʠʚʷʟʘʥʥʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ [10, 11, 16, 27, 67, 76, 91, 117, 118, 148]. ʆʩʥʦʚʥʦʡ ʩʦʟʜʘʥʠʷ ɻʀʉ ʷʚʣʷʣʠʩʴ, 

ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʪ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ: ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʧʣʘʥʦʚ 

ʛʦʨʦʜʦʚ, ʣʝʩʥʳʭ ʤʘʩʩʠʚʦʚ, ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ ʠ ʪ.ʜ., ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦ-ʧʦʠʩʢʦʚʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʙʳʩʪʨʳʡ ʧʦʠʩʢ ʪʨʝʙʫʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ çʆʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ - ʟʜʦʨʦʚʴʝ 

ʥʘʩʝʣʝʥʠʷè ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʦʙʣʘʜʘʪʁ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ. ʆʩʦʙʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘ-

ʝʪ ʧʦʣʫʯʝʥʠʝ ʟʥʘʥʠʡ ʥʝ ʪʦʣʴʢʦ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʷʭ ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ ʠ ʛʝʦ-

ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʦʡ, ʥʦ ʠ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

[68, 94, 113, 114]. 

ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷ-

ʤʠ - ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʝʦʵʢʦʣʦʛʠʠ ʧʝʨʝʭʦʜʠʪ 
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ʠʟ ʦʙʣʘʩʪʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʴ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠ-

ʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [10, 11, 16, 27, 81, 83, 86, 113,114, 144, 149, 156]. 

ʈʘʩʪʫʱʠʡ ʫʨʦʚʝʥʴ ʫʨʙʘʥʠʟʘʮʠʠ, ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʚʳʩʦʢʠʝ ʪʝʤ-

ʧʳ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʦʨʤʠʨʫʶʪ ʪʝʭʥʦʛʝʥʥʳʡ ʧʨʝʩʩʠʥʛ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʵʢʦʣʦʛʠ-

ʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʃʦʢʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʢʘʯʝʩʪʚʦʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦ-

ʚʦʜʠʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʚʝʜʦʤʩʪʚʘʤʠ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʧʦ-

ʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʝʜʦʤʩʪʚʝʥʥʘʷ ʨʘʟʦʙʱʝʥʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʜʦʩʪʘ-

ʪʦʯʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʦʩʥʘʱʝʥʥʦʩʪʴ ʠ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝ-

ʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʥʳʤ ʚʦʧʨʦʩʦʤ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ ʵʢʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʛʜʝ ʛʣʘʚʥʦʝ ï ʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ 

[11, 27, 148]. 

ɹʦʣʴʰʠʥʩʪʚʦ ɻʀʉ ʧʦʜʜʝʨʞʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʪʘʥʜʘʨʪʥʳʭ 

ʦʧʝʨʘʮʠʡ. ɺ ʈʦʩʩʠʠ ʠʟ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʘʢʝʪʦʚ ʩʣʝʜʫʝʪ ʚr -

ʜʝʣʠʪʴ ArcGIS, MapInfo, ɻʀʉ ʂʘʨʪʘ, Arc Info, Arc View. ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʙʝʩ-

ʧʣʘʪʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ, ʪʘʢʠʝ ʢʘʢ QGIS, SAGA, GRASS. ʀʥʪʝʨʝʩʥʦʡ ʷʚʣʷ-

ʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ɺʅʀʀʛʝʦʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʠʩʪʝʤʘ çɻʀʉ ʀʅʊɽɻʈʆè, ʢʦʪʦ-

ʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʙʦʣʴʰʦʡ ʢʨʫʛ ʟʘʜʘʯ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ [156]. ɺʳʙʦʨ ʧʨʦ-

ʛʨʘʤʤʳ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʠ ʮʝʣʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʦʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ [16].  

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʟʘʥʠʤʘʶʪʩʷ 

ɸ.ʄ. ɹʝʨʣʷʥʪ [10,11], ʃ.ʄ. ɹʫʛʘʝʚʩʢʠʡ [19], ɸ.ɺ. ʂʦʰʢʘʨʝʚ [81], ʀ.ʂ. ʃʫʨʴʝ [91], 

ɺ.ʉ. ʊʠʢʫʥʦʚ [18, 81, 117, 118, 150]. ʆʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʛʦ-

ʨʦʜʩʢʠʝ ɻʀʉ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʠʩʪʝʤʥʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ, ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʘʥʘ-

ʣʠʟʠʨʦʚʘʪʴ ʨʝʛʠʦʥʘʣʴʥʫʶ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ.  

ʇʨʠʤʝʥʝʥʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʚ ʧʨʦʚʝʜʝʥʠʠ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʚ ʪʘʢʠʭ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʮʝʥʪʨʘʭ ʢʘʢ ɺʦʣʛʦʛʨʘʜ [73], ɺʦʨʦʥʝʞ [27, 59-60, 67, 68, 85-88, 141, 146, 165, 

166,184], ʄʦʩʢʚʘ [70-72,76, 129, 131, 164, 169], ʅʦʚʦʩʠʙʠʨʩʢ [16, 114], ʊʦʣʴʷʪʪʠ 
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[102, 129, 164], ʋʣʘʥ-ɹʘʪʦʨ (ʄʦʥʛʦʣʠʷ) [7, 80, 129, 145]. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ 

ʪʘʢʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠʥ-

ʬʦʨʤʘʮʠʠ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠ ʥʘʢʦʧʣʝʥʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʜʝʧʦʥʠʨʫʶ-

ʱʠʭ ʩʨʝʜʘʭ. ɸʥʘʣʠʟ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʚʦʟʤʦʞʥ rʙʝʟ ʧʨʠ-

ʤʝʥʝʥʠʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [72, 122, 157].  

ʄʘʪʝʤʘʪʠʢʦ-ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʙʣʦʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤ-

ʣʝʤʦʡ ʯʘʩʪʴʶ ʢʦʤʧʣʝʢʩʥʦʡ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ 

ʪʝʨʨʠʪʦʨʠʡ [92, 93, 105, 129, 164]. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʣʦʞʠʣʠ ʅ.ʉ. ʂʘʩʠʤʦʚ, ʆ.ɺ. ʄʦʠʩʝʝʥʢʦʚ, ɺ.ɺ. ɹʘʪʦʷʥ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠ-

ʩʫʥʢʝ 1.1. 

 

 

ʈʠʩ. 1.1. ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʥʳʭ ʤʘʪʝʤʘʪʠʢʦ-ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ  

ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʛʦʨʦʜʘ [164] 
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ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʤʦʥʦʵʣʝʤʝʥʪʥʳʭ ʢʘʨʪ 

ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʝʧʦʥʠʨʫʶʱʠʭ ʩʨʝʜ, ʪʘʢʠʭ ʢʘʢ ʧʦʯʚʳ, ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ, 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʠ ʜʨ., ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʟʘʛʨʷʟʥʝ-

ʥʠʷ.  

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʢʘʨʪʳ ʢʦʨʨʝʣʷʮʠʡ ʤʝʞʜʫ ʜʚʫʤʷ ʠ ʙʦʣʝʝ ʢʘʨʪʘʤʠ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʭʦʞʝʩʪʠ ʘʥʦʤʘʣʠʡ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʦʣ-

ʣʶʪʘʥʪʘ ʚ ʨʘʟʥʳʭ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ. ɺ ʪʘʢʠʭ ʢʘʨʪʘʭ ʚʳʜʝʣʝʥʘ ʠʤʝʥʥʦ ʧʦʣʦʞʠ-

ʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʦʧʘʩʥʳʝ ʫʯʘʩʪʢʠ ʛʦʨʦʜʘ. ʅʦ ʧʦʩʪʨʦʝʥʠʝ 

ʢʘʨʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ ʢʦʨʨʝʣʷʮʠʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠ-

ʪʦʨʠʡ ʩ ʫʯʝʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ [129,164].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʤʥʦʛʦʤʝʨʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʪʝʨʥʦʛʦ 

ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʘʨʪʳ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ. 

ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

[50, 72, 129, 164].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʛʝʦʵʢʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ï MapInfo. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʤʦʞʥʦ ʩʦʟʜʘʪʴ 

ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʛʦʨʦʜʦʚ, ʘ ʪʘʢʞʝ ʦʪʦʙʨʘʟʠʪʴ ʢʘʨʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʣʶʪʘʥʪʦʚ 

ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ. ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ IDW-

ʠʥʪʝʨʧʦʣʷʮʠʠ (ʤʝʪʦʜ ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ). ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩ ʣʶʙʦʡ ʪʦʯʢʠ ʫʞʝ 

ʛʦʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʘ ̫

ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʠʟʦʣʠʥʠʷʤʠ, ʯʪʦ ʧʨʠʝʤʣʝʤʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ ʟʘʛʨʷʟʥʝʥʠʷ ʜʣʷ 

ʨʘʟʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ [27]. 

ʆʜʥʦʡ ʠʟ ʮʝʣʝʡ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʯʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʢʘʨʪʳ ʠ ʢʘʨʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʩ ʧʨʠʤʝʥʝʥʠ-

ʝʤ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʘʥʥʳʝ ʢʘʨʪ rʦʪʦʙʨʘʞʘʪʁ ʘʨʝʘʣr  ʟʦʥ, ʨʘʡ-

ʦʥʦʚ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʘʥʦʤʘʣʠʷʤʠ ʪʦʢʩʠʢʘʥʪʦʚ. ʆʥʠ ʧʦʟʚʦʣʷʪʁ 

ʨʝʰʘʪʴ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʟʘʜʘʯ [129, 164].  
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1.3. ʆʩʦʙʝʥʥʦʩʪʠ ʥʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ  

 

ɺ 1946 ʛʦʜʫ ʙʳʣʘ ʩʦʟʜʘʥʘ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 

(ʀʉʆ, ISO). ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʥʘ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʚ ʤʠʨʝ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʠ 

ʠʟʜʘʪʝʣʝʤ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʝʪʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʦʨʛʘʥʠ-

ʟʘʮʠʡ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ 157 ʩʪʨʘʥ [134]. ʊʝʭʥʠʯʝʩʢʠʡ ʢʦʤʠʪʝʪ ʀʉʆ/ʊʂ 190 çʂʘ-

ʯʝʩʪʚʦ ʧʦʯʚʳè ʧʦʷʚʠʣʩʷ ʚ 1985 ʛʦʜʫ [189]. ɼʘʥʥʳʡ ʢʦʤʠʪʝʪ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶ-

ʱʠʭ ʧʦʜʢʦʤʠʪʝʪʦʚ (ʇʂ): 

¶ ʇʂ 1 çʂʨʠʪʝʨʠʠ, ʪʝʨʤʠʥʦʣʦʛʠʷ ʠ ʦʙʦʟʥʘʯʝʥʠʷè (ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʌʨʘʥʮʠʠ). 

¶ ʇʂ 2 çʆʪʙʦʨ ʧʨʦʙè (ʧʦʜ ʢʦʥʪʨʦʣʝʤ ɻʝʨʤʘʥʠʠ). 

¶ ʇʂ 3çʍʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʧʦʯʚʳè (ʧʦʜ ʢʦʥʪʨʦʣʝʤ ɻʝʨ-

ʤʘʥʠʠ). 

¶ ʇʂ 4çɹʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳè (ʧʦʜ ʢʦʥʪʨʦʣʝʤ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ). 

¶ ʇʂ 5çʌʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳè (ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʅʠʜʝʨʣʘʥʜʦʚ). 

¶ ʇʂ 6çʈʘʜʠʦʣʦʛʠʯʝʩʢʠʝ  ʤʝʪʦʜʳè (ʧʦʜ ʢʦʥʪʨʦʣʝʤ ɻʝʨʤʘʥʠʠ). 

ʇʦʩʪʦʷʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʀʉʆ/ʊʂ 190 ʩ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʘʮʠ-

ʷʤʠ ʠ ʢʦʤʠʪʝʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʀʉʆ/ʊʂ 146 çʂʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘè, ʀʉʆ/ʊʂ 147 

çʂʘʯʝʩʪʚʦ ʚʦʜʳè,  ʊʝʭʥʠʯʝʩʢʠʡ ʢʦʤʠʪʝʪ ɽʚʨʦʧʝʡʩʢʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘ-

ʮʠʠ (ʉɽʅ), ʘ ʪʘʢʞʝ ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ), ɺʩʝʤʠʨʥʘʷ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ (ɺʄʆ), ʆʨʛʘʥʠʟʘʮʠʷ ʆʆʅ ʧʦ ʧʨʦʜʦʚʦʣʴʩʪʚʠʶ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʚʦʧʨʦʩʘʤ (ʌɸʆ), ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʝ (ʖʅɽʇ) ʠ ʜʨʫʛʠʤʠ. ʈʘʙʦʪʳ ʧʦ ʫʩʪʘʥʦʚʣʝʥʠʶ ʥʦʨʤʘʪʠʚʦʚ ʢʘʯʝʩʪʚʘ 

ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʤʠʨʝ ʚʦʟʛʣʘʚʣʷʶʪ ɺʆɿ ʠ ʌɸʆ.  

ɼʣʷ ɽʚʨʘʟʠʠ ʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ ʩʚʦʡʩʪʚʝʥʥʘ ʨʝʛʠʦʥʘʣʴʥʘʷ ʩʪʘʥʜʘʨʪʠʟʘ-

ʮʠʷ ʚ ʩʬʝʨʝ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʦʯʚʳ. ɺʳʜʝʣʷʶʪ 3 ʪʠʧʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʨʛʘʥʠʟʘ-

ʮʠʡ: 

1) ʥʘʮʠʦʥʘʣʴʥʳʝ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʝ ʠ ʥʝʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʝ ʦʨʛʘʥʠʟʘ-

ʮʠʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʠʥʦʩʪʨʘʥʥʳʭ ʯʣʝʥʦʚ ʠ ʚʳʧʫʩʢʘʶʪ ʩʪʘʥʜʘʨʪʳ,  

ʠhʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ (ɸʤʝʨʠʢʘʥʩʢʦʝ ʦʙʱʝʩʪʚʦ ʧʦ ʠʩʧʳʪʘʥʠʷʤ 

ʠ ʤʘʪʝʨʠʘʣʘʤ (ASTM) ʠ ɸʤʝʨʠʢʘʥʩʢʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 
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(EPA), ʠʭ ʩʪʘʥʜʘʨʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʪʨʘʥʘʭ ʉʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʡ ʟʦʥʳ ʩʚʦʙʦʜʥʦʡ 

ʪʦʨʛʦʚʣʠ (ʉʐɸ, ʂʘʥʘʜʝ, ʄʝʢʩʠʢʝ), ʚ ʩʪʨʘʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʠ, 

ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʠ ɹʣʠʞʥʝʛʦ ɺʦʩʪʦʢʘ); 

2) ʨʝʛʠʦʥʘʣʴʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ 

ʥʝʟʘʚʠʩʠʤʳʝ ʩʪʨʘʥʳ (ɽʚʨʦʧʝʡʩʢʠʡ ʢʦʤʠʪʝʪ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ (ʉɽʅ) ʠ ʧʨʦʩʫʱʝ-

ʩʪʚʦʚʘʚʰʠʡ ʜʦ 1991 ʛ. ʉʦʚʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʟʘʠʤʦʧʦʤʦʱʠ (ʉʕɺ)); 

3) ɻʦʩʩʪʘʥʜʘʨʪ ʉʉʉʈ, ʩʪʘʥʜʘʨʪʳ ʢʦʪʦʨʦʛʦ ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʉʉʉʈ ʧʨʠʤʝ-

ʥʷʪʁʩʷ  ʚ 15 ʥʝʟʘʚʠʩʠʤʳʭ ʩʪʨʘʥʘʭ, ʧʦʜʧʠʩʘʚʰʠʭ ʉʦʛʣʘʰʝʥʠʝ ʦ ʧʨʦʚʝʜʝʥʠʠ ʩʦ-

ʛʣʘʩʦʚʘʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ [1]. 

ɺ ʦʩʥʦʚʥʦʤ, ʩʦʜʝʨʞʘʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ ʥʦʨʤʠʨʫʝʪʩʷ ʚ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʘʭ, ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʫʨʦʚʥʝ ʥʦʨʤʘʪʠʚʦʚ ʥʝʪ. ʉʪʦʠʪ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʦʯʚʳ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʛʠʛʠʝʥʠʯʝʩʢʦʛʦ ʥʦʨʤʠ-

ʨʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʪʦʣʴʢʦ ʧʦʩʣʝʜʥʠʝ 40 ʣʝʪ ʥʦʨʤʠʨʦʚʘʥʠʝ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ ʥʘʯʘʣʦ ʨʘʟʚʠʚʘʪʴʩʷ. ʆʩʥʦʚʥʳʤʠ ʩʬʝʨʘʤʠ ʛʠʛʠʝʥʠ-

ʯʝʩʢʦʛʦ ʥʦʨʤʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʦʟʜʫʭ, ʚʦʜʘ, ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʘʟʨʘʙʦʪʢʘ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤʘʪʠʚʦʚ ʢ ʧʦʯʚʘʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʦʪ ʥʦʨʤʘ-

ʪʠʚʦʚ ʜʣʷ ʜʨʫʛʠʭ ʩʨʝʜ. ʕʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʦ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʠ ʥʝʦʜʥʦ-

ʨʦʜʥʦʩʪʴʶ ʧʦʯʚ. 

ʇʦʯʚʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʦʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʚʝʨʜʦʡ, ʞʠʜ-

ʢʦʡ, ʛʘʟʦʦʙʨʘʟʥʳʭ ʬʘʟ ʠ ʙʠʦʪʳ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʥʝʝ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʟʘ-

ʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚ ʚʦʜʫ ʠʣʠ ʚʦʟʜʫʭ, ʧʨʠ 

ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʨʘʟʙʘʚʣʝʥʠʝ ʠ ʩʥʠʞʝʥʠʝ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ.  

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʢʣʘʩʩʳ ʦʧʘʩʥʦʩʪʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ:  

¶ I ʢʣʘʩʩ (ʚʳʩʦʢʦ ʦʧʘʩʥʳʝ) ï As, Cd, Hg, Se, Pb, F, ʙʝʥʟ(ʘ)ʧʠʨʝʥ; Zn;  

¶ II ʢʣʘʩʩ (ʫʤʝʨʝʥʥʦ ʦʧʘʩʥʳʝ) ï B, Co, Ni, Mo, Cu, Sb, Cr; 

¶  III ʢʣʘʩʩ (ʤʘʣʦ ʦʧʘʩʥʳʝ) ï Ba, V, W, Mn, Sr, ʘʮʝʪʦʬʝʥʦʥ [39]. 

ʅʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʠʩʣʦ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʚʣʠʷʪʴ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʙʠʦʪʳ, ʧʨʝʚʳʩʠʣʦ ʤʠʣʣʠʦʥ ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʝʞʝʛʦʜʥʦ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʩʚʳʰʝ ʯʝʪʚʝʨʪʠ ʥʦʚʳʭ ʧʦʣʣʶʪʘʥʪʦʚ, ʦʜʥʠʤ 
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ʠʟ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʤʝʪʠʣʨʪʫʪʴ [21]. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ ʥʦʨʤʠʨʦʚʘʥʠʷ ʩʨʝʜ 

ʥʦʚʳʤʠ ʧʦʣʣʶʪʘʥʪʘʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʦʠʪ ʦʯʝʥʴ ʦʩʪʨʦ. 

ɼʣʷ ʧʦʯʚ ʭʘʨʘʢʪʝʨʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʨʘʟʥʳʤ ʚʠʜʘʤ, ʪʠʧʘʤ ʠ ʧʦʜʪʠʧʘʤ, 

ʧʦʵʪʦʤʫ ʩʪʘʥʜʘʨʪʠʟʘʮʠʷ ʧʦʯʚ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠ ̫ʤʥʦʞʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʘʢ-

ʪʠʯʝʩʢʠʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʊʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʧʦʯʚʳ ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ. ʉʘʤʳʝ 

ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʧʦʯʚʘʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʚ ʩʚʷ-

ʟʠ ʩ ʚʦʟʤʦʞʥʦʡ ʧʝʨʝʜʘʯʝʡ ʚ ʧʠʱʝʚʫʶ ʮʝʧʴ. 

ʅʘʢʦʧʣʝʥʠʝ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʧʦʯʚʫ ʚʝʱʝʩʪʚ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ 

ʦʪ ʪʘʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʢ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʝʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦ-

ʛʦ ʦʙʤʝʥʘ, ʚʝʣʠʯʠʥʘ ʨʅ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ʅʘ ʧʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʘʭ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʤʝʩʪʥʦʩʪʠ, ʢʦ-

ʣʠʯʝʩʪʚʦ ʚʳʧʘʜʘʶʱʠʭ ʦʩʘʜʢʦʚ, ʪʠʧ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ, ʨʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ, ʘʥʪʨʦ-

ʧʦʛʝʥʥʘʷ ʜʝʪ̫ʝʣʴʥʦʩʪʴ. 

ɺ 1982 ʛʦʜʫ ʚ ʈʦʩʩʠʠ ʚʚʝʜʝʥ ʚ ʦʙʨʘʱʝʥʠʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ 

17.4.2.01-81 (ʉʪʘʥʜʘʨʪ ʉʕɺ 4470-84)çʆʭʨʘʥʘ ʧʨʠʨʦʜʳ. ʇʦʯʚʳ. ʅʦʤʝʥʢʣʘʪʫʨʘ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷè, ʢʦʪʦʨʳʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʢʦʥʪʨʦʣʴ ʟʘ ʩʦʩʪʦʷ-

ʥʠʝʤ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʦʭʨʘʥʫ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ ʚ ʧʦʯʚʘʭ 

ʜʦʣʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ 23 ʧʦʢʘʟʘʪʝʣʷ, 19 ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʜʣʷ 

ʥʘʩʝʣʝʥʥʳʭ ʤʝʩʪ. ʇʦʜʣʝʞʘʪ ʢʦʥʪʨʦʣʶ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʘʤʤʦʥʠʡʥʳʡ ʠ ʥʠʪʨʘʪ-

ʥʳʡ ʘʟʦʪ, ʭʣʦʨʠʜʳ, ʨʅ, ʧʝʩʪʠʮʠʜʳ, ʊʄ, ʥʝʬʪʴ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʬʝʥʦʣʳ ʣʝʪʫʯʠʝ, 

ʩʝʨʥʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʜʝʪʝʨʛʝʥʪʳ (ʘʥʠʦʥʘʢʪʠʚʥʳʝ ʠ ʢʘʪʠʦʥʘʢʪʠʚʥʳʝ), ʢʘʥʮʝʨʦ-

ʛʝʥʥʳʝ ʚʝʱʝʩʪʚʘ, ʤʳʰʴʷʢ, ʮʠʘʥʠʜʳ, ʧʦʣʠʭʣʦʨʠʜʥʳʝ ʙʠʬʝʥʠʣʳ, ʨʘʜʠʦʘʢʪʠʚʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʤʘʢʨʦ- ʠ ʤʠʢʨʦʭʠʤʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʛʝʣʴʤʠʥʪʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʣʘʢʪʦʟʦʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʠʰʝʯʥʳʝ ʧʘʣʦʯʢʠ (ʢʦ-

ʣʠʬʦʨʤʳ), ʵʥʪʝʨʦʢʦʢʢʠ (ʠʥʜʝʢʩ), ʧʘʪʦʛʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ (ʧʦ ʵʧʠʜʧʦʢʘʟʘʥʠ-

ʷʤ), ʷʡʮʘ ʠ ʣʠʯʠʥʢʠ ʛʝʣɹʤʠʥʪʦʚ (ʞʠʟʥʝʩʧʦʩʦʙʥʳʝ). 

ɻʦʨʦʜʩʢʦʡ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʷʚʣʷʝʪʩʷ ʜʝʧʦʥʠʨʫʶʱʝʡ ʩʨʝʜʦʡ ʜʣʷ ʤʥʦʛʠʭ 

ʧʦʣʣʶʪʘʥʪʦʚ [134, 164]. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʫʯʝʥʠʝ ʧʝʨʝʜʦʚʦʛʦ ʦʧʳʪʘ ʟʘʨʫ-

ʙʝʞʥʳʭ ʩʪʨʘʥ ʧʦ ʥʦʨʤʠʨʦʚʘʥʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ.  
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ɺ ɻʝʨʤʘʥʠʠ 12.07.1999 ʛʦʜʘ ʙʳʣ ʧʨʠʥʷʪ ʅʝʤʝʮʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦ 

ɿʘʱʠʪʝ ʇʦʯʚ, ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʥʜʘʨʪʳ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʚʝ-

ʱʝʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʪʝʛʦʨʠʠ ʦʙʲʝʢʪʘ ʠ ʭʘʨʘʢʪʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴ. ʊʘʢ 

ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʛʦʨʦʜʘ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 4 ʢʘʪʝʛʦʨʠʠ:  

1) ʜʝʪʩʢʠʝ ʧʣʦʱʘʜʢʠ (ʢʨʦʤʝ ʧʝʩʢʘ ʚ ʧʝʩʦʯʥʠʮʘʭ); 

2) ʞʠʣʳʝ ʟʦʥʳ; 

3) ʧʘʨʢʠ ʠ ʟʦʥʘ ʨʝʢʨʝʘʮʠʠ; 

4) ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʲʝʢʪʳ ʠ ʢʦʤʤʝʨʯʝʩʢʘʷ ʥʝʜʚʠʞʠʤʦʩʪʴ. 

ɺ ʪʘʙʣʠʮʝ 1.1 ʦʪʨʘʞʝʥʳ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʛʦ-

ʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ɻʝʨʤʘʥʠʠ. 

ʊʘʙʣʠʮʘ 1.1 

ʉʪʘʥʜʘʨʪʳ ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʱʠʭ ʥʘ ʯʝʣʦʚʝʢʘ 

ʚ ɻʝʨʤʘʥʠʠ 

 

ʉʪʘʥʜʘʨʪʳ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ (ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʩʘ ʨʘʩʪʝʨʪʦʡ ʧʦʯʚʳ) 

ɺʝʱʝʩʪʚʦ ɼʝʪʩʢʠʝ 

ʧʣʦʱʘʜʢʠ 

ɾʠʣʳʝ 

ʟʦʥʳ 

ɿʦʥʘ ʨʝʢʨʝ-

ʘʮʠʠ 

ʇʨʦʤʳʰʣʝʥʥʳʝ 

ʦʙʲʝʢʪʳ 

ʄʳʰʴʷʢ  25 50 125 140 

ʉʚʠʥʝʮ  200 400 1000 2000 

ʂʘʜʤʠʡ  10* 20* 50 60 

ʎʠʘʥʠʜ  50 50 50 100 

ʍʨʦʤ 200 400 1000 1000 

ʅʠʢʝʣʴ 70 140 350 900 

ʈʪʫʪʴ 10 20 50 80 

ɸʣʴʜʨʠʥ 2 4 10 - 

ɹʝʥʟ(ʘ)ʧʠʨʝʥ 2 4 10 12 

ɼɼʊ 40 80 200 - 

ɻʝʢʩʘʭʣʦʨʙʝʥʟʦʣ 4 8 20 200 

ɻʝʢʩʘʭʣʦʨʦʮʠʢʣʦʛʝʢʩʘʥ 5 10 25 400 

ʇʝʥʪʘʭʣʦʨʬʝʥʦʣ 50 100 250 250 

ʇʦʣʠʭʣʦʨʙʠʬʝʥʠʣʳ 

(PCP6)
2
 

0,4 0,8 2 40 

ɼʠʦʢʩʠʥʳ/ ʌʫʨʘʥʳ 100 1000 1000 10000 

*ɺʦ ʚʥʫʪʨʝʥʥʠʭ ʩʘʜʠʢʘʭ ʠʣʠ ʤʘʣʝʥʴʢʠʭ ʩʘʜʘʭ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʜʝʪʠ ʠ ʚʳʨʘ-

ʱʠʚʘʶʪʩʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ, ʧʦʢʘʟʘʪʝʣʴ ʉʪʘʥʜʘʨʪʘ ʜʣʷ ʢʘʜʤʠʷ 

ʜʦʣʞʝʥ ʙʳʪʴ 2,0 ʤʛ/ʢʛ ʩʫʭʦʛʦ ʚʝʩʘ. 
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ɺ ɻʦʣʣʘʥʜʠʠ ʥʦʨʤʠʨʦʚʘʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ 

ʧʨʦʪʝʢʘʝʪ ʧʦ 3 ʫʨʦʚʥʷʤ: ɸ- Wert ï ʥʦʨʤʘʪʠʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʩʪʝʩʪʚʝʥʥʦʤʫ 

ʬʦʥʫ; ɺ- Wert ï ʥʦʨʤʘʪʠʚ, ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ; ʉ-Wert ï 

ʥʦʨʤʘʪʠʚ, ʟʘ ʧʨʝʚʳʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʨʫʧʥʳʡ ʰʪʨʘʬ. 

ɺ ʉʐɸ ʧʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠʤʝʥʷʶʪ ʩʧʝʮʠʘʣʴʥʳʝ 

ʩʪʘʥʜʘʨʪʳ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʯʚʘʭ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜʘʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ.  

ʂʨʠʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʝʡ-

ʩʢʦʛʦ ʩʦʶʟʘ, ʉʐɸ, ʂʘʥʘʜʝ, ʥʝʢʦʪʦʨʳʭ ʘʟʠʘʪʩʢʠʭ ʩʪʨʘʥʘʭ ʧʨʝʚʳʰʘʶʪ ʇɼʂ ʧʦʯʚ ʚ 

ʈʦʩʩʠʠ ʚ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʨʘʟ (ʪʘʙʣʠʮʘ 1.2) ɺ ʂʘʥʘʜʝ, ʥʘʧʨʠʤʝʨ, ʨʘʟʨʝʰʝʥʥʘʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʩʚʠʥʮʘ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʚ ʞʠʣʦʡ ʠ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʟʦʥʘʭ ʜʦʩʪʠʛʘʝʪ 

ʜʦ 500, ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʝ ï ʜʦ 1000 ʤʛ/ʢʛ. ɺ ɸʥʛʣʠʠ ʜʦʧʫʩʪʠʤʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʩʚʠʥʮʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʪʝʛʦʨʠʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 300 ʜʦ 2000 

ʤʛ/ʢʛ [167,168]. 

ʊʘʙʣʠʮʘ 1.2 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʥʦʨʤʘʤ ʩʦʜʝʨʞʘʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʘʭ 

ʈʦʩʩʠʠ ʠ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ, ʤʛ/ʢʛ 

 
ɺʝʱʝʩʪʚʦ ʉʪʘʥʜʘʨʪʳ ɿɺ, ʤʛ/ʢʛ 

ɻʝʨʤʘʥʠ ̫ ɻʦʣʣʘʥ-

ʜʠʷ 

ʉʐɸ ʌʠʥʣʷʥʜʠʷ ʀʪʘʣʠʷ ʈʦʩʩʠʷ 

ʄʳʰʴʷʢ 25-140 29-50 30-300 50-100 20-50 2-10 

ʉʚʠʥʝʮ 200-2000 85-600 300-6000 200-750 100-1000 32-130 

ʂʘʜʤʠʡ 10-60 0,8-20 30-800 10-20 2-15 0,5-2,0 

ʍʨʦʤ ʦʙʱʠʡ 200-1000 100-800 1000-10000 200-300 150-800  

ʅʠʢʝʣʴ 70-900 35-500 300-7000 100-150 120-500 20-80 

ʈʪʫʪʴ 10-80 0,3-10 20-600 2-5 1-5 2,1 

ʎʠʥʢ  140-3000 2500-10000 250-400 150-1500 55-220 

ʄʝʜʴ  36-500  150-200 120-600 33-132 

ʂʦʙʘʣʴʪ  20-300  100-250 20-250  

ʄʦʣʠʙʜʝʥ  10-200     

ʆʣʦʚʦ  20-300   1-350  

ʅʝʬʪʝʧʨʦʜʫʢʪʳ   200-10000   180-1000 

ɹʝʥʟ(ʘ)ʧʠʨʝʥ 2-12  0,7-100 2-15 0,1-10 0,02 

 

ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʇɼʂ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ ʦʩʥʦʚʘʥʦ ʥʘ 4 ʧʦʢʘʟʘʪʝ-

ʣʷʭ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ: ʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʡ, ʤʠʛʨʘʮʠʦʥʥʳʡ ʚʦʜʥʳʡ, ʤʠʛʨʘʮʠ-

ʦʥʥʳʡ ʚʦʟʜʫʰʥʳʡ, ʦʙʱʝʩʘʥʠʪʘʨʥʳʡ [99]. ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 
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ʧʨʠʤʝʥʠʤʳ ʜʣʷ ʛʦʨʦʜʩʢʦʛʦ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʚ ʨʝʢʨʝʘʮʠʦʥʥʳʝ ʟʦʥʳ ʛʦʨʦʜʘ ʧʨʠʚʦʟʷʪ ʯʠʩʪʳʝ ʠ ʙʦʛʘʪʳʝ ʛʫʤʫʩʦʤ ʧʦʯʚʳ. 

ʇʨʠ ʵʪʦʤ ʧʦʩʪʫʧʣʝʥʠʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʫ ʯʝʨʝʟ ʚʦʟʜʫʭ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʦʩʝʜʘʥʠʠ ʧʳʣʠ, ʧʦʵʪʦʤʫ ʤʠʛʨʘʮʠʦʥʥʳʡ ʚʦʟʜʫʰʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʝ ʙʫʜʝʪ ʦʙʲʝʢ-

ʪʠʚʥʳʤ ʜʣʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ. ʊʘʢʞʝ ʥʝʦʙʲʝʢʪʠʚʝʥ ʠ ʪʨʘʥʩʣʦʢʘʮʠʦʥʥʳʡ ʧʦʢʘʟʘ-

ʪʝʣʴ, ʪ.ʢ. ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʚ ʛʦʨʦʜʩʢʠʭ ʟʦʥʘʭ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ 

ʧʠʱʫ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʡʦʥʦʚ ʯʘʩʪʥʦʛʦ ʩʝʢʪʦʨʘ [134].   

ɺ ʈʦʩʩʠʠ ʦʜʠʥʘʢʦʚʳʝ ʇɼʂ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʯʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʫʛʦʜʠʡ ʠ  ʧʦʯʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥ ʛʦʨʦʜʦʚ, ʯʪʦ ʥʝ ʩʚʦʡʩʪʚʝʥʥʦ ʜʣʷ ʟʘʨʫʙʝʞʥʳʭ 

ʩʪʨʘʥ. ɺ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʮʝʥʪʨʘʭ ʦʯʝʥʴ ʩʣʦʞʥʦ ʥʝ ʧʨʝʚʳʩʠʪʴ ʪʘʢʠʝ 

ʫʨʦʚʥʠ ʇɼʂ [33, 61, 134]. 

  

1.4. ʈʝʛʠʦʥʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ                      

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʢʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʛʦʨʦʜʘ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʧʣʦʱʘʜʠ ʟʘʛʨʷʟʥʝʥʠʷ ʩʦʟʜʘʶʪ ʪʝʭʥʦʛʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʚʠʥʮʠʠ [129, 147, 164, 177]. ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʛʦʨʦʜʘ ʢʦʥʮʝʥʪʨʠʨʫʝʪ ʚ ʩʝʙʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʦʪ ʪʨʘʥʩʧʦʨʪʘ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʳʭ ʭʦʟʷʡʩʪʚ, ʘ ʪʘʢʞʝ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʤʦʱʥʦʛʦ ʠʩʪʦʯ-

ʥʠʢʘ ʪʝʭʥʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪʩʷ ʚ ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʠʛʨʘʮʠʦʥʥʳʝ 

ʮʠʢʣʳ  [72, 129, 190]. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʵʢʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʠ ʩʘʥʠʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʘ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨ-

ʥʳʡ ʧʦʯʚʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʘ ʫʨʙʘʥʠʟʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʥʘʨʫʰʝʥʥʳʭ ʟʝ-

ʤʝʣʴ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʠʟʤʝʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʛʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦ-

ʯʠʩʣʝʥʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʠ ʧʨʦʤʳʰʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ. ɺʦ ʚʨʝʤʷ ʘʨʭʠʪʝʢ-

ʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʙʦʪ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʩʣʘʙʦ ʠʩʩʣʝʜʫ-

ʝʪʩʷ.  
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ʇʦʯʚʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʝʤʣʝʜʝʣʠʷ, ʢʦʪʦʨʦʝ ʫʞʝ ʙʦʣʝʝ 12 ʪʳʩʷʯʠ 

ʣʝʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʩʝʣʝʥʠʝ ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ. ʅʦ ʚ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʛʦʨʦʜʦʚ 

ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʤʦʛ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʩʦʢʨʘʱʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʛʦʨʦ-

ʜʘ. ʊʘʢ, ʧʦʯʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʏʝʨʥʦʙʳʣʷ, ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʜʠʦ-

ʥʫʢʣʠʜʦʚ, ʠʟ-ʟʘ ʢʦʪʦʨʦʛʦ ʥʝʚʦʟʤʦʞʥʦ ʥʦʨʤʘʣʴʥʦ ʩʫʱʝʩʪʚʦʚʘʪʴ ʛʦʨʦʜʩʢʠʤ ʞʠʪʝ-

ʣʷʤ. ɸʥʘʣʦʛʠʯʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʤʝʩʪʘʭ ʚʳʙʨʦʩʘ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ 

ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʌʫʢʫʩʠʤʝ ʠ ʜʨ. ʊʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʪʝʥʜʝʥʮʠʷ: 

ʧʨʠ ʙʦʣʴʰʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʛʫʤʫʩʘ ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʴʰʝʝ ʥʘʢʦʧʣʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠ-

ʜʦʚ, ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʚʝʨʭʥʝʤ 5 ʩʤ ʩʣʦʝ [5].  

ɿʘʛʨʷʟʥʝʥʥʳʡ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʪʘʢʞʝ ʩʪʘʥʦʚʠʣʩʷ ʧʨʠʯʠʥʦʡ ʤʠʛʨʘʮʠʠ ʣʶ-

ʜʝʡ. ʊʘʢ, ʛʠʙʝʣʴ ʜʨʝʚʥʠʭ ʛʦʨʦʜʦʚ ʪʠʧʘ ʋʨʘ, ʋʨʫʢʘ ʩʚʷʟʳʚʘʶʪ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʩʚʘʣʦʢ ʠ ʟʘʛʨʷʟʥʝʥʠʝʤ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʪʦʢʩʠʯʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʧʘ-

ʪʦʛʝʥʥʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. ʈʦʣʴ ʧʦʯʚʳ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʙʦ-

ʣʝʟʥʝʡ ʟʥʘʯʠʪʝʣʴʥʘ. ʊʘʢ, ʚ ʥʝʡ ʜʦʣʛʦʝ ʚʨʝʤʷ ʩʦʭʨʘʥʷʶʪʩʷ ʚʦʟʙʫʜʠʪʝʣʠ ʩʪʦʣʙʥʷʢʘ, 

ʯʝʩʦʪʢʠ, ʪʫʣʷʨʝʤʠʠ, ʠʝʨʩʠʥʠʦʟʘ, ʣʝʧʪʦʩʧʠʨʦʟʘ, ʧʩʝʚʜʦʪʫʙʝʨʢʫʣʝʟʘ, ʩʘʣʴʤʦʥʦʣʝʟʘ, 

ʙʨʫʮʝʣʣʝʟʘ ʠ ʙʦʪʫʣʠʟʤʘ. ʆʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ ʧʦʯʚ, 

ʪ.ʢ. ʦʥʦ ʩʦʟʜʘʝʪ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʭ ʨʘʟʚʠʪʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʦʥʳ ï ʠʥ-

ʬʝʢʮʠʦʥʥʳʝ ʯʘʩʪʠʮʳ ʩʪʘʥʦʚʷʪʩʷ ʘʢʪʠʚʥʝʝ, ʢʦʛʜʘ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʛʣʠʥʠʩʪʳʤʠ ʤʠ-

ʥʝʨʘʣʘʤʠ [5, 72, 164]. 

ʉʦʩʪʦʷʥʠʝ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʪʘʢʞʝ ʚʟʘʠʤʦʩʚʷʟʘʥʦ ʩ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴʶ 

ʥʘʩʝʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʥʘʩʝʣʝʥʠʝ ʚ ɸʜʳʛʝʝ ʨʝʞʝ ʙʦʣʝʝʪ ʧʨʦʩʪʫʜʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠ-

ʷʤʠ, ʯʝʩʦʪʢʦʡ, ʩʘʣʴʤʦʥʝʣʣʝʟʦʤ, ʦʙʱʠʤʠ ʠʥʬʝʢʮʠʦʥʥʳʤʠ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʥʘ ʧʦʯ-

ʚʝʥʥʦʤ ʧʦʢʨʦʚʝ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʥʝʙʦʣʴ-

ʰʘʷ ʢʘʤʝʥʠʩʪʦʩʪʴ, ʤʝʥʴʰʝ ʟʘʩʦʣʝʥʠʝ, ʵʨʦʟʠʷ ʠ ʧʝʨʝʫʚʣʘʞʥʝʥʠʝ [129, 148, 164, 

177].  

ʄʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʛʦʨʦʜʘ ʉʘʨʘʪʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʄ.ʖ. ʄʝʨʢʫʣʦʚʦʡ ʩ 2010 ʧʦ 2014 ʛʛ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʙʘʟʘ ʜʘʥʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʝʡ: ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘ-

ʚʘ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʠ ʧʦʯʚʝʥʥʦʛʦ çʜʳ-

ʭʘʥʠʷè. ʊʘʢ ʚ ʧʦʯʚʘʭ ʩʝʣʠʪʝʙʥʳʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʦʥ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʤʠʥʠ-
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ʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɸʥʘʣʠʟ ʯʠʩʣʝʥʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʟ-

ʚʦʣʠʣ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ ʚ ʩʣʝʜʫʶʱʠʝ ʨʷʜʳ ʧʦ ʩʪʝʧʝʥʠ ʥʘʨʫʰʝʥ-

ʥʦʩʪʠ ʧʦʯʚ: ʩʘʥʪʠʪʘʨʥʦ-ʟʘʱʠʪʥʳʝ > ʪʨʘʥʩʧʦʨʪʥʳʝ > ʩʝʣʠʪʝʙʥʳʝ ʟʦʥʳ [98, 130].  

ʇʨʠʟʥʘʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ ʷʚʣʷʝʪʩʷ 

ʥʘʭʦʞʜʝʥʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʙʘʢʪʝʨʠʡ - 

ʨʦʜʦʢʦʢʢʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʨʦʜʩʪʚʝʥʥʠʢʘʤʠ ʘʢʪʠʥʦʤʠʮʝʪʘʤ. ʉʚʷʟʴ ʨʦʜʦʢʦʢʢʦʚ 

ʩ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ɿʘʚʦʣʞʴʷ [124].  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʡʦʥʘʭ, ʛʜʝ ʭʦʨʦʰʦ ʨʘʟʚʠʪʘ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ ʯʠʩ-

ʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʤʝʥʝʝ ʧʣʦʜʦʨʦʜʥʳʡ, ʧʨʦʠʩʭʦʜʠʪ ʫʛʥʝʪʝ-

ʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʛʦʨʦʜʘ (ʥʝʢʨʦʟʳ ʠ ʭʣʦʨʦʟʳ ʣʠʩʪʴʝʚ, ʬʣʫʢʪʫʠʨʫʶʱʘʷ 

ʘʩʠʤʤʝʪʨʠʷ, ʧʨʝʞʜʝʚʨʝʤʝʥʥʘʷ ʜʝʬʦʣʠʘʮʠʷ, ʟʘʤʝʜʣʝʥʠʝ ʨʦʩʪʘ ʠ ʩʥʠʞʝʥʠʝ ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʠ) [160].   

ʇʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚ ʛʦʨʦʜʝ ʷʚʣʷʶʪʩʷ ʊʄ ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʘʢʢʫʤʫʣʠʨʫʶʱʠʝʩʷ ʚ ʚʝʨʭʥʠʭ ʛʫʤʫʩʦʚʳʭ ʛʦʨʠʟʦʥʪʘʭ. ʀʟ-ʟʘ 

ʥʝʩʦʚʝʨʰʝʥʥʳʭ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʊʄ ʧʦʧʘʜʘʶʪ ʚ ʧʦʯʚʫ, ʦʪʢʫʜʘ ʤʦʛʫʪ ʘʢʢʫʤʫʣʠ-

ʨʦʚʘʪʴʩʷ ʨʘʩʪʝʥʠʷʤʠ. ɺ ʪʘʙʣʠʮʝ 1.3 ʦʪʨʘʞʝʥʳ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝ-

ʥʠʷ ʊʄ ʚ ʧʦʯʚʫ. ʅʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʚʳʧʣʘʚʢʝ ʠ ʧʝ-

ʨʝʨʘʙʦʪʢʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ [49]. 

ʊʘʙʣʠʮʘ 1.3 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʦʛʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʊʄ 

 

ʀʩʪʦʯʥʠʢʠ ʊʄ ʕʣʝʤʝʥʪʳ 

ʎʚʝʪʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ Pb, Zn, Cu, Hg, Mn, Sb, W, Co, Cd 

ʏʝʨʥʘʷ ʤʝʪʘʣʣʫʨʛʠʷ Ni, Mn, Pb, Cu, Zn, W, Co 

ʕʥʝʨʛʝʪʠʢʘ As, Sb, Se 

ʅʝʬʪʷʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ Pb, Cu, Ni, Zn, Mn 

ʉʞʠʛʘʥʠʝ ʫʛʣʷ Sb, As, Cd, Cr, Mo 

ʉʞʠʛʘʥʠʝ ʥʝʬʪʠ As, Pb, Cd 

 

ʊʘʢ, ʚ ʛʦʨʦʜʝ ʅʦʚʦʢʫʟʥʝʮʢ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ ʪʦʧʣʠʚ-

ʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʷʜʝ ʚʥʫʪʨʠʛʦʨʦʜʩʢʠʭ 

ʨʘʡʦʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝʥʥʦʤ 

ʧʦʢʨʦʚʝ, ʧʨʝʚʳʰʝʥ ʫʨʦʚʝʥʴ ʇɼʂ ʧʦ Zn ʠ Pb. ʇʨʝʚʳʰʝʥʠʝ ʇɼʂ ʚ 10 ʨʘʟ ʧʦ Mn 
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ʠ ʧʦ As ʚ 2-5 ʨʘʟʘ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʆ.ʀ. ʇʦʜʫʨʝʮ ʠ ʩʦʘʚʪʦʨʘʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʳ ʅʦʚʦʢʫʟʥʝʮʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ [25, 122].  

ʋʣʠʯʥʦʝ ʜʚʠʞʝʥʠʝ, ʜʦʨʦʞʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʦʙʨʘʙʦʪʢʘ ʜʦʨʦʛ ʨʝʘʛʝʥʪʘʤʠ 

ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʩʧʦʩʦʙʩʪʚʫʶʪ ʟʘʛʨʷʟʥʝʥʠʶ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʛʨʫʥʪʦʚʳʭ 

ʚʦʜ. ʊʘʢ, ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʊʄ ʷʚʣʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʚʪʦʤʦʙʠʣʠ. 

ʀʟʥʦʩ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʨʨʦʟʠʷ, ʚʦʟʨʘʩʪ ʘʚʪʦʤʦʙʠʣʷ ʚʣʠʷʶʪ ʥʘ ʧʦʚʳʰʝʥ-

ʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Cd, Cu, Zn ʚ ʧʨʠʜʦʨʦʞʥʦʡ ʟʦʥʝ, ʘ ʦʪ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʧʨʦʠʩ-

ʭʦʜʠʪ ʟʘʛʨʷʟʥʝʥʠʝ Pb, ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʠʟʥʦʩ ʘʚʪʦʤʦʙʠʣʷ ʧʨʦʚʦʮʠʨʫʝʪ ʟʘ-

ʛʨʷʟʥʝʥʠʝ Zn [174, 176, 179, 183, 196, 199, 206].  

ʇʦʧʘʜʘʪʴ ʚ ʧʦʯʚʫ ʊʄ ʤʦʛʫʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʭʦʛʦ ʠʣʠ ʤʦʢʨʦʛʦ ʦʩʘʞʜʝʥʠʷ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʊʄ ʦʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʧʦʩʪʫʧʘʝʪ ʚ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ 

ʧʫʪʝʤ ʩʫʭʦʛʦ ʦʩʘʞʜʝʥʠʷ [148]. 

ʀʟ-ʟʘ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʚ ʛʦʨʦʜʘʭ ʥʘʠʙʦʣʴʰʠʡ 

ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʥʘ ʧʦʯʚʘʭ ʧʨʠʜʦʨʦʞʥʳʭ ʟʦʥ. ɺ ʋʣʴʷʥʦʚʩʢʝ 

ɽ.ɺ. ʂʦʨʦʚʠʥʦʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʜʦʨʦʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩ 

2003 ʧʦ 2008 ʛʦʜ.r ɹʳʣʠ ʦʪʤʝʯʝʥʳ ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʚ 2-3 ʨʘʟʘ ʧʦ ʮʠʥʢʫ, ʤʝʜʠ, 

ʥʠʢʝʣʶ ʠ ʭʨʦʤʫ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Zn, Pb, Cu, Cr ʜʦʩʪʠʛʘ-

ʝʪʩʷ ʥʘ ʨʘʩʩʪʦ̫ ʥʠʠ 5-10 ʤ ʦʪ ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ [78].  

ɺʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʛʦʨʦʜʩʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʷʚʣʷʝʪʩʷ ʜʦʨʦʞʥʘʷ ʧʳʣʴ, 

ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʨʝʭ ʠʩʪʦʯʥʠʢʦʚ: ʧʨʠʜʦ-

ʨʦʞʥʳʭ ʧʦʯʚ, ʚʳʙʨʦʩʦʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʘʵʨʦʟʦʣʝʡ. ɻʝʦʭʠʤʠʯʝ-

ʩʢʠʡ ʩʧʝʢʪʨ ʜʦʨʦʞʥʦʡ ʧʳʣʠ ʰʠʨʦʢ. ʊʘʢ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʛʨʫʧʧʦʡ 

ʫʯʝʥʳʭ ʠʟ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 

ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʠʡ ʨʷʜ: Pb46W13Cd11Cu10Zn7Sb6Sn5,5Bi4,5Mo2,5 [131]. ʄ.ʇ. ɹʦ-

ʣʦʪʦʚ ʪʘʢʞʝ ʧʨʦʚʦʜʠʣ ʠʟʫʯʝʥʠʝ ʫʣʠʯʥʦʡ ʧʳʣʠ ʠ ʧʦʯʚ ʛʦʨʦʜʦʚ. ʊʘʢ, ʠʤ ʦʪʤʝʯʝ-

ʥʦ ʚ ʫʣʠʯʥʦʡ ʧʳʣʠ ʂʨʘʩʥʦʜʘʨʘ ʚ 13-24 ʨʘʟʘ ʙʦʣʴʰʝ Pb (ʜʦ 156 ʤʛ/ʢʛ) ʠ ʚ 3-5 ʨʘʟ 

Cu (ʜʦ 132 ʤʛ/ʢʛ). ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Pb ʠ Cu ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ 

ʫʣʠʯʥʦʡ ʧʳʣʠ ʠ ʧʦʯʚʘʭ ʄʦʩʢʚʳ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʜʨʫʛʠʭ ʛʦʨʦʜʦʚ [17,72].  

ʂʨʫʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʄʦʩʢʦʚ-

ʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʚʘʣʦʚʳʭ ʬʦʨʤ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʩʦʜʝʨʞʘʥʠʝ 
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Cr ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 6 ʜʦ 144 ʤʛ/ʢʛ, Mn ʦʪ 78 ʜʦ 2682 ʤʛ/ʢʛ, 

Ni ʦʪ 4 ʜʦ 72 ʤʛ/ʢʛ, Cu ʦʪ 4 ʜʦ 67 ʤʛ/ʢʛ, Zn ʦʪ 10 ʜʦ 269 ʤʛ/ʢʛ, Pb ʦʪ 3 ʜʦ 178 

ʤʛ/ʢʛ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Pb ʚ ʦʙʣʘʩʪʠ ï 35 ʤʛ/ʢʛ, ʯʪʦ ʚ 2,7 ʨʘʟʘ ʚʳʰʝ ʬʦʥʦʚʦ-

ʛʦ ʫʨʦʚʥʷ. ʇʨʦʬʠʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Pb ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʷʨʢʦ ʦʪʨʘʞʘʝʪ 

ʘʵʨʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʛʨʷʟʥʝʥʠʷ: ʚʝʨʭʥʠʝ ʩʣʦʠ ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʚ 2,5 ʨʘʟʘ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʦʯʚʦʦʙʨʘʟʫʶʱʠʝ ʧʦʨʦʜʳ. ʇʦ ʩʪʝʧʝʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ 

ʧʦʢʨʦʚʘ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʦʥʠ ʦʙʨʘʟʫʶʪ ʩʣʝʜʫʶʱʠʡ ʨʷʜ: Pb>Zn>Mn>Cu 

[129, 164].  

ʋʚʝʣʠʯʝʥʠʝ ʱʝʣʦʯʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʧʦʯʚ ʚ ʛʦʨʦʜʝ 

ʄʦʩʢʚʝ ʦʪʤʝʯʝʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʯʚʝʥʥʦʛʦ ʧʦ-

ʢʨʦʚʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʙʳʪʦʯʥʳʤ ʧʦʩʪʫʧʣʝʥʠʝʤ ʢʘʨʙʦʥʘʪʥʦʡ ʧʳʣʠ ʠʟ ʘʪʤʦʩʬʝ-

ʨʳ ʩʦ ʩʥʝʞʥʳʤ ʧʦʢʨʦʚʦʤ ʠ ʨʝʛʫʣʷʨʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʨʦʪʠʚʦʛʦʣʦʣʝʜʥʳʭ ʩʤʝʩʝʡ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʄʦʩʢʚʳ ʠʟʫʯʝʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʠ ʤʥʦʛʦʣʝʪʥʷʷ ʜʠʥʘʤʠʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʘʥʦʤʘʣʠʡ ʊʄ. 

ʊʘʢ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 2010 ʛʦʜʫ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʟʘ-

ʛʨʷʟʥʝʥʠʷ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʘʭ ʠ ʫʩʘʜʝʙʥʦʡ ʟʘʩʪʨʦʡʢʠ, ʘ 

ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʟʦʥʝ ʨʝʢʨʝʘʮʠʠ, ʤʥʦʛʦ-

ʵʪʘʞʥʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ. ʇʦʯʚʳ ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʩʝʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʟʘ-

ʛʨʷʟʥʝʥʳ ʚ ʫʤʝʨʝʥʥʦ ʦʧʘʩʥʦʡ ʩʪʝʧʝʥʠ [129,164].   

ʄʦʥʠʪʦʨʠʥʛ ʧʦʚʝʜʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʄ.ɸ. ʇʠʩʢʫʥʦʚʦʡ, ʃ.ʄ. ɿʘʨʠʥʦʡ ʠ ɽ.ʄ. ʅʝʩʪʝʨʦʚʳʤ 

ʚ ʧʝʨʠʦʜ ʩ 2003 ʧʦ 2008 ʛʛ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠ ̫ʵʣʝʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ 

ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ (ʧʨʝʚʳʰʝʥʠʷ ʇɼʂ ʚ 3-18 ʨʘʟ). ʊʘʢʞʝ 

ʙʳʣ ʦʪʤʝʯʝʥ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚʝʱʝʩʪʚʘʤʠ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʦʧʘʩʥʦ-

ʩʪʠ As, Pb, Zn. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʩʜʝʣʘʥ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ: 

ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚ ʛʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ [112]. 

ɼʣʷ ʣʘʥʜʰʘʬʪʦʚ ʉʝʚʝʨʘ ɽʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʭʘʨʘʢʪʝʨʥʘ ʧʦ-

ʚʳʰʝʥʥʘʷ ʫʷʟʚʠʤʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʩʣʘʙʦʝ ʩʘʤʦʚʦʩʩʪʘ-
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ʥʦʚʣʝʥʠʝ [64]. ʕʢʦʣʦʛʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʟʘʛʨʷʟʥʝʥʠʷ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘ-

ʤʠ ʧʦʯʚ ʛʦʨʦʜʦʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʛʣʦʤʝʨʘʮʠʠ, ʧʨʦʚʝʜʝʥʥʘʷ  

ʃ.ʌ ʇʦʧʦʚʦʡ, ʂ.ʉ. ɺʘʩʶʢ, ɸ.ʀ. ɺʘʩʠʣʴʝʚʦʡ ʠ ʜʨ., ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʭʘʨʘʢ-

ʪʝʨ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. ʊʘʢ, ʜʣʷ ʧʦʯʚ ʘʛʣʦʤʝʨʘʮʠʠ ʩʚʦʡʩʪʚʝʥʥʦ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ. ɻʦʨʦʜʘ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʘʛʣʦʤʝʨʘʮʠʠ ʧʦ ʩʪʝʧʝ-

ʥʠ ʟʘʛʨʷʟʥʝʥʠʷ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʣʝʜʫʶʱʠʡ ʨʷʜ: ɸʨʭʘʥ-

ʛʝʣʴʩʢ < ʉʝʚʝʨʦʜʚʠʥʩʢ < ʅʦʚʦʜʚʠʥʩʢ. ɼʣʷ ʧʦʯʚ ɸʨʭʘʥʛʝʣʴʩʢʘ ʭʘʨʘʢʪʝʨʥʘ ʫʤʝ-

ʨʝʥʥʦ ʦʧʘʩʥʘ ̫ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ. ʅʦ 30% ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʩʝʣʠʪʝʙʥʦʡ 

ʟʦʥʳ ʛʦʨʦʜʘ ʠʤʝʣʦ ʦʧʘʩʥʫʶ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ, ʘ 4% - ʦʯʝʥʴ ʦʧʘʩʥʫʶ. ʆʩ-

ʥʦʚʥʳʝ ʧʦʣʣʶʪʘʥʪʳ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʘʛʣʦʤʝʨʘʮʠʠ ï Pb, 

Zn, Hg, Ni,  Cu, Mn, Cd [123]. 

ɼʣʷ ʶʛʘ ʈʦʩʩʠʠ ʪʘʢʞʝ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦ-

ʚʘ [61, 74, 75,101].  ʉʨʝʜʠ ʛʦʨʦʜʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ɸʩʪʨʘʭʘʥʴ ï ʢʨʫʧʥʳʡ ʛʦʨʦʜ 

ʈʦʩʩʠʠ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʫʨʙʘʥʠʟʘʮʠʠ ʠ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʆʩʥʦʚʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʛʦʨʦʜʘ, ʷʚʣʷʶʪʩʷ Zn ʠ Pb. ɺʝ-

ʱʝʩʪʚʘ ʧʦʩʪʫʧʘʶʪ ʩ ʚʳʙʨʦʩʘʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʧʨʝʜʧʨʠʷʪʠʡ ʤʘʰʠʥʦʩʪʨʦʝ-

ʥʠʷ, ʘ ʪʘʢʞʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ɼʣʷ ʛʦʨʦʜʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʝʥʥʘ ʧʨʦʙʣʝʤʘ çʟʘʧʝʯʘ-

ʪʘʥʥʦʩʪʠè ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʜʦʨʦʞʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʠ ʟʜʘʥʠʷʤʠ [135].  

ɺ ʨʷʜʝ ʚʦʩʪʦʯʥʳʭ ʛʦʨʦʜʦʚ ʈʦʩʩʠʠ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝ-

ʥʠʷ ʪʷʞʸʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʛʦʨʦʜʘ ʋʣʘʥ-ʋʜʵ ʭʘʨʘʢʪʝʨʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʛʝʦʭʠʤʠʯʝ-

ʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʤʦʱʥʦʩʪʴʶ ʠ ʨʘʟʤʝʱʝʥʠʝʤ ʠʩʪʦʯ-

ʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ. ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʦʥʘʭ ʛʦʨʦʜʘ ʩʦʜʝʨʞʠʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʣʣʶʪʘʥʪʦʚ, ʚ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʦʥʘʭ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʝʝ ʫʟʢʠʡ 

ʜʠʘʧʘʟʦʥ: Sb, Pb, Cu, ʚ ʞʠʣʦʡ ʟʦʥʝ ï Sn, Sb, Cd, Pb. ɺ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʟʦʥʘʭ ʠʥ-

ʪʝʥʩʠʚʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ Cr ʠ Ni. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣ-

ʣʘʤʠ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʦʯʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʳ ʩ ʜʣʠʪʝʣʴʥʳʤ ʠ ʩʠʣʴʥʳʤ ʪʝʭ-

ʥʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. ʇʨʝʚʳʰʝʥʠʝ ʇɼʂ ʦʙʥʘʨʫʞʝʥʦ ʫ Zn ï ʚ 1,9 ʨʘʟʘ ʠ As ï 

ʚ 1,3 ʨʘʟʘ, ʘ ʪʘʢʞʝ ʫ Pb ï ʚ 1,2 ʨʘʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʪʫʧʣʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ 
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ʦʪ ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʦʚʦʮʠʨʫ-

ʝʪ ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦɻ ʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʛʦʨʦʜʩʢʠʭ ʨʘʩʪʝʥʠʡ [72,129,164].  

ɼʣʷ ɺʦʨʦʥʝʞʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʝʥʥʘ ʧʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦ-

ʢʨʦʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦ-

ʜʝʨʞʘʥʠʝ ʚʘʣʦʚʳʭ ʬʦʨʤ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʘʭ ʛʦʨʦʜʘ ʚʘʨʴʠʨʫʝʪ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠ ʟʘʚʠʩʠʪ ʦʪ ʤʝʩʪʘ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʧʦʯʚ. ʅ.ʅ. ʅʘʟʘʨʝʥʢʦ, 

ɸ.ʂ. ʉʚʠʩʪʦʚ, ʅ.ɺ. ʂʘʚʝʨʠʥʘ ʦʪʤʝʯʘʶʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʘʭ ʛʦʨʦʜʘ (ʧʨʝʚʳʰʝʥʠʝ ʆɼʂ ʚ 3-4 ʨʘʟʘ) 

[108]. ʇʨʠʤʝʥʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠ-

ʝʤ ʚ ʦʮʝʥʢʝ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʛʦʨʦʜʘ. ʉ ʧʦʤʦʱʴʶ ʤʠʢʨʦʙʠʦʠʥʜʠʢʘ-

ʮʠʠ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʷʤʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʝʥʥʦ-

ʛʦ ʧʦʢʨʦʚʘ ʠ ʩʪʝʧʝʥʠ ʥʘʨʫʰʝʥʠʷ ʤʠʢʨʦʙʦʮʝʥʦʟʘ ʥʘ ʧʨʠʤʝʨʝ ʫʨʙʦʧʦʯʚ ʛ. ɺʦʨʦʥʝ-

ʞʘ [109].  ʊʘʢʞʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦ-

ʣʝʝ ʥʝʙʣʘʛʦʧʦʣʫʯʥʘʷ ʩʠʪʫʘʮʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʡ ʦʪʤʝʯʘʝʪʩʷ ʚ 

ʣʝʚʦʙʝʨʝʞʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ [110]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʛʦʨʦʜʘ ɺʦʨʦ-

ʥʝʞʘ ʥʝʪ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʦʣʦʛʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʪʦʢʩʠʢʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʦʭʚʘʪʳʚʘ-

ʣʠ ʙʳ ʥʝʩʢʦʣʴʢʦ ʩʠʩʪʝʤ ʩʨʘʟʫ: çʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ - ʩʥʝʞʥʳʡ ʧʦʢʨʦʚè, çʧʦʯ-

ʚʝʥʥʳʡ ʧʦʢʨʦʚ ï ʫʣʠʯʥʳʡ ʩʤʝʪè ʚ ʨʘʟʥʳʭ ʬʫʥʢʮʠʦʥʘʣʥɹʳʭ ʟʦʥʘʭ ʛʦʨʦʜʘ.  

ɿʘʛʨʷʟʥʝʥʠʝ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʷʚʣʷʝʪʩʷ ʤʝʞʜʫ-

ʥʘʨʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ [186]. ɺ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ ʩʦʛʣʘʩʥʦ ʦʪʯʝʪʫ ETCS 1998 ʦʢʦ-

ʣʦ 1 400 000 ʪʝʨʨʠʪʦʨʠʡ ʙʳʣʠ ʟʘʛʨʷʟʥʝʥʳ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠ-

ʤʠ ʧʦʣʣʶʪʘʥʪʘʤʠ. ɺ ʉʐɸ 600 000 ʦʙʣʘʩʪʝʡ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʷ-

ʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʥʫʞʜʘʶʪʩʷ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ [187].  

ʅʘʧʨʠʤʝʨ, ʛʦʨʦʜ ʋʣʘʥ-ɹʘʪʦʨ ʚ ʄʦʥʛʦʣʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʳʭ ʠʩ-

ʪʦʯʥʠʢʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʙʘʩʩʝʡʥ ʨ. ʉʝʣʝʥʛʠ, ʢʦʪʦʨʘʷ ʚʧʘʜʘʝʪ 

ʚ ʦʟʝʨʦ ɹʘʡʢʘʣ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʛʦʨʦʜʘ ʩʚʦʡʩʪʚʝʥʥʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʷ ʦʙʩʪʘʥʦʚ-

ʢʘ: ʚʳʩʦʢʘʷ ʟʘʧʳʣʝʥʥʦʩʪʴ ʘʪʤʦʩʬʝʨʳ, ʧʣʦʪʥʘʷ ʟʘʩʪʨʦʡʢʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʋʣʘʥ-

ɹʘʪʦʨʘ ʙʣrʠ ʧʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 2008 ʧʦ 

2011 ʛʛ. ɺ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ ʛʦʨʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʘ ʥʘʢʘʧʣʠʚʘʶʪʩʷ Pb ʠ Zn. 
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ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ ʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʯʘʩʪʥʳʤ ʩʝʢʪʦʨʦʤ. ʅʘʢʦʧʣʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʮʝʥʪʨʘʣʴ-

ʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ, ʛʜʝ ʦʙʨʘʟʫʝʪʩʷ ʝʜʠʥʳʡ ʩʝʣʠʪʝʙʥʦ-ʧʨʦʤʳʰʣʝʥʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʡ ʘʨʝʘʣ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʨʦʣʠ ʟʘ-

ʛʨʷʟʥʝʥʠʷ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʦʪ ʚʙrʨʦʩʦʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ [7, 80, 145, 164]. 

ʈʘʟʨʫʰʝʥʠʝ ʘʩʬʘʣʴʪʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʢʫʤʫʣʷʮʠʠ ʊʄ 

ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʛʦʨʦʜʘ. ɺ ɼʦʨʪʤʫʥʜʝ 

/ɻʝʨʤʘʥʠʷ/ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʢʩʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ 

ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ (ʪʘʙʣʠʮʘ 1.4). ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʣʴ-

ʪʨʘʟʚʫʢʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ ʧʨʦʙʘʭ ʦʙʥʘʨʫʞʝʥʳ 9 ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝ-

ʥʠʡ, 15 ʚʠʜʦʚ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ ʱʝʙʥʝ ʫʜʝʣʴ-

ʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʊʄ ʙʳʣʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚʳʰʝ [124, 191]. 

ʊʘʙʣʠʮʘ 1.4  

ʉʦʜʝʨʞʘʥʠʝ ʊʄ ʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ 

 

ʕʣʝʤʝʥʪ ʑʝʙʝʥʴ, ʤʛ/ʢʛ ɸʩʬʘʣʴʪ, ʤʛ/ʢʛ 

Pb 13-214 12-58 

Ni 2,3-32 9,1-58 

Cr 13-86 8,1-56 

Cu 4,5-39 4,9-11 

Zn 17-216 79-272 

ɹʝʥʟ(ʘ)ʧʠʨʝʥ 53,6 95,8 

 

ʊʄ ʷʚʣʷʶʪʩʷ ʪʦʢʩʠʯʥʳʤʠ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʙʠʦʩʬʝʨʳ, ʪ.ʢ. 

ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ɼʅʂ ʯʝʣʦʚʝʢʘ, ʚʳʟʳʚʘʶʪ ʩʝʨʴʝʟʥʳʝ ʥʘʨʫʰʝʥʠʷ ʫ ʨʘʩʪʝʥʠʡ ʥʘ 

ʫʨʦʚʥʝ ʢʣʝʪʢʠ, ʪʢʘʥʠ, ʦʨʛʘʥʠʟʤʘ ʠ ʧʦʧʫʣʷʮʠʠ [164]. ʅʘʢʦʧʣʝʥʠʝ ʪʷʞʝʣʳʭ ʤʝ-

ʪʘʣʣʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʚʠʪʠʶ ʮʝʣʦʛʦ ʨʷʜʘ ʟʘʙʦʣʝʚʘʥʠʡ 

(ʪʘʙʣʠʮʘ 1.5). ʅʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʊʄ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʚʠʥ-

ʮʠʷʭ ʠ ʟʜʦʨʦʚʴʷ ʜʣʠʪʝʣʴʥʦ ʧʨʦʞʠʚʘʶʱʠʭ ʟʜʝʩʴ ʣʶʜʝʡ [49]. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʊʄ ʚ ʣʘʥʜʰʘʬʪʘʭ ʟʘʚʠʩʠʪ ʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ (ʩʠ-

ʣʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ), ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʨʝʣʴʝʬʘ ʤʝʩʪ-

ʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʩʦʩʪʦʷʥʠʷ ʦʪʭʦʜʦʚ, ʩʧʦʩʦʙʘ ʧʦʩʪʫʧ-
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ʣʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʚʳʩʦʪʳ ʪʨʫʙ ʧʨʝʜʧʨʠʷʪʠʡ). ʅʘʢʦʧʣʝʥʠʝ ʊʄ ʚ ʧʦʯ-

ʚʘʭ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʛʫʤʫʩʦʚʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʤ ʧʦʯʚʝʥʥʦʤ ʛʦʨʠʟʦʥʪʝ 

[45]. ʅʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʩʪʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʧʦʜʚʠʞʥʳʝ ʬʦʨʤʳ ʊʄ. 

ʊʘʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ Cd, Pb, Cr ʠ Hg, ʦʙʣʘʜʘʶʪ ʪʦʢʩʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʜʘʞʝ ʚ 

ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ [185].  

 ʊʘʙʣʠʮʘ 1.5 

ʀʟʙʠʨʘʪʝʣʴʥʘʷ ʪʦʢʩʠʯʥʦʩʪʴ ʜʣʷ ʯʝʣʦʚʝʢʘ ʥʝʢʦʪʦʨʳʭ ʊʄ 

 

ʕʣʝʤʝʥʪ ɿʘʙʦʣʝʚʘʥʠʷ 

ʄʳʰʴʷʢ ʈʘʢ ʣʝʛʢʠʭ, ʢʦʞʥʳʝ ʙʦʣʝʟʥʠ, ʠʟʲʷʟʚʣʝʥʠʝ, ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢ-

ʪʳ, ʘʥʝʤʠʷ 

ɹʝʨʠʣʣʠʡ ɼʝʨʤʘʪʠʪʳ, ʚʦʩʧʘʣʝʥʠʝ ʩʣʠʟʠʩʪʳʭ ʦʙʦʣʦʯʝʢ 

ʂʘʜʤʠʡ ʆʩʪʨʳʝ ʠ ʭʨʦʥʠʯʝʩʢʠʝ ʨʝʩʧʠʨʘʪʦʨʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʧʦʯʝʯʥʘʷ ʜʠʩ-

ʬʫʥʢʮʠʷ, ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʍʨʦʤ ʈʘʢ ʣʝʛʢʠʭ, ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ 

ʪʨʘʢʪʘ, ʜʝʨʤʘʪʠʪʳ 

ʉʚʠʥʝʮ ʅʘʨʫʰʝʥʠʷ ʢʨʦʚʝʪʚʦʨʝʥʠʷ, ʧʦʚʨʝʞʜʝʥʠʝ  ʧʝʯʝʥʠ ʠ ʧʦʯʝʢ, ʥʝʚʨʦʣʦʛʠ-

ʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 

ʈʪʫʪʴ ɺʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ, ʥʘʨʫʰʝʥʠʝ ʢʨʘʪʢʦʩʨʦʯʥʦʡ  ʧʘʤʷʪʠ, 

ʥʘʨʫʰʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ, ʧʦʯʝʯʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ 

ʅʠʢʝʣʴ ʈʝʩʧʠʨʘʪʦʨʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʘʩʪʤʘ, ʧʦʨʘʞʝʥʠʷ ʧʣʦʜʘ, ʫʨʦʜʩʪʚʘ 

ɺʘʥʘʜʠʡ ʈʘʟʜʨʘʞʝʥʠʝ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ, ʘʩʪʤʘ, ʥʝʨʚʥʳʝ ʨʘʩʩʪʨʦʡʩʪʚʘ, ʠʟ-

ʤʝʥʝʥʠʝ ʬʦʨʤʫʣʳ ʢʨʦʚʠ 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ: 

- ʥʘ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʛʨʷʟʥʷʶʱʠʤʠ ʚʝ-

ʱʝʩʪʚʘʤʠ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʷʚʣʷʶʪʩʷ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ; 

- ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʦʨʦʜʩʢʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʦʢʘʟʳʚʘ-

ʶʪ ʧʦʜʚʠʞʥʳʝ ʬʦʨʤʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ; 

- ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝʩʢʦʝ ʟʘ-

ʛʨʷʟʥʝʥʠʝ ʠ ʟʘʛʨʷʟʥʝʥʠʝ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ; 

- ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʪʦʢʩʠʢʦʣʦʛʠʠ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ 

ʙʳʩʪʨʫʶ ʠ ʪʦʯʥʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ.  
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

 

1. ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʛʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟ-

ʥʝʥʠʷ. ɻʦʨʦʜʩʢʘʷ ʧʦʯʚʘ ʤʦʞʝʪ ʥʘʢʘʧʣʠʚʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʢʦʤʧʦʥʝʥʪʳ 

ʟʘʛʨʷʟʥʝʥʠʡ ʠʟ ʚʩʝʭ ʩʨʝʜ: ʥʠʞʥʠʭ ʩʣʦʝʚ ʣʠʪʦʩʬʝʨʳ, ʛʠʜʨʦʩʬʝʨʳ, ʘʪʤʦʩʬʝʨʳ. ʈʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝʥʥʦʤ ʧʦʢʨʦʚʝ ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʭʠʤʠʯʝ-

ʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚ.  

2. ʉʦʟʜʘʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʢʘʨʪʳ ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʧʦ ʨʝ-

ʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʪ ʦʪʦʙʨʘʟʠʪ ɹʘʨʝʘʣʳ ʟʦʥ ʚ ʛʦʨʦʜʝ ʩ ʚʳʷʚʣʝʥʥʳʤʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʘʥʦʤʘʣʠʷʤʠ ʪʦʢʩʠʢʘʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʤʦʞʝʪ ʨʝʰʠʪʴ ʨʷʜ ʵʢʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʟʘʜʘʯ.  

3. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʥʦʨʤʠʨʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʷʚʣʷ-

ʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʧʨʠʤʝʥʷʶʪ ʠʜʝʥʪʠʯʥʳʝ ʇɼʂ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʦʯʚ ʠ ʫʨʙʘʥʦʟʝʤʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ ʩʣʦʞʥʦ ʥʝ 

ʧʨʝʚʩrʠʪʴ ʫʨʦʚʥʠ ʇɼʂ ʩ ʫʯʝʪʦʤ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʫʨʦʚʥʷ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 

ɿʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ ʫʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʇɼʂ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʭ ʟʦʥ ʛʦʨʦʜʘ.  

4. ʀʥʪʝʥʩʠʚʥʘʷ ʩʪʨʦʠʪʝʣʴʥʘʷ ʠ ʧʨʦʤʳʰʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʥʘʨʫʰʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʛʦʨʦʜʘʭ. ɺʦ ʚʨʝʤʷ ʘʨʭʠʪʝʢʫʨʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʘʙʦʪ ʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʩʣʘʙʦ ʠʩʩʣʝʜʫʝʪʩʷ.  

5. ʊʷʞʝʣʳʝ ʤʝʪʘʣʣʳ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʳ - ʧʨʠʦʨʠʪʝʪʥʳʝ ʧʦʣʣʶʪʘʥʪʳ ʚ 

ʛʦʨʦʜʩʢʠʭ ʧʦʯʚʘʭ, ʦʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʟʘʛʨʷʟʥʝʥʠʷ ʛʦʨʦʜʩʢʠʭ ʧʦʯʚ ʤʦʞʥʦ ʧʦ-

ʣʫʯʠʪʴ, ʠʩʩʣʝʜʫʷ ʧʦʜʚʠʞʥʳʝ ʬʦʨʤʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ.  

6. ɼʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦ-

ʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʘʭ çʧʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ - ʩʥʝʞʥʳʡ ʧʦʢʨʦʚè, çʧʦʯʚʝʥ-

ʥʳʡ ʧʦʢʨʦʚ ï ʫʣʠʯʥʳʡ ʩʤʝʪè ʚ ʨʘʟʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ ʛʦʨʦʜʘ ʩ ʧʨʠʤʝʥʝ-

ʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʵʢʦʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ, ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ.  
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ɻʃɸɺɸ 2. ʄɽʊʆɼʀʏɽʉʂʀɽ ʆʉʅʆɺʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

 

2.1. ʆʙʱʘʷ ʩʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʱʘʷ ʩʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1. 

 

ʈʠʩ. 2.1. ʆʙʱʘʷ ʩʭʝʤʘ ʠ ʤʝʪʦʜʦʣʦʛʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʘʪʝʨʠʘʣʳ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  

(ʵʢʦʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʠʥʜʠʢʘʮʠʦʥʥʳʭ) 

 

ʎʝʣʴ ʨʘʙʦʪʳ 

ɻʝʦʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʧʨʠʥʮʠʧʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘ-

ʛʨʷʟʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʢʨʫʧʥʦʛʦ  

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʮʝʥʪʨʘ 

ʆʙʲʝʢʪʳ 

 ʠʩʩʣʝʜʦʚʘʥʠʷ 

¶ ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ ʠ ʚʥʫʪʨʠʛʦʨʦʜʩʢʠʝ 

ʨʘʡʦʥʳ ʦʩʥʦʚʥʦʛʦ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ 

¶ ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ 

¶ ʋʣʠʯʥʳʡ ʩʤʝʪ 

¶ ʉʥʝʞʥʳʡ ʧʦʢʨʦʚ 

ʆʩʥʦʚʥʳʝ  

ʠʩʪʦʯʥʠʢʠ  

ʠʥʬʦʨʤʘʮʠʠ 

ʌʦʥʜʦʚʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ  

ʋʧʨʘʚʣʝʥʠʷ ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨʘ  

ʧʦ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ 

ʄʝʪʦʜʳ 

ʘʥʘʣʠʟʘ 

ʠʥʬʦʨʤʘʮʠʠ 

ʕʢʦʣʦʛʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ (ʵʢʦʛʝʦʭʠʤʠʯʝʩʢʠʝ,  

ʙʠʦʠʥʜʠʢʘʮʦʥʥʳʝ, ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ) 

ɺʝʨʦʷʪʥʦʩʪʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ (ʢʦʨʨʝʣʷʮʠʦʥʥʦ-

ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚ ʩʨʝʜʝ MS EXCEL; ʢʣʘʩʪʝʨ-

ʥʳʡ ʘʥʘʣʠʟ ʚ ʧʨʦʛʨʘʤʤʘʭ STADIA, STATISTICA)  

ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ 

ʚ ʩʨʝʜʝ MapInfo, ʚʝʙ-ʠʥʩʪʨʫʤʝʥʪ çʂʦʥʩʪʨʫʢʪʦʨ ʢʘʨʪ. 

ʗʥʜʝʢʩè ) 

ʌʦʥʜʦʚʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʌɹʋɿ 

çʎʝʥʪʨ ʛʠʛʠʝʥʳ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʚ ɺʦʨʦʥʝʞ-

ʩʢʦʡ ʦʙʣʘʩʪʠè 

ʀʪʦʛ: ʙʘʟʘ ʜʘʥʥʳʭ ʧʦ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷʥʠʶ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ; ʠʥʪʝʛʨʘʣʴ-

ʥʘʷ ʢʘʨʪʘ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 
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ʂʦʤʧʣʝʢʩʥʳʝ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ ï ʢʨʫʧʥʝʡʰʝʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʮʝʥʪʨʘ ʎʝʥʪʨʘʣʴʥʦʛʦ ʏʝʨʥʦʟʝʤʴʷ.  

ʆʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʷʚʣʷʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ: ʩʦʜʝʨ-

ʞʘʥʠʝ ɿɺ ʚ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜʘʭ (ʧʦʯʚʝʥʥʦʤ ʠ ʩʥʝʞʥʦʤ ʧʦʢʨʦʚʘʭ), ʚ ʫʣʠʯʥʦʤ ʩʤʝʪʝ 

ʚ ʨʘʟʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ ʛʦʨʦʜʘ. ʆʩʥʦʚʥʳʝ ʵʢʦʣʦʛʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦ-

ʜʳ ʚ ʨʘʟʥʳʭ ʩʨʝʜʘʭ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.2 

ʈʠʩ. 2.2. ʕʢʦʣʦʛʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʦʙʲʝʢʪʦʚ 

 

ɼʘʥʥʳʝ ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢʪʫʨʝ ʧʦʣʫʯʝʥʳ ʧʦ ʤʘʪʝʨʠʘ-

ʣʘʤ ɻʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʘ ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ [32], ʢʦʪʦʨʳʡ ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʆɸʆ çɺʦʨʦʥʝʞʧʨʦʝʢʪè. ɺʳʙʦʨ ʧʫʥʢʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʦʩʥʦʚʘʥ ʥʘʤʠ 

ʩ ʧʦʟʠʮʠʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʛʦ ʦʭʚʘʪʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨ-

ʥʦ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʤ ʟʦʥʘʤ. 
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ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʧʦ-

ʣʫʯʝʥʳ ʚ ʭʦʜʝ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘ (ʠʟʫʯʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʛʦʨʦʜʘ ʠ ʚʳʙʦʨ ʧʫʥʢʪʦʚ ʤʦʥʠʪʦ-

ʨʠʥʛʘ, ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʫʣʠʯʥʦʛʦ ʩʤʝʪʘ, ʩʥʝʞ-

ʥʦʛʦ ʧʦʢʨʦʚʘ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʪʦʢʩʠʢʦʣʦʛʠʠ ʚ ʠʩ-

ʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʘʭ) ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤʠ ʠ ʤʦ-

ʥʠʪʦʨʠʥʛʦʚʳʤʠ ʚʝʜʦʤʩʪʚʘʤʠ: ʎʝʥʪʨʦʤ ʛʠʛʠʝʥʳ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʚ ɺʦʨʦʥʝʞʩʢʦʡ 

ʦʙʣʘʩʪʠ ʠ ʋʧʨʘʚʣʝʥʠʝʤ ʈʦʩʧʨʠʨʦʜʥʘʜʟʦʨʘ ʚ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ. ʄʝʪʦʜʠʯʝʩʢʠʝ 

ʵʪʘʧʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʫʱʝʩʪʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ, ʘ ʪʘʢʞʝ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.3 

 

ʈʠʩ. 2.3. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
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 2.2. ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ 

 

ɹʘʟʘ ʜʘʥʥʳʭ ʧʦ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʪʝʨʨʠʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʫʥʢʪʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʩʥʝʞ-

ʥʦʛʦ ʧʦʢʨʦʚʘ, ʫʣʠʯʥʦʛʦ ʩʤʝʪʘ ʩ ʫʯʝʪʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ. ɼʣʷ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʧʝʨʪʥʳʤ ʧʫʪʝʤ 

ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʫʥʢʪʳ ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʘʟʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥʘʭ ʛʦʨʦʜʘ. ɿʘ 

ʧʝʨʠʦʜ 2014-2016 ʛʛ. ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 116 ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ: 30 ʪʦʯʝʢ ʚ ʞʠ-

ʣʦʡ ʟʦʥʝ (ʚ ʪʦʤ ʯʠʩʣʝ, 12 ï ʮʝʥʪʨʘʣʴʥʦʡ ʠʩʪʦʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ, 8 ï ʢʚʘʨʪʘʣʘʭ 

ʩ ʩʦʚʨʝʤʝʥʥʦʡ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʦʡ ʠ 10 ï ʚ ʯʘʩʪʥʦʤ ʩʝʢʪʦʨʝ 

/ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʥʦʵʪʘʞʥʘʷ ʟʘʩʪʨʦʡʢʘ/), 23 ʪʦʯʢʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʥʝ, 21 

ʪʦʯʢʘ ʚ ʟʦʥʝ ʨʝʢʨʝʘʮʠʠ, 23 ʪʦʯʢʠ ï ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʦʥʝ, ʘ ʪʘʢʞʝ 10 ʪʦʯʝʢ ʚ ʟʦʥʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʟʘʩʪʨʦʡʢʠ. ʊʘʢʞʝ ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʦ 95 ʦʙʨʘʟʮʦʚ ʩʥʝʞ-

ʥʦʛʦ ʧʦʢʨʦʚʘ, 21 ʦʙʨʘʟʝʮ ʫʣʠʯʥʦʛʦ ʩʤʝʪʘ, ʘ ʪʘʢʞʝ 10 ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ. ʂʨʘʪʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʫʥʢʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 2.1.  

ʊʘʙʣʠʮʘ 2.1 

ʇʫʥʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʛ. ɺʦʨʦʥʝʞʘ 

/ʪʦʯʢʠ ʦʪʙʦʨʘ ʧʨʦʙ ʜʣʷ ʵʢʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʩʥʝʛʘ, ʧʦʯʚʳ / 

 

ˉ 

ʪʦʯʢʠ 

*  

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʦʪʙʦʨʘ ʧʨʦʙ 

/ʘʜʨʝʩ/ 
ʌɿ**  

ʀʩʩʣʝʜʫʝʤʳʝ ʩʨʝʜʳ  (ç+è 

ʦʟʥʘʯʘʝʪ ʥʘʣʠʯʠʝ ʜʘʥʥʳʭ) 

ʩʥʝʛ ʩʤʝʪ ʧʦʯʚʘ 

1(ʉ) ʫʣ. ʈʦʩʪʦʚʩʢʘʷ, 44 ʞʠʣʘʷ ʎʀ +  + 

2(ʉ) ʫʣ. ʃʝʙʝʜʝʚʘ, 2 ʧʨʦʤʳʰʣʝʥʥʘʷ +  + 

3 ʫʣ. ʏʝʨʝʧʘʥʦʚʘ, 18 ʞʠʣʘʷ ʏʉ +  + 

4 
ʇʘʨʢ ɸʚʠʘʩʪʨʦʠʪʝʣʝʡ (ʫʣ. ʇʦʣʠʥʳ ʆʩʠ-

ʧʝʥʢʦ) 
ʨʝʢʨʝʘʮʠʦʥʥʘʷ + 

 
+ 

5(ʇ) ʫʣ. ɻʝʨʦʝʚ ʉʪʨʘʪʦʩʬʝʨʳ, 8 ʞʠʣʘʷ ʎʀ +  + 

6 ʫʣ. ʀʣʴʶʰʠʥʘ, 12ʙ ʧʨʦʤʳʰʣʝʥʥʘʷ +  + 

7 ʫʣ. ɼʠʤʠʪʨʦʚʘ-ʫʣ. ɺʦʣʛʦʛʨʘʜʩʢʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ +  + 

8 ʫʣ. ʉʪʘʨʳʭ ɹʦʣʴʰʝʚʠʢʦʚ, 47 ʧʨʦʤʳʰʣʝʥʥʘʷ +  + 

9 ʇʘʨʢ çɼʝʣʴʬʠʥè (ʫʣ. ʆʩʪʫʞʝʚʘ) ʨʝʢʨʝʘʮʠʦʥʥʘʷ +  + 

10 ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, 149 ʪʨʘʥʩʧʦʨʪʥʘʷ +  + 

11 ʙʦʣʴʥʠʮʘ ʕʣʝʢʪʨʦʥʠʢʘ ʨʝʢʨʝʘʮʠʦʥʥʘʷ +  + 

12 ʫʣ. ɻʨʠʙʦʝʜʦʚʘ, 5 ʞʠʣʘʷ ʉʇ +  + 

13 ʫʣ. ɿʝʤʣʷʯʢʠ, 1 ʧʨʦʤʳʰʣʝʥʥʘʷ +  + 

14 ʫʣ. ɹ. ʍʤʝʣʴʥʠʮʢʦʛʦ, 35 ʧʨʦʤʳʰʣʝʥʥʘʷ +  + 
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   ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 2.1 

ˉ 

ʪʦʯʢʠ 

*  

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʦʪʙʦʨʘ ʧʨʦʙ 

/ʘʜʨʝʩ/ 
ʌɿ**  

ʀʩʩʣʝʜʫʝʤʳʝ ʩʨʝʜʳ   

ʩʥʝʛ ʩʤʝʪ ʧʦʯʚʘ 

15 ʫʣ. ʂʫʡʙʳʰʝʚʘ ï ʫʣ. ʇʘʥʬʠʣʦʚʘ ʪʨʘʥʩʧʦʨʪʥʘʷ +  + 

16 ʫʣ. ʂʘʣʠʥʠʥʛʨʘʜʩʢʘʷ, 61 ʞʠʣʘʷ ʏʉ +  + 

17 ʉʆʂ çʆʣʠʤʧʠʢè ʨʝʢʨʝʘʮʠʦʥʥʘʷ +  + 

18 ʫʣ. ʃʦʤʦʥʦʩʦʚʘ, 114/13 ʨʝʢʨʝʘʮʠʦʥʥʘʷ + + + 

19(ʇ) ʫʣ. ɼʘʨʚʠʥʘ, 1 ʨʝʢʨʝʘʮʠʦʥʥʘʷ + + + 

20 ʫʣ. ʃʦʤʦʥʦʩʦʚʘ, 83 ʞʠʣʘʷ ʎʀ + + + 

21 ʫʣ. ɺʣ. ʅʝʚʩʢʦʛʦ, 53 ʞʠʣʘʷ ʉʇ + + + 

22 ʫʣ. ʍʦʣʴʟʫʥʦʚʘ, 102 ʪʨʘʥʩʧʦʨʪʥʘʷ + + + 

23 ʫʣ. ɻʝʥʝʨʘʣʘ ʃʠʟʶʢʦʚʘ, 73ʘ ʞʠʣʘʷ ʉʇ + + + 

24 ʄʦʩʢʦʚʩʢʠʡ ʧʨʦʩʧʝʢʪ - ʫʣ. ʍʦʣʴʟʫʥʦʚʘ ʪʨʘʥʩʧʦʨʪʥʘʷ + + + 

25 ʫʣ. ʃʦʤʦʥʦʩʦʚʘ, 1 ʞʠʣʘʷ ʏʉ +  + 

26(ʉ) ʫʣ. ʃʠʜʠʠ ʈʷʙʮʝʚʦʡ, 51ʙ ʧʨʦʤʳʰʣʝʥʥʘʷ +  + 

27(ʇ) ʄʦʩʢʦʚʩʢʠʡ ʧʨʦʩʧʝʢʪ, 36 ʪʨʘʥʩʧʦʨʪʥʘʷ +  + 

28 ʫʣ. ʄʘʰʠʥʦʩʪʨʦʠʪʝʣʝʡ, 8 ʧʨʦʤʳʰʣʝʥʥʘʷ +  + 

29 ʗʩʥʳʡ ʧʨʦʝʟʜ, 13 ʧʨʦʤʳʰʣʝʥʥʘʷ +  + 

30 ʫʣ. 9 ʗʥʚʘʨʷ ï ʫʣ. ɸʥʪʦʥʦʚʘ-ʆʚʩʝʝʥʢʦ ʪʨʘʥʩʧʦʨʪʥʘʷ +  + 

31 ʫʣ. ʍʦʣʤʠʩʪʘʷ, 41 ʧʨʦʤʳʰʣʝʥʥʘʷ +  + 

32 ʫʣ. 3 ʀʥʪʝʨʥʘʮʠʦʥʘʣʘ, 4 ʞʠʣʘʷ ʎʀ +  + 

33 ʇʘʨʢ çʆʨʣʝʥʦʢè ʨʝʢʨʝʘʮʠʦʥʥʘʷ +  + 

34 
ʫʣ. ʉʪʝʧʘʥʘ ʈʘʟʠʥʘ ï ʫʣ. ɹʦʣʴʰʘʷ ʄʘ-

ʥʝʞʥʘʷ 
ʪʨʘʥʩʧʦʨʪʥʘʷ + 

 
+ 

35(ʉ) ʫʣ. 9 ʗʥʚʘʨʷ, 49 ʪʨʘʥʩʧʦʨʪʥʘʷ +  + 

36 ʫʣ. ɺʦʣʦʜʘʨʩʢʦʛʦ, 60 ʞʠʣʘʷ ʎʀ + + + 

37(ʇ) ʫʣ. 20-ʣʝʪʠʷ ʆʢʪʷʙʨʷ, 94  ʪʨʘʥʩʧʦʨʪʥʘʷ + + + 

38 ʫʣ. ʇʠʨʦʛʦʚʘ, 79 ʧʨʦʤʳʰʣʝʥʥʘʷ +  + 

39 ʇʝʪʨʦʚʩʢʘʷ ʅʘʙʝʨʝʞʥʘʷ ʨʝʢʨʝʘʮʠʦʥʥʘʷ + + + 

40 ʫʣ. ʄʦʠʩʝʝʚʘ, 11 ʞʠʣʘʷ ʉʇ + + + 

41 ʫʣ. ɼʝʧʫʪʘʪʩʢʘʷ, 12 ʞʠʣʘʷ ʎʀ + + + 

42(ʉ) ʫʣ. ɺʦʨʦʰʠʣʦʚʘ, 30 ʞʠʣʘʷ ʎʀ + + + 

43 ʇʘʨʢ çʊʘʥʘʠʩè (ʫʣ. ʖʞʥʦ-ʄʦʨʘʚʩʢʘʷ) ʨʝʢʨʝʘʮʠʦʥʥʘʷ +  + 

44 ʫʣ. ʂʨʠʚʦʰʝʠʥʘ, 11 ʧʨʦʤʳʰʣʝʥʥʘʷ +  + 

45(ʇ) ʫʣ. ʄʘʪʨʦʩʦʚʘ, 6  ʪʨʘʥʩʧʦʨʪʥʘ ̫ +  + 

46 
ʫʣ. ʂʨʘʩʥʦʟʥʘʤʝʥʥʘʷ ï ʧʝʨ. ʂʘʟʘʨʤʝʥ-

ʥʳʡ 
ʪʨʘʥʩʧʦʨʪʥʘʷ + 

+ 
+ 

47 ʫʣ. ʉʘʚʨʘʩʦʚʘ ï ʫʣ. ɿʘʩʣʦʥʦʚʘ ʪʨʘʥʩʧʦʨʪʥʘʷ +  + 

48 ʫʣ. ʃʝʥʠʥʛʨʘʜʩʢʘʷ, 98ʘ ʧʨʦʤʳʰʣʝʥʥʘʷ +  + 

49 ʫʣ. ʎʠʦʣʢʦʚʩʢʦʛʦ ï ʫʣ. ʊʫʧʦʣʝʚʘ ʞʠʣʘʷ ʏʉ +  + 

50 ʫʣ. ɺʦʣʛʦʛʨʘʜʩʢʘʷ, 48 ʧʨʦʤʳʰʣʝʥʥʘʷ +  + 

51 ʇʘʨʢ çɸʣʳʝ ʧʘʨʫʩʘè ʨʝʢʨʝʘʮʠʦʥʥʘʷ +  + 

52 ʫʣ. ɹʨʫʩʠʣʦʚʘ ï ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ ʪʨʘʥʩʧʦʨʪʥʘʷ +  + 

53 ʫʣ. ɼʠʤʠʪʨʦʚʘ - ʫʣ. ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ +  + 

54 ʫʣ. 25 ʗʥʚʘʨʷ, 16 ʞʠʣʘʷ ʉʇ +  + 

55 ʫʣ. ʄʘʨʰʘʣʘ ʆʜʠʥʮʦʚʘ, 11 ʨʝʢʨʝʘʮʠʦʥʥʘʷ +  + 

56 ʫʣ. ɼʘʨʚʠʥʘ, 15 ʨʝʢʨʝʘʮʠʦʥʥʘʷ + + + 

57 ʇʦʙʝʜʳ ʙʫʣʴʚʘʨ ï ʫʣ. 60 ɸʨʤʠʠ ʪʨʘʥʩʧʦʨʪʥʘʷ + + + 

58 ʫʣ. ʀʧʧʦʜʨʦʤʥʘʷ, 55 ʞʠʣʘʷ ʏʉ +  + 
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   ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ. 2.1 

ˉ 

ʪʦʯʢʠ 

*  

ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʦʪʙʦʨʘ ʧʨʦʙ 

/ʘʜʨʝʩ/ 
ʌɿ**  

ʀʩʩʣʝʜʫʝʤʳʝ ʩʨʝʜʳ   

ʩʥʝʛ ʩʤʝʪ ʧʦʯʚʘ 

59 ʫʣ. ʊʨʘʥʩʧʦʨʪʥʘʷ, 83ʘ ʞʠʣʘʷ ʉʇ +  + 

60 ʫʣ. ʐʠʰʢʦʚʘ, 53 ʞʠʣʘʷ ʏʉ +  + 

61 ʫʣ. ʅʘʛʦʨʥʘʷ, 65 ʞʠʣʘʷ ʏʉ +  + 

62 ʫʣ. ʅʘʙʝʨʝʞʥʘʷ ʄʘʩʩʘʣʠʪʠʥʦʚʘ,1 ʨʝʢʨʝʘʮʠʦʥʥʘʷ +  + 

63 ʫʣ. ʋʨʠʮʢʦʛʦ, 47 ʧʨʦʤʳʣhʝʥʥʘʷ +  + 

64 ʧʨʦʩʧʝʢʪ ʊʨʫʜʘ, 111 ʧʨʦʤʳʣhʝʥʥʘʷ +  + 

65 ʫʣ. 9 ʗʥʚʘʨʷ, 180 ʧʨʦʤhrʣʝʥʥʘʷ +  + 

66 ʫʣ. 9 ʗʥʚʘʨʷ, 262/1  ʨʝʢʨʝʘʮʠʦʥʥʘʷ +  + 

67 ʫʣ. ɼʦʨʦʞʥʘʷ, 15 ʧʨʦʤʳʣhʝʥʥʘʷ +  + 

68 ʇʘʪʨʠʦʪʦʚ ʧʨʦʩʧʝʢʪ, 3 ʧʨʦʤʳʣhʝʥʥʘʷ +  + 

69 ʫʣ. ʉʢʨʠʙʠʩʘ, 16 ʪʨʘʥʩʧʦʨʪʥʘʷ +  + 

70 ʉʘʥʘʪʦʨʠʡ ʠʤ. ɻʦʨʴʢʦʛʦ ʬʦʥ +  + 

71 ʉʊ çʉʝʚʝʨʥʳʡ ʙʦʨè ʬʦʥ +  + 

72 ʧʛʪ. ʈʘʤʦʥʴ, ʫʣ.ʊʫʪʫʢʦʚʘ ʬʦʥ +  + 

73 ʧʛʪ. ʈʘʤʦʥʴ, ʫʣ. ʖʙʠʣʝʡʥʘʷ, 5 ʬʦʥ +  + 

74 ʧʛʪ. ʈʘʤʦʥʴ, ʫʣ. ʄʦʩʠʥʘ, 6 ʬʦʥ +  + 

75 ʧʛʪ. ʈʘʤʦʥʴ, ʫʣ. 50 ʣʝʪ ʆʢʪʷʙʨʷ, 7 ʬʦʥ +  + 

76 ʫʣ. ɹʝʨʝʟʦʚʘʷ ʨʦʱʘ, 24 ʧʝʨʩʧʝʢʪʠʚʘ +  + 

77 
ʄʦʩʢʦʚʩʢʠʡ ʧʨʦʩʧʝʢʪ, 90/1 (ʟʘ ʨʳʥʢʦʤ 

çɺʦʨʦʥʝʞʩʢʠʡè) 
ʧʝʨʩʧʝʢʪʠʚʘ + 

 
+ 

78 
ʫʣ. ɸʥʪʦʥʦʚʘ-ʆʚʩʝʝʥʢʦ, 20 (ʟʘ ʘʚʪʦʨʳʥ-

ʢʦʤ (ʩʝʚʝʨʥʳʤ)) 
ʧʝʨʩʧʝʢʪʠʚʘ + 

 
+ 

79 
ʧ. ʇʦʜʛʦʨʥʦʝ, ʫʣ. ʎʝʨʢʦʚʥʘʷ, 10ʘ (ʫ 

ʍʨʘʤʘ) 
ʧʝʨʩʧʝʢʪʠʚʘ + 

 
+ 

80 ʫʣ. ʆʩʪʨʦʛʦʞʩʢʘʷ, 148 /ʦʢʨʘʠʥʘ/ ʧʝʨʩʧʝʢʪʠʚʘ +  + 

81 
ʫʣ. ʂʨʘʩʥʦʟʥʘʤʝʥʥʘʷ, 226 (ʚʦʝʥʥʳʡ 

ʘʵʨʦʜʨʦʤ, ʧʘʤʷʪʥʠʢ ʀʃ-28) 
ʧʝʨʩʧʝʢʪʠʚʘ + 

 
+ 

82 ʫʣ. ʍʦʭʦʣʴʩʢʘʷ, 9 ʧʝʨʩʧʝʢʪʠʚʘ +  + 

83 ʫʣ. ʆʢʪʷʙʨʴʩʢʘʷ, 105 ʧʝʨʩʧʝʢʪʠʚʘ +  + 

84 ʫʣ. ʈʫʙʝʞʥʘʷ, 35 ʧʝʨʩʧʝʢʪʠʚʘ +  + 

85 ʫʣ. ʉʣʘʚʷʥʩʢʘʷ, 90 ʧʝʨʩʧʝʢʪʠʚʘ +  + 

86 ʫʣ. ɻʨʘʤʰʠ, 70 ʞʠʣʘʷ ʉʇ + + + 

87 ʧʨʦʩʧʝʢʪ ʈʝʚʦʣʶʮʠʠ, 45 ʞʠʣʘʷ ʎʀ   + 

88 50 ʣʝʪ ʉʦʚʝʪʩʢʦʡ ʘʨʤʠʠ,153 ʞʠʣʘʷ ʏʉ   + 

89 ʋʢʨʘʠʥʩʢʘʷ,51 ʧʨʦʤʳʣhʝʥʥʘʷ   + 

90 ʃʠʧʝʮʢʘʷ, 16 ʞʠʣʘʷ ʏʉ   + 

91 ʋʣ. ʉʦʣʜʘʪʩʢʦʝ ʧʦʣʝ,285/5 ʧʨʦʤʳʣhʝʥʥʘʷ   + 

92 ʂʦʣʴʮʝʚʘʷ,76 ʞʠʣʘʷ ʏʉ   + 

93 ʉʨʝʜʥʷʷ,6 ʞʠʣʘʷ ʏʉ   + 

94 20 ʣʝʪ ʆʢʪʷʙʨʷ,77 ʪʨʘʥʩʧʦʨʪʥʘʷ   + 

95 ɺʘʚʠʣʦʚʘ,33 ʞʠʣʘʷ ʏʉ   + 

96 
ʆʙʣʘʩʪʥʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ ˉ1 

(ʥʘ 9 ʢʤ) 
ʨʝʢʨʝʘʮʠʷ  

 
+ 

102 ʎʝʥʪʨʘʣʴʥʳʡ ʧʘʨʢ ʢʫʣʴʪʫʨʳ ʠ ʦʪʜʳʭʘ ʨʝʢʨʝʘʮʠʷ  + + 

103 ɹʦʪʘʥʠʯʝʩʢʠʡ ʩʘʜ ʬʦʥ   + 

129 ʫʣ. ɻʨʘʤʰʠ,25 ʪʨʘʥʩʧʦʨʪʥʘʷ  +  
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*) ʇʦʩʪʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʘʪʤʦʩʬʝʨʳ: ʉ - ʩʪʘʮʠʦʥʘʨʥʳʝ (ɺʦʨʦʥʝʞʩʢʠʡ ʮʝʥʪʨ ʧʦ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʠ ʠ ʤʦʥʠʪʦʨʠʥʛʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ); ʇ - ʧʝʨʝʜʚʠʞʥʳʝ (ʎʝʥʪʨ ʛʠʛʠʝʥʳ ʠ 

ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʚ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ). 

**) ɺ ʞʠʣʦʡ ʟʦʥʝ ʚʳʜʝʣʝʥʦ 3 ʧʦʜʟʦʥʳ: çʞʠʣʘʷ ʎʀè  ï ʮʝʥʪʨʘʣʴʥʘʷ ʠʩʪʦʨʠʯʝʩʢʘʷ ʯʘʩʪʴ ʛʦʨʦʜʘ 

(ʚʢʣʶʯʘʷ ʦʙʱʝʩʪʚʝʥʥʦ-ʜʝʣʦʚʫʶ ʟʘʩʪʨʦʡʢʫ ʠ çʩʪʘʨʫʶè 5-ʪʠ-ʵʪʘʞʥʫʶ ʟʘʩʪʨʦʡʢʫ ʧʦ ʦʙʦʠʤ ʙʝ-

ʨʝʛʘʤ);  çʞʠʣʘʷ ʉʇè ï ʢʚʘʨʪʘʣʳ ʩ ʩʦʚʨʝʤʝʥʥʦʡ ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʦʡ;  çʞʠʣʘʷ ʏʉè ï 

ʯʘʩʪʥʳʡ ʩʝʢʪʦʨ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʥʦʵʪʘʞʥʘʷ ʠ ʢʦʪʪʝʜʞʥʘʷ  ʞʠʣʘʷ ʟʘʩʪʨʦʡʢʘ). 

 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʣʠʯʥʦʛʦ ʩʤʝʪʘ ʩ ʧʨʠʜʦʨʦʞʥʦʡ ʪʝʨ-

ʨʠʪʦʨʠʠ ʚ 21 ʧʫʥʢʪʝ ʤʦʥʠʪʦʨʠʥʛʘ: 6 ʪʦʯʝʢ ï ʚ ʟʦʥʝ ʨʝʢʨʝʘʮʠʠ, 9 ï ʚ ʞʠʣʦʡ, 6 ï ʚ 

ʪʨʘʥʩʧʦʨʪʥʦʡ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʫʥʢʪʦʚ ʟʘʢʣʘʜʢʠ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʚ 2014-2016 ʛʛ. ʧʨʠʚʝʜʝ-

ʥʘ ʚ ʪʘʙʣʠʮʝ 2.2 

ʊʘʙʣʠʮʘ 2.2 

ʇʫʥʢʪʳ ʟʘʢʣʘʜʢʠ ʧʦʯʚʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʚ ʛ. ɺʦʨʦʥʝʞʝ ʚ 2014-2015 ʛʛ. 

 

 ̄ ʄʝʩʪʦ ʦʪʙʦʨʘ 

1 ɺ 350 ʤʝʪʨʘʭ ʢ ʩʝʚʝʨʫ ʦʪ ʇʦʜʢʣʝʪʝʥʩʢʦʛʦ ʢʫʨʛʘʥʘ ʥʘ ʥʠʞʥʝʡ ʪʝʨʨʘʩʝ ʨʝʢʠ ɼʦʥ 

2 

ɺʪʦʨʘʷ ʥʘʜʧʦʡʤʝʥʥʘʷ ʪʝʨʨʘʩʘ ʨʝʢʠ ɺʦʨʦʥʝʞ (ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʦʢʨʘʠʥʘ ʛʦʨʦʜʘ) 3 

4 

5 ʅʘ ʚʦʜʦʨʘʟʜʝʣʝ ʨʝʢ ɼʦʥ-ɺʦʨʦʥʝʞ, ʧʦ ʣʠʥʠʠ ʦʪ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-

ʛʦ ʣʝʩʦʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʘ ʩʝʚʝʨ ʢ ʢʦʨʧʫʩʫ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʘ 9-ʦʤ ʢʠʣʦʤʝʪʨʝ ɿʘʜʦʥʩʢʦʛʦ ʰʦʩʩʝ. 
6 

7 

8 ɹʦʪʘʥʠʯʝʩʢʠʡ ʩʘʜ ɺɻʋ 

9 

10 ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʚʭʦʟʘ çʄʘʩʣʦʚʩʢʠʡè ʥʘ ʪʨʝʪʴʝʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʝ ʨʝʢʠ 

ɺʦʨʦʥʝʞ 

 

ɺ ʢʘʯʝʩʪʚʝ ʬʦʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʨʦʥʝ-

ʞʘ ʚʳʙʨʘʥʘ ʫʩʣʦʚʥʦ-ʯʠʩʪʘʷ ʪʝʨʨʠʪʦʨʠʷ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʟʦʥʳ ʚʙʣʠʟʠ ʩʘʥʘʪʦʨʠʷ ʠʤ. 

ɻʦʨʴʢʦʛʦ (ʩʝʚʝʨʥʘʷ ʦʢʨʘʠʥʘ ʛ. ɺʦʨʦʥʝʞʘ) ʠ ʪʝʨʨʠʪʦʨʠʷ ʧʛʪ. ʈʘʤʦʥʴ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʢ 

ʩʝʚʝʨʫ ʧʨʠʤʝʨʥʦ ʚ 30 ʢʤ ʦʪ ʛʦʨʦʜʘ, ʛʜʝ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʧʨʦʚʦʜʠʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟ-

ʜʫʰʥʦʡ ʩʨʝʜʳ ʠ ʧʦʯʚʳ ʎʝʥʪʨ ʛʠʛʠʝʥʳ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʚ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ 

ʪʘʢʞʝ ʪʝʨʨʠʪʦʨʠʷ ɹʦʪʘʥʠʯʝʩʢʦʛʦ ʩʘʜʘ ʩ ʝʩʪʝʩʪʚʝʥʥʳʤ ʥʝʥʘʨʫʰʝʥʥʳʤ ʧʦʯʚʝʥʥʳʤ ʛʦ-

ʨʠʟʦʥʪʦʤ. ʌʦʪʦʤʘʪʝʨʠʘʣʳ ʧʦ ʚʳʙʦʨʦʯʥʳʤ ʧʫʥʢʪʘʤ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʢʘʟʘʥʳ ʚ ʧʨʠʣʦ-

ʞʝʥʠʠ 1. 
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ʈʠʩ. 2.4. ʈʘʟʤʝʱʝʥʠʝ ʪʦʯʝʢ (ʧʫʥʢʪʦʚ ʥʘʙʣʶʜʝʥʠʡ) ʦʪʙʦʨʘ ʧʦʯʚʝʥʥʳʭ ʧʨʦʙ ʥʘ  

ʪʝʨʨʠʪʦʨʠʠ ʛ. ɺʦʨʦʥʝʞʘ 

ʈʘʟʨʝʟʳ ˉ1 (51Á41ǋ32ǌN, 39Á3ǋ9ǌE) ʠ ̄ 10 (51Á44ǋ30ǌN, 39Á27ǋ10ǌE) ʥʝ ʫʯʪʝ-

ʥʳ ʥʘ ʢʘʨʪʝ ʚ ʩʠʣʫ ʠʭ ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʛʦʨʦʜʘ.  
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ʈʠʩ. 2.5. ʂʘʨʪʘ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʟʦʥʠʨʦʚʘʥʠʷ ʛʦʨʦʜʘ ɺʦʨʦʥʝʞʘ [32]




































































































































































































































































