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ɼʦʩʪʦʚʽʨʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ (ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʝʢʩʧʝʨʪʠʟʫ ʧʽʜʚʠʱʝʥʦʾ ʩʢʣʘʜʥʦʩʪʽ) 

ʜʦʨʦʛʦʮʽʥʥʦʛʦ, ʥʘʧʽʚʜʦʨʦʛʦʮʽʥʥʦʛʦ ʪʘ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʘʤʽʥʥʷ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ, ʟʚʝʨʥʫʚʰʠʩʴ ʩʘʤʝ ʜʦ ʣʘʙʦʨʘʪʦʨʽʾ 

ɼɻʎʋ, ʷʢʘ ʤʘʻ ʫ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʩʫʯʘʩʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʽ ʤʝʪʦʜʠʢʠ ʜʽʘʛʥʦʩʪʠʢʠ, ʢʦʤʧʝʪʝʥʪʥʠʡ 

ʧʝʨʩʦʥʘʣ ʪʘ ʚʽʜʧʦʚʽʜʥʝ ʧʨʠʤʽʱʝʥʥʷ. ʎʝ ʪʚʝʨʜʞʝʥʥʷ ʩʪʘʥʝ (ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʟ ʯʘʩʦʤ) ʙʽʣʴʰ ʟʨʦʟʫʤʽʣʠʤ ʽ ʜʣʷ ʚʽʪʯʠʟʥʷʥʦʛʦ 

ʟʘʤʦʚʥʠʢʘ ʝʢʩʧʝʨʪʥʠʭ ʧʦʩʣʫʛ ʫ ʩʬʝʨʽ ʛʝʤʦʣʦʛʽʾ. ʊʦʞ, ʷʢʽ ʩʘʤʝ ʜʦʢʘʟʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʧʦʚʠʥʥʘ ʤʘʪʠ ʩʫʯʘʩʥʘ ʣʘʙʦʨʘʪʦʨʽʷ 

ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʮʽʢʘʚʠʪʠ ʚʠʙʘʛʣʠʚʦʛʦ ʟʘʤʦʚʥʠʢʘ? ʗʢʽ ʪʝʭʥʽʯʥʽ, ʤʝʪʦʜʠʯʥʽ, ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʪʘ ʥʦʨʤʘʪʠʚʥʽ ʧʨʦʮʝʜʫʨʠ ʤʘʶʪʴ 

ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʽ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʽʜʪʚʝʨʜʠʪʠ ʟʜʘʪʥʽʩʪʴ ʣʘʙʦʨʘʪʦʨʽʾ ʚʠʢʦʥʘʪʠ ʧʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ? 

ʅʘ ʮʽ ʧʠʪʘʥʥʷ, ʱʝ ʜʦ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ, ʬʦʨʤʘʣʴʥʦ ʚʽʜʧʦʚʽʜʘʣʘ ʘʪʝʩʪʘʮʽʷ ʣʘʙʦʨʘʪʦʨʽʡ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ, 

ʷʢʘ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʪʝʨʠʪʦʨʽʘʣʴʥʠʤ ʜʝʨʞʘʚʥʠʤ ʦʨʛʘʥʦʤ ʟ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʥʘʛʣʷʜʫ ʟʘ ʤʝʪʨʦʣʦʛʽʯʥʦʶ ʜʽʷʣʴʥʽʩʪʶ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʪʘ ʟ ʚʩʪʘʥʦʚʣʝʥʦʶ ʧʝʨʽʦʜʠʯʥʽʩʪʶ, ʧʽʜʪʚʝʨʜʞʫʚʘʣʘʩʷ. ʇʽʩʣʷ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʫ ʯʠʥʥʽʡ ʨʝʜʘʢʮʽʾ ñɿʘʢʦʥʫ ʧʨʦ 

ʤʝʪʨʦʣʦʛʽʶ ʪʘ ʤʝʪʨʦʣʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴñ, ʱʦ ʟʚʫʟʠʚ ʩʬʝʨʫ ʥʦʨʤʘʪʠʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ 

(ʚʽʜʤʽʥʝʥʦ ʘʪʝʩʪʘʮʽʶ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ, ʤʝʪʦʜʠʢ ʚʠʢʦʥʘʥʥʷ ʚʠʤʽʨʶʚʘʥʴ, ʦʙʦʚôʷʟʢʦʚʫ ʧʦʚʽʨʢʫ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʩʢʘʩʦʚʘʥʦ ʷʢ ʪʘʢʠʡ ʤʝʪʨʦʣʦʛʽʯʥʠʡ ʥʘʛʣʷʜ), ʪʘ ʚʽʜʧʦʚʽʜʥʦ, ʨʦʟʰʠʨʠʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ 

ʻʚʨʦʧʝʡʩʴʢʦʾ ʩʠʩʪʝʤʽ ʘʢʨʝʜʠʪʘʮʽʾ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ, ʧʦʚôʷʟʘʥʠʭ ʟ ʦʮʽʥʢʦʶ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ [1]. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧʝʨʝʜ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʶ ʣʘʙʦʨʘʪʦʨʽʻʶ ɼɻʎʋ, ʧʦʨʷʜ ʟ ʽʥʰʠʤʠ ʚʽʪʯʠʟʥʷʥʠʤʠ çʚʠʤʽʨʶʚʘʣʴʥʠʤʠè ʣʘʙʦʨʘʪʦʨʽʷʤʠ, 

ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʩʚʦʛʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʇʝʨʰʠʡ ʚʘʨʽʘʥʪ - ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʽʜʜʽʣʫ ɼʇ çʋʢʨʤʝʪʨʩʪʘʥʜʘʨʪè (ʘʙʦ ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʧʨʝʜʩʪʘʚʥʠʮʪʚʘ), ʱʦ ʨʘʥʽʰʝ ʟʜʽʡʩʥʶʚʘʚ ʘʪʝʩʪʘʮʽʶ ʣʘʙʦʨʘʪʦʨʽʡ, ʘ ʟʘʨʘʟ, ʟʛʽʜʥʦ ʚʣʘʩʥʦʛʦ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʪʘʥʜʘʨʪʫ 

ʦʨʛʘʥʽʟʘʮʽʾʾ [2], ʧʨʦʧʦʥʫʻ ʣʘʙʦʨʘʪʦʨʽʷʤ (ʜʦʙʨʦʚʽʣʴʥʦ, ʘʣʝ ʥʘ ʧʣʘʪʥʽʡ ʦʩʥʦʚʽ) ʧʨʦʡʪʠ ʦʮʽʥʶʚʘʥʥʷ ʩʚʦʾʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʟ ʤʝʪʦʶ òʜʦʢʫʤʝʥʪʘʣʴʥʦʛʦ ʟʘʩʚʽʜʯʝʥʥʷ ʪʦʛʦ, ʱʦ ʧʽʜʨʦʟʜʽʣʠ ʩʫʙôʻʢʪʽʚ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ, ʱʦ ʚʠʢʦʥʫʶʪʴ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʥʝʟʘʣʝʞʥʽ ʚʽʜ ʟʘʤʦʚʥʠʢʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ, ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʫ ʩʠʩʪʝʤʫ 

ʢʝʨʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷʤ, ʪʝʭʥʽʯʥʦ-ʢʦʤʧʝʪʝʥʪʥʽ ʪʘ ʟʜʘʪʥʽ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʦʚʽʨʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʭʠʙʦʢ ʘʙʦ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʷʢʠʭ ʚʽʜʦʤʽò. ɿʘʛʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʫʥʢʪʽʚ ʪʝʭʥʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʧʨʦʚʝʜʝʥʥʷ 

çʦʮʽʥʶʚʘʥʥʷè ʫ ʜʦʜʘʪʢʫ ʜʦ ʩʪʘʥʜʘʨʪʫ ʪʘ ʦʩʦʙʠʩʪʝ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʨʦʟʨʦʙʥʠʢʘʤʠ ʧʦʢʘʟʘʚ, ʱʦ ʬʘʢʪʠʯʥʦ ʟʘʤʦʚʥʠʢʫ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ ʩʘʤʦʩʪʽʡʥʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʪʽ ʚʠʤʦʛʠ ʟ ʧʦʚʥʦʛʦ ʩʧʠʩʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʦʮʽʥʶʚʘʥʥʷ, ʷʢʽ ʣʘʙʦʨʘʪʦʨʽʷ ʚʠʢʦʥʘʪʠ ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʝ ʤʦʞʝ. ʊʨʝʙʘ ʚʠʟʥʘʪʠ, ʱʦ ʩʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽ, 

ʦʮʽʥʶʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʥʝ ʻ ʚʠʤʦʛʦʶ ʞʦʜʥʦʛʦ ʟʘʢʦʥʫ ʘʙʦ ʧʦʩʪʘʥʦʚʠ, ʥʝ ʚʠʟʥʘʻʪʴʩʷ ʧʨʦʬʝʩʽʡʥʠʤʠ 

ʩʧʽʣʴʥʦʪʘʤʠ, ʽ ʚʠʛʣʷʜʘʻ ʷʢ ʩʧʦʩʽʙ çʟʘʪʠʢʘʥʥʷ ʜʽʨʦʢè ʧʝʨʝʜ ʟʘʤʦʚʥʠʢʦʤ ʣʘʙʦʨʘʪʦʨʥʠʭ ʧʦʩʣʫʛ, ʧʨʦ ʷʢʽ ʚʽʥ (ʟʘʤʦʚʥʠʢ) 

ʟʘʣʠʰʠʪʴʩʷ ʥʝʦʙʽʟʥʘʥʠʤ. 

ɼʨʫʛʠʡ ʚʘʨʽʘʥʪ - ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʥʦʤʘʩʰʪʘʙʥʠʭ ʨʦʙʽʪ ʟ ʘʢʨʝʜʠʪʘʮʽʾ ʣʘʙʦʨʘʪʦʨʽʾ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ 

ISO/IEC 17025:2006 [3], ʱʦ ʚʩʪʘʥʦʚʣʶʻ ʚʠʤʦʛʠ ʜʦ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʚʠʧʨʦʙʫʚʘʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ (ʧʨʠ ʮʴʦʤʫ ɼɻʎʋ 

ʚʠʩʪʫʧʘʪʠʤʝ ʚ ʷʢʦʩʪʽ ʦʨʛʘʥʫ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ, ʟʛʽʜʥʦ ʟʘʢʦʥʫ ʋʢʨʘʾʥʠ ñʇʨʦ ʪʝʭʥʽʯʥʽ ʨʝʛʣʘʤʝʥʪʠ ʪʘ ʦʮʽʥʢʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽò). ɺ ʜʝʷʢʠʭ ʧʦʧʝʨʝʜʥʽʭ ʧʫʙʣʽʢʘʮʽʷʭ [1] ʧʨʠʚʝʜʝʥʦ ʩʪʠʩʣʠʡ ʦʛʣʷʜ ʦʩʥʦʚʥʠʭ ʚʠʤʦʛ ʪʘ ʢʨʠʪʝʨʽʾʚ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ, ʚʢʣʶʯʘʶʯʠ ʘʩʧʝʢʪ ʩʧʝʮʠʬʽʯʥʦʩʪʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚʠʤʦʛ ʩʪʘʥʜʘʨʪʫ ɼʉʊʋ ISO/IEC 17025:2006 [3] ʱʦʜʦ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʩʘʤʝ ʜʣʷ ʩʬʝʨʠ ʛʝʤʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʝʢʩʧʝʨʪʠʟʠ. ʉʚʽʪʦʚʘ ʧʨʘʢʪʠʢʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʪʘʥʜʘʨʪʫ ʟ ʣʘʙʦʨʘʪʦʨʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʤʘʻ ʧʦʰʠʨʝʥʥʷ ʧʝʨʝʚʘʞʥʦ ʩʝʨʝʜ ʣʘʙʦʨʘʪʦʨʽʡ ʪʘ ʮʝʥʪʨʽʚ, ʷʢʽ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ 

ʥʘ ʩʝʨʪʠʬʽʢʘʮʽʾ ʜʦʨʦʛʦʮʽʥʥʦʛʦ ʢʘʤʽʥʥʷ, ʷʢ ʥʘ ʘʟʽʡʩʴʢʦʤʫ, ʪʘʢ ʽ ʧʽʚʥʽʯʥʦ-ʘʤʝʨʠʢʘʥʩʴʢʦʤʫ ʢʦʥʪʠʥʝʥʪʘʭ. ʇʨʠ ʮʴʦʤʫ 

ʘʢʨʝʜʠʪʦʚʘʥʘ ʣʘʙʦʨʘʪʦʨʽʷ - ʮʝ ʜʦʩʠʪʴ ʩʝʨʡʦʟʥʠʡ ʘʨʛʫʤʝʥʪ ʜʣʷ ʚʠʟʥʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʾʾ ʩʝʨʪʠʬʽʢʘʮʽʾ (ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʚʠʧʨʦʙʫʚʘʥʴ) ʚʩʽʤʘ ʢʨʘʾʥʘʤʠ-ʯʣʝʥʘʤʠ ʻʚʨʦʧʝʡʩʴʢʦʾ (ɽɸ) ʪʘ ʽʥʰʠʭ ʨʝʛʽʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ ʘʢʨʝʜʠʪʘʮʽʾ. 

ʊʘʢʦʞ ʚʘʞʣʠʚʦ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʥʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʬʘʭʦʚʠʭ ʩʧʽʣʴʥʦʪ. ɼɻʎʋ ʻ ʜʽʶʯʠʤ ʯʣʝʥʦʤ ʤʽʞʥʘʨʦʜʥʦʾ 

ʩʧʽʣʴʥʦʪʠ CIBJO (ʄʽʞʥʘʨʦʜʥʘ ʢʦʥʬʝʜʝʨʘʮʽʷ ʶʚʝʣʽʨʽʚ). ʅʘʩʪʘʥʦʚʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʉʠʥʴʦʾ ʂʥʠʛʠ CIBJO [4] 

ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʜʽʷʣʴʥʽʩʪʴ ʛʝʤʦʣʦʛʽʯʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʟ ʤʝʪʦʶ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʷʢʦʩʪʽ ʪʘ ʧʽʜʟʚʽʪʥʦʩʪʽ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʎʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʩʪʘʥʦʚʣʶʶʪʴ: 

- ʪʝʨʤʽʥʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ; 

- ʚʠʤʦʛʠ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʣʘʙʦʨʘʪʦʨʽʻʶ (ʦʨʛʘʥʽʟʘʮʽʷ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ, ʢʝʨʫʚʘʥʥʷ ʜʦʢʫʤʝʥʪʘʮʽʻʶ, ʘʥʘʣʽʟʫʚʘʥʥʷ ʟʘʷʚʦʢ 

ʟʘʤʦʚʥʠʢʘ, ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ, ʩʢʘʨʛʠ, ʢʦʨʠʛʫʶʯʽ ʜʽʾ, ʚʥʫʪʨʽʰʥʽʡ ʪʘ ʜʦʜʘʪʢʦʚʠʡ ʘʫʜʠʪ ʪʦʱʦ); 
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- ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ (ʧʝʨʩʦʥʘʣ, ʧʨʠʤʽʱʝʥʥʷ ʪʘ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ, ʦʙʣʘʜʥʘʥʥʷ); 

- ʧʨʦʮʝʜʫʨʫ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ; 

- ʧʨʦʮʝʜʫʨʫ ʢʦʥʪʨʦʣʷ ʷʢʦʩʪʽ ʚʠʧʨʦʙʫʚʘʥʴ; 

- ʦʬʦʨʤʣʝʥʥʷ ʧʨʦʪʦʢʦʣʫ ʨʝʟʫʣʴʪʘʪʽʚ; 

- ʧʨʦʮʝʜʫʨʫ ʚʥʝʩʝʥʥʷ ʧʨʘʚʦʢ ʜʦ ʧʨʦʪʦʢʦʣʫ. 

ɺ ʨʝʢʦʤʝʥʜʘʮʽʷʭ ʟʘʟʥʘʯʝʥʦ, ʱʦ ʥʘʚʝʜʝʥʽ ʚʠʤʦʛʠ ʩʢʣʘʜʘʶʪʴ ʪʽʣʴʢʠ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ, ʽ ʘʢʨʝʜʠʪʘʮʽʷ 

ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ISO/IEC 17025:2005 [5] ʚʩʝ ʦʜʥʦ ʻ ʙʽʣʴʰ ʧʨʽʦʨʠʪʝʪʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʛʝʤʦʣʦʛʽʯʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ.  

 ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʟʥʘʯʠʤʦ ʚʘʞʣʠʚʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʤʦʛ ʟ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʫ  ʧʨʘʢʪʠʢʫ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʜʥʘʢ ʟ ʦʛʣʷʜʫ ʥʘ ʩʧʝʮʠʬʽʢʫ ʩʬʝʨʠ ʛʝʤʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʥʝʦʙʭʽʜʥʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ 

ʥʘʩʪʘʥʦʚʠ, ʨʦʟʨʦʙʣʝʥʽ ʬʘʭʦʚʠʤʠ ʩʧʽʣʴʥʦʪʘʤʠ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ɹʻʣʻʚʮʝʚ ʆ.ʈ., ɸʥʜʨʝʻʚ ʆ.ʆ., ʉʝʨʛʽʻʥʢʦ ɯ.ɸ., ɭʤʝʣʴʷʥʦʚ ɯ.ʆ., ɻʨʫʱʠʥʩʴʢʘ ʆ.ɺ. ʄʽʞʥʘʨʦʜʥʽ ʚʠʤʦʛʠ ʜʦ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ 
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ɺ ʜʘʥʽʡ ʧʨʝʟʝʥʪʘʮʽʾ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʚʯʝʥʥʷ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʽ ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʝʥʶ ɻʘʣʠʯʠʥʠ, ʜʞʝʨʝʣʘ ʚʠʜʦʙʫʪʢʫ, ʚʽʢ ʽ ʩʬʝʨʘ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɸʚʪʦʨʠ ʦʧʠʩʘʣʠ ʦʩʥʦʚʥʽ ʪʝʥʜʝʥʮʽʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʝʥʶ ʚ ʯʘʩʽ ʚʽʜ ʧʘʣʝʦʣʽʪʫ ʜʦ ʩʫʯʘʩʥʦʩʪʽ. ɿʦʢʨʝʤʘ, ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʨʽʟʢʽ ʚʽʜʤʽʥʠ ʚ ʢʽʣʴʢʦʩʪʽ 

ʢʘʤʝʥʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚʽʜ ʢʽʣʦʛʨʘʤʽʚ ʜʦ ʤʽʣʴʡʦʥʽʚ ʪʦʥ, ʩʪʝʧʝʥʽ ʽ ʛʣʠʙʠʥʽ ʦʙʨʦʙʢʠ ʢʘʤʝʥʶ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ, 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʩʢʫʣʴʧʪʫʨ ʽ ʨʝʯʝʡ ʜʦʤʘʰʥʴʦʛʦ ʚʞʠʪʢʫ, ʪʦʱʦ. ɹʽʣʴʰʽʩʪʴ ʚʘʞʣʠʚʠʭ ʪʠʧʽʚ ʧʦʨʽʜ 

ʚʠʜʦʙʫʚʘʣʘʩʴ ʧʦʙʣʠʟʫ ʤʽʩʮʷ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʇʽʩʢʦʚʠʢ ʽ ʚʘʧʥʷʢ ʙʫʣʠ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʧʦʨʦʜʘʤʠ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ 

ʬʫʥʜʘʤʝʥʪʫ ʪʘ ʩʪʽʥ ʩʘʢʨʘʣʴʥʠʭ, ʦʙʦʨʦʥʥʠʭ ʽ ʧʫʙʣʽʯʥʠʭ ʙʫʜʽʚʝʣʴ. ɻʽʧʩ (ʘʣʝʙʘʩʪʨ), ʩʣʘʥʝʮʴ, ʪʨʘʚʝʨʪʠʥ ʤʘʣʠ ʦʙʤʝʞʝʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʣʦʩʴ ʥʘʷʚʥʽʩʪʶ ʤʽʩʮʝʚʠʭ ʨʝʩʫʨʩʽʚ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʨʝʩʪʘʚʨʘʮʽʡʥʠʭ ʨʦʙʽʪ ʪʘ ʟʘʭʦʜʽʚ ʧʦ ʟʙʝʨʝʞʝʥʥʶ ʨʽʟʥʠʭ ʦʙôʻʢʪʽʚ ʚʽʜ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʠʨʦʜʥʠʡ ʢʘʤʽʥʴ, ʤʽʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʽʯʥʠʡ ʩʢʣʘʜ, ɻʘʣʠʯʠʥʘ, ʘʨʭʝʦʣʦʛʽʷ, ʧʝʪʨʦʛʨʘʬʽʯʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ  

 

Investigation on mineralogical-petrography composition, peculiarities, sources, age and spheres of application of the 

natural stones at the Galicia is given in this presentation. The authors described main tendencies of various natural stones 

utilization from the Paleolithic times up to modern days. There are significant variations in volumes of used materials from a few 

of kilograms up to millions of tones, degree of rocky stones reworking for buildings, increasing of natural stone amount for 

sculptures and home goods, etc. The most important kinds of stones have been brought from local sources. Sandstone and 

limestone were common rocks for basement and walls of defensive sacral, public buildings. Gypsum (alabaster), schist, 

travertine had limited importance in utilization, determined by nearest presence of its outcrops and quarries. Obtained results 

are significant for restorations and activity on preservation of different objects from anthropogenic and atmospheric influences.  

Key words: natural stones, mineralogical-petrographic composition, Galicia, archeology, petrographic architecture  

 

ʈʦʟʚʠʪʦʢ ʣʶʜʩʴʢʦʾ ʮʠʚʽʣʽʟʘʮʽʾ ʚʠʜʘʻʪʴʩʷ ʥʝʤʦʞʣʠʚʠʤ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʝʥʶ. ɽʚʦʣʶʮʽʷ ʚ ʯʘʩʽ 
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ʡʦʛʦ ʚʠʜʽʚ, ʧʦʭʦʜʞʝʥʥʷ, ʟʘʩʦʙʽʚ ʦʙʨʦʙʢʠ ʽ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʚôʷʟʘʥʘ ʟ ʧʨʘʢʪʠʯʥʠʤʠ ʧʦʪʨʝʙʘʤʠ, ʟʤʽʥʦʶ ʜʞʝʨʝʣ ʡʦʛʦ 

ʚʠʜʦʙʫʪʢʫ ʽ ʧʦʰʫʢʦʤ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʭ ʤʘʨʰʨʫʪʽʚ ʧʦʩʪʘʯʘʥʥʷ. ɺʥʘʩʣʽʜʦʢ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʽ ʯʘʩʪʦ ʥʝʟʘʣʝʞʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ ʩʚʽʪʫ ʚʠʥʠʢʘʣʠ ʦʢʨʝʤʽ ʮʝʥʪʨʠ ʮʠʚʽʣʽʟʘʮʽʾ, ʚʽʜʦʤʽ ʟʥʘʯʥʠʤʠ ʜʦʩʷʛʥʝʥʥʷʤʠ ʚ ʧʨʠʨʦʜʥʠʯʠʭ 

ʥʘʫʢʘʭ, ʛʝʦʤʝʪʨʽʾ, ʪʦʜʽʰʥʽʭ ʚʠʩʦʢʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʪʦʱʦ, ʧʦʨʽʚʥʷʥʦ ʟ ʦʪʦʯʫʶʯʠʤʠ ʟʝʤʣʷʤʠ ʽ ʥʘʨʦʜʘʤʠ, ʷʢʽ ʢʦʨʠʩʪʫʚʘʣʠʩʴ 

ʙʽʣʴʰ ʧʨʠʤʽʪʠʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ, ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʤʘʪʝʨʽʘʣʠ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʚʽʜʤʽʥʦʶ ʚʽʜ ʧʝʨʚʽʩʥʠʭ ʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚ 

ʤʝʥʰʠʭ ʦʙôʻʤʘʭ ʽ ʦʙʤʝʞʝʥʠʭ ʚʠʜʘʭ. ʇʨʦʩʣʽʜʢʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʝʥʶ ʚ ʨʽʟʥʽ ʽʩʪʦʨʠʯʥʽ ʯʘʩʠ, 

ʚʽʜ ʧʘʣʝʦʣʽʪʫ ʜʦ ʩʴʦʛʦʜʝʥʥʷ, ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʫʩʧʽʭʠ 

ʟʘʣʫʯʝʥʥʷ ʷʢʠʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʘʨʭʝʦʣʦʛʽʯʥʠʭ, ʢʫʣʴʪʦʚʠʭ, ʽʩʪʦʨʠʯʥʠʭ, ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʧʨʦʙʣʝʤ ʚʠʩʚʽʪʣʝʥʽ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʚʠʚʯʝʥʥʽ ʟʥʘʨʷʜʴ ʽʟ ʢʨʝʤʝʥʶ, ʷʢ ʧʘʤôʷʪʦʢ ʧʘʣʝʦʣʽʪʫ, ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʩʢʣʘʜʫ ʽ ʧʦʭʦʜʞʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʝʥʶ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ çʩʢʽʬʩʴʢʠʭ ʙʘʙè, ʚʽʜʢʨʠʪʪʽ ʦʩʝʨʝʜʢʽʚ ʧʝʨʚʽʩʥʦʛʦ ʣʠʚʘʨʩʪʚʘ, ʪʦʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʤʘʨʤʫʨʫ ʪʘ ʘʣʝʙʘʩʪʨʫ 

ʩʫʯʘʩʥʠʤʠ ʤʝʪʦʜʘʤʠ ʫ ʚʠʨʦʙʘʭ ʯʘʩʽʚ ʬʘʨʘʦʥʽʚ ʽʟ ʤʫʟʝʾʚ ɭʛʠʧʪʫ, ʪʦʱʦ. 

ɺ ʜʘʥʽʡ ʧʫʙʣʽʢʘʮʽʾ ʥʝʤʦʞʣʠʚʦ ʫʤʽʩʪʠ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʚʩʽ ʘʩʧʝʢʪʠ ʩʢʣʘʜʫ, ʜʞʝʨʝʣ ʽ ʥʘʧʨʷʤʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʘʤôʷʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʪʦʤʫ ʘʚʪʦʨʠ ʧʦʟʥʘʯʘʶʪʴ ʣʠʰʝ ʛʦʣʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʪʝʥʜʝʥʮʽʾ ʾʭ ʟʤʽʥ ʚ ʯʘʩʽ 

ʩʪʦʩʦʚʥʦ ʟʘʟʥʘʯʝʥʦʾ ʪʝʤʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʘʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʜʘʣʠ ʟʤʦʛʫ ʫʟʘʛʘʣʴʥʠʪʠ ʫʷʚʣʝʥʥʷ 

ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʤôʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʧʘʣʝʦʣʽʪʫ ʜʦ ʝʧʦʭʠ ʩʫʯʘʩʥʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʘʨʪʝʬʘʢʪʽʚ ʜʦʟʚʦʣʷʻ 

ʟʨʦʟʫʤʽʪʠ ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʤôʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʽʟʥʘʪʠ ʜʘʚʥʶ ʽʩʪʦʨʽʶ ʢʨʘʶ ʽ ʧʦʙʫʪ ʣʶʜʝʡ, ʷʢʽ ʞʠʣʠ ʥʘ ʮʽʡ 

ʪʝʨʠʪʦʨʽʾ. ʉʝʨʝʜ ʧʘʤôʷʪʦʢ ʧʘʣʝʦʣʽʪʫ ʯʠʩʣʝʥʥʠʤʠ ʻ ʚʠʨʦʙʠ ʟ ʢʨʝʤʝʥʶ ï ʧʝʨʰʦʛʦ ʢʘʤôʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʽʩʪʘʚ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʷʢ ʟʥʘʨʷʜʜʷ ʧʨʘʮʽ, ʽ ʷʢ ʟʙʨʦʷ (ʛʦʩʪʨʦʢʦʥʝʯʥʠʢʠ, ʥʦʞʽ, ʨʽʟʮʽ, ʩʢʨʝʙʢʠ, ʥʘʢʦʥʝʯʥʠʢʠ ʩʧʠʩʽʚ, ʧʨʦʢʦʣʢʠ). ɺ 

ʝʧʦʭʫ ʤʝʟʦʣʽʪʫ ʧʦʰʠʨʝʥʠʤʠ ʩʪʘʶʪʴ ʪʘʢʦʞ ʥʘʢʦʥʝʯʥʠʢʠ ʩʪʨʽʣ. ʅʘ ʪʝʨʠʪʦʨʽʾ ʩʪʦʷʥʦʢ ʝʧʦʭʠ ʥʝʦʣʽʪʫ, ʦʢʨʽʤ ʢʨʝʤôʷʥʠʭ 

ʟʥʘʨʷʜʴ ʽ ʚʢʣʘʜʦʢ ʩʝʨʧʽʚ, ʟʥʘʭʦʜʷʪʴ ʢʘʤôʷʥʽ ʟʥʘʨʷʜʜʷ (ʩʦʢʠʨʠ, ʜʦʣʦʪʘ, ʪʝʩʣʘ) ʚʠʛʦʪʦʚʣʝʥʽ ʫʞʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʣʽʬʫʚʘʥʥʷ, 

ʨʦʟʧʠʣʶʚʘʥʥʷ ʽ ʩʚʝʨʜʣʽʥʥʷ ʢʘʤôʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʧʝʨʝʚʘʞʥʦ ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʧʽʩʢʦʚʠʢʫ) [6]. ʂʘʤôʷʥʽ ʟʥʘʨʷʜʜʷ ʙʫʛʦ-

ʜʥʽʩʪʨʦʚʩʴʢʦʾ ʢʫʣʴʪʫʨʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʨʝʤôʷʥʠʤʠ ʧʨʝʜʤʝʪʘʤʠ ʥʝʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ (ʥʦʞʽ, ʩʢʨʝʙʢʠ, ʚʽʩʪʨʷ ʩʪʨʽʣ, ʚʢʣʘʜʢʠ 

ʩʝʨʧʽʚ ʪʦʱʦ). ʋ ʧʦʩʝʣʝʥʥʷʭ ʢʫʣʴʪʫʨʠ ʣʽʥʽʡʥʦ-ʩʪʨʽʯʢʦʚʦʾ ʢʝʨʘʤʽʢʠ ʪʝʞ ʯʘʩʪʦ ʪʨʘʧʣʷʶʪʴʩʷ ʢʨʝʤôʷʥʽ ʚʠʨʦʙʠ (ʩʦʢʠʨʠ, 

ʜʦʣʦʪʘ, ʚʢʣʘʜʠʰʽ ʜʦ ʩʝʨʧʽʚ, ʩʢʨʝʙʘʯʢʠ, ʥʦʞʝʧʦʜʽʙʥʽ ʧʣʘʩʪʠʥʢʠ) ʪʘ ʢʘʤôʷʥʽ ʟʝʨʥʦʪʝʨʢʠ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʧʽʩʢʦʚʠʢʫ. ɼʦ 

ʤʘʩʦʚʠʭ ʟʥʘʭʽʜʦʢ ʥʘ ʧʦʩʝʣʝʥʥʷʭ ʪʨʠʧʽʣʴʩʴʢʦʾ ʢʫʣʴʪʫʨʠ ʪʘʢʦʞ ʥʘʣʝʞʘʪʴ ʢʨʝʤôʷʥʽ ʪʘ ʢʘʤôʷʥʽ ʚʠʨʦʙʠ. ʋ ʧʣʝʤʝʥʘʭ 

ʢʫʣʴʪʫʨʠ ʙʦʡʦʚʠʭ ʩʦʢʠʨ ʘʙʦ, ʷʢ ʯʘʩʪʽʰʝ ʾʭ ʥʘʟʠʚʘʶʪʴ, ʢʫʣʴʪʫʨ ʰʥʫʨʦʚʦʾ ʢʝʨʘʤʽʢʠ, ʧʨʝʜʤʝʪʠ ʦʟʙʨʦʻʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʢʨʝʤôʷʥʠʤʠ ʩʦʢʠʨʘʤʠ ʽ ʥʘʢʦʥʝʯʥʠʢʘʤʠ ʜʦ ʩʪʨʽʣ ʪʘ ʜʨʦʪʠʢʽʚ [1, 2]. ɼʦ ʢʘʤôʷʥʠʭ ʧʨʝʜʤʝʪʽʚ ʧʨʘʮʽ ʥʘʣʝʞʘʪʴ ʟʝʨʥʦʪʝʨʢʠ ʪʘ 

ʨʦʟʪʠʨʘʯʽ. ɺʠʨʦʙʠ ʚʽʡʩʴʢʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ - ʢʘʤôʷʥʽ ʩʦʢʠʨʠ ʪʘ ʢʘʤôʷʥʽ ʤʦʣʦʪʠ ʧʝʨʝʚʘʞʥʦ ʚʠʛʦʪʦʚʣʝʥʽ ʟ 

ʜʨʽʙʥʦʟʝʨʥʠʩʪʦʛʦ ʤʽʮʥʦʛʦ ʧʽʩʢʦʚʠʢʫ. ɿʫʩʪʨʽʯʘʶʪʴʩʷ ʢʘʤôʷʥʽ ʩʦʢʠʨʠ ʽʟ ʜʨʽʙʥʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʧʘʣʝʦʙʘʟʘʣʴʪʫ, ʱʦ ʟʥʘʯʥʦ 

ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʚʠʨʦʙʫ [8]. 

ʂʨʽʤ ʢʘʤôʷʥʠʭ ʟʥʘʨʷʜʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʠʨʦʙʥʠʯʦʶ ʜʽʷʣʴʥʽʩʪʶ (ʧʨʦʢʦʣʢʠ, ʨʽʟʮʽ, ʩʢʨʝʙʢʠ, ʩʦʢʠʨʠ, ʜʦʣʦʪʘ, ʪʝʩʣʘ, 

ʟʝʨʥʦʪʝʨʢʠ, ʨʦʟʪʠʨʘʯʽ, ʚʢʣʘʜʢʠ ʩʝʨʧʽʚ), ʧʨʝʜʤʝʪʽʚ ʦʟʙʨʦʻʥʥʷ (ʛʦʩʪʨʦʢʦʥʝʯʥʠʢʠ, ʥʦʞʽ, ʥʘʢʦʥʝʯʥʠʢʠ ʩʧʠʩʽʚ, ʚʽʩʪʨʷ ʩʪʨʽʣ 

ʪʘ ʜʨʦʪʠʢʽʚ, ʙʦʡʦʚʽ ʩʦʢʠʨʠ ʪʘ ʤʦʣʦʪʠ) ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʪʘʢʦʞ ʧʨʠʢʨʘʩʠ, ʟʦʢʨʝʤʘ ʟ ʙʫʨʰʪʠʥʫ. 

ʇʨʠʨʦʜʥʽ ʧʽʜʟʝʤʥʽ ʧʦʨʦʞʥʠʥʠ, ʧʝʯʝʨʠ, ʪʨʘʜʠʮʽʡʥʦ ʩʣʫʞʠʣʠ ʤʽʩʮʝʤ ʪʠʤʯʘʩʦʚʦʛʦ ʯʠ ʧʦʩʪʽʡʥʦʛʦ ʧʨʦʞʠʚʘʥʥʷ 

ʣʶʜʝʡ. ɺʦʥʠ ʤʦʛʣʠ ʙʫʪʠ ʤʽʩʮʝʤ ʩʪʦʷʥʢʠ, ʧʦʩʝʣʝʥʥʷ ʯʠ ʥʘʚʽʪʴ ʛʦʨʦʜʠʱʘ. ʆʜʥʽ ʟ ʥʠʭ ʤʘʶʪʴ ʧʨʠʨʦʜʥʝ ʧʦʭʦʜʞʝʥʥʷ ʽ ʣʠʰʝ  

ʯʘʩʪʢʦʚʦ ʙʫʣʠ ʚʠʜʦʟʤʽʥʝʥʽ ʣʶʜʠʥʦʶ ʜʣʷ ʩʚʦʾʭ ʧʦʪʨʝʙ, ʘ ʽʥʰʽ ʟʥʘʯʥʦ ʟʤʽʥʝʥʽ ʣʶʜʠʥʦʶ ʟ ʧʝʚʥʠʤʠ ʮʽʣʷʤʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʚʠʥʥʠʭ ʧʨʠʨʦʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʨʽʜ ʚ ʧʝʨʚʠʥʥʦʤʫ ʟʘʣʷʛʘʥʥʽ [3]. ʅʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ 

ʚʠʜʽʣʝʥʦ ʜʝʢʽʣʴʢʘ ʜʽʣʷʥʦʢ ʩʢʫʧʯʝʥʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʝʯʝʨ ʪʘ ʧʝʯʝʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʅʘʡʯʠʩʣʝʥʥʽʰʠʤʠ ʩʝʨʝʜ ʥʠʭ ʻ 

ʢʦʤʧʣʝʢʩʠ ʫ ʧʽʚʥʽʯʥʽʡ, ʧʽʚʜʝʥʥʽʡ ʪʘ ʩʭʽʜʥʽʡ ʦʢʦʣʠʮʷʭ ʄʠʢʦʣʘʻʚʘ (ʃʴʚʽʚʩʴʢʘ ʦʙʣ.) ʪʘ ʥʘʡʙʣʠʞʯʠʭ ʜʦ ʥʴʦʛʦ ʩʽʣ (ɼʫʙʨʦʚʘ, 

ɯʣʽʚ, ʊʨʦʩʪʷʥʝʮʴ, ʇʦʣʷʥʘ, ʃʫʙôʷʥʠ, ɻʫʪʘ ʑʠʨʝʮʴʢʘ), ʘ ʪʘʢʦʞ ʫ ʣʽʩʘʭ, ʱʦ ʤʽʞ ʥʠʤʠ. ʂʽʣʴʢʽʩʪʴ ʧʝʯʝʨ ʪʘ ʧʝʯʝʨʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ ʥʘ ʦʟʥʘʯʝʥʽʡ ʪʝʨʠʪʦʨʽʾ ʩʷʛʘʻ ʙʣʠʟʴʢʦ 200 ʦʜʠʥʠʮʴ [3, 4]. ʅʘʡʜʘʚʥʽʰʽ ʩʣʽʜʠ ʧʝʨʝʙʫʚʘʥʥʷ ʪʫʪ ʣʶʜʠʥʠ 

(ʥʝʘʥʜʝʨʪʘʣʴʮʷ) ʟʥʘʡʜʝʥʦ ʫ ʛʨʦʪʽ ʇʨʠʡʤʘ, ʷʢʠʡ ʤʘʻ ʪʨʠ ʨʽʚʥʽ, ʽ ʥʘ ʜʚʦʭ ʚʝʨʭʥʽʭ ʨʦʟʪʘʰʦʚʘʥʽ ʤʘʣʝʥʴʢʽ ʧʝʯʝʨʠ ʟ ʚʠʛʣʷʜʦʤ 

ʥʘ ʢʘʥʴʡʦʥ. ɼʦʙʨʝ ʦʩʚʦʻʥʠʤʠ ʻ ʪʘʢʦʞ ʧʝʯʝʨʠ ʚ ʪʨʘʚʝʨʪʠʥʦʚʠʭ ʩʢʝʣʷʭ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʭʦʯʘ ʚʦʥʠ ʥʝ ʫʪʚʦʨʶʶʪʴ 

ʚʝʣʠʢʠʭ ʧʝʯʝʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʆʢʨʽʤ ʪʦʛʦ, ʚʝʣʠʢʠʤʠ ʟʘ ʧʣʦʱʝʶ ʪʘ ʧʨʦʪʷʞʥʽʩʪʶ ʻ ʢʘʨʩʪʦʚʽ ʧʝʯʝʨʠ ʫ ʛʽʧʩʦʚʠʭ ʪʦʚʱʘʭ, 

ʘʣʝ ʯʝʨʝʟ ʚʘʞʢʫ ʜʦʩʪʫʧʥʽʩʪʴ, ʣʠʰʝ ʜʝʷʢʽ ʟ ʥʠʭ ʟ ʥʠʭ ʙʫʣʠ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʞʠʪʣʘ. ʅʘʡʙʽʣʴʰ ʚʽʜʦʤʦʶ ʟ ʦʙʞʠʪʠʭ ʚ ʜʘʚʥʽ 

ʯʘʩʠ ʻ ʧʝʯʝʨʘ ɺʝʨʪʝʙʘ, ʱʦ ʧʦʙʣʠʟʫ ʩʝʣʘ ɹʽʣʴʯʝ-ɿʦʣʦʪʝ ɹʦʨʱʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʯʝʨʠ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʝʨʰʝ ʢʘʤôʷʥʝ ʞʠʪʣʦ ʣʶʜʝʡ. ʆʢʨʝʤʝ ʤʽʩʮʝ ʧʦʩʽʜʘʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ʛʦʨʦʜʠʱ, ʷʢʽ ʧʝʨʝʚʘʞʥʦ ʤʘʣʠ ʚʝʣʠʢʫ ʫʢʨʽʧʣʝʥʫ ʧʣʦʱʫ ʪʘ ʩʢʣʘʜʥʫ ʩʠʩʪʝʤʫ ʦʙʦʨʦʥʠ, ʙʫʣʠ ʚʘʞʣʠʚʠʤʠ ʪʦʛʦʯʘʩʥʠʤʠ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʠʤʠ ʪʘ ʚʽʡʩʴʢʦʚʠʤʠ ʦʩʝʨʝʜʢʘʤʠ, ʘ ʫ ʜʦʚʢʽʣʣʽ ʮʠʭ ʛʦʨʦʜʠʱ ʢʦʥʮʝʥʪʨʫʚʘʣʘʩʷ ʚʝʣʠʢʘ 

ʢʽʣɹʢʽʩʪʴ ʧʨʠʤʽʩʴʢʠʭ ʪʘ ʩʽʣʴʩʴʢʠʭ ʧʦʩʝʣʝʥʴ, ʢʫʨʛʘʥʥʽ ʥʝʢʨʦʧʦʣʽ, ʦʩʝʨʝʜʢʠ ʷʟʠʯʥʠʮʴʢʦʾ ʪʘ ʭʨʠʩʪʠʷʥʩʴʢʦʾ ʨʝʣʽʛʽʡ [3, 4]. ʋ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʙʽʨ ʤʽʩʮʷ ʜʣʷ ʟʚʝʜʝʥʥʷ ʛʦʨʦʜʠʱʘ ʙʫʚ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʝʨʠʪʦʨʽʾ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʟʘʩʣʫʛʦʚʫʻ ʛʦʨʦʜʠʱʝ ʫ ʩ. ʉʪʽʣʴʩʴʢʝ ʄʠʢʦʣʘʾʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʟ ʩʠʩʪʝʤʦʶ ʫʢʨʽʧʣʝʥʴ, 

ʱʦ ʟʙʝʨʝʛʣʘʩʴ ʫ ʚʠʛʣʷʜʽ ʟʝʤʣʷʥʠʭ ʚʘʣʽʚ, ʦʪʦʯʝʥʠʭ ʛʣʠʙʦʢʠʤʠ ʨʦʚʘʤʠ ʪʘ ʰʪʫʯʥʠʤʠ ʪʝʨʘʩʘʤʠ. ʋ ʜʦʚʢʽʣʣʽ ʛʦʨʦʜʠʱʘ 

ʚʽʜʢʨʠʪʦ, ʦʙʩʪʝʞʝʥʦ ʡ ʯʘʩʪʢʦʚʦ ʜʦʩʣʽʜʞʝʥʦ ʨʝʰʪʢʠ ʙʽʣʴʰʝ ʧôʷʪʜʝʩʷʪʠ ʚʽʜʢʨʠʪʠʭ ʧʦʩʝʣʝʥʴ, ʨʦʟʪʘʰʦʚʘʥʠʭ, ʫ ʚʞʝ 

ʟʛʘʜʘʥʠʭ ʨʘʥʽʰʝ, ʧʝʯʝʨʥʠʭ ʢʦʤʧʣʝʢʩʘʭ ʚ ʦʢʦʣʠʮʷʭ ʤʽʩʪʘ ʄʠʢʦʣʘʻʚʘ ʪʘ ʥʘʡʙʣʠʞʯʠʭ ʜʦ ʥʴʦʛʦ ʩʽʣ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ 

ʧʨʠʥʘʡʤʥʽ ʯʘʩʪʠʥʘ ʧʝʯʝʨ ʙʫʣʘ ʚʠʩʽʯʝʥʘ ʫ ʜʦʭʨʠʩʪʠʷʥʩʴʢʠʡ ʧʝʨʽʦʜ ʽʩʪʦʨʽʾ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʷʟʠʯʥʠʮʴʢʠʤ ʞʝʨʮʷʤʠ ʪʘ 

ʾʭ ʦʙʩʣʫʛʦʶ ʜʣʷ ʧʦʪʨʝʙ ʙʦʛʦʩʣʫʞʽʥʴ ʥʘ ʢʘʧʠʱʘʭ. ɿʛʦʜʦʤ, ʽʟ ʧʨʠʡʥʷʪʪʷʤ ʭʨʠʩʪʠʷʥʩʴʢʦʾ ʚʽʨʠ, ʧʨʠʤʽʱʝʥʥʷ, ʱʦ ʥʘʣʝʞʘʣʠ 

ʞʝʨʮʷʤ ʙʫʣʠ ʧʝʨʝʦʙʣʘʰʪʦʚʘʥʽ ʧʽʜ ʢʝʣʽʾ ʤʦʥʘʭʽʚ-ʩʢʠʪʥʠʢʽʚ[4, 5]. 

ɯʥʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʝʣʴʥʠʭ ʚʠʭʦʜʽʚ ʧʦʨʽʜ - ʟʚʝʜʝʥʥʷ ʥʘʩʢʝʣʴʥʠʭ ʬʦʨʪʝʮʴ, ʷʢ ʦʪ ʬʦʨʪʝʮʷ ʊʫʩʪʘʥʴ, ʷʢʘ 
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ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʢʦʤʧʣʝʢʩʽ ʩʢʝʣʴ (ʩ. ʋʨʠʯ ʉʢʦʣʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ). ʇʦʧʨʠ ʯʠʩʝʣʴʥʽ ʨʫʡʥʫʚʘʥʥʷ 

ʜʝʨʝʚôʷʥʠʭ ʙʫʜʽʚʝʣʴ, ʚʝʨʪʠʢʘʣʴʥʽ ʧʘʟʠ, ʚʠʨʫʙʘʥʽ ʥʘ ʩʢʝʣʷʭ ʫ ʤʽʩʮʷʭ ʧʨʠʣʷʛʘʥʥʷ ʜʝʨʝʚôʷʥʦʾ ʟʘʙʫʜʦʚʠ, ʟʘʣʠʰʠʣʠʩʷ 

ʩʚʦʻʨʽʜʥʠʤ ñʢʨʝʩʣʝʥʥʷʤò ʫ ʥʘʪʫʨʘʣʴʥʫ ʚʝʣʠʯʠʥʫ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʥʦʚʠʪʠ ʾʾ ʧʝʨʚʽʩʥʠʡ ʚʠʛʣʷʜ [10]. ʉʝʨʝʜ ʽʥʰʠʭ ʩʬʝʨ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʤôʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʪʦʛʦʯʘʩʥʠʭ ʧʦʩʝʣʝʥʥʷʭ ʚʽʜʦʤʠʤʠ ʻ ʻʤʥʦʩʪʽ ï ʮʠʩʪʝʨʥʠ, ʧʦʙʫʜʦʚʘʥʽ ʟ ʢʘʤôʷʥʠʭ 

ʙʣʦʢʽʚ ʘʙʦ ʜʦʚʙʘʥʽ ʫ ʩʢʝʣʴʥʽʡ ʧʦʨʦʜʽ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʦʜʠ ʥʘ ʦʙʦʨʦʥʥʠʭ ʢʦʤʧʣʝʢʩʘʭ. ʅʘʡʛʣʠʙʰʘ ʮʠʩʪʝʨʥʘ ʚ 14 ʤ 

ʚʠʷʚʣʝʥʘ ʚ ʊʫʩʪʘʥʽ [10]. ɺʘʞʣʠʚʝ ʧʦʙʫʪʦʚʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʧʝʯʽ-ʢʘʤôʷʥʢʠ, ʱʦ ʙʫʜʫʚʘʣʠʩʴ ʧʝʨʝʚʘʞʥʦ ʟ ʚʝʣʠʢʠʭ ʙʣʦʢʽʚ 

ʤʽʮʥʦʛʦ ʧʽʩʢʦʚʠʢʫ. ɼʣʷ ʟʚʝʜʝʥʥʷ ʧʝʯʽ ʤʦʛʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ ʩʫʧʫʪʥʽ ʢʘʤôʷʥʽ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʟ ʮʽʻʾ ʯʠ ʽʥʰʦʾ ʧʨʠʯʠʥʠ ʥʝ 

ʤʦʛʣʠ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʧʦ ʧʨʷʤʦʤʫ ʧʨʠʟʥʘʯʝʥʥʶ. ɿʦʢʨʝʤʘ, ʫ ʜʦʙʨʝ ʟʙʝʨʝʞʝʥʦʤʫ ʫʢʨʽʧʣʝʥʦʤʫ ʧʦʩʝʣʝʥʥʽ ʧʦʙʣʠʟʫ ʩ. 

ɿʘʚʘʜʽʚ ɾʦʚʢʽʚʩʴʢʦʛʦ ʨ-ʥʫ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣ. ʚʠʷʚʣʝʥʦ ʨʦʟʚʘʣ ʧʝʯʽ-ʢʘʤôʷʥʢʠ, ʜʣʷ ʩʧʦʨʫʜʞʝʥʥʷ ʷʢʦʾ ʚʠʢʦʨʠʩʪʘʥʦ 

ʬʨʘʛʤʝʥʪʠ ʞʦʨʥʦʚʠʭ ʢʘʤʝʥʽʚ [11]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʘʤôʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʢʫʣʴʪʦʚʠʭ ʩʧʦʨʫʜ ʫ ʟʚʠʯʥʦʤʫ ʜʣʷ ʥʘʩ 

ʨʦʟʫʤʽʥʥʽ  ʥʘ ʪʝʨʝʥʘʭ ɻʘʣʠʯʠʥʠ ʧʦʚôʷʟʘʥʝ ʟʽ ʟʚʝʜʝʥʥʷʤ ʩʧʦʨʫʜ ʥʘ ʢʘʤôʷʥʠʭ ʬʫʥʜʘʤʝʥʪʘʭ, ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʷʢʠʭ ʙʫʚ ʫʚʝʩʴ 

ʥʘʷʚʥʠʡ ʪʘ ʜʦʩʪʫʧʥʠʡ ʫ ʤʽʩʮʝʚʦʩʪʽ ʧʨʠʨʦʜʥʠʡ ʢʘʤʽʥʴ. ʐʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʘʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʠ ʨʽʯʦʢ ʪʘ 

ʢʦʣʶʚʽʘʣʴʥʽ, ʥʘ ʩʭʠʣʘʭ, ʣʘʤʘʥʠʡ ʢʘʤʽʥʴ ʘʙʦ ʪʝʩʘʥʽ ʙʣʦʢʠ ʟ ʚʘʧʥʷʢʫ, ʧʽʩʢʦʚʠʢʫ, ʨʽʜʰʝ ʟ ʘʣʝʙʘʩʪʨʫ. ʆʢʨʽʤ ʪʦʛʦ, ʢʘʤôʷʥʠʡ 

ʤʘʪʝʨʽʘʣ, ʷʢ ʤʽʩʮʝʚʠʡ ʪʘʢ ʽ ʧʨʠʚʝʟʝʥʠʡ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʾ ʪʘ ʟʦʚʥʽʰʥʴʦʾ ʦʟʜʦʙʠ ʙʫʜʽʚʝʣʴ ʨʽʟʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. 

ʆʢʨʝʤʠʤ ʥʘʧʨʷʤʢʦʤ ʙʫʣʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʤʝʥʶ ʚ ʢʫʣʴʪʦʚʠʭ ʮʽʣʷʭ, ʦʩʢʽʣʴʢʠ ʧʨʝʜʤʝʪʠ ʟ ʥʴʦʛʦ ʙʫʣʠ 

ʜʦʚʛʦʚʽʯʥʠʤʠ. ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʻ ʘʥʪʨʦʧʦʤʦʨʬʥʠʡ ʩʪʦʚʧ ʟʥʘʡʜʝʥʠʡ ʙʽʣʷ ʩ. ɿʘʟʜʨʽʩʪʴ (ʊʝʨʥʦʧʽʣʴʩʴʢʘ ʦʙʣ.) ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʩʢʽʬʩʴʢʠʭ ʢʫʨʛʘʥʽʚ, ʷʢʠʡ ʤʘʻ ʚʠʛʣʷʜ ʢʨʫʛʣʦʛʦ ʢʘʤôʷʥʦʛʦ ʙʣʦʢʫ ʟ ʧʦʟʥʘʯʝʥʠʤ ʧʝʨʝʭʦʜʦʤ ʪʫʣʫʙʫ ʜʦ ʛʦʣʦʚʠ 

ʪʘ ʧʦʦʜʠʥʦʢʠʤʠ ʨʫʥʽʯʥʠʤʠ ʩʠʤʚʦʣʘʤʠ ʥʘ ʬʨʦʥʪʦʚʽʡ ʧʦʚʝʨʭʥʽ (ɯɯ-ɯɯɯ ʩʪ. ʥ.ʝ.) [9]. ɿʨʘʟʢʦʚʠʤ ʚʠʪʚʦʨʦʤ ʟ ʧʽʩʢʦʚʠʢʫ ʙʫʣʘ 

ʪʘʢʦʞ ʢʘʤôʷʥʘ ʙʘʙʘ ʽʟ ʩʝʣʘ ʂʘʤôʷʥʢʠ ʥʘ ʂʦʣʦʤʠʡʱʠʥʽ, ʱʦ ʚʠʩʪʘʚʣʷʣʘʩʴ ʥʘ ʧʦʩʪʘʤʝʥʪʽ ʫ ʤʘʻʪʢʫ ʛʨʘʬʘ ʂʘʣʠʥʦʚʩʴʢʦʛʦ ʽ 

ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʶ ʷʟʠʯʥʠʮʴʢʫ ʩʢʫʣʴʧʪʫʨʫ ʟ ʟʦʙʨʘʞʝʥʥʷʤ ʜʚʦʭ ʙʦʛʽʚ, ʘʣʝ ʟʛʦʜʦʤ ʙʫʣʘ ʚʪʨʘʯʝʥʘ. ɯʟ ʟʙʝʨʝʞʝʥʠʭ 

ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤ ʻ ɿʙʨʫʮʴʢʠʡ ɯʜʦʣ - ʩʣʦʚ'ʷʥʩʴʢʠʡ ʢʘʤ'ʷʥʠʡ ʽʜʦʣ, ʟʥʘʡʜʝʥʠʡ ʙʽʣʷ ʩʝʣʘ ɻʫʩʷʪʠʥ ʚ ʨʽʯʮʽ ɿʙʨʫʯ ʫ 1848 ʨʦʮʽ, 

ʷʢʠʡ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʂʨʘʢʽʚʩʴʢʦʤʫ ʘʨʭʝʦʣʦʛʽʯʥʦʤʫ ʤʫʟʝʾ [9]. ɺʽʥ ʤʘʻ ʬʦʨʤʫ ʯʦʪʠʨʠʛʨʘʥʥʦʛʦ ʩʪʦʚʧʘ ʩʽʨʦʛʦ ʚʘʧʥʷʢʫ 

ʚʠʩʦʪʦʶ 2,67 ʤ ʨʦʟʜʽʣʝʥʦʛʦ ʥʘ ʪʨʠ ʷʨʫʩʠ ʟ ʚʠʩʽʯʝʥʠʤʠ ʨʽʟʥʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʨʦʜʥʠʡ ʢʘʤʽʥʴ ʙʫʚ ʦʩʥʦʚʦʶ ʧʝʯʝʨʥʦʛʦ ʞʠʪʣʘ ʜʘʚʥʴʦʾ ʣʶʜʠʥʠ, ʧʝʨʰʠʭ ʢʨʝʤôʷʥʠʭ ʟʥʘʨʷʜʴ 

ʧʨʘʮʽ ʪʘ ʧʨʝʜʤʝʪʽʚ ʦʟʙʨʦʻʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʨʦʟʚʠʪʢʫ ʟʥʘʥʴ ʽ ʚʤʽʥʴ ʣʶʜʠʥʠ, ʙʽʣʴʰʽʩʪʴ ʢʘʤôʷʥʠʭ ʟʥʘʨʷʜʴ ʟʘʤʽʥʠʣʠʩʴ ʙʽʣʴʰ 

ʧʨʘʢʪʠʯʥʠʤʠ ʘʙʦ ʞ ʤʝʪʘʣʝʚʠʤʠ. ʅʘ ʟʤʽʥʫ ʟʝʨʥʦʪʝʨʢʘʤ ʧʨʠʡʰʣʠ ʞʦʨʥʘ, ʘ ʚ ʦʟʙʨʦʻʥʥʽ ʢʘʤôʷʥʽ ʷʜʨʘ ʜʣʷ ʤʝʪʘʣʴʥʠʭ ʤʘʰʠʥ 

ʪʘ, ʟʛʦʜʦʤ, ʜʦ ʛʘʨʤʘʪ, ʟ ʯʘʩʦʤ ʙʫʣʠ ʟʘʤʽʥʝʥʽ ʧʝʨʝʚʘʞʥʦ ʥʘ ʩʚʠʥʮʝʚʽ ʪʘ ʯʘʚʫʥʥʽ. ɺ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʧʦʧʨʠ ʥʦʚʽ ʩʠʥʪʝʪʠʯʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʧʨʠʨʦʜʥʠʡ ʢʘʤʽʥʴ ʟʘʣʠʰʘʻʪʴʩʷ ʚʘʞʣʠʚʠʤ ʤʘʪʝʨʽʘʣʦʤ ʚ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ ʪʝʭʥʽʢʠ ʪʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɸʢʪʫʘʣʴʥʠʤ ʽ ʙʘʞʘʥʠʤ ʚʽʥ ʻ ʽ ʩʴʦʛʦʜʥʽ ʚ ʧʨʠʢʨʘʩʘʭ, ʚ ʙʫʜʽʚʣʷʭ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʩʢʫʣʴʧʪʫʨʘʭ ʪʘ ʤʝʤʦʨʽʘʣʴʥʽʡ 

ʧʣʘʩʪʠʮʽ. ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʽʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʚʥʽʭ ʽ ʧʨʘʜʘʚʥʽʭ ʦʙôʻʢʪʽʚ ʽ ʚʠʨʦʙʽʚ ʟ 

ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʝʥʶ ʤʘʶʪʴ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʩʫʯʘʩʥʠʭ ʨʝʩʪʘʚʨʘʮʽʡʥʠʭ ʨʦʙʽʪ ʪʘ ʟʘʭʦʜʽʚ ʧʦ ʟʙʝʨʝʞʝʥʥʶ ʨʽʟʥʠʭ 

ʽʩʪʦʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʚʽʜ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ.  
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ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʤʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʭʽʤʽʯʥʠʭ ʽ ʬʽʟʠʯʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʛʽʪʫ ʪʘ 

ʧʘʽʥʽʪʫ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʝʤʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʭʽʤʽʯʥʽ ʪʘ ʬʽʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘʚʛʽʪ, ʧʘʽʥʽʪ. 

 

Gemological properties, chemical and physical diagnostic features of ʘugite and painite have been studied. 

Key words: gemmological properties, chemical and physical characteristics, ʘugite, painite. 

 

ɺ ʛʝʤʦʣʦʛʽʯʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ɼɻʎʋ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʥʝʨʘʣʽʚ, ʷʢʽ ʜʫʞʝ ʨʽʜʢʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ 

ʶʚʝʣʽʨʥʦʤʫ ʨʠʥʢʫ ʋʢʨʘʾʥʠ ʫ ʚʠʛʣʷʜʽ ʦʛʨʘʥʦʚʘʥʠʭ ʚʩʪʘʚʦʢ ï ʘʚʛʽʪʫ ʪʘ ʧʘʽʥʽʪʫ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʛʝʤʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʭʽʤʽʯʥʠʭ ʽ ʬʽʟʠʯʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ɯʏ-ʌʫʨôʻ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʨʦʚʦʜʠʣʦʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ çʄʝʪʦʜʠʢʠ ʜʽʘʛʥʦʩʪʠʢʠ 

ʜʦʨʦʛʦʮʽʥʥʦʛʦ ʢʘʤʽʥʥʷ  ʤʝʪʦʜʦʤ ɯʏ-ʌʫʨôʻ ʩʧʝʢʪʨʦʩʢʦʧʽʾè. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʤʝʪʨʘ 

ʤʦʜʝʣʽ çNicolet 6700è ʚʠʨʦʙʥʠʮʪʚʘ çThermoFisher Scintificè, ʥʘ ʧʨʠʩʪʘʚʮʽ ʉondensor ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 7000-400 ʩʤ-1. ʂʽʣʴʢʽʩʪʴ ʩʢʘʥʫʚʘʥʴ ʫ ʮʠʢʣʽ ʚʠʤʽʨʶʚʘʥʥʷ ï 320-1280, ʧʨʠ ʨʦʟʜʽʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ   

4 ʩʤ-1.  

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ʈʌɸ ʧʨʦʚʦʜʠʣʦʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ çʄʝʪʦʜʠʢʠ ʜʽʘʛʥʦʩʪʠʢʠ ʜʦʨʦʛʦʮʽʥʥʦʛʦ ʢʘʤʽʥʥʷ ʪʘ ʡʦʛʦ 

ʟʘʤʽʥʥʠʢʽʚ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫè. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʤʝʪʨʘ ʝʥʝʨʛʽʡ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ "ʉɽʈ-01" ʤʦʜʝʣʽ "ElvaX-Light" (ʜʘʣʽ ï ʩʧʝʢʪʨʦʤʝʪʨ 

ElvaX) ʟ ʽʥʪʝʨʚʘʣʦʤ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜ Na ʜʦ U.  

ɼʣʷ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʛʝʤʦʣʦʛʽʯʥʠʡ ʤʽʢʨʦʩʢʦʧ Gemmaster L 230V. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʥʘʜʘʥʦ ʘʚʛʽʪ (13,01 ct) ʪʘ ʧʘʽʥʽʪ (0,52 ct). ɸʚʛʽʪ ʯʦʨʥʠʡ, ʥʝʧʨʦʟʦʨʠʡ (ʨʠʩ. 1ɸ), ʢʨʘʾʥʘ 

ʧʦʭʦʜʞʝʥʥʷ ʥʝ ʚʠʟʥʘʯʝʥʘ. ʇʘʽʥʽʪ ʪʝʤʥʦ-ʦʨʘʞʝʚʠʡ, ʥʝʧʨʦʟʦʨʠʡ, ʢʨʘʾʥʘ ʧʦʭʦʜʞʝʥʥʷ ï ʄʴʷʥʤʘ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʣʷʨʠʩʢʦʧʫ ʫ ʪʨʽʱʠʥʽ ʧʘʽʥʽʪʫ ʜʦʙʨʝ ʚʠʜʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʘʥʽʟʦʪʨʦʧʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʚʢʣʶʯʝʥʴ (ʨʠʩ. 1ɹ). 

ɿʘʛʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʛʽʪʫ: 

ʅʘʟʚʘ ʤʽʥʝʨʘʣʫ ï ʘʚʛʽʪ.  

ɻʨʫʧʘ ʤʽʥʝʨʘʣʽʚ ï ʛʨʫʧʘ ʢʣʽʥʦʧʽʨʦʢʩʝʥʽʚ. 

ʇʦʭʦʜʞʝʥʥʷ ï ʧʨʠʨʦʜʥʠʡ. 

ʂʣʘʩʠʬʽʢʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʌʦʨʤʘ ʦʛʨʘʥʦʚʫʚʘʥʥʷ ï ʦʚʘʣ. 

ʄʘʩʘ (ct) ï 13,01. 

ʂʦʣʽʨ ï ʯʦʨʥʠʡ. 

ɻʝʤʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʇʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ï 1,698ï1,722. 

ɼʚʦʟʘʣʦʤʣʝʥʥʷ ï 0,024.  

ʆʧʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ï ʘʥʽʟʦʪʨʦʧʥʠʡ, 2+. 

ɻʫʩʪʠʥʘ ï 3,38 ʛ/ʩʤ3. 

ʇʣʝʦʭʨʦʾʟʤ ï ʚʽʜʩʫʪʥʽʡ. 

ʍʘʨʘʢʪʝʨ ʬʣʫʦʨʝʩʮʝʥʮʽʾ: 

             ʜʦʚʞʠʥʘ ʭʚʠʣʽ 365 ʥʤ ï ʚʽʜʩʫʪʥʷ; 

             ʜʦʚʞʠʥʘ ʭʚʠʣʽ 254 ʥʤ ï ʚʽʜʩʫʪʥʷ. 

ɿʘʛʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʽʥʽʪʫ: 

ɻʨʫʧʘ ʤʽʥʝʨʘʣʽʚ ï ʛʨʫʧʘ ʙʦʨʘʪʽʚ. 

ʇʦʭʦʜʞʝʥʥʷ ï ʧʨʠʨʦʜʥʠʡ. 

ʂʣʘʩʠʬʽʢʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʌʦʨʤʘ ʦʛʨʘʥʦʚʫʚʘʥʥʷ ï ʦʚʘʣ.  

ʄʘʩʘ (ct) ï 0,52. 

ʂʦʣʽʨ ï ʪʝʤʥʦ-ʦʨʘʥʞʝʚʠʡ 

ɻʝʤʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʇʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ ï > 1,79. 

ʆʧʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ï ʘʥʽʟʦʪʨʦʧʥʠʡ. 

ɻʫʩʪʠʥʘ ï 4,02 ʛ/ʩʤ3. 

ʇʣʝʦʭʨʦʾʟʤ ï ʧʦʤʽʨʥʠʡ. 

ʍʘʨʘʢʪʝʨ ʬʣʫʦʨʝʩʮʝʥʮʽʾ: 

             ʜʦʚʞʠʥʘ ʭʚʠʣʽ 365 ʥʤ ï ʚʽʜʩʫʪʥʷ; 

             ʜʦʚʞʠʥʘ ʭʚʠʣʽ 254 ʥʤ ï ʚʽʜʩʫʪʥʷ. 

 

ʇʨʠ ʤʽʢʨʦʩʢʦʧʽʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʫ ʧʘʽʥʽʪʽ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʯʠʩʝʣʴʥʽ ʤʽʥʝʨʘʣʴʥʽ ʪʘ ʛʘʟʦʚʦ-ʨʽʜʠʥʥʽ ʚʢʣʶʯʝʥʥʷ. 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʘʚʛʽʪʫ, ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʽʣʴʢʽʩʥʦʛʦ ʨʝʥʪʛʝʥ-ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜʦʤ ɯʏ-ʌʫʨôʻ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʚʠʷʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ: 

1. ʋ ʧʘʽʥʽʪʽ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʧʽʢʠ ʙʣʠʟʴʢʦ 1309, 787, 761, 522, 513,  437, 422 ʩʤ -1, ʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʧʦʚôʷʟʫʶʪʴ ʽʟ 

ʢʦʣʠʚʘʥʥʷʤʠ ʩʧʦʣʫʢ  ï ɺ-ʆ, Zr-O, Al -O ʨʽʟʥʠʭ ʪʠʧʽʚ. 

2. ʋ ʘʚʛʽʪʽ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʩʝʨʽʶ ʧʽʢʽʚ ʙʣʠʟʴʢʦ 1078, 979, 923, 870, 630,  472 ʩʤ -1, ʷʢʽ ʜʦʩʣʽʜʥʠʢʠ ʧʦʚôʷʟʫʶʪʴ ʽʟ 

ʢʦʣʠʚʘʥʥʷʤʠ ʩʧʦʣʫʢ  ï S̔ -ʆ-Si, O-Si-O ʨʽʟʥʠʭ ʪʠʧʽʚ. 
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ʊʘʙʣʠʮʷ 1. 

 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʘʚʛʽʪʫ (ʤʘʩ. %), ʚʠʟʥʘʯʝʥʠʡ ʚ 

ʊʆɺ çɽʣʚʘʪʝʭè 

ɽʣʝʤʝʥʪ ʂʦʥʮʝʥʪʨʘʮʽʷ 

Nʘ2O 1,26 

MgO 15,15 

Al 2O3 8,24 

SiO2 44,57 

CaO 22,20 

TiO2 1,42 

MnO 0,12 

Feʆ ʟʘʛ 6,87 ʈʠʩʫʥʦʢ 1 (ɸ, ɹ) 

 

ʆʪʨʠʤʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʙʫʣʘ ʩʪʨʫʢʪʫʨʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘʙʣʠʮʴ, ʚ ʷʢʽ ʚʥʝʩʝʥʦ ʜʘʥʽ, ʱʦ ʬʦʨʤʫʶʪʴ ʙʘʟʫ 

ʛʝʤʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʥʝʨʘʣʽʚ ʪʘ ʙʽʙʣʽʦʪʝʢʫ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʚʢʣʶʯʘʻ ʬʘʡʣʠ 

ʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ: ʩʧʝʢʪʨʠ ʈʌɸ, ʩʧʝʢʪʨʠ ɯʏ, ʬʦʪʦ ʢʘʤʝʥʽʚ, ʬʦʪʦ ʚʥʫʪʨʽʰʥʽʭ ʚʢʣʶʯʝʥʴ. ʉʪʨʫʢʪʫʨʦʚʘʥʘ ʚ ʦʧʠʩʘʥʠʡ 

ʚʠʱʝ ʩʧʦʩʽʙ ʽʥʬʦʨʤʘʮʽʷ ʟʘʚʘʥʪʘʞʝʥʘ ʚ ʙʘʟʫ ʜʘʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʨʦʛʦʮʽʥʥʦʛʦ ʢʘʤʽʥʥʷ ɼɻʎʋ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. Makreski P, Jovanovski G, Gajoviĺ A, Biljan T, Angelovski D, Jaĺimoviĺ R Minerals from Macedonia. XVI. Vibrational 

spectra of some common appearing pyroxenes and pyroxenoids, / Journal of Molecular Structure,  ï 2006  ï 788, ï pp.102-114. 

2. ɹʝʪʝʭʪʠʥ ɸ. ɻ. ʄʠʥʝʨʘʣʦʛʠʷ. ʄ.: /  ɻʦʩʛʝʦʣʠʟʜʘʪ, ï 1950. ï 956 ʩ. 

3. Povarennykh A.S. , Clark A.M., Jones G.C. The infrared spectrum of painite.  /  Mineralogical Magazine ï1978 ï 42, ï 

pp.518-519. 

4. Shigley J.E., Kampf A.R ., Rossman G.R. New data on painite. /  Mineralogical Magazine  ï 1986 ï 50, ï pp. 267-270. 

5.  Armbruster T., Dobelin N., Peretti A., Gunther D., Reusser E., Grobety B The crystal structure of painite CaZrB[Al9O18] 

revisited. /  American Mineralogist   ï  2004 ï  89, ï pp.610-613. 

6. Claringbull G.F., Hey M.H., Payne C.J. Painite, a new mineral from Mogok , Burma . /   Mineralogical Magazine  ï  1957  ï  

31, ï  pp.420-425. 
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ʆɻʃʗɼ ʈʀʅʂʋ ʄɯʂʈʆʄɽʃɽʅʆɻʆ ʄɸʈʄʋʈʋ ɺ ʋʂʈɸɰʅɯ 

GROUND MARBLE ON MINERAL MARKET OF THE UKRAINIAN 

 

ɼʝʨʞʘʚʥʠʡ ʛʝʤʦʣʦʛʽʯʥʠʡ ʮʝʥʪʨ ʋʢʨʘʾʥʠ, 04119, ʚʫʣ. ɼʝʛʪʷʨʽʚʩʴʢʘ, 38-44, ʤ. ʂʠʾʚ 

State Gemological Center of Ukraine, 04119, str. Degtyarivska, 38-44, Kyiv 

+38 044 492-93-28, olgel@gems.org.ua 

 

ʄʨʘʤʦʨ ʤʠʢʨʦʤʦʣʦʪʳʡ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ  ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ  ʥʘʧʦʣʥʠʪʝʣʝʡ,  

ʠʩʧʦʣʴʟʫʝʤʳʭ  ʚ  ʤʠʨʦʚʦʤ  ʧʨʦʤʳʰʣʝʥʥʦʤ  ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʣʘʩʪ ʤʘʩʩ,  ʃʂʄ,  ʙʫʤʘʛʠ,  ʩʪʝʢʣʘ,  ʩʫʭʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ  

ʩʤʝʩʝʡ,  ʢʝʨʘʤʠʢʠ,  ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʠʭ  ʠʟʜʝʣʠʡ  ʠ  ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. ʈʘʩʩʤʦʪʨʝʥʦ ʦʩʥʦʚʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʨʘʤʦʨʘ ʤʠʢʨʦʤʦʣʦʪʦʛʦ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʳʥʢʘ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʋʢʨʘʠʥʝ.  

 

Marble micromold is one of the most common carbonate fillers used in the world industrial production of plastics, 

paint, paper, glass, dry construction mixtures, ceramics, rubber products and metallurgical products. The main characteristics 

of marble and features of the market of this product in Ukraine are considered. 

 

ʄʘʨʤʫʨ ʚ ʨʦʟʤʝʣʝʥʦʤʫ ʚʠʛʣʷʜʽ ʻ ʧʨʠʨʦʜʥʠʤ ʢʘʨʙʦʥʘʪʥʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ, ʷʢʠʡ ʜʦʙʘʚʣʷʶʪʴ ʚ ʢʦʤʧʦʟʠʮʽʡʥʽ 

ʩʫʤʽʰʽ ʜʣʷ ʟʜʝʰʝʚʣʝʥʥʷ ʘʙʦ ʥʘʜʘʥʥʷ ʾʤ ʧʝʚʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʣʘʢʦʬʘʨʙʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ʃʌʄ), ʛʫʤʦʪʝʭʥʽʯʥʠʭ ʽ ʧʣʘʩʪʤʘʩʦʚʠʭ ʚʠʨʦʙʽʚ, ʧʘʧʝʨʫ, ʩʢʣʘ, ʩʫʭʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ, ʢʝʨʘʤʽʢʠ, 

ʣ̔ ʥʦʣʝʫʤʫ (ʪʘʙʣ. 1).  
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ʋ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʚʽ ʬʦʨʤʠ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ: ʧʨʠʨʦʜʥʠʡ (GCCï ground calcium carbonate, 

ʉʘʉʆ3) ʽ ʰʪʫʯʥʠʡ (ʭʽʤʽʯʥʦ ʦʩʘʜʞʝʥʠʡ - (Precipitated Calcium Carbonate ï PCC)). ʊʘʢʦʞ ʦʪʨʠʤʫʶʪʴ ʟ ʚʘʧʥʷʢʫ 

ʥʘʥʦʦʩʘʞʜʝʥʥʠʡ ʢʘʨʙʦʥʘʪ ʢʘʣʴʮʽʶ (NPCC), ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʝʨʝʨʦʙʮʽ ʧʦʣʽʝʪʠʣʝʥʫ. 

ʊʘʙʣʠʮʷ 1. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʤʝʣʝʥʦʛʦ ʤʘʨʤʫʨʫ 

ʃʘʢʠ ʽ ʬʘʨʙʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʤʽʥʠ ʜʦʨʦʛʦʾ ʩʤʦʣʠ ʽ ʧʦʣʽʤʝʨʽʚ, ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʢʦʣʴʦʨʫ, ʢʦʨʝʢʮʽʾ ʙʣʠʩʢʫ ʽ 

ʢʦʣʽʨʥʠʭ ʚʽʜʪʽʥʢʽʚ. ʇʦʣʽʧʰʫʻ ʷʢʽʩʪʴ ʧʨʦʜʫʢʪʫ. ʊʫʪ ʚʘʞʣʠʚʠʤ ʻ ʙʽʣʠʟʥʘ ʽ ʛʽʜʨʦʬʦʙʥʘ ʦʙʨʦʙʢʘ, 

ʨʦʟʤʽʨ ʟʘʩʪʦʩʦʚʫʚʘʥʦʾ ʬʨʘʢʮʽʾ 2-10 ʤʢʤ 

ʇʦʣʽʤʝʨʥʽ 

ʚʠʨʦʙʠ 

 

ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʣʘʩʪʤʘʩʠ, ʧʦʣʽʝʩʪʝʨʫ, ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʧʣʘʩʪʠʢʽʚ, ʧʦʣʽʦʣʝʬʽʥʽʚ ʪʘ ʽʥʰʦʾ ʇɺʍ 

ʧʨʦʜʫʢʮʽʾ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʚʘʨʪʽʩʪʴ ʽ ʥʘʜʘʻ ʚʘʞʣʠʚʽ ʜʣʷ ʧʨʦʜʫʢʪʫ ʷʢʦʩʪʽ ï ʩʚʽʪʣʦʩʪʽʡʢʽʩʪʴ, 

ʪʚʝʨʜʽʩʪʴ, ʟʙʽʣʴʰʝʥʥʷ ʝʣʝʢʪʨʦʦʧʦʨʫ. ʈʦʟʤʽʨ ʟʘʩʪʦʩʦʚʫʚʘʥʦʾ ʬʨʘʢʮʽʾ 1-10 ʤʢʤ (ʜʣʷ ʇɺʍ ï 1-5 ʤʢʤ) 

ʇʘʧʽʨ 

 

ʧʦʣʽʧʰʫʻ ʷʢʽʩʪʴ ʽ ʟʙʽʣʴʰʫʻ ʙʽʣʠʟʥʫ, ʩʢʦʨʦʯʫʻ ʚʠʨʦʙʥʠʯʽ ʚʠʪʨʘʪʠ, ʟʘʤʽʥʠʚʰʠ ʩʢʣʦʚʦʣʦʢʥʦ ʽ 

ʧʽʛʤʝʥʪʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʢʨʝʡʜʦʚʘʥʦʛʦ ʧʘʧʝʨʫ, ʦʬʽʩʥʦʛʦ ʧʘʧʝʨʫ, ʢʘʨʪʦʥʫ. ʈʦʟʤʽʨ ʟʘʩʪʦʩʦʚʫʚʘʥʦʾ 

ʬʨʘʢʮʽʾ 1-5 ʤʢʤ 

ɻʫʤʘ ʜʦʟʚʦʣʷʻ ʧʦʣʽʧʰʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʪʘ ʧʽʜʚʠʱʠʪʠ ʟʜʘʪʥʽʩʪʴ ʜʦ ʝʣʘʩʪʠʯʥʦʩʪʽ ʚ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ 

ʫʤʦʚʘʭ, ʩʣʫʛʫʻ ʜʣʷ ʝʢʦʥʦʤʽʾ ʜʦʨʦʛʦʛʦ ʢʘʫʯʫʢʫ ʪʘ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʋ ʚʠʨʦʙʥʠʮʪʚʽ ʘʚʪʦʧʦʢʨʠʰʦʢ 

ʥʘʜʘʻ ʾʤ ʩʪʽʡʢʽʩʪʴ ʜʦ ʩʪʠʨʘʥʥʷ 

ʉʢʣʦ 

 

ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʰʠʭʪʠ, ʟʘʙʝʧʝʯʫʻ ʩʫʪʪʻʚʫ ʝʢʦʥʦʤʽʶ, ʧʽʜʚʠʱʫʻ ʧʨʦʟʦʨʽʩʪʴ 

ʩʢʣʘ ʪʘ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ ʩʢʣʷʥʦʾ ʧʨʦʜʫʢʮʽʾ 

ʉʫʭʽ 

ʙʫʜʽʚʝʣʴʥʽ 

ʩʫʤʽʰʽ  

ʚʠʛʦʪʦʚʣʷʶʪʴ ʩʫʭʽ ʙʫʜʽʚʝʣʴʥʽ ʩʫʤʽʰʽ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ: ʩʫʭʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʰʪʫʢʘʪʫʨʢʠ; 

ʰʧʘʢʣʽʚʢʠ; ʟʘʤʘʟʢʠ ʜʣʷ ʟʘʪʠʨʘʥʥʷ; ʜʝʢʦʨʘʪʠʚʥʽ ʙʫʜʽʚʝʣʴʥʽ ʩʫʤʽʰʽ; ʬʘʩʘʜʥʽ ʙʽʣʠʣʘ ʪʘ ʬʘʨʙʫʚʘʣʴʥʽ 

ʩʫʤʽʰʽ 

ʃʽʥʦʣʝʫʤ ʟʙʽʣʴʰʫʻ ʚ'ʷʟʢʽʩʪʴ ʽ ʦʙʩʷʛ ʣʘʪʝʢʩʥʦʛʦ ʢʣʝʶ ʜʣʷ ʩʢʨʽʧʣʝʥʥʷ ʚʦʨʩʫ ʢʠʣʠʤʦʚʠʭ ʧʦʢʨʠʪʪʽʚ. ʟʥʘʯʥʦ 

ʧʦʢʨʘʱʫʻ ʩʧʦʞʠʚʯʽ ʷʢʦʩʪʽ ʽ ʟʥʠʞʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ 

ɿʘʭʠʩʥʽ 

ʧʦʢʨʠʪʪʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʘʥʪʠʢʦʨʦʟʽʡʥʠʡ ʥʘʧʦʚʥʶʚʘʯ ʚ ʝʧʦʢʩʠʜʥʠʭ, ʧʦʨʦʰʢʦʚʠʭ, ʘʣʢʽʜʥʠʭ ʧʦʢʨʠʪʪʷʭ 

ʇʦʨʪʣʘʥʜʮʝʤ

ʝʥʪ  

 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʚʠʩʦʢʦʤʽʮʥʠʭ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʙʫʜʽʚʥʠʮʪʚʽ, ʟʦʢʨʝʤʘ ʪʘʤ, ʜʝ ʚʠʩʫʚʘʶʪʴʩʷ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʱʦʜʦ ʚʦʣʦʛʦʩʪʽʡʢʦʩʪʽ, ʤʦʨʦʟʦʩʪʽʡʢʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ 

ʊʘʤʧʦʥʘʞʥʽ 

ʩʫʤʽʰʽ 

ʧʽʜʚʠʱʫʻ ʛʽʜʨʦʽʟʦʣʶʶʯʽ ʪʘ ʢʨʽʧʣʷʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʤʧʦʥʘʞʥʠʭ ʩʫʤʽʰʝʡ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ 

ʙʫʨʽʥʥʽ ʛʘʟʦʚʠʭ ʽ ʥʘʬʪʦʚʠʭ ʩʚʝʨʜʣʦʚʠʥ 

ɯʥʰʝ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʘʙʨʘʟʠʚʥʠʭ ʯʠʩʪʷʯʠʭ ʟʘʩʦʙʽʚ, ʧʨʦʜʫʢʮʽʾ ʦʩʦʙʠʩʪʦʾ ʛʽʛʽʻʥʠ (ʟʫʙʥʽ ʧʘʩʪʠ), 

ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʦʨʦʰʢʦʚʠʭ ʩʫʤʽʰʝʡ ʜʣʷ ʪʘʙʣʝʪʫʚʘʥʥʷ ʣʽʢʽʚ, ʭʽʤʽʯʥʠʭ ʨʝʘʢʪʠʚʽʚ, ʢʦʤʙʽʢʦʨʤʽʚ, ʫ 

ʤʝʜʠʮʠʥʽ, ʭʘʨʯʦʚʽʡ ʪʘ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʷʭ 

 

ʉʝʨʝʜ ʢʘʨʙʦʥʘʪʽʚ ʢʘʣʴʮʽʶ GCC ʤʘʻ ʥʘʡʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɺʽʥ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʰʣʷʭʦʤ ʧʦʜʨʽʙʥʝʥʥʷ ʽ ʪʦʥʢʦʛʦ 

ʨʦʟʤʝʣʶʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦʜʘʣʴʰʠʤ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʧʦ ʬʨʘʢʮʽʷʤ. 

ʋ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʽʢʨʦʤʝʣʝʥʠʤʠ ʚʘʞʘʶʪʴʩʷ ʜʠʩʧʝʨʩʥʽ ʤʘʪʝʨʽʘʣʠ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʤʝʥʰʝ 300 ʤʢʤ (0,3 ʤʤ), 

ʤʝʣʝʥʠʤʠ ï ʟ ʨʦʟʤʽʨʦʤ ʬʨʘʢʮʽʡ ʯʘʩʪʦʢ ʜʦ 500 ʤʢʤ (0,5 ʤʤ) ʽ ʧʦʜʨʽʙʥʝʥʠʤʠ ï ʧʦʥʘʜ 500 ʤʢʤ. ʂʘʨʙʦʥʘʪʥʽ ʧʨʦʜʫʢʪʠ 

(ʤʘʨʤʫʨʦʚʽ ʧʦʨʦʰʢʠ, ʧʫʜʨʠ ʪʘ ʽʥʰʽ ʩʠʧʫʯʽ ʪʦʚʘʨʠ) ʟ ʨʦʟʤʽʨʦʤ ʟʝʨʝʥ ʜʦ 300 ʤʢʤ ʥʘʟʠʚʘʶʪʴ çʤʽʢʨʦʢʘʣʴʮʠʪè. 

ʉʪʫʧʽʥʴ ʧʦʜʨʽʙʥʝʥʥʷ ʚʘʞʣʠʚʠʡ ʧʦʢʘʟʥʠʢ ʽ ʚʧʣʠʚʘʻ ʥʘ ʥʘʧʨʷʤʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʆʩʥʦʚʥʠʡ ʧʦʢʘʟʥʠʢ ʚ ʛʨʘʥʫʣʦʤʝʪʨʽʾ ʤʽʢʨʦʤʝʣʝʥʦʛʦ ʤʘʨʤʫʨʫ ï ʮʝ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ (d50) ʦʩʥʦʚʥʦʾ ʯʘʩʪʢʠ 

ʥʘʧʦʚʥʶʚʘʯʘ. ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʪʘʢʦʞ ʚʝʨʭʥʷ ʤʝʞʘ ʨʦʟʤʽʨʫ ʯʘʩʪʦʢ (d90, d97, d98), ʱʦ ʩʢʣʘʜʘʻ ʪʘʢ ʟʚʘʥʠʡ çʭʚʽʩʪè 

ï ʨʦʟʤʽʨ ʯʘʩʪʦʢ, ʱʦ ʧʝʨʝʚʠʱʫʶʪʴ ʩʝʨʝʜʥʽʡ. ʋ ʨʘʟʽ ʷʢʱʦ ʮʝʡ ʧʘʨʘʤʝʪʨ ʩʠʣʴʥʦ ʧʝʨʝʚʠʱʫʻ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ, ʩʠʨʦʚʠʥʘ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʠʜʘʪʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʦʤʫ ʱʦ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʠʡ ʚʤʽʩʪ ʚʝʣʠʢʠʭ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʩʥʦʚʥʦʾ ʤʘʩʠ 

ʯʘʩʪʠʥʦʢ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʽ ʟʥʦʩʫ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʅʠʞʥʷ ʤʝʞʘ ʨʦʟʤʽʨʫ ʯʘʩʪʦʢ ʥʝ ʻ 

ʦʙʦʚ'ʷʟʢʦʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʽ ʪʦʤʫ ʙʘʛʘʪʦ ʚʠʨʦʙʥʠʢʽʚ ʡʦʛʦ ʥʝ ʚʢʘʟʫʶʪʴ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʨʙʦʥʘʪʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʽʟ 

ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʚʠʱʝ 100 ʤʢʤ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʘʨʘʤʝʪʨ çɿʘʣʠʦhʢ ʥʘ ʩʠʪʽè, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʚʽʜʩʦʪʢʦʚʠʡ ʚʤʽʩʪ ʯʘʩʪʠʥʦʢ ʟʘʜʘʥʦʛʦ ʨʦʟʤʽʨʫ, ʷʢʽ ʟʘʣʠʰʠʣʠʩʷ ʧʽʩʣʷ ʧʨʦʩʽʶʚʘʥʥʷ ʥʘ ʩʠʪʽ.  

ɺʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʻ ʙʽʣʠʟʥʘ ï ʢʽʣʴʢʽʩʪʴ ʩʚʽʪʣʦʚʠʭ ʧʨʦʤʝʥʽʚ ʫ ʚʽʜʩʦʪʢʘʭ, ʚʽʜʙʠʪʠʭ ʚʽʜ ʨʝʯʦʚʠʥʠ. 

ɿʦʢʨʝʤʘ, ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʙʽʣʦʛʦ ʚʽʢʦʥʥʦʛʦ ʧʨʦʬʽʣʶ ʮʝʡ ʧʘʨʘʤʝʪʨ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʽ ʥʝ ʚʘʞʣʠʚʠʡ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ 

ʢʦʣʴʦʨʦʚʦʾ ʚʘʛʦʥʢʠ ʯʠ ʣʘʤʽʥʦʚʘʥʠʭ ʧʽʜʚʽʢʦʥʴ. ɹʽʣʠʟʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʽʯʥʦʾ ʯʠʩʪʦʪʠ ʩʘʤʦʛʦ ʤʘʨʤʫʨʫ, ʟʦʢʨʝʤʘ, 

ʥʘʷʚʥʦʩʪʽ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ. ʗʢ ʧʨʘʚʠʣʦ, ʙʽʣʠʟʥʘ ʤʘʨʤʫʨʫ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 94 - 96 %, ʨʽʜʰʝ 98 % (ʙ̔ʣʠʟʥʘ ʢʨʝʡʜʠ 

ʟʘʟʚʠʯʘʡ ʥʝ ʙʽʣʴʰʝ 84 - 86 %). 

ʄʘʨʤʫʨ ʤʽʢʨʦʤʝʣʝʥʠʡ ʚʠʜʽʣʷʻʪʴʩʷ ʥʠʟʢʦʶ ʽʥʰʠʭ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʨʽʟʥʦʚʠʜʘʤʠ 

ʢʘʨʙʦʥʘʪʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʢʘ ʩʧʦʞʠʚʘʥʥʷ ʤʽʢʨʦʢʘʨʙʦʥʘʪʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʫ ʩʚʽʪʽ ʧʨʠʧʘʜʘʻ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʧʣʘʩʪʤʘʩ (55 %), 

ʣʘʢʦʬʘʨʙʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʩʫʭʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ ï 25 %, ʛʫʤʦʪʝʭʥʽʯʥʠʭ ʚʠʨʦʙʽʚ ï 20 %. 

ɹʽʣʷ 70 % GCC ʚʠʨʦʙʣʷʻʪʴʩʷ ʜʝʩʷʪʴʤʘ ʥʘʡʙʽʣʴʰʠʤʠ ʩʚʽʪʦʚʠʤʠ ʢʦʤʧʘʥʽʷʤʠ, ʟʦʢʨʝʤʘ, ʰʚʝʡʮʘʨʩʴʢʦʶ Omya      
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(30 %) ʽ ʬʨʘʥʮʫʟʴʢʦʶ Imerys (15 %).  

ʆʩʥʦʚʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʦʧʠʪʫ ʥʘ GCC ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ʉʭʽʜʥʦ-ʘʟʽʡʩʴʢʦʤʫ ʨʠʥʢʫ. 

ɺ ʋʢʨʘʾʥʽ ʤʘʨʤʫʨ ʤʽʢʨʦʤʝʣʝʥʠʡ ʥʝ ʚʠʨʦʙʣʷʻʪʴʩʷ. ʇʦʪʨʝʙʠ ʚʽʪʯʠʟʥʷʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʱʦʜʦ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʽʤʧʦʨʪʥʠʭ ʧʦʩʪʘʚʦʢ ʟ ʊʫʨʝʯʯʠʥʠ, ɻʨʝʮʽʾ, ɸʚʩʪʨʽʾ, ʅʽʤʝʯʯʠʥʠ, ʌʨʘʥʮʽʾ, ʏʝʭʽʾ, ʈʫʤʫʥʽʾ, 

ʇʦʣʴʱʽ, ʈʦʩʽʾ ʪʘ ʽʥ. (ʪʘʙʣ. 2). ɹʽʣʷ 62 % ʤʘʨʤʫʨʫ ʤʽʢʨʦʤʝʣʝʥʦʛʦ ʚʚʦʟʠʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʃʌʄ, ʱʝ 23% ʩʧʦʞʠʚʘʻʪʴʩʷ 

ʫ ʩʝʢʪʦʨʽ ʧʝʨʝʨʦʙʢʠ ʧʦʣʽʤʝʨʽʚ.  

ʊʘʙʣʠʮʷ 2. 

ʇʽʜʧʨʠʻʤʩʪʚʘ, ʱʦ ʽʤʧʦʨʪʫʚʘʣʠ ʜʦ ʋʢʨʘʾʥʠ ʤʽʢʨʦʤʘʨʤʫʨ ʽ ʤʘʨʤʫʨ ʧʦʜʨʽʙʥʝʥʠʡ ʫ ʯʝʨʚʥʽ 2017 ʨ. 

ɯʤʧʦʨʪʝʨʠ ʊʠʧ ʧʨʦʜʫʢʮʽʾ ʂʨʘʾʥʘ ʧʦʭʦʜʞʝʥʥʷ 

ʊʆɺ ʊʘʨʢʝʪʪ ɺʽʥʽʩʽʥ ʤʽʢʨʦʤʘʨʤʫʨ ʉʝʨʙʽʷ 

ʊʆɺ ɭɺʈʆ-ʍɯʄ ʤʽʢʨʦʤʘʨʤʫʨ ɯʪʘʣʽʷ 

ʊʆɺ ʈɽɸʃ-1 ʤʘʨʤʫʨ ʧʦʜʨʽʙʥʝʥʠʡ, ʛʘʣʴʢʘ ɻʨʝʮʽʷ 

ʊʆɺ ʍʝʤʽʧʣʘʩʪ ʤʘʨʤʫʨ ʧʦʜʨʽʙʥʝʥʠʡ ɯʪʘʣʽʷ 

ʊʆɺ ʂʉʂ-ʇʣʶʩ ʤʽʢʨʦʤʘʨʤʫʨ ʊʫʨʝʯʯʠʥʘ 

ʊʆɺ ʂɸʇɸʈʆʃ ɼʅɯʇʈʆ ʤʽʢʨʦʤʘʨʤʫʨ ɸʚʩʪʨʽʷ, ɯʩʧʘʥʽʷ 

ʊʆɺ ʆʄɯɸ ʋʂʈɸɰʅɸ ʤʽʢʨʦʤʘʨʤʫʨ ʊʫʨʝʯʯʠʥʘ, ɻʨʝʮʽʷ, ɸʚʩʪʨʽʷ, ʇʦʣʴʰʘ ʪʘ ʽʥ. 

 

ɸʙʩʦʣʶʪʥʠʤʠ ʣʽʜʝʨʘʤʠ ʟʘ ʢʽʣʴʢʽʩʪʶ ʽʤʧʦʨʪʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʱʦʜʦ ʤʽʢʨʦʢʘʨʙʦʥʘʪʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʊʫʨʝʯʯʠʥʫ ʽ ɻʨʝʮʽʶ.  

ʆʩʥʦʚʥʠʡ ʦʙʩʷʛ ʽʤʧʦʨʪʫ ʤʽʢʨʦʤʘʨʤʫʨʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʪʦʚʘʨʥʦʾ ʧʦʟʠʮʽʾ ʋʂʊ ɿɽɼ 251741 (ʛʨʘʥʫʣʠ, 

ʢʨʠʰʢʘ ʪʘ ʧʦʨʦʰʦʢ ʟ ʤʘʨʤʫʨʫ). ɼʝʷʢʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʜʫʢʪʫ ʚʚʦʟʠʪʴʩʷ ʚ ʢʨʘʾʥʫ ʧʽʜ ʢʦʜʘʤʠ ʪʦʚʘʨʥʠʭ ʛʨʫʧ ʋʂʊɿɽɼ 2509 ʪʘ 

283650. ʇʨʠ ʮʴʦʤʫ ʤʘʪʝʨʽʘʣ, ʧʦʚʝʨʭʥʷ ʷʢʦʛʦ ʦʙʨʦʙʣʝʥʘ ʞʠʨʥʠʤʠ ʢʠʩʣʦʪʘʤʠ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʦʭʦʜʠʪʴ ʧʦ ʛʨʫʧʽ 283650. 

ʆʙʩʷʛʠ ʧʦʩʪʘʚʦʢ ʥʦʩʷʪʴ ʚʠʨʘʞʝʥʠʡ ʩʝʟʦʥʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʦʙʫʤʦʚʣʝʥʦ ʩʬʝʨʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ 

ʧʨʦʜʫʢʪʫ. ʅʘʡʙʽʣʴʰʠʤ ʩʧʦʞʠʚʘʯʝʤ ʤʽʢʨʦʤʘʨʤʫʨʫ ʻ ʣʘʢʦʬʘʨʙʦʚʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ, ʜʣʷ ʷʢʦʾ ʭʘʨʘʢʪʝʨʥʦ ʟʥʘʯʥʝ ʩʢʦʨʦʯʝʥʥʷ 

ʦʙʩʷʛʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʚ I ʽ IV ʢʚʘʨʪʘʣʘʭ ʨʦʢʫ.  

ɺ ʜʘʥʠʡ ʯʘʩ ʮʽʥʠ ʥʘ ʫʤʦʚʘʭ EXW ʥʘ ʤʽʢʨʦʤʘʨʤʫʨ ʪʠʧʫ Omyacarb ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʬʽʨʤʠ-ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʽ ʷʢʦʩʪʽ ʧʨʦʜʫʢʪʫ ʩʢʣʘʜʘʶʪʴ ʚʽʜ 35 ʜʦ 130 ʜʦʣ. ʉʐɸ/ʪ. ʎʽʥʠ ʥʘ ʪʦʚʘʨ ʪʫʨʝʮʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʨʠʤʘʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 30-120 ʜʦʣ. ʉʐɸ/ʪ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʫʨʝʮʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʧʦʩʪʘʚʣʷʻʪʴʩʷ ʧʽʜ ʪʦʨʛʦʚʦʶ ʤʘʨʢʦʶ 

Omyacarb ʯʠ Aga-calcite. ɿʘ ʮʽʥʘʤʠ ʚʠʱʝ ʥʘ 20-30 ʜʦʣ. ʉʐɸ/ʪ ʚʽʜ ʟʘʟʥʘʯʝʥʠʭ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʜʫʢʪ ʟʽ 

ʩʧʝʮʽʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ɺʠʨʦʙʥʠʢʠ ʤʘʨʤʫʨʫ ʤʽʢʨʦʤʝʣʝʥʦʛʦ ʧʝʨʝʚʘʞʥʦ ʚ ʥʘʟʚʫ ʧʨʦʜʫʢʪʫ ʚʠʥʦʩʷʪʴ ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʬʨʘʢʮʽʾ ʧʦʤʝʣʫ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʢʣʽʻʥʪʘʤ ʣʝʛʰʝ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʚ ʘʩʦʨʪʠʤʝʥʪʽ ʢʦʤʧʘʥʽʡ. 

ɿʛʽʜʥʦ ʟ ʧʨʠʡʥʷʪʠʤʠ ʚ ʛʘʣʫʟʽ ʩʪʘʥʜʘʨʪʘʤʠ ʽ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʩʧʦʞʠʚʘʯʽʚ, ʧʨʦʜʫʢʮʽʶ ʢʦʤʧʘʥʽʾ-ʚʠʨʦʙʥʠʢʠ ʤʘʨʤʫʨʫ 

ʤʽʢʨʦʤʝʣʝʥʦʛʦ ʚʽʜʚʘʥʪʘʞʫʶʪʴ ʯʦʪʠʨʤʘ ʩʧʦʩʦʙʘʤʠ: 

- ʥʘʩʠʧʥʠʡ, ʪʦʙʪʦ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʧʝʮʪʨʘʥʩʧʦʨʪ (ʢʦʥʪʝʡʥʝʨʠ, ʘʚʪʦʤʦʙʽʣʽ, ʚʘʛʦʥʠ) 

ʩʘʤʝ ʪʽʻʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʜʫʢʪʫ, ʷʢʝ ʥʝʦʙʭʽʜʥʦ ʩʧʦʞʠʚʘʯʝʚʽ; 

- ʚ ʤʽʰʢʠ big-bag, ʟʜʘʪʥʽ ʚʤʽʩʪʠʪʠ ʚ ʩʝʙʝ ʚʽʜ 500 ʢʛ ʜʦ 1,2 ʪ ʧʨʦʜʫʢʪʫ; 

- ʩʪʘʥʜʘʨʪʥʽ ʯʦʪʠʨʴʦʭʰʘʨʦʚʽ ʧʘʧʝʨʦʚʽ ʤʽʰʢʠ, ʱʦ ʚʤʽʱʘʶʪʴ ʚʽʜ 25 ʜʦ 35 ʢʛ ʤʝʣʝʥʦʛʦ ʤʘʨʤʫʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʤʘʨʢʠ; 

- ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʽ ʤʽʰʢʠ, ʷʢʽ ʚʤʽʱʘʶʪʴ ʜʦ 50 ʢʛ ʧʨʦʜʫʢʪʫ. 

ʂʨʽʤ ʪʦʛʦ ʫʧʘʢʦʚʘʥʠʡ ʫ ʤʽʰʢʠ ʤʘʨʤʫʨ ʤʽʢʨʦʤʝʣʝʥʠʡ ʜʦʜʘʪʢʦʚʦ ʤʦʞʝ ʧʘʢʫʚʘʪʠʩʷ ʥʘ ʻʚʨʦʧʽʜʜʦʥʠ ʜʣʷ ʙʽʣʴʰʦʾ 

ʟʨʫʯʥʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. 

ʋʩʝ ʮʝ ʧʽʜʚʠʱʫʻ ʜʦʜʘʥʫ ʚʘʨʪʽʩʪʴ ʩʠʨʦʚʠʥʠ ʤʘʨʤʫʨʫ ʤʝʣʝʥʦʛʦ. ʅʘʧʨʠʢʣʘʜ, ʚʘʨʪʽʩʪʴ ʦʜʥʦ ʤʽʰʢʘ big-bag ʢʦʰʪʫʻ 

5-10 ʜʦʣ. ʉʐɸ. ʈʽʟʥʠʮʷ ʫ ʚʘʨʪʦʩʪʽ ʧʘʢʫʚʘʥʥʷ 1 ʪ ʧʨʦʜʫʢʪʫ ʤʽʞ big-bag ʽ 25 ʢʛ ʤʽʰʢʘʤʠ ʩʪʘʥʦʚʠʪʴ 5-20 ʜʦʣ. ʉʐɸ ʚ 

ʩʪʦʨʦʥʫ ʟʜʦʨʦʞʯʝʥʥʷ ʦʩʪʘʥʥʽʭ. ɿʘʛʘʣʦʤ ʚʘʨʽʘʥʪʠ ʧʘʢʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʢʽʥʮʝʚʫ ʚʘʨʪʽʩʪʴ 

ʪʦʚʘʨʫ, ʘ ʤʦʞʫʪʴ ʽ ʥʽ.  

ɺ ʜʘʥʠʡ ʯʘʩ ʥʘ ʨʠʥʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʚʽʜʭʦʜʫ ʢʦʤʧʘʥʽʡ ʚʽʜ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʥʘʟʚ ʧʦʟʠʮʽʡ 

ʘʩʦʨʪʠʤʝʥʪʫ ʽ ʽʥʜʠʚʽʜʫʘʣʽʟʘʮʽʷ ʧʨʦʜʫʢʪʫ ʰʣʷʭʦʤ ʧʨʦʜʘʞʫ ʡʦʛʦ ʧʽʜ ʚʣʘʩʥʦʶ ʪʦʚʘʨʥʦʶ ʤʘʨʢʦʶ, ʥʘʧʨʠʢʣʘʜ, Omyaʩarb, 

Uralcarb, ʄʽʢʘʨʙ, NIGTAS, CAROLITH, Baracarb ʪʘ ʽʥ. 

ʇʨʠ ʮʴʦʤʫ ʚʘʨʪʽʩʪʴ ʦʜʥʘʢʦʚʦʛʦ ʟʘ ʬʨʘʢʮʽʻʶ ʧʦʤʦʣʫ, ʘʣʝ ʨʽʟʥʠʭ ʪʦʨʛʦʚʠʭ ʤʘʨʦʢ ʤʘʨʤʫʨʫ ʜʨʦʙʣʝʥʦʛʦ ʽ ʤʝʣʝʥʦʛʦ, 

ʨʽʟʥʠʪʴʩʷ ʟʘ ʮʽʥʦʶ, ʥʘʧʨʠʢʣʘʜ, Baracarb 5 (ʬʨ.0,005 ʤʤ) ʚʠʨʦʙʥʠʮʪʚʘ ɯʪʘʣʽʾ ʢʦʰʪʫʻ 300 ʜʦʣ. ʉʐɸ/ʪ, ʘ NIGTAS 5 (ʬʨ. 

0,005 ʤʤ) ʚʠʨʦʙʥʠʮʪʚʘ ʊʫʨʝʯʯʠʥʠ ï 56 ʜʦʣ. ʉʐɸ/ʪ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʜʫ ʋʂʊ ɿɽɼ 251741 ʚ ʯʝʨʚʥʽ 2017 ʨʦʢʫ ʚ ʋʢʨʘʾʥʫ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʧʦʥʘʜ 4460 ʪ ʤʽʢʨʦʤʘʨʤʫʨʫ 

ʽ ʤʘʨʤʫʨʫ ʜʨʦʙʣʝʥʦʛʦ, ʽʟ ʷʢʠʭ ʟ ʊʫʨʝʯʯʠʥʠ ï 1810 ʪʥ, ʟ ɻʨʝʮʽʾ ï 825 ʪʥ. ɸʣʝ ʮʽ ʤʽʩʷʯʥʽ ʦʙʩʷʛʠ ʥʝ ʻ ʩʪʘʙʽʣʴʥʠʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʚ ʪʨʘʚʥʽ 2017 ʨʦʢʫ ʙʫʣʦ ʽʤʧʦʨʪʦʚʘʥʦ ï ʙʽʣʷ 11 ʪʠʩ. ʪ, ʟ ʷʢʠʭ ʟ ʊʫʨʝʯʯʠʥʠ ï ʧʦʥʘʜ 10 ʪʠʩ. ʪ. 

ʇʨʠ ʮʴʦʤʫ, ʽʤʧʦʨʪ ʤʽʢʨʦʤʘʨʤʫʨʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʩʝʨʝʜʥʴʦʾ ʢʦʥʪʨʘʢʪʥʦʾ ʮʽʥʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʢʦʥʢʫʨʝʥʪʥʫ ʙʦʨʦʪʴʙʫ ʟʘ ʢʽʥʮʝʚʦʛʦ ʧʦʢʫʧʮʷ ʰʣʷʭʦʤ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʮʽʥʦʚʠʭ ʚʘʞʝʣʽʚ ʥʘ ʧʨʦʜʫʢʮʽʶ. 

ʊʘʢ ʚʘʨʪʽʩʪʴ ʤʘʨʤʫʨʫ ʜʨʦʙʣʝʥʦʛʦ ʽ ʤʝʣʝʥʦʛʦ ʫ ʯʝʨʚʥʽ-ʩʝʨʧʥʽ 2017 ʨʦʢʫ ʥʘ ʫʤʦʚʘʭ DAP-ʢʦʨʜʦʥ ʋʢʨʘʾʥʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ɸʚʩʪʨʽʾ ʩʪʘʥʦʚʠʣʘ ʚʽʜ 80 ʜʦ 170 ʜʦʣ. ʉʐɸ/ʪ, ɯʪʘʣʽʾ ʪʘ ɯʩʧʘʥʽʾ - ʚʽʜ 80 ʜʦ 308 ʜʦʣ. ʉʐɸ/ʪ, ʈʫʤʫʥʽʾ - 40 ʜʦʣ. 

ʉʐɸ/ʪ,  ɹʦʣʛʘʨʽʾ - ʚʽʜ 53 ʜʦ 94 ʜʦʣ. ʉʐɸ/ʪ, ʏʝʭʽʾ - ʚʽʜ 73 ʜʦ 147 ʜʦʣ. ʉʐɸ/ʪ, ʊʫʨʝʯʯʠʥʠ - ʚʽʜ 37 ʜʦ 159 ʜʦʣ. ʉʐɸ/ʪ, 
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ʉʝʨʙʽʾ - ʚʽʜ 110 ʜʦ 119 ʜʦʣ. ʉʐɸ/ʪ, ʈʦʩʽʾ - ʚʽʜ 39 ʜʦ 586 ʜʦʣ. ʉʐɸ/ʪ, ɻʨʝʮʽʾ - ʚʽʜ 103 ʜʦ 164 ʜʦʣ. ʉʐɸ/ʪ. 

ʈʽʟʥʦʤʘʥʽʪʪʷ ʤʘʨʦʯʥʦʛʦ ʩʢʣʘʜʫ ʽ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʪʫ, ʚʠʨʦʙʣʝʥʦʛʦ ʨʽʟʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, 

ʨʦʙʠʪʴ ʥʝ ʮʽʣʢʦʤ ʢʦʨʝʢʪʥʠʤ ʧʨʷʤʝ ʟʽʩʪʘʚʣʝʥʥʷ ʮʽʥ ʨʝʘʣʽʟʘʮʽʾ ʪʠʭ ʯʠ ʽʥʰʠʭ ʩʫʙ'ʻʢʪʽʚ ʨʠʥʢʫ. ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʮʽʥʫ ʽ 

ʫʤʦʚʠ ʟʘʢʫʧʽʚʣʽ ʤʘʶʪʴ: ʪʠʧ ʽ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ, ʾʾ ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ, ʧʦʩʪʘʯʘʣʴʥʠʢ, ʦʙʩʷʛ ʪʦʚʘʨʥʦʾ ʧʘʨʪʽʾ, ʨʝʞʠʤ ʧʦʩʪʘʚʦʢ 

ʽ ʪ.ʜ. 

ɿʥʘʯʥʦʶ ʩʢʣʘʜʦʚʦʶ ʫ ʚʘʨʪʦʩʪʽ ʤʘʨʤʫʨʫ ʤʽʢʨʦʤʝʣʝʥʦʛʦ ʫ ʧʦʨʪʫ ʽʤʧʦʨʪʝʨʘ ʻ ʜʦʩʪʘʚʢʘ (ʬʨʘʭʪ) ʚʽʜ ʢʨʘʾʥʠ-

ʚʠʨʦʙʥʠʢʘ, ʟʘʚʘʥʪʘʞʝʥʥʷ ʽ ʨʦʟʚʘʥʪʘʞʝʥʥʷ. ɺʘʨʪʽʩʪʴ ʧʝʨʝʚʝʟʝʥʥʷ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙôʻʤʽʚ ʜʦʩʪʘʚʢʠ ʤʦʨʩʴʢʠʤʠ 

ʧʝʨʝʚʽʟʥʠʢʘʤʠ ʜʦ ʋʢʨʘʾʥʠ ʽʟ ʊʫʨʝʯʯʠʥʠ ʟ ʩʪʨʘʭʫʚʘʥʥʷʤ ʽ ʚʘʥʪʘʞʦʧʦʜʘʯʝʶ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ ï 24-25 ʜʦʣ. ʉʐɸ/ʪ, 

ʘ ʽʟ ɻʨʝʮʽʾ ï 25-40 ʜʦʣ. ʉʐɸ/ʪ). 

ɿʘʛʘʣʦʤ ʚ ʦʧʪʦʚʽʡ ʤʝʨʝʞʽ ʮʽʥʠ ʥʘ ʟʘʟʥʘʯʝʥʠʡ ʧʨʦʜʫʢʪ ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʧʫʩʢʥʠʤʠ ʮʽʥʘʤʠ ʚʠʨʦʙʥʠʢʽʚ ʟʘʟʚʠʯʘʡ 

ʙʽʣʴʰʽ ʥʘ 10 - 20 ʜʦʣ. ʉʐɸ/ʪ. 

ʄʽʢʨʦʤʘʨʤʫʨ ʧʦʭʦʜʞʝʥʥʷʤ ʟ ɻʨʝʮʽʾ ʽʤʧʦʨʪʫʻʪʴʩʷ ʚ ʋʢʨʘʾʥʫ ʨʝʛʫʣʷʨʥʠʤʠ ʧʘʨʪʽʷʤʠ ʪʦʚʘʨʫ ʟ ʬʨʘʢʮʽʻʶ 0,23-1,4 

ʤʤ. ʉʝʨʝʜʥʷ ʚʘʨʪʽʩʪʴ ʛʨʝʮʴʢʦʛʦ ʤʽʢʨʦʤʘʨʤʫʨʫ ʥʘ ʫʤʦʚʘʭ CIF (ʧʦʨʪ ʋʢʨʘʾʥʠ) ʫ 2017 ʨʦʮʽ ʩʪʘʥʦʚʠʣʘ 120-160 ʜʦʣ. ʉʐɸ/ʪ.  

ʄʽʢʨʦʤʘʨʤʫʨ ʧʦʭʦʜʞʝʥʥʷʤ ʟ ʊʫʨʝʯʯʠʥʠ ʽʤʧʦʨʪʫʻʪʴʩʷ ʚ ʋʢʨʘʾʥʫ ʨʝʛʫʣʷʨʥʠʤʠ ʧʘʨʪʽʷʤʠ ʪʦʚʘʨʫ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ. ʉʝʨʝʜʥʷ 

ʚʘʨʪʽʩʪʴ ʪʫʨʝʮʴʢʦʛʦ ʤʽʢʨʦʤʘʨʤʫʨʫ ʥʘ ʫʤʦʚʘʭ CIF (ʧʦʨʪ ʋʢʨʘʾʥʠ) ʫ 2017 ʨʦʮʽ ʩʪʘʥʦʚʠʪʴ 38-140 ʜʦʣ. ʉʐɸ /ʪ. 

ɼʣʷ ʦʢʨʝʤʠʭ ʬʨʘʢʮʽʡʥʠʭ ʨʦʟʤʽʨʽʚ ʤʽʢʨʦʤʘʨʤʫʨʫ ʪʫʨʝʮʴʢʦʛʦ ʽ ʛʨʝʮʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʪʘʙʣʠʮʽ 3 ʥʘʚʝʜʝʥʦ 

ʦʨʽʻʥʪʦʚʥʽ ʮʽʥʠ ʤʽʩʮʝʚʠʭ ʨʠʥʢʽʚ.  

ʊʘʙʣʠʮʷ 3.  

ʆʧʪʠʤʘʣʴʥʽ ʮʽʥʠ ʤʽʢʨʦʤʘʨʤʫʨʫ ʥʘ ʨʠʥʢʫ ʊʫʨʝʯʯʠʥʠ ʽ ɻʨʝʮʽʾ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʨʘʢʮʽʾ 

ʊʫʨʝʯʯʠʥʘ ɻʨʝʮʽʷ 

ʬʨʘʢʮʽʷ, ʤʤ ʮʽʥʘ, ʜʦʣ. ʉʐɸ/ʪ ʬʨʘʢʮʽʷ, ʤʤ ʮʽʥʘ, ʜʦʣ. ʉʐɸ/ʪ 

0,003 49-50 0,0032 57 

0,003 (ʧʦʢʨʠʪʠʡ) 64 0,00276 (ʧʦʢʨʠʪʠʡ) 53-66 

0,006 39-40 0,006 52 

0,0023 68 0,0024 93 

0,0023 (ʧʦʢʨʠʪʠʡ) 87 0,00214 (ʧʦʢʨʠʪʠʡ) 101-115 

0,024 39 0,025 48 

0,017 34 0,017 48 

0,015 60 0,0135 50 

0,0019 (ʧʦʢʨʠʪʠʡ) 116-136 0,0019 75-84 

0,0038 44 0,00075 130 

0,0038 (ʧʦʢʨʠʪʠʡ) 74 0,0029 75 

0,0016 (ʧʦʢʨʠʪʠʡ) 126 0,0065 53 

 

ʇʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʽʢʨʦʢʘʨʙʦʥʘʪʫ ʚ ʋʢʨʘʾʥʽ .̒ ʅʘ ʨʠʥʢʫ ʢʘʨʙʦʥʘʪʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʟ ʽʤʧʦʨʪʥʠʤ ʤʽʢʨʦʤʘʨʤʫʨʦʤ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʤʘʛʘʶʪʴʩʷ ʢʦʥʢʫʨʫʚʘʪʠ ʚʽʪʯʠʟʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʷʢʽ 

ʚʠʛʦʪʦʚʣʷʶʪʴ ʪʦʥʢʦʜʠʩʧʝʨʩʥʫ ʢʨʝʡʜʫ. ɸʣʝ ʥʝʜʦʣʽʢʦʤ ʚʽʪʯʠʟʥʷʥʦʾ ʢʨʝʡʜʠ ʪʘ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʾʾ ʦʩʥʦʚʽ ʻ ʥʠʟʴʢʘ ʙʽʣʠʟʥʘ ʽ 

ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʜʦʤʽʰʦʢ.  

ʇʨʦʤʠʩʣʦʚʽ ʟʘʧʘʩʠ ʤʘʨʤʫʨʠʟʦʚʘʥʦʛʦ ʚʘʧʥʷʢʫ ʽ ʤʘʨʤʫʨʫ ʨʦʟʚʽʜʘʥʦ ʫ ɿʘʢʘʨʧʘʪʪʽ, ʚ ɾʠʪʦʤʠʨʩʴʢʽʡ ʦʙʣʘʩʪʽ, ʚ 

ʂʨʠʤʫ, ʥʘ ɼʦʥʝʮʴʢʦʤʫ ʢʨʷʞʽ.  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʤʘʨʤʫʨʠʟʦʚʘʥʠʡ ʚʘʧʥʷʢ ʽ ʤʘʨʤʫʨ ʨʦʟʨʦʙʣʷʶʪʴ ʫ ɿʘʢʘʨʧʘʪʪʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʨʤʫʨʦʚʦ ʾʢʨʠʭʪʠ. 

ʧʨʦʪʝ ʤʽʢʨʦʤʘʨʤʫʨ ʪʘʤ ʥʝ ʚʠʛʦʪʦʚʣʷʶʪʴ, ʪʘ ʡ ʚʝʣʠʢʠʭ ʟʘʧʘʩʽʚ ʯʠʩʪʦ ʙʽʣʦʛʦ ʢʘʨʙʦʥʘʪʫ ʢʘʣʴʮʽʶ ʪʘʤ ʥʝʤʘʻ. 

ʇʈɸʊ çʊʨʠʙʫʰʘʥʠè ʨʦʟʨʦʙʣʷ ̒ɼʽʣʦʚʝʮʴʢʝ (ʊʨʠʙʫʰʘʥʩʴʢʝ) ʨʦʜʦʚʠʱʝ ʤʘʨʤʫʨʠʟʦʚʘʥʦʛʦ ʚʘʧʥʷʢʫ ʽ ʤʘʨʤʫʨʫ 

ʩʚʽʪʣʦ-ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ. ʇʨʦʜʫʢʮʽʻʶ ʻ ʤʘʨʤʫʨʦʚʘ ʢʨʠʭʪʘ ʬʨ. 2-5, 5-10, 5-20 ʤʤ, ʷʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʋʢʨʘʾʥʽ ʪʘ 

ʝʢʩʧʦʨʪʫʻʪʴʩʷ ʜʦ ʄʦʣʜʦʚʠ, ɹʽʣʦʨʫʩʽ, ʋʛʦʨʱʠʥʠ. ʆʢʨʽʤ ʪʦʛʦ, ʇʈɸʊ çʊʨʠʙʫʰʘʥʠè ʚʦʣʦʜʽʶʪʴ ʧʨʘʚʘʤʠ ʥʘ ʇʨʠʙʫʡʩʴʢʝ ʽ 

ɼʦʚʛʦʨʫʥʩʴʢʝ ʨʦʜʦʚʠʱʘ ʤʘʨʤʫʨʠʟʦʚʘʥʦʛʦ ʚʘʧʥʷʢʫ ʟʝʣʝʥʦʛʦ ʽ ʯʦʨʥʦʛʦ ʢʦʣʴʦʨʫ ʚʽʜʧʦʚʽʜʥʦ. 

ʊʆɺ çʂʘʨʧʘʪʠè ʨʦʟʨʦʙʣʷʶʪʴ ʇʦʣʫʥʩʴʢʝ ʨʦʜʦʚʠʱʝ ʩʽʨʦʛʦ ʤʘʨʤʫʨʫ, ʷʢʠʡ ʪʘʢʦʞ ʧʦʜʨʽʙʥʶʶʪʴ ʥʘ ʤʘʨʤʫʨʦʚʫ 

ʢʨʠʭʪʫ. ʇʨʦʜʫʢʮʽʻ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʣʠʪ çʪʝʨʘʟʟʦè, ʝʢʩʧʦʨʪʫʻʪʴʩʷ ʜʦ ɹʽʣʦʨʫʩʽ. 

ʊʆɺ çɹʽʣʢʘʤè ʨʦʟʨʦʙʣʷʶʪʴ ʜʽʣʷʥʢʫ ɹʫʛʣʠʚʠ ʊʨʠʙʫʰʘʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʾʭ 

ʚʠʨʦʙʥʠʮʪʚʦ ʚʽʜʩʫʪʥʷ. 

ɺ 60 ʢʤ ʚʽʜ ʤ. ɹʝʨʝʛʦʚʝ ʟʥʘʭʦʜʠʪʴʩʷ ʇʨʠʙʦʨʞʘʚʩʴʢʝ ʨʦʜʦʚʠʱʝ ʤʘʨʤʫʨʫ ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ. ɸʣʝ ʯʝʨʝʟ ʡʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʝʣʝʤʝʥʪʘʤʠ ʦʢʩʠʜʽʚ ʟʘʣʽʟʘ, ʜʘʥʘ ʢʦʨʠʩʥʘ ʢʦʧʘʣʠʥʘ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʤʽʢʨʦʤʘʨʤʫʨʫ. 

ɭʜʠʥʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʥʘ ʤʽʢʨʦʤʘʨʤʫʨ ʻ ʟʘʧʘʩʠ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʅʝʛʨʝʙʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ, ʷʢʝ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ɾʠʪʦʤʠʨʩʴʢʽʡ ʦʙʣʘʩʪʽ.  
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ɺʀɿʅɸʏɽʅʅʗ ʆʉʅʆɺʅʀʍ ʂʈʀʊɽʈɯɰɺ ɼʃʗ ʌʆʈʄʋɺɸʅʅʗ ʅʆɺʆɰ ʂʃɸʉʀʌɯʂɸʎɯɰ ʂʆʐʊʆɺʅʆɻʆ ɯ 

ɼɽʂʆʈɸʊʀɺʅʆɻʆ ʂɸʄɯʅʅʗ ɺɯɼʇʆɺɯɼʅʆ ɼʆ ʉɺɯʊʆɺʆɻʆ ɼʆʉɺɯɼʋ 

DETERMINATION OF THE MAIN FORMATIONôS CRITERIA OF A NEW CLASSIFICATION OF VALUABLE AND 

DECORATIVE STONES ACCORDING TO THE WORLD EXPERIENCE 
1
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ɿʘʢʦʥʦʜʘʪʝʣʴʥʘʷ ʙʘʟʘ ʋʢʨʘʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʨʦʜʥʳʭ ʢʘʤʥʝʡ ʥʝ ʣʠʰʝʥʘ ʨʷʜʘ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʠʟʙʝʞʘʪʴ ʧʨʠʙʝʛʥʫʚ ʢ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʚ ʵʪʦʤ ʘʩʧʝʢʪʝ. 

 

Legislative base of Ukraine regarding natural stones is not devoid of a number of shortcomings, which can be avoided 

by resorting to world practice in this aspect. 

 

ʇʝʨʰʫ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʘʧʨʦʧʦʥʦʚʘʚ ʫ 1860 ʨ. ʂʘʨʣ ʂʣʶʛʝ, ʷʢʠʡ ʧʦʜʽʣʠʚ ʢʦʰʪʦʚʥʝ ʢʘʤʽʥʥʷ 

ʥʘ ʜʚʘ ʚʠʜʠ ï ʽʩʪʠʥʥʦ ʜʦʨʦʛʦʮʽʥʥʽ ʤʽʥʝʨʘʣʠ ʪʘ ʩʪʘʥʜʘʨʪʥʽ ʜʦʨʦʛʦʮʽʥʥʽ ʤʽʥʝʨʘʣʠ. ɺ ʧʝʨʰʫ ʛʨʫʧʫ ʚʭʦʜʠʣʠ: ʘʣʤʘʟ, ʢʦʨʫʥʜ, 

ʭʨʠʟʦʙʝʨʠʣ, ʰʧʽʥʝʣʴ, ʮʠʨʢʦʥ, ʙʝʨʠʣ, ʪʦʧʘʟ, ʪʫʨʤʘʣʽʥ, ʛʨʘʥʘʪ, ʙʣʘʛʦʨʦʜʥʠʡ ʦʧʘʣ, ʢʦʨʜʽʨ̒ʠʪ, ʚʝʟʫʚʽʘʥ, ʭʨʠʟʦʣʽʪ, ʘʢʩʠʥʪ̔, 

ʢʽʘʥʽʪ, ʩʪʘʚʨʦʣʽʪ, ʘʥʜʘʣʫʟʠʪ, ʭʘ̔ʩʪʦʣʪ̔, ʝʧʽʜʦʪ, ʙʽʨʶʟʘ. 

ʋ 1896 ʨ. ʄ. ɹʘʫʝʨ ʟʘʧʨʦʧʦʥʫʚʘʚ ʢʣʘʩʠʬʽʢʘʮʽʶ ʶʚʝʣʽʨʥʦʛʦ ʽ ʚʠʨʦʙʥʦʛʦ ʢʘʤʽʥʥʷ, ʷʢʘ ʤʘʣʘ ʪʨʠ ʛʨʫʧʠ: 

ʜʦʨʦʛʦʮʽʥʥʝ ʢʘʤʽʥʥʷ (ʩʘʤʦʮʚʽʪʠ); ʚʠʨʦʙʥʝ ʢʘʤʽʥʥʷ (ʢʦʣʴʦʨʦʚʝ ʢʘʤʽʥʥʷ); ʜʦʨʦʛʦʮʽʥʥʝ ʢʘʤʽʥʥʷ ʦʨʛʘʥʦʛʝʥʥʦʛʦ ʫʪʚʦʨʝʥʥʷ. 

ʋ ʤʝʞʘʭ ʮʠʭ 3-ʭ ʛʨʫʧ ʟʘʟʥʘʯʝʥʝ ʢʘʤʽʥʥʷ ʧʦʜʽʣʷʣʦʩʷ ʥʘ ʧʦʨʷʜʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʮʽʥʥʦʩʪʽ. ʎʶ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʽʟʥʽʰʝ 

ʜʦʧʦʚʥʠʚ ʪʘ ʨʦʟʰʠʨʠʚ ʆ.ɭ. ʌʝʨʩʤʘʥ ʽ ʜʦ 60-ʠʭ ʨʦʢʽʚ ʍʍ ʩʪ. ʾʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ. ʋ 1973 ʨ. ɭ.ʗ. ʂʽʻʚʣʝʥʢʦ 

ʟʘʧʨʦʧʦʥʫʚʘʚ ʤʦʜʝʨʥʽʟʦʚʘʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷ ʆ.ɭ. ʌʝʨʩʤʘʥʘ, ʷʢʘ ʚʨʘʭʦʚʫʚʘʣʘ ʡʦʛʦ ʨʠʥʢʦʚʫ ʚʘʨʪʽʩʪʴ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʶʚʝʣʽʨʥʠʭ ʢʘʤʝʥʝʨʽʟʥʠʭ ʚʠʨʦʙʘʭ. ʅʘ ʦʩʥʦʚʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ɭ.ʗ. ʂʽʻʚʣʝʥʢʦ ʫ ʚʽʪʯʠʟʥʷʥʦʤʫ ʟʘʢʦʥʦʜʘʚʩʪʚʽ 

ʧʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʛʘʣʴʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʘ ʦʮʽʥʢʫ ʚʘʨʪʦʩʪʽ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷè ʚʽʜ 

27.07.94 ˉ 512 ʙʫʣʦ ʟʘʪʚʝʨʜʞʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʾ ʚʦʥʦ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ 

ʜʦʨʦʛʦʮʽʥʥʝ, ʥʘʧʽʚʜʦʨʦʛʦʮʽʥʥʝ ʪʘ ʜʝʢʦʨʘʪʠʚʥʝ. ɹʘʟʠʩʥʫ ʨʦʣʴ ʱʦʜʦ ʜʦʨʦʛʦʮʽʥʥʦʛʦ ʽ ʥʘʧʽʚʜʦʨʦʛʦʮʽʥʥʦʛʦ ʢʘʤʽʥʥʷ 

ʚʽʜʚʝʜʝʥʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʜʝʨʞʘʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʜʦʙʫʪʢʫ, ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʨʦʛʦʮʽʥʥʠʭ ʤʝʪʘʣʽʚ ʽ 

ʜʦʨʦʛʦʮʽʥʥʦʛʦ ʢʘʤʽʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ ʟʘ ʦʧʝʨʘʮʽʷʤʠ ʟ ʥʠʤʠè (ʨʝʜʘʢʮʽʷ ʚʽʜ 19.01.2006). 

ʈʷʜ ʩʫʧʝʨʝʯʥʦʩʪʝʡ ʟ ʮʠʤʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʤʘʻ ʧʦʩʪʘʥʦʚʘ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 

12.12.94 ˉ 827, ʷʢʦʶ ʟʘʪʚʝʨʜʞʝʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ, ʜʝ ʚʠʜʽʣʷʻʪʴʩʷ ʩʠʨʦʚʠʥʘ ʶʚʝʣʽʨʥʘ (ʜʦʨʦʛʦʮʽʥʥʝ 

ʢʘʤʽʥʥʷ), ʶʚʝʣʽʨʥʦ-ʚʠʨʦʙʥʘ (ʥʘʧʽʚʜʦʨʦʛʦʮʽʥʥʝ ʢʘʤʽʥʥʷ), ʚʠʨʦʙʥʘ, ʜʣʷ ʦʙʣʠʮʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʜʝʢʦʨʘʪʠʚʥʝ ʢʘʤʽʥʥʷ). 

ɼʝʷʢʽ ʩʫʯʘʩʥʽ ʛʝʤʦʣʦʛʠ ʚʚʘʞʘʶʪʴ ʮʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʝʜʦʩʢʦʥʘʣʠʤʠ, ʦʩʢʽʣʴʢʠ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʤʽʥʝʨʘʣ ʧʦʪʨʘʧʣʷʻ ʜʦ ʨʽʟʥʠʭ 

ʛʨʫʧ ʢʘʤʽʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʦʧʘʣ (ʙʣʘʛʦʨʦʜʥʠʡ ʪʘ ʟʚʠʯʘʡʥʠʡ), ʭʘʣʮʝʜʦʥ (ʭʨʠʟʦʧʨʘʟ), ʮʦʾʟʠʪ (ʪʘʥʟʘʥʽʪ). ʊʦʤʫ ʧʠʪʘʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʦʰʪʦʚʥʦʛʦ ʽ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʘʤʽʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ ʚʞʝ ʥʘʟʨʽʣʦ ʽ ʻ 

ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ. 

ʄʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚ ʶʚʝʣʽʨʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟʘʪʚʝʨʜʞʝʥʽ ʤʽʞʥʘʨʦʜʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ 

ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ, ʘ ʻʜʠʥʦ ʚʠʟʥʘʥʦʶ ʚ ʩʚʽʪʽ ʩʠʩʪʝʤʦʶ, ʭʦʯ ʽ ʜʦʙʨʦʚʽʣʴʥʦʶ, ʻ ɺʩʝʩʚʽʪʥʷ ʢʦʥʬʝʜʝʨʘʮʽʷ 

ʧʦ ʶʚʝʣʽʨʥʠʤ ʢʘʤʝʥʷʤ, ʚʠʨʦʙʘʤ ʟʽ ʩʨʽʙʣʘ, ʘʣʤʘʟʽʚ ʪʘ ʧʝʨʣʽʚ (CIBJO), ʷʢʘ ʩʪʚʦʨʠʣʘ ʢʣʘʩʠʬʽʢʘʮʽʶ ʢʦʰʪʦʚʥʦʛʦ ʢʘʤʽʥʥʷ, 

ʚʠʢʣʘʜʝʥʫ ʫ çʉʠʥʽʡ ʢʥʠʟʽè (Blue Book). 

ʋ ʥʦʤʝʥʢʣʘʪʫʨʽ çʉʠʥʴʦʾ ʢʥʠʛʠè CIBJO ʦʧʠʩʘʥʦ ʙʽʣʴʰʝ 120 ʥʘʡʤʝʥʫʚʘʥʴ ʧʨʠʨʦʜʥʠʭ ʫʪʚʦʨʝʥʴ, ʚʢʣʶʯʘʶʯʠ ʥʘʟʚʠ 

ʤʽʥʝʨʘʣʽʚ ʪʘ ʾʭ ʨʽʟʥʦʚʠʜʽʚ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʶʚʝʣʽʨʥʦʤʫ ʩʧʨʘʚʽ. 

ɺʩʽ ʢʘʤʝʥʽ ʧʝʨʝʣʽʢʫ ʥʦʤʝʥʢʣʘʪʫʨ CIBJO ï ʦʙôʻʢʪʠ, ʷʢʽ ʤʘʶʪʴ ʚʽʣʴʥʠʡ ʦʙʽʛ ʷʢ ʚ ʩʠʨʦʚʠʥʥʦʤʫ, ʥʝʦʙʨʦʙʣʝʥʦʤʫ 

ʚʠʛʣʷʜʽ, ʪʘʢ ʽ ʚ ʦʛʨʘʥʝʥʦʤʫ. ʃʠʰʝ ʦʙʽʛ ʥʝʦʙʨʦʙʣʝʥʠʭ ʘʣʤʘʟʽʚ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʨʝʛʫʣʶʻʪʴʩʷ ʤʽʞʥʘʨʦʜʥʠʤ ʘʢʪʦʤ ï 

ʂʽʤʙʝʨʣʽʡʩʢʠʤ ʧʨʦʮʝʩʦʤ. ʇʦʟʘ ʪʠʤ, ʦʙʽʛ ʦʛʨʘʥʝʥʠʭ ʘʣʤʘʟʽʚ (ʜʽʘʤʘʥʪʽʚ) ʻ ʘʙʩʦʣʶʪʥʦ ʚʽʣʴʥʠʤ. 

ʂʣʘʩʠʬʽʢʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʶʚʝʣʽʨʥʠʭ ʢʘʤʝʥʽʚ ʫ çʉʠʥʽʡ ʢʥʠʟʽè CIBJO ʩʭʝʤʘʪʠʯʥʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʶʚʝʣʽʨʥʠʭ ʢʘʤʝʥʽʚ ʟʘ CIBJO ʚʽʜʦʙʨʘʞʘʻ ʜʚʽ ʢʘʪʝʛʦʨʽʾ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʨʦʟʨʽʟʥʷʶʪʴ ʫ ʶʚʝʣʽʨʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʪʦʨʛʽʚʣʽ: ʧʨʠʨʦʜʥʽ ʽ ʰʪʫʯʥʽ ʨʝʯʦʚʠʥʠ. 

ɸ - ʇʨʠʨʦʜʥʽ ʨʝʯʦʚʠʥʠ (ʪʝʨʤʽʥʠ çʥʘʪʫʨʘʣʴʥʠʡè ʽ çʧʨʠʨʦʜʥʠʡè ʻ ʩʠʥʦʥʽʤʘʤʠ ʽ ʚʽʜʥʦʩʷʪʴʩʷ ʚʠʢʣʶʯʥʦ ʜʦ 

ʧʨʠʨʦʜʥʠʭ ʨʝʯʦʚʠʥ, ʫʪʚʦʨʝʥʠʭ ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʣʶʜʠʥʠ): 

ɸ 1. ɼʦʨʦʛʦʮʽʥʥʽ, ʶʚʝʣʽʨʥʽ ʚʠʨʦʙʠ ʪʘ ʚʠʨʦʙʠ ʟ ʢʘʤʝʥʶ, ʧʨʠʨʦʜʥʽ ʤʽʥʝʨʘʣʠ ʽ/ʘʙʦ ʛʽʨʩʴʢʽ ʧʦʨʦʜʠ, ʫʪʚʦʨʝʥʽ ʙʝʟ 

ʚʪʨʫʯʘʥʥʷ ʣʶʜʠʥʠ; 
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ɸ 2. ʆʨʛʘʥʦʛʝʥʥʽ ʨʝʯʦʚʠʥʠ - ʧʨʠʨʦʜʥʽ ʫʪʚʦʨʝʥʥʷ ʪʚʘʨʠʥʥʦʛʦ ʘʙʦ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ɹ - ʐʪʫʯʥʽ ʧʨʦʜʫʢʪʠ (ʪʝʨʤʽʥ çʰʪʫʯʥʠʡè ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʦʜʫʢʪʽʚ, ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ ʟʨʦʙʣʝʥʠʭ ʣʶʜʠʥʦʶ): 

ɹ 1.1. ʉʠʥʪʝʪʠʯʥʽ ʢʘʤʝʥʽ ï ʢʨʠʩʪʘʣʽʟʦʚʘʥʽ ʘʙʦ ʧʝʨʝʢʨʠʩʪʘʣʽʟʦʚʘʥʽ ʧʨʦʜʫʢʪʠ, ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ ʚʠʨʦʙʣʝʥʽ 

ʣʶʜʠʥʦʶ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʌʽʟʠʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽ/ʘʙʦ ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʥʪʝʪʠʯʥʠʭ ʢʘʤʝʥʽʚ ʧʦʚʥʽʩʪʶ 

ʚʽʜʧʦʚʽʜʘʻ ʾʭ ʧʨʠʨʦʜʥʠʤ ʘʥʘʣʦʛʘʤ; 

ɹ 1.2. ʉʢʣʘʜʦʚʽ ʢʘʤʝʥʽ ï ʢʨʠʩʪʘʣʽʯʥʽ ʘʙʦ ʘʤʦʨʬʥʽ ʪʚʝʨʜʽ ʪʽʣʘ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʯʘʩʪʠʥ, 

ʟ'ʻʜʥʘʥʠʭ ʥʝ ʧʨʠʨʦʜʥʠʤ ʯʠʥʦʤ, ʘ ʰʣʷʭʦʤ ʰʪʫʯʥʦʛʦ ʩʢʣʝʶʚʘʥʥʷ ʘʙʦ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ. ʉʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʷʢ ʶʚʝʣʽʨʥʠʤʠ ʢʘʤʝʥʷʤʠ ʘʙʦ ʽʥʰʠʤʠ ʤʽʥʝʨʘʣʘʤʠ, ʪʘʢ ʽ ʩʠʥʪʝʪʠʯʥʠʤʠ ʢʘʤʝʥʷʤʠ ʘʙʦ ʭʽʤʽʯʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ; 

ɹ 1.3. ʂʘʤʝʥʽ-ʽʤʽʪʘʮʽʾ ï ʻ ʧʽʜʨʦʙʢʘʤʠ ʧʨʠʨʦʜʥʠʭ ʘʙʦ ʩʠʥʪʝʪʠʯʥʠʭ ʢʘʤʝʥʽʚ ʘʙʦ ʧʨʦʜʫʢʪʽʚ, ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ 

ʟʨʦʙʣʝʥʠʭ ʣʶʜʠʥʦʶ. ʎʽ ʢʘʤʝʥʽ ʽʤʽʪʫʶʪʴ ʝʬʝʢʪ, ʢʦʣʽʨ ʽ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʨʠʨʦʜʥʠʭ ʶʚʝʣʽʨʥʠʭ ʘʙʦ ʩʠʥʪʝʪʠʯʥʠʭ ʢʘʤʝʥʽʚ, 

ʥʝ ʧʝʨʝʜʘʶʯʠ ʾʭ ʭʽʤʽʯʥʠʭ ʽ/ʘʙʦ ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ/ʘʙʦ ʾʭ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ; 

ɹ 1.4. ʈʝʢʦʥʩʪʨʫʡʦʚʘʥʽ ʢʘʤʝʥʽ ï ʰʪʫʯʥʽ ʧʨʦʜʫʢʪʠ, ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʟ'ʻʜʥʘʥʥʷ, ʧʣʘʚʣʝʥʥʷ ʘʙʦ ʧʨʝʩʫʚʘʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʻʜʠʥʝ ʮʽʣʝ. 

ɹ 2. ɯʤʽʪʘʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ï ʚʠʨʦʙʣʝʥʽ ʣʶʜʠʥʦʶ ʧʨʦʜʫʢʪʠ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʬʽʟʠʯʥʠʭ ʘʙʦ ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʨʦʜʥʠʭ ʘʥʘʣʦʛʽʚ, ʘʣʝ ʽʤʽʪʫʶʪʴ ʾʭ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ, ʢʦʣʽʨ ʽ ʝʬʝʢʪ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʶʚʝʣʽʨʥʠʭ ʢʘʤʝʥʽʚ CIBJO 

 

ʋ ɿʘʢʦʥʽ ʋʢʨʘʾʥʠ çʇʨʦ ʜʝʨʞʘʚʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʜʦʙʫʪʢʫ, ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʨʦʛʦʮʽʥʥʠʭ ʤʝʪʘʣʽʚ ʽ 

ʜʦʨʦʛʦʮʽʥʥʦʛʦ ʢʘʤʽʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ ʟʘ ʦʧʝʨʘʮʽʷʤʠ ʟ ʥʠʤʠè (ʜʘʣʽ ï ɿʘʢʦʥ) ʥʝʤʘʻ ʯʽʪʢʦʛʦ ʚʠʟʥʘʯʝʥʥʷ, ʱʦ ʪʘʢʝ 

ʜʦʨʦʛʦʮʽʥʥʠʡ ʯʠ ʥʘʧʽʚʜʦʨʦʛʦʮʽʥʥʠʡ ʢʘʤʽʥʴ, ʘ ʥʘʚʝʜʝʥʦ ʣʠʰʝ ʚʠʯʝʨʧʥʠʡ ʧʝʨʝʣʽʢ ʥʘʡʤʝʥʫʚʘʥʴ ʧʨʠʨʦʜʥʠʭ ʢʘʤʝʥʽʚ, ʱʦ 

ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ çʜʦʨʦʛʦʮʽʥʥʦʛʦ ʽ ʥʘʧʽʚʜʨʦʛʦʮʽʥʥʦʛʦ ʢʘʤʽʥʥʷè. ʆʜʥʘʢ ʮʝ ʻ ʶʨʠʜʠʯʥʠʤʠ ʪʝʨʤʽʥʘʤʠ, ʘ ʥʝ ʪʦʨʛʦʚʠʤʠ 

ʧʦʥ̫ʪʪʷʤʠ, ʪʘʢ ʷʢ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʘʭ ʥʘʰʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʨʠʥʦʢ 

ʮʠʭ ʢʘʤʝʥʽʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʪʣʫʤʘʯʝʥʥʷ ʩʣʦʚʘ, ʢʘʤʽʥʴ, ʱʦ ʻ çʜʦʨʦʛʦʮʽʥʥʠʤè, ʧʦʚʠʥʝʥ ʤʘʪʠ ʜʦʨʦʛʫ ʮʽʥʫ, ʘ çʥʘʧʽʚʜʦʨʦʛʦʮʽʥʥʠʡ 

ʢʘʤʽʥʴè ï ʥʝ ʜʫʞʝ. ʆʜʥʘʢ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ çʜʦʨʦʛʦʮʽʥʥʠʡ ʢʘʤʽʥʴè ʷʢ ʶʨʠʜʠʯʥʦʛʦ ʪʝʨʤʽʥʫ, ʩʣʽʜ 

ʨʦʟʫʤʽʪʠ, ʱʦ ʩʶʜʠ ʤʦʞʫʪʴ ʚʽʜʥʦʩʠʪʠʩʷ ʡ ʮʽʣʢʦʤ ʜʝʰʝʚʽ ʢʘʤʝʥʽ, ʪʘʢʽ, ʱʦ ʬʘʢʪʠʯʥʦ ʥʝ ʩʢʣʘʜʘʶʪʴ ʥʽʷʢʦʾ  ʚʘʨʪʦʩʪʽ. ɼʣʷ 

ʨʠʥʢʫ ʻ ʜʦʩʠʪʴ ʯʘʩʪʠʤʠ ʪʘʢʽ ʚʠʧʘʜʢʠ. 

ʇʨʦʚʽʜʥʽ ʛʝʤʦʣʦʛʽʯʥʽ ʦʨʛʘʥʽʟʘʮʽʾ ʩʚʽʪʫ, ʪʘʢʽ ʷʢ CIBJO, AGTA, GIA ʪʘ ʽʥ. ʟʘʢʣʠʢʘʶʪʴ ʧʦʚʥʽʩʪʶ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ 

ʧʨʘʢʪʠʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʨʤʽʥʽʚ çʜʦʨʦʛʦʮʽʥʥʠʡ ʢʘʤʽʥʴè ʽ çʥʘʧʽʚʜʦʨʦʛʦʮʽʥʥʠʡ ʢʘʤʽʥʴè ʥʘ ʢʦʨʠʩʪʴ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʪʝʨʤʽʥʫ 

ʜʣʷ ʚʩʽʭ ʶʚʝʣʽʨʥʠʭ ʢʘʤʝʥʽʚ ʙʫʜʴ-ʷʢʦʛʦ ʷʢʦʩʪʽ ʪʘ ʥʘʡʤʝʥʫʚʘʥʥʷ - çgemstonesè ( çgemè - çʤʘʨʤʝʣʘʜè, ʪʦʙʪʦ çʢʘʤʝʥʽ-

ʤʘʨʤʝʣʘʜʢʠè). 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʘʥʛʣʦʤʦʚʥʦʛʦ ʪʝʨʤʽʥʫ çgemstoneè ʫ ʚʽʪʯʠʟʥʷʥʽʡ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽʡ ʩʠʩʪʝʤʽ ʟ ʤʝʪʦʶ ʫʥʠʢʥʝʥʥʷ 

ʚʠʟʥʘʯʝʥʴ çʜʦʨʦʛʦʮʽʥʥʠʡ ʽ ʥʘʧʽʚʜʦʨʦʛʦʮʽʥʥʠʡ ʢʘʤʽʥʴè ʧʦʪʨʽʙʥʦ ʚʚʝʩʪʠ ʧʦʥʷʪʪʷ, ʷʢʝ ʩʪʘʥʝ ʦʬʽʮʽʡʥʠʤ ʪʝʨʤʽʥʦʤ. 

ʇʦʪʨʽʙʥʦ ʚʽʜʽʡʪʠ ʚʽʜ ʘʢʮʝʥʪʫ ʥʘ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʢʘʤʝʥʽʚ ʟʘ ʮʽʥʥʽʩʥʦʶ ʚʘʨʪʽʩʪʶ ʽ ʢʦʥʮʝʥʪʨʫʚʘʪʠʩʷ ʧʨʦʩʪʦ ʥʘ ʾʭ 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʶʚʝʣʽʨʥʠʭ ʢʘʤʝʥʽʚ 

CIBJO  
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ʽʩʪʦʪʥʦʤʫ ʟʥʘʯʝʥʥʽ ʧʦʩʝʨʝʜ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʽʜʧʦʚʽʜʥʠʤ ʽ ʜʦʨʝʯʥʠʤ ʮʴʦʤʫ ʧʦʥʷʪʪʶ ʙʫʜʝ ʪʝʨʤʽʥ çʢʦʰʪʦʚʥʝ 

ʢʘʤʽʥʥʷè. 

ɼʦʢʫʤʝʥʪʠ CIBJO ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʚ ʨʽʚʥʽʡ ʤʽʨʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʪʦʨʛʽʚʣʽ ʪʝʨʤʽʥ çprecious stoneè 

(ʢʦʰʪʦʚʥʠʡ ʢʘʤʽʥʴ) ʥʘʨʽʚʥʽ ʟ ʪʝʨʤʽʥʦʤ çgemstoneè. 

ʖʨʠʜʠʯʥʽ ʪʝʨʤʽʥʠ çʜʦʨʦʛʦʮʽʥʥʠʡ ʢʘʤʽʥʴè ʽ çʥʘʧʽʚʜʦʨʦʛʦʮʽʥʥʠʡ ʢʘʤʽʥʴè, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʠʥʽ ʫ ʛʘʣʫʟʝʚʽʡ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽʡ ʙʘʟʽ, ʧʦʚʠʥʥʽ ʚʪʨʘʪʠʪʠ ʩʪʘʪʫʩ ʶʨʠʜʠʯʥʠʭ ʪʝʨʤʽʥʽʚ. ʇʨʠ ʮʴʦʤʫ ʪʝʨʤʽʥ çʥʘʧʽʚʜʦʨʦʛʦʮʽʥʥʠʡ ʢʘʤʽʥʴè 

ʧʦʪʨʽʙʥʦ ʚʠʣʫʯʠʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʪʝʨʤʽʥ çʜʦʨʦʛʦʮʽʥʥʠʡ ʢʘʤʽʥʴè ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʷʢ ʟʚʠʯʘʡʥʝ ʪʦʨʛʦʚʝʣʴʥʝ 

ʨʠʥʢʦʚʝ ʧʦʥʷʪʪʷ. 

ʊʘʢʦʞ ʚ ʥʦʤʝʥʢʣʘʪʫʨʽ CIBJO ʜʦ çgemstoneè ʚʽʜʥʦʩʷʪʴ ʧʨʠʨʦʜʥʽ ʢʘʤʝʥʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʥʦ ʚʽʪʯʠʟʥʷʥʦʛʦ ʟʘʥʦʜʘʚʩʪʚʘ 

(ʧʦʩʪʘʥʦʚʘ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 27.07.94 ˉ 512) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʜʝʢʦʨʘʪʠʚʥʝ ʢʘʤʽʥʥʷ ï ʢʦʣʴʦʨʦʚʽ 

ʤʘʨʤʫʨ, ʢʚʘʨʮʠʪ ʪʘ ʽʥ. 

ɺ ʥʦʤʝʥʢʣʘʪʫʨʽ CIBJO ʪʝʨʤʽʥ çgemstonesè ï ʮʝ ʢʘʤʝʥʽ ʚʠʢʣʶʯʥʦ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ɸ ʪʦʤʫ, ʪʝʨʤʽʥ 

çʢʦʰʪʦʚʥʠʡ ʢʘʤʽʥʴè ʤʘʻ ʧʦʰʠʨʶʚʘʪʠʩʴ ʚʠʢʣʶʯʥʦ ʥʘ ʢʘʤʝʥʽ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ʊʨʘʜʠʮʽʡʥʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʦʰʪʦʚʥʦʛʦ ʢʘʤʽʥʥʷ ʙʘʟʫʶʪʴʩʷ ʥʘ ʩʧʦʞʠʚʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʽ ʻ ʚʽʜʤʽʥʥʠʤʠ ʚʽʜ 

ʤʽʥʝʨʘʣʦʛʽʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɼʦ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʥʦʩʷʪʴ ʽʩʪʦʨʠʯʥʽ ʪʨʘʜʠʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʨʠʥʢʦʚʘ ʚʘʨʪʽʩʪʴ 

ʢʘʤʝʥʶ, ʨʽʜʢʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʫ ʧʨʠʨʦʜʽ, ʧʨʦʟʦʨʽʩʪʴ, ʪʚʝʨʜʽʩʪʴ, ʷʩʢʨʘʚʽʩʪʴ ʟʘʙʘʨʚʣʝʥʥʷ, ʥʘʷʚʥʽʩʪʴ ʧʨʠʚʘʙʣʠʚʦʛʦ 

ʪʝʢʩʪʫʨʥʦʛʦ ʨʠʩʫʥʢʫ (ʜʣʷ ʥʝʧʨʦʟʦʨʠʭ ʢʘʤʝʥʽʚ); ʥʘʷʚʥʽʩʪʴ ʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ, ʧʦʧʫʣʷʨʥʽʩʪʴ ʥʘ ʨʠʥʢʫ (ʤʦʜʘ) ʪʦʱʦ. 

ʂʦʰʪʦʚʥʽ ʢʘʤʝʥʽ, ʷʢʽ ʻ ʤʽʥʝʨʘʣʘʤʠ, ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʧʦ ʨʷʜʫ ʧʝʚʥʠʭ ʦʟʥʘʢ ʽ ʤʦʞʫʪʴ ʧʦʜʽʣʷʪʠʩʷ: 

- ʟʘ ʧʦʭʦʜʞʝʥʥʷʤ (ʛʝʥʝʪʠʯʥʽ ʢʣʘʩʠʬʽʢʘʮʽʾ), ʧʦ ʾʭ ʩʢʣʘʜʫ, ʧʦ ʥʘʡʙʽʣʴʰ ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʥʠʭ ʝʣʝʤʝʥʪʫ 

(ʥʘʧʨʠʢʣʘʜ, ʚʠʜʽʣʷʶʪʴ ʤʽʥʝʨʘʣʠ, ʱʦ ʤʽʩʪʷʪʴ ʟʘʣʽʟʦ, ʦʣʦʚʦ, ʤʽʜʴ ʽ ʪ.ʜ.), 

- ʧʦ ʢʨʠʩʪʘʣʦʛʨʘʬʯ̔ʥʠʤ ʦʟʥʘʢʘʤʠ. ɺ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʽʥʝʨʘʣʽʚ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ 

(ʟʘ ʪʠʧʘʤʠ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʽ ʟʚ'ʷʟʢʽʚ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʩʪʨʫʢʪʫʨʥʠʭ ʪʠʧʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʥʘʚʝʜʝʥʝ, ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʚʠʟʥʘʯʝʥʥʷ, ʱʦ ʢʦʰʪʦʚʥʝ ʢʘʤʽʥʥʷ ï ʮʝ ʧʨʦʟʦʨʽ ʽ ʥʝʧʨʦʟʦʨʽ 

ʧʨʠʨʦʜʥʽ ʫʪʚʦʨʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʤʽʥʝʨʘʣʽʚ ʽ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʷʢʽ ʤʘʶʪʴ ʛʘʨʥʠʡ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ (ʷʢ ʧʨʘʚʠʣʦ, ʧʽʩʣʷ 

ʧʦʣʽʨʫʚʘʥʥʷ ʘʙʦ ʦʛʨʘʥʶʚʘʥʥʷ), ʧʨʠ ʮʴʦʤʫ ʻ ʜʦʩʠʪʴ ʨʽʜʢʽʩʥʠʤʠ ʫ ʧʨʠʨʦʜʽ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦʨʦʛʠʤʠ. ɰʭ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʶʚʝʣʽʨʥʠʭ ʚʠʨʦʙʽʚ, ʟʙʠʨʘʶʪʴ ʚ ʢʦʣʝʢʮʽʷʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʙʘʥʢʽʚʩʴʢʽ ʘʢʪʠʚʠ. 

ʎʽʥʘ ʢʦʞʥʦʛʦ ʪʘʢʦʛʦ ʢʦʰʪʦʚʥʦʛʦ ʢʘʤʝʥʶ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʢʦʥʢʨʝʪʥʦʛʦ ʟʨʘʟʢʘ, ʨʽʚʥʷ ʡʦʛʦ 

ʝʩʪʝʪʠʯʥʦʾ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʪʘ ʧʦʪʝʥʮʽʘʣʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʶʚʝʣʽʨʥʽʡ ʩʧʨʘʚʽ ʘʙʦ ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʦʤʫ ʯʠ 

ʢʘʤʥʝʨʽʟʥʦʤʫ ʤʠʩʪʝʮʪʚʽ. 

ʋʜʘʥʦʤʫ ʘʩʧʝʢʪʽ ʙʫʜʝ ʫʞʝ ʥʝʧʨʘʚʠʣʴʥʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʢʦʰʪʦʚʥʦʛʦ ʢʘʤʽʥʥʷ, ʘ ʚʽʨʥʽʰʝ ï ʧʨʦ 

ʧʝʨʝʣʽʢ ʢʦʰʪʦʚʥʦʛʦ ʢʘʤʽʥʥʷ, ʷʢʠʡ ʙʫʜʝ ʚʨʘʭʦʚʫʚʘʪʠ ʡʦʛʦ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɼʦ ʪʘʢʦʛʦ ʧʝʨʝʣʽʢʫ ʢʦʰʪʦʚʥʦʛʦ 

ʢʘʤʽʥʥʷ ʧʦʪʨʽʙʥʦ ʚʢʣʶʯʠʪʠ ʷʢ ʤʽʥʝʨʘʣʦʛʽʯʥʽ ʽ ʧʝʪʨʦʛʨʘʬʽʯʥʽ ʥʘʟʚʠ, ʪʘʢ ʽ ʾʭ ʚʣʘʩʥʽ ʪʦʨʛʦʚʽ ʥʘʟʚʠ. ʅʘʧʨʠʢʣʘʜ, ʩʫʣʪʘʥʽʪ 

(ʚʣʘʩʥʘ ʥʘʟʚʘ ʶʚʝʣʽʨʥʦʛʦ ʨʽʟʥʦʚʠʜʫ ʤʽʥʝʨʘʣʫ ʜʽʘʩʧʦʨ). 

ɸ ʪʦʤʫ ʜʣʷ ʚʽʪʯʠʟʥʷʥʦʾ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʦʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʦʧʪʠʤʽʟʘʮʽʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʦʰʪʦʚʥʦʛʦ ʽ 

ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʘʤʽʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʚʽʪʦʚʠʭ ʧʽʜʭʦʜʽʚ, ʙʫʜʝ ʥʘʡʧʨʠʡʥʷʪʥʽʰʠʤ ʷʢ 

ʥʘʡʪʦʯʥʽʰʝ ʚʽʜʪʚʦʨʠʪʠ ʧʽʜʭʦʜʠ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ çʉʠʥʽʡ ʢʥʠʟʽè CIBJO, ʧʝʨʝʢʣʘʚʰʠ ʘʥʛʣʦʤʦʚʥʽ ʪʝʨʤʽʥʠ ʽ ʚʠʟʥʘʯʝʥʥʷ ʥʘ 

ʫʢʨʘʾʥʩʴʢʫ ʤʦʚʫ. 
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This article describes the new improved approach of the cost estimate of native stones and fossils as the collection 

samples according to the qualitative assessment of their typical and unique properties. 

 

ʂʦʣʝʢʮʽʡʥʠʤʠ ʟʨʘʟʢʘʤʠ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷ ʪʘ ʩʢʘʤôʷʥʽʣʠʭ ʨʝʰʪʦʢ ʛʝʦʣʦʛʽʯʥʦʛʦ ʤʠʥʫʣʦʛʦ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ 

ʤʽʥʝʨʘʣʠ ʪʘ ʤʽʥʝʨʘʣʴʥʽ ʘʛʨʝʛʘʪʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘʫʢʦʚʠʡ ʘʙʦ ʥʘʚʯʘʣʴʥʠʡ ʽʥʪʝʨʝʩ, ʘ ʪʘʢʦʞ ʤʘʶʪʴ ʚʠʩʦʢʫ 

ʜʝʢʦʨʘʪʠʚʥʦ-ʝʩʪʝʪʠʯʥʫ ʮʽʥʥʽʩʪʴ. 

ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʢʨʠʩʪʘʣʠ, ʞʝʦʜʠ, ʜʨʫʟʠ ʪʘ ʽʥʰʽ ʤʽʥʝʨʘʣʴʥʽ ʘʛʨʝʛʘʪʠ, ʱʦ ʩʣʫʛʫʶʪʴ ʘʙʦ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ 

ʤʫʟʝʡʥʠʤʠ ʝʢʩʧʦʥʘʪʘʤʠ, ʘ ʪʘʢʦʞ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʝʣʝʤʝʥʪʠ ʜʣʷ ʧʨʠʢʨʘʰʘʥʥʷ ʽʥʪʝʨô̒ ʨʽʚ, ʘʙʦ  ̒ ʧʨʝʜʤʝʪʘʤʠ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʢʦʣʝʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʧʨʦʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʠʭ ʟʨʘʟʢʽʚ ʯʠ ʢʦʣʝʢʮʽʡʥʠʭ ʥʘʙʦʨʽʚ. ʂʦʣʝʢʮʽʡʥʽ ʧʨʠʨʦʜʥʽ 

ʢʘʤʝʥʽ ʪʘ ʩʢʘʤôʷʥʽʣʽ ʨʝʰʪʢʠ ʛʝʦʣʦʛʽʯʥʦʛʦ ʤʠʥʫʣʦʛʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʩʪʽʡʢʠʤ ʧʦʧʠʪʦʤ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʪʘ ʟʦʚʥʽʰʥʴʦʤʫ 

ʨʠʥʢʘʭ, ʘ ʪʦʨʛʦʚʽ ʦʧʝʨʘʮʽʾ ʟ ʥʠʤʠ ʤʘʶʪʴ ʟʥʘʯʥʫ ʬʽʥʘʥʩʦʚʫ ʩʢʣʘʜʦʚʫ. ʄʽʞʥʘʨʦʜʥʘ ʪʦʨʛʽʚʣʷ ʚʝʜʝʪʴʩʷ ʯʠʩʣʝʥʥʠʤʠ 

ʧʦʩʝʨʝʜʥʠʮʴʢʠʤʠ ʬʽʨʤʘʤʠ ʟ ʉʐɸ, ʂʘʥʘʜʠ, ɹʨʘʟʠʣʽʾ, ʌʈʅ, ɯʪʘʣʽʾ, ʐʚʝʡʮʘʨʽʾ, ɯʥʜʽʾ ʪʦʱʦ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʫ ɼɻʎʋ ʻ ʇʦʨʷʜʦʢ ʦʮʽʥʢʠ ʚʘʨʪʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʢʘʤʝʥʽʚ ʪʘ ʩʢʘʤôʷʥʽʣʠʭ ʨʝʰʪʦʢ ʛʝʦʣʦʛʽʯʥʦʛʦ 

ʤʠʥʫʣʦʛʦ ʚ ʢʦʣʝʢʮʽʡʥʠʭ ʟʨʘʟʢʘʭ, ʘʣʝ ʚʽʥ ʧʦʪʨʝʙʫʻ ʥʦʚʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ. ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʦʙôʻʢʪʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ 

ʢʦʣʝʢʮʽʡʥʠʤʠ ʟʨʘʟʢʘʤʠ ʟ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷ ʪʘ ʩʢʘʤôʷʥʽʣʠʭ ʨʝʰʪʦʢ ʛʝʦʣʦʛʽʯʥʦʛʦ ʤʠʥʫʣʦʛʦ, ʧʦʪʨʝʙʫʶʪʴ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ 

ʱʦʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʨʦʟʨʦʙʢʠ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʾʭ ʦʮʽʥʶʚʘʥʥʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ɼɻʎʋ, ʷʢ ʫʩʪʘʥʦʚʠ, ʱʦ ʫʧʦʚʥʦʚʘʞʝʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʦʮʽʥʥʦʾ ʚʘʨʪʦʩʪʽ ʪʘ ʚʠʜʘʯʫ 

ʝʢʩʧʝʨʪʥʠʭ ʚʠʩʥʦʚʢʽʚ ʢʦʣʝʢʮʽʡʥʠʭ ʟʨʘʟʢʽʚ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʦʧʨʘʮʶʚʘʪʠ ʥʦʚʽ ʧʽʜʭʦʜʠ, ʧʨʠʥʮʠʧʠ ʽ 

ʢʨʠʪʝʨʽʾ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʽʙʥʦʾ ʨʦʙʦʪʠ. 

ɺʘʨʪʽʩʥʘ ʦʮʽʥʢʘ ʢʦʣʝʢʮʽʡʥʠʭ ʟʨʘʟʢʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʾʭ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʪʝʩʪʫʚʘʥʥʽ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʟʥʘʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙô̒ ʢʪʽʚ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʷʢʦʩʪʽ, ʫʟʘʛʘʣʴʥʝʥʠʤʠ ʟʘ ʪʨʴʦʤʘ ʦʩʥʦʚʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ [3] 

(ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1.  

ʆʩʥʦʚʥʽ ʢʨʠʪʝʨʽʾ ʷʢʦʩʪʽ ʜʣʷ ʚʘʨʪʽʩʥʦʾ ʦʮʽʥʢʠ ʢʦʣʝʢʮʽʡʥʠʭ ʟʨʘʟʢʽʚ 

ʂʘʪʝʛʦʨʽʷ ʷʢʦʩʪʽ 

ʇʦʨʷʜʦʢ ʷʢʦʩʪʽ, 

ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʚʠʱʝʥʥʷ 

ʚʘʨʪʦʩʪʽ (k) 

ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ 

ʊʠʧʦʚʽ ʟʨʘʟʢʠ 

I ʧʦʨʷʜʦʢ        

(ʊʠʧʦʚʽ ʟʨʘʟʢʠ),        

k = 1 

ʂʦʣʝʢʮʽʡʥʽ ʟʨʘʟʢʠ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷ ʪʘ ʩʢʘʤ'ʷʥʽʣʠʭ ʨʝʰʪʦʢ, ʦʧʠʩ ʷʢʠʭ 

ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʥʘʚʯʘʣʴʥʠʭ, ʝʥʮʠʢʣʦʧʝʜʠʯʥʠʭ ʪʘ ʩʧʝʮʽʘʣʴʥʠʭ ʚʠʜʘʥʥʷʭ ʽ 

ʷʚʣʷʻ ʩʦʙʦʶ ʤʘʪʝʨʽʘʣʽʟʦʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʧʝʨʝʜʥʴʦ ʜʦʩʣʽʜʞʝʥʠʭ ʽ 

ʧʦʰʠʨʝʥʠʭ ʫ ʧʨʠʨʦʜʽ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʘʣʝ ʷʢʽ ʥʝ ʤʘʶʪʴ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʚʣʘʩʪʠʚʠʭ ʦʟʥʘʢ, ʱʦ ʚʠʨʽʟʥʷʣʠ ʙ ʾʭ ʩʝʨʝʜ ʧʦʜʽʙʥʠʭ 

ʘʥʘʣʦʛʽʚ (ʟʘ ʧʦʭʦʜʞʝʥʥʷʤ, ʬʦʨʤʦʶ, ʤʽʥʝʨʘʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ ʪʦʱʦ). 

ʅʘʧʨʠʢʣʘʜ, ʫʣʘʤʦʢ ʘʙʦ ʥʝʚʝʣʠʢʠʡ ʢʨʠʩʪʘʣʫ ʘʧʘʪʠʪʫ, ʬʨʘʛʤʝʥʪ ʚʽʜʙʠʪʢʫ 

ʝʚʨʠʧʪʝʨʫʩʘ (ʨʘʢʦʩʢʦʨʧʽʦʥʫ) ʚ ʛʽʨʩʴʢʽʡ ʧʦʨʦʜʽ, ʟʫʙ ʤʘʤʦʥʪʘ, ʱʦ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʤʫʟʝʾ ʢʦʰʪʦʚʥʦʛʦ ʪʘ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʘʤʽʥʥʷ (ʩʤʪ. 

ʍʦʨʦʰʝʚʝ, ɾʠʪʦʤʠʨʩʴʢʘ ʦʙʣ.) ʪʦʱʦ. 

II ʧʦʨʷʜʦʢ       

(ʊʠʧʦʚʽ 

ʜʦʚʝʨʰʝʥʽ 

ʟʨʘʟʢʠ), k = 2 

ʂʦʣʝʢʮʽʡʥʽ ʟʨʘʟʢʠ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷ ʪʘ ʩʢʘʤ'ʷʥʽʣʠʭ ʨʝʰʪʦʢ, ʷʢʠʤ 

ʧʨʠʪʘʥʥʽ ʚʩʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ I ʧʦʨʷʜʢʫ ʽ ʚ ʷʢʠʭ ʜʦʙʨʝ ʚʠʨʘʞʝʥʽ ʩʫʪʪʻʚʽ 

ʦʟʥʘʢʠ, ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʙʝʨʝʞʝʥʦʩʪʽ, ʚʜʘʣʽ ʨʦʟʤʽʨʠ, ʪʨʘʜʠʮʽʡʥʽ ʬʦʨʤʠ ʪʘ 

ʽʥ. ʊʦʙʪʦ ʢʦʣʝʢʮʽʡʥʽ ʟʨʘʟʢʠ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʜʝʬʝʢʪʽʚ ï ʪʨʽʱʠʥ,ʩʢʦʣʽʚ ʯʠ 

ʦʟʥʘʢ ʚʠʚʽʪʨʶʚʘʥʥʷ ʪʦʱʦ. ʅʘʧʨʠʢʣʘʜ,  ʩʢʘʣʝʥʦʾʜʨʠʯʥʠʡ ʘʙʦ 

ʨʦʤʙʦʝʜʨʠʯʥʠʡ ʢʨʠʩʪʘʣ ʽʩʣʘʥʜʩʴʢʦʛʦ ʰʧʘʪʫ, ʷʢʠʡ ʥʝ ʤʘʻ ʩʫʪʪʻʚʠʭ 

ʟʦʚʥʽʰʥʽʭ ʚʘʜ, ʧʨʦʟʦʨʠʡ ʽ ʙʝʟ ʩʪʦʨʦʥʥʽʭ ʚʢʣʶʯʝʥʴ. ɼʦʙʨʝ ʟʙʝʨʝʞʝʥʽ 

ʩʢʘʤ'ʷʥʽʣʽ ʨʝʰʪʢʠ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʧʦʰʠʨʝʥʠʭ ʨʷʜʽʚ Ammonoidea, 

Nautiloidea ʪʘ ʨʦʩʪʨʠ Belemnitoidea. 

III ʧʦʨʷʜʦʢ 

(ʊʠʧʦʚʽ 

ʜʦʚʝʨʰʝʥʽ 

ʩʠʤʚʦʣʽʯʥʽ 

ʟʨʘʟʢʠ), k = 4 

ʂʦʣʝʢʮʽʡʥʽ ʟʨʘʟʢʠ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷ ʪʘ ʩʢʘʤ'ʷʥʽʣʠʭ ʨʝʰʪʦʢ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʩʽʤ ʦʟʥʘʢʠ II ʧʦʨʷʜʢʫ ʪʘ ʷʢʽ ʽʩʪʦʨʠʯʥʦ ʧʦʚôʷʟʘʥʽ ʟ 

ʚʠʜʘʪʥʠʤʠ ʦʩʦʙʠʩʪʦʩʪʷʤʠ, ʩʣʘʚʝʪʥʠʤʠ ʧʦʜʽʷʤʠ ʯʠ ʰʠʨʦʢʦ ʚʽʜʦʤʠʤʠ 

ʢʦʣʝʢʮʽʷʤʠ. ʅʘʧʨʠʢʣʘʜ, ʢʨʠʩʪʘʣʠ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷ ʪʘ ʚʠʢʦʧʥʽ ʨʝʰʪʢʠ 

ʨʦʩʣʠʥ ʟ ʢʦʣʝʢʮʽʾ ʚʽʜʦʤʠʭ ʫʯʝʥʠʭ ʽ ʜʽʷʯʽʚ ʢʫʣʴʪʫʨʠ. 

ʈʽʜʢʽʩʥʽ ʟʨʘʟʢʠ 

IV ʧʦʨʷʜʦʢ  

(ʈʽʜʢʽʩʥʽ 

ʟʨʘʟʢʠ), k = 6 

ʂʦʣʝʢʮʽʡʥʽ ʟʨʘʟʢʠ, ʷʢʽ ʽʩʪʦʪʥʦ ʜʦʩʣʽʜʞʝʥʽ ʪʘ ʦʧʠʩʘʥʽ ʷʢ ʨʽʜʢʽʩʥʽ ʫ 

ʥʘʚʯʘʣʴʥʽʡ, ʝʥʮʠʢʣʦʧʝʜʠʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʯʠ ʚʫʟʴʢʦʥʘʧʨʘʚʣʝʥʠʭ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ. ʊʘʢʠʤ ʦʙ'ʻʢʪʘʤ ʧʨʠʪʘʤʘʥʥʽ ʷʩʢʨʘʚʦ 

ʚʠʨʘʞʝʥʽ ʩʚʦʻʨʽʜʥʽ ʽ ʚʣʘʩʪʠʚʽ ʣʠʰʝ ʾʤ ʢʦʣʽʨ, ʬʦʨʤʠ, ʨʦʟʤʽʨʠ, ʤʽʥʝʨʘʣʴʥʠʡ 

ʩʢʘʜ, ʚʢʣʶʯʝʥʥʷ ʪʘ ʧʨʠʩʫʪʥʽʩʪʴ ʷʢʠʭ ʚ ʛʝʦʣʦʛʽʯʥʠʭ ʦʙôʻʢʪʘʭ ï ʨʦʜʦʚʠʱʘʭ, 

ʤʘʩʠʚʘʭ, ʦʢʨʝʤʠʭ ʫʪʚʦʨʝʥʥʷʭ, ʧʦʷʩʥʶʻʪʴʩʷ ʦʩʦʙʣʠʚʠʤʠ ʛʝʦʣʦʛʽʯʥʠʤʠ 
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ʫʤʦʚʘʤʠ, ʱʦ ʨʽʜʢʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʠʨʦʜʽ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ 

ʧʨʘʚʦʤʽʨʥʦʩʪʽ ʚʽʜʥʝʩʝʥʥʷ ʢʦʣʝʢʮʽʡʥʠʭ ʟʨʘʟʢʽʚ ʜʦ ʜʘʥʦʾ ʢʘʪʝʛʦʨʽʾ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʜʦʜʘʪʢʦʚʦ ʥʝʟʘʣʝʞʥʫ ʝʢʩʧʝʨʪʠʟʫ ʩʪʦʨʦʥʥʽʤʠ ʬʘʭʽʚʮʷʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʚʝʣʠʢʘ ʜʨʫʟʘ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʛʘʣʽʪʫ ʘʙʦ ʚʽʜʙʠʪʦʢ ʨʽʜʢʽʩʥʦʾ 

ʨʦʩʣʠʥʠ ʥʘ ʛʽʨʩʴʢʽʡ ʧʦʨʦʜʽ.  ʇʘʣʝʦʥʪʦʣʦʛʽʯʥʽ ʚʽʜʙʠʪʢʠ ʩʢʝʣʝʪʽʚ ʜʨʝʚʥʽʭ 

ʨʠʙ, ʧʣʘʟʫʥʽʚ ʪʘ ʩʩʘʚʮʽʚ ʟʘʛʘʣʴʥʦ ʚʠʟʥʘʥʽ ʷʢ ʨʽʜʢʽʩʥʽ. 

V ʧʦʨʷʜʦʢ    

(ʈʽʜʢʽʩʥʽ 

ʜʦʚʝʨʰʝʥʮʽ 

ʟʨʘʟʢʠ), k = 10 

ʂʦʣʝʢʮʽʡʥʽ ʟʨʘʟʢʠ ,ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʟʙʝʨʝʞʝʥʦʩʪʽ 

ʪʘ ʜʦʩʢʦʥʘʣʦʩʪʽ ʪʘ ʻ ʚʠʥʷʪʢʦʚʠʤʠ ʟʘ ʙʫʜʴ-ʷʢʠʤʠ ʩʧʦʞʠʚʯʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʢʨʠʩʪʘʣ ʜʝʤʘʥʪʦʾʜʫ ʩʤʘʨʘʛʜʦʚʦ-ʟʝʣʝʥʦʛʦ 

ʢʦʣʴʨʫ ʟ ʚʢʣʶʯʝʥʥʷʤʠ ʙʽʩʩʦʥʽʪʫ. ʎʽʥʥʠʤʠ ʪʘ ʜʦʚʝʨʰʝʥʠʤʠ ʩʣʽʜ ʚʚʘʞʘʪʠ 

ʜʦʙʨʝ ʟʙʝʨʝʞʝʥʽ ʨʝʰʪʢʠ ʨʽʜʢʽʩʥʠʭ ʪʚʘʨʠʥ ʽ ʨʦʩʣʠʥ ʛʝʦʣʦʛʽʯʥʦʛʦ ʤʠʥʫʣʦʛʦ. 

VI ʧʦʨʷʜʦʢ 

(ʈʽʜʢʽʩʥʽ 

ʜʦʚʝʨʰʝʥʽ 

ʩʠʤʚʦʣʽʯʥʽ 

ʟʨʘʟʢʠ), k = 24 

ʂʦʣʝʢʮʽʡʥʽ ʟʨʘʟʢʠ, ʷʢʽ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ IV ʪʘ V ʧʦʨʷʜʢʫ, ʘ 

ʪʘʢʦʞ ʽʩʪʦʨʠʯʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʚʠʜʘʪʥʠʤʠ ʦʩʦʙʠʩʪʦʩʪʷʤʠ, ʰʠʨʦʢʦ ʚʽʜʦʤʠʤʠ 

ʢʦʣʝʢʮʽʷʤʠ, ʩʣʘʚʝʪʥʠʤʠ ʧʦʜʽʷʤʠ ʘʙʦ ʤʘʶʪʴ ʚʣʘʩʥʫ ʽʩʪʦʨʠʯʥʫ ʥʘʟʚʫ. 

ʅʘʧʨʠʢʣʘʜ, ʚʝʣʠʢʠʡ ʢʨʠʩʪʘʣ ʙʝʨʠʣʫ çʇʨʦʬʝʩʦʨ ʇʘʚʣʠʰʠʥè, ʱʦ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʄʫʟʝʾ ʢʦʰʪʦʚʥʦʛʦ ʪʘ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʘʤʽʥʥʷ (ʩʤʪ 

ɺʦʣʦʜʘʨʩʴʢ-ɺʦʣʠʥʩʴʢʠʡ, ɾʠʪʦʤʠʨʩʴʢʘ ʦʙʣ.,ʋʢʨʘʾʥʘ) ʽ ʥʘʟʚʘʥʠʡ ʪʘʢ ʥʘ 

ʯʝʩʪʴ ʚʠʜʘʪʥʦʛʦ ʫʢʨʘʾʥʩʴʢʦʛʦ ʚʯʝʥʦʛʦ-ʤʽʥʝʨʘʣʦʛʘ. ʉʠʤʚʦʣʽʯʥʠʤʠ ʪʘʢʦʞ ʻ 

ʨʽʜʢʽʩʥʽ ʧʘʣʝʦʥʪʦʣʦʛʽʯʥʽ ʟʥʘʭʽʜʢʠ, ʧʦʚôʷʟʘʥʽ ʟ ʨʦʙʦʪʦʶ ʚʽʜʦʤʠʭ ʫʯʝʥʠʭ ʪʘ 

ʾʭʥʽʤʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʤʠ ʝʢʩʧʝʜʠʮʽʷʤʠ. 

ʋʥʽʢʘʣʴʥʽ ʟʨʘʟʢʠ 

VII ʧʦʨʷʜʦʢ 

(ʋʥʽʢʘʣʴʥʽ 

ʟʨʘʟʢʠ), k = 48 

ʂʦʣʝʢʮʽʡʥʽ ʟʨʘʟʢʠ, ʷʢʽ ʩʫʪʪʻʚʦ ʜʦʩʣʽʜʞʝʥʽ ʪʘ ʦʧʠʩʘʥʽ ʷʢ ʫʥʽʢʘʣʴʥʽ ʫ 

ʥʘʚʯʘʣʴʥʽʡ, ʝʥʮʠʢʣʦʧʝʜʠʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʯʠ ʚʫʟʴʢʦʥʘʧʨʘʚʣʝʥʠʭ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ, ʘ ʪʘʢʦʞ  ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʙʨʝ 

ʚʠʨʘʞʝʥʠʤʠ ʽ ʧʨʠʪʘʤʘʥʥʠʤʠ ʣʠʰʝ ʾʤ ʢʦʣʴʦʨʦʤ,ʨʦʟʤʽʨʘʤʠ, ʤʽʥʝʨʘʣʴʥʠʡ ʪʘ 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʚʢʣʶʯʝʥʥʷʤʠ ʪʘ ʽʥ. ɼʦ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ ʚʽʜʥʦʩʷʪʴ ʪʘʢʦʞ 

ʨʽʜʢʽʩʥʽ ʢʦʣʝʢʮʽʡʥʽ ʧʨʠʨʦʜʥʽ ʢʘʤʝʥʽ ʪʘ ʩʢʘʤ'ʷʥʽʣʽ ʨʝʰʪʢʠ, ʧʨʦ ʷʢʽ ʥʝ ʙʫʣʦ 

ʜʦʩʽ ʥʽʷʢʠʭ ʚʽʜʦʤʦʩʪʝʡ. ʋʥʽʢʘʣʴʥʽ ʟʨʘʟʢʠ ï ʮʝ ʧʦʦʜʠʥʦʢʽ ʝʢʟʝʤʧʣʷʨʠ, 

ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʦʙʯʠʩʣʶʻʪʴʩʷ ʦʜʠʥʠʮʷʤʠ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ. ʈʽʰʝʥʥʷ ʧʨʦ 

ʚʽʜʥʝʩʝʥʥʷ ʟʨʘʟʢʘ ʜʦ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ ʷʢʦʩʪʽ ʚʠʤʘʛʘʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʥʝ ʤʝʥʰʝ 

ʥʽʞ ʜʚʦʭ ʥʝʟʘʣʝʞʥʠʭ ʝʢʩʧʝʨʪʽʚ. ʅʘʧʨʠʢʣʘʜ, ʛʨʘʥʜʽʜ'ʻʨʠʪ, ʪʘʬʬʝʾʪ ʘʙʦ 

ʬʨʘʛʤʝʥʪ ʚʽʜʙʠʪʢʘ ʥʘ ʛʣʠʥʠʩʪʦʤʫ ʩʣʘʥʮʽ ʧʝʨʰʦʧʪʘʭʘ (ʘʨʭʝʦʧʪʝʨʠʢʩʘ). 

VIII ʧʦʨʷʜʦʢ 

(ʋʥʽʢʘʣʴʥʽ 

ʜʦʚʝʨʰʝʥʽ 

ʟʨʘʟʢʠ), k = 96 

  

ʂʦʣʝʢʮʽʡʥʽ ʟʨʘʟʢʠ, ʷʢʽ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ VII  ʧʦʨʷʜʢʫ, ʘ 

ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʟʙʝʨʝʞʝʥʦʩʪʽ ʪʘ ʜʦʚʝʨʰʝʥʦʩʪʽ, 

ʽ ʚʠʥʷʪʢʦʚʽ ʟʘ ʙʫʜʴ-ʷʢʠʤʠ ʩʧʦʞʠʚʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʅʘʧʨʠʢʣʘʜ,  

ʚʝʣʠʢʽ ʫʣʘʤʢʠ ʜʝʨʝʚ'ʷʥʠʩʪʦʛʦ ʦʧʘʣʫ, , ʘʙʦ ʢʨʠʩʪʘʣʠ ʫʚʘʨʦʚʽʪʫ, ʨʦʟʤʽʨʦʤ 

ʙʽʣʴʰʝ 3 ʤʤ ʯʠ ʯʫʜʦʚʦ ʟʙʝʨʝʞʝʥʽ ʨʝʰʪʢʠ ʚʝʣʝʪʝʥʩʴʢʦʛʦ ʨʘʢʦʩʢʦʨʧʽʦʥʘ, ʱʦ 

ʞʠʚ ʫ ʛʝʦʣʦʛʽʯʥʦʤʫ ʤʠʥʫʣʦʤʫ 120 ʤʽʣʴʡʦʥʽʚ ʨʦʢʽʚ ʪʦʤʫ. 

IX ʧʦʨʷʜʦʢ 

(ʋʥʽʢʘʣʴʥʽ 

ʜʦʚʝʨʰʝʥʽ 

ʩʠʤʚʦʣʽʯʥʽ 

ʟʨʘʟʢʠ), k = 192 

ʂʦʣʝʢʮʽʡʥʽ ʟʨʘʟʢʠ, ʷʢʽ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ VIII ʧʦʨʷʜʢʫ ʪʘ 

ʽʩʪʦʨʠʯʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʚʠʜʘʪʥʠʤʠ ʦʩʦʙʠʩʪʦʩʪʷʤʠ, ʰʠʨʦʢʦ ʚʽʜʦʤʠʤʠ 

ʢʦʣʝʢʮʽʷʤʠ, ʩʣʘʚʝʪʥʠʤʠ ʧʦʜʽʷʤʠ ʘʙʦ ʤʘʶʪʴ ʚʣʘʩʥʫ ʽʩʪʦʨʠʯʥʫ ʥʘʟʚʫ. 

ʅʘʧʨʠʢʣʘʜ, ʘʢʚʘʤʘʨʠʥ ʉʘʥ-ʇʝʜʨʦ ʘʙʦ ʩʘʧʬʽʨ "ʃʦʛʘʥ", ʱʦ ʥʘʣʝʞʘʪʴ 

ʉʤʽʪʩʦʥʩʴʢʦʤʫ ʽʥʩʪʠʪʫʪʫ ʪʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʝʢʩʧʦʟʠʮʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʤʫʟʝʶ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ. 

 

ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ, ʱʦ ʟʚʠʯʘʡʥʘ ʚʘʨʪʽʩʪʴ ʦʙô̒ ʢʪʽʚ ʝʢʩʧʝʨʪʠʟʠ ʧʨʦʧʦʨʮʽʡʥʘ ʢʽʣʴʢʦʩʪʽ ʧʦʟʠʪʠʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʮ ̔ʦʙô̒ ʢʪʠ, ʚʘʨʪʽʩʥʘ ʦʮʽʥʢʘ ʢʦʣʝʢʮʽʡʥʠʭ ʟʨʘʟʢʽʚ ʧʨʠʨʦʜʥʠʭ ʢʘʤʝʥʽʚ ʪʘ ʩʢʘʤô̫ ʥʽʣʠʭ ʨʝʰʪʦʢ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʪʘʥʦʚʣʝʥʠʭ ʝʢʩʧʝʨʪʦʤ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʟʥʘʢ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙô̒ ʢʪʽʚ. ɺʽʜʧʦʚʽʜʥʦ, 

ʦʮʽʥʥʘ ʚʘʨʪʽʩʪʴ ʙʫʜʝ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ (1): 

 

ʇɺ=ɹɺ*k, (1) 

ʇɺ ï ʧʨʦʛʥʦʟʥʘ ʚʘʨʪʽʩʥʘ ʦʮʽʥʢʘ; 

ɹɺ ï ʙʘʟʦʚʘ ʚʘʨʪʽʩʪʴ; 

k ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʛʫʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙôʻʢʪʽʚ ʝʢʩʧʝʨʪʠʟʠ. 

 

ʅʘʧʨʠʢʣʘʜ, ʙʘʟʦʚʘ ʚʘʨʪʽʩʪʴ ʢʨʠʩʪʘʣʽʚ ʪʦʧʘʟʫ ʽʟ ɺʦʣʦʜʘʨʩʴʢ-ɺʦʣʠʥʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ (ɾʠʪʦʤʠʨʩʴʢʘ ʦʙʣ., ʋʢʨʘʾʥʘ) 

ʫ ʩʪʘʥʽ ʩʠʨʦʚʠʥʠ ʟ ʤʘʩʦʶ ʧʦʥʘʜ 20 ʛʨʘʤʽʚ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ II ʛʨʫʧʠ ʷʢʦʩʪʽ (ʜʦʙʨʘ) ʜʦ ʩʪʘʥʦʚʠʪʴ 3 ʜʦʣʘʨʠ ʉʐɸ ʟʘ ʛʨʘʤ 

(ʩʪʘʥʦʤ ʥʘ 01.09.2017) [2]. ʂʨʠʩʪʘʣ ʪʦʧʘʟʫ çɿʦʣʦʪʝ ʇʦʣʽʩʩʷè ʟ ʄʫʟʝʶ ʢʦʰʪʦʚʥʦʛʦ ʽ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʘʤʽʥʥʷ ʚʽʜʥʦʩʠʤʦ ʜʦ 

ʫʥʽʢʘʣʴʥʠʭ ʟʨʘʟʢʽʚ VII ʧʦʨʷʜʢʫ ʟʘ ʨʦʟʤʽʨʦʤ, ʚʘʛʦʶ ʽ ʟʘʙʘʨʚʣʝʥʥʷʤ. ɺʽʥ ʻ ʜʚʦʢʦʣʽʨʥʠʤ ʢʨʠʩʪʘʣʦʤ ʢʦʨʦʪʢʦʧʨʠʟʤʘʪʠʯʥʦʛʦ 



˸͗ͤ͊ͪͦ͒ͤ͊͜ ͍ͤ͊ͯͦͦ͟-͙ͨͪ͊ͭ͟;ͤ͊ ͦͤ͟ͺ͔͔ͪͤͼ͜Ύ ζ˿ͯ;͊ͫͤ͜ ͔ͭͻ͎ͤͦͦ͜͡͝ ͭ͊ ͙͍ͦͫͦ͋ͦͫͭ͜͡ ͍͙͒ͦ͋ͯͭͯ͟Σ ͙ͦ͋ͪͦ͋͟ ͜ ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύ ͙͎ͨͪͪͦ͒ͤͦͦ ͊ͣͤͤ͟͜Ύη 
International Scientific-Practical Conference "Modern technologies and features of quarrying,processing and uses of natural stones",  
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ʛʘʙʽʪʫʩʫ, ʱʦ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʨʦʟʨʽʟʽ ʤʘʻ, ʚʥʘʩʣʽʜʦʢ ʧʨʦʷʚʫ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ, ʦʚʘʣʴʥʫ ʬʦʨʤʫ. ɿʨʘʟʦʢ ʚʠʩʦʢʦ 

ʧʨʦʟʦʨʠʡ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʝʢʪʦʨʽʘʣʴʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʟʘʙʘʨʚʣʝʥʥʷ ï ʷʩʥʦ-ʙʣʘʢʠʪʥʦʛʦ ʫ ʚʠʛʣʷʜʽ ʩʤʫʛʠ ʚʩʝʨʝʜʠʥʽ 

ʢʨʠʩʪʘʣʫ ʪʘ ʨʦʞʝʚʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʥʘ ʧʝʨʠʬʝʨʽʾ. ʇʨʘʢʪʠʯʥʦ ʥʽʷʢʠʭ ʧʨʠʨʦʜʥʠʭ ʧʣʦʩʢʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʬʦʨʤ ʥʘ 

ʢʨʠʩʪʘʣʽ ʥʝ ʟʙʝʨʝʛʣʦʩʷ. ʄʘʩʘ ʢʨʠʩʪʘʣʫ ʩʪʘʥʦʚʠʪʴ 5390 ʛʨʘʤ [1]. 

ʆʪʞʝ, ʡʦʛʦ ʦʮʽʥʦʯʥʘ ʚʘʨʪʽʩʪʴ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ:  

 

ʇɺ=ʄ*(ɹɺ*k)=5390 ʛ *3 $/ʛ*48 = 80160 ʜʦʣʘʨʽʚ ʉʐɸ 

 

ʄ ï ʤʘʩʘ ʢʨʠʩʪʘʣʘ, ʷʢʘ ʜʦʨʽʚʥʶʻ 5390 ʛʨʘʤ; 

ɹɺ ï 3 ʜʦʣʘʨʠ ʉʐɸ ʟʘ ʛʨʘʤ (ʩʪʘʥʦʤ ʥʘ 01.09.17); 

k ï ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʛʫʚʘʥʥʷ ʚʘʨʪʦʩʪʽ ʜʣʷ ʫʥʽʢʘʣʴʥʠʭ ʟʨʘʟʢʽʚ VII ʧʦʨʷʜʢʫ, ʟʛʽʜʥʦ ʟ ʪʘʙʣ. 1, ʩʪʘʥʦʚʠʪʴ 48/  

ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʠʪʴ ʨʝʛʣʘʤʝʥʪʫʚʘʪʠ ʜʽʾ ʝʢʩʧʝʨʪʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʥʝʟʘʣʝʞʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʪʘ ʚʘʨʪʽʩʥʦʾ 

ʦʮʽʥʢʠ ʟʨʘʟʢʽʚ ʢʦʣʝʢʮʽʡʥʠʭ ʧʨʠʨʦʜʥʠʭ ʢʘʤʝʥʽʚ ʪʘ ʩʢʘʤôʷʥʽʣʠʭ ʨʝʰʪʦʢ ʛʝʦʣʦʛʽʯʥʦʛʦ ʤʠʥʫʣʦʛʦ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ɺʘʩʠʣʠʰʠʥ ɯ.ʉ., ɯʥʜʫʪʥʠʡ ɺ.ɺ., ʇʘʚʣʠʰʠʥ ɺ.ɯ. ʄʫʟʝʡ ʢʦʰʪʦʚʥʦʛʦ ʪʘ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʢʘʤʽʥʥʷ. ʂ: ɼɻʎʋ, 2001 ʨ. 

2. ʂʦʰʪʦʚʥʝ ʪʘ ʜʝʢʦʨʘʪʠʚʥʝ ʢʘʤʽʥʥʷ: ʜʦʚʽʜʥʠʢ ʮʽʥ ˉ3 (34)/ ʧʽʜ ʨʝʜ.. ʆ.ɺ. ʄʘʢʩʶʪʠ, ɺ ï ɼɻʎʋ, ISSN 2079-1186 

3. ʇʦʨʷʜʦʢ ʦʮʽʥʢʠ ʚʘʨʪʦʩʪʽ ʧʨʠʨʦʜʥʠʭ ʢʘʤʝʥʽʚ ʪʘ ʩʢʘʤôʷʥʽʣʠʭ ʨʝʰʪʦʢ ʛʝʦʣʦʛʽʯʥʦʛʦ ʤʠʥʫʣʦʛʦ ʚ ʢʦʣʝʢʮʽʡʥʠʭ ʟʨʘʟʢʘʭ, 

ʟʘʪʚʝʨʜʞʝʥʠʡ ʥʘʢʘʟʦʤ ɼɻʎʋ ʚʽʜ 19.12.2000 ˉ 541.  

 

 

ʋɼʂ  549.091.3+549.091.5 

 

ɭʤʝʣʴʷʥʦʚ ɯ.O., ɻʘʻʚʩʴʢʠʡ ʖ.ɼ. 

Yemelyanov I., Gaʽevsky Y. 

 

ʆɻʃʗɼ ʆʉʅʆɺʅʀʍ ʄɽʊʆɼɯɺ ɼɯɸɻʅʆʉʊʀʂʀ ʉʀʅʊɽʊʀʏʅʀʍ CVD ɼɯɸʄɸʅʊɯɺ 

OVERVIEW OF THE BASIC METHODS FOR SYNTHETIC CVD DIAMONDS DIAGNOSTIC 

 

ɼʝʨʞʘʚʥʠʡ ʛʝʤʦʣʦʛʽʯʥʠʡ ʮʝʥʪʨ ʋʢʨʘʾʥʠ, 04119, ʤ. ʂʠʾʚ, ʚʫʣ. ɼʝʛʪʷʨʽʚʩʴʢʘ, 38-44 

State Gemological Center of Ukraine, 04119, Kyiv, vul. Degtyarivska, 38-44 

+38 044 492-93-21, gud@gems.org.ua; +38 044 492-93-23, i.emelianov@gems.org.ua 

 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʤʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʬʽʟʠʯʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʠʨʦʜʠ ʧʦʭʦʜʞʝʥʥʷ ʦʛʨʘʥʦʚʘʥʠʭ ʶʚʝʣʽʨʥʠʭ ʚʩʪʘʚʦʢ ʜʽʘʤʘʥʪʽʚ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ɼʝʨʞʘʚʥʦʛʦ ʛʝʤʦʣʦʛʽʯʥʦʛʦ ʮʝʥʪʨʫ 

ʋʢʨʘʾʥʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ:ʜʽʘʤʘʥʪ, ʩʠʥʪʝʪʠʯʥʠʡ ʜʽʘʤʘʥʪ, ʜʽʘʛʥʦʩʪʠʢʘ ʩʠʥʪʝʪʠʯʥʠʭ ʜʽʘʤʘʥʪʽʚ, CVD ʜʽʘʤʘʥʪʠ. 

 

Gemological properties and physical diagnostic characteristics to determine the nature of faceted diamond inserts were 

studied in the laboratory of the State Gemological Center of Ukraine 

Key words: diamond, synthetic diamond, diagnostics of synthetic diamonds, CVD diamonds. 

 

ɼʦ ɼʝʨʞʘʚʥʦʛʦ ʛʝʤʦʣʦʛʽʯʥʦʛʦ ʮʝʥʪʨʫ ʋʢʨʘʾʥʠ (ɼɻʎʋ) ʧʨʦʪʷʛʦʤ 2016-2017 ʨʦʢʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʠʟʠ 

ʙʫʣʦ ʥʘʜʘʥʦ ʜʽʘʤʘʥʪʠ ʫ ʦʛʨʘʥʦʚʘʥʠʭ ʚʩʪʘʚʢʘʭ ʪʘ ʚʠʨʦʙʘʭ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʨʦʜʠ ʾʭ ʧʦʭʦʜʞʝʥʥʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʢʦʤʧʣʝʢʩʥʝ ʛʝʤʦʣʦʛʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʜʘʥʠʭ ʥʘ ʝʢʩʧʝʨʪʠʟʫ ʜʽʘʤʘʥʪʽʚ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʄʽʢʨʦʩʢʦʧʽʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʝʨʩʽʡʥʦʛʦ ʛʝʤʦʣʦʛʽʯʥʦʛʦ 

ʤʽʢʨʦʩʢʦʧʫ Eichorst. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʦʤ ɯʏ-ʌʫʨôʻ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (ʜʘʣʽ ï ɯʏ-ʩʧʝʢʪʨʦʩʢʦʧʽʷ) ʧʨʦʚʦʜʠʣʦʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ çʄʝʪʦʜʠʢʠ 

ʜʽʘʛʥʦʩʪʠʢʠ ʜʦʨʦʛʦʮʽʥʥʦʛʦ ʢʘʤʽʥʥʷ  ʤʝʪʦʜʦʤ ɯʏ-ʌʫʨôʻ ʩʧʝʢʪʨʦʩʢʦʧʽʾè [1]. ɯʏ-ʩʧʝʢʪʨʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʽ 

ʤʦʜʝʣʽ çNicolet 6700è ʚʠʨʦʙʥʠʮʪʚʘ çThermoFisher Scintificè ʟ ʧʨʠʩʪʘʚʢʦʶ Condenser ʟʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 7000ï400 ʩʤ-1. ʂʽʣʴʢʽʩʪʴ ʩʢʘʥʫʚʘʥʴ ʫ ʮʠʢʣʽ ʚʠʤʽʨʶʚʘʥʥʷ ï 256-2816 ʟʘ ʨʦʟʜʽʣʴʥʠʭ ʟʜʘʪʥʦʩʪʷʭ 1 

ʪʘ 4 ʩʤ-1. 

ɺʠʚʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ñDiamondViewÊò ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʟʨʘʟʢʘ ʋʌ-ʭʚʠʣʷʤʠ, lʚʠʧʨ.< 

225 ʥʤ. 

ʎʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʝʨʝʜʫʚʘʣʦ ʚʠʟʥʘʯʝʥʥʷ ʛʝʤʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʘʤʝʥʽʚ: 

- ʥʘʟʚʘ ʢʘʤʝʥʽʚ ï ʜʽʘʤʘʥʪ; 

- ʢʦʣʽʨ ï ʙʝʟʙʘʨʚʥʠʡ, ʙʣʽʜʦ-ʙʣʘʢʠʪʥʠʡ, ; ʩʽʨʫʚʘʪʦ-ʢʦʨʠʯʥʝʚʠʡ. 

- ʚʠʜ ʦʛʨʘʥʫʚʘʥʥʷ ï ʂʨ-57, ʀ-57, ʄ-55; 

- ʦʧʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ï ʽʟʦʪʨʦʧʥʠʡ; 

- ʛʫʩʪʠʥʘ (ʛ/ʩʤ3) ï 3,53; 

mailto:gud@gems.org.ua
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- ʤʘʩʘ (ct.) ï 0,25-3,53; 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʪʠʟʠ ʚʠʟʥʘʯʝʥʦ ʱʦ ʥʘʜʘʥʽ ʚʩʪʘʚʢʠ ʻ ʩʠʥʪʝʪʠʯʥʠʤʠ ʜʽʘʤʘʥʪʘʤʠ ʢʨʠʩʪʘʣʽʟʦʚʘʥʠʤʠ 

ʤʝʪʦʜʦʤ CVD. 

CVD (chemical vapor deposition) ï ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʘʣʤʘʟʫ ʰʣʷʭʦʤ ʧʦʰʘʨʦʚʦʛʦ ʥʘʨʦʱʫʚʘʥʥʷ ʥʘ ʘʣʤʘʟʥʽʡ ʧʽʜʢʣʘʜʮʽ 

ʟ ʥʝʨʽʚʥʦʚʘʞʥʦʾ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʧʣʘʟʤʠ ʧʨʠ ʥʠʟʴʢʦʤʫ ʪʠʩʢʫ ʽ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʛʝʤʦʣʦʛʽʯʥʦʤʫ ʽʤʝʨʩʽʡʥʦʤʫ ʤʽʢʨʦʩʢʦʧʽ ʨʘʟʦʤ ʽʟ ʧʦʣʷʨʠʩʢʦʧʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʷʚʠʱʝ 

ʘʥʦʤʘʣʴʥʦʛʦ ʜʚʦʟʘʣʦʤʣʝʥʥʷ (ʨʠʩ. 1). ʎʝ ʷʚʠʱʝ ʫ ʉVD ʜ̔ʘʤʘʥʪʘʭ ʤʘʻ ʜʫʞʝ ʥʝ ʟʚʠʯʥʠʡ ʩʤʫʛʘʩʪʠʡ ʤʘʣʶʥʦʢ [4].  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʦʛʦ ɯʏ-ʩʧʝʢʪʨʫ ʚʠʷʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ: 

1. ʋ ʙʽʣʴʰʦʩʪʽ ʧʨʦʝʢʩʧʝʨʪʦʚʘʥʠʭ ʜʽʘʤʘʥʪʽʚ ʫ ʧʝʨʰʽ ʬʦʥʦʥʥʽʡ ʟʦʥʽ ɯʏ ʩʧʝʢʪʨʫ ʚʽʜʩʫʪʥʽ ʜʦʤʽʰʢʠ ʘʟʦʪʫ. ɿʘ ʮʽʻʶ 

ʦʟʥʘʢʦʶ ʜʦʩʣʽʜʥʠʢʠ [4] ʚʽʜʟʥʘʯʘʶʪʴ, ʱʦ ʬʽʟʠʯʥʠʡ ʪʠʧ ʜʽʘʤʘʥʪʽʚ ʻ II ʘ. 

2. ʊʘʢʦʞ ʪʨʝʙʘ ʚʽʜʟʥʘʯʠʪʠ ʱʦ ʫ ɯʏ-ʩʧʝʢʪʨʘʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʘʤʝʥʽʚ ʧʨʠʩʫʪʥʽ ʧʦʦʜʠʥʦʢʽ ʧʽʢʠ, ʷʢʽ ʥʝ 

ʜʽʘʛʥʦʩʪʫʚʘʣʠʩʴ ʫ ʧʨʠʨʦʜʥʠʭ ʜʽʘʤʘʥʪʘʭ, ʘ ʩʘʤʝ 3123, 6856 ʩʤ -1 [4,5]. 

3. ʋ ɯʏ-ʩʧʝʢʪʨʽ ʦʜʥʦʛʦ ʟ ʜʽʘʤʘʥʪʽʚ ʚʠʷʚʣʝʥʦ ʧʽʢ ʙʣʠʟʴʢʦ 2802 ʩʤ -1. ɼʦʩʣʽʜʥʠʢʠ [3] ʧʦʚôʷʟʫʶʪʴ ʮʝʡ ʧʽʢ ʽʟ 

ʢʦʣʠʚʘʥʥʷʤʠ ʜʦʤʽʰʢʠ ɺ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ˇʨʘʪʮʽ. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʜʽʘʤʘʥʪʽʚ ʫ ʧʨʠʣʘʜʽ ñDiamondViewÊò ʬʽʢʩʫʻʪʴʩʷ ʬʣʶʦʨʝʩʮʝʥʮʽʷ ʥʘʩʪʫʧʥʠʭ ʢʦʣʴʦʨʽʚ: ʨʦʞʝʚʠʡ, 

ʞʦʚʪʦ-ʟʝʣʝʥʠʡ, ʟʝʣʝʥʫʚʘʪʦ-ʙʣʘʢʠʪʥʠʡ, ʯʝʨʚʦʥʠʡ. ɺʥʫʪʨʽʰʥʷ ʤʦʨʬʦʣʦʛʽʷ ʧʨʦʷʚʣʝʥʘ ʫ ʩʤʫʛʘʩʪʦʩʪʽ ʧʦ ʧʦʚʝʨʭʥʷʤ 

ʟʨʦʩʪʘʥʥʷ [2] ʪʘ ʧʣʷʤʠʩʪʦʩʪʽ ʜʝʷʢʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ. ɿʘʟʥʘʯʝʥʽ ʚʠʱʝ ʦʩʦʙʣʠʚʦʩʪʽ ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʜʦʙʨʝ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʬʦʪʦʟʦʙʨʘʞʝʥʥʷʭ (ʨʠʩ. 2). 

 

  

ʈʠʩʫʥʦʢ 1. ɸʥʦʤʘʣʴʥe ʜʚʦʟʘʣʦʤʣʝʥʥʷ ʫ ʉVD ʜʽʘʤʘʥʪʽ ʤʘʩʘ 

ï 1,61 ct 

ʈʠʩʫʥʦʢ 2. CVD ʜʽʘʤʘʥʪ ʩʽʨʫʚʘʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʢʦʣʴʦʨʫ 

ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʋʌ-ʭʚʠʣʷʤʠ ʚ ʧʨʠʣʘʜʽ ñDiamondViewÊò, 

lʚʠʧʨ.< 225ʥʤ. ɼʦʙʨʝ ʬʽʢʩʫʻʪʴʩʷ ʯʽʪʢʘ ʩʤʫʛʘʩʪʽʩʪʴ ʧʦ 

ʧʦʚʝʨʭʥʷʭ ʟʨʦʩʪʘʥʥʷ 

 

CVD ʜʽʘʤʘʥʪʠ ʜʦʩʠʪʴ ʨʽʜʢʽ ʥʘ ʶʚʝʣʽʨʥʦʤʫ ʨʠʥʢʫ ʋʢʨʘʾʥʠ ʪʘ ʜʫʞʝ ʚʘʞʢʦ ʜʽʘʛʥʦʩʪʫʶʪʴʩʷ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʟʘʚʜʷʢʠ 

ʢʦʤʧʣʝʢʩʥʦʤʫ ʛʝʤʦʣʦʛʽʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʥʝʩʝʥʽ ʜʦ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʙʘʟʠ 

ʜʘʥʠʭ ʘʣʤʘʟʽʚ ʪʘ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʛʝʤʦʣʦʛʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʚ ɼʝʨʞʘʚʥʦʤʫ ʛʝʤʦʣʦʛʽʯʥʦʤʫ 

ʮʝʥʪʨʽ ʋʢʨʘʾʥʠ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʄʝʪʦʜʠʢʘ ʜʽʘʛʥʦʩʪʠʢʠ ʜʦʨʦʛʦʮʽʥʥʦʛʦ ʢʘʤʽʥʥʷ ʤʝʪʦʜʦʤ ɯʏ-ʌʫʨôʻ ʩʧʝʢʪʨʦʩʢʦʧʽʾ, ʟʘʪʚʝʨʜʞʝʥʘ ʥʘʢʘʟʦʤ ɼɻʎʋ ʚʽʜ 

21.12.2012 ˉ 149/12-1. 

2. ʆʥʪʦʛʝʥʽʷ ʘʣʤʘʟʽʚ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʤʘʟʥʠʭ ʶʚʝʣʽʨʥʠʭ ʚʩʪʘʚʦʢ ʫ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʾʭ ʟʘ 

ʧʨʠʨʦʜʦʶ ʦʛʨʘʥʦʚʘʥʦʛʦ ʢʘʤʝʥʷ ʪʘ ʟ ʤʝʪʦʶ ʧʘʩʧʦʨʪʠʟʘʮʽʾ. ɿʚʽʪ ʧʨʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʫ ʨʦʙʦʪʫ// ɼɻʎʋ 2012-2015. 

3. Zaitsev A.M. Optical properties of diamond // Berlin: Springer, ï 2001. ï 502 p. 

4. Wang W., Moses T., Linares R., Shigley J.E., Hall M., Butler J.E. 

5. Gem-quality synthetic diamonds grown by the chemical vapor deposition 

method. // Gems & Gemology, ï 2003 Vol. ï 39, No. 4, ï pp. 268ï283. 

6. Wuyi Wang,  Matthew S. Hall, Kyaw Soe Moe, Joshua Tower, Thomas M. Moses. Latest-Generation CVD-Grown Synthetic 

Diamonds. from Apollo Diamond Inc. //  Gems & Gemology, ï 2007. ï Vol. 43, ï No. 4, ï pp. 294ï312. 
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ɼɽʂʆʈɸʊʀɺʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʊɸ ɻɽʅɽɿʀʉ ʂɸʈɹʆʅɸʊʅʀʍ ʋʊɺʆʈɽʅʔ ɻɯʈʉʔʂʆɻʆ ʂʈʀʄʋ 

DECORATIVE PROPERTIES AND GENESIS OF CARBONATE FORMATIONS OF ʄOUNTAIN CRIMEA 

 
1
ʅʅɯ çɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʾè ʂʠʾʭʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ,  

ʚʫʣ. ɺʘʩʠʣʴʢʽʚʩʴʢʘ, 90, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ  
2
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ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʽ ʩʢʣʘʜʫ, ʜʝʢʦʨʘʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʛʝʥʝʟʠʩʫ ʢʘʨʙʦʥʘʪʥʠʭ ʫʪʚʦʨʝʥʴ ɻʽʨʩʴʢʦʛʦ 

ʂʨʠʤʫ: ʦʩʘʜʦʚʠʭ, ʛʽʜʨʦʪʝʨʤʘʣʴʥʦ ʧʝʨʝʨʦʙʣʝʥʠʭ  ʪʘ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʠʭ ʚʘʧʥʷʢʽʚ, ʩʠʜʝʨʠʪʦʚʠʭ ʪʘ ʢʘʣʴʮʠʪʦʚʠʭ ʢʦʥʢʨʝʮʽʡ 

ʪʘ ʩʝʢʨʝʮʽʡ, ʧʨʦʷʚʽʚ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʢʘʣʴʮʠʪʫ, ʢʘʨʙʦʥʘʪʥʠʭ ʞʠʣ ʪʘ ʧʨʦʷʚʽʚ ʦʥʽʢʩʫ. 

 

Considered the features of the decorative properties and Genesis carbonate formations of mountain Crimea: 

sedimentary, g³drotermal  recycled and metamorf³zations  limestone siderit and calcite concretions and sekrec³ons, displays of 

crystalline calcite, carbonate veins and displays of Onyx. 

 

ʂʘʨʙʦʥʘʪʥʽ ʫʪʚʦʨʝʥʥʷ  ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʫ ɻʽʨʩʴʢʦʤʫ ʂʨʠʤʫ: ʮʝ ʨʽʟʥʦʤʘʥʽʪʥʽ  ʦʩʘʜʦʚʽ ʧʦʨʦʜʠ 

(ʩʠʜʝʨʠʪʦʚʽ ʢʦʥʢʨʝʮʽʾ ʪʘʚʨʽʡʩʴʢʦʾ ʩʝʨʽʾ,  ʶʨʩʴʢʽ ʨʠʬʦʚʽ ʪʘ ʧʘʣʝʦʛʝʥʦʚʽ ʥʫʤʫʣʽʪʦʚʽ ʚʘʧʥʷʢʠ, ʛʽʜʨʦʪʝʨʤʘʣʴʥʦ ʧʝʨʝʨʦʙʣʝʥʽ  

ʪʘ ʤʝʪʘʤʦʨʬʽʟʦʚʘʥʽ ʚʘʧʥʷʢʠ, ʩʠʜʝʨʠʪʦʚʽ  ʪʘ ʢʘʣʴʮʠʪʦʚʽ ʩʝʢʨʝʮʽʾ ʟ ʢʨʠʩʪʘʣʽʯʥʠʤ ʚʠʧʦʚʥʝʥʥʷʤ ʨʽʟʥʦʢʦʣʴʦʨʦʚʠʭ 

ʢʘʨʙʦʥʘʪʽʚ, ʧʨʦʷʚʽʚ ʢʨʠʩʪʘʣʽʯʥʦʛʦ (ʘʞ ʜʦ ʽʩʣʘʥʜʩʴʢʦʛʦ ʰʧʘʪʫ) ʢʘʣʴʮʠʪʫ, ʢʘʨʙʦʥʘʪʥʠʭ ʞʠʣ ʪʘ ʧʨʦʷʚʽʚ ʦʥʽʢʩʫ, 

ʢʘʨʙʦʥʘʪʥʠʭ  ʧʨʦʞʠʣʢʽʚ ʫ ʚʫʣʢʘʥʽʯʥʠʭ ʧʦʨʦʜʘʭ ʪʘ ʷʰʤʘʭ ʽ ʪ.ʽʥ.  ʄʘʡʞʝ ʚʩʽ ʚʦʥʠ ʤʘʶʪʴ ʜʦʩʠʪʴ ʦʨʠʛʽʥʘʣʴʥʽ ʜʝʢʦʨʘʪʠʚʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʷʢ ʫ ʢʦʣʴʦʨʦʚʽʡ ʛʘʤʤʽ, ʪʘʢ ʽ ʚ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʬʦʨʤ ʚʠʜʽʣʝʥʥʷ. ʅʝ ʤʝʥʰ ʨʽʟʥʦʤʘʥʽʪʥʠʤ, ʘ ʽʥʢʦʣʠ  ̔

ʟʘʛʘʜʢʦʚʠʤ,  ̒  ̔ʛʝʥʝʟʠʩ ʮʠʭ ʫʪʚʦʨʝʥʴ, ʦʩʦʙʣʠʚʦ ʩʪʦʩʦʚʥʦ ʩʪʨʫʢʪʫʨ çʢʦʥʫʩ- ʚ- ʢʦʥʫʩè, ʢʨʠʩʪʘʣʽʚ ʨʦʟʤʽʨʦʤ ʜʦ ʜʝʩʷʪʢʘ 

ʩʘʥʪʠʤʝʪʨʽʚ ʢʦʨʠʯʥʝʚʦʛʦ ʦʙʦ ʧʝʨʣʘʤʫʪʨʦʚʦʛʦ ʢʘʣʴʮʠʪʫ ʚʩʝʨʝʜʠʥʽ ʩʚʦʻʨʽʜʥʠʭ ʢʫʣʴ, ʢʘʨʙʦʥʘʪʥʠʭ çʪʨʦʷʥʜè ʪʘ ʢʨʫʧʥʠʭ 

(ʜʦ 20 ʩʤ) ʢʨʠʩʪʘʣʽʚ ʽʩʣʘʥʜʩʴʢʦʛʦ ʰʧʘʪʫ ʩʝʨʝʜ ʚʘʧʥʷʢʽʚ, ʘʩʦʮʽʘʮʽʡ ʟ ʩʫʣʴʬʽʜʘʤʠ ʪʘ ʮʝʦʣʽʪʘʤʠ ʪʘ ʽʥ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʽʟʦʪʦʧʥʦʛʦ ʩʢʣʘʜʫ ʢʘʨʙʦʥʫ ʪʘ ʦʢʩʠʛʝʥʫ ʚ ʢʘʨʙʦʥʘʪʘʭ ʽʟ ʮʠʭ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʪʚʦʨʝʥʴ ʧʦʢʘʟʘʣʠ ʜʫʞʝ ʱʠʨʦʢʠʡ  ʜʽʘʧʘʟʦʥ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʽʟʦʪʦʧʽʚ ʚ ʥʠʭ, ʦʩʦʙʣʠʚʦ ʽʟʦʪʦʧʽʚ ʉ13 / ʉ12 , ̫ ʢʽ  ̒ʥʘʩʣʽʜʢʦʤ ʦʩʦʙʣʠʚʦʩʪʝʡ  ʾʭ ʛʝʥʝʟʠʩʫ (ʪʘʙʣʠʮʷ). ʗʢ 

ʚʠʜʥʦ ʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʽʟʦʪʦʧʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ 4 ʨ̔ ʟʢʦ ʚʽʜʤʽʥʥʠʭ ʛʨʫʧʠ ʢʘʨʙʦʥʘʪʥʠʭ ʫʪʚʦʨʝʥʴ ʟʘ ʽʟʦʪʦʧʥʠʤ 

ʩʢʣʘʜʦʤ ʢʘʨʙʦʥʫ:  

1 - ʢʘʨʙʦʥʘʪʠ ʽʟ çʥʘʜʣʝʛʢʠʤè ̔ʟʦʪʦʧʥʦ ʢʘʨʙʦʥʦʚʠʤ ʩʢʣʘʜʦʤ d13ʉ (-37.71ă) ï ʮ ʝ ʦʙʦʣʦʥʢʘ ʢʫʣʴʦʚʠʜʥʦʾ ʩʝʢʨʝʮʽʾ. 

ʊʘʢʠʡ ʽʟʦʪʦʧʥʠʡ ʩʢʣʘʜ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʢʘʨʙʦʥʫ çʨʦʩʣʠʥʥʦʛʦè ʧʦʭʦʜʞʝʥʥʷ;  

2 - ʢʘʨʙʦʥʘʪʠ  ʽʟ ʧʦʤʽʨʥʦ-ʣʝʛʢʠʤ ʽʟʦʪʦʧʥʦ-ʢʘʨʙʦʥʦʚʠʤ ʩʢʣʘʜʦʤ d13ʉ (-20-7.1ă), ʫ ʬʦʤʫʚʘʥʥʽ ʷʢʦʛʦ ʙʨʘʣʠ 

ʫʯʘʩʪʴ ʙʽʦʛʝʥʥʽ ʜʞʝʨʝʣʘ ʢʘʨʙʦʥʫ;  

3 - ʢʘʨʙʦʥʘʪʠ  ʟʽ çʟʚʠʯʘʡʥʠʤʠè ʽʟʦʪʦʧʥʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ d13ʉ (0+- 2.5ă), ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʦʩʘʜʦʚʦ-

ʢʘʨʙʦʥʘʪʥʦʛʦ ʜʞʝʨʝʣʘ ʢʘʨʙʦʥʫ;  

4 - ʢʘʨʙʦʥʘʪʠ ʽʟ çʥʘʜʚʘʞʢʠʤʠè ʟʥʘʯʝʥʥʷʤʠ d13ʉ (17.3-18.6), ʥʘʜʟʚʠʯʘʡʥʦ ʨʽʜʢʽʩʥʠʤʠ ʚ ʧʨʠʨʦʜʽ, ʷʢʽ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʥʝʟʚʠʯʥʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʥʠʭ. 

ʊʘʙʣʠʮʷ 1. 

ɯʟʦʪʦʧʥʠʡ ʩʢʣʘʜ ʜʝʷʢʠʭ ʢʘʨʙʦʥʘʪʥʠʭ ʫʪʚʦʨʝʥʴ ɻʽʨʩʴʢʦʛʦ ʂʨʠʤʫ 

ˉ  ˉ ʟʨʘʟʢʘ ʅʘʟʚʘ ʤʽʥʝʨʘʣʫ d18ʆ, ă d13ʉ, ă 

1 ʊʫʤ-2ʢ ʂʘʣʴʮʠʪ ʽʟ ʚʝʣʠʢʦʾ ʢʦʥʢʨʝʮʽʾ, ʙʘʣʢʘ ʊʫʤʘʥʦʚʘ 18.8 -12.1 

2 ʊʫʤ-2ʩ çʉʠʜʝʨʠʪè  ʟʚʽʜʪʠ ʞ 19.5 -7.3 

3 ʊʫʤ-3 ʂʘʣʴʮʠʪ ʽʟ ʤʘʣʦʾ ʢʦʥʢʨʝʮʽʾ 18.6 -6.9 

4 ʊʫʤ-4 çʉʠʜʝʨʠʪè ʽʟ ʦʢʨ. ʢʨʠʩʪʘʣʽʚ 22.2 -10.4 

5 ʄ-4 ʂʘʣʴʮʠʪ ʽʟ ʧʦʪʫʞʥʦʾ ʞʠʣʠ ʭʨ. ʄʘʛʥʽʪʥʦʛʦ 20.5 17.3 

6 ʄ-3 ʊʝ ʞ 22.3 18.6 

7 ʃʣ-1ʩ çʉʠʜʝʨʠʪè ʽʟ ʚʠʩʦʢʦʾ ʩʢʝʣʽ (ʃʝʚʽʥʩʦʥʘ-ʃʝʩʽʥʛʘ) 19.8 -20.0 

8 ʃʣ-1ʢ ʂʘʣʴʮʠʪ ʪʘʤ ʞʝ 23.3 -20.4 

9 ʑ-1 ʂʘʣʴʮʠʪ ʽʟ ʢʘʨʙʦʥʘʪʥʦʾ ʞʠʣʠ ʚ ʶʨʩʴʢʽʡ ʢʘʨʙʦʥʘʪʥʽʡ ʪʦʚʱʽ 

(ʩ. ʑʝʙʝʪʦʚʢʘ)  

27.0 0.9 

10 ʑ-2 ʂʘʣʴʮʠʪ ʽʟ ʢʘʨʙʦʥʘʪʥʦʾ çʪʨʦʷʥʜʠè ʪʘʤ ʞʝ 24.9 0.1 
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11 ʉʚ-2 ʂʘʣʴʮʠʪ ʽʟ ʞʝʦʜʠ ʫ ʚʫʣʢʘʥʽʪʘʭ ʧʽʜ ʛ.ñʉʚʷʪʦʶò 22.0 -8.4 

12 ʉʚ-1 ʇʨʦʞ. ʢʘʣʴʮʠʪʘ ʚ ʘʥʜʝʟʠʪʽ, ʛ. ʉʚʷʪʘ, ʜʞʝʨʝʣʦ ɻʷʫʨ-ɹʘʭ 22.9 -17.6 

13 ʑ-3 ʂʘʣʴʮʠʪ ʽʟ ʧʨʦʞʠʣʢʽʚ ʚ ʙʘʟʘʣʴʪʦʚʦʤʫ ʢʘʨôʻʨʽ  21.4 -7.1 

14 ɺ-1 ɹʝʣʝʤʥʽʪ ʽʟ ʙ.ʊʫʤʘʥʦʚʘ 26.4 0.0 

15 ʊʫʤ-10 ɹʽʣʠʡ ʢʘʣʴʮʠʪ ʽʟ ʩʝʢʨʝʮʽʾ (ʤʘʣʽ ʢʨʠʩʪʘʣʠ) 21.28 -1.41 

16 ɹʊ-ʂ ɹʽʣʠʡ ʢʘʣʴʮʠʪ ʽʟ ʩʝʢʨʝʮʽʾ  22.22 -2.49 

17 ɹʊ-ʉ ʂʦʨʠʯʥʝʚʠʡ ʢʘʣʴʮʠʪ ʽʟ ʩʝʢʨʝʮʽʾ  22.56 -11.51 

18 ʊʫʤ-11 ʆʙʦʣʦʥʢʘ  ʩʝʢʨʝʮʽʾ 30.9 -37.71 

19 ʉʫʜ-2 ɯʩʣʘʥʜʩʴʢʠʡ ʰʧʘʪ, ʛʦʨʘ ʙʽʣʷ ʤ. ʉʫʜʘʢ 25.09 1.16 

20 ɺ-1 ɹʝʣʝʤʥʽʪ, ʙ.ʊʫʤʘʥʦʚʘ 26.4 0.0 
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ʇʦʢʘʟʘʥʦ ʚʝʣʠʢʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʢʘʤʝʥʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʤʽʩʴʢʦʛʦ ʧʨʦʩʪʦʨʫ ɺʨʦʮʣʘʚʘ 

(ʘʨʭʽʪʝʢʪʫʨʘ, ʩʢʫʣʴʧʪʫʨʘ). ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʨʠʢʣʘʜʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʟ ʧʨʠʣʝʛʣʦʾ ʦʢʦʣʠʮʽ 

ʤʽʩʪʘ ʪʘ ʽʤʧʦʨʪʫʶʪʴʩʷ ʟ ʫʩʴʦʛʦ ʩʚʽʪʫ. ʇʦʢʘʟʘʥʦ ʨʽʟʥʽ ʟʙʝʨʝʞʝʥʽ ʫ ʢʘʤʝʥʽ ʷʚʠʱʘ ʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʽʣʶʩʪʨʫʶʪʴ ʧʨʦʮʝʩʠ 

ʝʚʦʣʶʮʽʾ ʤʘʛʤʠ, ʤʝʪʘʤʦʨʬʽʟʤʫ, ʪʝʢʪʦʥʽʢʠ ʪʘ ʩʝʜʠʤʝʥʪʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ ʮʽʢʘʚʽ ʩʢʘʤ'ʷʥʽʣʦʩʪʽ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ñʨʝʩʫʨʩʽʚò ʜʣʷ ʨʦʟʚʠʪʢʫ ʤʽʩʴʢʦʛʦ ʛʝʦʪʫʨʠʟʤʫ ʪʘ ʥʘʚʯʘʥʥʷ ʟ ʛʝʦʣʦʛʽʾ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʝʡ, ʪʘʢʠʭ ʷʢ 

ʚʠʜʦʙʫʪʦʢ ʽ ʦʙʨʦʙʢʘ ʢʘʤʝʥʶ.  

 

A large variety of stone types applied in the arrangement of urban space of Wroclaw (architecture, sculptures) has been 

shown. Examples of used rocks, coming from the close vicinity of the city as well as imported from around the world have been 

presented. Various phenomena and structures preserved in stone, which illustrate the processes of magma evolution, 

metamorphism, tectonics and sedimentation, including interesting fossils have been shown. The possibilities of use of these 

ñresourcesò for the development of urban geotourism and education of geology and other fields such as mining and stone 

processing have been presented. 

 

Wroclaw is a city with over 600 thousand inhabitants with a history dating back to the 10th century. It was built at the 

junction of former important trade routes, the most important of which were the amber route (Baltic ï Rome) and Via Regia (or 

the St. Jacob trail: Ruthenia ï Santiago de Compostela). In the following centuries, Wroclaw was under Polish rule, and later: the 

Czech Crown, the Habsburg monarchy, Prussian (German) ï and finally came back to Poland in 1945. It was always an 

important and big city that gradually and consistently developed. Till today, Wroclaw is a strong industrial, commercial, tourist, 

scientific (over 25 universities and colleges, 120 thousand students) and cultural (eg EURO2012, European Capitol of Culture 

2016, The World Games 2017) center. Wroclaw is the capital of the Lower Silesian Voivodeship, located in SW Poland, 

distinguished by exceptionally complicated geological structure and occurrence of deposits of many mineral resources, including 

building stones. History and geopolitical and geological location have made the city very rich in monuments and other historical 

and modern buildings (constructions), erected with the use of numerous and various stones. These are rocks of local origin 

(Lower Silesia), regional (central Poland, borderland of the Czech Republic and Germany) and imported from all over the world.  

The paper presents briefly a wide range of construction stone types used in Wroclaw, with particular emphasis on the variety of 

geological phenomena and structures visible in them. These ñresourcesò are used to prepare different geotourist routs and in 

education of geology in general. Individual elaborations showing these issues are presented in domestic scientific and popular 

journals (e.g. [3ï6]). 

The dominant stone on the streets of Wroclaw is gray Strzegom granite, heavily mined in quarries located only 20ï40 

km from a city. This rock is mostly used as paving stones and pavement tiles. On the surfaces of the latter, sometimes very 

mailto:pawel.zagozdzon@pwr.edu.pl
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interesting examples of tectonic phenomena associated with evolution of magmatic massif (enclaves, generations of veins) are 

available for observation (Fig. 1, [4, 6]). But Strzegom granite is also used for making decorative elements or surprising 

sculptures, like figure of elephant in natural size [2] or artistic arrangement under the title ñGranitosaurò (Fig. 2). Other Lower 

Silesianôs granites are much less common in Wroclaw, but they are sometimes used in the construction of the most representative 

buildings and designs. The best example is the historic Grunwald Bridge (German: Kaiserbr¿cke), made of 2400 t of pink granite 

from the Karkonosze Mts. 

Another important type of architectural stone that is mined in Lower Silesia is sandstone. In older buildings we find its 

different varieties with the characteristic conglomeratic sandstone from Radk·w. Modern arrangements are dominated by fine-

grained rocks from the Bolesğawiec region. Relatively rare are red permian sandstones [5, 6].  

 

 
 

Fig. 1. Examples of tectonic phenomena in pavement tiles 

of Strzegom granite in Wroclaw: strongly deformed 

hornfels xenolith (on the left) and biotite streaks and aplite 

veins (on the right) [4, 6] 

Fig. 2. ñGranitosaurò at the entrance of the Wroclaw 

Academy of Fine Arts [6] 

 

Mining of Lower Silesian marble is gradually declining, but numerous examples of use of these beautiful rocks can be 

seen in historical buildings. An excellent marble geotourist site is the flooring of the Church of God Corpus, made of marble 

from Sğawniowice (a rock used since the 14th century). You can observe an exceptional concentration of pegmatite veins and 

nests in this rock, that have undergone various tectonic deformations (fracturing, domino type structures, boudinage, folding; Fig. 

3A, [3, 6]). An interesting contemporary arrangement is the symbolic tombstone of St. Edith Stein in the form of an open book, 

made of White Marianne marble (Fig. 3B). 

 

 

Fig. 3. Tectonic details of floor tiles made of Sğawniowice 

marble ï boudinage, folded boudinage and domino type 

structure (A) [3] and structure of White Marianne marble 

well visible in the symbolic tombstone (B) 

Fig. 4. Transposition of foliation in Kashmir Gold gneiss [3] 
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Stones from Central and Eastern Poland (limestones and sandstones) are relatively rare in Wroclaw. The beautiful 

Zygmunt's (Sigismund's) limestone can be mentioned here, its largest concentration in the city is located on the floor in one of 

buildings of Wroclaw University of Science and Technology [6]. This is an interesting sedimentary breccia and conglomerate 

and its complex and beautiful structure documents several stages of rock formation. The clasts of Devonian limestone (Givetian 

and Frasnian documented by fossilia of Stromatopora i Amfipora) were bonded in upper Permian. Later occured a number of 

phases of tectonic pressure and mineralization which caused formation of many generations of polygenic, zonal carbonate veins 

and nests, veins of Fe-minerals and stylolites. A rather overwhelming example of the application of Carpathian sandstone is the 

huge, modern, geometrically-shaped building of library belonging to the University of Wroclaw. A specific feature of this stone 

is the gradual change of colour, which is related to the change in the oxidation state of the iron contained therein [5].  

Sometimes in Wroclaw, you can find stone elements made of interesting materials from nearby areas of the Czech 

Republic and Germany. Decoration of the oldest part of the main building of Wroclaw University of Science and Technology is 

the only place in the city, where a characteristic glauconite sandstone Cottaer Sandstein from Saxony was used. In the form of 

gravestones in the historic Jewish cemetery and fine paving stones occure a rock exploited before the World War II in Nixdorf ï 

today called Mikul¨ġovice, in Czech Republic. Its traditional trade name is Diabase, however it is advisable to call it rather a 

microgabbro [5].  

For many centuries, imported stone is used in Wroclaw, eg in the decoration of tombstones or in sculptures. Nowadays, 

such rocks are used in a large amount in the interior design and on the elevations of modern buildings.  

In particular, some sculptures and memorials can be attractive for geotourists, the following are three examples of such 

objects. In 2012, a beautifully ornamented khachkar (Armenian blooming cross) was placed in Wroclaw, to commemorate the 

genocide of the Armenians in 1915ï17. It is made of original Armenian stone ï basalt tuff with a perfectly visible structure of 

volcanic rock [6]. One of the modern sculptures in center of city is made of the well known Kashmir Gold gneiss. But in this 

case, on the polished surface of the rock you can see a very good example of specific structure characteristic for metamorphic 

rocks, a transposition of foliation (Fig. 4). A tectonically deformed amphibolite from the Alps was used to perform another 

modern sculpture created by Max Seibald, and titled ñ1m3 Kunstlandschaftò. Observation of the surfaces of the sculpture allows 

you to run the lesson of basic tectonics with analysis of fold vergence and directions of displacement along miniature faults (Fig. 

5, [5, 6]).  

  

 
Fig. 5. A sculpture ñ1m3 Kunstlandschaftò of Max Seibald (with main building of Wrocğaw University of Science and 

Technology as a background) and details of tectonic structures in a stone [5, 6] 

   

An interesting geotouristic curiosity of Wroclaw are fossils, sometimes occurring in big quantities in imported 

limestones. The skeletons of animals inhabiting the Mesozoic seas can be seen in several places, but the best example of such site 

are the elevations of the ñCapitolò Music Theater ï large building, located at one of the most important squares of the city. 

Sponges are prevalent there, but attention is drawn to belemnites and ammonites with perfectly visible elements of skeletons. A 

unique example is the concentration of skeletons of crabs in Spanish limestone Gris Alveolar used to decorate facades and 

flooring of one of modern residential buildings. The fossils are preserved in perfect condition, multidirectional sections reveal the 

details of the various parts of the skeleton, including the carapace interior [2, 4]. Another curiosity is the isolated bone of an 

unidentified vertebrate [3] in a rock known under the trade name Dolomite, used as facade material (Fig. 6).  

This paper shows only a modest part of geological phenomena visible in construction stones used in Wroclaw. What's 

more, there are other interesting structures, such as remnants of mining techniques (e.g. blastholes) or unique in cities of Central 

and Western Europe traces of fighting during World War II from fire of light weapons and artillery, preserved in stony walls of 

some buildings and in paving ([1, 3, 5], Fig. 7). All these phenomena make it possible to present very different geological issues 

(in the field of petrography, mineralogy, tectonics, magma evolution, metamorphism, sedimentology, paleontology, geology of 

mineral deposits e.t.c.), and issues from other fields (eg mining, stone processing, some aspects of architecture or history). First 
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of all it allows to conduct untypical education and popularization of geology, and the target group may include school children, 

students of fields such as Earth Sciences, Mining, Architecture and others but also many other people interested in the subjects 

[2, 3].  

There are interesting opportunities of further rock documentation to extend the geotourist offer because in modern 

architectural investments many new types of stones are used (like rich in the tectonic phenomena Chinese gneiss Pergola, applied 

on elevations of the tallest skyscraper in Wroclaw called ñSky Towerò [4]) and some types of stones used before World War II 

remain unrecognized for now.  

  

 
Fig. 6. Examples of fossilia in imported limestones (from left): a belemnite rostrum with phragmocone (Jura Beige), crab with 

visible details of skeleton (Gris Alveolar), fragment of vertebrate bone (Dolomite; [4]). 

  

 
Fig. 7. Small arms fire traces in blocks of granite (on the left) and sandstone (on the right) ï comparison of morphology [1].  
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ʈʦʟʛʣʷʥʫʪʽ ʤʽʥʝʨʘʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʧʽʚʜʦʨʦʛʦʮʽʥʥʦʛʦ ʢʘʤʝʥʷ ʟ ʪʦʨʛʦʚʦʶ ʥʘʟʚʦʶ çʝʡʣʘʪʩʴʢʠʡ ʢʘʤʽʥʴè. 

ʆʧʠʩʘʥʽ ʜʚʘ ʟʨʘʟʢʠ ʦʛʨʘʥʦʚʘʥʦʛʦ ñʝʡʣʘʪʩʴʢʦʛʦ ʢʘʤʝʥʷò. ɿʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʜʠʥ ʟ ʥʠʭ ʻ ʽʤʽʪʘʮʽʻʶ, ʚʠʛʦʪʦʚʣʝʥʦʶ ʟ 

ʫʣʘʤʢʽʚ ʤʽʥʝʨʘʣʴʥʠʭ ʟʝʨʝʥ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʣʘʭʽʪ, ʣʘʟʫʨʠʪ, ʧʘʨʘʛʝʥʝʟʠʩ ʤʽʥʝʨʘʣʽʚ, ʢʦʤʧʦʟʠʪʥʠʡ ʢʘʤʽʥʴ.  

 

Mineralogical characteristics of a gemstone with the trade name ñEilat stoneò are reviewed. Two samples cut en 

cabochons are described. A conclusion is made that one of them is an imitation Eilat stone manufactured using mineral 

fragments. 

Key words: malachite, lazurite, mineral paragenesis, composite stone. 

 

çʕʡʣʘʪʩʢʠʡ ʢʘʤʝʥʴè ð ʪʦʨʛʦʚʦʝ ʥʘʟʚʘʥʠʝ ʠʟʨʘʠʣʴʩʢʦʛʦ ʧʦʣʫʜʨʘʛʦʮʝʥʥʦʛʦ ʢʘʤʥʷ, ʢʦʪʦʨʳʡ ʜʦʙʳʚʘʣʩʷ 

ʥʝʧʦʜʘʣʸʢʫ ʦʪ ʛʦʨʦʜʘ ʕʡʣʘʪ. ɽʛʦ ʥʘʟʳʚʘʶʪ ʥʘʮʠʦʥʘʣʴʥʳʤ ʢʘʤʥʝʤ ʀʟʨʘʠʣʷ, çʢʘʤʥʝʤ ʮʘʨʷ ʉʦʣʦʤʦʥʘè [1-3] ʠ ʜʘʞʝ 

ʧʨʠʧʠʩʳʚʘʶʪ ʝʤʫ ʤʘʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [4]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʟʘʧʘʩʳ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʚ ʤʠʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʠʩʪʦʱʝʥʳ, ʢʘʤʝʥʴ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʨʝʜʢʠʤ ʠ ʫʥʠʢʘʣʴʥʳʤ, ʘ ʵʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʝʛʦ ʮʝʥʥʦʩʪʴ. ʅʝʢʦʪʦʨʳʝ 

ʠʩʪʦʯʥʠʢʠ ʧʨʝʜʫʧʨʝʞʜʘʶʪ ʧʦʢʫʧʘʪʝʣʝʡ ʦ ʪʦʤ, ʯʪʦ ʠʟ-ʟʘ ʨʝʜʢʦʩʪʠ ʢʘʤʥʷ ʙʦʣʴʰʠʥʩʪʚʦ ʦʙʨʘʟʮʦʚ, ʧʨʦʜʘʚʘʝʤʳʭ ʧʦʜ 

ʥʘʟʚʘʥʠʝʤ çʵʡʣʘʪʩʢʠʡ ʢʘʤʝʥʴè, ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʧʨʠʚʝʟʝʥʳ ʠʟ ʜʨʫʛʠʭ ʩʪʨʘʥ ʠ ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʜʣʠʥʥʳʤʠ ʠʟʨʘʠʣʴʩʢʠʤʠ 

ʩʘʤʦʮʚʝʪʘʤʠ [1-3]. ɸʚʪʦʨʫ ʧʨʝʜʩʪʘʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʜʚʘ ʦʙʨʘʟʮʘ çʵʡʣʘʪʩʢʦʛʦ ʢʘʤʥʷè, ʧʨʠʦʙʨʝʪʸʥʥʳʝ ʚ 

ʀʟʨʘʠʣʝ, ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ ʜʣʷ ʥʠʭ ʤʘʪʝʨʠʘʣʝ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʘʡʪ mindat.org ʦʧʠʩʳʚʘʝʪ çʵʡʣʘʪʩʢʠʡ ʢʘʤʝʥʴè ʢʘʢ ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʤʝʩʴ ʪʘʢʠʭ ʤʠʥʝʨʘʣʦʚ 

ʢʘʢ ʤʘʣʘʭʠʪ, ʘʟʫʨʠʪ, ʭʨʠʟʦʢʦʣʣʘ, ʧʩʝʚʜʦʤʘʣʘʭʠʪ, ʙʠʨʶʟʘ [2]. ʂʘʤʝʥʴ ʥʝʧʨʦʟʨʘʯʥʳʡ, ʝʛʦ ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʦʢʨʘʩʢʘ 

ʟʝʣʝʥʦʚʘʪʦ-ʛʦʣʫʙʘʷ, ʯʪʦ ʯʘʩʪʦ ʧʨʠʜʘʸʪ ʝʤʫ ʩʭʦʜʩʪʚʦ ʩ ʙʠʨʶʟʦʡ. ʆʥ ʭʦʨʦʰʦ ʧʦʜʜʘʸʪʩʷ ʧʦʣʠʨʦʚʢʝ, ʛʨʘʥʠʪʩʷ ʦʙʳʯʥʦ 

ʢʘʙʦʰʦʥʦʤ. ʇʦʜʯʸʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ ʠʤʝʝʪ ʩʚʦʡ ʥʝʧʦʚʪʦʨʠʤʳʡ ʨʠʩʫʥʦʢ ʚ ʢʨʘʩʠʚʳʭ ʩʠʥʠʭ ʠ ʟʝʣʸʥʳʭ 

ʪʦʥʘʭ, ʢʘʞʜʳʡ ʢʘʤʝʥʴ ʫʥʠʢʘʣʝʥ [1]. ɼʦʙʳʯʘ çʵʡʣʘʪʩʢʦʛʦ ʢʘʤʥʷè ʚʝʣʘʩʴ ʥʘ ʨʘʟʨʘʙʘʪʳʚʘʚʰʝʤʩʷ ʚ ʜʨʝʚʥʦʩʪʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʤʝʜʠ ʚ ʜʦʣʠʥʝ ʊʠʤʥʘ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 25 ʢʤ ʢ ʩʝʚʝʨʫ ʦʪ ʛʦʨʦʜʘ ʕʡʣʘʪ ʚ ʀʟʨʘʠʣʝ. ɺʤʝʱʘʶʱʠʤʠ 

ʮʝʥʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʧʦʨʦʜʘʤʠ ʷʚʣʷʣʠʩʴ ʧʝʩʯʘʥʠʢʠ. 

ɺ ʩʪʘʪʴʝ, ʧʦʩʚʷʱʸʥʥʦʡ ʛʝʦʣʦʛʠʠ ʨʘʡʦʥʘ ʊʠʤʥʘ-ʕʡʣʘʪ [5], ʦʧʠʩʘʥʳ ʫʯʘʩʪʢʠ ʤʝʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ɺ 

ʧʝʩʯʘʥʠʢʘʭ ʥʠʞʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʣʦʢʘʣʠʟʦʚʘʥʳ ʩʢʦʧʣʝʥʠʷ ʤʝʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʚʰʠʭʩʷ ʚ ʜʨʝʚʥʦʩʪʠ. 

ɿʜʝʩʴ ʚʩʪʨʝʯʘʶʪʩʷ ʩʫʣʴʬʠʜʳ ʤʝʜʠ ʪʸʤʥʦ-ʩʝʨʦʛʦ  ʮʚʝʪʘ (ʭʘʣʴʢʦʟʠʥ, ʢʦʚʝʣʣʠʥ ʠ ʜʨʫʛʠʝ), ʧʦ ʢʦʪʦʨʳʤ ʨʘʟʚʠʪʳ ʚʪʦʨʠʯʥʳʝ 

ʤʠʥʝʨʘʣʳ ʤʘʣʘʭʠʪ Cu2 (CO3)(OH)2 ʠ ʧʘʨʘʪʘʢʘʤʠʪ Cu3(Cu,Zn)(OH)6C12, ʠʤʝʶʱʠʝ ʟʝʣʸʥʫʶ ʦʢʨʘʩʢʫ. ɺ ʟʘʣʝʛʘʶʱʠʭ ʥʠʞʝ 

ʧʦ ʨʘʟʨʝʟʫ ʢʝʤʙʨʠʡʩʢʠʭ ʧʝʩʯʘʥʠʢʘʭ ʠ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʘʭ ʥʘʭʦʜʠʣʦʩʴ ʩʪʨʘʪʠʬʦʨʤʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ 

ʤʝʜʥʳʝ ʨʫʜʳ ʜʦʙʳʚʘʣʠʩʴ ʚ ʥʘʰʝ ʚʨʝʤʷ, ʩ 1958 ʧʦ 1983 ʛ. ʄʝʜʴʩʦʜʝʨʞʘʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʭʨʠʟʦʢʦʣʣʘ 

Cu2-xAlx(H 2-xSi2O5)(OH)4 ĿnH2O, ʧʣʘʥʰʝʠʪ Cu8(Si8O22)(OH)4 ĿH2O, ʧʩʝʚʜʦʤʘʣʘʭʠʪ Cu5(PO4) 2(OH)4 ʠ ʜʠʦʧʪʘʟ 

Cu(SiO3)ĿH2O. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʥʘ ʢʨʫʧʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʤʝʜʠ ɾʝʟʢʘʟʛʘʥ (ʂʘʟʘʭʩʪʘʥ), ʢʦʪʦʨʦʝ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʜʠʩʪʦ-

ʧʝʩʯʘʥʠʢʦʚʦʡ ʬʦʨʤʘʮʠʠ, ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ʨʫʜ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʨʙʦʥʘʪʳ ʤʝʜʠ ʤʘʣʘʭʠʪ ʠ ʘʟʫʨʠʪ, ʢʨʦʤʝ ʥʠʭ ð 

ʩʠʣʠʢʘʪ ʤʝʜʠ ʭʨʠʟʦʢʦʣʣʘ, ʬʦʩʬʘʪ ʤʝʜʠ ʧʨʝʜʩʪʘʚʣʝʥ ʧʩʝʚʜʦʤʘʣʘʭʠʪʦʤ (ʵʣʠʪ), ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʩʫʣʴʬʘʪʳ ʤʝʜʠ 

(ʙʨʦʰʘʥʪʠʪ, ʣʠʥʘʨʠʪ ʠ ʜʨ.) [6]. 

ʆʜʠʥ ʠʟ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ çʵʡʣʘʪʩʢʦʛʦ ʢʘʤʥʷè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʛʨʘʥʸʥʥʫʶ ʚ ʬʦʨʤʝ ʢʨʫʛʣʦʛʦ ʢʘʙʦʰʦʥʘ, 

ʜʠʘʤʝʪʨʦʤ 5 ʤʤ, ʚʩʪʘʚʢʫ ʚ ʶʚʝʣʠʨʥʦʝ ʠʟʜʝʣʠʝ ʠʟ ʩʝʨʝʙʨʘ. ʂʘʤʝʥʴ ʥʝʧʨʦʟʨʘʯʥʳʡ, ʠʤʝʝʪ ʦʜʥʦʨʦʜʥʫʶ, ʥʘʩʳʱʝʥʥʫʶ 

ʛʦʣʫʙʫʶ ʦʢʨʘʩʢʫ. ɺʥʝʰʥʝ ʦʥ ʧʦʭʦʞ ʥʘ ʙʠʨʶʟʫ, ʥʦ ʝʛʦ ʪʚʸʨʜʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 3,5 ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ. ʇʦʢʘʟʘʪʝʣʴ 

ʧʨʝʣʦʤʣʝʥʠʷ ʢʘʤʥʷ ʦʧʨʝʜʝʣʠʪʴ ʥʝ ʫʜʘʣʦʩʴ, ʪʘʢ ʢʘʢ ʧʣʦʩʢʘʷ ʩʪʦʨʦʥʘ ʢʘʙʦʰʦʥʘ ʥʝʜʦʩʪʫʧʥʘ ʠʟ-ʟʘ çʛʣʫʭʦʡè ʦʧʨʘʚʳ. 

ɼʘʥʥʳʡ ʦʙʨʘʟʝʮ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʭʨʠʟʦʢʦʣʣʦʡ Cu2-xAlx(H 2-xSi2O5)(OH)4 ĿnH2O. ʕʪʦʪ ʤʠʥʝʨʘʣ ʫʧʦʤʠʥʘʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ 

ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʝʜʠ ʜʦʣʠʥʳ ʊʠʤʥʘ. 

ɺʪʦʨʦʡ ʦʙʨʘʟʝʮ ʪʘʢʞʝ ʦʛʨʘʥʸʥ ʢʘʙʦʰʦʥʦʤ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʦʚʘʣʴʥʫʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ 25x18x5 ʤʤ. ʆʢʨʘʩʢʘ 

ʢʘʤʥʷ ʥʝʦʜʥʦʨʦʜʥʘʷ, ʧʨʝʦʙʣʘʜʘʶʪ ʩʠʥʠʡ ʠ ʟʝʣʸʥʳʡ ʮʚʝʪʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʯʘʩʪʢʠ ʯʸʨʥʦʛʦ ʠ ʦʜʥʦ ʚʢʣʶʯʝʥʠʝ ʙʝʣʦʛʦ 

ʮʚʝʪʘ (ʨʠʩ. 1). ʇʨʠ ʥʘʙʣʶʜʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʨʫʯʥʦʡ ʣʫʧʳ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʮʚʝʪʫ ʫʯʘʩʪʢʠ ʢʘʤʥʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʪʨʦʫʛʦʣʴʥʳʝ ʠ ʨʝʞʝ ʦʢʨʫʛʣʳʝ ʟʸʨʥʘ ʨʘʟʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʠʤʝʶʱʠʝ ʨʝʟʢʠʝ ʛʨʘʥʠʮʳ ʠ ʧʣʦʪʥʦ 

ʧʨʠʣʝʛʘʶʱʠʝ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʢʘʤʥʷ ʩʙʦʢʫ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʜʦʣʴ ʝʛʦ ʦʩʥʦʚʘʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʦʥʘ 
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ʙʝʩʮʚʝʪʥʦʛʦ, ʧʨʦʟʨʘʯʥʦʛʦ ʩʢʨʝʧʣʷʶʱʝʛʦ ʚʝʱʝʩʪʚʘ, ʧʨʦʭʦʜʷʱʘʷ ʧʦ ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ. ʕʪʘ ʟʦʥʘ ʢʣʝʷʱʝʛʦ ʚʝʱʝʩʪʚʘ ʥʝ 

ʙʳʣʘ ʙʳ ʟʘʤʝʪʥʘ, ʝʩʣʠ ʙʳ ʢʘʤʝʥʴ ʥʘʭʦʜʠʣʩʷ ʚ ʦʧʨʘʚʝ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʄʠʥʝʨʘʣ ʩ ʟʝʣʸʥʦʡ ʦʢʨʘʩʢʦʡ ʙʳʣ ʦʧʨʝʜʝʣʸʥ ʢʘʢ ʤʘʣʘʭʠʪ. ɺ ʦʪʜʝʣʴʥʳʭ ʦʙʣʦʤʢʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʝʛʦ ʧʦʣʦʩʯʘʪʳʡ 

ʨʠʩʫʥʦʢ, ʩ ʢʦʥʪʨʘʩʪʥʳʤʠ ʟʦʥʘʤʠ ʨʘʟʥʳʭ ʦʪʪʝʥʢʦʚ ʟʝʣʸʥʦʛʦ ʮʚʝʪʘ. ʊʘʢ ʢʘʢ ʦʙʨʘʪʥʘʷ ʩʪʦʨʦʥʘ ʢʘʤʥʷ ʜʦʩʪʫʧʥʘ ʜʣʷ 

ʠʟʫʯʝʥʠʷ, ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʪʚʸʨʜʦʩʪʴ ʤʠʥʝʨʘʣʘ (3,5) ʠ ʧʨʦʚʝʜʝʥʦ ʭʠʤʠʯʝʩʢʦʝ ʠʩʧʳʪʘʥʠʝ ʨʘʟʙʘʚʣʝʥʥʦʡ ʢʠʩʣʦʪʦʡ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʦʰʣʘ ʙʫʨʥʘʷ ʨʝʘʢʮʠʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʄʘʣʘʭʠʪ Cu2(CO3)(OH)2 ʷʚʣʷʝʪʩʷ 

ʪʠʧʠʯʥʳʤ ʤʠʥʝʨʘʣʦʤ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʤʝʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʤʝʜʥʳʭ ʨʫʜ ʠ ʫʧʦʤʠʥʘʝʪʩʷ ʢʘʢ 

ʩʦʩʪʘʚʣʷʶʱʘʷ çʵʡʣʘʪʩʢʦʛʦ ʢʘʤʥʷè. ʆʜʥʘʢʦ, ʧʦʣʦʩʯʘʪʦʩʪʴ ʥʝ ʧʨʠʩʫʱʘ ʤʘʣʘʭʠʪʫ ʠʟ ʠʟʨʘʠʣʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʥʪʨʘʩʪʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʤʘʣʘʭʠʪʘ ʠʟ ʂʦʥʛʦ. 

ʄʠʥʝʨʘʣ, ʩʣʘʛʘʶʱʠʡ ʦʙʣʦʤʢʠ ʪʸʤʥʦ-ʩʠʥʝʛʦ ʮʚʝʪʘ, ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʪʚʸʨʜʦʩʪʴ (5,5), ʥʝ ʨʝʘʛʠʨʫʝʪ ʩ 

ʢʠʩʣʦʪʦʡ, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʦʙʣʦʤʢʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʝʣʢʠʝ ʚʢʣʶʯʝʥʠʷ ʣʘʪʫʥʥʦ-ʞʸʣʪʦʛʦ ʮʚʝʪʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʙʣʝʩʢʦʤ 

(ʧʠʨʠʪ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʧʨʠʟʥʘʢʦʚ  ʤʠʥʝʨʘʣ ʦʧʨʝʜʝʣʸʥ ʢʘʢ ʣʘʟʫʨʠʪ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʣʘʟʫʨʠʪ 

Na6Ca2(Al 6Si6O24)(SO4,S,S2,Cl,OH)2 ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʨʠʨʦʜʝ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʤʘʣʘʭʠʪʦʤ ʠ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ, ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʤʝʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʕʪʦʪ ʤʠʥʝʨʘʣ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʤʝʪʘʩʦʤʘʪʠʪʘʭ, 

ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʘ ʢʦʥʪʘʢʪʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ. ɻʣʘʚʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʣʘʟʫʨʠʪʦʤ, ʷʚʣʷʶʪʩʷ ʢʘʣʴʮʠʪ ʠ ʜʠʦʧʩʠʜ, ʚ ʥʝʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʠʨʠʪ FeS2 [7]. ʇʦʩʣʝʜʥʠʡ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʚʪʦʨʠʯʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʤʝʜʠ, ʪʘʢ 

ʢʘʢ ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ʦʥ ʨʘʟʣʘʛʘʝʪʩʷ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʠʩʣʦʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʦʙʨʘʟʮʘ ˉ2, ʘ ʪʘʢʞʝ ʩʚʝʜʝʥʠʡ ʦ ʧʘʨʘʛʝʥʝʟʠʩʝ 

ʤʠʥʝʨʘʣʦʚ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʤʠʪʘʮʠʶ ʧʨʠʨʦʜʥʦʛʦ ʩʘʤʦʮʚʝʪʘ ð ʢʦʤʧʦʟʠʪʥʳʡ 

ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʢʘʤʝʥʴ ʥʘ ʦʩʥʦʚʝ ʦʙʣʦʤʢʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʟʸʨʝʥ. 

ʕʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʣʫʯʘʡ ʪʘʢʦʡ ʠʤʠʪʘʮʠʠ. ʉʨʝʜʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʥʘʡʜʝʥʥʳʭ ʚ ʠʥʪʝʨʥʝʪʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʘ 

ʧʦ ʟʘʧʨʦʩʫ çeilat stoneè [8], ʚʩʪʨʝʯʘʶʪʩʷ ʬʦʪʦʛʨʘʬʠʠ ʶʚʝʣʠʨʥʳʭ ʠʟʜʝʣʠʷʭ ʩʦ ʚʩʪʘʚʢʘʤʠ, ʩʭʦʜʥʳʤʠ ʧʦ ʪʝʢʩʪʫʨʝ ʠ 

ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʩ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ ʦʙʨʘʟʮʦʤ ˉ 2. ʇʨʦʜʘʚʮʳ ʥʝ ʠʥʬʦʨʤʠʨʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʦʙʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʪʘʢʦʡ çʵʡʣʘʪʩʢʠʡ ʢʘʤʝʥʴè, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʧʨʠʥʮʠʧʦʤ çʢʘʯʝʩʪʚʦ ʥʘ ʨʠʩʢ ʧʦʢʫʧʘʪʝʣʷè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʫʧʘʪʝʣʴ 

ʜʦʣʞʝʥ ʙʳʪʴ ʚʥʠʤʘʪʝʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʦʜ ʪʦʨʛʦʚʳʤ ʥʘʟʚʘʥʠʝʤ çʵʡʣʘʪʩʢʠʡ ʢʘʤʝʥʴè ʦʥ ʤʦʞʝʪ ʧʨʠʦʙʨʝʩʪʠ ʥʝ ʪʦʣʴʢʦ 

ʠʟʜʝʣʠʷ ʠʟ ʪʘʢʠʭ ʧʦʣʫʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ, ʢʘʢ ʭʨʠʟʦʢʦʣʣʘ, ʤʘʣʘʭʠʪ ʠʣʠ ʙʠʨʶʟʘ, ʧʨʠʚʝʟʸʥʥʳʭ ʚ ʀʟʨʘʠʣʴ ʠʟ ʜʨʫʛʠʭ 

ʩʪʨʘʥ, ʥʦ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʫʶ ʠʤʠʪʘʮʠʶ ʩʘʤʦʮʚʝʪʘ. 

 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. http://www.gemadventurer.com/gemstones/eilat-stone/ 

2. https://www.mindat.org/min-29162.html 

3. https://www.gemdat.org/gem-29162.html 

4. https://israel-eilat.ru/eilatskii-kamen/ 

5. https://www.researchgate.net/profile/Amit_Segev2/publication/291475937_Major_unconformities_in_the_stratigraphic_succe

ssion_in_the_Timna-Eilat_region_and_their_relation_to_copper_and_manganese_mineralization_cycles/ 

6. http://nblib.library.kz/elib/library.kz/jurnal/Geologya%2002-2017/Kudaibergenova0217.pdf 

7. https://www.mindat.org/min-2357.html 

8. https://www.pinterest.com/pin/237001999117194227/ 
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ɺ 2016 ʛʦʜʫ ʚ ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʂʠʝʚʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʦ ʙʳʣʠ 

ʧʝʨʝʜʘʥʳ ʦʙʨʘʟʮʳ ʤʠʥʝʨʘʣʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʟ ʩʝʤʝʡʥʦʡ ʢʦʣʣʝʢʮʠʠ  ʘʢʘʜʝʤʠʢʘ ʆʪʪʦ ʖʣʴʝʚʠʯʘ ʐʤʠʜʪʘ ʠ ʝʛʦ ʩʳʥʘ 

ɸʣʝʢʩʘʥʜʨʘ ʆʪʪʦʚʠʯʘ. ʇʝʨʝʜʘʣʘ ʦʙʨʘʟʮʳ ʚʥʫʯʢʘ ʘʢʘʜʝʤʠʢʘ ɺʘʣʝʥʪʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ʐʤʠʜʪ, ʥʳʥʝ ʧʨʦʞʠʚʘʶʱʘʷ ʚ 

ʉʐɸ. 

ʆʪʪʦ ʖʣʴʝʚʠʯ ʐʤʠʜʪ (1891-1956) ï  ʚʩʝʤʠʨʥʦ ʠʟʚʝʩʪʥʳʡ ʫʯʝʥʳʡ 20 ʩʪ. ɺʳʧʫʩʢʥʠʢ ʂʠʝʚʩʢʦʛʦ ʀʤʧʝʨʘʪʦʨʩʢʦʛʦ 

ʋʥʠʚʝʨʩʠʪʝʪʘ ʩʚ. ɺʣʘʜʠʤʠʨʘ (1913). ɺʩʷ ʝʛʦ ʞʠʟʥʴ ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ ʩʦʟʠʜʘʥʠʶ ʠ ʦʪʢʨʳʪʠʷʤ. ʕʪʦ ʯʝʣʦʚʝʢ-ʣʝʛʝʥʜʘ. ʀʤʝʷ 

ʙʘʟʦʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʂʠʝʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʥ ʩʪʘʣ ʥʝ ʪʦʣʴʢʦ ʚʳʜʘʶʱʠʤʩʷ 

ʤʘʪʝʤʘʪʠʢʦʤ, ʥʦ ʠ ʘʩʪʨʦʥʦʤʦʤ, ʛʝʦʬʠʟʠʢʦʤ, ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ɸʨʢʪʠʢʠ. ɿʘ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʨʫʢʦʚʦʜʩʪʚʦ ʜʨʝʡʬʫʶʱʝʡ 

ʩʪʘʥʮʠʠ çʉʝʚʝʨʥʳʡ ʧʦʣʶʩè 27 ʠʶʥʷ 1937 ʛ. ʆ.ʖ. ʐʤʠʜʪʫ ʙʳʣʦ ʧʨʠʩʚʦʝʥʦ ʟʚʘʥʠʝ ɻʝʨʦʷ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʩ ʚʨʫʯʝʥʠʝʤ 

ʦʨʜʝʥʘ ʃʝʥʠʥʘ [1]. 

ʕʢʩʧʝʜʠʮʠʷ ʥʘ ʜʨʝʡʬʫʶʱʝʡ ʣʴʜʠʥʝ ʦʪʢʨʳʣʘ ʉʝʚʝʨʥʳʡ ʤʦʨʩʢʦʡ ʧʫʪʴ, ʢʦʪʦʨʳʡ ʧʦʣʦʞʠʣ ʥʘʯʘʣʦ ʦʩʚʦʝʥʠʶ ʚʩʝʛʦ 

ʩʝʚʝʨʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʠ ʉʝʚʝʨʥʦʛʦ ʧʦʣʶʩʘ ʚ ʪʦʤ ʯʠʩʣʝ. 

ʆ.ʖ. ʐʤʠʜʪ ʙʳʣ ʪʘʣʘʥʪʣʠʚʳʤ ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʥʦʛʦ ʧʣʘʥʘ. ʈʫʢʦʚʦʜʠʣ ʵʢʩʧʝʜʠʮʠʷʤʠ 

ʥʘ ʇʘʤʠʨ, ʂʘʚʢʘʟ, ʂʨʘʡʥʠʡ ʉʝʚʝʨ, ʦʩʪʨʦʚʘ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ, ɹʘʰʢʠʨʠʶ, ʉʨʝʜʥʶʶ ɸʟʠʶ ʠ ʜʨ. ɺ 1938 ʛ. ʧʦ 

ʠʥʠʮʠʘʪʠʚʝ ʆ.ʖ. ʐʤʠʜʪʘ ʙʳʣ ʩʦʟʜʘʥ ʧʝʨʚʳʡ ʚ ʉʦʚʝʪʩʢʦʤ ʉʦʶʟʝ ʀʥʩʪʠʪʫʪ ʛʝʦʬʠʟʠʢʠ ʚ ɸʅ ʉʉʉʈ ï ɻɽʆʌʀɸʅ ʠ ʩʪʘʣ 

ʝʛʦ ʧʝʨʚʳʤ ʜʠʨʝʢʪʦʨʦʤ. 

ʆ.ʖ. ʐʤʠʜʪ ʦʩʪʘʚʠʣ ʦ ʩʝʙʝ ʧʘʤʷʪʴ ʥʘ ʚʝʢʘ. ɽʛʦ ʠʤʝʥʝʤ ʥʘʟʚʘʥ ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ɿʝʤʣʠ ʈɸʅ, ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʣʝʜʦʢʦʣ, ʦʜʥʘ ʠʟ ʤʘʣʳʭ ʧʣʘʥʝʪ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜ ˉ 2108, ʦʩʪʨʦʚ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʂʘʨʩʢʦʛʦ 

ʤʦʨʷ, ʧʦʣʫʦʩʪʨʦʚ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʅʦʚʦʡ ɿʝʤʣʠ, ʤʳʩ ʥʘ ʧʦʙʝʨʝʞʴʝ ʏʫʢʦʪʩʢʦʛʦ ʤʦʨʷ, ʦʜʥʘ ʠʟ ʚʝʨʰʠʥ ʠ ʧʝʨʝʚʘʣ ʥʘ 

ʇʘʤʠʨʝ. 

ʆʜʠʥ ʠʟ ʪʨʝʭ ʩʳʥʦʚʝʡ ʆ.ʖ. ʐʤʠʜʪʘ ï ɸʣʝʢʩʘʥʜʨ ʆʪʪʦʚʠʯ  ʙʳʣ ʛʝʦʣʦʛʦʤ (1934-2010). ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʣʫʯʠʣ ʚ 

ʃʝʥʠʥʛʨʘʜʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʨʘʙʦʪʘʣ ʚ ɺʉɽɻɽʀ, ʢʘʥʜʠʜʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ. ʆʥ 

ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʜʠʮʠʷʭ ï ʋʢʨʘʠʥʩʢʠʡ ʱʠʪ, ɺʦʨʦʥʝʞʩʢʠʡ ʤʘʩʩʠʚ, ɸʣʜʘʥʩʢʠʡ ʱʠʪ, ʂʦʣʴʩʢʠʡ 

ʧʦʣʫʦʩʪʨʦʚ, ʂʘʚʢʘʟ, ɼʘʣʴʥʠʡ ɺʦʩʪʦʢ, ʂʘʟʘʭʩʪʘʥ, ʗʢʫʪʠʷ, ɹʫʨʷʪʠʷ ʠ ʜʨ. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɸ.ʆ. ʐʤʠʜʪʘ ʙʳʣʠ 

ʥʘʧʨʘʚʣʝʥʳ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʫʨʘʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ 1960 ʛ. ɸʣʝʢʩʘʥʜʨ ʆʪʪʦʚʠʯ ʧʝʨʚʳʤ ʦʧʠʩʘʣ ʧʦʨʦʜʫ ʩʠʨʝʥʝʚʦʛʦ 

ʮʚʝʪʘ ʥʘ ʛʦʣʴʮʝ ʄʘʣʳʡ ʄʘʨʫʥ (ʛʨʘʥʠʮʘ ʀʨʢʫʪʩʢʦʡ ʠ ʏʠʪʠʥʩʢʦʡ ʦʙʣʘʩʪʝʡ), ʢʦʪʦʨʘʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʘ ʥʘʟʚʘʥʘ 

ʯʘʨʦʠʪʦʤ, ʘ ʦʬʠʮʠʘʣʴʥʦʝ ʧʝʨʚʝʥʩʪʚʦ ʦʪʢʨʳʪʠʷ ʟʘʢʨʝʧʠʣʦʩʴ ʚ 1977 ʛ. ʟʘ ʖ.ɻ. ʠ ɺ.ʇ. ʈʦʛʦʚʳʤʠ ʠ ʖ.ɸ. ɸʣʝʢʩʝʝʚʳʤ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʧʦʣʫʯʠʣʦ ʥʘʟʚʘʥʠʝ çʩʠʨʝʥʝʚʳʡ ʢʘʤʝʥʴè. 

ɸʣʝʢʩʘʥʜʨ ʆʪʪʦʚʠʯ ʯʘʩʪʦ ʙʳʚʘʣ ʚ ʋʢʨʘʠʥʝ, ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʵʢʩʧʝʜʠʮʠʷʭ, ʢʦʥʬʝʨʝʥʮʠʷʭ, ʥʘʫʯʥʳʭ 

ʩʠʤʧʦʟʠʫʤʘʭ. 

ʇʝʨʝʜʘʥʥʘʷ ʢʦʣʣʝʢʮʠʷ ʦʯʝʥʴ ʨʘʟʥʦʧʣʘʥʦʚʘʷ. ɺ ʥʝʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʪʜʝʣʴʥʳʝ ʤʠʥʝʨʘʣʳ, ʬʨʘʛʤʝʥʪʳ ʩʘʤʦʮʚʝʪʦʚ 

ʠ ʛʦʨʥʳʝ ʧʦʨʦʜʳ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʨʘʟʮʳ ʩʦʙʠʨʘʣʠʩʴ ʢʘʢ ʧʦ ʥʘʫʯʥʦʤʫ ʧʨʠʥʮʠʧʫ, ʪʘʢ ʠ ʧʦ ʵʩʪʝʪʠʯʝʩʢʦʤʫ. ʉʝʡʯʘʩ 

ʦʯʝʥʴ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʘʷ ʯʘʩʪʴ ʠʟ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʥʘʜʣʝʞʘʣʘ ʩʪʘʨʰʝʤʫ ʐʤʠʜʪʫ ï ʆʪʪʦ 
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ʖʣʴʝʚʠʯʫ, ʘ ʢʘʢʘʷ ʤʣʘʜʰʝʤʫ ï ɸʣʝʢʩʘʥʜʨʫ ʆʪʪʦʚʠʯʫ. ʇʦ ʩʣʦʚʘʤ ɺʘʣʝʥʪʠʥʳ ɸʣʝʢʩʘʥʜʨʦʚʥʳ ʚ ʩʝʤʴʝ ʢʘʤʥʠ ʣʶʙʠʣʠ ʚʩʝ 

ʠ ʚ ʜʦʤʝ ʦʥʠ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ. 

ɺ ʤʫʟʝʡ ʙʳʣʦ ʧʝʨʝʜʘʥʦ ʦʢʦʣʦ 200 ʦʙʨʘʟʮʦʚ ʨʘʟʥʦʡ ʩʦʭʨʘʥʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘ ʥʠʭ ʦʪʩʫʪʩʪʚʦʚʘʣʠ 

ʵʪʠʢʝʪʢʠ ʠ ʧʨʠʚʷʟʢʘ. ʇʦʵʪʦʤʫ ʧʨʠʰʣʦʩʴ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʠʭ ʥʘʟʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʝ ʤʝʩʪʦ ʦʪʙʦʨʘ ʧʦ ʤʝʪʦʜʫ ʘʥʘʣʦʛʠʠ ʠ 

ʢʦʩʚʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ. ʕʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʠʭ ʥʘʫʯʥʫʶ ʟʥʘʯʠʤʦʩʪʴ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʘʷ ʢʦʣʣʝʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʩʪʦʨʠʯʝʩʢʫʶ  ʮʝʥʥʦʩʪʴ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʤ ʧʝʨʝʯʝʥʴ ʥʘʠʤʝʥʦʚʘʥʠʡ ʦʙʨʘʟʮʦʚ ʢʦʣʣʝʢʮʠʠ ʠ ʚʦʟʤʦʞʥʫʶ ʠʭ ʧʨʠʚʷʟʢʫ ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʨʘʟʙʨʘʢʦʚʢʠ ʠ ʜʠʘʛʥʦʩʪʠʢʠ: 1) ʣʘʙʨʘʜʦʨʠʪ ï ʋʢʨʘʠʥʘ; 2) ʷʰʤʘ ʧʝʡʟʘʞʥʘʷ ï ʥʝʩʢʦʣʴʢʦ ʦʙʨʘʟʮʦʚ ï ʋʨʘʣ, ʂʘʟʘʭʩʪʘʥ, 

ʉʘʷʥʳ; 3) ʪʝʭʥʠʯʝʩʢʘʷ ʷʰʤʘ ï ʋʨʘʣ; 4) ʘʛʘʪ ʩʝʨʦ-ʛʦʣʫʙʦʡ ï ʊʠʤʘʥ; 5) ʦʙʩʠʜʠʘʥ ï ɸʨʤʝʥʠʷ; 6) ʘʛʘʪʦʚʘʷ ʤʠʥʜʘʣʠʥʘ ʚ 

ʚʫʣʢʘʥʠʪʝ ï ɸʨʤʝʥʠʷ; 7) ʣʘʟʫʨʠʪ ï ʈʦʩʩʠʷ; 8) ʢʘʭʘʣʦʥʛ ï ʂʘʟʘʭʩʪʘʥ; 9) ʥʝʬʨʠʪ ï ɿʘʧʘʜʥʳʝ ʉʘʷʥʳ; 10) ʢʘʨʙʦʥʘʪʥʳʡ 

ʦʥʠʢʩ ï ʂʘʟʘʭʩʪʘʥ, ʋʢʨʘʠʥʘ; 11) ʮʚʝʪʥʦʡ ʢʨʝʤʝʥʴ ï ʊʘʪʘʨʩʪʘʥ; 12) ʨʦʜʦʥʠʪ ï ʋʨʘʣ; 13) ʷʰʤʦʠʜ ï ʉʘʷʥʳ; 14) ʬʣʶʦʨʠʪ ï 

ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ; 15) ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʨʫʜʘ ï ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʐʢʦʣʴʥʦʝ; 16) ʤʫʩʢʦʚʠʪ ï ʋʢʨʘʠʥʘ; 17) ʠʩʣʘʥʜʩʢʠʡ 

ʰʧʘʪ ï ʄʦʣʜʦʚʘ; 18) ʤʦʣʠʙʜʝʥʠʪ - ?; 19) ʩʝʨʧʝʥʪʠʥʠʪ-ʘʟʙʝʩʪ ?; 20) ʯʘʨʦʠʪ ï ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ; 21) ʭʘʣʮʝʜʦʥ ï 

ʂʘʟʘʭʩʪʘʥ; 22) ʤʘʨʠʫʧʦʣʠʪ ï ʋʢʨʘʠʥʘ; 23) ʘʤʘʟʦʥʠʪ ï ʂʦʣʴʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ; 24) ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʪʫʬ ï ɸʨʤʝʥʠʷ;           

25) ʤʘʨʢʘʟʠʪʦʚʳʝ ʢʦʥʢʨʝʮʠʠ ï ʇʦʜʤʦʩʢʦʚʴʝ; 26) ʫʥʘʢʠʪ ï ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʘʷ ʦʙʣʘʩʪʴ; 27) ʢʘʪʘʢʣʘʟʠʪ ʧʦ ʛʨʘʥʠʪʫ ï 

ʇʨʠʜʥʝʧʨʦʚʴʝ; 28) ʛʠʧʩ ʩ ʮʝʣʝʩʪʠʥʦʤ ï ʊʫʨʢʤʝʥʠʩʪʘʥ; 29) ʛʠʧʩ ï ʊʫʨʢʤʝʥʠʩʪʘʥ; 30) ʢʘʣʴʮʠʪ ï ʊʫʨʢʤʝʥʠʩʪʘʥ;              

31) ʘʤʘʟʦʥʠʪʦʚʳʡ ʛʨʘʥʠʪ ï ʂʘʟʘʭʩʪʘʥ; 32) ʙʘʨʠʪ - ?; 33) ʛʦʨʥʳʡ ʭʨʫʩʪʘʣʴ - ?; 34) ʛʘʣʝʥʠʪ ʩ ʢʚʘʨʮʝʤ ï ɼʘʣʴʥʝʛʦʨʩʢ;       

35) ʱʝʪʢʘ ʛʦʨʥʦʛʦ ʭʨʫʩʪʘʣʷ ï ʇʦʣʷʨʥʳʡ ʋʨʘʣ; 36) ʤʦʨʠʦʥ ï ʋʢʨʘʠʥʘ; 37) ʢʚʘʨʮ - ?; 38) ʭʨʠʟʦʧʨʘʟ ʩ ʦʧʘʣʦʤ ï ʂʘʟʘʭʩʪʘʥ; 

39) ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦʝ ʩʪʷʞʝʥʠʝ ï ʂʘʟʘʭʩʪʘʥ; 40) ʧʦʣʝʚʦʡ ʰʧʘʪ ï ʋʢʨʘʠʥʘ; 41) ʛʨʘʥʠʪ ʩʫʙʱʝʣʦʯʥʦʡ ï ʋʢʨʘʠʥʘ;    

42) ʧʝʛʤʘʪʠʪ ʛʨʘʥʠʪʥʳʡ ï ʋʢʨʘʠʥʘ; ʛʥʝʡʩ ï ʋʢʨʘʠʥʘ; ʛʨʘʥʠʪ ʠʟʤʝʥʝʥʥʳʡ -?; 45) ʤʠʣʦʥʠʪ ï ʋʢʨʘʠʥʘ; 46) ʘʤʬʠʙʦʣʠʪ ï 

ʂʘʟʘʭʩʪʘʥ; 47) ʢʘʪʘʢʣʘʟʠʪ ʧʦ ʛʨʘʥʠʪʫ ï ʋʢʨʘʠʥʘ; 48) ʩʠʝʥʠʪ - ?; 49) ʘʤʬʠʙʦʣʠʪ ï ʋʢʨʘʠʥʘ; 50) ʤʠʣʦʥʠʪ ï ʋʢʨʘʠʥʘ;      

51) ʙʘʟʘʣʴʪ ʠʟʤʝʥʝʥʥʳʡ ï ɺʦʣʳʥʴ; 52) ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʡ ʛʥʝʡʩ ï ʋʢʨʘʠʥʘ; 53) ʢʘʪʘʢʣʘʟʠʪ ʧʦ ʛʨʘʥʠʪʫ ï ʋʢʨʘʠʥʘ;        

54) ʧʝʩʯʘʥʠʢ ï ɹʫʨʷʪʠʷ; 55) ʢʝʨʥ ʩ ʩʚʝʨʭʛʣʫʙʦʢʦʡ ʩʢʚʘʞʠʥʳ ï ʂʨʠʚʙʘʩʩ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʳʝ ʦʙʨʘʟʮʳ ʚʳʩʪʘʚʣʝʥʳ ʚ ɻʝʦʣʦʛʠʯʝʩʢʦʤ ʤʫʟʝʝ ʜʣʷ ʚʨʝʤʝʥʥʦʡ ʵʢʩʧʦʟʠʮʠʠ, ʘ ʚ 

ʜʘʣʴʥʝʡʰʝʤ, ʧʦʩʣʝ ʫʪʦʯʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʥʘʟʚʘʥʠʡ ʠ ʧʨʠʚʷʟʦʢ ʠʭ ʧʣʘʥʠʨʫʝʪʩʷ ʦʬʦʨʤʠʪʴ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʠʤʝʥʥʫʶ 

ʢʦʣʣʝʢʮʠʶ. 
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ʆɹʈʆɹʂɸ ʊʈɯʑʀʅʆʋʊɺʆʈɽʅʅʗ, ɸʅɯɿʆʊʈʆʇɯɰ ʇʈʀʈʆɼʅʆɻʆ ʂɸʄɯʅʅʗ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ 

ʉʀʉʊɽʄʆʖ òKERN-DPò 

TREATMENT OF NATURAL ROCKS CRACKS, ANISOTROPY BY AUTOMATED SYSTEM òKERN-DPò 

 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ñKERN-DPò ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʘʥʽʟʦʪʨʦʧʽʾ ʰʚʠʜʢʦʩʪʝʡ ʚ 

ʧʨʠʨʦʜʥʦʤʫ ʢʘʤʽʥʥʽ ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʚʽʢʦʥʥʠʤ ʧʨʠʥʮʠʧʦʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʠʨʦʜʥʝ ʢʘʤʽʥʥʷ, ʘʥʽʟʦʪʨʦʧʽʷ, ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʷ, ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ, ʥʘʧʨʷʞʝʥʠʝ, ʜʝʬʦʨʤʘʮʽʷ. 

 

The automated system ñKERN-DPò of the anisotropy ultrasound measurings data treatment of velocities in natural 

rocks is built on windows principle. 

Key words: natural stone, anisotropy, cracks, microstructure, strain, deformation. 

 

ɺʩʪʫʧ 

ʆʩʦʙʣʠʚʦʩʪʽ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ, ʩʪʨʫʢʪʫʨʘ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷ ʚʠʟʥʘʯʘʶʪʴ ʜʠʥʘʤʽʢʫ ʧʨʦʮʝʩʫ ʣʦʢʘʣʴʥʦʾ 

ʧʝʨʝʙʫʜʦʚʠ. 

ʄʝʪʦʜʠʢʘ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ 

ɸʢʫʩʪʠʯʥʘ ʝʤʽʩʽʷ (ɸɽ) - ʮʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘʜʣʠʰʢʦʚʠʭ ʧʨʫʞʥʠʭ ʭʚʠʣʴ ʚ ʧʨʠʨʦʜʥʦʤʫ ʢʘʤʽʥʥʽ. ʎʝ ʩʧʦʥʪʘʥʥʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʤʧʫʣʴʩʥʠʭ ʘʢʫʩʪʠʯʥʠʭ ʭʚʠʣʴ ʧʨʠ ʜʠʥʘʤʽʯʥʦʤʫ ʘʙʦ ʩʪʘʪʠʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷ, ʷʢʽ 

ʤʘʶʪʴ ʰʫʤʦʚʠʡ ʭʘʨʘʢʪʝʨ. ʎʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ ʽ ʟôʷʚʣʷʻʪʴʩʷ ʥʝʧʝʨʽʦʜʠʯʥʠʤ ʽ ʥʝʛʘʨʤʦʥʽʡʥʠʤ. ʂʨʽʤ 

ʪʦʛʦ ɸɽ ʻ ʩʧʦʥʪʘʥʥʠʤ ʽ ʭʘʦʪʠʯʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦʙʪʦ ʽʤʧʫʣʴʩʠ ʟ'ʷʚʣʷʶʪʴʩʷ ʽʟ ʧʝʚʥʦʶ ʪʠʤʯʘʩʦʚʦʶ ʟʘʪʨʠʤʢʦʶ ʽ ʥʝ 

ʟʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ [1.2]. 
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ɸɽ ʚʠʥʠʢʘʻ ʧʨʠ ʣʦʢʘʣʴʥʽʡ ʜʠʥʘʤʽʯʥʽʡ ʧʝʨʝʙʫʜʦʚʽ ʩʪʨʫʢʪʫʨʠ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷ, ʷʢʘ ʤʘʻ ʥʝʦʙʦʨʦʪʥʠʡ 

ʭʘʨʘʢʪʝʨ. ɼʦ ʪʘʢʠʭ ʧʝʨʝʙʫʜʦʚ ʚʽʜʥʦʩʷʪʴʩʷ: ʬʘʟʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ ʽʟ ʟʤʽʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ 

ʟʘʨʦʜʞʝʥʥʷ ʤʽʢʨʦʪʨʽʱʠʥ, ʧʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ, ʣʘʟʝʨʥʦʤʫ ʦʧʨʦʤʽʥʝʥʥʽ [2,3,4]. 

ʄʝʪʦʜʠʢʘ ʨʝʻʩʪʨʘʮʽʾ ʽ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ 

ɹʣʦʢ-ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʽ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ɸɽ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

               
ʈʠʩʫʥʦʢ 1. ɹʣʦʢ-ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ɸɽ. 

1 - ʛʝʥʝʨʘʪʦʨ ʘʢʫʩʪʠʯʥʠʭ ʽʤʧʫʣʴʩʽʚ, 2 ï ʟʨʘʟʦʢ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷ, 3 - ʜʘʪʯʠʢ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ, 4 - ʦʙʤʝʞʫʚʘʣʴʥʠʡ 

ʬʽʣʴʪʨ, 5 ï ʧʽʜʩʠʣʶʚʘʯ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʦʩʠʣʝʥʥʷ, 6 - ʧʨʠʣʘʜ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ ɸʌ-15, 7 ï ʦʩʮʠʣʦʛʨʘʬ, 8 

ï ɽʆʄ. 

 

ɿʘʚʜʷʢʠ ʘʢʫʩʪʠʯʥʦʤʫ ʢʦʥʪʘʢʪʫ ʤʽʞ ʟʨʘʟʢʦʤ (2), ʷʢʠʡ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʽ ʜʘʪʯʠʢʦʤ ʩʠʛʥʘʣ ɸɽ ʧʦʪʨʘʧʣʷʻ ʥʘ ʜʘʪʯʠʢ 

(3) ʥʘ ʨʠʩ. 2. ʋ ʥʽʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʢʫʩʪʠʯʥʦ - ʝʣʝʢʪʨʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʫʞʥʠʭ ʢʦʣʠʚʘʥʴ ʚ ʝʣʝʢʪʨʠʯʥʽ. 

 

                                       
ʈʠʩʫʥʦʢ 2. ɹʣʦʢ-ʩʭʝʤʘ ʟʨʘʟʢʘ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʽʥʥʷ ʚ ʘʢʫʩʪʠʯʥʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ʜʘʪʯʠʢʦʤ ʽ ʝʣʝʢʪʨʦʜʘʤʠ. 1 - ʚʠʭʽʜ ʜʦ 

ʛʝʥʝʨʘʪʦʨʘ, 2 ï ʧôʻʟʦʢʝʨʘʤʠʯʥʘ ʧʣʘʩʪʠʥʘ, 3 - ʚʠʭʽʜ ʜʦ ʧʨʠʣʘʜʫ ɸʌ-15. 

 

ʆʩʢʽʣʴʢʠ ʩʠʛʥʘʣʠ ɸɽ ʤʘʶʪʴ ʤʘʣʫ ʘʤʧʣʽʪʫʜʫ, ʪʦ ʧʝʨʝʜ ʪʠʤ, ʷʢ ʘʥʘʣʽʟʫʚʘʪʠ, ʾʭ ʥʝʦʙʭʽʜʥʦ ʧʽʜʩʠʣʠʪʠ. ʇʦʩʠʣʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʽʜʩʠʣʶʚʘʯʽ (5). ʇʦʪʽʤ ʩʠʛʥʘʣ ɸɽ ʧʦʪʨʘʧʣʷʻ ʥʘ ʧʨʠʩʪʨʽʡ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ɸɽ ɸʌ-15 (6). 

ʉʠʛʥʘʣʠ ɸɽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʥʘ ʝʢʨʘʥʽ ʦʩʮʠʣʦʛʨʘʬʘ (7). ɼʘʣʽ ʩʠʛʥʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 

ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ɽʆʄ (8), ʷʢʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʧʠʩʫʚʘʪʠ ʽ ʦʙʨʦʙʣʷʪʠ ʩʠʛʥʘʣʠ ɸɽ. ɼʦ ʢʝʨʘʤʽʯʥʦʾ ʧʣʘʩʪʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʞʦʨʩʪʢʦʛʦ ʩʢʣʝʶʚʘʥʥʷ ʧʨʠʢʨʽʧʣʷʚʩʷ ʧʨʠʡʤʘʶʯʠʡ ʜʘʪʯʠʢ ʧ'ʻʟʦʜʘʪʯʠʢ. ʇʨʠʡʤʘʶʯʠʡ ʜʘʪʯʠʢ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʧʨʠʣʘʜʫ 

ɸʌ-15 ʯʝʨʝʟ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʠʡ ʬʽʣʴʪʨ ʽ ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʩʠʣʶʚʘʯ (ʂʫ=40 ʜɹ, fʧʨʦʧ =0,2õ1 ʄɻʮ). ʈʝʞʝʢʪʦʨʥʠʡ ʬʽʣʴʪʨ (4) 

ʚ ʪʨʘʢʪʽ ʩʠʛʥʘʣʫ ɸɽ ʟʘʙʝʟʧʝʯʫʚʘʚ ʧʨʠʜʫʰʝʥʥʷ ʥʘʧʨʫʛʠ ʚ ʜʽʘʧʘʟʦʥʽ f = 1.0õ3.0 ʄɻʮ (ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʟʙʫʜʞʝʥʥʷ ʟʨʘʟʢʽʚ) 

ʥʝ ʤʝʥʰʝ ʯʠʤ ʥʘ 50 ʜɹ. ɿʘʛʘʣʦʤ ʝʬʝʢʪʠʚʥʘ ʧʦʷʚʘ ʚ ʢʘʥʘʣʽ ɸɽ ʥʘʧʨʫʛʠ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʩʢʣʘʜʘʣʘ 
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80 ʜɹ, ʪʦʙʪʦ ʩʠʛʥʘʣʠ ɸɽ ʧʦ ʘʤʧʣʽʪʫʜʽ ʧʝʨʝʚʠʱʫʚʘʣʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʨʽʚʝʥʴ ʰʫʤʫ 

º
ʰ

ʩ

U

U

 50 

ʨʘʟʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 

ʇʣʦʱʘ ʢʨʠʚʦʾ ʥʘ ʨʠʩ. 3 ʥʘ ʯʘʩʪʦʪʽ f = 200õ500 ʢɻʮ ʧʨʠ ʟʘʛʘʩʘʥʥʽ Ŭ = 70 ʜɹ ʧʨʦʧʦʨʮʽʡʥʘ ʧʦʪʫʞʥʦʩʪʽ ʥʝʦʜʽʤʦʚʦʛʦ 

ʣʘʟʝʨʘ I(S) ʽ ʧʨʦʧʦʨʮʽʡʥʘ  ʝʥʝʨʛʽʾ ʘʢʫʩʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ W(S). 
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ʈʠʩʫʥʦʢ 3. ʉʠʛʥʘʣ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ ʧʽʩʣʷ ʣʘʟʝʨʥʦʛʦ ʦʧʨʦʤʽʥʝʥʥʷ ʟ ʨʽʟʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ɯ = 10, 40, 70, 100, 140, 180, 

230, 250, 290, 340, 400, 450 ʄɺʪ/ʩʤ2. 

 

ʉʚʦʻʨʽʜʥʽʩʪʶ ʘʢʫʩʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʢʚʘʨʮʠʪʫ ʻ ʥʘʷʚʥʽʩʪʴ ʙʘʛʘʪʴʦʭ ʚʪʦʨʠʥʥʠʭ ʤʘʢʩʠʤʫʤʽʚ. ɰʭ ʧʨʠʩʫʪʥʽʩʪʴ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʩʢʣʘʜʫ ʨʝʯʦʚʠʥʠ ʽ ʩʪʨʫʢʪʫʨʠ ʢʚʘʨʮʠʪʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʝʧʨʫʞʥʽ ʚʥʫʪʨʽʰʥʻ ʪʝʨʪʷ (ɺʊ) Q-1 ̔  

ʧʨʫʞʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɽ ʽʩʪʦʪʥʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. 

  
ʈʠʩʫʥʦʢ 4. ʇʦʚʝʨʭʥʷ ʢʚʘʨʮʠʪʘ SiO2 ʧʽʩʣʷ ʣʘʟʝʨʥʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ ʨʫʙʽʥʦʚʠʤ ʣʘʟʝʨʦʤ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ɯ å 400 

ʄɺʪ/ʩʤ2 ʜʦʟʦʶ D = 5xI ʟ ʪʨʠʚʘʣʽʩʪʴ ʜʽʾ ʽʤʧʫʣʴʩʫ 

ʨʫʙʽʥʦʚʦʛʦ ʣʘʟʝʨʘ Ű å 20 ʥʩʝʢ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚ = 694 

ʥʤ (ʭ28). 

ʈʠʩʫʥʦʢ 5. ʇʦʚʝʨʭʥʷ ʢʚʘʨʮʠʪʘ SiO2 ʧʽʩʣʷ ʣʘʟʝʨʥʦʛʦ 

ʦʧʨʦʤʽʥʝʥʥʷ ʨʫʙʽʥʦʚʠʤ ʣʘʟʝʨʦʤ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ɯ å 400 

ʄɺʪ/ʩʤ2 ʜʦʟʦʶ D = 5xI ʟ ʪʨʠʚʘʣʽʩʪʴ ʜʽʾ ʽʤʧʫʣʴʩʫ 

ʨʫʙʽʥʦʚʦʛʦ ʣʘʟʝʨʘ Ű å 20 ʥʩʝʢ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ɚ = 694 

ʥʤ (ʭ6,4). 


