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ʋ ʥʘʚʯʘʣʴʥʦʤʫ ʧʦʩʽʙʥʠʢʫ çʈʝʥʪʛʝʥʦʤʝʪʨʠʯʥʠʡ ʚʠʟʥʘʯʥʠʢ ʤʽʥʝʨʘʣʽʚè ʧʦʜʘʥʦ  

ʢʣʶʯ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʦʰʢʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʽ ʜʘʥʽ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʝʨʚʠʥʥʠʭ ʪʘ ʚʪʦʨʠʥʥʠʭ ʧʦʨʦʜʦʪʚʽʨʥʠʭ, ʨʫʜʥʠʭ ʪʘ ʘʢʮʝʩʦʨʥʠʭ 

ʤʽʥʝʨʘʣʽʚ. ʋ ʚʩʪʫʧʥʽʡ ʯʘʩʪʠʥʽ ʚʠʢʣʘʜʝʥʦ ʧʨʘʚʠʣʘ ʢʦʨʠʩʪʫʚʘʥʥʷ 

çʈʝʥʪʛʝʥʦʤʝʪʨʠʯʥʠʤ ʚʠʟʥʘʯʥʠʢʦʤéè ʪʘ ʘʣʛʦʨʠʪʤ ʜʽʘʛʥʦʩʪʠʢʠ ʤʽʥʝʨʘʣʽʚ. ɼʣʷ 

ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ ʛʝʦʣʦʛʽʯʥʠʭ, ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ 

ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʦʩʚʽʪʠ, ʘ ʪʘʢʦʞ ʫʩʽʭ, ʭʪʦ ʮʽʢʘʚʠʪʴʩʷ ʧʨʦʙʣʝʤʘʤʠ 

ʜʽʘʛʥʦʩʪʠʢʠ ʤʽʥʝʨʘʣʽʚ. 

 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦ ʜʨʫʢʫ ʚʯʝʥʦʶ ʨʘʜʦʶ ʛʝʦʣʦʛʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʃʅʋ ʽʤʝʥʽ 

ɯʚʘʥʘ ʌʨʘʥʢʘ (ʧʨʦʪʦʢʦʣ ˉ77/05 ʚʽʜ 31.05.11) 

 

É ʍʤʝʣʝʚʩʴʢʠʡ ɺ.ʆ., ɼʷʢʽʚ ɺ.ʆ., 2014 

É ʃʅʋ ̔ʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ 
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ʇʝʨʝʜʤʦʚʘ 

ʆʜʥiʻʶ ʟ  ʥʘʡʮiʥʥiʰʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣiʟʫ ʻ ʤʦʞʣʠʚiʩʪʴ 

ʚʠʟʥʘʯʠʪʠ ʟʘ ʧʦʨʦʰʢʦʛʨʘʤʦʶ,  ʟʥʷʪʦʶ ʟʘ ʤʝʪʦʜʠʢʦʶ ɼʝʙʘʷ-ʐʝʨʨʝʨʘ-ʍʝʣʣʘ 

(ʨʝʥʪʛʝʥʦʛʨʘʤʦʶ ï ʜʝʙʘʻʛʨʘʤʦʶ ʘʙʦ ʜʠʬʨʘʢʪʦʛʨʘʤʦʶ), ʤiʥʝʨʘʣʴʥʠʡ ʩʢʣʘʜ ʜʦʩʣiʜʞʫʚʘʥʦʾ 

ʨʝʯʦʚʠʥʠ. 

ʂʦʞʥʘ ʢʨʠʩʪʘʣiʯʥʘ  ʬʘʟʘ,  ʧʨʠ ʧʨʦʭʦʜʞʝʥi ʯʝʨʝʟ ʥʝʾ ʨʝʥʪʛʝʥiʚʩʴʢʠʭ ʧʨʦʤʝʥiʚ, ʜʘʻ 

iʥʜʠʚiʜʫʘʣʴʥʫ ʜʠʬʨʘʢʮiʡʥʫ ʢʘʨʪʠʥʫ,  ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʣʦʞʝʥʥʷʤ ʣiʥiʡ  ʪʘ  ʾʭ  

iʥʪʝʥʩʠʚʥiʩʪʶ  ʟʛiʜʥʦ  ʨiʚʥʷʥʥʷ ɺʫʣʴʬʘ-ɹʨʝʛʛʘ. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʩʫʤiʰi ʜʝʢiʣʴʢʦʭ ʬʘʟ  ʻ  

ʨʝʟʫʣʴʪʘʪʦʤ  ʚʟʘʻʤʥʦʛʦ ʥʘʢʣʘʜʘʥʥʷ ʨʝʥʪʛʝʥʦʛʨʘʤ  ʢʦʞʥʦʾ  ʟ ʥʠʭ.  ʊʦʤʫ ʚʠʟʥʘʯʝʥʥʷ ʦʜʥʦʾ 

ʬʘʟʠ  ʘʙʦ ʩʫʤiʰi ʜʝʢiʣʴʢʦʭ ʬʘʟ ʤʦʞʝ ʙʫʪʠ ʟʨʦʙʣʝʥʝ  ʰʣʷʭʦʤ  ʧʦʨiʚʥʷʥʥʷ  ʨʝʥʪʛʝʥʦʛʨʘʤ 

ʚiʜʦʤʠʭ i  ʜʦʩʣiʜʞʫʚʘʥʠʭ ʨʝʯʦʚʠʥ.  ʈʝʥʪʛʝʥʦʤʝʪʨʠʯʥʝ  ʚʠʟʥʘʯʝʥʥʷ ʤiʥʝʨʘʣiʚ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʩʧiʚʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ (d ʪʘ I) ʟ ʪʠʤʠ ʞ ʜʘʥʠʤʠ  ʜʦʚiʜʥʠʢʘ. 

ʈʝʥʪʛʝʥʦʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʩʪʘʣiʯʥʠʭ ʨʝʯʦʚʠʥ ʟʘ  ʨʝʥʪʛʝʥʦʛʨʘʤʘʤʠ 

ʚʧʝʨʰʝ  ʙʫʚ  ʨʦʟʨʦʙʣʝʥʠʡ  ʫ 1938 ʨ.  ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚiʜ ʦʜʥʦʛʦ ɸ.ʂ. ɹʦʣʜʠʨʝʚʠʤ i ɺ.I. 

ʄiʭʝʻʚʠʤ ʚ ʉʈʉʈ ʪʘ ɼʞ.ɼ. ʍʘʥʘʚʘʣʴʪʦʤ, ʍ.ɺ. ʈiʥʥʦʤ i ʃ.ʂ. ʌʨʝʚʝʣʝʤ ʚ ʉʐɸ. 

ɺ çʈʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʤʫ  ʚʠʟʥʘʯʥʠʢʫ  ʤiʥʝʨʘʣiʚè  ʯ.1 ɸ.ʂ. ɹʦʣʜʠʨʝʚʘ, ɺ.I. ʄiʭʝʻʚʘ, ɺ.ʅ. 

ɼʫʙiʥiʥʦʾ i ɻ.ɸ. ʂʦʚʘʣʴʦʚʘ, ʱʦ ʚʠʡʰʦʚ ʚ ʉʈʉʈ ʫ 1938 ʨ. ʙʫʣʦ ʚʢʣʶʯʝʥʦ 142 ʝʪʘʣʦʥʥʠʭ 

ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʤiʥʝʨʘʣiʚ. 

ʅʘʡʚʘʞʣʠʚiʰʠʤ ʧʨʠʥʮʠʧʦʚʠʤ ʧʠʪʘʥʥʷʤ ʧʨʠ ʩʢʣʘʜʘʥʥi ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʛʦ 

ʚʠʟʥʘʯʥʠʢʘ ʙʫʣʦ ʧʠʪʘʥʥʷ ʧʨʦ ʢʣʶʯ. ɿiʙʨʘʥʦʤʫ ʤʘʪʝʨiʘʣʫ ʟ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤiʥʝʨʘʣiʚ ʥʝʦʙʭiʜʥʦ ʙʫʣʦ ʧʨʠʜʘʪʠ ʪʘʢi ʟʘʛʘʣʴʥi ʪʘʙʣʠʮi, ʷʢi ʜʦʟʚʦʣʷʣʠ ʙ 

ʩʠʩʪʝʤʘʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʥʝʚiʜʦʤʦʾ ʨʝʯʦʚʠʥʠ. ʈʘʥiʰʝ, ʜʦʢʠ ʥʝ ʩʪʘʚʠʣʦʩʷ ʟʘʚʜʘʥʥʷ 

ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʨʝʯʦʚʠʥʠ, ʧʠʪʘʥʥʷ ʧʨʦ ʢʣʶʯ ʥʝ ʚʠʥʠʢʘʣʦ. ɼʦʢʠ 

ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʝ ʜʦʩʣiʜʞʝʥʥʷ ʦʭʦʧʣʶʚʘʣʦ ʣʠʰʝ ʜʝʢiʣʴʢʘ ʨʝʯʦʚʠʥ, ʢʦʞʥʘ ʟ ʥʠʭ ʤʦʛʣʘ 

ʚiʜʨiʟʥʷʪʠʩʷ ʚiʜ iʥʰʦʾ ʧʨʦʩʪʠʤ ʧʦʨiʚʥʷʥʥʷʤ ʨʝʥʪʛʝʥʦʛʨʘʤ. ɸʣʝ ʥʘʚiʪʴ i ʜʣʷ ʪʘʢʦʛʦ 

ʧʦʨiʚʥʷʥʥʷ ʙʘʞʘʥʦ ʚʢʘʟʘʪʠ ʩʘʤi ʛʦʣʦʚʥi ʚiʜʤiʥʥi ʦʟʥʘʢʠ ʢʦʞʥʦʾ ʨʝʥʪʛʝʥʦʛʨʘʤʠ. ʇʨʠ 

ʩʪʚʦʨʝʥʥi ʞ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ, ʱʦ ʚʤiʱʫʻ ʝʪʘʣʦʥʠ ʥʝ ʜʣʷ ʜʝʩʷʪʢiʚ, ʘ ʜʣʷ 

ʩʦʪʝʥʴ ʤiʥʝʨʘʣiʚ, ʪʘʢi ʢʣʶʯʦʚi ʪʘʙʣʠʮi ʙʫʣʠ ʮiʣʢʦʤ ʥʝʦʙʭiʜʥi. 

ʇʝʨʰʠʡ ʚʘʨiʘʥʪ ʢʣʶʯʘ, ʥʝʦʙʭʜ̔ʥʦʛʦ ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤiʥʝʨʘʣiʚ, ʙʫʚ 

ʜʘʥʠʡ ʫ ʨʦʙʦʪi ɺ.I. ʄiʭʝʻʚʘ (1939 ʨ.). ɺiʥ ʤiʩʪʠʪʴ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʪʘʙʣʠʮʶ, ʜʝ ʻ ʜʘʥi ʜʣʷ ʚʩiʭ 

ʣiʥiʡ ʜʝʙʘʻʛʨʘʤ ʢʘʤôʷʥʦʛʦ ʣʠʪʪʷ. ɼʣʷ ʢʦʞʥʦʾ ʣiʥiʾ ʚʢʘʟʫʚʘʣʘʩʷ ʥʘʟʚʘ ʤiʥʝʨʘʣʫ, ʚʝʣʠʯʠʥʘ 

ʤiʞʧʣʦʱʠʥʥʦʾ ʚiʜʜʘʣi ʪʘ iʥʪʝʥʩʠʚʥiʩʪʴ. ʎʝʡ ʚʘʨiʘʥʪ ʙʫʚ ʜʘʣʝʢʠʡ ʚiʜ ʜʦʩʢʦʥʘʣʦʩʪi, ʘʣʝ ʚʞʝ 

ʜʘʚʘʚ ʯʽʪʢʠʡ ʥʘʧʨʷʤʦʢ ʜʣʷ ʨʦʟʚʠʪʢʫ i ʧʦʙʫʜʦʚʠ ʢʣʶʯʘ, ʟʨʫʯʥʦʛʦ ʜʣʷ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ ʤʽʥʝʨʘʣʽʚ. 

ʇʦʯʘʪʢʦʚʠʡ ʚʘʨiʘʥʪ ʢʣʶʯʘ ʜʣʷ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ ʙʫʚ ʩʢʣʘʜʝʥʠʡ ʟʘ 

ʘʥʘʣʦʛiʻʶ ʟ ʢʣʶʯʝʤ ʛʦʥiʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ ʢʨʠʩʪʘʣiʚ, ʜʝ ʚʩi ʛʨʘʥi ʢʨʠʩʪʘʣiʚ ʜʘʥʦʾ 
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ʩʠʥʛʦʥiʾ ʨʦʟʤiʱʫʚʘʣʠʩʴ ʫ ʧʦʨʷʜʢʫ ʟʨʦʩʪʘʥʥʷ ʧʦʣʷʨʥʠʭ ʚiʜʜʘʣʝʡ. ɺ ʛʦʥiʦʤʝʪʨʠʯʥʦʤʫ 

ʚʠʟʥʘʯʥʠʢʫ ʢʨʠʩʪʘʣiʚ, ʚʥʘʩʣiʜʦʢ ʤiʥʣʠʚʦʩʪi ʟʦʚʥiʰʥʴʦʾ ʬʦʨʤʠ ʢʨʠʩʪʘʣiʚ ʧʦʜʘʣʴʰʘ 

ʨʘʮiʦʥʘʣiʟʘʮiʷ ʢʣʶʯʘ ʥʝʤʦʞʣʠʚʘ, i ʩʭʝʤʘ ʢʣʶʯʘ, ʷʢʘ ʧʨʠʡʥʷʪʘ ʚ ʛʦʥiʦʤʝʪʨʠʯʥʦʤʫ 

ʚʠʟʥʘʯʥʠʢʫ, ʤʦʞʝ ʚʚʘʞʘʪʠʩʴ ʢiʥʮʝʚʦʶ. ʋ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʤʫ ʚʠʟʥʘʯʥʠʢʫ ʩʪʚʦʨʶʶʪʴʩʷ 

ʜʦʜʘʪʢʦʚi ʤʦʞʣʠʚʦʩʪi. ʅʘ ʨʦʥʪʛʝʥʦʛʨʘʤi ʜʘʥʦʾ ʨʝʯʦʚʠʥʠ ʥʘʡʙiʣʴʰ iʥʪʝʥʩʠʚʥi ʣiʥiʾ ï ʣiʥiʾ 

ʭʘʨʘʢʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ï ʟʘʚʞʜʠ ʧʦʚʠʥʥi ʙʫʪʠ ʧʨʠʩʫʪʥiʤʠ ʦʜʥʦʯʘʩʥʦ. ɿ ʜʚʦʭ ʣiʥiʡ ʟ 

iʥʪʝʥʩʠʚʥiʩʪʶ I0 ʧʨʠ ʥʘʷʚʥʦʩʪi ʦʜʥiʻʾ ʟ ʥʠʭ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʠʩʫʪʥʷ i ʜʨʫʛʘ. ʇʨʘʢʪʠʯʥʦ ʮʝ 

ʩʧʨʘʚʝʜʣʠʚʦ i ʜʣʷ ʨʝʰʪʠ ʣiʥiʡ ʭʘʨʘʢʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʫ ʛʦʥiʦʤʝʪʨʠʯʥʦʤʫ 

ʤʝʪʦʜi ʟ ʜʚʦʭ ʥʘʡʙiʣʴʰ ʚʘʞʣʠʚʠʭ ʛʨʘʥʝʡ ʜʘʥʦʾ ʨʝʯʦʚʠʥʠ ʥʘ ʜʦʩʣiʜʞʫʚʘʥʦʤʫ ʢʨʠʩʪʘʣi, ʧʨʠ 

ʥʘʷʚʥʦʩʪi ʦʜʥiʻʾ ʟ ʮʠʭ ʚʘʞʣʠʚʠʭ ʛʨʘʥʝʡ, ʜʨʫʛʘ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʠʩʫʪʥʴʦʶ. ɼʦ 

ʪʦʛʦ ʞ ʢʣʶʯ ʛʦʥiʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ, ʜʝ ʜʣʷ ʢʦʞʥʦʛʦ ʤiʥʝʨʘʣʫ ʟʨʘʟʫ ʚʢʘʟʫʻʪʴʩʷ 

ʜʝʢiʣʴʢʘ ʤiʞʧʣʦʱʠʥʥʠʭ ʚiʜʜʘʣʝʡ, ʚʠʧʘʜʢʦʚi ʩʧiʚʧʘʜiʥʥʷ ʣʝʛʢʦ ʚiʜʨiʟʥʷʶʪʴʩʷ ʚiʜ iʩʪʠʥʥʠʭ. 

ɺʣʘʩʥʝ ʚ ʮʴʦʤʫ ʡ ʧʦʣʷʛʘʻ ʩʧʝʮʠʬiʢʘ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ ʧʦʨiʚʥʷʥʦ ʟ 

ʛʦʥiʦʤʝʪʨʠʯʥʠʤ ʚʠʟʥʘʯʥʠʢʦʤ ʢʨʠʩʪʘʣiʚ. 

ʋ ʚʜʦʩʢʦʥʘʣʝʥʦʤʫ ʢʣʶʯi, ʷʢʠʡ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʧʨʠ ʩʢʣʘʜʘʥʥi ʧʝʨʰʦʛʦ ʚʠʧʫʩʢʫ 

ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ ʤiʥʝʨʘʣiʚ, ʜʣʷ ʢʦʞʥʦʾ ʣiʥiʾ ʭʘʨʘʢʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʦʢʨiʤ 

ʚʝʣʠʯʠʥʠ d/n, ʚiʜʥʦʩʥʦʾ iʥʪʝʥʩʠʚʥʦʩʪi I, ʥʘʟʚʠ ʤiʥʝʨʘʣʫ i ʡʦʛʦ ʭiʤiʯʥʦʾ ʬʦʨʤʫʣʠ, 

ʚʢʘʟʫʚʘʣʠʩʷ ʪʘʢʦʞ ʤiʞʧʣʦʱʠʥʥi ʚiʜʜʘʣi d/n i ʚiʜʥʦʩʥi iʥʪʝʥʩʠʚʥʦʩʪi I  ʜʣʷ iʥʰʠʭ ʣiʥiʡ 

ʜʘʥʦʛʦ ʤiʥʝʨʘʣʫ. ʏʠʩʣʦ ʣiʥiʡ ʚ ʧʝʨʰʠʭ ʨʦʙʦʪʘʭ ɺ.I. ʄiʭʝʻʚʘ ʪʘ iʥ., ʙʫʣʦ ʟʤʝʥʰʝʥʦ ʟ 10 ʜʦ 5-

7 ʣiʥiʡ ʟ ʪʠʤ, ʱʦʙ ʢʣʶʯ ʥʝ ʙʫʚ ʟʘʥʘʜʪʦ ʛʨʦʤiʟʜʢʠʤ. ʋ ʛʦʣʦʚʥiʡ ʨʦʙʦʪi ɺ.I. ʄiʭʝʻʚʘ 

çʈʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʤʫ ʚʠʟʥʘʯʥʠʢʫ ʤiʥʝʨʘʣiʚè [11] ʪʘ ʡʦʛʦ ʜʨʫʛʦʤʫ ʪʦʤi [12] ʚ ʢʣʶʯ ʚʚʝʜʝʥʦ 

ʧʦ 5 ʣiʥiʡ ʭʘʨʘʢʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʤiʥʝʨʘʣiʚ ʫ ʢʣʶʯi ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʧʦʨʷʜʢʫ 

ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ d/n. ɺ ʥʘʩʪʫʧʥʠʭ ʛʨʘʬʘʭ (3-10) ʥʘʚʝʜʝʥi ʤiʞʧʣʦʱʠʥʥi ʚiʜʜʘʣi d/n i 

ʚiʜʥʦʩʥi iʥʪʝʥʩʠʚʥʦʩʪi ʜʣʷ ʣiʥiʡ ʭʘʨʘʢʪʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʮʴʦʛʦ ʤiʥʝʨʘʣʫ. ʋ ʛʨʘʬi 11 

ʚʢʘʟʫʻʪʴʩʷ ʥʘʟʚʘ i ʭiʤiʯʥʘ ʬʦʨʤʫʣʘ ʤiʥʝʨʘʣʫ. ʅʘʨʝʰʪi, ʫ ʦʩʪʘʥʥiʡ ʛʨʘʬi 12 ʧʨʠʚʦʜʠʪʴʩʷ 

ʥʦʤʝʨ, ʧiʜ ʷʢʠʤ ʜʘʥʠʡ ʤiʥʝʨʘʣ ʦʧʠʩʫʻʪʴʩʷ ʫ ʜʨʫʛiʡ ʯʘʩʪʠʥi ʚʠʟʥʘʯʥʠʢʘ ï ʜʝʪʘʣʴʥʦʤʫ ʦʧʠʩi. 

ʂʦʞʥʠʡ ʤiʥʝʨʘʣ ʚʩʪʘʚʣʝʥʠʡ ʚ ʢʣʶʯ ʩʪiʣʴʢʠ ʨʘʟiʚ, ʩʢiʣʴʢʠ ʫ ʥʴʦʛʦ ʣiʥiʡ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ (ʚ ʦʩʪʘʥʥiʭ ʚʠʟʥʘʯʥʠʢʘʭ ʄiʭʝʻʚʘ ï 5 ʨʘʟiʚ). ʋ ʛʨʘʬʘʭ 3-10 ʣiʥiʾ ʧʝʨʝʨʘʭʦʚʫʶʪʴʩʷ 

ʚ ʧʦʨʷʜʢʫ ʟʤʝʥʰʝʥʥʷ ʚiʜʥʦʩʥʦʾ iʥʪʝʥʩʠʚʥʦʩʪi, ʪʦʙʪʦ ʚ ʧʦʨʷʜʢʫ ʚʘʞʣʠʚʦʩʪi ʣiʥiʡ 

ʨʝʥʪʛʝʥʦʛʨʘʤ. ʇʨʠ ʦʜʥʘʢʦʚiʡ iʥʪʝʥʩʠʚʥʦʩʪi ʨʘʥiʰʝ ʚʢʘʟʫʻʪʴʩʷ ʣiʥiʷ ʟ ʙiʣʴʰʦʶ 

ʤiʞʧʣʦʱʠʥʥʦʶ ʚiʜʜʘʣʣʶ. 

ʇʝʨʰʦʶ iʥʦʟʝʤʥʦʶ ʨʦʙʦʪʦʶ, ʷʢʘ ʧʨʠʩʚʷʯʝʥʘ ʧʨʦʙʣʝʤi ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʛʦ 

ʚʠʟʥʘʯʥʠʢʘ, i ʯʘʩʪʢʦʚʦ ʨʝʘʣiʟʘʮiʾ ʮiʻʾ ʧʨʦʙʣʝʤʠ, ʩʣiʜ ʚʚʘʞʘʪʠ (ʟʘ ʜʘʥʠʤʠ ɺ.I. ʄiʭʝʻʚʘ (1957) 

ʨʦʙʦʪʫ ɸ.ɺ. ɺʘʣʴʜʦ (1935) çIʜʝʥʪʝʬiʢʘʮiʷ ʤiʜʥʦʨʫʜʥʠʭ ʤiʥʝʨʘʣiʚ ʟ ʜʦʧʦʤʦʛʦʶ ʜʝʙʘʻʛʨʘʤè 

[27]. ɺ ʥiʡ ʙʫʣʠ ʜʘʥi ʜʝʙʘʻʛʨʘʤʠ 48 ʤiʜʴʚʤiʱʫʶʯʠʭ ʨʫʜʥʠʭ ʤiʥʝʨʘʣiʚ ʪʘ ʢʣʶʯ ʜʣʷ 

ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤiʥʝʨʘʣiʚ ʰʣʷʭʦʤ iʜʝʥʪʠʬiʢʘʮiʾ ʜʝʙʘʻʛʨʘʤ. 

ʄʘʡʞʝ ʦʜʥʦʯʘʩʦʚʦ ʟ ɸ.ɺ. ɺʘʣʴʜʦ ʜʚʦʤʘ ʘʤʝʨʠʢʘʥʩʴʢʠʤʠ ʜʦʩʣiʜʥʠʢʘʤʠ ï ɼʞ.ɼ. ɻʘʥʘ-

ʚʘʣʴʪʦʤ i ɻ.ɺ. ʈiʥʥʦʤ (1936) [19], ʙʫʣʘ ʚʠʩʣʦʚʣʝʥʘ ʜʫʤʢʘ ʧʨʦ ʤʦʞʣʠʚʦʩʪi ʙiʣʴʰ ʰʠʨʦʢʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʧʦʨʦʰʢʫ ʜʣʷ ʮiʣʝʡ iʜʝʥʪʠʬiʢʘʮiʾ. ɸʚʪʦʨʠ ʥʘʤiʪʠʣʠ ʧʨʦʛʨʘʤʫ ʨʦʙiʪ i 

ʟʘʛʘʣʴʥi ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ ʨʝʯʦʚʠʥʠ ʘʙʦ, ʷʢ ʚʦʥʠ ʡʦʛʦ 

ʥʘʟʚʘʣʠ ñʤʝʪʦʜʫ ʭiʤiʯʥʦʛʦ ʘʥʘʣiʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʬʨʘʢʮiʾ ʍ-ʧʨʦʤʝʥiʚ". 

ʏʝʨʝʟ ʜʚʘ ʨʦʢʠ ɼʞ.ɼ. ɻʘʥʘʚʘʣʴʪ, ɻ.ɺ. ʈiʥʥ i ʃ.ʂ. ʌʨʝʚʝʣʴ (1938)  [18] ʦʧʫʙʣiʢʫʚʘʣʠ ʜʘʥi 

ʝʪʘʣʦʥʥʠʭ ʜʝʙʘʻʛʨʘʤ ʜʣʷ 1000 ʭiʤiʯʥʠʭ ʨʝʯʦʚʠʥ, ʚʜʦʩʢʦʥʘʣʠʚʰʠ i ʨʘʟʦʤ ʟ ʪʠʤ ʜʦʧʦʚʥʠʚʰʠ 

ʦʩʥʦʚʠ i ʜʝʪʘʣi ʩʘʤʦʛʦ ʤʝʪʦʜʫ ʚʠʟʥʘʯʝʥʥʷ ʨʝʯʦʚʠʥʠ. ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʫ ʧʦʢʣʘʜʝʥʦ ʪʦʡ ʬʘʢʪ, 

ʱʦ ʜʚi ʨiʟʥʠʭ ʨʝʯʦʚʠʥʠ ʤʘʶʪʴ ʨiʟʥʫ ʩʪʨʫʢʪʫʨʫ, ʘ, ʟʥʘʯʠʪʴ, i ʨiʟʥi ʜʝʙʘʻʛʨʘʤʠ. ɺiʜʢʠʜʘʶʯʠ 

ʤʦʞʣʠʚiʩʪʴ ʧʦʙʫʜʦʚʠ ʚʠʟʥʘʯʥʠʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ, 

ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ iʜʝʶ ʚʠʟʥʘʯʝʥʥʷ ʨʝʯʦʚʠʥʠ ʟʘ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʠʤʠ ʟʥiʤʢʘʤʠ ʧʦʨʦʰʢʫ. ɿ 

ʮiʻʶ ʤʝʪʦʶ ʧʣʘʥʫʚʘʣʦʩʷ ʟʘʛʦʪʫʚʘʪʠ ʚʝʣʠʢʫ ʢiʣʴʢiʩʪʴ ʝʪʘʣʦʥʥʠʭ ʥʝʛʘʪʠʚiʚ, ʷʢʠʤʠ ʤʦʞʥʘ 

ʙʫʣʦ ʙ ʩʢʦʨʠʩʪʘʪʠʩʴ ʜʣʷ ʮiʣʝʡ iʜʝʥʪʠʬiʢʘʮiʾ. ʆʜʥʘʢ ʥʘ ʮʴʦʤʫ ʰʣʷʭʫ ʟʫʩʪʨiʣʠʩʷ ʪʘʢi 

ʚʝʣʠʯʝʟʥi ʪʝʭʥiʯʥi ʪʨʫʜʥʦʱi, ʱʦ ʮʶ iʜʝʶ ʜʦʚʝʣʦʩʷ ʟʘʣʠʰʠʪʠ. ʅʘʨʝʰʪi ʘʚʪʦʨʠ ʧʨʠʡʰʣʠ ʚ 

ʦʩʥʦʚʥʦʤʫ ʜʦ ʪʦʛʦ ʞ ʚʘʨiʘʥʪʫ, ʷʢʠʡ ʟʥʘʡʰʦʚ ʩʚʦʻ ʚiʜʙʠʪʪʷ ʚ ʨʦʩiʡʩʴʢʦʤʫ 

ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʤʫ ʚʠʟʥʘʯʥʠʢʫ ʤiʥʝʨʘʣiʚ. ʋ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʟʘ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʫ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʝʯʦʚʠʥʠ ʙʫʣʠ ʧʨʠʡʥʷʪi ʥʝ ʩʪʨʫʢʪʫʨʠ ʨʝʯʦʚʠʥʠ i ʥʝ ʥʝʛʘʪʠʚʠ ʜʠʬʨʘʢʮiʡʥʠʭ 

ʟʥiʤʢiʚ, ʘ ʚʝʣʠʯʠʥʠ ʤiʞʧʣʦʱʠʥʥʠʭ ʚiʜʜʘʣʝʡ d/n i iʥʪʝʥʩʠʚʥʦʩʪi ʣiʥiʡ I, ʱʦ ʚiʜʧʦʚiʜʘʶʪʴ 

ʢʦʞʥiʡ ʣiʥiʾ ʟʥiʤʢʫ. ʊiʣʴʢʠ ʪʘʢʠʡ ʩʧʦʩiʙ ʜʘʚʘʚ ʤʦʞʣʠʚiʩʪʴ ʧʦʨiʚʥʶʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ, ʷʢi 

ʦʪʨʠʤʘʥi ʫ ʨiʟʥʠʭ ʣʘʙʦʨʘʪʦʨiʷʭ. 

ɸʚʪʦʨʠ ʧʦʨiʚʥʷʥʦ ʟʘ ʢʦʨʦʪʢʠʡ ʧôʷʪʠʨiʯʥʠʡ ʪʝʨʤiʥ ʧiʜʛʦʪʫʚʘʣʠ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʠʡ 

ʜʦʚiʜʥʠʢ ʜʣʷ 1000 ʭiʤiʯʥʠʭ ʨʝʯʦʚʠʥ. ɺʝʣʠʢʘ ʧʨʦʜʫʢʪʠʚʥiʩʪʴ ʫ ʚʠʛʦʪʦʚʣʝʥi ʝʪʘʣʦʥiʚ ʙʫʣʘ 

ʜʦʩʷʛʥʫʪʘ ʟʘʚʜʷʢʠ ʩʪʘʥʜʘʨʪʥʠʤ i ʩʧʝʮʠʬiʯʥʠʤ ʫʤʦʚʘʤ ʟʡʦʤʢʠ. 

ʂʣʶʯ ʫ ʜʘʥiʡ ʨʦʙʦʪi ʚiʜʩʫʪʥiʡ, ʥʘʜʘʥi ʣʠʰʝ ʨʦʟʨʦʙʣʝʥi ʬʦʨʤʫʣʷʨʠ ʪʘʙʣʠʮʴ ʢʣʶʯʘ i 

ʧʨʠʥʮʠʧ ʡʦʛʦ ʧʦʙʫʜʦʚʠ. ɺ ʢʣʶʯ ʚʥʝʩʝʥʦ ʪʨʠ ʥʘʡʙiʣʴʰ iʥʪʝʥʩʠʚʥi ʣiʥiʾ ʢʦʞʥʦʛʦ ʝʪʘʣʦʥʫ. 

ʂʣʶʯ ʤʘʻ ʢʘʨʪʦʯʥʫ ʢʦʥʩʪʨʫʢʮiʶ, ʘ ʥʝ ʻ ʦʜʥiʻʶ ʪʘʙʣʠʮʝʶ, ʷʢ ʫ ʚʠʟʥʘʯʥʠʢʫ ɺ.I. ʄiʭʝʻʚʘ. 

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʤʦʞʣʠʚi ʟʥʘʯʝʥʥʷ ʤiʞʧʣʦʱʠʥʥʠʭ ʚiʜʜʘʣʝʡ ʥʘ ʜʝʙʘʻʛʨʘʤʘʭ 

ʢʦʣʠʚʘʶʪʴʩʷ ʚiʜ 20 ʜʦ 0.5 ʢʍ, ʢʣʶʯ ʨʦʟʙʠʪʦ ʥʘ 77 ʛʨʫʧ. ʄʝʞi ʮʠʭ ʛʨʫʧ ʥʘʤiʯʝʥi ʫʤʦʚʥʦ ʟ 

ʪʘʢʠʤ ʨʦʟʨʘʭʫʥʢʦʤ, ʱʦʙ iʥʪʝʨʚʘʣʠ ʛʨʫʧ ʚ 5-10 ʨʘʟiʚ ʧʝʨʝʚʠʱʫʚʘʣʠ ʧʦʭʠʙʢʫ ʚʠʟʥʘʯʝʥʥʷ 

ʤiʞʧʣʦʱʠʥʥʠʭ ʚiʜʜʘʣʝʡ. ʂʦʞʥʘ ʛʨʫʧʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʨʦʟʙʠʚʘʻʪʴʩʷ ʥʘ 77 ʧiʜʛʨʫʧ. ʇʝʨʰʘ, 

ʩʘʤʘ ʷʩʢʨʘʚʘ ʣiʥiʷ ʜʝʙʘʻʛʨʘʤʠ ʚʠʟʥʘʯʘʻ ʛʨʫʧʫ, ʜʨʫʛʘ ï ʧiʜʛʨʫʧʫ. ɺʩʝʨʝʜʝʥi ʢʦʞʥʦʾ ʧiʜʛʨʫʧʠ 

ʻ ʧʦ 15 ʩʪʨiʯʦʢ, ʫ ʷʢʠʭ ʨʝʥʪʛʝʥʦʛʨʘʤʠ, ʷʢi ʚiʜʥʝʩʝʥi ʜʦ ʮiʻʾ ʧiʜʛʨʫʧʠ, ʨʦʟʪʘʰʦʚʘʥi ʚ ʧʦʨʷʜʢʫ 

ʟʤʝʥʰʝʥʥʷ ʤiʞʧʣʦʱʠʥʥʠʭ ʚiʜʜʘʣʝʡ ʜʣʷ ʪʨʝʪʴʦʾ ʟʘ ʷʩʢʨʘʚiʩʪʶ ʣiʥiʾ ʜʝʙʘʻʛʨʘʤʠ. 

ɼʚʦʭʩʪʫʧiʥʯʘʪiʩʪʴ ʢʣʶʯʘ ɻʘʥʘʚʘʣʴʪʘ, ʈiʥʥʘ ʠ ʌʨʝʚʝʣʷ ʟʦʚʩiʤ ʥʝ ʧʦʣʝʛʰʫʻ ʢʦʨʠʩʪʫʚʘʥʥʷ 

ʥʠʤ, ʷʢ ʮʝ ʤʦʞʝ ʟʜʘʪʠʩʷ ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʘ, ʥʘʚʧʘʢʠ, ʫʩʢʣʘʜʥʶʻ ʨʦʙʦʪʫ ʪʘ ʩʘʤ ʢʣʶʯ. 

ʋ 1942 ʨ. ʚʠʡʰʦʚ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʠʡ ʚʠʟʥʘʯʥʠʢ ʨʫʜʥʠʭ ʤiʥʝʨʘʣiʚ ɼ.ɸ. ʍʘʨʢʦʨʪʘ [20], ʚ 

ʷʢʦʤʫ ʥʘʚʝʜʝʥi ʝʪʘʣʦʥʠ ʜʣʷ 163 ʨʫʜʥʠʭ ʤiʥʝʨʘʣiʚ. ʎʷ ʨʦʙʦʪʘ ʩʪʘʣʘ iʩʪʦʪʥʠʤ ʚʢʣʘʜʦʤ ʫ 

ʨʦʟʚʠʪʦʢ i ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʛʦ ʤʝʪʦʜʫ ʚ ʤiʥʝʨʘʣʦʛiʾ. ɼʦʚiʜʥʠʢ ʤʘʻ ʢʣʶʯ ʪʘʢʦʾ 

ʞ ʙʫʜʦʚʠ, ʷʢ i ʢʣʶʯ ɸ.ɺ. ɺʘʣʴʜʦ. ɺiʥ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʨʴʦʭ ʥʘʡʙiʣʴʰ iʥʪʝʥʩʠʚʥʠʭ ʣiʥiʷʭ 

ʜʝʙʘʻʛʨʘʤʠ. 

ʅʘʡʙiʣʴʰ ʧʦʚʥʦʶ ʟʙiʨʢʦʶ ʜʨʝʥʪʛʝʥʦʛʨʘʤ ʻ çʈʝʥʪʛʝʥʦʤʝʪʨʠʯʥʘ ʢʘʨʪʦʪʝʢʘè [16], ʷʢʫ 

ʟʘʟʚʠʯʘʡ ʥʘʟʠʚʘʶʪʴ ñʘʤʝʨʠʢʘʥʩʴʢʦʶò ʢʘʨʪʦʪʝʢʦʶ. ɺʦʥʘ ʚʠʜʘʚʘʣʘʩʴ ʟ 1945 ʧʦ 1970 ʨ. 

ɸʤʝʨʠʢʘʥʩʴʢʠʤ ʪʦʚʘʨʠʩʪʚʦʤ ʧʦ ʜʦʩʣiʜʞʝʥʥʶ ʤʘʪʝʨiʘʣiʚ (ASTM). ʅʘʩʪʫʧʥi ʚʠʧʫʩʢʠ 

ʚʠʜʘʶʪʴʩʷ ʆʙôʻʜʥʘʥʠʤ ʢʦʤiʪʝʪʦʤ ʧʦʨʦʰʢʦʚʠʭ ʜʠʬʨʘʢʮiʡʥʠʭ ʩʪʘʥʜʘʨʪiʚ (JCPDS). ɿʘ 

ʜʘʥʠʤʠ ɺ.ʅ. ɻʝʨʘʩʠʤʦʚʘ ʪʘ iʥ. [6] ʜʦ 1975 ʨ. ʢʘʨʪʦʪʝʢʘ ʤiʩʪʠʣʘ ʚ ʩʦʙi 23 ʚʠʧʫʩʢʠ (ʩʝʢʮiʾ), ʚ 

ʷʢʠʭ ʥʘʨʘʭʦʚʫʚʘʣʦʩʴ ʧʦʥʘʜ 27700 ʢʘʨʪʦʢ ʟ ʜʠʬʨʘʢʮiʡʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʥʝʦʨʛʘʥiʯʥʠʭ i 

ʦʨʛʘʥiʯʥʠʭ ʩʧʦʣʫʢ ʪʘ ʤiʥʝʨʘʣiʚ. ɺ ʩʫʯʘʩʥʠʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʭ ʣʘʙʦʨʘʪʦʨiʷʭ ʜʘʥi 

ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʢʘʨʪʦʪʝʢʠ ʚʚʝʜʝʥi ʚ ʧʘʤ'ʷʪʴ ʢʦʤʧôʶʪʝʨiʚ, ʱʦ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʚʠʟʥʘʯʝʥʥʷ 

ʥʝʚiʜʦʤʠʭ ʤiʥʝʨʘʣiʚ ʯʠ ʨʝʯʦʚʠʥ ʟʘ ʜʝʙʘʻʛʨʘʤʦʶ. 

ʈʝʥʪʛʝʥʦʤʝʪʨʠʯʥi ʚʠʟʥʘʯʥʠʢʠ ʤʘʶʪʴ ʧʦʢʘʟʥʠʢʠ ʟʘ ʥʘʟʚʘʤʠ ʤiʥʝʨʘʣiʚ ʪʘ ʭiʤiʯʥʠʤʠ 

ʬʦʨʤʫʣʘʤʠ, ʜʝ ʥʘʚʝʜʝʥi ʤiʞʧʣʦʱʠʥʥi ʚiʜʜʘʣi ʜʣʷ 5 ʘʙʦ 8 iʥʪʝʥʩʠʚʥʠʭ ʣiʥiʡ. 

ɸʤʝʨʠʢʘʥʩʴʢʘ çʈʝʥʪʛʝʥʦʤʝʪʨʠʯʥʘ ʢʘʨʪʦʪʝʢʘè ʩʧʦʨʷʜʞʝʥʘ  ʚʢʘʟiʚʥʠʢʘʤʠ ʫ ʚʠʛʣʷʜi 

ʢʥʠʛʠ. ʋ ʚʢʘʟiʚʥʠʢʫ ɼʞ.ɼ. ʍʘʥʘʚʘʣʴʪʘ ʥʘʚʝʜʝʥi ʟʥʘʯʝʥʥʷ d i ʚiʜʥʦʩʥi iʥʪʝʥʩʠʚʥʦʩʪi ʪʨʴʦʭ 

ʥʘʡiʥʪʝʥʩʠʚʥiʰʠʭ ʣiʥiʡ ʫ ʪʨʴʦʭ ʮʠʢʣiʯʥʠʭ ʧʝʨʝʩʪʘʥʦʚʢʘʭ. ɿʥʘʯʝʥʥʷ d ʨʦʟʙʠʪi ʥʘ ʛʨʫʧʠ, 

ʥʘʟʚʘʥi ʛʨʫʧʘʤʠ ʍʘʥʘʚʘʣʴʪʘ, ʰʣʷʭʦʤ ʧʦʜiʣʫ ʚʩʴʦʛʦ iʥʪʝʨʚʘʣʫ ʤiʞʧʣʦʱʠʥʥʠʭ ʚiʜʜʘʣʝʡ ʚiʜ 

10 ʜʦ 1 ¡ ʥʘ 87 ʚiʜʨiʟʢiʚ. ʂiʣʴʢiʩʪʴ ʪʨiʡʦʢ ʥʘʡiʥʪʝʥʩʠʚʥiʰʠʭ ʣiʥiʡ ʫ ʧʦʩʣiʜʦʚʥʠʭ iʥʪʝʨʚʘʣʘʭ 

ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʘ. ʋ ʚʢʘʟiʚʥʠʢʫ ɼʞ.ɼ. ʍʘʥʘʚʘʣʴʪʘ ʥʘʚʝʜʝʥʘ ʪʘʢʦʞ ʭiʤiʯʥʘ ʬʦʨʤʫʣʘ 

ʨʝʯʦʚʠʥʠ i ʥʦʤʝʨ ʢʘʨʪʢʠ ʫ ʢʘʨʪʦʪʝʮi. 

ʈʦʟʰʠʨʝʥʥʷ ʢʘʨʪʦʪʝʢʠ i ʦʭʦʧʣʝʥʥʷ ʥʝʶ ʥʦʚʠʭ ʦʙʣʘʩʪʝʡ ʧʨʠʚʝʣʠ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʚʢʘʟiʚʥʠʢʘ, ʥʘʟʚʘʥʦʛʦ ʚʢʘʟiʚʥʠʢʦʤ ɺ.ʃ. ʌiʥʢʘ. ʋ ʥʴʦʤʫ ʧʦʜʘʥi ʤiʞʧʣʦʱʠʥʥi ʚiʜʜʘʣi ʜʣʷ 

ʚʦʩʴʤʠ ʥʘʡiʥʪʝʥʩʠʚʥiʰʠʭ ʚiʜʙʠʪʢiʚ ʢʦʞʥʦʾ ʜʝʙʘʻʛʨʘʤʠ. Iʥʜʝʢʩ ʜʦ ʟʥʘʯʝʥʴ d ʚʢʘʟʫʻ ʥʘ 

ʚiʜʥʦʩʥʫ iʥʪʝʥʩʠʚʥiʩʪʴ ʮʠʭ ʚiʜʙʠʪʢiʚ ʟʘ 10-ʙʘʣʴʥʦʶ ʰʢʘʣʦʶ. ɺiʩiʤ ʚʝʣʠʯʠʥ d ʜʘʥi ʫ ʚʦʩʴʤʠ 

ʨiʟʥʠʭ ʤiʩʮʷʭ ʚʢʘʟiʚʥʠʢʘ. ʋ ʧʝʨʰʦʤʫ ʟʘʧʠʩʫ ʚʝʣʠʯʠʥʠ d ʨʦʟʪʘʰʦʚʘʥi ʫ ʧʦʨʷʜʢʫ ʟʤʝʥʰʝʥʥʷ 

ʾʭ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ. ʇʦʟʠʪʠʚʥʦʶ ʦʟʥʘʢʦʶ ʚʢʘʟiʚʥʠʢʘ ʻ ʪʝ, ʱʦ i ʜʨʫʛi ʣiʥiʾ ʨʦʟʪʘʰʦʚʘʥi ʟʘ 

ʟʤʝʥʰʝʥʥʷʤ d. 

ʉʫʢʫʧʥʦʩʪi ʟʥʘʯʝʥʴ ʤiʞʧʣʦʱʠʥʥʠʭ ʚiʜʜʘʣʝʡ ʨʦʟʙʠʪi ʥʘ ʛʨʫʧʠ. ɺʢʣʶʯʝʥʥʷ ʚ ʛʨʫʧʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʧʝʨʰʦʛʦ ʟʣiʚʘ d. ʇʦʨʷʜʦʢ ʚʩʝʨʝʜʠʥi ʛʨʫʧʠ ʟʘʣʝʞʠʪʴ ʚiʜ ʟʥʘʯʝʥʥʷ 

ʜʨʫʛʦʛʦ ʟʣiʚʘ d. ɼʘʣi ʚ ʩʪʨiʯʮi ʚʢʘʟʘʥʘ ʭiʤiʯʥʘ ʘʙʦ ʤiʥʝʨʘʣʦʛiʯʥʘ ʥʘʟʚʘ ʨʝʯʦʚʠʥʠ, ʭiʤiʯʥʘ 
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ʬʦʨʤʫʣʘ i ʥʦʤʝʨ ʢʘʨʪʢʠ. ɿ ʪʦʛʦ ʯʘʩʫ ʚʠʟʥʘʯʥʠʢ ɺ.ʃ. ʌiʥʢʘ ʩʪʘʚ ʛʦʣʦʚʥʠʤ. ʇʨʠ ʚiʜʩʫʪʥʦʩʪi 

ʩʘʤʦʾ ʢʘʨʪʦʪʝʢʠ ʚiʥ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ iʜʝʥʪʠʬiʢʘʮiʾ ʨʝʯʦʚʠʥ. ʂʨiʤ ʪʦʛʦ, ʜʦ 

ʢʘʨʪʦʪʝʢʠ ʜʦʜʘʻʪʴʩʷ ʚʢʘʟiʚʥʠʢ ʭiʤiʯʥʠʭ ʩʧʦʣʫʢ i ʤiʥʝʨʘʣiʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʢʘʨʪʢʫ ʚiʜʦʤʦʾ ʩʧʦʣʫʢʠ. ɺʩi ʨʝʯʦʚʠʥʠ ʫ ʚʢʘʟiʚʥʠʢʫ ʨʦʟʪʘʰʦʚʘʥi ʫ ʘʣʬʘʚiʪʥʦʤʫ 

ʧʦʨʷʜʢʫ ʾʭ ʭiʤiʯʥʠʭ ʥʘʟʚ ʘʥʛʣiʡʩʴʢʦʶ ʤʦʚʦʶ i ʥʘʚʝʜʝʥi ʜʝʢiʣʴʢʘ ʨʘʟiʚ ʫ ʚiʜʧʦʚiʜʥʦʩʪi ʟ 

ʨiʟʥʠʤʠ ʥʘʟʚʘʤʠ ʩʧʦʣʫʢʠ. ɼʣʷ ʢʦʞʥʦʾ ʨʝʯʦʚʠʥʠ ʚ ʮʴʦʤʫ ʚʢʘʟiʚʥʠʢʫ ʧʦʜʘʥʘ ʥʘʟʚʘ, ʭiʤiʯʥʘ 

ʬʦʨʤʫʣʘ, ʟʥʘʯʝʥʥʷ d ʜʣʷ ʪʨʴʦʭ ʥʘʡiʥʪʝʥʩʠʚʥiʰʠʭ ʣiʥiʡ i ʥʦʤʝʨ ʢʘʨʪʢʠ. Iʥʪʝʥʩʠʚʥiʩʪʴ ʣiʥiʡ 

ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʘʭ ʚ ʘʤʝʨʠʢʘʥʩʴʢiʡ ʢʘʨʪʦʪʝʮi ʦʮiʥʝʥi ʚ 100-ʙʘʣʴʥiʡ ʩʠʩʪʝʤi ʟʘ ʤʝʪʦʜʠʢʦʶ, 

ʧʨʠʡʥʷʪʦʶ ʚ ʜʠʬʨʘʢʪʦʤʝʪʨiʾ. 

ʋ 1973 ʨ. ʦʙôʻʜʥʘʥʠʡ ʢʦʤiʪʝʪ ʧʦʨʦʰʢʦʚʠʭ ʜʠʬʨʘʢʮiʡʥʠʭ ʩʪʘʥʜʘʨʪiʚ ʚʠʧʫʩʪʠʚ 3 ʢʥʠʞʢʠ-

ʚʢʘʟiʚʥʠʢʠ [21-23], ʷʢi ʤiʩʪʷʪʴ ʜʘʥi ʧʦʧʝʨʝʜʥiʭ ʚʠʧʫʩʢiʚ i ʜʦʧʦʚʥʝʥi ʥʦʚʠʤʠ. ʆʜʠʥ ʟ ʮʠʭ 

ʚʢʘʟiʚʥʠʢiʚ ʩʢʣʘʜʝʥʠʡ ʟʘ ʤʝʪʦʜʦʤ ʍʘʥʘʚʘʣʴʪʘ, ʜʨʫʛʠʡ ï ʟʘ ʤʝʪʦʜʦʤ ʌiʥʢʘ, ʪʨʝʪiʡ ï 

ʘʣʬʘʚiʪʥʠʡ ʚʢʘʟiʚʥʠʢ. ʋ 1974 ʨ. ʙʫʚ ʦʧʫʙʣiʢʦʚʘʥʠʡ ʟʙiʨʥʠʢ ʧʦʨʦʰʢʦʚʠʭ ʜʠʬʨʘʢʮiʡʥʠʭ 

ʜʘʥʠʭ ʜʣʷ ʤiʥʝʨʘʣiʚ [24]. ɺiʥ ʚʤiʱʫʻ ʙʣʠʟʴʢʦ 2600 ʜʝʙʘʻʛʨʘʤ, ʷʢi ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ 1900 

ʤiʥʝʨʘʣiʚ. ʎʝʡ ʟʙiʨʥʠʢ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ (ʢʥʠʛ): ʫ ʧʝʨʰiʡ ʟiʙʨʘʥi ʢʘʨʪʢʠ, ʚʠʣʫʯʝʥi ʟ 

23 ʚʠʧʫʩʢiʚ çʈʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʾ ʢʘʨʪʦʪʝʢʠè, ʫ ʜʨʫʛiʡ ʚʤiʱʝʥʦ ʢʣʶʯʦʚi ʪʘʙʣʠʮi ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʤiʥʝʨʘʣiʚ ʟʘ ʜʠʬʨʘʢʮiʡʥʠʤʠ ʧʦʨʦʰʢʦʚʠʤʠ ʜʘʥʠʤʠ ʟʘ ʩʠʩʪʝʤʦʶ ʍʘʥʘʚʘʣʴʪʘ 

(ʚiʩiʤ ʣiʥiʡ, ʟ ʢʦʪʨʠʭ ʪʨʠ ʥʘʡiʥʪʝʥʩʠʚʥiʰi), ʘ ʪʘʢʦʞ ʧʝʨʝʣiʢ ʫʩiʭ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʤiʥʝʨʘʣiʚ ʟʘ 

ʤiʥʝʨʘʣʦʛiʯʥʦʶ ʪʘ ʭiʤiʯʥʦʶ ʥʘʟʚʘʤʠ. ʆʙʠʜʚʘ ʧʝʨʝʣiʢʠ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʜʘʥʠʤʠ ʧʦ ʪʨʴʦʭ 

ʥʘʡiʥʪʝʥʩʠʚʥiʰʠʭ ʣiʥiʷʭ ʜʝʙʘʻʛʨʘʤ ʪʘ ʧʦʩʠʣʘʥʥʷʤ ʥʘ ʚiʜʧʦʚiʜʥʫ ʢʘʨʪʢʫ. 

ɿʨʘʟʦʢ ʢʘʨʪʢʠ ʟ ʘʤʝʨʠʢʘʥʩʴʢʦʾ çʈʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʾ ʢʘʨʪʦʪʝʢʠè ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣ.1 [6]. 

ʃiʚʦʨʫʯ ʥʘʜ ʨʘʤʢʦʶ ʚʢʘʟʘʥʦ ʥʦʤʝʨ ʢʘʨʪʢʠ, ʧʨʘʚʦʨʫʯ (ʫ ʨʘʤʮi) ï ʭiʤiʯʥʘ ʬʦʨʤʫʣʘ i ʥʘʟʚʘ 

ʩʧʦʣʫʢʠ. ʋ ʣiʚʦʤʫ ʚʝʨʭʥʴʦʤʫ ʢʫʪi ʧʨʠʚʝʜʝʥi ʟʥʘʯʝʥʥʷ d ʜʣʷ ʪʨʴʦʭ ʥʘʡiʥʪʝʥʩʠʚʥiʰʠʭ ʣiʥiʡ ʫ 

ʧʦʨʷʜʢʫ ʟʤʝʥʰʝʥʥʷ ʾʭ iʥʪʝʥʩʠʚʥʦʩʪʝʡ i ʩʘʤʘ ʚʝʣʠʢʘ ʤiʞʧʣʦʱʠʥʥʘ ʚiʜʜʘʣʴ ʜʣʷ ʜʘʥʦʾ 

ʨʝʯʦʚʠʥʠ. ʇiʜ ʮʠʤʠ ʟʥʘʯʝʥʥʷʤʠ d ʚʤiʱʝʥi ʚiʜʧʦʚiʜʥi ʾʤ ʚiʜʥʦʩʥi iʥʪʝʥʩʠʚʥʦʩʪi I/I 1. ʅʠʞʯʝ 

ʫ ʣiʚiʡ ʯʘʩʪʠʥi ʢʘʨʪʢʠ ʚʢʘʟʘʥi ʫʤʦʚʠ ʟʡʦʤʢʠ i ʧʦʩʠʣʘʥʥʷ ʥʘ ʦʨʠʛiʥʘʣʴʥʫ ʨʦʙʦʪʫ. ɼʘʣi 

ʥʘʚʝʜʝʥi ʦʪʨʠʤʘʥi ʨʝʥʪʛʝʥiʚʩʴʢʠʤ ʤʝʪʦʜʦʤ ʢʨʠʩʪʘʣʦʛʨʘʬiʯʥi ʜʘʥi: ʩʠʥʛʦʥiʷ, ʧʨʦʩʪʦʨʦʚʘ 

ʛʨʫʧʘ, ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤiʨʢʠ, ʚiʜʥʦʰʝʥʥʷ ʦʩʝʡ A=a0/b0 i C=c0/b0, ʯʠʩʣʦ 

ʬʦʨʤʫʣʴʥʠʭ ʦʜʠʥʠʮʴ Z, ʛʫʩʪʠʥʘ Dx; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ D; ʢʦʣiʨ; ʢʦʣʽʨ 

ʨʠʩʠ. ɼʣʷ ʜʝʷʢʠʭ ʤʽʥʝʨʘʣʽʚ ʤiʩʪʷʪʴʩʷ ʜʦʜʘʪʢʦʚi ʚiʜʦʤʦʩʪi: ʨʝʟʫʣʴʪʘʪʠ ʭiʤiʯʥʦʛʦ ʘʙʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣiʟiʚ; ʩʧʦʩiʙ ʦʜʝʨʞʘʥʥʷ ʘʙʦ ʦʙʨʦʙʢʠ ʚʟiʨʮʷ; ʦʧʪʠʯʥi ʜʘʥi ï ʧʦʢʘʟʥʠʢʠ 

ʟʘʣʦʤʣʝʥʥʷ, ʦʧʪʠʯʥʠʡ ʟʥʘʢ, 2V, ʪʦʱʦ. ʋ ʧʨʘʚiʡ ʯʘʩʪʠʥi ʢʘʨʪʢʠ ʧʨʠʚʝʜʝʥi ʟʥʘʯʝʥʥʷ d, I/I 1 ʪʘ 

hkl  ʜʣʷ ʚʩiʭ ʣiʥiʡ ʨʝʥʪʛʝʥʦʛʨʘʤ. 

ɼʦ ʨʝʯi, ʟʘʟʥʘʯʠʤʦ, ʱʦ ʟʘ ʪʘʢʠʤ ʞʝ ʟʨʘʟʢʦʤ ʩʢʣʘʜʝʥi ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥi ʜʘʥi ʧʨʦ 

ʤiʥʝʨʘʣʠ ʫ ʮʴʦʤʫ ʚʠʟʥʘʯʥʠʢʫ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʯʠʪʘʯʝʚi. 

ɼʣʷ iʜʝʥʪʠʬiʢʘʮiʾ ʥʝʚiʜʦʤʦʾ ʨʝʯʦʚʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ çʈʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʾ ʢʘʨʪʦʪʝʢʠè 

ʥʝʦʙʭiʜʥʦ ʚʠʜiʣʠʪʠ ʥʘ ʾʾ ʧʦʨʦʰʢʦʛʨʘʤi ʤiʞʧʣʦʱʠʥʥi ʚiʜʜʘʣi ʚʦʩʴʤʠ ʥʘʡiʥʪʝʥʩʠʚʥiʰʠʭ 

ʣiʥiʡ, ʨʦʟʪʘʰʫʚʘʪʠ ʾʭ ʫ ʧʦʨʷʜʢʫ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʴ d i ʧʦ ʥʘʡʙiʣʴʰʦʤʫ ʟ ʮʠʭ ʟʥʘʯʝʥʴ 

ʚʠʙʨʘʪʠ ʛʨʫʧʫ ʌiʥʢʘ. ʇʦʪiʤ ʧʦ ʤiʞʧʣʦʱʠʥʥiʡ ʚiʜʜʘʣi ʥʘʩʪʫʧʥʦʾ ʟʘ iʥʪʝʥʩʠʚʥiʩʪʶ ʣiʥiʾ 

ʟʥʘʭʦʜʷʪʴ ʚiʜʧʦʚiʜʥʠʡ ʥʘʙiʨ d, ʥʘʚʝʜʝʥʠʡ ʫ ʮiʡ ʛʨʫʧi, i ʧʨʦʚʦʜʷʪʴ ʩʠʩʪʝʤʘʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ. 

ʗʢʱʦ ʚʠʟʥʘʯʠʪʠ ʨʝʯʦʚʠʥʫ ʥʝ ʚʜʘʣʦʩʷ, ʚʠʙʠʨʘʶʪʴ ʟʘ ʧʝʨʰʝ ʜʨʫʛʝ ʟʥʘʯʝʥʥʷ d i ʧʨʦʚʦʜʷʪʴ 

ʥʦʚʠʡ ʧʦʰʫʢ. ɺʢʘʟʘʥʫ ʧʦʩʣiʜʦʚʥiʩʪʴ ʦʧʝʨʘʮiʡ ʧʦʚʪʦʨʶʶʪʴ ʜʦ ʪʠʭ ʧiʨ, ʜʦʢʠ ʨʝʯʦʚʠʥʘ ʥʝ 

ʙʫʜʝ iʜʝʥʪʠʬiʢʦʚʘʥʘ. 

ʅʝʜʦʣiʢʦʤ ʘʤʝʨʠʢʘʥʩʴʢʦʾ çʈʝʥʪʛʝʥʦʤʝʪʨʠʯʥʦʾ ʢʘʨʪʦʪʝʢʠè ʻ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʾʾ ʩʢʣʘʜʥiʩʪʴ 

i ʛʨʦʤiʟʜʢiʩʪʴ, ʘ, ʟ ʜʨʫʛʦʛʦ, ʪʝ, ʱʦ ʚʦʥʘ ʻ ʣʠʰʝ ʚ ʢʨʫʧʥʠʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʭ ʣʘʙʦʨʘʪʦʨiʷʭ 

i ʨʷʜʦʚʦʤʫ ʜʦʩʣiʜʥʠʢʫ, ʪʠʤ ʙiʣʴʰʝ ʩʪʫʜʝʥʪʫ, ʧʨʘʢʪʠʯʥʦ ʥʝʜʦʩʪʫʧʥʘ. ʆʩʦʙʣʠʚʦ ʥʝʟʨʫʯʥʘ 

ʚʦʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʥʷʪʴ ʟ ʨʝʥʪʛʝʥʦʛʨʘʬiʾ ʤiʥʝʨʘʣʴʥʦʾ ʨʝʯʦʚʠʥʠ. 

ʊʦʤʫ ʚ ʋʢʨʘʾʥi ʪʘ ʢʨʘʾʥʘʭ ʉʅɼ ʥʘʡʰʠʨʰʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ i ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʜʦ 

ʦʩʪʘʥʥʴʦʛʦ ʯʘʩʫ ʢʦʨʠʩʪʫʻʪʴʩʷ ʚʞʝ ʟʛʘʜʫʚʘʥʠʡ ʚʠʱʝ çʈʝʥʪʛʝʥʦʤʝʪʨʠʯʥʠʡ ʚʠʟʥʘʯʥʠʢè ɺ.I. 

ʄiʭʝʻʚʘ (ʨʦʩiʡʩʴʢʦʶ ʤʦʚʦʶ), ʧʝʨʰʠʡ ʪʦʤ ʷʢʦʛʦ ʙʫʚ ʦʧʫʙʣiʢʦʚʘʥʠʡ ʫ 1957 ʨʦʮi [11], ʘ 

ʜʨʫʛʠʡ ʫ ʩʧiʚʘʚʪʦʨʩʪʚi ʟ ɽ.ʇ. ʉʘʣʴʜʘʫ ï ʫ 1965 [12]. ʎʝʡ ʚʠʟʥʘʯʥʠʢ ʚʤiʱʫʻ ʰʠʨʦʢʠʡ ʚʩʪʫʧ, 

ʢʣʶʯ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤiʥʝʨʘʣiʚ ʧʦ 5-ʪʠ ʥʘʡiʥʪʝʥʩʠʚʥiʰʠʤ ʣiʥiʷʤ; ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ 905 
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ʨʝʥʪʛʝʥʦʛʨʘʤ ʤiʥʝʨʘʣiʚ ʫ ʧʝʨʰʦʤʫ ʪʦʤi i 300 ʨʝʥʪʛʝʥʦʛʨʘʤ ï ʚ ʜʨʫʛʦʤʫ, ʚʢʘʟiʚʥʠʢ ʤiʥʝʨʘʣiʚ 

i ʜʫʞʝ ʜʝʪʘʣʴʥʠʡ ʟʤiʩʪ, ʫ ʷʢʦʤʫ ʥʘʚʝʜʝʥʘ ʢʣʘʩʠʬiʢʘʮiʷ ʤiʥʝʨʘʣiʚ, ʷʢʘ ʚʠʢʦʨʠʩʪʘʥʘ ʫ 

ʚʠʟʥʘʯʥʠʢʫ. Iʥʪʝʥʩʠʚʥiʩʪʴ ʣiʥiʡ ʥʘ ʜʝʙʘʻʛʨʘʤʘʭ ʫ ʚʠʟʥʘʯʥʠʢʫ ɺ.I. ʄiʭʝʻʚʘ ʦʮiʥʝʥʘ ʚiʟʫʘʣʴʥʦ 

ʟʘ 10-ʙʘʣʴʥʦʶ ʰʢʘʣʦʶ. ʉʘʤʝ ʮʝ, ʱʦ ʤiʥʝʨʘʣʠ ʫ ʚʠʟʥʘʯʥʠʢʫ ʄiʭʝʻʚʘ ʨʦʟʪʘʰʦʚʘʥi ʟʛiʜʥʦ ʾʭ 

ʤiʥʝʨʘʣʦʛiʯʥʦʾ ʢʣʘʩʠʬiʢʘʮiʾ ʻ ʦʜʥiʻʶ ʟ ʙʘʛʘʪʴʦʭ ʧʦʟʠʪʠʚʥʠʭ ʨʠʩ ʮʴʦʛʦ ʰʠʨʦʢʦ ʚiʜʦʤʦʛʦ 

ʚʠʟʥʘʯʥʠʢʘ, ʷʢʠʡ, ʥʘ ʧʨʝʚʝʣʠʢʠʡ ʞʘʣʴ, ʩʪʘʚ ʙiʙʣiʦʛʨʘʬiʯʥʦʶ ʨiʜʢiʩʪʶ, ʘ ʪi ʝʢʟʝʤʧʣʷʨʠ, ʱʦ 

ʻ ʚ ʥʘʰʦʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥi, ʚiʜ ʧʦʩʪiʡʥʦʛʦ ʚʞʠʚʘʥʥʷ ʤʘʩʦʶ ʩʪʫʜʝʥʪiʚ ʧʨʠʡʰʣʠ ʚ ʤʘʡʞʝ 

ʥʝʧʨʠʜʘʪʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʥ. 

ʂʨiʤ ʟʘʛʘʣʴʥʠʭ ʚʠʟʥʘʯʥʠʢiʚ, ʦʧʫʙʣiʢʦʚʘʥʦ ʨʷʜ ʚʠʟʥʘʯʥʠʢiʚ ʜʝʙʘʻʛʨʘʤ ʤiʥʝʨʘʣiʚ 
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ʉʊʈʋʂʊʋʈɸ ʈɽʅʊɻɽʅʆʄɽʊʈʀʏʅʆɻʆ ɺʀɿʅɸʏʅʀʂɸ  

ʊɸ ʄɽʊʆɼʀʂɸ ʂʆʈʀʉʊʋɺɸʅʅʗ ʅʀʄ 

 

ʈʝʥʪʛʝʥʦʤʝʪʨʠʯʥʠʡ ʚʠʟʥʘʯʥʠʢ ʤʽʥʝʨʘʣʽʚ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʯʠʪʘʯʝʚi, ʩʢʣʘʜʝʥʠʡ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʫʜʝʥʪʘʤʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʥʷʪʪʷʭ ʟ ʢʫʨʩʫ çʈʝʥʪʛʝʥʦʛʨʘʬiʷ ʤiʥʝʨʘʣʴʥʦʾ 

ʩʠʨʦʚʠʥʠè i ʚ ʞʦʜʥʦʤʫ ʨʘʟi ʥʝ ʧʨʝʪʝʥʜʫʻ ʥʘ ʧʦʚʥʦʪʫ ʦʭʦʧʣʝʥʥʷ ʤiʥʝʨʘʣʴʥʦʛʦ ʮʘʨʩʪʚʘ. ɺ 

ʥʴʦʛʦ ʚʢʣʶʯʝʥi ʧʦʨʦʰʢʦʛʨʘʤʠ 134 ʤiʥʝʨʘʣʴʥʠʭ ʚʠʜiʚ, ʷʢi ʘʙʦ ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥi ʚ 

ʧʨʠʨʦʜi, ʘʙʦ ʜʘʶʪʴ ʯiʪʢi ñʢʣʘʩʠʯʥiò ʜʝʙʘʻʛʨʘʤʠ i ʪʦʤʫ ʧʦʩʪiʡʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ 

ʨʝʥʪʛʝʥʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣiʜʞʝʥʥʷʭ ʚ ʫʯʙʦʚʦʤʫ ʧʨʦʮʝʩi ʪʘ ʚʠʢʦʥʘʥʥi ʢʫʨʩʦʚʠʭ i ʜʠʧʣʦʤʥʠʭ 

ʨʦʙiʪ. 

ɺʠʟʥʘʯʥʠʢ ʤʘʻ ʪʘʢʫ ʩʪʨʫʪʫʨʫ: ʚiʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʝʚʝʣʠʢʦʾ ʚʩʪʫʧʥʦʾ ʯʘʩʪʠʥʠ, 

ʘʣʬʘʚiʪʥʦʛʦ ʩʧʠʩʢʫ ʤiʥʝʨʘʣiʚ, ʢʣʶʯʘ, ʟʘʛʘʣʴʥʦʛʦ ʦʧʠʩʫ ʨʝʥʪʛʝʥʦʛʨʘʤ 134 ʤiʥʝʨʘʣiʚ ʪʘ 

ʩʧʠʩʢʫ ʣiʪʝʨʘʪʫʨʠ. 

ʂʣʶʯ ʚʠʟʥʘʯʥʠʢʘ ʩʢʣʘʜʝʥʠʡ ʟʘ ʤʝʪʦʜʠʢʦʶ ɺ.I. ʄiʭʝʻʚʘ [11]: ʟ ʢʦʞʥʦʾ ʨʝʥʪʛʝʥʦʛʨʘʤʠ 

ʚʠʙʨʘʥi ʤiʞʧʣʦʱʠʥʥi ʚiʜʜʘʣi ʪʘ ʚiʜʥʦʩʥi iʥʪʝʥʩʠʚʥʦʩʪi ʧôʷʪʠ ʥʘʡiʥʪʝʥʩʠʚʥiʰʠʭ ʣiʥiʡ. ɺʩi ʮi 

ʧôʷʪiʨʢʠ ʣiʥiʡ ʚʥʝʩʝʥi ʚ ʢʣʶʯ 5 ʨʘʟiʚ. ʋ ʧʝʨʰʦʤʫ ʟʘʧʠʩi ʤiʞʧʣʦʱʠʥʥi ʚiʜʜʘʣi ʨʦʟʤiʱʝʥi ʫ 

ʧʦʨʷʜʢʫ ʟʤʝʥʰʝʥʥʷ ʚiʜʥʦʩʥʦʾ iʥʪʝʥʩʠʚʥʦʩʪi. ʇʨʠ ʨiʚʥʠʭ iʥʪʝʥʩʠʚʥʦʩʪʷʭ ʧʝʨʰʦʶ ʩʪʦʾʪʴ 

ʣiʥiʷ ʟ ʙiʣʴʰʦʶ ʤiʞʧʣʦʱʠʥʥʦʶ ʚiʜʜʘʣʣʶ. ʋ ʜʨʫʛʦʤʫ ʟʘʧʠʩi ʤiʥʝʨʘʣʫ ʚ ʢʣʶʯi ʥʘ ʧʝʨʰʦʤʫ 

ʤiʩʮi ʩʪʦʾʪʴ ʜʨʫʛʘ ʣiʥiʷ, ʚ ʪʨʝʪʴʦʤʫ ï ʪʨʝʪʷ i ʪ.ʜ. ʊʦʤʫ, ʷʢʱʦ ʚʠ ʧʨʘʚʠʣʴʥʦ ʨʦʟʨʘʭʫʚʘʣʠ 

ʨʝʥʪʛʝʥʦʛʨʘʤʫ, i ʜʘʥʠʡ ʤiʥʝʨʘʣ ʻ ʚ ʥʘʰiʡ ʢʘʨʪʦʪʝʮi, ɺʠ, ʙʝʟ ʩʫʤʥiʚʫ, ʟʤʦʞʝʪʝ 

iʜʝʥʪʠʬiʢʫʚʘʪʠ ʡʦʛʦ. 

ʆʧʠʩ i ʝʪʘʣʦʥʥi ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʧʦʨʦʰʢʫ ʤiʥʝʨʘʣiʚ ʧʦʚʥiʩʪʶ ʟʘʧʦʟʠʯʝʥi ʥʘʤʠ ʟ 

ʘʤʝʨʠʢʘʥʩʴʢʦʾ ʢʘʨʪʦʪʝʢʠ i ʧʦʨʷʜʦʢ ʦʧʠʩʫ ʤiʥʝʨʘʣʫ ʤʘʡʞʝ ʪʦʡ ʩʘʤʠʡ. ɺʛʦʨi ʧʦʩʝʨʝʜʠʥi 

ʩʪʦʨiʥʢʠ ʥʘʚʝʜʝʥʦ ʥʦʤʝʨ ʤiʥʝʨʘʣʫ ʫ ʚʢʘʟiʚʥʠʢʫ, ʡʦʛʦ ʥʘʟʚʘ ʫʢʨʘʾʥʩʴʢʦʶ ʪʘ ʘʥʛʣiʡʩʴʢʦʶ 

ʤʦʚʘʤʠ i ʭiʤiʯʥʘ ʬʦʨʤʫʣʘ ʤiʥʝʨʘʣiʚ. ʋ ʢʫʪʦʯʢʫ ʟʣiʚʘ ʫ ʪʘʙʣʠʯʮi ʧʦʜʘʥi ʤiʞʧʣʦʱʠʥʥi 

ʚiʜʜʘʣi d i ʚiʜʥʦʩʥi iʥʪʝʥʩʠʚʥʦʩʪi I/I 1 ʧôʷʪʠ ʥʘʡiʥʪʝʥʩʠʚʥiʰʠʭ ʣiʥiʡ ʨʝʥʪʛʝʥʦʛʨʘʤʠ, 

ʨʦʟʪʘʰʦʚʘʥi ʫ ʧʦʨʷʜʢʫ ʟʤʝʥʰʝʥʥʷ iʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʬʣʝʢʩiʚ. ʅʠʞʯʝ ʚʢʘʟʘʥʦ ʷʢʠʡ 

ʜʦʩʣiʜʞʫʚʘʚʩʷ ʤiʥʝʨʘʣ ï ʧʨʠʨʦʜʥʠʡ ʯʠ ʩʠʥʪʝʪʠʯʥʠʡ, ʡʦʛʦ ʩʠʥʛʦʥiʷ, ʪʠʧ ʢʦʤʽʨʢʠ ɹʨʘʚʝ i 

ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ, ʚʠʟʥʘʯʝʥi ʨʝʥʪʛʝʥiʚʩʴʢʠʤʠ ʤʝʪʦʜʘʤʠ: ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤiʨʢʠ, ʾʾ 

ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ï Vc  ʪʘ ʤʦʣʷʨʥʠʡ ʦʙôʻʤ ï Vm, ʢiʣʴʢiʩʪʴ ʬʦʨʤʫʣʴʥʠʭ ʦʜʠʥʠʮʴ ʚ 

ʝʣʝʤʝʥʪʘʨʥʽʡ ʢʦʤʽʨʮʽ ï Z, ʛʫʩʪʠʥʘ ï Dx, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʘ ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʛʫʩʪʠʥʘ 

ï ɟ, ʪʚʝʨʜʽʩʪʴ, ʢʦʣiʨ ʤiʥʝʨʘʣʫ ʪʘ ʢʦʣʽʨ ʤʽʥʝʨʘʣʫ ʫ ʧʦʨʦʰʢʫ (ʢʦʣʽʨ ʨʠʩʠ), ʙʣʠʩʢ, ʪʠʧʦʚʽ 

ʤʽʥʝʨʘʣʴʥʽ ʘʩʦʮʽʘʮʽʾ. ɼʣʷ ʦʢʨʝʤʠʭ ʤʽʥʝʨʘʣʽʚ ʚʢʘʟʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʭiʤiʯʥʦʛʦ ʘʙʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣiʟʫ, ʩʧiʚʚiʜʥʦʰʝʥʥʷ ʦʩʝʡ A ʘʙʦ C; ʦʧʪʠʯʥi ʜʘʥi: ʧʨʦʟʦʨʽʩʪʴ, ʧʦʢʘʟʥʠʢʠ 

ʟʘʣʦʤʣʝʥʥʷ, ʦʧʪʠʯʥʠʡ ʟʥʘʢ, ʢʫʪ ʦʧʪʠʯʥʠʭ ʦʩʝʡ 2V. ʋ ʢʘʨʪʮʽ ʤʽʥʝʨʘʣʫ ʧʨʠʚʝʜʝʥi ʫʤʦʚʠ 

ʟʡʦʤʢʠ ʨʝʥʪʛʝʥʦʛʨʘʤʠ: ʪʠʧ ʘʥʦʜʫ, ʜʦʚʞʠʥʘ ʨʝʥʪʛʝʥiʚʩʴʢʦʾ ʭʚʠʣi ʚʠʢʦʨʠʩʪʘʥʦʛʦ 

ʚʠʧʨʦʤiʥʶʚʘʥʥʷ, ʩʢʣʘʜ ʬiʣʴʪʨʫ, ʜiʘʤʝʪʨ ʜʝʙʘʾʚʩʴʢʦʾ ʢʘʤʝʨʠ, ʯʠ ʟʥiʤʘʚʩʷ ʟʨʘʟʦʢ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨi i ʟ ʷʢʦʶ ʰʚʠʜʢiʩʪʶ ʧʨʦʚʦʜʠʚʩʷ ʟʘʧʠʩ, ʩʧʦʩiʙ ʦʮiʥʢʠ iʥʪʝʥʩʠʚʥʦʩʪi ʣiʥiʡ. 

ɺʛʦʨʽ ʚʢʘʟʘʥʦ ʥʦʤʝʨ ʚiʜʧʦʚiʜʥʦʾ ʢʘʨʪʢʠ ʚ ʘʤʝʨʠʢʘʥʩʴʢiʡ ʢʘʨʪʦʪʝʮi. ɺʥʠʟʫ ʜʦʜʘʥʽ ɯʥʪʝʨʥʝʪ-

ʘʜʨʝʩʠ, ʟʘ ʷʢʠʤʠ ʯʠʪʘʯ ʟʤʦʞʝ ʦʪʨʠʤʘʪʠ ʜʦʜʘʪʢʦʚʽ ʜʘʥʽ ʧʨʦ ʤʽʥʝʨʘʣ. ʋ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʢʘʨʪʠ 

ʥʘʚʝʜʝʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʘ ʤiʥʝʨʘʣʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʙʦʨʫ ʤiʞʧʣʦʱʠʥʥʠʭ ʚiʜʜʘʣʝʡ d (ʚ ¡) 

i ʚiʜʥʦʩʥi iʥʪʝʥʩʠʚʥʦʩʪi ʣiʥiʡ I /I1 ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤi. ʄiʥʝʨʘʣʠ ʫ ʚʠʟʥʘʯʥʠʢʫ ʨʦʟʪʘʰʦʚʘʥi 

ʟʛiʜʥʦ ʢʣʘʩʠʬiʢʘʮiʾ ɭ.ʂ. ʃʘʟʘʨʝʥʢʘ [8]". 

ʗʢ ʞʝ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʜʘʥʠʤ ʚʠʟʥʘʯʥʠʢʦʤ? ʈʦʟʨʘʭʫʚʘʚʰʠ ʨʝʥʪʛʝʥʦʛʨʘʤʫ, ʧʝʨʰ ʟʘ ʚʩʝ 

ʚʩʪʘʥʦʚiʪʴ d/n ʪʘ I  i ʟʚʝʨʥiʪʴ ʫʚʘʛʫ ʥʘ ʫʤʦʚʠ ʾʾ ʟʡʦʤʢʠ. ʗʢʱʦ ʚʦʥʘ ʟʥʷʪʘ ʫ ʚiʜʬiʣʴʪʨʦʚʘʥʦʤʫ 

ʨʝʥʪʛʝʥiʚʩʴʢʦʤʫ ʚʠʧʨʦʤiʥʶʚʘʥʥi ʚ ʢʘʤʝʨi ʘʙʦ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨi, ʪʦ ʤʦʞʥʘ ʚiʜʨʘʟʫ 

ʧʨʠʩʪʫʧʘʪʠ ʜʦ iʜʝʥʪʠʬiʢʘʮiʾ ʜʦʩʣiʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ. ʗʢʱʦ ʞ ʨʝʥʪʛʝʥʦʛʨʘʤʘ, ʷʢ ʮʝ ʯʘʩʪʦ 

ʨʦʙʠʪʴʩʷ ʫ ʨʝʥʪʛʝʥiʚʩʴʢʠʭ ʣʘʙʦʨʘʪʦʨiʷʭ, ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʝʢʩʧʦʟʠʮiʾ ʟʡʦʤʢʠ, ʟʦʢʨʝʤʘ ʫ 

ʃʴʚiʚʩʴʢʦʤʫ ʫʥiʚʝʨʩʠʪʝʪi, ʟʥʷʪʘ ʚ ʢʘʤʝʨi ʥʘ ʥʝʚiʜʬiʣʴʪʨʦʚʘʥʦʤʫ ʚʠʧʨʦʤiʥʶʚʘʥʥi, ʩʣiʜ, 

ʧʝʨʰ ʟʘ ʚʩʝ, ʚʠʜiʣʠʪʠ ʩʝʨʝʜ ʨʝʬʣʝʢʩiʚ ʪʘʢ ʟʚʘʥi b-ʚiʜʙʠʪʢʠ i ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ ʧʨʠ 
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ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ. ʈiʯ ʫ ʪiʤ, ʱʦ ʚʩi ʥʘʚʝʜʝʥi ʫ ʚʠʟʥʘʯʥʠʢʫ ʧʦʨʦʰʢʦʛʨʘʤʠ ʟʥʷʪi  ʥʘ  

ʤʦʥʦʭʨʦʤʘʪʠʯʥʦʤʫ  ʨʝʥʪʛʝʥiʚʩʴʢʦʤʫ ʚʠʧʨʦʤiʥʶʚʘʥʥi, ʘ ʜʦʩʣiʜʞʫʚʘʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʘ ʥʘ 

ʥʝʚiʜʬiʣʴʪʨʦʚʘʥʦʤʫ, ʪʦʤʫ ʟʘʣʠʰʝʥʥʷ b-ʨʝʬʣʝʢʩiʚ ʧʨʠʟʚʝʜʝ ʜʦ ñʚiʜʢʨʠʪʪʷò ʫ ʜʦʩʣiʜʞʫʚʘʥiʡ 

ʨʝʯʦʚʠʥi ʨʷʜʫ ʥʝiʩʥʫʶʯʠʭ ʜʦʤiʰʦʢ, ʪʦʙʪʦ ʝʢʩʧʝʨʠʤʝʥʪ ʙʫʜʝ ʥʝʚʜʘʣʠʤ. 

ʇiʩʣʷ ʮʴʦʛʦ ʚʠʜiʣʷʻʪʝ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤi 5 ʥʘʡʙiʣʴʰ iʥʪʝʥʩʠʚʥʠʭ ʣiʥiʡ i ʨʦʟʪʘʰʦʚʫʻʪʝ ʾʭ 

ʤiʞʧʣʦʱʠʥʥi ʚiʜʜʘʣi ʚ ʧʦʨʷʜʢʫ ʟʤʝʥʰʝʥʥʷ iʥʪʝʥʩʠʚʥʦʩʪi ʣiʥiʡ. ʇʦ ʧʝʨʰiʡ ʣiʥiʾ ʧʦʯʠʥʘʻʪʝ 

ʧʦʰʫʢ ʫ ʢʣʶʯi çɺʠʟʥʘʯʥʠʢʘè ʧʦʜiʙʥʦʾ ʧôʷʪiʨʢʠ ʣiʥiʡ.  ʉʣiʜ  ʧʘʤôʷʪʘʪʠ,  ʱʦ  ʧʦʚʥʦʛʦ 

ʩʧiʚʧʘʜiʥʥʷ ʤiʞʧʣʦʱʠʥʥʠʭ ʚiʜʜʘʣʝʡ ʜʦʩʣiʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ  i  ʝʪʘʣʦʥʫ ʯʘʩʪʦ ʥʝ  

ʩʧʦʩʪʝʨiʛʘʻʪʴʩʷ.  ʎʝ  ʧʦʚôʷʟʘʥʦ  ʟ  ʪʠʤ,  ʱʦ  ʤʘʢʩʠʤʘʣʴʥʘ ʪʦʯʥiʩʪʴ ʨʝʥʪʛʝʥiʚʩʴʢʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʝ ʧʝʨʝʚʠʱʫʻ °1.5%  [11, 6]. ʂʨiʤ ʪʦʛʦ, ʟʥʘʯʝʥʥʷ ʤiʞʧʣʦʱʠʥʥʠʭ ʚiʜʜʘʣʝʡ  ʥʘ  

ʨʝʥʪʛʝʥʦʛʨʘʤʘʭ ʤiʥʝʨʘʣiʚ ʟʘʣʝʞʘʪʴ ʚiʜ iʟʦʤʦʨʬiʟʤʫ, ʧʦʣiʤʦʨʬiʟʤʫ, ʧʦʣiʪʠʧiʾ, ʫʤʦʚ ʟʡʦʤʢʠ 

ʪʘ iʥʰʠʭ ʧʨʠʯʠʥ. ʊʦʤʫ ʨʦʟʭʦʜʞʝʥʥʷ ʤiʞʧʣʦʱʠʥʥʠʭ  ʚiʜʜʘʣʝʡ ʝʪʘʣʦʥʫ i ʜʦʩʣiʜʞʫʚʘʥʦʛʦ 

ʟʨʘʟʢʘ ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʥʘʚiʪʴ ʜʝʢiʣʴʢʦʭ  ʜʝʩʷʪʠʭ ¡. ɻʦʣʦʚʥʝ, ʱʦʙ ʩʧiʚʧʘʜʘʚ ʫ ʧʝʚʥʠʭ  ʤʝʞʘʭ  

ʚʝʩʴ  ʢʦʤʧʣʝʢʩ  ʭʘʨʘʢʪʝʨʥʠʭ ʨʝʬʣʝʢʩiʚ.  ʗʢʱʦ  ʪʘʢʝ  ʩʧiʚʧʘʜiʥʥʷ  ʚʜʘʻʪʴʩʷ  ʟʥʘʡʪʠ  ʧʦ 

ʧʝʨʰiʡ ʚʠʜiʣʝʥiʡ ʣiʥiʾ, ʪʦ ʪʨʝʙʘ ʟʥʘʡʪʠ ʢʘʨʪʢʫ ʚiʜʧʦʚiʜʥʦʛʦ ʤiʥʝʨʘʣʫ ʫ ʚʠʟʥʘʯʥʠʢʫ i 

ʧʨʦʚʝʩʪʠ ʧʦʚʥʝ ʧʦʨiʚʥʷʥʥʷ ʜʦʩʣiʜʞʫʚʘʥʦʾ ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʟ ʝʪʘʣʦʥʦʤ. ʗʢʱʦ ʞ ʚʠʟʥʘʯʝʥʥʷ ʟʘ 

ʧʝʨʰʦʶ ʣiʥiʻʶ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʝ ʚʜʘʻʪʴʩʷ, ʪʦ ʪʨʝʙʘ ʚʟʷʪʠ ʟʘ ʧʝʨʰʫ ʜʨʫʛʫ ʟʘ  

iʥʪʝʥʩʠʚʥiʩʪʶ ʣiʥiʶ i ʧʦʚʪʦʨʠʪʠ ʧʦʰʫʢ, ʜʘʣi ʪʨʝʪʶ, ʯʝʪʚʝʨʪʫ, ʧôʷʪʫ.  ʗʢʱʦ ʜʦʩʣiʜʞʫʚʘʥʠʡ 

ʤiʥʝʨʘʣ ʻ ʚ ʜʘʥʦʤʫ ʚʠʟʥʘʯʥʠʢʫ, ʪʦ ʙʝʟ ʩʫʤʥiʚʫ ɺʠ  ʡʦʛʦ iʜʝʥʪʠʬiʢʫʻʪʝ. ʗʢʱʦ ʞ ʮʝ ʥʝ 

ʚʜʘʻʪʴʩʷ, ʟʥʘʯʠʪʴ ʮʴʦʛʦ ʤiʥʝʨʘʣʫ ʫ  ʥʘʰiʡ ʢʘʨʪʦʪʝʮi ʥʝʤʘʻ i ʩʣiʜ ʩʢʦʨʠʩʪʘʪʠʩʷ ʽʥʰʠʤʠ 

ʚʠʟʥʘʯʥʠʢʘʤʠ. 

ɸʚʪʦʨʠ ʚʠʩʣʦʚʣʶʶʪʴ ʛʣʠʙʦʢʫ ʧʦʜʷʢʫ ʜʦʮʝʥʪʫ ɽ.ʆ.ʗʥʯʫʢʫ ʟʘ ʧiʜʪʨʠʤʢʫ i ʧʦʨʘʜʠ 

ʟʘʚʽʜʫʚʘʯʫ ʣʘʙʦʨʘʪʦʨʽʾ ɼʚʦʨʷʥʩʴʢʦʤʫ ɸ.ʄ. ʪʘ iʥʞʝʥʝʨʘʤ ʏʦʙʽ ʆ.ʄ., ʗʨʠʰ ʃ.ʄ., ʇʨʦʢʘʟʶʢ 

ʊ.ɺ., ɸʥʜʨʫʰʢʦ  ʃ.ɻ. ʟʘ ʚʝʣʠʢʫ ʜʦʧʦʤʦʛʫ ʧʨʠ ʩʢʣʘʜʘʥʥi ʪʘ ʦʬʦʨʤʣʝʥʥi ʜʘʥʦʛʦ ʚʠʟʥʘʯʥʠʢʘ. 
 

ɸʃʌɸɺIʊʅʀʁ ʉʇʀʉʆʂ ʄIʅɽʈɸʃIɺ 

ʄʽʥʝʨʘʣ ʉʪʦʨ. ˉ ʢʘʨʪʢʠ  ʄʽʥʝʨʘʣ ʉʪʦʨ. ˉ ʢʘʨʪʢʠ. 

ɸʢʤiʪ-ʘʚʛiʪ  127 89   ɺʶʨʪʮʠʪ 51 13  

ɸʣʤʘʟ 43 5  ɻʘʣiʪ 170 132  

ɸʣʫʥiʪ 168 130   ɻʘʣʝʥiʪ 49 11  

ɸʣʴʙiʪ ʥʠʟ. 86 48   ɻʘʥiʪ 80 42  

ɸʣʴʤʘʥʜʠʥ 104 64   ɻʘʫʩʤʘʥiʪ 84 46 

ɸʥʘʣʴʮʠʤ 93 55   ɻʝʜʝʥʙʝʨʛiʪ 123 85  

ɸʥʘʪʘʟ 62 24   ɻʝʡʣʘʥʜʠʪ 96 58  

ɸʥʛiʜʨʠʪ 164 126   ɻʝʤʘʪʠʪ 70 32  

ɸʥʜʘʣʫʟʠʪ 107 69   ɻʝʨʮʠʥiʪ 79 41  

ɸʥʜʨʘʜʠʪ 100 62   ɻʝʪʠʪ 74 36  

ɸʥʢʝʨʠʪ 159 121   ɻiʙʩʠʪ 76 38  

ɸʥʦʨʪʠʪ ʥʠʟ. 88 50   ɻiʜʨʦʢʩʠʣ-ʘʧʘʪʠʪ 149 111  

ɸʥʪʠʛʦʨʠʪ 135 97   ɻiʧʝʨʩʪʝʥ 126 88  

ɸʥʪʠʤʦʥiʪ 56 18   ɻiʧʩ 167 129  

ɸʥʪʦʬiʣiʪ 129 91   ɻʣʘʫʢʦʥiʪ 146 108  

ɸʨʘʛʦʥiʪ 154 116   ɻʨʘʬiʪ 44 6  

ɸʨʩʝʥʦʧiʨʠʪ 48 10   ɻʨʦʩʫʣʷʨ 99 61  

ɹʘʨʠʪ 165 127   ɼiʘʩʧʦʨ 77 39  

ɹʝʤiʪ 73 35   ɼiʦʧʩʠʜ 121 83  

ɹʝʨʠʣ 114 76   ɼʦʣʦʤiʪ 158 120  

ɹiʦʪʠʪ 141 103   ɼʨʘʚiʪ 118 80 

ɹʦʨʥiʪ (ʥ.t) 57 19   ɽʣʴʙʘʾʪ 120 82  

ɹʨʘʫʥiʪ 83 45   ɽʥʩʪʘʪʠʪ 125 87  

ɹʨʫʢiʪ 63 25   ɽʧiʜʦʪ 111 73  

ɹʨʫʩʠʪ 71 33   Iʣiʪ ʥʘʪʨʦʚʠʡ 145 107  

ɺʝʟʫʚiʘʥ 114 75   Iʣʴʤʝʥiʪ 85 47  

ɺʝʨʤiʢʫʣiʪ 147 109   ɾʘʜʝʾʪ 128 90  

ɺʦʣʘʩʪʦʥiʪ 116 78   ɾʝʜʨʠʪ 130 92  

ɺʦʣʴʬʨʘʤiʪ 162 124   ɿʦʣʦʪʦ 42 4  
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ʄʽʥʝʨʘʣ ʉʪʦʨ. ˉ ʢʘʨʪʢʠ  ʄʽʥʝʨʘʣ ʉʪʦʨ. ˉ ʢʘʨʪʢʠ. 

ʂʘʣʴʮʠʪ 153 115   ʈʠʙʝʢiʪ 133 95  

ʂʘʦʣiʥiʪ 137 99  ʈʦʛʦʚʘ 

ʦʙʤʘʥʢʘ 

132 94  

ʂʘʨʙʦʥʘʪ-ʘʧʘʪʠʪ 151 113   ʈʦʜʦʥiʪ 117 79  

ʂʘʨʥʘʣiʪ 172 134   ʈʦʜʦʭʨʦʟʠʪ 156 118  

ʂʘʩʠʪʝʨʠʪ 64 26   ʈʫʪʠʣ 61 23  

ʂʚʘʨʮ 66 28   ʉʝʧiʦʣiʪ 139 101  

ʂiʘʥiʪ (ʜiʩʪʝʥ) 106 68   ʉiʨʢʘ ʨʦʤʙiʯʥʘ 45 7  

ʂʣiʥʦʝʥʩʪʘʪʠʪ 124 86   ʉʠʜʝʨʠʪ 157 119  

ʂʦʚʝʣiʥ 54 16   ʉʠʣiʤʘʥiʪ 108 70  

ʂʦʨʜiʻʨʠʪ 115 77   ʉʠʣʴʚiʥ  171 133  

ʂʦʨʫʥʜ 69 31   ʉʧʝʩʘʨʪʠʥ 103 65 

ʂʨʠʩʪʦʙʘʣiʪ ʥʠʟ. 67 29   ʉʨiʙʣʦ 41 3  

ʂʫʧʨʠʪ 60 22   ʉʪʘʚʨʦʣiʪ 109 71  

ʃʘʙʨʘʜʦʨ 87 49   ʉʬʘʣʝʨʠʪ 50 12  

ʃʝʡʮʠʪ 92 54   ʊʘʣʴʢ 134 96  

ʃʝʧiʜʦʢʨʦʢiʪ 72 34   ʊʠʪʘʥiʪ (ʩʬʝʥ) 105 67  

ʄʘʛʥʝʟʠʪ 155 117   ʊʦʧʘʟ 110 72  

ʄʘʛʥʝʪʠʪ 81 43  ʊʨʝʤʦʣiʪ 131 93  

ʄʘʣʘʭiʪ 160 122   ʊʨʠʜʠʤiʪ 68 30  

ʄʘʥʛʘʥiʪ 75 37   ʌʘʷʣiʪ ʤʘʛʥʝʟiʘʣ. 98 60  

ʄʘʨʢʘʟʠʪ 47 9   ʌʣʦʛʦʧiʪ 143 104 

ʄiʜʴ 40 2   ʌʣʶʦʨʠʪ 163 125  

ʄiʢʨʦʢʣiʥ 89 51   ʌʦʨʩʪʝʨʠʪ 97 59  

ʄʦʣiʙʜʝʥiʪ 55 17   ʌʪʦʨ-ʘʧʘʪʠʪ  150 112  

ʄʦʥʘʮʠʪ 152 114   ʍʘʣʴʢʦʧiʨʠʪ 20 20  

ʄʦʥʪʤʦʨʠʣʦʥiʪ 138 100   ʍʣʦʨ-ʘʧʘʪʠʪ 148 110  

ʄʫʩʢʦʚiʪ 2ʄ1 140 102   ʍʣʦʨʠʪ 144 106  

ʅʘʪʨʦʣiʪ 94 56   ʍʣʦʨʠʪʦʾʜ 143 105  

ʅʝʬʝʣiʥ 91 53   ʍʨʠʟʦʪʠʣ 136 98  

ʆʨʪʦʢʣʘʟ 90 52   ʍʨʦʤiʪ 82 44  

ʇʝʥʪʣʘʥʜʠʪ 52 14  ʎʝʣʝʩʪʠʥ 166 128  

ʇʝʨʠʢʣʘʟ 59 21   ʎʠʨʢʦʥ 104 66  

ʇʣʘʪʠʥʘ 39 1   ʎʦʾʟʠʪ 112 74 

ʇiʞʦʥiʪ 122 84   ʐʘʙʘʟʠʪ 95 57  

ʇiʨʠʪ 46 8   ʐʝʻʣiʪ 161 123  

ʇiʨʦʣʶʟʠʪ 65 27   ʐʝʨʣ 119 81  

ʇiʨʦʧ 101 63   ʐʧiʥʝʣʴ 78 40  

ʇiʨʦʪʠʥ 53 15   ʗʨʦʟʠʪ 169 131  
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ʊ ɸ ɹ ʃ ʀ ʎ I 
I. ʂʣʶʯ 

 
d ¡  I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 ʄiʥʝʨʘʣ ˉ ʢʘʨʪʢʠ 

15,0  100  4,5  80  5,01  60  3,02  60  1,50  50  ʄʦʥʪʤʦʨʠʣʦʥiʪ 100  

14,4  60  7,15  100  3,59  70  2,475  60  1,548  60  ʍʣʦʨʠʪ 106  

14,2  100  1,528  70  4,57  60  2,615  50  2,570  50  ɺʝʨʤiʢʫʣiʪ 109  

12,1  100  2,560  55  4,31  40  3,2  35  3,75  30  ʉʝʧiʦʣiʪ 101  

10,2  100  4,4  100  3,2  100  1,49  100  2,54  90  Iʣiʪ 107  

10,13  100  3,362  100  2,624  100  4,515  80  2,017  65  ʌʣʦʛʦʧiʪ 104  

10,1  100  3,37  100  2,66  80  2,45  80  2,18  80  ɹiʦʪʠʪ 103  

10,1  100  2,587  100  4,53  80  3,33  60  2,369  60  ɻʣʘʫʢʦʥiʪ 108  

10,0  100  3,351  100  2,562  90  2,01  75  4,46  65  ʄʫʩʢʦʚiʪ_2ʄ1 102  

9,35  50  2,925  100  4,32  75  5,02  30  3,87  30  ʐʘʙʘʟʠʪ 57  

9,34  100  3,12  100  4,66  90  1,930 69  2,476  65  ʊʘʣʴʢ 96  

8,97  50  3,06  100  8,27  80  3,23  70  4,48  40  ɾʝʜʨʠʪ 92  

8,85  80  3,92  100  2,959  90  7,80  70  5,10  70  ɻʝʡʣʘʥʜʠʪ 58  

8,54  80  3,13  100  8,45  80  4,09  75  3,39  70  ʂʦʨʜiʻʨʠʪ 77  

8,45  80  3,13  100  8,54  80  4,09  75  3,39  70  ʂʦʨʜiʻʨʠʪ 77  

8,40  100  3,108  55  2,729  50  2,533  45  4,509  20  ʈʠʙʝʢiʪ 95  

8,40  100  3,10  70  3,26  20  2,697  20  2,789  12  ʈʦʛʦʚʘ ʦʙʤʘʥʢʘ 94  

8,30  100  3,12  100  2,705  90  3,27  75  1,892  50  ʊʨʝʤʦʣiʪ 93  

8,27  80  3,06  100  3,23  70  8,97  50  4,48  40  ɾʝʜʨʠʪ 92  

8,26  55  3,05  100  3,24  60  2,84  40  2,54  40  ɸʥʪʦʬiʣiʪ 91  

7,98  90  2,867  100  3,254  95  4,60  50  3,99  45  ɹʝʨʠʣ 76  

7,80  70  3,92  100  2,959  90  8,85  80  5,10  70  ɻʝʡʣʘʥʜʠʪ 58  

7,56  100  3,059  55  4,27  50  2,679  28  2,867  25  ɻiʧʩ 129  

7,31  100  3,65  70  4,57  50  1,535  50  2,270  30  ʍʨʠʟʦʪʠʣ 98  

7,30  400  3,63  300  2,52  70  2,42  40  6,95  25  ɸʥʪʠʛʦʨʠʪ 97  

7,15  100  3,59  70  14,4  60  2,475  60  1,548  60  ʍʣʦʨʠʪ 106  

6,95  25  7,30  400  3,63  300  2,52  70  2,42  40  ɸʥʪʠʛʦʨʠʪ 97  

6,49  100  5,90  65  4,15  50  2,860  45  4,65  40  ʅʘʪʨʦʣiʪ 56  

6,45  60  2,955  100  3,00  60  3,23  55  1,617  35  ɸʢʤiʪ-ʘʚʛiʪ 89  

6,39  20  3,196  100  3,78  25  3,684  20  4,03  16  ɸʣʴʙiʪ ʥʠʟʴʢʠʡ 48  

6,26  100  3,29  90  2,47  80  1,937  70  1,732  40  ʃʝʧiʜʦʢʨʦʢiʪ 34  

6,15  100  2,277  45  1,830  25  2,737  16  2,049  14  ʄʦʣiʙʜʝʥiʪ 17  

6,11  100  3,164  65  2,346  55  1,860  30  1,850  25  ɹʝʤiʪ 35  

5,993  55  2,857  100  3,693  85  5,055  75  2,520  55  ʄʘʣʘʭiʪ 122  

5,93  45  3,08  100  3,11  75  5,09  70  1,977  45  ʗʨʦʟʠʪ 131  

5,90 65  6,49  100  4,15  50  2,860  45  4,65  40  ʅʘʪʨʦʣiʪ 56  

5,78  30  1,775  100  3,03  80  1,931  50  2,90  40  ʇʝʥʪʣʘʥʜʠʪ 14 

5,60  60  3,43  100  2,927  50  2,226  40  4,85  20  ɸʥʘʣʴʮʠʤ 55  

5,54  100  4,53  90  2,77  90  2,17  90  3,92  70  ɸʥʜʘʣʫʟʠʪ 69  

5,39  80  3,27  100  3,44  85  2,918  70  2,842  70  ʃʝʡʮʠʪ 54  
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d ¡  I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 ʄiʥʝʨʘʣ ˉ ʢʘʨʪʢʠ 

5,10  70  3,92  100  2,959  90  8,85  80  7,80  70  ɻʝʡʣʘʥʜʠʪ 58  

5,10  50  2,458  100  3,883  70  2,512  60  2,768  60  ʌʦʨʩʪʝʨʠʪ 59 

5,09  70  3,08  100  3,11  75  5,93  45  1,977  45  ʗʨʦʟʠʪ 131  

5,055  75  2,857  100  3,693  85  5,993  55  2,520  55  ʄʘʣʘʭiʪ 122  

5,052  55  2,764  100  3,053  95  3,556  70  3,573  65  ɸʥʪʠʤʦʥiʪ 18  

5,02  30  2,925  100  4,32  75  9,35  50  3,87  30  ʐʘʙʘʟʠʪ 57  

5,01  60  15,0  100  4,5  80  3,02  60  1,50  50  ʄʦʥʪʤʦʨʠʣʦʥiʪ 100  

4,85  320  4,37  50  4,32  25  2,454  25  2,388  25  ɻiʙʩʠʪ 38  

4,85  20  3,43  100  5,60  60  2,927  50  2,226  40  ɸʥʘʣʴʮʠʤ 55  

4,77  70  3,11  100  1,596  90  1,94  80  1,251  80  ʐʝʻʣiʪ 123  

4,77  90  2,365  100  1,794  55  1,573  85  1,494  18  ɹʨʫʩʠʪ 33  

4,76  50  2,953  100  2,483  60  3,740  50  3,648  50  ɺʦʣʴʬʨʘʤiʪ 124  

4,66  90  9,34  100  3,12  100  1,930  69  2,476  65  ʊʘʣʴʢ  96  

4,65  40  6,49  100  5,90  65  4,15  50  2,860  45  ʅʘʪʨʦʣiʪ 56  

4,60  50  2,867  100  3,254  95  7,98  90  3,99  45  ɹʝʨʠʣ 76  

4,57  60  14,2  100  1,528  70  2,615  50  2,570  50  ɺʝʨʤiʢʫʣiʪ 109  

4,57  50  7,31  100  3,65  70  1,535  50  2,270  30  ʍʨʠʟʦʪʠʣ 98  

4,53  80  10,1  100  2,587  100  3,33  60  2,369  60  ɻʣʘʫʢʦʥiʪ 108  

4,53  90  5,54  100  2,77  90  2,17  90  3,92  70  ɸʥʜʘʣʫʟʠʪ 69  

4,515 80 10,13 100 3,362 100 2,624 100 2,017 65 ʌʣʦʛʦʧiʪ 104 

4,509  20  8,40  100  3,108  55  2,729  50  2,533  45  ʈʠʙʝʢiʪ 95  

4,5  80  15,0  100  5,01  60  3,02  60  1,50  50  ʄʦʥʪʤʦʨʠʣʦʥiʪ 100  

4,498  100ʚ 2,963  90  1,5813  80  2,367  70  2,306  70  ʍʣʦʨʠʪʦʾʜ 105  

4,449             

4,48  40  3,06  100  8,27  80  3,23  70  8,97  80  ɾʝʜʨʠʪ 92  

4,46  65  10,0  100  3,351  100  2,562  90  2,01  75  ʄʫʩʢʦʚiʪ 2ʄ1 102  

4,43  45  3,30  100  2,518  45  1,712  40  2,066  20  ʎʠʨʢʦʥ 66  

4,41  20  2,870  100  3,17  75  3,15  50  1,4696  25  ɽʥʩʪʘʪʠʪ 87  

4,4  100  10,2  100  3,2  100  1,49  100  2,54  90  Iʣiʪ ʥʘʪʨʦʚʠʡ 107  

4,37  50  4,85  320  4,32  25  2,454  25  2,388  25  ɻiʙʩʠʪ 38  

4,34  85  1,483  100  2,332  95  2,553  85  2,484  85  ʂʘʦʣiʥiʪ 1ʊ 99  

4,32  25  4,85  320  4,37  50  2,454  25  2,388  25  ɻiʙʩʠʪ 38  

4,32  75  2,925  100  9,35  50  5,02  30  3,87  30  ʐʘʙʘʟʠʪ 57  

4,31  40  12,1  100  2,56  55  3,2  35  3,75  30  ʉʝʧiʦʣiʪ 101  

4,29  45  2,831  100  2,922  75  3,10  30  2,069  30  ɾʘʜʝʾʪ 90  

4,27  50  7,56  100  3,059  55  2,679  28  2,867  25  ɻiʧʩ 129  

4,268  100  4,075  90  3,800  90  2,955  60  2,493  60  ʊʨʠʜʠʤiʪ 30  

4,26  35  3,343  100  1,817  17  1,541  15  2,458  12  ʂʚʘʨʮ 28  

4,22  70  3,31  100  3,77  80  3,24  65  3,29  60  ʆʨʪʦʢʣʘʟ 52  

4,22  100  3,26  80  3,25  80  3,29  60  3,70  40  ʄiʢʨʦʢʣiʥ 51  

4,22 65 2,576 100 3,99 85 2,961 85 3,48 60 ɼʨʘʚiʪ 80 

4,18  70  3,00  100  3,27  70  2,88  70  2,34  60  ʅʝʬʝʣiʥ 53  

4,18  100  2,69  30  2,452  25  2,192  20  1,721  20  ɻʝʪʠʪ 36  

4,17  25  3,09  100  2,87  70  3,30  50  3,51  25  ʄʦʥʘʮʠʪ 114  

4,15  50  6,49  100  5,90  65  2,860  45  4,65  40  ʅʘʪʨʦʣiʪ 56  

4,09  75  3,13  100  8,54  80  8,45  80  3,39  70  ʂʦʨʜiʻʨʠʪ 77  

4,075  90  4,268  100  3,800  90  2,955  60  2,493  60  ʊʨʠʜʠʤiʪ 30  

4,05  100  2,485  20  2,841  14  3,14  12  1,870  8  ʂʨʠʩʪʦʙʘʣiʪ ʥʠʟʴʢʠʡ 29  
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d ¡  I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 ʄiʥʝʨʘʣ ˉ ʢʘʨʪʢʠ 

4,04  80  3,20  100  3,18  90  3,75  80  3,23  80  ʃʘʙʨʘʜʦʨ 49  

4,04  60  3,2  100  3,18  75  3,26  55  3,12  45  ɸʥʦʨʪʠʪ ʥʠʟʴʢʠʡ 50  

4,04  30  2,569  100  1,540  50  2,8731  40  1,599  40  ɸʣʴʤʘʥʜʠʥ 64  

4,03  16  3,196  100  3,78  25  6,39  20  3,684  20  ɸʣʴʙiʪ ʥʠʟʴʢʠʡ 48  

4,02  50  2,900 100  2,679  100  2,688  70  2,599  50  ɽʧiʜʦʪ 73  

4,00  55  2,912  100  2,581  70  1,633  70  1,785  65  ʐʝʨʣ 81  

3,99  45  2,867  100  3,254  95  7,98  90  4,60  50  ɹʝʨʠʣ 76  

3,99  100  2,317  56  2,131  52  2,077  49  1,633  43  ɼiʘʩʧʦʨ 39  

3,99 85 2,576 100 2,961 85 4,22 65 3,48 60 ɼʨʘʚiʪ 80 

3,95  60  2,560  100  2,878  85  3,44  50  2,805 45  ɽʣʴʙʘʾʪ 82  

3,92 100 2,959 90 8,85 80 7,80 70 5,10 70 ɻʝʡʣʘʥʜʠʪ 58 

3,92  70  5,54  100  4,53  90  2,77  90  2,17  90  ɸʥʜʘʣʫʟʠʪ 69  

3,883  70  2,458  100  2,512  60  2,768  60  5,10  50  ʌʦʨʩʪʝʨʠʪ 59  

3,87 30 2,925 100 4,32 75 9,35 50 5,02 30 ʐʘʙʘʟʠʪ 57 

3,85  100  3,21  60  3,44  40  3,33  25  3,11  25  ʉiʨʢʘ ʨʦʤʙiʯʥʘ 7  

3,8  90  4,268  100  4,075  90  2,955  60  2,493  60  ʊʨʠʜʠʤiʪ 30  

3,78  25  3,196  100  6,39  20  3,684  20  4,03  16  ɸʣʴʙiʪ ʥʠʟʴʢʠʡ 48  

3,77  80  3,31  100  4,22  70  3,24  65  3,29  60  ʆʨʪʦʢʣʘʟ  52  

3,75  30  12,1  100  2,56  55  4,31  40  3,2  35  ʉʝʧiʦʣiʪ 101  

3,75  70  3,32  100  2,932  80  3,56  70  3,28  70  ʂʘʨʥʘʣiʪ 134  

3,75  80  3,20  100  3,18  90  4,04  80  3,23  80  ʃʘʙʨʘʜʦʨ 49  

3,740  50  2,953  100  2,483  60  4,76  50  3,648  50  ɺʦʣʴʬʨʘʤiʪ 124  

3,70  40  4,22  100  3,26  80  3,25  80  3,29  60  ʄiʢʨʦʢʣiʥ 51  

3,70  4  2,899  100  2,199  6  1,812  6  1,792  6  ɸʥʢʝʨʠʪ 121  

3,693  85  2,857  100  5,055  75  5,993  55  2,520  55  ʄʘʣʘʭiʪ 122  

3,69  60  2,937  100  3,20  65  2,3609 45  2,1049  45  ʊʦʧʘʟ 72  

3,684  20  3,196  100  3,78  25  6,39  20  4,03  16  ɸʣʴʙiʪ ʥʠʟʴʢʠʡ 48  

3,66  35  2,84  100  1,763  35  1,770  30  2,172  25  ʈʦʜʦʭʨʦʟʠʪ 118  

3,65  70  7,31  100  4,57  50  1,535  50  2,270  30  ʍʨʠʟʦʪʠʣ 98  

3,648  50  2,953  100  1,483  60  4,76  50  3,740  50  ɺʦʣʴʬʨʘʤiʪ 124  

3,63  300  7,30  400  2,52  70  2,42  40  6,95  25  ɸʥʪʠʛʦʨʠʪ 97  

3,59  70  7,15  100  14,4  60  2,475  60  1,548  60  ʍʣʦʨʠʪ 106  

3,59  60  2,79  100  1,734  80  0,9305  70  2,13  60  ʉʠʜʝʨʠʪ 119  

3,573  65  2,764  100  3,053  95  3,556  70  5,052  55  ɸʥʪʠʤʦʥiʪ 18  

3,56  70  3,32  100  2,932  80  3,75  70  3,28  70  ʂʘʨʥʘʣiʪ 134  

3,559  60  3,012  100  2,693  100  2,372  80  2,400  60  ʉʪʘʚʨʦʣiʪ 71  

3,556  70  2,764  100  3,052  95  3,573  65  5,052  55  ɸʥʪʠʤʦʥiʪ 18  

3,535 30 2,810 100 2,499 70 2,549 60 1,769 40 ʌʘʷʣiʪ ʤʘʛʥʝʟiʘʣʴʥʠʡ 60 

3,52  100  1,892  35  2,378  20  1,6999  20  1,6665  20  ɸʥʘʪʘʟ 24  

3,51  25  3,09  100  2,87  70  3,30  50  4,17  25  ʄʦʥʘʮʠʪ 114  

3,510  70  2,976  100  3,312  80  3,08  70  2,179  70  ɺʦʣʘʩʪʦʥiʪ 78  

3,51  100  2,900  90  3,47  80  1,893  30  1,662  30  ɹʨʫʢiʪ 25  

3,49  100  2,849  35  2,328  20  2,208  20  1,869  16  ɸʥʛiʜʨʠʪ 126  

3,48 60 2,576 100 3,99 85 2,961 85 4,22 65 ɼʨʘʚiʪ 80 

3,479  75  2,085  100  2,552  90  1,601  80  1,374  50  ʂʦʨʫʥʜ 31  

3,47  80  3,51  100  2,900  90  1,893  30  1,662  30  ɹʨʫʢiʪ 25  

3,46  25  2,780  100  2,680  40  2,231 16  1,929  16  ʂʘʨʙʦʥʘʪ-ʘʧʘʪʠʪ 113  

3,442  100  3,101  97  2,120  80  2,104  76  3,317  67  ɹʘʨʠʪ 127  
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d ¡  I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 ʄiʥʝʨʘʣ ˉ ʢʘʨʪʢʠ 

3,442  40  2,800  100  2,702  60  2,772  55  2,624  30  ʌʪʦʨ-ʘʧʘʪʠʪ 112  

3,44  85  3,27  100  5,39  80  2,918  70  2,842  70  ʃʝʡʮʠʪ 54  

3,44  40  3,85  100  3,21  60  3,33  25  3,11  25  ʉiʨʢʘ ʨʦʤʙiʯʥʘ 7  

3,44  40  2,814  100  2,778  60  2,720  60  1,841  40  ɻiʜʨʦʢʩʠʣ-ʘʧʘʪʠʪ 111  

3,44  40  2,71  100  1,76  63  1,91  30  2,41  25  ʄʘʨʢʘʟʠʪ 9  

3,44  50  2,560  100  2,878  85  3,95  60  2,805  45  ɽʣʴʙʘʾʪ 82  

3,43  100  5,60  60  2,927  50  2,226  40  4,85  20  ɸʥʘʣʴʮʠʤ 55  

3,43  30  3,09  100  1,71  12  1,345  12  2,62  10  ʎʦʾʟʠʪ 74 

3,429  84  2,969  100  2,099  57  1,79  35  1,327  17  ɻʘʣʝʥiʪ 11  

3,41  90  3,36  100  2,20  100  2,53  90  1,516  90  ʉʠʣiʤʘʥiʪ 70  

3,40  100  2,64  60  2,28  50  1,708  40  1,636  40  ʄʘʥʛʘʥiʪ 37  

3,396  100  1,977  65  3,273  52  2,700  46  2,372  38  ɸʨʘʛʦʥiʪ 116  

3,39  70  3,13  100  8,54  80  8,45  80  4,09  75  ʂʦʨʜiʻʨʠʪ 77  

3,37  100  10,1  100  2,66  80  2,45  80  2,18  80  ɹiʦʪʠʪ 103  

3,362  100  10,13  100  2,624  100  4,515 80  2,017  65  ʌʣʦʛʦʧiʪ 104  

3,36  100  2,20  100  3,41  90  2,53  90  1,516  90  ʉʠʣiʤʘʥiʪ 70  

3,36  100  1,678  80  2,03  50  1,158  50  0,994  40  ɻʨʘʬiʪ 6  

3,351  100  10  100  2,562  90  2,01  75  4,46  65  ʄʫʩʢʦʚiʪ 2ʄ1 102  

3,35  65  3,18  100  1,377  75  1,962  55  1,935  50  ʂiʘʥiʪ (ʜiʩʪʝʥ) 68  

3,35  100  2,644  80  1,765  65  2,369  25  1,675  18  ʂʘʩʠʪʝʨʠʪ 26  

3,343  100  4,26  35  1,817  17  1,541  15  2,458  12  ʂʚʘʨʮ 28  

3,34  30  2,772  100  2,980  65  2,924  65  3,14  30  ʈʦʜʦʥiʪ 79  

3,34  100  1,90  100  1,75  88  3,01  85  2,29  73  ɸʣʫʥiʪ 130  

3,33  60  10,1  100  2,587  100  4,53  80  2,369  60  ɻʣʘʫʢʦʥiʪ 108  

3,33  25  3,85  100  3,21  60  3,44  40  3,11  25  ʉiʨʢʘ ʨʦʤʙiʯʥʘ 7  

3,32  100  2,932  80  3,75  70  3,56  70  3,28  70  ʂʘʨʥʘʣiʪ 134  

3,317  67  3,442  100  3,101  97  2,120  80  2,104  76  ɹʘʨʠʪ 127  

3,312  80  2,976  100  3,510  70  3,08  70  2,179  70  ɺʦʣʘʩʪʦʥiʪ 78  

3,31 100 3,77 80 4,22 70 3,24 65 3,29 60 ʆʨʪʦʢʣʘʟ 52 

3,309  100  3,128  86  2,925  84  1,911  74  1,764  52  ɺʶʨʪʮʠʪ 13  

3,30  100  4,43  45  2,518  45  1,712  40  2,066  20  ʎʠʨʢʦʥ 66  

3,30  50  3,09  100  2,87  70  4,17  25  3,51  25  ʄʦʥʘʮʠʪ 114  

3,295  98  2,972  100  2,731  63  3,177  59  2,041  57  ʎʝʣʝʩʪʠʥ 128  

3,29  90  6,26  100  2,47  80  1,937  70  1,732  40  ʃʝʧiʜʦʢʨʦʢiʪ 34  

3,29  60  4,22  100  3,26  80  3,25  80  3,70  40  ʄiʢʨʦʢʣiʥ 51  

3,29  60  3,31  100  3,77  80  4,22  70  3,24  65  ʆʨʪʦʢʣʘʟ 52  

3,28  70  3,32  100  2,932  80  3,75  70  3,56  70  ʂʘʨʥʘʣiʪ 134  

3,273  52  3,396  100  1,977  65  2,700  46  2,372  38  ɸʨʘʛʦʥiʪ 116  

3,27  75  8,30  100  3,12  100  2,705  90  1,892  50  ʊʨʝʤʦʣiʪ 93  

3,27  100  3,44  85  5,39  80  2,918  70  2,842  70  ʃʝʡʮʠʪ 54  

3,27  70  3,0  100  4,18  70  2,88  70  2,34  60  ʅʝʬʝʣiʥ 53  

3,26  20  8,40  100  3,10  70  2,697  20  2,789  12  ʈʦʛʦʚʘ ʦʙʤʘʥʢʘ 94  

3,26  80  4,22  100  3,25  80  3,29  60  3,70  40  ʄiʢʨʦʢʣiʥ 51  

3,26  55  3,2  100  3,18  75  4,04  60  3,12  45  ɸʥʦʨʪʠʪ ʥʠʟʴʢ. 50  

3,258  13  2,821  100  1,994  55  1,628  15  1,261  11  ɻʘʣiʪ 132  

3,254  95  2,867  100  7,98  90  4,6  50  3,99  45  ɹʝʨʠʣ 76  

3,25  80  4,22  100  3,26  80  3,29  60  3,7  40  ʄiʢʨʦʢʣiʥ ʤʘʢʩ. 51  

3,25  100  1,6874  60  2,487  50  2,188  25  1,6237  20  ʈʫʪʠʣ 23  



 15 

d ¡  I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 ʄiʥʝʨʘʣ ˉ ʢʘʨʪʢʠ 

3,24  65  3,31  100  3,77  80  4,22  70  3,29  60  ʆʨʪʦʢʣʘʟ 52  

3,24  60  3,05  100  8,26  55  2,84  40  2,54  40  ɸʥʪʦʬiʣiʪ 91  

3,23  80  3,20  100  3,18  90  4,04  80  3,75  80  ʃʘʙʨʘʜʦʨ 49  

3,23  70  3,06  100  8,27  80  8,97  50  4,48  40  ɾʝʜʨʠʪ 92  

3,233  100  2,989  90  2,595  90  2,058  40  1,643  40  ʊʠʪʘʥiʪ (ʩʬʝʥ) 67  

3,23  25  2,991  100  2,523  40  2,893  30  2,518  30  ɼiʦʧʩʠʜ 83  

3,23  55  2,955  100  6,45  60  3  60  1,617  35  ɸʢʤiʪ-ʘʚʛiʪ 89  

3,21  60  3,85  100  3,44  40  3,33  25  3,11  25  ʉiʨʢʘ ʨʦʤʙ. 7  

3,21  80  3,02  100  2,904  100  2,908  80  2,578  60  ʇiʞʦʥiʪ 84  

3,2  35  12,1  100  2,56  55  4,31  40  3,75  30  ʉʝʧiʦʣiʪ 101  

3,2  100  10,2  100  4,4  100  1,49  100  2,54  90  Iʣiʪ ʥʘʪʨiʻʚʠʡ 107  

3,20  100  3,18  90  4,04  80  3,75  80  3,23  80  ʃʘʙʨʘʜʦʨ 49  

3,20  100  3,18  75  4,04  60  3,26  55  3,12  45  ɸʥʦʨʪʠʪ ʥʠʟʴʢʠʡ 50  

3,20  65  2,937  100  3,69  60  2,3609  45  2,1049  45  ʊʦʧʘʟ 72  

3,196  100  3,78  25  6,39  20  3,684  20  4,03  16  ɸʣʴʙiʪ ʥʠʟʴʢʠʡ 48  

3,18  100  1,377  75  3,35  65  1,962  55  1,935  50 ʂiʘʥiʪ (ʜiʩʪʝʥ) 68  

3,18  90  3,20  100  4,04  80  3,75  80  3,23  80  ʃʘʙʨʘʜʦʨ 49  

3,18  75  3,20  100  4,04  60  3,26  55  3,12  45  ɸʥʦʨʪʠʪ ʥʠʟʴʢ. 50  

3,18  100  2,883  50  2,555  40  2,96  35  2,51  30  ɻiʧʝʨʩʪʝʥ 88  

3,18  60  1,987  100  2,74  50  1,250  50  1,119  50  ɹʦʨʥiʪ (ʥʠʟʴʢ. t) 19  

3,177 59 2,972 100 3,295 98 2,731 63 2,041 57 ʎʝʣʝʩʪʠʥ 128 

3,17  30  2,873  100  2,976  75  2,452  30  2,1152  30  ʂʣiʥʦʝʥʩʪʘʪʠʪ 86  

3,17  75  2,87  100  3,15  50  1,4696  25  4,41  20  ɽʥʩʪʘʪʠʪ 87  

3,164  65  6,11  100  2,346  55  1,860  30  1,850  25  ɹʝʤiʪ 35  

3,153  94  1,931  100  1,647  35  1,115  16  1,366  12  ʌʣʶʦʨʠʪ 125  

3,15  50  2,870  100  3,17  75  1,4696  25  4,41  20  ɽʥʩʪʘʪʠʪ 87  

3,146  100  2,224  59  1,816  23  1,407  20  1,284  13  ʉʠʣʴʚiʥ 133  

3,14  12  4,05  100  2,485  20  2,841  14  1,870  8  ʂʨʠʩʪʦʙʘʣiʪ ʥʠʟʴʢ. 29  

3,14  100  2,41  50  1,63  50  2,13  25  1,56  25  ʇiʨʦʣʶʟʠʪ 27  

3,14  30  2,772  100  2,980 65  2,924  65  3,34  25  ʈʦʜʦʥiʪ 79  

3,13  100  8,54  80  8,45  80  4,09  75  3,39  70  ʂʦʨʜiʻʨʠʪ 77  

3,128  86  3,309  100  2,925  84  1,911  74  1,764  52  ɺʶʨʪʮʠʪ 13  

3,123  100  1,912  51  1,633  30  2,705  10  1,24  9  ʉʬʘʣʝʨʠʪ 12  

3,12  100  9,34  100  4,66  90  1,930  69  2,476  65  ʊʘʣʴʢ 96  

3,12  100  8,30  100  2,705  90  3,27  75  1,892  50  ʊʨʝʤʦʣiʪ 93  

3,12  45  3,2  100  3,18  75  4,04  60  3,26  55  ɸʥʦʨʪʠʪ ʥʠʟʴʢʠʡ 50  

3,11  25  3,85  100  3,21  60  3,44  40  3,33  25  ʉiʨʢʘ ʨʦʤʙ. 7  

3,11  75  3,08  100  5,09  70  5,93  45  1,977  45  ʗʨʦʟʠʪ 131  

3,11  100  1,596  90  1,94  80  1,251  80  4,77  70  ʐʝʻʣiʪ 123  

3,108  55  8,40  100  2,729  50  2,533  45  4,509  20  ʈʠʙʝʢiʪ 95  

3,101  97  3,442  100  2,12  80  2,104  76  3,317  67  ɹʘʨʠʪ 127  

3,10  700  8,40  100  3,26  20  2,697  20  2,789  12  ʈʦʛʦʚʘ ʦʙʤʘʥʢʘ 94  

3,10 30 2,831 100 2,922 75 4,29 45 2,069 30 ɾʘʜʝʾʪ 90 

3,09 100 3,43 30 1,71 12 1,345 12 2,69 10 ʎʦʾʟʠʪ 74 

3,09  100  2,87  70  3,30  50  4,17  25  3,51  25  ʄʦʥʘʮʠʪ 114  

3,09 50 2,49 100 2,77 90 1,544 80 1,795 50 ɻʘʫʩʤʘʥiʪ 46 

3,080 70  2,976  100  3,312  80  3,51  70  2,179  70  ɺʦʣʘʩʪʦʥiʪ 78  

3,08  100  3,11  75  5,09  70  5,93  45  1,977  45  ʗʨʦʟʠʪ 131  
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d ¡  I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 ʄiʥʝʨʘʣ ˉ ʢʘʨʪʢʠ 

3,06  100  8,27  80  3,23  70  8,97  50  4,48  40  ɾʝʜʨʠʪ 92  

3,059  55  7,56  100  4,27  50  2,679  28  2,867  25  ɻiʧʩ 129  

3,053  95  2,764  100  3,556  70  3,573  65  5,052  55  ɸʥʪʠʤʦʥiʪ 18  

3,05  100  3,24  60  8,26  55  2,84  40  2,54  40  ɸʥʪʦʬiʣiʪ 91  

3,048  65  2,813  100  1,896  75  2,724  55  1,735  35  ʂʦʚʝʣiʥ 16  

3,035  100  2,285  18  2,095  18  1,913  17  1,875  17  ʂʘʣʴʮʠʪ 115  

3,03  100  1,854  80  1,591  60  1,077  60  1,865  40  ʍʘʣʴʢʦʧiʨʠʪ 20  

3,03  80  1,775  100  1,931  50  2,90  40  5,78  30  ʇʝʥʪʣʘʥʜʠʪ 14  

3,02  60  15,0  100  4,5  80  5,01  60  1,50  50  ʄʦʥʪʤʦʨʠʣʦʥiʪ 100  

3,02  100  2,904  100  3,21  80  2,908  80  2,578  60  ʇiʞʦʥiʪ 84  

3,020  9  2,465  100  2,135  37  1,510  27  1,287  17  ʂʫʧʨʠʪ 22  

3,015  60  2,696  100  1,6112  60  2,462  45  1,9564  25  ɸʥʜʨʘʜʠʪ 62  

3,012 100 2,693 100 2,372 80 3,559 60 2,400 60 ʉʪʘʚʨʦʣiʪ 71 

3,01  85  3,34  100 1,90  100  1,75  88  2,29  73  ɸʣʫʥiʪ 130  

3,00  100  4,18  70  3,27  70  2,88  70  2,34  60  ʅʝʬʝʣiʥ 53  

3,00  60  2,955  100  6,45  60  3,23  55  1,617  35  ɸʢʤiʪ-ʘʚʛiʪ 89  

2,991  100  2,523  40  2,893  30  2,518  30  3,23  25  ɼiʦʧʩʠʜ 83  

2,989  90  3,233  100  2,595  90  2,058  40  1,643  40  ʊʠʪʘʥiʪ (ʩʬʝʥ) 67  

2,982  80  2,067  100  2,647  80  1,721  80  1,050  80  ʇiʨʦʪʠʥ 15  

2,980  65  2,772  100  2,924  65  3,14  30  3,34  25  ʈʦʜʦʥiʪ 79 

2,976  100  3,312  80  3,510  70  3,08  70  2,179 70  ɺʦʣʘʩʪʦʥiʪ 78  

2,976  75  2,873  100  3,17  30  2,452  30  2,1152  30  ʂʣiʥʦʝʥʩʪʘʪʠʪ 86  

2,972  100  3,295  98  2,731  63  3,177  59  2,041  57  ʎʝʣʝʩʪʠʥ 128  

2,97  100  2,53  50  1,08  40  2,56  30  2,13  30  ɻʝʜʝʥʙʝʨʛiʪ 85  

2,969  100  3,429  84  2,099  57  1,79  35  1,327  17  ɻʘʣʝʥiʪ 11  

2,967 30 2,532 100 1,485 40 1,616 30 2,099 20 ʄʘʛʥʝʪʠʪ 43 

2,963  90  4,498  100  1,5813  80  2,367  70  2,306  70  ʍʣʦʨʠʪʦʾʜ 105  

  4,449           

2,961 85 2,576 100 3,99 85 4,22 65 3,48 60 ɼʨʘʚiʪ 80 

2,96  80  2,65  100  1,58  90  1,65  80  1,92  70  ɻʨʦʩʫʣʷʨ 61  

2,96  35  3,18  100  2,883  50  2,555  40  2,51  30  ɻiʧʝʨʩʪʝʥ 88  

2,959  90  3,92  100  8,85  80  7,80  70  5,10  70  ɻʝʡʣʘʥʜʠʪ 58  

2,955  100  6,45  60  3,00  60  3,23  55  1,617  35  ɸʢʤiʪ-ʘʚʛiʪ 89  

2,955  60  4,268  100  4,075  90  3,800  90  2,493  60  ɸʢʤiʪ_ʘʚʛiʪ 89  

2,953  100  2,483  60  4,76  50  3,740  50  3,648  50  ɺʦʣʴʬʨʘʤiʪ 124  

2,95  60  2,52  100  1,60  90  1,46  90  2,07  70  ʍʨʦʤiʪ 44  

2,948  60  2,759  100  2,599  80  2,465  60  2,128  50  ɺʝʟʫʚiʘʥ 75  

2,937  100  3,20  65  3,69  60  2,3609  45  2,1049  45  ʊʦʧʘʟ 72  

2,932  80  3,32  100  3,75  70  3,56  70  3,28  70  ʂʘʨʥʘʣiʪ 134  

2,927  50  3,43  100  5,60  60  2,226  40  4,85  20  ɸʥʘʣʴʮʠʤ 55  

2,925  100  4,32  75  9,35  50  5,02  30  3,87  30  ʐʘʙʘʟʠʪ 57  

2,925  84  3,309  100  3,128  86  1,911  74  1,764  52  ɺʶʨʪʮʠʪ 13  

2,924  65  2,772  100  2,980  65  3,14  30  3,34  25  ʈʦʜʦʥiʪ 79  

2,922 75 2,831 100 4,29 45 3,10 30 2,069 30 ɾʘʜʝʾʪ 90 

2,918  70  3,27  100  3,44  85  5,39  80  2,842  70  ʃʝʡʮʠʪ 54  

2,912  100  2,581  70  1,633  70  1,785  65  4,00  55  ʐʝʨʣ 81  

2,91 25 2,60 100 1,557 40 1,614 30 1,886 20 ʉʧʝʩʘʨʪʠʥ 65 

2,908  90  3,02  100  2,904  100  3,21  80  2,578  60  ʇiʞʦʥiʪ 84  
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d ¡  I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 ʄiʥʝʨʘʣ ˉ ʢʘʨʪʢʠ 

2,904  100  3,02  100  3,21  80  2,908  80  2,578  60  ʇiʞʦʥiʪ 84  

2,900  90  3,51  100  3,47  80  1,893  30  1,662  30  ɹʨʫʢiʪ 25  

2,900  100  2,679  100  2,688  70  4,02  50  2,599  50  ɽʧiʜʦʪ 73  

2,90  40  1,775  100  3,03  50  1,931  50  5,78  30  ʇʝʥʪʣʘʥʜʠʪ 14  

2,899  100  2,199  6  1,812  6  1,792  6  3,70  4  ɸʥʢʝʨʠʪ 121  

2,893  30  2,991  100  2,523  40  2,158  30  3,23  25  ɼiʦʧʩʠʜ 83  

2,886  100  2,192  30  1,786  30  1,804  20  2,015  15  ɼʦʣʦʤiʪ 120  

    1,781         

2,883  50  3,18  100  2,555  40  2,96  35  2,51  30  ɻiʧʝʨʩʪʝʥ 88  

2,88  70  3,00  100  4,18  70  3,27  70  2,34  60  ʅʝʬʝʣiʥ 53  

2,878  85  2,56  100  3,95  60  3,44  50  2,805  45  ɽʣʴʙʘʾʪ 82  

2,873  100  2,976  75  3,17  30  2,452  30  2,1152  30  ʂʣiʥʦʝʥʩʪʘʪʠʪ 86  

2,8731  40  2,569  100  1,540  50  1,599  40  4,04  30  ɸʣʴʤʘʥʜʠʥ 64  

2,870  100  3,17  75  3,15  50  1,4696  25  4,41  20  ɽʥʩʪʘʪʠʪ 87  

2,87  70  3,09  100  3,30  50  4,17  25  3,51  25  ʄʦʥʘʮʠʪ 114  

2,87  60  2,45  100  2,02  80  1,43  80  1,56  40  ɻʝʨʮʠʥiʪ 41  

2,867  25  7,56  100  3,059  55  4,27  50  2,679  28  ɻiʧʩ 129  

2,867  100  3,254  95  7,98  90  4,60  50  3,99  45  ɹʝʨʠʣ 76  

2,865  60  2,562  100  1,5312  50  2,443  40  1,5890  30  ʇiʨʦʧ 63  

2,861  84  2,438  100  1,429  43  1,556  40  1,650  24  ɻʘʥiʪ 42  

2,860  45  6,49  100  5,90  65  4,15  50  4,65  40  ʅʘʪʨʦʣiʪ 56  

2,858  40  2,437  100  2,020  65  1,4289  55  1,5554  45  ʐʧiʥʝʣʴ 40  

2,857  100  3,693  85  5,055  75  5,993  55  2,520  55  ʄʘʣʘʭiʪ 122  

2,85  90  2,77  100  1,95  50  1,84  50  2,31  30  ʍʣʦʨ-ʘʧʘʪʠʪ 110  

2,849  35  3,49  100  2,328  20  2,208  20  1,869  16  ɸʥʛiʜʨʠʪ 126  

2,842 70 3,27 100 3,44 85 5,39 80 2,918 70 ʃʝʡʮʠʪ 54 

2,841  14  4,05  100  2,485  20  3,14  12  1,870  8  ʂʨʠʩʪʦʙʘʣiʪ ʥʠʟʴʢʠʡ 29  

2,84  100  3,66  35  1,763  35  1,770  30  2,172  25  ʈʦʜʦʭʨʦʟʠʪ 118  

2,84  40  3,05  100  3,24  60  8,26  55  2,54  40  ɸʥʪʦʬiʣiʪ 91  

2,831 100 2,922 75 4,29 45 3,10 30 2,069 30 ɾʘʜʝʾʪ 90 

2,821  100  1,994  55  1,628  15  3,258  13  1,261  11  ɻʘʣiʪ 132  

2,814  100  2,778  60  2,720  60  3,44  40  1,841  40  ɻiʜʨʦʢʩʠʣ-ʘʧʘʪʠʪ 111  

2,813  100  1,896  75  3,048  65  2,724  55  1,735  35  ʂʦʚʝʣiʥ 16  

2,810  100  2,489  70  2,549  60  1,769  40  3,535  30  ʌʘʷʣiʪ ʤʘʛʥʝʟiʘʣʴʥʠʡ 60  

2,805 45 2,560 100 2,878 85 3,95 60 3,44 50 ɽʣʴʙʘʾʪ 82 

2,800  100  2,702  60  2,772  55  3,442  40  2,624  30  ʌʪʦʨ-ʘʧʘʪʠʪ 112  

2,79  100  1,734  80  0,9305  70  3,59  60  2,13  60  ʉʠʜʝʨʠʪ 119  

2,789  12  8,4  100  3,1  70  3,26  20  2,697  20  ʈʦʛʦʚʘ ʦʙʤʘʥʢʘ 94  

2,780  100  2,680  40  3,46  25  2,231  16  1,929  16  ʂʘʨʙʦʥʘʪ-ʘʧʘʪʠʪ 113  

2,778  60  2,814  100  2,720  60  3,44  40  1,841  40  ɻiʜʨʦʢʩʠʣ-ʘʧʘʪʠʪ 111  

2,772  55  2,800  100  2,702  60  3,442  40  2,624  30  ʌʪʦʨ-ʘʧʘʪʠʪ 112  

2,772  100  2,980  65  2,924  65  3,14  30  3,34  25  ʈʦʜʦʥiʪ 79  

2,77  90  5,54  100  4,53  90  2,17  90  3,92  70  ɸʥʜʘʣʫʟʠʪ 69  

2,77  100  2,85  90  1,95  50  1,84  50  2,31  30  ʍʣʦʨ-ʘʧʘʪʠʪ 110  

2,77  90  2,49  100  1,544  80  3,09  50  1,795  50  ɻʘʫʩʤʘʥiʪ 46  

2,768  60  2,458  100  3,883  70  2,512  60  5,10  50  ʌʦʨʩʪʝʨʠʪ 59  

2,764  100  3,053  95  3,556  70  3,573  65  5,052  55  ɸʥʪʠʤʦʥiʪ 18  

2,759  100  2,599  80  2,948  60  2,465  60  2,128  50  ɺʝʟʫʚiʘʥ 75  
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d ¡  I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 ʄiʥʝʨʘʣ ˉ ʢʘʨʪʢʠ 

2,742  100  2,102  45  1,700  35  2,503  18  1,932  12  ʄʘʛʥʝʟʠʪ 117  

2,74  50  1,937  100  3,18  60  1,250  50  1,119  50  ɹʦʨʥiʪ ʥʠʟʴʢʦ t 19  

2,74  100  1,72  100  2,54  85  1,86  85  1,50  85  Iʣʴʤʝʥiʪ 47  

2,737  16  6,15  100  2,277  45  1,830  25  2,049  14  ʄʦʣiʙʜʝʥiʪ 17  

2,731  63  2,972  100  3,295  98  3,177  59  2,041  57  ʎʝʣʝʩʪʠʥ 128  

2,729  50  8,40  100  3,108  55  2,533  45  4,509  20  ʈʠʙʝʢiʪ 95  

2,724  55  2,813  100  1,896  75  3,048  65  1,735  35  ʂʦʚʝʣiʥ 16  

2,720  60  2,814  100  2,778  60  3,44  40  1,841  40  ɻiʜʨʦʢʩʠʣ-ʘʧʘʪʠʪ 111  

2,72  100  1,656  70  2,14  50  1,053  50  2,35  40  ɹʨʘʫʥiʪ 45  

2,71  100  1,76  63  3,44  40  1,91  30  2,41  25  ʄʘʨʢʘʟʠʪ 9  

2,709  85  1,6332  100  2,423  65  2,2118  50  1,9155  40  ʇiʨʠʪ 8  

2,705  90  8,30  100  3,12  100  3,27  75  1,892  50  ʊʨʝʤʦʣiʪ 93  

2,705  10  3,123  100  1,912  51  1,633  30  1,240  9  ʉʬʘʣʝʨʠʪ 12  

2,702  60  2,800  100  2,772  55  3,442  40  2,624  30  ʌʪʦʨ-ʘʧʘʪʠʪ 112  

2,7  46  3,396  100  1,977  65  3,273  46  2,372  38  ɸʨʘʛʦʥiʪ 116  

2,697  20  8,40  100  3,10  70  3,26  20  2,789  12  ʈʦʛʦʚʘ ʦʙʤʘʥʢʘ 94  

2,696  100  3,015  60  1,6112  60  2,462  45  1,9564  25  ɸʥʜʨʘʜʠʪ 62  

2,693  100  3,012  100  2,372  80  3,559  60  2,400  60  ʉʪʘʚʨʦʣiʪ 71  

2,69  30  4,18  100  2,452  25  2,192  20  1,721  20  ɻʝʪʠʪ 36  

2,69  100  1,690  60  2,51  50  1,838  40  1,484  35  ɻʝʤʘʪʠʪ 32  

2,688  70  2,9  100  2,679  100  4,02  50  2,599  50  ɽʧiʜʦʪ 73  

2,680  40  2,780  100  3,46  25  2,231  16  1,929  16  ʂʘʨʙʦʥʘʪ-ʘʧʘʪʠʪ 113  

2,679  28  7,56  100  3,059  55  4,27  50  2,867  25  ɻiʧʩ 129  

2,679  100  2,900  100  2,688  70  4,02  50  2,599  50  ɽʧiʜʦʪ 73  

2,677  100  2,662  100  2,418  95  2,412  95  1,814  90  ɸʨʩʝʥʦʧiʨʠʪ 10  

2,662 100 2,677 100 2,418 95 2,412 95 1,814 90 ɸʨʩʝʥʦʧiʨʠʪ 10 

2,66  80  10,1  100  3,37  100  2,45  80  2,18  80  ɹiʦʪʠʪ 103  

2,65  100  1,58  90  2,96  80  1,65  80  1,92  70  ɻʨʦʩʫʣʷʨ 61  

2,647  80  2,067  100  2,982  80  1,721  80  1,050  80  ʇiʨʦʪʠʥ 15  

2,644  80  3,35  100  1,765  65  2,369  25  1,675  18  ʂʘʩʠʪʝʨʠʪ 26  

2,64  60  3,40  100  2,28  50  1,708  40  1,636  40  ʄʘʥʛʘʥiʪ 37  

2,624  100  10,13  100  3,362  100  4,515  80  2,017  65  ʌʣʦʛʦʧiʪ  104  

2,624  30  2,800  100  2,702  60  2,772  55  3,442  40  ʌʪʦʨ-ʘʧʘʪʠʪ  112  

2,615 50 14,2 100 1,528 70 4,57 60 2,570 50 ɺʝʨʤiʢʫʣiʪ 109 

2,60 100 1,557 40 1,614 30 2,91 25 1,886 20 ʉʧʝʩʘʨʪʠʥ 65 

2,599 80 2,759 100 2,948 60 2,465 60 2,128 50 ɺʝʟʫʚiʘʥ 75 

2,599  50  2,900  100  2,679  100  2,688  70  4,02  50  ɽʧiʜʦʪ 73  

2,595  90  3,233  100  2,989  90  2,058  40  1,643  40  ʊʠʪʘʥiʪ (ʩʬʝʥ) 67  

2,587  100  10,1  100  4,53  80  3,33  60  2,369  60  ɻʣʘʫʢʦʥiʪ 108  

2,581  70  2,912  100  1,633  70  1,785  65  4,00  55  ʐʝʨʣ 81  

2,578  60  3,02  100  2,904  100  3,21  80  2,908  80  ʇiʞʦʥiʪ 84  

2,576 100 3,99 85 2,961 85 4,22 65 3,48 60 ɼʨʘʚiʪ 80 

2,570  50  14,2  100  1,528  70  4,57  60  2,615  50 ɺʝʨʤiʢʫʣiʪ 109  

2,569  100  1,540  50  2,8731  40  1,599  40  4,04  30  ɸʣʴʤʘʥʜʠʥ 64  

2,562 100 2,865 60 1,5312 50 2,443 40 1,5890 30 ʇiʨʦʧ 63 

2,562  90  10,0  100  3,351  100  2,01  75  4,46  65  ʄʫʩʢʦʚiʪ 2ʄ1 102  

2,560  100  2,878  85  3,95  60  3,44  50  2,805  45  ɽʣʴʙʘʾʪ 82  

2,56  30  2,97  100  2,53  50  1,08  40  2,13 30  ɻʝʜʝʥʙʝʨʛiʪ 85  
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2,56 55 12,1 100 4,31 40 3,2 35 3,75 30 ʉʝʧiʦʣiʪ 101 

2,555  40  3,18  100  2,883  50  2,96  35  2,51  30  ɻiʧʝʨʩʪʝʥ 88  

2,553  85  1,483  100  2,332  95  4,34  85  2,484  85  ʂʘʦʣiʥiʪ 1ʊ 99  

2,552  90  2,085  100  1,601  80  3,479  75  1,374  50  ʂʦʨʫʥʜ 31  

2,549  60  2,81  100  2,489  70  1,769  40  3,535  30  ʌʘʷʣiʪ ʤʘʛʥʝʟiʘʣ. 60  

2,54  90  10,2  100  4,4  100  3,2  100  1,49  100  Iʣiʪ ʥʘʪʨiʻʚʠʡ 107  

2,54  40  3,05  100  3,24  60  8,26  40  2,84  40  ɸʥʪʦʬiʣiʪ 91  

2,54  85  2,74  100  1,72  100  1,86  85  1,50  85  Iʣʴʤʝʥiʪ 47  

2,533  45  8,40  100  3,108  55  2,729  50  4,509  20  ʈʠʙʝʢiʪ 95  

2,532  100  1,485  40  2,967  30  1,616  30  2,099  20  ʄʘʛʥʝʪʠʪ 43  

2,53  90  3,36  100  2,20  100  3,41  90  1,516  90  ʉʠʣiʤʘʥiʪ 70  

2,53  50  2,97  100  1,08  40  2,56  30  2,13  30  ɻʝʜʝʥʙʝʨʛiʪ 85  

2,523  40  2,991  100  2,893  30  2,518  30  3,23  25  ɼiʦʧʩʠʜ 83  

2,52  70  7,3  400  3,63  300  2,42  40  6,95  25  ɸʥʪʠʛʦʨʠʪ 97  

2,52  55  2,857  100  3,693  85  5,055  75  5,993  55  ʄʘʣʘʭiʪ 122  

2,52  100  1,60  90  1,46  90  2,07  70  2,95  60  ʍʨʦʤiʪ 44  

2,518  30  2,991  100  2,523  40  2,893  30  3,23  25  ɼiʦʧʩʠʜ 83  

2,518  45  3,30  100  4,43  45  1,712  40  2,066  20  ʎʠʨʢʦʥ 66  

2,512  70  2,458  100  3,883  70  2,768  60  5,10  50  ʌʦʨʩʪʝʨʠʪ 59  

2,51  30  3,18  100  2,883  50  2,555  40  2,96  35  ɻiʧʝʨʩʪʝʥ 88  

2,51  50  2,69  100  1,690  60  1,838  40  1,484  35  ɻʝʤʘʪʠʪ 32  

2,503  18  2,742  100  2,102  45  1,700  35  1,932  12  ʄʘʛʥʝʟʠʪ 117  

2,493  60  4,268  100  4,075  90  3,800  90  2,955  60  ʊʨʠʜʠʤiʪ 30  

2,49  100  2,77  90  1,544  80  3,09  50  1,795  50  ɻʘʫʩʤʘʥiʪ 46  

2,489  70  2,810  100  2,549  60  1,769  40  3,535  30  ʌʘʷʣiʪ ʤʘʛʥʝʟiʘʣ. 60  

2,487  50  3,25  100  1,6874  60  2,188  25  1,6237  20  ʈʫʪʠʣ 23  

2,485  20  4,05  100  2,841  14  3,14  12  1,870  8  ʂʨʠʩʪʦʙʘʣiʪ ʥʠʟʴʢ. 29  

2,484  85  1,483  100  2,332  95  4,34  85  2,553  85  ʂʘʦʣiʥiʪ 1I 99  

2,483  60  2,953  100  4,76  50  3,740  50  3,648  50  ɺʦʣʴʬʨʘʤiʪ 124  

2,476  65  9,34  100  3,12  100  4,66  69  1,930  69  ʊʘʣʴʢ 96  

2,475  60  7,15  100  3,59  70  14,4  60  1,548  60  ʍʣʦʨʠʪ 106  

2,47  80  6,26  100  3,29  90  1,937  70  1,732  40  ʃʝʧiʜʦʢʨʦʢiʪ 34  

2,465  60  2,759  100  2,599  80  2,948  60  2,128  50  ɺʝʟʫʚiʘʥ 75  

2,465  100  2,135  37  1,510  27  1,287  17  3,020  9  ʂʫʧʨʠʪ 22  

2,462  45  2,696  100  3,015  60  1,6112  60  1,9564  25  ɸʥʜʨʘʜʠʪ 62  

2,458  100  3,883  70  2,512  70  2,768  60  5,10  50  ʌʦʨʩʪʝʨʠʪ 59  

2,458  12  3,343  100  4,26  35  1,817  17  1,541  12  ʂʚʘʨʮ 28  

2,454  25  4,85  320  4,37  50  4,32  25  2,388  25  ɻiʙʩʠʪ 38  

2,452  25  4,18  100  2,59  30  2,192  20  1,721  20  ɻʝʪʠʪ 36  

2,452  30  2,873  100  2,976  75  3,17  30  2,1152  30  ʂʣiʥʦʝʥʩʪʘʪʠʪ 86  

2,45  80  10,1  100  3,37  100  2,66  80  2,18  80  ɹiʦʪʠʪ 103  

2,45  100  2,02  80  1,43  80  2,87  60  1,56  40  ɻʝʨʮʠʥiʪ 41  

2,443  40  2,562  100  2,865  60  1,5312  50  1,5890  30  ʇiʨʦʧ 63  

2,438  100  2,861  84  1,429  43  1,556  40  1,650  24  ɻʘʥiʪ 42  

2,437  100  2,020  65  1,4289  55  1,5554  45  2,858  40  ʐʧiʥʝʣʴ 40  

2,423  65  1,6332  100  2,709  85  2,2118  50  1,9155  40  ʇiʨʠʪ 8  

2,42  40  7,30  400  3,63  300  2,52  70  6,95  25  ɸʥʪʠʛʦʨʠʪ 97  

2,418  95  2,677  100  2,662  100  2,412  95  1,814  90  ɸʨʩʝʥʦʧiʨʠʪ 10  
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2,412  95  2,677  100  2,662  100  2,418  95  1,814  90  ɸʨʩʝʥʦʧiʨʠʪ 10  

2,41  50  3,14  100  1,63  50  2,13  25  1,56  25  ʇiʨʦʣʶʟʠʪ 27  

2,41  25  2,71  100  1,76  63  3,44  40  1,91  30  ʄʘʨʢʘʟʠʪ 9  

2,400  60  3,012  100  2,693  100  2,372  80  3,559  60  ʉʪʘʚʨʦʣiʪ 71  

2,388  25  4,85  320  4,37  50  4,32  25  2,454  25  ɻiʙʩʠʪ 38  

2,378  20  3,52  100  1,892  35  1,6999  20  1,6665  20  ɸʥʘʪʘʟ 24  

2,372 80 3,012 100 2,693 100 3,559 60 2,400 60 ʉʪʘʚʨʦʣiʪ 71 

2,372  38  3,396  100  1,977  65  3,273  46  2,700  38  ɸʨʘʛʦʥiʪ 116  

2,369 60 10,1 100 2,587 100 4,53 80 3,33 60 ɻʣʘʫʢʦʥiʪ 108 

2,369  25  3,35  100  2,644  80  1,765  65  1,675  18  ʂʘʩʠʪʝʨʠʪ 26  

2,367  70  4,498  100  2,963  90  1,5813  80  2,306  70  ʍʣʦʨʠʪʦʾʜ 105  

  4,449           

2,365  100  4,77  90  1,794  55  1,573  35  1,494  18  ɹʨʫʩʠʪ 33  

2,3609 45  2,937  100  3,20  65  3,69  60  2,1049  45  ʊʦʧʘʟ 72  

2,359  100  2,044  40  1,231  26  1,445  25  0,9375  15  ʉʨiʙʣʦ 3  

2,355  100  2,039  52  1,23  36  1,442  32  0,9358  23  ɿʦʣʦʪʦ 4  

2,35  40  2,72  100  1,656  70  2,14  50  1,053  40  ɹʨʘʫʥiʪ 45  

2,346  55  6,11  100  3,164  65  1,860  30  1,850  25  ɹʝʤiʪ 35  

2,34  60  3,00  100  4,18  70  3,27  70  2,88  70  ʅʝʬʝʣiʥ 53  

2,332  95  1,483  100  4,34  85  2,553  85  2,484  85  ʂʘʦʣiʥiʪ 1I 99  

2,328  20  3,49  100  2,849  35  2,208  20  1,869  16  ɸʥʛiʜʨʠʪ 126  

2,317  56  3,99  100  2,131  52  2,077  49  1,633  43  ɼiʘʩʧʦʨ 39  

2,31  30  2,77  100  2,85  50  1,95  50  1,84  50  ʍʣʦʨ-ʘʧʘʪʠʪ 110  

2,306  70  4,498  100  2,963  90  1,5813  80  2,367  70  ʍʣʦʨʠʪʦʾʜ 105  

  4,449          

2,29  73  3,34  100 1,90  100  1,75  88  3,601  85  ɸʣʫʥiʪ 130  

2,285  18  3,035  100  2,095  18  1,913  17  1,875  17  ʂʘʣʴʮʠʪ 115  

2,28  50  3,40  100  2,64  60  1,708  40  1,636  40  ʄʘʥʛʘʥiʪ 37  

2,277  45  6,15  100  1,830  25  2,737  16  2,049  14  ʄʦʣiʙʜʝʥiʪ 17  

2,270  30  7,31  100  3,65  70  4,57  50  1,535  50  ʍʨʠʟʦʪʠʣ 98  

2,265  100  1,962  53  1,1826  33  1,387  31  0,8088  29  ʇʣʘʪʠʥʘ 1  

2,231 16 2,780 100 2,680 40 3,46 25 1,929 16 ʂʘʨʙʦʥʘʪ-ʘʧʘʪʠʪ 113 

2,226  40  3,43  100  5,60  60  2,927  50  4,85  20  ɸʥʘʣʴʮʠʤ 55  

2,224  50  3,146  100  1,816  23  1,407  20  1,284  13  ʉʠʣʴʚiʥ 133  

2,2118  50  1,6332  100  2,709  85  2,423  65  1,9155  40  ʇiʨʠʪ 8  

2,208  20  3,49  100  2,849  35  2,328  20  1,869  16  ɸʥʛiʜʨʠʪ 126  

2,20  100  3,36  100  3,41  90  2,53  90  1,516  90  ʉʠʣiʤʘʥiʪ 70  

2,199  6  2,899  100  1,812  6  1,792  6  3,7  4  ɸʥʢʝʨʠʪ 121  

2,192  20  4,18  100  2,69  30  2,452  25  1,721  20  ɻʝʪʠʪ 36  

2,192  30  2,896  100  1,786  30  1,804  20  2,015  15  ɼʦʣʦʤiʪ 120  

    1,781         

2,188  25  3,25  100  1,6874  60  2,487  50  1,6237  20  ʈʫʪʠʣ 23  

2,18  80  10,1  100  3,37  100  2,66  80  2,45  80  ɹiʦʪʠʪ 103  

2,179 70 2,976 100 3,312 80 3,510 70 3,08 70 ɺʦʣʘʩʪʦʥiʪ 78 

2,172  25  2,84  100  3,66  35  1,763  35  1,77  30  ʈʦʜʦʭʨʦʟʠʪ 118  

2,17  90  5,54  100  4,53  90  2,77  90  3,92  70  ɸʥʜʘʣʫʟʠʪ 69  

2,14  50  2,72  100  1,656  70  1,053  50  2,35  40  ɹʨʘʫʥiʪ 45  

2,135  37  2,465  100  1,510  27  1,287  17  3,02  9  ʂʫʧʨʠʪ 22  
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2,131  52  3,99  100  2,317  56  2,077  49  1,633  43  ɼiʘʩʧʦʨ 39  

2,13  25  3,14  100  2,41  60  1,63  50  1,56  25  ʇiʨʦʣʶʟʠʪ 27  

2,13  30  2,97  100  2,53  50  1,08  40  2,56  30  ɻʝʜʝʥʙʝʨʛiʪ 85  

2,13  60  2,79  100  1,734  80  0,9305  70  3,59  60  ʉʠʜʝʨʠʪ 119  

2,128 50 2,759 100 2,599 80 2,948 60 2,465 60 ɺʝʟʫʚiʘʥ 75 

2,120  80  3,442  100  3,101  97  2,104  76  3,317  67  ɹʘʨʠʪ 127  

2,1152  30  2,873  100  2,976  75  3,17  30  2,452  30  ʂʣiʥʦʝʥʩʪʘʪʠʪ 86  

2,106  100  1,489  52  0,9419  17  0,8600  15  1,216  12  ʇʝʨʠʢʣʘʟ 21  

2,1049  45  2,937  100  3,20  65  3,69  60  2,3609  45  ʊʦʧʘʟ 72  

2,104  76  3,442  100  3,101  97  2,120  80  3,317  67  ɹʘʨʠʪ 127  

2,102  45  2,742  100  1,700  35  2,503  18  1,932  12  ʄʘʛʥʝʟʠʪ 117  

2,099  57  2,969  100  3,429  84  1,79  35  1,327  17  ɻʘʣʝʥiʪ 11  

2,099  20  2,532  100  1,485  40  2,967  30  1,616  20  ʄʘʛʥʝʪʠʪ 43  

2,095  18  3,035  100  2,285  18  1,913  17  1,875  17  ʂʘʣʴʮʠʪ 115  

2,088  100  1,808  40  1,278  20  1,09  17  0,8293  9  ʄiʜ ɹ 2  

2,085  100  2,552  90  1,601  80  3,479  75  1,374  50  ʂʦʨʫʥʜ 31  

2,077  49  3,99  100  2,317  56  2,131  52  1,633  43  ɼiʘʩʧʦʨ 39  

2,07  70  2,52  100  1,60  90  1,46  90  2,95  60  ʍʨʦʤiʪ 44  

2,069 30 2,831 100 2,922 75 4,29 45 3,10 30 ɾʘʜʝʾʪ 90 

2,067  100  2,982  80  2,647  80  1,721  80  1,050  80  ʇiʨʦʪʠʥ 15  

2,066  20  3,30  100  4,43  45  2,518  45  1,712  40  ʎʠʨʢʦʥ 66  

2,06 100 1,261 25 1,0754 16 0,8182 16 0,8916 8 ɸʣʤʘʟ 5 

2,058  40  3,233  100  2,989  90  2,595  90  1,643  40  ʊʠʪʘʥiʪ (ʩʬʝʥ) 67  

2,049  14  6,15  100  2,277  45  1,830  25  2,737  14  ʄʦʣiʙʜʝʥiʪ 17  

2,044  40  2,359  100  1,231  26  1,445  25  0,9375  15  ʉʨiʙʣʦ 3  

2,041  57  2,972  100  3,295  98  2,731  63  2,041  59  ʎʝʣʝʩʪʠʥ 128  

2,039  52  2,355  100  1,23  36  1,442  32  0,9358  23  ɿʦʣʦʪʦ 4  

2,03  50  3,36  100  1,678  80  1,158  50  0,994  40  ɻʨʘʬiʪ 6  

2,02  80  2,45  100  1,43  80  2,87  60  1,56  40  ɻʝʨʮʠʥiʪ 41  

2,020 65  2,437  100  1,4289  55  1,5554  45  2,858  40  ʐʧiʥʝʣʴ 40  

2,019 35 2,693 100 2,874 65 4,03 50 8,09 40 ʎʦʾʟʠʪ 74 

2,017  65  10,13  100  3,362  100  2,624  100  4,515  80  ʌʣʦʛʦʧiʪ  104  

2,015  15  2,896  100  2,192  30  1,786  30  1,804  20  ɼʦʣʦʤiʪ 120  

      1,781       

2,010  75  10  100  3,351  100  2,562  90  4,46  65  ʄʫʩʢʦʚiʪ 2ʄ1 102  

1,994  55  2,821  100  1,628  15  3,258  13  1,261  11  ɻʘʣiʪ 132  

1,977  65  3,396  100  3,273  52  2,700  46  2,372  38  ɸʨʘʛʦʥiʪ 116  

1,977 45 3,08 100 3,11 75 5,09 70 5,93 45 ʗʨʦʟʠʪ 131 

1,962 55 3,18 100 1,377 75 3,35 65 1,935 50 ʂiʘʥiʪ (ʜiʩʪʝʥ) 68 

1,962  53  2,265  100  1,1826  33  1,387  31  0,8008  29  ʇʣʘʪʠʥʘ 1  

1,9564  25  2,696  100  3,015  60  1,6112  60  2,462  45  ɸʥʜʨʘʜʠʪ 62  

1,95  50  2,77  100  2,85  50  1,84  50  2,31  30  ʍʣʦʨ-ʘʧʘʪʠʪ 110  

1,94  80  3,11  100  1,596  90  1,251  80  4,771  70  ʐʝʻʣiʪ 123  

1,937  70  6,26  100  3,29  90  2,47  80  1,732  40  ʃʝʧiʜʦʢʨʦʢiʪ 34  

1,937  100  3,18  60  2,74  50  1,250  50  1,119  50  ɹʦʨʥiʪ ʥʠʟʴʢʦ t 19  

1,935 50 3,18 100 1,377 75 3,35 65 1,962 55 ʂiʘʥiʪ (ʜiʩʪʝʥ) 68 

1,932  12  2,742  100  2,102  45  1,700  35  2,503  18  ʄʘʛʥʝʟʠʪ 117  

1,931  100  3,153  94  1,647  35  1,115  16  1,366  12  ʌʣʶʦʨʠʪ 125  
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1,931  50  1,775  100  3,03  80  2,90  40  5,78  30  ʇʝʥʪʣʘʥʜʠʪ 14  

1,930  69  9,34  100  3,12  100  4,66  90  2,476  65  ʊʘʣʴʢ 96  

1,929  16  2,780  100  2,680  40  3,46  25  2,231  16  ʂʘʨʙʦʥʘʪ-ʘʧʘʪʠʪ 113  

1,92  70  2,65  100  1,58  90  2,96  80  1,65  80  ɻʨʦʩʫʣʷʨ 61  

1,9155  40  1,6332  100  2,709  85  2,423  65  2,2118  40  ʇiʨʠʪ 8  

1,913  17  3,035  100  2,285  18  2,095  18  1,875  17  ʂʘʣʴʮʠʪ 115  

1,912  51  3,123  100  1,633  30  2,705  10  1,240  9  ʉʬʘʣʝʨʠʪ 12  

1,911  74  3,309  100  3,128  86  2,925  84  1,764  52  ɺʶʨʪʮʠʪ 13  

1,91  30  2,71  100  1,76  63  3,44  40  2,41  25  ʄʘʨʢʘʟʠʪ 9  

1,90  100  3,34  100 1,75  88  3,01  85  2,29  73  ɸʣʫʥiʪ 130  

1,896  75  2,813  100  3,048  65  2,724  55  1,735  35  ʂʦʚʝʣiʥ 16  

1,893  30  3,51  100  2,900  90  3,47  80  1,662  30  ɹʨʫʢiʪ 25  

1,892  50  8,3  100  3,12  100  2,705  90  3,27  75  ʊʨʝʤʦʣiʪ 93  

1,892  35  3,52  100  2,378  20  1,6999  20  1,6665  20  ɸʥʘʪʘʟ 24  

1,886 20 2,60 100 1,557 40 1,614 30 2,91 25 ʉʧʝʩʘʨʪʠʥ 65 

1,875  17  3,035  100  2,285  18  2,095  18  1,913  17  ʂʘʣʴʮʠʪ 115  

1,870  8  4,05  100  2,485  20  2,841  14  3,14  12  ʂʨʠʩʪʦʙʘʣiʪ ʥʠʟʴʢ. 29  

1,869  16  3,49  100  2,849  35  2,328  20  2,208  20  ɸʥʛiʜʨʠʪ 126  

1,865  40  3,03  100  1,854  80  1,591  60  1,077  60  ʍʘʣʴʢʦʧiʨʠʪ 20  

1,860  30  6,11  100  3,164  65  2,346  55  1,850  25  ɹʝʤiʪ 35  

1,86  85  2,74  100  1,72  100  2,54  85  1,50  85  Iʣʴʤʝʥiʪ 47  

1,854  80  3,03  100  1,591  60  1,077  60  1,865  40  ʍʘʣʴʢʦʧiʨʠʪ 20  

1,850  25  6,611  100  3,164  65  2,346  55  1,860  30  ɹʝʤiʪ 35  

1,841  40  2,814  100  2,778  60  2,720  60  3,44  40  ɻiʜʨʦʢʩʠʣ-ʘʧʘʪʠʪ 111  

1,84  50  2,77  100  2,85  50  1,95  50  2,31  30  ʍʣʦʨ-ʘʧʘʪʠʪ 110  

1,838  40  2,69  100  1,690  60  2,51  50  1,484  35  ɻʝʤʘʪʠʪ 32  

1,830  25  6,15  100  2,277  45  2,737  16  2,049  14  ʄʦʣiʙʜʝʥiʪ 17  

1,817  17  3,343  100  4,26  35  1,541  15  2,458  12  ʂʚʘʨʮ 28  

1,816  23  3,146  100  2,224  50  1,407  20  1,284  13  ʉʠʣʴʚiʥ 133  

1,814  90  2,677  100  2,662  100  2,418  95  2,412  95  ɸʨʩʝʥʦʧiʨʠʪ 10  

1,812  6  2,899  100  2,199  6  1,792  6  3,70  4  ɸʥʢʝʨʠʪ 121  

1,808  46  2,088  100  1,278  20  1,09  17  0,8293  9  ʄiʜ ɹ 2  

1,804  20  2,896  100  2,196  30  1,786  30  2,015  15  ɼʦʣʦʤiʪ 120  

      1,781       

1,795 50 2,49 100 2,77 90 1,544 80 3,09 50 ɻʘʫʩʤʘʥiʪ 46 

1,794 55 2,365 100 4,77 90 1,573 35 1,494 18 ɹʨʫʩʠʪ 33 

1,792  6  2,899  100  2,199  6  1,812  6  3,70  4  ɸʥʢʝʨʠʪ 121  

1,79  35  2,969  100  3,429  84  2,099  57  1,327  17  ɻʘʣʝʥiʪ 11  

1,786  30  2,896  100  2,192  30  1,804  20  2,075  15  ɼʦʣʦʤiʪ 120  

1,781             

1,785  65  2,912  100  2,581  70  1,633  70  4.00  55  ʐʝʨʣ 81  

1,775  100  3,03  80  1,931  50  2,90  40  5,78  30  ʇʝʥʪʣʘʥʜʠʪ 14  

1,770  30  2,84  100  3,66  35  1,763  35  2,172  25  ʈʦʜʦʭʨʦʟʠʪ 118  

1,769  40  2,810  100  2,489  70  2,549  60  3,535  30  ʌʘʷʣiʪ ʤʘʛʥʝʟ. 60  

1,765  65  3,35  100  2,644  80  2,369  25  1,675  18  ʂʘʩʠʪʝʨʠʪ 26  

1,764 52 3,309 100 3,128 86 2,925 84 1,911 74 ɺʶʨʪʮʠʪ 13 

1,763  35  2,84  100  3,66  35  1,770  30  2,172  25  ʈʦʜʦʭʨʦʟʠʪ 118  

1,76  63  2,71  100  3,44  40  1,91  30  2,41  25  ʄʘʨʢʘʟʠʪ 9  
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1,75  88  3,34  100  1,90  100  3,01  85  2,29  73  ɸʣʫʥiʪ 130  

1,735  35  2,813  100  1,896  75  3,048  65  1,735  85  ʂʦʚʝʣiʥ 16  

1,734  80  2,79  100  0,9305  70  3,59  60  2,13  60  ʉʠʜʝʨʠʪ 119  

1,732  70  6,26  100  3,29  90  2,47  80  1,937  70  ʃʝʧiʜʦʢʨʦʢiʪ 34  

1,721  20  4,18  100  2,69  30  2,452  25  2,192  20  ɻʝʪʠʪ 36  

1,721  80  2,067  100  2,982  80  2,647  80  1,050  80  ʇiʨʦʪʠʥ 15  

1,72  100  2,74  100  2,54  85  1,86  85  1,50  80  Iʣʴʤʝʥiʪ 47  

1,712  40  3,30  100  4,43  45  2,518  45  2,066  20  ʎʠʨʢʦʥ 66  

1,71  12  3,03  100  3,43  30  1,345  12  2,69  10  ʎʦʾʟʠʪ 74 

1,708  40  3,40  100  2,64  60  2,28  50  1,636  40  ʄʘʥʛʘʥiʪ 37  

1,700  35  2,742  100  2,102  45  2,503  18  1,932  12  ʄʘʛʥʝʟʠʪ 117  

1,6999  20  3,52  100  1,892  35  2,3785  20  1,6665  20  ɸʥʘʪʘʟ 24  

1,69  60  2,69  100  2,51  50  1,838  40  1,484  35  ɻʝʤʘʪʠʪ 32  

1,6874  60  3,25  100  2,487  50  2,188  25  1,6237  20  ʈʫʪʠʣ 23  

1,678 80 3,36 100 2,03 50 1,158 50 0,994 40 ɻʨʘʬiʪ 6 

1,675  18  3,35  100  2,644  80  1,6765  65  2,369  25  ʂʘʩʠʪʝʨʠʪ 26  

1,6665  20  3,62  100  1,892  35  2,378  20  1,6999  20  ɸʥʘʪʘʟ 24  

1,662  30  3,51  100  2,900  90  3,47  80  1,893  30  ɹʨʫʢiʪ 25  

1,656  70  2,72  100  2,17  50  1,053  50  2,35  40  ɹʨʘʫʥiʪ 45  

1,650  80  2,65  100  1,58  90  2,96  80  1,92  70  ɻʨʦʩʫʣʷʨ 61  

1,650  24  2,438  100  2,861  84  1,429  43  1,556  40  ɻʘʥiʪ 42  

1,647  35  1,931  100  3,153  94  1,115  16  1,366  12  ʌʣʶʦʨʠʪ 125  

1,643  40  3,233  100  2,989  90  2,595  90  2,058  40  ʊʠʪʘʥiʪ (ʩʬʝʥ) 67  

1,636  40  3,40  100  2,64  60  2,28  30  1,708  40  ʄʘʥʛʘʥiʪ 37  

1,6332  100  2,709  85  2,423  65  2,2118  50  1,9155  40  ʇiʨʠʪ 8  

1,633  43  3,99  100  2,317  56  2,131  52  2,077  49  ɼiʘʩʧʦʨ 39  

1,633  30  3,123  100  1,912  51  2,705  10  1,240  9  ʉʬʘʣʝʨʠʪ 12  

1,633  70  2,912  100  2,581  70  1,785  65  4,00  55  ʐʝʨʣ 81  

1,63  50  3,14  100  2,41  50  2,13  25  1,56  26  ʇiʨʦʣʶʟʠʪ 27  

1,628  15  2,821  100  1,994  55  3,258  13  1,261  11  ɻʘʣiʪ 132  

1,6237  20  3,25  100  1,6874  60  2,487  50  2,188  25  ʈʫʪʠʣ 23  

1,617  35  2,955  100  6,45  60  3,00  60  2,23  55  ɸʢʤiʪ-ʘʚʛiʪ 89  

1,616  30  2,532  100  1,485  40  2,967  30  2,099  20  ʄʘʛʥʝʪʠʪ 43  

1,614 30 2,60 100 1,557 40 2,91 25 1,886 20 ʉʧʝʩʘʨʪʠʥ 65 

1,6112  60  2,696  100  3,015  60  2,462  45  1,9564  25  ɸʥʜʨʘʜʠʪ 62  

1,601  80  2,085  100  2,562  90  3,479  75  1,374  50  ʂʦʨʫʥʜ 31  

1,60  90  2,52  100  1,46  90  2,07  70  2,95  60  ʍʨʦʤiʪ 44  

1,599  40  2,569  100  1,540  50  2,8731  40  4,04  30  ɸʣʴʤʘʥʜʠʥ 64  

1,596  90  3,11  100  1,94  80  1,251  80  4,77  70  ʐʝʻʣiʪ 123  

1,591  60  3,03  100  1,854  80  1,077  60  1,865  40  ʍʘʣʴʢʦʧiʨʠʪ 20  

1,5890  30  2,562  100  2,865  60  1,5312  50  2,443  40  ʇiʨʦʧ 63  

1,5813  80  4,498  100  2,963  90  2,367  70  2,306  70  ʍʣʦʨʠʪʦʾʜ 105  

  4,449           

1,58  90  2,65  100  2,96  80  1,65  80  1,92  70  ɻʨʦʩʫʣʷʨ 61  

1,573  35  2,365  100  4,77  90  1,794  55  1,494  18  ɹʨʫʩʠʪ 33  

1,56  25  3,14  100  2,41  50  1,63  50  2,13  25  ʇiʨʦʣʶʟʠʪ 27  

1,56  40  2,45  100  2,02  80  1,43  80  2,87  80  ɻʝʨʮʠʥiʪ 41  

1,557 40 2,60 100 1,614 30 2,91 25 1,886 20 ʉʧʝʩʘʨʪʠʥ 65 
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1,556  40  2,438  100  2,861  84  1,429  43  1,65  24  ɻʘʥiʪ 42  

1,5554  45  2,437  100  2,020  65  1,4289  55  2,858  40  ʐʧiʥʝʣʴ 40  

1,548  60  7,15  100  3,59  70  14,4  60  2,475  60  ʍʣʦʨʠʪ 106  

1,544  80  2,49  100  2,77  90  3,09  50  1,795  50  ɻʘʫʩʤʘʥiʪ 46  

1,541  15  3,343  100  4,26  35  1,817  17  2,458  18  ʂʚʘʨʮ 28  

1,540  50  2,569  100  2,8731  40  1,599  40  4,04  30  ɸʣʴʤʘʥʜʠʥ 64  

1,535  50  7,31  100  3,65  70  4,57  50  2,270  30  ʍʨʠʟʦʪʠʣ 98  

1,5312 50 2,562 100 2,865 60 2,443 40 1,5890 30 ʇiʨʦʧ 63 

1,528  70  14,20  100  4,57  60  2,615  50  2,570  50  ɺʝʨʤiʢʫʣiʪ 109  

1,516 90 3,36 100 2,20 100 3,41 90 2,53 90 ʉʠʣiʤʘʥiʪ 70 

1,510  27  2,465  100  2,135  37  1,287  17  3,020  9  ʂʫʧʨʠʪ 22  

1,50  50  15,0  100  4,5  80  5,01  60  3,02  60  ʄʦʥʪʤʦʨʠʣʦʥiʪ 100  

1,50  85  2,74  100  1,72  100  2,54  85  1,86  85  Iʣʴʤʝʥiʪ 47  

1,494  18  2,365  100  4,77  90  1,794  55  1,573  35  ɹʨʫʩʠʪ 33  

1,49  100  10,2  100  4,4  100  3,2  100  2,54  90  Iʣiʪ ʥʘʪʨiʻʚʠʡ 107  

1,489  50  2,106  100  0,9419  17  0,8600  15  1,216  12  ʇʝʨʠʢʣʘʟ 21  

1,485  40  2,532  100  2,967  30  1,616  30  2,099  20  ʄʘʛʥʝʪʠʪ 43  

1,484  35  2,69  100  1,690  60  2,51  50  1,484  35  ɻʝʤʘʪʠʪ 32  

1,483 100 2,332 95 4,34 85 2,553 85 2,484 85 ʂʘʦʣiʥiʪ 99 

1,4696  25  2,870  100  3,17  75  3,15  50  4,41  20  ɽʥʩʪʘʪʠʪ 87  

1,46  90  2,52  100  1,60  90  2,07  70  2,95  60  ʍʨʦʤiʪ 44  

1,445  25  2,359  100  2,044  40  1,231  26  0,9375  15  ʉʨiʙʣʦ 3  

1,442  32  2,355  100  2,039  52  1,23  32  0,9358  23  ɿʦʣʦʪʦ 4  

1,43  80  2,45  100  2,02  80  2,87  60  1,56  40  ɻʝʨʮʠʥiʪ 41  

1,429  43  2,438  100  2,861  84  1,556  40  1,650  24  ɻʘʥiʪ 42  

1,4289  55  2,437  100  2,020  65  1,5554  45  2,858  40  ʐʧiʥʝʣʴ 40  

1,407  20  3,146  100  2,224  50  1,816  23  1,284  13  ʉʠʣʴʚiʥ 133  

1,387  31  2,265  100  1,962  53  1,1826  33  0,8008  29  ʇʣʘʪʠʥʘ 1  

1,377 75 3,18 100 3,35 65 1,962 55 1,935 50 ʂiʘʥiʪ (ʜiʩʪʝʥ) 68 

1,374  50  2,085  100  2,552  90  1,601  80  3,479  75  ʂʦʨʫʥʜ 31  

1,366  12  1,931  100  3,153  94  1,647  35  1,1150  16  ʌʣʶʦʨʠʪ 125  

1,345  12  3,09  100  3,43  30  1,71  12  2,69 10  ʎʦʾʟʠʪ 74 

1,327  17  2,969  100  3,429  84  2,099  57  1,79 35  ɻʘʣʝʥiʪ 11  

1,287  17  2,465  100  2,135  37  1,510  27  3,020 9  ʂʫʧʨʠʪ 22  

1,284  13  3,146  100  2,224  50  1,816  23  1,407 13  ʉʠʣʴʚiʥ  133  

1,278  20  2,088  100  1,808  46  1,09  17  0,8293  9  ʄiʜ ɹ 2  

1,261  11  2,821  100  1,994  55  1,628  15  3,258  13  ɻʘʣiʪ 132  

1,261  25  2,06  100  1,0754  16  0,8182  16  0,8916  8  ɸʣʤʘʟ 5  

1,251 80 3,11 100 1,596 90 1,94 80 4,77 70 ʐʝ̒ ʣiʪ 123 

1,25  50  1,937  100  3,18  60  2,74  50  1,119  50  ɹʦʨʥiʪ ʥʠʟʴʢʦ t. 19  

1,240  9  3,123  100  1,912  51  1,633  30  2,705  10  ʉʬʘʣʝʨʠʪ 12  

1,231  26  2,359  100  2,044  40  1,445  25  0,9375  15  ʉʨiʙʣʦ 3  

1,23  36  2,355  100  2,039  52  1,442  32  0,9358  23  ɿʦʣʦʪʦ 4  

1,216  12  2,106  100  1,489  50  0,9419  17  0,8600  15  ʇʝʨʠʢʣʘʟ 21  

1,1826  33  2,265  100  1,962  53  1,387  31  0,8008  29  ʇʣʘʪʠʥʘ 1  

1,158  50  3,36  100  1,678  80  2,03  50  0,994 40  ɻʨʘʬiʪ 6  

1,119  50  1,937  100  3,18  60  2,74  50  1,250 50  ɹʦʨʥiʪ ʥʠʟʴʢʦ t. 19  

1,1150  16  1,931  100  3,153  94  1,647  35  1,366 12  ʌʣʶʦʨʠʪ 125  



 25 

d ¡  I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 d ¡ I /I1 ʄiʥʝʨʘʣ ˉ ʢʘʨʪʢʠ 

1,09  17  2,088  100  1,808  46  1,278  20  0,8293  9  ʄiʜ ɹ 2  

1,08 40 2,97 100 2,53 50 2,56 30 2,13 30 ɻʝʜʝʥʙʝʨʛiʪ 85 

1,077  60  3,03  100  1,854  80  1,591  60  1,855  40  ʍʘʣʴʢʦʧiʨʠʪ 20  

1,0754  16  2,06  100  1,261  25  0,8182  16  0,8916  8  ɸʣʤʘʟ 5  

1,053  50  2,72  100  1,656  70  2,14  50  2,35  40  ɹʨʘʫʥiʪ 45  

1,050  80  2,067  100  2,892  80  2,647  80  1,721  80  ʇiʨʦʪʠʥ 15  

0,994  40  3,36  100  1,678  80  2,03  50  1,158  50  ɻʨʘʬiʪ 6  

0,9419  17  2,106  100  1,489  50  0,86  15  1,216  12  ʇʝʨʠʢʣʘʟ 21  

0,9375  15  2,359  100  2,044  40  1,231  26  1,445  25  ʉʨiʙʣʦ 3  

0,9358  23  2,355  100  2,039  52  1,23  36  1,442  32  ɿʦʣʦʪʦ 4  

0,9305  70  2,79  100  1,734  80  3,59  60  2,13  60  ʉʠʜʝʨʠʪ 119  

0,8916  8  2,06  100  1,261  25  1,0754  16  0,8182  16  ɸʣʤʘʟ 5  

0,8600  15  2,106  100  1,489  50  0,9419  17  1,216 12  ʇʝʨʠʢʣʘʟ 21  

0,8293  9  2,088  100  1,808  46  1,278  20  1,09 17  ʄiʜ ɹ 2  

0,8182  16  2,06  100  1,261  25  1,0754  16  0,8916  8  ɸʣʤʘʟ 5  

0,8008  29  2,265  100  1,962  53  1,1826  33  1,387  31  ʇʣʘʪʠʥʘ 1  
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II . ɼʝʪʘʣʴʥʠʡ ʦʧʠʩ ʧʦʨʦʰʢʦʛʨʘʤ ʤiʥʝʨʘʣiʚ. 
ʊʠʧ ʩʘʤʦʨʦʜʥʠʭ ʝʣʝʤʝʥʪiʚ. 
ʂʃɸʉ ʉɸʄʆʈʆɼʅʀʍ ʄɽʊɸʃIɺ. 

ɻʨʫʧʘ ʧʣʘʪʠʥʠ. 

ASTM 4-802  

d, ¡ 2,265  1,962 1,1826 1,387 0,8008 Pt 1. 

I/I1 100   53    33    31    29    ʇʣʘʪʠʥʘ (Platinum)        ʉʠʥʪʝʪʠʯʥʘ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 2,265 100 111    

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ.  

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
5

hʆ  - Fm3m    ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:  ao=3,9231 ¡;    Z=4; ʆʙ'ʻʤ Vc=60,38 ¡3;    

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ  Vm=9,09 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 21,472 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ=21,45 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=4290,866 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 200,0 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 4; ʂʦʣiʨ ʩʨiʙʥʦ-ʙiʣʠʡ ʜʦ ʩʪʘʣʝʚʦ-ʯʦʨʥʦʛʦ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʩʨiʙʥʦ-ʙiʣʠʡ, ʙʣʠʩʢʫʯʠʡ; 

ɹʣʠʩʢ ʪʠʧʦʚʦ ʤʝʪʘʣʝʚʠʡ; ʅʝʧʨʦʟʦʨʘ; 

ɸʩʦʮiʶʻ ʟ  ʦʣiʚʥʦʤ, ʩʝʨʧʝʥʪʠʥʦʤ, ʭʨʦʤiʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi:  

http://webmineral.com/data/Platinum.shtml 

http://database.iem.ac.ru/mincryst/ (carta 3719) 

http://wiki.web.ru/wiki/ʇʣʘʪʠʥʘ 

1,962 53 200    

1,387 31 220    

1,1826 33 311    

1,1325 12 222    

0,9808 6 400    

0,9000 22 331    

0,8773 20 420    

0,8008 29 422    

      

      

      

      

      

      

      

      

 

ɻʨʫʧʘ ʟʦʣʦʪʘ. 

ASTM 4-836  

d, ¡ 2,088 1,808 1,278 1,09  0,8293 Cu 2. 

I/I1 100   46    20    17    9    ʄiʜ ɹ(Copper)         ʉʠʥʪʝʪʠʯʥʘ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 2,088  100 111    

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ.  

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
5

hʆ  - Fm3m  ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:  ao=3,6150 ¡;  Z=4; ʆʙ'ʻʤ Vc=47,24 ¡3;   

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ  Vm=7,11 ʩʤ
3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 8,936 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 8,93 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=472,50 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 52,90 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 3; ʂʦʣiʨ ʤiʜʥʦ-ʯʝʨʚʦʥʠʡ ʟ ʢʦʨʠʯʥ. ʚiʜʪiʥʢʦʤ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙʣʠʩʢʫʯʠʡ, ʤiʜʥʦ-ʯʝʨʚʦʥʠʡ; 

ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ; ʅʝʧʨʦʟʦʨʘ; 

ɸʩʦʮiʶʻ ʟ  ʢʫʧʨʠʪʦʤ, ʤʘʣʘʭiʪʦʤ, ʘʟʫʨʠʪʦʤ, ʩʨiʙʣʦʤ,  

ʣiʤʦʥiʪʦʤ, ʢʘʣʴʮʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Copper.shtml 

http://database.iem.ac.ru/mincryst/ (carta 994) 

http://wiki.web.ru/wiki/ʄʝʜʴ 

1,808   46 200    

1,278   20 220    

1,0900  17 311    

1,0436   5 222    

0,9038   3 400    

0,8293   9 331    

0,8083   8 420    
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ASTM 4-0784  

d, ¡ 2,359 2,044 1,231 1,445 0,9375 Ag 3. 

I/I1  100   40    26    25    15   ʉʨiʙʣʦ (Silver)       ʉʠʥʪʝʪʠʯʥʝ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 2,359  100 111    

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. ʇʨʦʩʪʦʨʦʚʘ 

ʛʨʫʧʘ: 
5

hʆ  - Fm3m  ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ:  

ao=4,0862 ¡;    Z=4; ʆʙ'ʻʤ Vc=68,23 ¡3;   ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ  

Vm=10,27 ʩʤ
3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 10,5 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 10,5 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=2288,539 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 218,00 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 2,5; ʂʦʣiʨ ʩʨiʙʥʦ-ʙiʣʠʡ ʟ ʯʦʨʥʦʶ ʧʦʙiʞʘʣ̔ʩʪʶ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʩʨiʙʥʦ-ʙiʣʠʡ, ʙʣʠʩʢʫʯʠʡ; 

ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ; ʅʝʧʨʦʟʦʨʝ; 

ɸʩʦʮiʶʻ ʟ̔  ʟʦʣʦʪʦʤ, ʘʨʛʝʥʪʠʪʦʤ, ʪʝʪʨʘʝʜʨʠʪʦʤ, 

ʧiʨʦʪʠʥʦʤ, ʧiʨʠʪʦʤ, ʛʘʣʝʥiʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Silver.shtml 

http://database.iem.ac.ru/mincryst/ (carta 4219) 

http://wiki.web.ru/wiki/ʉʝʨʝʙʨʦ 

2,044   40 200    

1,445   25 220    

1,231   26 311    

1,1796  12 222    

1,0215   4 400    

0,9375  15 331    

0,9137  12 420    

0,8341  13 422    

      

      

      

      

      

      

      

      

      

 

 

 

ASTM 4-0784  

d, ¡ 2,359 2,044 1,442 1,23 1,177 Au 4. 

I/I1 100 2 36 32 32 ɿʦʣʦʪʦ (Gold)        ʉʠʥʪʝʪʠʯʥʝ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 2,355  100 111    

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
5

hʆ  - Fm3m  ʇʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ:  ao=4,0782 ¡;    Z=4;  ʆʙ'ʻʤ 

Vc=67,83 ¡3;  ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ  Vm=10,21 ʩʤ
3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 19,20 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ=19,28 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=4010,524 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 208,00 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 2,5; ʂʦʣiʨ ʟʦʣʦʪʠʩʪʦ-ʞʦʚʪʠʡ ʜʦ ʩʚ.-ʞʦʚʪʦʛʦ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʟʦʣʦʪʠʩʪʦ-ʞʦʚʪʠʡ, ʩʚ̔ʪʣʦ-

ʞʦʚʪʠʡ; ɹʣʠʩʢ ʩʠʣʴʥʠʡ ʤʝʪʘʣʝʚʠʡ; ʅʝʧʨʦʟʦʨʝ; 

ɸʩʦʮiʶʻ ʟ  ʢʚʘʨʮʦʤ, ʧiʨʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ, ʣiʤʦʥiʪʦʤ, 

ʘʨʩʝʥʦʧiʨʠʪʦʤ, ʢʘʣʴʮʠʪʦʤ, ʨʦʜʦʭʨʦʟʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Gold.shtml 

http://database.iem.ac.ru/mincryst/ (carta 1780) 

http://wiki.web.ru/wiki/ɿʦʣʦʪʦ 

2,039   52 200    

1,442   32 220    

1,230   36 311    

1,1774  12 222    

1,0196   6 400    

0,9358  23 331    

0,9120  22 420    

0,8325  23 422    
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ʂʃɸʉ ʉɸʄʆʈʆɼʅʀʍ ʄɽʊɸʃʆɰɼIɺ. 
ɻʨʫʧʘ ʚʫʛʣʝʮʶ. 

     

ASTM 6-0675  

d, ¡ 2,06 1,261 1,0754 0,882 0,8916 C 5. 

I/I1 100 25 16 16 8 ɸʣʤʘʟ (Diamond)  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 2,06 100 111    

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
7

hʆ  - Fd3m   ʇʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ:  ao=3,5668 ¡;    Z=8; ʆʙ'ʻʤ 

Vc=45,38 ¡3;   ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ  Vm=3,42 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 3,515 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ=3,52 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=16,170 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 4,600 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 10; ʂʦʣiʨ ʙiʣʠʡ, ʩiʨʠʡ, ʞʦʚʪʠʡ, ʯʦʨʥʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ, ʩiʨʠʡ; 

ɹʣʠʩʢ ʘʣʤʘʟʥʠʡ; ʇʨʦʟʦʨʠʡ;  ʇʦʢʘʟ.ʟʘʣʦʤ. nm=2,4195;  

ɸʩʦʮiʶʻ ʟ ʦʣiʚiʥʦʤ, ʭʨʦʤʠʩʪʦʶ ʰʧiʥʝʣʴʶ, ʧiʨʦʧʦʤ,  

ʭʨʦʤʜʽʦʧʩʠʜʦʤ, iʣʴʤʝʥiʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Diamond.shtml 

http://database.iem.ac.ru/mincryst/ 

http://www.mindat.ru/mineral/min_a.html 

1,261 25 220    

1,0754 16 311    

0,8916 8 400    

0,8182 16 331    

      

      

      

      

      

      

      

      

      

      

      

      

      

 

 

 

ASTM 23-64  

d, ¡ 3,36 2,13 2,03 1,8 1,67 C 6. 

I/I1 100 80 50 50 40 ɻʨʘʬiʪ (Graphite)  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5418. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 3,36 100 002    

ʉʠʥʛʦʥiʷ: ʛʝʢʩʘʛʦʥʘʣʴʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
4

6hD  - P63/mmc    ʇʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ: ao=2,463 ¡; co=6,714¡;  Z=4; 

ʆʙ'ʻʤ Vc= 34,98 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm= 5,27 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 2,2 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ=2,28 ʛ/ʩʤ3;       

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=10,488 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 4,600 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 1-2; ʂʦʣiʨ ʯʦʨʥʠʡ, ʪʝʤʥʦ-ʩʪʘʣʴʥʦ-ʩiʨʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʯʦʨʥʠʡ, ʙʠʩʢʫʯʠʡ; 

ɹʣʠʩʢ ʤʝʪʘʣʦʚʠʜʥʠʡ, ʤʘʪʦʚʠʡ; ʅʝʧʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʧiʨʠʪʦʤ, ʩʣʶʜʘʤʠ, ʛʨʘʥʘʪʘʤʠ, ʩʫʣʴʬʽʜʘʤʠ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Graphite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 1800) 

http://wiki.web.ru/wiki/ɻʨʘʬʠʪ 

2,13 10 100    

2,03 50 101    

1,800 5 102    

1,67 80 004    

1,544 10 103    

1,232 30 110    

 1,158 50 112    

1,138 5 105    

1,120 20 006    

1,054 5 201    

0,994 40 114, 106    

0,841 10 008    

0,820 40 116    

0,801 5 211    
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       ɻʨʫʧʘ ʩiʨʢʠ. 

 

ASTM 8-247  

d, ¡ 3,85 3,21 3,44 3,33 3,111 S 7. 

I/I1 100 60 40 25 25 ʉiʨʢʘ (Sulfur)       ʉʠʥʪʝʪʠʯʥʘ  

ʋʤʦʚʠ ʟʡʦʤʢʠ:  Cu   l= 1,5405. d, ¡ I/I1 hkl d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ʅʝʬiʣʴʪʨʦʚʘʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʌʦʪʦʤʝʪʨ. 7,69 6 111 2,501 8 244 1,72 8 602 

ɼiʘʤʝʪʨ ʢʘʤʝʨʠ 114,6 ʤʤ 5,76 14 113 2,424 14 317 1,69 8 1.3.13 

ʉʠʥʛʦʥiʷ: ʨʦʤʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ 

ʛʨʘʪʢʘ. ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ:
24

2hD  - Fddd 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨ. ʢʦʤiʨʢʠ: ao=10,467 ¡;  

bo =12,87 ¡; co=24,493¡;  Z =128; 

ʆʙ'ʻʤ Vc= 3299,46 ¡3;  ʄʦʣʷʨʥʠʡ ʦʙ'̒ ʤ 

Vm=15,53 ʩʤ3/ʤʦʣʴ; ɻʫʩʪʠʥʘ Dx = 2,07 ʛ/ʩʤ3; 

ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ=2,076; ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ 

ʧʦʛʣʠʥʘʥʥʷ Õ=183,957 1/ʩʤ (ʩʤ-1); ʄʘʩʦʚʠʡ 

ʢʦʝʬ. ʧʦʛʣʠʥʘʥʥʷ  Õ*=Õ/ɟ= 89,100 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 1-2; ʂʦʣiʨ ʞʦʚʪʠʡ;  

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʞʦʚʪʠʡ;   

ɹʣʠʩʢ ʤʘʩʥʠʡ; ʇʨʦʟʦʨʘ.  ng=2,0377; 

nm=2,2452; np=1,9579; ʂʫʪ 2V= 68Á58; 

ɸʩʦʮiʶʻ ʟ  ʢʘʣʴʮʠʪʦʤ, ʛiʧʩʦʤ,  

ʮʝʣʝʩʪʠʥʦʤ, ʙʘʨʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi:  

http://webmineral.com/data/Sulfur.shtml 

http://database.iem.ac.ru/mincryst/ (carta 4600) 

http://wiki.web.ru/wiki/ʉʝʨʘ 

5,68 6 022 2,404 2 404 1,665 2 10.4.1 

4,80 2 202 2,375 4 422 1,658 2 524 

4,19 2 151 2,366 4 335 1,647 6 923 

4,06 12 220 2,288 6 0.2.10 1,622 6 453 

3,91 12 131 2,215 2 048 1,607 6 10.1.3 

3,85 100 222 2,146 4 2.2.10 1,601 2 453 

3,57 8 133 2,112 10 511 1,595 4 171 

3,44 40 026 2,098 2 248 1,563 2 993 

3,38 4 224 2,057 2 353 1,542 2 344 

3,33 25 311 2,041 2 408 1,531 2 471 

3,21 60 206 2,003 2 262 1,515 2 11.1.3 

3,11 25 313 1,988 4 444 1,504 2 172 

3,08 18 135 1,957 2 355, 1,461 2 628 

3,06 2 008 1,926 2 3.1.11 1,439 4 125 

2,84 18 044 1,900 86 428 1,424 4 325 

2,68 2 331 1,856 2 2.4.10 1,419 2 11.1.7 

2,67 14 242 1,83 2 159 1,391 2 525 

2,62 2 137 1,82 4 2.4.10 1,362 2 615 

2,61 4 400 1,78 12 357 1,354 4 660 

2,569 8 333 1,75 8 535    

 

 

 

 

ʂʃɸʉ ʇɽʈʉʋʃʔʌIɼIɺ ʊɸ ɰʍ ɸʅɸʃʆɻIɺ. 

       ɻʨʫʧʘ ʧiʨʠʪʫ.  
 

ASTM 6-0710  

d, ¡ 1,6332 2,709 2,423 2,2118 1,19155 FeS2 8. 

I/I1 100 85 65 50 40 ʇiʨʠʪ  (Pyrite)    ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 3,128 35 111 0,9577 12 440 

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ʇʨʠʤʽʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
6

hT  - Pa3   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:  ao=5,4067 ¡;    Z=4; ʆʙ'ʻʤ Vc=158,69 ¡3; 

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=23,90 ʩʤ3/ʤʦʣʴ; ɻʫʩʪʠʥʘ Dx = 5,02 ʛ/ʩʤ3;   

ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 5,04 ʛ/ʩʤ3; ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  

ʧʦʛʣʠʥʘʥʥʷ Õ=488,257 1/ʩʤ (ʩʤ-1); ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ 

ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 97,269 ʩʤ2/ʛ; ʊʚʝʨʜiʩʪʴ 6-6,5; ʂʦʣiʨ 

ʣʘʪʫʥʥʦ-ʩʦʣʦʤ'ʷʥʦ-ʞʦʚʪʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) 

ʟʝʣʝʥʫʚʘʪʦ-ʯʦʨʥʠʡ; ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ; ʅʝʧʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʢʚʘʨʮʦʤ, ʟʦʣʦʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ, ʛʘʣʝʥiʪʦʤ, 

ʘʨʩʝʥʦʧiʨʠʪʦʤ, ʢʘʣʴʮʠʪʦʤ, ʤʦʥʪʤʦʨʠʣʦʥiʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Pyrite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 8302) 

http://wiki.web.ru/wiki/ʇʠʨʠʪ 

2,709 85 200 0,9030 16 600 

2,423 65 210 0,8788 8 611 

2,2118 50 211 0,8565 8 620 

1,9155 40 220 0,8261 4 533 

1,6332 100 311 0,8166 4 622 

1,5640 14 222 0,7981 6 631 

1,5025 20 230    

1,4448 25 321    

1,2427 12 331    

1,2113 14 420    

1,1823 8 421    

1,1548 6 332    

1,1057 6 422    

1,0427 25 511    

1,0060 8 432    

0,9892 6 521    
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ASTM 3-799  

d, ¡ 2,71 1,76 3,44 1,91 2,41 FeS2 9. 

I/I1 100 63 40 30 25 ʄʘʨʢʘʟʠʪ (Marcasite)  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Mo Ka l= 0,7092. ʌiʣʴʪʨ ZrO . d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

D ʢ=16 ʜʶʡʤiʚ.  3,44 40 110 1,30 2 320,140 

ʉʠʥʛʦʥiʷ: ʨʦʤʙiʯʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
12

2hD  - Pnnm   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ: ao = 4,4360 ¡; bo = 5,4140 ¡; co = 3,3810 ¡; Z = 2; 

ʆʙ'ʻʤ Vc=81,20 ¡3;  ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=24,45 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 4,87 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 4,91 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=477,110 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 97,269 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 6; ʂʦʣiʨ ʣʘʪʫʥʥʦ-ʞʦʚʪʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʯʦʨʥʠʡ; 

ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ; ʅʝʧʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʢʚʘʨʮʦʤ, ʩʬʘʣʝʨʠʪʦʤ, ʛʘʣʝʥiʪʦʤ,  

ʧiʨʦʪʠʥʦʤ, ʢʘʣʴʮʠʪʦʤ, ʤʦʥʪʤʦʨʠʣʦʥiʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Marcasite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 2759) 

http://wiki.web.ru/wiki/ʄʘʨʢʘʟʠʪ 

2,71 100 020,101 1,21 6 321 

2,41 25 111 1,19 5 132 

2,32 25 120 1,16 6 240 

2,05 2 210 1,09 8 103,312 

1,91 30 121 1,07 1 113 

1,76 63 211 1,06 1 150 

1,72 4 220 1,04 5 411 

1,69 15 002 1,02 1 123 

1,67 10 130 1,01 1 151 

1,59 20 031 0,993 4 213 

1,52 6 112 0,987 4 421 

1,50 5 131    

1,47 1 022    

1,43 13 310    

1,40 1 230    

1,37 7 122    

1,32 2 311    

 

 

 

 

ɻʨʫʧʘ ʘʨʩʝʥʦʧiʨʠʪʫ. 

 

ASTM 14-218  

d, ¡ 2,677 2,662 2 ,418 2,412 1,814 FeAsS 10. 

I/I1 100 100 95 95 90 ɸʨʩʝʥʦʧiʨʠʪ (Arsenopyrite)     

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5418. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 3,658 40 111 1,787  5  031  

Cʢʣʘʜ: Fe =34,34 %; As =44,33%;  S = 20,89%; Cu =0,15%; 2,866 5 102  1,759  20  131 

ʉʠʥʛʦʥiʷ: ʤʦʥʦʢʣiʥʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. ʇʨʦʩʪʦʨʦʚʘ 

ʛʨʫʧʘ: 
5

C2h  - P21/c   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ:  

ao = 5,744¡; bo = 5,675 ¡; co = 5,785 ¡; b=112,3̄ ;  Z = 4; 

ʆʙ'ʻʤ Vc=174,47 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'̒ ʤ Vm=26,27 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 6,18 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 6,20 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=643,136 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ=103,783 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 5,5-6; ʂʦʣiʨ ʦʣʦʚ'ʷʥʦ-ʙiʣʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ 

(ʨʠʩʠ) ʯʦʨʥʠʡ, ʩiʨʫʚʘʪʦ-ʯʦʨʥʠʡ; ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ;  

ɸʩʦʮiʶʻ ʟ  ʢʚʘʨʮʦʤ, ʬʣʶʦʨʠʪʦʤ, ʩʫʣʴʬʜ̔ʘʤʠ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Arsenopyrite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 341) 

http://wiki.web.ru/wiki/ɸʨʩʝʥʦʧʠʨʠʪ 

2,838 30 020 1,750 5 213 

2,794 10 111 1,703 5 013 

2,677 100 002  1,631 30  131 

2,662 100 200 1,608 25 202 

2,557 10 112 1,594  15  123  

2,440 20 121  1,594 20  321 

2,418 95 012 1,543 20 032, 230 

 2,412 95  210  1,537 20 313 

 2,204  25  212  1,390  5  323, 141 

2,096 20 102 1,343 15 123, 381 

2,017 5 122,221    

 1,961  5 122,220    

1,943 25 022,220    

1,894 70 222,113    

1,814 90 311    
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ʂʃɸʉ ʉʋʃʔʌIɼIɺ ʊɸ ɰʍ ɸʅɸʃʆɻIɺ. 

ʄIʅɽʈɸʃʀ ʉʂʃɸɼʋ ɸʍ. 

ɻʨʫʧʘ ʛʘʣʝʥiʪʫ. 

ASTM 5-992  

d, ¡ 2,969 3,429  2,099 1,79 3,27 PbS 11. 

I/I1 100 84 57 35 17 ɻʘʣʝʥiʪ (Galena)      ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 3,429 84 111    

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ: Cu, Fe, Ag, Al, Mg, Si,  Sn, Ca 2,969 100 200    

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ.  

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
5

hʆ  - Fm3m  ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:  ao=5,9362 ¡;   Z=4; ʆʙ'ʻʤ Vc=209,18 ¡3;  

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=31,50 ʩʤ3/ʤʦʣʴ; ɻʫʩʪʠʥʘ Dx = 7,59 ʛ/ʩʤ3;   

ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 5,596 ʛ/ʩʤ3;  

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=1616,554 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ=212,852 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 2,5-3; ʂʦʣiʨ ʩʚʠʥʮʝʚʦ(ʩʠʥʶʚʘʪʦ)-ʩiʨʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʩiʨʫʚʘʪʦ-ʯʦʨʥʠʡ; 

ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ; ʅʝʧʨʦʟʦʨʠʡ;  

ɸʩʦʮiʶʻ ʟ  ʩʬʘʣʝʨʠʪʦʤ, ʢʘʣʴʮʠʪʦʤ, ʢʚʘʨʮʦʤ, ʧiʨʠʪʦʤ,  

ʙʣʷʢʣʠʤʠ ʨʫʜʘʤʠ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Galena.shtml 

http://database.iem.ac.ru/mincryst/ (carta 1641) 

http://wiki.web.ru/wiki/ɻʘʣʝʥʠʪ 

2,099 57 220    

1,790 35 311    

1,714 16 222    

1,484 10 400    

1,362 10 331    

1,327 17 420    

1,212 10 422    

1,1424 6 511    

1,0489 3 440    

1,0034 5 531    

0,9893 6 600    

0,9386 4 620    

0,9050 2 533    

0,8952 4 622    

0,8568 1 444    

0,8312 3 711    

0,8232 3 640    

 

ɻʨʫʧʘ ʩʬʘʣʝʨʠʪʫ. 

ASTM 5-566  

d, ¡ 3,123 1,912 1,633 2,705 1,240 ZnS 12. 

I/I1 100 51 30 10 9 ʉʬʘʣʝʨʠʪ (Sphalerite)   ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ:<0.1% Cu,                  ɼʠʬʨʘʢʪʦʤʝʪʨ. 3,123 100 111    

<0.1% B, Fe, Mg, Si, <0.001% Al, Ca. 2,705 10 200    

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
5

hO  - mF 34  ʇʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ:  ao=5,4093 ¡;    Z=4;    ʆʙ'ʻʤ 

Vc=158,28 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=23,83 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 4,09 ʛ/ʩʤ3;  ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 4,096 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=285,225 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 69,776 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 3,5-4; ʂʦʣiʨ ʞʦʚʪʠʡ (ʢʣʝʡʦʬʘʥ), ʩiʨʫʚʘʪʦ-

ʙʫʨʠʡ, ʢʦʨʠʯʥʝʚʠʡ, ʯʝʨʚʦʥʦ-ʯʦʨʥʠʡ, ʯʦʨʥʠʡ (ʤʘʨʤʘʪʠʪ); 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙʣ̔ʠʡ, ʙʣʽʜʦ-ʞʦʚʪʠʡ; 

ɹʣʠʩʢ ʘʣʤʘʟʥʠʡ; ʇʨʦʟʦʨʠʡ, ʟʘʣiʟʠʩʪʠʡ ï ʥʝʧʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ ʛʘʣʝʥiʪʦʤ, ʚʶʨʪʮʠʪʦʤ, ʢʚʘʨʮʦʤ, 

ʢʘʣʴʮʠʪʦʤ, ʭʘʣʴʢʦʧiʨʠʪʦʤ, ʟʦʣʦʪʦʤ, ʧiʨʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Sphalerite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 4449) 

http://wiki.web.ru/wiki/ʉʬʘʣʝʨʠʪ 

1,912 51 220    

1,633 30 311    

1,561 2 222    

1,351 6 400    

1,240 9 331    

1,290 2 420    

1,1034 9 422    

1,0403 5 511    

0,9557 3 440    

0,9138 5 531    

0,8548 3 620    

0,8244 2 533    
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ASTM 5-0492  

d, ¡ 3,309 3,128 2,925  1,911 1,764  a-ZnS 13. 

I/I1 100 86  84 74   52 ɺʶʨʪʮʠʪ 2H (Wurtzite 2H)       ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ: <0.1 %                     ɼʠʬʨʘʢʪʦʤʝʪʨ. 3,309 100 100 0,9551 6 220 

Cu,<0.001% Al, Ca. <0.01 % B,Fe, Mg, Si 3,128 86 002  0,9175  5  310 

ʉʠʥʛʦʥiʷ: ʛʝʢʩʘʛʦʥʘʣʴʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ:
4

v6C  - P63mc    ʇʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ: ao=3,824 ¡; co=31,2 ¡; Z=10; 

ʆʙ'ʻʤ Vc=395,11 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=34,98 ʩʤ3/ʤʦʣʴ;    

ɻʫʩʪʠʥʘ Dx = 4,089 ʛ/ʩʤ3;  ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 4,09 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=285,647 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 69,776 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 3,5-4; ʂʦʣiʨ ʢʦʨʠʯʥʝʚʠʡ, ʦʨʘʥʞʝʚʠʡ, ʯʦʨʥʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʢʦʨʠʯʥʝʚʠʡ; 

ɹʣʠʩʢ ʘʣʤʘʟʥʠʡ, ʤʝʪʘʣʝʚʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʩʬʘʣʝʨʠʪʦʤ, ʛʘʣʝʥiʪʦʤ, ʭʘʣʴʢʦʧiʨʠʪʦʤ,  

ʧiʨʠʪʦʤ, ʢʘʣʴʮʠʪʦʤ, ʢʚʘʨʮʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Wurtzite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 5259) 

http://wiki.web.ru/wiki/ɺʶʨʪʮʠʪ 

2,925 84 101  0,9151  7  116 

 2,273  29  102  0,9080  2  311 

 1,911  74  110  0,8845  8   215 

 1,764  52  103 0,8398 9 313 

  1,703  4  105    

1,654 10 200    

  1,630  45  112    

1,599 12 201    

1,564 2 004    

1,462 5 202    

 1,414  1  104    

 1,296  14  203    

 1,251  6  210    

 1,226  3   211    

1,210 10 114    

0,9979 6 205    

0,9766 <1 214    

 

 

 

 

 

ɻʨʫʧʘ ʤiʣʝʨʠʪʫ. 

 

ASTM 8-90  

d, ¡ 1,775 3,03 1,931  2,90 5,78  (Fe,Ni)9S8 14. 

I/I1 100 80  50 40   30 ʇʝʥʪʣʘʥʜʠʪ (Pentlandite)  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5418. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

D ʢ=114,6 ʤʤ. I/I 1 ï ɺiʟʫʘʣʴʥʦ. 5,78 30 111  0,9704  5  159,377 

ʂʨʠʩʪʘʣʦ-ʭiʤiʯʥʘ ʬʦʨʤʫʣʘ: Fe4,15Ni4.74Co0,15S8  5,01 5  002 0,8878  5  088 

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ.  

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
5

hʆ  -Fm3m    ʇʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ:  ao= 10,044 ¡;    Z = 4;    ʆʙ'ʻʤ 

Vc=1013,26 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=152,58 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 4,96 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 5,06 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=439,677 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 86,83 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 3,5-4; ʂʦʣiʨ ʙʨʦʥʟʦʚʦ-ʞʦʚʪʠʡ, ʪʤ'ʷʥʦ-ʙʫʨʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʩʚʽʪʣʦ-ʙʨʦʥʟʦʚʦ-ʢʦʨʠʯʥʝʚʘ; 

ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ; ʅʝʧʨʦʟʦʨʠʡ;  

ɸʩʦʮiʶʻ ʟ  ʧiʨʦʪʠʥʦʤ, ʭʘʣʴʢʦʧiʨʠʪʦʤ, ʤʘʛʥʝʪʠʪʦʤ,  

iʣʴʤʝʥiʪʦʤ, ʥiʢʝʣiʥʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Pentlandite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 3526) 

http://wiki.web.ru/wiki/ʇʝʥʪʣʘʥʜʠʪ 

3,55 5  022 0,8068  5  579 

3,03 80  113 0,7941  10  0.4.12 

2,90 40 222    

2,51 5 004     

2,30 30  133    

2,25 5  124    

1,931 50 115,333    

1,775 100 044    

1,697 5 135     

1,530 10  335    

1,514 10 226    

1,307 20 355,731    

1,255 20 008    

1,160 5 157,555    

1,105 5  119,357    

1,052 5  139    

1,025 20  448    
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ASTM 20-534  

d, ¡ 2,067 2,982 2,647  1,721 1,050   b-Fe1 - xS  (x=0.095) 15. 

I/I1 100 80  80 80   80 ʇiʨʦʪʠʥ 7C (Pyrrhotite 7C) ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Fe Ka l= 1,9373. ʌiʣʴʪʨ Mn. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

D ʢ=114,6 ʤʤ. I/I 1 ï ɺiʟʫʘʣʴʥʦ. 5,72  40  102  1,609 50 2.0.21 

ʉʠʥʛʦʥiʷ: ʛʝʢʩʘʛʦʥʘʣʴʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
4

h6D  - P63/mmc     ʇʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ: ao=3,438 ¡; co=5,880 ¡;  Z=2;  

ʆʙ'ʻʤ Vc= 58,99 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=17,77 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 4,648 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 5,01 ʛ/ʩʤ3;       

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=407,359 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 81,241 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 3,5-4; ʂʦʣiʨ ʪʝʤʥʦ-ʙʨʦʥʟʦʚʦ-ʞʦʚʪʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʪʝʤʥʦ-ʩʽʨʫʚʘʪʠʡ,  ʯʦʨʥʠʡ; 

ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ; ʅʝʧʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʧʝʥʪʣʘʥʜʠʪʦʤ, ʭʘʣʴʢʦʧiʨʠʪʦʤ, ʧʽʨʠʪʦʤ, 

ʘʨʩʝʥʦʧʽʨʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Pyrrhotite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 8315) 

http://wiki.web.ru/wiki/ʇʠʨʨʦʪʠʥ 

 5,16  10  104 1,492 40 400 

 4,76  10  105 1,477 10 3.1.12 

 4,39  10  106 1,444 50 407 

 3,40  10  112 1,434 50 0.0.28 

2,982  80  200 1,348 10 325 

 2,861  30 0.0.14 1,328 10 3.1.18 

 2,647 80  207 1,323 65 4.0.14 

2,473 10 1.1.11  1,293  40 2.0.28 

2,394 20 1.1.12  1,274  10 2.2.21 

2,241 10 212  1,252  10 3.2.13 

2,165 20 215  1,177  50 4.0.21 

2,067  100  2.0.14  1,050 80 2.4.14 

 2,017  10  219 1,034 20 4.0.28 

 1,981   10  302 0,995 80 600 

 1,927  10  305 0,972 80 2.4.21 

 1,866  10  1.1.18  1,128  30  240 

 1,818  20  309  1,107  50  247 

 1,746  10  3.0.11  1,103  65 2.2.28 

 1,721  80  220  1,071  30 2.0.35 

 

    

 

       ɻʨʫʧʘ ʢʦʚʝʣiʥʫ. 

 

ASTM 6-0464  

d, ¡ 2,813  1,896 3,048 2,724  1,735 CuS 16. 

I/I1  100   75 65   55 35  ʂʦʚʝʣiʥ (Covellite)    ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ: <0.1%  Si,              ɼʠʬʨʘʢʪʦʤʝʪʨ. 8,18 8 002 1,354 8 1.0.11 

Zn<0.001%, Mn<0.01% Ag, Al, Ca, Fe, Mg, Ni. 3,285 14 100 1,343 6 207 

ʉʠʥʛʦʥiʷ: ʛʝʢʩʘʛʦʥʘʣʴʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
4

6hD  - P63/mmc   ʇʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤiʨʢʠ: ao=3,7938 ¡; co=16,341 ¡;  Z=6;  

ʆʙ'ʻʤ Vc=203,68 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=20,45 ʩʤ
3/ʤʦʣʴ;  

ɻʫʩʪʠʥʘ Dx = 4,671 ʛ/ʩʤ3; ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ=4,68 ʛ/ʩʤ3;       

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=304,061 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 65,039 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 1,5-2; ʂʦʣiʨ ʥ̔ʜʠʛʦʚʦ-ʩʠʥiʡ, ʩʠʥʴʦ-ʯʦʨʥʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʯʦʨʥʠʡ;  

ɹʣʠʩʢ ʥʘʧʽʚʤʝʪʘʣʝʚʠʡ, ʤʘʪʦʚʠʡ, ʤʘʩʥʠʡ; ʅʝʧʨʦʟʦʨʠʡ;  

ɸʩʦʮiʶʻ ʟ  ʭʘʣʴʢʦʧiʨʠʪʦʤ, ʭʘʣʴʢʦʟʠʥʦʤ, ʧiʨʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Covellite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 1044)  
http://wiki.web.ru/wiki/ʂʦʚʝʣʣʠʥ 

3,220 30 101 1,280 10 208 

3,048 65 102 1,227 6 212 

2,813  100  103  1,210  10  213 

2,724  55  006  1,0998  8 1.0.14 

 2,317  10 105  1,0946  10  300 

2,097  6  106  1,0607  10  218 

 2,043  8  008  1,0155 8 306 

1,902 25 107    

1,896 75 110    

1,735 35 108    

1,634 4 201    

 1,609  8  202    

  1,572  16  203    

 1,556  35   116    

 1,463  6  010    

 1,390  6  118    
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ɻʨʫʧʘ ʤʦʣiʙʜʝʥiʪʫ. 

 

ASTM 6-97  

d, ¡  6,15  2,277 1,83  2,737 2,049  MoS2 17. 

I/I1  100 45   25 16   14 ʄʦʣiʙʜʝʥiʪ 2H (Molybdenite 2H)   ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 6,15 100 002 1,0347 6 210 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ: <0,1% Al, Ca,  3,075 4 004 1,0215 2 208 

Co, Fe, Si, <0,01% Mg, Pb, Ti, <0.001% Mn. 2,737 16 100 1,0029 6 213 

ʉʠʥʛʦʥiʷ: ʛʝʢʩʘʛʦʥʘʣʴʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
4

6hD  - P63/mmc    ʇʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤiʨʢʠ: ao=3,15 ¡; co=12,30¡; Z=2;   

ʆʙ'ʻʤ Vc=105,70 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=31,83 ʩʤ3/ʤʦʣʴ;  

ɻʫʩʪʠʥʘ Dx = 5,03 ʛ/ʩʤ3; ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 5,06 ʛ/ʩʤ3;       

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=667,652 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ=132,796 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 1-1,5; ʂʦʣiʨ ʩʚʠʥʮʝʚʦ-ʩiʨʠʡ ʜʦ ʯʦʨʥʦʛʦ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʩʚʠʥʮʝʚʦ-ʩiʨʠʡ; 

ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ; ʅʝʧʨʦʟʦʨʠʡ;  

ɸʩʦʮiʶʻ ʟ  ʢʚʘʨʮʦʤ, ʪʫʨʤʘʣiʥʦʤ, ʢʘʩʠʪʝʨʠʪʦʤ,  

ʚʦʣʴʬʨʘʤiʪʦʤ, ʬʣʶʦʨʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Molybdenite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 2938) 

http://wiki.web.ru/wiki/ʄʦʣʠʙʜʝʥʠʪ 

2,674 10 101 0,9704 2 1.1.10 

2,501 8 102 0,9534 4 215 

2,277 45 103 0,9124 2 300 

2,049 14 006 0,9024 2 302 

1,830 25 105 0,8939 4 1.0.13 

1,641 4 106 0,8783 2 0.0.14 

1,581 12 110 0,8658 2 2.0.11 

1,538 12 008 0,8362 <1 1.0.14 

1,4784 2 107    

1,3688 2 200    

1,3401 4 108    

1,2983 6 203    

1,2513 4 116    

1,2295 2 0.0.10    

1,2224 2 109    

1,1960 4 205    

1,1015 6 118    

 

 

 

ʄIʅɽʈɸʃʀ ʉʂʃɸɼʋ A2X3 

 

ɻʨʫʧʘ ʘʥʪʠʤʦʥiʪʫ. 

 

ASTM 6-474  

d, ¡ 2,764  3,053 3,556 3,573 5,052 Sb2S3 18. 

I/I1  100 95    70 65  55  ɸʥʪʠʤʦʥiʪ (Stibnite)  ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 7,99 16 110 2,185 6 331 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ: <0,1% As, Cu, Pb, Si;  5,654 35 20 2,101 20 421 

<0,01% Ag, Al, Ca, Mg, Sn;   <0,001% Fe; 5,052 55 120 2,088 12 520 

ʉʠʥʛʦʥiʷ: ʨʦʤʙiʯʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
16

h2D  - Pbnm   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:  ao = 11,229 ¡; bo = 11,310 ¡;  co = 3,839 ¡;  Z = 4; 

ʆʙ'ʻʤ Vc=490,87 ¡3;  ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=73,87 ʩʤ
3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 4,60 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 4,60 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=1465,693 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ=318,797 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 2; ʂʦʣiʨ ʩʚʠʥʮʝʚʦ-ʩiʨʠʡ, ʩʪʨʦʢʘʪʘ ʧʦʙiʞʘʣʽʩʪʴ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʩiʨʠʡ, ʯʦʨʥʠʡ; 

ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ; ʅʝʧʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ ʢʚʘʨʮʦʤ, ʢʘʣʴʮʠʪʦʤ, ʢiʥʦʚʘʨ'ʶ, ʧiʨʠʪʦʤ,  

ʨʝʘʣʴʛʘʨʦʤ, ʟʦʣʦʪʦʤ, ʙʘʨʠʪʦʤ, ʩʠʜʝʨʠʪʦʤ; 

3,987 30 220 1,992 10 440 

3,632 30 101 1,940 45 431 

3,573 65 130 1,920 35 002,151 

3,556 70 310 1,885 10 060 

3,458 25 111 1,871 10 600 

3,178 18 021 1,858 6 160 

3,128 35 230 1,846 10 610 

3,053 95 211 1,729 20 351 

2,764 100 221 1,725 20 531 

2,680 50 301 1,6906 35 132 

2,609 25 311 1,6358 8 232 

2,525 45 240 1,5431 10 720 

2,426 20 231 1,5280 16 242 
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ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Stibnite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 4547) 

http://wiki.web.ru/wiki/ɸʥʪʠʤʦʥʠʪ 

2,277 25 041 1,4837 6 370 

2,252 14 430 1,4617 6 432,342 

2,233 25 141 1,4441 8 560 

2,202 8 510 1,4397 6 271 

 

 

 

ʉʋʃʔʌʆʉʆʃI . 

ɻʨʫʧʘ ʙʦʨʥiʪʫ. 

 

ASTM 14-323  

d, ¡ 1,937 3,18  2,74  1,250 1,119 Cu5FeS4 19. 

I/I1 100  60  50  50  50  ɹʦʨʥiʪ ʥʠʟʴʢ.ʪʝʤʧ. (Bornite low temp.)  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Fe Ka l= 1,9373. ʌiʣʴʪʨ Mn. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

D ʢ=114,6 ʤʤ. I/I 1 ï ɺiʟʫʘʣʴʥʦ. 4,08 10 105,213 1,370 20 800, 0.0.16 

ʉʢʣʘʜ: Cu - 63,24%, Fe - 11,12%, S - 25,54% 3,64 5 214,006 1,335 5 4.4.12, 804 

ʉʠʥʛʦʥiʷ: ʨʦʤʙʽʯʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
15

2hD  - Pbca   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ: ao = 10,95 ¡; bo = 21,862 ¡;  co = 10,95 ¡; Z = 16;     

ʆʙ'ʻʤ Vc=2621,31 ¡3;  ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=98,68 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 5,079 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 5,08 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=460,643 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 90,599 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 3,5-4; ʂʦʣiʨ ʤiʜʥʦ-ʯʝʨʚʦʥʠʡ, ʨʦʞʝʚʦ-ʢʦʨʠʯʥʝʚʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʩiʨʫʚʘʪʦ-ʯʦʨʥʠʡ; 

ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ; ʅʝʧʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʭʘʣʴʢʦʧiʨʠʪʦʤ, ʭʘʣʴʢʦʟʠʥʦʤ, ʩʬʘʣʝʨʠʪʦʤ,  

ʧiʨʠʪʦʤ, ʛʘʣʝʥiʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Bornite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 592) 

http://wiki.web.ru/wiki/ɹʦʨʥʠʪ 

3,46 5 310,106 1,300 5 660 

3,31 40 116,312 1,290 5 2.2.16 

3,18 60 224 1,250 50 62,12 

3,01 5 104,321 1,225 5 4.0.16, 840 

2,80 20 305,323 1,198 10 844 

2,74 50 008,400 1,69 5 6.4.12 

2,63 5 217,411 1,145 5 4.4.16 

2,50 40 413,325 1,119 50 848 

2,13 20 425,511 1,097 5 80,12 

2,11 5 336 1,053 10 6.6.12 

1,937 100 440,408 1,018 5 6.4.16 

1,850 10 2.1.,11    

1,652 30 624    

1,584 10 448    

1,534 10 712    

1,474 5 705,723    

1,427 20 3.1.14    

 

 

 

 

 

 

ASTM 9-423  

d, ¡ 3,03  1,854  1,591  1,077 1,865 CuFeS2 20. 

I/I1 100  80  60   60  40  ʍʘʣʴʢʦʧiʨʠʪ (Chalcopyrite)     

ʋʤʦʚʠ ʟʡʦʤʢʠ: Fe Ka l= 1,937. ʌiʣʴʪʨ Mn. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

D ʢ=57,3 ʤʤ. I/I 1 ï ɺiʟʫʘʣʴʥʦ. 3,03  100  112     

ʉʠʥʛʦʥiʷ: ʪʝʪʨʘʛʦʥʘʣʴʥʘ. ʆʙ'ʻʤʥʦ-ʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
12

d2D  - d24I   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 5,289 ¡;   ʩo = 10,423 ¡;    Z = 4;     

ʆʙ'ʻʤ Vc=291,57 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=43,91 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 4,17 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 4,18 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 383,832 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 91,843 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 3,5-4; ʂʦʣiʨ ʣʘʪʫʥʥʦ-ʞʦʚʪʠʡ;  

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʟʝʣʝʥʫʚʘʪʦ-ʯʦʨʥʠʡ; 

ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ; ʅʝʧʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʧiʨʠʪʦʤ, ʭʘʣʴʢʦʟʠʥʦʤ, ʩʬʘʣʝʨʠʪʦʤ,  

ʛʘʣʝʥiʪʦʤ, ʢʚʘʨʮʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Chalcopyrite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 840) 

http://wiki.web.ru/wiki/ʍʘʣʴʢʦʧʠʨʠʪ 

2,63  5  020     

1,865 40  220     

1,854 80  024     

1,591  60  132    

 1,573 20  116,033     

1,518   5  224    

1,323   10  040    

1,303  5  332     

 1,205 30  43     

1,077 60  244     

1,069  30  228      

 1,018  20  152    

 1,014 10   336    

 1,005   5 1.1.10     
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ʆʂʉʀɼʀ I ʉʆʃI. 

ʆʂʉʀɼʀ I ɻIɼʈʆʆʂʉʀɼʀ. 

ʇʨʦʩʪi ʦʢʩʠʜʠ ʪʠʧʫ AX. 

 

ASTM 4-829  

d, ¡ 2,106  1,489 0,9419  0,8600 1,216 MgO 21. 

I/I1 100 52    17   15 12    ʇʝʨʠʢʣʘʟ (Periclase)     ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 2,431 10 111    

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
5

hO  - Fm3m    ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:  ao= 4,217 ¡;    Z=4;  ʆʙ'ʻʤ Vc= 74,99 ¡3;   

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=11,29 ʩʤ
3/ʤʦʣʴ; ɻʫʩʪʠʥʘ Dx =3,561 ʛ/ʩʤ3;   

ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 3,57 ʛ/ʩʤ3; ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ 

Õ = 99,36 1/ʩʤ (ʩʤ-1); ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ 

Õ*=Õ/ɟ = 27,842 ʩʤ2/ʛ; ʊʚʝʨʜiʩʪʴ 5,5-6; ʂʦʣiʨ ʙʝʟʙʘʨʚʥʠʡ, 

ʙiʣʠʡ, ʞʦʚʪʫʚʘʪʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; 

ɹʣʠʩʢ ʩʢʣʷʥʠʡ; ʇʨʦʟʦʨʠʡ;  

ɸʩʦʮiʶʻ ʟ  ʬʦʨʩʪʝʨʠʪʦʤ, ʤʘʛʥʝʪʠʪʦʤ, ʭʨʦʤiʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Periclase.shtml 

http://database.iem.ac.ru/mincryst/ (carta 3533) 

http://wiki.web.ru/wiki/ʇʝʨʠʢʣʘʟ 

2,106 100 200    

1,489 52 220    

1,270 4 311    

1,216 12 222    

1,0533 5 400    

0,9665 2 331    

0,9419 17 420    

0,8600 15 422    

0,8109 3 511    

      

      

      

      

      

      

 

 

 

 

ʇʨʦʩʪi ʦʢʠʩʣʠ ʪʠʧʫ A2X. 
 

 

ASTM 5-667  

d, ¡ 2,465 2,135  1,510 1,287  3,020  Cu2O 22. 

I/I1 100 37  27  17  9  ʂʫʧʨʠʪ (Cuprite)      ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 3,020  9  110     

 ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ: <1% Ca,Si;  <0.1% Al, Mg; 2,465  100  111     

<0.01%  Ag,  B, Ba, Fe, Ti; <0.001% Mn, Pb, Sn. 2,135  37  200     

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
4

hO  - Pn3m  ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:  ao=4,2696 ¡;    Z=2; ʆʙ'ʻʤ Vc=77,83 ¡3;  

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=23,44 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 6,10 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 6,10 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=294,629 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 48,271 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 3,5-4; ʂʦʣiʨ ʮʝʛʣʷʥʦ-ʯʝʨʚʦʥʠʡ, ʜʦ ʯʦʨʥʦʛʦ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙʫʨʦʚʘʪʦ-ʯʝʨʚʦʥʠʡ; 

ɹʣʠʩʢ ʚiʜ ʘʣʤʘʟʥʦʛʦ ʜʦ ʥʘʧiʚʤʝʪʘʣʝʚʦʛʦ; ʇʨʦʟʦʨʠʡ;  

ɸʩʦʮiʶʻ ʟ  ʩʘʤʦʨʦʜʥʦʶ ʤiʜʜʶ, ʤʘʣʘʭiʪʦʤ, ʘʟʫʨʠʪʦʤ;  

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Cuprite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 1104) 

1,743  1   211    

1,510 27   220    

1,287  17  311     

1,233    4 222     

1,0674  2  400     

0,9795  4   331    

0,9548  3  420     

0,8715   3 422     

0,8216   3 511     
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http://wiki.web.ru/wiki/ʂʫʧʨʠʪ       

 

 

 

 

 

 

 

 

ʇʨʦʩʪi ʦʢʩʠʜʠ ʪʠʧʫ AX2. 
ɻʨʫʧʘ ʨʫʪʠʣʫ. 

 

ASTM 21-1276  

d, ¡ 3,25 1,6874  2,487 2,188 1,6237  TiO2 23. 

I/I1 100 60   50   25    20 ʈʫʪʠʣ (Rutile)          ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,54056. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 3,25   100   110  1,0936  8 222 

ʉʠʥʛʦʥiʷ: ʪʝʪʨʘʛʦʥʘʣʴʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
14

h4D  - P42/mnm  ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 4,5937 ¡; ʩo = 2,9587 ¡;     Z = 2;   

ʆʙ'ʻʤ Vc=62,42 ¡3;   ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=18,80 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 4,25 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 4,25 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=549,478 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 129,305 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 6-6,5; ʂʦʣiʨ ʪʝʤʥʦ-ʙʫʨʠʡ, ʯʝʨʚʦʥʠʡ ʜʦ ʯʦʨʥʦʛʦ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʩ̔ ʨʦ-ʯʦʨʥʠʡ ʜʦ ʩʚiʪʣʦ-ʞʦʚʪʦʛʦ; 

ɹʣʠʩʢ ʘʣʤʘʟʥʠʡ ʜʦ ʤʝʪʘʣʝʚʦʛʦ;  

ɸʩʦʮiʶʻ ʟ  ʢʚʘʨʮʦʤ, ʢʘʨʙʦʥʘʪʘʤʠ, ʩʣʶʜʘʤʠ, ʘʧʘʪʠʪʦʤ, 

iʣʴʤʝʥiʪʦʤ, ʘʥʘʪʘʟʦʤ, ʙʨʫʢiʪʦʤ, ʤʘʛʥʝʪʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Rutile.shtml 

http://database.iem.ac.ru/mincryst/ (carta 4028) 

http://wiki.web.ru/wiki/ʈʫʪʠʣ 

   2,487  50  101   1,0827 4  330  

2,297 8   200 1,0425  6  411  

2,188   25  111  1,0364 6  312  

2,054  10 210 1,0271   4 420  

1,6874 60 211  0,9921  2 421  

1,6237 20 220 0,9644 2 103 

1,4797 10 002 0,9438 2 113 

1,4528 10  310  0,9072 4 402 

1,4523 2  221  0,9009 4 510 

1,3598 20 301 0,8892 8  213  

1,3465 12 112 0,8774 8  431  

1,3041 2 311 0,8738 8 332 

1,2441 4 202 0,8437 6 422 

1,2006 2 212 0,8292 8 303 

1,1702 6 321 0,8196 12 521 

 1,1483 4 400 0,8120 2 440 

 1,1143 2 410 0,7877 2 530 

 

 

 

 

 

ASTM 21-1272  

d, ¡  3,52 1,892  2,378 1,6999 1,6665 TiO2 24. 

I/I1  100  35 20   20  20   ɸʥʘʪʘʟ (Anatase)  ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,54056. ʌiʣʴʪʨ Ni.  d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 3,52 100 101 0,9967 2 323 

ʉʠʥʛʦʥiʷ: ʪʝʪʨʘʛʦʥʘʣʴʥʘ. ʆʙ'ʻʤʥʦ-ʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
19

h4D  - I41/amd   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 3,7845 ¡; ʩo = 9,5143 ¡;    Z = 4;    

ʆʙ'ʻʤ Vc=136,3 ¡3;   ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=20,52 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 3,89 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 3,893 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=503,295 1/ʩʤ (ʩʤ-1);  

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 129,305 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 5,5-6; ʂʦʣiʨ ʤʝʜʦʚʦ-ʞʦʚʪʠʡ, ʢʦʨʠʯʥʝʚʠʡ ʜʦ 

ʯʦʨʥʦʛʦ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ ʜʦ ʙʣʽʜʦ-ʞʦʚʪʦʛʦ; 

ɹʣʠʩʢ ʘʣʤʘʟʥʠʡ, ʤʝʪʘʣʦʚʠʜʥʠʡ; ʅʝʧʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʢʚʘʨʮʦʤ, iʣʴʤʝʥiʪʦʤ, ʨʫʪʠʣʦʤ, ʙʨʫʢiʪʦʤ,  

ʩʬʝʥʦʤ, ʘʣʴʙiʪʦʤ, ʘʜʫʣʷʨʦʤ, ʭʣʦʨʠʪʦʤ, ʝʧiʜʦʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Anatase.shtml 

http://database.iem.ac.ru/mincryst/ (carta 190) 

http://wiki.web.ru/wiki/ɸʥʘʪʘʟ 

2,431 10 103 0,9555 4 316 

2,378 20 004 0,9464 4 400 

2,332 10 112 0,9246 <2 307 

1,892 35 200 0,9192 2 325 

1,6999 20 105 0,9138 2 411 

1,6665 20 211 0,8966 4 219 

1,4930 4 213 0,8890 2 228 

1,4808 14 204 0,8819 <2 413 

1,3641 6 116 0,8793 2 404 

1,3378 6 220 0,8464 2 420 

1,2795 <2 107 0,8308 <2 327 

1,2649 10 215    

1,2509 4 301    

1,1894 <2 008    

1,0436 4 321    

1,0182 2 109    

1,0070 2 208    
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ASTM 16-617  

d, ¡ 3,51 2,900  3,47  1,893  1,662  TiO2 25. 

I/I1 100 90  80  30  30  ɹʨʫʢiʪ (Brookite)    

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 3,51 100 120 1,649 6 151 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ: 3,47 80 111 1,610 14 113 

0,1-1,0% Si; 0,01 - 0,1%Al, Fe,  V; 0,001-0,01% Mg 2,900 90 121 1,597 2 232 

ʉʠʥʛʦʥiʷ: ʨʦʤʙiʯʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ.   

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
15

h2D  - Pbca   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤʽʨ-

ʢʠ: ao =9,175¡; bo =5,459¡; co =5,149¡; A=0,594; C=0,5603; Z = 8;  

ʆʙ'ʻʤ Vc=256,84 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=19,34 ʩʤ3/ʤʦʣʴ;    

ɻʫʩʪʠʥʘ Dx = 4,11 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 4,13 ʛ/ʩʤ3;   

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ= 792,256 1/ʩʤ (ʩʤ-1);  

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ=191,779 ʩʤ2/ʛ;  

ʊʚʝʨʜiʩʪʴ 5,5-6; ʂʦʣiʨ ʞʦʚʪʠʡ, ʯʝʨʚʦʥʦ-ʙʫʨʠʡ, ʯʦʨʥʠʡ;  

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙʽʣʠʡ, ʞʦʚʪʦ-ʩiʨʠʡ;  

ɹʣʠʩʢ ʘʣʤʘʟʥʠʡ, ʥʘʧiʚʤʝʪʘʣʝʚʠʡ;  

ɸʩʦʮiʶʻ ʟ  ʢʚʘʨʮʦʤ, ʘʣʴʙiʪʦʤ, ʭʣʦʨʠʪʦʤ, ʩʬʝʥʦʤ,  

ʨʫʪʠʣʦʤ, ʘʥʘʪʘʟʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Brookite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 647) 

http://wiki.web.ru/wiki/ɹʨʫʢʠʪ 

2,729 4 200 1,541 8 123 

2,476 25 0,12 1,494 10 0.52 

2,409 18 201 1,473 4   160 

2,370 6 131 1,466 10 312 

2,344 4 220 1,461 12 251 

2,332 4 211 1,452 12 203 

2,296 6 040 1,442 6 152 

2,254 8 112 1,434 10 213 

2,244 18 022 1,417 10 161 

2,133 16 221 1,364 6 400 

1,969 16 032 1,336 8 332 

1,893 30 231 1,319 4 401 

1,851 18 132 1,312 2 233 

1,833 4 212 1,285 2 004 

1,757 4 240 1,238 10 024 

1,691 20 320 1,211 2 431 

1,662  30 241  ɼʦʜʘʪʢʦʚʦ 10 ʣiʥiʡ  

 

 

 

 

 

 

ASTM 21-1250  

d, ¡ 3,35 2,644  1,765  2,369 1,675  SnO2 26. 

I/I1 100 80  65  25  18  ʂʘʩʠʪʝʨʠʪ (Cassiterite)  ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 3,35 100 110 1,059 4 420 

ʉʠʥʛʦʥiʷ: ʪʝʪʨʘʛʦʥʘʣʴʥʘ. ʇʨʠʤiʪʠʚʥʘ  ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
14

h4D  - P42/mnm  ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 4,7390 ¡;   ʩo = 3,1877 ¡;    Z = 2;    

ʆʙ'ʻʤ Vc=71,51 ¡3;   ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=21,54 ʩʤ3/ʤʦʣʴ 

ɻʫʩʪʠʥʘ Dx = 6,99 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 7,0 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=1427,77 1/ʩʤ (ʩʤ-1);  

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 204,081 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 6 - 7; ʂʦʣiʨ ʢʦʨʠʯʥʝʚʠʡ, ʯʦʨʥʠʡ, ʩiʨʠʡ, ʞʦʚʪʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ ʜʦ ʩʚiʪʣʦ-ʞʦʚʪʦʛʦ; 

ɹʣʠʩʢ ʘʣʤʘʟʥʠʡ; ʇʨʦʩʚiʯʫʻ ʚ ʪʦʥʢʠʭ ʩʢʦʣʘʭ; 

ɸʩʦʮiʶʻ ʟ  ʢʚʘʨʮʦʤ, ʤʫʩʢʦʚiʪʦʤ, ʧiʨʠʪʦʤ, ʰʝʻʣiʪʦʤ, 

ʤʘʛʥʝʪʠʪʦʤ, ʘʨʩʝʥʦʧiʨʠʪʦʤ, ʚʦʣʴʬʨʘʤiʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Cassiterite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 779) 

http://wiki.web.ru/wiki/ʂʘʩʩʠʪʝʨʠʪ 

2,664 80 101 1,036 4 103 

2,369 25 200 0,9505 8 402 

2,309 6 111 0,9291 4 510 

2,120 2 210 0,9143 4 332 

1,765 65 211 0,9081 8 501 

1,675 18 220 0,8819 8 422 

1,593 8 002 0,8814 6 303 

1,498 14 310 0,8480 6 521 

1,439 18 112 0,8375 2 440 

1,415 16 301 0,8261 4 323 

1,322 8 202 0,8125 2 530 

1,215 12 321 0,8026 6 512 

1,184 4 400    

1,155 8 222    

1,117 4 3 30    

1,092 8 312    

1,081 8 411    
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ASTM 12-716  

d, ¡ 3,14 2,41   1,63    2,13  1,56   MnO 2 27. 

I/I1 100   50  50  25   25  ʇiʨʦʣʶʟʠʪ (Pyrolusite)  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Fe Ka l= 1,9373. ʌiʣʴʪʨ Mn. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 3,48 10 001 1,057 15 222 

ʉʠʥʛʦʥiʷ: ʪʝʪʨʘʛʦʥʘʣʴʥʘ. ʇʨʠʤiʪʠʚʥʘ  ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
14

h4D  - P42/mnm  ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 4, 3980 ¡; ʩo = 2,8730 ¡;    C = 0,6493;   Z = 2;   

ʆʙ'ʻʤ Vc = 55,57 ¡3;   ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm = 16,74 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 5,148 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 5,19 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=34,028 1/ʩʤ (ʩʤ-1);  

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 6,552 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 5-6; ʂʦʣiʨ ʯʦʨʥʠʡ, ʪʝʤʥʦ-ʩʽʨʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʯʦʨʥʠʡ; 

ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ; ʅʝʧʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʛʝʤʘʪʠʪʦʤ, ʩʠʜʝʨʠʪʦʤ, ʧʩʠʣʦʤʝʣʘʥʦʤ,  

ʛʘʫʩʤiʥiʪʦʤ, ʤʘʥʛʘʥiʪʦʤ, ʛʝʪʠʪʦʤ, ʙʘʨʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Pyrolusite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 3857) 

http://wiki.web.ru/wiki/ʇʠʨʦʣʶʟʠʪ 

3,14 100 110 1,04 10 330 

2,41 50 101 1,0 10 411 

2,21 10 200    

2,13 25 111    

1,98 15 210    

1,81 5 020    

1,68 1 021    

1,63 50 211    

1,56 25 220    

1,43 15 002    

1,40 15 310    

1,31 20 301    

1,25 5 311    

1,20 5 202    

1,16 5 212    

1,125 5 321    

1,10 5 400    

 

 

 

 

 

ɻʨʫʧʘ ʢʚʘʨʮʫ. 

 

ASTM 5-0490  

d, ¡ 3,343 4,26 1,817 1,541  2,458  SiO2 28. 

I/I1 100  35   17 15   12  ʂʚʘʨʮ ʥʠʟʴʢʠʡ (Quartz low)  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,54. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 4,26 35 100  1,228   2 220 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ: <0.01% Al;<0.001% Ca,Cu, Fe, Mg. 3,343 100 101 1,1997 5 213 

ʉʠʥʛʦʥiʷ: ʪʨʠʛʦʥʘʣʴʥʘ. ʇʨʠʤiʪʠʚʥʘ  ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ:
6

3D  - P3221 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ:   ao = 4, 9140 ¡;  

ʩo = 5,405 ¡;    C = 1,1;   Z = 3;   ʆʙ'ʻʤ Vc = 113,03 ¡3;    

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm = 22,69 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 2,647 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 2,65 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 91,201 1/ʩʤ (ʩʤ-1);  

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 34,452 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 7; ʂʦʣiʨ ʙʝʟʙʘʨʚʥʠʡ, ʙiʣʠʡ, ʨiʟʥʦʟʘʙʘʨʚʣʝʥʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; 

ɹʣʠʩʢ ʩʢʣʷʥʠʡ; ʇʨʦʟʦʨʠʡ; ng = 1,553; np = 1,544; 

ɸʩʦʮiʶʻ ʟ  ʧʦʣʴʦʚʠʤʠ ʰʧʘʪʘʤʠ, ʩʣʶʜʘʤʠ, ʦʢʩʠʜʘʤʠ, 

ʩʫʣʴʬʜ̔ʘʤʠ, ʢʘʨʙʦʥʘʪʘʤʠ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Quartz.shtml 

http://database.iem.ac.ru/mincryst/ (carta 3895) 

2,458 12 110 1,1973 2 221 

2,282 12 102 1,1838 4 114 

2,237 6 111 1,1802 4 310 

2,120 9 200 1,1530 2 311 

1,980 6 201 1,1408 <1 204 

1,817 17 112 1,1144 <1 303 

1,801 <1 002 1,0816 4 312 

1,672 7 202 1,0636 1 400 

1,659 3 103 1,0477 2 105 

1,608 <1 210 1,0437 2 401 

1,541 15 211 1,0346 2 214 

1,453 3 113 1,0149 2 223 

1,418 <1 300 0,9896 2 402,115 

1,382 7 212 0,9872 2 313 

1,375 11 203 0,9781 <1 304 

1,372 9 301 0,9762 1 320 

1,288 3 104 0,9607 2 321 
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http://wiki.web.ru/wiki/ʂʚʘʨʮ 1,256 4 302 0,9285 <1 410 

 

 

 

 

 

 

 

 

 

 

ASTM 11-695  

d, ¡ 4,05 2,485 2,841 3,14   1,870   SiO2 29. 

I/I1 100   20 14   12   8  ʂʨʠʩʪʦʙʘʣiʪ ʥʠʟʴʢʠʡ (Cristobalite low)  ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 4,05 100 101 1,431 4  312  

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ: 0,01-0.1% Al, Cu;  3,53 4 110 1,419 4  204  

0,001- 0.01% Fe, Ti; 0,0001-0,001% As, Mg, Sn. 3,14 12 111 1,398 4  223  

ʆʜʝʨʞʘʥʠʡ ʧʨʠ t= 1700ʉ̄ ʟ ʩʠʣiʢʘʪʥʦʛʦ ʛʝʣʶ 2,841 14 102 1,379 <2  320  

ʉʠʥʛʦʥiʷ: ʪʝʪʨʘʛʦʥʘʣʴʥʘ. ʇʨʠʤiʪʠʚʥʘ  ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
6

4D  - P42212   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 4, 9787 ¡; ʩo = 6,9502 ¡;    C = 1,392;   Z = 4;   

ʆʙ'ʻʤ Vc =172,28 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm =25,94 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 2,31 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 2,32 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=79,782 1/ʩʤ (ʩʤ-1);  

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 34,452 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 6,5; ʂʦʣiʨ ʛʦʣʫʙʠʡ, ʩiʨʠʡ, ʞʦʚʪʠʡ, ʙiʣʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; 

ɹʣʠʩʢ ʩʢʣʷʥʠʡ; ʇʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʢʚʘʨʮʦʤ, ʪʨʠʜʠʤiʪʦʤ, ʦʧʘʣʦʤ,  ʩʘʥiʜiʥʦʤ, 

ʚʫʣʢʘʥiʯʥʠʤ ʩʢʣʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Cristobalite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 1065) 

http://wiki.web.ru/wiki/ʂʨʠʩʪʦʙʘʣʠʪ 

2,485 20 200 1,365   4 214  

2,567 6 112 1,352 4  321  

2,340 2 201 1,346 <2  303  

2,118 6 211 1,333 4 105 

2,019 4 202 1,299 4 313 

1,929 6 113 1,281 4 322 

1,870 8 212 1,242 <2 400 

1,757 <2 220 1,233 2 224 

1,730 2 001 1,223 4 401 

1,690 4 203 1,210 4 205 

1,634 2 104 1,206 4 410 

1,612 6 301 1,188 2  412  

1,606 4 213 1,183 2  323  

1,571 <2 310    

1,567 <2 222    

1,533 4 311    

1,494 6 302    

 

 

 

 

 

 

 

ASTM 14-260  

d, ¡ 4,52 4,26   4,07   4,0   3,83   SiO2 30. 

I/I1 100 90   90   60  60  ʊʨʠʜʠʤiʪ (Tridymite)  ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 4,527 20 001 2,591 30 304 

ʉʠʥʛʦʥiʷ: ʛʝʢʩʘʛʦʥʘʣʴʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

 ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
4

6hD  - P63/mmc  ʇʘʨʘʤʝʪʨʠ    

 ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤiʨʢʠ: ao = 5,0300 ¡; co = 8,2200 ¡;   

 ʉ = 1,6341;   Z =4;    ʆʙ'ʻʤ Vc= 180,11 ¡3;  

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm= 27,12 ʩʤ3/ʤʦʣʴ;  

ɻʫʩʪʠʥʘ Dx = 2,21 ʛ/ʩʤ3; ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 2,22 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 76,313 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 34,452 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 6,5-7; ʂʦʣiʨ ʙʝʟʙʘʨʚʥʠʡ, ʙiʣʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; 

ɹʣʠʩʢ ʩʢʣʷʥʠʡ; ʇʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʢʚʘʨʮʦʤ, ʪʨʠʜʠʤiʪʦʤ, ʦʧʘʣʦʤ,  ʩʘʥiʜiʥʦʤ, 

ʬʘʷʣiʪʦʤ, ʚʫʣʢʘʥiʯʥʠʤ ʩʢʣʦʤ; 

4,268 100 200 2,534 20 114 

4,075 90 002 2,493 60 308 

4,002 20 208 2,480 60 108 

3,832 50 201 2,454 20 025 

3,800 90 010 2,367 30 030 

3,809 40 012 2,331 30 026 

3,432 40 210 2,303 50 212 

3,374 40 003 2,286 40 301 

3,337 20 201 2,130 30 320 

3,277 20 111 2,1185 30 224 

3,229 40 014 2,111 30 318 

3,162 20 212 2,088 40 2.0.10 

3,064 20 216 2,074 40 606 

3,001 40 112 2,0455 30 808 
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ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Tridymite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 4843) 

http://wiki.web.ru/wiki/ʊʨʠʜʠʤʠʪ 

2,986 20 218 1,967 20 719 

2,955 60 211 1,928 40 734 

2,939 40 202 1,8705 30 728 

2,830 20 020 1,851 30 608 

2,762 40 112    

 

 

 

 

ʆʢʩʠʜʠ ʪʠʧʫ A2X3. 
ɻʨʫʧʘ ʢʦʨʫʥʜʫ. 

 

ASTM 10-173  

d, ¡ 2,085 2,552   1,601   3,478   1,374   a-Al2O3 31. 

I/I1 100  90  80    75  50  ʂʦʨʫʥʜ (Corundum)   ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka1 l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 3,479 75 012 1,1246 4 128 

 ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ: <0.1% K, Na, Si; 2,552 90 104 1,0988 8 0.2.10 

< 0,01%Ca, Cu,  Fe, Mg,Pb; <0,001% B, Cr, Li, Mn, Ni. 2,379 40 110 1,0831 4 0.0.12 

ʉʠʥʛʦʥiʷ: ʪʨʠʛʦʥʘʣʴʥʘ. ʈʦʤʙʦʝʜʨʠʯʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
6

d3D  - c3R   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 4,7592 ¡; ʩo = 12,9918 ¡;  C = 2,7303; Z = 6; 

ʆʙ'ʻʤ Vc =254,84 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm =25,58 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 3,987 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 3,98 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 124,071 1/ʩʤ (ʩʤ-1);  

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 31,135 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 9; ʂʦʣiʨ ʩʠʥiʡ, ʞʦʚʪʠʡ, ʟʝʣʝʥʠʡ, ʬiʦʣʝʪʦʚʠʡ,  

ʯʝʨʚʦʥʠʡ, ʞʦʚʪʫʚʘʪʦ-ʩiʨʠʡ, ʨiʟʥʦʟʘʙʘʨʚʣʝʥʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; 

ɹʣʠʩʢ ʩʢʣʷʥʠʡ; ʇʨʦʩʚiʯʫʻ ʫ ʩʢʦʣʘʭ, ʧʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʛʨʦʩʫʣʷʨʦʤ, ʚʦʣʘʩʪʦʥiʪʦʤ, ʙiʦʪʠʪʦʤ,  

ʬʣʦʛʦʧiʪʦʤ, ʢʘʣʴʮʠʪʦʤ, ʤʘʛʥʝʟʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Corundum.shtml 

http://database.iem.ac.ru/mincryst/ (carta 1030) 

http://wiki.web.ru/wiki/ʂʦʨʫʥʜ 

2,165 <1 006 1,0781 8 134 

2,085 100 113 1,0426 14 226 

1,964 2 202 1,0175 2 402 

1,740 45 024 0,9976 12 1.2.10 

1,601 80 116 0,9875 <1 1.1.12 

1,546 4 211 0,9819 4 404 

1,514 6 122 0,9431 <1 321 

1,510 8 018 0,9413 <1 1.2.11 

1,404 30 124 0,9345 4 318 

1,374 50 030 0,9178 4 229 

1,337 2 125 0,9076 14 324 

1,276 4 208 0,9052 4 0.1.14 

1,239 16 1.0.10 0,8991 8 410 

1,2343 8 119 0,8884 <1 235 

1,1898 8 220    

1,1600 <1 306    

1,1382 2 311    

1,1255 6 312    

 

 

 

 

 

ASTM 13-534  

d, ¡  2,69 1,690   2,51   1,838  1,484 a-Fe2O3 32. 

I/I1 100  60  50   40   35  ɻʝʤʘʪʠʪ (Hematite)    ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: ʉʦ Ka l= 1,7902. Dʢ = 114,6 ʤʤ. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ʅʝʬiʣʴʪʨʦʚʘʥʦ. 3,66 25  012  1,141 12 134 

ʉʠʥʛʦʥiʷ: ʪʨʠʛʦʥʘʣʴʥʘ. ʈʦʤʙʦʝʜʨʠʯʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
6

d3D  - c3R   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 5,0342 ¡; ʩo = 13,7483 ¡;  C = 2,7310; Z = 6; 

ʆʙ'ʻʤ Vc =301,75 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm =30,29 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 5,26 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 5,27 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 222,863 1/ʩʤ (ʩʤ-1);  

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 42,280 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 5-6; ʂʦʣiʨ ʚiʜ ʯʦʨʥʦʛʦ ʜʦ ʷʩʢʨʘʚʦ-ʯʝʨʚʦʥʦʛʦ  

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʚʠʰʥʝʚʦ-ʯʝʨʚʦʥʠʡ; 

ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ, ʪʴʤ'ʷʥʠʡ; ʇʨʦʩʚiʯʫʻ ʫ ʪʦʥʢʠʭ ʩʢʦʣʘʭ;  

nm = 3,22; np = 2,94; 

ɸʩʦʮiʶʻ ʟ  ʤʘʛʥʝʪʠʪʦʤ, ʛʝʪʠʪʦʤ, ʢʚʘʨʮʦʤ, ʙiʦʪʠʪʦʤ,  

ʩʠʜʝʨʠʪʦʤ, ʧiʨʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

2,69  100  104  1,02   14 226  

2,51  50  110  1,076   2 042  

2,285  2  006  1,055  18  2110 

2,345  2 113   1,042  2 1112  

2,070  2 202  1,038   2 404  

1,838  40 024   0,9890   10 232,318 

1,690  60 116   0,9715 2   229 

1,634 4 211 0,9601  18   324 

1,596 16 018 0,9578 6 0114 

1,484 35 214 0,9512 12 140,213 

1,452 35 300 0,9314 6 413 

1,349 4  208  0,9204 6 048 

1,310 20  119  0,9080   25 1310  

1,258  8  220    

1,226 2 036    
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http://webmineral.com/data/Hematite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 1920) 

http://wiki.web.ru/wiki/ɻʝʤʘʪʠʪ 

1,213 4 223    

1,189 8 128    

1,162 10 0210    

 

 

 

 

 

ʆʢʩʠʜʠ, ʱʦ ʚʤiʱʫʶʪʴ ʛiʜʨʦʢʩʠʣ. 

   ɻʨʫʧʘ ʙʨʫʩʠʪʫ. 

 

ASTM 7-239  

d, ¡ 2,365 4,77   1,794   1,573   1,494   Mg(OH) 2 33. 

I/I1 100   90 55    35  18  ɹʨʫʩʠʪ (Brucite)       ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka1 l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 4,77 90 001 0,9001 <1  105  

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ: <0.1% Ca; 2,725 6 100 0,8974 2 204  

<0,01% Ag, Al, B, Fe,  Si,  Sr, Ti; <0,001% Ba, Cr, Cu. 2,365 100 101 0,8923  2 301  

ʉʠʥʛʦʥiʷ: ʪʨʠʛʦʥʘʣʴʥʘ. ʇʨʠʤiʪʠʚʥʘ  ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
3

d3D  - 1m3P   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 3, 1490 ¡; ʩo = 4,7690 ¡;  C = 1,5145;  Z = 1;   

ʆʙ'ʻʤ Vc = 40,95 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm =24,67 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 2,35 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 2,36 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 52,977 1/ʩʤ (ʩʤ-1);  

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 22,412 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 2; ʂʦʣiʨ ʙiʣʠʡ, ʩiʨʠʡ, ʩʚʽʪʣʦ-ʟʝʣʝʥʠʡ, ʛʦʣʫʙʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; ɹʣʠʩʢ ʧʝʨʣʘʤʫʪʨʦʚʠʡ,  

ʩʢʣʷʥʠʡ, ʤʘʩʥʠʡ; ʇʨʦʟʦʨʠʡ; nm = 1,581; np = 1,561; 

ɸʩʦʮiʶʻ ʟ  ʢʘʣʴʮʠʪʦʤ, ʤʘʛʥʝʟʠʪʦʤ, ʬʦʨʩʪʝʨʠʪʦʤ,  

ʩʝʨʧʝʥʪʠʥʦʤ, ʭʨʦʤiʪʦʤ, ʭʣʦʨʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Brucite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 660) 

http://wiki.web.ru/wiki/ɹʨʫʩʠʪ 

1,794 55  102  0,8643  6  213  

1,573 35  110  0,8156  4  115  

1,494  18 111  0,7865  4  220  

1,373 16  103     

1,363 2  200     

1,310  12 201     

1,192 2   001    

1,183 10 202    

1,118 2 113    

1,092 4 104    

1,034 6  203     

1,030 2  210     

1,0067 8  211     

0,9543 2  005     

0,9503 6 114    

0,9455 8  212     

0,9085 4 300     

 

 

 

 

 

ɻʨʫʧʘ ʣʝʧiʜʦʢʨʦʢiʪʫ. 

 

ASTM 8-98  

d, ¡ 6,26  3,29   2,47  1,937   1,732    FeO(OH)    1/2(Fe4O4*H 2O) 34. 

I/I1 100  90 80    70    40   ʃʝʧiʜʦʢʨʦʢiʪ (Lepidocrocite)       

ʋʤʦʚʠ ʟʡʦʤʢʠ: Co Ka l= 1,7902. ʌiʣʴʪʨ Fe. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

 I/I 1 ï ɺiʟʫʘʣʴʥʦ. 6,26 100 020 1,189 20 1.10.0 

ʉʠʥʛʦʥiʷ: ʨʦʤʙiʯʥʘ. ɹʘʟʦʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ:  
12

v2C  -  Cmc21 ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 3,080 ¡;  bo = 12,500 ¡;  co = 3,870 ¡; ɸ = 

0,246; ʉ = 0,309;  Z = 4;  

ʆʙ'ʻʤ Vc=148,99 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=22,44 ʩʤ
3/ʤʦʣʴ;  

ɻʫʩʪʠʥʘ Dx = 3,854 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 3,96 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 156,814 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 39,602 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 4 - 5; ʂʦʣiʨ ʨʫʙiʥʦʚʦ-, ʚʠʰʥʝʚʦ-ʯʝʨʚʦʥʠʡ, 

ʧʦʤʘʨʘʥʯʝʚʦ-ʙʫʨʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʚʠʰʥʝʚʠʡ, 

ʮʝʛʣʷʥʦ-ʯʝʨʚʦʥʠʡ, ʧʦʤʘʨʘʥʯʝʚʠʡ; 

ɹʣʠʩʢ ʥʘʧiʚʤʝʪʘʣʝʚʠʡ ʜʦ ʘʣʤʘʟʥʦʛʦ; ʇʨʦʟʦʨʠʡ ʫ  

ʪʦʥʢʠʭ ʟʨiʟʘʭ; ng = 2,51; nm = 2,2; np = 1,94; 2V = 83̄ ; 

3,29 90 120 1,10 20 421 

2,79 10 011 1,075 40 334 

2,47 80 031    

2,36 20 111    

2,09 20 131,060    

1,937 70 051,200    

1,848 20 220    

1,732 40 151    

1,566 20 080    

1,535 20 002    

1,524 40 231    

1,496 10 022    

1,449 10 180    

1,433 20 171    
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ɸʩʦʮiʶʻ ʟ  ʢʚʘʨʮʦʤ, ʛʝʪʠʪʦʤ, ʛʝʤʘʪʠʪʦʤ, ʤʘʛʥʝʪʠʪʦʤ, 

ʧiʨʠʪʦʤ, ʢʘʣʴʮʠʪʦʤ, ʤʦʥʪʤʦʨʠʣʦʥiʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Lepidocrocite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 2545) 

http://wiki.web.ru/wiki/ʃʝʧʠʜʦʢʨʦʢʠʪ 

1,418 10 260    

1,389 10 122    

1,367 30 251    

1,261 10 091,320    

1,213 10 280    

1,196 20 022,191    

 

 

 

ASTM 21-1307  

d, ¡  6,11 3,164   2,346   1,860     1,850 g-AlOOH  35. 

I/I1 100  65 55   30   25   ɹʝʤiʪ (Boehmite)         ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ: <0,1% Ca,Mg, Si;      ɼʠʬʨʘʢʪʦʤʝʪʨ. 6,11 100 020 1,171 <2 062 

0,01% Fe,  Mn,  Ni, Ti; <0,001% Cr, Cu. 3,164 65 120 1,1609 4 271 

ʉʠʥʛʦʥiʷ: ʨʦʤʙiʯʥʘ. ɹʦʢʦʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
17

h2D  - Amam   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 3,6940 ¡; bo = 12,214 ¡;  co = 2,868 ¡;  

ɸ = 0,302; ʉ = 0,235;  Z = 4;  ʆʙ'ʻʤ Vc=129,40 ¡3;  

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=19,49 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 3,07 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 3,08 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 86,764 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 28,187 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 3,5; ʂʦʣiʨ ʙʝʟʙʘʨʚʥʠʡ, ʙiʣʠʡ, ʞʦʚʪʫʚʘʪʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ, ʩiʨʠʡ; ɹʣʠʩʢ ʩʢʣʷʥʠʡ;  

ɸʩʦʮiʶʻ ʟ  ʥʝʬʝʣiʥʦʤ, ʭʣʦʨʠʪʦʤ, ʛiʜʨʦʘʨʛiʣiʪʦʤ,  

ʢʦʨʫʥʜʦʤ, ʢʘʦʣiʥiʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Boehmite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 573) 

http://wiki.web.ru/wiki/ɹʝʤʠʪ 

2,346 55 140,031 1,1337 6 202 

1,980 6 131 1,1152 2 222 

1,860 30 051 1,0917 <2 331 

1,850 25 200 1,0459 2 082 

1,770 6 220 1,0281 2 315 

1,662 14 151 0,9903 <2 262 

1,527 6 080 0,9818 <2 043 

1,453 16 231 0,9506 2 371 

1,434 10 002 0,9310 2 033 

1,412 2 180 0,9247 2 400,322 

1,396 2 022 0,9105 2 282 

1,383 6 171 0,9023 2 133 

1,369 2 260 0,8937 2 342 

1,312 16 521 0,8907 2 053 

1,303 4 122 0,8660 <2 153 

1,224 2 320 0,8607 2 431 

1,209 2 320 0,8316 2 233 

1,178 4 280 0,8286 4 451 

 

 

 

 

 

 

 

 

ASTM 17-536  

d, ¡ 4,18 2,69 2,452  2,192  1,721  FeO(OH)   Fe2O3*H 2O 36. 

I/I1 100 30  25  20  20  ɻʝʪʠʪ (Goethite)       

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cʦ Ka l= 1,7889. ʌiʣʴʪʨ Fe. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 4,98 10 020 1,564 16 151,160 

ʉʠʥʛʦʥiʷ: ʨʦʤʙiʯʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
16

h2D  -  Pbnm    ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 4,5979 ¡;  bo = 9,9510 ¡;  co = 3,0178 ¡;  

ɸ = 0,464; ʉ = 0,304;  Z = 4; ʆʙ'ʻʤ Vc=138,08 ¡3;  

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=20,79 ʩʤ3/ʤʦʣʴ; ɻʫʩʪʠʥʘ Dx = 4,26 ʛ/ʩʤ3;   

ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 4,32 ʛ/ʩʤ3; ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ 

Õ = 170,078 1/ʩʤ (ʩʤ-1); ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ 

Õ*=Õ/ɟ= 39,357 ʩʤ2/ʛ; ʊʚʝʨʜiʩʪʴ 5 - 5,5; ʂʦʣiʨ ʯʦʨʥʦ-ʙʫʨʠʡ, 

ʩʚiʪʣʦ-ʞʦʚʪʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙʫʨʠʡ, ʞʦʚʪʦ-

ʙʫʨʠʡ; ɹʣʠʩʢ ʘʣʤʘʟʥʠʡ, ʦʢʩʘʤʠʪʦʚʠʡ; ʅʝʧʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʛʝʤʘʪʠʪʦʤ, ʧiʨʠʪʦʤ, ʩʠʜʝʨʠʪʦʤ, ʛʘʣʝʥiʪʦʤ,  

ʢʚʘʨʮʦʤ, ʘʛʘʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Goethite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 7335) 

4,18 100 110 1,509 10 250,002 

3,38 10 120 1,467 4 320 

2,69 30 130 1,453 10 061 

2,58 8 021 1,418 2 112 

2,520 4 101 1,392 8 330 

2,490 16 040 1,357 8 311 

2,452 25 111 1,317 8 321 

2,252 10 121 1,264 2 331 

2,192 20 140 1,241 2 142 

2,009 2 131 1,198 2 341 

1,920 6 041    

1,799 8 211    

1,770 2 141    

1,721 20 221    

1,694 10 240    

1,661 4 060    
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http://wiki.web.ru/wiki/ɻʝʪʠʪ 1,606 6 231    

 

        

 

 

 

 

 

 

 

 

ASTM 8-99  

d, ¡ 3,40  2,64  2,28 1,708  1,636   MnO(OH)  37. 

I/I1   100 60  50  40  40  ʄʘʥʛʘʥiʪ (Manganite)     

ʋʤʦʚʠ ʟʡʦʤʢʠ: Fe Ka l= 1,9373. ɹʝʟ ʬiʣʴʪʨʫ. d, ¡ I/I1 hkl D, ¡ I/I1 hkl 

Dʢ = 57,3 ʤʤ. I/I1 ï ɺiʟʫʘʣʴʥʦ. 3,40  100 210                       1,162   10 240 

ʉʠʥʛʦʥiʷ: ʤʦʥʦʢʣiʥʥʘ. ʇʨʠʤʽʪʠʚʥʘ  ʛʨʘʪʢʘ. ʇʨʦʩʪʦʨʦʚʘ 

ʛʨʫʧʘ: 
5

C2h  - P21/c   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ:  

ao =5,304 ¡; bo =5,277 ¡; co = 5,304 ¡; b =114,38̄ ; Z = 4; 

ʆʙ'ʻʤ Vc=135,22 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm = 20,36 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 4,3 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 4,32 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 786,966 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 182,227 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 4 - 5; ʂʦʣiʨ ʙʫʨʦʚʘʪʦ-ʯʦʨʥʠʡ, ʯʦʨʥʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʪʝʤʥʦ-ʙʫʨʠʡ; ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ; 

ɺ ʩʢʦʣʘʭ ʧʨʦʩʚiʯʫʻ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ 

ng = 2,25; nm = 2,25; np = 2,53; 2V = 70 ;̄ 

ɸʩʦʮiʶʻ ʟ  ʧiʨʦʣʶʟʠʪʦʤ, ʧʩʠʣʦʤʝʣʘʥʦʤ, ʢʚʘʨʮʦʤ, 

ʙʘʨʠʪʦʤ, ʢʘʣʴʮʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Manganite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 6865) 

http://wiki.web.ru/wiki/ʄʘʥʛʘʥʠʪ 

2,64   60 301,020                  1,139  40 242  

2,53    5 012                      1,116  20 404  

2,41   20 202                    1,10 20b   

2,28   50 220                     1,08 20b   

2,23   5 400                       1,029 30  420 

2,20    5 212                      1,01 b  

1,783  20 222                      0,993 10 024 

1,708  40 420                      0,932 20b  

1,672  30 412                      0,90 20b  

1,636  40 230                      0,878 20b  

1,502  20 032                     0,867 20b  

1,437  30 004 0,860 20b  

1,326  10 214 0,835 20b  

1,297  10 602    

1,24  20b     

1,21  20b     

1,256   5 024    

1,183 10 622    

 

 

 

                    

 

 

 

ASTM 7-324  

d, ¡ 4,85  4,37 4,32  4,454  2,388  Al(OH) 3  1/2(Al2O3*H 2O) 38. 

I/I1 320 50  25  25   25 ɻiʙʩʠʪ (Gibbsite)           

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,542. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 4,85 320 002 1,654   4 224 

ʉʠʥʛʦʥiʷ: ʤʦʥʦʢʣiʥʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
5

2hC  - P21/n   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ: ao=8,684 ¡; bo=5,078 ¡; co=9,736 ¡;  b =94,12̄ ;  

A = 1,706; C = 1,911; Z = 8;    

ʆʙ'ʻʤ Vc=427,98 ¡3;  ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=32,22 ʩʤ
3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 2,415 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ =2,42 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 57,855 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 23,904 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 2,5-3; ʂʦʣiʨ ʛʦʣʫʙʫʚʘʪʦ-ʟʝʣʝʥʠʡ, ʩiʨʫʚʘʪʦ-ʙiʣʠʡ, 

ʩiʨʠʡ, ʟʝʣʝʥʫʚʘʪʦ-ʙiʣʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ;  

ɹʣʠʩʢ ʩʢʣʷʥʠʡ; ʇʨʦʟʦʨʠʡ ʯʠ ʧʨʦʩʚiʯʫʻ; 

ng = 1,587; nm = 1,568; np = 1,568; 2V = 0̄ 2'; 

ɸʩʦʮiʶʻ ʟ  ʜiʘʩʧʦʨʦʤ, ʢʘʦʣiʥiʪʦʤ, ʘʣʫʥiʪʦʤ, ʥʝʬʝʣiʥʦʤ, 

ʛiʜʨʦʘʨʛiʣiʪʦʤ, ʢʘʦʣiʥiʪʦʤ; 

4,37  50 110 1,630   2 421 

4,32   25 200 1,593   4 224,511 

3,306  16 112 1,584   2 422,512 

3,187  12 112 1,573   4 230,503 

3,112   8 103 1,555   2 404 

2,454  25 021 1,551   2 231 

2,420  20 004 1,486   2 230 

2,388  25 311 1,477   2 330 

2,285   6 312 1,457  10 600 

2,244  10 022,213 1,441   6 602 

2,168   8 312 1,409   6 331 

2,085   2 114 1,398   6 315 

2,043  18 313 1,380   2 332 

1,993  12 0,23 1,361   4 026 

1,960   2 123 1,340   2 430 
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ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Gibbsite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 1745) 

http://wiki.web.ru/wiki/ɻʠʙʙʩʠʪ 

1,921  12 411 1,330   2 226 

1,799  14 314 1,320   4 316 

1,750  16 024 1,246   2 317 

1,689  14 314 1,214   4 008 

 

 

 

 

                        

 

ASTM 5-355  

d, ¡ 3,99 2,317   2,131 2,077  1,633   AlO(OH)  39. 

I/I1 100   56  52  49   43 ɼiʘʩʧʦʨ (Diaspore)      

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka1 l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 4,71 13 020 1,376 16 061 

Cʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ: <1% Fe, Mg, Si, Ti;  3,99 100 110 1,340 5 112 

<0,1% Ni, V; <0,01% Ca, Cr, Cu, Mn. 3,214 10 120 1,329 6 330 

ʉʠʥʛʦʥiʷ: ʨʦʤʙiʯʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
16

h2D  - Pbnm   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 4,4007 ¡; bo = 9,4253 ¡;  co = 2,8452 ¡;  

ɸ = 0,466; ʉ = 0,302;  Z = 4;  ʆʙ'ʻʤ Vc=118,01 ¡3;  

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=17,77 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 3,35 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 3,38 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 94,508 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 28,001 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 6,5 - 7; ʂʦʣiʨ ʞʦʚʪʫʚʘʪʦ-ʙʫʨʠʡ, ʙiʣʠʡ, ʩiʨʠʡ,  

ɿʝʣʝʥʫʚʘʪʠʡ, ʨʦʞʝʚʦ-ʙiʣʠʡ, ʩʚiʪʣʦ-ʬiʦʣʝʪʦʚʠʡ;  

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; 

ɹʣʠʩʢ ʩʠʣʴʥʠʡ ʩʢʣʷʥʠʡ, ʧʝʨʣʘʤʫʪʨʦʚʠʡ; ʇʨʦʟʦʨʠʡ ʯʠ  

ʧʨʦʩʚiʯʫʻ; ng = 1,745; nm = 1,722; np = 1,752;  2V = 80̄ - 88̄ ; 

ɸʩʦʮiʶʻ ʟ  ʧiʨʦʬiʣiʪʦʤ, ʩʝʨʠʮʠʪʦʤ, ʢʦʨʫʥʜʦʤ, ʪʦʧʘʟʦʤ,  

ʭʣʦʨʠʪʦʾʜʦʤ, ʨʫʪʠʣʦʤ, ʢʘʦʣiʥiʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Diaspore.shtml 

http://database.iem.ac.ru/mincryst/ (carta 1167) 

http://wiki.web.ru/wiki/ɼʠʘʩʧʦʨ 

2,558 30 130 1,304 3 301 

2,434 3 021 1,289 6 311,170 

2,386 5 101 1,279 1 251 

2,356 8 040 1,256 4 321 

2,317 56 111 1,243 5 340,132 

2,131 52 121 1,204 2 042 

2,077 49 140 1,204 4 331 

1,901 3 131 1,1783 1 080 

1,815 8 041 1,1739 7 142 

1,733 3 150 1,1408 3 341 

1,712 15 211 1,1003 1 400 

1,678 3 141 1,0923 3 410 

1,633 43 221    

1,608 12 240    

1,570 4 060    

1,522 6 231    

1,480 20 160    

1,431 7 250    

1,423 12 002    

1,400 6 320    

 

 

 

 

 

ʉʢʣʘʜʥi ʦʢʩʠʜʠ. 
 ɻʨʫʧʘ ʰʧiʥʝʣi. 

 

ASTM 21-1152  

d, ¡ 2,437 2,020  1,4289  1,5554  2,858  MgAl 2O4 40. 

I/I1 100  65  55 45   40 ʐʧiʥʝʣʴ (Spinel)          ʉʠʥʪʝʪʠʯʥʘ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,54056. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 4,66 35 111 0,9334 8 751 

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
7

hʆ  - Fd3m     ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:  ao=8,0806 ¡;    Z=8;   ʆʙ'ʻʤ Vc=527,63 ¡3; ʄʦʣʷʨʥʠʡ 

ʦʙ'ʻʤ Vm=39,73 ʩʤ3/ʤʦʣʴ; ɻʫʩʪʠʥʘ Dx =3,578 ʛ/ʩʤ3;   ʈʝʥʛ. 

ʛʫʩʪʠʥʘ ɟ = 3,58 ʛ/ʩʤ3; ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 

108,143 1/ʩʤ (ʩʤ-1); ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ 

Õ*=Õ/ɟ= 30,202 ʩʤ2/ʛ; ʊʚʝʨʜiʩʪʴ 8; ʂʦʣiʨ ʟʝʣʝʥʫʚʘʪʦ-ʩʠʥiʡ, 

ʩʠʥiʡ ʜʦ ʯʦʨʥʦʛʦ, ʨʦʞʝʚʠʡ, ʯʝʨʚʦʥʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ 

(ʨʠʩʠ) ʙiʣʠʡ; ɹʣʠʩʢ ʩʢʣʷʥʠʡ; ʈiʟʥʦʚʠʜʠ ʚiʜ ʧʨʦʟʦʨʦʛʦ ʜʦ 

ʥʝʧʨʦʟʦʨʦʛʦ; ʇʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ nm = 1,718;  

ɸʩʦʮiʶʻ ʟ  ʜiʦʧʩʠʜʦʤ, ʧiʨʦʧʦʤ, iʣʴʤʝʥiʪʦʤ, ʦʣiʚiʥʦʤ, 

2,858 40 220 0,9274 2 662 

2,437 100 311 0,9038 6 840 

2,335 4 222 0,8872 2 911 

2,020 65 400 0,8820 <2 842 

1,650 10 422 0,8616 <2 664 

1,5554 45 511 0,8474 8 931 

1,4289 55 440 0,8249 18 844 

1,3662 4 531 0,8123 <2 933 

1,2780 4 620 0,7927 2 1020 

1,2330 8 533 0,7814 12 951 

1,2187 2 622    

1,1666 6 444    
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ʩʝʨʧʝʥʪʠʥʦʤ, ʭʣʦʨʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Spinel.shtml 

http://database.iem.ac.ru/mincryst/ (carta 4452) 

http://wiki.web.ru/wiki/ʐʧʠʥʝʣʴ 

1,1320 2 711    

1,0802 6 642    

1,0524 12 731    

1,0104 8 800    

0,9527 2 822    

 

 

 

 

 

 

 

ASTM 3-0894  

d, ¡ 2,45 2,02  1,43  2,87   1,56 FeAl2O4   FeO*Al2O3 41. 

I/I1 100 80  80  60  40  ɻʝʨʮʠʥiʪ (Hercynite)   ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: ʄʦ Ka l= 0,709. ʌiʣʴʪʨ  ZrO 2. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

Dʢ = 16 ʜʶʡʤiʚ. 4,69 20 111    

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
7

hʆ  - Fd3m   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤiʨʢʠ:  ao=8,1490 ¡;    Z=8;  ʆʙ'ʻʤ Vc=541,14 ¡3;  

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=40,74 ʩʤ3/ʤʦʣʴ; ɻʫʩʪʠʥʘ Dx = 4,08 ʛ/ʩʤ3;   

ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ=4,27 ʛ/ʩʤ3; ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ 

= 199,373 1/ʩʤ (ʩʤ-1); ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ 

Õ*=Õ/ɟ= 46,743 ʩʤ2/ʛ; ʊʚʝʨʜiʩʪʴ 7,5; ʂʦʣiʨ ʯʦʨʥʠʡ, ʪʝʤʥʦ-

ʟʝʣʝʥʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʪʝʤʥʦ-ʟʝʣʝʥʠʡ; 

ɹʣʠʩʢ ʩʢʣʷʥʠʡ; ʈiʟʥʦʚʠʜʠ ʚiʜ ʧʨʦʟʦʨʦʛʦ ʜʦ ʥʝʧʨʦʟʦʨʦʛʦ; 

ʇʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ nm = 1,83; 

ɸʩʦʮiʶʻ ʟ  iʣʴʤʝʥiʪʦʤ, ʩʠʣʠʤʘʥiʪʦʤ, ʤʘʛʥʝʪʠʪʦʤ, 

 ʩʬʝʥʦʤ, ʢʦʨʜiʻʨʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Hercynite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 1943) 

http://wiki.web.ru/wiki/ɻʝʨʮʠʥʠʪ 

2,87 60 220    

2,45 100 311    

2,02 80 400    

1,64 16 422    

1,56 40 511    

1,43 80 440    

1,23 12 533,622    

1,17 8 444    

1,08 4 642    

1,05 16 731,553    

1,01 8 800    

0,952 4 822    

0,937 8 751    

0,850 4 931    

0,829 12 844    

      

      

 

 

 

 

 

ASTM 5-669  

d, ¡ 2,438 2,861  1,429  1,556   1,650 ZnAl 2O4 42. 

I/I1 100  84 43   40  24 ɻʘʥiʪ (Gahnite)  ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka1 l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 4,67 3 111 0,9273 1 662 

ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ: <1% Si; <0,1% As, B, Fe, Mg, Ni; 2,861 84 220 0,9039 <1 840 

<0,01% Ca,Cu, Ge, In,Pt, Ti; <0,001% Mn, Pb, Sn. 2,438 100 311 0,8874 <1 911 

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
7

hʆ  - Fd3m     ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:  ao=8,0990 ¡;    Z=8;  ʆʙ'ʻʤ Vc=531,24 ¡3; 

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=40,00 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 4,57 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 4,58 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 129,376 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 28,229 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 8; ʂʦʣiʨ ʛʦʣʫʙʦʚʘʪʦ-ʟʝʣʝʥʠʡ, ʩiʨʦ-ʟʝʣʝʥʠʡ,  

ʟʝʣʝʥʫʚʘʪʦ-ʯʦʨʥʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʩiʨʠʡ; 

ɹʣʠʩʢ ʩʢʣʷʥʠʡ; ʈiʟʥʦʚʠʜʠ ʚiʜ ʧʨʦʟʦʨʦʛʦ ʜʦ ʥʝʧʨʦʟʦʨʦʛʦ; 

ʇʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ nm = 1,82;  

ɸʩʦʮiʶʻ ʟ  ʘʚʛiʪʦʤ, ʩʧʝʩʘʨʪʠʥʦʤ, ʰʧiʥʝʣʣʶ, 

ʧiʨʠʪʦʤ, ʩʬʘʣʝʨʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Gahnite.shtml 

2,335 1 222 0,8619 2 664 

2,021 8 400 0,8475 7 931 

1,855 10 331 0,8251 13 844 

1,650 24 422 0,8126 7 933 

1,556 40 511    

1,429 43 440    

1,367 1 531    

1,278 6 620    

1,233 9 533    

1,219 1 622    

1,1670 <1 444    

1,1322 1 711    

1,0803 9 642    

1,0525 12 731    

1,0104 4 800    

0,9875 1 733    
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http://database.iem.ac.ru/mincryst/ (carta 1631) 

http://wiki.web.ru/wiki/ɻʘʥʠʪ 

0,9527 5 822    

0,9334 9 751    

 

 

 

 

 

 

 

 

 

ASTM 19-629  

d, ¡ 2,532 1,485  2,967  1,616  2,099  Fe3O4 43. 

I/I1 100 40  30  30  20  ʄʘʛʥʝʪʠʪ (Magnetite)   ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

 ʉʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣiʟ: <0,1% Co;             ɼʠʬʨʘʢʪʦʤʝʪʨ. 4,85 8 111 0,9632 4 662 

<0,01% Ag, Al, Mg, Mn, Mo, Ni, Si, Ti, Zn. 2,967 30 220 0,9388 4 840 

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
7

hʆ  - Fd3m   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:  ao= 8,3960 ¡;   Z=8;       

ʆʙ'ʻʤ Vc=591,86 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=44,56 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 5,197 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 5,20 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 224,048 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 43,126 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 5,5-6; ʂʦʣiʨ ʟʘʣiʟʦ-ʯʦʨʥʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ 

(ʨʠʩʠ) ʯʦʨʥʠʡ; ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ, ʤʘʪʦʚʠʡ; ʅʝʧʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʢʚʘʨʮʦʤ, ʢʘʣʴʮʠʪʦʤ, ʛʝʤʘʪʠʪʦʤ, ʧiʨʠʪʦʤ, 

ʬʦʨʩʪʝʨʠʪʦʤ, ʘʧʘʪʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Magnetite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 2701) 

http://wiki.web.ru/wiki/ʄʘʛʥʝʪʠʪ 

2,532 100 311 0,8952 2 664 

2,424 8 222 0,8802 6 931 

2,099 20 400 0,8569 8 844 

1,715 10 422 0,8233 4 1020 

1,616 30 511 0,8117 6 951 

1,485 40 440 0,8080 4 1022 

1,419 2 531    

1,328 4 620    

1,281 10 533    

1,266 4 622    

1,212 2 444    

1,122 4 642    

1,093 12 731    

1,050 6 800    

0,9896 2 822    

0,9693 6 751    

 

 

ASTM 3-0873  

d, ¡ 2,52 1,60  1,46  2,07   2,95 Fe(Cr,Al)2O4     FeO*(Cr,Al) 2O3 44. 

I/I1 100 90   90  70 60  ʍʨʦʤiʪ (Chromite)     

ʋʤʦʚʠ ʟʡʦʤʢʠ: Mo Ka l= 0,709. ɹʝʟ ʬiʣʴʪʨʫ. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

I/I 1 ï ɺiʟʫʘʣʴʥʦ. 4,82 50 111 0,931  30   

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
7

hʆ  - Fd3m   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:  ao=8,3792 ¡;    Z=8;   ʆʙ'ʻʤ Vc=588,31 ¡3; 

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=44,30 ʩʤ
3/ʤʦʣʴ; ɻʫʩʪʠʥʘ Dx = 4,8 ʛ/ʩʤ3;   

ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ=5,05 ʛ/ʩʤ3; ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ 

Õ = 986,641 1/ʩʤ (ʩʤ-1); ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ 

Õ*=Õ/ɟ=195,272 ʩʤ2/ʛ; ʊʚʝʨʜiʩʪʴ 5,5-6; ʂʦʣiʨ ʯʦʨʥʠʡ;  

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙʫʨʠʡ, ʢʦʨʠʯʥʝʚʠʡ;  

ɹʣʠʩʢ ʤʝʪʘʣʝʚʠʡ, ʤʘʩʥʠʡ; ʅʝʧʨʦʟʦʨʠʡ; nm = 2,08-2,16; 

ɸʩʦʮiʶʻ ʟ  ʦʣiʚiʥʦʤ, ʭʨʦʤ-ʜiʦʧʩʠʜʦʤ, ʫʚʘʨʦʚiʪʦʤ,  

ʧʣʘʪʠʥʦʶ, ʩʝʨʧʝʥʪʠʥʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Chromite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 890) 

http://wiki.web.ru/wiki/ʍʨʦʤʠʪ 

2,95 60 022 0,873   30  

2,52 100 113 0,850   60  

2,40 10 222 0,815   10  

2,07  70  004 0,805  40     

1,69  40 224  0,79 20  

1,60  90 115       

1,46  90 044      

1,40 10  135      

1,31 20  026      

1,26 50  335    

1,20 30 444    

1,16 20 117    

1,11 30 246    

1,10 60 355    

1,04 30 008    

0,960  40      
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ASTM 8-78  

d, ¡ 2,72 1,656  2,14  1,053  2,35  MnO*3Mn 2O3*SiO2 45. 

I/I1 100   70  50  50 40  ɹʨʘʫʥiʪ (Braunite)  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Fe Ka l= 1,9373. ʌiʣʴʪʨ MnO. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

I/I 1 ï ɺiʟʫʘʣʴʥʦ. 5,44 5 112 1,499 10  

ʉʠʥʛʦʥiʷ: ʪʝʪʨʘʛʦʥʘʣʴʥʘ. ʆʙ'ʻʤʥʦ-ʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
20

h4D  - I41/acd   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 9,432 ¡; ʩo = 18,703 ¡;    Z = 8;   C = 1,99;  

ʆʙ'ʻʤ Vc=1663,87 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=125,28 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 4,67 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 4,79 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 892,193 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 186,098 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 6-6,5; ʂʦʣiʨ ʢʦʨʠʯʥʝʚʦ-ʯʦʨʥʠʡ, ʩʪʘʣʴʥʦ-ʩʽʨʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʯʦʨʥʠʡ,  iʟ ʙʫʨʠʤ ʚiʜʪiʥʢʦʤ; 

ɹʣʠʩʢ ʥʘʧiʚʤʝʪʘʣʝʚʠʡ; ʅʝʧʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʛʘʫʩʤʘʥiʪʦʤ, ʧiʨʦʣʶʟʠʪʦʤ, ʧʩʠʣʦʤʝʣʘʥʦʤ,  

ʙʘʨʠʪʦʤ, ʢʘʣʴʮʠʪʦʤ, ʢʚʘʨʮʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Braunite-I.shtml 

http://database.iem.ac.ru/mincryst/ (carta 616) 

http://wiki.web.ru/wiki/ɹʨʘʫʥʠʪ 

4,70 10 200,004 1,466 10  

4,22 10 202,114 1,420 40  

3,49 30 213 1,407 30  

3,33 10 220 1,370 5  

2,97 20 116 1,27 5  

2,72 100 224 1,22 10  

2,50 5 314 1,76 10  

2,41 5 323 1,164 10  

2,35 40 400,008 1,15 10  

2,25 5 411,217 1,10 10  

2,14 50 332,316 1,08 20  

1,870 20 406,431 1,074 40  

1,83 10 1.1.10 1,068 10  

1,803 20 512,336 1,053 50  

1,732 20 2.0.10+ 1,052 20  

1,656 70 440,408 1,051 10  

1,533 20  1,043 10  

 

 

 

 

 

 

 

 

 

ASTM 16-154  

d, ¡ 4,94 3,09  2,89  2,77  2,49  Mn 3O4 46. 

I/I1 100  90 80  50  50  ɻʘʫʩʤʘʥiʪ (Hausmannite)       

ʋʤʦʚʠ ʟʡʦʤʢʠ: Fe Ka l= 1,9373. ʌiʣʴʪʨ Mn. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

       Dʢ = 57,3 ʤʤ. I/I1 ï ɺiʟʫʘʣʴʥʦ. 4,94 30 011 1,292 10 240 

ʉʠʥʛʦʥiʷ: ʪʝʪʨʘʛʦʥʘʣʴʥʘ. ʆʙ'ʻʤʥʦ-ʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
19

h4D  - I41/amd  ʇʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ:   ao = 5,76 ¡; ʩo = 9,46 ¡;    C = 1,699;  

Z = 4;    

ʆʙ'ʻʤ Vc=313,86 ¡3;  ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm= 47,26 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 4,7 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 4,84 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 1009,306 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 208,505 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 5,5; ʂʦʣiʨ ʟʘʣiʟʦ-ʯʦʨʥʠʡ ʟ ʙʫʨʠʤ ʚʽʜʪʽʥʢʦʤ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʠʡ; 

ɹʣʠʩʢ ʥʘʧiʚʤʝʪʘʣʝʚʠʡ, ʘʣʤʘʟʥʠʡ; ʅʝʧʨʦʟʦʨʠʡ, 

ʧʨʦʩʚiʯʫʻ ʫ ʪʦʥʢʠʭ ʩʢʦʣʘʭ; nm = 2,46; np = 2,15; 

ɸʩʦʮiʶʻ ʟ  ʧiʨʦʣʶʟʠʪʦʤ, ʧʩʠʣʦʤʝʣʘʥʦʤ, ʙʨʘʫʥiʪʦʤ, 

ʙʘʨʠʪʦʤ, ʜʦʣʦʤiʪʦʤ; 

3,09 50 112 1,280 40 143 

2,89 30 020 1,246 10 242 

2,77 90 013 1,233 20 044 

2,49 100 121 1,194 30 127,136 

2,36 40 004 1,180 30 008 

2,04 40 220 1,133 10 244 

1,825 20 024 1,125 40 145 

1,795 50 015 1,101 20 152 

1,706 30 132 1,083 40 053,343 

1,642 20 033 1,064 20 251,046 

1,579 50 231 1,030 40 237,336 

1,544 80 224 1,019 50 154 

1,468 10 116    

1,445 40 134,040    

1,423 5 233    
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ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Hausmannite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 1876) 

http://wiki.web.ru/wiki/ɻʘʫʩʤʘʥʠʪ 

1,382 5 141,026    

1,350 30 035    

1,306 10 332    

 

 

 

 

 

 

      ʉʢʣʘʜʥi ʦʢʩʠʜʠ, ʱʦ ʚʤiʱʫʶʪʴ Nb,Ta, Ti. 
  ɻʨʫʧʘ iʣʴʤʝʥiʪʫ. 

 

ASTM 3-0781  

d, ¡ 2,74 1,72  2,54  1,86  1,50  FeTiO3    FeO*TiO2 47. 

I/I1 100  100  85 85  70  Iʣʴʤʝʥiʪ (Ilmenite)      

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cʦ Ka l= 1,7902. ʌiʣʴʪʨ Fe. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

Dʢ = 90,0 ʤʤ. I/I1 ï ɺiʟʫʘʣʴʥʦ. 3,73 50 102 0,970 70 2.0.13, 324 

ʉʠʥʛʦʥiʷ: ʪʨʠʛʦʥʘʣʴʥʘ. ʈʦʤʙʦʝʜʨʠʯʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
2

3iC  - 3R     ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 5,0884 ¡; ʩo = 14,0855 ¡;  C = 2,768;   Z = 6; 

ʆʙ'ʻʤ Vc = 315,84 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm = 31,71 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 4,72 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 2,79 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 585,173 1/ʩʤ (ʩʤ-1);  

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 122,287 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 5-6; ʂʦʣiʨ ʯʦʨʥʠʡ, ʟʘʣʽʟʦ-ʯʦʨʥʠʡ;  

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʯʦʨʥʠʡ ʜʦ ʯʝʨʚʦʥʦ-ʙʫʨʦʛʦ; 

ɹʣʠʩʢ ʥʘʧiʚʤʝʪʘʣʝʚʠʡ, ʤʝʪʘʣʽʯʥʠʡ; ʅʝʧʨʦʟʦʨʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʨʫʪʠʣʦʤ, ʤʘʛʥʝʪʠʪʦʤ, ʛiʧʝʨʩʪʝʥʦʤ,  

ʘʤʬiʙʦʣʘʤʠ, ʬʣʦʛʦʧiʪʦʤ, ʮʠʨʢʦʥʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Ilmenite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 2131) 

http://wiki.web.ru/wiki/ʀʣʴʤʝʥʠʪ 

2,74 100 104 0,960 70 410 

2,54 85 110 0,921 85 3.1.10 

2,23 70 113 0,913 70 2.0.14 

1,86 85 204    

1,72 100 116    

1,63 50 108    

1,50 85 214    

1,47 85 300    

1,34 70 1.0.10    

1,27 60 220    

1,20 30 312    

1,18 60 2.0.10    

1,15 70 314    

1,12 70 226    

1,07 70 2.1.10    

1,00 30 318    

0,978 50 10.1.4    

 

 

 

 ʂʃɸʉ ʉʀʃIʂɸʊIɺ. 
ʇIɼʂʃɸʉ ʉʀʃIʂɸʊIɺ ɿ ʂɸʈʂɸʉʅʆʖ ɹʋɼʆɺʆʖ. 

ɸʃʖʄʆʉʀʃIʂɸʊʀ ɹɽɿ ɼʆɼɸʊʂʆɺʀʍ ɸʅIʆʅIɺ I H2O. 
ɻʨʫʧʘ ʧʦʣʴʦʚʦʛʦ ʰʧʘʪʫ. 

  ʇʣʘʛiʦʢʣʘʟʠ. 

ASTM 9-466  

d, ¡ 3,196 3,78  6,39  3,684  4,03  NaAlSi3O8          1/2 (Na2O*Al 2O3*6SiO2) 48. 

I/I1 100  25 20  20  16  ɸʣʴʙiʪ ʥʠʟʴʢʠʡ (Albite low)       

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka1 l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 6,39     20 001 2,538   2 312 

ʉʠʥʛʦʥiʷ: ʪʨʠʢʣiʥʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
2

iC  - 1P  ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ: ao = 8,142 ¡; bo = 12,785 ¡; co = 7,159 ¡; a = 94,19̄ ; 

b = 116,61̄; g = 87,69̄; ɸ = 0,6369; ʉ = 0,5599; Z = 4; 

ʆʙ'ʻʤ Vc= 664,48 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm= 100,06 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 2,605 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 2,62 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 85,615 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 32,715 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 6; ʂʦʣiʨ ʙʝʟʙʘʨʚʥʠʡ, ʙiʣʠʡ, ʩʽʨʠʡ, ʨʦʞʝʚʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; ɹʣʠʩʢ ʩʢʣʷʥʠʡ; ʇʨʦʟʦʨʠʡ, 

ʤʫʪʥʠʡ, ʧʨʦʩʚiʯʫʻ; ng=1,536; nm=1,529; np=1,525; 2V=52-90̄ ; 

ɸʩʦʮiʶʻ ʟ  ʭʣʦʨʠʪʦʤ, ʘʜʫʣʷʨʦʤ, ʢʚʘʨʮʦʤ, ʨʫʪʠʣʦʤ,  

5,94      2 111 2,511  2 112 

5,59      2 111 2,496  6 221 

4,03     16 201 2,46  6 221 

3,857     8 111 2,443  4 241 

3,78     25 111 2,431  2 151 

3,684    20 130 2,405  2 240 

3,663    16 131,130 2,388  4 310 

3,509    10 112 2,320  4 331 

3,484     2 221 2,278  2 113 

3,375     8 112 2,189  4 042 

3,196   100 002 2,125  8 060 

3,151    10 220 2,119  6 151 

2,964    10 131 2,076  2 241 



 50 

iʣʴʤʝʥiʪʦʤ,  ʝʧiʜʦʪʦʤ, ʘʧʘʪʠʪʦʤ, ʢʘʣʴʮʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Albite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 70) 

http://wiki.web.ru/wiki/ɸʣʴʙʠʪ 

2,933    16 022 2,035  2 241 

2,866     8 131 2,000  2 202 

2,843     2 132 1,980  4 061 

2,787   2 022 1,927  2 421 

2,639   6 132 1,889  8 222 

2,563   8 241 ɼʦ d=1,785 ¡ - 6 ʣiʥiʡ 

 

 

 

 

ASTM 9-465  

d, ¡ 3,20 3,18  4,04  3,75  3,23  0,35NaAlSi3O8,    0,65CaAl2Si2O8  49. 

I/I1 100  90   80  80 80  ʃʘʙʨʘʜʦʨ (Labradorite)   

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cʦ Ka l= 1,7902. ʌiʣʴʪʨ Fe. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

I/I 1 ï ɺiʟʫʘʣʴʥʦ. 6,48 40 110    

ʉʢʣʘʜ: ʘʣʴʙiʪ ï 32,7%, ʘʥʦʨʪʠʪ ï 64,5%, ʦʨʪʦʢʣʘʟ ï 2,8% 4,68 40 021    

ʉʠʥʛʦʥiʷ: ʪʨʠʢʣiʥʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ.  

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
2

iC  - 1P    ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ 

ʢʦʤiʨʢʠ: ao = 8,176 ¡; bo = 12,841 ¡;  co = 14,207 ¡; a=93,53̄ ; 

b=116,27̄; g = 89,77̄; ɸ=0,636; ʉ=1,1063; Z = 8; 

ʆʙ'ʻʤ Vc= 1334,53 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm= 100,48 ʩʤ
3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 2,685 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 2,69 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 113,621 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 42,195 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 6; ʂʦʣiʨ ʙiʣʠʡ, ʩiʨʠʡ, ʙʫʨʠʡ, ʩʠʥiʡ; ʂʦʣiʨ ʫ 

ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; ɹʣʠʩʢ ʩʢʣʷʥʠʡ, ʧʝʨʣʘʤʫʪʨʦʚʠʡ, 

ʤʘʩʥʠʡ; ʍʘʨʘʢʪʝʨʥʘ iʨʠʟʘʮiʷ, "ʛʨʘ ʢʦʣʴʦʨiʚ"; 

ɸʩʦʮiʶʻ ʟ  ʦʣiʚiʥʦʤ, ʧiʨʦʢʩʝʥʦʤ, ʦʨʪʦʢʣʘʟʦʤ,  

ʘʤʬiʙʦʣʦʤ, ʤʘʛʥʝʪʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Labradorite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 2436) 

http://www.mindat.org/min-2308.html 

4,04 80 201    

3,89 50 111    

3,75 80 121    

3,64 70 131    

3,47 50 112    

3,43 30 221    

3,37 60 122    

3,26 50 222    

3,23 80 220    

3,20 100 040    

3,18 90 002    

3,14 70 220    

3,02 50 132    

2,95 70 041    

2,66 60 133    

2,53 70 241    

2,51 60 242    

      

 

 

ASTM 12-301  

d, ¡ 3,20 3,18  4,04  3,26  3,12  CaAl2Si2O8 50. 

I/I1 100   75  60  55  45  ɸʥʦʨʪʠʪ (Anorthite low)     ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

Dʢ = 114,6 ʤʤ. ʌʦʪʦʤʝʪʨ. 6,81 2 111 2,828 20 132 

ʉʠʥʛʦʥiʷ: ʪʨʠʢʣiʥʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. ʇʨʦʩʪʦʨʦʚʘ 

ʛʨʫʧʘ: 
2

iC  - 1I  ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ:  

ao = 8,082 ¡; bo = 12,767 ¡;  co = 14,032 ¡;   a = 92,79̄ ;  

b = 115,77̄; g = 91,68̄; ɸ = 0,6361; ʉ = 1,0999;  Z = 4;  

ʆʙ'ʻʤ Vc=1300,27 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=195,8 ʩʤ
3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 2,763 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 2,84 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 142,898 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 50,292 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 6; ʂʦʣiʨ ʙʝʟʙʘʨʚʥʠʡ, ʙiʣʠʡ, ʩiʨʠʡ, ʯʝʨʚʦʥʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; ɹʣʠʩʢ ʩʢʣʷʥʠʡ; ʇʨʦʟʦʨʠʡ, 

ʧʨʦʩʚiʯʫʻ, ʤʫʪʥʠʡ; ng = 1,572-1,576; nm = 1,5785-1,5832; np = 

1,583-1,588; 2V = 78̄ ; 

ɸʩʦʮiʶʻ ʟ ʦʣiʚiʥʦʤ, ʧiʨʦʢʩʝʥʘʤʠ, ʧʣʘʛʽʦʢʣʘʟʘʤʠ, 

ʘʤʬʽʙʦʣʘʤʠ, ʢʘʨʙʦʥʘʪʘʤʠ, ʤʘʛʥʝʪʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Anorthite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 245) 

http://wiki.web.ru/wiki/ɸʥʦʨʪʠʪ 

6,52 10 110 2,805 8 134 

6,42 2 020 2,676 2 312 

6,35 <2 002 2,655 12 134 

5,79 2 112 2,557 6 222 

5,10 <2 111 2,525 25 114,242 

4,69 12 022 2,511 1 314 

4,04 60 202 2,502 25 242,314 

3,92 12 112 2,479 2 240 

3,78 20 130 2,461 <2 150,114 

3,76 14 112 2,438 4 222 

3,69 2 203 2,430 4 310 

3,68 2 200 2,406 4 152 

3,62 25 130 2,385 6 310,150 

3,61 8 132 2,360 6 240,152 

3,51 4 132 2,324 8 332 

3,47 12 114 2,315 <2 116 

3,44 4 222 2,298 <2 244 

3,41 8 222 2,272 6 332 

3,37 25 114 2,265 6 116 

3,26 55 220 2,239 4 152 

3,21 35 040 2,234 4 244 
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3,20 100 204 2,223 <2 226 

3,18 75 004 2,202 <2 334 

3,12 45 200 2,160 4 226 

3,04 18 132 2,143 16 060 

2,983 <2 113 2,119 1 006 

2,953 25 042 2,097 8 152 

2,935 18 024 2,070 <2 045 

2,895 8 224 2,034 2 245 

 

 

ʂʘʣi-ʥʘʪʨʦʚi ʧʦʣʴʦʚi ʰʧʘʪʠ. 

ASTM 19-926  

d, ¡ 4,22 3,26  3,25  3,29  3,70  KAlS i3O8 51. 

I/I1 100 80  80  60  40  ʄiʢʨʦʢʣiʥ (Microcline)     

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka1   l= 1,5405.  ʌiʣʴʪʨ  Ni. d, ¡ I/I 1 hkl d, ¡ I/I 1 hkl d, ¡ I/I 1 hkl 

Dʢ = Guinier.  ʌʦʪʦʤʝʪʨ. 6,75 6 110 2,818 <2 201 2,053 4 061 

ʉʢʣʘʜ (ʫ %): SiO2=65,34; Al2O3=18,6; K2O=15,52;  6,48 8 001 2,763 2 311 2,044 4 0-61 

Na2O=0,37; Fe2O3=0,26; MnO, MgO, CaO, TiO2 = 0. 5,94 6 -1-11 2,755 8 132 2,032 4 422 

ʉʠʥʛʦʥiʷ: ʪʨʠʢʣiʥʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ.  

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
2

iC  - 1P  ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:  ao = 8,571 ¡; bo = 12,964 ¡; co =7,221 ¡;   

a = 90,636̄; b = 115,949̄; g = 87,679̄; ɸ = 0,661;  

ʉ = 0,557;  Z = 4; ʆʙ'ʻʤ Vc= 720,99 ¡3; ʄʦʣʷʨʥʠʡ 

ʦʙ'ʻʤ Vm=108,57 ʩʤ3/ʤʦʣʴ;  ɻʫʩʪʠʥʘ Dx =2,56 ʛ/ʩʤ3;    

ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 2,58 ʛ/ʩʤ3; ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  

ʧʦʛʣʠʥʘʥʥʷ Õ = 124,872 1/ʩʤ (ʩʤ-1);  ʄʘʩʦʚʠʡ 

ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 48,320 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 6-6,5; ʂʦʣiʨ ʙʽʣʠʡ, ʩʽʨʠʡ, ʩiʨʫʚʘʪʦ- 

ʞʦʚʪʠʡ, ʞʦʚʪʫʚʘʪʠʡ, ʣʦʩʦʩʝʚʦ-ʨʦʞʝʚʠʡ, ʛʦʣʫʙʦʚʘʪʦ-

ʟʝʣʝʥʠʡ, ʟʝʣʝʥʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; 

ɹʣʠʩʢ ʩʢʣʷʥʠʡ; ʇʨʦʟʦʨʠʡ, ʧʨʦʩʚiʯʫʻ; ng = 1,524-

1,525; nm = 1,520-1,522; np = 1,517-1,518; 2V = 74-84̄ ; 

ɸʩʦʮiʶʻ ʟ  ʢʚʘʨʮʦʤ, ʙiʦʪʠʪʦʤ, ʤʫʩʢʦʚiʪʦʤ,  

ʦʨʪʦʢʣʘʟʦʤ, ʘʣʴʙiʪʦʤ, ʥʝʬʝʣʽʥʦʤ, ʝʛʽʨʠʥʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Microcline.shtml 

http://database.iem.ac.ru/mincryst/ (carta 2893) 

http://wiki.web.ru/wiki/ʄʠʢʨʦʢʣʠʥ 

5,81 4 -111 2,621 20 241 1,992 4 222 

4,60 2 021 2,587 12 312 1,985 4 422 

4,22 100 201 2,570 4 112 1,978 2 333 

3,99 8 111 2,552 4 221 1,960 4 2-22 

3,92 4 1-11 2,540 4 310 1,935 2 243 

3,86 8 200 2,522 25 241 1,927 8 400 

3,83 25 130 2,501 4 310 1,914 6 403 

3,70 40 130 2,433 4 151  1,892 2 261 

3,66 10 -131 2,430 12 2-40 1,880 2 351 

3,60 10 221 2,389 2 1-5-1 1,866 2 113 

3,57 4 131 2,336 4 331 1,862 2 350 

3,49 30 -1-12 2,332 4 113 1,857 2 152 

3,47 20 -112 2,301 4 042 1,852 2 423 

3,37 40 220 2,249 4 330 1,828 2 262 

3,29 60 202 2,226 4 151 1,822 2 352 

3,26 80 220 2,172 4 1-51 1,816 2 423 

3,25 80 002 2,159 4 060 1,805 18 043 

3,24 40 040 2,118 4 401 1,802 18 442 

3,03 14 131 2,112 4 402 1,793 6 171 

2,967 8 222 2,092 4 241 1,788 2 350 

2,954 20 -131 2,081 4 311 1,783 2 062 

2,907 18 041 2,076 4 202 1,769 2 242 

2,890 10 -041 2,058 4 023 1,739 4 4.4.12 

   ɼʦ d=1,294 ¡ - 68 ʣiʥiʡ 

 

 

ASTM 19-931  

d, ¡ 3,31 3,77  4,22  3,24  3,29  KAlS i3O8 52. 

I/I1 100 80  70  65  60  ʆʨʪʦʢʣʘʟ (Orthoclase)    

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka1   l= 1,5405.  ʌiʣʴʪʨ  Ni. d, ¡ I/I 1 hkl d, ¡ I/I 1 hkl d, ¡ I/I 1 hkl 

Dʢ = Guinier.  ʌʦʪʦʤʝʪʨ. 6,62 6 110 2,515 8 310 1,843 2 420 

ʉʢʣʘʜ (ʫ %): SiO2=63,51; Al2O3=18,99; K2O=15,13; 6,48 12 020 2,480 4 240 1,838 2 152 

Na2O=1,34;CaO=0,13;Fe2O3=0,09;MnO,MgO, TiO2=0 5,86 12 111 2,415 10 151 1,833 2 423 

ʉʠʥʛʦʥiʷ: ʤʦʥʦʢʣiʥʥʘ. ɹʘʟʦʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
3

2hC  - C 2/m    ʇʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ: ao = 8,561 ¡;  bo = 12,996 ¡;   

co = 7,192 ¡; b = 116,10̄; ɸ = 0,659; ʉ = 0,553;  Z = 4; 

ʆʙ'ʻʤ Vc= 718,57 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ  

Vm= 108,21 ʩʤ
3/ʤʦʣʴ; ɻʫʩʪʠʥʘ Dx = 2,55 ʛ/ʩʤ3;    

ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 2,57 ʛ/ʩʤ3; ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  

ʧʦʛʣʠʥʘʥʥʷ Õ = 124,564 1/ʩʤ (ʩʤ-1); ʄʘʩʦʚʠʡ 

ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 48,433 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 6; ʂʦʣiʨ ʩʚiʪʣʦ-ʨʦʞʝʚʠʡ, ʯʝʨʚʦʥʫʚʘʪʠʡ,  

4,58 4 021 2,380 10 331 1,823 2 350 

4,22 70 201 2,328 6 113 1,807 4 262 

3,94 16 111 2,263 2 332 1,801 16 204 

3,85 6 200 2,234 2 223 1,798 8 062 

3,77 80 130 2,206 2 330 1,770 6 441 

3,61 16 131 2,200 4 151 1,745 2 314 

3,54 12 221 2,163 25 060 1,731 2 114 

3,31 100 220 2,124 8 241 1,720 2 133 

3,29 60 202 2,113 4 401 1,695 2 521 

3,24 20 040 2,108 4 402 1,675 4 353 

3,24 65 002 2,070 2 202 1,656 2 511 



 52 

ʯʝʨʚʦʥʦ-ʙiʣʠʡ,ʢʦʨʠʯʥʝʚʦ-ʞʦʚʪʠʡ, ʙiʣʠʡ, ʩiʨʠʡ;  

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; ɹʣʠʩʢ ʩʢʣʷʥʠʡ; 

ng =1,518; nm=1,52-1,522; np =1,523-1,524; 2V = 52-70̄ ; 

ɸʩʦʮiʶʻ ʟ  ʢʚʘʨʮʦʤ, ʤʫʩʢʦʚiʪʦʤ, ʙiʦʪʠʪʦʤ, 

ʭʣʦʨʠʪʦʤ, ʤiʢʨʦʢʣiʥʦʤ, ʪʫʨʤʘʣiʥʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Orthoclase.shtml 

http://database.iem.ac.ru/mincryst/ (carta 3349) 

http://wiki.web.ru/wiki/ʆʨʪʦʢʣʘʟ 

2,992 50 131 2,063 2 311 1,649 2 172 

2,934 8 222 2,051 4 061 1,643 2 404 

2,901 30 202 2,005 12 422 1,631 2 334 

2,783 2 311 1,971 8 222 1,628 4 351 

2,769 20 132 1,955 2 333 1,623 2 080 

2,601 18 312 1,922 10 400 1,619 2 134 

2,576 4 221 1,911 6 403 1,605 2 203 

2,571 30 241 1,884 4 260 1,593 4 424 

2,553 8 112 ɼʦ d=1,363 ¡ ï 27 ʣiʥiʡ 
 

 

 

 

 

ASTM 9-458  

d, ¡  3,00 4,18 3,27  2,98  2,34 Na3KAl 4Si4O16    1/2 (3Na2O*K 2O*4Al 2O3*SiO2)  53. 

I/I1 100 70  70   70 60  ʅʝʬʝʣiʥ (Nepheline)  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I 1 hkl d, ¡ I/I 1 hkl 

I/I 1 ï ɺiʟʫʘʣʴʥʦ. 4,18   70 111,002 1,70   30 501 

ʉʠʥʛʦʥiʷ: ʛʝʢʩʘʛʦʥʘʣʴʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
6

6C  - P63 ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ: ao= 10,01 ¡; co= 8,40¡; ʉ= 0,8392; Z = 2;  

ʆʙ'ʻʤ Vc = 728,92 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm= 219,53 ʩʤ3/ʤʦʣʴ;   

ɻʫʩʪʠʥʘ Dx = 2,55 ʛ/ʩʤ3; ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ=2,66 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=285,647 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 39,025 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 5,5-6; ʂʦʣiʨ ʙiʣʠʡ, ʩʚiʪʣʦ-ʩiʨʠʡ, ʞʦʚʪʫʚʘʪʠʡ, 

ʟʝʣʝʥʫʚʘʪʠʡ, ʙʫʨʦʚʘʪʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; 

ɹʣʠʩʢ ʩʢʣʷʥʠʡ, ʤʘʩʥʠʡ; ʆʧʪʠʯʥʠʡ ʟʥʘʢ (-); 

ɸʩʦʮiʶʻ ʟ  ʣʫʞʥʠʤʠ ʧʦʣʴʦʚʠʤʠ ʰʧʘʪʘʤʠ, ʣʝʡʮʠʪʦʤ, 

ʩʦʜʘʣiʪʦʤ, ʧiʨʦʢʩʝʥʦʤ, ʘʧʘʪʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Nepheline.shtml 

http://database.iem.ac.ru/mincryst/ (carta 3114) 

http://wiki.web.ru/wiki/ʅʝʬʝʣʠʥ 

3,83   10 201 1,62   40 233 

3,27   70 210 1,60   30 241 

3,17   30 112 1,56   60 205 

3,00  100 202,211 1,52   30 242 

2,88   70 300 1,46   10 152 

2,57   50 103    

2,40   40 220    

2,39   30 310,302    

2,34   60 203    

2,30   40 311    

2,12   10 222,213    

2,08   40 312    

1,98 5 320    

1,93 50 321    

1,88 40 204    

1,84 10 141    

1,79 40 322    

 
  

ASTM 15-47  

d, ¡ 3,27 3,44 5,39 2,918 2,842 KAlS i2O6   1/2(K2O*Al 2O3*4SiO2) 54. 

I/I1   100 85 80 70 70 ʃʝʡʮʠʪ (Leucite)   

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cr  Ka l= 2,2909. ʌiʣʴʪʨ V. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

D ʢ=114,6 ʤʤ. I/I 1 ï ɺiʟʫʘʣʴʥʦ. 9,5 40 101 2,012 20 541 

ʉʢʣʘʜ (ʫ %): SiO2 =54,6; Al2O3=21,97; K2O=21,45;  6,6 14 200 1,980 8 622 

Na2O=0,23; CaO=0,1; TiO2=0,03; Fe2O3=0,89; FeO=0,14. 5,54 50 112 1,943 20 107 

ʉʠʥʛʦʥiʷ: ʪʝʪʨʘʛʦʥʘʣʴʥʘ. ʆʙô̒ ʤʥʦ-ʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
6

h4C  - I41/a  

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ:   ao = 13,09 ¡;  

ʩo = 13,75 ¡;   C=1,0504;  Z = 16;  ʆʙ'ʻʤ Vc=2356,04 ¡3; 

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=88,70 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 2,44 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 2,45 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ=126,068 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 51,472 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 5-6; ʂʦʣiʨ ʙiʣʠʡ, ʩiʨʠʡ, ʞʦʚʪʫʚʘʪʠʡ, ʙʝʟʙʘʨʚʥʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; ɹʣʠʩʢ ʩʢʣʷʥʠʡ, ʤʘʩʥʠʡ; 

ʅʝʧʨʦʟʦʨʠʡ, ʧʨʦʩʚiʯʫʻ; ng = 1,511-1,508; np = 1,511-1,508; 

ʆʧʪʠʯʥʠʡ ʟʥʘʢ (+); 

ɸʩʦʮiʶʻ ʟ  ʩʘʥiʜiʥʦʤ, ʣʘʙʨʘʜʦʨʦʤ, ʥʝʬʝʣiʥʦʤ,  

ʧiʨʦʢʩʝʥʦʤ, ʩʬʝʥʦʤ, ʘʧʘʪʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Leucite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 2559) 

http://wiki.web.ru/wiki/ʃʝʡʮʠʪ 

5,39 80 211 1,919 20 444 

4,75 40 202 1,877 20 534 

4,34 20 103 1,862 20 217 

3,78 30 222 1,837 20 336 

3,60 40 213 1,785 20 712 

3,52 35 321 1,726 40 327 

3,44 85 004 1,671 20 723 

3,27 100 400 1,663 55 732 

3,22 8 114 1,629 40 714 

3,16 8 303 1,605 35 644 

3,09 35 411 1,585 40 820 

3,04 30 204 1,571 30 653 

2,918 70 420 1,533 35 626 

2,842 70 323 1,526 35 527 

2,808 55 332 1,481 40 428 

2,685 8 422 1,439 30 824 

2,641 40 314 1,414 16 547 

1,274 30 657 1,409 35 761 

2,602 20 413 1,382 35 637 

2,487 30 215 1,373 40 736 
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2,366 65 404 1,360 30 1.1.10 

2,329 30 305 1,354 30 763 

2,308 30 440 1,343 16 844 

2,270 8 503 1,324 20 727 

2,192 8 325 1,320 20 941 

2,162 30 206 1,305 50 3.1.10 

2,127 50 532 1,294 50 1.0.11 

2,065 30 620 1,274 30 657 
 

 

 

 

 

 

 

 

 

ASTM 19-1180  

d, ¡ 3,43 5,60 2,927 2,226 4,85 NaAlSi2O6*H 2O 55. 

I/I1 100 60 50 40 20 ɸʥʘʣʴʮʠʤ (Analcime)  

ʋʤʦʚʠ ʟʡʦʤʢʠ:  Fe   Ka l= 1,9373.   ʌiʣʴʪʨ  Mn. d, ¡ I/I 1 hkl d, ¡ I/I 1 hkl d, ¡ I/I 1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 9,14 2 110 1,835 2 642 1,1767 2 10.6.0 

ʉʠʥʛʦʥi :̫ ʨʦʤʙiʯʥʘ. ʆʙô̒ ʤʥʦ-ʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
27

2hD - Ibca ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨ-

ʥʦʾ ʢʦʤiʨʢʠ: ao = 13,733 ¡; bo = 13,729 ¡; co =13,712 ¡;  

A=1,0003; C=0,9988; Z = 16;  ʆʙ'ʻʤ Vc=2585,27 ¡3; 

ʄʦʣʷʨʥʠʡ ʦʙ'̒ ʤ Vm= 97,33 ʩʤ3/ʤʦʣʴ; ɻʫʩʪʠʥʘ  

Dx = 2,266 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ=2,27 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ=69,129 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ  

Õ*=Õ/ɟ=30,516 ʩʤ2/ʛ;  ʊʚʝʨʜiʩʪʴ 5-5,5; ʂʦʣiʨ 

ʙʝʟʙʘʨʚʥʠʡ, ʩiʨʠʡ, ʙiʣʠʡ iʟ ʞʦʚʪʫʚʘʪʠʤ ʚiʜʪiʥʢʦʤ, 

ʨʦʞʝʚʦ-ʯʝʨʚʦʥʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; 

ɹʣʠʩʢ ʩʢʣʷʥʠʡ; ʇʨʦʟʦʨʠʡ, ʤʫʪʥʠʡ; ng = 1,493-1,479;  

np = 1,493-1,479; 2V ~ 90̄ ; 

ɸʩʦʮiʶʻ ʟ  ʮʝʦʣiʪʘʤʠ, ʢʘʣʴʮʠʪʦʤ, ʭʣʦʨʠʪʦʤ,   

ʤʘʛʥʝʪʠʪʦʤ,  ʧiʨʦʢʩʝʥʦʤ, ʙiʪʦʚʥiʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Analcime.shtml 

http://database.iem.ac.ru/mincryst/ (carta 178) 

http://wiki.web.ru/wiki/ɸʥʘʣʴʮʠʤ 

7,93 2 111 1,743 20 732 1,1682 2 11.4.1 

6,88 2 200 1,716 6 800 1,1520 2 965 

6,21 2 210 1,6902 6 741 1,1361 2 11.4.3 

5,60 60 211 1,6650 2 820 1,1281 2 12.2.0 

4,85 20 220 1,6178 2 822 1,1059 2 12.3.1 

4,15 2 311 1,5958 6 831 1,0922 2 11.6.1 

3,80 2 222 1,4985 2 842 1,0784 2 10.7.2 

3,67 8 321 1,4811 4 761 1,0716 2 10.8.0 

3,43 100 400 1,4633 2 664 1,0648 2 11.6.3 

3,24 2 330 1,4476 2 754 1,0524 2 13.1.0 

2,979 2 331 1,4331 2 930 1,0408 2 10.7.5 

2,927 50 332 1,4163 6 932 1,0228 2 10.8.4 

2,803 8 422 1,3862 2 770 1,0111 2 12.6.2 

2,693 16 431 1,3728 2 860 1,0062 2 11.8.1 

2,506 14 521 1,3586 8 10.1.1 0,9852 2 13.5.0 

2,427 8 611 1,3086 2 10.3.1 0,9800 2 14.0.0 

2,226 40  552 1,2893 2 862 0,9559 2 14.3.1 

2,169 2 620 1,2855 4 871 0,9469 2 11.8.5 

2,118 8 541 1,2635 4 10.3.3 0,9381 2 13.8.1 

2,024 2 631 1,2529 2 10.4.2 0,9212 2 14.5.1 

1,941 2 543 1,2425 2 11.1.0 0,9046 2 15.2.1 

1,904 14 640 1,2228 6 11.2.1 0,8966 2 15.3.0 

1,868 8 633 1,1855 2 11.3.2    

 

 

 

ɸʃʖʄʆʉʀʃIʂɸʊʀ, ʑʆ ɺʄIʑʋʖʊʔ H2O. 

ɻʨʫʧʘ ʮʝʦʣiʪiʚ. 

ʇiʜʛʨʫʧʘ ʥʘʪʨʦʣiʪʫ. 

ASTM 19-1185  

d, ¡  6,49 5,90  4,15  2,860  4,65  Na2Al2Si3O10*2H 2O 56. 

I/I1   100 65  50  45  40  ʅʘʪʨʦʣiʪ (Natrolite)     ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ:  Cu Ka    l= 1,5418.   ʌiʣʴʪʨ Ni. d, ¡ I/I 1 hkl d, ¡ I/I 1 hkl d, ¡ I/I 1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 6,49 100 220 2,256 6 280 1,602 8 224 

ʉʠʥʛʦʥi :̫ ʨʦʤʙiʯʥʘ. ɻʨʘʥʝʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ:  
19

2vC  - Fdd2 ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥ-

ʪʘʨʥʦ ʾʢʦʤiʨʢʠ:   ao = 18,2720 ¡; bo = 18,6130 ¡;  

co = 6,5930 ¡; A=0,9817; C=0,3542; Z = 8;  ʆʙ'ʻʤ 

Vc=2242,26 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=168,82 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 2,246 ʛ/ʩʤ3;  ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ=2,25 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ=67,057 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ  

Õ* = Õ/ɟ = 29,778 ʩʤ2/ʛ; ʊʚʝʨʜiʩʪʴ 5-5,5;  ʂʨʠʭʢʠʡ; 

ʂʦʣiʨ ʙʝʟʙʘʨʚʥʠʡ, ʙiʣʠʡ iʟ ʞʦʚʪʫʚʘʪʠʤ ʘʙʦ 

5,90 65 111 2,231 4 602 1,574 8 791 

4,65 40 040 2,189 10 262 1,527 6 753 

4,56 25 400 2,174 18 660 1,509 4 10.4.2 

4,37 25 131 2,071 4 480 1,483 2 913 

4,35 30 311 2,048 6 840 1,468 4 444 

4,15 50 240 2,024 4 751 1,462 10 393 

4,10 25 420 1,960 4 333 1,448 4 933 

3,63 4 331 1,907 4 911 1,436 4 264 

3,27 10 440 1,872 6 513 1,414 8 991 

3,20 20 151 1,824 6 822 1,385 8 464 

3,15 25 511 1,797 10 533 1,342 4 084 
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ʯʝʨʚʦʥʫʚʘʪʠʤ ʚiʜʪiʥʢʘʤʠ;  

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; ɹʣʠʩʢ ʩʢʣʷʥʠʡ;  

ɸʩʦʮiʶʻ ʟ  ʮʝʦʣiʪʘʤʠ (ʰʘʙʘʟʠʪʦʤ), ʘʥʘʣʴʮʠʤʦʤ,  

ʢʘʣʴʮʠʪʦʤ, ʭʣʦʨʠʪʦʤ, ʧʣʘʛiʦʢʣʘʟʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Natrolite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 3077) 

http://wiki.web.ru/wiki/ʅʘʪʨʦʣʠʪ 

3,10 14 022 1,793 16 771 1,323 6 824 

2,945 18 260 1,754 4 482 1,305 6 793 

2,860 45 351 1,737 6 842 1,289 2 484 

2,837 35 531 1,724 12 951 1,274 2 844 

2,569 10 460 1,701 12 10.4.0 1,263 2 355 

2,441 12 171 1,677 4 553 1,237 4 155 

2,406 18 711 1,648 6 004 1,218 6 355 

2,321 8 442 1,629 8 373    

2,288 6 800 1,620 10 733    

 

 

 

 

ASTM 19-208  

d, ¡ 2,925  4,32  9,35 5,02 3,87  Ca2Al4Si8O24*12H2O  57. 

I/I1   100 75  50  30  30  ʐʘʙʘʟʠʪ (Chabazite)  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l=1,5418. ʌiʣʴʪʨ  Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 9,35 50 100 2,507 12 125 

ʉʠʥʛʦʥiʷ: ʪʨʠʛʦʥʘʣʴʥʘ. ʈʦʤʙʦʝʜʨʠʯʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ:  
5

3dD  - mR3     ʇʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ:   ao = 13,786 ¡; ʩo = 15,065 ¡;   

C = 1,0927;   Z = 6; ʆʙ'ʻʤ Vc = 4941,72 ¡3;    

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm = 496,09 ʩʤ3/ʤʦʣ;ɹ 

ɻʫʩʪʠʥʘ Dx = 2,05 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 2,12 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 73,444 1/ʩʤ (ʩʤ-1);  

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 39,401 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 4-5; ʂʦʣiʨ ʙʝʟʙʘʨʚʥʠʡ, ʙiʣʠʡ ʟ ʯʝʨʚʦʥʫʚʘʪʠʤ  

ʪʘ ʟʝʣʝʥʫʚʘʪʠʤ ʚiʜʪiʥʢʘʤʠ, ʞʦʚʪʠʡ, ʙʫʨʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; ɿʣʘʤ ʥʝʨiʚʥʠʡ; 

ɹʣʠʩʢ ʩʢʣʷʥʠʡ; ʇʨʦʟʦʨʠʡ, ʧʨʦʩʚiʯʫʻ ʫ ʩʢʦʣʘʭ; 

ɸʩʦʮiʶʻ ʟ  ʬiʣiʧʩʠʪʦʤ, ʛʘʨʤʦʪʦʤʦʤ, ʛʝʡʣʘʥʜʠʪʦʤ,  

ʘʥʘʣʴʮʠʤʦʤ, ʢʘʣʴʮʠʪʦʤ, ʦʨʪʦʢʣʘʟʦʤ, ʘʣʴʙʠʪʦʤ,  

ʝʧiʜʦʪʦʤ, ʬʣʶʦʨʠʪʦʤ, ʢʚʘʨʮʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Chabazite-Ca.shtml 

http://database.iem.ac.ru/mincryst/ (carta 823) 

http://wiki.web.ru/wiki/ʐʘʙʘʟʠʪ 

6,89 10 110 2,361 2 116 

6,38 6 012 2,358 2 051 

5,56 10 021 2,310 4 413 

5,02 30 003 2,300 4 330 

4,68 6 202 2,277 2 502 

4,32 75 211 2,233 2 241 

4,04 2 113 2,123 2 306 

3,98 2 300 2,119 2 107 

3,87 30 122 2,090 6 333 

3,59 25 104 2,016 2 054 

3,45 14 220 1,941 2 217 

3,24 6 131 1,911 4 520 

3,19 4 024 1,871 4 505 

3,03 2 312 1,807 8 161 

2,925 100 401 1,805 8 317 

2,890 30 214 1,786 2 523 

2,842 4 223 1,771 2 612 

2,776 4 042 1,740 12 434 

2,690 8 205 1,721 6 440 

2,605 10 410 1,695 4 701 

2,574 2 232 1675 2 009 

ʧʣʶʩ 5 ʣiʥiʡ < 1,558 

 

 

 

 

ASTM 21-131  

d, ¡  3,92  2,959 8,85  7,80  5,10    CaAl2Si7O18*6H 2O 58. 

I/I1  100  90  80  70  70  ɻʝʡʣʘʥʜʠʪ (Heulandite)     

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5418. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 8,85 80 020 2,430 30 261,441 

ʉʠʥʛʦʥiʷ: ʤʦʥʦʢʣiʥʥʘ. ɹʘʟʦʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ:  
3

5C  - Cm   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao = 17,7300¡; bo = 17,8200 ¡;     co = 7,43 ¡;  

b=116,33̄;  Z = 4; ʆʙ'ʻʤ Vc = 2103,95 ¡3;  

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm = 316,82 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 2,017 ʛ/ʩʤ3;   ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 2,05 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 71,253 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 34,832 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 3-4;  ʂʨʠʭʢʠʡ; ʂʦʣiʨ ʙʝʟʙʘʨʚʥʠʡ, ʙiʣʠʡ,  

ʩiʨʫʚʘʪʦ-, ʢʦʨʠʯʥʫʚʘʪʦ-, ʯʝʨʚʦʥʫʚʘʪʦ-ʙiʣʠʡ, ʞʦʚʪʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ; ɹʣʠʩʢ ʧʝʨʣʘʤʫʪʨʦʚʠʡ, 

ʩʢʣʷʥʠʡ; ʇʨʦʟʦʨʠʡ, ʤʫʪʥʦ-ʧʨʦʩʚiʯʫʶʯʠʡ; 

7,80 70 200 2,350 10 223 

6,63 60 001 2,270 10 603 

5,95 10 220 2,196 10 623 

5,28 50 311 2,120 20 730 

5,10 70 310 2,078 20 172 

4,65 60 131 2,010 20 752,753 

4,36 20 401 1,963 30 541,572 

3,92 100 421 1,850 10 082 

3,72 20 241 1,814 10 840 

3,56 20 321 1,770 30 102, 243 

3,42 70 222 1,722 10 2.10.1 

3,32 10 002 1,698 20 9.5.1 

3,19 50 422 1,662 10 004 
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ɸʩʦʮiʶʻ ʟ  ʮʝʦʣiʪʘʤʠ (ʜʝʩʤiʥʦʤ, ʰʘʙʘʟʠʪʦʤ), ʢʚʘʨʮʦʤ, 

ʢʘʣʴʮʠʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://webmineral.com/data/Heulandite-Ca.shtml 

http://database.iem.ac.ru/mincryst/ (carta 1955) 

http://wiki.web.ru/wiki/ɻʝʡʣʘʥʜʠʪ 

3,13 40 510 1,639 10 554, 024 

2,959 90 350 1,608 10 713,2.10.2 

2,805 70 530,621 1,585 10 143 

2,730 40 532 1,561 10 154,881 

2,667 10 042 1,512 10 193, 11.3.1 

2,529 20 152 ʑʝ 5 ʣiʥiʡ ʜʦ d=1,360 ¡  

 

 

 

 

 

 

 

ʇIɼʂʃɸʉ ʉʀʃIʂɸʊIɺ ɿ ʆʉʊʈIɺʅʆʖ  ɹʋɼʆɺʆʖ. 

ʉʀʃIʂɸʊʀ ɹɽɿ ɼʆɼɸʊʂʆɺʀʍ ɸʅIʆʅIɺ. 

ɻʨʫʧʘ ʦʣiʚiʥʫ. 

 

 

ASTM 7-74  

d, ¡ 2,458   3,883  2,512  2,768  5,10  Mg2SiO4    2(Mg0,96 Fe0,04O)*SiO2 59. 

I/I1   100  70 70  60  50  ʌʦʨʩʪʝʨʠʪ (Forsterite)     ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Fe Ka l= 1,9373. ʌiʣʴʪʨ Mn. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 5,10 50 020 2,032 5 132 

ʉʠʥʛʦʥiʷ: ʨʦʤʙiʯʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ.  ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 

 
16

h2D  - Pbnm  ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ: ao =4,754¡; 

bo=10,194 ¡;  co= 5,981 ¡; ɸ =0,4664; ʉ = 0,5867;  Z = 4;  

ʆʙ'ʻʤ Vc=289,85 ¡3;  ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm=43,65 ʩʤ
3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx =3,22 ʛ/ʩʤ3;    ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 3,271 ʛ/ʩʤ3;  

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 98,833 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 30,665 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 6,5 - 7; ʂʦʣiʨ ʞʦʚʪʫʚʘʪʦ-ʙʫʨʠʡ, ʙiʣʠʡ, ʩiʨʠʡ, ʨʦʞʝʚʦ-

ʙiʣʠʡ, ʩʚiʪʣʦ-ʬiʦʣʝʪʦʚʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ;  

ɹʣʠʩʢ ʩʠʣʴʥʠʡ ʩʢʣʷʥʠʡ, ʧʝʨʣʘʤʫʪʨʦʚʠʡ; ʇʨʦʟʦʨʠʡ ʯʠ  

ʧʨʦʩʚiʯʫʻ; ng = 1,745; nm = 1,722; np = 1,752;  2V = 80̄ - 88̄ ; 

ɸʩʦʮiʶʻ ʟ  ʧiʨʦʬiʣiʪʦʤ, ʩʝʨʠʮʠʪʦʤ, ʨʫʪʠʣʦʤ, ʪʦʧʘʟʦʤ,  

ʢʦʨʫʥʜʦʤ, ʭʣʦʨʠʪʦʾʜʦʤ,  ʢʘʦʣiʥiʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Forsterite.shtml  

http://database.iem.ac.ru/mincryst/ (carta 1570) 

http://wiki.web.ru/wiki/ʌʦʨʩʪʝʨʠʪ 

7,30 10 110 1,876 20 150 

3,883 70 021 1,876 5 151 

3,723 10 101 1,750 40 222 

3,496 10 111 1,740 10 240 

3,478 20 120 1,731 10 123 

3,007 10 121 1,671 10 241 

2,992 10 002 1,636 10 061 

2,768 60 130 1,634 10 232 

2,512 70 131 1,619 20 133 

2,458 100 112 1,590 5 152 

2,383 5 200 1,497 20 004 

2,347 20 041 1,479 20 062 

2,316 10 210 1,397 10 170 

2,269 40 122 1,388 5 312 

2,250 30 140    

1,351 20 322    

1,316 10 134    

2,161 10 220    

 

 

 

 

ASTM 7-158  

d, ¡ 2,810   2,489 2,549 1,769 3,535 (Fe,Mg)2SiO4; 2(Fe0,59 Mg 0,41 )0.SiO2 60. 

I/I1  100 70 60 40  30 ʌʘʷʣiʪ ʤʘʛʥʝʟiʘʣʴʥʠʡ (Fayalite)  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Fe Ka l= 1,9373. ʌiʣʴʪʨ Mn. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 5,21 20 020 1,834 5 113 

ʉʠʥʛʦʥiʷ: ʨʦʤʙiʯʥʘ. ʇʨʠʤiʪʠʚʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
16

h2D  - Pbnm  

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾʢʦʤiʨʢʠ:   ao = 4,82 ¡;  

bo= 10,479¡; co= 6,087 ¡; ɸ = 0,4618; ʉ = 0,5834;  Z= 4; 

ʆʙ'ʻʤ Vc= 307,45 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm= 46,3 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 4,2 ʛ/ʩʤ3;    ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ = 4,4 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 208,564 1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 47,39 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ 6,5 - 7; ʂʦʣiʨ ʟʝʣʝʥʫʚʘʪʦ-ʞʦʚʪʠʡ, ʞʦʚʪʠʡ, ʙʫʨʠʡ;  

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙiʣʠʡ;  

ɹʣʠʩʢ ʩʠʣʴʥʠʡ ʩʢʣʷʥʠʡ, ʧʝʨʣʘʤʫʪʨʦʚʠʡ; ʇʨʦʟʦʨʠʡ ʯʠ  

3,945 20 021 1,820 10 151 

3,762 10 101 1,769 40 222 

3,535 30 111 1,761 10 240 

3,045 5 121 1,753 5 123 

3,027 10 002 1,693 10 241 

2,810 100 130 1,665 20 061 

2,616 20 022 1,640 10 133 

2,599 10 040 1,615 10 152 

2,549 60 131 1,595 10 043 

2,489 70 112 1,531 5 213 

2,400 5 200 1,525 5 242 

2,389 20 041 1,515 20 004 

http://www.webmineral.com/data/Forsterite.shtml
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ʧʨʦʩʚiʯʫʻ; ng = 1,745; nm = 1,722; np = 1,752;  2V = 69̄ ; 

ɸʩʦʮiʶʻ ʟ ʧʽʨʦʢʩʝʥʘʤʠ, ʧʣʘʛʦ̔ʢʣʘʟʘʤʠ, ʛʨʘʥʘʪʘʤʠ, 

ʘʧʘʪʠʪʦʤ, ʤʘʛʥʝʪʠʪʦʤ, ̔ ʣʴʤʝʥʪ̔ʦʤ, h ʧ̔ʥʝʣʣ ;ʁ 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Fayalite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 1432) 

http://wiki.web.ru/wiki/ʌʘʷʣʠʪ 

2,340 5 210 1,504 20 062 

2,297 20 122 1,419 5 170 

2,286 30 140 1,414 5 233 

2,184 10 220,211 1,403 5 312 

2,062 5 132 1,367 10 322 

1,974 5 221,230 1,333 10 134 

1,908 10 150 1,275 5 262 

 

 

 

 

 

 

ɻʨʫʧʘ ʛʨʘʥʘʪʫ. 

 

ASTM 3-0826  

d, ¡ 2,65 1,58 2,96 1,65 1,92 Ca3Al2Si3O12   3CaO*Al2O3*3SiO2 61. 

I/I1 100 90 80 80 70 ɻʨʦʩʫʣʷʨ (Grossular)  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Mo Ka l= 0,709. ʌiʣʴʪʨ Zr . d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 2,96 80 400 1,21 20 842 

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ.  ʆʙô̒ ʤʥʦ-ʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ.  ʇʨʦʩʪʦʨʦʚʘ ʛʨʫ-

ʧʘ: 
10

hO  - Ia3d     ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤiʨʢʠ: ao = 11,847 ¡;  

Z = 8; ʆʙ'ʻʤ Vc= 1662,74 ¡3; ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm= 125,19 ʩʤ
3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx = 3,6  ʛ/ʩʤ3;    ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ =  3,60 ʛ/ʩʤ3; ʃiʥiʡʥʠʡ 

ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 234,934  1/ʩʤ (ʩʤ-1); ʄʘʩʦʚʠʡ 

ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ=  65,302  ʩʤ2/ʛ; ʊʚʝʨʜiʩʪʴ  6,5-7; 

ʂʦʣiʨ ʙʝʟʙʘʨʚʥʠʡ, ʙ̔ʣʠʡ, ʙʣ̔ʜʥʦ-ʟʝʣʝʥʠʡ, ʟʝʣʝʥʫʚʘʪʦ-ʞʦʚʪʠʡ, 

ʷʙʣʦʯʥʦ-ʟʝʣʝʥʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʢʦʨʠʯʥʝʚʦ-ʙʽʣʠʡ; 

ɹʣʠʩʢ ʩʢʣʷʥʠʡ, ʤʘʩʥʠʡ; 

ɸʩʦʮiʶʻ ʟ   ʚʦʣʘʩʪʦʥʪ̔ʦʤ, ʜ̔ʦʧʩʠʜʦʤ, ʚʝʟʫʚʘ̔ʥʦʤ, ʩʢʘʧʦʣʪ̔ʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Grossular.shtml 

http://database.iem.ac.ru/mincryst/ (carta 1810) 

http://wiki.web.ru/wiki/ɻʨʦʩʩʫʣʷʨ 

2,65 100 420 1,16 10 10.2.0 

2,53 20 332 1,11 50 10.4.0 

2,44 60 422 1,08 40 10.4.2 

2,33 50 510 1,05 40 880 

2,16 60 431 0,993 10 12.0.0 

2,10 20 521 0,976 10 12.2.0 

1,92 70 440 0,960 30 10.6.4 

1,71 60 611 0,883 20 12.6.0 

1,65 80 532    

1,58 90 444    

1,49 50 640    

1,46 10 642    

1,33 50 800    

1,30 60 741    

1,27 20 840    

 

 

 

 

 

 

ASTM 10-288  

d, ¡ 2,696 3,015 1,6112 2,462 1,9564 Ca3Fe2Si3O12 62. 

I/I1 100 60 60 40 25 ɸʥʜʨʘʜʠʪ (Andradite)  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ. 4,263 14 220 1,2309 4 844 

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ʆʙô̒ ʤʥʦ-ʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
10

hO  - Ia3d   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao =  12,0610  ¡;  Z = 8;  ʆʙ'ʻʤ Vc= 1754,49 ¡3; 

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm= 132,10 ʩʤ
3/ʤʦʣʴ;  

ɻʫʩʪʠʥʘ Dx =  3,7  ʛ/ʩʤ3;    ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ =  3,85 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 463,192  1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 120,419 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ  6,5-7; ʂʦʣiʨ ʟʝʣʝʥʫʚʘʪʦ-ʞʦʚʪʠʡ, ʟʝʣʝʥʠʡ, ʯʦʨʥʠʡ, 

ʢʦʨʠʯʥʝʚʠʡ, ʩʚ̔ʪʣʦ-ʙʫʨʠʡ, ʯʝʨʚʦʥʠʡ; ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ 

(ʨʠʩʠ) ʙʽʣʠʡ; ɹʣʠʩʢ ʘʣʤʘʟʥʠʡ, ʩʤʦʣʷʥʠʡ, ʪʴʤô̫ ʥʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʛʝʜʝʥʙʝʨʛʪ̔ʦʤ, ʚʝʟʫʚʘ̔ʥʦʤ, ʝʧ̔ʜʦʪʦʤ,  

 ʰʝʝʣ̔ʪʦʤ, ʤʘʛʥʝʪʠʪʦʤ, ʚʦʣʘʩʪʦʥʽʪʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Andradite.shtml 

http://database.iem.ac.ru/mincryst/ (carta 211) 

3,015 60 440 1,2182 6 941 

2,696 100 420 1,1195 25 10.4.0 

2,571 14 332 1,1008 16 10.4.2 

2,462 45 422 1,0659 14 880 

2,365 18 510 1,0049 8 12.0.0 

2,202 18 521 0,9912 8 12.2.0 

1,9564 25 611 0,9781 18 12.2.2 

1,9068 12 620 0,8988 8 12.6.0 

1,7406 10 444 0,8889 6 12.6.2 

1,6728 25 640 0,8703 6 888 

1,6412 4 721 0,8527 4 14.2.0 

1,6112 60 642 0,8361 4 12.8.0 

1,5073 14 800 0,8282 8 14.4.0 

1,4213 4 822 0,8205 16 14.4.2 

1,3483 14 840    

1,3157 20 842    
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http://wiki.web.ru/wiki/ɸʥʜʨʘʜʠʪ 1,2856 14 664    

 

 

 

 

 

 

 

 

 

 

 

 

  

ASTM 15-742  

d, ¡ 2,562   2,965 1,5312 2,443 1,5890 Mg3Al2(SiO4)3 63. 

I/I1 100 60 50 40 30 ʇiʨʦʧ (Pyrope)     ʉʠʥʪʝʪʠʯʥʠʡ  

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

ɼʠʬʨʘʢʪʦʤʝʪʨ.    4,677  8 211 1,4320 10 800 

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ʆʙô̒ ʤʥʦ-ʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
10

hO  - Ia3d   ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:  ao =  11,5120  ¡;  Z = 8; ʆʙ'ʻʤ Vc= 1525,64 ¡3; 

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm= 114,87 ʩʤ
3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx =  3,5   ʛ/ʩʤ3;    ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ =  3,51 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 110,991  1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ = 31,630 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ  7-7,5; ʂʦʣiʨ ʢʨʦʚô̫ ʥʦ-ʯʝʨʚʦʥʠʡ, ʧʦʤʘʨʘʥʯʝʚʦ-

ʯʝʨʚʦʥʠʡ, ʧʫʨʧʫʨʦʚʦ-ʯʝʨʚʦʥʠʡ, ʪʝʤʥʦ-ʨʦʞʝʚʦ-ʯʝʨʚʦʥʠʡ,  

ʨʽʜʰʝ ʯʝʨʚʦʥʦ-ʯʦʨʥʠʡ; 

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙʽʣʠʡ; ɹʣʠʩʢ ʩʢʣʷʥʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʘʣʤʘʟʦʤ, ʦʣʽʚʽʥʦʤ, ʰʧʽʥʝʣʣʶ, ʧʽʨʦʢʩʝʥʦʤ,  

ʩʝʨʧʝʥʪʠʥʦʤ, ʩʘʧʦʥʽʥʦʤ; 

ʈʝʩʫʨʩʠ ʚ Iʥʪʝʨʥʝʪi: 

http://www.webmineral.com/data/Pyrope.shtml 

http://database.iem.ac.ru/mincryst/ (carta 3827) 

http://wiki.web.ru/wiki/ʇʠʨʦʧ 

4,053 4 220 1,4102 4 741 

3,063 8 321 1,3897 4 820 

2,865 60 400 1,3696 4 653 

2,562 100 420 1,3506 2 822 

2,443 40 332 1,3323 2 831 

2,339 20 422 1,2976 4 752 

2,247 25 431 1,2811 10 840 

2,092 14 521 1,2503 10 842 

2,0256 8 440 1,2355 6 921 

1,8588 16 611 1,2216 6 664 

1,8120 8 620 1,2079 4 851 

1,7678 2 541 1,1693 <2 844 

1,6894 2 631 1,1575 6 941 

1,6540 12 444 1,1343 2 10.1.1 

1,6205 2 543 1,1235 2 10.2.0 

1,5890 30 640 1,0927 <2 943 

1,5594 2 721 1,0927 <2 10.31 

1,5312 50 642 1,0729 2 871 

1,4551 2 732    

ɼʦ d = 0,7867  ¡ -31 ʣiʥiʷ 

 

 

 

 

 

 

ASTM 9-427  

d, ¡ 2,569 1,540 2,8731 1,5999 4,04 Fe3 Al2(SiO4)3      3FeO*Al2O3*3SiO2 64. 

I/I1   100 50 40 40 30 ɸʣʴʤʘʥʜʠʥ (Almandine)      

ʋʤʦʚʠ ʟʡʦʤʢʠ: Cu Ka l= 1,5405. ʌiʣʴʪʨ Ni. d, ¡ I/I1 hkl d, ¡ I/I1 hkl 

I/I 1 ï ɺiʟʫʘʣʴʥʦ. 4,04   30 220 1,019 10 880 

ʉʠʥʛʦʥiʷ: ʢʫʙiʯʥʘ. ʆʙô̒ ʤʥʦ-ʮʝʥʪʨʦʚʘʥʘ ʛʨʘʪʢʘ. 

ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ: 
10

hO  - Ia3d  ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ ʾ

ʢʦʤiʨʢʠ:   ao =  11,531 ¡;  Z = 8;     ʆʙ'ʻʤ Vc= 1533,21 ¡3; 

ʄʦʣʷʨʥʠʡ ʦʙ'ʻʤ Vm= 115,44 ʩʤ3/ʤʦʣʴ; 

ɻʫʩʪʠʥʘ Dx =  4,25   ʛ/ʩʤ3;    ʈʝʥʛ. ʛʫʩʪʠʥʘ ɟ =  4,31 ʛ/ʩʤ3; 

ʃiʥiʡʥʠʡ ʢʦʝʬiʮiʻʥʪ  ʧʦʛʣʠʥʘʥʥʷ Õ = 209,274  1/ʩʤ (ʩʤ-1); 

ʄʘʩʦʚʠʡ ʢʦʝʬiʮiʻʥʪ ʧʦʛʣʠʥʘʥʥʷ Õ*=Õ/ɟ= 48,541 ʩʤ2/ʛ; 

ʊʚʝʨʜiʩʪʴ  7-7,5; ʂʦʣiʨ ʢʦʨʠʯʥʝʚʠʡ, ʢʦʨʠʯʥʝʚʦ-ʯʝʨʚʦʥʠʡ, 

ʯʝʨʚʦʥʠʡ, ʯʦʨʥʠʡ, ʞʦʚʪʫʚʘʪʦ-ʯʝʨʚʦʥʠʡ, ʧʦʤʘʨʘʥʯʝʚʠʡ;  

ʂʦʣiʨ ʫ ʧʦʨʦʰʢʫ (ʨʠʩʠ) ʙʽʣʠʡ; ɹʣʠʩʢ ʩʢʣʷʥʠʡ; 

ɸʩʦʮiʶʻ ʟ  ʢʽʘʥʽʪʦʤ, ʜʽʩʪʝʥʦʤ, ʤʫʩʢʦʚʽʪʦʤ, ʙʽʦʪʠʪʦʤ,  

2,873   40 400 0,947 5 12.2.0 

2,569  100 420 0,935 10 12.2.2 

2,447    5 332 0,869 5 12.4.4 

2,348   20 422 0,860 10 12.6.0 

2,257   20 510 0,850 5 12.6.2 

2,102   20 521 0,835 5 888 

2,043   10 440 0,792 20 14.4.0 

1,866   30 611 0,785 30 14.4.2 

1,660   30 444    

1,599   40 640    

1,540   50 642    

1,441   20 800    








































































