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ɿʘʛʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ 

ʂʦʥʪʨʦʣʴʥʘ ʨʦʙʦʪʘ ʟ ʜʠʩʮʠʧʣʽʥʠ çɺôʷʞʫʯʽ ʤʘʪʝʨʽʘʣʠ, ʙʫʜʽʚʝʣʴʥʽ 

ʨʦʟʯʠʥʠ ʪʘ ʙʝʪʦʥʠè ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʢʦʥʪʨʦʣʴ ʟʥʘʥʴ ʩʪʫʜʝʥʪʽʚ ʧʨʦ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʫ ʩʫʪʴ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʦʜʝʨʞʘʥʥʷ, ʪʚʝʨʜʥʝʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚô̫ ʞʫʯʠʭ ʨʝʯʦʚʠʥ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʥʘ ʦʩʥʦʚʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ ʾʭ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʠʪʠ 

ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʚô̫ ʞʫʯʦʛʦ ʽ ʧʨʦʜʫʢʪʽʚ ʡʦʛʦ ʛʽʜʨʘʪʘʮʽʾ, ʧʽʩʣʷ ʯʦʛʦ 

ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʚôʷʞʫʯʦʛʦ ʪʘ ʩʬʝʨʫ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥ ̫ ʟʘʚʜʘʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʥʘʙʫʪʪʷ ʚʤʽʥʥʷ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ 

ʧʦʣʽʤʽʥʝʨʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽ ʟʘʢʨʽʧʣʝʥʥʷ ʟʥʘʥʴ ʚ ʦʙʣʘʩʪʽ ʢʦʥʢʨʝʪʥʦʾ ʚô̫ ʞʫʯʦʾ 

ʨʝʯʦʚʠʥʠ. 

ʂʦʥʪʨʦʣʴʥʘ ʨʦʙʦʪʘ  ʤʘʻ ʙʫʪʠ ʚʠʢʦʥʘʥʘ ʩʪʫʜʝʥʪʦʤ  ʧʽʜ ʯʘʩ ʚʠʚʯʝʥʥʷ 

ʥʘʚʯʘʣʴʥʦʾ ʜʠʩʮʠʧʣʽʥʠ. ɿʘ ʚʠʢʦʥʘʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʢʦʥʪʨʦʣʴʥʦʾ ʨʦʙʦʪʠ 

ʩʪʫʜʝʥʪ ʧʨʦʭʦʜʠʪʴ ʩʧʽʚʙʝʩʽʜʠ ʟ ʚʠʢʣʘʜʘʯʝʤ, ʷʢʽ ʻ ʧʽʜʩʪʘʚʦʶ ʦʪʨʠʤʘʥʥʷ ʥʠʤ 

ʟʘʣʽʢʫ. ɼʣʷ ʧʽʜʛʦʪʦʚʢʠ  ʩʪʫʜʝʥʪ ʦʪʨʠʤʫʻ ʧʠʪʘʥʥʷ ʜʣʷ ʩʘʤʦʢʦʥʪʨʦʣʶ ʟʥʘʥʴ 

ʟʘ ʜʠʩʮʠʧʣʽʥʦʶ. 

1. ʊʝʤʘʪʠʢʘ, ʟʤʽʩʪ ʪʘ ʧʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʢʦʥʪʨʦʣʴʥʦʾ ʨʦʙʦʪʠ 

ʊʝʤʘʪʠʢʘ ʨʦʙʦʪʠ ʦʭʦʧʣʶʻ ʚʩʽ ʨʦʟʜʽʣʠ ʢʫʨʩʫ, ʾʾ ʧʨʝʜʤʝʪʦʤ ʤʦʞʫʪʴ 

ʙʫʪʠ ʧʨʝʜʩʪʘʚʥʠʢʠ ʧʦʚʽʪʨʷʥʠʭ ʽ ʛʽʜʨʘʚʣʽʯʥʠʭ ʚô̫ ʞʫʯʠʭ ʷʢ ʦʜ-

ʥʦʢʦʤʧʦʥʝʥʪʥʽ (ʧʦ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ), ʪʘʢ ʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ. 

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʦ ʟʘʚʜʘʥʥʷ ʻ: 

- ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ ʚʠʭʽʜʥʦʾ ʨʝʯʦʚʠʥʠ (ʨʝʯʦʚʠʥ); 

- ʢʨʠʚʘ ʜʠʬʝʨʝʥʮʽʡʥʦ-ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʭʽʜʥʦʾ ʨʝʯʦʚʠʥʠ. 

ɿʘʚʜʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʝʪʘʧʥʦ ʫ ʚʢʘʟʘʥʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

 

1.1. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʚô̫ ʞʫʯʠʭ ʨʝʯʦʚʠʥ 

 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʤʝʪʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʨʦʜʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟ,  ʱʦ ʤʽʩʪʷʪʴʩʷ  ʚ  ʤʘʪʝʨʽʘʣʽ, ʷʢʠʡ  

ʜʦʩʣʽʜʞʫʻʪʴʩʷ.  ɺʠʢʦʨʠʩʪʘʥʥʷ  ʮʴʦʛʦ  ʤʝʪʦʜʫ  ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʫ 

ʧʦʨʦʰʢʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʷʢʠʤ ʻ ʚô̫ ʞʫʯʝ, ʦʩʥʦʚʘʥʝ ʥʘ ʪʦʤʫ, ʱʦ ʢʦʞʥʘ 

ʢʨʠʩʪʘʣʽʯʥʘ ʩʧʦʣʫʢʘ ʜʘʻ ʜʠʬʨʘʢʮʽʡʥʫ ʢʘʨʪʠʥʫ (ʨʝʥʪʛʝʥʦʛʨʘʤʫ) ʟ ʥʘʙʦʨʦʤ 
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ʣʽʥʽʡ (ʜʠʬʨʘʢʮʽʡʥʠʭ ʤʘʢʩʠʤʫʤʽʚ, ʨʝʬʣʝʢʩʽʚ) ʧʝʚʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ʚʠʩʦʪʘ 

ʨʝʬʣʝʢʩʫ). ɼʠʬʨʘʢʮʽʡʥʘ ʢʘʨʪʠʥʘ ʘʤʦʨʬʥʦʾ ʘʙʦ ʩʢʣʦʚʠʜʥʦʾ ʨʝʯʦʚʠʥʠ ʥʝ ʜʘʻ 

ʤʘʢʩʠʤʫʤʽʚ. ʈʦʙʦʪʘ ʟ ʨʝʥʪʛʝʥʦʛʨʘʤʦʶ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ 

ʨʝʯʦʚʠʥʠ ʧʦ ʩʫʪʽ ʷʚʣʷʻʪʴʩʷ ʩʧʽʚʩʪʘʚʣʝʥʥʷʤ ʟʥʘʯʝʥʴ ʤʽʞʧʣʦʱʠʥʥʠʭ 

ʚʽʜʩʪʘʥʝʡ (d) ʽ ʾʭ ʚʽʜʥʦʩʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ɯ) ʟ ʪʠʤʠ, ʷʢʽ ʧʨʠʚʠʜʷʪʴʩʷ ʟ 

ʣʽʪʝʨʘʪʫʨʽ ʜʣʷ ʝʪʘʣʦʥʥʠʭ ʨʝʯʦʚʠʥ. ʗʢʱʦ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʽ ʨʝʯʦʚʠʥʠ 

ʚô̫ ʞʫʯʦʛʦ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴ, ʟʘʬʽʢʩʦʚʘʥʽ ʜʠʬʨʘʢʮʽʡʥʽ ʤʘʢʩʠʤʫʤʠ ʽʟ 

ʟʥʘʯʝʥʥʷʤʠ d ʽ ɯ, ʱʦ ʩʧʽʚʧʘʜʘʶʪ ɹʟ ʝʪʘʣʦʥʥʠʤʠ ʨʝʥʪʛʝʥʦʛʨʘʤʘʤʠ ʩʧʦʣʫʢ, 

ʪʦ ʮʝ ʟʥʘʯʠʪʴ, ʱʦ ʪʘʢʘ ʩʧʦʣʫʢʘ, ʧʨʠʩʫʪʥ ̫ʚ ʤʘʪʝʨʽʘʣʽ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴ. ɺ 

ʟʚô̫ ʟʢʫ ʟ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʾʭ ʧʦʻʜʥʘʥʴ ʜʦ ʧʦʯʘʪʢʫ 

ʨʦʟʰʠʬʨʦʚʢʠ ʥʝʦʙʭʽʜʥʦ ʟʚʫʟʠʪʠ ʢʦʣʦ ʧʦʰʫʢʫ, ʱʦ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʟʘ 

ʨʘʭʫʥʦʢ ʚʽʜʧʦʚʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢ ʚ ʜʦʜ. 1 ʥʘʚʦʜʠʪʴʩʷ ʧʝʨʝʣʽʢ ʪʠʭ 

ʚô̫ ʞʫʯʠʭ ʘʙʦ ʾʭ ʩʢʣʘʜʦʚʠʭ, ʩʝʨʝʜ ʷʢʠʭ ʚʝʜʝʪʴʩʷ ʧʦʰʫʢ ʚô̫ ʞʫʯʦʾ ʨʝʯʦʚʠʥʠ. 

ʈʦʙʦʪʘ ʟ ʨʝʥʪʛʝʥʦʛʨʘʤʦʶ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʚʠʢʦʥʘʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ 

ʦʧʝʨʘʮʽʡ: 

1) ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ ʧʨʝʧʘʨʘʪʫ ʚ ʨʝʥʪʛʝʥʽʚʩʴʢʽʡ ʫʩʪʘʥʦʚʮʽ, (q); 

2) ʚʠʟʥʘʯʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ (d), ʽ ʾʭ ʽʥʪʝʥʩʠʚʥʦʩʪʽ (ɯ). 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʟʥʘʯʠʪʠ ʢʫʪʠ ʧʦʚʦʨʦʪʫ, ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ 

ʚʢʘʟʘʥʠʡ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʽ ʢʫʪ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʧʦʢʘʟʘʪʠ ʥʫʤʝʨʘʮʽʶ 

ʚʩʽʭ ʢʫʪʽʚ ʟ ʽʥʪʝʨʚʘʣʦʤ ʚ 1Á. ʅʘʧʨʠʢʣʘʜ, ʧʦʢʘʟʘʥʦ, ʱʦ 2q-6Á, ʦʪʞʝ, ʧʝʨʰʠʡ 

ʰʪʨʠʭ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʽ ʬʽʢʩʫʻ 2q-7Á, ʘ ʥʘʩʪʫʧʥʠʡ 2q-8Á ʽ ʪ.ʜ. 

ɺʠʟʥʘʯʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ (d) ʚ ʢʨʠʩʪʘʣʘʭ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ ɺʫʣʴʬʘ-ɹʨʝʛʛʘ: 

 

l = 2d sin q, 

ʜʝ l ï ʜʦʚʞʠʥʘ  ʭʚʠʣʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, l-1,54050 
a

A  (ʜʣʷ 

ʤʽʜʥʦʛʦ ʘʥʦʜʫ), q ï ʢʫʪ ʧʦʚʦʨʦʪʫ ʟʨʘʟʢʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʥʦʤʫ ʮʽʣʦʤʫ ʽ 

ʜʨʦʙʦʚʦʤʫ ʟʥʘʯʝʥʥʶ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʦʾ 

ʚʽʜʩʪʘʥʽ. 

ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʚ ʦʙʣʘʩʪʽ ʢʫʪʽʚ 

ʧʦʚʦʨʦʪʫ ʚʽʜ 2q-5  ̄ ʜʦ 2q-60̄  (ʪʨʘʜʠʮʽʡʥʘ ʦʙʣʘʩʪʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚô̫ ʞʫʯʠʭ) ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ ʜʦʜ. 2. 

ʋ ʨʦʟʰʠʬʨʦʚʮʽ ʨʝʥʪʛʝʥʦʛʨʘʤ ʢʦʞʥʠʡ ʨʝʬʣʝʢʩ (ʧʽʢ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʽ) 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʧʦʢʘʟʥʠʢʦʤ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʚʝʜʝʥʠʭ 

ʚ ʟʛʘʜʘʥʽʡ ʪʘʙʣʠʮʽ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʜʠʬʨʘʢʮʽʡʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʦʮʽʥʶʻʪʴʩʷ 
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ʷʢʽʩʥʦ ʽ ʢʽʣʴʢʽʩʥʦ ʫ ʚʽʜʥʦʩʥʠʭ ʫʤʦʚʥʠʭ ʦʜʠʥʠʮʷʭ (%, ʩ.; ʜ.ʩ.; ʩʣ.; ʜ.ʩʣ. ʽ ʪ.ʜ.). 

ʇʨʠʢʣʘʜ ʧʽʜʛʦʪʦʚʣʝʥʦʾ ʜʦ ʨʦʟʰʠʬʨʦʚʢʠ ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʥʘʚʝʜʝʥʠʡ ʫ ʜʦʜ. 3. 

ɼʘʣʽ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʣʽʪʝʨʘʪʫʨʽ, ʘ ʪʘʢʦʞ ʥʘʚʝʜʝʥʠʭ ʚ 

ʜʦʜ. 4, ʽʜʝʥʪʠʬʽʢʫʶʪʴ ʨʝʯʦʚʠʥʫ ʧʦ ʩʧʽʚʧʘʜʘʥʥʶ ʜʠʬʨʘʢʮʽʡʥʠʭ ʢʘʨʪʠʥ 

ʰʫʢʘʥʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʜʦʚʽʜʢʦʚʦʾ, ʟʚʝʨʪʘʶʯʠ ʫʚʘʛʫ ʷʢ ʥʘ ʟʥʘʯʝʥʥʷ 

ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ, ʪʘʢ ʽ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʝʬʣʝʢʩʫ. ʉʣʽʜ ʧʘʤô̫ ʪʘʪʠ, 

ʱʦ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʩʧʽʚʧʘʜʘʥʥʶ ʥʝ ʤʝʥʰ, ʥʽʞ ʪʨʴʦʭ 

ʨʝʬʣʝʢʩʽʚ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʚʝʨʰʫʶʪʴʩʷ ʨʦʟʰʠʬʨʦʚʢʦʶ 

ʦʜʝʨʞʘʥʦʾ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʜʠʬʨʘʢʮʽʡʥʦʶ ʢʘʨʪʠʥʦʶ ʧʨʦʜʫʢʪʽʚ 

ʛʽʜʨʘʪʘʮʽʾ ʽ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʮʠʭ ʧʨʦʜʫʢʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʘʥʽʰʝ ʦʜʝʨʞʘʥʠʭ 

ʽ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ ʛʽʜʨʘʪʘʮʽʾ ʚô̫ ʞʫʯʦʛʦ, ʷʢʝ 

ʨʦʟʛʣʷʜʘʶʪʴ. 

ʗʢ ʧʨʠʢʣʘʜ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʧʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚô̫ ʞʫʯʦʛʦ 

ʨʦʟʛʣʷʥʝʤʦ ʨʝʥʪʛʝʥʽʚʩʴʢʫ ʜʠʬʨʘʢʮʽʡʥʫ ʢʘʨʪʠʥʫ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ 

ʚʘʧʥʷʥʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʦʛʦ ʚô̫ ʞʫʯʦʛʦ (ʜʠʚ. ʜʦʜ. 5). ʈʝʥʪʛʝʥʦʛʨʘʤʘ ʦʜʝʨʞʘʥʘ 

ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ ɼʈʆʅ-1,5 ʽ ʧʽʜʛʦʪʦʚʣʝʥʘ ʜʦ ʘʥʘʣʽʟʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʰʠʬʨʦʚʢʠ ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʜʦʮʽʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʽ ʪʘʢʦʾ ʬʦʨʤʠ. 

 

ʊʘʙʣʠʮʷ 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʚʘʧʥʷʥʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʦʛʦ 

ʚô̫ ʞʫʯʦʛʦ 

ʂʫʪ ʧʦʚʦʨʦʪʫ, 

q 

d, ʥʤ ɯ ɯʜʝʥʪʠʬʽʢʦʚʘʥʘ ʬʘʟʘ 

10,2 

13,9 

14,4 

15,0 

15,5 

19,5 

23,5 

24,1 

25,0 

0,425 

0,335 

0,303 

0,280 

0,284 

0,228 

0,193 

0,183 

0,181 

ʩ. 

ʩ. 

ʜ.ʜ.ʩ. 

ʩ. 

ʩ. 

ʩ. 

ʩ. 

ʩ. 

ʩ. 

ʢʚʘʨʮ 

ʢʚʘʨʮ 

ʢʘʣʴʮʠʪ, CSH 

CSH 

CSH 

ʢʘʣʴʮʠʪ 

ʢʘʣʴʮʠʪ 

CSH 

ʢʚʘʨʮ 
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ʅʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʡ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʽ ʧʽʢ ʟ d-0.303 ʥʤ. ɺʽʜʦʤʦ, ʱʦ 

ʦʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʛʽʜʨʘʪʘʮʽʾ ʚʘʧʥʷʥʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʦʛʦ ʚô̫ ʞʫʯʦʛʦ ʻ ʬʘʟʘ 

ʛʽʜʨʦʩʠʣʽʢʘʪʫ ʢʘʣʴʮʽʶ. ʎʽʡ ʬʘʟʽ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʫʤ ʤʽʞʧʣʦʱʠʥʥʦʾ 

ʚʽʜʩʪʘʥʽ ʟ    d-0,303 ʥʤ. ʎʝʡ ʨʝʬʣʝʢʩ ʜʦʧʦʚʥʶʶʪʴ ʧʨʠʩʫʪʥʽ ʧʽʢʠ ʟ  

d-0,284 ʥʤ ʽ d-0,183 ʥʤ. ɸʣʝ ʢʨʽʤ ʥʠʭ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʽ ʻ ʙʘʛʘʪʦ ʽʥʰʠʭ 

ʨʝʬʣʝʢʩʽʚ. ʄʦʞʥʘ ʜʦʧʫʩʪʠʪʠ ʧʨʠʩʫʪʥʽʩʪʴ ʚʠʭʽʜʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʱʦ ʥʝ 

ʚʩʪʫʧʠʣʠ ʚ ʨʝʘʢʮʽʶ, ʫ ʚʠʛʣʷʜʽ ʛʘʰʝʥʦʛʦ ʚʘʧʥʘ ʽ ʢʚʘʨʮʫ. ʇʝʨʝʚʽʨʢʘ ʟʥʘʯʝʥʴ 

ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʘʧʥʦ, ʧʦʢʘʟʘʣʘ ʾʭ 

ʚʽʜʩʫʪʥʽʩʪʴ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʽ, ʷʢʫ ʨʦʟʛʣʷʜʘʻʤʦ. ʈʘʟʦʤ ʟ ʪʠʤ, ʥʘʷʚʥʽʩʪʴ 

ʽʥʪʝʥʩʠʚʥʠʭ ʣʽʥʽʡ ʟ d-0,425; 0,335; 0,181 ʥʤ ʧʽʜʪʚʝʨʜʞʫʻ ʥʘʷʚʥʽʩʪʴ ʢʚʘʨʮʫ. 

ʊʦʤʫ ʚ ʧʨʦʜʫʢʪʘʭ ʛʽʜʨʘʪʘʮʽʾ ʧʨʠʩʫʪʥʽ ʧʦʨʷʜ ʟ ʛʽʜʨʦʩʠʣʽʢʘʪʦʤ ʢʘʣʴʮʽʶ, ʷʢ 

ʦʩʥʦʚʥʦʾ ʰʫʢʘʥʦʾ ʬʘʟʠ, ʢʚʘʨʮ, ʱʦ ʥʝ ʧʨʦʨʝʘʛʫʚʘʚ, ʽ ʢʘʨʙʦʥʽʟʦʚʘʥʝ ʚʘʧʥʦ ʫ 

ʚʠʛʣʷʜʽ ʢʘʣʴʮʠʪʫ. 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʨʦʟʰʠʬʨʦʚʢʠ ʧʨʠʨʦʜʠ ʥʦʚʦʫʪʚʦʨʝʥʴ ʚô̫ ʞʫʯʦʛʦ 

ʥʝʦʙʭʽʜʥʽ ʟʥʘʥʥʷ ʟ ʢʫʨʩʫ ʧʨʦ ʪʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʡʦʛʦ 

ʪʚʝʨʜʥʝʥʥʷ. 

ɼʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʙʝʨʫʪʴ ʜʦ ʫʚʘʛʠ ʨʝʟʫʣʴʪʘʪʠ, ʦʜʝʨʞʘʥʽ ʧʦ ʧ.1.1., ʘ 

ʪʘʢʦʞ ʜʘʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ-ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

 

1.2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ-ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ  

ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚô̫ ʞʫʯʠʭ ʨʝʯʦʚʠʥ 

 

ɯʜʝʥʪʠʬʽʢʫʶʯʠ ʚô̫ ʞʫʯ̔ ʨʝʯʦʚʠʥʠ, ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ-ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ 

ʜʘ̒ ʟʤʦʛʫ ʷʢʽʩʥʦ ʽ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʟʤʽʥʫ ʪʝʧʣʦʚʤʽʩʪʫ ʨʝʯʦʚʠʥʠ 

(ʝʥʪʘʣʴʧʽʾ) ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʽ ʧʦ ʮʴʦʤʫ ʧʦʢʘʟʥʠʢʫ ʩʫʜʠʪʠ ʧʨʦ ʧʨʠʨʦʜʫ 

ʩʘʤʦʾ ʨʝʯʦʚʠʥʠ. 

ʈʝʻʩʪʨʘʮʽʷ ʟʤʽʥʠ ʪʝʧʣʦʚʤʽʩʪʫ ʨʝʯʦʚʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʨʤʦʧʘʨʠ ʫ ʚʠʛʣʷʜʽ ʝʢʟʦ- ʽ ʝʥʜʦʝʬʝʢʪʽʚ. ʇʨʠʡʥʷʪʦ, ʱʦ ʫ ʝʥʜʦʪʝʨʤʽʯʥʠʭ 

ʧʨʦʮʝʩʘʭ, ʪʦʙʪʦ ʪʠʭ, ʷʢʽ ʟʚô̫ ʟʘʥʽ ʟ ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʦʪʠ ʨʝʯʦʚʠʥʦʶ ʟʘ 

ʨʘʭʫʥʦʢ ʜʠʩʧʝʨʛʫʚʘʥʥʷ (ʚʠʜʘʣʝʥʥʷ ʚʦʜʠ ʨʽʟʥʠʭ ʚʠʜʽʚ, ʜʠʩʦʮʽʘʮʽʷ), 

ʜʠʬʝʨʝʥʮʽʡʥʘ ʢʨʠʚʘ (ʪʝʨʤʦʛʨʘʤʘ) ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʥʫʣʴʦʚʦʾ ʛʦʨʠʟʦʥʪʘʣʽ 

ʚʥʠʟ, ʘ ʫ ʝʢʟʦʪʝʨʤʽʯʥʠʭ ʧʨʦʮʝʩʘʭ, ʪʦʙʪʦ ʪʠʭ, ʷʢʽ ʧʦʚô̫ ʟʘʥʽ ʟ ʚʠʜʽʣʝʥʥʷʤ 

ʪʝʧʣʦʪʠ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʜʝʥʩʫʚʘʥʥʷ (ʢʨʠʩʪʘʣʽʟʘʮʽʷ, ʦʢʠʩʣʝʥʥʷ), ï 

ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʛʦʨʫ. 

ʇʽʜʛʦʪʦʚʢʘ ʪʝʨʤʦʛʨʘʤʠ ʟʘʢʣʶʯʘʻʪʴʩʷ ʚ ʪʦʯʥʦʤʫ ʬʽʢʩʫʚʘʥʥʽ ʪʝʧʣʦʚʠʭ 

ʝʬʝʢʪʽʚ (ʝʥʜʦ- ʽ ʝʢʟʦ-), ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʥʘʛʨʽʚʘʥʥʷ ʨʝʯʦʚʠʥʠ, ʱʦ 
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ʜʦʩʣʽʜʞʫʻʪʴʩʷ. ʇʨʠʢʣʘʜ ʧʽʜʛʦʪʦʚʣʝʥʦʾ ʜʦ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʝʨʤʦʛʨʘʤʠ 

ʥʘʚʝʜʝʥʦ ʚ ʜʦʜ. 6. 

ɼʘʣʽ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ,  ʦʜʝʨʞʘʥʠʭ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥ ̫ʝʪʘʧʽʚ 

1.1 ʽ 1.2 ʧʨʦʚʦʜʠʪʴʩʷ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʟʘʬʽʢʩʦʚʘʥʠʭ ʝʬʝʢʪʽʚ ʟ ʪʠʤʠ, ʷʢʽ ʜʘʶʪʴ 

ʜʦʚʽʜʢʦʚʽ ʜʞʝʨʝʣʘ ʽ ʯʘʩʪʢʦʚʦ ʥʘʚʝʜʝʥʽ ʚ ʜʦʜ. 4. ɸʥʘʣʦʛʽʯʥʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ 

ʪʝʨʤʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ ʚô̫ ʞʫʯʦʛʦ, ʷʢʽ 

ʦʜʝʨʞʘʥʽ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ. ɺʦʥʠ ʜʦʧʦʚʥʶʶʪʴ ʟʘʛʘʣʴʥʫ 

ʢʘʨʪʠʥʫ, ʷʢʘ ʦʜʝʨʞʘʥʘ ʷʢ ʨʝʟʫʣʴʪʘʪ ʨʦʟʰʠʬʨʦʚʢʠ ʨʝʥʪʛʝʥʦʛʨʘʤ ʚʠʭʽʜʥʦʾ 

ʨʝʯʦʚʠʥʠ, ʧʨʦʜʫʢʪʽʚ ʾʾ ʛʽʜʨʘʪʘʮʽʾ, ʪʝʨʤʦʛʨʘʤ ʮʠʭ ʞʝ ʧʨʝʧʘʨʘʪʽʚ. 

 

2. ʆʬʦʨʤʣʝʥʥʷ ʚʠʢʦʥʘʥʦʾ ʨʦʙʦʪʠ 

 

ʈʦʙʦʪʘ ʦʬʦʨʤʣʶ̒ ʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʢʘʟʘʥʦʛʦ ʧʦʨʷʜʢʫ ʾʾ ʚʠʢʦʥʘʥʥʷ ʽ 

ʚʽʜʦʙʨʘʞʘʻ ʨʝʟʫʣʴʪʘʪʠ ʧʦ ʧ.ʧ. 1.1 ï 1.2 ʫ ʚʠʛʣʷʜʽ ʪʝʢʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʂʦʤʝʥʪʘʨʽ ʜʘʥʠʭ, ʦʜʝʨʞʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʢʦʥʢʨʝʪʥʠʤʠ ʟ ʚʢʘʟʽʚʢʦʶ ʧʦʢʘʟʥʠʢʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʫ ʬʦʨʤʽ 

ʪʘʙʣʠʮʽ (ʜʠʚ. ʧʨʠʢʣʘʜ). ʈʝʥʪʛʝʥʦʛʨʘʤʠ  ̔ʪʝʨʤʦʛʨʘʤʠ ʧʦʚʠʥʥʽ ʚʭʦʜʠʪʠ ʜʦ 

ʩʢʣʘʜʫ ʨʦʙʦʪʠ ʚ ʦʙʨʦʙʣʝʥʦʤʫ ʟʘ ʚʢʘʟʘʥʠʤʠ ʚʠʤʦʛʘʤʠ ʚʠʛʣʷʜʽ. ʈʝʟʫʣʴʪʘʪʠ 

ʚʠʢʦʥʘʥʥʷ ʢʦʥʪʨʦʣʴʥʦʾ ʨʦʙʦʪʠ ʻ ʩʢʣʘʜʦʚʦʶ ʯʘʩʪʠʥʦʶ ʟʘʣʽʢʫ ʧʦ ʢʫʨʩʫ. 
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ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ɺôʷʞʫʯʽ ʨʝʯʦʚʠʥʠ: ʧʽʜʨʫʯʥʠʢ / ʈʫʥʦʚʘ ʈ.ʌ., ɼʚʦʨʢʽʥ ʃ.ʁ., ɼʚʦʨʢʽʥ 

ʆ.ʃ., ʅʦʩʦʚʩʴʢʠʡ ʖ.ʃ. ï ʂʠʾʚ : ʆʩʥʦʚʘ, 2012. ï 446 ʩ. 

2. ɼʉʊʋ ɹ ɺ.2.7-46:2010. ʎʝʤʝʥʪʠ ʟʘʛʘʣʴʥʦʙʫʜʽʚʝʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ. ï ʏʠʥʥʠʡ ʚʽʜ 2011-09-01. ï ʂ.: ʄʽʥʨʝʛʽʦʥʙʫʜ ʋʢʨʘʾʥʠ, 

2011. ï 17 ʩ. 

3. ɼʉʊʋ ɹ ɺ.2.7-82:2010. ɺôʷʞʫʯʽ ʛʽʧʩʦʚʽ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ. ï 

ʏʠʥʥʠʡ ʚʽʜ 2011-03-01. ï ʂ.: ʄʽʥʨʝʛʽʦʥʙʫʜ ʋʢʨʘʾʥʠ, 2010. ï 29 ʩ. 

4. ɼʉʊʋ ɹ ɺ.2.7-128:2006. ɼʦʙʘʚʢʠ ʘʢʪʠʚʥʽ ʤʽʥʝʨʘʣʴʥʽ ʪʘ ʜʦʙʘʚʢʠ-

ʥʘʧʦʚʥʶʚʘʯʽ ʜʦ ʮʝʤʝʥʪʫ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ.ï ʏʠʥʥʠʡ ʚʽʜ 2007-01-01. ï ʂ.: 

ʄʽʥʙʫʜ ʋʢʨʘʾʥʠ, 2006. ï 12 ʩ.  

5. ɼʉʊʋ ɹ ɺ.2.7-185:2009. ʎʝʤʝʥʪʠ. ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ 

ʥʦʨʤʘʣʴʥʦʾ ʛʫʩʪʦʪʠ, ʩʪʨʦʢʽʚ ʪʫʞʘʚʣʝʥʥʷ ʪʘ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʦʙôʻʤʫ. ï 

ʏʠʥʥʠʡ ʚʽʜ 2010-08-01. ï ʂ.: ʄʽʥʨʝʛʽʦʥʙʫʜ ʋʢʨʘʾʥʠ, 2010. ï 13 ʩ. 

6. ɼʉʊʋ ɹ ɺ.2.7-187:2009. ʎʝʤʝʥʪʠ. ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʥʘ ʟʛʠʥ ʽ ʩʪʠʩʢ. ï ʏʠʥʥʠʡ ʚʽʜ 2010-08-01. ï ʂ.: ʄʽʥʨʝʛʽʦʥʙʫʜ ʋʢʨʘʾʥʠ, 2010. 

ï 22 ʩ. 

7. ɼʉʊʋ ɹ ɺ.2.7-189:2009. ʇʽʩʦʢ ʩʪʘʥʜʘʨʪʥʠʡ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʴ 

ʮʝʤʝʥʪʽʚ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ. ï ʏʠʥʥʠʡ ʚʽʜ 2010-08-01. ï ʂ.: ʄʽʥʨʝʛʽʦʥʙʫʜ 

ʋʢʨʘʾʥʠ, 2010. ï 20 ʩ. 
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ɼʦʜʘʪʦʢ 1 

 

ʇʝʨʝʣʽʢ ʨʝʯʦʚʠʥ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ  

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚô̫ ʞʫʯʠʭ ʩʫʤʽʰʝʡ 

 

1. ʅʘʧʽʚʚʦʜʥʠʡ ʛʽʧʩ. 

2. ɼʚʦʚʦʜʥʠʡ ʛʽʧʩ. 

3. ɺʘʧʥʦ ʥʝʛʘʰʝʥʝ. 

4. ɺʘʧʥʦ ʛʘʰʝʥʝ. 

5. ʆʢʩʠʜ ʤʘʛʥʽʶ. 

6. ʂʣʽʥʢʝʨ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʠʡ. 

7. ʊʫʬ, ʦʧʦʢʘ. 

8. ʐʣʘʢʠ ʜʦʤʝʥʥʽ. 

9. ʐʣʘʢ ʤʘʨʪʝʥʽʚʩʴʢʠʡ. 

10. ʂʣʽʥʢʝʨ ʛʣʠʥʦʟʝʤʠʩʪʦʛʦ ʮʝʤʝʥʪʫ. 

11. ʂʘʦʣʽʥ. 

12. ʅʝʬʝʣʽʥʦʚʠʡ ʰʣʘʤ. 

13. ʇʽʩʦʢ ʢʚʘʨʮʦʚʠʡ. 

14. ʉʫʣʴʬʘʪ ʤʘʛʥʽʶ. 

15. ʍʣʦʨʠʜ ʤʘʛʥʽʶ. 

16. ʂʨʝʤʥʝʬʪʦʨʠʩʪʠʡ ʥʘʪʨʽʡ. 

17. ʉʦʜʘ. 

18. ʇʦʪʘʰ. 

19. ʄʝʪʘʩʠʣʽʢʘʪ ʥʘʪʨʽʶ. 

20. ʈʽʜʢʝ ʩʢʣʦ. 



 

 

ɼʦʜʘʪʦʢ 2 

 

ʊʘʙʣʠʮʷ ʨʦʟʨʘʭʫʥʢʫ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ ʫ ʢʨʠʩʪʘʣʘʭ (d, ¡) ʟʘʣʝʞʥʦ ʚʽʜ ʢʫʪʘ ʧʦʚʦʨʦʪʫ (2q) 

 

2q 0 1 2 3 4 5 6 7 8 9 

5 
6 
7 
8 
9 
 

10 
11 
12 
13 
14 
 

15 
16 
17 
18 
19 
 

20 
21 
22 
23 
24 
 

17.673 
14.729 
12.627 
11.051 
9.82581 

 
8.8447 
8.0428 
7.3747 
6.8096 
6.3253 

 
5.9058 
5.5389 
5.2153 
4.9277 
4.6706 

 
4.4392 
4.2301 
4.0400 
3.8666 
3.7077 

 

17.326 
14.488 
12.449 
10.915 
9.7173 

 
8.7573 
7.9705 
7.3140 
6.7578 
6.2807 

 
5.8669 
5.5047 
5.1850 
4.9007 
4.6463 

 
4.4174 
4.2102 
4.0219 
3.8500 
3.6925 

 

16.993 
14.254 
12.277 
10.782 
9.6119 

 
8.6717 
7.8996 
7.2543 
6.7068 
6.2367 

 
5.8286 
5.4710 
5.1551 
4.8740 
4.6224 

 
4.3957 
4.1906 
4.0040 
3.8337 
3.6775 

 

16.673 
14.028 
12.109 
10.652 
9.5088 

 
8.5877 
7.8299 
7.1955 
6.6566 
6.1933 

 
5.7907 
5.4376 
5.1255 
4.8476 
4.5986 

 
4.3743 
4.1711 
3.9863 
3.8174 
3.6626 

 

16.364 
13.809 
11.945 
10.525 
9.4079 

 
8.5054 
7.7615 
7.1377 
6.6072 
6.1505 

 
5.7533 
5.4047 
5.0963 
4.8215 
4.5752 

 
4.3531 
4.1519 
3.9687 
3.8014 
3.6478 

 

16.067 
13.597 
11.786 
10.402 
9.3091 

 
8.4246 
7.6942 
7.0808 
6.5585 
6.1083 

 
5.7164 
5.3722 
5.0674 
4.7957 
4.5519 

 
4.3321 
4.1328 
3.9513 
3.7854 
3.6331 

 

15.780 
13.391 
11.632 
10.281 
9.2123 

 
8.3454 
7.6281 
7.0248 
6.5105 
6.0667 

 
5.6800 
5.3400 
5.0388 
4.7701 
4.5289 

 
4.3113 
4.1139 
3.9341 
3.7696 
3.6186 

 

15.504 
13.192 
11.481 
10.163 
9.1176 

 
8.2676 
7.5631 
6.9698 
6.4632 
6.0257 

 
5.6441 
5.3083 
5.0106 
4.7448 
4.5062 

 
4.2907 
4.0952 
3.9170 
3.7539 
3.6042 

 

15.237 
12.998 
11.334 
10.048 
9.0247 

 
8.1913 
7.4992 
6.9155 
6.4166 
5.9852 

 
5.6086 
5.2769 
4.9826 
4.7198 
4.4836 

 
4.2703 
4.0766 
3.9000 
3.7384 
3.5898 

 

14.979 
12.810 
11.190 
9.9352 
8.9338 

 
8.1163 
7.4364 
6.8621 
6.3706 
5.9452 

 
5.5735 
5.2459 
4.9550 
4.6951 
4.4613 

 
4.2501 
4.0582 
3.8832 
3.7229 
3.5757 

 
 

1
0 



 

 

ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʜ. 2  

 

2q 0 1 2 3 4 5 6 7 8 9 

25 

26 

27 

28 

29 

 

30 

31 

32 

33 

34 

 

35 

36 

37 

38 

39 

 

40 

41 

42 

43 

44 

 

 

3.5616 

3.4268 

3.3021 

3.1864 

3.0788 

 

2.9784 

2.8846 

2.7967 

2.7142 

2.6366 

 

2.5635 

2.4946 

2.4294 

2.3678 

2.3093 

 

2.2539 

2.2012 

2.1510 

2.1033 

2.0578 

 

 

3.5476 

3.4139 

3.2902 

3.1753 

3.0684 

 

2.9687 

2.8755 

2.7882 

2.7062 

2.6291 

 

2.5564 

2.4879 

2.4231 

2.3618 

2.3036 

 

2.2485 

2.1960 

2.1462 

2.0987 

2.0534 

 

 

3.5338 

3.4011 

3.2783 

3.1643 

3.0582 

 

2.9591 

2.8665 

2.7798 

2.6983 

2.6216 

 

2.5494 

2.4813 

2.4168 

2.3558 

2.2980 

 

2.2431 

2.1909 

2.1413 

2.0940 

2.0490 

 

 

3.5200 

3.3884 

3.2665 

3.1533 

3.0479 

 

2.9496 

2.8576 

2.7714 

2.6904 

2.6142 

 

2.5424 

2.4746 

2.4106 

2.3499 

2.2924 

 

2.2378 

2.1859 

2.1365 

2.0894 

2.0446 

 

 

3.5064 

3.3758 

3.2548 

3.1425 

3.0378 

 

2.9401 

2.8487 

2.7630 

2.6826 

2.6068 

 

2.5355 

2.4681 

2.4044 

2.3440 

2.2868 

 

2.2325 

2.1808 

2.1317 

2.0848 

2.0402 

 

 

3.4929 

3.3633 

3.2432 

3.1317 

3.0277 

 

2.9307 

2.8399 

2.7548 

2.6748 

2.6995 

 

2.5286 

2.4615 

2.3982 

2.3382 

2.2812 

 

2.2272 

2.1758 

2.1269 

2.0803 

2.0358 

 

 

3.4794 

3.3509 

3.2317 

3.1209 

3.0177 

 

2.9214 

2.8311 

2.7466 

2.6671 

2.5922 

 

2.5217 

2.4550 

2.3920 

2.3323 

2.2757 

 

2.2219 

2.1708 

2.1221 

2.0757 

2.0315 

 

 

3.4661 

3.3385 

3.2203 

3.1103 

3.0078 

 

2.9121 

2.8224 

2.7384 

2.6594 

2.5850 

 

2.5148 

2.4486 

2.3859 

2.3265 

2.2702 

 

2.2167 

2.1658 

2.1174 

2.0712 

2.0272 

 

 

3.4529 

3.3263 

3.2089 

3.0997 

2.9979 

 

2.9028 

2.8138 

2.7303 

2.6517 

2.5778 

 

2.5081 

2.4422 

2.3798 

2.3208 

2.2647 

 

2.2115 

2.1609 

2.1127 

2.0667 

2.0229 

 

 

3.4398 

3.3142 

3.1976 

3.0892 

2.9881 

 

2.8937 

2.8052 

2.7222 

2.6441 

2.5706 

 

2.5013 

2.4358 

2.3738 

2.3150 

2.2593 

 

2.2063 

2.1559 

2.1080 

2.0623 

2.0186 

 

 

   1
1 



 

 

ɿʘʢʽʥʯʝʥʥʷ ʜʦʜ. 2 

 

2q 0 1 2 3 4 5 6 7 8 9 

45 
46 
47 
48 

49 

 

50 

51 

52 

53 

54 

 

55 

56 

57 

58 

59 

 

60 

2.0144 
1.9729 
1.9332 
1.8952 

1.8589 

 

1.8240 

1.7906 

1.7585 

1.7276 

1.6980 

 

1.6694 

1.6420 

1.6155 

1.5900 

1.5655 

 

1.5417 

2.0101 
1.9688 
1.9293 
1.8915 

1.8553 

 

1.8206 

1.7873 

1.7553 

1.7246 

1.6951 

 

1.6667 

1.6393 

1.6129 

1.5875 

1.5630 

 

1.5394 

2.0059 
1.9648 
1.9255 
1.8878 

1.8518 

 

1.8172 

1.7841 

1.7522 

1.7216 

1.6922 

 

1.6639 

1.6366 

1.6104 

1.5851 

1.5606 

 

1.5371 

2.0017 
1.9608 
1.9216 
1.8842 

1.8483 

 

1.8138 

1.7808 

1.7491 

1.7186 

1.6893 

 

1.6611 

1.6339 

1.6078 

1.5826 

1.5582 

 

1.5348 

1.9975 
1.9568 
1.9178 
1.8805 

1.8448 

 

1.8105 

1.7776 

1.7460 

1.7156 

1.6864 

 

1.6583 

1.6313 

1.6052 

1.5801 

1.5559 

 

1.5325 

1.9934 
1.9528 
1.9140 
1.9769 

1.8413 

 

1.8071 

1.7744 

1.7429 

1.7127 

1.6836 

 

1.6556 

1.6286 

1.6027 

1.5776 

1.5535 

 

1.5302 

 

1.9893 
1.9489 
1.9102 
1.8732 

1.8378 

 

1.8038 

1.7712 

1.7398 

1.7097 

1.6807 

 

1.6528 

1.6260 

1.6001 

1.5752 

1.5511 

 

1.5279 

1.9851 
1.9449 
1.9065 
1.8696 

1.8343 

 

1.8005 

1.7680 

1.7368 

1.7068 

1.6779 

 

1.6501 

1.6234 

1.5976 

1.5727 

1.5488 

 

1.5256 

1.9810 
1.9410 
1.9027 
1.8660 

1.8309 

 

1.7972 

1.7648 

1.7337 

1.7038 

1.6751 

 

1.6474 

1.6207 

1.5951 

1.5703 

1.5464 

 

1.5233 

1.9769 
1.9371 
1.8990 
1.8625 

1.8274 

 

1.7939 

1.7616 

1.7307 

1.7009 

1.6723 

 

1.6447 

1.6181 

1.5925 

1.5679 

1.5441 

 

1.5211 

   1
2 
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ɼʦʜʘʪʦʢ 3 

 

ʇʨʠʢʣʘʜ ʧʽʜʛʦʪʦʚʣʝʥʦʾ ʜʦ ʨʦʟʰʠʬʨʦʚʢʠ ʨʝʥʪʛʝʥʦʛʨʘʤʠ 

 

 



 

 14 

ɼʦʜʘʪʦʢ 4 

 

ɯʜʝʥʪʠʬʽʢʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʥʝʨʘʣʽʚ ʪʘ ʩʧʦʣʫʢ 

 

ʉʘʆ ï ʦʢʩʠʜ ʢʘʣʴʮʽʶ (ʥʝʛʘʰʝʥʝ ʚʘʧʥʦ) 

ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

2,76 

2,39 

1,69 

1,445 

1,382 

1,200 

40 

100 

63 

20 

20 

10 

1,100 

1,071 

0,979 

0,922 

0,847 

0,810 

7 

25 

13 

3 

3 

3 

0,800 

0,759 

0,731 

0,723 

0,671 

0,666 

6 

2 

1 

2 

1 

1 

 

 
 

ʉʘ(ʆʅ)2 ï ʧʦʨʪʣʘʥʜʠʪ (ʛʘʰʝʥʝ ʚʘʧʥʦ) 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

4,93 

3,11 

2,63 

1,93 

1,79 

1,69 

50 

25 

100 

50 

40 

30 

1,55 

1,485 

1,450 

1,315 

1,178 

1,145 

2 

20 

20 

16 

2 

15 

1,063 

1,035 

1,012 

0,955 

0,850 

10 

5 

8 

5 

2 
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ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʜ. 4 

 

ɼʊɸ: (ï) 585̄ ʉ (ʜʝʛʽʜʨʘʪʘʮʽʷ ʽ ʧʝʨʝʭʽʜ ʚ ʉʘʆ; ʢʨʠʚʘ ʽʟʦʙʘʨʥʦʾ 

ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʽʾ ʉʘ(ʆʅ)2 ʧʦʢʘʟʫʻ ʜʚʦʭʩʪʘʜʽʡʥʽ ʚʪʨʘʪʠ ï ʥʘ ʧʝʨʰʽʡ 

ʚʠʜʽʣʷʻʪʴʩʷ ʚʦʜʘ ʟ ʉʘ(ʆʅ)2, ʥʘ ʜʨʫʛʽʡ ï ʉʆ2 ʟ ʜʦʤʽʰʦʢ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʽʶ. 

 

CaSO4Ŀ0,5H2O ï ʥʘʧʽʚʚʦʜʥʠʡ ʛʽʧʩ (a ʽ b ʤʦʜʠʬʽʢʘʮʽʾ) 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I hkil 
¯

A,d  I hkil 
¯

A,d  I hkil 
¯

A,d  I hkil 

5,98 

4,35 

3,45 

2,98 

2,78 

2,69 

2,33 

2,26 

ʦ.ʩ. 

ʦ.ʦ.ʩʣ. 

ʩ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩ. 

ʦ.ʩʣ. 

ʩʣ. 

ʦ.ʦ.ʩʣ. 

10.0 

10.1 

11.0 

20.0 

10.2 

20.1 

11.2 

21.0 

2.20 

2.12 

1,99 

1,89 

1,84 

1,72 

1,69 

1,65 

ʦ.ʦ.ʩʣ. 

ʩ. 

ʦ.ʩʣ. 

ʩʨ. 

ʦ.ʩ. 

ʩʣ. 

ʩ. 

ʩʨ. 

20.2 

21.1 

30.0 

30.1 

21.2 

22.0 

30.2 

31.0 

1,60 

1,53 

1,47 

1,44 

1,35 

1,29 

1,26 

1,24 

  ʦ.ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʩʨ.ʩ. 

ʩʨ. 

ʩʨ. 

31.1 

21.3 

31.2 

30.3 

40.2 

21.4 

32.2 

30.4 

1.21 

1.17 

1.15 

1.13 

1.12 

1.11 

1.09 

1.08 

ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʩʣ. 

41.2 

ï 

ï 

ï 

ï 

ï 

ï 

ï 

 

 
ɼʊɸ: (ï) 200 ï 210̄ ʉ  (ʜʝʛʽʜʨʘʪʘʮʽʷ). 

ɯʏʉ: ʩʧʝʢʪʨ b - ʬʦʨʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʯʽʪʢʦʶ ʧʦʣʦʩʦʶ ʧʦʛʣʠʥʘʥʥʷ 

ʙʣʠʟʴʢʦ 1008 ʩʤ-1, ʷʢʘ ʦʙʫʤʦʚʣʝʥʘ ʟʚô̫ ʟʢʦʤ S ï 0, ʷʢʠʡ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʡ 

ʥʘ ʩʧʝʢʪʨʽ a - ʬʦʨʤʠ. 

 

CaSO4Ŀ 2H2O  ï ʛʽʧʩ (ʜʚʦʭʚʦʜʥʠʡ ʛʽʧʩ) 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I hkil 
¯

A,d  I hkil 
¯

A,d  I hkil 

7,56 ʦ.ʩ. 020 2,400 ʩʣ. 141 1,796 ʩʣ. 132  

4,27 ʩ. 112  2,216 ʩʣ. 215  1,778 ʩʨ.ʩ. 260 

3,79 ʩʨ. 0,61; 0,40 2,139 ʦ.ʦ.ʩʣ. 224  1,711 ʦ.ʦ.ʩʣ. 325  

3,163 ʦ.ʩʣ. 211  2,080 ʩʨ.ʩʣ. 312  1,684 ʦ.ʦ.ʩʣ. 332  

3,059 ʩ. 114  2,073 ʩʣ. 112; 125  1,664 ʩʣ. 134  
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ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʜ. 4 
 

2,867 ʩʨ.ʩ. 002 1,990 ʩʣ. 170 1,645 ʦ.ʩʣ. 316  

2,786 ʩʣ. 121  1,953 ʦ.ʩʣ. 211 1,621 ʩʣ. ï 

2,679 ʩʨ.ʩ. 0,22; 0,51 1,898 ʩʨ.ʩʣ. 080; 0,62 1,599 ʦ.ʦ.ʩʣ. ï 

2,591 ʩʣ. 150; 220  1,879 ʩʨ.ʩʣ. 314  1,584 ʦ.ʦ.ʩʣ. ï 

2,530 ʦ.ʦ.ʩ

ʣ. 

060 1,864 ʩʣ. 231  1,532 ʦ.ʦ.ʩʣ. ï 

2,495 ʩʣ. 200 1,843 ʦ.ʦ.ʩʣ. 231 1,522 ʦ.ʦ.ʩʣ. ï 

2,450 ʩʣ. 222  1,182 ʩʨ.ʩʣ. 226     

 

 
ɼʊɸ: ʧʦʜʚʽʡʥʠʡ ʝʬʝʢʪ ʟ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ (ï) 180̄ʉ (ʜʝʛʽʜʨʘʪʘʮʽʷ ʜʦ 

ʥʘʧʽʚʚʦʜʥʦʛʦ ʛʽʧʩʫ) ʽ ʧʨʠ (ï) 220 (ʧʦʚʥʝ ʦʙʝʟʚʦʜʥʝʥʥʷ); (+) 380 ï 420 

(ʧʝʨʝʙʫʜʦʚʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʥʝʨʦʟʯʠʥʥʦʛʦ 

ʘʥʛʽʜʨʠʪʫ ʚ ʨʦʟʯʠʥʥʠʡ); (ï) 1200̄ʉ (ʦʙʦʨʦʪʥʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝʨʦʟʯʠʥʥʦʛʦ 

ʘʥʛʽʜʨʠʪʫ ʚ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʬʦʨʤʫ ʘʥʛʽʜʨʠʪʫ). 

 

CaOĿAl2O3Ŀ2SiO2 ï ʘʥʦʨʪʠʪ. 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

4,08 

3,80 

3,63 

3,37 

3,26 

3,20 

3,15 

2,948 

2,832 

2,648 

2,509 

2,135 

2,097 

3 

3 

2 

2 

1 

10 

2 

4 

4 

2 

6 

6 

3 

2,021 

1,926 

1,877 

1,836 

1,797 

1,762 

1,714 

1,626 

1,532 

1,480 

1,451 

1,410 

1,385 

3 

3 

2 

5 

4 

5 

2 

3 

2 

4 

3 

2 

4 

1,360 

1,342 

1,317 

1,274 

1,211 

1,166 

1,127 

1,079 

1,064 

3 

3 

2 

2 

3 

4 

2 

3 

4 
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ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʜ. 4 

 

 
ɯʏʉ: ʧʦʣʦʩʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ (ʩʤ-1) 460 ï 480 (ʜʝʬʦʨʤʘʮʽʡʥʽ 

ʢʦʣʠʚʘʥʥʷ ʟʚô̫ ʟʢʫ SiïOïSi); 570 ï 625 (ʚʘʣʝʥʪʥʽ ʢʦʣʠʚʘʥʥʷ ʟʚô̫ ʟʢʫ AlïO); 

930 (ʚʘʣʝʥʪʥʽ ʢʦʣʠʚʘʥʥʷ ʟʚô̫ ʟʢʫ SiïO). 

 

 

CaOĿMgOĿSiO2 ï ʤʦʥʪʠʯʝʣʣʽʪ. 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

5,56 

4,19 

3,854 

3,637 

3,188 

2,935 

2,666 

15 

35 

10 

40 

15 

35 

100 

2,586 

2,543 

2,401 

2,355 

2,209 

1,916 

1,818 

40 

30 

24 

7 

5 

15 

30 

1,777 

1,751 

1,721 

1,704 

1,687 

1,600 

10 

7 

15 

5 

5 

15 

 

 
ɯʏʉ: ʧʦʣʦʩʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ (ʩʤ-1) 950 ï 1020 (ʜʝʬʦʨʤʘʮʽʡʥʽ 

ʢʦʣʠʚʘʥʥʷ ʟʚô̫ ʟʢʫ  SiïO); 420 ï 450 (ʜʝʬʦʨʤʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ SiïOïSi); 585 

(ʚʘʣʝʥʪʥʽ ʢʦʣʠʚʘʥʥʷ ʟʚô̫ ʟʢʫ ʤʝʪʘʣïʢʠʩʝʥʴ). 
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ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʜ. 4 

 

CaOĿMgOĿ2SiO2 ï ʜʽʦʧʩʠʜ. 

ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

2,231 

2,992 

2,291 

2,894 

2,566 

2,524 

2,518 

2,301 

30 

100 

30 

40 

25 

65 

65 

16 

2,215 

2,198 

2,156 

2,133 

2,108 

2,042 

2,014 

2,006 

14 

14 

12 

18 

10 

20 

14 

10 

1,968 

1,835 

1,754 

1,673 

1,658 

1,624 

1,617 

8 

10 

14 

6 

6 

35 

35 

 

 
 

b - CaOĿSiO2 ï ʚʦʣʣʘʩʪʦʥʽʪ. 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

7,7 

4,05 

3,83 

3,52 

3,40 

3,31 

3,16 

3,09 

40 

10 

80 

80 

5 

80 

5 

30 

2,33 

2,29 

2,18 

2,08 

2,01 

1,98 

1,91 

1,88 

40 

40 

60 

5 

20 

20 

20 

20 

1,72 

1,602 

1,531 

1,515 

1,478 

1,455 

1,426 

1,358 

1,332 

1,312 

60 

40 

10 

5 

20 

30 

5 

30 

10 

5 
2,97 

2,80 

2,72 

2,55 

2,47 

100 

10 

10 

30 

60 

1,86 

1,83 

1,80 

1,79 

1,75 

10 

60 

5 

5 

40 
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ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʜ. 4 

 

 
 

a - CaOĿSiO2 ï ʧʩʝʚʜʦʚʦʣʣʘʩʪʦʥʽʪ. 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

5,70 

4,37 

4,04 

3,42 

3,23 

2,80 

2,44 

1,99 

1,97 

10 

10 

10 

20 

80 

60 

20 

20 

100 

1,83 

1,75 

1,70 

1,68 

1,61 

1,54 

1,47 

1,44 

1,41 

10 

10 

10 

10 

10 

10 

20 

10 

10 

1,38 

1,29 

1,25 

1,22 

1,20 

1,18 

1,14 

1,11 

10 

10 

20 

10 

10 

10 

10 

10 

 

 
ɯʏʉ: ʧʦʣʦʩʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ (ʩʤ-1) 420 ï 500 (ʜʝʬʦʨʤʘʮʽʡʥʽ 

ʢʦʣʠʚʘʥʥʷ ʟʚô̫ ʟʢʫ SiïOïSi); 570 ï 580 (ʚʘʣʝʥʪʥʽ ʢʦʣʠʚʘʥʥʷ ʟʚô̫ ʟʢʫ ʉʘïʆ); 

715 (ʧʦʣʦʩʘ ʧʦʛʣʠʥʘʥʥʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʮʠʢʣʽʯʥʠʭ ʨʘʜʠʢʘʣʽʚ [Si3O9]
6-; 920 

ï 1110 (ʚʘʣʝʥʪʥʽ ʢʦʣʠʚʘʥʥʷ ʟʚô̫ ʟʢʫ Siïʆ). 
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ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʜ. 4 

 

2CaOĿSiO2 ï ʣʘʨʥʽʪ, ʜʚʦʭʢʘʣʴʮʽʻʚʠʡ ʩʠʣʽʢʘʪ (ʙʝʣʽʪ). 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I hkil 
¯

A,d  I hkil 

4,65 ʩʣ. 002 2,026 ʩʣ. 032 

3,83 ʦ.ʩʣ. 012 2,020 ʩʣ. 130 

3,79 ʦ.ʩʣ. 110 1,984 ʩʨ. 113; 422  

3,38 ʩʣ. 020 1,913 ʩʣ. 024 

3,24 ʩʣ. 113 1,897 ʩʣ. 211 

3,18 ʦ.ʩʣ. 021 1,893 ʩʣ. 220 

3,05 ʩʣ. 111 1,847 ʩʣ. 620  
2,878 ʩʨ. 112  1,820 ʦ.ʩʣ. 033 

2,813 ʩʨ. 013 1,809 ʩʣ. 522  
2,794 ʩʨ.ʩ. 410  1,803 ʩʣ. 610  
2,785 ʦ.ʩ. 212  1,791 ʩʣ. 015 

2,748 ʩ. 220  1,768 ʦ.ʩʣ. 331  
2,732 ʩʨ. 022 1,762 ʦ.ʩʣ. 431  
2,718 ʩʨ. 120 1,718 ʦ.ʩʣ. 323 ; 104 

2,609 ʩ. 102 1,707 ʩʣ. 202; 221 

2,546 ʩʣ. 221  1,696 ʦ.ʩʣ. 315 

2,452 ʩʣ. 420  1,635 ʩʣ. 306 

2,434 ʩʣ. 211  1,627 ʩʣ. 502  
2,409 ʩʣ. 121  1,621 ʦ.ʩʣ. 622  
2,322 ʦ.ʩʣ. 004 1,615 ʦ.ʩʣ. 114  
2,305 ʦ.ʩʣ. 421  1,610 ʩʣ. 332  
2,282 ʩʨ. 200; 023 1,606 ʩʣ. 232  
2,196 ʩʨ. 014 1,605 ʩʣ. 230 

2,189 ʩ. 031 1,587 ʩʣ. 042 

2,166 ʩʣ. 210 1,584 ʩʣ. 140 

2,132 ʩʣ. 222 1,574 ʩʣ. 513  
2,094 ʩʣ. 115 1,555 ʦ.ʩʣ. 217 

2,050 ʩʣ. 122  1,552 ʦ.ʩʣ. 523  
2,047 ʩʣ. 213  1,547 ʦ.ʩʣ. 006 

2,042 ʩʣ. 521     

 

 

 



 

 21 

ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʜ. 4 

 

 
 

ɼʊɸ: (ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ) ʝʬʝʢʪʠ ʧʦʣʽʤʦʨʬʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʧʨʠ (ï) 

700 ï720; (ï) 1160 ʽ (ï) 1440 ï 1450̄ʉ . 

ɯʏʉ: ʧʦʣʦʩʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ (ʩʤ-1) 500 (n4 ï SiO2); 520 ʩ. (n4 ï SiO4); 

540 (n ïSiO4); 845 ʜ.ʩ. (n3 ï SiO4); 870 (n3 ï SiO4); 890 ʜ.ʩ. (n3 ï SiO4); 920 

(n3 ï SiO4); 1000 ʩ. (n3 ï SiO4); 1170 ʜ.ʩʣ. (2ʭn4 ï SiO4). 

 

2CaOĿAl 2O3ĿSiO2 ï ʛʝʣʝʥʽʪ. 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

4,23 

3,71 

3,44 

3,06 

2,85 

2,72 

2,53 

2,43 

2,41 

2,40 

2,30 

2,29 

2,19 

20 

60 

20 

60 

100 

20 

20 

70 

70
ý
ü
û  

70
ý
ü
û  

30 

2,12 

2,04 

1,97 

1,92 

1,87 

1,85 

1,81 

1,76 

1,75 

1,72 

1,71 

1,63 

20 

60 

30 

60 

50 

50 

60 

100
ý
ü
û  

50 

20 

50 

1,61 

1,55 

1,52 

1,47 

1,45 

1,44 

1,42 

1,41 

1,39 

1,37 

1,36 

30 

20 

70 

30 

20 

50 

30 

20 

30 

70 

50 
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ɯʏʉ: ʧʦʣʦʩʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ (ʩʤ-1) 830 ï 1080 (ʚʘʣʝʥʪʥʽ ʘʩʠʤʝʪʨʠʯʥʽ ʽ 

ʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ ʟʚô̫ ʟʢʫ SiïO); 750 (ʩʠʤʝʪʨʠʯʥʽ ʢʦʣʠʚʘʥʥʷ SiïO); 580 

ï 640 (ʚʘʣʝʥʪʥʽ ʢʦʣʠʚʘʥʥʷ ʤʝʪʘʣïʢʠʩʝʥʴ); 450 (ʜʝʬʦʨʤʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ Siï

OïSi). 

 

2CaOĿMgOĿSiO2 ï ʦʢʝʨʤʘʥʽʪ. 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

4,22 

3,72 

3,51 

3,09 

2,87 

2,51 

2,48 

2,43 

2,39 

2,32 

30 

50 

30 

70 

100 

20 

70 

50 

60 

60 

2,04 

2,00 

1,96 

1,90 

1,86 

1,85 

1,78 

1,76 

1,73 

1,67 

70 

30 

60 

60 

30 

60 

60 

80 

50 

20 

1,54 

1,52 

1,51 

1,49 

1,47 

1,46 

1,44 

1,43 

1,41 

1,40 

30 

30 

60 

30 

50 

20 

60 

ï 

50 

70 

2,28 

2,22 

2,11 

50 

20 

20 

1,66 

1,64 

1,60 

20 

50 

50 

1,39 50 

 

 
 

ɯʏʉ: ʧʦʣʦʩʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ (ʩʤ-1) 700 ï 1100 (ʚʘʣʝʥʪʥʽ ʢʦʣʠʚʘʥʥʷ 

ʟʚô̫ ʟʢʫ SiïO ʜʽʦʨʪʦʛʨʫʧ Si2O7); 475 (ʜʝʬʦʨʤʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʟʚô̫ ʟʢʫ SiïOï

Si); ʚ ʦʙʣʘʩʪʽ ʯʘʩʪʦʪ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʘʣʝʥʪʥʠʤ ʢʦʣʠʚʘʥʥʷʤ ʟʚô̫ ʟʢʫ 

ʤʝʪʘʣïʢʠʩʝʥʴ (580 ï 640 ʩʤ-1), ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʫ ʚʽʜ ʦʢʝʨʤʘʥʽʪʫ ʜʦ ʤʝʣʽʣʽʪʫ, 

ʘ ʧʦʪʽʤ ʜʦ ʛʝʣʝʥʽʪʫ, ʦʜʥʘ ʟ ʧʦʣʦʩ ʧʦʛʣʠʥʘʥʥʷ (580 ʩʤ-1) ʟʥʠʢʘʻ ʧʦʚʥʽʩʪʶ, ʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʦʣʦʩʠ, ʷʢʘ ʟʘʣʠʰʠʣʘʩʴ (640 ʩʤ-1) ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ. 
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b-2CaOĿSiO2ĿnH2O ï b-ʛʽʜʨʘʪ C2S, ʛʽʣʣʝʙʨʘʥʜʠʪ 

ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

12,600 

4,770 

4,050 

3,520 

3,340 

3,010 

2,920 

ʩ. 

ʩʨ. 

ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʩʨ. 

ʩʨ. 

ʦ.ʩ. 

2,830 

2,750 

2,680 

2,620 

2,450 

2,373 

2,247 

ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʩʨ. 

ʩʨ. 

2,056 

1,963 

1,928 

1,864 

1,812 

1,747 

 

ʩʣ. 

ʩʨ. 

ʩʣ. 

ʩʨ. 

ʩʨ. 

ʩʣ. 

 

 
 

ɼʊɸ: ʛʦʣʦʚʥʠʡ ʝʬʝʢʪ ʜʝʛʽʜʨʘʮʽʾ ʧʨʠ (ï) 540 ï 600̄ ʉ, ʟʘ ʽʥʰʠʤʠ 

ʜʘʥʠʤʠ 540 ï 630 ʘʙʦ 540 ï 560̄ ʉ.ɺʪʨʘʪʘ ʤʘʩʠ ʚ ʦʩʥʦʚʥʦʤʫ ʚ ʤʝʞʘʭ 

ʪʝʤʧʝʨʘʪʫʨ 520 ï 540̄ ʉ . 

ɯʏʉ: ʧʦʣʦʩʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ (ʩʤ-1) 3626, 3584, 1154, 1078, 1025, 990, 

968, 934, 903, 840, 722, 646, 590, 540, 509, 468. 

 

3CaOĿSiO2 ï ʪʨʠʢʘʣʴʮʽʻʚʠʡ ʩʠʣʽʢʘʪ (ʘʣʽʪ) 

ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

5,901 

3,862 

3,510 

3,346 

3,227 

3,022 

2,957 

2,891 

2,818 

2,776 

2,730 

ʩʣ. 

ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʩ. 

ʩʨ. 

ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʩ. 

ʩ. 

2,011 

1,979 

1,940 

1,926 

1,900 

1,863 

1,825 

1,797 

1,771 

1,752 

1,642 

ʦ.ʩʣ. 

ʩʨ./ʰ. 

ʩʨ.ʩ. 

ʩʨ. 

ʦ.ʩʣ./ʰ. 

ʦ.ʦ.ʩ. 

ʩʨ./ʰ. 

ʩʣ. 

ʩ. 

ʩ. 

ʦ.ʩʣ. 

1,328 

1,307 

1,271 

1,212 

1,198 

1,172 

1,167 

1,158 

1,142 

1,132 

1,123 

ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʩʣ./ʰ. 

ʩʣ. 

ʩʨ. 

ʦ.ʩʣ. 

ʩʣ. 

ʩʣ. 

ʩʣ. 

ʩʨ.ʩʣ. 

ʩʣ. 
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2,670 ʦ.ʦ.ʩʣ. 1,632 ʩ. 1,097 ʩʨ. 

2,602 

2,549 

2,449 

2,326 

2,304 

2,277 

2,234 

2,185 

2,159 

2,125 

2,083 

2,045  

ʦ.ʩ. 

ʦ.ʦ.ʩʣ. 

ʩʣ. 

ʩʨ. 

ʩʨ.ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʩ. 

ʦ.ʦ.ʩʣ. 

ʩʣ. 

ʩʣ. 

ʦ.ʩʣ. 

1,623 

1,543 

1,526 

1,513 

1,497 

1,481 

1,466 

1,454 

1,433 

1,409 

1,392 

1,377 

ʩʨ. 

ʩʨ. 

ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʩʨ. 

ʩʨ. 

ʩʣ./ʰ. 

ʩʣ./ʰ. 

ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʩʨ. 

ʦ.ʦ.ʩʣ. 

1,089 

1,071 

1,066 

1,055 

1,044 

1,034 

1,026 

1,016 

0,999 

0,996 

0,988 

 

ʩʣ. 

ʩʣ. 

ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʩʣ. 

ʦ.ʩʣ. 

 

 
ɼʊɸ: (ï) 600 ï 620 (ʧʝʨʝʭʽʜ ʪʨʠʢʣʽʥʥʦʾ ʬʦʨʤʠ ʊɯ ʚ ʊɯɯ); (ï) 920 ï 925 

(ʧʝʨʝʭʽʜ ʊɯɯ ʚ ʊɯɯɯ); (ï) 970 ï 980 (ʧʝʨʝʭʽʜ ʊɯɯɯ ʚ ʄɯ); ʩʣʘʙʠʡ, ʘʣʝ ʯʽʪʢʠʡ ʝʬʝʢʪ (ï) 

990 ï 1000̄ʉ (ʧʝʨʝʭʽʜ ʄɯ ʚ ʄɯɯ). ʇʝʨʝʪʚʦʨʝʥʥʷ ʤʦʥʦʢʣʽʥʥʦʾ ʬʦʨʤʠ ʚ ʪʨʠʛʦʥʘʣʴʥʫ 

(ʄɯɯ ­ ʊʨ) ʧʨʠ 1050ʉ̄  ʪʝʨʤʽʯʥʠʤ ʝʬʝʢʪʦʤ ʥʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ. 

ɯʏʉ: ʧʦʣʦʩʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ (ʩʤ-1) 403 (d ï SiO4); 450 (ds ï SiO4); 525 (das ï 

SiO4); 820 (nsï SiO4); 890 (nasï SiO4); 914 (nasï SiO4); 946 (nasï SiO4); ʭʘʨʘʢʪʝʨʥʽ 

ʤʫʣʴʪʠʧʣʝʪʥʽʩʪʴ ʽ ʨʦʟʱʽʧʣʝʥʥʷ ʧʦʣʦʩ ʧʦʛʣʠʥʘʥʥʷ nasï ʢʦʣʠʚʘʥʴ. 

 

3CaOĿ2SiO2 ï ʨʘʥʢʽʥʽʪ. 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

4,39 

4,04 

3,76 

3,51 

3,33 

3,15 

2,97 

2,85 

2,74 

2,68 

2,54 

80 

80 

100 

50 

50 

100 

70 

70 

30 

100 

80 

2,47 

2,34 

2,26 

2,15 

2,10 

2,03 

1,98 

1,94 

1,90 

1,84 

1,80 

70 

20 

20 

20 

20 

20 

20 

20 

70 

70 

80 

1,74 

1,72 

1,67 

1,62 

1,59 

1,54 

1,52 

1,47 

1,44 

1,42 

 

20 

20 

20 

30 

30 

20 

20 

70 

30 

20 
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3CaOĿAl 2O3 ï ʪʨʠʢʘʣʴʮʽʻʚʠʡ ʘʣʶʤʽʥʘʪ. 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

6,83 

6,23 

5,09 

4,604 

4,235 

4,080 

3,816 

3,705 

3,501 

3,332 

3,052 

ʩʣ. 

ʦ.ʩʣ. 

ʩʣ. 

ʦ.ʩʣ. 

ʩʨ. 

ʩʨ.ʩ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʩʣ. 

ʦ.ʩʣ. 

2,097 

2,040 

1,988 

1,955 

1,940 

1,908 

1,893 

1,838 

1,824 

1,799 

1,785 

ʦ.ʩʣ. 

ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʩ. 

ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ.. 

1,610 

1,583 

1,574 

1,558 

1,519 

1,497 

1,490 

1,476 

1,462 

1,455 

1,436 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʩ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

2,993 

2,834 

2,787 

2,700 

2,581 

2,431 

2,384 

2,277 

2,204 

ʦ.ʩʣ. 

ʩʣ. 

ʩʨ.ʩ. 

ʦ.ʦ.ʩ. 

ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʩʣ. 

ʦ.ʩʣ. 

ʩʨ. 

1,763 

1,740 

1,727 

1,706 

1,695 

1,675 

1,646 

1,627 

1,618 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ 

1,429 

1,411 

1,405 

1,390 

1,349 

1,334 

1,319 

1,218 

1,2064 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʩʨ.ʩ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʩʨ. ʩʣ. 

 



 

 26 

ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʜ. 4 

 

 
 

ɯʏʉ: ʧʦʣʦʩʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ (ʩʤ-1) 455; 500; 560 ï 700; 990; 1025; 

1050. 

 

3CaOĿMgOĿ2SiO2 ï ʤʝʨʚʽʥʽʪ. 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

2,84 

2,74 

2,66 

2,41 

2,30 

2,20 

2,16 

50 

50 

100 

30 

50 

50 

50 

2,03 

1,90 

1,87 

1,75 

1,69 

1,61 

1,57 

50 

70 

60 

30 

30 

50 

50 

1,53 

1,43 

1,39 

1,34 

1,32 

1,23 

1,19 

70 

30 

30 

50 

50 

50 

30 

 

 
 

ɯʏʉ: ʧʦʣʦʩʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ (ʩʤ-1) 930 ï1040 (ʚʘʣʝʥʪʥʽ ʢʦʣʠʚʘʥʥʷ 

ʟʚô̫ ʟʢʫ SiïO); 430 ï 440 (ʜʝʬʦʨʤʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʟʚô̫ ʟʢʫ SiïOïSi); 585 ï

590 (ʢʦʣʠʚʘʥʥʷ ʟʚô̫ ʟʢʫ MgïO). 
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4CaOĿAl 2O3ĿFe2O3 ï ʯʦʪʠʨʴʦʭʢʘʣʴʮʽʻʚʠʡ ʘʣʶʤʦʬʝʨʠʪ. 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I hkil 
¯

A,d  I hkil 

7,24 

3,63 

3,39 

ʩʨ.ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

020 

031 

121 

1,86 

1,81 

1,73 

1,57 

1,53 

1,51 

1,50 

1,45 

1,42 

1,39 

1,33 

1,32 

ʦ.ʦ.ʩʣ. 

ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʩʣ. 

ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

152 

080 

033 

143 

341 

082 

280 

233 

004 

342 

353 

282 

2,77 

2,67 

2,63 

2,57 

2,43 

2,20 

2,15 

2,04 

1,92 

ʩ. 

ʩʨ.ʩ. 

ʦ.ʩ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʦ.ʩʣ. 

ʩʨ. 

ʩ. 

002 

200 

141 

051 

211 

231 

240 

161 

202 

 

 
 

ɯʏʉ: ʧʦʣʦʩʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ (ʩʤ-1) 410 ʩ. (g ï FeO6, n ï AlO6), 530 ʩʣ. 

(ʤʦʞʣʠʚʘ ʢʦʤʙʽʥʘʮʽʷ ʢʦʣʠʚʘʥʴ), 610 ʩʝʨ., 650 ʩ., 720 ʜ.ʩ. (ʢʦʤʙʽʥʘʮʽʷ 

ʢʦʣʠʚʘʥʴ AlO4-, FeO4-, AlO6- i FeO2- ʛʨʫʧ), 780 ʜ. ʩʣ. (ʤʦʞʣʠʚʘ ʢʦʤʙʽʥʘʮʽʷ 

ʢʦʣʠʚʘʥʴ), 810 ʩ. (n3 ï AlO4). 

 

Al 2O3Ŀ2SiO2Ŀ2H2O ï ʢʘʦʣʽʥʽʪ. 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

7,14 

4,84 

4,61 

4,48 

4,36 

4,17 

10 

1 

2 

3 

4 

4 

2,291 

2,248 

2,186 

2,137 

1,993 

1,940 

6 

1 

2 

1 

6 

3 

1,429 

1,390 

1,347 

1,337 

1,306 

1,290 

2 

2 

2 

4 

6 

2 
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4,09 

3,85 

3,73 

3,57 

3,32 

2,77 

2,559 

2,489 

2,378 

2,338 

2 

2 

2 

10 

3 

4 

4 

6 

4 

8 

1,896 

1,786 

1,711 

1,685 

1,665 

1,619 

1,589 

1,541 

1,487 

1,453 

2 

5 

1 

2 

7 

4 

2 

5 

10 

3 

1,283 

1,265 

1,247 

1,235 

1,199 

1,189 

1,126 

1,113 

1,097 

1,082 

7 

5 

6 

6 

3 

3 

8 

2 

3 

3 

 

 
 

ɼʊɸ: (ï) 480 ï 590̄ ʉ (ʚʠʜʽʣʝʥʥʷ ʢʦʥʩʪʠʪʫʮʽʡʥʦʾ ʚʦʜʠ ʟ ʨʫʡʥʫʚʘʥʥʷʤ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ); (+) 950 ï 1050 (ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʘʤʦʨʬʥʦʛʦ 

ʢʨʝʤʥʝʟʝʤʘ ʘʙʦ ʫʪʚʦʨʝʥʥʷ ʤʫʣʽʪʘ ʘʙʦ ʩʠʣʽʤʘʥʽʪʘ); (+) 1130 ï 1250̄ʉ  

(ʩʣʘʙʠʡ ʝʬʝʢʪ, ʷʢʠʡ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʥʝ ʫ ʚʩʽʭ ʢʘʦʣʽʥʽʪʽʚ, ʤʦʞʣʠʚʘ 

ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʟʘʣʠʰʢʦʚʦʾ ʘʤʦʨʬʥʦʾ SiO2 ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ 

ʤʫʣʽʪʘ. ʅʘ ʪʝʨʤʦʛʨʘʚʽʤʝʪʨʠʯʥʠʭ ʢʨʠʚʠʭ ʢʘʦʣʽʥʽʪʘ ʬʽʢʩʫʻʪʴʩʷ ʚʪʨʘʪʘ ʤʘʩʠ ʚ 

ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 400 ï 550̄ ʉ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʚʠʜʘʣʝʥʥʶ 

ʢʦʥʩʪʠʪʫʮʽʡʥʦʾ ʚʦʜʠ. 

 

MgO ï ʦʢʩʠʜ ʤʘʛʥʽʶ (ʧʝʨʠʢʣʘʟ). 

ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

2,431 

2,108 

1,485 

1,268 

1,213 

1,051 

9 

10 

10 

6 

8 

6 

0,9648 

0,9393 

0,8578 

0,8092 

0,7431 

5 

8 

7 

3 

4 

0,7103 

0,7005 

0,6637 

0,6411 

0,6330 

3 

4 

4 

1 

3 
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ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʜ. 4 

 

 
 

MgCl 2Ŀ6H2O ï ʭʣʦʨʠʩʪʠʡ ʤʘʛʥʽʡ. 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

5,8 

4,10 

3,57 

2,98 

2,88 

2,72 

2,65 

15 

100 

15 

20 

50 

44 

75 

2,55 

2,46 

2,31 

2,23 

2,15 

2,05 

1,84 

3 

3 

15 

25 

8 

18 

31 

1,78 

1,72 

1,63 

1,59 

1,480 

1,420 

1,390 

1,365 

8 

10 

3 

3 

10 

3 

10 

3 

 

 
 

ɼʊɸ: (ï) 116 ï 120̄ ʉ (ʧʣʘʚʣʝʥʥʷ ʟ ʦʜʥʦʯʘʩʥʠʤ ʨʦʟʢʣʘʜʦʤ ʜʦ 

ʯʦʪʠʨʴʦʭʚʦʜʥʦʛʦ ʛʽʜʨʘʪʫ); (ï) 155 ï 190 (ʧʝʨʝʭʽʜ ʯʦʪʠʨʴʦʭʚʦʜʥʦʛʦ ʛʽʜʨʘʪʫ 

ʚ ʜʚʦʭʚʦʜʥʠʡ ʟ ʦʜʥʦʯʘʩʥʠʤ ʢʠʧʽʥʥʷʤ); (ï) 230 (ʧʝʨʝʭʽʜ ʜʚʦʭʚʦʜʥʦʛʦ 

ʛʽʜʨʘʪʫ ʚ ʦʜʥʦʚʦʜʥʠʡ ʟ ʦʜʥʦʯʘʩʥʠʤ ʨʦʟʢʣʘʜʦʤ ʩʦʣʽ); (ï) 300 (ʨʦʟʢʣʘʜ 

ʦʜʥʦʚʦʜʥʦʛʦ ʛʽʜʨʘʪʫ); (ï) 470 ï 540̄ ʉ  (ʜʠʩʦʮʽʘʮʽʷ ʙʝʟʚʦʜʥʦʛʦ ʧʨʦʜʫʢʪʫ). 
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ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʜ. 4 

 

MgSO4Ŀ7H2O ï ʩʽʨʯʘʥʦʢʠʩʣʠʡ ʤʘʛʥʽʡ. 

ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

 

¯

A,d  I 

5,35 

4,21 

2,68 

90 

100 

80 

 

 
ɼʊɸ: (ï) 55 ï 58̄ ʉ (ʧʣʘʚʣʝʥʥʷ ʟ ʧʝʨʝʭʦʜʦʤ ʚ ʛʝʢʩʘʛʽʜʨʘʪ); (ï) 85 ï 90 

(ʧʣʘʚʣʝʥʥʷ ʛʝʢʩʘʛʽʜʨʘʪʘ); (ï) 105 ï 110 (ʚʠʢʽʧʘʥʥʷ ʨʦʟʯʠʥʫ); (ï) 125 

(ʜʝʛʽʜʨʘʪʘʮʽʷ); (ï) 135 ï 145 (ʜʝʛʽʜʨʘʪʘʮʽʷ); (ï) 185 ï 195 (ʜʝʛʽʜʨʘʪʘʮʽʷ ʜʦ 

ʤʦʥʦʛʽʜʨʘʪʘ); (ï) 320 ï 340̄ ʉ  (ʧʦʚʥʝ ʦʙʝʟʚʦʜʥʝʥʥʷ). 

 

SiO2  ï ʦʢʩʠʜ ʢʨʝʤʥʽʶ (ʢʨʝʤʥʝʟʝʤ) 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I hkil 
¯

A,d  I hkil 
¯

A,d  I hkil 

4,24 5 0110  1,539 9 1321  1,1512 7 1431  

3,34 10 1110  1,450 4 3211  1,1130 1 3330  

2,45 5 0211  1,380 8 2321  1,0798 8 2431  

2,280 5 2110  1,372 9 3220  1,0622 2 0440  

2,231 4 1211  1,2852 6 4110  1,0462 6 5110  

2,123 5 0220  1,2535 7 2330  1,0420 5 1440  

1,975 4 1220  1,2260 5 0422  1,0330 7 4321  

1,813 9 2211  1,1978 8 3321  1,0132 7 3422  

1,668 5 2220  1,1822 8 4211  0,9876 7 2440  

1,656 2 3110  1,1779 7 0431     
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ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʜ. 4 

 

 
ɼʊɸ: (ï) 573̄ʉ (ʦʙʦʨʦʪʥʝ ʧʦʣʽʤʦʨʬʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ a-ʢʚʘʨʮ ʟ 

ʪʝʧʣʦʪʦʶ ʽʥʚʝʨʩʽʾ 18,84 ʢɼʞ/ʢʛ). 

ɯʏʉ: ʩʠʣʴʥʽ ʧʦʣʦʩʠ ʧʦʛʣʠʥʘʥʥʷ ʧʨʠ (ʩʤ-1) 467,3 ï 463; 520,8 ï 518,1; 

694,4 ï 689,7; 781,3; 800; 1093; 1159. 

 

ʂ2ʉO3 ï ʢʘʨʙʦʥʘʪ ʢʘʣʽʶ (ʧʦʪʘʰ). 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 
¯

A,d  I 

7,0 

5,5 

3,39 

2,97 

2,80 

2,61 

2,37 

2,31 

2,18 

2,09 

2 

2 

6 

16 

100 

32 

16 

8 

6 

14 

1,99 

1,85 

1,77 

1,70 

1,67 

1,61 

1,55 

1,50 

1,41 

1,35 

10 

8 

3 

3 

2 

3 

2 

2 

5 

2 

1,31 2 
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ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʜ. 4 

 

Na2SiF6 ï ʢʨʝʤʥʝʬʪʦʨʠʩʪʠʡ ʥʘʪʨʽʡ. 

ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 

4,44 

3,34 

3,07 

2,29 

1,80 

1,591 

6 

7 

3 

10 

8 

3 

 

 
ɼʊɸ: (ï) 542 ï 546̄ ʉ (ʜʠʩʦʮʽʘʮʽʷ). 

 

  

Na2ʉO3 ï ʢʘʨʙʦʥʘʪ ʥʘʪʨʽʶ. 

ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 

3,43 

3,22 

2,96 

2,85 

2,70 

2,60 

2,54 

2,36 

2,25 

2,18 

2,11 

2,02 

1,95 

1,88 

1,83 

8 

18 

80 

2 

20 

60 

60 

100 

40 

60 

4 

14 

40 

40 

2 

1,79 

1,71 

1,67 

1,62 

1,57 

1,52 

1,48 

1,45 

1,42 

1,39 

1,35 

4 

25 

12 

12 

25 

8 

16 

6 

4 

8 

4 
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ʇʨʦʜʦʚʞʝʥʥʷ ʜʦʜ. 4 

 

 
 

 

Na2S̔ O3Ŀ9H2O ï ʤʝʪʘʩʠʣʽʢʘʪ ʥʘʪʨʽʶ. 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 

8,7 

5,9 

5,3 

5,0 

4,75 

3,83 

3,16 

2,92 

2,79 

2,68 

2,53 

2,31 

2,19 

10 

10 

5 

10 

15 

30 

10 

20 

100 

5 

9 

5 

10 

2,12 

2,02 

1,92 

1,82 

1,71 

1,54 

1,51 

1,45 

1,43 

1,42 

1,40 

1,35 

8 

15 

5 

10 

5 

5 

5 

5 

5 

5 

5 

5 
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ɿʘʢʳʥʯʝʥʥʷ ʜʦʜ. 4 

 

Na2SiO3 ï ʩʠʣʽʢʘʪ ʥʘʪʨʽʶ. 

 ɼʠʬʨʘʢʮʽʡʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: 

¯

A,d  I 
¯

A,d  I 

5,3 

3,56 

3,04 

2,57 

2,40 

1,98 

1,88 

1,83 

1,75 

1,53 

20 

20 

100 

48 

64 

9 

28 

9 

40 

5 

1,45 

1,42 

1,15 

1,11 

1,03 

0,99 

0,93 

9 

40 

3 

9 

2 

2 

2 
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ɼʦʜʘʪʦʢ 5 

 

ʈʝʥʪʛʝʥʦʛʨʘʤʘ ʧʨʦʜʫʢʪʽʚ ʛʽʜʨʘʪʘʮʽʾ 

ʚʘʧʥʷʥʦ-ʢʨʝʤʥʝʟʝʤʠʩʪʦʛʦ ʚô̫ ʞʫʯʦʛʦ 
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ɼʦʜʘʪʦʢ 6 

 

ʇʨʠʢʣʘʜ ʧʽʜʛʦʪʦʚʣʝʥʦʾ ʜʦ ʨʦʟʰʠʬʨʦʚʢʠ ʪʝʨʤʦʛʨʘʤʠ 

 

 


