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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 
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ɺɺɽɼɽʅʀɽ 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʋʌ-ʉ ʜʠʘʧʘʟʦʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʠʩʪʘʥʮʠʦʥʥʦʡ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʬʦʥʦʚʳʭ ʧʦʤʝʭ ʚʩʣʝʜʩʪʚʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʦʡ 

ʨʘʜʠʘʮʠʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʦʟʦʥʦʚʳʤ ʩʣʦʝʤ ɿʝʤʣʠ. ʊʝʭʥʦʣʦʛʠʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 250-280 ʥʤ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ 

çʩʦʣʥʝʯʥʦ-ʩʣʝʧʦʡè, ʠ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʤʠʨʝ. ʇʨʠʙʦʨʳ ʩʦʣʥʝʯʥʦ-

ʩʣʝʧʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʠ ʧʣʘʤʝʥʠ. 

ɺ ʧʨʝʜʝʣʴʥʦʤ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʚʘʨʠʘʥʪʝ, ʢʦʛʜʘ 

ʰʫʤʦʧʦʜʘʚʣʝʥʠʝ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʫʨʦʚʥʶ 10-18 ɺʪ/ʩʤ2 ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʚ 

ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʥʘ ʫʨʦʚʥʝ ʦʪ 20 ʜʦ 70 %, ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʷ ʝʜʠʥʠʯʥʳʭ ʬʦʪʦʥʦʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʠʝ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ 

ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [1, 2]. ɺ ʢʘʯʝʩʪʚʝ ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ 

ʵʪʠʭ ʧʨʠʙʦʨʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʨʝʤʷ-ʢʦʦʨʜʠʥʘʪʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʜʝʪʝʢʪʦʨ 

(ɺʂʏɼ) ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʢʘʥʘʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʯʠʪʳʚʘʪʴ ʢʦʦʨʜʠʥʘʪʫ ʠ ʚʨʝʤʷ ʧʨʠʭʦʜʘ ʦʪʜʝʣʴʥʦʛʦ ʬʦʪʦʥʘ [3]. ʊʘʢʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ ʦʧʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ 

çʤʦʥʦʬʦʪʦʥʥʦʡè (ʄʌʊ).  

ʄʦʥʦʬʦʪʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ 

ʦʙʣʘʩʪʴʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʩ ʥʦʚʳʭ ʧʦʟʠʮʠʡ ʧʦʜʦʡʪʠ 

ʢ ʨʘʟʚʠʪʠʶ ʨʷʜʘ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʙʣʘʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʘʚʠʘʮʠʷ, ʢʦʩʤʦʩ, 

ʭʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʵʥʝʨʛʠʠ, ʵʢʦʣʦʛʠʷ, 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʘ, ʤʝʜʠʮʠʥʘ. ʅʘʧʨʠʤʝʨ, ʄʌʊ-ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʜʠʩʪʘʥʮʠʦʥʥʫʶ 

ʨʝʛʠʩʪʨʘʮʠʶ ʪʦʢʘ ʫʪʝʯʢʠ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʝʪʘʣʴʥʫʶ 

ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʜʠʘʛʥʦʩʪʠʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ [1, 4]. ʅʘ ʙʘʟʝ ʄʌʊ ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [5], ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ 

ʣʦʢʘʪʦʨʳ [6], ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʩʘʜʢʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 
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ʩʪʦʣʢʥʦʚʝʥʠʡ ʩʘʤʦʣʝʪʦʚ [7, 8], ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʝʥʠʷ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʠ ʠʭ 

ʧʨʠʮʝʣʴʥʦʛʦ ʪʫʰʝʥʠʷ ʩ ʚʦʟʜʫʭʘ [8-11]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʵʣʝʤʝʥʪʦʤ ʪʘʢʠʭ ʧʨʠʙʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʡ ʟʦʥʥʳʡ ʬʠʣʴʪʨ, ʧʨʦʟʨʘʯʥʳʡ ʚ ʦʙʣʘʩʪʠ 250-280 ʥʤ ʠ 

ʥʝʧʨʦʟʨʘʯʥʳʡ ʚ ʜʨʫʛʠʭ ʜʠʘʧʘʟʦʥʘʭ. ʀʤʝʥʥʦ ʟʦʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ (ʜʦ 108 ʨʘʟ), ʦʙʝʩʧʝʯʠʚʘʷ 

ʫʥʠʢʘʣʴʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʘʧʧʘʨʘʪʫʨʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʚ ʧʨʠʙʦʨʘʭ ʩʦʣʥʝʯʥʦ-ʩʣʝʧʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʛʝʢʩʘʛʠʜʨʘʪʦʚ ʩʫʣʴʬʘʪʦʚ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ. ʕʪʦ 

ʢʨʠʩʪʘʣʣ Ŭ-ʛʝʢʩʘʛʠʜʨʘʪʘ ʩʫʣʴʬʘʪʘ ʥʠʢʝʣʷ Ŭ-NiSO4Ŀ6H2O (Ŭ-NSH) ʠ ʢʨʠʩʪʘʣʣʳ 

ʩʫʣʴʬʦʩʦʣʝʡ ʊʫʪʪʦʥʘ (ʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ: ʄ2
1+ʄ2+(Sʆ4)2Ŀ6ʅ2ʆ, ʛʜʝ ʄ+- 

ʱʝʣʦʯʥʦʡ ʤʝʪʘʣʣ ʠʣʠ ʘʤʤʦʥʠʡ, ʄ2+ - ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʤʝʪʘʣʣ- Co2+, Ni2+). 

ʋʣʫʯʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʥʦʬʦʪʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ʠ 

ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʨʘʙʦʯʝʡ 

ʠ/ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʚ ʥʝʨʘʙʦʯʠʭ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ. ʊʨʘʜʠʮʠʦʥʥʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʋʌ ʜʠʘʧʘʟʦʥʘ ʢʨʠʩʪʘʣʣʳ 

ʛʝʢʩʘʛʠʜʨʘʪʦʚ ʧʨʦʩʪʳʭ ʠ ʩʣʦʞʥʳʭ ʩʫʣʴʬʘʪʦʚ ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ ʠʤʝʶʪ 

ʧʘʨʘʟʠʪʥʳʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ɚ 

= 490 ʠ ɚ = 710 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʠʣʴʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʠʭ ʧʦʜʘʚʣʝʥʠʷ ʨʘʥʝʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʜʚʫʭʢʨʠʩʪʘʣʴʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʬʠʣʴʪʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʠʢʝʣʝʚʦʛʦ ʠ 

ʢʦʙʘʣʴʪʦʚʦʛʦ ʢʨʠʩʪʘʣʣʦʚ [12]. ʕʪʠ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʦʙʱʫʶ ʦʙʣʘʩʪʴ 

ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 250 - 290 ʥʤ ʠ ʧʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʶʪ 

ʧʘʨʘʟʠʪʥʳʝ ʧʠʢʠ ʧʨʦʧʫʩʢʘʥʠʷ ʜʨʫʛ ʜʨʫʛʘ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʜʚʫʭ ʣʠʰʥʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʦ 20 % ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʚ ʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ 

ʪʝʨʷʝʪʩʷ ʥʘ ʦʪʨʘʞʝʥʠʝ. 

ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ 

ʬʠʣʴʪʨʘ ʥʘ ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ) ʩʦʣʝʡ ʥʠʢʝʣʷ ʠ 

ʢʦʙʘʣʴʪʘ, ʛʜʝ ʰʝʩʪʠʚʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʦʥʦʚ ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ ʙʫʜʫʪ ʚʟʘʠʤʥʦ 
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ʧʦʜʘʚʣʷʪʴ ʧʘʨʘʟʠʪʥʳʝ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʚʘ ʦʧʪʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʘ ʟʘʤʝʥʷʶʪʩʷ ʦʜʥʠʤ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʴ ʥʘ ʦʪʨʘʞʝʥʠʝ ʥʘ 

çʣʠʰʥʠʭè ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʙʦʨʦʚ ʠ ʠʭ ʜʘʣʴʥʦʜʝʡʩʪʚʠʝ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʤʝʰʘʥʥʳʝ 

ʢʨʠʩʪʘʣʣʳ K2(Co,Ni)(SO4)2Ŀ6H2O (KCNSH) ï ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ 

K2Co(SO4)2Ŀ6H2O (KCSH) ʠ K2Ni(SO4)2Ŀ6H2O (KNSH). 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʚʳʨʘʱʠʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ K2NixCo1-x(SO4)2Ö6H2O ʚʳʩʦʢʦʛʦ ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʠ ʩʦʟʜʘʥʠʝ 

ʥʘ ʠʭ ʦʩʥʦʚʝ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʋʌ-ʉ ʜʠʘʧʘʟʦʥʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʩʦʩʪʘʚʦʤ, ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʚʦʡʩʪʚʘʤʠ ʠ ʫʩʣʦʚʠʷʤʠ ʚʳʨʘʱʠʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ KCNSH: 

- ʠʩʩʣʝʜʦʚʘʪʴ ʬʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ K2SO4 - NiSO4 - CoSO4 ï 

H2O ʠ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ KCNSH; 

- ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʠ 

ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ; 

- ʠʟʫʯʠʪʴ ʤʝʭʘʥʠʟʤʳ ʠ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ 

ʢʨʠʩʪʘʣʣʦʚ KCNSH; 

- ʥʘʡʪʠ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ KCNSH 

ʚʳʩʦʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ; 

- ʠʟʛʦʪʦʚʠʪʴ ʠʟ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʠ ʩʨʘʚʥʠʪʴ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʋʌ-ʉ 

ʜʠʘʧʘʟʦʥʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ɺʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʩʪʘʚʳ ʬʘʟ) ʚ ʩʠʩʪʝʤʝ K2SO4 - NiSO4 - CoSO4 ï H2O: 
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ʦʧʨʝʜʝʣʝʥʳ ʠʟʦʪʝʨʤʳ ʠ ʧʦʣʠʪʝʨʤʳ ʩʦʚʤʝʩʪʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠʟʦʤʦʨʬʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ KCSH ʠ KNSH, ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ 

KCNSH ʦʪ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ, ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 40 ʉ̄. 

2. ɺʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ in situ ʠʩʩʣʝʜʦʚʘʥʘ 

ʢʠʥʝʪʠʢʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʠ ʦʧʨʝʜʝʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʪʫʧʝʥʝʡ ʥʘ ʛʨʘʥʠ { 001} .  

3. ɺʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʨʠʩʪʘʣʣʦʚ KCNSH ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʦʩʪʘʚʘ ʠ ʫʩʣʦʚʠʡ ʨʦʩʪʘ: 

- ʩʝʢʪʦʨʠʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ - ʜʦ 11 ʤʘʩʩ.%; 

- ʟʦʥʘʨʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ - ʜʦ 8 ʤʘʩʩ.%; 

- ʨʘʜʠʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ï ʜʦ 4,4 ʤʘʩʩ.%; 

- ʤʦʟʘʠʯʥʘʷ ʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ï ʜʦ 2,7 ʤʘʩʩ. %; 

- ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ï ʦʪ ʝʜʠʥʠʮ ʜʦ 105 ʩʤ-2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʥʠʮʳ ʩʦʩʪʘʚʦʚ ʟʘʪʨʘʚʢʠ ʠ ʢʨʠʩʪʘʣʣʘ. 

4.  ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʟʘʠʯʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ KCNSH ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʝʞʜʫ 

ʢʨʠʩʪʘʣʣʦʤ ʠ ʨʘʩʪʚʦʨʦʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚʩʣʝʜʩʪʚʠʝ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ 

ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ ʠ ʩʢʦʨʦʩʪʠ ʝʛʦ ʪʝʯʝʥʠʷ, ʦʙʥʘʨʫʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ 

ʤʦʟʘʠʯʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʦʪ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʠ ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ ʝʝ 

ʫʩʪʨʘʥʝʥʠʷ. 

5. ɺʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ 

ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ KCNSH: 

- ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ 

ʢʨʠʩʪʘʣʣʦʚ; 

- ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ 200õ900 ʥʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʦʚ ʠ ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ; 

- ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ. 
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6. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʠ ʨʝʘʣʠʟʦʚʘʥ ʢʦʤʧʣʝʢʩ ʤʝʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʧʦʣʫʯʝʥʠʝ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʚʳʩʦʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʘ, ʚʢʣʶʯʘʶʱʠʡ: 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʪʨʘʚʢʠ, ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʦ ʩʦʩʪʘʚʫ ʨʘʩʪʫʱʝʤʫ 

ʢʨʠʩʪʘʣʣʫ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʢʣʶʯʝʥʠʡ ʠ ʜʠʩʣʦʢʘʮʠʡ; 

- ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʝ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʩʝʢʪʦʨʠʘʣʴʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ; 

- ʧʦʜʧʠʪʢʫ ʨʘʩʪʚʦʨʘ ʧʦ ʩʧʝʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʟʦʥʘʨʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ; 

- ʩʦʟʜʘʥʠʝ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʦʙʤʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʫʩʪʨʘʥʝʥʠʷ ʤʦʟʘʠʯʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ; 

- ʩʦʟʜʘʥʠʝ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʝ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʨʘʜʠʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. 

7. ɺʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ (ʩʦʩʪʘʚʳ ʨʘʩʪʚʦʨʦʚ ʠ ʨʝʞʠʤʳ ʠʭ 

ʧʨʝʜʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ, ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ, ʩʢʦʨʦʩʪʠ ʠ ʩʧʦʩʦʙ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ), ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʨʘʱʠʚʘʪʴ ʢʨʠʩʪʘʣʣʳ KCNSH 

ʚʳʩʦʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʩ ʚʳʩʦʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʩʦʣʥʝʯʥʦ-ʩʣʝʧʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

8. ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʢʨʫʧʥʳʝ (ʜʠʘʤʝʪʨʦʤ ʜʦ 32 ʤʤ) ʦʧʪʠʯʝʩʢʠ 

ʩʦʚʝʨʰʝʥʥʳʝ ʩʤʝʰʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ KCNSH ʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ ʚ ʩʦʩʪʘʚʝ 

ʩʦʣʥʝʯʥʦ-ʩʣʝʧʦʛʦ ʦʙʲʝʢʪʠʚʘ. 

 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʆʙʱʠʝ ʧʨʠʥʮʠʧʳ ʩʦʟʜʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʋʌ-ʉ ʜʠʘʧʘʟʦʥʘ 

ʥʘ ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʚʢʣʶʯʘʶʱʠʝ: 

- ʧʦʜʘʚʣʝʥʠʝ ʧʦʣʦʩ ʧʨʦʧʫʩʢʘʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ l=490 ʥʤ ʠ l=710 ʥʤ 

ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʚʚʝʜʝʥʠʠ ʚ ʨʝʰʝʪʢʫ ʢʨʠʩʪʘʣʣʘ ʠʦʥʦʚ Ni2+ ʠ Co2+; 
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- ʧʦʚʳʰʝʥʠʝ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ 250-280 ʥʤ ʧʨʠ 

ʧʦʜʘʚʣʝʥʠʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʩʦʩʪʘʚʘ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH. 

2. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ ʢʨʠʩʪʘʣʣʦʚ KCNSH, 

ʫʩʣʦʚʠʷʤʠ ʠʭ ʚʳʨʘʱʠʚʘʥʠʷ, ʵʣʝʤʝʥʪʘʤʠ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʟʘʚʠʩʠʤʦʩʪʷʭ: 

- ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʠʩʪʘʣʣʦʚ ʦʪ ʠʭ ʩʦʩʪʘʚʘ; 

- ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ (ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʝʨʝʧʘʜ), ʩʧʦʩʦʙʦʚ (ʨʦʩʪ ʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʝ, 

ʧʦʩʪʦʷʥʥʘʷ ʧʦʜʧʠʪʢʘ ʨʘʩʪʚʦʨʘ, ʩʦʟʜʘʥʠʝ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʝ) ʠ ʫʩʣʦʚʠʡ ʠʭ ʚʳʨʘʱʠʚʘʥʠʷ (ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʘ, 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ, ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ʨʘʩʪʚʦʨʘ); 

- ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʦʪ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ; 

- ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʦʪ ʠʭ ʨʘʜʠʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. 

3. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

KCNSH ʚʳʩʦʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʬʠʣʴʪʨʦʚ ʋʌ-ʉ ʜʠʘʧʘʟʦʥʘ, ʚʢʣʶʯʘʶʱʠʝ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʝʜʠʥʝʥʠʷ KCNSH ʥʘ ʦʩʥʦʚʝ 

ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʝ K2SO4 - NiSO4 - CoSO4 - H2O ʠ 

ʢʠʥʝʪʠʢʠ ʨʦʩʪʘ; 

- ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʵʣʝʤʝʥʪʦʚ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʦʩʪʘʚʘ ʠ ʫʩʣʦʚʠʡ ʨʦʩʪʘ; 

- ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʜʘʚʣʝʥʠʝ 

ʩʝʢʪʦʨʠʘʣʴʥʦʡ, ʟʦʥʘʨʥʦʡ, ʨʘʜʠʘʣʴʥʦʡ ʠ ʤʦʟʘʠʯʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʪʨʘʚʢʠ, 

ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʦ ʩʦʩʪʘʚʫ ʨʘʩʪʫʱʝʤʫ ʢʨʠʩʪʘʣʣʫ, ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʚ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʝ, ʧʦʜʧʠʪʢʫ ʨʘʩʪʚʦʨʘ ʧʦ ʩʧʝʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʩʦʟʜʘʥʠʝ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʩʦʟʜʘʥʠʝ ʟʘʢʨʫʯʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʝ; 
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- ʠʟʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ. 

4. ʉʦʟʜʘʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʋʌ ʜʠʘʧʘʟʦʥʘ ʥʘ ʦʩʥʦʚʝ 

ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʚʢʣʶʯʘʷ: 

- ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ; 

- ʚʳʙʦʨ ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʜʠʘʤʝʪʨʦʤ 25-32 ʤʤ 

ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʦʧʫʩʢʘʥʠʝʤ ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ 250õ280 ʥʤ ʥʝ ʥʠʞʝ 

0,85 ʩʤ-1 ʠ ʩʦʧʦʩʪʘʚʠʤʳʭ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʩ ʢʨʠʩʪʘʣʣʘʤʠ KNSH ʠ 

KCSH; 

- ʦʮʝʥʢʫ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʠʟ 

ʢʨʠʩʪʘʣʣʦʚ KCNSH ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʘʣʦʥʥʦʤʫ ʬʠʣʴʪʨʫ ʠʟ ʢʨʠʩʪʘʣʣʘ a-

NSH. 

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ.  

1. ɼʠʘʛʨʘʤʤʘ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʝ K2SO4 - NiSO4 - CoSO4 

- H2O ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 40 ʉ̄ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

2. ʅʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʩʦʟʜʘʥʳ ʦʧʪʠʯʝʩʢʠʝ ʬʠʣʴʪʨʳ ʋʌ-

ʉ ʜʠʘʧʘʟʦʥʘ ʩ ʥʘʠʣʫʯʰʠʤʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʘʨʘʤʝʪʨʘʤʠ ʬʠʣʴʪʨʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʚ ʩʦʩʪʘʚʝ ʋʌ-ʉ ʜʝʪʝʢʪʦʨʘ çʂʦʨʦʥʘè, 

ʧʨʦʠʟʚʦʜʠʤʦʛʦ ɸʆ ʅʊʎ çʈʝʘʛʝʥʪè, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ ʥʦʚʳʭ ʋʌ-ʉ ʜʝʪʝʢʪʦʨʦʚ ʩ 

ʫʣʫʯʰʝʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

3. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʚʳʨʘʱʠʚʘʥʠʷ 

ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʨʫʛʠʭ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʯʪʦ 

ʚʳʚʦʜʠʪ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘ ʨʘʤʢʠ ʜʦʩʪʠʞʝʥʠʷ 

ʢʦʥʢʨʝʪʥʳʭ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝʤ ʠ 

ʫʩʠʣʝʥʠʝʤ ʪʨʝʥʜʘ ʥʘ ʨʘʟʚʠʪʠʝ ʤʦʥʦʬʦʪʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʜʜʝʨʞʘʥʳ: 

- ʛʨʘʥʪʦʤ ʈʌʌʀ 10-02-01303-ʘ çʂʦʤʧʦʟʠʮʠʦʥʥʘʷ ʤʦʟʘʠʯʥʦʩʪʴ 

ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʨʦʩʪʝ ʠʟ ʨʘʩʪʚʦʨʦʚ: ʧʨʠʨʦʜʘ ʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠè (2010 ï 2012); 

- ʛʨʘʥʪʦʤ ʈʌʌʀ 11-02-13107-ʦʬʠ-ʤ-2011-ʈɾɼ çʋʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ 

ʤʦʥʦʬʦʪʦʥʥʳʡ ʩʝʥʩʦʨ ʠ ʩʠʛʥʘʪʫʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʪʷʛʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝè (2011 ï 2012); 

- ʛʨʘʥʪʦʤ ʈʅʌ (ʩ ʧʨʦʜʦʣʞʝʥʠʝʤ) ˉ 15-12-00030: "ʈʘʟʨʘʙʦʪʢʘ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʦʣʥʝʯʥʦ-ʩʣʝʧʳʭ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ K2NixCo1-x(SO4)2Ŀ6H2O ʠ ʤʝʪʦʜʘ ʠʭ ʧʦʣʫʯʝʥʠʷ" (2015 ï 

2019). 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʇʨʠ ʣʠʯʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʨʘʙʦʪʳ: 

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʝ K2SO4 - NiSO4 - CoSO4 - 

H2O ʠ ʢʠʥʝʪʠʢʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ KCNSH;  

- ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʨʝʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ KCNSH; 

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʠ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʢʪʦʨʠʘʣʴʥʦʡ, 

ʟʦʥʘʨʥʦʡ, ʤʦʟʘʠʯʥʦʡ ʠ ʨʘʜʠʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

KCNSH; 

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʠ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʥʘ 

ʠʭ ʨʝʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ; 

- ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʘ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʧʦʜʘʚʣʝʥʠʝ 

ʩʝʢʪʦʨʠʘʣʴʥʦʡ, ʟʦʥʘʨʥʦʡ, ʨʘʜʠʘʣʴʥʦʡ ʠ ʤʦʟʘʠʯʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ KCNSH; 
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- ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʠ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʋʌ-ʉ 

ʜʠʘʧʘʟʦʥʘ ʥʘ ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH. 

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʥʘ ʂʦʥʬʝʨʝʥʮʠʠ ʩʪʨʘʥ ʉʅɻ ʧʦ ʨʦʩʪʫ 

ʢʨʠʩʪʘʣʣʦʚ, ʋʢʨʘʠʥʘ, ʍʘʨʴʢʦʚ, 2012; III  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ñʂʨʠʩʪʘʣʣʦʛʝʥʝʟʠʩ ʠ ʤʠʥʝʨʘʣʦʛʠʷò, ʅʦʚʦʩʠʙʠʨʩʢ, 2013; ʐʝʩʪʦʤ ʠ ʩʝʜʴʤʦʤ 

ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʥʘʫʯʥʦʤ ʩʝʤʠʥʘʨʝ ʠ ʏʝʪʚʝʨʪʦʡ ʠ ʇʷʪʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ-ʩʝʤʠʥʘʨʘ, ɺʝʣʠʢʠʡ ʅʦʚʛʦʨʦʜ, 2013 ʠ 2015; 23rd 

Congress and General Assembly of the International Union of Crystallografy, 

Montreal, Canada 2014; XXXIII  ʥʘʫʯʥʳʭ ʯʪʝʥʠʷʭ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʅʠʢʦʣʘʷ 

ɺʘʩʠʣʴʝʚʠʯʘ ɹʝʣʦʚʘ, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2014; XII  ɺʩʝʨʦʩʩʠʡʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʇʨʦʙʣʝʤʳ ʩʦʣʴʚʘʪʘʮʠʠ ʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʩʪʚʦʨʘʭ. ʆʪ ʵʬʬʝʢʪʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʢ ʥʦʚʳʤ 

ʤʘʪʝʨʠʘʣʘʤè, ʀʚʘʥʦʚʦ, 2015;  The 18th International Conference of Crystal Growth 

and Epitaxy, ICCGE-18, Nagoya, Japan, 2016; ʇʝʨʚʦʤ ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ 

ʢʦʥʛʨʝʩʩʝ "ʆʪ ʢʦʥʚʝʨʛʝʥʮʠʠ ʥʘʫʢ ʢ ʧʨʠʨʦʜʦʧʦʜʦʙʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ", ʄʦʩʢʚʘ, 

2016; ʂʣʘʩʪʝʨʝ ʢʦʥʬʝʨʝʥʮʠʡ 2018 ʠ 2021, ʉʫʟʜʘʣʴ, 2018 ʠ ʀʚʘʥʦʚʦ, 2021; 

ɺʦʩʴʤʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʂʨʠʩʪʘʣʣʦʬʠʟʠʢʘ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚè, ʄʦʩʢʚʘ, 2019; International conference 

mechanisms and non-linear problems of nucleation and growth of crystals and thin 

films, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2019; VIII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʜʣʷ ʤʦʣʦʜʸʞʠ çʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ 

ʠ ʚʳʩʦʢʦʯʠʩʪʳʝ ʚʝʱʝʩʪʚʘè, ʉʫʟʜʘʣʴ, 2020, ʂʦʥʢʫʨʩʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʌʅʀʎ 

çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ ʚ 2018 ʛ. (ʧʨʝʤʠʷ ʠʤ. ɹ.ʂ. ɺʘʡʥʰʪʝʡʥʘ). 

 

ʇʫʙʣʠʢʘʮʠʠ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ 14 ʩʪʘʪʴʷʭ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ 

ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʧʠʩʦʢ ɺɸʂ, 17 ʪʝʟʠʩʘʭ ʢʦʥʬʝʨʝʥʮʠʡ ʠ 1 ʧʘʪʝʥʪʝ.  
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ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ  

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʩʝʤʠ ʛʣʘʚ, ʚʳʚʦʜʦʚ ʠ 

ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. ʆʙʱʠʡ ʦʙʲʝʤ ʨʘʙʦʪʳ 219 ʩʪʨʘʥʠʮ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʜʝʨʞʠʪ 

121 ʨʠʩʫʥʦʢ ʠ 26 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʚʢʣʶʯʘʝʪ 139 

ʥʘʠʤʝʥʦʚʘʥʠʡ.  
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ɻʃɸɺɸ 1 ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ  

1.1 ʂʨʠʩʪʘʣʣʳ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʋʌ-ʉ ʜʠʘʧʘʟʦʥʘ 

1.1.1 ʂʨʠʩʪʘʣʣ Ŭ-NiSO4Ā6H2O  

ʂʨʠʩʪʘʣʣ a-NSH ʥʘʩʳʱʝʥʥʦʛʦ ʩʠʥʝ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ ʠ ʠʤʝʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʨʫʧʧʫ ʈ41212; 

ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: ʘ=b=6,780 ¡, ʩ=18,285 ¡, Z=4 (ʯʠʩʣʦ 

ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮ) [13-15]. ʉʪʨʫʢʪʫʨʫ a-NSH ʦʙʨʘʟʫʶʪ ʩʣʦʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʦʢʪʘʵʜʨʦʚ [Ni(H2O)6]2+ ʠ ʪʝʪʨʘʵʜʨʦʚ [SO4]2-, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʦʩʠ ʩ. ʂʘʞʜʳʡ 

ʦʢʪʘʵʜʨ [Ni(H2O)6]2+ ʩʦʝʜʠʥʝʥ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʩ ʯʝʪʳʨʴʤʷ ʩʫʣʴʬʘʪʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʣʝʞʘʱʠʤʠ ʚ ʪʦʡ ʞʝ ʧʣʦʩʢʦʩʪʠ (001), ʠ ʜʚʫʤʷ [SO4]2-, 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʩʣʦʝ. ʉʣʦʠ ʬʦʨʤʠʨʫʶʪʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʵʜʨʳ [Ni(H2O)6]2+  ʛʨʫʧʧʠʨʫʶʪʩʷ ʚʦʢʨʫʛ 

ʦʩʠ 41, ʘ ʩʫʣʴʬʘʪʥʳʝ ʛʨʫʧʧʳ ʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘʜ ʥʠʤʠ ʚʜʦʣʴ 

[001], ʯʝʨʝʜʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʢʘʞʜʳʝ c/2 (ʨʠʩʫʥʦʢ 1.1). 

 

ʈʠʩʫʥʦʢ 1.1 ï ʇʨʦʝʢʮʠʷ ʧʦʣʠʵʜʨʦʚ [Ni(H2O)6]2+ ʠ [SO4]2- ʥʘ ʧʣʦʩʢʦʩʪʴ (100) ʚ ʩʪʨʫʢʪʫʨʝ 

a-NSH [14] 

 



18 

 

ʆʧʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ a-NSH ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ ʥʠʢʝʣʝʚʦʛʦ ʦʢʪʘʵʜʨʘ [Ni(H2O)6]2+ [13, 16-19]. 

ʀʦʥ Ni2+ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʰʝʩʪʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʦʙʣʘʜʘʝʪ 

ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ d8. ɺ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ ʝʩʪʴ ʧʦ ʦʜʥʦʤʫ 

ʥʝʩʧʘʨʝʥʥʦʤʫ ʵʣʝʢʪʨʦʥʫ ʥʘ ʜʚʫʭ ů-ʦʨʙʠʪʘʣʷʭ. ʕʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ d8 

ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʧʦʣʝ ʧʨʠʥʘʜʣʝʞʘʪ ʯʝʪʳʨʝ ʪʨʠʧʣʝʪʘ, ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʜʘʚʘʪʴ ʪʨʠ ʰʠʨʦʢʠʝ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ (3ɸ2  3ʊ2 

(ὸ,e3), 3ɸ2  3ʊ1 (ὸ,e3), 3ɸ2  3ʊ1 (ὸ,e4)). ʊʘʢʞʝ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʫʟʢʘʷ ʣʠʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʝʨʝʭʦʜʫ ʤʝʞʜʫ ʪʝʨʤʘʤʠ ʩ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ὸe8-n, 3ɸ2(ὸ,e2)  1E (ὸ,e2) [17]. ɺ ʪʘʙʣʠʮʝ 1.1 ʧʨʠʚʝʜʝʥʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʯʘʩʪʦʪʳ ʧʦʛʣʦʱʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʠʦʥ Ni2+ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʧʝʨʝʭʦʜʳ. 

 

ʊʘʙʣʠʮʘ 1.1 ï ʇʦʣʦʞʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʠʦʥʘ Ni2+ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ 

ʦʢʨʫʞʝʥʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʧʝʨʝʭʦʜʳ [18-19] 

ʇʝʨʝʭʦʜ 

ʈʘʩʯʝʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ɜ, ʩʤ-1 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ɜ, ʩʤ-1 

(ɚ, ʥʤ) 

[18] [18] [19] 

3ɸ2  3ʊ2 (ὸ,e3) 8500 8500 (1176) 8695 (1150) 

3ɸ2  1E (ὸ,e2) 13900 14120 (708) 14005 (714) 

3ɸ2  3ʊ1 (ὸ,e3) 14150 15300 (654) 15408 (649) 

3ɸ2  3ʊ1 (ὸ,e4) 25150 25900 (386) 25000 (390) 

 

ʂʨʠʩʪʘʣʣ a-NSH ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ 

ʋʌ-ʉ ʜʠʘʧʘʟʦʥʘ ʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʥʘʡʪʠ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʜʘʥʥʳʭ ʦ ʝʛʦ 

ʨʦʩʪʝ, ʩʪʨʫʢʪʫʨʝ ʠ ʩʚʦʡʩʪʚʘʭ [13-16, 20-24]. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣ ʟʘʧʘʪʝʥʪʦʚʘʥ 

ʥʦʚʳʡ ʤʝʪʦʜ ʨʦʩʪʘ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ a-NSH, ʧʦʟʚʦʣʷʶʱʠʡ ʩʨʘʟʫ 

ʧʦʣʫʯʘʪʴ ʢʨʫʛʣʳʝ ʟʘʛʦʪʦʚʢʠ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʠʘʤʝʪʨʘ 
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[23]. ɺ ʨʘʙʦʪʝ [24] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʢʦʨʦʩʪʥʦʡ ʤʝʪʦʜ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ a-NSH, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʘʤʠ 120Ĭ120Ĭ65 ʤʤ3 (ʨʠʩʫʥʦʢ 1.2).  

 

ʈʠʩʫʥʦʢ 1.2 ï ʂʨʠʩʪʘʣʣʳ a-NSH, ʧʦʣʫʯʝʥʥʳʝ ʩʢʦʨʦʩʪʥʳʤ ʤʝʪʦʜʦʤ ʨʦʩʪʘ [24] 

 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʘ a-NSH 

ʷʚʣʷʶʪʩʷ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʧʨʦʧʫʩʢʘʥʠʝʤ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 

240 ʥʤ 86 %. ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʜʘʥʥʳʡ ʢʨʠʩʪʘʣʣ ʠʤʝʝʪ ʩʝʨʴʝʟʥʳʡ ʥʝʜʦʩʪʘʪʦʢ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʦʙʣʘʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ: ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʨʘʟʣʦʞʝʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʜʝʛʠʜʨʘʪʘʮʠʠ) ʊʜʝʛ.= 79 Áʉ [25]. 

 

1.1.2 ʂʨʠʩʪʘʣʣʳ ʩʦʣʝʡ ʊʫʪʪʦʥʘ K2Ni(SO4)2Ā6H2O, (NH4)2Ni(SO4)2Ā6H2O, 

Rb2Ni(SO4)2Ā6H2O, Cs2Ni(SO4)2Ā6H2O ʠ K2Co(SO4)2Ā6H2O 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʢʨʠʩʪʘʣʣʫ a-NSH ʚ ʢʘʯʝʩʪʚʝ ʬʠʣʴʪʨʘ ʋʌ-ʉ ʜʠʘʧʘʟʦʥʘ 

ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʩʦʣʝʡ ʊʫʪʪʦʥʘ ʩ ʦʙʱʝʡ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ 

ʄ1
1+ʄ2

2+(Sʆ4)2Ŀ6ʅ2ʆ (ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʘʣʣʘ ʄ1 ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ NH4, K, Rb, Cs, 

ʘ ʚ ʢʘʯʝʩʪʚʝ M2 - Ni, Co). ɺ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʷʭ, ʪʘʢʞʝ, ʢʘʢ ʠ ʚ Ŭ-ʛʝʢʩʘʛʠʜʨʘʪʝ 

ʩʫʣʴʬʘʪʘ ʥʠʢʝʣʷ, ʠʦʥʳ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ 

ʦʢʨʫʞʝʥʠʠ ʰʝʩʪʠ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʠʭ ʧʦʣʦʩʯʘʪʳʡ ʩʧʝʢʪʨ 

ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 200 ʜʦ 1100 ʥʤ [13, 16, 26]. 

ʉʨʝʜʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʋʌ 

ʬʠʣʴʪʨʦʚ ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʛʝʢʩʘʛʠʜʨʘʪʦʚ ʩʫʣʴʬʘʪʦʚ ʢʘʣʠʷ-ʥʠʢʝʣʷ 
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K2Ni(SO4)2Ŀ6H2O (KNSH) [26-28], ʘʤʤʦʥʠʷ-ʥʠʢʝʣʷ (NH4)2Ni(SO4)2Ŀ6H2O 

(ANSH) [29, 30], ʨʫʙʠʜʠʷ-ʥʠʢʝʣʷ Rb2Ni(SO4)2Ŀ6H2O (RNSH) [31, 32], ʮʝʟʠʷ-

ʥʠʢʝʣʷ Cs2Ni(SO4)2Ŀ6H2O (CNSH) [33] ʠ ʢʘʣʠʷ-ʢʦʙʘʣʴʪʘ K2Co(SO4)2Ŀ6H2O 

(KCSH) [34]. 

ʂʨʠʩʪʘʣʣʳ ʩʦʣʝʡ ʊʫʪʪʦʥʘ ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʤʦʥʦʢʣʠʥʥʦʡ 

ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P21/c, Z=2. ʉʪʨʫʢʪʫʨʘ ʠʭ ʪʘʢʦʚʘ, ʯʪʦ 

ʢʘʞʜʳʡ ʠʦʥ Ni2+(ʠʣʠ Co2+) ʦʢʨʫʞʝʥ ʰʝʩʪʴʶ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜ,r ʦʙʨʘʟʫʷ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʩʢʘʞʝʥʥʳʡ ʦʢʪʘʵʜʨ Ni(ʅ2ʆ)62+ (ʠʣʠ Co(H2O)6
2+). ɸʥʠʦʥʳ SO4

2- 

ʦʙʨʘʟʫʶʪ ʧʨʘʚʠʣʴʥʳʝ ʪʝʪʨʘʵʜʨʳ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʦʢʪʘʵʜʨʘʤʠ 

Ni(ʅ2ʆ)62+ (ʠʣʠ Co(H2O)6
2+) ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʆ-ʅÅÅÅʆ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʦʢʪʘʵʜʨʳ ʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʠʦʥʦʚ [Ni2+Ŀ6H2O] ([Co2+Ŀ6H2O]) ʠ ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʠʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʪʝʪʨʘʵʜʨʳ [SO4
2-] ʩʦʩʪʘʚʣʷʶʪ ʢʘʨʢʘʩ. ʀʦʥʳ K+ 

(ʠʣʠ (NH4)+) ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʥʫʪʨʠ ʵʪʦʛʦ ʢʘʨʢʘʩʘ. ʅʘ ʨʠʩʫʥʢʝ 1.3 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʨʦʝʢʮʠʷ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ KNSH ʥʘ ʧʣʦʩʢʦʩʪʴ (001). 

 

ʈʠʩʫʥʦʢ 1.3 - ʇʨʦʝʢʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ KNSH ʥʘ ʧʣʦʩʢʦʩʪʴ (001) [28] 

 

ɻʘʙʠʪʫʩ ʢʨʠʩʪʘʣʣʦʚ ʩʦʣʝʡ ʊʫʪʪʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1.4. ʆʩʴ 

ʩʠʤʤʝʪʨʠʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ <010>, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʡ ʥʘʭʦʜʠʪʩʷ ʧʣʦʩʢʦʩʪʴ ʩʠʤʤʝʪʨʠʠ (010). ɻʘʙʠʪʫʩ ʢʨʠʩʪʘʣʣʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʨʦʤʙʠʯʝʩʢʠʭ ʧʨʠʟʤ {110}, {011}  ʠ {211}, ʯʝʪʳʨʸʭ 

ʧʠʥʘʢʦʠʜʦʚ {001}, {100}, {201} ʠ {010} (ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʝʞʝ ʠ ʥʘ ʨʠʩʫʥʢʝ ʥʝ 

ʧʦʢʘʟʘʥ).  
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ʈʠʩʫʥʦʢ 1.4 - ɻʘʙʠʪʫʩ ʢʨʠʩʪʘʣʣʦʚ ʩʦʣʝʡ ʊʫʪʪʦʥʘ ʄ1
1+ʄ2

2+(Sʆ4)2Ŀ6ʅ2ʆ [35]  

 

ʆʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʠʢʝʣʝʚʳʭ ʩʦʣʝʡ ʊʫʪʪʦʥʘ 

ʩʭʦʞʠ ʩʦ ʩʧʝʢʪʨʦʤ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ a-NSH, ʧʦʩʢʦʣʴʢʫ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʣʠʯʠʝʤ ʥʠʢʝʣʝʚʦʛʦ ʠʦʥʘ ʩ d8 ï ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʚ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ɺ ʨʘʙʦʪʝ [26] ʚ ʜʠʘʧʘʟʦʥʝ 250-

1000 ʥʤ ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ANSH, KNSH ʠ RNSH, 

ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʯʝʥʴ ʩʭʦʞʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩʦ ʩʧʝʢʪʨʦʤ ʧʦʛʣʦʱʝʥʠʷ 

ʢʨʠʩʪʘʣʣʘ a-NSH (ʪʘʙʣʠʮʘ 1.2). ɼʣʷ ʢʨʠʩʪʘʣʣʘ CNSH ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʭ ʦ 

ʩʦʦʪʥʦʰʝʥʠʠ ʤʘʢʩʠʤʫʤʦʚ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʧʝʨʝʭʦʜʘʤʠ ʥʝ ʥʘʡʜʝʥʦ.   

 

ʊʘʙʣʠʮʘ 1.2 ï ʇʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʄ1
1+Ni(Sʆ4)2Ŀ6ʅ2ʆ ʚ ʜʠʘʧʘʟʦʥʝ 250 ï 1000 ʥʤ 

ʂʨʠʩʪʘʣʣ 

ʇʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʦʚ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ 

ʧʝʨʝʭʦʜʘʤ, ʥʤ 

3ɸ2  3ʊ1 (ὸ,e4) 3ɸ2  3ʊ1 (ὸ,e3) 3ɸ2  1E (ὸ,e2) 

ANSH [26] 385 644 706 

KNSH [26] 385 643 707 

RNSH [26] 385 642 708 

a-NSH [18] 386 649 708 
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ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ KCSH ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʝʛʦ 

ʩʪʨʫʢʪʫʨʝ ʠʦʥʘ Co2+ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ d7 ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʧʦʣʝ 

ʤʦʣʝʢʫʣ ʚʦʜʳ. ʐʠʨʦʢʠʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʝʨʝʭʦʜʘʤʠ 4ʊ1 

(ὸ,e2)  4ʊ2 (ὸ 3ʊ1, e3), 4ʊ1 (ὸ,e2)  4ʊ1 (ὸ, e3), 4ʊ1 (ὸ, e2)  4ɸ2 (ὸ,e4) [18]. 

ʅʘ ʨʠʩʫʥʢʝ 1.5 ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʠʦʥʘ [Co(H2O)6]2+ ʚ ʚʠʜʠʤʦʡ 

ʯʘʩʪʠ ʩʧʝʢʪʨʘ [16]. ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʧʝʨʝʭʦʜʦʤ 4ʊ1 (ὸ,e2)  

4ʊ1 (ὸ, e3) (~ 540 ʥʤ), ʘ ʧʝʨʝʭʦʜ 4ʊ1 (ὸ,e2)  4ʊ2 (ὸ 3ʊ1, e3) ʧʨʠ 8350 ʩʤ-1 ʥʝ 

ʧʦʢʘʟʘʥ ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ. ʇʝʨʝʭʦʜ 4ʊ1 (ὸ, e2)  4ɸ2 (ὸ,e4) ʦʙʣʘʜʘʝʪ ʤʘʣʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠ ʙʣʠʟʦʢ ʢ ʧʦʣʦʩʝ 4ʊ1 (ὸ,e2)  4ʊ1 (ὸ, e3) ʠ ʚ ʩʧʝʢʪʨʝ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ.  

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ [Co(H2O)6]2+ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ [16] 

 

ʅʘ ʨʠʩʫʥʢʝ 1.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ KNSH, 

ANSH, RNSH, CNSH, KCNS ʠ a-NSH [25]. ʆʥʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʭʦʞʠ ʤʝʞʜʫ 

ʩʦʙʦʡ: ʧʨʦʧʫʩʢʘʥʠʝ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ ɚ=240-290 ʥʤ - ʦʢʦʣʦ 80 %, ʪʘʢʞʝ ʠʤʝʝʪʩʷ 

ʦʢʥʦ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʨʘʡʦʥʝ l=490 ʥʤ (ʫ ʢʨʠʩʪʘʣʣʦʚ KNSH, ANSH, RNSH ʠ 

CNSH) ʠ l=710 ʥʤ (ʫ ʢʨʠʩʪʘʣʣʘ KCSH). ʂʨʠʩʪʘʣʣ KCSH ʠʤʝʝʪ ʙʦʣʝʝ ʰʠʨʦʢʠʡ 

ʧʠʢ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʋʌ ʦʙʣʘʩʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʛʝʢʩʘʛʠʜʨʘʪʦʚ 
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ʩʫʣʴʬʘʪʦʚ ʥʠʢʝʣʷ, ʧʠʢ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʪʦʞʝ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʠ 

ʠʥʪʝʥʩʠʚʥʳʡ, ʩʤʝʱʝʥ ʙʣʠʞʝ ʢ ʀʂ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. 

 

ʈʠʩʫʥʦʢ 1.6 - ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ a-NSH, KNSH, KCSH, ANSH, CNSH ʠ 

RNSH [25] 

 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʯʘʣʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ KNSH, KCSH, ANSH, CNSH ʠ RNSH 

ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1.3. ʊʝʤʧʝʨʘʪʫʨ rʥʘʯʘʣʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʦʧʨʝʜʝʣʝʥ rʜʣʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 5 ʂ/ʤʠʥ [25]. 

ʋ ʢʨʠʩʪʘʣʣʦʚ RNSH ʠ CNSH ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʣʦʞʝʥʠʷ, 

ʦʜʥʘʢʦ, ʩʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʭʫʞʝ, ʯʝʤ ʫ ʦʩʪʘʣʴʥʳʭ: 

ʧʨʦʧʫʩʢʘʥʠʝ ʚ ʋʌ ʦʙʣʘʩʪʠ ʥʠʞʝ, ʘ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʚʳʰʝ. ʆʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ KNSH ʠ ANSH ʙʣʠʟʢʠ ʠ ʩʭʦʜʥʳ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʢʨʠʩʪʘʣʣʘ a-NSH, ʦʜʥʘʢʦ ʦʥʠ ʧʨʝʚʦʩʭʦʜʷʪ ʝʛʦ ʧʦ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

ɺ ʨʘʙʦʪʘʭ [25, 27, 29, 31, 33-34, 36-40] ʦʧʠʩʳʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ KNSH, KCSH, ANSH, CNSH ʠ RNSH. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ 

ʘʤʝʨʠʢʘʥʩʢʠʝ, ʢʠʪʘʡʩʢʠʡ ʠ ʨʦʩʩʠʡʩʢʠʡ ʧʘʪʝʥʪʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ 

KNSH [41], ANSH [42, 43] ʠ CNSH [44] ʠ ʥʘ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʯʝʩʢʠʭ ʟʦʥʥʳʭ ʬʠʣʴʪʨʦʚ ʋʌ ʜʠʘʧʘʟʦʥʘ. 
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ʊʘʙʣʠʮʘ 1.3 - ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ KNSH, KCSH, ANSH, CNSH ʠ RNSH 

ʂʨʠʩʪʘʣʣ 

ʉʠʥʛʦʥʠʷ, 

ʧʘʨʘʤʝʪʨʳ 

ʨʝʰʝʪʢʠ 

ʊʜʝʛ., ʦʉ [25] 
ʇʨʦʧʫʩʢʘʥʠʝ ʤʘʢʩ, % [25] 

ʋʌ ʦʙʣʘʩʪʴ ɺʠʜ. ʦʙʣʘʩʪʴ 

KNSH 

ʄʦʥʦʢʣʠʥʥʘʷ, 

ʘ=6,1250 ¡, 

b=12,159 ¡, 

ʩ=8,980 ¡ [28] 

100 85 % (240 ʥʤ) 44 % (495ʥʤ) 

ANSH 

ʄʦʥʦʢʣʠʥʥʘʷ, 

ʘ=6,2351 ¡, 

b=12,4513 ¡, 

ʩ=9,1798 ¡ [29] 

97 83 % (250 ʥʤ) 54 % (495ʥʤ) 

CNSH 

ʄʦʥʦʢʣʠʥʥʘʷ, 

ʘ=6,3576 ¡, 

b=12,7660 ¡, 

c=9,2550 ¡ [33] 

107 83 % (300ʥʤ) 78 % (510ʥʤ) 

RNSH 

ʄʦʥʦʢʣʠʥʥʘʷ, 

a=6,221 ¡; 

b=12,410 ¡;    

c= 9,131 ¡ [45] 

109 83 % (295ʥʤ) 74 % (492ʥʤ) 

KCSH 

ʄʦʥʦʢʣʠʥʥʘʷ, 

ʘ=6,155 ¡, 

b=12,221 ¡, 

ʩ=9,057 ¡ [46] 

86 80 % (295ʥʤ) 70 % (725ʥʤ) 

 

ʂʨʠʩʪʘʣʣʳ KCSH, CNSH ʠ RNSH ʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ 

[34], [33] ʠ [40], ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʜʦ 70 Ĭ 100 Ĭ 100 ʤʤ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 0,3, 1, 2 ʠ 5 ʣʠʪʨʦʚʳʭ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘʭ ʤʝʪʦʜʦʤ ʧʦʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ. ʊʘʢʞʝ ʘʚʪʦʨʘʤʠ ʵʪʠʭ ʩʪʘʪʝʡ ʙʳʣ ʟʘʧʘʪʝʥʪʦʚʘʥ 

ʩʦʣʥʝʯʥʦ-ʩʣʝʧʦʡ ʦʙʲʝʢʪʠʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʜʚʘ ʢʨʠʩʪʘʣʣʘ, ʦʜʥʠʤ ʠʟ 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʢʨʠʩʪʘʣʣ CNSH, ʘ ʜʨʫʛʠʤ ï KCSH [12].  

 

1.1.3 ʉʤʝʰʘʥʥʳʝ ʢʨʠʩʪʘʣʣ rʩʦʣʝʡ ʊʫʪʪʦʥʘ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʪʘʣʠ ʘʢʪʫʘʣʴʥʳ ʨʘʙʦʪʳ ʧʦ ʧʦʠʩʢʫ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʫʣʴʬʦʩʦʣʝʡ ʊʫʪʪʦʥʘ. ɺ [17] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʢʨʠʩʪʘʣʣʦʚ ʧʝʨʝʭʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ 
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ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʝʨʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʦʡ ʠʭ ʠʦʥʦʚ, ʧʦʵʪʦʤʫ 

ʢʦʤʙʠʥʠʨʫʷ ʚ ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ, 

ʤʦʞʥʦ ʠʟʤʝʥʠʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ ʥʫʞʥʳʤ ʦʙʨʘʟʦʤ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʟʚʝʩʪʥʦ ʦ ʧʦʣʫʯʝʥʠʠ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʦʚ: K2NixCo(1-x)(SO4)2Ŀ6H2O (KCNSH) [47-50], 

(NH4)2NixCo(1-x)(SO4)2Ŀ6H2O (ACNSH) [51, 52], K2MnxNi(1-x)(SO4)2Ŀ6H2O [53], 

(NH4)2ZnxMg(1-x)(SO4)2Ŀ6H2O[54], K2MgxNi(1-x)(SO4)2Ŀ6H2O [55], 

K2ZnxMn(1-x)(SO4)2Ŀ6H2O [56], K2ZnxNi(1-x)(SO4)2Ŀ6H2O [57]. 

 

ʉʤʝʰʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ (NH4)2ZnxMg(1-x)(SO4)2Ā6H2O, 

K2ZnxMn(1-x)(SO4)2Ā6H2O, K2MnxNi(1-x)(SO4)2Ā6H2O, K2MgxNi(1-x)(SO4)2Ā6H2O ʠ 

K2ZnxNi(1-x)(SO4)2Ā6H2O 

ʉʝʤʴ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (NH4)2ZnxMg(1-x)(SO4)2Ŀ6H2O [54], ʪʨʠ 

ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘ K2ZnxNi(1-x)(SO4)2Ŀ6H2O [57] ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ  ʠ ʧʦ 

ʦʜʥʦʤʫ ʩʦʩʪʘʚʫ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ K2Zn0,84Mn0,16(SO4)2Ŀ6H2O [56], 

K2Mn0,1Ni0,9(SO4)2Ŀ6H2O [53], K2MgxNi(1-x)(SO4)2Ŀ6H2O [55] ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʝʪʦʜʦʤ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺʦ ʚʩʝʭ ʵʪʠʭ ʨʘʙʦʪʘʭ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʜʘʥʥʳʝ ʩʤʝʰʘʥʥʳʝ ʢʨʠʩʪʘʣʣ r ʦʪʥʦʩʷʪʩʷ ʢ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P21/c, ʩ ʙʣʠʟʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʰʝʪʢʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʡ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʳ 

ʧʨʦʧʫʩʢʘʥʠʷ (ʨʠʩʫʥʦʢ 1.7) ʠ ʠʭ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ (ʪʘʙʣʠʮʘ 1.4).  

ʊʘʙʣʠʮʘ 1.4 ï ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ  

ʂʨʠʩʪʘʣʣ ʊʜʝʛ, Áʉ 
ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ, 

Áʉ /ʤʠʥ 

ʃʠʪʝʨʘʪʫʨʥʳʡ 

ʠʩʪʦʯʥʠʢ 

K2Zn0,84Mn0,16(SO4)2Ŀ6H2O 140 10 [56] 

K2Mn0,1Ni0,9SO4)2Ŀ6H2O 110 25 [53] 

K2MgxNi(1-x)(SO4)2Ŀ6H2O 94 10 [55] 

K2Zn0,2Ni0,8(SO4)2Ŀ6H2O 110 10 [57] 
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ʘ ʙ 

 

 

ʚ ʛ 

ʈʠʩʫʥʦʢ 1.7 - ʆʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘ -

K2Zn0,84Mn0,16(SO4)2Ŀ6H2O [56], ʙ - K2Mn0,1Ni0,9(SO4)2Ŀ6H2O [53], ʚ - 

K2MgxNi(1-x)(SO4)2Ŀ6H2O [55] ʠ  ʛ - K2ZnxNi(1-x)(SO4)2Ŀ6H2O [57] 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʯʘʣʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ɻʪʠʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ. ʅʦ 

ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʠ ʦʮʝʥʢʠ ʨʝʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʜʘʥʥʳʝ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʳ ʥʘʯʠʥʘʶʪ ʨʘʟʨʫʰʘʪʴʩʷ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʦʚ 

ʩʣʠʰʢʦʤ ʚʳʩʦʢʘ (ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʦʧʠʩʘʥʳ ʥʠʞʝ ʚ ʧʘʨʘʛʨʘʬʝ 1.4.2).  

ʂʨʠʩʪʘʣʣʳ K2Mn(SO4)2Å6H2O, K2Mg(SO4)2Å6H2O ʠ K2Zn(SO4)2Å6H2O 

ʧʨʦʟʨʘʯʥʳ ʚ ʀʂ, ʚʠʜʠʤʦʡ ʠ ʋʌ-ɸ ʦʙʣʘʩʪʷʭ, ʧʦʵʪʦʤʫ ʜʦʙʘʚʣʝʥʠʝ ʵʪʠʭ 
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ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʨʠʩʪʘʣʣ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʧʦʣʦʩʘʭ ʧʦʛʣʦʱʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʯʝʤ ʙʦʣʴʰʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʨʠʩʪʘʣʣʝ Mn, Mg 

ʣʠʙʦ Zn, ʪʝʤ ʚʳʰʝ ʝʛʦ ʧʨʦʧʫʩʢʘʥʠʝ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʢʘʢ ʵʪʦ 

ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 1.7 ʛ. ʇʦʵʪʦʤʫ ʪʘʢʠʝ ʢʨʠʩʪʘʣʣʳ ʥʝ ʷʚʣʷʶʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʦʧʪʠʯʝʩʢʠʤʠ ʬʠʣʴʪʨʘʤʠ ʋʌ ʜʠʘʧʘʟʦʥʘ. 

 

ʉʤʝʰʘʥʥʳʡ ʢʨʠʩʪʘʣʣ (NH4)2NixCo(1-x)(SO4)2Ā6H2O 

ɺ ʨʘʙʦʪʝ [58] ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʩʦʚʤʝʩʪʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʣʝʡ 

(NH4)2Ni(SO4)2Ŀ6H2O ʠ (NH4)2Co(SO4)2Ŀ6H2O ʧʨʠ 30 ʠ 40 Áʉ ʚ ʚʦʜʝ (ʨʠʩʫʥʦʢ 

1.8). ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʩʦʩʪʘʚʦʚ ʨʘʩʪʚʦʨʦʚ ʦʧʨʝʜʝʣʝʥʳ ʨʘʚʥʦʚʝʩʥʳʝ ʩʦʩʪʘʚʳ 

ʪʚʝʨʜʦʡ ʬʘʟʳ, ʢʦʪʦʨʳʝ ʥʘ ʨʠʩʫʥʢʝ 1.8 ʧʦʢʘʟʘʥʳ ʪʦʯʢʘʤʠ.  

 

ʈʠʩʫʥʦʢ 1.8 - ʉʦʚʤʝʩʪʥʘ ̫ʨʘʩʪʚʦʨʠʤʦʩʪ ɹʩʦʣʝʡ (NH4)2Ni(SO4)2Ŀ6H2O ʠ 

(NH4)2Co(SO4)2Ŀ6H2O ʧʨʠ 30 ʠ 40 Áʉ ʚ ʚʦʜʝ [58] 

 ɺ ʨʘʙʦʪʝ [51] ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʙʳʣ ʚʳʨʘʱʝʥ 

ʢʨʠʩʪʘʣʣ (NH4)2Ni0,83Co0,17(SO4)2Ŀ6H2O ʨʘʟʤʝʨʦʤ 18Ĭ19Ĭ45 ʤʤ (ʨʠʩʫʥʦʢ 1.9 ʘ). 

ʈʘʩʪʚʦʨ ʛʦʪʦʚʠʣʩʷ ʧʫʪʝʤ ʩʤʝʰʝʥʠʷ 1 ʤʦʣʷ (NH4)2SO4, 1 ʤʦʣʷ Ni(SO4)Ŀ6H2O ʠ 

0,3 ʤʦʣʝʡ Co(SO4)Ā7H2O ʧʦ ʨʝʘʢʮʠʠ: (NH4)2SO4 + Ni(SO4)Ŀ6H2O + 

Co(SO4)Ā7H2O ᴾ (NH4)2NixCo(1-x)(SO4)2Ŀ6H2O + H2O. ɹʳʣʘ ʠʟʤʝʨʝʥʘ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ACNSH ʚ ʚʦʜʝ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

S = 2,348 + 0,573ĿT  

ʛʜʝ S ï ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʛ/100 ʤʣ ʚʦʜʳ, Tï ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ. 
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ɹʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ï 97 Áʉ. ɼʘʥʥʳʝ ʦ 

ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʚ ʨʘʙʦʪʝ ʫʢʘʟʘʥʳ ʥʝ ʙʳʣʠ. ʆʜʥʘʢʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʪʘʢʞʝ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ NiSO4Ŀ6H2O ʠ 

(NH4)2Ni(SO4)2Ŀ6H2O ï 73 Áʉ ʠ 95 Áʉ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.    

 

 

 

ʘ ʙ 

ʈʠʩʫʥʦʢ 1.9 - ʌʦʪʦʛʨʘʬʠʷ (ʘ) ʠ ʦʧʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ (ʙ) ʢʨʠʩʪʘʣʣʘ 

(NH4)2NixCo(1-x)(SO4)2Ŀ6H2O [51] 

 

ʆʧʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 

ʨʠʩʫʥʢʝ 1.9 ʙ. ʅʘ ʛʨʘʬʠʢʝ ʚʠʜʥʦ, ʯʪʦ ʩʤʝʰʘʥʥʳʡ ʢʨʠʩʪʘʣʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʨʠʩʪʘʣʣʦʤ ANSH ʩʠʣʴʥʝʝ ʧʦʛʣʦʱʘʝʪ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ, ʘ ʚ ʋʌ ʦʙʣʘʩʪʠ 

ʧʨʦʮʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢ. 

ɺ ʨʘʙʦʪʝ [52] ʙʳʣʘ ʚʳʨʘʱʝʥʘ ʩʝʨʠʷ ʢʨʠʩʪʘʣʣʦʚ ACNSH ʨʘʟʣʠʯʥʦʛʦ 

ʩʦʩʪʘʚʘ. ʄʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ Ni ʠ Co ʚ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʠ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ ʦʪ ʩʦʩʪʘʚʘ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʨʠʩʫʥʦʢ 1.10). 
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ʈʠʩʫʥʦʢ 1.10 ï ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ ACNSH ʦʪ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ [52] 

 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʛʠʜʨʘʪʘʮʠʠ 

(ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 5 Áʉ/ʤʠʥ) ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʦʧʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ 

ʧʨʦʧʫʩʢʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʥʠʭ (ʨʠʩʫʥʦʢ 1.11).  

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 1.11 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʛʠʜʨʘʪʘʮʠʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ Co ʚ ʨʘʩʪʚʦʨʝ ʠ 

ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ACNSH ʠ ACSH [52] 

     

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʢʨʠʩʪʘʣʣʳ ACNSH 

ʧʨʠʛʦʜʥʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʋʌ-ʉ ʜʠʘʧʘʟʦʥʘ.  
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ʉʤʝʰʘʥʥʳʡ ʢʨʠʩʪʘʣʣ K2NixCo(1-x)(SO4)2Ā6H2O 

ʉʦʚʤʝʩʪʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʟʦʤʦʨʬʥʳʭ ʩʦʣʝʡ K2Ni(SO4)2Ŀ6H2O ʠ 

K2Co(SO4)2Ŀ6H2O ʚ ʚʦʜʝ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [59] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 30 ʠ 50 

Áʉ (ʨʠʩʫʥʦʢ 1.12). 

 

ʈʠʩʫʥʦʢ 1.12 - ʉʦʚʤʝʩʪʥʘ ̫ʨʘʩʪʚʦʨʠʤʦʩʪ ɹʩʦʣʝʡ K2Ni(SO4)2Ŀ6H2O ʠ K2Co(SO4)2Ŀ6H2O 

ʧʨʠ 30 Áʉ(1) ʠ 50 Áʉ (2) ʚ ʚʦʜʝ [59] 

 

 ʈʦʩʪ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʦʧʠʩʘʥ ʚ ʩʪʘʪʴʷʭ [47-49], ʧʨʠ ʵʪʦʤ 

ʨʘʙʦʪʘ [49] ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʧʦʟʞʝ ʥʘʰʠʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʨʦʩʪʫ ʵʪʠʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢʞʝ ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʜʚʘ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ KCNSH 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ [50]. 

ɺ ʨʘʙʦʪʝ [48] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʘ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘ KCNSH ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ Co ʠ Ni, ʘ ʪʘʢʞʝ ʢʨʠʩʪʘʣʣ rKNSʅ ʠ 

KCSH, ʠʟʫʯʝʥʳ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

 

 

ʈʠʩʫʥʦʢ 1.13 - ʌʦʪʦʛʨʘʬʠʠ ʢʨʠʩʪʘʣʣʦʚ: ʘ - K2Co(SO4)2Ŀ6H2O; ʙ - 

K2Co0,8Ni0,2(SO4)2Ŀ6H2O; ʚ - K2Co0,4Ni0,6(SO4)2Ŀ6H2O [48] 
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ʆʙʨʘʟʮʳ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʤʝʪʦʜʦʤ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʫʣʴʬʘʪ ʢʘʣʠʷ ʠ ʛʝʢʩʘʛʠʜʨʘʪʳ ʭʣʦʨʠʜʦʚ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ, ʚʟʷʪʳʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ (ʪʘʙʣʠʮʘ 1.5). ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ 

ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ - 3-4 ʤʤ, ʚʨʝʤʷ ʨʦʩʪʘ ʩʦʩʪʘʚʣʷʣʦ 30-40 ʩʫʪʦʢ (ʨʠʩʫʥʦʢ 

1.13). 

 

ʊʘʙʣʠʮʘ 1.5 - ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʣʝʡ ʚ ʨʘʩʪʚʦʨʝ, ʠʩʧʦʣʴʟʫʝʤʦʤ ʜʣʷ ʨʦʩʪʘ 

ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ K2CoxNi(1-x)(SO4)2Ŀ6H2O [48] 

x K2SO4 CoCl2Ŀ6H2O NiCl2Ŀ6H2O 

0 1 - 1 

0,4 1 0,4 0,6 

0,8 1 0,8 0,2 

1 1 1 - 

 

ʆʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʪʦʣʱʠʥʦʡ 1 ʤʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.14.  

ɺ ʨʘʙʦʪʝ [48] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʦʚ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 

ʧʨʦʧʫʩʢʘʥʠʷ ʥʘ 320, 500, 830 ʥʤ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʢʦʙʘʣʴʪʘ ʠ 

ʥʠʢʝʣʷ ʚ ʢʨʠʩʪʘʣʣʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ CoCl2Ŀ6H2O ʠ 

NiCl2Ŀ6H2O ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʤʦʞʥʦ ʚʳʨʘʱʠʚʘʪʴ ʢʨʠʩʪʘʣʣʳ ʨʘʟʣʠʯʥʦʡ 

ʧʨʦʟʨʘʯʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 1.14 - ʉʧʝʢʪʨ rʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ K2CoxNi(1-x)(SO4)2Ŀ6H2O [48] 

 

ɺ ʨʘʙʦʪʝ [47] ʙʳʣ ʚʳʨʘʱʝʥ ʢʨʠʩʪʘʣʣ KʉNSH ʨʘʟʤʝʨʦʤ 12Ĭ12Ĭ40 ʤʤ3 ʚ 

0,5 ʣʠʪʨʦʚʦʤ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ. 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʩʦʩʪʘʚʠʣʘ 1,5 ʤʤ/ʩʫʪʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʦʦʪʥʦʰʝʥʠʝ [Co]:[Ni] ʚ ʢʨʠʩʪʘʣʣʝ KʉNSH ʩʦʩʪʘʚʣʷʝʪ 0,1:0,9, ʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʦʥʘ Co2+ ʨʘʚʝʥ 0,33. ɺ ʪʘʙʣʠʮʝ 1.6 ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ. 

 

ʊʘʙʣʠʮʘ 1.6 - ɼʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʢʨʠʩʪʘʣʣʘ KCNSH [47] 

ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ H12 Co0,1K2 Ni0,9 O14 S2 

ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ 437,15 

ʉʠʥʛʦʥʠʷ ʤʦʥʦʢʣʠʥʥʘʷ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ, Z ʈ21/ʩ, 2 

ʇʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ 
ʘ=6,1390 ¡, b=12,1839 ¡, ʩ=9,0095 ¡ 

ɓ=105,060 

ʆʙʲʝʤ 650,74 

ʇʣʦʪʥʦʩʪʴ (ʨʘʩʯ) 2,231 ʛ/cʤ3 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʘ 

KʉNSH ʢʘʞʜʳʡ ʠʦʥ Co2+ ʠ Ni2+ ʦʢʨʫʞʝʥ ʰʝʩʪʴʶ ʤʦʣʝʢʫʣʘʤʠ ʅ2ʆ, ʦʙʨʘʟʫʷ, 
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ʠʩʢʘʞʝʥʥʳʝ ʦʢʪʘʵʜʨʳ Co(H2O)6
2+ ʠ Ni(ʅ2ʆ)62+. ɺ ʦʩʪʘʣʴʥʦʤ ʩʪʨʫʢʪʫʨʘ 

ʢʨʠʩʪʘʣʣʘ KCNSH ʧʦʜʦʙʥʘ ʩʪʨʫʢʪʫʨʝ ʩʦʣʝʡ ʊʫʪʪʦʥʘ: ʘʥʠʦʥʳ SO4
2- 

ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʦʢʪʘʵʜʨʘʤʠ Co(H2O)6
2+ ʠ Ni(ʅ2ʆ)62+ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, 

ʦʙʨʘʟʫʷ ʢʘʨʢʘʩ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʠʦʥʳ ʢʘʣʠʷ. ʅʘ ʨʠʩʫʥʢʝ 1.15 

ʧʦʢʘʟʘʥ rʩʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ ʠ ʵʣʝʤʝʥʪʘʨʥʘ ̫ʷʯʝʡʢʘ. 

 

 

ʈʠʩʫʥʦʢ 1.15 - ʉʪʨʫʢʪʫʨʘ ʤʦʣʝʢʫʣʳ ʠ ʵʣʝʤʝʥʪʘʨʥʘ ̫ʷʯʝʡʢʘ ʢʨʠʩʪʘʣʣʘ 

K2Co0,1Ni0,9(S04)2Ŀ6H2O [47]  

 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʨʠʩʪʘʣʣʘ KʉNSH ʨʘʚʥʘ 98 Áʉ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʧʨʠ ʵʪʦʤ ʥʝ 

ʧʨʠʚʦʜʠʪʩʷ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

KʉNSH ʠ KNSH (ʨʠʩʫʥʦʢ 1.16). ʆʙʨʘʟʮʳ ʪʦʣʱʠʥʦʡ 2 ʤʤ ʙʳʣʠ ʚʳʨʝʟʘʥʳ 

ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ [110]. 

 

ʈʠʩʫʥʦʢ 1.16 - ʆʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ KʉNSH ʠ KNSH [47] 

 

ɺ ʨʘʙʦʪʝ [49], ʚʳʰʝʜʰʝʡ ʧʦʩʣʝ ʥʘʰʠʭ ʧʫʙʣʠʢʘʮʠʡ ʦ KCNSH, ʦʧʠʩʘʥ 

ʨʦʩʪ ʤʝʪʦʜʦʤ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ 35 Áʉ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʚʫʭ 
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ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KʉNSH (ʨʠʩʫʥʦʢ 1.17). ʍʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʦʧʪʠʢʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ 

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ. 

 

 

ʈʠʩʫʥʦʢ 1.17 - ʀʟʦʙʨʘʞʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ K2Ni0,64Co0,36(S04)2Ŀ6H2O (ʘ) ʠ 

K2Ni0,76Co0,24(S04)2Ŀ6H2O (ʙ) [49] 

 

ʂʨʠʩʪʘʣʣ K2Ni0,64Co0,36(SO4)2Ŀ6H2O (ʨʠʩʫʥʦʢ 1.17 ʘ) ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ 

ʨʘʩʪʚʦʨʘ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ 5 ʛ K2SO4, 3,7705 ʛ 

Ni(SO4)Ŀ6H2O ʠ  4,0325 ʛ Co(SO4)Ā7H2O ʧʦ ʨʝʘʢʮʠʠ: K2SO4 + Ni(SO4)Ŀ6H2O + 

Co(SO4)Ā7H2O ᴾ K2NixCo(1-x)(SO4)2Ŀ6H2O + H2O. 

ʂʨʠʩʪʘʣʣ K2Ni0,76Co0,24(SO4)2Ŀ6H2O (ʨʠʩʫʥʦʢ 1.17 ʙ) ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ 

ʨʘʩʪʚʦʨʘ ʩ ʜʦʙʘʚʢʦʡ ʣʠʪʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨ ʛʦʪʦʚʠʣʩʷ ʧʫʪʝʤ 

ʩʤʝhʠʚʘʥʠʷ 4,4632 ʛ K2SO4, 0,9192 ʛ Li 2SO4ĀH2O, 3,3661 ʛ Ni(SO4)Ŀ6H2O ʠ 

3,6008 ʛ Co(SO4)Ā7H2O ʧʦ ʨʝʘʢʮʠʠ: K2SO4 + Li 2SO4ĀH2O + Ni(SO4)Ŀ6H2O + 

Co(SO4)Ā7H2O  PK1,8Li 0,25NixCo(1-x)(SO4)2Ŀ6H2O + H2O. ʆʜʥʘʢʦ ʚʣʠʷʥʠʷ ʠʦʥʦʚ 

ʣʠʪʠʷ ʥʘ ʧʨʦʮʝʩʩ ʨʦʩʪʘ ʦʙʲʷʩʥʝʥʦ ʥʝ ʙʳʣʦ. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʦʙʦʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʊʜʝʛ=100 Áʉ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 5 ʂ/ʤʠʥ. ʉ ʦʙʨʘʟʮʦʚ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 1 ʤʤ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ (ʨʠʩʫʥʦʢ 1.18).  
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ʈʠʩʫʥʦʢ 1.18 - ʆʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨ rʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ K2Ni0,64Co0,36(SO4)2Ŀ6H2O 

(1) ʠ K2Ni0,76Co0,24(SO4)2Ŀ6H2O (2) [49] 

 

ɺ [50] ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʜʚʘ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ 

ʧʝʨʚʦʤ ʤʝʪʦʜʝ ʢ ʠʩʭʦʜʥʦʤʫ ʥʘʩʳʱʝʥʥʦʤʫ ʤʘʪʦʯʥʦʤʫ ʨʘʩʪʚʦʨʫ ʥʠʢʝʣʝʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʜʦʙʘʚʣʷʣʠ ʦʜʥʫ ʣʝʛʠʨʫʶʱʫʶ ʧʨʠʤʝʩʴ, ʩʦʜʝʨʞʘʱʫʶ ʠʦʥʳ 

ʢʦʙʘʣʴʪʘ, ʢʘʣʴʮʠʷ, ʠʣʠ ʙʘʨʠʷ ʠ ʪ.ʜ. ɺʦ ʚʪʦʨʦʤ ʤʝʪʦʜʝ ʢ ʠʩʭʦʜʥʦʤʫ ʤʘʪʦʯʥʦʤʫ 

ʨʘʩʪʚʦʨʫ, ʩʦʜʝʨʞʘʱʝʤʫ ʥʠʢʝʣʝʚʳʡ ʢʦʤʧʦʥʝʥʪ, ʜʦʙʘʚʣʷʣʠ ʜʚʝ ʣʝʛʠʨʫʶʱʠʝ 

ʧʨʠʤʝʩʠ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʘ 

ʧʦʜʙʠʨʘʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 35-45 Üʉ. ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣʘ 

0,2-5 Üʉ/100 ʯʘʩʦʚ ʠ ʚʳʰʝ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʣʝʛʠʨʫʶʱʝʡ ʧʨʠʤʝʩʠ 0,1-5%. ɼʣʷ 

ʧʦʜʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ 

KCNSH ʚ ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʜʦʙʘʚʣʷʣʠ ʩʝʨʥʫ  ʁʢʠʩʣʦʪʫ ʜʦ ʜʦʩʪʠʞʝʥʠʷ pH=2. 

ʂʨʠʩʪʘʣʣʳ ʚʳʨʘʱʠʚʘʣʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦ ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʡ 

ʤʝʪʦʜʠʢʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 2 ʤʤ.  

ʉʤʝʰʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ KCNSH ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʦʧʪʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʪʝʤʧʝʨʘʪʫʨʘʤ ʜʝʛʠʜʨʘʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤ 

ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʋʌ-ʉ ʜʠʘʧʘʟʦʥʘ. 
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1.2 ʇʨʦʙʣʝʤʳ ʚʳʨʘʱʠʚʘʥʠʷ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ 

1.2.1 ʆʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʟ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʩʠʩʪʝʤʘʭ 

ʇʨʦʮʝʩʩʳ ʨʦʩʪʘ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʦʜʥʘʢʦ ʧʦʜʭʦʜʳ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʥʝ ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʚ ʧʦʣʥʦʡ ʤʝʨʝ. ʉʧʝʮʠʬʠʢʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ 

ʩʚʷʟʘʥʘ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʥʘʣʠʯʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ. 

ʉʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ ʬʘʟ ɻʠʙʙʩʘ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʨʘʩʪʚʦʨʠʪʝʣʷ (ʚʦʜʳ) ʠ ʜʚʫʭ ʩʦʣʝʡ, ʠʤʝʝʪ ʜʚʝ ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʩʦʩʪʘʚ) ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʨʠʩʪʘʣʣʦʚ, ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʣʦʚʠʷʤ ʨʘʚʥʦʚʝʩʠʷ ʩ ʵʪʠʤʠ 

ʨʘʩʪʚʦʨʘʤʠ. ɽʩʣʠ ʢʨʠʩʪʘʣʣ ʚʩʪʫʧʘʝʪ ʚ ʢʦʥʪʘʢʪ ʩ ʨʘʩʪʚʦʨʦʤ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʥʝ 

ʦʪʚʝʯʘʝʪ ʫʩʣʦʚʠʶ ʨʘʚʥʦʚʝʩʠʷ, ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʯʠʥʘʶʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʝʬʝʢʪʦʚ. ʊʝʨʤʦʜʠʥʘʤʠʢʘ 

ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ ʨʘʩʩʤʦʪʨʝʥʘ ʚ 

ʩʪʘʪʴʷʭ [60-66].  

ɺʧʝʨʚʳʝ ʥʝʦʙʳʯʥʳʝ ʷʚʣʝʥʠʷ ʧʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʢʦʥʪʘʢʪʝ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʞʠʜʢʦʡ ʬʘʟʳ ʩ ʢʨʠʩʪʘʣʣʦʤ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʝʡ ʩʦʩʪʘʚʘ 

(ʨʘʩʪʚʦʨʝʥʠʝ ʧʦʜʣʦʞʢʠ, ʨʦʩʪ ʥʦʚʦʡ ʬʘʟʳ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʘʩʪʚʦʨʝʥʠʠ 

ʧʦʜʣʦʞʢʠ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʜʚʫʭ ʬʘʟ ʧʨʠ 

ʥʝʢʦʪʦʨʦʤ ʧʝʨʝʦʭʣʘʞʜʝʥʠʠ) ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʞʠʜʢʦʬʘʟʥʦʡ ʛʝʪʝʨʦʵʧʠʪʘʢʩʠʠ 

(ɾʌʕ) ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʝʜʠʥʝʥʠʡ A IIIBV ʠ ʙʳʣʠ ʦʙʲʷʩʥʝʥʳ ʚ ʩʝʨʠʠ ʨʘʙʦʪ 

ʖ.ɹ.ɹʦʣʭʦʚʠʪʷʥʦʚʘ (ʩʤ., ʥʘʧʨʠʤʝʨ, [62-64]) ʥʘ ʦʩʥʦʚʝ ʨʘʟʚʠʪʦʡ ʘʚʪʦʨʦʤ 

ʤʦʜʝʣʠ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜʣʦʞʢʠ (ʩʢʠʥ-ʩʣʦʷ).  
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ɹʦʣʭʦʚʠʪʷʥʦʚ ʨʘʩʩʤʦʪʨʝʣ ʪʝʨʤʦʜʠʥʘʤʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʘʟ ʚ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ [62]. ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʢʨʠʩʪʘʣʣ ʷʚʣʷʝʪʩʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʤ, ʘ ʪʨʝʪʠʡ ʢʦʤʧʦʥʝʥʪ ʣʠʙʦ ʷʚʣʷʝʪʩʷ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʣʠʙʦ ʩʚʷʟʘʥ ʩ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ. ʈʘʟʥʠʮʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʜʚʫʭ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʬʘʟ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʜʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

ЎὋ Ὕȟὼȟὼ ὼὙὝὰὲ
ὼ

ὼ
ρ ὼὙὝὰὲ

ρ ὼ

ρ ὼ
‍ὼ ὼ  (1.1) 

ʛʜʝ x0 - ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʨʠʩʪʘʣʣʝ, ʨʘʚʥʦʚʝʩʥʦʤ ʩ 

ʜʘʥʥʦʡ ʞʠʜʢʦʡ ʬʘʟʦʡ, ʘ x - ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʢʨʠʩʪʘʣʣʝ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʥʝ 

ʦʪʚʝʯʘʝʪ ʫʩʣʦʚʠʷʤ ʨʘʚʥʦʚʝʩʠʷ, R  - ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, T0 - ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʚʥʦʚʝʩʠʷ, ɓ - ʧʘʨʘʤʝʪʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʦʤʦʨʬʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʚʝʨʜʦʡ 

ʬʘʟʝ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʵʤʧʠʨʠʯʝʩʢʠ ʯʝʨʝʟ ʘʥʘʣʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʩʦʩʪʘʚʝ ʩʤʝʰʘʥʥʦʛʦ ʩʣʦ̫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʩʪʘʚʘ ʞʠʜʢʦʡ ʬʘʟʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʦʩʪʘ [67]. ɺʝʣʠʯʠʥʫ ЎὋ  ʘʚʪʦʨ ʨʘʙʦʪʳ 

ʥʘʟʚʘʣ ʦʙʤʝʥʥʦʡ ʯʘʩʪʴʶ ʧʦʣʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʚ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʜʦʣʞʥʳ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʦʮʝʩʩʳ, ʚʝʜʫʱʠʝ ʢ ʝʝ ʥʦʚʦʤʫ 

ʨʘʚʥʦʚʝʩʠʶ, ʠ ЎὋ  ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʵʪʠʭ ʧʨʝʚʨʘʱʝʥʠʡ. 

ɿʘʚʠʩʠʤʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (1.1) ʜʣʷ ʩʠʩʪʝʤʳ In-Ga-As-InxGa1-xAs, 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.19. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʣʶʙʦʤ ʦʪʢʣʦʥʝʥʠʠ ʩʦʩʪʘʚʘ 

ʢʨʠʩʪʘʣʣʘ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʟʥʘʯʝʥʠʷ ЎὋ  ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ 0, ʯʪʦ ʙʫʜʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʢʨʠʩʪʘʣʣʘ. 

 

ʈʠʩʫʥʦʢ 1.19 ï ʆʙʤʝʥʥʘʷ ʯʘʩʪʴ ʧʦʣʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ 

ʩʦʩʪʘʚʘ ʪʚʝʨʜʦʡ ʬʘʟʳ (x) ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ (ὼ) ʜʣʷ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ InxGa1-xAs (Ὕ= 800 

Áʉ, ɓ = 3,45 ʢʢʘʣ/ʤʦʣʴ) [62] 
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ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʚʘʞʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ɹʦʣʭʦʚʠʪʷʥʦʚʳʤ ï ʦʩʥʦʚʥʘʷ ʨʦʣʴ ʚ ʝʛʦ ʤʦʜʝʣʠ ʦʪʚʦʜʠʣʘʩʴ ʥʘʧʨʷʞʝʥʥʦʤʫ 

ʩʢʠʥ-ʩʣʦʶ ʥʘ ʛʨʘʥʠʮʝ ʬʘʟ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʪʚʝʨʜʦʪʝʣʴʥʦʡ 

ʜʠʬʬʫʟʠʠ, ʠ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʨʘʚʥʦʚʝʩʥʳʤ ʜʘʥʥʦʡ ʞʠʜʢʦʡ ʬʘʟʝ. 

ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʛʠʧʦʪʝʟʝ, ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʨʝʰʝʪʦʢ ʩʢʠʥ-ʩʣʦʷ ʠ ʢʨʠʩʪʘʣʣʘ ʙʫʜʝʪ 

ʚʳʟʳʚʘʪʴ ʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʠ ʠʤʝʥʥʦ ʦʥʠ ʧʨʠʚʝʜʫʪ ʢ ʨʘʩʪʚʦʨʝʥʠʶ 

ʢʨʠʩʪʘʣʣʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦʚʳʰʘʶʪ 

ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ ʢʨʠʩʪʘʣʣʘ, ʘ ʟʥʘʯʠʪ, ʧʦʥʠʞʘʶʪ ʧʝʨʝʩʳʱʝʥʠʝ ʚ ʩʠʩʪʝʤʝ 

ʢʨʠʩʪʘʣʣ-ʨʘʩʪʚʦʨ: 

 

meʢʨ= m0ʢʨ+Ue, Dme= mʨʘʩʪ - meʢʨ = Dm0- Ue, (1.2) 

 

 ʛʜʝ Ue - ʫʜʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʜʝʬʦʨʤʘʮʠʠ, mʨʘʩʪ, m0ʢʨ, meʢʨ ï ʭʠʤʠʯʝʩʢʠʝ 

ʧʦʪʝʥʮʠʘʣʳ ʨʘʩʪʚʦʨʘ, ʥʝʥʘʧʨʷʞʝʥʥʦʛʦ ʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʦʚ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ ʩʜʚʠʛʘʶʪ 

ʧʨʦʮʝʩʩ ʚ ʩʪʦʨʦʥʫ ʨʘʩʪʚʦʨʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʠʧʦʪʝʟʘ ʩʢʠʥ-ʩʣʦʷ ʥʠʢʦʛʜʘ ʥʝ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʫʯʝʪ ʥʘʧʨʷʞʝʥʠʡ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʟʚʦʣʠʣ ʚ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

ʦʧʠʩʳʚʘʪʴ ʥʘʙʣʶʜʘʝʤʦʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʛʦ 

ʨʘʩʧʣʘʚʘ ʩ ʧʦʜʣʦʞʢʦʡ. ʆʜʥʘʢʦ ʵʪʦ ʛʦʨʘʟʜʦ ʣʦʛʠʯʥʝʝ ʦʙʲʷʩʥʷʝʪʩʷ ʛʝʥʝʨʘʮʠʝʡ 

ʥʘʧʨʷʞʝʥʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʥʘʨʘʩʪʘʶʱʠʤ ʵʧʠʪʘʢʩʠʘʣʴʥʳʤ ʩʣʦʝʤ ʠ 

ʧʦʜʣʦʞʢʦʡ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʥʘʯʠʥʘʷ ʩ 1983 ʛ., 

ʧʦʭʦʞʠʝ ʵʬʬʝʢʪʳ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʨʦʩʪʝ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʛʨʫʧʧʦʡ ɸ.ʕ.ɻʣʠʢʠʥʘ ʚ ʉ.-ʇʝʪʝʨʙʫʨʛʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ [68-78]. ʅʘ 

ʦʩʥʦʚʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʨʦʮʝʩʩʦʚ ʚ ʚʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʩʦʣʷʤʠ 

(Mg,Ni)SO4Ö7H2O, (Fe,Ni)SO4Ö7H2O, (Co,Ni)(NH4)2(SO4)2Ö6H2O, K2(SO4,CrO4), 

(Cr,Al)K(SO4)2Ö12H2O ʠ ʪ.ʧ. ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʩʚʷʟʴ ʬʦʨʤʠʨʫʶʱʝʡʩʷ 
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ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʘʩʪʚʦʨʠʤʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʠʩʪʝʤʳ. ʅʘʙʣʶʜʘʝʤʳʝ ʧʨʦʮʝʩʩʳ ʙʳʣʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ ʟʘʤʝʱʝʥʠʝ 

ʯʘʩʪʠ ʦʙʲʝʤʘ ʢʨʠʩʪʘʣʣʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʦʡ ʜʨʫʛʦʛʦ ʩʦʩʪʘʚʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʨʝʘʢʮʠʠ ʠʟʦʤʦʨʬʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ. 

 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 1.20 ï ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ GaAs (ʘ) ʠ MgSO4Ŀ7H2O (ʙ) ʧʨʠ 

ʢʦʥʪʘʢʪʝ ʩ çʯʫʞʦʡè ʞʠʜʢʦʡ ʬʘʟʦʡ; ʘ ï ʨʦʩʪ ʠʟ ʨʘʩʧʣʘʚʘ In-Ga-As [63], ʙ - ʨʦʩʪ ʠʟ 

ʨʘʩʪʚʦʨʘ NiSO4Ŀ7H2O [68]   

  

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʠʟʫʯʘʣʠʩʴ ʧʨʦʮʝʩʩʳ ʚ ʨʘʩʧʣʘʚʘʭ, ʘ 

ʚʦ ʚʪʦʨʦʤ ï ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʤʦʨʬʦʣʦʛʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʪʝʢʩʪʫʨ ʙʳʣʘ 

ʦʯʝʥʴ ʧʦʭʦʞʘ (ʨʠʩʫʥʦʢ 1.20): ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʫʜʘʚʘʣʦʩʴ ʜʦʙʠʪʴʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʣʦʰʥʦʛʦ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʩʣʦʷ, ʘ ʚ ʜʨʫʛʠʭ ʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʩʠʩʪʝʤʘ ʦʩʪʨʦʚʢʦʚ, ʟʘʯʘʩʪʫʶ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʮʝʥʪʨʝ ʷʤʦʢ ʪʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ 

ʥʠ ʚ ʦʜʥʦʡ ʠʟ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʨʘʙʦʪ ʥʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʦʙʦʩʥʦʚʘʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʪʘʢʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝ ʙʳʣʠ ʫʢʘʟʘʥʳ 

ʢʨʠʪʝʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ [79] ʦʧʠʩʘʥʦ in situ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʨʠʩʪʘʣʣʘ ʙʠʬʪʘʣʘʪʘ 

ʨʫʙʠʜʠʷ (RbAP) ʩ ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʙʠʬʪʘʣʘʪʘ ʢʘʣʠʷ (KAP) ʩ ʧʦʤʦʱʴʶ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ɸʉʄ). ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʚ 

ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 3ï4 ʤʠʥ) ʥʘʙʣʶʜʘʣʦʩʴ ʜʦʚʦʣʴʥʦ ʠʥʪʝʥʩʠʚʥʦʝ ʧʦʩʣʦʡʥʦʝ 
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ʨʘʩʪʚʦʨʝʥʠʝ ʦʙʨʘʟʮʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ 5 ʤʢʤ/ʤʠʥ. ʏʝʨʝʟ ʧʷʪʴ ʤʠʥʫʪ 

ʩʢʦʨʦʩʪʴ ʩʦʩʪʘʚʠʣʘ å 0,5 ʤʢʤ/ʤʠʥ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʝʨʚʳʝ 

ʤʠʥʫʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʘʣʝʝ ʧʝʨʚʠʯʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʧʦʜʣʦʞʢʠ ʩʤʝʥʠʣʦʩʴ 

ʙʳʩʪʨʳʤ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʨʦʩʪʦʤ ʦʩʪʨʦʚʢʦʚ. ʇʨʠʤʝʨʥʦ ʯʝʨʝʟ 1 ʤʠʥ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ ʧʨʠʦʙʨʝʣʘ ʚʠʜ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1.21 ʘ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʘ ʢʘʨʪʠʥʘ ʤʝʥʷʣʘʩʴ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʠ ʢʘʥʘʣʳ ʤʝʞʜʫ 

ʦʩʪʨʦʚʢʘʤʠ ʥʝ ʟʘʨʘʩʪʘʣʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʨʠʩʫʥʦʢ 1.21 ʙ). 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 1.21 ï (010) ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ RbAP ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʨʘʩʪʚʦʨʦʤ KAP; ʘ ï 

ʧʦʩʣʝ 12 ʤʠʥʫʪ ʦʪ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ [79], ʙ ï ʧʦʩʣʝ 90 ʤʠʥʫʪ [80]  

 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʨʘʩʪʚʦʨʝʥʠʝ ʧʨʦʜʦʣʞʘʣʦʩʴ ʤʝʞʜʫ ʦʩʪʨʦʚʢʘʤʠ, ʦʙʨʘʟʫʷ 

ʢʘʥʘʣʳ, ʧʨʦʥʠʢʘʶʱʠʝ ʚ ʛʣʫʙʴ ʢʨʠʩʪʘʣʣʘ. ʅʘ ʨʠʩʫʥʢʝ 1.22 ʧʦʢʘʟʘʥʘ 3D-

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʡ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʥʘʣʦʚ, ʛʜʝ 

ʪʘʢʞʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʥʦʚʳʝ ʦʩʪʨʦʚʢʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʚʳʩʪʫʧʘ ç1è ʠ ʷʤʢʠ ç2è 

ʥʘ ʜʥʝ ʢʘʥʘʣʘ (ʨʠʩʫʥʦʢ 1.22 ʘ) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʥʫʪʨʠ ʢʘʥʘʣʦʚ ʤʝʭʘʥʠʟʤʳ ʨʦʩʪʘ 

ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʦʪʝʢʘʶʪ ʪʘʢʞʝ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʢʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʩʪʚʦʨʝʥʠʝ ʢʨʠʩʪʘʣʣʘ ʤʝʞʜʫ ʦʩʪʨʦʚʢʘʤʠ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʩʪʝʧʝʥʥʦʤʫ ʫʛʣʫʙʣʝʥʠʶ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʩʫʞʝʥʠʶ ʢʘʥʘʣʘ ʟʘ ʩʯʝʪ ʥʦʚʦʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʥʘ ʝʛʦ ʩʪʝʥʢʘʭ (ʨʠʩʫʥʦʢ 1.22 ʙ, ʚ). 
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ʘ ʙ ʚ 

ʈʠʩʫʥʦʢ 1.22 ï 3D-ʨʝʢʦʥʩʪʨʫʢʮʠʷ ɸʉʄ-ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ RbAP ʧʨʠ 

ʢʦʥʪʘʢʪʝ ʩ ʨʘʩʪʚʦʨʦʤ KAP: ʯʝʨʝʟ 14 (ʘ), 24 (ʙ) ʠ 28 ʤʠʥʫʪ (ʚ) ʦʪ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

[79] 

 

ʊʘʢʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʦʩʪʨʦʚʢʠ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʥʘʯʘʣʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʘʢʞʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʤʝʜʣʝʥʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ ʩʦ ʚʨʝʤʝʥʝʤ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʠʟʤʝʥʝʥʠʶ ʠʭ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʚʥʝʰʥʝʛʦ ʚʠʜʘ (ʨʠʩʫʥʦʢ 1.22 ʙ). 

 

1.2.2 ʄʝʭʘʥʠʟʤ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʠʟʦʤʦʨʬʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ 

ɺ [81] ʙʳʣ ʯʝʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʨʠʩʪʘʣʣʘ ʩ 

ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʥʝ ʦʪʚʝʯʘʝʪ ʫʩʣʦʚʠʷʤ ʨʘʚʥʦʚʝʩʠʷ ʩ 

ʢʨʠʩʪʘʣʣʦʤ (çʯʫʞʦʡè ʨʘʩʪʚʦʨ). ʈʘʩʪʚʦʨʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʷʚʣʷʝʪʩʷ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʝʡ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʕʪʦ ʨʘʩʪʚʦʨʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʯʠʩʪʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʪʝʢʘʶʪ ʠʟ 

ʫʨʘʚʥʝʥʠʷ (1.1). ʆʥʦ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʝʨʝʩʳʱʝʥʠʝ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʨʘʩʪʚʦʨʘ ʥʝ ʩʪʘʥʝʪ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʥʦʚʦʡ ʬʘʟʳ.  

ʇʦʩʢʦʣʴʢʫ ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʦʨʬʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʨʠʩʪʘʣʣʝ ʠ ʚ 

ʨʘʩʪʚʦʨʝ ʨʘʟʣʠʯʥʦ, ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ 

ʨʘʩʪʚʦʨʝʥʠʠ ʢʨʠʩʪʘʣʣʘ. ʇʦʵʪʦʤʫ ʩʦʩʪʘʚ ʦʩʪʨʦʚʢʦʚ ʥʦʚʦʡ ʬʘʟʳ ʪʘʢʞʝ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʆʥ ʙʣʠʟʦʢ ʢ ʨʘʚʥʦʚʝʩʠʶ ʩ 

ʨʘʩʪʚʦʨʦʤ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʧʦʵʪʦʤʫ ʦʩʪʨʦʚʢʠ ʟʘʱʠʱʘʶʪ ʢʨʠʩʪʘʣʣ 
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ʦʪ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʪʚʦʨʝʥʠ.̫ ʆʜʥʘʢʦ ʨʘʩʪʚʦʨʝʥʠʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʦʩʪʨʦʚʢʘʤʠ.  

ɺʝʩʴ ʧʨʦʮʝʩʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʞʠʜʢʦʡ 

ʬʘʟʦʡ çʯʫʞʦʛʦè ʩʦʩʪʘʚʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʩʪʘʜʠʠ [79] (ʨʠʩʫʥʦʢ 1.23): 

(ʘ) ʧʝʨʚʠʯʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʧʨʠʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʨʘʩʪʚʦʨʘ, (ʙ) ʦʩʘʞʜʝʥʠʝ ʠ ʙʳʩʪʨʳʡ ʨʦʩʪ 

ʦʩʪʨʦʚʢʦʚ, ʠ (ʚ) ʜʘʣʴʥʝʡʰʝʝ ʤʝʜʣʝʥʥʦʝ ʨʘʟʨʘʩʪʘʥʠʝ ʦʩʪʨʦʚʢʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʨʘʩʪʚʦʨʝʥʠʝʤ ʢʨʠʩʪʘʣʣʘ ʤʝʞʜʫ ʥʠʤʠ. 

 

 

ʈʠʩʫʥʦʢ 1.23 ï ʉʪʘʜʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʞʠʜʢʦʡ ʬʘʟʦʡ: ʘ ï ʥʘʯʘʣʴʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʢʨʠʩʪʘʣʣʘ, ʙ ï ʦʩʘʞʜʝʥʠʝ 

ʦʩʪʨʦʚʢʦʚ, ʚ ï ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʦʩʪʨʦʚʢʦʚ ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʩʪʚʦʨʝʥʠʝʤ ʢʨʠʩʪʘʣʣʘ ʤʝʞʜʫ 

ʥʠʤʠ [79]   

 

ɺ [79] ʨʘʩʩʤʦʪʨʝʥ ʤʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʧʨʦʮʝʩʩʘ. ʋʨʘʚʥʝʥʠʝ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠʤʝʝʪ ʚʠʜ: 

‫ὛὨὬ ὬὨὛ 

Ὓ ὛȿὬ Ὤ, 
(1.3) 

ʛʜʝ S - ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʚʦʙʦʜʥʦʡ ʦʪ ʦʩʪʨʦʚʢʦʚ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, h ï ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʢʘʥʘʣʦʚ, 
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ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʦ ʵʪʦʛʦ ʤʦʤʝʥʪʘ, S0 ʠ Ὤ - ʥʘʯʘʣʴʥʘʷ ʧʣʦʱʘʜʴ ʩʚʦʙʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʠ ʥʘʯʘʣʴʥʘʷ ʩʨʝʜʥʷʷ ʚʳʩʦʪʘ ʦʩʪʨʦʚʢʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʘʨʘʤʝʪʨ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʦʙʲʝʤʘ ʥʘʨʦʩʰʝʛʦ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ ʩʣʦʷ ῳὠ ʢ ‫ 

ʦʙʲʝʤʫ ʨʘʩʪʚʦʨʝʥʥʦʡ ʧʦʜʣʦʞʢʠ ῳὠ, ʪ.ʝ. ʦʧʠʩʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʠʟʦʤʦʨʬʥʦʛʦ ʟʘʤʝʱʝʥʠʷ. ʈʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ (1.3) ʧʨʠ ʫʩʣʦʚʠʠ :const ʜʘʸʪ = ‫ 

Ὓ Ὓ
Ὤ

Ὤ
 (1.4) 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʩʪʨʦʚʢʠ ʩʦʤʢʥʫʣʠʩʴ ʠ ʦʙʨʘʟʦʚʘʣʠ ʩʧʣʦʰʥʦʡ ʩʣʦʡ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʪʚʦʨʠʪʴ ʦʙʲʝʤ ʧʦʜʣʦʞʢʠ ὠ, ʨʘʚʥʳʡ: 

ὠ ὛὨὬ ὛὬ
Ð ὨὬ

Ὤ

Ð
ὬὛ

‫ ρ
ʧʨʠ ‫ ρȟ

Ð     ʧʨʠ  ‫ ρ

  (1.5) 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʵʧʠʪʘʢʩʠʘʣʴʥʳʡ ʩʣʦʡ ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ 1 < ‫ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʧʦʜʣʦʞʢʘ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʣʦʰʥʦʛʦ ʩʣʦʷ 

ʪʨʝʙʫʝʪ ʨʘʩʪʚʦʨʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʥʝʯʥʦʛʦ ʦʙʲʝʤʘ ʧʦʜʣʦʞʢʠ. ʇʨʠ 1 > ‫ 

ʪʨʝʙʫʝʪʩʷ ʨʘʩʪʚʦʨʝʥʠʝ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʧʦʜʣʦʞʢʠ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʧʣʦʰʥʦʡ ʵʧʠʪʘʢʩʠʘʣʴʥʳʡ ʩʣʦʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʘʤʝʪʨ ‫ ῳὠ ῳὠϳ  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʲʝʤʥʳʡ ʵʬʬʝʢʪ 

ʨʝʘʢʮʠʠ ʠʟʦʤʦʨʬʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʠ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʪʠʧʘ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʪʝʢʩʪʫʨʳ, ʦʙʨʘʟʫʶʱʝʡʩʷ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʠʟʦʤʦʨʬʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ. ɺ [79] ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʜʣʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʙʠʥʘʨʥʦʡ ‫ 

ʩʠʩʪʝʤʳ ʠʟʦʤʦʨʬʥʳʭ ʩʦʝʜʠʥʝʥʠʡ A ʠ B ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʛʨʘʤʤʳ 

ʐʨʝʡʥʝʤʘʢʝʨʩʘ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪʘ ɸ (ὺ) ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʘ B (ὺ) ʚ ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ, 

ʪ.ʝ. ʢʨʠʚʫʶ ʩʦʚʤʝʩʪʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʪʚʝʨʜʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʛʜʝ ʧʦ ʦʩʷʤ 

ʢʦʦʨʜʠʥʘʪ ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʦʙʲʝʤʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ, ʨʘʩʪʚʦʨʷʶʱʠʝʩʷ ʚ 

ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʥʘʧʨʠʤʝʨ, ʚ 100 ʩʤ3). ʇʦʣʫʯʝʥʥʦʝ 

ʚʳʨʘʞʝʥʠʝ ʠʤʝʝʪ ʚʠʜ [79]: 
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‫
ρ ὧὨὺ Ὠὺϳ ρ

ρ ὰὨὺ Ὠὺϳ ρ
 (1.6) 

ɿʜʝʩʴ c ʠ l - ʦʙʲʝʤʥʳʝ ʜʦʣʠ ʢʦʤʧʦʥʝʥʪʘ ɸ ʚ ʠʩʭʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ ʠ ʚ ʢʨʠʩʪʘʣʣʝ, 

ʨʘʚʥʦʚʝʩʥʦʤ ʜʘʥʥʦʤʫ ʨʘʩʪʚʦʨʫ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ὺ ʠ ὺ - ʢʦʥʮʝʥʪʨʘʮʠʠ A ʠ 

B ʚ ʨʘʩʪʚʦʨʝ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʩʤ3 ʥʘ 100 ʩʤ3 ʨʘʩʪʚʦʨʠʪʝʣʷ (ʚʦʜʳ). 

ɺ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤʳ (c = 1, l = 0) 

ʫʨʘʚʥʝʥʠʝ (1.6) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ: 

‫ Ὠὺ Ὠὺϳ  (1.7) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʲʝʤʥʳʡ ʵʬʬʝʢʪ ʨʝʘʢʮʠʠ ʠʟʦʤʦʨʬʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʠʡ ʚ ʩʦʩʪʘʚʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʬʠʛʫʨʘʪʠʚʥʦʡ ʪʦʯʢʝ ʨʘʩʪʚʦʨʘ ʥʘ ʬʘʟʦʚʦʡ 

ʜʠʘʛʨʘʤʤʝ. 

 

1.2.3 ʂʚʘʟʠʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʩʠʩʪʝʤʝ ʢʨʠʩʪʘʣʣ ï ʨʘʩʪʚʦʨ 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʧʘʨʘʛʨʘʬʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʟʘʠʤʥʦ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʬʘʟ ʥʘʯʠʥʘʝʪʩʷ ʩ ʨʘʩʪʚʦʨʝʥʠʷ ʢʨʠʩʪʘʣʣʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʧʨʠʯʠʥʦʡ ʧʦʩʣʝʜʫʶʱʠʭ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʜʥʘʢʦ ʠʟʙʳʪʦʯʥʳʡ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ (ʫʨʘʚʥʝʥʠʝ (1.1)) ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ 

ʢʦʤʧʝʥʩʠʨʦʚʘʥ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝʤ ʨʘʩʪʚʦʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʧʨʠʭʦʜʠʪ ʚ 

ʩʦʩʪʦʷʥʠʝ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʚ ʢʦʪʦʨʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʥʠ 

ʨʘʩʪʚʦʨʝʥʠʷ ʢʨʠʩʪʘʣʣʘ, ʥʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ. ʕʪʦ ʩʦʩʪʦʷʥʠʝ ʙʳʣʦ 

ʧʨʝʜʩʢʘʟʘʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʘ ʟʘʪʝʤ ʧʦʜʪʚʝʨʞʜʝʥʦ ʢʦʩʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʠʩʪʝʤʘʭ [62, 63]. ʇʦʟʜʥʝʝ ʪʘʢʠʝ ʩʦʩʪʦʷʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ 

in situ ʚ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʩʠʩʪʝʤʘʭ K2SO4-K2CrO4 [74], Ni(NH4)(SO4)2Ŀ6H2O-

Co(NH4)(SO4)2Ŀ6H2O [75], KAP-RbAP [78] ʠ KDP-ADP [78]. ɼʣʷ ʧʦʩʣʝʜʥʠʭ 

ʪʨʝʭ ʩʠʩʪʝʤ ʢʨʠʪʠʯʝʩʢʦʝ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʠʟʤʝʨʷʣʠ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʩʦʩʪʘʚʘ 

ʩʤʝʰʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʧʦʩʦʙʦʤ, ʦʧʠʩʘʥʥʳʤ ʚ [79]. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1.24. 
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ʈʠʩʫʥʦʢ 1.24 ï ʂʚʘʟʠʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʧʝʨʝʦʭʣʘʞʜʝʥʥʳʭ ʩʤʝʰʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ: 

ʘ ï ʢʨʠʩʪʘʣʣʳ Ni(NH4)2(SO4)2Ŀ6H2O ʠ Co(NH4)2(SO4)2Ŀ6H2O ʚ ʨʘʩʪʚʦʨʘʭ, ʥʘʩʳʱʝʥʥʳʭ 

ʧʨʠ 29 Áʉ, ʙ - ʢʨʠʩʪʘʣʣʳ KAP ʠ RbAP ʚ ʨʘʩʪʚʦʨʘʭ, ʥʘʩʳʱʝʥʥʳʭ ʧʨʠ 39 Áʉ, ʚ ï 

ʢʨʠʩʪʘʣʣʳ KDP ʠ ADP ʚ ʨʘʩʪʚʦʨʘʭ, ʥʘʩʳʱʝʥʥʳʭ ʧʨʠ 35 Áʉ [79] 

 

ʊʘʢʦʝ ʢʚʘʟʠʨʘʚʥʦʚʝʩʠʝ ʦʯʝʥʴ ʥʝʩʪʘʙʠʣʴʥʦ, ʣʶʙʦʝ ʠʟʤʝʥʝʥʠʝ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ (ʥʘ 0,1 Áʉ) ʚʳʚʦʜʠʪ ʩʠʩʪʝʤʫ ʠʟ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʯʠʩʪʦʤʫ ʨʦʩʪʫ ʥʦʚʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ, ʥʦ ʧʨʠ ʝʛʦ ʫʤʝʥʴʰʝʥʠʠ ʩʥʦʚʘ ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ 

ʠʟʦʤʦʨʬʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʢʨʠʩʪʘʣʣʘ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʨʦʩʪʦʤ ʦʩʪʨʦʚʢʦʚ ʥʦʚʦʡ ʬʘʟʳ.  

 

1.3 ʆʙʨʘʟʦʚʘʥʠʝ ʜʝʬʝʢʪʦʚ ʧʨʠ ʨʦʩʪʝ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

1.3.1 ʆʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ, 

ʚʳʨʘʱʠʚʘʝʤʳʭ ʠʟ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʩʪʚʦʨʦʚ  

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʷʚʣʷʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ 

ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. ʆʙʫʩʣʦʚʣʝʥʦ ʵʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ 

ʘʧʧʘʨʘʪʫʨʳ, ʚʳʩʦʢʠʤ ʩʦʚʝʨʰʝʥʩʪʚʦʤ ʢʨʠʩʪʘʣʣʦʚ, ʚʦʟʤʦʞʥʦʩʪʴʶ ʰʠʨʦʢʦʛʦ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ï ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʩʪʘʚʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʩʨʝʜʳ, ʪʠʧʘ ʧʨʠʤʝʩʝʡ ʠ ʜʨ. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʦʩʫɦʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠʭ 

ʧʣʘʚʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʤʝʭʘʥʠʟʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʚ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʘʭ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʳʝ, ʥʝʞʝʣʠ ʧʨʠ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʧʣʘʚʘ. ʇʦʤʠʤʦ 
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ʵʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʠʝ ʜʨʫʛʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʨʘʩʪʚʦʨʠʪʝʣʷ) ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʠʥʝʪʠʢʫ ʧʨʦʮʝʩʩʘ ʠ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʟʘʪʨʫʜʥʷʝʪʩʷ ʧʦʜʚʦʜ ʧʠʪʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ ʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ 

ʛʨʘʥʷʤ, ʧʦʵʪʦʤʫ ʚʘʞʥʫʶ ʨʦʣʴ ʟʜʝʩʴ ʠʛʨʘʶʪ ʜʠʬʬʫʟʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. 

ʇʨʠ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʘ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ 

ʚ ʨʘʩʧʣʘʚʝ, ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʷʚʣʷʶʪʩʷ ʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʘ ʧʨʠʯʠʥʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʥʘʨʥʦʡ (ʧʦʣʦʩʯʘʪʦʡ) ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ - ʢʦʣʝʙʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʝʨʝʩʳʱʝʥʠʷ (ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ) ʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ [81]. ʇʨʠ 

ʧʦʩʣʦʡʥʦʤ ʤʝʭʘʥʠʟʤʝ, ʢʦʪʦʨʳʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʘʩʪʚʦʨʘʭ, ʨʦʩʪ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʜʚʠʞʝʥʠʷ ʨʦʩʪʦʚʳʭ ʩʪʫʧʝʥʝʡ ʧʦ ʘʪʦʤʥʦ-ʛʣʘʜʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʩʦʭʨʘʥʷʝʪ ʧʣʦʩʢʦʩʪʥʦʩʪʴ. ʈʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʜʝʬʝʢʪʦʚ (ʚ ʪʦʤ 

ʯʠʩʣʝ ï ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʩʦʩʪʘʚʘ) ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʧʨʦʮʝʩʩʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʜʚʠʞʝʥʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʩʪʦʚʳʭ ʩʪʫʧʝʥʝʡ. ʌʘʢʪʠʯʝʩʢʠ, ʚʝʜʫʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ 

ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʘ ʦʢʘʟʳʚʘʝʪ ʤʦʨʬʦʣʦʛʠʷ 

ʛʨʘʥʠ. 

ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ ʧʦʨʷʜʢʠ ʚʦʟʨʘʩʪʘʶʪ ʢʨʠʪʠʯʝʩʢʠʝ 

ʥʘʧʨʷʞʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ, ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʥʘ ʧʦʨʷʜʢʠ ʩʥʠʞʘʝʪʩʷ 

ʠʭ ʧʦʜʚʠʞʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʦʩʪʝ ʠʟ ʨʘʩʪʚʦʨʘ ʠ ʤʝʭʘʥʠʟʤʳ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ 

ʜʨʫʛʠʝ: ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʥʘ ʚʢʣʶʯʝʥʠʷʭ ʨʘʩʪʚʦʨʘ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʮ. ɺ 

ʨʘʙʦʪʝ [82] ʧʦʢʘʟʘʥ ʪʘʢʦʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ. ʉʣʦʠ, 

ʟʘʤʳʢʘʶʱʠʝ ʚʢʣʶʯʝʥʠʝ, ʧʦʣʫʯʘʶʪʩʷ ʠʟʦʛʥʫʪʳʤʠ, ʪʘʢ ʯʪʦ ʧʨʠ ʠʭ ʩʪʳʢʦʚʢʝ 

ʥʘʜ ʚʢʣʶʯʝʥʠʝʤ ʚʦʟʥʠʢʘʝʪ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ (ʢʦʥʪʫʨ ɹʶʨʛʝʨʩʘ ʦʢʘʞʝʪʩʷ 

ʨʘʟʦʤʢʥʫʪʳʤ) (ʨʠʩʫʥʦʢ 1.25 ʘ). ʀ ʜʚʝ ʯʘʩʪʠ ʚʥʦʚʴ ʩʦʤʢʥʫʚʰʝʛʦʩʷ ʩʣʦʷ 

ʦʢʘʟʳʚʘʶʪʩʷ ʩʜʚʠʥʫʪʳʤʠ ʦʜʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ ʥʘ ʚʝʣʠʯʠʥʫ 

ʤʝʞʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ. ʊʘʢ ʦʙʨʘʟʫʝʪʩʷ ʚʠʥʪʦʚʘʷ ʜʠʩʣʦʢʘʮʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʥʝʯʥʳʤʠ ʩʪʘʜʠʷʤʠ ʤʝʭʘʥʠʟʤʘ ʟʘʨʘʩʪʘʥʠʷ ʚʭʦʜʷʱʝʛʦ ʫʛʣʘ, 

ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 1.25 ʙ [81].  
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ʈʠʩʫʥʦʢ 1.25 - ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʧʨʠ ʟʘʭʚʘʪʝ ʧʦʩʪʦʨʦʥʥʝʡ ʤʘʢʨʦʯʘʩʪʠʮʳ 

ʧʣʘʩʪʠʥʯʘʪʳʤ ʢʨʠʩʪʘʣʣʦʤ ʠʣʠ ʥʘʚʠʩʘʶʱʠʤ ʩʣʦʝʤ [82] (ʘ), ʩʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʥʪʦʚʦʡ 

ʜʠʩʣʦʢʘʮʠʠ ʚʦ ʚʭʦʜʷʱʝʤ ʫʛʣʫ [81] (ʙ)  

 

ʊʘʢʞʝ ʜʠʩʣʦʢʘʮʠʷ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʠʟ-ʟʘ ʧʨʦʛʠʙʘ ʥʘʚʠʩʘʶʱʝʛʦ ʩʣʦʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘʜ ʚʢʣʶʯʝʥʠʝʤ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʧʦʥʠʞʝʥʠʝʤ 

ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʚʢʣʶʯʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʥʘ ʝʛʦ ʩʪʝʥʢʘʭ. ʄʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʠʭ ʜʠʩʣʦʢʘʮʠʡ ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩʫʥʢʝ 1.26.      

 

ʈʠʩʫʥʦʢ 1.26 ï ʆʙʨʘʟʦʚʘʥʠʝ ʜʠʩʣʦʢʘʮʠʠ ʧʨʠ ʟʘʭʚʘʪʝ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ: ʘ ï ʧʨʦʛʠʙ 

ʥʘʚʠʩʘʶʱʝʛʦ ʩʣʦʷ, ʙ ï ʟʘʤʳʢʘʥʠʝ ʚʢʣʶʯʝʥʠʷ ʧʨʠ ʚʩʪʨʝʯʝ ʤʘʢʨʦʩʪʫʧʝʥʝʡ ʩ ʙʨʘʟʦʚʘʥʠʝʤ 

ʜʠʩʣʦʢʘʮʠʡ, ʨʘʟʨʳʚ ʧʦ ABCD, h ï ʚʳʩʦʪʘ ʩʪʫʧʝʥʠ, b ï ʚʝʢʪʦʨ ʩʤʝʱʝʥʠʷ [81] 

 

ʊʘʢʞʝ ʥʘʣʠʯʠʝ ʜʠʩʣʦʢʘʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʭ ʥʘʩʣʝʜʦʚʘʥʠʝʤ ʠʟ 

ʟʘʪʨʘʚʦʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ɺ [82] ʠ [83] ʥʘ ʧʨʠʤʝʨʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʢʨʠʩʪʘʣʣʘ 

KDP ʦʧʠʩʘʥʦ ʚʣʠʷʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʟʘʪʨʘʚʦʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠ ʩʧʦʩʦʙʘ ʝʛʦ 
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ʨʝʛʝʥʝʨʘʮʠʠ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ. ɺ [83] ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʟʘʣʠʚ ʧʝʨʝʛʨʝʪʦʛʦ ʨʘʩʪʚʦʨʘ ʜʣʷ ʦʧʣʘʚʣʝʥʠʷ ʟʘʪʨʘʚʦʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʫʚʝʣʠʯʠʚʘʝʪ ʟʦʥʫ ʨʝʛʝʥʝʨʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʧʝʨʝʭʦʜʘ ʜʠʩʣʦʢʘʮʠʡ 

ʚ ʪʝʣʦ ʨʘʩʪʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ.  

ɺ [84] ʪʘʢʞʝ ʥʘ ʧʨʠʤʝʨʝ ʢʨʠʩʪʘʣʣʘ KDP ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ 

ʜʠʩʣʦʢʘʮʠʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʭʦʣʤʠʢʦʚ ʨʦʩʪʘ, ʥʘ ʩʢʦʨʦʩʪʴ 

ʨʦʩʪʘ ʛʨʘʥʝʡ ʧʨʠʟʤʳ {100} . ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʝʩʳʱʝʥʠʷ ʚ ʨʝʞʠʤʝ 

ʨʝʛʝʥʝʨʘʮʠʠ ʪʦʯʝʯʥʦʡ ʟʘʪʨʘʚʢʠ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʠ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʛʨʘʥʠ ʧʨʠʟʤʳ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʫʚʝʣʠʯʠʚʘʝʪ ʝʝ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ (ʨʠʩ. 1.27). ʊʘʢʞʝ ʚ [84] ʫʪʦʯʥʷʝʪʩʷ, ʯʪʦ 

ʠʥʪʝʥʩʠʚʥʦʝ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʧʝʨʝʜ ʨʦʩʪʦʤ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʨʘʥʝʡ {100} .  

 

ʈʠʩʫʥʦʢ 1.27 ï ʊʦʧʦʛʨʘʤʤʳ ʢʨʠʩʪʘʣʣʦʚ KDP, ʚʳʨʘʱʝʥʥʳʭ ʧʨʠ ʥʘʯʘʣʴʥʦʤ 

ʧʝʨʝʩʳʱʝʥʠʠ ů=0,06 (ʘ) ʠ ů=0,001 (ʙ); 1 ï ʟʘʪʨʘʚʦʯʥʳʡ ʢʨʠʩʪʘʣʣ, 2 ï ʜʠʩʣʦʢʘʮʠʠ, 

ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʝʥʝʨʘʮʠʠ, 3 ï ʜʠʩʣʦʢʘʮʠʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ 

[84] 

 

ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʛʦ ʧʦʣʷ ʜʝʬʦʨʤʘʮʠʡ ʚʦʢʨʫʛ 

ʜʠʩʣʦʢʘʮʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʨʠ 

ʨʦʩʪʝ ʠʟ ʨʘʩʧʣʘʚʘ ʜʠʩʣʦʢʘʮʠʠ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʥʠʤʘʪʴ ʧʦʟʠʮʠʠ, 
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ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʥʠʞʝʥʠʶ ʚ ʢʨʠʩʪʘʣʣʝ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ. ɺ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʜʠʩʣʦʢʘʮʠʠ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʝ ʦʙʣʘʜʘʶʪ ï ʧʦ ʩʫʪʠ, ʦʥʠ 

ʥʝʧʦʜʚʠʞʥʳ, ʧʨʠʯʝʤ ʠʭ ʧʦʣʦʞʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʳ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʠʩʣʦʢʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʝʝ 

ʚʝʢʪʦʨʘ ɹʶʨʛʝʨʩʘ, ʘʥʠʟʦʪʨʦʧʠʠ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʩʣʦʚʠʝʤ ʤʠʥʠʤʫʤʘ ʫʧʨʫʛʦʡ ʵʥʝʨʛʠʠ ʜʠʩʣʦʢʘʮʠʠ [85]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʩʣʫʯʘʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʜʠʩʣʦʢʘʮʠʠ, 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʝ ʨʝʣʘʢʩʠʨʫʶʪ ʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʚ ʢʨʠʩʪʘʣʣʝ, ʘ ʥʘʧʨʦʪʠʚ, ʩʦʟʜʘʶʪ ʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʦ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʠ ʟʦʥʘʨʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʦʧʠʩʘʥʳ 

ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʦ ʚ ʨʘʙʦʪʘʭ [81, 84, 86-89]. ɺ ʦʙʦʙʱʘʶʱʝʡ ʨʘʙʦʪʝ [87] 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʣʦʡʥʦʤ ʨʦʩʪʝ ʧʦ ʜʠʩʣʦʢʘʮʠʦʥʥʦ-ʩʧʠʨʘʣʴʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʧʝʨʝʩʳʱʝʥʠʷʭ ʧʨʠ 

ʚʳʨʘʱʠʚʘʥʠʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʟʦʥʘʨʥʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥʘ ʢʦʥʢʫʨʝʥʮʠʝʡ ʚʠʮʠʥʘʣʴʥʳʭ 

ʭʦʣʤʠʢʦʚ. ʊʘʢʠʝ ʭʦʣʤʠʢʠ ʬʦʨʤʠʨʫʶʪʩʷ ʚʦʢʨʫʛ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʩʪʫʧʝʥʝʡ ʠ ʠʤʝʶʪ ʧʦʣʠʛʦʥʘʣʴʥʫʶ ʬʦʨʤʫ, ʨʘʟʙʠʪʫʶ ʥʘ ʩʝʢʪʦʨʳ, ʦʪʚʝʯʘʶʱʠʝ 

ʨʘʟʣʠʯʥʳʤ ʦʨʠʝʥʪʘʮʠʷʤ ʩʪʫʧʝʥʝʡ (ʨʠʩʫʥʦʢ 1.28). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʞʜʳʡ 

ʩʝʢʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʝʡ ʩʢʦʨʦʩʪʴʶ ʨʦʩʪʘ ʠ ʩʚʦʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʚʭʦʞʜʝʥʠʷ ʧʨʠʤʝʩʠ. ʊʘʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʙʳʣʘ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ 

[88] ʠ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ çʚʠʮʠʥʘʣʴʥʘʷ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʴè.  

 

 

ʈʠʩʫʥʦʢ 1.28 - ɺʠʮʠʥʘʣʴʥʳʡ ʭʦʣʤʠʢ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʥʘ ʛʨʘʥʠ ʩʪʫʧʝʥʷʤʠ ʪʨʸʭ ʨʘʟʥʳʭ 

ʦʨʠʝʥʪʘʮʠʡ ʚʦʢʨʫʛ ʚʠʥʪʦʚʦʡ ʜʠʩʣʦʢʘʮʠʠ D (a). ʈʘʟʥʳʝ ʩʢʣʦʥʳ ʭʦʣʤʠʢʘ ʟʘʭʚʘʪʳʚʘʶʪ 

ʨʘʟʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʠ (ʙ) [81] 



50 

 

ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [87] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʞʜʫ ʩʝʢʪʦʨʘʤʠ ʨʦʩʪʘ ʛʨʘʥʝʡ ʦʜʥʦʡ 

ʧʨʦʩʪʦʡ ʬʦʨʤʳ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴ ʨʘʟʥʠʮʘ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ. ʅʘ ʨʠʩʫʥʢʝ 

1.29 ʧʨʠʚʝʜʝʥʘ ʢʘʨʪʘ ʚʘʨʠʘʮʠʡ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ z-ʩʨʝʟʘ ʢʨʠʩʪʘʣʣʘ KDP, ʥʘ 

ʢʦʪʦʨʦʡ ʚʠʜʥʦ, ʯʪʦ ʥʘ ʛʨʘʥʠʮʘʭ ʩʝʢʪʦʨʦʚ ʨʦʩʪʘ ʧʨʠʟʤʳ ʨʘʟʥʠʮʘ ʧʘʨʘʤʝʪʨʦʚ 

ʨʝʰʝʪʢʠ ʠʤʝʝʪʩʷ ʪʘʤ, ʛʜʝ ʢʦʥʪʘʢʪʠʨʫʶʪ ʧʦʣʦʩʳ ʨʦʩʪʘ, ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʚʠʮʠʥʘʣʴʥʳʤʠ ʩʝʢʪʦʨʘʤʠ ʨʘʟʥʳʭ ʪʠʧʦʚ. ʊʘʢʘʷ ʚʠʮʠʥʘʣʴʥʘʷ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʴ 

ʪʘʢʞʝ ʚʣʠʷʝʪ ʠ ʥʘ ʩʝʢʪʦʨʠʘʣʴʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ.  

 

 

ʈʠʩʫʥʦʢ 1.29 - ʉʝʢʪʦʨʠʘʣʴʥʘʷ ʠ ʚʠʮʠʥʘʣʴʥʦ-ʩʝʢʪʦʨʠʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʢʨʠʩʪʘʣʣʝ 

KDP: ʢʘʨʪʘ ʚʘʨʠʘʮʠʡ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ. ɺʉɻ - ʚʠʮʠʥʘʣʴʥʦ - ʩʝʢʪʦʨʠʘʣʴʥʘʷ ʛʨʘʥʠʮʘ. 

ʋʯʘʩʪʢʠ a ʠ b ʦʙʨʘʟʦʚʘʥʳ ʚʠʮʠʥʘʣʴʥʳʤʠ ʩʝʢʪʦʨʘʤʠ ʨʘʟʥʳʭ ʪʠʧʦʚ, ʘ ʫʯʘʩʪʢʠ c ʠ d ï 

ʚʠʮʠʥʘʣʴʥʳʤʠ ʩʝʢʪʦʨʘʤʠ ʦʜʥʦʛʦ ʪʠʧʘ [87] 

 

ɺ ʩʣʫʯʘʝ ʨʦʩʪʘ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚʩʝ ʚʠʜʳ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, 

ʩʚʦʡʩʪʚʝʥʥʳʝ ʢʨʠʩʪʘʣʣʘʤ, ʚʳʨʘʱʝʥʥʳʤ ʠʟ ʨʘʩʪʚʦʨʘ, ʫʩʠʣʠʚʘʶʪʩʷ, ʧʦʩʢʦʣʴʢʫ 

ʜʚʘ ʠʟʦʤʦʨʬʥʳʭ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʨʘʩʪʚʦʨʝ ʚ ʩʦʧʦʩʪʘʚʠʤʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ. 

ɺ ʨʘʙʦʪʘʭ [61, 90] ʦʧʠʩʘʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ 

ʚ ʠʟʦʤʦʨʬʥʦ-ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʩʚʷʟʠ 

ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʨʘʟʣʠʯʥʦʡ ʘʜʩʦʨʙʮʠʠ ʠʟʦʤʦʨʬʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʛʨʘʥʷʭ ʨʘʟʥʳʭ ʧʨʦʩʪʳʭ ʬʦʨʤ. ɺ [90] ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʩʝʢʪʦʨʠʘʣʴʥʦʛʦ ʨʘʟʣʠʯʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʟʦʤʦʨʬʥʳʭ 
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ʢʦʤʧʦʥʝʥʪʦʚ ʦʪ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ ʚ ʩʠʩʪʝʤʘʭ 

(NH4)2(Co, Ni)(SO4)2Ț6H2O, (NH4)2(Zn, Ni)(SO4)2Ț6H2O ʠ (Sr, Pb)(NO3)2  

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʥʘ ʥʦʩʠʪ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʩʝʨʝʜʠʥʝ 

ʨʷʜʘ ʜʣʷ ʩʠʩʪʝʤ r((NH4)2(Co, Ni)(SO4)2Ț6H2O), ʩʦ ʩʤʝʱʝʥʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʜʣʷ 

ʩʠʩʪʝʤʳ (NH4)2(Zn, Ni)(SO4)2Ț6H2O, ʠ ʜʘʞʝ ʩ ʠʥʚʝʨʩʠʝʡ ʟʥʘʢʘ ʜʣʷ ʩʠʩʪʝʤʳ 

(Sr, Pb)(NO3)2. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʚ [90] ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʘʜʩʦʨʙʮʠʝʡ 

ʠʟʦʤʦʨʬʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʢʠʥʝʪʠʢʦʡ ʠʭ ʚʩʪʨʘʠʚʘʥʠʷ ʚ ʛʨʘʥʠ ʨʘʟʥʳʭ 

ʧʨʦʩʪʳʭ ʬʦʨʤ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʦʤʦʨʬʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʛʨʘʥʷʭ ʜʚʫʭ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʳʭ ʬʦʨʤ (1 ʠ 2): 
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ρ ὼ
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ὼ

ρ ώ

ώ
 (1.8) 

 

ʛʜʝ ὑ , ὑ   - ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪ rʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʪʦʨʮʝ ʩʪʫʧʝʥʠ 

ʛʨʘʥʠ 1 ʠ 2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ὼ , ὼ  - ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʘ ɺ ʚ 

ʩʝʢʪʦʨʘʭ ʨʦʩʪʘ ʛʨʘʥʠ 1 ʠ 2 ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (BC)A, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ώ - 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʘ B ʚ ʨʘʩʪʚʦʨʝ.    

ʗʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʟʦʥʘʨʥʦʛʦ ʠ ʩʝʢʪʦʨʠʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠ ̫

ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʠʟʦʤʦʨʬʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʠʤʝʶʪ ʨʘʟʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʭʦʞʜʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣ, ʠ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʘ 

ʤʝʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʥʷʷ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʘ. ɹʦʣʝʝ 

ʩʠʣʴʥʘʷ ʩʝʢʪʦʨʠʘʣʴʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʚʷʟʘʥʘ ʩ ʨʘʟʣʠʯʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʟʦʤʦʨʬʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʨʘʟʥʳʤ ʛʨʘʥʷʤ ʢʨʠʩʪʘʣʣʘ [86]. 

ʇʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʯʘʩʪʠʮʳ (ʘʪʦʤʳ, ʠʦʥʳ, 

ʤʦʣʝʢʫʣʳ) ʦʜʥʦʛʦ ʠʟ ʠʟʦʤʦʨʬʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʩʪʚʦʨʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʦʛʦ, 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʤʝʥʴʰʝ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʪʦʧʦʨʘʤʠ ʜʣʷ ʨʦʩʪʦʚʳʭ 

ʩʪʫʧʝʥʝʡ. ʕʪʦ ʪʦʨʤʦʟʠʪ ʨʦʩʪ ʢʨʠʩʪʘʣʣʘ, ʘ ʧʨʠ ʥʠʟʢʠʭ ʧʝʨʝʩʳʱʝʥʠʷʭ ʤʦʞʝʪ 
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ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʟʘʭʚʘʪʫ ʚʢʣʶʯʝʥʠʡ ʧʦ ʤʝʭʘʥʠʟʤʫ, ʧʦʢʘʟʘʥʥʦʤʫ ʥʘ ʨʠʩʫʥʢʘʭ 

1.25 ʠ 1.26. 

ɽʱʝ ʦʜʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʝ 

ʧʦʥʠʞʝʥʠʝ ʠʭ ʩʠʤʤʝʪʨʠʠ (ʜʠʩʠʤʤʝʪʨʠʟʘʮʠʷ). ɺ ʩʪʨʫʢʪʫʨʝ ʩʤʝʰʘʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʠʤʝʶʪʩʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʟʠʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʟʘʥʷʪʳ ʩʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ ʨʘʟʥʦʛʦ ʩʦʨʪʘ. ʕʪʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʧʦʟʠʮʠʠ ʷʚʣʷʶʪʩʷ ʩʪʨʦʛʦ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʪʦʣʴʢʦ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʦʥʠ ʤʦʛʫʪ ʩʪʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʤʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʠʭ ʥʝʦʜʠʥʘʢʦʚʦʛʦ, ʪʦ ʝʩʪʴ 

ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʝʜʠʥʠʮʘʤʠ. ɺʦʟʥʠʢʰʝʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘʪʝʤ ʧʝʨʝʭʦʜʠʪ ʚ ʦʙʲʝʤ ʢʨʠʩʪʘʣʣʘ. 

ʆʥʦ ʷʚʣʷʝʪʩʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʤ, ʦʜʥʘʢʦ ʤʦʞʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʢʨʠʩʪʘʣʣʝ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʚʩʣʝʜʩʪʚʠʝ ʦʯʝʥʴ ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡ ʜʠʬʬʫʟʠʠ ʚ ʪʚʝʨʜʳʭ 

ʪʝʣʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʠʩʢʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ ʠ ʧʦʥʠʞʝʥʠʝ 

ʝʛʦ ʩʠʤʤʝʪʨʠʠ [91]. 

 

1.3.2 ʆʙʨʘʟʦʚʘʥʠʝ ʚʢʣʶʯʝʥʠʡ ʠ ʠʭ ʨʦʣʴ ʚ ʨʝʣʘʢʩʘʮʠʠ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ʧʨʠ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ɿʘʭʚʘʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʧʨʠ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʮʠʝʡ ʩʠʣ. ʅʘ ʧʦʩʪʦʨʦʥʥʶʶ ʯʘʩʪʠʮʫ ʚʙʣʠʟʠ ʬʨʦʥʪʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ, ʧʨʠʞʠʤʘʶʱʘʷ ʝʝ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï ʦʪʪʘʣʢʠʚʘʶʱʘʷ ʩʠʣʘ, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʘʩʢʣʠʥʠʚʘʶʱʠʤ ʜʘʚʣʝʥʠʝʤ, ʚʦʟʥʠʢʘʶʱʠʤ ʚ ʪʦʥʢʦʤ ʩʣʦʝ 

(10-5·10-7ʩʤ) ʨʘʩʪʚʦʨʘ ʤʝʞʜʫ ʯʘʩʪʠʮʝʡ ʠ ʢʨʠʩʪʘʣʣʦʤ [92-94]. ʇʨʠʞʠʤʘʶʱʘʷ 

ʩʠʣʘ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʥʦ ʪʘʢʞʝ ʩʚʷʟʘʥʘ ʩ 

ʵʬʬʝʢʪʦʤ ʫʚʣʝʯʝʥʠʷ ʯʘʩʪʠʮʳ ʜʠʬʬʫʟʠʦʥʥʳʤ ʧʦʪʦʢʦʤ. ʈʘʩʢʣʠʥʠʚʘʶʱʝʝ 

ʜʘʚʣʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʙʣʘʛʦʜʘʨʷ ʜʝʡʩʪʚʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ (ʚʘʥ-ʜʝʨ-

ʚʘʘʣʴʩʦʚʳʭ) ʩʠʣ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ (ʜʝʙʘʝʚʩʢʠʭ) ʩʠʣ ʠ ʩʪʨʫʢʪʫʨʥʦʡ 
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ʩʦʩʪʘʚʣʷʶʱʝʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʯʘʩʪʠʯʥʳʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʞʠʜʢʦʩʪʠ ʦʢʦʣʦ 

ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ [81]. 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʝʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʢʨʠʩʪʘʣʣʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʯʘʩʪʠʮʘ 

ʵʢʨʘʥʠʨʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʪʫʱʝʡ ʛʨʘʥʠ ʦʪ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʪʦʢʘ. ʇʨʠ ʵʪʦʤ 

ʩʥʠʞʘʝʪʩʷ ʧʝʨʝʩʳʱʝʥʠʝ ʨʘʩʪʚʦʨʘ ʧʦʜ ʯʘʩʪʠʮʝʡ, ʯʪʦ ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʠ V-ʦʙʨʘʟʥʦʛʦ ʫʛʣʫʙʣʝʥʠʷ [81]. 

ɺʝʨʦʷʪʥʦʩʪʴ ʟʘʭʚʘʪʘ ʠʥʦʨʦʜʥʳʭ ʯʘʩʪʠʮ ʟʘʚʠʩʠʪ ʦʪ ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʨʦʩʪʘ ʛʨʘʥʝʡ ʢʨʠʩʪʘʣʣʘ [95-96]. ʇʨʠ ʩʢʦʨʦʩʪʷʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʯʘʩʪʠʮʘ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʛʨʘʥʴʶ ʢʨʠʩʪʘʣʣʘ, ʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʠʞʝ 

ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ - ʧʦʣʥʦʩʪʴʶ ʦʪʪʘʣʢʠʚʘʝʪʩʷ ʝ.ʁ ʇʨʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʚʦʟʤʦʞʝʥ ʢʘʢ ʟʘʭʚʘʪ, ʪʘʢ ʠ 

ʦʪʪʘʣʢʠʚʘʥʠʝ ʯʘʩʪʠʮʳ. ɿʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʭʚʘʪ ʠʥʦʨʦʜʥʳʭ ʯʘʩʪʠʮ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʢʘʢ ʧʨʠ ʧʦʩʣʦʡʥʦʤ, ʪʘʢ ʠ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʘ 

[96]. 

ɺ [97] ʠʩʩʣʝʜʦʚʘʣʩʷ ʟʘʭʚʘʪ ʯʘʩʪʠʮ SiO2 ʢʨʠʩʪʘʣʣʦʤ KDP ʚ ʩʪʘʪʠʯʝʩʢʦʤ 

ʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʘʭ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʟʘʭʚʘʪ 

ʯʘʩʪʠʮ ʨʘʩʪʫʱʝʡ ʛʨʘʥʴʶ ʢʨʠʩʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʨʦʩʪʘ, 

ʧʨʝʚʳʰʘʶʱʠʭ ʥʝʢʦʪʦʨʦʝ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ: ʯʝʤ ʤʝʥʴʰʝ ʯʘʩʪʠʮʳ, ʪʝʤ ʚʳʰʝ ʜʦʣʞʥʘ ʙʳʪʴ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ. ʇʨʠ 

ʩʢʦʨʦʩʪʷʭ, ʧʨʝʚʳʰʘʶʱʠʭ ʢʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ, ʚʣʠʷʥʠʝ ʧʝʨʝʩʳʱʝʥʠʷ ʠ 

ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʭʚʘʪʘ ʯʘʩʪʠʮ ʥʝ ʩʫʱʝʩʪʚʝʥʥʦ. 

ʇʝʨʝʩʳʱʝʥʠʝ ʨʘʩʪʚʦʨʘ ʚʣʠʷʝʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʭʘʨʘʢʪʝʨ ʟʘʭʚʘʪʘ ʯʘʩʪʠʮ: 

ʧʨʠ ʚʳʩʦʢʠʭ ʧʝʨʝʩʳʱʝʥʠʷʭ ʟʘʭʚʘʪ ʯʘʩʪʠʮ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʜʣʠʥʥʳʭ ʢʘʥʘʣʦʚ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʛʨʘʥʠ ʚ ʫʩʣʦʚʠʷʭ ʟʘʨʦʞʜʝʥʠʷ ʚʳʩʦʢʠʭ ʤʘʢʨʦʩʪʫʧʝʥʝʡ. ʇʨʠ 

ʙʦʣʝʝ ʥʠʟʢʠʭ ʧʝʨʝʩʳʱʝʥʠʷʭ ʯʘʩʪʠʮʳ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʣʠʙʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʚʦʢʨʫʛ ʥʠʭ ʥʝʙʦʣʴʰʠʭ ʦʛʨʘʥʝʥʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʣʠʙʦ ʙʝʟ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. 



54 

 

ɿʘʭʚʘʪ ʤʘʪʦʯʥʦʡ ʩʨʝʜʳ ʧʨʠ ʨʦʩʪʝ ʠʟ ʨʘʩʪʚʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʝʨʠ ʛʨʘʥʴʶ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʂʣʘʩʩʠʯʝʩʢʠʝ 

ʤʝʭʘʥʠʟʤʳ ʟʘʭʚʘʪʘ ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʦʙʦʩʥʦʚʳʚʘʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ 

ʛʨʘʥʠ ʤʘʢʨʦʩʪʫʧʝʥʝʡ. ʇʠʪʘʥʠʝ ʪʦʨʮʘ ʩʪʫʧʝʥʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʘʨʫʞʥʦʛʦ ʫʛʣʘ 

ʣʫʯʰʝ, ʧʦʵʪʦʤʫ ʦʙʨʘʟʫʝʪʩʷ ʥʘʚʠʩʘʶʱʠʡ ʪʦʥʢʠʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ ʠ ʚʳʟʳʚʘʝʪ 

ʧʦʷʚʣʝʥʠʝ ʧʣʦʩʢʦʛʦ ʚʢʣʶʯʝʥʠʷ (ʨʠʩʫʥʦʢ 1.30 ʘ) [81].  

 

 

ʈʠʩʫʥʦʢ 1.30 ï ʉʭʝʤʳ ʦʙʨʘʟʦʚʘʥʠʷ ʚʢʣʶʯʝʥʠʡ: ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʧʠʪʘʥʠʠ ʪʦʨʮʘ 

ʤʘʢʨʦʩʪʫʧʝʥʠ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘʚʠʩʘʶʱʝʛʦ ʩʣʦʷ (ʘ), ʧʨʠ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʦʨʮʘ 

ʩʪʫʧʝʥʠ, ʨʘʩʪʫʱʝʛʦ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ (ʙ) [81]  

 

ɼʨʫʛʦʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʚʢʣʶʯʝʥʠʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 1.30 ʙ. 

ʂʦʛʜʘ ʚʳʩʦʪʘ ʤʘʢʨʦʩʪʫʧʝʥʠ h ʩʪʘʥʦʚʠʪʩʷ ʩʦʧʦʩʪʘʚʠʤʘ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʦʪʥʦʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʢ ʢʠʥʝʪʠʯʝʩʢʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʪʚʦʨʘ (D/ɓ), ʪʦ ʜʠʬʬʫʟʠʦʥʥʦʝ ʧʦʣʝ ʚʦʢʨʫʛ ʵʪʦʡ ʩʪʫʧʝʥʠ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʧʦʣʶ ʧʣʦʩʢʦʛʦ ʬʨʦʥʪʘ, ʠ ʪʦʨʝʮ ʩʪʫʧʝʥʠ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

[81].  

ɺ ʩʝʨʠʠ ʨʘʙʦʪ [81, 88-100] ʠʩʩʣʝʜʦʚʘʥ ʠ ʦʧʠʩʘʥ ʥʦʚʳʡ ʤʝʭʘʥʠʟʤ ʟʘʭʚʘʪʘ 

ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʟʚʠʪʠʝʤ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚ ʧʦʣʝ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʝ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 
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ʚʢʣʶʯʝʥʠʡ ʨʝʣʘʢʩʠʨʦʚʘʪʴ ʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʚʳʚʦʜʘʤʠ ʨʘʙʦʪʳ [101].  

ʇʨʠ ʨʦʩʪʝ ʠʟ ʨʘʩʧʣʘʚʘ, ʢʦʛʜʘ ʢʨʠʩʪʘʣʣ ʜʦʩʪʘʪʦʯʥʦ ʧʣʘʩʪʠʯʝʥ, ʨʝʣʘʢʩʘʮʠʷ 

ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ. 

ʂʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʠʚʘʝʤʳʝ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʦʙʳʯʥʦ ʭʨʫʧʢʠʝ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʜʠʩʣʦʢʘʮʠʡ ʚ ʥʠʭ ʟʘʪʨʫʜʥʝʥʦ ʠ ʙʦʣʴʰʠʝ ʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ ʢʘʢ ʧʨʘʚʠʣʦ 

ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ [102]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʮʠʪʠʨʫʝʤʳʭ ʨʘʙʦʪʘʭ 

ʨʝʯʴ ʠʜʝʪ ʦ ʨʘʩʢʨʳʪʠʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʝʣʘʢʩʘʮʠʠ ʫʧʨʫʛʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʨʘʩʪʚʦʨʘʭ, ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʭʘʥʠʟʤʫ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʩʣʦʢʘʮʠʡ. 

ɺ [98] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʚʢʣʶʯʝʥʠʡ ʨʘʩʪʚʦʨʘ ʥʘ 

ʛʝʪʝʨʦʛʨʘʥʠʮʝ ʧʨʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʞʠʜʢʦʬʘʟʥʦʤ ʵʧʠʪʘʢʩʠʘʣʴʥʦʤ 

ʥʘʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʘ KCSH ʥʘ ʢʨʠʩʪʘʣʣ KNSH.  

 

ʘ 

 

ʙ 

 

 

ʚ 
 

ʛ 

ʈʠʩʫʥʦʢ 1.31 ï ʉʭʝʤʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʙʠʢʨʠʩʪʘʣʣʘ KCSH/KNSH (ʘ), 

ʪʦʧʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ I (ʙ) ʠ II (ʚ), ʬʦʪʦʛʨʘʬʠʷ ʛʝʪʝʨʦʛʨʘʥʠʮʳ ʦʙʨʘʟʮʘ II (ʛ); 1 ï 

ʛʝʪʝʨʦʛʨʘʥʠʮʘ, 2 ï ʚʢʣʶʯʝʥʠʷ ʨʘʩʪʚʦʨʘ, 3 ï ʜʠʩʣʦʢʘʮʠʠ [98] 
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ʀʟ ʙʠʢʨʠʩʪʘʣʣʘ ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʦʙʨʘʟʮʳ I ʠ II  (ʨʠʩʫʥʦʢ 1.31 ʘ). ʅʘ ʦʙʝʠʭ 

ʪʦʧʦʛʨʘʤʤʘʭ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ 1 ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʢʣʶʯʝʥʠʷ ʨʘʩʪʚʦʨʘ 2 ʠ ʧʫʯʢʠ 

ʜʠʩʣʦʢʘʮʠʡ 3, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʧʦʜ ʥʝʙʦʣʴʰʠʤ ʫʛʣʦʤ ʢ ʥʦʨʤʘʣʠ ʛʨʘʥʠʮ r

ʨʘʟʜʝʣʘ (ʨʠʩʫʥʢʠ 1.31 ʙ, ʚ). ʇʣʦʪʥʦʩʪʴ ʚʢʣʶʯʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 105-106 ʩʤ-2 (ʨʠʩ. 

1.31 ʛ), ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʚ ʧʫʯʢʘʭ ʪʘʢʞʝ ʨʘʚʥʘ ~ 105-106 ʩʤ-2 ʧʨʠ ʪʦʤ, ʯʪʦ 

ʦʙʳʯʥʦ ʚ ʢʨʠʩʪʘʣʣʘʭ KNSH ʠ KCSH ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ~ 101-102 ʩʤ-2. ʇʦʩʢʦʣʴʢʫ 

ʪʨʝʱʠʥ ʚ ʙʠʢʨʠʩʪʘʣʣʝ ʥʝ ʚʦʟʥʠʢʣʦ ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʦʢ ~ 0,5% (ʪʘʙʣʠʮʘ 1.7), ʚ ʨʘʙʦʪʝ ʜʝʣʘʝʪʩʷ 

ʚʳʚʦʜ, ʯʪʦ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚʢʣʶʯʝʥʠʷ ʨʘʩʪʚʦʨʘ ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʤʘʶʪ ʫʧʨʫʛʠʝ 

ʥʘʧʨʷʞʝʥʠʷ.  

ʄʝʭʘʥʠʟʤ ʟʘʭʚʘʪʘ ʚʢʣʶʯʝʥʠʡ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʠʩʩʣʝʜʦʚʘʣʩʷ ʚ [99] in situ ʧʨʠ ʵʧʠʪʘʢʩʠʘʣʴʥʦʤ ʥʘʨʘʱʠʚʘʥʠʠ ʩʣʦʝʚ ACSH ʠ 

KCSH ʥʘ ʢʨʠʩʪʘʣʣʳ ANSH ʠ KNSH ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʝʨʠʷ ʬʦʪʦʛʨʘʬʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʘʭ 1.32 ʠ 1.33. 

 

    

ʘ ʙ ʚ ʛ 

ʈʠʩʫʥʦʢ 1.32 - ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʣʦʝʚ ACSH ʥʘ ʛʨʘʥʠ (110) ANSH: ʯʝʨʝʟ 4 (a), 20 (ʙ), 49 

(ʚ) ʠ 319 (ʛ) ʩʝʢʫʥʜ ʧʦʩʣʝ ʢʦʥʪʘʢʪʘ ʩ ʨʘʩʪʚʦʨʦʤ ACSH; 1- ʤʘʢʨʦʩʪʫʧʝʥʴ [99] 

 

    

ʘ ʙ ʚ ʛ 

ʈʠʩʫʥʦʢ 1.33 - ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʣʦʝʚ KCSH ʥʘ ʛʨʘʥʠ (001) KNSH: ʯʝʨʝʟ 4 (a), 52 (ʙ), 128 

(ʚ) ʠ 358 (ʛ) ʩʝʢʫʥʜ ʧʦʩʣʝ ʢʦʥʪʘʢʪʘ ʩ ʨʘʩʪʚʦʨʦʤ KCSH; 1- ʤʘʢʨʦʩʪʫʧʝʥʴ, 2 - ʚʢʣʶʯʝʥʠʷ 

[99] 
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ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʛʝʥʝʨʝʮʠʷ ʩʣʦʝʚ ʥʘʯʠʥʘʣʘʩʴ ʩ ʨʝʙʝʨ ʢʨʠʩʪʘʣʣʘ, ʦʙʨʘʟʫʷ 

ʤʘʢʨʦʩʪʫʧʝʥʴ ʤʠʢʨʦʥʥʦʡ ʚʳʩʦʪʳ. ɺ ʩʠʩʪʝʤʝ ACSH/ANSH ʩʪʫʧʝʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʷʤʳʝ ʠ ʩʭʣʦʧʳʚʘʶʪʩʷ ʚ ʮʝʥʪʨʝ ʦʙʨʘʟʮʘ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚʢʣʶʯʝʥʠʡ (ʨʠʩʫʥʦʢ 1.32), ʪʦʛʜʘ ʢʘʢ ʚ ʩʠʩʪʝʤʝ KCSH/KNSH ʩʪʫʧʝʥʠ ʩʠʣʴʥʦ 

ʠʟʦʛʥʫʪʳ ʠ ʦʙʨʘʟʫʶʪ ʚ ʮʝʥʪʨʝ ʦʙʨʘʟʮʘ ʨʷʜ ʚʢʣʶʯʝʥʠʡ (ʨʠʩʫʥʦʢ 1.33). ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʦʢ ʢʨʠʩʪʘʣʣʦʚ KCSH ʠ KNSH 

ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʢʨʠʩʪʘʣʣʘʭ ACSH ʠ ANSH (ʪʘʙʣʠʮʘ 1.7). 

 

ʊʘʙʣʠʮʘ 1.7 ï ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʦʢ ʢʨʠʩʪʘʣʣʦʚ ACSH, ANSH, KCSH, KNSH, KAP ʠ 

RbAP 

ʇʘʨʘʤʝʪʨ 

ʨʝʰʝʪʢʠ 

ACSH/ANSH [99] KCSH/KNSH [99] KAP/RbAP [103] 

ACSH ANSH 
ʈʘʟʥʠʮʘ, 

% 
KCSH KNSH 

ʈʘʟʥʠʮʘ, 

% 

KAP RbAP ʈʘʟʥʠʮʘ, 

% 

ʇʨ. 

ʛʨʫʧʧʘ 
P21/c 

 
P21/c 

 Pca21  

a, ¡ 9,25 9,241 0,097 9,045 8,98 0,72 6,47 6,55 1,23 

b, ¡ 12,52 12,544 ï0,192 12,193 12,159 0,275 9,61 10,02 4,3 

c, ¡ 6,24 6,243 ï0,048 6,146 6,125 0,342 13,26 12,99 2,1 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʬʦʨʤʳ ʩʪʫʧʝʥʠ ʦʪ ʨʘʟʥʠʮʳ ʚ ʧʘʨʘʤʝʪʨʘʭ ʨʝʰʝʪʢʠ 

ʦʙʲʷʩʥʷʝʪʩʷ ʚ [80]. ɺ [100] ʥʘ ʧʨʠʤʝʨʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʦʧʦʛʨʘʬʠʠ ʙʠʢʨʠʩʪʘʣʣʘ 

KAP/RbAP ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʦʜʣʦʞʢʝ ʚʙʣʠʟʠ ʢʨʘʷ ʨʘʩʪʫʱʝʛʦ ʩʣʦʷ ʚʦʟʥʠʢʘʝʪ 

ʦʙʣʘʩʪʴ ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ð ɻ ʪʦ ʟʦʥʘ ʨʝʣʘʢʩʘʮʠʠ ʫʧʨʫʛʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʥʦʚʳʤ ʩʣʦʝʤ ʠ ʧʦʜʣʦʞʢʦʡ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʯʝʤ ʙʦʣʴʰʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʩʣʦʷ ʠ ʧʦʜʣʦʞʢʠ, ʪʝʤ ʩʠʣʴʥʝʝ 

ʜʝʬʦʨʤʘʮʠʷ ʚʙʣʠʟʠ ʢʨʘʷ ʩʣʦʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ (1.2) ʵʬʬʝʢʪʠʚʥʦʝ 

ʧʝʨʝʩʳʱʝʥʠʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʃʶʙʦʡ ʚʳʩʪʫʧ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʦ 

ʢʘʢʦʡ-ʣʠʙʦ ʧʨʠʯʠʥʝ ʥʘ ʪʦʨʮʝ ʩʣʦʷ (ʤʘʢʨʦʩʪʫʧʝʥʠ), ʧʦʧʘʜʘʝʪ ʚ ʤʝʥʝʝ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʫʶ ʦʙʣʘʩʪʴ ʩ ʙʦʣʴʰʠʤ ʵʬʬʝʢʪʠʚʥʳʤ ʧʝʨʝʩʳʱʝʥʠʝʤ ʠ 

ʥʘʯʠʥʘʝʪ ʨʘʩʪʠ ʙʳʩʪʨʝʝ, ʯʝʤ ʦʩʥʦʚʥʘʷ ʤʘʢʨʦʩʪʫʧʝʥʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʩʣʦ ̫ ʠ ʧʦʜʣʦʞʢʠ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʭʚʘʪʫ ʚʢʣʶʯʝʥʠʡ. 
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ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʟʘʭʚʘʪ ʚʢʣʶʯʝʥʠʡ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʡ ʫʧʨʫʛʠʤʠ 

ʥʘʧʨʷʞʝʥʠʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʚʦ ʚʨʝʤʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʧʨʠʚʦʜʠʪ ʢ ʨʝʣʘʢʩʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʵʪʠʭ ʚʢʣʶʯʝʥʠʷʭ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʘ RbAP ʥʘ ʢʨʠʩʪʘʣʣʝ KAP [80]. 

ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʚ ʩʠʩʪʝʤʝ RbAP/KAP ʚ 20ï40 ʨʘʟ ʙʦʣʴʰʝ, 

ʯʝʤ ʚ ʩʠʩʪʝʤʝ ACSH/ANSH (ʪʘʙʣʠʮʘ 1.7), ʧʦʵʪʦʤʫ ʦʜʥʦʛʦ ʩʣʦʷ ʚʢʣʶʯʝʥʠʡ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʘʷ ʦʙʣʘʩʪʴ ʚʢʣʶʯʝʥʠʡ ʪʦʣʱʠʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʤʝʪʨʦʚ 

(ʨʠʩʫʥʦʢ 1.34).  

 

 

ʈʠʩʫʥʦʢ 1.34 ï ʌʦʪʦʛʨʘʬʠʷ ʙʠʢʨʠʩʪʘʣʣʘ RbAP/KAP [80] 

 

1.3.3 ɸʥʦʤʘʣʠʠ ʩʚʦʡʩʪʚ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ɺ ʨʘʙʦʪʘʭ [104, 105] ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʥ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʩʚʦʡʩʪʚ 

ʢʨʠʩʪʘʣʣʦʚ KCNSH ʦʪ ʩʦʩʪʘʚʘ.  ʇʦʩʢʦʣʴʢʫ ʚ ʛʘʙʠʪʫʩʝ ʦʛʨʘʥʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

KCNSH ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʠʤʝʶʪ ʛʨʘʥʠ {110} ʠ { 001} , ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ 

ʩʦʩʪʘʚ ʚ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʩʝʢʪʦʨʦʚ ʨʦʩʪʘ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨ rʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʘ ʥʦʩʷʪ ʥʝ 

ʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʠʤʝʶʪ ʤʘʢʩʠʤʫʤʳ (ʨʠʩʫʥʦʢ 1.35). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʛʠʜʨʘʪʘʮʠʠ ʦʪ 

ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʩʷ ʠ ʚ ʩʠʩʪʝʤʝ ACNSH (ʨʠʩʫʥʦʢ 1.11 ʘ) [52]. 
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ʘ ʙ 

ʈʠʩʫʥʦʢ 1.35 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʛʠʜʨʘʪʘʮʠʠ (ʘ) ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ (ʙ) ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʚ ʢʨʠʩʪʘʣʣʝ (ʩʝʢʪʦʨ { 110} ï ʩʚʝʪʣʳʝ ʪʦʯʢʠ, ʩʝʢʪʦʨ { 001}  ï ʪʝʤʥʳʝ 

ʪʦʯʢʠ) [105] 

 

ɺ ʨʘʙʦʪʝ [104] ʙʳʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʦʙʦʙʱʝʥʥʳʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʩʝʢʪʦʨʦʚ ʨʦʩʪʘ ʛʨʘʥʝʡ 

{ 110}  ʠ { 001}  ï K110å3,3Ñ0,1 ʠ K001å5,3Ñ0,2, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʳʣʘ 

ʨʘʩʩʯʠʪʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʟʥʠʮʳ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ ʚ ʩʝʢʪʦʨʘʭ ʨʦʩʪʘ ȹcCo ʦʪ 

ʩʦʩʪʘʚʘ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ CCo (ʨʠʩʫʥʦʢ 1.36): 

 

ȹὧ  ὅ (ρ σȟσ ςȟσϳ ὅ  - (ρ υȟσ τȟσὅϳ ) (1.9) 

  

ʈʠʩʫʥʦʢ 1.36 ï ʈʘʟʥʠʮʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ȹcCo ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Co ʚ 

ʨʘʩʪʚʦʨʝ: ʪʦʯʢʠ ï ʜʘʥʥʳʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʣʠʥʠʷ ï ʨʘʩʯʝʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ K110 ʠ K001 [105] 
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ʅʘ ʛʨʘʬʠʢ ʪʘʢʞʝ ʥʘʥʝʩʝʥʳ ʪʦʯʢʠ, ʥʘʡʜʝʥʥʳʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʚ ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʘʭ ʨʦʩʪʘ. ɺ 

ʨʘʙʦʪʝ [105] ʫʢʘʟʘʥʦ, ʯʪʦ ʩʘʤʳʤ ʥʝʩʦʚʝʨʰʝʥʥʳʤ ʠʟ ʚʩʝʭ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣ 

ʢʨʠʩʪʘʣʣ, ʫ ʢʦʪʦʨʦʛʦ ʨʘʟʥʠʮʘ ȹcCo ʩʘʤʘʷ ʚʳʩʦʢʘʷ (ʦʢʦʣʦ 10 ʤʘʩʩ. %), ʘ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ȹcCo (ʦʢʦʣʦ 3 ʤʘʩʩ. %) ʜʝʬʝʢʪʳ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ɹʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʩʝʢʪʦʨʠʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ 

ʢʨʠʩʪʘʣʣʘʭ KCNSH ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʥʠʮʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʩʝʢʪʦʨʦʚ. 

ʆʜʥʘʢʦ ʛʨʘʬʠʢ ʥʘ ʨʠʩʫʥʢʝ 1.36 ʥʝ ʦʙʲʷʩʥʷʝʪ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʩ ʜʚʫʤʷ ʤʘʢʩʠʤʫʤʘʤʠ (ʨʠʩʫʥʦʢ 1.35). 

ʆʪʚʝʪ ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ 

(ʨʠʩʫʥʦʢ 1.37). 

 

ʈʠʩʫʥʦʢ 1.37 ï ʈʘʟʥʠʮʘ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ʠ ʦʙʲʝʤʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ʩʝʢʪʦʨʘʭ 

ʨʦʩʪʘ { 110}  ʠ { 001}  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ Co ʚ ʨʘʩʪʚʦʨʝ [105] 

 

 ʅʘ ʵʪʠʭ ʛʨʘʬʠʢʘʭ ʜʚʘ ʤʠʥʠʤʫʤʘ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʣʦʞʝʥʠʝʤ 

ʤʘʢʩʠʤʫʤʦʚ ʥʘ ʨʠʩʫʥʢʝ 1.35, ʯʪʦ ʛʦʚʦʨʠʪ ʠ ʚʟʘʠʤʦʩʚʷʟʠ ʨʘʟʥʠʮʳ ʧʘʨʘʤʝʪʨʦʚ 

ʷʯʝʡʢʠ ʚ ʨʘʟʥʳʭ ʩʝʢʪʦʨʘʭ ʨʦʩʪʘ ʩ ʦʙʱʝʡ ʜʝʬʝʢʪʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʘ ʠ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʩʚʦʡʩʪʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ [105] ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʧʦʚʳʰʝʥʠʝ ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʘ ʚʤʝʩʪʝ ʩ 
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ʥʝʡ ʠ ʚʝʨʦʷʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʚʢʣʶʯʝʥʠʡ ʠ ʜʠʩʣʦʢʘʮʠʡ, ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ.   

     

1.3.4 ʄʦʟʘʠʯʥʘʷ ʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʇʨʠ ʨʦʩʪʝ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʛʜʘ ʢʨʠʩʪʘʣʣ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ 

ʥʝʨʘʚʥʦʚʝʩʥʳʤ ʨʘʩʪʚʦʨʦʤ, ʧʨʦʪʝʢʘʝʪ ʨʝʘʢʮʠʷ ʠʟʦʤʦʨʬʥʦʛʦ ʟʘʤʝʱʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʧʨʦʮʝʩʩ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠ ʨʦʩʪʘ ʜʨʫʛʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ (ʩʤ. ʧ. 1.2.2). 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʚʨʘʱʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʚ ʤʦʟʘʠʢʫ ʠʟ ʭʘʦʪʠʯʥʦ 

ʯʝʨʝʜʫʶʱʠʭʩʷ ʫʯʘʩʪʢʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ 

ʦʙʨʘʟʫʝʪʩʷ ʤʦʟʘʠʯʥʘʷ ʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʦʩʪʴ - ʥʦʚʳʡ ʪʠʧ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, 

ʢʦʪʦʨʳʡ ʚʩʪʨʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. 

ɺʧʝʨʚʳʝ ʦʥʘ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʚ ʢʨʠʩʪʘʣʣʘʭ (Pb,Ba)(NO3)2, K(Br,Cl) ʠ 

(K,Rb)HC8H4O4 ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ [106-109] 

(ʨʠʩʫʥʦʢ 1.38). ʍʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʤʦʟʘʠʢʠ ʨʘʚʝʥ ~ 50ï100 ʤʢʤ. 

 

  

ʈʠʩʫʥʦʢ 1.38 ï ʄʦʟʘʠʯʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʩʠʩʪʝʤʝ K(Br,Cl) [109] 
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1.4 ʆʩʦʙʝʥʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʪʝʤʧʝʨʘʪʫʨ r

ʥʘʯʘʣʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ ʩʦʣʝʡ ʊʫʪʪʦʥʘ ʠ a-NSH  

1.4.1 ɺʣʠʷʥʠʝ ʜʝʬʝʢʪʦʚ ʠ ʧʨʠʤʝʩʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʦʣʝʡ ʊʫʪʪʦʥʘ ʠ Ŭ-

NiSO4Ā6H2O ʥʘ ʠʭ ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨ r 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʘʤʠ 

ʷʚʣʷʶʪʩʷ ʧʨʠʤʝʩʠ. ɺ ʨʘʙʦʪʝ [25] ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʨʠʤʝʩʝʡ ʥʘ 

ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʠ ʦʧʪʠʯʝʩʢʦʝ ʧʨʦʧʫʩʢʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ a-

NiSO4Ö6H2O.  

ʄʝʪʦʜʦʤ ʠʩʢʨʦʚʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠʩʩʣʝʜʦʚʘʣʩʷ ʧʨʠʤʝʩʥʳʡ ʩʦʩʪʘʚ 

ʢʨʠʩʪʘʣʣʦʚ a-NSH, ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʨʝʘʢʪʠʚʘ, ʥʦ ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʦʩʪʘ: ʫʩʢʦʨʝʥʥʦʤ 

ʩ R[001] å 5-7 ʤʤ/ʩʫʪ ʠ ʤʝʜʣʝʥʥʦʤ ʩ R[001] å 1-1,5 ʤʤ/ʩʫʪ. ʉʦʜʝʨʞʘʥʠʝ 

ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʤʝʩʝʡ, ʪʘʢʠʭ ʢʘʢ Be, Na, P, Sc, Ti, V, Cr, Mn, Ga, Ge, As, Se, 

Br, Rb, Sr, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Sb, Te, Cs, Ba, Hf, W, Re, 

Os, Ir, Pt, Au, Hg, Tl, Pb, Bi, Th, U ʠ ʚʩʝʭ ʣʘʥʪʘʥʦʠʜʦʚ ʙʳʣʦ ʥʠʞʝ ʧʨʝʜʝʣʘ 

ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʩʦʩʪʘʚʠʣʦ ʤʝʥʝʝ 10-4 ʤʘʩʩ. %. ɺ ʥʘʠʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ 

(>1³10-3 ʤʘʩʩ. %) ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʤʝʩʠ Zn, Co, Cu, I, F, Cl. ɺ ʤʝʥʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ Mg, Ca, Fe, Al , Si, B. ʆʜʥʘʢʦ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ 

ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʠ ʜʘʥʥʳʭ ʦ ʩʦʜʝʨʞʘʥʠʠ ʧʨʠʤʝʩʠ ʚ ʦʙʨʘʟʮʘʭ ʥʝ ʚʳʷʚʠʣ 

ʢʘʢʦʡ-ʣʠʙʦ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʧʨʠʤʝʩʠ.  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʝʡ ʚʥʦʩʠʪ 

ʦʱʫʪʠʤʳʡ ʚʢʣʘʜ ʚ ʩʥʠʞʝʥʠʝ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ [25], ʧʦʩʢʦʣʴʢʫ 

ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʵʪʦʤ ʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʣʦʢʘʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ [59]. ʅʘ ʨʠʩʫʥʢʝ 1.39 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ a-NSH, ʚʳʨʘʱʝʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ [24]. 
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ʈʠʩʫʥʦʢ 1.39 ï ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʩʝʢʪʦʨʦʚ ʨʦʩʪʘ {011}  ʠ {001}  ʫʩʢʦʨʝʥʥʳʭ ʠ 

ʤʝʜʣʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ a-NSH [24] 

   

ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʪʦʧʦʛʨʘʤʤʳ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.40 

[24]. ʅʘʣʠʯʠʝ ʧʦʣʦʩ ʟʦʥʘʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ (ɿʅ) ʚ ʩʝʢʪʦʨʝ ʨʦʩʪʘ {011}  

(ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʜʠʧʠʨʘʤʠʜʘ) çʤʝʜʣʝʥʥʦʛʦè ʢʨʠʩʪʘʣʣʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ 

ʩʥʠʞʝʥʠʷ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʩʝʢʪʦʨʦʤ 

{001}  (ʧʠʥʘʢʦʠʜ) ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʧʨʦʧʫʩʢʘʥʠʠ ʚ ʋʌ ʦʙʣʘʩʪʠ (ʨʠʩʫʥʦʢ 1.40 ʙ). 

ɺ ʩʝʢʪʦʨʝ ʨʦʩʪʘ {011} çʙʳʩʪʨʦʛʦè ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʦʙʦʠʭ ʚʝʢʪʦʨʘʭ ʜʠʬʨʘʢʮʠʠ 

ʦʪʩʫʪʩʪʚʫʶʪ ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʜʝʬʝʢʪʦʚ (ʨʠʩʫʥʦʢ 1.40 ʚ, ʛ), ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʠʚʳʩʰʝʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʩʝʢʪʦʨʘ {011} ʵʪʦʛʦ ʢʨʠʩʪʘʣʣʘ 

(ʨʠʩʫʥʦʢ 1.39) ʚ ʋʌ ʜʠʘʧʘʟʦʥʝ. 
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ʈʠʩʫʥʦʢ 1.40 ï ʇʨʦʝʢʮʠʦʥʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʪʦʧʦʛʨʘʤʤʳ (100)-ʩʨʝʟʦʚ ʢʨʠʩʪʘʣʣʦʚ 

a-NSH, ʚʳʨʘʱʝʥʥʳʭ ʪʨʘʜʠʮʠʦʥʥʳʤ (çʤʝʜʣʝʥʥʳʤè) (ʘ, ʙ)  ʠ ʫʩʢʦʨʝʥʥʳʤ ʤʝʪʦʜʘʤʠ (ʚ,ʛ) 

[24] 

 

ɺʳʰʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ 

ʩʥʠʞʝʥʠʝ ʧʨʦʧʫʩʢʘʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʥʘʣʠʯʠʝ ʚ ʢʨʠʩʪʘʣʣʘʭ ʨʘʩʩʝʠʚʘʶʱʠʭ 

ʮʝʥʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʢʣʶʯʝʥʠʷ. ɺ ʧ. 1.3.2 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʙʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠʮʠʠ KCSH/KNSH ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ ʦʙʨʘʟʫʶʪʩʷ 

ʚʢʣʶʯʝʥʠʷ ʨʘʩʪʚʦʨʘ ʩ ʧʣʦʪʥʦʩʪʴʶ ʦʢʦʣʦ 5 Ĭ 105 ʩʤ-2, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʋʌ ʜʠʘʧʘʟʦʥʝ ʧʨʠʤʝʨʥʦ ʥʘ 40 % [59]. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ 

[110] ʧʨʠ ʵʧʠʪʘʢʩʠʘʣʴʥʦʤ ʥʘʨʘʱʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʘ KCSH ʥʘ ʢʨʠʩʪʘʣʣ KNSH 

ʙʳʣʘ ʚʳʷʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʋʌ ʜʠʘʧʘʟʦʥʝ ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʜʝʬʝʢʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʣʦʷ ʚʙʣʠʟʠ ʛʝʪʝʨʦʛʨʘʥʠʮʳ.    
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ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚ ʧ. 1.1, ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ a-NSH ʠ 

ʩʦʣʝʡ ʊʫʪʪʦʥʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʰʝʩʪʠʚʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[Ni(H2O)6]2+ ʠ [Co(H2O)6]2+. ɺʚʠʜʫ ʩʭʦʜʩʪʚʘ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʪʠʚʦʚ ʵʪʠʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʣʠʷʥʠʝ ʧʨʠʤʝʩʝʡ ʥʘ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʩʦʣʝʡ ʊʫʪʪʦʥʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʩʤʝʰʘʥʥʳʭ) ʙʫʜʝʪ ʪʘʢʠʤ ʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ, ʢʘʢ ʠ ʚ ʢʨʠʩʪʘʣʣʝ a-NSH. ʆʜʥʘʢʦ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ ʧ. 1.3.1, 

ʩʤʝʰʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʠʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʛʝʥʝʨʘʮʠʠ ʚʳʩʦʢʠʭ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʢʣʶʯʝʥʠʡ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʠʤʝʥʥʦ ʙʦʣʴʰʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʜʝʬʝʢʪʦʚ (ʚʢʣʶʯʝʥʠʡ) ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʥʠʟʢʦʡ ʠʣʠ 

ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ ʚʠʜʠʤʳʤ ʜʠʘʧʘʟʦʥʦʤ ʜʣʠʥ ʚʦʣʥ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʋʌ ʦʙʣʘʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ ACNSH ʠ KCNSH, ʦʧʠʩʘʥʥʳʭ ʚ ʨʘʙʦʪʘʭ [47-49, 51-52]. 

 

1.4.2 ʆʩʦʙʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ r ʥʘʯʘʣʘ ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʢʨʠʩʪʘʣʣʦʚ ʩʦʣʝʡ ʊʫʪʪʦʥʘ  

ɼʝʛʠʜʨʘʪʘʮʠʷ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʚʝʩʥʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʧʦʵʪʦʤʫ ʥʘ ʝʛʦ ʧʨʦʪʝʢʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʫʩʣʦʚʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʜʝʛʠʜʨʘʪʘʮʠʷ ʢʨʠʩʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʣʶʙʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʦʜʥʘʢʦ ʧʦʤʠʤʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʢʦʨʦʩʪʴ ʧʦʪʝʨʠ ʢʨʠʩʪʘʣʣʦʤ 

ʤʘʩʩʳ ʚʣʠʷʝʪ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʚʦʜʳ ʠʟ ʝʛʦ ʦʙʲʝʤʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʴ 

ʝʝ ʠʩʧʘʨʝʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ. ɼʝʬʝʢʪʳ ʩʪʨʫʢʪʫʨʳ ʦʙʣʝʛʯʘʶʪ 

ʤʠʛʨʘʮʠʶ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʅʘʧʨʠʤʝʨ, ʚ [111, 112] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʯʘʩʪʢʠ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʟʘʨʦʞʜʘʶʪʩʷ ʚ ʤʝʩʪʘʭ ʚʳʭʦʜʘ 

ʜʠʩʣʦʢʘʮʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʨʠ ʵʪʦʤ, ʯʝʤ ʚʳʰʝ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ, ʪʝʤ 

ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʜʝʛʠʜʨʘʪʘʮʠʠ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ. ɺ [25] ʧʨʦʚʝʜʝʥ 

ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ, ʥʘ 

ʧʨʠʤʝʨʝ ʢʨʠʩʪʘʣʣʘ a-NSH. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʢʨʠʩʪʘʣʣʘ, ʝʛʦ 

ʤʘʩʩʘ, ʦʙʲʝʤ ʠ ʬʦʨʤʘ, ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʳ ʠ ʜʘʚʣʝʥʠʝ 



66 

 

ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ, ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʣʘʩʪʴ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ. 

ɺ ʨʘʙʦʪʝ [113] ʤʝʪʦʜʘʤʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʦʨʦʰʢʦʚʦʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʠ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʚʝʜʝʥʳ ʜʝʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʚʦ 

ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʷʭ ʦʙʨʘʟʮʦʚ Ŭ-NiSO4Ā6H2O. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʦʙʨʘʟʫʝʪʩʷ ʞʠʜʢʘʷ ʬʘʟʘ ï ʧʝʨʝʩʳʱʝʥʥʳʡ ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ, ʢʦʪʦʨʘʷ ʧʦʩʪʝʧʝʥʥʦ ʟʘʭʚʘʪʳʚʘʝʪ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʟʘʪʨʫʜʥʷʝʪ ʚʳʭʦʜ 

ʚʦʜʳ ʠʟ ʚʥʫʪʨʝʥʥʠʭ ʦʙʣʘʩʪʝʡ ʢʨʠʩʪʘʣʣʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʠʟ-ʟʘ ʧʦʚʳʰʝʥʠʷ 

ʜʘʚʣʝʥʠʷ ʧʘʨʦʚ ʚʦʜʳ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʷʭ ʢʨʠʩʪʘʣʣʘ ʥʘʯʠʥʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʪʨʝʱʠʥ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʢʘʥʘʣʘʤʠ ʜʣʷ ʜʠʬʬʫʟʠʠ ʚʦʜʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʏʠʩʣʦ 

ʠ ʨʘʟʤʝʨ ʪʨʝʱʠʥ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʢʨʠʩʪʘʣʣʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪʩʷ ʠ ʧʨʦʮʝʩʩ ʧʦʪʝʨʠ ʤʘʩʩʳ ʢʨʠʩʪʘʣʣʦʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʝʱʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʩʢʦʨʦʩʪʴ ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʢʨʠʩʪʘʣʣʘ, ʷʚʣʷʶʪʩʷ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ï ʯʝʤ ʚʳʰʝ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʢʨʠʩʪʘʣʣʘ, ʪʝʤ ʚʳʰʝ ʙʫʜʝʪ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʥʘʯʠʥʘʝʪʩʷ ʫʩʢʦʨʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʢʨʠʩʪʘʣʣʘ (ʨʝʛʠʩʪʨʠʨʫʝʤʘʷ ʚ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʘʢ çʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ 

ʜʝʛʠʜʨʘʪʘʮʠʠè). 

ɺ ʨʘʙʦʪʝ [25] ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ:  

- ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ, ʩʦʩʪʘʚ ʘʪʤʦʩʬʝʨʳ ʠ ʜʘʚʣʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʠʟʤʝʥʥʳʤʠ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ;  

- ʚʦ ʠʟʙʝʞʘʥʠʝ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʣʫʯʰʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʘʟʤʝʨʦʤ 

ʟʝʨʥʘ.  
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ɺ ʪʦʡ ʞʝ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʜʝʛʠʜʨʘʪʘʮʠʠ 

ʛʝʢʩʘʛʠʜʨʘʪʦʚ ʩʫʣʴʬʘʪʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʨʘʟʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʪʘʙʣʠʮʘ 1.8). 

 

ʊʘʙʣʠʮʘ 1.8 - ʊʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʜʝʛʠʜʨʘʪʘʮʠʠ a-NSH ʠ ʩʦʣʝʡ ʊʫʪʪʦʥʘ, ʠʟʤʝʨʝʥʥʳʝ 

ʧʨʠ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [25] 

ʂʨʠʩʪʘʣʣ a-NSH KNSH RNSH CNSH ANSH KCSH 

ʊʜʝʛ, ʦʉ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 5 ʂ/ʤʠʥ 

+54 +62 +76 +73 +62 +59 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 5 ʂ/ʤʠʥ 

+79 +100 +109 +107 +97 +86 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ, ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 0,12 ʂ/ʤʠʥ 

+42 +48 +66 +62 +48 +47 

 

ʇʨʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ 0,12 ʂ/ʤʠʥ ʥʝ ʥʘʙʣʶʜʘʣʠʩʴ ʷʚʥʳʝ 

ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ ʧʠʢʠ, ʘ ʦʙʥʘʨʫʞʝʥʥʳʝ ʪʝʧʣʦʚʳʝ ʘʥʦʤʘʣʠʠ ʥʘʭʦʜʠʣʠʩʴ ʯʫʪʴ 

ʚʳʰʝ ʫʨʦʚʥʷ ʬʦʥʦʚʦʛʦ ʩʠʛʥʘʣʘ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʪʘʢʠʝ ʫʩʣʦʚʠʷ 

ʙʣʠʟʢʠ ʢ ʨʘʚʥʦʚʝʩʥʳʤ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʜʝʛʠʜʨʘʪʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʨʠ 

ʤʝʜʣʝʥʥʦʤ ʥʘʛʨʝʚʝ, ʥʘʭʦʜʠʪʩʷ ʙʣʠʞʝ ʢ ʠʩʪʠʥʥʦʤʫ ʟʥʘʯʝʥʠʶ.   

ʈʘʟʣʠʯʠʝ ʪʝʤʧʝʨʘʪʫʨ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʦʙʨʘʟʮʦʚ ʦʜʥʦʠʤʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʙʲʷʩʥʷʣʦʩʴ ʨʘʟʣʠʯʥʦʡ 

ʢʠʥʝʪʠʢʦʡ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʠ ʧʦʨʦʰʢʘ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ (ʚ ʩʣʫʯʘʝ ʧʦʨʦʰʢʘ) ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʪʦ ʩʢʦʨʦʩʪ ɹʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʦʚʦʡ ʬʘʟʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʦ ʝʩʪʴ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʥʘʛʨʝʚʝ ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ 

ʥʘʯʘʣʦ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʦʨʦʰʢʘ ʙʫʜʝʪ ʥʘʯʠʥʘʪʴʩʷ ʧʨʠ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʤ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʭ ʞʝ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʆʜʥʘʢʦ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦʦʪʥʦʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʨʘʟʣʦʞʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʭʨʘʥʷʣʦʩʴ, ʧʦʵʪʦʤʫ ʚ ʨʘʙʦʪʝ [25] ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, 
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ʯʪʦ ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 5 K/ʤʠʥ ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʦʨʤʘ ʦʙʨʘʟʮʘ 

ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʦʮʝʥʢʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ.  

 

ɺr ʚʦʜʳ ʢ ɻʣʘʚʝ 1 ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

1. ʂʨʠʩʪʘʣʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʧʨʠʙʦʨʘʭ ʩʦʣʥʝʯʥʦ ʩʣʝʧʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ:  

- ʚʳʩʦʢʘʷ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚ ʋʌ ʜʠʘʧʘʟʦʥʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʥʘ ʜʣʠʥʘʭ 

ʚʦʣʥ 250-280 ʥʤ; 

- ʚʳʩʦʢʘʷ ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʚ ʥʝʨʘʙʦʯʠʭ ʦʙʣʘʩʪʷʭ ʦʧʪʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʰʝ ʚʝʨʭʥʝʛʦ 

ʧʨʝʜʝʣʘ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ (+60 Áʉ). 

2. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʢʘʯʝʩʪʚʝ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʋʌ ʜʠʘʧʘʟʦʥʘ 

ʧʨʠʤʝʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʨʠʩʪʘʣʣʳ: a-ʛʝʢʩʘʛʠʜʨʘʪ ʩʫʣʴʬʘʪʘ ʥʠʢʝʣʷ (Ŭ-NSH), 

ʛʝʩʢʘʛʠʜʨʘʪ ʩʫʣʴʬʘʪʘ ʢʘʣʠʷ ʥʠʢʝʣʷ (KNSH) ʠ ʛʝʢʩʘʛʠʜʨʘʪ ʩʫʣʴʬʘʪʘ ʢʘʣʠʷ 

ʢʦʙʘʣʴʪʘ (KʉSH). ʆʜʥʘʢʦ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʧʠʢʦʤ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ, ʧʦʣʦʞʝʥʠʝ 

ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢʦʡ ʠʦʥ, ʢʦʙʘʣʴʪʘ ʠʣʠ ʥʠʢʝʣʷ, ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʢʨʠʩʪʘʣʣʘ.  

3. ʀʤʝʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʩʧʝʢʪʨʘʭ 

ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʧʨʦʠʩʭʦʜʠʪ ʦʩʣʘʙʣʝʥʠʝ ʧʘʨʘʟʠʪʥʳʭ ʧʦʣʦʩ 

ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʜʣʠʥ ʚʦʣʥ 490 ʥʤ ʠ 710 ʥʤ, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ 

ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʘʚʣʝʥʠʷ ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʦʧʪʠʯʝʩʢʠʭ 

ʬʠʣʴʪʨʘʭ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʩʥʠʞʘʝʪʩʷ 

ʧʨʦʧʫʩʢʘʥʠʝ ʚ ʋʌ ʦʙʣʘʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʪʦʥʢʠʭ 

ʦʙʨʘʟʮʘʭ ʥʠʟʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʦʮʝʥʠʪʴ ʨʝʘʣʴʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ. 
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4. ʊʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH 

ʣʶʙʦʛʦ ʩʦʩʪʘʚʘ ʧʨʝʚʦʩʭʦʜʠʪ ʪʝʨʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ KCSH ʠ 

Ŭ-NSH.  

5. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʷʭ ʚ 

ʩʠʩʪʝʤʝ K2SO4 - NiSO4 - CoSO4 ï H2O, ʢʠʥʝʪʠʢʝ ʨʦʩʪʘ ʠ ʜʝʬʝʢʪʘʭ ʩʪʨʫʢʪʫʨʳ 

ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʠʤʝʶʪʩʷ ʬʨʘʛʤʝʥʪʘʨʥʳʝ ʜʘʥʥʳʝ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʘ 

ʢʨʠʩʪʘʣʣʦʚ ʦʪ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʦʚ ʠ ʜʘʥʥʳʝ ʦ ʩʦʚʤʝʩʪʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʣʝʡ 

KCSH ʠ KNSH ʪʦʣʴʢʦ ʧʨʠ ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨʘʭ - 30 ʠ 50 ÁC. 

6. ʇʦʣʫʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʭ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʭʦʨʦʰʝʛʦ 

ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʩʧʝʮʠʬʠʢʠ ʨʦʩʪʘ ʚ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ. ʀʟ-ʟʘ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʨʘʟʣʠʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʦʤʦʨʬʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʟʘʥʠʤʘʶʱʠʭ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʦʣʦʞʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʝ, 

ʩʤʝʰʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ.  

7. ɺ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʦʙʥʘʨʫʞʝʥ ʥʦʚʳʡ ʪʠʧ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ï ʤʦʟʘʠʯʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʫʯʘʩʪʢʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʥʠ ʨʘʩʪʫʱʝʛʦ 

ʢʨʠʩʪʘʣʣʘ.  

8. ɺʳʩʦʢʠʝ ʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʨʠʩʪʘʣʣʘʭ 

ʧʨʠʚʦʜʷʪ ʢ ʟʘʭʚʘʪʫ ʚʢʣʶʯʝʥʠʡ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʝ ʩʥʠʤʘʶʪ ʵʪʠ ʥʘʧʨʷʞʝʥʠʷ. 

9. ʅʘʣʠʯʠʝ ʧʨʠʤʝʩʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʦʣʝʡ ʊʫʪʪʦʥʘ ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʢʨʠʩʪʘʣʣʦʤ a-NSH, ʥʝ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪ ɹʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʚʝʣʠʯʠʥʫ ʧʨʦʧʫʩʢʘʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʩʪʘʚʘ ʧʨʠʚʦʜʠʪ ʢ 

ʛʝʥʝʨʘʮʠʠ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʟʘʭʚʘʪʫ ʚʢʣʶʯʝʥʠʡ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʝ 

ʩʣʫʞʘʪ ʮʝʥʪʨʘʤʠ ʨʘʩʩʝʷʥʠʷ ʠ ʩʥʠʞʘʶʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʛʠʧʦʪʝʟʳ ʨʘʟʫʤʥʦ ʧʨʠʥʷʪʴ ʩʣʝʜʫʶʱʝʝ 

ʫʪʚʝʨʞʜʝʥʠʝ: ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʚ ʋʌ ʦʙʣʘʩʪʠ 
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ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʟʠʪʴ ʚʝʣʠʯʠʥʫ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠʭ ʩʦʩʪʘʚʘ ʜʦ ʧʨʠʝʤʣʝʤʦʛʦ 

ʫʨʦʚʥʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʦʩʥʦʚʥʦʡ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ: 

1) ʠʩʩʣʝʜʦʚʘʪʴ ʬʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ K2SO4 - NiSO4 - CoSO4 

ï H2O, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʚʤʝʩʪʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠʟʦʤʦʨʬʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

KCSH ʠ KNSH ʚ ʚʦʜʝ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ 

ʢʨʠʩʪʘʣʣʦʚ KCNSH ʦʪ ʩʦʩʪʘʚʘ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʢʠʥʝʪʠʢʫ ʠʭ ʨʦʩʪʘ; 

ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ KCNSH;  

2) ʠʩʩʣʝʜʦʚʘʪʴ ʨʝʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʚʳʷʚʠʪʴ 

ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʦʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤʳ 

ʠ ʫʩʣʦʚʠʷ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʧʦʩʦʙʳ ʧʦʜʘʚʣʝʥʠʷ; 

3) ʠʩʩʣʝʜʦʚʘʪʴ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʝʨʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʩʣʦʚʠʡ ʨʦʩʪʘ; 

4) ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʠ ʤʝʪʦʜʠʢʠ ʨʦʩʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʚʳʩʦʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʯʝʩʢʠʭ 

ʬʠʣʴʪʨʦʚ; 

5) ʠʟʛʦʪʦʚʠʪʴ ʠʟ ʢʨʠʩʪʘʣʣʘ KCNSH ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʧʪʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ ʜʠʘʤʝʪʨʦʤ ʥʝ ʤʝʥʝʝ 20 ʤʤ ʠ ʦʮʝʥʠʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.  



71 

 

ɻʃɸɺɸ 2 ʄɽʊʆɼʀʂʀ ɺʓʈɸʑʀɺɸʅʀʗ ʀ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʂʈʀʉʊɸʃʃʆɺ KCNSH 

2.1 ʇʦʩʪʨʦʝʥʠʝ ʠʟʦʪʝʨʤ ʩʦʚʤʝʩʪʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ K 2Ni(SO4)2ẗ6H2O 

ʠ K 2Co(SO4)2ẗ6H2O ʚ ʚʦʜʝ 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʯʝʢ ʥʘ ʜʠʘʛʨʘʤʤʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʠʩʪʝʤʳ KCSH ï KNSH ï H2O ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ 

ʫʩʪʘʥʦʚʢʝ, ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʥʘʷ ʢʚʘʨʮʝʚʘʷ 

ʢʶʚʝʪʘ (ʨʠʩʫʥʦʢ 2.1) [114]. ʆʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 2 ʠ ʩʠʩʪʝʤʘ ʣʘʤʧ 4 ʧʦʟʚʦʣʷʝʪ 

ʥʘʙʣʶʜʘʪʴ ʟʘ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ 6 ʚ ʦʪʨʘʞʝʥʥʦʤ ʠ 

ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ.  

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 2.1 - ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ ʥʘ ʜʠʘʛʨʘʤʤʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ KCSH ï KNSH ï H2O. ʘ ï ʦʙʱʠʡ ʚʠʜ; ʙ ï ʢʶʚʝʪʘ ʩ 

ʢʨʠʩʪʘʣʣʦʤ ʚ ʨʘʩʪʚʦʨʝ. 1 ï ʢʚʘʨʮʝʚʘʷ ʢʶʚʝʪʘ, 2 ï ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, 3 ï ʙʣʦʢ 

ʩʦʧʨʷʞʝʥʠʷ, 4 ï ʩʠʩʪʝʤʘ ʣʘʤʧ, 5 ï ʚʥʫʪʨʝʥʥʷʷ ʧʦʣʦʩʪʴ ʢʶʚʝʪʳ ʩ ʨʘʩʪʚʦʨʦʤ, 6 ï 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ 

 

ʀʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʢʘʞʜʦʛʦ ʩʦʩʪʘʚʘ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʣʝʡ 

KCSH ʠ KNSH, ʚʟʷʪʳʭ ʚ ʟʘʜʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʚ ʪʨʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. 

ɿʘʪʝʤ ʦʪʙʠʨʘʣʠ ʘʣʠʢʚʦʪʥʫ  ʁ ʯʘʩʪʴ ʨʘʩʪʚʦʨʘ, ʨʘʟʙʘʚʣʷʣʠ ʝʸ ʠʟʚʝʩʪʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ ʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʦʧʨʝʜʝʣʷʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʩʳʱʝʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʠʩʪʘʣʣʳ KCNSH, ʧʦʣʫʯʝʥʥʳʝ ʩʧʦʥʪʘʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʨʘʩʪʚʦʨʘ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ.  
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ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʟʘʣʠʚʘʣʠ ʚ ʢʶʚʝʪʫ 1 ʠ ʧʦʤʝʱʘʣʠ ʚ ʥʝʝ ʦʙʨʘʟʝʮ 6, 

ʧʨʠʢʣʝʝʥʥʳʡ ʢ ʩʪʝʢʣʷʥʥʦʡ ʧʘʣʦʯʢʝ. ʀʟʤʝʥʷʷ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʩʪʚʦʨʘ, 

ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʧʨʠʟʥʘʢʠ ʨʦʩʪʘ/ʨʘʩʪʚʦʨʝʥʠʷ ʢʨʠʩʪʘʣʣʘ 

(ʟʘʦʩʪʨʝʥʠʝ/ʩʢʨʫʛʣʝʥʠʝ ʨʝʙʝʨ, ʜʚʠʞʝʥʠʝ ʤʘʢʨʦʩʪʫʧʝʥʝʡ, ʥʘʧʨʘʚʣʝʥʠʝ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ). ɿʘ ʪʦʯʢʫ ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʘ ʧʨʠʥʠʤʘʣʠ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (ʦʙʳʯʥʦ 0,1 Áʉ), ʥʘ ʥʠʞʥʝʡ 

ʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʢʦʪʦʨʦʛʦ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʨʦʩʪ ʠ ʨʘʩʪʚʦʨʝʥʠʝ ʦʙʨʘʟʮʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

2.2 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ  

ʄʘʪʦʯʥʳʝ ʨʘʩʪʚʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʩʤʝʰʝʥʠʝʤ ʪʨʝʭ ʩʦʣʝʡ: ʩʫʣʴʬʘʪʘ 

ʢʦʙʘʣʴʪʘ (CoSO4Ŀ7H2O), ʩʫʣʴʬʘʪʘ ʥʠʢʝʣʷ (NiSO4Ŀ6H2O) ʠ ʩʫʣʴʬʘʪʘ ʢʘʣʠʷ 

(K2SO4), ʨʘʩʪʚʦʨʝʥʥʳʭ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʚ ʪʨʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 40 Áʉ ʜʦ 50 Áʉ.  

ʇʨʠ ʩʠʥʪʝʟʝ ʨʘʩʪʚʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʢʪʠʚʳ, ʫʢʘʟʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2.1, 

ʠ ʪʨʠʞʜʳ ʜʠʩʪʠʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ.  

 

ʊʘʙʣʠʮʘ 2.1 - ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʪʠʚʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʙʦʪʝ 

ˉ 

ʧ/ʧ 

ʍʠʤʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʘ 
ʄʘʨʢʘ ʨʝʘʢʪʠʚʘ 

1 K2SO4 
Sharlau, reagent grade, ACS;  

Acros Organics, ACS 

2 NiSO4Ŀ6H2O 
Sharlau, reagent grade, ACS; 

çɹʘʣʪʠʡʩʢʘʷ ʤʘʥʫʬʘʢʪʫʨʘè, ʍʏ 

3 CoSO4Ŀ7H2O 
Sharlau, reagent grade, ACS; 

çɹʘʣʪʠʡʩʢʘʷ ʤʘʥʫʬʘʢʪʫʨʘè, ʍʏ 

 

ʂʦʣʠʯʝʩʪʚʦ ʨʝʘʢʪʠʚʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (2.1) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʦʣʠʪʝʨʤʘʤʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʣʝʡ KCNSH ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

[KCSH]:[KNSH]  ʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ KNSH ï KCSHï H2O: 
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K2SO4 + ʭNiSO4Ŀ6H2O + (1-ʭ)CoSO4Ŀ7H2O Ÿ 

K2NixCo(1-x)(SO4)2Ŀ6H2O + (1-ʭ)H2O 
(2.1) 

ʏʘʩʪʴ ʨʘʩʪʚʦʨʘ ʨʝʟʝʨʚʠʨʦʚʘʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʫʪʝʤ ʠʩʧʘʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʪʨʘʚʦʯʥʳʭ ʠ ʧʨʦʙʥʳʭ ʢʨʠʩʪʘʣʣʦʚ.  

 

2.3 ʄʝʪʦʜʠʢʘ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʪʢʨʳʪʦʡ ʧʣʘʪʬʦʨʤʝ 

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ ʟʘʣʠʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʡ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ ʠ ʫʪʦʯʥʷʣʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʩʳʱʝʥʠʷ, ʧʦʤʝʱʘʷ ʚ ʥʝʛʦ 

ʧʨʦʙʥʳʡ ʢʨʠʩʪʘʣʣ ʠ ʚʘʨʴʠʨʫʷ ʪʝʤʧʝʨʘʪʫʨʫ. ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ, ʟʘʪʝʤ ʝʛʦ 

ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʪʨʝʢʦʚʫ  ʁʤʝʤʙʨʘʥʫ ʩ ʜʠʘʤʝʪʨʦʤ ʧʦʨ 0,2 ʤʢʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʟʘʪʨʘʚʦʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʦʥʪʘʥʥʦ 

ʚʳʧʘʚʰʠʝ ʢʨʠʩʪʘʣʣʳ KCNSH ʙʝʟ ʚʠʜʠʤʳʭ ʜʝʬʝʢʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʯʘʰʢʘʭ 

ʇʝʪʨʠ. ʅʘ ʨʠʩʫʥʢʝ 2.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ.  

ɿʘʪʨʘʚʦʯʥʳʡ ʢʨʠʩʪʘʣʣ ʧʨʠʢʣʝʠʚʘʣʠ ʥʘ ʧʣʘʪʬʦʨʤʫ, ʢʦʪʦʨʫ  ʁʧʦʤʝʱʘʣʠ ʚ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ. ɿʘʪʝʤ ʚ ʥʝʛʦ ʟʘʣʠʚʘʣʠ ʦʪʬʠʣʴʪʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ, ʧʝʨʝʛʨʝʪʳʡ 

ʥʘ 10 - 15 ʉ̄ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ, ʠ ʦʭʣʘʞʜʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʊʥʘʯ<ʊʥʘʩ.  

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʣʦʢʘʥʘʣʴʥʳʡ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʨʝʛʫʣʠʨʫʶʱʠʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʡ ʪʝʨʤʦʢʦʥʪʨʦʣʣʝʨ 

ʈʝʤʠʢʦʥʪ ʈ-130 ʠ ʦʜʥʦʢʘʥʘʣʴʥʳʡ ʪʝʨʤʦʢʦʥʪʨʦʣʣʝʨ ʉʋʂʈʋʉ (ʪʦʯʥʦʩʪʴ 

ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ° 0,02 ʉ̄ ʜʣʷ ʈʝʤʠʢʦʥʪʘ ʠ ° 0,01 ʉ̄ ʜʣʷ 

ʉʋʂʈʋʉʘ). ɺ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʩʥʠʞʘʣʠ ʧʦ ʟʘʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ.  
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ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ 

 

2.4 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʢʨʠʩʪʘʣʣʦʚ1 

ʇʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʩʧʦʥʪʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

KCNSH ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʫʪʝʤ ʦʙʢʘʪʢʠ 

ʠʤ ʧʨʠʜʘʚʘʣʠ ʩʬʝʨʠʯʝʩʢʫ  ʁʬʦʨʤʫ, ʜʠʘʤʝʪʨ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣ 0,32-0,34 ʤʤ. 

ʇʨʝʮʠʟʠʦʥʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

295 K ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Xcalibur S ʩ ʠʟʣʫʯʝʥʠʝʤ MoKŬ 

(ɚ=0,71069 ¡). ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʥʝ ʤʝʥʝʝ 101208 

ʦʪʨʘʞʝʥʠʡ ʚ ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ ɹʨʵʛʛʘ 0 ï 53,75̄. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʧʠʢʦʚ, ʢʦʨʨʝʢʮʠʷ ʥʘ ʬʘʢʪʦʨ ʃʦʨʝʥʮʘ ʠ ʧʦʣʷʨʠʟʘʮʠʶ 

ʠʟʣʫʯʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʢʦʤʧʣʝʢʩʝ ʧʨʦʛʨʘʤʤ CrysAlis [115]. ʉʪʨʫʢʪʫʨʳ 

ʙʳʣʠ ʫʪʦʯʥʝʥʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ JANA 2006 [116] ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 

 
1 ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʫʪʦʯʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʅ.ʀ. ʉʦʨʦʢʠʥʦʡ 

ʠ ɸ.ʄ. ɸʥʪʠʧʠʥʳʤ (ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ) 
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ʢʚʘʜʨʘʪʦʚ ʧʦ ʢʚʘʜʨʘʪʫ ʩʪʨʫʢʪʫʨʥʦʡ ʘʤʧʣʠʪʫʜʳ (F2). ʇʨʠ ʫʯʸʪʝ ʵʢʩʪʠʥʢʮʠʠ 

ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʜʘʣʘ ʤʦʜʝʣʴ ɹʝʢʢʝʨʘ-ʂʦʧʧʝʥʩʘ ï ʨʘʟʦʨʠʝʥʪʠʨʦʚʢʘ 

ʙʣʦʢʦʚ ʤʦʟʘʠʢʠ [117].  

 

2.5 ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʪʦʧʦʛʨʘʬʠʷ 

ʀʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʤʝʰʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ KCNSH ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʦʧʦʛʨʘʬʠʠ ʧʦ ʃʘʥʛʫ 

[118] ʥʘ ʫʩʪʘʥʦʚʢʝ ɼʊʉ (ʉʂɹ ʀʂ ɸʅ ʉʉʉʈ) (ʨʠʩʫʥʦʢ 2.3). ʆʙʨʘʟʝʮ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʩʪʠʥʫ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 1 ʤʤ, ʭʠʤʠʯʝʩʢʠ 

ʦʪʧʦʣʠʨʦʚʘʥʥʫʶ ʜʦ ʧʦʣʫʯʝʥʠʷ ʚʠʟʫʘʣʴʥʦ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ʈʠʩʫʥʦʢ 2.3 - ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʩʲʝʤʢʠ ʪʦʧʦʛʨʘʤʤ ʧʦ ʤʝʪʦʜʫ ʃʘʥʛʘ   

 

ʆʙʨʘʟʝʮ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʛʦʥʠʦʤʝʪʨʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʚʦʨʦʪʘ ʦʙʨʘʟʮʘ ʚʦʢʨʫʛ ʪʨʝʭ ʦʩʝʡ. ɻʦʥʠʦʤʝʪʨ ʩ ʦʙʨʘʟʮʦʤ ʠ ʬʦʪʦʧʣʘʩʪʠʥʢʘ 

ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚʦ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʦʣʣʠʤʠʨʦʚʘʥʥʳʡ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʧʫʯʦʢ ʩʢʘʥʠʨʦʚʘʣ ʦʙʨʘʟʝʮ. 

ʆʙʨʘʟʝʮ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʧʦʣʦʞʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʨʘʞʘʶʱʠʝ ʧʣʦʩʢʦʩʪʠ 

ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʜ ʫʛʣʦʤ ɹʨʵʛʛʘ Ūɹ ʢ ʧʘʜʘʶʱʝʤʫ ʥʘ ʥʠʭ ʧʫʯʢʫ. ʇʦ ʟʘʢʦʥʫ 

ɹʨʵʛʛʘ: 

sin ɡˎ
ὲ‗

ςὨ
 (2.2) 
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ʛʜʝ    n ï ʧʦʨʷʜʦʢ ʦʪʨʘʞʝʥʠʷ, ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, dï 

ʤʝʞʧʣʦʩʢʦʩʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. 

ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʫʯʢʘ ʯʝʨʝʟ ʦʙʨʘʟʝʮ ʚʦʟʥʠʢʘʝʪ 

ʜʠʬʨʘʛʠʨʦʚʘʥʥʳʡ ʧʫʯʦʢ, ʢʦʪʦʨʳʡ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʰʪʦʨʥʫʶ ʱʝʣʴ, 

ʧʝʨʝʢʨʳʚʘʶʱʫʶ ʧʨʷʤʦʡ ʧʫʯʦʢ, ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʘ ʬʦʪʦʧʣʘʩʪʠʥʢʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ.  

ʇʨʠ ʩʲʝʤʢʝ ʪʦʧʦʛʨʘʤʤ ʧʦ ʤʝʪʦʜʫ ʃʘʥʛʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ Mo kŬ1 ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ=0,0709 ʥʤ. ʉʲʝʤʢʫ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʬʦʪʦʧʣʘʩʪʠʥʢʠ ʜʣʷ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈ-50 ʩ ʪʦʣʱʠʥʦʡ 

ʵʤʫʣʴʩʠʠ 50 ʤʢʤ. ɺʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʚʳʙʠʨʘʣʦʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ 

ʦʙʨʘʟʮʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʥʦʛʦ ʧʫʯʢʘ.  

 

2.6 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʧʨʦʧʫʩʢʘʥʠʷ 

ʀʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚʳʨʝʟʘʣʠ ʦʙʨʘʟʝʮ, h ʣʠʬʦʚʘʣʠ ʠ ʧʦʣʠʨʦʚʘʣʠ 

ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʛʨʘʥʠ ʥʘ ʘʣʤʘʟʥʦʤ ʧʦʨʦʰʢʝ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ 

ʧʨʦʧʫʩʢʘʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʠ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʜʚʫʣʫʯʝʚʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ñCary 300 UV-

Visò, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʧʝʢʪʨʳ ʪʚʝʨʜʳʭ, ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 200 ʜʦ 900 ʥʤ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʝʨʝʜ ʢʘʞʜʳʤ ʠʟʤʝʨʝʥʠʝʤ 

ʚʳʧʦʣʥʷʣʠ ʢʘʣʠʙʨʦʚʢʫ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ. 

             

2.7 ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʦʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ STA 449F1 Jupiter ʥʘ ʩʝʥʩʦʨʝ S 

ʪʠʧʘ (Pt/Pt-Rh) ʚ ʧʣʘʪʠʥʦ-ʨʦʜʠʝʚʳʭ ʪʠʛʣʷʭ ʩ ʢʨʳʰʢʘʤʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ 

ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 40-120 Üʉ.  
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ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʩʨʘʚʥʝʥʠ ̫ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʫʩʣʦʚʠʷ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʠ 

ʦʜʠʥʘʢʦʚʳʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʚʝʞʝʩʢʦʣʦʪʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʩ ʯʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 

ʩʦʩʪʘʚʣʷʣʘ 1 K/ʤʠʥ. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ñProteustermal Analysisò. ʊʝʤʧʝʨʘʪʫʨʫ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʥʘʯʘʣʫ ʦʪʢʣʦʥʝʥʠʷ ʢʨʠʚʦʡ ʧʦʪʝʨʠ 

ʤʘʩʩʳ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʨʠʩʫʥʦʢ 2.4). 

 

ʈʠʩʫʥʦʢ 2.4 - ʉʭʝʤʘ ʦʧʨʝʜʝʣʝʥʠ ̫ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʛʠʜʨʘʪʘʮʠʠ 

 

2.8 ɸʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ  

ʉʦʦʪʥʦʰʝʥʠʝ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʚ ʢʨʠʩʪʘʣʣʝ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Varian 720-ES. ʂʘʞʜʳʡ 

ʦʙʨʘʟʝʮ ʨʘʩʪʚʦʨʷʣʠ ʚ 10 ʤʣ ʜʝʠʦʥʠʟʦʚʘʥʥʦʡ ʚʦʜʳ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 18,2 ʄʆʤĀʩʤ, TOC 2 ppb. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʢʦʙʘʣʴʪʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʝʤʥʘʜʮʘʪʠ, ʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʢʝʣʷ ï ʧʷʪʥʘʜʮʘʪʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʣʠʥʠʡ ʦʧʪʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫʩʨʝʜʥʷʣʠ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʣʠʥʠʷʤ 

ʤʝʪʦʜʦʤ ʥʝʨʘʚʥʦʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʫʯʝʪʦʤ ʘʧʧʘʨʘʪʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ. 

 



78 

 

2.9 ʃʘʟʝʨʥʘʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ in situ  

ʀʟʫʯʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʠ ʢʠʥʝʪʠʢʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʄʘʡʢʝʣʴʩʦʥʘ, ʦʜʥʠʤ ʠʟ ʧʣʝʯ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʞʠʜʢʦʩʪʥʘʷ 

ʷʯʝʡʢʘ ʩ ʨʘʩʪʫʱʠʤ ʢʨʠʩʪʘʣʣʦʤ. ʕʪʦ ʧʦʟʚʦʣʷʣʦ ʥʘʙʣʶʜʘʪʴ in situ ʠʟʤʝʥʝʥʠʷ 

ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ [119, 120]. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.5. 

 

ʈʠʩʫʥʦʢ 2.5 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʢʠʥʝʪʠʢʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 

KCNSH 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʣʠʡ-ʥʝʦʥʦʚʳʡ ʣʘʟʝʨ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ ɚ = 0,6328 ʤʢʤ. ʉʚʝʪʦʚʦʡ ʣʫʯ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʜʝʣʠʪʝʣʴʥʳʡ 

ʢʫʙʠʢ, ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ ʠ 

ʥʘʟʳʚʘʝʪʩʷ ʧʨʝʜʤʝʪʥʳʤ, ʘ ʜʨʫʛʦʡ ʠʜʝʪ ʥʘ ʦʧʦʨʥʦʝ ʟʝʨʢʘʣʦ. ɿʘʪʝʤ ʦʙʘ ʣʫʯʘ 

ʚʦʟʚʨʘʱʘʶʪʩʷ ʥʘ ʜʝʣʠʪʝʣʴʥʳʡ ʢʫʙ, ʠ ʨʘʟʥʦʩʪʴ ʠʭ ʭʦʜʘ ʬʦʨʤʠʨʫʝʪ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ. ʇʦʩʢʦʣʴʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʠʷ ʦʪ 

ʢʨʠʩʪʘʣʣʘ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ, ʯʝʤ ʦʪ ʦʧʦʨʥʦʛʦ ʟʝʨʢʘʣʘ, ʥʘ ʧʫʪʠ ʦʧʦʨʥʦʛʦ ʣʫʯʘ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʦʣʫʧʨʦʟʨʘʯʥʦʝ ʩʪʝʢʣʦ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʷʨʢʦʩʪʠ. ʈʘʟʤʝʨ 

ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʛʫʣʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʦʙʲʝʢʪʠʚʘ 

ʜʦ ʢʘʤʝʨʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʩʣʦʥʢʠ ʥʘ ʧʫʪʠ ʦʧʦʨʥʦʛʦ ʣʫʯʘ ʧʝʨʝʢʨʳʚʘʣʦ ʝʛʦ 
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ʦʙʨʘʪʥʳʡ ʭʦʜ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʥʘʙʣʶʜʘʪʴ ʠʟʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʙʝʟ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ. 

ʆʜʠʥ ʧʝʨʠʦʜ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ, ʪ.ʝ. ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʩʚʝʪʣʳʤʠ ʠʣʠ ʪʝʤʥʳʤʠ ʧʦʣʦʩʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʝʨʝʧʘʜʫ ʚʳʩʦʪ, ʨʘʚʥʦʤʫ: 

ȹh =  (2.3) 

ʛʜʝ n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʨʘʩʪʚʦʨʘ. ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʜʣʷ ʨʘʩʪʚʦʨʘ KDP n å 1,4, 

ʪʘʢ ʢʘʢ ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ KCNSH ʥʝ ʠʟʚʝʩʪʥʳ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʘʟʥʦʩʪʴ ʚʳʩʦʪ ʨʝʣʴʝʬʘ ȹh å 0,23 ʤʢʤ.   

ʇʨʠ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʘ ʩʪʫʧʝʥʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʦʪ ʚʝʨʰʠʥʳ ʭʦʣʤʠʢʘ ʢ 

ʢʨʘʶ ʛʨʘʥʠ ʩ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ [121]: 

ὺ
‍ ὅί

ρ  ὅ

‍ ὅί

ρ  ὅ
‍ ὅ„ (2.4) 

ʛʜʝ b - ʢʠʥʝʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʪʫʧʝʥʠ, W - ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʯʘʩʪʠʮʳ ʚ 

ʢʨʠʩʪʘʣʣʝ, Ce ʠ C - ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʠ ʝʛʦ ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʨʘʩʪʚʦʨʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, „  - ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʧʝʨʝʩʳʱʝʥʠʝ. ɺʝʣʠʯʠʥʘ ί ὰὲ„ ρ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʝʨʝʩʳʱʝʥʠʝ ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʘʢʪʦʚʢʝ. ʆʯʝʚʠʜʥʦ, ʧʨʠ ʤʘʣʳʭ s ʚʳʧʦʣʥʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝ „ ί. 

ʉʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʨʘʥʠ ʚʜʦʣʴ ʥʦʨʤʘʣʠ ʢ ʩʠʥʛʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ 

(ʥʦʨʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ): 

Ὑ ὴὺ (2.5) 

ʛʜʝ p - ʥʘʢʣʦʥ ʚʠʮʠʥʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʩʠʥʛʫʣʷʨʥʦʡ ʛʨʘʥʠ. 

ɽʩʣʠ ʚʠʮʠʥʘʣʴʥʳʡ ʭʦʣʤʠʢ ʦʙʨʘʟʦʚʘʥ ʛʨʫʧʧʦʡ ʠʟ m ʜʠʩʣʦʢʘʮʠʡ ʩ 

ʩʫʤʤʘʨʥʦʡ ʚʠʥʪʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʭ ʚʝʢʪʦʨʦʚ ɹʶʨʛʝʨʩʘ mh, ʪʦ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [121], ʥʘʢʣʦʥ ʚʠʮʠʥʘʣʴʥʦʛʦ ʭʦʣʤʠʢʘ: 
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ὴ
άὬ

ρωὶ ςὒ

άὬὯὝὰὲ„ ρ

ρω ‌ ςὒὯὝὰὲ„ ρ

άὬὯὝs

ρω ‌ ςὒὯὝ„
 (2.6) 

 

ʟʜʝʩʴ 2L - ʧʝʨʠʤʝʪʨ ʜʠʩʣʦʢʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʪʫʧʝʥʝʡ, ὶʩ

- ʢʨʠʪʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʜʚʫʤʝʨʥʦʛʦ ʟʘʨʦʜʳʰʘ, k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, T 

ï ʪʝʤʧʝʨʘʪʫʨʘ, as ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʪʦʨʮʘ ʩʪʫʧʝʥʠ. ʅʦʨʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʨʠ ʵʪʦʤ ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (2.4) ʧʨʠ ʤʘʣʳʭ ʧʝʨʝʩʳʱʝʥʠʷʭ: 

Ὑ
‍ ὅάὬὯὝ„

ρω ‌ ςὒὯὝ„
 (2.7) 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʧʨʝʜʝʣʷʣʠ ʪʘʥʛʝʥʩʳ ʫʛʣʦʚ ʥʘʢʣʦʥʘ p ʩʢʣʦʥʦʚ 

ʚʠʮʠʥʘʣʴʥʦʛʦ ʭʦʣʤʠʢʘ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ [001] ʠ [110] - ʧʦ ʧʝʨʠʦʜʫ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʣʠʥʠʡ ʠ ʥʦʨʤʘʣʴʥʫ  ʁʩʢʦʨʦʩʪʴ ʨʦʩʪʘ R - ʧʦ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʣʠʥʠʡ. ʊʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʪʫʧʝʥʝʡ v 

ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʠʟ ʬʦʨʤʫʣ r(2.5). 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ R ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʨʘʩʪʚʦʨʘ V ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʘ ʚʳʭʦʜʘ ʧʨʦʮʝʩʩʘ ʨʦʩʪʘ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʢʦʛʜʘ 

ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʥʝ ʜʦʩʪʘʚʢʘ ʚʝʱʝʩʪʚʘ ʢ ʬʨʦʥʪʫ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʘ ʨʦʩʪ ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 2.6). ʇʝʨʝʭʦʜ ʚ ʢʠʥʝʪʠʯʝʩʢʠʡ 

ʨʝʞʠʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ V º 37 ʩʤ/ʩ. 

 

ʈʠʩʫʥʦʢ 2.6 - ɿʘʚʠʩʠʤʦʩʪʴ ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ R ʢʨʠʩʪʘʣʣʘ KCNSH ʦʪ ʩʢʦʨʦʩʪʠ 

ʧʦʪʦʢʘ ʨʘʩʪʚʦʨʘ V ʧʨʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʠ DT=1,5 ̄ C  
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ɻʃɸɺɸ 3 ʇɽʈɺʀʏʅɸʗ ʍɸʈɸʂʊɽʈʀɿɸʎʀʗ ʂʈʀʉʊɸʃʃʆɺ 

KCNSH, ʆʉʆɹɽʅʅʆʉʊʀ ʀʍ ʈʆʉʊɸ, ʉʊʈʋʂʊʋʈʓ ʀ ʉɺʆʁʉʊɺ 

ʇʦʩʢʦʣʴʢʫ ʚ ʨʘʙʦʪʝ ʨʝʯʴ ʠʜʝʪ ʦ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ KCNSH, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʧʝʨʝʤʝʥʥʳʤ ʩʦʩʪʘʚʦʤ (ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʠʟʦʤʦʨʬʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ KCSH ʠ KNSH ʢʘʢ ʚ ʞʠʜʢʦʡ, ʪʘʢ ʠ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ), 

ʩʠʩʪʝʤʘ ʦʙʦʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʩʣʦʞʥʝʥʘ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʚʝʣʠʯʠʥʳ ʤʦʛʫʪ 

ʦʪʥʦʩʠʪʴʩʷ ʢʘʢ ʢ ʩʦʣʠ ʠʣʠ ʢʨʠʩʪʘʣʣʫ KCNSH, ʪʘʢ ʠ ʢ ʦʪʜʝʣʴʥʳʤ ʠʭ 

ʢʦʤʧʦʥʝʥʪʘʤ - KCSH ʠ KNSH. ɺ ʪʘʙʣʠʮʝ 3.1 ʧʨʠʚʝʜʝʥʳ ʚʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʤʘʩʩ, ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʧʦʷʩʥʝʥʠʷ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʜʘʥʳ ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ.   

 

ʊʘʙʣʠʮʘ 3.1 ï ʊʘʙʣʠʮʘ ʦʙʱʠʭ ʦʙʦʟʥʘʯʝʥʠʡ  

ὅ  ʢʦʥʮʝʥʪʨʘʮʠʷ KCNSH ʚ ʨʘʩʪʚʦʨʝ, ʤʘʩʩ. % 

ὅ 
ʢʦʥʮʝʥʪʨʘʮʠʷ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ (KCSH ʠʣʠ KNSH) ʚ ʨʘʩʪʚʦʨʝ, 

ʤʘʩʩ. % 

ὧ 
ʢʦʥʮʝʥʪʨʘʮʠʷ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ (KCSH ʠʣʠ KNSH) ʚ 

ʢʨʠʩʪʘʣʣʝ, ʤʘʩʩ. % 

ὼ 

ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʢʦʙʘʣʴʪʦʚʦʛʦ KCSH (ὼ  ʠʣʠ ʥʠʢʝʣʝʚʦʛʦ 

KNSH (ὼ  ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʰʘʥʥʦʤ ʢʨʠʩʪʘʣʣʝ KCNSH 

(ὼ ὼ ρ 

ώ 

ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʢʦʙʘʣʴʪʦʚʦʛʦ KCSH (ώ  ʠʣʠ ʥʠʢʝʣʝʚʦʛʦ 

KNSH (ώ  ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʣʝʚʦʡ ʤʘʩʩʝ ʨʘʩʪʚʦʨʘ KCNSH 

(ώ ώ ρ 

Ὧ
ὧ

ὅ
 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ (KCSH ʠʣʠ 

KNSH) 

Ὧ
ὼ

ώ
 
ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʝʡ KCSH ʠʣʠ KNSH ʤʝʞʜʫ 

ʢʨʠʩʪʘʣʣʦʤ KCNSH ʠ ʩʦʣʝʚʦʡ ʤʘʩʩʦʡ ʨʘʩʪʚʦʨʘ (ʜʘʣʝʝ ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ) 

ὑ
ὼ ώ

ώ ὼ
 
ʦʙʦʙʱʝʥʥʳʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ  

ά  ʤʘʩʩʘ ʩʦʣʠ KCNSH ʚ ʥʘʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ 

ά  
ʤʘʩʩʘ ʢʦʙʘʣʴʪʦʚʦʡ KCSH (ά  ʠʣʠ ʥʠʢʝʣʝʚʦʡ KNSH (ά  

ʩʦʣʝʡ ʚ ʨʘʩʪʚʦʨʝ 

ὓ  ʤʘʩʩʘ ʢʨʠʩʪʘʣʣʘ KCNSH 

ὓ  
ʤʘʩʩʘ ʢʦʙʘʣʴʪʦʚʦʛʦ KCSH (ὓ  ʠ ʥʠʢʝʣʝʚʦʛʦ KNSH (ὓ  

ʢʦʤʧʦʥʝʥʪʘ ʚ ʢʨʠʩʪʘʣʣʝ 
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3.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ 

K 2Ni(SO4)2ẗ6H2O ï K 2Co(SO4)2ẗ6H2O ï H2O 

ʇʦʩʢʦʣʴʢʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʷʭ ʚ 

ʩʠʩʪʝʤʝ K2Ni(SO4)2ẗ6H2O ï K2Co(SO4)2ẗ6H2O ï H2O, ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ 

ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʢʨʠʚʳʭ ʨʘʩʪʚʦʨʠʤʦʩʪʝʡ ʜʣʷ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʣʠʪʝʨʤʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʜʣʷ ʧʷʪʠ 

ʩʦʩʪʘʚʦʚ ʨʘʩʪʚʦʨʘ, ʚ ʢʦʪʦʨʳʭ ʤʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ [KCSH]:[KNSH] = 3,7:1, 

1:1, 1:2, 1:3 ʠ 1:4, ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ +25 õ +60 Áʉ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʧʠʩʳʚʘʶʪʩʷ ʬʦʨʤʫʣʘʤʠ: 

 

ὅ = 4,354 + 0,335ʊ ([KCSH]:[KNSH] = 3,7:1) (3.1) 

ὅ = 2,913 + 0,277ʊ ([KCSH]:[KNSH] = 1:1) (3.2) 

ὅ = 2,583 + 0,257ʊ ([KCSH]:[KNSH] = 1:2) (3.3) 

ὅ = 2,444 + 0,247ʊ ([KCSH]:[KNSH] = 1:3) (3.4) 

ὅ = 2,632 + 0,24ʊ ([KCSH]:[KNSH] = 1:4) (3.5) 

 

ʛʜʝ ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʘ, Áʉ;  ὅ - ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʩʪʚʦʨʦʚ, ʤʘʩʩ. %. 

ʅʘ ʨʠʩʫʥʢʝ 3.1 ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʐʨʝʡʥʝʤʘʢʝʨʩʘ ʛʨʘʬʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʚʤʝʩʪʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʣʝʡ KCSH ʠ KNSH ʚ ʚʦʜʝ.   
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ʈʠʩʫʥʦʢ 3.1 - ʀʟʦʪʝʨʤʳ ʩʦʚʤʝʩʪʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ 

K2Ni(SO4)2ẗ6H2O ï K2Co(SO4)2ẗ6H2O ï H2O ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 20, 30, 40, 50 ʠ 60 Áʉ 

 

ɺʦʛʥʫʪʳʡ ʭʘʨʘʢʪʝʨ ʢʨʠʚʳʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʦʚʤʝʩʪʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʣʝʡ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʠʭ ʘʜʜʠʪʠʚʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʨʘʩʪʚʦʨʘʭ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʘ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH 

ʦʪ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʢʨʠʩʪʘʣʣʳ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʠʟʦʤʦʨʬʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʪʦʜʦʤ ʩʧʦʥʪʘʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ 

ʩʦʩʪʘʚʣʷʣʘ 30, 40 ʠ 50 Áʉ, ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʥʝ ʧʨʝʚʳʰʘʣʘ 9 ʤʤ/ʩʫʪ, 

ʨʘʟʤʝʨʳ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʘʚʠʣʠ ~ 3Ĭ3Ĭ2 ʤʤ3. ʇʦʣʫʯʝʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.2. ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʩʦʩʪʘʚ 

ʢʨʠʩʪʘʣʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʘ, ʘ 

ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʝʛʦ ʩʦʩʪʘʚʘ. 
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ʈʠʩʫʥʦʢ 3.2 - ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʦʪ ʩʦʩʪʘʚʘ ʤʘʪʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʞʜʫ ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʤʠ ʤʦʞʥʦ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʘʟʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʆʥʠ ʧʦ-ʨʘʟʥʦʤʫ ʚʳʯʠʩʣʷʶʪʩʷ ʠ 

ʦʪʨʘʞʘʶʪ ʨʘʟʥʳʝ ʩʚʦʡʩʪʚʘ ʩʠʩʪʝʤʳ, ʦʜʥʘʢʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʩʝ ʦʥʠ ʥʘʟʳʚʘʶʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʡ ʧʫʪʘʥʠʮʳ 

ʤʳ ʚʚʝʜʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʜʘʣʴʥʝʡʰʝʤ. 

ɺʝʣʠʯʠʥʫ Ὧ  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ i-ʛʦ 

ʢʦʤʧʦʥʝʥʪʘ (KCSH ʠʣʠ KNSH): 

Ὧ
ὧ

ὅ

ὼ

ώὅ
 (3.6) 

ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʥʠʮʫ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʘ ʚ 

ʢʨʠʩʪʘʣʣʝ ʠ ʚ ʨʘʩʪʚʦʨʝ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʢʦʥʚʝʢʪʠʚʥʦʡ 

ʜʠʬʬʫʟʠʠ. 

ɺʝʣʠʯʠʥʫ Ὧ , ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʞʜʫ 

ʢʨʠʩʪʘʣʣʦʤ ʠ ʩʦʣʝʚʦʡ ʤʘʩʩʦʡ ʨʘʩʪʚʦʨʘ, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ: 
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Ὧ ὅὯ, (3.7) 

ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʫʜʦʙʝʥ ʧʨʠ ʘʥʘʣʠʟʝ ʩʜʚʠʛʘ ʩʦʩʪʘʚʘ ʩʦʣʝʚʦʡ ʤʘʩʩʳ 

ʨʘʩʪʚʦʨʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʦʩʪʘ.  

ɺʝʣʠʯʠʥʫ ὑ  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʦʙʦʙʱʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

ὑ
ὼ ώ

ώ ὼ
 
Ὧ

Ὧ

ὧὅ

ὅ ὧ
 (3.8) 

ɺ ʪʝʦʨʠʠ ʭʠʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʟʜʝʣʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʥʠʮʫ ʚ 

ʤʝʞʬʘʟʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. ɽʩʣʠ K  ̧1, ʪʦ ʦʜʠʥ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ, ʘ ʜʨʫʛʦʡ ï ʚ ʪʚʝʨʜʦʡ, ʧʨʠ K = 1 ʨʘʟʜʝʣʝʥʠʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʚʦʟʤʦʞʥʦ. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 3.2, ʙʳʣ ʨʘʩʩʯʠʪʘʥ 

ʦʙʦʙʱʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ὑ (ʨʠʩʫʥʦʢ 3.3). ʉ ʫʯʝʪʦʤ ʨʘʟʙʨʦʩʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ K ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ, ʧʦʵʪʦʤʫ ʤʳ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʝʛʦ 

ʧʦʩʪʦʷʥʥʳʤ ʠ ʨʘʚʥʳʤ K=3,8Ñ0,4. 

 

ʈʠʩʫʥʦʢ 3.3 - ʆʙʦʙʱʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ K ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʣʠ 

ʢʦʙʘʣʴʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʦʣʝʚʦʡ ʯʘʩʪʠ ʨʘʩʪʚʦʨʘ  
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ʀʟ ʫʨʘʚʥʝʥʠʷ (3.8), ʫʯʠʪʳʚʘʷ, ʯʪʦ ὼ ὼ ώ ώ ρ, ʧʦʣʫʯʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ: 

Ὧ =  (3.9) 

Ὧ  =  (3.10) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʵʪʠʤ ʬʦʨʤʫʣʘʤ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ (ʨʠʩʫʥʦʢ 3.4).  

 

ʈʠʩʫʥʦʢ 3.4 ïʂʦʵʬʬʠʮʠʝʥʪʳ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ KCSH (Ὧ ) ʠ KNSH (Ὧ )   

 

ɼʣʷ ʥʠʢʝʣʷ ʚʩʝʛʜʘ kx > 1, ʘ ʜʣʷ ʢʦʙʘʣʴʪʘ ʚʩʝʛʜʘ kx < 1. ʇʨʠ kx < 1 ʚ 

ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʦʥʝʥʪ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʨʘʩʪʚʦʨʝ, ʘ ʧʨʠ kx > 1 ʝʛʦ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʘʩʪʚʦʨʝ ʧʘʜʘʝʪ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʩʤʝʰʘʥʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ KCNSH ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʦʙʦʛʘʱʘʝʪʩʷ ʢʦʙʘʣʴʪʦʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚ ʢʨʠʩʪʘʣʣʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʙʘʣʴʪʘ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ 

ʨʘʟʤʝʨʘ.  
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3.2 ʇʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤʳ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʝ K 2SO4 - 

NiSO4 - CoSO4 ï H2O 

3.2.1 ʄʝʪʦʜʠʢʘ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ 

ɺ ʢʘʯʝʩʪʚʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʜʣʷ ʦʙʨʘʟʫʶʱʠʭ 

ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ K2SO4 - NiSO4 - H2O ʠ K2SO4 - CoSO4 - H2O ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [36]. ʇʦʩʢʦʣʴʢʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʧʦ 

ʬʘʟʦʚʳʤ ʨʘʚʥʦʚʝʩʠʷʤ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ NiSO4 - CoSO4 - H2O, ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʝʪʦʜʦʤ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ɼʘʥʥʳʝ ʦ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʷʭ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ NiSO4 - CoSO4 - H2O 

ʧʦʣʫʯʠʣʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʪʝʨʤʦʩʪʘʪʘ-ʰʝʡʢʝʨʘ ʩ 

ʧʦʜʚʠʞʥʳʤ ʢʘʩʩʝʪʥʳʤ ʜʝʨʞʘʪʝʣʝʤ ʩʦʩʫʜʦʚ (ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ) 

ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʝʨʠʶ ʤʘʪʦʯʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʛʦʪʦʚʠʣʠ ʚ ʦʜʠʥʘʢʦʚʳʭ ʛʝʨʤʝʪʠʯʥʳʭ ʩʦʩʫʜʘʭ (ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘʭ) ʩ 

ʧʝʨʝʤʝʥʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʠʩʭʦʜʥʳʭ ʩʦʣʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʩʦʣʝʡ 

NiSO4Ŀ6H2O ʠ CoSO4Ŀ7H2O) ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ (5 ʤʣ). ɿʘʪʝʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʝʡ 

ʢʦʤʥʘʪʥʫʶ, ʧʨʦʚʦʜʠʣʠ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʥʘʚʝʩʦʢ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʳ ʤʘʣʳʤʠ ʧʦʨʮʠʷʤʠ (1-5 ʤʣ) ʜʦ ʧʦʣʫʯʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʩʘʜʢʘ ʥʘ ʜʥʝ ʩʦʩʫʜʘ. ʇʦʩʣʝ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʘʪʦʯʥʳʝ ʨʘʩʪʚʦʨʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʜʝʨʞʠʚʘʣʠ 

ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʩʫʪʦʢ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʘʢʘʷ ʚʳʜʝʨʞʢʘ 

ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʞʬʘʟʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʥʘʩʳʱʝʥʥʳʤ ʨʘʩʪʚʦʨʦʤ ʠ ʦʩʘʜʢʦʤ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘʭ ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ ʩʥʠʞʘʣʘʩʴ ʧʦ ʦʜʠʥʘʢʦʚʦʡ 

ʧʨʦʛʨʘʤʤʝ ʜʦ ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ 

ʢʨʠʩʪʘʣʣʳ ʠʤʝʣʠ ʨʘʟʤʝʨʳ 3-7 ʤʤ ʠ ʣʝʛʢʦ ʜʝʢʘʥʪʠʨʦʚʘʣʠʩʴ ʦʪ ʤʘʪʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʩ ʦʪʤʳʚʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 96% ʵʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. 
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ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʨʘʚʥʦʚʝʩʥʳʭ ʩ ʤʘʪʦʯʥʳʤ ʨʘʩʪʚʦʨʦʤ ʪʚʝʨʜʳʭ ʬʘʟ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʛʦ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ). ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ) ʨʘʟʤʦʣʦʪʳʭ 

ʚ ʧʦʨʦʰʦʢ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʝʥ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ Rigaku Miniflex  600 (ʗʧʦʥʠʷ) 

(ʠʟʣʫʯʝʥʠʝ Cu ʙʝʟ ʬʠʣʴʪʨʘ, ʥʝʧʨʝʨʳʚʥʳʡ ʨʝʞʠʤ ʩʲʝʤʢʠ - 2 ʨʘʜ/ʤʠʥ, ʚʝʣʠʯʠʥʘ 

ʰʘʛʘ 0,02Á ʚ ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ 2q 5-70Á, ʙʝʟ ʚʨʘʱʝʥʠʷ ʦʙʨʘʟʮʘ ʠ ʚ ʘʪʤʦʩʬʝʨʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ). 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ [Co]:[Ni] ʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

Orbis EDAX. ʉʲʝʤʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʩʚʝʞʝʤ ʩʢʦʣʝ ʦʙʨʘʟʮʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʤʠʪʪʝʨʘ ʜʠʘʤʝʪʨʦʤ 2 ʤʤ ʥʘ ʚʦʟʜʫʭʝ.  

 

3.2.2 ɼʠʘʛʨʘʤʤʘ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʝ K2SO4 - NiSO4 - CoSO4 - 

H2O   

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ 

ʩʦʩʪʘʚʝ ʨʘʚʥʦʚʝʩʥʳʭ ʬʘʟ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ 

ʩʠʩʪʝʤʝ K2SO4 - NiSO4 - CoSO4 - H2O ʧʨʠ ʊ = 40 Áʉ (ʨʠʩʫʥʦʢ 3.5). 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʜʠʘʛʨʘʤʤʳ ʩʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʫ 3.2. 
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ʈʠʩʫʥʦʢ 3.5 - ɼʠʘʛʨʘʤʤʘ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʝ K2SO4 - NiSO4 - CoSO4 - H2O 

ʧʨʠ ʊ = 40 Áʉ 

 

ʅʘ ʨʠʩʫʥʢʝ 3.6 ʦʪʜʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʪʨʦʡʥʳʭ 

ʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤʘʭ K2SO4 - NiSO4 - H2O, K2SO4 - CoSO4 - H2O ʠ NiSO4 - 

CoSO4 - H2O. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ K2SO4 - NiSO4 - H2O 

ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʘ ʪʦʯʢʘ ʥʦʥʚʘʨʠʘʥʪʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ e5 ʠ ʚʳʷʚʣʝʥʳ ʜʚʝ ʚʝʪʚʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ: ʚʝʪʚʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ ʛʝʢʩʘʛʠʜʨʘʪʘ 

ʩʫʣʴʬʘʪʘ ʥʠʢʝʣʷ NiSO4Ŀ6H2O ʠ ʧʨʦʪʷʞʝʥʥʘʷ ʚʝʪʚʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʚʝʨʜʦʛʦ 

ʨʘʩʪʚʦʨʘ CoxNi(2-x)(SO4)2Ŀ12H2O ʜʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʦʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʠʥʠʤʘʣʴʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʢʦʙʘʣʴʪʘ: 

Co0,05Ni1,95(SO4)2Ŀ12H2O. 
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ʊʘʙʣʠʮʘ 3.2 - ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʜʠʘʛʨʘʤʤʳ ʬʘʟʦʚʳʭ 

ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʝ K2SO4 - NiSO4 - CoSO4 - H2O 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ1, ʤʘʩʩ. %: 

CoSO4Ŀ6H2O (a) 41,1 

NiSO4Ŀ6H2O (b) 41,0 

K2SO4 (c) 13,55 

ʊʦʯʢʠ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʨʘʚʥʦʚʝʩʠʡ [36]: 

ʕʣʝʤʝʥʪ 

ʜʠʘʛʨʘʤʤʳ 
ʌʘʟʦʚʦʝ ʨʘʚʥʦʚʝʩʠʝ 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ, ʤʘʩʩ. % 

e1 K2SO4 ï K2Ni(SO4)2Ŀ6H2O ź L 
K2SO4 

13,15 

NiSO4 

0,51 

H2O 

86,34 

e2 K2SO4 ï NiSO4Ŀ6H2O ź L 
K2SO4 

2,08 

NiSO4 

33,35 

H2O 

64,57 

e3 K2SO4 ï K2Co(SO4)2Ŀ6H2O ź L 
K2SO4 

13,31 

CoSO4 

4,7 

H2O 

81,99 

e4 K2SO4 ï CoSO4Ŀ6H2O ź L 
K2SO4 

3,8 

CoSO4 

31 

H2O 

65,2 

e5
2 

NiSO4Ŀ6H2Oï 

Co0,05Ni1,95(SO4)2Ŀ12H2O ź L 

NiSO4 

40 

CoSO4 

2,11 

H2O 

57,89 

ʃʠʥʠʠ ʤʦʥʦʚʘʨʠʘʥʪʥʳʭ ʨʘʚʥʦʚʝʩʠʡ (ʩʦʢʨʠʩʪʘʣʣʠʟʘʮʠʡ): 

ʕʣʝʤʝʥʪ ʜʠʘʛʨʘʤʤʳ ʌʘʟʦʚʦʝ ʨʘʚʥʦʚʝʩʠʝ 

e1- e3 K2SO4 ï K2(Co,Ni)(SO4)2Ŀ6H2O ź L 

e2- e4 K2(Co,Ni)(SO4)2Ŀ6H2O ï (Co, Ni)SO4Ŀ6H2O ź L 

 

   

 
1 ɿʥʘʯʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʜʣʷ K2SO4 ʚʟʷʪʦ ʠʟ [122], ʘ ʟʥʘʯʝʥʠʷ ʜʣʷ CoSO4Ŀ6H2O ʠ NiSO4Ŀ6H2O ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩ ʜʦʩʪʫʧʥʦʡ ʪʦʯʥʦʩʪʴʶ 
2 ʊʦʯʢʘ ʥʦʥʚʘʨʠʘʥʪʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ e5 ʦʧʨʝʜʝʣʝʥʘ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ 
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ʘ ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 3.6 ï ʌʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʦʙʨʘʟʫʶʱʠʭ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤʘʭ K2SO4 - NiSO4 - 

H2O (ʘ), K2SO4 - CoSO4 - H2O (ʙ) ʠ NiSO4 - CoSO4 - H2O (ʚ) 

 

3.3 ʈʦʩʪ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʥʘ ʦʪʢʨʳʪʦʡ ʧʣʘʪʬʦʨʤʝ 

ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ [47-50] ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʪʦʜʦʤ ʠʩʧʘʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʨʘʩʪʚʦʨʘʭ ʥʝʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ (ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʣ) ʥʝ 

ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʦʙʨʘʟʮʳ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʜʦʩʪʘʪʦʯʥʦʛʦ ʨʘʟʤʝʨʘ ʠ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʨʦʩʪʘ. ʇʦʵʪʦʤʫ ʥʘʰʝʡ ʧʝʨʚʦʡ ʟʘʜʘʯʝʡ ʩʪʘʣʦ ʧʦʣʫʯʝʥʠʝ ʢʨʫʧʥʳʭ ʩʤʝʰʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ KCNSH. 

ʄʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʚ ʩʪʘʥʜʘʨʪʥʳʭ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘʭ ʦʙʲʝʤʦʤ 0,5-1 ʣ ʥʘ ʦʪʢʨʳʪʦʡ ʧʣʘʪʬʦʨʤʝ ʙʳʣʠ ʚʳʨʘʱʝʥʳ 



92 

 

ʩʤʝʰʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ KCNSH ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ [KCSH]:[KNSH] 

= 3,7:1, 1:1 ʠ 1:2 ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʠ ʜʠʥʘʤʠʯʝʩʢʦʤ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʝʚʝʨʩʠʚʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ) ʨʝʞʠʤʘʭ ʨʦʩʪʘ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʝʰʘʣʢʠ 

ʩʦʩʪʘʚʠʣʘ 60 ʦʙʦʨʦʪʦʚ/ʤʠʥ. ʅʘʯʘʣʴʥʦʝ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʣʷʣʦ 

0,1 - 0,15 Üʉ. ɺ ʪʝʯʝʥʠʝ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʩʥʠʞʘʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 0,1 - 0,45 Üʉ. 

ɺʨʝʤʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ~ 1 ʤʝʩʷʮ. ʌʦʪʦʛʨʘʬʠʠ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.7. 

 

ʋ ʚʩʝʭ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʘʷ 

ʘʥʠʟʦʪʨʦʧʠʷ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʛʨʘʥʝʡ: (110):(001) (ʪʘʙʣʠʮʘ 3.3). ʋ ʢʨʠʩʪʘʣʣʦʚ, 

ʚʳʨʘʱʝʥʥʳʭ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ, ʘʥʠʟʦʪʨʦʧʠʷ ʙʦʣʴʰʝ, ʯʝʤ ʫ 

ʢʨʠʩʪʘʣʣʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʙʝʟ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʅʘʠʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʚ ʩʢʦʨʦʩʪʠ 

ʨʦʩʪʘ ʛʨʘʥʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʩʪʚʦʨʝ 

[KCSH]:[KNSH] = 3,7:1. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʨʘʥʠ (110) ʜʣʷ ʚʩʝʭ 

 

ʈʠʩʫʥʦʢ 3.7 - ʇʣʘʩʪʠʥʳ ʢʨʠʩʪʘʣʣʦʚ KCNSH (ʘ, ʚ), ʚʳʨʝʟʘʥʥʳʝ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ (001), 

ʠ ʢʨʠʩʪʘʣʣʳ KCNSH (ʙ, ʛ, ʜ, ʝ), ʚʳʨʘʱʝʥʥʳʝ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ (ʘ, ʚ, ʜ) ʠ ʩʪʘʪʠʯʝʩʢʦʤ (ʙ, 

ʛ, ʝ) ʨʝʞʠʤʘʭ  ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʚ ʤʘʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ [KCSH]:[KNSH] = 1:2 (ʘ, ʙ), 3,7:1 

(ʚ, ʛ), 1:1 (ʜ, ʝ) 



93 

 

ʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 0,25 ʤʤ/ʩʫʪ, ʘ ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʨʘʥʠ (001) 

ʩʦʩʪʘʚʣʷʝʪ 0,6 ʤʤ/ʩʫʪ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ [KCSH]:[KNSH] = 1:1 ʠ 1:2, ʠ 1,33 ʤʤ/ʩʫʪ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ 

[KCSH]:[KNSH] = 3,7:1. 

 

ʊʘʙʣʠʮʘ 3.3 - ɸʥʠʟʦʪʨʦʧʠʷ ʩʢʦʨʦʩʪʝʡ ʨʦʩʪʘ ʛʨʘʥʝʡ ʚ ʢʨʠʩʪʘʣʣʘʭ KCNSH: V(110):V(001) 

ʉʦʦʪʥʦʰʝʥʠʝ 

[KCSH]:[KNSH] ʚ 

ʨʘʩʪʚʦʨʝ 

3,7:1 1:2 1:1 

ɼʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ  1:11 1:7,5 1:5,3 

ʉʪʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ  1:7,3 1:4,3 1:5 

 

3.4 ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH 

ʂʨʠʩʪʘʣʣʳ KNSH ʠ KCSH ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʈ21/ʩ [28, 46]. ʊʦʯʝʯʥʘʷ ʛʨʫʧʧʘ - ʧʨʠʟʤʘʪʠʯʝʩʢʘʷ 2/m, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʥʘʣʠʯʠʝʤ ʦʩʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ <010>, 

ʧʣʦʩʢʦʩʪʠ, ʝʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ, ʠ ʮʝʥʪʨʘ ʩʠʤʤʝʪʨʠʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ 

ʦʧʠʩʘʥ ʝʜʠʥʠʯʥʳʡ ʩʣʫʯʘʡ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨʳ ʤʦʥʦʢʨʠʩʪʘʣʣʘ 

ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ K2Ni0,9Co0,1(SO4)2Ā6H2O [48], ʢʦʪʦʨʳʡ ʪʘʢʞʝ 

ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʢʨʠʩʪʘʣʣʘʤ KNSH ʠ KCSH. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʭʦʞʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʛʘʙʠʪʫʩ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʛʘʙʠʪʫʩʘ ʢʨʠʩʪʘʣʣʦʚ 

KNSH ʠ KCSH (ʨʠʩʫʥʦʢ 3.8).  
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ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 3.8 - ʉʤʝʰʘʥʥʳʡ ʢʨʠʩʪʘʣʣ KCNSH (ʘ) ʠ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʘʙʠʪʫʩʘ 

ʢʨʠʩʪʘʣʣʦʚ KCSH ʠ KNSH (ʙ) 

 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCSH ʠ KNSH ʚ ʦʛʨʘʥʢʝ 

ʢʨʠʩʪʘʣʣʦʚ KCNSH ʛʨʘʥʠ {201} ʠ {011} ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ 

ʧʣʦʱʘʜʴ, ʘ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʳ ʧʨʠʟʤʘ {110} ʠ ʧʠʥʘʢʦʠʜ {001}. ʉʢʦʨʦʩʪʴ 

ʨʦʩʪʘ ʛʨʘʥʠ (001) ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʛʨʘʥʝʡ (110) ʠ (1ρ0), 

ʧʦʵʪʦʤʫ ʩʤʝʰʘʥʥʳʡ ʢʨʠʩʪʘʣʣ KCNSH ʚʳʪʷʥʫʪ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ <001>.  

ɹʳʣ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

KCNSH, ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʪʨʸʭ ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʠʟʦʤʦʨʬʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ [KCSH]:[KNSH] = 3,7:1, 1:1 ʠ 1:2, ʘ ʪʘʢʞʝ ʜʚʫʭ ʢʨʠʩʪʘʣʣʦʚ 

ʢʨʘʡʥʠʭ ʯʣʝʥʦʚ ʠʟʦʤʦʨʬʥʦʛʦ ʨʷʜʘ ï ʢʨʠʩʪʘʣʣʦʚ KCSH ʠ KNSH  (ʪʘʙʣʠʮʘ 3.4).  

ʊʘʙʣʠʮʘ 3.4 - ʉʦʩʪʘʚ ʢʨʠʩʪʘʣʣʦʚ K2NixCo(1-x)(SO4)2Ŀ6H2O ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ 

ʤʘʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʅʦʤʝʨ ʢʨʠʩʪʘʣʣʘ ʉʦʩʪʘʚ ʢʨʠʩʪʘʣʣʦʚ 

ʉʦʦʪʥʦʰʝʥʠʝ 

[KCSH]:[KNSH] ʚ 

ʨʘʩʪʚʦʨʝ 

I K2Co(SO4)2 Ā 6H2O 1:0 

II  K2(Co0,657Ni0,343)(SO4)2 Ŀ 6H2O 3,7:1 

III  K2(Co0,226Ni0,774)(SO4)2 Ā 6H2O 1:1 

IV K2(Co0,216Ni0,784)(SO4)2 Ŀ 6H2O 1:2 

V K2Ni(SO4)2 Ā 6H2O 0:1 
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ɺ ʪʘʙʣʠʮʝ 3.5 ʧʨʠʚʝʜʝʥʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠʟʫʯʝʥʥʳʭ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. ɺʥʝʜʨʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʫ K2Co(SO4)2Ŀ6ʅ2ʆ ʘʪʦʤʦʚ ʥʠʢʝʣʷ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʝʝ ʦʙʲʝʤʘ, ʯʪʦ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʝʣʠʯʠʥʘʤʠ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʢʘʪʠʦʥʦʚ Co+2 (0,74 ¡) ʠ 

Ni+2 (0,69 ¡).  

 

ʊʘʙʣʠʮʘ 3.5 - ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʫʪʦʯʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨ ʩʦʝʜʠʥʝʥʠʡ K2NixCo(1-x)(SO4)2Ŀ6H2O  

ʇʘʨʘ

ʤʝʪʨ 
I II  III  IV  V 

ʇʨ. 

ʛʨ., Z 
P21/ʩ, 2 

ʘ, ¡ 6,1469(7) 6,1427(7) 6,1435(7) 6,1298(1) 6,1312(9) 

b, ¡ 12,1961(10) 12,1915(12) 12,1955(13) 12,1754(2) 12,1823(12) 

c, ¡ 9,0442(9) 9,0347(13) 9,0206(6) 9,0047(1) 8,9999(8) 

ɓę 104,811(9) 104,960(12) 105,041(8) 104,987(1) 105,056(1) 

V, ¡ 655,50(12) 653,67(14) 651,70(11) 649,19(2) 649,15(13) 

Dx, 

ʛ/ʩʤ3 
2,21 2,22 2,23 2,24 2,24 

 

ʉʪʨʫʢʪʫʨʘ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʢʘʢ ʠ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ 

KCSH ʠ KNSH, ʩʦʩʪʦʠʪ ʠʟ SO4-ʪʝʪʨʘʵʜʨʦʚ, (ʉʦ,Ni)O6-ʦʢʪʘʵʜʨʦʚ ʠ ʂʆ8-

ʧʦʣʠʵʜʨʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʠʩʪʝʤʦʡ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 

ɿʘʤʝʱʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ KCSH (I) ʘʪʦʤʦʚ ʢʦʙʘʣʴʪʘ ʘʪʦʤʘʤʠ ʥʠʢʝʣʷ ʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʢʨʫʞʝʥʠʠ ʢʘʪʠʦʥʦʚ ʢʘʣʠʷ ʠ ʩʝʨʳ. ʆʩʥʦʚʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ (ʉʦ,Ni)O6-ʦʢʪʘʵʜʨʘʭ - ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ (Co,Ni)-O1 ʦʪ 2,1207(5)¡ ʜʦ 2,0778(5)¡, 

(Co,Ni)-O2 ʦʪ 2,0354(6)¡ ʜʦ 2,0188(6)¡ ʠ (Co,Ni)-O3 ʦʪ 2,1337(5)¡ ʜʦ 

2,0840(5)¡.  ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ (Co,Ni)-O2 ʫʤʝʥʴʰʘʝʪʩʷ 

ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ Ni ʚ ʩʪʨʫʢʪʫʨʝ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʨʘʩʩʪʦʷʥʠʷ 

(Co,Ni)-O1 ʠ  (Co,Ni)-O3, ʠ NiO6-ʦʢʪʘʵʜʨʳ ʤʝʥʝʝ ʠʩʢʘʞʝʥʥʝr, ʯʝʤ ʉʦʆ6-

ʦʢʪʘʵʜʨʳ.  
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3.5 ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ KCNSH 

ʉ ʧʦʤʦʱʴʶ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʡʢʝʣʴʩʦʥʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʤʦʨʬʦʣʦʛʠʷ ʠ ʢʠʥʝʪʠʢʘ ʨʦʩʪʘ ʛʨʘʥʠ (001) ʢʨʠʩʪʘʣʣʦʚ KCNSH ʧʨʠ ʨʘʟʣʠʯʥʦʤ 

ʧʝʨʝʩʳʱʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ [KCSH]:[KNSH] = 1:1 ʠ 1:2, 

ʥʘʩʳʱʝʥʥʳʭ ʧʨʠ ʊʥʘʩ= 41-43 Áʉ. 

ʇʝʨʝʩʳʱʝʥʠʝ ʫʚʝʣʠʯʠʚʘʣʠ ʩʪʫʧʝʥʯʘʪʦ ʧʫʪʝʤ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʘ ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʟʘʜʘʥʥʦʤ ʧʝʨʝʦʭʣʘʞʜʝʥʠʠ ȹT ʚ 

ʪʝʯʝʥʠʝ 5-90 ʤʠʥ. ʇʝʨʝʩʳʱʝʥʠʝ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʢʘʢ ů=(C-Ce)/Cʝ, ʛʜʝ C ʠ Ce ï 

ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʠ ʨʘʚʥʦʚʝʩʥʘʷ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʘʩʪʚʦʨʘ, ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʤʝʰʘʥʥʦʡ ʩʦʣʠ KCNSH 

ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ (ʫʨʘʚʥʝʥʠʷ (3.2) ʠ (3.3)). 

ʅʘ ʛʨʘʥʠ (001) ʧʨʠ ʤʘʣʦʤ ʧʝʨʝʩʳʱʝʥʠʠ ʬʦʨʤʘ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ 

ʭʦʣʤʠʢʦʚ ʙʣʠʟʢʘ ʢ ʵʣʣʠʧʪʠʯʝʩʢʦʡ (ʨʠʩʫʥʦʢ 3.9 ʘ). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʝʨʝʩʳ-

ʱʝʥʠʷ ʭʦʣʤʠʢ ʩʪʘʣ ʯʝʪʳʨʝʭʩʢʘʪʥʳʤ: ʜʚʘ ʚʟʘʠʤʥʦ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʢʣʦʥʘ 

ʧʦʣʦʛʠʝ (1), ʘ ʜʚʘ ʜʨʫʛʠʭ ʩʠʤʤʝʪʨʠʯʥʦ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʩʢʣʦʥʘ ʥʘʤʥʦʛʦ ʙʦʣʝʝ 

ʢʨʫʪʳʝ (2) (ʨʠʩʫʥʦʢ 3.9 ʙ). 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.9 - ʇʦʚʝʨʭʥʦʩʪʴ ʛʨʘʥʠ (001) ʢʨʠʩʪʘʣʣʦʚ KCNSH ʚ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʘ 

[KCSH]:[KNSH] = 1:1: a) s=0,003, ʙ) s=0,019    

 

ɿʘʚʠʩʠʤʦʩʪʠ ʥʦʨʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʭʦʣʤʠʢʦʚ ʥʘ 

ʛʨʘʥʠ (001) ʢʨʠʩʪʘʣʣʦʚ KCNSH ʦʪ ʧʝʨʝʩʳʱʝʥʠʷ R(s), ʠʟʤʝʨʝʥʥʳʝ ʚ ʨʘʩʪʚʦʨʘʭ 
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ʩʦʩʪʘʚʘ [KCSH]:[KNSH] = 1:1 ʠ 1:2, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.10. ʈʘʟʥʳʤ 

ʢʨʠʚʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ.  

 

 

ʈʠʩʫʥʦʢ 3.10 - ʅʦʨʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʭʦʣʤʠʢʦʚ ʥʘ ʛʨʘʥʠ (001) 

ʢʨʠʩʪʘʣʣʦʚ KCNSH: ʩʦʩʪʘʚʳ 1:1 (ʥʝ ʟʘʢʨʘʰʝʥʥʳʝ ʪʦʯʢʠ) ʠ 1:2 (ʟʘʢʨʘʰʝʥʥʳʝ ʪʦʯʢʠ). 

ʈʘʟʥʳʤ ʢʨʠʚʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ p(s) ʜʣʷ ʥʘʢʣʦʥʦʚ ʧʦʣʦʛʦʛʦ ʠ ʢʨʫʪʦʛʦ 

ʩʢʣʦʥʦʚ ʜʠʩʣʦʢʘʮʠʦʥʥʦʛʦ ʭʦʣʤʠʢʘ ʥʘ ʛʨʘʥʠ (001) ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʬʫʥʢʮʠ-

ʝʡ (2.6) ʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.11. ʇʨʠ ʤʘʣʦʤ ʧʝʨʝʩʳʱʝʥʠʠ ʩʥʘʯʘʣʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ p ʦʪ s, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʧʦʩʪʝʧʝʥʥʦ ʚʳʭʦʜʠʪ 

ʥʘ ʧʣʘʪʦ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʪʫʧʝʥʝʡ ὺ(s) ʥʘ ʩʢʣʦʥʘʭ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʭʦʣʤʦʚ 

ʥʘ ʛʨʘʥʠ (001) ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ 1 (ʧʦʣʦʛʠʡ ʩʢʣʦʥ) ʠ 2 (ʢʨʫʪʦʡ ʩʢʣʦʥ) (ʨʠʩʫʥʦʢ 

3.9 ʙ) ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ (2.5) ʥʘ ʦʩʥʦʚʝ R ʠ p, ʠʟʤʝʨʝʥʥʳʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.12.  ʉʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʩʪʫʧʝʥʝʡ ʧʦʣʦʛʦʛʦ ʠ ʢʨʫʪʦʛʦ ʩʢʣʦʥʦʚ ʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʧʝʨʝʩʳʱʝʥʠʝʤ. 
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ʘ ʙ 

ʈʠʩʫʥʦʢ 3.11 - ʅʘʢʣʦʥʳ ʧʦʣʦʛʠʭ (ὴͺ) ʠ ʢʨʫʪʳʭ (ὴͺ) ʩʢʣʦʥʦʚ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ 
ʭʦʣʤʠʢʦʚ ʥʘ ʛʨʘʥʠ (001) ʚ i-ʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʘ [KCSH]:[KNSH]: ʘ ð 

1:1, ʙ ð 1:2 

 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.12 - ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʪʫʧʝʥʝʡ ʧʦʣʦʛʠʭ (ὺͺ) ʠ ʢʨʫʪʳʭ (ὺͺ) ʩʢʣʦʥʦʚ 
ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʭʦʣʤʠʢʦʚ ʥʘ ʛʨʘʥʠ (001) ʚ i-ʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚ ʨʘʩʪʚʦʨʝ ʩʦʩʪʘʚʘ 

[KCSH]:[KNSH]: ʘ ð 1:1, ʙ ð 1:2 

 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʪʫʧʝʥʝʡ ʧʦʣʦʛʦʛʦ (ɓ1) ʠ ʢʨʫʪʦʛʦ (ɓ2) 

ʩʢʣʦʥʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (2.4). ʇʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʣʝʡ ʜʣʷ ʨʘʩʪʚʦʨʘ ʩʦʩʪʘʚʘ 

[KCSH]:[KNSH] = 1:1 ˿  = 2,34Ŀ1020 ʩʤ-3, W = 3,25Ŀ10-22 ʩʤ, ʘ ʩʦʩʪʘʚʘ 

[KCSH]:[KNSH] = 1:2 ˿ = 2,24Ŀ1020 ʩʤ-3, W = 3,24Ŀ10-22 ʩʤ. ʅʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʩʪʘʚʠʣʠ: (ɓ1)1:1 = 0,17 Ñ 0,09, (ɓ2)1:1 = 0,04 Ñ 

0,01 ʠ (ɓ1)1:2 = 0,17 Ñ 0,01, (ɓ2)1:2 = 0,05 Ñ 0,01 ʩʤ/ʩ.  
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3.6 ʆʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʛʨʘʥʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʠ 

ʠʭ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ  

ɹʳʣʠ ʠʟʫʯʝʥʳ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʚʳʨʘʱʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩʫʥʦʢ 

3.13). ʇʨʦʧʫʩʢʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʚ ʋʌ ʦʙʣʘʩʪʠ ʥʘ 5-15 % ʥʠʞʝ, ʯʝʤ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCSH ʠ KNSH, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʜʝʬʝʢʪʥʦʩʪʴʶ 

ʦʙʨʘʟʮʦʚ, ʘ ʠʤʝʥʥʦ ʥʘʣʠʯʠʝʤ ʚ ʥʠʭ ʨʘʩʩʝʠʚʘʶʱʠʭ ʮʝʥʪʨʦʚ ï ʚʢʣʶʯʝʥʠʡ 

ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʠʟ ʦʜʥʠʭ ʠ ʪʝʭ 

ʞʝ ʨʝʘʢʪʠʚʦʚ, ʚʣʠʷʥʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʧʨʠʤʝʩʝʡ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦʝ 

ʧʨʦʧʫʩʢʘʥʠʝ ʦʙʨʘʟʮʦʚ ʚ ʨʘʩʯʸʪ ʥʝ ʧʨʠʥʠʤʘʣʦʩʴ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʝʥʥʳʝ 

ʨʘʥʝʝ ʧʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʧʨʠʤʝʩʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʨʦʧʫʩʢʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʩʦʣʝʡ ʊʫʪʪʦʥʘ ʚ 

ʋʌ ʦʙʣʘʩʪʠ [25, 59]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ 

ʨʘʩʩʝʠʚʘʶʱʠʭ ʮʝʥʪʨʦʚ ʚ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ KCSH ʠ KNSH ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ 

ʚʳʩʦʢʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʋʌ ʦʙʣʘʩʪʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʡʜʝʥʳ 

ʩʧʦʩʦʙʳ ʠʭ ʫʤʝʥʴʰʝʥʠʷ.  

 

ʈʠʩʫʥʦʢ 3.13 - ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʚʳʨʘʱʝʥʥʳʭ ʚ ʩʪʘʪʠʯʝʩʢʦʤ 

(ʟʝʣʸʥʘʷ ʣʠʥʠʷ) ʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ (ʩʠʥʷʷ ʣʠʥʠʷ) ʨʝʞʠʤʘʭ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

[KCSH]:[KNSH] ʚ ʨʘʩʪʚʦʨʝ = 1:2, 1:1 ʠ 3,7:1  

 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ 

ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʤʝʰʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ KCNSH ʠ ʢʨʠʩʪʘʣʣʦʚ KCSH ʠ KNSH (ʪʘʙʣʠʮʘ 3.6). ʉʤʝʰʘʥʥʳʝ 
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ʢʨʠʩʪʘʣʣʳ KCNSH ʦʢʘʟʘʣʠʩʴ ʩʨʘʚʥʠʤʳ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʜʝʛʠʜʨʘʪʘʮʠʠ ʩ 

ʢʨʠʩʪʘʣʣʦʤ KNSH ʠ ʙʦʣʝʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʨʠʩʪʘʣʣʦʤ KCSH, 

ʢʦʪʦʨʳʡ, ʦʜʥʘʢʦ, ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʋʌ ʬʠʣʴʪʨʘ.  

 

ʊʘʙʣʠʮʘ 3.6 ï ʊʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ KCNSH (ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 1ʂ/ʤʠʥ) 

ʉʦʦʪʥʦʰʝʥʠʝ [KCSH]:[KNSH] ʚ ʨʘʩʪʚʦʨʝ ʊʜʝʛ,Üʉ 

1:0 65 

3,7:1 82 

1:1 86 

1:2 86 

0:1 88 

 

3.7 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ KCNSH, 

ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ  

ʅʘ ʦʧʪʠʯʝʩʢʠʭ ʬʦʪʦʛʨʘʬʠʷʭ ʢʨʠʩʪʘʣʣʦʚ (ʨʠʩʫʥʦʢ 3.7) ʚʠʜʥʦ, ʯʪʦ 

ʩʝʢʪʦʨʘ ʨʦʩʪʘ ʛʨʘʥʝʡ (110) ʠ (001) ʚʠʟʫʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʦʢʨʘʩʢʝ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʚ ʥʠʭ ʨʘʟʣʠʯʥʳ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʦʤʦʨʬʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʦʜʠʥʘʢʦʚʳ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʦʚ ʨʦʩʪʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʟʥʳʡ ʩʦʩʪʘʚ ʩʝʢʪʦʨʦʚ 

ʨʦʩʪʘ ʛʨʘʥʝʡ (110) ʠ (001) ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʨʝʱʠʥ ʥʘ ʩʝʢʪʦʨʠʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ (ʨʠʩʫʥʦʢ 3.7). ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʢʣʶʯʝʥʠʡ, ʪʨʝʱʠʥ ʠ ʤʠʢʨʦʪʨʝʱʠʥ ʦʙʥʘʨʫʞʝʥʦ ʚ ʢʨʠʩʪʘʣʣʝ 

KCNSH, ʚʳʨʘʱʝʥʥʦʤ ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ [KCSH]:[KNSH] = 3,7:1. ɺ 

ʦʩʪʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʚʢʣʶʯʝʥʠʷ ʠ ʢʨʫʧʥʳʝ ʪʨʝʱʠʥʳ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʩʝʢʪʦʨʘʭ 

ʨʦʩʪʘ ʛʨʘʥʝʡ (001). 

ʅʘ ʨʠʩʫʥʢʝ 3.14 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʪʦʧʦʛʨʘʤʤʳ ʩʤʝʰʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ 
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ʥʘ ʦʪʢʨʳʪʦʡ ʧʣʘʪʬʦʨʤʝ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʠ ʧʨʠ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʤʘʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ. 

  

ʘ ʙ 

ʈʠʩʫʥʦʢ 3.14 - ʊʦʧʦʛʨʘʤʤʳ ʢʨʠʩʪʘʣʣʦʚ KCNSH: ʘ ï ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ [KCSH]:[KNSH] 

= 1:2, ʩʪʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʙ ï ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ [KCSH]:[KNSH] = 3,7:1, ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʨʝʞʠʤ 

 

ʅʘ ʪʦʧʦʛʨʘʤʤʝ ʢʨʠʩʪʘʣʣʘ, ʚʳʨʘʱʝʥʥʦʛʦ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ (ʨʠʩʫʥʦʢ 

3.14 ʘ), ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʘ ʩʝʢʪʦʨʠʘʣʴʥʘʷ ʛʨʘʥʠʮʘ ʩ ʦʙʰʠʨʥʦʡ ʦʙʣʘʩʪʴʶ ʫʧʨʫʛʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚʦʢʨʫʛ ʥʝʝ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʥʥʦ ʩʝʢʪʦʨʠʘʣʴʥʘʷ ʛʨʘʥʠʮʘ 

ʛʝʥʝʨʠʨʫʝʪ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʜʘʥʥʦʤ ʢʨʠʩʪʘʣʣʝ. ʕʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʠʜʠʤʦʡ ʨʘʟʥʠʮʝʡ ʚ ʦʢʨʘʩʢʝ ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʦʚ ʨʦʩʪʘ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʱʠʥ ʥʘ ʩʝʢʪʦʨʠʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʠʤʝʥʥʦ ʩʝʢʪʦʨʠʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʥʘʠʙʦʣʝʝ 

ʩʠʣʴʥʳʭ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ KCNSH. 

ʂʨʠʩʪʘʣʣ, ʚʳʨʘʱʝʥʥʳʡ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʠʤʝʝʪ ʙʦʣʝʝ ʥʠʟʢʦʝ 

ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʠ ʩʠʣʴʥʦ ʥʝʦʜʥʦʨʦʜʝʥ ʧʦ ʩʦʩʪʘʚʫ (ʨʠʩʫʥʦʢ 3.14 ʙ). 

ɺʝʨʦʷʪʥʦ, ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʫʭʫʜʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ.  

ʅʘ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʜʝʬʝʢʪʦʚ, ʩʥʠʞʘʶʱʠʭ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʋʌ ʜʠʘʧʘʟʦʥʘ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʮʝʣʳʡ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʘ ʠ ʫʩʣʦʚʠʷ ʨʦʩʪʘ. 
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ʇʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH 

ʥʝʦʙʭʦʜʠʤ ʧʦʜʙʦʨ ʤʝʪʦʜʠʢʠ ʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʦʩʪʘ. 

 

ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 3 

1) ʀʩʩʣʝʜʦʚʘʥʘ ʩʦʚʤʝʩʪʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʦʣʝʡ KCSH ʠ KNSH ʚ ʚʦʜʝ ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 20 ï 60 Áʉ. ɼʣʷ ʧʷʪʠ ʩʦʩʪʘʚʦʚ ʨʘʩʪʚʦʨʘ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ [KCSH]:[KNSH] ʧʦʣʫʯʝʥʳ ʧʦʣʠʪʝʨʤʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ.  

2) ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʦʪ ʩʦʩʪʘʚʘ 

ʨʘʩʪʚʦʨʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʥʘʡʜʝʥ ʦʙʦʙʱʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

3) ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʩʦʩʪʘʚʝ ʨʘʚʥʦʚʝʩʥʳʭ ʬʘʟ 

ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʝ K2SO4 - NiSO4 - CoSO4 ï 

H2O ʧʨʠ ʊ = 40 Áʉ. 

4) ʄʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʥʘ ʦʪʢʨʳʪʦʡ ʧʣʘʪʬʦʨʤʝ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚʳʨʘʱʝʥʳ ʢʨʫʧʥʳʝ ʩʤʝʰʘʥʥʳʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ KCNSH ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʂʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʚʳʪʷʥʫʪʫʶ 

ʬʦʨʤʫ ʚ ʥʘʧʨʘʚʣʝʥʠʠ <001> ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʚʠʟʫʘʣʴʥʦ 

ʨʘʟʣʠʯʠʤʦʡ ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. ʀʟ-ʟʘ ʚʳʩʦʢʠʭ ʫʧʨʫʛʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʩʝʢʪʦʨʠʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ ʦʙʨʘʟʫʝʪʩʷ ʧʦʜʘʚʣʷʶʱʝʝ 

ʙʦʣʴʰʠʥʩʪʚʦ ʪʨʝʱʠʥ. 

5) ʀʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʢʘ ʨʦʩʪʘ ʛʨʘʥʠ (001) ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ [KCSH]:[KNSH] = 1:1 ʠ 1:2, ʦʧʨʝʜʝʣʝʥʳ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʪʫʧʝʥʝʡ.  

6) ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʪʨʝʭ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʠ 

ʢʨʠʩʪʘʣʣʦʚ ʢʨʘʡʥʠʭ ʯʣʝʥʦʚ ʠʟʦʤʦʨʬʥʦʛʦ ʨʷʜʘ KCSH ʠ KNSH. ʋʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʙʘʣʴʪʘ ʚ ʩʤʝʰʘʥʥʦʤ ʢʨʠʩʪʘʣʣʝ KCNSH ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʤʝʪʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʢʨʫʞʝʥʠʠ ʢʘʪʠʦʥʦʚ ʢʘʣʠʷ ʠ ʩʝʨʳ. ʆʩʥʦʚʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ (ʉʦ,Ni)O6-ʦʢʪʘʵʜʨʘʭ, ʚ ʢʦʪʦʨʳʭ ʤʦʥʦʪʦʥʥʦ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ Co/Ni-O. 
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7) ʀʩʩʣʝʜʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ, ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ KCNSH. ʇʦʜʪʚʝʨʞʜʝʥʦ, 

ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʜʝʛʠʜʨʘʪʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ ʫ 

ʢʨʠʩʪʘʣʣʘ KCSH. ɼʝʬʝʢʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʦʩʪʘ ʨʘʟʣʠʯʥʘ. ʇʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʧʨʦʧʫʩʢʘʥʠʝ ʚ 

ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ ʫ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ KNSH ʠ KCSH, ʧʨʠʯʝʤ ʩʪʝʧʝʥʴ ʧʦʜʘʚʣʝʥʠʷ 

ʧʘʨʘʟʠʪʥʳʭ ʧʦʣʦʩ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ɚ = 490 ʠ ɚ = 710 ʥʤ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʥʠʢʝʣʝʚʦʛʦ ʠ ʢʦʙʘʣʴʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʨʠʩʪʘʣʣʝ.  ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʩʥʠʞʝʥʠʝ ʧʨʦʟʨʘʯʥʦʩʪʠ ʚ ʋʌ-ʦʙʣʘʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ 

ʦʙʲʝʤʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ 

ʨʝʥʪʛʝʥʦʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ: ʥʘ ʪʦʧʦʛʨʘʤʤʘʭ ʦʪʯʝʪʣʠʚʦ 

ʚʠʜʥʘ ʩʝʢʪʦʨʠʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ, ʷʚʣʷʶʱʘʷʩʷ ʚʦʟʤʦʞʥʦʡ 

ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʠ ʪʨʝʱʠʥ.  

ʇʦʜʚʦʜʷ ʠʪʦʛ ʵʪʦʡ ʛʣʘʚʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʦʩʥʦʚʥʦʡ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʢʨʫʧʥʳʝ 

ʩʤʝʰʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ KCNSH ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʛʨʘʥʢʦʡ. ʆʜʥʘʢʦ ʚʳʨʘʱʝʥʥʳʝ 

ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʢʨʠʩʪʘʣʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʝʢʪʦʨʠʘʣʴʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʷʚʣʷʶʱʝʡʩʷ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʫʧʨʫʛʠʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʪʨʝʱʠʥ ʠ ʚʢʣʶʯʝʥʠʡ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʩʥʠʞʝʥʠʶ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʋʌ ʦʙʣʘʩʪʠ. ʉ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʫʩʣʦʚʠʷ ʨʦʩʪʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ ʜʝʬʝʢʪʦʚ. 
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ɻʃɸɺɸ 4 ʉɽʂʊʆʈʀɸʃʔʅɸʗ ʀ ɿʆʅɸʈʅɸʗ ʅɽʆɼʅʆʈʆɼʅʆʉʊʔ 

ʉʄɽʐɸʅʅʓʍ ʂʈʀʉʊɸʃʃʆɺ KCNSH 

4.1 ʉʝʢʪʦʨʠʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH  

ʇʦʩʢʦʣʴʢʫ ʢʨʫʧʥʳʝ ʦʛʨʘʥʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ KCNSH ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʠʟʫʘʣʴʥʦ ʨʘʟʣʠʯʠʤʦʡ ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-

ʵʤʠʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʠʭ ʩʦʩʪʘʚ ʚ ʩʝʢʪʦʨʘʭ ʨʦʩʪʘ ʛʨʘʥʝʡ (110) 

ʠ (001). ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʚ ʢʨʠʩʪʘʣʣʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

4.1. 
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ʈʠʩʫʥʦʢ 4.1 - ɺʠʜ ʩʚʝʨʭʫ (ʘ) ʥʘ ʩʤʝʰʘʥʥʳʡ ʢʨʠʩʪʘʣʣ KCNSH, ʚʳʨʦʩʰʠʡ ʥʘ ʦʪʢʨʳʪʦʡ 

ʧʣʘʪʬʦʨʤʝ, ʠ ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʮʦʚ (ʙ) ʜʣʷ ʠʟʫʯʝʥʠʷ ʝʛʦ ʩʦʩʪʘʚʘ ʧʦ ʩʝʢʪʦʨʘʤ 

ʨʦʩʪʘ 

 

ʂʨʠʩʪʘʣʣʳ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʥʘ ʦʪʢʨʳʪʦʡ ʧʣʘʪʬʦʨʤʝ ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘʭ ʦʙʲʝʤʦʤ 0,5-1,0 ʣ ʧʨʠ 

ʥʘʯʘʣʴʥʦʤ ʧʝʨʝʦʭʣʘʞʜʝʥʠʠ ʨʘʩʪʚʦʨʘ 0,1 ï 0,2 Üʉ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʝʰʘʣʢʠ 

ʩʦʩʪʘʚʣʷʣʘ 60 ʦʙ/ʤʠʥ, ʧʨʠ ʵʪʦʤ ʦʮʝʥʦʯʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʘʩʪʚʦʨʘ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩʦʩʪʘʚʣʷʣʘ ʧʨʠʤʝʨʥʦ 25 ʩʤ/ʩ.  ʆʙʨʘʟʮʳ ʜʣʷ ʘʥʘʣʠʟʘ 

ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʮʝʥʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʝʢʪʦʨʦʚ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʧʘʜʘʥʠʷ 

ʚ ʧʨʦʙʫ ʫʯʘʩʪʢʦʚ ʩʦʩʝʜʥʠʭ ʩʝʢʪʦʨʦʚ ʠ ʟʘʪʨʘʚʦʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 4.1 ʙ). 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.1.  
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ʊʘʙʣʠʮʘ 4.1 - ʉʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʝʢʪʦʨʘʭ ʨʦʩʪʘ (110) ʠ (001) 

ʢʨʠʩʪʘʣʣʦʚ K2NixCo(1-x)(SO4)2Ŀ6H2O 

ʉʦʦʪʥʦʰʝʥʠʝ 

[KCSH]:[KNSH] 

ʚ ʩʦʣʝʚʦʡ ʤʘʩʩʝ 

ʨʘʩʪʚʦʨʘ 

Cʝʢʪʦʨ 

ʨʦʩʪʘ 

xCo ʚ ʢʨʠʩʪʘʣʣʝ, 

ʤʘʩʩ. % 

ʂʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

KCSH, kxCo KNSH, kxNi 

3,7:1 
(110) 57,6Ñ1,8 0,73 2,02 

(001) 48,9Ñ1,8 0,62 2,43 

2:1 
(110) 37,8Ñ0,9 0,56 1,88 

(001) 27,5Ñ0,5 0,41 2,20 

1:1 
(110) 28,4Ñ0,9 0,57 1,43 

(001) 19,9Ñ0,7 0,40 1,60 

1:2 
(110) 18,2Ñ0,6 0,55 1,23 

(001) 12,6Ñ0,4 0,38 1,31 

1:4 
(110) 7,5Ñ0,4 0,375 1,16 

(001) 4,6Ñ0,3 0,23 1,19 

 

ɼʘʥʥʳʝ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʦʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʝʢʪʦʨʝ ʨʦʩʪʘ ʛʨʘʥʠ (001) ʤʝʥʴʰʝ, ʯʝʤ ʚ ʩʝʢʪʦʨʝ (110). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʛʨʘʬʠʢʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʩʪʘʚ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʜʝʣʷʪʴ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʦʚ. ɼʣʷ ʵʪʦʛʦ ʤʝʪʦʜʦʤ 

ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ, 

ʚʳʨʝʟʘʥʥʳʭ ʠʟ ʩʝʢʪʦʨʦʚ ʨʦʩʪʘ ʛʨʘʥʝʡ (110) ʠ (001) ʦʛʨʘʥʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʛʨʘʥʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ 

(ʨʠʩʫʥʦʢ 4.2).  
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ʈʠʩʫʥʦʢ 4.2 - ʉʦʩʪʘʚ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH (ʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʣʝʡ (ʙ) ʚ ʩʝʢʪʦʨʘʭ ʨʦʩʪʘ {001} ʠ {110} 

 

ɿʥʘʯʝʥʠʷ ʦʙʦʙʱʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʩʝʢʪʦʨʦʚ 

ʨʦʩʪʘ {110} ʠ {001} ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ K110 = 2,8Ñ0,4 ʠ K001 =4,4Ñ0,8. 

ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʟʥʘʯʝʥʠʷ ʠ ʫʨʘʚʥʝʥʠʝ (3.8), ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʝʣʠʯʠʥʫ 

ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʤʘʪʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ: 

Dὼ
ρ

ὑ ρ ώ ώ

ρ

ὑ ρ ώ ώ
ώ  (4.1) 

  

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.3. ʅʘ ʛʨʘʬʠʢʝ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤ 

ʩʤʝʱʝʥ ʚ ʩʪʦʨʦʥʫ ʨʘʩʪʚʦʨʦʚ ʩ ʠʟʙʳʪʢʦʤ ʢʦʙʘʣʴʪʘ, ʪʦ ʝʩʪʴ ʢʨʠʩʪʘʣʣʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʪʘʢʠʭ ʨʘʩʪʚʦʨʦʚ, ʙʫʜʫʪ ʙʦʣʝʝ ʥʝʦʜʥʦʨʦʜʥʳ ʧʦ ʩʦʩʪʘʚʫ. 
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ʈʠʩʫʥʦʢ 4.3 - ʈʘʟʥʠʮʘ ʩʦʩʪʘʚʦʚ ʩʝʢʪʦʨʦʚ ʨʦʩʪʘ {001} ʠ {100} ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

KCNSH ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ 

 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ K110 ʠ K001, 

ʢʘʢ ʠ ʦʧʠʩʘʥʥʦʛʦ ʚʳʰʝ ʫʩʨʝʜʥʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ K, ʥʝ ʷʚʣʷʶʪʩʷ 

ʨʘʚʥʦʚʝʩʥʳʤʠ, ʪʘʢ ʢʘʢ ʥʘʡʜʝʥʳ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʩʤʝʰʘʥʥʦʤ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʢʦʛʜʘ ʩʦʩʪʘʚʳ ʨʘʩʪʚʦʨʘ ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʠ ʚʜʘʣʠ ʦʪ ʥʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ (ʯʪʦ ʙʫʜʝʪ 

ʧʦʢʘʟʘʥʦ ʥʠʞʝ). ʕʪʠ ʟʥʘʯʝʥʠʷ ʦʪʨʘʞʘʶʪ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʦʚ ʢʨʠʩʪʘʣʣʘ ʠ 

ʨʘʩʪʚʦʨʘ ʚ ʝʛʦ ʦʙʲʝʤʝ, ʪʦ ʝʩʪʴ ʜʘʶʪ ʥʘʤ ʵʬʬʝʢʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ, ʚʝʨʥʳʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ (ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ, ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʨʘʩʪʚʦʨʘ). ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʣʠʰʴ 

ʜʣʷ ʧʨʠʙʣʠʞʝʥʥʳʭ ʦʮʝʥʦʢ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ, ʝʩʣʠ ʧʨʠ ʵʪʦʤ ʥʝ 

ʦʛʦʚʘʨʠʚʘʶʪʩʷ ʫʩʣʦʚʠʷ ʠʭ ʧʦʣʫʯʝʥʠʷ.  

 

4.2 ʈʦʩʪ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʚ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʷʭ 

ʀʟ-ʟʘ ʙʦʣʴʰʦʡ ʩʝʢʪʦʨʠʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʥʘ ʩʝʢʪʦʨʠʘʣʴʥʳʭ ʛʨʘʥʠʮʘʭ ʚʦʟʥʠʢʘʶʪ ʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ, 

ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʜʫʪ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʘ. ʈʝʰʝʥʠʝʤ ʵʪʦʡ 
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ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʘ ʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʷʭ, ʢʦʛʜʘ 

ʥʘ ʟʘʪʨʘʚʦʯʥʦʤ ʢʨʠʩʪʘʣʣʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʟʘ ʩʯʝʪ 

ʦʜʥʦʡ ʛʨʘʥʠ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʨʦʩʪʘ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʦʩʣʝʜʫʶʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

 

ʈʠʩʫʥʦʢ 4.4 - ɺʠʜ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʷʭ 

 

ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʠ ʠʟ ʦʨʛʩʪʝʢʣʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʚʥʫʪʨʝʥʥʠʤ 

ʜʠʘʤʝʪʨʦʤ ʦʪ 18 ʜʦ 32 ʤʤ (ʨʠʩʫʥʦʢ 4.4). ɿʘʪʨʘʚʦʯʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʜʠʩʢʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʚʳʨʝʟʘʣʠ ʠʟ ʦʜʥʦʛʦ ʩʝʢʪʦʨʘ ʨʦʩʪʘ ʠ ʧʨʠʢʣʝʠʚʘʣʠ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ ʢʦ ʜʥʫ ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʝʡ.  

ʇʨʦʬʠʣʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ KCNSH ʧʦʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ) ʠ ʚ ʩʪʘʪʠʯʝʩʢʦʤ, - ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

[KCSH]:[KNSH] = 3,7:1, 1:1, 1:2. ɺ ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʨʘʟʥʳʡ ʨʝʞʠʤ ʠ 

ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʘ) ʙʳʣʦ ʚʳʨʘʱʝʥʦ ʧʦ 2-3 ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 4.5). ɺ ʢʘʯʝʩʪʚʝ 

ʟʘʪʨʘʚʦʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʥʠʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʣʘʩʪʠʥʳ ʢʨʠʩʪʘʣʣʦʚ 

KNSH ʠ ʧʣʘʩʪʠʥʘ ʢʨʠʩʪʘʣʣʘ KCSH ʜʣʷ ʢʨʠʩʪʘʣʣʘ KCNSH, ʚʳʨʘʱʝʥʥʦʛʦ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ [KCSH]:[KNSH]=3,7:1. 

ʅʘʯʘʣʴʥʦʝ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʨʘʩʪʚʦʨʘ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,1 ʜʦ 0,9 
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Áʉ. ʅʦʨʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʩʦʩʪʘʚʣʷʣʘ 0,2 - 1 ʤʤ/ʩʫʪʢʠ. ʉʢʦʨʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʤʝʰʘʣʢʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʙʳʣʘ 60 ʦʙ/ʤʠʥ.  

ʇʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʚ ʝʛʦ ʛʘʙʠʪʫʩʝ ʧʦʷʚʣʷʣʠʩʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʨʘʥʠ ʫ ʩʪʝʥʢʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʷ. ʇʦʩʢʦʣʴʢʫ ʥʦʨʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʨʘʥʠ (001) ʙʦʣʴʰʝ, ʯʝʤ ʛʨʘʥʠ (110), ʪʦ ʙʦʣʝʝ ʟʘʤʝʪʥʦʝ 

ʚʳʢʣʠʥʠʚʘʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʫ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʟʘʪʨʘʚʢʘʭ ʩ 

ʦʨʠʝʥʪʘʮʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (001) (ʨʠʩʫʥʦʢ 4.5 ʙ).  

 

 

ʘ 

 

ʙ 

 

ʚ 

ʈʠʩʫʥʦʢ 4.5 - ʉʤʝʰʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ KCNSH, ʚʳʨʘʱʝʥʥʳʝ ʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʷʭ 

ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

[KCSH]:[KNSH]: ʘ ï 3,7:1, ʙ - 1:1, ʚ - 1:2 

 

4.3 ʉʪʨʫʢʪʫʨʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʠ ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ 

ʦʙʨʘʟʮʳ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥ, ʚʳʨʝʟʘʥʥʳʭ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʦʩʪʘ (ʨʠʩʫʥʦʢ 4.6). 

ʅʘ ʨʠʩʫʥʢʝ 4.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʪʦʧʦʛʨʘʤʤʳ ʢʨʠʩʪʘʣʣʦʚ. 

ʇʨʦʬʠʣʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʣʦʢʘʮʠʡ 

(~ 104 ʩʤ-2), ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʥʘ ʛʨʘʥʠʮʝ ʟʘʪʨʘʚʢʠ ʠ ʢʨʠʩʪʘʣʣʘ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʟʘʪʨʘʚʦʯʥʳʝ ʧʣʘʩʪʠʥʳ ʩʚʦʙʦʜʥʳ ʦʪ ʥʠʭ. 
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3,7:1 

ʘ ʙ   

 

 

1:1 

ʚ ʛ   

  

1:2 

ʜ ʝ   

ʈʠʩʫʥʦʢ 4.6 - ʇʣʘʩʪʠʥʳ, ʚʳʨʝʟʘʥʥʳʝ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʦʩʪʘ, ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ (ʘ, ʚ, 

ʜ) ʠ ʩʪʘʪʠʯʝʩʢʦʤ (ʙ, ʛ, ʝ) ʨʝʞʠʤʘʭ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʚ ʤʘʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ 

[KCSH]:[KNSH] = 3,7:1 (ʘ, ʙ), 1:1 (ʚ, ʛ), 1:2 (ʜ, ʝ)  

 

ʀʩʪʦʯʥʠʢʘʤʠ ʜʠʩʣʦʢʘʮʠʡ ʷʚʣʷʶʪʩʷ ʚʢʣʶʯʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ 

ʛʝʪʝʨʦʛʨʘʥʠʮʝ ʠʟ-ʟʘ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ [59]. ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ 

ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʝʱʠʥʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ 

ʢʨʠʩʪʘʣʣʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʥʘ ʨʠʩʫʥʢʝ 4.7 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ 

ʜʝʬʝʢʪʦʚ (ʪʨʝʱʠʥ ʠ ʜʠʩʣʦʢʘʮʠʡ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʝʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʘʩʪʚʦʨʝ. 



111 

 

 

ʘ 
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3,7:1 

 

ʚ 

 

ʛ 

1:1 

 

ʜ 

 

ʝ 

1:2 

ʈʠʩʫʥʦʢ 4.7 - ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʪʦʧʦʛʨʘʤʤʳ ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʚʳʨʘʱʝʥʥʳʭ ʚ 

ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʷʭ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ (ʘ, ʚ, ʜ) ʠ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ (ʙ, ʛ, ʝ) 

ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʷʤʠ [KCSH]:[KNSH]= 3,7:1 (ʘ, ʙ), 1:1 (ʚ, ʛ), 1:2 (ʜ, ʝ). ɼ ï 

ʜʠʩʣʦʢʘʮʠʠ, ʊ- ʪʨʝʱʝʥʳ, g ï ʚʝʢʪʦʨ ʜʠʬʨʘʢʮʠʠ 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ Olympus LEXT OL3100 ʥʘ ʛʨʘʥʠʮʝ ʩ ʟʘʪʨʘʚʦʯʥʳʤ ʢʨʠʩʪʘʣʣʦʤ ʠ ʚ 

ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚʢʣʶʯʝʥʠʷ (ʨʠʩʫʥʦʢ 4.8 ʘ, ʙ), ʢʦʪʦʨʳʝ 

ʩʣʫʞʘʪ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ, ʚʳʷʚʣʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 

ʨʝʥʪʛʝʥʦʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʨʠʩʫʥʦʢ 4.7). ʊʘʢʞʝ ʥʘ ʦʧʪʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʠʜʥʳ ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʷʤʢʠ ʪʨʘʚʣʝʥʠʷ, ʪʨʝʱʠʥʳ (ʨʠʩʫʥʦʢ 4.8 
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ʚ, ʛ) ʠ ʩʝʢʪʦʨʠʘʣʴʥʘʷ ʛʨʘʥʠʮʘ (ʨʠʩʫʥʦʢ 4.8 ʝ), ʢʦʪʦʨʘʷ ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ 

ʦʙʨʘʟʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʨʘʥʝʡ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ. 

 

   

ʘ ʙ ʚ 

   

ʛ ʜ ʝ 

ʈʠʩʫʥʦʢ 4.8 - ʆʧʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʚʳʨʘʱʝʥʥʳʭ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ [KCSH]:[KNSH]=1:1 (ʘ, ʚ, ʝ), 3,7:1 (ʙ, ʜ), 1:2 (ʛ); ʘ- 

ʚʢʣʶʯʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ çʟʘʪʨʘʚʢʘ ï ʢʨʠʩʪʘʣʣè, ʙ - ʚʢʣʶʯʝʥʠʷ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ, ʚ - 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʝ ʷʤʢʠ ʪʨʘʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ çʟʘʪʨʘʚʢʘ ï ʢʨʠʩʪʘʣʣè, ʛ - ʪʨʝʱʠʥʘ ʚ 

ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ, ʜ - ʧʝʨʝʭʦʜʥʘʷ ʟʦʥʘ ʚʦʢʨʫʛ ʟʘʪʨʘʚʦʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʝ - ʩʝʢʪʦʨʠʘʣʴʥʘʷ  

ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʩʝʢʪʦʨʘʤʠ {001} ʠ {110} 

 

ɹʳʣʠ ʠʟʤʝʨʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʆʪ ʛʦʪʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʪʨʝʟʘʣʘʩʴ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʚʳʩʦʪʦʡ 8 ʤʤ, 

ʪʦʨʮʳ ʢʦʪʦʨʦʡ ʧʦʣʠʨʦʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʦʙʨʘʟʮʦʚ ʜʣʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʦʧʠʩʘʥʥʦʡ ʚ ɻʣʘʚʝ 2. 

ʇʦʩʢʦʣʴʢʫ ʚʦ ʚʩʝʭ ʢʨʠʩʪʘʣʣʘʭ ʠʤʝʣʠʩʴ ʢʘʢʠʝ-ʣʠʙʦ ʜʝʬʝʢʪʳ, ʩʧʝʢʪʨʳ ʙʳʣʠ 

ʩʥʷʪʳ ʚ ʜʚʫʭ ʦʙʣʘʩʪʷʭ ʢʨʠʩʪʘʣʣʦʚ: ʚ ʚʠʟʫʘʣʴʥʦ ʯʠʩʪʦʡ ʠ ʚ ʦʙʣʘʩʪʠ ʩ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʠʜʠʤʳʭ ʜʝʬʝʢʪʦʚ (ʨʠʩʫʥʦʢ 4.9).  
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ʈʠʩʫʥʦʢ 4.9 - ʆʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH, 

ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ [KCSH]:[KNSH]  

 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʠʜʠʤʳʭ ʜʝʬʝʢʪʦʚ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤʠ ʧʠʢʘʤʠ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʋʌ ʦʙʣʘʩʪʠ ʠ 

ʥʠʟʢʠʤʠ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ (ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ʥʘ ʨʠʩʫʥʢʝ 4.9). ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ 

ʚ ʥʠʭ ʜʝʬʝʢʪʦʚ ʦʞʠʜʘʝʤʦ ʩʠʣʴʥʦ ʩʥʠʞʘʝʪ ʧʨʦʧʫʩʢʘʥʠʝ ʚ ʋʌ ʦʙʣʘʩʪʠ 

(ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ʥʘ ʨʠʩʫʥʢʝ 4.9). 

ʄʳ ʦʮʝʥʠʣʠ ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ ʚʢʣʶʯʝʥʠʡ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʦʙʣʘʩʪʷʭ, ʨʘʩʩʯʠʪʘʥʥʫʶ ʩ ʫʯʝʪʦʤ ʛʣʫʙʠʥʳ ʨʝʟʢʦʩʪʠ ʤʠʢʨʦʩʢʦʧʘ ʄɹʉ-10, 

ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ~ 1,5 ʤʤ (ʨʠʩʫʥʦʢ 4.10).  
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2,0Ā104 ʩʤ-3 

ʘ 

 
3,0Ā103 ʩʤ-3 

ʙ 

 
2,0Ā104 ʩʤ-3 

ʚ 

 
8,0Ā103 ʩʤ-3 

ʛ 

 
2,0Ā104 ʩʤ-3 

ʜ 

 
4,0Ā103 ʩʤ-3 

ʝ 

ʈʠʩʫʥʦʢ 4.10 ï ʇʣʦʪʥʦʩʪʴ ʚʢʣʶʯʝʥʠʡ ʚ ʦʙʣʘʩʪʷʭ ʩ ʚʢʣʶʯʝʥʠʷʤʠ (ʘ, ʚ, ʜ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʯʠʩʪʳʭ (ʙ, ʛ, ʝ), ʥʘ ʢʦʪʦʨʳʭ ʙʳʣʠ ʩʥʷʪʳ ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

KCNSH, ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ [KCSH]:[KNSH]= 3,7:1 (ʘ, ʙ), 1:1 (ʚ, ʛ), ʠ 1:2 (ʜ, ʝ)  
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ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʮʝʣʦʤ ʧʨʦʟʨʘʯʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʚ ʋʌ ʦʙʣʘʩʪʠ 

(ʨʠʩʫʥʦʢ 4.9) ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʙʨʘʟʮʦʚ (ʨʠʩʫʥʢʠ 4.7 ʠ 

4.10). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʫʩʪʨʘʥʠʪʴ ʩʝʢʪʦʨʠʘʣʴʥʫ  ʁʥʝʦʜʥʦʨʦʜʥʦʩʪʴ. ʅʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʠʯʠʥʳ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʳʭ ʚʠʜʦʚ ʜʝʬʝʢʪʦʚ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚ 

ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʠ ʠʩʢʘʪʴ ʧʫʪʠ ʠʭ ʫʩʪʨʘʥʝʥʠʷ. 

 

4.4 ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʦʥʘʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ KCNSH 

ʀʩʧʦʣʴʟʫʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ ʦʪ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ (ʨʠʩʫʥʦʢ 

4.2 ʘ) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʤʝʰʘʥʥʳʭ ʩʦʣʝʡ (ʧ. 3.1), 

ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚʜʦʣʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʦʩʪʘ. ʇʫʩʪʴ ʤʘʩʩʘ ʚʦʜʳ ʚ ʨʘʩʪʚʦʨʝ ʨʘʚʥʘ 400 ʛ (ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʤʝʨʥʦ 0,5 ʣʠʪʨʘʤ ʨʘʩʪʚʦʨʘ), ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʘʩʪʚʦʨʘ - 44 Áʉ, ʨʘʜʠʫʩ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ὶ - 1 ʩʤ, ʘ ʝʛʦ ʧʣʦʪʥʦʩʪʴ 

”  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʜʘʥʥʳʤ (ʪʘʙʣʠʮʘ 3.5). ʇʦ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ὅ = f (T) (ʫʨʘʚʥʝʥʠʷ (3.1) ï (3.3.)) ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʤʝʰʘʥʥʳʭ ʩʦʣʝʡ KCNSH, ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʣʝʡ KCSH ʠ KNSH, ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

[KCSH]:[KNSH] = 3,7:1, 1:1, 1:2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 44 Áʉ (ά  ά ά , 

i ï ʥʦʤʝʨ ʰʘʛʘ ʚ ʠʪʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʝ ʨʘʩʯʝʪʘ.). ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʩʪʚʦʨʝ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ [KCSH]:[KNSH] = 3,7:1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 44 Áʉ ʠ ά̃ ̜̏̅ 400 ʛ 

ʤʘʩʩʘ ʩʤʝʰʘʥʥʦʡ ʩʦʣʠ ʨʘʚʥʘ ά =94,4 ʛ ( ά  =74,32 ʛ, ά  =20,08 ʛ).    

ʈʘʩʩʤʦʪʨʠʤ ʠʪʝʨʘʮʠʦʥʥʫʶ ʩʭʝʤʫ ʨʘʩʯʝʪʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ KCNSH, 

ʩʯʠʪʘʷ, ʯʪʦ ʥʘ ʢʘʞʜʦʤ i-ʦʤ ʰʘʛʝ ʜʣʠʥʘ ʢʨʠʩʪʘʣʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 

ʧʦʩʪʦʷʥʥʫʶ ʚʝʣʠʯʠʥʫ ȹl. ʊʦʛʜʘ ʤʘʩʩʘ ʢʨʠʩʪʘʣʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 

ȹὓ = “Ͻ ὶϽ”ϽЎὰ (4.2) 
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ʇʦʩʢʦʣʴʢʫ ʘʪʦʤʥʳʝ ʤʘʩʩʳ Ni ʠ Co ʙʣʠʟʢʠ (MNi=58,7 ʛ/ʤʦʣʴ, MCo=58,9 

ʛ/ʤʦʣʴ) ʠ ʪʘʢʞʝ ʙʣʠʟʢʠ ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʢʨʠʩʪʘʣʣʦʚ KNSH ʠ KCSH 

(ʪʘʙʣʠʮʘ 3.5), ʤʳ ʥʝ ʫʯʠʪʳʚʘʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ KCNSH ʦʪ 

ʝʛʦ ʩʦʩʪʘʚʘ ʠ ʧʦʣʘʛʘʝʤ r=2,23 ʛ/ʩʤ3. ʄʳ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʢʨʠʩʪʘʣʣ 

ʨʘʩʪʝʪ ʚ ʢʠʥʝʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ, ʪʦ ʝʩʪʴ ʩʦʩʪʘʚʳ ʨʘʩʪʚʦʨʘ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʘ ʠ ʚʜʘʣʠ ʦʪ ʥʝʝ ʦʜʠʥʘʢʦʚʳ. 

ʇʫʩʪʴ ʥʘ i-ʦʤ ʰʘʛʝ ʤʘʩʩʦʚʳʝ ʜʦʣʠ KCSH ʚ ʢʨʠʩʪʘʣʣʝ ʠ ʚ ʩʦʣʝʚʦʡ ʤʘʩʩʝ 

ʨʘʩʪʚʦʨʘ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ὼ  ʠ ώ , ʧʨʠ ʵʪʦʤ ὼ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʫʨʘʚʥʝʥʠʷ (3.8): 

ὼ  = 
 

 (4.3) 

ʊʦʛʜʘ ʤʘʩʩʳ ʠʟʦʤʦʨʬʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʘʨʦʩʰʝʤ ʩʣʦʝ ʨʘʚʥʳ: 

ȹὓ = ȹὓ *ὼ  (4.4) 

ȹὓ = ȹὓ  - ȹά  (4.5) 

ɺʩʣʝʜʩʪʚʠʝ ʧʝʨʝʭʦʜʘ ʠʟʦʤʦʨʬʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʨʠʩʪʘʣʣ ʚ ʨʘʟʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʠʭ ʤʘʩʩʳ ʚ ʨʘʩʪʚʦʨʝ ʠʟʤʝʥʷʪʩʷ ʠ ʩʪʘʥʫʪ ʨʘʚʥʳ: 

ά = ά -ȹ ὓ  (4.6) 

ά = ά -ȹ ὓ  (4.7) 

ʊʦʛʜʘ ʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ώ  ʚ ʩʦʣʝʚʦʡ ʤʘʩʩʝ ʨʘʩʪʚʦʨʘ ʠ ὼ  ʚ 

ʩʣʝʜʫʶʱʝʤ ʩʣʦʝ ʢʨʠʩʪʘʣʣʘ ʩʪʘʥʫʪ ʨʘʚʥʳ: 

ώ =  (4.8) 

ὼ = 
ᶻ

 (4.9) 

ʈʝʟʫʣʴʪʘʪʳ ʠʪʝʨʘʮʠʦʥʥʳʭ ʨʘʩʯʝʪʦʚ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʜʣʠʥʝ 2 ʩʤ 

ʜʣʷ ʩʝʢʪʦʨʦʚ ʨʦʩʪʘ {001} (K001 =4,4) ʠ {110} (K110 = 2,8) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 4.11.   
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ʈʠʩʫʥʦʢ 4.11 - ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʛʦ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

KCNSH ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʦʩʪʘ ʛʨʘʥʝʡ (001) ʠ (110). ʂʨʠʚʳʝ ʦʜʥʦʛʦ ʮʚʝʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʩʦʩʪʘʚʫ ʨʘʩʪʚʦʨʘ ʩ ʦʜʠʥʘʢʦʚʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ [KCSH]:[KNSH]. ʊʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

 

 ʅʘ ʛʨʘʬʠʢʝ ʚʠʜʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʥʘʯʘʣʴʥʳʭ ʩʣʦʝʚ ʢʨʠʩʪʘʣʣʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʧʦʩʣʝʜʥʠʭ ʥʘʨʘʩʪʘʶʱʠʭ ʩʣʦʝʚ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ. ɺ ʩʝʢʪʦʨʝ (001) 

ʢʨʠʩʪʘʣʣʘ, ʚʳʨʘʱʝʥʥʦʛʦ ʠʟ ʨʘʩʪʚʦʨʘ, ʦʙʦʛʘʱʝʥʥʦʛʦ ʢʦʙʘʣʴʪʦʚʳʤ 

ʢʦʤʧʦʥʝʥʪʦʤ, ʵʪʘ ʨʘʟʥʠʮʘ ʜʦʩʪʠʛʘʝʪ 8 ʤʘʩʩ. %.  

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʦʩʪʘ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

KCNSH, ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ (ʪʦʯʢʠ ʥʘ 

ʨʠʩʫʥʢʝ 4.11). ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʚʳʨʘʱʝʥʥʳʭ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ [KCSH]:[KNSH] = 1:1 ʠ 1:2, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʩʝʢʪʦʨʘ 

{001}, ʜʣʷ ʢʨʠʩʪʘʣʣʘ, ʚʳʨʘʱʝʥʥʦʛʦ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

[KCSH]:[KNSH] = 3,7:1, ï ʜʣʷ {110}. ʅʘ ʛʨʘʬʠʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʨʝʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʙʘʣʴʪʘ ʚ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʥʝ ʧʦʩʪʦʷʥʥʘ, ʘ ʝy 

ʠʟʤʝʥʝʥʠʝ ʧʦ ʜʣʠʥʝ ʢʨʠʩʪʘʣʣʘ ʙʣʠʟʢʦ ʢ ʨʘʩʩʯʠʪʘʥʥʦʤʫ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʟʦʥʘʨʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʟʥʘʯʠʪʝʣʴʥʘ, ʠ ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʧʨʠʥʷʪʴ ʤʝʨʳ 

ʜʣʷ ʝʸ ʫʩʪʨʘʥʝʥʠʷ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ.  

 

4.5 ʈʘʩʯʝʪ ʧʦʜʧʠʪʢʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʦʥʘʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH  

ɺʦʟʤʦʞʥʳʤ ʩʧʦʩʦʙʦʤ ʫʩʪʨʘʥʝʥʠʷ ʟʦʥʘʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ (ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʷ ʜʦ ʧʨʠʝʤʣʝʤʳʭ ʟʥʘʯʝʥʠʡ) ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʧʠʪʢʠ 

ʨʘʩʪʚʦʨʘ, ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ 

ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʦʩʪʘ. 

ʉʘʤʦ ʧʦ ʩʝʙʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ ʥʘ ʬʨʦʥʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʈʘʩʯʝʪ, ʧʨʦʚʝʜʝʥʥʳʡ 

ʚ ʧʨʝʜʳʜʫʱʝʤ ʧʘʨʘʛʨʘʬʝ (ʨʠʩʫʥʦʢ 4.11), ʫʯʠʪʳʚʘʣ ʣʠʰʴ ʚʘʣʦʚʦʝ ʠʟʤʝʥʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʟʦʤʦʨʬʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʩʪʚʦʨʝ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʠʷ ʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʥʝ ʧʨʠʥʠʤʘʣʠʩʴ ʚʦ ʚʥʠʤʘʥʠʝ 

ʧʨʦʮʝʩʩʳ ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʦʪ ʩʢʦʨʦʩʪʠ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ 

ʧʦ ʦʙʲʝʤʫ ʨʘʩʪʚʦʨʘ. ʄʝʞʜʫ ʪʝʤ ʵʪʠ ʧʨʦʮʝʩʩʳ ʦʢʘʟʳʚʘʶʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʩʪʘʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʨʘʩʪʚʦʨʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʨʦʩʪʘ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ. 

ɺʧʝʨʚʳʝ ʟʘʜʘʯʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʞʜʫ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ 

ʬʘʟʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ 

ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʘʭ ʊʠʣʣʝʨʘ ʩ ʩʦʘʚʪʦʨʘʤʠ [123] ʠ ɹʘʨʪʦʥʘ, ʇʨʠʤʘ, 

ʉʣʠʭʪʝʨʘ [124] ʥʘ ʧʨʠʤʝʨʝ ʩʝʛʨʝʛʘʮʠʠ ʧʨʠʤʝʩʠ ʧʨʠ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʨʘʩʧʣʘʚʝ. ɺ ʩʘʤʦʤ ʦʙʱʝʤ ʚʠʜʝ ʵʪʘ ʟʘʜʘʯʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ʢʦʥʚʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʠ: 

 = DȹC ï (V )ɳC (4.10) 

ʛʜʝ C ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʚ ʞʠʜʢʦʡ ʬʘʟʝ, V ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ.  

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʦʙʦʟʥʘʯʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.2. 
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ʊʘʙʣʠʮʘ 4.2 - ʆʙʦʟʥʘʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʜʧʠʪʢʠ ʨʘʩʪʚʦʨʦʚ 

R ʥʦʨʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ 

t ʚʨʝʤʷ 

x 
ʢʦʦʨʜʠʥʘʪʘ ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʦʙʦʟʥʘʯʘʶʱʘʷ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ: x=Rt 

ὑ ʨʘʚʥʦʚʝʩʥʳʡ ʦʙʦʙʱʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ὑᶻ 
ʵʬʬʝʢʪʠʚʥʳʡ ʦʙʦʙʱʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ 

ὑὼ 
ʵʬʬʝʢʪʠʚʥʳʡ ʦʙʦʙʱʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʥʘʯʘʣʴʥʦʤ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʧʨʠ ʜʣʠʥʝ ʢʨʠʩʪʘʣʣʘ x 

Ὧ ʨʘʚʥʦʚʝʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ K2Co(SO4)Ŀ6H2O 

Ὧᶻ 
ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ K2Co(SO4)Ŀ6H2O ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ 

Ὧὼ 
ʵʬʬʝʢʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ K2Co(SO4) Ŀ6H2O ʚ 

ʥʘʯʘʣʴʥʦʤ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʧʨʠ ʜʣʠʥʝ ʢʨʠʩʪʘʣʣʘ x 

ʉ¤ ʤʦʣʴʥʘʷ ʜʦʣʷ K2Co(SO4)Ŀ6H2O ʚ ʩʦʣʝʚʦʡ ʤʘʩʩʝ ʚ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ 

ὅ ʤʦʣʴʥʘʷ ʜʦʣʷ K2Co(SO4)Ŀ6H2O ʚ ʩʦʣʝʚʦʡ ʤʘʩʩʝ ʨʘʩʪʚʦʨʘ ʥʘ ʛʨʘʥʠʮʝ ʬʘʟ 

ὅᶻ 
ʤʦʣʴʥʘʷ ʜʦʣʷ K2Co(SO4)Ŀ6H2O ʚ ʩʦʣʝʚʦʡ ʤʘʩʩʝ ʚ ʦʙʲʝʤʝ ʨʘʩʪʚʦʨʘ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ 

ὧὼ ʤʦʣʴʥʘʷ ʜʦʣʷ K2Co(SO4)Ŀ6H2O ʚ ʢʨʠʩʪʘʣʣʝ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʦʡ x 

ὧ ʥʘʯʘʣʴʥʘʷ ʤʦʣʴʥʘʷ ʜʦʣʷ K2Co(SO4)Ŀ6H2O ʚ ʢʨʠʩʪʘʣʣʝ 

ὧᶻ ʤʦʣʴʥʘʷ ʜʦʣʷ K2Co(SO4)Ŀ6H2O ʚ ʢʨʠʩʪʘʣʣʝ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ 

d ʪʦʣʱʠʥʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ʚ ʨʘʩʪʚʦʨʝ 

D ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʘ ʚ ʨʘʩʪʚʦʨʝ 

 

ʇʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ (4.10) ʟʘʜʘʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ: 

- ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʝʱʝʩʪʚʘ ʥʘ ʬʨʦʥʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʥʘʯʘʣʴʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ: 

C = C0 ʧʨʠ t=0 (4.11) 

- ʤʘʪʝʨʠʘʣʴʥʳʡ ʙʘʣʘʥʩ ʚʝʱʝʩʪʚʘ ʥʘ ʬʨʦʥʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʨʘʚʝʥʩʪʚʦ 

ʧʦʪʦʢʦʚ ʚʝʱʝʩʪʚʘ, ʧʨʠʭʦʜʷʱʝʛʦ ʥʘ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʬʘʟ ʠʟ ʢʨʠʩʪʘʣʣʘ ʠ 

ʫʭʦʜʷʱʝʛʦ ʠʟ ʥʝʸ ʚ ʞʠʜʢʫʶ ʬʘʟʫ): 
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D  + R  = 0 (4.12) 

- ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʠʣʠ ʝʝ ʟʥʘʯʝʥʠʝ ʚ ʢʦʥʝʯʥʦʡ 

ʪʦʯʢʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʠʣʠ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ): 

C = C0 ʧʨʠ x Ð (4.13) 

ɺ ʨʘʙʦʪʝ ʊʠʣʣʝʨʘ [123] ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʩʣʫʯʘʡ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʤʘʩʩʦʦʙʤʝʥʘ ʚ ʦʙʲʝʤʝ ʙʝʩʢʦʥʝʯʥʦʡ ʜʣʠʥʳ. ʆʙʱʘʷ ʩʭʝʤʘ, ʦʙʲʷʩʥʷʶʱʘʷ 

ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʦʩʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 

4.12. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ k0 < 1, ʢʦʛʜʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʚʝʱʝʩʪʚʘ ʚ ʢʨʠʩʪʘʣʣʝ ʤʝʥʴʰʝ ʝʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ. 

 

ʈʠʩʫʥʦʢ 4.12 - ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʢʨʠʩʪʘʣʣʝ ʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ [123]. 

ʇʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ  

 

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʥʘ 

ʛʨʘʥʠʮʝ ʩ ʢʨʠʩʪʘʣʣʦʤ ʨʘʚʥʘ C0, ʘ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʢʨʠʩʪʘʣʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʛʣʘʩʥʦ ʨʘʚʥʦʚʝʩʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ k0: 

Cs= k0C0 (4.14) 

ʇʨʠ k0<1 ʯʘʩʪʴ ʚʝʱʝʩʪʚʘ ʙʫʜʝʪ çʦʪʪʘʣʢʠʚʘʪʴʩʷè ʢʨʠʩʪʘʣʣʦʤ ʠ 

ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ. ʇʦʵʪʦʤʫ ʥʘ ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (x=x1) ʫ ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʘ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʙʫʜʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ 

ʥʝʢʠʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʦʬʠʣʴ CŬ(x) ʩʦ ʟʥʘʯʝʥʠʝʤ CT ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫ 

ʩʘʤʦʡ ʛʨʘʥʠʮʳ ʬʘʟ. ɺ ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ, ʧʨʠ x = x2 ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 
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ʥʘʢʦʧʠʪʩʷ ʝʱʝ ʙʦʣʴʰʝ ʚʝʱʝʩʪʚʘ, ʠ ʟʥʘʯʝʥʠʝ CT ʫʚʝʣʠʯʠʪʩʷ. ʊʘʢ ʙʫʜʝʪ 

ʧʨʦʜʦʣʞʘʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʦʪʦʢ ʚʝʱʝʩʪʚʘ, ʦʪʪʝʩʥʷʝʤʦʛʦ ʢʨʠʩʪʘʣʣʦʤ, ʥʝ 

ʫʨʘʚʥʦʚʝʩʠʪʩʷ ʝʛʦ ʦʪʪʦʢʦʤ ʚ ʦʙʲʝʤ ʨʘʩʧʣʘʚʘ (ʨʘʩʪʚʦʨʘ) ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʩʦʩʪʘʚ ʞʠʜʢʦʡ ʬʘʟʳ ʥʘ ʬʨʦʥʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʝʨʝʩʪʘʥʝʪ 

ʤʝʥʷʪʴʩʷ, ʠ ʧʨʦʮʝʩʩ ʧʝʨʝʡʜʝʪ ʚ ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚʝʱʝʩʪʚʘ ʚ ʞʠʜʢʦʡ ʬʘʟʝ CL ʩ ʧʦʩʪʦʷʥʥʳʤ ʝʝ ʟʥʘʯʝʥʠʝʤ ʫ 

ʛʨʘʥʠʮʳ (CT = const ʧʨʠ ʣʶʙʦʤ t).   ʅʘʯʘʣʴʥʳʡ ʵʪʘʧ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʝʱʝʩʪʚʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʞʠʜʢʦʡ ʬʘʟʳ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ C0, ʤʝʥʷʷ ʩʦʩʪʘʚ ʚʥʦʚʴ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʩʣʦʷ ʢʨʠʩʪʘʣʣʘ, ʥʘʟʳʚʘʝʪʩʷ ʥʘʯʘʣʴʥʳʤ ʧʝʨʝʭʦʜʥʳʤ ʨʝʞʠʤʦʤ 

ʨʦʩʪʘ. ʅʘ ʨʠʩʫʥʢʝ 4.12 ʧʨʦʬʠʣʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ ʠ ʚ ʢʨʠʩʪʘʣʣʝ ʚ ʵʪʦʤ ʨʝʞʠʤʝ ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʚʳʤʠ CT ʠ CS, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.    

ʊʠʣʣʝʨʦʤ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʘ ʞʠʜʢʦʡ ʬʘʟʳ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ: 

Ὧὼ ρ ρ Ὧ Ὡ  (4.15) 

ʛʜʝ k0 ï ʨʘʚʥʦʚʝʩʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, R ï ʥʦʨʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ, D ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʚ ʞʠʜʢʦʡ ʬʘʟʝ, x ï ʢʦʦʨʜʠʥʘʪʘ ʦʪ 

ʪʦʯʢʠ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʜʝʣʠ ʊʠʣʣʝʨʘ ʚ ʤʦʜʝʣʠ ɹʘʨʪʦʥʘ - ʇʨʠʤʘ ï ʉʣʠʭʪʝʨʘ 

(ɹʇʉ) [124] ʫʯʠʪʳʚʘʣʦʩʴ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚ ʞʠʜʢʦʡ ʬʘʟʝ. ʇʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʩ ʪʚʸʨʜʳʤ ʪʝʣʦʤ ʨʘʚʥʘ ʥʫʣʶ [125], ʚʙʣʠʟʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟ-ʟʘ ʩʠʣ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʧʦʛʨʘʥʠʯʥʳʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʣʦʡ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʦʣʱʠʥʦʡ ‏, ʚ ʧʨʝʜʝʣʘʭ 

ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʥʫʣʷ ʜʦ ʝʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚ 

ʦʙʲʝʤʝ ʞʠʜʢʦʩʪʠ. ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʚʣʠʷʝʪ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʚʝʱʝʩʪʚʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ, ʠ ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ, ʥʘʟʳʚʘʝʪʩʷ ʪʦʣʱʠʥʦʡ ʧʦʛʨʘʥʠʯʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 
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ʩʣʦʷ ŭ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʮʝʥʢʘʤ, ʪʦʣʱʠʥʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ 

ʧʨʠʤʝʨʥʦ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʦʩʭʦʜʠʪ ʪʦʣʱʠʥʫ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ [125]: 

5,2 =‏  (4.16) 

3 =‏  (4.17) 

ʛʜʝ ’ ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, D ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, Ὗ- 

ʩʢʦʨʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ. 

 ʄʦʜʝʣʴ ɹʇʉ ʠʩʧʦʣʴʟʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʅʝʨʥʩʪʘ, ʚ 

ʢʦʪʦʨʦʤ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʘʥʠʯʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ 

ʪʦʣʱʠʥʦʡ ŭ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʤʘʩʩʦʧʝʨʝʥʦʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ, ʘ ʟʘ ʝʛʦ ʧʨʝʜʝʣʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ, ʪʦ ʝʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʝʱʝʩʪʚʘ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʨʘʚʥʘ C0. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʜʝʣʠ ʊʠʣʣʝʨʘ, ʚ ʤʦʜʝʣʠ ɹʇʉ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʢʦʥʚʝʢʪʠʚʥʦʡ ʜʠʬʬʫʟʠʠ ʦʛʨʘʥʠʯʝʥʦ ʢʦʥʢʨʝʪʥʳʤ ʟʥʘʯʝʥʠʝʤ - ʪʦʣʱʠʥʦʡ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ŭ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ (4.13) ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʚ ʬʦʨʤʝ 

C = C0 ʧʨʠ x=d (4.18) 

ʈʝʰʝʥʠʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ ʨʦʩʪʘ ʧʦ ʤʦʜʝʣʠ ɹʇʉ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

Ὧ
Ὧ

Ὧ ρ Ὧ Ὡ
 (4.19) 

ʇʦʟʜʥʝʝ, ʚ ʨʘʙʦʪʝ [126] ʜʣʷ ʤʦʜʝʣʠ ɹʇʉ ʙʳʣʦ ʥʘʡʜʝʥʦ ʧʦʣʥʦʝ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ, ʚʢʣʶʯʘʷ ʥʘʯʘʣʴʥʳʡ ʧʝʨʝʭʦʜʥʳʡ ʨʝʞʠʤ:  

Ὧὼ
ὧὼ

ὅ
Ὧᶻ Ὧᶻ Ὧ Ὡ  (4.20) 

‌
Ὑ

Ὀ

Ὧ

Ὧz

ρ

ρ ρ ɝὩ
 (4.21) 

Ὧᶻ  
ὧᶻ

ὅ

Ὧ

Ὧ ρ Ὧ ὩЎ
ȟЎ
Ὑ‏

Ὀ
 (4.22) 
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ʈʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ, ʝʛʦ ʪʦʯʥʦʩʪʴ ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ 

ʜʨʫʛʠʤʠ ʤʦʜʝʣʷʤʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚ [126].  

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʷ (4.20) ï (4.22) ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʧʨʦʬʠʣʴ CT ʫ ʛʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ 

ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ (ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ŭ) (ʨʠʩʫʥʦʢ 4.13). ʈʘʩʯʝʪ ʧʨʦʚʝʜʝʥ ʧʨʠ 

ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: k0 = 0,38; R = 2,3Ŀ10-9 ʤ/ʩ (0,2 ʤʤ/ʩʫʪ); D =1,217Ŀ10-9 

ʤ2/ʩ. 

 

ʈʠʩʫʥʦʢ 4.13 - ʀʟʤʝʥʝʥʠʝ ʧʨʦʬʠʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ ʥʘ ʛʨʘʥʠʮʝ ʩ 

ʢʨʠʩʪʘʣʣʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʚʘʝʤʦʡ ʪʦʣʱʠʥʳ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ŭ 

 

ʇʨʠ ŭ  Ð ʢʦʥʮʝʥʪʨʘʮʠʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʧʦʩʪʦʷʥʥʦ 

ʠʟʤʝʥʷʝʪʩʷ, ʥʝ ʚʳʭʦʜʷ ʥʘ ʧʣʘʪʦ ʜʘʞʝ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʘʯʘʣʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʨʠʩʫʥʦʢ 4.13). ʕʪʦ ʩʣʫʯʘʡ, ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ 

ʊʠʣʣʝʨʘ [123]. ʊʨʠ ʜʨʫʛʠʝ ʢʨʠʚʳʝ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4.13, ʦʪʥʦʩʷʪʩʷ 

ʢ ʤʦʜʝʣʠ ɹʇʉ [124], ʠ ʯʝʤ ʤʝʥʴʰʝ ʪʦʣʱʠʥʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ, ʪʝʤ ʙʳʩʪʨʝʝ 

CT ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʪ.ʝ. ʙʳʩʪʨʝʝ ʜʦʩʪʠʛʘʝʪʩʷ 

ʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʨʦʩʪʘ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʯʝʪʳʨʝ ʢʨʠʚʳʝ 

ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʥʘʯʘʣʴʥʦʡ ʪʦʯʢʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʦ ʝʩʪʴ ʥʘʯʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʢʨʠʩʪʘʣʣʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʞʠʜʢʦʡ ʬʘʟʳ ʠ ʙʫʜʝʪ ʚʩʝʛʜʘ 

ʦʜʠʥʘʢʦʚʳʤ ʚ ʩʠʣʫ ʫʨʘʚʥʝʥʠʷ (4.14). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʦʥʘʨʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʞʠʜʢʦʡ ʬʘʟʳ ʚ ʧʨʦʮʝʩʩʝ 

ʨʦʩʪʘ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʚ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʥʦ ʠ ʚʩʣʝʜʩʪʚʠʝ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʤʘʩʩʦʦʙʤʝʥʘ ʚ ʥʘʯʘʣʴʥʦʤ 

ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʪʘʢʦʡ ʟʦʥʘʨʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʳʤ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʘ ʚʙʣʠʟʠ ʨʘʩʪʫʱʝʡ ʛʨʘʥʠ. 

ɺʦʟʤʦʞʥʳʤ ʩʧʦʩʦʙʦʤ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʜʧʠʪʢʠ 

ʨʘʩʪʚʦʨʘ ʧʦ ʩʧʝʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʣ ʙʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ ʢʘʢ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ, ʪʘʢ ʠ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ 

ʨʝʞʠʤʝ. 

ʉʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʧʦʜʧʠʪʢʠ ʫʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʦʣʝʚʦʡ ʤʘʩʩʳ 

ʨʘʩʪʚʦʨʘ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʦʛʦ ʚʭʦʞʜʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʨʠʩʪʘʣʣ, ʢʦʪʦʨʦʝ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʘʢ ʧʦʩʪʦʷʥʥʦʛʦ ʧʝʨʝʩʳʱʝʥʠʷ, 

ʪʘʢ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ. 

ʇʨʠ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʝ ʜʠʘʤʝʪʨʦʤ 

d ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ R ʟʘ ʚʨʝʤʷ t ʦʙʲʝʤ ʚʳʨʦʩʰʝʛʦ ʢʨʠʩʪʘʣʣʘ ʩʦʩʪʘʚʠʪ 

ὠ “ Ὑὸ. ʊʦʛʜʘ ʤʘʩʩʳ KCSH ʠ KNSH ʚ ʢʨʠʩʪʘʣʣʝ ʨʘʚʥʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ά ὧ”ὠ
ὓ

ὓ
Ƞ ά ρ ὧ”ὠ

ὓ

ὓ
 (4.23) 

ɿʜʝʩʴ r = 2,23 ʛ/ʩʤ3 ï ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʢʨʠʩʪʘʣʣʘ KCNSH ʩʦʛʣʘʩʥʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ (ʪʘʙʣʠʮʘ 3.5), ὓ , ὓ ʠ ὓ  - 

ʤʦʣʷʨʥʳʝ ʤʘʩʩʳ KCSH, KNSH ʠ ʩʨʝʜʥʷʷ ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ KCNSH, ʢʦʪʦʨʳʝ 

ʚʚʠʜʫ ʙʣʠʟʦʩʪʠ ʤʘʩʩ ʘʪʦʤʦʚ Co ʠ Ni ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʜʠʥʘʢʦʚʳʤʠ ʩ ʪʦʯʥʦʩʪʴʶ 

ʜʦ 0,05 %. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (4.23) ʫʧʨʦʱʘʝʪʩʷ, ʘ ʧʦʩʢʦʣʴʢʫ ά  ʠ ά  ʣʠʥʝʡʥʦ 

ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ ʠ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʘ ʩ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ, ʩʢʦʨʦʩʪʠ 

ʧʦʜʘʯʠ ʧʦʜʧʠʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ ʙʫʜʫʪ ʧʦʩʪʦʷʥʥʳʤʠ ʠ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʤʘʩʩʳ 

ʩʦʣʝʡ ʩʦʩʪʘʚʷʪ: 

ὧ” ;    ρ ὧ”  (4.24) 
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ɺ ʪʘʙʣʠʮʝ 4.3 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʝʞʠʤʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʜʧʠʪʢʠ 

ʨʘʩʪʚʦʨʘʤʠ KCSH ʠ KNSH, ʥʘʩʳʱʝʥʥʳʤʠ ʧʨʠ 30 ʉ̄, ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʦ 

ʜʘʥʥʳʤ ʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʦʣʝʡ [25]. ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʟʥʘʯʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʧʦʜʧʠʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ KCSH ʠ KNSH ʩʦʩʪʘʚʣʷʶʪ rKCSH=1,08 ʛ/ʩʤ3 

ʠ rKNSH=1,03 ʛ/ʩʤ3. ʆʨʠʝʥʪʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ï (110), d=20 ʤʤ ʠ 

R=0,8 ʤʤ/ʩʫʪ.  

ʊʘʙʣʠʮʘ 4.3 - ʉʢʦʨʦʩʪʴ ʧʦʜʧʠʪʢʠ ʨʘʩʪʚʦʨʦʚ KCNSH ʠ ʦʪʙʦʨʘ ʢʦʥʜʝʥʩʘʪʘ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ 

ʉʦʦʪʥʦʰʝʥʠʝ 

[KCSH]:[KNSH]  

ʚ ʨʘʩʪʚʦʨʝ 

ʇʦʜʧʠʪʦʯʥʳʡ 

ʨʘʩʪʚʦʨ 

ʉʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 

ʨʘʩʪʚʦʨʘ, ʤʣ/ʩʫʪ 

ʉʢʦʨʦʩʪʴ ʦʪʙʦʨʘ 

ʢʦʥʜʝʥʩʘʪʘ, ʤʣ/ʩʫʪ 

1:2 
KCSH 0,35 0,3 

KNSH 4,49 4,15 

1:1 
KCSH 0,65 0,56 

KNSH 3,89 3,59 

 

ʈʘʩʯʝʪ ʧʦʜʧʠʪʢʠ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ (ʥʘʯʘʣʴʥʦʤ ʧʝʨʝʭʦʜʥʦʤ) ʨʝʞʠʤʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ. ɺʦ-ʧʝʨʚʳʭ, ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʣʝʡ (KCSH ʠ 

KNSH) ʥʝʠʟʚʝʩʪʥʳ ʥʝʢʦʪʦʨʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʦ 

ʬʦʨʤʫʣʘʤ (4.20) ï (4.22), ʘ ʠʤʝʥʥʦ ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʬʬʫʟʠʠ, ʚʷʟʢʦʩʪʠ ʠ 

ʨʘʚʥʦʚʝʩʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʢ ʪʦʤʫ ʞʝ ʟʘʚʠʩʷʪ ʦʪ 

ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʘ (ʨʠʩʫʥʦʢ 4.2 ʙ). ɺʦ-ʚʪʦʨʳʭ, ʬʦʨʤʫʣʳ (4.20) ï (4.22) ʥʝ 

ʫʯʠʪʳʚʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʘʞʜʦʛʦ 

ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʪʩʫʪʩʪʚʫʝʪ, ʤʳ ʨʝʰʠʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ [126], ʦʙʦʡʜʷ ʫʧʦʤʷʥʫʪʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʫʪʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ a. ɺ ʵʪʦʤ ʧʘʨʘʤʝʪʨʝ, ʢʦʪʦʨʳʡ, 

ʩʦʙʩʪʚʝʥʥʦ ʛʦʚʦʨʷ, ʠ ʟʘʜʘʝʪ ʬʦʨʤʫ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʫʯʪʝʥʦ 

ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʢʦʤʧʦʥʝʥʪʘ, ʝʛʦ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ (ʯʝʨʝʟ 

ʧʘʨʘʤʝʪʨ d).  
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ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʝʟ ʧʦʜʧʠʪʢʠ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʜʚʘ ʢʨʠʩʪʘʣʣʘ ʠʟ ʨʘʩʪʚʦʨʦʚ 

ʩ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʢʦʤʧʦʥʝʥʪʦʚ [KCSH]:[KNSH]=1:2 ʠ 1:1 ʥʘ ʟʘʪʨʘʚʢʘʭ ʩ 

ʦʨʠʝʥʪʘʮʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (110) ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʚ ʜʘʣʴʥʝʡʰʝʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʩʳʱʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʩʦʩʪʘʚʣʷʣʘ 40 C̄, ʩʢʦʨʦʩʪʴ 

ʨʦʩʪʘ ʦʙʦʠʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʩʪʘʚʠʣʘ 0,8 ʤʤ/ʩʫʪ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, 

ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

[K2Co(SO4)Ŀ6H2O] ʧʦ ʜʣʠʥʝ ʵʪʠʭ ʦʙʨʘʟʮʦʚ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ 

ʢʨʠʚʳʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ ʬʦʨʤʫʣʝ (4.20) ʧʨʠ a = 0,50 ʜʣʷ ʦʙʦʠʭ ʩʦʩʪʘʚʦʚ 

(ʨʠʩʫʥʦʢ 4.14). ɿʥʘʯʝʥʠʷ k0 ʠ k* ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʥʘʯʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʢʨʠʩʪʘʣʣʦʚ 

(ʬʦʨʤʫʣʘ (4.14)) ʠ ʧʦ ʝʛʦ ʩʦʩʪʘʚʫ ʧʦʩʣʝ ʚʳʭʦʜʘ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʧʣʘʪʦ. ʆʥʠ ʩʦʩʪʘʚʠʣʠ: ʧʨʠ [KCSH]:[KNSH]=1:2  k0 = 0,35, k* = 

0,45, ʘ ʧʨʠ [KCSH]:[KNSH]=1:1 k0 = 0,42, k* = 0,53.  

 

ʈʠʩʫʥʦʢ 4.14 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ K2Co(SO4)Ŀ6H2O ʧʦ ʜʣʠʥʝ ʢʨʠʩʪʘʣʣʦʚ ʩ ʦʨʠʝʥʪʘʮʠʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (110), ʚʳʨʘʱʝʥʥʳʭ ʙʝʟ ʧʦʜʧʠʪʢʠ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

ʢʦʤʧʦʥʝʥʪʦʚ [KCSH]:[KNSH]=1:2 ʠ [KCSH]:[KNSH]=1:1 - ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʨʘʩʯʝʪ ʧʦ 

ʬʦʨʤʫʣʝ (4.20) 

 

ʇʦʜʧʠʪʢʘ ʨʘʩʪʚʦʨʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʢʨʠʩʪʘʣʣʫ, ʪʦ ʝʩʪʴ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ὧὼ

ὧέὲίὸὧ. ʇʨʠ ʵʪʦʤ, ʦʜʥʘʢʦ, ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʘ ὅÐʙʫʜʝʪ ʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ, ʘ 

ʟʥʘʯʠʪ, ʨʘʟʥʳʤ ʪʦʯʢʘʤ ʧʦ ʜʣʠʥʝ ʢʨʠʩʪʘʣʣʘ ʙʫʜʝʪ ʦʪʚʝʯʘʪʴ ʨʘʩʪʚʦʨ ʨʘʟʣʠʯʥʦʛʦ 
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ʩʦʩʪʘʚʘ, ʪʦ ʝʩʪʴ ʝʛʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʫʥʢʮʠʶ x. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ 

(4.20) ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ: 

Ὧὼ
ὧ

ὅ ὼ
Ὧᶻ Ὧᶻ Ὧ π Ὡ  (4.25) 

ʦʪʢʫʜʘ ʧʦʣʫʯʘʝʤ 

ὅ ὼ
ὧ

Ὧz Ὧz Ὧ π Ὡ
 (4.26) 

ʇʦʩʢʦʣʴʢʫ ʧʦʜʧʠʪʢʘ ʧʦʟʚʦʣʷʝʪ ʣʠʰʴ ʜʦʙʘʚʣʷʪʴ ʢʦʤʧʦʥʝʥʪ ʚ ʨʘʩʪʚʦʨ, ʘ 

ʥʝ ʫʜʘʣʷʪʴ ʝʛʦ ʦʪʪʫʜʘ, ʦʥʘ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʨʘʩʪʚʦʨʦʤ ʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 

ʜʦʣʶ ʢʦʪʦʨʦʛʦ ʚ ʩʦʣʝʚʦʡ ʤʘʩʩʝ ʨʘʩʪʚʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ, ʪʦ ʝʩʪʴ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʩʪʚʦʨʦʤ K2Ni(SO4)Ŀ6H2O. ʈʘʩʯʝʪʳ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ K2Ni(SO4)Ŀ6H2O (ʪʦ ʝʩʪʴ ʚʝʣʠʯʠʥʳ ρ ʉÐὼ) ʧʦ ʤʝʨʝ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʠʭ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʬʦʨʤʫʣʝ (4.26) 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.15. ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʵʪʠ ʛʨʘʬʠʢʠ, ʧʦʣʫʯʠʤ 

ʥʝʦʙʭʦʜʠʤʫʶ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʨʘʩʪʚʦʨʝ.  

 

ʈʠʩʫʥʦʢ 4.15 - ɻʨʘʬʠʢʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʤʦʣʴʥʦʡ ʜʦʣʠ K2Ni(SO4)Ŀ6H2O ʚ 

ʩʦʣʝʚʦʡ ʤʘʩʩʝ ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʢʦʤʧʦʥʝʥʪʦʚ [KCSH]:[KNSH]=1:2 ʠ 

[KCSH]:[KNSH]=1:1 ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʩ 

ʦʨʠʝʥʪʘʮʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (110) 

ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʙʲʝʤʝ 

ʨʘʩʪʚʦʨʘ ʢʘʢ p, ʪʦ ʜʦʙʘʚʣʝʥʠʝ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨ ʧʨʠʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʪʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ Dp. ʃʝʛʢʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ, ʢʦʪʦʨʳʝ 
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ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ, ʢʘʢʫʶ ʤʘʩʩʫ Dm ʩʦʣʠ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ, ʯʪʦʙʳ 

ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʦʝ ʩʤʝʱʝʥʠʝ ʩʦʩʪʘʚʘ Dp: 

ɝά ά
ɝὴ

ὴ
Ƞ ɝά ά

ɝὴ

ὴ ɝὴ
 (4.27) 

ʈʘʟʜʝʣʠʚ ʨʘʩʩʪʦʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ, ʧʝʨʝʡʜʝʤ ʢ 

ʚʨʝʤʝʥʥ·ʡ ʰʢʘʣʝ, ʘ ʨʘʟʜʝʣʠʚ ʚʝʣʠʯʠʥʳ (4.27) ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʦʜʧʠʪʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʧʦʣʫʯʠʤ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʚʘʪʴ ʚ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʦʪʨʝʟʦʢ ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 

ʨʘʩʪʚʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʣʷ 5-ʣʠʪʨʦʚʦʛʦ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʧʨʠ ʧʦʜʧʠʪʢʝ 

ʨʘʩʪʚʦʨʘʤʠ, ʥʘʩʳʱʝʥʥʳʤʠ ʧʨʠ 30 Áʉ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.16 ʘ. 

 

ʘ 

 

ʙ 

ʈʠʩʫʥʦʢ 4.16 ï ɻʨʘʬʠʢʠ ʧʦʜʘʯʠ ʧʦʜʧʠʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ KNSH, ʥʘʩʳʱʝʥʥʳʭ ʧʨʠ 30 Áʉ 

(ʘ) ʠ ʦʪʙʦʨʘ ʢʦʥʜʝʥʩʘʪʘ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ (ʙ) ʜʣ̫ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʦʚ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (110), ʚʳʨʘʱʠʚʘʝʤʳʭ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʢʦʤʧʦʥʝʥʪʦʚ [KCSH]:[KNSH]=1:2 ʠ [KCSH]:[KNSH]=1:1 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʩʳʱʝʥʠʷ ʤʘʪʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ KCNSH ʧʨʠ ʨʦʩʪʝ 

ʤʝʪʦʜʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ ʩ ʧʦʜʧʠʪʢʦʡ ʩʦʩʪʘʚʣʷʣʘ 40 C̄. ʉʦʛʣʘʩʥʦ 

ʩʦʚʤʝʩʪʥʳʤ ʠʟʦʪʝʨʤʘʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ (ʨʠʩʫʥʦʢ 3.1), ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ 

ʨʘʩʪʚʦʨ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ K2Ni(SO4)Ŀ6H2O ʩʫʤʤʘʨʥʘʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʦʣʝʡ ʧʦʥʠʞʘʝʪʩʷ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʬʠʛʫʨʘʪʠʚʥʘʷ ʪʦʯʢʘ 

ʨʘʩʪʚʦʨʘ ʦʩʪʘʚʘʣʘʩʴ ʥʘ ʠʟʦʪʝʨʤʝ T=40 ̄ C, ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʚʤʝʩʪʝ ʩ KNSH 

ʧʦʜʘʚʘʪʴ ʚ ʨʘʩʪʚʦʨ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ. ʆʙʲʝʤ ʚʦʜʳ, 
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ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʧʦʜʧʠʪʦʯʥʦʤ ʨʘʩʪʚʦʨʝ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʟʙʳʪʦʯʝʥ, ʧʦʵʪʦʤʫ 

ʯʘʩʪʴ ʝʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʘʣʷʪʴ ʧʫʪʝʤ ʦʪʙʦʨʘ ʢʦʥʜʝʥʩʘʪʘ. ɻʨʘʬʠʢ ʦʪʙʦʨʘ 

ʢʦʥʜʝʥʩʘʪʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.16 ʙ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʯʝʪʘʥʠʝ ʜʚʫʭ ʨʝʞʠʤʦʚ ʧʦʜʧʠʪʢʠ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ 

ʥʝʠʟʤʝʥʥʳʤ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʘ ʫ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ 

ʨʦʩʪʘ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ.  

 

4.6 ɺʳʨʘʱʠʚʘʥʠʝ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʤʝʪʦʜʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ 

ʉ ʮʝʣʴʶ ʧʦʜʘʚʣʝʥʠʷ ʟʦʥʘʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

KCNSH ʨʝʞʠʤʳ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʜʧʠʪʢʠ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ 

ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʤʝʪʦʜʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʣ 

ʧʦʩʪʦʷʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʩʪʘ ʠ ʧʝʨʝʩʳʱʝʥʠʝ. ʇʦʜʧʠʪʢʫ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʨʘʩʪʚʦʨʘʤʠ ʩʦʣʝʡ KCSH ʠ KNSH, ʥʘʩʳʱʝʥʥʳʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 30 Áʉ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʪʙʦʨʦʤ ʢʦʥʜʝʥʩʘʪʘ. ʆʙʱʘʷ ʩʭʝʤʘ ʨʦʩʪʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʝʝ 

ʚʠʜ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 4.17 ʠ 4.18, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ 1 ʥʘʭʦʜʠʣʩʷ ʤʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ KCNSH, ʧʝʨʝʛʨʝʪʳʡ 

ʥʘ 2-3 Áʉ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʩʳʱʝʥʠʷ ʚʦ ʠʟʙʝʞʘʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʘʨʘʟʠʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʎʠʨʢʫʣʷʮʠʷ ʨʘʩʪʚʦʨʘ ʚ ʩʠʩʪʝʤʝ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ 2 ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ 5, ʚ 

ʢʦʪʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʩʪʘʪʘ 6, ʚ ʨʦʩʪʦʚʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ 3 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʢʨʠʩʪʘʣʣʫ 4. ʀʟʤʝʥʷʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 

ʨʘʩʪʚʦʨʘ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʨʠʚʦʜʘ 7 ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʩ 

ʧʦʤʦʱʴʶ ʪʝʨʤʦʩʪʘʪʘ 6, ʧʦʜʙʠʨʘʣʦʩʴ ʦʧʪʠʤʘʣʴʥʦʝ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ, ʚʣʠʷʶʱʝʝ 

ʥʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ.  
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ʈʠʩʫʥʦʢ 4.17 - ʉʭʝʤʘ ʨʦʩʪʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʝʨʝʧʘʜʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʧʠʪʢʦʡ ʨʘʩʪʚʦʨʘ. I ï ʫʟʝʣ ʨʦʩʪʘ, II  ï ʫʟʝʣ ʧʦʜʧʠʪʢʠ ʜʣʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ, III  ï ʫʟʝʣ ʧʦʜʧʠʪʢʠ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ, IV ï ʫʟʝʣ 

ʦʪʙʦʨʘ ʢʦʥʜʝʥʩʘʪʘ; 1 ï ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ ʩ ʧʝʨʝʛʨʝʪʳʤ ʨʘʩʪʚʦʨʦʤ, 2 ï ʥʘʩʦʩ 

ʮʝʥʪʨʦʙʝʞʥʳʡ, 3 ï ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ ʨʦʩʪʘ, 4 ï ʢʨʠʩʪʘʣʣ, 5 ï ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʭʦʣʦʜʠʣʴʥʠʢ, 6 ï ʪʝʨʤʦʩʪʘʪ ʭʦʣʦʜʠʣʴʥʠʢʘ, 7 ï ʧʨʠʚʦʜ ʤʘʛʥʠʪʥʳʡ, 8 ï ʥʘʩʦʩ 

ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʠʡ  

 

ʄʝʪʦʜʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʧʠʪʢʦʡ ʤʘʪʦʯʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʥʘ ʟʘʪʨʘʚʢʘʭ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʦʩʪʘʚʘ (ʩʤʝʰʘʥʥʳʡ ʢʨʠʩʪʘʣʣ 

ʠʣʠ ʢʨʠʩʪʘʣʣ KNSH) ʙʳʣʘ ʚʳʨʘʱʝʥʘ ʩʝʨʠʷ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʜʠʘʤʝʪʨʦʤ 18-

30 ʤʤ ʠ ʚʳʩʦʪʦʡ ʙʦʣʝʝ 10 ʤʤ. ʇʝʨʝʦʭʣʘʞʜʝʥʠʝ ʨʘʩʪʚʦʨʘ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 2 ʜʦ 4 ʉ̄, ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʦʪ 0,6 ʜʦ 2,5 ʤʤ/ʩʫʪ. ʇʨʠ ʚʳʩʦʢʠʭ 

ʧʝʨʝʦʭʣʘʞʜʝʥʠʷʭ, ʚʳʰʝ 3 ʉ̄ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʘʨʘʟʠʪʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʯʘʩʪʷʭ ʫʩʪʘʥʦʚʢʠ ʠ ʠʥʦʛʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʩʥʦʚʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʤʝʥʴʰʘʣʦ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʘ KCNSH ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʛʦ ʢʦʥʝʯʥʳʝ ʨʘʟʤʝʨʳ. ʆʜʥʘʢʦ ʚ ʮʝʣʦʤ, 

ʢʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʝʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ, ʙʳʣʠ ʭʦʨʦʰʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ 



131 

 

ʩʦʚʝʨʰʝʥʩʪʚʘ (ʧ. 4.7), ʠ ʠʟ ʥʠʭ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʧʪʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ. 

 

ʈʠʩʫʥʦʢ 4.18 - ʆʙʱʠʡ ʚʠʜ ʨʦʩʪʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʧʠʪʢʦʡ ʨʘʩʪʚʦʨʘ 

 

4.7 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ KCNSH, 

ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʧʠʪʢʦʡ 

ʨʘʩʪʚʦʨʘ 

ʅʘ ʨʠʩʫʥʢʝ 4.19 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʤʝʰʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ KCNSH, 

ʚʳʨʘʱʝʥʥʳʝ ʤʝʪʦʜʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ ʩ ʧʦʜʧʠʪʢʦʡ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ [KCSH]:[KNSH] = 1:1 ʠ 1:2. 
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ʈʠʩʫʥʦʢ 4.19 - ʂʨʠʩʪʘʣʣʳ KCNSH, ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

[KCSH]:[KNSH] = 1:1 (a) ʠ 1:2 (ʙ) 

 

ʅʘ ʨʠʩʫʥʢʝ 4.20 ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʦʧʦʛʨʘʤʤʘ ʢʨʠʩʪʘʣʣʘ 

KCNSH (ʨʠʩʫʥʦʢ 4.19 a), ʚʳʨʘʱʝʥʥʦʛʦ ʠʟ ʨʘʩʪʚʦʨʘ [KCSH]:[KNSH] = 1:1. ʅʘ 

ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʘ ʠ ʧʦʜʣʦʞʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʚʢʣʶʯʝʥʠʷ ʠ ʜʠʩʣʦʢʘʮʠʠ, ʪʘʢʞʝ 

ʦʪʩʫʪʩʪʚʫʶʪ ʦʙʣʘʩʪʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ. ʕʪʦ 

ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʠʣʠ ʢʨʘʡʥʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ 

ʛʝʪʝʨʦʛʨʘʥʠʮʝ. ʈʘʥʝʝ ʚʢʣʶʯʝʥʠʷ ʨʘʩʪʚʦʨʘ ʥʘ ʛʨʘʥʠʮʝ ʬʘʟ ʠ ʛʝʥʝʨʠʨʫʝʤʳʝ ʠʤʠ 

ʧʫʯʢʠ ʜʠʩʣʦʢʘʮʠʡ ʥʘʙʣʶʜʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘʭ KCSH/KNSH 

[59], ʥʦ ʠ ʚ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʷʭ, ʥʦ 

ʙʝʟ ʧʦʜʧʠʪʢʠ ʨʘʩʪʚʦʨʘ (ʨʠʩʫʥʢʠ 4.7 ʠ 4.8). ʆʙʨʘʟʦʚʘʥʠʝ ʚʢʣʶʯʝʥʠʡ ʠ 

ʜʠʩʣʦʢʘʮʠʡ ʥʘ ʛʝʪʝʨʦʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʨʘʱʠʚʘʝʤʳʭ ʠʟ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤʦʤ ʨʝʣʘʢʩʘʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ [99].  
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ʈʠʩʫʥʦʢ 4.20 - ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʪʦʧʦʛʨʘʤʤʘ ʢʨʠʩʪʘʣʣʘ KCNSH, ʚʳʨʘʱʝʥʥʦʛʦ ʠʟ ʨʘʩʪʚʦʨʘ 

[KCSH]:[KNSH] = 1:1 

 

ɺʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʪʦʧʦʛʨʘʤʤʝ ʦʪʨʘʞʘʶʪ ʩʣʘʙʳʝ (ʤʝʥʝʝ 1%) 

ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʪʦʢʦʚ ʨʘʩʪʚʦʨʘ ʚʥʫʪʨʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʷ. ʇʦ 

ʤʝʨʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʩʚʦʙʦʜʥʳʡ ʦʙʲʝʤ ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʷ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʚ ʥʝʤ ʫʣʫʯʰʘʝʪʩʷ, ʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʚʘʨʠʘʮʠʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʧʦʣʫʯʝʥʠʷ ʩʦʚʝʨʰʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʟʘʪʨʘʚʦʯʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʅʘ ʨʠʩʫʥʢʝ 4.21 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʬʦʪʦʛʨʘʬʠʠ ʠ ʪʦʧʦʛʨʘʤʤʘ ʢʨʠʩʪʘʣʣʘ KCNSH, 

ʚʳʨʘʱʝʥʥʦʛʦ ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ [KCSH]:[KNSH] = 1:1 ʥʘ 

ʟʘʪʨʘʚʦʯʥʦʤ ʢʨʠʩʪʘʣʣʝ KNSH. ʏʝʨʝʟ 4 ʩʫʪʦʢ ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʦʩʪʘ ʨʘʩʪʚʦʨ ʙʳʣ 

ʩʣʠʪ, ʘ ʟʘʪʝʤ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʟʘʣʠʪ ʚʥʦʚʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʶʱʠʡ 

ʩʣʦʡ ʩʤʝʰʘʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʨʦʩ ʥʘ ʙʫʬʝʨʥʦʤ ʩʣʦʝ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʅʘ 

ʦʧʪʠʯʝʩʢʦʡ ʬʦʪʦʛʨʘʬʠʠ ʚʠʜʥʦ, ʯʪʦ ʛʨʘʥʠʮʘ 2 ʤʝʞʜʫ ʙʫʬʝʨʥʳʤ ʩʣʦʝʤ ʠ 

ʢʨʠʩʪʘʣʣʦʤ ʤʝʥʝʝ ʚʳʨʘʞʝʥʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʨʘʥʠʮʝʡ 1 (ʨʠʩʫʥʦʢ 4.21 ʚ, ʛ). 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʛʨʘʥʠʮʝ 2 ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʜʠʩʣʦʢʘʮʠʡ, ʯʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʦʧʦʛʨʘʤʤʝ 

(ʨʠʩʫʥʦʢ 4.21 ʙ).  



134 

 

 
 

ʘ ʙ 

  

ʚ ʛ 

ʈʠʩʫʥʦʢ 4.21 - ʈʝʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʘ KCNSH, ʚʳʨʘʱʝʥʥʦʛʦ ʥʘ ʧʦʜʣʦʞʢʝ 

KNSH: ʘ ï ʦʧʪʠʯʝʩʢʘʷ ʬʦʪʦʛʨʘʬʠʷ ʦʙʨʘʟʮʘ, ʚʳʨʝʟʘʥʥʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ 

ʧʦʜʣʦʞʢʠ, ʙ ï ʧʨʦʝʢʮʠʦʥʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʦʧʦʛʨʘʤʤʘ, ʚ, ʛ ï ʦʧʪʠʯʝʩʢʠʝ ʬʦʪʦʛʨʘʬʠʠ 

ʛʨʘʥʠʮ 1 ʠ 2 ʚ ʢʨʠʩʪʘʣʣʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

 

ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʷ ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ ʚʜʦʣʴ ʦʩʠ 

ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʚʳʨʘʱʝʥʥʳʭ ʩ ʧʦʜʧʠʪʢʦʡ ʨʘʩʪʚʦʨʘ (ʨʠʩʫʥʦʢ 4.22). 

ʋʯʠʪʳʚʘʷ ʪʦʯʥʦʩʪʴ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʦʚ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤ. 

 

ʈʠʩʫʥʦʢ 4.22 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʧʦ ʜʣʠʥʝ ʢʨʠʩʪʘʣʣʦʚ KCNSH, ʚʳʨʘʱʝʥʥʳʭ 

ʤʝʪʦʜʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ ʩ ʧʦʜʧʠʪʢʦʡ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

[KCSH]:[KNSH] = 1:1 ʠ 1:2 
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4.8 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʪʠʯʝʩʢʠʭ ʬʠʣʴʪʨʦʚ ʠʟ ʢʨʠʩʪʘʣʣʦʚ KCNSH. 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ  

ɺ ʧ. 3.7 ʫʧʦʤʠʥʘʣʦʩʴ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʝʥʥʳʝ ʥʘ ʦʪʢʨʳʪʦʡ 

ʧʣʘʪʬʦʨʤʝ ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ [KCSH]:[KNSH] = 3,7:1 ʩʦʜʝʨʞʘʣʠ 

ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʢʣʶʯʝʥʠʡ ʠ ʪʨʝʱʠʥ. ʂʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʝʥʥʳʝ ʠʟ 

ʪʘʢʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʬʦʨʤʦʦʙʨʘʟʦʚʘʪʝʣʷʭ, ʠʤʝʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʪʨʫʢʪʫʨʥʦʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦ, ʦʜʥʘʢʦ ʦʪʣʠʯʘʣʠʩʴ ʧʦʚʳʰʝʥʥʦʡ ʭʨʫʧʢʦʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʢʨʠʩʪʘʣʣʘʤʠ ʜʨʫʛʠʭ ʩʦʩʪʘʚʦʚ. ʉʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ 

ʚ ʧʣʘʥʝ ʧʦʜʘʚʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʚ ʥʝʨʘʙʦʯʠʭ ʦʙʨʘʟʮʘʭ ʪʘʢʞʝ ʙʳʣʠ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ (ʨʠʩʫʥʦʢ 4.9): ʦʙʨʘʟʮʳ ʠʤʝʣʠ ʩʘʤʦʝ ʚʳʩʦʢʦʝ 

ʧʨʦʧʫʩʢʘʥʠʝ ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ 800-900 ʥʤ. 

ʂʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

[KCSH]:[KNSH] = 3,7:1, ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʨʥʦ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʠʢʝʣʷ 

ʠ ʢʦʙʘʣʴʪʘ (ʪʘʙʣʠʮʘ 4.1). ʆʜʥʘʢʦ, ʝʩʣʠ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ KCSH ʚ 

ʨʘʡʦʥʝ 500 ʥʤ (ʨʠʩʫʥʦʢ 1.5) ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ 

KNSH, ʪʦ ʚ ʠʥʪʝʨʚʘʣʝ 800-900 ʥʤ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ KCSH ʠ KNSH 

ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʚʘʶʪʩʷ (ʨʠʩʫʥʦʢ 1.6). ʏʪʦʙʳ ʧʦʜʘʚʠʪʴ ʵʪʦʪ ʫʯʘʩʪʦʢ 

ʧʨʦʧʫʩʢʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʠʟʙʳʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʢʝʣʷ ʚ ʢʨʠʩʪʘʣʣʝ. ʇʦʵʪʦʤʫ 

ʢʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ [KCSH]:[KNSH] = 3,7:1, 

ʥʝ ʷʚʣʷʶʪʩʷ ʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʠʙʦʨʘʭ ʩʦʣʥʝʯʥʦ-

ʩʣʝʧʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʙʳʣʠ ʥʘʤʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ ʥʝʨʘʙʦʯʝʡ ʦʙʣʘʩʪʠ 

ʩʧʝʢʪʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ KCNSH ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʢʨʠʩʪʘʣʣʳ ʠʟ 

ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʷʤʠ [KCSH]:[KNSH] = 1:1, 1:2, 1:3 ʠ 1:4. ʀʟ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʫʩʪʘʥʦʚʢʝ ʩ ʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʧʝʨʝʧʘʜʦʤ ʠ ʧʦʜʧʠʪʢʦʡ, ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʜʠʘʤʝʪʨʦʤ 

18-20 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 10 ʤʤ (ʨʠʩʫʥʦʢ 4.23).  
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ʈʠʩʫʥʦʢ 4.23 - ʆʧʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʢʨʠʩʪʘʣʣʦʚ KCNSH, 

ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʝʨʝʧʘʜʘ  

 

ʕʣʝʤʝʥʪʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʧʨʝʜʤʝʪ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʋʌ ʠ ʚʠʜʠʤʦʡ 

ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ (ʨʠʩʫʥʦʢ 4.24). ɺʩʝ ʵʣʝʤʝʥʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚ ʋʌ ʦʙʣʘʩʪʠ 

ʚʳʩʦʢʦʝ (85 ï 87 %) ʧʨʦʧʫʩʢʘʥʠʝ, ʪʦ ʝʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʦʝ ʞʝ, ʢʘʢ ʠ ʢʨʠʩʪʘʣʣ 

Ŭ-NiSO4Ā6H2O [25] ʠ ʥʘ 12 ï 20 % ʚʳʰʝ, ʯʝʤ ʢʨʠʩʪʘʣʣʳ KCNSH, ʚʳʨʘʱʝʥʥʳʝ 

ʥʘ ʦʪʢʨʳʪʦʡ ʧʣʘʪʬʦʨʤʝ (ʨʠʩʫʥʦʢ 3.13). ʕʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʚ ʥʠʭ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʘʩʩʝʠʚʘʶʱʠʭ ʮʝʥʪʨʦʚ, ʘ ʟʥʘʯʠʪ, ʦʙ ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʤ 

ʩʪʨʫʢʪʫʨʥʦʤ ʩʦʚʝʨʰʝʥʩʪʚʝ.  ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʩʪʝʧʝʥʴ ʧʦʜʘʚʣʝʥʠʷ ʧʦʣʦʩ ʚ 

ʚʠʜʠʤʦʡ ʠ ʀʂ ʦʙʣʘʩʪʷʭ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ (ʨʠʩʫʥʦʢ 4.24). 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʬʠʣʴʪʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ, 

ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʦʧʫʩʢʘʥʠʝ ʚ ʠʥʪʝʨʚʘʣʝ 

ʜʣʠʥ ʚʦʣʥ 350 - 900 ʥʤ, ʪʦ ʝʩʪʴ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʨʦʰʝʜʰʝʛʦ ʠʟʣʫʯʝʥʠʷ ʢ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ (ʪʘʙʣʠʮʘ 

4.4).  
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ʈʠʩʫʥʦʢ 4.24 - ʉʧʝʢʪʨʳ ʧʨʦʧʫʩʢʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʦʣʱʠʥʦʡ 10 ʤʤ. ʂʨʠʩʪʘʣʣʳ ʙʳʣʠ 

ʚʳʨʘʱʝʥʳ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ [KCSH]:[KNSH]: ʘ ï 1:1, ʙ-ʛ ï 1:2, ʜ, ʝ ï 1:3, ʞ 

ï 1:4  
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ʊʘʙʣʠʮʘ 4.4 - ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʦʧʫʩʢʘʥʠʝ I/Io ʵʣʝʤʝʥʪʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ 

ʚʦʣʥ 350-900 ʥʤ 

ʆʙʦʟʥʘʯʝʥʠʝ ʥʘ ʨʠʩ. 4.24 ʉʦʦʪʥʦʰʝʥʠʝ [KCSH]:[KNSH] ʚ ʨʘʩʪʚʦʨʝ I/Io 

ʘ 1:1 0,014 

ʙ 1:2 0,012 

ʚ 1:2 0,012 

ʛ 1:2 0,013 

ʜ 1:3 0,017 

ʝ 1:3 0,016 

ʞ 1:4 0,021 

 

ʕʪʠ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʣʫʯʰʝʡ ʬʠʣʴʪʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʦʙʣʘʜʘʶʪ ʢʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

[KCSH]:[KNSH] = 1:2. ʋʯʠʪʳʚʘʷ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʜʝʛʠʜʨʘʪʘʮʠʠ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ (ʪʘʙʣʠʮʘ 3.6), ʩʦʩʪʘʚ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʠʟʦʤʦʨʬʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [KCSH]:[KNSH] = 1:2 ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʋʌ-ʉ ʵʣʝʤʝʥʪʘ ʩ ʣʫʯʰʠʤʠ 

ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʢʨʠʩʪʘʣʣʳ 

ʠʤʝʥʥʦ ʪʘʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʨʘʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʥʫʪʨʝʥʥʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ KCNSH ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʥʪʝʥʩʠʚʥʫʶ 

ʛʝʥʝʨʘʮʠʶ ʮʝʥʪʨʦʚ ʨʘʩʩʝʷʥʠʷ (ʚʢʣʶʯʝʥʠʡ) ʠ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʠʭ ʦʧʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʢʨʠʩʪʘʣʣʳ ʠʤʝʣʠ ʦʜʠʥ 

ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʚʳʩʦʢʫ  ʁʭʨʫʧʢʦʩʪʴ. ʇʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʜʦ 80% 

ʢʨʠʩʪʘʣʣʦʚ ʨʘʩʪʨʝʩʢʠʚʘʣʠʩʴ. 

ɺ ʨʘʙʦʪʝ [127] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ 

ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ KNSH ʠ KCSH. ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʳʤ ʜʘʥʥʳʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʩʤʝʰʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ KCNSH ʚ ʦʙʦʠʭ 

ʦʩʥʦʚʥʳʭ ʩʝʢʪʦʨʘʭ ʨʦʩʪʘ (001) ʠ (110) ʠ ʢʨʠʩʪʘʣʣʦʚ KNSH ʚ ʩʝʢʪʦʨʝ (001) 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ KCSH ʠ ʢʨʠʩʪʘʣʣʦʚ KNSH ʚ 

ʩʝʢʪʦʨʝ (110), ʥʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʘʝʪʩʷ (ʨʠʩʫʥʦʢ 4.25).  

 

ʈʠʩʫʥʦʢ 4.25 - ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʪʨʝʱʠʥ b ʚ ʢʨʠʩʪʘʣʣʘʭ KCSH, KNSH ʠ KCNSH ʦʪ 

ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʜʣʷ ʩʝʢʪʦʨʦʚ (110) ʠ (001) (ʩʠʥʠʝ ʠ ʢʨʘʩʥʳʝ ʪʦʯʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ); 

ʩʪʨʝʣʢʠ ʦʪʦʙʨʘʞʘʶʪ ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ; ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʣʠʥʠʠ ï 

ʩʨʝʜʥʝʝ ʧʦ ʩʦʩʪʘʚʘʤ, ʚʳʨʘʱʝʥʥʳʤ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ [127] 

 

ʅʘʠʙʦʣʝʝ ʣʦʛʠʯʥʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʥʘʙʣʶʜʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʚʪʦʨʳ 

ʩʯʠʪʘʶʪ ʠʭ ʩʚʷʟʴ ʩ ʫʨʦʚʥʝʤ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ. ʊʘʢ, ʚ 

ʢʨʠʩʪʘʣʣʘʭ KCSH ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ 

ʩʝʢʪʦʨʠʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʚ ʥʠʭ ʫʨʦʚʥʷ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ [128]. ʕʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʠʭ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ. çɸʥʦʤʘʣʴʥʦʝè ʧʦʚʝʜʝʥʠʝ 

ʢʨʠʩʪʘʣʣʘ KNSH, ʢʦʪʦʨʳʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʚ ʨʘʟʥʳʭ ʩʝʢʪʦʨʘʭ, ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʨʘʤ ʨʘʙʦʪʳ [127] ʥʝ 

ʷʩʥʦ, ʦʜʥʘʢʦ ʦʥʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʨʠʯʠʥʘ ʢʨʦʝʪʩʷ ʚ ʨʘʟʣʠʯʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʛʨʘʥʝʡ KNSH ʢ ʧʨʠʤʝʩʷʤ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʨʠʩʪʘʣʣʘ KCSH). 

ʉʦʛʣʘʩʥʦ [129], ʛʨʘʥʴ (110) KNSH ʥʝ ʠʤʝʝʪ ʤʝʨʪʚʦʡ ʟʦʥʳ, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʛʨʘʥʠ 

(001) ʤʝʨʪʚʘʷ ʟʦʥʘ ʧʨʦʩʪʠʨʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʜʦ ʧʝʨʝʩʳʱʝʥʠʷ s = 2 %. ʇʨʠ ʨʦʩʪʝ 

ʚ ʤʝʨʪʚʦʡ ʟʦʥʝ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʚʢʣʶʯʝʥʠʡ, ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘʭʚʘʪ ʧʨʠʤʝʩʝʡ. ɺʩʝ ʵʪʦ ʤʦʞʝʪ ʩʥʠʞʘʪʴ 
























































































































































