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Abstract: In this case, the phthalocyanine pigment was synthesized using urea phthalanhydride, a CuI-CaII metal 

salt, as the reaction base. Below are the individual methods for obtaining the pigment. Two different methods were 

used in the synthesis process: microwave and high-temperature heating. According to the results of the research, the 

second method for obtaining the pigment was chosen - the synthesis method at high temperatures. 
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ʉʀʅʊɽɿ ʀ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ɸʅɸʃʀɿʓ ʄɽɼʔ-ʂɸʃʎʀʁ ʉʆɼɽʈɾɸʑɽɻʆ 

ʌʊɸʃʆʎʀɸʅʀʅʆɺʆɻʆ ʇʀɻʄɽʅʊɸ 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʡ ʧʠʛʤʝʥʪ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʪʘʣʘʥʛʠʜʨʠʜʘ ʤʦʯʝʚʠʥʳ, ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʣʠ CuI-ʉaII ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʨʝʘʢʮʠʠ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ 

ʦʪʜʝʣʴʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʧʠʛʤʝʥʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʨʘʟʥʳʭ ʤʝʪʦʜʘ: 

ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʥʘʛʨʝʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʚʪʦʨʦʡ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʧʠʛʤʝʥʪʘ - ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʪʘʣʦʮʠʘʥʠʥ, ʛʝʪʝʨʦʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʵʣʝʢʪʨʦʥʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ 

ʤʠʢʨʦʩʢʦʧʝ ʀʂ-ʩʧʝʢʪʨʘ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

 

ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʨʝʰʝʥʠʷ ʨʷʜʘ ʟʘʜʘʯ ʧʦ ʫʣʫʯʰʝʥʠʶ ʩʚʦʡʩʪʚ ʠ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʠʛʤʝʥʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʚ ʤʠʨʝ, ʚ ʪʦʤ ʯʠʩʣʝ: 

ʫʧʨʦʱʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʭ 

ʧʠʛʤʝʥʪʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ; 

ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʪʠʧʦʚ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʭ 

ʧʠʛʤʝʥʪʦʚ, ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷʭ; 

ʫʚʝʣʠʯʠʪʴ ʚʳʨʘʙʦʪʢʫ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʭ 

ʧʠʛʤʝʥʪʦʚ; ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʠ ʨʘʩʰʠʨʠʪʴ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʭ ʧʠʛʤʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʠʟʤʝʥʷʪʴ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʝ, 

ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ 

ʩʚʦʡʩʪʚʘ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʡ ʧʠʛʤʝʥʪ 

ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʪʘʣʘʥʛʠʜʨʠʜʘ ʤʦʯʝʚʠʥʳ, ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʣʠ 

CuI-ʉaII ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʨʝʘʢʮʠʠ. ʅʠʞʝ 
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ʧʨʠʚʝʜʝʥʳ ʦʪʜʝʣʴʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 

ʧʠʛʤʝʥʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ 

ʨʘʟʥʳʭ ʤʝʪʦʜʘ: ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʠ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʥʘʛʨʝʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʚʳʙʨʘʥ ʚʪʦʨʦʡ ʩʧʦʩʦʙ 

ʧʦʣʫʯʝʥʠʷ ʧʠʛʤʝʥʪʘ - ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

 

ʊʘʙʣʠʮʘ 1. ʄʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ CuCl ʠ CaCl2, ʧʦʣʫʯʝʥʥʦʝ ʜʣʷ Cu-CaPc, ʠ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʚʳʭʦʜ ʧʠʛʤʝʥʪʘ 

 

ˉ ʉuCl:ʉaCl2 ʊ, 0ʉ ɤ,% ˉ ʉuCl:ʉaCl2 ʊ, 0ʉ ɤ,% 

1 

1,1:1 

200 66,3 10 

1:2,6 

200 69,5 

2 225 84,4 11 225 87,8 

3 250 73,3 12 250 77,1 

4 

1:1,2 

200 67,5 13 

1:4,3 

200 75,6 

5 225 85,7 14 225 89,6 

6 250 74,1 15 250 78,3 

7 

1:1,8 

200 68,1 16 

1:5 

200 73,2 

8 225 86,4 17 225 89,6 

9 250 75,4 18 250 78 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʠʩʭʦʜʥʳʭ 

ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʧʠʛʤʝʥʪʘ Cu-CaPc 1:4,3 ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 2250ʉ ʚʳʭʦʜ ʩʦʩʪʘʚʠʣ 89,6%. ʉʪʘʣʦ 

ʷʩʥʦ, ʯʪʦ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʩʠʥʪʝʟʘ Cu-CaPc.[1] 

 

 

 

ʈʠʩ. 1. ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʘʩʩʦʚʦʛʦ ʦʪʥʦʰʝʥʠʷ CuCl ʠ CaCl2, ʧʦʣʫʯʝʥʥʦʛʦ ʜʣʷ Cu-CaPc ʠ 

ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʳʭʦʜ ʧʠʛʤʝʥʪʦʚ. 

 

ʄʝʜʴ-ʢʘʣʴʮʠʡ ʩʦʜʝʨʞʘʱʠʡ ʬʪʘʣʦʮʠʘʥʠʥ, 

ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʥʘʛʨʝʚʘʥʠʷ, ʙʳʣ ʧʦʣʫʯʝʥ 

ʨʘʩʪʚʦʨʝʥʠʝʤ ʧʠʛʤʝʥʪʦʚ ʚ 4 ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ: 1) 60%, 2) 70%, 3) 

80%, .4) 90% ʠ ʧʦʣʫʯʝʥʥʳʝ ʧʠʛʤʝʥʪʳ ʙʳʣʠ 

ʠʩʧʳʪʘʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ.[1] 
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ʊʘʙʣʠʮʘ 2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʜʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ ʧʠʛʤʝʥʪʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ 

ʤʝʪʦʜʦʤ ʥʘʛʨʝʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 

 ̄ ʇʠʛʤʝʥʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʅʘʯʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 0ʉ 

ʂʦʥʝʯʥʘʷ  

ʪʝʤʧʝʨʘʪʫʨʘ 0ʉ 

ʅʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ 

1 Cu-CaPc-60 180 210 ʙʝʣʳʡ ʜʳʤ 

2 Cu-CaPc-70 200 210 ʙʝʣʳʡ ʜʳʤ 

3 Cu-CaPc-80 250 250 ʅʝ ʙʳʣʦ ʠʟʤʝʥʝʥʠʡ 

4 Cu-CaPc-90 250 250 ʅʝ ʙʳʣʦ ʠʟʤʝʥʝʥʠʡ 

 

ɺʳʚʦʜ ʠʟ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʩʦʜʝʨʞʘʱʠʡ ʤʝʜʴ-ʢʘʣʴʮʠʡ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʡ 

ʧʠʛʤʝʥʪ, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ ʥʘʛʨʝʚʘʥʠʷ, ʜʘʣ 

ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. ɼʣʷ ʤʝʜʴ-ʢʘʣʴʮʠʡ 

ʩʦʜʝʨʞʘʱʝʛʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ ʧʠʛʤʝʥʪʘ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ 

ʞʝʣʘʪʝʣʴʥʘ ʢʠʩʣʦʪʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ (80-90) %. 

ɺʪʦʨʦʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʤʝʜʴ-

ʢʘʣʴʮʠʡʩʦʜʝʨʞʘʱʝʛʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ 

ʧʠʛʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʜʣʷ ʦʙʨʘʟʮʘ, ʙʳʣ ʧʦʣʫʯʝʥ 

ʧʫʪʝʤ ʥʘʛʨʝʚʘʥʠʷ. ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʩʣʝ 

ʩʠʥʪʝʟʘ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ɓ - ʤʦʜʠʬʠʢʘʮʠʶ 

ʧʦʣʫʯʝʥʥʦʛʦ ʤʝʜʴ-ʢʘʣʴʮʠʡ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ 

ʧʠʛʤʝʥʪʘ, ʧʦʪʦʤʫ ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʘʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ɓ -ʤʦʜʠʬʠʢʘʮʠʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ. 

ʆʜʥʘ ʠʟ ʦʯʝʚʠʜʥʳʭ ʧʨʠʯʠʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʤʦʜʠʬʠʢʘʮʠʷ Ŭ - ʥʝʩʪʘʙʠʣʴʥʘ, ʘ ʤʦʜʠʬʠʢʘʮʠʷ ɓ - 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʘ. ʌʪʘʣʦʮʠʘʥʠʥʦʚʳʡ ʤʝʜʴ-

ʢʘʣʴʮʠʝʚʳʡ ʧʠʛʤʝʥʪ, ʦʪʦʙʨʘʥʥʳʡ ʜʣʷ 

ʪʝʩʪʠʨʦʚʘʥʠʷ, ʥʘʛʨʝʚʘʣʠ ʜʦ 250 ÁC.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʳ ʫʚʠʜʝʣʠ, 

ʯʪʦ ʧʨʦʮʝʩʩʳ ʩʠʥʪʝʟʘ ʤʝʜʴ-ʢʘʣʴʮʠʡ ʩʦʜʝʨʞʘʱʝʛʦ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ ʧʠʛʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ 

ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʉʦʜʝʨʞʘʱʠʡ ʤʝʜʴ-

ʢʘʣʴʮʠʡ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʡ ʧʠʛʤʝʥʪ, ʧʦʣʫʯʝʥʥʳʡ 

ʜʣʷ ʘʥʘʣʠʟʘ, ʧʦʣʫʯʘʣʠ ʩʧʦʩʦʙʦʤ 2, ʪ.ʝ. 

ʥʘʛʨʝʚʘʥʠʝʤ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʩʠʥʪʝʟʘ, 

ʤʳ ʧʦʣʫʯʠʣʠ ʠʥʬʦʨʤʘʮʠʶ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ, ʢ 

ʢʘʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʦʪʥʦʩʠʪʩʷ ʧʦʣʫʯʝʥʥʳʡ ʤʝʜʴ-

ʢʘʣʴʮʠʡ-ʫʜʝʨʞʠʚʘʶʱʠʡ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʡ 

ʧʠʛʤʝʥʪ.  

 
ʈʠʩ. 2.ʀʂ-ʩʧʝʢʪʨ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ ʧʠʛʤʝʥʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʝʜʴ-ʢʘʣʴʮʠʡ 

 

ɺ ʧʠʛʤʝʥʪʝ ʤʝʜʴ-ʢʘʣʴʮʠʝʚʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʭ ʢʦʣʝʮ ʚʠʜʥʦ ʚ ʦʙʣʘʩʪʠ 

ʧʦʛʣʦʱʝʥʠʷ 752 ʩʤ-1, ʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʠʥʜʦʣʘ ʉN 

+ ʚʠʜʥʦ ʚ ʦʙʣʘʩʪʠ ʧʦʛʣʦʱʝʥʠʷ 1165 ʩʤ-1, 

ʧʠʨʨʦʣʴʥʳʝ ʢʦʣʴʮʘ ʚʠʜʥʳ ʚ ʦʙʣʘʩʪʠ ʧʦʛʣʦʱʝʥʠʷ 

1332 ʩʤ-1, ʘʪʦʤʳ ʘʟʦʪʘ ʧʠʨʨʦʣʘ ʚʠʜʥʳ ʚ ʦʙʣʘʩʪʠ 

ʧʦʛʣʦʱʝʥʠʷ 1419 ʩʤ-1, ʧʦʷʚʣʷʝʪʩʷ ʠʟʦʠʥʜʦʣ ʚ 

ʦʙʣʘʩʪʠ 1463 ʩʤ-1 ʠ ʚʠʜʥʳ ʘʪʦʤʳ ʘʟʦʪʘ ʚ ʧʦʣʝ 

ʧʦʛʣʦʱʝʥʠʷ -N = ʚ ʦʙʣʘʩʪʠ 1506 ʩʤ-1. 

ʇʦʣʫʯʝʥʥʘʷ ʜʝʨʠʚʘʪʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 3, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ 4 ʢʨʠʚʳʭ. ɸʥʘʣʠʟ 

ʢʨʠʚʦʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ (ɼʊɻɸ) (ʢʨʠʚʘʷ 2) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʨʠʚʘʷ 

ɼʊɻɸ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʦʩʥʦʚʥʦʤ ʚ 2-ʭ ʜʠʘʧʘʟʦʥʘʭ 

ʠʥʪʝʥʩʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʨʘʟʣʦʞʝʥʠʷ. 1-ʡ 



Impact Factor: 

ISRA (India)        = 6.317 

ISI  (Dubai, UAE) = 1.582 

GIF  (Australia)    = 0.564 

JIF                        = 1.500 

SIS (USA)         = 0.912  

ʈʀʅʎ (Russia) = 3.939  

ESJI (KZ)          = 8.771 

SJIF (Morocco) = 7.184 

ICV (Poland)  = 6.630 

PIF (India)  = 1.940 

IBI (India)  = 4.260 

OAJI (USA)        = 0.350 

 

 

Philadelphia, USA  67 

 

 

ʨʘʟʣʘʛʘʝʤʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ 67-395oʉ, ʘ 2-ʡ 

ʨʘʟʣʘʛʘʝʤʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʧʨʦʜʫʢʪ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ 400-670oʉ. 

 

 

 
 

ʈʠʩ. 3. ɼʝʨʠʚʘʪʦʛʨʘʤʤʘ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ ʧʠʛʤʝʥʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʝʜʴ-ʢʘʣʴʮʠʡ 

1 ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʢʨʠʚʘʷ; 2 - ʂʨʠʚʘʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɻɸ); 3- 

ʇʨʦʠʟʚʝʜʝʥʠʝ ʢʨʠʚʦʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɻʇ); ʂʨʠʚʘʷ 4-ɼʉʂ. 

 

ʇʠʛʤʝʥʪ Cu-ʉaPc ʧʦʣʫʯʘʣʠ ʚ ʦʪʢʨʳʪʦʤ 

ʪʠʛʣʝ, ʩʜʝʣʘʥʥʦʤ ʠʟ ʪʝʨʤʦʩʪʦʡʢʦʛʦ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ ʠ ʧʣʘʪʠʥʳ ʫʩʪʦʡʯʠʚʦʛʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 

1650 ÁC, ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʣʠ ʩ 20 

ÁC ʠ ʜʘʣʝʝ. ʂʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʘʝʪ 100 ÁC, 

ʦʩʪʘʪʦʯʥʘʷ ʤʘʩʩʘ ʧʠʛʤʝʥʪʘ Cu-ʉaPc ʩʦʩʪʘʚʣʷʝʪ 19 

209 ʤʛ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ ʧʨʦʮʝʥʪʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ 20-19 209 = 0,791 ʤʛ 91 ʤʢɺ Å ʩ / ʤʛ. 

ʋʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʧʠʛʤʝʥʪʘ Cu-ʉaPc ʧʨʠ ʪʘʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʧʦʪʝʨʠ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʘʙʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚ 

ʢʦʤʧʦʟʠʮʠʠ. ʇʦʩʣʝʜʫʶʱʠʝ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200 ÁC, ʠ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʩʪʘʪʦʯʥʘʷ ʤʘʩʩʘ ʧʠʛʤʝʥʪʘ, 

ʠʟʤʝʨʝʥʥʘʷ ʧʨʠ 20 ʤʛ ʦʪ ʥʘʯʘʣʴʥʦʡ ʤʘʩʩʳ, 

ʠʟʤʝʥʠʣʘʩʴ ʜʦ 17,609 ʤʛ. ʋʤʝʥʴʰʝʥʠʝ% ʧʦ ʤʘʩʩʝ 

ʧʠʛʤʝʥʪʘ Cu-ʉaPc ʩʦʩʪʘʚʣʷʣʦ 11,95% ʦʪ ʦʙʱʝʡ 

100% ʤʘʩʩʳ ʧʨʠ 200 ÁC, ʘ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʣʦ 4,09 ʤʢɺ Å ʩ / 

ʤʛ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʩʚʷʟʘʥʦ ʩ 

ʩʫʙʣʠʤʘʮʠʝʡ ʬʪʘʣʠʤʠʜʦʚ, ʥʝ ʚʩʪʫʧʘʶʱʠʭ ʚ 

ʨʝʘʢʮʠʶ ʩ ʧʠʛʤʝʥʪʦʤ Cu-ʉaPc. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʘʥʘʣʠʟʘ ʧʦʷʚʣʝʥʠʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʧʠʛʤʝʥʪʘ Cu-ʉaPc ʧʨʦʠʩʭʦʜʠʪ 

ʚ ʚʠʜʝ ʥʝʨʝʛʫʣʷʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʪ.ʝ. 

ʘʤʦʨʬʥʦ. ʏʝʪʢʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʪʦʛʦ ʚʥʝʰʥʝʛʦ 

ʚʠʜʘ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʧʠʛʤʝʥʪʘ Cu-

ʉaPc, ʧʦʣʫʯʝʥʥʳʭ ʧʦʜ ʨʘʩʪʨʦʚʳʤ ʵʣʝʢʪʨʦʥʥʳʤ 

ʤʠʢʨʦʩʢʦʧʦʤ (ʉʕM) (ʨʠʩ. 4). 

ʇʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʢʨʠʚʦʡ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʨʠʚʦʡ DSK 

ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 3. 

 

ʊʘʙʣʠʮʘ 3. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʝʜʥʦ-ʢʘʣʴʮʠʝʚʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʦʚʦʛʦ ʧʠʛʤʝʥʪʘ DTGA ʠ ʢʨʠʚʦʡ 

DSK 

 

 ̄ ʊʝʤʧʝʨʘʪʫʨʘ,ʦʉ ʇʦʪʝʨʷʥʥʘʷ 

ʤʘʩʩʘ, ʤʛ(20) 

ʇʦʪʝʨʷʥʥʘʷ 

ʤʘʩʩʘ, % 

ʂʦʣʠʯʝʩʪʚʦ 

ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ 

ʤʠץʜʦʨʠ(ÕV*s/mg) 

1 50 19,603 0,397 1,45 

2 100 19,209 0,791 2,91 

3 200 17,609 2,391 4,09 

4 300 15,406 4,594 5,08 

5 400 13,596 6,404 6,93 

6 500 10,696 9,304 8,07 

7 600 8,996 11,04 4,70 

8 700 6,436 13,654 4,32 

 


