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ɺ ʇʈʆʎɽʉʉɸʍ ʀʆʅʀɿɸʎʀʀ 

(
ʘ 
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ʙ 
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ʚ 
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ʛ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
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ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 
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ʈʘʩʩʤʦʪʨʝʥʦ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʢʣʘʩʪʝʨʘ 

(ʅ2ʆ)5, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʬʨʘʛʤʝʥʪʦʤ ʛʠʜʨʘʪʥʳʭ ʢʘʨʢʘʩʦʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ 

ʬʦʨʤ ʣʴʜʘ ʠ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ, ʧʨʠ ʝʛʦ ʠʦʥʠʟʘʮʠʠ,. ɺʳʧʦʣʥʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩʚʦʡʩʪʚ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʢʘʪʠʦʥʦʚ ʅ3ʆ
+ 
ʠ H5O2

+
 ʠ ʠʭ ʥʝʡʪʨʘʣʴʥʳʤʠ ʬʦʨ-

ʤʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʵʣʝʢʪʨʦʥʘ ʮʠʢʣʠʯʝʩʢʠʡ ʬʨʘʛʤʝʥʪ (ʅ2ʆ)5
-
 ʧʨʠ-

ʦʙʨʝʪʘʝʪ ʬʦʨʤʫ "ʢʦʥʚʝʨʪ", ʘ ʧʨʠ ʦʪʨʳʚʝ ʵʣʝʢʪʨʦʥʘ ʢʣʘʩʪʝʨ (ʅ2ʆ)5
+
 ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʛʨʫʧʧʳ ʆ-ʅ,  ʜʚʫʭ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʬʨʘʛʤʝʥʪʘ [ʅ2ʆ...ʅ...ʅ2ʆ]
+
 ʩʦ 

ʩʚʝʨʭʧʨʦʯʥʳʤʠ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʜʥʳʡ ʢʣʘʩʪʝʨ, ʚʦʜʦʨʦʜʥʘʷ ʩʚʷʟʴ, ʠʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʪʨʫʢʪʫʨʘ, ʵʥʝʨʛʠʷ 

ʠʦʥʠʟʘʮʠʠ 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʜʦʣʛʦʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʙʫʨʥʘʷ 

ʜʠʩʢʫʩʩʠʷ ʦ ʪʦʤ, ʢʘʢʫʶ ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʛʠʜʨʘʪʠʨʦʚʘʥ-

ʥʦʛʦ ʠʦʥʘ ʚʦʜʦʨʦʜʘ ʅaq
+
 ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʢʠ-

ʩʣʦʪ. ʆʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʝ ʩʪʨʫʢʪʫʨʳ: 

ʅ3ʆ
+
Ā3ʅ2ʆ - ʩʪʨʫʢʪʫʨʘ ʕʡʛʝʥ-ʪʠʧʘ [1] ʠ ʅ5ʆ2

+
 

- ʩʪʨʫʢʪʫʨʘ ʎʫʥʜʝʣʴ-ʪʠʧʘ [2]. ʉʪʨʦʝʥʠʝ ʚʦʜʥʳʭ 

ʢʣʘʩʪʝʨʦʚ, ʩʦʩʪʦʷʱʠʭ ʣʠʙʦ ʠʟ ʛʠʜʨʘʪʘ ʧʨʦʪʦʥʘ 

ʅ3ʆ
+
, ʣʠʙʦ ʠʦʥʘ H5O2

+
 ʠ ʨʘʟʣʠʯʥʦʛʦ ʯʠʩʣʘ ʤʦʣʝ-

ʢʫʣ ʚʦʜʳ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʚʪʦʨʫʶ ʠ ʪʨʝʪʴʶ ʢʦʦʨ-

ʜʠʥʘʮʠʦʥʥʳʝ ʩʬʝʨʳ ʧʨʦʪʦʥʘ ʠ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢ-

ʪʫʨʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ɺʉ) ʚ ʦʙʲʝʤʝ ʚʦʜʳ, ʠʟʫ-

ʯʘʣʦʩʴ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ [ʥʘʧʨʠʤʝʨ, 3-10].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʨʦʝʥʠʝ ʞʠʜʢʦʡ ʚʦʜʳ ʦʪ-

ʣʠʯʘʝʪʩʷ ʦʪ ʩʪʨʦʝʥʠʷ ʣʴʜʘ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʥʝ-

ʩʢʦʣʴʢʦ ʤʦʜʠʬʠʢʘʮʠʡ, ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʦʨʳʭ ʤʦʞ-

ʥʦ ʚʳʜʝʣʠʪʴ ʮʠʢʣʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ (ʅ2ʆ)5, ʥʘ-

ʟʳʚʘʝʤʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʢʣʘʩʪʝʨʘʤʠ (ʅ2ʆ)5. ɼʘʥ-

ʥʳʡ ʢʣʘʩʪʝʨ ʚʳʟʳʚʘʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩʦ 

ʩʚʦʡʩʪʚʝʥʥʳʤ ʝʤʫ ʧʦʣʠʤʦʨʬʠʟʤʦʤ, ʟʘʢʣʶʯʘʶ-

ʱʠʤʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʚʦʜʥʳʤ 

ʢʣʘʩʪʝʨʦʤ, ʩʧʦʩʦʙʥʳʤ ʥʘʭʦʜʠʪʴʩʷ ʢʘʢ ʚ ʤʦʣʝʢʫʣʷʨ-

ʥʦʡ ʬʦʨʤʝ, ʪʘʢ ʠ ʝʱʝ ʚ ʜʚʫʭ ï ʮʚʠʪʪʝʨ-ʠʦʥʥʦʡ, 

OH3
+
(H2O)3OH

-
, ʠ ʙʠʨʘʜʠʢʘʣʴʥʦʡ, OH3(H2O)3OH, 

ʬʦʨʤʘʭ [11]. 

ɺʥʠʤʘʥʠʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʬʦʢʫʩʠʨʦʚʘʥʦ 

ʥʘ ʠʟʤʝʥʝʥʠʷʭ ʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʠ ʵʣʝʢʪʨʦʥʥʦʤ 

ʩʪʨʦʝʥʠʠ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʠʦʥʠʟʘʮʠʠ 

ʮʠʢʣʠʯʝʩʢʦʛʦ ʢʣʘʩʪʝʨʘ (ʅ2ʆ)5, ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʠʭ 

ʩ ʪʝʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʚʦʟʥʠ-

ʢʘʶʪ ʚ ʢʘʪʠʦʥʘʭ ʅ3ʆ
+ 
ʠ H5O2

+
 ʧʨʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ 

ʢ ʥʠʤ ʵʣʝʢʪʨʦʥʘ. ɿʘʭʚʘʪ ʵʣʝʢʪʨʦʥʘ  ʠʦʥʦʤ ʅ3ʆ
+
 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʪʤʦʩʬʝʨʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʇʨʠ-

ʩʦʝʜʠʥʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʢ H3O
+
 ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘ-

ʜʠʢʘʣʘ H3O ʠ ʥʝʵʤʧʠʨʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚ-

ʥʦʡ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʛʘʟʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʜʠʩ-

ʩʦʮʠʘʮʠʠ ʨʘʜʠʢʘʣʦʚ H3OĀ(H2O)n ʥʘ ʘʪʦʤ ʚʦʜʦʨʦʜʘ 

ʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠʟʫʯʝʥʘ ʨʘʙʦʪʘʭ [8-10].  

 ɼʣʷ ʥʝʡʪʨʘʣʴʥʦʡ, ʢʘʪʠʦʥʥʦʡ ʠ ʘʥʠʦʥʥʦʡ 

ʬʦʨʤʳ  ʢʣʘʩʪʝʨʘ (ʅ2ʆ)5 ʥʘʤʠ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʠ ʨʘʩʯʝʪ ʯʘʩʪʦʪ ʥʦʨ-

ʤʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʈʘʩʯʝʪʳ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ DFT ʩ ʛʠʙʨʠʜʥʳʤ ʦʙʤʝʥʥʦ-

ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ɻʨʠʤʤʘ B97-D ʩ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʧʦʧʨʘʚʢʦʡ [12] ʠ ʙʘʟʠʩʥʳʤ ʥʘʙʦ-

ʨʦʤ 6-311++G(2d,2p) [13]. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʪʝʤ ʞʝ 

ʤʝʪʦʜʦʤ ʨʘʩʩʯʠʪʘʥʳ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʥ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʠʦʥʦʚ ʅ2ʆ
+
, 

ʅ2ʆ
-
, ʘ ʪʘʢʞʝ ʠʦʥʦʚ ʛʠʜʨʦʢʩʦʥʠʷ ʅ3ʆ

+
 ʠ ʜʠʛʠʜʨʘ-

ʪʘ ʧʨʦʪʦʥʘ ʅ5ʆ2
+
 ʠ ʠʭ ʥʝʡʪʨʘʣʴʥʳʭ ʬʦʨʤ  ʅ3ʆ ʠ 
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ʅ5ʆ2. ʉʠʩʪʝʤʳ ʅ2ʆ, ʅ3ʆ
+
, ʅ5ʆ2

+
 ʠ (ʅ2ʆ)5  ʠʤʝʣʠ 

ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʴ 1 (ʤʝʪʦʜ RB97-D), ʘ ʩʠʩʪʝʤʳ 

ʅ2ʆ
+
, ʅ2ʆ,  ʅ3ʆ, ʅ5ʆ2, (ʅ2ʆ)5

+
, (ʅ2ʆ)5

- 
- ʤʫʣʴʪʠ-

ʧʣʝʪʥʦʩʪʴ 2 (ʤʝʪʦʜ UB97-D). ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ 

ʨʘʙʦʪʝ [8], ʦʜʥʦʜʝʪʝʨʤʠʥʘʥʪʥʘʷ ʚʦʣʥʦʚʘʷ ʬʫʥʢ-

ʮʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʚ ʨʘʩʯʝʪʘʭ, ʷʚʣʷʝʪʩʷ ʭʦʨʦ-

ʰʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ ʵʣʝʢʪʨʦʥʥʳʤ ʚʦʣʥʦʚʳʤ 

ʬʫʥʢʮʠʷʤ ʢʘʢ ʥʝʡʪʨʘʣʴʥʳʭ, ʪʘʢ ʠ ʟʘʨʷʞʝʥʥʳʭ 

ʬʦʨʤ ʚʦʜʥʳʭ ʢʣʘʩʪʝʨʦʚ. 

ɺʩʝ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʪ ʤʠʥʠʤʫʤʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴ-

ʥʦʡ ʵʥʝʨʛʠʠ. 

ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʢʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩ-

ʭʦʜʷʪ ʚ ʛʝʦʤʝʪʨʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʘʨʷʜʦʚ ʥʘ 

ʘʪʦʤʘʭ ʧʨʠ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʧʨʠ ʧʝʨʝ-

ʭʦʜʝ ʦʪ ʥʝʡʪʨʘʣʴʥʳʭ ʬʦʨʤ ʅ3ʆ ʠ ʅ5ʆ2 ʢ ʠʭ ʢʘʪʠ-

ʦʥʥʳʤ ʬʦʨʤʘʤ. ʈʠʩʫʥʢʠ 2 ʠ 3 ʧʦʢʘʟʳʚʘʶʪ ʘʥʘʣʦ-

ʛʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʠʦʥʠʟʘʮʠʠ ʮʠʢʣʠʯʝʩʢʦʛʦ 

ʢʣʘʩʪʝʨʘ (ʅ2ʆ)5. 

ɻɽʆʄɽʊʈʀʏɽʉʂʆɽ ʉʊʈʆɽʅʀɽ ʅɽʁʊʈɸʃʔʅʓʍ  

ʀ ʀʆʅʀɿʀʈʆɺɸʅʅʓʍ ʌʆʈʄ 

1. ʅ2ʆ. ʇʨʠʩʦʝʜʠʥʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʢ ʤʦʣʝ-

ʢʫʣʝ ʫʚʝʣʠʯʠʚʘʝʪ ʜʣʠʥʫ ʩʚʷʟʠ ʠ ʫʤʝʥʴʰʘʝʪ ʚʘ-

ʣʝʥʪʥʳʡ ʫʛʦʣ, ʘ ʫʜʘʣʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪ 

ʢʘʢ ʜʣʠʥʫ ʩʚʷʟʠ, ʪʘʢ ʠ ʚʘʣʝʥʪʥʳʡ ʫʛʦʣ. ʇʨʠʯʝʤ 

ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʪʠʦʥʘ 

ʚʳʨʘʞʝʥʦ ʩʠʣʴʥʝʝ, ʯʝʤ ʜʣʷ ʘʥʠʦʥʘ ʤʦʣʝʢʫʣʳ ʚʦ-

ʜʳ (ʨʠʩ. 1ʘ, 1ʙ ʠ 1ʚ).  

2. ʅ3ʆ. ʂʘʢ ʥʝʡʪʨʘʣʴʥʘʷ, ʪʘʢ ʠ ʢʘʪʠʦʥʥʘʷ 

ʬʦʨʤʳ ʅ3ʆ ʠʤʝʶʪ ʩʠʤʤʝʪʨʠʶ ʉ3v. ʇʨʠ ʫʜʘʣʝʥʠʠ 

ʵʣʝʢʪʨʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʫʢʦʨʦʯʝʥʠʝ ʩʚʷʟʠ ʆ-ʅ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʚʘʣʝʥʪʥʦʛʦ ʫʛʣʘ ʦʪ 108.2Á ʜʦ 111.5Á 

(ʨʠʩ. 1ʛ ʠ 1ʜ). 

3. ʅ5ʆ2 ʠ ʅ5ʆ2
+
. ʉʪʨʫʢʪʫʨʳ ʵʪʠʭ ʜʚʫʭ ʤʦ-

ʣʝʢʫʣʷʨʥʳʭ ʬʦʨʤ ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʪʣʠ-

ʯʠʷ. ɽʩʣʠ ʢʘʪʠʦʥ ʅ5ʆ2
+
 ʦʙʣʘʜʘʝʪ ʩʠʤʤʝʪʨʠʝʡ, 

ʙʣʠʟʢʦʡ ʢ ʉ2, ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʠʟ 

ʜʚʫʭ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʩʦʝʜʠʥʝʥʥʳʭ ʩʚʝʨʭʧʨʦʯʥʳʤʠ 

ɺʉ (ʨʠʩ. 1ʝ), ʪʦ ʥʝʡʪʨʘʣʴʥʫʶ ʬʦʨʤʫ ʅ5ʆ2 ʩʠʤʤʝʪ-

ʨʠʠ ʉs ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʅ-ʢʦʤʧʣʝʢʩ, ʩʦ-

ʩʪʦʷʱʠʡ ʠʟ ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʨʘʜʠʢʘʣʘ ʅ3ʆ (ʨʠʩ. 

1ʞ), ʦʙʣʘʜʘʶʱʝʛʦ ʪʨʝʤʷ ʧʦʯʪʠ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ 

ʩʚʷʟʷʤʠ ʆ-ʅ, ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʜʣʠʥʝ 

ʩʚʷʟʠ ʚ ʩʚʦʙʦʜʥʦʤ ʨʘʜʠʢʘʣʝ ʅ3ʆ.  

4. ʂʣʘʩʪʝʨ (ʅ2ʆ)5. ʅʝʡʪʨʘʣʴʥʘʷ ʬʦʨʤʘ ʢʣʘ-

ʩʪʝʨʘ ʠʤʝʝʪ ʩʣʘʙʦʚʳʨʘʞʝʥʥʫʶ ʪʚʠʩʪ-ʢʦʥʬʦʨʤʘ-

ʮʠʶ ʮʠʢʣʘ (ʨʠʩ. 2ʘ) ʩ ʪʦʨʩʠʦʥʥʳʤ ʫʛʣʦʤ ʆ4-ʆ13-

ʆ10-ʆ7, ʨʘʚʥʳʤ 13Á, ʠ ʧʦʯʪʠ ʨʘʚʥʦʮʝʥʥʳʤʠ ɺʉ 

ʤʝʞʜʫ ʧʷʪʴʶ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. 

ʇʨʠ ʧʨʠʩʦʝʜʠʥʝʥʠʠ ʵʣʝʢʪʨʦʥʘ ʧʨʦʠʩʭʦʜʠʪ 

ʩʠʣʴʥʦʝ ʠʩʢʘʞʝʥʠʝ ʮʠʢʣʘ, ʢʦʪʦʨʳʡ ʧʨʠʦʙʨʝʪʘʝʪ 

ʢʦʥʬʦʨʤʘʮʠʶ çʢʦʥʚʝʨʪè (ʨʠʩ. 1ʙ). ɺʉ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʫʜʣʠʥʷʶʪʩʷ, ʥʦ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʠʭ ʜʣʠʥʘʤʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 0.05 ¡.  

ʘ ʙ ʚ

ʛ ʜ

ʝ
ʞ

 
ʈʠʩ. 1. ɼʣʠʥʳ ʩʚʷʟʝʡ ʠ ʟʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ ʚ ʘʥʠʦʥʥʦʡ (ʘ), ʥʝʡ-

ʪʨʘʣʴʥʦʡ (ʙ) ʠ ʢʘʪʠʦʥʥʦʡ (ʚ) ʬʦʨʤʘʭ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʥʝʡ-

ʪʨʘʣʴʥʦʡ ʬʦʨʤʝ ʅ3ʆ (ʛ) ʠ ʢʘʪʠʦʥʝ ʅ3ʆ
+ (ʜ), ʢʘʪʠʦʥʝ ʅ5ʆ2

+ (ʝ) 

ʠ ʥʝʡʪʨʘʣʴʥʦʡ ʬʦʨʤʝ ʅ5ʆ2 (ʞ) 

Fig. 1. Bond lengths and atomic charges in anion (ʘ), neutral (ʙ) and 

cation (ʚ) forms of water molecule, in neutral form ʅ3ʆ (ʛ) and 

cation ʅ3ʆ
+ (ʜ), cation ʅ5ʆ2

+ (ʝ) and neutral species ʅ5ʆ2 (ʞ) 
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ʘ

 
ʈʠʩ. 2. ʉʪʨʦʝʥʠʝ ʥʝʡʪʨʘʣʴʥʦʡ (ʘ), ʘʥʠʦʥʥʦʡ (ʙ) ʠ ʢʘʪʠʦʥʥʦʡ 

(ʚ) ʬʦʨʤ ʢʣʘʩʪʝʨʘ (ʅ2ʆ)5 

Fig. 2. The structure of neutral (ʘ), anion (ʙ) and cation (ʚ) forms 

of (H2O)5 cluster 
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ʇʨʠ ʦʪʨʳʚʝ ʵʣʝʢʪʨʦʥʘ ʦʪ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʣʘ-

ʩʪʝʨʘ (ʅ2ʆ)5 ʧʷʪʠʯʣʝʥʥʳʡ ʮʠʢʣ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʧʣʦʩʢʠʤ, ʪʦʨʩʠʦʥʥʳʡ ʫʛʦʣ ʆ4-ʆ13-ʆ10-ʆ7 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 3,5Á. ʅʝʩʤʦʪʨʷ ʥʘ ʤʘʣʳʝ ʠʟʤʝʥʝ-

ʥʠʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ ʮʠʢʣʘ, ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ɺʉ, 

ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʥʝʡʪʨʘʣʴʥʦʡ ʬʦʨʤʳ, ʠʩʯʝʟʘʝʪ. ʂʘ-

ʪʠʦʥ (ʅ2ʆ)5
+
 ʧʨʠʦʙʨʝʪʘʝʪ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 2ʚ), ʧʦ 

ʩʠʤʤʝʪʨʠʠ ʙʣʠʟʢʫʶ ʢ ʉ2, ʚ ʢʦʪʦʨʦʡ ʧʦʚʦʨʦʪʥʘʷ 

ʦʩʴ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʘʪʦʤʳ ʆ7 ... ʅ5. ʂʘʪʠʦʥ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʞʝ ʥʝ ʢʣʘʩʪʝʨ ʠʟ ʧʷʪʠ ʤʦʣʝʢʫʣ 

ʚʦʜʳ,  ʘ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʛʨʫʧʧʳ ʆ-ʅ,  ʜʚʫʭ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʬʨʘʛʤʝʥʪʘ ʅ2ʆ...ʅ...ʅ2ʆ ʩʦ 

ʩʚʝʨʭʧʨʦʯʥʳʤʠ ɺʉ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʦʥʠʟʘʮʠʷ 

ʢʣʘʩʪʝʨʘ ʧʨʠʚʦʜʠʪ ʢ ʢʘʨʜʠʥʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʝʛʦ ʩʪʨʫʢʪʫʨʳ. 

ʈɸʉʇʈɽɼɽʃɽʅʀɽ ʕʃɽʂʊʈʆʅʅʆʁ ʇʃʆʊʅʆʉʊʀ  

ɺ ʄʆʃɽʂʋʃʗʈʅʓʍ ʉʀʉʊɽʄɸʍ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ, ʚ ʦʧʨʝ-

ʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʨʷʜʦʚ ʥʘ 

ʘʪʦʤʘʭ. ʉʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʩʭʝʤ ʨʘʩʯʝʪʘ ʵʪʠʭ 

ʚʝʣʠʯʠʥ [14-18]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʟʘʨʷʜʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʩʭʝʤʝ ʄʘʣʣʠʢʝʥʘ 

[14], ʧʦʣʥʦʩʪʴʶ ʥʝ ʩʦʩʪʦʷʪʝʣʴʥʳ ʚ ʧʣʘʥʝ ʩʫʱʝʩʪ-

ʚʫʶʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʥʝʡʪʨʘʣʴʥʦʡ ʤʦʣʝʢʫʣʝ ʅ3ʆ ʟʘʨʷʜ ʥʘ 

ʘʪʦʤʝ ʢʠʩʣʦʨʦʜʘ ʦʢʘʟʘʣʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

(+0,380ʝ), ʘ ʥʘ ʘʪʦʤʘʭ ʚʦʜʦʨʦʜʘ ï ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

(ʧʦ -0,126ʝ). ʉʫʱʝʩʪʚʝʥʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʝ ʟʘʨʷʜʳ ʦʢʘʟʘʣʠʩʴ ʠ ʥʘ ʢʦʥʮʝʚʳʭ ʘʪʦʤʘʭ ʅ 

ʚ ʘʥʠʦʥʥʦʡ ʬʦʨʤʝ ʢʣʘʩʪʝʨʘ (ʅ2ʆ)5
-
. ʇʦʵʪʦʤʫ ʥʘ 

ʨʠʩ. 1 ʠ 3 ʫʢʘʟʘʥʳ NPA ʟʘʨʷʜʳ ʥʘ ʘʪʦʤʘʭ, ʧʦʣʫ-

ʯʘʝʤʳʝ ʚ ʨʘʤʢʘʭ NBO-ʘʥʘʣʠʟʘ [19], ʢʦʪʦʨʳʝ, ʢʘʢ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʶʪ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʤʦʣʝʢʫʣʘʭ.  

ʀʟ ʨʠʩ. 1. ʚʠʜʥʦ, ʯʪʦ ʚ ʤʦʣʝʢʫʣʝ ʚʦʜʳ ʥʘ 

ʘʪʦʤʝ ʆ ʩʦʩʨʝʜʦʪʦʯʝʥ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʙʣʠʟ-

ʢʠʡ ʢ -1ʝ, ʢʦʪʦʨʳʡ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳ-

ʤʠ ʟʘʨʷʜʘʤʠ ʥʘ ʘʪʦʤʘʭ ʅ. ɺ ʘʥʠʦʥʝ ʅ2ʆ
-
 ʘʪʦʤʳ ʅ 

ʠʤʝʶʪ ʟʘʨʷʜʳ, ʙʣʠʟʢʠʝ ʢ ʥʫʣʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘ-

ʨʷʜ ʥʘ ʘʪʦʤʝ ʆ ʦʩʪʘʝʪʩʷ ʙʣʠʟʢʠʤ ʢ -1ʝ. ɼʦʧʦʣʥʠ-

ʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʥ ʧʦʧʘʜʘʝʪ ʥʘ ʨʘʟʨʳʭʣʷʶʱʫʶ 

ʦʨʙʠʪʘʣʴ ʩ ʙʦʣʴʰʠʤʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘʤʠ ʧʨʠ ʘʪʦʤʘʭ ʚʦʜʦʨʦʜʘ ʠ ʢʦʤʧʝʥʩʠʨʫʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʘʨʷʜʳ ʥʘ ʵʪʠʭ ʘʪʦʤʘʭ, ʭʘʨʘʢʪʝʨ-

ʥʳʝ ʜʣʷ ʥʝʡʪʨʘʣʴʥʦʡ ʬʦʨʤʳ. ɺ ʢʘʪʠʦʥʝ ʅ2ʆ
+
, ʥʘ-

ʧʨʦʪʠʚ, ʟʘʨʷʜ ʥʘ ʘʪʦʤʝ ʆ ʙʣʠʟʦʢ ʢ ʥʫʣʶ, ʘ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ +1 ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʘʪʦʤʘʭ  ʅ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʥ ʫʜʘʣʷʝʪʩʷ ʩ ʥʝʩʚʷʟʳʚʘʶʱʝʡ 

ʄʆ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʡ ʥʘ ʘʪʦʤʝ ʆ.  

ɺʦ ʚʩʝʭ ʥʝʡʪʨʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʅ2ʆ, ʅ3ʆ, 

ʅ5ʆ2, (ʅ2ʆ)5  ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ ʘʪʦʤʘʭ ʢʠ-

ʩʣʦʨʦʜʘ ʦʪʣʠʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʥʝ 

ʤʝʥʝʝ -0,9e (ʨʠʩ. 1). ɺ ʨʷʜʫ ʢʘʪʠʦʥʦʚ ʅ2ʆ
+
, ʅ3ʆ

+
, 

ʅ5ʆ2
+
 ʟʘʨʷʜ ʥʘ ʘʪʦʤʝ ʆ ʟʘʤʝʪʥʦ ʠʟʤʝʥʷʝʪʩʷ, ʘ ʟʘ-

ʨʷʜʳ ʥʘ ʘʪʦʤʘʭ ʅ ʧʨʝʚʳʰʘʶʪ +0,5e. ʉʦʧʦʩʪʘʚʣʝ-

ʥʠʝ ʟʘʨʷʜʦʚ ʥʘ ʘʪʦʤʘʭ ʚ ʢʘʪʠʦʥʝ ʅ5ʆ2
+
 ʠ ʨʘʜʠʢʘʣʝ 

ʅ5ʆ2 (ʨʠʩ. 1ʝ ʠ 1ʞ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ 

ʵʣʝʢʪʨʦʥʘ ʢ ʩʠʤʤʝʪʨʠʯʥʦʤʫ ʢʘʪʠʦʥʫ ʧʨʠʚʦʜʠʪ ʢ 

ʠʩʯʝʟʥʦʚʝʥʠʶ ʩʚʝʨʭʩʠʣʴʥʳʭ ɺʉ ʠ ʦʙʨʘʟʦʚʘʥʠʶ 

ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ - ʤʦʣʝʢʫʣʳ ʚʦʜʳ (ʩʫʤʤʘ ʟʘʨʷʜʦʚ 

ʥʘ ʘʪʦʤʘʭ ʙʣʠʟʢʘ ʢ ʥʫʣʶ ʠ ʨʘʚʥʘ -0,017e) ʠ ʨʘʜʠ-

ʢʘʣʘ ʅ3ʆ (ʩʫʤʤʘ ʟʘʨʷʜʦʚ ʥʘ ʘʪʦʤʘʭ ʨʘʚʥʘ 

+0,017e), ʢʦʪʦʨʳʝ ʫʜʝʨʞʠʚʘʶʪʩʷ ʢʘʢ ʝʜʠʥʳʡ ʢʣʘ-

ʩʪʝʨ ʟʘ ʩʯʝʪ ʦʙʳʯʥʦʡ ɺʉ. 

ɼʦʙʘʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʢ ʮʠʢʣʠʯʝʩʢʦʤʫ 

ʢʣʘʩʪʝʨʫ (ʅ2ʆ)5  ʚʝʜʝʪ ʢ ʜʦʚʦʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʟʙʳʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦ- 

 

 
ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʥʘ ʘʪʦʤʘʭ ʚ ʥʝʡʪʨʘʣʴʥʦʡ (ʘ), 

ʘʥʠʦʥʥʦʡ (ʙ) ʠ ʢʘʪʠʦʥʥʦʡ (ʚ) ʬʦʨʤʘʭ ʢʣʘʩʪʝʨʘ (ʅ2ʆ)5 

Fig. 3. Distribution of charges on atoms in neutral (ʘ), anion (ʙ) 

and cation (ʚ) forms of (H2O)5 cluster 
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ʩʪʠ ʧʦ ʧʷʪʠ ʤʦʣʝʢʫʣʘʤ ʚʦʜʳ, ʫʚʝʣʠʯʠʚʘʷ ʦʪʨʠʮʘ-

ʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ ʘʪʦʤʘʭ ʆ (~ʥʘ 0.3e) ʠ ʫʤʝʥʴʰʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʥʘ ʢʦʥʮʝʚʳʭ ʘʪʦʤʘʭ ʅ (~ʥʘ 

0,15 ʝ).  

ʇʨʠ ʫʜʘʣʝʥʠʠ ʵʣʝʢʪʨʦʥʘ ʦʪ ʢʣʘʩʪʝʨʘ 

(ʅ2ʆ)5 ʧʨʦʠʩʭʦʜʠʪ ʢʘʨʜʠʥʘʣʴʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɺʦʟʥʠʢʘʶʱʠʡ  ʜʝʬʠ-

ʮʠʪ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʩʦ-

ʩʨʝʜʦʪʦʯʝʥ ʥʘ ʬʨʘʛʤʝʥʪʝ ʅ2ʆ...ʅ...ʅ2ʆ, ʚ ʢʦʪʦʨʦʤ 

ʦʙʨʘʟʫʝʪʩʷ ʩʚʝʨʭʩʠʣʴʥʘʷ ɺʉ, ʘʥʘʣʦʛʠʯʥʘʷ ɺʉ ʚ 

ʜʠʛʠʜʨʘʪʝ ʧʨʦʪʦʥʘ ʅ5ʆ2
+
. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʤʤʘʨ-

ʥʳʡ ʟʘʨʷʜ ʥʘ ʬʨʘʛʤʝʥʪʝ ʆ-ʅ, ʢʦʪʦʨʳʡ ʩʣʘʙʦ ʩʚʷ-

ʟʘʥ ʩ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʴʶ ʢʣʘʩʪʝʨʘ (ʅ2ʆ)5
+
, ʙʣʠʟʦʢ ʢ 

ʥʫʣʶ.  

ʕʥʝʨʛʠʠ ʠʦʥʠʟʘʮʠʠ (ʕʀ) ʥʝʡʪʨʘʣʴʥʳʭ 

ʬʦʨʤ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʘʢ ʨʘʟʥʦʩʪʴ ʧʦʣʥʳʭ ʵʣʝʢ-

ʪʨʦʥʥʳʭ ʵʥʝʨʛʠʡ ʢʘʪʠʦʥʥʦʡ ʠ ʥʝʡʪʨʘʣʴʥʦʡ ʬʦʨʤ 

ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʘʜʠʘʙʘʪʠʯʝʩʢʠʝ ʧʦʪʝʥ-

ʮʠʘʣʳ ʠʦʥʠʟʘʮʠʠ, ʩʦʩʪʘʚʣʷʶʪ (ʚ ʵɺ): 12,64 (ʅ2ʆ); 

5,32 (ʅ3ʆ); 4,17 (ʅ5ʆ2) ʠ 9,51 (ʅ10ʆ5). ʆʪʤʝʪʠʤ, ʯʪʦ 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʕʀ ʜʣʷ ʤʦʣʝʢʫʣʳ ʚʦʜʳ 

ʙʣʠʟʢʘ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ 12,65 Ñ 

Ñ 0,05 ʵɺ [20]. 

  ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʨʷʜʘ ʥʘʠʙʦʣʴʰʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʪʨʳʚʘ 

ʵʣʝʢʪʨʦʥʘ ʦʪ ʤʦʣʝʢʫʣʳ ʚʦʜʳ, ʘ ʥʘʠʤʝʥʴʰʠʝ ʜʣʷ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʳ ʅ5ʆ2. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦ-

ʞʠʪʴ, ʯʪʦ ʧʨʠ ʠʦʥʠʟʘʮʠʠ ʛʠʜʨʘʪʥʳʭ ʢʘʨʢʘʩʦʚ ʨʘʟ-

ʣʠʯʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʬʦʨʤ ʣʴʜʘ ʚ ʥʠʭ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʪʘʢʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʩʠʩʪʝʤʳ ɺʉ, ʢʦ-

ʪʦʨʘʷ ʚʝʜʝʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʬʨʘʛ-

ʤʝʥʪʦʚ ʅ5ʆ2
+
 ʠ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʘ-

ʚʠʣʴʥʦʡ ʘʞʫʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʣʴʜʘ. 

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ 

ʧʨʦʪʦʥʘ ʚ ʦʙʲʝʤʥʦʡ ʚʦʜʝ, ʥʦ ʠ ʠʦʥʠʟʘʮʠʷ ʩʫʱʝʩʪ-

ʚʫʶʱʠʭ ʚʦʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩʧʦʩʦʙʥʳ ʩʫʱʝʩʪʚʝʥ-

ʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ɺʉ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ 

ʈʌʌʀ ˉ13-05-12038 ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡ-

ʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʜʦʛʦʚʦʨ N.14.Z50.31.0012). 
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ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʣʠ-

ʧʘʟʳ, ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʙʨʘʟʮʦʚ ʙʠʦʢʘ-

ʪʘʣʠʟʘʪʦʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ  ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʤʦʜʠ-

ʬʠʮʠʨʫʶʱʠʤ ʠ ʩʰʠʚʘʶʱʠʤ ʘʛʝʥʪʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʯʥʳʭ ʢʦʚʘʣʝʥʪʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʧʝ-

ʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʘʢʠʭ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʦʪʣʠʯʘʣʦʩʴ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʘʢʮʠʝʡ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ, 

ʧʨʦʚʦʜʠʤʦʡ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʢʘʪʘʣʠʟʘʪʦʨ, ʣʠʧʘʟʘ, ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʨʝʘʢʮʠʷ ʧʝʨʝʵʪʝʨʠʬʠʢʘ-

ʮʠʠ, ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ɺɺɽɼɽʅʀɽ 

ʇʨʠʤʝʥʝʥʠʝ ʣʠʧʘʟʦʢʘʪʘʣʠʟʠʨʫʝʤʦʡ ʨʝʘʢ-

ʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʤ ʜʠʦʢ-

ʩʠʜʝ ʫʛʣʝʨʦʜʘ (ʉʆ2) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚ-

ʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦʪʦʧʣʠʚ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʦʙʱʘʷ ʩʭʝʤʘ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ. 
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Fig. 1. Reaction of a transetherification of triglycerides of fatty 

acids and methanol 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʠʟʫʯʝʥʠʠ ʬʝʨʤʝʥʪʢʘʪʘʣʠʟʠ-

ʨʫʝʤʳʭ ʨʝʘʢʮʠʡ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʤʦʙʠ-

ʣʠʟʦʚʘʥʥʳʭ ʬʝʨʤʝʥʪʦʚ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦʡ 

ʪʝʤʝ ʧʦʩʚʷʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ [1-16]. 
ɺ ʨʘʙʦʪʝ [2] ʧʨʠʤʝʥʠʣʠ ʤʘʛʥʠʪʥʳʝ ʥʘʥʦ-

ʯʘʩʪʠʮʳ -Fe2O3, ʧʨʦʚʦʜʠʣʠ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ, ʟʘ-
ʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʥʘ ʪʘʢʠʝ 
ʯʘʩʪʠʮʳ ʣʠʧʘʟʳ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ [3] ʠʩʩʣʝʜʦʚʘʣʠ 
ʘʢʪʠʚʥʦʩʪʴ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʡ ʣʠʧʘʟʳ ʪʘʢʞʝ ʥʘ 

ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ -Fe2O3, ʤʦʜʠʬʠʮʠʨʦ-
ʚʘʥʥʳʭ ʪʝʪʨʘʵʪʠʣʦʨʪʦʩʠʣʠʢʘʪʦʤ (ʊʕʆʉ) ʠ ʘʤʠ-
ʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʦʤ (ɸʇʊʉ). ɸʚʪʦʨʘʤʠ 
[4] ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʜʠ-

ʦʢʩʠʜ ʦʣʦʚʘ (Nano-SnO2-CRL) ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ 
ʣʠʧʘʟʳ ʠ ʧʨʦʚʦʜʠʣʠ ʩʨʘʚʥʝʥʠʝ ʩ ʙʠʦʢʘʪʘʣʠʟʘʪʦ-
ʨʦʤ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʨʦʧʠʣʝʥʘ (PP-CRL). ɸʚʪʦʨʳ 
[5] ʠʟʫʯʘʣʠ ʩʪʨʫʢʪʫʨʫ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʤʤʦʙʠ-
ʣʠʟʦʚʘʥʥʦʡ ʣʠʧʘʟʳ ʥʘ ʭʠʪʦʟʘʥ-ʬʫʥʢʮʠʦʥʘʣʠʟʠ-
ʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʥʳʭ (ʇʄʄɸ-ʍʠ-
ʪʦʟʘʥ) ʯʘʩʪʠʮʘʭ. ʍʠʪʦʟʘʥ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ 
ʢʘʯʝʩʪʚʝ ʥʘʥʦʬʠʙʨʠʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʘʚʪʦʨʘʤʠ 
ʨʘʙʦʪʳ [6]. ɺ ʩʠʣʫ ʩʚʦʝʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, ʯʘʩʪʠ-
ʮʳ ʭʠʪʦʟʘʥʘ ʤʦʛʫʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩ ʤʘʛ-
ʥʠʪʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʘʚʪʦʨʳ 
ʨʘʙʦʪʳ [7]. ɺ ʨʘʙʦʪʝ [8] ʠʟʫʯʘʣʠ ʠʤʤʦʙʠʣʠʟʘʮʠʶ 
ʣʠʧʘʟʳ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʄ. javanicus, ʥʘ ʥʘʥʦʯʘ-
ʩʪʠʮʳ ʢʨʝʤʥʝʟʝʤʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ 
ʘʛʝʥʪʘ ʧʨʠʤʝʥʷʣʠ ʛʣʠʮʝʨʠʣʜʠʣʤʝʪʘʢʨʠʣʘʪ (GMA). 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʝʟʦʧʦʨʠʩʪʳʡ ʢʨʝʤʥʝʟʝʤ ʠʩʩʣʝʜʦ-
ʚʘʣʠ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʧʦʜʣʦʞʢʫ ʜʣʷ ʠʤʤʦʙʠʣʠ-
ʟʘʮʠʠ ʣʠʧʘʟʳ ʘʚʪʦʨʳ [9, 10, 11]. ɸʚʪʦʨʳ ʨʘʙʦʪʳ 
[12] ʠʩʧʦʣʴʟʦʚʘʣʠ ʮʠʨʢʦʥʠʝʚʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʜʣʷ 
ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʣʠʧʘʟʳ ʠʟ C. rugosa ʠ Pseudomo-
nas ʧʫʪʝʤ ʘʜʩʦʨʙʮʠʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʕʣʝʢʪʨʦ-
ʬʦʨʤʦʚʘʥʥʳʝ ʥʘʥʦʚʦʣʦʢʥʘ, ʢʘʢ ʙʳʣʦ ʜʦʢʘʟʘʥʦ 
[13], ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʜʣʷ ʠʤʤʦ-
ʙʠʣʠʟʘʮʠʠ ʬʝʨʤʝʥʪʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘ-
ʶʪ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʫʶ ʥʝ 
ʪʨʫʜʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʦʜʠ-
ʬʠʢʘʪʦʨʦʚ. ʆʜʥʘʢʦ, ʧʦʣʫʯʝʥʥʳʝ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʳ 
ʥʘ ʦʩʥʦʚʝ ʣʠʧʘʟʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 
ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ, ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ 
ʥʠʟʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʩʪʘʙʠʣʴ-
ʥʦʩʪʴ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦ-
ʛʠʯʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʙʠʦ-
ʪʦʧʣʠʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʘʢʪʠʚʥʳʝ 
ʠ ʩʪʘʙʠʣʴʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ.  
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʣʠʧʘʟʳ, ʠʤʤʦʙʠʣʠʟʦ-

ʚʘʥʥʦʡ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛ-
ʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʮʠʪʨʘʪʦʤ ʥʘʪʨʠʷ ʠ ʘʤʠʥʦʧʨʦ-

ʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʦʤ, ʟʘʪʝʤ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʠʭ 
ʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʌʫʨʴʝ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɿʘʪʝʤ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠ-
ʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦ-

ʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʘʪʤʦʩʬʝʨ-
ʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ Cʆ2 ʚ 

ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʠ 
ʤʝʪʘʥʦʣʘ. ɸʢʪʠʚʥʦʩʪʴ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʦʧʨʝʜʝ-

ʣʷʣʘʩʴ ʚ ʢʦʥʮʝ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʦʚʦʜʠ-
ʤʦʛʦ ʢʘʢ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʪʘʢ ʠ ʚ ʩʨʝʜʝ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. ʉʪʘʙʠʣʴ-
ʥʦʩʪʴ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦʩʣʝ 10 ʨʝʮʠʢʣʦʚ ʨʝʘʢʮʠʠ. 

ʄɽʊʆɼʀʂɸ ʕʂʉʇɽʈʀʄɽʅʊɸ 

ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʬʝʨʤʝʥʪʘ ʚ ʜʘʥʥʦʡ 
ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʘʛʥʠʪʥʳʝ ʥʘʥʯʘʩʪʠʮʳ, ʢʦ-

ʪʦʨʳʝ ʛʦʪʦʚʠʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ, ʦʩʥʦʚʘʥʥʦʤʫ ʥʘ 
ʨʝʘʢʮʠʠ ɺ. ʕʣʤʦʨʘ [14]. ʈʘʟʤʝʨ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦ-

ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝ-
ʩʢʦʛʦ ʩʚʝʪʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʘʥʘʣʠʟʘʪʦʨ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ 90 Plus ʬʠʨʤʳ Brookhaven (ʉʐɸ). 
ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʩʦʩʪʘʚʠʣ 10-15 ʥʤ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫ-

ʯʝʥʥʳʭ ʄʅʏ  ʛʦʪʦʚʠʣʠ ʜʚʝ ʩʝʨʠʠ ʦʙʨʘʟʮʦʚ ʙʠʦʢʘ-
ʪʘʣʠʟʘʪʦʨʦʚ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʣʘʩʴ ʤʦ-

ʜʠʬʠʮʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ (ʮʠʪʨʘʪ ʥʘʪʨʠʷ, 3-ʘʤʠʥʦ-
ʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥ). ʆʙʨʘʟʮʳ ʙʠʦʢʘʪʘʣʠʟʘʪʦ-

ʨʦʚ ʛʦʪʦʚʠʣʠʩʴ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʄʅʏ ʩʣʝʜʫʶʱʠʤʠ ʨʘʩʪʚʦʨʘʤʠ ʨʝʘʛʝʥʪʦʚ ʩ ʢʦʥʮʝʥ-
ʪʨʘʮʠʝʡ 0,1 ʤʛ/ʤʣ: ʮʠʪʨʘʪʦʤ ʥʘʪʨʠʷ (Na3C6H5O7), 

ʛʣʫʪʘʨʦʚʳʤ ʜʠʘʣʴʜʝʛʠʜʦʤ (Glu), ʬʦʩʬʘʪʥʦ-ʙʫʬʝʨ-
ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʣʠʧʘʟʳ (L3126). ʂʘʞʜʘʷ ʩʪʘʜʠʷ 

ʦʙʨʘʙʦʪʢʠ ʥʦʩʠʪʝʣʷ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʧʨʦʤʳʚʢʦʡ 
ʦʙʨʘʟʮʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʚʳʩʫʰʠʚʘʥʠ-

ʝʤ ʧʦʜ ʚʘʢʫʫʤʦʤ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʡ ʩʪʘʜʠʠ 
ʩʦʩʪʘʚʣʷʣʘ 3 ʯ. ɺʪʦʨʘʷ ʩʝʨʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʦʪʦ-

ʚʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʨʫʛʦʛʦ ʤʦʜʠʬʠʮʠʨʫʶ-
ʱʝʛʦ ʘʛʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʅʏ 3-ʘʤʠʥʦʧʨʦʧʠʣ-

ʪʨʠʵʪʦʢʩʠʩʠʣʘʥʘ (ɸPʊS) ʚ ʪʦʡ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-
ʥʦʩʪʠ ʦʧʝʨʘʮʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʩʠʥʪʝʟʘ ʦʙ-

ʨʘʟʮʳ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ ï ʄʅʏ, ʄʅʏ/Na3C6H5O7, 
ʄʅʏ/Na3C6H5O7/Glu, ʄʅʏ/Na3C6H5O7/Glu/Lip, 

ʄʅʏ/APTS, ʄʅʏ/APTS/Glu, ʄʅʏ/APTS/Glu/Lipï
ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ɸʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ (ɸ) ʙʠʦʢʘʪʘʣʠ-

ʟʘʪʦʨʦʚ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʤʝʪʦ-
ʜʫ ɸʥʜʝʨʩʦʥʘ-ʄʘʢʢʘʨʪʠ ʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚ ʝʜʠʥʠ-

ʮʘʭ ʥʘ ʤʠʣʣʠʛʨʘʤʤ (ʝʜ./ʤʛ) [15]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʥ-
ʬʨʘʢʨʘʩʥʦʛʦ (ʀʂ) ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʧʦʤʦ-

ʱʴʶ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ IRPrestige-21 (Schi-
madzu) ʚ ʠʥʪʝʨʚʘʣʝ ʚʦʣʥʦʚʳʭ ʯʠʩʝʣ 5000-400 ʩʤ

-1
, 

ʩʥʘʙʞʝʥʥʳʤ ʧʨʠʩʪʘʚʢʦʡ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ, 
ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʮʳ ʥʝʦʜʥʦ-

ʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʦʛʦ ʦʙʨʘʟʮʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʨʦʰʦʢ KBr. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘ-

ʣʘ ʚʳʨʘʞʘʣʘʩʴ ʚ ʝʜʠʥʠʮʘʭ ʂʫʙʝʣʢʘ ʄʫʥʢ (ʂʄ). 
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦ-

ʛʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʘʢʪʦʨ ʚʳ-
ʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ Parr Instruments 4307 (ʉʐɸ), ʩ 

ʦʙʱʠʤ ʦʙʲʝʤʦʤ ʢʦʣʙʳ 250 ʩʤ
3
 ʠ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʨʘʙʦʯʠʤ ʜʘʚʣʝʥʠʝʤ 60 ʄʇʘ. ɼʣʷ ʧʝʨʝʢʘʯʠʚʘʥʠʷ 

ʫʛʣʝʢʠʩʣʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʣʫʥʞʝʨʥʳʡ ʥʘʩʦʩ 
Supercritical 24 (ʉʐɸ). ʉʪʘʥʜʘʨʪʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʧʨʦ-
ʚʦʜʠʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʂʦʣʙʘ ʩ ʥʘʚʝʩʢʦʡ 

ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʴʶ ʤʘʩʣʘ ʠ ʤʝ-
ʪʘʥʦʣʘ (1:3) ʧʨʦʜʫʚʘʣʘʩʴ 3 ʨʘʟʘ ʜʠʦʢʩʠʜʦʤ ʫʛʣʝʨʦ-

ʜʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 2 ʄʇʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʜʘʚʘʣʘʩʴ 
ʫʛʣʝʢʠʩʣʦʪʘ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʇʨʠ ʜʦʩ-

ʪʠʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʥʘʩʦʩʦʤ ʧʦʜʘʚʘʣʦʩʴ 180 ʩʤ
3
 

ʫʛʣʝʢʠʩʣʦʪʳ, ʨʝʘʢʪʦʨ ʜʦʛʨʝʚʘʣʩʷ ʜʦ ʟʘʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʥʘʯʠʥʘʣʩʷ ʦʪʩʯʸʪ ʚʨʝʤʝʥʠ ʨʝʘʢ-

ʮʠʠ. ʇʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ 
ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 10 ʜʦ 20 ʄʇʘ. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʀʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩ 

ʧʦʤʦʱʴʶ ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 2 

ʜʘʥʥʳʭ, ʀʂ ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʄʅʏ ʩʦʜʝʨʞʠʪ ʧʦʣʦ-

ʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ 3400ï3200 ʩʤ
-1
, 3600-

3500 ʩʤ
-1
 ʠ 1200-1040 ʩʤ

-1
, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʘʣʝʥʪ-

ʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʚʦʙʦʜʥʳʭ ʆʅ-ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ Fe3O. ʇʠʢ ʚ ʦʙʣʘʩʪʠ 870ï680 ʩʤ
-1
 ʦʙʫʩʣʦʚ-

ʣʝʥ ʚʘʣʝʥʪʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩʚʷʟʠ FeïO ʥʘʥʦʯʘ-

ʩʪʠʮ Fe3O4. 

ɺʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧ-

ʧʳ ïʉ=ʆ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʠ 1650-1600 ʩʤ
-1
; ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ ʢʘʨʙʦʢʩʠʣʘʪ-ʠʦʥʘ ʧʨʠ 1450-1380 ʩʤ
-1 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʚʷʟʝʡ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ Na3C6H5O7 ʠ Fe
3+

. 

ʀʂ ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʄʅʏ/Na3C6H5O7/Glu 

ʩʦʜʝʨʞʠʪ ʢʦʣʝʙʘʥʠʷ ʩʚʷʟʠ Fe-O-C(OH)- ʚ ʦʙʣʘʩʪʠ 

1100ï1045 ʩʤ
-1
,
 
ʛʨʫʧʧ ïʉʅ2ï ʚ ʦʙʣʘʩʪʠ 1500ï

1400 ʩʤ
-1
 ʠ ʘʣʴʜʝʛʠʜʥʦʡ ʛʨʫʧʧʳ ʛʣʫʪʘʨʦʚʦʛʦ ʜʠ-

ʘʣʴʜʝʛʠʜʘ ʚ ʦʙʣʘʩʪʷʭ 1740ï1720 ʩʤ
-1
 ʠ 3000ï

2800 ʩʤ
-1
, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʢʦʚʘʣʝʥʪʥʦʝ ʩʚʷʟʳʚʘʥʠʝ 

ʛʣʫʪʘʨʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʆʅïʛʨʫʧ-

ʧʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʅʏ. 

ʀʂ ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʦ-

ʜʝʨʞʘʱʝʛʦ ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʥʥʫʶ ʣʠʧʘʟʫ, ʩʦʜʝʨ-

ʞʠʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʷʭ 3500-3300 ʩʤ
-1
, 

1150-1050 ʩʤ
-1
, ʦʪʥʦʩʷʱʠʝʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ 

ʚʘʣʝʥʪʥʳʤʠ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ï

NH- ʛʨʫʧʧʳ ʬʝʨʤʝʥʪʘ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙ-

ʣʘʩʪʠ 1670-1650 ʩʤ
-1
 ʠ 3300-3080 ʩʤ

-1
 ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʧʝʧʪʠʜʥʦʡ ʩʚʷʟʠ -NH-CO-, ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʱʝʡ ʭʠʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʬʝʨʤʝʥʪʘ, 
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ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙ-

ʣʘʩʪʠ 1650-1550 ʩʤ
-1
 ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʘʟʦʤʝ-

ʪʠʥʦʚʦʡ ʩʚʷʟʠ CH=N ʤʝʞʜʫ ʬʝʨʤʝʥʪʦʤ ʠ ʩʰʠ-

ʚʘʶʱʠʤ ʘʛʝʥʪʦʤ ï ʛʣʫʪʘʨʦʚʳʤ ʜʠʘʣʴʜʝʛʠʜʦʤ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʀʂ ʩʧʝʢʪʨʳ ʦʙ-

ʨʘʟʮʘ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩ ʧʦ-

ʤʦʱʴʶ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ APTS. ʇʨʠʩʫʪ-

ʩʪʚʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳ-

ʤʠ ʛʨʫʧʧʘʤʠ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ɸPTS ʠ 

-ʆʅ ʛʨʫʧʧʘʤʠ Fe3O4 ʜʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʧʠʢʘ ʧʨʠ 

1092 ʩʤ
-1
, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʚʠʙʨʘʮʠʝʡ ʨʘʩʪʷʞʝʥʠʷ 

C-N- ʩʚʷʟʠ; ʢʦʣʝʙʘʥʠʝ ʚʙʣʠʟʠ 1045 ʩʤ
-1
 ʦʪʚʝʯʘʝʪ 

ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ Si-O-ʩʚʷʟʠ; ʢʦʣʝʙʘʥʠʷ ʧʨʠ 

850ï780 ʩʤ
-1
, 1600ï1540 ʩʤ

-1
, 3200-3000 ʩʤ

-1 
ʦʙʫ-

ʩʣʦʚʣʝʥʳ ʥʘʣʠʯʠʝʤ -NH2 ʛʨʫʧʧʳ.  ʊʘʢʞʝ ʦʧʨʝʜʝ-

ʣʝʥʦ ʥʘʣʠʯʠʝ ʘʟʦʤʝʪʠʥʦʚʳʭ ʩʚʷʟʝʡ -ʉʅ=N- ʤʝʞʜʫ 

(3-ʘʤʠʥʦʧʨʦʧʠʣ)ʪʨʠʵʪʦʢʩʠʩʠʣʘʥʦʤ ʠ ʛʣʫʪʘʨʦʚʳʤ 

ʜʠʘʣʴʜʝʛʠʜʦʤ, ʛʣʫʪʘʨʦʚʳʤ ʜʠʘʣʴʜʝʛʠʜʦʤ ʠ ʣʠʧʘ-

ʟʦʡ (1650-1550 ʩʤ
-1
).  

ɼʣʷ ʦʮʝʥʢʠ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʨʘʩ-

ʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʩ ʤʝʪʘʥʦʣʦʤ ʢʘʢ ʧʨʠ ʘʪʤʦʩʬʝʨ-

ʥʦʤ ʜʘʚʣʝʥʠʠ, ʪʘʢ ʠ ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ 

ʜʠʦʢʩʠʜʘ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘʭ: ʊ= 50 
ʦ
ʉ, 

p=15,0 ʄʇʘ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ 3 ʯ, ʚ ʥʝʡʪʨʘʣʴʥʦʡ 

ʩʨʝʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ñʥʘʪʠʚʥʦʛʦò ʬʝʨʤʝʥʪʘ ʣʠʧʘʟʳ (ɸ=200 ʝʜ/ʤʛ), ʘ 

ʪʘʢʞʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʠʦʢʘʪʘʣʠʟʘʪʦ-

ʨʦʚ ʄʅʏ/Na3C6H5O7/Glu/Lip, ʄʅʏ/APTS/Glu/Lip.  

 ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠ-

ʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ (ɸ=150 ʝʜ/ʤʛ) ʦʙʣʘʜʘʝʪ ʙʠʦ-

ʢʘʪʘʣʠʟʘʪʦʨ Fe3O4/APTS/Glu/Lip. ɺʝʨʦʷʪʥʦ, ʵʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʩʪʫʧʥʳʭ 

ʜʣʷ ʩʫʙʩʪʨʘʪʘ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ APTS ʧʦʚʝʨʭʥʦʩʪʠ ʄʅʏ. 

 
ʈʠʩ. 2. ʀʂ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʄʅʏ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʮʠʪʨʘʪʦʤ ʥʘʪʨʠʷ: 1 ï Fe3O4,  

2 - Fe3O4/Na3C6H5O7, 3 - Fe3O4/Na3C6H5O7/Glu,  

4 - Fe3O4/Na3C6H5O7/Glu/Lip 

Fig. 2. FT-IR spectra of  biocatalysts samples on basis of  magnet-

ic nanoparticles modified by sodium citrate 1 ï Fe3O4,  

2 - Fe3O4/Na3C6H5O7, 3 - Fe3O4/Na3C6H5O7/Glu,  

4 - Fe3O4/Na3C6H5O7/Glu/Lip 

 
ʈʠʩ. 3. ʀʂ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʄʅʏ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 3-ʘʤʠʥʦʧʨʦʧʠʣʪʨʠʵʪʦʢʩʠʩʠʣʘʥʦʤ: 

1 ï Fe3O4; 2 - Fe3O4/ APTS; 3 - Fe3O4/APTS /Glu;  

4 - Fe3O4/APTS /Glu/Lip 

Fig. 3. FT-IR spectra of biocatalysts samples based on basis of 

magnetic nanoparticles modified by (3-aminopropyl)tri-

ethoxysilane: 1 - Fe3O4; 2 - Fe3O4/APTS; 3 - Fe3O4/APTS /Glu;  

4 - Fe3O4/APTS /Glu/Lip 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  

ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝ-

ʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ 

ʠ ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ CO2, ʫʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʘʢʪʠʚʥʦʩʪʴ ʥʘʪʠʚʥʦʡ 

ʣʠʧʘʟʳ ʧʦʩʣʝ 10 ʨʘʙʦʯʠʭ ʮʠʢʣʦʚ ʫʤʝʥʴʰʠʣʘʩʴ 

ʧʦʯʪʠ ʚ 2 ʨʘʟʘ (ɸ=98 ʝʜ/ʤʛ), ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘ-

ʪʦʨʦʚ Fe3O4/APTS/Glu/Lip ʠ Fe3O4/Na3C6H5O/Lip 

ʫʤʝʥʴʰʠʣʠʩʴ ʚ 1,4 ʠ 1,55 ʨʘʟ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 

ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʘʢʪʠʚ-

ʥʦʩʪʴ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ Lip, Fe3O4/Na3C6H5O/Lip ʠ 

Fe3O4/APTS/Glu/Lip ʩʦʩʪʘʚʠʣʘ 133, 120 ʠ 150 ʝʜ/ʤʛ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝ-

ʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʩʨʝʜʝ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ ʜʠʦʢ-

ʩʠʜʘ ʫʛʣʝʨʦʜʘ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʳ ʜʦʣʴʰʝ ʩʦʭʨʘʥʷ-

ʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʯʝʤ ʧʨʠ ʘʪʤʦʩʬʝʨ-

ʥʦʤ ʜʘʚʣʝʥʠʠ. 

ɺʓɺʆɼʓ 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʀʂ ʩʧʝʢʪʨʦʚ ʫʢʘʟʳʚʘ-

ʝʪ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ   ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ 

ʘʛʝʥʪʦʚ ʮʠʪʨʘʪʘ ʥʘʪʨʠʷ ʠ 3-ʘʤʠʥʦʧʨʦʧʠʣʪʨʠ-

ʵʪʦʢʩʠʩʠʣʘʥʘ ʥʘ ʧʦʷʚʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʆʅ ʛʨʫʧʧʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ  ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ Fe3O4  ʠ ʩʰʠʚʘʶʱʠʤ 

ʘʛʝʥʪʦʤ Glu. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʀʂ ʩʧʝʢʪʨʦʚ 

ʧʦʩʣʝʜʫʶʱʠʭ ʦʙʨʘʟʮʦʚ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʫʢʘʟʳ-

ʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ ʘʟʦʤʝʪʠʥʦʚʳʭ ʩʚʷʟʝʡ CH=N ʤʝ-

ʞʜʫ ʬʝʨʤʝʥʪʦʤ ʠ ʩʰʠʚʘʶʱʠʤ ʘʛʝʥʪʦʤ Glu. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʘʢʪʠʚʥʦʩʪʝʡ ʠʤʤʦ-

ʙʠʣʠʟʦʚʘʥʥʦʡ ʣʠʧʘʟʳ ʥʘ ʄʅʏ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦ-

ʜʠʬʠʮʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ Na3C6H5O7 ʠ APTS ʧʦʢʘ-

ʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʡ ʘʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʦʙʨʘ-
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ʟʝʮ ʙʠʦʢʘʪʘʣʠʟʘʪʦʨʘ ʄʅʏ/APTS/Glu/Lip ʧʨʠ ʧʨʦ-

ʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʦʛʦ CO2. 

ʊʘʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʧʦʩʦʙʘ ʧʨʦʚʝʜʝʥʠʷ ʨʝ-

ʘʢʮʠʠ ʧʝʨʝʵʪʝʨʠʬʠʢʘʮʠʠ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʪʝʭ-

ʥʦʣʦʛʠʯʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʨʦʮʝʩʩʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʙʠʦʪʦʧʣʠʚʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ 

ʈʌʌʀ, ˉ13-08-00831. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʥʪʝʟ ʦʣʠʛʦʤʝʨʥʳʭ ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʢʨʝʤ-

ʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʧʠʨʝʥʘ 

ʜʣʷ  ʦʛʥʝʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʙʦʨ-, ʘʟʦʪ-ʬʦʩʬʦʨ- ʠ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʠ ʦʛʥʝʩʪʦʡ-

ʢʦʩʪʴ ʧʦʢʨʳʪʠʡ.  ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʘʪʦʤʦʚ ʙʦʨʘ ʠ ʢʨʝʤʥʠʷ ʩ ʵʥʝʨʛʠʝʡ 

ʩʚʷʟʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ.  ʇʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʙʦʨʩʦʜʝʨʞʘʱʝʛʦ ʢʨʝʤʥʠʡʦʨʛʘʥʠ-

ʯʝʩʢʦʛʦ ʦʣʠʛʦʤʝʨʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʦʣʠʛʦʤʝʨʥʦʛʦ ʘʥʪʠʧʠʨʝʥʘ ʚ ʧʦʢʨʳʪʠʷ ʫʣʫʯʰʘʝʪ ʠʭ ʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʧʦʚʳʰʘʝʪ ʦʛʥʝʩʪʦʡʢʦʩʪʴ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʥʪʠʧʠʨʝʥʳ, ʧʦʢʨʳʪʠʷ,  ʦʣʠʛʦʤʝʨʳ, ʙʦʨʩʦʜʝʨʞʘʱʠʝ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʘʟʦʪ, ʬʦʩʬʦʨ, ʢʨʝʤʥʠʡ, ʤʝʪʘʩʠʣʠʢʘʪ ʥʘʪʨʠʷ,  ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʷ, ʵʥʝʨʛʠʷ ʩʚʷʟʠ, ʤʦʜʠʬʠʢʘ-

ʮʠʷ, ʧʦʣʠʩʠʣʦʢʩʘʥʳ 

ʇʦʠʩʢ ʥʦʚʳʭ ʪʝʨʤʦʩʪʦʡʢʠʭ ʠ ʦʛʥʝʩʪʦʡʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʚʘʞʥʦʩʪʴ ʚ ʩʚʷʟʠ 

ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ, ʵʢʦʣʦ-

ʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ɼʣʷ ʠʭ ʨʝ-

ʰʝʥʠʷ ʚʦʟʤʦʞʥʳ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʘ ʧʦʜʭʦʜʘ: 

ʩʦʟʜʘʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ, ʣʠʙʦ ʤʦʜʠʬʠʢʘ-

ʮʠʷ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʚʚʝʜʝʥʠʝʤ 

ʚ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʝ ʧʦʣʠʤʝʨʳ ʜʦʙʘʚʦʢ, ʠʟʤʝ-

ʥʷʶʱʠʭ ʠʭ ʩʚʦʡʩʪʚʘ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦʩʪʴ ʚʪʦʨʦʛʦ ʩʧʦʩʦʙʘ ʦʯʝʚʠʜʥʘ, ʧʦʩʢʦʣʴʢʫ 

ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʢʘʧʠʪʘʣʴʥʳʭ 

ʚʣʦʞʝʥʠʡ.  
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʙʘʚʦʢ ʧʦ-

ʣʠʤʝʨʥʦʡ ʧʨʠʨʦʜʳ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫ-

ʨʝ ʙʦʨ, ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʤʠ ʜʦ-

ʙʘʚʢʘʤʠ. ʀʩʢʣʶʯʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʛʦʤʦʛʝʥʥʦʡ ʤʘʩʩʳ. ʇʝʨʩʧʝʢʪʠʚ-

ʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʷʚʣʷʶʪ-

ʩʷ ʙʦʨʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ.  

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʣʠʵʬʠʨʦʚ ʠ ʧʦʣʠʤʝʪʠʣʝʥʵʬʠʨʦʚ ʬʝʥʦʣʦʚ ʠ 

ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ  ʚ ʵʧʦʢʩʠʜʥʳʭ ʢʦʤʧʦʟʠʮʠʷʭ ʧʦ-

ʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʠʭ ʧʨʦʯʥʦʩʪʴ ʠ ʩʥʠʟʠʪʴ ʛʦʨʶ-

ʯʝʩʪʴ [1]. ʇʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʙʦʨʧʦʣʠʤʝʨʦʚ ʠ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʭʠʤʠʯʝʩʢʦʝ, ʠʟʫʯʝʥʦ ʥʝ ʙʳʣʦ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʵʬʠʨʦʚ ʠ ʧʦʣʠ-

ʤʝʪʠʣʝʥʵʬʠʨʦʚ ʬʝʥʦʣʦʚ ʠ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʢʦʤʧʦʟʠʮʠʡ ʩ ʟʘʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʩʚʦʡʩʪʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ 

ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʥʝʧʨʝʜʝʣʴʥʳʭ ʢʘʫʯʫʢʦʚ ʠʣʠ ʩʠʣʦʢʩʘʥʦʚ 

(ʚ ʯʘʩʪʥʦʩʪʠ ʬʨʠʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ). ʊʘʢ, ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʚ ʩʚʷʟʠ ʩ ʫʞʝʩʪʦʯʝʥʠʝʤ ʵʢʦʣʦʛʠ-

ʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ, ʦʩʪʨʦ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʟʘʤʝʥʝ 

ʢʘʥʮʝʨʦʛʝʥʥʦʛʦ ʘʩʙʝʩʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʜʣʷ ʪʘʢʠʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʥʘ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ [2].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʠʣʫ ʨʷʜʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝ-

ʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʘʢʠʤ ʟʘʤʝ-

ʥʠʪʝʣʝʤ ʤʦʞʝʪ ʙʳʪʴ ʩʠʣʠʢʘʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʥʝ ʦʙ-

ʣʘʜʘʶʱʠʡ ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [3]. ɺʦʟ-

ʤʦʞʝʥ ʜʨʫʛʦʡ ʧʫʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʢʦʤʧʦ-

ʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʵʪʦ ʚʚʝʜʝʥʠʝ ʚ ʤʘʪʝʨʠʘʣ 

ʜʦʙʘʚʦʢ ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʦʨʛʘʥʦʩʠʣʦʢʩʘʥʦʚ, 

ʤʝʥʷʶʱʠʭ ʝʛʦ ʩʚʦʡʩʪʚʘ. 

ʇʦʣʠʦʨʛʘʥʦʩʠʣʦʢʩʘʥʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʤʘʣʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

ʢ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ. ʋ ʧʦʣʠʦʨʛʘʥʦʩʠʣʦʢʩʘʥʦʚ 

ʛʣʘʚʥʳʝ ʮʝʧʠ ʤʦʣʝʢʫʣ ʧʦʩʪʨʦʝʥʳ ʠʟ ʘʪʦʤʦʚ ʢʨʝʤ-

ʥʠʷ ʠ ʢʠʩʣʦʨʦʜʘ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʚʘʣʝʥʪʥʦʩʪʠ ʘʪʦ-

ʤʦʚ ʢʨʝʤʥʠʷ ʟʘʤʝʱʝʥʳ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʨʘʜʠʢʘʣʘ-

ʤʠ ʠʣʠ ʛʨʫʧʧʘʤʠ. ɺʩʝ ʵʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʧʦʣʠʦʨʛʘ-

ʥʦʩʠʣʦʢʩʘʥʘʭ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʦ-

ʣʝʢʫʣ ʠʣʠ ʮʠʢʣʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ: 
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ʆʪʨʳʚ ʟʚʝʥʘ ʮʝʧʠ ʠʣʠ ʙʦʣʴʰʝʛʦ ʫʯʘʩʪʢʘ 

ʮʝʧʠ ʧʦʣʠʤʝʨʥʦʡ ʤʦʣʝʢʫʣʳ ʩʚʷʟʘʥ ʩ ʥʝʦʙʭʦʜʠʤʦ-

ʩʪʴʶ ʨʘʟʨʳʚʘ ʮʝʧʠ ʚ ʪʨʝʭ ʠʣʠ ʜʚʫʭ ʪʦʯʢʘʭ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʜʚʫʭ ʠʣʠ ʪʨʝʭ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠ ʫʩʪʦʡʯʠʚʳʭ ʩʚʷʟʝʡ Si-O.  ʇʦʵʪʦʤʫ ʫ ʧʦʣʠʦʨ-

ʛʘʥʦʩʠʣʦʢʩʘʥʦʚ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʩʚʷʟʷʤʠ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʨʘʜʠʢʘʣʘ,  

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʩʪʨʫʢʮʠʷ ʮʝʧʝʡ ʤʦʣʝʢʫʣ ʧʦ ʩʚʷ-

ʟʠ  Si-O ʜʘʞʝ ʧʨʠ 550 ʉ. 

ʕʣʝʢʪʨʦʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ (Si, ɺ, 

Al, ʈ) ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʩʨʦʜʩʪʚʦʤ 

ʢ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ, ʯʝʤ ʫʛʣʝʨʦʜ.  

ʀʥʘʯʝ ʛʦʚʦʨʷ, ʢʨʝʤʥʠʡ, ʙʦʨ, ʘʣʶʤʠʥʠʡ, ʬʦʩʬʦʨ ʠ 

ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʦʙʨʘʟʫʶʪ ʙʦʣʝʝ ʩʣʘʙʳʝ ʩʚʷʟʠ ʩ 

ʵʣʝʢʪʨʦʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʅ, Si, ɺ, Al, 

As, Sb, Bi ʠ ʜʨ.), ʥʦ ʙʦʣʝʝ ʩʠʣʴʥʳʝ - ʩ ʵʣʝʢʪʨʦʦʪ-

ʨʠʮʘʪʝʣʴʥʳʤʠ (ʆ, N, Cl, Br, F ʠ ʜʨ.), ʯʝʤ ʫʛʣʝʨʦʜ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦ-

ʩʪʠ ʨʘʟʣʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʫʛʣʝʨʦʜ 

(ʭC=2,5) ʟʘʥʠʤʘʝʪ ʧʨʠʤʝʨʥʦ ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ 

ʤʝʞʜʫ ʩʘʤʳʤ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ - 

ʬʪʦʨʦʤ (xF =4,0) ʠ ʩʘʤʳʤʠ ʵʣʝʢʪʨʦʧʦʣʦʞʠʪʝʣʴ-

ʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ - ʮʝʟʠʝʤ ʠ ʬʨʘʥʮʠʝʤ (xCs=0,7, 

ʭFr=0,7). ʇʦʣʫʩʫʤʤʘ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ 

ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʭʧʩ=2,35 ʠ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʘʪʦʤ ʉ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʫʶ ʪʝʥʜʝʥʮʠʶ ʦʪ-

ʜʘʚʘʪʴ ʠʣʠ ʧʦʣʫʯʘʪʴ ʵʣʝʢʪʨʦʥʳ, ʪ. ʝ. ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠʦʥʳ. ɸ ʵʪʦ 

ʟʥʘʯʠʪ, ʯʪʦ ʫʛʣʝʨʦʜ ʚ ʩʦʝʜʠʥʝʥʠʷʭ ʤʝʥʝʝ ʠʦʥʠʟʠ-

ʨʦʚʘʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʠʣʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʅʘʧʨʠ-

ʤʝʨ, ʝʩʣʠ ʩʚʷʟʴ Si-C1 ʠʦʥʠʟʠʨʦʚʘʥʘ ʥʘ 30-50%, ʪʦ 

ʩʚʷʟʴ ʉ-C1 - ʧʨʠʤʝʨʥʦ ʥʘ 6%. ʇʦʵʪʦʤʫ ʫʛʣʝʨʦʜ 

ʥʘʠʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥ ʵʣʝʢʪʨʦʬʠʣʴʥʦʡ ʠʣʠ ʥʫʢ-

ʣʝʦʬʠʣʴʥʦʡ ʘʪʘʢʝ, ʘ ʟʥʘʯʠʪ, ʉ-ʉ-ʩʚʷʟʴ ʟʥʘʯʠʪʝʣʴ-

ʥʦ ʙʦʣʝʝ ʧʨʦʯʥʘ, ʯʝʤ ʕ-ʕ-ʩʚʷʟʴ (ʥʘʧʨʠʤʝʨ, ɺ-ɺ, 

Si-Si,), ʠ ʥʘʦʙʦʨʦʪ, ʥʘʧʨʠʤʝʨ ʉ-ʆ-ʩʚʷʟʴ, ʧʦʣʫʩʫʤ-

ʤʘ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʢʦʪʦʨʦʡ ʨʘʚʥʘ ʭʧʩ=3,0, 

Si-ʆ (ʭʧʩ = 2,65), Si-N (ʭʧʩ = 2,4) ʠ ʪ. ʜ. 

ʉʨʘʚʥʝʥʠʝ ʵʥʝʨʛʠʠ ʩʚʷʟʝʡ ʘʪʦʤʦʚ ʙʦʨʘ, 

ʢʨʝʤʥʠʷ ʩ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ ʵʪʠ ʧʦʣʦʞʝʥʠʷ (ʪʘʙʣʠʮʘ) [4]. 
 

ʊʘʙʣʠʮʘ 

ʕʥʝʨʛʠʷ ʩʚʷʟʠ ʘʪʦʤʦʚ ʙʦʨʘ, ʢʨʝʤʥʠʷ, ʬʦʩʬʦʨʘ ʠ 

ʫʛʣʝʨʦʜʘ 

Table. Bond energy of of atoms of boron, silicon, phos-

phorus and carbon 

ʉʚʷʟʴ 

ʕʥʝʨʛʠʷ 

ʩʚʷʟʠ, 

ʢɼʞ/ʤʦʣʴ 

ʉʚʷʟʴ 

ʕʥʝʨʛʠʷ 

ʩʚʷʟʠ, 

ʢɼʞ/ʤʦʣʴ 

ʉʚʷʟʴ 

ʕʥʝʨʛʠʷ 

ʩʚʷʟʠ, 

ʢɼʞ/ʤʦʣʴ 

ʉ-ʉ 344 B-C 312 B-O 460 

ɺ-ɺ 225 Si-C 290 Si-O 432 

Si-Si 187 P-C 272 P-O 360 

P-P 217 C-O 350   
 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮ,r ʥʘʠʤʝʥʴʰʘʷ ʵʥʝʨʛʠʷ 

ʫ ʩʚʷʟʝʡ Si-Si, P-P ʠ ɺ-ɺ, ʢʦʪʦʨʳʝ ʧʦʵʪʦʤʫ ʙʦʣʝʝ 

ʩʢʣʦʥʥʳ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ, ʯʝʤ ʩʚʷʟʠ 

Si-ʉ, ɺ-ʉ ʠ ʉ-ʉ. ɽʱʝ ʙʦʣʴʰʝʡ ʵʥʝʨʛʠʝʡ ʦʙʣʘʜʘʶʪ 

ʩʚʟ̫ʠ Si-ʆ ʠ ɺ-ʆ, ʧʦʵʪʦʤʫ ʙʦʣʴʰʠʥʩʪʚʦ ʚʘʞʥʝʡ-

ʰʠʭ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʦʣʠʛʦʤʝʨʦʚ ʠ ʧʦʣʠʤʝ-
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ʨʦʚ, ʥʘʰʝʜʰʠʭ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʠʤʝʥʥʦ ʥʘʣʠʯʠʝʤ ʩʠʣʦʢʩʘʥʦʚʳʭ, ʙʦʨ-

ʩʠʣʦʢʩʘʥʦʚʳʭ ʠ ʧʦʜʦʙʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʚ ʮʝʧʷʭ. 

ʆʪʣʠʯʠʝ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʙʫ-

ʩʣʦʚʣʝʥʦ ʤʘʣʦʡ ʧʨʦʯʥʦʩʪʴʶ ʕ-ʕ-ʩʚʷʟʝʡ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʉ-ʉ-ʩʚʷʟʴʶ,ʠ ʥʘʦʙʦʨʦʪ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝʡ ʧʨʦʯʥʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ, ʕ-ʆ-ʕ-ʩʚʷʟʝʡ, 

ʯʝʤ ʉ-ʆ-ʉ-. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʤʝʥʪʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʙʦʣʝʝ ʩʢʣʦʥʥʳ ʢ ʨʝʘʢʮʠʷʤ ʢʦʥʜʝʥʩʘ-

ʮʠʠ, ʧʨʠʚʦʜʷʱʠʤ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʵʣʝʤʝʥʪʦʢʩʘʥʦ-

ʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʨʛʘʥʠʯʝ-

ʩʢʠʝ ʤʦʥʦʤʝʨʳ ʭʦʪʴ ʠ ʩʢʣʦʥʥʳ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʫʛʣʝʨʦʜʦʢʩʘʥʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ (ʉ-ʆ-ʉ), ʥʦ 

ʵʪʠ ʮʝʧʠ ʪʝʨʤʠʯʝʩʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʩʪʘʙʠʣʴ-

ʥʳ. ʅʘʧʨʠʤʝʨ, ʧʦʣʠʦʢʩʦʤʝʪʠʣʝʥʳ (ʉʅ2-ʆ-)n ʣʝʛʢʦ 

ʨʘʩʱʝʧʣʷʶʪʩʷ ʧʨʠ 150-170 ÁC, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʝʨ-

ʤʦʩʪʦʡʢʦʩʪʴ ʧʦʣʠʦʨʛʘʥʦʩʠʣʦʢʩʘʥʦʚ ʩ ʨʘʟʚʝʪʚʣʝʥ-

ʥʳʤʠ, ʠ ʦʩʦʙʝʥʥʦ ʩ ʣʝʩʪʥʠʯʥʳʤʠ, ʮʝʧʷʤʠ ʤʦʣʝ-

ʢʫʣ ʧʨʝʚʳʰʘʝʪ 500 ÁC. ʀ ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ ʤʦʣʝ-

ʢʫʣʘʭ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʩʦʜʝʨ-

ʞʘʪʩʷ ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʝ ʵʣʝʤʝʥʪʦʢʩʘʥʦʚʳʝ 

ʠ ʜʨʫʛʠʝ ʩʚʷʟʠ, ʚ ʢʦʪʦʨʳʭ ʯʝʨʝʜʫʶʪʩʷ ʵʣʝʤʝʥʪʳ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ. 

ʇʦʣʠʦʨʛʘʥʦʩʠʣʦʢʩʘʥʳ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ ʧʦ ʩʪʨʫʢʪʫʨʝ ʮʝʧʝʡ 

ʤʦʣʝʢʫʣ ʠ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʤʝʞʜʫ ʢʚʘʨʮʝʤ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʦʣʠʤʝʨʘʤʠ.  

ʍʠʤʠʯʝʩʢʠʡ  ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʦʨʛʘʥʦʩʠ-

ʣʦʢʩʘʥʦʚ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʮʝʥʥʳʝ ʚ ʪʝʭʥʠʯʝʩʢʦʤ 

ʦʪʥʦʰʝʥʠʠ ʩʚʦʡʩʪʚʘ. ɺʩʝ ʧʦʣʠʦʨʛʘʥʦʩʠʣʦʢʩʘʥʳ  ʠ 

ʦʨʛʘʥʦʩʠʣʠʢʘʪʳ ʦʙʣʘʜʘʶʪ ʥʝʦʙʳʯʘʡʥʦ ʚʳʩʦʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʜʝʡʩʪʚʠʶ ʚʣʘʛʠ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʢ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ [1,2] ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʠ-

ʩʦʝʜʠʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴ-

ʥʳʭ ʛʨʫʧʧ  ʢ ʘʪʦʤʘʤ ʢʨʝʤʥʠʷ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ. 

ʇʦʩʣʝʜʫʶʱʠʡ ʛʠʜʨʦʣʠʟ ʫʩʪʦʡʯʠʚʳʭ ʨʝʘʢʮʠʦʥʥʳʭ 

ʩʤʝʩʝʡ ʧʦʣʠʜʠʵʪʠʣʩʠʣʦʢʩʘʥʙʦʨʘʪʦʚ, ʧʨʦʪʝʢʘʶ-

ʱʠʡ ʧʨʠ ʨʝʘʢʮʠʠ ʩ ʙʦʨʥʦʡ ʢʠʩʣʦʪʦʡ, ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʫʯʝʥʠʶ ʩʚʦʙʦʜʥʳʭ ʧʦʣʠʜʠʵʪʠʣʩʠʣʦʢʩʘʥʦʚ ʧʦ 

ʩʭʝʤʘʤ (I, II): 

 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʝʥ-

ʥʳʭ ʧʨʠ ʨʝʘʢʮʠʷʭ ʩ ʙʦʨʥʦʡ ʠ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦ-

ʪʘʤʠ, ʘʥʘʣʦʛʠʯʝʥ [2]. 

ʅʘʤʠ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʩʠʥʪʝʟʳ  ʧʨʠʩʦʝ-

ʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʝʪʝʨʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

(ʛʠʜʨʦʢʩʠʣʴʥʳʭ, ʢʘʨʙʦʢʩʠʣʴʥʳʭ, ʛʘʣʦʛʝʥʠʜʦʚ, ʘʤʠʥ-

ʥʳʭ, ʬʦʩʬʦʨʥʳʭ ʠ  ʙʦʨʘʪʥʳʭ) ʢʨʝʤʥʠʡʩʦʜʝʨʞʘ-

ʱʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʪʝʨʤʦ-

ʩʪʦʡʢʦʩʪʠ ʠ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʦʣʠʤʝʨʦʚ [4-5]. 

ʉʠʥʪʝʟ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʦʣʠʛʦʤʝʨʥʦʛʦ ʘʥʪʠ-

ʧʠʨʝʥʘ ʤʝʪʘʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ ʩ ʪʝʪʨʘʙʦʨʘʪʦʤ ʥʘ-

ʪʨʠʷ ʧʨʦʚʦʜʠʪʩʷ  ʚ ʨʘʩʪʚʦʨʝ ʛʣʠʮʝʨʠʥʘ. ʈʝʘʢʮʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʪʨʘʙʦʨʘʪʘ ʥʘʪʨʠʷ ʠ ʨʘʩʪʚʦʨʘ 

ʤʝʪʘʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ ʚ ʚʠʜʝ ʥʘʪʨʠʝʚʦʛʦ ʞʠʜʢʦʛʦ 

ʩʪʝʢʣʘ ʠʜʝʪ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ɼʣʷ 

ʫʣʫʯʰʝʥʠʷ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʣʠʛʦ-

ʤʝʨʘ ʧʦʣʫʯʝʥʥʫʶ ʤʘʩʩʫ ʩʦʝʜʠʥʷʣʠ ʩ ʘʜʜʫʢʪʦʤ 

ʤʦʯʝʚʠʥʳ ʠ ʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʤʦʣʴʥʦʤ ʩʦʦʪ-

ʥʦʰʝʥʠʠ: 1:1. 
 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʙʦʨʩʦʜʝʨʞʘʱʝʛʦ ʢʨʝʤʥʠʡʦʨʛʘʥʠ-

ʯʝʩʢʦʛʦ ʦʣʠʛʦʤʝʨʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ. 

1-2:1, 2- 3:1, 3-1:1 

Fig. 1. The dependence of boron containing silicon organic 

ʦligomer on temperature and on reagents ratio. 1-2:1, 2-3:1, 3-1:1 
 

ʈʝʘʢʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʪʘʩʠʣʠʢʘʪʘ ʥʘ-

ʪʨʠʷ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʪʝʪʨʦʙʦʨʘʪʦʤ ʠ ʘʜʜʫʢ-

ʪʦʤ ʤʦʯʝʚʠʥʳ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ: 
 

 

ɺ ʵʪʦʡ ʨʝʘʢʮʠʠ ʪʘʢʞʝ ʠʜʝʪ ʜʝʛʠʜʨʘʪʘʮʠʷ 

ʩʠʣʠʢʘʪʘ  ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʢʨʝʤʥʠʝʤ ʙʦʨʘʪʥʳʭ ʠ 

ʘʤʠʥʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʪʨʠʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʝʛʦ ʦʣʠʛʦʤʝʨʘ.  
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ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ  

353 ʂ ʜʦ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʤʘʩʩʳ. ʇʦʣʫʯʝʥ-

ʥʳʡ ʦʣʠʛʦʤʝʨʥʳʡ ʧʨʦʜʫʢʪ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ: ʦʜʥʦʨʦʜʥʳʡ ʧʦʨʦʰʦʢ ʢʦʨʠʯʥʝʚʦʛʦ 

ʮʚʝʪʘ, ʩʨʝʜʥʷʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 2400-2500, ʥʝ-

ʣʝʪʫʯʠʡ, ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʦ-

ʩʪʘʚʣʷʝʪ 96,66 %.  

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʦʨʤʘʣʴʥʦʡ ʢʠ-

ʥʝʪʠʢʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʥʝ-

ʦʙʭʦʜʠʤʳ ʜʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ ʚ ʫʩʣʦ-

ʚʠʷʭ ʠʭ ʩʠʥʪʝʟʘ, ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʨʝʰʝʥʠʷ ʨʷʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʦ-

ʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʤʦʜʝʣʝʡ ʧʨʦʪʝʢʘ-

ʥʠʷ ʨʝʘʢʮʠʡ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ  [6]. 

 ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʢʠ ʪʝʨʤʠ-

ʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʝ-

ʞʜʝ ʚʩʝʛʦ, ʦʪʤʝʪʠʪʴ ʢʘʢ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ, 

ʤʝʪʦʜʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ 

ʦʪʥʦʩʷʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦ-

ʨʠʤʝʪʨʠʷ (ɼʉʂ), ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ (ɼʊɸ), ʜʠʥʘʤʠʯʝʩʢʘʷ  ʠ ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷ (ʊɻ) [7-8]. 

 ɼʘʥʥʳʝ ʊɻ ʠʣʠ ɼʉʂ ʚʳʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʧʦ-

ʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ  ʥʘʛʨʝʚʘʥʠʷ. ʅʘ ʦʨʜʠʥʘʪʝ ʧʨʠ 

ɼʊɸ ʦʪʢʣʘʜʳʚʘʝʪʩʷ æʊ(ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʠʩ-

ʩʣʝʜʫʝʤʦʛʦ ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʝʱʝʩʪʚʘ), ʧʨʠ ɼʉʂ - 

dæQ/dt (ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ ʤʝʞʜʫ ʷʯʝʡʢʘʤʠ ʠʩʩʣʝ-

ʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠ ʵʪʘʣʦʥʘ). ʊʠʧʠʯʥʳʝ ʢʨʠʚʳʝ 

ɼʊɸ ʠ ɼʉʂ ʦʪʨʘʞʘʶʪ ʤʥʦʛʠʝ ʠʟ ʥʘʙʣʶʜʘʝʤʳʭ 

ʷʚʣʝʥʠʡ. ʇʣʦʱʘʜʴ ʧʠʢʘ ʤʝʞʜʫ ʢʨʠʚʦʡ ʠ ʥʫʣʝʚʦʡ 

ʣʠʥʠʝʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʠʟʤʝʥʝʥʠʶ ʵʥʪʘʣʴʧʠʠ 

ʦʙʨʘʟʮʘ. 

ʊʝʨʤʦʘʥʘʣʠʪʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʦʡ ʙʦʨʩʦʜʝʨʞʘʱʝʛʦ ʢʨʝʤʥʠʡʦʨ-

ʛʘʥʠʯʝʩʢʦʛʦ  ʦʣʠʛʦʤʝʨʘ  ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦ ~100 ʉ 
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ʩʢʘʥʠʨʫʶʱʠʭ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʙʦʨʩʦʜʝʨʞʘʱʝʛʦ 
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Fig. 2. The data of thermo gravimetric and different-scanning 

calorimetric analyses of boron-containing silicon organic oli-

gomer 

ʦʣʠʛʦʤʝʨ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ. ɺʳʩʚʦʙʦʞʜʝʥʠʝ 

ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʧʨʦ-

ʠʩʭʦʜʠʪ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʩʚʦʙʦʞ-

ʜʘʝʪʩʷ ʦʜʥʘ ʪʨʝʪʴ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ: ʚ ʠʥʪʝʨʚʘʣʝ 

ʦʪ 100 ʉ ʜʦ 300 ʉ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝ-

ʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʘ (~3%) (ʨʠʩ. 2), ʯʝʤʫ ʩʦʦʪʚʝʪʩʪ-

ʚʫʝʪ ʧʝʨʚʳʡ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ (ʊmax = 350 ʉ). 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ (450-470 ʉ) ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ 

ʦʩʪʘʣʴʥʳʝ ʜʚʝ ʪʨʝʪʠ ʛʦʩʪʝʚʳʭ ʤʦʣʝʢʫʣ, ʠ ʫʤʝʥʴ-

ʰʝʥʠʝ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ ~10,5%, ʵʪʦʤʫ ʵʪʘʧʫ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʛʨʫʧʧʘ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʧʠʢʦʚ. ʅʘ 

ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʢʮʠʷ ʨʘʟʣʦʞʝʥʠʷ 

ʙʦʨʩʦʜʝʨʞʘʱʝʛʦ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʛʦ  ʘʥʪʠʧʠ-

ʨʝʥʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʧʨʠ ʵʪʦʤ ʧʦʪʝʨʷ ʤʘʩʩʳ ʨʘʚʥʘ 

2,3%. ʕʪʦʤʫ ʧʨʦʮʝʩʩʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʜʦʪʝʨʤʠ-

ʯʝʩʢʠʡ ʧʠʢ (ʊmax=550 ʉ). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʨʘʚʥʦ ~16%, ʯʪʦ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʥʘ ʨʠʩ. 2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʙʦʨ- ʠ 

ʢʨʝʤʥʠʡʩʦʜʝʨʞʘʱʠʡ ʦʣʠʛʦʤʝʨʥʳʡ ʘʥʪʠʧʠʨʝʥ ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʘʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ ʩ ʪʝʪʨʘʙʦʨʘʪʦʤ ʥʘ-

ʪʨʠʷ, ʠʤʝʶʱʠʡ ʥʘʯʘʣʴʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʠʩʣʝ-

ʥʠʷ ʙʦʣʴʰʝ 350 ʉ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ-

ʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʧʠʨʝʥʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʘʩʦʢ, 

ʣʘʢʦʚ ʠ ʵʤʘʣʝʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʠ 

ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ ʦʪ ʢʦʨʨʦʟʠʠ, ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳ-

ʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʦʣʠʛʦ-

ʤʝʨʥʦʛʦ ʘʥʪʠʧʠʨʝʥʘ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 

70-80 ʉ,  ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʥʝ-

ʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 6-7 % ʠ ʧʨʦʩʪʦʪʘ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʫʯʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴʶ. 

ɹʦʨ- ʠ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʝ ʩʤʦʣʳ ʙʣʘʛʦ-

ʜʘʨʷ ʩʚʦʠʤ ʧʨʝʚʦʩʭʦʜʥʳʤ ʢʘʯʝʩʪʚʘʤ ʥʘʭʦʜʷʪ ʨʘʟ-

ʥʦʦʙʨʘʟʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʀʩʢʣʶʯʠʪʝʣʴʥʘʷ ʛʠʜʨʦ-

ʬʦʙʥʦʩʪʴ, ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ ʠ ʜʨʫʛʠʝ ʮʝʥʥʳʝ ʢʘʯʝ-

ʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʦʟʚʦʣʠʣʠ ʧʦʚʳʩʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʫʤʝʥʴʰʠʪʴ ʠʭ ʚʝʩ, ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥ-

ʥʳʭ ʵʣʝʢʪʨʦʠʟʦʣʷʪʦʨʦʚ, ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʪ.ʜ. 
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ɺʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 3,5-ʜʠʘʤʠʥʦ-1,2,4-ʪʠʘʜʠʘʟʦʣʘ ʠ ʙʝʥʟʦʠʣʭʣʦʨʠʜʘ ʧʦʣʫʯʝʥ ʘʮʠʣʠ-

ʨʦʚʘʥʥʳʡ ʧʦ ʮʠʢʣʠʯʝʩʢʦʤʫ ʘʪʦʤʫ ʘʟʦʪʘ 5-ʘʤʠʥʦ-2-ʙʝʥʟʦʠʣ-3-ʠʤʠʥʦ-1,2,4-ʪʠʘʜʠʘʟʦʣʠʥ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʦʧʨʝʜʝʣʝʥ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʠ ʘʮʠʣʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: 3,5-ʜʠʘʤʠʥʦ-1,2,4-ʪʠʘʜʠʘʟʦʣ, ʘʮʠʣʠʨʦʚʘʥʠʝ, 5-ʘʤʠʥʦ-2-ʙʝʥʟʦʠʣ-3-ʠʤʠʥʦ-

1,2,4-ʪʠʘʜʠʘʟʦʣʠʥ, ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʘʷ ʞʠʜʢʦʩʪʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ 

ɼʣʷ ʩʠʥʪʝʟʘ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʟʘʤʝʱʝʥʥʳʝ ʠ ʥʝʟʘʤʝʱʝʥʥʳʝ ʛʝʪʝʨʦ-

ʮʠʢʣʠʯʝʩʢʠʝ ʜʠʘʤʠʥʳ. ʉʨʝʜʠ ʥʠʭ 3,5-ʜʠʘʤʠʥʦ-1, 

2,4-ʪʠʘʜʠʘʟʦʣ (1), ʚʳʧʫʩʢʘʝʤʳʡ ʚ ʚʠʜʝ ʣʝʢʘʨʩʪʚʝʥ-

ʥʦʛʦ ʧʨʝʧʘʨʘʪʘ çɸʤʪʠʟʦʣè, ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ, ʦʙ-

ʣʘʜʘʶʱʠʝ ʘʥʪʠʛʠʧʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [1-9]. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʨʝʘʢʮʠʠ 

ʘʣʢʠʣʠʨʦʚʘʥʠʷ 3,5-ʜʠʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʘ [10], -

ʪʠʘʜʠʘʟʦʣʘ [11], 2,5-ʜʠʘʤʠʥʦ-1,3,4-ʪʠʘʜʠʘʟʦʣʘ [12] 

ʠ ʨʝʘʢʮʠʠ ʘʮʠʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ 1,3,4-ʪʠʘ-

ʜʠʘʟʦʣʦʚ [13]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʢʘʢ ʥʘ 

ʘʣʢʠʣʴʥʫʶ, ʪʘʢ ʘʮʠʣʴʥʫʶ ʛʨʫʧʧʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʚʥʫʪʨʠʮʠʢʣʠʯʝʩʢʦʤʫ ʘʪʦʤʫ ʘʟʦʪʘ ʪʨʠʘʟʦʣʴʥʦʛʦ 

ʠʣʠ ʪʠʘʜʠʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [10, 

12-19]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʦʠʟʚʦʜʥʳʭ ʪʠʘʜʠʘʟʦʣʦʚ ʠ 

ʪʨʠʘʟʦʣʦʚ ʦʙʣʘʜʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 

ʠ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥ-

ʥʳʭ ʥʘ ʧʦʠʩʢ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʪʠʚʦʦʧʫʭʦ-

ʣʝʚʳʭ ʠ ʩʫʣʴʬʘʥʠʣʘʤʠʜʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [20, 21]. 

ɺʚʝʜʝʥʠʝ ʙʝʥʟʦʠʣʴʥʦʡ ʛʨʫʧʧʳ ʢ ʘʪʦʤʫ 

ʘʟʦʪʘ N(2) 1,2,4-ʪʠʘʜʠʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʪ.ʢ. ʨʘʥʝʝ ʧʦʜʦʙʥʳʝ ʩʦʝʜʠ-

ʥʝʥʠʷ ʥʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥ-

ʪʝʨʝʩ ʢʘʢ ʦʙʲʝʢʪʳ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʬʘʨʤʘʢʦʣʦ-

ʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [22] ʠ ʢʘʢ ʥʦʚʳʝ ʧʨʝʢʫʨʩʦ-

ʨʳ ʚ ʩʠʥʪʝʟʝ ʤʘʢʨʦʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝ-

ʥʘ ʩʠʥʪʝʟʫ 5-ʘʤʠʥʦ-2-ʙʝʥʟʦʠʣ-3-ʠʤʠʥʦ-1,2,4-ʪʠʘʜʠ-

ʘʟʦʣʠʥʘ (2). 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ɸʥʘʣʠʟ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɺʕɾʍ) ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʞʠʜʢʦʩʪʥʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ GILSON 306. ɺ 

ʢʘʯʝʩʪʚʝ ʧʦʜʚʠʞʥʦʡ ʬʘʟʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʠʣʦʚʳʡ 

ʩʧʠʨʪ. ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣ-

ʥʳ 256 ʥʤ. ʉʢʦʨʦʩʪʴ ʵʣʶʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʘ  

0.50 ʤʣ/ʤʠʥ, ʦʙʲʝʤ ʧʨʦʙʳ, ʚʚʦʜʠʤʳʡ ʚ ʢʦʣʦʥʢʫ ï 

20.0 ʤʢʣ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ, ʚʦʜʦ-

ʨʦʜʘ, ʘʟʦʪʘ ʠ ʩʝʨʳ ʚ ʦʙʨʘʟʮʘʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʨʠʙʦʨʝ FlashEA 1112 

CHNSïO Analyzer. ʀʂ ʩʧʝʢʪʨʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ 

ʥʘ ʧʨʠʙʦʨʝ AVATAR 360 FT IR ʚ ʦʙʣʘʩʪʠ 600-

4000 ʩʤĭ ʚ ʪʘʙʣʝʪʢʝ KBr. 

3,5-ɼʠʘʤʠʥʦ-1,2,4-ʪʠʘʜʠʘʟʦʣ (1) ʙʳʣ ʧʦ-

ʣʫʯʝʥ ʧʦ ʤʝʪʦʜʠʢʝ [11]. 

5-ɸʤʠʥʦ-2-ʙʝʥʟʦʠʣ-3-ʠʤʠʥʦ-1,2,4-ʪʠʘʜʠ-

ʘʟʦʣʠʥ ʛʠʜʨʦʭʣʦʨʠʜ (3). ʉʤʝʩʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ 1 ʛ 

(8.6 ʤʤʦʣʴ) 3,5-ʜʠʘʤʠʥʦ-1,2,4-ʪʠʘʜʠʘʟʦʣʘ ʠ 1 ʤʣ 

(8.6 ʤʤʦʣʴ) ʙʝʥʟʦʠʣʭʣʦʨʠʜʘ, ʨʘʩʪʚʦʨʠʣʠ ʚ 20 ʤʣ 

ʵʪʘʥʦʣʘ. ʈʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʚʘʨʴʠʨʫʷ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʩʠʥʪʝʟʘ: ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ (Ű) ʠ ʪʝʤʧʝʨʘʪʫʨʫ (t). ʇʦ 

ʦʢʦʥʯʘʥʠʠ ʩʠʥʪʝʟʘ ʨʘʩʪʚʦʨʠʪʝʣʴ ʦʪʛʦʥʷʣʠ ʥʘ ʚʘ-

ʢʫʫʤʥʦ-ʨʦʪʘʮʠʦʥʥʦʤ ʠʩʧʘʨʠʪʝʣʝ. ɺʩʝ ʦʙʨʘʟʦʚʘʚ-

ʰʠʝʩʷ ʧʨʦʜʫʢʪʳ ï ʧʦʨʦʰʢʠ ʙʝʣʦʛʦ ʮʚʝʪʘ ï ʩʫʠh-

ʣʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

(ʪʘʙʣ. 1). 
 

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʨʦʜʫʢʪʦʚ 

Table 1. The characteristics obtained products  

t, 
ʦ
ʉ Ű, ʯ ɺʳʭʦʜ, ʛ (%) ʀʂ ʩʧʝʢʪʨ (KBr), ʩʤ

-1
 

20 72 0,97 (43,9) 3301, 3189, 1650,  

1625, 1536, 1408,  

1332, 1237, 1177,  

923, 819, 751, 708,  

672, 636, 484 

35 9,5 0,81 (36,7) 

40 9,5 0,20 (9,0) 

50 9,5 0,18 (8,1) 

60 9,5 0,12 (5,4) 

 

5-ɸʤʠʥʦ-2-ʙʝʥʟʦʠʣ-3-ʠʤʠʥʦ-1,2,4-ʪʠʘʜʠ-

ʘʟʦʣʠʥ (2). ʉʤʝʩʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ 1 ʛ (8.6 ʤʤʦʣʴ) 

3,5-ʜʠʘʤʠʥʦ-1,2,4-ʪʠʘʜʠʘʟʦʣʘ, 1 ʤʣ (8.6 ʤʤʦʣʴ) ʙʝʥ-

ʟʦʠʣʭʣʦʨʠʜʘ, 3.6 ʤʣ ʪʨʠʵʪʠʣʘʤʠʥʘ (25.8 ʤʤʦʣʴ) ʠ 

20 ʤʣ ʵʪʘʥʦʣʘ, ʥʘʛʨʝʚʘʣʠ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠ 

50 
ʦ
ʉ ʚ ʪʝʯʝʥʠʝ 6 ʯ. ʀʟʙʳʪʦʢ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʪʛʦ-

ʥʷʣʠ ʥʘ ʚʘʢʫʫʤʥʦ-ʨʦʪʘʮʠʦʥʥʦʤ ʠʩʧʘʨʠʪʝʣʝ, ʧʦʩʣʝ 

ʯʝʛʦ ʦʙʨʘʟʦʚʘʚʰʝʝʩʷ ʤʘʩʣʦ ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʨʘʩʪʚʦ-

ʨʷʣʠ ʚ 3 %-ʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʘʤʤʠʘʢʘ, ʮʝʣʝʚʦʡ 

ʧʨʦʜʫʢʪ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʭʣʦʨʦʬʦʨʤʦʤ. ʆʙʨʘʟʦ-

ʚʘʚʰʠʝʩʷ ʤʘʩʣʷʥʠʩʪʳʝ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʦʪʤʳʚʘʣʠ ʛʝʢʩʘʥʦʤ, ʩʫʰʠʣʠ. ɺʳ-

ʭʦʜ: 0.02 ʛ (1 %). ʊʧʣ = 156-158 
ʦ
ʉ. ʅʘʡʜʝʥʦ, %:  

C 50.51, H 4.11, N 26.09, S 15.15. C9H8N4OS. ɺʳ-

ʯʠʩʣʝʥʦ, %: C 49.08, H 3.66, N 25.44, S 14,56.  

ʀʂ ʩʧʝʢʪʨ (KBr), ʩʤ
-1
: 3304, 3192, 2986, 2765, 

1619, 1541, 1479, 1455, 1406, 1299, 1213, 1154, 

1008, 903, 822, 791, 755, 706, 579, 469. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʀʟ ʣʠʪʝʨʘʪʫʨʳ [13] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʠʤʤʝʪ-

ʨʠʯʥʳʡ 2,5-ʜʠʘʤʠʥʦ-1,3,4-ʪʠʘʜʠʘʟʦʣ ʣʝʛʢʦ ʚʩʪʫ-

ʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʘʮʠʣʠʨʦʚʘʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤ-

ʧʝʨʘʪʫʨʝ. 

ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʧʝʨʝʥʝʩʝʥʘ ʥʘ 3,5-

ʜʠʘʤʠʥʦ-1,2,4-ʪʠʘʜʠʘʟʦʣ. ɸʮʠʣʠʨʦʚʘʥʠʝ 1 ʧʨʦʚʦ-

ʜʠʣʠ ʙʝʥʟʦʠʣʭʣʦʨʠʜʦʤ ʚ ʩʨʝʜʝ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, 

ʚʘʨʴʠʨʫʷ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʪʝʤ-

ʧʝʨʘʪʫʨʫ ʠ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ. 

ʀʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʙʨʘʣʠ ʚ ʵʢʚʠʤʦʣʴʥʳʭ ʢʦʣʠ-

ʯʝʩʪʚʘʭ. ɺ ʭʦʜʝ ʩʠʥʪʝʟʘ ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ 

5-ʘʤʠʥʦ-2-ʙʝʥʟʦʠʣ-3-ʠʤʠʥʦ-1,2,4-ʪʠʘʜʠʘʟʦʣʠʥʘ 

ʛʠʜʨʦʭʣʦʨʠʜʘ (3) (ʩʭʝʤʘ 1). ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʙʝʥ-

ʟʦʠʣʠʨʦʚʘʥʠʷ ʧʨʦʪʝʢʘʝʪ ʥʝʩʝʣʝʢʪʠʚʥʦ: ʦʙʨʘʟʫʶʪ-

ʩʷ ʧʨʦʜʫʢʪʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʮʠʠ, ʯʪʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘ-

ʝʪʩʷ ʥʘ ʚʳʭʦʜʝ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 

 

NHS

N
H2N NH

C
OCl

C

O

NHS

N
H2N NH

Cl-
EtOH

 1    3 
ʉʭʝʤʘ 1 

Scheme 1 
 

 

ʊʘʙʣʠʮʘ 2 

ɼʘʥʥʳʝ ɺʕɾʍ 

Table 2. The data of high performance liquid chroma-

tography (HPLC) 

ʇʨʦʜʫʢʪ 

ʋʩʣʦʚʠʷ  

ʨʝʘʢʮʠʠ 

ɼʘʥʥʳʝ ɺʕɾʍ, 

ɚ = 256 ʥʤ S1/S3* 

Ű, ʯ t, 
o
C Ű, ʩ S, ʤɺ*ʩ 

1 
72 20 

- - 
- 

3 169,6 3636 

1 
9.5 35 

- - 
- 

3 173,6 1364 

1 
9.5 40 

205,5 2546 
5,6 

3 174,7 455 

1 
9.5 50 

204,2 1814 
4,9 

3 174,6 370 

1 
9.5 60 

204,7 799 
6,8 

3 172,7 117 
ʇʨʠʤʝʯʘʥʠʝ: *S1 ʠ S3 ï ʧʣʦʱʘʜʠ ʧʦʜʳʥʪʝʛʨʘʣʴʥʳʭ ʢʨʠ-

ʚʳʭ ʩʦʝʜʠʥʝʥʠʷ 1 ʠ 3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

Note: *S1 ʠ S3 ï squares of integrated curves of compounds 

of 1 and 3, respectively 
 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ 

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɺʕɾʍ (ʪʘʙʣ. 2). ɼʣʷ ʠʜʝʥ-



16  ʍʀʄʀʗ ʀ ʍʀʄʀʏɽʉʂɸʗ ʊɽʍʅʆʃʆɻʀʗ  2015  ʪʦʤ  58  ʚʳʧ.  12 

 

 

ʪʠʬʠʢʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʧʨʦʜʫʢʪʘ 1 ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʭʨʦʤʘʪʦʛʨʘʤʤʳ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 3,5-ʜʠʘʤʠʥʦ-

1,2,4-ʪʠʘʜʠʘʟʦʣʘ ʠ ʵʪʘʥʦʣʘ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 256 ʥʤ. 

ɺʨʝʤʷ ʫʜʝʨʞʘʥʠʷ 1 ʩʦʩʪʘʚʠʣʦ 204,9 ʩ. 

ɼʘʥʥʳʝ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦ-

ʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʩʣʦʚʠʡ ʙʝʥ-

ʟʦʠʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʣʷ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʠʘʤʠʥʦʪʠʘʜʠʘʟʦʣʘ [13]: 72 ʯ ʚʳ-

ʜʝʨʞʢʠ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʝ ï ʧʣʦʱʘʜʴ ʧʦʜʳʥʪʝʛʨʘʣʴʥʦʡ ʢʨʠʚʦʡ ʜʣʷ 3 

ʤʘʢʩʠʤʘʣʴʥʘ. ɺʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʣʷʝʪ 

43.9 %, ʧʨʠʩʫʪʩʪʚʠʝ 1 ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʍʨʦʤʘʪʦʛʨʘʤʤʘ ʩʦʝʜʠʥʝʥʠʷ 3, ʧʦʣʫʯʝʥʥʦʛʦ  

ʧʨʠ t = 20 C 

Fig. 1. The chromatogram of 3 compound obtained at t = 20 C 

 

ʆʜʥʘʢʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 3 ʪʨʝʙʫʝʪʩʷ 3 ʩʫʪ. 

ʇʦʵʪʦʤʫ ʙʳʣʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʳʭʦʜ ʧʨʦʜʫʢʪʘ ʩ ʮʝʣʴʶ 

ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. 

ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ ʥʘ 15 
o
C 

ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦ 9,5 ʯ. 

ʇʨʠ ʵʪʦʤ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʷ 1, ʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʤʝ-

ʩʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ 

ʧʨʦʜʫʢʪʘ ʩ 43,9 ʜʦ 36,7 %. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ɺʕɾʍ ʦʙʨʘʟʮʦʚ ʨʝʘʢʮʠ-

ʦʥʥʦʡ ʤʘʩʩʳ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 40, 

50 ʠ 60 
o
C, ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʢʦ-

ʣʠʯʝʩʪʚʘ ʠʩʭʦʜʥʦʛʦ 1 ʚ ʧʨʦʙʘʭ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʚʳʭʦʜ 3 (ʪʘʙʣ. 1). 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘʤʠ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ 

ʩʠʥʪʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʢʚʠʤʦʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ 

3,5-ʜʠʘʤʠʥʦ-1,2,4-ʪʠʘʜʠʘʟʦʣʘ ʩ ʙʝʥʟʦʠʣʭʣʦʨʠʜʦʤ 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʪʨʠʵʪʠʣʘʤʠʥʘ, ʢʘʢ ʩʠʣʴʥʦʛʦ ʦʩʥʦ-

ʚʘʥʠʷ, ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʭʣʦʨʦʚʦʜʦ-

ʨʦʜʘ, ʚ ʩʨʝʜʝ ʵʪʘʥʦʣʘ ʧʨʠ 50 
ʦ
ʉ ʚ ʪʝʯʝʥʠʝ 6 ʯ 

(ʩʭʝʤʘ 2). ʈʝʘʢʮʠʦʥʥʫʶ ʤʘʩʩʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙ-

ʨʘʙʘʪʳʚʘʣʠ 3%-ʳʤ  ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʘʤʤʠʘʢʘ 

ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʣʝʡ, ʩ ʜʘʣʴʥʝʡʰʝʡ 

ʵʢʩʪʨʘʢʮʠʝʡ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʭʣʦʨʦʬʦʨʤʦʤ. 

ʇʦʩʣʝ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʧʨʦ-

ʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʞʝʣʪʦʛʦ ʮʚʝʪʘ. 
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ʉʦʩʪʘʚ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʦʧʨʝʜʝʣʷʣʠ 

ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ɺʕɾʍ. ɺ ʦʙʨʘʟʮʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʚʪʦʨʦʡ ʤʝʪʦ-

ʜʠʢʝ, ʥʘʙʣʶʜʘʣʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʧʠʢ ʥʘ ʭʨʦʤʘʪʦ-

ʛʨʘʤʤʝ, ʚʨʝʤʷ ʫʜʝʨʞʘʥʠʷ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʝʪ 

179.3 ʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2 (ʨʠʩ. 2). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʣʫʯʰʠʡ ʚʳʭʦʜ 5-ʘʤʠʥʦ-

2-ʙʝʥʟʦʠʣ-3-ʠʤʠʥʦ-1,2,4-ʪʠʘʜʠʘʟʦʣʠʥʘ ʭʣʦʨʛʠʜʨʘ-

ʪʘ ʙʳʣ ʧʦʣʫʯʝʥ ʘʮʠʣʠʨʦʚʘʥʠʝʤ 3,5-ʜʠʘʤʠʥʦ-1,2,4-

ʪʠʘʜʠʘʟʦʣʘ ʭʣʦʨʠʩʪʳʤ ʙʝʥʟʦʠʣʦʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 72 ʯ. ɺʚʝʜʝʥʠʝ ʪʨʠʵʪʠʣʘ-

ʤʠʥʘ ʚ ʨʝʘʢʮʠʶ ʘʮʠʣʠʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʩʝʣʝʢ-

ʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʴ ʩʠʥʪʝʟʘ ʩ 72 ʜʦ 6 ʯ, ʧʦʣʫʯʠʪʴ ʧʨʦ-

ʜʫʢʪ ʚ ʚʠʜʝ ʦʩʥʦʚʘʥʠʷ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ 

ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ. 
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ʈʠʩ. 2. ɼʘʥʥʳʝ ɺʕɾʍ: ʘ - ʠʩʭʦʜʥʦʝ 1, ʙ - ʩʦʝʜʠʥʝʥʠʝ 3, ʚ - ʩʦʝʜʠʥʝʥʠʝ 2 

Fig. 2. The data of high performance liquid chromatography (HPLC): ʘ - parent compound 1, ʙ - compound 3, ʚ - compound 2 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʟʘʜʘ-

ʥʠʝʤ ʄʠʥʦʙʨʥʘʫʢʠ ʈʌ (ʇʨʦʝʢʪʥʘʷ ʯʘʩʪʴ ˉ 1677). 
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ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʵʢʩʧʨʝʩʩʥʦʡ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ (ʋɺʇ) ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ ʤʝʪʦʜʦʤ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʣʫʯʝʡ (ʄʋʈ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʄʋʈ ʜʣʷ ʩʫʭʠʭ ʚʦʣʦʢʦʥ ʷʚʣʷʝʪʩʷ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʩ ʤʠʢʨʦʧʫʩʪʦʪʘʤʠ, ʘ ʥʝ ʛʨʘʥʠʮʘ ʘʤʦʨʬʥʳʭ ʦʙ-

ʣʘʩʪʝʡ ʠ ʢʨʠʩʪʘʣʣʠʪʦʚ. ʄʝʨʩʝʨʠʟʘʮʠʷ ʭʣʦʧʢʦʚʳʭ ʚʦʣʦʢʦʥ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʋɺʇ 

ʣʠʰʴ ʥʘ 13,7%, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʭʨʘʥʝʥʠʝʤ ʠʭ ʬʠʙʨʠʣʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ. ɼʣʷ ʚʠʩʢʦʟʥʳʭ 

ʠ ʩʠʙʣʦʥʦʚʳʭ ʚʦʣʦʢʦʥ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʦʪʦʨʳʭ ʥʘʨʫʰʘʝʪʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

ʧʨʠʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʋɺʇ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 13,1 ï 13,7% ʦʪ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʜʣʷ ʭʣʦʧʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʤʘʣʦʫʛʣʦʚʦʝ ʨʘʩʩʝʷʥʠʝ, ʮʝʣʣʶʣʦʟʥʳʝ ʚʦʣʦʢʥʘ, 

ʛʝʪʝʨʦʛʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʥʘʭ 

ʥʘʙʦʨʘ ʬʠʙʨʠʣʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʟʣʠʯʥʳʭ ʧʦ ʨʘʟʤʝʨʫ ʧʫʩʪʦʪ 

(ʧʦʨ) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

[1]. ʋʢʘʟʘʥʥʳʡ ʬʘʢʪʦʨ, ʥʘʨʷʜʫ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʘʤʦʨʬʥʦʡ ʬʘʟʳ ʧʦʣʠʤʝʨʘ, ʦʧʨʝʜʝʣʷʝʪ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʚʦʣʦʢʦʥ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ. ɼʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ 

ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʮʝʣʣʶʣʦʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʦʮʝʥʢʝ ʠʭ ʨʝʘʢʮʠ-

ʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʣʦʧʢʦʚʳʭ ʚʦʣʦʢʦʥ ʤʝʪʦ-

ʜʦʤ ʩʦʨʙʮʠʠ ʧʘʨʦʚ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʠʭ ʫʜʝʣʴʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʋɺʇ) ʣʝʞʠʪ 

ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,3 ʜʦ 1,7 ʤ
2
/ʛ [1, 2], ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ 

ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʨ, ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʢʦ-

ʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 3-6% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʣʠʤʝ-

ʨʘ [3, 4]. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʪʘʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʨʷʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʩʦʨʙʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝ-

ʪʝʨʦʛʝʥʥʳʭ (ʧʦʨʠʩʪʳʭ) ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʘʢʞʝ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʭʘʨʘʢʪʝʨʘ 

ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ 

(ʄʋʈ), ʪʝʦʨʠʷ ʢʦʪʦʨʦʛʦ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʠʜʝʘʣɹ-

ʥʦʡ ʩʠʩʪʝʤʳ ʠʟ ʜʚʫʭ ʬʘʟ ʩ ʧʦʩʪʦʷʥʥʦʡ ʵʣʝʢʪʨʦʥ-

ʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʫʢʘʟʘʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ [5, 6], ʯʪʦ ʥʝ ʚʩʝʛʜʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʧʦʣʠʤʝʨʦʚ ʠ ʚʦʣʦʢʦʥ. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʬʘʟ 

ʧʦ ʜʘʥʥʳʤ ʄʋʈ ʚʢʣʶʯʘʝʪ ʧʘʨʘʤʝʪʨ, ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʫʩʣʦʚʠʡ ʢʦʣʣʠʤʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʠ ʬʦʨʤʳ ʨʘʩʩʝʠ-

ʚʘʶʱʠʭ ʯʘʩʪʠʮ, ʯʪʦ ʩʣʦʞʥʦ ʫʯʝʩʪʴ. ʈʝʰʝʥʠʶ 

ʦʪʤʝʯʝʥʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʮʝʣʣʶʣʦʟʥʳʭ 

ʚʦʣʦʢʦʥ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʧʦʩʚʷʱʝʥʦ ʥʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ.  

ɸʥʘʣʠʟ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʈʆʅ-3, ʥʘ ʢʦʪʦʨʦʤ ʫʩʪʘʥʘʚʣʠʚʘ-

ʣʠ ʛʦʥʠʦʤʝʪʨʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ɻʄʋï1, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʙʦʣʴʰʠʭ ʠ 

ʤʘʣʳʭ ʫʛʣʘʭ ʨʘʩʩʝʷʥʠʷ. ʇʨʠʤʝʥʷʣʠ ʠʟʣʫʯʝʥʠʝ 

ʉuʂ, ʚʳʜʝʣʝʥʥʦʝ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤʠ Ni- ʠ Co-

ʬʠʣʴʪʨʘʤʠ, ʘ ʩʲʝʤʢʫ ʧʨʦʚʦʜʠʣʠ ʧʦ ʩʭʝʤʝ "ʥʘ ʧʨʦ-

ʭʦʞʜʝʥʠʝ". ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʠʬʨʘʢʮʠʠ ʚʦʣʦʢʥʘʤʠ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʫʯʝʪʦʤ ʬʦʥʘ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʧʦ ʫʨʘʚʥʝʥʠʷʤ ʠʟ ʨʘʙʦʪʳ [7]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ ʪʢʘʥʠ ʠʟ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ: ʚʠʩʢʦʟ-

ʥʳʭ; ʩʠʙʣʦʥʦʚʳʭ; ʭʣʦʧʢʦʚʳʭ; ʭʣʦʧʢʦʚʳʭ, ʧʦʜ-

ʚʝʨʛʥʫʪʳʭ ʪʨʝʭʢʨʘʪʥʦʡ ʦʙʨʘʙʦʪʢʝ 23%-ʥʳʤ ʨʘʩ-

ʪʚʦʨʦʤ NaOH ʧʨʠ 20 ʉ ʚ ʪʝʯʝʥʠʝ 60 ʩ (ʤʝʨʩʝʨʠ-

ʟʘʮʠʠ). 

ʆʙʨʘʟʮʳ ʛʦʪʦʚʠʣʠ ʚ ʚʠʜʝ ʜʠʩʢʦʚ ʧʦʩʪʦʷʥʥʦ-

ʛʦ ʜʠʘʤʝʪʨʘ, ʚʳʨʫʙʣʝʥʥʳʭ ʠʟ ʪʢʘʥʝʡ ʰʘʙʣʦʥʦʤ. ʀʩ-

ʩʣʝʜʫʝʤʳʝ ʚʦʣʦʢʥʘ ʧʦʜʚʝʨʛʘʣʠ ʩʫʰʢʝ ʧʨʠ 105 ʉ 

ʜʣ̫ ʫʜʘʣʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ, ʦʢʘʟʳʚʘʶʱʝʡ 

ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʮʝʣʣʶʣʦʟʳ [8], ʠ ʧʦʤʝʱʘʣʠ 

ʚ ʧʣʦʩʢʫʶ ʛʝʨʤʝʪʠʯʥʫʶ ʷʯʝʡʢʫ ʩ ʦʢʥʘʤʠ ʠʟ 

ʇʕʊʌ ʧʣʝʥʢʠ, ʟʘʢʨʝʧʣʝʥʥʫʶ ʥʘ ʧʨʠʩʪʘʚʢʝ, ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʝʡ ʚʨʘʱʝʥʠʝ ʦʙʨʘʟʮʦʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʝ ʫʩʨʝʜʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʜʠʬʨʘʢʮʠʠ. 

ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʭʣʦʧʢʦʚʳʭ ʚʦ-

ʣʦʢʦʥ (ʨʠʩ. 1) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʠʩ-

ʭʦʜʥʦʛʦ ʭʣʦʧʢʘ (ʢʨʠʚʘʷ ʘ) ʭʘʨʘʢʪʝʨʥʘ ʧʦʣʠʤʦʨʬ-

ʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʮʝʣʣʶʣʦʟʘ I, ʘ ʜʣʷ ʤʝʨʩʝʨʠʟʦ-

ʚʘʥʥʳʭ ʚʦʣʦʢʦʥ (ʢʨʠʚʘʷ ʙ) ï ʮʝʣʣʶʣʦʟʘ II [9]. 
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Fig. 1. X-ray diffraction patterns of fibers: a ï cotton,  

ʙ ï mercerized cotton 

 

 
ʈʠʩ. 2. ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʚʦʣʦʢʦʥ: a ï ʚʠʩʢʦʟʥʳʭ, 

 ʙ ï ʩʠʙʣʦʥʦʚʳʭ 

Fig. 2. X-ray diffraction patterns of fibers: a ï viscose, ʙ ï siblon 

 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʧʘʨʘʤʝʪʨʦʚ ʜʠʬʨʘʢʮʠʠ ʨʘʟʣʠʯʥʳʤʠ ʚʦʣʦʢʥʘʤʠ 

ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʮʠʠ ʥʦʨʤʘʣʠʟʘʮʠʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʋʢʘʟʘʥʥʫʶ ʧʨʦʮʝʜʫʨʫ 

ʧʨʦʚʦʜʠʣʠ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʚʥʝʰʥʠʤ 

ʩʪʘʥʜʘʨʪʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʣʦʩʢʠʭ 

ʦʙʨʘʟʮʦʚ, ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʩʩʝʠʚʘʶʱʝʡ ʤʘʩʩʦʡ [10],  
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ʛʜʝ )2(ʦʙʨI  ʠ )2(n

ʦʙʨI  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʘʷ ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʨʘʩʩʝʷʥʠʷ ʦʙʨʘʟʮʦʤ; Dʦʙʨ ï ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ʦʙʨʘʟʮʘ; Mʧʦʚ ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʟʮʘ; 

Iʩʪ,ʵ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʚʥʝʰʥʠʤ ʩʪʘʥʜʘʨ-

ʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ; Iʩʪ ï ʧʦʩʪʦʷʥʥʘʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʚʥʝʰ-

ʥʠʤ ʩʪʘʥʜʘʨʪʦʤ, ʧʨʠʥʷʪʦʡ ʟʘ ʵʪʘʣʦʥʥʫʶ; ʩʪ ï 

ʧʦʩʪʦʷʥʥʘʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʩʩʦʚʦʤʫ ʢʦʵʬʬʠ-

ʮʠʝʥʪʫ ʦʩʣʘʙʣʝʥʠʷ, ʧʨʠʥʷʪʦʤʫ ʟʘ ʩʪʘʥʜʘʨʪ.  

ʊʘʢʘʷ ʦʧʝʨʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʘʩʩʝʷ-

ʥʠʷ ʝʜʠʥʠʮʝʡ ʤʘʩʩʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʦʣʦʢʦʥ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʚʦʣʦʢʦʥ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ, ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʜʠʬʨʘʢʮʠʠ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʦʤ ʠ ʵʪʘ-

ʣʦʥʦʤ [11]. ʈʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʦ [10], ʯʪʦ ʧʨʠ ʩʲʝʤ-

ʢʝ çʥʘ ʧʨʦʭʦʞʜʝʥʠʝè ʘʥʠʟʦʪʨʦʧʠʷ ʚʦʣʦʢʦʥ, ʥʘʨʫ-

ʰʘʶʱʘʷ ʩʬʝʨʠʯʝʩʢʫʶ ʩʠʤʤʝʪʨʠʶ ʨʘʩʩʝʷʥʠʷ, ʧʨʦ-

ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʮʝʣ-

ʣʶʣʦʟʳ. ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʘʥʘʣʠʟ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣ-

ʣʠʯʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʥʦʨʤʘʣʠʟʦ-

ʚʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʬʫʟʥʦʛʦ ʛʘʣʦ ʚ ʭʘʨʘʢ-

ʪʝʨʥʦʡ ʪʦʯʢʝ ʧʨʠ 2 = 26,5
ʦ
 ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʧʦ-

ʧʨʘʚʢʠ ʥʘ ʥʝʢʦʛʝʨʝʥʪʥʦʝ ʨʘʩʩʝʷʥʠʝ [7]. ʈʘʩʯʝʪ 
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ʛʜʝ ʈʭ, ʈɻ ʪ ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯ-

ʥʦʩʪʠ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠ ʵʪʘʣʦʥʘ; )2(,

n

ʭʜʠʬI , 

)2(,

n

ʵʪʜʠʬI  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʛʝʨʝʥʪʥʘʷ ʩʦʩʪʘʚ-

ʣʷʶʱʘʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬ-

ʬʫʟʥʦʛʦ ʛʘʣʦ ʧʨʠ 2 = 26,5
ʦ
 ʜʣʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ 

ʦʙʨʘʟʮʘ ʠ ʵʪʘʣʦʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʧʨʠʤʝʥʷʣʠ ʤʠʢʨʦʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʫʶ ʮʝʣʣʶʣʦʟʫ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʫʶ ʚ 

ʨʘʙʦʪʝ [10]. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʢʨʠ-

ʩʪʘʣʣʠʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʣʦʢʦʥ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣ. 1. 
 

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ 

Table 1. Characteristics of cellulose fibers 

ʆʙʨʘʟʝʮ 
ʄʦʜʠʬʠʢʘʮʠʷ 

ʮʝʣʣʶʣʦʟʳ 

ʉʪʝʧʝʥʴ  

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʍʣʦʧʢʦʚʳʝ ʚʦʣʦʢʥʘ 

(ʍɺ) 
ʎ I 0,709Ñ0,011 

ʄʝʨʩʝʨʠʟʦʚʘʥʥʳʝ ʍɺ ʎ II 0,528Ñ0,008 

ʉʠʙʣʦʥʦʚʳʝ ʚʦʣʦʢʥʘ ʎ II 0,421Ñ0,007 

ɺʠʩʢʦʟʥʳʝ ʚʦʣʦʢʥʘ ʎ II 0,397Ñ0,007 

 

ʂʨʠʚʘʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʩʫʭʠʤʠ ʭʣʦʧʢʦ-

ʚʳʤʠ ʚʦʣʦʢʥʘʤʠ ʚ ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʫʛʣʘʭ, ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 3, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ 

ʩʠʣʴʥʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʄʋʈ, ʯʪʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʦʨʠʝʡ [5], ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʜʝʣʘ ʬʘʟ ʩ ʨʘʟʣʠʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ.  

ɺ ʨʘʙʦʪʘʭ [12, 13] ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʘʣʦʫʛʣʦʚʦʛʦ ʜʠʬʬʫʟ-

ʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʩʫʭʠʭ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʥʘʭ 

ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠ-
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ʮʳ ʩ ʤʠʢʨʦʧʫʩʪʦʪʘʤʠ ʠʣʠ ʦʙʣʘʩʪʷʤʠ ʥʠʟʢʦʡ ʵʣʝʢ-

ʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ɺʟʘʠʤʦʩʚʷʟʴ ʫʜʝʣʴʥʦʡ ʚʥʫʪ-

ʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ Sʫʜ ʧʦʨʠʩʪʦʛʦ ʪʝʣʘ ʠ ʥʦʨʤʘʣʠ-

ʟʦʚʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʨʘʢʮʠʠ 
n

ʦʙʨI  ʚ "ʭʚʦ-

ʩʪʦʚʦʡ" ʯʘʩʪʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʜʠʬʬʫʟʥʦʛʦ ʨʘʩʩʝʷ-

ʥʠʷ ʩ ʫʯʝʪʦʤ ʬʣʫʢʪʫʘʮʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

[14, 15]: 
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ʛʜʝ  ï ʫʛʦʣ ʜʠʬʨʘʢʮʠʠ 2; m ï ʧʦʢʘʟʘʪʝʣʴ, ʦʧʨʝ-

ʜʝʣʷʝʤʳʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʩʣʦʚʠʷʤʠ ʢʦʣʣʠʤʘʮʠʠ; 
2

1 )( ʩʧʂ ï ʧʦʩʪʦʷʥʥʘʷ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʨʝʜʥʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦʣʠʤʝʨʘ (ʧ) ʠ ʩʨʝʜʳ 

( ʩ), ʟʘʧʦʣʥʷʶʱʝʡ ʤʠʢʨʦʧʫʩʪʦʪʳ (ʜʣʷ ʩʫʭʠʭ ʚʦ-

ʣʦʢʦʥ ʩ = 0); ʂ2 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʨʘʩʩʝʷʥʠʝ ʟʘ ʩʯʝʪ ʬʣʫʢʪʫʘʮʠʡ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʚ ʢʦʤʧʦʥʝʥʪʘʭ ʩʠʩʪʝʤʳ. 
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ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʭʣʦʧʢʦʚʳʤʠ ʚʦʣʦʢʥʘʤʠ 

Fig. 3. Normalized intensity curve for ʍ-ray scattering by cotton 
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ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʠʟ 

ʨʘʩʯʝʪʦʚ ʢʦʵʬʬʠʮʠʝʥʪ ʂ2. ʂʨʦʤʝ ʵʪʦʛʦ, ʘʥʘʣʠʟ 

ʫʨʘʚʥʝʥʠʷ (4) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʫʜʝʣʴ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʦʣʴʢʦ 

ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʩʩʝʷʥʠʷ, ʟʘʢʣʶʯʝʥʥʳʤʠ ʚ ʢʚʘʜ-

ʨʘʪʥʳʝ ʩʢʦʙʢʠ.  

ʋʜʦʙʥʳʤ ʚʘʨʠʘʥʪʦʤ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ Sʫʜ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ. ʊʦʛʜʘ 

ʤʦʞʥʦ ʚʚʝʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʆʋʇ ʚʦʣʦʢʦʥ: 

[%],100
,

,

ʦʩʫʜ

ʭʫʜ

S

S
ʆʋʇ ,          (5) 

ʛʜʝ 
xʫʜS ,
, 

ʦʩʫʜS ,
 ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʋɺʇ ʘʥʘʣʠʟʠ-

ʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ, ʦʧʨʝʜʝʣʷʝ-

ʤʳʝ ʧʦ ʫʨʘʚʥʝʥʠʶ (4). 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʨʘʩʯʝʪʘʭ ʦʪʧʘʜʘʝʪ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂ1, ʘ ʪʘʢʞʝ ʧʦʢʘ-

ʟʘʪʝʣʷ ʩʪʝʧʝʥʠ m, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʨʝʩʩ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʋɺʇ 

ʚʦʣʦʢʦʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʢʨʠʚʳʝ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ 

"ʭʚʦʩʪʦʚʦʡ" ʯʘʩʪʠ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʜʣʷ 

ʭʣʦʧʢʦʚʳʭ (1) ʠ ʚʠʩʢʦʟʥʳʭ (2) ʚʦʣʦʢʦʥ, ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʱʠʝ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪ-

ʨʦʚ ʜʠʬʨʘʢʮʠʠ ʦʪ ʚʠʜʘ ʚʦʣʦʢʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

 
ʈʠʩ. 4. ʂʨʠʚʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʄʋʈ ʜʣʷ ʭʣʦʧʢʘ (1)  

ʠ ʚʠʩʢʦʟʳ (2) 

Fig. 4. Intensity curves of LAXS for cotton (1) and viscose (2) 

fibers 

 

ʅʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʨʘʟʣʠʯʠʷ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʠ ʨʘʩʩʝʷʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ  ʦʪ 2 ʜʦ 

3 . ɿʥʘʯʝʥʠʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʘ-

ʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʧʨʠ  = 2  ʠ 

3  ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʮʝʣʣʶʣʦʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 
 

ʊʘʙʣʠʮʘ 2 

ʇʘʨʘʤʝʪʨʳ ʄʋʈ ʜʣʷ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ 

Table 2. Parameters of LAXS for  cellulose fibers 

ʆʙʨʘʟʝʮ 

n

ʦʙʨI , ʠʤʧ/ʩ 

 = 2   = 3  

ʍʣʦʧʢʦʚʳʝ ʚʦʣʦʢʥʘ (ʍɺ) 343 160 

ʄʝʨʩʝʨʠʟʦʚʘʥʥʳʝ ʍɺ 313 155 

ʉʠʙʣʦʥʦʚʳʝ ʚʦʣʦʢʥʘ 115 90 

ɺʠʩʢʦʟʥʳʝ ʚʦʣʦʢʥʘ 110 86 

kʚʘʨ, % 3,0 
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ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʨʘʩʩʯʠʪʘʪʴ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʷʤʠ (4) ʠ (5) ʦʪʥʦʩʠ-

ʪʝʣʴʥʫʶ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ (ʪʘʙʣ. 3). ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝ-

ʩʪʚʝ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʩʭʦʜʥʳʝ 

ʭʣʦʧʢʦʚʳʝ ʚʦʣʦʢʥʘ. 
 

ʊʘʙʣʠʮʘ 3 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʆʋʇ) ʮʝʣ-

ʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ 

Table 3. Relative specific surface area for cellulose fibers 

ʆʙʨʘʟʝʮ 

ʆʋʇ, % 

ʙʝʟ  

ʧʨʝʩʩʦʚʘʥʠʷ 

ʩ  

ʧʨʝʩʩʦʚʘʥʠʝʤ 

ʍʣʦʧʢʦʚʳʝ ʚʦʣʦʢʥʘ (ʍɺ) 100,0 56,0 

ʄʝʨʩʝʨʠʟʦʚʘʥʥʳʝ ʍɺ 86,3 51,4 

ʉʠʙʣʦʥʦʚʳʝ ʚʦʣʦʢʥʘ 13,7 10,5 

ɺʠʩʢʦʟʥʳʝ ʚʦʣʦʢʥʘ 13,1 10,2 

kʚʘʨ, % 3,0 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʫʤʝʥʴʰʝʥʠʝ 

ʆʋʇ ʭʣʦʧʢʦʚʳʭ ʚʦʣʦʢʦʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʨʩʝʨʠʟʘ-

ʮʠʠ ʣʠʰʴ ʥʘ 13,7% ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ 

ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʮʝʣʣʶʣʦʟʳ (ʪʘʙʣ. 1). 

ʅʘʙʣʶʜʘʝʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʆʋʇ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫ-

ʩʣʦʚʣʝʥʦ "ʩʪʷʛʠʚʘʥʠʝʤ" ʯʘʩʪʠ ʤʝʞʬʠʙʨʠʣʣʷʨʥʳʭ 

ʧʨʦʤʝʞʫʪʢʦʚ ʟʘ ʩʯʝʪ ʨʝʣʘʢʩʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʥʘ-

ʧʨʷʞʝʥʠʡ ʚ ʧʦʣʠʤʝʨʝ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʱʝʣʦʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʧʦʩʣʝʜʫʶʱʠʡ ʧʦʣʠ-

ʤʦʨʬʥʳʡ ʧʝʨʝʭʦʜ ʮʝʣʣʶʣʦʟʳ. ʆʪʩʫʪʩʪʚʠʝ ʩʫʱʝ-

ʩʪʚʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʧʦʣʠ-

ʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʩ ʤʠʢʨʦʧʫʩʪʦʪʘʤʠ ʜʘʞʝ ʧʨʠ ʛʣʫ-

ʙʦʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʝ ʮʝʣʣʶʣʦʟʳ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʤʝʨʩʝʨʠʟʘʮʠʠ ʜʦʣʞʥʦ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʩʦʭʨʘʥʝʥʠʝʤ ʬʠʙʨʠʣʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʦʣʦʢʦʥ. 

ɼʣʷ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʭʘʨʘʢʪʝʨ-

ʥʦ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ʋɺʇ, ʩʦʩʪʘʚʣʷʶʱʝʝ 13,1 ï 

13,7% ʦʪ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʭʣʦʧʢʘ 

(ʪʘʙʣ. 3), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʤʠʢʨʦʧʫʩʪʦʪ ʠ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘ-

ʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [1]. ɼʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʥʘ 

ʥʘʰ ʚʟʛʣʷʜ, ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʢʨʠ-

ʩʪʘʣʣʠʯʥʦʩʪʠ ʮʝʣʣʶʣʦʟʳ (ʪʘʙʣ. 1), ʘ ʩʧʝʮʠʬʠʢʦʡ 

ʧʦʣʫʯʝʥʠʷ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ, ʥʘʣʠʯʠʝʤ 

ʩʪʘʜʠʠ ʨʘʩʪʚʦʨʝʥʠʷ, ʢʦʛʜʘ ʧʦʣʥʦʩʪʴʶ ʥʘʨʫʰʘʝʪʩʷ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʝʛʦ ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ.  

ɼʣʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʤʠʢ-

ʨʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ ʥʘ 

ʭʘʨʘʢʪʝʨ ʄʋʈ ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʦʙʲʝʢʪʳ ʧʦʜʚʝʨʛʘ-

ʣʠ ʧʨʝʩʩʦʚʘʥʠʶ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 400 ʄʇʘ, ʧʨʠʚʦ-

ʜʷʱʝʤʫ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʤʧʘʢʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦ-

ʧʫʩʪʦʪ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʆʋʇ ʧʨʝʩʩʦʚʘʥʥʳʭ 

ʮʝʣʣʶʣʦʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3. 

ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʮʦʤ ʩʨʘʚʥʝʥʠʷ ʪʘʢʞʝ ʩʣʫʞʠʣʠ ʠʩ-

ʭʦʜʥʳʝ ʭʣʦʧʢʦʚʳʝ ʚʦʣʦʢʥʘ.  

ʋʤʝʥʴʰʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʭʣʦʧ-

ʢʦʚʳʭ ʠ ʤʝʨʩʝʨʠʟʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʝʩʩʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 1,79 ʠ 1,68 ʨʘʟʘ 

ʩʣʫʞʠʪ ʫʙʝʜʠʪʝʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ 

ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʘʣʦʫʛʣʦʚʦʛʦ ʜʠʬʬʫʟʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʮʝʣʣʶʣʦʟʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʷʚʣʷʝʪʩʷ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʨʘʟʜʝʣʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʩ ʤʠʢʨʦ-

ʧʫʩʪʦʪʘʤʠ, ʘ ʥʝ ʛʨʘʥʠʮʘ ʘʤʦʨʬʥʳʭ ʦʙʣʘʩʪʝʡ ʠ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʦʣʠʤʝʨʘ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʪʝʤ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ ʣʠʰʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʣʦʪʥʦʩʪʠ ʢʨʠʩʪʘʣ-

ʣʠʪʦʚ ʧʦʣʠʤʝʨʘ [1, 11] ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʣʠʯʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʘʤʦʨʬʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ ʮʝʣʣʶʣʦʟʳ ʥʝ ʜʦʣʞʥʦ ʦʢʘʟʳʚʘʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʄʋʈ. 

ʇʨʝʩʩʦʚʘʥʠʝ ʨʝʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʮʝʣʣʶ-

ʣʦʟʥʳʭ ʚʦʣʦʢʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʠʭ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʪʘʙʣ. 3), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʚʳʚʦʜ ʦ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʤʠʢʨʦʧʫʩʪʦʪ ʚ ʫʢʘ-

ʟʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠʟʤʝʥʝʥʠʷ ʋɺʇ 

ʮʝʣʣʶʣʦʟʥʳʭ ʚʦʣʦʢʦʥ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

ʈʌ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʝʥʪʨʘ ʢʦʣ-

ʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʀɻʍʊʋ. 
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ʄʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɸ) ʠʟʫʯʝʥʳ ʬʘʟʦʚʳʝ ʨʘʚ-

ʥʦʚʝʩʠʷ ʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ ʩʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʘʟʝʣʘʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï 

ʘʜʠʧʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʚʳʷʚʣʝʥ ʵʚʪʝʢʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʦʜʝʨʞʘʱʠʡ (ʤʘʩ. %): ʘʜʠʧʠʥʦʚʫʶ 

ʢʠʩʣʦʪʫ ï 12,3 %, ʘʟʝʣʘʠʥʦʚʫʶ ʢʠʩʣʦʪʫ  ï 59,0 %, ʩʝʙʘʮʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ï 28,7 %.  ʊʝʤʧʝ-

ʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʩʧʣʘʚʘ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ ʩʦʩʪʘ-

ʚʠʣʘ 87,7 C, ʫʜʝʣʴʥʘʷ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʨʘʚʥʘ 21212 ɼʞ/ʛ. ʈʘʟʛʨʘʥʠʯʝʥʳ ʧʦʣʷ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʬʘʟ. ʀʟʫʯʝʥʠʝ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ ʠʟ ʜʚʫʭʦʩʥʦʚʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʘʢʢʫʤʫʣʠʨʫʶʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ɼʊɸ), ʩʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʘʟʝ-

ʣʘʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʘʜʠʧʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ, ʵʚʪʝʢʪʠʢʘ 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ʊʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʩʠʩʪʝʤʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʘʟʝ ʩʨʝʜʥʝʪʝʤʧʝ-

ʨʘʪʫʨʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʢʘʣʦʨʠʤʝʪʨʘ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ (ʤʠʢʨʦʢʘʣʦʨʠʤʝʪʨ ɼʉʂ) [1]. ʈʘʙʦʪʘ ʧʝʯʠ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘʪʦʨʦʤ ʥʘʛʨʝʚʘ-ʦʭʣʘʞ-

ʜʝʥʠʷ ʯʝʨʝʟ ʫʧʨʘʚʣʷʶʱʫʶ ʪʝʨʤʦʧʘʨʫ. ʉʢʦʨʦʩʪʴ 

ʥʘʛʨʝʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʘ 8 ʂ/ʤʠʥ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠʩʧʦʣʴ-

ʟʦʚʘʥ ʢʦʥʩʪʘʥʪʘʥʦʚʳʡ ʜʠʩʢ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʭʨʦʤʝʣʴ-ʢʦʥʩʪʘʥʪʘʥʦʚʦʡ ʪʝʨʤʦʧʘʨʳ ʠ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʪʝʧʣʦʧʨʦʚʦʜ-

ʥʦʩʪʴ ʤʝʞʜʫ ʦʙʦʣʦʯʢʦʡ ʢʘʣʦʨʠʤʝʪʨʘ ʠ ʠʩʩʣʝʜʫʝ-

ʤʳʤ ʦʙʨʘʟʮʦʤ. ʊʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʨʝʥʳ ʩ ʪʦʯʥʦʩʪʴʶ 

 0,25 ʉ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʠʬʬʝʨʝʥʪʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʠʩʧʦʣʴʟʦʚʘʥ Al2O3 ʢʚʘʣʠʬʠʢʘʮʠʠ çʯ.ʜ.ʘ.è. ʂʦʥʮʝʥ-

ʪʨʘʮʠʠ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʨʘʞʝʥʳ ʚ ʤʘʩ.%, ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ï ʚ ʉ. ɼʣʷ ʧʨʠʛʦ-

ʪʦʚʣʝʥʠʷ ʩʦʩʪʘʚʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʚʝʱʝ-
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ʩʪʚʘ ʟʘʚʦʜʩʢʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ: ʘʜʠʧʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

(CH2)4(COOH)2 ʢʚʘʣʠʬʠʢʘʮʠʠ çʯ.ʜ.ʘ.è, ʩʝʙʘʮʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ (CH2)8(COOH)2 ʢʚʘʣʠʬʠʢʘʮʠʠ çʯ.è, ʘʟʝ-

ʣʘʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (CH2)7(COOH)2 ʢʚʘʣʠʬʠʢʘʮʠʠ 

çʯ.è. ʍʦʨʦʰʝʝ ʨʘʟʜʝʣʝʥʠʝ ʧʠʢʦʚ ʥʘ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʦʡ ʢʨʠʚʦʡ ʜʦʩʪʠʛʘʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʳʭ 

ʥʘʚʝʩʦʢ ʤʘʩʩʦʡ ʦʢʦʣʦ 0,020,005ʛ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝ-

ʥʠʷ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ ʫʩʪʘ-

ʥʦʚʢʝ ɼʉʂ. ɼʣʷ ʨʘʩʯʝʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʢʨʠʚʳʝ ʥʘʛʨʝʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʵʚʪʝʢʪʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʵʪʘʣʦʥʥʳʭ ʚʝʱʝʩʪʚ ʩʥʠʤʘʣʠ ʧʦ 

ʧʷʪʴ ʨʘʟ. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠʤʝʥʷ-

ʣʠ ʥʠʪʨʘʪ ʘʤʤʦʥʠʷ çʭ.ʯ.è, ʥʠʪʨʘʪ ʢʘʣʠʷ çʭ.ʯ.è, 

ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ çʯ.è [2, 3]. ʇʣʦʱʘʜʠ ʧʠʢʦʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʢʨʠʚʳʭ ʦʛʨʘʥʠʯʠʚʘʣʠ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦ-

ʤʠʪʝʪʘ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʚ ʪʝʨʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ. 

ʈʘʩʯʝʪ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʘʣʠʙʨʦʚʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʘʣʦʨʠʤʝʪʨʠʯʝ-

ʩʢʦʡ ʫʩʪʘʥʦʚʢʠ k ʦʪ ʫʜʝʣʴʥʦʡ ʵʥʪʘʣʴʧʠʠ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ æʅ, ʢʦʵʬʬʠʮʠʝʥʪ k ʜʣʷ ʵʪʘʣʦʥʥʳʭ ʚʝ-

ʱʝʩʪʚ ʠ ʩʧʣʘʚʦʚ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʧʨʝʜʝ-

ʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ: 

    

 
)15,273( ʧʣi

i
i
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ʛʜʝ: Si ï ʧʣʦʱʘʜʴ ʧʠʢʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ, 

ʦʪʚʝʯʘʶʱʘʷ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ ʵʪʘʣʦʥʥʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ʠʣʠ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ; tʧʣ. ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʵʪʘʣʦʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʣʠ ʧʣʘʚ-

ʣʝʥʠʷ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, C, mi ï ʤʘʩʩʘ ʥʘ-

ʚʝʩʢʠ, ʛ. 

ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʪʘʣʴʧʠʠ ʥʘʭʦ-

ʜʠʣʠ ʢʘʢ ʩʨʝʜʥʝʝ ʧʷʪʠ ʠʟʤʝʨʝʥʠʡ.  

ɸʥʘʣʠʟ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ, ʚʭʦʜʷ-

ʱʠʝ ʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʫʶ, ʨʘʥʝʝ ʥʝ ʙʳʣʠ ʠʩʩʣʝʜʦ-

ʚʘʥʳ. ɸʚʪʦʨʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚ-

ʣʝʥʦ, ʯʪʦ ʚʩʝ ʪʨʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝʤʳ ʦʪ-

ʥʦʩʷʪʩʷ ʢ ʩʠʩʪʝʤʘʤ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ. ʅʘ ʫʩʪʘ-

ʥʦʚʢʝ ɼʉʂ ʦʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʧʣʘʚʘʭ ʵʚʪʝʢʪʠʯʝʩʢʦ-

ʛʦ ʩʦʩʪʘʚʘ: 

1. ʩʠʩʪʝʤʘ ʩʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʘʜʠʧʠ-

ʥʦʚʘʷ ʢʠʩʣʦʪʘ: ʩʧʣʘʚ ʩʦʜʝʨʞʠʪ 29,0 ʤʘʩ.% ʘʜʠʧʠ-

ʥʦʚʦʡ ʢʠʩʣʦʪʳ, 71,0 ʤʘʩ.% ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʠ ʧʣʘʚʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 119 C;  

2. ʩʠʩʪʝʤʘ ʩʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʘʟʝʣʘʠ-

ʥʦʚʘʷ ʢʠʩʣʦʪʘ: ʩʧʣʘʚ ʩʦʜʝʨʞʠʪ 75,3 ʤʘʩ.% ʘʟʝʣʘʠ-

ʥʦʚʦʡ ʢʠʩʣʦʪʳ ï 24,7 ʤʘʩ.% ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʠ ʧʣʘʚʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 95,8 C; 

3. ʩʠʩʪʝʤʘ ʘʟʝʣʘʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʘʜʠʧʠʥʦ-

ʚʘʷ ʢʠʩʣʦʪʘ: ʩʧʣʘʚ ʩʦʜʝʨʞʠʪ ï 31,1 ʤʘʩ.% ʘʜʠʧʠ-

ʥʦʚʦʡ ʢʠʩʣʦʪʳ, 68,9 ʤʘʩ.% ʘʟʝʣʘʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʧʣʘʚʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 99,6 C.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʊ-ʭ 

ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ ʩʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʘʟʝ-

ʣʘʠʥʦʚʘʷ ʢʠʩʣʦʪʘ. 

 

 
ʈʠʩ. 1. T-x ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ ʩʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʘʟʝʣʘʠ-

ʥʦʚʘʷ ʢʠʩʣʦʪʘ 

Fig. 1. T-x diagram of sebacic acid - azelaic acid system 

 

 
ʈʠʩ. 2. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ ʩʠʩʪʝʤʳ ʩʝʙʘʮʠʥʦʚʘʷ 

ʢʠʩʣʦʪʘ ï ʘʟʝʣʘʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʘʜʠʧʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

Fig. 2. Concentration triangle of sebacic acid - azelaic acid - adip-

ic acid system 

 

ɼʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ 

ʭʘʨʘʢʪʝʨʥʳ ʩʣʝʜʫʶʱʠʝ ʬʘʟʦʚʳʝ ʨʝʘʢʮʠʠ: 

a e: ɾ Өʉ7H14(COOH)2 (ʤʦʥʦʚʘʨʠʘʥʪʥʦʝ ʨʘʚʥʦʚʝʩʠʝ), 

e b: ɾ Өʉ8H16(COOH)2 (ʤʦʥʦʚʘʨʠʘʥʪʥʦʝ ʨʘʚʥʦʚʝʩʠʝ), 

e: ɾ Өʉ7H14(COOH)2 + ʉ8H16(COOH)2 (ʥʦʥʚʘʨʠ-

ʘʥʪʥʦʝ ʨʘʚʥʦʚʝʩʠʝ). 



24  ʍʀʄʀʗ ʀ ʍʀʄʀʏɽʉʂɸʗ ʊɽʍʅʆʃʆɻʀʗ  2015  ʪʦʤ  58  ʚʳʧ.  12 

 

 

ʇʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʜʘʥʥʳʝ ʧʦ ʩʦʩʪʘʚʘʤ 

ʠ ʪʝʤʧʝʨʘʪʫʨʘʤ ʧʣʘʚʣʝʥʠʷ ʩʧʣʘʚʦʚ, ʦʪʚʝʯʘʶʱʠʝ 

ʪʦʯʢʘʤ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʜʚʫʭʢʦʤʧʦ-

ʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ, ʥʘʥʝʩʝʥʳ ʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ï 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢ (ʨʠʩ. 2).  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʧʨʦʝʢʮʠʦʥʥʦ-

ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ (ʇʊɻʄ) [4] 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʵʚʪʝʢʪʠ-

ʢʠ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ 

(CH2)8(COOH)2 + (CH2)7(COOH)2  + (CH2)4(COOH)2 

ʙʳʣ ʚʳʙʨʘʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʧʦʣʠʪʝʨʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ 

ɸɺ ʚ ʧʦʣʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʊ-ʭ ʜʠʘʛʨʘʤʤʘ ʨʘʟʨʝʟʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3. ʀʟ ʜʘʥ-

ʥʳʭ ʨʘʟʨʝʟʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʚɻ-

ʪʝʢʪʠʢʫ ɽ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʪʨʦʡʥʦʡ ʵʚʪʝʢʪʠʢʝ ɽ 

ʘʟʝʣʘʠʥʦʚʦʡ ʠ ʘʜʠʧʠʥʦʚʦʡ ʢʠʩʣʦʪ (82,5 : 17,5 ʤʘʩ.%) 

ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʵʚʪʝʢʪʠʢʠ  te = 87,7 C. 
 

 
ʈʠʩ. 3. ʊ-ʭ ʜʠʘʛʨʘʤʤʘ ʨʘʟʨʝʟʘ ɸɺ 

Fig 3. T-x diagram of the AB section 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʊ-ʭ ʜʠʘʛʨʘʤʤʳ ʨʘʟʨʝʟʘ 

CŸɽŸɽ (ʨʠʩ. 4.), ʠʩʭʦʜʷʱʝʛʦ ʠʟ ʧʦʣʶʩʘ ʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʠ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ  ʠ  ʧʨʦʭʦʜʷʱʝ-

ʛʦ ʯʝʨʝʟ  ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʵʚʪʝʢʪʠʢʫ ɽ, ʧʦʟʚʦʣʠʣʦ 

ʚʳʷʚʠʪʴ ʩʦʩʪʘʚ ʵʚʪʝʢʪʠʢʠ E ʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʠʩʪʝʤʝ. ʆʥʘ ʩʦʜʝʨʞʠʪ 28,7 ʤʘʩ. % ʩʝʙʘʮʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ + 59,0 ʤʘʩ. % ʘʟʝʣʘʠʥʦʚʦʡ ʢʠʩʣʦʪʳ + 12,3 

ʤʘʩ. % ʘʜʠʧʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʝ 

ʢʨʠʩʪʘʣʠʟʘʮʠʠ ʥʘ ʪʨʝʫʛʦʣʴʥʠʢʝ ʩʦʩʪʘʚʦʚ ʦʪʚʝʯʘʝʪ 

ʙʦʣʝʝ ʪʫʛʦʧʣʘʚʢʦʡ ʘʜʠʧʠʥʦʚʦʡ ʢʠʩʣʦʪʝ (ɸʜʂ), 

ʤʠʥʠʤʘʣʴʥʦʝ - ʥʠʟʢʦʧʣʘʚʢʦʡ ʘʟʝʣʘʠʥʦʚʦʡ ʢʠʩʣʦʪʝ 

(ɸʟʂ).  

ɼʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ 

ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʝ ʦʧʠʩʘʥʳ ʬʘʟʦʚʳʝ ʨʘʚ-

ʥʦʚʝʩʠʷ: 

ʧʦʣʷ:             ɸʜʂ ʝ1 ɽ ʝ2: ɾ ᵮɸʜʂ; 

          ɸʟʂ ʝ1 ɽ ʝ3:  ɾ ᵮɸʟʂ; 

          ʉʙʂ ʝ2 ɽ ʝ3:  ɾ ᵮʉʙʂ; 

ʣʠʥʠʠ:             ʝ1 ɽ: ɾ ᵮɸʜʂ+ɸʟʂ; 

            ʝ2 ɽ:  ɾ ᵮɸʟʂ+ ʉʙʂ; 

            ʝ3 ɽ:  ɾ ᵮɸʜʂ+ ʉʙʂ; 

ʪʦʯʢʘ ɽ:          ɾ ᵮ ɸʜʂ+ ɸʟʂ+ʉʙʂ. 

ʋʜʝʣʴʥʘʷ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʩʧʣʘʚʘ ʵʚ-

ʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʠʣʘ 

212 12 ɼʞ/ʛ. 

 

 
ʈʠʩ. 4. ʊ-ʭ ʜʠʘʛʨʘʤʤʘ ʨʘʟʨʝʟʘ CŸǚŸ ɽ ʚ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʠʩʪʝʤʝ ʩʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʘʟʝʣʘʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʘʜʠʧʠ-

ʥʦʚʘʷ ʢʠʩʣʦʪʘ 

Fig. 4. T-x diagram of the CŸ ǚ Ÿ ɽ section for three-

component system of sebacic acid - azelaic acid - adipic acid 

ɺʓɺʆɼʓ 

ʀʟʫʯʝʥʳ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʜʚʦʡʥʦʡ 

ʩʠʩʪʝʤʳ ʩʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ - ʘʜʠʧʠʥʦʚʘʷ ʢʠʩʣʦ-

ʪʘ ʠ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ ʘʜʠʧʠʥʦʚʘʷ ʢʠʩʣʦʪʘ - ʘʟʝ-

ʣʘʠʥʦʚʘʷ ʢʠʩʣʦʪʘ - ʩʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ. ɺʩʝ ʜʠʘ-

ʛʨʘʤʤʳ ʦʪʥʦʩʷʪʩʷ ʢ ʵʚʪʝʢʪʠʯʝʩʢʦʤʫ ʪʠʧʫ. ʆʧʠʩʘ-

ʥʳ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʜʠʘʛʨʘʤʤ ʬʘʟʦʚʳʝ ʨʘʚʥʦʚʝʩʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʩʧʣʘʚʘ, ʦʪʚʝʯʘʶʱʝʛʦ 

ʪʨʦʡʥʦʡ ʵʚʪʝʢʪʠʢʝ ʚ ʩʠʩʪʝʤʝ (CH2)4(COOH)2 -

(CH2)7(COOH)2 - (CH2)8(COOH)2. 

ʄʝʪʦʜʦʤ ɼʉʂ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝ-

ʣʝʥʘ ʫʜʝʣʴʥʘʷ ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʵʚʪʝʢʪʠʯʝʩʢʦ-

ʛʦ ʩʦʩʪʘʚʘ. 

ɺʳʷʚʣʝʥʥʳʝ ʥʠʟʢʦʧʣʘʚʢʠʝ ʩʦʩʪʘʚʳ ʤʦʛʫʪ 

ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪ-

ʚʝ ʨʘʙʦʯʠʭ ʪʝʣ ʚ ʪʝʧʣʦʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʘʭ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʧʨʠ ʪʦʥʢʦʩʣʦʡʥʦʤ ʘʥʦʜʠʨʦʚʘʥʠʠ ʘʣʶʤʠʥʠʝʚʳʭ 

ʩʧʣʘʚʦʚ. 
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ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʡ 

ʩʦʩʪʘʚ ʧʣʘʟʤʳ ʠ ʢʠʥʝʪʠʢʫ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʭʣʦʨʠʩʪʦʤ ʚʦʜʦʨʦʜʝ. ʋʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʷʭ ʚʳʩʦʢʠʭ ( 10
5
 ʇʘ) ʠ ʥʠʟʢʠʭ ( 10 ʇʘ) ʜʘʚʣʝʥʠʡ ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʟʳʚʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʦʜʥʦʪʠʧʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʣʘʟʤʳ, ʥʦ ʦʢʘʟʳʚʘʝʪ ʨʘʟʣʠʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ. 

ʇʨʠʯʠʥʦʡ ʧʦʩʣʝʜʥʝʛʦ ʵʬʬʝʢʪʘ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʢʣʘʜʳ ʦʙʲʝʤʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʫʤʤʘʨʥʫʶ ʩʢʦʨʦʩʪʴ ʛʠʙʝʣʠ ʘʪʦʤʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʣʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ, ʧʣʘʟʤʘ, ʢʠʥʝʪʠʢʘ 

ɺɺɽɼɽʅʀɽ 

ʍʣʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ (HCl) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-

ʙʦʡ ʙʝʩʮʚʝʪʥʳʡ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʡ  ʛʘʟ ʩ ʨʝʟʢʠʤ 

ʟʘʧʘʭʦʤ, ʪʷʞʝʣʝʝ ʚʦʟʜʫʭʘ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʚʝʱʝʩʪ-

ʚʘʤ 3 ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ [1]. ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘ-

ʤʠ HCl ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʨʝʘʢʮʠʠ  ʭʣʦʨʠʨʦʚʘʥʠʷ (R-H + Cl2 Ÿ R-Cl + HCl ) ʠ 

ʜʝʛʠʜʨʦʭʣʦʨʠʨʦʚʘʥʠʷ (R-Cl + R-H Ÿ R-R + HCl) 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʧʨʦ-

ʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʠ ʧʣʘʩʪʠʯʝʩʢʠʭ ʤʘʩʩ 

[2, 3]. ʂʨʦʤʝ ʵʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ HCl 

ʚʳʜʝʣʷʶʪʩʷ ʧʨʠ ʩʠʥʪʝʟʝ ʤʥʦʛʠʭ ʬʪʦʨ- ʠ ʢʨʝʤʥʠʡ-

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʛʣʠʮʝʨʠʥʘ ʠ ʥʝʢʦʪʦʨʳʭ 

ʜʝʪʝʨʛʝʥʪʦʚ [3]. ʅʘʣʠʯʠʝ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ 

HCl ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʝʛʦ  ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʨʝʘʛʝʥʪʘ ʤʥʦʛʦ ʤʝʥʴʰʝ ʦʙʲʝ-

ʤʦʚ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦ-

ʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʫʪʠʣʠʟʘʮʠʠ ʷʚ-

ʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʭʣʦʨʘ ʵʣʝʢʪʨʦʣʠʟʦʤ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ ʠʣʠ ʛʘʟʦʬʘʟʥʳʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʦʢʠʩʣʝ-

ʥʠʝʤ ʅCl [4]. ʆʜʥʘʢʦ ʝʛʦ ʨʘʟʚʠʪʠʝ ʩʜʝʨʞʠʚʘʝʪʩʷ 

ʤʘʣʦʡ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴʶ, ʩʚʷʟʘʥʥʦʡ ʩ ʚʳʩʦʢʦʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ ʠ/ʠʣʠ ʩʣʦʞʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʮʠʢʣʘ [5, 6]. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʭʠʤʠʯʝʩʢʘʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ 

ʧʣʘʟʤʝʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʧʝʨʝʨʘʙʦʪʢʠ ʚʝʱʝʩʪʚ. 

ʀʜʝʷ ʪʘʢʠʭ ʧʨʦʮʝʩʩʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʝ-

ʨʘʚʥʦʚʝʩʥʫʶ ï ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢ-

ʪʨʦʥʥʦʛʦ ʫʜʘʨʘ ï ʘʢʪʠʚʘʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘ-

ʱʝʥʠʡ ʠʩʭʦʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɼʦʩʪʠʛʘʝʤʳʝ ʧʨʠ 

ʵʪʦʤ ʚʳʩʦʢʠʝ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ ʨʝʘʛʝʥʪʦʚ ʚ 

ʟʦʥʝ ʧʣʘʟʤʳ ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʦʩʪʴ ʧʣʘʟʤʦʭʠʤʠʯʝ-
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ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʠʭ 

ʩʪʝʧʝʥʝʡ ʢʦʥʚʝʨʩʠʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ 

ʵʥʝʨʛʦʚʢʣʘʜʘʭ [7, 8]. ʈʘʥʝʝ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [9, 10] 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʟʤʝʥʥʦʡ 

ʢʦʥʚʝʨʩʠʠ HCl ʚ Cl2 ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʠʟʢʠʤʠ ʩʪʝ-

ʧʝʥʷʤʠ ʜʠʩʩʦʮʠʘʮʠʠ ʭʣʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ ʠ ʚʳ-

ʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʨʘʟʣʦʞʝʥʠʷ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢ-

ʪʘ. ʇʨʠʯʠʥʦʡ ʦʙʦʠʭ ʵʬʬʝʢʪʦʚ ʷʚʣʷʶʪʩʷ ʘʪʦʤʥʦ-

ʤʦʣʝʢʫʣʷʨʥʳʝ ʨʝʘʢʮʠʠ, ʚʥʦʩʷʱʠʝ ʟʘʤʝʪʥʳʡ ʚʢʣʘʜ 

ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʡ-

ʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ [11, 12]. ʊʘʢ ʢʘʢ ʢʦʥʩʪʘʥʪʳ ʩʢʦ-

ʨʦʩʪʝʡ ʪʘʢʠʭ ʨʝʘʢʮʠʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ [13], ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʝ (ʤʦʜʝʣʴʥʦʝ) ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʛʘʟʘ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʡ ʩʦʩʪʘʚ ʧʣʘʟʤʳ ʠ ʢʠʥʝ-

ʪʠʢʫ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʭʣʦʨʠʩʪʦʤ 

ʚʦʜʦʨʦʜʝ. 

ʄɽʊʆɼʀʏɽʉʂɸʗ ʏɸʉʊʔ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ 

ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ ʠ ʢʦʥʮʝʥʪʨʘ-

ʮʠʷʤʠ ʯʘʩʪʠʮ ʚ ʟʦʥʝ ʧʣʘʟʤʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʛʣʦ-

ʙʘʣʴʥʘʷ (0-ʤʝʨʥʘʷ) ʢʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʫʩ-

ʣʦʚʠʡ ʨʝʘʢʪʦʨʘ ʠʜʝʘʣʴʥʦʛʦ ʩʤʝʰʝʥʠʷ ʮʠʣʠʥʜʨʠ-

ʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ [9, 10]. ʅʘʙʦʨ ʧʨʦʮʝʩʩʦʚ, ʚʢʣʶ-

ʯʝʥʥʳʭ ʚ ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 1.ʂʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ R1ïR3 ʦʮʝʥʠʚʘʣʠʩʴ c ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ ʤʘʢʩʚʵʣʣʦʚʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʵʥʝʨʛʠʷʤ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʝʯʝʥʠʷ ʙʨʘʣʠ ʠʟ ʨʘʙʦʪ [14, 15]. 

ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʝʡ ʜʣʷ R4ïR10 ʠ ʠʭ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʜʦʩʪʫʧʥʳ ʧʦ ʩʧʨʘʚʦʯʥʳʤ 

ʜʘʥʥʳʤ [13]. ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʝʡ ʜʣʷ R11 ʠ R12 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʘʭ 

[10ï13]. ɺ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ ʚʝ-

ʨʦʷʪʥʦʩʪʝʡ ʨʝʢʦʤʙʠʥʘʮʠʠ Cl  8 10
-4
 ʠ H  4 10

-4
, 

ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʨʮʘ ʧʨʠ 300 ʂ [16, 

17]. ɼʦʧʫʱʝʥʠʝ ʦ ʥʝʟʘʚʠʩʠʤʦʩʪʠ k11 ʠ k12 ʦʪ ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʛʘʟʘ ʦʩʥʦʚʘʥʦ ʥʘ ʬʦʨʤʘʣʴʥʦʡ ʢʦʤʧʝʥʩʘ-

ʮʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʢʦʨʦʩʪʠ ʪʝʧ-

ʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʠ ʚʝʨʦʷʪʥʦʩʪʠ ʨʝʢʦʤʙʠ-

ʥʘʮʠʠ (ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʥʢʠ ʨʝ-

ʘʢʪʦʨʘ). 

ɺ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 

ʚʳʩʪʫʧʘʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢʪʨʦʥʦʚ (Tʝ), ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ (nʝ), ʜʘʚʣʝʥʠʝ ʛʘʟʘ (p) ʠ ʝʛʦ 

ʪʝʤʧʝʨʘʪʫʨʘ (Tgas). ɺʝʣʠʯʠʥʳ Tʝ ʠ nʝ ʧʨʠʥʠʤʘʣʘʩʴ 

ʧʦʩʪʦʷʥʥʳʤʠ ʠ ʨʘʚʥʳʤʠ  3 ʵɺ ʠ 10
10

 ʩʤ
-3
, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ʕʪʦ ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʪʘʮʠʦʥʘʨ-

ʥʳʭ ʛʘʟʦʚʳʭ ʨʘʟʨʷʜʦʚ, ʚʦʟʙʫʞʜʘʝʤʳʭ ʢʘʢ ʧʨʠ ʘʪ-

ʤʦʩʬʝʨʥʦʤ (p  10
5
 ʇʘ), ʪʘʢ ʠ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ  

(p  10 ʇʘ) ʜʘʚʣʝʥʠʷʭ [18]. ʊʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ 

ʜʠʘʧʘʟʦʥʝ 300ï900 ʂ. ʌʘʢʪʠʯʝʩʢʠ, ʵʪʦ ʩʦʦʪʚʝʪʩʪ-

ʚʫʝʪ ʥʘʣʠʯʠʶ ʥʝʟʘʚʠʩʠʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʧʝʨʝʜ ʚʭʦʜʦʤ ʚ ʧʣʘʟʤʦ-

ʭʠʤʠʯʝʩʢʠʡ ʨʝʘʢʪʦʨ. ɺʳʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʤʦʜʝʣʠ ʷʚʣʷʣʠʩʴ ʩʪʘʮʠʦʥʘʨʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʟʦʥʝ ʧʣʘʟʤʳ (n) ʠ ʠʭ ʤʦʣʴ-

ʥʳʝ ʜʦʣʠ n/N, ʛʜʝ N=p/kʚTgas. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ 

ʩʦʩʪʘʚʘ ʧʣʘʟʤʳ HCl ʜʣʷ ʦʙʣʘʩʪʝʡ ʥʠʟʢʠʭ ʠ ʚʳʩʦ-

ʢʠʭ ʜʘʚʣʝʥʠʡ  ʟʘʢʣʶʯʘʶʪʩʷ ʚ  ʩʪʝʧʝʥʷʭ ʜʠʩʩʦʮʠʘ-

ʮʠʠ ʠʩʭʦʜʥʳʭ ʤʦʣʝʢʫʣ (2% ʧʨʠ p = 10
5
 ʇʘ ʠ 

50% ʧʨʠ p = 10 ʇʘ, nʝ = 10
10

 ʩʤ
-3
 ʠ  Tgas = 300 K) ʠ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʘʪʦʤʘʨʥʳʭ 

ʠ  ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ (ʨʠʩ. 1).  
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ʈʠʩ. 1. ʉʪʘʮʠʦʥʘʨʥʳʝ ʤʦʣʴʥʳʝ ʜʦʣʠ ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚ 

ʧʣʘʟʤʝ HCl ʧʨʠ p = 105 ʇʘ (a) ʠ 10 ʇʘ (ʙ) ʧʨʠ Tgas = 300 K. ʏʝʨ-

ʥʳʝ ʢʦʣʦʥʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ne = 109 ʩʤ-3, ʩʝʨʳʝ - ne = 1012 ʩʤ-3 

Fig. 1. Steady-state mole fractions of neutral species in HCl plas-

ma at p = 105 Pa (a) and 10 Pa (ʙ) at Tgas = 300 K. Black columns 

correspond to ne = 109 cm-3 while gray columns are for ne = 1012 

cm-3 

 

ʉʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ HCl, ʘ 

ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʦʚ nCl/nCl2 ʠ nH/nH2 ʩ ʨʦʩʪʦʤ ʜʘʚʣʝ-

ʥʠʷ ʛʘʟʘ ʦʙʫʩʣʦʚʣʝʥʳ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪ ʦʙʲʝʤ-

ʥʳʭ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʭ (R4ïR7) ʠ ʨʝʢʦʤʙʠ-
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ʥʘʮʠʦʥʥʳʭ (R8ïR10) ʧʨʦʮʝʩʩʦʚ ʚ ʫʩʣʦʚʠʷʭ 

k11,12 const.ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ  p  500 ʇʘ ʧʨʦ-

ʠʩʭʦʜʠʪ ʩʤʝʥʘ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʨʝʢʦʤ-

ʙʠʥʘʮʠʠ ʘʪʦʤʦʚ ʩ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʥʘ ʦʙʲʝʤʥʳʡ 

(ʨʠʩ. 2). ʀʟ ʨʠʩ. 2 ʤʦʞʥʦ ʚʠʜʝʪʴ ʪʘʢʞʝ, ʯʪʦ ʦʙʱʝʡ 

ʯʝʨʪʦʡ ʩʠʩʪʝʤ ʚʳʩʦʢʦʛʦ ʠ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʷʚʣʷ-

ʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ R4ïR7 ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ R7 R4 (ʚ ʩʠʣʫ 

k7 k4, ʩʤ. ʪʘʙʣ. 1) ʦʙʝʩʧʝʯʠʚʘʝʪ nCl nH ʠ nCl2 nH2. 

 

ʊʘʙʣʠʮʘ 

ʅʘʙʦʨ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʥʝʡ-

ʪʨʘʣʴʥʳʭ ʥʝʚʦʟʙʫʞʜʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʧʣʘʟʤʝ HCl 

Table. Reaction set for the modeling of neutral ground-

state species kinetics in HCl plasma 

ˉ ʇʨʦʮʝʩʩ 
ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ 

300 ʂ 500 ʂ 700 ʂ 900 ʂ 

1 HCl+ e H+Cl+e 1,2(-9) 

2 H2+e H+H+e 5,0(-10) 

3 Cl2+e Cl+Cl+e 4,8(-9) 

4 HCl+Cl Cl2+H 1,7(-44) 1,0(-30) 8,1(-25) 1,5(-21) 

5 HCl+H Cl+H2 3,9(-14) 4,3(-13) 1,4(-12) 3,0(-12) 

6 H2+Cl HCl+H 1,5(-14) 5,9(-13) 2,9(-12) 6,9(-12) 

7 Cl2+H HCl+Cl 2,0(-11) 3,5(-11) 4,3(-11) 4,9(-11) 

8 Cl+Cl+M Cl2+M 5,2(-32) 1,8(-32) 1,2(-32) 1,0(-32) 

9 H+H+M H2+M 6,0(-33) 3,6(-33) 2,6(-33) 2,0(-33) 

10 H+Cl+M HCl+M 2,9(-32) 1,1(-32) 7,3(-33) 6,0(-33) 

11 Cl Cl(s)+Cl  

Cl2+H  HCl 
11  

12 H  H(s)+H   

H2+Cl HCl 
8  

ʇʨʠʤʝʯʘʥʠʷ: 1) ʈʘʟʤʝʨʥʦʩʪʴ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ R4ïR7 

ʩʤ3/ʩ, R8ïR10 ʩʤ6/ʩ, R11ïR12 ʩ-1; 2) ʏʠʩʣʦ ʚ ʩʢʦʙʢʘʭ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʧʦʢʘʟʘʪʝʣʶ ʩʪʝʧʝʥʠ ʧʨʠ ʜʝʩʷʪʠʯʥʦʤ ʦʩʥʦʚʘ-

ʥʠʠ, ʥʘʧʨʠʤʝʨ 1(-10) = 110-10; 3) ʉʠʤʚʦʣ çʄè ʚ ʨʝʘʢʮʠʷʭ 

R8ïR10 ʦʟʥʘʯʘʝʪ ʣʶʙʫʶ ʪʨʝʪʴʶ ʯʘʩʪʠʮʫ 

Notes: 1) The rate coefficients for R4ïR7 are in cm3/, R8ï

R10 are in cm6/s, R11ïR12 are in s-1; 2) The number in 

brackets corresponds to the power index at the decimal base, 

for example 1(-10) = 110-10; 3) The ñMò symbol in R8ïR10 

means any third particle 

 

ʋʚʝʣʠʯʝʥʠʝ  Tgas  ʚ ʜʠʘʧʘʟʦʥʝ 300ï900 K 

ʧʨʠ   nʝ  = const ʚ ʦʙʝʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠʚʦʜʠʪ ʢ ʵʢʚʠ-

ʚʘʣʝʥʪʥʦʤʫ (ʚ 3 ʨʘʟʘ) ʩʥʠʞʝʥʠʶ ʥʘʯʘʣʴʥʦʡ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣ HCl,  ʩʢʦʨʦʩʪʠ ʠʭ ʜʠʩʩʦʮʠʘ-

ʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ R1 (ʨʠʩ. 2) ʠ ʩʪʘʮʠʦʥʘʨʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʧʣʘʟʤʝ (ʨʠʩ. 3). ʂʘʯʝʩʪʚʝʥʥʦ ʘʥʘ-

ʣʦʛʠʯʥʦ ʠʟʤʝʥʷʶʪʩʷ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʣʝʢʫʣʷʨ-

ʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ï H2 ʠ 

Cl2, ʦʜʥʘʢʦ ʘʙʩʦʣʶʪʥʘʷ ʚʝʣʠʯʠʥʘ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʘ (ʚ 5,4 ʨʘʟʘ ʜʣʷ H2 

ʠ ʚ 7,4 ʨʘʟʘ ʜʣʷ Cl2 ʧʨʠ p = 10 ʇʘ, ʚ 9,6 ʨʘʟʘ ʜʣʷ H2 

ʠ ʚ 30 ʨʘʟ ʜʣʷ Cl2 ʧʨʠ p = 10
5
 ʇʘ). ʇʨʠʯʠʥʦʡ ʪʘʢʠʭ 

ʠʟʤʝʥʝʥʠʡ  nH2 ʩʣʫʞʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ 

ʩʢʦʨʦʩʪʠ ʠ ʯʘʩʪʦʪʳ ʛʠʙʝʣʠ ʤʦʣʝʢʫʣ ʚʦʜʦʨʦʜʘ ʧʦ 

ʤʝʭʘʥʠʟʤy R6 (k6 nCl = 19ï2590 ʩ
-1
 ʧʨʠ p = 10 ʇʘ ʠ 

2,3 10
2
ï2,4 10

5
 ʩ

-1 
ʧʨʠ p = 10

5
 ʇʘ) ʥʘ ʬʦʥʝ ʙʦʣʝʝ 

ʩʣʘʙʦʛʦ ʨʦʩʪʘ ʩʫʤʤʘʨʥʦʡ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

H2 R5 + R9 + R12  R5 . ʆʪʤʝʪʠʤ, ʯʪʦ ʨʝʘʢʮʠʷ R5 ʥʝ 

ʢʦʤʧʝʥʩʠʨʫʝʪ ʵʬʬʝʢʪʘ R6 ʠʟ-ʟʘ ʤʝʥʝʝ ʚʳʨʘʞʝʥ-

ʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ  k5 (ʪʘʙʣ. 1). ʈʝʟ-

ʢʦʝ ʧʘʜʝʥʠʝ nCl2 ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʩʫʤ-

ʤʘʨʥʦʡ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʯʘʩʪʠʮ  (R8 + 

R11  R11  ʧʨʠ  p  = 10 ʇʘ ʠʣʠ  R8 ʧʨʠ p = 10
5
 ʇʘ) ʠ 

ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʠʭ ʛʠʙʝʣʠ ʧʦ ʨʝʘʢʮʠʠ R7  

(k7nH = 5,3 10
3
ï1,0 10

4
 ʩ

-1
 ʧʨʠ  p = 10 ʇʘ ʠ 1,3 10

3
ï

1,2 10
4
 ʩ

-1 
ʧʨʠ  p = 10

5
 ʇʘ), ʢʦʪʦʨʘʷ ʜʦʤʠʥʠʨʫʝʪ 

ʥʘʜ R3 ʚʦ ʚʩʝʤ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʘʚ-

ʣʝʥʠʡ.  
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ʈʠʩ. 2. ʂʠʥʝʪʠʢʘ ʥʝʡʪʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʧʣʘʟʤʝ HCl ʧʨʠ  

ne = 1010 ʩʤ-3.ʉʧʣʦʰʥʳʝ ʣʠʥʠʠ ʜʣʷ p = 105 ʇʘ, ʧʫʥʢʪʠʨ ʜʣʷ  

p = 10 ʇʘ. ʄʝʪʢʠ ʥʘ ʢʨʠʚʳʭ ʦʪʚʝʯʘʶʪ ʥʦʤʝʨʘʤ ʧʨʦʮʝʩʩʦʚ ʚ 

ʪʘʙʣʠʮʝ 

Fig. 2. Kinetics of neutral species in HCl plasma at ne = 1010 cm-3. 

Solid curves are for p = 105 Pa while the dashed curves are for  

p = 10 Pa. The labels on the curves correspond to the process 

number in table 

 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʦʙʣʘʩʪʝʡ ʥʠʟʢʠʭ ʠ ʚʳ-

ʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʣʠʯʥʦʤ ʧʦʚʝʜʝ-

ʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʪʦʤʦʚ ʭʣʦʨʘ ʠ ʚʦʜʦʨʦʜʘ. ʀʟ 

ʨʠʩ. 2 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ  p = 10 ʇʘ ʙʘʣʘʥʩ 

ʩʢʦʨʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʠʙʝʣʠ ʘʪʦʤʦʚ 

ʭʣʦʨʘ ʠ ʚʦʜʦʨʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ R1 + R5 + 

+R7  R6 + R11 ʠ  R1 + R6  R5 + R7 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥ  nCl (ʚ 3,5 ʨʘʟʘ) ʠ  nH (ʚ 1,5 

ʨʘʟʘ) ʩ ʨʦʩʪʦʤ  Tgas  ʟʜʝʩʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʚʝʣʠ-
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ʯʝʥʠʝʤ ʯʘʩʪʦʪ ʛʠʙʝʣʠ ʘʪʦʤʦʚ ʧʦ R6 (k6nH2 = 7,6ï 

ï647 ʩ
-1
) ʠ R5 (k6 nHCl = 44,5ï1290 ʩ

-1
) ʧʨʠ ʙʦʣʝʝ 

ʤʝʜʣʝʥʥʦʤ ʨʦʩʪʝ ʩʢʦʨʦʩʪʝʡ  ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʠ-

ʣʫ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʦ-

ʥʝʥʪ ʧʣʘʟʤʳ. ʄʝʥʴʰʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ nH2 
ʩʚʷʟʘʥ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʯʫʚʩʪʚʠ-

ʪʝʣʴʥʦʩʪʴʶ k6 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ k5. ɺ ʨʝʟʫʣʴʪʘʪʝ, 

ʙʣʠʟʢʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʯʘʩʪʦʪʳ ʛʠʙʝʣʠ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ ʚ ʦʙʣʘʩʪʠ  Tgas  = 300ï600 ʂ ʚʳʨʘʞʘʶʪʩʷ 

ʚ  nH const. ɺ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ, ʧʨʠ  p = 

=10
5
 ʇʘ, ʥʘʙʦʨ ʨʝʘʢʮʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ  ʙʘʣʘʥʩ 

ʩʢʦʨʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʠʙʝʣʠ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ, ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ɹʦʣʝʝ ʚʳʩʦʢʠʡ 

(ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʣʘʩʪʴʶ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʡ) ʚʢʣʘʜ 

R6 ʚ ʩʫʤʤʘʨʥʫʶ ʩʢʦʨʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʘʪʦʤʦʚ ʚʦʜʦ-

ʨʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ R1 + R6 

ʦʪʥʦʩʠʪʝʣʴʥʦ k5nHCl ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʦʥʦʪʦʥʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ  nH (ʨʠʩ. 3). ɸʥʘʣʦʛʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʪʦʤʦʚ ʭʣʦʨʘ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʨʝʟʢʦʛʦ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʛʠʙʝʣʠ ʧʦ R8 

(k8nM = 1,3 10
-12
ï8,0 10

-14 
ʩʤ

3
/ʩ ʧʨʠ  Tgas  = 300ï900 ʂ) 

ʧʨʠ R8  R6  R11.  

 

300 400 500 600 700 800 900

0.1

1

Cl

H

H
2

Cl
2

Cl
2

H
2

Cl

H

HCln
/n

3
0

0

T
gas
, ʂ

HCl

 
ʈʠʩ. 3. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ (n/n300, ʛʜʝ n300 ï 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠ Tgas = 300 K) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʛʘʟʘ. ʉʧʣʦʰʥʳʝ ʣʠʥʠʠ ʜʣʷ p = 105ʇʘ, ʧʫʥʢʪʠʨ ʜʣʷ  

p = 10 ʇʘ 

Fig. 3. Relative densities of species (n/n300, where n300 is the den-

sity at Tgas = 300 K) as functions of gas temperature. Solid curves 

are for p = 105 Pa while dashed curves are for p = 10 Pa 

 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ  

Tgas  ʚ ʜʠʘʧʘʟʦʥʝ  300ï900 ʂ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪ-

ʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ 

HCl. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʦʡ ʵʬʬʝʢʪ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʛʘʟʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʭʣʦʨʘ ʠ 

ʚʦʜʦʨʦʜʘ ʤʝʞʜʫ ʘʪʦʤʘʨʥʳʤʠ ʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ.  
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(ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ) 

E-mail: sorbotek@yandex.ru 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʢʮʠʠ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ  ʝʚʨʦʧʠʷ 

ʥʘ ʦʩʥʦʚʝ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʆʉʀɼ-ʪʝʭʥʦʣʦʛʠʠ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ 

ʦʯʠʩʪʢʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʧʫʪʝʤ ʠʭ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʚʘʢʫʫʤʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʝʚʨʦʧʠʷ, ʦʯʠʩʪʢʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ɺɺɽɼɽʅʀɽ 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʈɿʄ ʩ ʦʨʛʘ-

ʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʠʤʝʶʪ ʚʘʞʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ [1]. ɺ ʵʪʦʤ ʧʣʘʥʝ  ʢʦʤʧʣʝʢʩʳ ʝʚʨʦʧʠʷ ʩ 

1,10-ʬʝʥʘʥʪʨʦʣʠʥʦʤ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ  -ʜʠʢʝʪʦ-

ʥʘʤʠ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ. ʋʟʢʦʧʦʣʦʩʥʘʷ ʵʤʠʩ-

ʩʠʷ ʚ ʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴʶ, ʭʠʤʠʯʝʩʢʘʷ ʠ ʪʝʨʤʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴ-

ʥʦʩʪʴ, ʨʘʟʣʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʨʦʮʝʩʩʦʚ ʚʦʟʙʫʞʜʝ-

ʥʠʷ ʜʝʣʘʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠ-

ʥʝʥʠʷ ʝʚʨʦʧʠʷ (III) ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʤʘ-

ʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʝ-

ʪʦʢ, ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʨʘʟʣʠʯʥʳʭ 

ʦʧʪʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ [2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʨʘʟʥʦʣʠʛʘʥʜʥʳʭ ʢʦʦʨʜʠʥʘʮʠʦʥ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʝʚʨʦʧʠʷ (III) [3-4]. ʉʨʝʜʠ ʥʠʭ 

ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ ʝʚʨʦʧʠʷ (III) ʩ 1,10-ʬʝʥʘʥʪʨʦʣʠ-

ʥʦʤ ʠ  ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ -ʜʠʢʝʪʦʥʘʤʠ ʚ ʧʨʠʩʫʪʩʪ-

ʚʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠʣʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘ-

ʥʠʷ [3]. ʈʝʘʢʮʠʶ ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪ ʚ ʩʧʠʨʪʦʚʦʡ 

ʠʣʠ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʩʨʝʜʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʠ-

ʯʝʩʢʠʡ ʮʝʣʝʚʦʡ ʧʨʦʜʫʢʪ ʧʦʣʫʯʘʝʪʩʷ ʩ ʚʳʩʦʢʠʤ 

ʚʳʭʦʜʦʤ, ʥʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ, ʪ.ʢ. 

ʟʘʛʨʷʟʥʝʥ ʠʩʭʦʜʥʳʤʠ  ʚʝʱʝʩʪʚʘʤʠ ʠ ʟʥʘʯʠʪʝʣʴ-

ʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʙʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʝʡʩʪ-

ʚʠʪʝʣʴʥʦ, ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʝʢʩʘʛʠʜʨʘʪʘ 

ʭʣʦʨʠʜʘ ʝʚʨʦʧʠʷ (III) ʠ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʚ ʢʘʯʝ-

ʩʪʚʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʧʨʠʭʦʜʠʪʩʷ ʪʨʠ ʤʦʣʝʢʫʣʳ ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ. ʂʨʦ-

ʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʥʝʧʦʣʥʦʡ ʢʦʥʚʝʨʩʠʠ ʠʩʭʦʜʥʦʛʦ ʩʳ-

ʨʴʷ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʩʦʜʝʨʞʠʪ ʠʩʭʦʜʥʳʝ ʦʨʛʘʥʠ-

ʯʝʩʢʠʝ ʣʠʛʘʥʜʳ. ʆʙʳʯʥʦ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦ-

ʤʳʚʢʠ ʦʩʘʜʢʘ ʣʶʤʠʥʦʬʦʨʘ ʨʘʟʣʠʯʥʳʤʠ ʨʘʩʪʚʦʨʠ-

ʪʝʣʷʤʠ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ, ʦʩʘʞʜʝʥʠʝ ʠ ʩʫʙʣʠ-

ʤʘʮʠʦʥʥʫʶ ʦʯʠʩʪʢʫ ʚ ʚʘʢʫʫʤʝ [5]. ɺʳʙʦʨ ʤʝʪʦʜʠʢʠ 

ʩʠʥʪʝʟʘ ʠ ʦʯʠʩʪʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʘʨʠʘʥʪʘ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘ-

ʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝ-

ʤʳʭ ʢ ʥʝʤʫ. ɼʣʷ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʨʛʘʥʠ-

ʯʝʩʢʠʭ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ (OLED) ʨʝʢʦ-

ʤʝʥʜʫʝʤʘʷ ʯʠʩʪʦʪʘ ʠʩʭʦʜʥʦʛʦ ʵʤʠʩʩʠʦʥʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʥʠʞʝ 99,90 ʤʘʩ.%. ʇʨʠ ʵʪʦʤ 

ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʩʦʩʪʘʚ ʧʨʠʤʝ-

ʩʝʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʩʣʝ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʠʥʠʰʥʦʡ ʩʫʙ-

ʣʠʤʘʮʠʦʥʥʦʡ ʦʯʠʩʪʢʝ ʚ ʚʘʢʫʫʤʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
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ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʚʳ-

ʭʦʜ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʈɿʄ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 10-20 %. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʩʠʥʪʝʟʘ 

(1,10-ʬʝʥʘʥʪʨʦʣʠʥ)-ʪʨʠ-(ʙʝʥʟʦʠʣʬʝʥʠʣʘʮʝʪʦʥʘʪʘ) 

ʝʚʨʦʧʠʷ (III) ʠ (1,10-ʬʝʥʘʥʪʨʦʣʠʥ)-ʪʨʠ-(ʪʝʥʦʠʣ-

ʪʨʠʬʪʦʨʘʮʝʪʦʥʘʪʘ) ʝʚʨʦʧʠʷ (III) ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʥʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ  ʦʙʨʘʟʮʦʚ ʮʝʣʝʚʳʭ ʧʨʦ-

ʜʫʢʪʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʜʠʷʭ 

ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷ-

ʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ICP-MS). ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ 

ʧʨʠʙʦʨʝ çNexION 300D ICP-MSè ʬʠʨʤʳ çPerkin 

Elmer instrumentsè ʩ ʩʠʩʪʝʤʦʡ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ 

ʚʩʢʨʳʪʠʷ ʧʨʦʙʳ çBerghof Microwave Digestion 

System speedwave fourè ʬʠʨʤʳ çBerghofè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝʩʪ-

ʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʦʩʥʦʚʥʳʭ ʧʨʠʤʝʩʝʡ, ʦʧʨʝ-

ʜʝʣʷʶʱʠʭ ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʨʦʚʝʥʴ ʩʠʥʪʝʟʠʨʦʚʘʥ-

ʥʦʛʦ ʣʶʤʠʥʦʬʦʨʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʥʝʢʦʪʦʨʳʝ 

ʤʝʪʘʣʣʳ I ʠ II ʛʨʫʧʧ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʩʦ-

ʧʫʪʩʪʚʫʶʱʠʝ ʝʚʨʦʧʠʶ ï ʣʘʥʪʘʥʠʜʳ, ʞʝʣʝʟʦ ʠ 

ʤʳʰʴʷʢ. ʇʨʠ ʵʪʦʤ  ʧʦʩʣʝ ʩʪʘʜʠʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠ-

ʟʘʮʠʠ ʦʩʥʦʚʥʦʡ ʧʨʠʤʝʩʴʶ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ 

ʤʳʰʴʷʢ, ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ  ʧʨʝʚʳʰʘʝʪ ʩʫʤʤʘʨʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ. ɺ ʨʝʟʫʣʴʪʘ-

ʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʳʰʴʷʢ ʧʦʧʘʜʘʝʪ ʚ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ ʠʟ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ, ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʪʦʨʦʛʦ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʵʪʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʦ 

ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʩʫʰʢʠ ʩʠʥʪʝʟʠʨʦ-

ʚʘʥʥʳʭ ʣʶʤʠʥʦʬʦʨʦʚ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʳʭ ʧʝʨʝ-

ʢʨʠʩʪʘʣʣʠʟʘʮʠʡ, ʩʦʜʝʨʞʘʥʠʝ ʤʳʰʴʷʢʘ ʚ ʦʙʨʘʟʮʘʭ 

ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘʛʨʝʚʘ ʥʘ ʩʦʜʝʨʞʘ-

ʥʠʝ ʧʨʠʤʝʩʝʡ ʚ ʦʙʨʘʟʮʘʭ  (1,10-ʬʝʥʘʥʪʨʦʣʠʥ)-ʪʨʠ-

(ʙʝʥʟʦʠʣʬʝʥʠʣʘʮʝʪʦʥʘʪʘ) ʝʚʨʦʧʠʷ (III) ʠ (1,10-

ʬʝʥʘʥʪʨʦʣʠʥ)-ʪʨʠ-(ʪʝʥʦʠʣʪʨʠʬʪʦʨʘʮʝʪʦʥʘʪʘ) ʝʚ-

ʨʦʧʠʷ (III). ɼʣʷ ʵʪʦʛʦ ʚ ʦʪʢʨʳʪʳʝ ʩʪʝʢʣʷʥʥʳʝ ʧʨʦ-

ʙʠʨʢʠ ʧʦʤʝʱʘʣʠ ʦʢʦʣʦ 1 ʛ ʦʙʨʘʟʮʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʦʙʠʨʢʫ ʩ ʩʦ-

ʜʝʨʞʠʤʳʤ ʧʦʤʝʱʘʣʠ ʚ ʚʘʢʫʫʤʥʳʡ ʩʫʰʠʣʴʥʳʡ 

ʰʢʘʬ çʐʉɺ-65/3,5ɻ9è, ʩʥʘʙʞʝʥʥʳʡ ʪʝʨʤʦʨʝʛʫʣʷ-

ʪʦʨʦʤ ʠ ʚʘʢʫʫʤʝʪʨʦʤ. ʇʦʩʣʝ ʦʪʢʘʯʢʠ ʩʠʩʪʝʤʳ 

ʚʢʣʶʯʘʣʠ ʥʘʛʨʝʚ ʰʢʘʬʘ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʦʙʨʘʟʝʮ 

ʤʘʪʝʨʠʘʣʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʪʝʯʝʥʠʝ 

ʟʘʜʘʥʥʦʛʦ ʚʨʝʤʝʥʠ. ɿʘʪʝʤ ʥʘʛʨʝʚ ʦʪʢʣʶʯʘʣʠ ʠ ʠʟ-

ʚʣʝʢʘʣʠ ʠʟ ʩʫʰʠʣʴʥʦʛʦ ʰʢʘʬʘ ʧʨʦʙʠʨʢʫ ʩ ʦʙʨʘʟ-

ʮʦʤ ʤʘʪʝʨʠʘʣʘ. ʇʨʦʙʫ ʦʙʨʘʟʮʘ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝ-

ʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥ-

ʥʦʡ ʧʣʘʟʤʦʡ (ICP-MS). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1 ʠ 2. 

ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘ-

ʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʩʫʰʝʥʥʦ-

ʛʦ ʧʦʩʣʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʨʘʟʮʘ (1,10-ʬʝʥʘʥ-

ʪʨʦʣʠʥ)-ʪʨʠ-(ʙʝʥʟʦʠʣʬʝʥʠʣʘʮʝʪʦʥʘʪʘ) ʝʚʨʦʧʠʷ (III) 

ʝʛʦ ʥʘʛʨʝʚ ʚ ʪʝʯʝʥʠʝ 24 ʯ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 70 ʉ ʠ 

ʦʩʪʘʪʦʯʥʦʤ ʜʘʚʣʝʥʠʠ 40 ʤʤ.ʨʪ.ʩʪ. ʚ ʚʘʢʫʫʤʥʦʤ 

ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ (ʪʘʙʣ. 1, ʦʧʳʪ ɸ) ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʤʳʰʴʷʢʘ ʚ 4-5 

ʨʘʟ. ɸʥʘʣʦʛʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ (ʪʘʙʣ. 2, ʦʧʳʪ ɸ) ʙʳʣ 

ʦʪʤʝʯʝʥ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ  (1,10-ʬʝʥʘʥ-

ʪʨʦʣʠʥ)-ʪʨʠ-(ʪʝʥʦʠʣʪʨʠʬʪʦʨʘʮʝʪʦʥʘʪʘ) ʝʚʨʦʧʠʷ 

(III). ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 120 ʉ ʧʨʠʚʦʜʠʪ 

ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʠʤʝ-

ʩʝʡ ʚ 6-7 ʨʘʟ ʟʘ 5 ʯ (ʪʘʙʣ. 1 ʠ 2, ʦʧʳʪ ɺ). 
 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ (1,10-ʬʝʥʘʥʪʨʦʣʠʥ)-ʪʨʠ-(ʙʝʥʟʦ-

ʠʣʬʝʥʠʣʘʮʝʪʦʥʘʪʘ) ʝʚʨʦʧʠʷ (III) ʤʝʪʦʜʦʤ ICP-MS 

Table 1. The results of ICP-MS analysis of (1,10-phe-

nanthroline)-tris -(benzoylphenyl acetonate) euro-

pium (III)  

ʕʣʝʤʝʥʪ 
ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ, ʤʘʩ. % 

ʚ ʠʩʭʦʜʥʦʤ ʦʧʳʪ ɸ ʦʧʳʪ ɺ 

Li  3,55E-05 3,77E-05 8,61E-06 

Na 8,15E-04 9,17 E-04 5,67 E-04 

Al  2,81E-03 2,90E-03 2,99E-03 

K 1,12E-07 1,20E-07 1,25E-07 

Fe 2,15E-06 3,32E-06 3,52E-06 

Zn 1,00E-07 1,05E-07 1,08E-07 

As 7,99E-02 2,18E-02 1,16E-02 

Se 1,10E-07 1,15E-07 1,19E-07 

Y 6,16 E-05 6,55 E-05 6,62 E-05 

La 4,17E-05 4,55E-05 4,61E-05 

Ce 1,14 E-03 1,33 E-03 1,45E-03 

Pr 2,87E-06 2,99E-06 3,22E-06 

Nd 1,61E-06 1,77E-06 1,81E-06 

Sm 4,51E-04 4,65E-04 4,72E-04 

Eu ɹʘʟʦʚʳʡ ʵʣʝʤʝʥʪ 

Gd 2,81ɽ-04 2,96ɽ-04 3,11ɽ-04 

Tb 1,07E-04 1,27E-04 1,31E-04 

Dy 1,01E-05 1,12E-05 1,18E-05 

Ho 1,70E-05 2,30E-05 2,45E-05 

Er 1,77E-04 1,91E-04 2,17E-04 

Tm 1,54E-03 1,77E-03 1,84E-03 

Yb 1,10E-07 1,19E-07 1,26E-07 

Lu 8,44E-07 8,65E-07 8,77E-07 

Ta 2,28 E-07 2,35 E-07 2,36 E-07 

ʉ, ʤʘʩ.% 99,912 99,970 99,980 
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ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ (1,10-ʬʝʥʘʥʪʨʦʣʠʥ)-ʪʨʠ-(ʪʝʥʦ-

ʠʣʪʨʠʬʪʦʨʘʮʝʪʦʥʘʪʘ) ʝʚʨʦʧʠʷ (III) ʤʝʪʦʜʦʤ ICP-MS 

Table 2. The results of ICP-MS analysis of (1,10-

phenanthroline)-tris -(thenoyltrifluoro acetonate) euro-

pium (III)  

ʕʣʝʤʝʥʪ 

 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ, ʤʘʩ. % 

ʚ ʠʩʭʦʜʥʦʤ ʦʧʳʪ ɸ ʦʧʳʪ ɺ 

Li  1,22E-05 1,41E-05 1,49E-05 

Na 7,08 E-04 7,33 E-04 7,58 E-04 

Al  4,31E-03 4,55E-03 4,58E-03 

K 5,15E-07 5,88E-07 5,95E-07 

Fe 5,53E-07 5,61E-07 5,81E-07 

Zn 1,12E-07 1,28E-07 1,35E-07 

As 8,05E-02 1,50E-02 1,18E-02 

Se 1,50E-07 1,76E-07 1,89E-07 

Y 8,55 E-05 8,77 E-05 8,87E-05 

La 1,51E-06 1,78E-06 1,85E-06 

Ce 2,60E-07 2,82E-07 2,94E-07 

Pr 3,88E-06 3,99E-06 4,21E-06 

Nd 1,12E-06 1,44E-06 1,51E-06 

Sm 5,77E-04 6,10E-04 6,13E-04 

Eu  ɹʘʟʦʚʳʡ ʵʣʝʤʝʥʪ 

Gd 3,18ɽ-04 3,43ɽ-04 3,78ɽ-04 

Tb 1,14E-04 1,37E-04 1,51E-04 

Dy 1,10E-07 1,33E-07 1,41E-07 

Ho 2,05E-05 2,22E-05 2,31E-05 

Er 4,12E-04 4,23E-04 4,44E-04 

Tm 1,60E-03 1,88E-03 1,96E-03 

Yb 1,12E-05 1,27E-05 1,32E-05 

Lu 6,35E-07 6,62E-07 6,88E-07 

Ta 2,11E-07 2,45E-07 2,54E-07 

ʉ, ʤʘʩ.% 99,911 99,976 99,979 

 

ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠ-

ʤʝʩʝʡ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʩʦʩʪʘʚʠʣʦ ʥʝ 

ʙʦʣʝʝ 0,045 % ʚʝʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʙʝʟ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦʡ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ 1,10-ʬʝ-

ʥʘʥʪʨʦʣʠʥʘ, ʚʚʝʜʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 

ʧʦʩʣʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʘʜʠʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʣʶʤʠʥʦʬʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫ-

ʯʝʥʠʶ ʢʦʥʜʠʮʠʦʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝ ʤʝʥʝʝ 99,95 % ʚʝʩ. ʠ ʧʦ-

ʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʬʠʥʠʰʥʦʡ ʦʧʝʨʘʮʠʠ ʩʫʙʣʠ-

ʤʘʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʢʦʥʜʠʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʠ ʦʯʠʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ (1,10-

ʬʝʥʘʥʪʨʦʣʠʥ)-ʪʨʠ-(ʙʝʥʟʦʠʣʬʝʥʠʣʘʮʝʪʦʥʘʪʘ) ʝʚʨʦ-

ʧʠʷ (III) ʠ (1,10-ʬʝʥʘʥʪʨʦʣʠʥ)-ʪʨʠ-(ʪʝʥʦʠʣʪʨʠ-

ʬʪʦʨʘʮʝʪʦʥʘʪʘ) ʝʚʨʦʧʠʷ (III) ʥʘʤʠ ʙʳʣʠ ʤʝʪʦʜʦʤ 

ʚʘʢʫʫʤʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʠʟʛʦʪʦʚʣʝʥʳ 

ʪʝʩʪʦʚʳʝ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ɸʥʘʣʠʟ ʠʭ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ 

ʦʙʨʘʟʮʳ ʵʣʝʢʪʨʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ OLED-

ʪʝʭʥʦʣʦʛʠʠ. 
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ʇʨʝʜʣʦʞʝʥʘ ʤʫʣʣʠʪʦʦʙʨʘʟʫʶʱʘʷ ʩʫʩʧʝʥʟʠʷ, ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʫʣʣʠʪ 3Al2O3Ā2SiO2. ʇʦʜʦʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ pH ʜʣʷ ʩʠʥʪʝʟʘ: 

5,5-7,3. ʋʩʪʘʥʦʚʣʝʥʘ ʥʝʛʘʪʠʚʥʘʷ ʨʦʣʴ ʠʦʥʦʚ ʥʘʪʨʠʷ, ʩʚʷʟʳʚʘʶʱʠʭ ʦʢʩʠʜʳ ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤ-

ʥʠʷ ʚ ʱʝʣʦʯʥʳʝ ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʜʝʣʝʥʠʷ ʠʦʥʦʚ Na
+
. 

ʇʨʦʮʝʩʩ ʤʫʣʣʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʦʜʫʢʪʝ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦ-

ʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʥʘ 250-280 ʉ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʤʝʩʴʶ Al(OH)3 ʠ H2SiO3. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʫʣʣʠʪ, ʤʫʣʣʠʪʦʦʙʨʘʟʦʚʘʥʠʝ, ʩʦʚʤʝʩʪʥʦʝ ʦʩʘʞʜʝʥʠʝ, ʩʫʩʧʝʥʟʠʷ, ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʷ 

ʄʫʣʣʠʪ 3Al2O3Ā2SiO2 ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʭʠʤʠʯʝʩʢʠ 

ʩʪʦʡʢʠʭ ʚʝʱʝʩʪʚ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʳ ʤʘʣʦʝ 

ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʝʨʤʦ-

ʫʜʘʨʘʤ ʠ ʢ ʧʦʣʟʫʯʝʩʪʠ ʚʧʣʦʪʴ ʜʦ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜ-

ʧʣʘʚʣʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʩʠʣʠʢʘʪʘ ʘʣʶʤʠʥʠʷ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟ-

ʥʳʝ ʦʛʥʝʫʧʦʨʥʳʝ ʠ ʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʠʟʜʝʣʠʷ [1-4]. ʆʩʥʦʚʥʦʡ ʪʨʫʜʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ 

ʦʜʥʦʬʘʟʥʦʛʦ ʤʫʣʣʠʪʘ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʵʥʝʨʛʦʝʤ-

ʢʦʩʪʴ ʧʨʦʮʝʩʩʘ [5]. 

ʇʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʦʣʴ-ʛʝʣʴ ʤʝ-

ʪʦʜʘ [6-9] ʠ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ [10-13] ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʤʫʣʣʠʪʦʚʳʭ ʧʨʝʢʫʨʩʦʨʦʚ. ʇʨʠ ʜʘʣʴ-

ʥʝʡʰʝʤ ʧʨʦʢʘʣʠʚʘʥʠʠ ʛʝʣʠ ʠʣʠ ʢʨʠʧʪʦʢʨʠʩʪʘʣʣʠ-

ʯʝʩʢʠʝ ʦʩʘʜʢʠ, ʠʤʝʶʱʠʝ ʚʳʩʦʢʫʶ ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʬʦʨʤʠʨʫʶʪ ʦʜʥʦʬʘʟ-

ʥʳʡ ʤʫʣʣʠʪ ʠʣʠ ʚʦʣʦʢʥʘ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘ-

ʯʘ: ʤʝʪʦʜʦʤ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʩʠʥʪʝʟʠʨʦ-

ʚʘʪʴ ʤʫʣʣʠʪʦʦʙʨʘʟʫʶʱʫʶ ʩʫʩʧʝʥʟʠʶ(ʄʆʉ), ʩʦ-

ʩʪʦʷʱʫʶ ʠʟ ʛʠʜʨʘʪʥʳʭ ʬʦʨʤ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ 

ʢʨʝʤʥʠʷ(Al2O3ĀxH2Oʠ SiO2ĀyH2O), ʠ ʠʟʫʯʠʪʴ ʝʝ 

ʩʚʦʡʩʪʚʘ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʄʆʉ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳʝ ʘʣʶʤʦ- ʠ ʢʨʝʤʥʠʡʩʦʜʝʨʞʘ-

ʱʠʝ ʩʦʣʠ ʚ ʚʠʜʝ0,1 ʄ ʨʘʩʪʚʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʤʝʰʠ-

ʚʘʣʠ ʚ ʪʘʢʦʡ ʧʨʦʧʦʨʮʠʠ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʪ-

ʥʦʰʝʥʠʝ Al2O3:SiO2=3:2, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʤʫʣʣʠʪʘ. 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ: ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ 

ʤʝʪʘʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ Na2SiO3Ā5H2O (çʯ.ʜ.ʘ.è); ʭʣʦ-

ʨʠʜ AlCl 3Ā6H2O (çʯ.ʜ.ʘ.è). ɺʝʣʠʯʠʥʫ pH ʨʝʛʫʣʠʨʦ-

ʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʨʘʩʪʚʦʨʦʚ NaOHʠ HCl. 

ɼʣʷ ʦʪʜʝʣʝʥʠʷ ʠʦʥʦʚ Na
+
ʠ Cl

-
ʩʤʝʩʠ ʧʦʩʣʝ 

ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʦʜʚʝʨʛʘʣʠ ʮʝʥʪʨʠʬʫʛʠ-

ʨʦʚʘʥʠʶ ʥʘ ʮʝʥʪʨʠʬʫʛʝ ʤʦʜʝʣʠ 80-2S (Shanghai 

Medical Instr.).ɼʣʷ ʧʨʦʚʝʨʢʠ ʦʩʪʘʪʦʯʥʦʛʦ ʩʦʜʝʨ-

ʞʘʥʠʷ ʠʦʥʦʚ Na
+ 
ʠ Cl

-
ʧʦʩʣʝ ʧʨʦʤʳʚʢʠ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʘʪʦʤʥʦ-ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʤʘʨʢʠ 

AAS"ʉʘʪʫʨʥ". 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ ʚʳ-

ʧʦʣʥʷʣʠ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-2ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ CuKŬ-ʠʟʣʫʯʝʥʠʷ (ɚ=0,154051 ʥʤ). ʀʜʝʥʪʠ-

ʬʠʢʘʮʠʶ ʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʙʘʟʳ ʜʘʥʥʳʭ ASTM-JCPDS. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʨʅ, ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʚʷʟʳʚʘʥʠʝ ʦʢʩʠʜʦʚ 

ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠʷ ʚ ʤʫʣʣʠʪ, ʙʳʣʦ ʠʟʫʯʝʥʦ ʩʦ-

ʚʤʝʩʪʥʦʝ ʦʩʘʞʜʝʥʠʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʨʅ, 

ʧʦʩʢʦʣʴʢʫ ʛʠʜʨʘʪʥʳʝ ʬʦʨʤʳ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ 

ʦʩʘʞʜʘʶʪʩʷ ʚ ʱʝʣʦʯʥʦʡ ʦʙʣʘʩʪʠ, ʪʦʛʜʘ ʢʘʢ ʘʥʘʣʦ-

ʛʠʯʥʳʝ ʬʦʨʤʳ SiO2ʚʳʜʝʣʷʶʪʩʷ ʧʨʠ ʧʦʜʢʠʩʣʝʥʠʠ 

ʨʘʩʪʚʦʨʘ.  

ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʜʠʬʨʘʢʪʦʛʨʘʤʤ (ʨʠʩ. 1), 

ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʳʭ ʩʫʩʧʝʥʟʠʡ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ ʨʅ, 

ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʨʅ < 7, ʷʚʣʷʝʪʩʷ ʤʫʣʣʠʪ (ʨʠʩ. 1, ʘ). ʆʜʥʘʢʦ ʩʦʜʝʨ-

ʞʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʥʝʚʝʣʠʢʦ.  

ɺ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʦʥʦʚ 

ʥʘʪʨʠʷ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʦʢʩʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤ-

ʥʠʷ ʩʚʷʟʳʚʘʶʪʩʷ ʚ ʱʝʣʦʯʥʳʝ ʘʣʶʤʦʩʠʣʠʢʘʪʳ: 

ʢʨʠʩʪʦʙʘʣʠʪʦʧʦʜʦʙʥʳʡ Na-ʘʣʶʤʦʩʠʣʠʢʘʪ, ʥʝʬʝ-

ʣʠʥ, ʞʘʜʝʠʪ (ʨʠʩ. 1, ʚ). ʕʪʦ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʦ: 

ʩʚʷʟʘʥʥʳʝ Al2O3 ʠ SiO2 ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʤʫʣʣʠʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʩʣʝ 

ʨʘʟʣʦʞʝʥʠʷ ʱʝʣʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; ʠʦʥʳ Na
+ 
ʦʢʘ-

ʟʳʚʘʶʪʩʷ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ ʦʙʦʞʞʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʝʛʦ ʧʦʥʠʞʝʥʥʦʡ ʦʛʥʝʫʧʦʨʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʧʦʩʪʦ-

ʨʦʥʥʠʝ ʠʦʥʳ ʩʣʝʜʫʝʪ ʦʪʜʝʣʷʪʴ ʬʠʣʴʪʨʦʚʘʥʠʝʤ ʠʣʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. 
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ʈʠʩ. 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʄʆʉ (ʩʦʦʪʥʦʰʝʥʠʝ Al2O3:SiO2= 

3:2), ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ pH: ʘ ï 3,1; ʙ ï 6,1; ʚ ï 10,0 ï ʧʦʩʣʝ ʦʙ-

ʞʠʛʘ (1200 ʉ, 2 ʯ): ʂ ï ʢʦʨʫʥʜ, ʂʨ ï ʢʨʠʩʪʦʙʘʣʠʪ, ʄ ï ʤʫʣ-

ʣʠʪ, ɻ ï ʛʘʣʠʪ, ɸʣʥ ï ʢʨʠʩʪʦʙʘʣʠʪʦʧʦʜʦʙʥʳʡ Na-ʘʣʶʤʦ-

ʩʠʣʠʢʘʪ, ʅ ï ʥʝʬʝʣʠʥ, ɾ ï ʞʘʜʝʠʪ 

Fig. 1. X-ray diffraction patterns of the mullite-forming suspen-

sions (ratio of Al2O3:SiO2= 3:2) obtained under pH:  

ʘ ï 3.1; ʙ ï 6.1; ʚ ï 10.0 ï after annealing (1200 ʉ, 2 h):  

ʂ ï corundum, ʂʨ ï cristobalite, ʄ ï mullite, ɻ ï halite, ɸʣʥïlike 

to cristobalite Na-aluminosilicate, ʅ ï nepheline, ɾ ï jadeite 

 

ɺ ʦʙʣʘʩʪʠ, ʙʣʠʟʢʦʡ ʢ ʥʝʡʪʨʘʣʴʥʦʡ (5,5-

7,3), ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʝ 

ʦʢʩʠʜʳ ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠʷ, ʦʙʨʘʟʫʶʱʠʝ ʤʫʣʣʠʪ 

ʧʦʩʣʝ ʧʨʦʢʘʣʠʚʘʥʠʷ (ʨʠʩ. 1, ʙ). ɺʳʭʦʜ ʤʫʣʣʠʪʘ ʚ  

 
ʈʠʩ. 2. ʄʘʩʩʘ ʦʩʘʜʢʘ (1) ʠ ʚʳʭʦʜ ʤʫʣʣʠʪʘ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ (2) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH ʩʫʩʧʝʥʟʠʠ 

Fig. 2. Sediment mass (1) and mullite yield after the thermal 

treatment (2) depending on suspension pH 
 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʩʩʦʡ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʩʘʜʢʘ (ʨʠʩ. 2). 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ 

ʠʦʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʩʘʜʠʪʝʣʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ 20 % ʨʘʩʪʚʦʨ ʢʘʨʙʘʤʠʜʘ, ʢʦʪʦʨʳʡ ʨʘʥʝʝ 

ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʢʘʢ ʤʦʜʠʬʠʢʘʪʦʨ ʜʣʷ ʨʘʩʪʚʦʨʦʚ 

ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ [14]: 

ʉʆ(NH2)2 + 3H2O = CO2 + 2NH4OH (ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ); 

2AlCl3+3ʉʆ(NH2)2+9H2O=2Al(OH)3+6NH4Cl+3CO2; 

CO2 + Na2SiO3 + ʫH2O = SiO2ĀʫH2O + Na2CO3. 

ɺʝʣʠʯʠʥʘ ʨʅ ʧʦʩʣʝ ʩʤʝʰʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 

6,7-6,8. ʈʘʩʪʚʦʨ ʥʘʛʨʝʚʘʣʠ ʜʦ 80-90 
ʦ
ʉ ʜʣʷ ʛʠʜʨʦ-

ʣʠʟʘ ʢʘʨʙʘʤʠʜʘ, ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʠ ʮʝʥʪʨʠʬʫʛʠ-

ʨʦʚʘʣʠ. 
ʅʘ ʨʠʩ. 3 ʩʦʧʦʩʪʘʚʣʝʥʳ ʚʝʣʠʯʠʥʳ ʚʳʭʦʜʘ 

ʤʫʣʣʠʪʘ ʠʟ ʤʝʭʘʥʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʤʝʩʝʡ ʠ 

ʠʟ ʄʆʉ, ʧʦʣʫʯʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʨʙʘʤʠʜʘ. 
 

 
ʈʠʩ. 3. ɺʳʭʦʜ ʤʫʣʣʠʪʘ, ʧʦʣʫʯʝʥʥʦʛʦʦʙʞʠʛʦʤ ʩʤʝʩʠ Al(OH)3 ʠ 

H2SiO3(1, 2) ʙʝʟ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (1) ʠ ʧʦʩʣʝ ʤʝʭʘʥʦʘʢ-

ʪʠʚʘʮʠʠ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ (20 ʤʠʥ) (2), ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʠʟ ʄʆʉ (ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ; ʦʩʘʜʠʪʝʣʴ ʢʘʨʙʘʤʠʜ) 

Fig. 3. Mullite yield after the thermal treatment of the mixture 

Al(OH)3and H2SiO3 (1, 2) without mechanical treatment (1), after 

a mechanical activation in a planetary mill (20 min), as well as 

obtained from the mullite-forming suspension (after centrifuga-

tion; carbamide precipitator) 


