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ʇʨʦʚʝʜʝʥʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʘʣʣʘʜʠʝʚʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʥʘʥʝʩʝʥ-

ʥʳʭ ʥʘ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʦʩʪʦʷʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʧʨʦʮʝʩʩ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʦʚʘ-

ʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʝ, ʧʘʣʣʘʜʠʡ, ʥʘʥʦʯʘʩʪʠʮʳ 

ɺɺɽɼɽʅʀɽ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʧʦʠʩʢ ʥʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʘ 

ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʠʤʦʛʦ ʩʳʨʴʷ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 
ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 

ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ ʚ ʬʦʨʤʝ ʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦ-
ʜʦʨʦʜʦʚ. ʇʦʜʦʙʥʦʝ ʙʠʦʪʦʧʣʠʚʦ ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʙʠʦʜʠʟʝʣʷ, ʦʜʥʘ-

ʢʦ ʧʦ ʪʦʧʣʠʚʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩʦʧʦʩʪʘʚʠʤʦ ʩ 

ʥʝʬʪʷʥʳʤ ʜʠʟʝʣʝʤ [1]. ɺ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚʪʦʨʦʛʦ ʧʦʢʦ-

ʣʝʥʠʷ ʣʝʞʠʪ ʨʝʘʢʮʠʷ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʢʦʪʦʨʘʷ ʧʦʜʨʘ-
ʟʫʤʝʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʫʜʘʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢ-

ʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʜʦʨʦʜʘ. ɺ ʜʘʥ-

ʥʦʤ ʧʨʦʮʝʩʩʝ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʤʳʰ-
ʣʝʥʥʳʝ ʩʫʣʴʬʠʜʠʨʦʚʘʥʥʳʝ Co-Mo/Al2O3 ʠ Ni-

Mo/Al 2O3 [2], ʮʝʦʣʠʪʥʳʝ CsNaX [3], Pd/C [4] ʢʘʪʘ-

ʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. ʆʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ 

ʪʘʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʩʦ-
ʜʝʨʞʘʥʠʝ ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ, ʘ ʪʘʢ ʞʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʩʥʠʞʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ 

ʚʳʤʳʚʘʥʠʷ ʤʝʪʘʣʣʘ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ 
ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʩʪʘʪʴ ʩʪʘʙʠʣʠʟʘʮʠʷ ʘʢ-

ʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ ʧʨʠ ʧʦʤʦʱʠ ʧʦʣʠʤʝʨʦʚ.  

ʈʘʥʝʝ [5-8] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘ-
ʙʠʣʠʟʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʚ ʩʠʥʪʝʟʝ ʥʘʥʦʨʘʟʤʝʨʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘʥʦʯʘ-

ʩʪʠʮʳ ʤʝʪʘʣʣʦʚ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠ-
ʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʪʘʢʠʭ ʨʝʘʢ-

ʮʠʷʭ, ʢʘʢ ʛʠʜʨʠʨʦʚʘʥʠʝ [5, 6] ʠ ʦʢʠʩʣʝʥʠʝ [7, 8].  

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʦʷʥʠʷ ʥʘʥʦ-

ʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʣʠʤʝʨʥʫʶ 
ʤʘʪʨʠʮʫ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ, ʘ ʪʘʢ ʞʝ ʠʭ 

ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʦʟʚʦʣʠʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʪʝʭ-

ʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 
ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʄɽʊʆɼʀʂɸ ʕʂʉʇɽʈʀʄɽʅʊʆɺ 

ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʯʘʩʪʠʮʳ Pd ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʫʪʝʤ ʠʤʧʨʝʛʥʠʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ 
Na2[PdCl4] çʭ.ʯ.è ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʩʚʝʨʭ-

ʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ ʤʘʨʢʠ MN-270 ʩ ʧʣʦʱʘʜʴʶ 

ʧʦʚʝʨʭʥʦʩʪʠ 1373 ʤ
2
/ʛ (Purolite Ltd, ɺʝʣʠʢʦʙʨʠʪʘ-

ʥʠʷ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʘʢʪʠʚʥʦʛʦ 

ʤʝʪʘʣʣʘ ʚʦʜʦʨʦʜʦʤ. ʉʚʝʨʭʩʰʠʪʳʡ ʧʦʣʠʩʪʠʨʦʣ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʘʣʠ ʜʦ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ 
ʥʝ ʙʦʣʝʝ 70 Õʤ, ʦʙʨʘʙʘʪʳʚʘʣʠ ʘʮʝʪʦʥʦʤ ʠ ʚʳʩʫ-

ʰʠʚʘʣʠ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ɿʘʪʝʤ ʧʦʜʛʦʪʦʚʣʝʥ-

ʥʳʡ ʧʦʣʠʤʝʨ ʧʨʦʧʠʪʳʚʘʣʠ ʩʤʝʩʴʶ ʪʝʪʨʘʛʠʜʨʦʬʫ-

ʨʘʥʘ, ʤʝʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʚʦʜʳ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤ ʚ 
ʥʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

Na2[PdCl4]. ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʤʝʪʘʣʣʦʧʦʣʠ-

ʤʝʨʥʳʝ ʩʠʩʪʝʤʳ ʩ ʨʘʩʯʝʪʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʣʣʘ-
ʜʠʷ (ʤʘʩʩ.) 5% (5%-Pd/ʉʇʉ), 3% (3%-Pd/ʉʇʉ) ʠ 

1% (1%-Pd/ʉʇʉ). 

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦ-

ʚʘʥʳ ʩʣʝʜʫʶʱʠʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘ-
ʤʠ: ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʘʜʩʦʨʙʮʠʷ ʘʟʦʪʘ, ʨʝʥʪʛʝ-

ʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʈʌʕʉ), ʠʥ-

ʬʨʘʢʨʘʩʥʘʷ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʠʥʬʨʘʢʨʘʩʥʘʷ 
ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʘʜʩʦʨʙʮʠʠ 
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ʉʆ, ʪʨʘʥʩʤʠʩʩʠʦʥʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

(ʊʕʄ), ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (ʊɻɸ), 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ 
(ɼʉʂ).  

ʆʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠ-
ʟʘʪʦʨʘ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ 

ʧʦ ʨʘʟʤʝʨʘʤ BECMAN COULTER
TM

 SA 3100
TM

 

(COULTER CORPORATION, ʉʐɸ) ʠ ʧʨʠʙʦʨʘ 

ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ BECMAN COULTER
TM

 SA-
PREP

TM
 (COULTER CORPORATION, ʉʐɸ).  

ʈʌʕ ʩʧʝʢʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʕʉ 2403 ʄ-ʊ ʉʂɹ ɸʇ ʈɸʅ ʩ ʘʥʘʣʠ-
ʟʘʪʦʨʦʤ ʵʥʝʨʛʠʡ PHOIBOS 100 (SPECS, ɻʝʨʤʘ-

ʥʠʷ). ɼʣʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠʩʧʦʣʴ-

ʟʦʚʘʣʦʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ MgK  - ʠʟʣʫʯʝʥʠʝ 

(h  = 1253.6 ʵɺ). ʄʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ 
200 ɺʪ.  

ʀʥʬʨʘʢʨʘʩʥʳʝ ʩʧʝʢʪʨʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ ʨʘʩʪʚʦʨʦʤ 
ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʜʦʜʝʢʘʥʝ, ʙʳʣʠ ʩʥʷʪʳ ʚ 

ʪʦʥʢʦʤ ʩʣʦʝ ʚʘʟʝʣʠʥʦʚʦʛʦ ʤʘʩʣʘ. ʀʂ ʩʧʝʢʪʨʳ ʙʳ-

ʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʠʥʬʨʘʢʨʘʩʥʦʤ ʌʫʨʴʝ ʩʧʝʢʪʨʦʤʝʪ-
ʨʝ ʀʥʬʨʘʃʶʤ ʌʊ-2 ʧʨʦʠʟʚʦʜʩʪʚʘ ʅʇʆ ʧʨʠʙʦʨʦ-

ʩʪʨʦʝʥʠʷ çʃʶʤʵʢʩè. ʉʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚ 

ʜʠʘʧʘʟʦʥʝ 500-5000 ʩʤ
-1
 ʩ ʰʘʛʦʤ 4 ʩʤ

-1
. 

ʀʂ ʩʧʝʢʪʨʳ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʠʟʤʝ-

ʨʷʣʠ ʚ ʀʥʩʪʠʪʫʪʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. 

ɿʝʣʠʥʩʢʦʛʦ ʩ ʧʦʤʦʱʴʶ ʀʂ ʩʧʝʢʪʨʦʤʝʪʨʘ NICʆLET 

ñProt®g®ò 460 (Nicolet, ʉʐɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʧʨʠʩʪʘʚʢʠ ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ. ʇʝʨʝʜ ʠʟʤʝʨʝ-

ʥʠʝʤ ʩʧʝʢʪʨʦʚ ʦʙʨʘʟʮʳ ʚ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʤ ʚʠʜʝ 

ʧʦʜʚʝʨʛʘʣʠ ʚʘʢʫʫʤʥʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ 
ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫ-

ʣ -rʪʝʩʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ. ʀʟ-

ʤʝʨʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4000 
ʜʦ 400 ʩʤ

-1
 ʩ ʰʘʛʦʤ 4 ʩʤ

-1
.  

ʆʙʨʘʟʮʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ ʥʘʥʦʩʠʩʪʝʤ ʜʣʷ ʊʕʄ ʛʦʪʦʚʠ-

ʣʠʩʴ ʤʝʪʦʜʦʤ ʤʠʢʨʦʩʨʝʟʘ ʪʦʣʱʠʥʦʡ 50 ʥʤ. ʊʕʄ-
ʬʦʪʦʛʨʘʬʠʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘ-

ʧʨʷʞʝʥʠʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʫʰʢʠ 60 ʢɺ ʥʘ JEOL 

JEM1010 ʥʘ ʢʘʬʝʜʨʝ ʭʠʤʠʠ ʠ ʙʠʦʣʦʛʠʠ ʫʥʠʚʝʨʩʠ-
ʪʝʪʘ ʀʥʜʠʘʥʳ, ʉʐɸ. 

ʊɻ ʠ ɼʉʂ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʚʝʩʦʚ TG 209 F1 (NETZSCH, 

ɻʝʨʤʘʥʠʷ) ʠ ʧʨʠʙʦʨʘ DSC 204 F1 (NETZSCH, 
ɻʝʨʤʘʥʠʷ). ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʳʡ ʜʦ ʧʦ-

ʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʘʥʘʣʠ-

ʟʘʪʦʨ, ʧʦʩʣʝ ʯʝʛʦ ʟʘʧʫʩʢʘʣʠ ʧʨʦʛʨʘʤʤʫ ʪʝʨʤʦʦʙ-
ʨʘʙʦʪʢʠ. ʇʨʦʛʨʘʤʤʘ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʟʘʢʣʶʯʘʣʘʩʴ 

ʚ ʥʘʛʨʝʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʦʛʦ ʜʦ ʧʦʩʪʦ-

ʷʥʥʦʡ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʦʪ 30 ʜʦ 600Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 
10Áʉ/ʤʠʥ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʜʝʨʞʢʦʡ 30 ʤʠʥ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 600Áʉ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ Pd-ʩʦʜʝʨ-

ʞʘʱʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʜʝʦʢʩʠʛʝ-

ʥʠʨʦʚʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʨʦʚʦʜʠʣʠ ʚ ʩʪʘʣʴʥʦʤ 
ʨʝʘʢʪʦʨʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ PARR ï 4307 

(PARR Instrument, ʉʐɸ). ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʪʝʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ. 
ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

ʪʝʤʧʝʨʘʪʫʨʘ ï 255Áʉ, ʜʘʚʣʝʥʠʝ ʚʦʜʦʨʦʜʘ ï  

0.6 ʄʇʘ, ʨʘʩʪʚʦʨʠʪʝʣʴ ï ʜʦʜʝʢʘʥ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʨʘʩʪʚʦʨʘ ʩʫʙʩʪʨʘʪʘ ï 0.1 ʤʦʣʴ/ʣ, ʤʘʩʩʘ ʢʘʪʘʣʠʟʘ-
ʪʦʨʘ ï 0.1 ʛ.  

ɸʥʘʣʠʟ ʧʨʦʙ ʞʠʜʢʦʡ ʬʘʟʳ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ 
ʧʦʤʦʱʴʶ ʭʨʦʤʘʪʦʛʨʘʬʘ GC-2010 ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦ-

ʤʝʪʨʘ GCMS-QP2010S (SHIMADZU, ʗʧʦʥʠʷ). 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʄʝʪʦʜʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʘʜʩʦʨʙʮʠʠ 
ʘʟʦʪʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʣʦʱʘʜʠ ʫʜʝʣʴʥʦʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʤʦʜʝʣʠ ɹʕʊ, ʘ ʪʘʢ ʞʝ 

ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʧʦʨ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʪʠ-

ʯʝʩʢʠʭ ʥʘʥʦʩʠʩʪʝʤ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʚʝ-
ʜʝʥʠʠ ʧʨʝʢʫʨʩʦʨʘ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʩʚʝʨʭ-

ʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʠʩʪʝ-
ʤʳ (SBET ʜʣʷ ʉʇʉ-MN-270 ï 1373 ʤ2/ʛ, ʜʣʷ 1%-

Pd-ʉʇʉ-MN-270 ï 1120 ʤ2/ʛ, ʜʣʷ 3%-Pd-ʉʇʉ-

MN-270 ï 705 ʤ2/ʛ, ʜʣʷ 5%-Pd-ʉʇʉ-MN-270 ï 539 
ʤ2/ʛ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʯʘʩʪʠ ʧʦʨ ʧʦʣʠ-

ʤʝʨʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʢʣʘʩʪʝ-

ʨʦʚ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʩʯʝʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Pd ʩ 

5% ʜʦ 1% ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʣʦ-
ʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʘʥʘʣʠʟ 

ʢʨʠʚʳʭ ʘʜʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʣʫ-

ʯʝʥʥʳʝ ʠʟʦʪʝʨʤʳ ʦʪʥʦʩʷʪʩʷ ʢ ʠʟʦʪʝʨʤʘʤ VI ʪʠʧʘ, 
ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʝʟʦʧʦʨʠʩʪʳʭ ʚʝʱʝʩʪʚ. 

ʇʨʠʯʝʤ, ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘ ʠʟʦʪʝʨʤʘʭ 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʬʦʨʤʳ ʅ4, ʢʦʪʦ-

ʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʘʜʩʦʨʙʝʥʪʘʤ, 
ʠʤʝʶʱʠʤ ʫʟʢʠʝ ʱʝʣʝʚʠʜʥʳʝ ʧʦʨʳ. ʅʘ ʨʠʩ. 1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨ ʧʦ ʨʘʟ-

ʤʝʨʘʤ ʜʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ. 
ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙ-

ʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʤʠʢʨʦʧʦʨ ʩʦ ʩʨʝʜʥʠʤ 
ʜʠʘʤʝʪʨʦʤ ʧʦʨʷʜʢʘ 4.5 ʥʤ, ʘ ʪʘʢ ʞʝ ʧʦʨ ʚ ʜʠʘʧʘ-

ʟʦʥʝ 10 ï 20 ʥʤ. 

ɺ ʭʦʜʝ ʈʌʕ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 
ʩʧʝʢʪʨʳ Pd-ʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ, 

ʠ ʧʨʦʠʟʚʝʜʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
ʧʦʜʫʨʦʚʥʷ 3d ʧʘʣʣʘʜʠʷ. ɸʥʘʣʠʟ ʦʙʟʦʨʥʳʭ ʩʧʝʢ-
ʪʨʦʚ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦʤʠʥʠʨʫʶʱʠʤʠ 
ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʫʛʣʝʨʦʜ (~85%) ʠ ʢʠʩʣʦʨʦʜ 

(~13%). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʚʝʨʭʩʰʠʪʳʡ ʧʦʣʠʩʪʠʨʦʣ 
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ʚʩʝʛʜʘ ʩʦʜʝʨʞʠʪ ʥʘ ʩʚʦʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʠʩʣʦʨʦʜ 

(ʜʣʷ ʤʘʨʢʠ MN-270 ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ 15 ï 
18% (ʘʪ.)). ʉʦʜʝʨʞʘʥʠʝ ʧʘʣʣʘʜʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʦʙʨʘʟʮʦʚ 1%-Pd/ʉʇʉ-MN-270(ʅ2) ʠ 5%-Pd/ʉʇʉ-
MN-270(ʅ2) ʩʦʩʪʘʚʣʷʝʪ 1.2% ʠ 3.0% (ʘʪ.) ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ. ɼʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
3d ʧʦʜʫʨʦʚʥʷ ʧʘʣʣʘʜʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʘʣʣʘʜʠʡ 
ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ʩʦʜʝʨʞʠʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʚʠʜʝ 
ʩʦʝʜʠʥʝʥʠʡ Pd(0) ʠ Pd(II). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʙʨʘʟʮʘʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʦʝʜʠʥʝʥʠʝ [PdCl4]
2-
 (~11%), ʢʦʪʦ-

ʨʦʝ ʷʚʣʷʣʦʩʴ ʧʨʝʢʫʨʩʦʨʦʤ ʤʝʪʘʣʣʘ. 
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ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʧʦ ʨʘʟʤʝʨʘʤ ʜʣʷ ʥʘʥʦʩʠʩʪʝʤ ʥʘ 

ʦʩʥʦʚʝ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ 
Fig. 1. Pore size distribution for nanosystems based on hypercros-

slinked polystyrene 
 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʘʜʩʦʨʙʮʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠ-

ʩʣʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦ-
ʚʘʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥ-
ʥʳʭ ʨʘʩʪʚʦʨʦʤ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʜʦʜʝʢʘʥʝ, 
ʤʝʪʦʜʦʤ ʀʂ-ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɸʥʘʣʠʟ ʧʦʣʫ-

ʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ, ʢʨʦʤʝ ʦʩʥʦʚʥʦʡ 
ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1700 ʩʤ

-1
, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʡ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ =ʉ=ʆ ʛʨʫʧʧʳ, ʧʦʷʚ-
ʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʩ ʚʦʣ-

ʥʦʚʳʤ ʯʠʩʣʦʤ 1680 ʩʤ
-1
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʘʜ-

ʩʦʨʙʮʠʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʥʘ-
ʥʦʩʠʩʪʝʤʘʭ, ʧʨʦʠʩʭʦʜʠʪ ʩʜʚʠʛ ʦʩʥʦʚʥʦʡ ʧʦʣʦʩʳ 
ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʤʝʥʴʰʠʭ ʯʘʩʪʦʪ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʝʢʪʨʦʚ 
ʜʠʬʬʫʟʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʘʜʩʦʨʙʮʠʠ CO ʜʣʷ ʧʘʣʣʘ-
ʜʠʝʚʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʧʦʣʠʤʝʨʥʫʶ 

ʤʘʪʨʠʮʫ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ, ʧʦʢʘʟʘʣʦ, ʯʪʦ 
ʜʣʷ ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʩʧʝʢʪʨʝ ʧʨʠ-
ʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʉʆ ʧʨʠ ~2120 ʩʤ

-1
, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʤʦʣʝʢʫʣ 

ʉʆ, ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ ʥʘ Pd
2+

 ʚ ʣʠʥʝʡʥʦʡ ʬʦʨʤʝ 
[9]. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʦʙʨʘʟʮʦʚ 1%-Pd/ʉʇʉ-MN-270 
ʠ 5%-Pd/ʉʇʉ-MN-270 ʚ ʩʧʝʢʪʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 
ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʉʆ ʧʨʠ 

~1900 ʩʤ
-1
, ʦʪʚʝʯʘʶʱʠʝ ʤʦʩʪʠʢʦʚʦʡ ʬʦʨʤʝ ʘʜ-

ʩʦʨʙʮʠʠ ʉʆ (Pd
2+

-ʉOïPd
2+
) [9]. ʆʪʩʫʪʩʪʚʠʝ ʚ 

ʩʧʝʢʪʨʝ ʩʠʩʪʝʤʳ 3%-Pd/ʉʇʉ-MN-270 ʧʦʣʦʩʳ ʧʦ-
ʛʣʦʱʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦʩʪʠʢʦʚʦʡ ʬʦʨʤʝ 

ʘʜʩʦʨʙʮʠʠ ʉʆ, ʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʦʙʨʘʟʮʝ, ʮʝʥʪʨʳ ʧʘʣʣʘʜʠʷ ʠʟʦʣʠ-

ʨʦʚʘʥʳ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ Pd-ʩʦʜʝʨ-

ʞʘʱʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʤʝʪʦʜʦʤ ʊʕʄ ʧʦʢʘʟʘʣʦ, ʯʪʦ 

ʚ ʦʙʨʘʟʮʝ 5%-Pd/ʉʇʉ-MN-270 ʯʘʩʪʠʮʳ ʧʘʣʣʘʜʠʷ 

ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʚʠʜʝ ʜʚʫʭ ʬʨʘʢʮʠʡ: 

ʩ ʜʠʘʤʝʪʨʦʤ 7.6 ʥʤ ʠ ʩ ʜʠʘʤʝʪʨʦʤ 25 ʥʤ. ɼʣʷ ʥʘʥʦ-
ʩʠʩʪʝʤʳ 3%-Pd/ʉʇʉ-MN-270 ʤʝʣʢʘʷ ʬʨʘʢʮʠʷ ʥʘ-

ʥʦʯʘʩʪʠʮ ʦʪʩʫʪʩʪʚʦʚʘʣʘ, ʘ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʨʫʧ-

ʥʳʭ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʣ 35.6 ʥʤ. ɺ ʩʣʫʯʘʝ ʦʙʨʘʟʮʘ 
1%-Pd/ʉʇʉ-MN-270 ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ ʩʦ-

ʩʪʘʚʣʷʣ 32.1 ʥʤ, ʪʦʛʜʘ ʢʘʢ ʤʝʣʢʘʷ ʬʨʘʢʮʠʷ ʪʘʢʞʝ 

ʦʪʩʫʪʩʪʚʦʚʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳ-

ʚʦʜ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Na2[PdCl4] ʚ ʢʘʯʝʩʪʚʝ 
ʧʨʝʢʫʨʩʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʫʧʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʢʨʫʧʥʳʭ ʤʝʟʦʧʦʨʘʭ ʥʦʩʠʪʝʣʷ. 

ɺ ʭʦʜʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʠʥʪʝʟʠʨʦ-
ʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʚʳʝ ʪʝʨʤʦ-

ʛʨʘʚʠʤʝʪʨʠʠ (ʊɻ), ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠ-

ʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ). ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚ-
ʣʝʥʳ ʪʝʨʤʦʛʨʘʤʤʳ ʜʣʷ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ 

ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ ʤʘʨʢʠ MN-270.  
 

 
ʈʠʩ. 2. ʂʨʠʚʳʝ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ 

ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ ʤʘʨʢʠ MN-270 
Fig. 2. Thermal analysis curves of polymeric matrix of hypercros-

slinked polystyrene MN-270 
  

ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫʯʘʩʪʢʠ ʠʟʤʝʥʝʥʠʷ ʚʝ-

ʩʘ ʦʙʨʘʟʮʦʚ ʥʘ ʢʨʠʚʳʭ ʊɻ, ʘ ʪʘʢ ʞʝ ʧʠʢʠ ʥʘ ʢʨʠ-
ʚʳʭ ɼʊɻ ʦʪʚʝʯʘʶʪ ʪʝʨʤʦʜʝʩʪʨʫʢʮʠʠ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ, ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 450
ʦ
ʉ. ʕʥʜʦʵʬʬʝʢʪʳ ʥʘ ʢʨʠ-

ʚʦʡ ɼʉʂ ʜʣʷ ʦʙʨʘʟʮʘ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ 
(ʨʠʩ. 2) ʤʦʛʫʪ ʙʳʪʴ ʩʦʦʪʥʝʩʝʥʳ ʩʦ ʩʣʝʜʫʶʱʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ: ʠʩʧʘʨʝʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʧʦʪʝʨʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʞʝʩʪʢʦʩʪʠ, ʜʝʩʪʨʫʢʮʠʷ 
ïʉʅ2- ʤʦʩʪʠʢʦʚ, ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʷ ʣʠʥʝʡʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʩʝʪʢʠ. ʊʝʨʤʦʛʨʘʤʤʳ ʜʣʷ ʦʙʨʘʟʮʘ 5%-

Pd/ʉʇʉ-MN-270 ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ ʪʝʨʤʦ-

ʛʨʘʤʤʘʤʠ ʜʣʷ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ. ɺ ʩʣʫ-
ʯʘʝ ʩʠʩʪʝʤʳ 1%-Pd/ʉʇʉ-MN-270, ʵʥʜʦʵʬʬʝʢʪ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʪʝʨʝʡ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʞʝʩʪʢʦ-

ʩʪʠ, ʚʳʨʘʞʝʥ ʩʣʘʙʝʝ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ 
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ʪʝʤ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ ʧʘʣʣʘʜʠʷ, ʧʦʢʨʳʚʘʶʱʠʝ 

ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨ ʧʦʣʠʤʝʨʘ, ʧʨʝʧʷʪ-

ʩʪʚʫʶʪ ʠʭ ʜʝʬʦʨʤʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʦʙʨʘʟʮʘ 3%-
Pd/ʉʇʉ-MN-270, ʥʘ ɼʉʂ ʢʨʠʚʦʡ ʵʥʜʦʵʬʬʝʢʪʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʝʩʪʨʫʢʮʠʠ ïʉʅ2- ʤʦʩʪʠʢʦʚ ʠ 

ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʣʠʥʝʡʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʩʝʪʢʠ 
ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ 

ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʯʘ-

ʩʪʠʮʘʤʠ ʧʘʣʣʘʜʠʷ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘʥʦʯʘ-
ʩʪʠʮ ʧʘʣʣʘʜʠʷ ʚʳʷʚʠʣʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʜʣʷ ʨʝʘʢ-

ʮʠʠ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʷʚ-
ʣʷʶʪʩʷ ʯʘʩʪʠʮʳ ʧʘʣʣʘʜʠʷ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʣʠ-

ʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠʨʦʣʘ, ʩ 

ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ ʧʘʣʣʘʜʠʷ 1% (ʪʘʙʣʠʮʘ). 
 

ʊʘʙʣʠʮʘ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ 

ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʪʝʟʠʨʦ-

ʚʘʥʥʳʭ ʥʘʥʦʩʠʩʪʝʤ  

Table. Investigation of stearic acid hydrodeoxygenation 

process with use of synthesized nanosystems 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ  

ʩʠʩʪʝʤʘ 

Wʧʨʠʚ 20%* ,  

ʤʦʣʴ ʉʂ/(ʤʦʣʴ PdĀʩ) 

Sn-C
17**  

(ʂ***), % 

1%-Pd/ʉʇʉ-MN-270 0.011 98.9(84.3) 

3%-Pd/ʉʇʉ-MN-270 0.005 98.5(90.3) 

5%-Pd/ʉʇʉ-MN-270 0.003 96.2(94.6) 

ʇʨʠʤʝʯʘʥʠʷ: *

ʄʝ

ʩʫʙ

ʧʨʠʚW %20
 - ʧʨʠʚʝʜʝʥʥʘʷ ʩʢʦʨʦʩʪʴ 

ʧʨʠ 20% ʢʦʥʚʝʨʩʠʠ ʩʫʙʩʪʨʘʪʘ; ** Sn-C
17

 - ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ 

ʥ-ʛʝʧʪʘʜʝʢʘʥʫ; *** ʂ ï ʢʦʥʚʝʨʩʠʷ ʩʫʙʩʪʨʘʪʘ ʧʦʩʣʝ 220 
ʤʠʥ ʵʢʩʧʝʨʠʤʝʥʪʘ 

Note: *

ʄʝ

ʩʫʙ

ʧʨʠʚW %20
 - the reduced rate under 20% sub-

strate conversion; **Sn-C
17

 - selectivity on n-heptadecane; 

*** ʂ ï substrate conversion after 220 minutes of experiment 
 

ɺ ʭʦʜʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ ʙr -

ʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʣʠʤʝʨʥʳʡ ʥʦʩʠʪʝʣʴ ʦʙʣʘʜʘʝʪ 
ʤʝʟʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʚʳʩʦʢʦʡ ʧʣʦʱʘʜʴʶ 

ʧʦʚʝʨʭʥʦʩʪʠ; ʥʘʥʦʯʘʩʪʠʮʳ ʧʘʣʣʘʜʠʷ, ʥʘʥʝʩʝʥʥʳʝ 

ʥʘ ʩʚʝʨʭʩʰʠʪʳʡ ʧʦʣʠʩʪʠʨʦʣ, ʷʚʣʷʶʪʩʷ ʧʦʣʠʜʠʩ-

ʧʝʨʩʥʳʤʠ (ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʤʝʪʘʣʣʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 
2 ʜʦ 30 ʥʤ); ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʣʘʩʪʝʨʳ ʬʦʨʤʠʨʫʶʪ-

ʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʢʨʫʧʥʳʭ ʤʝʟʦʧʦʨʘʭ ʧʦʣʠʤʝʨʥʦʡ 

ʩʝʪʢʠ; ʧʘʣʣʘʜʠʡ ʚ ʦʙʨʘʟʮʘʭ ʩʦʜʝʨʞʠʪʩʷ, ʛʣʘʚʥʳʤ 
ʦʙʨʘʟʦʤ, ʚ ʬʦʨʤʝ ʩʦʝʜʠʥʝʥʠʡ Pd

0
 ʠ Pd

+2
. ɹʳʣʦ ʦʧ-

ʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʪʝʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʚʳʙʨʘʥʥʘʷ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʧʨʦʮʝʩʩʘ 
ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʣʝʛʢʦ 

ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʥʦʩʠʩʪʝʤʘʭ. 

ɼʘʥʥʳʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘ- 

ʣʠ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʥʝ ʧʨʝʪʝʨʧʝʚʘ-

ʶʪ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʝ-

ʘʢʮʠʠ 250-300
ʦ
ʉ. ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʩʠʥʪʝʟʠʨʦ-

ʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʥʘʡʜʝʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ 1%-

Pd/ʉʇʉ-MN-270 ʧʨʦʷʚʣʷʝʪ ʥʘʠʙʦʣʴʰʫʶ ʘʢʪʠʚ-

ʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʩʪʝʘʨʠ-
ʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʣʫʯʰʫʶ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʮʝʣʝʚʦʤʫ ʧʨʦʜʫʢʪʫ. Pd-ʩʦʜʝʨ-

ʞʘʱʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦ-

ʚʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʩʚʝʨʭʩʰʠʪʦʛʦ ʧʦʣʠʩʪʠ-
ʨʦʣʘ ʤʦʛʫʪ ʩʪʘʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚʪʦʨʦʛʦ ʧʦ-
ʢʦʣʝʥʠʷ. 

ɸʚʪʦʨʩʢʠʡ ʢʦʣʣʝʢʪʠʚ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨ-

ʥʦʩʪʴ ʩʪʘʨʰʝʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ ʀʥʩʪʠʪʫʪʘ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ɼ. ɿʝʣʠʥʩʢʦʛʦ ʆ.ʇ. 
ʊʢʘʯʝʥʢʦ ʠ ʧʨʦʬʝʩʩʦʨʫ ʢʘʬʝʜʨʳ ʭʠʤʠʠ ʠ ʙʠʦʣʦ-

ʛʠʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʀʥʜʠʘʥʳ ʉʐɸ ʃ.ʄ. ɹʨʦʥʰʪʝʡʥ 

ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ 
ʪʘʢ ʞʝ ʈʦʩʩʠʡʩʢʠʡ ʌʦʥʜ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʀʩ-

ʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ 12-08-00024-ʘ) ʟʘ ʬʠʥʘʥʩʦʚʫʶ 

ʧʦʜʜʝʨʞʢʫ. 
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ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ 4-ʥʠʪʨʦʪʦʣʫʦʣʘ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʦʩʪʦʷ-

ʥʠʡ ʚʦʜʦʨʦʜʘ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ ʚʦʜʦʨʦʜʘ. ʆʧʨʝʜʝʣʝʥʳ ʢʦʣʠʯʝʩʪʚʘ ʧʦʛʣʦʱʝʥʥʦʛʦ 

ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʤʳʝ ʥʘʯʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʠ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʚ ʦʙ-

ʣʘʩʪʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʦ ʛʠʜʨʠʨʫʝʤʦʤʫ ʩʦʝʜʠʥʝʥʠʶ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʦʜʦʨʦʜʘ ʩ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʩʪʚʦ-

ʨʠʪʝʣʝʡ ʧʨʦʚʝʜʝʥʦ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʩʢʝʣʝʪʥʦʛʦ ʥʠʢʝʣʷ ʚ ʩʤʝʰʘʥʥʦʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝ ʵʪʘʥʦʣ-ʚʦʜʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʪʚʦʨʠʪʝʣʴ, 4-ʥʠʪʨʦʪʦʣʫʦʣ, ʩʢʝʣʝʪʥʳʡ ʥʠʢʝʣʴ, ʛʠʜʨʦʛʝʥʠʟʘʮʠʷ, ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʳʝ ʬʦʨʤʳ ʚʦʜʦʨʦʜʘ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ 

ʚʩʝʭ ʤʝʪʘʣʣʦʚ ʠ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ 
ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴ-

ʥʳʭ ʢʦʣʠʯʝʩʪʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ [1,2]. 

ɺʦʜʦʨʦʜ ʩʚʷʟʳʚʘʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ 

ʮʝʥʪʨʘʤʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠ-
ʷʭ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʪʠʧʫ ʠ ʵʥʝʨʛʠʠ ʩʚʷʟʠ [3]. 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʬʦʨʤʳ ʚʦʜʦʨʦʜʘ ʦʙʣʘʜʘʶʪ ʨʘʟ-

ʣʠʯʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚ ʨʝʘʢʮʠʷʭ 
ʞʠʜʢʦʬʘʟʥʦʡ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ, ʘ ʠʭ ʚʝʣʠʯʠʥʳ ʘʜ-

ʩʦʨʙʮʠʠ ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʨʦʜʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʩʦ-

ʩʪʘʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʆʜʥʘʢʦ, ʧʨʠ ʦʧʠʩʘʥʠʠ ʠ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʠ ʢʠʥʝʪʠʢʠ ʛʠʜʨʦʛʝʥʠʟʘʮʠʦʥʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ ʯʘʱʝ ʚʩʝʛʦ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʝʚʘʣʠʨʫʶʱʠʡ 

ʚʢʣʘʜ ʚ ʦʙʱʫʶ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʣʠʰʴ ʦʜʥʦʡ ʥʘʠ-

ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ ʬʦʨʤʳ ʚʦʜʦʨʦʜʘ.  
ʇʦ ʜʘʥʥʳʤ [4], ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ 

ʥʠʪʨʦʙʝʥʟʦʣʘ ʠ ʤʘʣʝʘʪʘ ʥʘʪʨʠʷ ʥʘ ʩʢʝʣʝʪʥʦʤ ʥʠ-

ʢʝʣʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ 
ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ. ɸʚʪʦʨʳ [5] ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʘʷ -ʬʦʨʤʘ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʘ ʚ 
ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʚʦʜʦʨʦʜʘ ʩ ʩʦ-

ʝʜʠʥʝʥʠʷʤʠ ʪʠʧʘ ʘʣʢʝʥʦʚ. ɺ ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʛʝʥʠ-

ʟʘʮʠʠ ʥʠʪʨʦʛʨʫʧʧʳ ʠ ʜʨʫʛʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ, ʩʦʜʝʨʞʘʱʠʭ ʩʚʷʟʠ ʘʟʦʪ  ʢʠʩʣʦʨʦʜ, ʥʘʠʙʦ-

ʣʝʝ ʘʢʪʠʚʥʘ ʧʨʦʯʥʦʩʚʷʟʘʥʥʘʷ -ʬʦʨʤʘ ʘʜʩʦʨʙʠʨʦ-

ʚʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ  
ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʨʝʘʢʮʠʠ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ 4-ʥʠʪʨʦ-
ʪʦʣʫʦʣʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦ-

ʰʝʥʠʡ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʦʜʦʨʦʜʘ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ʉʢʝʣʝʪʥʳʡ ʥʠʢʝʣʴ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʘʪʘʣʠʟʘ-

ʪʦʨʦʚ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ [1]. ʉʢʝʣʝʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦ-

ʨr , ʦʙʣʘʜʘʷ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʫ-

ʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʪʦʥʢʦʛʦ ʦʨʛʘʥʠ-

ʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ ʠ ʢʘʯʝʩʪ-

ʚʦʤ [5,6]. 4-ɸʤʠʥʦʪʦʣʫʦʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʩʳʨʴʝ 

ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʜʠʩʧʝʨʩʥʳʭ ʢʨʘ-

ʩʠʪʝʣʝʡ [7]. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʛʠʜʨʦʛʝʥʠ-

ʟʘʮʠʠ 4-ʥʠʪʨʦʪʦʣʫʦʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʥʳʝ ʨʘʩ-

ʪʚʦʨʳ 2-ʧʨʦʧʘʥʦʣʘ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɼʘʥʥʳʝ 

ʨʘʩʪʚʦʨʠʪʝʣʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘ-

ʪʘʣʠʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦ-

ʩʪʴʶ ʣʝʛʢʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪ-

ʚʠʝʤ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ [7,8]. ɼʘʚʣʝʥʠʷ ʜʦ 1 

ʄʇʘ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʨʝʘʢʮʠʡ ʞʠʜ-

ʢʦʬʘʟʥʦʡ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ ʟʘʤʝʱʝʥʥʳʭ ʥʠʪʨʦʙʝʥ-

ʟʦʣʦʚ: ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ 

ʥʝ ʚʳʟʳʚʘʝʪ ʟʘʤʝʪʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʨʝ-

ʚʨʘʱʝʥʠʷ ʥʠʪʨʦʛʨʫʧʧʳ [5].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʩʢʝʣʝʪʥʦʛʦ ʥʠʢʝʣʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʨʘʙʦʪʢʦʡ 

ʟʘʚʦʜʩʢʦʛʦ ʩʧʣʘʚʘ ʩʦʩʪʘʚʘ Ni:Al:Fe=46.3:53.6:0.1 

ʤʘʩʩ.% 7.5 ʄ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʜʘ ʥʘ-

ʪʨʠʷ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʯʘʩʘ ʧʨʠ 273278 ʂ ʠ ʯʝʪʳ-

ʨʝʭ ʯʘʩʦʚ ʧʨʠ 368373 ʂ. ʏʝʨʝʟ ʢʘʞʜʳʝ ʜʚʘ ʯʘʩʘ 

ʨʘʩʪʚʦʨ,  ʥʘʩʳʱʝʥʥʳʡ ʘʣʶʤʠʥʘʪʘʤʠ, ʟʘʤʝʥʷʣʠ 

ʩʚʝʞʝʡ ʧʦʨʮʠʝʡ ʨʘʩʪʚʦʨʘ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ, ʧʦ-

ʣʫʯʝʥʥʳʡ ʩʢʝʣʝʪʥʳʡ ʥʠʢʝʣʴ ʦʪʤʳʚʘʣʠ ʦʪ ʘʣʶʤʠ-

ʥʘʪʦʚ ʠ ʛʠʜʨʦʢʩʠʜʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʜʦ 

ʥʝʡʪʨʘʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʦ ʬʝʥʦʣʬʪʘʣʝʠʥʫ. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʪʘʣʠʟʘʪʦʨʳ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 

ʜʠʩʧʝʨʩʥʦʩʪʠ ʦʪ 4.8 ʜʦ 36 ʤʢʤ. ɸʢʪʠʚʥʳʡ ʥʠʢʝʣʴ 

ʠʤʝʣ ʫʜʝʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ 90Ñ5 

ʤ
2
/ʛ, 0.45õ0.5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [9].  
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4-ʅʠʪʨʦʪʦʣʫʦʣ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʢʘʯʝʩʪʚʝ 

ʛʠʜʨʠʨʫʝʤʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʦʯʠʱʘʣʠ ʧʝʨʝʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʝʡ ʠʟ 2-ʧʨʦʧʘʥʦʣʘ ʤʘʨʢʠ "ʭ.ʯ." ʠ ʩʫʰʠʣʠ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʚʳʰʝ 303 ʂ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʚʝʩʘ. ʅʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʧʳʪʦʚ ʢʦʣʠʯʝʩʪʚʘ 4-ʥʠʪ-

ʨʦʪʦʣʫʦʣʘ ʙʨʘʣʠ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ. ɺʦʜʥʳʝ ʨʘʩ-
ʪʚʦʨʳ 2-ʧʨʦʧʘʥʦʣʘ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʛʦʪʦʚʠʣʠ ʠʟ 

ʯʠʩʪʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʦʥʥʳʭ ʩʨʝʜ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝ-

ʘʢʮʠʠ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʜʫ, 2-ʧʨʦ-
ʧʘʥʦʣ, ʩʦʜʝʨʞʘʱʠʡ ʥʝ ʙʦʣʝʝ 0.05 ʤʘʩʩ.% ʚʦʜʳ, ʘ 

ʪʘʢʞʝ ʙʠʥʘʨʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʩ 0.07, 0.19 ʠ 0.68 

ʤ.ʜ. 2-ʧʨʦʧʘʥʦʣʘ. ɺʩʝ ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʦʪʥʦ-
ʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ, ʨʘʚʥʳʭ 1, 4, 6, 8 ʠ 11 ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 303 ʂ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ 

ʨʝʘʢʪʦʨʝ ʞʠʜʢʦʬʘʟʥʦʡ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ ʩʪʘʪʠʯʝ-
ʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʟʘʢʨʳʪʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ [9]. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʢʠ-

ʥʝʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚ-
ʣʝʥʠʠ ʚʦʜʦʨʦʜʘ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ ʚ [9,10]. ʀʩʩʣʝ-

ʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʨʝʘʢʮʠʠ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ ʧʨʦʚʦʜʠʣʠ ʥʘ 
ʘʚʪʦʢʣʘʚʝ ʪʠʧʘ ɺʠʰʥʝʚʩʢʦʛʦ ʩ ʚʠʟʫʘʣʴʥʳʤ ʢʦʥ-

ʪʨʦʣʝʤ ʥʘʙʣʶʜʘʝʤʳʭ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʠ ʧʦ ʢʦʣʠ-

ʯʝʩʪʚʫ ʧʦʛʣʦʱʝʥʥʦʛʦ ʚʦʜʦʨʦʜʘ. ʉʢʦʨʦʩʪʴ ʧʝʨʝ-

ʤʝʰʠʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ ʢʘʢ ʧʨʠ ʘʪʤʦ-
ʩʬʝʨʥʦʤ, ʪʘʢ ʠ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ ʚʦʜʦ-

ʨʦʜʘ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ ï 3000 ʦʙʦʨʦʪʦʚ/ʤʠʥʫʪʫ, 

ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʛʦ ʤʘʩ-
ʩʦʧʝʨʝʥʦʩʘ ʥʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ 

4-ʥʠʪʨʦʪʦʣʫʦʣʘ ʚ ʠʟʫʯʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 
ʜʘʚʣʝʥʠʷʭ ʚʦʜʦʨʦʜʘ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʢʝ-

ʣʝʪʥʦʛʦ ʥʠʢʝʣʷ ʚʤʝʩʪʝ ʩ 100 ʩʤ
3
 ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʟʘʛʨʫʞʘʣʠ ʚ ʨʝʘʢʪʦʨ, ʩʠʩʪʝʤʫ ʛʝʨʤʝ-

ʪʠʟʠʨʦʚʘʣʠ, ʧʨʦʜʫʚʘʣʠ ʚʦʜʦʨʦʜʦʤ ʠ ʪʝʨʤʦʩʪʘʪʠ-
ʨʦʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʧʳʪʘ. ɼʘʣʝʝ ʢʘʪʘʣʠʟʘʪʦʨ 

ʥʘʩʳʱʘʣʠ ʚʦʜʦʨʦʜʦʤ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɿʘʪʝʤ ʧʝ-

ʨʝʤʝʰʠʚʘʥʠʝ ʦʪʢʣʶʯʘʣʠ, ʚ ʨʝʘʢʪʦʨ ʟʘʛʨʫʞʘʣʠ 
ʪʦʯʥʦ ʠʟʚʝʩʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 4-ʥʠʪʨʦʪʦʣʫʦʣʘ, ʠ 

ʧʦʩʣʝ ʛʝʨʤʝʪʠʟʘʮʠʠ ʠ ʥʘʙʦʨʘ ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ 

ʚʦʜʦʨʦʜʘ ʧʨʦʚʦʜʠʣʠ ʛʠʜʨʦʛʝʥʠʟʘʮʠʶ. ɺ ʭʦʜʝ ʨʝ-

ʘʢʮʠʠ ʠʟʤʝʨʷʣʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʛʣʦʱʝʥʥʦʛʦ ʚʦʜʦ-
ʨʦʜʘ, ʢʦʪʦʨʦʝ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʜʘʚ-

ʣʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʘʭ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ 0.015 ʄʇʘ. 

ʇʦʩʣʝ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘ-
ʣʘ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘʙʦʨ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʜʦ ʠʩ-

ʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ. ɻʠʜʨʦʛʝʥʠʟʘʮʠʶ ʟʘʢʘʥʯʠʚʘʣʠ 

ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʧʨʝʢʨʘʱʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʦʨʦʜʘ 
ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ. 

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʘʩʩʯʠʪʳʚʘ-

ʣʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʛʣʦʱʝʥʥʦʛʦ ʚʦʜʦʨʦʜʘ, ʥʘʙʣʶ-

ʜʘʝʤʳʝ ʥʘʯʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ 
0

2H
r , ʘ ʪʘʢʞʝ 

ʠ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʥk  ʚ ʦʙʣʘʩʪʠ ʧʝʨʚʦʛʦ ʧʦ-

ʨʷʜʢʘ ʧʦ ʛʠʜʨʠʨʫʝʤʦʤʫ ʩʦʝʜʠʥʝʥʠʶ [10]. ʇʨʠ ʧʦ-

ʚʳʰʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ ʚʦʜʦʨʦʜʘ ʚ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ ʟʥʘʯʝʥʠʝ "ʤʝʨʪʚʦʛʦ" ʦʙʲʝʤʘ ʨʝʘʢʪʦʨʘ, ʢʦ-

ʪʦʨʦʝ ʩʦʩʪʘʚʣʷʣʦ 65 ʩʤ
3
. ɼʘʥʥʫʶ ʚʝʣʠʯʠʥʫ ʦʧʨʝ-

ʜʝʣʷʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦ ʠʟʚʝʩʪʥʳʤ ʤʝʪʦʜʠ-

ʢʘʤ. ɺʝʣʠʯʠʥʳ 0
ʥk ʚ ʦʙʣʘʩʪʠ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʥʘʙʣʶʜʘʝʤʳʭ ʩʢʦʨʦʩʪʝʡ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʦʨʦʜʘ. 
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ʛʜʝ ʢ  ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʨʘʚʥʘʷ 

ʜʣʷ ʩʢʝʣʝʪʥʦʛʦ ʥʠʢʝʣʷ 4,5 ʛ/ʩʤ
3 
[11]; 0

2H
c ï ʨʘʩʪʚʦ-

ʨʠʤʦʩʪʴ ʚʦʜʦʨʦʜʘ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʦʧʳʪʘ ʧʦ ɹʫʥʟʝʥʫ ʩʤ
3
/ʩʤ

3
ʞ.ʬ. [12]; .

~
ʦʧP ï ʦʙʱʝʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʦʧʳʪʝ; B
~
ï ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʝ ʨʘʚʥʦʚʝʩʥʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʧʳʪʘ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦ-

ʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚ ʧʦʛʣʦʱʝʥʥʦʛʦ 

ʚʦʜʦʨʦʜʘ, ʩʢʦʨʦʩʪʝʡ ʠ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢ-

ʮʠʠ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʥʝ ʧʨʝʚʳʰʘʣʠ 1.0, 

2 4, 2 4 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠ-

ʯʠʥ. ʇʨʠ ʧʦʚʳʰʝʥʥʳʭ ʜʘʚʣʝʥʠʷʭ ʚʦʜʦʨʦʜʘ ʟʥʘʯʝ-

ʥʠʷ ʚʦʟʨʘʩʪʘʣʠ ʜʦ 2.0, 35, 3 5 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ 

ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ 4-ʥʠʪʨʦʪʦʣʫʦʣʘ ʥʘ ʩʢʝʣʝʪʥʦʤ ʥʠ-

ʢʝʣʝ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 2-ʧʨʦʧʘʥʦʣʘ ʩ ʨʦʩʪʦʤ 

ʩʨʝʜʥʝʛʦ ʨʘʜʠʫʩʘ ʯʘʩʪʠʮ ʦʪ 4.8 ʜʦ 36 ʤʢʤ ʩʥʠʞʘ-

ʶʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ. ɼʘʥʥʳʡ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʚʣʠʷʥʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʥʘ 

ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ [9] ʠ ʦʙʦʩʥʦʚʳʚʘʝʪ ʥʝ-

ʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʯʝʪʦʚ ʩʢʦʨʦʩʪʝʡ rs
0
 ʠ ʢʦʥʩʪʘʥʪ 

ʩʢʦʨʦʩʪʝʡ ks
0
 ʨʝʘʢʮʠʠ ʥʘ ʨʘʚʥʦʜʦʩʪʫʧʥʦʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʈʘʩʯʝʪ ʟʥʘʯʝʥʠʡ rs
0
 ʧʨʝʜʩʪʘʚ-

ʣʷʝʪʩʷ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʤ, ʯʝʤ ks
0
, ʪ.ʢ. ʥʝ ʠʩ-

ʧʦʣʴʟʫʝʪ ʧʦʣʦʞʝʥʠʝ ʦ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ-

ʙʣʶʜʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ʞʠʜʢʦʬʘʟʥʦʡ ʛʠʜʨʦʛʝʥʠʟʘ-

ʮʠʠ ʦʪ ʜʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʘ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʛʦ 

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʥʘ ʨʘʚʥʦʜʦʩʪʫʧ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʧʦ 

ʛʠʜʨʠʨʫʝʤʦʤʫ ʩʦʝʜʠʥʝʥʠʶ rs
0
 ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ ʩ 

ʨʘʜʠʫʩʦʤ ʯʘʩʪʠʮ rk ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʧʦ ʟʥʘʯʝ-

ʥʠʷʤ ʥʘʙʣʶʜʘʝʤʦʡ ʩʢʦʨʦʩʪʠ rʥ
0
 ʨʝʰʝʥʠʝʤ ʪʨʘʥʩ-

ʮʝʥʜʝʥʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2): 
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ʅʝʦʙʭʦʜʠʤʳʝ ʟʥʘʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ ʚʦʜʦʨʦʜʘ ʚ ʚʦʜʝ ʠ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ 2-ʧʨʦʧʘʥʦʣʘ ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʘʤʠ [12]. 
ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʦʜʦʨʦʜʘ ʩ ʬʠʟʠ-

ʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʙʳʣʦ 
ʧʨʦʚʝʜʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʝ 

ʪʠʪʨʦʚʘʥʠʝ ʩʢʝʣʝʪʥʦʛʦ ʥʠʢʝʣʷ ʚ ʚʦʜʝ ʠ ʩʤʝʰʘʥ-

ʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʵʪʘʥʦʣ - ʚʦʜʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦ-

ʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʊʘʢ ʢʘʢ 
ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʬʦʨʤʳ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦ-

ʨʦʜʘ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʨʝʘʢ-

ʮʠʷʭ ʛʝʪʝʨʦʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ, ʪʦ ʠʭ ʤʦʞʥʦ 
ʩʯʠʪʘʪʴ ʦʩʦʙʳʤʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʤʠ ʮʝʥʪʨʘʤʠ, 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʛʝʪʝʨʦ-

ʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʪʝʥʮʠʦ-

ʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʤʦʞʝʪ ʜʘʪʴ ʥʘʜʝʞʥʫʶ ʠ ʜʦʩ-
ʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦ-

ʚʝʨʭʥʦʩʪʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʤʝʞʜʫ ʠʥʜʠʚʠʜʫʘʣʴʥʳ-

ʤʠ ʬʦʨʤʘʤʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ. ʇʦʜ-
ʨʦʙʥʦ ʦ ʤʝʪʦʜʠʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʟʣʦʞʝʥʦ ʚ ʨʘʙʦʪʘʭ [13,14]. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦ-
ʨʦʩʪʠ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ 4-ʥʠʪʨʦʪʦʣʫʦʣʘ ʥʘ ʨʘʚʥʦ-

ʜʦʩʪʫʧʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʝʣʝʪʥʦʛʦ ʥʠʢʝʣʷ rs
0
 ʠ 

ʥʘʙʣʶʜʘʝʤʳʭ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʚ ʦʙʣʘʩʪʠ 
ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʧʦ ʛʠʜʨʠʨʫʝʤʦʤʫ ʩʦʝʜʠʥʝʥʠʶ kʥ 

ʦʪ ʩʦʩʪʘʚʘ ʙʠʥʘʨʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ 2-ʧʨʦʧʘʥʦʣ ï 

ʚʦʜʘ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʨʠʩ. 1ʘ ʠ ʨʝʟʫʣʴʪʘ-
ʪʦʚ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [15], ʩʢʦʨʦʩʪʠ ʛʠʜʨʦʛʝ-

ʥʠʟʘʮʠʠ ʥʘ ʨʘʚʥʦʜʦʩʪʫʧʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʙʣʘʩ-

ʪʠ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʧʦ 4-ʥʠʪʨʦʪʦʣʫʦʣʫ ʧʨʠ ʘʪʤʦ-
ʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʚʦʜʦʨʦʜʘ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ 

2-ʧʨʦʧʘʥʦʣʘ ʚ ʙʠʥʘʨʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ ʠʟʤʝʥʷʶʪʩʷ 

ʵʢʩʪʨʝʤʘʣʴʥʦ. ʄʘʢʩʠʤʫʤ ʩʢʦʨʦʩʪʝʡ ʦʪʚʝʯʘʝʪ ʩʠʩ-

ʪʝʤʝ, ʩʦʜʝʨʞʘʱʝʡ 0.07 ʤ.ʜ. ʩʧʠʨʪʘ. ɺ ʙʦʣʝʝ ʢʦʥ-
ʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʧʘ-

ʜʘʶʪ ʠ ʜʦʩʪʠʛʘʶʪ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ 2-

ʧʨʦʧʘʥʦʣʝ. ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʠʜʨʦ-
ʛʝʥʠʟʘʮʠʠ 4-ʥʠʪʨʦʪʦʣʫʦʣʘ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ 

ʩʧʠʨʪʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʭʦʨʦʰʦ ʩʦʛʣʘ-

ʩʫʝʪʩʷ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ 

ʘʚʪʦʨʘʤʠ ʚ ʨʘʙʦʪʝ 16. ʇʨʠ ʧʦʚʳʰʝʥʥʳʭ ʜʘʚʣʝ-

ʥʠʷʭ ʚʦʜʦʨʦʜʘ ʟʘʚʠʩʠʤʦʩʪʠ (ʨʠʩ.1 ʘ) ʥʦʩʷʪ ʦʜʥʦ-
ʪʠʧʥʳʡ ʚʠʜ, ʧʨʠʯʝʤ ʤʘʢʩʠʤʫʤ rs

0
 ʩʤʝʱʘʝʪʩʷ ʚ 

ʨʘʩʪʚʦʨʠʪʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ 0.170.20 ʤ.ʜ. 2-
ʧʨʦʧʘʥʦʣʘ, ʘ ʧʘʜʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʧʦʩʣʝ ʤʘʢʩʠʤʫʤʘ 

ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ, ʯʝʤ ʧʨʠ ʘʪʤʦ-

ʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ.  
ʇʝʨʝʭʦʜ ʚ ʦʙʣʘʩʪʴ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 4-

ʥʠʪʨʦʪʦʣʫʦʣʘ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʘʢʮʠʠ ʦʪ 

ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ 

ʧʝʨʝʭʦʜ ʦʪ ʚʦʜʳ ʢ ʩʠʩʪʝʤʝ, ʩʦʜʝʨʞʘʱʝʡ 0.68 ʤʦʣ. 

ʜʦʣʠ 2-ʧʨʦʧʘʥʦʣʘ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ 
ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʦʜ-

ʥʘʢʦ ʜʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ ʧʨʠ-

ʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʡ kʥ. ʇʨʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ 6.011.0 ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʥ-

ʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʧʨʝʜʝ-
ʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʠ ʥʘʠʙʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʚ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʧʠʨʪʘ 0.170.60 ʤ.ʜ.  

 

 
ʘ 

 
ʙ 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʠ ʛʠʜʨʦʛʝʥʠʟʘʮʠʠ 4-
ʥʠʪʨʦʪʦʣʫʦʣʘ ʥʘ ʨʘʚʥʦʜʦʩʪʫʧʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʢʝʣʝʪʥʦʛʦ 

ʥʠʢʝʣʷ r
0
s  ï a) ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʠʜʨʠʨʫʝʤʦ-

ʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʢʦʥʩʪʘʥʪ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʠ kʠï ʙ) ʚ ʦʙʣʘʩʪʠ 
ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʦʪ ʩʦʩʪʘʚʘ ʙʠʥʘʨʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ 2-
ʧʨʦʧʘʥʦʣïʚʦʜʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʚʦʜʦʨʦʜʘ: 

0.93 0.95 ï 1, 4.0 ï 2, 6.0 ï 3, 8.0 ï 4 ʠ 11.0 ï 5 ʧʨʠ 303 ʂ. ʋʩʣʦ-

ʚʠ̫ ʵʢʩʧʝʨʠʤʝʥʪʘ:  rk= 4.8 ʤʢʤ; mk= 0.6250.627 ʛ; Vʨ= 100 ʩʤ
3 

Fig. 1. The 4-nitrotoluene hydrogenation reaction rates on an 
equally accessible surface of skeletal nickel r0

s   ï a) in the field of 
high concentration of compound being hydrogenated and rate 
constants of reaction kʠïʙ) in the field of the first order on the 

composition of binary solvent of 2-propanol and water at hydro-

gen relative pressure: 0.93 0.95 ï 1, 4.0 ï 2, 6.0 ï 3, 8.0 ï 4 and 
11.0 ï 5 at 303 ʂ. Experimental conditions: rk= 4.8 micrometers; 

mk= 0.625-0.627 g; Vʨ= 100 ml 
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ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʩʪʘʥʪ ʦʪ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦ-

ʨʠʪʝʣʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʜʘʚʣʝʥʠʠ, ʨʘʚʥʦʤ 4.0, 
ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʘʪʤʦ-
ʩʬʝʨʥʳʤ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʜʘʚʣʝʥʠʷʤʠ ʚʦʜʦʨʦʜʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʚ ʩʦʚʦ-

ʢʫʧʥʦʩʪʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʭ 
ʠʟʤʝʨʝʥʠʡ [3,13-16] ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟ-
ʣʠʯʥʳʝ ʬʦʨʤʳ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ, ʩʚʷ-
ʟʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʠʢʝʣʷ. ʋʩʪʘʥʦʚʣʝʥʦ [3], 

ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʛʨʘʥʝʡ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Ni [111] ʠ 
Ni [110] ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʘ ʜʣʷ ʭʝʤʦʩʦʨʙʮʠʠ 
ʚʦʜʦʨʦʜʘ. ɺ ʧʨʦʮʝʩʩʝ ʘʜʩʦʨʙʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʤʦʣʝ-

ʢʫʣʷʨʥʘʷ -ʬʦʨʤʘ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ H2 ʠʣʠ ʠʦʥ ʅ2
ŭ+
, ʩʚʷʟʘʥʥʳʝ ʩ ʦʜʥʠʤ ʠʣʠ ʜʚʫ-

ʤʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʘʪʦʤʘʤʠ, -ʬʦʨʤʘ  ʘʪʦʤʘʨʥʦ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʡ ʚʦʜʦʨʦʜ H, ʠ -ʬʦʨʤʘ  ʠʦʥʠʟʠ-

ʨʦʚʘʥʥʳʡ ʚʦʜʦʨʦʜ ʅ
+ 
ʠʣʠ ʅ

-
, ʩʚʷʟʘʥʥʳʝ ʩ ʦʜʥʠʤ 

ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʘʪʦʤʘʤʠ ʤʝʪʘʣ-

ʣʘ. ʄʝʞʜʫ ʬʦʨʤʘʤʠ ʚʦʜʦʨʦʜʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ 
ʩʣʦʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ [3], ʥʘ ʩʦʩʪʦʷʥʠʝ 
ʢʦʪʦʨʦʛʦ ʚʣʠʷʝʪ ʧʨʠʨʦʜʘ ʠ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɺʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʟʘʢʦ-

ʥʦʤʝʨʥʦʩʪʠ ʘʜʩʦʨʙʮʠʠ ʬʦʨʤ ʚʦʜʦʨʦʜʘ ʤʦʞʥʦ 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʘ ʧʨʠʤʝʨʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʛʦ-
ʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ. 

ʅʘ ʨʠʩ. 2 ʠ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 
ʚʝʣʠʯʠʥ ʘʜʩʦʨʙʮʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʬʦʨʤ ʚʦʜʦ-
ʨʦʜʘ ʦʪ ʨʅ ʩʨʝʜʳ ʜʣʷ ʩʠʩʪʝʤ ʩ ʤʦʣʴʥʦʡ ʜʦʣʝʡ ʵʪʘ-
ʥʦʣʘ 0.11 ʠ 0.9 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʠʚʳʝ ʧʨʠ ʜʨʫ-

ʛʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʵʪʘʥʦʣʘ ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʳʡ ʭʘ-
ʨʘʢʪʝʨ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 
ʪʦʤ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʵʪʘʥʦʣ ï ʚʦʜʘ ʩ ʨʦʩʪʦʤ ʨʅ ʧʦ-

ʚʝʨʭʥʦʩʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʬʦʨʤ 
ʩʥʠʞʘʝʪʩʷ, ʘ ʜʦʣʷ ʧʨʦʯʥʦʩʚʷʟʘʥʥʳʭ ʬʦʨʤ ʚʦʟʨʘʩ-
ʪʘʝʪ, ʘʥʘʣʦʛʠʯʥʦ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʘʤ. ʈʘʩʩʯʠʪʘʥ-
ʥʳʝ ʜʣʷ ʠʟʫʯʘʝʤʦʡ ʩʠʩʪʝʤʳ ʚʝʣʠʯʠʥʳ ʘʜʩʦʨʙʮʠ-

ʦʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʥʠʞʝ ʪʘʢʦʚʳʭ ʜʣʷ ʚʦʜʳ, 
ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʬʦʨʤ ʦʪ ʨʅ ʜʣʷ ʩʠʩʪʝʤʳ ʵʪʘ-

ʥʦʣïʚʦʜʘ ʩ ʤʦʣʥɹʦʡ ʜʦʣʝʡ ʩʧʠʨʪʘ 0.11: 1- -ʬʦʨʤʘ; 2- -

ʬʦʨʤʘ; 3- 2-ʬʦʨʤʘ 

Fig. 2. The dependence of the individual forms adsorption values 
on the ʨʅ for the system of ethanol-water with the molar fraction 

of alcohol of 0.11: 1- -form; 2- -form; 3- 2-form 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʬʦʨʤ ʚʦʜʦʨʦʜʘ ʦʪ ʨʅ ʚ ʨʘʩ-

ʪʚʦʨʠʪʝʣʝ ʵʪʘʥʦʣ-ʚʦʜʘ ʩ ʤʦʣʴʥʦʡ ʜʦʣʝʡ ʩʧʠʨʪʘ 0.9: 1- -

ʬʦʨʤʘ; 2- -ʬʦʨʤʘ; 3- 2-ʬʦʨʤʘ 
Fig. 3. The dependence of adsorption of hydrogen forms on the 
pH in the ethanole-water solvent with alcohol mole fraction of 

0.9: 1- -form; 2- -form; 3- 2-form 
 

ɺʳʚʦʜʳ ʦ ʚʣʠʷʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʩʦ-
ʩʪʦʷʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʬʦʨʤ ʚʦʜʦʨʦʜʘ ʤʦʛʫʪ 
ʙʳʪʴ ʩʜʝʣʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʨʤ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʤʦʜʝ-
ʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʧʦʪʝʥʮʠʦ-
ʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʜʩʦʨʙ-
ʮʠʦʥʥʦ-ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʪʘʙ-
ʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʬʦʨʤ ʚʦʜʦʨʦʜʘ ʥʘ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʩʢʝʣʝʪʥʦʛʦ ʥʠʢʝʣʷ ʠʟ ʨʘʩʪʚʦʨʠʪʝʣʷ ʵʪʘ-

ʥʦʣ - ʚʦʜʘ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʪʘʥʦʣʘ: 

ȹaG
0
(H2) ï ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʘʜʩʦʨʙʮʠʠ, 

ȹaH
0
(H2) ï ʪʝʧʣʦʪʘ ʘʜʩʦʨʙʮʠʠ, ȹaS

0
(H2) ï ʠʟʤʝʥʝ-

ʥʠʝ ʵʥʪʨʦʧʠʠ ʘʜʩʦʨʙʮʠʠ. ʇʦʛʨʝʰʥʦʩʪʴ ʚ ʦʧʨʝʜʝ-
ʣʷʝʤʳʭ ʚʝʣʠʯʠʥʘʭ ʥʝ ʧʨʝʚʳʰʘʣʘ 5% ʠ ʚ ʪʘʙʣʠʮʝ 
ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʘ. 

ʊʘʙʣʠʮʘ 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʜʠʚʠʜʫʘʣʴ-

ʥ ʭr ʬʦʨʤ ʚʦʜʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ ʵʪʘʥʦʣ-ʚʦʜʘ ʧʨʠ  

ʨʅ 8.2 ʠ ʨʘʟʣʠʯʥʳʭ ʤʦʣʴʥʳʭ ʜʦʣʷʭ ʵʪʘʥʦʣʘ 

Table. The thermodynamic characteristics of hydrogen 

individual forms in the ethanol-water system at ʨʅ 8.2 

and at various molar fractions of ethanol 

ʄʦʣʴʥʘʷ 

ʜʦʣʷ 
ʌʦʨʤʘ 

-ȹaG
0(H2), 

ʢɼʞ/ʤʦʣʴ 

-ȹaH
0(H2), 

ʢɼʞ/ʤʦʣʴ [14] 

-ȹaS
0(H2), 

ɼʞ/ʤʦʣʴ.ʂ 

0.11  

 

2 

14.38 
20.61 

34.79 

29.70 
74.35 

149.50 

52.96 

179.94 

382.00 

0.28  

 

2 

13.58 
19.80 

33.89 

28.26 
61.35 

151.10 

48.46 

137.13 
386.84 

0.48  

 

2 

13.51 
19.72 

33.92 

29.50 
60.22 

152.95 

52.78 
133.66 

392.85 

0.78  

 

2 

13.58 
19.80 

33.89 

29.11 
41.60 

143.84 

51.24 
71.95 

362.88 

 

0.90 
 

 

2 

13.57 

19.82 
33.89 

31.63 

41.54 
139.55 

59.59 

71.69 

348.70 
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ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʧʝʨʝ-

ʭʦʜʝ ʦʪ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢ ʥʝʚʦʜʥʳʤ ʩʨʝʜʘʤ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʢ ʩʠʩʪʝʤʝ ʵʪʘʥʦʣ - ʚʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ 
ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥ ʥʦʨʤʘʣʴʥʦʛʦ ʩʨʦʜʩʪʚʘ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʵʥʪʨʦʧʠʡ ʘʜʩʦʨʙʮʠʠ ʧʦ ʘʙʩʦʣʶʪʥʦʡ 

ʚʝʣʠʯʠʥʝ. ʇʨʠʯʝʤ ʜʣʷ -ʬʦʨʤʳ ʠʟʤʝʥʝʥʠʝ ʵʥʪʨʦ-
ʧʠʠ ʧʘʜʘʝʪ ʩ ʨʦʩʪʦʤ ʤʦʣʴʥʦʡ ʜʦʣʠ ʩʧʠʨʪʘ, ʘ ʜʣʷ 

- ʠ 2-ʬʦʨʤ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʦʙʣʘʩʪʷʭ 

ʤʦʣʴʥʳʭ ʜʦʣʝʡ ʵʪʘʥʦʣʘ 0.2õ0.4 ʠ 0.7õ0.9 ʵʥʪʨʦʧʠʠ 

ʘʜʩʦʨʙʮʠʠ -ʬʦʨʤʳ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʵʢʩ-
ʧʝʨʠʤʝʥʪʘ ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤʠ ʠ 

ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʆʙʣʘʩʪʠ, ʚ 

ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʪʁʩʷ ʤʘʢʩʠʤʫʤʳ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʠʟʤʝʥʝʥʠʷ ʵʥʪʨʦʧʠʡ ʘʜʩʦʨʙʮʠʠ - ʠ 2-ʬʦʨʤ ʦʪ 
ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʪʚʝʯʘ-
ʣʠ ʦʙʣʘʩʪʷʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʤʝʰʘʥʥʳʭ ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʳʭ ʩʪʨʫʢʪʫʨ. 

ʈʘʩʪʚʦʨʠʪʝʣʴ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʢʦʣʠʯʝʩʪ-
ʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʨʘʚʥʦʚʝ-

ʩʠʡ, ʯʪʦ ʙʫʜʝʪ ʚʳʨʘʞʘʪʴʩʷ ʚ ʟʘʢʦʥʦʤʝʨʥʦʤ ʠʟʤʝ-

ʥʝʥʠʠ ʚʝʣʠʯʠʥ ʘʜʩʦʨʙʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʬʦʨʤ. 

ʀʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ ʘʜʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʧʦʜ ʜʝʡ-
ʩʪʚʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʧʝʨʝ-

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʬʦʨʤ ʘʜʩʦʨʙʘʪʘ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʠ 
ʩʦʩʪʘʚʘ ʩʨʝʜʳ ʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʘʜʩʦʨʙʮʠʠ. 
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ɸ.ɽ. ʂʠʩʝʣʝʚ, ʃ.ʉ. ʂʫʜʠʥ, ɸ.ʇ. ʀʣʴʠʥ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɾɽʃɽɿʆʆʂʉʀɼʅʆɻʆ ʂɸʊɸʃʀɿɸʊʆʈɸ ʂ2ʆnFe2O3.  

II. ʊɽʈʄʆɼʀʅɸʄʀʂɸ ʉʋɹʃʀʄɸʎʀʀ ʂ2ʆ 

(ʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

e-mail: kudin@isuct.ru 

ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʙʣʠʤʘʮʠʠ ʦʢ-

ʩʠʜʘ ʢʘʣʠʷ ʠʟ ʩʠʩʪʝʤ ʂ2ʆnFe2O3, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʘʢ-

ʪʠʚʘʮʠʠ (ʄʍɸ) ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʀʟʤʝʨʝʥʳ ʜʘʚʣʝʥʠʷ ʧʘʨʘ ʥʘʜ ʦʙʨʘʟʮʘʤʠ 

ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ʦʙʨʘʟʮʦʚ ʚ ʬʦʨʤʝ ʂ2ʆ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʥʪʘʣʴʧʠʷ ʩʫʙʣʠʤʘʮʠʠ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʩʦʩʪʘʚ ʧʘʨʘ, ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʘʷ 

ʘʢʪʠʚʘʮʠʷ, ʩʠʩʪʝʤʘ ʂ2ʆnFe2O3  

ɺɺɽɼɽʅʀɽ 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ (ʠʟʦʧʨʝʥ, 

ʩʪʠʨʦʣ, ʚʦʜʦʨʦʜ, ʘʤʤʠʘʢ ʠ ʜʨ.) ʭʠʤʠʯʝʩʢʦʡ ʧʨʦ-
ʤʳʰʣʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʞʝʣʝʟʦʦʢʩʠʜʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʩ ʜʦʙʘʚʢʦʡ ʂ2ʆ (ʦʪ 2 ï 20 ʤʘʩʩ.%) 

[1-3]. ɺ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʢʘʪʘʣʠʟʘ-

ʪʦʨʦʚ K2O nFe2O3, ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʬʘʟʦʚʦʛʦ ʩʦ-

ʩʪʘʚʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʤʝʝʪ 
ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʟ ʢʦʥʪʘʢʪʘ, ʧʨʝʜʰʝʩʪ-

ʚʫʶʱʠʭ ʬʘʟʘʤ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʦʩʣʝ ʘʢʪʠ-
ʚʘʮʠʦʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ. ɺ ʜʘʥʥʦʤ ʩʦʦʙʱʝʥʠʠ ʠʟ-

ʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦ-

ʜʠʥʘʤʠʢʠ ʩʫʙʣʠʤʘʮʠʠ ʦʢʩʠʜʘ ʢʘʣʠʷ ʠʟ ʩʠʩʪʝʤʳ 

ʂ2ʆ Fe2O3 ʢʘʢ ʦʩʥʦʚʳ ʢʘʪʘʣʠʟʘʪʦʨʘ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʚʝʞʝʩʠʥʪʝʟʠʨʦ-

ʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

ɼʈʆʅ-3ʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CuK  ( =0,15405 ʥʤ) 

ʩ ʰʘʛʦʤ ʩʢʘʥʠʨʦʚʘʥʠʷ 0,01 ʚ ʠʥʪʝʨʚʘʣʝ 20 ï 70 .  
ɸʧʧʘʨʘʪʫʨʘ [4] ʠ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʳ 

ʚ ʩʪʘʪʴʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʨʘʥʝʝ. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ. ɸʥʘʣʠʟ ʧʦʣʫ-

ʯʝʥʥʳʭ ʨʝʥʪʛʝʥʦʛʨʘʤʤ (ʨʠʩ. 1-3) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʧʦʩʣʝ ʦʪʞʠʛʘ ʦʙʨʘʟʮʳ ʩʦʜʝʨʞʘʪ ʬʝʨʨʠʪʳ ʢʘʣʠʷ, ʘ 
ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʬʣʝʢʩʳ Fe2O3, ʫʢʘʟʳʚʘʷ ʥʘ 

ʥʝʟʘʚʝʨʰʝʥʥʦʩʪʴ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʩʚʷʟʠ 

ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʜʥʦʟʥʘʯʥʦ ʚʳʷʚʠʪʴ 
ʧʨʠʩʫʪʩʪʚʠʝ ʦʪʜʝʣʴʥʳʭ ʬʘʟ ʤʦʥʦʬʝʨʨʠʪʘ ʠ ʛʝʢʩʘ-

ʬʝʨʨʠʪʘ ʢʘʣʠʷ, ʪʝʤ ʙʦʣʝʝ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʦʯʝʥʴ 

ʩʭʦʞʠ [5-8]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 
ʨʝʬʣʝʢʩʳ ʠʩʢʦʤʳʭ ʬʘʟ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʘʯʝʩʪʚʝʥ-

ʥʦ ʩʫʜʠʪʴ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʬʝʨʨʠʪʦʚ. ɺ ʦʩʪʘʣʴʥʦʤ,  

 
ʈʠʩ. 1. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʦʙʨʘʟʮʦʚ ʩʝʨʠʠ ʬʝʨʨʠʪʦʚ ʩ ʩʦʦʪʥʦ-

ʰʝʥʠʝʤ K2O:Fe2O3=1:6 
Fig. 1. X-ray pattern of the samples of ferrite series with the ratio 

of K2O:Fe2O3=1:6 
 

 
ʈʠʩ. 2. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʦʙʨʘʟʮʦʚ ʩʝʨʠʠ ʬʝʨʨʠʪʦʚ ʩ ʩʦʦʪʥʦ-

ʰʝʥʠʝʤ K2O:Fe2O3=1:3 
Fig. 2. X-ray pattern of the samples of ferrite series with the ratio 

of K2O:Fe2O3=1:3 

 
ʩʦʛʣʘʩʥʦ [5-12], ʤʦʞʥʦ ʧʦʣʥʦʧʨʘʚʥʦ ʫʪʚʝʨʞʜʘʪʴ ʦ 
ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʦʨʪʦʬʝʨʨʠʪʘ ʢʘʣʠʷ 

K2O Fe2O3 ʠ ʛʝʢʩʘʬʝʨʨʠʪʘ ʢʘʣʠʷ K2O 6Fe2O3 ʚ ʩʤʝ-
ʩʷʭ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʂ2ʆ:Fe2O3 = 1:1 ʠ ʂ2ʆ:Fe2O3 = 
=1:6 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʤʝʩʠ ʂ2ʆ:Fe2O3 = 1:3 ʦʙ-
ʨʘʟʫʝʪʩʷ ʩʣʦʞʥʘʷ ʩʠʩʪʝʤʘ ʠʟ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʛʝʢ-

ʩʘʬʝʨʨʠʪʫ - ʠ - ʬʝʨʨʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʂ2ʆ ʚ 
ʩʨʝʜʝ Fe2O3 [13-15]. ɺ ʩʠʩʪʝʤʝ Fe2O3:ʂ2ʆ=1:1 ʦʙ-
ʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʦʨʪʦʬʝʨʨʠʪ ʢʘʣʠʷ KFeO2 [5, 9]. 
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ʇʦʤʠʤʦ KFeO2, ʘʚʪʦʨʳ [7] ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʘʣʠʯʠʝ 

ʛʝʢʩʘʬʝʨʨʠʪʘ ʢʘʣʠʷ K2ʆ6Fe2O3 ʩ ʦʙʣʘʩʪʴʶ ʩʫʝɦ-

ʩʪʚʦʚʘʥʠʷ ʬʘʟʳ K2ʆ(5,94 6,57)Fe2O3 [6,13]. ʇʨʠ 
ʦʪʞʠʛʝ ʩʤʝʩʠ ʦʢʩʠʜʦʚ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Fe2O3:ʂ2ʆ = 
=6:1 ʙʦʣʝʝ 4 ʯ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʛʝʢʩʘ-
ʬʝʨʨʠʪ [16]. ʆ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʜʨʫʛʠʭ ʬʘʟ ʧʦʣʠ-
ʬʝʨʨʠʪʦʚ ʢʘʣʠʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʧʦʣʥʦʡ ʷʩʥʦʩʪʠ. 

 

 
ʈʠʩ. 3. ʈʝʥʪʛʝʥʦʛʨʘʤʤʘ ʦʙʨʘʟʮʦʚ ʩʝʨʠʠ ʬʝʨʨʠʪʦʚ ʩ ʩʦʦʪʥʦ-
ʰʝʥʠʝʤ K2O:Fe2O3=1:1. ʆʙʦʟʥʘʯʝʥʠʷ ʢ ʨʠʩ. 1 ï 3: ʘ ï ʬʘʟʘ 

Fe2O3, ʙ ï ʬʘʟʘ K2O nFe2O3, ʩ ï ʬʘʟʘ Fe3O4; 1 ï ʦʪʞʠʛ ʧʨʠ 

500ʉ; 2 ï ʦʪʞʠʛ ʧʨʠ 700ʉ; 3 ï ʦʪʞʠʛ ʧʨʠ 900ʉ 
Fig. 3. X-ray pattern of the samples of ferrite series with the ratio of 
K2O:Fe2O3=1:1. Notation for Fig. 1-3: a - the phase of Fe2O3, ʙ - 

the phase of K2O nFe2O3, c - the phase of Fe3O4; 1 - the annealing 

at 500C; 2 - the annealing at 700C; 3 - the annealing at 900C 
 

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 
ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʩʫʙʣʠʤʘʮʠʠ. ʆʮʝʥʢʘ ʤʘʩʩʳ ʠʩ-
ʧʘʨʠʚʰʝʛʦʩʷ ʦʢʩʠʜʘ ʢʘʣʠʷ (ʜʝʪʘʣʠ ʨʘʩʯʝʪʘ ʩʤ. ʚ 
[17]), ʧʨʦʚʝʜʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʫʨʘʚʥʝʥʠʷ ɻʝʨʮʘ-
ʂʥʫʜʩʝʥʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʠʟʤʝʨʝʥʠʷʤʠ ʠʦʥʥʳʭ 
ʪʦʢʦʚ ʂ

+
, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʪʝʨʷ ʤʘʩʩʳ ʚ ʚʠʜʝ 

ʂ2ʆ ʟʘ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 0,03 
ʤʘʩʩ.%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 
ʩʦʩʪʘʚ ʪʚʝʨʜʦʡ ʬʘʟʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝ ʠʟʤʝʥʷʶ-
ʱʠʤʩʷ ʠ ʚ ʵʪʦʤ ʜʦʧʫʱʝʥʠʠ ʜʣʷ ʨʘʩʯʝʪʘ ʵʥʪʘʣʴʧʠʠ 
ʩʫʙʣʠʤʘʮʠʠ ʧʨʠʤʝʥʠʤʳ ʤʝʪʦʜʳ ʨʘʚʥʦʚʝʩʥʦʡ 
ʪʝʨʤʦʜʠʥʘʤʠʢʠ.  

ɼʣʷ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʦ-
ʚʝʜʝʥʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 
ʧʨʦʮʝʩʩʘ ʩʫʙʣʠʤʘʮʠʠ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 600 
ï 1200 ʂ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʠʟʤʝʨʷʣʠʩʴ ʚʨʝʤʝʥʥʳʝ 
ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʦʥʥʳʭ ʪʦʢʦʚ. 
ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʫʙʣʠʤʘʮʠʠ ʚ ʫʢʘ-
ʟʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʜʘʥʦ ʚ ʦʧʫʙʣʠʢʦ-
ʚʘʥʥʦʡ ʨʘʥʝʝ ʩʪʘʪʴʝ.  

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʩʩʘ ʬʝʨʨʠʪʠʟʘʮʠʠ, 
ʦ ʯʝʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʠʩʯʝʟʥʦʚʝʥʠʶ ʚ ʤʘʩʩ-
ʩʧʝʢʪʨʝ ʠʦʥʥʦʛʦ ʪʦʢʘ ʉʆ2

+
, ʥʘʯʠʥʘʷ ʩ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ~890 ʂ, ʚ ʤʘʩʩ-ʩʧʝʢʪʨʝ ʧʦʷʚʣʷʝʪʩʷ ʠʦʥ ʂ
+
. 

ɸʥʘʣʠʟ ʬʦʨʤʳ ʢʨʠʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʦʥʠʟʘʮʠʠ 
(ʂʕʀ) ʂ

+
 ʠ ʩʨʘʚʥʝʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʵʥʝʨʛʠʡ ʧʦʷʚ-

ʣʝʥʠʷ ʠʦʥʘ ʂ
+
 ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [18] 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʪʁ ʦ ʪʦʤ, ʯʪʦ ʦʥ ʦʙʨʘʟʫʝʪʩʷ ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʜʠʩʩʦʮʠʘʪʠʚʥʦʡ ʠʦʥʠʟʘʮʠʠ ʤʦʣʝʢʫʣʳ 
ʂ2ʆ [17]. ʇʨʠ ʵʪʦʤ ʤʦʣʝʢʫʣʷʨʥʳʡ ʠʦʥ ʂ2ʆ

+
 ʠʟ-ʟʘ 

ʝʛʦ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ 
ʩʪʝʧʝʥʠ ʜʠʩʩʦʮʠʘʪʠʚʥʦʡ ʠʦʥʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠ-
ʝʤ ʠʦʥʘ ʂ

+
, ʚ ʠʟʫʯʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

(890 ï 1030 ʂ) ʦʙʥʘʨʫʞʝʥ ʥʝ ʙʳʣ.  
ʅʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʠʦʥʥʳʭ ʪʦʢʦʚ ʂ
+
 ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦ-

ʤʝʪʨʠʯʝʩʢʦʡ ʤʝʪʦʜʠʢʝ ʩ ʠʦʥʠʟʘʮʠʝʡ ʧʨʦʜʫʢʪʦʚ 
ʠʩʧʘʨʝʥʠʷ ʵʣʝʢʪʨʦʥʘʤʠ ʦʧʨʝʜʝʣʝʥʦ ʜʘʚʣʝʥʠʝ 
ʨ(ʂ2ʆ). ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʧʘʨʘ 
ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʣʠʥʝʡʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ lgp = 
-A/T+ɺ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʪʦʨʦʛʦ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝ-
ʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ, ʘ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʬʠʢʠ  ʥʘ ʨʠʩ. 4. 
 

 

 

 
ʈʠʩ. 4. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʧʘʨʘ ʂ2ʆ: 1, 2, 

3 ï ʩʦʦʪʥʦʰʝʥʠʝ Fe2O3:ʂ2ʆ=6:1, ʦʪʞʠʛ ʧʨʠ 500, 700 ʠ 900ʉ; 

4, 5, 6 ï Fe2O3:ʂ2ʆ=3:1, ʦʪʞʠʛ ʧʨʠ 500, 700 ʠ 900ʉ; 7, 8, 9 ï

Fe2O3:ʂ2ʆ=1:1, ʦʪʞʠʛ ʧʨʠ 500, 700 ʠ 900ʉ; 
Fig. 4. The temperature dependencies of the vapor pressure of 
ʂ2ʆ: 1, 2, 3 ï the ratio of Fe2O3:ʂ2ʆ = 6:1, the annealing at 500, 

700 and 900C; 4, 5, 6 ï Fe2O3:ʂ2ʆ = 3:1, the annealing at 500, 

700 and 900C; 7, 8, 9 ï Fe2O3:ʂ2ʆ = 1:1, the annealing at 500, 

700 and 900C 
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ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʫʨʘʚʥʝʥʠʶ ɺʘʥʪ-ɻʦʬʬʘ 

(çʨʘʩʯʝʪ ʧʦ II ʟʘʢʦʥʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠè) ʚʝʣʠʯʠʥʳ 

ʵʥʪʘʣʴʧʠʡ ʩʫʙʣʠʤʘʮʠʠ ʦʙʨʘʟʮʦʚ ʚ ʬʦʨʤʝ ʦʢʩʠʜʘ 
ʢʘʣʠʷ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 4, ʚʝʣʠʯʠʥʳ ʜʘʚʣʝʥʠʡ 

ʂ2ʆ ʥʘʜ ʨʘʟʣʠʯʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʩʦʠʟʤʝʨʠʤʳ (ʨʘʟ-
ʣʠʯʠʝ ʥʝ ʧʨʝʚʳʰʘʝʪ ʬʘʢʪʦʨʘ 3), ʯʪʦ, ʦʯʝʚʠʜʥʦ, 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʣʠʟʦʩʪʴ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʘʚ-

ʣʝʥʠʝ ʂ2ʆ ʥʘʜ ʩʠʩʪʝʤʘʤʠ ʂ2ʆnFe2O3, ʚ ʩʨʝʜʥʝʤ, 
ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ, ʯʝʤ ʥʘʜ ʯʠʩʪʦʡ ʬʘʟʦʡ ʂ2ʆ 
[19], ʯʪʦ ʝʩʪʝʩʪʚʝʥʥʦ, ʧʦʩʢʦʣʴʢʫ ʘʢʪʠʚʥʦʩʪʠ ʂ2ʆ ʚ 

ʩʠʩʪʝʤʝ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ. ɺ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤ ʨʷʜʫ 

ʦʙʨʘʟʮʦʚ (ʥʘʧʨʠʤʝʨ, 1-3 ʥʘ ʨʠʩ. 4) ʜʘʚʣʝʥʠʷ ʂ2ʆ 

ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ ʠ ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ 
ʪʦʯʥʦʩʪʠ ʨʫʪʠʥʥʳʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟ-

ʤʝʨʝʥʠʡ. ʈʘʟʙʨʦʩ ʜʘʚʣʝʥʠʡ ʚʥʫʪʨʠ ʦʜʥʦʡ ʩʝʨʠʠ 

(ʧʨʠ ʨʘʟʥʳʭ ʊʆ) ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʦʞʥʦʩʪʴʶ 
ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜ-

ʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʨʝʘʢʮʠʷʭ ʜʘʞʝ ʜʣʷ 

ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʦʚ ʨʝʘʛʝʥʪʦʚ [20]. 
ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʡ ʂ2ʆ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʥʘ ʩʪʘʜʠʠ ʩʠʥʪʝʟʘ ʦʟʥʘʯʘ-

ʝʪ, ʯʪʦ ʬʦʨʤʠʨʫʶʱʘʷʩʷ ʥʘ ʵʪʦʡ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʪʘʜʠʠ ʦʪʞʠʛʘ ʚ ʫʩʣʦʚʠʷʭ ʚʘʢʫʫʤʘ ʢʦʥʝʯʥʘʷ ʬʘʟʘ 
ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʪʞʠʛʘ, ʪʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʣʠʰʴ ʥʘ ʩʢʦʨʦʩʪʴ ʠ ʩʪʝ-
ʧʝʥʴ ʬʝʨʨʠʪʠʟʘʮʠʠ. 

ʊʘʙʣʠʮʘ 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ lgpʇʘ=  ɸ/ʊ + ɺ ʠ ʥɻ-

ʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ʂ2ʆ ʠʟ ʩʠʩʪʝʤʳ K2O nFe2O3 

Table. The coefficients of equation lgpPʘ=  ɸ/ʊ + ɺ and 

the enthalpies of sublimation of ʂ2ʆ from system 

K 2O nFe2O3 

ʆʙʨʘʟʝʮ 
ʉʦʩʪʘʚ 

ʤʘʩʩ.% ʂ2ʆ 
ʊ, ʂ  

 

ʂʦʵʬʬʠʮʠ-

ʝʥʪʳ sH (ʊ)
*)  

ʢɼʞ/ʤʦʣʴ 
ɸ B 

ɻʂ500 

ɻʂ700 
ɻʂ900 

8,89 
Fe2O3:K2O=6:1 

875 1015 

880 1040 

835 1080 

6,996 

5,911 
6,496 

7,082 

5,726 
6,701 

181,8 6,1
 

161,0 3,1 

172,2 3,7 

171,7 25,8 

ʊʂ500 

ʊʂ700 
ʊʂ900 

16,37 
Fe2O3:K2O=3:1 

920 1040 

875 1020 

900 990 

4,123 

5,199 
4,994 

4,156 

5,327 
5,141 

126,8 3,3 

147,4 4,7 

143,5 5,3 

139,2 27,5 

ʄʂ500 

ʄʂ700 

ʄʂ900 
37,01 

Fe2O3:K2O=1:1 

905 1010 

940 1040 

950 1065 

5,412 

7,145 

6,842 

5,277 

6,867 

6,613 

151,5 5,4 

184,7 4,6 

178,9 5,2 

171,7 44,0 

ʇʨʠʤʝʯʘʥʠʝ. ʉʦ ʟʥʘʢʦʤ ç  è ʧʨʠʚʝʜʝʥʦ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪ-
ʢʣʦʥʝʥʠʝ (ʜʣʷ ʚʝʣʠʯʠʥ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ II ʟʘʢʦʥʫ ʪʝʨʤʦ-

ʜʠʥʘʤʠʢʠ) ʠ ʦʮʝʥʢʘ ʧʨʝʜʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ (ʜʣʷ ʨʝʢʦ-
ʤʝʥʜʦʚʘʥʥʳʭ ʚʝʣʠʯʠʥ)  

Note. ç  è means the standard deviation (for values obtained 

on II law of thermodynamics) and estimation of limit error 
(for recomended values) 

 ʕʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʩʦʩʪʘʚʘ (ʪʘʙʣʠʮʘ) ʙʣʠʟʢʠ ʧʦ ʚʝʣʠʯʠʥʝ. ʂʘʢʦʡ-ʣʠʙʦ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʠʩʭʦʜ-
ʥʦʡ ʩʤʝʩʠ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʜʘʚʣʝʥʠʡ, ʪʘʢʞʝ ʥʝ 

ʧʨʦʷʚʣʷʝʪʩʷ. ʕʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʘʥʠʝʤ ʪʦ-

ʛʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʪʞʠʛʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦ-
ʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʬʦʨʤʠʨʫʶʪʩʷ ʬʘʟʳ 

ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʨʪʦ- 

(Fe2O3:K2O = 1:1) ʠ ʛʝʢʩʘ- (Fe2O3:K2O = 6:1) ʬʝʨ-

ʨʠʪʳ ʢʘʣʠʷ. ʇʦʵʪʦʤʫ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʧʦ ʢʘʞ-
ʜʦʤʫ ʩʦʩʪʘʚʫ ʟʥʘʯʝʥʠʷ ʵʥʪʘʣʴʧʠʡ ʩʫʙʣʠʤʘʮʠʠ (ʚ 

ʪʘʙʣʠʮʝ ʚʳʜʝʣʝʥʳ ʞʠʨʥʳʤ ʰʨʠʬʪʦʤ) ʦʪʥʦʩʷʪʩʷ ʢ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʘʟʘʤ. ɹʣʠʟʦʩʪʴ ʚʝʣʠʯʠʥ ʵʥ-
ʪʘʣʴʧʠʡ ʩʫʙʣʠʤʘʮʠʠ ʜʣʷ ʦʨʪʦ- ʠ ʛʝʢʩʘʬʝʨʨʠʪʦʚ 

ʢʘʣʠʷ, ʦʯʝʚʠʜʥʦ, ʦʪʨʘʞʘʶʪ ʙʣʠʟʦʩʪʴ ʢʘʢ ʤʦʨʬʦʣʦ-

ʛʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʵʪʠʭ ʬʘʟ, ʪʘʢ ʠ ʤʝʭʘʥʠʟʤʘ ʩʫʙʣʠʤʘʮʠʠ ʤʦʣʝʢʫʣ 
ʂ2ʆ. ɼʣʷ ʩʦʩʪʘʚʘ Fe2O3:K2O = 3:1 ɻ ʥʪʘʣʴʧʠʷ ʩʫʙ-

ʣʠʤʘʮʠʠ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʦ ʫʢʘʟʳ-

ʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʢʩʠʜ ʢʘʣʠʷ ʥʘʭʦ-
ʜʠʪʩʷ ʚ ʙʦʣʝʝ ʩʣʘʙʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ, 

ʩʦʟʜʘʚʘʝʤʦʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʣʝʢʫʣʘʤʠ ʩʚʦʙʦʜ-

ʥʦʛʦ ʛʝʤʘʪʠʪʘ. ʉʪʨʫʢʪʫʨʘ ʪʚʝʨʜʦʡ ʬʘʟʳ ʪʘʢʦʛʦ 
ʩʦʩʪʘʚʘ ʩʦʩʪʦʠʪ ʠʟ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʛʝʢʩʘʬʝʨʨʠʪʫ 

- ʠ - ʬʝʨʨʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʂ2ʆ ʚ ʩʨʝʜʝ 
Fe2O3 [13-15], ʯʪʦ ʚʧʦʣʥʝ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʴ-

ʰʫʶ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚ ʨʝʰʝʪʢʝ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʦʩ-

ʣʘʙʣʝʥʠʶ ʩʚʷʟʠ ʤʦʣʝʢʫʣʳ ʂ2ʆ ʩ ʛʝʤʘʪʠʪʦʤ, ʠ ʢʘʢ 
ʩʣʝʜʩʪʚʠʝ, ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʬʘʟʳ.  

ɺʓɺʆɼʓ 

ɺʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘ-

ʮʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʂ2ʆnFe2O ʩ ʨʘʟʣʠʯ-
ʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʬʦʨʤʝ ʂ2ʆ. 

ʆʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʩʫʙʣʠʤʘʮʠʠ, 

sH (960 ʂ), ʦʨʪʦ- ʠ ʛʝʢʩʘʬʝʨʨʠʪʘ ʢʘʣʠʷ: 171,7 

25,8 ʠ 171,744,0 ʢɼʞ/ʤʦʣʴ ʦʪʨʘʞʘʶʪ ʙʣʠʟʦʩʪʴ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭ-
ʥʦʩʪʝʡ ʵʪʠʭ ʬʘʟ. ɹʦʣʝʝ ʥʠʟʢʘʷ ʚʝʣʠʯʠʥʘ ʵʥʪʘʣʴʧʠʠ 

ʩʫʙʣʠʤʘʮʠʠ ʩʠʩʪʝʤʳ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Fe2O3:K2O = 

=3:1 sH (960 ʂ) = 139,716,2 ʢɼʞ/ʤʦʣʴ ʭʘʨʘʢʪʝ-
ʨʠʟʫʝʪʩʷ ʙ·ʣʴʰʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʦʙʨʘʟʫʶʱʝʡʩʷ 

ʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʦʡ ʬʘʟʳ.  
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ɼʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ N-ʚʠʥʠʣʬʦʨʤʘʤʠʜʘ 

ʚ ʚʦʜʝ ʠ ʤʘʩʩʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʥʠʪʨʠʣʘ ʘʟʦʙʠʩʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ ʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ 

ʚ ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʦʚ. ʆʧʨʝʜʝʣʝʥʳ ʧʦʨʷʜʢʠ ʨʝʘʢʮʠʠ ʧʦ ʠʥʠʮʠʘʪʦʨʫ ʠ ʤʦʥʦʤʝʨʫ. ʈʘʩʩʯʠ-

ʪʘʥʳ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: N-ʚʠʥʠʣʬʦʨʤʘʤʠʜ, ʢʠʥʝʪʠʢʘ ʛʦʤʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ɺɺɽɼɽʅʀɽ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʤʝ-

ʨʦʚ ʥʘ ʦʩʥʦʚʝ N-ʚʠʥʠʣʘʤʠʜʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 
ʢʘʞʜʳʤ ʛʦʜʦʤ ʚ ʩʚʷʟʠ ʩ ʠʭ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ 

ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1]. ʉʨʝʜʠ 

ʧʦʣʠ-N-ʚʠʥʠʣʘʤʠʜʦʚ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪ ʧʦʣʠ-N-ʚʠʥʠʣʬʦʨʤʘʤʠʜ (ʇɺʌɸ). 
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ʇɺʌɸ ï ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ, ʥʝʠʦʥʦʛʝʥʥʳʡ 

ʧʦʣʠʤʝʨ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʟʘʱʠʪʥʦʡ ʬʦʨ-
ʤʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʫʪʝʤ ʢʠʩʣʦʪʥʦʛʦ ʠʣʠ ʦʩʥʦʚʥʦʛʦ 

ʛʠʜʨʦʣʠʟʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʧʦʣʠʚʠʥʠʣʘʤʠʥ. ʇʦʣʠ-

ʚʠʥʠʣʘʤʠʥ ʠ ʝʛʦ ʩʦʧʦʣʠʤʝʨʳ ʧʨʠʤʝʥʷʶʪ ʚ ʢʘʯʝ-
ʩʪʚʝ ʬʣʦʢʫʣʷʥʪʦʚ ʚ ʪʝʭʥʦʣʦʛʠʠ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʠ 

ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʘ- 

ʥʦʩʠʪʝʣʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠ ʪ.ʜ. [2,3]. ɺʤʝ-

ʩʪʝ ʩ ʪʝʤ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʮʠʠ 
ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

N-ɺʌɸ. ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ ʧʦʨʷʜʢʘ ʨʝʘʢʮʠʠ ʧʦ ʠʥʠʮʠʘʪʦʨʫ ʠ ʤʦʥʦ-
ʤʝʨʫ, ʦʩʥʦʚʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʜʠʢʘʣʴʥʦʡ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʘ ʪʘʢ ʞʝ 
ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʠʥʠʮʠʘʪʦʨʦʚ, ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʬʘʢ-

ʪʦʨʦʚ ʥʘ ʩʨʝʜʥʶʶ ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺ ʩʚʷ-

ʟʠ ʩ ʵʪʠʤ, ʮʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʠʩ-
ʩʣʝʜʦʚʘʥʠʠ ʢʠʥʝʪʠʢʠ ʨʘʜʠʢʘʣʴʥʦʡ ʛʦʤʦʧʦʣʠʤʝʨʠ-

ʟʘʮʠʠ N-ɺʌɸ ʚ ʚʦʜʝ ʠ ʤʘʩʩʝ ʠ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʚʣʠʷʥʠʷ ʪʠʧʘ ʠʥʠʮʠʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʥʘ ʢʠʥʝʪʠ-
ʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʇɺʌɸ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

N-ɺʌɸ (ʧʨʦʠʟʚʦʜʩʪʚʦ çAldrichè) ʦʯʠʱʘʣʠ 

ʜʚʦʡʥʦʡ ʧʝʨʝʛʦʥʢʦʡ ʧʨʠ 62Áʉ (2 ʤʤ ʨʪ. ʩʪ.). ʄʦ-
ʥʦʤʝʨ ʠʤʝʣ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ: ɟʤ = 1.014 ʛ/ʩʤ
3
. 

20

D
n  = 

=1.4920 [1]. 

ɼʠʥʠʪʨʠʣ ʘʟʦʙʠʩʠʟʦʤʘʩʣʷʥʦʡ ʢʠʩʣʦʪʳ 

(ɼɸʂ) ʜʚʘʞʜʳ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʠʟ ʩʧʠʨʪʘ. 
ʄM= 164.2, ʊʧʣ. = 103Áʉ.  

ʉʠʩʪʝʤʘ H2O2/NH4OH ʨʘʙʦʪʘʝʪ ʢʘʢ ʦʢʠʩ-

ʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʘʷ ʪʦʣʴʢʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʞʝʣʝʟʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʚʦʜʝ, ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ [4]. ɺ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ, ʧʦ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʩʦʦʪʚʝʪʩʪʚʫʁ-
ʱʫʶ ɻʆʉʊ 6709-72. ʉʦʦʪʥʦʰʝʥʠʝ H2O2/NH4OH = 

0.75 (ʦʙʲʸʤʥʦʝ) ʙʳʣʦ ʧʦʜʦʙʨʘʥʦ ʥʘʤʠ ʚ ʨʘʙʦʪʝ [5] 

ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʜʣʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ. 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʘʤʤʠʘʢʘ 

6.75%, ɟ = 0.970 ʛ/ʩʤ
3
. ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʥʦʛʦ ʨʘʩ-

ʪʚʦʨʘ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ 3.5%, ʢʦʥʪʨʦʣʴ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʝʨʤʘʥʛʘʥʘʪʦʤʝʪʨʠʝʡ [6]. 
ʂʠʥʝʪʠʢʫ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ N-ɺʌɸ 

ʠʟʫʯʘʣʠ ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ʩʪʘʥʜʘʨʪ-

ʥʦʡ ʤʝʪʦʜʠʢʝ [7] ʩ ʧʦʤʦʱʴʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʤʠʢ-
ʨʦʩʢʦʧʘ ʄʀʈ-1ʄ. ʇʣʦʪʥʦʩʪʴ ʧʦʣʠʤʝʨʘ ɟʧ=1.335 

ʛ/ʩʤ
3
 ʨʘʩʩʯʠʪʘʥʘ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʣʘʚʫʯʝʩʪʠ [8], 

ʪʝʨʤʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʤʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 
N-ɺʌɸ, Ŭm=9.5Ā10

-4
 ʤʣ/ʛʨʘʜ [9]. ʇʦʣʠʤʝʨʠʟʘʮʠʶ 

ʧʨʦʚʦʜʠʣʠ ʚ ʟʘʧʘʷʥʥʳʭ ʩʪʝʢʣʷʥʥʳʭ ʘʤʧʫʣʘʭ ʚ 

ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠ ̫ʧʦʨʷʜʢʘ ʨʝʘʢʮʠʠ ʧʦ ʤʦ-
ʥʦʤʝʨʫ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ (ʚʦʜʝ) ʧʨʦʚʦʜʠʣʠ ʧʦʣʠʤʝ-

ʨʠʟʘʮʠʶ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʩʫʤʤʘʨʥʦʤ ʦʙʲʝʤʝ ʤʦ-

ʥʦʤʝʨʘ ʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʠʥʠʮʠʘʪʦʨʘ ʚ ʩʫʤʤʘʨʥʦʤ ʦʙʲʝʤʝ (ʜʣʷ ɼɸʂ 0.041 

ʤʦʣʴ/ʣ, ʜʣʷ H2O2 0.116 ʤʦʣʴ/ʣ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ NH4OH/H2O2 = 0.75)) ʠ ʨʘʟʣʠʯʥʦʡ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʤʝʨʘ (ʦʙʲʝʤʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ 

N-ɺʌɸ : ʅ2ʆ = 1:5, 2:4, 3:3, 4:2, 5:1) ʧʨʠ 60Áʉ. ʀʟ-

ʟʘ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ɼɸʂ ʚ ʚʦʜʝ, ʟʘʛʨʫʟʢʫ ʚ 

ʘʤʧʫʣʳ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʩʪʠ: ʩʥʘʯʘʣʘ ʚ ʘʤʧʫʣʫ ʟʘʛʨʫʞʘʣʩʷ ʤʦʥʦʤʝʨ, 
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ʜʘʣʝʝ ʠʥʠʮʠʘʪʦʨ ʨʘʩʪʚʦʨʷʣʠ ʚ ʤʦʥʦʤʝʨʝ, ʟʘʪʝʤ 

ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨʠʪʝʣʴ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʨʷʜʢʘ ʨʝʘʢʮʠʠ ʧʦʣʠ-
ʤʝʨʠʟʘʮʠʠ ʧʦ ʠʥʠʮʠʘʪʦʨʫ ʧʨʦʚʦʜʠʣʠ ʧʦʣʠʤʝʨʠ-

ʟʘʮʠʶ ʚ ʤʘʩʩʝ ʦʜʠʥʘʢʦʚʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʥʦʤʝʨʘ 

(0.2 ʤʣ) ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʠʥʠʮʠʘʪʦʨʘ 
(0.1; 0.3; 0.5; 0.7; 1 ʚʝʩ%) ʧʨʠ 55, 60 ʠ 65Áʉ (ʜʣʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ H2O2) ʠ ʧʨʠ 50, 60 ʠ 70Üʉ (ʜʣʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ɼɸʂ). 

ʂʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʂ ʥʝ ʟʘʚʠʩʠʪ 
ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʘʛʠʨʫʶʱʠʭ ʚʝʱʝʩʪʚ, ʥʦ ʩʠʣʴ-

ʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʂʦʥʩʪʘʥʪʫ ʩʢʦʨʦ-

ʩʪʠ ʨʝʘʢʮʠʠ K ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ 
ʩʢʦʨʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʧʦʨʷʜʢʦʚ ʨʝʘʢʮʠʠ ʧʦ 

ʠʥʠʮʠʘʪʦʨʫ ʠ ʤʦʥʦʤʝʨʫ ʧʦ ʫʨʘʚʥʝʥʠʶ: 

lgK=lgV-(nĀlg[I]+mĀlg[M]). 

ʉʫʤʤʘʨʥʘʷ (ʵʬʬʝʢʪʠʚʥʘʷ) ʚʝʣʠʯʠʥʘ ʵʥʝʨ-
ʛʠʠ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ɽ ʨʘʚʥʘ:  

E = 1/2Āɽʠʥ,+ (ɽʨ - 1/2Āɽʦʙ), ʛʜʝ ɽʠʥ, ɽʨ, ɽʦʙ ï ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠʥʠʮʠʠʨʦʚʘʥʠʷ, ʨʦʩʪʘ ʠ ʦʙ-
ʨʳʚʘ ʮʝʧʠ. ʉʫʤʤʘʨʥʘʷ ʵʥʝʨʛʠʷ ʙʳʣʘ ʥʘʡʜʝʥʘ ʜʚʫ-

ʤʷ ʩʧʦʩʦʙʘʤʠ: 1) ʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʧʫʪʝʤ 

ʧʦʩʪʨʦʝʥʠʝʤ ʛʨʘʬʠʢʘ ʟʘʚʠʩʠʤʦʩʪʠ lgK ʦʪ 1/ʊ, ʪʘʥ-
ʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʦʣʫʯʝʥʥʦʡ ʧʨʷʤʦʡ ʯʠʩʣʝʥʥʦ 

ʨʘʚʝʥ ɽ/4,57; 2) ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʧʦ ʬʦʨʤʫʣʝ: ɽ = 

4.57Āʊ1Āʊ2Ā(lgK1-lgK2)/(ʊ1-ʊ2). 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ 
ʚ ʚʠʩʢʦʟʠʤʝʪʨʝ ʋʙʙʝʣʦʜʝ ʚ 1 ʄ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ 

ʢʘʣʠʷ (KCl) ʧʨʠ 25Üʉ ʠ 0.2 ʄ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ 

ʥʘʪʨʠʷ (NaCl) ʧʨʠ 20Üʉ. ʄʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ 
ʇɺʌɸ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʫʨʘʚʥʝʥʠʷʤ: 

[ɖ]
20Üʉ

0.2M NaCl = 10.74Ā10
-3
Āʄ

0.76
 

[ɖ]
25Üʉ

1M KCl = 8.44Ā10
-3
Āʄ

0.78
 [8] 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʚ ʤʘʩʩʝ 

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʣʦʛʘʨʠʬʤʘ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ (ʢʦʥʚʝʨʩʠʷ ʤʦʥʦ-

ʤʝʨʘ ʚ ʧʦʣʠʤʝʨ ʥʝ ʧʨʝʚʳʰʘʝʪ 10%) ʨʝʘʢʮʠʠ ʦʪ 
ʣʦʛʘʨʠʬʤʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʠʮʠʘʪʦʨʘ ʧʨʠ 60Üʉ. 

ʊʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʨʷʤʳʭ ʯʠʩʣʝʥʥʦ 

ʨʘʚʝʥ ʧʦʨʷʜʢʫ ʨʝʘʢʮʠʠ ʧʦ ʠʥʠʮʠʘʪʦʨʫ. ɼʣʷ ʧʦʣʠ-
ʤʝʨʠʟʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼɸʂ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ 

ʧʦ ʠʥʠʮʠʘʪʦʨʫ 0.8Ñ0.03, ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ï 0.5Ñ0.02. ʄʦʣʝ-
ʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʇɺʌɸ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧʨʠʩʫʪʩʪ-

ʚʠʠ ʧʝʨʝʢʠʩʠ, ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʠʥʠʮʠʘʪʦʨʘ ʩ 55Ā10
3
 (0.1 ʚʝʩ%) ʜʦ 

32Ā10
3
 (1 ʚʝʩ%). ɼʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ɼɸʂ ʧʨʠ 

60Üʉ ʥʘʙʣʶʜʘʣʠ ʛʝʣʴ-ʵʬʬʝʢʪ (ʨʠʩ. 2, ʢʨ. (1ʘ-3ʘ)), 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ ʧʦʣʠ-

ʤʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 1250Ā10
3
. ʇʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʧʦ 

ʠʥʠʮʠʘʪʦʨʫ, ʩʪʨʝʤʷʱʠʡʩʷ ʢ 1, ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʛʝ-

ʪʝʨʦʛʝʥʥʳʭ ʩʠʩʪʝʤ [10,11] ʠ ʜʣʷ ʨʝʘʢʮʠʠ ʦʙʨʳʚʘ 

ʮʝʧʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʦ-

ʷʚʣʝʥʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʩʰʠʪʦʛʦ ʧʦʣʠʤʝʨʘ ʠ 

ʦʙʲʷʩʥʷʝʪ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʧʦ ʠʥʠʮʠʘʪʦʨʫ (ɼɸʂ) 

ʙʦʣʴʰʝ 0.5. ɼʣʷ ʩʠʩʪʝʤʳ ʩ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ 
ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʙʨʳʚ ʮʝʧʠ ʧʨʦʠʩʭʦʜʠʪ 

ʨʝʢʦʤʙʠʥʘʮʠʝʡ. 
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ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬʤʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠ-
ʟʘʮʠʠ ʚ ʤʘʩʩʝ ʦʪ ʣʦʛʘʨʠʬʤʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʥʠʮʠʘʪʦʨʘ, 60Üʉ: 
1 ï ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ɼɸʂ; 2 ï ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʅ2ʆ2 
Fig. 1. The dependence of the rate logarithm of polymerization 
reaction in a bulk on initiator concentration, 60ÜC: 1 ï polymeri-
zation in the presence of AIBN, 2 ï polymerization in the pres-

ence of ʅ2ʆ2 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʧʦʣʠʤʝʨʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʠ-
ʮʠʘʪʦʨʦʚ (ɼɸʂ, H2O2) ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 
ʚ ʤʘʩʩʝ ʧʨʠ 60Üʉ: 1 ï ʢʦʥʮʝʥʪʨʘʮʠʷ H2O2  0.037 ʤʦʣʴĀʣ

-1; 2 ï 
ʢʦʥʮʝʥʪʨʘʮʠʷ H2O2 0.174 ʤʦʣʴĀʣ

-1; 3 - ʢʦʥʮʝʥʪʨʘʮʠʷ H2O2 
0.37 ʤʦʣʴĀʣ-1; 1ʘ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ɼɸʂ 6.18Ā10-3 ʤʦʣʴĀʣ-1; 2ʘ - 

ʢʦʥʮʝʥʪʨʘʮʠʷ ɼɸʂ 3.09Ā10-2 ʤʦʣʴĀʣ-1; 3ʘ - ʢʦʥʮʝʥʪʨʘʮʠʷ ɼɸʂ 
6.18Ā10-2 ʤʦʣʴĀʣ-1 

Fig. 2. The dependence of polymer yield on initiator concent-
ration (AIBN, H2O2) and on the reaction time in the case of poly-
merization in a bulk at 60Üʉ: 1 ï H2O2 concentration is 0.037 

molĀL-1, 2 - H2O2 concentration is 0.174 molĀL
-1, 3 - H2O2 concen-

tration is 0.37 molĀL-1,1a ï AIBN concentration is 6.18 molĀL-1, 
2a - AIBN concentration is 3.09 molĀL-1, 3a - AIBN concentration 

is 6.18 molĀL-1 

 

ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʚ ʨʘʩʪʚʦʨʝ (ʚʦʜʝ) 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬ-
ʤʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʦʪ ʣʦʛʘʨʠʬʤʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʦʥʦʤʝʨʘ ʧʨʠ 60Üʉ ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ɺʌɸ ʚ ʚʦʜʝ 

ʩ ʨʘʟʥʳʤʠ ʠʥʠʮʠʠʨʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ. 
ɼʣʷ ʨʝʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɼɸʂ ʚ ʢʘ-

ʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʘ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʧʦ ʤʦʥʦʤʝʨʫ 

ʨʘʚʝʥ 1.1Ñ0.01. ɺ ʧʨʦʮʝʩʩʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʥʘ-
ʙʣʶʜʘʣʠ ʛʝʣʴ-ʵʬʬʝʢʪ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʤʝʨʘ 

ʚ ʚʦʜʝ ʦʪ 50 ʤʘʩ% ʠ ʚʳʰʝ (ʨʠʩ. 4, ʢʨ.(1ʘ-3ʘ)).  



18  ʍʀʄʀʗ ʀ ʍʀʄʀʏɽʉʂɸʗ ʊɽʍʅʆʃʆɻʀʗ  2014  ʪʦʤ  57  ʚʳʧ.  3 

 

 

 

-3,8

-3,6

-3,4

-3,2

-3

-2,8

-2,6

-2,4

-2,2

-2

0,2 0,4 0,6 0,8 1 1,2

lgCm

lgV

1

2

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬʤʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠ-
ʟʘʮʠʠ ʚ ʚʦʜʝ ʦʪ ʣʦʛʘʨʠʬʤʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʦʥʦʤʝʨʘ, ʉʜʘʢ = 
0.41 ʤʦʣʴĀʣ-1; ʉʅ2ʆ2 = 0.116 ʤʦʣʴĀʣ

-1, 60Üʉ: 1 ï ʧʨʠ ʧʦʣʠʤʝʨʠ-
ʟʘʮʠʠ ʩ ɼɸʂ; 2 ï ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩ ʅ2ʆ2 

Fig. 3. The dependence of reaction rate logarithm in an aqueous 
solution at 60Üʉ on the monomer concentration, ʉAIBN = 0.41 

molĀL-1; ʉʅ2ʆ2 = 0.116 molĀL-1: 1 ï polymerization in the presence 
of AIBN, 2 ï polymerization in the presence of ʅ2ʆ2 

 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʧʦʣʠʤʝʨʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 
ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʚʦʜʝ ʧʨʠ ʨʘʟʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʤʦʥʦʤʝʨʘ, 
ʉɼɸʂ = 0.041 ʤʦʣʴĀʣ

-1; ʉʅ2ʆ2 = 0.116 ʤʦʣʴĀʣ-1; 60 Üʉ: 1, 1ʘ ï 2.38 

ʤʦʣʴĀʣ-1; 2, 2ʘï 7.13 ʤʦʣʴĀʣ-1; 3, 3ʘï 11.9 ʤʦʣʴĀʣ-1 
Fig. 4. The dependence of polymer yield on the polymarization 
time in an aqueous solution at various monomer concentrations, 
CAIBN = 0.041 molĀL-1, CH2O2 = 0.116 molĀL

-1, 60 0C: 1, 1ʘ ï 2.38 
molĀL-1, 2, 2ʘï 7.13 molĀL-1, 3, 3ʘï 11.9 molĀL-1 

 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʚʦʟʨʘʩʪʘʝʪ ʩ 967Ā10
3
 

ʜʦ 1400Ā10
3
 ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʤʝ-

ʨʘ ʦʪ 17 ʤʘʩ% ʜʦ 50 ʤʘʩ%. ɺ ʙʦʣʝʝ ʢʦʥʮʝʥʪʨʠʨʦ-

ʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʙʨʘʟʫʶʪʩʷ ʩʰʠʪʳʝ ʧʦʣʠʤʝʨʳ. 

ʇʦʣʫʯʝʥʠʝ ʩʰʠʪʳʭ ʧʦʣʠʤʝʨʦʚ ʠ ʥʘʡʜʝʥʥʦʝ ʟʥʘ-
ʯʝʥʠʝ ʧʦʨʷʜʢʘ ʨʝʘʢʮʠʠ ʧʦ ʤʦʥʦʤʝʨʫ ʙʦʣʝʝ ʝʜʠʥʠ-

ʮʳ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʝʥʦʩ ʮʝʧʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʠʤʝ-

ʨʠʟʘʮʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʝʨʝʥʦʩ ʮʝʧʠ ʠʜʝʪ ʥʘ 
ʧʦʣʠʤʝʨ ʩ ʫʯʘʩʪʠʝʤ ʧʦʜʚʠʞʥʳʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ: 

ʢʘʨʙʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ (ʘ), ʣʠʙʦ Ŭ-ʚʦʜʦʨʦʜ ʦʩʥʦʚ-

ʥʦʡ ʮʝʧʠ (ʙ): 

CH2 CH

N

H C

O

n

   

CH2 C

N

H C

H

O

n

 
ʘ                                           ʙ 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʜʚʫʭ ʚʘʨʠ-

ʘʥʪʦʚ ʧʝʨʝʥʦʩʘ ʮʝʧʠ ʙʳʣ ʧʨʦʚʝʜʸʥ ʱʝʣʦʯʥʦʡ ʛʠʜ-

ʨʦʣʠʟ ʩʰʠʪʦʛʦ ʧʦʣʠʤʝʨʘ, ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʧʦ-
ʣʠʤʝʨ ʨʘʩʪʚʦʨʠʣʩʷ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʝ-

ʨʝʥʦʩ ʮʝʧʠ ʠʜʝʪ ʧʦ ʩʭʝʤʝ ʘ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠ-
ʚʳʝ (1-3) ʧʦʣʠʤʝʨʠʟʘʮʠʠ ɺʌɸ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦ-

ʨʘʭ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʦʢ-

ʩʠʜʘ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʘ). ɺʠʜʥʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦʤʝʨʘ ʚ ʚʦʜʝ ʥʝ-
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʦʚʳʰʘʝʪ ʥʘʯʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʨʝʘʢʮʠʠ. ʅʘ ʢʨʠʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʣʦʛʘʨʠʬʤʘ ʩʢʦ-

ʨʦʩʪʠ ʨʝʘʢʮʠʠ ʦʪ ʣʦʛʘʨʠʬʤʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦʥʦ-
ʤʝʨʘ (ʨʠʩ. 3) ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʭʘʨʘʢʪʝʨʥʳʭ 

ʫʯʘʩʪʢʘ: 1-ʳʡ ʫʯʘʩʪʦʢ ï ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 17 ʜʦ 

50ʤʘʩ% ɺʌɸ, ʚ ʢʦʪʦʨʦʤ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʧʦ ʤʦ-

ʥʦʤʝʨʫ ʨʘʚʝʥ 1.15Ñ0.02; 2-ʦʡ ï ʦʪ 50 ʜʦ 85ʤʘʩ% 
ɺʌɸ, ʛʜʝ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʨʝʟʢʦ ʧʘʜʘ-

ʝʪ ʠ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʩʪʘʥʦʚʠʪʩʷ <1, ʯʪʦ ʧʨʝʜʧʦ-

ʣʦʞʠʪʝʣʴʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʚʣʠʷʥʠʶ ʩʨʝʜʳ ʥʘ ʨʝʘʢ-
ʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʜʠʢʘʣʦʚ. ʄʦʣʝʢʫʣʷʨʥʘʷ 

ʤʘʩʩʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ɺʌɸ ʚ ʚʦʜʝ 

ʚʦʟʨʘʩʪʘʝʪ ʩ 20Ā10
3
 (17 ʤʘʩ%) ʜʦ 50Ā10

3
 (85 ʤʘʩ%). 

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʥ-

ʩʪʘʥʪ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʡ ʠ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʜʣʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʵʥʝʨʛʠʠ ʘʢʪʠ-

ʚʘʮʠʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥ-
ʥʳʤʠ [10]. 

ʊʘʙʣʠʮʘ 

ʂʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ 

Table. Rate constants of reaction 

ʀʥʠʮʠʘʪʦʨ 

ɼɸʂ (0.5 ʚʝʩ%) 
Ci = 3.09Ā10

-2
, 

ʤʦʣʴĀʣ
-1 

lgCi = -1.5 

ʅ2ʆ2 (0.5 ʚʝʩ%) 
Ci = 1.74Ā10

-1
, ʤʦʣʴĀʣ

-1
 

lgCi = -0.76 

ʊ, Üʉ 50 60 70 55 60 65 

V, ʤʦʣʴĀʣ
-1
Āʩ

-1 
5.20Ā10

-4 
2.38Ā10

-3 6.34 
Ā10

-3 
5.9 
Ā10

-4
 
6.03 
Ā10

-4
 

1.01 
Ā10

-3
 

lgV -3.28 -2.62 -2.2 -3.23 -3.22 -3.00 

m 1.1 1.15 

n 0.8 0.5 

K, ʣĀʤʦʣʴ
-1
Āʩ

-1 
4.52Ā10

-4
 2.07Ā10

-3
 
5.43 
Ā10

-3
 
7.09 
Ā10

-5
 

7.25 
Ā10

-5
 

1.2 
Ā10

-4
 

lgK -3.35 -2.69 -2.27 -4.15 -4.14 -3.92 

E
ʨʘʩʯ.

ʘʢʪ., ʢʢʘʣĀʤʦʣʴ
-1
 21.9 11.7 

E
ʛʨʘʬ.

ʘʢʪ., ʢʢʘʣĀʤʦʣʴ
-1
 22.4 11.4 

ʇʨʠʤʝʯʘʥʠʷ: ʢʦʥʮʝʥʪʨʘʮʠʷ N-ɺʌɸ 14.28 ʤʦʣʴĀʣ-1, lgCm = 
=1.15 
Note: N-VFA concentration is 14.28 molĀL-1, lgCm = 1.15 

ɺʓɺʆɼʓ 

ʀʩʩʣʝʜʦʚʘʥʘ ʛʦʤʦʧʦʣʠʤʝʨʠʟʘʮʠʷ N-ʚʠʥʠʣ-

ʬʦʨʤʘʤʠʜʘ ʚ ʚʦʜʝ ʠ ʤʘʩʩʝ. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪ-

ʨʳ ʧʨʦʮʝʩʩʘ ʧʦ ʤʦʥʦʤʝʨʫ ʠ ʠʥʠʮʠʘʪʦʨʫ: ʜʣʷ ʧʦ-
ʣʠʤʝʨʠʟʘʮʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼɸʂ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ 

ʧʦ ʠʥʠʮʠʘʪʦʨʫ 0.8Ñ0.03, ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʧʦ ʤʦ-

ʥʦʤʝʨʫ ʨʘʚʝʥ 1.1Ñ0.01, ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚ ʧʨʠ-
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ʩʫʪʩʪʚʠʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʧʦ 

ʠʥʠʮʠʘʪʦʨʫ 0.5Ñ0.02, ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʧʦ ʤʦʥʦ-

ʤʝʨʫ ʨʘʚʝʥ 1.15Ñ0.02. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʦʥʮʝʥʪʨʠ-
ʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʚʩʣʝʜʩʪʚʠʝ ʧʝʨʝʥʦʩʘ ʮʝʧʠ ʥʘ 

ʧʦʣʠʤʝʨ, ʦʙʨʘʟʫʶʪʩʷ ʩʝʪʯʘʪʳʝ ʧʦʣʠʤʝʨʳ. 
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ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʦʪʚʝʨʞʜʝʥʠʷ ʵʧʦʢʩʠʜʥʦʛʦ ʦʣʠʛʦʤʝʨʘ ʠ ʦʧ-

ʨʝʜʝʣʝʥʘ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʤʝʪʦʜʦʤ ʨʦʪʘʮʠʦʥʥʦʡ ʚʠʩʢʦʟʠʤʝʪʨʠʠ. ʇʦʢʘʟʘʥʘ ʧʨʠʤʝʥʠ-

ʤʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʷʟʢʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʪʚʝʨʞʜʝʥʠʷ 

ʦʣʠʛʦʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʧʦʢʩʠʜʥʳʝ ʦʣʠʛʦʤʝʨʳ, ʦʪʚʝʨʞʜʝʥʠʝ, ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ 

ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ ʚʘʞʥʦ 

ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʳʭ ʦʣʠʛʦʤʝʨʦʚ. ʇʦʵʪʦʤʫ ʚ ʥʘ-

ʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʦ-

ʢʠʥʝʪʠʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩ-

ʥʦʚʝ ʵʧʦʢʩʠʜʠʘʥʦʚʦʛʦ ʦʣʠʛʦʤʝʨʘ ʕɼ-20. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʪʚʝʨʜʠʪʝʣʴ çʭʦʣʦʜʥʦʛʦè ʦʪʚʝʨʞʜʝ-

ʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʧʦʣʠʘʤʠʥʦʚ ï ʕʊɸʃ-

45 (ʚ ʢʦʣʠʯʝʩʪʚʝ 50 ʤʘʩʩ. %). ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥ-

ʥʦʛʦ ʦʪʚʝʨʜʠʪʝʣʷ: ʜʦʩʪʘʪʦʯʥʦʝ ʚʨʝʤʷ ʞʠʟʥʝʩʧʦ-

ʩʦʙʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʡ, ʥʝʙʦʣʴʰʦʡ ʵʢʟʦʵʬʬʝʢʪ ʨʝ-

ʘʢʮʠʠ ʦʪʚʝʨʞʜʝʥʠʷ, ʥʠʟʢʘʷ ʚʷʟʢʦʩʪʴ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʦʪʚʝʨʞʜʝʥʠʶ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʚʣʘʞʥʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ. ʉ ʮʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʦʪʚʝʨʞʜʝ-

ʥʠʷ ʵʧʦʢʩʠʜʥʦʛʦ ʦʣʠʛʦʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʘʢʪʠʚ-

ʥʳʡ ʨʘʟʙʘʚʠʪʝʣʴ ï ʦʣʠʛʦʦʢʩʠʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴ. 
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ʇʝʨʚʫʶ ʩʪʘʜʠʶ ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ ï 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ï ʫʜʦʙʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʪʦʜʦʤ 

ʚʠʩʢʦʟʠʤʝʪʨʠʠ. ʅʘ ʧʨʠʙʦʨʝ ʈʝʦʪʝʩʪ-2 ʙʳʣʠ ʧʦʣʫ-
ʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʷʟʢʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʪʚʝʨʞʜʝ-

ʥʠʷ ʠʩʭʦʜʥʦʡ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʦʤʧʦʟʠʮʠʡ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʚʝʨʞʜʝʥʠʷ ʦʪ 20 ʉ ʜʦ 60 ʉ 
(ʨʠʩ. 1). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʠʩ-
ʪʝʤ ʠʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ɖ ʦʪ ʚʨʝʤʝʥʠ ʦʪʚʝʨʞʜʝʥʠʷ 

t ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʘʥʦ ʵʢʩʧʦ-

ʥʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ (1): 
ɖ = ɖʦĀexp(kɖĀt),               (1) 

ʛʜʝ ɖʦ ï ʥʘʯʘʣʴʥʘʷ ʚʷʟʢʦʩʪʴ, kɖ ï ʢʦʥʩʪʘʥʪʘ ʥʘʨʘʩ-

ʪʘʥʠʷ ʚʷʟʢʦʩʪʠ. 

 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʜʣʷ ʩʠʩʪʝʤʳ ʕɼ-20 

+ ʕʊɸʃ-45 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪʚʝʨʞʜʝʥʠʷ ʦʪ 20 ʜʦ 60 ʉ ʚ 

ʧʦʣʫʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 
Fig. 1. Viscosity vs curing time of ED-20 + ETAL-45 system at 

the temperatures of curing from 20 to 60 C in semilogarithmic 

coordinates 
 

ʋʨʘʚʥʝʥʠʝ (1) ʚʳʧʦʣʥʷʝʪʩʷ, ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʜʦ ʟʥʘʯʝʥʠʡ   3Ā10
2
 ʇʘĀʩ. ʊʘʢʘʷ ʬʦʨʤʘ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʫʜʦʙʥʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ, ʙʦʣʝʝ 

ʪʦʛʦ, ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ çʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶè 

ʦʙʣʘʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ ʢʘʢ ʦʙʣʘʩʪʴ ʜʦ 
ʜʦʩʪʠʞʝʥʠʷ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ ʚʷʟʢʦʩʪʠ. ʆʜʥʘ-

ʢʦ ʧʨʠʤʝʥʝʥʠʝ ʬʦʨʤʫʣʳ (1) ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝ-

ʣʠʪʴ ʠʩʪʠʥʥʦʝ ʚʨʝʤʷ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ 

ʦʪʚʝʯʘʝʪ ʫʩʣʦʚʠʶ  .  
ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʣʴ-ʪʦʯʢʠ ʩ ʧʦʤʦʱʴʶ ʚʠʩʢʦʟʠʤʝʪʨʠʠ. 

ʆʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʣʴ-ʪʦʯʢʠ ʷʚʣʷʶʪʩʷ ʧʦʭʦʞʠʝ ʤʝʞʜʫ 

ʩʦʙʦʡ ʤʝʪʦʜʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ [1]. ɺ ʩʦ-
ʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤʠ ʤʝʪʦʜʘʤʠ, ʦʪʚʝʨʞʜʘʶʱʘʷʩʷ 

ʩʠʩʪʝʤʘ ʤʝʰʘʝʪʩʷ ʚʨʫʯʥʫʶ ʜʝʨʝʚʷʥʥʦʡ ʠʣʠ ʩʪʝʢ-

ʣʷʥʥʦʡ ʧʘʣʦʯʢʦʡ. ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʘʣʦʯʢʘ 
ʣʦʤʘʝʪʩʷ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ ʤʘʩʩʳ ʠʣʠ ʩʠʩ-

ʪʝʤʘ ʪʝʨʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʪʝʯʝʥʠʶ, ʧʨʠʥʠʤʘʝʪʩʷ 

ʟʘ ʛʝʣʴ-ʪʦʯʢʫ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ 

ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʭʦʜʝ 

ʥʘʨʘʩʪʘʥʠʷ ʚʷʟʢʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩ-
ʧʝʨʠʤʝʥʪʘ. 

ɺ ʨʘʙʦʪʝ [2] ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʥʠʤʘʪʴ 

ʟʘ ʛʝʣʴ-ʪʦʯʢʫ ʤʦʤʝʥʪ ʦʪʨʳʚʘ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ 
ʦʪ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʠʩʢʦʟʠʤʝʪʨʘ, ʢʦʪʦʨʳʡ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʟʢʦʛʦ ʧʦʚʳʰʝʥʠʷ ʚʷʟ-

ʢʦʩʪʠ ʧʨʠ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʠ, ʪ.ʝ. ʬʘʢʪʠʯʝʩʢʠ ï 

ʧʦʪʝʨʠ ʩʠʩʪʝʤʦʡ ʪʝʢʫʯʝʩʪʠ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ 
ʚ ʚʠʜʫ, ʯʪʦ ʩʜʚʠʛʦʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠʥʦʛʜʘ ʟʘʤʝʪʥʦ 

ʚʣʠʷʪʁ ʥʘ ʢʠʥʝʪʠʢʫ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ [3-4]. 

ʕʪʠ ʧʦʛʨʝʰʥʦʩʪʠ ʯʘʩʪʠʯʥʦ ʫʩʪʨʘʥʷʶʪʩʷ, ʝʩʣʠ 
ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʩʜʚʠʛʘ ʩ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʢ ʥʫʣʝʚʦʡ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ. 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʵʢʩʧʝʨʠ-
ʤʝʥʪ ʧʨʝʢʨʘʱʘʶʪ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʜʦʚʦʣʴʥʦ ʚʳʩʦ-

ʢʦʤ ʫʨʦʚʥʝ ʚʷʟʢʦʩʪʠ (ʢ ʧʨʠʤʝʨʫ, 10
2
 ʇʘĀʩ), ʢʦʪʦʨʳʡ  

ʧʨʠʥʠʤʘʶʪ ʟʘ ʛʝʣʴ-ʪʦʯʢʫ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ 
ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʩʠʩʪʝʤʘ ʩʦʭʨʘʥʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʪʝʯʝʥʠʶ 

ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʚʷʟʢʦʩʪʠ [5]. 
ʅʘʠʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʛʝʣʴ-ʪʦʯʢʠ ʩʦʩʪʦʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʤʘʢʩʠʤʘʣʴ-

ʥʦ ʜʦʩʪʠʞʠʤʦʛʦ ʟʥʘʯʝʥʠʷ ʚʷʟʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ 

ʧʦʩʪʨʦʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʨʘʪʥʦʡ ʚʷʟʢʦʩʪʠ 1/ɖ ʦʪ 
ʚʨʝʤʝʥʠ [6] ʥʘ ʢʦʥʝʯʥʳʭ ʩʪʘʜʠʷʭ ʦʪʚʝʨʞʜʝʥʠʷ. 

ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ 
ʧʨʷʤʦʡ, ʧʝʨʝʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʩ ʦʩʴʶ ʘʙʩʮʠʩʩ ʦʧ-

ʨʝʜʝʣʷʝʪ ʤʦʤʝʥʪ ʜʦʩʪʠʞʝʥʠʷ ʙʝʩʢʦʥʝʯʥʦʡ ʚʷʟʢʦ-

ʩʪʠ, ʪ.ʝ. ʛʝʣʴ-ʪʦʯʢʠ. ʇʨʠ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʚʝʣʠʯʠʥʳ 
1/ɖ ʢ ʥʫʣʝʚʦʤʫ ʟʥʘʯʝʥʠʶ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʥʝ-

ʢʦʪʦʨʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʦʜʥʘʢʦ, ʧʦ ʜʘʥʥʳʤ 

ʘʚʪʦʨʦʚ ʨʘʙʦʪʳ [7] ʦʰʠʙʢʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʛʝʣʴï

ʪʦʯʢʠ ʵʪʠʤ ʤʝʪʦʜʦʤ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 %. ɺ ʥʘʩʪʦʷ-
ʱʝʡ ʨʘʙʦʪʝ ʚʨʝʤʷ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʣʠ 

ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʢ ʥʫʣʶ ʟʘʚʠʩʠʤʦʩʪʠ 1/ɖ = ä(t) ʥʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʦʪʚʝʨʞʜʝʥʠʷ (ʨʠʩ. 2). 
ʉʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʘ ʛʝʣʴ-ʪʦʯʢʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʵʢʩ-

ʪʨʘʧʦʣʷʮʠʝʡ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʥʘ ʦʩʴ 

ʘʙʩʮʠʩʩ. 

ɺʨʝʤʷ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ (Űɻɽʃ.) ʠ ʢʠʥʝʪʠʯʝ-

ʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʥʘʨʘʩʪʘʥʠʷ ʚʷʟʢʦʩʪʠ (k ) ʚ ʫʨʘʚʥʝ-
ʥʠʠ (2) ʩʚʷʟʘʥʳ ʧʨʦʩʪʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

(Űɻɽʃ.)
ï1

 k  ,             (2) 
ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʪʦʡ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʚʩʝ ʪʦʯʢʠ ʜʦʣʞʥʳ ʦʢʘʟʘʪʴʩʷ ʥʘ ʦʜʥʦʡ 

ʧʨʷʤʦʡ. 
ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ çʚʠʩʢʦʟʠʤʝʪ-

ʨʠʯʝʩʢʦʡè ʩʢʦʨʦʩʪʠ ʦʪʚʝʨʞʜʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʝ-

ʤʘʷ ʟʥʘʯʝʥʠʝʤ ʢʦʥʩʪʘʥʪʳ k  ʚ ʫʨʘʚʥʝʥʠʠ (2) ʤʦ-
ʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʨʘʚʥʝʥʠʝʤ ɸʨʨʝʥʠʫʩʘ (3): 

kɖ = kʦĀexp(ïEɖ/RT),  (3) 
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ʛʜʝ kʦ ï ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ, Eɖ ï 

ʵʬʬʝʢʪʠʚʥʘʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, R ï ʫʥʠʚʝʨʩʘʣʴ-

ʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, T ï ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ 
ʪʝʤʧʝʨʘʪʫʨʘ, ʂ. 

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʚʷʟʢʦʩʪʠ ʠ ʧʨʠʚʝʜʝʥʥʦʡ 
ʚʷʟʢʦʩʪʠ ʥʘ ʢʦʥʝʯʥʳʭ ʵʪʘʧʘʭ ʦʪʚʝʨʞʜʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʦʪʚʝʨ-

ʞʜʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʕɼï20-ʕʊɸʃ-45 
Fig. 2. Normalized viscosity and redused viscosity at the final 
stages of curing vs curing time for ED-20 + ETAL-45 system 

 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʵʬʬʝʢʪʠʚʥʫʶ ʵʥʝʨ-

ʛʠʶ ʘʢʪʠʚʘʮʠʠ ɽ ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ (ʫʨʘʚʥʝ-
ʥʠʝ 4) ʧʫʪʝʤ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ (3): 

lnkɖ = lnkʦ ï Eɖ/RT,  (4) 

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʜʚʫʤʷ ʩʧʦ-
ʩʦʙʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. 
 

ʊʘʙʣʠʮʘ 

ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ, ʦʧʨʝʜʝ-

ʣʝʥʥʘʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʜʣʷ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦ-

ʚʝ ʕɼ-20 
Table. Activation energy of curing for systems based on 

ED-20 determined by different methods 

ʉʠʩʪʝʤʘ  

ʕʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 

Eɖ, ʢɼʞ/ʤʦʣʴ 

ʧʦ kɖ ʧʦ 1/Űɻɽʃ. 

ʕɼ-20 + ʕʊɸʃ-45 14,6 26,4 

ʕɼ-20 + ʦʣʠʛʦʦʢʩʠʧʨʦʧʠʣʝʥ-

ʛʣʠʢʦʣʴ (10 ʤ.ʯ.) + ʕʊɸʃ-45 
8,2 39,8 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʨʘʩʭʦʞʜʝʥʠʝ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʠ ʧʦ ʢʦʥʩʪʘʥʪʝ ʥʘ-
ʨʘʩʪʘʥʠʷ ʚʷʟʢʦʩʪʠ ʠ ʚʨʝʤʝʥʠ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦ-

ʩʪʘʚʣʷʝʪ 10-20 ʢɼʞ/ʤʦʣʴ, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ 

ʧʦ ʨʘʟʙʨʦʩʫ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ, ʦʧʨʝʜʝ-
ʣʷʝʤʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʦʜʥʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʟʘʚʠ-

ʩʠʤʦʩʪʝʡ ʚʷʟʢʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʚ ʜʚʦʡʥʳʭ ʣʦʛʘ-

ʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠ-

ʤʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʠʩʴ ʧʨʷʤʳʤʠ, 

ʪʦ ʚ ʨʘʟʚʠʪʠʝ ʠʜʝʡ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [2] ʙʳʣʦ 
ʠʩʧʦʣʴʟʦʚʘʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ (5): 

[ɖ(t)]
1/n 

= fĀKĀt,              (5) 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [2], ʧʦʚʝʜʝʥʠʝ ʵʧʦʢ-
ʩʠʜʥʳʭ ʦʣʠʛʦʤʝʨʦʚ ʩ ʨʦʩʪʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩ-

ʩʳ, ʪ.ʝ. ʚ ʧʨʦʮʝʩʩʝ ʦʪʚʝʨʞʜʝʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʠ-

ʩʘʥʦ ʩʣʝʜʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴʶ (6): 

ɖ0(ʄ) = ʘʄ 
Ŭ
 ʧʨʠ ʄ < ʄʉ, 

ɖ0(ʄ) = bʄ 
ɓ
 ʧʨʠ ʄ > ʄʉ,                  (6) 

ɖ0(ʄ) = cʄ
 ɔ 
ʜʣʷ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ,

 

ʛʜʝ a, b ʠ c ï ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ ʧʦʣʠ-
ʤʝʨʛʦʤʦʣʦʛʠʯʝʩʢʦʛʦ ʨʷʜʘ, ʚʝʣʠʯʠʥʘ Ŭ ʧʦʨʷʜʢʘ 

ʝʜʠʥʠʮʳ; ɓ ï ʧʦʨʷʜʢʘ 3,4-3,5; ɔ ï ʧʦʨʷʜʢʘ 4,5. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦ-

ʩʪʝʡ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ɖ
1/n

(t).  

 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʤʦ-

ʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (6) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 ʉ ʜʣʷ 

ʩʠʩʪʝʤʳ ʕɼ-20 + ʕʊɸʃ-45 
Fig. 3. Viscosity vs time in coordinates of equation (6) at the tem-

perature of 20 C for ED-20 + ETAL-45 system 

 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ 

ʫʨʘʚʥʝʥʠʷʤʠ (5) ʠ (6). ʆʯʝʚʠʜʥʦ, ʤʦʞʥʦ ʧʨʦʚʝ-

ʨʠʪʴ ʵʪʦ ʜʦʧʫʱʝʥʠʝ, ʧʦʩʪʨʦʠʚ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦ-
ʩʪʝʡ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ɖ1/n (t) ʠ ʧʦʧʳʪʘʪʴʩʷ ʘʧʧʨʦʢ-

ʩʠʤʠʨʦʚʘʪʴ ʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʷʭ (ʨʠʩ. 

3). ʉʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʣʠʥʝʘʨʠʟʦʚʘʥ-
ʥʳʝ ʫʯʘʩʪʢʠ, ʪʦʯʢʘʤʠ ï ʧʨʦʜʦʣʞʝʥʠʝ ʫʢʘʟʘʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ, ʦʪʢʣʦʥʷʶʱʠʝʩʷ ʦʪ ʧʘʨʘʤʝʪʨʘ n. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 3, ʧʦʣʫʯʝʥʥʘʷ ʘʧʧʨʦʢ-
ʩʠʤʘʮʠʷ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʚʳʧʦʣʥʷʝʪʩʷ, ʘ 

ʜʘʣʴʰʝ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩ-
ʪʝʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʚʷʟʢʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʪʚʝʨʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʣʠ-

ʛʦʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʩʧʦʥʝʥ-
ʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʷʟʢʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʪ-

ʚʝʨʞʜʝʥʠʷ. ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢ-

ʮʠʡ, ʣʝʞʘʱʝʛʦ ʚ ʦʩʥʦʚʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʰʠʪʳʭ 
ʧʦʣʠʤʝʨʦʚ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʦʞʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩ-

ʩʘ. ɼʣʷ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʦʪʝʢʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʩʰʠʪʦʛʦ ʧʦʣʠʤʝ-

ʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʠ ʦʪ ʜʠʬʬʫʟʠʦʥʥʳʭ ʦʛʨʘ-
ʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʦʩʪʦʤ ʚʷʟʢʦʩʪʠ ʩʠʩʪʝʤʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʤ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ 

ʩʰʠʚʢʠ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ. ʇʨʠ ʵʪʦʤ ʥʝʩʦ-
ʤʥʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʩʚʷʟʴ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ ʩ ʢʠʥʝ-

ʪʠʢʦʡ ʠ ʤʝʭʘʥʠʟʤʦʤ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦ-

ʪʝʢʘʶʱʠʭ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ.  
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ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʢʝʣʴʩʦ-

ʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ʜʠʙʨʦʤʠʜʘ ʙʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ)ʥʠʢʝʣʷ, ʜʠʙʨʦʤʠʜʘ ʥʠʢʝʣʷ) ʠ 

ʭʣʦʨʠʩʪʦʛʦ ʙʝʥʟʠʣʘ ʢʘʢ ʠʥʠʮʠʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʤʘʢʨʦʠʥʠʮʠʘ-

ʪʦʨʘ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʥʘ ʩʠʩʪʝʤʝ (PPh3)2NiBr 2/Zn/ʉ6ʅ5ʉʅ2ʉl. 

ʆʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʥʠʮʠʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʥʘ ʢʠʥʝʪʠʢʫ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʤʦ-

ʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʤʝʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʠʤʝʨ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ 

ʩ ʫʯʘʩʪʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ, ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʨʝʘʢʮʠʦʥʥʳʡ ʮʝʥʪʨ ʠ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʘʢʨʦʠʥʠʮʠʘʪʦʨʘ ʚ ʧʨʦʮʝʩʩʘʭ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʝʥʟʠʣʭʣʦʨʠʜ, ʙʠʩ(ʪʨʠʬʝʥʠʣʬʦʩʬʠʥ)ʥʠʢʝʣʴ ʜʠʙʨʦʤʠʜ, ʥʠʢʝʣʴ ʜʠʙʨʦʤʠʜ, 

ʮʠʥʢʦʚʘʷ ʧʳʣʴ, ʢʘʪʘʣʠʟ, ʨʘʜʠʢʘʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ, ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ 

ɺɺɽɼɽʅʀɽ 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʛʫʣʷʪʦ-
ʨʦʚ ʨʦʩʪʘ ʮʝʧʠ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ 
ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 
ʚʣʠʷʥʠʝ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʣʠ-
ʤʝʨʠʟʘʮʠʠ ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ ʠ ʜʘʶʪ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʧʦʣʠʤʝʨʳ ʩ ʟʘʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 
ʩʚʦʡʩʪʚ, ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ 

ʭʠʤʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʦʤ-
ʧʣʝʢʩʳ ʤʝʪʘʣʣʦʚ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ ʚ ʨʷʜʝ 
ʩʣʫʯʘʝʚ ʦʙʝʩʧʝʯʠʚʘʶʪ  ʧʨʦʚʝʜʝʥʠʝ ʩʠʥʪʝʟʘ ʛʦʤʦ- 
ʠ ʩʦʧʦʣʠʤʝʨʦʚ ʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ 
ʦʩʥʦʚʝ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʳʭ ʨʝʞʠʤʘʭ ʙʝʟ 
ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʘʜʠʢʘʣʴʥʦʛʦ ʠʥʠ-
ʮʠʠʨʦʚʘʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʧʨʦ-
ʤʳʰʣʝʥʥʳʤ [1-5]. 
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ɺ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [5, 6] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʥʠʢʝʣʝʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ 

NiBr2(PPh3)2, ʮʠʥʢʦʚʦʡ ʧʳʣʠ, ʘ ʪʘʢʞʝ ʘʨʠʣ- ʠ ʘʣ-
ʢʠʣʛʘʣʦʛʝʥʠʜʥʳʭ ʠʥʠʮʠʘʪʦʨʦʚ ʩʧʦʩʦʙʥʳ ʠʥʠʮʠʠ-

ʨʦʚʘʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʪʠʨʦʣʘ ʠ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ. ʇʨʠ ʵʪʦʤ 
ʢʦʤʧʣʝʢʩ ʥʠʢʝʣʷ NiBr2(PPh3)2 ʙʳʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʠ ʚʚʝʜʝʥ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʫʶ ʩʨʝ-

ʜʫ çex situè. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ 

ʩʚʝʜʝʥʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 
Niʍ2 ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ (PPh3), ʩʧʦʩʦʙʥʘ ʢʘʪʘʣʠ-

ʟʠʨʦʚʘʪʴ ʨʝʘʢʮʠʠ ʩʦʯʝʪʘʥʠʷ [7-9]. ʀʟ ʨʘʙʦʪ ʂʦʣʦʥʘ 

ʪʘʢʞʝ ʠʟʚʝʩʪʥʦ ʦ ʧʦʣʫʯʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʛʦʤʦʩʦʯʝ-
ʪʘʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʛʘʣʦʛʝʥʠ-

ʜʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʜʘ ʥʠʢʝʣʷ ʠ  ʪʨʠʬʝʥʠʣ-

ʬʦʩʬʠʥʘ [9]. ʋʩʧʝʰʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʦʟʠʮʠʠ 

[Niʍ2 + PPh3] ʚ ʨʝʘʢʮʠʷʭ ʩʦʯʝʪʘʥʠʷ ʧʦʜʪʦʣʢʥʫʣʦ 
ʥʘʩ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʄɸ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ NiBr2 ʠ PPh3 ʢʘʢ ʣʠʛʘʥʜʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝ-

ʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʪʦʡ ʢʦʤʧʦʟʠʮʠʠ ʩ 
ʨʘʥʝʝ ʠʟʫʯʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘ ʦʩʥʦʚʝ NiBr2(PPh3)2.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʠʮʠʘʪʦʨʘ ʙʝʥ-

ʟʠʣʭʣʦʨʠʜʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʦʪʥʦ-
ʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʳʡ ʙʝʥʟʠʣʴʥʳʡ ʨʘʜʠʢʘʣ, ʧʦʢʘ-

ʟʘʣʦ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʘʢʪʠʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʠʢʝʣʴʩʦʜʝʨʞʘʱʝʡ ʠʥʠʮʠʠʨʫʶʱʝʡ 

ʩʠʩʪʝʤʳ ʧʨʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʤʝʪʘʢʨʠʣʦʚʳʭ ʤʦʥʦ-
ʤʝʨʦʚ [6]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝ-

ʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʄɸ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ ʥʠʢʝʣʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘʤʠ 
ʠʤʝʥʥʦ ʥʘ ʧʨʠʤʝʨʝ ʵʪʦʛʦ ʠʥʠʮʠʘʪʦʨʘ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʩʫʰʝʥʥʳʝ ʥʘʜ ʭʣʦʨʠ-

ʩʪʳʤ ʢʘʣʴʮʠʝʤ ʛʝʢʩʘʥ, ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ, ʭʣʦ-
ʨʠʩʪʳʡ ʙʝʥʟʠʣ ʠ ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ ʙʳʣʠ ʦʯʠʱʝʥʳ 

ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ ʧʝʨʝʛʦʥʢʦʡ ʧʨʠ ʘʪʤʦ-

ʩʬʝʨʥʦʤ ʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ [10,11]. ɸʢʪʠʚʠ-

ʨʦʚʘʥʠʝ ʮʠʥʢʦʚʦʡ ʧʳʣʠ ʧʨʦʚʦʜʠʣʠ ʧʦ ʂʣʝʤʤʝʥ-
ʩʝʥʫ [12]. ʂʦʤʧʣʝʢʩ NiBr2(PPh3)2 ʧʦʣʫʯʘʣʠ, ʩʦ-

ʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ [13], ʠʟ NiBr2 ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠ-

ʥʘ ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ (ʊɻʌ). ʅʠʢʝʣʴ ʙʨʦʤʠʜ ʠ 
ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ï ʢʦʤʤʝʨʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ, ʪʨʠ-

ʬʝʥʠʣʬʦʩʬʠʥ ʦʯʠʱʘʣʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ 

ʵʪʘʥʦʣʘ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʠʩʧʦʣʴʟʦ-
ʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ. 

ʇʨʦʚʝʜʝʥʠʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ: ʮʠʥʢʦʚʫʶ ʧʳʣʴ, ʢʦʤ-
ʧʣʝʢʩ ʥʠʢʝʣʷ, ʠʥʠʮʠʘʪʦʨ ʠ ʄʄɸ ʧʦʤʝʱʘʣʠ ʚ ʘʤ-

ʧʫʣʫ ʩ ʤʘʛʥʠʪʥʳʤ ʤʝʰʘʣʴʥʠʢʦʤ. ɸʤʧʫʣʫ ʪʨʠʞʜʳ 

ʜʝʛʘʟʠʨʦʚʘʣʠ, ʟʘʤʦʨʘʞʠʚʘʷ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. ɿʘʪʝʤ 
ʝʝ ʟʘʧʘʠʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʤʘʩʣʷʥʫʶ ʙʘʥʶ ʥʘ 

ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʝ (65ʉ) ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝ-
ʤʷ, ʧʦ ʠʩʪʝʯʝʥʠʶ ʢʦʪʦʨʦʛʦ ʚʩʢʨʳʚʘʣʠ. ʉʦʜʝʨʞʠ-

ʤʦʝ ʘʤʧʫʣʳ ʨʘʩʪʚʦʨʷʣʠ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ, 

ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ ʥʘ ʬʠʣʴʪʨʝ 

ʐʦʪʪʘ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ ʦʩʪʘʪʢʦʚ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 
ʮʠʥʢʦʚʦʡ ʧʳʣʠ ʠ ʚʳʩʘʞʠʚʘʣʠ ʚ ʛʝʢʩʘʥ. ʆʙʨʘʟʮʳ 

ʧʦʣʠʤʝʨʦʚ ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʝ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʚʝʩʘ.  

ʄʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʧʦʣʠʤʝʨʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʛʝʣʴ-ʧʨʦʥʠ-

ʢʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʥʘ ʞʠʜʢʦʩʪʥʦʤ ʭʨʦʤʘʪʦ-

ʛʨʘʬʝ Knauer (ɻʝʨʤʘʥʠʷ) ʩ ʢʘʩʢʘʜʦʤ ʠʟ ʜʚʫʭ ʢʦʣʦ-

ʥʦʢ Phenogel ʩ ʨʘʟʤʝʨʘʤʠ ʧʦʨ 10
3
¡ ʠ 10

5
¡ 

(Phenomenex, ʉʐɸ). ɺ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʘ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʨʝʬʨʘʢʪʦʤʝʪʨ ʠ 

ʋʌ-ʜʝʪʝʢʪʦʨ ʩ ʨʘʙʦʯʝʡ ʜʣʠʥʦʡ ʚʦʣʥʳ 254 ʥʤ. 
ʕʣʶʝʥʪʦʤ ʩʣʫʞʠʣ ʊɻʌ. ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʵʣʶʝʥʪʘ ï 

1 ʤʣ/ʤʠʥ, ʊ = 25Áʉ. ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ ʧʨʠʤʝʥʷʣʠ 

ʫʟʢʦʜʠʩʧʝʨʩʥʳʝ ʩʪʘʥʜʘʨʪʳ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘ-

ʪʘ (Waters, ʉʐɸ).  
ɸʥʘʣʠʟ ʧʦʣʠʤʝʨʦʚ ʤʝʪʦʜʦʤ ʚʨʝʤʷʧʨʦʣʝʪ-

ʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ MALDI-TOF ʧʨʦʚʦʜʠʣʠ 

ʚ ʣʠʥʝʡʥʦʤ ʨʝʞʠʤʝ ʥʘ ʧʨʠʙʦʨʝ ñBruker Microflex 
LTò, ʩʥʘʙʞʝʥʥʦʤ ʘʟʦʪʥʳʤ ʣʘʟʝʨʦʤ (ʜʣʠʥʘ ʚʦʣʥʳ 

337.1 ʥʤ). ʂʘʣʠʙʨʦʚʢʫ ʩʧʝʢʪʨʦʤʝʪʨʘ ʦʩʫʱʝʩʪʚʣʷ-

ʣʠ ʧʦ ʧʠʢʘʤ (ʇʄʄɸ+Na)
+
 ʫʟʢʦʜʠʩʧʝʨʩʥʳʭ ʩʪʘʥ-

ʜʘʨʪʦʚ ʇʄʄɸ (Waters, Mn=2.58 ʠ 8.2 ʢɼʘ). ʂʘ-

ʣʠʙʨʦʚʦʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ ʧʦ-

ʣʠʥʦʤʦʤ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ ñBruker flexControlò ʠ ñflexAnalysisò. 

ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʨʘʥʩ-2-[3-(4-

ʪʨʝʪ-ʙʫʪʠʣʬʝʥʠʣ)-2-ʤʝʪʠʣ-2-ʧʨʦʧʝʥʠʣʠʜʝʥ]ʤʘʣʦ-
ʥʠʪʨʠʣ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʧʨʦʙʳ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠ-

ʣʠ ʧʫʪʝʤ ʩʤʝʰʝʥʠʷ ʚ ʤʠʢʨʦʧʨʦʙʠʨʢʝ 5 ʤʢʣ ʨʘʩ-

ʪʚʦʨʘ ʧʦʣʠʤʝʨʘ (10 ʤʛ/ʤʣ), 10 ʤʢʣ ʨʘʩʪʚʦʨʘ ʤʘʪ-
ʨʠʮʳ (20 ʤʛ/ʤʣ) ʠ 3 ʤʢʣ ʪʨʠʬʪʦʨʘʮʝʪʘʪʘ ʥʘʪʨʠʷ (5 

ʤʛ/ʤʣ) ʚ ʪʝʪʨʘʛʠʜʨʘʬʫʨʘʥʝ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 2 ʤʢʣ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʜʣʦʞʢʫ ʠʟ ʥʝ-

ʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʠ ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʠʟ. 

ʆɹʉʋɾɼɽʅʀɽ ʈɽɿʋʃʔʊɸʊʆɺ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩ-

ʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʄʄɸ ʩ ʫʯʘʩʪʠʝʤ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ NiBr2(PPh3)2 ʠ 
ʮʠʥʢʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʩʪʦʛʦ ʙʝʥʟʠʣʘ ʧʨʠʚʦ-

ʜʠʪ ʢ ʩʠʥʪʝʟʫ ʧʦʣʠʤʝʨʘ ʩ ʚʳʭʦʜʦʤ 76 % ʟʘ 30 ʤʠ-

ʥʫʪ. ɹʦʣʝʝ ʛʣʫʙʦʢʠʝ ʢʦʥʚʝʨʩʠʠ (~99 %) ʜʦʩʪʠʛʘ-
ʶʪʩʷ ʟʘ 3 ʯʘʩʘ (ʨʠʩ.1), ʚ ʦʪʣʠʯʠʝ ʦʪ ʡʦʜʙʝʥʟʦʣʘ ʠ 

ʜʨʫʛʠʭ ʘʨʠʣʛʘʣʦʛʝʥʠʜʦʚ, ʚ ʩʣʫʯʘʝ ʢʦʪʦʨʳʭ ʢʦʥ-

ʚʝʨʩʠʷ ʤʦʥʦʤʝʨʘ ʟʘ 5 ʯʘʩʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 27 % 

[6]. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʚʝʨʩʠʠ ʄʄɸ ʦʪ ʚʨʝʤʝʥʠ 
ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʦʛʦʡ ʢʨʠʚʦʡ (ʨʠʩ. 1), ʯʪʦ ʭʘʨʘʢ-

ʪʝʨʥʦ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʧʨʦʪʝʢʘʶ-

ʱʠʭ ʙʝʟ ʘʚʪʦʫʩʢʦʨʝʥʠʷ. ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʟʘʚʠ-
ʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʦ-

ʥʦʤʝʨʘ ([M]0) ʢ ʝʛʦ ʪʝʢʫʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ([M]t) 

ʦʪ ʚʨʝʤʝʥʠ ʥʦʩʠʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 2). 
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ɼʘʥʥʳʡ ʬʘʢʪ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʩʪʦʷʥ-

ʩʪʚʝ ʯʠʩʣʘ ʨʘʩʪʫʱʠʭ ʮʝʧʝʡ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʨʝʘʢ-

ʮʠʠ [1-3]. ɿʥʘʯʝʥʠʝ ʩʨʝʜʥʝʯʠʩʣʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨ-
ʥʦʡ ʤʘʩʩʳ (ʄn) ʇʄʄɸ ʩ ʨʦʩʪʦʤ ʢʦʥʚʝʨʩʠʠ ʤʦʥʦ-

ʤʝʨʘ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤ 

(ʨʠʩ. 3) ʚ ʦʪʣʠʯʠʝ ʦʪ ʣʠʥʝʡʥʦ ʥʘʨʘʩʪʘʶʱʝʡ ʄn 
ʧʦʣʠʤʝʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʠʮʠʘʪʦʨʘ 

ʡʦʜʙʝʥʟʦʣʘ [5]. ʊʘʢ, ʚʝʣʠʯʠʥʳ ʄn ʥʘ ʢʦʥʚʝʨʩʠʷʭ 

28 ʠ 92 % ʩʦʩʪʘʚʣʷʶʪ 13 400 ʠ 12 900, ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʧʝʨʝʜʘʯʠ 
ʮʝʧʠ ʥʘ ʠʥʠʮʠʘʪʦʨ ʚ ʩʠʩʪʝʤʝ (ʪʘʙʣ.1). ʆʙʨʘʟʦʚʘ-

ʥʠʝ ʫʩʪʦʡʯʠʚʳʭ 1-ʭʣʦʨ-1-ʬʝʥʠʣ ʤʝʪʠʣʴʥʳʭ ʨʘʜʠ-

ʢʘʣʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʨʳʚʘ Ŭ-ʚʦʜʦʨʦʜʥʦʛʦ ʘʪʦʤʘ ʦʪ 
ʤʦʣʝʢʫʣʳ ʭʣʦʨʠʩʪʦʛʦ ʙʝʥʟʠʣʘ, ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠ-

ʚʳʭ ʙʝʥʟʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʨʘʩʧʘʜʝ ʠʥʪʝʨʤʝʜʠʘʪʘ ɸlkNiCl(PPh3)2, ʧʦʜʪʚʝʨ-

ʞʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʧʦʣʠʤʝʨʦʚ ʤʝʪʦʜʦʤ 
ʄɸLDI-TOF ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʨʠʩ. 4). ʀʥʪʝʨ-

ʧʨʝʪʘʮʠʷ ʩʧʝʢʪʨʦʚ ʄɸLDI-TOF ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ 

ʧʦ ʪʝʢʩʪʫ. ʂʨʠʚʳʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʛʦ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ (ʄʄʈ) ʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʮʝʩʩʘ (ʯʝʨʝʟ 2 ʠ 5 ʤʠʥ ʧʦ-

ʩʣʝ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ), ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ 
ʙʠʤʦʜʘʣʴʥʦʩʪʴ (ʨʠʩ. 5, ʢʨ. 1,2). ʇʄʄɸ, ʩʠʥʪʝʟʠ-

ʨʦʚʘʥʥʳʡ ʟʘ 15 ʤʠʥ ʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʥʠʤʦʜʘʣʴʥʳʤʠ ʢʨʠʚʳʤʠ ʤʦʣʝ-

ʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʫʰʠʨʝʥʥʳʤ 
ʣʝʚʳʤ ʧʣʝʯʦʤ (ʨʠʩ. 5, ʢʨ. 3-5). ʂʨʦʤʝ ʫʢʘʟʘʥʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ, ʠʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩ 

ʨʦʩʪʦʤ ʢʦʥʚʝʨʩʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʘʷ ʤʦʜʘ ʫʚʝ-
ʣʠʯʠʚʘʝʪʩʷ, ʘ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʘʷ ï ʫʤʝʥʴʰʘʝʪʩʷ, 

ʧʝʨʝʭʦʜʷ ʠʟ ʙʠʤʦʜʘʣʴʥʦʡ ʚ ʫʰʠʨʝʥʥʫʶ ʫʥʠʤʦ-

ʜʘʣʴʥʫʶ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 
ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʪʝʧʝʥʠ ʢʦʥ-

ʚʝʨʩʠʠ ʤʦʥʦʤʝʨʘ ʧʝʨʚʳʡ ʧʫʪʴ (ʦʙʨʘʟʦʚʘʥʠʝ 1-

ʭʣʦʨ-1-ʬʝʥʠʣ- ʤʝʪʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ) ʧʨʝʚʘʣʠʨʫʝʪ 

ʥʘʜ ʚʪʦʨʳʤ (ʦʙʨʘʟʦʚʘʥʠʝ ʙʝʥʟʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ), 
ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʧʦʩʪʦʷʥʥʳʝ ʟʥʘʯʝʥʠʷ ʄn 

ʧʦʣʠʤʝʨʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʚʝʨʩʠʠ. 

 

 
ʈʠʩ. 1. ʂʠʥʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʄɸ ʚ ʧʨʠʩʫʪ-
ʩʪʚʠʠ NiBr2(PPh3)2/Zn/ʉ6ʅ5ʉʅ2ʉl (1). ʇʨʠʤʝʯʘʥʠʷ: ʟʜʝʩʴ ʠ ʚ 
ʨʠʩ. 2-9: ʩʠʩʪʝʤʘ (1): (PPh3)2NiBr2 : Zn : C6H5ʉʅ2ʉl : ʄʄɸ = 

= 0.7 : 5 : 2.5 : 100, ʊ=65Áʉ 
Fig. 1. The kinetic curve for MMA polymerization in the presence 
of NiBr2(PPh3)2/Zn/ʉ6ʅ5ʉʅ2ʉl systems. Note: here and in figs. 

2-9: systems (1): (PPh3)2NiBr2 : Zn : C6H5ʉʅ2ʉl : ʄʄɸ = 0.7 : 5 
: 2.5 : 100, ʊ=65 Áʉ 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ln([M]0/[M] t) ʦʪ ʚʨʝʤʝʥʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 
ʄʄɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤʳ (1), ʛʜʝ [M]0 ï ʥʘʯʘʣʴʥʘʷ ʢʦʥ-
ʮʝʥʪʨʘʮʠʷ ʤʦʥʦʤʝʨʘ, [M]t - ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʥʦʤʝʨʘ ʚ ʦʧʨʝ-

ʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 
Fig. 2. The plot of ln([M]0/[M] t) vs. time of MMA polymerization 
in the presence of the systems (1), where [M]0 ï initial monomer 

concentration, [M]t - monomer concentration in a certain moment 
of reaction time 
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʯʠʩʣʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ 

ʇʄʄɸ ʦʪ ʢʦʥʚʝʨʩʠʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤʳ (1) 
Fig. 3. The dependence of number ï average molecular weight of 
PMMA in the presence of the systems (1) on MMA conversion 

 
ʈʠʩ. 4. ʄʘʩʩ-ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʇʄʄɸ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʩʠʩʪʝʤʳ (1) ʧʨʠ ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ 71 % 

Fig. 4. The mass-spectrum of PMMA sample prepared in the 
presence of the system (1) at the conversion degree of 71 % 

 

ʉʪʨʫʢʪʫʨʘ ʇʄʄɸ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʭʣʦʨʠʩʪʦʛʦ ʙʝʥʟʠʣʘ, ʧʦʜʪʚʝʨʞʜʝʥʘ, ʢʘʢ ʫʞʝ 
ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʨʝʟʫʣʴʪʘʪʘʤʠ ʄɸLDI-TOF 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʅʘ ʩʧʝʢʪʨʝ, ʧʨʠʚʝʜʝʥʥʦʤ ʥʘ 

ʨʠʩ. 4, ʚʠʜʥʳ 4 ʩʝʨʠʠ ʩʠʛʥʘʣʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
ʤʘʢʨʦʤʦʣʝʢʫʣʘʤ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʥʮʝʚʳʤʠ 

ʛʨʫʧʧʘʤʠ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʠʛʥʘʣʘʤʠ 

ʚ ʵʪʠʭ ʛʨʫʧʧʘʭ ʩʦʩʪʘʚʣʷʝʪ 100 ɼʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ ʟʚʝʥʘ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ. 
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ʈʠʩ. 5. ʂʨʠʚʳʝ ʄʄʈ ʦʙʨʘʟʮʦʚ ʇʄʄɸ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤʳ (1) ʧʨʠ ʩʪʝʧʝʥʷʭ ʢʦʥʚʝʨʩʠʠ (%): 28 (1); 

37 (2); 71 (3); 86 (4); 99 (5). ʂʨʠʚʳʝ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʢʦʥʚʝʨʩʠʶ 
Fig. 5. MWD curves of the samples of PMMA prepared in the 

presence of the system (1) and obtained at conversion degrees (%) 
of : 28 (1); 37 (2); 71 (3); 86 (4); 99 (5). The curves are standar-

dized on conversion 

 

ʊʘʙʣʠʮʘ 1 

ɺʳʭʦʜ ʠ ʄn ʇʄʄɸ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʚ ʧʨʠʩʫʪʩʪ-

ʚʠʠ NiBr2(ʈPh3)2,  ʮʠʥʢʦʚʦʡ ʧʳʣʠ ʠ ʤʘʢʨʦʠʥʠʮʠʘ-

ʪʦʨʘ ʟʘ 30 ʯ ʧʨʠ 65 ʉ 
Table 1. Yield and ʄn of PMMA sample prepared with 

NiBr 2(PPh3)2, zinc dust and the micro initiator for 30 h 

at 65 ʉ 

 ̄
ɺʨʝʤʷ ʩʠʥ-

ʪʝʟʘ ʄʀ, ʯ 

ʄʀ ʇʄʄɸ 

ɺʳʭʦʜ, % ʄnĀ10-3 ɺʳʭʦʜ,% ʄnĀ10-3 
ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʩʠʥʪʝʟʘ  

ʇʄʄɸ : (PPh3)2NiBr2 : Zn : ʄʄɸ = 0.7 : 5 : 100.  

ʄʀ] = 20 ʤʘʩ. % ʦʪ ʄʄɸ 

ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʩʠʥʪʝʟʘ ʄʀ ʧʨʠ 65Áʉ: 
(PPh3)2NiBr2 : Zn : C6H5ʉʅ2ʉl : ʄʄɸ = 0.7 : 5 : 2.5 : 100 

1 
0.02 39 20.6 

19 9.0 

2 24 (60 ʯ) 3.8 

3 0.03 28 13.4 27 5.4 

4 0.08 37 11.1 17 7.0 

5 0.17 35 - 24 6.5 

6 0.25 31 15.7 - - 

7 0.42 71 13.5 - - 

8 0.5 76 12.9 - - 

9 0.75 86 10.9 30 3.8 

10 1.5 85 - 25 4.2 

11 2.25 96 14.6 26 4.5 

12 2.5 91 16.3 19 5.1 

13 2.75 92 12.9 27 4.0 

14 3 99 11.8 - - 
ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʩʠʥʪʝʟʘ  

ʇʄʄɸ: (PPh3)2NiBr2 : Zn : ʄʄɸ = 0.125 : 2.5 : 100.  

[ʄʀ] = 20 ʤʘʩ. % ʦʪ ʄʄɸ 
ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʩʠʥʪʝʟʘ ʄʀ ʧʨʠ 65Áʉ: 

(PPh3)2NiBr2 : Zn : C6H5ʉʅ2ʉl : ʄʄɸ = 0.7 : 5 : 2.5 : 100 

15 2.5 91 16.3 14 28.7 

16 2.75 92 12.9 20 26.5 
ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʩʠʥʪʝʟʘ  

ʇʄʄɸ: (PPh3)2NiBr2 : Zn : ʄʄɸ = 0.125 : 2.5 : 100.  
[ʄʀ] = 20 ʤʘʩ. % ʦʪ ʄʄɸ 

ʄʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʩʠʥʪʝʟʘ ʄʀ ʧʨʠ 65Áʉ: 
(PPh3)2NiBr2 : Zn : C6H5ʉʅ2ʉl : ʄʄɸ = 0.125 : 2.5 : 2.5 : 100 

17 5 46 31.3 3 25.0 

 

ɸʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ 

ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʣʝʜʫʶʱʫʶ ʧʨʠʨʦʜʫ 

ʢʦʥʮʝʚʳʭ ʛʨʫʧʧ ʤʘʢʨʦʤʦʣʝʢʫʣ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥ-
ʩʠʚʥʘʷ ʩʝʨʠʷ ʩʠʛʥʘʣʦʚ (1 ʠ 2, ʨʠʩ. 4) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʢʨʦʢʘʪʠʦʥʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʚ ʛʦʣʦʚʝ ʤʦʣʝʢʫʣʳ 

1-ʭʣʦʨ-1-ʬʝʥʠʣ-ʤʝʪʠʣʴʥʫʶ ʛʨʫʧʧʫ ʠ ʙʝʥʟʠʣʴʥʫʶ 
ʛʨʫʧʧʫ ʠʟ ʭʣʦʨʠʩʪʦʛʦ ʙʝʥʟʠʣʘ ʢʘʢ ʠʥʠʮʠʘʪʦʨʘ. 

ʉʪʨʦʝʥʠʝ ʜʘʥʥʳʭ ʤʘʢʨʦʢʘʪʠʦʥʦʚ ʤʦʞʥʦ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

(Ph(ʉl)ʉʅ(MMA)x)
+
 ʠ (Phʉʅ2(MMA) x)ʅNa)

+
. ʈʘʩ-

ʩʯʠʪʘʥʥʳʝ ʜʣʷ ʜʘʥʥʳʭ ʯʘʩʪʠʮ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʷʪʩʷ ʩ 

ʥʘʙʣʶʜʘʝʤʳʤʠ ʚ ʩʧʝʢʪʨʝ: 125.6+100.1
.
18=1927.4 

(ʩʠʛʥʘʣ ʧʨʠ 1927.5) ʠ 91.1+100.1
.
18+1+23=1916.9 

(ʩʠʛʥʘʣ ʧʨʠ 1917.5). ʆʙʥʘʨʫʞʝʥʳ ʪʘʢʞʝ ʩʠʛʥʘʣʳ ʦʪ 

ʠʩʭʦʜʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ ʚʦʜʦ-

ʨʦʜʦʤ ʠ ʢʘʪʠʦʥʦʤ ʥʘʪʨʠʷ. ʅʘʣʠʯʠʝ 1-ʭʣʦʨ-1-ʬʝʥʠʣ- 
ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʥʳʭ ʤʦʣʝʢʫʣ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʢʘʟʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʨʦ-

ʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ ʧʝʨʝʜʘʯʠ ʮʝʧʠ ʥʘ ʭʣʦʨʠʩʪʳʡ ʙʝʥ-
ʟʠʣ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɼʣʷ ʤʘʢʨʦʢʘʪʠʦʥʦʚ 

ʛʨʫʧʧʳ 3 ʠ 4 ʣʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʣʝʜʫʶʱʝʝ 

ʩʪʨʦʝʥʠʝ: (ʉʅ2=ʉ(ʉʆʆʉʅ3)ʉʅ2(MMA) x)ʉlNa)
+
 ʠ 

(Ph3ʈ(MMA)x)ʅ)
+
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢ, ʩʠʛʥʘʣ ʧʨʠ 

1956,9 ɼʘ, ʚʝʨʦʷʪʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʠʤʝʨʫ, ʩʦ-

ʜʝʨʞʘʱʝʤʫ ʦʜʥʦ ʟʚʝʥʦ ʤʦʥʦʤʝʨʘ ʩ ʦʪʦʨʚʘʥʥʳʤ 

ʚʦʜʦʨʦʜʦʤ ʚ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ, 18 ʟʚʝʥʴʝʚ ʄʄɸ 
ʠ ʢʦʥʮʝʚʳʝ ʛʨʫʧʧʳ ʩ ʭʣʦʨʠʜʦʤ ʥʘʪʨʠʷ (99.1+ 

+100.1
.
18+35.5+23=1959.4). ʏʝʪʚʝʨʪʘʷ ʩʝʨʠʷ ʩʠʛ-

ʥʘʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʨʦʢʘʪʠʦʥʘʤ, ʩʦʜʝʨʞʘʱʠʤ 
ʚ ʛʦʣʦʚʝ ʤʦʣʝʢʫʣʳ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʥʫʶ ʛʨʫʧʧʫ 

ʦʪ ʢʘʪʘʣʠʟʘʪʦʨʘ NiBr2(PPh3)2 ʠ ʩʠʛʥʘʣ ʧʨʠ 1966.7, 

ʚʝʨʦʷʪʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʠʤʝʨʫ, ʩʦʜʝʨʞʘʱʝʤʫ 
17 ʟʚʝʥʴʝʚ ʄʄɸ (262.3+100.1

.
17+1=1965.0). ʅʝ 

ʠʩʢʣʶʯʝʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʵʪʦʡ ʩʝʨʠʠ ʩʠʛ-

ʥʘʣʦʚ ʤʦʞʝʪ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʘʢʨʦʢʘʪʠʦʥ, 

ʠʤʝʶʱʠʡ ʩʪʨʦʝʥʠʝ (Ph3ʈ)2Ni(Br)(MMA) xBrNa)
+
. 

ɸʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ, ʨʘʩ-

ʩʯʠʪʘʥʥʳʝ ʜʣʷ ʜʘʥʥʳʭ ʯʘʩʪʠʮ (262.3
.
2+58.7+80+ 

+100.1
.
12+80+23=1967.5) ʪʘʢʞʝ ʭʦʨʦʰʦ ʩʦʦʪʥʦ-

ʩʷʪʩʷ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ 

ʥʘ ʨʠʩʫʥʢʝ 4 (1966.7). 
ʇʨʦʚʝʜʝʥʠʝ ʩʠʥʪʝʟʘ ʇʄʄɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ (PPh3)2NiBr2 ʧʦʜ-
ʪʦʣʢʥʫʣʦ ʥʘʩ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥ-

ʪʝʟʘ ʧʦʣʠʤʝʨʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ NiBr2 ʠ PPh3. ʀʟ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʝʜʠ-
ʥʝʥʠʡ ʥʠʢʝʣʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʜʠʙʨʦʤʠʜʘ ʥʠʢʝʣʷ 

ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʠʥʘ ʩ ʮʠʥʢʦʚʦʡ ʧʳʣʴʶ ʧʨʠ 80Áʉ ʚ 
ʩʨʝʜʝ ʘʮʝʪʦʥʠʪʨʠʣʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʜʫʢʪʳ ʩʦ-

ʯʝʪʘʥʠʷ ʩ ʚʳʭʦʜʦʤ ʜʦ 80 % [7]. ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ Niʉl2
.
6ʅ2ʆ/PPh3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʦʨʛʘʥʠ-

ʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ 
ʧʨʦʜʫʢʪʘ ʩʦʯʝʪʘʥʠʷ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ [8].  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʄʄɸ ʩ 

ʢʘʪʘʣʠʟʘʪʦʨʦʤ NiBr2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʬʝʥʠʣ-
ʬʦʩʬʠʥʘ (ʤʦʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ NiBr2:Ph3ʈ = 1:2), 

ʮʠʥʢʦʚʦʡ ʧʳʣʠ ʠ ʭʣʦʨʠʩʪʦʛʦ ʙʝʥʟʠʣʘ ʧʨʠʚʝʣʦ ʢ 

ʩʠʥʪʝʟʫ ʧʦʣʠʤʝʨʦʚ ʩ ʜʦʚʦʣʴʥʦ ʥʠʟʢʠʤ ʚʳʭʦʜʦʤ 
(~8 % ʟʘ 3 ʯ), ʦʜʥʘʢʦ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝʥʠʶ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ (ʪʘʙʣ. 2, ʩʨ. ˉ 1 ʠ 

5). ʋʚʝʣʠʯʝʥʠʝ ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʪʨʠʬʝʥʠʣ-

ʬʦʩʬʠʥʘ (ʜʦ 5.7) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʠʙʨʦʤʠʜʫ ʥʠ-
ʢʝʣʷ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʧʦʚʳʩʠʣʦ ʥʠ ʚʳʭʦʜ ʧʦʣʠ-

ʤʝʨʘ, ʥʠ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʯʠʩʣʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʳ ʄn (ʪʘʙʣ. 2, ˉ 1-4). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʜʘʣʴ-
ʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʄɸ ʧʨʦ-

ʚʝʜʝʥʳ ʧʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʟʷʪʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

[ʢʘʪʘʣʠʟʘʪʦʨ]:[ʣʠʛʘʥʜ] = (1:2). ɹʦʣʝʝ ʛʣʫʙʦʢʠʭ 

ʢʦʥʚʝʨʩʠʡ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝ-
ʥʠ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʘ. ʊʘʢ, ʇʄʄɸ ʩ ʚʳʭʦʜʦʤ 73 % ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ NiBr2/(ʈPh3)2/ʉ6ʅ5ʉʅ2ʉl/Zn ʙʳʣ ʧʦ-

ʣʫʯʝʥ ʟʘ 13 ʯ. 
 

ʊʘʙʣʠʮʘ 2 

ɺʳʭʦʜ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʇʄʄɸ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

NiBr 2/(ʈPh3)2/ʉ6ʅ5ʉʅ2ʉl/Zn ʟʘ 3 ʯʘʩʘ ʧʨʠ 65 ʉ  

Table 2. Yield and molecular ï weight parameters of 

PMMA sample prepared with NiBr2(PPh3)2/ ʉ6ʅ5ʉʅ2ʉl/Zn 

for 3 h at 65 ʉ 

 ̄
NiBr2 : PPh3 (ʤʦʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ) 
ɺʳʭʦʜ, % ʄnĀ10

-3 ʄw/ʄn 

1 1 : 2 8 514.8 2.76 

2 1 : 2.5 12 399.6 3.51 

3 1 : 4 8 445.5 2.56 

4 1 : 5.7 6 383.3 8.66 

6 (PPh3)2NiBr2 99 11.8 2.47 
ʇʨʠʤʝʯʘʥʠʝ: ʋʩʣʦʚʠʷ ʨʝʘʢʮʠʠ: (NiBr2 + (PPh3)2) : 
ʉ6ʅ5ʉʅ2ʉl : Zn : ʄʄɸ = 0.7 : 2.5 : 5 : 100 
Note: The reaction conditions: (NiBr2 + (PPh3)2) : ʉ6ʅ5ʉʅ2ʉl 
: Zn : ʄʄɸ = 0.7 : 2.5 : 5 : 100 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʠʟ 

ʚʳʰʝ ʠʩʩʣʝʜʫʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʄʄɸ ʷʚʣʷʝʪʩʷ (PPh3)2NiBr2, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʪʦʨʦ-

ʛʦ ʚʳʭʦʜ ʧʦʣʠʤʝʨʘ ʟʘ 0.5 ʯʘʩʘ ʜʦʩʪʠʛʘʝʪ ʫʞʝ 76 %. 
ʀʤʝʥʥʦ ʩ ʥʠʤ ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ ʜʘʣʴʥʝʡʰʠʝ ʵʢʩ-

ʧʝʨʠʤʝʥʪʳ.  

ʉʠʥʪʝʟ ʧʦʩʪ-ʧʦʣʠʤʝʨʦʚ, ʚ ʩʣʫʯʘʝ ʢʦʪʦʨʳʭ 
ʠʥʠʮʠʘʪʦʨʦʤ ʩʣʫʞʠʪ ʧʦʣʠʤʝʨ (ʤʘʢʨʦʠʥʠʮʠʘʪʦʨ ï 

ʄʀ), ʧʦʣʫʯʝʥʥʳʡ ʚ ʫʩʣʦʚʠʷʭ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠ-

ʤʝʨʠʟʘʮʠʠ ʚ ʨʝʞʠʤʝ çʞʠʚʳʭè ʮʝʧʝʡ, ʷʚʣʷʝʪʩʷ ʦʜ-

ʥʠʤ ʠʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʨʘʜʠʢʘʣʴ-
ʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘʤʠ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʄʄɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ (PPh3)2NiBr2, ʮʠʥʢʦʚʦʡ ʧʳʣʠ ʠ ʇʄʄɸ (ʤʘʢʨʦ-
ʠʥʠʮʠʘʪʦʨʘ), ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʥʘ ʩʠʩʪʝʤʝ 

(PPh3)2NiBr2/Zn/ʉ6ʅ5ʉʅ2ʉl ʟʘ ʨʘʟʣʠʯʥʦʝ ʚʨʝʤʷ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʨʘʟʥʳʤʠ ʢʦʥʚʝʨʩʠʷʤʠ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʯʝʨʝʟ 30 ʯ ʧʨʠ 65Áʉ ʚʳʜʝʣʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʠʤʝʨʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʷʚʣʷʶʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʘʣʠʯʠʷ ʫ ʄʀ 
ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʠʥʠʮʠʠʨʫʶʱʠʭ ʧʦʣʠʤʝʨʠʟʘ-

ʮʠʶ. ɺ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʪʘʣʠ-

ʟʘʪʦʨʘ ʠ ʮʠʥʢʦʚʦʡ ʧʳʣʠ ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʄʄɸ 
ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʢʨʦʠʥʠʮʠʘʪʦʨʘ ʚʟʷʪʦ ʚ ʪʝʭ ʞʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥ ʩʘʤ ʤʘʢʨʦ-

ʠʥʠʮʠʘʪʦʨ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʳ ʧʦʣʠʤʝʨʳ ʩ ʚʳʭʦʜʘʤʠ ʥʘ ʫʨʦʚ-
ʥʝ 20-30 % (ʪʘʙʣ. 1, ˉ 1, 3-14).  

ɿʥʘʯʝʥʠʷ ʩʨʝʜʥʝʯʠʩʣʝʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʳ (ʄn) ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʢʨʦʠʥʠʮʠʘʪʦʨʘ ʩ ʨʘʟʥʳʤʠ ʢʦʥʚʝʨ-

ʩʠʷʤʠ, ʦʩʪʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳʤʠ. ʊʘʢ, 

ʚʝʣʠʯʠʥʳ ʄn ʦʙʨʘʟʮʦʚ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʄʀ ʥʘ ʢʦʥʚʝʨʩʠ-
ʷʭ 28 ʠ 92 % ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ï 5400 ʠ 

4000 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣ. 1, ˉ 3, 13). ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʟʥʘʯʝʥʠʷ ʄn ʧʦʣʠʤʝʨʘ, ʩʠʥʪʝʟʠ-
ʨʦʚʘʥʥʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʄʀ, ʠʤʝʶʪ ʤʝʥʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʝʯʠʩʣʝʥʥʦʡ ʤʦʣʝ-

ʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ, ʧʦʣʫ-
ʯʝʥʥʦʛʦ ʘ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʭʣʦʨʠʩʪʦʛʦ ʙʝʥʟʠʣʘ ʢʘʢ ʠʥʠʮʠʘʪʦʨʘ (ʪʘʙʣ. 1, ˉ 1-

13). ʂʨʠʚʳʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʧʦʣʠʤʝʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
ʤʘʢʨʦʠʥʠʮʠʘʪʦʨʘ ʥʘ ʨʘʟʥʳʭ ʢʦʥʚʝʨʩʠʷʭ, ʪʘʢʞʝ 

ʩʤʝʱʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʤʝʥʴʰʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʘʩʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʠʤʝʨʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʭʣʦʨʠʩʪʦʛʦ ʙʝʥʟʠʣʘ (ʨʠʩ. 6,7). 

2 4 6 8
lg (M)

1

2

 
ʈʠʩ. 6. ʂʨʠʚʳʝ ʄʄʈ ʦʙʨʘʟʮʦʚ ʇʄʄɸ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤ (1) ʠ (2) ʧʨʠ ʩʪʝʧʝʥʷʭ ʢʦʥʚʝʨʩʠʠ (%): 28 

(1); 27 (2). ʇʨʠʤʝʯʘʥʠʷ: ʟʜʝʩʴ ʠ ʚ ʨʠʩ. 7 ʠ 8: ʩʠʩʪʝʤʘ (2) ï 
(PPh3)2NiBr2/Zn/ʄʀ (20 ʤʘʩ. % ʦʪ ʄʄɸ) = 0.7 : 5, ʄʀ ʩʠʥʪʝ-
ʟʠʨʦʚʘʥ ʥʘ ʩʠʩʪʝʤʝ (1). ʂʨʠʚʳʝ ʥʦʨʤʠʨʦʚʘʥʳ ʚ ʤʘʩʩʦʚʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ 
Fig. 6. MWD curves of the samples of PMMA prepared in the 

presence of the system (1) and (2) and obtained at the conversion 
degrees of  (%): 28 (1); 27 (2). Note: here and in figs. 7 ʘnd 8: 

systems (2): - (PPh3)2NiBr2/Zn/ʄʀ (20 mas. % to ʄʄɸ) = 0.7 : 
5, macro-initiator was prepared in the presence of the system (1). 

The curves are standardized to mass relationship  
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ʈʠʩ. 7. ʂʨʠʚʳʝ ʄʄʈ ʦʙʨʘʟʮʦʚ ʇʄʄɸ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤ (1) ʠ (2) ʧʨʠ ʩʪʝʧʝʥʷʭ ʢʦʥʚʝʨʩʠʠ (%): 96 

(1); 26 (2) 
Fig. 7. MWD curves of the samples of PMMA prepared in the 

presence of the system (1) and (2) and obtained at the conversion 
degrees of  (%): 96 (1); 26 (2) 

 

ɹʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʯʠʩʣʝʥʥʦʡ ʤʦʣʝ-
ʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʧʦʣʠʤʝʨʦʚ ʥʘ ʨʘʟʥʳʭ ʢʦʥʚʝʨʩʠ-

ʷʭ (5400 ʠ 4000) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʧʝʨʝ-

ʜʘʯʠ ʮʝʧʠ ʥʘ ʤʦʥʦʤʝʨ ʚ ʩʠʩʪʝʤʝ (ʪʘʙʣ. 1, ʩʨ. ˉ 3, 
13), ʢʦʪʦʨʘʷ, ʚʝʨʦʷʪʥʦ, ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʣʝʜʫʶʱʝʡ 

ʩʭʝʤʝ: 
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+ MMA  
ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʠʝ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʥʠʢʝʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 
Ni

(II)
Br2(PPh3)2 ʮʠʥʢʦʚʦʡ ʧʳʣʴʶ ʜʦ ʘʢʪʠʚʥʦʛʦ ʥʫʣʴ-

ʚʘʣʝʥʪʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ Ni
(0)

(PPh3)2. ʇʦʣʫʯʝʥʥʳʡ 
ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʢʘʪʘʣʠʟʘʪʦʨ Ni

(0)
(PPh3)2 ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʫʝʪ ʩ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʤ ʤʘʢʨʦʠʥʠʮʠʘʪʦʨʦʤ 

Phʉʅ2(ʄʄɸ)ʭʉl ʠ ʦʙʨʘʟʫʝʪ ʧʨʦʜʫʢʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-
ʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ (PPh3)2ʉlNiʉʅ(Ph)(ʄʄɸ)ʭ. ɼʘ-
ʣʝʝ ʵʪʦʪ ʧʨʦʜʫʢʪ ʨʘʩʧʘʜʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 
(PPh3)2Niʉl ʠ ʤʘʢʨʦʨʘʜʠʢʘʣʘ Phʉ

Å
ʅ(ʄʄɸ)ʭ, ʢʦʪʦ-

ʨʳʡ ʟʘʪʝʤ ʨʝʘʛʠʨʫʝʪ ʩ ʤʦʥʦʤʝʨʦʤ, ʦʪʨʳʚʘʷ ʫ ʧʦ-
ʩʣʝʜʥʝʛʦ ʧʦʜʚʠʞʥʳʡ ʚʦʜʦʨʦʜ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ, 

ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʝʨʝʜʘʯʠ ʮʝʧʠ ʥʘ ʤʦʥʦʤʝʨ, 

ʦʙʨʘʟʫʷ ʤʘʢʨʦʤʦʣʝʢʫʣʫ Phʉʅ2(ʄʄɸ)ʭ ʠ ʘʢʪʠʚ-
ʥʳʡ ʧʝʨʚʠʯʥʳʡ ʨʘʜʠʢʘʣ ʉʅ2=ʉ(ʉ

Å
ʅ2)ʉ(ʆ)ʆʉʅ3, 

ʢʦʪʦʨʳʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʦʣʝʢʫʣʦʡ ʤʦʥʦ-
ʤʝʨʘ (ʄʄɸ) ʟʘʨʦʞʜʘʝʪ ʧʦʣʠʤʝʨʥʫʶ ʮʝʧʴ (~ʈn

Å
). 

ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʩʠʩʪʝʤʝ ʨʘʩʪʫʱʠʝ ʤʘʢʨʦʨʘʜʠʢʘ-
ʣʳ ʩʧʦʩʦʙʥʳ ʦʙʨʘʪʠʤʦ ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʢ ʘʪʦʤʫ 
ʥʠʢʝʣʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ (PPh3)2Ni(ʉl)ʈn.  

ɺʳʩʢʘʟʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨ-

ʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 
ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʇʄʄɸ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʠ-
ʩʫʪʩʪʚʠʠ ʄʀ (ʨʠʩ. 8). ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ 
ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʨʦʢʘʪʠʦʥʘʤ ʩʦʩʪʘʚʘ 

ʉʅ2=ʉ(ʉ(ʆ)ʆʉʅ3)(ʉʅ2)(MMA) xʅNa
+
. ʈʘʩʩʯʠʪʘʥ-

ʥʳʝ ʜʣʷ ʜʘʥʥʳʭ ʯʘʩʪʠʮ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦ-
ʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʥʘʙʣʶ-
ʜʘʝʤʳʤʠ ʚ ʩʧʝʢʪʨʝ: 99.1+100.1

.
19+1+23=2025.0 

(ʩʠʛʥʘʣ ʧʨʠ 2028.9). 
 

 
ʈʠʩ. 8. ʄʘʩʩ-ʩʧʝʢʪʨ ʦʙʨʘʟʮʘ ʇʄʄɸ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧʨʠʩʫʪ-

ʩʪʚʠʠ ʩʠʩʪʝʤʳ (2) ʧʨʠ ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ 27 % 
Fig. 8. The mass-spectrum of PMMA sample prepared in the 

presence of the system (2) and obtained at the conversion degree 
of 27 % 

 

ʋʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ 
ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʩʠʥʪʝʟʘ ʇʄʄɸ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʄʀ (ʤʦʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦ-
ʥʝʥʪʦʚ ʢʦʪʦʨʦʛʦ ʦʩʪʘʣʠʩʴ ʧʨʝʞʥʠʤʠ) ʧʨʠʚʝʣʦ ʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʚʳʭʦʜʘ ʧʦʣʠʤʝʨʘ 
(ʪʘʙʣ. 1, ˉ 15, 16). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ 
ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʄn ʧʦʣʠʤʝʨʘ  ʫʚʝʣʠʯʠʣʦʩʴ. ʀʟ ʜʘʥ-
ʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 9, ʩʣʝʜʫʝʪ, ʯʪʦ ʄʄʈ 

ʧʦʣʠʤʝʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʄʀ, ʙʠʤʦ-
ʜʘʣʴʥʦ. ʇʨʠ ʵʪʦʤ ʦʜʥʘ ʤʦʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʤʦʜʦʡ 
ʄʀ, ʘ ʜʨʫʛʘʷ ʩʤʝʱʘʝʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʴʰʠʭ ʤʦʣʝ-
ʢʫʣʷʨʥʳʭ ʤʘʩʩ (ʄʄ). ʅʘʣʠʯʠʝ ʧʝʨʚʦʡ ʤʦʜʳ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʧʨʦʠʟʦʰʣʘ ʧʝ-
ʨʝʜʘʯʘ ʮʝʧʠ ʥʘ ʤʦʥʦʤʝʨ. ɺʪʦʨʘʷ ʤʦʜʘ ʫʢʘʟʳʚʘʝʪ 
ʥʘ ʨʦʩʪ ʄʄ, ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ, ʚʝʨʦʷʪʥʦ, ʠʟ-ʟʘ 
ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʚʩʣʝʜʩʪʚʠʝ 
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ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʮʠʥʢʦ-

ʚʦʡ ʧʳʣʠ, ʪ.ʢ. ʦʙʨʘʟʫʝʪʩʷ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝ-
ʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʦ-
ʣʠʤʝʨʠʟʘʮʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʣʠʤʝ-
ʨʘ ʩ ʤʝʥʴʰʠʤ ʚʳʭʦʜʦʤ, ʥʦ ʩ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 

ʄʄ. ʇʦʣʠʤʝʨ ʚ ʩʣʝʜʦʚʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʳʜʝʣʝʥ ʚ 
ʩʣʫʯʘʝ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʩʘʤʦʛʦ ʄʀ, ʥʦ ʩ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ 
ʄn (ʪʘʙʣ. 1, ʩʨ. ˉ 13, 17). 

 
ʈʠʩ. 9. ʂʨʠʚʳʝ ʄʄʈ ʦʙʨʘʟʮʦʚ ʇʄʄɸ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʩʠʩʪʝʤ (1) ʠ (3) ʧʨʠ ʩʪʝʧʝʥʷʭ ʢʦʥʚʝʨʩʠʠ (%): 91 
(1); 14 (2). ʇʨʠʤʝʯʘʥʠʷ:  ʩʠʩʪʝʤʘ (3) ï (PPh3)2NiBr2/Zn/ʄʀ 
(20 ʤʘʩ. % ʦʪ ʄʄɸ) = 0.125: 2.5, ʄʀ ʩʠʥʪʝʟʠʨʦʚʘʥ ʥʘ ʩʠʩʪʝ-
ʤʝ (1). ʂʨʠʚʳʝ ʥʦʨʤʠʨʦʚʘʥʳ ʚ ʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 

Fig. 9. MWD curves of the samples of PMMA prepared in the 
presence of the system (1) and (3) and obtained at the conversion de-
grees of  (%): 91 (1); 14 (2). Note: systems (3) - (PPh3)2NiBr2/Zn/ʄʀ 
(20 mas. % to ʄʄɸ) = 0.125 : 2/5, macro-initiator was prepared 

in the presence of the system (1). The curves are standardized to 
mass relationship 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʷʚʣʷʶʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʥʘʣʠʯʠʷ ʚ ʩʪʨʫʢʪʫʨʝ 
ʄʀ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ 

ʥʠʢʝʣʷ, ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʩʧʦʩʦʙʥʳʭ ʠʥʠʮʠʠʨʦ-

ʚʘʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʶ. ʋʚʝʣʠʯʝʥʠʝ ʄʄ ʧʦʣʠʤʝʨʘ, 
ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʄʀ, ʤʦʞʥʦ ʜʦʩ-

ʪʠʯʴ, ʩʥʠʟʠʚ ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʢʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ 

ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʮʠʥʢʦʚʦʡ ʧʳʣʠ. ʇʨʠ ʵʪʦʤ ʧʦʣʠʤʝʨʳ, ʩʠʥʪʝʟʠʨʫʝ-
ʤʳʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ (PPh3)2NiBr2/Zn/ʉ6ʅ5ʉʅ2ʉl, 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʄn, ʥʘʯʠʥʘʷ ʩ ʤʘʣʳʭ ʩʪʝʧʝʥʝʡ ʧʨʝʚʨʘʱʝʥʠʷ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩ-
ʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʧʨʦʝʢʪ ˉ 14-03-00064).  
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ʋɼʂ 543.135:543.253 

ʖ.ɺ. ʈʫʙʣʠʥʝʮʢʘʷ, ɸ.ɽ. ɻʫʢʠʥ, ɺ.ɺ. ʉʣʝʧʫʰʢʠʥ, ɽ.ʆ. ʀʣʴʠʥʳʭ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʀʅɽʊʀʂʀ ʆɹʈɸɿʆɺɸʅʀʗ ʀ ʈɸʉʊɺʆʈɽʅʀʗ ʆʂʉʀɼʅʓʍ ʉʃʆɽɺ  

ʅɸ ʆʃʆɺɽ, ʉɺʀʅʎɽ ʀ ʀʍ ʉʇʃɸɺɸʍ ɺ ʇʈʆʎɽʉʉɽ ʀʍ ʇʆʃʗʈʀɿɸʎʀʀ ɺ ʑɽʃʆʏʅʓʍ 

ʈɸʉʊɺʆʈɸʍ ʄɽʊʆɼʆʄ ʃʆʂɸʃʔʅʆɻʆ ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ 

(ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

e-mail: july_rub@mail.ru 

ʅʘ ʧʨʠʤʝʨʝ ʦʣʦʚʘ, ʩʚʠʥʮʘ ʠ ʠʭ ʩʧʣʘʚʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʣʦ-

ʢʘʣʴʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭ-

ʥʦʩʪʷʭ ʚ ʧʨʦʮʝʩʩʝ ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʦʢʘʣʴʥʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ, ʘʥʦʜʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, ʘʥʦʜʥʳʡ ʪʦʢ, ʫʨʘʚʥʝʥʠʝ 
ɹʘʪʣʝʨʘ ï ʌʦʣʴʤʝʨʘ, ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ, ʪʦʢ ʦʙʤʝʥʘ 

ʎʠʢʣʠʯʝʩʢʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ ʜʘʚʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ 1 

ï 4. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʚʨʘʱʘʶʱʠʡʩʷ ʜʠʩʢʦʚʳʡ 

ʵʣʝʢʪʨʦʜ (ɺɼʕ). ʇʨʦʮʝʜʫʨʘ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʘ ʠ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʪʝʨʝ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʠʟʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʪʝʭʥʦʣʦ-

ʛʠʠ ʥʘʥʝʩʝʥʠʷ ʥʘʥʦʩʣʦʝʚ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʚʘʞʥʦ ʩʦʭʨʘʥʠʪʴ ʝʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʇʦʵʪʦʤʫ ʠʟʳʩʢʘʥʠʝ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫ-

ʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʣʦʢʘʣʴʥʳʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

(ʃʕɸ), ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʚ 

çʧʝʨʚʦʟʜʘʥʥʦʤè ʚʠʜʝ, ʥʝ ʥʘʨʫʰʘʷ ʝʝ ʠʩʭʦʜʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ʋʩʪʘʥʦʚʣʝʥʦ 5, 6, ʯʪʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʬʘʟʦʚʳʭ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ ʥʘ ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘ-

ʮʠʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʢʣʠʯʝʩʢʫʶ 

ʣʦʢʘʣʴʥʫʶ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʶ (ʎʃɺɸ). ʇʨʠ 

ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤ-

ʧʝʨʥʦʡ ʢʨʠʚʦʡ ʧʨʦʷʚʣʷʶʪʩʷ ʤʘʢʩʠʤʫʤʳ ʘʥʦʜʥʦʛʦ 

ʪʦʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʠʜʥʳʭ 

ʬʘʟʦʚʳʭ ʩʣʦʝʚ ʥʘ ʚʳʜʝʣʝʥʥʦʤ ʧʨʠʞʠʤʥʦʡ ʷʯʝʡ-

ʢʦʡ, ʫʯʘʩʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ (ʨʠʩ.1). ʅʘ ʵʪʦʡ 

ʩʪʘʜʠʠ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʪʦʢʘ ʨʘʩʪʚʦʨʝʥʠʷ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ.  

ʇʨʠ ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʘ ʚ ʧʨʠʞʠʤʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ, 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʦʪ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ɹʘʪʣʝʨʘ ï ʌʦʣʴʤʝʨʘ [7]: 

RT

nF

RT

nF
ii ʦ expexp ,             (1) 

ʛʜʝ i0 ï ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʦʙʤʝʥʘ; Ŭ ʠ ɓ ï ʢʦʵʬʬʠʮʠ-
ʝʥʪ ʧʝʨʝʥʦʩʘ ʢʘʪʦʜʥʦʛʦ ʠ ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ; ɖ ï 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʊʘʢ 

ʢʘʢ ʧʣʦʱʘʜʴ ʵʣʝʢʪʨʦʜʘ (S) ʚ ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʭʠ-

ʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʃʕɸ) ʧʦʩʪʦʷʥʥʘ, ʘ ʨʘʩʪʚʦʨʝ-
ʥʠʝ ʤʝʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʴʰʠʭ ʘʥʦʜʥʳʭ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷʭ 
nF

RT
, ʩʢʦʨʦʩʪʴʶ ʦʙʨʘʪʥʦʛʦ 

ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʠ ʪʦʢ ʚ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʮʝʧʠ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ 

ʚʳʨʘʞʝʥʠʝʤ [6]: 

RT

nF
ii ʦexp                  (2) 

ʨsʦ E
RT

nF
anFSki exp ,        (3) 

ʛʜʝ i0 ï ʪʦʢ ʦʙʤʝʥʘ; n ï ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʦʚ, ʫʯʘʩʪ-
ʚʫʶʱʠʭ ʚ ʘʥʦʜʥʦʤ ʧʨʦʮʝʩʩʝ; ks 

ï ʢʦʥʩʪʘʥʪʘ ʩʢʦ-

ʨʦʩʪʠ ʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ; a ï ʘʢʪʠʚʥʦʩʪʴ ʤʝ-

ʪʘʣʣʘ; Ep ï ʨʘʚʥʦʚʝʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʦʜʥʦʡ 
ʨʝʘʢʮʠʠ. 

 

 
ʈʠʩ. 1. ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʦʣʦʚʘ, ʩʚʠʥʮʘ ʠ ʩʧʣʘʚʘ ʦʣʦ-

ʚʦ-ʩʚʠʥʝʮ ʚ 0,1 ʄ NaOH 
Fig. 1. Polarization curves for tin, lead and tin-lead alloy in 0.1 M 

NaOH 
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ɺ ʩʣʫʯʘʝ ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʡ ʩʭʝʤʳ ʧʦʣʷʨʠ-

ʟʘʮʠʠ, ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʜʘʝʪʩʷ ʩ ʧʦʣʷʨʦ-

ʛʨʘʬʘ ʠʣʠ ʧʦʪʝʥʮʠʦʩʪʘʪʘ ʥʘ ʷʯʝʡʢʫ, ʤʦʞʥʦ ʧʨʝʜ-
ʩʪʘʚʠʪʴ ʢʘʢ ʩʫʤʤʫ  

oxʦʨ iRiREE  ,                 (4) 

ʛʜʝ iR0 
ï ʦʤʠʯʝʩʢʦʝ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʘʩʪʚʦ-

ʨʝ ʵʣʝʢʪʨʦʣʠʪʘ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ 
ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʠʞʠʤʥʦʡ ʷʯʝʡʢʠ); iRox 

ï ʦʤʠʯʝ-

ʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ, ʢʦʪʦʨʘʷ 

ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʚ ʧʨʦʮʝʩʩʝ 

ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. 
ɺ ʫʩʣʦʚʠʷʭ ʎʃɺɸ 

vtEE ʥ  ,                             (5) 

ʛʜʝ Eʥ ï ʥʘʯʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʘʟʚʝʨʪʢʠ; ɜ ï ʩʢʦ-
ʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʥʘʧʨʷʞʝʥʠʷ; t ï ʚʨʝʤʷ ʨʘʟʚʝʨʪʢʠ. 

ʊʘʢ ʢʘʢ ʨʘʩʪʚʦʨʝʥʠʝ ʤʝʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦ-

ʪʝʥʮʠʘʣʘʭ ʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ, ʯʝʤ ʨʘʚʥʦʚʝʩ-
ʥʳʡ, ʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʧʦʣʷʨʠʟʘʮʠ-

ʦʥʥʦʡ ʢʨʠʚʦʡ EʥåEp. ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ (2) ʩ ʫʯʝ-

ʪʦʤ (4) ʠ (5) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝ-
ʥʠʝ 

oxʦʦ iRiRvt
RT

nF
ii exp   (6) 

ʠʣʠ  

ʦʙʱʦ iRvt
RT

nF
ii exp  ,                 (7) 

ʛʜʝ i0 ï ʪʦʢ ʦʙʤʝʥʘ, ɸ; ɓ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʥʦʩʘ 

ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ; ɜ ï ʩʢʦʨʦʩʪʴ ʨʘʟʚʝʨʪʢʠ ʥʘʧʨʷ-
ʞʝʥʠʷ, ɺ/ʩ; t ï ʚʨʝʤʷ ʨʘʟʚʝʨʪʢʠ, ʩ; R0 ï ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʢʘʥʘʣʝ ʨʝʟʠʥʦʚʦʡ ʥʘʩʘʜʢʠ 

ʧʨʠʞʠʤʥʦʡ ʷʯʝʡʢʠ, ʆʤ; Rox ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʢ-

ʩʠʜʥʦʡ ʧʣʝʥʢʠ, ʆʤ; Rʦʙ=ɦR0+Rox ï ʦʙʱʝʝ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʝ, ʆʤ. 

ʇʨʠ ʤʘʣʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷʭ, ʪʦ ʝʩʪʴ 

ʚʙʣʠʟʠ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʝʘʢʮʠʠ, ʦʤʠʯʝ-
ʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ iRʦʙʱ

 
 ʚ ʫʨʘʚʥʝʥʠʠ (7) ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ. ʊʦʛʜʘ 

vt
RT

nF
ii ʦexp ,                 (8) 

ʇʨʘʚʦʤʦʯʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

(8) ʣʝʛʢʦ ʧʨʦʚʝʨʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʪʘʙʣ. 1. 
ʊʘʢ ʧʨʠ vt=0.025 ɺ iRʦʙ=ɦ3.4Ā10

-6
Ā586=0.00199 ɺ, 

ʪʦ ʝʩʪʴ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ vt. ʇʦʩʪʨʦʠʚ 

ʛʨʘʬʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ɜt = f(lni), ʣʝʛʢʦ ʦʧʨʝʜʝ-
ʣʠʪʴ ʪʦʢ ʦʙʤʝʥʘ ʨʝʘʢʮʠʠ io ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝ-

ʥʦʩʘ ɓ (ʨʠʩ. 2, ʪʘʙʣ. 1). 
 

ʊʘʙʣʠʮʘ 1 

ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʦʢʩʠʜʥʳʭ ʬʘʟʦʚʳʭ ʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʣʦʚʘ ʠ ʩʚʠʥʮʘ ʚ 0,1 ʄ NaOH 

Table 1. Kinetic parameters of the formation and dissolution of oxide phase layers on the surface of tin and lead in 

0.1 M NaOH 

ʈʝʘʢʮʠʷ ʄʝʪʦʜ 

ʊʦʢ ʦʙʤʝʥʘ 

i0Ā10
6, A 
 

ʇʣʦʪʥʦʩʪʴ  

ʪʦʢʘ ʦʙʤʝʥʘ 
j0Ā10

4, A/ʩʤ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʥʦʩʘ ʘʥʦʜ-
ʥʦʛʦ ʧʨʦʮʝʩʩʘ ɓ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʥʦʩʘ ʢʘʪʦʜ-
ʥʦʛʦ ʧʨʦʮʝʩʩʘ Ŭ 

Snï2Ǜ+2OH-Ÿ SnO+H2O ʎʃɺɸ 1,20 3,11 0,58 - 

Pbï2Ǜ+2OH-Ÿ PbO+H2O ʎʃɺɸ 0,26 0,69 0,33 - 

PbO2+4Ǜ+2H2OŸPb+4OH
- ʎʃɺɸ 2,00 5,19 - 0,32 

SnO+2Ǜ+H2OŸ Sn+2OH
- ʃɺɸ+ɸɺɸ 0,26 0,68 - 0,48 

PbO+2Ǜ+H2OŸ Pb+2OH
- ʃɺɸ+ɸɺɸ 0,83 2,16 - 0,22 

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ɜt=f(ln i) ʜʣʷ ʧʨʦʮʝʩʩʘ ʘʥʦʜʥʦʛʦ ʨʘʩʪʚʦ-

ʨʝʥʠʷ ʦʣʦʚʘ ʚ 0,1 ʄ NaOH 
Fig. 2. The dependence ɜt=f(ln i)  for the process of anodic disso-

lution of tin in 0.1 M NaOH 

ʇʨʠ ʙʦʣʴʰʠʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷʭ iRʦʙʱ
 
 - ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʧʨʝʥʝʙʨʝʯʴ ʫʞʝ ʥʝʣʴʟʷ. ʇʨʝʦʙʨʘʟʦʚʘʚ 

ʚʳʨʘʞʝʥʠʝ (7) ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ (Rʦʙ)ɦ ʠʤʝʝʤ: 

i

ii
nF

RT
vt

R

ʦ

ʦʙʱ

lnln

,            (9) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 

2 ʠ ʥʘ ʨʠʩ. 3. ʀʟ ʨʠʩ. 3 ʚʠʜʥʦ, ʯʪʦ ʦʙʱʝʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʤʝʥʷʝʪʩʷ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʨʘʟʚʝʨʪʢʠ ʧʦ 
ʩʣʦʞʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʇʨʠ ʤʘʣʳʭ ʥʘʧʨʷʞʝʥʠʷʭ 

ʨʘʟʚʝʨʪʢʠ Rʦʙ ɦʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʤʠʯʝʩʢʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʷʯʝʡʢʝ (Rʦ). 
ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʪʘʢʠʭ ʥʘʧʨʷʞʝʥʠʷʭ 

ʦʙʨʘʟʫʶʱʠʡʩʷ ʦʢʩʠʜ ʧʣʦʭʦ ʩʮʝʧʣʝʥ ʩ ʧʦʚʝʨʭʥʦ-

ʩʪʴʶ ʠ ʥʝ ʦʙʨʘʟʫʝʪ ʩʪʘʙʠʣʴʥʦʡ ʧʘʩʩʠʚʥʦʡ ʧʣʝʥʢʠ. 

ʊʦʣʴʢʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʨʘʟʚʝʨʪʢʠ 
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(vt > 0,1 ɺ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦ-

ʚʘʪʴʩʷ ʟʘʱʠʪʥʘʷ ʦʢʩʠʜʥʘʷ ʧʣʝʥʢʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʢʦʪʦʨʦʡ ʚʥʘʯʘʣʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʩʣʦʞʥʦʡ ʵʢʩ-
ʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʢʨʠʪʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ (vtʧʨ > 0,2 ɺ) 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. ʇʦʚʝʨʭʥʦʩʪʴ ʤʝʪʘʣʣʘ ʧʝʨʝʭʦʜʠʪ 
ʚ ʧʘʩʩʠʚʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʋʯʠʪʳʚʘʷ ʭʘʨʘʢʪʝʨ ʢʨʠ-

ʚʦʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 3, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ 

ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʢʩʠʜ-

ʥʦʡ ʧʣʝʥʢʠ SnO: 

ʧʨ

ʧʨ

vtvt
RT

nF

vtvt
RT

nF

ʧʨox

e

e
RR

1

 ,               (10) 

ʘ ʜʣʷ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʳʨʘʞʝʥʠʝ (11) 

ʧʨ

ʧʨ

vtvt
RT

nF

vtvt
RT

nF

ʧʨʦʦʙʱ

e

e
RRR

1

,     (11) 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2. 
ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ (11) ʚ (7), ʜʣʷ ʪʦʢʘ ʘʥʦʜʥʦ-

ʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʠʤʝʝʤ: 

ʧʨ

ʧʨ

vtvt
RT

nF

vtvt
RT

nF

ʧʨʦʦ

e

e
RRivt

RT

nF
ii

1

exp , (12) 

ʊʘʙʣʠʮʘ 2 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦ-

ʮʝʩʩʘ ʘʥʦʜʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʦʣʦʚʘ ʚ 0,1 ʄ NaOH  

(S = 0,00385 ʩʤ
2
; n = 2;  = 0.,58; i0 =1,2 10

-6
 A; R0

 
= 

=600 ʆʤ; Rʧʨ
 
= 910 ʆʤ) 

Table 2. Electrochemical parameters of the first step of 

the process of anodic dissolution of tin in 0.1 M NaOH 

(S = 0.00385 ʩm
2
; n = 2; ɓ = 0.58; i0 =1.2 10

-6
 A; R0= 600 

Ý; Rʧʨ= 910 Ý 

ʇʨʠʤʝʯʘʥʠʝ: * ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʫʨʘʚʥʝʥʠʶ (9); ** ʨʘʩʩʯʠʪʘʥʦ 
ʧʦ ʫʨʘʚʥʝʥʠʶ (10) 
Note: * calculated on equation (9); ** calculated on equation 

(10) 
 

ʊʘʢ ʢʘʢ ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʢʘ, ʪʦ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴ-
ʥʦʩʪʴ ʚʳʨʘʞʝʥʠʷ (12), ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʪʦʢʠ ʦʙ-
ʤʝʥʘ (i0) ʧʨʦʮʝʩʩʘ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʳʭ ʥʝ ʜʦʣʞʥʘ 
ʤʝʥʷʪʴʩʷ ʥʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʢʘ, ʥʠ ʦʪ ʥʘʧʨʷ-
ʞʝʥʠʷ ʨʘʟʚʝʨʪʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣ. 2. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (12) ʢʦʨ-
ʨʝʢʪʥʦ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʩʩ ʘʥʦʜʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ 
ʤʝʪʘʣʣʘ ʚ ʫʢʘʟʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʧʨʷʞʝʥʠʡ ʨʘʟ-
ʚʝʨʪʢʠ. ʈʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ ʪʦʢʘʤʠ ʦʙʤʝʥʘ ʧʨʠ 
ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʩʚʷʟʘʥʳ ʩ ʧʨʦʙʣʝ-
ʤʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʢʦʚ ʨʘʩ-
ʪʚʦʨʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʜʝʩʷʪʳʭ ʠ ʩʦʪʳʭ ʜʦʣʝʡ 
ʤʠʢʨʦʘʤʧʝʨʘ. 

 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʮʝʧʠ 
ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʨʘʟʚʝʨʪʢʠ (1 ï ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ Rʦʙ;ɦ  

2 ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ Rʦʭ) 
Fig. 3. The dependence of the resistance of the electrochemical 

circuit on the voltage sweep (1 - total resistance Rʦʙ;ɦ  
2 - resistance of the oxide film Rʦʭ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝ-
ʣʝʥʥʦʛʦ ʘʥʦʜʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʙʣʠʟʢʦʛʦ ʧʦ ʟʥʘʯʝ-
ʥʠʶ ʢ ʧʦʪʝʥʮʠʘʣʫ ʤʘʢʩʠʤʫʤʘ ʥʘ ʧʦʣʷʨʠʟʘʮʠʦʥ-
ʥʦʡ ʢʨʠʚʦʡ 1 (ʨʠʩ. 1), ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʦʙ-
ʨʘʟʫʝʪʩʷ ʧʘʩʩʠʚʥʘʷ ʧʣʝʥʢʘ ʦʢʩʠʜʘ (SnO ʚ ʩʣʫʯʘʝ 
ʨʘʩʪʚʦʨʝʥʠʷ Sn ʚ 0,1 ʄ NaOH), ʢʦʪʦʨʘʷ ʫʤʝʥʴʰʘ-
ʝʪ ʪʦʢ ʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʮʝʧʠ ʠ ʩʜʚʠʛʘʝʪ ʧʦ-

ʪʝʥʮʠʘʣ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ. ʇʨʠ 
ʜʘʣʴʥʝʡh ʝʡ ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ ʚʦʣʴʪ-
ʘʤʧʝʨʥʦʡ ʢʨʠʚʦʡ ʦʙʨʘʟʫʝʪʩʷ ʚʪʦʨʦʡ ʘʥʦʜ-
ʥʳʡ ʤʘʢʩʠʤʫʤ ʪʦʢʘ (ʨʠʩ. 1, ʢʨ. 1), ʢʦʪʦʨʳʡ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʦʢʩʠʜʘ SnO2, ʘ 
ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʳʧʘʚʰʘʷ ʧʣʝʥʢʘ SnO ʯʘʩ-
ʪʠʯʥʦ ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʯʘʩʪʠʮʳ SnO ʧʝʨʝʭʦ-
ʜʷʪ ʚʦ ʚʟʚʝʰʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʆʙ ʵʪʦʤ ʩʚʠ-
ʜʝʪʝʣʴʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʦʰʝʜʰʝʛʦ ʥʘ ʘʥʦʜʥʳʡ 
ʧʨʦʮʝʩʩ, ʠ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʦʰʝʜʰʝʛʦ 
ʥʘ ʢʘʪʦʜʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʬʘʟʦ-
ʚʦʛʦ ʩʣʦʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ SnO ʠ SnO2 (ʨʠʩ. 1, ʢʨ. 1). 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʦʜʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʦʣʦʚʘ ʚ ʨʘʩ-
ʪʚʦʨʝ 0,1 ʄ NaOH ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʳʭ-
ʣʦʛʦ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ, ʧʣʦʭʦ ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʦʚʝʨʭ-
ʥʦʩʪʴʶ ʤʝʪʘʣʣʘ. 

ʇʨʠ ʢʘʪʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ ʮʠʢʣʠʯʝ-
ʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʝ (ʨʠʩ. 1, ʢʨ. 1) ʧʨʦʷʚʣʷ-

ʅʘʧʨʷʞʝʥʠʝ 

ʨʘʟʚʝʨʪʢʠ vt, 
ɺ 

0,025 0,050 0,075 0,100 0,125 0,150 0,175 0,1875 

ʊʦʢ iĀ10
6
, A 3,4 9,0 20,5 38,5 61,0 82,0 95,0 97,0 

- ln i 12,592 11,618 10,795 10,165 9,705 9,409 9,262 9,241 

Rʦʙʱ
*
, ʆʤ

 
586 608 599 606 626 691 825 932 

Rʦx
**
, ʆʤ

 
0,33 1,03 3,18 9,79 29,64 85,95 222,03 330,00 

ʊʦʢ ʦʙʤʝʥʘ 

i0Ā10
6
, A 

1,20 1,20 1,20 1,21 1,22 1,18 1,19 1,19 
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ʶʪʩʷ ʢʘʪʦʜʥʳʝ ʤʘʢʩʠʤʫʤʳ ʨʘʩʪʚʦʨʝʥʠʷ ʦʢʩʠʜʥʳʭ 
ʩʣʦʝʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʚ 
ʧʨʦʮʝʩʩʝ ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ 
ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʘʪʦʜʥʦʛʦ ʪʦʢʘ ʨʘʩʪʚʦʨʝʥʠʷ ʤʦʞʥʦ 
ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: 

oxʦʦ iRiRvt
RT

nF
ii exp , (13) 

ʛʜʝ Ŭ ïʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʥʦʩʘ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
ʇʨʠ ʤʘʣʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʨʘʟʚʝʨʪʢʠ, ʪʦ ʝʩʪʴ ʚʙʣʠʟʠ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʝʘʢʮʠʠ, ʦʤʠʯʝʩʢʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ (iRo) ʠ (iRox) ʚ ʫʨʘʚʥʝʥʠʠ (13) ʤʦʞʥʦ 
ʧʨʝʥʝʙʨʝʯʴ. ʊʦʛʜʘ 

vt
RT

nF
ii ʦexp .  (14) 

ʇʦʩʪʨʦʠʚ ʛʨʘʬʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 
ɜt=f(lni), ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʢ ʦʙʤʝʥʘ ʨʝʘʢʮʠʠ io ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʥʦʩʘ Ŭ (ʨʠʩ. 4, ʪʘʙʣ. 1). ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝ-
ʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (io, Ŭ) ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝ-

ʥʠʷ SnO ʠ SnO2 ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʙʨʘ-

ʟʠʚʥʫʶ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʶ (ɸɺɸ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʣʦʢʘʣʴʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʝʡ (ʃɺɸ) [5, 6], ʪʘʢ 
ʢʘʢ ʢʘʪʦʜʥʳʝ ʤʘʢʩʠʤʫʤʳ SnO ʠ SnO2 ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳ ʧʦ ʚʝʣʠʯʠʥʝ (ʨʠʩ. 1, ʢʨ. 1) ʠ ʚʳʙʦʨʢʘ ʙʫʜʝʪ 

ʥʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ; ʢʘʪʦʜʥʳʡ ʤʘʢʩʠʤʫʤ PbO 
ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ ʦʥ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

PbO2 ʚ ʧʝʨʚʦʡ (ʘʥʦʜʥʦʡ) ʩʪʘʜʠʠ ʮʠʢʣʠʯʝʩʢʦʡ 

ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʢʨʠʚʦʡ (ʨʠʩ. 1, ʢʨ. 2). ʈʝʟʫʣʴʪʘʪʳ 
ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 

 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ɜt=f(ln i) ʜʣʷ ʧʨʦʮʝʩʩʘ ʢʘʪʦʜʥʦʛʦ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ PbO2 ʚ 0,1 ʄ NaOH 
Fig. 4. The dependence ɜt=f(ln i)  for  the cathodic reduction 

process of PbO2 in 0.1 M NaOH 
 

ɸʥʦʜʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʩʚʠʥʮʘ ʚ 0,1 ʄ 

NaOH ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʝ ʩʪʘʜʠʠ (ʨʠʩ.1, ʢʨ.2). ʆʪʣʠ-
ʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʚ ʧʝʨ-

ʚʦʡ ʩʪʘʜʠʠ ʦʢʩʠʜ ʩʚʠʥʮʘ PbO, ʚʦ ʚʪʦʨʦʡ ʩʪʘʜʠʠ 

ʧʝʨʝʭʦʜʠʪ ʚ ʜʠʦʢʩʠʜ ʩʚʠʥʮʘ PbO2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʦʙʨʘʟʫʝʪʩʷ ʦʜʥʦʨʦʜʥʳʡ ʩʣʦʡ 

PbO2, ʭʦʨʦʰʦ ʩʮʝʧʣʝʥʥʳʡ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺ ʢʘ-

ʪʦʜʥʦʡ ʯʘʩʪʠ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʥʦʡ ʢʨʠʚʦʡ 
(ʨʠʩ. 1, ʢʨ. 2) ʵʪʦʪ ʩʣʦʡ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʷʝʪʩʷ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʘʪʦʜʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ʪʦ-

ʢʘ. ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʷ (8) ʠ (14), ʤʦʞʥʦ ʨʘʩʩʯʠ-
ʪʘʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʦʜʥʦʛʦ 

ʠ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʦʚ (ʪʘʙʣ. 1). 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʨʦʮʝʩʩ ʢʘ-

ʪʦʜʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ PbO2 ʚ ʨʘʩʪʚʦʨʝ 0,1 ʄ 
NaOH. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 3. ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

ʮʝʧʠ Rʦʙ,ɦ ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʫʨʘʚʥʝʥʠʶ (13), ʤʝʥʷ-
ʝʪʩʷ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʨʘʟʚʝʨʪʢʠ (ɜt) ʧʦ ʩʣʦʞʥʦʡ ʟʘ-

ʚʠʩʠʤʦʩʪʠ, ʭʘʨʘʢʪʝʨ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦ-

ʮʝʩʩʦʤ ʨʘʩʪʚʦʨʝʥʠʷ ʦʢʩʠʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢ-

ʪʨʦʜʘ ʚ ʢʘʪʦʜʥʦʡ ʯʘʩʪʠ ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨ-
ʥʦʡ ʢʨʠʚʦʡ (ʨʠʩ. 5). 

 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝ-

ʩʢʦʡ ʮʝʧʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʨʘʟʚʝʨʪʢʠ 
Fig. 5. The dependence of the total resistance of the electrochemi-

cal circuit on the voltage sweep 

 

ʇʦ ʤʝʨʝ ʧʨʦʪʝʢʘʥʠʷ ʢʘʪʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʧʨʠʙʣʠʞʘʝʪ-

ʩʷ ʢ Roï ʦʤʠʯʝʩʢʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʨʘʩʪʚʦʨʘ 
ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʧʨʠʞʠʤʥʦʡ ʷʯʝʡʢʝ. ʉʦʛʣʘʩʥʦ ʟʘʢʦ-

ʥʫ ʌʘʨʘʜʝʷ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ Rox 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʫʨʘʚʥʝ-
ʥʠʶ [2]: 

2SnF

MQ

s

h
R i

oxoxox  ,       (15) 

ʛʜʝ ɟox ï ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʣʦʷ ʦʢʩʠʜʘ, 

ʆʤĀʩʤ; h ï ʪʦʣʱʠʥʘ ʩʣʦʷ ʦʢʩʠʜʘ, ʩʤ; S ï ʧʣʦʱʘʜʴ 

ʢʦʥʪʘʢʪʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʧʨʠʞʠʤʥʦʡ ʷʯʝʡʢʠ, ʩʤ
2
; ʄ 

ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʦʢʩʠʜʘ, ʛ/ʤʦʣʴ; n ï ʯʠʩʣʦ ʵʣʝʢ-

ʪʨʦʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʢʘʪʦʜʥʦʤ ʧʨʦʮʝʩʩʝ; F ï 

ʯʠʩʣʦ ʌʘʨʘʜʝʷ; ɔ ï ʧʣʦʪʥʦʩʪʴ ʦʢʩʠʜʘ ʛ/ʩʤ
3
; Qi ï 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʦʰʝʜʰʝʛʦ ʥʘ ʨʘʩʪʚʦ-

ʨʝʥʠʝ ʩʣʦʷ ʦʢʩʠʜʘ, ʂʣ.  
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ʊʘʙʣʠʮʘ 3 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ PbO2 ʚ 0,1 ʄ NaOH (S = 0,00385 ʩʤ
2
; n = 4; 

Ŭ= 0,32; io= 2,010
-6
 ɸ; R0= 600 ʆʤ; ɔPbO2= 9,38 ʛ/ʩʤ

3
; 

M PbO2= 239,2 ʛ/ʤʦʣʴ; Qm= 62510
-6
 ʂʣ) 

Table 3. Electrochemical parameters of the reduction 

process of PbO2 in 0.1 M NaOH (S = 0.00385 ʩm
2
; n = 4; 

Ŭ = 0.32; io = 2.010
-6
 ɸ; R0= 600 Ý; ɔPbO2= 9.38g/ʩm

3
; 

M PbO2= 239.2 g/mol; Qm = 62510
-6
 C) 

ʅ
ʘ
ʧ
ʨ
ʷ
ʞ
ʝ
ʥ
ʠ
ʝ
 

ʨ
ʘ
ʟ
ʚ
ʝ
ʨ
ʪ
ʢ
ʠ
 

v
t,
 

ɺ
 

0,025 0,050 0,075 0,100 0,125 0,150 0,175 

ʊʦʢ 

iĀ10
6
, A 

5,3 12,7 25,0 45,0 70,0 100,0 120,0 

- ln i 12,148 11,274 10,597 10,009 9,567 9,210 9,028 

Rʦʙ,ɦ 

ʆʤ 
1042 1027 980 839 770 718 682 

Rʦx, ʆʤ 442 427 380 239 170 118 82 

QiĀ106, 
ʂʣ 

3,125 18,750 56,250 112,500 203,125 337,500 - 

ɟoxĀ10
-5
, 

ʆʤĀʩʤ 
1,61 1,60 1,52 1,06 0,92 0,93 - 

 

ʊʦʛʜʘ ʫʤʝʥʴʰʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʢʩʠʜ-

ʥʦʛʦ ʩʣʦʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʪʚʦʨʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘ-
ʚʠʪʴ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

im
ox

ox QQ
SnF

M
R

2
,                (16) 

ʛʜʝ Qm ï ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʦʰʝʜʰʝʝ ʥʘ 

ʨʘʩʪʚʦʨʝʥʠʝ ʚʩʝʛʦ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ, ʦʙʨʘʟʦʚʘʚʰʝ-
ʛʦʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʚ ʘʥʦʜʥʦʡ ʯʘʩʪʠ 

ʮʠʢʣʠʯʝʩʢʦʡ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ (ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʢʩʠʤʫʤʫ ʥʘ ʢʘʪʦʜʥʦʤ ʫʯʘʩʪʢʝ ʚʦʣʴʪʘʤʧʝʨʥʦʡ 

ʢʨʠʚʦʡ ï ʪʘʙʣ. 3). ʉ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (13) ʜʣʷ 
ʢʘʪʦʜʥʦʛʦ ʪʦʢʘ ʠʤʝʝʤ: 

im
ox

ʦʦ QQ
SnF

M
Rivt

RT

nF
ii

2
exp ,   (17) 

ʂʦʨʨʝʢʪʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 
ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʩʯʝʪʦʤ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ, ʧʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʤʫ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ɟox ʫʨʘʚʥʝʥʠʶ (17) (ʪʘʙʣ. 3): 

im

ʦʦ

ox
QQ

SnF

iM

ii
nF

RT
iRvt

2

lnln

 , (18) 

ʇʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʨʘʟʚʝʨʪʢʠ 

(ɜt) ʠ ʢʘʪʦʜʥʳʭ ʪʦʢʘʭ, ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ɟox ʥʘ-
ʭʦʜʷʪʩʷ ʚ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʩʦʛʣʘʩʠʠ. 

ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʩʧʣʘ-

ʚʦʚ ʦʣʦʚʦ ï ʩʚʠʥʝʮ ʚ 0,1 ʄ NaOH (ʨʠʩ. 1 , ʢʨ. 3). ʅʘ 
ʮʠʢʣʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʢʨʠʚʦʡ ʧʨʦʷʚʣʷ-

ʶʪʩʷ ʘʥʦʜʥʳʝ ʠ ʢʘʪʦʜʥʳʝ ʤʘʢʩʠʤʫʤʳ, ʢʦʪʦʨʳʝ 

ʠʤʝʣʠ ʤʝʩʪʦ ʥʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʯʠʩʪʳʭ 

ʤʝʪʘʣʣʦʚ. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʣʠʰʴ ʚ ʪʦʤ, ʯʪʦ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʩʪʘʙʠʣʴʥʘʷ 
ʠ ʨʳʭʣʘʷ ʧʣʝʥʢʘ ʦʢʩʠʜʘ SnO (ʨʠʩ. 1, ʢʨ. 3). 

ɺʓɺʆɼʓ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦ-

ʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʤʝʪʦʜ 
ʮʠʢʣʠʯʝʩʢʦʡ ʣʦʢʘʣʴʥʦʡ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʠ, ʤʦ-

ʞʝʪ ʙʳʪʴ ʩ ʫʩʧʝʭʦʤ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʧʨʠ ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘ-

ʮʠʠ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ, ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ, ʫʨʘʚʥʝ-

ʥʠʷ ʜʣʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʨʠʚʳʭ ʧʨʦʮʝʩʩʘ ʨʘʩ-

ʪʚʦʨʝʥʠʷ ʤʝʪʘʣʣʘ, ʚʢʣʶʯʘʶʱʠʝ ʦʤʠʯʝʩʢʦʝ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ ʵʣʝʢʪʨʦʣʠʪʘ (Ro) ʠ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʝ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ (Rox). ɼʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʦ-

ʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʚ ʤʝʪʦʜʝ ɺɼʕ, ʠʙʦ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʩʭʝʤʳ ʠʟʤʝʨʝʥʠʡ 

ʫʩʪʨʘʥʷʝʪ ʧʦʛʨʝʰʥʦʩʪʴ ʦʪ ʦʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ, ʥʦ ʥʠʢʘʢ ï ʦʪ ʦʤʠʯʝʩʢʦʛʦ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝ-

ʥʠʷ ʚ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʣʦʞʝʥ-
ʥʳʝ ʫʨʘʚʥʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʪʘʢʦʡ ʚʘʞ-

ʥʳʡ ʧʘʨʘʤʝʪʨ ʚ ʪʝʭʥʦʣʦʛʠʠ ʥʘʥʦʧʣʝʥʦʢ, ʢʘʢ ʠʭ 

ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ 

(13-03-97004). ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʎʂʇ çʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚè ʉʘʤɻʊʋ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ. 
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ʄʝʪʦʜʦʤ ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ L-ʬʝʥʠʣʘʣʘʥʠʥʘ ʠ L-ʪʨʠʧ-

ʪʦʬʘʥʘ ʩ ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʫʨʘʮʠʣʦʤ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʨʅ 7.3. ʆʧʨʝʜʝʣʝʥ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʠ ʨʘʩʩʯʠʪʘʥʳ ʠʭ ʢʦʥʩʪʘʥʪʳ ʩʚʷ-

ʟʳʚʘʥʠʷ. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʢʠ-

ʩʣʦʪʥʳʤ ʠ ʦʩʥʦʚʥʳʤ ʣʠʛʘʥʜʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: L-ʬʝʥʠʣʘʣʘʥʠʥ, L-ʪʨʠʧʪʦʬʘʥ, ʥʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʫʨʘʮʠʣ, ʢʦʥʩʪʘʥʪʳ ʦʙʨʘ-

ʟʦʚʘʥʠʷ, ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, ʨʅ 7.3 

ɸʨʦʤʘʪʠʯʝʩʢʠʝ ʠ ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦ-

ʝʜʠʥʝʥʠʷ, ʚʢʣʶʯʘʷ ʘʤʠʥʦʢʠʩʣʦʪʳ, ʚʠʪʘʤʠʥʳ, ʧʠ-
ʨʠʤʠʜʠʥʦʚʳʝ ʦʩʥʦʚʘʥʠʷ, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ 

ʤʥʦʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʞʠʚʳʭ ʢʣʝʪʢʘʭ, ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ 
ʥʫʢʣʝʦʪʠʜʦʚ ʠ ʨʠʙʦʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʤʥʦʞʝ-

ʩʪʚʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʛʦʜʳ ʚʦʟʨʦʩʣʦ ʯʠʩʣʦ ʧʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʧʠ-
ʨʠʤʠʜʠʥʦʚʳʭ ʦʩʥʦʚʘʥʠʡ, ʚʟʘʠʤʦʩʚʷʟʠ ʩʪʨʫʢʪʫʨʳ 

ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʭ ʤʦʣʝʢʫʣ, ʘ 

ʪʘʢʞʝ ʠʟʫʯʝʥʠʶ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ 
ʞʠʜʢʠʭ ʩʨʝʜʘʭ [1-3]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ ʩʚʝʜʝʥʠʡ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʣʝʢʫʣ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ, 
ʤʦʜʝʣʠʨʫʶʱʠʭ ʠʭ ʦʢʨʫʞʝʥʠʝ ʚ ʞʠʚʦʤ ʦʨʛʘʥʠʟʤʝ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ  

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ (L-ʬʝʥʠʣʘʣʘʥʠʥʘ,  
L-ʪʨʠʧʪʦʬʘʥʘ) ʩ ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (ʢʠʩʣʦʪ-

ʥʳʡ ʣʠʛʘʥʜ) ʠ ʫʨʘʮʠʣʦʤ (ʦʩʥʦʚʥʦʡ ʣʠʛʘʥʜ) ʚ ʚʦʜ-

ʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʨʅ 
7.3. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʫʛʣʫʙʣʝʥʠʶ ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʵʪʠʭ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʡ ʚ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ 
ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʨʦʮʝʩʩʘ ʢʦʥʲʶʛʘʮʠʠ ʙʝʣʢʘ ʩ ʣʝ-

ʢʘʨʩʪʚʝʥʥʳʤʠ ʧʨʝʧʘʨʘʪʘʤʠ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʦʙʨʘ-

ʟʦʚʘʥʠʶ ʙʦʣʝʝ ʛʠʜʨʦʬʠʣʴʥʳʭ ʠ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʭ 
ʤʝʪʘʙʦʣʠʪʦʚ [4,5]. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʢʪʠʚʳ: L-ʬʝʥʠʣ-

ʘʣʘʥʠʥ (Phe), L-ʪʨʠʧʪʦʬʘʥ (Trp), ʥʠʢʦʪʠʥʦʚʘʷ ʢʠ-
ʩʣʦʪʘ (NA), ʫʨʘʮʠʣ (Ur) ʬʠʨʤʳ Sigma-Aldrich. 

ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʣʦ 98-

99%. ɸʤʠʥʦʢʠʩʣʦʪʳ ʚʳʩʫʰʠʚʘʣʠ ʚ ʚʘʢʫʫʤʥʦʤ 
ʰʢʘʬʫ ʧʨʠ 343 ʂ, NA ʧʨʠ 353.15 ʂ ʠ Ur ʧʨʠ 

410.15 ʂ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. ɺʦʜʘ, ʠʩʧʦʣʴʟʫʝ-

ʤʘʷ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ, ʧʦʜʚʝʨʛʘʣʘʩʴ 

ʜʚʦʡʥʦʡ ʜʠʩʪʠʣʣʷʮʠʠ. ɺʩʝ ʨʘʩʪʚʦʨʳ ʧʨʠʛʦʪʦʚʣʝ-
ʥʳ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʨʅ 7.3, ʢʦʪʦʨʳʝ ʙʣʠʟʢʠ ʢ 

ʫʩʣʦʚʠʷʤ ʨʝʘʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʂʠ-
ʩʣʦʪʥʦʩʪʴ ʩʨʝʜʳ  ʩʦʟʜʘʚʘʣʠ, ʜʦʙʘʚʣʷʷ 0.1ʄ ʨʘʩ-

ʪʚʦʨ Nʘʆʅ (Iå0, ʛʜʝ I ï ʠʦʥʥʘʷ ʩʠʣʘ ʨʘʩʪʚʦʨʘ). 

ʋʌ-ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ 
ʨʘʩʪʚʦʨʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝ-

ʨʘʪʫʨʝ (296 ʂ) ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Specord M-40 

ʚ ʢʚʘʨʮʝʚʳʭ ʢʶʚʝʪʘʭ ʩ ʜʣʠʥʦʡ ʦʧʪʠʯʝʩʢʦʛʦ ʧʫʪʠ 

0.1ʩʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʳ. ʇʨʠʙʦʨ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳ-
ʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʜʘʞʝ ʚ ʦʙ-

ʣʘʩʪʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ. 
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ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʣʠʛʘʥʜʘʤʠ 

ʧʨʠ ʨʅ 7.3 ʠʟʫʯʘʣʠ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝ-

ʪʦʜʦʤ ʥʘ ʤʘʢʩʠʤʫʤʝ ʜʣʠʥʳ ʧʦʛʣʦʱʝʥʠʷ ʣʠʛʘʥʜʦʚ 
ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ Phe ʠ Trp (ʩ=2,5Ā10

-4
 

ʤʦʣʴ/ʣ) ʠ ʚʘʨʴʠʨʫʝʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʛʘʥʜʘ: ʜʣʷ 

ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ=2,5Ā10
-4
 - 2,0Ā10

-2
 ʤʦʣʴ/ʣ ʚ 

ʩʠʩʪʝʤʝ Phe-NA ʠ ʩ=2.5Ā10
-4 

- 1,6Ā10
-2 
ʤʦʣʴ/ʣ ï Trp-

NA, ʜʣʷ ʫʨʘʮʠʣʘ ï ʩ=2,5Ā10
-4
 - 1,0Ā10

-2
 ʤʦʣʴ/ʣ. 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ  

ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʚʳ-
ʧʦʣʥʝʥʳ ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 200 ʜʦ 400 ʥʤ 

ʧʨʠ 296.15 ʂ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ 

L-ʬʝʥʠʣʘʣʘʥʠʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʠʢʦʪʠʥʦʚʦʡ ʢʠ-

ʩʣʦʪʳ ʠ ʫʨʘʮʠʣʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.1. ʇʦʜʦʙʥʳʝ 
ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʫʯʝʥʳ ʠ ʜʣʷ L-ʪʨʠʧʪʦʬʘʥʘ. ʇʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʨʅ 7.3 ʘʤʠʥʦʢʠʩʣʦʪʳ Phe ʠ 

Trp ʠʤʝʶʪ ʋʌ ʧʦʣʦʩʳ ʩ ɚmax ʧʨʠ 258 ʥʤ ʠ 278 ʥʤ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʜʣʷ NA ʠ Ur ʤʘʢʩʠʤʫʤ ʧʦʛʣʦ-

ʱʝʥʠʷ ʧʨʠʭʦʜʠʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 261 ʥʤ ʠ 

258 ʥʤ. ɼʦʙʘʚʣʝʥʠʝ ʠʟʙʳʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚ NA ʠ 

Ur ʢ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʘʤ Phe ʠ Trp ʥʝ ʧʨʠʚʦʜʠʪ ʢ 
ʷʚʥʦʤʫ ʩʤʝʱʝʥʠʶ ʤʘʢʩʠʤʫʤʦʚ ʧʦʛʣʦʱʝʥʠʷ, ʥʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪ-
ʥʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʠʩʩʣʝʜʫʝʤʳʤʠ ʣʠʛʘʥ-
ʜʘʤʠ (NA, Ur).  

ʇʦ ʭʘʨʘʢʪʝʨʫ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʦʧ-

ʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʦʪʠʥʦ-

ʚʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʫʨʘʮʠʣʘ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʢʦʥʮʝʥ-
ʪʨʘʮʠʷʭ ʘʤʠʥʦʢʠʩʣʦʪ (Phe, Trp) ʤʦʞʥʦ ʩʫʜʠʪʴ ʥʝ 

ʪʦʣʴʢʦ ʦ ʥʘʣʠʯʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʳʭ ʩʠʩʪʝʤʘʭ, ʥʦ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠ-
ʚʳʭ ʥʘʩʳʱʝʥʠʷ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ (ʨʠʩ. 2.) [6]. ɼʣʷ ʵʪʦʛʦ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʢʦʥʘ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ 

ʦʧʨʝʜʝʣʝʥʳ ʤʦʣʷʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʵʢʩʪʠʥʮʠʠ 
L-ʬʝʥʠʣʘʣʘʥʠʥʘ (Ů

261,258
=280), L-ʪʨʠʧʪʦʬʘʥʘ (Ů

261
= 

=5160), (Ů
258
=4000), ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (Ů

261
=3880) 

ʠ ʫʨʘʮʠʣʘ (Ů
258
=9400). ɺʳʯʠʩʣʝʥʘ ʦʧʪʠʯʝʩʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤ-

ʧʣʝʢʩʘ ʚ ʢʘʞʜʦʤ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʫʯʠʪʳʚʘʷ ʧʦʛʣʦʱʝ-

ʥʠʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ȹɸ=ɸɻ ʢʩʧ-(ɸNA(Ur)+ 

+APhe(Trp)), ʛʜʝ ɸʵʢʩʧ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 
ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʤʝʩʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚ 

ʤʘʢʩʠʤʫʤʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ; ɸNA(Ur) 
ï ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ NA (ɚ=261 ʥʤ) 

ʠʣʠ Ur (ɚ=258 ʥʤ); APhe(Trp) ï ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʘʤʠʥʦʢʠʩʣʦʪ (Phe ʠʣʠ Trp) ʧʨʠ ɚ=261 

ʥʤ ʠʣʠ ɚ=258 ʥʤ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 
(ȹɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ 

ɸFTMT [7] ʨʘʩʩʯʠʪʘʥʳ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʦʚ ʠ ʠʭ ʩʪʝʭʠʦʤʝʪʨʠʷ 

(ʪʘʙʣʠʮʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʩ 

ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʭʝʤ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʧʦʢʘʟʘʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ 1 ʢ 2 ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʢʠʩʣʦʪʫ 

(Phe, Trp) ʠ ʣʠʛʘʥʜ (NA, Ur). 
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ʈʠʩ. 1. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ L-ʬʝʥʠʣʘʣʘʥʠʥʘ 
(ʩ=2.5Ā10-4ʤʦʣʴ/ʣ) -1; ʯʠʩʪʳʭ ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʘ) ʠ ʫʨʘ-
ʮʠʣʘ (ʙ) (ʩ=2.5Ā10-4ʤʦʣʴ/ʣ) - 2 ʠ ʠʭ ʩʤʝʩʝʡ (ʩ=1.0Ā10-3 ʤʦʣʴ/ʣ) - 

3 ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʨʅ 7.35, ʊ=296.15 ʂ 
Fig. 1. Electronic absorption spectra of L-phenylalanine 
(c=2.5Ā10-4 mol/L) ï 1, pure nicotinic acid (a) and uracil (ʙ) 
(c=2.5Ā10-4 mol/L) ï 2, and their mixtures (c=1.0Ā10-3 mol/L) ï 3 

in aqueous solutions at pH of 7.3, T=296.15 K 

 

ɸʤʠʥʦʢʠʩʣʦʪʳ ʠ ʣʠʛʘʥʜʳ ʚ ʚʦʜʥʳʭ ʨʘʩ-
ʪʚʦʨʘʭ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʭ 

ʨʘʚʥʦʚʝʩʠʷʭ. ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʠʟ ʬʦʨʤ 

ʨʝʘʛʝʥʪʦʚ ʚʩʪʫʧʘʶʪ ʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ, 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʨʘʚʥʦʚʝʩʥʦ-

ʛʦ ʩʦʩʪʘʚʘ ʢʘʞʜʦʡ ʩʠʩʪʝʤʳ (Phe-ʚʦʜʘ ʠ NA-ʚʦʜʘ, 

Trp-ʚʦʜʘ, Ur-ʚʦʜʘ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʩʨʝʜʳ, 

ʚʳʧʦʣʥʝʥʥʳʡ ʧʦ ʧʨʦʛʨʘʤʤʝ òRRSUò, ʚ ʦʩʥʦʚʫ 
ʢʦʪʦʨʦʛʦ ʟʘʣʦʞʝʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ 

ɹʨʠʥʢʣʠ [8,9]. ʇʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ ʜʦʣʝʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤ L-ʬʝʥʠʣʘʣʘʥʠʥʘ, L-ʪʨʠʧʪʦ-
ʬʘʥʘ, ʫʨʘʮʠʣʘ ʠ ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʚʦʜʥʳʭ  
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʦʚ  
L-ʬʝʥʠʣʘʣʘʥʠʥʘ (ʩ=2.5Ā10-4ʤʦʣʴ/ʣ) (ʘ) ʠ L-ʪʨʠʧʪʦʬʘʥʘ 

(ʩ=2.5Ā10-4ʤʦʣʴ/ʣ) (ʙ) ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 
- 1 (ʧʨʠ ɚ=261 ʥʤ) ʠ ʫʨʘʮʠʣʘ ï 2 (ʧʨʠ ɚ=258 ʥʤ), ʨʅ 7.3 

Fig. 2. Dependences of optical density of L-phenylalanine solu-
tions (c=2.5Ā10-4 mol/L) (a) and L-tryptophan (c=2.5Ā10-4 mol/L) 
(ʙ) on the concentration of nicotinic acid ï1 (at ɚ=261 ʥʤ) and 

uracil ï 2 (at ɚ=258 ʥʤ), ʨʅ is 7.3 
 

ʊʘʙʣʠʮʘ 

ʉʪʝʭʠʦʤʝʪʨʠʷ ʠ ʢʦʥʩʪʘʥʪʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ 

ʚ ʩʠʩʪʝʤʘʭ: Phe - NA, Trp - NA, Phe - Ura, Trp - Ura 

ʧʨʠ 296 ʂ ʠ ʨʅ 7.3 

Table. Stoichiometry and complexe formation constants 

for the systems: Phe - NA, Trp - NA, Phe - Ura, Trp - 

Ura at 296 K and ʨʅ 7.3 

ʂʦʤʧʣʝʢʩ ʉʪʝʭʠʦʤʝʪʨʠʷ  

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

lg Kʩ 

Phe - NA 1 : 2 2.95Ñ0.05 

Trp - NA 1 : 2 3.11Ñ0.06 

Phe - Ura 1 : 2 3.55Ñ0.05 

Trp - Ura 1 : 2 3.91Ñ0.02 

 
ʨʘʩʪʚʦʨʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʩʨʝʜʳ (Iå0). ʋʩʪʘ-

ʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʨʅ 7.3 

L-ʬʝʥʠʣʘʣʘʥʠʥ ʠ L-ʪʨʠʧʪʦʬʘʥ ʩʫʱʝʩʪʚʫʶʪ ʚ 
ʬʦʨʤʝ ʮʚʠʪʪʝʨ-ʠʦʥʘ, ʥʠʢʦʪʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ï ʚ 

ʬʦʨʤʝ ʘʥʠʦʥʘ, ʘ ʫʨʘʮʠʣ ï ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʬʦʨʤʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʨʘʮʠʣ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʤʦʞʝʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʚʫʭ ʪʘʫʪʦʤʝʨʥʳʭ ʬʦʨʤʘʭ ï ʢʝʪʦʥ-

ʥʦʡ ʠ ʝʥʦʣʴʥʦʡ [10]. ɺ ʨʘʙʦʪʘʭ [10,11,12] ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʠʩʣʳʭ ʠ ʥʝʡʪʨʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ 

(ʨʅ  7.3) Ur ʧʨʝʜʩʪʘʚʣʝʥ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʢʝ-

ʪʦ-ʬʦʨʤʦʡ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʚ 
ʵʪʦʡ ʬʦʨʤʝ Ur ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ ʢʦʤʧʣʝʢʩʦ-

ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ (ʪʘʙ-
ʣʠʮʘ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʤʠʥʦʢʠʩʣʦʪ 

(Phe, Trp) ʩ ʣʠʛʘʥʜʘʤʠ (NA, Ur), ʧʨʝʞʜʝ ʚʩʝʛʦ, 
ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʦʝʥʠʷ ʧʦʩʣʝʜʥʠʭ, ʧʨʠ ʵʪʦʤ ʦʙʨʘ-

ʟʫʝʤʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʢʦʥʩʪʘʥ-

ʪʳ ʩʨʝʜʥʝʡ ʩʠʣʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ 

ʋʌ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʩʠʩʪʝʤʳ Phe 
- NA, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳ-

ʤʠ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʳʡ 

ʢʦʤʧʣʝʢʩ 1:2 ʬʝʥʠʣʘʣʘʥʠʥʘ ʩ ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦ-
ʪʦʡ ʚ ʫʩʣʦʚʠʷʭ ʨʅ 7.35 ʠʤʝʝʪ ʢʦʥʩʪʘʥʪʫ cʨʝʜʥʝʡ 

ʩʠʣʳ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ ʵʥʪʨʦʧʠʡʥʳʤ ʬʘʢʪʦʨʦʤ 

[13]. 
ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢ-

ʩʦʚ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ ʩ NA ʜʦʚʦʣʴʥʦ 

ʙʣʠʟʢʠ (ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ). ɺʟʘʠʤʦʜʝʡʩʪ-

ʚʠʝ Phe ʠʣʠ Trp ʩ Ur ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦ-
ʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʯʝʤ ʩ NA. ʆʙʨʘʟʦʚʘ-

ʥʠʝ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʢʦʤʧʣʝʢʩʦʚ Ur ʩ Trp ʤʦʞʝʪ 

ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʦʜʦʥʦʨ-
ʥʦʡ ʠʥʜʦʣʴʥʦʡ ʩʠʩʪʝʤʳ ʘʤʠʥʦʢʠʩʣʦʪʳ ʩ ʧʠʨʠʤʠ-

ʜʠʥʦʚʳʤ ʢʦʣʴʮʦʤ ʥʫʢʣʝʠʥʦʚʦʛʦ ʦʩʥʦʚʘʥʠʷ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ˊ- -́ʧʝʨʝʢʨʳʚʘʥʠʷ ʩ ʯʘʩʪʠʯʥʳʤ ʧʝʨʝʥʦ-

ʩʦʤ ʟʘʨʷʜʘ [14-16].  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʘʤʠʥʦʢʠʩʣʦʪʳ Phe ʠ Trp 

ʦʙʨʘʟʫʶʪ ʩ ʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʫʨʘʮʠʣʦʤ 
ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 1:2, ʠʤʝʶʱʠʝ 

ʢʦʥʩʪʘʥʪʳ ʩʚʷʟʳʚʘʥʠʷ ʩʨʝʜʥʝʡ ʩʠʣʳ. ɺʳʷʚʣʝʥʦ, 

ʯʪʦ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ L-ʬʝʥʠʣʘʣʘʥʠʥʘ ʠ L-ʪʨʠʧʪʦʬʘʥʘ 

ʩ ʫʨʘʮʠʣʦʤ (ʦʩʥʦʚʥʳʤ ʣʠʛʘʥʜʦʤ), ʯʝʤ ʩ ʥʠʢʦʪʠ-

ʥʦʚʦʡ ʢʠʩʣʦʪʦʡ (ʢʠʩʣʦʪʥʳʤ ʣʠʛʘʥʜʦʤ).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜ-
ʜʝʨʞʢʝ ʈʌʌʀ (ɻʨʘʥʪ ˉ11-03-00013ʘ). 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʂʦʯʝʨʛʠʥʘ ʃ.ɸ., ʂʨʫʪʦʚʘ ʆ.ʅ., ɽʤʝʣʴʷʥʦʚ ɸ.ɺ. // ʀʟʚ. 
ʚʫʟʦʚ. ʍʠʤʠʷ ʠ ʭʠʤ. ʪʝʭʥʦʣʦʛʠʷ. 2011. ʊ. 54. ɺʳʧ. 2.  
ʉ. 95-100; 
Kochergina L.A., Krutova O.N., Emelianov A.V. // Izv. 
Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2011. V. 54. 
N 2. P. 95-100. (in Russian). 

2. ɹʦʨʠʩʦʚʘ ʅ.ʉ., ʂʦʨʦʣʝʚʘ ʀ.ʇ., ɿʠʤʠʥ ʖ.ʉ., ɻʠʤʘ-
ʜʠʝʚʘ ɸ.ʈ., ʄʫʩʪʘʬʠʥ ɸ.ɻ. // ʀʟʚ. ʫʟʦʚ. ʍʠʤʠʷ ʠ ʭʠʤ. 
ʪʝʭʥʦʣʦʛʠʷ. 2013. ʊ. 56. ɺʳʧ. 1. ʉ. 3-12; 

Borisova N.S., Koroloyva I.P., Zimin Yu.S., Gimadieva 
A.R., Mustafin A.G. // Izv. Vyssh. Uchebn. Zaved. Khim. 
Khim. Tekhnol. 2013. V. 56. N 1. P. 3-12. (in Russian). 



ʍʀʄʀʗ ʀ ʍʀʄʀʏɽʉʂɸʗ ʊɽʍʅʆʃʆɻʀʗ  2014  ʪʦʤ  57  ʚʳʧ.  3 37 

 

 

 

3. ɼʫʰʠʥʘ ʉ.ɺ., ʐʘʨʥʠʥ ɺ.ɸ. // ʀʟʚ. ʚʫʟʦʚ. ʍʠʤʠʷ ʠ ʭʠʤ. 
ʪʝʭʥʦʣʦʛʠʷ. 2013. ʊ. 56. ɺʳʧ. 3. ʉ. 46-50; 
Dushina S.V., Sharnin V.A. // Izv. Vyssh. Uchebn. Zaved. 

Khim. Khim. Tekhnol. 2013. V. 56. N 3. P. 46-50. (in 
Russian). 

4. Freitas V.L.S., Acree W.E., Jr., Ribeiro da Silva M.D.M.C. // 
J. Chem. Eng. Data. 2008. V. 53. P. 1820-1826. 

5. Huang Z., Lin Z., Song Ce. // J. Phys. Chem. A. 2007. V. 111. 
P. 4340-4345. 

6. ʉʘʡʜʦʚ ɻ.ɺ., ʉʚʝʨʜʣʦʚʘ ʆ.ɺ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦ-
ʜʩʪʚʦ ʧʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. / ʇʦʜ ʨʝʜ. ʅ.ɻ. 

ɹʘʭʰʠʝʚʘ. ʃ.: ʀʟʜ-ʚʦ ʃʝʥʠʥʛʨ. ʫʥ-ʪʘ. 1980. 136 ʩ.; 
Saiydov G.V., Sverdlova O.V. The practical book on mole-
cular spectroscopy. / Ed. N.G. Bakhshieva. L.: Leningr. un-t. 
1980. 136 p. (in Russian). 

7. ɹʦʨʦʜʠʥ ɺ.ɸ., ɺʘʩʠʣʴʝʚ ɺ.ʇ., ʂʦʟʣʦʚʩʢʠʡ ɽ.ɺ. // ɺ ʩʙ.: 
ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 
ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ. 1985. ʉ. 219-226; 
Borodin V.A., Vasiliev V.P., Kozlovskiy E.V. // In collec-

tion Mathematical tasks of chemical thermodynamics. 
Novosibirsk: Nauka. 1985. P. 219-226. (in Russian). 

8. ɹʦʨʦʜʠʥ ɺ.ɸ., ʂʦʟʣʦʚʩʢʠʡ ɽ.ɺ., ɺʘʩʠʣʴʝʚ ɺ.ʇ. // 
ɾʫʨʥ. ʥʝʦʨʛ. ʭʠʤʠʠ. 1986. ʊ. 31. N 1. ʉ. 10-13; 
Borodin V.A., Kozlovskiy E.V., Vasiliev V.P. // Zhurn. 
Neorg. Khimii. 1986. V. 31. N 1. P. 10-13. (in Russian). 

9. ɺʘʩʠʣʴʝʚ ɺ.ʇ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʦʚ 
ʵʣʝʢʪʨʦʣʠʪʦʚ. ʄ.: ɺʳʩʰ. ʐʢʦʣʘ. 1982. 320 ʩ.; 

Vasiliev V.P. Thermodynamic properties of electrolyte solu-
tions. M.: Vysshaya Shkola. 1982. 320 p. (in Russian). 

10. ʂʘʟʠʮʳʥʘ ʃ.ɸ., ʂʫʧʣʝʪʩʢʘʷ ʅ.ɹ. ʇʨʠʤʝʥʝʥʠʝ ʋʌ-, 

ʀʂ-, ʗʄʈ- ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 
ʄ.: ʀʟʜ-ʚʦ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥ-ʪʘ. 1979. 240 ʩ.; 
Kazitsyna L.A., Kupletskay N.B. Application of UV, IR, 
NMR and mass-spectrometry in organic chemistry. M.: Izd-
vo Mockovckogo un-ta. 1979. 240 p. (in Russian). 

11. Iza N., Gil M., Marcillo J.  // J. Mol. Struct. 1988. V. 175. 
N. 1. P. 31-36. 

12. ɹʦʨʠʩʦʚʘ ʅ.ʉ., ʀʰʤʫʨʘʪʦʚʘ ɻ.ʀ., ɺʘʣʠʝʚʘ ʆ.ʀ., ɹʦ-

ʨʠʩʦʚ ʀ.ʄ., ɿʠʤʠʥ ʖ.ʉ., ʄʫʩʪʘʬʠʥ ɸ.ɻ. // ɺʝʩʪʥ. 
ɹʘʰʢʠʨʩʢʦʛʦ ʫʥ-ʪʘ. 2012. ʊ. 17. ˉ. 4. ʉ. 1687-1690; 

Borisova N.C., Ishmuratova G.B., Valieva O.I., Borisov 
I.M., Zimin Yu.S., Muctafin A.G . // Vectn. Bashkirskogo 
un-ta. 2012. V. 17. N. 4. P. 1687-1690. (in Russian). 

13. ɹʘʜʝʣʠʥ ɺ.ɻ., ʊʶʥʠʥʘ ɽ.ʖ., ʄʝʞʝʚʦʡ ʀ.ʅ., ʊʘʨʘʩʦʚʘ 
ɻ.ʅ. // ɾʌʍ. 2013. ʊ. 87. ˉ 8. ʉ. 1316-1319; 

Badelin V.G., Tyunina E.Yu., Mezhevoiy I.N., Tarasova 

G.N. // Russ. J. Phys. Chem. 2013. V. 87. N 8. P. 1306-1309. 
14. Ishida T., Tokura Y., Shimamoto M., Doi M. // Chem. and 

Pharm. Bull. 1987. V. 35. N 5. P. 1691-1701. 
15. Saito I., Sugiama H., Matsuura T. // Tetrahedron Lett. 

1985. V. 26. N 37. P. 4467-4470. 
16. Ishida T., Ibe S. // J. Chem. Soc. Perkin Trans. 1984. Pt. 2. 

N 2. P. 297-304. 

 
 
 
 
 

 

 

ʋɼʂ 543.2 : 542.61 : 611.185.1 

ɺ.ɸ. ɼʦʨʦʱʫʢ, ʄ.ɻ. ʄʘʥʜʟʶʢ, ʅ.ɸ. ɻʨʠʮʠʢ, ɺ.ʗ. ɼʝʤʯʝʥʢʦ* 

ɸʊʆʄʅʆ-ɸɹʉʆʈɹʎʀʆʅʅʆɽ ʆʇʈɽɼɽʃɽʅʀɽ ɸʃʖʄʀʅʀʗ ɺ ʇʈʀʈʆɼʅʓʍ ɺʆɼɸʍ  

ʉ ʇʈɽɼɺɸʈʀʊɽʃʔʅʓʄ ʄʀʎɽʃʃʗʈʅʆ-ʕʂʉʊʈɸʂʎʀʆʅʅʓʄ ʂʆʅʎɽʅʊʈʀʈʆɺɸʅʀɽʄ 

(ʂʠʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʦ,  

*ʀʥʩʪʠʪʫʪ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ ʠ ʭʠʤʠʠ ʚʦʜʳ ʠʤ. ɸ.ɺ. ɼʫʤʘʥʩʢʦʛʦ) 

e-mail: doroschuk@univ.kiev.ua; shcherbina@univ.kiev.ua 

ʀʟʫʯʝʥʘ ʤʠʮʝʣʣʷʨʥʘʷ ʵʢʩʪʨʘʢʮʠʷ ʘʣʶʤʠʥʠʷ ʩ ʭʨʦʤʘʟʫʨʦʣʦʤ S ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʠ-

ʦʥʥʳʭ ʇɸɺ ʬʘʟʘʤʠ ʥʝʠʦʥʥʦʛʦ ʇɸɺ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʤʫʪʥʝʥʠʷ. ʅʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʣʣʘ ʚ ʤʠʮʝʣʣʷʨ-

ʥʫʶ ʬʘʟʫ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʘʣʶʤʠʥʠʷ ʚ ʧʨʠʨʦʜ-

ʥʳʭ ʚʦʜʘʭ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʤʠʮʝʣʣʷʨʥʦ-ʵʢʩʪʨʘʢʮʠʦʥʥʳʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʣʶʤʠʥʠʡ, Triton X-114, ʤʠʮʝʣʣʷʨʥʦ-ʵʢʩʪʨʘʢʮʠʦʥʥʦʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ 

ɺɺɽɼɽʅʀɽ 

ɸʣʶʤʠʥʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 
ʵʣʝʤʝʥʪʘʤ ʙʠʦʩʬʝʨʳ, ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʬʠʟʠʦ-

ʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʚ ʯʘʩʪ-

ʥʦʩʪʠ, ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʢʝʣʝʪʘ, ʭʨʷʱʝʡ, ʩʦʝʜʠʥʠ-

ʪʝʣʴʥʦʡ ʪʢʘʥʠ ʠ ʧʨʦʮʝʩʩʘʭ ʠʭ ʨʝʛʝʥʝʨʘʮʠʠ. ʆʜʥʘ-
ʢʦ ʠʟʙʳʪʦʢ ʘʣʶʤʠʥʠʷ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟ-

ʚʠʪʠʶ ʦʧʘʩʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ï ʙʦʣʝʟʥʝʡ ɸʣʴʮʛʝʡ-

ʤʝʨʘ ʠ ʇʘʨʢʠʥʩʦʥʘ [1]. ʇʦʵʪʦʤʫ ʤʦʥʠʪʦʨʠʥʛ ʩʦ-

ʜʝʨʞʘʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʚ ʚʦʜʘʭ ʨʘʟʣʠʯʥʳʭ ʢʘʪʝ-

ʛʦʨʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 
ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʅʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʣʶ-

ʤʠʥʠʷ ʚ ʪʘʢʠʭ ʦʙʲʝʢʪʘʭ ʧʨʝʧʷʪʩʪʚʫʝʪ ʝʛʦ ʦʧʨʝʜʝ-

ʣʝʥʠʶ ʧʨʷʤʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦ-

ʩʢʦʧʠʠ, ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 




