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ʂʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ï ʝʞʝʛʦʜʥʦʝ ʥʘʫʯʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ, 

ʦʨʛʘʥʠʟʫʝʤʦʝ ʠ ʧʨʦʚʦʜʠʤʦʝ ʜʠʨʝʢʮʠʝʡ, ʉʦʚʝʪʦʤ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʥʘʫʯʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʠ ʋʯʝʥʳʤ ʩʦʚʝʪʦʤ ʀʌʍʕ ʈɸʅ. ʎʝʣʴʶ ʢʦʥʬʝʨʝʥʮʠʠ 

ʷʚʣʷʝʪʩʷ ʦʟʥʘʢʦʤʣʝʥʠʝ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʠ ʥʦʚʝʡʰʠʤʠ ʜʦʩʪʠʞʝʥʠʷʤʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʘʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʢʘʢ 

ʢʦʣʣʦʠʜʥʦ-ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʷʚʣʝʥʠʷ ʠ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʬʠʟʠʢʦʭʠʤʠʷ ʥʘʥʦ- ʠ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʢʦʨʨʦʟʠʠ ʠ ʟʘʱʠʪʳ ʦʪ ʥʝʝ, 

ʵʣʝʢʪʨʦʭʠʤʠʷ, ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʨʘʜʠʦʭʠʤʠʷ ʠ ʭʠʤʠʷ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ. 

ʂʦʥʬʝʨʝʥʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʬʦʨʤʝ ʩʝʢʮʠʦʥʥʳʭ ʟʘʩʝʜʘʥʠʡ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ: çʌʠʟʠʢʦʭʠʤʠʷ ʥʘʥʦ- ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤè; çʇʦʚʝʨʭʥʦʩʪʥʳʝ 

ʷʚʣʝʥʠʷ ʚ ʢʦʣʣʦʠʜʥʦ-ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʤʝʭʘʥʠʢʘ ʠ 

ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳè; çʍʠʤʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʨʘʜʠʦʵʢʦʣʦʛʠʷ ʠ ʨʘʜʠʘʮʠʦʥʥʘʷ ʭʠʤʠʷè; çʍʠʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ, ʟʘʱʠʪʘ 

ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʢʦʨʨʦʟʠʠ ʠ ʦʢʠʩʣʝʥʠʷè; çʕʣʝʢʪʨʦʭʠʤʠʷè. ʄʦʣʦʜʳʝ 

ʫʯʝʥʳʝ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʣʦʞʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʝʡ ʨʘʙʦʪʳ ʚ ʬʦʨʤʝ ʫʩʪʥʳʭ ʜʦʢʣʘʜʦʚ 

ʚ ʭʦʜʝ ʩʝʢʮʠʦʥʥʳʭ ʟʘʩʝʜʘʥʠʡ. ɺ ʨʘʤʢʘʭ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʦʚʦʜʠʪʩʷ ʢʦʥʢʫʨʩ ʥʘʫʯʥʳʭ ʨʘʙʦʪ 

ʥʘ ʩʦʠʩʢʘʥʠʝ ʧʨʝʤʠʡ ʠʤʝʥʠ ʚʳʜʘʶʱʠʭʩʷ ʫʯʝʥʳʭ ʀʌʍʕ ʈɸʅ, ʘ ʪʘʢʞʝ ʢʦʥʢʫʨʩ ʥʘʫʯʥʳʭ 

ʨʘʙʦʪ ʫʯʘʩʪʥʠʢʦʚ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦ ʠʪʦʛʘʤ ʢʦʪʦʨʦʛʦ ʧʨʠʩʫʞʜʘʶʪʩʷ I, II  ʠ III  ʤʝʩʪʘ. 

 

ʅʘʫʯʥʦʝ ʠʟʜʘʥʠʝ 

 

ʇʦʜʛʦʪʦʚʢʘ ʤʘʪʝʨʠʘʣʦʚ: ʊ.ɸ. ʂʫʣʴʢʦʚʘ 

ɼʠʟʘʡʥ ʦʙʣʦʞʢʠ: ʅ.ɸ. ʇʦʣʷʢʦʚ 
ʇʝʯʘʪʴ: ɼ.ʅ. ʊʶʨʠʥ 

 
ʆʪʧʝʯʘʪʘʥʦ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʙʶʜʞʝʪʥʦʤ ʫʯʨʝʞʜʝʥʠʠ ʥʘʫʢʠ 

ʀʥʩʪʠʪʫʪʝ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ 

ʠʤ. ɸ.ʅ.ʌʨʫʤʢʠʥʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4 

 

  É ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ  

ʀʥʩʪʠʪʫʪ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ 

ʠʤ. ɸ.ʅ.ʌʨʫʤʢʠʥʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 



 

 

 

 

 

 

ʆʨʛʘʥʠʟʘʪʦʨʳ ʢʦʥʬʝʨʝʥʮʠʠ: 

ɼʠʨʝʢʮʠʷ ʀʌʍʕ ʈɸʅ 

ʋʯʝʥʳʡ ʩʦʚʝʪ ʀʌʍʕ ʈɸʅ 

ʉʦʚʝʪ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʀʌʍʕ ʈɸʅ 

ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʀʌʍʕ ʈɸʅ 

 

 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʢʦʥʬʝʨʝʥʮʠʠ 

ʘʢʘʜʝʤʠʢ ɸ.ʖ. ʎʠʚʘʜʟʝ 

 

 

 

ɿʘʤʝʩʪʠʪʝʣʠ ʧʨʝʜʩʝʜʘʪʝʣʷ: 

ʜ.ʭ.ʥ.  ɸ.ʂ. ɹʫʨʷʢ 

ʘʢʘʜʝʤʠʢ ʈɸʅ  ʃ.ɹ. ɹʦʡʥʦʚʠʯ 

ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ   ɹ.ɻ. ɽʨʰʦʚ 

ʜ.ʭ.ʥ.  ɺ.ʅ. ɸʥʜʨʝʝʚ  

ʢ.ʬ.-ʤ.ʥ.  ʆ.ɺ. ɹʘʪʠʱʝʚ 

ʜ.ʭ.ʥ.  ɺ.ɸ. ʂʦʪʝʥʝʚ  

ʜ.ʭ.ʥ.   ʖ.ʀ. ʂʫʟʥʝʮʦʚ 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

 

 

 

ʉɽʂʎʀʗ 

çʌʀɿʀʂʆʍʀʄʀʗ ʅɸʅʆ- ʀ  

ʉʋʇʈɸʄʆʃɽʂʋʃʗʈʅʓʍ ʉʀʉʊɽʄè 

 

 

ʇʨʝʜʩʝʜʘʪʝʣ ɹʩʝʢʮʠʠ ï  

ʘʢʘʜʝʤʠʢ ɸ.ʖ. ʎʠʚʘʜʟʝ 

 

ʫʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ ï 

ʜ.ʭ.ʥ. ɺ.ɸ. ʂʦʪʝʥʝʚ
  



˩˝˜˝˟ˣ˪˝ˡ˝˴ ˢ˕ˢˣ- ̋  ˦˨ˤ˥˕ˡˣˠ˚˟˨ˠ˴˥ˢ˰˪ ˦˝˦˧˚ˡ 6 

ʋɼʂ 541.18 

ʅɸʇʈɸɺʃɽʅʅɸʗ ʇʈɽɼʆʈɻɸʅʀɿɸʎʀʗ ʂʈɸʋʅ-

ɻɽʄʀʎʀɸʅʀʅʆɺʓʍ ʍʈʆʄʆʀʆʅʆʌʆʈʆɺ ʅɸ ʄɽɾʌɸɿʅʓʍ 

ɻʈɸʅʀʎɸʍ ɼʃʗ ʋʉʀʃɽʅʀʗ ʉɽʅʉʆʈʅʆɻʆ ʆʊʂʃʀʂɸ
1
 

 

ɸʣʝʢʩʘʥʜʨʦʚʘ A.ɺ.
1,2
, ʐʦʢʫʨʦʚ A.ɺ.

1
, ɸʨʩʣʘʥʦʚ ɺ.ɺ.

1
, ʉʝʣʝʢʪʦʨ ʉ.ʃ.

1
 

 
1
 ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʀʌʍʕ ʈɸʅ,  

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: pcss_lab@mail.ru 
2 
 ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ 

125047, ʛ. ʄʦʩʢʚʘ, ʄʠʫʩʩʢʘʷ ʧʣʦʱʘʜʴ, 9. 

 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʨʝʮʝʧʪʦʨʥʳʭ ʩʚʦʡʩʪʚ ʤʦʥʦʩʣʦʝʚ ʜʠʪʠʘ-

ʘʟʘ-ʢʨʘʫʥ-ʩʦʜʝʨʞʘʱʝʛʦ ʛʝʤʠʮʠʘʥʠʥʦʚʦʛʦ ʭʨʦʤʦʠʦʥʦʬʦʨʘ ChIP21 (ʨʠʩ. 1). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ ʢʘʪʠʦʥʦʚ ʙʘʨʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʨʠʝʥʪʘʮʠʠ 

ʭʨʦʤʦʠʦʥʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ChIP21 çʛʦʣʦʚʘ-ʢ-ʛʦʣʦʚʝè, ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ 

ʠ ʩʨʘʚʥʝʥʳ ʨʘʟʣʠʯʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʣʴʪʨʘʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ 

ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʝ. 

 

This work is devoted to the study of the receptor properties of dithia-aza-

crown-containing hemicyanine chromionophore (ChIP21, Fig. 1) monolayers. It 

was found that the presence of barium cations contributes to the "head-to-head" 

orientation of chromoionophore fragments ChIP21, also obtained and compared 

different architectures of formation of ultrathin films on a solid substrate.  

 

ʉʪʨʫʢʪʫʨʘ ʤʦʥʦʩʣʦʷ ʥʘ ʤʝʞʬʘʟʥʦʡ 

ʛʨʘʥʠʮʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʝʛʦ ʨʝʮʝʧʪʦʨʥʫʶ ʬʫʥʢʮʠʶ. 

ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʤʝʪʦʜ ʧʨʝʜʦʨʛʘʥʠʟʘʮʠʠ ʤʦʥʦʩʣʦʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʥʦʡ ʩʫʙʬʘʟʳ, 

ʩʦʜʝʨʞʘʱʝʡ çʠʥʝʨʪʥʳʝè ʢʘʪʠʦʥʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʦʥʦʩʣʦʷ ChIP ʥʘ ʩʫʙʬʘʟʝ, ʩʦʜʝʨʞʘʱʝʡ ʢʘʪʠʦʥʳ ʙʘʨʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʨʦʛʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʦʥʦʩʣʦʝʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʪʠʦʥʘʤ ʨʪʫʪʠ. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ 

ʢʘʪʠʦʥʦʚ ʙʘʨʠʷ ʚ ʩʫʙʬʘʟʝ ʧʨʠʚʦʜʠʪ ʢ ʦʨʠʝʥʪʘʮʠʠ ʭʨʦʤʦʠʦʥʦʬʦʨʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ChIP21 çʛʦʣʦʚʘ-ʢ-ʛʦʣʦʚʝè, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʩʚʷʟʳʚʘʥʠʝ 

ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʭ ʢʘʪʠʦʥʦʚ ʨʪʫʪʠ ʢʨʘʫʥ-ʵʬʠʨʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʄʝʪʦʜʦʤ 

ʩʪʦʷʯʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʚʦʣʥ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʦ ʧʨʷʤʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʛʨʘʥʪʳ 16-33-60024, 16-29-05272), ʠ ɽʚʨʦʧʝʡʩʢʦʛʦ ʮʝʥʪʨʘ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ESRF 

proposal SC-4447). 

 

ʈʠʩ. 1. ɻʝʤʠʮʠʘʥʠʥʦʚʳʡ ʭʨʦʤʦʠʦʥʦʬʦʨ 

CHP21 
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ʪʦʛʦ, ʯʪʦ ʢʘʪʠʦʥʳ ʙʘʨʠʷ ʥʝ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʤʦʥʦʩʣʦʝ, ʘ 

ʦʩʪʘʶʪʩʷ ʚ ʩʫʙʬʘʟʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʘʪʠʦʥʳ ʨʪʫʪʠ ʠʟ ʩʫʙʬʘʟʳ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʤʦʥʦʩʣʦʝ ChIP21 ʟʘ ʩʯʝʪ  

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ 

ʨʪʫʪʠ ʚ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥ ʨʘʮʠʦʤʝʪʨʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʚ ʨʘʤʢʘʭ 

ʢʦʪʦʨʦʛʦ ʚʚʝʜʸʥ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʳʚʘʥʠʷ, ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ 

(I(2:1+1:1)/IChIP21). ɼʣʷ ʤʦʥʦʩʣʦʸʚ ChIP21 ʥʘ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ ʧʦʜʣʦʞʢʝ 

ʧʦʣʫʯʝʥʳ ʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʚʷʟʳʚʘʥʠʷ ʦʪ ʣʦʛʘʨʠʬʤʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʪʫʪʠ, ʧʦʩʪʨʦʝʥʳ ʢʘʣʠʙʨʦʚʦʯʥʳʝ ʢʨʠʚʳʝ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʦʥʦʩʣʦʸʚ ʢ ʧʣʝʥʢʘʤ ʥʘ ʪʚʸʨʜʦʡ ʧʦʜʣʦʞʢʝ ʨʝʮʝʧʪʦʨʥʳʝ 

ʩʚʦʡʩʪʚʘ ChIP21 ʫʣʫʯʰʘʶʪʩʷ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨ 

ʫʣʴʪʨʘʪʦʥʢʠʭ ʧʣʸʥʦʢ ʩ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʭʨʦʤʦʠʦʥʦʬʦʨʘ ʠ 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

  



˩˝˜˝˟ˣ˪˝ˡ˝˴ ˢ˕ˢˣ- ̋  ˦˨ˤ˥˕ˡˣˠ˚˟˨ˠ˴˥ˢ˰˪ ˦˝˦˧˚ˡ 8 

ʋɼʂ 538.9 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʌʆʊʆɺʆʃʔʊɸʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʊʆʅʂʀʍ 

ʇʃɽʅʆʂ ʅɸ ʆʉʅʆɺɽ ʂʆʄʇʆɿʀʊɸ ʂɺɸʅʊʆɺʓʍ ʊʆʏɽʂ  

PBS ʀ PCBM
1
 

 

ɸʣʝʢʩʘʥʜʨʦʚ ɸ.ɽ., ʊʘʤʝʝʚ ɸ.ʈ. 
 

ʃʘʙʦʨʘʪʦʨʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʬʦʪʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʘʭ 

ʀʌʍʕ ʈɸʅ, 119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; 

e-mail: ʘlexeyalex93@mail.ru 

 

ʅʘʥʦʨʘʟʤʝʨʥʳʝ ʪʚʝʨʜʳʝ ʯʘʩʪʠʮʳ - ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ (ʂʊ) ʷʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʙʝʩʧʦʨʷʜʢʘ ʚʥʫʪʨʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠʟ-ʟʘ ʨʘʟʙʨʦʩʘ ʨʘʟʤʝʨʦʚ ʂʊ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʳ ʚʩʝʡ ʩʪʨʫʢʪʫʨʳ. ɿʜʝʩʴ ʤʳ ʠʟʫʯʘʝʤ ʦʧʪʠʯʝʩʢʠʝ 

ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʂʊ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʂʊ ʨʘʟʥʳʭ 

ʨʘʟʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ PbS, ʘ ʪʘʢʞʝ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʂʊ ʩ ʛʨʘʜʠʝʥʪʦʤ ʨʘʟʤʝʨʘ 

ʂʊ. ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʠʩʩʣʝʜʫʝʤ ʚʣʠʷʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʝʩʧʦʨʷʜʢʘ ʥʘ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʢʦʥʜʝʥʩʘʪʦʚ ʂʊ. 

 

Quantum dot (QD) solids are a promising material for the development of 

solar cells. The efficiency of such devices depends strongly on the energetic 

disorder within QD solid due to QD size scatter and the energy diagram of the 

whole structure. Here, we study optical and electrical properties of QD solids 

made of PbS QDs of different sizes as well as QD solids with QD size gradient. 

In addition, we investigate the effect of the energy disorder on the conductivity 

and the efficiency of the photovoltaic structures based on the above QD solids. 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚ ʩ ʂʊ. 

ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʤʙʠʥʘʮʠʡ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʳʩʪʫʧʘʶʱʠʭ ʚ ʨʦʣʠ ʙʫʬʝʨʥʳʭ, ʢʦʥʪʘʢʪʥʳʭ ʠʣʠ ʘʢʪʠʚʥʳʭ 

ʩʣʦʝʚ, ʩʦʣʥʝʯʥʳʝ ʷʯʝʡʢʠ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʥʘ ʛʠʙʢʠʭ ʧʦʜʣʦʞʢʘʭ ʚ ʙʦʣʴʰʠʭ 

ʤʘʩʰʪʘʙʘʭ ʙʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʠ çʧʝʯʘʪʠè. ʅʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʝʟ 

ʜʦʩʪʠʞʝʥʠʷ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʧʣʝʥʢʘʭ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ, ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 

ʂʇɼ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʩʣʦʞʥʦ. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʘʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʝʩʧʦʨʷʜʦʢ ʠʟ-ʟʘ ʨʘʟʙʨʦʩʘ 

ʨʘʟʤʝʨʦʚ ʂʊ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʳ ʚʩʝʡ ʩʪʨʫʢʪʫʨʳ [1]. 

                                                 
1
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʘʥʪ ˉ. 16-29-09623. 
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ɿʜʝʩʴ ʤʳ ʠʟʫʯʘʝʤ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʧʦʛʣʦʱʝʥʠʝ, 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ 

ʩʚʦʡʩʪʚʘ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʂʊ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ PbS ʂʊ 

ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ, ʘ ʪʘʢʞʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʂʊ ʩ ʛʨʘʜʠʝʥʪʦʤ ʨʘʟʤʝʨʘ ʂʊ. 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʂʊ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘʥʦʯʘʩʪʠʮʳ 

ʩʫʣʴʬʠʜʘ ʩʚʠʥʮʘ (PbS) ʪʨʝʭ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ - 2,9 ʥʤ, 4,1 ʥʤ ʠ 5,1 ʥʤ. 

ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʂʊ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʂʊ ʦʧʨʝʜʝʣʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʠʟʛʦʪʦʚʠʣʠ ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ.1) ʥʘ 

ʦʩʥʦʚʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʯʘʩʪʠʮ ʂʊ ʠ ʧʨʦʠʟʚʦʜʥʦʛʦ ʬʫʣʣʝʨʝʥʘ PCBM 

(Phenyl-C61-butyric acid methyl ester) ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʝʩʧʦʨʷʜʢʘ ʥʘ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʂʊ. ʄʳ ʪʘʢʞʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʮʝʥʠʣʠ ʵʥʝʨʛʠʶ ʠ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ ʚ ʩʣʦʷʭ ʂʊ ʩ ʛʨʘʜʠʝʥʪʦʤ 

ʨʘʟʤʝʨʘ ʂʊ. 

 
 
ʈʠʩ.1. ʌʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘ ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ PbS  
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʪʦʥʢʠʝ ʩʣʦʠ ʂʊ, ʠ ʦʙʲʷʩʥʝʥʳ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʝʩʧʦʨʷʜʢʘ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʂʊ. ʉʥʠʞʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʙʝʩʧʦʨʷʜʢʘ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʂʊ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. D. Bozyigit, W.M.M. Lin, N. Yazdani, O. Yarema, V. Wood, A quantitative model for 

charge carrier transport, trapping and recombination in nanocrystal-based solar cells, Nat. 

Commun. (2015). doi:10.1038/ncomms7180. 
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ʋɼʂ 547.898;546.185;546.681 

ʂʆʄʇʃɽʂʉʆʆɹʈɸɿʋʖʑʀɽ ʉɺʆʁʉʊɺɸ 

ʌʆʉʌʆʈʀʃʉʆɼɽʈɾɸʑʀʍ ʇʈʆʀɿɺʆɼʅʓʍ ʎʀʂʃɽʅɸ
1
 

 

ɹʘʨʩʘʤʷʥ ʈ.ʊ. 
1
, ʎʝʙʨʠʢʦʚʘ ɻ.ʉ. 

2
, ʀʣʶʭʠʥ ɸ.ɹ. 

3
, ʉʦʣʦʚʴʝʚ ɺ.ʇ. 

2
, 

ʀʚʘʥʦʚʘ ʀ.ʉ. 
2,3

, ʇʷʪʦʚʘ ɽ.ʅ. 
2,3

, ʂʫʜʨʷʰʦʚʘ ɿ.ɸ. 
1
, ɹʘʫʣʠʥ ɺ.ɽ. 

2,4
, 

ʎʠʚʘʜʟʝ ɸ.ʖ. 
2 

 
1
 ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ - ʄʀʈʕɸ 

119571 ʄʦʩʢʚʘ, ʧʨ-ʪ ɺʝʨʥʘʜʩʢʦʛʦ, 86/3; e-mail: romabarsamyan@gmail.com 
2 
 ʀʌʍʕ ʈɸʅ, 119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4 

3
 ʀʆʅʍ ʈɸʅ, 119991, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31 

4
 ʀʌɸɺ ʈɸʅ, 142432, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʉʝʚʝʨʥʳʡ ʧʨʦʝʟʜ, ʜ.1 

 

ʄʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ DOTMPPh2 ʩ ʪʠʦʮʠʘʥʘʪʦʤ ʠ ʥʠʪʨʘʪʦʤ ʢʦʙʘʣʴʪʘ(II), 

ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʄʝʪʦʜʦʤ 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ ʧʦʣʫʯʝʥʳ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʛʘʣʣʠʷ(III ) 

ʩ DOTMP. 

 

Interaction of DOTMPPh2 with cobalt(II) thiocyanate and nitrate was 

studied by spectrophotometric titration. Crystal structures of new complexes 

were determined. Stability constants of gallium(III) complexes with DOTMP 

were obtained by potentiometry. 

 

ʇʝʨʚʳʤ ʧʨʠʤʝʨʦʤ ʦʢʪʘʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Zn
2+

 ʠ Co
2+

 ʩ 

ʮʠʢʣʝʥʦʚʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʷʚʣʷʶʪʩʷ ʧʝʨʭʣʦʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʢʦʤʧʣʝʢʩʳ 

[Zn(DOTMPPh2)](ClO4)2
.
2.66CH3CN

.
0.34H2O ʠ 

[Co(DOTMPPh2)](ClO4)2
.
2.72CH3CN

.
0.28H2O, ʛʜʝ DOTMPPh2 - 1.4,7,10-

ʪʝʪʨʘʢʠʩ(ʜʠʬʝʥʠʣʬʦʩʬʦʨʠʣʤʝʪʠʣ)-1,4,7,10-ʪʝʪʨʘʘʟʘʮʠʢʣʦʜʦʜʝʢʘʥ [1]. 

 ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʘʥʠʦʥʘ ʥʘ ʩʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ 

ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ DOTMPPh2 ʩ 

ʪʠʦʮʠʘʥʘʪʦʤ ʢʦʙʘʣʴʪʘ(II). ʄʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ M:L 1:1 ʠ 2:1. C ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ CHEMEQUI ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ: log b1 = 

4.85 ° 0.09 (M
2+

 + L = M
2+

L), log b2 = 8.16 ° 0.30 (2M
2+

 + L = M2
2+

L). 

ʄʝʪʦʜʦʤ ʈʉɸ ʫʩʪʘʥʦʚʣʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ 

[Co(DOTMPPh2)][Co(NCS)4]
.
2CH3CN, 

[Co(DOTMPPh2)][Co(NCS)4]
.
2.9CH3CN, 

[Co(DOTMPPh2)][Co(NCS)4]
.
2EtOH

.
2H2O ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʘʩʪʚʦʨʦʚ. ʉʪʨʫʢʪʫʨʳ ʦʙʨʘʟʦʚʘʥʳ ʢʘʪʠʦʥʘʤʠ [Co(DOTMPPh2)]
2+

 (ʨʠʩ. 1), 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 18-33-00685) ʠ ʚ ʨʘʤʢʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʜʘʥʠʡ ˉ 0081-2014-0015, 0088-2014-0001 ʠ 0090-2017-0024. 
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ʘʥʠʦʥʘʤʠ [Co(NCS)4]
2-
 ʠ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ. ʉʪʨʦʝʥʠʝ ʢʘʪʠʦʥʦʚ ʚʦ 

ʚʩʝʭ ʩʪʨʫʢʪʫʨʘʭ ʦʜʠʥʘʢʦʚʦ ʠ ʨʘʟʣʠʯʘʝʪʩʷ ʨʘʟʚʦʨʦʪʦʤ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ. ɺ 

ʢʦʤʧʣʝʢʩʥʦʤ ʢʘʪʠʦʥʝ [Co(DOTMPPh2)]
2+

 ʫ ʘʪʦʤʘ ʢʦʙʘʣʴʪʘ ʂʏ=6, ʧʦʣʠʵʜʨ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʘʞʝʥʥʫʶ ʪʨʠʛʦʥʘʣʴʥʫʶ ʧʨʠʟʤʫ, ʦʙʨʘʟʦʚʘʥʥʫʶ 

ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ N ʮʠʢʣʝʥʘ ʠ ʘʪʦʤʘʤʠ O ʜʚʫʭ ʬʦʩʬʦʨʠʣʴʥʳʭ ʛʨʫʧʧ. ɺ 

ʢʦʤʧʣʝʢʩʥʦʤ ʘʥʠʦʥʝ [Co(NCS)4]
2-
 ʘʪʦʤ ʢʦʙʘʣʴʪʘ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ NCS
-
 ʘʥʠʦʥʦʚ. 

  

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ [Co(DOTMPPh2]
2+ 

ʚ ʢʦʤʧʣʝʢʩʝ [Co(DOTMPPh2)][Co(NCS)4]
.
2CH3CN 

 

  

ʇʦʣʫʯʝʥʳ ʢʨʘʩʥʳʝ ʠ ʛʦʣʫʙʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 

[Co(DOTMPPh2)](NO3)2Ŀ2H2O. ʉʦʛʣʘʩʥʦ ʈʉɸ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʛʦʣʫʙʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʦʙʨʘʟʦʚʘʥʘ ʢʘʪʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [Co(DOTMPPh2)]
2+

, 

ʘʥʠʦʥʘʤʠ NO3
-
 ʠ ʤʦʣʝʢʫʣʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ, ʂʏ=6, ʧʦʣʠʵʜʨ - 

ʠʩʢʘʞʝʥʥʘʷ ʪʨʠʛʦʥʘʣʴʥʘʷ ʧʨʠʟʤʘ. ɺ ʢʨʠʩʪʘʣʣʘʭ ʢʨʘʩʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʩʦʜʝʨʞʠʪʩʷ ʯʝʪʳʨʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʢʦʤʧʣʝʢʩʘ, 

ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʳʭ ʘʥʘʣʦʛʠʯʥʦ ʩʪʨʦʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʛʦʣʫʙʦʡ ʬʘʟʳ. 

ʌʝʥʠʣʴʥʳʝ ʛʨʫʧʧʳ ʩʦʩʝʜʥʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʙʨʘʟʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʨʦʪʢʠʝ 

ʢʦʥʪʘʢʪʳ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ DOTMPPh2 ʩ ʥʠʪʨʘʪʦʤ ʢʦʙʘʣʴʪʘ(II) 

ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. 

ɼʣʷ ʨʷʜʘ ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʦʚ 
68
Ga ʥʘ ʦʩʥʦʚʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʮʠʢʣʝʥʩʦʜʝʨʞʘʱʠʭ ʬʦʩʬʦʥʦʚʳʭ ʢʠʩʣʦʪ ʥʘʤʠ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ 

ʦʩʪʝʦʪʨʦʧʥʦʩʪʴ [2]. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʳʭ ʨʘʜʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ. ʄʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ [3] ʠʟʫʯʝʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʛʘʣʣʠʷ(III) ʩ ʥʘʠʙʦʣʝʝ ʩʠʥʪʝʪʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ  

ʧʨʠʤʝʥʝʥʠʷ ʣʠʛʘʥʜʦʤ 1,4,7,10-ʪʝʪʨʘʘʟʘʮʠʢʣʦʜʦʜʝʢʘʥ-1,4,7,10-

ʪʝʪʨʘʢʠʩ(ʤʝʪʠʣʝʥʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ) DOTMP. 

ʅʘʤʠ ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʚʦʩʴʤʠ ʢʦʥʩʪʘʥʪ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ DOTMP ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʰʝʩʪʠ ʪʠʪʨʦʚʘʥʠʡ ʩ 
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ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ CHEMEQUI (ʪʘʙʣ. 1). ʇʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ DOTMP ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH ʨʘʩʪʚʦʨʘ. 

ʊʘʙʣʠʮʘ 1. ʂʦʥʩʪʘʥʪʳ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʢʠʩʣʦʪʳ DOTMP (H8L) ʚ ʚʦʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

298 ʂ ʠ ʠʦʥʥʦʡ ʩʠʣʝ 0.1 M KCl 

ʨʘʚʥʦʚʝʩʠʝ
 
 logb ° sd

 
  ʩʪʫʧʝʥʯʘʪʦʝ ʨʘʚʥʦʚʝʩʠʝ logK

 
 

H + L = HL 15.27 ° 0.60 H + L = HL 15.27 ° 0.60 

2H + L = H2L 26.27 ° 0.27 HL + H = H2L 11.00 ° 0.66 

3H + L = H3L 35.64 ° 0.25 H2L + H = H3L 9.37 ° 0.37 

4H + L = H4L 44.01 ° 0.48 H3L + H = H4L 8.37 ° 0.54 

5H + L = H5L 50.69 ° 0.54 H4L + H = H5L 6.68 ° 0.72 

6H + L = H6L 56.31 ° 0.80 H5L + H = H6L 5.62 ° 0.96 

7H + L = H7L 60.43 ° 1.10 H6L + H = H7L 4.12 ° 1.36 

8H + L = H8L 61.58 ° 1.20 H7L + H = H8L 1.15 ° 1.63 

ʂʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ Ga
3+ 
ʩ DOTMP ʦʮʝʥʝʥʳ ʥʘ 

ʦʩʥʦʚʝ ʜʚʫʭ ʪʠʪʨʦʚʘʥʠʡ ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ʇʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ Ga
3+

 ʩ DOTMP ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH ʨʘʩʪʚʦʨʘ. 

ʊʘʙʣʠʮʘ 2. ʂʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ Ga
3+

 ʩ DOTMP ʚ ʚʦʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298 

ʂ ʠ ʠʦʥʥʦʡ ʩʠʣʝ 0.1 M KCl. 

ʨʘʚʥʦʚʝʩʠʝ
 
 logb ° sd  ʩʪʫʧʝʥʯʘʪʦʝ ʨʘʚʥʦʚʝʩʠʝ logK  

Ga + L = GaL 27.81 ° 0.49 Ga + L = GaL 27.81 ° 0.49 

Ga + H + L = GaHL 36.22 ° 0.27 GaL + H = GaHL 8.41 ° 0.56 

Ga + 2H + L = GaH2L 43.06 ° 0.23 GaHL + H = GaH2L 6.84 ° 0.35 

Ga + 3H + L = GaH3L 49.56 ° 0.19 GaH2L + H = GaH3L 6.50 ° 0.30 

Ga + 4H + L = GaH4L 54.82 ° 0.02 GaH3L + H = GaH4L 5.26 ° 0.19 

Ga + L + OH = GaL(OH) 32.46 ° 0.32 GaL + OH = GaL(OH) 4.65 ° 0.58 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʩʪʘʥʪʘ ʢʦʤʧʣʝʢʩʘ Ga
3+

 ʩ ʬʦʩʬʦʨʠʣʴʥʳʤ 

ʧʨʦʠʟʚʦʜʥʳʤ ʮʠʢʣʝʥʘ DOTMP logKML = 27.81 ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ 

ʘʥʘʣʦʛʠʯʥʫʶ ʢʦʥʩʪʘʥʪʫ ʩ ʢʘʨʙʦʢʩʠʣʴʥʳʤ ʣʠʛʘʥʜʦʤ DOTA (1,4,7,10-

ʪʝʪʨʘʘʟʘʮʠʢʣʦʜʦʜʝʢʘʥ-1,4,7,10-ʪʝʪʨʘʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ), ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʨʘʜʠʦʬʘʨʤʘʮʝʚʪʠʢʝ, ʠ ʚʳʰʝ ʢʦʥʩʪʘʥʪʳ ʢʦʤʧʣʝʢʩʘ Ga
3+

 ʩ 

ʙʝʣʢʦʤ ʧʣʘʟʤʳ ʪʨʘʥʩʬʝʨʨʠʥʦʤ - logKML = 19.8. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʩʪʝʦʪʨʦʧʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
68

Ga-DOTMP ʚ ʢʘʯʝʩʪʚʝ ʨʘʜʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʛʦ ʧʨʝʧʘʨʘʪʘ. 
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ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ, ʥʘʥʝʩʸʥʥʳʭ ʥʘ 

ʧʦʨʠʩʪʳʡ ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʘʪʘʣʠʟʠʨʫʝʤʘʷ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

ʨʝʘʢʮʠʷ ʦʨʪʦ-ʧʘʨʘ ʢʦʥʚʝʨʩʠʠ ʧʨʦʪʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʤʘʛʥʠʪʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. 

ʅʘʣʦʞʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ 0,5 ʊʣ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ. 

 

In the work of the study of the influence of external magnetic field on 

catalytic properties of gold and silver nanoparticles by the porous aluminum 

oxide. It is shown that ortho-para conversion of protium catalyzed by gold 

nanoparticles proceeds according to the magnetic mechanism. Overlay of a 

magnetic field of 0,5 T to  the catalytic system leads to increase of the reaction 

rate constant. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʥʘ ʪʨʸʭ ʦʙʨʘʟʮʘʭ ʥʘʥʦʯʘʩʪʠʮ, ʥʘʥʝʩʝʥʥʳʭ 

ʥʘ ʛʘʤʤʘ-ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ (ɔ-Al 2O3). ʇʝʨʚʳʝ ʜʚʘ ʦʙʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 

ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʫʪʸʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʮʠʪʨʘʪʥʳʤ 

ʤʝʪʦʜʦʤ, ʚ ʠʥʩʪʠʪʫʪʝ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʠ (ʀʌʍʕ ʠʤ. 

ʌʨʫʤʢʠʥʘ) ʈɸʅ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɹ.ɻ. ɽʨʰʦʚʘ. ʈʘʟʤʝʨʳ 

ʥʘʥʦʯʘʩʪʠʮ Ag ʠ Au ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʧʨʦʩʚʝʯʠʚʘʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ʚ ʀʌʍʕ ʠʤ. ʌʨʫʤʢʠʥʘ ʈɸʅ ʠ ʩʦʩʪʘʚʣʷʶʪ 8-10 ʥʤ ʜʣʷ ʅʏ  Ag 

ʠ 14 ʥʤ ʜʣʷ ʅʏ Au. ʇʦʩʣʝʜʥʠʡ ʦʙʨʘʟʝʮ ʧʦʣʫʯʝʥ ʤʝʪʦʜʦʤ ʬʠʟʠʯʝʩʢʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʅʏ Au ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ (CVD)-ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʚ 

ʘʪʤʦʩʬʝʨʝ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʛʨʘʥʫʣ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ. ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʥʘʫʯʥʦʤ 

ʮʝʥʪʨʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʊʨʦʠʮʢʦʤ ʠʥʩʪʠʪʫʪʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠ 

ʪʝʨʤʦʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ɻʅʎ ʈʌ ʊʈʀʅʀʊʀ)  ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ɸ.ʖ. ʉʘʧʦʞʢʦʚʘ. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ  ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʅʏ ʟʦʣʦʪʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ ʚ 

ʨʝʘʢʮʠʠ ʦʨʪʦ-ʧʘʨʘ ʢʦʥʚʝʨʩʠʠ ʧʨʦʪʠʷ [1].  ʅʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʧʨʦʷʚʣʷʶʪ 

ʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʠ 77 ʂ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 

4Ŀ10
14

 ʤʦʣʝʢʫʣ/ʩʤ
2
Ŀʩ [1]. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʟʥʘʯʝʥʠʡ ʫʜʝʣʴʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʘʢʪʠʚʥʦʩʪʝʡ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʚ ʨʝʘʢʮʠʷʭ ʠʟʦʪʦʧʥʦʛʦ 
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ʦʙʤʝʥʘ ʚ ʤʦʣʝʢʫʣʷʨʥʦʤ ʚʦʜʦʨʦʜʝ ʠ ʦʨʪʦ-ʧʘʨʘ ʢʦʥʚʝʨʩʠʠ ʧʨʦʪʠʷ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ (ʈ=0,5 ʊʦʨʨ, ʊ= 77 ʂ), ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ ʟʦʣʦʪʘ ʩʢʦʨʦʩʪʴ ʠʟʦʪʦʧʥʦʛʦ ʦʙʤʝʥʘ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪʩʷ ʠ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʨʩʠʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 1-2  

ʧʦʨʷʜʢʘ [2]. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʚ ʩʢʦʨʦʩʪʷʭ ʨʝʘʢʮʠʡ ʥʝ ʦʙʲʷʩʥʷʝʪʩʷ  

ʢʠʥʝʪʠʯʝʩʢʠʤ ʠʟʦʪʦʧʥʳʤ ʵʬʬʝʢʪʦʤ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʧʦ 

ʨʘʟʥʳʤ ʤʝʭʘʥʠʟʤʘʤ. ɽʩʣʠ ʠʟʦʪʦʧʥʳʡ  ʦʙʤʝʥ ʠʜʸʪ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ 

ʤʝʭʘʥʠʟʤʫ ʀʣʠ (Eley), ʪʦ ʢʦʥʚʝʨʩʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʤʘʛʥʠʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʜ ʚʣʠʷʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ  ʷʜʝʨʥʳʭ ʩʧʠʥʦʚ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʚ ʤʦʣʝʢʫʣʝ, 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʊʘʢ ʢʘʢ ʘʢʪʠʚʥʳʤʠ 

ʮʝʥʪʨʘʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ, ʪʦ 

ʤʦʞʥʦ  ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʤʘʩʩʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʥʘʥʦʜʠʩʧʝʨʩʥʦʝ ʫ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ ʥʦʚʳʝ ï 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʷ ʦʨʪʦ-ʧʘʨʘ ʢʦʥʚʝʨʩʠʠ ʧʨʦʪʠʷ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ ʥʘʣʠʯʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʠʪʴ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʞʥʦ 

ʧʫʪʸʤ ʥʘʣʦʞʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ [3] . ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʙʳʣʦ 

ʧʨʦʚʝʨʝʥʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʩʪʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʠ ʟʦʣʦʪʘ 

ʚ ʨʝʘʢʮʠʠ ʦʨʪʦ-ʧʘʨʘ ʢʦʥʚʝʨʩʠʠ ʧʨʦʪʠʷ. 

ˉ ʆʙʨʘʟʝʮ ʊ, ʂ 

ʂʫʜĀ10
-14 

ʩ ʄʇ, 

ʤʦʣʝʢʫʣ/(ʩʤ
2
Āʩ) 

ʂʫʜĀ10
-14 

ʩ ʄʇ, 

ʤʦʣʝʢʫʣ/(ʩʤ
2
Āʩ) 

˗̔ ̅
 ̒̇˜

˗̔ ̅
̂̆ ̈̇

 ̃

1 

Au 

ʊʈʀʅʀʊʀ 

ʤʘʛʥʝʪʨʦʥʥʦʝ 

ʥʘʧʳʣʝʥʠʝ 

110 1,90 Ñ 0,44
 

5,22 Ñ 0,81 2,74 

2 

Au 

ʀʌʍʕ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ 

Na3C6H5O7 

110 2,03 Ñ 0,80 3,90 Ñ 0,40 1,92 

3 

Ag 

ʀʌʍʕ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ  

NaBH4 

77 4,70 Ñ 1,00
 

8,17 Ñ 0,51 1,91 

 
ʊʘʙʣʠʮʘ 1. ʉʨʘʚʥʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʚ ʨʝʘʢʮʠʠ ʦʨʪʦ-ʧʘʨʘ ʢʦʥʚʝʨʩʠʠ ʩ ʥʘʣʦʞʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʠ ʙʝʟ 
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ʈʝʘʢʮʠʷ ʠʟʫʯʘʣʘʩʴ ʚ ʩʪʝʢʣʷʥʥʦʡ ʚʳʩʦʢʦʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʝ. 

ʈʝʘʢʪʦʨ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʧʦʤʝʱʘʣʩʷ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ 4 

ʢʦʣʴʮʝʚʳʤʠ ʥʝʦʜʠʤʦʚʳʤʠ ʤʘʛʥʠʪʘʤʠ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʠʟʤʝʨʝʥʥʦʝ 

ʚʥʫʪʨʠ ʢʦʣʴʮʘ, ʩʦʩʪʘʚʠʣʦ 0,5 ʊʣ. ʈʝʘʢʪʦʨ ʠ ʤʘʛʥʠʪʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʩʦʩʫʜʝ 

ɼʴʁʘʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʠʧʝʥʠʷ ʞʠʜʢʦʛʦ ʘʟʦʪʘ (77 ʂ) ʠ ʞʠʜʢʦʛʦ ʤʝʪʘʥʘ 

(110 ʂ). 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʟʫʯʝʥʠʶ ʨʝʘʢʮʠʠ ʦʨʪʦ-

ʧʘʨʘ ʢʦʥʚʝʨʩʠʠ ʧʨʦʪʠʷ ʥʘ ʦʙʨʘʟʮʘʭ ʩ ʥʘʥʝʩʸʥʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʩʝʨʝʙʨʘ 

ʠ ʟʦʣʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʝ 1. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʦʨʪʦ-ʧʘʨʘ ʢʦʥʚʝʨʩʠʠ 

ʧʨʦʪʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʥʘ ʥʘʥʦʯʘʩʪʠʮʘʭ ʟʦʣʦʪʘ, ʧʦʣʫʯʝʥʥʳʭ ʤʘʛʥʝʪʨʦʥʥʳʤ 

ʥʘʧʳʣʝʥʠʝʤ (2,6 ʨʘʟ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʦʣʦʪʳʭ ʯʘʩʪʠʮ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺʳʚʦʜʳ 

1. ʅʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʠ ʟʦʣʦʪʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʘʩʩʠʚʥʳʭ ʤʝʪʘʣʣʦʚ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʠ ʦʨʪʦ-

ʧʘʨʘ ʢʦʥʚʝʨʩʠʠ ʧʨʦʪʠʷ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

2. ʈʝʘʢʮʠʷ ʢʦʥʚʝʨʩʠʠ ʧʨʦʪʝʢʘʝʪ ʧʦ ʤʘʛʥʠʪʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. 

3. ʅʘʣʦʞʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʫʩʢʦʨʷʝʪ 

ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʥʘ 30-160 %. 
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ʎʀʅʂɸ ʅɸ ʊɽʄʇʃɸʊʅʓʍ ʉʃʆʗʍ ʆʂʉʀɼɸ ɻʈɸʌɽʅɸ
1
 

 

ɻʫʩʘʨʦʚʘ ɽ.ɸ.
1
, ɿʚʷʛʠʥʘ ɸ.ʀ.

1
, ɸʚʝʨʠʥ ɸ.ɸ.

2
,  

ʂʘʣʠʥʠʥʘ ʄ.ɸ.
1
, ʐʠʨʷʝʚ ɸ.ɸ.

2 

 

1
 ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʀʌʍʕ ʈɸʅ,  
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ 

ʧʦʨʬʠʨʠʥʘʪʦʚ ʮʠʥʢʘ ʚ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ ʢʘʨʢʘʩʘʭ ʥʘ ʪʚʝʨʜʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʘʥʘʣʠʟʫ ʦʜʥʦʬʘʟʥʳʭ ʘʥʠʟʦʪʨʦʧʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʄʆʂ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʥʦʩʣʦʝʚ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ, ʠ ʧʦʢʘʟʘʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ 

ʤʝʪʦʜʘ ʜʣʷ ʧʦʣʠʬʘʟʥʳʭ ʠ ʠʟʦʤʦʨʬʥʳʭ ʦʙʨʘʟʮʦʚ.  
 

In this work we suggested a new method for the analysis of the  

molecular packing in porphyrin-based metalïorganic frameworks on solid 

surfaces. We showed how this approach can be applied to the analysis of a 

single-phase crystalline anisotropic frameworks and the limitations imposed on 

the fluorescent method by the structure of  polyphase and isotropic systems. 
 

ʄʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʄʆʂ) ʵʪʦ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʤʝʪʘʣʣʦʢʣʘʩʪʝʨʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠʥʪʝʨʝʩ ʢʘʢ ʚʳʩʦʢʦʧʦʨʠʩʪʳʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʠ   ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ, ʢʘʪʘʣʠʟʘ, ʭʨʘʥʝʥʠʷ ʛʘʟʦʚ ʠ ʪ.ʜ. ɼʣʷ ʠʥʪʝʛʨʘʮʠʠ ʄʆʂ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʣʘʥʘʨʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʥʝʦʙʭʦʜʠʤʳ  

ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʢʘʨʢʘʩʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʄʆʂ (ʇʆɺʄʆʂ). 

 ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʠʧʦʚ ʇʆɺʄʆʂ ʦʩʣʦʞʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ 

ʧʨʦʩʪʦʛʦ ʠ ʥʘʜʝʞʥʦʛʦ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʚ ʪʦʥʢʠʭ 

ʧʣʝʥʢʘʭ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʠʟʘʡʥʘ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʨʘʟʨʘʙʦʪʢʘ 

ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʠ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʜʘʯ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ . 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʛʨʘʥʪʘ ʈʌʌʀ 18-29-04026 ʄʂ. 
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ɼʣʷ ʄʆʂ, ʩʦʙʨʘʥʥʳʭ ʠʟ ʜʠʩʢʦʪʠʯʝʩʢʠʭ ʬʣʫʦʨʦʬʦʨʦʚ, ʪʘʢʦʡ ʤʝʪʦʜ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʦʩʥʦʚʝ ʫʛʣʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ), ʧʦʩʢʦʣʴʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʌʃ ʟʘʚʠʩʠʪ ʦʪ 

ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʦʩʢʦʩʪʝʡ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠ ʤʦʣʝʢʫʣʳ-ʣʠʥʢʝʨʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ 

ʙʳʣʠ ʠʟʫʯʝʥʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʄʆʂ ʥʘ ʦʩʥʦʚʝ 

ʮʠʥʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʝʪʨʘʢʘʨʙʦʢʩʠ- ʠ ʪʝʪʨʘʧʠʨʠʜʠʣ-ʟʘʤʝʱʝʥʥʳʭ 

ʧʦʨʬʠʨʠʥʦʚ ZnTCPP ʠ ZnTPyP, ʩʦʙʨʘʥʥʳʝ ʤʝʪʦʜʦʤ ʵʧʠʪʘʢʩʠʘʣʴʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ ʥʘ ʪʚʝʨʜʳʭ ʧʦʜʣʦʞʢʘʭ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʦʥʦʩʣʦʷʤʠ ʦʢʩʠʜʘ 

ʛʨʘʬʝʥʘ.[1]  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʫʛʣʦʚʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʠ ʌʃ ʠ ʠʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʘʥʠʟʦʪʨʦʧʠʠ ʌʃ ʦʪ 

ʪʠʧʘ ʧʦʨʬʠʨʠʥʦʚʳʭ ʤʦʣʝʢʫʣ ʚ ʧʣʝʥʢʘʭ ʄʆʂ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʦʝʥʠʝ 

ʤʦʣʝʢʫʣ ʧʦʨʬʠʨʠʥʘ ʠ ʠʭ ʫʧʘʢʦʚʢʘ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʫʛʣʦʚʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʧʝʢʪʨʦʚ ʌʃ. ʊʘʢ, ZnTPyP ʟʘ ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʦʙʨʘʟʫʝʪ ʢʚʘʟʠʠʟʦʪʨʦʧʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʠʟʦʪʨʦʧʥʦʡ 

ʵʤʠʩʩʠʝʡ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʩʛʣʘʞʠʚʘʥʠʝ ʫʛʣʦʚʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʌʃ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʠ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ.. 

ʉʪʝʧʝʥʴ ʘʥʠʟʦʪʨʦʧʠʠ ʌʃ 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʨʘʩʯʝʪʘ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ 

ʤʦʣʝʢʫʣ ʚ ʧʣʝʥʢʘʭ. 

ʅʘʠʙʦʣʴʰʘʷ ʘʥʠʟʦʪʨʦʧʠʷ 

ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʤʠʥʠʤʫʤʝ 

ʫʛʣʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʌʃ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʛʝʦʤʝʪʨʠʝʡ 

ʫʧʘʢʦʚʢʠ ʣʠʥʢʝʨʦʚ. 

ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʘ 

ʦʨʠʝʥʪʘʮʠʠ ʤʦʣʝʢʫʣ ʥʘ 

ʧʦʜʣʦʞʢʝ; ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʧʘʢʦʚʢʠ ʄʆʂ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʧʦ ʤʝʪʦʜʫ ɼʴʷʢʦʥʦʚʘ [2]. ʇʦʢʘʟʘʥʘ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ ʦʜʥʦʬʘʟʥʳʭ ʧʣʝʥʦʢ, ʦʜʥʘʢʦ ʜʣʷ 

ʧʦʣʠʬʘʟʥʳʭ ʦʙʨʘʟʮʦʚ ʠ ʩʠʩʪʝʤ ʩ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ ʫʛʣʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʘʟʤʳʚʘʝʪʩʷ, ʯʪʦ ʥʝ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʡ ʩʧʦʩʦʙ 

ʘʥʘʣʠʟʘ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʨʘʙʦʪʘʥ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʦʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʫʧʘʢʦʚʢʠ ʤʦʣʝʢʫʣ 
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ʈʠʩʫʥʦʢ 2. ɸʥʠʟʦʪʨʦʧʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʇʦʚʄʆʂ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ (1) ʠ 

ʢʚʘʟʠʠʟʦʪʨʦʧʥʦʡ(2) ʩʪʨʫʢʪʫʨʦʡ 
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ʬʣʫʦʨʦʬʦʨʘ ʚ ʩʣʦʠʩʪʳʭ ʫʣʴʪʨʘʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʝʛʦ 

ʦʛʨʘʥʠʯʝʥʠʷ. 
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119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: zhavoronok_elena@mail.com  

 

ʄʝʪʦʜʘʤʠ ʨʝʬʨʘʢʪʦʤʝʪʨʠʠ ʠ ʨʦʪʘʮʠʦʥʥʦʡ ʚʠʩʢʦʟʠʤʝʪʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʢʦʚʘʣʝʥʪʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʜʠʘʥʦʚʦʛʦ ʵʧʦʢʩʠʜʥʦʛʦ 

ʦʣʠʛʦʤʝʨʘ (ʕʆ) ʩʘʣʠʮʠʣʘʪʦʤ ʦʣʠʛʦʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʠʜʠʥʘ ʚ ʨʘʩʪʚʦʨʝ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʕʆ:ʆɻʄɻ 

ʵʢʩʪʨʝʤʘʣʴʥʘ. ʆʧʨʝʜʝʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ. ʄʝʪʦʜʦʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ ʦʧʨʝʜʝʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʥʥʦʛʦ ʦʪʚʝʨʜʠʪʝʣʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʣʥʦʛʦ ʦʪʚʝʨʞʜʝʥʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

 

The process of covalent modification of DGEBA dased epoxy resin by 

salicylate oligohexamethyleneguanidine in solution was studied by methods of 

refractometry and rotational viscometry. It was shown that the dependence of the 

degree of conversion on the ratio of EO: OGMG is extreme. The optimal ratio of 

reagents had been determined. Differential scanning calorimetry had been 

determined the optimal content of the amine hardener necessary for the complete 

curing of the modified system. 

 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʤʦʜʠʬʠʢʘʮʠʠ ʵʧʦʢʩʠʜʥʳʭ ʦʣʠʛʦʤʝʨʦʚ  

ʦʣʠʛʦʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʠʜʠʥʘʤʠ (ʆɻʄɻ) ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʧʦʚʳʰʝʥʠʷ ʙʠʦʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʠʜʨʦʬʠʣʴʥʳʝ ʦʣʠʛʦʛʝʢʩʘʤʝʪʠʣʝʥʛʫʘʥʠʜʠʥʳ 

ʚʝʩɹʤʘ ʧʣʦʭʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʵʧʦʢʩʠʜʥʳʭ ʦʣʠʛʦʤʝʨʘʭ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʠ 

ʦʪʚʝʨʞʜʝʥʠʠ ʬʦʨʤʠʨʫʝʪʩʷ ʜʝʬʝʢʪʥʘʷ ʵʧʦʢʩʠʘʤʠʥʥʘʷ ʧʣʝʥʢʘ. ɺʩʣʝʜʩʪʚʠʝ 

ʵʪʦʛʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʫʣʫʯʰʠʪʴ ʩʦʚʤʝʩʪʠʤʦʩʪʴ  ʢʦʤʧʦʥʝʥʪʦʚ ʟʘ 

ʩʯʝʪ ʧʨʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʵʧʦʢʩʠʜʥʳʤʠ ʛʨʫʧʧʘʤʠ ʕʆ ʠ 

ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʆɻʄɻ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʠʘʥʦʚʳʡ ʕʆ 

Epikote 828 (Hexion, ʉʐɸ) ʩ Mn=376 ʠ ʩʨʝʜʥʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʧʦ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʇʨʦʝʢʪ ˉ18-08-01252). 
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ʵʧʦʢʩʠʜʥʳʤ ʛʨʫʧʧʘʤ 1.99, ʘ ʪʘʢʞʝ ʛʠʜʨʦʭʣʦʨʠʜ ʆɻʄɻ (ʌʘʨʤʘ-ʇʦʢʨʦʚ, 

ʈʦʩʩʠʷ) ʩ Mn=951 ʠ ʩʨʝʜʥʠʤ ʯʠʩʣʦʤ ʨʘʟʚʝʪʚʣʝʥʠʡ ʥʘ ʤʦʣʝʢʫʣʫ 0.47 

ʵʢʚ/ʤʦʣʴ. ʆʪʚʝʨʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʦʣʠʛʦʦʢʩʠʧʨʦʧʠʣʝʥʜʠʘʤʠʥʦʤ Jeffamine 

D-230 (Hunstman, ʉʐɸ) c Mn=230.   

ʉʠʥʪʝʟ ʢʦʚʘʣʝʥʪʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʕʆ ʚʝʣʠ ʚ ʩʨʝʜʝ 

ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʘ (ʭ.ʯ.) ʧʨʠ ʤʦʣʴʥʦʤ ʠʟʙʳʪʢʝ ʕʆ (ʤʘʩʩʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʆɻʄɻ-ʩʘʣʠʮʠʣʘʪ: ʕʆ = 1: (2·5)). ʀʩʭʦʜʥʘʷ ʩʤʝʩʴ  ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 

ʤʫʪʥʦʚʘʪʫʶ ʞʠʜʢʦʩʪʴ. ɽʝ ʧʦʜʚʝʨʛʘʣʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 30 ʉ̄ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʨʝʘʢʪʦʨʝ ʩ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ ʠ 

ʦʙʨʘʪʥʳʤ ʭʦʣʦʜʠʣʴʥʠʢʦʤ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʟʨʘʯʥʦʛʦ ʛʦʤʦʛʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ.   

ʂʦʥʪʨʦʣʴ ʩʠʥʪʝʟʘ ʚʝʣʠ ʤʝʪʦʜʦʤ ʨʝʬʨʘʢʪʦʤʝʪʨʠʠ, ʨʘʩʩʯʠʪʳʚʘʷ ʧʦ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʪʝʧʝʥʴ ʧʨʝʚʨʘʱʝʥʠʷ  

(ʨʠʩ.1), ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʨʝʦʚʠʩʢʦʟʠʤʝʪʨʠʠ ʥʘ ʧʨʠʙʦʨʝ Brookfield DV2TLV 

ʩ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʤ ʨʘʙʦʯʠʤ ʫʟʣʦʤ ï ʩʠʩʪʝʤʦʡ ʢʦʘʢʩʠʘʣʴʥʳʭ ʮʠʣʠʥʜʨʦʚ. 

 
ʈʠʩ.1. ʀʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʦʪ 

ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ ʕʆ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʘʣʠʮʠʣʘʪʦʤ ʆɻʄɻ 

 

 ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʢʦʥʚʝʨʩʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʵʢʚʠʤʘʩʩʦʚʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʕʆ:ʆɻʄɻ. 

ʈʝʦʚʠʩʢʦʟʠʤʝʪʨʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ʨʝʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʧʨʦʪʝʢʘʝʪ ʚ ʪʝʯʝʥʠʝ 40-60 ʤʠʥʫʪ, 

ʘ ʜʘʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʪʚʝʨʜʠʪʝʣʷ, 

ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʘʪʴ ʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʘʜʜʫʢʪʦʚ ʧʦʣʥʦʩʪʴʶ 

ʦʪʚʝʨʞʜʝʥʥʳʝ ʦʙʨʘʟʮʳ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ. ʉʤʝʩʠ ʘʜʜʫʢʪʦʚ ʕʆ-ʆɻʄɻ ʩ ʦʪʚʝʨʜʠʪʝʣʝʤ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʘʩʩʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʥʘʛʨʝʚʘʣʠ ʚ ʷʯʝʡʢʝ ʧʨʠʙʦʨʘ DSC Q-100 

(TA Instruments, ʉʐɸ) ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ w
+
=10 ʂ/ʤʠʥ. ɹʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʘʜʜʫʢʪ: ʦʪʚʝʨʜʠʪʝʣʴ, ʠ ʩ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʳ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʨʞʜʝʥʥʳʝ ʦʧʪʠʯʝʩʢʠ 

ʧʨʦʟʨʘʯʥʳʝ ʙʝʩʮʚʝʪʥʳʝ ʧʣʝʥʢʠ.  
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ʋɼʂ 541.65, 541.49 

ʄɽɿʆ-ʄɽɿʆ-ʉɺʗɿɸʅʅʓʁ ɼʀʄɽʈ ʇʆʈʌʀʈʀʅɸʊɸ ʎʀʅʂɸ: 

ʉʀʅʊɽɿ ʀ ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ
1
 

 

ɾʠʛʠʣʝʚʘ
 
ɽ.ɸ.

1
, ɽʥʘʢʠʝʚʘ ʖ.ʖ.

2
, ɸ.ɻ. ɹʝʩʩʤʝʨʪʥʳʭ-ʃʝʤʸʥ

3
,  

ʖ.ɻ. ɻʦʨʙʫʥʦʚʘ
2,4

, A.ʖ. ʎʠʚʘʜʟʝ
2,4

 

 
1
 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ ʜ.1,  
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ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʉ. ʂʫʨʥʘʢʦʚʘ ʈɸʅ,  
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʥʪʝʟ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ 

ʤʝʟʦ-ʤʝʟʦ-ʩʚʷʟʘʥʥʦʛʦ ʜʠʤʝʨʘ ʧʦʨʬʠʨʠʥʘʪʘ ʮʠʥʢʘ(II), ʩʦʜʝʨʞʘʱʝʛʦ ʰʝʩʪʴ 

ʬʦʩʬʦʨʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʧʝʨʠʬʝʨʠʠ ʤʘʢʨʦʢʦʣʴʮʘ. ʉʪʨʫʢʪʫʨʘ 10,20-ʜʠ(4-

ʜʠʵʪʦʢʩʠʬʦʩʬʦʨʠʣʬʝʥʠʣ)ʧʦʨʬʠʨʠʥʘ ʨʘʩʰʠʬʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ.  

 

The synthesis and physical-chemical characterization of directly meso-

meso linked zinc(II) porphyrin dimer bearing six phosphoryl groups at the 

periphery of the macrocycle are presented. The structure of 10,20-di(4-

diethoxyphosphorylphenyl)porphyrin was studied by means of X-Ray analysis. 

 

ʇʦʨʬʠʨʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʣʠʯʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʩʣʝʜʩʪʚʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʣʸʛʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʤʘʢʨʦʢʦʣʝʮ ʨʘʟʣʠʯʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʩʠʩʪʝʤ [1]. ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʣʫʯʰʝʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʧʦʨʬʠʨʠʥʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʤʝʟʦ-ʤʝʟʦ-ʩʚʷʟʘʥʥʳʝ ʜʠʤʝʨʳ, ʠʤʝʶʱʠʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ 

ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʩʧʦʩʦʙʥʳʭ ʢ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʧʨʠ ʚʚʝʜʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʥʘ ʧʝʨʠʬʝʨʠʶ ʤʦʣʝʢʫʣʳ. ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ 

ʢʦʚʘʣʝʥʪʥʦ ʩʰʠʪʳʭ ʧʦʨʬʠʨʠʥʦʚʳʭ ʜʠʤʝʨʦʚ ʬʦʩʬʦʨʠʣʴʥʳʭ ʛʨʫʧʧ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʴʰʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʦʚʳʭ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ  ̄17-53-16028 ʅʎʅʀʃ_ʘ 
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ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʪʨʝʭ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʫ 

ʢʘʞʜʦʛʦ ʬʦʩʬʦʨʠʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ, ʩʧʦʩʦʙʥʳʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʯʥʳʭ 

ʢʘʢ ʚʦʜʦʨʦʜʥʳʭ, ʪʘʢ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ.  

ʈʘʥʝʝ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ 

ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʬʦʩʬʦʨʠʣ-ʟʘʤʝʱʸʥʥʳʭ ʧʦʨʬʠʨʠʥʦʚ ʠ ʠʭ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʠʟʫʯʝʥʘ ʠʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ 

ʩʘʤʦʩʙʦʨʢʘ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ ʠ ʨʘʩʪʚʦʨʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʢ ʜʠʩʢʨʝʪʥʳʭ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʜʠʤʝʨʦʚ, ʪʝʪʨʘʤʝʨʦʚ ʠ 

ʛʝʧʪʘʤʝʨʦʚ, ʪʘʢ ʠ 1D ʠ 2D ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ [2-6].  

ʉʠʥʪʝʟ ʮʝʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ Zn6 ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʧʷʪʴ ʩʪʘʜʠʡ  

(ʈʠʩ. 1).  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʤʝʟʦ-15,15ǋ-ʙʠʩ(ʜʠʵʪʦʢʩʠʬʦʩʬʦʨʠʣ)-10,10ǋ,20,20ǋ-ʪʝʪʨʘ(4-

ʜʠʵʪʦʢʩʠʬʦʩʬʦʨʠʣʬʝʥʠʣ)-5,5ǋ-ʙʠʧʦʨʬʠʨʠʥʘʪ ʮʠʥʢʘ (Zn6) 

 

ʉʝʣʝʢʪʠʚʥʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʩʚʦʙʦʜʥʦʛʦ ʤʝʟʦ-ʧʦʣʦʞʝʥʠʷ 

ʧʦʨʬʠʨʠʥʘʪʘ ʮʠʥʢʘ(II) Zn3 ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʜʝʡʩʪʚʠʝʤ N-

ʙʨʦʤʩʫʢʮʠʥʠʤʠʜʘ ʚ ʭʣʦʨʦʬʦʨʤʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʠʨʠʜʠʥʘ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Zn4, ʢʦʪʦʨʦʝ ʜʘʣʝʝ ʚʚʦʜʠʣʠ ʚ 

ʨʝʘʢʮʠʶ ʢʨʦʩʩ-ʩʦʯʝʪʘʥʠʷ ʩ ʧʠʥʘʢʦʣʙʦʨʘʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚ Pd(PPh3)2Cl2 ʠ ʠʟʙʳʪʢʘ ʪʨʠʵʪʠʣʘʤʠʥʘ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ 1,2-

ʜʠʭʣʦʨʵʪʘʥʝ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɼʘʣʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʧʨʝʢʫʨʩʦʨʘ Zn5 ʩ ʙʨʦʤʠʨʦʚʘʥʥʳʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʤ Zn4 ʧʦ ʨʝʘʢʮʠʠ 

ʉʫʟʫʢʠ-ʄʠʷʫʨʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ Pd(PPh3)4 ʠ ʠʟʙʳʪʢʘ Cs2CO3 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʩʤʝʩʠ ɼʄʌɸ/ʪʦʣʫʦʣ (1:2) ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʧʨʠʚʦʜʠʣʦ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʮʝʣʝʚʦʛʦ ʤʝʟʦ-ʤʝʟʦ-ʩʚʷʟʘʥʥʦʛʦ ʜʠʤʝʨʘ ʧʦʨʬʠʨʠʥʘʪʘ 

ʮʠʥʢʘ(II) Zn6 ʩ ʚʳʭʦʜʦʤ 59%. 
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ɺʩʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ ʩʦʝʜʠʥʝʥʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʗʄʈ 
1
ʅ ʠ 

31
ʈ, ʜʚʫʤʝʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 

1
ʅ,

1
ʅ-

COSY, MALDI  TOF ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʕʉʇ. 

ɼʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 10,20-ʜʠ(4-

ʜʠʵʪʦʢʩʠʬʦʩʬʦʨʠʣʬʝʥʠʣ)ʧʦʨʬʠʨʠʥʘ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʫʩʣʦʚʠʷ 

ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠ ʨʘʩʰʠʬʨʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 
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ʄʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ 2,5-

ʜʠʘʤʠʥʦ-5,5-ʜʠʬʦʩʬʦʥʦʚʘʣʝʨʠʘʥʦʚʦʡ ʢʠʩʣʦʪʳ (DADP5) ʩ ʫʯʝʪʦʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʤʝʨʥʳʭ ʬʦʨʤ. ʇʨʦʚʝʜʝʥ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʧʨʝʧʘʨʘʪʘ 

DADP5 ʩ 
188

Re ʠ ʦʙʥʘʨʫʞʝʥʘ ʝʛʦ ʦʩʪʝʦʪʨʦʧʥʦʩʪʴ ʚ ʦʧʳʪʘʭ in vivo. 

 

Dissociation constants of 2,5-diamino-5,5-diphosphonovaleric acid 

(DADP5) were determined by potentiometry taking into account dimer 

formation. Radiochemical synthesis of 
188

Re radiopharmaceutical with DADP5 

was held. Its osteotropicity in vivo was found. 

 

ʈʘʜʠʦʥʫʢʣʠʜʥʘʷ ʪʝʨʘʧʠʷ (ʈʅʊ) ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ï ʦʜʥʘ 

ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ. 

ʈʘʜʠʦʥʫʢʣʠʜ 
188
Re ʙʣʘʛʦʜʘʨʷ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʊ1/2 = 

16.7 ʯ, ɽɓ = 2.12 ʄʵɺ 80 %) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʈʅʊ. ʈʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʳ (ʈʌʇ) 
188

Re ʚ ʦʩʥʦʚʥʦʤ 

ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʣʝʯʝʥʠʷ ʢʦʩʪʥʳʭ ʤʝʪʘʩʪʘʟʦʚ, ʨʘʢʘ ʧʝʯʝʥʠ ʠ ʢʘʨʮʠʥʦʤʳ 

ʤʦʟʛʘ. 

ʉ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʩʠʥʪʝʪʠʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʣʠʛʘʥʜʦʚ ʜʣʷ ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʦʚ 
188

Re ʩ ʧʦʚʳʰʝʥʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʚ 

ʢʦʩʪʥʳʭ ʪʢʘʥʷʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʩʠʥʪʝʟ 2,5-ʜʠʘʤʠʥʦ-5,5-

ʜʠʬʦʩʬʦʥʦʚʘʣʝʨʠʘʥʦʚʦʡ ʢʠʩʣʦʪʳ (DADP5) [1]. ɸʤʠʥʦʜʠʬʦʩʬʦʥʦʚʘʷ ʠ 

ʘʤʠʥʦʢʠʩʣʦʪʥʘʷ ʛʨʫʧʧʳ ʚ ʩʦʩʪʘʚʝ ʵʪʦʛʦ ʣʠʛʘʥʜʘ ʤʦʛʫʪ ʢʘʢ ʫʯʘʩʪʚʦʚʘʪʴ ʚ 

ʩʚʷʟʳʚʘʥʠʠ ʨʘʜʠʦʥʫʢʣʠʜʘ, ʪʘʢ ʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʝʛʦ ʪʨʘʥʩʧʦʨʪ ʢ ʢʦʩʪʥʳʤ 

ʪʢʘʥʷʤ. 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 18-33-00685) ʠ ʚ ʨʘʤʢʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʜʘʥʠʡ ˉ 0081-2014-0015 ʠ 0090-2017-0024. 
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ʄʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʨʝʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ CHEMEQUI ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ 

ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪʳ DADP5 (ʪʘʙʣ. 1). ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʫʯʪʝʥʳ 

ʧʨʦʮʝʩʩʳ ʩʘʤʦʘʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠʤʝʨʥʳʭ ʬʦʨʤ. 

ʅʘʣʠʯʠʝ ʜʠʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ ʦʙʥʘʨʫʞʝʥʦ ʪʘʢʞʝ ʠ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʤʝʪʦʜʦʤ 

MALDI . ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʢʠʩʣʦʪʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH ʨʘʩʪʚʦʨʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ 

pH 7.4 ʢʠʩʣʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʘʥʠʦʥʘʤʠ H7L2
-
, H4L

-
 ʠ H3L

2-
 ʧʨʠ ʝʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʦʣʦ 0.36 ʤʄ (ʨʠʩ. 1). 

ʊʘʙʣ. 1. ʂʦʥʩʪʘʥʪʳ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʢʠʩʣʦʪʳ DADP5 (H5L) ʚ ʚʦʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298 

ʂ ʠ ʠʦʥʥʦʡ ʩʠʣʝ 0.1 M KCl 

ʨʘʚʥʦʚʝʩʠʝ 
ʘ
 logb ° sd 

ʙ
 ʩʪʫʧʝʥʯʘʪʦʝ ʨʘʚʥʦʚʝʩʠʝ logK 

H + L = HL 10.55 ° 0.18 H + L = HL 10.55 ° 0.18 

2H + L = H2L 21.05 ° 0.23 H + HL = H2L 10.49 ° 0.29 

3H + L = H3L 30.40 ° 0.37 H + H2L = H3L 9.35 ° 0.44 

4H + L = H4L 38.20 ° 0.25 H + H3L = H4L 7.80 ° 0.45 

5H + L = H5L 42.78 ° 0.18 H + H4L = H5L 4.58 ° 0.31 

3H + 2L = H3L2 35.40 ° 0.35 3H + 2L = H3L2 12.54 ° 0.69 

5H + 2L = H5L2 55.42 ° 0.60 2H + H3L2 = H5L2 17.43 ° 0.85 

7H + 2L = H7L2 72.85 ° 0.60 2H + H5L2 = H7L2 20.02 ° 0.74 

9H + 2L = H9L2 85.39 ° 0.43 2H + H7L2 = H9L2 35.40 ° 0.46 
a
 ɼʣʷ ʧʨʦʩʪʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʡ ʟʘʨʷʜʳ ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤ ʥʝ ʫʢʘʟʘʥʳ. 

ʊʘʢ, ʚʤʝʩʪʦ H
+
 + L

5-
 = HL

4-
 ʫʢʘʟʘʥʦ H + L = HL ʠ ʪ.ʜ. 

ʙ
 logb - ʧʦʣʥʳʝ ʠ logK ï 

ʩʪʫʧʝʥʯʘʪʳʝ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʡ, sd ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʚʳʯʠʩʣʝʥʥʦʝ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʥʝʩʢʦʣʴʢʠʭ ʪʠʪʨʦʚʘʥʠʡ ʠ ʨʘʩʯʝʪʦʚ. 
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ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʢʠʩʣʦʪʳ DADP5 (H5L) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

pH ʚ ʧʨʦʮʝʥʪʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʦʙʱʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ C
o
DADP5 = 0.36 ʤʄ. 

 

ʄʝʪʦʜʦʤ ʨʘʜʠʦ-ʊʉʍ ʠʩʩʣʝʜʦʚʘʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
188

Re ʩ DADP5. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʠʟ ʧʦʣʦʩʦʢ ʩʪʝʢʣʦʚʦʣʦʢʥʘ, 

ʠʤʧʨʝʛʥʠʨʦʚʘʥʥʳʭ ʩʠʣʠʢʘʛʝʣʝʤ (ITLC-SG), ʚ ʘʮʝʪʦʥʝ, ʚ ʢʦʪʦʨʦʡ ʧʝʨʨʝʥʘʪ-

ʠʦʥʳ ʜʚʠʞʫʪʩʷ ʩ ʬʨʦʥʪʦʤ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʘ ʢʦʤʧʣʝʢʩ 
188

Re ʦʩʪʘʝʪʩʷ ʥʘ 

ʩʪʘʨʪʝ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʣʫʯʰʫʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʨʘʟʜʝʣʝʥʠʝ ʥʝʩʚʷʟʘʥʥʦʛʦ 
188

Re ʠ ʤʝʯʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʳʭʦʜ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʘʚʠʣ ʥʝ ʤʝʥʝʝ 95%. 

ʍʘʨʘʢʪʝʨ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʝʧʘʨʘʪʘ 
188

Re-DADP5 

ʦʮʝʥʠʚʘʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʧʨʷʤʦʡ ʨʘʜʠʦʤʝʪʨʠʠ in vivo. ʇʦʣʫʯʝʥʳ 

ʜʘʥʥʳʝ ʧʦ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʝ ʧʨʝʧʘʨʘʪʘ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʝʛʦ 

ʦʩʪʝʦʪʨʦʧʥʦʩʪʴ ʠ ʧʦʚʳʰʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚ ʤʝʩʪʘʭ ʢʦʩʪʥʳʭ ʧʝʨʝʣʦʤʦʚ ï 

ʤʦʜʝʣʷʭ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʧʘʪʦʣʦʛʠʡ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʥʘʢʦʧʣʝʥʠʷ (ʂɼʅ) ʜʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 
188

Re-DADP5 ʩʦʧʦʩʪʘʚʠʤ ʠ 

ʜʘʞʝ ʥʝʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʂɼʅ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ çɿʦʣʝʨʝʥ,
188

Reè 

ʠ çʌʦʩʬʦʨʝʥ,
188

Reè. 
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ʋɼʂ 544.77 

ʉʇɽʂʊʈɸʃʔʅʆ-ʂʀʅɽʊʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʌʆʊʆʍʈʆʄʅʓʍ ʇʈɽɺʈɸʑɽʅʀʁ ɼʀʌʀʃʔʅʆɻʆ 
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ʀʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʠʬʠʣʴʥʦʛʦ 

ʩʧʠʨʦʥʘʬʪʦʢʩʘʟʠʥʘ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 

ʬʘʟ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʫʯʘʝʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʬʦʪʦʭʨʦʤʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʜʚʫʤʝʨʥʦʝ ʫʧʦʨʷʜʦʯʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. 

 

Spectral and kinetic properties of amphiphilic spironaphthoxazine are 

investigated in organic solvents and at the interface. It is shown that the studied 

compound maintain photochromism properties upon transition from dissolved to 

a two-dimensional ordered state. 

 

ʀʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʭʨʦʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʪʠʤʦ ʤʝʥʷʪʴ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʠ ʜʨʫʛʠʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʳ ʚʦʟʨʘʩʪʘʶʱʝʡ ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʬʦʪʦ- ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʀʥʪʝʨʝʩ ʢ ʪʘʢʠʤ ʩʠʩʪʝʤʘʤ 

ʧʨʦʜʠʢʪʦʚʘʥ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʟʘʧʠʩʠ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʧʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʚ ʛʦʣʦʛʨʘʬʠʠ, ʚ ʩʠʩʪʝʤʘʭ 

ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʙʦʣʴʰʦʤ ʵʢʨʘʥʝ, ʚ ʩʝʥʩʦʨʠʢʝ ʠ ʪ.ʜ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʣʘʩʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʭʨʦʤʦʚ ʷʚʣʷʪʁʩʷ 

ʩʧʠʨʦʦʢʩʘʟʠʥʳ, ʩʧʦʩʦʙʥʳʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-ʩʚʝʪʘ 

ʦʢʨʘʰʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʦʙʨʘʪʥʘʷ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʘ ʚʦʟʤʦʞʥʘ 

ʧʨʠ ʪʝʤʥʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ ʠʣʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ʊʘʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʩʧʦʩʦʙʥʳ ʧʨʦʷʚʣʷʪʴ ʬʦʪʦʭʨʦʤʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʨʘʩʪʚʦʨʘʭ, 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮʘʭ, ʩʘʤʦʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʤʦʥʦʩʣʦʷʭ. ʄʝʪʦʜ ʤʦʥʦʩʣʦʝʚ 

ʃʝʥʛʤʶʨʘ ʷʚʣʷʝʪʩʷ ʥʘʛʣʷʜʥʳʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʠʷ ʩʪʨʦʝʥʠʷ 

ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʣʦʝʚ ʥʘ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʝ ʚʦʟʜʫʭ/ʚʦʜʘ, ʘ ʦʩʥʦʚʦʡ 

ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ ʠ ʪʝʭʥʠʢʠ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ (ʃɹ) ʷʚʣʷʝʪʩʷ 

                                                 
1
 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 18-03-01131_ʘ 



˩˝˜˝˟ˣ˪˝ˡ˝˴ ˢ˕ˢˣ- ̋  ˦˨ˤ˥˕ˡˣˠ˚˟˨ˠ˴˥ˢ˰˪ ˦˝˦˧˚ˡ 28 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʙʦʨʢʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʘʥʘʨʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ 

ʪʦʣʱʠʥʦʡ ʧʣʝʥʢʠ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʤʦʣʝʢʫʣ ʚ ʩʣʦʷʭ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʪʘʢʠʭ 

ʩʠʩʪʝʤ ʦʪʥʦʩʷʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ, ʪʝʨʤʠʯʝʩʢʠʤ ʠ ʭʠʤʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ, ʦʜʥʘʢʦ ʩʚʦʡʩʪʚʘ ʩʧʠʨʦʦʢʩʘʟʠʥʦʚ ʚ ʤʦʥʦʩʣʦʷʭ ʠ ʃɹ-ʧʣʝʥʢʘʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʥʦʩʣʦʝʚ ʃʝʥʛʤʶʨʘ ʦʧʪʠʯʝʩʢʠʭ ʬʦʪʦʭʨʦʤʦʚ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʦʝʥʠʝʤ ʵʪʠʭ ʩʠʩʪʝʤ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʥʠʭ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʬʦʪʦʭʨʦʤʥʳʭ 

ʩʚʦʡʩʪʚ 5-(ʛʝʢʩʘʜʝʮʠʣʦʢʩʠ)-1,3,3ïʪʨʠʤʝʪʠʣ-1,3-ʜʠʛʠʜʨʦʩʧʠʨʦ[ʠʥʜʦʣʠʥ-

2,3ó-ʥʘʬʪʦ[2,1b] [1,4]ʦʢʩʘʟʠʥ]-9'-ʦʣ 

(SNO149) ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʚʦʟʜʫʭ/ʚʦʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʵʣʝʢʪʨʦʥʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ SNO149 

ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʢʩʠʤʫʤʦʤ ʧʦʛʣʦʱʝʥʠʷ 

ʚ ʦʙʣʘʩʪʠ 325ʥʤ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʷʨʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ ʦʙʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʭʦʜ ʤʦʣʝʢʫʣʳ ʚ ʦʪʢʨʳʪʫʶ, 

ʤʝʨʦʮʠʘʥʠʥʦʚʫʶ ʬʦʨʤʫ (ʨʠʩ.1), 

ʩʦʧʨʦʚʦʞʜʘʝʤʳʡ ʠʟʤʝʥʝʥʠʝʤ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʧʠʨʦʥʘʬʪʦʢʩʘʟʠʥʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʠʟʫʯʘʝʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʩʦʣʴʚʘʪʦʭʨʦʤʠʟʤʦʤ, ʟʘʢʣʶʯʘʶʱʠʤʩʷ ʚ ʛʠʧʩʦʭʨʦʤʥʦʤ 

ʩʜʚʠʛʝ ʤʘʢʩʠʤʫʤʘ ʧʦʛʣʦʱʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʷʨʥʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʀʩʩʣʝʜʦʚʘʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʪʦʧʨʝʚʨʘʱʝʥʠʡ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʦʮʝʩʩ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʧʨʠ ʪʝʤʥʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ ʧʦʜʯʠʥʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʶ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʘ ʩʢʦʨʦʩʪʴ ʬʦʪʦʦʢʨʘʰʠʚʘʥʠʷ ʥʘ ʧʦʨʷʜʦʢ 

ʧʨʝʚʦʩʭʦʜʠʪ ʩʢʦʨʦʩʪʴ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ. ɺʧʝʨʚʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ 

ʚʦʟʜʫʭ/ʚʦʜʘ ʩʬʦʨʤʠʨʦʚʘʥʳ ʤʦʥʦʩʣʦʠ SNO149 ʠ ʠʟʫʯʝʥʳ ʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʦʩʥʦʚʥʦʤ ʠ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʧʨʝʪʝʨʧʝʚʘʝʪ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʧʨʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʜʘʚʣʝʥʠʠ ʦʢʦʣʦ 15ʤʅ/ʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʧʠʨʦʥʘʬʪʦʢʩʘʟʠʥ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʬʦʪʦʭʨʦʤʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʜʚʫʤʝʨʥʦʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʪʢʨʳʚʘʶʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʝʨʝʢʣʶʯʘʝʤʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʩʧʠʨʦʥʘʬʪʦʢʩʘʟʠʥʦʚ.  
 

  

 

ʈʠʩ. 1. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʠ 

ʬʦʪʦʭʨʦʤʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ SNO149. 
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ʂʆʄʇʃɽʂʉʆʆɹʈɸɿʋʖʑʀɽ ʀ ʉʇɽʂʊʈɸʃʔʅʆ-
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ʀʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʝ ʠ ʭʝʤʦʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ 

ʜʠʬʠʣʴʥʦʛʦ ʩʧʠʨʦʧʠʨʘʥʘ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʟʫʯʘʝʤʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʙʣʘʜʘʝʪ ʬʦʪʦʭʨʦʤʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠ ʢʠʥʝʪʠʢʘ 

ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʦʢʨʘʰʝʥʥʦʡ ʬʦʨʤʳ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ. 

 

Spectral and sensoric properties of amphiphilic spiropyran are 

investigated. It is shown that the studied compound reveals photochromism in 

organic solvents, and the kinetics of decolorization conforms to the first order 

equation. 

 

ʋʩʪʦʡʯʠʚʳʡ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʬʦʪʦʭʨʦʤʥʳʭ ʩʚʦʡʩʪʚ 

ʩʧʠʨʦʧʠʨʘʥʦʚ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ 

ʦʙʫʩʣʦʚʣʝʥ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, 

ʤʠʢʨʦʩʝʥʩʦʨʠʢʠ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʧʘʤʷʪʠ ʠ ʪ.ʧ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʬʦʪʦʭʨʦʤʥʳʭ ʤʦʣʝʢʫʣ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʤʝʪʦʜ ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʶ ʜʠʬʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ ʬʘʟ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ. ʆʜʥʘʢʦ, 

ʜʠʬʠʣʴʥʳʝ ʩʧʠʨʦʧʠʨʘʥʳ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ 

ʢʘʢ ʚ ʨʘʩʪʚʦʨʘʭ, ʪʘʢ ʠ ʚ ʫʣʴʪʨʘʪʦʥʢʠʭ ʧʣʝʥʢʘʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟ-ʟʘ 

ʩʣʦʞʥʦʩʪʠ ʠʭ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʚ  ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʳʤ ʥʝʞʝʣʘʪʝʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʚʚʝʜʝʥʠʝʤ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʮʝʧʠ ʚ ʤʦʣʝʢʫʣʫ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦ-

ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ ʭʝʤʦʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ 1ǋ3ǋ-ʜʠʛʠʜʨʦ-1ǋ-ʛʝʢʩʘʜʝʮʠʣ-3ǋ3ǋ-

ʜʠʤʝʪʠʣ-6-ʥʠʪʨʦʩʧʠʨʦ[2H-ʙʝʥʟʦʧʠʨʘʥ-2,2ǋ-(2H)ʠʥʜʦʣʘ] (SP1) ʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 18-03-01131_a 
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ʆʧʨʝʜʝʣʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʦʙʣʫʯʝʥʠʠ SP1 ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʩʚʝʪʦʤ ʠ 

ʧʨʠ ʪʝʤʥʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʩʧʠʨʦʧʠʨʘʥ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦ ʘʟʦʪʫ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʤ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤ 

ʨʘʜʠʢʘʣʦʤ, ʧʨʦʷʚʣʷʝʪ ʬʦʪʦʭʨʦʤʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

(ʨʠʩ.1), ʧʨʠʯʝʤ ʩʢʦʨʦʩʪʴ ʧʨʷʤʦʡ ʨʝʘʢʮʠʠ ʬʦʪʦʦʢʨʘʰʠʚʘʥʠʷ ʥʘ ʧʦʨʷʜʦʢ 

ʧʨʝʚʦʩʭʦʜʠʪ ʩʢʦʨʦʩʪʴ ʪʝʤʥʦʚʦʡ ʨʝʣʘʢʩʘʮʠʠ. ʂʠʥʝʪʠʢʘ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ 

ʦʢʨʘʰʝʥʥʦʡ ʬʦʨʤʳ ʧʦʜʯʠʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʶ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʢʦʥʩʪʘʥʪʘ 

ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʝʪ 2,6ʭ10
-3
 ʩ

-1
 

(ʉSP1=1ʭ10
-4
ʄ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʘ ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʚʳʷʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʨʘʪʠʤʦʛʦ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʩʧʠʨʦʧʠʨʘʥʘ. ʀʟʫʯʝʥʠʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʬʦʪʦʭʨʦʤʘ 

ʧʦʢʘʟʘʣʦ ʧʝʨʩʧʝʢʪʠʚʳ ʩʦʟʜʘʥʠʷ ʥʘ ʝʛʦ 

ʦʩʥʦʚʝ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʠ 

ʩʝʣʝʢʪʠʚʥʳʭ ʩʝʥʩʦʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʘʪʠʦʥʦʚ ʘʣʶʤʠʥʠʷ, ʨʪʫʪʠ, ʤʝʜʠ (II), 

ʞʝʣʝʟʘ (III ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʠʬʠʣʴʥʳʭ 

ʩʧʠʨʦʧʠʨʘʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʠʭ 

ʵʣʝʤʝʥʪʦʚ ʦʧʪʠʯʝʩʢʠʭ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʘʰʠʥ, ʤʝʭʘʥʠʟʤʦʚ ʠ ʩʝʥʩʦʨʥʳʭ 

ʫʩʪʨʦʡʩʪʚ.  
 

  

 

ʈʠʩ. 1.  ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʠ 

ʬʦʪʦʭʨʦʤʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ SP1. 
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ʋɼʂ 544.032.76 

ʉʃʆʀ ʂʆʄʇʃɽʂʉʆɺ ʇʆʃʀɸʅʀʃʀʅɸ ʀ ʇʆʃʀ-3,4-

ʕʊʀʃɽʅɼʀʆʂʉʀʊʀʆʌɽʅɸ ʉ ʇʆʃʀʕʃɽʂʊʈʆʃʀʊɸʄʀ ɼʃʗ ɻʀɹʈʀɼʅʓʍ 

ʉʆʃʅɽʏʅʓʍ ʕʃɽʄɽʅʊʆɺ
 1
 

 

ʂʘʙʘʥʦʚʘ ɺ.ɸ., ɻʨʠʙʢʦʚʘ ʆ.ʃ., ʊʘʤʝʝʚ ɸ.ʈ., ʅʝʢʨʘʩʦʚ ɸ.ɸ. 
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ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʦʟʜʘʥʠʠ ʧʦʣʠʤʝʨʥʳʭ ʩʣʦʝʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦʣʠʘʥʠʣʠʥʘ ʠ ʧʦʣʠ-3,4-ʵʪʠʣʝʥʜʠʦʢʩʠʪʠʦʬʝʥʘ ʩ 

ʧʦʣʠʩʫʣʴʬʦʵʣʝʢʪʨʦʣʠʪʘʤʠ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʳʨʦʯʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ ʚ ʛʠʙʨʠʜʥʳʭ 

ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ. 

 

The aim of the work was electrodeposition of polymeric layers based on 

polyaniline and poly-3,4-ethylenedioxytiophene complexes with 

polysulfoelectrolytes. Studies have shown the promise of using the obtained 

polymer complexes as hole-transport layers in hybrid solar cells.  

 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʦʟʜʘʥʠʠ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ ʩ ʜʳʨʦʯʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. 

ʕʣʝʢʪʨʦʘʢʪʠʚʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ ʩʣʫʞʠʣʠ ʧʦʣʠʘʥʠʣʠʥ (ʇɸʅʀ) ʠ ʧʦʣʠ-3,4-

ʵʪʠʣʝʥʜʠʦʢʩʠʪʠʦʬʝʥ (ʇʕɼʆʊ). ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ 

ʘʥʠʣʠʥʘ ʠ 3,4-ʵʪʠʣʝʥʜʠʦʢʩʠʪʠʦʬʝʥʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʙʢʦʮʝʧʥʳʭ ʩʫʣʴʬʦʢʠʩʣʦʪʥʳʭ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ.  

ʇʦʣʠ-2-ʘʢʨʠʣʘʤʠʜʦ-2-ʤʝʪʠʣ-1-ʧʨʦʧʘʥʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

(ʇɸʄʇʉʂ) ʠ ʧʦʣʠʩʪʠʨʦʣʩʫʣʴʬʦʢʠʩʣʦʪʘ (ʇʉʉʂ) ʠ ʠʭ Na
+
-ʩʦʣʠ (ʚ ʩʣʫʯʘʝ 

ʩʠʥʪʝʟʘ ʇʕɼʆʊ) ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʠʟ-ʟʘ ʠʭ 

ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʪʴ ʦʜʥʦʨʦʜʥʳʝ ʪʦʥʢʠʝ 

ʧʣʝʥʢʠ. ɹʦʣʝʝ ʪʦʛʦ, ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʦʧʦʣʠʤʝʨʠʟʘʮʠʶ ʇɸʅʀ ʠʣʠ ʇʕɼʆʊ 

ʙʝʟ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʠ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʦʚ ʚʣʠʷʶʪ ʥʘ ʢʠʥʝʪʠʢʫ ʩʠʥʪʝʟʘ ʠ 

ʩʪʨʫʢʪʫʨʫ ʩʣʦʝʚ ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʩʣʫʯʘʝ ʇʕɼʆʊ, ʢʘʢ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʪʘʢʞʝ ʚʘʞʥʘ ʧʨʠʨʦʜʘ ʧʨʦʪʠʚʦʠʦʥʘ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʩʣʦʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʜʳʨʦʯʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʭ (ʙʫʬʝʨʥʳʭ) ʩʣʦʝʚ ʚ ʛʠʙʨʠʜʥʳʭ ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘʭ (ɻʉʕ) 

(ʈʠʩ. 1). ɺ ʢʘʯʝʩʪʚʝ ʬʦʪʦʘʢʪʠʚʥʦʛʦ ʩʣʦʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʦʡ 

ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ CH3NH3PbI3 ʧʝʨʦʚʩʢʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ.  

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ɻʨʘʥʪ ˉ 16-29-06423). 
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ɹʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ 

ʧʦʣʠʤʝʨ-ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 

ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ 

ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʘ, ʚʭʦʜʷʱʝʛʦ ʚ 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʚʦʣʴʪ-

ʘʤʧʝʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʉʕ. ɿʥʘʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʉʕ 

ʙʳʣʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 5 ʜʦ 11%. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʳʨʦʯʥʦ-

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʣʦʝʚ ʚ ɻʉʕ. 
 

  

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʛʠʙʨʠʜʥʦʛʦ 

ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ. 
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ʂʀʉʃʆʊɸ ʂɸʂ ʇʆʊɽʅʎʀɸʃʔʅʓʁ ʂʆʄʇʆʅɽʅʊ 
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ʀʟʫʯʝʥʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ 1,7-ʜʠʘʤʠʥʦ-4-ʦʢʩʘʛʝʧʪʘʥ-1,1,7,7-

ʪʝʪʨʘʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʢʘʪʠʦʥʘʤʠ Ga
3+

, Sm
3+

 ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʈɿʕ 

ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʥʩʪʘʥʪ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ. ʇʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʢʠʩʣʦʪʳ ʠ ʢʦʤʧʣʝʢʩʦʚ Ga
3+

 ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH ʨʘʩʪʚʦʨʘ. 

 

Complexation of 1,7-diamino-4-oxaheptane-1,1,7,7-tetraphosphonic acid with 

Ga
3+

, Sm
3+

 and other REE was studied, including determination of stability constants 

of the complexes. Species distribution diagrams of protonated forms of acid and 

Ga
3+

 complexes versus pH were built. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʳ (ʈʌʇ), ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʭʝʣʘʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʩʚʷʟʳʚʘʪʴ ʢʘʪʠʦʥʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʣʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʨʘʜʠʦʤʝʪʘʣʣʦʚ (ʨʘʜʠʦʥʫʢʣʠʜʦʚ), ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʭ 

ʘʜʨʝʩʥʫʶ ʜʦʩʪʘʚʢʫ ʢ ʧʨʦʙʣʝʤʥʳʤ ʦʨʛʘʥʘʤ ʠʣʠ ʪʢʘʥʷʤ. ʅʘʧʨʠʤʝʨ, ʚ ʩʦʩʪʘʚ 

ʈʌʇ çʉʘʤʘʨʠʡ, 
153
Sm, ʦʢʩʘʙʠʬʦʨè, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʪʝʨʘʧʠʠ ʢʦʩʪʥʳʭ 

ʤʝʪʘʩʪʘʟʦʚ, ʚʭʦʜʠʪ 1,5-ʜʠʘʤʠʥʦ-3-ʦʢʩʘʧʝʥʪʘʥ-N,N'-

ʪʝʪʨʘ(ʤʝʪʠʣʝʥʬʦʩʬʦʥʦʚʘʷ) ʢʠʩʣʦʪʘ (1). ʇʦ ʤʝʪʦʜʫ [1] ʧʫʪʝʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʤʦʣʝʢʫʣ ʬʦʩʬʦʨʠʩʪʦʡ ʢʠʩʣʦʪʳ ʢ ʥʠʪʨʠʣʴʥʦʡ ʛʨʫʧʧʝ 

ʥʘʤʠ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ 1,7-ʜʠʘʤʠʥʦ-4-ʦʢʩʘʛʝʧʪʘʥ-1,1,7,7-

ʪʝʪʨʘʬʦʩʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 2, ʠʤʝʶʱʘʷ ʦʙʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʩ 1. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 1 ʠ 2 ʩ ʢʘʪʠʦʥʦʤ Sm
3+

 ʚ ʨʘʩʪʚʦʨʝ ʙʳʣʦ ʠʟʫʯʝʥʦ 

ʤʝʪʦʜʦʤ ʗʄʈ 
13
ʉ ʠ 

31
ʈ ʚ D2O. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ 

ʦʙ ʫʯʘʩʪʠʠ ʪʦʣʴʢʦ ʜʚʫʭ Ŭ-ʘʤʠʥʦʬʦʩʬʦʥʦʚʳʭ ʛʨʫʧʧ 2 ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʦʤʧʣʝʢʩʘ ʩ ʢʘʪʠʦʥʦʤ Sm
3+

 ʩʦʩʪʘʚʘ 1:1. 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 18-33-00685) ʠ ʚ ʨʘʤʢʘʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʜʘʥʠʡ ˉ 0081-2014-0015 ʠ 0090-2017-0024. 

mailto:mister.karavaev@inbox.ru
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 2 ʩ 

ʭʣʦʨʠʜʘʤʠ ʠ ʙʨʦʤʠʜʘʤʠ ʈɿʕ ʚ ʪʚʝʨʜʦʤ ʚʠʜʝ: LnHal3
.
L

.
xH2O (Ln

3+
 = La

3+
, 

Ce
3+

, Pr
3+

, Nd
3+

, Gd
3+

, Tb
3+

, Er
3+

, Tm
3+

, Yb
3+

; Hal
-
 = Cl

-
, Br

-
; x = 1, 2). 

ʄʝʪʦʜʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʈʌɸ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ 

ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ ʠʦʥʦʚ ʈɿʕ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʬʦʩʬʦʨʠʣʴʥʳʭ ʛʨʫʧʧ, ʩʦʦʪʥʦʰʝʥʠʝ M:L ʚ ʢʦʤʧʣʝʢʩʘʭ 

1:1, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʗʄʈ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

 
ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʟʦʪʦʧʦʚ ʚ ʷʜʝʨʥʦʡ 

ʤʝʜʠʮʠʥʝ ʷʚʣʷʝʪʩʷ ʨʘʜʠʦʥʫʢʣʠʜ 
68

Ga. ʅʘʤʠ ʤʝʪʦʜʦʤ ʗʄʈ 
1
H ʠ 

31
P ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʧʝʨʚʠʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 2 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʪʠʦʥʫ Ga
3+
. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ 

ʩʫʱʝʩʪʚʫʝʪ ʩʤʝʩʴ ʥʝʩʢʦʣʴʢʠʭ ʬʦʨʤ ʢʦʤʧʣʝʢʩʘ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ 

ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʠ ʩ ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʪʠʦʥʘ 

ʤʝʪʘʣʣʘ ʩ ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ. 

ʄʝʪʦʜʦʤ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ 

ʜʠʩʩʦʮʠʘʮʠʠ 2 ʠ ʢʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʝʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʘʪʠʦʥʦʤ Ga
3+

. 

ʂʦʥʩʪʘʥʪʳ ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʪʳ 2 ʦʮʝʥʝʥʳ ʥʘ ʦʩʥʦʚʝ ʰʝʩʪʠ ʪʠʪʨʦʚʘʥʠʡ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ CHEMEQUI ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɼʠʘʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʬʦʨʤ ʢʠʩʣʦʪʳ 2 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH 

ʨʘʩʪʚʦʨʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ pH 7.4 ʢʠʩʣʦʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʘʥʠʦʥʦʤ H4L
4-
, ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʘʥʠʦʥʦʤ H3L

5-
 

ʧʨʠ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʦʣʦ 0.3 ʤʄ. 

 
ʊʘʙʣ. 1. ʂʦʥʩʪʘʥʪʳ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʢʠʩʣʦʪʳ 2 (H8L) ʚ ʚʦʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 298 ʂ ʠ 

ʠʦʥʥʦʡ ʩʠʣʝ 0.1 M KCl 

ʨʘʚʥʦʚʝʩʠʝ 
ʘ
 logb ° sd

 ʙ
 ʩʪʫʧʝʥʯʘʪʦʝ ʨʘʚʥʦʚʝʩʠʝ logK 

H + L = HL 10.55 ° 0.37 H + L = HL 10.55 ° 0.37 

2H + L = H2L 20.72 ° 0.15 HL + H = H2L 10.17 ° 0.40 

3H + L = H3L 30.22 ° 0.25 H2L + H = H3L 9.49 ° 0.29 

4H + L = H4L 38.88 ° 0.26 H3L + H = H4L 8.66 ° 0.36 

5H + L = H5L 44.56 ° 0.41 H4L + H = H5L 5.68 ° 0.48 

6H + L = H6L 49.58 ° 0.41 H5L + H = H6L 5.01 °0.58 

7H + L = H7L 52.90 ° 0.69 H6L + H = H7L 3.32 ° 0.81 

8H + L = H8L 54.60 ° 0.90 H7L + H = H8L 1.71 ° 1.14 
a
 ɺ ʪʘʙʣʠʮʘʭ 1 ʠ 2 ʜʣʷ ʧʨʦʩʪʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʡ ʟʘʨʷʜʳ ʭʠʤʠʯʝʩʢʠʭ 

ʬʦʨʤ ʥʝ ʫʢʘʟʘʥʳ. ʊʘʢ, ʚʤʝʩʪʦ H
+
 + L

8-
 = HL

7-
 ʫʢʘʟʘʥʦ H + L = HL ʠ ʪ.ʜ. 

ʙ
 logb - ʧʦʣʥʳʝ ʠ 
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logK ï ʩʪʫʧʝʥʯʘʪʳʝ ʢʦʥʩʪʘʥʪʳ ʨʘʚʥʦʚʝʩʠʡ, sd ï ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ, ʚʳʯʠʩʣʝʥʥʦʝ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʝʩʢʦʣʴʢʠʭ ʪʠʪʨʦʚʘʥʠʡ ʠ ʨʘʩʯʝʪʦʚ. 

 

ʂʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ Ga
3+ 
ʩ 2 ʦʮʝʥʝʥʳ ʥʘ ʦʩʥʦʚʝ 

ʪʨʝʭ ʪʠʪʨʦʚʘʥʠʡ ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. ɼʠʘʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ pH ʨʘʩʪʚʦʨʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ pH 7.4 65% ʠʩʭʦʜʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ Ga
3+

 

ʥʘʭʦʜʠʪʩʷ ʚ ʬʦʨʤʝ ʢʦʤʧʣʝʢʩʘ GaH3L
2ï

 ʠ 33% ð ʚ ʬʦʨʤʝ ʢʦʤʧʣʝʢʩʘ GaH2L
3ï

 

ʧʨʠ ʥʘʯʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ Ga
3+

 ʠ ʢʠʩʣʦʪʳ 2 0.2 ʤʄ 
 

ʊʘʙʣ. 2. ʂʦʥʩʪʘʥʪʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ Ga
3+

 ʩ ʢʠʩʣʦʪʦʡ 2 (H8L) ʚ ʚʦʜʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 298 ʂ ʠ ʠʦʥʥʦʡ ʩʠʣʝ 0.1 M KCl. 

ʨʘʚʥʦʚʝʩʠʝ 
ʘ
 logb ° sd 

ʙ
 ʩʪʫʧʝʥʯʘʪʦʝ ʨʘʚʥʦʚʝʩʠʝ logK 

Ga + L = GaL 16.16 ° 0.50 Ga + L = GaL 16.16 ° 0.50 

Ga + H + L = GaHL 25.69 ° 0.40 GaL + H = GaHL 9.53 ° 0.64 

Ga + 2H + L = GaH2L 34.82 ° 0.36 GaHL + H = GaH2L 9.13 ° 0.53 

Ga + 3H + L = GaH3L 42.33 ° 0.48 GaH2L + H = GaH3L 7.51 ° 0.60 

Ga + 4H + L = GaH4L 47.56 ° 0.42 GaH3L + H = GaH4L 5.23 ° 0.64 

Ga + L + OH = GaL(OH) 20.06 ° 0.53 GaL + OH = GaL(OH) 3.90 ° 0.72 

 

ʇʦʣʫʯʝʥʥʘʷ ʢʦʥʩʪʘʥʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ Ga
3+

 ʩ ʧʦʣʥʦʩʪʴʶ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤ ʣʠʛʘʥʜʦʤ 2 logKML = 16.2 (ʪʘʙʣ. 2) ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ ʢʦʥʩʪʘʥʪʳ ʩ ʣʠʛʘʥʜʦʤ DOTMP logKML=27.81 (DOTMP = 1,4,7,10-

ʪʝʪʨʘʘʟʘʮʠʢʣʦʜʦʜʝʢʘʥ-1,4,7,10-ʪʝʪʨʘʢʠʩ(ʤʝʪʠʣʝʥʬʦʩʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) [2]. 

ʀʟʚʝʩʪʥʦ [3], ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʮʠʢʣʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ 2, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʰʝ ʩʢʦʨʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʮʠʢʣʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ (DOTMP), ʯʪʦ ʤʦʞʝʪ 

ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ (
68

Ga ʠʤʝʝʪ Tİ = 67.7 ʤʠʥ). 
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2858ī2902. 

 

  



˩˝˜˝˟ˣ˪˝ˡ˝˴ ˢ˕ˢˣ- ̋  ˦˨ˤ˥˕ˡˣˠ˚˟˨ˠ˴˥ˢ˰˪ ˦˝˦˧˚ˡ 36 

ʋɼʂ 544.723.23 

ʄɽʊɸʃʃ-ʆʈɻɸʅʀʏɽʉʂʀɽ ʂɸʈʂɸʉʅʓɽ ʉʊʈʋʂʊʋʈʓ 

ʇɽʈʉʇɽʂʊʀʊɺʅʓɽ ɸɼʉʆʈɹɽʅʊʓ ʕʅɽʈɻɽʊʀʏɽʉʂʀ ɺɸɾʅʓʍ 

ɻɸɿʆɺ ʄɽʊɸʅɸ ʀ ɺʆɼʆʈʆɼɸ. 

 

ʂʥʷʟʝʚʘ ʄ.ʂ.
1
, ʌʦʤʢʠʥ ɸ.ɸ.

 1
, ʎʠʚʘʜʟʝ ɸ.ʖ.

2 

 
1
ʃʘʙʦʨʘʪʦʨʠʷ ʩʦʨʙʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʀʌʍʕ ʈɸʅ, 

2
 ʃʘʙʦʨʘʪʦʨʠʷ ʥʦʚʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʀʌʍʕ ʈɸʅ,

 

119071 ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, 31, ʢʦʨʧ.4. e-mail: batrakovamk@mail.ru 

 

ʅʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʄʆʂʉ ʘʜʩʦʨʙʝʥʪʘʭ Cu-BTC, Zn-BTB, Al -BDC, 

Al -BTC, Fe-BDC ʠ Fe-BTC ʠʩʩʣʝʜʦʚʘʥʘ ʘʜʩʦʨʙʮʠʷ ʚʦʜʦʨʦʜʘ ʧʨʠ ʜʘʚʣʝʥʠʷʭ 

ʜʦ 140 ʢʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 ʂ ʠ ʘʜʩʦʨʙʮʠʷ ʤʝʪʘʥʘ ʧʨʠ ʜʘʚʣʝʥʠʷʭ ʜʦ 40 

ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 243-333 ʂ. ʅʘʠʙʦʣʴʰʠʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚʦʜʦʨʦʜʘ 

ʦʙʣʘʜʘʝʪ ʦʙʨʘʟʝʮ Al-BDC 2,6 %ʤʘʩʩ. ʅʘʠʙʦʣʴʰʫʶ ʝʤʢʦʩʪʴ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʤʝʪʘʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 243 ʂ ʜʦʩʪʠʛʘʝʪ ʦʙʨʘʟʝʮ Al-BTC 

270-280 ʤ
3
(ʥ.ʪ.ʜ.)/ʤ

3
. 

 

On synthesized MOF adsorbents Cu-BTC, Zn-BTB, Al-BDC and Al-

BTC, Fe-BDC and Fe-BTC were investigated hydrogen adsorption at pressures 

up to 140 kPa and a temperature of 77 K and methane adsorption at pressures up 

to 40 MPa and temperatures 243-333 K. The Highest uptake of hydrogen has a 

sample of Al-BDC 2.6 mass%. The highest capacity of accumulation of methane 

at a temperature of 243 K reaches the sample Al-BTC 270-280 m
3
(STP)/m

3
. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʪʘʢʠʝ ʛʘʟʳ, ʢʘʢ ʤʝʪʘʥ ʠʣʠ ʚʦʜʦʨʦʜ 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚʠʜʘʤʠ ʪʦʧʣʠʚʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʝ, ʘ ʪʘʢʞʝ ʚ ɹʃɸ. ʆʜʥʘʢʦ, ʙʝʟʦʧʘʩʥʦʝ ʭʨʘʥʝʥʠʝ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʵʪʠʭ ʛʘʟʦʚ, ʩʣʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʠʟ-ʟʘ ʠʭ ʧʦʞʘʨʦ- ʠ 

ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʝʥʠʷʵʪʠʭ ʛʘʟʦʚ ʚ 

ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʚ ʰʠʨʦʢʠʭ ʤʘʩʰʪʘʙʘʭ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ 

ʙʝʟʦʧʘʩʥʳʤ ʩʨʝʜʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʭʨʘʥʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʤʝʪʦʜ. ʊʘʢʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʘʜʩʦʨʙʝʥʪʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ 

ʧʣʦʪʥʦʩʪʴ CH4 ʠʣʠ H2, ʚʧʣʦʪʴ ʜʦ  ʧʣʦʪʥʦʩʪʠ ʙʣʠʟʢʦʡ ʢ ʧʣʦʪʥʦʩʪʠ  

ʞʠʜʢʦʩʪʠ ʟʘ ʩʯʝʪ ʬʠʟʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʠ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 

ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʘʜʩʦʨʙʝʥʪʘ, ʢʦʪʦʨʳʡ 

ʦʙʣʘʜʘʣ ʙʳ ʩʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʛʦʜʥʳʤʠ 

ʜʣʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʛʘʟʦʚ ʤʝʪʘʥʘ ʠ ʚʦʜʦʨʦʜʘ. 

ʄʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʥʳʝ ʩʪʨʫʢʪʫʨʳ (ʄʆʂʉ) ʦʙʣʘʜʘʶʪ ʚʩʝʤʠ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʚʳʩʦʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ, ʥʘʣʠʯʠʝ ʨʝʛʫʣʷʨʥʦʡ ʥʘʥʦʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ 

http://teacode.com/online/udc/54/544.723.23.html
http://elibrary.ru/author_items.asp?authorid=45416
http://elibrary.ru/author_items.asp?authorid=43406
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ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʨʘʟʜʝʣʝʥʠʷ 

ʛʘʟʦʚ [1]. 

ʄʆʂʉ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʠʦʥʦʚ ʠʣʠ ʢʣʘʩʪʝʨʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ [2].ɺ ʨʘʙʦʪʝ, ʥʘ ʦʩʥʦʚʝ ʦʨʠʛʠʥʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩ ʫʯʝʪʦʤ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [3], ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ 

ʦʙʨʘʟʮʳ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʚ ʩ ʚʘʣʝʥʪʥʦʩʪʷʤʠ II  ʠʣʠ III, ʘ ʪʘʢʞʝ ʣʠʛʘʥʜʦʚ: 

BTCï1,3,5-ʙʝʥʟʦʪʨʠʢʘʨʙʦʢʩʠʣʘʪ, BDCï1,4-ʙʝʥʟʦʣʜʠʢʘʨʙʦʢʩʠʣʘʪ, ʠ BTBï

1,3,5-ʙʝʥʟʦʣʪʨʠʙʝʥʟʦʘʪ, ʠʤʝʶʱʠʝ ʩʣʝʜʫʶʱʠʝ ʩʦʩʪʘʚʳ: Cu-BTC, Zn-BTB, 

Al -BDC, Al -BTC, Fe-BDC ʠ Fe-BTC. 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʘʥʘʣʠʟʘʪʦʨʝ QuantochromeiQ. 

ʉʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʠʟʦʪʝʨʤʘʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʘʨʘ ʘʟʦʪʘ ʧʨʠ 77 ʂ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʊʝʦʨʠʠ 

ʦʙʲʝʤʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʤʠʢʨʦʧʦʨ (ʪʘʙʣ. 1). 
ʊʘʙʣʠʮʘ 1. ʉʪʨʫʢʪʫʨʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʄʆʂʉ. 

ˉ ɸʜʩʦʨʙʝʥʪ 
W0, 

ʩʤ
3
/ʛ 

E0, 

ʢɼʞ/ʤʦʣʴ 

ʭ0, 

ʥʤ 

ʘ0, 

ʤʤʦʣʴ/ʛ 

Sɹʕʊ, 

ʤ
2
/ʛ 

Wme, 

ʩʤ
3
/ʛ 

1 Cu-BTC 0,38 33,6 0,36 11,0 851 0,02 

2 Al -BDC 0,52 25,0 0,48 15,6 1252 1,29 

3 Al -BTC 0,52 15,4 0,78 14,1 1258 0,40 

4 Fe-BTC 0,46 15,5 0,77 13,3 1302 0,44 

5 Fe-BDC 0,83 13,4 0,90 23,9 2240 0,49 

6 Zn-BTB 0,67 18,0 0,67 19,4 1548 0,04 

ʛʜʝ W0-ʫʜʝʣʴʥʳʡ ʦʙʲʸʤ ʤʠʢʨʦʧʦʨ, ɽ0-ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ 

ʘʜʩʦʨʙʮʠʠ ʙʝʥʟʦʣʘ, ʭ0 - ʩʨʝʜʥʷʷ ʵʬʬʝʢʪʠʚʥʘʷ ʨʘʜʠʫʩ ʤʠʢʨʦʧʦʨ, Sɹʕʊ - 

ʧʣʦʱʘʜʴ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ0 - ʧʨʝʜʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʘʜʩʦʨʙʮʠʠ ʚ 

ʤʠʢʨʦʧʦʨʘʭ, Wme- ʦʙʲʸʤ ʤʝʟʦʧʦʨ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʄʆʂʉ ʘʜʩʦʨʙʝʥʪʦʚ ʜʣʷ ʟʘʜʘʯ 

ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʚʘʞʥʳʭ ʛʘʟʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʚʦʜʦʨʦʜʘ, ʥʘ ʘʜʩʦʨʙʮʠʦʥʥʦʤ 

ʩʪʝʥʜʝ [4] ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʠʟʤʝʨʝʥʠʷ ʘʜʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ 

ʧʨʠ 77 K ʠ ʜʘʚʣʝʥʠʷʭ ʜʦ 140 

ʢʇʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ.1. ʅʘʠʙʦʣʴʰʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʧʦʛʣʦʱʝʥʠʷ 

ʚʦʜʦʨʦʜʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 0,1 ʄʇʘ 

ʦʙʣʘʜʘʶʪ ʦʙʨʘʟʮʳ Al-BDCʠ Fe-

BDC 2,6 %ʤʘʩʩ.ʠ 2,2 %ʤʘʩʩ. 

 

ʈʠʩ.1. ʀʟʦʪʝʨʤʳ ʧʦʣʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʜʩʦʨʙʮʠʠ 

ʉʅ4 ʥʘ Al-BTCʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʂ: 1 ï Al-BDC, 2 

ï Fe-BDC, 3 ï Fe-BTC, 4 ï Cu-BTC, 5 ï Zn-BTB, 6 ï 

Al -BTC. 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɸʜʩʦʨʙʮʠʶ ʤʝʪʘʥʘ ʥʘ ʄʆʂʉ ʘʜʩʦʨʙʝʥʪʘʭ ʠʟʤʝʨʷʣʠ ʦʙʲʝʤʥʦ-

ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ ʥʘ ʦʨʠʛʠʥʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ ʀʌʍʕ ʈɸʅ [5] ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 243-333ʂ ʠ ʜʘʚʣʝʥʠʷʭ ʦʪ 0.1 ʄʇʘ ʜʦ 40 ʄʇʘ.  

ʂʦʣʠʯʝʩʪʚʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʥʦʛʦ 

ʤʝʪʘʥʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 243 ʂ ʜʣʷ 

ʦʙʨʘʟʮʘ Fe-BDC ʩʦʩʪʘʚʣʷʝʪ 130-140 

ʤ
3
(ʥ.ʪ.ʜ.)/ʤ

3
,  ʜʣʷ ʦʙʨʘʟʮʘ Cu-BTC200-

210 ʤ
3
(ʥ.ʪ.ʜ.)/ʤ

3
, ʘ ʜʣʷ ʦʙʨʘʟʮʘAl-BTC  

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 270-280 ʤ
3
(ʥ.ʪ.ʜ.)/ʤ

3
. 

ɸʙʩʦʣʶʪʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ 

ʤʝʪʘʥʘ ʨʘʩʪʝʪ ʩ ʧʦʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ.2 

ʫʜʝʣʴʥʘʷ ʦʙʲʝʤʥʘʷ  ʝʤʢʦʩʪʴ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʤʝʪʘʥʘ ʥʘ ʦʙʨʘʟʮʝ 

Al-BTC ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 303-333 ʂ ʠ 

ʜʘʚʣʝʥʠʠ 40 ʄʇʘ ʩʦʩʪʘʚʣʷʝʪ 270-280 

ʤ
3
(ʥʪʜ)/ʤ

3
. 
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ʈʠʩ.1.  ʆʙʨʘʟʝʮ Fe-BDC. ɿʘʚʠʩʠʤʦʩʪʠ 

ʫʜʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʝʤʢʦʩʪʠ ʩʠʩʪʝʤʳ 

(ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʂʇɻ (ʧʫʥʢʪʠʨʥʳʝ 

ʣʠʥʠʠ) ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʂ: 1 

ï 243; 2 ï 273; 3 ï 293; 4 ï 313; 5 ï 333. 

 
ʈʠʩ.2. ʆʙʨʘʟʝʮ Cu-BTC.  ɿʘʚʠʩʠʤʦʩʪʠ 

ʫʜʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʝʤʢʦʩʪʠ ʩʠʩʪʝʤʳ 

(ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʂʇɻ (ʧʫʥʢʪʠʨʥʳʝ 

ʣʠʥʠʠ) ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʂ: 1 ï 

243; 2 ï 273; 3 ï 293; 4 ï 313; 5 ï 333. 

 
ʈʠʩ.3. ʆʙʨʘʟʝʮ Al-BTC. ɿʘʚʠʩʠʤʦʩʪʠ 

ʫʜʝʣʴʥʦʡ ʦʙʲʝʤʥʦʡ ʝʤʢʦʩʪʠ ʩʠʩʪʝʤʳ 

(ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʂʇɻ (ʧʫʥʢʪʠʨʥʳʝ 

ʣʠʥʠʠ) ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʂ: 1 

ï 243; 2 ï 273; 3 ï 293; 4 ï 313; 5 ï 333. 
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2
ʈʊʋ ʄʀʈʕɸ (ʀʊʍʊ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ),  

119571, ʄʦʩʢʚʘ, ʇʨʦʩʧʝʢʪ ɺʝʨʥʘʜʩʢʦʛʦ, ʜ. 86 

 

ʇʦʨʬʠʨʠʥʳ, ʭʣʦʨʠʥʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʜʠʮʠʥʘ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ.
[1]

 

 

Porphyrins, chlorins and their derivatives have unique photophysical and 

chemical properties. The main directions of their application are medicine and 

energy.
[1]

 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ 

ʘʟʦʤʝʪʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ɓ-ʘʣʢʠʣʟʘʤʝʱʸʥʥʳʭ ʧʦʨʬʠʨʠʥʦʚ ʠ ʭʣʦʨʠʥʦʚ 

ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʩʬʦʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʢʮʠʠ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ
[2,3]

. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ɓ-ʘʣʢʠʣʟʘʤʝʱʸʥʥʳʭ ʭʣʦʨʠʥʦʚ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʨʬʠʨʠʥʦʚ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʥʘʪʨʠʝʤ ʚ 

ʠʟʦʘʤʠʣʦʚʦʤ ʩʧʠʨʪʝ
[4]
. ʇʨʠ ʧʦʤʦʱʠ ʜʚʫʤʝʨʥʦʡ ʗʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʵʣʝʢʪʨʦʬʠʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚ ɓ-

ʘʣʢʠʣʟʘʤʝʱʸʥʥʳʭ ʭʣʦʨʠʥʘʭ ʷʚʣʷʝʪʩʷ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʦʡ ʠ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʤʝʟʦ-ʧʦʣʦʞʝʥʠʶ ʪʝʪʨʘʧʠʨʨʦʣʴʥʦʛʦ ʤʘʢʨʦʮʠʢʣʘ, ʙʣʠʞʘʡʰʝʤʫ ʢ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʤʫ ʧʠʨʨʦʣʴʥʦʤʫ ʢʦʣʴʮʫ. 

ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ Ni(II) ʢʦʤʧʣʝʢʩʳ ʘʟʦʤʝʪʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ɓ-ʘʣʢʠʣʟʘʤʝʱʸʥʥʳʭ ʧʦʨʬʠʨʠʥʦʚ ʠ ʭʣʦʨʠʥʦʚ ʩ ʛʠʜʨʘʟʠʥʦʤ, ʤʝʪʠʣʘʤʠʥʦʤ ʠ 

ʙʝʥʟʠʣʘʤʠʥʦʤ, ʠ ʠʟʫʯʝʥʳ ʠʭ ʧʨʝʚʨʘʱʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ 

ʩʣʫʯʘʝ Ni(II) ʢʦʤʧʣʝʢʩʦʚ ʘʟʦʤʝʪʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ɓ-ʘʣʢʠʣʟʘʤʝʱʸʥʥʳʭ 

ʧʦʨʬʠʨʠʥʦʚ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʩ ʘʥʥʝʣʠʨʦʚʘʥʥʳʤʠ 

ʮʠʢʣʠʯʝʩʢʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ Ni(II) ʢʦʤʧʣʝʢʩʘʭ 

ʘʟʦʤʝʪʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ɓ-ʘʣʢʠʣʟʘʤʝʱʸʥʥʳʭ ʭʣʦʨʠʥʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʘʢʮʠʠ ʪʝʨʤʦʣʠʟʘ ʭʣʦʨʠʥʦʚʳʡ ʤʘʢʨʦʮʠʢʣ ʦʢʠʩʣʷʣʩʷ ʜʦ ʧʦʨʬʠʨʠʥʦʚʦʛʦ.  

ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʧʦʨʬʠʨʠʥʦʚ, 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚ ʤʝʟʦ-ʧʦʣʦʞʝʥʠʠ ʘʤʠʜʥʳʤʠ, ʮʠʘʥʦ- ʠ ʛʠʜʨʦʢʩʠ-

ʛʨʫʧʧʘʤʠ ʧʫʪʝʤ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʟʦʤʝʪʠʥʦʚʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
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ʘʟʦʤʝʪʠʥʦʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʦʢʪʘʵʪʠʣʧʦʨʬʠʨʠʥʘ ʩ ʪʨʝʪ-ʙʫʪʠʣʘʪʦʤ ʢʘʣʠʷ ʠ 

ʛʠʜʨʦʢʩʠʜʦʤ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100 
ʦ
ʉ ʚ ʩʨʝʜʝ 

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʘ ʠ ʜʠʦʢʩʘʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʠʪʨʠʣʦʚ, ʘʤʠʜʦʚ ʠ ʛʠʜʨʦʢʩʠ-

ʧʨʦʠʟʚʦʜʥʳʭ. ɺ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʧʨʦʯʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ ʥʠʪʨʠʣʳ ʠ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʳ ʥʝʟʘʤʝʱʝʥʥʦʛʦ 

ʦʢʪʘʵʪʠʣʧʦʨʬʠʨʠʥʘ.  

ʊʘʢʞʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʢʦʧʨʦʛʝʤʠʥʘ II  ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʥʘʪʨʠʝʤ ʚ ʠʟʦʘʤʠʣʦʚʦʤ ʩʧʠʨʪʝ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʢʦʧʨʦʭʣʦʨʠʥʘ II . ʀʩʭʦʜʷ 

ʠʟ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʨʘʩʪʚʦʨʘʭ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠ ɺʕɾʍ-ʄʉ ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʚʳʚʦʜ, ʯʪʦ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʧʨʦʭʣʦʨʠʥʘ II  ʠ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʚʝʪʩʚʫʶʱʠʭ 

ʙʘʢʪʝʨʠʦʭʣʦʨʠʥʦʚ.  

 
ʈʠʩ 1. 1) [H]; 2) POCl3/DMF; 3) NH2NH2

*H2O; 4) R-Ar-CHO; 5) R-NH2; 6) Vacuum/250Á C. 

 
ʈʠʩ 2. 1) [H]. 
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ʋɼʂ 544.77 

ʊʆʅʂʆʇʃɽʅʆʏʅʓɽ ʆʇʊʀʏɽʉʂʀɽ ʉɽʅʉʆʈʓ ʅɸ ʆʉʅʆɺɽ 

ʅʆɺʓʍ ʄɽɿʆ-ɿɸʄɽʑɽʅʅʓʍ ʇʆʈʌʀʈʀʅʆɺ ɼʃʗ 

ʆɹʅɸʈʋɾɽʅʀʗ ʂɸʊʀʆʅʆɺ ʈʊʋʊʀ ɺ ɺʆɼʅʓʍ ʈɸʉʊɺʆʈɸʍ
1
 

 

ʂʦʨʦʣʝʚʘ ɽ.ʆ.
1,3
, ɽʨʤʘʢʦʚʘ ɽ.ɺ.

1
,  

ɹʝʩʩʤʝʨʪʥʳʭ-ʃʝʤʝʥ ɸ.ɻ.
2
, ɸʨʩʣʘʥʦʚ ɺ.ɺ.

1
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 ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 125047, ʄʦʩʢʚʘ, ʄʠʫʩʩʢʘʷ ʧʣʦʱʘʜʴ, ʜ.9 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʩʝʥʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʥʦʚʦʛʦ ʨʷʜʘ ʜʠʬʠʣʴʥʳʭ 

ʧʦʨʬʠʨʠʥʠʣʬʦʩʬʦʥʘʪʦʚ, ʬʫʥʢʮʠʦʥʘʟʠʨʦʚʘʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʧʦʨʬʠʨʠʥʦʚʦʤ ʤʘʢʨʦʮʠʢʣʝ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ 

ʛʝʪʝʨʦʘʪʦʤʳ (-O, -N, -S), ʚ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʧʣʘʥʘʨʥʳʭ ʩʠʩʪʝʤʘʭ: 

ʤʦʥʦʩʣʦʷʭ ʃʝʥʛʤʶʨʘ ʠ ʧʣʝʥʢʘʭ ʃʝʥʛʤʶʨʘ-ʐʝʬʝʨʘ. 

 

Sensory properties of new series of amphiphilic porphyrinophosphonates 

functionalized by hydrocarbon groups attached to a porphyrin macrocycle 

through various heteroatoms (-O, -N, -S) in organized planar systems: Langmuir 

monolayers and Langmuir-Sʩhaefer films were investigated. 
 

 

ʋʣʴʪʨʘʪʦʥʢʠʝ ʧʣʝʥʢʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ 

ʤʠʥʠʘʪʶʨʥʳʭ ʩʝʥʩʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʠʪʦʚ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʢʘʪʠʦʥʳ ʨʪʫʪʠ.  

ɼʠʟʘʡʥ ʥʦʚʳʭ ʣʠʛʘʥʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʩʝʣʝʢʪʠʚʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʢʘʪʠʦʥʳ ʨʪʫʪʠ ʚ ʚʦʜʥʳʭ ʩʨʝʜʘʭ, ʠ ʠʭ 

ʦʨʛʘʥʠʟʘʮʠʷ ʚ ʫʣʴʪʨʘʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʷʚʣʷʶʪʩʷ 

ʢʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ 

ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʠʥʠʘʪʶʨʥʳʭ ʩʝʥʩʦʨʦʚ.  

 

ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʨʘʙʦʪʝ ʨʝʰʘʶʪʩʷ 

ʟʘʜʘʯʠ ʧʨʝʜʦʨʛʘʥʠʟʘʮʠʠ ʥʦʚʳʭ ʜʠʬʠʣʴʥʳʭ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦ-ʟʘʤʝʱʝʥʥʳʭ ʤʦʜʫʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʚ 

ʤʦʥʦʩʣʦʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʠ, ʧʝʨʝʥʦʩʘ ʵʪʠʭ 

ʧʨʝʢʫʨʩʦʨʦʚ ʥʘ ʪʚʝʨʜʳʝ ʧʦʜʣʦʞʢʠ, ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʫʣʴʪʨʘʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠ ʠʭ 

ʩʝʥʩʦʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪʳ ˉ 17-53-16018 ʠ ˉ 18-33-

00339), ɻʦʩʟʘʜʘʥʠʝ ˉ. 01 2013 55 85 ʚ ʨʘʤʢʘʭ ɸʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʃʘʙʦʨʘʪʦʨʠʠ 

CNRS ï ʈɸʅ. 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʜʠʬʠʣʴʥʳʭ 

ʧʦʨʬʠʨʠʥʦʚ. 
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ʅʦʚʳʡ ʨʷʜ ʣʠʛʘʥʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʟʦ-ʟʘʤʝʱʝʥʥʳʤʠ ʧʦʨʬʠʨʠʥʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʤʝʟʠʪʠʣʴʥʳʝ, ʜʠʵʪʦʢʩʠʬʦʩʬʦʨʠʣʴʥʳʝ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ 

ʛʨʫʧʧʳ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʧʦʨʬʠʨʠʥʦʚʦʤ ʤʘʢʨʦʮʠʢʣʝ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ 

ʛʝʪʝʨʦʘʪʦʤʳ -O, -N, -S (ʈʠʩ. 1). ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʦʥʦʩʣʦʝʚ ʃʝʥʛʤʶʨʘ ʠ ʠʟʫʯʝʥʳ ʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʦʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʤʦʥʦʩʣʦʠ ʩʚʦʙʦʜʥʳʭ ʦʩʥʦʚʘʥʠʡ ʵʪʠʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʨʬʠʨʠʥʘ ʥʝ ʦʙʣʘʜʘʶʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʘʪʠʦʥʘʤ ʨʪʫʪʠ, ʦʜʥʘʢʦ, ʚʨʝʤʝʥʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʨʘʟʥʳʭ 

ʢʘʪʠʦʥʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʤʦʥʦʩʣʦʝʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʚʦʟʜʫʭ/ʚʦʜʘ, ʧʣʝʥʢʠ ʩʚʦʙʦʜʥʳʭ 

ʧʦʨʬʠʨʠʥʦʚʳʭ ʦʩʥʦʚʘʥʠʡ, ʧʝʨʝʥʝʩʝʥʥʳʝ ʥʘ ʪʚʝʨʜʫʶ ʧʦʜʣʦʞʢʫ (ʇɺʍ) 

ʤʝʪʦʜʦʤ ʃʝʥʛʤʶʨʘ-ʐʝʬʝʨʘ (ʃʐ), ʧʨʦʷʚʣʷʶʪ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʪʠʦʥʘʤ ʨʪʫʪʠ.  

ʕʬʬʝʢʪ çʠʥʚʝʨʩʠʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠè, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʚʩʝʭ ʯʣʝʥʦʚ 

ʜʘʥʥʦʛʦ ʨʷʜʘ ʧʦʨʬʠʨʠʥʦʚʳʭ ʣʠʛʘʥʜʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʤʦʥʦʩʣʦʝʚ ʢ 

ʧʣʝʥʢʘʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʧʦʜʣʦʞʝʢ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʧʣʝʥʦʢ ʃʐ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ, ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ ʩʝʣʝʢʪʠʚʥʳʡ ʠ 

ʨʝʛʝʥʝʨʠʨʫʝʤʳʡ ʪʦʥʢʦʧʣʝʥʦʯʥʳʡ ʩʝʥʩʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ Hg
2+

 ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʵʢʩʪʠʥʢʮʠʠ ʧʦʨʬʠʨʠʥʦʚ, ʫʞʝ 30-ʪʠ ʩʣʦʡʥʳʝ 

ʧʣʝʥʢʠ ʧʦʟʚʦʣʷʶʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʮʚʝʪʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ 

ʢʘʪʠʦʥʦʚ ʨʪʫʪʠ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʵʢʩʧʨʝʩʩʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ Hg
2+

 ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʧʦʣʝʚʳʭ ʠ ʙʳʪʦʚʳʭ 

ʫʩʣʦʚʠʷʭ. 
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ʋɼʂ 544.77 

ʆʊʈʀʎɸʊɽʃʔʅʓʁ ʌʆʊʆʍʈʆʄʀɿʄ ʀ ʍɽʄʆʉɽʅʉʆʈʅʓɽ 

ʉɺʆʁʉʊɺɸ 1',3'-ɼʀɻʀɼʈʆ-3',3'-ɼʀʄɽʊʀʃ-6-ʅʀʊʈʆ-1'-

ʆʂʊɸɼɽʎʀʃ-[1-ɹɽʅɿʆʇʀʈɸʅ-2,2'-ʀʅɼʆʃ]-8-ʄɽʊʀʃ 
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ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʬʦʪʦʭʨʦʤʠʟʤʘ 

ʠ ʭʝʤʦʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ 1',3'-ʜʠʛʠʜʨʦ-3',3'-ʜʠʤʝʪʠʣ-6-ʥʠʪʨʦ-1'-ʦʢʪʘʜʝʮʠʣ-

[1-ʙʝʥʟʦʧʠʨʘʥ-2,2'-ʠʥʜʦʣ]-8-ʤʝʪʠʣ ʧʠʨʠʜʠʥʠʡ ʭʣʦʨʠʜʘ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʚ ʪʝʤʥʦʪʝ) ʩʠʩʪʝʤʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʨʘʰʝʥʥʦʡ ʬʦʨʤʝ, ʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʨʘʩʪʚʦʨ 

ʦʙʝʩʮʚʝʯʠʚʘʝʪʩʷ. ʀʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʧʠʨʦʧʠʨʘʥʘ ʩ ʢʘʪʠʦʥʘʤʠ 

ʤʝʪʘʣʣʦʚ.  

 

The results of the study of negative photochromism and sensoric properties 

of 1 ', 3'-dihydro-3', 3'-dimethyl-6-nitro-1'-octadecyl- [1-benzopyran-2,2'-indole] 

-8-methyl pyridine chloride are presented. It is shown that the system in ground 

state (in the dark) exists as a colored form, and upon irradiation with visible 

light, the solution becomes colorless. Interaction of negative spiropyran with 

metal cations in organic solvents has been investigated.  

 

ɹʦʣʴʰʠʥʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʪʦʭʨʦʤʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ ʩʚʝʪʘ 

ʦʙʨʘʪʠʤʦ ʧʝʨʝʭʦʜʷʪ ʚ ʦʢʨʘʰʝʥʫʶ ʬʦʨʤʫ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʬʦʪʦ- ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʄʝʥʴʰʝ 

ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʘʤ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ (ʦʙʨʘʪʥʳʤ) 

ʬʦʪʦʭʨʦʤʠʟʤʦʤ, ʟʘʢʣʶʯʘʶʱʝʤʩʷ ʚ ʠʩʯʝʟʥʦʚʝʥʠʠ ʦʢʨʘʩʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʠ ʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚ ʪʝʤʥʦʪʝ. ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʦʙʨʘʪʥʳʭ ʬʦʪʦʭʨʦʤʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠʯʝʩʢʠ 

ʘʢʪʠʚʥʳʭ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʩʨʝʜ, ʩʠʩʪʝʤ ʩʥʠʞʝʥʠʷ ʟʘʤʝʪʥʦʩʪʠ, 

ʤʘʩʢʠʨʦʚʦʯʥʳʭ ʧʦʢʨʳʪʠʡ, ʦʧʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʭʝʤʦʩʝʥʩʦʨʥʳʭ 

ʩʠʩʪʝʤ ʠ ʪ.ʜ. ɺʚʝʜʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʭʨʦʤʝʥʦʚʫʶ ʯʘʩʪʴ 

ʩʧʠʨʦʧʠʨʘʥʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʬʦʪʦʭʨʦʤʠʟʤʦʤ. ʆʜʥʘʢʦ, ʚ ʩʚʷʟʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ, 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 18-03-01131_ʘ. 

mailto:pcss_lab@mail.ru
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ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʩʠʥʪʝʟʝ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʥʝʚʝʣʠʢʦ, ʘ 

ʩʚʦʡʩʪʚʘ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʤʘʣʦʠʟʫʯʝʥʳʤʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʪʥʦʛʦ ʬʦʪʦʭʨʦʤʠʟʤʘ ʠ 

ʭʝʤʦʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ 1',3'-ʜʠʛʠʜʨʦ-3',3'-ʜʠʤʝʪʠʣ-6-ʥʠʪʨʦ-1'-ʦʢʪʘʜʝʮʠʣ-

[1-ʙʝʥʟʦʧʠʨʘʥ-2,2'-ʠʥʜʦʣ]-8-ʤʝʪʠʣ ʧʠʨʠʜʠʥʠʡ ʭʣʦʨʠʜʘ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ (ʚ ʪʝʤʥʦʪʝ) ʩʠʩʪʝʤʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʨʘʰʝʥʥʦʡ ʬʦʨʤʝ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 555 

ʥʤ. ʆʙʣʫʯʝʥʠʝ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʝʩʮʚʝʯʠʚʘʥʠʶ ʨʘʩʪʚʦʨʘ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʤʫ  ʩʥʠʞʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʦʛʣʦʱʝʥʠʷ ʤʝʨʦʮʠʘʥʠʥʘ. ʇʨʠ ʩʥʷʪʠʠ ʩʚʝʪʦʚʦʡ ʥʘʛʨʫʟʢʠ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʢʨʳʪʠʝ ʩʧʠʨʦʧʠʨʘʥʦʚʦʛʦ ʮʠʢʣʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʨʘʩʢʠ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʩʢʦʨʦʩʪʴ ʬʦʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʥʘ ʧʦʨʷʜʦʢ 

ʧʨʝʚʦʩʭʦʜʠʪ ʩʢʦʨʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʨʘʩʢʠ ʚ ʪʝʤʥʦʪʝ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʢ ʨʘʩʪʚʦʨʫ  SP2 ʪʘʢʠʭ ʤʝʪʘʣʣʦʚ ʢʘʢ ʮʠʥʢ, ʮʝʨʠʡ, ʩʚʠʥʝʮ ʠ ʞʝʣʝʟʦ (III ) 

ʩʠʩʪʝʤʘ ʦʙʝʩʮʚʝʯʠʚʘʝʪʩʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ 

ʵʪʠʭ ʢʘʪʠʦʥʦʚ ʩ ʬʦʪʦʭʨʦʤʦʤ. ʂʨʦʤʝ ʪʦʛʦ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʧʠʨʦʧʠʨʘʥʘ 

ʩ ʛʘʜʦʣʠʥʠʝʤ ʚʦʟʥʠʢʘʝʪ ʥʦʚʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 380 ʥʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʰʠʨʦʢʠʭ ʧʝʨʩʧʝʢʪʠʚʘʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʦʪʦʭʨʦʤʦʚ ʥʘ ʦʩʥʦʚʝ ʩʧʠʨʦʧʠʨʘʥʦʚ ʚ 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʝ ʠ ʭʝʤʦʩʝʥʩʦʨʠʢʝ. 
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ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʨʝʜʦʢʩ-ʠʟʦʤʝʨʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʙʠʩ-ʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʝʚʨʦʧʠʷ (Eu[(BuO)8Pc]2) ʠ 

(Eu[(15Cr5)4Pc]2) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʚʦʟʜʫʭ/ʚʦʜʘ ʠ ʚ ʧʣʝʥʢʘʭ 

ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʨʷʤʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʨʝʘʣʠʟʘʮʠʠ 

ʨʝʜʦʢʩ-ʠʟʦʤʝʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʟʘʤʝʱʝʥʥʳʭ ʙʠʩ-ʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ 

ʝʚʨʦʧʠʷ. 

 

The present work is devoted to the study of the redox-isomer 

transformations of europium bis-phthalocyaninates (Eu[(BuO)8Pc]2) and 

(Eu[(15Cr5)4Pc]2) at the air_ /_water interface and in the Langmuir-Blodgett 

films (LBF). Direct proof of the realization of redox-isomer transformations of 

substituted bis-phthalocyaninates is presented. 

 

ʈʝʜʦʢʩ-ʠʟʦʤʝʨʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʤʦʣʝʢʫʣʷʨʥʳʭ ʧʝʨʝʢʣʶʯʘʪʝʣʷʭ. ʆʜʥʠʤ ʠʟ ʢʣʘʩʩʦʚ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʳʭ ʢ ʨʝʘʣʠʟʘʮʠʠ 

ʪʘʢʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʙʠʩʬʪʘʣʦʮʠʘʥʠʥʘʪʳ 

ʣʘʥʪʘʥʠʜʦʚ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʨʝʜʦʢʩ-

ʠʟʦʤʝʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʙʠʩ-ʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ 

ʝʚʨʦʧʠʷ (Eu[(BuO)8Pc]2) ʠ (Eu[(15Cr5)4Pc]2) (ʨʠʩ. 1) 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʚʦʟʜʫʭ/ʚʦʜʘ ʠ ʚ ʧʣʝʥʢʘʭ 

ʃʝʥʛʤʶʨʘ-ɹʣʦʜʞʝʪʪ (ʇʃɹ). ʇʨʠ ʨʘʩʪʝʢʘʥʠʠ 

ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ ʚ ʭʣʦʨʦʬʦʨʤʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʜʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

(ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ Q-ʧʦʣʦʩʳ), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʘ 

ʩ ʣʠʛʘʥʜʘ ʥʘ 4f ï ʦʨʙʠʪʘʣʴ ʤʝʪʘʣʣʦʮʝʥʪʨʘ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʭʦʜʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ Eu
3+

, 

 
 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ (Eu[(BuO)8Pc]2) ʠ 

(Eu(15Cr5)4Pc2) 
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ʩʪʘʙʠʣʴʥʳʡ ʚ ʨʘʩʪʚʦʨʝ, ʧʝʨʝʭʦʜʠʪ ʚ Eu
2+

 ʚ ʤʦʥʦʩʣʦʝ. ʄʝʪʦʜʦʤ ʃʝʥʛʤʶʨʘ-

ɹʣʦʜʞʝʪʪ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʳʝ ʧʣʝʥʢʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʝʢʪʨʘʤʠ ʧʦʛʣʦʱʝʥʠʷ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤ ʩ ʜʚʫʭʚʘʣʝʥʪʥʳʤ ʠ ʪʨʝʭʚʘʣʝʥʪʥʳʤ ʠʦʥʦʤ ʝʚʨʦʧʠʷ. ɺʨʝʤʷ 

ʞʠʟʥʠ ʧʣʝʥʦʢ ʩ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ Q-ʧʦʣʦʩʦʡ ʦʛʨʘʥʠʯʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ 

ʜʥʷʤʠ, ʧʦʩʣʝ ʯʝʛʦ ʩʧʝʢʪʨ ʥʝʠʟʙʝʞʥʦ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʧʦʢʘʟʘʣʠ ʦʪʩʫʪʩʪʚʠʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʇʃɹ ʩ ʙʫʪʦʢʩʠ-ʬʨʘʛʤʝʥʪʘʤʠ ʠ ʥʘʣʠʯʠʝ 

ʪʨʝʪʴʝʛʦ ʨʝʜʦʢʩ ʧʠʢʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʠʦʥʘ ʝʚʨʦʧʠʷ, ʚ 

ʇʃɹ ʩ ʢʨʘʫʥ-ʟʘʤʝʩʪʠʪʝʣʷʤʠ. ʇʨʷʤʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʠʩʫʪʩʪʚʠʷ ʠʦʥʘ Eu
2+

 

ʚ ʇʃɹ ʢʦʤʧʣʝʢʩʦʚ ʩ ʙʫʪʦʢʩʠ-ʟʘʤʝʱʝʥʥʳʤʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʙʳʣʦ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʦ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ XANES ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺʳʷʚʣʝʥʠʝ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠʟʦʤʝʨʥʳʤ 

ʩʦʩʪʦʷʥʠʝʤ ʢʦʤʧʣʝʢʩʦʚ ʠ ʟʥʘʥʠʝ ʩʚʦʡʩʪʚ ʩʘʤʠʭ ʨʝʜʦʢʩ-ʠʟʦʤʝʨʦʚ ʦʪʢʨʦʝʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʫʣʴʪʨʘʪʦʥʢʠʭ ʧʣʸʥʦʢ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʧʣʘʥʘʨʥʳʭ ʫʣʴʪʨʘʪʦʥʢʠʭ 

ʩʝʥʩʦʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʢʘʨʙʦʢʩʠʬʝʥʠʣ-ʟʘʤʝʱʝʥʥʳʭ 

ʧʦʨʬʠʨʠʥʘʪʦʚ ʮʠʥʢʘ. ʉ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʪʘʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʢ ʧʨʠʩʫʪʩʪʚʠʶ ʥʫʢʣʝʦʦʩʥʦʚʘʥʠʡ (ʘʜʝʥʠʥʘ) ʠ ʥʫʢʣʝʦʪʠʜʦʚ 

(ɸʄʌ) ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ.  

 

Herein, we report a method for the preparation of planar ultrathin sensor 

elements based on zinc complex of tetracarboxyphenyl porphyrin. By using 

surface plasmon resonance spectroscopy, we show that the elements are 

sensitive to nucleobases (adenine) and nucleotides (AMP) in aqueous solutions. 

 

ʄʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ (ʄʆʂ) ʥʘ ʦʩʥʦʚʝ ʧʦʨʬʠʨʠʥʘʪʦʚ 

ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʥʩʦʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʙʲʝʜʠʥʷʶʪ ʚ ʩʝʙʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ, ʦʧʪʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʦʚ ʧʦʨʬʠʨʠʥʦʚ ʠ ʫʥʠʢʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʆɺʄʆʂ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʩʦʯʝʪʘʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʠʩʪʝʤʳ ʠ ʠʭ ʦʨʛʘʥʠʟʘʮʠʠ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʨʝʘʣʠʟʘʮʠʷ ʚʳʩʦʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʝʥʩʦʨʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʭʝʤʦ- ʠ ʙʠʦʩʝʥʩʦʨʦʚ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʭ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʳʭ 

ʥʦʩʠʪʝʣʝʡ.  

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʘ 

ʩʙʦʨʢʠ ʄʆʂ ʥʘ ʦʩʥʦʚʝ ʪʝʪʨʘʢʘʨʙʦʢʩʠʬʝʥʠʣ-ʧʦʨʬʠʨʠʥʘʪʘ ʮʠʥʢʘ ʥʘ 

ʪʚʝʨʜʳʭ ʧʦʜʣʦʞʢʘʭ (ʇʆɺʄʆʂ) ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʟʦʣʦʪʦ, ʩʪʝʢʣʦ) ʠ 

ʠʟʫʯʝʥʠʠ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ.  

ɼʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʨʦʩʪʘ ʇʆɺʄʆʂ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʪʴ ʘʜʛʝʟʠʶ ʥʠʞʥʝʛʦ ʩʣʦʷ ʧʦʨʬʠʨʠʥʘ ʢ ʧʦʜʣʦʞʢʝ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʵʪʘ ʧʨʦʙʣʝʤʘ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʘʤʦʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʤʦʥʦʩʣʦʝʚ (ʉɸʄ) 
                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ˉ16-29-05272_ʦʬʠ_ʤ. 
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ʘʤʠʥ-ʟʘʤʝʱʝʥʥʳʭ ʩʠʣʘʥʦʚ ʠ 

ʪʠʦʣʦʚ. ʉʙʦʨʢʫ ʇʆɺʄʆʂ 

ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ 

ʧʦʜʣʦʞʢʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʉɸʄ ʚ 

ʨʘʩʪʚʦʨʳ ʘʮʝʪʘʪʘ ʮʠʥʢʘ ʠ 

ʧʦʨʬʠʨʠʥʘ. ʇʦ ʜʘʥʥʳʤ ʋʌ-

ʚʠʜʠʤʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ 

ʇʆɺʄʆʂ ʠʟʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʦ ʩ 

ʯʠʩʣʦʤ ʧʝʨʝʥʝʩʝʥʥʳʭ ʩʣʦʝʚ,  

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʨʘʚʥʦʤʝʨʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ 

ʥʘʥʝʩʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʧʦʣʫʯʝʥʥʳʡ ʇʆɺʄʆʂ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʢʦʪʦʨʦʡ ʦʪʚʝʯʘʶʪ ʭʦʨʦʰʦ ʨʘʟʨʝʰʝʥʥʳʝ ʥʘʙʦʨʳ ʧʠʢʦʚ ʚ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʥʩʦʨʥʳʭ ʩʚʦʡʩʪʚ ʇʆɺʄʆʂ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʪʦʢʩʠʯʥʳʤ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʘʥʠʦʥʘʤ (ʥʠʪʨʦʬʝʥʦʣʫ), 

ʥʫʢʣʝʦʪʠʜʘʤ (ɸʄʌ) ʠ ʥʫʢʣʝʦʩʥʦʚʘʥʠʷʤ (ʘʜʝʥʠʥ) ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʇʇʈ) ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʇʆɺʄʆʂ ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴ ʘʜʝʥʠʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʦʝ ɸʄʌ, ʥʦ ʥʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʠʪʨʦʬʝʥʦʣʦʤ (ʩʤ. ʈʠʩ. 1). ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ ɸʄʌ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʤʠʥʦʛʨʫʧʧʳ ʘʜʝʥʠʥʦʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ 

ʮʝʥʪʨʘʤʠ ʚ ʇʆɺʄʆʂ.  

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʄʆʂ ʥʘ ʪʚʝʨʜʳʭ ʧʦʜʣʦʞʢʘʭ ʩ ʧʦʤʦʱʴʶ ʉɸʄ ʪʠʦʣʦʚ ʠ 

ʩʠʣʘʥʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʘʚʥʦʤʝʨʥʳʝ ʧʦʢʨʳʪʠʷ 

ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ. ʀʟʙʠʨʘʪʝʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʦʨʬʠʨʠʥʦʚʳʭ 

ʇʆɺʄʆʂ ʢ ʘʥʘʣʠʪʘʤ, ʩʦʜʝʨʞʘʱʠʤ ʘʤʠʥʦʛʨʫʧʧʳ, ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʧʣʝʥʦʢ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʝʡʨʦʤʝʜʠʘʪʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʘʢʪʠʚʥʳʝ ʘʤʠʥʦʛʨʫʧʧʳ (ʩʝʨʦʪʦʥʠʥ, 

ʜʦʧʘʤʠʥ). 

  

 
ʈʠʩ.1 ʇʇʈ-ʩʝʥʩʦʛʨʘʤʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ 

ʇʆɺʄʆʂ ʥʘ ʦʩʥʦʚʝ ʘʮʝʪʘʪʘ ʮʠʥʢʘ ʠ 

ʪʝʪʨʘʢʘʨʙʦʢʩʠʬʝʥʠʣ-ʧʦʨʬʠʨʠʥʘʪʘ ʮʠʥʢʘ ʚ ʚʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ɸʄʌ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 5Ā10-5 ʄ (1), 

ʘʜʝʥʠʥʘ 5Ā10-5 ʄ (2) ʠ ʥʠʪʨʦʬʝʥʦʣʘ 1Ā10-5 M (3). 
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ʋɼʂ 537.9 
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ʕʂʉʇɽʈʀʄɽʅʊɸ CELIV
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ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʪʦʢʘ ʚ ʨʝʞʠʤʝ 

CELIV ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 

ʦʙʨʘʟʮʘʭ ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ P3HT. ʇʦʣʫʯʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʳʡ ʨʝʞʠʤ ʪʨʘʥʩʧʦʨʪʘ ʚ ʤʘʪʝʨʠʘʣʝ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʩʪʠʤʫʣʠʨʦʚʘʥʥʘʷ ʧʦʣʝʤ ʜʠʬʬʫʟʠʠ ʥʘ ʧʝʨʝʭʦʜʥʳʝ 

ʧʨʦʮʝʩʩʳ. 

 

In this paper we simulated a transient current in CELIV mode. The 

simulation was based on the experimental results obtained on samples of a 

conjugated polymer P3HT. The model parameters indicate a quasi-equilibrium 

mode of transport in the material, as well as a significant effect of field-

stimulated diffusion on transient processes. 
 

ʅʝʫʧʦʨʷʜʦʯʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʠʥʪʝʥʩʠʚʥʦ 

ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʩʚʷʟʠ ʩ ʧʨʠʤʝʥʝʥʠʷʤʠ ʚ ʩʚʝʪʦʜʠʦʜʘʭ, ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʜʨʫʛʠʭ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʘʭ ʵʣʝʢʪʨʦʥʠʢʠ. ʊʨʘʥʩʧʦʨʪ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʦʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʧʦʜʚʠʞʥʦʩʪʴ ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ɺʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʠʟʤʝʨʝʥʠʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʪʦʥʢʠʭ ʩʣʦʷʭ (~100ʥʤ) ʧʦʣʫʯʘʝʪ ʤʝʪʦʜ CELIV (Charge 

Extraction by Linearly Increasing Voltage) [1]. ɺ ʧʝʨʝʭʦʜʥʦʤ ʪʦʢʝ ʥʘʯʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʧʦ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʙʳʪʴ ʩʠʣʴʥʦ 

ʥʝʨʘʚʥʦʚʝʩʥʳʤ. ʇʨʠ ʪʘʢʦʤ ʥʘʯʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ 

ʬʦʪʦ-CELIV, ʢʚʘʟʠʨʘʚʥʦʚʝʩʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʣʠʰʴ ʚ ʭʦʜʝ ʪʨʘʥʩʧʦʨʪʘ, 

ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʷʝʪ ʨʷʜ ʘʥʦʤʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [2]. ʅʦ ʠ ʚ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʤ ʨʝʞʠʤʝ ʪʨʘʥʩʧʦʨʪʘ, ʢʦʛʜʘ ʧʦʜʚʠʞʥʦʩʪʴ ʧʦʩʪʦʷʥʥʘ, ʧʨʠ 

ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʙʝʩʧʦʨʷʜʢʝ ʪʨʘʥʩʧʦʨʪ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʥʦʤʘʣʴʥʦ ʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʠʬʬʫʟʠʠ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʪʦʨʦʡ ʢʚʘʜʨʘʪʠʯʥʦ ʨʘʩʪʸʪ ʩ ʨʦʩʪʦʤ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʧʦʣʷ 

[2]. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ 

ʧʝʨʝʭʦʜʥʦʛʦ ʪʦʢʘ ʧʦ ʤʝʪʦʜʫ CELIV ʜʣʷ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ. 16-29-09623). 
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ʧʦʣʠʩʦʧʨʷʞʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ P3HT. ɹʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʩʝʨʠʷ ʦʙʨʘʟʮʦʚ ʩ 

ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ P3HT: ʦʪ 60 ʜʦ 200 ʥʤ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ CELIV ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʧʝʨʝʭʦʜʥʳʝ 

ʪʦʢʠ ʩʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʨʘʥʝʝ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʧʦʜʭʦʜʫ [3]. ʇʨʠ 

ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʦʚ ʠ 

ʩʢʦʨʦʩʪʴ ʥʘʨʘʩʪʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʦʩʪʘʣʴʥʦʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʧʦʜʙʠʨʘʣʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʨʝʞʠʤʘ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʨʝʞʠʤʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʜʠʬʬʫʟʠʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʫʶ ʧʦʣʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʤ 

ʨʝʞʠʤʝ ʜʠʬʬʫʟʠʦʥʥʦ-ʜʨʝʡʬʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ, ʢʦʪʦʨʳʡ ʚ 

ʩʣʦʷʭ ʪʦʣʱʠʥʦʡ ʥʝ ʤʝʥʝʝ 60 ʥʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘ ʚʨʝʤʷ ʧʦʨʷʜʢʘ ʝʜʠʥʠʮ 

ʤʠʢʨʦʩʝʢʫʥʜ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ CELIV 

ʧʦʜʚʠʞʥʦʩʪʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʪʦʥʢʠʭ ʩʣʦʷʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 

-́ʩʦʧʨʷʞʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʩʣʫʞʘʱʠʤʠ ʮʝʥʪʨʘʤʠ ʪʨʘʥʩʧʦʨʪʘ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ. 
 

 
ʈʠʩʫʥʦʢ 1 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʧʝʨʝʭʦʜʥʦʛʦ ʪʦʢʘ CELIV  ʜʣʷ 

ʦʙʨʘʟʮʦʚ P3HT ʩ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ 
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 ʇʨʠ ʧʦʤʦʱʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʨʷʞʝʥʥʳʡ ʤʠʢʨʦʛʝʣʴ ʚ ʨʘʩʪʚʦʨʝ 

ʵʣʝʢʪʨʦʣʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʢʘʢ ʧʨʦʥʠʮʘʝʤʘʷ ʢʦʣʣʦʠʜʥʘʷ ʯʘʩʪʠʮʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʧʦʪʝʥʮʠʘʣʘʤʠ ʚ ʮʝʥʪʨʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʨʘʚʥʦʚʝʩʥʳʤ ʨʘʜʠʫʩʦʤ, ʘ ʪʘʢ ʞʝ ʧʣʦʪʥʦʩʪʴʶ ʟʘʨʷʜʘ ʩʝʪʢʠ. 

 

 We show, using theoretical approach as well computer simulations, that 

charged microgel in electrolyte solution can be efficiently described as a 

permeable colloidal particle, characterized by the surface and bulk electrostatic 

potential, equilibrium radius, and the charge density of the network. 

 

 ʇʦʣʠʵʣʝʢʪʨʦʣʠʪʥʳʝ ʤʠʢʨʦʛʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʨʷʞʝʥʥʳʝ 

ʧʦʣʠʤʝʨʥʳʝ ʩʝʪʢʠ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʟʤʝʨʘ, ʣʝʛʢʦ ʦʪʢʣʠʢʘʶʱʠʝʩʷ ʥʘ ʚʥʝʰʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʠʭ ʨʘʜʠʫʩʦʤ, ʟʘʨʷʜʦʤ, 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʦʜʚʠʞʥʦʩʪʴʶ ʚ ʨʘʩʪʚʦʨʘʭ [1]. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʠʟʚʝʩʪʥʦ, ʯʪʦ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ, pH, 

ʠʦʥʥʦʡ ʩʠʣʳ. ʇʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʤʠʢʨʦʛʝʣʷ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʩʨʝʜʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʦʪʢʨʳʚʘʝʪ 

ʜʦʩʪʫʧ ʢ ʫʧʨʘʚʣʝʥʠʶ ʯʘʩʪʠʮʘʤʠ ʟʘ ʩʯʝʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʕʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ, ʢ ʧʨʠʤʝʨʫ, ʚ ʩʠʩʪʝʤʘʭ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ, 

ʤʝʜʠʮʠʥʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ.  

 ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʠʢʨʦʛʝʣʝʡ ʦʩʪʘʝʪʩʷ ʩʣʦʞʥʦʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʧʦʚʝʜʝʥʠʝ ʯʘʩʪʠʮʳ ʢʘʢ ʮʝʣʦʛʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ: ʥʘʙʫʭʘʥʠʝʤ ʠʣʠ ʢʦʣʣʘʧʩʦʤ 

ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ, ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ 

ʟʘʨʷʞʝʥʥʳʤʠ ʤʦʥʦʤʝʨʘʤʠ, ʵʢʨʘʥʠʨʦʚʘʥʠʝʤ ʟʘ ʩʯʝʪ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʵʣʝʢʪʨʦʣʠʪʘ. ʇʨʠ ʵʪʦʤ ʠʤʝʥʥʦ ʤʘʢʨʦʧʘʨʘʤʝʪʨʳ ʤʠʢʨʦʛʝʣʷ, ʚ ʪʦʤ ʯʠʩʣʝ ð 

ʨʘʚʥʦʚʝʩʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠ ʧʦʪʝʥʮʠʘʣ ʧʦʚʝʨʭʥʦʩʪʠ ð ʦʧʨʝʜʝʣʷʶʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʠʢʨʦʛʝʣʝʡ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʩ ʚʥʝʰʥʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʢʨʦʛʝʣʝʡ ʚ ʩʠʩʪʝʤʘʭ ʜʦʩʪʘʚʢʠ ʠʣʠ ʤʠʢʨʦʬʣʶʠʜʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʪʘʢ ʞʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʥʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ, ʪʘʢ 

ʢʘʢ ʧʦʜʚʠʞʥʦʩʪʴ ʯʘʩʪʠʮ ʚ ʨʘʟʣʠʯʥʳʭ ʩʣʦʞʥʳʭ ʪʝʯʝʥʠʷʭ (ʵʣʝʢʪʨʦʬʦʨʝʟ, 

ʜʠʬʬʫʟʠʦʬʦʨʝʟ) ʪʦʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. 
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ʈʠʩ. 1. (ʘ) çʗʚʥʘʷè ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʯʘʩʪʠʮʳ ʧʦʣʠʵʣʝʢʪʨʦʣʠʪʥʦʛʦ ʤʠʢʨʦʛʝʣʷ: ʤʦʥʦʤʝʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ çʰʘʨʠʢʠ-ʥʘ-ʧʨʫʞʠʥʢʝè. (ʙ) ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʯʘʩʪʠʮʳ ʛʝʣ̫, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʨʘʚʥʦʚʝʩʥʳʤ ʨʘʜʠʫʩʦʤ, ʧʦʪʝʥʮʠʘʣʘʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʮʝʥʪʨʝ, ʘ ʪʘʢʞʝ 

ʜʣʠʥʦʡ ʵʢʨʘʥʠʨʦʚʘʥʠʷ. 

 

 ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʠʩʘʪʴ ʨʘʚʥʦʚʝʩʥʳʝ ʩʚʦʡʩʪʚʘ ʟʘʨʷʞʝʥʥʳʭ 
ʤʠʢʨʦʛʝʣʝʡ, ʤʳ ʧʦʩʪʨʦʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʛʝʣʴ 
ʧʨʝʜʩʪʘʚʣʷʣʩʷ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʣʣʦʠʜʥʦʡ ʯʘʩʪʠʮʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ 
ʨʘʚʥʦʚʝʩʥʳʤ ʨʘʜʠʫʩʦʤ, ʦʙʱʠʤ ʟʘʨʷʜʦʤ, ʘ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʦʤ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʮʝʥʪʨʝ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʚ 
ʩʠʩʪʝʤʝ ʵʢʨʘʥʠʨʦʚʘʣʠʩʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʵʪʦʤʫ 
ʜʣʠʥʘ ɼʝʙʘʷ ʪʘʢʞʝ ʚʳʩʪʫʧʘʣʘ ʧʘʨʘʤʝʪʨʦʤ ʤʦʜʝʣʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ 
ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʷʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʦʡ 
ʤʠʢʨʦʛʝʣʴ ʧʨʝʜʩʪʘʚʣʷʣʩʷ ʚ ʚʠʜʝ ʘʥʩʘʙʣʷ ʟʘʨʷʞʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʟʚʝʟʜ 
[2], ʘ ʵʣʝʢʪʨʦʣʠʪ ʤʦʜʝʣʠʨʦʚʘʣʩʷ ʚ ʷʚʥʦʤ ʚʠʜʝ. ɺʘʣʠʜʘʮʠʶ ʜʘʥʥʦʡ ʤʦʜʝʣʠ 
ʤʳ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʷʤʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩ çʷʚʥʦʡè ʤʦʜʝʣʴʶ 
ʰʘʨʠʢʦʚ-ʥʘ-ʧʨʫʞʠʥʢʝ ʜʣʷ ʜʚʫʭ ʧʦʣʠʤʝʨʥʳʭ ʟʚʝʟʜ. 

 ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʤʠʢʨʦʛʝʣʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 
çʤʘʣʝʥʴʢʠʝè ʠ çʙʦʣʴʰʠʝè ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʣʠʥʝ ɼʝʙʘʷ. ɼʣʷ ʵʪʠʭ 
ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʝʚ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʦʝ ʧʦʚʝʜʝʥʠʝ: ʚ 
ʙʦʣʴʰʠʭ ʛʝʣʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʦʙʲʝʤ ʦʩʪʘʚʘʣʩʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʳʤ, ʠ 
ʣʠʰʴ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʣ ʪʦʥʢʠʡ ʩʣʦʡ 
ʥʝʩʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʟʘʨʷʜʘ. ʉʢʘʯʦʢ ʧʦʪʝʥʮʠʘʣʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʭʦʨʦʰʦ 
ʦʧʠʩʳʚʘʣʩʷ ʜʦʥʥʘʥʦʚʩʢʠʤ ʨʘʚʥʦʚʝʩʠʝʤ. ɺ ʩʣʫʯʘʝ ʤʘʣʝʥʴʢʠʭ ʛʝʣʝʡ ʤʳ 
ʥʘʙʣʶʜʘʣʠ ʧʝʨʝʢʨʳʪʠʝ ʜʠʬʬʫʟʥʳʭ ʩʣʦʝʚ ʚ ʦʙʲʝʤʝ ʛʝʣʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ 
ʦʙʲʝʤ ʦʩʪʘʚʘʣʩʷ ʟʘʨʷʞʝʥʥʳʤ.  

 ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʦʛʨʫʙʣʝʥʥʳʡ ʤʝʪʦʜ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʩʝʪʦʢ ʧʦʟʚʦʣʠʣ ʠʩʩʣʝʜʦʚʘʪʴ 
ʧʨʦʬʠʣʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʢʪʨʦʣʠʪʘ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 
ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʕʪʘ ʜʘʥʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʥʦʤ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʤʠ ʧʦʣʫʯʝʥʳ 
ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʚ ʦʙʲʝʤʝ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ 
çʙʦʣʴʰʠʭè, çʤʘʣʝʥʴʢʠʭè, ʘ ʪʘʢʞʝ ʜʣʷ ʩʠʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʛʝʣʝʡ. 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʣʫʯʝʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʠ ʧʦʨʬʠʨʠʥʦʚʳʭ ʤʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʘʨʢʘʩʦʚ. ɺʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʛʠʙʨʠʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ ʠʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʨʝʘʢʮʠʷʭ ʬʦʪʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ, ʢʘʢ ʨʦʜʘʤʠʥ 6G ʠ 1,5-

ʜʠʛʠʜʨʦʢʩʦʥʘʬʪʘʣʠʥ. 

 

The work is devoted to the synthesis and research of hybrid materials 

based on graphene oxide and porphyrin metal-organic frameworks. The 

regularities of changes in the properties of hybrid materials depending on the 

synthesis conditions are revealed, and their catalytic properties in photooxidative 

destruction reactions of organic compounds, such as rhodamine 6G and 1,5-

dihydroxonaphthalene, are investigated. 

 

ʇʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʦʙʣʘʩʪʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ. ɺʳʩʦʢʦʧʦʨʠʩʪʳʝ ʛʠʙʨʠʜʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʨʘʟʚʠʪʦʡ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʭʠʤʠʯʝʩʢʠʭ 

ʩʝʥʩʦʨʦʚ, ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʛʘʟʘ [1]. 

ʈʘʟʣʦʞʝʥʠʝ ʪʦʢʩʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩ ʧʦʤʦʱʴʶ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʛʠʙʨʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʜʠʥ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. ɻʠʙʨʠʜʥʳʡ 

ʢʘʪʘʣʠʟʘʪʦʨ ï ʵʪʦ ʧʦʨʠʩʪʳʡ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʘʢʪʠʚʥʦʛʦ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʡ ʤʘʪʨʠʮʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʯʘʩʪʠʮʳ 

ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ (ʆɻ), ʘ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ï ʤʝʪʘʣʣ-

ʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ (ʄʆʂ) ʥʘ ʦʩʥʦʚʝ ʘʮʝʪʘʪʘ ʮʠʥʢʘ (II) ʠ ʮʠʥʢʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʤʝʟʦ-ʪʝʪʨʘ(4-ʧʠʨʠʜʠʣ)ʧʦʨʬʠʨʠʥʘ ʣʠʙʦ ʤʝʟʦ-ʜʠ(4-ʧʠʨʠʜʠʣ)ʜʠ(4-

ʢʘʨʙʦʢʩʠʬʝʥʠʣ)ʧʦʨʬʠʨʠʥʘ. ʎʠʥʢʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʨʬʠʨʠʥʦʚʳʭ ʄʆʂ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ ˉ 18-29-04026 ʤʢ). 
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ʧʨʦʷʚʣʷʶʪ ʩʠʣʴʥʫʶ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʬʦʪʦʨʘʟʣʦʞʝʥʠʠ ʚʦʜʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ [2].  

ʈʘʥʝʝ ʚ ʥʘʰʝʡ ʣʘʙʦʨʘʪʦʨʠʠ ʫʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʄʆʂ ʥʘ 

ʣʠʩʪʘʭ ʆɻ [3]. ʉʠʥʪʝʟ ʢʦʤʧʦʟʠʪʘ ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʝʤ ʵʤʫʣʴʩʠʦʥʥʦʛʦ ʩʠʥʪʝʟʘ ʚ 

ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʝ ʚʦʜʘ/ʭʣʦʨʦʬʦʨʤ. ʏʘʩʪʠʮʳ ʆɻ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʵʤʫʣʴʩʠʶ 

ʇʠʢʝʨʠʥʛʘ, ʦʙʨʘʟʫʶʱʫʶʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʰʝʥʠʷ ʦʙʝʠʭ ʬʘʟ. ʆʢʩʠʜ ʛʨʘʬʝʥʘ 

ʧʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʪʨʝʭʤʝʨʥʫʶ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʦʨʛʘʥʠʟʦʚʘʥʥʫʶ ʷʯʝʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʢʨʠʩʪʘʣʣʠʪʦʚ ʄʆʂ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʤʝʞʜʫ ʣʠʩʪʘʤʠ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʠ ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʧʦʣʠʩʣʦʡʥʳʭ ʫʛʣʝʨʦʜʥʳʭ ʩʪʨʫʢʪʫʨ. ʇʦʤʠʤʦ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢʦʥʚʝʢʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ, ʙʳʣ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥ 

ʤʠʢʨʦʚʦʣʥʦʚʳʡ ʥʘʛʨʝʚ ʨʝʘʢʮʠʦʥʥʦʡ ʵʤʫʣʴʩʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 

ʢʦʤʧʦʟʠʪʳ ʄʆʂ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʦʡ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ [4]. 

ʉʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʤʦʨʬʦʣʦʛʠʷ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʪʘʢʠʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ, ʢʘʢ 

ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʧʦʨʦʰʢʦʚʘʷ 

ʜʠʬʨʘʢʮʠʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ 

ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ, ʚʨʝʤʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʘ, ʧʨʠʨʦʜʘ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɼʣʷ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʠʭ ʩʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʨʙʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ɹʕʊ ʚ ʘʪʤʦʩʬʝʨʝ 

ʘʟʦʪʘ ʠ ʠʟʤʝʨʝʥʘ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉ 

ʧʦʤʦʱʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʜʝʣʴʥʘʷ ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʤʝʟʦ-ʜʠ(4-ʧʠʨʠʜʠʣ)ʜʠ(4-

ʢʘʨʙʦʢʩʠʬʝʥʠʣ)ʧʦʨʬʠʨʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʘʪʝʨʠʘʣʦʤ 

ʥʘ ʦʩʥʦʚʝ ʯʠʩʪʦʛʦ ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ (< 1ʤ
2
/ʛ) ʙʦʣʝʝ, ʯʝʤ ʚ 100 ʨʘʟ ʜʦ 143 ʤ

2
/ʛ. 

ʈʷʜ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʢʘʯʝʩʪʚʝ ʛʝʪʝʨʦʛʝʥʥʳʭ ʬʦʪʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʛʨʘʝʪ ʧʨʠʨʦʜʘ ʧʦʨʬʠʨʠʥʦʚʦʛʦ ʣʠʥʢʝʨʘ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʛʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʤʝʟʦ-ʪʝʪʨʘ(4-ʧʠʨʠʜʠʣ)ʧʦʨʬʠʨʠʥʘ ʥʝ 

ʧʨʦʷʚʣʷʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʤʝʟʦ-ʜʠ(4-

ʧʠʨʠʜʠʣ)ʜʠ(4-ʢʘʨʙʦʢʩʠʬʝʥʠʣ)ʧʦʨʬʠʨʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ 

ʦʙʝʩʮʚʝʯʠʚʘʶʪ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʨʦʜʘʤʠʥʘ 6G (ʈʠʩ.1) ʠ 1,5-

ʜʠʛʠʜʨʦʢʩʦʥʘʬʪʘʣʠʥʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʪʝʢʘʥʠʠ ʧʨʦʮʝʩʩʘ 

ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʠ. 
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ʈʠʩ. 1.  ʆʙʝʩʮʚʝʯʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʨʦʜʘʤʠʥʘ 6G ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʦʨʦʰʢʘ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʆɻ ʠ ʤʝʟʦ-ʜʠ(4-ʧʠʨʠʜʠʣ)ʜʠ(4-ʢʘʨʙʦʢʩʠʬʝʥʠʣ)ʧʦʨʬʠʨʠʥʦʚʦʛʦ 

ʄʆʂ, ʠʟʤʝʨʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ. 
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ʆʧʠʩʘʥʳ ʩʠʥʪʝʟ, ʀʂ-, ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʠʦʥʦʩʝʣʝʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʥʦʚʦʛʦ ʬʦʩʬʦʨʠʣʧʦʜʘʥʜʘ 1,8-ʙʠʩ[2-

(ʜʠʬʝʥʠʣʬʦʩʬʦʩʬʦʨʠʣ) ʬʝʥʦʢʩʠ-4-ʬʝʥʠʣʜʠʘʟʝʥʠʣ]-3,6-ʜʠʦʢʩʘʦʢʪʘʥʘ (L). 

ʄʝʪʦʜʦʤ ʈʉɸ ʫʩʪʘʥʦʚʣʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ L ʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [LiL ]I3.MePh. ʆʧʨʝʜʝʣʝʥ ʩʦʩʪʘʚ 

ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʝʤʙʨʘʥʳ ʣʠʪʠʡʩʝʣʝʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 

ʥʘ ʦʩʥʦʚʝ L.  

 

Synthesis, IR, electronic absorption spectra and ion-selective properties of 

new phosphorylpodand 1,8-bis[2-(diphenylphosphoryl)phenoxy-4-

phenyldiazenyl]-3,6-dioxaoctane (L) are described. Crystal structures of LĀH2O 

and complex [LiL]I3ĀMePh are determined by X-ray diffraction. 

 

ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʘʪʠʦʥʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ 

(Li
+
, Na

+
, K

+
 ʠ Ca

2+
) ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ 

ʠ ʣʝʯʝʥʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʟʘʙʦʣʝʚʘʥʠʡ. ɺʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʪʠʭ ʠʦʥʦʚ ʚʳʩʪʫʧʘʝʪ 

ʠʦʥʦʤʝʪʨʠʷ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʠʦʥʦʩʝʣʝʢʪʠʚʥʳʝ 

ʵʣʝʢʪʨʦʜʳ (ʀʉʕ) ʩ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʦʣʠʤʝʨʥʦʡ ʤʝʤʙʨʘʥʦʡ, ʚ 

ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʨʘʙʦʯʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʜʦʘʢʪʠʚʥʳʡ 

ʠʦʥʦʬʦʨ [1]. 

ʈʘʥʝʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʀʉʕ (ʧʨʝʜʝʣ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʜʨ.) ʩ 

ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʧʦʣʠʤʝʨʥʳʤʠ ʤʝʤʙʨʘʥʘʤʠ ʥʘ ʦʩʥʦʚʝ 

ʛʝʩʢʘʜʝʥʪʘʪʥʳʭ ʬʦʩʬʦʨʠʣʧʦʜʘʥʜʦʚ L
1
-L

3
 c ʜʠʬʝʥʠʣʬʦʩʬʦʨʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʩʪʨʦʝʥʠʷ.  ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʟʫʯʝʥʥʳʝ ʬʦʩʬʦʨʠʣʧʦʜʘʥʜʳ ʦʙʣʘʜʘʶʪ ʣʠʪʠʝʚʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʚ ʨʷʜʫ 

ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ 

ʭʨʦʤʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʥʳʝ 

ʠʟʤʝʥʷʪʴ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʠ ʠʦʥʦʩʝʣʝʢʪʠʚʥʳʭ ʬʦʩʬʦʨʠʣʧʦʜʘʥʜʦʚ 

mailto:ximik1988200811@rambler.ru
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ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʝ ʠ 

ʭʨʦʤʦʬʦʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʚ ʩʠʩʪʝʤʫ ʩʦʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ.  

1,8-ɹʠʩ[2-(ʜʠʬʝʥʠʣʬʦʩʬʦʩʬʦʨʠʣ)ʬʝʥʦʢʩʠ-4-ʬʝʥʠʣʜʠʘʟʝʥʠʣ]-3,6-

ʜʠʦʢʩʘʦʢʪʘʥ (L) ʧʦʩʪʨʦʝʥ ʠʤʝʥʥʦ ʧʦ ʵʪʦʤʫ ʧʨʠʥʮʠʧʫ - ʧʫʪʝʤ ʦʙʲʝʜʠʥʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʧʣʘʪʬʦʨʤʳ - ʬʦʩʬʦʨʠʣʧʦʜʘʥʜʘ L
1
, ʦʙʣʘʜʘʶʱʝʛʦ 

ʣʠʪʠʝʚʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ, ʠ ʜʚʫʭ ˊ-ʵʣʝʢʪʨʦʥʥʳʭ ʜʠʘʟʦʬʝʥʠʣʴʥʳʭ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʢʘʯʝʩʪʚʝ ʭʨʦʤʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʀʩʭʦʜʥʳʡ 2-

(ʜʠʬʝʥʠʣʬʦʩʬʦʨʠʣ)-4-(ʬʝʥʠʣʜʠʘʟʝʥʠʣ)ʬʝʥʦʣ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʨʝʘʢʮʠʝʡ 

ʘʟʦʩʦʯʝʪʘʥʠʷ ʬʝʥʠʣʜʠʘʟʦʥʷ ʩ 2-(ʜʠʬʝʥʠʣʬʦʩʬʦʨʠʣ)ʬʝʥʦʣʦʤ. 

 

 

 
 

ʉʪʨʫʢʪʫʨʘ L ʧʦʜʪʚʝʨʞʜʝʥʘ ʗʄʈ, ʀʂ ïʩʧʝʢʪʨʘʤʠ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʧʝʨʚʳʝ ʚʳʧʦʣʥʝʥ ʈʉɸ ʣʠʪʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ L ʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ ʠʦʥʦʩʝʣʝʢʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ 

ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʤʙʨʘʥ ʥʘ ʦʩʥʦʚʝ L ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʪʠʦʥʘʤ 

ʱʝʣʦʯʥʳʭ, ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʠ ʥʝʢʦʪʦʨʳʭ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʭʨʦʤʦʬʦʨʥʦʛʦ ʜʠʘʟʦʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ L
1
, 

ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʩʧʦʩʦʙʝ ʢʦʦʨʜʠʥʘʮʠʠ ʠ ʥʘ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʫʶ 

ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʦʜʘʥʜʘ, ʦʜʥʘʢʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʣʠʪʠʡ/ʥʘʪʨʠʝʚʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ. 
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ʈʠʩ. 1. ʂʦʵʬʬʠʮʠʝʥʪʳ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʡ 

ʩʝʣʝʢʪʠʚʥʦʩʪʠ (ʂʧʦʪ) ʣʠʪʠʝʚʳʭ ʵʣʝʢʪʨʦʜʦʚ 

(ɼɹʌ ʠ ʪʝʪʨʘʢʠʩ(4-ʭʣʦʨoʬʝʥʠʣ)ʙʦʨʘʪ ʢʘʣʠʷ. 

ī 50%-ʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʪ ʕɸʂ). 

 
 ʈʠʩ.2. ʉʪʨʦʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ L 

  
ʈʠʩ.3. ʉʪʨʦʝʥʠʝ ʣʠʪʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ c L 

 

 
ʌʦʩʬʦʨʠʣʧʦʜʘʥʜ 

Li+ - ʀʉʕ 

ʃʠʥʝʡʥʳʡ ʜʠʘʧʘʟʦʥ 
ʵʣʝʢʪʨʦʜʥʦʡ ʬʫʥʢʮʠʠ,ʄ 

ʅʘʢʣʦʥ ʵʣʝʢʪʨʦʜʥʦʡ 

ʬʫʥʢʮʠʠ, ʤɺ/pLi+ 
ʇʨʝʜʝʣ 

ʦʙʥʘʨʫʞʝʥʠʷ,ʄ 

L1 
5Ŀ10-4 ï 10-1 55.0 4,1Ŀ10-4 

L2 
10-4 ï 10-1 53.0 7,5 Ŀ10-5 

L3 
10-4ï10-1 55.0 4,2 Ŀ10-5 

L 5Ŀ10-5ï10-1 48.0 1,3Ŀ10-5 

ʊʘʙʣʠʮʘ 4. ʕʣeʢʪʨʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʤʙʨʘʥ ʣʠʪʠʡʩʝʣʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʦʩʥʦʚʝ L ʠ 

L1īL3, (ɼɹʌ ʠ ʪʝʪʨʘʢʠʩ(4-ʭʣʦʨʦʬʝʥʠʣ)ʙʦʨʘʪ ʢʘʣʠʷ - 50%-ʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʪ ʕɸʂ). 

 

 
 

ʈʠʩ.5. ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʝ ʪʠʪʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ L ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʨʘʩʪʚʦʨʦʤ ʠʦʜʠʜʘ 

ʣʠʪʠʷ (I) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ: (ʘ) ī cL = 1.13 Ĭ 10
ï5 ʤʦʣʴ/ʣ; (ʙ) ī cL = 5.70 Ĭ 10

ï6 ʤʦʣʴ/ʣ.  

 

ʇʨʷʤʦʝ ʠ ʦʙʨʘʪʥʦʝ ʪʠʪʨʦʚʘʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʘ M:L = 1:1, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ 

ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 2018 ʛʦʜʘ (ʪʝʤʳ ˉ 0088-2014-

0001, ˉ0081-2014-0015, ˉ 0090-2017-0024) ʠ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ 

ʇʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 34. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʘʫʣʠʥ ɺ.E., ʀʚʘʥʦʚʘ ʀ.ʉ., ʇʦʣʷʢʦʚʘ ʀ.ʅ. ʠ ʜʨ. // ɾʫʨʥ. ʦʙʱ. ʍʠʤʠʠ. 2015. ʊ. 85. ˉ 

4. ʉ. 659 [Baulin V.E., Ivanova I.S., Polyakova I.N. et all. // Russ. J. Gen. Chem. 2015. V. 85 

P. 899. DOI: 10.1134/S1070363215040234]. 

.

/lg ʧʦʪ

ʠʦʥLiK



˩˝˜˝˟ˣ˪˝ˡ˝˴ ˢ˕ˢˣ- ̋  ˦˨ˤ˥˕ˡˣˠ˚˟˨ˠ˴˥ˢ˰˪ ˦˝˦˧˚ˡ 61 

ʋɼʂ 544 

ʆʉʆɹɽʅʅʆʉʊʀ ʌʆʈʄʀʈʆɺɸʅʀʗ ʆʈɻɸʅʆʂʈɽʄʅɽɿɽʄʅʓʍ 

ʆɹʆʃʆʏɽʂ ʅɸ ʇʆɺɽʈʍʅʆʉʊʀ ɿʆʃʆʊʓʍ ʅɸʅʆʉʊɽʈɾʅɽʁ  

 

ʉʘʣʘʚʘʪʦʚ ʅ.ɸ. 

 
ʃʘʙʦʨʘʪʦʨʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʷʚʣʝʥʠʡ ʚ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʀʌʍʕ ʈɸʅ,  

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: gop--nick@yandex.ru 

 

ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʳʭ ʥʘʥʦʩʪʝʨʞʥʝʡ 

ʦʨʛʘʥʦʢʨʝʤʥʝʟʝʤʥʳʭ ʦʙʦʣʦʯʝʢ ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɔ-

ʤʝʨʢʘʧʪʦʧʨʦʧʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ. ʇʦʢʘʟʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʨʘʠʚʘʥʠʷ ʢʨʘʩʠʪʝʣʷ 3396 SL ʚ ʦʨʛʘʥʦʢʨʝʤʥʝʟʝʤʥʫʶ 

ʦʙʦʣʦʯʢʫ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʯʘʩʪʠʮ ʧʦ ʤʝʭʘʥʠʟʤʫ ʬʠʟʠʯʝʩʢʦʛʦ 

ʟʘʭʚʘʪʘ. 

 

The method for creating on gold nanorods' surfaces the organosilica shells 

with a required thickness using the ɔ -mercaptopropyltrimethoxysilane is 

proposed and implemented. The possibility of 3396 SL dye incorporation into 

the organosilica shells by its physical capture is shown. 

 

ʆʜʥʠʤ ʠʟ ʪʠʧʦʚ ʥʘʥʦʯʘʩʪʠʮ ʩ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʧʣʘʟʤʦʥʥʳʤ ʨʝʟʦʥʘʥʩʦʤ (ʃʇʇʈ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʙʦʣʴʰʦʡ ʥʘʫʯʥʳʡ 

ʠʥʪʝʨʝʩ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʷʚʣʷʶʪʩʷ ʟʦʣʦʪʳʝ ʥʘʥʦʩʪʝʨʞʥʠ (ɿʅʉʪ). 

ʆʥʠ ʠʤʝʶʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʨʠ ʦʧʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʪʝʨʘʧʠʠ ʦʧʫʭʦʣʝʡ).  

ʇʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ɿʅʉʪ ʚʩʝ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʥʘʧʨʠʤʝʨ, ɿʅʉʪ ʩ ʢʨʝʤʥʝʟʝʤʥʦʡ 

ʦʙʦʣʦʯʢʦʡ [1, 2]. ʀʥʪʝʨʝʩ ʢ ʪʘʢʠʤ ʩʪʨʫʢʪʫʨʘʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʮʝʪʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ ʙʨʦʤʠʜ (ʎʊɸɹ), ʢʦʪʦʨʳʤ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ ɿʅʉʪ, ʮʠʪʦʪʦʢʩʠʯʝʥ [4]. ʕʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʨʝʤʥʝʟʝʤʥʦʡ ʦʙʦʣʦʯʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʅʉʪ ʨʝʰʘʝʪ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʤʝʩʪʦ 

ʧʦʯʪʠ ʧʦʣʥʦʝ ʚʳʪʝʩʥʝʥʠʝ ʎʊɸɹ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ɿʅʉʪ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ [5]. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʠʝ ʢʦʤʧʦʟʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʦʣʝʝ 

ʪʝʨʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ [6] ʠ ʩʧʦʩʦʙʥʳ 

ʢ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ [2, 7] ʚ 

ʦʪʣʠʯʠʝ ʦʪ ɿʅʉʪ ʙʝʟ ʦʙʦʣʦʯʢʠ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ 

ʥʘ ʭʘʨʘʢʪʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʛʘʥʦʢʨʝʤʥʝʟʝʤʥʦʡ ʦʙʦʣʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʅʉʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ g-ʤʝʨʢʘʧʪʦʧʨʦʧʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʘ (ʄʇʊʄʉ) ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ.  
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ɺʳʙʦʨ ʵʪʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʦʙʫʩʣʦʚʣʝʥ ʩʧʦʩʦʙʥʦʩʪʴʶ ʄʇʊʄʉ 

ʭʝʤʦʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʣʦʪʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʦʙʨʘʟʫʷ ʩʚʷʟʠ 

AuïS. ʕʪʦ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ ʯʘʩʪʠʮ ʩ 

ʦʜʥʦʨʦʜʥʦʡ ʦʙʦʣʦʯʢʦʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʦʠʥʩʪʚʘ ʄʇʊʄʉ ʢʘʢ ʧʨʝʢʫʨʩʦʨʘ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʦʣʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɿʅʉʪ ʢʨʘʡʥʝ ʤʘʣʦ [8, 9]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʪʘ ʪʘʢʠʭ ʦʙʦʣʦʯʝʢ. ʅʘʤʠ ʙʳʣʦ 

ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʄʇʊʄʉ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ɿʅʉʪ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʥʘ ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ ʦʙʦʣʦʯʢʠ. 

ɿʅʉʪ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʝʟʟʘʪʨʘʚʦʯʥʳʤ ʩʠʥʪʝʟʦʤ ʚ ʤʠʮʝʣʣʘʭ ʎʊɸɹ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ AgNO3 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʜʨʦʭʠʥʦʥʘ ʠ NaBH4 ʚ ʢʘʯʝʩʪʚʝ 

ʩʣʘʙʦʛʦ ʠ ʩʠʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ 

ʥʘʤʠ ʨʘʥʝʝ [3], ʵʪʘ ʤʝʪʦʜʠʢʘ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʠʟʫʯʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ɿʅʉʪ ï ʟʘʪʨʘʚʦʯʥʳʤ 

ʩʠʥʪʝʟʦʤ. ʅʘʧʨʠʤʝʨ, ʦʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʘʷ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 100%. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʭʦʜʝ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʄʇʊʄʉ 

ʧʨʦʪʝʢʘʶʪ ʜʚʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘ: ʨʦʩʪ ʦʙʦʣʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʥʦʩʪʝʨʞʥʝʡ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʦʩʪ ʧʦʙʦʯʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʦʨʛʘʥʦʢʨʝʤʥʝʟʝʤʘ. ʕʪʦ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʦʣʦʯʝʢ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ɼʦʣʷ ʧʦʙʦʯʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

NH3ÖH2O ʠ ʧʨʝʢʫʨʩʦʨʘ ʚ ʩʠʩʪʝʤʝ, ʤʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ, ʘ 

ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʝʨʦʷʪʥʦʩʪʴ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʦʞʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʩʪʝʨʞʥʝʡ 

ʠ/ʠʣʠ ʜʨʦʙʥʦʛʦ ʚʚʝʜʝʥʠʷ ʄʇʊʄʉ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʢʦʤʧʦʟʠʪʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʩ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʨʦʜʥʦʡ 

ʦʨʛʘʥʦʢʨʝʤʥʝʟʝʤʥʦʡ ʦʙʦʣʦʯʢʦʡ, ʪʦʣʱʠʥʫ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ ʩ 

ʪʦʯʥʦʩʪʴʶ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʥʘʥʦʤʝʪʨʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ º3 ʜʦ º20 ʥʤ (ʨʠʩ. 1). 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɿʅʉʪ ʚ 

ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʥʠʭ ʦʨʛʘʥʦʢʨʝʤʥʝʟʝʤʥʦʡ ʦʙʦʣʦʯʢʠ ʠ ʧʦʢʘʟʘʥʦ, 

   
(ʘ) (ʙ) (ʚ) 
ʈʠʩ. 1.  ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ɿʅʉʪ ʩ ʦʨʛʘʥʦʢʨʝʤʥʝʟʝʤʥʦʡ ʦʙʦʣʦʯʢʦʡ  

ʪʦʣʱʠʥʦʡ 7 (ʘ), 11 (ʙ) ʠ 16 ʥʤ (ʚ). 
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ʯʪʦ ʚʝʣʠʯʠʥʘ ʙʘʪʦʭʨʦʤʥʦʛʦ ʩʜʚʠʛʘ ʧʨʦʜʦʣʴʥʦʛʦ ʃʇʇʈ ʚʦʟʨʘʩʪʘʝʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʪʦʣʱʠʥʝ ʦʙʦʣʦʯʢʠ (ʨʠʩ. 2, 3).  

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʪʨʘʠʚʘʥʠʷ ʚ ʦʙʦʣʦʯʢʫ 

ʢʦʤʧʦʟʠʪʥʳʭ ʯʘʩʪʠʮ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʨʘʩʠʪʝʣʷ 3396 SL 

(ʨʠʩ. 4) ʧʦ ʤʝʭʘʥʠʟʤʫ ʬʠʟʠʯʝʩʢʦʛʦ ʟʘʭʚʘʪʘ.  
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ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʟʦʣʝʡ ɿʅʉʪ ʠ ʢʦʤʧʦʟʠʪʥʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩ ʨʘʟʣʠʯʥʦʡ 

ʪʦʣʱʠʥʦʡ ʦʙʦʣʦʯʢʠ. 

ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʜʚʠʛʘ ʧʦʣʦʞʝʥʠʷ 

ʧʨʦʜʦʣʴʥʦʛʦ ʃʇʇʈ ʦʪ ʪʦʣʱʠʥʳ 

ʦʨʛʘʥʦʢʨʝʤʥʝʟʝʤʥʦʡ ʦʙʦʣʦʯʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʅʉʪ. 

 
ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ 3396 SL. 
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ʋɼʂ 539.2 

ʊʈɸʅʉʇʆʈʊ ʀʆʅʆɺ ɺ ɻʀɼʈʆʌʆɹʅʓʍ ʄʀʂʈʆ ï ʀ 

ʅɸʅʆʂɸʅɸʃɸʍ 

 

ʉʠʣʢʠʥʘ ɽ.ʌ. 
1
, ɺʠʥʦʛʨʘʜʦʚʘ ʆ.ʀ. 

1, 2
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 ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʦʭʠʤʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʀʌʍʕ ʈɸʅ,  

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: elsilkina@gmail.com 
2 
 ʌʠʟʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 119991, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, 

ʜ.1, ʢʦʨʧ. 2;  

 

ʀʦʥʥʳʝ ʪʦʢʠ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʛʠʜʨʦʬʦʙʥʳʭ ʤʠʢʨʦʢʘʥʘʣʘʭ ʚ ʦʪʚʝʪ 

ʥʘ ʧʨʠʣʦʞʝʥʥʳʡ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ʀʟʤʝʨʝʥʠʷ 

ʪʦʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

Ionic currents induced by an applied pressure gradient or an electric field, 

appear in hydrophobic microchannels. Dependences of current for different bulk 

electrolyte concentrations characterize electrostatic and hydrodynamic surface 

properties. 
 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʤʠʢʨʦʬʣʶʠʜʠʢʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʪʝʯʝʥʠʝʤ ʞʠʜʢʦʩʪʝʡ ʥʘ ʤʘʣʳʭ 

ʤʘʩʰʪʘʙʘʭ. ʊʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʟʘʯʘʩʪʫʶ ʥʘʟʳʚʘʝʤʳʝ çʣʘʙʦʨʘʪʦʨʠʷʤʠ ʥʘ 

ʯʠʧʝè, ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʙʠʦʣʦʛʠʠ, 

ʤʝʜʠʮʠʥʳ, ʭʠʤʠʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʢʘʥʘʣʳ 

ʪʦʣʱʠʥʦʡ ʜʦ ʩʪʘ ʥʘʥʦʤʝʪʨʦʚ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ.  

ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʠʢʨʦʢʘʥʘʣʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʨʘʩʪʚʦʨʦʤ ʵʣʝʢʪʨʦʣʠʪʘ, ʩ 

ʧʨʠʣʦʞʝʥʥʳʤʠ ʛʨʘʜʠʝʥʪʦʤ ʜʘʚʣʝʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ. 
  

ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʩʦʟʜʘʪʴ ʪʝʯʝʥʠʝ ð ʩʦʟʜʘʪʴ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ. 

ʆʜʥʘʢʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʘʩʪʚʦʨʘʭ ʚʩʝʛʜʘ ʩʦʜʝʨʞʠʪʩʷ ʢʦʥʝʯʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʪʝʯʝʥʠʝ ʤʦʞʥʦ ʩʦʟʜʘʪʴ, ʧʨʠʣʦʞʠʚ ʢʘʩʘʪʝʣʴʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʙʫʜʝʪ ʠʦʥʥʳʡ ʪʦʢ. ʊʦʢ ʚ ʦʙʦʠʭ 
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ʩʣʫʯʘʷʭ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʘʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʝʝ ʛʠʜʨʦʬʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʕʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʝ ʟʘʨʷʜʦʤ ʠ ʧʦʪʝʥʮʠʘʣʦʤ, ʯʪʦ ʥʝ 

ʚʩʝʛʜʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʘʧʨʠʦʨʠ. ɻʠʜʨʦʬʦʙʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʩʢʦʣʴʟʢʦʡ, ʘ ʚʦʟʥʠʢʰʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʟʘʨʷʜ 

ʧʦʜʚʠʞʝʥ, ʪʦ ʝʩʪʴ ʤʦʞʝʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʨʠʣʦʞʝʥʥʦʝ ʧʦʣʝ. ʆʢʘʟʳʚʘʝʪʩʷ, 

ʯʪʦ ʧʦʚʝʜʝʥʠʝ ʪʦʢʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʦʢʦʚ ʚ 

ʛʠʜʨʦʬʠʣʴʥʳʭ ʢʘʥʘʣʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʨʝʥʠʝ ʪʦʢʦʚ ʤʦʞʝʪʴ ʜʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʡʩʪʚʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ. 

ʈʠʩ. 2. ʀʦʥʥʳʡ ʪʦʢ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʦʪʚʝʪ ʥʘ ʧʨʠʣʦʞʝʥʥʳʡ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʤʠʢʨʦʢʘʥʘʣʝ ʜʣʷ ʨʘʟʥʳʭ ʜʣʠʥ ʩʢʦʣʴʞʝʥʠʷ b = 0, 25, 75 ʥʤ 

(ʩʥʠʟʫ ʚʚʝʨʭ). ʐʠʨʠʥʘ ʢʘʥʘʣʘ: H = 100 ʥʤ. 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʪʦʢʦʚ ʚ ʤʠʢʨʦ- ʠ ʥʘʥʦʢʘʥʘʣʘʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ [1]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʦʥʥʳʡ ʪʦʢ ʚ ʩʠʩʪʝʤʝ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʠʥ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʤʘʩʰʪʘʙʳ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ: ʜʣʠʥʳ ɼʝʙʘʷ ʠ ʜʣʠʥʳ 

ʩʢʦʣʴʞʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʜʚʠʞʥʦʩʪʴ ʟʘʨʷʜʦʚ ʥʘ ʛʨʘʥʠʮʝ ʞʠʜʢʦʩʪʴ-ʛʘʟ 

ʫʤʝʥʴʰʘʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʠʦʥʥʳʡ ʪʦʢ. ʅʘʤʠ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʢʘʢ 

ʯʠʩʣʝʥʥʳʡ ʨʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʢʪʨʦʣʠʪʘ ʚ ʢʘʥʘʣʝ, ʪʘʢ ʠ ʧʦʣʫʯʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʘʩʠʤʧʪʦʪʠʢʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʟʤʝʨʝʥʠʝ ʪʦʢʦʚ ʪʝʯʝʥʠʷ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ ʩʪʝʥʦʢ ʤʠʢʨʦʢʘʥʘʣʦʚ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. Maduar S. R. et al. Electrohydrodynamics near hydrophobic surfaces // Physical review 

letters. ï 2015. ï ʊ. 114. ï ˉ. 11. ï ʉ. 118301. 
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ʋɼʂ 541.65, 541.49 

ʉʊʈʋʂʊʋʈɸ ʀ ʌʆʊʆʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʂʆʄʇʃɽʂʉʆɺ 

ʇʃɸʊʀʅʓ(II) ʀ ʇɸʃʃɸɼʀʗ(II) ʉ 10-(ɼʀʕʊʆʂʉʀʌʆʉʌʆʈʀʃ)-

5,15-(ɼʀɸʈʀʃ)ʇʆʈʌʀʈʀʅɸʄʀ 1 
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ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʥʦʚʳʝ ʬʦʩʬʦʨʝʩʮʝʥʪʥʳʝ ʤʝʟʦ-ʤʦʥʦʬʦʩʬʦʨʠʣʧʦʨʬʠʨʠʥʘʪʳ Pt(II) ʠ 

Pd(II), ʦʧʨʝʜʝʣʝʥʳ ʠʭ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʈʉɸ, ʠʟʫʯʝʥʳ ʠʭ 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

 

In this work we obtained and characterized using physico-chemical 

methods new Pt(II) and Pd(II) complexes with meso-

monophosphorylporphyrins, determined their structures by single crystal X-ray 

diffraction and investigated their photophysical properties.  

 

ʂʦʤʧʣʝʢʩʳ ʧʣʘʪʠʥʳ(II) ʠ ʧʘʣʣʘʜʠʷ(II) ʩ ʪʝʪʨʘʧʠʨʨʦʣʴʥʳʤʠ 

ʤʘʢʨʦʮʠʢʣʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ ʥʘ ʢʠʩʣʦʨʦʜ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʪʫʰʝʥʠʝ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ, 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʝʛʦ ʚ ʞʠʜʢʠʭ ʩʨʝʜʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʞʠʚʳʭ ʢʣʝʪʢʘʭ 

[1], [2]. ɺʚʝʜʝʥʠʝ ʬʦʩʬʦʨʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʦʨʬʠʨʠʥʦʚʦʝ ʢʦʣʴʮʦ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʦʪʢʨʳʚʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ Pt(II) ʠ Pd(II), ʯʪʦ ʚʘʞʥʦ 

ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʧʦʨʬʠʨʠʥʦʚʳʭ 

ʣʶʤʠʥʦʬʦʨʦʚ ʥʘ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ, ʯʪʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʚʝʨʜʦʬʘʟʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ ʧʣʘʪʠʥʳ(II) ʠ ʧʘʣʣʘʜʠʷ(II) 

ʩ 10-(ʜʠʵʪʦʢʩʠʬʦʩʬʦʨʠʣ)-5,15-(ʜʠʘʨʠʣ)ʧʦʨʬʠʨʠʥʘʤʠ (ʈʠʩ. 1). ɺʩʝ ʥʦʚʳʝ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʌʨʘʥʮʫʟʩʢʦ-ʈʦʩʩʠʡʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ñLAMREMò ʧʨʠ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ18-33-00734. 
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ʩʦʝʜʠʥʝʥʠʷ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

(MALDI -TOF ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʕʉʇ, ʗʄʈ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ).  

 

 
ʈʠʩ. 1. ʇʦʨʬʠʨʠʥʘʪʳ Pt(II) ʠ Pd(II) ʩ 10-(ʜʠʵʪʦʢʩʠʬʦʩʬʦʨʠʣ)-5,15-(ʜʠʘʨʠʣ)ʧʦʨʬʠʨʠʥʘʤʠ 

 

ɼʣʷ ʪʨʸʭ ʧʦʨʬʠʨʠʥʘʪʦʚ Pd-1a, Pt-1b ʠ Pd-1b ʧʦʣʫʯʝʥʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ, ʠ ʠʭ ʩʪʨʫʢʪʫʨʘ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ ʧʨʠ 100 ʂ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʚ 

ʚʠʜʝ ʩʦʣʴʚʘʪʦʚ ʩ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʣʩʷ ʨʦʩʪ 

ʢʨʠʩʪʘʣʣʦʚ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ, ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ 

ʚʝʣʠʯʠʥʳ R1 ʜʣʷ ʚʩʝʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ.  

 
 Pd-1aȚCH2Cl2 Pt-1bȚCHCl3 Pd-1bȚCHCl3 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʛʨʫʧʧʘ, z 

P-1, 2 P-1, 2 P-1, 2 

a, ¡ 11.8481(7) 10.7820(3) 10.7842(3) 

b, ¡ 12.1054(6) 11.5473(4) 11.5565(4) 

c, ¡ 13.6018(7) 17.1136(6) 17.0314(6) 

a, Ü 64.844(3) 71.942(2) 72.119(2) 

b, Ü 89.227(3) 75.416(1) 75.384(2) 

g, Ü 85.015(3) 85.958(1) 85.933(2) 

V, ¡
3
 1758.55(17) 1960.41(11) 1954.63(11) 

R1 ʜʣʷ I>2s, % 4.78 2.31 3.89 

 

ʂʦʤʧʣʝʢʩʳ ʧʣʘʪʠʥʳ(II) ʠ ʧʘʣʣʘʜʠʷ(II) ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦʨʬʠʨʠʥʦʤ 

ʷʚʣʷʶʪʩʷ ʠʟʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠ ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʪʣʠʯʘʶʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɺ ʢʨʠʩʪʘʣʣʝ ʧʦʨʬʠʨʠʥʘʪʳ Pd-1a, Pt-1b ʠ Pd-1b ʠʤʝʶʪ 

ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʟʘ ʩʯʝʪ p-p ʩʪʝʢʠʥʛʘ ʤʝʞʜʫ 

ʧʦʨʬʠʨʠʥʦʚʳʤʠ ʤʘʢʨʦʮʠʢʣʘʤʠ (ʈʠʩ. 2).  

ɼʣʷ ʚʩʝʭ ʮʝʣʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʈʠʩ.1), ʘ ʪʘʢʞʝ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 

ʩʨʘʚʥʝʥʠʷ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʥʝʪ ʬʦʩʬʦʨʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ, ʠʟʤʝʨʝʥʳ 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ, ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʚ ʠʥʝʨʪʥʦʡ 

ʘʪʤʦʩʬʝʨʝ ʠ ʥʘ ʚʦʟʜʫʭʝ), ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʠ ʚʨʝʤʷ ʟʘʪʫʭʘʥʠʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ 

(ʧʨʠ 298ʂ ʠ 77ʂ). 

  

a) ʙ) 

ʈʠʩ. 2. ʘ) ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ Pt-1bȚCHCl3, ʧʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʦʤ ʈʉɸ, ʙ) 
p-p ʩʪʝʢʠʥʛ ʤʦʣʝʢʫʣ ʚ ʢʨʠʩʪʘʣʣʝ Pt-1bȚCHCl3. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʬʦʩʬʦʨʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʟʥʘʯʝʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʬʠʨʠʥʘʪʦʚ ʧʣʘʪʠʥʳ(II) ʠ ʧʘʣʣʘʜʠʷ(II) ʠʟʤʝʥʷʶʪʩʷ ʥʝ 

ʩʠʣʴʥʦ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʣʶʤʠʥʦʬʦʨʘʤ ʚ 

ʩʦʩʪʘʚʝ ʦʧʪʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʤʧʣʝʢʩʳ 

Pt(II) ʠ Pd(II) ʩ 10-(ʜʠʵʪʦʢʩʠʬʦʩʬʦʨʠʣ)-5,15-(ʜʠʘʨʠʣ)ʧʦʨʬʠʨʠʥʘʤʠ ʢʘʢ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʝʢʫʨʩʦʨʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʘʥʘʣʦʛʦʚ ʠ ʜʘʣʴʥʝʡʰʝʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʤʦʣʝʢʫʣ-

ʠʥʜʠʢʘʪʦʨʦʚ ʥʘ ʪʚʝʨʜʳʝ ʥʦʩʠʪʝʣʠ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʛʦ ʛʠʙʨʠʜʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʦʨʬʠʨʠʥʘ ʠ 

ʩʣʦʠʩʪʦʛʦ ʛʠʜʨʦʢʩʦʭʣʦʨʠʜʘ ʝʚʨʦʧʠʷ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚ ʨʝʘʢʮʠʠ ʛʠʜʨʦʣʠʟʘ ʙʠʩ(4-ʥʠʪʨʦʬʝʥʠʣ)ʬʦʩʬʘʪʘ. 

ʇʦʢʘʟʘʥ ʚʢʣʘʜ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʝʨʠʘʣʘ ʚ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʩʠʩʪʝʤʳ. 

 

In this work we suggest a method for fabricatingnew hybrid catalyst based 

on porphyrin coordination polymersand layered europium hydroxide. The 

catalytic activity of the material was demonstrated in the hydrolysis of bis(4-

nitrophenyl) phosphate. The contribution of the components to the functional 

synergy of the hybridsystem was  determined. 

 

ʄʝʪʘʣʣʦʨʛʘʥʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ (ʄʆʂ) ʥʘ ʦʩʥʦʚʝ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʦʨʬʠʨʠʥʦʚ ʦʙʨʘʟʫʶʪ ʢʣʘʩʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʝʣʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʪʨʫʢʪʫʨʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʘʩʪʨʘʠʚʘʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʝʪ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʤʦʣʝʢʫʣʳ 

ʧʦʨʬʠʨʠʥʘ ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʘʪʦʤʘ ʢʦʤʧʣʝʢʩʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ  ʄʆʂ 

ʤʦʛʫʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʧʦʠʩʢʘ ʧʦʜʭʦʜʦʚ ʢ ʧʦʚʳʰʝʥʠʶ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʦʩʪʦʠʪ ʚ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʄʆʂ ʥʘ 

ʪʚʝʨʜʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʣʦʠʩʪʳʭ ʯʘʩʪʠʮ-ʪʝʤʧʣʘʪ, ʯʪʦ  

ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʪʘʙʠʣʴʥʳʡ ʛʠʙʨʠʜʥʳʡ ʤʘʪʝʨʠʘʣ, ʚ ʢʦʪʦʨʦʤ 

ʧʦʤʠʤʦ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʄʆʂ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʨʦʷʚʣʝʥʠʝ 

ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʟʘ ʩʯʝʪ ʢʦʤʙʠʥʘʮʠʠ ʩʚʦʡʩʪʚ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʪʘ ʠʜʝʷ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʟʘ ʩʯʝʪ ʠʥʪʝʛʨʘʮʠʠ ʄʆʂ ʥʘ 

ʦʩʥʦʚʝ ʪʝʪʨʘ(4-ʢʘʨʙʦʢʩʠʬʝʥʠʣ)ʧʦʨʬʠʨʠʥʘʪʘ ʮʠʥʢʘ ʠ ʙʠʷʜʝʨʥʦʛʦ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ˉ16-03-00499_ʘ ʠ ˉ18-29-04026_ʤʢ. 
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ʢʦʤʧʣʝʢʩʘ ʘʮʝʪʘʪʘ ʮʠʥʢʘ ʩ ʤʠʢʨʦʯʘʩʪʠʮʘʤʠ ʩʣʦʠʩʪʦʛʦ ʛʠʜʨʦʢʩʦʭʣʦʨʠʜʘ 

ʝʚʨʦʧʠʷ (Euʉɻʍ).  

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʠʟʫʯʝʥʘ ʥʘ 

ʧʨʠʤʝʨʝ ʤʦʜʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʙʠʩ(4-ʥʠʪʨʦʬʝʥʠʣ)ʬʦʩʬʘʪʘ 

(ɹʅʌʌ). ʉ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ ʙʳʣʘ 

ʧʦʢʘʟʘʥʘ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʠʙʨʠʜʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ Euʉɻʍ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʡ 

ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʣʠʯʠʷ ʚ 

ʤʝʭʘʥʠʟʤʘʭ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʚ ʩʠʩʪʝʤʝ ʥʘ ʦʩʥʦʚʝ ɹʅʌʌ ʠ ʢʦʥʪʨʦʣʴʥʦʡ 

ʩʠʩʪʝʤʝ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʳ ʜʘʥʥʦʛʦ ʨʘʟʣʠʯʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ 

ʫʜʝʨʞʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʛʠʙʨʠʜʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʪʦʜʠʢʠ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʀʂ- ʠ ʂʈ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ MALDI -TOF ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ʄʝʪʦʜ MALDI -TOF 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (ɹʅʌʌ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ 

ʛʠʜʨʦʣʠʟʘ) ʚ ʩʦʩʪʘʚʝ ʧʦʜʦʙʥʳʭ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʧʦʟʚʦʣʷʶʪ ʚʳʜʚʠʥʫʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʤ ʤʝʭʘʥʠʟʤʝ ʛʠʜʨʦʣʠʟʘ 

ɹʅʌʌ ʛʠʙʨʠʜʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠ ʦ ʚʢʣʘʜʝ ʢʘʞʜʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ 

ʤʘʪʝʨʠʘʣʘ ʚ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʪʝʤ ʩʘʤʳʤ ʦʪʢʨʳʚʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʵʬʬʝʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʢʦʥʚʝʨʩʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʬʦʩʬʘʪʦʚ ʠ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʭʠʤʠʯʝʩʢʠʭ 

ʩʝʥʩʦʨʦʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ʪʘʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ. 



˩˝˜˝˟ˣ˪˝ˡ˝˴ ˢ˕ˢˣ- ̋  ˦˨ˤ˥˕ˡˣˠ˚˟˨ˠ˴˥ˢ˰˪ ˦˝˦˧˚ˡ 71 
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1
 ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʦʭʠʤʠʠ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ ʀʌʍʕ ʈɸʅ 

 119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: urodkovakatja@mail.ru 
2
 ʈʊʋ ʄʀʈʕɸ, ʀʊʍʊ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʇʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʚ ʨʘʩʪʚʦʨʘʭ ʭʠʪʦʟʘʥʘ, 

ʚʳʩʪʫʧʘʶʱʝʛʦ ʚ ʨʦʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ ʠ ʟʥʘʯʝʥʠʷʭ ʨʅ ʨʘʟʤʝʨ ʥʘʥʦʯʘʩʪʠʮ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 40ï70 ʥʤ. ʀʩʩʣʝʜʦʚʘʥ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʠʩʘʭʘʨʠʜʘ ʩ 

ʧʨʝʢʫʨʩʦʨʦʤ ʤʝʪʘʣʣʘ. 

 

Silver NPs were obtained in chitosan, which acts as a reducing agent and 

a stabilizer.  The size of NPs varies in the range of 40-70 nm at certain 

temperature and pH values.  The nature of the interaction of the polysaccharide 

with metal precursor was investigated. 

 

ʅʘʥʦʨʘʟʤʝʨʥʳʝ ʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ 

ʩʚʦʡʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʤʝʪʦʜʳ ʠʭ 

ʧʦʣʫʯʝʥʠʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ [1]. ɺʳʙʦʨ ʩʨʝʜʳ ʩʠʥʪʝʟʘ ʪʘʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ (ʅʏ) ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʩʠʩʪʝʤ. ʂ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʨʝʜʘʤ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ 

ʩʝʨʝʙʨʘ ʦʪʥʦʩʠʪʩʷ ʭʠʪʦʟʘʥ ð ʧʨʠʨʦʜʥʳʡ ʧʦʣʠʤʝʨ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʮʝʣʷʭ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʜʨ. [2]. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʭʠʪʦʟʘʥʘ ʥʝ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʤʥʦʛʦʬʘʟʥʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʢʘʢ ʦʥ 

ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʅʏ Ag ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʭʠʪʦʟʘʥʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ. ʀʤʝʥʥʦ ʝʡ ʠ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʭʠʪʦʟʘʥʘ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 320000 ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʩʦʩʪʘʚʠʣ 65 ʥʤ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ [3], ʩʘʤ ʭʠʪʦʟʘʥ ʨʘʩʪʚʦʨʠʤ ʚ ʢʠʩʣʳʭ ʩʨʝʜʘʭ, ʧʦʵʪʦʤʫ 

ʧʨʠ ʩʠʥʪʝʟʝ ʅʏ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Ag
+
 

ʦʙʳʯʥʦ ʧʨʦʪʝʢʘʝʪ ʚ ʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ (ʠʥʦʛʜʘ ï ʚ ʥʝʡʪʨʘʣʴʥʳʭ). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʰʘ ʟʘʜʘʯʘ ʩʦʩʪʦʷʣʘ ʚ ʧʦʜʙʦʨʝ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʭʠʪʦʟʘʥ ʝʱʝ ʥʝ ʢʦʘʛʫʣʠʨʫʝʪ, ʘ ʩʝʨʝʙʨʦ ʫʞʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʉʠʥʪʝʟ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʙʠʜʠʩʪʠʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʜʦʙʘʚʣʷʣʠ 

ʨʘʩʪʚʦʨ ʭʠʪʦʟʘʥʘ, ʢʦʪʦʨʳʡ ʥʘʛʨʝʚʘʣʠ ʜʦ 75
ʦ
ʉ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 
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ʧʝʨʝʤʝʰʠʚʘʥʠʠ, ʟʘʪʝʤ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨʳ AgNO3 (0.017%) ʠ Na2CO3 

(0.5%). ɺʨʝʤʷ ʩʠʥʪʝʟʘ ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʅ ʨʘʩʪʚʦʨʘ. ɿʘ 

ʧʨʦʮʝʩʩʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʙʣʶʜʘʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ ʦʪ 

ʩʚʝʪʣʦ-ʞʸʣʪʦʡ ʜʦ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʦʡ. 

ʀʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʦʚ ʅʏ ʩʝʨʝʙʨʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʨʠʙʦʨʝ Zetasizer 

Nano ZS. ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʦʙʨʘʟʮʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʪʘʙʣʠʮʝ 1. ɺ ʦʙʨʘʟʮʝ ˉ1 ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʠʤʝʨʘ ʥʝʚʳʩʦʢʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʅʏ ʙʝʟ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʮʘ ˉ2 ʧʨʦʠʟʦʰʣʘ ʢʦʘʛʫʣʷʮʠʷ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʢ ʠʟʤʝʥʝʥʠʷʤ ʨʅ. 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʪʦʟʘʥʘ (ʦʙʨʘʟʮʳ ˉˉ 3ï5) ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʩʠʩʪʝʤʳ. ʀʟ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ˉˉ6ï8 ʩ 

ʙʦʣʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʝʢʫʨʩʦʨʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩ ʨʦʩʪ ʨʅ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʢʦʥʬʦʨʤʘʮʠʷ ʤʦʣʝʢʫʣ ʭʠʪʦʟʘʥʘ ʦʧʠʩʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ 

ʩʚʦʙʦʜʥʦ ʠʣʠ ʯʘʩʪʠʯʥʦ ʧʨʦʪʝʢʘʝʤʦʛʦ ʢʣʫʙʢʘ [4]. ʈʘʟʤʝʨ çʢʣʫʙʢʦʚè ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʩʠʩʪʝʤʘʭ ʩ ʩʝʨʝʙʨʦʤ, 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ ʧʦʜ ʥʦʤʝʨʦʤ 9, ʚ ʩʨʝʜʥʝʤ ʦʥ ʩʦʩʪʘʚʣʷʝʪ 276 ʥʤ. 

 
ʊʘʙʣʠʮʘ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ 

 

 ̄

ʦʙʨʘ

ʟʮʘ 

ʦʙʲʝʤ  

1.7 ʛ/ʣ 

AgNO3, 

ʤʣ  

ʦʙʲʝʤ  

0.5 ʛ/ʣ 

ʍʊɿ, ʤʣ 

ʦʙʲʝʤ 

ʙʠʜʠʩʪ., 

ʤʣ 

 

ʦʙʲʝʤ 

5 ʛ/ʣ 

Na2CO3, 

ʤʣ 

 

ʨʅ 

 

ʉʨʝʜʥʠʡ 

ʜʠʘʤʝʪʨ, ʥʤ 

1 4.0 5.0 34.7 0.3 6.5 63 

2 4.0 5.0 34.5 0.5 6.8 ʦʩʘʜʦʢ 

3 4.0 10.0 29.7 0.3 6.9 58 

4 4.0 10.0 29.5 0.5 7.3 65 

5 4.0 10.0 29.1 0.9 7.9 61 

6 8.0 10.0 25.7 0.3 6.5 69 

7 8.0 10.0 25.5 0.5 7.1 56 

8 8.0 10.0 25.1 0.9 7.7 43 

9 ï 10.0 34.0 ï 5.3 276 

 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʭʠʪʦʟʘʥʘ ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ -NH- ʠ -NH2 ʛʨʫʧʧ 

(3257 ʩʤ
-1
) ʠ ʚʦʜʦʨʦʜʥʦʩʚʷʟʘʥʥʳʭ ʆʅ-ʛʨʫʧʧ (3408 ʩʤ

-1
). ʄʘʢʩʠʤʫʤʳ 1630 

ʠ 1524 ʩʤ
-1
 ʩʚʦʡʩʪʚʝʥʥʳ ʜʣʷ ʘʤʠʜʦʚ I ʠ II  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʦʙʣʘʩʪʠ 1000ï

1200 ʩʤ
-1
 ʚʳʜʝʣʷʶʪʩʷ ʧʦʣʦʩʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ 

ʩʚʷʟʝʡ ʉ-ʆ ʚ ʧʝʨʚʠʯʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ ʛʨʫʧʧʘʭ ʤʦʣʝʢʫʣʳ (1095 ʠ 1047 ʩʤ
-1
) 

ʠ ʢʦʣʝʙʘʥʠʶ ʤʦʩʪʠʢʦʚʦʛʦ ʉ-ʆ ʚ ʧʠʨʘʥʦʟʥʦʤ ʢʦʣʴʮʝ (1157 ʩʤ
-1
). ʆʙʨʘʙʦʪʢʘ 

ʧʦʣʠʤʝʨʘ ʚ ʫʩʣʦʚʠʷʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʠʩʪʝʤ çʭʠʪʦʟʘʥ ï ʩʝʨʝʙʨʦè, 
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ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʤʷʛʢʦʡ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʤʦʣʝʢʫʣʳ ʥʝ 

ʚʳʟʳʚʘʝʪ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʧʦʣʦʩʳ ʩʦʭʨʘʥʷʶʪʩʷ. ʅʘ ʩʧʝʢʪʨʝ ʞʝ ʩʠʩʪʝʤʳ 

çʭʠʪʦʟʘʥ ï ʩʝʨʝʙʨʦè ʫʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. 

ʋʤʝʥʴʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩ ʢʦʣʝʙʘʥʠʡ ʚʩʝʭ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʩʠʣʝʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ ʆʅ-ʛʨʫʧʧʘʤʠ. 

ʋʰʠʨʝʥʠʝ ʠ ʨʘʟʤʳʪʦʩʪʴ ʧʦʣʦʩ ʢʦʣʝʙʘʥʠʡ ɜ(C-O) ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʦʣʝʢʫʣʳ ʧʦʣʠʤʝʨʘ. ʄʘʢʩʠʤʫʤ 1372 ʩʤ
-1
 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʘʥʠʦʥ NO3
ï
. ʕʪʘ ʧʦʣʦʩʘ ʦʯʝʥʴ ʠʥʪʝʥʩʠʚʥʘʷ, ʦʥʘ 

ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʧʦʣʦʩʫ ʧʦʛʣʦʱʝʥʠʷ ʩʚʦʙʦʜʥʦʡ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ. 

ʀʟʤʝʥʝʥʠʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ NH2-ʛʨʫʧʧʳ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʸ ʫʯʘʩʪʠʝ ʚ 

ʨʝʘʢʮʠʠ: ʦʥʘ ʫʤʝʥʴʰʠʣʘʩʴ ʠ ʩʪʘʣʘ ʙʦʣʝʝ ʯʝʪʢʦʡ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʜʚʠʞʫʱʝʡ 

ʩʠʣʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʘʪʠʦʥʘ Ag
+
 ʩ 

ʘʤʠʥʦʛʨʫʧʧʦʡ, ʪ.ʢ. ʧʦʩʣʝʜʥʷʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ [6]. ʀʩʯʝʟʥʦʚʝʥʠʝ ʧʦʣʦʩʳ ʘʤʠʜ II  ʘʚʪʦʨʳ ʨʘʙʦʪʳ [7] 

ʦʙʲʷʩʥʷʣʠ ʠʟʤʝʥʝʥʠʝʤ ʪʨʘʥʩ-ʢʦʥʬʦʨʤʘʮʠʠ ʧʝʧʪʠʜʦʚ ʥʘ ʮʠʩ-ʬʦʨʤʫ. ɺ 

ʥʘʰʝʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʩʧʝʢʪʨʝ ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʮʝʪʘʤʠʜʥʳʭ ʛʨʫʧʧ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʥʦʯʘʩʪʠʮ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʨʠʷ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ 65 ʥʤ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʭʠʪʦʟʘʥʘ, ʘ ʤʝʪʦʜʦʤ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʠ ʠʩʩʣʝʜʦʚʘʥʦ ʫʯʘʩʪʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠ 

ʘʤʠʥʦʛʨʫʧʧ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʘʪʠʦʥʦʚ ʩʝʨʝʙʨʘ ʜʦ ʤʝʪʘʣʣʘ.  
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ʆʉʆɹɽʅʅʆʉʊʀ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʉɽʈɽɹʈɸ 

ɺ ʉʈɽɼɽ ʕʇʆʂʉʀɼʅʓʍ ʆʃʀɻʆʄɽʈʆɺ
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1
 ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʦʭʠʤʠʠ ʢʦʣʣʦʠʜʥʳʭ ʩʠʩʪʝʤ  ʀʌʍʕ ʈɸʅ,  

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: khasanova_r@mail.ru 
2 
 ʈʊʋ ʄʀʈʕɸ ʠʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

ʢʘʬʝʜʨʘ ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʬʘʨʤʘʮʠʠ 

119571 ʄʦʩʢʚʘ, ʧʨʦʩʧʝʢʪ ɺʝʨʥʘʜʩʢʦʛʦ, 86 

 

ʀʩʩʣʝʜʦʚʘʥ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʨʝʙʨʘ ʠʟ ʝʛʦ ʥʠʪʨʘʪʘ ʚ ʩʨʝʜʝ 

ʜʠʘʥʦʚʳʭ ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʵʧʦʢʩʠʜʥʳʭ ʦʣʠʛʦʤʝʨʦʚ (ʕʆ). ʆʙʥʘʨʫʞʝʥʦ, 

ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʦʟʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʦʥʦʚ ʩʝʨʝʙʨʘ ʙʝʟ 

ʭʠʤʠʯʝʩʢʦʛʦ ʫʯʘʩʪʠʷ ʩʨʝʜʳ, ʟʘ ʩʯʝʪ ʬʦʪʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʣʫʯʝʥʳ 

ʩʪʘʙʠʣʴʥʳʝ ʜʠʩʧʝʨʩʠʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʚ ʕʆ. 

 

The process of silver reduction from its nitrate in DGEBA and aliphatic epoxy 

resins was investigated. It was found that under experimental conditions it is possible 

to reduce silver ions without chemical participation of the medium, due to 

photochemical processes. Stable dispersions of silver nanoparticles in epoxy resins 

were obtained. 

 

ʉʦʟʜʘʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, ʠʤʝʶʱʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ 

ʤʝʭʘʥʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢ ʞʝ ʦʙʣʘʜʘʶʱʠʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʠ ʙʘʢʪʝʨʠʮʠʜʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʘʢʪʫʘʣʴʥʫʶ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʫʶ ʟʘʜʘʯʫ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʥʘʧʨʘʚʣʝʥʠʝʤ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʤʝʪʘʣʣʦʧʦʣʠʤʝʨʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ ʚ ʪʦʤ ʯʠʩʣʝ, 

ʩʦʜʝʨʞʘʱʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʥʠʢʘʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 

ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ï ʦʪ ʤʝʜʠʮʠʥʳ ʜʦ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ. 

ʀʟʚʝʩʪʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʷʚʣʷʝʪʩʷ ʝʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟ ʩʦʣʝʡ. ʆʜʥʘʢʦ, ʯʪʦʙʳ ʧʨʦʮʝʩʩ ʧʨʦʠʟʦʰʝʣ ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʦ, ʧʨʝʢʫʨʩʦʨ (ʩʦʣʴ ʩʝʨʝʙʨʘ) ʜʦʣʞʝʥ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʪʴʩʷ ʚ ʩʨʝʜʝ ʕʆ. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʦʥʦʚ ʩʝʨʝʙʨʘ ʚ ʵʧʦʢʩʠʜʥʳʭ 

ʦʣʠʛʦʤʝʨʘʭ.  

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʇʨʦʝʢʪ ˉ 17-08-00630). 
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ɺ ʢʘʯʝʩʪʚʝ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ ʙʳʣʠ ʚʳʙʨʘʥʳ ʵʧʦʢʩʠʜʥʳʡ 

ʦʣʠʛʦʤʝʨ ʥʘ ʦʩʥʦʚʝ ʜʠʛʣʠʮʠʜʠʣʦʚʦʛʦ ʵʬʠʨʘ ʙʠʩʬʝʥʦʣʘ-ɸ ʤʘʨʢʠ Epikote 

828, ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʧʦʣʠʛʣʠʮʠʜʠʣʦʚʳʡ ʵʬʠʨ ʦʣʠʛʦʦʢʩʠʧʨʦʧʠʣʝʥʪʨʠʦʣʘ 

ʤʘʨʢʠ ʃʘʧʨʦʢʩʠʜ 703 ʠ ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʜʠʛʣʠʮʠʜʠʣʦʚʳʡ ʵʬʠʨ 

ʦʣʠʛʦʦʢʩʠʧʨʦʧʠʣʝʥʜʠʦʣʘ ʃʘʧʨʦʢʩʠʜ 702. ʇʨʝʢʫʨʩʦʨʦʤ ʷʚʣʷʣʩʷ 

ʣʠʦʬʠʣʠʟʠʨʦʚʘʥʥʳʡ ʥʠʪʨʘʪ ʩʝʨʝʙʨʘ. 

ɼʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʢʠʥʝʪʠʢʦʡ ʨʘʩʪʚʦʨʝʥʠʷ AgNO3 ʚ ʕʆ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ ʩʝʨʝʙʨʘ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʬʨʘʢʪʦʤʝʪʨʠʶ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚʘʨʴʠʨʦʚʘʣʠ ʧʨʠʨʦʜʫ ʕʆ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ nD ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʤʘʢʩʠʤʫʤ 

(ʈʠʩ. 1). ʇʦʚʳʰʝʥʠʝ nD ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ 

ʨʘʩʪʚʦʨʝʥʠʝʤ ʥʠʪʨʘʪʘ ʩʝʨʝʙʨʘ. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ. ɼʘʣʴʥʝʡʰʝʝ ʫʙʳʚʘʥʠʝ nD ʤʳ ʩʚʷʟʳʚʘʝʤ ʩʦ 

ʩʥʠʞʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʡ ʩʦʣʠ ʚ ʦʣʠʛʦʤʝʨʝ ï ʦʯʝʚʠʜʥʦ, ʟʘ 

ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ Ag
0
. 

 
 

ʈʠʩ.1. ʊʠʧʠʯʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʩʤʝʩʝʡ ʃʘʧʨʦʢʩʠʜ 703ï

ʥʠʪʨʘʪ ʩʝʨʝʙʨʘ ʠ Epikote 828ïʥʠʪʨʘʪ ʩʝʨʝʙʨʘ ʧʨʠ 25Áʉ ʠ ʨʘʟʥʳʭ ʤʘʩʩ. ʢʦʥʮʝʥʪʨʘʮʠʷʭ AgNO3. 

 

ʅʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʚ ɸg ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʪʘʢʞʝ 

ʫʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩʚʝʪʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ɸg
0
 ʠʟ ʝʛʦ ʥʠʪʨʘʪʘ ʚ 

ʕʆ ʬʦʨʤʠʨʫʶʪʩʷ ʩʪʘʙʠʣʴʥʳʝ ʥʘʥʦʜʠʩʧʝʨʩʠʠ ʩʦ ʩʨʝʜʥʝʯʠʩʣʦʚʳʤ ʨʘʟʤʝʨʦʤ 

ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ 18ī47 ʥʤ. 

ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʧʨʠʨʦʜʳ ʕʆ ʥʘ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʜʠʩʧʝʨʩʠʡ ʩʝʨʝʙʨʘ. ʇʨʠ ʵʪʦʤ 

ʜʘʥʥʳʝ 
1
ʅ ʗʄʈ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʢʘʢʠʭ-ʣʠʙʦ 

ʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʨʝʜʝ ʕʆ ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʨʝʙʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʨʝʙʨʦ ʠʟ ʩʦʣʝʡ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʙʝʟ ʧʨʷʤʦʛʦ 

ʭʠʤʠʯʝʩʢʦʛʦ ʫʯʘʩʪʠʷ ʕʆ. 
  

[AgNO3]
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1,470
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5.96% 7.52%

[AgNO3] 

1,571
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1,573

1,574

1,575
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1.32%
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5.5%

6.5%
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʝʥʠʝ 

ʩʣʦʝʚ ʧʨʠʚʠʪʳʭ ʢ ʘʢʪʠʚʥʦʤʫ ʫʛʣʶ N-ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʇɺʍ, ʠʭ 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʢ ʩʦʨʙʝʥʪʦʚ ʠ ʧʫʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʜʣʷ ʨʝʰʝʥʠʷ 

ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʦʙʣʘʜʘʶʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʳʤʠ, 

ʘʜʩʦʨʙʮʠʦʥʥʳʤʠ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 

Fundamentals of formation of grafted to active carbon N-substituted PVC 

derivatives layers were considered in this work. Their particularities as sorbents 

and ways of use for concrete problems were investigated. These materials 

possess properties of conductors, adsorbers and luminophors.  

 

ʉʠʥʪʝʟ ʩʣʦʷ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʧʦʜʣʦʞʢʝ ʠ ʚʢʣʶʯʘʝʪ ʧʨʠʛʦʪʦʚʣʝʥʠʝ 

ʩʫʩʧʝʥʟʠʠ ʠʟʤʝʣʴʯʝʥʥʳʭ ʯʘʩʪʠʮ ʫʛʣʷ ʩ ʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʙʝʥʟʠʣʦʚʳʤ 

ʩʧʠʨʪʦʤ ʤʘʢʨʦʤʦʣʝʢʫʣ ʇɺʍ ʚ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ ʩ ʜʦʙʘʚʢʦʡ 

ʪʨʠʵʪʘʥʦʣʘʤʠʥʘ, ʥʘʥʝʩʝʥʠʠ ʥʘ ʧʦʜʣʦʞʢʫ ʛʝʣʷ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʳʭ ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʤʘʢʨʦʤʦʣʝʢʫʣ ʇɺʍ, 

ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʚ ʯʘʩʪʠʮʳ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʫʛʣʷ, ʧʨʠʚʠʚʢʫ ʇɺʍ ʢ 

ʫʛʣʶ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʨʠʰʠʚʢʦʡ ʛʝʣʷ ʢ ʧʦʜʣʦʞʢʝ ʠ ʧʦʩʣʝʜʫʶʱʠʤ 

ʧʨʝʚʨʘʱʝʥʠʝʤ ʛʝʣʷ ʚ ʧʦʨʠʩʪʳʡ ʵʣʝʢʪʨʦʥʦʧʨʦʚʦʜʷʱʠʡ ʩʣʦʡ ʧʨʠʚʠʪʳʭ ʢ 

ʫʛʣʶ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ N-ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʇɺʍ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʩʫʩʧʝʥʟʠʠ ʩʚʷʟʘʥʦ ʩ ʧʨʦʪʝʢʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʫʛʣʝ ʠʤʝʶʪʩʷ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʨʦʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʦʡ ʫʛʣʷ. ʀʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ 

ʚʳʨʘʞʝʥʘ ʩʠʣʴʥʝʝ, ʯʝʤ ʫ ʛʨʫʧʧ ʚ ʙʝʥʟʠʣʦʚʦʤ ʩʧʠʨʪʝ. ʇʫʪʝʤ ʟʘʤʝʱʝʥʠʷ 

ʙʝʥʟʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʩʚʷʟʳʚʘʶʪʩʷ 

ʯʝʨʝʟ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ ʩ ʘʪʦʤʘʤʠ ʭʣʦʨʘ ʚ ʇɺʍ. ʇʨʠ ʨʘʟʤʦʣʝ ʩʪʘʥʦʚʷʪʩʷ 

ʜʦʩʪʫʧʥʳʤʠ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʨʘʥʝʝ ʥʘʭʦʜʠʚʰʠʝʩʷ ʚʥʫʪʨʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʢʨʫʛ ʠʟʤʝʣʴʯʘʝʤʳʭ ʯʘʩʪʠʮ ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʦʣʦʯʢʘ ʠʟ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʇɺʍ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʦʪ 0.5 ʜʦ  7 ʤʢʤ  

ʧʦʣʥʦʩʪʴʶ ʦʢʨʫʞʝʥʳ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ, ʦʙʦʣʦʯʢʘ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ ʠʟʤʝʣʴʯʝʥʠʶ ʫʛʣʷ. ʊʦ, ʯʪʦ ʦʜʥʠ ʠ ʪʝ ʞʝ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʤʦʛʫʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʙʦʣʦʯʝʢ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʪʠʮ, ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. 
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ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʯʘʩʪʠʮʳ ʬʦʨʤʳ, ʙʣʠʟʢʦʡ ʢ 

ʰʘʨʦʦʙʨʘʟʥʦʡ, ʠ ʘʛʨʝʛʘʪʦʚ ʠʟ ʚʠʟʫʘʣʴʥʦ ʨʘʟʣʠʯʠʤʳʭ ʥʝʩʢʦʣʴʢʠʭ ʪʘʢʠʭ 

ʯʘʩʪʠʮ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʭ ʙʝʥʟʦʣʦʚʳʤ ʩʧʠʨʪʦʤ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʇɺʍ, ʩʚʷʟʘʥʥʳʭ ʩ ʯʘʩʪʠʮʘʤʠ ʫʛʣʷ ʯʝʨʝʟ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ. 

ʄʦʣʝʢʫʣʳ ʇɺʍ ʦʙʨʘʟʫʶʪ ʦʙʦʣʦʯʢʫ ʚʦʢʨʫʛ ʵʪʠʭ ʯʘʩʪʠʮ. 

ɼʣʷ ʧʨʠʚʠʚʢʠ ʇɺʍ ʢ ʫʛʣʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʘʢʮʠʷ 

, 

ʛʜʝ R ð ʫʯʘʩʪʢʠ ʇɺʍ, RË - ʫʯʘʩʪʢʠ ʘʢʪʠʚʥʦʛʦ ʫʛʣʷ. 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ 

ʇɺʍ ʚ ʤʘʪʝʨʠʘʣʝ ʘʥʘʣʦʛʠʯʥʦ ʩʦʩʪʦʷʥʠʶ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʤ 

ʦʢʨʫʞʝʥʠʠ ʯʘʩʪʠʮ ʫʛʣʷ ʤʦʣʝʢʫʣʘʤʠ ʇɺʍ. 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʚʦʢʨʫʛ ʯʘʩʪʠʮ ʫʛʣʷ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʩʦʣʴʚʘʪʘʮʠʠ 

ʙʝʥʟʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʥʝ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʢʘʢʠʝ-ʣʠʙʦ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʣʦʷ ʧʨʠʚʠʪʳʭ ʢ ʫʛʣʶ 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ N-ʟʘʤʝʱʝʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʇɺʍ ʦʩʥʦʚʘʥʦ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʫʧʧ ʇɺʍ, ʧʨʠʚʠʪʦʛʦ ʢ ʫʛʣʶ ʩ ʧʝʨʚʠʯʥʳʤ ʘʤʠʥʦʤ 

ʩʦʛʣʘʩʥʦ ʨʝʘʢʮʠʠ 

, 

ʛʜʝ R ð ʫʘʯʩʪʢʠ ʇɺʍ, X ð ʟʘʤʝʩʪʠʪʝʣʴ ʚ ʘʤʠʥʝ. 

ʉʪʝʨʠʯʝʩʢʠ ʦʜʠʥ ʧʝʨʚʠʯʥʳʡ ʘʪʦʤ ʘʟʦʪʘ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʘʪʦʤʘʤʠ ʭʣʦʨʘ ʠʟ ʨʘʟʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ 

ʇɺʍ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʝʪʢʠ ʠʟ ʩʦʯʣʝʥʝʥʥʳʭ N-

ʟʘʤʝʱʝʥʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ. ɺ ʟʦʥʝ ʠʭ ʧʨʠʚʠʚʢʠ ʢ ʫʛʣʶ ʦʙʨʘʟʫʶʪʩʷ 

ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʝ ʮʠʢʣʠʯʝʩʢʠʝ ʛʨʫʧʧʠʨʦʚʢʠ ʠʟ ʨʘʜʠʢʘʣʦʚ ʩ 

ʘʤʠʥʦʛʨʫʧʧʘʤʠ, ʘ ʚ ʟʦʥʝ ʧʨʠʰʠʚʢʠ ʩʣʦʷ ʢ ʧʦʜʣʦʞʢʝ ʦʙʨʘʟʫʶʪʩʷ 

ʮʠʢʣʠʯʝʩʢʠʝ ʛʨʫʧʧʠʨʦʚʢʠ ʠʟ ʨʘʜʠʢʘʣʦʚ ʩ ʘʤʠʥʦʛʨʫʧʧʘʤʠ ʠ 

ʩʦʦʪʚʝʩʪʚʫʶʱʠʭ ʛʨʫʧʧʠʨʦʚʦʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʧʦʜʣʦʞʢʠ.  

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʬʦʨʤʘ ʯʘʩʪʠʮ ʚ ʩʣʦʝ, ʠʭ ʨʘʟʤʝʨ ʠ ʚʠʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʦʪ ʨʘʟʤʝʨʘ 

ʧʨʘʢʪʠʯʝʩʢʠ   ʩʦʚʧʘʜʘʶʪ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʝʣʷ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʠʟʤʝʨʠʤʦ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 

ʠʣʠ ʤʝʥʴʰʝ ʥʝʛʦ. 
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ɼʘʥʥʳʝ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ C-Cl 

ʛʨʫʧʧʳ ʙʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʧʨʦʮʝʩʩʘʭ ʧʨʠʚʠʚʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ. 

ʇʨʠʨʦʜʘ ʧʦʜʣʦʞʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʧʝʢʪʨʳ. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʩʪʨʫʢʪʫʨ ʟʦʥʳ ʧʨʠʚʠʚʢʠ 

ʦʩʥʦʚʘʥʘ ʥʘ ʚʦʟʙʫʞʜʝʥʠʝ ʘʤʠʥʦ-, ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ 

ʮʠʢʣʘʭ ʩ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ 

ʩʣʦʷ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʧʨʦʠʟʚʦʜʥʳʭ ʇɺʍ 

ʉʪʨʦʝʥʠʝ ʩʣʦʝʚ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʨʙʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʉʦʨʙʠʨʫʝʤʳʝ ʚʝʱʝʩʪʚʘ ʧʦʧʘʜʘʶʪ ʚʦ ʚʥʝʰʥʠʝ ʧʦʨʳ. ʏʝʨʝʟ 

ʫʩʪʴʷ ʠ ʧʦʣʦʩʪʠ ʮʠʢʣʠʯʝʩʢʠʭ ʘʤʠʥʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʩʪʝʥʢʠ ʚʥʝʰʥʠʭ ʧʦʨ, 

ʵʪʠ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʧʝʨʝʡʪʠ ʚʦ ʚʥʫʪʨʝʥʥʠʝ ʧʦʨʳ ʩ ʪʘʢʠʤʠ ʞʝ ʩʪʝʥʢʘʤʠ. ʀʟ 

ʵʪʠʭ ʧʦʨ ʯʝʨʝʟ ʧʦʣʦʩʪʠ ʮʠʢʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʝʨʝʭʦʜʥʳʭ ʟʦʥ ʦʥʠ ʤʦʛʫʪ 

ʧʝʨʝʡʪʠ ʚ ʧʦʨʳ ʫʛʣʷ. 
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 ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʯʝʪʘʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʧʨʦʮʝʩʩʳ ʜʣʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʠ, ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʟʜʝʣʘ ʩʨʝʜ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʦʥʠʮʘʝʤʦʡ ʤʝʤʙʨʘʥʦʡ. ɺ ʨʘʤʢʘʭ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʣʫʯʝʥʳ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ.   

 

 In this work, we consider the transport processes for a two-component 

mixture at gas/fluid/membrane interface using a combination of nonequilibrium 

thermodynamics and the Fokker-Kinetic equation. Using the combination of 

these two methods phenomenological equations are obtained.  

 

 ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ, ʢʦʪʦʨʳʤ ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ, ʷʚʣʷʝʪʩʷ 

ʥʝʨʘʚʥʦʚʝʩʥʘʷ ʪʝʨʤʦʜʠʥʘʤʠʢʘ. ʆʜʥʦ ʠʟ ʝʝ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʩʦʩʪʦʠʪ 

ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʠ ʩʚʝʜʝʥʠʠ ʦʧʠʩʘʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʢ ʨʘʩʯʝʪʫ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ɺ ʜʘʥʥʦʤ ʞʝ ʩʣʫʯʘʝ ʤʳ 

ʠʩʧʦʣʴʟʫʝʤ ʩʦʯʝʪʘʥʠʝ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ, ʢʦʪʦʨʦʝ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ [1], ʦʪʣʠʯʥʦ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʨʫʛʘ ʟʘʜʘʯ. ɼʦʩʪʦʠʥʩʪʚʦ ʪʘʢʦʛʦ 

ʩʦʯʝʪʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʚʢʣʶʯʠʪʴ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʝʢʦʪʦʨʳʝ ʥʝʣʠʥʝʡʥʳʝ ʵʬʬʝʢʪʳ, ʦʩʪʘʚʘʷʩʴ ʚ 

ʨʘʤʢʘʭ ʣʠʥʝʡʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʕʪʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʫʝʪʩʷ, ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʨʘʥʩʧʦʨʪ ʯʝʨʝʟ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʤʝʤʙʨʘʥʳ ʢʘʢ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʧʝʨʝʥʦʩʘ ʠʟ 

ʦʙʲʝʤʘ ʬʣʶʠʜʘ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʤʝʤʙʨʘʥʳ, ʘ ʭʠʤʠʯʝʩʢʫʶ 

ʨʝʘʢʮʠʶ - ʢʘʢ ʜʠʬʬʫʟʠʶ ʧʦ ʢʦʦʨʜʠʥʘʪʝ ʨʝʘʢʮʠʠ ʯʝʨʝʟ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʙʘʨʴʝʨ. 

 ʂʣʘʩʩʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ ʜʣʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ 

ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʚʠʜ 
‬Ὢ○ȟ►ȟὸ

‬ὸ
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ẗ
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‬Ὢ○ȟ►ȟὸ

‬ὸ
ὐὪ ὐὪ 

ὐὪ ○
‬

‬‚
ὙὝ
‬Ὢ

‬‚
‚ ό Ὢȟ 

ὐὪ ○
‬

‬‚
ὙὝ
‬Ὢ

‬‚
‚ ό Ὢȟ 

ʛʜʝ Ὢ○ȟ►ȟὸ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣ ʞʠʜʢʦʩʪʠ ʧʦ ʩʢʦʨʦʩʪʠ vi, r i 

ʚʝʢʪʦʨ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ,  t ʚʨʝʤʷ, ╕ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ 

ʤʦʣʝʢʫʣʳ, T ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, k ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, mi ʤʘʩʩʘ 

ʤʦʣʝʢʫʣʳ, ‚  ʦʙʦʙʱʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩʘʤʦʜʠʬʫʟʠʠ Di:  

Ὀ .      (2) 

ʃʦʢʘʣʴʥʘʷ ʵʥʪʨʦʧʠʷ (ʥʝʨʘʚʥʦʚʝʩʥʘʷ) ʩʠʩʪʝʤʳ ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

 

ЎὛ ἔἹ
ᶯ

ВἔἶϽ
ᶯ

В
Ͻἔἶ   (3) 

 

ʛʜʝ ἔ ○᷿‰ ○ȟ►ȟὸὪ○ȟ►Ὠ○ ʵʪʦ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʯʘʩʪʠʮ, ἔἹ ï 

ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʛʦ ʧʦʪʦʢʘ: ἔἹ В ○᷿
○

‰ ○ȟ►ȟὸὪ○ȟ►Ὠ○░   

 ἔἭ В▐░ἔἶ░░ , ἔἭ  ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ,  ï ʯʘʩʪʠʯʥʘʷ ʵʥʪʘʣʴʧʠʷ, 

ʧʨʦʠʟʚʦʜʥʘʷ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʙʝʨʝʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

 ɺʳʜʝʣʷʷ ʜʚʠʞʝʥʠʝ ʩʤʝʩʠ ʢʘʢ ʮʝʣʦʛʦ ʠ ʚʚʦʜʷ ʧʝʨʝʥʦʨʤʠʨʦʚʘʥʥʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ‘ ‘ Ὗ, ʛʜʝ Ὗ ʵʪʦ ʧʦʪʝʥʮʠʘʣʳ ʚʥʝʰʥʠʭ ʩʠʣ, 

ʧʦʣʫʯʘʝʤ: 

ЎὛ
Ἵᶯ

ἔἹϽ
ᶯ

Ἵ Ἵ Ͻ
ᶯ    (4) 

 

 ɿʜʝʩʴ ◊ Вἔἶ ï ʤʦʣʷʨʥʦ-ʫʩʨʝʜʥʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʩʤʝʩʠ, Ἵ ἔὲϳ , ni 

ï ʯʠʩʣʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ i ʯʘʩʪʠʮ, ὲ  ὲ ὲ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʳʨʘʞʝʥʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʥʪʨʦʧʠʠ (4), ʤʳ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ: 

Ἵ ȿ ὴɳ ȿ
Ὕɳ

Ὕ
ȿ ᶯʈ ʈ  

ἔ ȿ ὴɳ ȿ
ᶯ

ȿ ᶯʈ ʈ         (5) 

Ἵ Ἵ ȿ ὴɳ ȿ
ᶯ

ȿ ᶯʈ ʈ , 

 

ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʚʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ȿ , 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷʤ ʩʠʤʤʝʪʨʠʠ ʆʥʟʘʛʝʨʘ. 

 ɼʣʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʩʤʝʩʠ ʩʠʩʪʝʤʘ (5) ʧʨʠʤʝʪ ʚʠʜ  
 

ὴɳ ȿ
ᶻἽ ȿ

ᶻ Ἵ Ἵ               (6) 
ᶯɛ ɛ ȿ

ᶻἽ ȿ
ᶻ Ἵ Ἵ  
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ʀʩʧʦʣʴʟʫʷ ʧʨʝʜʣʦʞʝʥʥʫʶ ʚ [1] ʧʨʦʮʝʜʫʨʫ, ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʧʦʪʦʢʠ ʯʝʨʝʟ 

ʟʥʘʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʪ 

ʨʘʚʥʦʚʝʩʠʷ: 

Ἵ ȿ ȿ Ὡ ρ Ὡ
Ў

,  (7) 

Ἵ Ἵ ȿ ȿ Ὡ ρ Ὡ
Ў

, 

ʛʜʝ ȹɛ ɛ ɛ ɛ ɛ ɛ  ï ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʦʜʩʪʚʦ ʨʝʘʢʮʠʠ ʧʝʨʝʥʦʩʘ 

ʤʦʣʝʢʫʣ ʞʠʜʢʦʩʪʠ ʠʟ ʦʙʲʝʤʥʦʡ ʬʘʟʳ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʡ ʤʝʤʙʨʘʥʳ, 

ʘ ȿ  ï ʫʩʨʝʜʥʝʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʯʝʪʘʥʠʝʤ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ ʤʳ ʧʦʣʫʯʠʣʠ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ, ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ ʧʦʢʘʟʘʣʠ ʣʠʥʝʡʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʣʝ ʠ ʥʝʣʠʥʝʡʥʦʩʪʴ ʚ ʨʘʟʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. Roldughin V.I., Zhdanov V.M., Kharitonova T.V. Nonequilibrium Thermodynamics of 

Transport Processes on Membrane Surfaces // Colloid Journal, 2016, Vol. 78, No. 5, P. 652ï

657. 

__________________ 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʦʝʢʪ ˉ 18-03-00314 ɸ. 
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ʋɼʂ 541.18 

ɹɽɿʓɿʃʋʏɸʊɽʃʔʅʓʁ ʇɽʈɽʅʆʉ ʕʅɽʈɻʀʀ ʄɽɾɼʋ 

ʄʆʅʆʉʃʆʗʄʀ ɼʆʅʆʈɸ ʅɸ ʆʉʅʆɺɽ 1,8-ʅɸʌʊɸʃʀʄʀɼɸ ʀ 

ɸʂʎɽʇʊʆʈʅʓʍ ʌʃʋʆʈʆʌʆʈʆɺ ʈɸɿʃʀʏʅʆɻʆ ʉʆʉʊɸɺɸ 
1
 

ʐʝʧʝʣʝʚʘ
 
ʀ.ʀ. 

1,2
, ʐʦʢʫʨʦʚ ɸ.ɺ. 

1
, ʂʦʥʦʚʘʣʦʚʘ ʅ.ɺ. 

2
, ɸʨʩʣʘʥʦʚ ɺ.ɺ. 

1
, 

ʇʘʥʯʝʥʢʦ ʇ.ɸ. 
3
, ʉʝʣʝʢʪʦʨ ʉ.ʃ. 

1
 

1
 ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ, ʀʌʍʕ ʈɸʅ,  

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: pcss_lab@mail.ru 
2 
ʈʦʩʩʠʡʩʢʠʡ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ,119571, ʄʦʩʢʚʘ, ʧʨ. ɺʝʨʥʘʜʩʢʦʛʦ, ʜ.86  
3
 ʀʅʕʆʉ ʈɸʅ, 119991, ʄʦʩʢʚʘ, ʫʣ. ɺʘʚʠʣʦʚʘ, ʜ.28  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʦʣʠʩʣʦʡʥʳʭ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʤʦʥʦʩʣʦʡ ʜʦʥʦʨʘ 

ʦʪʜʝʣʝʥ ʦʪ ʤʦʥʦʩʣʦʷ ʘʢʮʝʧʪʦʨʘ ʠʥʝʨʪʥʳʤ ʩʧʝʡʩʝʨʦʤ, ʟʘʚʠʩʠʤʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʜʦʥʦʨʦʤ ʠ ʘʢʮʝʧʪʦʨʦʤ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʦʨʠʠ FRET. ʅʝʟʘʚʠʩʠʤʦ ʦʪ 

ʧʨʠʨʦʜʳ ʘʢʮʝʧʪʦʨʘ ʠ ʩʦʩʪʘʚʘ ʩʧʝʡʩʝʨʘ ʚʤʝʩʪʦ ʧʦʩʪʝʧʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʝʸ ʚʦʟʨʘʩʪʘʥʠʝ ʧʨʠ ʪʦʣʱʠʥʝ ʩʧʝʡʩʝʨʘ ʚ 7-9 ʥʤ.  

 

It is demonstrated that in multilayer systems where the donor monolayer 

is separated from the acceptor monolayer by an inert spacer, the non-radiative 

energy transfer efficiency dependence on the distance between the donor and 

acceptor does not correspond to the FRET theory. Regardless of the acceptor 

nature and of the spacer type, instead of a gradual decrease in efficiency with 

increasing distance, its increase is observed at a spacer layer thickness of about 

7-9 nm. 

ʈʝʟʦʥʘʥʩʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʧʦ ʌʸʨʩʪʝʨʫ 

(FRET) ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ: ʚ ʤʠʢʨʦʙʠʦʣʦʛʠʠ, 

ʬʦʪʦʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʭʠʤʠʯʝʩʢʠʭ 

ʜʘʪʯʠʢʘʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʦʥʦʨʦʤ 

(D) ʠ ʘʢʮʝʧʪʦʨʦʤ (A). ʄʝʪʦʜʳ ʃʝʥʛʤʶʨʘ-

ɹʣʦʜʞʝʪʪ (ʃɹ) ʠ ʃʝʥʛʤʶʨʘ-ʐʝʬʬʝʨʘ (ʃʐ) 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʧʣʘʥʘʨʥʳʭ ʩʠʩʪʝʤ ʩ ʟʘʜʘʥʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ 

ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʬʣʫʦʨʦʬʦʨʦʚ ʙʝʟ ʠʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

(ʨʠʩ.1). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʝʢʪʳ ˉ 16-03-00538 ʠ ˉ 16-29-05284. 

 

ʈʠʩ. 1. ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʠʩʪʝʤʘ, 

ʛʜʝ ʤʦʥʦʩʣʦʡ D ʦʪʜʝʣʝʥ ʦʪ 

ʤʦʥʦʩʣʦʷ A M ʩʣʦʷʤʠ 

ʩʧʝʡʩʝʨʘ. 

mailto:pcss_lab@mail.ru
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ʢʦʤʙʠʥʘʮʠʠ ʤʝʪʦʜʦʚ ʃɹ ʠ ʃʐ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʠʩʪʝʤʳ ʠʟ ʙʣʠʟʢʠʭ ʠ 

ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʪʨʦʝʥʠʶ ʬʣʫʦʨʦʬʦʨʦʚ: ʜʦʥʦʨʦʤ ʚʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʩʣʫʞʠʣ ʤʦʥʦʩʣʦʡ 1,8-ʥʘʬʪʘʣʠʤʠʜʘ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʦʚ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʜʨʫʛʦʝ ʧʨʦʠʟʚʦʜʥʦʝ 1,8-ʥʘʬʪʘʣʠʤʠʜʘ ʠ ʧʨʦʠʟʚʦʜʥʦʝ 

ʪʝʪʨʘʬʝʥʠʣʧʦʨʬʠʨʠʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʧʝʡʩʝʨʦʚ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʦʥʦʩʣʦʠ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʦʢʪʘʜʝʮʠʣʘʤʠʥʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ ʘʢʮʝʧʪʦʨʘ ʠ ʩʦʩʪʘʚʘ ʩʧʝʡʩʝʨʘ ʚʦ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʠʩʪʝʤʘʭ ʟʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʦʥʦʨʥʳʤ ʠ ʘʢʮʝʧʪʦʨʥʳʤ 

ʤʦʥʦʩʣʦʷʤʠ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʧʨʠ ʪʦʣʱʠʥʝ ʩʧʝʡʩʝʨʥʦʛʦ ʩʣʦʷ ʦʢʦʣʦ 7-9 ʥʤ, 

ʯʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ FRET. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʠʟʤʝʨʝʥʠʶ ʧʦʣʷʨʠʟʘʮʠʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʠʩʧʫʩʢʘʥʠʝ ʤʦʥʦʩʣʦʸʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʬʣʫʦʨʦʬʦʨʦʚ ʥʝ ʦʙʣʘʜʘʝʪ 

ʘʥʠʟʦʪʨʦʧʠʝʡ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʜʝʣʦʢʘʣʠʟʘʮʠʝʡ ʚʦʟʙʫʞʜʝʥʠʷ ʚ 

ʧʣʦʩʢʦʩʪʠ ʤʦʥʦʩʣʦʷ. ʊʘʢʘʷ ʜʝʧʦʣʷʨʠʟʘʮʠʷ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ 

ʥʘʙʣʶʜʘʝʤʳʭ ʘʥʦʤʘʣʠʡ. 
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ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʠʥʪʝʟʫ ʤʝʨʢʘʧʪʦ-

ʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʡ ʢʨʘʫʥ-

ʟʘʤʝʱʝʥʥʳʡ ʙʠʩ-ʬʪʘʣʦʮʠʘʥʠʥʘʪ ʪʝʨʙʠʷ ʩ ʷʢʦʨʥʳʤʠ ʪʠʦʵʬʠʨʥʳʤʠ 

ʛʨʫʧʧʘʤʠ.   

 

General synthetic approach to mercapto-substituted phthalocyanines was 

applied to synthesize first example of heteroleptic crown-substituted terbium 

bisphthalocyaninate with anchor thioester groups. 

 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ 

ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʠʙʨʠʜʥʳʭ 

ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʜʨʫʛʠʭ ʘʢʪʫʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ 

ʥʝʣʠʥʝʡʥʘʷ ʦʧʪʠʢʘ, ʩʝʥʩʦʨʠʢʘ ʠ ʢʘʪʘʣʠʟ. ɺ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʬʪʘʣʦʮʠʘʥʠʥʳ ʠ ʢʦʤʧʣʝʢʩʳ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʤʤʦʙʠʣʠʟʘʮʠʷ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ ʥʘʥʦʯʘʩʪʠʮ ʧʦʟʚʦʣʷʝʪ ʫʩʠʣʠʚʘʪʴ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʠ ʧʨʠʤʝʥʷʪʴ ʧʦʣʫʯʝʥʥʳʝ ʢʦʥʲʶʛʘʪʳ ʚ ʢʘʯʝʩʪʚʝ 

ʦʧʪʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʠʪʝʣʝʡ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʬʪʘʣʦʮʠʘʥʠʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʩʠʤʤʝʪʨʠʯʥʳʝ ʬʪʘʣʦʮʠʘʥʠʥʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʥʘʧʨʘʚʣʝʥʥʦʝ ʚʚʝʜʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʢʦʨʥʳʭ 

ʛʨʫʧʧ ʜʣʷ ʧʨʠʰʠʚʢʠ ʤʦʣʝʢʫʣʳ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ.  

ʈʘʥʝʝ, ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʫʯʝʥʠʶ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʤʝʨʢʘʧʪʦ-ʟʘʤʝʱʝʥʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʟʘʤʝʱʝʥʠʠ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʆʅ-ʛʨʫʧʧ ʚʦ ʬʪʘʣʦʮʠʘʥʠʥʝ 1 ʥʘ ʘʪʦʤʳ ʡʦʜʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʪʠʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ [1]. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʬʪʘʣʦʮʠʘʥʠʥ 4 ʧʨʦʷʚʣʷʝʪ ʩʚʦʡʩʪʚʘ ʦʧʪʠʯʝʩʢʦʛʦ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪʳ 18-33-00887 ʤʦʣ_ʘ ʠ 18-33-

20187 ʤʦʣ_ʘ_ʚʝʜ). 
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ʦʛʨʘʥʠʯʠʪʝʣʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 523 ʥʤ, ʘ ʝʛʦ 

ʢʦʥʲʶʛʘʮʠʷ ʩ ʢʚʘʥʪʦʚʳʤʠ ʪʦʯʢʘʤʠ CdSe ʧʦʟʚʦʣʷʝʪ ʫʩʠʣʠʪʴ ʥʝʣʠʥʝʡʥʦ-

ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʢʣʶʯʘʝʪ ʢʘʢ ʧʦʣʫʯʝʥʠʝ 

ʥʦʚʳʭ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ-

ʨʘʟʣʠʯʥʳʝ ʧʦ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʪʨʦʝʥʠʶ ʠʟʦʠʥʜʦʣʴʥʳʝ ʛʨʫʧʧʳ (ʨʠʩ. 2), ʪʘʢ ʠ 

ʩʠʥʪʝʟ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʩʵʥʜʚʠʯʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʈʠʩ. 3), ʪʝʤ ʙʦʣʝʝ, ʯʪʦ 

ʧʝʨʝʭʦʜ ʦʪ ʤʦʥʦʬʪʘʣʦʮʠʘʥʠʥʘʪʦʚ ʢ ʙʠʩ- ʠ ʪʨʠʩʬʪʘʣʦʮʠʘʥʠʥʘʤ ʤʦʞʝʪ ʝʱʝ 

ʙʦʣʴʰʝ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ [2], ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʩʦʩʪʘʚʝ 

ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
 

 

ʊʘʢ, ʥʘʤʠ ʚʧʝʨʚʳʝ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʡ ʢʨʘʫʥ-

ʟʘʤʝʱʝʥʥʳʡ ʙʠʩʬʪʘʣʦʮʠʘʥʠʥʘʪ ʪʝʨʙʠʷ ʩ ʷʢʦʨʥʳʤʠ ʪʠʦʵʬʠʨʥʳʤʠ 

ʛʨʫʧʧʘʤʠ 12 ʠʩʭʦʜʷ ʠʟ ʪʝʪʨʘ-15-ʢʨʘʫʥ-5 ʬʪʘʣʦʮʠʘʥʠʥʘʪʘ ʪʝʨʙʠʷ(III) ʠ 

ʦʢʪʘ-ʪʝʪʨʘʛʠʜʨʦʧʠʨʘʥʠʣ-ʟʘʤʝʱʝʥʥʦʛʦ ʬʪʘʣʦʮʠʘʥʠʥʘ 8 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʫʜʘʣʝʥʠʝʤ ʟʘʱʠʪʥʳʭ OTHP-ʛʨʫʧʧ ʠ ʟʘʤʝʥʦʡ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘ 

ʘʪʦʤʳ ʠʦʜʘ ʠ ʪʠʦʘʮʝʪʘʪʥʳʝ ʛʨʫʧʧʳ. 

ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʪʠʦʵʬʠʨʥʳʭ ʛʨʫʧʧ ʧʦʣʫʯʝʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʤʦʞʝʪ ʙʳʪʴ ʠʤʤʦʙʠʣʠʟʦʚʘʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʘ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʢʨʘʫʥ-ʵʬʠʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʛʠʙʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʪʦʜʦʤ ʢʘʪʠʦʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

 

ʈʠʩ. 1. ʄʝʪʦʜ ʩʠʥʪʝʟʘ ʬʪʘʣʦʮʠʘʥʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʷʢʦʨʥʳʝ ʪʠʦʙʝʥʟʦʘʪʥʳʝ ʠ ʪʠʦʣʴʥʳʝ 

ʛʨʫʧʧʳ. 

 

ʈʠʩ. 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʥʘʬʪʘʣʦ-ʟʘʤʝʱʝʥʥʦʛʦ 

ʬʪʘʣʦʮʠʘʥʠʥʘ. 
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ʩʙʦʨʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʘʥʩʘʤʙʣʠ ʩ ʫʥʠʢʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ.  
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ʆʙʩʫʞʜʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʘʣʤʘʟʦʚ (ʅɸ) ʢʘʢ 

ʥʦʩʠʪʝʣʝʡ ʚ ʩʠʩʪʝʤʘʭ ʜʦʩʪʘʚʢʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ɹɸɺ). 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ɹɸɺ ʨʘʟʣʠʯʥʳʭ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʅɸ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʠ ʢʦʚʘʣʝʥʪʥʦʡ ʧʨʠʚʠʚʢʠ. ʇʨʠʚʠʢʘ ɹɸɺ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʢʘʨʙʦʜʠʠʤʠʜʥʦʛʦ ʩʠʥʪʝʟʘ ʠʣʠ ʟʘʤʝʱʝʥʠʝʤ 

ʘʪʦʤʦʚ ʭʣʦʨʘ ʚ ʭʣʦʨʠʨʦʚʘʥʥʦʤ ʅɸ. ʀʟʫʯʝʥʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʲʶʛʘʪʦʚ ʠ ʠʭ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

 

The prospects of using nanodiamonds (ND) as carriers in the delivery 

systems of biologically active substances (BAS) are discussed. The possibility 

of immobilization of BAS of various pharmacological groups on the surface of 

ND using adsorptive immobilization and covalent grafting is shown. Grafting of 

BAS was carried out using carbodiimide synthesis or by substitution of chlorine 

atoms in chlorinated ND. The physicochemical properties of the conjugates 

obtained and their specific activity were studied. 

 

 ʅɸ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʨʘʟʚʠʪʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʦʢʦʣʦ 250 

ʤ
2
/ʛ) ʩ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ 

ʧʦʩʣʝʜʥʠʭ ʧʦʟʚʦʣʷʝʪ ʥʘʧʨʘʚʣʝʥʥʦ ʫʧʨʘʚʣʷʪʴ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [1]. ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʧʦʩʦʙʦʚ 

ʧʨʠʚʠʚʢʠ ɹɸɺ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʷʚfʣʷʝʪʩʷ ʦʢʠʩʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʥʦʘʣʤʘʟʘ ʠ ʧʦʣʫʯʝʥʠʝ ʥʘ ʥʝʡ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʧʨʠʛʦʜʥʳ 

ʜʣʷ ʢʘʨʙʦʜʠʠʤʠʜʥʦʛʦ ʩʧʦʩʦʙʘ ʩʰʠʚʢʠ ʩ ɹɸɺ, ʩʦʜʝʨʞʘʱʠʭ ʧʝʨʚʠʯʥʳʝ 

ʘʤʠʥʦʛʨʫʧʧʳ. ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʫʥʠʬʠʮʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ - ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ (ʄʂ-4306.2018.3). 

http://maps.google.com/maps?ll=55.779,37.5955&spn=0.01,0.01&t=h&q=55.779,37.5955&hl=ru
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ʅɸ ʩ ʧʦʤʦʱʴʶ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʥʘʧʨʠʤʝʨ, 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʦʜʦʨʦʜʦʤ) ʠ ʜʘʣʴʥʝʡʰʝʝ ʝʝ 

ʘʢʪʠʚʠʨʦʚʘʥʠʝ ʞʠʜʢʦʬʘʟʥʳʤ ʠʣʠ ʛʘʟʦʬʘʟʥʳʤ ʭʣʦʨʠʨʦʚʘʥʠʝʤ [2]. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʭʣʦʨ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʱʝʥ ʥʘ ʘʤʠʥʦʛʨʫʧʧʫ [3], ʢʦʪʦʨʘʷ ʪʘʢʞʝ 

ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʶ ʩ ʢʘʨʙʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʦʡ ɹɸɺ ʤʝʪʦʜʦʤ 

ʢʘʨʙʦʜʠʠʤʠʜʥʦʛʦ ʩʠʥʪʝʟʘ.  

 ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʲʶʛʘʪ ʅɸ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ 

ʧʠʨʦʬʦʩʬʘʪʘʟʦʡ (ʈʈʘʟʘ) ï ʬʝʨʤʝʥʪʦʤ, ʢʘʪʘʣʠʟʠʨʫʶʱʠʤ ʛʠʜʨʦʣʠʟ 

ʧʠʨʦʬʦʩʬʘʪ-ʘʥʠʦʥʘ ʜʦ ʬʦʩʬʘʪʘ [4]. ʊʘʢʦʡ ʢʦʥʲʶʛʘʪ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʧʠʨʦʬʦʩʬʘʪʥʦʡ ʘʨʪʨʦʧʘʪʠʠ ï 

ʙʦʣʝʟʥʠ ʦʪʣʦʞʝʥʠʷ ʧʠʨʦʬʦʩʬʘʪʘ ʢʘʣʴʮʠʷ ʚ ʩʫʩʪʘʚʥʳʭ ʭʨʷʱʘʭ. ɺ ʥʘʪʠʚʥʦʤ 

ʚʠʜʝ ʈʈʘʟʘ ʥʝʫʩʪʦʡʯʠʚʘ ʠ ʙʳʩʪʨʦ ʨʘʟʣʘʛʘʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʦʨʛʘʥʠʟʤ. 

 ʂʦʲʶʛʘʪʳ ʅɸ ʩ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʈʈʘʟʦʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʢʦʚʘʣʝʥʪʥʦʡ ʧʨʠʚʠʚʢʠ ʢ ʘʤʠʥʠʨʦʚʘʥʥʦʤʫ ʥʘʥʦʘʣʤʘʟʫ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʟʘʛʨʫʟʢʘ ʬʝʨʤʝʥʪʘ ʚ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʠʣʘ 0,80 Ñ 0,05 ʠ 0,60 Ñ 

0,02 ʤʛ ʈʈʘʟʳ ʥʘ 1 ʤʛ ʅɸ-NH2 ʠ ɼHA-NH(CH2)6NH2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣ. 

1). ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʈʈʘʟʳ ʙʳʣʘ ʚ 

ʩʨʝʜʥʝʤ ʚʳʰʝ, ʯʝʤ ʥʝʢʦʚʘʣʝʥʪʥʦ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ. ʇʨʠ ʢʦʚʘʣʝʥʪʥʦʡ 

ʧʨʠʚʠʚʢʝ ʥʘ ʅɸ-NH2 ʩʦʭʨʘʥʷʣʦʩʴ ʜʦ 65% ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ, ʪʦʛʜʘ ʢʘʢ 

ʥʘ ʅɸ-NH(CH2)6NH2 ï ʜʦ 95%. 
 

ʊʘʙʣʠʮʘ 1. ɸʢʪʠʚʥʦʩʪʴ ʠ ʢʦʣʠʯʝʩʪʚʦ ʬʝʨʤʝʥʪʘ ʚ ʢʦʥʲʶʛʘʪʝ ʅɸ-ʧʠʨʦʬʦʩʬʘʪʘʟʘ. 

ʆʙʨʘʟʝʮ 
ʂʦʣʠʯʝʩʪʚʦ ʧʨʠʚʠʪʦʡ 

ʈʈʘʟʳ, ʤʛ/ʤʛ ʅɸ 

ɸʢʪʠʚʥʦʩʪʴ ʢʦʥʲʶʛʘʪʘ, 

ʄɽ/ʤʛ (% ʦʪ ʠʩʭ.) 

ʅɸ-NH-PPʘʟʘ 0,81 Ñ 0,05 141 (64%) 

ʅɸ-NH(CH
2
)
6
NH-ʈPʘʟʘ 0,60 Ñ 0,02 212 (95%) 

 

ɺ ʨʘʙʦʪʝ ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʥʲʶʛʘʪ ʅɸ ʩ ʘʤʠʥʦʢʠʩʣʦʪʦʡ ʛʣʠʮʠʥʦʤ, 

ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʘʥʢʩʠʦʣʠʪʠʯʝʩʢʦʝ, ʘʥʪʠʩʪʨʝʩʩʦʨʥʦʝ, ʩʝʜʘʪʠʚʥʦʝ, 

ʧʨʦʪʠʚʦʛʠʧʦʢʩʠʯʝʩʢʦʝ, ʧʨʦʪʠʚʦʠʥʩʫʣʴʪʥʦʝ ʜʝʡʩʪʚʠʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʩʧʝʢʪʨ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʝ ʛʣʠʮʠʥʘ ʧʦʩʣʝ ʝʛʦ ʧʨʠʚʠʚʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʅɸ ʨʘʩʰʠʨʷʝʪʩʷ. ʋʩʠʣʠʚʘʶʪʩʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ: 

ʢʦʥʲʶʛʘʪ ʅɸïʛʣʠʮʠʥ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝʡ ʜʦʟʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʠʮʠʥʦʤ 

ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʠ ʜʣʠʪʝʣʴʥʳʤ ʩʝʜʘʪʠʚʥʳʤ ʜʝʡʩʪʚʠʝʤ, ʥʝ 

ʩʥʠʞʘʶʱʠʤʩʷ ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʂʦʥʲʶʛʘʪ ʅɸ-ʛʣʠʮʠʥ ʧʨʝʚʦʩʭʦʜʠʪ ʛʣʠʮʠʥ 

ʧʦ ʘʥʪʠʜʝʧʨʝʩʩʠʚʥʦʤʫ ʵʬʬʝʢʪʫ, ʧʨʦʷʚʣʷʶʱʝʤʫʩʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʷʛʝ 

ʢʨʳʩ ʢ ʞʠʟʥʠ, ʩʦʧʦʩʪʘʚʠʤʦʤʫ ʩ ʵʬʬʝʢʪʦʤ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʧʨʝʧʘʨʘʪʦʚ ʘʤʠʪʨʠʧʪʠʣʠʥʘ ʠ ʬʣʫʦʢʩʝʪʠʥʘ. 

ʂʦʥʲʶʛʘʪ ʅɸïʛʣʠʮʠʥ ʦʙʣʘʜʘʣ ʧʨʦʪʠʚʦʠʥʩʫʣʴʪʥʳʤ ʜʝʡʩʪʚʠʝʤ ʠ ʥʝ ʪʦʣʴʢʦ 

ʫʤʝʥʴʰʘʝʪ ʩʤʝʨʪʥʦʩʪʴ (ʩ 70 ʜʦ 40%), ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣ ʪʷʞʝʣʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʧʦʩʣʝ ʛʝʤʤʦʨʘʛʠʯʝʩʢʦʛʦ ʠʥʩʫʣʴʪʘ, ʠʤʝʷ ʧʨʠ ʩʥʠʞʝʥʥʦʡ ʥʘ 
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ʧʦʨʷʜʦʢ ʜʦʟʝ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ 

ʤʝʢʩʠʜʦʣʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʤʝʜʠʮʠʥʝ ʧʨʠ ʠʥʩʫʣʴʪʘʭ (ʪʘʙʣ. 2).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʅɸ ʢʘʢ 

ʥʦʩʠʪʝʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʧʨʠʤʝʨʝ ʬʝʨʤʝʥʪʘ 

ʧʠʨʦʬʦʩʬʘʪʘʟʳ ʠ ʘʤʠʥʦʢʠʩʣʦʪʳ ʛʣʠʮʠʥʘ, ʢʦʥʲʶʛʘʪʳ ʢʦʪʦʨʳʭ ʧʦʢʘʟʳʚʘʶʪ 

ʚʳʩʦʢʫʶ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ. 
 

 ʊʘʙʣ. 2. ɺʣʠʷʥʠʝ ʢʦʥʲʶʛʘʪʘ ʅɸ-ʛʣʠʮʠʥ (4 ʤʛ/ʢʛ, 7 ʜʥʝʡ) ʥʘ ʛʠʙʝʣʴ ʢʨʳʩ ʧʦʩʣʝ 

ʛʝʤʦʨʨʘʛʠʯʝʩʢʦʛʦ ʠʥʩʫʣʴʪʘ. 

ɻʨʫʧʧʘ ʢʨʳʩ 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʛʠʙʰʠʭ ʞʠʚʦʪʥʳʭ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʧʨʦʦʧʝʨʠʨʦʚʘʥʥʳʭ 

ʞʠʚʦʪʥʳʭ ʚ ʘ.ʝ. ʠ ʚ % 

ɺʨʝʤʷ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ, ʩʫʪ. 

1 3 7 14 

ʘ.ʝ. % ʘ.ʝ. % ʘ.ʝ. % ʘ.ʝ. % 

ʀʥʪʘʢʪʥʳʝ 0/10 0 0/10 0 1/10 10 0/10 0 

ʃʦʞʥʦʦʧʝʨʠʨʦʚʘʥʥʳʝ 0/10 0 0/10 0 0/10 0 1/10 10 

ʉ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʤ 

ʠʥʩʫʣʴʪʦʤ 
2/20 10 4/20 20 10/20 50

*
 14/20 70

*
 

ʉ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʤ 

ʠʥʩʫʣʴʪʦʤ + ʢʦʥʲʶʛʘʪ ʅɸ-

ʛʣʠʮʠʥ, 4 ʤʛ/ʢʛ 

0/10 0 2/10 20 3/10 30 4/10 40
**

 

ʉ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʤ 

ʠʥʩʫʣʴʪʦʤ + ʤʝʢʩʠʜʦʣ, 200 

ʤʛ/ʢʛ 

1/10 10 1/10 10 3/10 30 3/10 30
*
 

#
 - ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʧʨʠ ʈ Ò 0,05 (ʪʦʯʥʳʡ ʢʨʠʪʝʨʠʡ ʌʠʰʝʨʘ); ** - 

ʪʝʥʜʝʥʮʠʷ ʢ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʠ ʈ Ò 0,1 (t-ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ). 
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 ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ, 119991, ʛ. ʄʦʩʢʚʘ, 

ʫʣ. ʂʦʩʳʛʠʥʘ, 19; e-mail: yarules@yandex.ru  
2 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ, 

119991, ʄʦʩʢʚʘ, ʫʣ. ʃʝʥʠʥʩʢʠʝ ɻʦʨʳ, ʜ.1  
3 
ʈʦʩʩʠʡʩʢʠʡ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɼ. ʀ. ʄʝʥʜʝʣʝʝʚʘ,  

125047, ʄʦʩʢʚʘ, ʄʠʫʩʩʢʘʷ ʧʣʦʱʘʜʴ, ʜ. 9 
4
 ʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʢʘʜ. ʀ.ʇ.ʇʘʚʣʦʚʘ, 

390026, ʛ. ʈʷʟʘʥʴ, ʫʣ. ɺʳʩʦʢʦʚʦʣʴʪʥʘʷ, ʜ. 9 

 

ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʪʦʥʘʮʠʦʥʥʳʭ 

ʥʘʥʦʘʣʤʘʟʦʚ (ɼʅɸ) ʢʘʢ ʥʦʩʠʪʝʣʝʡ ʚ ʩʠʩʪʝʤʘʭ ʜʦʩʪʘʚʢʠ ʚʝʱʝʩʪʚ ʩ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʀʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʩʦʨʙʮʠʦʥʥʦʡ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʦʛʦ ʧʨʝʧʘʨʘʪʘ II  ʨʷʜʘ ʘʤʠʢʘʮʠʥʘ ʠ 

ʧʨʝʧʘʨʘʪʘ I ʨʷʜʘ ʧʠʨʘʟʠʥʘʤʠʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʥʘʥʦʘʣʤʘʟʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ɼʅɸ. 

 

The possibility of using detonation nanodiamonds (DND) as carriers in 

the delivery systems of substances with anti-tuberculosis activity is discussed. 

The possibility of adsorptive immobilization of an anti-tuberculosis drug of the 

II series of amikacin and a drug of the I series of pyrazinamide on the surface of 

modified nanodiamonds was studied depending on the functional composition of 

the DND surface. 

 

 ɺʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ ʚʳʜʝʣʷʶʪ 

ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ/ʠʣʠ ʚʳʩʦʢʫʶ ʪʦʢʩʠʯʥʦʩʪʴ 

ʩʠʣʴʥʦʜʝʡʩʪʚʫʶʱʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ (ʃɺ). ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʝʝ 

ʨʝʰʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʠʭ ʜʦʩʪʘʚʢʠ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʢʪʠʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʫʛʣʝʨʦʜʥʳʤ 

ʥʘʥʦʤʘʪʝʨʠʘʣʘʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʜʝʪʦʥʘʮʠʦʥʥʳʡ 

ʥʘʥʦʘʣʤʘʟ (ɼʅɸ). ʄʘʣʳʡ ʨʘʟʤʝʨ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ (4-6 ʥʤ) ʠ ʣʝʛʢʦ 

ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʫʝʤʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ, ʧʨʦʝʢʪ ˉ 18-73-

00336  

http://maps.google.com/maps?ll=55.779,37.5955&spn=0.01,0.01&t=h&q=55.779,37.5955&hl=ru
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ʥʘʨʷʜʫ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ ʢʣʝʪʦʢ, ʜʝʣʘʶʪ ʝʛʦ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʥʦʩʠʪʝʣʝʤ ʜʣʷ ʃɺ [1]. ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʥʲʶʛʘʪʦʚ ɼʅɸ ʩ ʃɺ, ʥʦ ʠ ʚʣʠʷʥʠʷ 

ɼʅɸ ʥʘ ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ ʥʘ ʪʢʘʥʝʚʦʤ, ʢʣʝʪʦʯʥʦʤ ʠ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ 

[2]. 

ʀʤʤʦʙʠʣʠʟʘʮʠʶ ʃɺ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɼʅɸ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʫʪʝʤ ʢʘʢ ʢʦʚʘʣʝʥʪʥʦʡ ʧʨʠʚʠʚʢʠ, ʪʘʢ ʠ ʘʜʩʦʨʙʮʠʠ. ɸʜʩʦʨʙʮʠʷ ʥʝ ʪʦʣʴʢʦ 

ʧʨʦʱʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ, ʥʦ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʩʣʘʙʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʤʦʣʝʢʫʣ 

ʃɺ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ɼʅɸ ʩʧʦʩʦʙʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʠ ʧʦʣʥʦʤʫ 

ʠʭ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʠʟ ɼʅɸ. ʂʦʣʠʯʝʩʪʚʦ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʦʛʦ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʥʘ ɼʅɸ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ɼʅɸ, ʥʦ ʠ ʦʪ ʨʷʜʘ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣʳ ʃɺ, ʢʠʩʣʦʪʥʦʩʪʴ ʠ ʩʦʩʪʘʚ ʩʨʝʜʳ. 

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʪʘʢʠʭ 

ʩʠʣʴʥʦʜʝʡʩʪʚʫʶʱʠʭ ʃɺ, ʢʘʢ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʝ ʧʨʝʧʘʨʘʪʳ. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʠʨʘʟʠʥʘʤʠʜ (ʇɸ) ï ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʝ 

ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʠʤʝʶʱʝʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʫʶ 

ʭʠʤʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʘʤʠʢʘʮʠʥ (ɸʄ) ï ʘʤʠʥʦʛʣʠʢʦʟʠʜʥʳʡ ʘʥʪʠʙʠʦʪʠʢ 

ʩ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ II  ʨʷʜʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʇɸ ʠ ɸʄ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ɼʅɸ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʚʢʣʶʯʘʷ ʨʘʟʣʠʯʥʳʡ 

ʫʨʦʚʝʥʴ pH ʠ ʧʦʚʳʰʝʥʥʫʶ ʠʦʥʥʫʶ ʩʠʣʫ ʨʘʩʪʚʦʨʘ. 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ɼʅɸ ʩ ʪʨʝʤʷ ʚʠʜʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ: ʛʠʜʨʠʨʦʚʘʥʥʦʡ (ɼʅɸ-ʅ), 

ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʦʡ (ɼʅɸ-ʉ(ʆ)ʆʅ) ʠ ʘʤʠʜʠʨʦʚʘʥʥʦʡ (ɼʅɸ-ʉ(ʆ)NH2). 

ʅʘ ʠʭ ʦʩʥʦʚʝ ʧʦʣʫʯʘʣʠ ʛʠʜʨʦʟʦʣʠ ʩ ʦʜʠʥʘʢʦʚʳʤ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ, 

ʨʘʚʥʳʤ 70 ʥʤ. 

ɸʜʩʦʨʙʮʠʶ ʇɸ ʥʘ ɼʅɸ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʤʝʰʠʚʘʥʠʝʤ ʛʠʜʨʦʟʦʣʝʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ɼʅɸ ʩ ʇʈɸ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ɼʅɸ ʚ ʩʤʝʩʠ ʩʦʩʪʘʚʣʷʣʘ 300 ʤʢʛ/ʤʣ, ʇʈɸ ï ʦʪ 5 ʜʦ 200 ʤʢʛ/ʤʣ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʘʜʩʦʨʙʮʠʦʥʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 2 ʯ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʦʪʜʝʣʷʣʠ ɼʅɸ ʩ ʘʜʩʦʨʙʘʪʦʤ ʠ ʧʦ ʩʥʠʞʝʥʠʶ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʇʈɸ ʚ ʩʫʧʝʨʥʘʪʘʥʪʝ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ 

(ɚʧʦʛʣ. = 268 ʥʤ), ʦʮʝʥʠʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʃɺ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʘʜʩʦʨʙʮʠʷ ʇʈɸ ʥʘ ɼʅɸ-ʅ ʠ ɼʅɸ-ʉ(ʆ)ʆʅ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʚʥʝʩʝʥʠʝ 0,15 ʤʦʣʴ/ʣ NaCl, ʪʘʢ ʞʝ ʢʘʢ 

ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ pH, ʨʘʚʥʦʡ 3 ʠ 5, ʥʘ ʘʜʩʦʨʙʮʠʶ ʥʝ ʚʣʠʷʶʪ. ʇʨʠ 

ʧʦʚʳʰʝʥʠʠ ʟʥʘʯʝʥʠʷ pH ʜʦ 10 ʥʘ ɼʅɸ-ʉ(ʆ)ʆʅ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʜʦ 0,4 

ʤʘʩʩ.%, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɼʅɸ-ʉ(ʆ)NH2 ʩʦʨʙʠʨʫʝʪʩʷ ʜʦ 1,0 

ʤʘʩʩ.% ʇʈɸ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʠʤʠʯʝʩʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʝʨʪʥʘʷ ʘʤʠʜʥʘʷ 

ʛʨʫʧʧʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɼʅɸ ʧʦʚʳʰʘʝʪ ʘʜʩʦʨʙʮʠʦʥʥʫʶ ʠʤʤʦʙʠʣʠʟʘʮʠʶ 

ʃɺ, ʠʤʝʶʱʠʭ ʘʤʠʜʥʳʝ ʛʨʫʧʧʳ. 
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ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʘʜʩʦʨʙʮʠʠ ʘʤʠʢʘʮʠʥʘ ʥʘ ɼʅɸ 

ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ 

(ʨʠʩ. 1). ʊʘʢ, ʜʣʷ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʥʦʛʦ ʠ ʛʠʜʨʠʨʦʚʘʥʥʦʛʦ ɼʅɸ ʟʥʘʯʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʨʘʚʥʦʚʝʩʥʦʡ ʘʜʩʦʨʙʮʠʠ ʘʤʠʢʘʮʠʥʘ ʩʦʩʪʘʚʠʣʦ 130 

ʠ 50 ʤʛ/ʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʨʘʪʠʤʦ 

ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʘʥʪʠʙʠʦʪʠʢʘ ʦʢʘʟʘʣʦʩʴ ʨʘʚʥʳʤ 48 ʠ 22 ʤʛ/ʛ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [3]. 
  

 
ʈʠʩ. 1. ɸʜʩʦʨʙʮʠʷ ʘʤʠʢʘʮʠʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʠʩʣʝʥʥʦʛʦ (1) ʠ ʛʠʜʨʠʨʦʚʘʥʥʦʛʦ 

ɼʅɸ (2): ʣʝʚʳʡ - ʠʟʦʪʝʨʤʳ ʨʘʚʥʦʚʝʩʥʦʡ ʘʜʩʦʨʙʮʠʠ; ʧʨʘʚʳʡ - ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʦʛʦ 

ʘʤʠʢʘʮʠʥʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ɼʅɸ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʲʶʛʘʪʳ ɼʅɸ ʩ 

ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʤʠ ʧʠʨʘʟʠʥʘʤʠʜʦʤ ʠ ʘʤʠʢʘʮʠʥʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʘʜʩʦʨʙʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʨʦʪʠʚʦʪʫʙʝʨʢʫʣʝʟʥʳʭ ʚʝʱʝʩʪʚ ʟʘʚʠʩʠʪ ʦʪ ʠʭ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʥʦʘʣʤʘʟʘ. 
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ɺ ʨʘʙʦʪʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʨʠʤʝʩʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ (ʋʅ) ʤʝʪʦʜʘʤʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ʄʉ) ʠ ʛʘʤʤʘ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ɻɸɸ). 

ʇʦʢʘʟʘʥʦ ʨʘʟʣʠʯʠʝ ʚ ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʨʘʟʥʳʭ ʤʘʨʦʢ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʨʘʟʥʳʭ ʧʘʨʪʠʷʭ ʦʜʥʦʡ ʤʘʨʢʠ. 

ʆʙʥʘʨʫʞʝʥʥʳʝ ʧʨʠʤʝʩʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʦʙʨʘʟʮʘʭ ʫʛʣʝʨʦʜʥʳʭ 

ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ ʦʢʦʣʦ 1% ʤʘʩʩ. ʅʘʠʙʦʣʝʝ ʯʠʩʪʳʤ 

ʦʙʨʘʟʮʦʤ ʦʢʘʟʘʣʩʷ ʦʢʩʠʜ ʛʨʘʬʝʥʘ, ʥʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʳʤ ï ʥʘʥʦʘʣʤʘʟ, 

ʚʳʜʝʣʝʥʥʳʡ ʠʟ ʰʠʭʪʳ ʭʨʦʤʦʚʦʡ ʩʤʝʩʴʶ. ʇʦʢʘʟʘʥʦ ʚʥʝʩʝʥʠʝ ʚ ʦʙʨʘʟʮʳ ʋʅ 

ʟʘʛʨʷʟʥʝʥʠʡ Ti ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʭ ʩʫʩʧʝʥʟʠʡ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ 

ʜʠʩʧʝʨʛʘʪʦʨʦʤ ʩ ʪʠʪʘʥʦʚʳʤ ʥʘʢʦʥʝʯʥʠʢʦʤ. 

 

In this paper, the impurity composition of carbon nanomaterials (CN) was 

analyzed by inductively coupled plasma mass spectrometry (ICP-MS) and 

gamma-activation analysis (GAA) methods. The difference in the elemental 

composition of different grades of carbon nanomaterials, including in different 

batches of the same brand, is shown. The detected impurity elements in samples 

of carbon nanomaterials are at a level of about 1% by weight. Graphene oxide 

turned out to be the purest sample, while nanodiamond isolated from the mix 

material with a chromium mixture was the most polluted. The introduction of Ti 

contamination into the samples of CNs during the processing of their 

suspensions with an ultrasonic disperser with a titanium tip is shown. 

 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ 

ʥʘʥʦʤʝʜʠʮʠʥʳ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ 

ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ. ʊʘʢʠʝ 

ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʫʚʝʣʠʯʠʪʴ ʣʦʢʘʣʴʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʣʝʢʘʨʩʪʚʘ ʚ 

ʦʨʛʘʥʝ-ʤʠʰʝʥʠ, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʝʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʧʦʙʦʯʥʳʭ ʷʚʣʝʥʠʡ. ʋʞʝ ʦʧʠʩʘʥʦ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ, ʧʨʦʝʢʪ ˉ 18-13-

00413. 

http://maps.google.com/maps?ll=55.779,37.5955&spn=0.01,0.01&t=h&q=55.779,37.5955&hl=ru
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ʙʦʣʝʝ 400 ʚʠʜʦʚ ʥʘʥʦʯʘʩʪʠʮ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ 

ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. ʀʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʚ ʵʪʦʤ ʢʘʯʝʩʪʚʝ 

ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ: ʬʫʣʣʝʨʝʥʳ, ʥʘʥʦʪʨʫʙʢʠ, ʛʨʘʬʝʥ ʠ ʥʘʥʦʘʣʤʘʟʳ. 

ʇʨʠʤʝʥʝʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʚ ʤʝʜʠʮʠʥʝ ʪʨʝʙʫʝʪ 

ʩʪʨʦʛʦʛʦ ʢʦʥʪʨʦʣʷ ʠʭ ʧʨʠʤʝʩʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ, 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʣʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ʂʦʥʪʨʦʣʴ ʯʠʩʪʦʪʳ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʫʙʩʪʘʥʮʠʡ ʠ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʦʮʝʥʢʫ ʭʠʤʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʠ ʤʠʢʨʦʙʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ [1]. 

ʂʦʥʪʨʦʣʴ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ 

ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʋʅ, ʪʘʢ ʢʘʢ ʩʘʤʠ ʧʦ ʩʝʙʝ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʪʦʢʩʠʯʥʳʤʠ 

(ʭʣʦʨʠʜʳ, ʩʫʣʴʬʘʪʳ, ʬʦʩʬʘʪʳ). ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʪʠʦʥʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʦʙʭʦʜʠʤʳʤ ʠʟ-ʟʘ ʠʭ ʪʦʢʩʠʯʥʦʩʪʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʬʘʨʤʘʢʦʧʝʡʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʚʚʝʜʝʥ ʧʦʢʘʟʘʪʝʣʴ çʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳè. ɽʛʦ ʚʚʦʜʷʪ ʜʣʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ Pb, Hg, Bi, Sb, Sn, Cd, Ag, 

Cu, Mo, V, Ru, Pt, Pd. ʆʙʳʯʥʦ ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʥʝ ʜʦʣʞʥʦ 

ʧʨʝʚʳʰʘʪʴ 0,002 % [15]. 

ʉʦʩʪʘʚ ʤʠʢʨʦʧʨʠʤʝʩʝʡ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʘʤʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ ʠ ʛʘʤʤʘ-ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʨʘʜʠʦʘʥʘʣʠʪʠʯʝʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʥʝʟʘʚʠʩʠʤʦ 

ʧʦʜʪʚʝʨʞʜʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʨʘʟʮʘʭ [2]. 

ʈʘʜʠʦʥʫʢʣʠʜʥʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʥʘʥʦʘʣʤʘʟʘ ʧʦʩʣʝ ʠʭ ʦʙʣʫʯʝʥʠʷ ʥʘ 

ʮʠʢʣʠʯʝʩʢʦʤ ʫʩʢʦʨʠʪʝʣʝ ʵʣʝʢʪʨʦʥʦʚ çʄʠʢʨʦʪʨʦʥ-ʉʪè, ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣʠʮʝ 1. 

 
ʊʘʙʣʠʮʘ 1. ʈʘʜʠʦʥʫʢʣʠʜʥʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʦʙʣʫʯʝʥʥʳʭ ʥʘʥʦʘʣʤʘʟʘ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦ 

ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʜʠʦʠʟʦʪʦʧʦʚ. 

ʕʣʝʤʝʥʪ 
ʗʜʝʨʥʘʷ 

ʨʝʘʢʮʠʷ 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ 

ʨʘʜʠʦʠʟʦʪʦʧʳ* 

ʕʥʝʨʛʠʷ 

ʦʩʥʦʚʥʦʡ 

ʣʠʥʠʠ, ʢʵɺ 

ʊ1/2 

Cl ɔ, n  Cl-34m  145.7   32 ʤʠʥ 

Ti ɔ, p Sc-47  159.4  3.349 ʩʫʪ 

Cr 
ɔ, n  Cr-51  320.0  27.7 ʩʫʪ 

ɔ, n  Cr-49 152.9  42.3 ʤʠʥ 

Fe ɔ, p Mn-56  846.6  2.579 ʯ 

Ni ɔ, n  Ni-57  1377.6  35.6 ʯ  

Zr ɔ, n  Zr-89  909.2  78.4 ʯ 

Nb ɔ, n  Nb-92m  934.5  10.16 ʩʫʪ  

Mo ɔ, n Mo-99  140.5; 739.7  66.02 ʯ 

Sb ɔ, n Sb-122  564.1  2.681 ʩʫʪ  

Ce ɔ, n Ce-141  145.5  32.5 ʩʫʪ 

Eu ɔ, n  Eu-152m  841.6  9.3 ʯ 

Sr ɔ, n  Sr-87m  388.4  2.8 ʯ  

Mn ɔ, n  Mn-54  834.8  312 ʩʫʪ  
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ɼʣʷ ʀʉʇ-ʄʉ ʛʦʪʦʚʠʣʠ ʩʫʩʧʝʥʟʠʠ ʦʙʨʘʟʮʦʚ ʚ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,1 ʤʛ/ʣ, ʢ ʧʨʦʙʘʤ ʜʦʙʘʚʣʷʣʠ ʠʥʜʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʩʧʝʥʟʠʡ ʜʣʷ ʚʚʦʜʘ 

ʦʙʨʘʟʮʦʚ ʚ ʧʣʘʟʤʫ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪ ʩʪʘʜʠʶ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʠ 

ʩʦʢʨʘʱʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʘʥʘʣʠʟʘ ʚ ʮʝʣʦʤ. ʉʪʘʙʠʣʠʟʘʮʠʶ ʩʫʩʧʝʥʟʠʡ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ: ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʜʠʩʧʝʨʛʘʪʦʨʦʤ ʩ 

ʪʠʪʘʥʦʚʳʤ ʥʘʢʦʥʝʯʥʠʢʦʤ, ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʥʘ ʰʝʡʢʝʨʝ ʠ ʚʨʫʯʥʫʶ. 

ʇʨʦʚʝʜʝʥ ʧʘʥʦʨʘʤʥʳʡ ʀʉʇ-ʄʉ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 

ʅʘʡʜʝʥʦ ʙʦʣʝʝ 40 ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʥʦʚʥʳʤʠ ʚ 

ʦʙʨʘʟʮʘʭ ʋʅ ʷʚʣʷʶʪʩʷ B, Al , Ti, Cr, Fe, Mn, Co, Cu, Zn, Zr, Nb, Mo, Sn, Sb, 

Ba, Ce ʠ W. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ 

ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʣʷʝʪ 1000-5000 ʤʢʛ/ʛ. ʅʘʠʤʝʥʝʝ ʟʘʛʨʷʟʥʝʥʥʳʤ ʦʙʨʘʟʮʦʤ 

ʷʚʣʷʝʪʩʷ ʦʢʩʠʜ ʛʨʘʬʝʥʘ. ʉʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʝʤ ʧʨʠʤʝʩʠ ʦʙʥʘʨʫʞʝʥʳ ʥʘ 

ʫʨʦʚʥʝ ʬʦʥʦʚʳʭ ʢʦʣʠʯʝʩʪʚ (0,05-0,5 ʤʢʛ/ʛ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʩʫʩʧʝʥʟʠʡ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʜʠʩʧʝʨʛʘʪʦʨʦʤ ʩ ʪʠʪʘʥʦʚʳʤ ʥʘʢʦʥʝʯʥʠʢʦʤ, 

ʚʦʟʤʦʞʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʦʙ ʋʅ ʥʝʩʢʦʣʴʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ: 

Na, K, Al, Ti, Cu, Zn, Ba ʠ Mo. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʫʩʧʝʥʟʠʡ ʚ ʩʣʘʙʦʢʠʩʣʳʭ ʩʨʝʜʘʭ (2% HNO3), ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʝʥʠʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʚ ʧʦʜʢʠʩʣʝʥʥʳʭ ʩʫʩʧʝʥʟʠʷʭ, 

ʢʦʪʦʨʳʝ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳ ʥʘ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ. 
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ʋɼʂ 544.03 

ɼʀʉʉʀʇɸʊʀɺʅʓɽ ʇʈʆʎɽʉʉʓ ɺ ʇʃɪʅʂɸʍ ɾɽʃɸʊʀʅʓ ʇʈʀ 
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ʇʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʞʝʣʘʪʠʥʘ, ʢʘʢ 

ʙʠʦʧʦʣʠʤʝʨʘ, ʩʦʚʝʨʰʘʪʴ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ ʩʧʠʨʘʣʴ-ʢʣʫʙʦʢ. 

ʄʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪʳ ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʜʝʢʨʝʤʝʥʪʘ 

ʟʘʪʫʭʘʥʠʷ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʧʠʢʠ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ. ʇʨʦʠʟʚʝʜʸʥ 

ʨʘʩʯʸʪ ʜʝʬʝʢʪʘ ʤʦʜʫʣʷ. 

 

A study was made of the characteristic feature of gelatin, as a biopolymer, 

to perform conformational transitions of the spiral into a coil, by measuring the 

internal friction spectra, the temperature dependences of the frequency and the 

logarithmic damping decrement were obtained, and energy dissipation peaks 

were characterized. Calculation of the module defect has been performed. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʭʘʨʘʢʪʝʨʥʳʤ ʩʚʦʡʩʪʚʦʤ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʞʝʣʘʪʠʥʳ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʩʫʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ. ʂʦʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦ ʩʭʝʤʝ ʩʧʠʨʘʣʴ ź ʢʣʫʙʦʢ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʩʫʰʠʚʘʥʠʷ T = +5 ÁC (ʨʠʩ. 1, ʢʨʠʚʳʝ 3, 4) 

ʧʦʣʫʯʘʶʪʩʷ ʧʣʸʥʢʠ, ʩʦʩʪʦʷʱʠʝ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʤʦʣʝʢʫʣ ʩʦ ʩʧʠʨʘʣʴʥʦʡ 

ʢʦʥʬʦʨʤʘʮʠʝʡ, ʘ ʧʨʠ T = +50ÁC (ʨʠʩ. 1, ʢʨʠʚʳʝ 1, 2) ʩʪʨʫʢʪʫʨʘ ʙʫʜʝʪ 

ʚʢʣʶʯʘʪʴ ʛʣʦʙʫʣʷʨʥʳʝ ʤʦʣʝʢʫʣʳ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʞʝʣʘʪʠʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʦʯʝʥʴ ʫʜʦʙʥʳʡ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʚʷʟʠ 

çʩʪʨʫʢʪʫʨʘ, ʩʪʨʦʝʥʠʝ ï ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʩʠʥʪʝʟ ʩʠʩʪʝʤʳ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠè. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʷʚʣʝʥʥʦʡ ʩʚʷʟʠ, ʢʨʦʤʝ ʤʝʪʦʜʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ, 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʉʧʝʢʪʨʳ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʨʝʞʠʤʝ ʩʚʦʙʦʜʥʦ-

ʟʘʪʫʭʘʶʱʠʭ ʢʨʫʪʠʣʴʥʳʡ ʢʦʣʝʙʘʥʠʡ. ʀʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʦʩʪʘʚʠʣ -150 ÁC ï +215 ÁC. ɼʘʥʥʳʡ ʨʝʞʠʤ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʠʩʩʣʝʜʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ ʚ ʠʭ ʩʚʷʟʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ.  ʂʨʦʤʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʦʪʝʨʴ (ʩʧʝʢʪʨʳ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ) 
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ʧʦʟʚʦʣʷʝʪ ʠ ʦʧʨʝʜʝʣʠʪʴ ʯʘʩʪʦʪʥʦ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʜʫʣʷ 

ʩʜʚʠʛʘ ʠ ʜʝʬʝʢʪ ʤʦʜʫʣʷ æ G. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʠ ʣʦʢʘʣʴʥʦʡ ʥʝʫʧʨʫʛʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʠʩʪʝʤ, ʠʭ ʦʪʣʠʯʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʨʫʢʪʫʨʳ, ʚʳʷʚʠʪʴ ʚʣʠʷʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʩʫʰʠʚʘʥʠʷ ʥʘ ʨʝʣʘʢʩʘʮʠʦʥʥʫʶ ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ 

ʩʠʩʪʝʤ (ʧʣʸʥʢʠ ʞʝʣʘʪʠʥʳ). 

ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʘʭ ɚ = f (T) (ʨʠʩ. 1) ʥʘʙʣʶʜʘʝʪʩʷ ʨʷʜ ʧʠʢʦʚ 

ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʦʪʝʨʴ, ʥʘʣʘʛʘʝʤʳʭ ʥʘ ʬʦʥ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ (ʩʧʣʦʰʥʳʝ 

ʣʠʥʠʠ 5, 6, 7). ʂʘʞʜʳʡ ʧʠʢ ʧʦʪʝʨʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʦʢʘʣʴʥʦʡ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʭ ʝʜʠʥʠʮ, 

ʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤʫ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʦʜʩʠʩʪʝʤ 

ʦʙʨʘʟʫʝʪ ʚʩʶ ʩʠʩʪʝʤʫ ʞʝʣʘʪʠʥʳ. ʇʠʢʠ ʧʦʪʝʨʴ ʥʘ ʩʧʝʢʪʨʘʭ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʪʝʤʧʝʨʘʪʫʨ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʢʚʘʟʠʥʝʟʘʚʠʩʠʤʦʩʪʠ ʨʝʘʢʮʠʠ ʵʣʝʤʝʥʪʦʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʨʫʢʪʫʨʥʦ-

ʢʠʥʝʪʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤʳ ʥʘ ʚʥʝʰʥʝʝ ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, 

ʚʳʚʦʜʷʪʩʷ ʚʩʝ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʠʟ ʩʦʩʪʦʷʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 

ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʚ ʨʝʦʣʦʛʠʠ ʞʝʣʘʪʠʥʳ ʩ T = +5 ÁC ʠ T = +50 ÁC 

ʩʣʝʜʫʝʪ ʪʦ, ʯʪʦ ʥʘ ʩʧʝʢʪʨʝ ʜʣʷ ʵʪʠʭ ʩʠʩʪʝʤ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʠʢʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʦʪʝʨʴ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ 

ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʈʠʩ.1. ʉʧʝʢʪʨʳ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ɚ = f (T) ʞʝʣʘʪʠʥʳ (ʄw =3.25ʭ105) ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʞʠʤʝ 

ʟʘʪʫʭʘʶʱʠʭ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ (ɚ ï ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʜʝʢʨʝʤʝʥʪ).  

 

ʇʦ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʯʘʩʪʦʪ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʚ ʞʝʣʘʪʠʥʝ ʧʨʠ ʩʚʦʙʦʜʥʦ-ʟʘʪʫʭʘʶʱʠʭ ʢʨʫʪʠʣʴʥʳʭ 

ʢʦʣʝʙʘʥʠʷʭ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʢʘʢ ʦ ʠʟʤʝʥʝʥʠʠ 
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ʧʨʦʯʥʦʩʪʥʳʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʜʝʬʝʢʪ ʤʦʜʫʣʷ ʩʜʚʠʛʘ) 

ʪʘʢ ʠ ʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ (ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 1 ʨʦʜʘ- 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ) ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʚʷʟʳʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ 

ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʤʦʜʫʣʝʤ ʩʜʚʠʛʘ ʞʝʣʘʪʠʥʘ ʚ ʨʘʟʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʘʭ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ (1), 

ʛʜʝ: Gὑ  - ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʜʝʬʝʢʪ ʤʦʜʫʣʷ ʩʜʚʠʛʘ, f (T) - ʜʝʬʝʢʪ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ʚʦʟʤʦʞʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʜʚʫʭ ʪʠʧʦʚ ʦʙʲʸʤʥʳʭ ʚʦʣʥ. ʕʪʠ 

ʚʦʣʥʳ: -ʧʨʦʜʦʣʴʥʘʷ ʠ ʧʦʧʝʨʝʯʥʘʷ, ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦʣʷʨʠʟʘʮʠʝʡ 

ʢʦʣʝʙʘʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ. 

ʀʟʤʝʥʝʥʠʝ ʤʦʜʫʣʷ ʩʜʚʠʛʘ (ʩʦʦʪʥʦʰʝʥʠʝ 1) ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 

ʧʨʦʷʚʣʝʥʠʷ ʜʠʩʩʠʧʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʳ ʚ ʚʠʜʝ 

ʧʠʢʘ ʧʦʪʝʨʴ ʥʘ ʩʧʝʢʪʨʝ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ɚ = f (T) ʥʘ ʨʠʩ. 1 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ f 2. 
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G =e   , (1) 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʠʢʦʚ ʧʦʪʝʨʴ ʠʤʝʶʱʠʭ 

ʨʝʣʘʢʩʘʮʠʦʥʥʫʶ ʧʨʠʨʦʜʫ ʜʝʬʝʢʪ ʤʦʜʫʣʷ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ, ʯʪʦ 

ʚʝʜʸʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ, ʘ ʜʣʷ 

ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʦʪʝʨʴ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʘʟʦʚʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ʩʪʨʫʢʪʫʨ 

(ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ), ʤʦʜʫʣʴ ʧʦʪʝʨʴ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʯʪʦ ʚʝʜʸʪ 

ʢ ʫʧʨʦʯʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ. 
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ʈɽʆʃʆɻʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʇʆʃʀɺʀʅʀʃʆɺʆɻʆ 

ʉʇʀʈʊɸ ʉ ʈɸɿʅʆʁ ʄʆʃɽʂʋʃʗʈʅʆʁ ʄɸʉʉʆʁ.
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, ɹʘʣʝʥʢʦ ʇ.ɺ.

1
 

 
1
 ʌɻɹʆʋ ɺʆ ʄʀʈʕɸ - ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʀʥʩʪʠʪʫʪ 

ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ) 

119571, ʄʦʩʢʚʘ, ʇʨʦʩʧʝʢʪ ɺʝʨʥʘʜʩʢʦʛʦ, ʜ. 86; e-mail: akimova@mirea.ru 
2
ʃʘʙʦʨʘʪʦʨʠʷ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ ʀʌʍʕ ʈɸʅ,  

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: lomovskoy49@gmail.com 

 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 4-ʭ % 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʢʨʠʚʳʝ ʪʝʯʝʥʠʷ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʠʤʝʝʪʩʷ ʜʚʝ ʦʙʣʘʩʪʠ ʥʝʥʴʶʪʦʥʦʚʩʢʦʛʦ ʪʝʯʝʥʠʷ ʧʨʠ ʥʠʟʢʦʡ 

ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ ʠ ʦʜʥʘ ʦʙʣʘʩʪʴ ʥʴʶʪʦʥʦʚʩʢʘʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʩʢʦʨʦʩʪʷʭ. 

 

The research of dependence of rheological characteristics of 4 % aqueous 

solution of polyvinyl alcohol on its molecular weight  was made . It was found 

that there are two non-Newtonian flow at low shear rate at the flow curve of 

aqueous solution and there is one region a Newtonian region at higher shear rate. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʇɺʉ 

ʨʘʟʣʠʯʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩ ʚ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 4 ʜʦ 15% 

ʤʘʩʩ. ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʨʝʦʤʝʪʨʝ Physica MSR 501  (Anton 

Paar) ʩ ʨʘʙʦʯʠʤʠ ʫʟʣʘʤʠ ʢʦʥʫʩ ï ʧʣʦʩʢʦʩʪʴ ʠ ʧʣʦʩʢʦʩʪʴ ï ʧʣʦʩʢʦʩʪʴ ʚ 

ʜʠʘʧʘʟʦʥʝ ʧʦʩʪʦʷʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʩʜʚʠʛʘ ʦʪ 
310-ʜʦ

310 ʩ
-1
   ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʯʘʩʪʦʪ ʦʪ 
210-ʜʦ 

210 ʩ
-1
. 

ʅʘ ʨʠʩʫʥʢʘʭ 1-3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʧʦ ʢʨʠʚʳʤ ʪʝʯʝʥʠʷ ʠ ʩʧʝʢʪʨʘʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʷʟʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʥʳʭ  ʨʘʩʪʚʦʨʘʭ ʇɺʉ 

(4% ʤʦʣ.) ʜʣʷ 
4101.2 Ö=wʄ  ʠ 

4101.8 Ö=wM  (ʨʠʩ.1) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʪʝʨʚʘʣ 

ʩʢʦʨʦʩʪʝʡ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ g" ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʙʠʪ ʥʘ ʪʨʠ ʜʠʘʧʘʟʦʥʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʚʝʜʝʥʠʷ ʚʷʟʢʦʩʪʠ, ʪ.ʝ. ʦʪ )(gh "f= . 

ʇʝʨʚʳʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʘʥʦʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʯʘʩʪʦʪʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʷʟʢʦʩʪʠ )(gh "f= ʦʧʨʝʜʝʣʝʥ ʠʥʪʝʨʚʘʣʦʤ ʦʪ 
210-ʩ

-1
   ʜʦ 

2103 -Öº

ʩ
-1
 (ʨʠʩ.1-ʘ). ɺ ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʛʨʘʥʪ ʈʌʌʀ ˉ 14-08-00806-ʘ). 
 

mailto:akimova@mirea.ru
mailto:%20lomovskoy49@gmail.com


ʇʆɺɽʈʍʅʆʉʊʅʓɽ ʗɺʃɽʅʀʗ ɺ ʂʆʃʃʆʀɼʅʆ-ɼʀʉʇɽʈʉʅʓʍ ʉʀʉʊɽʄɸʍ, 

ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂɸʗ ʄɽʍɸʅʀʂɸ ʀ ɸɼʉʆʈɹʎʀʆʅʅʓɽ ʇʈʆʎɽʉʉʓ 
102 

ʚʝʣʠʯʠʥʳ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ ʦʪ 16,00 ºh  ʇʘÖʩ ʜʦ 21,0maxºh  ʇʘÖʩ ʜʣʷ 

ʨʘʩʪʚʦʨʘ 
4101.2 Ö=wM .ɼʣʷ ʨʘʩʪʚʦʨʘ 

4101.8 Ö=wM ʪʘʢʞʝ ʠʤʝʝʪ ʤʝʩʪʦ 

ʜʠʣʘʥʪʘʥʪʥʦʝ ʧʦʚʳʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʷʟʢʦʩʪʠ ʦʪ 093,00 ºh   ʇʘÖʩ ʜʦ 

135,0maxºh  ʇʘÖʩ. 

  

                         (ɸ)                                                             (ɹ) 

 

                            (ɺ)                                                              (ɻ) 

 

ʈʠʩ. 1. ʈʝʦʣʦʛʠʯʝʩʢʘʷ ʢʨʠʚʘʷ )(gh "f= ʜʣʷ ʇɺʉ çMOWIOLè 
4101.8 Ö=wM  ʠ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ)(gs "fij = , ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ: ʉʊ a20= (ʘ), ʉʊ a30= (ʙ), 

ʉʊ a40= (ʚ), ʉʊ a60= (ʛ). ʂʦʥʮʝʥʪʨʘʮʠʷ 4%. 

 

ɺʪʦʨʦʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʥʝʥʴʶʪʦʥʦʚʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʨʘʩʪʚʦʨʘ, ʛʜʝ 

const¸h ʦʧʨʝʜʝʣʝʥ ʠʥʪʝʨʚʘʣʦʤ ʦʪ 
2103 -Öº ʩ

-1 
ʜʦ 

2108 -Öº ʩ
-1
 , ʛʜʝ ʚʝʣʠʯʠʥʘ 

ʚʷʟʢʦʩʪʠ ɖ ʩʥʠʞʘʝʪʩʷ ʦʪ 21,0maxºh  ʇʘÖʩ ʜʦ 015,0ºʥh  ʇʘÖʩ (
4101.2 Ö=wM ), 

ʛʜʝ ʥhï ʟʥʘʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʥʘʯʘʣʘ ʥʴʶʪʦʥʦʚʩʢʦʛʦ ʪʝʯʝʥʠʷ ʨʘʩʪʚʦʨʘ. ɼʣʷ 



ʇʆɺɽʈʍʅʆʉʊʅʓɽ ʗɺʃɽʅʀʗ ɺ ʂʆʃʃʆʀɼʅʆ-ɼʀʉʇɽʈʉʅʓʍ ʉʀʉʊɽʄɸʍ, 

ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂɸʗ ʄɽʍɸʅʀʂɸ ʀ ɸɼʉʆʈɹʎʀʆʅʅʓɽ ʇʈʆʎɽʉʉʓ 
103 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ  ʚ ʩʠʩʪʝʤʝ ʇɺʉ - ʚʦʜʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ: Mowiol 5-88 4% 

(Mw=2,1*104); 2-Mowiol 47-88 4% (Mw=8,1*104) 

 

ʇʨʠʯʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʳ.  ʏʝʤ ʚʳʰʝ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʪʝʤ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮʳ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʝ.   ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʤʝʨ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʙʫʭʘʥʠʝʤ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ 

ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʫʚʝʣʠʯʝʥʠʝ ʚ ʨʘʟʤʝʨʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʣʫʙʢʘ. 
  

ʨʘʩʪʚʦʨʘ 
4101.8 Ö=wM ʠʤʝʝʪʩʷ ʪʘʢʦʝ ʞʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʥʦ 

ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʥʝʥʴʶʪʦʥʦʚʩʢʦʛʦ ʩʥʠʞʝʥʠʷ ʚʷʟʢʦʩʪʠ )(gh "f= ʟʥʘʯʠʪʝʣʴʥʦ 

ʰʠʨʝ, ʯʝʤ ʜʣʷ ʨʘʩʪʚʦʨʘ ʩ 
4101.2 Ö=wM  (ʨʠʩ.1-ʘ). ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʨʘʚʝʥ ʦʪ 

2103 -Ö  ʩ
-1 
ʜʦ 105Ö ʩ

-1
. 

ʊʨʝʪʠʡ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʦʪ 51·º ʩ
-1
ʜʦ 310  ʩ

-1
, ʚ ʢʦʪʦʨʦʤ 

ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʴʶʪʦʥʦʚʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ 

ʪʝʯʝʥʠʷ, ʪ.ʝ. const=h . 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʇɺʉ 

ʨʘʟʣʠʯʥʦʡ  ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʢʘʟʘʣʦ , ʯʪʦ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʚʳʝ  

ʪʝʯʝʥʠʷ ʦʙʨʘʟʫʶʪ ʦʙʣʘʩʪʴ ʥʝʥʴʶʪʦʥʦʚʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʩʢʦʨʦʩʪʝʡ  ʩʜʚʠʛʘ ʦʪ 10
-2 
ʩ

-1 
ʜʦ 10

2
 ʩ

-1
. ɺʩʣʝʜʩʪʚʠʝ  ʪʦʛʦ, ʯʪʦ ʜʘʥʥʳʡ ʵʬʬʝʢʪ  

ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʚ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ, ʚ ʨʘʙʦʪʝ  ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʚʦʧʨʦʩʳ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ  ʚ ʩʠʩʪʝʤʝ ʇɺʉ - ʚʦʜʘ ʨʘʟʣʠʯʥʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʚʝʪʦʨʘʩʩʝʠʚʘʥʠʷ , ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘ ʫʩʪʨʦʡʩʪʚʝ Zetasizer Nano ZS  ʚ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 10 Áʉ -70 Áʉ , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ  ʦʙʣʘʩʪʠ  

ʤʝʪʘʩʪʘʙʠʣʴʥʦʩʪʠ  ʥʘ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʩʚʝʪʦʨʘʩʩʝʷʥʠʶ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ 

ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ ï ʚʦʜʘ   ʩʦʜʝʨʞʘʪʩʷ ʥʝʨʘʩʪʚʦʨʝʥʥʳʝ  ʯʘʩʪʠʮʳ, 

ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʩʚʦʡ ʨʘʟʤʝʨ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩ.2). 
 

 



ʇʆɺɽʈʍʅʆʉʊʅʓɽ ʗɺʃɽʅʀʗ ɺ ʂʆʃʃʆʀɼʅʆ-ɼʀʉʇɽʈʉʅʓʍ ʉʀʉʊɽʄɸʍ, 

ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂɸʗ ʄɽʍɸʅʀʂɸ ʀ ɸɼʉʆʈɹʎʀʆʅʅʓɽ ʇʈʆʎɽʉʉʓ 
104 

ʋɼʂ 544 

ʄɽʍɸʅʆɸʂʊʀɺɸʎʀʗ ʌʊʆʈʇʆʃʀʄɽʈʆɺ
1
 

 

ɹʫʣʘʪʥʠʢʦʚ ɼ. ɸ. 
1
, ʗʛʫʜʠʥ ʃ. ɼ. 

1
 

 
1
 ʃʘʙʦʨʘʪʦʨʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʣ ʀʌʍʕ ʈɸʅ,  
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ʄʝʭʘʥʦʘʢʪʠʚʘʮʠʷ ʬʪʦʨʧʦʣʠʤʝʨʦʚ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ 

ʨʝʘʢʮʠʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʥʘ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʠʘʣʘ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʦ 

ʚʣʠʷʥʠʝ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʪʦʨʧʦʣʠʤʝʨʦʚ. 

 

Mechanical activation of fluoropolymers has a great influence on their 

reactivity, on the structure of the material. Therefore, the effect of mechanical 

activation on the structural characteristics of fluoropolymers has been 

investigated. 

 

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʚ ʨʷʜʝ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ 

ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʫ 

ʥʠʭ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠʭ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ɺʦʟʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʝʨʠʦʜ ʠʥʜʫʢʮʠʠ ʠ 

ʩʢʦʨʦʩʪʴ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. ʆʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʧʝʨʠʦʜʦʤ ʠʥʜʫʢʮʠʠ ʠ ʩʢʦʨʦʩʪʴʶ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʟʘ ʩʯʝʪ ʥʘʢʘʧʣʠʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʝʬʝʢʪʦʚ, ʫʚʝʣʠʯʝʥʠʷ ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʬʘʟ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʢʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ 

ʬʪʦʨʧʦʣʠʤʝʨʦʚ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʬʪʦʨʧʦʣʠʤʝʨʘ ʌï4ɼʄ ʠ ʬʪʦʨʧʦʣʠʤʝʨʘ ʌï4 ʤʘʨʢʠ 

çʌʣʫʨʘʣʠʪè, ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʄʝʭʘʥʦʘʢʪʠʚʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʦʛʦ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʘʢʪʠʚʘʪʦʨʘ ɸɻʆï2ʋ, ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʳʡ ʧʣʘʥʝʪʘʨʥʳʡ ʘʢʪʠʚʘʪʦʨ çɸʢʪʠʚʘʪʦʨï4ʄè. 

ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʨʦʰʢʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ ʩʠʩʪʝʤʳ Empyrean ʠ Stoe Humber G670. 

ʀʂ ï ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʙʦʨʘ ʤʘʨʢʠ 

Varian Scimitar 1000 FT. 
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ʉ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʧʦʨʦʰʢʦʚ ʌï4ɼʄ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʥʠʞʝʥʠʝ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʠ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 

ʧʦʣʠʤʝʨʘ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘ  ʧʦʨʦʰʢʘ ʌï4ɼʄ ʚ ʦʙʣʘʩʪʠ 

ʫʛʣʦʚ 0é100Á. 

 

 
 

ʈʠʩ. 1 ʇʦʨʦʰʢʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ 

ʬʪʦʨʧʦʣʠʤʝʨʘ ʌ-4ɼʄ ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ 

0é100Á: ʠʩʭʦʜʥʳʡ ï ʯʝʨʥʘʷ ʣʠʥʠʷ; 

ʢʨʘʩʥʘʷ ʣʠʥʠʷ ï ʧʦʩʣʝ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. 

ʈʠʩ. 2 ʀʂ ï ʩʧʝʢʪʨʳ ʠʩʭʦʜʥʦʛʦ (1) ʠ 

ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ (2) ʧʦʨʦʰʢʘ. 

 

ʀʂ ï ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʚʦʧʨʦʩʘ 

ʦ ʚʦʟʤʦʞʥʦʤ ʨʘʟʨʳʚʝ ʩʚʷʟʝʡ ʫʛʣʝʨʦʜ-ʫʛʣʝʨʦʜ (ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʥʮʝʚʳʭ ʛʨʫʧʧ) ʧʨʠ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ. ɸʥʘʣʠʟ ʀʂ ï ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʮʝʚʳʭ ʛʨʫʧʧ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʬʪʦʨʧʦʣʠʤʝʨʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʜʝʩʪʨʫʢʮʠʠ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʦʣʠʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ ʜʦ ʠ ʧʦʩʣʝ 

ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʧʦʢʘʟʘʣʦ ʠʭ ʧʦʯʪʠ ʧʦʣʥʫʶ ʠʜʝʥʪʠʯʥʦʩʪʴ ʚ ʥʘʠʙʦʣʝʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʜʣʷ ʬʪʦʨʦʧʣʘʩʪʘ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ (ʦʪ 1400 ʜʦ 3200   

ʩʤ
-1
). ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʀʂ ï ʩʧʝʢʪʨ ʧʦʨʦʰʢʘ ʬʪʦʨʧʦʣʠʤʝʨʘ. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ 

ʬʪʦʨʧʦʣʠʤʝʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʝʬʝʢʪʦʚ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʝ. ʈʘʟʣʠʯʠʷ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʨʦʰʢʘ ʬʪʦʨʧʦʣʠʤʝʨʘ ʜʦ ʠ 

ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʳ ʪʦʣʴʢʦ ʥʝʦʙʨʘʪʠʤʳʤʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʥʘ ʤʝʟʦʫʨʦʚʥʝ ʟʘ ʩʯʝʪ ʨʘʟʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʯʘʩʪʠʮ. 
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ʋɼʂ 544 
ʄɽʊʆɼʓ ʄɸʃɼʀ/ʇɸʃɼʀ 

ʇʆɺɽʈʍʅʆʉʊʀ ʉʊɸʃʔʅʓʍ ʀ ʄɽɼʅʓʍ ʆɹʈɸɿʎʆɺ ʇʆʉʃɽ 

ɸʊʄʆʉʌɽʈʅʆʁ ʂʆʈʈʆɿʀʀ 

 

ɼʦʨʞʠʥʦʚ ɸ.ʖ.
1,2
, ʇʳʮʢʠʡ ʀ.ʉ.
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 ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʀʌʍʕ ʈɸʅ, 119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; 

e-mail: ale-dorzhinov@yandex.ru, 
2 
109428, ʈʌ, ʛ. ʄʦʩʢʚʘ, 1-ʡ ʀʥʩʪʠʪʫʪʩʢʠʡ ʧʨʦʝʟʜ, ʜʦʤ 5, ʌɻɹʅʋ çʌʅɸʎ ɺʀʄè 

 

ʄʝʪʦʜʳ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʤʘʪʨʠʯʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʣʘʟʝʨʥʦʡ 

ʜʝʩʦʨʙʮʠʝʡ/ʠʦʥʠʟʘʮʠʝʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʣʘʟʝʨʥʦʡ 

ʜʝʩʦʨʙʮʠʝʡ/ʠʦʥʠʟʘʮʠʝʡ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʤʝʪʘʣʣʦʚ ʜʦ 

ʠ ʧʦʩʣʝ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʘʥʮʠʠ.  

 

Mass spectrometry methods with Matrix Assisted Laser 

Desorption/Ionization and Surface Assisted Laser Desorption/Ionization were 

used to study the surface chemistry of metal samples. Metal samples were 

studied before and after full-scale tests at the corrosion station.  

 

ʀʟʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʜʘʝʪ ʦʯʝʥʴ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʪʨʫʢʪʫʨʝ, ʧʨʦʯʥʦʩʪʠ ʠ ʜʘʣʴʥʝʡʰʝʡ ʧʨʠʛʦʜʥʦʩʪʠ ʢ ʨʘʙʦʪʝ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʅʘʠʙʦʣʝʝ ʥʦʚʳʤʠ, ʵʢʩʧʨʝʩʩʥʳʤʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʠʤʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʤʘʪʨʠʯʥʦ-

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʣʘʟʝʨʥʦʡ ʜʝʩʦʨʙʮʠʠ/ʠʦʥʠʟʘʮʠʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʣʘʟʝʨʥʦʡ ʜʝʩʦʨʙʮʠʠ/ʠʦʥʠʟʘʮʠʠ (ʄɸʃɼʀ/ʇɸʃɼʀ). ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʪʠ ʤʝʪʦʜʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʊʘʢʞʝ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʘ 

ʄɸʃɼʀ/ʇɸʃɼʀ ʠʟʫʯʘʝʪʩʷ ʭʠʤʠʷ ʠ ʤʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʝʝ ʠʟʤʝʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ [1].
 

 ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʤʝʪʘʣʣʦʚ ʜʦ ʠ ʧʦʩʣʝ ʥʘʪʫʨʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʘʥʮʠʠ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʥʳʭ 

ʦʙʨʘʟʮʦʚ ʜʦ ʢʦʨʨʦʟʠʠ ʥʘʙʣʶʜʘʶʪʩʷ ʢʣʘʩʪʝʨʳ ʩʦʣʝʡ ʤʝʜʠ. ʇʦʩʣʝ 

ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʨʨʦʟʠʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʢʣʘʩʪʝʨʳ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʪʘʢʪʘ ʩ ʘʪʤʦʩʬʝʨʦʡ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʪʘʣʴʥʳʭ 

ʦʙʨʘʟʮʦʚ ʯʸʪʢʦ ʚʳʜʝʣʷʶʪʩʷ ʢʣʘʩʪʝʨʥʳʝ ʠʦʥʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʦʢʩʠʜʘʤʠ 

ʞʝʣʝʟʘ. ʀʦʥ 73 ï FeOʅ, 128 ï Fe2O, 145 ï FeO*FeOH, 217 ï Fe2O2*FeOH. 

ɼʘʣʝʝ ʩʣʝʜʫʶʪ ʢʣʘʩʪʝʨʥʳʝ ʠʦʥʳ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ ʤʦʣʝʢʫʣʳ FeO. ʉʘʤʳʡ ʢʨʫʧʥʳʡ ʢʣʘʩʪʝʨ ʩ ʤʘʩʩʦʡ 578 ɼʘ 
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ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʪʝʨʫ ʦʢʩʠʜʘ ʞʝʣʝʟʘ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ 

Fe7O7*FeOH. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʩ ʦʙʨʘʟʮʘʤʠ ʩʪʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʄɸʃɼʀ ʤʦʞʥʦ ʜʦʚʦʣʴʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʪʝʧʝʥʴ ʢʦʨʨʦʟʠʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʝ 

ʢʣʘʩʪʝʨʦʚ [2]. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʪʝʤ, ʯʪʦ ʥʝ ʫʜʘʣʦʩʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ 

ʤʘʩʩ-ʩʧʝʢʪʨʳ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʩ ʦʙʨʘʟʮʦʚ ʩʪʘʣʠ ʥʝ ʧʦʜʚʝʨʛʘʚʰʝʡʩʷ 

ʢʦʨʨʦʟʠʠ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʄɸʃɼʀ/ʇɸʃɼʀ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʘʪʤʦʩʬʝʨʥʦʡ 

ʢʦʨʨʦʟʠʠ. ʇʨʠʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʧʝʢʪʨʦʚ, ʧʦʣʫʯʘʶʱʠʭʩʷ ʚ ʨʝʞʠʤʝ 

ʄɸʃɼʀ/ʇɸʃɼʀ, ʜʣʷ ʦʙʨʘʟʮʦʚ ʤʝʜʠ ʠ ʩʪʘʣʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʨʨʦʟʠʦʥʥʳʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʧʝʢʪʨʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ. ʆʙʥʘʨʫʞʝʥʳ 

ʚʝʱʝʩʪʚʘ ʩ ʠʟʚʝʩʪʥʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʪʘʢʠʝ ʢʘʢ ʭʣʦʨʠʜ ʠʦʥ ʠ 

ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ. 
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ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʧʦʨʦʰʢʦʚ 

ʤʝʪʘʣʣʦʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʜʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʤʝʪʘʣʣʦʚ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʫ ʪʠʪʘʥʘ ï 

ʨʘʩʪʷʛʠʚʘʶʱʠʝ. 

 

The study of the effect of mechanical activation of metal powders on the 

characteristics of the subatomic structure of materials are conducted. As a result 

of mechanical activation, it is shown that most of the studied metals have 

compressive stresses, but titan have tensile stresses. 

 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʟʚʠʪʠʷ ʉɺʉ-ʪʝʭʥʦʣʦʛʠʡ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠʨʦʚʘʥʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ. 

ʄʝʪʦʜ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʆʜʥʘʢʦ ʜʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʨʦʰʢʦʚʳʭ ʦʙʨʘʟʮʦʚ 

(CuKŬ-ʠʟʣʫʯʝʥʠʝ, ʜʣʠʥʘ ʚʦʣʥʳ 0,15406 ʥʤ) ʩʥʠʤʘʣʠʩʴ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

Stoe Humber G670 ʚ ʦʙʣʘʩʪʠ ʫʛʣʦʚ 3é100,5.̄ ʀʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʥʘ ʩʪʨʫʢʪʫʨʫ ʧʦʨʦʰʢʦʚ ʚʦʣʴʬʨʘʤʘ, 

ʘʣʶʤʠʥʠʷ, ʤʘʛʥʠʷ, ʪʠʪʘʥʘ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ ɼʝʙʘʷ-ʐʝʨʝʨʘ. 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 1 ʨʝʟʫʣʴʪʘʪʦʚ ʦʮʝʥʢʠ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʝʡ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʆʂʈ) ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʨʦʰʢʦʚ ʨʘʟʤʝʨ ʆʂʈ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʚʨʝʤʝʥʠ ʘʢʪʠʚʘʮʠʠ 

ʜʦ 15é20 ʤʠʥʫʪ. ʄʝʭʘʥʦʘʢʪʠʚʘʮʠʷ ʚ ʵʪʦʤ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʠʚʦʜʠʪ 

ʢ ʠʟʤʝʣʴʯʝʥʠʶ ʭʘʨʘʢʪʝʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʜʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʙʣʦʢʦʚ 

ʤʦʟʘʠʢʠ). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʨʘʟʤʝʨ ʆʂʈ ʠʟʤʝʥʷʝʪʩʷ 

ʥʝʤʦʥʦʪʦʥʥʦ ï ʠʤʝʝʪ ʤʝʩʪʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʨʝʜʥʠʝ ʨʘʟʤʝʨʳ ʆʂʈ ʦʙʨʘʟʮʦʚ W, Mg, Ti, Al  (ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʦʢ 

ʘʣʶʤʠʥʠʷ ʠ ʚʦʣʴʬʨʘʤʘ ʦʪ ʚʨʝʤʝʥʠ ʘʢʪʠʚʘʮʠʠ. 

 
 

ʈʠʩʫʥʦʢ 2 ï ʀʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʪ ʚʨʝʤʝʥʠ ʘʢʪʠʚʘʮʠʠ ʜʣʷ 

ʘʣʶʤʠʥʠʷ ʠ ʚʦʣʴʬʨʘʤʘ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʨʝʰʝʪʢʠ ʘʣʶʤʠʥʠʷ ʧʨʠ 

ʚʨʝʤʝʥʠ ʘʢʪʠʚʘʮʠʠ ʚ ʠʥʪʝʨʚʘʣʝ 5é10 ʤʠʥʫʪ, ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʚʦʟʨʘʩʪʘʶʪ ʜʦ 240é500 ʄʇʘ. ɼʣʷ ʚʦʣʴʬʨʘʤʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʨʝʰʝʪʢʠ, ʯʝʤʫ ʦʪʚʝʯʘʝʪ ʚʝʩʴʤʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʘʥʦʢʨʠʩʪʘʣʣʠʪʘʭ. ʇʨʠ ʚʨʝʤʝʥʠ ʘʢʪʠʚʘʮʠʠ ʚʦʣʴʬʨʘʤʘ 5 ʠ 10 

ʤʠʥʫʪ ʭʘʨʘʢʪʝʨʥʳʝ ʩʞʠʤʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʦʢʦʣʦ 200 ʠ 450 ʄʇʘ. ʇʦʩʢʦʣʴʢʫ ʩʨʝʜʥʠʝ ʧʦ ʦʙʲʝʤʫ ʯʘʩʪʠʮʳ ʧʦʨʦʰʢʘ 
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ʥʘʧʨʷʞʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ ʥʫʣʶ, ʘ ʦʙʱʠʡ ʦʙʲʝʤ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ 

ʬʘʟʳ ʤʥʦʛʦ ʤʝʥʴʰʝ ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʝʤʘ ʥʘʥʦʢʨʠʩʪʘʣʣʠʪʦʚ, ʫʨʦʚʝʥʴ 

ʵʬʬʝʢʪʠʚʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ ʜʦʣʞʝʥ ʙʳʪʴ 

ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʳʭ ʦʮʝʥʦʢ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʡ 

ʚʝʣʠʯʠʥʝ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ ʚ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙ ʠʭ 

ʩʠʣʴʥʦ ʥʝʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ ʤʝʪʘʣʣʦʚ ʩ ɻʇʋ 

ʨʝʰʝʪʢʦʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

  
ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʪ ʚʨʝʤʝʥʠ ʘʢʪʠʚʘʮʠʠ ʜʣʷ ʤʘʛʥʠʷ 

ʠ ʪʠʪʘʥʘ 

 

ɺʠʜʥʦ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʘʢʪʠʚʘʮʠʠ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʤʘʛʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʦ, ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʘʙʩʦʣʶʪʥʦʡ 

ʚʝʣʠʯʠʥʝ ʥʝ ʧʨʝʚʳʰʘʶʪ 15 ʄʇʘ (ʧʦʨʷʜʢʘ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ). ʇʨʠ 

ʘʢʪʠʚʘʮʠʠ ʪʠʪʘʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʙʦʣʝʝ 7 ʤʠʥʫʪ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʊʘʢʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, 

ʩʦʩʪʘʚʣʷʶʱʠʝ 290 ʄʇʘ ʠ 370 ʄʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʚʨʝʤʝʥʠ ʘʢʪʠʚʘʮʠʠ 

15 ʠ 21 ʤʠʥ. ʇʨʠʯʠʥʳ ʥʘʣʠʯʠʷ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ɻʇʋ ʷʯʝʡʢʠ 

ʪʠʪʘʥʘ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
 

ɺʳʨʘʞʘʝʤ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜ.ʬ.-ʤ.ʥ. ʐʠʨʷʝʚʫ ɸ.ɸ. ʠ ʮʝʥʪʨʫ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʀʌʍʕ ʈɸʅ. 
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ʋɼʂ 544 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʉʃʆʀʉʊʓʍ ɼɺʆʁʅʓʍ 

ɻʀɼʈʆʂʉʀɼʆɺ ʅɸ ʆɻʅɽʉʊʆʁʂʀɽ ʉɺʆʁʉʊɺɸ 

ʇʆʃʀʇʈʆʇʀʃɽʅɸ
 1
 

 

ʂʨʠʚʝʥʯʝʥʢʦ ɼ.ʉ.
1
 

 
1
 ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʀʌʍʕ ʈɸʅ,  

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: krivenchenko.dima@mail.ru 

 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʪʠʧʠʨʝʥʦʚʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ 

ʩʦʟʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʩʣʦʠʩʪʳʭ ʜʚʦʡʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ. 

 

Studies of antiperene properties of samples based on polypropylene and 

organic modified layered double hydroxides have been conducted. 

 

ʇʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʚʩʝ ʩʬʝʨʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɺʚʠʜʫ ʫʥʠʢʘʣʴʥʦʩʪʠ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʦʚ ʦʥʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʚʠʘ- ʠ ʩʫʜʦʩʪʨʦʝʥʠʠ, ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. ɺ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʵʢʦʣʦʛʠʯʥʦʩʪʴʶ ʯʠʩʪʦʛʦ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ (ʇʇ), ʦʥ ʩʣʫʞʠʪ ʦʪʣʠʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʪʨʫʙ, ʧʣʝʥʦʢ ʠ ʣʠʩʪʦʚ. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ, ʣʝʛʢʘʷ 

ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʧʝʣʴ ʨʘʩʧʣʘʚʘ, ʚʳʩʦʢʦʝ ʜʳʤʦ- ʠ 

ʩʘʞʝʚʳʜʝʣʝʥʠʝ ʷʚʣʷʶʪʩʷ ʚʝʩʦʤʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʠʟʜʝʣʠʡ ʠʟ ʧʦʣʠʤʝʨʦʚ. 

ʇʦʞʘʨʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ ʠ ʛʦʨʝʥʠʝʤ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʘʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʠ ʧʨʠʚʦʜʷʪ ʢ 

ʯʝʣʦʚʝʯʝʩʢʠʤ ʞʝʨʪʚʘʤ. ʏʘʱʝ ʚʩʝʛʦ ʩʤʝʨʪʴ ʥʘʩʪʫʧʘʝʪ ʥʝ ʦʪ ʦʞʦʛʦʚ, ʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʚʳʜʝʣʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ.  

ɼʣʷ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʠʭ ʦʛʥʝʩʪʦʡʢʦʩʪʴ. ʆʩʥʦʚʘ 

ʚʩʝʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʩʚʦʜʠʪʩʷ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ 

ʨʝʘʢʮʠʡ ʚ ʧʣʘʤʝʥʠ, ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʨʝʘʢʮʠʡ ʨʘʟʣʦʞʝʥʠʷ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʳ, ʠʟʦʣʷʮʠʠ ʪʦʧʣʠʚʘ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʠʩʪʦʯʥʠʢʘ 

ʪʝʧʣʘ/ʦʛʥʷ, ʠʟʦʣʷʮʠʠ ʧʣʘʤʝʥʠ ʦʪ ʦʢʠʩʣʠʪʝʣʷ, ʦʭʣʘʞʜʝʥʠʶ 

ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʳ ʧʦʣʠʤʝʨʘ, ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ ʬʘʟʝ ʚ ʩʪʦʨʦʥʫ ʩʥʠʞʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʦʨʶʯʠʭ ʛʘʟʦʚ, ʩʨʳʚ ʧʣʘʤʝʥʠ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʦʛʥʝʩʪʦʡʢʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʩʣʦʠʩʪʳʭ ʛʠʜʨʦʢʩʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʧʠʨʝʥʦʚ. ʆʥʠ 
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ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ 

ʧʦʣʫʯʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʠʬʠʢʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ: ʩʠʥʪʝʟ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʉɼɻ, 

ʠʭ ʤʦʜʠʬʠʢʘʮʠʷ ʇɸɺ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʇʇ, ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʫʯʝʥʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʤʝʜʣʠʪʝʣʝʡ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʠ ʛʦʨʝʥʠʷ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʉɼɻ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟ 

ʨʘʩʪʚʦʨʘ. ʇʦʩʣʝ ʧʨʦʮʝʩʩʘ ʩʦʚʤʝʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʧʨʦʚʝʜʝʥʦ ʪʝʨʤʠʯʝʩʢʦʝ 

ʩʪʘʨʝʥʠʝ ʦʩʘʜʢʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩʷ ʥʝʜʦʩʪʘʪʢʠ, ʤʝʪʦʜ ʦʩʘʞʜʝʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ 

ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʧʦʜʭʦʜʷʱʠʤ, ʪ.ʢ. ʧʦʜʜʘʝʪʩʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʉɼɻ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʩʦʩʪʘʚʘ.  

ʉʣʦʠʩʪʳʝ ʜʚʦʡʥʳʝ ʛʠʜʨʦʢʩʠʜʳ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉɼɻ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʝʧʦʣʷʨʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʨʦʜʩʪʚʦʤ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ ʢ ʛʠʜʨʦʬʠʣʴʥʦʡ ʜʦʙʘʚʢʝ (ʉɼɻ). ʕʪʘ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ 

ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʩʣʦʠʩʪʳʭ ʜʚʦʡʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ ʨʘʟʣʠʯʥʳʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʘʤʠ. ʄʦʜʠʬʠʢʘʮʠʷ ʩʣʦʠʩʪʳʭ ʜʚʦʡʥʳʭ ʛʠʜʨʦʢʩʠʜʦʚ 

ʫʚʝʣʠʯʠʚʘʝʪ ʤʝʞʩʣʦʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʜʦʙʘʚʢʠ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ. ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʨʘʩʩʣʦʝʥʠʷ ʥʘ ʦʛʥʝʩʪʦʡʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʥʘʥʦʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʦʣʝʘʪʘ ʥʘʪʨʠʷ. ʄʦʜʠʬʠʢʘʮʠʶ ʉɼɻ ʧʨʦʚʦʜʠʣʠ ʩ 

ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʤʝʞʩʣʦʝʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʛʘʣʝʨʝʡ) ʠ ʧʨʠʜʘʥʠʷ 

ʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʣʝʘʪ 

ʥʘʪʨʠʷ (C17H33COONa).  

ɺ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʚʦʜʠʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʉɼɻ. ɼʣʷ ʦʙʨʘʟʮʦʚ 

ʉɼɻ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʣʝʘʪʦʤ (ʨʠʩ. 10, ʙ ʠ ʛ), ʧʦʪʝʨʷ ʘʙʩʦʨʙʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʦʢʦʣʦ 100Áʉ). 

ʅʘʠʙʦʣʴʰʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʪʨʝʪʴʝʡ ʩʪʫʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦʨʷʜʢʘ 250Áʉ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʪʝʧʣʦʚʳʤ ʵʬʬʝʢʪʦʤ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʣʦʞʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʜʦʙʘʚʦʢ ʠ ʜʘʣʴʥʝʡʰʝʡ ʜʝʛʠʜʨʘʪʘʮʠʠ ʦʙʨʘʟʮʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʊɻɸ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʉɼɻ 

ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʦʛʥʝʩʪʦʡʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 160-170Áʉ. 

 ɼʘʣʝʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʇʇ. 

ʇʇ ʷʚʣʷʝʪʩʷ ʥʝʧʦʣʷʨʥʳʤ ʧʦʣʠʤʝʨʦʤ ʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ 
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ʨʘʩʪʚʦʨʷʝʪʩʷ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʠʟʚʝʩʪʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ.  ʇʦʵʪʦʤʫ ʢʦʤʧʦʟʠʪʳ 

ʧʦʣʫʯʘʣʠ ʵʢʩʪʨʫʟʠʦʥʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 220Áʉ. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ ʫʣʫʯʰʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʷʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ 

ʉɼɻ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʘʤʠ ʘʪʦʤʥʦ-

ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʊʦʧʦʛʨʘʬʠʷ ʢʦʤʧʦʟʠʪʦʚ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʙʘʚʣʝʥʥʦʛʦ ʉɼɻ ʠ ʝʛʦ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʥʦ 

ʪʝʦʨʝʪʠʯʝʩʢʠ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʣʝʘʪʦʤ ʉɼɻ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʣʞʥʦ ʫʣʫʯʰʘʪʴʩʷ, ʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ 

ʯʠʩʪʦʡ ʧʣʝʥʢʝ ʇʇ. ʆʜʥʘʢʦ, ʪʘʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʫʯʝʥʦ ʥʝ ʙʳʣʦ. ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʢʩʠʜʳ ʠ ʛʠʜʨʦʢʩʠʜʳ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʨʠ ʩʠʥʪʝʟʝ ʉɼɻ.  

ʋʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʜʝʡʩʪʚʠʶ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʩʪʘʪʢʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʢʩʦʚʫʶ çʰʘʧʢʫè. ʋʚʝʣʠʯʝʥʠʷ 

ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ 

ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʧʦʣʠʤʝʨʦʚ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʢʦʢʩ ʩʥʠʞʘʝʪ ʚʳʭʦʜ ʛʦʨʶʯʠʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ, ʪ.ʢ. ʫʛʣʝʨʦʜ ʦʩʪʘʝʪʩʷ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʠ ʥʝ 

ʧʦʧʘʜʘʝʪ ʚ ʟʦʥʫ ʛʦʨʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʚʳʜʝʣʷʶʱʝʛʦʩʷ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʣʠʷʥʠʷ ʢʦʤʧʦʟʠʮʠʠ ʠʟ ʧʦʣʠʬʦʩʬʘʪʘ ʘʤʤʦʥʠʷ ʠ ʙʦʨʘʪ ʮʠʥʢʘ ʥʘ 

ʦʛʥʝʩʪʦʡʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʇʇ. ɹʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʢʠʩʣʦʨʦʜʥʦʛʦ ʠʥʜʝʢʩʘ, ʢʦʢʩʦʚʦʛʦ ʯʠʩʣʘ, ʩʢʦʨʦʩʪʠ 

ʛʦʨʝʥʠʷ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 12.1.044 ï 89, ɻʆʉʊ 19932-99 ʠ ɻʆʉʊ 21207-81, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʉɼɻ, ʩʦʜʝʨʞʘʱʠʝ 

ʢʘʪʠʦʥʳ Zn ʠ Al. ʇʨʦʚʝʜʝʥʘ ʠʭ ʤʦʜʠʬʠʢʘʮʠʷ ʇɸɺ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʤʝʪʦʜʘʤʠ ʈʌɸ ʠ ʊɻɸ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʉɼɻ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʯʘʩʪʠʮ ʚ ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʦʛʥʝʩʪʦʡʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ: 

ʢʦʢʩʦʚʳʡ ʦʩʪʘʪʦʢ, ʢʠʩʣʦʨʦʜʥʳʡ ʠʥʜʝʢʩ, ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ. 
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ʋɼʂ 543.544, 544.08 

ʇʈɽɼʉʂɸɿɸʅʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɺɽʑɽʉʊɺ 

ɺʓʏʀʉʃʀʊɽʃʔʅʓʄʀ ʄɽʊʆɼɸʄʀ ɼʃʗ ʍʈʆʄɸʊʆ-ʄɸʉʉ-

ʉʇɽʂʊʈʆʄɽʊʈʀʏɽʉʂʆʁ ʀɼɽʅʊʀʌʀʂɸʎʀʀ 

 

ʄʘʪʶʰʠʥ ɼ.ɼ.  

 
ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʭʨʦʤʘʪʦ-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʀʌʍʕ ʈɸʅ, 119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; 

 e-mail: dm.matiushin@mail.ru 

 

ʇʦʢʘʟʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʜʝʨʞʠʚʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʠ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʨʝʜʩʢʘʟʘʥʠʷ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠʦʥʦʚ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʩʩ-ʜʝʪʝʢʪʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʜʠʥʘʤʠʢʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʭʦʜʘ ʚ ʤʝʪʘʙʦʣʦʤʠʢʝ. 

 

A new ways to predict the chromatographic retention and mass-spectral 

fragmentation are shown. Artificial neural networks and deep learning 

techniques are used. A possible metabolomics usage is demonstrated. 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʝʮʝʣʝʚʦʛʦ ʘʥʘʣʠʟʘ ʩʣʦʞʥʳʭ ʩʤʝʩʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʝʪʘʙʦʣʦʤʘ, ʯʘʩʪʦ ʥʝʚʦʟʤʦʞʥʦ ʦʜʥʦʟʥʘʯʥʦʩʪʴ ʦʪʥʝʩʪʠ 

ʧʠʢ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ. ɹʘʟʳ ʜʘʥʥʳʭ ʤʘʩʩ-

ʩʧʝʢʪʨʦʚ ʪʘʢ ʞʝ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʶʪ ʥʘʜʝʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʩʦʝʜʠʥʝʥʠʝ ʚʚʠʜʫ ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ ʩʭʦʜʩʪʚʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ ʜʣʷ ʤʥʦʛʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʚʝʱʝʩʪʚʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʙʘʟʘʭ 

ʜʘʥʥʳʭ.  ʊʘʢ ʚ ʙʠʙʣʠʦʪʝʢʝ ʩʧʝʢʪʨʦʚ NIST ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʩʦʪ 

ʪʳʩʷʯ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʩʝ ʤʥʦʞʝʩʪʚʦ ʦʧʠʩʘʥʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʩʯʠʩʣʷʝʪʩʷ ʤʠʣʣʠʦʥʘʤʠ.   

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʯʝʥʴ ʚʘʞʥʘ, ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʠʢʘ ʥʘ 

ʭʨʦʤʘʪʦʛʨʘʤʤʝ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʩʦʝʜʠʥʝʥʠʶ, ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʠ ʥʘʙʣʶʜʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʦʪ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʧʨʠʤʝʥʷʷʩʴ ʚ ʨʘʙʦʪʘʭ ʧʦ 

ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʟʨʝʥʠʶ, ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʨʝʯʠ ʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʜʣʷ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʣʝʢʘʨʩʪʚ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʵʪʦʛʦ ʤʝʪʦʜʘʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʣʠʰʴ ʪʦ, ʯʪʦ ʜʣʷ ʧʦʜʙʦʨʘ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʚʝʩʦʚ ʚ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ) ʪʨʝʙʫʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʡ ʥʘʙʦʨ 

mailto:lex-miles@yandex.ru
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʀ ʣʠʰʴ ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʧʦʜʦʙʨʘʥʳ, 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʥʘʯʠʥʘʶʪ ʜʘʚʘʪʴ ʥʘʜʝʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ.  ʆʜʥʘʢʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʵʪʦʪ ʤʝʪʦʜ. 

ɺ ʭʦʜʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʤʝʪʦʜ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʬʨʘʛʤʝʥʪʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʧʨʠ 

ʠʦʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʥʥʳʤ ʫʜʘʨʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʳ 

ʤʦʣʝʢʫʣ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʨʥʦʝ ʧʨʝʜʩʢʘʟʘʥʠʝ ʩʦʩʪʘʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʬʨʘʛʤʝʥʪʦʚ ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʦʣʝʢʫʣ. 

ʊʘʢ ʞʝ ʩ ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠ ʤʝʪʦʜʦʚ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʝʜʩʢʘʟʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʚ 

ʫʜʝʨʞʠʚʘʥʠʷ ʜʣʷ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ ʠ ʫʩʣʦʚʠʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʚʳʯʠʩʣʝʥʥʳʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʧʨʝʚʳʰʘʶʪ 0.9. 

ʇʦʢʘʟʘʥʘ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʩʣʦʞʥʳʭ ʩʤʝʩʝʡ 

ʩʦʝʜʠʥʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʤʝʪʘʙʦʣʦʤʥʦʛʦ ʘʥʘʣʠʟʘ.  ʀʩʧʦʣʴʟʦʚʘʥʘ ʙʘʟʘ 

ʜʘʥʥʳʭ Human Metabolome Database (HMDB). 
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ʋɼʂ 543.544.5.068.7, 543.51, 543.429.23, 54.061, 615.917 

ʀɿʆʄɽʈʅʓɽ ʇʈʆʀɿɺʆɼʅʓɽ ʊʈʀɸɿʆʃʆɺ ʂɸʂ ʅʆɺʓɽ 

ʊʆʂʉʀʏʅʓɽ ʇʈʆɼʋʂʊʓ ʊʈɸʅʉʌʆʈʄɸʎʀʀ 1,1-

ɼʀʄɽʊʀʃɻʀɼʈɸɿʀʅɸ 

 

ʄʠʣʶʰʢʠʥ ɸ.ʃ. 

 
ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʭʨʦʤʘʪʦ-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʀʌʍʕ ʈɸʅ, 119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; 

 e-mail: lex-miles@yandex.ru 

 

ɹʳʣʘ ʠʟʫʯʝʥʘ ʩʤʝʩʴ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʧʨʦʮʝʩʩʝ ʫʪʠʣʠʟʘʮʠʠ ʨʘʢʝʪʥʦʛʦ 

ʛʦʨʶʯʝʛʦ, ʩʦʜʝʨʞʘʱʘʷ ʅɼʄɻ ʠ ʧʨʦʜʫʢʪʳ ʝʛʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ.  ʉ ʧʦʤʦʱʴʶ 

ʧʨʝʧʘʨʘʪʠʚʥʦʡ ɺʕɾʍ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʯʠʩʪʦʤ ʚʠʜʝ 5 ʩʦʝʜʠʥʝʥʠʡ, 

ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʗʄʈ ʠ ʪʘʥʜʝʤʥʦʡ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ. ɹʳʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʫʯʝʥʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴ. 

 

A waste product containing UDMH and it's derivatives was studied. Five 

UDMH degradation products were isolated by means of preparative HPLC. The 

structure was confirmed by NMR and tandem mass-spectrometry. The 

cytotoxicity has been preliminarily studied. 

 

ʅʝʩʠʤʤʝʪʨʠʯʥʳʡ ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥ (1,1-ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥ, ʅɼʄɻ) 

ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʈʦʩʩʠʠ ʢʦʤʧʦʥʝʥʪʦʤ ʨʘʢʝʪʥʦʛʦ ʪʦʧʣʠʚʘ. 

ʅʘʨʷʜʫ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʚʠʜʘʤʠ ʪʦʧʣʠʚʘ, ʅɼʄɻ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʤ ʚʝʱʝʩʪʚʦʤ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʟʥʘʯʠʪʝʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʅɼʄɻ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʦʙʨʘʟʫʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʧʨʦʜʫʢʪʦʚ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ 

ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ, ʚʦʜʦʡ ʠ ʜʨʫʛʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ, 

ʪʘʢʠʝ ʢʘʢ N-ʥʠʪʨʦʟʦʜʠʤʝʪʠʣʘʤʠʥ, ʪʝʪʨʘʤʝʪʠʣʪʝʪʨʘʟʝʥ ʠ 1-ʤʝʪʠʣ-1H-1,2,4-

ʪʨʠʘʟʦʣ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʤʠ ʠ ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʜʘʞʝ ʙʦʣʝʝ ʦʧʘʩʥʳʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʘʤʠʤ ʅɼʄɻ.  

ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʧʦʧʘʜʘʝʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠ ʧʘʜʝʥʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʩʪʫʧʝʥʝʡ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ, ʚ ʭʦʜʝ ʟʘʧʦʣʥʝʥʠʷ ʠ ʩʣʠʚʘ 

ʪʦʧʣʠʚʥʳʭ ʙʘʢʦʚ ʠ ʘʚʘʨʠʡʥʳʭ ʧʨʦʣʠʚʦʚ. ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʨʠʩʢʠ 

ʧʦʧʘʜʘʥʠʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʠ ʭʨʘʥʝʥʠʠ, ʧʝʨʝʤʝʱʝʥʠʠ ʪʦʧʣʠʚʘ ʠ 

ʦʪʤʳʚʢʝ ʨʝʟʝʨʚʫʘʨʦʚ. ʆʯʠʩʪʢʘ ʝʤʢʦʩʪʝʡ, ʚ ʢʦʪʦʨʳʭ ʭʨʘʥʠʣʩʷ ʅɼʄɻ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʤʥʦʛʦʢʨʘʪʥʦʡ ʠʭ ʧʨʦʤʳʚʢʠ ʚʦʜʦʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʣʠʢʚʠʜʘʮʠʝʡ ʩʤʳʚʦʚ ʧʫʪʝʤ ʧʦʣʥʦʛʦ ʩʞʠʛʘʥʠʷ. ʀʟ-ʟʘ ʮʠʢʣʠʯʥʦʩʪʠ ʨʘʙʦʪʳ 

ʜʦʞʠʛʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʪʭʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʅɼʄɻ, ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʜʣʠʪʝʣʴʥʦʤʫ ʭʨʘʥʝʥʠʶ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʞʥʘʷ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʘʷ ʤʥʦʞʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʝʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʠʤʝʪʠʣʛʠʜʨʘʟʠʥʘ.  

mailto:lex-miles@yandex.ru
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ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʣʘ ʩʤʝʩʴ, 

ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʣʛʦʛʦ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʭʨʘʥʝʥʠʷ 

ʧʨʦʤʳʚʥʳʭ ʚʦʜ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʅɼʄɻ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ 

ʦʙʨʘʟʮʘ, ʚʳʧʦʣʥʠʣʠ ʘʥʘʣʠʟ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɺʕɾʍ) ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ 

ʵʣʝʢʪʨʦʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʠʦʥʠʟʘʮʠʝʡ. ʅʘ ʤʘʩʩ-ʭʨʦʤʘʪʦʛʨʘʤʤʘʭ 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʩʝʨʠʠ ʧʠʢʦʚ ʩ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʩ ʩʠʛʥʘʣʘʤʠ 

ʠʦʥʦʚ [M+H]
+
 ʩ m/z ~154 ɼʘ ʠ m/z ~224 ɼʘ. ʉʦʝʜʠʥʝʥʠʷ ʩ ʫʢʘʟʘʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʮʝʣʦʯʠʩʣʝʥʥʦʡ ʤʘʩʩʳ ʨʘʥʝʝ ʥʝ ʫʧʦʤʠʥʘʶʪʩʷ ʩʨʝʜʠ ʧʨʦʜʫʢʪʦʚ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʅɼʄɻ. ʀʩʧʦʣʴʟʫʷ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʩʩ ʵʪʠʭ ʠʦʥʦʚ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 0.0003 ɼʘ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʩʭʦʜʥʘʷ ʩʤʝʩʴ ʩʦʜʝʨʞʠʪ ʪʨʠ ʠʟʦʤʝʨʘ ʩ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʦʡ C6H11N5 ʠ ʜʚʘ ʩ 

ʙʨʫʪʪʦ-ʬʦʨʤʫʣʦʡ C9H17N7. 

ʆʙʥʘʨʫʞʝʥʥʳʝ ʜʚʝ ʛʨʫʧʧʳ ʠʟʦʤʝʨʦʚ ʚʳʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʝʨʝʦʯʠʩʪʢʠ ʤʝʪʦʜʦʤ ʧʨʝʧʘʨʘʪʠʚʥʦʡ ɺʕɾʍ. ʉʪʨʫʢʪʫʨʳ 

ʠʟʦʤʝʨʦʚ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʪʘʥʜʝʤʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʩʝ ʚʦʟʤʦʞʥʳʝ N,N-

ʜʠʤʝʪʠʣʘʤʠʥʦʤʝʪʠʣʠʜʝʥʘʤʠʥʦʟʘʤʝʱʝʥʥʳʝ 1,2,4-ʪʨʠʘʟʦʣʳ (ʩ ʫʯʝʪʦʤ ʦʙʝʠʭ 

ʪʘʫʪʦʤʝʨʥʳʭ ʬʦʨʤ) ʩ ʦʜʥʠʤ ʠʣʠ ʜʚʫʤʷ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʫ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ ʩ ʤʝʪʠʣʦʤ ʫ ʘʪʦʤʘ ʘʟʦʪʘ. ʆʙʥʘʨʫʞʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʥʝ 

ʦʧʠʩʳʚʘʣʠʩʴ ʨʘʥʝʝ ʚ ʢʘʢʠʭ-ʣʠʙʦ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. 

ɹʳʣʠ ʦʮʝʥʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʠ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ, ʚʳʜʝʣʝʥʥʦʝ ʚ ʯʠʩʪʦʤ ʚʠʜʝ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʮʝʥʝʥʘ ʩʪʝʧʝʥʴ 

ʠʭ ʪʦʢʩʠʯʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʄʊʊ-ʪʝʩʪʘ ʚ ʦʪʥʦʰʝʥʠʠ ʢʣʝʪʦʢ HeLa. 

ʎʠʪʦʪʦʢʩʠʯʥʦʩʪʴ ʚʳʜʝʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʳʣʘ ʥʘʡʜʝʥʘ ʩʦʠʟʤʝʨʠʤʦʡ ʩ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʴʶ ʅɼʄɻ ʠʣʠ ʚʳʰʝ. 
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ʋɼʂ 543.544 

ʋʉʊɸʅʆɺʃɽʅʀɽ ʉʊʈʋʂʊʋʈʓ ʀ ʅɸʇʈɸɺʃɽʅʀʁ ʈɸʉʇɸɼɸ 

ʄɽʊɸʉʊɸɹʀʃʔʅʓʍ ʂʃɸʉʊɽʈʅʓʍ ʀʆʅʆɺ ɸʄʀʅʆʂʀʉʃʆʊ ʉ 

ʄɽɼʔʖ ʇʆʃʋʏɸɽʄʓʍ ʇʈʀ ʀʆʅʀɿɸʎʀʀ 

ʕʃɽʂʊʈʆʈɸʉʇʓʃɽʅʀɽʄ 

 

ʇʳʮʢʠʡ ʀ.ʉ., ʂʫʟʥʝʮʦʚʘ ɽ.ʉ., ɹʫʨʷʢ ɸ.ʂ. 

 
ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ ʭʨʦʤʘʪʦ-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʀʌʍʕ ʈɸʅ,  

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: ivanpic4586@gmail.com 

 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʣʘʩʪʝʨʦʦʙʨʘʟʦʚʘʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʣʴʬʘʪʘ ʤʝʜʠ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʦʙʨʘʟʫʝʪʩʷ ʰʠʨʦʢʠʡ ʨʷʜ 
ʩʤʝʰʘʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʤʝʜʴʶ. ɼʣʷ ʥʘʜʸʞʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ 
ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʪʝʨʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʠʭ ʨʘʩʧʘʜʘ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʳ ʪʘʥʜʝʤʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ. 

 
The cluster formation of amino acids in the presence of copper sulfate was 

studied. It was found that a wide range of mixed amino acid clusters with copper 
is formed. For a reliable establishment of the cluster structure and the 
investigation of the directions of their decay, the methods of tandem mass 
spectrometry were used. 

 
ʈʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʩʤʝʰʘʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʠʦʥʦʚ 

ʘʤʠʥʦʢʠʩʣʦʪ ʩ ʩʦʣʷʤʠ ʤʝʜʠ ʤʷʛʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʦʥʠʟʘʮʠʠ. ɺ ʨʘʙʦʪʘʭ 
ʘʚʪʦʨʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʘʤʠʥʦʢʠʩʣʦʪ ʩʧʦʩʦʙʥʳ 
ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʛʨʝʛʘʪʳ, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ d-ʤʝʪʘʣʣʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, 
ʪʘʢʠʝ ʢʣʘʩʪʝʨʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʝʡ ʩʝʨʝʙʨʘ [1-2]. ɺ 
ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʢʣʘʩʪʝʨʥʳʝ ʠʦʥʳ ʤʦʛʫʪ 
ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʠʦʥʠʟʘʮʠʠ 
ʵʣʝʢʪʨʦʨʘʩʧʳʣʝʥʠʝʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʦʥʠʟʘʮʠʠ ʘʤʠʥʦʢʠʩʣʦʪ (ʣʝʡʮʠʥʘ, 
ʘʣʘʥʠʥʘ, ʧʨʦʣʠʥʘ, ʪʠʨʦʟʠʥʘ, ʪʨʠʧʪʦʬʘʥʘ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦʣʝʡ ʤʝʜʠ 
ʦʙʨʘʟʫʶʪʩʷ ʢʣʘʩʪʝʨʥʳʝ ʘʩʩʦʮʠʘʪʳ ʤʘʩʩʦʡ ʜʦ 1500 ɼʘ. ʊʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ, 
ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʘʩʪʝʨʥʳʭ ʠʦʥʦʚ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ 
ʘʤʠʥʦʢʠʩʣʦʪʳ ʠ ʧʦʣʷʨʥʦʩʪʠ ʟʘʨʷʜʘ ʚ ʢʣʘʩʪʝʨʝ.  

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚʧʝʨʚʳʝ 
ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʪʘʥʜʝʤʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʬʠʣʴʪʨʘʮʠʝʡ ʠ 
ʧʨʠʥʫʜʠʪʝʣʴʥʳʤ ʨʘʩʧʘʜʦʤ ʚʳʙʨʘʥʥʦʛʦ ʢʣʘʩʪʝʨʘ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʳ 
ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʘʜʘ ʠ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ 
ʩʤʝʰʘʥʥʳʭ ʢʣʘʩʪʝʨʥʳʭ ʠʦʥʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʧʦʣʫʯʝʥʥʳʝ ʠʦʥʳ 
ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʙʠʣʴʥʳ ʚ ʫʩʣʦʚʠʷʭ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 
ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʢʣʘʩʪʨʥʳʭ 
ʦʙʨʘʟʦʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʥʦʩʪʨʫʢʪʫʨ. 
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ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʜʩʦʨʙʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʜʝʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʩʦʨʙʝʥʪʘ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʝʭʘʥʠʢʠ: ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ ʢʚʘʥʪʦʚʳʤʠ. ɹʳʣʠ 

ʠʟʫʯʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʨʝʤʝʥ 

ʫʜʝʨʞʠʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʛʘʟʦʚʦʡ ʠ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʜʩʦʨʙʮʠʠ ʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʦʨʙʝʥʪʘʭ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʨʝʤʝʥ 

ʫʜʝʨʞʠʚʘʥʠʷ ʠ ʧʦʨʷʜʢʘ ʵʣʶʠʨʦʚʘʥʠʷ ʠʟʦʤʝʨʦʚ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʪʥʝʩʝʥʠʷ ʧʠʢʦʚ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʤʘʭ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚ, ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʅʘʠʙʦʣʝʝ ʨʘʟʚʠʪ ʧʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʘʞʠ (ɻʊʉ) ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʠ ʫʩʣʦʚʠʡ ʛʘʟʦʚʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ (ʨʘʩʯʝʪ ʢʦʥʩʪʘʥʪʳ ʘʜʩʦʨʙʮʠʠ) 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩ ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ (ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʯʠʩʣʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ 

ʠʥʪʝʛʨʘʣʦʚ). ʅʝʜʘʚʥʦ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚʘʨʠʘʥʪ ʤʦʣʝʢʫʣʷʨʥʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦ ʥʝʞʝʩʪʢʠʭ ʤʦʣʝʢʫʣ [1]. ʇʨʠ 

ʵʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʄʝʪʨʦʧʦʣʠʩʘ.  

ʆʜʥʘʢʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʚʨʘʱʝʥʠʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʘʚʠʣʴʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʫʜʝʨʞʠʚʘʥʠʷ ʜʣʷ ʚʩʝʭ ʩʠʩʪʝʤ. ɼʣʷ ʤʦʣʝʢʫʣ ʩ ʧʦʣʷʨʥʳʤʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ (ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ) 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʧʨʝʜʩʢʘʟʘʥʥʳʤ ʠ ʥʘʙʣʶʜʘʝʤʳʤ 

ʫʜʝʨʞʠʚʘʥʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʠʩʪʝʤ, ʩʦʜʝʨʞʘʱʠʭ 

ʥʝʩʢʦʣʴʢʦ ʙʝʥʟʦʡʥʳʭ ʢʦʣʝʮ ʤʦʣʝʢʫʣʷʨʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ ʫʯʝʪʦʤ 

ʚʥʫʪʨʝʥʥʝʛʦ ʚʨʘʱʝʥʠʷ ʥʝ ʜʘʝʪ ʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʥʥʳʤʠ 

ʢʦʥʩʪʘʥʪʘʤʠ ɻʝʥʨʠ ʘʜʩʦʨʙʮʠʠ ʥʘ ɻʊʉ ʠ ʩʦʟʜʘʥʳ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ, 

ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʜʠʬʝʥʠʣʴʥʳʭ ʩʠʩʪʝʤ. ɼʣʷ ʧʨʦʠʟʚʦʜʥʳʭ ʜʠʬʝʥʠʣʘ ʠ ʪʘʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʢʘʢ ʧʦʣʠʬʝʥʠʣʘʣʢʘʥʳ ʚʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʚʘʪʴ 

ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ ʥʝʚʳʛʦʜʥʳʭ (ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ) ʢʦʥʬʦʨʤʘʮʠʡ, ʪʘʢ ʢʘʢ 
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ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʘʬʠʪʘ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʢʦʥʬʦʨʤʘʮʠʠ ʩ ʤʝʥʴʰʠʤ ʫʛʣʦʤ ʤʝʞʜʫ ʙʝʥʟʦʡʥʳʤʠ ʢʦʣʴʮʘʤʠ. ɹʳʣʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʦʮʝʥʢʠ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ ʠ ʢʚʘʥʪʦʚʳʝ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʩ ʫʯʝʪʦʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʚʨʘʱʝʥʠʷ ʠ ʤʝʪʦʜʘ AM1 ʜʣʷ ʦʮʝʥʢʠ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʦʨʙʘʪʘ ʧʦʚʟʦʣʷʝʪ 

ʚʝʩʴʤʘ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ ʜʣʷ ʧʦʣʠʭʣʦʨʙʠʬʝʥʠʣʦʚ 

(ʇʍɹ) ʠ ʧʦʣʠʤʝʪʠʣʙʠʬʝʥʠʣʦʚ ʥʘ ɻʊʉ. 

ʇʦʤʠʤʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʫʛʣʝʨʦʜʥʳʝ ʩʦʨʙʝʥʪʳ 

ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠ ʚ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʚʨʝʤʝʥ ʫʜʝʨʞʠʚʘʥʠʷ 

ʇʍɹ ʠ ʭʣʦʨʩʦʜʝʨʞʘʱʠʭ ʧʝʩʪʠʮʠʜʦʚ ʥʘ ʧʦʨʠʩʪʦʤ ʛʨʘʬʠʪʠʨʦʚʘʥʥʦʤ 

ʫʛʣʝʨʦʜʝ (ʇɻʋ).  

ɼʣʷ ʧʦʣʷʨʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʤʦʣʝʢʫʣʷʨʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ 

ʤʝʪʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʫʜʝʨʞʠʚʘʥʠʝ ʥʘ ʇɻʋ ʚ ʫʩʣʦʚʠʷʭ 

ʦʙʨʘʱʝʥʦ-ʬʘʟʦʚʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ. ʆʜʥʘʢʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʢʦʥʩʪʘʥʪʘ ɻʝʥʨʠ ʘʜʩʦʙʮʠʠ ʥʘ ʦʜʥʦʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʜʝʩʢʨʠʧʪʦʨʘ ï ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ 

ʤʦʣʝʢʫʣʫ. ʄʦʛʫʪ ʙʳʪʴ ʥʘʡʜʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ 

ʫʜʝʨʞʠʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠʩʭʦʜʷ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʤʦʣʝʢʫʣʷʨʥʳʭ ʜʝʩʢʨʠʧʪʦʨʦʚ), ʪʘʢʠʭ ʢʘʢ ʬʘʢʪʦʨ ʣʠʧʦʬʠʣʴʥʦʩʪʠ, 

ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʠ ʜʨʫʛʠʭ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʙʳʣ ʧʨʦʪʝʩʪʠʨʦʚʘʥ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʢʣʘʩʩʘʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʢʦʥʩʪʘʥʪʘ ɻʝʥʨʠ 

ʘʜʩʦʙʮʠʠ ʥʘ ʦʜʥʦʨʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʤʦʣʝʢʫʣʷʨʥʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʷʚʣʷʝʪʩʷ ʫʜʘʯʥʳʤ ʤʦʣʝʢʫʣʷʨʥʳʤ ʜʝʩʢʨʠʧʪʦʨʦʤ 

ʧʨʠ ʧʨʝʜʩʢʘʟʘʥʠʠ ʫʜʝʨʞʠʚʘʥʠʷ ʥʘ ʇɻʋ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
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ɺʳʧʦʣʥʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ, 

ʩʪʨʫʢʪʫʨʥʦīʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʨʦʰʢʦʚ çTiī2Bè. ʆʧʨʝʜʝʣʝʥ 

ʨʘʮʠʦʥʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʧʦʨʦʰʢʦʚ. 

 

Experimental investigations of phase content, structure, morphology and 

reactivity of composite ñTiī2Bò powders are performed. The convenient range 

of duration of synthesis of composite powders is defined. 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʉɺʉīʪʝʭʥʦʣʦʛʠʡ 

ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʷ ʧʦʨʦʰʢʦʚʳʭ ʩʤʝʩʝʡ. ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʚ 

ʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮʘʭīʘʢʪʠʚʘʪʦʨʘʭ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ 

ʭʠʤʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʩʤʝʩʝʡ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʣʦʱʘʜʠ 

ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʚʳʩʦʢʦʜʝʬʝʢʪʥʦʡ 

ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʭʘʥʦʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [1,2]. ʅʠʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʤʦʨʬʦʣʦʛʠʠ ʠ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʯʘʩʪʠʮ çTiī2Bè ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʚʨʝʤʝʥʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʨʦʰʢʠ ʪʠʪʘʥʘ ʤʘʨʢʠ ʇʊʉī1 ʠ 

ʘʤʦʨʬʥʦʛʦ ʙʦʨʘ ʤʘʨʢʠ ɹī99ɺ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʟʤʦʣʴʥʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʡ ʛʝʢʩʘʥ. ʆʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ 

ʧʣʘʥʝʪʘʨʥʦīʮʝʥʪʨʦʙʝʞʥʦʡ ʤʝʣʴʥʠʮʝ ʩ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ɸɻʆī2ʋ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʚʨʝʤʝʥʠ ʩʦʚʤʝʩʪʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠ ʤʦʨʬʦʣʦʛʠʶ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʨʦʰʢʦʚ ʉɺʉīʩʦʩʪʘʚʦʚ 

çTiī2Bè ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʢʠʥʝʪʠʢʠ ʧʨʝʚʨʘʱʝʥʠʡ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʨʦʰʢʦʚ çTiī2Bè ʚʳʧʦʣʥʝʥʳ ʤʝʪʦʜʘʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ (ɼʉʂ) ʠ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʊɻɸ).   

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʨʦʰʢʦʚ çTiī2Bè ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʩʦʚʤʝʩʪʥʦʡ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʝʞʥʳʡ ʢʦʥʪʘʢʪ ʠ 
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ʨʘʟʚʠʪʫʶ ʤʝʞʬʘʟʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ; ʩ ʜʨʫʛʦʡ ï 

ʦʙʨʘʙʦʪʢʘ ʥʝ ʜʦʣʞʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʤʝʪʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʠ 

ʙʦʨʠʜʦʚ ʪʠʪʘʥʘ ʠ ʧʨʠʤʝʩʥʳʭ ʬʘʟ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʦʙʣʘʩʪʠ  

ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ Dʦʢʨ, ʬʘʢʪʦʨʘ ɼʝʙʘʷīɺʘʣʣʝʨʘ Uiso, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʩʤʝʰʝʥʠʝ ʘʪʦʤʦʚ ʪʠʪʘʥʘ ʠʟ ʫʟʣʦʚ 

ʠʜʝʘʣʴʥʦʡ ʨʝʰʝʪʢʠ, ʦʩʨʝʜʥʝʥʥʦʝ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʠ ʧʦʩʪʦʷʥʥʳʭ ʨʝʰʝʪʢʠ 

ʪʠʪʘʥʘ ʠ ʧʨʠʤʝʩʥʳʭ ʬʘʟ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ Ta. 

 
ʊʘʙʣʠʮʘ 1 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʪʠʪʘʥʘ ʠ ʧʨʠʤʝʩʥʳʭ ʬʘʟ (ʚ ʩʢʦʙʢʘʭ 

ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ)  

ʊ, ʤʠʥ 
d ī ʪʠʪʘʥ X ï ʬʘʟʘ Y ï ʬʘʟʘ 

D ʦʢʨ, ʥʤ Uiso, Ȕ
2 ʘ, Ȕ ʩ, Ȕ ʘ, Ȕ ʘ, Ȕ 

0 112 (4) 0,004 (1) 2,950 (1) 4,683 (1) ï ï 

3 26 (4) 0,005 (1) 2,951 (1) 4,686 (1) ï ï 

5 23 (4) 0,008 (1) 2,950 (1) 4,685 (1) 3,159 (2) ï 

7 23 (3) 0,013 (2) 2,950 (1) 4,689 (2) ï ï 

9 18 (3) 0,019 (2) 2,949 (2) 4,689 (2) 3,164 (2) 4,282 (2) 

12 16 (3) 0,019 (2) 2,948 (3) 4,693 (2) ï ï 

15 15 (3) 0,032 (2) 2,950 (7)  4,699 (7) 3,162 (2) 4,284 (2) 

21 10 (3) 0,032 (2) 2,948 (12) 4,708 (11) 3,164 (2) 4,281 (2) 

 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʩʦʚʤʝʩʪʥʦʡ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ 

ʧʦʨʦʰʢʦʚ ʪʠʪʘʥʘ ʠ ʙʦʨʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʟʘʤʝʪʥʦʡ ʜʦʣʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʙʦʨʠʜʦʚ ʠ ʢʘʨʙʠʜʦʚ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ 

ʜʦ 21 ʤʠʥʫʪ.r ʆʜʥʘʢʦ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʘʢʪʠʚʘʮʠʠ ʦʪ 5 ʤʠʥʫʪ 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʢʫʙʠʯʝʩʢʠʭ ʬʘʟ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʢʦʪʦʨʳʭ 

ʟʘʪʨʫʜʥʝʥʘ ʠʟīʟʘ ʠʭ ʤʘʣʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. 

ɼʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʤʠʢʨʦʘʥʘʣʠʟʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʪʠʪʘʥʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠ, ʛʣʘʚʥʦʝ, ʦʙ ʠʥʪʝʥʩʠʚʥʦʤ 

ʚʥʝʜʨʝʥʠʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʙʦʨʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʘʩʪʠʯʥʳʝ ʯʘʩʪʠʮʳ ʪʠʪʘʥʘ (ʨʠʩ. 1). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʙʦʨʘ ʚ ʦʙʲʝʤʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ 

ʪʠʪʘʥʘ ʧʨʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʚ ʜʠʘʧʘʟʦʥʝ 9é15 ʤʠʥʫʪ ʙʣʠʟʢʦ ʢ 

ʦʜʥʦʨʦʜʥʦʤʫ, ʭʦʪʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʘʥʠʟʦʤʝʪʨʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʯʘʩʪʠʮ ʥʝʩʢʦʣʴʢʦ ʧʝʨʝʦʙʦʛʘʱʝʥ ʙʦʨʦʤ.  

ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʧʦʨʦʰʢʠ çTiī2Bè ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʠʚʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʢʠʩʣʝʥʠʶ. ɼʣʷ 

ʟʘʱʠʪʳ ʦʪ ʦʢʠʩʣʝʥʠʷ ʥʘ ʧʦʨʦʰʢʠ ʚʳʩʘʞʠʚʘʣʠʩʴ ʧʦʢʨʳʪʠʷ ʠʟ ʨʘʩʪʚʦʨʘ 

ʬʪʦʨʧʦʣʠʤʝʨʘ ʌī42 ʚ ʘʮʝʪʦʥʝ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʊɻɸī ʠ 

ɼʉʂīʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʠʪʘʥʘ ʠ ʙʦʨʘ ʩ 

ʩʦʜʝʨʞʘʱʠʤʩʷ ʚ ʧʦʢʨʳʪʠʠ ʬʪʦʨʦʤ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʜʦ 

ʢʦʪʦʨʳʭ ʦʢʠʩʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʩʫʱʝʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ 

ʧʦʢʨʳʪʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ, ʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʘ, 
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ʪʝʪʨʘʬʪʦʨʤʝʪʘʥʘ, ʬʪʦʨʠʜʦʚ ʙʦʨʘ ʠ ʪʠʪʘʥʘīʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʳʩʦʢʦʡ. ɺ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 400é500 ʉ ʦʢʠʩʣʝʥʠʝ ʠ 

ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʧʦʢʨʳʪʠʝʤ ʧʨʦʪʝʢʘʶʪ ʧʘʨʘʣʣʝʣʴʥʦ, 

ʧʨʠʯʝʤ ʦʙʱʝʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʠʩʣʦʨʦʜʦʤ. 

 

   
   (a) 

  
   (ʙ) 

              ʚ ʠʟʣʫʯʝʥʠʠ ʪʠʪʘʥʘ                    
 

ʚ ʠʟʣʫʯʝʥʠʠ ʙʦʨʘ 
ʈʠʩ. 1ī ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʨʦʙ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ (ʘ) ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʦʨʦʰʢʘ (ʙ). ɺʨʝʤʷ 

ʩʠʥʪʝʟʘī 5 ʤʠʥ  

 

  
                               (ʘ)                                      (ʙ) 

ʈʠʩ. 2 ī  ɼʉʂīʢʨʠʚʳʝ (ʘ) ʠ ʊɻɸīʢʨʠʚʳʝ (ʙ) ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʧʦʨʦʰʢʘ çTiī2Bè ʩ 

ʟʘʱʠʪʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠʟ ʬʪʦʨʧʦʣʠʤʝʨʘ ʌī42ɺ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 21īʤʠʥʫʪʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʚ ʩʨʝʜʝ ʛʝʢʩʘʥʘ  

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʦʩʥʦʚʳʚʘʶʪ ʨʘʮʠʦʥʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ 

ʚʨʝʤʝʥ ʩʠʥʪʝʟʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʨʦʰʢʦʚ çTiī2Bèī 12é15 ʤʠʥʫʪ.  
 

ʃʠʪʝʨʘʪʫʨʘ 
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ʉʀʃʆʂʉɸʅʆɺʆʁ ʉɺʗɿʀ ɺ ʉʀʃʀʂɸʊɸʍ 
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1
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1
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1,2
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 ʀʆʅʍ ʈɸʅ,119991, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31 

 

ʇʨʦʚʝʜʝʥʦ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʨʳʚʘ 

ʩʠʣʦʢʩʘʥʦʚʦʡ ʩʚʷʟʠ ſSi-O-Siſ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʜʩʦʨʙʘʪʦʚ: OH
-
, NaOH, Cl

-
, 

NaCl, H
+
, H3O

+
 ʠ H2O. ɺ ʨʘʤʢʘʭ ʤʝʪʦʜʘ wB97X-D3/def2-TZVP ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʘʜʩʦʨʙʮʠʦʥʥʦʝ ʧʦʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʠʣʦʢʩʘʥʦʚʦʡ ʩʚʷʟʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ ʘʜʩʦʨʙʘʪʦʚ.  

 

Quantum-chemical simulation of the siloxane bond rupture in the 

presence of OH
-
, NaOH, Cl

-
, NaCl, H

+
, H3O

+
 and H2O was conducted. Within 

the wB97X-D3/def2-TZVP method it is shown that the adsorption induced 

strength reduction of the siloxane bond increases with nucleophilicity of the 

adsorbates. 

 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʩʠʣʠʢʘʪʦʚ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʚʦʜʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ ʯʘʩʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ. ʇʨʠʯʠʥʦʡ 

ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʠʣʦʢʩʘʥʦʚʘʷ ʩʚʷʟʴ ſSi-O-Siſ ʠʤʝʝʪ ʭʠʤʠʯʝʩʢʦʝ 

ʩʨʦʜʩʪʚʦ ʢ ʚʦʜʝ ʠ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʘʤ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʨʠ ʥʝʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʦʜʦʡ ʢʨʘʡʥʝ ʤʝʜʣʝʥʥʘʷ. 

ʆʜʥʘʢʦ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪ ʨʝʘʢʮʠʶ 

ʛʠʜʨʦʣʠʟʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʳʚʫ ʩʚʷʟʠ [1,2]. 

 ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʩʠʣʠʢʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʘʚʪʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ: 

 

ſSi-O-Siſ + OH
-
 Ÿ ſSiOH + ſSiO

-
  

    ʜʝʬʦʨʤʠʨʦʚʘʥʥʘʷ  

ſSiO
-
 + H2O Ÿ ſSiOH + OH

-
  

 

ʉʢʦʨʦʩʪʴ ʧʝʨʚʦʡ ʨʝʘʢʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʩʠʣʦʢʩʘʥʦʚʦʡ 

ʩʚʷʟʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʢʦʨʦʩʪʴ ʚʪʦʨʦʡ ʧʦʯʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʝʸ. ʀʤʝʶʱʠʝʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʵʪʦʛʦ ʧʫʪʠ 

ʨʝʘʢʮʠʠ [1]. ʅʝʩʤʦʪʨʷ ʥʘ ʠʤʝʶʱʠʝʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʝʪ ʧʦʣʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʨʘʟʨʫʰʝʥʠʷ ʩʠʣʠʢʘʪʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʘʜʩʦʨʙʘʪʦʚ. ɿʜʝʩʴ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʦʧʨʝʜʝʣʠʪʴ, 
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ʢʘʢ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʩʚʦʡʩʪʚʘ OH
-
 ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʘʜʩʦʨʙʘʪʦʚ 

ʚʣʠʷʶʪ ʥʘ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʦʢʩʘʥʦʚʦʡ ʩʚʷʟʠ ʠ ɸʇʇ 

ʩʠʣʠʢʘʪʦʚ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʤʳ ʧʨʠʤʝʥʠʣʠ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢʘʢ 

ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʫʜʦʙʥʳʭ ʩʧʦʩʦʙʦʚ ʠʟʫʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ.   

ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ ʚʳʯʠʩʣʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʧʨʦʛʨʘʤʤʝ 

ORCA 4.0 [3] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

wB97X-D3 ʩ ʫʩʢʦʨʷʶʱʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ RIJCOSX ʠ ʙʘʟʠʩʥʦʛʦ ʥʘʙʦʨʘ 

def2-TZVP ʩ ʫʩʢʦʨʷʶʱʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ def2/J. 

ʉʠʣʦʢʩʘʥʦʚʘʷ ʩʚʷʟʴ ʤʦʜʝʣʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʦʩʪʦʛʦ ʢʣʘʩʪʝʨʘ H3Si-O-SiH3, ʘ ɸʇʇ - ʧʫʪʸʤ ʜʦʙʘʚʣʝʥʠʷ ʘʜʩʦʨʙʘʪʘ OH
-
, 

NaOH, Cl
-
, NaCl, H

+
, H3O

+
 ʠʣʠ H2O ʢ ʩʠʩʪʝʤʝ. ʇʨʦʬʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʜʣʷ ʩʠʩʪʝʤ ñH3Si-O-SiH3 + ʘʜʩʦʨʙʘʪò ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʸʤ 

ʧʦʰʘʛʦʚʦʛʦ ʫʜʣʠʥʝʥʠʷ ʩʠʣʦʢʩʘʥʦʚʦʛʦ ʤʦʩʪʠʢʘ R(Si...Si) ʠ ʧʦʟʚʦʣʠʣʠ 

ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʠ ʨʘʙʦʪʳ ʨʘʟʨʳʚʘ ʩʠʣʦʢʩʘʥʦʚʦʡ ʩʚʷʟʠ. 

ʇʫʪʸʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʨʦʬʠʣʝʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩʠʣʦʚʳʝ ʢʨʠʚʳʝ, ʧʦʟʚʦʣʠʚʰʠʝ ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ʠʟʤʝʥʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʠʣʦʢʩʘʥʦʚʦʡ ʩʚʷʟʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʜʩʦʨʙʘʪʦʚ. 

ɺ ʊʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʜʩʦʨʙʮʠʠ 

( Eads), ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ (Ea), ʨʘʙʦʪʳ ʨʘʟʨʳʚʘ (Wrupture), ʫʜʣʠʥʝʥʠʝ 

ʩʠʣʦʢʩʘʥʦʚʦʛʦ ʤʦʩʪʠʢʘ ʧʨʠ ʨʘʟʨʳʚʝ (RFmax) ʠ ʙʨʫʪʪʦ-ʬʦʨʤʫʣʳ ʧʨʦʜʫʢʪʦʚ 

ʨʝʘʢʮʠʠ. ʈʘʩʯʸʪʥʘʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʚ ʦʪʩʫʪʩʪʚʠʝ ʘʜʩʦʨʙʘʪʘ ʩʦʩʪʘʚʠʣʘ ╔ 

540 ʢɼʞ/ʤʦʣʴ, ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʦʧʳʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʩʠʣʠʢʘʪʥʦʛʦ 

ʩʪʝʢʣʘ,  ╔ 418 ʢɼʞ/ʤʦʣʴ. ʊʘʢʞʝ, ʩʦʛʣʘʩʥʦ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ, ʧʨʠʩʫʪʩʪʚʠʝ 

ʧʘʨʦʚ ʚʦʜʳ ʫʤʝʥʴʰʘʝʪ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ʨʘʟʨʳʚʘ ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʜʦ ╔ 

92 ʢɼʞ/ʤʦʣʴ [1]. ʆʯʝʚʠʜʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʵʥʝʨʛʠʠ 

ʘʢʪʠʚʘʮʠʠ Ea ʨʘʟʨʳʚʘ ʩʠʣʦʢʩʘʥʦʚʦʡ ʩʚʷʟʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʘʜʩʦʨʙʘʪʦʚ ʢ ʥʫʢʣʝʦʬʠʣʴʥʳʤ: ʙʝʟ ʘʜʩʦʨʙʘʪʘ  

(540 ʢɼʞ/ʤʦʣʴ) > H
+
 (277 ʢɼʞ/ʤʦʣʴ) > H2O (211 ʢɼʞ/ʤʦʣʴ) > Cl

-
 (194 

ʢɼʞ/ʤʦʣʴ) Ó H3O
+
 (191 ʢɼʞ/ʤʦʣʴ) > NaCl (139 ʢɼʞ/ʤʦʣʴ) > OH

-
 (113 

ʢɼʞ/ʤʦʣʴ) > NaOH (82 ʢɼʞ/ʤʦʣʴ). ʇʨʠʥʠʤʘʷ Ea ʟʘ ʢʨʠʪʝʨʠʡ ɸʇʇ, ʤʦʞʥʦ 

ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʫʢʣʝʦʬʠʣʴʥʳʝ ʘʜʩʦʨʙʘʪʳ ʚʳʟʳʚʘʶʪ ʥʘʠʙʦʣʴʰʝʝ 

ʧʦʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʩʠʣʦʢʩʘʥʦʚʦʡ ʩʚʷʟʠ, ʘ ʵʣʝʢʪʨʦʬʠʣʴʥʳʝ ï 

ʥʘʠʤʝʥʴʰʝʝ. ʈʘʩʯʸʪʥʳʝ ʪʝʧʣʦʪʳ ʘʜʩʦʨʙʮʠʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʝ ʧʦʥʠʞʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʚʳʟʳʚʘʶʪ ʪʝ ʥʫʢʣʝʦʬʠʣʴʥʳʝ ʯʘʩʪʠʮʳ, 

ʢʦʪʦʨʳʝ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʩ ʥʘʠʙʦʣʴʰʠʤ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. 

ʋʤʝʥʴʰʝʥʠʝ RFmax ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʵʣʝʢʪʨʦʬʠʣʴʥʳʭ ʘʜʩʦʨʙʘʪʦʚ ʢ 

ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʫʢʘʟʳʚʘʝʪ ʥʘ  ʨʦʩʪ çʦʭʨʫʧʯʠʚʘʥʠʷè ʠ ʧʦʥʠʞʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩʠʣʦʢʩʘʥʦʚʦʡ 

ʩʚʷʟʠ (ʈʠʩ. 1).  
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ʊʘʙʣʠʮʘ 1. ʈʘʩʯʸʪʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʩʠʣʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʳʚʘ ʩʠʣʦʢʩʘʥʦʚʦʡ 

ʩʚʷʟʠ. 

ʄʦʜʝʣʴʥʘʷ 

ʩʠʩʪʝʤʘ 
Eads, 

ʢɼʞ/ʤʦʣʴ 
Ea, 

ʢɼʞ/ʤʦʣʴ 
Wrupture ,  
ʢɼʞ/ʤʦʣʴ 

RFmax, ¡ ʇʨʦʜʫʢʪʳ ʨʘʟʨʳʚʘ 

ʩʠʣʦʢʩʘʥʦʚʦʡ ʩʚʷʟʠ 

OSi2H6 - 540 540 4.13 ĀSiH3 + ĀOSiH3 

OSi2H6...OH- -282 113 113 3.84 SiH3OH + OSiH3
- 

OSi2H6...NaOH -129 82 82 3.68 SiH3OH + SiH3ONa 

OSi2H6...Cl- -90 194 194 3.76 SiH3Cl + OSiH3
- 

OSi2H6...NaCl -42 139 139 3.75 SiH3Cl + SiH3ONa 
OSi2H6...H2O -12 211 28 3.94 SiH3OH + SiH3OH 

OSi2H6...H+ -787 277 277 4.17 SiH3OH + SiH3
+ 

OSi2H6...H3O+ -159 191 127 4.09 SiH3OH + H2O-SiH3
+ 

 

 
ʈʠʩ. 1. ʕʬʬʝʢʪ ʘʜʩʦʨʙʮʠʠ ʥʘ ʩʠʣʦʚʳʭ ʢʨʠʚʳʭ ʨʘʟʨʳʚʘ ʩʠʣʦʢʩʘʥʦʚʦʡ ʩʚʷʟʠ. 

 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ɸʇʇ ʩʠʣʠʢʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʨʦʣʴ OH
-
 ʚ ʵʪʦʤ ʷʚʣʝʥʠʠ. ɸʇʇ 

ʩʠʣʠʢʘʪʦʚ ʫʩʠʣʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ ʘʜʩʦʨʙʘʪʦʚ. OH
-
 

ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʳʤ ʥʫʢʣʝʦʬʠʣʴʥʳʤ ʘʜʩʦʨʙʘʪʦʤ ʠ ʦʙʨʘʟʫʝʪ ʧʨʦʯʥʫʶ ʩʚʷʟʴ ʩ 

ʘʪʦʤʘʤʠ ʢʨʝʤʥʠʷ, ʘ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʙʦʣʴʰʝʝ ʧʦʥʠʞʝʥʠʝ ʵʥʝʨʛʠʠ 

ʘʢʪʠʚʘʮʠʠ ʠ ʨʘʙʦʪʳ ʨʘʟʨʳʚʘ ʩʠʣʦʢʩʘʥʦʚʦʡ ʩʚʷʟʠ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʧʨʦʯʥʦʩʪʴ ʩʠʣʠʢʘʪʦʚ. 
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ʋɼʂ 544 
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ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʛʘʣʦʛʝʥʠʜ-ʠʦʥʳ ʥʘ ʫʨʦʚʥʝ 10
-13

 ʛ ʤʝʪʦʜʦʤ 

ʇɸʃɼʀ-ʤʘʩʩ-ʩʤʝʢʪʨʦʤʝʪʨʠʠ ʧʨʠ ʩʧʝʢʪʨʝ, ʩʦʩʪʦʷʱʝʤ ʪʦʣʴʢʦ ʠʟ ʵʪʠʭ 

ʘʥʠʦʥʦʚ. ɸʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʠʟʚʝʩʪʥʳ. 

 

Halogens ions were determined at the level of 10-13 g by the PALDI MS 

method, and was received spectrum consisting only of these anions. Similar data 

in the literature are unknown. 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʘʥʠʦʥʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʦʥʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʝʡ. ʇʨʝʜʝʣʳ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 10
-11

 ï nʭ10
-11

 ʛ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʥʠʦʥʘ ʠ 

ʧʨʠʙʦʨʘ) ʠ ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʘʥʠʦʥʦʚ F
-
, Cl

-
, Br

-
, SO4

2-
 ʩʦʩʪʘʚʣʷʝʪ 10 ï 20 

ʤʠʥʫʪ (ʠ ʙʦʣʝʝ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʦʥʢʠ, ʨʝʞʠʤʘ ʵʣʶʠʨʦʚʘʥʠʷ 

(ʠʟʦʢʨʘʪʠʯʝʩʢʠʡ ʠʣʠ ʛʨʘʜʠʝʥʪʥʳʡ) ʠ ʩʦʩʪʘʚʘ ʵʣʶʝʥʪʘ. ɺʨʝʤʷ ʘʥʘʣʠʟʘ 

ʘʙʩʦʨʙʘʪʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ ʘʥʠʦʥʦʚ ʚ ʚʳʙʨʘʥʥʳʭ ʥʘʤʠ ʠʟʦʢʨʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 7 ʤʠʥʫʪ. ɸʢʪʫʘʣʴʥʳʤ ʷʚʣʷʣʦʩʴ ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ 

ʘʥʘʣʠʟʘ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʛʘʣʦʛʝʥʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʨʦʙʘʭ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʘʥʠʦʥʦʚ F
-
, Cl

-
, Br

-
 ʢʘʢ ʛʘʣʦʛʝʥʠʜʦʚ ʩʝʨʝʙʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʇɸʃɼʀ, ʥʘ ʫʨʦʚʥʝ ʩʣʝʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʘʥʘʣʠʪʘ (10
-13

 ï 10
-12

 ʛ ʠ ʥʠʞʝ) ʚ ʧʨʦʙʝ 1 ʤʢʣ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʨʝʰʝʥʠʝ ʪʘʢʦʡ 

ʟʘʜʘʯʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ. 

ɼʣʷ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠʦʥʦʚ ʛʘʣʦʛʝʥʠʜʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʨʠʮ ʤʝʪʦʜʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʢʦʥʚʝʨʩʠʠ, ʩʫʩʧʝʥʟʠʶ AgCl, ʧʦʣʫʯʝʥʥʫʶ ʚʥʝʤʠʰʝʥʠ, ʥʘʥʦʩʠʣʠ ʥʘ 

ʤʠʰʝʥʴ. ɹʳʣʠ ʠʟʫʯʝʥʳ ʤʠʰʝʥʠ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʟʦʣʦʪʘ, ʧʦʢʨʳʪʳʝ 

ʩʢʦʪʯʝʤ ʠ ʘʥʢʦʨ-ʯʠʧ. ʀʟʫʯʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ï 10
-12

 ï 10
-10

 ʛ. 

ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʩ ʜʚʫʤʷ ʧʦʩʣʝʜʥʠʤʠ ʤʠʰʝʥʷʤʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʚʳʩʦʢʫʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ, ʧʦʣʫʯʝʥʥʳʝ ʩʠʛʥʘʣʳ 

ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʢʨʠʥʠʥʛ ʧʨʦʙ ʜʘʞʝ ʜʣʷ ʢʦʣʠʯʝʩʪʚ 10
-12

. 

ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʤʘʩʩ-ʩʧʝʢʪʨʳ ʩʦʜʝʨʞʘʣʠ ʧʠʢʠ ʪʨʝʭ ʠʥʪʝʥʩʠʚʥʳʭ 
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ʠʦʥʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ AgCl2
-
, Ag2Cl3

-
 ʠ Ag3Cl4

-
 ʠ ʙʳʣʠ ʩʚʦʙʦʜʥʳ ʦʪ 

ʜʨʫʛʠʭ ʠʦʥʦʚ. 

ʀʟ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʩ 

ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʦʪ 10
-11
ʜʦ 

10
-13

 ʛ Cl
-
, ʙʣʘʛʦʜʘʨʷ ʨʝʛʠʩʪʨʘʮʠʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʚ, ʩʦʩʪʦʷʱʠʭ ʪʦʣʴʢʦ ʠʟ 

ʧʠʢʦʚ ʠʦʥʦʚ,ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ AgCl2
-
, Ag2Cl3

-
 ʠ Ag3Cl4

-
. ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʠʟʚʝʩʪʥʳ. 
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ʋɼʂ 544 

ʆʇʈɽɼɽʃɽʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ɾʀɼʂʀʍ ʀ ʂʈʀʉʊɸʃʃʀʏɽʉʂʀʍ 

ʂɸʇɽʃʔ ɺʆɼʓ ʀ ɺʆɼʅʓʍ ʈɸʉʊɺʆʈʆɺ ʈɸɿʃʀʏʅʓʍ ʉʆʃɽʁ 

ʇʈʀ ʅʀɿʂʀʍ ʆʊʈʀʎɸʊɽʃʔʅʓʍ ʊɽʄʇɽʈɸʊʋʈɸʍ 

 

ʏʫʣʢʦʚʘ ɽ.ɺ. 

 
ʃʘʙʦʨʘʪʦʨʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʠʣ ʀʌʍʕ ʈɸʅ, 

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: chulkova_liza@mail.ru 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ 

ʩʤʘʯʠʚʘʥʠʷ ʩʠʜʷʱʠʭ ʢʘʧʝʣʴ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʞʠʜʢʠʭ ʠ 

ʪʚʸʨʜʳʭ ʢʘʧʝʣʴ, ʫʛʣʳ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʴʶ, ʨʘʙʦʪʘ ʘʜʛʝʟʠʠ 

ʢʘʧʝʣʴ ʚʦʜʥʦʡ ʬʘʟʳ ʢ ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʥʪʘʢʪʥʳʡ 

ʜʠʘʤʝʪʨ ʠ ʦʙʲʸʤ ʢʘʧʣʠ ʧʨʠ ʥʠʟʢʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʀʟʫʯʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ ʦʪʥʦʰʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʢ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʧʝʨʝʦʭʣʘʞʜʸʥʥʳʭ ʢʘʧʝʣʴ ʚʦʜʥʦʡ 

ʬʘʟʳ ʠ 0.5ʄ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʣʝʡ NaCl, LiCl  ʠ CsCl. ʊʘʢʞʝ ʧʦʣʫʯʝʥʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʢ 

ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʘʧʝʣʴ ʚʦʜʳ ʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ NaCl.  

 

This study presents the new method of measuring of the wetting 

parameters of sessile drops, such as surface energy of liquid and solid drops, 

contact angles, the work of adhesion of liquid phase to superhydrophobic 

coatings, contact diameter and volume of the drop at low negative temperatures. 

We have investigated the temperature dependences of ratio of surface energy to 

density of supercooled droplets of water and 0.5M salt solutions of NaCl, LiCl, 

CsCl. We also introduce the temperature dependences of ratio of surface energy 

to density of crystalline water and brine droplets. The research was made using 

the superhydrophobic coatings on the aluminum alloy AMg2 in the temperature 

interval from +20 to -19Üʉ. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʠ 

ʧʦʣʫʯʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʥʘʪʷʞʝʥʠʶ 

ʨʘʟʣʠʯʥʳʭ ʞʠʜʢʦʩʪʝʡ. ɺ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʠʟʤʝʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ, ʚ ʪʘʢʠʭ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʤʝʪʦʜ ʢʘʧʠʣʣʷʨʥʦʛʦ ʧʦʜʥʷʪʠʷ, 

ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʡ ʠ ʩʣʦʞʥʦʡ ʧʦʜʛʦʪʦʚʢʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʡ ʦʙʲʸʤ ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʩʥʠʞʘʶʱʠʭ ʪʦʯʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ. ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʤʝʪʦʜ 

ʠʟʤʝʨʝʥʠʷ ʩʚʦʡʩʪʚ ʧʝʨʝʦʭʣʘʞʜʸʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʥʦʡ ʬʘʟʦʡ, ʢʦʥʪʘʢʪʥʳʡ ʜʠʘʤʝʪʨ, ʨʘʙʦʪʫ 
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ʘʜʛʝʟʠʠ, ʘ ʪʘʢʞʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʵʥʝʨʛʠʠ ʢʘʧʝʣʴ ʚ ʞʠʜʢʦʤ ʠ ʪʚʸʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʞʠʜʢʠʭ ʠ ʪʚʝʨʜʳʭ ʢʘʧʝʣʴ 

ʚʦʜʥʦʡ ʬʘʟʳ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʮʠʬʨʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʦʧʪʠʯʝʩʢʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʧʣʠ, ʩʠʜʷʱʝʡ ʥʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʩʠʜʷʱʝʡ ʢʘʧʣʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʢʘʧʣʠ ʠ ʚʝʣʠʯʠʥʳ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʥʘʠʣʫʯʰʘʷ ʪʦʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʢ 180Á. 

ʇʦʵʪʦʤʫ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ 

ʚʦʜʥʳʭ ʩʨʝʜ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʳʝ ʧʦʜʣʦʞʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʫʛʣʳ ʩʤʘʯʠʚʘʥʠʷ ʚʦʜʦʡ ʧʨʝʚʳʰʘʣʠ 160Á. ɹʣʘʛʦʜʘʨʷ ʦʩʦʙʳʤ ʩʚʦʡʩʪʚʘʤ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʘʷ ʟʘʜʝʨʞʢʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʞʠʜʢʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʧʨʠ ʥʠʟʢʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʢʨʳʪʠʷʭ, ʥʘʥʝʩʝʥʥʳʭ ʥʘ ʘʣʶʤʠʥʠʝʚʳʡ 

ʩʧʣʘʚ ɸʄʛ2 ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ +25õ-19Áʉ. ʆʙʨʘʟʝʮ ʧʦʤʝʱʘʣʩʷ ʚ 

ʧʦʨʪʘʪʠʚʥʫʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʛʣʘ 

ʩʤʘʯʠʚʘʥʠʷ ʦʙʨʘʟʮʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʞʠʜʢʦʩʪʠ. ʆʥʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʷʯʝʡʢʫ, ʚ ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʝʪʩʷ 

ʦʙʨʘʟʝʮ ʩ ʢʘʧʣʝʡ, ʠ ʦʧʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʨʦʚʦʜʠʪʴ 

ʚʠʜʝʦʩʲʝʤʢʫ ʢʘʧʣʠ ʚʦ ʚʨʝʤʝʥʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʷʯʝʡʢʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʚʣʦʞʝʥʥʳʭ ʢʶʚʝʪ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʙʣʶʜʘʪʴ ʩʠʜʷʱʫʶ ʢʘʧʣʶ ʚ ʫʩʣʦʚʠʷʭ 100% ʚʣʘʞʥʦʩʪʠ 

ʘʪʤʦʩʬʝʨʳ. ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʘʧʣʠ, ʚʢʣʶʯʘʷ ʠ ʝʝ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ, ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʩʦʭʨʘʥʝʥʠʶ ʦʩʝʚʦʡ 

ʩʠʤʤʝʪʨʠʠ ʢʘʧʣʠ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʦʵʪʦʤʫ ʤʳ ʦʧʨʝʜʝʣʷʣʠ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ ʪʦʣʴʢʦ ʪʝʭ ʪʚʸʨʜʳʭ ʢʘʧʝʣʴ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʭʨʘʥʷʣʠ ʦʩʝʚʫʶ ʩʠʤʤʝʪʨʠʶ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʞʠʜʢʠʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʘʧʝʣʴ ʚʦʜʥʦʛʦ 0,5 

ʤʦʣʷʨʥʦʛʦ ʨʘʩʪʚʦʨʘ NaCl, ʘ ʪʘʢʞʝ ʦʪʥʦʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʢ 

ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʞʠʜʢʠʭ ʢʘʧʝʣʴ ʚʦʜʥʳʭ 0,5 ʤʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ LiCl  ʠ CsCl 

ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 20Üʉ ʜʦ ʤʠʥʫʩ 19Üʉ. ʊʘʢʞʝ ʤʳ ʚʧʝʨʚʳʝ 

ʧʨʝʜʩʪʘʚʣʷʝʤ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʜʛʝʟʠʠ ʚʦʜʳ ʠ ʭʘʨʘʢʪʝʨʘ 

ʩʤʘʯʠʚʘʥʠʷ ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʘʣʶʤʠʥʠʝʚʦʤ ʩʧʣʘʚʝ ʢʘʧʣʷʤʠ 

ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʡ ʚʦʜʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɹʦʣʝʝ ʪʦʛʦ, ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʫʥʠʢʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʢ ʧʣʦʪʥʦʩʪʠ ʚ ʭʦʜʝ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʣʷ ʢʘʧʝʣʴ ʚʦʜʥʦʡ ʬʘʟʳ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʢ ʧʣʦʪʥʦʩʪʠ ʜʣʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʘʧʝʣʴ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ.  
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ʀʩʩʣʝʜʦʚʘʥʘ ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ɓ- ʠ bk-

ʧʨʦʮʝʩʩʦʚ ʨʝʣʘʢʩʘʮʠʠ ʚ ʦʙʨʘʟʮʘʭ ʧʦʣʠʵʪʠʣʝʥʘ ʨʘʟʣʠʯʥʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʳ. 

 

Relaxation micro-homogeneity of ɓ- and bk- relaxation processes in 

polyethylene samples of different molecular weight was investigated. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʧʝʢʪʨʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʇʕ ʨʘʟʥʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ʄʄ), ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ -150 

ʉ̄ ʜʦ +150 ʉ̄ ʤʝʪʦʜʦʤ ʩʚʦʙʦʜʥʦʟʘʪʫʭʘʶʱʠʭ ʢʨʫʪʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘ ʩʧʝʢʪʨʘʭ ʘʤʦʨʬʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʇʕ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʠʢʘ ʧʦʪʝʨʴ. ʕʪʦ ɓ-ʧʦʪʝʨʠ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ -150 ȏ ʉ ʜʦ -100 ȏ ʉ ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʥʝʰʥʝʛʦ ʜʝʬʦʨʤʠʨʫʶʱʝʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ 10

0
 õ 10

2
 ɻʮ. ʉʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʠʢ ʧʦʪʝʨʴ ʚ ʠʥʪʝʨʚʘʣʝ -

50 ȏ ʉ õ 0 ȏ ʉ. ʕʪʦ Ŭ-ʧʨʦʮʝʩʩ ʨʝʣʘʢʩʘʮʠʠ, ʩʚʷʟʘʥʥʳʡ ʩ ʩʝʛʤʝʥʪʘʣʴʥʦʡ 

ʧʦʜʚʠʞʥʦʩʪʴʶ ʮʝʧʝʡ ʇʕ ʘʤʦʨʬʥʦʡ ʬʘʟʳ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʠʢ 

ʧʦʪʝʨʴ ʚ ʠʥʪʝʨʚʘʣʝ +50 ȏ ʉ õ +100 ȏ ʉ. ʕʪʦ ɓk-ʧʨʦʮʝʩʩ. 

ʀʩʭʦʜʷ ʠʟ ʛʠʧʦʪʝʟʳ, ʯʪʦ ʧʣʦʱʘʜʴ ʧʠʢʘ ʧʦʪʝʨʴ ʤʦʞʝʪ ʢʘʯʝʩʪʚʝʥʥʦ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʩʧʝʢʪʨ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʜʘʥʥʦʤ ʜʠʩʩʠʧʘʪʠʚʥʦʤ ʧʨʦʮʝʩʩʝ, ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʣʦʱʘʜʝʡ ʧʦʜ ʧʠʢʘʤʠ ɓ- ʠ bk-ʧʦʪʝʨʴ ʩ ʮʝʣʴʶ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ çʰʠʨʠʥʘ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʧʝʢʪʨʘ ʚʨʝʤʝʥ 

ʨʝʣʘʢʩʘʮʠʠ ï ʄʄ ʧʦʣʠʵʪʠʣʝʥʘè. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʣʦʱʘʜʝʡ ʧʠʢʦʚ ɓk-ʧʦʪʝʨʴ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʧʦʣʠʵʪʠʣʝʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʠʩʣʘ ʢʦʥʮʦʚ ʤʦʣʝʢʫʣ ʚ ʝʜʠʥʠʯʥʦʤ ʦʙʲʝʤʝ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʝʣʘʢʩʘʮʠʦʥʥʘʷ ʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦʜʚʠʞʥʦʩʪʠ ʉʅ2-

ʛʨʫʧʧ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ ʧʦʣʠʵʪʠʣʝʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʟʘʪʝʤ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʄʄ. ʆʜʥʘʢʦ, ʢʨʦʤʝ ʚʦʟʤʦʞʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʩʠʩʪʝʤ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʣʘʩʪʷʭ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʣʘʢʩʘʮʠʦʥʥʫʶ 

ʤʠʢʨʦʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʦʞʝʪ ʪʘʢʞʝ ʦʢʘʟʳʚʘʪʴ ʠ ʫʧʘʢʦʚʢʘ ʩʝʛʤʝʥʪʦʚ ʠ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʝʜʠʥʠʯʥʦʤ ʦʙʲʝʤʝ ʧʦʣʠʵʪʠʣʝʥʘ. ʋʧʘʢʦʚʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ [1,2], ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 
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ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʨʝʛʫʣʷʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ. ʉʚʦʙʦʜʥʳʡ ʦʙʲʝʤ ʚ 

ʧʦʣʠʤʝʨʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʧʘʢʦʚʢʠ ʤʘʢʨʦʤʦʣʝʢʫʣ (ʂ) ʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

ö
÷
õ

æ
ç
å

D
== ä

r
M

VN

V
V

K iAd                                           (1) 

ʛʜʝ K  ï ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʘʢʦʚʢʠ ʤʘʢʨʦʤʦʣʝʢʫʣ; dV - ʩʦʙʩʪʚʝʥʥʳʡ ʦʙʲʝʤ 

ʘʪʦʤʦʚ ʠ ʛʨʫʧʧ ʘʪʦʤʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʤʦʣʝʢʫʣʫ; V  - ʠʩʪʠʥʥʳʡ ʦʙʲʝʤ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʣʦʪʥʦʩʪʠ ʧʦʣʠʤʝʨʘ; AN  - 

ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ; äD iV  - ʩʦʙʩʪʚʝʥʥʳʡ ʦʙʲʝʤ ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʟʚʝʥʘ 

ʧʦʣʠʵʪʠʣʝʥʘ (ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʜʚʫʭ ʠʥʢʨʝʤʝʥʪʦʚ ʦʙʲʝʤʘ ʛʨʫʧʧ ʉʅ2 
32,341,172 AVi
"=Ö=Dä ); M - ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ ʟʚʝʥʘ; r - 

ʧʣʦʪʥʦʩʪʴ ʧʦʣʠʤʝʨʘ [3]. 
 

ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʠ ʧʣʦʱʘʜʝʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʠʢʦʚ ʜʠʩʩʠʧʘʪʠʚʥʳʭ 

ʧʦʪʝʨʴ ʥʘ ʩʧʝʢʪʨʝ ɚ=f(ʊ, ęʉ) ʜʣʷ ʇʕɺʇ ʩ ʨʘʟʥʦʡ ʄʄ.  

ʧ/ʧ 

ɿʥʘʯʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ 

ʧʣʦʱʘʜʠ ʧʦʜ ʧʠʢʦʤ 

ʤʘʨʢʘ ʇʕ 

ʇʕɺʇ 277-73 

(ʂʘʟʘʥʴʦʨʛʩʠʥ-ʪʝʟ) 

(ʙʝʣʳʡ) 

(ʄʄ=240000 

ʛ/ʤʦʣʴ) 

PE4PP-25B 

(ʉʪʘʚʨʦʣʝʥ) 

(ʯʝʨʥʳʡ) 

(ʄʄ=750000 

ʛ/ʤʦʣʴ) 

(ʉɺʄʇ) PE HMG 

10 000 (TICONA) 

(ʙʝʣʳʡ) 

(ʄʄ=9000000 

ʛ/ʤʦʣʴ) 

ln MM 12,39 13,53 16,01 

1 ɚ
1
 (ʧʨʠ ʊ

1
) 0,068 0,081 0,098 

2 ɚ
2
= ɚmax 

ɓ
 0,147 0,148 0,226 

3 ɚ
3
 (ʧʨʠ ʊ

3
) 0,047 0,054 0,057 

4 ɚ
4
 (ʧʨʠ ʊ

4
) 0,042 0,047 0,053 

5 ɚ
5
 (ʧʨʠ ʊ

5
) 0,111 0,148 0,093 

6 ɚ
6
= ɚmax 

ɓk
 0,310 0,387 0,352 

7 ɚ
7
 (ʧʨʠ ʊ

7
) 0,243 0,315 0,299 

8 ɚ
8
 (ʧʨʠ ʊ

8
) 0,027 0,027 0,022 

1 S
1
, ʤʤ

2

 5,70*10
-6

 6,08*10
-6

 8,74*10
-6

 

2 S
2
, ʤʤ

2

 4,83*10
-5

 6,31*10
-5

 5,78*10
-5

 

8 S
2
/S

1
 8,47 10,38 6,61 

 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ɓk ï ʧʨʦʮʝʩʩʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʧʘʢʦʚʢʠ ʂ=0,704 ʦʙʣʘʜʘʝʪ ʇʕ ʤʘʨʢʠ ʇʕɺʇ 277-73, ʫ 



ˤˣ˗˚˥˪ˢˣ˦˧ˢ˰˚ ˴˗ˠ˚ˢ˝˴ ˗ ˟ˣˠˠˣ˝˙ˢˣ-˙˝˦ˤ˚˥˦ˢ˰˪ ˦˝˦˧˚ˡ˕˪ȟ 
˩˝˜˝˟ˣ-˪˝ˡ˝ˬ˚˦˟ ˕˴ ˡ˚˪˕ˢ˝˟˕ ˝ ˕˙˦ˣ˥˖˫˝ˣˢˢ˰˚ ˤ˥ˣ˫˚˦˦˰ 

 

134 

ʢʦʪʦʨʦʛʦ ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ Ŭ = 54%. ʋʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʫʧʘʢʦʚʢʠ ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʜʘʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʉʅ2 ï ʛʨʫʧʧ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʥʴʰʝʡ ʚʝʣʠʯʠʥʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʦʪʝʨʴ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʚʳʚʦʜʘʤʠ ʫʢʘʟʘʥʥʳʭ ʘʚʪʦʨʦʚ ʠ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʄʄ ʧʦʣʠʤʝʨʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʣʠʤʝʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ɓk ï ʧʠʢʘ ʧʦʪʝʨʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʄʄ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʘʢʦʚʢʠ ʜʦ ʩʪʘʙʠʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʂ=0,683, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʝʨʴ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʄʄ. 
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ʋɼʂ 620.197.3 

ɺʃʀʗʅʀɽ ʂɸʈɹʆʂʉʀʃʔʅʆɻʆ ɿɸʄɽʉʊʀʊɽʃʗ ʅɸ ɿɸʑʀʊʅʋʖ 

ʉʇʆʉʆɹʅʆʉʊʔ 3-ɸʄʀʅʆ-1,2,4-ʊʈʀɸɿʆʃɸ ʅɸ ʄɽɼʀ
1
 

 

ɸʨʭʠʧʫʰʢʠʥ ʀ.ɸ.
1 

 
1
 ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ,  

ʀʌʍʕ ʈɸʅ, 119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: arhi90@mail.ru  

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʢʘʨʙʦʢʩʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʤʦʣʝʢʫʣʝ 3-

ʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʘ (ʉʆʆʅ-ɸʊɸ) ʥʘ ʟʘʱʠʪʫ ʤʝʜʠ ʦʪ ʢʦʨʨʦʟʠʠ ʚ ʥʝʡʪʨʘʣʴʥʳʭ 
ʨʘʩʪʚʦʨʘʭ. ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʉʆʆʅ-
ɸʊɸ ʥʘ ʘʥʦʜʥʳʝ ʠ ʢʘʪʦʜʥʳʝ ʪʦʢʠ. ʄʝʪʦʜʦʤ ʈʌʕʉ ʦʧʨʝʜʝʣʸʥ ʩʦʩʪʘʚ 
ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʣʦʸʚ ʥʘ ʤʝʜʠ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʜʘʥʥʦʛʦ 
ʩʦʝʜʠʥʝʥʠʷ. 

 
The influence of COOH- substitution in 3-amino-1,2,4-triazole towards copper 

corrosion inhibition in neutral solutions is discussed. Polarization measurements reveal 
anodic and cathodic current behavior on copper electrode. Ultrathin surface layers 
formed in the presence of ʉʆʆʅ-ɸʊɸ were analyzed by XPS. 

 
ɺʚʝʜʝʥʠʝ ʩʠʣʴʥʳʭ ʵʣʝʢʪʨʦʥʥʦʘʢʮʝʧʪʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 5- ʧʦʣʦʞʝʥʠʝ 

ʤʦʣʝʢʫʣʳ 3-ʘʤʠʥʦ-1,2,4-ʪʨʠʘʟʦʣʘ 
ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʵʥʝʨʛʠʠ 
ʘʜʩʦʨʙʮʠʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 
ʤʝʜʠ. ʆʞʠʜʘʣʦʩʴ, ʯʪʦ ʵʪʦʪ ʵʬʬʝʢʪ 
ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʠʭ 
ʟʘʱʠʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʣʷ ʤʝʜʠ ʚ 
ʥʝʡʪʨʘʣʴʥʳʭ ʩʨʝʜʘʭ. 
ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚ 
ʥʝʡʪʨʘʣʴʥʦʤ ʙʦʨʘʪʥʦʤ ʙʫʬʝʨʥʦʤ 
ʨʘʩʪʚʦʨʝ (ʨʅ 7.40) ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

10 ʤʤʦʣʴ/ʣ NaCl ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆʆʅ-ɸʊɸ 1 ʤʤʦʣʴ/ʣ 
ʧʦʜʘʚʣʷʶʪʩʷ ʘʥʦʜʥʳʝ ʠ ʢʘʪʦʜʥʳʝ ʨʝʘʢʮʠʠ, ʠ ʵʣʝʢʪʨʦʜ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʧʘʩʩʠʚʥʦʝ 
ʩʦʩʪʦʷʥʠʝ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦ 5 ʤʤʦʣʴ/ʣ ʚʳʟʳʚʘʝʪ ʩʤʝʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ 
ʘʢʪʠʚʘʮʠʠ ʧʘʩʩʠʚʥʦʡ ʧʣʸʥʢʠ ʥʘ 400 ʤɺ ʚ ʘʥʦʜʥʫʶ ʦʙʣʘʩʪʴ. ɸʥʘʣʠʟ ʈʌʕ-
ʩʧʝʢʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʥʦʛʦ ʦʙʨʘʟʮʘ ʜʘʸʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʠʦʥʦʚ 
Cu

2+
 ʫʞʝ ʧʦʩʣʝ 1 ʤʠʥʫʪʳ ʚʳʜʝʨʞʢʠ ʚ ʨʘʩʪʚʦʨʝ ʉʆʆʅ-ɸʊɸ (ʈʠʩ. 1). ʈʘʟʜʝʣʝʥʠʝ 

ʆʞʝ-ʩʧʝʢʪʨʘ ʤʝʜʠ CuLMM ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʦʜʥʦʚʘʣʝʥʪʥʦʛʦ ʠ 
ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Cu[L]x, ʛʜʝ L-ʣʠʛʘʥʜ ʟʘʤʝʱʸʥʥʦʛʦ ʪʨʠʘʟʦʣʘ. ʈʘʩʯʸʪʳ 
ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʧʣʸʥʢʠ ʪʦʣʱʠʥʦʡ 2-4 ʥʤ ʟʘ 1 ʤʠʥʫʪʫ ʚʳʜʝʨʞʢʠ, ʚ 
ʜʘʣʴʥʝʡʰʝʤ ʚʳʯʠʩʣʝʥʠʷ ʫʩʣʦʞʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ Cu

2+
. ɺʚʠʜʫ ʚʳʩʦʢʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʜʠ, ʟʘʱʠʪʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʦʛʦ 
ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʚ ʢʘʤʝʨʝ ʩʦʣʷʥʦʛʦ ʪʫʤʘʥʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʥʥʦʝ 
ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʤʝʜʠ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚ 

ʧʨʠʩʫʪʩʪʚʠʝ NaCl.  

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ, ʧʨʦʝʢʪ ˉ 17-13-01413. 

 
ʈʠʩ. 1. ʉʧʝʢʪʨ Cu2p3/2 ʧʦʩʣʝ 1 ʤʠʥʫʪʳ ʚʳʜʝʨʞʢʠ 
ʤʝʜʠ ʚ ʨʘʩʪʚʦʨʝ COOH-ATA. 



˪˝ˡ˝ˬ˚˦˟ˣ˚ ˦ˣˤ˥ˣ˧˝˗ˠ˚ˢ˝˚ ˡ˕˧˚˥˝˕ˠˣ˗ȟ ˜˕ˮ˝˧˕ ˡ˚˧˕ˠˠˣ˗  
˝ ˙˥˨˘˝˪ ˡ˕˧˚˥˝˕ˠˣ˗ ˣ˧ ˟ˣ˥˥ˣ˜˝˝ ˝ ˣ˟˝˦ˠ˚ˢ˝˴ 

138 

ʋɼʂ 620.197.3 

ʇɽʈʉʇɽʂʊʀɺʓ ʀʅɻʀɹʀʈʆɺɸʅʀʗ ʂʆʈʈʆɿʀʀ 

ʋɻʃɽʈʆɼʀʉʊʆʁ ʉʊɸʃʀ ʂʆʄʇʆɿʀʎʀʗʄʀ, ʅɸ ʆʉʅʆɺɽ 

ʆʈɻɸʅʆʉʀʃɸʅʆɺ ʉ ɹɽʅɿʆʊʈʀɸɿʆʃʆʄ
1
 

 

ɻʣʘʜʢʠʭ ʅ.ɸ. 
1
, ʇʝʪʨʫʥʠʥ ʄ.ɸ. 

1
, ʄʘʣʝʝʚʘ ʄ.ɸ

1
, ʄʘʢʘʨʳʯʝʚ ʖ.ɹ.

2 

 
1
 ʃʘʙʦʨʘʪʦʨʠʷ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʀʌʍʕ ʈɸʅ,  

2
 ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ  

ʤʝʪʘʣʣʦʚ ʀʌʍʕ ʈɸʅ 

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: fuchsia32@bk.ru  

 

ʈʘʟʨʘʙʦʪʘʥʳ ʠʥʛʠʙʠʪʦʨʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʧʦʣʠʤʝʨʦʙʨʘʟʫʶʱʝʛʦ ʪʠʧʘ 

ʜʣʷ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʚʚʝʜʝʥʠʝ ʵʪʠʭ ʢʦʤʧʦʟʠʮʠʡ ʚ 

ʭʣʦʨʠʜ-ʩʦʜʝʨʞʘʱʠʝ ʩʨʝʜʳ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʩʪʘʣʠ. 

ʂʦʤʧʦʟʠʮʠʠ ʩʠʣʘʥʦʚ ʩ ɹʊɸ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʚʦʜʦʨʘʟʙʘʚʣʷʝʤʳʭ ʠ ʦʨʛʘʥʦʨʘʩʪʚʦʨʠʤʳʭ ʃʂʄ. 

 

Inhibitor compositions of polymer type for low carbon steel have been 

developed. The simultaneous introduction of compositions in chloride-

containing media significantly reduces the corrosion rate of steel. Compositions 

of silanes with BTA can be used to inhibit aqua and soluble paint materials. 

 

ʕʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʥʠʞʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ ʦʧʘʩʥʦʩʪʠ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʝʨʥʳʭ 

ʧʦʢʨʳʪʠʡ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ [1]. ʆʜʥʘʢʦ, ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʠʪ ʦʪʩʣʦʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ ʦʪ 

ʪʨʫʙʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʛʦʣʠʚʰʠʡʩʷ ʫʯʘʩʪʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʛʨʫʥʪʦʚʳʤ ʵʣʝʢʪʨʦʣʠʪʦʤ ʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ [1]. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʘ ʧʦʜ 

ʦʪʩʪʣʦʠʚʰʠʤʩʷ ʧʦʢʨʳʪʠʝʤ, ʚ ʩʣʦʡ ʧʨʘʡʤʝʨʘ (ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʣʦʡ ʤʝʞʜʫ 

ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠ ʤʝʪʘʣʣʦʤ) ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʦʙʘʚʣʷʪʴ ʠʥʛʠʙʠʪʦʨ 

ʢʦʨʨʦʟʠʠ ʠ ʧʨʦʤʦʪʦʨʳ ʘʜʛʝʟʠʠ (ʦʨʛʘʥʦʩʠʣʘʥʳ) [2, 3].  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʠʭ ʩʪʦʠʤʦʩʪʴ, ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʦ ʠ ʩʨʦʜʩʪʚʦ ʠʥʛʠʙʠʪʦʨʘ ʩ ʜʨʫʛʠʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʟʘʱʠʪʥʳʭ ʧʨʘʡʤʝʨʦʚ, ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ (ʃʂʇ). 

ʌʠʥʘʣʴʥʘʷ ʩʤʝʩʴ ʥʝ ʜʦʣʞʥʘ ʫʭʫʜʰʠʪʴ ʩʚʦʠʭ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ, ʧʦʪʦʤʫ 

ʯʪʦ ʠʥʦʛʜʘ ʥʘʙʣʶʜʘʣʠ ʪʘʢʦʝ ʷʚʣʝʥʠʝ ʧʨʠ ʚʚʝʜʝʥʠʠ ʵʬʬʝʢʪʠʚʥʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʚ ʧʦʢʨʳʪʠʝ [3]. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ 1,2,3-

ʙʝʥʟʦʪʨʠʘʟʦʣ (ɹʊɸ), ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʮʚʝʪʥʳʭ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 16-08-00445 ʠ ˉ 17-03-00232. 

mailto:fuchsia32@bk.ru


˪˝ˡ˝ˬ˚˦˟ˣ˚ ˦ˣˤ˥ˣ˧˝˗ˠ˚ˢ˝˚ ˡ˕˧˚˥˝˕ˠˣ˗ȟ ˜˕ˮ˝˧˕ ˡ˚˧˕ˠˠˣ˗  
˝ ˙˥˨˘˝˪ ˡ˕˧˚˥˝˕ˠˣ˗ ˣ˧ ˟ˣ˥˥ˣ˜˝˝ ˝ ˣ˟˝˦ˠ˚ˢ˝˴ 

139 

ʤʝʪʘʣʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʜʠ [4]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʢʘʟʘʥʦ, ʯʪʦ ɹʊɸ 

ʩʧʦʩʦʙʝʥ ʵʬʬʝʢʪʠʚʥʦ ʧʘʩʩʠʚʠʨʦʚʘʪʴ ʞʝʣʝʟʦ ʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʫʶ ʩʪʘʣʴ [5, 

6]. ʆʜʥʘʢʦ ʚʚʝʜʝʥʠʝ ɹʊɸ ʚ ʧʨʘʡʤʝʨ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʘʜʛʝʟʠʦʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʤʝʪʘʣʣ-ʧʦʣʠʤʝʨ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʠʣʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʵʪʦʪ ʵʬʬʝʢʪ, ʚʤʝʩʪʝ ʩ ɹʊɸ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʤʦʪʦʨʳ ʘʜʛʝʟʠʠ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʶʪʩʷ ʦʨʛʘʥʦʩʠʣʘʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʟʘʜʘʯʘ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʊɸ ʠ ʦʨʛʘʥʦʩʠʣʘʥʦʚ ʜʣʷ 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʤʝʩʝʚʳʝ ʠʥʛʠʙʠʪʦʨʥʳʝ 

ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʦʩʠʣʘʥʦʚ ʩ ɹʊɸ, ʜʘʜʫʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ (ʃʂʄ) ʩ ʚʦʜʥʳʤʠ ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʨʝʜʘʤʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʣʠʤʝʨʦʦʙʨʘʟʥʳʭ ʟʘʱʠʪʥʳʭ ʧʣʸʥʦʢ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʦʣʝʢʫʣʘʤʠ 

ʠʥʛʠʙʠʪʦʨʘ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʦʨʘʥʦʩʠʣʘʥʦʚ ʩ ʙʝʥʟʦʪʨʠʘʟʦʣʦʤ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ 

ʚ ʚʦʜʦʨʘʟʙʘʚʣʷʝʤʳʝ ʠ ʦʨʛʘʥʦʨʘʩʪʚʦʨʠʤʳʝ ʃʂʄ. 

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʢʘ ʠʥʛʠʙʠʪʦʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ɹʊɸ ʩ 

ʩʠʣʘʥʘʤʠ ʚ ʚʦʜʥʳʝ ʭʣʦʨʠʜʦʩʦʜʝʨʞʘʱʠʝ ʨʘʩʪʚʦʨʳ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʨʘʩʪʚʦʨʝʥʠʶ ʩʪʘʣʠ ʚ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʝʛʦ 

ʘʢʪʠʚʥʦʝ ʨʘʩʪʚʦʨʝʥʠʝ ʚ ʙʦʨʘʪʥʦʤ ʙʫʬʝʨʝ + 0,01 ʄ NaCl ʨʅ 6,7, ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʪʝʥʮʠʘʣ ʧʠʪʪʠʥʛʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 0,4-0,5 ɺ. ʅʘ ʩʪʘʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʣʦʪʥʳʝ ʧʦʣʠʤʝʨʦʦʙʨʘʟʥʳʝ ʩʣʦʠ ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʤʦʣʝʢʫʣ ɹʊɸ ʠ ʩʠʣʘʥʦʚ, ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʝ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʪʘʣʣʘ. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʸʪ ʧʨʦʪʝʢʘʥʠʷ 

ʨʝʘʢʮʠʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʤʦʣʝʢʫʣ ʦʨʛʘʥʦʩʠʣʘʥʦʚ ʠ 

ɹʊɸ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʘʩʪʚʦʨʝʥʠʷ ʞʝʣʝʟʘ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʘʜʩʦʨʙʮʠʠ ʘʛʨʝʩʩʠʚʥʳʭ ʭʣʦʨʠʜ-

ʘʥʠʦʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʩʩʠʚʥʦʡ ʧʣʸʥʢʠ ʤʝʪʘʣʣʘ ʚʩʣʝʜʩʪʚʠʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘʣʠʯʠʷ ʧʣʦʪʥʦʛʦ 

ʢʨʠʩʪʘʣʣʣʦʧʦʜʦʙʥʦʛʦ, ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʦʛʦ ʩ ʤʝʪʘʣʣʦʤ, ʩʠʣʦʢʩʘʥʦ-ʘʟʦʣʴʥʦʛʦ 

ʥʘʥʦʩʣʦʷ. ɼʣʷ ʚʦʜʦʨʘʟʙʘʚʣʷʝʤʳʭ ʃʂʄ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʘʶʪʩʷ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʛʠʙʠʪʦʨʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʘʤʠʥʦʵʪʠʣʘʤʠʥʦʧʨʦʧʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥ (ɼɸʉ)+ɹʊɸ ʟʘ ʩʯʝʪ ʱʝʣʦʯʥʦʛʦ 

ʢʘʪʘʣʠʟʘ ʨʝʘʢʮʠʡ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠʠ ʠ ʭʦʨʦʰʝʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ɼɸʉ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ɼʣʷ ʦʨʛʘʥʦʨʘʩʪʚʦʨʠʤʳʭ ʃʂʄ 

ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʛʠʙʠʪʦʨʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ ɹʊɸ+ʚʠʥʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥ (ɺʉ) ʠʟ-ʟʘ ʣʫʯʰʝʡ ʩʦʚʤʝʩʪʠʦʩʪʠ 

ʚʠʥʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʧʦʚ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʣʘʢʦʚ. 

ɼʦʙʘʚʢʠ ʩʠʣʘʥʦʚ ʠ ɹʊɸ ʫʣʫʯʰʘʶʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʃʂʇ ʠ 

ʠʭ ʘʜʛʝʟʠʶ ʢ ʤʝʪʘʣʣʫ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ 

ʨʝʥʪʛʝʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʩʦʨʙʮʠʠ ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʠ 

3,7,12,17 ï ʪʝʪʨʘʤʝʪʠʣ ï 8,13 ï ʜʠʚʠʥʠʣ ï 2,18-ʜʝʡʪʝʨʦʧʦʨʬʠʨʠʥʘ IX 

(ʜʝʧʦʢʦʣʠʥʘ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʢʝʣʷ, ʤʝʜʠ ʠ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ(ʉʪ3) ʠʟ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʙʦʨʘʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

 

In this paper, we conducted potentiodynamic and X-ray photoelectron 

study of an adsorption of 3,7,12,17ïtetramethylï8,13ïdivinylï2,18ï

porphinedipropionic acid (depocolin) on nickel, copper and carbon steel 

surfaces in neutral borate buffer solution. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʝ ʩʥʠʞʘʝʪʩʷ ʠʥʪʝʨʝʩ ʢ ʪʘʢʠʤ ʚʳʩʰʠʤ 

ʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʢʘʢ ʧʦʨʬʠʨʠʥʳ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ  ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ: ʦʪ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘ[1,2] ʜʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ[3], 

ʦʧʪʦʵʣʝʢʪʨʦʥʠʢʠ[4], ʢʨʘʩʠʪʝʣʝʡ[5], ʙʣʝʩʢʦʦʙʨʘʟʫʶʱʠʭ ʜʦʙʘʚʦʢ[6,7]. 

ɹʝʟʤʝʪʘʣʴʥʳʝ ʧʦʨʬʠʨʠʥʳ ʠ ʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʜʝʨʞʘʱʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʘʣʴʥʳʭ ʢʘʪʠʦʥʦʚ Cu
2+

, Fe
3+

 Co
2+

 ʠ Mn
3+
, ʭʦʨʦʰʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʠ ʢʘʢ ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ[8-10]. 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʥʦʜʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʙʦʨʘʪʥʳʭ ʙʫʬʝʨʥʳʭ ʨʘʩʪʚʦʨʘʭ(pH=7.4), 

ʩʦʜʝʨʞʘʱʠʭ 0.01 ʄ NaCl, ʩ ʜʦʙʘʚʢʘʤʠ ʜʝʧʦʢʦʣʠʥʘ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʥʘ ʥʠʢʝʣʝʚʦʤ ʵʣʝʢʪʨʦʜʝ ʫʞʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ Cʜʝʧ=0.01 ʤʤʦʣʴ/ʣ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʠʪʪʠʥʛʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 12 ʤɺ ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʣʝʢʪʨʦʜʘ ʙʝʟ ʜʦʙʘʚʢʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʦʧʦʨʬʠʨʠʥʘ ʜʦ Cʜʝʧ=0.1 

ʤʤʦʣʴ/ʣ ʠ Cʜʝʧ E = 

ɽʧʪ
ʠʥ

 ï ɽʧʪ
ʬʦʥ

 =36 ʤɺ ʠ 62 ʤɺ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʅʘ ʤʝʜʥʦʤ ʵʣʝʢʪʨʦʜʝ ʧʨʠ Cʜʝʧ=0.1 ʤʤʦʣʴ/ʣ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʘʩʩʠʚʘʮʠʠ, ʦʜʥʘʢʦ, ʧʦʪʝʥʮʠʘʣ 

ʧʠʪʪʠʥʛʦʦʙʨʘʟʦʚʘʥʠʷ ʩʤʝʱʝʥ ʚ ʙʦʣʝʝ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ, ʯʪʦ ʤʦʞʝʪ 

ʦʙʲʷʩʥʷʪʴʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʦʛʦ ʩʣʦʷ ʠʥʛʠʙʠʪʦʨʘ ʠ, 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʛʨʘʥʪʘ ʈʌʌʀ ˉ16-03-00646.  
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ʯʪʦ ʤʦʣʝʢʫʣʳ ʜʝʧʦʢʦʣʠʥʘ ʟʘʥʷʣʠ ʥʝ ʚʩʝ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʜʠ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ Cʜʝʧ=0.25 ʤʤʦʣʴ/ʣ ʫʞʝ ʧʦʟʚʦʣʷʝʪ 

E =30 ʤɺ, ʘ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 2 ʤʤʦʣʴ/ʣ ʧʦʟʚʦʣʷʝʪ ʝʱʸ ʟʥʘʯʠʪʝʣʴʥʝʝ 

ʩʥʠʟʠʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʘʩʩʠʚʘʮʠʠ ʠ ʜʦʩʪʠʯʴ ʟʘʱʠʪʥʦʛʦ ʵʬʬʝʢʪʘ ʨʘʚʥʦʛʦ 

160 ʤɺ.  

ʍʦʯʝʪʩʷ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʝʧʦʢʦʣʠʥʘ ʢʘʢ 

ʤʦʜʠʬʠʢʘʪʦʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʘʜʩʦʨʙʮʠʠ ʥʘ ʥʝʡ 5 ï 

ʭʣʦʨ ï 1,2,3 ï ʙʝʥʟʦʪʨʠʘʟʦʣʘ(ClBTA) ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʡ 

ʵʬʬʝʢʪ, ʪʘʢ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʜʦʙʘʚʣʝʥʠʠ 0.1 ʤʤʦʣʴ/ʣ ʜʝʧʦʢʦʣʠʥʘ ʠ 1 

E =334 ʤɺ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʦʩʭʦʜʠʪ ʟʘʱʠʪʥʳʝ ʵʬʬʝʢʪʳ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ(ʜʣʷ CClBTA=1 

E =115 ʤɺ). 

ɿʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʧʦʚʝʜʝʥʠʝ ʩʪʘʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ ʚ ʥʝʡʪʨʘʣʴʥʦʤ ʙʦʨʘʪʥʦʤ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʜʦʙʘʚʢʘʤʠ 

ʜʝʧʦʢʦʣʠʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 0.1 ï 2 ʤʤʦʣʴ/ʣ. ʊʘʢ ʧʨʠ Cʜʝʧ=0.1 

ʤʤʦʣʴ/ʣ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʘʩʩʠʚʘʮʠʠ ʩʥʠʞʘʝʪʩʷ ʥʘ 10 ʤʢɸ/ʩʤ
2
, ʥʦ ʩʤʝʱʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʘ ʧʠʪʪʠʥʛʦʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦ 

Cʜʝʧ=0.5 ʤʤʦʣʴ/ʣ ʩʥʠʞʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʘʩʩʠʚʘʮʠʠ ʩʦʭʨʘʥʷʝʪʩʷ ʢʘʢ ʠ ʚ 

E =25 ʤɺ. 

ʆʜʥʘʢʦ, ʜʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʘʩʩʠʚʘʮʠʠ ʠʣʠ ʫʚʝʣʠʯʝʥʠʶ ʟʘʱʠʪʥʦʛʦ ʵʬʬʝʢʪʘ. ʇʦʵʪʦʤʫ 

ʟʥʘʷ ʦ ʚʦʟʤʦʞʥʦʤ ʩʠʥʝʨʛʝʪʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ, ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʜʦʣʞʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʧʦʢʦʣʠʥʘ ʢʘʢ ʤʦʜʠʬʠʢʘʪʦʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʠʟ ʉʪ3 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʘʜʩʦʨʙʮʠʠ ClBTA. ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʧʦʢʦʣʠʥʦʤ(Cʜʝʧ=0.05 ʤʤʦʣʴ/ʣ) ʧʦʟʚʦʣʠʣʘ ʩʥʠʟʠʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʘʩʩʠʚʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ClBTA ʩ 2 

E =70 ʤɺ, 

ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʚʳʰʝ, ʯʝʤ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ(ʈʌʕʉ) ʙʳʣ 

ʦʧʨʝʜʝʣʝʥ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʧʣʝʥʢʠ ʜʝʧʦʢʦʣʠʥʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ ʠ ʨʘʩʩʯʠʪʘʥʘ ʝʸ ʪʦʣʱʠʥʘ. ʅʘ ʘʜʩʦʨʙʮʠʶ ʚʝʱʝʩʪʚʘ 

ʫʢʘʟʳʚʘʣ ʩʣʦʞʥʳʡ ʩʧʝʢʪʨ ʘʟʦʪʘ N1s. ʅʘ ʜʘʥʥʦʤ ʩʧʝʢʪʨʝ ʜʣʷ ʚʩʝʭ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʤʳ ʥʘʙʣʶʜʘʣʠ ʜʚʘ ʨʘʚʥʳʭ ʧʠʢʘ: ʧʝʨʚʳʡ ʩ 

ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ 400.1 ʵɺ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤʫ ʘʟʦʪʫ 

ʧʦʨʬʠʨʠʥʦʚʦʛʦ ʢʦʣʴʮʘ, ʠ ʚʪʦʨʦʡ ʩ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ 398.2 ʵɺ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʤʫ ʘʟʦʪʫ ʧʦʨʬʠʨʠʥʦʚʦʛʦ ʢʦʣʴʮʘ. ʊʘʢ 

ʢʘʢ ʧʦʣʦʞʝʥʠʝ ʧʠʢʦʚ ʥʝ ʩʤʝʱʘʣʦʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʝʢʪʨʘ ʧʠʢʦʚ ʩʧʝʢʪʨʘ 

ʘʟʦʪʘ ʧʦʨʦʰʢʘ, ʪʦ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʦʨʬʠʨʠʥʦʚʦʝ ʢʦʣʴʮʦ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ ʩʚʷʟʠ ʩ ʢʘʪʠʦʥʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʚʷʟʴ ʦʙʨʘʟʦʚʳʚʘʣʠ ʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ. 

ʉʦʛʣʘʩʥʦ ʈʌʕ-ʜʘʥʥʳʤ ʘʜʩʦʨʙʮʠʷ ʜʝʧʦʢʦʣʠʥʘ ʧʨʦʠʩʭʦʜʠʣʘ ʥʘ ʦʢʠʩʣʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ. 



˪˝ˡ˝ˬ˚˦˟ˣ˚ ˦ˣˤ˥ˣ˧˝˗ˠ˚ˢ˝˚ ˡ˕˧˚˥˝˕ˠˣ˗ȟ ˜˕ˮ˝˧˕ ˡ˚˧˕ˠˠˣ˗  
˝ ˙˥˨˘˝˪ ˡ˕˧˚˥˝˕ˠˣ˗ ˣ˧ ˟ˣ˥˥ˣ˜˝˝ ˝ ˣ˟˝˦ˠ˚ˢ˝˴ 

143 

ʃʠʪʝʨʘʪʫʨʘ 

1. Barlow S.M., Raval R. Complex organic molecules at metal surfaces: bonding, 

organisation and chirality// Surf. Sci. Rep. 2003. V. 50. P. 201 

2. Castonguay M., Roy J.R., Rochefort A., McBreen P.H. Orientation and Conformation of 

Methyl Pyruvate on Ni(111)// J. Am. Chem. Soc., 2000, 122 (3), pp 518ï524 

3. Joachim C., Glimzewski J.K., Aviram A. Electronics using hybrid-molecular and 

mono-molecular devices//Nature. 2000. V. 408, P.541ï548 

4. Forrest S. R. Ultrathin Organic Films Grown by Organic Molecular Beam Deposition 

and Related Techniques// Chem. Rev.,1997,97(6), pp 1793ï1896 

5. ɽʥʠʢʦʣʦʧʷʥ ʅ.ʉ. ʇʦʨʬʠʨʠʥʳ: ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʵʣʝʢʪʨʦʭʠʤʠʷ, ʧʨʠʤʝʥʝʥʠʝ. ʄ.: 

çʅʘʫʢʘè. 1987. 384 c. 

6. ɻʦʣʫʙʯʠʢʦʚ ʆ.ɸ., ʃʘʨʠʦʥʦʚ ɸ.ɺ., ɹʘʣʤʘʩʦʚ ɸ.ɺ., ʄʘʡʟʣʠʰ ɺ.ɽ. ʀʟʚ. ʚʫʟʦʚ. ʍʠʤʠʷ ʠ 

ʭʠʤ. ʪʝʭʥʦʣʦʛʠʷ. 2014. ʪ. 57. ʚʳʧ. 12. ʩ. 60. 

7. ɻʦʣʫʙʯʠʢʦʚ ʆ.ɸ., ʃʘʨʠʦʥʦʚ ɸ.ɺ., ɹʘʣʤʘʩʦʚ ɸ.ɺ., ʉʝʤʝʡʢʠʥ ɸ.ʉ. Macroheterocycles. 

2014. ʪ. 7. No3. ʩ. 225.  

8. Junying Hu, Daobing Huang, Guoan Zhang, Guang-Ling Song, Xingpeng Guo A Study 

on Tetraphenylporphyrin as a Corrosion Inhibitor for Pure Magnesium// Electrochemical and 

Solid-State Letters. ï 2012. ï V.15(6). ï C13-15 

9. Yuanyuan Feng , Shenhao Chen , Wenjuan Guo , Yuexing Zhang , Guangzeng Liu  

Inhibition of iron corrosion by 5,10,15,20-tetraphenylporphyrin and 5,10,15,20-tetra-(4-

chlorophenyl)porphyrin adlayers in 0.5 M H2SO4 solutions// Journal of Electroanalytical 

Chemistry ï 2007. ï V. 602. ï P.115-122 

10. Kuznetsov Y.I., Agafonkina M.O., Andreeva N.P., Kazansky L.P. ADSORPTION OF 

DIMEGIN AND INHIBITION OF COPPER DISSOLUTION IN AQUEOUS SOLUTIONS// 

Corrosion Science. 2015. ʊ. 100. ʉ. 535-543. 

  



˪˝ˡ˝ˬ˚˦˟ˣ˚ ˦ˣˤ˥ˣ˧˝˗ˠ˚ˢ˝˚ ˡ˕˧˚˥˝˕ˠˣ˗ȟ ˜˕ˮ˝˧˕ ˡ˚˧˕ˠˠˣ˗  
˝ ˙˥˨˘˝˪ ˡ˕˧˚˥˝˕ˠˣ˗ ˣ˧ ˟ˣ˥˥ˣ˜˝˝ ˝ ˣ˟˝˦ˠ˚ˢ˝˴ 

144 

ʋɼʂ 541.138.3 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʆʊɽʂɸʅʀʗ ʈɽɸʂʎʀʀ ɺʓɼɽʃɽʅʀʗ 
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ɸʥʥʦʪʘʮʠʷ: ʀʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ (ʈɺɺ) ʥʘ 

ʣɻʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʩʧʣʘʚʘʭ Re-Ni. ʈʘʩʩʯʠʪʘʥʳ ʪʦʢʠ ʦʙʤʝʥʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʪʘʜʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʧʨʠʨʦʜʘ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʧʣʘʚʦʚ Re-Ni ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʈɺɺ. ʇʦʢʘʟʘʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ 

ʚʦ ʚʨʝʤʝʥʠ. 

Abstract: Kinetics of hydrogen evolution reaction (HER) on electrodeposited Re-Ni alloys 

are studied. Exchange current densities are calculated. The nature of high catalytic activity 

of Re-Ni alloys toward HER is established. It is shown that the catalytic properties of Re-

Ni alloys are stable in time. 

 

ʈʘʟʚʠʪʠʝ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʪʨʝʙʫʝʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʚʦʜʦʨʦʜʘ ʚʳʩʦʢʦʡ ʯʠʩʪʦʪʳ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʵʣʝʢʪʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʘʪʝʨʠʘʣʘ ʢʘʪʦʜʘ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ 

ʤʝʪʘʣʣʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ (Fe, Co, Ni) ʠ ʪʫʛʦʧʣʘʚʢʠʭ ʤʝʪʘʣʣʦʚ (Mo, W, 

Re). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʠʥʝʪʠʢʘ ʈɺɺ ʜʣʷ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʘ. ʋʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʩʧʣʘʚʘ ʧʨʦʪʝʢʘʝʪ ʩ ʤʝʥʴʰʠʤ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʮʝʩʩʦʤ ʚʳʜʝʣʝʥʠʷ ʯʠʩʪʦʛʦ ʨʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʠ ʩʧʣʘʚʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʥʠʢʝʣʷ ʜʦ ʥʫʣʝʚʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʢʘʪʦʜʥʦʤ ʦʩʘʜʢʝ ʦʙʥʘʨʫʞʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ 

ʚʢʣʶʯʝʥʠʷ Re(+4). ʉʢʘʟʘʥʥʦʝ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ 

ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ NiïRe ʦʪ ʩʠʩʪʝʤ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ 

çʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦè ʦʩʘʞʜʝʥʠʷ (NiïMo, CoïMo ʠ ʜʨ.). ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʪʫʛʦʧʣʘʚʢʠʡ ʤʝʪʘʣʣ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʦʩʪʘʚ ʢʘʪʦʜʥʦʛʦ ʦʩʘʜʢʘ ʪʦʣʴʢʦ ʚ 

ʥʫʣʝʚʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʨʝʥʠʷ ʚ ʢʘʪʦʜʥʦʤ 

ʦʩʘʜʢʝ ʧʨʠʚʦʜʠʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʝʛʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʚ ʈɺɺ, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ï ʢ ʩʥʠʞʝʥʠʶ ʪʘʬʝʣʝʚʩʢʦʛʦ ʫʛʣʘ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʈʌʌʀ), ʛʨʘʥʪ ˉ 18-03-0082. 
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ʥʘʢʣʦʥʘ ʚʦʣʴʪʘʤʧʝʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ 

ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʩʘʜʢʦʚ NiïRe ʧʦʩʣʝ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ: ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʥʠʞʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ, 

ʢʘʢ ʚʝʣʠʯʠʥʘ b ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ NiïRe ʩʚʷʟʘʥʘ ʩ 

ʥʘʣʠʯʠʝʤ ʚ ʠʭ ʩʦʩʪʘʚʝ ʦʢʩʠʜʦʚ ʨʝʥʠʷ. ʇʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʦʚ ʨʝʥʠʷ ʘʪʦʤʘʨʥʳʤ ʚʦʜʦʨʦʜʦʤ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʙʣʶʜʘʝʤʦʤʫ ʠʟʤʝʥʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʘʣʠʯʠʝ ʦʢʩʠʜʦʚ ʨʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʦʙʲʷʩʥʷʝʪ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʝʤʢʦʩʪʠ ʤʝʞʬʘʟʥʦʡ ʛʨʘʥʠʮʳ ʵʣʝʢʪʨʦʜ-ʨʘʩʪʚʦʨ, 

ʦʧʠʩʘʥʥʳʝ ʥʘʤʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ 

ʘʛʝʥʪʦʚ ʥʘ ʧʨʦʮʝʩʩ ʦʢʩʠʜʠʨʦʚʘʥʠʷ ʠ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ ʥʘ 

ʩʧʣʘʚʝ 1424. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ ʜʦʙʘʚʢʠ ʩʥʠʞʘʶʪ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʟʥʦʨʦʜʥʳʭ ʦʢʩʠʜʦʚ ʚ ʩʦʩʪʘʚʝ ʢʦʥʚʝʨʩʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ, 

ʩʧʦʩʦʙʩʪʚʫʷ ʘʜʩʦʨʙʮʠʠ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʟʘʱʠʪʥʳʭ 

ʩʚʦʡʩʪʚ. 

 

In this work the effect of various complexing substances on the process of 

oxidation and the protective properties of the coating on the 1424 alloy was 

studied. Investigated modifying substances reduce the concentration of 

heterogeneous oxides in conversion coating, promoting adsorption of corrosion 

inhibitors and increase their protective properties. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʣʝʛʠʨʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʠʪʠʡ. 

ʃʝʛʠʨʦʚʘʥʠʝ ʣʠʪʠʝʤ ʩʥʠʞʘʝʪ ʫʜʝʣʴʥʳʡ ʚʝʩ ʩʧʣʘʚʦʚ ʠ ʧʦʚʳʰʘʝʪ ʠʭ 

ʫʜʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʣʠʪʠʡʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʦʚ 

ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 

ʥʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʨʠʙʦʨʦʚ. ʉʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Mg-Li  ʚʳʩʦʢʦ ʮʝʥʷʪʩʷ ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʘʚʠʘʩʪʨʦʝʥʠʠ ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʚʳʩʦʢʦʛʦ ʤʦʜʫʣʷ 

ʫʧʨʫʛʦʩʪʠ ʠ ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʉʧʣʘʚʳ ʵʪʦʡ ʩʝʨʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ 12-25%, ʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʙʣʠʟʢʠ ʚ ʩʧʣʘʚʫ 

ɼ16 (2024) [1]. ʉʧʣʘʚ 1424, ʩʦʜʝʨʞʘʱʠʡ 4,6-5,2 % Mg, 1,5-1,8 % Li , 0,4-0,8 

% Zn, 0,05 % Mn, 0,04-0,05 % Sc, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʚʘʨʥʳʭ ʠ ʢʣʸʧʘʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʪʨʝʙʫʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ. ʆʜʥʘʢʦ, ʵʪʦʪ 

ʩʧʣʘʚ ʪʘʢʞʝ ʢʘʢ ʠ ʤʥʦʛʠʝ ʦʙʣʘʜʘʝʪ ʥʝʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʧʠʪʪʠʥʛʦʚʦʡ 

ʢʦʨʨʦʟʠʠ.  

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʱʠʪʥʳʭ ʢʦʥʚʝʨʩʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʭʨʦʤʘʪʩʦʜʝʨʞʘʱʠʝ ʢʦʥʚʝʨʪʠʨʫʶʱʠʝ ʩʦʩʪʘʚʳ. ʆʜʥʘʢʦ ʩʝʡʯʘʩ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ. ɺʚʝʜʝʥʠʝ ʚ 

ʭʨʦʤʘʪʥʳʝ ʢʦʥʚʝʨʪʠʨʫʶʱʠʝ ʩʦʩʪʘʚʳ ʚʦʜʦʜʠʩʧʝʨʛʠʨʫʝʤʳʭ ʩʤʦʣ [2], 
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ʟʘʤʝʥʘ ʭʨʦʤʘʪʘ ʩʦʣʷʤʠ Cr(III) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʧʦʢʨʳʪʠʷ ʨʘʟʣʠʯʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ, ʭʦʪʷ ʠ ʩʧʦʩʦʙʥʳ ʧʦʚʳʩʠʪʴ ʟʘʱʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ, ʦʩʪʘʚʣʷʝʪ ʥʝʨʝʰʸʥʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʞʝ ʩʧʦʩʦʙʳ ʙʝʩʭʨʦʤʘʪʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʦʢʩʠʜʠʨʦʚʘʥʠʷ 

ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʥʦʛʦʩʪʘʜʠʡʥʳ ʠ ʥʝʩʚʦʙʦʜʥʳ ʦʪ 

ʧʨʠʤʝʥʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʵʪʦʤʫ, ʟʘʜʘʯʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ, 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ, ʙʝʩʭʨʦʤʘʪʥʳʭ ʟʘʱʠʪʥʳʭ ʢʦʥʚʝʨʩʠʦʥʥʳʭ 

ʧʦʢʨʳʪʠʡ ʠ ʨʘʟʚʠʪʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʠʥʛʠʙʠʪʦʨʘʤʠ ʢʦʨʨʦʟʠʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ 

ʧʦʢʨʳʪʠʡ ʚ ʩʨʝʜʘʭ ʨʘʟʣʠʯʥʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 

ʈʘʥʝʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʟʘʱʠʪʥʳʭ ʢʦʥʚʝʨʩʠʦʥʥʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʘʭ ʩʠʩʪʝʤ Al-Mg, Al -Mg-Cu ʠ Al-Mg-Cu-

Zn ʚ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ ʪʠʧʘ ʀʌʍɸʅɸʃ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤʠ ʘʛʝʥʪʘʤʠ [3]. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʢʦʤʧʣʝʢʩʦʥʳ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴ ʨʘʩʪʚʦʨʷʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʦʢʩʠʜʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʩʧʣʘʚʦʚ ʚ ʫʩʪʦʡʯʠʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ 

ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʦʢʩʠʜʥʳʭ ʧʣʸʥʦʢ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʦʜʠʬʠʢʘʮʠʠ 

ʢʦʥʚʝʨʪʠʨʫʶʱʝʛʦ ʩʦʩʪʘʚʘ ʀʌʍɸʅɸʃ-3 ʩ ʜʦʙʘʚʢʘʤʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʘʛʝʥʪʦʚ ʩ ʮʝʣʴʶ ʫʩʠʣʝʥʠʷ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʘʝʤʳʭ ʢʦʥʚʝʨʩʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʩʧʣʘʚʝ 1424.  

ʂʦʨʨʦʟʠʦʥʥʳʤʠ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʟʫʯʝʥʳ ʢʠʥʝʪʠʢʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʥʚʝʨʩʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʘʣʶʤʠʥʠʝʚʦʤ ʩʧʣʘʚʝ 1424 ʚ 

ʙʝʩʭʨʦʤʘʪʥʦʤ ʢʦʥʚʝʨʪʠʨʫʶʱʝʤ ʩʦʩʪʘʚʝ ʀʌʍɸʅɸʃ-3 ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʘʛʝʥʪʦʚ ʠ ʠʭ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʭʣʦʨʠʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʥʘʤʠ  

ʢʦʥʚʝʨʩʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʜʩʦʨʙʮʠʠ ʠʤʠ ʠʥʛʠʙʠʪʦʨʦʚ 

ʢʦʨʨʦʟʠʠ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʥʘʧʦʣʥʝʥʠʠ ʚ ʨʘʩʪʚʦʨʝ ʀʌʍɸʅ-25 ʠ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʩʠʣʝʥʠʝ ʠʭ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʢʦʨʨʦʟʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʢʘʤʝʨʝ ʚʣʘʞʥʦʩʪʠ (ɻʆʉʊ 9.913-90) 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʟʘʱʠʱʘʣʠ ʩʧʣʘʚ 1424 ʦʪ ʧʠʪʪʠʥʛʦʚʦʡ ʢʦʨʨʦʟʠʠ 

ʧʦʢʨʳʪʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤ ʊʨʠʣʦʥ-ɹ ʠ ɹʊɸ ʩʦʩʪʘʚʝ 

ʀʌʍɸʅɸʃ-3. ʉ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣʦ 

ʨʘʩʩʤʦʪʨʝʥʦ: ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʨʅ ʨʘʩʪʚʦʨʘ ʦʢʩʠʜʠʨʦʚʘʥʠʷ, 

ʚʳʨʘʙʦʪʢʘ ʠʥʛʠʙʠʪʦʨʘ ʢʦʨʨʦʟʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʦʢʩʠʜʠʨʦʚʘʥʠʷ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʨʝʤʝʥʥʦʡ ʟʘʱʠʪʳ ʤʝʜʠ ʦʪ 

ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʨʨʦʟʠʠ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʧʣʝʥʦʢ  ʠʥʛʠʙʠʪʦʨʘ ʚ ʢʘʤʝʨʝ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʂʦʤʧʣʝʢʩʦʤ ʢʦʨʨʦʟʠʦʥʥʳʭ, ʦʧʪʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʟʘʱʠʪʥʘʷ  ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʥʘ ʤʝʜʠ. ʊʘʢʠʝ ʧʣʝʥʢʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʟʘʱʠʪʫ 

ʦʪ ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʨʨʦʟʠʠ ʠʟʜʝʣʠʡ ʠʟ ʤʝʜʠ  ʧʨʠ ʠʭ  ʚʨʝʤʝʥʥʦʤ ʭʨʘʥʝʥʠʠ 

ʠ/ʠʣʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. 

 

This article discusses the possibility of temporary protection of copper from 

atmospheric corrosion by forming nanoscale inhibitor films on its surface in a 

chamber at high temperatures. The complex of corrosion, optical and 

electrochemical methods of research shows the high protective efficiency of the 

formed films on copper. Such films can provide protection against atmospheric 

corrosion of copper products during their temporary storage and / or 

transportation. 

 

ʄʝʜʴ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʷʚʣʷʝʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʤ ʤʝʪʘʣʣʦʤ ʠ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʚ ʘʪʤʦʩʬʝʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʠ ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʶʪ ʢʦʨʨʦʟʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ - ʧʦʧʫʣʷʨʥʳʡ ʩʧʦʩʦʙ ʝʸ 

ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ [1-2]. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʠ 

ʠʟʫʯʝʥʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʤʝʜʠ ʷʚʣʷʝʪʩʷ 1,2,3-1ʅ-ʙʝʥʟʦʪʨʠʘʟʦʣ 

(ɹʊɸ) [3-4]. ɽʛʦ ʧʨʠʤʝʥʷʶʪ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʦʚ, ʢʘʢ ʣʝʪʫʯʠʡ ʠʥʛʠʙʠʪʦʨ 

ʢʦʨʨʦʟʠʠ, ʚ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʭ ʫʧʘʢʦʚʦʯʥʳʭ ʙʫʤʘʛʘʭ, ʧʦʣʠʤʝʨʥʳʭ 

ʧʣʝʥʢʘʭ. ɺʳʩʦʢʠʝ ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ɹʊɸ ʦʙʲʷʩʥʷʶʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʜʠ ʟʘʱʠʪʥʳʭ ʩʣʦʝʚ, ʚ ʚʠʜʝ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ 

ʩ Cu(I) [5]. ʊʘʢʠʝ ʪʦʥʯʘʡʰʠʝ ʭʝʤʦʩʦʨʙʮʠʦʥʥʳʝ ʩʣʦʠ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ 

ʜʦʚʦʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʟʘʱʠʪʥʳʤ ʧʦʩʣʝʜʝʡʩʪʚʠʝʤ (ɿʇ)[6].  

ɺ ʥʘʰʠʭ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ [6-8] ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʱʠʪʥʳʭ ʧʣʝʥʦʢ ʥʘ ʤʝʪʘʣʣʘʭ ʩ ʚʳʨʘʞʝʥʥʳʤ ɿʇ ʧʨʠ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʘʨʦʚ ɹʊɸ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ  
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ʚ ʢʘʤʝʨʝ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʘ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʘʪʤʦʩʬʝʨʥʦʡ 

ʢʦʨʨʦʟʠʠ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʢʘʤʝʨʥʳʡ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʦʚ (ʫʩʢʦʨʝʥʥʳʝ ʢʦʨʨʦʟʠʦʥʥʳʝ 

ʠʩʧʳʪʘʥʠʷ, ʧʦʪʝʥʮʠʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ, 

ʵʣʣʠʧʩʦʤʝʪʨʠʷ, ʠʟʤʝʨʝʥʠʝ ʢʨʘʝʚʦʛʦ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ (ꜟ), 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠʤʧʝʜʘʥʩʘ) ʠʟʫʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʘʤʝʨʥʦʡ ʟʘʱʠʪʳ ʤʝʜʠ ɹʊɸ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʤʠ: 5-ʤʝʪʠʣ-1,2,3-

ʙʝʥʟʦʪʨʠʘʟʦʣʦʤ (ʊʊɸ), 5-ʭʣʦʨʙʝʥʟʦʪʨʠʘʟʦʣʦʤ (Cl-ɹʊɸ). ʂʦʤʧʣʝʢʩʦʤ 

ʢʦʨʨʦʟʠʦʥʥʳʭ, ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʦʙʨʘʙʦʪʢʘ ʤʝʜʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʦʚ ʪʦʥʯʘʡʰʠʭ (ʜʦ 10 ʥʤ) ʧʣʝʥʦʢ, ʢʦʪʦʨʳʝ ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʪ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦ ʟʘʱʠʱʘʶʪ ʤʝʪʘʣʣ ʦʪ ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʨʨʦʟʠʠ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʯʘʩʦʚʘʷ ʢʘʤʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʝʜʠ ʚ ʧʘʨʘʭ ɹʊɸ ʠ ʝʛʦ 

ʟʘʤʝʱʝʥʥʳʭ Clɹʊɸ ʠ ʊʊɸ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ 

ʟʘʱʠʪʫ ʤʝʜʥʳʭ ʠʟʜʝʣʠʡ ʦʪ ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʨʨʦʟʠʠ ʧʨʠ ʠʭ ʚʨʝʤʝʥʥʦʤ 

ʭʨʘʥʝʥʠʠ ʠ/ʠʣʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. 
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ʋɼʂ 544.6 
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ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʠʨʠʜʠʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʥʘ ʧʨʦʮʝʩʩ 

ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʥʠʢʝʣʷ ʠʟ ʩʝʨʥʦʢʠʩʣʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʥʠʢʝʣʠʨʦʚʘʥʠʷ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʟʦʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʶʪʩʷ 

ʙʣʝʩʪʷʱʠʝ, ʩʛʣʘʞʝʥʥʳʝ ʥʠʢʝʣʝʚʳʝ ʧʦʢʨʳʪʠʷ, ʜʦʙʘʚʢʘ ʧʠʢʦʣʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʦʚ ʥʠʢʝʣʷ ʪʘʢʞʝ ʩʦ ʩʛʣʘʞʝʥʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʜʥʘʢʦ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʦʩʘʜʢʠ ï ʤʘʪʦʚʳʝ ʠʣʠ ʧʦʣʫʙʣʝʩʪʷʱʠʝ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʠʨʠʜʠʥʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴʩʷ ʚ ʥʝʢʦʪʦʨʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʚ ʦʩʘʜʦʢ. 

 

The effect of pyridinecarboxylic acids on the process of nickel electroplating 

from nickel plating electrolyte is studied. It is shown that shiny, smoothened nickel 

coatings are formed in the presence of isonicotinic acid, the addition of picolinic 

acid also causes formation of nickel deposits with smoothened surface morphology, 

but the deposit is dull or semi-shiny. It is found that some amounts of 

pyridinecarboxylic acids may be included in the deposit. 

 

ʇʨʦʮʝʩʩ ʥʠʢʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ 

ʧʨʦʮʝʩʩʦʤ ʚ ʛʘʣʴʚʘʥʦʪʝʭʥʠʢʝ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʮʝʥʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠ ʦʩʘʞʜʝʥʥʦʛʦ ʥʠʢʝʣʷ [1-3]. ʆʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʠ ʰʠʨʦʢʦʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʦʩʪʘʚʦʚ ʷʚʣʷʝʪʩʷ ʩʝʨʥʦʢʠʩʣʳʡ 

ʵʣʝʢʪʨʦʣʠʪ ʥʠʢʝʣʠʨʦʚʘʥʠʷ ï ʵʣʝʢʪʨʦʣʠʪ ʋʦʪʪʩʘ [2]. 

ɺ ʦʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʜʘʥʥʳʡ ʵʣʝʢʪʨʦʣʠʪ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʪʦʣʴʢʦ ʤʘʪʦʚʳʝ ʥʠʢʝʣʝʚʳʝ ʧʦʢʨʳʪʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʣʝʩʪʷʱʠʭ 

ʥʠʢʝʣʝʚʳʭ ʧʦʢʨʳʪʠʡ ʚʚʦʜʷʪʩʷ ʚ ʵʣʝʢʪʨʦʣʠʪ ʙʣʝʩʢʦʦʙʨʘʟʫʶʱʠʝ ʜʦʙʘʚʢʠ. 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʠʟʦʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʀʅʂ) ʚ 

ʵʣʝʢʪʨʦʣʠʪ ʋʦʪʪʩʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʳʭ 

ʦʩʘʜʢʦʚ ʥʠʢʝʣʷ [4-5]. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʚ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʥʘʥʝʩʝʥʠʷ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ 

ʚʦʦʙʱʝ ʠ ʥʠʢʝʣʠʨʦʚʘʥʠʶ, ʚ ʯʘʩʪʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʛʘʣʴʚʘʥʦʪʝʭʥʠʢʝ ʷʚʣʷʝʪʩʷ 

ʧʦʠʩʢ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʭ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʉʦʛʣʘʩʥʦ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʠ ʥʝʢʦʪʦʨʳʤ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʩʚʝʜʝʥʠʷʤ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʧʦʢʨʳʪʠʡ ʠ 

ʩʥʠʞʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʵʣʝʢʪʨʦʣʠʪʳ ʥʠʢʝʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ 
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ʚʚʦʜʠʪʴʩʷ ʧʠʨʠʜʠʥ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ ʧʠʨʠʜʠʥʢʘʨʙʦʥʦʚʳʝ 

ʢʠʩʣʦʪʳ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʤʘʣʦʪʦʢʩʠʯʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʠʨʠʜʠʥʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ ʥʘ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ ʥʠʢʝʣʷ ʠʟ ʵʣʝʢʪʨʦʣʠʪʘ ʋʦʪʪʩʘ ʠ 

ʩʚʦʡʩʪʚʘ ʥʠʢʝʣʝʚʳʭ ʧʦʢʨʳʪʠʡ. 

ʄʦʨʬʦʣʦʛʠʶ ʥʠʢʝʣʝʚʳʭ ʧʦʢʨʳʪʠʡ ʠʟʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʮʝʥʠʚʘʣʠ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʬʦʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌʕʉ). ɺʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʥʠʢʝʣʝʚʳʭ ʦʩʘʜʢʘʭ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʛʠʙʢʦʛʦ ʢʘʪʦʜʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʢʝʣʝʚʳʭ ʧʦʢʨʳʪʠʡ ʭʦʨʦʰʝʛʦ 

ʢʘʯʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʣʝʩʪʷʱʠʭ, ʩʦ ʩʛʣʘʞʝʥʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʜʦʩʪʘʪʦʯʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʘʚʦʢ ʧʠʨʠʜʠʥʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ 0,5-3 ʛ/ʣ. ʇʦʢʨʳʪʠʷ ʠʟ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩ ʜʦʙʘʚʢʘʤʠ ʦʙʨʘʟʫʶʪʩʷ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ, ʙʣʝʩʪʷʱʠʝ ʠʣʠ ʧʦʣʫʙʣʝʩʪʷʱʠʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʌʕʉ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʥʠʢʝʣʝʚʳʭ 

ʧʦʢʨʳʪʠʡ ʠʟ ʵʣʝʢʪʨʦʣʠʪʦʚ ʩ ʜʦʙʘʚʢʘʤʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ 

ʧʠʨʠʜʠʥʦʚʦʝ ʢʦʣʴʮʦ. 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʠʢʝʣʝʚʳʭ ʧʦʢʨʳʪʠʡ ʙʳʣʘ 

ʦʧʨʝʜʝʣʝʥʘ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʢ ʦʪ ʪʦʣʱʠʥʳ ʦʩʘʜʢʦʚ, ʪʘʢ ʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʜʦʙʘʚʦʢ ʚ ʵʣʝʢʪʨʦʣʠʪʝ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʧʠʨʠʜʠʥʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʦʢʨʳʪʠʷʭ ʤʦʛʫʪ ʢʘʢ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʪʴʩʷ, ʪʘʢ ʠ ʚʦʟʨʘʩʪʘʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʨʳʪʠʝʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʵʣʝʢʪʨʦʣʠʪʘ ʙʝʟ ʜʦʙʘʚʦʢ. 

ɼʦʙʘʚʢʠ ʀʅʂ ʠ ʇʂ ʚ ʵʣʝʢʪʨʦʣʠʪ ʋʦʪʪʩʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ 

ʢʘʯʝʩʪʚʦ ʥʠʢʝʣʝʚʳʭ ʧʦʢʨʳʪʠʡ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʀʅʂ ʦʙʨʘʟʫʶʪʩʷ ʙʣʝʩʪʷʱʠʝ 

ʥʠʢʝʣʝʚʳʝ ʧʦʢʨʳʪʠʷ, ʧʨʠʯʝʤ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ 

ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʢʘʪʦʜʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʵʣʝʢʪʨʦʣʠʪʘ, ʥʦ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʙʘʚʢʠ. ɼʦʙʘʚʢʘ ʇʂ ʚʳʟʳʚʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʦʚ ʥʠʢʝʣʷ ʩʦ ʩʛʣʘʞʝʥʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʦʜʥʘʢʦ, ʦʩʘʜʢʠ ʦʩʪʘʶʪʩʷ ʤʘʪʦʚʳʤʠ ʠʣʠ ʧʦʣʫʙʣʝʩʪʷʱʠʤʠ. 

ʀʅʂ ʠ ʇʂ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʜʦʙʘʚʢʠ ʚ ʧʨʦʮʝʩʩʘʭ 

ʥʠʢʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʣʝʩʪʷʱʠʭ ʥʠʢʝʣʝʚʳʭ ʧʦʢʨʳʪʠʡ ʠ ʩʥʠʞʝʥʠʷ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʦʩʘʜʢʘʭ. 
 
ʃʠʪʝʨʘʪʫʨʘ 
1. Gamburg Yu., Zangari G. Theory and practice of metal electrodeposition. ï New York: 
Springer, 2011. 
2. ɹʫʜʨʝʡʢʦ ɽ.ʅ. ʀʩʪʦʨʠʷ ʥʠʢʝʣʠʨʦʚʘʥʠʷ // ɻʘʣʴʚʘʥʦʪʝʭʥʠʢʘ ʠ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ. ï 
2018. ʊ. XXVI, ˉ 1. ʉ. ï 36-43. 
3. ʄʘʤʘʝʚ ɺ.ʀ. ʅʠʢʝʣʠʨʦʚʘʥʠʝ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɺ.ʀ. ʄʘʤʘʝʚ, ɺ.ʅ. ʂʫʜʨʷʚʮʝʚ; ʧʦʜ ʨʝʜ. 
ɺ.ʅ. ʂʫʜʨʷʚʮʝʚʘ. ï ʄ.: ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 2014. ï 192 ʩ. 
4. ɸʛʝʝʥʢʦ ʅ.ʉ., ʉʝʜʦʡʢʠʥ ʉ.ɸ., ʇʦʣʷʢʦʚ ʅ.ɸ. ʕʣʝʢʪʨʦʣʠʪ ʙʣʝʩʪʷʱʝʛʦ ʥʠʢʝʣʠʨʦʚʘʥʠʷ // 
ʇʘʪʝʥʪ ʈʦʩʩʠʠ ˉ 98104550/02, 20.07.1999. 
5. ʅʘʨʢʝʚʠʯ ɽ.ʅ., ʇʦʣʷʢʦʚ ʅ.ɸ. ʄʦʨʬʦʣʦʛʠʷ ʠ ʚʥʫʪʨʝʥʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʠʢʝʣʝʚʳʭ 
ʧʦʢʨʳʪʠʡ ʠʟ ʩʝʨʥʦʢʠʩʣʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ ʩ ʜʦʙʘʚʢʦʡ ʠʟʦʥʠʢʦʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ // ʇʨʘʢʪʠʢʘ 
ʧʨʦʪʠʚʦʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ. ï 2018. 3(89). ʉ. ï 57-63. 



˪˝ˡ˝ˬ˚˦˟ˣ˚ ˦ˣˤ˥ˣ˧˝˗ˠ˚ˢ˝˚ ˡ˕˧˚˥˝˕ˠˣ˗ȟ ˜˕ˮ˝˧˕ ˡ˚˧˕ˠˠˣ˗  
˝ ˙˥˨˘˝˪ ˡ˕˧˚˥˝˕ˠˣ˗ ˣ˧ ˟ˣ˥˥ˣ˜˝˝ ˝ ˣ˟˝˦ˠ˚ˢ˝˴ 

152 

ʋɼʂ 620/197/3 

ɺʃʀʗʅʀɽ ʂɸʈɹʆʂʉʀʃɸʊʆɺ ʀ ʂʆʄʇʆɿʀʎʀʁ ʅɸ ʀʍ ʆʉʅʆɺɽ 

ʅɸ ɸʅʆɼʅʆɽ ʇʆɺɽɼɽʅʀɽ ʄɻ90 ɺ ʉʃɸɹʆʑɽʃʆʏʅʓʍ 

ʈɸʉʊɺʆʈɸʍ 

 

ʆʛʦʨʦʜʥʠʢʦʚʘ ɺ.ɸ.
1
, ʂʫʟʥʝʮʦʚ ʖ.ʀ.

1
 ʏʠʨʢʫʥʦʚ ɸ.ɸ.

1 

 

ʃʘʙʦʨʘʪʦʨʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʦʚ ʀʌʍʕ ʈɸʅ, 

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; email: masildik@mail.ru;  

 
ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʠ ʠʭ ʩʤʝʩʝʡ ʥʘ ʘʥʦʜʥʦʝ ʧʦʚʝʜʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʤʘʛʥʠʷ ʚ ʭʣʦʨʠʜʩʦʜʝʨʞʘʱʝʤ ʙʦʨʘʪʥʦʤ ʨʘʩʪʚʦʨʝ (ʨʅ 9,2). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʣʝʘʪ ʥʘʪʨʠʷ ʠ ʢʦʤʧʦʟʠʮʠʷ ʀʌʍɸʅ 25ʌ ʵʬʬʝʢʪʠʚʥʦ 

ʠʥʛʠʙʠʨʫʶʪ ʨʘʩʪʚʦʨʝʥʠʝ ʤʘʛʥʠʷ. 

 

The effect of carboxylates and their mixtures on the anodic behavior of 

technical magnesium in a chloride-containing borate solution (pH 9.2) was 

investigated. It is shown that sodium oleate and the composition IFHAN 25F 

effectively inhibit the dissolution of magnesium. 
 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʛʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʤʘʩʩʳ ʠʟʜʝʣʠʡ 

ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʨʝʜʩʪʚʦʤ 

ʩʦʢʨʘʱʝʥʠʷ ʚʳʙʨʦʩʦʚ CO2 ʠ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ʉʧʣʘʚʳ ʤʘʛʥʠʷ 

ʙʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʣʝʛʢʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʆʜʥʘʢʦ, ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʛʥʠʷ ʟʘʪʨʫʜʥʝʥʦ, ʚʚʠʜʫ ʥʠʟʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʤʘʛʥʠʷ ʦʪ ʢʦʨʨʦʟʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʟʘʱʠʪʥʳʤʠ 

ʧʦʢʨʳʪʠʷʤʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ (ʀʂ) ʤʘʛʥʠʷ ʄʛ90  

ʠʩʩʣʝʜʦʚʘʥʳ ʥʘʪʨʠʝʚʳʝ ʩʦʣʠ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ: ʦʣʝʘʪ ʥʘʪʨʠʷ (ʆʣʅ), 

ʦʣʝʠʣʩʘʨʢʦʟʠʥʘʪ ʥʘʪʨʠʷ (ʆʩʅ), ʣʘʫʨʘʪ ʥʘʪʨʠʷ (ʃʅ), ʬʣʶʬʝʥʘʤʠʥʘʪ ʥʘʪʨʠʷ 

(ʌʌʅ), ʩʤʝʩʝʚʳʝ ʠʥʛʠʙʠʪʦʨʳ (ʀʌʍɸʅ-25ʌ; ʆʩʅ + ʌʌʅ). ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ ʜʚʫʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ (ʆʣʅ ʠ ʀʌʍɸʅ 25ʌ) ʥʘ ʘʥʦʜʥʦʝ ʧʦʚʝʜʝʥʠʝ ʄʛ90 ʚ 

ʩʣʘʙʦʱʝʣʦʯʥʦʤ ʙʦʨʘʪʥʦʤ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ ʩʦʜʝʨʞʘʱʝʤ 1 ʤʄ NaCl. 

ʇʘʩʩʠʚʘʮʠʶ ʤʘʛʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʀʂ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 16 ʤʄ 

ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1 ʜʦʙʘʚʢʠ ʆʩʅ ʠ ʃʅ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʤʝʱʘʶʪ 

ʧʦʪʝʥʮʠʘʣ ʩʚʦʙʦʜʥʦʡ ʢʦʨʨʦʟʠʠ ʚ ʘʥʦʜʥʫʶ ʩʪʦʨʦʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʦʥʘ, (ȹɽʢʦʨ 

= 10 ʠ 52 ʤɺ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺʚʝʜʝʥʠʝ ʚ ʙʦʨʘʪʥʳʡ ʨʘʩʪʚʦʨ 8 ʤʄ ʌʌʅ  

ʪʘʢʞʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʢʠʥʝʪʠʢʫ ʘʥʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʉʨʝʜʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʣʘʙʦʱʝʣʦʯʥʦʤ ʨʘʩʪʚʦʨʝ ʥʘʠʣʫʯʰʠʤ 

ʧʘʩʩʠʚʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʆʣʅ, ʚʚʝʜʝʥʠʝ 8 ʤʄ ʢʦʪʦʨʦʛʦ ʥʝ ʪʦʣʴʢʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʤʝʱʝʥʠʶ ɽʢʦʨ ʥʘ 158 ʤɺ ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʘʩʩʠʚʘʮʠʶ ʄʛ90.  
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ʈʠʩʫʥʦʢ 1 ï ɸʥʦʜʥʳʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʄʛ90ʚ ʙʦʨʘʪʥʦʤ ʙʫʬʝʨʥʦʤ ʨʘʩʪʚʦʨʝ, 

ʩʦʜʝʨʞʘʱʝʤ 1 ʤʤʦʣʴ/ʣ NaCl ʠ ʜʦʙʘʚʢʠ 8 ʤʤʦʣʴ/ʣ ʨʘʟʣʠʯʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ 1 ï ʬʦʥ; 2 ï ʆʣʅ; 3 ï 

ʃʅ, 4 ïʆʩʅ, 5 ï ʌʌʅ, 6 ï ʀʌʍɸʅ 25ʌ; 7 ï 4 ʤʄ ʆʩʅ + 4 ʤʄ ʌʌʅ  

ʇʦʪʝʥʮʠʘʣ ʩʚʦʙʦʜʥʦʡ ʢʦʨʨʦʟʠʠ ʤʘʛʥʠʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʀʌʍɸʅ-25ʌ 

ʙʦʣʝʝ ʧʦʣʦʞʠʪʝʣʝʥ ʯʝʤ ʚ ʩʣʫʯʘʝ ʆʣʅ ʠ ʩʦʩʪʘʚʣʷʝʪ -1,38 ɺ, ʧʨʠ ʵʪʦʤ ʩʤʝʩʝʚʦʡ 

ʠʥʛʠʙʠʪʦʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʳʡ ʫʯʘʩʪʦʢ ʧʘʩʩʠʚʥʦʡ ʦʙʣʘʩʪʠ: 2,40 

ɺ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʀʌʍɸʅ-25ʌ ʧʨʦʷʚʣʷʝʪ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʟʘʱʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʀʥʛʠʙʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʵʢʚʠʤʦʣʷʨʥʦʡ ʩʤʝʩʠ ʆʩʅ ʠ ʌʌʅ ʭʦʪʷ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʝʸ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦ ʧʦʣʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʘʢʪʠʚʥʦʛʦ 

ʘʥʦʜʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʤʘʛʥʠʷ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ. 

 
ʈʠʩʫʥʦʢ 2- ɸʥʦʜʥʳʝ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʄʛ90 ʚ ʙʦʨʘʪʥʦʤ ʙʫʬʝʨʝ ʩ ʨʅ 9,2, ʩʦʜʝʨʞʘʱʝʤ 

1 ʤʄ NaCl ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʘʜʩʦʨʙʮʠʠ (1) ʠ ʧʦʩʣʝ ʥʝʸ  ʠʟ 16 ʤʄ ʨʘʩʪʚʦʨʦʚ ʀʂ ʚ ʪʝʯʝʥʠʝ 

10  ʤʠʥ: 2 ï ʆʣʅ; 3 - ʀʌʍɸʅ 25 ʌ.  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʝʥʦʢ ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʥʘ ʄʛ90  

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʤʝʱʝʥʠʶ ʥʘʯʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ɽʥ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ 

ʩʪʦʨʦʥʫ. ʕʪʦʪ ʵʬʬʝʢʪ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥ ʚ ʩʣʫʯʘʝ ʀʌʍɸʅ 25ʌ (ɽʥ=-1,034ɺ), 

ʦʜʥʘʢʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʜʘ ʚ ʨʘʩʪʚʦʨʝ ʆʣʅ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʤʝʥʴʰʠʡ ʩʜʚʠʛ ʥʘʯʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʟʘʤʝʜʣʷʝʪ ʘʥʦʜʥʳʡ ʧʨʦʮʝʩʩ. 
ɺʳʚʦʜʳ: 

1. ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʭʥʠʯʝʩʢʦʤʫ ʤʘʛʥʠʶ ʷʚʣʷʶʪʩʷ ʆʣʅ ʠ ʢʦʤʧʦʟʠʮʠʷ ʀʌʍɸʅ25ʌ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʝʛʦ ʧʘʩʩʠʚʘʮʠʶ ʚ ʭʣʦʨʠʜʩʦʜʝʨʞʘʱʝʤ ʙʦʨʘʪʥʦʤ ʙʫʬʝʨʝ.  

2. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʝʥʦʢ ʀʌʍɸʅ 25ʌ ʠ ʆʣʅ ʥʘ ʤʘʛʥʠʝʚʦʤ ʵʣʝʢʪʨʦʜʝ 
ʦʙʣʘʛʦʨʘʞʠʚʘʝʪ ʥʘʯʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʦʨʤʦʞʝʥʠʶ ʘʥʦʜʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʄʛ90 

ʚ ʨʘʩʪʚʦʨʝ.  
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ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʜʨʦʬʦʙʠʟʘʮʠʠ ʠ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʠʟʘʮʠʠ (ʉɻʌ) ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ɸɼ31 ʵʪʘʥʦʣʴʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ ʪʨʠʘʣʢʦʢʩʠʩʠʣʘʥʦʚ, ʩʪʝʘʨʠʥʦʚʦʡ  ʠ ʦʢʪʘʜʝʮʠʣʬʦʩʬʦʥʦʚʦʡ 

ʢʠʩʣʦʪʘʤʠ. ʀʟʫʯʝʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʉɻʌ ʧʦʢʨʳʪʠʡ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠ 3% NaCl. ɿʘʱʠʪʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʉɻʌ ʧʦʢʨʳʪʠʡ 

ʦʮʝʥʠʚʘʣʘʩʴ ʢʦʨʨʦʟʠʦʥʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ ʚ ʢʘʤʝʨʝ ʩʦʣʝʚʦʛʦ ʪʫʤʘʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʨʦʟʠʷ, ʘʣʶʤʠʥʠʡ, ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ, 

ʛʠʜʨʦʬʦʙʠʟʘʮʠʷ, ʪʨʠʘʣʢʦʢʩʠʩʠʣʘʥʳ, ʩʪʝʘʨʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, 

ʦʢʪʘʜʝʮʠʣʬʦʩʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ. 

 

At the work the possibility of hydrophobization and 

superhydrophobization (SH) of aluminum alloy AD31 in ethanol solutions of 

trialkoxysilanes, stearic and octadecylphosphonic acid was shown. The stability 

of the SH coatings was studied. The protective ability of the SH coatings was 

evaluated by corrosion tests in a salt chamber. 

Key words: corrosion, aluminum, corrosion inhibitors, hydrophobization, 

trialkoxysilanes, stearic acid, octadecylphosphonic acid. 
 

ʂʦʨʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʣʶʤʠʥʠʷ ʠ ʝʛʦ ʩʧʣʘʚʦʚ ʤʦʞʥʦ 

ʧʦʚʳʩʠʪʴ ʛʠʜʨʦʬʦʙʥʳʤʠ (ɻʌ) ʠ ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʳʤʠ (ʉɻʌ) ʧʦʢʨʳʪʠʷʤʠ 

[1-3]. ʗʚʣʝʥʠʝ ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʦʩʪʠ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ çʵʬʬʝʢʪ ʣʦʪʦʩʘè, 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ ʞʠʚʦʡ ʧʨʠʨʦʜʝ ʥʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ. 

ʇʦʣʫʯʝʥʠʝ ʉɻʌ ʧʦʢʨʳʪʠʡ ʚʘʞʥʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʩ ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʤʠ 

ʠ ʘʥʪʠʦʙʣʝʜʝʥʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.   

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʫʯʝʥʠʝ ʉɻʌ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʢʣʶʯʘʝʪ ʜʚʝ ʩʪʘʜʠʠ [1]: 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ, ʘ ʟʘʪʝʤ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʠʜʨʦʬʦʙʠʟʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʜʣʠʥʥʳʝ ʘʣʢʠʣʴʥʳʝ ʠ ʯʘʩʪʦ 

ʧʝʨʬʪʦʨʠʨʦʚʘʥʥʳʝ ʮʝʧʠ. ʇʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʜʦʩʪʠʞʝʥʠʷ ɻʌ ʠ ʉɻʌ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʅʌ (ʇʨʦʝʢʪ ˉ 17-13-01413 

çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʘʩʧʝʢʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʝʨʭʪʦʥʢʠʭ ʧʘʩʩʠʚʠʨʫʶʱʠʭ ʧʣʝʥʦʢ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʤʝʪʘʣʣʘʭ ʧʨʠ ʟʘʱʠʪʝ ʦʪ ʘʪʤʦʩʬʝʨʥʦʡ ʢʦʨʨʦʟʠʠè). 

mailto:semal1990@mail.ru
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ʩʦʩʪʦʷʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʘʭ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʵʪʘʥʦʣʴʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩʪʝʘʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʉʂ), ʥʘʣʠʯʠʝ ʜʣʠʥʥʦʛʦ ʘʣʢʠʣʴʥʦʛʦ 

ʨʘʜʠʢʘʣʘ ʚ ʤʦʣʝʢʫʣʝ ʉʂ ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʸ ʚʳʩʦʢʫʶ ʛʠʜʨʦʬʦʙʥʦʩʪʴ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʜʦʣʞʝʥʳ [4] ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʠʷ ʉɻʌ 

ʧʦʢʨʳʪʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Al ɸɼ31 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʂ, 

ʪʨʠʘʣʢʦʢʩʠʩʠʣʘʥʦʚ (ʊɸʉ) ʠ ʦʢʪʘʜʝʮʠʣʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʆɼʌʂ). 

ʇʨʦʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ɻʌ ʜʝʡʩʪʚʠʷ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ 10 ʤʄ 

ʦʢʪʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʘ (ʆʊʉ) ʠ 10 ʤʄ ʉʂ ʦʙʝʩʧʝʯʠʚʘʝʪ ʉɻʌ, Qc=158Á. 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʚ ʨʘʩʪʚʦʨʝ ʜʨʫʛʦʛʦ ʊɸʉ ï 

ʚʠʥʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʘ (ɺʉ), ʘ ʟʘʪʝʤ ʚ ʉʂ ʦʢʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʝʝ, ʘ 

Qc=160Á. ʆʙʨʘʙʦʪʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʪʨʘʚʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ɸɼ31 ʚ 

ʵʪʘʥʦʣʴʥʦʤ ʨʘʩʪʚʦʨʝ, ʩʦʜʝʨʞʘʱʝʤ 1 ʤʄ ʆɼʌʂ, ʧʨʝʚʦʩʭʦʜʠʪ ʧʦʩʣʦʡʥʫʶ 

ʤʦʜʠʬʠʢʘʮʠʶ ʚ ʨʘʩʪʚʦʨʘʭ ʊɸʉ ʠ ʉʂ: ʟʥʘʯʝʥʠʝ Ūʩ =162Á. ʄʝʪʦʜʘʤʠ ʈʌʕʉ 

ʠ ʵʣʣʠʧʩʦʤʝʪʨʠʠ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʪʦʣʱʠʥ ʩʣʦʝʚ ʧʦʣʫʯʘʝʤʳʭ ʉɻʌ 

ʧʦʢʨʳʪʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʧʦʩʣʦʡʥʦʤ ʬʦʨʤʠʨʦʚʘʥʠʠ ʉɻʌ ʧʣʝʥʦʢ ɺʉ ʠ 

ʆʊʉ ʩʧʦʩʦʙʥʳ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ɻʌ ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ Al ʩʧʣʘʚʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ Qc ʥʘ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʘ ɸɼ31 ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʉɻʌ ʩʣʦʷʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʭ 

ʚʳʜʝʨʞʢʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʠʣʠ 3% ʨʘʩʪʚʦʨʝ NaCl (ʈʠʩ), 

ʧʦʢʘʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʷ Qc, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʪʝʨʝʡ ʚʦ ʚʨʝʤʝʥʠ ʉɻʌ 

ʩʚʦʡʩʪʚ.  

 
ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʢʨʘʝʚʦʛʦ ʫʛʣʘ Qc ʥʘ Al ʦʪ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ ʦʙʨʘʟʮʦʚ ʚ 3% NaCl ʧʦʩʣʦʡʥʦ 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ ʵʪʘʥʦʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ (C, ʤʤʦʣʴ/ʣ): 1 - 10 ɺʉ ʠ 10 ʉʂ; 2 ï 10 

ʆʊʉ ʠ 10 ʉʂ. 
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ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʳʜʝʨʞʢʘ ʦʙʨʘʟʮʦʚ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʚ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʭʦʪʷ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ Qc, ʥʦ ʜʘʞʝ 

ʯʝʨʝʟ 49 ʩʫʪʦʢ ʜʣʷ ʚʩʝʭ ʚʠʜʦʚ ʦʙʨʘʙʦʪʢʠ ʊɸʉ ʠ ʉʂ ɻʌ ʩʦʩʪʦʷʥʠʝ 

ʩʦʭʨʘʥʷʝʪʩʷ. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʦʯʘʛʠ ʢʦʨʨʦʟʠʠ ʟʘ ʩʪʦʣʴ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʥʝ ʧʦʷʚʣʷʶʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʘ ʧʝʨʚʳʝ 

ʦʯʘʛʠ ʢʦʨʨʦʟʠʠ (ʧʦʪʝʤʥʝʥʠʝ) ʚʠʜʥʳ ʫʞʝ ʯʝʨʝʟ 24 ʯ. 

ʀʩʧʳʪʘʥʠʷ ʚ ʂʉʊ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʳʩʦʢʠʭ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʉɻʌ ʧʦʢʨʳʪʠʡ. ɼʣʷ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ Űʢʦʨ = 3 ʯ, ʧʦʩʣʦʡʥʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʩʧʣʘʚʘ ʚ ʨʘʩʪʚʦʨʘʭ ɺʉ ʠ ʉʂ ʦʢʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʝʝ 

ʦʙʨʘʙʦʪʢʠ ʚ ʨʘʩʪʚʦʨʝ ʉʂ ʚ å2,3 ʨʘʟʘ, ʠ Űʢʦʨ = 72 ʯ. ʃʫʯʰʠʤʠ ʟʘʱʠʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʧʣʝʥʢʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʠʟ ʨʘʩʪʚʦʨʘ ʆʊʉ ʠ ʉʂ Űʢʦʨ 

= 86 ʯ. 
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ʀʟʫʯʝʥʳ ʢʦʨʨʦʟʠʦʥʥʦ-ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʷ ʩʧʣʘʚʦʤ Cr-W-P, ʧʦʣʫʯʝʥʥʦʛʦ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝʤ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʭʨʦʤʦʚʳʭ ʧʦʢʨʳʪʠʡ, ʥʝ ʣʝʛʠʨʦʚʘʥʥʳʭ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʠʩʩʣʝʜʫʝʤʦʝ ʧʦʢʨʳʪʠʝ, ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʚ ʭʣʦʨʠʜ-

ʩʦʜʝʨʞʘʱʠʭ ʩʨʝʜʘʭ, ʤʦʞʝʪ ʥʘʥʦʩʠʪʴʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʪʘʣʴ ʙʝʟ 

ʤʝʜʥʦʛʦ ʧʦʜʩʣʦʷ ʠ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʪʚʝʨʜʦʩʪʴ, ʙʣʠʟʢʫʶ ʢ ʪʚʝʨʜʦʩʪʠ 

ʧʦʢʨʳʪʠʡ, ʦʩʘʞʜʝʥʥʳʭ ʠʟ ʵʣʝʢʪʨʦʣʠʪʦʚ çʰʝʩʪʠʚʘʣʝʥʪʥʦʛʦè ʭʨʦʤʠʨʦʚʘʥʠʷ 

ʠ ʥʠʟʢʫʶ ʤʠʢʨʦʭʨʫʧʢʦʩʪʴ. 

 

In this paper we studied corrosion-electrochemical and physico-

mechanical properties of the coating of Cr-W-P alloy obtained by 

electrodeposition. Unlike chromium coatings, it has a high corrosion resistance 

in chloride background, can be applied directly to steel without a copper 

underlayer and has a high hardness close to that of coatings precipitated from 

hexavalent chrome plating solutions and low micro-fragility. 

 

ʕʣʝʢʪʨʦʦʩʘʞʜʝʥʠʝ ʩʧʣʘʚʦʚ ʭʨʦʤʘ, ʢʘʢ ʩ ʤʝʪʘʣʣʘʤʠ, ʪʘʢ ʠ ʩ 

ʥʝʤʝʪʘʣʣʘʤʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʵʣʝʢʪʨʦʣʠʪʦʚ 

çʪʨʝʭʚʘʣʝʥʪʥʦʛʦè ʭʨʦʤʠʨʦʚʘʥʠʷ. ʕʣʝʢʪʨʦʣʠʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʭʨʦʤʦʚʳʡ 

ʘʥʛʠʜʨʠʜ [1] ʤʘʣʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʵʪʦʡ ʮʝʣʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ 

ʢʠʩʣʦʡ ʩʨʝʜʝ ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʜʦʙʘʚʢʠ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʠ ʝʛʦ 

ʚʢʣʶʯʝʥʠʝ ʚ ʢʘʪʦʜʥʳʡ ʦʩʘʜʦʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

ɺʦʜʥʦ-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ ʭʨʦʤʠʨʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳ 

ʪʝʤ, ʯʪʦ ʠʟ ʥʠʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʣʩʪʳʝ (ʜʦ 800 ʤʢʤ) 

ʭʨʦʤʦʚʳʝ ʧʦʢʨʳʪʠʷ. [2] ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʤʦʞʥʦ 

ʙʳʪʴ ʫʚʝʨʝʥʥʳʤ ʚ ʪʦʤ, ʯʪʦ ʚ ʪʦʣʩʪʳʭ ʢʘʪʦʜʥʳʭ ʦʩʘʜʢʘʭ ʤʦʞʝʪ ʫʚʝʨʝʥʥʦ 

ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʣʝʛʠʨʫʶʱʠʡ ʵʣʝʤʝʥʪ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʢʦʨʨʦʟʠʦʥʥʦ-ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʷ ʩʧʣʘʚʦʤ Cr-W-P, ʦʩʘʞʜʝʥʥʦʛʦ ʠʟ 

ʚʦʜʥʦ-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. 

ɼʘʥʥʦʝ ʧʦʢʨʳʪʠʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʚ 

ʩʨʝʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʭʣʦʨʠʜ-ʠʦʥʳ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘ ʩʯʝʪ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 18-03-00826. 
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ʪʦʛʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʥʘʩʳʱʝʥʳ ʦʢʩʠʜʘʤʠ ʚʦʣʴʬʨʘʤʘ ʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʬʦʩʬʦʨʘ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʟʘʱʠʪʥʫʶ ʧʣʝʥʢʫ ʠ ʧʦʚʳʰʘʶʪ 

ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʢʨʳʪʠʷ. ʆ ʥʘʣʠʯʠʠ ʩʦʝʜʠʥʝʥʠʡ 

ʚʦʣʴʬʨʘʤʘ ʠ ʬʦʩʬʦʨʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ 

ʘʥʘʣʠʟʘ ʈʌʕʉ ʥʘ ʨʠʩʫʥʢʝ 1. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʢʨʳʪʠʠ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪʩʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʚʦʣʴʬʨʘʤ, ʢʦʪʦʨʳʡ ʪʘʢ ʞʝ ʩʧʦʩʦʙʝʥ ʧʦʚʳʰʘʪʴ 

ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ.  

ʂʘʢ ʚ ʭʣʦʨʠʜ-ʩʦʜʝʨʞʘʱʠʭ ʩʨʝʜʘʭ (1 M HCl), ʪʘʢ ʠ ʚ ʩʨʝʜʘʭ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʭ ʭʣʦʨʠʜ-ʠʦʥʘ (0,5 M H2SO4) ʠʩʩʣʝʜʫʝʤʦʝ ʧʦʢʨʳʪʠʝ ʠʤʝʝʪ 

ʧʨʦʪʷʞʝʥʥʫʶ (ʜʦ 1 ʤɺ ʩ.ʚ.ʵ.) ʦʙʣʘʩʪʴ ʧʘʩʩʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʊʦʢ ʢʦʨʨʦʟʠʠ 

ʚ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʩʨʝʜʘʭ ʫ ʜʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʨʘʟʳ ʥʠʞʝ, ʯʝʤ ʫ ʨʘʥʝʝ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʭʨʦʤʦʚʳʭ ʧʦʢʨʳʪʠʡ, ʦʩʘʞʜʝʥʥʳʭ ʠʟ ʚʦʜʥʦ-

ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜʥʦʛʦ ʵʣʝʢʪʨʦʣʠʪʘ. 

ɺ ʦʪʣʠʯʠʠ ʪʦ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʢʨʳʪʠʡ 

ʩʧʣʘʚʘʤʠ Cr-C ʠ Cr-C-W, ʢʦʪʦʨʳʝ ʙʳʣʠ ʪʨʝʱʠʥʥʦʚʘʪʳʤʠ ʠ ʥʝ ʛʦʜʠʣʠʩʴ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ ʙʝʟ ʥʘʥʝʩʝʥʠʷ ʥʘ ʤʝʜʥʳʡ ʧʦʜʩʣʦʡ, 

ʠʩʩʣʝʜʫʝʤʦʝ ʧʦʢʨʳʪʠʝ ʩʧʣʘʚʦʤ Cr-W-P ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʣʦ ʩʢʚʦʟʥʳʭ 

ʪʨʝʱʠʥ ʧʨʠ ʪʦʣʱʠʥʝ 15-25 ʤʢʤ ʠ ʥʝ ʪʨʝʙʦʚʘʣʦ ʥʘʥʝʩʝʥʠʷ ʥʘ ʤʝʜʥʳʡ 

ʧʦʜʩʣʦʡ, ʦʩʘʞʜʝʥʥʳʡ ʥʘ ʩʪʘʣʴ. [3] 

ʀʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦ ɺʠʢʢʝʨʩʫ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʘ ʇʄʊ-3 ʤʝʪʦʜʦʤ ʚʜʘʚʣʠʚʘʥʠʷ ʘʣʤʘʟʥʦʛʦ 

ʧʠʨʘʤʠʜʘʣʴʥʦʛʦ ʥʘʢʦʥʝʯʥʠʢʘ ʩ ʫʛʣʦʤ ʧʨʠ ʚʝʨʰʠʥʝ 136Á ʠ ʩ ʦʩʪʨʠʝʤ ʧʨʠ 

ʚʝʨʰʠʥʝ ʨʘʜʠʫʩʦʤ ʥʝ ʙʦʣʝʝ 0,5 ʤʢʤ. ʇʨʠʤʝʥʷʝʤʫʶ ʥʘʛʨʫʟʢʫ ʠʟʤʝʥʷʣʠ ʚ 

ʧʨʝʜʝʣʘʭ 2-200 ʛ. ɺʨʝʤʷ ʥʘʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʩʦʩʪʘʚʣʷʣʦ 10 ʩ. ʅʘ ʦʩʥʦʚʝ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʩʥʷʪʠʷ ʥʘʛʨʫʟʢʠ 

ʦʧʨʝʜʝʣʷʣʠ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʜʠʘʛʦʥʘʣʠ ʧʦʣʫʯʝʥʥʦʛʦ ʦʪʧʝʯʘʪʢʘ.  

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʨʳʪʠʡ ʩʧʣʘʚʦʤ Cr-W-P ʩʦʩʪʘʚʠʣʘ 

3,8 - 5,95 ɻʇʘ ʜʦ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ 200 ʉ̄ ʚ ʪʝʯʝʥʠʠ 2 ʯʘʩʦʚ ʚ 

 

ʈʠʩ. 1. ʈʌʕ-ʩʧʝʢʪʨ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʩʧʣʘʚʦʤ CR-W-P 
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ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʵʣʝʢʪʨʦʧʝʯʠ ʉʅʆʃï3/11ïʀ2, ʠ 7,53 

- 9,85 ɻʇʘ ʧʦʩʣʝ ʜʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʚʳʰʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʤʦʞʝʪ 

ʦʙʲʷʩʥʷʪʴʩʷ ʫʜʘʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ ʠʟ ʧʦʢʨʳʪʠʡ ʠ ʩʥʠʞʝʥʠʝʤ ʝʛʦ 

ʚʦʜʦʨʦʜʥʦʡ ʭʨʫʧʢʦʩʪʠ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʠ ʫʪʦʣʱʝʥʠʝ ʦʢʩʠʜʥʳʭ ʧʣʝʥʦʢ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʕʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʢʘʢ ʥʘ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, ʪʘʢ ʠ ʥʘ ʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʢʨʳʪʠʡ.  

ʉʧʦʩʦʙʥʦʩʪʴ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ 

ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʚʜʘʚʣʠʚʘʥʠʷ ʠʥʜʝʥʪʦʨʘ ɺʠʢʢʝʨʩʘ ʚ ʦʙʨʘʟʝʮ. ʇʨʠ ʵʪʦʤ 

ʚ ʩʣʫʯʘʝ ʩʢʣʦʥʥʦʩʪʠ ʧʦʢʨʳʪʠʷ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʟʥʠʢʘʶʪ ʤʠʢʨʦʪʨʝʱʠʥʳ, ʨʘʟʣʠʯʠʤʳʝ ʚ ʦʧʪʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ. 

ʄʠʢʨʦʭʨʫʧʢʦʩʪʴ ʧʦʢʨʳʪʠʡ Co-Cr-W ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʢʘʣʝ. 

[4] ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʥʠʟʢʘʷ ʤʠʢʨʦʭʨʫʧʢʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʦʢʨʳʪʠʡ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʝʱʠʥ ʚ ʤʝʩʪʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʝ 

ʚʦʟʥʠʢʘʣʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʫʣʝʚʦʤʫ ʙʘʣʣʫ ʧʦ ʰʢʘʣʝ ʤʠʢʨʦʭʨʫʧʢʦʩʪʠ.  

ʀʟ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ: 

1) ʇʦʢʨʳʪʠʝ ʩʧʣʘʚʦʤ Cr-W-P ʷʚʣʷʝʪʩʷ ʢʦʨʨʦʟʠʦʥʥʦ-ʩʪʦʡʢʠʤ ʢʘʢ 

ʚ ʩʨʝʜʘʭ ʩʦʜʝʨʞʘʱʠʭ ʭʣʦʨʠʜ-ʠʦʥʳ, ʪʘʢ ʠ ʚ ʩʨʝʜʘʭ, ʢʦʪʦʨʳʝ ʥʝ ʩʦʜʝʨʞʘʪʴ 

ʭʣʦʨʠʜ-ʠʦʥʘ. 

2) ʅʘʣʠʯʠʝ ʩʢʚʦʟʥʳʭ ʧʦʨ ʚ ʧʦʢʨʳʪʠʠ ʤʠʥʠʤʘʣʴʥʦ, ʠ ʦʥʦ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʟʘʱʠʪʥʦʝ ʙʝʟ ʦʩʘʞʜʝʥʠʷ ʥʘ ʤʝʜʥʳʡ ʧʦʜʩʣʦʡ. 

3) ʀʩʩʣʝʜʫʝʤʦʝ ʧʦʢʨʳʪʠʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ, 

ʙʣʠʟʢʦʝ ʢ ʪʚʝʨʜʦʩʪʠ ʧʦʢʨʳʪʠʡ, ʦʩʘʞʜʝʥʥʳʭ ʠʟ ʵʣʝʢʪʨʦʣʠʪʘ 

çʰʝʩʪʠʚʘʣʝʥʪʥʦʛʦè ʭʨʦʤʠʨʦʚʘʥʠʷ. ɿʥʘʯʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʚʳʰʘʝʪʩʷ 

ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

4) ʇʦʢʨʳʪʠʝ ʩʧʣʘʚʦʤ Cr-W-P ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʤʠʢʨʦʭʨʫʧʢʦʩʪʴʶ 

ʢʘʢ ʜʦ, ʪʘʢ ʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʊʨʝʱʠʥ ʚʦʢʨʫʛ ʦʪʧʝʯʘʪʢʘ 

ʘʣʤʘʟʥʦʛʦ ʠʥʜʝʥʪʦʨʘ ɺʠʢʢʝʨʩʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 
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ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʧʣʘʚʳ Ni-Re-P 

ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠ ʠʟʫʯʝʥʳ ʠʭ ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʪʦʜʥʦʡ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ 1ʥ 

ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʩʧʣʘʚʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Re. ɺʳʷʚʣʝʥʘ 

ʚʳʩʦʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ ʚʦ 

ʚʨʝʤʝʥʠ. ʇʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʢʦʨʨʦʟʠʦʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ 

ʩʧʣʘʚʦʚ ʚ ʘʥʦʜʥʦʡ ʦʙʣʘʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ. 

 

In this work, catalytically active NiïReïP alloys are obtained by chemical 

deposition and their electrocatalytic properties with respect to the cathodic 

reaction of hydrogen evolution from 1 N sulfuric acid solution are studied. It is 

established that the best catalytic properties are characteristic for alloys with 

high Re content. The catalytic properties of the obtained alloys are stable in 

time. High corrosion stability of the obtained alloys in the anodic range of 

potentials is shown. 

 

ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʥʠʟʢʠʤ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝʤ ʢʘʪʦʜʥʦʡ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ (ʈɺɺ). 

ʇʝʨʩʧʝʢʪʠʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʩʧʣʘʚʦʚ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʭ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʧʣʘʚʳ ʤʝʪʘʣʣʦʚ 

ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʩ ʪʫʛʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʣʘʤʠ ʟʘʯʘʩʪʫʶ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʵʣʝʢʪʨʦʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʈɺɺ, ʢʨʦʤʝ ʪʦʛʦ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʧʣʘʪʠʥʳ, ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʚʦʟʜʝʡʩʪʚʠʶ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʷʜʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ, ʥʘʠʣʫʯʰʠʤʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʩʧʣʘʚʳ ʥʘ 

ʦʩʥʦʚʝ ʥʠʢʝʣʷ.  ʋʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ 

ʭʠʤʠʢʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ, 

ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʩʘʞʜʘʪʴ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʳ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ 

ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʨʦʤʝ ʪʦʛʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʧʦʢʨʳʚʘʪʴ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʤʦʨʬʦʣʦʛʠʷ ʩʧʣʘʚʦʚ Ni-Re-P, 

ʧʦʣʫʯʝʥʥʳʭ ʭʠʤʠʢʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʧʦʬʦʩʬʠʪʘ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ɺʚʝʜʝʥʠʝ 
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ʚ ʩʧʣʘʚ Ni-P ʣʝʛʠʨʫʶʱʝʛʦ ʤʝʪʘʣʣʘ Re ʠʟʤʝʥʷʝʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʦʚ ʚ ʦʪʥʦʰʝʥʠʠ ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʦʪʝʢʘʶʱʠʭ 

ʧʘʨʮʠʘʣʴʥʳʭ ʨʝʘʢʮʠʡ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʛʠʧʦʬʦʩʬʠʪ-ʠʦʥʘ, 

ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ ʥʠʢʝʣʷ ʠ ʬʦʩʬʦʨʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʘ ʪʘʢʞʝ ʣʠʪʝʨʘʪʫʨʥʳʝ 

ʜʘʥʥʳʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʛʣʫʙʠʥʳ ʦʢʠʩʣʝʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʩʧʣʘʚʘʭ ʫʜʘʝʪʩʷ ʦʙʲʷʩʥʠʪʴ ʠʟʤʝʥʝʥʠʷʤʠ 

ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ ʨʝʘʢʮʠʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ. ʉʚʦʡʩʪʚʦ ʩʧʣʘʚʦʚ Ni-Re-P ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʨʝʥʠʷ ʠʟʤʝʥʷʪʴ ʧʨʦʪʝʢʘʥʠʝ ʛʠʜʨʦʣʠʟʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʜʦ ʧʨʦʪʦʥʘ ʩʚʷʟʘʥʦ ʩ ʫʩʠʣʝʥʠʝʤ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʧʣʘʚʦʚ Ni-Re-P ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʝʘʢʮʠʠ 

ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʵʢʩʪʨʝʤʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʨʘʥʟʠʝʥʪʦʚ ʪʦʢʦʚ ʟʘ 1 ʯʘʩ ʢʘʪʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʨʝʥʘʪʘ ʢʘʣʠʷ ʚ ʨʘʩʪʚʦʨʝ.  
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ʕʣʝʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʢʦʨʨʦʟʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʚʫʭʩʪʘʜʠʡʥʦʡ  ʧʘʩʩʠʚʘʮʠʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ 

ʮʠʥʢʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʘʤʠʥʦʪʨʠʤʝʪʠʣʝʥʬʦʩʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʅʊʌʎ) ʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʠʥʛʠʙʠʪʦʨʘʤʠ ʦʣʝʘʪʦʤ ʥʘʪʨʠʷ (ʆʣʅ), 

ʚʠʥʠʣʪʨʠʤʝʪʦʢʩʠʩʠʣʘʥʦʤ (ɺʊʄʉ) ʠ 1,2,3-ʙʝʥʟʦʪʨʠʘʟʦʣʦʤ (ɹʊɸ). 

 

The effectiveness of two-stage passivation of low-carbon steel with a zinc 

complex of aminotrimethylene phosphonic acid (ATMP-Zn) and organic 

inhibitors of sodium oleate (Ol-Na), vinyltrimethoxysilane (VTMS) and 1,2,3-

benzotriazole (BTA) was investigated by electrochemical and corrosion 

methods. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʫʣʴʪʨʘʪʦʥʢʠʭ 

ʧʣʝʥʦʢ ʠʥʛʠʙʠʪʦʨʦʚ ʧʦʢʘʟʳʚʘʶʪ [1 - 3], ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʦʧʨʦʩ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ. ʆʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʫʣʴʪʨʘʪʦʥʢʠʭ ʧʣʝʥʦʢ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʱʠʱʘʝʤʦʛʦ ʤʝʪʘʣʣʘ. ʉʥʘʯʘʣʘ ʝʸ 

ʤʦʜʠʬʠʮʠʨʫʶʪ ʘʜʩʦʨʙʮʠʝʡ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʦʙʨʘʙʦʪʢʦʡ 

ʤʝʪʘʣʣʘ ʚ ʨʘʩʪʚʦʨʝ ʠʥʛʠʙʠʪʦʨʦʚ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʙʦʣʝʝ ʩʣʦʞʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʩʘʞʜʝʥʠʶ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [4 - 7]. 

ʕʪʦ ʩʧʦʩʦʙʥʦ ʫʩʠʣʠʪʴ ʧʦʩʣʝʜʫʶʱʫʶ ʘʜʩʦʨʙʮʠʶ ʜʨʫʛʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʠ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʣʝʛʯʠʪʴ ʧʘʩʩʠʚʘʮʠʶ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʫʭʩʪʘʜʠʡʥʦʡ 

ʧʘʩʩʠʚʘʮʠʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʩ ʧʦʤʦʱʴʶ ʅʊʌʎ, ʆʣʅ, ɺʊʄʉ ʠ 

ɹʊɸ. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʘʩʩʠʚʘʮʠʠ ʧʨʦʚʦʜʠʣʘʩʴ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʢʦʨʨʦʟʠʦʥʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʘʩʩʠʚʠʨʫʶʱʠʭ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʥʦʩʪʴ 

ʧʦʪʝʥʮʠʘʣʦʚ ʣʦʢʘʣʴʥʦʡ ʜʝʧʘʩʩʠʚʘʮʠʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʠ ʥʝʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʣʠ ʚ ʙʦʨʘʪʥʦʤ ʙʫʬʝʨʝ ʩ pH 7.4, ʩʦʜʝʨʞʘʱʝʤ 1 ʤʤʦʣʴ/ʣ 

NaCl, ʘ ʪʘʢʞʝ ʚʨʝʤʷ ʜʦ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʦʛʦ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʨʘʞʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʚʣʘʛʠ. 
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ʇʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʧʘʩʩʠʚʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʦʡ ʟʘʱʠʪʳ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʛʠ, ʘ 

ʪʘʢʞʝ ʧʦʚʳʰʘʶʪ ʝʝ ʩʪʦʡʢʦʩʪʴ ʢ ʣʦʢʘʣʴʥʦʡ ʜʝʧʘʩʩʠʚʘʮʠʠ ʭʣʦʨʠʜʘʤʠ. 

ʕʣʣʠʧʩʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ ʚ ʨʘʩʪʚʦʨʝ ʅʊʌʎ ʠ 

ʧʦʩʣʝʜʫʶʱʘʷ ʧʘʩʩʠʚʘʮʠʷ ʚ ʩʤʝʩʠ ʆʣʅ ʠ ɹʊɸ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʣʝʥʦʢ ʪʦʣʱʠʥʦʡ ʜʦ 33 ʥʤ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʝʩʠ ʆʣʅ ʠ ɺʊʄʉ - 58 

ʥʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʣʘʥʦʚ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʣʫʯʰʫʶ ʟʘʱʠʪʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ 

ʧʦʢʨʳʪʠʡ. 
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ʋɼʂ 546.98:543.4:544.77 

ɹʀʄɽʊɸʃʃʀʏɽʉʂʀɽ ʅɸʅʆʏɸʉʊʀʎʓ Ag-Pd: ɺʃʀʗʅʀɽ 

ʉɽʈɽɹʈɸ ʅɸ ʂɸʊɸʃʀʊʀʏɽʉʂʋʖ ɸʂʊʀɺʅʆʉʊʔ ʇɸʃʃɸɼʀʗ 
1
 

 

ɸʙʨʘʤʯʫʢ ʅ. ɺ.
1
, ʉʦʣʦʚʦʚ ʈ. ɼ.

2
 

 
1
 ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʀʈʕɸ ï 

ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 119735, ʄʦʩʢʚʘ, ʧʨ. ɺʝʨʥʘʜʩʢʦʛʦ, 86 
2
 ʃʘʙʦʨʘʪʦʨʠʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʀʌʍʕ ʈɸʅ, 119071, 

ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 31, ʢʦʨʧ. 4; e-mail: roman_solovov@mail.ru 

 

ʀʟʫʯʝʥ ʧʨʦʮʝʩʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ 

ʤʝʪʠʣʚʠʦʣʦʛʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʝ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ Ag-Pd. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʩʝʨʝʙʨʘ ʚ ʥʘʥʦʯʘʩʪʠʮʳ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ. ʅʘ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. 

 

The process of catalytic reduction of methylviologen ions in presence of 

bimetallic Ag-Pd nanoparticles has been studied. It has been noted that 

introduction of silver metal into nanoparticles with a catalytic activity is reduced 

compared with the activity of monometallic palladium nanoparticles. An 

induction period was observed on the kinetic curves. 

 

ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ, 

ʩʦʜʝʨʞʘʱʠʭ ʙʣʘʛʦʨʦʜʥʳʝ 

ʤʝʪʘʣʣʳ, ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʢ Pt ʠ Pd ʠʟ-ʟʘ ʠʭ 

ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ 

ʩʪʦʠʤʦʩʪʴ ʵʪʠʭ ʤʝʪʘʣʣʦʚ 

ʟʘʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʠʩʢʘʪʴ ʩʧʦʩʦʙʳ ʩʥʠʞʝʥʠʷ ʠʭ 

ʩʦʜʝʨʞʘʥʠʷ ʚ ʢʘʪʘʣʠʟʘʪʦʨʝ ʙʝʟ 

ʧʦʪʝʨʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠʣʠ ʩ 

ʦʙʥʘʨʫʞʝʥʠʝʤ ʥʦʚʳʭ 

ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ. 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʌʦʥʜʘ, ʧʨʦʝʢʪ ˉ18-33-00637. 

 

ʈʠʩ. 1 ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʤʝʪʠʣʚʠʦʣʦʛʝʥʘ ʚʦʜʦʨʦʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ Ag-Pd. ʈʘʩʪʚʦʨ: [MV 2+] 

= 0.50 mM; [OHï] = 5.0 mM; [Pd0] ʠʣʠ [Ag-Pd] = 0.010 

mM; [PANa] = 0.10 mM. 
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ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʯʘʩʪʠʮʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠʦʥʦʚ Ag(I) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʪʨʘʚʦʢ ʧʘʣʣʘʜʠʷ. ʇʘʣʣʘʜʠʝʚʳʝ ʥʘʥʦʯʘʩʪʠʮʳ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʕʪʦʪ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʙʣʫʯʝʥʠʠ ʨʘʩʪʚʦʨʘ ʩʦʣʠ ʧʘʣʣʘʜʠʷ Pd(II) ʠ ʧʦʣʠʘʢʨʠʣʘʪʘ ʥʘʪʨʠʷ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʩʚʝʪʦʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʝʨʭʤʝʣʢʠʭ 

ʯʘʩʪʠʮ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʤʠ ʚ 

ʧʦʚʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ: ʨʘʟʤʝʨ dTEM = 2.5 Ñ 0.3 ʥʤ (ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ), ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ dDLS = 12.4 Ñ 3.2 

ʥʤ (ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʩʩʝʷʥʠʝ ʩʚʝʪʘ) ʠ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ ɕ = ï59.3 ʤɺ. ɺ 

ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʠʘʢʨʠʣʘʪ ʥʘʪʨʠʷ ʩʣʫʞʠʪ ʥʝ ʪʦʣʴʢʦ 

ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ ʥʘʥʦʯʘʩʪʠʮ, ʥʦ ʠ ʷʚʣʷʝʪʩʷ çʧʦʩʪʘʚʱʠʢʦʤè ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʜʠʢʘʣʦʚ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ ʬʦʪʦʣʠʟʝ ʠ ʦʙʣʘʜʘʶʪ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʘʥʦʯʘʩʪʠʮʳ Ag-Pd ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʨʦʜʦʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʝʘʵʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʘʣ ʯʘʩʪʠʮʳ 

ʧʘʣʣʘʜʠʷ, ʩʪʘʙʠʣʠʟʘʪʦʨ (ʧʦʣʠʘʢʨʠʣʘʪ ʥʘʪʨʠʷ) ʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʣʠ ʩʝʨʝʙʨʘ Ag(I). 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʨʝʘʢʮʠʷ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ 

ʤʝʪʠʣʚʠʦʛʝʥʘ (MV
2+
) ʚʦʜʦʨʦʜʦʤ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ ʠ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ Ag-Pd ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʝʙʨʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʘ 

ʨʝʘʢʮʠʷ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ ʧʘʣʣʘʜʠʝʤ ʠ ʜʘʝʪ ʢʘʪʠʦʥ-ʨʘʜʠʢʘʣʳ 

ʤʝʪʠʣʚʠʦʣʦʛʝʥʘ (MV 
+
). ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʥʘʥʦʯʘʩʪʠʮʳ Ag-Pd ʪʘʢʞʝ ʢʘʪʘʣʠʟʠʨʫʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʦʥʦʚ 

ʤʝʪʠʣʚʠʦʣʦʛʝʥʘ ʚʦʜʦʨʦʜʦʤ. ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʩʝʨʝʙʨʘ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʤʦʥʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ 

ʧʘʣʣʘʜʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʷʚʣʝʥʠʝ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʣʷ 

ʢʘʪʘʣʠʟʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ Ag-Pd. ʀʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 

ʨʘʩʪʝʪ ʣʠʥʝʡʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʝʙʨʘ ʚ ʩʤʝʰʘʥʥʳʭ 

ʥʘʥʦʯʘʩʪʠʮʘʭ. 
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ʋɼʂ 550.47.502.55 621.039.73; 665.7 

ɻɽʆʍʀʄʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʆɺɽɼɽʅʀʗ ʋʈɸʅɸ ɺ 

ʇʈʆʎɽʉʉɽ ɹʀʆʈɽʄɽɼʀɸʎʀʀ ʇʆɼɿɽʄʅʓʍ ɺʆɼ ʉ 

ʅʀʊʈɸʊʅʓʄ ɿɸɻʈʗɿʅʀɽʄ ɺɹʃʀɿʀ ʐʃɸʄʆʍʈɸʅʀʃʀʑ
1
 

 

ɸʣʜʘʙʘʝʚ ʈ.ɸ. 
1
, ʉʘʬʦʥʦʚ ɸ.ɺ. 

2
, ɹʦʛʫʩʣʘʚʩʢʠʡ ɸ.ɽ. 

3
, ɹʦʣʜʳʨʝʚ ʂ.ɸ. 

4
  

 
1
ʃʘʙʦʨʘʪʦʨʠʷ ʭʠʤʠʠ ʪʝʭʥʝʮʠʷ

 
ʀʌʍʕ ʈɸʅ 

117342, ʄʦʩʢʚʘ, ʫʣ. ʆʙʨʫʯʝʚʘ, ʜ.40, ʩʪʨ.1 e-mail:rom199592@gmail.com 
2
ʀɻʄ ʉʆ ʈɸʅ 

630090, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨʦʩʧʝʢʪ ɸʢʘʜʝʤʠʢʘ ʂʦʧʪʶʛʘ, ʜ.3 
3
ʀɹʈɸʕ ʈɸʅ,  

115191, ʛ. ʄʦʩʢʚʘ,ʫʣ. ɹʦʣʴʰʘʷ ʊʫʣʴʩʢʘʷ., ʜ. 52 

 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʠʟʚʝʜʸʥ ʦʪʙʦʨ ʧʨʦʙ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠʟ ʚʝʨʭʥʠʭ 

ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʣʘʙʦʨʘʪʦʨʥʦʝ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʫʨʘʥʘ ʚ ʚʝʨʭʥʠʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʘʭ(8-12ʤ), 

ʟʘʛʨʷʟʥʸʥʥʳʭ ʩʫʣʴʬʘʪʘʤʠ ʠ ʥʠʪʨʘʪʘʤʠ, ʧʦʩʣʝ ʩʪʠʤʫʣʷʮʠʠ ʘʙʦʨʠʛʝʥʥʦʛʦ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʦʡ. 

 

As part of the work, groundwater samples were taken from the upper aquifers. 

Laboratory and computer modeling of the behavior of uranium in the upper aquifers (8ï

12 m) polluted with sulphates and nitrates was carried out after stimulation of the native 

bacterial community with whey. 

 

ʍʠʤʠʯʝʩʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʫʨʘʥʦʚʳʭ ʨʫʜ ʠ ʧʨʦʜʫʢʪʦʚ ʫʨʘʥʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚ ʩʚʷʟʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʘʟʦʪʥʦʡ ʠ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ ʟʘʛʨʷʟʥʝʥʠʡ ʵʪʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʙʣʠʟʠ ʧʫʣʴʧʦ- ʠ ʰʣʘʤʦʭʨʘʥʠʣʠʱ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʤʠʛʨʘʮʠʠ ʫʨʘʥʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ, ʚʙʣʠʟʠ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʭʨʘʥʠʣʠʱ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʜʥʫʶ ʟʘʜʘʯʫ, ʪʨʝʙʫʶʱʫʶ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʩʯʝʪʘ ʨʦʣʠ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ, ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʠʥʠʮʠʠʨʦʚʘʥʥʳʭ ʠʭ ʧʦʩʪʫʧʣʝʥʠʝʤ. ʄʠʛʨʘʮʠʷ 

ʫʨʘʥʘ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ: ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʣʘʩʪʦʚʳʭ ʚʦʜ, ʠʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʧʦʨʦʜ ʠ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʘʩʴ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʬʘʟ ʫʨʘʥʘ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʚʙʣʠʟʠ ʰʣʘʤʦʭʨʘʥʠʣʠʱ ʇɸʆ 

çʅɿʍʂè ʠ ɸʆ çʕʍɿè ʧʨʠ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʝ ʦʪ ʥʠʪʨʘʪʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʭʦʜʦʚ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

                                                 
1 ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ17-05-00707. 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʫʨʘʥʘ ʚ ʚʝʨʭʥʠʭ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʘʭ (8-12 ʤ), 

ʟʘʛʨʷʟʥʸʥʥʳʭ ʩʫʣʴʬʘʪʘʤʠ ʠ ʥʠʪʨʘʪʘʤʠ ʚ ʨʘʡʦʥʝ ʰʣʘʤʦʭʨʘʥʠʣʠʱʘ 

ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʟʘʚʦʜʘ ʭʠʤʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʪʦʚ (ʅɿʍʂ).  

ɺ ʦʩʥʦʚʫ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʝʛʣʠ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʙ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʇɸʆ çʅɿʍʂè ʠ ɸʆ çʕʍɿè, 

ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ ʜʣʷ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʘʙʦʨʠʛʝʥʥʦʛʦ 

ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ.  

ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʜʘʣʝʥʠʝ ʥʠʪʨʘʪʘ, ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʨʝʟʢʠʤ 

ʩʥʠʞʝʥʠʝʤ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʘ ʩʠʩʪʝʤʳ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʦʛʝʥʥʳʭ 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʬʘʟ. ʆʮʝʥʢʘ ʩʦʩʪʘʚʘ ʙʠʦʛʝʥʥʳʭ ʬʘʟ, ʧʦʢʘʟʘʣʘ ʥʘʣʠʯʠʝ ʚ ʥʠʭ 

ʬʦʩʬʘʪʦʚ, ʩʫʣʴʬʠʜʦʚ, ʢʘʣʴʮʠʷ ʠ ʞʝʣʝʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ 

ʨʘʩʯʸʪʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʚ ʨʘʩʯʝʪʥʦʤ ʢʦʜʝ PhreeqC 2.18 (User's, 

1999) ɺ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʠʤʝʥʷʣʠʩʴ ʜʘʥʥʳʝ ʙʘʟʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

llnl.dat.  

ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʩʠʩʪʝʤʝ ʠ ʫʜʘʣʝʥʠʝ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʧʨʠʚʝʜʸʪ ʢ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʫʨʘʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʫʨʘʥʦʚʳʭ ʬʘʟ, ʘ  

ʘʥʘʵʨʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʩʫʣʴʬʘʪ ʨʝʜʫʢʮʠʠ ʠ ʞʝʣʝʟʦ ʨʝʜʫʢʮʠʠ ʧʨʠʚʝʜʫʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʫʣʴʬʠʜʘ ʞʝʣʝʟʘ, ʠʛʨʘʶʱʝʛʦ ʨʦʣʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʙʫʬʝʨʘ ʚ 

ʩʣʫʯʘʝ ʢʠʩʣʦʨʦʜʥʦʡ ʤʠʛʨʘʮʠʠ (ʨʠʩ.1)  

 

 

ʈʠʩ.1.  ʃʘʙʦʨʘʪʦʨʥʦʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʚ ʧʨʦʙʫ 

ʤʦʣʦʯʥʦʡ ʩʳʚʦʨʦʪʢʠ (ʩʢʚ.ʙ) 

 

 

ʈʠʩ.2.  ɹʠʦʛʝʥʥʳʝ ʦʩʘʜʢʠ ʚ ʧʨʦʙʘʭ ʧʦʩʣʝ ʣʘʙ. ʵʢʩʧʝʨʠʤʝʥʪʘ 
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ʊʘʙʣʠʮʘ 1 ʈʘʩʯʸʪ ʦʩʥʦʚʥʳʭ ʙʠʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ ʚ ʧʨʦʛʨʘʤʤʝ PhreeqC 2.18 

Eh, mV 
ʌʦʨʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʫʨʘʥʘ 

ʋʨʘʥʠʥʠʪ UO2(ʘʤ) UO2.25(beta) UO2.33(beta) 

-150 -2.17 0,93 0,86 10,11 
 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʢʨʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ, 

ʥʠʪʨʘʪʨʝʜʫʢʮʠʠ ʠ ʧʦʥʠʞʝʥʠʷ Eh ʩʦʟʜʘʶʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʨʷʜʘ 

ʦʢʩʠʜʥʳʭ (ʫʨʘʥʠʥʠʪ, ʛʸʪʠʪ), ʩʫʣʴʬʠʜʥʳʭ (ʪʨʦʠʣʠʪ, ʩʬʘʣʝʨʠʪ, ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, 

ʢʦʚʝʣʣʠʪ, ʭʘʣʴʢʦʮʠʪ, ʘʣʘʙʘʥʜʠʪ, ʙʦʨʥʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ) ʠ ʢʘʨʙʦʥʘʪʥʳʭ (ʢʘʣʴʮʠʪ, 

ʘʨʘʛʦʥʠʪ, ʩʠʜʝʨʠʪ, ʨʦʜʦʭʨʦʟʠʪ, ʛʠʜʨʦʮʠʥʢʠʪ) ʪʚʝʨʜʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʧʦʚʝʜʝʥʠʝ ʫʨʘʥʠʣ-ʠʦʥʘ ʚ ʚʝʨʭʥʠʭ ʚʦʜʦʥʦʩʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʣʠʯʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʢʣʘʜʦʚ ʘʵʨʦʙʥʳʭ ʠ ʘʥʘʵʨʦʙʥʳʭ ʤʠʢʨʦʙʥʳʭ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ 

ʙʠʦʭʠʤʠʯʝʩʢʦʝ ʩʥʠʞʝʥʠʝ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣʘ ʚ ʩʠʩʪʝʤʳ ʟʘ ʩʯʸʪ ʘʵʨʦʙʥʦʛʦ 

ʤʠʢʨʦʙʥʦʛʦ ʜʳʭʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʘʥʘʵʨʦʙʠʦʟʘ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʦʙʣʘʩʪʷʭ Eh ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʨʝʜʦʢʩʟʘʚʠʩʠʤʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʨʘʥʘ. ɺ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʥʘʣʠʯʠʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʫʣʴʬʘʪ-

ʠʦʥʦʚ ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʥʘʯʥʫʪʩʷ ï ʩʣʝʜʫʶʱʠʝ ʩʪʘʜʠʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ - ʤʠʢʨʦʙʥʦʝ ʩʫʣʴʬʘʪʥʦʝ ʜʳʭʘʥʠʝ (ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʷ) ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʞʝʣʝʟʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʦʩʘʞʜʝʥʠʝʤ ʩʫʣʴʬʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʞʝʣʝʟʘ (+2). ʅʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʷʤ 

ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʜʨʫʛʦʛʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʦʢʠʩʣʠʪʝʣʷ ʥʠʪʨʘʪʘ. ʇʨʠ ʵʪʦʤ ʩʫʣʴʬʠʜʳ ʙʫʜʫʪ ʠʛʨʘʪʴ ʨʦʣʴ ʧʨʦʪʠʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʙʫʬʝʨʘ ʚ ʩʣʫʯʘʝ ʧʦʧʘʜʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʧʣʘʩʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʩʴ 

ʜʦ ʩʫʣʴʬʘʪʘ. ɾʝʣʝʟʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʜʦ ʪʨʝʭʚʘʣʝʥʪʥʦʡ ʬʦʨʤʳ, ʘ 

ʩʫʣʴʬʠʜ-ʠʦʥ ï ʜʦ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ - ʙʫʜʫʪ ʫʚʝʣʠʯʠʚʘʪʴ ʩʦʨʙʮʠʦʥʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʦʩʘʜʠʪʝʣʴʥʫʶ ʸʤʢʦʩʪʴ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʧʦ ʫʨʘʥʫ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʪʠʤʫʣʠʨʫʷ ʨʘʟʚʠʪʠʝ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʩʠʣʠʪʴ ʠʤʤʦʙʠʣʠʟʘʮʠʶ ʫʨʘʥʘ ʠ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʠʪʨʘʪʥʦʛʦ-, ʩʫʣʴʬʘʪʥʦʛʦ ʠ ʫʨʘʥʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʚʣʠʷʥʠʠ ʤʘʪʝʨʠʘʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ ʥʘ ʧʨʦʮʝʩʩʳ ʩʠʥʪʝʟʘ ʛʘʟʘ ʚ 

ʙʘʨʴʝʨʥʦʤ ʨʘʟʨʷʜʝ ʩ ʤʘʣʳʤ (0,1 ʤʤ) ʟʘʟʦʨʦʤ, ʯʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʜʣʷ ʢʦʥʚʝʨʩʠʠ ʛʘʟʘ 

(ʧʦʣʫʯʝʥʠʷ ʦʟʦʥʘ). 

 

Abstract. The results indicate the catalytic effect of the dielectric electrode 

material on the processes of gas synthesis in a barrier discharge with a small (0.1 

mm) gap, which should be taken into account when designing plasma chemical 

reactors for gas conversion (ozone production). 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳ ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʡ  ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʯʠʩʪʢʠ ʛʘʟʦʚʳʭ ʩʨʝʜ, ʛʜʝ 

ʛʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ 

ʩʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʚ ʥʠʭ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʫʛʦʚʳʭ ʧʣʘʟʤʦʪʨʦʥʦʚ ʚ ʨʝʘʢʪʦʨʝ ʩ ʙʘʨʴʝʨʥʳʤ 

ʨʘʟʨʷʜʦʤ ʤʘʢʩʠʤʫʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʩʤʝʱʝʥ ʚ ʦʙʣʘʩʪʴ ʙʦʣɹh ʝʡ 

ʵʥʝʨʛʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʜʠʩʩʦʮʠʘʮʠʠ ʠ ʩʠʥʪʝʟʘ ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪʘʭ ʵʥʝʨʛʠʠ ï ʤʝʥʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʕʪʦ 

ʦʧʨʘʚʜʳʚʘʝʪ ʥʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʜʚʫʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʘʨʴʝʨʥʦʛʦ ʨʘʟʨʷʜʘ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʜʦʚ [1]: 1) ʨʘʟʨʷʜʘ, ʩʢʦʣʴʟʷʱʝʛʦ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ (ʨʠʩ.1) ʠ 

2) ʨʘʟʨʷʜʘ ʚ ʤʘʣʦʤ ʟʘʟʦʨʝ ï ʙʣʠʟʢʦʤ ʢ ʜʣʠʥʝ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʘ (ʈʠʩ.2). 

  
ʈʠʩ.1. çʉʢʦʣʴʟʷʱʠʡ ʨʘʟʨʷʜè                           ʈʠʩ.2. ɹʘʨʴʝʨʥʳʡ ʨʘʟʨʷʜ 



˪˝ˡ˝˴ ˝ ˧˚˪ˢˣˠˣ˘˝˴ ˥˕˙˝ˣ˕˟˧˝˗ˢ˰˪ ˲ˠ˚ˡ˚ˢ˧ˣ˗ȟ  
˥˕˙˝ˣ˲˟ˣˠˣ˘˝˴ ̋  ˥˕˙˝˕˫˝ˣˢˢ˕˴ ˪˝ˡ˝˴ 

 

173 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʨʘʟʨʷʜʘ ʩ ʜʠʵʣʝʢʪʨʠʢʘ ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʙʦ ̫ ʛʘʟʘ, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʘʟʨʷʜʘ çʩʢʦʣʴʟʷʱʝʛʦè ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʢ çʪʨʘʜʠʮʠʦʥʥʳʤʠè ʬʘʢʪʦʨʘʤ ʝʛʦ 

ʨʘʟʚʠʪʠ ̫(ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʷ, ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ) ʜʦʙʘʚʠʪʴ: ʩʦʩʪʘʚ 

ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ, ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺʩʝ ʵʪʦ ʜʝʣʘʝʪ çʩʢʦʣʴʟʷʱʠʡè ʟʘʨʷʜ ʜʠʵʣʝʢʪʨʠʢʘ ʘʢʪʠʚʥʳʤ 

ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʤ ʨʝʘʢʪʦʨʦʤ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʥʦʨʤʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʢʦʪʦʨʦʝ ʧʨʠ ʨʘʟʚʠʪʠʠ ʨʘʟʨʷʜʘ çʧʨʠʞʠʤʘʝʪè ʟʘʨʷʜʳ ʢ ʜʠʵʣʝʢʪʨʠʢʫ ʠ 

ʩʦʟʜʘʝʪ ʙʦʣʴʰʫʶ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʝʪʩʷ ʧʣʘʟʤʝʥʥʘ ̫ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʥʝʟʘʚʝʨʰʝʥʥʦʡ 

ʬʦʨʤʦʡ ʨʘʟʨʷʜʘ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʛʘʟʘ, ʛʜʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʜʚʠʞʝʥʠʝ 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʩ ʦʯʝʚʠʜʥʳʤ ʚʣʠʷʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʜʠʵʣʝʢʪʨʠʢʘ.  

ɺ ʪʘʢʦʤ ʨʘʟʨʷʜʝ ʨʝʘʣʠʟʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʘʷ ʛʝʥʝʨʘʮʠʷ ʦʟʦʥʘ [1] ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʘ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʘ ʠʤʝʥʥʦ, ʧʨʠ 

ʥʘʧʳʣʝʥʠʠ ʥʘ ʵʣʝʢʪʨʦʜʳ  SiO2 ʠ ZnO, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʆʟ ʩʦʩʪʘʚʣʷʝʪ 

250ʤʛ/ʣ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩ ʵʣʝʢʪʨʦʜʘʤʠ ʠʟ ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ ʠ 

ʧʦʢʨʳʪʳʤʠ Al 2O3  ʦʙʨʘʟʫʝʪʩʷ  ʝʛʦ ʤʝʥʝʝ 5ʤʛ/ʣ.  

ʊʘʢʦʝ ʦʧʨʝʜʝʣʷʶʱʝʝ ʫʯʘʩʪʠʝ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʘ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʆʟ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʢʘʢ ʩ ʫʯʘʩʪʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʨʠ ʝʛʦ 

ʩʠʥʪʝʟʝ, ʪʘʢ ʠ ʩ ʧʦʚʳʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʵʥʝʨʛʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʧʨʦʮʝʩʩʝ ʜʠʩʩʦʮʠʘʮʠʠ ʢʠʩʣʦʨʦʜʘ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʚ ʦʙʲʝʤʝ ʚʳʩʦʪʳ ʙʘʨʴʝʨʥʦʛʦ 

ʨʘʟʨʷʜʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʯʝʤ ʚ ʩʣʦʝ çʩʢʦʣʴʟʷʱʠʭè ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʘʨʷʜʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʴʰʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʣʷ ʠ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʜʦʣʞʥʘ ʚʦʟʨʘʩʪʘʪʴ ʠ ʚ 

ʤʝʥʴʰʝʡ ʤʝʨʝ ʟʘʚʠʩʠʪʴ ʦʪ ʤʘʪʝʨʠʘʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʝʨʠʪʴ ʨʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʘ ʚ 

ʨʘʟʨʷʜʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʘʟʦʨʦʤ, ʩʨʘʚʥʠʤʳʤ ʩ ʜʣʠʥʦʡ ʧʨʦʙʝʛʘ ʵʣʝʢʪʨʦʥʘ ï 

ʜʦ 0.1ʤʤ, ʯʪʦ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʘʢʩʠʘʣʴʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʮʝʥʪʨʦʚʢʠ ʚʥʫʪʨʝʥʥʝʛʦ ʵʣʝʢʪʨʦʜʘ ʧʦʪʦʢʦʤ 

ʛʘʟʘ (ʈʠʩ. 2).  

ʀʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆʟ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʚ ʨʘʟʨʷʜʝ ʩ ʢʚʘʨʮʝʚʳʤ ʠ 

ʩʪʝʢʣʷʥʥʳʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʠ ʦʜʥʦʤ ʨʘʟʨʷʜʥʦʤ ʟʘʟʦʨʝ 

0.1ʤʤ ʠ ʦʜʥʦʤ ʵʥʝʨʛʦʚʢʣʘʜʝ ʧʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʟʥʠʮʫ 120 ʤʛ/ʣ ʠ 

20ʤʛ/ʣ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [1] ʩʦ 

çʩʢʦʣʴʟʷʱʠʤè ʨʘʟʨʷʜʦʤ, ʛʜʝ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʚʳʰʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʠʞʝ ʠʭ ʵʥʝʨʛʠʷ. ʅʦ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʦʟʦʥʘ ʚʩʝ ʞʝ ʚʣʠʷʣʦ ʚʝʱʝʩʪʚʦ, 

ʥʘʥʝʩʝʥʥʦʝ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ.  

ʆʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʤʘʪʝʨʠʘʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ ʥʘ 

ʧʨʦʮʝʩʩʳ ʜʠʩʩʦʮʠʘʮʠʠ ʠ ʩʠʥʪʝʟʘ, ʥʦ ʫʞʝ ʚ ʙʘʨʴʝʨʥʦʤ ʨʘʟʨʷʜʝ, ʛʜʝ ʚʳʰʝ 



˪˝ˡ˝˴ ˝ ˧˚˪ˢˣˠˣ˘˝˴ ˥˕˙˝ˣ˕˟˧˝˗ˢ˰˪ ˲ˠ˚ˡ˚ˢ˧ˣ˗ȟ  
˥˕˙˝ˣ˲˟ˣˠˣ˘˝˴ ̋  ˥˕˙˝˕˫˝ˣˢˢ˕˴ ˪˝ˡ˝˴ 

 

174 

ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʘʟʦʚʳʭ ʦʪʭʦʜʦʚ ʩ ʮʝʣʴʶ ʠʭ ʦʯʠʩʪʢʠ.  

ɺʣʠʷʥʠʝ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʘ ʥʘ ʧʨʦʮʝʩʩʳ ʢʦʥʚʝʨʩʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʚʘʨʮʝʚʦʛʦ ʠ ʩʪʝʢʣʷʥʥʦʛʦ ʵʣʝʢʪʨʦʜʦʚ ʙʳʣʦ ʧʨʦʚʝʨʝʥʦ ʠ 

ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʨʫʰʝʥʠʷ ʧʘʨʦʚ ʵʪʠʣʘʮʝʪʘʪʘ (ʢʦʤʧʦʥʝʥʪʘ ʙʦʣʴʰʠʥʩʪʚʘ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʣʘʢʦʢʨʘʩʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ), 

ʢʦʪʦʨʳʝ ʧʦʜʘʚʘʣʠʩʴ ʚ ʨʝʘʢʪʦʨ ʚʤʝʩʪʝ ʩ ʢʠʩʣʦʨʦʜʦʤ (ʈʠʩ.2). 

 
 ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʳ ʀʂ 

ʩʧʝʢʪʨʳ ʵʪʠʣʘʮʝʪʘʪʘ:  

(ʘ) - ʥʝʚʦʟʙʫʞʜʝʥʥʦʛʦ ʚ ʨʘʟʨʷʜʝ;   

(ʙ) - ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʚ ʨʘʟʨʷʜʝ ʩ 

ʢʚʘʨʮʝʚʳʤ ʵʣʝʢʪʨʦʜʦʤ; 

(ʚ) ï ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʚ ʨʘʟʨʷʜʝ ʩʦ 

ʩʪʝʢʣʷʥʥʳʤ ʵʣʝʢʪʨʦʜʦʤ. 

(ʛ) ï ʦʢʠʩʣʝʥʠʝ ʦʟʦʥʦʤ. 
 

ʈʠʩ.3. ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʤʝʪʠʣʘʮʝʪʘʪʘ 

 

ʆʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʚ ʨʘʟʨʷʜʝ ʆʅ 

ʩʚʷʟʝʡ (3000 ʩʤ
-1
) ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʉʆ (2300 ʩʤ

-1
). 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʀʂ-ʩʧʝʢʪʨʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʧʨʷʤʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʘʨʦʚ  ʵʪʠʣʘʮʝʪʘʪʘ ʩ ʦʟʦʥʦʤ, ʝʛʦ 

ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ(ʨʠʩ. 3 ʛ). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʵʪʠʣʘʮʝʪʘʪʘ ʚ ʙʘʨʴʝʨʥʦʤ ʨʘʟʨʷʜʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʷʤʳʤ 

ʜʝʡʩʪʚʠʝʤ ʥʘ ʥʝʛʦ ʦʟʦʥʘ.  

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʚ 

ʙʘʨʴʝʨʥʦʤ ʨʘʟʨʷʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʧʦʢʨʳʪʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʜʦʚ ʪʨʝʙʫʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ.  

ʃʠʪʝʨʘʪʫʨʘ 
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ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʪʚʦʨʦʚ ʩʦʜʝʨʞʘʱʠʭ 

ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʛʘʥʜʦʚ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʛʘʥʜʦʚ (ʘʥʠʦʥʦʚ ʩʦʣʝʡ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʠʩʣʦʪ) ʧʦʟʚʦʣʷʶʪ ʧʦʜʘʚʠʪʴ ʨʝʘʢʮʠʠ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ 

ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʦʚ.  

 

When conducting electrochemical studies of solutions containing high concentrations 

of ligands, new complex compounds of transition metals were obtained. High concentrations 

of ligands (organic acids anoins) make it possible to suppress the disproportionation reactions 

of the reduced forms that allow us to prevent oxide formation. 

 

ʉʦʝʜʠʥʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʰʣʠ ʩʚʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʯʝʥʴ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, ʪʝʭʥʠʢʠ, ʤʝʜʠʮʠʥʳ ʠ ʧʨʦʩʪʦ ʚ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʄʝʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ [1-2].  

ʉʦʝʜʠʥʝʥʠʷ ʪʝʭʥʝʮʠʷ ʠ ʤʦʣʠʙʜʝʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʚʠʜʝ 

ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢʘʨʢʘʩʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʚʳʩʰʠʭ 

ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʝʧʝʥʝʡ ʦʢʠʩʣʝʥʠʷ (ʄʦ(Vl), Mo(V), Tc(Vl ), Tc(V)). ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʩ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤʠ ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʥʝʢʦʪʦʨʳʤʠ 

ʢʘʥʮʝʨʦʛʝʥʥʳʤʠ ʠ ʪʝʨʘʪʦʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ 

ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʟʜʦʨʦʚʴʝ ʧʘʮʠʝʥʪʘ. 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ð ʵʪʦ ʦʛʨʦʤʥʝʡʰʠʡ ʩʧʝʢʪʨ 

ʩʦʝʜʠʥʝʥʠʡ ʩʦ ʚʩʝʚʦʟʤʦʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʄʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʠ ʚʳʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝ ʤʥʦʛʦ, ʚ ʦʩʥʦʚʥʦʤ ʵʪʦ ʧʨʷʤʦʡ 

ʭʠʤʠʯʝʩʢʠʡ, ʵʣʝʢʪʨʦ- ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ.r ʆʯʠʩʪʢʘ ʠ ʚʳʜʝʣʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʠʝʤʘʤʠ: 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʠʪʜ. ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʣʠʙʜʝʥʘ ʠ ʪʝʭʥʝʮʠʷ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʘʛʨʝʩʩʠʚʥʳʝ ʩʨʝʜʳ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʠʭ ʦʯʠʩʪʢʠ. 

ɼʣʷ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʪʘʢʠʭ ʢʘʢ ʤʦʣʠʙʜʝʥ ʠ ʪʝʭʥʝʮʠʡ ʚ ʩʠʣʫ 

ʩʭʦʞʝʩʪʠ ʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʘʚʪʦʨʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ 
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ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʣʠʛʘʥʜʘʤʠ ʠʟ ʦʢʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ. ʀʜʝʷ ʩʠʥʪʝʟʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʟʫʯʝʥʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ [3-5] ʜʣʷ 

ʥʘʥʝʩʝʥʠʷ ʤʦʣʠʙʜʝʥʦʚʳʭ ʧʦʢʨʳʪʠʡ. ɺ ʭʦʜʝ ʵʣʝʢʪʨʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʛʝʧʪʘʤʦʣʠʙʜʘʪʘ ʘʤʤʦʥʠʷ, ʧʝʨʪʝʭʥʝʪʘʪʘ ʘʤʤʦʥʠʷ, ʚʘʥʘʜʘʪʘ ʘʤʤʦʥʠʷ, 

ʧʝʨʨʝʥʘʪʘ ʘʤʤʦʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʫʩʪʦʡʯʠʚʳʝ ʚ ʚʦʜʝ ʩʦʝʜʠʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ ʚ ʧʨʦʤʝʞʫʪʦʯʥʥʳʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ. 

ʅʘʢʦʧʣʝʥʠʝ ʚ ʨʘʩʪʚʦʨʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʌʘʨʘʜʝʷ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʜʦʙʘʚʦʢ-ʣʠʛʘʥʜʦʚ ʚ 

ʵʣʝʢʪʨʦʣʠʪʝ ʦʯʝʥʴ ʚʳʩʦʢʠ ʠ ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʥʳʝ ʨʝʘʢʮʠʠ ʩ ʚʦʜʦʡ 

ʧʦʜʘʚʣʷʪʁʩʷ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʛʠʜʨʦʣʠʟʫ ʠ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʶ 

ʥʝʢʦʪʦʨʳʭ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʄʦ(V), Re(V), 

ʠ Tc(V) ʜʦʢʘʟʘʥʦ ʩʧʝʢʪʨʘʤʠ ʧʦʛʣʦʱʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʧʨʠʙʦʨʝ Cary 

100 Scan UV-visible spectrophotometer ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ 200-800ʥʤ ʚ 

ʢʚʘʨʮʝʚʦʡ ʢʶʚʝʪʝ ʩ ʪʦʣʱʠʥʦʡ ʧʦʛʣʦʱʘʶʱʝʛʦ ʩʣʦʷ 1.001ʤʤ. 

ʆʪʣʠʯʠʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʚʝʱʝʩʪʚʘ ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʥʦʩʪʴʶ 

ʙʝʟʚʨʝʜʥʳ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʘʧʧʘʨʘʪʫʨʳ, ʨʅ ʩʤʝʩʠ 

ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʚʚʝʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʠʩʣʦʪ, ʠ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʥʝʡʪʨʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ʨʅ=6-8). 

ʇʦʪʝʥʮʠʦʩʪʘʪʠʨʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʪʝʥʮʠʘʣʘʭ ʧʦʣʫʚʦʣʥ ʧʦʟʚʦʣʷʝʪ ʚ 

ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʥʘʢʦʧʠʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʬʦʨʤʠʘʪʥʳʭ, ʧʨʦʧʠʦʥʘʪʥʳʭ, ʚʘʣʝʨʠʘʥʘʪʥʳʭ, ʮʠʪʨʘʪʥʳʭ ʠ ʦʢʩʘʣʘʪʥʳʭ 

ʩʨʝʜʘʭ (ʨʅ = 7). ʉʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʪʘʢʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʚ, ʦʜʥʘʢʦ ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʙʦʨ 

ʤʘʪʝʨʠʘʣʘ ʢʘʪʦʜʘ ʟʜʝʩʴ ʠʛʨʘʝʪ ʩʝʨʴʝʟʥʫʶ ʨʦʣʴ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʄʦ(V), Re(V), ʊʩ(V) ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʪʦʜʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʦʡ, ʯʪʦ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʪʫʪʴ ʠ 

ʘʤʘʣʴʛʘʤʳ. ʆʜʥʦʨʦʜʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʞʥʘ ʧʦʩʢʦʣʴʢʫ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʝ ʜʦʣʞʥʦ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʤʝʪʘʣʣʦʢʩʠʜʥʦʝ ʧʦʢʨʳʪʠʝ. ʈʪʫʪʴ ʜʘʝʪ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ 

ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʜʝʣʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʠ ʢʠʥʝʪʠʯʝʩʢʠ ʙʦʣʝʝ 

ʚʦʟʤʦʞʥʳʤ ʧʨʦʪʦʥʦʜʦʥʦʨʥʳʡ ʵʬʬʝʢʪ ʠʦʥʦʚ ʘʤʤʦʥʠʷ [6]. ɿʘʱʝʣʘʯʠʚʘʥʠʝ 

ʧʨʠʢʘʪʦʜʥʦʛʦ ʩʣʦʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʙʫʬʝʨʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ 

ʢʘʨʙʦʢʩʠʣʘʪʦʚ ʘʤʤʦʥʠʷ. ɼʣʷ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʬʣʘʞʢʠ ʘʤʘʣʴʛʘʤʠʨʦʚʘʥʥʦʛʦ ʩʚʠʥʮʘ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʵʣʝʢʪʨʦʜʘ ʠ 

ʵʣʝʢʪʨʦʜʳ ʆʈʊɸ (ʦʢʩʠʜʥʦ-ʨʫʪʝʥʠʝʚʳʡ ʪʠʪʘʥʦʚʳʡ ʘʥʦʜ) ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜʦʚ.  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʪʦʠʪ ʦʪʥʝʩʪʠ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ. ʕʢʩʪʨʘʢʮʠʷ ʠ 
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ʧʨʝʧʨʦʪʠʚʥʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʦʢʘʟʘʣʠʩʴ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʠʟʚʣʝʯʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ. ʆʜʥʘʢʦ ʟʘʜʘʯʘ ʚʳʜʝʣʝʥʠʷ ʯʠʩʪʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠ ʪʘʢʦʛʦ ʨʦʜʘ ʩʨʝʜ ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʥʝʨʝʰʝʥʥʦʡ. 

 

ɺʳʚʦʜʳ: 

1. ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

2. ʈʘʩʩʤʦʪʨʝʥ ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʥʘʨʘʙʦʪʢʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ, ʤʘʣʦʪʦʢʩʠʯʥʳʭ, 

ʥʝʡʪʨʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʢʘʨʙʦʢʩʠʣʘʪʥʳʭ ʩʦʣʝʡ.  

3. ɼʦʢʘʟʘʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʤʝʪʘʣʣʦʚ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ ʚ ʥʝʡʪʨʘʣʴʥʳʭ ʚʦʜʥʳʭ ʩʨʝʜʘʭ. ʇʦʜʘʚʣʝʥʘ ʨʝʘʢʮʠʷ 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ ʄʦ ʠ ʊʩ. 
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ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʦʨʙʮʠʠ 
99

TcO4
-
 ʥʘ ʢʦʥʲʶʛʘʪʝ ʥʘʥʦʘʣʤʘʟ-ʵʪʠʣʝʥʜʠʘʤʠʥ-ʕɼʊɸ (ʅɸ-ʕɼʊɸ) ʚ 

ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʥʦʪʳ ʩʦʨʙʮʠʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʘʣʤʘʟʥʳʭ ʢʦʥʲʶʛʘʪʦʚ ʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʝʭʥʝʮʠʷ. 

ʆʙʦʟʥʘʯʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʨʘʙʦʪ. 

 

The report discusses the results of experiments on the sorption of 
99

TcO4
-
 

on nanodiamond-ethylenediamine-EDTA (ND-EDTA) conjugate in aqueous 

solution. The dependence of sorption completeness on concentration of 

nanodiamond conjugates and on technetium concentration is demonstrated. The 

future direction of work development is denoted. 

 

ɼʝʪʦʥʘʮʠʦʥʥʳʝ ʥʘʥʦʘʣʤʘʟʳ (ɼʅɸ) ʦʙʣʘʜʘʶʪ ʮʝʣʳʤ ʨʷʜʦʤ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ 

ʜʣʷ ʨʘʜʠʦʪʝʨʘʧʠʠ: ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʦʢʦʣʦ 5 ʥʤ; ʚʳʩʦʢʦʨʘʟʚʠʪʘʷ ʫʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ (ʜʦ 250-400 ʤ
2
/ʛ); ʥʘʣʠʯʠʝ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ; ʨʘʜʠʘʮʠʦʥʥʘʷ 

ʩʪʦʡʢʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ, ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʥʝʪʦʢʩʠʯʥʦʩʪʴ [1]. ʂʨʦʤʝ 

ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ɼʅɸ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ [2]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠ ʥʘʣʠʯʠʠ ʦʧʫʭʦʣʠ ʫ ʤʳʰʝʡ, ɼʅɸ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ 

ʠʤʝʥʥʦ ʚ ʥʝʡ [3]. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʢ ʦʧʫʭʦʣʠ ʥʦʩʠʪʝʣʷ, 

ʩʧʦʩʦʙʥʦʛʦ ʧʨʦʯʥʦ ʫʜʝʨʞʠʚʘʪʴ ʪʝʭʥʝʮʠʡ ʚ ʚʳʩʰʝʡ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ 

ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ (VII), ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ 

ʢʣʠʥʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ. ɿʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʦʙʲʝʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʜʫʨ ʩ 
99ʤ
ʊʩ ʧʨʠ ʧʦʤʦʱʠ ʪʝʭʥʠʢʠ ʆʌʕʂʊ ʜʦʩʪʠʛʘʝʪ 80%. ʅʘʠʙʦʣʝʝ 

ʯʠʩʣʝʥʥʘʷ ʛʨʫʧʧʘ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ 
99ʤ
ʊʩ ʚʢʣʶʯʘʝʪ ʢʦʤʧʣʝʢʩʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʝʭʥʝʮʠʷ 
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ʜʦ Tc(IV). ʇʦʠʩʢ ʯʘʩʪʠʮʳ-ʥʦʩʠʪʝʣʷ, ʩʧʦʩʦʙʥʦʡ ʫʜʝʨʞʠʚʘʪʴ ʪʝʭʥʝʮʠʡ ʚ 

ʥʝʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʝ ʠ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʵʪʘʧʦʚ ʩʠʥʪʝʟʘ 

ʧʨʝʧʘʨʘʪʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʪ ʢ 

ʫʧʨʦʱʝʥʠʶ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʈʌʇ. ʉʪʨʫʢʪʫʨʘ ʥʘʥʦʘʣʤʘʟʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘ ʥʝʦʙʭʦʜʠʤʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ [4] ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʮʝʣʠ ʨʘʙʦʪʳ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ  ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 

ʥʘʥʦʘʣʤʘʟʦʚ ʜʣʷ ʬʠʢʩʘʮʠʠ ʪʝʭʥʝʮʠʷ [5].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʣʫʯʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʨʙʮʠʠ ʧʝʨʪʝʭʥʝʪʘʪ-ʘʥʠʦʥʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅɸ-ʕɼʊɸ ʚ 

ʫʩʪʦʡʯʠʚʦʤ ʟʦʣʝ (ʨʠʩ. 1). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅɸ-

ʕɼʊɸ ʜʦʣʷ ʩʦʨʙʠʨʦʚʘʚʰʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʠʦʥʦʚ TcO4
-
 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅɸ-ʕɼʊɸ 300 ʤʢʛ/ʤʣ ʩʦʨʙʠʨʦʚʘʣʦʩʴ 

61,7% TcO4
-
. ʇʦʣʫʯʝʥʥʘʷ ʠʟʦʪʝʨʤʘ ʠʤʝʝʪ ʚʠʜ ʤʦʥʦʤʦʣʝʢʫʣʷʨʥʦʡ ʠʟʦʪʝʨʤʳ 

ʘʜʩʦʨʙʮʠʠ ʃʝʥʛʤʶʨʘ. 
 

 
ʈʠʩ. 1. ʀʟʦʪʝʨʤʘ ʘʜʩʦʨʙʮʠʠ ʧʝʨʪʝʭʥʝʪʘʪ-ʘʥʠʦʥʘ (TcO4

-) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʅɸ-

ʕɼʊɸ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ 99Tc ʚ ʦʙʨʘʟʮʝ = 816 ɹʢ (100%), ʦʙʲʝʤ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ 1 ʤʣ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʅɸ-ʕɼʊɸ = 100 ʥʤ. RĮ = 0.9874. 
 

 ɼʦʣʷ ʩʦʨʙʠʨʦʚʘʚʰʠʭʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʥʠʦʥʦʚ TcO4
-
 ʩʥʠʞʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʨʠʩ. 2). ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,5 Ŀ 10
-6 
ʄ 

ʩʦʨʙʠʨʦʚʘʣʦʩʴ 55,1% TcO4
-
. 

ɺ 0,25 Ŀ 10
-6 
ʄ ʨʘʩʪʚʦʨʝ TcO4

-
 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʟʦʣʷ, ʩʦʜʝʨʞʘʱʝʛʦ 950 ʤʢʛ 

ʅɸ-ʕɼʊɸ, ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ 74,9% ʩʦʨʙʮʠʷ ʘʥʠʦʥʦʚ TcO4
-
. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʟʫʯʝʥʠʷ ʩʦʨʙʮʠʠ ʪʝʭʥʝʮʠʷ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ɼʅɸ. ɼʣʷ ʩʦʨʙʮʠʠ 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʢʣʠʥʠʢʝ ʢʦʣʠʯʝʩʪʚ 
99

Tc, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʟʦʣʝʡ ɼʅɸ, ʧʦʚʳʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʤʦʣʝʢʫʣ-ʣʠʛʘʥʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʯʘʩʪʠʮ ʠ ʠʟʫʯʝʥʠʷ ʜʨʫʛʠʭ 

ʧʨʠʚʠʪʳʭ ʭʝʣʘʪʠʨʫʶʱʠʭ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʤʦʣʝʢʫʣ. 
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʩʦʨʙʮʠʠ ʧʝʨʪʝʭʥʝʪʘʪ-ʘʥʠʦʥʘ (TcO4

-) ʦʪ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʄʘʩʩʘ ʅɸ-ʕɼʊɸ 

ʚ ʦʙʨʘʟʮʝ = 100 ʤʢʛ, ʦʙʲʝʤ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ 1 ʤʣ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʅɸ-ʕɼʊɸ = 

100 ʥʤ. RĮ = 0.9762. 
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ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʩʦʨʙʮʠʠ ʚ 

ʚʦʜʝ 
99

Tc ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʘʣʤʘʟʦʚ, ʦʢʩʠʜʘ ʛʨʘʬʝʥʘ ʠ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ, ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʛʨʫʧʧʘʤʠ -H, -OH, -

COOH, -NH2 ʠ c ʧʨʠʚʠʪʳʤ ʛʣʠʮʠʜʦʣʦʤ. 

 

The report discusses the results of experiments on the sorption of 
99

Tc on 

the surface of nanodiamonds, graphene oxide, and multi-layered carbon 

nanotubes functionalized by -H, -OH, -COOH, -NH2 groups, and grafted 

glycidol in water. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʦʡ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʠ ʥʘʭʦʜʠʪ ʥʦʚʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʪʝʨʘʧʠʠ ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [1]. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʜʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʘʤ 

(ʈʌʇ) ʷʚʣʷʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʚ ʮʝʣʝʚʦʤ ʦʨʛʘʥʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʜʦʩʪʘʚʢʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʦʪʦʧʘ ʢ 

ʢʦʥʢʨʝʪʥʦʤʫ ʦʨʛʘʥʫ ʧʝʨʩʧʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʦʚʳʝ ʥʦʩʠʪʝʣʠ ï  

ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʤʘʪʝʨʠʘʣʳ (ʋʅ): ʜʝʪʦʥʘʮʠʦʥʥʳʝ ʥʘʥʦʘʣʤʘʟʳ (ɼʅɸ), 

ʤʥʦʛʦʩʣʦʡʥʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ (ʄʋʅʊ) ʠ ʦʢʩʠʜ ʛʨʘʬʝʥʘ (ʆɻ). ʆʥʠ 

ʦʙʣʘʜʘʶʪ ʧʦʜʭʦʜʷʱʠʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʤʘʣʳʤʠ 

ʨʘʟʤʝʨʘʤʠ, ʨʘʟʚʠʪʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (ʢʦʪʦʨʘʷ, ʚʝʨʦʷʪʥʦ, 

ʦʧʨʝʜʝʣʷʝʪ ʚʳʩʦʢʫʶ ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ), ʭʠʤʠʯʝʩʢʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʴʶ, ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ, ʥʝʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʭʦʜʝ ʛʘʟʦ- ʠ ʞʠʜʢʦʬʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʘ 
                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ, ʧʨʦʝʢʪ ˉ 18-13-

00413. 

mailto:bogdan@geokhi.ru
http://maps.google.com/maps?ll=55.779,37.5955&spn=0.01,0.01&t=h&q=55.779,37.5955&hl=ru
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ʪʘʢʞʝ ʧʨʠʚʠʚʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʩʧʦʩʦʙʥʳʭ 

ʫʜʝʨʞʠʚʘʪʴ ʨʘʜʠʦʥʫʢʣʠʜʳ [2]. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʜʦʩʪʫʧʥʳʭ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʠʨʝ 

ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʷʚʣʷʝʪʩʷ 
99m
ʊʩ. ɹʦʣʝʝ 80% ʦʪ ʚʩʝʛʦ ʦʙʲʝʤʘ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ 
99m
ʊʩ.  

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʥʘʥʦʘʣʤʘʟʦʚ 

ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʪʝʭʥʝʮʠʷ [3, 4]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʧʝʨʪʝʭʥʝʪʘʪ-ʘʥʠʦʥʘ ʠʟ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ 2Ŀ10
-5
 M Na

99
TcO4 ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʋʅ (ʩ = 50 ʤʢʛ/ʤʣ)  ʚ 

ʫʩʪʦʡʯʠʚʦʤ ʛʠʜʨʦʟʦʣʷʭ (ʨʠʩ. 1). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʝʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʦʙʨʘʟʮʳ ɼʅɸ-NH2 ʠ ɼʅɸ-H ï ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ 

ʩʦʩʪʘʚʠʣʘ 47 ʠ 42%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʜʝʨʞʘʥʠʝ ʋʅ ʚ ʦʙʨʘʟʮʝ ʩʦʩʪʘʚʣʷʣʦ 

100 ʤʢʛ, ʦʙʲʝʤ ʦʙʨʘʟʮʘ 2 ʤʣ. 

 

 
 

ʈʠʩ. 1. Cʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʧʝʨʪʝʭʥʝʪʘʪ-ʘʥʠʦʥʘ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 2Ŀ10-5 M Na99TcO4 ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʋʅ  ʚ ʫʩʪʦʡʯʠʚʦʤ ʛʠʜʨʦʟʦʣʝ. çɼʅɸè ʠ çʆɻè - ʢʦʤʤʝʨʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʋʅ. 

 

ʀʟʫʯʝʥʠʝ ʦʙʨʘʪʠʤʦʩʪʠ ʘʜʩʦʨʙʮʠʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ 
99

Tc@ɼʅɸ-ʅ ʠ 
99

Tc@ɼʅɸ-NH2 ʧʦʢʘʟʘʣʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʧʦʩʣʝ 24 ʯ ʥʝ 

ʧʨʝʚʳʰʘʣʘ 8% (ʨʠʩ. 2). ɽʩʣʠ ʫʯʠʪʳʚʘʪʴ ʥʝ ʫʜʘʣʷʝʤʳʡ ʧʨʠ ʜʝʢʘʥʪʘʮʠʠ 

ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʣ ʦʢʦʣʦ 8%, ʪʦ ʘʢʪʠʚʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʥʘʜ 

ʪʚʝʨʜʦʡ ʬʘʟʦʡ ʙʳʣʘ ʥʘ ʫʨʦʚʥʝ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ. ʅʘ ʛʨʘʬʠʢʝ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 
99

Tcʆ4
-
 ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ 24 ʯ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʦʙʨʘʪʠʤʦʩʪʠ ʘʜʩʦʨʙʮʠʠ ʧʝʨʪʝʭʥʝʪʘʪ-ʘʥʠʦʥʘ 

ʠ ʧʨʦʯʥʦʤ ʝʛʦ ʫʜʝʨʞʠʚʘʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʘʣʤʘʟʦʚ ʩ ʘʤʠʥʦ- ʠ ʉ-ʅ 

ʛʨʫʧʧʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʫʩʪʦʡʯʠʚʳ ʙʦʣʝʝ ʯʝʤ ʪʨʠ 



˪˝ˡ˝˴ ˝ ˧˚˪ˢˣˠˣ˘˝˴ ˥˕˙˝ˣ˕˟˧˝˗ˢ˰˪ ˲ˠ˚ˡ˚ˢ˧ˣ˗ȟ  
˥˕˙˝ˣ˲˟ˣˠˣ˘˝˴ ̋  ˥˕˙˝˕˫˝ˣˢˢ˕˴ ˪˝ˡ˝˴ 

 

183 

ʧʝʨʠʦʜʘ ʧʦʣʫʨʘʩʧʘʜʘ ʨʘʜʠʦʥʫʢʣʠʜʘ 99mTc ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʥʘ 

ʧʨʘʢʪʠʢʝ ʢʘʢ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʨʘʜʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ. 

 
ʈʠʩ. 2. ʉʪʘʙʠʣʴʥʦʩʪʴ 99Tc@ɼʅɸ-ʅ ʠ 99Tc@ɼʅɸ-NH2 ʚ ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʟʫʯʝʥʠʷ ʩʦʨʙʮʠʠ ʪʝʭʥʝʮʠʷ ʥʘ ʋʅ ʚ ʤʦʜʝʣʴʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʘʭ. 
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ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʜʦʟʳ ʦʙʣʫʯʝʥʠʷ ʥʘ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ, 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʟʨʳʚʦ- ʠ 

ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ç30% ʊɹʌ ï ʀʟʦʧʘʨ-ʄè, 

ʥʘʩʳʱʝʥʥʦʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ. ʀʟʫʯʝʥʳ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʝʸ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʜʝʩʪʨʫʢʮʠʠ ʠ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʝʸ ʨʝʛʝʥʝʨʘʮʠʠ. 

 

The influence of radiation dose on the hydrodynamic, extraction 

parameters and fire and explosion safety characteristics of extracting system ç30 

% TBP ï Isopar-Mè has been determined. The composition of the products of its 

radiation destruction and various ways of its regeneration are studied. 

 

ɺ ʫʩʣʦʚʠʷʭ ʠʥʪʝʨʝʩʘ ʢ ʨʝʘʢʪʦʨʘʤ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ ʠ ʧʨʠ 

ʨʘʟʚʝʨʪʳʚʘʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʨʘʥʧʣʫʪʦʥʠʝʚʦʛʦ ʦʢʩʠʜʥʦʛʦ ʪʦʧʣʠʚʘ 

ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ) ʩ ʮʝʣʴʶ ʠʟʚʣʝʯʝʥʠʷ 

ʮʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʩʥʦʚʘ ʘʢʪʫʘʣʴʥʘ. ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʝʨʝʨʘʙʦʪʢʠ 

ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʩʙʦʨʦʢ (ʊɺʉ) ʷʚʣʷʝʪʩʷ PUREX-ʧʨʦʮʝʩʩ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʠʟʚʣʝʯʝʥʠʝ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ ʤʝʪʦʜʦʤ ʞʠʜʢʦʩʪʥʦʡ 

ʵʢʩʪʨʘʢʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʪʨʠ-ʥ-ʙʫʪʠʣʬʦʩʬʘʪ 

(ʊɹʌ), ʤʠʥʫʩʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʙʣʠʟʢʘʷ ʢ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ, 

ʧʦʵʪʦʤʫ ʝʛʦ ʨʘʟʙʘʚʣʷʶʪ ʚ çʣʸʛʢʠʭè ʠʣʠ çʪʷʞʝʣʳʭè ʨʘʟʙʘʚʠʪʝʣʷʭ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠʤʝʥʝʥʠʷ ʞʠʜʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʚ ʇʫʨʝʢʩ-ʧʨʦʮʝʩʩʝ ʷʚʣʷʝʪʩʷ ʠʭ ʨʘʜʠʘʮʠʦʥʥʘʷ ʜʝʩʪʨʫʢʮʠʷ, ʢʦʪʦʨʘʷ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʷʤ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʢʮʠʦʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʠ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ.  

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʞʘʨʦʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ç30% ʊɹʌ ï ʀʟʦʧʘʨ-ʄè.  ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 30 % ʨʘʩʪʚʦʨʳ 

ʊɹʌ ʚ ʀʟʦʧʘʨʝ-ʄ, ʥʘʩʳʱʝʥʥʳʝ ʨʘʩʪʚʦʨʘʤʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʥʝʦʙʭʦʜʠʤʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ. ʆʙʣʫʯʝʥʠʝ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʫʩʢʦʨʝʥʥʳʤʠ 

ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʋʕʃɺ-10-10-

ʉ70. ʇʦʛʣʦʱʝʥʥʫʶ ʜʦʟʫ ʠʟʤʝʨʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ 
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ʦʙʨʘʟʮʦʚ ʉʆ ʇɼ(ʌ)ʈ. ɸʢʪʠʚʥʦʩʪʴ ʧʨʦʙ ʠ ʩʘʤʦʛʦ ʨʘʩʪʚʦʨʘ ʠʟʤʝʨʷʣʠ 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʠ 

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʧʨʝʜʝʣʷʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʊɹʌ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʂʦʣʠʯʝʩʪʚʦ ʢʘʨʙʦʥʠʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʩʣʦʞʥʳʭ 

ʵʬʠʨʦʚ, ʥʠʪʨʦʩʦʝʜʠʥʝʥʠʡ ʠ ʥʠʪʨʘʪʦʚ ʠʟʤʝʨʷʣʠ ʤʝʪʦʜʦʤ ʀʂ ï 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦ-

ʜʝʛʨʘʜʠʨʦʚʘʥʥʳʭ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʜʘʚʣʝʥʠʠ ʚʳʰʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʧʝʮʠʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ.  

ʉʨʘʚʥʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ç30% ʊɹʌ ï 

ʀʟʦʧʘʨ-ʄè ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʩʪʝʤʦʡ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦʛʦ ʨʘʟʙʘʚʠʪʝʣʷ ʉ-13 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʝ ʀʟʦʧʘʨ-ʄ ʥʝ ʫʩʪʫʧʘʝʪ ʩʪʘʥʜʘʨʪʥʦʡ, 

ʠʥʦʛʜʘ ʧʨʝʚʦʩʭʦʜʷ ʝʸ ʧʦ ʪʘʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʢʘʢ ʤʝʞʬʘʟʥʦʝ ʥʘʪʷʞʝʥʠʝ, 

ʚʷʟʢʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʩʣʘʠʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʚʦʜʥʦʡ ʬʘʟ ʥʘ ʨʘʟʥʳʭ 

ʩʪʘʜʠʷʭ. ʇʨʦʚʦʜʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʫʩʢʦʨʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʘʣʴʬʘ-ʠʟʣʫʯʝʥʠʷ ʧʣʫʪʦʥʠʷ-239 ʥʘ ʝʛʦ 

ʵʢʩʪʨʘʢʮʠʶ ʠʟ ʘʟʦʪʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ. ʇʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʧʦʛʣʦʱʝʥʥʦʡ 

ʜʦʟʳ ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʩʢʦʨʦʩʪʠ ʨʘʩʩʣʘʠʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʚʦʜʥʦʡ ʬʘʟ, 

ʚʷʟʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, ʠʟʤʝʥʷʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʫʪʦʥʠʷ. 

ɺʳʷʚʠʣʠ, ʯʪʦ ʧʨʠʨʦʜʘ ʦʙʣʫʯʘʶʱʠʭ ʯʘʩʪʠʮ (ʫʩʢʦʨʝʥʥʳʝ ʵʣʝʢʪʨʦʥʳ ʠ 

ʘʣʴʬʘ-ʯʘʩʪʠʮʳ) ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʫʪʦʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ 

ʜʘʥʥʳʭ. ʊʝʨʤʦʣʠʟ ʦʜʥʦʬʘʟʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʠ 

ʜʘʚʣʝʥʠʠ ʚʳʰʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 90 ʜʦ 170 Áʉ 

ʧʨʦʪʝʢʘʣ ʙʝʟ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʗʨʢʦ ʚʳʨʘʞʝʥʥʳʡ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʧʨʦʭʦʞʜʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ 

ʪʝʨʤʦʣʠʟʝ ʜʚʫʭʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ç30%ʊɹʌ ï ʀʟʦʧʘʨ-ʄ ï 8,2 ʤʦʣʴ/ʣ HNO3è, 

ʦʙʣʫʯʝʥʥʦʡ ʜʦ ʜʦʟʳ 1 ʠ 2 ʄɻʨ, ʧʨʠ 90Áʉ. ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʜʦʟʳ 

ʦʙʣʫʯʝʥʠʷ ʩʚʳʰʝ 0,5 ʄɻʨ ʟʥʘʯʝʥʠʝ ʊʥ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ 61Áʉ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, 30% ʨʘʩʪʚʦʨ ʊɹʌ ʚ ʀʟʦʧʘʨʝ-ʄ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʣʞʝʥ ʙʳʪʴ 

ʦʪʥʝʩʝʥ ʢ ʛʨʫʧʧʝ ʣʝʛʢʦ ʚʦʩʧʣʘʤʝʥʷʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ (ʃɺɾ). ʅʦ 

ʢʘʨʙʦʥʘʪʥʘʷ ʧʨʦʤʳʚʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʧʨʝʜʝʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ, ʩʦʦʪʥʦʩʷ ʝʛʦ ʩʦ ʟʥʘʯʝʥʠʷʤʠ çʩʚʝʞʝʛʦè 

ʵʢʩʪʨʘʛʝʥʪʘ.    
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ʊɽʈʄʀʏɽʉʂɸʗ ʉʊɸɹʀʃʔʅʆʉʊʔ ɸɿʆʊʅʆʂʀʉʃʆɻʆ 

ʈɸʉʊɺʆʈɸ, ʉʆɼɽʈɾɸʑɽɻʆ ʄʆʅʆʕʊɸʅʆʃɸʄʀʅ 
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ɽʤʝʣʴʷʥʦʚ ɸ.ʉ.  
 

ʃʘʙʦʨʘʪʦʨʠʷ ʨʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʨʦʙʣʝʤ ʀʌʍʕ ʈɸʅ,  

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: aleks.emelyanov1992@gmail.com 
 

ʇʨʠʩʫʪʩʪʚʠʝ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʘ (ʄʕɸ) ʚ ʘʟʦʪʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ 

ʫʧʘʨʠʚʘʥʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, 

ʧʝʨʝʭʦʜʷʱʠʭ ʚ ʨʝʞʠʤ ʪʝʧʣʦʚʦʛʦ ʚʟʨʳʚʘ. ʆʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʪʝʧʣʦʚʦʡ ʚʟʨʳʚ 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ 6-8% ʤʘʩʩ. ʄʕɸ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 90-100Áʉ. ʈʝʘʢʮʠʷ ʥʦʩʠʪ 

ʘʚʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ.  

 

The presence of monoethanolamine (MEA) in nitric acid solutions during 

evaporation can lead to exothermic effects, which can change to the mode of 

thermal explosion. Found that the thermal explosion occurs at 6-8% MEA by 

weight at temperatures of 100-90ÁC. The reaction takes place in autocatalytic 

mode. 

 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʘ ʥʘʯʘʣʦʩʴ ʩ 90-ʭ ʛʦʜʦʚ ʥʘ PWR ʪʘʢʠʭ 

ʩʪʨʘʥ, ʢʘʢ ʉʐɸ, ʖʞʥʘʷ ʂʦʨʝʷ, ʗʧʦʥʠʷ. ɿʘ ʨʫʙʝʞʦʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʦʨʷʜʢʘ 80% ɸʕʉ ʨʘʙʦʪʘʶʪ ʥʘ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʥʦʤ ʚʦʜʥʦ-ʭʠʤʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ ʚʦ ʚʪʦʨʦʤ ʢʦʥʪʫʨʝ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʙʳʣ ʚʚʝʜʝʥ ʚ ʦʧʳʪʥʦ-

ʧʨʦʤʳʰʣʝʥʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘ ɹʘʣʘʢʦʚʩʢʦʡ ʠ ʅʦʚʦʚʦʨʦʥʝʞʩʢʦʡ ɸʕʉ ʠ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʚʪʦʨʦʤ ʦʭʣʘʜʠʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ ʜʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʵʨʦʟʠʦʥʥʦ-ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʤʠʥʠʤʠʟʘʮʠʠ ʦʪʣʦʞʝʥʠʡ [1]. ʇʨʠ ʵʪʦʤ ʠʤʝʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ, ʯʪʦ 

ʤʦʥʦʵʪʘʥʦʣʘʤʠʥ ʤʦʞʝʪ ʩʦʨʙʠʨʦʚʘʪʴʩʷ ʥʘ ʢʘʪʠʦʥʦʦʙʤʝʥʥʳʭ ʩʦʨʙʝʥʪʘʭ ʠ 

ʜʝʩʦʨʙʠʨʦʚʘʪʴʩʷ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ [2]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʦʡ, ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʤʝʩʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʠʩʣʠʪʝʣʷ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ ʚ ʨʘʩʪʚʦʨʘʭ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʨʦʪʝʢʘʥʠʝ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ [3]. ɼʘʥʥʳʝ ʨʝʘʢʮʠʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ, ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚʦʟʤʦʞʝʥ ʧʝʨʝʭʦʜ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʚ ʨʝʞʠʤ ʪʝʧʣʦʚʦʛʦ ʚʟʨʳʚʘ. ʕʪʠ ʨʝʘʢʮʠʠ ʤʦʛʫʪ 

ʥʘʯʠʥʘʪʴʩʷ ʢʘʢ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ 16-19-00191). 
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ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʨʘʩʪʚʦʨʦʚ, ʪʘʢ ʠ ʚ ʟʘʢʨʳʪʦʤ ʩʦʩʫʜʝ ʧʨʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ - ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʝʨʘʮʠʠ 

ʫʧʘʨʠʚʘʥʠʷ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʄʕɸ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʩʪʚʦʨʳ, ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

 
ʊʘʙʣʠʮʘ 1. ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʠ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʘ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʫʧʘʨʠʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. 

ʉʪʝʧʝʥʴ 

ʫʧʘʨʠʚʘʥʠʷ 

ʂʦʥʮʝʥʪʨʘʮʠʷ HNO3 ʇʣʦʪʥʦʩʪʴ, ʉʦʜʝʨʞʘʥʠʝ ʄʕɸ 

%ʤʘʩʩ ʤʦʣʴ/ʣ ʛ/ʩʤ
3
 %ʤʘʩʩ (ʛ/ʣ) 

ʀʩʭʦʜʥʘʷ 5 0,81 1,025 1,6 16,44 

ɺ 2 ʨʘʟʘ 10 1,62 1,054 3,4 37,3 

ɺ 4 ʨʘʟʘ 18 3,2 1,102 5,7 66,8 

ɺ 6 ʨʘʟ 26,5 4,86 1,16 8,1 94,2 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʘʚʪʦʢʣʘʚʝ 

ʥʘ ʦʙʨʘʟʮʘʭ ʦʙʲʝʤʦʤ 30 ʤʣ. ʊʝʤʧʝʨʘʪʫʨʘ ʪʝʨʤʦʩʪʘʪʘ ʩʦʩʪʘʚʣʷʣʘ 150Áʉ, 

ʠʤʠʪʠʨʫʷ ʙʳʩʪʨʳʡ ʥʘʛʨʝʚ ʩʠʩʪʝʤʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ. ɼʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʨʝʶʱʝʛʦ ʧʘʨʘ, ʢʦʪʦʨʳʡ 

ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʫʧʘʨʠʚʘʥʠʷ ʞʠʜʢʠʭ ʨʘʩʪʚʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʨʠʩ. 1) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʪʝʧʣʦʚʦʛʦ ʚʟʨʳʚʘ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤʘʭ. 

ɼʣ̫ ʩʠʩʪʝʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʦʩʪʘʚʫ 2-

ʢʨʘʪʥʦʡ ʫʧʘʨʢʠ ʪʝʧʣʦʚʦʡ ʚʟʨʳʚ ʧʨʦʠʟʦʰʝʣ ʥʘ 

ʩʪʘʜʠʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʠ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʜʣʷ ʩʠʩʪʝʤ, ʦʪʚʝʯʘʶʱʠʭ ʩʦʩʪʘʚʘʤ 4-

ʢʨʘʪʥʦʡ ʠ 6-ʢʨʘʪʥʦʡ ʫʧʘʨʦʢ ʪʝʧʣʦʚʦʡ ʚʟʨʳʚ 

ʧʨʦʠʟʦʰʝʣ ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʛʨʝʚʘ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʫʚʝʣʠʯʝʥʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ HNO3 ʠ ʄʕɸ ʫʩʪʘʥʦʚʣʝʥ 

ʬʘʢʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʚʟʨʳʚʘ ʜʘʞʝ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ. 

ɺ ʩʣʫʯʘʝ 4-ʢʨʘʪʥʦʡ ʫʧʘʨʢʠ ʤʦʜʝʣʴʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʨʤʦʩʪʘʪʘ 100
ʦ
ʉ 

ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʣ ʦʢʦʣʦ 6 

ʯʘʩʦʚ, ʜʣʷ ʫʧʘʨʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ 6 ʨʘʟ ʧʨʠ 

90 Áʉ ʠʥʜʫʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʣ 7 ʯʘʩʦʚ. 

ɸʟʦʪʥʘʷ ʢʠʩʣʦʪʘ ʚ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʨʘʩʭʦʜʫʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ. ʅʘʧʨʠʤʝʨ, ʦʩʪʘʪʦʯʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ HNO3 ʩʦʩʪʘʚʣʷʝʪ 

0,68Ñ0,15ʤʦʣʴ/ʣ ʜʣʷ 6-ʢʨʘʪʥʦ ʫʧʘʨʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʛʨʝʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 2, 4 ʠ 6-ʪʠ 

 

ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ) ʠ ʜʘʚʣʝʥʠʷ 

(ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ) ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ ʚ ʘʚʪʦʢʣʘʚʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʨʤʦʩʪʘʪʘ 150Áʉ 

ʜʣʷ ʩʠʩʪʝʤ, ʦʪʚʝʯʘʶʱʠʭ ʩʦʩʪʘʚʫ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʠʩʭʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ (1), 2-ʢʨʘʪʥʦʡ ʫʧʘʨʢʠ 

(2), 4-ʢʨʘʪʥʦʡ ʫʧʘʨʢʠ (3) ʠ 6-

ʢʨʘʪʥʦʡ ʫʧʘʨʢʠ (4). 
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ʢʨʘʪʥʦʤʫ ʫʧʘʨʠʚʘʥʠʶ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʥʠʞʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ HNO3. 

ɺʳʚʦʜʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʜʦʢʘʟʘʣʠ ʘʚʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʥʦʵʪʘʥʦʣʘʤʠʥʘ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʨʝʞʠʤʝ ʪʝʧʣʦʚʦʛʦ 

ʚʟʨʳʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ. ʂʨʦʤʝ ʵʪʦʛʦ 

ʧʦʣʫʯʠʣʠ ʢʠʥʝʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʘʢʮʠʠ ʜʣʷ ʩʤʝʩʠ, ʦʪʚʝʯʘʶʱʝʡ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʤʫ ʩʦʩʪʘʚʫ 6-ʢʨʘʪʥʦʡ ʫʧʘʨʢʠ, ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʟʚʦʣʠʣʘ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʧʦ ʚʝʣʠʯʠʥʝ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʧʦʨʷʜʢʘ 10%. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. ʐʫʪʠʢʦʚ ɸ.ɺ., ʉʘʚʯʝʥʢʦ ɺ.ɽ.,é // ʀʟʚʝʩʪʠʷ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. 2008.ʊ. 312. ˉ 2. ʉ. 39-43 

2. http://spepro.ru/?page=pages&id=61, ʜʘʪʘ ʧʦʩʣʝʜʥʝʛʦ ʧʦʩʝʱʝʥʠʷ 20.10.2018 

3. ʅʘʟʠʥ ɽ. ʈ., ɿʘʯʠʥʷʝʚ ɻ.ʄ. ʇʦʞʘʨʦʚʟʨʳʚʦʙʝʟʦʧʘʩʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ. ʄʦʩʢʚʘ: ʅʊʎ ʗʈɹ ʈʦʩʪʝʭʥʘʜʟʦʨʘ. 2009. 
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ʋɼʂ 544.77.051:544.526.2:546.55/.59 

ɺʃʀʗʅʀɽ ʂʀʉʃʆʈʆɼɸ ʅɸ ʕʃɽʂʊʈʆʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀ 

ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʅɸʅʆʏɸʉʊʀʎ ʉɽʈɽɹʈɸ ɺ 

ɺʆɼʅʆʄ ʈɸʉʊɺʆʈɽ 
 

ɽʨʰʦʚ ɺ. ɸ., ɸʙʭʘʣʠʤʦʚ ɽ. ɺ., ɽʨʰʦʚ ɹ. ɻ. 

 
ʃʘʙʦʨʘʪʦʨʠʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʀʌʍʕ ʈɸʅ, 

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, 31,.e-mail: vadersh@yandex.ru 

 

ʈʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʢʠʩʣʦʨʦʜʘ ʥʘ ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ ʩʝʨʝʙʨʘ ʢʘʨʙʦʥʘʪ-ʠʦʥʘʤʠ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʋʌ-ʩʚʝʪʘ. ɻʠʜʨʦʟʦʣʴ ʧʦʣʫʯʘʣʠ ʚ ʜʝʘʵʨʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ. 

 

The influence of oxygen on the electronic state and physico-chemical 

properties of silver nanoparticles obtained by the method of silver ions reduction 

by carbonate ions in aqueous solution under the influence of UV-light was 

considered. Hydrosol was obtained under deaerated conditions and in the 

presence of air oxygen. 

 

ʅʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʚ 

ʜʝʘʵʨʠʨʦʚʘʥʥʳʭ ʠ ʘʵʨʠʨʦʚʘʥʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ɼʝʡʩʪʚʠʝ ʋʌ-ʩʚʝʪʘ ʥʘ 

ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʠʦʥʦʚ ʩʝʨʝʙʨʘ, ʩʦʜʝʨʞʘʱʠʡ ʦʢʩʘʣʘʪ-ʠʦʥʳ, ʠʥʠʮʠʠʨʫʝʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʦʥʦʚ ʤʝʪʘʣʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ. ʇʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦ ʨʦʩʪʫ ʧʦʛʣʦʱʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʘʟʤʦʥʦʚ ʚ ʤʝʪʘʣʣʝ ʧʨʠ 380-410 ʥʤ, ʢʦʪʦʨʳʡ ʟʘʚʝʨʰʘʝʪʩʷ 

ʧʦʣʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʨʘʩʪʚʦʨʝ ʠʦʥʦʚ Ag
+
. ɼʘʥʥʳʝ 

ʇʕʄ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʘʤ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʚʦʟʜʫʭʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʜʣʠʥʷʝʪ ʚʨʝʤʷ ʧʦʣʫʯʝʥʠʷ ʩʝʨʝʙʨʘ ʠ 

ʟʘʤʝʪʥʦ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʩʚʦʡʩʪʚʘ. ʕʪʦ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ, ʚ ʢʦʪʦʨʦʡ 

ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʥʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʜʝʡʩʪʚʠʠ 

ʋʌ-ʩʚʝʪʘ ʠʤʧʫʣʴʩʥʦʛʦ ʢʩʝʥʦʥʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʥʘ ʨʘʩʪʚʦʨʳ, 

ʩʦʜʝʨʞʘʱʠʝ 3Ĭ10
-4
 ʄ ʠʦʥʦʚ Ag

+
 ʠ 5Ĭ10

-4
 ʄ ʠʦʥʦʚ C2O4

2-
. ɺʠʜʥʦ, ʯʪʦ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʚʦʟʜʫʭʝ (21.9 ʥʤ), ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ (10.3 ʥʤ). ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʣʦʩʘ ʇʇʈ ʥʘʥʦʯʘʩʪʠʮʳ ʩʝʨʝʙʨʘ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʩʤʝʱʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ ʚ ʩʪʦʨʦʥʫ ʜʣʠʥʥʳʭ ʚʦʣʥ, ʘ ʚʦ ʚʪʦʨʦʤ, ʥʘʧʨʦʪʠʚ, ʚ ʩʪʦʨʦʥʫ 

ʢʦʨʦʪʢʠʭ ʜʣʠʥ ʚʦʣʥ.  
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ʊʘʙʣʠʮʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʦʡʩʪʚ ʥʘʥʦʯʘʩʪʠʮ  ʩʝʨʝʙʨʘ 

ʋʩʣʦʚʠ ̫ ɚmax
i
,

ʥʤ 

ɚmax
f
,

ʥʤ 

æɚmax,

ʥʤ 

W1/2, 

ʥʤ 

Rʇʕʄ,ʥʤ Rɼʈʉ,ʥʤ ɕ-ʧʦʪʝʥʮʠʘʣ, 

ʤɺ 

ʜʝʘʵʨʠʨ. 402 383 -19 76-86 10.3Ñ3.2 12.2Ñ1.8 - 

ʘʵʨʠʨ. 395 404 9 38-80 21.9Ñ4.6 22.8Ñ5.2 -67,4 

 

ʇʦʛʣʦʱʝʥʠʝ ʧʣʘʟʤʦʥʦʚ ʚ ʥʘʥʦʯʘʩʪʠʮʘʭ ʩʝʨʝʙʨʘ ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʝʪʘʣʣʝ. ʇʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʝʨʝʙʨʘ ʚ ʜʝʘʵʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ñʩʠʥʝʝò 

ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩʳ ʇʇʈ (ɚmax) ʠ, ʥʘʧʨʦʪʠʚ, ʚ ʘʵʨʠʨʦʚʘʥʥʦʡ 

ʩʨʝʜʝ ʧʦʣʦʩʘ ʩʤʝʱʘʝʪʩʷ ʚ ñʢʨʘʩʥʫʶò ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ 

ʄʠïɼʨʫʜʝ [1, 2], ʧʦʣʦʞʝʥʠʷ ʧʦʣʦʩ ʩʚʷʟʘʥʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʝʪʘʣʣʝ ʩʦʦʪʥʦʰʝʥʠʝʤ 
2f

max
i
max

i
e

f
e )/(/ ll=nn  (1), 

 ʛʜʝ ʠʥʜʝʢʩʳ i ʠ f ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʯʘʣʴʥʦʤʫ ʠ ʢʦʥʝʯʥʦʤʫ ʩʦʩʪʦʷʥʠʷʤ 

ʥʘʥʦʯʘʩʪʠʮʳ ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʩʠʥʪʝʟʝ 

ʥʘʥʦʯʘʩʪʠʮ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʤʝʪʘʣʣʝ, ʘ ʚʦ ʚʪʦʨʦʤ, ʚ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʠ, 

ʥʘʧʨʦʪʠʚ, ʠʭ ʫʤʝʥʴʰʝʥʠʝ. ʇʨʝʦʙʨʘʟʫʝʤ ʚʳʰʝʫʢʘʟʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ. 

ʋʯʠʪʳʚʘʝʤ, ʯʪʦ  

ὲ  ὲ Ўὲ (2)  ʠ  ‗ ‗  Ў‗ (3), 

 ʘ ʪʘʢʞʝ ʧʨʝʥʝʙʨʝʛʘʝʤ ʤʘʣʦʩʪʴʶ ʚʝʣʠʯʠʥʳ  

f
maxl

lD

 (4) 

(Ò 1.2%). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʧʨʦʩʪʦʝ ʫʨʘʚʥʝʥʠʝ 

Ўὲ  Ў‗ (5) 

ʆʥʦ ʥʘʛʣʷʜʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʥʘʥʦʯʘʩʪʠʮʝ ʤʝʪʘʣʣʘ ʦʪ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ 

ʧʦʣʦʩʳ ʇʇʈ. ʏʝʤ ʙʦʣʴʰʝ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩʳ ʚ ʦʙʣʘʩʪʴ ʢʦʨʦʪʢʠʭ ʚʦʣʥ, ʪʝʤ 

ʚʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʠ, ʥʘʧʨʦʪʠʚ, ʯʝʤ ʙʦʣʴʰʝ ʩʤʝʱʝʥʠʝ ʧʦʣʦʩʳ 

ʚ ʦʙʣʘʩʪʴ ʜʣʠʥʥʳʭ ʚʦʣʥ, ʪʝʤ ʤʝʥʴʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʝʪʘʣʣʝ. 

ʅʘ ʨʠʩʫʥʢʝ ʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʜʚʠʛʘ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩ ʇʇʈ 

ʩʝʨʝʙʨʘ ʦʪ ʚʨʝʤʝʥʠ ʠʭ ʧʦʣʫʯʝʥʠʠ ʚ ʜʝʘʵʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ (ʥʘ ʨʠʩʫʥʢʝ 

ʩʣʝʚʘ) ʠ ʚ ʘʵʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ (ʥʘ ʨʠʩʫʥʢʝ ʩʧʨʘʚʘ). ʅʘ ʨʠʩʫʥʢʝ ʪʘʢʞʝ 

ʧʦʢʘʟʘʥʦ, ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʧʦʣʫʯʝʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ, ʠʟʤʝʥʝʥʠʝ 
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ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʝʪʘʣʣʝ ʚ ʧʨʦʮʝʥʪʘʭ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʠʩʭʦʜʥʦʤʫ ʩʦʩʪʦʷʥʠʶ (ʟʘ ʪʘʢʦʚʦʝ ʧʨʠʥʷʪʦ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 10% ʠʩʭʦʜʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ Ag
+
). ɺʠʜʥʦ, ʯʪʦ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʣʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ Ag
+
 ʚ ʜʝʘʵʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ  

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʝʪʘʣʣʝ ʫʚʝʣʠʯʠʣʘʩʴ ʧʨʠʤʝʨʥʦ 

ʥʘ 4,8%. ɺ ʘʵʨʠʨʦʚʘʥʥʦʤ ʨʘʩʪʚʦʨʝ, ʥʘʧʨʦʪʠʚ,  ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʝʪʘʣʣʝ ʫʤʝʥʴʰʠʣʘʩʴ ʧʨʠʤʝʨʥʦ ʥʘ 2,8%. ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, 

ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʣʫʯʝʥʠʝ ʩʝʨʝʙʨʘ ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʥʳʤʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ. 

 

 
ʈʠʩʫʥʦʢ. ɿʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʜʚʠʛʘ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩ ʇʇʈ ʩʝʨʝʙʨʘ ʠ ʠʟʤʝʥʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʤʝʪʘʣʣʝ 

 

ʇʦʣʫʯʝʥʥʳʝ ʛʠʜʨʦʟʦʣʠ ʩʝʨʝʙʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʝʡ 

ʘʛʨʝʛʘʪʠʚʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʜʫʭʘ ʩʝʨʝʙʨʦ ʩʧʫʩʪʷ 

ʧʨʠʤʝʨʥʦ 2 ʥʝʜʝʣʠ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʢʨʫʧʥʳʝ ʣʠʥʝʡʯʘʪʳʝ ʛʣʦʙʫʣʳ ʠ ʜʘʣʝʝ 

ʩʦʭʨʘʥʷʶʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. ʆʜʥʘʢʦ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʚʦʟʜʫʭʘ ʩʧʫʩʪʷ ʧʨʠʤʝʨʥʦ 2 ʥʝʜʝʣʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʭ 

ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ, ʢʦʪʦʨʳʡ ʟʘʚʝʨʰʘʝʪʩʷ ʩʧʫʩʪʷ ʧʨʠʤʝʨʥʦ 3 

ʤʝʩʷʮʘ. ɻʠʜʨʦʟʦʣʴ ʩʝʨʝʙʨʘ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʟʜʫʭʘ, ʧʨʦʷʚʣʷʝʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʘʛʨʝʛʘʪʠʚʥʫʶ ʠ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ 

ʪʝʯʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʦ ʩʨʦʢʘ ʥʘʙʣʶʜʝʥʠʷ 2-3 ʤʝʩʷʮʝʚ, ʯʪʦ ʤʳ 

ʩʚʷʟʳʚʘʝʤ ʩ ʥʘʣʠʯʠʝʤ ʟʘʱʠʪʥʦʡ ʦʢʠʩʥʦʡ ʧʣʝʥʢʠ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. C. F. Bohren and D. R. Huffman, Absorption and Scattering of Light by Small Particles, 

Willey, New York, 1983. 

2. U. Kreibig and M. Vollmer, Optical Properties of Metal Clusters, Springer, Berlin, 1995. 
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ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʩʦʨʙʮʠʦʥʥʳʝ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʥʪʦʥʠʪʦʚʦʡ ʠ ʢʘʦʣʠʥʦʚʦʡ ʛʣʠʥ, ʘ ʪʘʢʞʝ ʠʭ ʩʤʝʩʝʡ. 

ʆʧʨʝʜʝʣʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʙʘʨʴʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɿʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʠʣʴʪʨʘʮʠʠ ʩʤʝʩʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,5Ŀ10
-11

 ʤ/ʩ, ʟʥʘʯʝʥʠʝ 

ʝʤʢʦʩʪʠ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ï ʥʝ ʤʝʥʝʝ 32 ʤʛ-ʵʢʚ/100 ʛ. 

 

Sorption and filtration properties of both bentonite and kaolin along with 

their mixtures were studied. The optimal composition of kaolin-based barrier 

material was determined. The obtained value of filtration coefficient for 

involved barrier mixture doesnôt exceed 1,5Ŀ10
-11

 m/s, while cation-exchange 

capacity value is higher than 32 mg-eq/100g. 

 

ɹʘʨʴʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ ʚʳʚʦʜʝ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʷʜʝʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʝʞʥʫʶ ʠʟʦʣʷʮʠʶ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʨʠʨʦʜʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʛʣʠʥʳ ʠ ʛʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʠ ʧʨʦʪʠʚʦʤʠʛʨʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʟʚʦʣʷʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴ ʠʭ ʩʦʩʪʘʚ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʘʨʴʝʨʥʦʡ ʩʤʝʩʠ ʩ 

ʟʘʜʘʥʥʳʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

ɺ ʈʦʩʩʠʠ ʚʙʣʠʟʠ ʦʙʲʝʢʪʦʚ ʗʊʎ ʥʘʭʦʜʷʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʝʥʪʦʥʠʪʦʚʳʭ ʠ ʢʘʦʣʠʥʦʚʳʭ ʛʣʠʥ. ɹʝʥʪʦʥʠʪʳ ʦʙʣʘʜʘʶʪ 

ʥʠʟʢʦʡ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʜʫʢʪʘʤ ʜʝʣʝʥʠʷ ʠ ʘʢʪʠʥʠʜʘʤ [1]. ʂʘʦʣʠʥʦʚʳʝ ʛʣʠʥʳ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʘʨʴʝʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʪʘʢʠʭ ʢʘʢ ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʢʫʯʝʩʪʴ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʠ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠʨʦʜʥʳʭ ʙʝʥʪʦʥʠʪʦʚʦʡ ʠ ʢʘʦʣʠʥʦʚʦʡ ʛʣʠʥ ʜʣʷ 

ʦʙʦʩʥʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʙʘʨʴʝʨʥʦʡ ʩʤʝʩʠ.  

ʉʦʨʙʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʠʟ ʤʦʜʝʣʴʥʦʡ ʧʦʜʟʝʤʥʦʡ ʚʦʜʳ ʩ ʦʙʱʝʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 522 ʤʛ/ʣ. 

mailto:v.zarkova11@gmail.com
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ʉʦʦʪʥʦʰʝʥʠʝ ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟ ʩʦʩʪʘʚʣʷʣʦ 1:20. ʀʩʭʦʜʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʜʠʦʥʫʢʣʠʜʘ ʚ ʨʘʙʦʯʝʤ ʨʘʩʪʚʦʨʝ ʥʝ ʧʨʝʚʳʰʘʣʘ 100 ɹʢ/ʩʤ
3
. 

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʣʠʥ: 

ʩʪʝʧʝʥʴ ʩʦʨʙʮʠʠ (S) ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʞʬʘʟʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (Kd). 

 
ʊʘʙʣʠʮʘ. ʉʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ ʙʝʥʪʦʥʠʪʦʚʦʡ ʠ ʢʘʦʣʠʥʦʚʦʡ ʛʣʠʥ 
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 S, % Kd, ʩʤ
3
/ʛ S, % Kd, ʩʤ

3
/ʛ S, % Kd, ʩʤ

3
/ʛ S, % Kd, ʩʤ

3
/ʛ 

ʂʘʦʣʠʥ 67,9 4,2Ŀ10 85,8 1,2Ŀ10
2
 99,9 3,4Ŀ10

4
 98,5 1,3Ŀ10

3
 

ɹʝʥʪʦʥʠʪ 71,8 5,1Ŀ10 83,3 1,0Ŀ10
2
 99,9 3,0Ŀ10

4
 98,5 1,3Ŀ10

3
 

 

ʀʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʩʦʨʙʮʠʠ 

ʤʠʢʨʦʢʦʣʠʯʝʩʪʚ ʥʫʢʣʠʜʦʚ 
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U, 
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Np, 
239
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241
Am ʦʙʨʘʟʮʳ ʙʝʥʪʦʥʠʪʦʚʦʡ 

ʠ ʢʘʦʣʠʥʦʚʦʡ ʛʣʠʥʳ ʦʙʣʘʜʘʶʪ ʦʜʠʥʘʢʦʚʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʝʤʢʦʩʪʠ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ 

(ɽʂʆ) ʤʝʪʦʜʦʤ ʘʜʩʦʨʙʮʠʠ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʭʝʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Cu(Trien)]
2+

 [2]. ɼʣʷ ʢʘʦʣʠʥʦʚʦʡ ʛʣʠʥʳ ʟʥʘʯʝʥʠʝ ɽʂʆ ʩʦʩʪʘʚʣʷʝʪ 9,9 ʤʛ-

ʵʢʚ/100ʛ, ʜʣʷ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ï 72,9 ʤʛ-ʵʢʚ/100ʛ. ʈʘʟʣʠʯʠʝ ʚ 

ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʙʝʥʪʦʥʠʪʘ ʠ ʢʘʦʣʠʥʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʠ 

ʩʦʨʙʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʧʦʨʦʜʦʡ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʫʜʝʨʞʠʚʘʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʥʘ ʦʙʨʘʟʮʘʭ 

ʛʣʠʥ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʵʢʩʪʨʘʢʮʠʠ, ʦʧʠʩʘʥʥʳʡ ʚ 

ʨʘʙʦʪʝ [3]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʦʨʙʠʨʦʚʘʥʥʳʭ 
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ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʧʦʨʦʜʘʭ. ɼʣʷ ʫʨʘʥʘ ʠ ʥʝʧʪʫʥʠʷ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʙʦʣʴʰʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʳʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ, ʯʝʤ ʜʣʷ 

ʧʣʫʪʦʥʠʷ ʠ ʘʤʝʨʠʮʠʷ.  

ʌʠʣʴʪʨʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʤʝʨʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ɸʉʀʉ (ʅʇʇ çɻʝʦʪʝʢè). 

ɹʝʟ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʠʣʴʪʨʘʮʠʠ 

ʜʣʷ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʚ 5,7 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʜʣʷ ʢʘʦʣʠʥʦʚʦʡ. ʇʨʠ ʵʪʦʤ 

ʢʘʦʣʠʥʦʚʘʷ ʛʣʠʥʘ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʘʤʦʫʧʣʦʪʥʝʥʠʶ, 

ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘʩʳʧʢʠ ʜʠʩʧʝʨʩʥʳʭ ʙʘʨʴʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ 

ʧʨʦʪʠʚʦʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʝʥʠʝ ʩʤʝʩʝʡ ʠʟ ʙʝʥʪʦʥʠʪʦʚʦʡ ʠ ʢʘʦʣʠʥʦʚʦʡ ʛʣʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʩʤʝʩʝʡ ʥʝ ʘʜʜʠʪʠʚʥʳ ʠ ʤʘʢʩʠʤʫʤ ʵʬʬʝʢʪʘ ʩʤʝʰʝʥʠʷ ʩʜʚʠʥʫʪ ʚ ʩʪʦʨʦʥʫ 

ʩʤʝʩʝʡ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʦʨʦʰʦ ʬʠʣʴʪʨʫʶʱʝʡ ʧʦʨʦʜʳ. ɼʣʷ 

ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʥ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʙʝʥʪʦʥʠʪʦʚʦʡ ʠ 

ʢʘʦʣʠʥʦʚʦʡ ʛʣʠʥ 30:70 ʤʘʩʩ.%. ʂʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ ʪʘʢʦʡ ʩʤʝʩʠ ʚ 

1,9 ʨʘʟ ʫʩʪʫʧʘʝʪ ʙʝʥʪʦʥʠʪʫ, ʥʦ ʚ 3 ʨʘʟʘ ʧʨʝʚʦʩʭʦʜʠʪ ʢʘʦʣʠʥ. 
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ɼʣʷ ʚʳʙʨʘʥʥʦʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʩʤʝʩʠ ʥʘ 

ʦʩʥʦʚʝ ʢʘʦʣʠʥʘ ʙʳʣʠ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʳ ʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɿʥʘʯʝʥʠʝ ʝʤʢʦʩʪʠ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩʦʩʪʘʚʠʣʦ 32,7 ʤʛ-ʵʢʚ/100ʛ, 

ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ 
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ʙʣʠʟʢʠ ʢ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʠʨʦʜʥʳʭ ʛʣʠʥ.  
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ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʨʙʮʠʠ 
137
Cs ʠʟ ʦʢʠʩʣʝʥʥʦʛʦ ʠ 

ʥʝ ʦʢʠʩʣʝʥʥʦʛʦ ʢʫʙʦʚʦʛʦ ʦʩʪʘʪʢʘ ʩ ɹʝʣʦʷʨʩʢʦʡ ɸʕʉ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʦʙʘʚʣʝʥʠʝ ʦʢʠʩʣʷʶʱʝʛʦ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ʘʛʝʥʪʘ ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʮʝʟʠʷ ʢʘʢ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤʠ, ʪʘʢ ʠ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤʠ ʩʦʨʙʝʥʪʘʤʠ. ʇʨʠ ʩʦʨʙʮʠʠ 

ʮʝʟʠʷ ʠʟ ʦʢʠʩʣʝʥʥʦʛʦ ʢʫʙʦʚʦʛʦ ʦʩʪʘʪʢʘ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʘ ʩʦʨʙʝʥʪʝ 

ʌʅɼ-ʄ ʚ ʢʦʣʠʯʝʩʪʚʝ 5 ʛ/ʣ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ (Kd) 5,61Ŀ10
4
 ʩʤ

3
/ʛ. ʇʨʠ ʩʦʨʙʮʠʠ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʘ 

ʩʦʨʙʝʥʪʘʭ ʤʘʨʦʢ Axionit RCs ʠ ʊʝʨʤʦʢʩʠʜ-35 ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʯʠʩʪʢʠ (ʂʦʯ) ʦʢʠʩʣʝʥʥʦʛʦ ʢʫʙʦʚʦʛʦ ʦʩʪʘʪʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝ ʦʢʠʩʣʝʥʥʳʤ ʥʘ ʧʦʨʷʜʦʢ. 

 

In this paper results of studies of decontamination of oxidized and non-

oxidized evaporator bottom of Beloyarsk nuclear power plant (e. b. of BNPP) 

from 
137

Cs were presented. It was shown that the removal efficiency of 
137

Cs 

could be significantly improve due to the addition of an organic oxidizing agent 

using both highly dispersed and granular sorbents. The distribution coefficient 

value (Kd) of 
137

Cs on the FND-M brand sorbent during the sorption from 

oxidized e. b. of BNPP in the batch mode reached 5.61Ŀ10
4
 cm

3
/g. The 

decontamination factor value of oxidized e. b. of BNPP during the sorption in 

the flow mode with the Axionit RCs brand and the Termoksid-35 brand sorbents 

increased by an order of magnitude compared to the non-oxidized one. 

 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ɸʕʉ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ɾʈʆ), ʧʦʜʣʝʞʘʱʠʭ ʦʯʠʩʪʢʝ ʠ 

ʫʪʠʣʠʟʘʮʠʠ. ʅʘʠʙʦʣʴʰʫʶ ʪʨʫʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʯʠʩʪʢʘ ʢʫʙʦʚʳʭ 

ʦʩʪʘʪʢʦʚ ʚʳʧʘʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʩʠʩʪʝʤʳ ʩʧʝʮʚʦʜʦʦʯʠʩʪʢʠ. ʂʫʙʦʚʳʝ ʦʩʪʘʪʢʠ 

ï ʵʪʦ ʨʘʩʪʚʦʨʳ ʩ ʦʙʱʠʤ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝʤ ʜʦ 400 ʛ/ʣ, ʚ ʢʦʪʦʨʳʭ, ʧʦʤʠʤʦ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʇɸɺ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʦʤʧʣʝʢʩʘʤʠ 

ʕɼʊɸ, ʦʢʩʘʣʘʪʦʚ ʠ ʧʨʦʜʫʢʪʘʤʠ ʠʭ ʨʘʟʣʦʞʝʥʠʷ. ɺʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʪʘʢʠʭ ʨʘʩʪʚʦʨʦʚ ʨʅ = 11-13, ʘ ʜʦ 95% ʘʢʪʠʚʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ 

mailto:p.zelenin@outlook.com


˪˝ˡ˝˴ ˝ ˧˚˪ˢˣˠˣ˘˝˴ ˥˕˙˝ˣ˕˟˧˝˗ˢ˰˪ ˲ˠ˚ˡ˚ˢ˧ˣ˗ȟ  
˥˕˙˝ˣ˲˟ˣˠˣ˘˝˴ ̋  ˥˕˙˝˕˫˝ˣˢˢ˕˴ ˪˝ˡ˝˴ 

 

196 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʮʝʟʠʷ-134 ʠ ʮʝʟʠʷ-137. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʮʝʟʠʷ.  

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʮʝʟʠʷ ʬʝʨʨʦʮʠʘʥʠʜʥʳʤʠ 

ʩʦʨʙʝʥʪʘʤʠ, ʧʦʵʪʦʤʫ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʜʦʟʠʨʦʚʢʠ 

ʦʢʠʩʣʷʶʱʝʛʦ ʘʛʝʥʪʘ ʥʘ ʩʦʨʙʮʠʶ ʮʝʟʠʷ ʠʟ ʢʫʙʦʚʦʛʦ ʦʩʪʘʪʢʘ ʩ ɹʝʣʦʷʨʩʢʦʡ 

ɸʕʉ (ʢ.ʦ. ɹɸʕʉ). ɺ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʷʶʱʝʛʦ ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʩʪʚʦʨ 

ʧʝʨʤʘʥʛʘʥʘʪʘ ʢʘʣʠʷ (KMnO4), ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʦʚ ʙʳʣʠ ʚʟʷʪʳ: 

Å ʌʅɼ-ʄ ï ʬʝʨʨʦʮʠʘʥʠʜʥʳʡ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ ʩʦʨʙʝʥʪ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʀʌʍʕ ʈɸʅ; 

Å ʊʝʨʤʦʢʩʠʜ-35 ï ʬʝʨʨʦʮʠʘʥʠʜʥʳʡ ʩʦʨʙʝʥʪ, ʊʋ 6200-305-12342266-98, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ çʊʝʨʤʦʢʩʠʜè; 

Å AXIONIT RCs  ï ʨʝʟʦʨʮʠʥʬʦʨʤʘʣʴʜʝʛʠʜʥʳʡ ʩʦʨʙʝʥʪ (ʈʌʉ), ʊʋ 

222790-001-67295660-2013 ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʆ "ɸʢʩʠʦʥ ï ʈʝʜʢʠʝ ʠ 

ɼʨʘʛʦʮʝʥʥʳʝ ʄʝʪʘʣʣʳ", ʛ. ʇʝʨʤʴ. 

ʆʢʠʩʣʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʢ ʠʩʭʦʜʥʦʤʫ ʢ.ʦ. ɹɸʕʉ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ KMnO4 (61 ʛ/ʣ) ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ KMnO4 ʚ ʨʘʩʪʚʦʨʝ. ʇʦʣʫʯʝʥʥʫʶ ʩʤʝʩʴ ʧʨʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʥʘʛʨʝʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʚ ʪʝʯʝʥʠʝ 1 

ʯʘʩʘ. ɺʳʧʘʚʰʠʡ ʦʩʘʜʦʢ ʦʪʜʝʣʷʣʠ ʥʘ ʙʫʤʘʞʥʦʤ ʬʠʣʴʪʨʝ, ʘ ʨʘʩʪʚʦʨ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʜʝʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ʉʦʨʙʝʥʪ ʤʘʨʢʠ ʌʅɼ-ʄ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠ ʩʦʨʙʮʠʠ ʚ ʩʪʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʦʟʠʨʦʚʢʠ ʦʢʠʩʣʷʶʱʝʛʦ ʘʛʝʥʪʘ. 

ʉʦʨʙʝʥʪʳ ʤʘʨʦʢ ʈʌʉ ʠ ʊ-35 ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʯʠʩʪʢʠ ʥʝ ʦʢʠʩʣʝʥʥʦʛʦ ʠ 

ʦʢʠʩʣʝʥʥʦʛʦ ʢ.ʦ. ɹɸʕʉ ʦʪ 
137
Cs ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɺʳʭʦʜʥʳʝ 

ʢʨʠʚʳʝ ʩʦʨʙʮʠʠ 
137

Cs ʥʘ ʈʌʉ ʠ ʊ-35 ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1 ʠ ʨʠʩ. 2 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 
ʈʠʩ. 1. ɺʳʭʦʜʥʘʷ ʢʨʠʚʘʷ ʩʦʨʙʮʠʠ 137Cs ʥʘ ʩʦʨʙʝʥʪʝ ʤʘʨʢʠ ʈʌʉ ʠʟ ʥʝ ʦʢʠʩʣʝʥʥʦʛʦ (1) ʠ 

ʦʢʠʩʣʝʥʥʦʛʦ (2) ʢ.ʦ. ɹɸʕʉ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 
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ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʢʨʠʚʳʤ ʚʠʜʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʙʘʚʣʝʥʠʷ 

ʦʢʠʩʣʷʶʱʝʛʦ ʘʛʝʥʪʘ ʢʦʵʬʬʠʮʠʝʥʪ ʦʯʠʩʪʢʠ (ʂʦʯ) ʥʘ ʩʦʨʙʝʥʪʝ ʤʘʨʢʠ ʈʌʉ 

ʫʚʝʣʠʯʠʣʩʷ ʥʘ ʧʦʨʷʜʦʢ, ʦʜʥʘʢʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣʩʷ ʨʝʩʫʨʩ ʢʦʣʦʥʢʠ ï 

ʙʦʣʝʝ, ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ (ʩʦ 130 ʜʦ 40 ʢʦʣʦʥʦʯʥʳʭ ʦʙʲʝʤʦʚ). ɺʝʨʦʷʪʥʦ, 

ʧʨʠʯʠʥʘ ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ ʩʚʷʟʘʥʘ ʩ ʚʥʝʩʝʥʠʝʤ ʚ ʩʠʩʪʝʤʫ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʟʘ ʩʦʨʙʮʠʦʥʥʳʝ ʮʝʥʪʨʳ ʠʦʥʦʚ ʢʘʣʠʷ. 

 

 
ʈʠʩ. 2. ɺʳʭʦʜʥʘʷ ʢʨʠʚʘʷ ʩʦʨʙʮʠʠ 137Cs ʥʘ ʩʦʨʙʝʥʪʝ ʤʘʨʢʠ ʊ-35 ʠʟ ʥʝ ʦʢʠʩʣʝʥʥʦʛʦ (1) ʠ 

ʦʢʠʩʣʝʥʥʦʛʦ (2) ʢ.ʦ. ɹɸʕʉ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʇʨʠ ʠʟʚʣʝʯʝʥʠʠ 
137

Cs ʩʦʨʙʝʥʪʦʤ ʤʘʨʢʠ ʊ-35 ʠʟ ʦʢʠʩʣʝʥʥʦʛʦ ʢ.ʦ. 

ɹɸʕʉ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʂʦʯ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʨʝʩʫʨʩʘ ʢʦʣʦʥʢʠ ʩʦ 180 ʜʦ 250 ʢʦʣʦʥʦʯʥʳʭ ʦʙʲʝʤʦʚ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʙʲʷʩʥʷʶʪʩʷ ʩʥʷʪʠʝʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʫʪʝʤ ʠʭ ʦʢʠʩʣʝʥʠʷ ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʠʷ. 

ɺʳʚʦʜ. ʆʢʠʩʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʚ ʢʫʙʦʚʳʭ ʦʩʪʘʪʢʘʭ 

ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʮʝʟʠʷ. ɺ 

ʩʣʫʯʘʝ ʩ ʩʦʨʙʝʥʪʦʤ ʊ-35 ʚ ʢʘʯʝʩʪʚʝ ʦʢʠʩʣʷʶʱʝʛʦ ʘʛʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʝʨʤʘʥʛʘʥʘʪ ʢʘʣʠʷ, ʘ ʚ ʩʣʫʯʘʝ ʩ ʈʌʉ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʩʠʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʨʝʩʫʨʩʘ ʩʦʨʙʝʥʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʦʡ 

ʦʢʠʩʣʠʪʝʣʴ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ. 
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ʋɼʂ 621 

ʉʈɸɺʅʀʊɽʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʊɽʈʄʀʏɽʉʂʆʁ 

ʉʊɸɹʀʃʔʅʆʉʊʀ ɸʅʀʆʅʆʆɹʄɽʅʅʓʍ ʉʄʆʃ, ʅɸʉʓʑɽʅʅʓʍ 

ʅʀʊʈɸʊʆʄ ʊʆʈʀʗ 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʯʝʪʳʨʸʭ ʤʘʨʦʢ ʘʥʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ: ɺʇɸ, 

ɺʇ-1ɸʇ, ɺʇ-3ɸʇ, ɸʄʇ ʚ ʥʠʪʨʘʪʥʦ-ʪʦʨʠʝʚʦʡ ʬʦʨʤʝ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

The comparative study of anionexchange resins thermal stability was 

carried out for four marks of resins in thorium-nitrate form. They are VPA, 

VP-1AP, VP-3AP, AMP. The experimental relations of heat flow and 

temperature have been obtained. 

 

ʀʦʥʦʦʙʤʝʥʥʳʝ ʩʤʦʣʳ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʜʠʦʭʠʤʠʠ 

ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʚʝʱʝʩʪʚ. ʏʘʩʪʦ ʧʨʦʮʝʩʩʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (ʜʦ 80 
ʦ
ʉ) ʚ ʩʠʣʴʥʦʢʠʩʣʳʭ ʘʟʦʪʥʦʢʠʩʣʳʭ ʩʨʝʜʘʭ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʧʣʫʪʦʥʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʜʦ 8 ʤʦʣʴ/ʜʤ
3
. ɺ ʜʘʥʥʦʡ ʩʨʝʜʝ ʵʣʝʤʝʥʪʳ ʩʦʨʙʠʨʫʶʪʩʷ 

ʥʘ ʩʤʦʣʘʭ ʚ ʚʠʜʝ ʥʠʪʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʝʤ ʩʘʤʳʤ, ʫʚʝʣʠʯʠʚʘʷ 

ʢʦʣʠʯʝʩʪʚʘ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧʘʭ ʩʦʨʙʝʥʪʘ. ʈʘʥʝʝ 

ʥʘʤʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ 

ʩʦʨʙʝʥʪʦʚ, ʥʘʩʳʱʝʥʥʳʭ ʥʠʪʨʘʪʥʳʤʠ ʛʨʫʧʧʘʤʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʙʳʣʘ 

ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʪʴ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʦʢʠʩʣʝʥʠʷ ʩʦʨʙʝʥʪʦʚ, 

ʥʘʩʳʱʝʥʥʳʭ ʥʠʪʨʘʪʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʤʝʪʘʣʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʦʨʠʷ (ʚ 

ʢʘʯʝʩʪʚʝ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʦʛʘ ʯʝʪʳʨʸʭʚʘʣʝʥʪʥʦʛʦ ʧʣʫʪʦʥʠʷ), ʯʪʦʙʳ 

ʩʨʘʚʥʠʪʴ ʠ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʥʠʪʨʘʪ-ʠʦʥʘʤʠ ʚ ʦʙʱʠʡ 

ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʦʢʠʩʣʝʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʯʝʪʳʨʸʭ ʤʘʨʦʢ ʘʥʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ: ɺʇ-1ɸʇ, ɺʇ-

3ɸʇ, ɺʇɸ, ɸʄʇ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʩʳʱʝʥʥʳʭ ʥʠʪʨʘʪʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʪʦʨʠʷ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ. 
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ʇʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ.1 ʟʘʚʠʩʠʤʦʩʪʴ  ʪʝʧʣʦʚʦʛʦ ʵʬʬʝʢʪʘ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʦʙʨʘʟʮʘ ʩʦʨʙʝʥʪʘ ɺʇɸ, ʥʘʩʳʱʝʥʥʦʛʦ ʥʠʪʨʘʪʦʤ ʪʦʨʠʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʭʦʜʝ ʥʘʛʨʝʚʘ, ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 200 ʜʦ 250 
ʦ
ʉ 

ʚʦʟʥʠʢʘʝʪ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ, ʜʦʩʪʠʛʘʶʱʠʡ ʟʥʘʯʝʥʠʷ 27 ʤɺʪ/ʤʛ.  
 

 
ʈʠʩ.1. ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʩʦʨʙʝʥʪʘ ʤʘʨʢʠ ɺʇɸ, ʥʘʩʳʱʝʥʥʦʛʦ 

ʥʠʪʨʘʪʦʤ ʪʦʨʠʷ 

 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʨʤʦʛʨʘʤʤʳ ʨʘʟʣʦʞʝʥʠʷ ʜʣʷ ʩʦʨʙʝʥʪʦʚ 

ʤʘʨʦʢ ɺʇ-1ɸʇ, ɺʇ-3ɸʇ, ɸʄʇ, ʥʘʩʳʱʝʥʥʳʭ ʥʠʪʨʘʪʦʤ ʪʦʨʠʷ. ʄʦʞʥʦ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʪʝʧʣʦʚʳʝ ʵʬʬʝʢʪʳ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʠʦʥʠʪʦʤ ɺʇɸ, ʥʦ ʥʘʯʘʣʦ ʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʦʙʣʘʩʪʝʡ ʧʨʦʪʝʢʘʥʠʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʩʤʝʱʝʥʦ ʦʪ 200 ʢ 175 
ʦ
ʉ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʨʙʝʥʪʳ ɺʇ-3ɸʇ ʠ ɺʇɸ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʘʤʠ, ʢʘʢ 

ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʪʘʢ ʠ ʧʦ ʩʦʨʙʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʈʘʥʝʝ 

ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʨʙʝʥʪʳ ɺʇ-3ɸʇ ʠ ɺʇɸ ʚ 

ʥʠʪʨʘʪʥʦʡ ʬʦʨʤʝ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʚʝʣʠ ʩʝʙʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʦ. ɺ ʩʣʫʯʘʝ ʥʠʪʨʘʪʥʦ-ʪʦʨʠʝʚʳʭ ʬʦʨʤ ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ ʘʥʠʦʥʠʪʦʚ 

ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ. ʇʨʠʯʠʥʳ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʧʦʥʷʪʥʳ ʠ 

ʙʫʜʫʪ ʚʳʷʩʥʷʪʴʩʷ ʚ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ.  

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʨʦʪʝʢʘʥʠʶ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ 

ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ, ʚʢʣʶʯʘʶʱʠʭ ʘʥʠʦʥʠʪ, ʘʟʦʪʥʫʶ ʢʠʩʣʦʪʫ ʠ 

ʘʟʦʪʥʦʢʠʩʣʳʝ ʢʦʤʧʣʝʢʩʳ ʘʢʪʠʥʦʠʜʦʚ (ʪʦʨʠʷ, ʧʣʫʪʦʥʠʷ ʠ ʜʨ.). 
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ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʩʦʨʙʝʥʪʦʚ ʤʘʨʦʢ ɺʇ-1ɸʇ, ɺʇ-

3ɸʇ, ɸʄʇ, ʥʘʩʳʱʝʥʥʳʭ ʥʠʪʨʘʪʦʤ ʪʦʨʠʷ 
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ʋɼʂ 621.039.7 : 539.16.17 

ʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆɽ ɺʓʑɽʃɸʏʀɺɸʅʀɽ ʈɸɼʀʆʅʋʂʃʀɼʆɺ 

ʀɿ ɼʆʅʅʓʍ ʆʉɸɼʂʆɺ ɺʆɼʆɽʄɸ ɺ-17 ʇʆ "ʄʘʷʢ"
1
 

 

ʂʘʥʛʠʥʘ ʆ.ɸ., ʈʦʞʢʦʚʘ ɸ.ʂ. 
 

ʄɻʋ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʍʠʤʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʢʘʬʝʜʨʘ ʈʘʜʠʦʭʠʤʠʠ 

119991, ʛ. ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʝ ʛʦʨʳ, ʜ.1, ʩʪʨ. 10; e-mail:kangina1998@mail.ru 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʤʠʛʨʘʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠʟ 

ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʚʦʜʦʝʤʘ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʥʘ ʧʨʠʤʝʨʝ 

ʚʦʜʦʝʤʘ ɺ-17 ʇʆ çʄʘʷʢè. ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ 
137

Cs ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʨʝʰʝʪʢʫ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʘ  
241

Am ʦʙʨʘʟʫʝʪ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ 

ʢʘʨʙʦʥʘʪʘʤʠ. 

 

The problem of radionuclides migration from the bottom sediments to 

underground and ground water was observed at the Plant ñMayakò reservoir 

example. It was found that 
137

Cs embedded in the clay minerals grid  and 
241

Am 

strongly bonds with carbonates. 

 

ɼʦʥʥʳʝ ʦʩʘʜʢʠ ʠʛʨʘʶʪ ʨʦʣʴ çʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘè ʚ ʧʨʦʮʝʩʩʘʭ 

ʤʠʛʨʘʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ. ʇʦʜʚʠʞʥʦʩʪʴ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ 

ʟʘʚʠʩʠʪ ʦʪ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʯʥʦʩʪʠ ʩʚʷʟʠ ʠ ʧʦʛʣʦʱʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʩʦʩʪʦʷʥʠʝʤ ʠ 

ʬʦʨʤʘʤʠ ʠʭ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʦʩʘʜʢʘʭ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʠʭ ʩʣʦʞʥʳʤ ʦʩʦʙʳʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʠ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʯʪʦ ʦʧʨʝʜʝʣʠʣʦ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ʀʩʩʣʝʜʫʝʤʳʡ ʚʦʜʦʝʤ (ɺ-17 çʉʪʘʨʦʝ ʙʦʣʦʪʦè) ʜʦʣʛʦʝ ʚʨʝʤʷ ʷʚʣʷʣʩʷ 

ʭʨʘʥʠʣʠʱʝʤ ʩʨʝʜʥʝ- ʠ ʥʠʟʢʦ-ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ, ʩʙʨʦʩ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʦʝʤ ʧʦʣʥʦʩʪʴʶ ʧʨʝʢʨʘʱʝʥ, 

ʦʜʥʘʢʦ ʦʩʪʘʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʦʧʘʩʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʥʘʢʦʧʣʝʥʥʳʭ ʚ 

ʚʦʜʦʝʤʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʩʪʘʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ 
137
Cs ʠ 

241
Am ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ 

ʚʦʜʦʝʤʘ ɺ-17 ʇʆ çʄʘʷʢè. 

ɼʣʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜʠʢʫ ʊʝʩʩʠʝʨʘ [1]: (1) MgCl2 (ʦʙʤʝʥʥʘʷ) Ÿ (2) NH4Ac 

(ʩʚʷʟʘʥʥʘʷ ʩ ʢʘʨʙʦʥʘʪʘʤʠ) Ÿ (3) NH2OH Ŀ HCl (Fe-Mn ʦʢʩʠʜʥʘʷ) Ÿ (4) 

30%H2O2 (ʩʚʷʟʘʥʥʘʷ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ) Ÿ (5) HNO3 ʢʦʥʮ. 

(ʥʝʨʘʩʪʚʦʨʠʤʘʷ)). ɼʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʤʝʪʦʜʠʢ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ ʫʞʝ ʙʦʣʝʝ 30 ʣʝʪ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ.  

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʅʌ (16-13-00049). 

mailto:kangina1998@mail.ru
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ɸʢʪʠʚʥʦʩʪʴ ʚʳʱʝʣʦʯʝʥʥʦʛʦ 
137

Cs ʠ 
241

Am ʦʧʨʝʜʝʣʷʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʩʪʚʦʨʝ ʩ ʧʦʤʦʱʴʶ ɔ-ʩʧʝʢʪʨʦʤʝʪʨʘ GC 3818 (HPGe 

CANBERRA) (ʪʘʙʣʠʮʘ 1). ɸʙʩʦʣʶʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʩʘʜʢʘ ʨʘʚʥʘ 718906 ɹʢ. 
 

ʊʘʙʣʠʮʘ 1. ʉʦʜʝʨʞʘʥʠʝ 137Cs ʠ 241Am 

ʌʨʘʢʮʠʷ 
137

Cs,% 
241

Am,% 

ʆʙʤʝʥʥʘʷ 0,90 Ñ 0,1 ʥʦ* 

ʂʘʨʙʦʥʘʪʥʘʷ 11,0 Ñ 0,7 32,0 Ñ 2,6 

ʆʢʩʠʜʳ Fe-Mn 0,50 Ñ 0,1 15,0 Ñ 0,9 
ʆʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ 
1,30 Ñ 0,1 19,0 Ñ 1,1 

ʅʝʨʘʩʪʚʦʨʠʤʘʷ 43,3 Ñ 3,1 4,50 Ñ 0,3 
*ʥʦ ï ʥʝ ʦʙʥʘʨʫʞʝʥ 

 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ 
137

Cs ʧʦ ʤʝʪʦʜʠʢʝ ʊʝʩʩʠʝʨʘ ʦʙʥʘʨʫʞʝʥʘ ʚ 

ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʬʨʘʢʮʠʠ, ʵʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ 

ʤʝʭʘʥʠʟʤ ʩʦʨʙʮʠʠ ʚ ʜʦʥʥʳʝ ʦʩʘʜʢʠ ï ʚʩʪʨʘʠʚʘʥʠʝ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʨʝʰʝʪʢʫ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ 
241

Am ʧʦ ʤʝʪʦʜʠʢʝ ʊʝʩʩʠʝʨʘ ʦʙʥʘʨʫʞʝʥʘ ʚ 

ʢʘʨʙʦʥʘʪʥʦʡ ʬʨʘʢʮʠʠ. ʆʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ ʩʦʨʙʮʠʠ ï 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ Cs ʦʯʝʥʴ ʪʷʞʝʣʦ ʧʝʨʝʚʝʩʪʠ ʚ 

ʨʘʩʪʚʦʨʠʤʫʶ ʬʦʨʤʫ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʪʦʣʴʢʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ 

ʢʠʩʣʦʪ-ʦʢʠʩʣʠʪʝʣʝʡ. Am ʣʝʛʯʝ ʧʝʨʝʚʝʩʪʠ ʚ ʨʘʩʪʚʦʨʠʤʫʶ ʬʦʨʤʫ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ Cs), ʧʦʵʪʦʤʫ ʝʛʦ ʥʘʙʣʶʜʘʶʪ ʚ ʢʘʨʙʦʥʘʪʥʦʡ ʠ ʦʢʩʠʜʥʦʡ 

ʬʨʘʢʮʠʷʭ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. Tessier, A., Sequential Extraction Procedure for the Speciation of Particulate Trace 

Metals / A. Tessier, P.G.C. Campbell, M. Bisson // Analytical Chemistry, June 1979. - 

Vol. 51, ˉ 7. ï pp. 844-851. 
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ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʟʘʨʷʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʥʦʬʠʣʴʪʨʘʮʠʦʥʥʦʡ 

(ʅʌ) ʤʝʤʙʨʘʥʳ ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʟʘʜʝʨʞʘʥʠʷ 

ʤʥʦʛʦʟʘʨʷʜʥʳʭ ʠʦʥʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʟʘʨʷʜʥʳʤʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʟʫʯʘʣʘʩʴ ʟʘʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʠ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʮʝʩʩ 

ʅʌ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. 

 

Due to the presence of a charge on the surface of the nanofiltration (NF) 

membrane, the possibility arises of more efficient retention of multiply charged 

ions as compared with singly charged ones. In this work, the retention capacity 

and the factors affecting the process of NP of alkali and alkaline earth metals 

were studied. 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʜʝʨʞʠʚʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʅʌ ʤʝʤʙʨʘʥʳ, ʧʨʠʤʝʥʷʣʠ ʣʘʙʦʨʘʪʦʨʥʫʶ ʫʩʪʘʥʦʚʢʫ,  

ʚʢʣʶʯʘʶʱʫʶ ʅʌ ʤʝʤʙʨʘʥʥʳʡ ʤʦʜʫʣʴ ʪʠʧʘ çNanoNF-1812è ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʤʧʘʥʠʠ çʈʄ ʅʘʥʦʪʝʭè, ʛ. ɺʣʘʜʠʤʠʨ.  ʄʘʪʝʨʠʘʣ ʤʝʤʙʨʘʥʳ, ʩʣʫʞʘʱʠʡ 

ʩʝʣʝʢʪʠʚʥʳʤ ʩʣʦʝʤ ï ʧʦʣʠʧʠʧʝʨʘʟʠʥʘʤʠʜ,  ʨʘʟʤʝʨ ʧʦʨ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 

1-2 ʥʤ. 

ɹʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʟʘʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʅʌ ʤʝʤʙʨʘʥʳ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʭʣʦʨʠʜʘʤ ʨʘʟʣʠʯʥʳʭ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʑɿʄ). 

ʆʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.  

 
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ (R) ʅʌ ʤʝʤʙʨʘʥʳ ʦʪ ʠʩʭʦʜʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ  ʭʣʦʨʠʜʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 
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ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʟʘʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʅʌ ʤʝʤʙʨʘʥʳ, ʚ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʦʣʝʝ 0,1 ʤʦʣʴ/ʜʤ
3
, ʚʦʟʨʘʩʪʘʝʪ ʚ 

ʨʷʜʫ ʠʦʥʦʚ Mg
2+

~Ca
2+

>Sr
2+

>Ba
2+
, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ 

ʛʠʜʨʘʪʘʮʠʠ ʠʦʥʦʚ. ɺ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʤʝʥʝʝ 0,02 

ʤʦʣʴ/ʜʤ
3
, ʫʤʝʥʴʰʝʥʠʝ ʟʘʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʷʟʘʥʥʦ ʩ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʦʡʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠʦʥʦʚ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ.  

ɿʘʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʅʌ ʤʝʤʙʨʘʥʳ ʧʦ ʥʠʪʨʘʪʘʤ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ (R) ʅʌ ʤʝʤʙʨʘʥʳ ʦʪ ʠʩʭʦʜʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ  ʥʠʪʨʘʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

 

ɼʣʷ ʥʠʪʨʘʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʘʜʝʥʠʝ 

ʟʘʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʅʌ ʤʝʤʙʨʘʥʳ ʚ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʦʣʝʝ 

0,4 ʤʦʣʴ/ʜʤ
3
, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʭʫʜʰʝʥʠʝʤ ʨʘʙʦʯʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʤʙʨʘʥʳ 

ʧʨʠ ʚʳʩʦʢʠʭ ʠʩʭʦʜʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʦʚʳʰʘʝʪʩʷ ʦʩʤʦʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʨʘʩʪʚʦʨʘ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʥʠʞʘʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʘʷ ʜʚʠʞʫʱʘʷ ʩʠʣʘ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʷʟʢʦʩʪʴ, 

ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʦʪʜʘʯʠ. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʟʘʨʷʜʘ ʘʥʠʦʥʘ ʥʘ ʧʨʦʮʝʩʩ 

ʥʘʥʦʬʠʣʴʪʨʘʮʠʠ, ʙʳʣʘ ʠʟʫʯʝʥʘ ʟʘʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʩʦʣʷʤ ʥʘʪʨʠʷ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʚʠʜʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʟʘʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʅʌ ʤʝʤʙʨʘʥʳ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʟʘʨʷʜʘ ʘʥʠʦʥʘ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʨʘʟʜʝʣʝʥʠʷ.  

ʆʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʈʠʩʫʥʦʢ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʜʝʨʞʠʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ (R) ʅʌ ʤʝʤʙʨʘʥʳ ʦʪ ʠʩʭʦʜʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ  ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ ʥʘʪʨʠʷ 

 

ɺr ʚʦʜr: 

1) ɿʘʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʥʦʬʠʣʴʪʨʘʮʠʦʥʥʦʡ (ʅʌ) 

ʧʦʣʠʤʝʨʥʦʡ ʤʝʤʙʨʘʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ.  

2) ɿʘʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʅʌ ʤʝʤʙʨʘʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʦʥʘʤ ʱʝʣʦʯʥʳʭ, ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʥʝʝ 

0,4 ʤʦʣʴ/ʣ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. 

3) ʉʦʝʜʠʥʝʥʠʷ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʩʦʜʝʨʞʘʱʠʭ ʤʥʦʛʦʟʘʨʷʜʥʳʡ 

ʘʥʠʦʥ, ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʅʌ ʤʝʤʙʨʘʥʥʦʡ ʣʫʯʰʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʩʦʜʝʨʞʘʱʠʤʠ ʦʜʥʦʟʘʨʷʜʥʳʡ ʘʥʠʦʥ. 
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ʋɼʂ 544 

ɺʃʀʗʅʀɽ ʌʆʉʌɸʊʆɺ ʅɸ ʉʆʈɹʎʀʆʅʅʓɽ ʉɺʆʁʉʊɺɸ 

ɹɽʅʊʆʅʀʊɸ 

 

ʂʦʥʝʚʥʠʢ ʖ.ɺ., ɿʘʭʘʨʦʚʘ ɽ.ɺ.  

 
 ʃʘʙʦʨʘʪʦʨʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʦʙʨʘʱʝʥʠʷ ʩ  ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʠ ʪʦʢʩʠʯʥʳʤʠ 

ʦʪʭʦʜʘʤʠ ʀʌʍʕ ʈɸʅ,  

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: leonenko@gmail.com 

 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʤʥʦʛʦʙʘʨʴʝʨʥʦʡ ʩʠʩʪʝʤʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʣʠʱʘ ʈɸʆ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʝʜʝʥʠʝ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʬʦʩʬʘʪʳ, ʚʳʱʝʣʘʯʠʚʘʝʤʳʝ ʠʟ Na-Al -P 

ʩʪʝʢʣʘ, ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʩʦʨʙʮʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʘ 

ʪʘʢʞʝ ʥʘ ʠʭ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʠ ʚ ʩʦʨʙʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. 

 

The interaction of components of multibarrier safety system in radioactive 

waste repository could affect radionuclides behavior. It was shown, that 

phosphate leached from the Na-Al -P glass matrix changed sorption behavior and 

speciation of radionuclides present in liquid phase and sorbed on bentonite clay.   

 

ʉʦʚʨʝʤʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʭʨʘʥʠʣʠʱ ʈɸʆ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʠʥʮʠʧʝ ʤʥʦʛʦʙʘʨʴʝʨʥʦʡ ʟʘʱʠʪʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʄɸɻɸʊʕ ʧʨʠ ʟʘʭʦʨʦʥʝʥʠʠ ɺɸʆ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʟʜʘʥʘ 

ʤʥʦʛʦʙʘʨʴʝʨʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʠʟʦʣʷʮʠʶ ʜʦʣʛʦʞʠʚʫʱʠʭ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʥʘ ʧʝʨʠʦʜ ʠʭ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʧʘʩʥʦʩʪʠ. 

ʂʦʤʧʦʥʝʥʪʘʤʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʤʘʪʨʠʮʘ ʩ ʚʢʣʶʯʝʥʥʳʤʠ ʚ ʥʝʝ 

ʈɸʆ, ʩʠʩʪʝʤʘ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʢʣʶʯʘʶʱʘʷ 

ʠʥʞʝʥʝʨʥʳʡ ʙʘʨʴʝʨ ʥʘ ʦʩʥʦʚʝ ʛʣʠʥ, ʠ ʧʨʠʨʦʜʥʳʡ ʙʘʨʴʝʨ, ʢʦʪʦʨʳʤ ʩʣʫʞʠʪ 

ʤʘʩʩʠʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ ʬʠʣʴʪʨʘʮʠʠ, ʚʤʝʱʘʶʱʠʡ 

ʭʨʘʥʠʣʠʱʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʧʦʜʟʝʤʥʦʝ ʟʘʭʦʨʦʥʝʥʠʝ 

ʜʣʷ ɺɸʆ. ɽʛʦ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʤʝʩʪʠʪʴ ʚ ʪʦʣʱʝ ʘʨʭʝʡʩʢʠʭ ʛʥʝʡʩʦʚ ʥʘ 

ʛʣʫʙʠʥʝ 450-500ʤ ʥʘ ʫʯʘʩʪʢʝ çɽʥʠʩʝʡʩʢʠʡè ʅʠʞʥʝ-ʂʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

(ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ). ʉʭʝʤʘ ʜʘʥʥʦʛʦ ʭʨʘʥʠʣʠʱʘ ʦʧʠʩʘʥʘ ʃʘʚʝʨʦʚʳʤ [1]. 

ʉʦʛʣʘʩʥʦ ʧʨʦʝʢʪʫ ʚ ʰʘʭʪʘʭ ʤʝʞʜʫ ʛʦʨʠʟʦʥʪʘʤʠ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʤʝʱʝʥʠʝ 

ʢʦʥʪʝʡʥʝʨʦʚ ʩ ʦʩʪʝʢʣʦʚʘʥʥʳʤʠ ɺɸʆ, ʦʢʨʫʞʝʥʥʳʤʠ 

ʧʨʦʪʠʚʦʤʠʛʨʘʮʠʦʥʥʳʤ ʙʘʨʴʝʨʦʤ ʥʘ ʦʩʥʦʚʝ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ. ʅʘʯʠʥʘʷ 

ʩ 1987 ʛʦʜʘ ɺɸʆ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʥʘ ʇʆ çʄʘʷʢè ʚʢʣʶʯʘʶʪʩʷ ʚ Na-Al -P 

ʩʪʝʢʣʦ. ʂ 2011 ʛʦʜʫ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ 6200 ʪʦʥʥ ʘʣʶʤʦʬʦʩʬʘʪʥʦʛʦ ʩʪʝʢʣʘ 

ʩ ʩʫʤʤʘʨʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ 643Ĭ10
6
 ʂʠ [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Na-Al -P ʩʪʝʢʣʦ 
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ʜʦʣʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʬʦʨʤ ɺɸʆ ʚ ʧʣʘʥʠʨʫʝʤʦʤ 

ʇɻɿʈʆ ʚ ʈʦʩʩʠʠ.  

ʇʨʠ ʦʮʝʥʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʣʠʱʘ ʈɸʆ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʥʦʛʦʙʘʨʴʝʨʥʦʡ ʩʠʩʪʝʤʳ 

ʙʝʟʦʧʘʩʥʦʩʪʠ.  

ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʄʘʨʪʳʥʦʚʘ ʂ.ɺ. [3] ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

Na-Al -P ʩʪʝʢʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʣʦʢʘʣʴʥʦ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ 

ʭʨʘʥʠʣʠʱʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʦʨʘ 

ʠ ʥʘʪʨʠʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ.  

ʄʝʪʦʜʦʤ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʠʣʴʪʨʦʚ ʩ ʨʘʟʤʝʨʦʤ 

ʧʦʨ 3 ʠ 30 ʢɼʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ Na-Al -P 

ʩʪʝʢʣʘ, ʚʳʱʝʣʦʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90Áʉ, ʤʝʞʜʫ ʨʘʩʪʚʦʨʝʥʥʦʡ ʠ 

ʢʦʣʣʦʠʜʥʦʡ ʬʦʨʤʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʩʬʦʨ, ʥʘʪʨʠʡ, ʮʝʟʠʡ, ʢʘʣʴʮʠʡ ʠ 

ʩʝʨʘ ʥʘʭʦʜʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʚʠʜʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʘʣʶʤʠʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ 

ʢʦʣʣʦʠʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʠ ʥʠʢʝʣʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʤʘʣʦ ʠ 

ʦʥʠ ʧʦʣʥʦʩʪʴʶ ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʣʣʦʠʜʥʦʡ ʬʦʨʤʝ. ɼʣʷ ʧʦʣʫʯʝʥʥʦʡ ʚ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʦʨʘ (0,24 ʤʦʣʴ/ʣ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʆ MEDUSA ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʭʨʘʥʠʣʠʱʘ, ʢʦʪʦʨʦʝ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ ʬʦʨʤʦʡ ʬʦʩʬʦʨʘ ʙʫʜʝʪ ʬʦʩʬʘʪ.  

ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʤʝʞʜʫ ʢʦʣʣʦʠʜʥʦʡ 

ʠ ʨʘʩʪʚʦʨʝʥʥʦʡ ʬʦʨʤʘʤʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʞʠʜʢʦʡ ʬʘʟʝ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ 

ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʩʪʝʢʣʘ, ʘ ʪʘʢʞʝ ʚ ʤʦʜʝʣʴʥʦʡ ʧʦʜʟʝʤʥʦʡ ʚʦʜʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʬʦʩʬʘʪʘ ʜʦʣʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʢʦʣʣʦʠʜʥʦʡ ʬʦʨʤʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʊʘʢ, ʩʦʜʝʨʞʘʥʠʝ ʘʤʝʨʠʮʠʷ ʚ ʢʦʣʣʦʠʜʥʦʡ ʬʦʨʤʝ ʚ 

ʧʦʜʟʝʤʥʦʡ ʚʦʜʝ ʚ ʦʪʩʫʪʩʪʚʠʠ ʬʦʩʬʘʪʦʚ ʧʦ ʜʘʥʥʳʤ ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ  ʥʝ 

ʧʨʝʚʳʰʘʝʪ 10%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʚʦʜʝ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ 

Na-Al -P ʩʪʝʢʣʘ ʠ ʚ 0,24ʄ ʨʘʩʪʚʦʨʝ NaH2PO4 (ʨʅ=7,8-8,0) ʜʦʣʷ ʘʤʝʨʠʮʠʷ ʚ 

ʢʦʣʣʦʠʜʥʦʡ ʬʦʨʤʝ ʧʦʩʣʝ 3 ʩʫʪʦʢ ʢʦʥʪʘʢʪʘ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 40-45%. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʇʝʨʚʫʭʠʥʦʡ ʧʨʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ Na-Al -P ʩ ʥʝʦʜʠʤʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʠʤʠʪʘʪʦʨʘ ʘʤʝʨʠʮʠʷ [4]. ʇʦʚʝʜʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʨʘʩʪʚʦʨʝ, 

ʧʦʣʫʯʝʥʥʦʤ ʧʨʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʩʪʝʢʣʘ ʠ ʚ ʤʦʜʝʣʴʥʦʡ ʚʦʜʝ, ʩʦʜʝʨʞʘʱʝʡ 

ʬʦʩʬʘʪ ʠʤʝʣʦ ʩʭʦʞʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʜʘʥʥʳʤʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʵʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʦʜʝʣʴʥʫʶ ʚʦʜʫ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʬʦʩʬʘʪʘ ʥʘʪʨʠʷ ʢʘʢ ʠʤʠʪʘʪʦʨ ʚʦʜʳ, 

ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ Na-Al -P ʩʪʝʢʣʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʦʚʝʜʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʘʪʝʨʠʘʣʦʤ 

ʧʨʦʪʠʚʦʤʠʛʨʘʮʠʦʥʥʦʛʦ ʛʣʠʥʷʥʦʛʦ ʙʘʨʴʝʨʘ ʚ ʫʩʣʦʚʠʷʭ ʙʣʠʞʥʝʡ ʟʦʥʳ.  
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ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʤʦʜʝʣʴʥʦʡ ʚʦʜʝ ʬʦʩʬʘʪʦʚ ʚʦ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʣʦ 

ʩʪʝʧʝʥʴ ʩʦʨʙʮʠʠ ʘʤʝʨʠʮʠʷ, ʧʣʫʪʦʥʠʷ ʠ ʮʝʟʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʩʪʨʦʥʮʠʷ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʠʟʚʣʝʯʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʘ ʠʟ ʨʘʩʪʚʦʨʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʙʝʥʪʦʥʠʪʝ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʊʝʩʩʠʝʨʘ ʧʦʢʘʟʘʣʦ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʬʦʩʬʘʪʦʚ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʜʦʣʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʦʙʠʣʴʥʦʡ ʬʦʨʤʝ ʠ 

ʚʳʱʝʣʘʯʠʚʘʝʤʳʭ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʤʦʜʝʣʴʥʦʡ ʚʦʜʦʡ. ɼʦʣʷ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʫʩʣʦʚʥʦ ʧʦʜʚʠʞʥʦʡ ʬʨʘʢʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʱʘʣʘʩʴ, ʘ ʩʫʤʤʘ ʧʨʦʯʥʦʬʠʢʩʠʨʦʚʘʥʥʳʭ ʬʨʘʢʮʠʡ ʫʚʝʣʠʯʠʚʘʣʘʩʴ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚ ʠʟʫʯʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʝʥʪʦʥʠʪʦʚʳʡ ʙʘʨʴʝʨ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʩʦʩʪʘʚʥʦʡ 

ʯʘʩʪʴʶ ʤʥʦʛʦʙʘʨʴʝʨʥʦʡ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʨʘʥʠʣʠʱʘ ɺɸʆ, 

ʩʧʦʩʦʙʥʦʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʫʜʝʨʞʠʚʘʪʴ ʨʘʜʠʦʥʫʢʣʠʜʳ ʠ ʩʥʠʞʘʪʴ ʠʭ 

ʤʠʛʨʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. 
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ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʦʤʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ 

ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʧʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʵʢʩʪʨʘʢʮʠʠ ʩʢʘʥʜʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʭʣʦʨʘʮʝʪʘʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ ɹ15ʂ5. ɼʣʷ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʩ ʪʨʠʭʣʦʨʘʮʝʪʘʪʦʤ ʣʠʪʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʠʜʝ ʚʳʜʝʣʝʥ 

ʵʢʩʪʨʘʛʠʨʫʝʤʳʡ ʢʦʤʧʣʝʢʩ ʠ ʤʝʪʦʜʦʤ ʈʉɸ ʦʧʨʝʜʝʣʝʥʘ ʝʛʦ ʩʪʨʫʢʪʫʨʘ; 

ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ. 

 

A systematic study of scandium extraction in the presence of alkali metal 

trichloroacetates using B15K5 as an extractant was carried out in order to study 

the complexing processes occurring in the extraction systems. The extractable 

complex for extraction systems with lithium trichloroacetate was isolated in 

crystalline form and its structure was determined by x-ray diffraction; the main 

quantitative characteristics of extraction systems were determined. 

 

ʄʘʢʨʦʮʠʢʣʠʯʝʩʢʠʝ ʧʦʣʠʵʬʠʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʘʟʥʳʤ ʤʝʪʘʣʣʘʤ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳ ʵʢʩʪʨʘʛʝʥʪʳ ʚ 

ʧʨʦʮʝʩʩʘʭ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ. ʏʘʩʪʦ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʵʢʩʪʨʘʢʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʢʨʘʫʥ-ʵʬʠʨʦʚ 

ʜʦʙʘʚʣʷʶʪ ʪʨʠʭʣʦʨʘʮʝʪʘʪʳ (ʊʍɸ) ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʝʨʝʭʦʜʫ ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ 

ʬʘʟʫ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʠʝ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʘʥʜʠʷ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʙʝʥʟʦ-15-ʢʨʘʫʥ-5 (ɹ15ʂ5) ʚ 

ʭʣʦʨʦʬʦʨʤʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʚʦʜʥʦʡ ʬʘʟʝ ʪʨʠʭʣʦʨʘʮʝʪʘʪʘ 

ʣʠʪʠʷ [1], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʧʨʦʮʝʩʩ ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʠ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʪʝʤʘ ˉ ɸɸɸɸ-ɸ16-116110910010-3). 

mailto:olenka.daffy@mail.ru
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ʩʢʘʥʜʠʷ ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʜʥʘʢʦ 

ʪʨʠʭʣʦʨʘʮʝʪʘʪ ʣʠʪʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʜʘʞʥʳʤ ʨʝʘʛʝʥʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʢʩʪʨʘʢʮʠʠ ʩʢʘʥʜʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʪʨʠʭʣʦʨʘʮʝʪʘʪʦʚ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ 

ɹ15ʂ5 ʚ ʭʣʦʨʦʬʦʨʤʝ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʵʢʩʪʨʘʛʠʨʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʘʥʜʠʷ (DSc) ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʠʭʣʦʨʘʮʝʪʘʪʦʚ ʥʘʪʨʠʷ, ʣʠʪʠʷ ʠ ʢʘʣʠʷ ʚ ʨʘʚʥʦʚʝʩʥʦʡ 

ʚʦʜʥʦʡ ʬʘʟʝ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ 1ʄ ɹ15ʂ5 ʚ ʭʣʦʨʦʬʦʨʤʝ. ɺ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʚʠʜ ʧʨʷʤʳʭ, ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ 

ʢʦʪʦʨʳʭ ï ʢʦʣʠʯʝʩʪʚʦ ʪʨʠʭʣʦʨʘʮʝʪʘʪ-ʘʥʠʦʥʦʚ ʚ ʵʢʩʪʨʘʛʠʨʫʝʤʦʤ 

ʢʦʤʧʣʝʢʩʝ, ʧʨʠʭʦʜʷʱʝʝʩʷ ʥʘ 1 ʢʘʪʠʦʥ ʩʢʘʥʜʠʷ. ɼʣʷ ʊʍɸNa ʠ ʊʍɸLi ʵʪʘ 

ʚʝʣʠʯʠʥʘ ʙʣʠʟʢʘ ʢ 2.5, ʜʣʷ ʊʍɸʂ ï 1,5. ɺʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʘʥʜʠʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʨʷʜʫ ʊʍɸʂ<ʊʍɸLi<ʊʍɸNa. 

ʊʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ DSc ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ɹ15ʂ5 ʚ 

ʭʣʦʨʦʬʦʨʤʝ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ 1ʄ 

ʊʍɸNa, ʊʍɸLi ʠ ʊʍɸʂ. ɺ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʤʝʶʪ ʚʠʜ ʧʨʷʤʳʭ ʩ ʪʘʥʛʝʥʩʦʤ ʫʛʣʘ ʥʘʢʣʦʥʘ ʙʣʠʟʢʠʤ ʢ 1, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʵʢʩʪʨʘʛʠʨʫʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ Sc: ɹ15ʂ5 = 1:1. 

ɼʣʷ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʊʍɸLi ʚ ʩʣʫʯʘʝ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʢʘʥʜʠʷ ʚ ʬʘʟʝ ʵʢʩʪʨʘʛʝʥʪʘ (ʙʦʣʝʝ 10 ʛ/ʣ) ʧʨʠ ʚʳʜʝʨʞʢʝ 

ʵʢʩʪʨʘʢʪʘ ʥʘ ʚʦʟʜʫʭʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʧʘʜʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ, ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʳʭ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʤʝʪʦʜʦʤ ʈʉɸ. ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩʦʜʝʨʞʠʪ 

ʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʜʚʝ ʤʦʣʝʢʫʣʳ ʢʨʘʫʥ-ʵʬʠʨʘ, 

ʢʘʪʠʦʥ ʣʠʪʠʷ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʧʷʪʴʶ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʢʨʘʫʥ-

ʵʬʠʨʥʦʛʦ ʢʦʣʴʮʘ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ɹ15ʂ5, ʤʦʣʝʢʫʣʫ ʚʦʜʳ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʢ ʢʘʪʠʦʥʫ ʣʠʪʠʷ ʠ ʦʙʨʘʟʫʶʱʫʶ 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʢʨʘʫʥ-ʵʬʠʨʥʦʛʦ ʢʦʣʴʮʘ ʚʪʦʨʦʡ 

ʤʦʣʝʢʫʣʳ ɹ15ʂ5. ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʠʦʥ ʦʙʨʘʟʫʶʪ ʜʚʘ ʘʪʦʤʘ ʩʢʘʥʜʠʷ (ʂʏ ï 

6), ʩʦʝʜʠʥʝʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʤʦʩʪʠʢʦʤ, 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʰʝʩʪʴʶ ʪʨʠʭʣʦʨʘʮʝʪʘʪʥʳʤʠ ʘʥʠʦʥʘʤʠ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ 

ʤʦʩʪʠʢʦʚʳʭ ʠ ʯʝʪʳʨʝ ï ʢʦʥʮʝʚʳʭ; ʢ ʢʘʞʜʦʤʫ ʘʪʦʤʫ ʩʢʘʥʜʠʷ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʯʝʨʝʟ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʘ ʤʦʣʝʢʫʣʘ ʚʦʜʳ, ʘʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ (ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ 

ʙʠʬʫʨʢʘʪʥʘʷ) ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʢʨʘʫʥ-ʵʬʠʨʥʦʛʦ ʢʦʣʴʮʘ ʤʦʣʝʢʫʣʳ 

ɹ15ʂ5, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ. 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [1], ʯʪʦ ʵʬʬʝʢʪʠʚʥʘʷ ʵʢʩʪʨʘʢʮʠʷ ʩʢʘʥʜʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʥʝʡʪʨʘʣʴʥʳʭ ʪʨʠʭʣʦʨʘʮʝʪʘʪʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʅ ʨʘʚʥʦʚʝʩʥʦʡ ʚʦʜʥʦʡ ʬʘʟʳ ʥʘ ʚʝʣʠʯʠʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʘʥʜʠʷ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʠʟ ʨʘʩʪʚʦʨʦʚ, 
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ʩʦʜʝʨʞʘʱʠʭ 1 ʠ 2ʄ ʪʨʠʭʣʦʨʘʮʝʪʘʪʘ ʥʘʪʨʠʷ. ɿʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʊʍɸNa 

ʧʨʘʢʪʠʯʝʩʢʠ ʘʥʘʣʦʛʠʯʥʳ ʟʘʚʠʩʠʤʦʩʪʷʤ ʜʣʷ ʊʍɸLi, ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ 1-3 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ DSc, ʧʦʩʣʝ ʯʝʛʦ ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ 3-6 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʠʪ ʥʘ ʧʣʘʪʦ (ʜʣʷ ʊʍɸ Na ï 1 ʤʦʣʴ/ʣ DSc~10, ʜʣʷ ʊʍɸ Na 

ï 2 ʤʦʣʴ/ʣ DSc~100) ʚʧʣʦʪʴ ʜʦ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ ʛʠʜʨʦʦʢʠʩʠ Sc. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʬʘʟʝ ʵʢʩʪʨʘʛʝʥʪʘ 

ʩʢʘʥʜʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʯʘʩʪʠʯʥʦ ʛʠʜʨʦʣʠʟʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʚ 

ʠʥʪʝʨʚʘʣʝ ʨʅ 3-6 ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʵʢʩʪʨʘʛʠʨʫʝʤʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ. 

ʊʘʢʞʝ ʨʅ-ʟʘʚʠʩʠʤʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ Sʈɿʕ (ʩʦʜʝʨʞʘʥʠʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʈɿʕ, %: La2O3ï23,53; CeO2ï42,68; Pr6O11ï4,14; Nd2O3ï

16,72; Sm2O3ï2,46; Eu2O3ï0,79; Gd2O3ï1,67; Dy2O3ï0,83; Er2O3ï0,57; 

Yb2O3ï0,24; Y2O3ï6,37) ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ 1ʄ ɹ15ʂ5 ʚ ʭʣʦʨʦʬʦʨʤʝ ʠʟ 

ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʊʍɸLi ʠ ʊʍɸNa. ɼʣʷ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʝʚ 

DSʈɿʕ ʥʝ ʧʨʝʚʳʰʘʶʪ 0,1. ʂʘʢ ʠ ʜʣʷ ʩʢʘʥʜʠʷ, ʜʣʷ ʈɿʕ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ 1-3, 

ʧʦʩʪʦʷʥʩʪʚʦ ï ʚ ʠʥʪʝʨʚʘʣʝ ʨʅ 3-5 ʠ ʜʘʣʴʥʝʡʰʝʝ ʚʦʟʨʘʩʪʘʥʠʝ (ʨʅ 5-5,5) 

ʚʧʣʦʪʴ ʜʦ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ ʛʠʜʨʦʦʢʠʩʝʡ ʜʣʷ 1ʄ ʊʍɸLi ʠ 2ʄ ʊʍɸNa. 

ʕʢʩʪʨʘʛʠʨʫʝʤʦʩʪʴ ʈɿʕ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʊʍɸNa ʟʘʤʝʪʥʦ ʥʠʞʝ, ʯʝʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʊʍɸLi 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʭʣʦʨʦʬʦʨʤ, ʢʘʢ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʠʤʝʝʪ ʨʷʜ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʘʷ ʣʝʪʫʯʝʩʪʴ, ʥʝʧʨʠʷʪʥʳʡ ʟʘʧʘʭ, ʪʦʢʩʠʯʥʦʩʪʴ, 

ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʥʘʤʠ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ 1,1,7-ʪʨʠʛʠʜʨʦʬʪʦʨʛʝʧʪʘʥʦʣ. ɹʳʣʘ ʧʦʣʫʯʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʘʥʜʠʷ (5 ʛ/ʣ) ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ɹ15ʂ5 ʚ 1,1,7-ʪʨʠʛʠʜʨʦʬʪʦʨʛʝʧʪʘʥʦʣʝ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʠʟ 1ʄ 

ʊʍɸNa. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʘʜʝʥʠʝ DSc (ʦʪ 

10 ʜʦ 0,1 ʜʣʷ 1ʄ ɹ15ʂ5), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʧʨʠʛʦʜʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʧʨʦʮʝʩʩʘʭ ʠʟʚʣʝʯʝʥʠʷ ʩʢʘʥʜʠʷ ʢʨʘʫʥ-

ʵʬʠʨʘʤʠ ʠ, ʢʦʩʚʝʥʥʦ, ʦ ʚʦʟʤʦʞʥʦʤ ʫʯʘʩʪʠʠ ʭʣʦʨʦʬʦʨʤʘ ʚ ʧʨʦʮʝʩʩʘʭ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʢʩʪʨʘʢʪʝ. 

ʈʘʥʝʝ ʙʳʣʦ ʥʘʡʜʝʥʦ [1], ʯʪʦ ʩʢʘʥʜʠʡ ʩʝʣʝʢʪʠʚʥʦ ʠʟʚʣʝʢʘʝʪʩʷ ɹ15ʂ5 

ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ ʈɿʕ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʚʦʜʥʦʤ ʥʝʡʪʨʘʣʴʥʦʤ ʨʘʩʪʚʦʨʝ 

ʊʍɸLi. ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʩʢʘʥʜʠʷ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʊʍɸNa, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟʦʪʝʨʤʳ ʵʢʩʪʨʘʢʮʠʠ ʩʢʘʥʜʠʷ ʠ 

Sʈɿʕ 1ʄ ɹ15ʂ5 ʚ ʭʣʦʨʦʬʦʨʤʝ. ʅʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʠʟʦʪʝʨʤʳ 

ʵʢʩʪʨʘʢʮʠʠ Sc ʦʯʝʥʴ ʢʨʫʪʳʝ, ʘ ʠʟʦʪʝʨʤʳ ʈɿʕ ʠʤʝʶʪ ʚʠʜ ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ 

ʧʣʦʭʦ ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʩʢʘʥʜʠʷ ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ ʈɿʕ. ʊʘʢʞʝ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ D ʩʢʘʥʜʠʷ ʠ Sʈɿʕ ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʭ 

ʨʘʟʜʝʣʝʥʠʷ (ɓ) ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʨʅ-5), ʩʦʜʝʨʞʘʱʠʭ ʦʪ 
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1 ʜʦ 2 ʄ ʊʍɸNa ʠ ʊʍɸLi. ɺʝʣʠʯʠʥʳ ɓSc/Sʈɿʕ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 100 ʜʣʷ 

ʊʍɸLi ʠ ʙʦʣʝʝ 200 ʜʣʷ ʊʍɸNa. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʩʢʘʥʜʠʷ ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ ʈɿʕ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ ɹ15ʂ5 ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʚʦʜʥʦʡ ʬʘʟʝ 1-2 ʄ 

ʊʍɸNa (ʧʨʦʜʘʞʥʦʛʦ ʨʝʘʛʝʥʪʘ), ʠʥʪʝʨʚʘʣ ʨʅ 3-5, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʭʣʦʨʦʬʦʨʤʘ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʦʩʪʠʢʦʚʘ ɻ.ɺ., ʂʨʘʩʥʦʚʘ ʆ.ɻ., ʎʠʚʘʜʟʝ ɸ.ʖ., ɾʠʣʦʚ ɺ.ʀ. ʕʢʩʪʨʘʢʮʠʷ ʩʢʘʥʜʠʷ 

ʙʝʥʟʦ-15-ʢʨʘʫʥ-5 ʠʟ ʥʝʡʪʨʘʣʴʥʳʭ ʥʠʪʨʘʪʥʦ-ʪʨʠʭʣʦʨʘʮʝʪʘʪʥʳʭ ʨʘʩʪʚʦʨʦʚ // ɾʫʨʥ. 

ʥʝʦʨʛ. ʭʠʤʠʠ. 2018. ʊ. 63. ˉ. 4. ʉ. 519ï524. 
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ʋɼʂ 546.98:543.4:544.77 

ɺʃʀʗʅʀɽ ʨʅ ʅɸ ʂɸʊɸʃʀʊʀʏɽʉʂʀʁ ʇʈʆʎɽʉʉ 

ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ʉɽʈɽɹʈɸ ɺʆɼʆʈʆɼʆʄ 
1
 

 

ʂʨʘʰʘʢʦʚʘ ɸ.ʉ.
1
, ʉʦʣʦʚʦʚ ʈ.ɼ.

2
 

 
1
 ʀʥʩʪʠʪʫʪ ʪʦʥʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʥʠ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʀʈʕɸ ï 

ʈʦʩʩʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 119735, ʄʦʩʢʚʘ, ʧʨ. ɺʝʨʥʘʜʩʢʦʛʦ, 86 
2
 ʃʘʙʦʨʘʪʦʨʠʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ ʤʘʪʝʨʠʘʣʦʚ ʀʌʍʕ ʈɸʅ, 

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ. 31, ʢʦʨʧ. 4, e-mail: roman_solovov@mail.ru 

 

ʀʟʫʯʝʥ ʧʨʦʮʝʩʩ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ Ag(I) ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʪʨʘʚʦʯʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʧʘʣʣʘʜʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʨʅ 

ʨʘʩʪʚʦʨʘ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʨʅ ʟʘʤʝʜʣʷʝʪ 

ʨʝʘʢʮʠʶ. ʋʩʪʘʥʦʚʣʝʥ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʧʦ ʠʦʥʘʤ Ag(I). 

 

The process of catalytic reduction of Ag (I) ions on surface of palladium 

seed nanoparticles has been studied. The influence of pH on the process rate was 

investigated and it was shown that a pH increasing slows down the reaction. The 

order of reaction for Ag (I) ions has been established. 

 

ɹʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ 

ʚʝʩʴʤʘ ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʮʝʩʩʘʭ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʢʘʪʘʣʠʟʝ. ʇʦʵʪʦʤʫ 

ʠʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʠ 

ʯʠʩʪʳʭ ʧʨʦʮʝʩʩʦʚ ʠʭ 

ʧʦʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʚʘʞʥʳʭ ʟʘʜʘʯ 

ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʥʦʭʠʤʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʟʫʯʘʣʩʷ ʧʨʦʮʝʩʩ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʦʨʦʜʦʤ 

Ag(I) ʜʦ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʥʘʥʦʯʘʩʪʠʮ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ 

ï ʟʘʪʨʘʚʦʯʥʳʭ ʥʘʥʦʯʘʩʪʠʮ 

ʧʘʣʣʘʜʠʷ. ɼʘʥʥʳʝ ʯʘʩʪʠʮʳ 

ʧʘʣʣʘʜʠʷ, ʫʩʪʦʡʯʠʚʳʝ ʚ 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʌʦʥʜʘ, ʧʨʦʝʢʪ ˉ18-33-00637. 

 

ʈʠʩ. 1 ʕʚʦʣʶʮʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ Ag(I) ʚʦʜʦʨʦʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʘʥʦʯʘʩʪʠʮ Pd ʚʦ ʚʨʝʤʝʥʠ: ʧʦ ʩʪʨʝʣʢʝ ʦʪ 0 ʜʦ 80 ʤʠʥʫʪ. 

ʈʘʩʪʚʦʨ: [Ag+] = 0.20 mM; [Pd0] = 0.10 mM; [PANa] = 1.0 

mM;  pH = 6.44. 
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ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʜʦʣʛʦʝ ʚʨʝʤʷ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʦʪʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ʌʦʪʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʣʩʷ ʚ ʦʙʣʫʯʝʥʠʠ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʧʘʣʣʘʜʠʝʚʳʡ ʢʦʤʧʣʝʢʩ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨ (ʧʦʣʠʘʢʨʠʣʘʪ ʥʘʪʨʠʷ), 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʩʚʝʪʦʤ ʠʤʧʫʣʴʩʥʦʡ ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʦʡ. ʇʨʠ 

ʦʙʣʫʯʝʥʠʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ ʯʘʩʪʠʮʳ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝ 

Pd(II) ʜʦ Pd(0). ʆʙʨʘʟʫʶʱʠʡʩʷ ʟʦʣʴ ʧʘʣʣʘʜʠʷ ʠʤʝʣ ʤʦʥʦʤʦʜʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʠʤʝʣ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʨʠʩʪʘʣʣʠʪʘ d = (2.5 Ñ 

0.3) ʥʤ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ dhydr. = (12.8 Ñ 3.2) ʥʤ ʠ 

ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ |ɕ| = 59.3 ʤɺ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʦʥʦʚ Ag(I) ʚʦʜʦʨʦʜʦʤ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʪʨʘʚʦʯʥʳʭ ʥʘʥʦʯʘʩʪʠʮ Pd
0 
ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʨʅ. 

ʇʦʩʪʦʷʥʩʪʚʦ ʨʅ ʧʦʜʜʝʨʞʠʚʘʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʙʫʬʝʨʥʦʡ 

ʩʤʝʩʠ H3PO4, H3BO3, ʠ CH3COOH, ʜʦʚʝʜʝʥʥʳʭ ʜʦ ʥʫʞʥʦʛʦ ʨʅ ʨʘʩʪʚʦʨʦʤ 

NaOH. ʈʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʠʦʥʳ Ag(I), ʧʦʣʠʘʢʨʠʣʘʪ ʥʘʪʨʠʷ, 

ʥʘʥʦʯʘʩʪʠʮʳ ʧʘʣʣʘʜʠʷ ʠ ʙʫʬʝʨʥʫʶ ʩʤʝʩʴ, ʥʘʩʳʱʘʣʩʷ ʚʦʜʦʨʦʜʦʤ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʯʘʩʪʠʮ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʝʨʝʙʨʘ ʚ ʨʘʩʪʚʦʨʝ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʣʦʩʳ ʧʣʘʟʤʦʥʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʩʝʨʝʙʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʠʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʧʨʦʮʝʩʩʘ 

ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʦʥʦʚ Ag(I) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʅ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʦʪ ʨʅ ʠʤʝʣʦ ʩʣʦʞʥʳʡ 

ʭʘʨʘʢʪʝʨ: ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʨʅ (ʚ ʦʙʣʘʩʪʠ ʨʅ = 4 ï 7) ʧʨʦʮʝʩʩ ʠʤʝʣ 

ʥʫʣʝʚʦʡ ʧʦʨʷʜʦʢ ʨʝʘʢʮʠʠ ʧʦ ʦʙʨʘʟʫʶʱʠʤʩʷ ʧʨʦʜʫʢʪʫ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʧʦ ʠʦʥʘʤ ʩʝʨʝʙʨʘ Ag(I), ʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʨH (ʦʪ ʨʅ = 8 ʠ ʚʳʰʝ) ʧʦʨʷʜʦʢ 

ʨʝʘʢʮʠʠ ʠʟʤʝʥʷʣʩʷ ʠ ʧʨʠʙʣʠʞʘʣʩʷ ʢ ʧʝʨʚʦʤʫ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ 

ʨʅ ʧʨʦʠʩʭʦʜʠʣʦ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɼʘʥʥʦʝ 

ʷʚʣʝʥʠʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʦʡʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʥʳʭ ʥʘʥʦʯʘʩʪʠʮʘʭ Pd
0
 ʠ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʜʠʩʩʦʮʠʘʪʠʚʥʦʡ ʘʜʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ ʥʘ ʥʠʭ. 
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ʋɼʂ 621.039.73 

ɺʃʀʗʅʀɽ ʎɽʆʃʀʊɸ ʅɸ ʉɺʆʁʉʊɺɸ ʄɸɻʅʀʁ-ʂɸʃʀʁ-

ʌʆʉʌɸʊʅʆɻʆ ʂʆʄʇɸʋʅɼɸ 
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ʂʫʣʠʢʦʚʘ ʉ.ɸ. 
1
, ɹʝʣʦʚʘ ʂ.ʖ. 

1,2
, ɾʠʣʢʠʥʘ ɸ.ɺ. 

1
,  

ʊʶʧʠʥʘ ɽ.ɸ. 
2,3
, ɺʠʥʦʢʫʨʦʚ ʉ.ɽ. 

1
 

 
1
 ɻɽʆʍʀ ʈɸʅ, 119991, ʄʦʩʢʚʘ, ʫʣ. ʂʦʩʳʛʠʥʘ, ʜ.19, e-mail: kulikova.sveta92@mail.ru 

2
 ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 125047, ʄʦʩʢʚʘ, ʄʠʫʩʩʢʘʷ ʧʣ., ʜ.9 

3
 ʅʀʗʋ ʄʀʌʀ, 115409, ʄʦʩʢʚʘ, ʂʘʰʠʨʩʢʦʝ ʰ., ʜ. 31 

 

ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʮʝʦʣʠʪʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʛʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʘʛʥʠʡ-ʢʘʣʠʡ-ʬʦʩʬʘʪʥʦʛʦ ʢʦʤʧʘʫʥʜʘ, 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ ʘʟʦʪʥʦʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ ʮʝʟʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʮʝʦʣʠʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʮʝʟʠʷ ʠʟ ʢʦʤʧʘʫʥʜʘ, ʘ ʪʘʢʞʝ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʦʙʨʘʟʮʦʚ. 

 

Effect of zeolite on the mechanical strength and hydrolytic stability of the 

magnesium potassium phosphate compound obtained under solidification of 

cesium nitrate solution was studied. It was established that the introduction of 

zeolite leads to a decrease in the leaching rate of cesium from the compound, as 

well as to a significant increase in the compressive strength of the samples. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʜ ʜʣʠʪʝʣʴʥʳʤ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʭʨʘʥʝʥʠʝʤ 

ʠ/ʠʣʠ ʟʘʭʦʨʦʥʝʥʠʝʤ ʞʠʜʢʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʦʪʭʦʜʳ (ɾʈʆ) ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʝʨʝʚʦʜʠʪʴ ʚ ʦʪʚʝʨʞʜʝʥʥʳʝ ʬʦʨʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʨʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ɾʈʆ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʠ 

ʦʩʪʝʢʣʦʚʳʚʘʥʠʷ ʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʤʘʪʨʠʮʝʡ 

ʜʣʷ ʦʪʚʝʨʞʜʝʥʠʷ ɾʈʆ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʤʘʛʥʠʡ-ʢʘʣʠʡ-ʬʦʩʬʘʪʥʫʶ (ʄʂʌ) 

ʤʘʪʨʠʮʫ [1-3]. 

ɸʢʪʠʚʥʦʩʪʴ ɾʈʆ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ ʮʝʟʠʷ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʱʝʣʦʯʥʳʤ ʤʝʪʘʣʣʦʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʙʦʣʝʝ 

ʤʦʙʠʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ, ʪʦ ʝʩʪʴ ʣʝʛʢʦ ʚʳʱʝʣʘʯʠʚʘʝʤʳʤ ʠʟ ʤʘʪʨʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ɾʈʆ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʮʝʟʠʷ ʠʩʧʦʣʴʟʫʶʪ ʝʛʦ ʧʝʨʝʚʦʜ ʚ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ [4] ʠʣʠ 

ʧʨʦʚʦʜʷʪ ʩʦʨʙʮʠʶ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʭ ʩʦʨʙʝʥʪʘʭ [5,6]. ʆʩʥʦʚʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʦʨʙʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʠʭ 

ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ. ʂʣʠʥʦʧʪʠʣʦʣʠʪ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ 

ʩʨʝʜʠ ʧʨʠʨʦʜʥʳʭ ʮʝʦʣʠʪʦʚ, ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʚʳʩʦʢʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ 

                                                 
1 

1ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ, ʧʨʦʝʢʪ ˉ 16-13-

10539. 
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ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʤ 

ʩʦʨʙʝʥʪʦʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʨʫʧʥʳʤ ʠʦʥʘʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʩʦʨʙʝʥʪʘ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʠʟʦʪʦʧʦʚ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʙʦʣʴʰʠʤ ʠʦʥʥʳʤ 

ʨʘʜʠʫʩʦʤ [6]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʮʝʦʣʠʪʘ ʥʘ ʩʚʦʡʩʪʚʘ ʄʂʌ ʢʦʤʧʘʫʥʜʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʨʦʜʥʳʡ ʮʝʦʣʠʪ ʤʘʨʢʠ çʉʆʂʀʈʅʀʊè (ʪʠʧ 1, 

ɿʘʢʘʨʧʘʪʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʧʨʦʠʟʚʦʜʠʪʝʣʴ OOO çʎɽʆ-ʄɸʂʉè, ʈʦʩʩʠʷ, 

ʊʋ 2163-004-61604634-2013) ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 0,07-0,16 ʤʤ. 

ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʮʝʦʣʠʪʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ULTIMA-IV (Rigaku, ʗʧʦʥʠʷ). ɼʣʷ 

ʨʘʩʰʠʬʨʦʚʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ Jade 

6.5 (MDI) ʩ ʧʦʨʦʰʢʦʚʦʡ ʙʘʟʦʡ ʜʘʥʥʳʭ PDF-2. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ ʚ ʠʟʫʯʝʥʥʦʤ ʦʙʨʘʟʮʝ 

ʮʝʦʣʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 40%, ʩʨʝʜʠ ʜʨʫʛʠʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʛʝʡʣʘʥʜʠʪ (34%), ʠʣʣʠʪ (5%), ʩʝʧʠʦʣʠʪ (5%) ʠ ʩʤʝʢʪʠʪ 

(2%). ʅʘʨʷʜʫ ʩ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʚ ʦʙʨʘʟʮʝ ʮʝʦʣʠʪʘ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʚʘʨʮ (12%) ʠ ʤʠʢʨʦʢʣʠʥ (2%). 

ʉʦʨʙʮʠʶ ʮʝʟʠʷ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʮʝʟʠʷ ([Cs] - 9,1 ʛ/ʣ; 

ʨʅ=6,6Ñ0,1) ʥʘ ʮʝʦʣʠʪʝ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʊ:ɾ=1:4. ʉʪʝʧʝʥʴ 

ʩʦʨʙʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʜʦʣʶ ʮʝʟʠʷ, ʧʝʨʝʰʝʜʰʝʛʦ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʪʚʝʨʜʫʶ 

ʬʘʟʫ ʮʝʦʣʠʪʘ, ʩʦʩʪʘʚʠʣʘ 99,7%. ʂʦʵʬʬʠʮʠʝʥʪ ʤʝʞʬʘʟʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, 

ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʮʝʟʠʷ, ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʦʤ ʮʝʦʣʠʪʘ, ʢ 

ʝʛʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʨʘʩʪʚʦʨʝ, ʩʦʩʪʘʚʠʣ 1063,7 ʤʣ/ʛ. 

ʉʠʥʪʝʟ ʦʙʨʘʟʮʦʚ ʄʂʌ ʢʦʤʧʘʫʥʜʘ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʦʪʚʝʨʞʜʝʥʠʷ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʠʪʨʘʪʘ ʮʝʟʠʷ (ʦʙʨʘʟʝʮ ˉ1), ʘ ʪʘʢʞʝ ʧʨʠ ʦʪʚʝʨʞʜʝʥʠʠ 

ʚʦʜʳ ʩ ʦʩʘʜʢʦʤ ʮʝʦʣʠʪʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʨʙʠʨʦʚʘʥʥʳʤ ʮʝʟʠʝʤ, 

ʩʦʜʝʨʞʘʥʠʝ ʮʝʦʣʠʪʘ ʚ ʦʙʨʘʟʮʝ ï 28,6 ʤʘʩ% (ʦʙʨʘʟʝʮ ˉ2). ɹʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʫʙʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʄʂʌ ʢʦʤʧʘʫʥʜʘ ʨʘʟʤʝʨʦʤ 2Ĭ2Ĭ2 ʩʤ, ʢʦʪʦʨʳʝ 

ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 15 ʩʫʪʦʢ ʜʣʷ ʥʘʙʦʨʘ ʧʨʦʯʥʦʩʪʠ. 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʦʙʨʘʟʮʦʚ ʄʂʌ ʢʦʤʧʘʫʥʜʘ ʦʧʨʝʜʝʣʷʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʩʧʳʪʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ Testing Cybertronic. 

ɻʠʜʨʦʣʠʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʣʫʜʠʥʘʤʠʯʝʩʢʠʤ ʪʝʩʪʦʤ ɻʆʉʊ ʈ 52126-2003 [7] ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

(25Ñ3)Üʉ. ɺ ʢʘʯʝʩʪʚʝ ʚʳʱʝʣʘʯʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʙʠʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ (200 ʤʣ) ʩ ʝʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʤʝʥʦʡ, ʦʙʱʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ï 90 ʩʫʪʦʢ. ʉʦʜʝʨʞʘʥʠʝ ʮʝʟʠʷ ʚ 

ʨʘʩʪʚʦʨʘʭ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʄʉ-ʀʉʇ) (X Series2, Thermo Scientific, ʉʐɸ). 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʦʙʨʘʟʮʦʚ ˉ1 ʠ 2 ʄʂʌ ʢʦʤʧʘʫʥʜʘ ʩʦʩʪʘʚʠʣʘ 

8,4Ñ0,5 ʠ 32,3Ñ1,0 ʄʇʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʄʂʌ ʢʦʤʧʘʫʥʜʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 
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ʩʢʦʨʦʩʪʴ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʮʝʟʠʷ ʥʘ 90 ʩʫʪʢʠ ʢʦʥʪʘʢʪʘ ʦʙʨʘʟʮʦʚ ˉ1 ʠ 2 ʩ 

ʚʦʜʦʡ ʢʘʨʜʠʥʘʣʴʥʦ ʥʝ ʨʘʟʣʠʯʘʝʪʩʷ (ʨʠʩ.1ʘ) ʠ ʩʦʩʪʘʚʣʷʝʪ 4,6Ā10
-5
 ʠ 2,2Ā10

-5 

ʛ/(ʩʤ
2
Āʩʫʪʢʠ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʥʦʨʤʘʪʠʚʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʅʇ-019-15 ʢ ʮʝʤʝʥʪʥʳʤ ʢʦʤʧʘʫʥʜʘʤ (Ò1,0Ā10
-3
 ʛ/(ʩʤ

2
Āʩʫʪʢʠ)). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʤʝʯʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʪʝʧʝʥʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʮʝʟʠʷ ʠʟ ʦʙʨʘʟʮʦʚ ˉ1 ʠ 2 (ʨʠʩ.1 ʙ), ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ 11,6% ʠ 1,5%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

  
ʘ) ʙ) 

ʈʠʩ. 1. ɻʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʄʂʌ ʢʦʤʧʘʫʥʜʘ ʢ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʮʝʟʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʦʣʠʪʘ ʧʨʠ ʩʠʥʪʝʟʝ 

ʄʂʌ ʢʦʤʧʘʫʥʜʘ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʢʘʢ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʩʞʘʪʠʝ, ʪʘʢ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʳʱʝʣʘʯʠʚʘʥʠʶ ʮʝʟʠʷ. 
ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪ ɹʢ.ʛ.-ʤ.ʥ. ʂʨʫʧʩʢʦʡ ɺ.ɺ. (ʀɻɽʄ ʈɸʅ, ʄɻʋ ʠʤ. ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚʘ) ʟʘ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʮʝʦʣʠʪʘ. 
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʋɻʃɽʈʆɼʆʉʆɼɽʈɾɸʑʀʍ ʄɸʊɽʈʀɸʃʆɺ 

ɼʃʗ ʀʄʄʆɹʀʃʀɿɸʎʀʀ ʊɽʍʅɽʎʀʗ 

 

ʄʘʢʘʨʦʚ
 
ɸ.ɺ. 

1,2
, ɸʥʜʨʶʱʝʥʢʦ ʅ.ɼ. 

1
 

 
1
 ʃʘʙʦʨʘʪʦʨʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʦʙʨʘʱʝʥʠʷ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʠ ʪʦʢʩʠʯʥʳʤʠ 

ʦʪʭʦʜʘʤʠ ʀʌʍʕ ʈɸʅ,  

117342, ʄʦʩʢʚʘ, ʫʣ. ʆʙʨʫʯʝʚʘ, ʜ. 40, ʩʪʨ. 1; e-mail: ya.alexmakar@yandex.ru 
2 
 ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, 125047, ʄʦʩʢʚʘ, ʄʠʫʩʩʢʘʷ ʧʣʦʱʘʜʴ, ʜ.9 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
99

Tc. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʰʫʥʛʠʪʳ ʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʠ ʵʬʬʝʢʪʠʚʥʦ ʩʦʨʙʠʨʫʶʪ 
99

Tc (Kd ï 10
2
-10

4
 ʤʣ/ʛ), ʧʨʠ 

ʵʪʦʤ ʬʦʨʤʳ ʝʛʦ ʥʘʭʦʞʜʝʥʠʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʨʘʟʣʠʯʘʶʪʩʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʟʘʱʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʙʘʨʴʝʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

 

The sorption properties of carbon-containing materials to 
99

Tc were 

studied. It was shown that shungites and activated carbons effectively adsorbed 
99

Tc (Kd - 10
2
-10

4
 ml/g), and the speciation was different on the studied 

material. The role of carbon-containing materials on the protective properties of 

safety barriers has been estimated. 

 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʨʝʰʝʥʠʠ 

ʧʨʦʙʣʝʤʳ ʙʝʟʦʧʘʩʥʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ ʈɸʆ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʪʭʦʜʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ 
99

Tc. ʊʝʭʥʝʮʠʡ ʷʚʣʷʝʪʩʷ ʜʦʣʛʦʞʠʚʫʱʠʤ ʨʘʜʠʦʥʫʢʣʠʜʦʤ 

(T1/2=212000 ʣʝʪ) ʩ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʤʠʛʨʘʮʠʠ ʝʛʦ 

ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ ʬʦʨʤʳ (TcO4
-
) ʚ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʥʠʟʢʦʡ 

ʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ ʤʥʦʛʠʤ ʤʘʪʝʨʠʘʣʘʤ. 

ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʘʪʨʠʮʳ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʫʶ ʩʪʝʧʝʥʴ 

ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʪʝʭʥʝʮʠʷ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʧʝʨʪʝʭʥʝʪʘʪ-ʠʦʥʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʜʨʫʛʦʡ ʧʦʜʭʦʜ ʢ 

ʦʛʨʘʥʠʯʝʥʠʶ ʤʠʛʨʘʮʠʠ ʪʝʭʥʝʮʠʷ ʧʨʠ ʟʘʭʦʨʦʥʝʥʠʠ ʈɸʆ ï ʚʚʝʜʝʥʠʝ ʚ 

ʩʦʩʪʘʚ ʙʘʨʴʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʛʣʠʥ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ 

ʜʦʙʘʚʦʢ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʙʳʣʠ ʠʟʫʯʝʥʳ ʰʫʥʛʠʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʐʫʥʴʛʘ 

ʠ ʄʘʢʩʦʚʦ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʠ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ï ʙʝʨʸʟʦʚʳʡ (ɹɸʋ), 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʛʨʘʬʠʪ (ɸɻ-3) ʠ ʢʦʢʦʩʦʚʳʡ (ʂɸʋ). 

ʉʦʨʙʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʘʭ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ: ʜʣʷ ʰʫʥʛʠʪʘ ʊ:ɾ ï 1:20; ʜʣʷ ʫʛʣʝʡ ï 1:40 ʠʟ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʝʨʪʝʭʥʝʪʘʪʘ ʢʘʣʠʷ, ʩʦʜʝʨʞʘʱʠʭ 3
.
10

2
-3

.
10

4
 ɹʢ/ʤʣ. 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʷ 

ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʨʙʮʠʦʥʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ 

ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ 

ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʦʙʨʘʟʮʦʚ ʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

30 ʤʠʥʫʪ ʜʦ 4 ʥʝʜʝʣʴ. 

ʄʘʢʩʦʚʠʪ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʩʦʨʙʮʠʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʪʝʭʥʝʪʘʪ-

ʠʦʥʫ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʜʦʩʪʠʛʘʶʪʩʷ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ  ʬʨʘʢʮʠʠ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʤʝʥʴʰʝ 0,2 ʤʤ (ʨʠʩ.1), 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
99

Tc ʥʘ ʤʘʢʩʦʚʠʪʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 10
2
 ʜʦ 10

4
 

ʤʣ/ʛ. ɸʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʠ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʠʝ ʩʪʝʧʝʥʠ ʩʦʨʙʮʠʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʝʞʬʘʟʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʧʣʦʱʘʜʠ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ (ʪʘʙʣ.1). 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʬʦʨʤ 

ʥʘʭʦʞʜʝʥʠʷ ʩʦʨʙʠʨʦʚʘʥʥʦʛʦ 

ʪʝʭʥʝʮʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʠʢʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʊʝʩʩʠʝʨʘ [1], ʧʦʢʘʟʳʚʘʶʱʠʝ 

ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʜʠʦʥʫʢʣʠʜʘ ʩ 

ʪʚʸʨʜʳʤʠ ʬʘʟʘʤʠ. ɹʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʨʙʠʨʦʚʘʥʥʳʡ ʥʘ 

ʰʫʥʛʠʪʝ ʪʝʭʥʝʮʠʡ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥ 

ʩ ʦʢʩʠʜʥʳʤʠ ʬʦʨʤʘʤʠ (ʘʤʦʨʬʥʳʤʠ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ), ʠ ʧʨʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ ʦʢʠʩʣʠʪʝʣʝʤ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʟʚʣʝʢʘʝʪʩʷ, 

ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʪʝʭʥʝʮʠʷ ʥʘ ʰʫʥʛʠʪʝ.  

ɺʦʧʨʝʢʠ ʤʥʝʥʠʶ ʦ ʬʠʟʠʯʝʩʢʦʡ ʩʦʨʙʮʠʠ ʧʝʨʪʝʭʥʝʪʘʪ-ʠʦʥʘ ʥʘ 

ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʝʡ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʭ ʩ ʚʦʜʦʡ ʙʳʣʦ 

ʚʳʜʝʣʝʥʦ ʥʠʯʪʦʞʥʦ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʭʥʝʮʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʰʫʥʛʠʪʘ, ʚ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʷʭ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʪʝʭʥʝʮʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʆʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʪʝʭʥʝʮʠʷ ʧʦʩʣʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʫʛʣʷʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 60 ʜʦ 80%, 

ʜʣʷ ʰʫʥʛʠʪʦʚ ʵʪʦ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 25-60%.  

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʫʛʣʝʨʦʜʦʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ (0,5, 1 ʠ 5 ʤʘʩʩ.%) ʢ ʛʣʠʥʘʤ ï ʦʩʥʦʚʥʳʤ 

 

ʈʠʩ. 1. ʉʦʨʙʮʠʷ ʧʝʨʪʝʭʥʝʪʘʪ-ʠʦʥʘ ʥʘ ʤʘʢʩʦʚʠʪʝ 

ʨʘʟʣʠʯʥʦʛʦ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʆʙʨʘʟʝʮ 

ʇʣʦʱʘʜʴ 

ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ 

Sʫʜ, ʤ
2
/ʛ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʤʝʞʬʘʟʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

Kd, ʤʣ/ʛ 

ɹɸʋ 577 3,26E+03 

ɸɻ-3 775 1,42E+04 

ʂɸʋ 977 2,09E+05 

 

ʊʘʙʣ. 1. ʉʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 99Tc. 
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ʢʦʤʧʦʥʝʥʪʘʤ ʠʥʞʝʥʝʨʥʳʭ ʙʘʨʴʝʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʨʴʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʨʠʨʦʜʥʘʷ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʛʣʠʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 10-ʡ 

ʍʫʪʦʨ, ʘ ʪʘʢʞʝ ʛʣʠʥʘ ʤʘʨʢʠ ʇʀʂ (ʩʤʝʩʴ ʢʘʦʣʠʥʠʪʘ, ʙʝʥʪʦʥʠʪʘ ʠ 

ʚʝʨʤʠʢʫʣʠʪʘ). ʊʘʢʞʝ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʩʤʝʩʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 0,5 ʤʘʩʩ.% 

ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ (II). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʰʫʥʛʠʪʦʚ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʙʘʨʴʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʪʝʭʥʝʮʠʶ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʙʘʚʣʝʥʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʝʧʝʥʴ 

ʩʦʨʙʮʠʠ ʪʝʭʥʝʮʠʷ. ɼʦʙʘʚʣʝʥʠʝ ʩʫʣʴʬʘʪʘ ʞʝʣʝʟʘ (II ) ʢ ʩʤʝʩʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ ʩ 

ʛʣʠʥʘʤʠ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʝʧʝʥʴ ʩʦʨʙʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʙʘʚʦʢ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ ʢ ʧʨʠʨʦʜʥʳʤ ʙʘʨʴʝʨʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ 

ʤʦʙʠʣʴʥʦʛʦ ʧʝʨʪʝʭʥʝʪʘʪ-ʠʦʥʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Tessier, A. Sequential extraction procedure for the speciation of particulate trace metals / 

A. Tessier, P.G.C. Campbell, M. Bisson // Analytical. Chemisrty. 1979; Vol. 51, ˉ 7. ï 

p.p.844ï851. 
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ʀʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʨʘʩʪʚʦʨʝʥʠʷ ʢʨʘʩʥʳʭ ʰʣʘʤʦʚ (ʂʐ). ʇʨʦʚʝʜʝʥʦ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʵʢʩʪʨʘʢʮʠʠ ʤʘʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʂʐ 

ʪʝʪʨʘʦʢʪʠʣʜʠʛʣʠʢʦʣʴʘʤʠʜʦʤ (ʊʆɼɻɸ) ʠʟ ʘʟʦʪʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Sc, Th ʠ ʚʩʝʭ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ) ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʚ 

ʨʘʩʪʚʦʨʝ. 

 

The conditions of dissolution of red mud are studied. A systematic study 

of the extraction of macro components of red mud by tetraoctyldiglycolamide 

(TODGA) from nitric acid solutions was carried out. The main regularities of 

distribution of Sc, Th and all rare-earth elements (REE) at their common 

presence in the solution are determined. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʘʩʥʳʝ ʰʣʘʤʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ 

ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦʣʫʯʝʥʠʷ ʩʢʘʥʜʠʷ ʚ ʈʦʩʩʠʠ. 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʰʣʘʤʦʚ ʩʦʩʪʘʚʣʷʶʪ ʦʢʩʠʜʳ Fe, Al , Ca, Mg. ʊʘʢʞʝ ʚ ʥʠʭ 

ʩʦʜʝʨʞʠʪʩʷ Sc, Th ʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʣʝʛʢʠʝ ʈɿʕ. 

ʊʝʪʨʘʦʢʪʠʣʜʠʛʣʠʢʦʣʴʘʤʠʜ (ʊʆɼɻɸ) ï ʧʨʦʤʳʰʣʝʥʥʦ ʚʳʧʫʩʢʘʝʤʳʡ 

ʵʢʩʪʨʘʛʝʥʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʣʘʥʪʘʥʠʜʦʚ (III) ʠ Sc ʠ ʥʠʟʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʞʝʣʝʟʘ [1]. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʭʦʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ Sc ʠʟ ʢʨʘʩʥʳʭ ʰʣʘʤʦʚ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚʩʢʨʳʪʠʝ ʠʭ HNO3 ʢʦʥʮʝʥʪʨʘʮʠʝʡ 2-2,5ʄ ʚ 

ʪʝʯʝʥʠʝ 3 ʯʘʩʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʨʘʩʪʚʦʨ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦ ʧʝʨʝʭʦʜʷʪ 

ʈɿʕ, ʉʘ, ʦʢʦʣʦ 12% ʠʩʭʦʜʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʝʣʝʟʘ ʠ 63% Al. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʘʥʜʠʷ 

ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʛ/ʣ: 

Ce - 0,0055, Sc - 0,0008, Nd - 0,0009, La - 0,0021, Ca - 0,48, Fe - 0,60, Mg 

0,05, Al  0,79, ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʚ ʨʘʚʥʦʚʝʩʥʦʡ ʚʦʜʥʦʡ ʬʘʟʝ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʢʘʥʜʠʡ ʚʝʩʴʤʘ ʩʝʣʝʢʪʠʚʥʦ ʠ ʩ ʚʳʩʦʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (>100) ʠ ʨʘʟʜʝʣʝʥʠʷ ʠʟʚʣʝʢʘʝʪʩʷ ʠʟ 
                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ18-29-24134 ʤʢ). 
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ʨʘʟʙʘʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ HNO3 (0,1-1 M) ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʵʢʩʪʨʘʛʝʥʪʘ 0,1ʄ ʨʘʩʪʚʦʨʘ ʊʆɼɻɸ ʚ ʜʦʜʝʢʘʥʝ. ɼʣʷ 0,1 ʄ HNO3 ʚʝʣʠʯʠʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʜʝʣʝʥʠʷ ʩʢʘʥʜʠʷ ʠ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʩʦʩʪʘʚʣʷʶʪ: 

Sc/Fe, Sc/Mg, Sc/Al, Sc/ʉʘ >250, Sc/La ï 12, Sc/Ce ï 150, Sc/Nd ï 14. ɼʣʷ 

1ʄ HNO3: Sc/Fe, Sc/Mg, Sc/Al>3000, Sc/ʉʘ >350, Sc/La ï 120, Sc/Ce ï 70, 

Sc/Nd ï 11. ɺ ʦʙʣʘʩʪʠ ʙʦʣʝʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ca, La, Ce 

ʠ Nd ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʜʝʣʝʥʠʷ Sc 

ʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ. ɺʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ 

ʤʘʛʥʠʡ, ʘʣʶʤʠʥʠʡ ʠ ʞʝʣʝʟʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ (DÒ 0,01). D 

Ca ʤʘʢʩʠʤʘʣʝʥ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ HNO3 ~ 3,2 ʄ ʠ ʩʦʩʪʘʚʣʷʝʪ 1,25. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʊʆɼɻɸ ʚ ʜʦʜʝʢʘʥʝ ʙʳʣʦ 

ʥʘʡʜʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʩʢʘʥʜʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʙʘʚʣʝʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʵʢʩʪʨʘʛʝʥʪʘ (0,01-0,05ʄ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʵʢʩʪʨʘʢʮʠʠ ʠʟ 2,2 ʄ HNO3 ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʜʝʣʝʥʠʷ ʩʢʘʥʜʠʷ ʠ 

ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʩʦʩʪʘʚʣʷʶʪ: Sc/Fe, Sc/Mg, Sc/Al>5000, Sc/ʉʘ >1500, 

Sc/La >400, Sc/Ce ï 300, Sc/Nd ï 90. ʋʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʳ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʜʝʣʝʥʠʷ 

ʩʢʘʥʜʠʷ ʠ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ. 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʢʘʥʜʠʷ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʥʘʡʜʝʥʦ, ʯʪʦ ʜʣʷ 

ʚʩʝʭ ʤʝʪʘʣʣʦʚ ʨʝʘʢʮʠʠ ʠʭ ʵʢʩʪʨʘʢʮʠʠ ʊʆɼɻɸ ʷʚʣʷʶʪʩʷ 

ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤʠ; ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʵʬʬʝʢʪ ʜʣʷ ʩʢʘʥʜʠʷ ʚʝʩʴʤʘ ʚʝʣʠʢ 

(DHʵʢʩʪʨ.Sc~-49,9 ʢɼʞ/ʤʦʣʴÖʂ) ʠ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʙʫʜʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʩʢʘʥʜʠʷ 

ʚ ʵʢʩʪʨʘʢʪ. 

ʇʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Sc, Th ʠ ʚʩʝʭ ʈɿʕ ʧʨʠ ʠʭ ʩʦʚʤʝʩʪʥʦʤ 

ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʨʘʩʪʚʦʨʝ. ʅʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Sc, Y, Th ʠ ʚʩʝʭ ʣʘʥʪʘʥʠʜʦʚ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʠʥʝʨʘʣʴʥʳʭ ʢʠʩʣʦʪ (ʘʟʦʪʥʦʡ, ʩʦʣʷʥʦʡ ʠ ʩʝʨʥʦʡ) ʚ 

ʨʘʚʥʦʚʝʩʥʦʡ ʚʦʜʥʦʡ ʬʘʟʝ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʪʨʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 0,1ʄ 

ʨʘʩʪʚʦʨ ʊʆɼɻɸ ʚ ʜʦʜʝʢʘʥʝ. ʇʨʠ ʵʪʦʤ Sc, Y ʠ ʪʷʞʝʣʳʝ ʣʘʥʪʘʥʠʜʳ (ʦʪ Tb ʜʦ 

Lu) ʠʟʚʣʝʢʘʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʠ ʠʤʝʶʪ ʦʯʝʥʴ ʙʣʠʟʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʝʛʢʠʭ ʣʘʥʪʘʥʠʜʦʚ (ʦʪ La ʜʦ 

Nd) ʥʝʚʳʩʦʢʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʦʪʜʝʣʝʥʠʷ. 

ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ HNO3 >2ʄ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʠʜʦʚ ʠ ʩʢʘʥʜʠʷ ʩʣʝʛʢʘ ʫʤʝʥʴʰʘʶʪʩʷ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, 

ʩʚʷʟʘʥʦ ʩ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʵʢʩʪʨʘʢʮʠʝʡ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. 

ʀʥʪʝʨʝʩʥʳʡ ʵʬʬʝʢʪ ʦʪʤʝʯʝʥ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʝʡ D Th ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʡ HCl ʠ H2SO4. ʇʨʠ [HCl]<1ʄ D Th<0,01; ʧʨʠ [HCl]=2ʄ D 
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Th=0,7, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ D Sm; ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʪʳ D Th ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʝʱʝ ʙʦʣʴʰʝ ʠ ʜʦʩʪʠʛʘʶʪ D Tb. 

ɺ ʩʝʨʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ [H2SO4]= 0,5-1ʄ ʥʘʙʣʶʜʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʭʦʨʦʰʦ ʚʠʜʥʦ ʚ ʩʣʫʯʘʝ ʪʦʨʠʷ; ʵʪʦʪ ʵʬʬʝʢʪ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʜʚʦʡʥʳʭ ʩʫʣʴʬʘʪʦʚ ʠ ʠʭ ʧʣʦʭʦʡ ʵʢʩʪʨʘʛʠʨʫʝʤʦʩʪʴʶ. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʵʬʬʝʢʪʠʚʥʦʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʩʢʘʥʜʠʷ ʠ ʦʪʜʝʣʝʥʠʝ ʝʛʦ ʦʪ ʪʦʨʠʷ ʚʦʟʤʦʞʥʦ ʠʤʝʥʥʦ ʚ 

ʘʟʦʪʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ HNO3 ~2ʄ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʠʩʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʂʐ. ʇʨʠ 

ʵʪʦʤ ʪʷʞʝʣʳʝ ʈɿʕ ʧʝʨʝʡʜʫʪ ʵʢʩʪʨʘʢʪ ʚʤʝʩʪʝ ʩʦ ʩʢʘʥʜʠʝʤ; ʘ ʣʝʛʢʠʝ ʈɿʕ, 

ʘʣʶʤʠʥʠʡ, ʤʘʛʥʠʡ ʠ ʞʝʣʝʟʦ ʦʩʪʘʥʫʪʩʷ ʚ ʨʘʬʠʥʘʪʝ. 
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ʨʘʩʪʚʦʨʦʚ/ʀ.ɽ. ʄʘʣʴʮʝʚʘ, ɻ.ɺ. ʂʦʩʪʠʢʦʚʘ, ɼ.ʄ. ɻʦʨʰʢʦʚ// XII ʂʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ ʀʌʍʕ ʈɸʅ çʌʀɿʀʂʆʍʀʄʀʗ - 2017è. ʛ. ʄʦʩʢʚʘ, 5-7 

ʜʝʢʘʙʨʷ 2017 ʛ. ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ï ʩ. 190-193. 
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ʋɼʂ 546.681;546.185 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʂʆʄʇʃɽʂʉʆɺ 
68
Ga ʉ ʊɽʊʈɸʌʆʉʌʆʅɸʊɸʄʀ 

ɺ ʂɸʏɽʉʊɺɽ ʆʉʅʆɺʓ ɼʃʗ ʉʆɿɼɸʅʀʗ ʆʉʊɽʆʊʈʆʇʅʓʍ 

ʈɸɼʀʆʌɸʈʄʇʈɽʇɸʈɸʊʆɺ 
1
 

 

ʃʘʨʝʥʢʦʚ ɸ.ɸ.
1
, ʄʠʪʨʦʬʘʥʦʚ ʖ.ɸ. 2

, ʄʘʨʫʢ ɸ.ʗ.
 1,3
, ʂʦʜʠʥʘ ɻ.ɽ.

 1
, 

ʈʘʛʫʣʠʥ ɺ.ɺ. 
4
, ʎʝʙʨʠʢʦʚʘ ɻ.ʉ. 

3
, ɹʘʫʣʠʥ ɺ.ɽ. 

3,4
 

 
1
 ʌɻɹʋ ɻʅʎ ʌʄɹʎ ʠʤ. ɸ.ʀ. ɹʫʨʥʘʟʷʥʘ ʌʄɹɸ ʈʦʩʩʠʠ, 123182, ʄʦʩʢʚʘ, 

ʫʣ. ɾʠʚʦʧʠʩʥʘʷ, ʜ. 46 
2
 ʈʍʊʋ ʠʤ. ɼ.ʀ.  ʄʝʥʜʝʣʝʝʚʘ

 

3
 ʀʌʍʕ ʈɸʅ, 119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4 

4
 ʀʌɸɺ ʈɸʅ, 142432, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʉʝʚʝʨʥʳʡ ʧʨʦʝʟʜ, ʜ.1 

 

ɺ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʩʚʷʟʳʚʘʥʠʝ 
68
Ga ʩ ʥʦʚʳʤʠ ʪʝʪʨʘʬʦʩʬʦʥʘʪʘʤʠ ʠ 

ʠʟʫʯʝʥʦ ʩʨʦʜʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢ ʢʦʩʪʥʳʤ ʪʢʘʥʷʤ ʤʝʪʦʜʦʤ in 

vitro 

Labeling of new tetraphosphonates with 
68

Ga and the affinity of resulting 

complexes to bone tissues (in vitro) were studied  

 

ʊʝʪʨʘʬʦʩʬʦʥʘʪʳ ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʦʩʪʝʦʪʨʦʧʥʳʭ ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʦʚ (ʈʌʇ). ʆʥʠ ʥʝ ʪʦʣʴʢʦ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʨʘʜʠʦʥʫʢʣʠʜʦʤ, ʥʦ ʠ ʦʙʣʘʜʘʶʪ 

ʩʨʦʜʩʪʚʦʤ ʢ ʢʦʩʪʥʦʤʫ ʤʘʪʨʠʢʩʫ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʨʘʞʝʥʠʡ ʩʢʝʣʝʪʘ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣ ʧʦʠʩʢ 

ʫʩʣʦʚʠʡ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 
68
Ga ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʨʦʜʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢ ʢʦʩʪʥʳʤ ʪʢʘʥʷʤ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʚʘ ʩʦʝʜʠʥʝʥʠʷ: 1,7-ʜʠʘʤʠʥʦ-

4-ʦʢʩʘ-ʛʝʧʪʘʥ-1,1,7,7-ʪʝʪʨʘʬʦʩʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (1) ʠ 1,7-ʜʠʘʤʠʥʦ-4-

ʛʠʜʨʦʢʩʠʢʘʨʙʦʥʠʣʛʝʧʪʘʥ-1,1,7,7-ʪʝʪʨʘʬʦʩʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (2) (ʈʠʩʫʥʦʢ). 
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21  
ʈʠʩʫʥʦʢ ï ʉʪʨʫʢʪʫʨʳ ʩʦʝʜʠʥʝʥʠʡ 1 ʠ 2 

 

ʉʦʝʜʠʥʝʥʠʝ 1 ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʧʦ ʤʝʪʦʜʠʢʝ [1], ʘ ʩʦʝʜʠʥʝʥʠʝ 2 

ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʦ ʠ ʙʳʣʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ ʩʦʛʣʘʩʥʦ ʉʭʝʤʝ. 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ ˉ 18-33-00685). 
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ʆʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʦʮʝʩʩʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ 

ʠʟʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ 
68
Ga ʷʚʣʷʝʪʩʷ ʨʘʜʠʦʭʠʤʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ (ʈʍʏ), 

ʧʨʠʥʷʪʘʷ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʠʤʝʥʝʥʠʷ ʈʌʇ ʚʝʣʠʯʠʥʘ, ʯʠʩʣʝʥʥʦ 

ʨʘʚʥʘʷ ʨʘʚʥʦ ʧʨʦʮʝʥʪʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʠʦʥʫʢʣʠʜʘ ʚ 

ʬʦʨʤʝ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʢʦ ʚʩʝʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʠʦʥʫʢʣʠʜʘ ʚ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 
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ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ 2 

 

 

ɼʣʷ ʦʮʝʥʢʠ ʧʦʣʫʯʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʈʍʏ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʊʉʍ ʩ 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ 

ʧʦʜʙʦʨ ʩʠʩʪʝʤ ʊʉʍ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʈʍʏ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ 

ʩʦʝʜʠʥʝʥʠʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʘ ʧʦʜʦʙʨʘʥʘ ʩʠʩʪʝʤʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ 

ʧʨʠʤʝʩʝʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʩʠʥʪʝʟʝ ʈʌʇ ʩ 
68
Ga. ʆʪʦʙʨʘʥʥʳʝ ʩʠʩʪʝʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ɿʥʘʯʝʥʠʷ ʈʍʏ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
 

))(][(100 3

6868 OHGaGaʈʍʏ ʩʚ+-= ä , 

 

ʛʜʝ ä ][68

ʩʚGa  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʯʘʩʪʢʘ ʭʨʦʤʘʪʦʛʨʘʤʤʳ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʠʦʥʥʳʝ ʬʦʨʤʳ ʛʘʣʣʠʷ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʧʨʦʮʝʥʪʘʭ; 

  3

68 )(OHGa  ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʫʯʘʩʪʢʘ ʭʨʦʤʘʪʦʛʨʘʤʤʳ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʢʦʣʣʦʠʜʥʳʡ ʛʠʜʨʦʢʩʠʜ ʛʘʣʣʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʟʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʳʭʦʜʘ ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ: ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʣʠʛʘʥʜʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʢʠʩʣʦʪʥʦʩʪʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʘ ʪʘʢʞʝ 

ʧʨʠʨʦʜʳ ʙʫʬʝʨʥʦʛʦ ʘʛʝʥʪʘ. 
ʊʘʙʣʠʮʘ ï ʊʉʍ-ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ 

 ʉ
ʦ
ʝ
ʜ
ʠ
ʥ
ʝ
ʥ
ʠ
ʝ

 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʥʳʭ ʬʦʨʤ 

ʛʘʣʣʠʷ  

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʣʣʦʠʜʥʦʛʦ ʛʠʜʨʦʢʩʠʜʘ ʛʘʣʣʠʷ 

ʥʝʧʦʜʚʠʞʥʘʷ ʬʘʟʘ 
ʧʦʜʚʠʞʥʘʷ  

ʬʘʟʘ 
ʥʝʧʦʜʚʠʞʥʘʷ ʬʘʟʘ 

ʧʦʜʚʠʞʥʘʷ  

ʬʘʟʘ 

1 

ʮʝʣʣʶʣʦʟʘ ʥʘ 

ʘʣʶʤʠʥʠʝʚʦʡ 

ʧʦʜʣʦʞʢʝ 

2,4% HCl:ʘʮʝʪʦʥ: 

ʘʮʝʪʠʣʘʮʝʪʦʥ 

=0,8:7:0,5 
ʮʝʣʣʶʣʦʟʘ ʥʘ 

ʘʣʶʤʠʥʠʝʚʦʡ 

ʧʦʜʣʦʞʢʝ 

1M HCl:ʤʝʪʘʥʦʣ = 

2:1 

2 
ʭʨʦʤʘʪʦʛʨʘʬʠʠ-ʯʝʩʢʘʷ 

ʙʫʤʘʛʘ Watman 2 

1%v ʊʌʋ ʚ ʩʤʝʩʠ 

ʘʮʝʪʦʥʠʪʨʠʣ:ʚʦʜʘ 

= 1:1 

 

ɺ ʢʘʯʝʩʪʚʝ ʙʫʬʝʨʥʳʭ ʘʛʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʘʩʪʚʦʨʳ ʢʘʨʙʦʥʘʪʘ, ʘʮʝʪʘʪʘ, 

ʩʫʢʮʠʥʘʪʘ, ʣʘʢʪʘʪʘ ʠ ʪʘʨʪʨʘʪʘ ʥʘʪʨʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʤʝʯʝʥʠʷ ʚ ʠʟʫʯʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʨʷʜʘ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʝʜʠʥʝʥʠʡ 1 

ʠ 2 ʩ 
68
Ga, ʧʨʠʯʝʤ ʧʨʠʨʦʜʘ ʙʫʬʝʨʥʦʛʦ ʘʛʝʥʪʘ ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ɹʳʣʠ ʥʘʡʜʝʥʳ ʫʩʣʦʚʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩʳ 
68
Ga ʩ ʣʠʛʘʥʜʘʤʠ 1 ʠ 2 ʩ ʚʳʭʦʜʦʤ ʥʝ 

ʤʝʥʝʝ 90% ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʞʜʦʛʦ ʠʟ ʙʫʬʝʨʥʳʭ ʘʛʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʠʭ 

ʦʪʩʫʪʩʪʚʠʝ.  

ʉʨʦʜʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢ ʢʦʩʪʥʳʤ ʪʢʘʥʷʤ ʙʳʣʦ ʦʮʝʥʝʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ in vitro ʧʦ ʩʚʷʟʳʚʘʥʠʶ ʩ 

ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʚʷʟʳʚʘʥʠʝ 

ʤʝʯʝʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʛʠʜʨʦʢʩʠʘʧʘʪʠʪʦʤ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʙʫʬʝʨʥʦʛʦ 

ʘʛʝʥʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʧʨʠ ʠʭ ʧʦʣʫʯʝʥʠʠ, ʧʨʠʯʝʤ ʩʦʝʜʠʥʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʫʬʝʨʥʳʭ ʘʛʝʥʪʦʚ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʈʍʏ ʧʦʣʫʯʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʢʘʟʘʣʠ ʥʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ 

ʩʚʷʟʳʚʘʥʠʷ ʩ ʛʠʜʨʦʢʩʠʘʧʧʘʪʠʪʦʤ. 
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ɺ ʨʘʙʦʪʝ ʥʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʘ ʢʦʥʚʝʨʩʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ UM3 

(M=Pd, Ru, Rh) ʥʘ ʚʦʟʜʫʭʝ ʠ ʚ ʘʪʤʦʩʬʝʨʝ çHNO3(ʧʘʨ)-ʚʦʟʜʫʭè. ʆʢʠʩʣʝʥʠʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʫʩʣʦʚʠʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʦʡ ʧʨʦʜʫʢʪʦʚ ʧʘʨʘʤʠ HNO3 ʧʨʠʚʦʜʠʣʦ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ 

ʠʟʚʣʝʯʝʥʠʶ ʫʨʘʥʘ ʚ ʚʠʜʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

In this paper, we studied the conversion of intermetallic compounds UM3 

(M = Pd, Ru, Rh) in air and in an ñHNO3(vapor)-airò atmosphere. The oxidation 

of intermetallic compounds in a wide range of conditions followed by the 

treatment of products with HNO3 vapor led to the efficient extraction of uranium 

in the form of water-soluble compounds. 
 

 ʆʜʥʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʨʦʙʣʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʥʠʪʨʠʜʥʦʛʦ 

ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ (ʆʗʊ), ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ 

ʨʝʘʢʪʦʨʦʚ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ, ʤʦʞʝʪ ʩʪʘʪʴ ʠʟʚʣʝʯʝʥʠʝ ʫʨʘʥʘ ʠʟ ʬʘʟ 

U(Pd, Ru, Rh)3, ʯʴʝ ʧʨʠʩʫʪʩʪʚʠʝ ʦʪʤʝʯʝʥʦ ʚ ʆʗʊ ʜʘʥʥʦʛʦ ʪʠʧʘ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʛʦʣʦʚʥʦʡ ʩʪʘʜʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʠʪʨʠʜʥʦʛʦ 

ʆʗʊ ʤʦʛʫʪ ʩʪʘʪʴ ʛʘʟʦʬʘʟʥʳʝ ʧʨʦʮʝʩʩʳ ʚʦʣʦʢʩʠʜʘʮʠʠ (ʦʙʲʝʤʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ) ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʠʪʨʠʨʦʚʘʥʠʷ (ʦʙʨʘʙʦʪʢʠ ʧʘʨʘʤʠ HNO3). 

ʀʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʫʨʘʥʘ ʠʟ U(Pd, Ru, Rh)3 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʠʣʦʩʴ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ.  

ʀʤʠʪʘʪʦʨʘʤʠ ʬʘʟʳ U(Pd, Ru, Rh)3 ʩʣʫʞʠʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ UM3 (M=Pd, Ru, Rh), ʧʦʣʫʯʝʥʥʳʝ ʩʧʣʘʚʣʝʥʠʝʤ ʧʨʦʩʪʳʭ 

ʚʝʱʝʩʪʚ ʚ ʜʫʛʦʚʦʡ ʧʝʯʠ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʧʦʜʪʚʝʨʞʜʘʣʠ ʤʝʪʦʜʘʤʠ ʈʌɸ ʠ ʈʕʄ. ʇʝʨʚʳʤ ʵʪʘʧʦʤ 

ʨʘʙʦʪʳ ʩʪʘʣʘ ʧʨʦʚʝʨʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʫʨʘʥʘ ʠʟ UM3 ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʷʤʦʛʦ ʥʠʪʨʠʨʦʚʘʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ çHNO3(ʧʘʨ)-ʚʦʟʜʫʭè ʧʨʠ T = 70-150 
o
C 

ʠ P = 1,3-2 ʘʪʤ.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ UPd3 ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʨʘʥʘ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʣʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʣʣʦʠʜʥʳʭ ʬʦʨʤ PdO, ʯʴʝ ʧʨʠʩʫʪʩʪʚʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ. ʂʦʥʚʝʨʩʠʷ URu3 ʠ URh3 ʚ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʫʨʘʥʘ ʧʨʠ ʵʪʦʤ ʥʝ ʥʘʙʣʶʜʘʣʘʩʴ.  
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ɺ ʨʘʤʢʘʭ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪ ʧʨʦʚʦʜʠʣʠ ʦʢʠʩʣʝʥʠʝ UM3 ʥʘ ʚʦʟʜʫʭʝ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʥʠʪʨʠʨʦʚʘʥʠʝʤ ʚ ʘʪʤʦʩʬʝʨʝ çHNO3(ʧʘʨ)-ʚʦʟʜʫʭè. ɼʣʷ 

ʦʙʦʩʥʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʦʧʠʩʳʚʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʚʦʜʠʣʠ 

ʨʘʚʥʦʚʝʩʥʦʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʩʪʘʚʘ ʩʠʩʪʝʤʳ çUM3-

ʚʦʟʜʫʭè ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ HSC 6. ʇʦ ʜʘʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʢʠʩʣʝʥʠʝ ʠʟʫʯʘʝʤʳʭ UM3 ʚʦʟʤʦʞʥʦ ʫʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʟʘʪʝʤ ʙʳʣʠ ʦʙʦʩʥʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ʆʢʠʩʣʝʥʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʶʱʠʤ ʊɻ-ɼʉʂ ʠ ʈʌɸ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ in situ 

ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʠʷ UPd3 

ʧʨʠ 550-800 
o
C ʷʚʣʷʶʪʩʷ U3O8 ʠ PdO. ʆʢʠʩʣʝʥʠʝ ʧʨʠ 800-1200 

o
C ʧʨʠʚʦʜʠʪ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ U3O8 ʠ Pd. ʆʢʠʩʣʝʥʠʝ URu3 ʧʨʠ 550-800 
o
C ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ RuO2. ʌʘʟ, ʩʦʜʝʨʞʘʱʠʭ ʫʨʘʥ, ʧʨʠ ʵʪʦʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, 

ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʩʠʩʪʝʤʝ (U-Ru)OX. ʇʨʦʜʫʢʪʘʤʠ 

ʦʢʠʩʣʝʥʠʷ URu3 ʧʨʠ 800-1200 
o
C ʷʚʣʷʶʪʩʷ RuO2 ʠ U3O8. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʳʰʝ 1000 
ʦ
ʉ ʚ ʩʠʛʥʘʣʝ ʈʌɸ ʚʦʟʥʠʢʘʶʪ ʦʪʨʘʞʝʥʠʷ, ʠʜʝʥʪʠʬʠʢʘʮʠʷ 

ʢʦʪʦʨʳʭ ʦʢʘʟʘʣʘʩʴ ʙʝʟʨʝʟʫʣʴʪʘʪʥʦʡ. ɺʦʟʤʦʞʥʦ, ʦʥʠ ʧʨʠʥʘʜʣʝʞʘʪ ʚʳʩʰʠʤ 

ʦʢʩʠʜʘʤ ʨʫʪʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʙʦôʣʴʰʫʶ ʠʥʝʨʪʥʦʩʪʴ URu3 ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʢʠʩʣʝʥʠʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ UPd3. ʅʠʪʨʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ 

ʦʢʠʩʣʝʥʠʷ UPd3 ʠ URu3 ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʫʨʘʥʘ ʩʦ ʩʪʝʧʝʥʴʶ ʢʦʥʚʝʨʩʠʠ 60-100%, ʧʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ 

ʩʪʝʧʝʥʠ ʢʦʥʚʝʨʩʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʠʩʣʝʥʠʷ. URh3 ʷʚʠʣʩʷ 

ʥʘʠʙʦʣʝʝ ʪʨʫʜʥʦʦʢʠʩʣʷʝʤʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ. ʇʨʠ 

ʦʢʠʩʣʝʥʠʠ URh3 ʧʨʠ 550-900 
o
C ʥʘʙʣʶʜʘʝʪʩʷ ʘʤʦʨʬʠʟʘʮʠʷ ʦʙʨʘʟʮʘ, 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʬʘʟʳ ʨʦʜʠʷ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ, ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʘʙʳʝ 

ʦʪʨʘʞʝʥʠʷ ʬʘʟ UO2 ʠ U3O8. ʆʢʠʩʣʝʥʠʝ URh3 ʧʨʠ 900-1100 
o
C ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʬʘʟ ʥʝʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɼʘʣʴʥʝʡʰʠʡ ʧʦʜʲʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʦ 1200 
o
C ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ U3O8 ʠ Rh. ʉʪʝʧʝʥʴ ʢʦʥʚʝʨʩʠʠ ʧʦ ʫʨʘʥʫ 

ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ URh3 ʚ ʥʠʪʨʠʨʫʶʱʝʡ ʘʪʤʦʩʬʝʨʝ ʧʨʠ ʵʪʦʤ ʩʠʣʴʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʠʩʣʝʥʠʷ ʠ ʜʦʩʪʠʛʘʝʪ 100% ʣʠʰʴ ʧʨʠ ʢʦʥʚʝʨʩʠʠ 

ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 1200 
o
C. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʚʣʝʯʝʥʠʷ ʫʨʘʥʘ ʚ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʚʷʟʢʝ 

ʧʨʦʮʝʩʩʦʚ ʚʦʣʦʢʩʠʜʘʮʠʠ ʠ ʛʘʟʦʬʘʟʥʦʛʦ ʥʠʪʨʠʨʦʚʘʥʠʷ. 
 

ʏʘʩʪʴ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ ʌʄʀ ʀʌʍʕ 

ʈɸʅ.  
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ʋɼʂ 541.11:541.127:542.61 

ɺʃʀʗʅʀɽ ʆɹʃʋʏɽʅʀʗ ʅɸ ʊɽʈʄʀʏɽʉʂʋʖ ʋʉʊʆʁʏʀɺʆʉʊʔ 

ʕʂʉʊʈɸʂʎʀʆʅʅʓʍ ʉʄɽʉɽʁ ʅɸ ʆʉʅʆɺɽ N,N,Nó,Nó ï 

ʊɽʊʈɸʆʂʊʀʃɼʀɸʄʀɼɸɼʀɻʃʀʂʆʃɽɺʆʁ ʂʀʉʃʆʊʓ 

 

ʅʠʢʠʪʠʥʘ ʖ.ɺ., ɽʤʝʣʴʷʥʦʚ ɸ.ʉ., ʉʢʚʦʨʮʦʚ ʀ.ɺ., ɹʝʣʦʚʘ ɽ.ɺ. 

 
ʃʘʙʦʨʘʪʦʨʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʭʠʤʠʠ ʠ ʨʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʀʌʍʕ ʈɸʅ,  

119071, ʄʦʩʢʚʘ, ʃʝʥʠʥʩʢʠʡ ʧʨʦʩʧʝʢʪ, ʜ.31, ʢʦʨʧ. 4; e-mail: nikitinayulia1616@gmail.com 

 

ʇʨʠ ʪʝʨʤʦʣʠʟʝ ʦʙʣʫʯʝʥʥʳʭ ʜʦ 500 ʢɻʨ ʥʘʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʩʢʦʨʦʩʪʴ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʚ 4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʘʥʘʣʠʟʦʚ ʥʝʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʊʝʧʣʦʚʦʡ ʚʟʨʳʚ ʚʦʟʥʠʢʘʝʪ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ 8 ʤʦʣʴ/ʣ ʠ ʙʦʣʝʝ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʜʦ 25 ʘʪʤ. 

 

When thermolysis of irradiated to 500 kGy saturated solutions gas release 

rate increases by 4 times compared to the results of analysis of non-irradiated 

samples. Thermal explosion occurs at a concentration of nitric acid 8 mol / l or 

more and is accompanied by an increase in pressure to 25 ATM. 

 

 ʊʝʪʨʘʘʣʢʠʣʜʠʛʣʠʢʦʣʴʘʤʠʜʳ ï ʩʦʝʜʠʥʝʥʠʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʵʢʩʪʨʘʛʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʮʠʷʭ ʨʘʟʙʘʚʠʪʝʣʝʡ, 

ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʪ.ʧ. ʨʘʟʜʝʣʷʪʴ ʘʢʪʠʥʠʜʳ, ʦʪʜʝʣʷʪʴ ʠʭ ʦʪ ʣʘʥʪʘʥʠʜʦʚ, ʘ ʪʘʢʞʝ 

ʦʪ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʩʪʨʦʥʮʠʡ ʠ ʜʨʫʛʠʝ ʨʘʜʠʦʵʣʝʤʝʥʪʳ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʞʘʨʦʚʟʨʳʚʦʦʧʘʩʥʦʩʪʠ ʊʆɼɻɸ ʚ ʀʟʦʧʘʨʝ-

ʄ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʵʢʩʪʨʘʛʝʥʪʘ ʚ 

ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʨʝʛʝʥʝʨʘʮʠʠ ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʷʜʝʨʥʦʛʦ 

ʪʦʧʣʠʚʘ (ʆʗʊ) ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ʈɸʆ) ʩ ʮʝʣʴʶ 

ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʠʭ ʮʝʥʥʳʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʘʜʠʦʠʟʦʪʦʧʦʚ. ʆʧʨʝʜʝʣʝʥʘ 

ʩʢʦʨʦʩʪʴ ʛʘʟʦʚʳʜʝʣʝʥʠʷ, ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ, ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ 

ʧʘʨʦʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʜʣʷ 

ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʩ ʨʘʟʙʘʚʠʪʝʣʷʤʠ ʥ-ʜʝʢʘʥʦʣ 20% ʦʙ. ʚ ʀʟʦʧʘʨʝ-ʄ ʠ 

ʥ-ʥʦʥʘʥʦʣʘ 20% ʦʙ. ʚ ʀʟʦʧʘʨʝ-ʄ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʩ ʦʜʥʦʬʘʟʥʳʤʠ ʠ ʜʚʫʭʬʘʟʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ, ʚ ʢʦʥʪʘʢʪʝ ʩ ʨʘʩʪʚʦʨʘʤʠ 4, 8 ʠ 14 ʤʦʣʴ/ʣ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ, ʩ 

ʥʝʦʙʣʫʯʝʥʥʳʤʠ ʠ ʦʙʣʫʯʝʥʥʳʤʠ ʜʦ 500 ʢɻʨ ʦʙʨʘʟʮʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ  

ʜʚʫʭʬʘʟʥʳʭ  ʥʝʦʙʣʫʯʝʥʥʳʭ  ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ  ʩʠʩʪʝʤ  ʚ  ʘʚʪʦʢʣʘʚʝ,  

ʟʘʤʝʪʥʦʝ  ʛʘʟʦʚʳʜʝʣʝʥʠʝ  ʥʘʯʠʥʘʝʪʩʷ  ʧʨʠ  ʪʝʤʧʝʨʘʪʫʨʝ 110
ʦ
ʉ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʧʨʠ ʪʝʨʤʦʣʠʟʝ ʦʜʥʦʬʘʟʥʦʡ ʩʠʩʪʝʤʳ ï ʧʨʠ 150
ʦ
ʉ. ʇʨʠ ʜʘʚʣʝʥʠʠ ʚʳʰʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, 

ʩʦʜʝʨʞʘʱʝʡ 1-ʥʦʥʘʥʦʣ ʠʣʠ 1-ʜʝʢʘʥʦʣ, ʩ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

mailto:nikitinayulia1616@gmail.com
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8 ʤʦʣʴ/ʣ ʠ ʙʦʣʝʝ ʧʨʦʪʝʢʘʝʪ ʚ ʨʝʞʠʤʝ ʪʝʧʣʦʚʦʛʦ ʚʟʨʳʚʘ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʚʳʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʜʦ 25 ʘʪʤ (ʨʠʩ. 1). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩʢʦʨʦʩʪʴ 

ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʧʨʠ ʘʥʘʣʠʟʝ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ (ʨʠʩ. 2.). 

 

 

 
ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʥʘʛʨʝʚʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩ 1-

ʥʦʥʘʥʦʣʦʤ ʚ ʢʦʥʪʘʢʪʝ ʩ 8 ʤʦʣʴ/ʣ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʲʝʤʘ: 1 ï 

ʥʝʦʙʣʫʯʝʥʥʘʷ ʩʤʝʩʴ; 2 ï ʥʘʩʳʱʝʥʥʘʷ 8 ʤʦʣʴ/ʣ HNO3 ʠ ʦʙʣʫʯʝʥʥʘʷ ʜʦ ʜʦʟʳ 500 ʢɻʨ. 

 

 
ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʧʨʠ ʥʘʛʨʝʚʝ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʩ 1-ʥʦʥʘʥʦʣʦʤ ʚ ʢʦʥʪʘʢʪʝ ʩ 8 ʤʦʣʴ/ʣ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ: 1 ï 

ʥʝʦʙʣʫʯʝʥʥʘʷ ʩʤʝʩʴ;2 ï ʥʘʩʳʱʝʥʥʘʷ 8 ʤʦʣʴ/ʣ HNO3 ʠ ʦʙʣʫʯʝʥʥʘʷ ʜʦ ʜʦʟʳ 500 ʢɻʨ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʣʫʯʝʥʠʝ ʵʢʩʪʨʘʢʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʊʆɼɻɸ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʩʳʱʝʥʥʳʭ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ, ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠ̫ʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʛʘʟʦʚʳʜʝʣʝʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʧʣʦʚʳʭ ʵʬʬʝʢʪʦʚ. ʇʦ ʦʙʱʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʊʆɼɻɸ ʚ ʀʟʦʧʘʨʝ-ʄ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʧʨʝʜʝʣʴʥʳʭ ʦʜʥʦʘʪʦʤʥʳʭ ʩʧʠʨʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʩʠʩʪʝʤʘʤ ʥʘ 

ʦʩʥʦʚʝ ʊɹʌ ʚ ʨʘʟʙʘʚʠʪʝʣʷʭ: ʜʦʜʝʢʘʥʝ, ʉ13, ʈɾ-3, ʀʟʦʧʘʨ-ʄ. 
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ʋɼʂ 546.719 

ʇɽʈʈɽʅɸʊʓ ɸɿʆʊʀʉʊʓʍ ɻɽʊɽʈʆʎʀʂʃʆɺ  

ʇʋʈʀʅʆɺʆɻʆ ʈʗɼɸ 

 

ʅʦʚʠʢʦʚ ɸ.ʇ. 
1
, ɻʨʠʛʦʨʴʝʚ ʄ.ʉ. 

2
, ʉʘʬʦʥʦʚ ɸ.ɺ. 

2
,  

ɻʝʨʤʘʥ ʂ.ʕ. 
2
, ʍʨʫʩʪʘʣʝʚ ɺ.ʅ.

 1 

 
1
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ  ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚè, ʈʦʩʩʠʷ, 117198, ʛ. ʄʦʩʢʚʘ, 
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ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʝʨʨʝʥʘʪʳ ʛʫʘʥʠʥʠʷ ʠ ʘʜʝʥʠʥʠʷ ʚ ʚʠʜʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠʟ ʩʦʣʷʥʦʢʠʩʣʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʨʦʚʝʜʝʥʦ ʠʭ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. ɸʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ, 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʝ ʧʦ ʜʚʫʤ ʘʪʦʤʘʤ ʘʟʦʪʘ, ʦʙʨʘʟʫʶʪ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʩ 

ʧʝʨʨʝʥʘʪ-ʠʦʥʘʤʠ. 

 

Guaninium and adeninium perrhenate single crystals were obtained from 

a hydrochloric acid solution. The compound structure was studied. Nitrogen 

bases protonated on two nitrogen atom form hydrogen bonds with perrhenate 

ions. 

 

ʇʦʠʩʢ ʠ ʧʦʣʫʯʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʨʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ, ʚʚʠʜʫ ʘʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʝʛʦ ʠʟʦʪʦʧʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʆʩʥʦʚʦʡ ʨʘʜʠʦʤʝʜʠʮʠʥʳ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʩʦʝʜʠʥʝʥʠʡ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʩ 

ʙʠʦʣʦʛʠʯʝʩʢʠ-ʘʢʪʠʚʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʧʦʩʪʫʧʣʝʥʠʷ ʚ 

ʢʣʝʪʢʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʧʫʨʠʥʦʚʳʝ ʦʩʥʦʚʘʥʠʷ 

ʪʘʢʠʝ ʢʘʢ ʘʜʝʥʠʥ ʠ ʛʫʘʥʠʥ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʤʥʦʛʠʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʠ ʠʤʝʶʪ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʣʝʪʢʫ. 

ʉʦʝʜʠʥʝʥʠʷ ʘʜʝʥʠʥʠʷ ʠ ʛʫʘʥʠʥʠʷ ʩ ʦʜʥʦʟʘʨʷʜʥʳʤʠ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤʠ 

ʘʥʠʦʥʘʤʠ, ʧʦʜʦʙʥʳʝ ʧʝʨʨʝʥʘʪ-ʠʦʥʫ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʫʯʝʥʳ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʣʫʯʘʝ ʜʚʫʢʨʘʪʥʦ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʭ ʘʜʝʥʠʥʠʷ ʠ ʛʫʘʥʠʥʠʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ 

ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ ʤʦʥʦʛʠʜʨʘʪʘ ʜʠʧʝʨʭʣʦʨʘʪʘ ʘʜʝʥʠʥʠʷ [1].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʚʘ ʥʦʚʳʭ ʧʝʨʨʝʥʘʪʘ ʩ 

ʢʘʪʠʦʥʘʤʠ ʘʜʝʥʠʥʠʷ ʠ ʛʫʘʥʠʥʠʷ. ʇʨʦʚʝʜʝʥʦ ʠʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʧʝʨʨʝʥʘʪʦʚ ʘʜʝʥʠʥʠʥʠʷ ʠ 

ʛʫʘʥʠʥʠʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 200 ʤʛ 
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ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʪʝʪʨʘʛʠʜʨʘʪʘ ʧʝʨʨʝʥʘʪʘ ʤʘʛʥʠʷ (Sigma Aldrich), 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ 1 ʤʣ 1 ʤʦʣʴ/ʣ HCl. ɸʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ ʚʥʦʩʠʣʠ ʚ ʚʠʜʝ 

ʥʘʚʝʩʦʢ ʧʦ 20 ʤʛ ʚ ʨʘʩʪʚʦʨ ʠ ʥʘʛʨʝʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ (ʧʨʠ 75
ʦ
ʉ) ʜʦ 

ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʣʘ ʧʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ 

ʠʩʧʘʨʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ. ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪ rʧʨʦʚʝʜʝʥʳ ʥʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʯʝʪʳʨʝʭʢʨʫʞʥʦʤ ʘʚʪʦʜʠʬʨʘʢʪʦʤʝʪʨʝ Bruker KAPPA 

APEX II (MoKŬ ʠʟʣʫʯʝʥʠʝ, ɚ = 0.71073 ¡). ʉʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʝʥʳ ʧʨʷʤʳʤ 

ʤʝʪʦʜʦʤ ʠ ʫʪʦʯʥʝʥʳ ʧʦʣʥʦʤʘʪʨʠʯʥʳʤ ʄʅʂ ʧʦ F
2
 ʚ ʘʥʠʟʦʪʨʦʧʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʜʣʷ ʚʩʝʭ ʥʝʚʦʜʦʨʦʜʥʳʭ ʘʪʦʤʦʚ. ɸʪʦʤʳ H ʦʙʲʝʢʪʠʚʥʦ 

ʣʦʢʘʣʠʟʦʚʘʥʳ ʠʟ ʨʘʟʥʦʩʪʥʦʛʦ ʌʫʨʴʝ-ʩʠʥʪʝʟʘ ʠ ʫʪʦʯʥʝʥʳ ʚ 

ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩ ʠʟʦʪʨʦʧʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, 

ʨʘʚʥʳʤʠ 1.2Uʵʢʚ(N, C). 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ: 

H2Gua(ReO4)2 (I ): a = 5.2014(2), b = 15.7463(6), c = 14.9004(5) ¡, ɓ = 

92.908(2)
 ʦ
, ʧʨʠ 100 ʂ, Z = 4, ʧʨ. ʛʨ. P21/n, R1 = 0.0199. 

H2Aden(ReO4)2 (II ): a = 5 16.0078(8), b = 5.0950(2), c = 16.2841(9) ¡, 

ɓ = 116.078(2)
 ʦ
, ʧʨʠ 100 ʂ, Z = 4, ʧʨ. ʛʨ. P21/c, R1 = 0.0176. 

ɺ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʤʦʣʝʢʫʣʳ ʘʟʦʪʠʩʪʳʭ ʦʩʥʦʚʘʥʠʡ ʜʚʘʞʜʳ 

ʧʨʦʪʦʥʠʨʦʚʘʥʳ. ɺ I  ʧʨʦʪʦʥʠʨʦʚʘʥʳ ʚʩʝ ʘʪʦʤʳ ʘʟʦʪʘ (ʨʠʩ. 1), ʘ ʚ II  ʘʪʦʤ 

N(3) ʥʝ ʧʨʦʪʦʥʠʨʦʚʘʥ (ʨʠʩ. 2). ɺʦ ʚʩʝʭ ʩʪʨʫʢʪʫʨʘʭ ʩ ʜʚʫʢʨʘʪʥʦ 

ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤ ʘʜʝʥʠʥʠʝʤ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʂʝʤʙʨʠʜʞʩʢʫʶ ʙʘʟʫ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ,  ʦʩʪʘʝʪʩʷ ʥʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤ, ʢʘʢ ʠ ʚ II , ʘʪʦʤ ʘʟʦʪʘ, 

ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʢ ʘʤʠʥʦʛʨʫʧʧʝ.  

  
ʈʠʩ. 1. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ (C5H7N5O)(ReO4)2 

(I ) 

ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʳ (C5H7N5)(ReO4)2 

(I I ) 

 

ʈʘʩʩʪʦʷʥʠʷ Re-O ʚ ʦʙʝʠʭ ʩʪʨʫʢʪʫʨʘʭ ʙʣʠʟʢʠ ʠ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 

1.713(3) ʜʦ 1.735(3) ¡ ʜʣʷ I  ʠ ʦʪ 1.7197(19) ʜʦ 1.7402(19) ¡ ʜʣʷ II. ʋʛʣʳ O-

Re-O ʙʣʠʟʢʠ ʢ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ: ʦʪ 108.10(16) ʜʦ 110.66(16)
 ʦ

 ʜʣʷ I  ʠ ʦʪ 

107.51(9) ʜʦ 110.69(10)
 ʦ
 ʜʣʷ II . 
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ɻʨʫʧʧʳ NH ʠ NH2 ʚ ʦʙʦʠʭ ʩʦʝʜʠʥʝʥʠʷʭ ʷʚʣʷʶʪʩʷ ʜʦʥʦʨʘʤʠ 

ʧʨʦʪʦʥʦʚ ʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ, ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʦʚ ʧʨʦʪʦʥʦʚ ʚʳʩʪʫʧʘʶʪ 

ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʧʝʨʨʝʥʘʪ-ʠʦʥʦʚ. ʆʜʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʘʤʠʥʦʛʨʫʧʧʦʡ ʠ 

ʧʝʨʨʝʥʘʪ-ʠʦʥʦʤ ʚ ʩʪʨʫʢʪʫʨʝ I  ï ʙʠʬʫʨʢʘʪʥʘʷ. ɸʪʦʤ ʢʠʩʣʦʨʦʜʘ ʢʘʪʠʦʥʘ 

ʛʫʘʥʠʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ I ʚ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʷʭ ʥʝ ʫʯʘʩʪʚʫʝʪ. ɺ ʩʪʨʫʢʪʫʨʝ I  

ʢʘʞʜʳʡ ʢʘʪʠʦʥ ʩʚʷʟʘʥ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ ʩ ʰʝʩʪʴʶ ʘʥʠʦʥʘʤʠ, ʘ ʚ II  ï ʩ 

ʯʝʪʳʨʴʤʷ.  ɺʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʦʙʨʘʟʫʶʪ ʪʨʝʭʤʝʨʥʳʡ ʢʘʨʢʘʩ. ɺ ʦʪʣʠʯʠʝ ʦʪ I  

ʠ II  ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʥʦʛʠʜʨʘʪʘ ʧʝʨʭʣʦʨʘʪʘ ʘʜʝʥʠʥʠʷ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠʛʨʘʶʪ ʤʦʣʝʢʫʣʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ [1]. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʫʧʘʢʦʚʢʫ ʚ ʩʪʨʫʢʪʫʨʘʭ I  ʠ II  ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʢʘʢ ʩʦʩʪʦʷʱʫʶ ʠʟ ʢʘʪʠʦʥʥʳʭ ʠ ʘʥʠʦʥʥʳʭ ʢʦʣʦʥʦʢ. ʇʨʠ ʵʪʦʤ ʚ I  ʢʘʞʜʘʷ 

ʢʘʪʠʦʥʥʘʷ ʦʢʨʫʞʝʥʘ 6 ʘʥʠʦʥʥʳʤʠ ʠ ʢʘʞʜʘʷ ʘʥʠʦʥʥʘʷ 3 ʢʘʪʠʦʥʥʳʤʠ. 

ʂʦʣʦʥʢʠ ʚ I  ʚʳʪʷʥʫʪʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [100], ʘ ʚ II  ʚʜʦʣʴ [010]. ɺʦ ʦʙʝʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʦʪʩʫʪʩʪʚʫʝʪ ˊ-ʩʪʵʢʠʥʛʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ.  

 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʙʣʠʟʢʘʷ ʧʨʠʨʦʜʘ ʢʘʪʠʦʥʦʚ 

ʠ ʧʦʭʦʞʠʡ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠʚʦʜʷʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʫʧʘʢʦʚʦʢ ʦʜʠʥʘʢʦʚʦʛʦ ʪʠʧʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʠʩʪʝʤʝ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. 

ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʚ ʎʂʇ ʌʄʀ 

ʀʌʍʕ ʈɸʅ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. L.Bendjeddou, A.Cherouana, S.Dahaoui, N.Benali-Cherif, C.Lecomte Diprotonated 

adeninium diperchlorate hydrate at 120 K // Acta Crystallogr. Sect. E: Struct. Rep. Online. 

2003. Vol. 59, p. 649. 

  

 

 

ʈʠʩ. 3. ʋʧʘʢʦʚʢʘ ʢʘʪʠʦʥʦʚ (C5H7N5O)2+ʠ 

ʘʥʠʦʥʦʚ ReO4
- ʚ ʜʠʧʝʨʝʥʘʪʝ ʛʫʘʥʠʥʠʷ(I ) 

ʈʠʩ. 4. ʋʧʘʢʦʚʢʘ ʢʘʪʠʦʥʦʚ (C5H7N5)
2+ʠ ʘʥʠʦʥʦʚ 

ReO4
- ʚ ʜʠʧʝʨʨʝʥʘʪʝ ʘʜʝʥʠʥʠʷ(I I ) 
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ʋɼʂ 546:[791+799.3+799.4] 

ʇʆʃʋʏɽʅʀɽ, ʉʆʉʊɸɺ ʀ ʉɺʆʁʉʊɺɸ ʊɺɽʈɼʓʍ ʈɸʉʊɺʆʈʆɺ 

ʆʂʉʀɼʆɺ ʋʈɸʅɸ ʀ ʎɽʈʀʗ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʉɺʏ 

ʀɿʃʋʏɽʅʀʗ ɼʃʗ ɼɽʅʀʊʈɸʎʀʀ ʀʍ ɸɿʆʊʅʆʂʀʉʃʓʍ 

ʈɸʉʊɺʆʈʆɺ
1
 

 

ʂʫʣʷʢʦ ʖ.ʄ. 
1
, ʊʨʦʬʠʤʦʚ ʊ.ʀ. 

1
, ʇʠʣʶʰʝʥʢʦ ʂ.ʉ. 

1
, ʄʘʣʠʢʦʚ ɼ.ɸ. 

1
, 

ʇʝʨʝʚʘʣʦʚ ʉ.ɸ. 
1
, ɺʠʥʦʢʫʨʦʚ ʉ.ɽ. 

1
, ʄʷʩʦʝʜʦʚ ɹ.ʌ. 

1
, ɼʚʦʝʛʣʘʟʦʚ ʂ.ʅ. 

2
 

 
1
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʦʨʜʝʥʘ ʃʝʥʠʥʘ ʠ ʦʨʜʝʥʘ 

ʆʢʪʷʙʨʴʩʢʦʡ ʨʝʚʦʣʶʮʠʠ ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. 

ɺʝʨʥʘʜʩʢʦʛʦ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ɻɽʆʍʀ ʈɸʅ),  

119334, ʄʦʩʢʚʘ, ʫʣ. ʂʦʩʳʛʠʥʘ, ʜ.19; e-mail: kostjt@mail.ru 
2 
ʆɸʆ "ɺʅʀʀʅʄ", 

123098, ʄʦʩʢʚʘ, ʫʣ. ʈʦʛʦʚʘ, ʜ.5ɸ 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ, ʩʦʩʪʘʚʫ ʠ 

ʩʚʦʡʩʪʚʘʤ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʦʢʩʠʜʦʚ ʫʨʘʥʘ ʠ ʮʝʨʠʷ (ʠʤʠʪʘʪʦʨ ʘʤʝʨʠʮʠʷ), 

ʤʝʪʦʜʦʤ ʧʨʷʤʦʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʜʝʥʠʪʨʘʮʠʠ ʠʭ 

ʘʟʦʪʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɺʏ ʠʟʣʫʯʝʥʠʷ. 

 

This paper presents the results of obtaining, composition, and properties 

of solid solutions of uranium and cerium oxides (americium simulator), by the 

method of direct reductive thermochemical denitration of their nitric acid 

solutions using microwave radiation. 

 

ʋʨʘʥ, ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ, 

ʧʦʣʫʯʘʶʪ ʚ ʚʠʜʝ ʫʨʘʥʠʣʥʠʪʨʘʪʘ. ʈʝʬʘʙʨʠʢʘʮʠʷ ʪʦʧʣʠʚʘ ʠʟ ʷʜʝʨʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʦʪʨʘʙʦʪʘʚʰʝʛʦ ʩʚʦʡ ʮʠʢʣ ʚ ʨʝʘʢʪʦʨʘʭ (ʆʗʊ), ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ 

ʧʦʣʫʯʝʥʠʶ ʥʠʪʨʘʪʦʚ ʘʢʪʠʥʠʜʦʚ (U, Pu, Np), ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʶʪ ʦʪ 

ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ïCs, Sr, Ba ʠ ʜʨʫʛʠʭ ʇɼ ʠ ʦʪ ʬʨʘʢʮʠʠ ʈɿʕ ʩ ʊʇʕ (Am ʠ 

Cm), ʠʟʦʪʦʧʳ ʢʦʪʦʨʳʭ 
241,243

Am (T1/2 = 433 ʛʦʜʘ ʠ 7370 ʣʝʪ) ʠ 
244

Cm (T1/2 =18 

ʣʝʪ) ʚʥʦʩʷʪ ʛʣʘʚʥʳʡ ʚʢʣʘʜ ʚ ʚʳʩʦʢʫʶ Ŭ-ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʦʪʭʦʜʦʚ (ɺɸʆ). 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʘʤʝʨʠʮʠʡ, ʦʪʜʝʣʸʥʥʳʡ ʦʪ ʬʨʘʢʮʠʠ ʈɿʕ ʠ Cm, ʚ ʚʠʜʝ 

ʪʚʸʨʜʦʛʦ ʨʘʩʪʚʦʨʘ AmO2 ʚ ʤʘʪʨʠʮʝ UO2, ʙʫʜʝʪ ʥʘʧʨʘʚʣʷʪʴʩʷ ʥʘ 

çʩʞʠʛʘʥʠʝè (ʪʨʘʥʩʤʫʪʘʮʠʶ) ʚ ʨʝʘʢʪʦʨʝ ʥʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʘʭ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʢʨʘʡʥʝ ʧʝʨʩʧʝʢʪʠʚʥʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦ ʧʨʷʤʦʤʫ 

ʧʦʣʫʯʝʥʠʶ ʧʦʨʦʰʢʦʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʜʠʦʢʩʠʜʦʚ ʫʨʘʥʘ ʠ ʘʤʝʨʠʮʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʠʭ ʘʟʦʪʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉɺʏ 

ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʚʦʜʦʤ ʧʦʨʦʰʢʦʚ ʚ ʢʝʨʘʤʠʯʝʩʢʠʝ ʪʘʙʣʝʪʢʠ 

ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ, ʩʤʝʩʠ ʜʠʦʢʩʠʜʦʚ ʘʢʪʠʥʠʜʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʄʆʂʉ-ʪʦʧʣʠʚʘ. 

  
                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ çʇʨʦʨʳʚè. 
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ʋɼʂ 550.47.502.55 621.039.73; 665.7 

ʄʀʂʈʆɹʅʓɽ ɹʀʆʇʃɽʅʂʀ ʅɸ ʇʆʈʆɼɸʍ ɺɽʈʍʅʀʍ 

ɺʆɼʆʅʆʉʅʓʍ ɻʆʈʀɿʆʅʊʆɺ, ɿɸɻʈʗɿʅɽʅʅʓʍ ʅʀʊʈɸʊ-

ʀʆʅɸʄʀ ʀ ʈɸɼʀʆʅʋʂʃʀɼɸʄʀ 
1
 

 

ʇʦʧʦʚʘ ʅ.ʄ.
1
, ʉʘʬʦʥʦʚ ɸ.ɺ.

2
 

 
ʃʘʙʦʨʘʪʦʨʠʷ ʭʠʤʠʠ ʪʝʭʥʝʮʠʷ ʀʌʍʕ ʈɸʅ 

117342, ʄʦʩʢʚʘ, ʫʣ. ʆʙʨʫʯʝʚʘ, ʜ. 40, ʩʪʨ. 1, e-mail: no.hope996@gmail.com 
1
ʄʦʩʢʦʚʩʢʠʡ ʇʝʜʘʛʦʛʠʯʝʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ʀʌʍʕ ʠʤ. ɸ.ʅ.ʌʨʫʤʢʠʥʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʢʘʟʳʚʘʶʱʠʝ ʚʣʠʷʥʠʝ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʙʠʦʧʣʝʥʢʠ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʦʨʦʜʳ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

 

Annotation. Our investigation revealed that the developing biofilm 

influence on the sorption properties of the rock, based on the ability of biofilms 

to form new sorption centers. 

 

ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʭʨʘʥʠʣʠʱ ʈɸʆ, ʩʦʦʨʫʞʝʥʥʳʭ ʚʦ 

ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 20 ʚʝʢʘ, ʧʨʦʠʩʭʦʜʠʣʦ ʟʘʛʨʷʟʥʝʥʠʝ ʚʦʜʦʥʦʩʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ ʠ ʘʥʠʦʥʘʤʠ ʘʟʦʪʥʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪ ʠ ʠʭ 

ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʤʠʛʨʘʮʠʷ ʚ ʩʠʩʪʝʤʝ ʧʣʘʩʪʦʚʳʝ ʚʦʜʳ-ʚʤʝʱʘʶʱʠʝ 

ʧʦʨʦʜʳ. ʇʦʧʘʜʘʥʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ ʚ ʧʦʜʟʝʤʥʳʝ ʵʢʦʩʠʩʪʝʤʳ ʚʣʠʷʝʪ ʥʘ 

ʤʠʢʨʦʙʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, ʠʟʤʝʥʷʷ ʝʩʪʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʢʠʩʣʠʪʝʣʝʡ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʧʨʠʚʥʦʩʷ ʠʩʪʦʯʥʠʢʠ ʫʛʣʝʨʦʜʘ ʠ ʙʠʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʧʦʩʦʙʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʠʢʨʝʧʣʝʥʥʳʝ 

ʬʦʨʤʳ ʢʣʝʪʦʢ (ʙʠʦʧʣʝʥʢʠ), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ-ʫʩʪʦʡʯʠʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʙʘʢʪʝʨʠʷʤʠ 

ʨʘʟʥʳʭ ʛʨʫʧʧ ʚ ʵʢʟʦʧʦʣʠʩʘʭʘʨʠʜʥʦʤ ʤʘʪʨʠʢʩʝ, ʩʣʫʞʘʱʠʤ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʣʦʪʥʳʡ ʢʦʥʪʘʢʪ ʩ ʧʦʨʦʜʦʡ 

ʠ ʢʣʝʪʦʢ ʚ ʝʜʠʥʦʡ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʆʙʨʘʩʪʘʥʠʝ ʧʦʨʦʜ 

ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʙʠʦʧʣʝʥʢʘʤʠ ʩʧʦʩʦʙʥʦ ʠʟʤʝʥʠʪʴ ʠʭ ʩʦʨʙʮʠʦʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʤʠʛʨʘʮʠʠ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʝʭʥʦʣʦʛʠʠ ʙʠʦʨʝʤʝʜʠʘʮʠʠ 

ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʙʠʦʧʣʝʥʦʢ ʥʘ ʧʦʨʦʜʘʭ ʧʝʩʯʘʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʚ ʨʘʡʦʥʝ 

ʭʨʘʥʠʣʠʱʘ ɹ-2 ɸʆ "ʉʍʂ", ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʦʮʝʥʢʘ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʥʪʦʚ. 

                                                 
1 ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ, ʧʨʦʝʢʪ ˉ17-17-01212. 
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ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʙʳʣ ʜʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʟʫʯʝʥʠʶ 

ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ ʙʠʦʧʣʝʥʦʢ ʥʘ ʧʝʩʯʘʥʳʭ ʧʦʨʦʜʘʭ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʣʩʷ ʚ 

ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʠ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚ ʞʠʜʢʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʛʣʶʢʦʟʳ, ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʫʛʣʝʨʦʜʘ ʠ ʜʦʥʦʨʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʜʳʭʘʪʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʘʭ. ɸʢʮʝʧʪʦʨʦʤ ʵʣʝʢʪʨʦʥʦʚ ʩʣʫʞʠʣ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʢʠʩʣʦʨʦʜ, ʘ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʥʠʪʨʘʪ ʠ ʩʫʣʴʬʘʪ-ʠʦʥʳ.  ʆʪʙʦʨ ʧʨʦʙ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ, ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 

ʧʨʦʚʦʜʠʣʠ ʤʦʥʠʪʦʨʠʥʛ ʠʟʤʝʥʝʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ, 

ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʦʷʚʣʝʥʠʷ 

ʵʢʟʦʧʦʣʠʩʘʭʘʨʠʜʥʦʛʦ ʤʘʪʨʠʢʩʘ ʙʠʦʧʣʝʥʢʠ ʥʘ ʧʦʨʦʜʝ ʩ ʧʦʤʦʱʴʶ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʚʝʪʦʚʦʛʦ ʠ ʣʘʟʝʨʥʦʛʦ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʨʠʩ. 

1). ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʙʠʦʧʣʝʥʢʠ ʠʟʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ 

ʛʝʥʦʚ 16S ʨʈʅʂ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʩʝʢʚʝʥʠʨʦʚʘʥʠʝʤ. ʇʦʩʣʝʜʥʠʤ 

ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʙʳʣʘ ʦʮʝʥʢʘ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʧʦʨʦʜ ʜʦ ʠ ʧʦʩʣʝ ʨʦʩʪʘ 

ʙʠʦʧʣʝʥʦʢ. 

  
ʈʠʩ. 1. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʯʘʩʪʠʮʳ ʧʝʩʢʘ (ʣʘʟʝʨʥʘʷ ʢʦʥʬʦʢʘʣʴʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ) 

ʇʣʦʱʘʜʴ ʙʠʦʧʣʝʥʢʠ: ʜʦ ʤʠʢʨʦʙʥʦʡ ʘʢʪʠʚʘʮʠʠ - 3,7%, ʧʦʩʣʝ - 96,3% 

 

ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʤʘʢʩʠʤʘʣʴʥʫʶ  ʘʢʪʠʚʥʦʩʪʴ 

ʙʘʢʪʝʨʠʡ ʥʘ 20 ʩʫʪʢʠ (ʨʠʩ. 2); ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʚʠʜʘʤʠ ʚ ʩʦʩʪʘʚʝ 

ʙʠʦʧʣʝʥʦʢ ʙʳʣʠ ʙʝʪʘʧʨʦʪʝʦʙʘʢʪʝʨʠʠ ʩʝʤʝʡʩʪʚ Comamonadaceae ʠ 

Rhodocyclaceae ʠʟʚʝʩʪʥʳʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʰʠʨʦʢʠʡ ʨʷʜ 

ʦʢʠʩʣʠʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʥʠʪʨʘʪʳ, ʘʨʩʝʥʘʪʳ, ʫʨʘʥ ʠ ʜʨʫʛʠʝ ʤʝʪʘʣʣʳ ʚ ʚʳʩʰʠʭ 

ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ.  

 

 
ʈʠʩ. 2. ʂʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʟʚʠʪʠʷ ʙʠʦʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʳʭʘʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ (ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ) ʠ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʤʝʰʘʥʥʦʡ 

ʢʫʣʴʪʫʨʝ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʚʝʨʭʥʝʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʭʨʘʥʠʣʠʱʘ ɹ2 ɸʆ çʉʍʂè 

 

0 

1 

2 

3 

1 4 6 8 12 15 20 26 42 46 

% 

ˤ͔ͪͣΎΣ ͫͯͭ 

javascript:gg('f__Comamonadaceae');
javascript:gg('f__Rhodocyclaceae');
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ɺʦ ʚʨʝʤʷ ʨʦʩʪʘ ʫʩʪʘʥʦʚʣʝʥʦ ʙʳʩʪʨʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ 

ʩʠʩʪʝʤʝ ʠ ʧʝʨʝʭʦʜ ʥʘ ʥʠʪʨʘʪʥʦʝ ʜʳʭʘʥʠʝ. ʩʦʩʪʘʚ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʙʳʣ 

ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʤʥʦʟʦʡ, ʬʫʢʦʟʦʡ, ʤʘʥʥʦʟʦʡ, ʛʣʶʢʦʟʦʡ, 

ʛʘʣʘʢʪʦʟʦʡ, ʛʣʶʢʦʟʘʤʠʥʦʤ, ʛʘʣʘʢʪʦʟʘʤʠʥʦʤ.  ɸʥʘʣʠʟ ʀʂ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʨʦʜ ʩ ʙʠʦʧʣʝʥʢʘʤʠ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʥʘʣʠʯʠʝ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ. 

 

 
ʈʠʩ. 3. ʉʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ ʧʝʩʢʘ ʜʦ ʠ ʧʦʩʣʝ ʨʦʩʪʘ ʙʠʦʧʣʝʥʦʢ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʣʝʥʠʷ ʙʠʦʧʣʝʥʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ ʫʩʪʘʥʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʠ ʜʣʷ ʫʨʘʥʘ ʠ 

ʩʪʨʦʥʮʠʷ, ʜʣʷ ʮʝʟʠʷ ʘʤʝʨʠʮʠʷ ʠ ʧʣʫʪʦʥʠʷ ʩʦʨʙʮʠʦʥʥʘʷ ʝʤʢʦʩʪʴ 

ʫʤʝʥʴʰʠʣʘʩʴ (ʨʠʩ. 3). 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ ʧʨʠʛʦʜʥʦʩʪʠ ʩʠʣʠʢʘʛʝʣʝʚʳʭ ʩʦʨʙʝʥʪʦʚ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʘʨʳ 
44

Ti/
44

Sc ʚ ʘʩʧʝʢʪʝ ʩʦʟʜʘʥʠʷ 

ʨʘʜʠʦʥʫʢʣʠʜʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʧʨʠʛʦʜʥʦʛʦ ʜʣʷ ʩʠʥʪʝʟʘ 

ʨʘʜʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ (ʈʌʇ), ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʧʨʦʮʝʜʫʨʘʭ ʧʦʟʠʪʨʦʥ-ʵʤʠʩʩʠʦʥʥʦʡ ʪʦʤʦʛʨʘʬʠʠ 

(ʇʕʊ). 

 

This work is dedicated to estimating of modified silicagel sorbents 

suitability obtaining medicinal positron-emitting radionuclide 
44

Sc from 
44

Ti/
44

Sc generator system, based on these sorbents.  

 

ʉʝʛʦʜʥʷ ʇʕʊ ï ʦʜʠʥ ʠʟ ʤʝʪʦʜʦʚ ʨʘʜʠʦʥʫʢʣʠʜʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ, 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʡ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʙʦʣʝʚʘʥʠʡ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʈʌʇ ʥʘ ʦʩʥʦʚʝ ʧʦʟʠʪʨʦʥ-ʠʟʣʫʯʘʶʱʠʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ. 

ʆʩʥʦʚʥʳʤ ʨʘʜʠʦʥʫʢʣʠʜʦʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʜʣʷ ʩʠʥʪʝʟʘ ʈʌʇ ʜʣʷ ʇʕʊ 

ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ 
18

F (ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ï 

ʬʪʦʨʜʝʟʦʢʩʠʛʣʶʢʦʟʘ) ʦʜʥʘʢʦ, ʚʩʸ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠ 

ʧʨʠʤʝʥʷʝʤʳʭ ʩʝʛʦʜʥʷ ʚ ʨʫʪʠʥʥʦʡ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʈʌʇ, ʦʩʥʦʚʘʥʦ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʟʠʪʨʦʥ-ʠʟʣʫʯʘʶʱʠʭ ʨʘʜʠʦʥʫʢʣʠʜʘʭ ʤʝʪʘʣʣʦʚ. ɹʦʣʴʰʫʶ 

ʯʘʩʪʴ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʈʌʇ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʥʫʢʣʠʜʘ 
68

Ga 

(ʊ1/2=68 ʤʠʥ), ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʨʘʜʠʦʥʫʢʣʠʜʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 
68

Ge/
68

Ga. 

ɹʦʣʴʰʠʭ ʫʩʧʝʭʦʚ ʚ ʜʠʘʛʥʦʩʪʠʢʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ 

ʧʦʟʚʦʣʠʣʦ ʜʦʙʠʪʴʩʷ ʚʥʝʜʨʝʥʠʝ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ ʪʘʢʠʭ ʈʌʇ ʢʘʢ  
68

Ga-DOTA-TOC/TATE ʠ 
68

Ga-PSMA. ʆʜʥʘʢʦ, ʚʠʟʫʘʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʩ 

ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʡ ʢʠʥʝʪʠʢʦʡ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʩ 

ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʙʦʣʴʰʠʤ ʧʝʨʠʦʜʦʤ 

ʧʦʣʫʨʘʩʧʘʜʘ). ɸ ʚ ʢʦʥʮʝʧʮʠʠ ʪʝʨʘʥʦʩʪʠʢʠ ʞʝʣʘʪʝʣʴʥʦ ʥʘʣʠʯʠʝ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʠʟʦʪʦʧʘ ʫ ʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ. C ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ 

                                                 
1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ 

ˉ 18-33-0116 
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239 

ʨʘʜʠʦʥʫʢʣʠʜ 
44

Sc (ʊ1/2=3,93 ʯ ʠ ʥʘʣʠʯʠʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʠʟʦʪʦʧʘ 
47

Sc) 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ. 
44

Sc ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ 

ʮʠʢʣʦʪʨʦʥʥʳʤ ʠʣʠ ʛʝʥʝʨʘʪʦʨʥʳʤ (
44

Ti/
44

Sc) ʤʝʪʦʜʘʤʠ. 

ɻʝʥʝʨʘʪʦʨʥʳʡ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ, ʧʦʟʚʦʣʷʷ 

ʧʦʣʫʯʘʪʴ ʥʫʞʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʠʟʦʪʦʧʘ ʥʝʦʙʭʦʜʠʤʦʡ ʯʠʩʪʦʪʳ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʝ, ʛʜʝ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥ ʜʘʣʴʥʝʡʰʠʡ ʩʠʥʪʝʟ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʈʌʇ (in situ). 

ʂʦʥʝʯʥʦ, ʢʦʤʤʝʨʯʝʩʢʠʡ ʚʳʧʫʩʢ ʧʦʜʦʙʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʚʝʩʴʤʘ ʩʧʦʨʥʳʤ, ʥʦ ʚ ʨʘʤʢʘʭ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʭ ʢʣʠʥʠʢ ʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʦʚ (in-house) ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ ʫʜʦʙʝʥ.  

ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʨʠʛʦʜʥʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʠʣʠʢʘʛʝʣʝʚʳʭ ʩʦʨʙʝʥʪʦʚ, ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʧʦ ʘʚʪʦʨʩʢʦʡ ʤʝʪʦʜʠʢʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʌʄɹʎ ʠʤʝʥʠ ɸ.ʀ. ɹʫʨʥʘʟʷʥʘ. ʇʦʜʦʙʥʳʝ ʩʦʨʙʝʥʪʳ ʫʞʝ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʚ ʨʘʜʠʦʥʫʢʣʠʜʥʦʤ ʛʝʥʝʨʘʪʦʨʝ 
113

Sn/
113m

In 

ʤʝʜʠʮʠʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʜʦʣʛʦʝ ʚʨʝʤʷ ʚʳʧʫʩʢʘʚʰʝʤʩʷ ʚ ʌʕʀ ʠʤʝʥʠ 

ɸ.ʀ. ʃʝʡʧʫʥʩʢʦʛʦ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʠʪʘʥ ʫʜʝʨʞʠʚʘʝʪʩʷ 

ʠʩʩʣʝʜʫʝʤʳʤ ʩʦʨʙʝʥʪʦʤ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʩʦʣʷʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʠʪʘʥʘ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 10
2
-10

3
. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʥʘʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

0,05-0,1 ʄ ʨʘʩʪʚʦʨʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʧʦʟʚʦʣʷʝʪ ʵʣʶʠʨʦʚʘʪʴ 
44

Sc ʚ ʤʘʣʦʤ 

ʦʙʲʝʤʝ, ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʪʦʢʩʠʯʥʳʭ ʜʦʙʘʚʦʢ (ʢʘʢ ʦʢʩʘʣʘʪ ʠʣʠ ʨʦʜʘʥʠʜ ʚ 

ʩʣʫʯʘʝ ʘʥʘʣʦʛʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʜʨʫʛʠʤʠ ʩʦʨʙʝʥʪʘʤʠ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
44

Ti ʩʦʨʙʠʨʫʝʪʩʷ ʥʘ ʩʠʣʠʢʘʛʝʣʝ (ʨʠʩ. 1). ʇʦʵʪʦʤʫ ʜʘʣʴʥʝʡʰʠʝ ʧʦʠʩʢʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʪʘʢʦʡ ʛʝʥʝʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ. 

 
ʈʠʩ. 1. ʂʨʠʚʘʷ ʵʣʶʠʨʦʚʘʥʠʷ 44Sc ʩ ʩʦʨʙʝʥʪʘ ʚ 0,1ʄ HCl, ʩʥʷʪʘʷ ʩʨʘʟʫ ʧʦʩʣʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʯʝʨʝʟ 20 ʯʘʩʦʚ ʚʳʜʝʨʞʢʠ ʘʣʠʢʚʦʪ. 

 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʮʝʥʢʫ ʧʨʦʩʢʦʢʘ 
44

Ti ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʮʝʜʫʨ ʧʨʝʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʵʣʶʘʪʘ.  
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