
ISSN-1682-0533 

 

ʅʘʫʯʥʦ-ʊʝʭʥʠʯʝʩʢʦʝ ʆʙʱʝʩʪʚʦ çʂɸʍɸʂè 
 

 

 

 

 

 

 

 

 

 

 

 

ʀɿɺɽʉʊʀʗ 
ʅʘʫʯʥʦ-ʊʝʭʥʠʯʝʩʢʦʛʦ ʆʙʱʝʩʪʚʘ çʂɸʍɸʂè 

  

 

 

 

 

 

 

 

 

 
 

 

 

 

 

2018, ˉ 2 (61) 
  

 

 

 

 

 

ɸʣʤʘʪʳ, 2018 

  



ʀɿɺɽʉʊʀʗ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʑɽʉʊɺɸ çʂɸʍɸʂè, 2018, ˉ 2 (61) 

 

 2 

 

ʀɿɺɽʉʊʀʗ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʑɽʉʊɺɸ 

çʂɸʍɸʂè 
 

ɸʣʤʘʪʳ, 2018 ʛ., ˉ 2 (61) 
 

 

 

ɻʃɸɺʅʓʁ ʈɽɼɸʂʊʆʈ   

ʇʘʢ ʀ.ʊ. ï ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʈʂ, 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

 

ʈɽɼɸʂʎʀʆʅʅɸʗ ʂʆʃʃɽɻʀʗ: 

 

ɹʠʷʰʝʚ ʈ.ɻ. ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; ʂʘʣʪʘʝʚ ɸ. ï ʜʦʢʪʦʨ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; ʄʫʢʘʰʝʚ ɹ.ʅ. ï ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ ʅɸʅ ʈʂ; ʄʫʥ ɻ.ɸ. ï ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʟʘʤʝʩʪʠʪʝʣʴ ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ; ʆʛʘʡ ɺ.ɹ. ï ʢʘʥʜʠʜʘʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ; ʉʦʥ ʕ.ɽ. ï 

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʘʢʘʜʝʤʠʢ ʈɸʅ (ʄʦʩʢʚʘ, ʈʌ); ʎʦʡ ʆ.ɻ. ï 

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; ʎʦʡ ʉ.ɺ. ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ; 

Khatskevich V.Kh. ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ (ʅʴʶ-ʁʦʨʢ, ʉʐɸ);                            

Kim Byung-Soo ï PhD (ʉʝʫʣ, ʈʝʩʧʫʙʣʠʢʘ ʂʦʨʝʷ); Park Kinam  ï PhD, ʧʨʦʬʝʩʩʦʨ (ʋʵʩʪ 

ʃʘʬʝʡʝʪʪ, ʉʐɸ); ʖ ɺ.ʂ. ï ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ 

ʩʝʢʨʝʪʘʨʴ; ʖʛʘʡ ʆ.ʂ. ï ʢʘʥʜʠʜʘʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʟʘʤ. ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʩʝʢʨʝʪʘʨʷ. 

 

 

EDITOR -IN-CHIEF  

Pak I .T. ï Honored Worker of Science and Technology of Kazakhstan,  

Doctor of Technical Sciences, professor 

 

 

THE EDITORIAL  BOARD: 

 

Biyashev R.G. ï Doctor of Technical Sciences, professor; Kaltayev A. ï Doctor of Physical and 

Mathematical Sciences, professor; Mukashev B.N. ï Doctor of Physical and Mathematical 

Sciences, professor, NAS RK academician; Mun G.A.  ï Doctor of Chemical Sciences, professor, 

Deputy Chief Editor; Ogay V.B. ï Candidate of Biological Sciences; Son E.E. ï Doctor of 

Physical and Mathematical Sciences, professor, Corresponding Member of the Russian Academy 

of Sciences (Moscow, Russian Federation); Tsoy O.G. ï Doctor of Medical Sciences, professor; 

Tsoy S.V. ï Doctor of Technical Sciences, professor; Khatskevich V.Kh. ï Doctor of Technical 

Sciences, professor (New-York, USA); Kim Byung-Soo ï PhD (Seoul, Republic of Korea);      

Park Kinam  ï PhD, professor (West Lafayette, USA); Yu V.K.  ï Doctor of Chemical Sciences, 

professor, Managing Editor; Yugay O.K. ï Candidate of Chemical Sciences, Deputy Managing 

Editor 

 



ʀɿɺɽʉʊʀʗ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʑɽʉʊɺɸ çʂɸʍɸʂè, 2018, ˉ 2 (61) 

 

 3 

 

 

 

 

ʋʯʨʝʜʠʪʝʣʴ: ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ çʂɸʍɸʂè 

 

ʀʟʜʘʝʪʩʷ ʩ 1998 ʛ. 

 

ɺʳʭʦʜʠʪ 4 ʨʘʟʘ ʚ ʛʦʜ. 

 

ʉʚʠʜʝʪʝʣʴʩʪʚʦ ʦ ʨʝʛʠʩʪʨʘʮʠʠ ʠʟʜʘʥʠʷ ˉ 1561-ʞ ʦʪ 3 ʥʦʷʙʨʷ 2000 ʛ. 

ɺʳʜʘʥʦ ʄʠʥʠʩʪʝʨʩʪʚʦʤ ʢʫʣʴʪʫʨʳ, ʠʥʬʦʨʤʘʪʠʢʠ ʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʩʦʛʣʘʩʠʷ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ 

 

ʇʦʜʧʠʩʥʦʡ ʠʥʜʝʢʩ: 74838 

 

ʇʦʜʧʠʩʢʫ ʤʦʞʥʦ ʦʬʦʨʤʠʪʴ ʚ ʦʪʜʝʣʝʥʠʷʭ ʩʚʷʟʠ ɸʆ çʂʘʟʧʦʯʪʘè. 

ʇʦʜʧʠʩʢʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ. 

 

ɸʜʨʝʩ ʨʝʜʢʦʣʣʝʛʠʠ ʠ ʨʝʜʘʢʮʠʠ:  

050010,  ʛ. ɸʣʤʘʪʳ, ʫʣ. ʇʫʰʢʠʥʘ, 125, ʢ. 108. 

ʪʝʣʝʬʦʥ 8-(727)-2727902, 2916069 

 

e-mail: izv.ntokaxak@mail.ru 

 

ʉʘʡʪ: www.ntokaxak.kz 

 

ISSN-1682-0533   

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

É ʅʘʫʯʥʦ-ʊʝʭʥʠʯʝʩʢʦʝ ʆʙʱʝʩʪʚʦ çʂɸʍɸʂè
  

mailto:izv.ntokaxak@mail.ru
http://www.ntokaxak.kz/


ʀɿɺɽʉʊʀʗ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʑɽʉʊɺɸ çʂɸʍɸʂè, 2018, ˉ 2 (61) 

 

 4 

 

ʆɹɿʆʈ 

 

 

ʄʈʅʊʀ 31.25.19; 31.23.15 

ʋɼʂ 547.458.68+541.64 

 

ʇʆʃʀʂʆʅɼɽʉɸʎʀʆʅʅʓɽ ʎʀʂʃʆɼɽʂʉʊʈʀʅ-ʉʆɼɽʈɾɸʑʀɽ 

ʇʆʃʀʄɽʈʓ  

 

ʉʝʡʣʭʘʥʦʚ ʊ.ʄ.
1
, ʖ ɺ.ʂ.

2
, ʉʝʡʣʭʘʥʦʚ ʆ.ʊ.

1 

1
ʂʦʢʰʝʪʘʫʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʐ. ʋʘʣʠʭʘʥʦʚʘ, ʂʦʢʰʝʪʘʫ 

2
ʀʥʩʪʠʪʫʪ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ ʠʤ. ɸ.ɹ. ɹʝʢʪʫʨʦʚʘ, ɸʣʤʘʪʳ 

 ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ  

email: tseilkhanov@mail.ru 

 

 

ʈʘʩʩʤʦʪʨʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʮʠʢʣʦʜʝʢʩʪʨʠʥ-

ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ. ʇʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳ, 

ʥʝ ʪʨʝʙʫʶʪ ʩʣʦʞʥʦʛʦ ʘʧʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʩʦʤʦʥʦʤʝʨʘ ʯʘʱʝ 

ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʡ ʵʧʠʭʣʦʨʛʠʜʨʠʥ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʝʘʛʠʨʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʨʝʘʢʮʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʘʢ ʣʠʥʝʡʥʳʝ, ʪʘʢ ʠ 

ʩʝʪʯʘʪʳʝ ʧʦʣʠʤʝʨʥʳʝ ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ. ʉʨʝʜʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʬʠʢʩʘʮʠʠ 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʧʨʠʤʝʥʷʝʪʩʷ ʩʰʠʚʢʘ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ ʩ 

ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʜʠʵʧʦʢʩʠʜʳ, ʜʠʠʟʦʮʠʦʥʘʪʳ, ʘʥʛʠʜʨʠʜʳ ʠ 

ʭʣʦʨʘʥʛʠʜʨʠʜʳ ʧʦʣʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʩʘʤʠ ʢʠʩʣʦʪʳ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚʦʟʤʦʞʥʦ 

ʩʚʷʟʳʚʘʥʠʝ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚʳʭ ʢʦʣʝʮ ʥʘ ʛʦʪʦʚʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʜʣʦʞʢʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʢ 

ʨʘʩʪʚʦʨʠʤʳʭ, ʪʘʢ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʤʝʨʦʚ. ʆʧʠʩʘʥʳ ʥʝʢʦʪʦʨʳʝ ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʮʠʢʣʦʜʝʢʩʪʨʠʥ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʢʣʦʜʝʢʩʪʨʠʥ-ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʤʝʨʳ, ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʷ, ʩʰʠʚʘʶʱʠʝ ʘʛʝʥʪʳ, 

ʵʧʠʭʣʦʨʛʠʜʨʠʥ, ʜʠʵʧʦʢʩʠʜʳ, ʜʠʠʟʦʮʠʦʥʘʪʳ, ʘʥʛʠʜʨʠʜʳ ʠ ʭʣʦʨʘʥʛʠʜʨʠʜʳ ʧʦʣʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 

 

ʇʦʣʠʢʦʥʜʝʥʩʘʮʠʷ ʞʦʣʳʤʝʥ ʘʣʳʥϤʘʥ Ϩϰʨʘʤʳʥʜʘ ʮʠʢʣʦʜʝʢʩʪʨʠʥʜʝʨʽ ʙʘʨ ʧʦʣʠʤʝʨʣʝʨʜʽ ʩʠʥʪʝʟʜʝʫ 

ʩʘʣʘʩʳʥʜʘϤʳ Ϩʘʟʽʨʛʽ ʢʝʟʝʥʜʝʛʽ ʞʝʪʽʩʪʽʢʪʝʨʽ ϨʘʨʘʩʪʳʨʳʣϤʘʥ. ʇʦʣʠʤʝʨʣʝʨʜʽ ʘʣʫʜʳϬ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʷ 

ϸʜʽʩʽ Ϩʘʨʘʧʘʡʳʤ, ʢϮʨʜʝʣʽ ʘʧʧʘʨʘʪʫʨʘʣʳϨ ʨʝʩʽʤʜʝʫʜʽ Ϩʘʞʝʪ ʝʪʧʝʡʜʽ. ʎʠʢʣʦʜʝʢʩʪʨʠʥʜʝʨʜʽ Ϩʘʤʪʠʪʳʥ 

ʧʦʣʠʤʝʨʣʝʨʜʽ ʜʘʡʳʥʜʘʫʜʳϬ ʝϬ ʢʝϬ ʪʘʨʘʣϤʘʥ ʪϸʩʽʣʽ - ʙϰʣ ʨʝʘʢʮʠʷʣʳϨ ʙʝʣʩʝʥʜʽ ʞϸʥʝ ʘʛʨʝʩʩʠʚʪʽ 

ʵʧʠʭʣʦʨʛʠʜʨʠʜʽ ʩʦʤʦʥʦʤʝʨ ʨʝʪʽʥʜʝ Ϩʦʣʜʘʥʫ. ʈʝʘʢʮʠʷʣʳϨ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽϬ ʘʨʘϨʘʪʳʥʘʩʳ, 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʤʝʥ ʨʝʘʢʮʠʷʩʳʥʳϬ ϰʟʘϨʪʳϤʳ ʢϺʨʩʝʪʽʣʛʝʥ ʤʘϨʩʘʪʪʘʨϤʘ Ϩʦʣ ʞʝʪʢʽʟʫʛʝ ʤϮʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ʈʝʘʢʮʠʷ ʞʘϤʜʘʡʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʩʳʟʳϨʪʳ ʞϸʥʝ Ϻʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʧʦʣʠʤʝʨʣʝʨʜʽ ʘʣʫϤʘ 

ʙʦʣʘʜʳ. ʎʠʢʣʦʜʝʢʩʪʨʠʥʜʝʨʜʽ ʧʦʣʠʤʝʨʣʽ ʤʘʪʨʠʮʘϤʘ ʙʽʨʽʢʪʽʨʫ Ϯʰʽʥ ʮʠʢʣʦʜʝʢʩʪʨʠʥʜʝʨʜʽ  

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʷʣʳϨ ϸʜʽʩʪʝʨʽ ʘʨϨʳʣʳ ʜʠʵʧʦʢʩʠʜʪʝʨ, ʘʥʛʠʜʨʠʜʪʝʨ ʤʝʥ ʠ ʧʦʣʠʢʘʨʙʦʥ 

ϨʳʰϨʳʣʜʘʨʳʥʳϬ ʭʣʦʨʘʥʛʠʜʨʠʜʪʝʨʽ  ʩʠʷϨʪʳ ʙʠʬʫʥʢʮʠʦʥʘʣʜʳ ʨʝʘʛʝʥʪʪʝ ʤʝϬ ʢʦʥʜʝʥʩʘʮʠʷʣʘʥʘʜʳ, 

ʩʦʥʜʘʡ-ʘϨ ϨʳʰϨʳʣʜʘʨʜʳϬ Ϻʟʽʥ Ϩʦʣʜʘʥʳʣʘʜʳ. ʎʠʢʣʦʜʝʢʩʪʨʠʥʜʝʨʜʽϬ ʩʘϨʠʥʘʣʘʨʳϬ ʜʘʡʳʥ 

ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʣʳϨ ʤʘʪʨʠʮʘʣʘʨϤʘ ʙʽʨʽʢʪʽʨʫ ʥϸʪʠʞʝʩʽʥʜʝ ʝʨʽʛʽʰ ʞϸʥʝ ʝʨʽʤʝʡʪʽʥ ʧʦʣʠʤʝʨʣʝʨ 

ʜʘʡʳʥʜʘʫ ʤϮʤʢʽʥ ʝʢʝʥ. ʇʦʣʠʢʦʥʜʝʥʩʘʮʠʷ ʞʦʣʳʤʝʥ ʘʣʳʥϤʘʥ Ϩϰʨʘʤʳʥʜʘ ʮʠʢʣʦʜʝʢʩʪʨʠʥʽ ʙʘʨ 

ʧʦʣʠʤʝʨʣʝʨʜʽϬ ʽʩ ʞϮʟʽʥʜʝ Ϩʦʣʜʘʥʳʣʘʪʳʥ ʢʝʡʙʽʨ ʩʘʣʘʣʘʨʳ ʩʠʧʘʪʪʘʣϤʘʥ. 

ʊʽʨʝʢ ʩϺʟʜʝʨ: Ϩϰʨʘʤʳʥʜʘ ʮʠʢʣʦʜʝʢʩʪʨʠʥʽ ʙʘʨ ʧʦʣʠʤʝʨʣʝʨ, ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʷ, ʙʽʨʽʢʪʽʨʫʰʽ 

ʘʛʝʥʪʪʝʨ, ʵʧʠʭʣʦʨʛʠʜʨʠʥ, ʜʠʵʧʦʢʩʠʜʪʝʨ, ʜʠʠʟʦʮʠʦʥʘʪʪʘʨ, ʧʦʣʠʢʘʨʙʦʥ ϨʳʰϨʳʣʜʘʨʜʳϬ  

ʘʥʛʠʜʨʠʜʪʝʨʽ ʤʝʥ  ʭʣʦʨʘʥʛʠʜʨʠʜʪʝʨʽ. 
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Modern achievements in the field of synthesis of polycondensation cyclodextrin-containing polymers are 

considered. Polycondensation methods for obtaining polymers are fairly simple, they do not require 

complicated instrumentation. It has been shown that a reactive epichlorohydrin is most often used as a 

comonomer. Varying the ratio of the reacting components, the temperature and the duration of the reaction 

makes it possible to obtain both linear and mesh polymer cyclodextrins. Among the polycondensation 

methods for fixing cyclodextrins in a polymer matrix, cross-linking cyclodextrins with bifunctional reagents 

such as diepoxides, diisocyanates, anhydrides and chloroanhydrides  chloroanhydrides  of polycarboxylic 

acids, as well as acids themselves, is used. It turned out that it is possible to bind cyclodextrin rings on 

prepared macromolecular substrates with the formation of both soluble and insoluble polymers. Some areas 

of practical application of polycondensation cyclodextrin-containing polymers are described. 

Keywords: cyclodextrin-containing polymers, polycondensation, crosslinking agents, epichlorohydrin, 

diepoxides, diisocyanates, anhydrides and chloroanhydrides of polycarboxylic acids. 

 

 

ʎʠʢʣʦʜʝʢʩʪʨʠʥ-ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʤʝʨʳ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ɺʚʝʜʝʥʠʝ ʚ ʧʦʣʠʤʝʨʥʳʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ (ʎɼ) ʠ ʝʛʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʦʟʚʦʣʠʪ 

ʧʨʠʜʘʪʴ ʤʘʢʨʦʤʦʣʝʢʫʣʝ ʚʳʩʦʢʫʶ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʚʢʣʶʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʱʥʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʯʪʦ 

ʜʝʣʘʝʪ ʠʭ ʦʩʦʙʝʥʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʳʭ ʠʥʞʝʥʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [1ï3].  

ʉʦʟʜʘʥʠʝ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʦʙʰʠʨʥʦʡ ʦʙʣʘʩʪʴʶ ʧʦʣʠʤʝʨʥʦʡ, 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʀʥʪʝʨʝʩ ʢ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʩ 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚʳʤʠ ʛʨʫʧʧʠʨʦʚʢʘʤʠ ʨʘʩʪʸʪ ʚ  ʩʚʷʟʠ ʩ ʧʦʠʩʢʦʤ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ ʠ ʛʝʥʦʚ ʢ ʢʣʝʪʢʘʤ-ʤʠʰʝʥʷʤ [4,5].  

ʇʦʩʣʝʜʥʝʝ ʚʦʟʤʦʞʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʘʤʦʩʙʦʨʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʦʚʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ [6ï8]. ʉʫʧʨʘʤʦʣʝʢʫʣʷʨʥʘʷ ʩʘʤʦʩʙʦʨʢʘ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʪʦʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʙʝʣʢʦʚ, ɼʅʂ, ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ, ʬʝʨʤʝʥʪʦʚ, ʚʠʨʫʩʦʚ ʠ 

ʜʨʫʛʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [9]. ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʮʝʧʪʦʨʦʚ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʎɼ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʦʩʪʫʧʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ 

ʩʳʨʴʷ ï ʢʨʘʭʤʘʣʘ. ɺʘʞʥʝʡʰʝʡ ʯʝʨʪʦʡ ʎɼ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ 

ʩʘʤʦʩʙʦʨʢʝ ʢʦʤʧʣʝʢʩʦʚ ʚʢʣʶʯʝʥʠʷ ʩ ʛʠʜʨʦʬʦʙʥʳʤ ʩʚʷʟʳʚʘʥʠʝʤ ʤʦʣʝʢʫʣʳ ʩʫʙʩʪʨʘʪʘ ʩ 

ʧʦʣʦʩʪʴʶ ʤʦʣʝʢʫʣʳ [10ï12]. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʭʠʤʠʢʦʚ-ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʬʘʨʤʘʮʝʚʪʦʚ ʠ ʤʝʜʠʢʦʚ ʢ ʩʦʟʜʘʥʠʶ ʎɼ-

ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʧʨʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ  ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ [4]. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʙʫʜʝʪ ʩʦʟʜʘʥʘ 

ʥʦʚʘʷ ʤʝʜʠʮʠʥʘ ï ʥʘʥʦʤʝʜʠʮʠʥʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʥʦʯʘʩʪʠʮ ʚ ʢʘʯʝʩʪʚʝ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 

ʎɼ ʬʨʘʛʤʝʥʪʳ ʚ ʧʦʣʠʤʝʨʘʭ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʦʙʳʯʥʦʡ ʢʦʚʘʣʝʥʪʥʦ-ʩʚʷʟʘʥʥʦʡ 

ʬʦʨʤʝ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʟʚʝʥʴʷʤʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʩʚʷʟʠ ʩ ʦʩʥʦʚʥʳʤʠ ʮʝʧʷʤʠ ʠʣʠ ʙʦʢʦʚʳʤʠ ʦʪʚʝʪʚʣʝʥʠʷʤʠ ʧʦʣʠʤʝʨʘ, 

ʦʙʨʘʟʫʶ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʣʠʤʝʨʳ. ʎɼ-ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ ʩʪʨʦʝʥʠʷ: ʠʟʤʝʥʷʷʩʴ ʦʪ ʣʠʥʝʡʥʦʛʦ, ʧʨʠʚʠʪʦʛʦ, ʙʣʦʢ ʠ ʨʘʟʚʝʪʚʣʸʥʥʦʛʦ ʜʦ 

ʛʠʧʝʨʨʘʟʚʝʪʚʣʸʥʦʛʦ ʠ ʜʝʥʪʨʠʪʥʦʡ ʬʦʨʤʳ [4]. 
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ʉʠʥʪʝʟ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʸʥ ʢʘʢ ʧʦʩʨʝʜʩʪʚʦʤ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʛʦʪʦʚʳʭ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʣʫʯʘʡʥʳʭ, 

ʯʝʨʝʜʫʶʱʠʭʩʷ, ʙʣʦʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʪʘʢ ʠ ʧʫʪʸʤ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʘʤʦʩʙʦʨʢʠ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʧʦ ʪʠʧʫ ʛʦʩʪʴ-ʭʦʟʷʠʥ (ʩʫʙʩʪʨʘʪ-ʨʝʮʝʧʪʦʨ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ.  

ʄʘʢʨʦʮʠʢʣʳ ʥʘ ʦʩʥʦʚʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʦʣʫʯʘʶʪ ʢʘʢ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʦʚ, ʛʝʣʷ, 

ʪʘʢ ʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ʎɼ-ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʤʝʨʳ ʠʟ-ʟʘ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʪʠʤʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦ ʪʠʧʫ çʛʦʩʪʴ-ʭʦʟʷʠʥè ʦʙʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʦʤ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʢʣʶʯʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʥʝʰʥʠʭ ʨʘʟʜʨʘʞʠʪʝʣʷʤ [13].  

ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʤʘʢʨʦʮʠʢʣʳ ʥʘ ʦʩʥʦʚʝ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʠʤʝʨʦʚ ʤʦʛʫʪ ʨʝʘʛʠʨʦʚʘʪʴ 

ʥʘ ʨʅ ʠʟʤʝʥʝʥʠʷ, ʠʦʥʥʳʡ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʨʘʩʪʚʦʨʠʪʝʣʴ. ɽʩʣʠ ʦʙʳʯʥʳʝ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʎɼ-ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʤʝʨʳ ʫʞʝ ʥʘʰʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʥʝʥʠʷ, ʪʦ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʦʣʠʛʦʤʝʨʳ ʠ ʧʦʣʠʤʝʨʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩʚʦʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʣʠʤʝʨʦʚ ʠʤʝʶʪ 

ʨʦʪʘʢʩʘʥʦʚʳʝ ʠʣʠ ʢʘʪʝʥʘʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ [14].  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʨʝʩ ʢ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʤ ʎɼ-ʩʦʜʝʨʞʘʱʠʤ ʧʦʣʠʤʝʨʘʤ ʦʜʠʥʘʢʦʚʦ 

ʚʝʣʠʢ ʢʘʢ ʠʟ-ʟʘ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʠʥʪʨʠʛʫʶʱʠʭ ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʦʩʣʝʜʥʠʭ, ʪʘʢ ʠ 

ʠʟ-ʟʘ ʦʪʢʨʳʪʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʣʠʤʝʨʳ 

ʧʦʢʘʟʳʚʘʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʙʨʘʪʠʤʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ.  

ʆ ʙʦʣʴʰʦʤ ʨʘʩʪʫʱʝʤ ʠʥʪʝʨʝʩʝ ʧʦʣʠʤʝʨʱʠʢʦʚ, ʦʨʛʘʥʠʢʦʚ, ʬʘʨʤʘʮʝʚʪʦʚ, ʤʝʜʠʢʦʚ ʠ 

ʠʥʞʝʥʝʨʦʚ ʥʘʥʦ- ʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢ ʎɼ-ʩʦʜʝʨʞʘʱʠʤ ʧʦʣʠʤʝʨʘʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʝʞʝʛʦʜʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩʪʘʪʝʡ ʚ ʚʳʩʦʢʦʮʠʪʠʨʫʝʤʳʭ 

ʠʟʜʘʥʠʷʭ ʩ ʦʧʠʩʘʥʠʝʤ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 2000 ʛʦʜʦʚ ʧʦʣʫʯʝʥʠʝʤ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩʚʦʡʩʪʚ                             

ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʶʪʩʷ Harada A. (Osaka University, Osaka, Japan), 

Hashidzume A., Miyauchi M. (Japan Science and Technology Agency, Tokyo, Japan), van de 

Manakker F., Vermonden T., van Nostrum C.F., Hennink W.E. (Utrecht Institute for 

Pharmaceutical Sciences, Utrecht University, Utrecht, The Netherlands). 

ɺ ʨʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚʥʸʩʰʠʭ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ʎɼ-

ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠʤʝʥʘ:  Szejtli J. (Chinoin Pharmaceutical and Chemical 

Works Ltd., Budapest, Hungary), Zhang J. (Third Military Medical University, Chongqing, China), 

Ma P.X. (University of Michigan, Ann Arbor, USA), Wintgens V., Layre A.-M., Hourdet D., 

Catherine Amiel C. (East Paris Institude of Chemistry and Materials Science, Paris, France), Danel 

C., Azaroual N., Chavaria C., Odou P., Martel B., Vaccher V. (University Lille Nord de France, 

Lille, France), Renard E., Sebille ɺ. (Universid Paris Val de Mame, Thiais, France). 

ɺʧʝʨʚʳʝ ʎɼ-ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʤʝʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 1964 ʛ. Solms J. ʠ Egli R.H. 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ ʩʤʝʩʠ ʎɼ ʩ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ. ɸʚʪʦʨʘʤ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʩʪʘʙʠʣʴʥʫʶ ʩʤʦʣʫ ʩ ʛʣʠʮʝʨʠʣʴʥʳʤʠ ʤʦʩʪʠʢʘʤʠ ʤʝʞʜʫ ʎɼ-ʥʦʚʳʤʠ ʟʚʝʥʴʷʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʎɼ-ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʤʝʨʳ ʤʦʛʣʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʚʢʣʶʯʝʥʠʷ ʩʦ ʤʥʦʛʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ [15ï17].  

ʎɼ-ʩʦʜʝʨʞʘʱʠʤ ʧʦʣʠʤʝʨʘʤ, ʠʭ ʧʦʣʫʯʝʥʠʶ, ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʚʦʡʩʪʚ ʠ ʧʨʠʤʝʥʝʥʠʶ 

ʧʦʩʚʷʱʸʥ ʨʷʜ ʦʙʟʦʨʦʚ [1ï5, 13,14,18ï20]. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʦʙʟʦʨʝ Harada A., Hashidzume A., Miyauchi M., 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʤ ʚ ʢʥʠʛʝ [20] ʚ 2006 ʛ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʥʦʛʨʘʬʠʡ, ʦʭʚʘʪʳʚʘʶʱʠʭ 
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ʚʝʩʴ ʦʙʰʠʨʥʳʡ ʩʧʝʢʪʨ ʧʦʣʫʯʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʠ ʚʳʙʦʨʘ ʦʙʣʘʩʪʝʡ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝʪ. ʇʦʣʫʯʝʥʠʝ 

ʠ ʩʚʦʡʩʪʚʘ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʙʦʣʝʝ ʨʘʥʥʠʝ ʧʝʨʠʦʜʳ ʜʦ 1988 ʛ., 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʝʙʦʣʴʰʦʤ ʨʘʟʜʝʣʝ ʤʦʥʦʛʨʘʬʠʠ Szejtli J. [21].  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʦʙʟʦʨʘ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʟʘ ʧʝʨʠʦʜ ʩ 

2006 ʛ. ʧʦ 2018 ʛ., ʚ ʦʙʣʘʩʪʠ ʩʠʥʪʝʟʘ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʫʜʫʪ ʪʘʢʞʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʙʦʣʝʝ ʨʘʥʥʠʝ ʩʨʦʢʠ.  

ʎʠʢʣʦʜʝʢʩʪʨʠʥʘʤ ʠ ʠʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ, ʠʭ ʩʪʨʫʢʪʫʨʘʤ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʩʚʦʡʩʪʚʘʤ ʧʦʩʚʷʱʝʥʳ ʨʷʜ ʢʥʠʛ [22ï27] ʠ ʤʥʦʛʦ ʦʙʟʦʨʥʳʭ ʩʪʘʪʝʡ [28ï33]. 

ʎɼ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʦʨʠʯʝʩʢʠʝ ʮʠʢʣʠʯʝʩʢʠʝ ʦʣʠʛʦʩʘʭʘʨʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʪ ʰʝʩʪʠ ʜʦ 

ʜʚʝʥʘʜʮʘʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʟʚʝʥʴʝʚ ʛʣʶʢʦʟʳ (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʀʩʭʦʜʥʳʝ ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ (ɸ, ʮʠʬʨʳ ʫʢʘʟʳʚʘʶʪ 

ʩʠʩʪʝʤʫ ʥʫʤʝʨʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʜʣʷ ʦʧʠʩʘʥʠʷ ʛʣʶʢʦʟʥʦʛʦ ʢʦʣʴʮʘ); 

 ʩʭʝʤʘ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʛʣʶʢʦʧʠʨʘʥʦʟʥʳʭ ʝʜʠʥʠʮ ʩ ʠʣʣʶʩʪʨʘʮʠʝʡ Ŭ-(1,4)-ʛʣʠʢʦʟʠʜʥʦʡ 

ʩʚʷʟʠ ʠ ʢʦʥʬʦʨʤʘʮʠʠ ʢʨʝʩʣʘ D-ʛʣʶʢʦʧʠʨʘʥʦʟʥʦʛʦ ʮʠʢʣʘ (ɺ); ʩʪʨʫʢʪʫʨʘ ʎɼ (ʉ) [22ï27] 

 

 

ʕʣʝʤʝʥʪʘʨʥʳʝ ʛʣʶʢʦʟʥʳʝ ʟʚʝʥʴʷ ʥʘʭʦʜʷʪʩʷ ʚ ʢʦʥʬʦʨʤʘʮʠʠ çʢʨʝʩʣʘè ʠ ʦʙʨʘʟʫʶʪ ʤʝʞʜʫ 

ʩʦʙʦʡ Ŭ-(1,4)-ʛʣʠʢʦʟʠʜʥʳʝ ʩʚʷʟʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʮʠʢʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʎɼ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʥʝʝ ʰʝʩʪʠ ʩʪʨʫʢʪʫʨʥʳʭ ʟʚʝʥʴʝʚ ʛʣʶʢʦʟʳ ʚ ʮʠʢʣʝ, ʥʝ ʤʦʛʫʪ 

ʦʙʨʘʟʦʚʘʪʴʩʷ ʧʦ ʩʪʝʨʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʠ ʥʝʠʟʚʝʩʪʥʳ. ʍʦʪʷ ʮʠʢʣʠʯʝʩʢʠʝ ʎɼ ʤʦʛʫʪ 

ʩʦʜʝʨʞʘʪʴ ʜʦ ʜʚʝʥʘʜʮʘʪʠ ʝʜʠʥʠʮ ʛʣʶʢʦʟʳ. ʇʨʠ ʵʪʦʤ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ, ʚʳʜʝʣʝʥʳ ʠ 

ʠʟʫʯʝʥʳ ʪʦʣʴʢʦ ʪʨʠ ʧʝʨʚʳʭ ʛʦʤʦʣʦʛʘ: Ŭ-ʎɼ, ʮʠʢʣʦʛʝʢʩʘʘʤʠʣʦʟʘ; ɓ-ʎɼ, ʮʠʢʣʦʛʝʘʧʪʘʘʤʠʣʦʟʘ 
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ʠ ɔ-ʎɼ, ʮʠʢʣʦʦʢʪʘʘʤʠʣʦʟʘ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʰʝʩʪʠ, ʩʝʤʠ ʠ ʚʦʩʴʤʠ  Ŭ-1,4-ʩʚʷʟʘʥʥʳʭ D(+)- 

ʛʣʶʢʦʧʠʨʘʥʦʟʥʳʭ ʝʜʠʥʠʮʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 2). 

  

 

 
 

ʈʠʩʫʥʦʢ 2 ï Ŭ-, ɓ- ʠ ɔ-ʎɼ (ɸ) ʠ ʠʭ ʨʘʟʤʝʨʳ (ɺ) [19ï20] 

 

 

ʉʠʥʪʝʟ ʧʦʣʠʤʝʨʦʚ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʣʠʙʦ ʠʟ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ï 

ʤʦʥʦʤʝʨʦʚ, ʣʠʙʦ ʠʟ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʫʪʸʤ ʧʦʣʠʤʝʨʘʥʘʣʦʛʠʯʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ. ʀʟ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʣʠʤʝʨʳ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʘʤʠ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʭʠʤʠʠ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʘʭʦʞʜʝʥʠʝʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʩʠʥʪʝʟʘ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʧʦʣʠʤʝʨʦʚ.  

ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʩʠʥʪʝʟʘ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʦʝ 

ʚʚʝʜʝʥʠʝ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʎɼ ʟʚʝʥʴʝʚ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʩʧʝʰʥʦʛʦ ʩʠʥʪʝʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʦʚʳʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʎɼ-ʥʦʚ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʎɼ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʠʟʚʝʩʪʥʳʭ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤʠ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʘ. 

ʉʨʝʜʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʬʠʢʩʘʮʠʠ ʎɼ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʰʠʚʢʘ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ ʩ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʜʠʵʧʦʢʩʠʜʳ, ʜʠʠʟʦʮʠʦʥʘʪʳ, ʘʥʛʠʜʨʠʜʳ, ʭʣʦʨʘʥʛʠʜʨʠʜʳ ʠ ʩʘʤʠ ʧʦʣʠʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ. 

ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʩʚʷʟʳʚʘʥʠʝ ʎɼ ʢʦʣʝʮ ʥʘ ʛʦʪʦʚʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʦʜʣʦʞʢʘʭ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʚʦʛʦ ʩʧʦʩʦʙʘ ʦʙʨʘʟʫʶʪʩʷ ʢʘʢ ʨʘʩʪʚʦʨʠʤʳʝ, ʪʘʢ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʝ 

ʧʦʣʠʤʝʨʳ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʬʦʨʤʠʨʫʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʝ 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚʳʝ ʢʦʤʧʣʝʢʩʳ. 
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ʎɼ ʤʦʞʥʦ ʠʤʤʦʙʠʣʠʟʦʚʘʪʴ ʧʫʪʸʤ ʧʨʠʚʠʚʢʠ ʢ ʣʶʙʳʤ ʧʨʠʨʦʜʥʳʤ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤ 

ʧʦʣʠʤʝʨʘʤ. ɸʨʩʝʥʘʣ ʤʝʪʦʜʦʚ ʬʠʢʩʘʮʠʠ ʎɼ ʥʘ ʥʦʩʠʪʝʣʷʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʯʝʥʴ ʰʠʨʦʢ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʦʣʫʯʠʚʰʠʭ ʎɼ-ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʤʝʨʳ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ ʎɼ-ʥʘ ʩ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ, ʷʚʣʷʶʪʩʷ  Solms J. ʠ                 

Egli R.H. [15ï17]. ʉʰʠʚʘʷ ʩʤʝʩʴ Ŭ-, ɓ- ʠ ɔ-ʎɼ ʩ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ ʚ ʱʝʣʦʯʠ, ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʩʪʘʙʠʣʴʥʫʶ ʩʤʦʣʫ ʩ ʛʣʠʮʝʨʠʣʴʥʳʤʠ ʤʦʩʪʠʢʘʤʠ ʤʝʞʜʫ ʎɼ ʟʚʝʥʴʷʤʠ. ʆʪʤʝʯʘʝʪʩʷ, 

ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʎɼ-ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʤʝʨʳ ʦʙʨʘʟʦʚʳʚʘʣʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 

ʚʢʣʶʯʝʥʠʷ ʩʦ ʤʥʦʛʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠ 

ʚʦʟʤʦʞʥʳʝ ʩʪʨʫʢʪʫʨʳ ʪʘʢʠʭ ʧʦʣʠʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3 ʠ 4. 

 

 

 
 

 

ʈʠʩʫʥʦʢ 3 ï ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ [34] 

 

 

ʈʘʟʚʠʚʘʷ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʚʚʝʜʝʥʠʷ ʎɼ ʚ ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ, Renard E. ʠ 

Sebille ɺ. ʩ ʩʦʪʨ. [35, 36] ʠʟʫʯʠʣʠ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʎɼ ʩ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ 

ʥʘ ʩʪʨʫʢʪʫʨʫ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʦʣʠʤʝʨʘ ʠ ʥʘ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʱʝʣʦʯʠ, ʚʨʝʤʝʥʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʜʝʥʩʘʮʠʠ ʘʚʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʨʷʜ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʤʝʨʦʚ, 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʣʘ ʙʦʣʝʝ 1ʭ10
6
. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ ʘʢʮʝʥʪʠʨʦʚʘʣʠ ʥʘ ʧʦʣʫʯʝʥʠʠ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʚʳʩʦʢʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʠ. ʎɼ ʬʨʘʛʤʝʥʪʳ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ 
13
C ʗʄʈ-ʘʥʘʣʠʟʘ ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʠʣʠʨʦʚʘʥʠʷ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ.  

Fenyvesy E. ʦʪʤʝʯʘʝʪ [37], ʯʪʦ ʥʘʣʠʯʠʝ ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʎɼ ʢʦʣʝʮ ʧʦʟʚʦʣʷʝʪ 

ʩʦʣʶʙʠʣʠʟʘʪʦʨʫ ʦʢʘʟʳʚʘʪʴ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʯʝʤ ʠʩʭʦʜʥʳʡ 

ʮʠʢʣʦʜʝʢʩʪʨʠʥ. ʕʪʦ ʧʦʚʳʰʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʦ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ              

ɓ-ʎɼ ʧʦʣʠʤʝʨʘ. ʂʦʤʧʣʝʢʩʳ ʪʘʢʠʭ ʧʦʣʠʤʝʨʦʚ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ; ʦʥʠ ʥʝ ʦʩʘʞʜʘʶʪʩʷ ʠʟ 

ʨʘʩʪʚʦʨʘ ʠ ʧʦʵʪʦʤʫ ʵʪʠ ʧʦʣʠʤʝʨʳ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʩʦʣʶʙʠʣʠʟʘʪʦʨʘʤʠ ʜʣʷ ʚʢʣʶʯʝʥʥʳʭ 

ʛʦʩʪʝʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʆ ʧʦʣʫʯʝʥʠʠ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʤ 

ʤʝʪʦʜʦʤ ʩʦʦʙʱʘʝʪʩʷ ʚ ʨʘʙʦʪʝ Szejtli J. c ʩʦʪʨ. [38]. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʥʘ ʢʦʤʧʣʝʢʩʦʦʦʙʨʘʟʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʣʠʤʝʨʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ 
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ʬʨʘʢʮʠʠ ʦʙʨʘʟʦʚʳʚʘʣʠ ʜʦʚʦʣʴʥʦ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʤʘʣʳʤʠ ʤʦʣʝʢʫʣʘʤʠ-ʛʦʩʪʷʤʠ, 

ʪʦʛʜʘ ʢʘʢ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʩʚʷʟʳʚʘʥʠʠ ʙʦʣʴʰʠʭ ʤʦʣʝʢʫʣ 

ʩʫʙʩʪʨʘʪʦʚ. 

 

 
 

 

ʈʠʩʫʥʦʢ 4 ï ɺʦʟʤʦʞʥʳʝ ʩʪʨʫʢʪʫʨʳ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ  

ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ [34] 

 

ʇʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ ʎɼ-ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʤʝʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ 

ʧʦʣʫʯʝʥʳ ʪʘʢʞʝ Harada A. c cʦʪʨ. [39]. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ ʎɼ-ʩʦʜʝʨʞʘʱʠʝ 

ʧʦʣʠʤʝʨʳ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʩ ʤʘʣʝʥʴʢʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤ ʎɼ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ  

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʩ ʙʦʣʴʰʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ ʩ ʜʚʫʤʷ ʛʦʩʪʝʚʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ 

ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʎɼ-ʥʦʚʳʤʠ ʠ ʧʦʣʠʤʝʨʥʳʤʠ ʎɼ-ʘʢʨʠʣʘʪʥʳʤʠ ʬʦʨʤʘʤʠ ʤʘʢʨʦʤʦʣʝʢʫʣ. 

Suzuki N. ʩ ʩʦʪʨ. [40] ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʝ ʧʦʣʠʤʝʨʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʤʝʪʦʜʫ Harada A. c cʦʪʨ. [39]. ʅʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʚʳʭ 

ʧʦʣʠʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʥʳʭ ʘʜʩʦʨʙʝʥʪʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, Wiedenhof N. ʩ ʩʦʪʨ. [41] ʧʨʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʧʨʠʤʝʥʠʣʠ 

ʙʠʩʝʨ-ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʩ ʧʦʣʫʯʝʥʠʝʤ ʘʜʩʦʨʙʝʥʪʦʚ ʛʣʘʜʢʦʡ ʠ ʧʨʘʚʠʣʴʥʦʡ ʢʨʫʛʣʦʡ ʬʦʨʤʳ. 

ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʪʘʢʘʷ ʤʦʨʬʦʣʦʛʠʷ ʩʦʨʙʝʥʪʦʚ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʉʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʨʙʝʥʪʦʚ ʧʦʢʘʟʘʣʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʥʘʫʯʥʦʡ ʛʠʧʦʪʝʟʳ. ʉʤʦʣʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ  ʩʧʦʩʦʙʥʦʩʪʴ 
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ʢ ʥʘʙʫʭʘʥʠʶ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʠʭ ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʨʘʟʥʳʭ ʚʝʱʝʩʪʚ 

ʥʘ ʢʦʣʦʥʢʝ ʟʘ ʩʯʝʪ ʩʧʦʩʦʙʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʪʴ ʩʦʝʜʠʥʝʥʠʷ ʚʢʣʶʯʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʩʫʙʩʪʨʘʪʘʤʠ, ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʥʦʝ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʙʝʥʟʦʡʥʦʡ ʠ ʭʣʦʨʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪ [42].  

 

ʊʘʙʣʠʮʘ 1 ï ʉʚʦʡʩʪʚʘ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ [39] 

 

ʇʦʣʠʤʝʨ ʉʦʜʝʨʞʘʥʠʝ ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, % ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

Ŭ-ʎɼ ï ʵʧʠʭʣʦʨʛʠʜʨʠʥ  61 4700 

Ŭ-ʎɼ ï ʵʧʠʭʣʦʨʛʠʜʨʠʥ  59 1400 

Ŭ-ʎɼ ï ʵʧʠʭʣʦʨʛʠʜʨʠʥ  60 8200 

Ŭ-ʎɼ ï ʵʬʠʨ ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʩ 

ʙʠʩʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ 

65 3600 

ɓ-ʎɼ ï ʵʧʠʭʣʦʨʛʠʜʨʠʥ 60 8200 

ɔ-ʎɼ ï ʵʧʠʭʣʦʨʛʠʜʨʠʥ 59 7500 

 

 

ɼʣʷ ʧʨʠʜʘʥʠʷ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʤ ʎɼ-ʩʦʜʝʨʞʘʱʠʤ ʧʦʣʠʤʝʨʘʤ ʧʦʚʳʰʝʥʥʦʛʦ ʩʨʦʜʩʪʚʘ 

ʢ ʘʨʦʤʘʪʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʧʨʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ Ŭ- ʠ ɓ-ʎɼ ʩ ʵʧʠʭʣʦʨʛʠʜʨʠʥʘʤʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʨʙʦʢʩʠʤʝʪʠʣʝʥʦʚʳʝ ʠ ʩʫʣʴʬʦʧʨʦʧʠʣʝʥʦʚʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʦʚ 

[43]. 

He B.L. ʩ ʩʦʪʨ. [44] ʫʣʫʯʰʠʣʠ ʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢ ʤʦʯʝʚʠʥʝ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ 

ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʚʳʭ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʧʫʪʸʤ ʦʢʠʩʣʝʥʠʷ ʩʰʠʪʦʡ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʦʚʳʡ ʩʦʨʙʝʥʪ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʝʡ ʤʦʯʝʚʠʥʳ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʩʠʢʨʘʭʤʘʣʦʤ ʠ ʦʢʩʠʮʝʣʣʶʣʦʟʦʡ. ʉʦʨʙʝʥʪʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʠʟʙʳʪʢʘ ʤʦʯʝʚʠʥʘ ʠʟ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʩ ʛʝʤʦʧʝʨʬʫʟʠʝʡ. ʅʘʠʙʦʣʴʰʘʷ ʸʤʢʦʩʪʴ 

ʩʦʨʙʮʠʠ ʤʦʯʝʚʠʥʳ ʜʦʩʪʠʛʘʣʘ 65,0 ʤʛ/ʛ ʩʦʨʙʝʥʪʘ ʧʨʠ 37 Áʉ ʠ ʨʅ 7,0 ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʤʦʯʝʚʠʥʳ ʚ ʙʫʬʝʨʥʳʡ ʨʘʩʪʚʦʨ 1300 ʤʛ/ʣ.  

ɺʳʩʦʢʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ ʚ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ 

ʠʩʧʦʣʴʟʦʚʘʥʘ Velaz I. ʩ ʩʦʪʨ. [45] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ ʠ ʩʝʪʯʘʪʳʭ ɓ-ʎɼ ʧʦʣʠʤʝʨʦʚ 

ʧʫʪʸʤ ʩʰʠʚʘʥʠʷ ɓ-ʎɼ-ʥʘ ʧʦ ʩʭʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 5.  

ʉʦʜʝʨʞʘʥʠʝ ʎɼ-ʥʘ ʚ ʨʘʩʪʚʦʨʠʤʳʭ ʧʦʣʠʤʝʨʘʭ ʩʦʩʪʘʚʣʷʣʦ 39 % ʠ 48 %, ʚ ʥʝʨʘʩʪʚʦʨʠʤʳʭ 

ʦʙʨʘʟʮʘʭ ï 65 % ʠ 74 %. ɸʚʪʦʨʳ ʧʳʪʘʣʠʩʴ ʩʜʝʣʘʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʣʠʷʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʎɼ-ʥʘ ʚ ʧʦʣʠʤʝʨʝ ʥʘ ʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʷʷ 

ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ, ʤʦʞʥʦ ʠʥʜʫʮʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʛʠʜʨʦʛʝʣʝʚʳʭ ʩʝʪʷʭ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʫʣʫʯʰʠʪʴ ʧʨʘʢʪʠʯʝʩʢʦʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʎɼ-ʧʦʣʠʤʝʨʦʚ. 

ʉ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʫʣʘʚʣʠʚʘʶʱʠʭ ʘʜʩʦʨʙʝʥʪʦʚ ʜʣʷ ʣʝʪʫʯʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ Favier I.M. ʩ ʩʦʪʨ. [46] ʧʦʜʚʝʨʛʣʠ ʩʰʠʚʘʥʠʶ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ 

ʥʠʟʢʦʤʝʪʠʣʠʨʦʚʘʥʥʳʡ ɓ-ʎɼ. ɺʘʨʠʘʮʠʷ ʫʩʣʦʚʠʡ ʨʝʘʢʮʠʡ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʧʨʠʚʝʣʘ ʢ 

ʧʦʣʫʯʝʥʠʶ ʨʘʩʪʚʦʨʠʤʳʭ ʠ ʩʝʪʯʘʪʳʭ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ. ʇʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʘʜʩʦʨʙʝʥʪʘʤʠ ʪʦʣʫʦʣʘ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ. 
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ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘ ʨʝʘʢʮʠʠ ɓ-ʎɼ ʩ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ [45] 

 

Zhang X.M. ʩ ʩʦʪʨ. [47] ʠʩʩʣʝʜʦʚʘʣʠ ʚʣʠʷʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʛʨʫʧʧ ʥʘ ʘʜʩʦʨʙʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʭʠʤʠʯʝʩʢʦʡ ʩʰʠʚʢʦʡ ʅʈ-ɓ-ʎɼ, ʉʄ-ɓ-ʎɼ ʠ ɸɽ-ɓ-ʎɼ. ʍʠʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʠʤʝʨʦʚ ʠ ʤʘʨʰʨʫʪ ʩʠʥʪʝʟʘ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ɸɽ-ɓ-ʎɼ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 6 ʠ 7. ʉʪʨʫʢʪʫʨʘ ʧʦʣʠʤʝʨʦʚ, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʧʝʢʪʨʘʤʠ           

FT-IR, ʧʦʢʘʟʘʣʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʠʜʨʦʢʩʠʧʨʦʧʠʣʴʥʳʭ, ʢʘʨʙʦʢʩʠʤʝʪʠʣʴʥʳʭ ʠ ʘʤʠʥʦʛʨʫʧʧ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʘʜʩʦʨʙʮʠʠ ʬʫʢʩʠʥʘ ʥʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʦʣʠʤʝʨʘʭ ʚʳʷʚʠʣʦ, ʯʪʦ ʚʠʜʳ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʳ ʥʘ ʧʦʣʠʤʝʨʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʧʦʛʣʦʪʠʪʝʣʴʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ. ɽʩʣʠ ʧʦʣʠʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʉʄ-ɓ-ʎɼ ʷʚʣʷʣʠʩʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʵʢʩʪʨʘʛʝʥʪʘʤʠ ʠ ʧʦʛʣʦʱʘʣʠ 54,6 ʤʛ/ʛ ʬʫʢʩʠʥʘ, ʪʦ ʘʜʩʦʨʙʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ɸɽ-ɓ-ʎɼ ʠ            

ʅʈ-ɓ-ʎɼ ʠʟʚʣʝʢʘʣʠ 16,5 ʠ 32,3 ʤʛ/ʛ ʬʫʢʩʠʥʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

 

 
 

ʈʠʩʫʥʦʢ 6 ï ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ [47] 

 

 
 

ʈʠʩʫʥʦʢ 7 ï ʉʠʥʪʝʪʠʯʝʩʢʠʡ ʤʘʨʰʨʫʪ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ɸɽ-ɓ-ʎɼ [47] 
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ʉʰʠʪʳʝ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ ʛʝʣʠ ɓ-ʎɼ ʙʳʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʳ                                           

ʧʦʣʠ-N-ʠʟʦʧʨʦʧʠʣʘʢʨʠʣʘʤʠʜʦʤ(PIPA) Mn 4900 (ʨʠʩʫʥʦʢ 8) Nozaki T. ʩ ʩʦʪʨ. [48].  

 

 
 

ʈʠʩʫʥʦʢ 8 ï ʉʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʎɼ-PIPA ʧʦʣʠʤʝʨʘ [48] 

 

ʇʦʣʫʯʝʥʥʳʡ ʛʝʣʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʪʢʣʦʥʷʣʩʷ ʦʪ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʢʦʥʬʦʨʤʘʮʠʠ ʩʧʠʨʘʣʴ-ʛʣʦʙʫʣʘ ʦʪʜʝʣʴʥʳʭ ʮʝʧʝʡ PIPA. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʘʙʣʶʜʘʣʘʩʴ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʪʝʨʝʦʩʝʣʝʢʪʠʚʥʫʶ ʘʜʩʦʨʙʮʠʶ 

ʬʝʥʠʣʘʣʘʥʠʥʘ ʥʘ ʎɼ-PIPA-ʧʦʣʠʤʝʨʝ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʘʜʩʦʨʙʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʎɼ-PIPA-ʧʦʣʠʤʝʨʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʳ ʚʢʣʶʯʝʥʠʷ, ʤʦʞʥʦ ʙʫʜʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɸʢʮʝʥʪʠʨʫʷ ʚʥʠʤʘʥʠʝ ʥʘ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʠ ʨʘʟʜʝʣʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ ɓ-ʎɼ-ʩʦʜʝʨʞʘʱʠʭ 

ʧʦʣʠʤʝʨʦʚ, Zhao D. ʩ ʩʦʪʨ. [49] ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʩʦʨʙʝʥʪʦʚ ʚʚʦʜʠʣʠ ʚ ʠʭ ʩʦʩʪʘʚ ʩʫʣʴʬʦʥʘʪʥʳʝ 

ʛʨʫʧʧʳ. ʇʨʦʮʝʩʩ ʚʢʣʶʯʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ ʠ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʪʠʨʦʥʘ (1,2-ʜʠʛʠʜʨʦʢʩʠʙʝʥʟʦʣ-3,5-ʜʠʩʫʣʴʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ)                

(ʨʠʩʫʥʦʢ 9). 

 
 

ʈʠʩʫʥʦʢ 9 ï ʈʝʘʢʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʣʫʯʝʥʠʷ S-ɓ-ʎɼ-ʚʦʛʦ ʧʦʣʠʤʝʨʘ [49] 

 

ɼʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ S-ɓ-ʎɼ ʧʦʣʠʤʝʨʘ ʦʙʥʘʨʫʞʝʥʦ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʘʜʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʤʝʪʠʣʝʥʦʚʦʤʫ ʩʠʥʝʤʫ ʠ ʙʘʟʦʚʦʤʫ ʧʫʨʧʫʨʫ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʦʣʠʤʝʨʘʤʠ, ʥʝ ʩʦʜʝʨʞʘʱʠʤʠ ʩʫʣʴʬʦʥʘʪʥʳʝ ʛʨʫʧʧʳ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʎɼ-ʩʦʜʝʨʞʘʱʠʝ ʧʦʣʠʤʝʨʳ ʦʙʨʘʟʦʚʘʥʳ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʨʙʝʥʪʦʚ ʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ                          

ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ï ʚ ʤʝʜʠʮʠʥʝ, ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʨ.  

ʊʘʢʞʝ ʜʣʷ ʩʰʠʚʢʠ ʎɼ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʜʠʵʧʦʢʩʠʜʳ, ʜʠʠʟʦʮʠʦʥʘʪʳ, ʘʥʛʠʜʨʠʜʳ ʠ ʭʣʦʨʘʥʛʠʜʨʠʜʳ ʧʦʣʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ.  
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ɺ ʨʘʙʦʪʝ [50] c ʮʝʣʴʶ ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ ʵʪʦʢʩʠʣʠʨʦʚʘʥʥʳʭ 

ʥʦʥʠʣʬʝʥʦʣʦʚ ʠ ʪʨʠʙʫʪʠʣʬʝʥʦʣʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʧʦʣʫʯʝʥʳ 

ʨʘʩʪʚʦʨʠʤʳʝ ʎɼ ʧʦʣʠʤʝʨʳ. ʇʦʣʠʤʝʨʳ ʧʦʣʫʯʘʣʠ ʩʰʠʚʘʥʠʝʤ ɓ-ʎɼ ʠ ʝʛʦ 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʢʘʢ ʩ ʙʠʩʵʧʦʢʩʠʧʨʦʧʠʣʴʥʳʤ ʵʬʠʨʦʤ ʵʪʠʣʝʥʛʣʠʢʦʣʷ 

ʠ ʙʠʩʵʧʦʢʩʠʧʨʦʧʠʣʴʥʳʤ ʵʬʠʨʦʤ ʙʫʪʠʣʝʥʛʣʠʢʦʣʷ ʚ ʱʝʣʦʯʥʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʩ 

ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ. ʈʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʦʯʠʱʘʣʠ ʜʠʘʣʠʟʦʤ, ʩʦʜʝʨʞʘʥʠʝ ʎɼ ʚ 

ʣʠʦʬʠʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʘʭ ʠʟʤʝʨʷʣʠ ʤʝʪʦʜʦʤ ʠʦʜʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʢʦʥʮʝʚʳʭ ʛʨʫʧʧ ʧʦʩʣʝ ʛʠʜʨʦʣʠʟʘ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʎɼ ʧʦʣʠʤʝʨʘʭ ʦʧʨʝʜʝʣʷʣʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʤ ʪʠʪʨʦʚʘʥʠʝʤ. 

ʉʨʝʜʥʝʤʘʩʩʦʚʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʧʦʣʠʤʝʨʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʠʟʤʝʨʝʥʥʳʝ ʤʝʪʦʜʦʤ                

ʛʝʣʴ-ʧʨʦʥʠʢʘʶʱʝʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʩʦʩʪʘʚʣʷʣʠ ʦʢʦʣʦ 3500ï4000. ʅʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

 

ʊʘʙʣʠʮʘ 2 ï ʅʝʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʪʚʦʨʠʤʳʭ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ [50] 

 

 ̄

ʧʧ 

ʉʰʠʚʘʶʱʠʡ ʘʛʝʥʪ ʉʆʆ
- 
/ ʎɼ,  

ʤʦʣʷʨʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʉʦʜʝʨʞʘʥʠʝ ʎɼ, 

% 

1 ʵʧʠʭʣʦʛʠʜʨʠʥ - 64 

2 ʵʧʠʭʣʦʨʛʠʜʨʠʥ - 51 

3 ʵʧʠʭʣʦʨʛʠʜʨʠʥ 1,3 61 

4 ʵʧʠʭʣʦʨʛʠʜʨʠʥ 2,0 54 

5 ʙʠʩʵʧʦʢʩʠʧʨʦʧʠʣʴʥʳʡ ʵʬʠʨ 

ʵʪʠʣʝʥʛʣʠʢʦʣʷ 

- 59 

6 ʙʠʩʵʧʦʢʩʠʧʨʦʧʠʣʴʥʳʡ ʵʬʠʨ 

ʵʪʠʣʝʥʛʣʠʢʦʣʷ 

1,6 57 

7 ʙʠʩʵʧʦʢʩʠʧʨʦʧʠʣʴʥʳʡ ʵʬʠʨ 

ʙʫʪʠʣʝʥʛʣʠʢʦʣʷ 

- 66 

8 ʙʠʩʵʧʦʢʩʠʧʨʦʧʠʣʴʥʳʡ ʵʬʠʨ 

ʙʫʪʠʣʝʥʛʣʠʢʦʣʷ 

2,0 58 

 

 

ʉʪʫʧʝʥʯʘʪʳʡ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʫ ʧʦʣʠʤʝʨʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʘʤʝʪʨʘ 

ʛʠʜʨʦʬʦʙʥʳʭ ʩʫʙʩʪʨʘʪʦʚ. ʉʚʦʡʩʪʚʘ ʩʰʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʧʦʣʠʤʝʨʦʚ, ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ çʭʦʟʷʠʥ-ʛʦʩʪʴè ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚ ʧʦʣʠʤʝʨʘʭ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʣʦ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢʦʤʧʣʝʢʩʘ. 

ʉʰʠʚʘʥʠʝʤ 2-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-ɓ-ʎɼ (2-ʅʈ-ɓ-ʎɼ) ʵʪʠʣʝʥʛʣʠʢʦʣʴʜʠʛʣʠʮʠʣʦʚʳʤ ʵʬʠʨʦʤ ʚ 

ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ Rodriguez-Tenreiro C. ʩ ʩʦʪʨ. [51] ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ ʎɼ-ʛʠʜʨʦʛʝʣʠ ʩ 

ʭʦʨʦʰʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʥʘʩʪʨʘʠʚʘʝʤʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʧʦʛʣʦʱʝʥʠʶ ʠ 
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ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʘʤʬʠʬʠʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ʇʨʠ ʵʪʦʤ ʢʘʞʫʱʠʝʩʷ ʠ ʫʩʨʝʜʥʸʥʥʳʝ 

ʢʦʥʩʪʘʥʪʳ ʩʚʷʟʳʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʭ ʎɼ ʚ ʧʷʪʴ ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʘʥʘʣʦʛʦʚ. 

ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʥʘʣʠʯʠʝʤ ʧʦʣʠʤʝʨʥʦʡ ʩʝʪʢʠ ʠ ʩʪʝʨʠʯʝʩʢʠʤʠ 

ʟʘʪʨʫʜʥʝʥʠʷʤʠ ʧʨʠ ʛʠʜʨʦʬʦʙʥʦʤ ʚʢʣʶʯʝʥʠʠ ʣʝʢʘʨʩʪʚ ʚ ʎɼ ʧʦʣʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʠ-ʎɼ 

ʧʦʢʘʟʘʣʠ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʭʠʨʘʣʴʥʳʝ ʩʝʣʝʢʪʦʨʳ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʧʦʛʣʦʱʝʥʠʠ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʠ ʜʠʢʣʦʬʝʥʘʢʘ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʦʣʫʯʝʥʠʶ ʛʠʜʨʦʛʝʣʝʡ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʵʩʪʨʘʜʠʦʣʘ ʠ 

ʢʦʥʪʨʦʣʷ ʝʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʚʳʰʝ ʫʧʦʤʷʥʫʪʳʝ ʘʚʪʦʨʳ [52] ʧʨʦʚʝʣʠ ʩʰʠʚʘʥʠʝʤ                          

ʤʝʪʠʣ-ɓ-ʎɼ (ʄ-ɓ-ʎɼ), 2-ʅʈ-ɓ-ʎɼ ʠ ʩʫʣʴʬʦʙʫʪʠʣ-ɓ-ʎɼ (SB-ɓ-ʎɼ) ʜʠʛʣʠʮʠʜʠʣʦʚʳʤ ʵʬʠʨʦʤ 

ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʚ ʦʪʩʫʪʩʪʚʠʝ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʛʠʜʨʦʢʩʠʧʨʦʧʠʣʤʝʪʠʣʮʝʣʣʶʣʦʟʳ (ʅʈʄʉ) ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʘʚʪʦʢʣʘʚʘ ʠ ʙʝʟ ʥʝʛʦ. ʅʠʟʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ɓ-ʎɼ ʠ ʚʳʩʦʢʠʡ ʘʥʠʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ SB-ɓ-ʎɼ ʧʨʝʧʷʪʩʪʚʦʚʘʣʠ ʧʨʦʮʝʩʩʫ ʩʰʠʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʦʥʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʛʠʜʨʦʛʝʣʝʡ. ɻʠʜʨʦʛʝʣʠ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʄ-ɓ-ʎɼ ʠ 2-ʅʈ-ɓ-ʎɼ 

ʠʟʚʣʝʢʘʣʠ ʜʦ 24 ʤʛ ʵʩʪʨʘʜʠʦʣʘ ʥʘ ʛʨʘʤʤ ʩʤʦʣʳ, ʯʪʦ ʚ 500 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʢʦʣʠʯʝʩʪʚʦ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʪʚʦʨʝʥʦ ʚ ʚʦʜʥʦʡ ʬʘʟʝ. ʉʪʘʜʠʷ ʜʝʩʦʨʙʮʠʠ 

ʵʢʩʪʨʘʜʠʦʣʘ ʠʟ ʛʠʜʨʦʛʝʣʝʡ ʟʘʥʠʤʘʣʘ ʧʦʯʪʠ ʥʝʜʝʣʶ. 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʥʘʥʦʧʦʨʠʩʪʳʭ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʚ ʚʠʜʝ ʪʚʸʨʜʳʭ ʛʨʘʥʫʣ ʠ 

ʧʦʨʦʰʢʦʚ Ma M. ʩ ʩʦʪʨ. [53] ʢʦʥʜʝʥʩʠʨʦʚʘʣʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʎɼ-ʥʳ ʩ ʜʠʠʟʦʮʠʘʥʘʪʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1: 8 ʚ ʩʫʭʦʤ ʨʘʩʪʚʦʨʝ ɼʄʌɸ ʧʨʠ 70 Áʉ ʚ ʪʝʯʝʥʠʝ    

16ï24 ʯ (ʨʠʩʫʥʦʢ 10).  

 

 
 

 

ʈʠʩʫʥʦʢ 10 - ʉʭʝʤʘ ʩʠʥʪʝʟʘ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ 

 ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʠʟʦʮʠʘʥʘʪʦʚ [53] 

 

ɺ ʢʘʯʝʩʪʚʝ ʜʠʠʟʦʮʠʘʥʘʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʠʟʦʮʠʘʥʘʪ ʠ            

2,6-ʜʠʠʟʦʮʠʘʥʘʪ ʪʦʣʫʦʣʘ. ʂʦʥʜʝʥʩʘʮʠʷ ʧʨʦʪʝʢʘʣʘ ʩʦ 100 %-ʥʳʤ ʚʳʭʦʜʦʤ. ʍʠʤʠʯʝʩʢʦʝ 

ʧʨʝʚʨʘʱʝʥʠʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʢʦʪʦʨʘʷ 

ʧʦʢʘʟʳʚʘʣʘ ʧʦʣʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 2270 ʩʤ
-1
, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʠʟʦʮʠʘʥʘʪʥʦʡ 

ʛʨʫʧʧʳ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʥʦʧʦʨʠʩʪʳʝ ʧʦʣʠʤʝʨʳ ʜʦʩʪʠʛʘʣʠ ʸʤʢʦʩʪʠ ʜʦ 40 ʤʛ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ ʥʘ 1ʩʤ
3
 ʩʦʨʙʝʥʪʘ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʠʥʪʝʟʫ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ                  

ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ, Binello A. ʩ ʩʦʪʨ. [54] ʧʨʠʤʝʥʠʣʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʡ 

ʫʣʴʪʨʘʟʚʫʢ ʧʨʠ ʩʰʠʚʘʥʠʠ ɓ-ʎɼ ʵʧʠʭʣʦʨʛʠʜʨʠʥʦʤ, ʜʠʬʝʥʠʣʢʘʨʙʦʥʘʪʦʤ ʠ 

ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʠʟʦʮʠʘʥʘʪʦʤ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʠ 
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ʙʦʣʝʝ ʫʟʢʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʘʟʤʝʨʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʯʘʩʪʠʮ. ʉʭʝʤʳ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 11 ʠ 12.  

 

 
 

ʈʠʩʫʥʦʢ 11 ï ʉʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʝʪʯʘʪʳʭ ʧʦʣʠʤʝʨʦʚ [54] 

 

 

 

 
 

ʈʠʩʫʥʦʢ 12 ï ʉʠʥʪʝʟ ɓ-ʎɼ-AMB ʧʦʣʠʤʝʨʘ, ʩʰʠʪʦʛʦ ʯʝʨʝʟ ʚʪʦʨʠʯʥʳʝ ʆʅ-ʛʨʫʧʧʳ [54] 

 

 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʪʯʘʪʳʝ ʧʦʣʠʤʝʨʳ ʵʬʬʝʢʪʠʚʥʦ ʩʝʢʚʝʩʪʨʠʨʫʶʪ ʥʘʨʠʥʛʠʥ ʠʟ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʦʙʨʘʟʫʷ ʢʦʤʧʣʝʢʩʳ ʚʢʣʶʯʝʥʠʷ ʩ ʧʨʝʧʘʨʘʪʦʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʥʠ ʤʦʛʫʪ ʣʝʛʢʦ 

ʨʝʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʧʨʦʪʠʚʦʪʦʯʥʳʤ ʧʨʦʤʳʚʘʥʠʝʤ ʵʪʘʥʦʣʦʤ ʙʝʟ ʟʘʤʝʪʥʦʡ ʧʦʪʝʨʠ 

ʩʝʢʚʝʩʪʨʘʮʠʦʥʥʦʡ ʩʠʣʳ. ʈʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʤʝʨʳ ʩ ʫʩʧʝʭʦʤ ʤʘʩʢʠʨʦʚʘʣʠ ʟʘʧʘʭʠ ʮʠʪʨʫʩʦʚʳʭ, 

ʬʣʘʚʘʥʦʠʜʦʚ ʠ ʣʠʤʦʥʠʥʘ. 

Tang S. ʩ ʩʦʪʨ. [55] ʧʦʣʫʯʠʣʠ ʎɼ-ʩʦʜʝʨʞʘʱʠʝ ʩʝʪʯʘʪʳʝ ʧʦʣʠʤʝʨʳ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ                 

ɓ-ʎɼ ʩ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʠʟʦʮʠʘʥʘʪʦʤ ʚ ʩʫʭʦʤ ʧʠʨʠʜʠʥʝ ʧʨʠ 65 Áʉ ʚ ʪʝʯʝʥʠʝ 2 ʯ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʩʰʠʪʦʛʦ ʧʦʣʠʤʝʨʘ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʧʦʤʝʱʘʣʠ ʚ ʘʮʝʪʦʥʦʚʫʶ ʩʨʝʜʫ. 
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ʇʦʣʫʯʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ʧʦʢʘʟʳʚʘʣʠ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʘʜʩʦʨʙʮʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʘʤʠʥʦʢʠʩʣʦʪ ʠʟ ʬʦʩʬʘʪʥʳʭ ʙʫʬʝʨʥʳʭ ʩʨʝʜ. 

ɺ ʨʘʙʦʪʝ Cadars S. ʩ ʩʦʪʨ. [56] ʎɼ-ʧʦʣʠʤʝʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʜʝʥʩʘʮʠʝʡ 3,6-ʘʥʛʠʜʨʦ-Ŭ-

ʎɼ-ʥʘ ʩ ʛʝʢʩʘʤʝʪʠʣʝʥʜʠʠʟʦʮʠʘʥʘʪʦʤ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʥʦʚʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʨʷʜ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʵʢʩʪʨʘʛʝʥʪʦʚ ʭʨʦʤʘʪ- ʠ ʜʠʭʨʦʤʘʪ-ʠʦʥʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʵʢʩʪʨʘʢʮʠʷ ʭʨʦʤʘ ʚʳʩʦʢʘ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʷ ʧʦʣʠʤʝʨʦʚ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʝʛʝʥʝʨʠʨʦʚʘʥʳ. ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ ʎɼ-ʧʦʣʠʤʝʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 13. 

 
 

ʈʠʩʫʥʦʢ 13 ï ʉʪʨʫʢʪʫʨʘ ʎɼ-ʧʦʣʠʤʝʨʘ [56] 

 

 

ʇʨʦʜʦʣʞʘʷ ʩʪʨʘʪʝʛʠʶ ʩʠʥʪʝʟʘ ʘʚʪʦʨʦʚ [56], Gerbaud G. ʩ ʩʦʪʨ. [57] ʢʦʥʜʝʥʩʠʨʦʚʘʣʠ  

3,6-ʘʥʛʠʜʨʦ-Ŭ-ʎɼ ʩ 2,4-ʜʠʠʟʦʮʠʘʥʘʪʪʦʣʫʦʣʦʤ, 1,4-ʜʠʠʟʦʮʠʘʥʘʪʬʝʥʠʣʝʥʦʤ,                              

1,6-ʜʠʠʟʦʮʠʘʥʘʪʛʝʢʩʘʥʦʤ ʠ 1,12-ʜʠʠʟʦʮʠʘʥʘʪʜʦʜʝʢʘʥʦʤ ʚ ʢʘʯʝʩʪʚʝ ʤʦʩʪʠʢʦʚʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. ɺʘʨʠʘʮʠʷ ʨʘʟʤʝʨʘʤʠ ʠ ʩʪʨʫʢʪʫʨʦʡ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʧʦ ʩʪʨʘʪʝʛʠʠ ʘʚʪʦʨʦʚ 

ʤʦʛʣʘ ʠʟʤʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʧʦʣʦʩʪʠ ʎɼ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ 

ʵʢʩʪʨʘʢʮʠʦʥʥʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦʣʠʤʝʨʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʥʘʤ ʭʨʦʤʘ. ʉʪʨʫʢʪʫʨʘ 

ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʜʘʥʥʳʤʠ ʦʜʥʦ- ʠ ʜʚʫʤʝʨʥʦʡ ʪʚʝʨʜʦʬʘʟʥʦʡ       

ʗʄʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 14. ʇʦʣʫʯʝʥʥʳʝ ʩʦʨʙʝʥʪʳ ʨʝʢʦʤʝʥʜʦʚʘʥʳ 

ʘʚʪʦʨʘʤʠ ʜʣʷ ʵʢʩʪʨʘʢʮʠʠ ʜʠʭʨʦʤʘʪ-ʠʦʥʦʚ ʠʟ ʚʦʜʥʳʭ ʩʨʝʜ. 

Appell M. ʩ ʩʦʪʨ. [58] ʧʦʣʫʯʠʣʠ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʫʨʝʪʘʥ-ɓ-ʎɼ ʧʦʣʠʤʝʨʳ, ʩʰʠʚʘʷ 

ʮʠʢʣʠʯʝʩʢʠʡ ʧʦʣʠʩʘʭʘʨʠʜ 2,4-ʜʠʠʟʦʮʠʘʥʘʪʪʦʣʫʠʣʝʥʦʤ. ʎɼ ʧʦʣʠʤʝʨ ʧʨʦʷʚʠʣ ʩʧʦʩʦʙʥʦʩʪʴ 

ʵʢʩʪʨʘʛʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚ ʷʙʣʦʯʥʦʤ ʩʦʢʝ ʤʠʢʦʪʦʢʩʠʥ (ʧʘʪʫʣʠʥ). ʇʘʪʫʣʠʥ ï 

ʤʠʢʦʪʦʢʩʠʥ, ʧʨʦʜʫʮʠʨʫʝʤʳʡ ʛʨʠʙʘʤʠ, ʢʦʪʦʨʳʡ ʟʘʛʨʷʟʥʷʝʪ ʬʨʫʢʪʳ, ʩʦʢʠ ʠ ʜʨʫʛʠʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʪʦʚʘʨʳ. ʉʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʫʨʝʪʘʥʘ-ɓ-ʎɼ ʦʮʝʥʠʚʘʣʠ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ ʫʜʘʣʷʪʴ ʧʘʪʫʣʠʥ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʚʢʣʶʯʘʷ ʷʙʣʦʯʥʳʡ ʩʦʢ. ɸʥʘʣʠʟʳ ʠʟʦʪʝʨʤʳ 

ʌʨʝʡʥʜʣʠʭʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ ʩʪʝʧʝʥʴʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. 

ʂʚʘʥʪʦʚʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʪʫʣʠʥʘ ʠ ɓ-ʎɼ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʛʦ PM3 ʤʝʪʦʜʘ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʘʪʫʣʠʥ ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴʩʷ ʩ 

ʧʦʣʠʤʝʨʦʤ ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʘʭ (ʨʠʩʫʥʦʢ 15) ʩ ʫʯʘʩʪʠʝʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ.  
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ʈʠʩʫʥʦʢ 14 ï ʉʪʨʫʢʪʫʨʘ ʎɼ-ʧʦʣʠʤʝʨʦʚ [57] 

 

 

 

 
 

   

   

 

 

ʈʠʩʫʥʦʢ 15 ï ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʚʷʟʳʚʘʥʠʝ ʧʘʪʫʣʠʥʘ  

ʩ ɓ-ʎɼ, ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʘʭ ʧʨʠʚʷʟʢʠ [58] 

 

ɸʥʛʠʜʨʠʜʳ ʤʘʣʝʠʥʦʚʦʡ [59] ʠ ʷʥʪʘʨʥʦʡ [60] ʢʠʩʣʦʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʰʠʚʘʥʠʷ ɓ-ʎɼ ʚ 

ʙʝʟʚʦʜʥʦʤ ɼʄʌɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ NaH. Girek T. ʩ ʩʦʪʨ. ʧʦʣʘʛʘʶʪ, ʯʪʦ ʎɼ ʣʝʛʢʦ ʨʝʘʛʠʨʫʝʪ ʩ 

ʛʠʜʨʠʜʦʤ ʥʘʪʨʠʷ ʩ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝʤ ʛʠʜʨʦʢʩʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʦʩʥʦʚʥʦʤ ʚ ʉ-2 ʧʦʣʦʞʝʥʠʠ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʟʚʝʥʘ. ʇʘʨʘʣʣʝʣʴʥʦ ʧʨʦʪʝʢʘʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʘʷ ʥʫʢʣʝʦʬʠʣʴʥʘʷ ʟʘʤʝʥʘ ʫ 

ʘʪʦʤʘ ʉ-3 ʎɼ ʩ ʧʨʝʚʨʘʱʝʥʠʝʤ ʚ 2,3-ʵʧʦʢʩʠʜʥʫʶ ʛʨʫʧʧʠʨʦʚʢʫ ʎɼ. ʋ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʠʤʝʨʦʚ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʚʦʟʨʘʩʪʘʣʘ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 130 Áʉ, ʜʦʩʪʠʛʘʷ 200000. 

ʇʦʟʜʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʧʦʣʠʤʝʨʳ ʧʦʜʚʝʨʛʥʫʪʳ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʠ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ [61, 62], ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʧʦʣʠʤʝʨʦʚ ʩ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʧʪʠʤʘʣʴʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʘ ʥʘ ʦʩʥʦʚʝ 

ʷʥʪʘʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʷʚʣʷʶʪʩʷ 1 ʤʦʣʴ ɓ-ʎɼ ʥʘ 7 ʤʦʣʴ ʘʥʛʠʜʨʠʜʘ ʠ 7 ʤʦʣʴ ɼʄʌɸ ʧʨʠ 100 Áʉ, 
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ʪʦʛʜʘ ʢʘʢ ʚ ʩʣʫʯʘʝ ʤʘʣʝʠʥʦʚʦʛʦ ʘʥʛʠʜʨʠʜʘ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 1:4:4 ʧʨʠ ʪʦʡ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

Gu T. ʩ ʩʦʪʨ. [63] ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʎɼ-

ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʨʝʘʢʮʠʝʡ ʘʥʛʠʜʨʠʜʘ 1,2,4,5-ʙʝʥʟʦʣʪʝʪʨʘʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ                

ʎɼ-ʥʘʤʠ. ɺʳʙʦʨ ʚ ʢʘʯʝʩʪʚʝ ʩʰʠʚʘʶʱʝʛʦ ʘʛʝʥʪʘ ʘʥʛʠʜʨʠʜʘ 1,2,4,5-ʙʝʥʟʦʣʪʝʪʨʘʢʘʨʙʦʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʘʨʛʫʤʝʥʪʠʨʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʩʰʠʚʘʶʱʠʡ ʘʛʝʥʪ ʥʝ ʚʝʣʠʢ ʧʦ 

ʨʘʟʤʝʨʘʤ ʠ ʫʩʪʦʡʯʠʚʳʡ ʧʦ ʩʪʨʫʢʪʫʨʝ. ɸʥʛʠʜʨʠʜ ʧʦʣʠʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠʤʝʝʪ ʯʝʪʳʨʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʠ ʦʯʝʥʴ ʧʨʦʯʥʦʝ ʘʨʦʤʘʪʠʯʝʩʢʦʝ ʢʦʣʴʮʦ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʠ ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʠʣʴʥʦ ʩʰʠʪʳʡ ʩʦʧʦʣʠʤʝʨ ʩ ʎɼ ʧʫʪʝʤ ʵʪʝʨʠʬʠʢʘʮʠʠ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 

ʎɼ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʇʨʦʚʝʜʸʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʜʪʚʝʨʜʠʣʠ ʛʠʧʦʪʝʟʫ ʫʯʸʥʳʭ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʦʣʠʤʝʨʳ ʩʦʜʝʨʞʘʣʠ ʜʦ 70 ʤʘʩ.% ʎɼ-ʥʘ. 

ɹʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ ʎɼ ʚ ʩʤʦʣʝ ʫʚʝʣʠʯʠʣʦ ʧʣʦʪʥʦʩʪʴ ʧʦʣʠʤʝʨʘ ʜʦ 3 ʛ/ʩʤ
3
 ʠ ʧʨʠʚʝʣʦ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʩʢʦʨʦʩʪʠ ʥʘʙʫʭʘʥʠʷ ʚ ʚʦʜʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ 

ʧʦʣʠʤʝʨ ʦʙʣʘʜʘʣ ʧʦʚʳʰʝʥʥʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʤʦʣʝʢʫʣʘʤ ʬʝʥʠʣʘʣʘʥʠʥʘ, 

ʪʨʠʧʪʦʬʘʥʘ ʠ ʘʩʧʘʨʪʘʤʘ. 

ʉʠʥʪʝʟ ʧʦʣʠ-ɓ-ʎɼ Flores J. c ʩʦʪʨ. [64] ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʰʠʚʘʥʠʝʤ ɓ-ʎɼ ʭʣʦʨʘʥʛʠʜʨʠʜʦʤ 

ʘʜʠʧʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʩʫʭʦʤ ɼʄʌɸ (ʨʠʩʫʥʦʢ 16).  

 

 

 
 

 

ʈʠʩʫʥʦʢ 16 ï ʉʠʥʪʝʟ ʧʦʣʠ-ɓ-ʎɼ-ʥʘ [64] 

 

 

ʇʦʣʫʯʝʥʥʳʡ ʧʦʣʠʤʝʨʥʳʡ ʧʨʦʜʫʢʪ ʩʦʭʨʘʥʷʣ ʨʝʮʝʧʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ɓ-ʎɼ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʢʦʪʦʨʳʤ ʧʨʦʠʟʚʦʜʥʳʤ ʬʝʥʦʣʘ. ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 

ʨʝʘʛʠʨʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʤʦʣʷʨʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʭʣʦʨʘʥʛʠʜʨʠʜʘ 

ʩ 1:6 ʜʦ 1:10 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʎɼ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʥʦʡ ʩʰʠʚʢʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʠʤʝʨʘ. ʆʧʪʠʤʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʫʶʱʝʡʩʷ ʧʦʣʠʤʝʨʥʦʡ ʎɼ ʤʘʪʨʠʮʳ ʥʘʙʣʶʜʘʣʠʩʴ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

ʨʝʘʛʝʥʪʦʚ 1:8. ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʚʪʦʨʘʤʠ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʎɼ-ʩʦʜʝʨʞʘʱʝʛʦ ʧʦʣʠʤʝʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 17.  

Martel B. c ʩʦʪʨ. [65] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʢʦʥʜʝʥʩʠʨʦʚʘʣʠ 

ʥʘʪʠʚʥʳʝ ʎɼ ʠ ʥʝʢʦʪʦʨʳʝ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʩ ʧʦʣʠʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ (PCA): ʣʠʤʦʥʥʦʡ 

(CTR), 1,2,3,4-ʙʫʪʘʥʪʝʪʨʘʢʘʨʙʦʥʦʚʦʡ (BTCA) ʠ ʧʦʣʠʘʢʨʠʣʦʚʦʡ (PAA) ʢʠʩʣʦʪʘʤʠ. ʈʝʘʢʮʠʠ 

ʧʨʦʚʦʜʠʣʠ ʚ ʙʝʟʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 140ÁC ʠ ʚʳʰʝ. ʇʨʝʜʧʦʣʘʛʘʝʤʳʡ ʘʚʪʦʨʘʤʠ 

ʤʝʭʘʥʠʟʤ ʢʦʥʜʝʥʩʘʮʠʠ ʎɼ-ʥʦʚ ʩ ʧʦʣʠʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 18. 
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ʈʠʩʫʥʦʢ 17 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʚʷʟʝʡ ʚ ʧʦʣʠ-ɓ-ʎɼ [64] 

      

 

 
 

ʈʠʩʫʥʦʢ 18 ï ʄʝʭʘʥʠʟʤ ʧʦʣʠʵʪʝʨʠʬʠʢʘʮʠʠ  ʧʦʣʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʩ ʎɼ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʪʨʠ ʠ ʙʦʣʝʝ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ (n=0 ʠʣʠ 1) [65] 

 

ʇʦʚʳʰʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʧʦʣʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʨʘʩʪʚʦʨʠʤʳʭ 

ʧʦʣʠʤʝʨʦʚ. ɺ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʨʘʩʪʚʦʨʠʤʳʝ ʧʦʣʠʤʝʨʳ. ɺʣʠʷʥʠʝ ʥʘ ʚʳʭʦʜ 

ʨʘʩʪʚʦʨʠʤʳʭ ʎɼ-ʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ ʦʪ ʧʨʠʨʦʜʳ ʎɼ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 19. 
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ʈʠʩʫʥʦʢ 19 ï ɺʳʭʦʜ ʨʘʩʪʚʦʨʠʤʳʡ ʬʨʘʢʮʠʡ ʧʦʣʠ-CTR-ʎɼ (ʪʝʤʧʝʨʘʪʫʨʘ 140 ÁC, 

 ʧʦʥʠʞʝʥʥʦʝ ʜʘʚʣʝʥʠʝ, ʤʦʣʷʨʥʦʝ ʦʪʥʦʰʝʥʠʝ CTR / ʎɼ = 5, ʚʨʝʤʷ ʨʝʘʢʮʠʠ - 30 ʤʠʥ) [65] 


