
1 

 

 
  



2 

 

  



3 

 

ʂʈʀʉʊɸʃʃʆʍʀʄʀʗ ʍʃʆʈʀʊɸ Cu-AuïMo ʄʀʍɽɽɺʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

(ʖ. ʋʈɸʃ): ʊʀʇʆʄʆʈʌʀɿʄ, ʆʊʈɸɾɽʅʀɽ ʀʉʊʆʈʀʀ ʈɸɿɺʀʊʀʗ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗ. 

  

ʉ.ʉ. ɸʙʨʘʤʦʚ 
1
, ʆ.ʖ. ʇʣʦʪʠʥʩʢʘʷ 

1
, ɽ.ʆ. ɻʨʦʟʥʦʚʘ 

1, 2 

     1 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ, ʛʝʦʭʠʤʠʠ 

ʈɸʅ, ʛ. ʄʦʩʢʚʘ, westabra@yandex.ru 

     2 ʀʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʈɸʅ, ʛ. ʏʝʨʥʦʛʦʣʦʚʢʘ, grozelena@yandex.ru 

 

ʄʠʭʝʝʚʩʢʦʝ Cu-Au-Mo ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʖ. ʋʨʘʣ, ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʴ) ʩʚʷʟʘʥʦ ʩ 

ʧʦʨʬʠʨʦʚʳʤ ʤʘʛʤʘʪʠʟʤʦʤ ʜʠʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ (Plotinskaya et.al, 2016). ʄʝʩʪʦʨʦʞʜʝʥʠʝ 

ʧʨʠʫʨʦʯʝʥʦ ʢ ʧʦʷʩʫ ʜʘʝʢ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ ʠ ʠʭ ʧʦʨʬʠʨʦʚʳʭ ʨʘʟʥʦʩʪʝʡ, ʢʦʪʦʨʳʡ 

ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦ ʤʝʞʜʫ ʜʚʫʤʷ ʢʨʫʧʥʳʤʠ ʰʪʦʢʘʤʠ ʜʠʦʨʠʪʦʚ (D3-C1), 

ʚʥʝʜʨʠʚʰʠʭʩʷ ʚ ʜʝʚʦʥʩʢʠʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ. ʇʦʨʬʠʨʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʦʨʥʠʪ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, 

ʩʤʝʥʷʶʱʝʡʩʷ ʚʦ ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʭʘʣʴʢʦʧʠʨʠʪʦʚʦʡ, ʧʠʨʠʪ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʦʡ ʠ ʧʠʨʠʪʦʚʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʉʦʧʫʪʩʪʚʫʶʱʠʝ ʧʦʨʬʠʨʦʚʦʡ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚʪʦʨʠʯʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʤʝʱʝʥʳ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʤʠʥʝʨʘʣʘʤʠ: ʵʧʠʜʦʪʦʤ, ʧʨʝʥʠʪʦʤ, 

ʧʫʤʧʝʣʣʠʠʪʦʤ, ʭʣʦʨʠʪʦʤ. ʀʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʭʣʦʨʠʪʘ ʚ ʦʨʝʦʣʘʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʥʘʰʝ ʧʦʥʠʤʘʥʠʝ ʦ ʛʝʥʝʟʠʩʝ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʊʠʧʦʤʦʨʬʠʟʤ ʭʣʦʨʠʪʘ. ʅʘʠʙʦʣʝʝ ʨʘʥʥʠʡ ʭʣʦʨʠʪ-1 ʦʙʨʘʟʫʝʪʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ 

ʘʢʪʠʥʦʣʠʪʦʤ ʠ ʧʫʤʧʝʣʣʠʠʪʦʤ ʚ ʦʪʦʨʦʯʢʘʭ ʧʘʨʛʘʩʠʪʦʚʦʛʦ ʚʪʦʨʠʯʥʦʛʦ ʘʤʬʠʙʦʣʘ ʠ ʧʨʠ 

ʟʘʤʝʱʝʥʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʙʠʦʪʠʪʘ ʧʦʨʬʠʨʦʚʦʛʦ ʦʨʝʦʣʘ. ʍʣʦʨʠʪ ʵʪʦʛʦ ʪʠʧʘ ʥʝ ʟʦʥʘʣʝʥ, 

ʦʙʨʘʟʫʝʪ ʣʠʙʦ ʩʧʣʦʰʥʳʝ ʤʘʩʩʳ ʚ ʙʘʟʠʩʝ ʠʟʤʝʥʷʝʤʳʭ ʧʦʨʦʜ, ʣʠʙʦ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ 

ʙʠʦʪʠʪʫ. ʉʫʜʷ ʧʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʤʠʥʝʨʘʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʵʪʦʤʫ ʪʠʧʫ 

ʠʟʤʝʥʝʥʠʡ, ʩʝʢʫʪ ʠ ʮʝʤʝʥʪʠʨʫʶʪ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ.  

ʕʪʦʪ ʭʣʦʨʠʪ ʚʳʪʝʩʥʷʝʪʩʷ ʤʘʩʩʠʚʥʳʤʠ ʨʘʜʠʘʣʴʥʦ-ʣʫʯʠʩʪʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʭʣʦʨʠʪʘ-2 ʩ 

ʭʦʨʦʰʦ ʧʨʦʷʚʣʝʥʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ: ʷʜʨʦ ʤʘʛʥʝʟʠʘʣʴʥʦʝ (Xʄg ï 60ï70), ʢʨʘʷ ï ʞʝʣʝʟʠʩʪʳʝ. 

ʂʨʘʝʚʳʝ ʯʘʩʪʠ ʪʘʢʠʭ ʭʣʦʨʠʪʦʚ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʧʠʨʠʪʦʤ. ʍʘʣʴʢʦʧʠʨʠʪ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʘʭʦʜʠʪʩʷ ʚ ʵʧʠʜʦʪʦʚʦʡ ʨʫʙʘʰʢʝ. ɺ ʵʪʦʡ ʞʝ ʘʩʩʦʮʠʘʮʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʫʤʧʝʣʣʠʠʪ, 

ʩʝʨʠʮʠʪ, ʤʠʢʨʦʢʣʠʥ, ʘʣʴʙʠʪ, ʨʫʪʠʣ, ʪʠʪʘʥʠʪ.  

ʇʦʨʦʜʳ ʩ ʭʣʦʨʠʪʦʤ-1 ʠ ʭʣʦʨʠʪʦʤ-2 ʩʝʢʫʪʩʷ ʣʠʙʦ ʧʨʝʥʠʪ-ʵʧʠʜʦʪʦʚʳʤʠ, ʧʨʝʥʠʪ-

ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ, ʘʛʨʝʛʘʪʘʤʠ, ʣʠʙʦ ʟʘʤʝʱʘʶʪʩʷ ʬʠʣʣʠʟʠʪʘʤʠ. ʌʠʣʣʠʟʠʪʳ ʩʦʩʪʦʷʪ ʠʟ 

ʩʝʨʠʮʠʪʘ, ʢʘʨʙʦʥʘʪʘ, ʭʣʦʨʠʪʘ-3, ʨʫʪʠʣʘ. ʉ ʬʠʣʣʠʟʠʪʘʤʠ ʩʚʷʟʘʥʳ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʝ 

ʧʨʦʞʠʣʢʠ ʩ ʤʦʣʠʙʜʝʥʠʪʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. ʍʣʦʨʠʪ-3 ʧʨʝʜʩʪʘʚʣʝʥ ʩʪʨʫʡʯʘʪʳʤʠ, 

ʚʦʡʣʦʢʦʦʙʨʘʟʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ. ʅʝʨʝʜʢʦ ʚ ʪʝʩʥʦʤ ʩʨʘʩʪʘʥʠʠ ʩ ʭʣʦʨʠʪʦʤ-3 ʦʪʤʝʯʘʝʪʩʷ 

ʛʣʠʥʠʩʪʘʷ ʩʤʝʢʪʠʪʦʧʦʜʦʙʥʘʷ ʬʘʟʘ.  

ɺʘʨʠʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʭʣʦʨʠʪʦʚ. ʉʦʩʪʘʚʳ ʭʣʦʨʠʪʦʚ ʄʠʭʝʝʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤʝʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ. ʍʣʦʨʠʪ-1ï2 ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʩʪʘʚʘʤʠ 

ʢʣʠʥʦʭʣʦʨ+ʜʘʬʥʠʪ (80ï70 ʤʦʣ %), ʩ ʟʘʤʝʪʥʦʡ ʜʦʣʝʡ ʘʤʝʟʠʪʦʚʦʡ ʤʦʣʝʢʫʣʳ (10ï30 ʤʦʣ %). ɺ 

ʭʣʦʨʠʪʝ-3 ʫʜʝʣʴʥʘʷ ʜʦʣʷ ʢʣʠʥʦʭʣʦʨʘ+ʜʘʬʥʠʪ ʦʩʪʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʦʡ, ʘ ʘʤʝʟʠʪ 

ʚʳʪʝʩʥʷʝʪʩʷ ʩʫʜʦʠʪʦʤ (ʜʦ 10ï30 ʤʦʣ %). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ (ʭʣʦʨʠʪ-

1 ʠ ʭʣʦʨʠʪ-2) ʩʦʩʪʘʚ ʭʣʦʨʠʪʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʭʝʤʘʤʠ MgFe-1 (ʢʣʠʥʦʭʣʦʨ-ʜʘʬʥʠʪ), ʠ 

ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʠʤ Al2(Mg,Fe)-3 (ʢʣʠʥʦʭʣʦʨ-ʘʤʝʟʠʪ), ʘ ʜʣʷ ʭʣʦʨʠʪʘ-3 ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʩʭʝʤʦʡ 

ʠʟʦʤʦʨʬʠʟʤʘ ʷʚʣʷʶʪʩʷ ʏʝʨʤʘʢʦʚʳʡ ʦʙʤʝʥ 
IV

Al
VI

AlSi-1(MgFe)-1 (ʢʣʠʥʦʭʣʦʨ-ʩʫʜʦʠʪ).  

ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨʠʪʘ. ʉʦʩʪʘʚ ʭʣʦʨʠʪʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʤ 

ʪʝʨʤʦʤʝʪʨʦʤ. ɼʣʷ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨ ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨʠʪʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʪʝʨʤʦʤʝʪʨ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʘʪʠʦʥʦʚ ʚ ʦʙʤʝʥʥʳʭ ʨʝʘʢʮʠʷʭ ʠʜʝʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʭʣʦʨʠʪʘ ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʚʘʨʮʝʤ (Lanary, Wagner, Vidal, 2004). ʆʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨ ʦʙʨʘʟʦʚʘʥʠʷ 

ʭʣʦʨʠʪʘ-1 ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 360ï300 
ʦ
ʉ, ʭʣʦʨʠʪʘ-2 ï ʚ ʠʥʪʝʨʚʘʣʝ 300ï250 

ʦ
ʉ. ʅʘʠʙʦʣʝʝ 

ʧʦʟʜʥʠʡ ʭʣʦʨʠʪ-3 ʠʟ ʬʠʣʣʠʟʠʪʦʚ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 250ï170 
ʦ
ʉ. 

ʇʦʩʢʦʣʴʢʫ ʠʟʤʝʥʝʥʠʷ ʚ ʤʝʪʘʙʘʟʠʪʘʭ ʚ ʦʨʝʦʣʝ ʄʠʭʝʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
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ʨʘʚʥʦʤʝʨʥʳʤ ʧʦʚʩʝʤʝʩʪʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʘ ʥʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ  ʢʦʥʪʘʢʪʘʤʠ 

ʧʨʦʞʠʣʢʦʚ ʩ ʤʝʪʘʙʘʟʠʪʘʤʠ, ʜʣʷ ʦʮʝʥʦʢ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ c 

ʧʫʤʧʝʣʠʠʪʦʤ, ʘʢʪʠʥʦʣʠʪʦʤ, ʩʝʨʠʮʠʪʦʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʧʩʝʚʜʦʩʝʯʝʥʠʡ, Perplex 

6.7.1 (Connolly, 2005). ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʢʪʠʥʦʣʠʪ-ʩʝʨʠʮʠʪ-ʭʣʦʨʠʪ-

ʧʫʤʧʝʣʣʠʠʪʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪʚʝʯʘʶʪ ʪʝʤʧʝʨʘʪʫʨʘʤ 330ï280
 ʦ
ʉ ʠ ʠʥʪʝʨʚʘʣʫ ʜʘʚʣʝʥʠʡ 3,8ï

4,5 ʢʙʘʨ, ʤʘʢʩʠʤʫʤ ʪʝʤʧʝʨʘʪʫʨ (350 
ʦ
ʉ) ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʘʢʪʠʥʦʣʠʪ-ʵʧʠʜʦʪ-ʩʝʨʠʮʠʪʦʚʳʭ 

ʠʟʤʝʥʝʥʠʷʭ. ɼʘʣʝʝ ʜʘʚʣʝʥʠʷ ʩʥʠʞʘʣʠʩʴ ʠ ʜʣʷ ʧʨʝʥʠʪʩʦʜʝʨʞʘʱʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʦʥʠ ʥʝ 

ʧʨʝʚʳʰʘʣʠ 2ï3,5 ʢʙʘʨ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 250ï300
 ʦ
ʉ. ʊ.ʝ. ʥʘ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʣʦʨʠʪʦʚ-

1ï2 ʧʨʝʦʙʣʘʜʘʣʠ ʦʙʩʪʘʥʦʚʢʠ ʩʫʙʠʟʦʪʝʨʤʘʣʴʥʦʡ ʜʝʢʦʤʧʨʝʩʩʠʠ. ʅʝʟʘʚʠʩʠʤʘʷ ʦʮʝʥʢʘ ʜʘʚʣʝʥʠʡ 

ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʵʪʦʛʦ ʵʪʘʧʘ ʧʦ ʨʘʚʥʦʚʝʩʠʶ Cz+Ru+Qtz=Tnt+An +H2O (Kapp, 

Manning, Troppe) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʚʣʝʥʠʷ ʥʘʭʦʜʠʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ 4,5ï6 ʢʙʘʨ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʧʩʝʚʜʦʩʝʯʝʥʠʡ. ʆʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨ 

ʦʙʨʘʟʦʚʘʥʠʷ ʭʣʦʨʠʪʘ-3 ʠʟ ʬʠʣʣʠʟʠʪʦʚ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʞʠʣʴʥʳʭ ʤʠʥʝʨʘʣʘʭ ʬʠʣʣʠʟʠʪʦʚ (Groznova et.al, 2015) ʩʦʚʧʘʜʘʶʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ 

ʙʣʠʟʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ. ɼʘʚʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʬʠʣʣʠʪʠʟʠʨʦʚʘʥʥʳʝ ʧʦʨʦʜʳ, ʪʘʢʞʝ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʩʦʩʪʘʚʘʤ ʧʦʣʠʬʘʟʥʳʭ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ 

ʚʢʣʶʯʝʥʠʡ ʠʟ ʤʠʥʝʨʘʣʦʚ ʬʠʣʣʠʟʠʪʦʚ ï 0.2ï0.6 ʢʙʘʨ (Groznova et.al, 2015). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʩʪʘʚʳ ʭʣʦʨʠʪʘ ʠʟ ʟʦʥ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝʩʫʪ 

ʛʝʥʝʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʈʘʥʥʠʝ ʭʣʦʨʠʪʳ-1ï2 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʧʫʤʧʝʣʣʠʠʪ-ʘʢʪʠʥʦʣʠʪʦʚʦʡ ʠ ʦʪʯʘʩʪʠ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʠ ʫʤʝʨʝʥʥʦ-ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺʦʟʤʦʞʥʦ, ʵʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʩʦʭʨʘʥʝʥʠʶ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦʨʬʠʨʦʚʦʛʦ 

(ʜʦʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ) ʵʪʘʧʘ ʧʨʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʨʦʜ. ɼʘʣʝʝ ʙʣʦʢ 

ʧʦʨʦʜ ʄʠʭʝʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣ ʧʦʜʥʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʄʦʣʠʙʜʝʥʠʪʩʦʜʝʨʞʘʱʠʝ 

ʬʠʣʣʠʟʠʪʳ ʩ ʭʣʦʨʠʪʦʤ-3 ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʤʘʣʦʛʣʫʙʠʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʫʜʷ ʧʦ ʥʘʙʦʨʫ 

ʤʠʥʝʨʘʣʦʚ (ʩʝʨʠʮʠʪ, ʢʘʨʙʦʥʘʪ, ʢʚʘʨʮ) ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʙʣʠʟʢʠ ʢ ʙʝʨʝʟʠʪ-ʣʠʩʪʚʝʥʠʪʦʚʦʤʫ ʪʠʧʫ. 

ʇʦ ʤʝʨʝ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʬʠʣʣʠʟʠʪʳ ʩʤʝʥʷʶʪʩʷ ʘʨʛʠʣʣʠʟʠʪʘʤʠ, ʛʜʝ ʭʣʦʨʠʪ-3 

ʚʳʪʝʩʥʷʝʪʩʷ ʢʘʦʣʠʥʠʪ-ʩʤʝʢʪʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʝʡ. ɺʦʟʤʦʞʥʦ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʟʦʣʦʪʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʘ ʵʪʦʤ ʵʪʘʧʝ (ɸʟʦʚʩʢʦʚʘ, 2015). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ˉ 13-05-00622ʘ ʠ 14-05-00725ʘ ʠ 

ʇʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ4. 
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ʇʦʜ ʤʠʥʝʨʘʣʴʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʦʪʜʝʣʴʥʦʡ ʞʠʣʳ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʦ ɿʝʤʣʠ ʚ ʮʝʣʦʤ 

ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʥʝʤ ʬʦʨʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʦʧʠʩʳʚʘʝʤʳʭ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʷʭ: ʤʠʥʝʨʘʣʴʥʳʝ ʠʥʜʠʚʠʜʳ ʠ ʘʛʨʝʛʘʪʳ, ʤʠʥʝʨʘʣʴʥʳʝ 

ʚʠʜʳ, ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʪ.ʜ. ɻʝʦʨʘʟʥʦʦʙʨʘʟʠʝ ʫʥʠʯʪʦʞʘʝʪʩʷ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʘʩʰʪʘʙʥʦʡ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ, 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʆʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʚʩʪʘʝʪ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʦʩʚʦʝʥʠʝʤ ʘʨʢʪʠʯʝʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʅʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʥʳʤʠ ʘʨʢʪʠʯʝʩʢʠʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʦʩʪʘʶʪʩʷ ʇʘʡʭʦʡ-

ʖʞʥʦʥʦʚʦʟʝʤʝʣʴʩʢʘʷ ʧʨʦʚʠʥʮʠʷ ʠ ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ ʊʠʤʘʥʘ. ʄʥʦʛʦʣʝʪʥʠʝ 

ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʜʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʜʘʣʠ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʜʝʪʘʣʠʟʘʮʠʠ ʧʦ ʨʝʛʠʦʥʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ. ʇʝʨʚʳʝ ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʤʠʥʝʨʘʣʦʛʠʠ ʇʘʡ-ʍʦʷ ʠ ʦʩʪʨʦʚʦʚ ɺʘʡʛʘʯ ʠ ʅʦʚʘʷ ɿʝʤʣʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʢʘʜʝʤʠʢʘ ʅ. ʇ. ʖʰʢʠʥʘ ʚ 70-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. 

ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʨʝʜʢʠʝ ʤʠʥʝʨʘʣʳ ï ʶʰʢʠʥʠʪ, ʚʘʚʝʣʣʠʪ, ʢʨʘʥʜʘʣʣʠʪ, ʢʘʜʤʠʝʚʳʡ ʩʬʘʣʝʨʠʪ, 

ʜʝʩʪʠʥʝʟʠʪ, V-As ʛʝʨʤʘʥʠʪ ʠ ʜʨ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʘʷ ʩʚʦʜʢʘ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ 

ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʚʝʜʝʥʘ ʚ ʨʘʙʦʪʝ ʅ. ʇ. ʖʰʢʠʥʘ çʆʧʳʪ ʩʨʝʜʥʝʤʘʩʰʪʘʙʥʦʡ ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʠ 

(ʇʘʡʭʦʡʩʢʦ-ʖʞʥʦʥʦʚʦʟʝʤʝʣʴʩʢʘʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʧʨʦʚʠʥʮʠʷ)è, ʚ ʢʦʪʦʨʦʡ ʫʢʘʟʘʥʳ 161 

ʤʠʥʝʨʘʣ, ʠʟ ʥʠʭ ʙʦʣʝʝ 19 ʥʦʚʳʭ ʜʣʷ ʨʝʛʠʦʥʘ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ (ʖʰʢʠʥ, 1980). 

ʉʦʚʨʝʤʝʥʥʳʡ ʦʙʲʝʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʘʜʘʩʪʨʘ ʩʦʩʪʘʚʣʷʝʪ 214 ʤʠʥʝʨʘʣʦʚ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

(ɸʩʪʘʭʦʚʘ, 2013).  

ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ ʩʦʟʜʘʝʪʩʷ ʩʠʩʪʝʤʘ ʦʩʦʙʦ ʦʭʨʘʥʷʝʤʳʭ 

ʦʙʲʝʢʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʝʚʝʨʘ ʈʦʩʩʠʠ, ʢʦʪʦʨʘʷ ʦʭʚʘʪʳʚʘʝʪ 

ʎʝʥʪʨʘʣʴʥʦ-ʇʘʡʭʦʡʩʢʠʡ ʠ ʉʝʚʝʨʦ-ʇʘʡʭʦʡʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʝ ʧʦʷʩʘ, ʦʩʪʨʦʚʘ ʅʦʚʦʡ ɿʝʤʣʠ ʠ 

ɺʘʡʛʘʯ, ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʫʶ ʪʫʥʜʨʫ ʠ ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ ʊʠʤʘʥʘ. ʉʦʩʪʘʚʣʝʥʥʳʡ ʫʯʝʥʳʤʠ ʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʩʧʠʩʦʢ ʦʭʨʘʥʷʝʤʳʭ ʦʙʲʝʢʪʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʢʦʣʦ 20 ʦʙʲʝʢʪʦʚ. ʉʨʝʜʠ ʥʠʭ ï 

ʞʠʚʦʧʠʩʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ, ʧʫʥʢʪʳ ʥʘʭʦʜʦʢ ʠʩʢʦʧʘʝʤʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʧʨʠʨʦʜʥʳʝ 

ʵʪʘʣʦʥʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʆʜʥʘʢʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, 

ʥʝʩʦʤʥʝʥʥʦ, ʠʥʪʝʨʝʩʥʳʝ ʚ ʥʘʫʯʥʦʤ, ʠʩʪʦʨʠʯʝʩʢʦʤ, ʢʫʣʴʪʫʨʥʦʤ ʠ ʥʨʘʚʩʪʚʝʥʥʦ-ʵʩʪʝʪʠʯʝʩʢʦʤ 

ʘʩʧʝʢʪʝ, ʧʦʢʘ ʥʝ ʠʤʝʶʪ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʦʭʨʘʥʷʝʤʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʤʷʪʥʠʢʘ ʠ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʦʙʲʝʢʪʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʙʲʝʢʪʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʥʘʫʯʥʦʛʦ, ʢʫʣʴʪʫʨʥʦʛʦ ʠ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ 

ʰʠʨʦʢʠʭ ʩʣʦʝʚ ʥʘʩʝʣʝʥʠʷ, ʨʘʟʚʠʪʠʷ ʪʫʨʠʟʤʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʦʪʨʘʩʣʝʡ ʙʠʟʥʝʩʘ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʘʟʚʠʪʠʝʤ ʩʝʨʚʠʩʘ ʜʣʷ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʦʚ. ɺʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʠʥʪʝʨʝʩʥʳʝ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʟʦʥʳ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʙʠʟʥʝʩʘ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʪʙʦʨʘ ʢʦʣʣʝʢʮʠʦʥʥʦʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʜʥʘʢʦ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʵʪʠʭ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʦʣʴʰʘʷ ʪʨʫʜʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʦʪʜʘʣʝʥʥʦʩʪʴʶ ʪʝʨʨʠʪʦʨʠʠ (ʀʝʚʣʝʚ ʠ 

ʜʨ., 2014).  

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʠʤ. ɸ.ɸ. ʏʝʨʥʦʚʘ ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʙʨʘʥʥʦʛʦ ʩ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʝʚʝʨʘ ʈʦʩʩʠʠ. ʌʦʥʜʳ 

ʥʘʩʯʠʪʳʚʘʶʪ 11 ʤʦʥʦʛʨʘʬʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʡ ʦʙʲʝʤʦʤ ʙʦʣʝʝ 3 ʪʳʩʷʯ 

ʦʙʨʘʟʮʦʚ ʠ ʨʷʜ ʚʳʩʪʘʚʦʯʥʳʭ ʩʦʙʨʘʥʠʡ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʎʝʥʪʨʘʣʴʥʦ-

ʇʘʡʭʦʡʩʢʦʛʦ ʠ ʉʝʚʝʨʦ-ʇʘʡʭʦʡʩʢʦʛʦ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʦʷʩʦʚ, ʦʩʪʨʦʚʘ ʖʞʥʦʛʦ ʅʦʚʦʡ ɿʝʤʣʠ ʠ 

ʦʩʪʨʦʚʘ ɺʘʡʛʘʯ. ɺ ʢʦʣʣʝʢʮʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʨʘʟʮʳ ʶʰʢʠʥʠʪʘ, ʦʪʢʨʳʪʦʛʦ ʚ 1983 ʛʦʜʫ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʪʢʨʳʪʠʶ ʧʦʷʚʠʣʦʩʴ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʥʘʟʚʘʥʠʝ ʖʰʢʠʥʠʪʦʚʦʝ ʫʱʝʣʴʝ, 
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ʢʦʪʦʨʦʝ ʧʨʠʟʥʘʥʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʧʘʤʷʪʥʠʢʦʤ ʧʨʠʨʦʜʳ ʩ ʫʥʠʢʘʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʫʶ ʢʦʣʣʝʢʮʠʶ ʜʦʧʦʣʥʷʶʪ ʦʙʨʘʟʮʳ ʤʳʰʴʷʢʦʚʦ-ʛʝʨʤʘʥʠʝʚʦʛʦ ʩʬʘʣʝʨʠʪʘ, 

ʩʘʤʦʨʦʜʥʦʡ ʤʝʜʠ ʩ ʖʞʥʦʛʦ ʦʩʪʨʦʚʘ ʅʦʚʦʡ ɿʝʤʣʠ, ʘʨʢʪʠʯʝʩʢʠʡ ʷʥʪʘʨʴ ʩ ʧʦʙʝʨʝʞʴʷ ʂʘʨʩʢʦʛʦ 

ʤʦʨʷ, ʙʘʨʠʪ, ʙʠʨʶʟʘ, ʨʝʜʢʠʝ ʬʦʩʬʘʪʥʳʝ ʤʠʥʝʨʘʣʳ (ʚʘʨʠʩʮʠʪ, ʚʘʚʝʣʣʠʪ, ʷʨʦʟʠʪ). ʉʦʙʨʘʥʠʝ 

ʘʨʢʪʠʯʝʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ ʜʦʧʦʣʥʷʶʪ ʢʦʣʣʝʢʮʠʠ ʘʛʘʪʦʚ (ʙʦʣʝʝ 70 ʦʙʨʘʟʮʦʚ), ʩʦʙʨʘʥʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 1980ï1995 ʛʦʜʘʭ ʥʘ ʉʝʚʝʨʥʦʤ ʊʠʤʘʥʝ ʚ ʦʙʥʘʞʝʥʠʷʭ ʨ. ɹʝʣʦʡ. ʆʜʥʘʢʦ, 

ʢʘʥʴʦʥʥʳʝ ʚʳʭʦʜʳ ʨ. ɹʝʣʦʡ ʷʚʣʷʶʪʩʷ ʥʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʥʘʩʣʝʜʠʷ, ʘ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ. ʃʠʰʴ ʧʨʦʷʚʣʝʥʠʝ ʘʛʘʪʦʚ ʥʘ ʤʳʩʝ ʏʘʝʯʥʦʤ ʷʚʣʷʝʪʩʷ ʨʫʜʥʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ, ʦʭʨʘʥʷʝʤʳʤ ʛʦʩʫʜʘʨʩʪʚʦʤ. 

ɼʘʥʥʦʝ ʩʦʙʨʘʥʠʝ ʦʪʨʘʞʘʝʪ ʣʠʰʴ 29% ʢʘʜʘʩʪʨʘ ʤʠʥʝʨʘʣʦʚ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (50ï60% ʦʪ ʦʙʲʝʤʘ) ʜʣʷ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ, ʛʘʣʦʛʝʥʠʜʦʚ, 

ʭʘʣʴʢʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʬʦʩʬʘʪʦʚ ʠ ʩʫʣʴʬʘʪʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʥʜʘʭ ʤʫʟʝʷ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʪʨʘʞʝʥʳ ʩʘʤʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ. ʈʪʫʪʴ, ʩʚʠʥʝʮ ʠ 

ʮʠʥʢ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʨʘʟʤʝʨʥʳʤ ʬʘʢʪʦʨʦʤ, ʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ ʤʫʟʝʡʥʳʭ ʢʦʣʣʝʢʮʠʷʭ. ʅʘ 

ʇʘʡ-ʍʦʝ ʠʟʚʝʩʪʥʳ ʥʘʭʦʜʢʠ ʤʫʘʩʩʦʥʠʪʘ, ʦʜʥʘʢʦ ʜʘʥʥʳʡ ʤʠʥʝʨʘʣ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʬʦʥʜʘʭ. 

ʀʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʥʝʟʠʩʘ ʬʣʶʦʨʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʨʘʣʴʩʢʦ-ʅʦʚʦʟʝʤʝʣʴʩʢʦʡ 

ʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʠʣʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʯʝʪʳʨʝ ʤʫʟʝʡʥʳʝ ʢʦʣʣʝʢʮʠʠ ʦʙʲʝʤʦʤ ʙʦʣʝʝ 200 

ʦʙʨʘʟʮʦʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤʠ. ʆʜʥʘʢʦ, ʠʟ ʛʘʣʦʛʝʥʠʜʦʚ ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʥʜʘʭ ʠʦʜʘʨʛʠʨʠʪ ʠ ʤʘʨʰʠʪ. ʇʘʡʭʦʡ-ʖʞʥʦʥʦʚʦʟʝʤʝʣʴʩʢʘʷ ʧʨʦʚʠʥʮʠʷ 

ʦʪʣʠʯʘʝʪʩʷ ʥʘʭʦʜʢʘʤʠ ʨʝʜʢʠʭ ʩʫʣʴʬʘʪʦʚ ʠ ʬʦʩʬʘʪʦʚ. ʃʠʰʴ ʥʘ 65% ʩʦʙʨʘʥʠʝ ʤʫʟʝʷ ʦʪʨʘʞʘʝʪ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʵʪʠʭ ʢʣʘʩʩʦʚ. ɺ ʢʦʣʣʝʢʮʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʭʘʣʴʢʦʛʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʜʥʘʢʦ ʨʝʜʢʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʤʠʥʝʨʘʣʦʚ ʦʪʩʫʪʩʪʚʫʶʪ. ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʥʝ ʥʘʭʦʜʷʪ ʦʪʨʘʞʝʥʠʷ ʪʝʣʣʫʨʠʜʳ ʠ 

ʘʨʩʝʥʠʜʳ, ʢʦʪʦʨʳʝ ʫʩʪʘʥʦʚʣʝʥʳ ʪʦʣʴʢʦ ʚ ʜʘʥʥʦʡ ʧʨʦʚʠʥʮʠʠ (ʚʠʥʩʝʥʪʠʪ, ʚʘʚʨʠʥʠʪ). 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʚ ʤʫʟʝʡʥʳʭ ʬʦʥʜʘʭ ʦʪʨʘʞʝʥʳ ʩʠʣʠʢʘʪʳ, ʢʘʨʙʦʥʘʪʳ ʠ ʦʢʩʠʜʳ. ʀʟ ʦʢʩʠʜʦʚ 

ʦʪʩʫʪʩʪʚʫʝʪ ʣʠʰʴ ʨʝʜʢʠʝ ï ʛʝʪʝʨʦʣʠʪ, ʣʠʪʠʦʬʦʨʠʪ, ʙʫʟʝʨʠʪ. ɺ ʧʨʦʚʠʥʮʠʠ ʠʟ ʢʣʘʩʩʦʚ 

ʩʠʣʠʢʘʪʦʚ ʦʙʥʘʨʫʞʝʥʦ 65 ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʘ ʠ ʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, ʠʟ ʥʠʭ 15 ʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʥʜʘʭ ʤʫʟʝʷ. ʋʚʝʣʠʯʝʥʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʧʫʪʝʤ 

ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʧʦʚʪʦʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ ʚ ʬʦʥʜʘʭ 

ʤʫʟʝʷ. ɼʫʙʣʠʨʫʶʱʠʡ ʢʘʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʜʘʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʩʦʙʨʘʥ ʚ 6 ʨʘʙʦʯʠʭ ʘʨʭʠʚʥʳʭ ʢʦʣʣʝʢʮʠʷʭ ʦʙʲʝʤʦʤ ʙʦʣʝʝ 1,5 ʪʳʩ. ʦʙʨʘʟʮʦʚ ʠ 

ʧʨʦʙ.  
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3. ʖʰʢʠʥ ʅ.ʇ. ʆʧʳʪ ʩʨʝʜʥʝʤʘʩʰʪʘʙʥʦʡ ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʠ (ʇʘʡʭʦʡʩʢʦ-

ʖʞʥʦʥʦʚʦʟʝʤʝʣʴʩʢʘʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʧʨʦʚʠʥʮʠʷ). ʃ.: ʅʘʫʢʘ, 1980. 376 ʩ.  
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ʄɽʉʊʆʈʆɾɼɽʅʀʗ (ɼʆʅɹɸʉʉ) 

 

ʈ.ʄ. ɹʘʛʘʪʘʝʚ  

 

ʎʝʥʪʨ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʦʮʝʥʢʠ ʥʝʜʨ, ʄʘʭʘʯʢʘʣʘ, ʈʦʩʩʠʷ. berem-55@yandex.ru 

 

ʅʠʢʠʪʦʚʩʢʦʝ ʨʪʫʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʦʪʢʨʳʪʦʝ ʚ 1879 ʛ. ʧʦ ʦʪʚʘʣʘʤ ʜʨʝʚʥʠʭ 

ʨʘʟʨʘʙʦʪʦʢ, ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʜʥʦʠʤʝʥʥʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʚ ɼʦʥʙʘʩʩʝ. ɼʦʙʳʯʘ 

ʨʪʫʪʥʳʭ ʨʫʜ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʥʘʯʘʪʘʷ ʚ 1886 ʛ., ʧʨʝʢʨʘʪʠʣʘʩʴ ʚ ʢʦʥʮʝ 90-ʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ. 

ʅʘʠʙʦʣʝʝ ʙʦʛʘʪʘʷ ʢʠʥʦʚʘʨʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʪʤʝʯʘʝʪʩʷ ʚ ʩʫʨʴʤʷʥʦ-ʨʪʫʪʥʳʭ ʞʠʣʴʥʳʭ 

ʨʫʜʥʳʭ ʪʝʣʘʭ. ʂʨʦʤʝ ʢʠʥʦʚʘʨʠ, ʚʦ ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʧʦʩʪʦʷʥʥʦ ʥʘʙʣʶʜʘʣʠʩʴ ʘʥʪʠʤʦʥʠʪ, ʢʚʘʨʮ 

ʠ ʜʠʢʢʠʪ, ʘ ʠʥʦʛʜʘ ʧʠʨʠʪ ʠ ʤʘʨʢʘʟʠʪ (ɸʨʪʝʤʝʥʢʦ, ɹʘʛʘʪʘʝʚ, 1988). 

 ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜʥʳʭ ʪʝʣ ʩ ʛʣʫʙʠʥʦʡ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʩʣʦʞʥʷʝʪʩʷ, 

ʧʦʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʫʣʴʬʠʜʳ (ʩʬʘʣʝʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʚʠʩʤʫʪʠʥ, 

ʤʦʣʠʙʜʝʥʠʪ, ʩʪʘʥʥʠʥ) ʠ ʩʫʣʴʬʦʩʦʣʠ (ʙʣʝʢʣʳʝ ʨʫʜʳ, ʜʞʝʤʩʦʥʠʪ, ʙʫʣʘʥʞʝʨʠʪ, ʮʠʥʢʝʥʠʪ ʠ 

ʜʨ.). ʀʟ ʩʚʳʰʝ 80 ʤʠʥʝʨʘʣʦʚ, ʠʟʚʝʩʪʥʳʭ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ 

ʚ ʞʠʣʘʭ. ɻʣʘʚʥʳʝ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʞʠʣ ï ʢʠʥʦʚʘʨʴ ʠ ʘʥʪʠʤʦʥʠʪ, ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ï ʧʠʨʠʪ, 

ʤʘʨʢʘʟʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʨʝʜʢʠʝ ï ʩʬʘʣʝʨʠʪ, ʛʘʣʝʥʠʪ, ʚʠʩʤʫʪʠʥ, ʙʫʨʥʦʥʠʪ, ʙʣʝʢʣʘʷ ʨʫʜʘ, 

ʙʨʘʚʦʠʪ, ʮʠʥʢʝʥʠʪ ʠ ʜʨ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʮʠʣʠʥʜʨʠʪ ʠ ʬʶʣʣʝʧʠʪ. ɾʠʣʴʥʳʝ ʤʠʥʝʨʘʣʳ: ʢʚʘʨʮ, ʭʣʦʨʠʪ, ʢʘʦʣʠʥʠʪ, ʜʠʢʢʠʪ. ʕʪʠʤʠ 

ʤʠʥʝʨʘʣʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʤʝʱʘʶʪʩʷ ʛʠʜʨʦʩʣʶʜʳ. ʍʣʦʨʠʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʤʝʱʘʶʪ 

ʢʘʦʣʠʥʠʪ ʠ ʜʠʢʢʠʪ (ɹʘʛʘʪʘʝʚ, ɸʨʪʝʤʝʥʢʦ, ɿʫʙʦʚ, 1989; ɹʘʛʘʪʘʝʚ, 1997). 

ʂʠʥʦʚʘʨʴ ʩʣʘʛʘʝʪ ʞʠʣʳ ʠ ʧʨʦʞʠʣʢʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ ʠ ʤʦʱʥʦʩʪʠ, ʨʝʞʝ ʦʙʨʘʟʫʝʪ 

ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʚ ʧʝʩʯʘʥʠʢʝ. ɺ ʞʠʣʘʭ ʢʠʥʦʚʘʨʴ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʘʥʪʠʤʦʥʠʪʦʤ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ 

ʚʳʜʝʣʷʝʪʩʷ ʚ ʠʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʘ ʢʠʥʦʚʘʨʴ ï ʥʘ ʧʝʨʠʬʝʨʠʠ ʠ ʚ ʘʧʦʬʠʟʘʭ. ɼʣʷ ʢʠʥʦʚʘʨʠ ʠ 

ʘʥʪʠʤʦʥʠʪʘ ʭʘʨʘʢʪʝʨʥʳ ʪʝʩʥʳʝ ʩʨʘʩʪʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʢʠʥʦʚʘʨʴ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʧʦʟʜʥʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ. ʇʨʠ ʵʪʦʤ ʢʠʥʦʚʘʨʴ ʩʦʜʝʨʞʠʪ ʚʢʣʶʯʝʥʠʷ ʨʦʤʙʠʯʝʩʢʠʭ ʠ ʰʝʩʪʦʚʘʪʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʠʤʦʥʠʪʘ, ʥʘʧʦʤʠʥʘʶʱʠʭ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʵʤʫʣʴʩʠʦʥʥʫʶ ʚʢʨʘʧʣʝʥʥʦʩʪʴ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʳ ʢʨʠʩʪʘʣʣʳ ʢʠʥʦʚʘʨʠ, ʧʦʩʪʦʷʥʥʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʞʠʣʘʭ ʦʪʜʝʣʴʥʳʤʠ 

ʟʝʨʥʘʤʠ, ʜʨʫʟʦʚʳʤʠ ʩʨʦʩʪʢʘʤʠ, ʛʥʝʟʜʦʦʙʨʘʟʥʳʤʠ ʩʢʦʧʣʝʥʠʷʤʠ ʚ ʧʦʣʦʩʪʷʭ ʪʨʝʱʠʥ, ʧʫʩʪʦʪʘʭ, 

ʨʳʭʣʦʡ ʨʘʟʜʨʦʙʣʝʥʥʦʡ ʤʘʩʩʝ ʠ ʜʨ. ɻʦʥʠʦʤʝʪʨʠʯʝʩʢʠʤ ʠʟʫʯʝʥʠʝʤ ʫʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʝʨʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʘʭ ʠʣʠ ʜʝʪʘʣʷʭ ʦʛʨʘʥʢʠ ʢʨʠʩʪʘʣʣʦʚ ʢʠʥʦʚʘʨʠ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʞʠʣʴʥʳʤ ʨʫʜʥʳʤ ʪʝʣʘʤ. ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʜʦʣʠ ʜʦ 8ï10 ʤʤ ʚʜʦʣʴ 

ʦʩʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʥʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʝʚ, ʜʚʦʡʥʠʢʠ ʩ 

ʧʨʦʨʘʩʪʘʥʠʝʤ ʜʚʫʭ ʨʦʤʙʦʵʜʨʦʚ {1012}, ʫʩʣʦʞʥʝʥʥʳʭ ʩʨʘʩʪʘʥʠʝʤ ʧʦ (0001) ʩ ʤʝʣʢʠʤʠ 

ʛʨʘʥʷʤʠ ʜʨʫʛʠʭ ʬʦʨʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʙʳʯʥʳ ʨʦʤʙʦʵʜʨ {1011} ʠ ʪʨʘʧʝʮʦʵʜʨ {2133}. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʢʠʥʦʚʘʨʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʜʥʦʤʫ 

ʪʠʧʫ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʭ ʜʚʦʡʥʠʢʦʚ, ʦʪʣʠʯʘʝʪʩʷ ʜʝʪʘʣʷʤʠ ʦʛʨʘʥʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʦʚ ʞʠʣ 

ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʚ ʥʠʭ. 

ɸʥʪʠʤʦʥʠʪ, ʚ ʦʩʥʦʚʥʦʤ ʥʘʭʦʜʷʩʴ ʚ ʩʫʨʴʤʷʥʦ-ʨʪʫʪʥʳʭ ʞʠʣʘʭ, ʘʩʩʦʮʠʠʨʫʝʪ ʩ 

ʛʨʝʙʝʥʯʘʪʳʤ ʢʚʘʨʮʝʤ, ʢʠʥʦʚʘʨʴʶ, ʜʠʢʢʠʪʦʤ, ʨʝʞʝ ʩ ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ. ɺ ʝʜʠʥʠʯʥʳʭ 

ʧʦʣʦʩʪʥʳʭ ʨʘʟʜʫʚʘʭ ʞʠʣ ʦʙʨʘʟʫʶʪʩʷ ʤʘʩʩʦʚʳʝ ʩʢʦʧʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʘʥʪʠʤʦʥʠʪʘ ʚʝʩʦʤ ʜʦ 

100 ʢʛ (ɹʘʛʘʪʘʝʚ, 1996). 

ʆʩʥʦʚʥʘʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʘʷ ʬʦʨʤʘ ʘʥʪʠʤʦʥʠʪʘ ï ʨʦʤʙʠʯʝʩʢʘʷ ʧʨʠʟʤʘ, ʠʥʦʛʜʘ 

ʛʨʘʥʠ ʧʠʥʘʢʦʠʜʘ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʰʪʨʠʭʦʚʢʦʡ, ʧʨʠʯʝʤ ʛʦʣʦʚʢʘ ʠʭ ʫʚʝʥʯʘʥʘ ʧʨʠʟʤʦʡ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ. ʉʧʘʡʥʦʩʪʴ ʩʦʚʝʨʰʝʥʥʘʷ, ʧʘʨʘʣʣʝʣʴʥʘʷ ʧʠʥʘʢʦʠʜʫ. ɺ ʩʠʣʫ ʵʪʦʛʦ 

ʧʠʨʘʤʠʜʘʣʴʥʳʝ ʚʝʨʰʠʥʳ ʛʨʘʥʝʡ ʯʘʩʪʦ ʦʙʣʘʤʳʚʘʶʪʩʷ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʫ ʪʦʥʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʋ ʧʦʩʣʝʜʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʦʣʦʚʢʠ ï ʦʪ ʪʫʧʳʭ ʜʦ ʢʦʧʴʝʚʠʜʥʳʭ. ʊʘʢʠʝ 

ʢʨʠʩʪʘʣʣʳ ʦʯʝʥʴ ʯʘʩʪʦ ʠʟʦʛʥʫʪʳ ʠʣʠ ʟʘʢʨʫʯʝʥʳ ʩ ʪʠʧʠʯʥʳʤ ʥʝʩʠʤʤʝʪʨʠʯʥʳʤ ʨʘʟʚʠʪʠʝʤ. 

ʆʪʜʝʣʴʥʳʝ ʠʛʣʳ ʠ ʢʦʧʴʷ ʜʦʩʪʠʛʘʶʪ ʚ ʜʣʠʥʫ 15ï18 ʩʤ, ʥʦ ʦʥʠ ʦʯʝʥʴ ʨʝʜʢʠ. ʏʘʩʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʘʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ 
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ʚʦʣʥʠʩʪʦʡ ʠʟʦʛʥʫʪʦʩʪʴʶ, ʨʘʩʪʷʞʝʥʠʝʤ ʠ ʠʩʢʨʠʚʣʝʥʠʝʤ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠʭ ʜʚʦʡʥʠʢʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʞʥʦ ʧʝʨʝʧʣʝʪʘʶʱʠʭʩʷ ʧʝʨʠʩʪʳʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʩ ʢʘʪʘʢʘʣʘʟʦʤ. 

ʆʩʦʙʥʷʢʦʤ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʞʠʣʘʭ ʠʥʬʣʶʚʠʘʣʴʥʳʝ ʨʦʩʩʳʧʠ 

ʢʠʥʦʚʘʨʠ. ʇʦʩʪʨʫʜʥʳʝ ʚʟʙʨʦʩʦʚʳʝ ʩʤʝʱʝʥʠʷ ʧʦ ʞʠʣʘʤ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʣʦʩʪʝʡ ʥʘ ʠʭ ʧʦʣʦʛʦʟʘʣʝʛʘʶʱʠʭ ʬʨʘʛʤʝʥʪʘʭ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʚ ʵʪʠʭ ʧʦʣʦʩʪʷʭ ʧʨʦʠʩʭʦʜʠʣʦ 

ʦʪʣʦʞʝʥʠʝ ʦʙʣʦʤʦʯʥʦʛʦ ʠ ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʞʠʣ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, 

ʧʝʨʝʥʦʩʠʤʦʛʦ ʠʥʬʣʶʘʮʠʦʥʥʳʤʠ ʚʦʜʘʤʠ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʦʩʩʳʧʠ ʨʘʩʧʦʣʦʞʝʥʳ ʦʪʜʝʣʴʥʳʝ 

ʤʘʣʝʥʴʢʠʝ ʣʠʥʟʳ ʧʦʯʪʠ ʦʜʥʦʡ ʢʠʥʦʚʘʨʠ ʠ ʘʥʪʠʤʦʥʠʪʘ. ʇʦʩʣʝʜʥʠʝ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʚ ʚʠʜʝ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚ ʨʦʩʩʳʧʠ ʦʙʣʦʤʦʯʥʳʭ ʟʝʨʝʥ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 

ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʜʦ 5 ʤʤ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʚʳʜʝʣʝʥʠʷ ʜʠʩʫʣʴʬʠʜʦʚ ʞʝʣʝʟʘ (ʚ ʦʩʥʦʚʥʦʤ ʤʘʨʢʘʟʠʪʘ), 

ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʦʣʦʩʪʷʭ ʞʠʣ ʚʤʝʩʪʝ ʩ ʠʥʬʣʶʚʠʘʣʴʥʳʤʠ ʨʦʩʩʳʧʷʤʠ. ʂʨʦʤʝ 

ʨʘʩʩʝʷʥʥʳʭ ʧʦ ʚʩʝʡ ʨʦʩʩʳʧʠ ʤʝʣʢʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʦʨʤ, ʤʘʨʢʘʟʠʪ ʦʙʨʘʟʫʝʪ ʢʦʨʦʯʢʠ, 

ʥʘʪʝʯʥʳʝ ʠ ʥʦʟʜʨʝʚʘʪʦ-ʧʦʯʢʦʚʠʜʥʳʝ ʚʳʜʝʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ, ʜʦʭʦʜʷʱʠʭ ʜʦ 

1ʭ1.5 ʤ. 

ʂʚʘʨʮ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʫʨʦʯʝʥ ʢ ʞʠʣʘʤ ʠ ʧʨʦʞʠʣʢʘʤ ʚʜʦʣʴ ʵʪʠʭ 

ʨʫʜʥʳʭ ʪʝʣ (ɹʘʛʘʪʘʝʚ, ɿʫʙʦʚ, ɿʠʥʯʫʢ, 1991). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʞʠʣʴʥʦ-ʧʨʦʞʠʣʢʦʚʳʭ 

ʦʙʨʘʟʦʚʘʥʠʷʭ, ʦʩʦʙʝʥʥʦ ʥʘ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ, ʧʦʩʪʦʷʥʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ 

ʠʥʜʠʚʠʜʳ ʢʚʘʨʮʘ ʨʘʟʤʝʨʦʤ ʜʦ 0.5ï0.8 ʩʤ ʠ ʠʭ ʩʨʦʩʪʢʠ, ʧʨʦʨʦʩʰʠʝ ʠʛʦʣʢʘʤʠ ʘʥʪʠʤʦʥʠʪʘ ʠ 

ʩʦʜʝʨʞʘʱʠʝ ʟʝʨʥʘ ʢʠʥʦʚʘʨʠ, ʠʥʦʛʜʘ ʩ ʧʨʠʩʳʧʢʦʡ ʧʠʨʠʪʘ ʠʣʠ ʤʘʨʢʘʟʠʪʘ ʥʘ ʛʨʘʥʷʭ. ʈʝʜʢʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ 3ï4 ʩʤ ʠ ʙʦʣʝʝ. ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ, ʟʘʤʝʩʪʠʚʰʠʝ 

ʧʝʨʝʪʝʨʪʳʡ ʚ ʟʦʥʝ ʜʨʦʙʣʝʥʠʷ ʤʘʪʝʨʠʘʣ, ʩʦʜʝʨʞʘʪ ʧʝʨʝʦʪʣʦʞʝʥʥʳʡ ʢʚʘʨʮ ʚ ʚʠʜʝ ʜʚʫʛʣʘʚʳʭ 

ʤʝʪʘʢʨʠʩʪʘʣʣʦʚ, ʠʥʦʛʜʘ ʩʢʝʣʝʪʥʳʭ ʠ ʬʫʪʣʷʨʦʚʠʜʥʳʭ. ɺ ʞʠʣʘʭ ʠʤʝʶʪʩʷ ʢʘʤʝʨʳ ʜʦ 10ï15 ʩʤ, 

ʨʝʜʢʦ 3ï5 ʤ ʚ ʜʠʘʤʝʪʨʝ. ʀʭ ʩʪʝʥʢʠ ʠʥʦʛʜʘ ʧʦʢʨʳʪʳ ʛʦʣʦʚʢʘʤʠ ʢʦʨʦʪʢʦʩʪʦʣʙʯʘʪʦʛʦ 

ʛʨʝʙʝʥʯʘʪʦʛʦ ʢʚʘʨʮʘ ʩ ʪʦʨʯʘʱʠʤʠ ʠʟ ʥʠʭ ʠʛʣʘʤʠ ʘʥʪʠʤʦʥʠʪʘ, ʘ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʩʦʜʝʨʞʘʪ 

ʩʨʝʜʠ ʩʧʫʪʘʥʥʦʚʦʣʦʢʥʠʩʪʳʭ ʘʛʨʝʛʘʪʦʚ ʘʥʪʠʤʦʥʠʪʘ ʠ ʚʳʜʝʣʝʥʠʡ ʢʠʥʦʚʘʨʠ, ʩʚʦʙʦʜʥʦ 

ʣʝʞʘʱʠʝ ʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ, ʧʨʦʟʨʘʯʥʳʝ ʣʠʙʦ ʟʘʤʫʪʥʝʥʥʳʝ ʦʪ ʦʙʠʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʦʚʦ-

ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ. 

 ʅʘʙʣʶʜʝʥʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʢʚʘʨʮʘ ʩ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʝʩʥʫʶ 

ʩʚʷʟʴ ʠ ʙʣʠʟʢʦ ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʨʦʩʪ ʩ ʢʠʥʦʚʘʨʴʶ ʠ ʘʥʪʠʤʦʥʠʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʦʪʣʦʞʝʥʠʷ 

ʢʨʝʤʥʝʟʝʤʘ ʱʝʣʦʯʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ. ʀʛʦʣʦʯʢʠ ʘʥʪʠʤʦʥʠʪʘ ʨʘʟʨʘʩʪʘʶʪʩʷ ʚ ʩʪʦʨʦʥʳ ʦʪ 

ʢʨʠʩʪʘʣʣʘ ʢʚʘʨʮʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʥ ʚʳʧʦʣʥʷʣ ʨʦʣʴ ʟʘʪʨʘʚʢʠ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʪʘʢʫʶ ʞʝ ʨʦʣʴ 

ʠʛʨʘʝʪ ʢʠʥʦʚʘʨʴ. ʀʥʦʛʜʘ ʢʚʘʨʮ ʧʨʦʥʠʟʘʥ ʠʛʦʣʦʯʢʘʤʠ ʘʥʪʠʤʦʥʠʪʘ ʥʘʩʪʦʣʴʢʦ ʛʫʩʪʦ, ʯʪʦ 

ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ ʚʦʣʦʩʘʪʠʢʘ. 

 ɺ ʦʙʱʝʤ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʣʝʜʫʶʱʘʷ: 

ʘʨʩʝʥʦʧʠʨʠʪ ï ʘʥʪʠʤʦʥʠʪ ï (ʭʘʣʴʢʦʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ) ï ʢʠʥʦʚʘʨʴ ï ʤʘʨʢʘʟʠʪ; ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ 

ʦʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚ ʦʜʥʫ ʩʪʘʜʠʶ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʘʩʩʦʮʠʘʮʠʡ ʚ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʷʭ ʞʠʣ ʦʙʨʘʟʫʝʪ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʟʦʥʘʣʴʥʦʩʪʴ. 
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ʎʝʥʪʨ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʦʮʝʥʢʠ ʥʝʜʨ, ʄʘʭʘʯʢʘʣʘ, ʈʦʩʩʠʷ. berem-55 @ yandex.ru 

 

ɺ ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʪʦʣʱʘʭ ʂʫʨʫʰ-ʄʘʟʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʤʥʦʞʝʩʪʚʦ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʧʦʣʠʤʝʪʘʣʣʦʚ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ ʥʘʯʘʣʘ ʍʍ ʚʝʢʘ, ʥʦ 

ʧʨʦʤʳʰʣʝʥʥʦ ʟʥʘʯʠʤʳʭ ʦʙʲʝʢʪʦʚ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ ʨʫʜ ʥʝ ʚʳʷʚʣʝʥʦ (ʏʝʨʥʠʮʳʥ, 1985). 

ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʟʦʤ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 

ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ. ʉ 2010 ʛ. ʧʨʦʚʦʜʷʪʩʷ ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʥʘ ʨʫʜʥʦʝ ʟʦʣʦʪʦ ʚ 

ʪʝʨʨʠʛʝʥʥʳʭ ʥʠʞʥʝ- ʠ ʩʨʝʜʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʨʫʜʥʦʛʦ ʧʦʣʷ (ɹʘʛʘʪʘʝʚ, 2013).  

ʆʩʥʦʚʥʳʤʠ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʞʠʣʴʥʦ-ʧʨʦʞʠʣʢʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʧʠʨʠʪ, 

ʩʬʘʣʝʨʠʪ ʠ ʛʘʣʝʥʠʪ. ʅʝʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮʝʤ, ʢʘʣʴʮʠʪʦʤ ʠ ʜʦʣʦʤʠʪʦʤ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʨʦʪʝʢʘʣ ʚ ʜʚʝ ʩʪʘʜʠʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʘʨʘʛʝʥʝʟʠʩʦʚ.  

ɺ ʧʝʨʚʫʶ ʩʪʘʜʠʶ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʪʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʛʝʥʝʟʠʩʘ. 

ʂʚʘʨʮʝʚʳʡ ʧʘʨʘʛʝʥʝʟʠʩ (ʢʚʘʨʮ-I) ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ. ʂʚʘʨʮ ʩʣʘʛʘʝʪ ʞʠʣʳ ʠ 

ʧʨʦʞʠʣʢʠ ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʠ, ʦʥʠ ʦʙʨʘʟʦʚʘʥʳ ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʙʝʣʳʤ 

ʢʚʘʨʮʝʤ. ʆʢʨʘʩʢʘ ʝʛʦ ʦʙʫʩʣʦʚʣʝʥʘ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʥʫʪʨʝʥʥʠʭ ʜʝʬʝʢʪʦʚ ʠ ʛʘʟʦʚʦ-

ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ. ɺ ʟʘʣʴʙʘʥʜʘʭ ʞʠʣ ʠ ʧʨʦʞʠʣʢʦʚ ʨʝʛʫʣʷʨʥʦ ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ ʟʦʥʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʪʙʦʨʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʚʘʨʮʝʚʦʛʦ ʘʛʨʝʛʘʪʘ ʚ 

ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʇʠʨʠʪʦʚʳʡ ʧʘʨʘʛʝʥʝʟʠʩ. ʇʠʨʠʪ ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʫʶ ʬʦʨʤʫ ʩ ʨʦʩʪʦʚʦʡ ʰʪʨʠʭʦʚʢʦʡ ʥʘ 

ʛʨʘʥʷʭ. ʈʘʟʤʝʨ ʝʛʦ ʢʨʠʩʪʘʣʣʦʚ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 0.01 ʜʦ 3.0 ʤʤ. ʇʠʨʠʪ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʙʝʣʦʤʫ ʢʚʘʨʮʫ, ʬʦʨʤʠʨʫʷ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʤʝʪʘʢʨʠʩʪʘʣʣʳ ʠ 

ʠʭ ʩʨʦʩʪʢʠ, ʪʘʢ ʠ ʤʘʩʩʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʟʨʘʩʪʘʶʱʠʝʩʷ ʚ ʩʪʦʨʦʥʳ ʦʪ ʢʦʨʦʪʢʠʭ 

ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʙʝʣʦʤ ʢʚʘʨʮʝ. 

ʂʚʘʨʮʝʚʳʡ ʧʘʨʘʛʝʥʝʟʠʩ (ʢʚʘʨʮ-II ) ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ɼʘʥʥʳʡ ʢʚʘʨʮ ʩʣʘʛʘʝʪ ʤʝʣʢʠʝ (ʜʦ 3ʭ5 ʤʤ) ʛʥʝʟʜʘ ʠ ʣʠʥʟʳ ʚ ʨʘʥʥʝʤ ʙʝʣʦʤ ʢʚʘʨʮʝ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʭʦʨʦʰʦ ʦʛʨʘʥʝʥʥʳʤʠ ʙʝʟʜʝʬʝʢʪʥʳʤʠ ʧʨʦʟʨʘʯʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ. ɺ 

ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʛʥʝʟʜ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʣʢʠʝ ʜʨʫʟʦʚʠʜʥʳʝ ʧʦʣʦʩʪʠ. 

ɽʜʠʥʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ-II ʦʪʤʝʯʘʶʪʩʷ ʩʨʝʜʠ ʢʨʠʩʪʘʣʣʦʚ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʧʠʨʠʪʘ. 

ɺʪʦʨʘʷ ʩʪʘʜʠʷ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʧʝʨʚʦʡ ʧʨʦʮʝʩʩʦʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʨʘʥʥʝʛʦ 

ʙʝʣʦʛʦ ʢʚʘʨʮʘ. ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ ʦʙʳʯʥʦ ʩʚʷʟʘʥʳ ʩ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ pH ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. ʈʘʟʤʝʨ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʦʩʪʝʡ ʚ ʢʚʘʨʮʝ ʤʝʩʪʘʤʠ ʜʦʩʪʠʛʘʝʪ 3ʭ4 ʩʤ. ɻʨʘʥʠʮʳ 

ʧʦʣʦʩʪʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʯʝʥʴ ʥʝʨʦʚʥʳʝ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʪʚʦʨʷʣʩʷ ʪʦʣʴʢʦ ʢʚʘʨʮ, ʘ 

ʨʘʥʥʠʡ ʧʠʨʠʪ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʷʣʩʷ, ʧʦʵʪʦʤʫ ʯʘʩʪʴ ʩʪʝʥʦʢ ʧʦʣʦʩʪʝʡ ʩʣʦʞʝʥʘ ʧʠʨʠʪʦʤ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʫʜʥʳʭ ʘʛʨʝʛʘʪʦʚ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʙʳʣʘ ʦʪʣʦʞʝʥʘ ʚ ʵʪʠʭ ʧʦʣʦʩʪʷʭ, ʭʦʪʷ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʟʘʤʝʱʝʥʠʷ. ɺ ʵʪʦʡ ʩʪʘʜʠʠ ʚʳʜʝʣʷʝʪʩʷ ʧʷʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʦʜʚʠʞʢʘʤʠ 

ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʦʙʳʯʥʦ ʩʣʘʙʳʤʠ. 

ʂʚʘʨʮ-ʜʦʣʦʤʠʪʦʚʳʡ ʧʘʨʘʛʝʥʝʟʠʩ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠ ʦʪʯʝʪʣʠʚʦ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʧʦʣʦʩʪʷʭ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʚʘʨʮʝʚʦʛʦ ʠʣʠ ʢʚʘʨʮ-ʧʠʨʠʪʦʚʦʛʦ ʘʛʨʝʛʘʪʘ 

ʧʦʜʣʦʞʢʠ ʥʘʨʘʩʪʘʝʪ ʟʦʥʘʣʴʥʘʷ ʢʚʘʨʮ-ʜʦʣʦʤʠʪʦʚʘʷ ʢʘʡʤʘ. ʄʦʱʥʦʩʪʴ ʢʘʡʤʳ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʣʠʯʥʦʡ (ʦʪ ʜʦʣʝʡ ʤʠʣʣʠʤʝʪʨʘ ʜʦ 2ï3 ʤʤ). ɺ ʦʩʥʦʚʘʥʠʠ ʢʘʡʤʳ ʦʪʣʘʛʘʝʪʩʷ ʘʛʨʝʛʘʪ 

ʛʨʝʙʝʥʯʘʪʦʛʦ ʢʚʘʨʮʘ. ɿʘʪʝʤ ʦʪʣʘʛʘʝʪʩʷ ʢʘʡʤʘ ʜʦʣʦʤʠʪʘ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʨʘʩʪʘʝʪ 

ʥʦʚʦʡ ʢʘʡʤʦʡ ʛʨʝʙʝʥʯʘʪʦʛʦ ʢʚʘʨʮʘ. ɺ ʮʝʣʦʤ ʜʦʣʦʤʠʪʘ ʚ ʵʪʦʤ ʧʘʨʘʛʝʥʝʟʠʩʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʢʚʘʨʮʘ. ʂʘʡʤʘ ʤʦʞʝʪ ʙʳʪʴ ʩʧʣʦʰʥʦʡ, ʧʨʝʨʳʚʠʩʪʦʡ ʠʣʠ ʚʦʚʩʝ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. 

ʊʘʢʞʝ ʤʦʛʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʪʝ ʠʣʠ ʠʥʳʝ ʨʠʪʤʳ ʧʘʨʘʛʝʥʝʟʠʩʘ, ʠʣʠ ʧʨʠ ʩʧʣʦʰʥʦʡ ʚ ʮʝʣʦʤ 



10 

 

ʢʘʡʤʝ ʪʦʪ ʠʣʠ ʠʥʦʡ ʨʠʪʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʨʳʚʠʩʪʳʤ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʚʘʨʮ-

ʜʦʣʦʤʠʪʦʚʳʭ ʢʘʡʤ ʚ ʧʦʣʦʩʪʷʭ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʘʢʪʠʚʥʦʝ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʝ 

ʟʘʤʝʱʝʥʠʝ ʜʦʣʦʤʠʪʦʤ ʨʘʥʥʝʛʦ ʙʝʣʦʛʦ ʢʚʘʨʮʘ. ʇʠʨʠʪ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ 

ʩʦʭʨʘʥʷʣʩʷ. ɼʦʣʦʤʠʪ ʟʘʤʝʱʘʣ ʢʘʢ ʢʨʫʧʥʳʝ ʚʳʜʝʣʝʥʠʷ ʢʚʘʨʮʘ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʘʤʠ ʧʠʨʠʪʘ, 

ʪʘʢ ʠ ʯʘʩʪʠʯʥʦ ʤʝʣʢʠʝ ʝʛʦ ʨʝʣʠʢʪʳ ʚ ʧʠʨʠʪʦʚʳʭ ʢʨʠʩʪʘʣʣʘʭ. 

ʉʬʘʣʝʨʠʪʦʚʳʡ ʧʘʨʘʛʝʥʝʟʠʩ ʩʣʦʞʝʥ ʩʬʘʣʝʨʠʪʦʤ ʩ ʤʝʣʢʦʡ ʵʤʫʣʴʩʠʦʥʥʦʡ 

ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʭʘʣʴʢʦʧʠʨʠʪʘ. ɺ ʦʩʥʦʚʥʦʤ ʦʥʘ ʧʨʠʫʨʦʯʝʥʘ ʢ ʚʥʝʰʥʠʤ ʛʨʘʥʠʮʘʤ ʢʨʠʩʪʘʣʣʦʚ 

ʩʬʘʣʝʨʠʪʘ. ʀʥʦʛʜʘ ʦʪʤʝʯʘʶʪʩʷ ʚʳʜʝʣʝʥʠʷ ʩʬʘʣʝʨʠʪʘ ʙʝʟ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʭʘʣʴʢʦʧʠʨʠʪʘ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʬʘʣʝʨʠʪʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚ ʧʦʣʦʩʪʷʭ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʛʜʝ ʦʙʨʘʩʪʘʣʘ ʢʚʘʨʮ-

ʜʦʣʦʤʠʪʦʚʳʝ ʢʘʡʤʳ. ʇʨʠ ʠʭ ʦʪʩʫʪʩʪʚʠʠ ʩʬʘʣʝʨʠʪ ʥʘʨʘʩʪʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʚʘʨʮʝʚʳʡ 

ʘʛʨʝʛʘʪ ʧʦʜʣʦʞʢʠ. ʉʬʘʣʝʨʠʪ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʛʥʝʟʜʘ ʠ ʣʠʥʟʳ ʚ ʨʘʥʥʝʤ 

ʢʚʘʨʮʝʚʦʤ ʘʛʨʝʛʘʪʝ ʠ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʟʘʤʝʱʘʝʪ ʯʘʩʪʴ ʨʝʣʠʢʪʦʚ ʢʚʘʨʮʘ ʚ ʧʠʨʠʪʝ. 

ʂʚʘʨʮʝʚʳʡ ʩ ʜʦʣʦʤʠʪʦʤ ʧʘʨʘʛʝʥʝʟʠʩ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʞʠʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʚ ʦʯʝʥʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʚʠʜʝ ʪʦʥʢʠʭ (ʜʦ 0.5 ʤʤ) ʢʚʘʨʮʝʚʳʭ ʠ ʜʦʣʦʤʠʪ-ʢʚʘʨʮʝʚʳʭ 

ʧʨʦʞʠʣʢʦʚ, ʧʝʨʝʩʝʢʘʶʱʠʭ ʘʛʨʝʛʘʪʳ ʨʘʥʥʝʛʦ ʙʝʣʦʛʦ ʢʚʘʨʮʘ, ʧʠʨʠʪ, ʢʚʘʨʮ-ʜʦʣʦʤʠʪʦʚʳʝ 

ʢʘʡʤʳ ʠ ʩʬʘʣʝʨʠʪ. ɺ ʙʦʣʝʝ ʧʦʟʜʥʝʤ ʛʘʣʝʥʠʪʝ ʦʥʠ ʥʝ ʚʩʪʨʝʯʝʥʳ. 

ɻʘʣʝʥʠʪʦʚʳʡ ʧʘʨʘʛʝʥʝʟʠʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ. ɺ ʩʨʝʜʥʝʤ ʚ ʠʟʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʘʭ ʛʘʣʝʥʠʪʘ ʙʦʣʴʰʝ, ʯʝʤ ʩʬʘʣʝʨʠʪʘ. ʆʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʠʤ ʨʫʜʥʳʤ 

ʤʠʥʝʨʘʣʦʤ. ɺ ʵʪʦʤ ʧʘʨʘʛʝʥʝʟʠʩʝ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʪʤʝʯʘʶʪʩʷ ʭʘʣʴʢʦʧʠʨʠʪ, 

ʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ ʠ ʢʚʘʨʮ. ʇʠʨʠʪ ʠ ʩʬʘʣʝʨʠʪ ʷʚʣʷʶʪʩʷ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʧʝʨʝʦʪʣʦʞʝʥʥʳʤʠ ʠʟ 

ʙʦʣʝʝ ʨʘʥʥʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ. 

ʂʘʣʴʮʠʪʦʚʳʡ ʧʘʨʘʛʝʥʝʟʠʩ ʩʣʦʞʝʥ ʢʘʣʴʮʠʪʦʤ ʩ ʦʯʝʥʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʢʚʘʨʮʘ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʦʥ ʧʨʦʷʚʣʝʥ ʚ ʝʜʠʥʠʯʥʳʭ ʤʘʣʦʤʦʱʥʳʭ (ʜʦ 2ï3 ʤʤ) ʧʨʦʞʠʣʢʘʭ, ʚ ʢʦʪʦʨʳʭ 

ʟʘʣʴʙʘʥʜʳ ʩʣʦʞʝʥʳ ʢʘʝʤʢʦʡ ʛʨʝʙʝʥʯʘʪʦʛʦ ʢʚʘʨʮʘ. 

ʄʠʥʝʨʘʛʨʘʬʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʟʦʣʦʪʦ ʠ ʘʨʩʝʥʦʧʠʨʠʪ ʚ ʦʙʨʘʟʮʘʭ ʩʫʣʴʬʠʜʥʦ-

ʢʚʘʨʮʝʚʳʭ ʨʫʜ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ 

ʧʨʝʧʘʨʘʪʳ (ʤʠʢʨʦʘʥʰʣʠʬʳ ʠ ʰʣʠʭ ʠʟ ʧʨʦʪʦʣʦʯʢʠ) ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ 

ʤʠʢʨʦʩʢʦʧʝ ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʥʦʡ ʧʨʠʩʪʘʚʢʦʡ Kevex. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʤʝʣʢʠʝ 

(5ï8 ʤʢʤ) ʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʠʟʦʤʝʪʨʠʯʥʦʡ ʠ ʧʣʝʥʦʯʥʦʡ ʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʘʨʩʝʥʦʧʠʨʠʪ, 

ʫʜʣʠʥʝʥʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʠʡ (12 ʤʢʤ ʧʦ ʜʣʠʥʥʦʡ ʦʩʠ) ʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ ʜʦ 

14 ʤʢʤ. ʇʦʩʣʝʜʥʷʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ï ʚʢʣʶʯʝʥʠʷ ʚ ʞʠʣʴʥʦʤ ʢʚʘʨʮʝ, ʘ ʫʜʣʠʥʝʥʥʦ-

ʧʨʠʟʤʘʪʠʯʝʩʢʘʷ ï ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʦʡ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʝ.  

ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʳʤ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʦʧʨʝʜʝʣʝʥʳ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʠ 

ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ ʟʦʣʦʪʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʤʝʨʘʤ 2ï6 ʤʢʤ. 

ɽʜʠʥʠʯʥʳʝ ʧʨʦʙʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʟʦʣʦʪʘ ʚʢʣʶʯʘʶʪ ʝʛʦ ʯʘʩʪʠʮʳ 

ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ (6ï10 ʠ 10ï16 ʤʢʤ). ɼʘʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʩʦʜʝʨʞʘʥʠʝ 

ʟʦʣʦʪʘ ʚ ʧʦʨʦʰʢʝ ʧʨʦʙ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠ ʦʙʲʝʤʫ ʝʛʦ ʯʘʩʪʠʮ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 2 ʤʢʤ 

(ɺʘʩʠʣʴʝʚʘ, ʐʘʙʘʥʦʚʘ, 2005). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʦʙʘʭ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʵʪʠʤ ʤʝʪʦʜʦʤ, ʩʯʠʪʘʶʪʩʷ ʟʘʥʠʞʝʥʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʘʥʥʳʤ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʠ ʟʦʣʦʪʦ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ ʩʧʝʢʪʨʘʤ ʜʣʷ ʚʩʝʭ ʯʘʩʪʠʮ ʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʜʘʥʥʳʤʠ ʘʥʘʣʠʟʦʚ, ʧʨʦʚʝʜʝʥʥʳʤʠ ʜʚʫʤʷ ʧʦʩʣʝʜʥʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʉʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʬʨʘʢʮʠʡ 

ʧʠʨʠʪʘ ʠ ʛʘʣʝʥʠʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʠʨʠʪʝ ʟʦʣʦʪʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʯʝʤ ʚ 

ʛʘʣʝʥʠʪʝ, ʠ ʦʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʬʨʘʢʮʠʷʤʠ. 
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ɺ ʈʫʜʥʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤ ʤʫʟʝʝ ʀɻɽʄ ʈɸʅ ʭʨʘʥʷʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ 

(ʦʙʨʘʟʮʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʰʣʠʬʳ), ʢʘʪʘʣʦʛʠ ʠ ʧʘʧʢʠ ʩ ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠ ʠʭ 

ʘʨʭʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤʝʥʠ ʀʤʧʝʨʘʪʦʨʘ 

ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʀʤʧʝʨʘʪʦʨʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ. ʈʫʜʥʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʤʫʟʝʡ ʀɻɽʄ 

ʈɸʅ, ʩʦʚʤʝʩʪʥʦ ʩ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʤʫʟʝʝʤ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʈɸʅ ʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʤʫʟʝʝʤ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ, ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʦʪ ʄʠʥʝʨʘʣʴʥʦʛʦ 

ʢʘʙʠʥʝʪʘ ʂʫʥʩʪʢʘʤʝʨʳ (ʥʳʥʝ ʄʫʟʝʷ ʘʥʪʨʦʧʦʣʦʛʠʠ ʠ ʵʪʥʦʛʨʘʬʠʠ ʠʤ. ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʈɸʅ ʚ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ), ʦʙʨʘʟʫʷ ʩ ʥʠʤʠ ʝʜʠʥʦʝ ʠʩʪʦʨʠʯʝʩʢʦʝ ʠ ʥʘʫʯʥʦʝ ʥʘʩʣʝʜʠʝ ʈʦʩʩʠʠ. 

ɺ ʦʪʥʦʰʝʥʠʠ ʠʩʪʦʨʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʡ ʂʫʥʩʪʢʘʤʝʨʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʬʘʢʪʳ (ɹʘʩʘʨʛʠʥʘ, 2012). ɺ 1925 ʛʦʜʫ, ʧʨʠ ʧʨʘʟʜʥʦʚʘʥʠʠ 200-ʣʝʪʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ, 

ʧʨʦʠʟʦʰʣʦ ʨʘʟʜʝʣʝʥʠʝ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤʝʥʠ ʀʤʧʝʨʘʪʦʨʘ 

ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʥʘ ʜʚʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʤʫʟʝʷ ï ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ 

ʠ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ. ɼʠʨʝʢʪʦʨʦʤ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʄʫʟʝʷ ʠʤ. 

ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ɸʅ ʉʉʉʈ ʩʪʘʣ ʌʨʘʥʮ ʖʣʴʝʚʠʯ ʃʝʚʠʥʩʦʥ-ʃʝʩʩʠʥʛ (1861ï1939). 

ɺ 1930 ʛʦʜʫ, ʚ ʩʚʷʟʠ ʩ ʨʝʦʨʛʘʥʠʟʘʮʠʝʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʙʳʣ 

ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʜʠʨʝʢʪʦʨ ɸ.ɽ. ʌʝʨʩʤʘʥ). ʅʘ ʙʘʟʝ ʢʦʣʣʝʢʮʠʡ 

ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʚʦʟʥʠʢʣʠ ʪʨʠ ʠʥʩʪʠʪʫʪʘ ï ɻʝʦʣʦʛʠʯʝʩʢʠʡ (ɻʀʅ, ʜʠʨʝʢʪʦʨ 

ɺ.ɸ. ʆʙʨʫʯʝʚ), ʇʘʣʝʦʟʦʦʣʦʛʠʯʝʩʢʠʡ (ʇʀʅ, ʜʠʨʝʢʪʦʨ ɸ.ɸ. ɹʦʨʠʩʷʢ) ʠ ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ 

(ʇɽʊʈʀʅ, ʜʠʨʝʢʪʦʨ ʌ.ʖ. ʃʝʚʠʥʩʦʥ-ʃʝʩʩʠʥʛ). ɺ ʪʦʤ ʞʝ ʛʦʜʫ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʪʜʝʣʦʚ 

ʂʦʤʠʩʩʠʠ ʧʦ ʠʟʫʯʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣ ʉʉʉʈ (ʂɽʇʉ) ʙʳʣ ʩʦʟʜʘʥ 

ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. 

ɺ 1932 ʛʦʜʫ ʨʝʰʝʥʠʝʤ ʇʨʝʟʠʜʠʫʤʘ ɸʅ ʙʳʣ ʩʦʟʜʘʥ ʃʦʤʦʥʦʩʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʛʝʦʭʠʤʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ (ʃʀɻɽʄ), ʦʙʲʝʜʠʥʠʚʰʠʡ ɻʝʦʭʠʤʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ, ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʫʶ ʣʘʙʦʨʘʪʦʨʠʶ ʠ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. ɺ ʩʦʩʪʘʚʝ 

ʃʀɻɽʄʘ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʪʜʝʣʳ-ʩʝʢʪʦʨʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ, ʛʝʦʭʠʤʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ, 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ. 

ɺ 1934 ʛʦʜʫ ʉʅʂ ʉʉʉʈ ʧʨʠʥʷʣ ʧʦʩʪʘʥʦʚʣʝʥʠʝ çʆ ʧʝʨʝʚʦʜʝ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ ʚ 

ʄʦʩʢʚʫè. ɺ 1937 ʛʦʜʫ ʃʀɻɽʄ, ʇɽʊʈʀʅ ʠ ɻʀʅ ʦʙʲʝʜʠʥʠʣʠʩʴ ʚ ʀʥʩʪʠʪʫʪ ɻʝʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʫʢ (ʀɻʅ ɸʅ ʉʉʉʈ), ʢʦʪʦʨʳʡ ʚ ʥʦʷʙʨʝ 1955 ʛʦʜʘ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʘ ʠʥʩʪʠʪʫʪʘ ï 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ (ʀɻɽʄ), 

ʩ 1934 ʛʦʜʘ ʚʤʝʩʪʝ ʩ ʈʫʜʥʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʤʫʟʝʝʤ ʙʘʟʠʨʫʶʱʠʡʩʷ ʚ ʉʪʘʨʦʤʦʥʝʪʥʦʤ 

ʧʝʨʝʫʣʢʝ, ʜʦʤʝ 35, ʠ ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ɻʀʅ).  

ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʣʝʢʮʠʷ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤʝʥʠ ʇʝʪʨʘ 

ɺʝʣʠʢʦʛʦ ʀʤʧʝʨʘʪʦʨʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ, ʢʦʪʦʨʳʤ ʚ ʪʦ ʚʨʝʤʷ ʨʫʢʦʚʦʜʠʣ ʘʢʘʜʝʤʠʢ 

ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ (1863ï1945), ʥʘʯʘʣʘ ʠʤ ʩʦʩʪʘʚʣʷʪʴʩʷ ʚ 1908 ʛʦʜʫ ʩ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʡ 

ʢʦʣʣʝʢʮʠʠ, ʩʦʙʨʘʥʥʦʡ ʚ ʅʦʨʚʝʛʠʠ, ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʍʨʠʩʪʠʘʥʠʠ (ʨʠʩ. 1). ʕʪʠ ʦʙʨʘʟʮʳ ʥʳʥʝ 

ʚʳʩʪʘʚʣʝʥʳ ʚ ʵʢʩʧʦʟʠʮʠʷʭ ʈʫʜʥʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʀɻɽʄ ʈɸʅ çʄʘʛʤʘʪʠʟʤ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʨʠʬʪʦʚ, ʈʝʡʥʩʢʠʡ ʛʨʘʙʝʥ ʠ ʛʨʘʙʝʥ ʆʩʣʦè (ʦʙʨʘʟʮʳ ʬʠʨʤʳ ʂʨʘʥʮ, 

ɻʝʨʤʘʥʠʷ). ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʣʝʢʮʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʈʫʜʥʦ-

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʀɻɽʄ ʈɸʅ, ʧʦʩʪʦʷʥʥʦ ʜʦʧʦʣʥʷʝʪʩʷ ʠ ʫʪʦʯʥʷʝʪʩʷ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʳʤ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ (ʄʇʂ) ʧʨʠ ʆʪʜʝʣʝʥʠʠ 

ʥʘʫʢ ʦ ɿʝʤʣʝ ʈɸʅ, ʪʘʢʞʝ ʙʘʟʠʨʫʶʱʝʤʩʷ ʚ ʀɻɽʄ ʈɸʅ.  

ɺʧʦʩʣʝʜʩʪʚʠʠ ʘʢʘʜʝʤʠʢ ʌ.ʖ. ʃʝʚʠʥʩʦʥ-ʃʝʩʩʠʥʛ ʩʬʦʨʤʠʨʦʚʘʣ ʤʝʤʦʨʠʘʣʴʥʳʝ ʠ 

ʪʝʤʘʪʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ ï ʦʥʠ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʠʭ ʘʨʭʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʨʫʩʩʢʦʤ, 
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ʥʝʤʝʮʢʦʤ ʠ ʠʪʘʣʴʷʥʩʢʦʤ ʷʟʳʢʘʭ ʭʨʘʥʷʪʩʷ ʚ ʀɻɽʄ ʈɸʅ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ 

ʢʦʣʣʝʢʮʠʶ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʣʷʨʥʳʭ ʨʘʡʦʥʦʚ ʉʠʙʠʨʠ (372 ʦʙʨʘʟʮʘ) ʕ.ɺ. ʊʦʣʣʷ (1858ï1902) 

ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝʜʠʮʠʡ 1885ï1902 ʛʛ.; ʢʦʣʣʝʢʮʠʶ ʛʦʨʥʳʭ ʧʦʨʦʜ ɸ.ʌ. ʇʦʩʪʝʣʴʩʘ (1801ï1871), 

ʩʦʙʨʘʥʥʫʶ ʚʦ ʚʨʝʤʷ ʢʨʫʛʦʩʚʝʪʥʦʛʦ ʧʫʪʝʰʝʩʪʚʠʷ (1826ï1829 ʛʛ.) ʥʘ ʚʦʝʥʥʦʤ ʰʣʶʧʝ 

çʉʝʥʷʚʠʥè ʧʦʜ ʢʦʤʘʥʜʦʚʘʥʠʝʤ ʢʘʧʠʪʘʥʘ ʌ.ʇ. ʃʠʪʢʝ; ʘ ʪʘʢʞʝ ʢʦʣʣʝʢʮʠʠ ɻ.ɸ. ʉʪʨʫʚʝ (1772ï

1851), ɻ.ʇ. ɻʝʣʴʤʝʨʩʝʥʘ (1803ï1885), ʂ.ʀ. ɻʨʝʚʠʥʛʢʘ (1819ï1887), ʆ.ʆ. ɹʘʢʣʫʥʜʘ (1878ï

1958), ʌ.ʅ. ʏʝʨʥʳʰʝʚʘ (1856ï1914), ʇ.ɺ. ɺʠʪʪʝʥʙʫʨʛʘ (1884ï1968), ʀ.ʇ. ʊʦʣʤʘʯʝʚʘ (1872ï

1950), ʌ.ʖ. ʃʝʚʠʥʩʦʥʘ-ʃʝʩʩʠʥʛʘ (1861ï1939), ʀ.ʇ. ʈʘʯʢʦʚʩʢʦʛʦ (1878ï1961), 

ɹ.ʄ. ʂʫʧʣʝʪʩʢʦʛʦ (1894ï1965) ʠ ʜʨʫʛʠʭ ʚʳʜʘʶʱʠʭʩʷ ʫʯʝʥʳʭ.  

 

 
 

ʈʠʩ. 1. ʂʘʪʘʣʦʛ çʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʣʝʢʮʠʷè ʠʟ ʈʫʜʥʦ-

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʀɻɽʄ ʈɸʅ. 

 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʣʣʝʢʮʠʡ ʈʫʜʥʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʫʟʝʷ 

ʀɻɽʄ ʈɸʅ ʦʪʤʝʪʠʤ ʩʣʝʜʫʶʱʠʡ ʬʘʢʪ. ɺ ʶʙʠʣʝʡʥʦʤ ʠʟʜʘʥʠʠ çʃʝʪʦʧʠʩʴ ʂʫʥʩʪʢʘʤʝʨʳè, 

ʧʦʩʚʷʱʝʥʥʦʤ 300-ʣʝʪʠʶ ʦʩʥʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʚ ʈʦʩʩʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʱʝʜʦʩʪʫʧʥʦʛʦ 

ʤʫʟʝʷ ï ʂʫʥʩʪʢʘʤʝʨʳ (ʃʝʪʦʧʠʩʴ ʂʫʥʩʪʢʘʤʝʨʳ, 2014), ʫʧʦʤʠʥʘʝʪʩʷ ʟʘʧʠʩʴ ʦʪ 14 ʥʦʷʙʨʷ 1834 

ʛʦʜʘ: çɽ.ʀ. ʇʘʨʨʦʪ ʦʟʥʘʢʦʤʠʣ ʩ ʢʦʣʣʝʢʮʠʝʡ ʦʙʨʘʟʮʦʚ ʣʘʚʳ ʩ ɺʝʟʫʚʠʷ (292 ʵʢʟ.), ʧʨʠʩʣʘʥʥʦʡ 

ʫʯʝʥʳʤ-ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʝʤ ɺʘʥʦʪʪʠ ʠʟ ʅʝʘʧʦʣʷ. ʈʝʰʝʥʦ ʙʣʘʛʦʜʘʨʠʪʴ ɺʘʥʦʪʪʠ 

(ɾʄʅʇ. 1834. ˉ 12. ʉ. 424, 425; ʃʝʪʦʧʠʩʴ. ʊ. II. ʉ. 250)è. ʅʳʥʝ ʵʪʘ ʢʦʣʣʝʢʮʠʷ ʧʨʦʜʫʢʪʦʚ 

ʜʘʪʠʨʦʚʘʥʥʳʭ (ʥʘʯʠʥʘʷ ʩ 1630 ʛʦʜʘ) ʠʟʚʝʨʞʝʥʠʡ ʚʫʣʢʘʥʘ ɺʝʟʫʚʠʡ ʂʘʨʣʘ ɺʘʥʦʪʪʠ (292 

ʦʙʨʘʟʮʘ ʠ ʚʝʜʦʤʦʩʪʴ ʢ ʥʠʤ), ʢʘʢ ʠ ʢʦʣʣʝʢʮʠʷ ʜʘʪʠʨʦʚʘʥʥʳʭ (ʥʘʯʠʥʘʷ ʩ 1535 ʛʦʜʘ) ʣʘʚʦʚʳʭ 

ʧʦʪʦʢʦʚ ʚʫʣʢʘʥʘ ʕʪʥʘ, ʩʦʙʨʘʥʥʘʷ ʄʘʨʠʦ ɼʞʝʤʝʣʣʘʨʦ (186 ʦʙʨʘʟʮʦʚ), ʭʨʘʥʷʪʩʷ ʚ ʈʫʜʥʦ-

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤ ʤʫʟʝʝ ʀɻɽʄ ʈɸʅ (ʨʠʩ. 2). 

ʌʦʥʜʳ ʈʫʜʥʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʀɻɽʄ ʈɸʅ ʥʘʩʯʠʪʳʚʘʶʪ ʙʦʣʝʝ 40 ʪʳʩʷʯ 

ʝʜʠʥʠʮ ʭʨʘʥʝʥʠʷ, ʚʢʣʶʯʘʷ ʰʣʠʬʳ ʠ ʘʥʰʣʠʬʳ. ɻʣʘʚʥʳʝ ʪʠʧʳ ʧʦʨʦʜ ʠ ʨʫʜ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ 

ʢʦʣʣʝʢʮʠʷ, ʘ ʪʘʢʞʝ ʨʝʜʢʠʝ ʠ ʫʥʠʢʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʚ 35 ʵʢʩʧʦʟʠʮʠʷʭ. 
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ʈʠʩ. 2. ʕʪʠʢʝʪʢʘ ʢ ʦʙʨʘʟʮʫ ʄ. ɼʞʝʤʝʣʣʘʨʦ ʠʟ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ, ʜʘʪʠʨʦʚʘʥʥʦʛʦ 

1535 ʛʦʜʦʤ, ʠ ʚʝʜʦʤʦʩʪʴ ʢ ʢʦʣʣʝʢʮʠʠ ʂ. ɺʘʥʦʪʪʠ (ʈʫʜʥʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʤʫʟʝʡ 

ʀɻɽʄ ʈɸʅ). 

 

ɺ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 415 ʦʙʨʘʟʮʦʚ, ʩʦʙʨʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʙʦʪ ʙʦʣʝʝ 100 ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ɿʝʤʣʠ. ɺʩʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʭʠʤʠʯʝʩʢʠʝ 

ʘʥʘʣʠʟʳ ʠ ʰʣʠʬʳ, ʟʘʥʝʩʝʥʳ ʚ ʵʣʝʢʪʨʦʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ. 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʞʧʣʘʪʬʦʨʤʝʥʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʩ ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʢʘʪʘʣʦʛʦʤ (ʥʘ 

ʦʩʥʦʚʝ ʙʘʟʳ ʜʘʥʥʳʭ MySQL) ʦʙʨʘʟʮʦʚ ʈʫʜʥʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʀɻɽʄ ʈɸʅ ʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʠʥʩʪʠʪʫʪʘ, ʩʦʜʝʨʞʘʱʠʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ 

ʦʙʨʘʟʮʘʤ, ʚʢʣʶʯʘʷ ʠʭ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʘʪʘʣʦʛ ʧʦʟʚʦʣʷʝʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʪʝʤʘʪʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ ʠ 

ʵʢʩʧʦʟʠʮʠʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʢʘʢ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʧʦʨʦʜ, ʪʘʢ ʠ ʠʟʫʯʘʚʰʠʤ ʠʭ ʫʯʝʥʳʤ, ʚ 

ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʦʣʣʝʢʮʠʠ; ʚ ʙʫʜʫʱʝʤ ʦʥ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ 

ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʢʦʣʣʝʢʮʠʠ ʦʙʨʘʟʮʦʚ ʠ ʢʘʨʪʳ ʤʘʨʰʨʫʪʦʚ ʵʢʩʧʝʜʠʮʠʡ, ʫʥʠʢʘʣʴʥʳʭ ʥʝ ʪʦʣʴʢʦ ʩ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ, ʥʦ ʠ ʩ ʠʩʪʦʨʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ. 

ɹʘʟʘ ʜʘʥʥʳʭ ʈʫʜʥʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʜʦʩʪʫʧʥʘ ʧʦ ʩʩʳʣʢʝ: 

http://www.igem.ru/museum/ (ʧʘʨʦʣʴ IGEM ï ʣʦʛʠʥ museum). 
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ɻʦʨʥʳʡ ʤʫʟʝʡ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ. 

museum@spmi.ru. 

 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʤʫʟʝʝʚ ʥʘʨʷʜʫ ʩ ʤʠʥʝʨʘʣʘʤʠ, ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʧʨʦʯʠʤʠ ʦʙʲʝʢʪʘʤʠ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʧʨʝʜʤʝʪʳ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ 

ʠ ʶʚʝʣʠʨʥʦʛʦ ʠʩʢʫʩʩʪʚʘ. ɺ ʧʦʜʦʙʥʳʭ ʵʢʩʧʦʥʘʪʘʭ ʚ ʩʠʣʫ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʪʘʢʠʭ ʤʫʟʝʝʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʩʩʣʝʜʫʝʪʩʷ ʠ ʠʟʫʯʘʝʪʩʷ ʤʘʪʝʨʠʘʣ ï ʢʘʤʝʥʴ, ʤʝʪʘʣʣ. ʀ, ʢ 

ʦʛʨʦʤʥʦʤʫ ʩʦʞʘʣʝʥʠʶ, ʩʣʠʰʢʦʤ ʯʘʩʪʦ ʦʩʪʘʝʪʩʷ ʚʥʝ ʧʦʣʷ ʚʥʠʤʘʥʠʷ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʠʩʪʦʨʠʯʝʩʢʠʡ ʢʦʥʪʝʢʩʪ, ʦʢʨʫʞʘʶʱʠʡ ʧʦʜʦʙʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ. ʊʦʣʴʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʩʪʘʣʘ ʧʨʦʚʦʜʠʪʴʩʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠʩʪʦʨʠʠ 

ʙʳʪʦʚʘʥʠʷ ʠ ʠʩʪʦʨʠʠ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʧʨʝʜʤʝʪʦʚ. ʄʝʞʜʫ ʪʝʤ, ʚʩʝ ʵʪʠ ʘʩʧʝʢʪʳ ʥʝʦʙʳʯʘʡʥʦ 

ʚʘʞʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʮʝʥʥʦʩʪʠ ʧʨʦʠʟʚʝʜʝʥʠʡ ʠʩʢʫʩʩʪʚʘ, ʥʦ ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʩʪʘʪʫʩʘ ʤʫʟʝʡʥʳʭ ʩʦʙʨʘʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʭʨʘʥʷʪʩʷ ʩʝʛʦʜʥʷ. ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʤʥʦʛʠʝ 

ʚʦʧʨʦʩʳ ʠʩʪʦʨʠʠ ʙʳʪʦʚʘʥʠʷ ʧʨʝʜʤʝʪʦʚ ʥʝ ʚʭʦʜʠʣʠ ʚ ʢʨʫʛ ʠʥʪʝʨʝʩʦʚ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʤʫʟʝʝʚ. ɺʦ-ʧʝʨʚʳʭ, ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ, ʩʫʱʝʩʪʚʦʚʘʚʰʝʡ ʚ ʩʦʚʝʪʩʢʠʝ ʛʦʜʳ. ɺʦ-

ʚʪʦʨʳʭ, ʪʘʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩʯʠʪʘʣʘʩʴ ʠʟʣʠʰʥʝʡ ʜʣʷ ʤʫʟʝʷ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʝʡ ʧʨʦʩʪʦ ʥʝ ʧʨʠʜʘʚʘʣʠ ʜʦʣʞʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʯʘʱʝ 

ʤʳ ʦʙʨʘʱʘʝʤʩʷ ʢ ʠʩʪʦʨʠʯʝʩʢʠʤ ʩʚʝʜʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʫʟʥʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʝʜʤʝʪʘʭ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʬʦʥʜʘʭ. 

ʅʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʤ ʧʝʨʠʦʜʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʫʟʝʡʥʳʭ ʢʦʣʣʝʢʮʠʡ ʦʩʪʘʝʪʩʷ ʚʨʝʤʷ 

ɻʨʘʞʜʘʥʩʢʦʡ ʚʦʡʥʳ ʠ ʧʝʨʚʳʭ ʣʝʪ ʩʪʘʥʦʚʣʝʥʠʷ ʩʦʚʝʪʩʢʦʡ ʚʣʘʩʪʠ. ʄʥʦʛʠʤ ʤʫʟʝʷʤ ʧʨʠʰʣʦʩʴ 

ʦʪʩʪʘʠʚʘʪʴ ʩʚʦʝ ʧʨʘʚʦ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʥʦʚʦʤ ʛʦʩʫʜʘʨʩʪʚʝ, ʯʘʩʪʴ ʙʳʣʘ ʟʘʢʨʳʪʘ ʠ 

ʣʠʢʚʠʜʠʨʦʚʘʥʘ, ʯʘʩʪʴ ʨʝʦʨʛʘʥʠʟʦʚʘʥʘ, ʚ ʵʪʦ ʧʝʨʠʦʜ ʙʳʣ ʥʘʮʠʦʥʘʣʠʟʠʨʦʚʘʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ 

ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʧʨʠʥʘʜʣʝʞʘʚʰʠʭ ʯʘʩʪʥʳʤ ʣʠʮʘʤ. ʂʨʫʧʥʝʡʰʠʝ ʯʘʩʪʥʳʝ 

ʩʦʙʨʘʥʠʷ ʧʨʝʢʨʘʪʠʣʠ ʩʚʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʚʦʰʣʠ ʚ ʩʦʩʪʘʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʫʟʝʡʥʦʛʦ 

ʬʦʥʜʘ (ʜʘʣʝʝ ï ɻʄʌ), ʘ ʚ ʃʝʥʠʥʛʨʘʜʝ ʙʳʣʦ ʦʨʛʘʥʠʟʦʚʘʥʦ ʝʛʦ ʦʪʜʝʣʝʥʠʝ (ʜʘʣʝʝ ʃʆ ɻʄʌ). ʉ 

ʮʝʣʴʶ ʩʢʨʳʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʝʞʥʠʭ ʚʣʘʜʝʣʴʮʘʭ ʧʨʦʠʟʚʝʜʝʥʠʡ, ʚʦʰʝʜʰʠʭ ʚ ʩʦʩʪʘʚ ʃʆ 

ɻʄʌ, ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʝʞʥʠʭ ʚʣʘʜʝʣʴʮʘʭ ʙʳʣʘ ʤʘʢʩʠʤʘʣʴʥʦ ʦʙʝʟʣʠʯʝʥʘ. ʅʦ, ʪʝʤ ʥʝ 

ʤʝʥʝʝ, ʠʤʝʥʥʦ ʘʨʭʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ, ʩʧʫʩʪʷ ʙʦʣʝʝ ʜʝʚʷʥʦʩʪʦ ʣʝʪ, ʧʦʤʦʛʘʶʪ ʥʘʤ ʧʦ ʢʨʫʧʠʮʘʤ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʩʪʦʨʠʶ ʙʳʪʦʚʘʥʠʷ ʧʨʝʜʤʝʪʦʚ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʬʦʥʜʘʭ. 

ʀʩʪʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʣʝʢʮʠʡ ɻʦʨʥʦʛʦ ʤʫʟʝʷ ʠ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ɸʅ 

ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʚ ʵʪʦʪ ʩʣʦʞʥʳʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʧʝʨʠʦʜ ʧʨʦʠʩʭʦʜʠʣʘ ʧʘʨʘʣʣʝʣʴʥʦ. ʆʙʘ 

ʤʫʟʝʷ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʥʘ ʙʝʨʝʛʘʭ ʅʝʚʳ, ʷʚʣʷʣʠʩʴ ʢʨʫʧʥʝʡʰʠʤʠ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʤʠ 

ʩʦʙʨʘʥʠʷʤʠ ʇʝʪʝʨʙʫʨʛʘ ʢʦʥʮʘ XIX  ï ʥʘʯʘʣʘ ʍʍ ʚʚ. ɺ ʢʦʣʣʝʢʮʠʷʭ ʦʙʦʠʭ ʤʫʟʝʝʚ ʤʦʞʥʦ ʙʳʣʦ 

ʚʩʪʨʝʪʠʪʴ ʥʝ ʪʦʣʴʢʦ ʤʠʥʝʨʘʣʳ, ʥʦ ʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚʘ ʠʟ ʥʠʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢ ʥʘʯʘʣʫ 

ʍʍ ʩʪʦʣʝʪʠʷ ʦʙʲʝʤ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʚ ʩʦʩʪʘʚʝ ʪʘʢʠʭ ʬʦʥʜʦʚ ʙʳʣ ʩʦʚʩʝʤ ʥʝ 

ʚʝʣʠʢ.  

ɿʥʘʯʠʪʝʣʴʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʮʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʦʝ ʧʨʦʠʟʦʰʣʦ ʚ 

ʧʝʨʚʳʝ ʛʦʜʳ ʩʦʚʝʪʩʢʦʡ ʚʣʘʩʪʠ, ʧʦʟʚʦʣʠʣʦ ʚʦʩʧʦʣʥʠʪʴ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʣʘʢʫʥʳ. ɺ ɻʦʨʥʦʤ 

ʤʫʟʝʝ ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʧʦʜʦʪʜʝʣ çʇʨʠʢʣʘʜʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠè, ʢʫʜʘ ʚʦʰʣʠ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʶʚʝʣʠʨʥʦʛʦ, ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʠ ʩʢʫʣʴʧʪʫʨʘ ʠʟ ʢʘʤʥʷ. ɺ 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʤʫʟʝʝ ɸʅ ʩʦʟʜʘʣʠ ʦʪʜʝʣ çʇʦʜʝʣʦʯʥʦʛʦ, ʜʨʘʛʦʮʝʥʥʦʛʦ ʢʘʤʥʷ ʠ ʠʩʪʦʨʠʠ 

ʝʛʦ ʦʙʨʘʙʦʪʢʠè (ʆʈ ɻʕ, ʃ. 92). ʉʦʟʜʘʥʠʝ ʦʪʜʝʣʘ ʙʳʣʦ ʧʨʠʫʨʦʯʝʥʦ ʢ ʧʨʦʚʝʜʝʥʠʶ ʚʩʝʩʦʶʟʥʦʛʦ 

ʩʦʚʝʱʘʥʠʷ ʤʠʥʝʨʘʣʦʛʦʚ (ʆʈ ɻʕ, ɼ. 1455), ʚ ʜʥʠ ʧʨʘʟʜʥʦʚʘʥʠʷ 200-ʣʝʪʥʝʛʦ ʶʙʠʣʝʷ ɸʅ 

(ɹʘʨʩʘʥʦʚ, ʂʦʨʥʝʪʦʚʘ, 1989). ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʧʦʣʥʝʥʠʷ ʵʢʩʧʦʥʘʪʘʤʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʨʫʢʦʚʦʜʠʪʝʣʠ ʦʙʦʠʭ ʤʫʟʝʝʚ ʦʙʨʘʪʠʣʠʩʴ ʩ ʧʠʩʴʤʘʤʠ ʢ ʃʆ ɻʄʌ ʩ ʧʨʦʩʴʙʦʡ ʦ 

ʚʳʜʘʯʝ ʵʢʩʧʦʥʘʪʦʚ ʠʟ ʬʦʥʜʘ.  
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13 ʜʝʢʘʙʨʷ 1926 ʛ. ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʧʝʨʚʳʡ ʘʢʪ ʚʳʜʘʯʠ ʧʨʝʜʤʝʪʦʚ ʠʟ ʃʆ ɻʄʌ ʚ 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ɸʅ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʧʦʨʷʞʝʥʠʷ ɻʣʘʚʥʘʫʢʠ ʦʪ 7 ʜʝʢʘʙʨʷ 1926 ʛʦʜʘ 

 ̄ 170840 ʯʝʨʝʟ ʩʪʘʨʰʝʛʦ ʫʯʝʥʦʛʦ ʭʨʘʥʠʪʝʣʷ ɺ.ʀ. ʂʨʳʞʘʥʦʚʩʢʦʛʦ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 

ʬʠʛʫʨʠʨʫʝʪ 32 ʧʨʝʜʤʝʪʘ, ʧʝʨʝʜʘʥʥʳʭ ʠʟ ʃʆ ɻʄʌ ʠ ʨʘʥʝʝ ʧʨʠʥʘʜʣʝʞʘʚʰʠʭ ʯʘʩʪʥʳʤ ʣʠʮʘʤ. 

ɺ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʩʧʠʩʢʝ ʧʨʝʜʤʝʪʦʚ ʟʥʘʯʠʣʠʩʴ çʚʝʱʠ, ʦʪʦʙʨʘʥʥʳʝ ʜʣʷ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ 

ʤʫʟʝʷ ɸʅ ʉʉʉʈ ʜʣʷ ʦʪʜʝʣʘ çʇʦʜʝʣʦʯʥʳʡ ʜʨʘʛʦʮʝʥʥʳʡ ʢʘʤʝʥʴ ʠ ʠʩʪʦʨʠʷ ʝʛʦ ʦʙʨʘʙʦʪʢʠè ʧʦ 

ʧʨʠʟʥʘʢʘʤ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘè (ʆʈ ɻʕ. ʌ. 4. ʆʧ. 1. ʜ. 1455) ʚ ɻʘʪʯʠʥʩʢʦʤ ʜʚʦʨʮʝ-

ʤʫʟʝʝ. ɺ ʵʪʦʤ ʩʧʠʩʢʝ ʬʠʛʫʨʠʨʫʝʪ 83 ʧʨʝʜʤʝʪʘ ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʠʩʢʫʩʩʪʚʘ. ɸ ʪʘʢʞʝ 

ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʩʝʤʴ ʧʨʝʜʤʝʪʦʚ ʠʟ ʪ.ʥ. çʉʪʨʦʛʘʥʦʚʩʢʦʛʦ ʜʦʤʘè (ʉʪʨʦʛʘʥʦʚʩʢʦʛʦ ʜʚʦʨʮʘ). 

ʈʘʟʨʝʰʝʥʠʝ ɻʣʘʚʥʘʫʢʠ ʥʘ ʚʳʜʘʯʫ ʚʩʝʭ ʧʨʝʜʤʝʪʦʚ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 28 ʜʝʢʘʙʨʷ 1926 ʛ. ɺ ʜʚʫʭ 

ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʧʠʩʢʘʭ ʩʦʚʝʨʰʝʥʥʦ ʯʝʪʢʦ ʦʙʦʟʥʘʯʝʥʦ, ʦʪʢʫʜʘ ʧʝʨʝʜʘʚʘʣʠʩʴ ʧʨʝʜʤʝʪʳ ï 

ʢʦʣʣʝʢʮʠʠ ɻʘʪʯʠʥʩʢʦʛʦ ʠ ʉʪʨʦʛʘʥʦʚʩʢʦʛʦ ʜʚʦʨʮʦʚ. ɸ ʚʦʪ ʦʙʱʠʡ ʧʝʨʝʯʝʥʴ ʧʨʝʜʤʝʪʦʚ, 

ʧʝʨʝʜʘʥʥʳʭ ʠʟ ʭʨʘʥʠʣʠʱʘ ʃʆ ɻʄʌ, ʩʢʨʳʚʘʝʪ ʦʪ ʥʘʩ ʠʤʝʥʘ ʧʨʝʞʥʠʭ ʚʣʘʜʝʣʴʮʝʚ. ɼʣʷ 

ʨʘʩʢʨʳʪʠʷ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʱʘʪʴʩʷ ʢ ʜʦʢʫʤʝʥʪʘʤ ʃʆ ɻʄʌ, 

ʠʥʚʝʥʪʘʨʥʳʤ ʢʥʠʛʘʤ ʠ ʘʢʪʘʤ ʧʨʠʝʤʘ ʧʨʝʜʤʝʪʦʚ ʚ ʬʦʥʜ, ʭʨʘʥʷʱʠʤʩʷ ʚ ʦʪʜʝʣʝ ʨʫʢʦʧʠʩʝʡ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʕʨʤʠʪʘʞʘ.  

ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʧʨʝʜʤʝʪʦʚ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʤʫʟʝʝʤ ɸʅ, ʟʘ 

ʧʦʣʫʯʝʥʠʝʤ ʜʨʫʛʠʭ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʮʝʥʥʦʩʪʝʡ ʦʙʨʘʪʠʣʩʷ ʚ ʃʆ ɻʄʌ ʠ ɻʦʨʥʳʡ ʤʫʟʝʡ ʠ ʚ 

1927 ʛ. ʝʤʫ ʪʦʞʝ ʚʳʜʘʣʠ ʨʷʜ ʧʨʝʜʤʝʪʦʚ ʠʟ ʢʘʤʥʷ, ʨʘʥʝʝ ʧʨʠʥʘʜʣʝʞʘʚʰʠʭ ʨʘʟʣʠʯʥʳʤ 

ʯʘʩʪʥʳʤ ʣʠʮʘʤ. ʊʱʘʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʘʨʭʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʃʆ ɻʄʌ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʚ 

ʢʦʣʣʝʢʮʠʷʭ ʦʙʦʠʭ ʤʫʟʝʝʚ ʧʨʝʜʤʝʪʳ, ʨʘʥʝʝ ʥʘʭʦʜʠʚʰʠʝʩʷ ʚ ʣʠʯʥʦʤ ʚʣʘʜʝʥʠʠ ʩʝʤʴʠ ʚʝʣʠʢʦʛʦ 

ʢʥʷʟʷ ʂʦʥʩʪʘʥʪʠʥʘ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯʘ, ʟʥʘʤʝʥʠʪʦʛʦ ʧʦʵʪʘ ʂʈ. ʆʥʠ ʙʳʣʠ ʚʳʚʝʟʝʥʳ ʠʟ 

ʄʨʘʤʦʨʥʦʛʦ ʜʚʦʨʮʘ, ʥʘʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʚ 1917 ʛʦʜʫ. ɺ ɻʦʨʥʳʡ ʤʫʟʝʡ ʠʟ ʦʙʩʪʘʥʦʚʢʠ 

ʄʨʘʤʦʨʥʦʛʦ ʜʚʦʨʮʘ ʧʦʩʪʫʧʠʣʦ ʪʨʠ ʧʨʝʜʤʝʪʘ: ʬʠʛʫʨʢʘ ʩʣʦʥʘ ʠʟ ʩʝʨʦʡ ʢʘʣʢʘʥʩʢʦʡ ʷʰʤʳ; 

ʦʜʥʘ ʚʘʟʘ ʠʟ ʧʘʨʳ, ʚʳʨʝʟʘʥʥʘʷ ʠʟ ʰʚʝʜʩʢʦʛʦ ʙʣʠʙʝʨʛʩʢʦʛʦ ʧʦʨʬʠʨʘ ʠ ʧʨʝʩʩ-ʧʘʧʴʝ ʩ 

ʥʘʢʣʘʜʢʦʡ ʚ ʚʠʜʝ ʢʠʩʪʠ ʚʠʥʦʛʨʘʜʘ ʠʟ ʘʤʝʪʠʩʪʘ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ɸʅ ʧʦʣʫʯʠʣ 11 

ʧʨʝʜʤʝʪʦʚ, ʨʘʥʝʝ ʥʘʭʦʜʠʚʰʠʭʩʷ ʚ ʄʨʘʤʦʨʥʦʤ ʜʚʦʨʮʝ. ɺ ʠʭ ʯʠʩʣʝ ʙʳʣʠ ʨʝʟʥʳʝ ʚʘʟʦʯʢʠ ʠʟ 

ʨʦʜʦʥʠʪʘ, ʷʰʤʳ, ʥʝʬʨʠʪʘ, ʢʚʘʨʮʠʪʘ ʠ ʜʨ.; ʧʘʨʥʳʝ ʘʛʘʪʦʚʳʝ ʙʦʢʘʣʳ; ʢʦʨʦʙʦʯʢʘ ʥʘ ʢʨʫʛʣʳʭ 

ʥʦʞʢʘʭ ʠʟ ʟʤʝʝʚʠʢʘ, ʬʣʘʢʦʥ ʜʣʷ ʢʣʝʷ ʚ ʚʠʜʝ ʛʨʫʰʠ ʠ ʜʨ.  

ɼʦʩʪʫʧʥʦʩʪʴ ʨʘʥʝʝ ʟʘʩʝʢʨʝʯʝʥʥʳʭ ʘʨʭʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʢʨʦʧʦʪʣʠʚʦʝ, ʧʦʨʦʶ ʦʯʝʥʴ 

ʜʣʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʦʟʚʨʘʱʘʪʴ ʤʥʦʛʠʤ ʧʨʝʜʤʝʪʘʤ ʠʩʪʦʨʠʯʝʩʢʠʡ ʢʦʥʪʝʢʩʪ, ʚ 

ʢʦʪʦʨʦʤ ʦʥʠ ʩʦʟʜʘʚʘʣʠʩʴ. ʉʝʛʦʜʥʷ ʤʳ ʤʦʞʝʤ ʧʨʠʦʪʢʨʳʪʴ ʨʘʥʝʝ ʩʢʨʳʪʫʶ ʦʪ ʥʘʩ ʠʩʪʦʨʠʶ ʠʭ 

ʙʳʪʦʚʘʥʠʷ ʠ ʦʪʢʨʳʪʴ ʠʤʝʥʘ ʧʨʝʞʥʠʭ ʚʣʘʜʝʣʴʮʝʚ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʧʦʚʳʰʘʝʪ ʠʩʪʦʨʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ ʧʨʝʜʤʝʪʦʚ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʫʟʝʡʥʳʭ ʩʦʙʨʘʥʠʷʭ. 
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ʄʠʥʝʨʘʣʦʛʠʷ, ʢʘʢ ʥʘʫʢʘ ʛʝʦʣʦʛʠʯʝʩʢʘʷ, ʷʚʣʷʝʪʩʷ ʥʘʫʢʦʡ ʝʩʪʝʩʪʚʝʥʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʡ, ʠ 

ʝʝ ʦʙʲʝʢʪʳ ï ʤʠʥʝʨʘʣʳ ï  ʜʦʣʞʥʳ ʠʟʫʯʘʪʴʩʷ ʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴʩʷ ʪʘʢʠʤʠ, ʢʘʢʠʤʠ ʦʥʠ 

ʦʙʨʘʟʫʶʪʩʷ ʠ ʩʫʱʝʩʪʚʫʶʪ ʚ ʧʨʠʨʦʜʝ, ʠ ʚʠʜʦʠʟʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʭʦʜʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ɿʝʤʣʝ. ʆʜʥʘʢʦ, ʧʨʘʢʪʠʢʘ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʩʣʝ 

ʪʦʛʦ, ʢʘʢ ʙʫʜʫʪ ʧʦʣʫʯʝʥʳ ʪʝ ʠʣʠ ʠʥʳʝ ʜʘʥʥʳʝ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʠʥʝʨʘʣʘ 

ʠ ʝʛʦ ʩʪʨʫʢʪʫʨʝ ʚʳʧʦʣʥʷʝʪʩʷ ʝʛʦ ʜʠʘʛʥʦʩʪʠʢʘ, ʪʦ ʝʩʪʴ ʚʳʷʩʥʷʝʪʩʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʝʛʦ ʢ ʪʦʤʫ 

ʠʣʠ ʠʥʦʤʫ ʤʠʥʝʨʘʣʴʥʦʤʫ ʚʠʜʫ (ʠʣʠ ʚʳʜʝʣʝʥʠʝ ʥʦʚʦʛʦ  ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʠʜʘ), ʠ ʠʟʫʯʝʥʠʝ 

ʧʝʨʝʭʦʜʠʪ ʥʘ ʥʦʚʳʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ï ʫʨʦʚʝʥʴ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ, ʠ ʚʩʝ, ʯʪʦ ʤʳ 

ʟʥʘʝʤ ʦ ʨʝʘʣʴʥʳʭ ʠʥʜʠʚʠʜʘʭ ʤʠʥʝʨʘʣʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʙʳʚʘʝʪʩʷ. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ 

ʤʠʥʝʨʘʣʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʘʣʴʥʳʤ çʥʘʜʫʤʘʥʥʳʤè ʧʨʠʟʥʘʢʘʤ, ʜʣʷ ʝʜʠʥʦʦʙʨʘʟʠʷ 

ʫʪʚʝʨʞʜʝʥʥʳʤ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʤʠʩʩʠʝʡ, ʘʙʩʪʨʘʛʠʨʦʚʘʥʥʳʤ ʦʪ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʧʨʠʨʦʜʥʦʤ 

ʤʠʥʝʨʘʣʴʥʦʤ ʚʝʱʝʩʪʚʝ, ʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʧʨʠʩʢʦʨʙʥʦ, ʦʪ ʛʝʥʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦʙ ʫʩʣʦʚʠʷʭ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʜʘʥʥʦʛʦ ʚʠʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʦʙʱʝʧʨʠʥʷʪʦʡè ʭʠʤʠʯʝʩʢʦʡ (ʪʦʯʥʝʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ) 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʠʥʝʨʘʣʦʚ, ʧʦʣʦʞʝʥʥʦʡ ʚ ʦʩʥʦʚʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ʂʅʄʅʄ ʄʄɸ, ʩʦʚʝʨʰʝʥʥʦ 

ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʦʣʝ (ʠʣʠ ʦʙʣʘʩʪʠ) ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʠʥʝʨʘʣʘ (ʚ ʢʦʪʦʨʦʤ 

ʜʘʥʥʳʡ ʚʠʜ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ), ʚʘʨʠʘʮʠʷʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʚ ʭʦʜʝ ʝʛʦ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʟʘʪʝʤ ʧʦʩʣʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʚʦʡʩʪʚ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʝʡ ʠ ʤʠʥʝʨʘʣʦʩʦʭʨʘʥʷʶʱʝʡ ʩʨʝʜʳ. 

ɼʘʥʥʳʡ ʧʨʦʙʝʣ ʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʝ ʜʘʚʥʦ ʧʦʥʷʪ ʤʠʥʝʨʘʣʦʛʘʤʠ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʧʣʘʥʘ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʤʠʥʝʨʘʣʦʛʦʚ-ʛʝʥʝʪʠʢʦʚ ʫ ʥʘʩ ʝʜʠʥʠʮʳ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʛʨʦʤʥʦʡ 

ʘʨʤʠʝʡ ʤʠʥʝʨʘʣʦʛʦʚ-ʭʠʤʠʢʦʚ, ʢʦʪʦʨʳʝ ʚʠʜʷʪ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ, ʥʝ ʚʩʝʛʜʘ ʣʦʛʠʯʝʩʢʠ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʤ, 

ʯʘʩʪʦ ʟʘʦʜʥʦ ʫʥʠʯʪʦʞʘʶʱʠʭ ʠ ʨʘʥʝʝ ʚʳʜʝʣʝʥʥʳʝ ʙʦʣʝʝ ʨʝʘʣʴʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʚʠʜʦʚ.  

ɺ ʩʚʦʝ ʚʨʝʤʷ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʜʨʫʛʦʡ ʝʩʪʝʩʪʚʝʥʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʡ ʥʘʫʢʦʡ ï ʙʠʦʣʦʛʠʝʡ, 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʘ ʘʩʧʝʢʪʘ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ï 

ʦʥʪʦʛʝʥʠʶ (ʘʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʨʝʘʣʴʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠʥʜʠʚʠʜʦʚ) ʠ ʬʠʣʦʛʝʥʠʶ (ʘʥʘʣʠʟ 

ʧʦʚʝʜʝʥʠʷ, ʨʘʟʚʠʪʠʷ ʠ ʩʦʦʪʥʦʰʝʥʠʡ ʤʠʥʝʨʘʣʦʚ, ʦʧʫʩʢʘʷ ʢʦʥʢʨʝʪʥʳʝ ʠʭ ʜʝʪʘʣʠ, ʥʘ ʫʨʦʚʥʝ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ) (ɻʨʠʛʦʨʴʝʚ, 1961; ɻʨʠʛʦʨʴʝʚ, ɾʘʙʠʥ, 1974).  

ʂ ʩʦʞʘʣʝʥʠʶ, ʠʤʝʶʱʠʝʩʷ ʨʘʙʦʪʳ ʧʦ ʦʥʪʦʛʝʥʠʠ ʦʭʚʘʪʳʚʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʦʩʪʘ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʛʨʘʥʝʡ ʚ ʭʦʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʠ ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ 

ʘʥʘʣʠʟʠʨʫʶʪ ʧʨʦʮʝʩʩʳ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ 

ʧʦʩʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʨʬʦʣʦʛʠʠ ʨʝʜʢʦ 

ʧʦʜʢʨʝʧʣʷʝʪʩʷ ʜʘʥʥʳʤʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʦʟʚʨʘʱʘʷʩʴ ʢ 

ʟʘʛʦʣʦʚʢʫ ʧʨʝʜʣʘʛʘʝʤʦʡ ʚʘʰʝʤʫ ʚʥʠʤʘʥʠʶ ʨʘʙʦʪʳ, ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʦʥʪʦʛʝʥʠʠ ʠ ʬʠʣʦʛʝʥʠʠ ʧʦʩʪʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʚʘʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʛʝʥʝʪʠʯʝʩʢʦʡ 

ʤʠʥʝʨʘʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʩʜʝʣʘʪʴ ʨʷʜ ʚʘʞʥʳʭ ʚʳʚʦʜʦʚ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʙʣʝʤ 

ʤʠʥʝʨʘʣʦʛʠʠ, ʧʝʪʨʦʣʦʛʠʠ, ʛʝʦʭʠʤʠʠ ʠ ʛʝʦʣʦʛʠʠ.  

ʇʦʩʪʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ, ʧʨʦʭʦʜʷʱʠʝ ʚ ʪʚʝʨʜʦʡ ʩʨʝʜʝ, ʥʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳ ʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳ ʜʣʷ ʤʠʥʝʨʘʣʦʚ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ (ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ), ʷʚʣʷʶʱʠʭʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ. ʆʥʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ, ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʇʘʪʥʠʩ, ʄʘʢ-ʂʦʥʥʝʣʣ, 1983; ʍʠʩʠʥʘ, 
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1987 ʠ ʜʨ.). ɺ ʱʝʣʦʯʥʳʭ ʧʦʣʝʚʳʭ ʰʧʘʪʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʬʘʟʦʚʳʡ ʨʘʩʧʘʜ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʦʙʠʨʘʪʝʣʴʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠ ʠʟʤʝʥʝʥʠʝʤ ʤʦʨʬʦʣʦʛʠʠ ʧʣʦʩʢʦʩʪʝʡ ʩʨʘʩʪʘʥʠʷ 

ʣʘʤʝʣʣʝʡ, ʩʪʨʫʢʪʫʨʥʦʝ ʫʧʦʨʷʜʦʯʝʥʠʝ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʢʨʝʤʥʠʷ ʠ ʘʣʶʤʠʥʠʷ ʚ 

ʢʘʨʢʘʩʝ, ʚʥʫʪʨʝʥʥʝʝ ʤʠʢʨʦʜʚʦʡʥʠʢʦʚʘʥʠʝ, ʠʤʠʪʠʨʫʶʱʝʝ ʠʩʭʦʜʥʫʶ ʩʠʤʤʝʪʨʠʶ ʢʨʠʩʪʘʣʣʘ; ʚ 

ʬʝʣʴʜʰʧʘʪʦʠʜʘʭ ï ʨʘʩʧʘʜ ʥʘ ʥʝʬʝʣʠʥʦʚʫʶ ʠ ʢʘʣʴʩʠʣʠʪʦʚʫʶ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʟʘʢʦʥʦʤʝʨʥʳʡ 

ʬʘʟʦʚʳʡ ʨʘʩʧʘʜ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʧʠʣʝʡʮʠʪʘ. ɸʥʘʣʦʛʠʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʧʠʨʦʢʩʝʥʦʚ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʠ ʜʨ. ɺ ʮʝʦʣʠʪʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʭʘʨʘʢʪʝʨʥʳ ʠʦʥʦʙʤʝʥʥʳʝ 

ʟʘʤʝʱʝʥʠʷ ʤʝʞʜʫ ʨʝʣʠʢʪʦʚʳʤ ʤʠʥʝʨʘʣʦʤ ʠ ʩʨʝʜʦʡ ʤʝʥʷʶʱʝʛʦʩʷ ʩʦʩʪʘʚʘ ʠ ʪ.ʧ. 

ʈʘʙʦʪʘʷ ʚ ʍʠʙʠʥʩʢʦʤ ʫʣʴʪʨʘʱʝʣʦʯʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʘʚʪʦʨ ʧʨʠʰʝʣ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʦʥʪʦʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʠʚ ʠʭ ʠ ʥʘ 

ʘʥʘʣʠʟ ʧʦʩʪʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ ʚ ʠʩʪʦʨʠʠ çʞʠʟʥʠè ʨʝʘʣʴʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʠʥʜʠʚʠʜʦʚ, ʠ ʠʩʧʦʣʴʟʦʚʘʣ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʚʦʧʨʦʩʦʚ ʛʝʥʝʟʠʩʘ ʨʷʜʘ çʩʧʦʨʥʳʭè ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʘʧʘʪʠʪʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʍʠʙʠʥʩʢʠʡ ʤʘʩʩʠʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʛʠʛʘʥʪʩʢʠʡ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʝʣʠʢʪʘʤʠ ʠ ʢʩʝʥʦʣʠʪʘʤʠ 

ʧʦʨʦʜ ʚʤʝʱʘʶʱʝʡ ʘʨʭʝʡʩʢʦ-ʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʨʘʤʳ ʠ ʨʘʥʥʝʡ ʚʫʣʢʘʥʦʛʝʥʥʦʡ ʩʪʘʜʠʠ, ʯʪʦ 

ʘʛʧʘʠʪʦʚʳʝ ʥʝʬʝʣʠʥʦʚʳʝ ʩʠʝʥʠʪʳ, ʩʣʘʛʘʶʱʠʝ ʦʩʥʦʚʫ ʤʘʩʩʠʚʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʧʨʝʪʝʨʧʝʣʠ 

ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʩ ʧʨʝʚʨʘʱʝʥʠʝʤ K,Na-ʩʘʥʠʜʠʥʘ ʚ 

ʦʨʪʦʢʣʘʟ- ʠ ʤʠʢʨʦʢʣʠʥ-ʧʝʨʪʠʪʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦ ʘʛʧʘʠʪʦʚʦʡ ʥʘʪʨʠʝʚʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʵʚʜʠʘʣʠʪʦʤ, ʵʥʠʛʤʘʪʠʪʦʤ, ʣʘʤʧʨʦʬʠʣʣʠʪʦʤ, ʨʠʥʢʠʪʦʤ ʠ ʧʨ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʨʝʣʠʢʪʳ ʧʘʣʝʦʚʫʣʢʘʥʠʪʦʚ ʬʦʥʦʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ çʟʘʧʘʜʥʦʡ ʜʫʛʠè ʚʦ ʤʥʦʛʦʤ ʩʦʭʨʘʥʠʣʠ ʩʚʦʡ 

ʶʚʝʥʠʣʴʥʳʡ ʦʙʣʠʢ. ʅʘʦʙʦʨʦʪ, ʨʝʣʠʢʪʳ ʤʝʣʴʪʝʡʛʠʪ-ʫʨʪʠʪʦʚ, ʟʘʭʚʘʯʝʥʥʳʭ ʚ ʨʘʡʦʥʝ 

çʮʝʥʪʨʘʣʴʥʦʡ ʜʫʛʠè, ʠʩʧʳʪʘʣʠ ʤʦʱʥʳʝ ʧʨʦʮʝʩʩʳ ʬʝʥʠʪʠʟʘʮʠʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʦʪʱʝʧʣʝʥʥʳʭ 

ʦʪ ʱʝʣʦʯʥʦʡ ʤʘʛʤʳ ʬʣʶʠʜʦʚ ʠ ʙʳʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʛʨʫʙʦʟʝʨʥʠʩʪʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʩʪʘʙʠʣʴʥʦʛʦ K-ʦʨʪʦʢʣʘʟ-ʘʜʫʣʷʨʘ, ʢʘʣʴʩʠʣʠʪʘ ʠ ʫʥʠʢʘʣʴʥʦʡ ʢʘʣʠʝʚʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʘ ʪʘʢʞʝ ʘʧʘʪʠʪʦʚʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ (ɹʦʨʫʮʢʠʡ, 2010; 2012). 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʝ ʠ ʢ ʚʦʧʨʦʩʘʤ ʬʠʣʦʛʝʥʠʠ, ʧʦʩʢʦʣʴʢʫ 

ʪʨʝʙʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʠʥʮʠʧʦʚ ʧʦʜʭʦʜʘ ʢ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʤʠʥʝʨʘʣʦʚ (ɹʦʨʫʮʢʠʡ, 2006). 
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ʅ.ʀ. ɹʨʷʥʯʘʥʠʥʦʚʘ 
 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. nimb@ginras.ru 

 

ʊʦʧʦʤʠʥʝʨʘʣʦʛʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʙʫʢʚʘʣʴʥʳʤ ʩʤʳʩʣʦʤ ʵʪʦʛʦ ʪʝʨʤʠʥʘ ʠʟʫʯʘʝʪ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʘʩʩʦʮʠʘʮʠʡ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ. ʆʙʲʝʢʪʘʤʠ ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʤʠʥʝʨʘʣʳ ʠ ʚʢʣʶʯʘʶʱʠʝ 

ʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʦʚ: ʨʝʛʠʦʥʳ, ʩʪʨʘʥʳ, 

ʢʦʥʪʠʥʝʥʪʳ ʠʣʠ ʦʙʲʝʤʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʪʝʣʘ (ʤʠʥʝʨʘʣʴʥʳʝ, ʛʦʨʥʳʭ ʧʦʨʦʜ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ). ʊʦʧʦʤʠʥʝʨʘʣʦʛʠʷ ʚʥʦʩʠʪ ʚ ʫʯʝʥʠʝ ʦ ʤʠʥʝʨʘʣʘʭ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ, ʠ 

ʠʤʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʫʪʠ ʤʠʥʝʨʘʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʥʘʫʢʦʡ ʚ 

ʩʠʩʪʝʤʝ ʥʘʫʢ ʦ ɿʝʤʣʝ, ʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʯʘʩʪʴ ʬʠʟʠʢʠ ʠʣʠ ʭʠʤʠʠ ʢʨʠʩʪʘʣʣʦʚ. 

ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʧʠʩʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʜʘʶʪ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ 

ʠʟʫʯʝʥʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʨʘʡʦʥʘ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ.  

ʅʘʯʘʣʦ ʨʫʩʩʢʦʡ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʩʚʷʟʘʥʦ ʩ ʨʘʙʦʪʦʡ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʥʘʜ 

ʄʠʥʝʨʘʣʴʥʳʤ ʢʘʪʘʣʦʛʦʤ ʂʫʥʩʪʢʘʤʝʨʳ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʤ (1741, 1745), ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʩʚʝʜʝʥʠʷ ʦ ʨʫʩʩʢʠʭ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷʭ ʤʠʥʝʨʘʣʦʚ.  

ɺ 1764 ʛ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚ ʦʧʫʙʣʠʢʦʚʘʣ çʀʟʚʝʩʪʠʝ ʦ ʩʦʯʠʥʷʝʤʦʡ ʈʦʩʩʠʡʩʢʦʡ 

ʤʠʥʝʨʘʣʦʛʠʠè ʠ ʧʨʠʚʣʝʢ ʢ ʵʪʦʡ ʨʘʙʦʪʝ ʚʥʠʤʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ: ʚʣʘʜʝʣʴʮʳ 

ʨʫʜʥʳʭ ʟʘʚʦʜʦʚ ʩʦ ʚʩʝʡ ʈʦʩʩʠʠ ʧʨʠʩʳʣʘʣʠ ʝʤʫ ʦʙʨʘʟʮʳ, ʘ ʯʣʝʥʳ ʀʤʧʝʨʘʪʦʨʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʫʢ ʠ ʭʫʜʦʞʝʩʪʚ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ ʀ. ʃʝʤʘʥ, ʕ. ʃʘʢʩʤʘʥ, ʉ.ʇ. ʂʨʘʰʝʥʠʥʥʠʢʦʚ, ʇ.ʀ. 

ʈʳʯʢʦʚ, ʇ.-ʉ. ʇʘʣʣʘʩ, ʀ.ɻ. ɻʝʦʨʛʠ, ʀ.ʀ. ʃʝʧʝʭʠʥ ʠ ʜʨʫʛʠʝ ʧʨʝʜʦʩʪʘʚʠʣʠ ʤʘʪʝʨʠʘʣʳ 

ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʙʦʪʫ, ʧʨʝʨʚʘʥʥʫʶ ʩʤʝʨʪʴʶ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʧʦʧʳʪʘʣʩʷ 

ʧʨʦʜʦʣʞʠʪʴ ʭʨʘʥʠʪʝʣʴ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʯʘʩʪʠ ʂʫʥʩʪʢʘʤʝʨʳ ʘʢʘʜʝʤʠʢ ʀ.ɻ. ɻʝʦʨʛʠ, ʥʦ ʝʛʦ 

ʩʚʦʜʢʘ çPhysikalische Beschraibung des Russischen Reichenè (1798) ʙʳʣʘ ʜʘʣʝʢʘ ʦʪ ʟʘʜʫʤʘʥʥʦʡ 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʳʤ ʧʫʙʣʠʢʘʮʠʠ çʈʦʩʩʠʡʩʢʘʷ ʤʠʥʝʨʘʣʦʛʠʷè. 

ɿʘʤʳʩʝʣ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʫʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʠʣ ɺ.ʄ. ʉʝʚʝʨʛʠʥ, ʠʟʜʘʚʰʠʡ ʚ 1809 ʛ. 

çʆʧʳʪ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʟʝʤʣʝʦʧʠʩʘʥʠʷ ɻʦʩʫʜʘʨʩʪʚʘ ʈʦʩʩʠʡʩʢʦʛʦè. ʕʪʦ ʥʝ ʧʨʦʩʪʦ ʧʝʨʚʦʝ 

ʢʨʫʧʥʦʝ ʦʙʦʙʱʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʠ ʈʦʩʩʠʠ ï ʚ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʧʝʨʚʦʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ 

ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʩʪʨʦʛʦ ʠ ʯʝʪʢʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʜʤʝʪ ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʠ: 

çʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʟʝʤʣʝʦʧʠʩʘʥʠʝ ʝʩʪʴ ʯʘʩʪʴ ʦʙʱʝʡ ʤʠʥʝʨʘʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʩ ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠ ʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠè (ʉʝʚʝʨʛʠʥ, 1809, ʩ. 3). 

ʉʣʝʜʫʶʱʠʤ ʢʨʫʧʥʳʤ ʦʙʦʙʱʝʥʠʝʤ ʚ ʈʦʩʩʠʠ ʙʳʣʠ çʄʘʪʝʨʠʘʣʳ ʜʣʷ ʤʠʥʝʨʘʣʦʛʠʠ 

ʈʦʩʩʠʠè ʅ.ʀ. ʂʦʢʰʘʨʦʚʘ ʚ 11 ʪʦʤʘʭ (1852ï1891), ʦʪʣʠʯʘʶʱʠʝʩʷ ʜʝʪʘʣʴʥʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ ʨʫʢʦʧʠʩʴ 

ɼ.ʀ. ʇʣʘʥʝʨʘ ʧʦ ʤʠʥʝʨʘʣʦʛʠʠ ʈʦʩʩʠʠ (1968), ʇ.ʇ. ʇʠʣʠʧʝʥʢʦ ʧʦ ʤʠʥʝʨʘʣʦʛʠʠ ɸʣʪʘʷ (1915), 

ʘ ʪʘʢʞʝ ʢʥʠʛʫ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ çʆʧʳʪ ʦʧʠʩʘʪʝʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠè (1909ï1914).  

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʦʙʰʠʨʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʩʚʦʜʢʠ, ʦʭʚʘʪʳʚʘʶʱʠʝ ʮʝʣʳʝ ʩʪʨʘʥʳ 

ʠʣʠ ʢʨʫʧʥʳʝ ʨʝʛʠʦʥʳ, ʧʦ ʩʫʱʝʩʪʚʫ ʷʚʣʷʶʪʩʷ ʢʘʜʘʩʪʨʦʚʦ-ʦʧʠʩʘʪʝʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ ʠ ʧʦ 

ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦʪʥʦʩʷʪʩʷ ʢ ʨʝʛʠʦʥʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ī ʦʩʦʙʦʤʫ ʢʣʘʩʩʫ 

ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʤʫ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʩʦʩʪʘʚʣʝʥʠʝ ʢʘʜʘʩʪʨʘ ʦʪʜʝʣʴʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʊʦʧʦʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ ʨʘʙʦʪʘʤʠ 

ʵʪʦʛʦ ʪʠʧʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠ ʤʥʦʛʠʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʢʘʪʘʣʦʛʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʡ, 

ʧʫʪʝʚʦʜʠʪʝʣʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʵʢʩʢʫʨʩʠʡ. 

ʉʪʘʥʦʚʣʝʥʠʝ ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʠ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʩʧʨʘʚʝʜʣʠʚʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʠʤʝʥʝʤ ɸ.ɽ. ʌʝʨʩʤʘʥʘ. ɺ 1922 ʛ. ʚʳʰʣʘ ʚ ʩʚʝʪ ʝʛʦ ʢʥʠʛʘ 

çɻʝʦʭʠʤʠʷ ʈʦʩʩʠʠè, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʣʘ ʜʚʝ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʛʣʘʚʳ, ʧʦʩʚʷʱʝʥʥʳʝ 

ʪʦʤʠʥʝʨʘʣʦʛʠʠ. ʊʝʨʤʠʥ çʪʦʧʦʤʠʥʝʨʘʣʦʛʠʷè ʚʧʝʨʚʳʝ ʚʚʝʜʝʥ ɸ.ɽ. ʌʝʨʩʤʘʥʦʤ, ʠ ʦʥ 



19 

 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʥʝʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ʧʦʥʷʪʠʷ çʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ 

ʤʠʥʝʨʘʣʦʛʠʷè ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ. ʆʪʤʝʯʘʷ ʦʪʩʫʪʩʪʚʠʝ ʦʙʲʝʜʠʥʷʶʱʝʡ ʠʜʝʠ ʚ 

ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʪʨʫʜʘʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ɸ.ɽ. ʌʝʨʩʤʘʥ ʚʠʜʝʣ ʩʤʳʩʣ 

ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʠ ʚ çʠʟʫʯʝʥʠʠ ʤʠʥʝʨʘʣʘ, ʧʨʦʮʝʩʩʘ ʠ ʵʣʝʤʝʥʪʘ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʟʝʤʥʦʡ 

ʢʦʨʳè (ʌʝʨʩʤʘʥ, 1922, ʩ. 9). ʆʥ ʦʧʨʝʜʝʣʠʣ ʪʨʠ ʛʣʘʚʥʳʝ ʟʘʜʘʯʠ ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʠ: ʦʧʠʩʘʥʠʝ 

ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʩʚʦʡʩʪʚ; ʠʟʫʯʝʥʠʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ; ʚʳʷʩʥʝʥʠʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʨʦʣʠ ʦʪʜʝʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ.  

ʉʬʝʨʘ ʩʦʚʨʝʤʝʥʥʦʡ ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ, ʯʝʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ 

ʦʧʠʩʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʚ ʧʦʥʷʪʠʷʭ ɺ.ʄ. ʉʝʚʝʨʛʠʥʘ, 

ʅ.ʀ. ʂʦʢʰʘʨʦʚʘ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʛʦʚ, ʥʦ ʠ ɸ.ɽ. ʌʝʨʩʤʘʥʘ. ʆʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʳʷʩʥʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʢʦʥʢʨʝʪʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ī ʪʦʧʦʩʘʭ. ɺʘʞʥʝʡʰʘʷ ʨʦʣʴ ʧʨʠ ʵʪʦʤ ʦʪʚʦʜʠʪʩʷ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʢʘʨʪʠʨʦʚʘʥʠʶ, ʙʝʟ ʢʦʪʦʨʦʛʦ ʥʝʪ ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʠ.  

ɿʘʜʘʯʫ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʫʧʦʨʷʜʦʯʝʥʠʷ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʠ 

ʨʝʰʠʣ ʅ.ʇ. ʖʰʢʠʥ (1982), ʧʨʝʜʩʪʘʚʠʚ ʩʦʜʝʨʞʘʥʠʝ ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʦʩʪʘʚʣʝʥʠʝ ʢʘʜʘʩʪʨʘ ʠ ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʢʘʢ ʠʩʪʦʯʥʠʢʦʚ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʜʠʢʘʪʦʨʦʚ ʨʫʜʦʥʦʩʥʦʩʪʠ, ʚʳʷʚʣʝʥʠʝ ʧʦʣʝʟʥʳʭ ʢʘʯʝʩʪʚ 

ʤʠʥʝʨʘʣʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ ʠ ʪ.ʧ.; ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ; 

ʛʝʥʝʪʠʢʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ. 

ʊʨʫʜʳ ʅ.ʇ. ʖʰʢʠʥʘ ʧʦ ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʠ ʧʦʣʫʯʠʣʠ ʚʳʩʦʢʫʶ ʦʮʝʥʢʫ ʥʘʫʯʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ï ʦʪʤʝʯʝʥʳ ʧʦʯʝʪʥʳʤ ʦʪʟʳʚʦʤ ʠ ʤʝʜʘʣʴʶ ɺʩʝʩʦʶʟʥʦʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʱʝʩʪʚʘ (1987 ʛ.) ʠ ʧʨʝʤʠʝʡ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ (1995 ʛ.). 
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ɺ ʢʦʣʣʝʢʮʠʠ ɸʣʝʢʩʘʥʜʨʘ ʌʝʜʦʨʦʚʠʯʘ ʂʝʣʣʝʨʘ, ʩʦʛʣʘʩʥʦ ʢʘʪʘʣʦʛʫ, ʩʦʩʪʘʚʣʝʥʥʦʤʫ 

ʩʦʙʩʪʚʝʥʥʦʨʫʯʥʦ ɸ.ʌ. ʂʝʣʣʝʨʦʤ, ʟʥʘʯʠʪʩʷ ʯʝʪʳʨʝ ʦʙʨʘʟʮʘ ʧʣʘʪʠʥʳ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʠʣʠʩʴ 

ʪʨʠ ʧʨʝʜʤʝʪʘ: ʤʘʛʥʠʪʥʘʷ ʧʣʘʪʠʥʘ, ʋʨʘʣ (ʄʅ-56569); ʰʣʠʭ: ʧʣʘʪʠʥʘ, ʠʨʠʜʠʡ ʦʩʤʠʩʪʳʡ, 

ʟʦʣʦʪʦ, ʋʨʘʣ, ʊʘʛʠʣʴʩʢ (ʄʅ-01131); ʠ ʧʣʘʪʠʥʘ ʩ ʦʢʩʠʜʦʤ ʞʝʣʝʟʘ, ʋʨʘʣ (ʄʅ-20603). ɼʚʘ 

ʧʝʨʚʳʭ ʦʙʨʘʟʮʘ ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ɸ.ʌ. ʂʝʣʣʝʨʦʤ ʫ ɸ.ʃ. ʉʦʢʦʣʦʚʩʢʦʛʦ ʚ ʩʦʩʪʘʚʝ ʢʦʣʣʝʢʮʠʠ, 

ʪʨʝʪʠʡ ï ʢʫʧʣʝʥ ʫ ɼʝʥʠʩʦʚʘ-ʋʨʘʣʴʩʢʦʛʦ. ɺʩʝ ʦʙʨʘʟʮʳ ʭʦʨʦʰʝʡ ʩʦʭʨʘʥʥʦʩʪʠ.  

ɺ 1991 ʛʦʜʫ ʦʥʠ ʧʨʦʰʣʠ ʨʝʚʠʟʠʦʥʥʫʶ ʦʮʝʥʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʨʦʙʠʨʥʦʡ ʧʘʣʘʪʳ, ʢʦʪʦʨʘʷ 

ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʟʘʢʘʟʫ ʛʣʘʚʥʦʛʦ ʭʨʘʥʠʪʝʣʷ ʄʫʟʝʷ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ. ʇʦ ʟʘʢʣʶʯʝʥʠʶ ʧʨʦʙʠʨʥʦʡ ʧʘʣʘʪʳ ʩʘʤʦʨʦʜʦʢ ʧʣʘʪʠʥʳ ʚʝʩʦʤ 59,57 ʛ 

(ʦʙʨ. ʄʅ-56569) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʪʠʥʫ ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʯʝʨʥʦʡ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʧʦʨʦʜʦʡ. 

ʇʨʦʙʘ ï 850 õ 800; ʣʠʛʘʪʫʨʘ ï 58,28. ʐʣʠʭ ʄʅ-01131 ʩʦʩʪʦʠʪ ʠʟ ʧʝʩʢʘ ʠ ʦʢʘʪʳʰʝʡ ʨʘʟʤʝʨʦʤ 

ʜʦ 0,3 ʩʤ ʩʝʨʝʙʨʠʩʪʦ-ʞʝʣʪʦʚʘʪʦʛʦ ʮʚʝʪʘ ʩ ʦʪʜʝʣʴʥʳʤʠ ʟʝʨʥʘʤʠ ʧʫʩʪʦʡ ʧʦʨʦʜʳ. ʇʨʦʙʘ 

ʧʣʘʪʠʥʳ ï 950 õ 900; ʣʠʛʘʪʫʨʘ ï 0,39. ʇʨʦʙʘ ʟʦʣʦʪʘ ï 916 õ 900; ʣʠʛʘʪʫʨʘ ï 0,01. 

ʄʠʢʨʦʟʦʥʜʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʢʦʨʝʥʥʦʡ ʧʣʘʪʠʥʳ (ʄʅ-56569 ʠ ʄʅ-20603) ʠ 

ʪʷʞʝʣʦʛʦ ʰʣʠʭʘ (ʄʅ-01131), ʩʦʩʪʦʷʱʝʛʦ ʧʦʯʪʠ ʠʟ 100 ʟʝʨʝʥ ʩʘʤʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ʧʣʘʪʠʥʳ, 

ʦʩʤʠʷ, ʠʨʠʜʠʷ, ʟʦʣʦʪʘ ʠ ʦʣʦʚʘ), ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʅʀʊʋ ʄʀʉʠʉ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʧʨʠʩʪʘʚʢʦʡ ï JMA-650. 

ɺ ʰʣʠʭʝ ʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʣʣʶʚʠʷ ʧʣʘʪʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʣʴʥʦ ʦʢʘʪʘʥʥʳʤʠ ʩʝʨʳʤʠ 

ʟʝʨʥʘʤʠ ʯʘʱʝ ʚʩʝʛʦ ʦʢʨʫʛʣʦʛʦ ʦʙʣʠʢʘ, ʘ ʦʩʤʠʡ-ʠʨʠʜʠʝʚʳʝ ʩʧʣʘʚʳ ï ʩʣʘʙʦ ʦʢʘʪʘʥʥʳʤʠ 

ʧʣʘʩʪʠʥʢʘʤʠ ʙʝʣʦʛʦ ʤʝʪʘʣʣʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʠʣʠ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʏʠʩʣʦ ʟʝʨʝʥ ʧʣʘʪʠʥʳ ʚ ʰʣʠʭʝ ʪʘʢʦʝ ʞʝ, ʢʘʢ Os-Ir ʩʧʣʘʚʦʚ, ʨʘʟʤʝʨ ʟʝʨʝʥ ï ʦʪ 0,5 ʜʦ 2,5 ʤʤ. 

ʇʦ ʜʘʥʥʳʤ ʠʟʫʯʝʥʠʷ ʰʝʩʪʠ ʟʝʨʝʥ ʧʣʘʪʠʥʳ ʚʩʝ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʜʥʠʤ ʤʠʥʝʨʘʣʴʥʳʤ 

ʚʠʜʦʤ ï ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʦʡ (Pt3Fe). ɺʦ ʚʩʝʭ ʟʝʨʥʘʭ ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʳ ʦʧʨʝʜʝʣʝʥʳ ʥʝʙʦʣʴʰʠʝ 

ʧʨʠʤʝʩʠ ʥʠʢʝʣʷ (0,0ï1,07) ʠ ʤʝʜʠ (0,84ï2,10), ʚ ʜʚʫʭ ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ ʥʝʙʦʣʴʰʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʨʦʜʠʷ (0,66ï1,71 ʤʘʩ.%) ʠ ʚ ʦʜʥʦʤ ï ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʨʠʜʠʷ (9,77ï11,20 ʤʘʩ.%), ʪ. ʝ. 

ʵʪʦ ʟʝʨʥʦ ï ʠʨʠʜʠʩʪʘʷ ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʘ. ʆʪʦ ʚʩʝʭ ʟʝʨʝʥ ʧʣʘʪʠʥʳ ʧʦ ʩʦʩʪʘʚʫ ʠ ʤʦʨʬʦʣʦʛʠʠ 

ʦʪʣʠʯʘʝʪʩʷ ʩʘʤʦʝ ʢʨʫʧʥʦʝ (1,5Ĭ2,5 ʤʤ) ʩʣʘʙʦ ʦʢʘʪʘʥʥʦʝ ʟʝʨʥʦ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʦʙʣʠʢʘ ʩ ʷʚʥʦ 

ʚʳʨʘʞʝʥʥʦʡ ʦʛʨʘʥʢʦʡ ʚ ʬʦʨʤʝ ʧʨʠʟʤʳ, ʜʠʧʠʨʘʤʠʜʳ ʠ ʧʠʥʘʢʦʠʜʘ. ɿʝʨʥʦ ʟʦʥʘʣʴʥʦ ʦʢʨʘʰʝʥʦ: 

ʩʝʨʦʝ ʚ ʮʝʥʪʨʝ ʠ ʞʝʣʪʦʝ ʥʘ ʢʨʘʷʭ. ɾʝʣʪʳʡ ʮʚʝʪ ʢʨʘʷʤ ʟʝʨʥʘ ʧʨʠʜʘʝʪ ʟʘʤʝʪʥʘʷ ʧʨʠʤʝʩʴ 

ʠʟʦʤʦʨʬʥʦʛʦ ʟʦʣʦʪʘ (4,33ï7,57 ʤʘʩ.%), ʟʘʤʝʱʘʶʱʝʛʦ ʧʣʘʪʠʥʫ. ʇʦ ʚʩʝʤ ʧʨʠʟʥʘʢʘʤ ʵʪʦ 

ʫʥʠʢʘʣʴʥʘʷ ʥʘʭʦʜʢʘ ʟʦʣʦʪʠʩʪʦʡ ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʳ.  

ɺ Os-Ir-Ru-ʩʧʣʘʚʘʭ ʩʦʜʝʨʞʘʥʠʝ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʘʨʴʠʨʫʝʪ ʚ ʩʣʝʜʫʶʱʠʭ 

ʧʨʝʜʝʣʘʭ: ʦʩʤʠʷ ʦʪ 11,51 ʜʦ 76,03; ʠʨʠʜʠʷ ʦʪ 23,24 ʜʦ 74,14; ʨʫʪʝʥʠʷ ʦʪ 0 ʜʦ 18,66, ʢʨʦʤʝ 

ʪʦʛʦ, ʦʪʤʝʯʝʥʳ ʧʨʠʤʝʩʠ Cu (0ï1,51 ʤʘʩ.%) ʠ Fe (0ï1,59 ʤʘʩ.%). ʉʦʩʪʘʚʳ ʩʧʣʘʚʦʚ (n=18) 

ʧʝʨʝʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʯʝʪʳʨʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʘ: ʢʫʙʠʯʝʩʢʠʝ ʦʩʤʠʨʠʜ ʠ ʨʫʪʝʥʦʩʤʠʨʠʜ, 

ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʠʨʠʜʦʩʤʠʥ ʠ ʨʫʪʝʥʠʨʠʜʦʩʤʠʥ (ʠʣʠ ʧʦ ʥʦʚʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ ʄʄɸ 

ʩʘʤʦʨʦʜʥʳʡ ʦʩʤʠʡ ʠ ʠʨʠʜʠʡ). ɺ ʮʝʣʦʤ, ʚ ʠʟʫʯʝʥʥʦʤ ʰʣʠʭʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʦʩʤʠʷ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʠʨʠʜʠʝʚʳʝ. ʅʘ ʪʨʝʫʛʦʣʴʥʠʢʝ ʂʘʙʨʠ 

ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʠʟʫʯʝʥʥʳʭ Os-Ir-Ru ʩʧʣʘʚʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʦʣʴʢʦ ʚʙʣʠʟʠ Os-Ir 

ʦʩʥʦʚʘʥʠʷ ʪʨʝʫʛʦʣʴʥʠʢʘ.  
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ɺʳʩʦʢʦʧʨʦʙʥʦʝ ʟʦʣʦʪʦ ʠʟʫʯʝʥʥʦʛʦ ʰʣʠʭʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʣʢʠʤʠ ʜʦ 0,5 ʤʤ 

ʢʦʤʢʦʚʘʪʳʤʠ, ʧʨʦʚʦʣʦʯʢʦʚʠʜʥʳʤʠ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʧʣʦʩʢʠʤʠ ʨʘʩʧʣʶʱʝʥʥʳʤʠ 

ʟʝʨʥʘʤʠ ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʠʤʝʩʝʡ. ʊʦʣʴʢʦ ʚ ʜʚʫʭ (ʠʟ 8 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ) ʢʦʤʢʦʚʘʪʳʭ ʟʝʨʥʘʭ ʦʙʥʘʨʫʞʝʥʦ ʟʘʤʝʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʝʙʨʘ 2,48 ʠ 

9,26; ʠ ʚ ʦʜʥʦʤ ï 1,54 ʤʘʩ.% ʤʝʜʠ. ʊʝʤʥʦ-ʩʝʨʳʝ ʦʢʘʪʘʥʥʳʝ ʠ ʷʚʥʦ ʦʯʝʥʴ ʤʷʛʢʠʝ ʜʚʘ ʟʝʨʥʘ 

ʦʣʦʚʘ ʨʘʟʤʝʨʦʤ 1Ĭ3 ʤʤ, ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʤ ï Sn8CuPb. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʥʦʛʠʭ 

ʟʝʨʝʥ ʩʘʤʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʦʪʤʝʯʘʣʠʩʴ ʪʦʥʢʠʝ ʧʣʝʥʢʠ ʠ ʧʨʠʤʘʟʢʠ ʩʘʤʦʨʦʜʥʦʛʦ ʩʚʠʥʮʘ, 

ʢʦʪʦʨʳʡ ʤʦʛ ʥʘʪʝʨʝʪʴʩʷ ʫʞʝ ʚ ʨʫʩʣʦʚʦʤ ʘʣʣʶʚʠʠ ʠʟ ʦʭʦʪʥʠʯʴʝʡ ʜʨʦʙʠ.  

ʆʙʨʘʟʮʳ ʢʦʨʝʥʥʦʡ ʧʣʘʪʠʥʳ ʠʟ ʠʟʫʯʝʥʥʦʡ ʢʦʣʣʝʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʣʠʢʫ ʷʯʝʠʩʪʦʡ 

ʧʣʘʪʠʥʳ ʚ ʭʨʦʤʠʪʦʚʦʡ ʤʘʪʨʠʮʝ (ʧʣʘʪʠʥʦʥʦʩʥʳʡ ʭʨʦʤʠʪ) ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ ʤʘʩʩʠʚʘ, 

ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʥʦʡ ʅ.ʂ. ɺʳʩʦʮʢʠʤ (1925). ʉʭʦʜʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʜʘʥʥʳʤʠ ʧʦ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ ʚʠʜʥʦ ʪʘʢʞʝ ʧʦ ʩʦʩʪʘʚʫ 

ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ (ɺʦʣʯʝʥʢʦ, ʂʦʨʦʪʝʝʚ, 1999; ɹʘʨʘʥʥʠʢʦʚ, ʆʩʦʚʝʮʢʠʡ, 2014).  

ɼʚʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘ ʢʦʨʝʥʥʦʡ ʧʣʘʪʠʥʳ: ʄʅ-56569 (ʦʢʘʪʘʥʥʳʡ, ʤʘʛʥʠʪʥʳʡ, 

ʨʘʟʤʝʨʦʤ 3,3Ĭ3,3Ĭ1,3 ʩʤ, ʠ ʚʝʩʦʤ 59,57 ʛ) ʠ ʄʅ-20603 (ʧʦʣʠʨʦʚʘʥʥʳʡ ʧʣʦʩʢʠʡ ʧʨʝʧʘʨʘʪ 

ʨʘʟʤʝʨʦʤ 1,4Ĭ1,0Ĭ0,3 ʩʤ) ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʩʦʩʪʘʚʫ ʧʣʘʪʠʥʳ ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʘ. ɺ 

ʧʝʨʚʦʤ ʦʙʨʘʟʮʝ ʧʣʘʪʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʢʝʣʠʩʪʳʤ ʪʫʣʘʤʠʥʠʪʦʤ Pt1,0Fe0,7Cu0,2Ni0,1 (Pt ï 76,6-

78,0; Fe ï 12,9-15,2; Cu ï 4,4-5,0; Ni ï 2,5-3,6,  n=4; ʚ ʦʜʥʦʤ ʘʥʘʣʠʟʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʨʠʜʠʡ Ir ï 

3,2 ʤʘʩ.%), ʘ ʨʫʜʥʳʡ ʭʨʦʤʰʧʠʥʝʣʠʜ ï ʞʝʣʝʟʠʩʪʳʤ ʭʨʦʤʠʪʦʤ (60,3-60,8 ʤʘʩ.% Cr2O3), ʚʦ 

ʚʪʦʨʦʤ ʧʣʘʪʠʥʘ ï ʪʝʪʨʘʬʝʨʨʦʧʣʘʪʠʥʦʡ Pt2Fe (Pt ï 85,7-86,4; Fe ï 11,8-12,5; Cu ï 0,8-1,2; Ni ï 

0,8-0,9 ʤʘʩ.%, n=4), ʘ ʨʫʜʥʳʡ ʭʨʦʤʰʧʠʥʝʣʠʜ ï ʤʘʛʥʝʟʠʘʣʴʥʳʤ ʩʫʙʘʣʶʤʦʩʫʙʬʝʨʨʠʭʨʦʤʠʪʦʤ 

(49,5-50,4 ʤʘʩ.% Cr2O3). ʊʦ ʝʩʪʴ ʦʥʠ ʷʚʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʚʘ ʨʘʟʥʳʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ 

ʤʫʟʝʡʥʦʡ ʢʦʣʣʝʢʮʠʠ XIX  ʚʝʢʘ ʧʣʘʪʠʥʘ ʠ Os-Ir ʩʧʣʘʚʳ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʳʭ ʧʣʘʪʠʥʦʥʦʩʥʳʭ ʤʘʩʩʠʚʦʚ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ, ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʘʡʦʥʘ. ʊʷʞʝʣʳʡ ʰʣʠʭ ʧʣʘʪʠʥʦʠʜʦʚ ʪʘʢʞʝ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʜʦʙʳʪ ʠʟ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʩʩʳʧʝʡ ʪʦʛʦ ʞʝ (ʀʩʦʚʩʢʦ-ʊʘʛʠʣʴʩʢʦʛʦ) ʨʘʡʦʥʘ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʜʦʙʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʧʣʘʪʠʥʦʠʜʦʚ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʘʣʣʶʚʠʠ ʧʦ ʚʩʝʤʫ ʋʨʘʣʫ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʥʘ ʇʦʣʷʨʥʦʤ, ʇʨʠʧʦʣʷʨʥʦʤ, ʉʝʚʝʨʥʦʤ ʠ ʥʘ ʊʠʤʘʥʝ, ʛʜʝ ʦʥʘ ʥʝ ʠʤʝʝʪ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ (ʄʘʢʝʝʚ, 1996; ʄʘʢʝʝʚ, ʂʨʘʧʣʷ, ɹʨʷʥʯʘʥʠʥʦʚʘ, 1996). ʆʜʥʘʢʦ ʚʝʩʴʤʘ ʣʶʙʦʧʳʪʥʦ 

ʩʭʦʜʩʪʚʦ ʤʠʥʝʨʘʣʦʛʠʠ ʦʧʠʩʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʥʝʜʘʚʥʦ ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʤʝʣʢʠʤʠ (200-400 

ʤʢʤ) ʚʢʣʶʯʝʥʠʷʤʠ ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʳ, ʪʝʪʨʘʬʝʨʨʦʧʣʘʪʠʥʳ, ʥʠʢʝʣʠʩʪʦʛʦ ʪʫʣʘʤʠʥʠʪʘ (n=10) ʠ 

Os-Ir-Ru ʩʧʣʘʚʦʚ ï ʨʫʪʝʥʠʨʠʜʦʩʤʠʥʘ ʠ ʠʨʠʜʦʩʤʠʥʘ (n=20) ʚ ʭʨʦʤʠʪʦʚʳʭ ʨʫʜʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ʚ ʈʘʡʠʟʩʢʦʤ ʤʘʩʩʠʚʝ (Yang et al., 2015), ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ 

ʫʞʝ ʩʦʚʩʝʤ ʢ ʜʨʫʛʦʤʫ ʪʠʧʫ ʤʘʩʩʠʚʦʚ ï ʘʣʴʧʠʥʦʪʠʧʥʳʤ ʭʨʦʤʠʪʦʥʦʩʥʳʤ. 
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ʀʩʪʦʨʠʷ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʨʝʟʥʦʛʦ ʢʘʤʥʷ ʠ ʚʣʘʩʪʠ ʫʭʦʜʠʪ ʩʚʦʠʤʠ ʢʦʨʥʷʤʠ ʚ 

ʢʫʣʴʪʫʨʳ ɼʨʝʚʥʝʛʦ ʤʠʨʘ. ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʮʚʝʪʥʦʛʦ ʢʘʤʥʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ 

ʜʦʩʪʫʧʥʦʩʪʠ ʩʳʨʴʷ ʠ ʪʨʫʜʥʦʩʪʠ ʝʛʦ ʦʙʨʘʙʦʪʢʠ, ʩʪʘʥʦʚʠʣʠʩʴ ʵʣʝʤʝʥʪʘʤʠ ʠʝʨʘʨʭʠʯʝʩʢʦʡ 

ʢʦʜʠʬʠʢʘʮʠʠ ʢʘʢ ʚ ʛʦʨʦʜʘʭ-ʛʦʩʫʜʘʨʩʪʚʘʭ ʄʝʩʦʧʦʪʘʤʠʠ, ʪʘʢ ʠ ʚ ɼʨʝʚʥʝʤ ɽʛʠʧʪʝ. 

ɺ ɸʥʪʠʯʥʦʤ ʤʠʨʝ ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʩʦʭʨʘʥʠʣʘʩʴ. ɺ ɼʨʝʚʥʝʤ ʈʠʤʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʧʝʨʚʳʝ ʜʝʢʦʨʘʪʠʚʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠʥʪʝʨʴʝʨʦʚ, ʛʜʝ ʢʘʤʥʶ ï ʝʛʠʧʝʪʩʢʦʤʫ ʧʦʨʬʠʨʫ ï 

ʦʪʚʦʜʠʣʘʩʴ ʨʦʣʴ ʩʠʤʚʦʣʘ ʠʤʧʝʨʩʢʦʡ ʚʣʘʩʪʠ. ɺʳʙʦʨ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʪʣʠʯʘʶʱʝʛʦʩʷ 

ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ ʠ ʫʜʘʣʝʥʥʦʩʪʴʶ ʢʘʨʴʝʨʦʚ ʦʪ ʩʪʦʣʠʮʳ ʠʤʧʝʨʠʠ, ʚ ʢʘʯʝʩʪʚʝ 

ʥʘʛʣʷʜʥʦʛʦ ʦʣʠʮʝʪʚʦʨʝʥʠʷ ʚʳʩʰʝʡ ʚʣʘʩʪʠ, ʧʨʝʜʦʧʨʝʜʝʣʠʣ ʪʨʝʙʦʚʘʥʠʷ ʢ ʝʛʦ ʚʦʟʤʦʞʥʳʤ 

ʵʢʚʠʚʘʣʝʥʪʘʤ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʠʥʪʝʨʴʝʨʝ ʜʦʣʞʝʥ ʙʳʣ ʟʘʥʠʤʘʪʴ ʢʘʤʝʥʴ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʡ, 

ʜʦʨʦʛʦʡ, ʩʣʦʞʥʳʡ ʚ ʦʙʨʘʙʦʪʢʝ ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʥʷʪʠʶ ʠʩʢʣʶʯʠʪʝʣʴʥʦʩʪʠ. 

ʉʨʝʜʥʠʝ ʚʝʢʘ ʩʪʘʣʠ ʧʨʝʝʤʥʠʢʘʤʠ ʠʥʪʝʨʝʩʘ ʢ ʧʦʨʬʠʨʫ ʢʘʢ ʩʠʤʚʦʣʠʯʝʩʢʦʤʫ ʤʘʪʝʨʠʘʣʫ, 

ʚʥʝʩʷ ʚ ʝʛʦ ʧʦʥʠʤʘʥʠʝ ʥʦʚʳʝ ʘʩʧʝʢʪʳ. ɽʛʦ ʚʢʣʶʯʝʥʠʝ ʚ ʠʥʪʝʨʴʝʨʳ ʭʨʠʩʪʠʘʥʩʢʠʭ ʭʨʘʤʦʚ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʩʘʢʨʘʣʠʟʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤ ʥʘ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʚʝʪʩʢʠʭ ʠʥʪʝʨʴʝʨʘʭ.  

ʅʦʚʳʡ ʚʟʣʝʪ ʠʥʪʝʨʝʩʘ ʢ ʨʝʟʥʦʤʫ ʮʚʝʪʥʦʤʫ ʢʘʤʥʶ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʟʜʥʝʝ 

ɺʦʟʨʦʞʜʝʥʠʝ. ɺ ʵʪʦ ʚʨʝʤʷ ʀʪʘʣʠʷ ʩʪʘʥʦʚʠʪʩʷ ʮʝʥʪʨʦʤ ʵʢʩʧʦʨʪʘ ʧʨʦʠʟʚʝʜʝʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ. 

ʇʨʠʭʦʪʣʠʚʦ ʫʢʨʘʰʝʥʥʳʝ ʨʝʟʴʙʦʡ ʠ ʛʨʘʚʠʨʦʚʢʦʡ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʩʦʩʫʜʳ ʠʟ ʛʦʨʥʦʛʦ 

ʭʨʫʩʪʘʣʷ, ʷʰʤ ʠ ʣʘʟʫʨʠʪʘ ʩʪʘʥʦʚʷʪʩʷ ʚ ʵʪʦ ʚʨʝʤʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʘʪʨʠʙʫʪʦʤ ʤʦʥʘʨʰʠʭ 

ʢʦʣʣʝʢʮʠʡ (Kunst, 2002; Art, 2008; Venturelli, 2013). ʉʦʟʜʘʥʥʘʷ ʚʦ ʌʣʦʨʝʥʮʠʠ ʜʣʷ ʩʝʤʝʡʩʪʚʘ 

ʄʝʜʠʯʠ ʢʘʧʝʣʣʘ, ʚ ʢʦʪʦʨʦʡ ʮʚʝʪʥʦʡ ʢʘʤʝʥʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʜʝʢʦʨʘʪʠʚʥʳʭ 

ʧʨʝʜʤʝʪʘʭ, ʥʦ ʠ ʩʣʫʞʠʪ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʪʤʝʯʘʝʪ ʧʝʨʝʣʦʤʥʳʡ 

ʤʦʤʝʥʪ ʚ ʤʘʩʰʪʘʙʘʭ ʧʨʠʤʝʥʝʥʠʷ ʪʚʝʨʜʳʭ ʧʦʨʦʜ (Baldini, 1979). 

ɺʚʝʜʝʥʠʝ ʚ ʠʥʪʝʨʴʝʨʳ (ʚʧʣʦʪʴ ʜʦ ʩʧʣʦʰʥʦʡ ʦʙʣʠʮʦʚʢʠ ʩʪʝʥ) ʜʨʘʛʦʮʝʥʥʦʛʦ ʩʳʨʴʷ 

ʩʪʘʥʦʚʠʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʘʤʙʠʮʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ. ɹʣʝʩʪʷʱʠʤ ʧʨʠʤʝʨʦʤ ʵʪʦʛʦ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʠʥʪʝʨʴʝʨʳ ʝʢʘʪʝʨʠʥʠʥʩʢʦʛʦ ʚʨʝʤʝʥʠ ʚ ʎʘʨʩʢʦʩʝʣʴʩʢʦʤ ʜʚʦʨʮʦʚʦʤ ʢʦʤʧʣʝʢʩʝ. 

ʗʰʤʦʚʘʷ ʦʙʣʠʮʦʚʢʘ ɸʛʘʪʦʚʳʭ ʢʦʤʥʘʪ (ʍʦʜʘʩʝʚʠʯ, 2014) ʠ ʣʘʟʫʨʠʪʦʚʳʝ ʬʨʠʟʳ ʃʠʦʥʩʢʦʛʦ 

ʟʘʣʘ (ʉʝʨʧʠʥʩʢʘʷ, 2003) ʦʧʨʝʜʝʣʠʣʠ ʨʦʣʴ ʚ ʜʝʢʦʨʝ ʧʘʨʘʜʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʥʪʝʨʴʝʨʦʚ 

ʮʚʝʪʥʦʛʦ ʢʘʤʥʷ. 

ʄʝʞʜʫ ʪʝʤ, ʩ 1780-ʭ ʛʦʜʦʚ ʚ ɽʚʨʦʧʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʤʥʦʞʝʩʪʚʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʨʬʠʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʧʨʝʞʜʝ ʮʝʥʠʣʩʷ ʚʳʩʦʢʦ, ʩʪʘʣ ʙʘʥʘʣʴʥʳʤ 

ʩʳʨʴʝʤ. ʉ XIX  ʚʝʢʘ ʝʚʨʦʧʝʡʩʢʠʝ ʧʦʨʬʠʨʳ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʙʨʫʩʯʘʪʢʠ ʠ ʤʦʱʝʥʠʷ ʫʣʠʮ (Blanc-Riehl, 2003). 

ɺʝʨʦʷʪʥʦ, ʧʦʩʣʝʜʥʠʤ ʤʘʩʰʪʘʙʥʳʤ ʧʨʦʝʢʪʦʤ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʤ ʧʦʨʬʠʨ ʚ ʧʘʨʘʜʥʦʤ 

ʠʥʪʝʨʴʝʨʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʦʟʜʘʥʥʫʶ ʚ 1830-ʤ ʛ. ʧʦ ʧʨʦʝʢʪʫ ʆ. ʄʦʥʬʝʨʨʘʥʘ ɹʦʣʴʰʫʶ 

ʧʨʠʝʤʥʫʶ ʠʤʧʝʨʘʪʨʠʮʳ ɸʣʝʢʩʘʥʜʨʳ ʌʝʜʦʨʦʚʥʳ ʚ ɿʠʤʥʝʤ ʜʚʦʨʮʝ. ʂʦʣʦʥʥʳ, ʧʠʣʷʩʪʨʳ, 

ʢʘʤʠʥʳ ʚ ʵʪʦʤ ʟʘʣʝ ʙʳʣʠ ʠʩʧʦʣʥʝʥʳ ʠʟ ʩʝʨʦ-ʬʠʦʣʝʪʦʚʦʛʦ ʢʦʨʛʦʥʩʢʦʛʦ ʧʦʨʬʠʨʘ (ʇʘʰʢʦʚʘ, 

2006, ʩ. 9-12). 

ʆʪʢʨʳʪʠʝ ʜʝʢʦʨʘʪʠʚʥʳʭ ʩʚʦʡʩʪʚ ʫʨʘʣʴʩʢʦʛʦ ʤʘʣʘʭʠʪʘ ʠ ʝʛʦ ʟʘʧʘʩʦʚ, ʧʨʦʠʩʭʦʜʠʚʰʝʝ 

ʧʦʩʪʝʧʝʥʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ XVIII  ʚʝʢʘ, ʧʦʩʪʝʧʝʥʥʦ ʠʟʤʝʥʠʣʦ ʭʘʨʘʢʪʝʨ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʦʪ ʥʝʙʦʣʴʰʠʭ ʪʘʙʘʢʝʨʦʢ ʜʦ ʤʘʩʰʪʘʙʥʳʭ ʩʪʦʣʝʰʥʠʮ. ɺ 1790-ʝ ʛʛ. ʚ ʈʦʩʩʠʠ 

ʧʦʷʚʣʷʝʪʩʷ ʨʷʜ ʠʥʪʝʨʴʝʨʦʚ, ʚ ʜʝʢʦʨʘʪʠʚʥʦʡ ʧʨʦʛʨʘʤʤʝ ʢʦʪʦʨʳʭ ʤʘʣʘʭʠʪʫ ʦʪʚʦʜʠʪʩʷ ʨʦʣʴ 

ʚʘʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʫʧʦʤʷʥʫʪʴ ʆʩʪʘʥʢʠʥʩʢʠʡ ʜʚʦʨʝʮ ʛʨʘʬʘ 

ʐʝʨʝʤʝʪʴʝʚʘ (ʈʫʩʩʢʘʷ, 2004). 
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ʋʩʧʝʭ ʧʨʝʜʤʝʪʦʚ ʠʟ ʤʘʣʘʭʠʪʘ ʩ ʟʦʣʦʯʝʥʦʡ ʙʨʦʥʟʦʡ ʨʘʙʦʪʳ ʇ.-ʌ. ʊʦʤʠʨʘ ʥʘ ɺʳʩʪʘʚʢʝ 

ʬʨʘʥʮʫʟʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ 1806 ʛ., ʠ ʩʦʟʜʘʥʥʳʡ ʐ. ʇʝʨʩʴʝ ʠ ʇ. ʌʦʥʪʝʥʦʤ ʠʥʪʝʨʴʝʨ ʚ 

ɹʦʣʴʰʦʤ ʊʨʠʘʥʦʥʝ, ʛʜʝ ʧʦʜʘʨʝʥʥʳʝ ʠʤʧʝʨʘʪʦʨʦʤ ɸʣʝʢʩʘʥʜʨʦʤ I ʤʘʣʘʭʠʪʦʚʳʝ ʩʪʦʣʝʰʥʠʮʳ, 

ʧʦʣʫʢʦʣʦʥʥʳ ʠ ʯʘʰʘ ʩʪʘʣʠ ʛʣʘʚʥʦʡ ʢʦʣʦʨʠʩʪʠʯʝʩʢʦʡ ʜʦʤʠʥʘʥʪʦʡ (ɹʫʜʨʠʥʘ, 2011), ʧʦʣʦʞʠʣʠ 

ʥʘʯʘʣʦ ʤʘʩʰʪʘʙʥʦʤʫ ʬʨʘʥʮʫʟʩʢʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʨʝʜʤʝʪʦʚ ʩ ʫʨʘʣʴʩʢʠʤ ʢʘʤʥʝʤ (ɹʫʜʨʠʥʘ, 

2016). 

ʈʦʩʪ ʜʦʙʳʯʠ ʤʘʣʘʭʠʪʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʝʛʦ ʘʢʪʠʚʥʦʤʫ ʚʢʣʶʯʝʥʠʶ ʚ ʧʘʣʠʪʨʫ 

ɽʢʘʪʝʨʠʥʙʫʨʛʩʢʦʡ ʠ ʇʝʪʝʨʛʦʬʩʢʦʡ ʛʨʘʥʠʣʴʥʳʭ ʬʘʙʨʠʢ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʥʘʩʳʱʝʥʠʶ ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ ʠʟ ʤʘʣʘʭʠʪʘ ʠʥʪʝʨʴʝʨʦʚ ʠʤʧʝʨʘʪʦʨʩʢʠʭ ʨʝʟʠʜʝʥʮʠʡ.  

ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʤʦʥʦʧʦʣʠʷ ʥʘ ʤʘʣʘʭʠʪ, ʩʦʭʨʘʥʷʚʰʘʷʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʯʘʩʪʠ XIX  ʩʪʦʣʝʪʠʷ, ʧʨʝʚʨʘʪʠʣʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʟ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʦʩʪʨʝʙʦʚʘʥʥʳʡ 

ʜʠʧʣʦʤʘʪʠʯʝʩʢʠʡ ʜʘʨ. ʇʦʜʥʝʩʝʥʥʳʝ ʨʫʩʩʢʠʤ ʜʚʦʨʦʤ ʯʘʰʠ ʠ ʚʘʟʳ, ʨʝʞʝ ï ʩʪʦʣʳ ʠ ʢʘʤʠʥʳ, 

ʥʝʠʟʤʝʥʥʦ ʟʘʥʠʤʘʣʠ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʧʘʨʘʜʥʳʭ ʠʥʪʝʨʴʝʨʘʭ ʝʚʨʦʧʝʡʩʢʠʭ ʜʚʦʨʮʦʚ. 

ʉʣʦʞʝʥʠʝ ʚ ʢʦʥʮʝ 1830ï1840-ʭ ʛʛ. ʧʨʦʛʨʘʤʤʳ çʤʘʣʘʭʠʪʦʚʦʛʦ ʟʘʣʘè, ʫʩʧʝʰʥʦ 

ʚʦʧʣʦʱʝʥʥʦʡ ʚ ʮʝʣʦʤ ʨʷʜʝ ʧʘʨʘʜʥʳʭ ʠʥʪʝʨʴʝʨʦʚ ʄʦʩʢʚʳ ʠ ʇʝʪʝʨʙʫʨʛʘ, ʟʘʢʨʝʧʠʣʦ ʩʪʘʪʫʩ 

ʫʨʘʣʴʩʢʦʛʦ ʩʳʨʴʷ ʢʘʢ ʘʪʨʠʙʫʪʘ ʨʫʩʩʢʦʡ ʚʣʘʩʪʠ.  

ʅʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʩʠʤʚʦʣʠʯʝʩʢʦʛʦ ʧʨʦʯʪʝʥʠʷ ʩʘʢʨʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ ʚʦʩʧʨʠʷʪʠʠ 

ʤʘʣʘʭʠʪʘ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʙʣʘʛʦʜʘʨʷ ʙʦʛʘʪʦʤʫ ʤʘʣʘʭʠʪʦʚʦʤʫ ʜʝʢʦʨʫ ʛʣʘʚʥʦʛʦ ʩʪʦʣʠʯʥʦʛʦ 

ʭʨʘʤʘ ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ ï ʀʩʘʘʢʠʝʚʩʢʦʛʦ ʩʦʙʦʨʘ ʠ ʧʦʜʢʨʝʧʣʝʥʘ ʩʦʟʜʘʥʥʳʤʠ ʧʦ ʟʘʢʘʟʫ 

ʇʘʧʳ ʇʠʷ IX ʚ ʨʠʤʩʢʦʤ ʭʨʘʤʝ ʉʘʥ-ʇʘʦʣʦ-ʬʫʦʨʠ-ʣʝ-ʤʫʨʘ ʜʚʫʤʷ ʘʣʪʘʨʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʤʦʤʝʥʪʫ ʧʝʨʚʦʡ ʜʝʤʦʥʩʪʨʘʮʠʠ ʤʘʣʘʭʠʪʘ ʰʠʨʦʢʦʡ ʧʫʙʣʠʢʝ ʥʘ 

ɺʩʝʤʠʨʥʦʡ ʚʳʩʪʘʚʢʝ 1851 ʛ. ʚ ʃʦʥʜʦʥʝ ʫʨʘʣʴʩʢʠʡ ʤʘʪʝʨʠʘʣ ʫʞʝ ʦʙʣʘʜʘʣ ʦʩʦʙʳʤ ʩʪʘʪʫʩʦʤ, 

ʢʦʪʦʨʳʡ ʙʳʣ ʟʘʢʨʝʧʣʝʥ ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʬʘʙʨʠʢʦʡ ɼʝʤʠʜʦʚʳʭ ʵʢʩʧʦʟʠʮʠʝʡ (ɹʫʜʨʠʥʘ, 2013). 
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ɼʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʪʘʣʦʛʦʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʤʫʟʝʡʥʳʭ ʢʦʣʣʝʢʮʠʡ 

ʥʘʣʠʯʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʨʘʷ ʧʨʦʙʣʝʤʘ ʠʭ ʧʦʣʥʦʮʝʥʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʩ ʦʙʰʠʨʥʳʤʠ 

ʚʥʝʰʥʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʧʨʠʯʝʤ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: çʚʥʝʰʥʠʝ 

ʠʩʪʦʯʥʠʢʠ ï ʤʫʟʝʡʥʘʷ ʢʦʣʣʝʢʮʠʷè ʠ çʤʫʟʝʡʥʘʷ ʢʦʣʣʝʢʮʠʷ ï ʠʥʪʝʨʥʝʪ-ʠʩʪʦʯʥʠʢʠè. ɽʩʣʠ ʜʣʷ 

ʠʤʝʶʱʠʭ WWW ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʫʟʝʡʥʳʭ ʢʦʣʣʝʢʮʠʡ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʜʝʢʩʘʮʠʠ WWW ʩʘʡʪʦʚ ʤʫʟʝʝʚ ʠ ʠʭ ʢʦʣʣʝʢʮʠʡ 

ʧʦʠʩʢʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʘʛʨʝʛʘʪʦʨʘʤʠ ʠʥʬʦʨʤʘʮʠʠ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʧʦʠʩʢʦʚʳʤʠ ʘʛʝʥʪʘʤʠ, ʪʦ ʦʙʨʘʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʛʦʨʘʟʜʦ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʨʫʜʦʟʘʪʨʘʪ ʦʪ ʢʦʣʣʝʢʪʠʚʦʚ ʠʣʠ ʣʠʮ, 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʧʦʜʦʙʥʳʝ ʢʦʣʣʝʢʮʠʠ. ʈʘʟʫʤʝʝʪʩʷ, ʚʩʝ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʢʘʩʘʝʪʩʷ ʪʦʣʴʢʦ 

ʵʣʝʢʪʨʦʥʥʳʭ (ʤʫʟʝʡʥʳʭ) ʢʦʣʣʝʢʮʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʚʥʝʰʥʠʤ ʜʦʩʪʫʧʦʤ ʯʝʨʝʟ WWW 

ʠʥʪʝʨʬʝʡʩʳ.  

ɼʣʷ ʯʝʛʦ ʵʪʦ ʥʫʞʥʦ? ʂʘʢ ʧʨʘʚʠʣʦ, ʝʩʣʠ ʫ ʤʫʟʝʷ ʭʚʘʪʘʝʪ ʩʠʣ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʩʚʦʝʛʦ 

WWW ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ (ʩʘʡʪʘ), ʪʦ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ (ʜʣʷ ʵʢʩʧʦʟʠʮʠʡ 

ʠ ʢʦʣʣʝʢʮʠʡ) ʩʭʝʤʘʤʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʢʩʧʦʥʘʪʦʚ, ʠʭ ʬʦʪʦʛʨʘʬʠʷʤʠ ʠ ʦʯʝʥʴ ʢʨʘʪʢʠʤ 

ʦʧʠʩʘʥʠʝʤ. ʉʜʝʣʘʥʦ ʵʪʦ ʦʙʳʯʥʦ ʚ ʬʦʨʤʘʪʝ ʩʪʘʪʠʯʝʩʢʠʭ HTML ʬʘʡʣʦʚ (ʨʝʜʢʦ ʩ 

ʤʫʣʴʪʠʤʝʜʠʡʥʦʡ ʧʦʜʜʝʨʞʢʦʡ), ʘ ʥʝ ʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʩʝʡʯʘʩ ʬʦʨʤʝ ʜʠʥʘʤʠʯʝʩʢʠ 

ʬʦʨʤʠʨʫʝʤʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʩ ʧʦʜʜʝʨʞʢʦʡ ʪʘʢʠʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚʝʱʝʡ ʢʘʢ 

ʤʫʣʴʪʠʤʝʜʠʘ, ʚʥʝʰʥʷʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ,  ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʢ 

ʜʦʧʦʣʥʷʶʱʠʤ ʦʧʠʩʘʥʠʝ ʵʢʩʧʦʥʘʪʘ ʚʥʝʰʥʠʤ ʠʩʪʦʯʥʠʢʘʤ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ 

ʣʫʯʰʝʤ ʩʣʫʯʘʝ ʧʦʩʝʪʠʪʝʣʴ ʚʠʜʠʪ (ʧʨʠʤʝʥʠʪʝʣʴʥʦ, ʥʘʧʨʠʤʝʨ, ʢ ʤʠʥʝʨʘʣʘʤ)  ʩʭʝʤʫ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʨʘʟʮʘ, ʝʛʦ ʬʦʪʦ ʧʣʶʩ 2ï3 ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʘʟʤʝʨ, ʤʝʩʪʦʨʦʞʜʝʥʠʝ). ɹʦʣʝʝ 

ʜʝʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʬʦʨʤʫʣʘ, ʧʘʨʘʛʝʥʝʟʠʩ, ʩʚʦʡʩʪʚʘ ʤʠʥʝʨʘʣʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʦʪʦ, 

ʜʨʫʛʠʝ ʤʝʩʪʘ ʥʘʭʦʜʦʢ ʠ ʪ.ʧ.) ʧʦʣʫʯʠʪʴ ʩʨʘʟʫ ʪʫʪ ʞʝ ʫʞʝ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦ, ʯʪʦ 

ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʮʝʥʥʦʩʪʴ ʚʠʟʠʪʘ ʩ ʥʘʫʯʥʦʡ ʠʣʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʚʠʟʠʪʝʨʦʚ, ʧʦʩʝʱʝʥʠʝ ʤʫʟʝʷ ʜʣʷ ʢʦʪʦʨʳʭ ʧʦ ʪʝʤ ʠʣʠ ʠʥʳʤ ʧʨʠʯʠʥʘʤ ʥʝʚʦʟʤʦʞʥʦ. ʇʦʜʦʙʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʘʢʞʝ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʧʦʠʩʢ ʵʢʩʧʦʥʘʪʦʚ ʢʦʣʣʝʢʮʠʠ, ʠʥʪʝʨʝʩʫʶʱʠʭ 

ʚʠʟʠʪʝʨʘ, ʢʘʢ ʯʝʨʝʟ ʚʥʝʰʥʠʝ ʧʦʠʩʢʦʚʳʝ ʩʠʩʪʝʤʳ, ʪʘʢ ʠ ʯʝʨʝʟ ʩʦʙʩʪʚʝʥʥʦ ʩʘʡʪ ʤʫʟʝʷ. 

ʂʘʢʦʚʳ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʦʡ ʧʨʦʙʣʝʤʳ? ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʚ 

ʦʧʠʩʘʥʠʝ ʵʢʩʧʦʥʘʪʘ ʜʦʙʘʚʠʪʴ ʥʝʩʢʦʣʴʢʦ ʩʩʳʣʦʢ ʥʘ ʚʥʝʰʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ, 

ʢʦʪʦʨʳʝ ʜʦʧʦʣʥʷʪ ʦʧʠʩʘʥʠʝ ʦʙʨʘʟʮʘ: ʦʪ ʩʩʳʣʢʠ ʥʘ ʛʝʦʩʝʨʚʠʩʳ ʪʠʧʘ Google Maps ʠʣʠ ʗʥʜʝʢʩ-

ʢʘʨʪʳ (ʜʣʷ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ, ʝʩʣʠ ʪʘʢʦʚʘʷ ʝʩʪʴ) ʜʦ ʩʩʳʣʦʢ ʥʘ ʚʥʝʰʥʠʝ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ/ʢʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʳʝ/ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʙʘʟʳ ʜʘʥʥʳʭ. ɼʦʣʞʥʳ 

ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʠʩʪʦʯʥʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʜʘʚʘʪʴ ʘʜʝʢʚʘʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ 

ʫʧʨʦʱʝʥʥʦʤʫ çʛʝʥʝʨʘʣʴʥʦʤʫè ʟʘʧʨʦʩʫ ʪʠʧʘ: 

https://www.google.ru/maps/place/ɹʦʨʟʷ ï ʠʤʷ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ 

http://webmineral.com/data/Defernite.shtml ï ʠʤʷ ʤʠʥʝʨʘʣʘ 

http://mincryst.iem.ac.ru/s_carta.php?FABRIESITE ï ʠʤʷ ʤʠʥʝʨʘʣʘ 

ʊʦ ʝʩʪʴ ʚ ʩʩʳʣʢʝ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʝʜʠʥʠʯʥʳʡ ʪʝʨʤʠʥ, ʚʝʜʫʱʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʠʩʢʦʤʦʤʫ ʦʙʲʝʢʪʫ. 

ʈʘʥʝʝ (ʇʣʝʯʦʚ ʠ ʜʨ., 2002, Pletchov et.al, 2003) ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

çʛʝʥʝʨʘʣʴʥʦʤ ʟʘʧʨʦʩʝè, ʧʦʟʚʦʣʷʶʱʝʤ ʫʧʨʦʱʘʪʴ ʟʘʧʨʦʩʳ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʧʦʯʪʠ ʣʶʙʦʡ 

ʩʣʦʞʥʦʩʪʠ ʜʦ ʪʨʠʚʠʘʣʴʥʳʭ. ɹʦʣʴʰʠʥʩʪʚʦ ʥʘʫʯʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʜʘʥʠʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʝʤʦʛʦ ʟʘʧʨʦʩʘ, ʥʘʟʳʚʘʝʤʦʛʦ ʜʘʣʝʝ 

çʛʝʥʝʨʘʣʴʥʳʤè, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʚʘʞʥʫʶ ʜʣʷ ʥʝʛʦ 

ʠʥʬʦʨʤʘʮʠʶ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʠ ʥʝ ʪʨʝʙʫʶʱʠʡ ʦʪ ʠʥʪʝʨʬʝʡʩʘ ʧʦʩʪʨʦʝʥʠʷ 

https://www.google.ru/maps/place/�����
http://webmineral.com/data/Defernite.shtml
http://mincryst.iem.ac.ru/s_carta.php?FABRIESITE
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ʩʣʦʞʥʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʟʘʧʨʦʩʘ. ʇʨʦʩʪʝʡʰʠʝ ʧʨʠʤʝʨʳ: ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʘʷ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʤʦʞʝʪ ʧʨʦʠʟʚʝʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʧʦ ʥʘʟʚʘʥʠʶ 

ʤʠʥʝʨʘʣʘ, ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʤ ʟʘʧʨʦʩʦʤ (ʧʦ ʥʘʰʝʡ ʩʪʘʪʠʩʪʠʢʝ ʧʦ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʙʘʟʝ ʜʘʥʥʳʭ WWW-Mincryst (ʏʠʯʘʛʦʚ ʠ ʜʨ., 2007, ɺʘʨʣʘʤʦʚ ʠ ʜʨ., 2013) ï 

ʙʦʣʝʝ ʯʝʤ 80% ʟʘʧʨʦʩʦʚ). ɹʘʟʳ ʜʘʥʥʳʭ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʠʩʧʦʣʴʟʫʶʪ ʦʙʳʯʥʦ ʢʦʦʨʜʠʥʘʪʳ 

ʠʣʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʥʘʟʚʘʥʠʝ, ʜʘʥʥʳʝ ʧʦ ʧʫʙʣʠʢʘʮʠʷʤ ï ʬʘʤʠʣʠʶ ʦʜʥʦʛʦ ʠʟ ʘʚʪʦʨʦʚ ʠ ʪ.ʧ. 

ʇʨʠ ʵʪʦʤ ʟʘʧʨʦʩ ʩ ʤʠʥʠʤʫʤʦʤ ʧʦʠʩʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʫʯʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʘʪʦʯʥʦ 

ʩʪʘʥʜʘʨʪʥʳʡ ʠ ʧʦʣʥʳʡ ʨʝʟʫʣʴʪʘʪ. ɺʚʝʜʷ ʧʦʥʷʪʠʝ çʛʝʥʝʨʘʣʴʥʦʛʦè ʟʘʧʨʦʩʘ, ʤʦʞʥʦ ʣʝʛʢʦ 

ʧʝʨʝʡʪʠ ʢ ʢʦʥʮʝʧʮʠʠ ʦʙʨʘʱʝʥʠʷ WWW-ʦʙʨʘʟʘ ʵʢʩʧʦʥʘʪʘ ʢ ʨʘʟʥʦʨʦʜʥʳʤ WWW-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ.  

ʈʘʟʫʤʝʝʪʩʷ, ʚ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ ʬʦʨʤʝ ʧʦʜʦʙʥʦʝ çʨʘʩʰʠʨʝʥʠʝè ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʵʢʩʧʦʟʠʮʠʠ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʙʩʪʚʝʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʵʢʩʧʦʥʘʪʘʤ, ʢ ʢʦʪʦʨʦʡ 

ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ (ʠʥʜʝʢʩʠʨʦʚʘʥʥʳʝ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ï ʛʝʦʛʨʘʬʠʷ, ʤʠʥʝʨʘʣʦʛʠʷ, 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʷ ʠ ʪ.ʜ.) ʩʚʝʜʝʥʠʷ ʦ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʘʭ ʜʘʥʥʳʭ, ʢʘʢ-ʪʦ: ʦʧʠʩʘʥʠʝ ʙʘʟʳ 

ʜʘʥʥʳʭ (ʜʣʷ ʢʨʘʪʢʦʡ ʩʧʨʘʚʢʠ), ʝʝ ʦʪʥʝʩʝʥʠʝ ʢ ʢʘʢʦʡ-ʣʠʙʦ ʢʘʪʝʛʦʨʠʠ, ʚʳʜʘʚʘʝʤʘʷ ʬʦʨʤʘ 

çʛʝʥʝʨʘʣʴʥʦʛʦè ʟʘʧʨʦʩʘ ʠ ʦʙʱʠʡ WWW-ʘʜʨʝʩ ʠʩʪʦʯʥʠʢʘ (ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʦʪʨʝʙʫʝʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʩʚʦʡ ʟʘʧʨʦʩ). ɼʠʥʘʤʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʤʳʝ ʩʘʡʪʦʤ ʤʫʟʝʷ ʬʘʡʣʳ-

ʦʧʠʩʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʟʘʧʠʩʠ ʚ ʩʦʙʩʪʚʝʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ ʵʢʩʧʦʥʘʪʘ 

ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʟʜʘʶʪ ʦʜʥʫ ʜʠʥʘʤʠʯʝʩʢʫʶ ʬʦʨʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʵʢʩʧʦʥʘʪʘ. ɺ ʥʝʡ, 

ʧʦʤʠʤʦ ʩʦʙʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʢʩʧʦʥʘʪʝ, ʜʘʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʜʘʥʥʳʭ ʚ ʬʦʨʤʝ ʩʩʳʣʦʢ ʠʣʠ, ʚ ʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʦʤ ʚʘʨʠʘʥʪʝ, ʚ ʬʦʨʤʝ ʠʟʚʣʝʯʝʥʥʦʡ ʩ 

ʚʥʝʰʥʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʲʝʢʪʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʝʩʪʦʚʦʤ, ʛʨʘʬʠʯʝʩʢʦʤ, 

ʤʫʣʴʪʠʤʝʜʠʡʥʦʤ ʠʣʠ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʬʦʨʤʘʪʘʭ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʧʦʜʦʙʥʦʛʦ ʧʦʜʭʦʜʘ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʩʦʟʜʘʪʝʣʶ ʤʫʟʝʡʥʦʛʦ ʩʘʡʪʘ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ çʟʘʛʨʫʞʘʪʴ/ʩʦʙʠʨʘʪʴè 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʘ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʪʴ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ çʛʝʥʝʨʘʣʴʥʳʭè 

ʟʘʧʨʦʩʦʚ ʫʜʘʣʝʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʠʥʬʦʨʤʘʮʠʠ + ʧʦʩʪʨʦʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʫʶ  ʩʠʩʪʝʤʫ 

ʛʝʥʝʨʘʮʠʠ ʧʦʜʦʙʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʧʠʩʘʪʝʣʴʥʳʭ ʬʘʡʣʦʚ. ʇʦʜʦʙʥʘʷ ʩʠʩʪʝʤʘ ʨʝʘʣʠʟʦʚʘʥʘ, 

ʥʘʧʨʠʤʝʨ, ʚ ʀɺʉ WWW-Mincryst (http://mincryst.iem.ac.ru) (ʏʠʯʘʛʦʚ ʠ ʜʨ., 2007, ɺʘʨʣʘʤʦʚ ʠ ʜʨ., 2013). 

ɺ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʵʪʘ ʩʪʨʫʢʪʫʨʘ  ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʪ ʩʬʦʨʤʠʨʦʚʘʪʴ çʛʝʥʝʨʘʣʴʥʳʝè 

ʟʘʧʨʦʩʳ ʠ ʦʙʨʘʪʥʦ, ʢ ʩʦʙʩʪʚʝʥʥʦ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʣʣʝʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʪʠʧʘ 

http://www.fmm.ru/name=Topaz ʜʣʷ ʧʦʢʘʟʘ ʚʩʝʭ ʵʢʩʧʦʥʘʪʦʚ ʩ ʪʦʧʘʟʦʤ), ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʣʫʯʰʠʪ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʠʩʢʘ ʚ ʤʫʟʝʡʥʳʭ ʢʦʣʣʝʢʮʠʷʭ, ʪʘʢ ʠ ʦʙʣʝʛʯʠʪ ʩʦʟʜʘʥʠʝ WWW-

ʩʩʳʣʦʢ ʠʟʚʥʝ ʥʘ ʵʢʩʧʦʥʘʪʳ ʢʦʣʣʝʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʠʟ ʪʝʭ ʞʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ 

ʠʣʠ ʩ ʩʘʡʪʦʚ ʜʨʫʞʝʩʪʚʝʥʥʳʭ ʤʫʟʝʝʚ).  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ  15-07-08399) 
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http://mincryst.iem.ac.ru/
http://www.fmm.ru/name=Topaz
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ʉ.ɽ. ɺʠʥʦʢʫʨʦʚ 

 

ʂʘʬʝʜʨʘ ʠʩʪʦʨʠʠ ʠʩʢʫʩʩʪʚ ʋʨʌʋ ʠʤ. ɹ.ʅ. ɽʣʴʮʠʥʘ, ɽʢʘʪʝʨʠʥʙʫʨʛʩʢʠʡ ʤʫʟʝʡ 

ʠʟʦʙʨʘʟʠʪʝʣʴʥʳʭ ʠʩʢʫʩʩʪʚ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ. serg.vinokuroff@gmail.com 

 

ɺ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʢʠʪʘʡʩʢʦʤʫ ʢʘʤʥʝʨʝʟʥʦʤʫ ʠʩʢʫʩʩʪʚʫ, ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʥʝʬʨʠʪʫ ï ʩʚʷʱʝʥʥʦʤʫ ʜʣʷ 

ʇʦʜʥʝʙʝʩʥʦʡ ʢʘʤʥʶ. ʃʠʰʴ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚʥʠʤʘʥʠʝ ʠʩʢʫʩʩʪʚʦʚʝʜʦʚ ʠ ʤʫʟʝʡʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʙʨʘʱʝʥʦ ʢ ʪʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʤ ʦʜʥʘ ʠʟ 

ʩʘʤʳʭ ʷʨʢʠʭ ʩʪʨʘʥʠʮ ʢʠʪʘʡʩʢʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʠʩʢʫʩʩʪʚʘ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʚʳʩʪʘʚʢʠ ʚ ʢʨʫʧʥʝʡʰʠʭ ʤʫʟʝʷʭ ʤʠʨʘ
1
. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʦʝʢʪ ʄʝʪʨʦʧʦʣʠʪʝʥ-ʤʫʟʝʷ, 

ʢʠʪʘʡʩʢʠʝ ʨʝʟʯʠʢʠ ʟʘ ʜʦʣʛʫʶ ʠʩʪʦʨʠʶ ʩʚʦʝʛʦ ʠʩʢʫʩʩʪʚʘ ʦʙʨʘʙʘʪʳʚʘʣʠ, ʧʦʤʠʤʦ ʜʦʨʦʛʦʛʦ ʠ 

ʪʚʝʨʜʦʛʦ ʥʝʬʨʠʪʘ, ʩʘʤʳʝ ʨʘʟʥʳʝ ʤʠʥʝʨʘʣʳ. ʊʘʢ, ʫʜʠʚʠʪʝʣʴʥʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʩ X ʚʝʢʘ ʚ 

ʂʠʪʘʝ ʦʙʨʝʪʘʝʪ ʧʨʠʚʳʯʥʳʡ ʜʣʷ ʥʘʩ çʙʨʝʥʜ ʋʨʘʣʘè ï ʤʘʣʘʭʠʪ.  

ʀʩʪʦʨʠʷ ʜʦʙʳʯʠ ʤʘʣʘʭʠʪʘ ʚ ʂʠʪʘʝ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʚ ʝʱʝ ʙʦʣʝʝ ʨʘʥʥʝʝ ʚʨʝʤʷ. 

ʆʩʥʦʚʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʘʣʘʭʠʪʘ, ʥʝ ʦʪʣʠʯʘʶʱʠʝʩʷ ʙʦʛʘʪʩʪʚʦʤ ʟʘʣʝʞʝʡ, 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʪʦ ʚʨʝʤʷ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʨʘʡʦʥʘʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʂʠʪʘʷ ï 

ʧʨʦʚʠʥʮʠʠ ʐʘʥʴʩʠ ʠ ʎʟʷʥʩʠ. ɺʦ ʚʨʝʤʷ ʧʨʘʚʣʝʥʠʷ ʜʠʥʘʩʪʠʠ ʊʘʥ (618ï907) ʤʘʣʘʭʠʪ (ʠ ʝʛʦ 

ʨʦʜʩʪʚʝʥʥʠʢ ʘʟʫʨʠʪ) ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʢ ʩʳʨʴʝ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʘʩʦʢ (Chinese, 1997). ɺ X 

ʚʝʢʝ ʧʦʣʦʞʝʥʠʝ ʤʘʣʘʭʠʪʘ ʤʝʥʷʝʪʩʷ, ʝʛʦ ʥʘʯʠʥʘʶʪ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʠʥʠʘʪʶʨʥʳʭ 

ʨʝʣʴʝʬʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʛʦʨ ʥʘ ʧʦʜʥʦʩʘʭ ʠ ʙʣʶʜʘʭ, ʘ ʚʦ ʚʨʝʤʝʥʘ ʧʨʘʚʣʝʥʠʷ ʜʠʥʘʩʪʠʠ ʄʠʥ 

(1368ï1644) çʢʘʤʝʥʥʫʶ ʟʝʣʝʥʴè, ʢʘʢ ʥʘʟʳʚʘʣʠ ʤʘʣʘʭʠʪ ʚ ʂʠʪʘʝ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʫʢʨʘʰʝʥʠʷ ʛʦʣʦʚʥʳʭ ʫʙʦʨʦʚ ʠʤʧʝʨʘʪʨʠʮ (ʐʝʬʝʨ, 1981). ɹʣʘʛʦʨʦʜʥʳʡ ʟʝʣʝʥʳʡ ʦʪʪʝʥʦʢ 

(ʠʥʦʛʜʘ ʩ ʧʨʠʤʝʩʴʶ ʛʦʣʫʙʦʛʦ), ʫʧʦʤʠʥʘʶʱʠʡʩʷ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʧʠʩʘʥʠʷʭ ʤʠʨʦʚ ʢʠʪʘʡʩʢʠʭ 

ʙʝʩʩʤʝʨʪʥʳʭ, ʧʦʟʚʦʣʠʣ ʧʝʨʝʡʪʠ ʢ ʙʦʣʝʝ ʨʘʯʠʪʝʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʘʣʘʭʠʪʘ.  

ʅʘʯʠʥʘʷ ʩ XVIII  ʚʝʢʘ, ʤʘʣʘʭʠʪ ʚʩʝ ʧʨʦʯʥʝʝ ʚʭʦʜʠʪ ʚ ʜʝʢʦʨʘʪʠʚʥʫʶ ʧʨʦʛʨʘʤʤʫ 

ʧʨʦʠʟʚʝʜʝʥʠʡ ʶʚʝʣʠʨʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʚ ʚʠʜʝ ʣʘʢʦʥʠʯʥʳʭ, ʥʦ ʷʨʢʠʭ ʜʝʪʘʣʝʡ, ʠʥʢʨʫʩʪʘʮʠʠ ʠʣʠ 

ʤʦʟʘʠʢʠ. ɺ ʪʝʘʪʨʘʣʴʥʦʤ ʢʦʣʴʝ, ʦʪʩʳʣʘʶʱʝʤ ʢ ʬʦʨʤʘʤ ʢʠʪʘʡʩʢʦʛʦ ʶʚʝʣʠʨʥʦʛʦ ʠʩʢʫʩʩʪʚʘ Xï

XIV  ʚʝʢʦʚ, ʥʘʨʷʜʫ ʩ ʥʝʬʨʠʪʦʤ, ʷʥʪʘʨʝʤ, ʧʝʨʣʘʤʫʪʨʦʤ, ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʞʝʤʯʫʛʦʤ ʠ ʩʪʝʢʣʦʤ 

ʥʘ ʢʘʞʜʦʤ çʣʝʧʝʩʪʢʝè ʫʢʨʘʰʝʥʠʷ ʤʳ ʚʠʜʠʤ ʤʠʥʠʘʪʶʨʥʳʝ ʢʦʤʧʦʟʠʮʠʠ ʠʟ ʤʘʣʘʭʠʪʘ, 

ʠʤʠʪʠʨʫʶʱʠʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʨʥʘʤʝʥʪʳ XIIïXIII  ʚʝʢʦʚ (Theatrical).  

ʇʨʠʢʣʘʜʥʦʝ ʠʩʢʫʩʩʪʚʦ ʂʠʪʘʷ ʚ XVIII ïXIX  ʚʝʢʘʭ ʦʩʪʘʝʪʩʷ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 

ʘʥʦʥʠʤʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʩ ʘʪʨʠʙʫʮʠʝʡ ʧʨʝʜʤʝʪʦʚ, ʠʭ ʜʘʪʠʨʦʚʢʦʡ. ʀ 

ʝʩʣʠ ʥʝʙʦʣʴʰʠʝ ʬʣʘʢʦʥʳ, ʠʭ ʧʨʦʙʢʠ ʠʣʠ ʢʨʳʰʢʠ ʠʟ ʤʘʣʘʭʠʪʘ ʯʘʩʪʦ ʜʘʪʠʨʫʶʪʩʷ ʧʦ ʦʩʥʦʚʥʦʡ 

ʯʘʩʪʠ ʧʨʝʜʤʝʪʘ (ʠʟ ʥʝʬʨʠʪʘ, ʢʦʩʪʠ ʠʣʠ ʬʘʨʬʦʨʘ) (ʉʝʤʝʥʦʚ, 1987; Snuff bottle), ʪʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ, ʮʝʣʠʢʦʤ ʚʳʨʝʟʘʥʥʳʝ ʠʟ ʵʪʦʛʦ ʟʝʣʝʥʦʛʦ ʢʘʤʥʷ, ʯʘʱʝ ʚʩʝʛʦ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ 

ʫʩʣʦʚʥʫʶ ʜʘʪʠʨʦʚʢʫ. 

ɺ ʢʦʥʮʝ XVIII  ʚʝʢʘ ʧʦʷʚʣʷʶʪʩʷ ʨʝʜʢʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʛʜʝ ʤʘʣʘʭʠʪ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʢʠʪʘʡʩʢʠʤʠ ʨʝʟʯʠʢʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʵʪʦ ʚ ʦʩʥʦʚʥʦʤ ʤʠʥʠʘʪʶʨʥʳʝ 

ʬʣʘʢʦʥʳ, ʥʝʙʦʣʴʰʠʝ ʪʫʰʝʯʥʠʮʳ. ʆʜʥʘʢʦ ʚ ʩʦʙʨʘʥʠʠ ʄʝʪʨʦʧʦʣʠʪʝʥ-ʤʫʟʝʷ (ʅʴʶ-ʁʦʨʢ) 

ʭʨʘʥʠʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʘʷ ʢʦʤʧʦʟʠʮʠʷ çɸʨʭʘʪ, ʩʠʜʷʱʠʡ ʚ ʛʨʦʪʝè, ʚʳʧʦʣʥʝʥʥʘʷ ʠʟ 

ʮʝʣʴʥʦʛʦ ʢʫʩʢʘ ʤʘʣʘʭʠʪʘ (22,9 ʩʤ). ʉʧʝʮʠʘʣʠʩʪʳ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʠʦʜʘ ʩʦʟʜʘʥʠʷ ʫʢʘʟʳʚʘʶʪ 

çXVIII  ʚʝʢè, ʧʦʧʫʣʷʨʥʫʶ ʚ ʤʫʟʝʡʥʦʡ ʠ ʢʦʣʣʝʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʜʘʪʠʨʦʚʢʫ ʧʨʦʠʟʚʝʜʝʥʠʡ 

ʢʘʤʥʝʨʝʟʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʂʠʪʘʷ. ʆʜʥʘʢʦ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʩʪʦʣʴ ʨʘʥʥʝʡ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, 

ʜʘʪʠʨʦʚʢʠ ʧʨʝʜʤʝʪʘ ʥʝ ʫʢʘʟʳʚʘʶʪ. ʍʘʨʘʢʪʝʨ ʢʦʤʧʦʟʠʮʠʠ ʠ ʨʝʟʴʙʳ, ʘ ʪʘʢʞʝ ʚʥʫʰʠʪʝʣʴʥʳʡ 

ʨʘʟʤʝʨ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʦʟʜʥʝʝ, 

ʫʞʝ ʚ XIX  ʚʝʢʝ. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʛʦʚʦʨʠʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʵʪʦ ʚʨʝʤʷ ʚ ʇʦʜʥʝʙʝʩʥʦʡ, ʥʝ ʠʤʝʚʰʝʡ 

                                                 
1
ʅʘʧʨʠʤʝʨ, çʅʘʚʝʢʠ ʟʘʩʪʳʚʰʠʡ ʣʝʜ. ɻʦʨʥʳʡ ʭʨʫʩʪʘʣʴ ʚ ʩʦʙʨʘʥʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʕʨʤʠʪʘʞʘè ʚ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʕʨʤʠʪʘʞʝ (2006), çColors of the Universe: Chinese Hardstone Carvingsè ʚ Metropolitan Museum 

of Art (2013ï2015).  
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ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʘʣʘʭʠʪʘ, ʙʣʘʛʦʜʘʨʷ ʜʠʧʣʦʤʘʪʠʯʝʩʢʠʤ ʠ 

ʪʦʨʛʦʚʳʤ ʦʪʥʦʰʝʥʠʷʤ ʩ ʝʚʨʦʧʝʡʩʢʠʤʠ ʩʪʨʘʥʘʤʠ, ʫʞʝ ʨʘʙʦʪʘʶʱʠʤʠ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ 

ʫʨʘʣʴʩʢʦʛʦ (ʘ ʧʦʟʜʥʝʝ ʠ ʘʬʨʠʢʘʥʩʢʦʛʦ) ʤʘʣʘʭʠʪʘ (ɹʫʜʨʠʥʘ, 2016), ʚʧʦʣʥʝ ʤʦʛʣʠ ʧʦʷʚʠʪʴʩʷ 

ʢʨʫʧʥʳʝ ʦʙʨʘʟʮʳ ʵʪʦʛʦ ʩʳʨʴʷ. 

ɽʱʝ ʦʜʥʫ ʢʦʤʧʦʟʠʮʠʶ ʩ ʘʨʭʘʪʦʤ ʚ ʛʨʦʪʝ ʤʳ ʚʩʪʨʝʯʘʝʤ ʚ ɹʨʠʪʘʥʩʢʦʡ ʢʦʨʦʣʝʚʩʢʦʡ 

ʢʦʣʣʝʢʮʠʠ ï ʧʦʜʘʨʦʢ ʣʝʜʠ ʏʘʨʣʴʟ ʄʦʥʪʝʛʶ ʥʘ ʈʦʞʜʝʩʪʚʦ 1935 ʛʦʜʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʚʦʣʴʥʦ 

ʛʨʫʙʳʡ ʭʘʨʘʢʪʝʨ ʨʝʟʴʙʳ, ʫʩʣʦʚʥʦʩʪʴ ʧʨʦʨʘʙʦʪʢʠ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ, ʩʦʩʪʘʚʥʦʡ ʭʘʨʘʢʪʝʨ 

ʧʨʦʠʟʚʝʜʝʥʠʷ (ʘʨʭʘʪ, ʚʳʧʦʣʥʝʥʥʳʡ ʠʟ ʥʝʬʨʠʪʘ, ʧʦʤʝʱʝʥ ʚ ʥʠʰʫ ʚ ʤʦʥʦʣʠʪʥʦʤ ʢʫʩʢʝ ʤʘʣʘʭʠʪʘ) 

ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʚʦʣʴʥʦ ʧʦʟʜʥʝʡ ʝʛʦ ʜʘʪʠʨʦʚʢʠ ʧʝʨʚʦʡ ʪʨʝʪʴʶ XX ʚʝʢʘ (Model). 

ɺ ʵʪʦʡ ʞʝ ʢʦʣʣʝʢʮʠʠ ʤʳ ʚʩʪʨʝʯʘʝʤ ʝʱʝ ʦʜʠʥ ʠʥʪʝʨʝʩʥʳʡ ʦʙʨʘʟʝʮ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʣʘʭʠʪʘ ʚ ʢʠʪʘʡʩʢʦʤ ʶʚʝʣʠʨʥʦʤ ʠʩʢʫʩʩʪʚʝ ï ʢʫʣʦʥ, ʧʦʜʘʨʝʥʥʳʡ ʛʝʨʮʦʛʦʤ ʂʦʥʥʦʪʦʤ 

ʢʦʨʦʣʝʚʝ ʄʘʨʠʠ ʊʝʢʩʢʦʡ ʚ 1922 ʛʦʜʫ. ʂʫʣʦʥ ʷʚʣʷʝʪʩʷ ʷʨʢʠʤ ʧʨʦʷʚʣʝʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʧʨʠʚʝʨʞʝʥʥʦʩʪʠ ʢʠʪʘʡʩʢʠʭ ʧʨʠʢʣʘʜʥʠʢʦʚ ʢ ʧʨʠʨʦʜʥʳʤ ʬʦʨʤʘʤ. ʅʝʦʙʨʘʙʦʪʘʥʥʳʡ ʤʘʣʘʭʠʪ 

ʦʧʨʘʚʣʝʥ ʩʝʨʝʙʨʷʥʳʤ ʩ ʧʦʟʦʣʦʪʦʡ ʜʝʨʞʘʪʝʣʝʤ ʚ ʚʠʜʝ ʙʫʢʝʪʘ ʢʘʤʝʣʠʡ ï ʩʠʤʚʦʣʘ ʢʨʘʩʦʪʳ, 

ʟʜʦʨʦʚʴʷ ʠ ʪʚʝʨʜʦʩʪʠ ʜʫʭʘ. ʋʢʘʟʘʥʥʘʷ ʜʘʪʠʨʦʚʢʘ ï XIX  ʚʝʢ ï ʚʥʦʚʴ ʢʘʞʝʪʩʷ ʫʩʣʦʚʥʦʡ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʧʨʝʜʤʝʪʳ ʤʦʛʣʠ ʩʦʟʜʘʚʘʪʴʩʷ ʚ ʂʠʪʘʝ ʪʘʢʞʝ ʠ ʚ ʙʦʣʝʝ ʙʣʠʟʢʦʝ ʢ 

ʚʨʝʤʝʥʠ ʧʦʜʘʨʢʘ ʚʨʝʤʷ (Pendant). 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʢʠʪʘʡʩʢʦʝ ʢʘʤʥʝʨʝʟʥʦʝ ʠʩʢʫʩʩʪʚʦ XVIII ïXIX  ʚʝʢʦʚ, 

ʦʩʪʘʚʠʚʰʝʝ ʙʦʣʴʰʦʡ ʢʨʫʛ ʟʘʤʝʯʘʪʝʣʴʥʳʭ ʧʘʤʷʪʥʠʢʦʚ, ʜʦ ʩʠʭ ʧʦʨ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʥʠ ʜʨʝʚʥʝʡ 

ʪʨʘʜʠʮʠʠ ʦʙʨʘʙʦʪʢʠ ʥʝʬʨʠʪʘ. ʆʩʪʘʚʘʷʩʴ ʧʦ-ʧʨʝʞʥʝʤʫ ʘʥʦʥʠʤʥʳʤʠ, ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʪʘʚʷʪ 

ʧʝʨʝʜ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʤʘʩʩʫ ʟʘʜʘʯ. ʆʜʥʘ ʠʟ ʥʠʭ ï ʩʦʟʜʘʥʠʝ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʧʦʥʷʪʥʦʡ 

ʩʠʩʪʝʤʳ ʘʪʨʠʙʫʮʠʠ ʦʛʨʦʤʥʦʛʦ ʢʦʨʧʫʩʘ ʧʨʦʠʟʚʝʜʝʥʠʡ ʵʪʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʘʚʠʣʴʥʦʡ ʠʭ 

ʜʘʪʠʨʦʚʢʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʭʦʜʘ ʦʪ ʫʩʪʦʷʚʰʝʡʩʷ ʪʨʘʜʠʮʠʠ ʧʨʠʯʠʩʣʷʪʴ ʚʩʝ ʩʭʦʞʠʝ 

ʧʘʤʷʪʥʠʢʠ ʢ ʨʘʙʦʪʘʤ XVIII  ʚʝʢʘ. ɺ ʩʣʫʯʘʝ ʩ ʤʘʣʘʭʠʪʦʤ, ʢʘʢ ʤʳ ʚʠʜʠʤ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ 

ʧʦʜʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʱʝ ʦʜʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʚʳʷʩʥʝʥʠʝ 

ʩʚʦʡʩʪʚ ʩʘʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʩʪʦʯʥʠʢʦʚ ʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 
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ʆʜʥʦʡ ʠʟ ʝʸ ʟʘʜʘʯ ʩʪʘʣʦ ʨʘʩʰʠʨʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʙʠʙʣʠʦʪʝʯʥʦʡ ʩʠʩʪʝʤʳ ʟʘ ʩʯʸʪ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʩʚʷʟʘʥʥʳʤ ʩ ʥʠʤʠ ʤʫʟʝʡʥʳʤ ʢʦʣʣʝʢʮʠʷʤ (ʂʘʣʸʥʦʚ, ʄʘʣʘʭʦʚʘ, 

2014; ʂʘʣʸʥʦʚ ʠ ʜʨ., 2015). ʊʘʢʦʝ ʜʦʧʦʣʥʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʧʦ-ʥʦʚʦʤʫ ʧʦʢʘʟʘʪʴ ʠʩʪʦʯʥʠʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʭʨʘʥʷʱʠʝʩʷ ʚ çʠʥʩʪʠʪʫʪʘʭ ʧʘʤʷʪʠè, ʠ ʩʜʝʣʘʪʴ ʠʭ ʫʜʦʙʥʳʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʦʟʜʘʥʠʝ ʠ ʥʘʧʦʣʥʝʥʠʝ ʨʘʟʜʝʣʘ 

çɽʩʪʝʩʪʚʝʥʥʦʠʩʪʦʨʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠè ʧʨʠʥʷʣʘ ʥʘ ʩʝʙʷ ʥʘʰʘ ɻʨʫʧʧʘ ʠʩʪʦʨʠʠ ʛʝʦʣʦʛʠʠ ɻʀʅ 

ʈɸʅ. 

ʂʘʢ ʠ ʚ ʥʘʫʯʥʳʭ ʤʫʟʝʷʭ, ʢʫʜʘ ʧʨʠʭʦʜʷʪ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʵʢʩʧʦʥʘʪʳ, ʫʟʥʘʪʴ ʠʭ ʥʘʟʚʘʥʠʷ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʠ ʠʩʪʦʨʠʶ, ʚʠʨʪʫʘʣʴʥʳʝ ʤʫʟʝʡʥʳʝ ʢʦʣʣʝʢʮʠʠ ʕɹ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʙʲʝʢʪʳ ʠ 

ʜʘʶʪ ʠʭ ʜʝʪʘʣʴʥʳʝ ʦʧʠʩʘʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʨʘʩʰʠʨʝʥ ʟʘ ʩʯʸʪ ʧʦʠʩʢʦʚʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʩʩʳʣʦʢ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʙʠʙʣʠʦʪʝʢʝ ʦʨʠʛʠʥʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʯʪʦ ʜʘʸʪ 

ʚʩʝʩʪʦʨʦʥʥʝʝ ʟʥʘʢʦʤʩʪʚʦ ʩ ʧʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʦʤ. 

ʌʦʪʦʛʨʘʬʠʠ ʵʢʩʧʦʥʘʪʦʚ ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʠʟʫʯʘʝʤʦʤ ʦʙʲʝʢʪʝ, ʧʨʠ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʳ ʩʪʨʝʤʠʤʩʷ ʫʙʨʘʪʴ ʬʦʥ ʠ ʪʝʥʠ, ʪ.ʝ. ʦʩʚʝʪʠʪʴ ʵʢʩʧʦʥʘʪ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ. ʊʘʢʦʡ 

ʩʪʠʣʴ ʥʘʧʦʤʠʥʘʝʪ ʬʦʪʦʛʨʘʬʠʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʣʣʶʩʪʨʠʨʦʚʘʥʥʳʭ ʵʥʮʠʢʣʦʧʝʜʠʷʭ. ʕʪʠʤ 

ʧʦʢʘʟ ʤʠʥʝʨʘʣʦʚ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʭ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ 

ʬʦʪʦʛʨʘʬʠʠ, ʛʜʝ ʚʘʞʝʥ ʬʦʥ, ʚʳʛʦʜʥʦ ʚʳʜʝʣʷʶʱʠʡ ʦʙʲʝʢʪ, ʪʦʯʝʯʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʠʛʨʘ ʪʝʥʝʡ ʠ 

ʙʣʠʢʦʚ. ʕɹ ʧʨʝʜʣʘʛʘʝʪ ʨʘʩʰʠʨʝʥʥʳʝ ʤʫʣʴʪʠʤʝʜʠʘ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘ ʩʯʸʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʚ ʚʠʜʝ ʛʘʣʝʨʝʡ ʠ ʘʥʠʤʘʮʠʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʠʭ, ʘʫʜʠʦ- ʠ ʚʠʜʝʦʬʦʨʤʘʪʦʚ. 

ʎʠʬʨʦʚʳʝ ʦʙʨʘʟʳ ʤʫʟʝʡʥʳʭ ʧʨʝʜʤʝʪʦʚ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤʠ ʵʪʠʢʝʪʢʘʤʠ, 

ʨʘʩhʠʨʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʠʟ ʢʘʪʘʣʦʛʦʚ ʠ ʤʝʪʘʜʘʥʥʳʤʠ. ʕʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦʙ 

ʦʙʲʝʢʪʝ, ʩʚʷʟʳʚʘʶʱʠʝ ʠʭ ʩ ʜʨʫʛʠʤʠ ʨʘʟʜʝʣʘʤʠ ʙʠʙʣʠʦʪʝʢʠ ʠ ʪʝʤʘʪʠʯʝʩʢʠʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

ʅʘʟʚʘʥʠʝ ʢʦʣʣʝʢʮʠʠ ʬʦʨʤʠʨʫʝʪ ʧʝʨʚʳʡ ʢʣʘʩʩ ʦʙʲʝʢʪʦʚ, ʧʦʜʨʘʟʜʝʣʳ ʠ ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ 

ʜʝʣʷʪ ʠʭ ʥʘ ʜʨʦʙʥʳʝ ʛʨʫʧʧʳ. ɺ ʦʧʠʩʘʥʠʷʭ ʚʘʞʥʳ ʨʘʟʤʝʨʳ, ʜʘʪʳ, ʤʝʩʪʘ, ʛʠʧʝʨʩʩʳʣʢʠ ʥʘ 

ʩʪʨʘʥʠʮʫ ʘʚʪʦʨʘ, ʝʛʦ ʙʠʦʛʨʘʬʠʶ, ʙʠʙʣʠʦʛʨʘʬʠʶ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ, ʬʦʪʦʛʨʘʬʠʠ, ʜʦʢʫʤʝʥʪʳ ʠ 

ʩʘʤʠ ʨʘʙʦʪʳ ʠʟ ʕɹ, ʦʧʠʩʳʚʘʶʱʠʝ ʵʢʩʧʦʥʘʪ. ʊʘʢʦʡ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʧʦʠʩʢ ʠ ʫʧʨʘʚʣʷʪʴ ʥʘʫʯʥʳʤʠ ʩʚʝʜʝʥʠʷʤʠ ʚ ʙʦʣʴʰʠʭ ʦʙʲʸʤʘʭ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʚʷʟʢʘ ʢʦʣʣʝʢʮʠʡ ʠ ʵʢʩʧʦʥʘʪʦʚ ʢ ʢʦʥʢʨʝʪʥʳʤ ʧʝʨʩʦʥʘʣʠʷʤ ʫʯʸʥʳʭ. 

ʆʥʠ ʩʪʘʥʦʚʷʪʩʷ ʮʝʥʪʨʦʤ ʢʦʥʩʦʣʠʜʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʕɹ. 

ʇʦʣʥʳʡ ʮʠʢʣ ʩʦʟʜʘʥʠʷ çʵʣʝʢʪʨʦʥʥʦʛʦ ʵʢʩʧʦʥʘʪʘè ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʨʝʞʠʤʝ online ʚ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʡ ʯʘʩʪʠ ʕɹ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

1. ɸʚʪʦʨʠʟʘʮʠʷ ʥʘ ʩʘʡʪʝ ʕɹ (e-heritage.ru). 

2. ʉʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʨʘʟʜʝʣʘ ʚ ʛʨʫʧʧʝ çɽʩʪʝʩʪʚʝʥʥʦʠʩʪʦʨʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠè, ʜʦʙʘʚʣʝʥʠʝ 
ʧʦʜʨʘʟʜʝʣʦʚ. 

3. ʇʫʙʣʠʢʘʮʠʷ ʥʘʫʯʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʫʟʝʡʥʳʭ ʧʨʝʜʤʝʪʦʚ ʠ ʢʦʣʣʝʢʮʠʡ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠʭ 

ʩʚʷʟʠ ʩ ʠʤʝʥʘʤʠ ʫʯʝʥʳʭ ʠ ʠʭ ʧʫʙʣʠʢʘʮʠʷʤʠ. ɺʚʦʜ ʤʝʪʘʜʘʥʥʳʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʵʢʩʧʦʥʘʪ: 

ʦʩʥʦʚʥʦʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʥʘʟʚʘʥʠʝ, ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ, ʦʧʠʩʘʥʠʝ, ʩʦʭʨʘʥʥʦʩʪʴ, 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ, ʨʘʟʤʝʨʳ, ʤʘʩʩʘ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʚʦʟʨʘʩʪ, ʜʘʪʘ ʠ ʩʧʦʩʦʙ ʧʦʩʪʫʧʣʝʥʠʷ, 

ʜʘʪʘ, ʘʚʪʦʨ ʠ ʤʝʩʪʦ ʩʙʦʨʘ, ʤʫʟʝʡʥʳʡ ˉ, ʩʩʳʣʢʠ ʥʘ ʧʫʙʣʠʢʘʮʠʠ, ʧʨʠʚʷʟʢʘ ʢ ʧʝʨʩʦʥʘʣʠʷʤ 

ʫʯʸʥʳʭ ʠ ʧʨʦʯʠʝ ʜʘʥʥʳʝ. 

mailto:vip@ginras.ru


29 

 

4. ɺʚʦʜ ʬʦʪʦʛʨʘʬʠʡ ʠ ʜʨʫʛʠʭ ʤʫʣʴʪʠʤʝʜʠʘ ʦʙʲʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʫʟʝʡʥʳʤ ʧʨʝʜʤʝʪʦʤ 
(ʢʦʣʣʝʢʮʠʝʡ). ʇʦʜʧʠʩʠ ʢ ʬʦʪʦʛʨʘʬʠʷʤ ʠ ʩʦʧʫʪʩʪʚʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ. 

5. ʇʫʙʣʠʢʘʮʠʷ ʵʢʩʧʦʥʘʪʘ ʥʘ ʩʘʡʪʝ ʕɹ ʠ ʧʨʠʚʷʟʢʘ ʝʛʦ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʣʣʝʢʮʠʠ. 

ʊʘʙʣʠʮʘ 1. 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʵʢʩʧʦʥʘʪʳ ʚ ʨʘʟʜʝʣʝ çɽʩʪʝʩʪʚʝʥʥʦʠʩʪʦʨʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠè  

ʵʣʝʢʪʨʦʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ çʅʘʫʯʥʦʝ ʥʘʩʣʝʜʠʝ ʈʦʩʩʠʠè (ʥʘ 2016 ʛ.) 

 

ʂʦʣʣʝʢʮʠʠ 
ʂʦʣ-ʚʦ 

ʵʢʩʧʦʥʘʪʦʚ 

ʀʩʪʦʨʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ: 
 

ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ: 

- ʂʦʣʣʝʢʮʠʷ ʢʥʷʟʝʡ ɻʘʛʘʨʠʥʳʭ. 

- ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʢʦʣʣʝʢʮʠʷ ʛʨʘʬʘ ʅ.ʇ. ʈʫʤʷʥʮʝʚʘ. 

- ʂʦʣʣʝʢʮʠʷ ɻ.ʈ. (ʀ.ʈ.) ɻʝʨʤʘʥʘ. 

- ʄʠʥʝʨʘʣʳ ʠʟ ʢʦʣʣʝʢʮʠʠ ʃ.ʇ. ʇʨʦʭʦʨʦʚʦʡ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʈɸʅ: 

- ʂʦʣʣʝʢʮʠʷ ʇ.ɸ. ʂʦʯʫʙʝʷ. 

26 

18 

13 

14 

 

99 

ʄʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ:  

ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ: 

- ʆʨʠʛʠʥʘʣʳ ʢ ʨʘʙʦʪʘʤ ɸ.ʇ. ʇʘʚʣʦʚʘ. 

- ʆʨʠʛʠʥʘʣʳ ʢ ʨʘʙʦʪʘʤ ɸ.ʆ. ʄʠʭʘʣʴʩʢʦʛʦ.  

- ʆʨʠʛʠʥʘʣʳ ʢ ʨʘʙʦʪʘʤ ɼ.ʀ. ʀʣʦʚʘʡʩʢʦʛʦ.  

- ʆʨʠʛʠʥʘʣʳ ʢ ʨʘʙʦʪʘʤ ɻ.ɸ. ʊʨʘʫʪʰʦʣʴʜʘ.  

2 

3 

3 

1 

ʄʠʥʝʨʘʣʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʧʫʙʣʠʢʘʮʠʷʭ:  

- ʄʠʥʝʨʘʣʳ ʚ ʧʫʙʣʠʢʘʮʠʷʭ ʇ.ɺ. ɽʨʝʤʝʝʚʘ. 

- ʄʠʥʝʨʘʣʳ ʚ ʧʫʙʣʠʢʘʮʠʷʭ ʅ.ʀ. ʂʦʢʰʘʨʦʚʘ. 

- ʂʘʪʘʣʦʛ ʢʦʣʣʝʢʮʠʡ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʙʠʥʝʪʘ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ    

  (ʄ.ɺ. ʇʘʚʣʦʚʘ). 

9 

7 

7 

ʄʠʥʝʨʘʣʳ, ʥʘʟʚʘʥʥʳʝ ʠʤʝʥʘʤʠ ʫʯʸʥʳʭ. 27 

 

ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʦʪʢʨʳʪʦʛʦ ʜʦʩʪʫʧʘ ʢ çʵʣʝʢʪʨʦʥʥʳʤ ʵʢʩʧʦʥʘʪʘʤè ʚ ʕɹ ʦʪʨʘʞʘʝʪ 

ʩʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʙʦʪʝ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʠʟ ʘʚʪʦʨʠʪʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ 

ʥʘʫʯʥʳʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʝʡ. ʈʘʩʢʨʳʪʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʣʣʝʢʮʠʷʭ ʠ ʵʢʩʧʦʥʘʪʘʭ 

ʨʘʩʰʠʨʷʝʪ ʧʦʪʝʥʮʠʘʣ çʠʥʩʪʠʪʫʪʦʚ ʧʘʤʷʪʠè ʠ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʨʠʚʣʝʯʝʥʠʝ ʚʩʝʭ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʣʶʙʠʪʝʣʝʡ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʀʥʩʪʠʪʫʪʳ ʧʘʤʷʪʠ ʈɸʅ-ʌɸʅʆ // ɸʨʭʠʚʳ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. URL ʥʘ ʩʝʥʪ. 

2016 ʛ.: www.arran.ru/?q=ru/memranfano 

2. ʂʘʣʝʥʦʚ ʅ.ɽ., ʄʘʣʘʭʦʚʘ ʀ.ɻ. ʄʫʟʝʡʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʙʠʙʣʠʦʪʝʢʝ 

çʅʘʫʯʥʦʝ ʥʘʩʣʝʜʠʝ ʈʦʩʩʠʠè // ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʤʫʟʝʝʚ ʠ 

ʤʫʟʝʝʚʝʜʝʥʠʷ: ʄʘʪʝʨʠʘʣʳ II ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: 

ʅʦʚʦʩʠʙʠʨʩʢ. 29 ʩʝʥʪ.-3 ʦʢʪ. 2014 ʛ.: ɼʦʢʣ. ʅʦʚʦʩʠʙʠʨʩʢ: ɸʚʪʦʛʨʘʬ, 2014. ʉ. 97-100. 

3. ʂʘʣʝʥʦʚ ʅ.ɽ., ʉʦʙʦʣʝʚʩʢʘʷ ʀ.ʅ., ʉʦʪʥʠʢʦʚ ɸ.ʅ. ʆ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʙʠʙʣʠʦʪʝʢʠ çʅʘʫʯʥʦʝ ʥʘʩʣʝʜʠʝ ʈʦʩʩʠʠè ʩ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʳʤʠ ʤʫʟʝʷʤʠ // 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʈʦʩʩʠʠ. 2015. ˉ 6. ʉ. 2-5.                    

4. ʂʘʣʝʥʦʚ ʅ.ɽ., ʉʦʙʦʣʝʚʩʢʘʷ ʀ.ʅ., ʉʦʪʥʠʢʦʚ ɸ.ʅ. ʀʥʪʝʛʨʘʮʠʷ ʤʫʟʝʡʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʵʣʝʢʪʨʦʥʥʫʶ ʙʠʙʣʠʦʪʝʢʫ çʅʘʫʯʥʦʝ ʥʘʩʣʝʜʠʝ ʈʦʩʩʠʠè // ʈʦʣʴ ʤʫʟʝʝʚ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʠʩʪʦʨʠʯʝʩʢʦʡ ʥʘʫʢʠ. ʄ.: ʕʪʝʨʥʘ, 2015. ʉ. 445-450. 
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ʅʆɺʓɽ ʄʀʅɽʈɸʃʓ ʉɽʄɽʁʉʊɺɸ ʅɸɹʀʄʋʉɸʀʊɸ ʀɿ 

ʇʀʈʆʄɽʊɸʄʆʈʌʀʏɽʉʂʀʍ ʇʆʈʆɼ 

  

ɽ.ɺ. ɻʘʣʫʩʢʠʥ
1
, ʀ.ʆ. ɻʘʣʫʩʢʠʥʘ

1
, ɹ. ʂʨʶʛʝʨ

2
, ʍ. ʂʨʶʛʝʨ

2
, ɽ.ɸ. ɺʘʧʥʠʢ

3 

 

1 ʉʠʣʝʟʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʂʘʪʦʚʠʮʝ, ʇʦʣʴʰʘ. evgeny.galuskin@us.edu.pl, 

irina.galuskina@us.edu.pl 

2 ʀʥʩʙʨʫʢʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɸʚʩʪʨʠʷ. biljana.kruger@gmail.com  

3 ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɹʝʥ-ɻʫʨʠʦʥʘ, ɹʝʵʨ-ʐʝʚʘ, ʀʟʨʘʠʣʴ; vapnik@bgu.ac.il 

 

ɺ ʧʠʨʦʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʂʦʤʧʣʝʢʩʘ ʍʘʪʨʫʨʠʤ (ʀʟʨʘʠʣʴ, ʇʘʣʝʩʪʠʥʘ, 

ʀʦʨʜʘʥʠʷ) ʦʙʥʘʨʫʞʝʥʳ ʥʦʚʳʝ ʤʠʥʝʨʘʣʳ: ʥʘʙʠʤʫʩʘʠʪ, ʜʘʨʛʘʠʪ, ʟʘʜʦʚʠʪ, ʘʨʘʜʠʪ, ʛʘʟʝʝʚʠʪ 

(Galuskin et al., 2015ʘ,b; 2016; Gfeller et al., 2015; ʊʘʙʣ. 1). ɻʘʟʝʝʚʠʪ ʠ ʜʘʨʛʘʠʪ ʪʘʢʞʝ ʥʘʡʜʝʥʳ 

ʚ ʠʟʤʝʥʝʥʥʳʭ ʢʩʝʥʦʣʠʪʘʭ ʚʫʣʢʘʥʘ ʐʘʜʠʣ-ʍʦʭ, ʖʞʥʘʷ ʆʩʝʪʠʷ (Galuskin et al., 2016). ɺ ʵʪʠʭ 

ʤʠʥʝʨʘʣʘʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʜʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʩʝʤʝʡʩʪʚʫ, ʚʳʜʝʣʷʶʪʩʷ ʤʦʜʫʣʠ 

ʘʥʪʠʧʝʨʦʚʩʢʠʪʦʚʦʛʦ ʪʠʧʘ, ʠʟʚʝʩʪʥʳʝ ʚ ʩʪʨʫʢʪʫʨʘʭ ʭʘʪʨʫʨʠʪʘ, ʢʦʛʘʨʢʦʠʪʘ, ʥʘʢʘʬʠʪʘ ʠ ʘʨʢʪʠʪʘ 

(Krivovichev, 2008). ʄʠʥʝʨʘʣʳ ʩʝʨʠʠ ʥʘʙʠʤʫʩʘʠʪ-ʜʘʨʛʘʠʪ ʠ ʛʘʟʝʝʚʠʪ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ 

ʣʘʨʥʠʪʦʚʳʭ ʧʩʝʚʜʦʢʦʥʛʣʦʤʝʨʘʪʘʭ ʂʦʤʧʣʝʢʩʘ ʍʘʪʨʫʨʠʤ, ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʬʪʦʨʵʣʣʝʩʪʘʜʠʪʦʤ, 

ʡʝʣʠʤʠʪʦʤ, ʙʨʘʫʥʤʠʣʣʝʨʠʪʦʤ, ʰʫʣʘʤʠʪʠʪʦʤ, ʬʪʦʨʤʘʡʝʥʠʪʦʤ-ʬʪʦʨʢʫʡʛʝʥʠʪʦʤ, ʚʘʧʥʠʢʠʪʦʤ, 

ʚʦʨʣʘʥʠʪʦʤ ʠ ʰʧʠʥʝʣʴʶ. ɺ ʠʟʤʝʥʝʥʥʳʭ ʢʩʝʥʦʣʠʪʘʭ ʚʫʣʢʘʥʘ ʐʘʜʠʣ-ʍʦʭ ʛʘʟʝʝʚʠʪ ʠ ʜʘʨʛʘʠʪ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʛʨʘʥʠʮʘʤ ʩʧʫʨʨʠʪʦʚʦʡ ʠ ʤʝʨʚʠʥʠʪʦʚʦʡ ʟʦʥ (Galuskin et al., 2016). ʄʠʥʝʨʘʣʳ 

ʩʝʨʠʠ ʟʘʜʦʚʠʪ-ʘʨʘʜʠʪ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʝʣʢʠʭ ʞʠʣʴʥʳʭ ʪʝʣ ʚ ʛʝʣʝʥʠʪʦʚʳʭ ʨʦʛʦʚʠʢʘʭ 

(ʧʫʩʪʳʥʷ ʅʝʛʝʚ, ʀʟʨʘʠʣʴ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʝʛʤʘʪʠʪʦʧʦʜʦʙʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, 

ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʘʥʜʨʘʜʠʪʘ-ʰʦʨʣʦʤʠʪʘ, ʛʝʣʝʥʠʪʘ, ʧʩʝʚʜʦʚʦʣʣʘʩʪʦʥʠʪʘ, ʨʘʥʢʠʥʠʪʘ, 

ʤʘʛʥʝʟʠʦʬʝʨʨʠʪʘ, ʙʘʨʠʦʬʝʨʨʠʪʘ ʠ ʬʣʘʤʠʪʘ.   

 

ʊʘʙʣʠʮʘ 1. 

ʄʠʥʝʨʘʣʳ ʩʝʤʝʡʩʪʚʘ ʥʘʙʠʤʫʩʘʠʪʘ (R-3m, çʩʫʧʝʨʛʨʫʧʧʘ ʘʨʢʪʠʪʘè) 

 

  ʛʨʫʧʧʘ ʥʘʙʠʤʫʩʘʠʪʘ, ʪʠʧ 3:1 a ¡ c ¡ 

1. ʥʘʙʠʤʫʩʘʠʪ KCa12(SiO4)4(SO4)2O2F 7.1905(4)  41.251(3)  

2. ʜʘʨʛʘʠʪ BaCa12(SiO4)4(SO4)2O3 7.1874(4)  41.292(3) 

3. X1 BaCa12(SiO4)4(PO4)2F2O   

  ʛʨʫʧʧʘ ʟʘʜʦʚʠʪʘ, ʪʠʧ 1:1    

4. ʟʘʜʦʚʠʪ BaCa6[(SiO4)(PO4)]2(PO4)2F 7.0966(1) 25.7284(3) 

5. ʘʨʘʜʠʪ BaCa6[(SiO4)(VO4)]2(VO4)2F 7.1300(1) 26.2033(9) 

6. ʛʘʟʝʝʚʠʪ BaCa6(SiO4)2(SO4)2O 7.1540(1)  25.1242(5)   

7. X2 BaCa6(SiO4)2[(PO4)(CO3)]F 7.0711(7)  25.0972(18)  

8. X3 BaCa6(SiO4)2(S
4+

O3)2ʆ     

9. X4 KCa6(SiO4)2(SO4)2F   

     

10. X5 Ba2Ca18(SiO4)6[(PO4)3(CO3)]F3O  7.133(3) 66.467(24) 

11. X6 Ba2Ca24(SiO4)8[(PO4)3(CO3)]F3O3   

  X ï ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʦʚʳʝ ʤʠʥʝʨʘʣʳ 

 

ʅʘʙʠʤʫʩʘʠʪ ʠ ʜʘʨʛʘʠʪ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ, ʘʥʘʣʦʛʠʯʥʫʶ ʩʪʨʫʢʪʫʨʝ ʘʨʢʪʠʪʘ 

Ba(Na5Ca7)(PO4)6F3 (R-3m, a = 7.094 c = 41.320 ¡; Sokolova et al., 1984). ʉʪʨʫʢʪʫʨʥʳʡ ʪʠʧ 

ʘʨʢʪʠʪʘ-ʥʘʙʠʤʫʩʘʠʪʘ (ʪʠʧ 3:1) ʦʧʠʩʳʚʘʝʪʩʷ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ AB12(TO4)4(TO4)2W3, ʘ 

ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʟʘʜʦʚʠʪʘ (ʪʠʧ 1:1) ʠʤʝʝʪ ʦʙʱʫʶ ʬʦʨʤʫʣʫ AB6(TO4)2(TO4)2W, ʛʜʝ A = Ba, K, 

Sr...; B = Ca, Na...; T = Si, P, V
5+

, S
6+

, Al...; W = O
2-

, F
-
. ɸʥʪʠʧʝʨʦʚʩʢʠʪʦʚʳʝ ʦʜʠʥʦʯʥʳʝ 

{[ WB6](TO4)2}
 
ʩʣʦʠ ʚ ʟʘʜʦʚʠʪʝ, ʘʨʘʜʠʪʝ ʠ ʛʘʟʝʝʚʠʪʝ ʠ ʪʨʦʡʥʳʝ ï {[ W3B12](TO4)4} ʚ 

ʥʘʙʠʤʫʩʘʠʪʝ, ʧʝʨʝʩʣʘʠʚʘʶʪʩʷ ʩ ʦʜʠʥʦʯʥʳʤʠ  A(TO4) ʩʣʦʷʤʠ (Gfeller et al., 2013; Galuskin et 

mailto:������%20evgeny.galuskin@us.edu.pl
mailto:biljana.kruger@gmail.com
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al., 2015a, b; 2016; ʈʠʩ. 1). ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʧʠʨʦʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʂʦʤʧʣʝʢʩʘ 

ʍʘʪʨʫʨʠʤ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʩʝʨʠʷ ʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ (X1-X6) ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ ʩ 

ʥʘʙʠʤʫʩʘʠʪʦʤ ʠ ʟʘʜʦʚʠʪʦʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʠʣʠʢʘʪʦ-ʬʦʩʬʘʪʘʤʠ, ʩʠʣʠʢʘʪʦ-ʬʦʩʬʘʪʦ-

ʢʘʨʙʦʥʘʪʘʤʠ, ʩʠʣʠʢʘʪʦ-ʩʫʣʴʬʠʪʘʤʠ ʠ ʜʨ. (ʊʘʙʣ. 1). 

 

 
 

ʈʠʩ. 1. ʄʦʜʫʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩʝʤʝʡʩʪʚʘ ʥʘʙʠʤʫʩʘʠʪʘ ʩ ʘʥʪʠʧʝʨʦʚʩʢʠʪʦʚʳʤʠ ʩʣʦʷʤʠ 

{[W3B12](TO4)4} (ʪʠʧ 3:1) ʠ {[WB6](TO4)2} (ʪʠʧ 1:1). T = Si, P
5+

, V
5+

, S
6+

, Al ; T
¡
 = S

4+
, C. 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʯʘʩʪʠʯʥʦ ʙʳʣʠ ʬʠʥʘʥʩʠʨʦʚʘʥʳ ʅʘʮʠʦʥʘʣʴʥʳʤ ʎʝʥʪʨʦʤ ʅʘʫʢʠ (NCN)  

ʇʦʣʴʰʠ, ʛʨʘʥʪ 2013/11/B/ST10/00272.    
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 ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʩʦʙʨʘʥʠʝ ʤʫʟʝʷ, ʥʦʩʷʱʝʛʦ ʩʝʡʯʘʩ ʠʤʷ ʚʳʜʘʶʱʝʛʦʩʷ ʫʯʝʥʦʛʦ, 

ʤʠʥʝʨʘʣʦʛʘ ʠ ʛʝʦʭʠʤʠʢʘ ʘʢʘʜʝʤʠʢʘ ɸ.ɽ. ʌʝʨʩʤʘʥʘ, ʠʤʝʝʪ ʝʱʝ ʙʦʣʝʝ ʜʨʝʚʥʶʶ ʠʩʪʦʨʠʶ, ʯʝʤ 

ʩʘʤʘ ʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʥʘʫʢ, ʩ ʢʦʪʦʨʦʡ ʤʫʟʝʡ ʩʚʷʟʘʥ ʩʦ ʚʨʝʤʝʥʠ ʦʩʥʦʚʘʥʠʷ ʧʦʩʣʝʜʥʝʡ. ɺ 

1714 ʛʦʜʫ ʧʦ ʧʨʠʢʘʟʫ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʜʣʷ ʂʫʥʩʪʢʘʤʝʨʳ ʥʘ ʘʫʢʮʠʦʥʝ ʚ ɼʘʥʮʠʛʝ ʙʳʣʘ ʢʫʧʣʝʥʘ 

ʢʦʣʣʝʢʮʠʷ ʜʦʢʪʦʨʘ ʂʨʠʩʪʦʬʘ ɻʦʪʚʘʣʴʜʘ (1636-1700). ɺ 1716 ʛʦʜʫ ʦʥʘ ʧʦʩʪʫʧʠʣʘ ʚ 

ʂʫʥʩʪʢʘʤʝʨʫ, ʛʜʝ ʙʳʣ ʩʦʟʜʘʥ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʄʠʥʝʨʘʣʴʥʳʡ ʢʘʙʠʥʝʪ ï ʧʝʨʚʳʡ ʧʫʙʣʠʯʥʳʡ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʚ ʈʦʩʩʠʠ, ʩʦʟʜʘʥʥʳʡ ʧʦ ʟʘʤʳʩʣʫ ʇʝʪʨʘ, ʢʘʢ ʠ ʚʩʷ ʂʫʥʩʪʢʘʤʝʨʘ, ʜʣʷ 

ʧʨʦʩʚʝʱʝʥʠʷ ʚʩʝʭ ʩʣʦʝʚ ʥʘʩʝʣʝʥʠʷ. ʕʪʦ ʚʨʝʤʷ ʙʳʣʦ ʥʘʯʘʣʦʤ ʨʘʟʚʠʪʠʷ ʚ ʈʦʩʩʠʠ ʤʫʟʝʡʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʝʝ ʦʩʥʦʚʝ, ʧʦʩʢʦʣʴʢʫ 

ʂʫʥʩʪʢʘʤʝʨʘ ʚʤʝʩʪʝ ʩ ʄʠʥʝʨʘʣʴʥʳʤ ʢʘʙʠʥʝʪʦʤ ʚʦʰʣʠ ʚ ʩʦʩʪʘʚ çʫʯʠʥʝʥʥʦʡè ʇʝʪʨʦʤ I 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʠ ʬʘʢʪʠʯʝʩʢʠ ʩʪʘʣʠ ʧʝʨʚʳʤ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʥʘʫʯʥʳʤ ʮʝʥʪʨʦʤ. ʇʦʟʜʥʝʝ, ʚ 

1836 ʛ., ʄʠʥʝʨʘʣʴʥʳʡ ʢʘʙʠʥʝʪ ʙʳʣ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ï 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʪʨʝʭ ʩʪʦʣʝʪʠʡ ʤʫʟʝʡ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦ ʨʘʟʚʠʚʘʣʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʠʩʧʳʪʘʥʠʷ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʝʤʫ ʧʨʠʰʣʦʩʴ ʧʨʦʡʪʠ. 

ʉʦʪʨʫʜʥʠʢʘʤʠ ʠ ʜʠʨʝʢʪʦʨʘʤʠ ʤʫʟʝʷ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʙʳʣʠ ʪʘʢʠʝ ʚʝʣʠʢʠʝ ʫʯʝʥʳʝ, ʢʘʢ ʄ.ɺ. 

ʃʦʤʦʥʦʩʦʚ, ʇ.ʉ. ʇʘʣʣʘʩ, ɺ.ʄ. ʉʝʚʝʨʛʠʥ, ʅ.ʀ. ʂʦʢʰʘʨʦʚ, ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ, ɸ.ɽ. ʌʝʨʩʤʘʥ ʠ 

ʜʨ. ʅʝʩʦʤʥʝʥʥʦ, ʵʪʦʪ ʩʧʠʩʦʢ ʚʳʜʘʶʱʠʭʩʷ ʜʠʨʝʢʪʦʨʦʚ ʠ ʩʦʪʨʫʜʥʠʢʦʚ ʤʫʟʝʷ ʵʧʦʭʠ 

ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ ʤʦʞʥʦ ʧʨʦʜʦʣʞʠʪʴ ʥʝ ʤʝʥʝʝ ʷʨʢʠʤʠ ʠʤʝʥʘʤʠ ʜʠʨʝʢʪʦʨʦʚ ʠ 

ʩʦʪʨʫʜʥʠʢʦʚ ʤʫʟʝʷ ʉʦʚʝʪʩʢʦʛʦ ʚʨʝʤʝʥʠ. ʕʪʦ ʜʠʨʝʢʪʦʨʘ ʠ ʩʦʪʨʫʜʥʠʢʠ ɺ.ʀ. ʂʨʳʞʘʥʦʚʩʢʠʡ, 

ɼ.ʉ. ɹʝʣʷʥʢʠʥ, ɻ.ʇ. ɹʘʨʩʘʥʦʚ, ɸ.ɸ. ɻʦʜʦʚʠʢʦʚ, ɺ.ʀ. ʉʪʝʧʘʥʦʚ ʠ ʜʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ 

ʩʘʤʦʝ ʢʨʫʧʥʦʝ ʩʦʙʨʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚ ʈʦʩʩʠʠ ʠ ʦʜʥʦ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʚ ʤʠʨʝ. ʀ ʚʩʝ ʵʪʦ 

ʦʙʲʝʜʠʥʝʥʦ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʦ ʚ ʚʠʜʝ ʨʘʟʣʠʯʥʳʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʡ ʠ ʵʢʩʧʦʟʠʮʠʡ. ɺ 

ʬʦʥʜʘʭ ʤʫʟʝʷ ʩʦʙʨʘʥʦ ʦʢʦʣʦ 150000 ʦʙʲʝʢʪʦʚ ʧʨʠʨʦʜʥʦʛʦ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʢʘʤʥʷ, ʥʘ 

ʚʳʩʪʘʚʢʘʭ ʚ ʵʢʩʧʦʟʠʮʠʦʥʥʦʤ ʟʘʣʝ ʤʫʟʝʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʦʣʦ 14000 ʵʢʩʧʦʥʘʪʦʚ, ʧʨʠʯʝʤ ʠʟ 

5000 ʠʟʚʝʩʪʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʪʦʣʴʢʦ ʥʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʵʢʩʧʦʟʠʮʠʠ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 

ʩʚʳʰʝ 3500, ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʠʭ ʯʘʩʪʴ ʷʚʣʷʝʪʩʷ ʚʳʜʘʶʱʠʤʠʩʷ ʧʦ ʢʘʯʝʩʪʚʫ ʦʙʨʘʟʮʘʤʠ. ɺʩʷ 

ʥʘʨʘʙʦʪʘʥʥʘʷ ʟʘ 300 ʣʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʫʟʝʷ ʤʠʥʝʨʘʣʴʥʘʷ ʙʘʟʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʦʚʦʤʫ 

ʪʦʣʯʢʫ ʚ ʨʘʟʚʠʪʠʠ ʤʫʟʝʷ, ʨʘʩʢʨʳʚʘʝʪ ʥʦʚʳʝ ʟʘʜʘʯʠ ʚ ʨʘʩʰʠʨʝʥʠʠ ʤʫʟʝʡʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ,  

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʝʛʦ ʩʪʝʥʘʭ, ʘ ʪʘʢʞʝ ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʦʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʄʫʟʝʡ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ï 

ʘʢʘʜʝʤʠʯʝʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʠʛʨʘʝʪ ʧʝʨʚʦʩʪʝʧʝʥʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʤʫʟʝʷ 

ʚ ʢʘʯʝʩʪʚʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʈɸʅ ʩʦ ʚʩʝʤʠ ʚʳʪʝʢʘʶʱʠʤʠ ʦʪʩʶʜʘ 

ʟʘʜʘʯʘʤʠ. ʊʦʣʴʢʦ ʟʘ 2015 ʛʦʜ ʩʦʪʨʫʜʥʠʢʘʤʠ ʤʫʟʝʷ ʠʣʠ ʩ ʠʭ ʫʯʘʩʪʠʝʤ ʦʪʢʨʳʪʦ 16 ʥʦʚʳʭ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ. ʉʝʛʦʜʥʷ ʯʝʪʢʦ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʥʦʚʳʝ ʵʪʘʧʳ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʫʟʝʷ ʠ 

ʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚ XXI  ʚʝʢʝ: ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ ʚ ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʠʭ ʠ ʥʘʫʯʥʳʭ ʮʝʣʷʭ; ʨʘʩʰʠʨʝʥʠʝ ʬʦʨʤʘʪʘ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʫʟʝʡʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; ʤʦʱʥʳʡ ʨʳʚʦʢ ʚ ʦʙʣʘʩʪʠ 

ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʥʘ ʤʠʢʨʦ- ʠ ʥʘʥʦʫʨʦʚʥʝ ʩ ʚʚʦʜʦʤ ʚ ʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ ʥʦʚʳʭ 

ʫʣʴʪʨʘʪʦʥʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʣʝʢʮʠʡ ʫʥʠʢʘʣʴʥʳʭ 

ʢʘʤʥʝʨʝʟʥʳʭ ʠʟʜʝʣʠʡ, ʠʭ ʠʩʪʦʨʠʯʝʩʢʠʭ ʢʦʨʥʝʡ. ʅʘʢʦʧʣʝʥʠʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʥʦʚʳʭ 

ʧʦʩʪʫʧʣʝʥʠʡ ʤʠʥʝʨʘʣʦʚ, ʦʙʲʝʜʠʥʝʥʠʝ ʚʦʢʨʫʛ ʤʫʟʝʷ ʣʶʙʠʪʝʣʝʡ ʢʘʤʥʷ, ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʶʚʝʣʠʨʦʚ, ʭʫʜʦʞʥʠʢʦʚ ʠ ʠʩʢʫʩʩʪʚʦʚʝʜʦʚ; ʵʩʪʝʪʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʠʟʫʯʝʥʠʠ ʤʠʥʝʨʘʣʦʚ; 

ʘʢʪʠʚʥʘʷ ʧʨʦʧʘʛʘʥʜʘ ʜʦʩʪʠʞʝʥʠʡ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʜʨʫʛʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ; ʩʦʟʜʘʥʠʝ 

ʫʯʝʙʥʦ-ʥʘʫʯʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ ʩ ʫʥʠʚʝʨʩʠʪʝʪʘʤʠ ï ʚʩʝ ʵʪʦ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʠ 

ʥʦʚʳʝ ʨʝʟʝʨʚʳ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʫʟʝʷ. ʆʥʠ ʧʨʠʟʚʘʥʳ ʦʙʦʛʘʪʠʪʴ ʤʫʟʝʡʥʦʝ ʜʝʣʦ, ʚʳʚʝʩʪʠ ʥʘ 
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ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʥʘʫʯʥʫʶ ʠ ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʫʶ ʨʘʙʦʪʫ ʚ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʤʫʟʝʝ, ʧʦʩʪʘʚʠʪʴ 

ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʠʥʝʨʘʣʦʛʦʚ ʰʠʨʦʢʦʛʦ ʧʨʦʬʠʣʷ, ʦʩʫʱʝʩʪʚʠʪʴ 

ʠʜʝʶ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʩʚʝʱʝʥʠʷ ʰʠʨʦʢʠʭ ʩʣʦʝʚ ʥʘʩʝʣʝʥʠʷ. ʕʪʦ ʪʦ, ʯʪʦ ʩʝʛʦʜʥʷ ʪʨʝʙʫʝʪʩʷ ʚ 

ʈʦʩʩʠʠ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʠ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʰʠʨʦʢʠʭ ʩʣʦʝʚ ʥʘʩʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʚʩʝʛʦ ʤʠʨʦʚʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. 

 ʂʨʦʤʝ ʪʦʛʦ, ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʧʨʠʟʚʘʥ ʩʳʛʨʘʪʴ ʚʝʜʫʱʫʶ 

ʨʦʣʴ ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʤʫʟʝʡʥʦʡ ʩʠʩʪʝʤʳ ʟʥʘʥʠʡ. 

 ʅʘ ʩʝʛʦʜʥʷ ʚ ʈʦʩʩʠʠ ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ ʢʣʘʩʪʝʨʦʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 

ʤʫʟʝʝʚ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʤʫʟʝʡʥʳʡ ʧʨʠʨʦʜʥʳʡ ʢʣʘʩʪʝʨ, ʧʨʠʟʚʘʥʥʳʡ ʧʦʢʘʟʘʪʴ ʚʩʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʥʝʨʘʣʦʚ, ʠʭ ʘʩʩʦʮʠʘʮʠʡ, ʚʟʘʠʤʦʩʚʷʟʴ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʥʘʪʫʨʥʦʤ ʚʠʜʝ, ʚ ʧʨʠʨʦʜʥʳʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʟʘʧʦʚʝʜʥʠʢʘʭ. ʇʨʠʤʝʨʦʤ ʧʦʜʦʙʥʦʛʦ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʷʚʣʷʝʪʩʷ ʀʣʴʤʝʥʩʢʠʡ ʟʘʧʦʚʝʜʥʠʢ ʥʘ ʋʨʘʣʝ.  

 ʉʣʝʜʫʶʱʠʡ ʢʨʫʧʥʳʡ ʢʣʘʩʪʝʨ ï ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʤʫʟʝʠ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʈɸʅ ʠ ʫʯʝʙʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʤʫʟʝʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʜʦʙʥʦʛʦ ʤʫʟʝʷ ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ ʥʘ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ɻʦʨʥʦʡ 

ʘʢʘʜʝʤʠʠ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. ɽʛʦ ʥʘʯʘʣʦ ʫʭʦʜʠʪ ʚʦ ʚʨʝʤʝʥʘ ɽʢʘʪʝʨʠʥʳ II. ʉʝʛʦʜʥʷ ʧʦʯʪʠ ʚ 

ʢʘʞʜʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʈʦʩʩʠʠ, ʚ ʢʦʪʦʨʦʤ ʝʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʠʤʝʝʪʩʷ 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ. ʇʦʜʦʙʥʳʝ ʤʫʟʝʠ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʦʨʛʘʥʠʯʥʦ ʚʧʠʩʳʚʘʷʩʴ ʚ ʪʫ ʩʠʩʪʝʤʫ ʟʥʘʥʠʡ, ʢʦʪʦʨʫʶ ʧʨʝʧʦʜʘʶʪ ʠ ʧʝʨʝʜʘʶʪ 

ʩʪʫʜʝʥʪʘʤ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ. 

 ʉʣʝʜʫʶʱʠʡ ʢʨʫʧʥʳʡ ʢʣʘʩʪʝʨ ï ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʪʜʝʣʳ ʚ ʧʨʠʨʦʜʦʚʝʜʯʝʩʢʠʭ 

ʤʫʟʝʷʭ. ɻʝʦʛʨʘʬʠʷ ʧʦʜʦʙʥʳʭ ʤʫʟʝʝʚ ʰʠʨʦʢʘ, ʦʥʠ ʧʦʧʫʣʷʨʥʳ ʠ ʧʨʠʟʚʘʥʳ ʦʙʦʛʘʱʘʪʴ 

ʟʥʘʥʠʷʤʠ ʰʠʨʦʢʠʝ ʢʨʫʛʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

 ɽʱʝ ʦʜʠʥ ʢʣʘʩʪʝʨ ï ʵʪʦ ʯʘʩʪʥʳʝ ʤʫʟʝʠ, ʠ ʤʘʣʝʥʴʢʠʝ, ʠ ʙʦʣʴʰʠʝ, ʚ ʤʘʣʝʥʴʢʠʭ ʛʦʨʦʜʢʘʭ 

ʠ ʧʦʩʝʣʢʘʭ ʠ ʚ ʙʦʣʴʰʠʭ ʛʦʨʦʜʘʭ ʦʙʣʘʩʪʥʦʛʦ ʠ ʨʘʡʦʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʕʥʪʫʟʠʘʟʤ ʠ ʣʶʙʦʚʴ ʢ 

ʢʘʤʥʶ ʚʣʘʜʝʣʴʮʝʚ ʯʘʩʪʥʳʭ ʤʫʟʝʝ ʧʦʠʩʪʠʥʝ ʥʝʠʩʯʝʨʧʘʝʤʳ ʠ ʩʦʟʜʘʶʪ ʚ ʪʘʢʠʭ ʤʫʟʝʷʭ 

ʦʩʦʙʝʥʥʫʶ ʘʪʤʦʩʬʝʨʫ, ʯʪʦ ʚʩʝʛʜʘ ʧʨʠʚʣʝʢʘʝʪ ʤʦʣʦʜʝʞʴ. 

 ɺʩʝ ʵʪʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʤʫʟʝʡʥʳʝ ʢʣʘʩʪʝʨʳ ʧʨʠʟʚʘʥʳ ʧʝʨʝʜʘʪʴ ʣʶʜʷʤ ʣʶʙʦʚʴ ʢ 

ʧʨʠʨʦʜʝ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢ ʤʠʥʝʨʘʣʴʥʦʤʫ ʮʘʨʩʪʚʫ, ʢʦʪʦʨʳʡ ʚʦʢʨʫʛ ʥʘʩ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʢʘʤʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʦʙʣʠʮʦʚʢʘʭ ʟʜʘʥʠʡ, ʪʨʦʪʫʘʨʘʭ, ʥʘʙʝʨʝʞʥʳʭ ʨʝʢ, ʦʟʝʨ. ʇʨʠʤʝʨʦʤ 

ʧʦʜʦʙʥʦʛʦ ʮʘʨʩʪʚʘ ʷʚʣʷʝʪʩʷ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ. ʀ ʵʪʦ ʮʘʨʩʪʚʦ ʚʦ ʚʩʝʤ ʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʠ ʤʳ 

ʜʦʣʞʥʳ ʩʦʭʨʘʥʠʪʴ ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʥʝʨʘʣʳ ʤʳ ʤʦʞʝʤ ʫʚʠʜʝʪʴ ʠ ʚ ʧʨʠʨʦʜʥʳʭ ʟʘʧʦʚʝʜʥʠʢʘʭ, ʠ ʚ 

ʤʫʟʝʷʭ, ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʛʦʨʦʜʘʭ, ʥʘ ʠʭ ʫʣʠʮʘʭ, ʘ ʪʘʢʞʝ ʚ ʨʫʜʘʭ, ʦʙʥʘʞʝʥʠʷʭ, 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʠ ʪ.ʜ. ʕʪʦ ʚʩʝ ʚʦʢʨʫʛ ʥʘʩ, ʵʪʦ ʚʩʝ ʯʘʩʪʠʮʘ ʦʢʨʫʞʘʶʱʝʡ ʥʘʩ ʧʨʠʨʦʜʳ, ʠ ʵʪʦ 

ʚʩʝ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʛʨʘʥʜʠʦʟʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ɿʝʤʣʷ ʠ ʜʨʫʛʠʭ ʧʣʘʥʝʪ. 

ʀ ʵʪʦ ʚʩʝ ʫʢʘʟʳʚʘʝʪ ʥʘʤ ʥʘ ʪʦ, ʯʪʦ ʢʨʘʩʦʪʘ ʤʠʨʘ, ʚʦʧʣʦʱʝʥʥʘʷ ʚ ʢʘʤʥʝ, ʥʝ ʪʦʣʴʢʦ ʜʘʥʘ ʥʘʤ 

ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ ʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʤʳ ʚ ʵʪʦʤ ʧʨʠʨʦʜʥʦʤ ʦʛʨʦʤʥʦʤ ʟʘʧʦʚʝʜʥʠʢʝ ʥʝ ʟʘʙʳʚʘʣʠ ʥʠʢʦʛʜʘ ʦ ʪʦʤ, ʯʪʦ ʥʘʰʘ ʩʨʝʜʘ 

ʦʙʠʪʘʥʠʷ ʢʨʘʩʠʚʘ, ʭʨʫʧʢʘ ʠ ʪʨʝʙʫʝʪ ʦʩʪʦʨʦʞʥʦʛʦ ʢ ʥʝʡ ʠ ʣʶʙʦʚʥʦʛʦ ʦʪʥʦʰʝʥʠʷ. ʇʨʠʚʠʪʴ ʵʪʠ 

ʤʳʩʣʠ ʤʦʣʦʜʦʤʫ ʧʦʢʦʣʝʥʠʶ, ʩʦʭʨʘʥʠʪʴ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʘʰʠ ʤʠʥʝʨʘʣʴʥʳʝ ʙʦʛʘʪʩʪʚʘ ʚʦ 

ʚʩʝʤ ʠʭ ʨʘʟʥʦʦʙʨʘʟʠʠ ï ʚʦʪ ʥʘʰʘ ʥʘʩʫʱʥʘʷ ʟʘʜʘʯʘ ʢʘʢ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʡʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ. 



34 

 

ɼʀʈɽʂʊʆʈɸ ʀ ɺʓɼɸʖʑʀɽʉʗ ʃʀʏʅʆʉʊʀ ɺ ʀʉʊʆʈʀʀ 

ʄʀʅɽʈɸʃʆɻʀʏɽʉʂʆɻʆ ʄʋɿɽʗ ʠʤ. ɸ.ɽ. ʌɽʈʉʄɸʅɸ 

ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂ 

 

ɺ.ʂ. ɻʘʨʘʥʠʥ, ʊ.ʄ. ʇʘʚʣʦʚʘ, ɽ.ɸ. ɹʦʨʠʩʦʚʘ 

 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ. 

 vgaranin@mail.ru, pavlovaminmus@mail.ru, elborisminmusfer@mail.ru 

 

ʀʩʪʦʨʠʷ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʠʤʝʥʘʤʠ 

ʫʯʝʥʳʭ, ʣʶʜʝʡ, ʚʦʟʛʣʘʚʣʷʚʰʠʭ ʝʛʦ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ. ʐʠʨʦʪʘ ʠʭ ʥʘʫʯʥʦʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʷ, 

ʧʦʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʫʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʘ, 

ʛʣʫʙʠʥʘ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ, ʥʘʢʦʥʝʮ, ʣʶʙʦʚʴ ʢ ʢʘʤʥʶ, ʦʧʨʝʜʝʣʷʣʠ ʥʘʧʨʘʚʣʝʥʠʝ ʠ 

ʫʩʧʝʭʠ ʚ ʨʘʟʚʠʪʠʠ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʪʨʝʭ ʩʪʦʣʝʪʠʡ. ʀ ʧʝʨʚʳʤ ʚ ʵʪʦʤ 

ʨʷʜʫ ʩʪʦʠʪ ʇʝʪʨ ɺʝʣʠʢʠʡ ï ʦʩʥʦʚʘʪʝʣʴ ʤʫʟʝʷ ʚ ʚʠʜʝ ʄʠʥʝʨʘʣʴʥʦʛʦ ʢʘʙʠʥʝʪʘ ʂʫʥʩʪʢʘʤʝʨʳ, 

ʧʦ ʨʘʩʧʦʨʷʞʝʥʠʶ ʢʦʪʦʨʦʛʦ ʚ 1714 ʛ. ʚ ɼʘʥʮʠʛʝ ʙʳʣʘ ʢʫʧʣʝʥʘ ʦʙʰʠʨʥʘʷ ʥʘ ʪʦ ʚʨʝʤʷ 

ʢʦʣʣʝʢʮʠʷ ʜʦʢʪʦʨʘ ʂʨʠʩʪʦʬʘ ɻʦʪʚʘʣʴʜʘ ʠ ʚ 1716 ʛ. ʜʦʩʪʘʚʣʝʥʘ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʚ 

ʂʫʥʩʪʢʘʤʝʨʫ. ʇʨʠ ʵʪʦʤ ʇʝʪʨ ʩʘʤ ʙʳʣ ʢʦʣʣʝʢʮʠʦʥʝʨʦʤ, ʠ ʧʝʨʚʳʝ ʦʙʨʘʟʮʳ ʤʠʥʝʨʘʣʦʚ ʙʳʣʠ 

ʧʨʠʚʝʟʝʥʳ ʠʤ ʚ ʧʝʨʠʦʜ ʟʥʘʤʝʥʠʪʦʛʦ çʚʝʣʠʢʦʛʦ ʧʦʩʦʣʴʩʪʚʘè ʥʘ ʨʫʙʝʞʝ XVII -XVIII ʚʝʢʦʚ. 

ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʧʨʠʥʘʜʣʝʞʘʚʰʠʭ ʣʠʯʥʦ ʇʝʪʨʫ ʦʙʨʘʟʮʦʚ ï ʟʥʘʤʝʥʠʪʳʡ ʩʘʤʦʨʦʜʦʢ ʩʝʨʝʙʨʘ ʠʟ 

ʂʦʥʩʙʝʨʛʘ (ʅʦʨʚʝʛʠʷ) ï ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʩʠʤʚʦʣʦʚ ʤʫʟʝʷ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʢʨʘʰʘʝʪ 

ʚʳʩʪʘʚʢʫ, ʧʦʩʚʷʱʝʥʥʫʶ ʠʩʪʦʨʠʠ ʤʫʟʝʡʥʦʛʦ ʩʦʙʨʘʥʠʷ.  

ɺʪʦʨʳʤ ʧʦ ʟʥʘʯʝʥʠʶ ʚʝʣʠʢʠʤ ʨʦʩʩʠʷʥʠʥʦʤ, ʫʯʝʥʳʤ, ʚʥʝʩʰʠʤ ʥʝʦʮʝʥʠʤʳʡ ʚʢʣʘʜ ʚ 

ʦʧʠʩʘʥʠʝ ʢʦʣʣʝʢʮʠʡ ʄʠʥʝʨʘʣʴʥʦʛʦ ʢʘʙʠʥʝʪʘ ʠ ʩʦʩʪʘʚʠʚʰʠʤ ʚʤʝʩʪʝ ʩ ʀ. ɻʤʝʣʠʥʳʤ ʠʭ 

ʧʝʨʚʳʡ ʢʘʪʘʣʦʛ, ʠʟʜʘʥʥʳʡ ʥʘ ʣʘʪʠʥʩʢʦʤ ʷʟʳʢʝ ʚ 1745 ʛ., ʙʳʣ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʦʥ 

ʙʳʣ ʪʘʢʞʝ ʨʝʜʘʢʪʦʨʦʤ ʨʫʩʩʢʦʛʦ ʧʝʨʝʚʦʜʘ ʵʪʦʛʦ ʢʘʪʘʣʦʛʘ, ʯʪʦ ʚ ʪʦ ʚʨʝʤʷ ʷʚʠʣʦʩʴ ʝʱʝ ʦʜʥʠʤ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʥʘʨʷʜʫ ʩ ʠʟʚʝʩʪʥʳʤʠ ʪʨʫʜʘʤʠ ʧʦ 

ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ, ʥʘʧʠʩʘʥʥʳʤʠ ʃʦʤʦʥʦʩʦʚʳʤ ʧʦʩʣʝ ʨʘʙʦʪʳ ʩ ʤʫʟʝʡʥʳʤʠ 

ʢʦʣʣʝʢʮʠʷʤʠ (ʇʝʨʚʳʝ ʦʩʥʦʚʘʥʠʷ ʤʝʪʘʣʣʫʨʛʠʠ, ʠʣʠ ʨʫʜʥʳʭ ʜʝʣ, 1763, ʠ ʜʨ.). 

ɽʱʝ ʦʜʠʥ ʢʘʪʘʣʦʛ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʣʣʝʢʮʠʡ ʂʫʥʩʪʢʘʤʝʨʳ (ʨʫʢʦʧʠʩʥʳʡ) ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʚ 

1766 ʛ. ʀ.ɻ. ʃʝʤʘʥʦʤ (1719-1767), ʧʨʠʛʣʘʰʝʥʥʳʤ ʩʦʙʨʘʥʠʝʤ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʚ 1761 ʛ. 

ʕʢʩʧʦʟʠʮʠʠ ʄʠʥʝʨʘʣʴʥʦʛʦ ʢʘʙʠʥʝʪʘ ʙʳʣʠ ʚʳʩʪʨʦʝʥʳ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʤ ʩʘʤʠʤ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ʂʦʣʣʝʢʮʠʠ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʨʘʟʜʝʣʘ: ʂʘʙʠʥʝʪ 

ʆʪʝʯʝʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʂʘʙʠʥʝʪ ʀʥʦʩʪʨʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ çʉʪʘʨʳʡè ʄʠʥʝʨʘʣʴʥʳʡ 

ʢʘʙʠʥʝʪ ʠʣʠ çɻʨʦʪè (ʢʦʤʥʘʪʘ, ʞʠʚʦʧʠʩʥʦ ʫʢʨʘʰʝʥʥʘʷ ʨʘʢʦʚʠʥʘʤʠ, ʦʢʘʤʝʥʝʣʦʩʪʷʤʠ, 

ʤʠʥʝʨʘʣʘʤʠ ʠ ʜʨʫʛʠʤʠ ʚʝʱʠʮʘʤʠ, ʠʤʝʶʱʠʤʠ ʦʪʥʦʰʝʥʠʝ ʢ ʄʠʥʝʨʘʣʴʥʦʤʫ ʮʘʨʩʪʚʫ). 

ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʧʣʝʷʜʝ ʠʟʚʝʩʪʥʳʭ ʫʯʝʥʳʭ, ʚʦʟʛʣʘʚʣʷʚʰʠʭ ʅʘʪʫʨʢʘʤʝʨʫ ʠ ʝʝ 

ʄʠʥʝʨʘʣʴʥʳʡ ʢʘʙʠʥʝʪ, ʟʘʥʠʤʘʝʪ ʘʢʘʜʝʤʠʢ ʇ.ʉ. ʇʘʣʣʘʩ (1741-1811), ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʠʛʣʘʰʝʥ 

ɽʢʘʪʝʨʠʥʦʡ II, ʠ ʧʦ ʧʨʠʙʳʪʠʠ ʚ ʈʦʩʩʠʶ, ʧʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʙʳʣ ʥʘʟʥʘʯʝʥ ʚ 1767 ʛ. 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʅʘʪʫʨʢʘʤʝʨʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʠʣ ʄʠʥʝʨʘʣʴʥʳʡ ʢʘʙʠʥʝʪ, ʧʨʠʥʠʤʘʣ 

ʫʯʘʩʪʠʝ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ ʧʦ ʠʟʫʯʝʥʠʶ 

ʧʨʠʨʦʜʥʳʭ ʙʦʛʘʪʩʪʚ ʈʦʩʩʠʡʩʢʦʡ ʀʤʧʝʨʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʩʦʙʨʘʥ ʙʦʛʘʪʝʡʰʠʡ ʥʘʫʯʥʳʡ 

ʤʘʪʝʨʠʘʣ ʧʦ ʤʥʦʛʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ, ʚʢʣʶʯʘʷ ʛʝʦʣʦʛʠʶ ʠ ʤʠʥʝʨʘʣʦʛʠʶ, ʚ 

ʄʠʥʝʨʘʣʴʥʳʡ ʢʘʙʠʥʝʪ ʧʦʩʪʫʧʠʣʦ ʙʦʣʝʝ 1500 ʦʙʨʘʟʮʦʚ, ʩʨʝʜʠ ʥʠʭ ʙʳʣʠ ʠ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʝ 

ʤʠʥʝʨʘʣʳ ʠʣʠ ʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʠ (ʚʠʣʫʠʪ, ʛʨʦʩʩʫʣʷʨ, ʙʘʡʢʘʣʠʪ ʠ ʜʨ.). ʂʨʦʤʝ ʪʦʛʦ, ʇʘʣʣʘʩʫ 

ʤʫʟʝʡ ʦʙʷʟʘʥ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ 1777 ʛ. ʧʝʨʚʦʛʦ ʦʙʨʘʟʮʘ ʚʥʝʟʝʤʥʦʛʦ ʚʝʱʝʩʪʚʘ ï ʞʝʣʝʟʦ-

ʢʘʤʝʥʥʦʛʦ ʤʝʪʝʦʨʠʪʘ, ʥʘʡʜʝʥʥʦʛʦ ʚ ʂʨʘʩʥʦʷʨʩʢʦʡ ʪʘʡʛʝ ʚ 1749 ʛ. ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʘʟʚʘʥʥʦʛʦ 

ʚ ʯʝʩʪʴ ʫʯʝʥʦʛʦ ʇʘʣʣʘʩʦʚʳʤ ʞʝʣʝʟʦʤ. ʄʝʪʝʦʨʠʪ, ʨʘʩʧʠʣʝʥʥʳʡ ʥʘ ʇʝʪʝʨʛʦʬʩʢʦʡ ʛʨʘʥʠʣʴʥʦʡ 

ʬʘʙʨʠʢʝ ʚ 1865 ʛ. ʥʘ 2 ʯʘʩʪʠ, ʜʦ ʩʠʭ ʧʦʨ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʤʫʟʝʝ ʥʘ ʚʳʩʪʘʚʢʝ çʄʝʪʝʦʨʠʪʳè. 

ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʦʞʝʥʠʝ ʜʝʣ ʚ ʄʠʥʝʨʘʣʴʥʦʤ ʢʘʙʠʥʝʪʝ ʂʫʥʩʪʢʘʤʝʨʳ ʩ 1783 ʛ. 

ʦʢʘʟʳʚʘʣʘ ʜʠʨʝʢʪʦʨ ʇʝʪʝʨʙʫʨʛʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʢʥʷʛʠʥʷ ɽ.ʈ. ɼʘʰʢʦʚʘ (1744-1810). ʆʥʘ 

ʚʳʜʝʣʷʣʘ ʠʟ ʢʘʟʥʳ ʜʝʥʴʛʠ ʜʣʷ ʧʦʢʫʧʢʠ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ ʠ ʢʦʣʣʝʢʮʠʡ, ʧʝʨʝʜʘʚʘʣʘ ʚ ʤʫʟʝʡ 
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ʮʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠʟ ʩʚʦʠʭ ʩʦʙʨʘʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʩʪʦʷʚʰʝʡʩʷ ʧʦ ʝʝ ʠʥʠʮʠʘʪʠʚʝ 

ʨʝʦʨʛʘʥʠʟʘʮʠʠ ʄʠʥʝʨʘʣʴʥʦʛʦ ʢʘʙʠʥʝʪʘ ʝʛʦ ʢʦʣʣʝʢʮʠʠ ʙʳʣʠ ʧʝʨʝʩʪʨʦʝʥʳ ʧʦ ʩʠʩʪʝʤʘʪʠʢʝ ʖ. 

ɺʘʣʣʝʨʠʫʩʘ. ʂ ʵʪʦʤʫ ʞʝ ʧʝʨʠʦʜʫ ʦʪʥʦʩʠʪʩʷ ʧʦʷʚʣʝʥʠʝ ʚ 1786-1789 ʛʛ. ʄʠʥʝʨʘʣʴʥʦʛʦ 

ʢʘʪʘʣʦʛʘ ʂʫʥʩʪʢʘʤʝʨʳ, ʢʦʪʦʨʳʡ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʀ.ɻ. ɻʝʦʨʛʠ (1729-1802) ʧʦ ʵʪʦʡ ʩʠʩʪʝʤʘʪʠʢʝ.  

ɺ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ XVIII  ʚʝʢʘ ʚ ʄʠʥʝʨʘʣʴʥʳʡ ʢʘʙʠʥʝʪ ʧʨʠʰʝʣ ʠ ʟʘʪʝʤ ʩʪʘʣ ʝʛʦ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʦʜʠʥ ʠʟ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ ʨʫʩʩʢʦʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʰʢʦʣʳ ʘʢʘʜʝʤʠʢ ɺ.ʄ. 

ʉʝʚʝʨʛʠʥ (1765-1826). ʇʨʠ ʥʝʤ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʵʢʩʧʦʟʠʮʠʠ, ʘ ʩʪʘʨʳʝ ʙʳʣʠ ʧʝʨʝʜʝʣʘʥʳ, 

ʢʦʣʣʝʢʮʠʠ ʙʳʣʠ ʧʝʨʝʥʝʩʝʥʳ ʚ ʙʦʣʝʝ ʧʨʦʩʪʦʨʥʳʡ ʟʘʣ ʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʰʝʩʪʴ ʦʪʜʝʣʝʥʠʡ: 

ʧʷʪʴ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʦʜʥʦ ʛʝʦʛʥʦʩʪʠʯʝʩʢʦʝ, ʚ 1814 ʛ. ʙʳʣ ʠʟʜʘʥ ʦʙʟʦʨ-ʧʫʪʝʚʦʜʠʪʝʣʴ ʚʩʝʭ 

ʢʦʣʣʝʢʮʠʡ ʄʠʥʝʨʘʣʴʥʦʛʦ ʢʘʙʠʥʝʪʘ. ʉʝʚʝʨʛʠʥ ʚʚʝʣ ʧʨʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʧʫʙʣʠʯʥʳʝ ʣʝʢʮʠʠ ʧʦ 

ʤʠʥʝʨʘʣʦʛʠʠ, ʠʤ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʧʝʨʚʳʝ ʪʨʫʜʳ ʧʦ ʤʠʥʝʨʘʣʦʛʠʠ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ 

(ʇʝʨʚʳʝ ʦʩʥʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʛʠʠ, ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʩʪʦʨʠʠ ʠʩʢʦʧʘʝʤʳʭ ʪʝʣ, 1798, ʠ ʜʨ.), 

ʩʦʩʪʘʚʣʝʥ ʧʦʜʨʦʙʥʳʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʣʦʚʘʨʴ (1807 ʛ.) ʠ ʦʧʨʝʜʝʣʠʪʝʣʴ ʤʠʥʝʨʘʣʦʚ ʧʦ 

ʚʥʝʰʥʠʤ ʧʨʠʟʥʘʢʘʤ (ʅʦʚʘʷ ʩʠʩʪʝʤʘ ʤʠʥʝʨʘʣʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʥʘʨʫʞʥʳʭ ʦʪʣʠʯʠʪʝʣʴʥʳʭ 

ʧʨʠʟʥʘʢʘʭ, 1816). ɺʩʝ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʚ 1836 ʛ. ʄʠʥʝʨʘʣʴʥʳʡ ʢʘʙʠʥʝʪ ʙʳʣ 

ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʩʣʝ ʩʤʝʨʪʠ ɺ.ʄ. ʉʝʚʝʨʛʠʥʘ ʚ ʤʫʟʝʝ ʥʘʤʝʪʠʣʩʷ ʦʙʱʠʡ ʩʧʘʜ ʢʘʢ 

ʥʘʫʯʥʦʡ, ʪʘʢ ʠ ʩʦʙʩʪʚʝʥʥʦ ʤʫʟʝʡʥʦʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʦʚʳʡ ʪʦʣʯʦʢ ʢ 

ʚʦʟʨʦʞʜʝʥʠʶ ʤʫʟʝʷ ʠ ʝʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʡ ʙʳʣ ʩʚʷʟʘʥ ʩ ʧʨʠʭʦʜʦʤ ʚ ʤʫʟʝʡ ʚ 

ʥʘʯʘʣʝ ʍʍ ʚʝʢʘ ʘʢʘʜʝʤʠʢʘ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʠ ʝʛʦ ʫʯʝʥʠʢʘ ʠ ʩʦʨʘʪʥʠʢʘ ɸ.ɽ. ʌʝʨʩʤʘʥʘ. ʇʦ 

ʠʭ ʠʥʠʮʠʘʪʠʚʝ ʚ ʤʫʟʝʝ ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʘʫʯʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ ï ʭʠʤʠʯʝʩʢʘʷ, 

ʨʝʥʪʛʝʥʦʚʩʢʘʷ, ʩʧʝʢʪʨʘʣʴʥʘʷ, ʦʙʦʨʫʜʦʚʘʥʥʳʝ ʩʘʤʳʤʠ ʣʫʯʰʠʤʠ ʥʘ ʪʦ ʚʨʝʤʷ ʧʨʠʙʦʨʘʤʠ. ɹʳʣʠ 

ʦʨʛʘʥʠʟʦʚʘʥʳ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ, ʥʘʨʷʜʫ ʩ ʧʦʧʦʣʥʝʥʠʝʤ ʤʫʟʝʡʥʳʭ ʢʦʣʣʝʢʮʠʡ, 

ʧʨʠʚʝʣʠ ʢ ʦʪʢʨʳʪʠʶ ʩʦʪʨʫʜʥʠʢʘʤʠ ʤʫʟʝʷ ʨʷʜʘ ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʭ ʨʫʜ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʪʘʢʦʛʦ ʦʙʲʝʢʪʘ ʤʠʨʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʢʘʢ ʍʠʙʠʥʩʢʦʝ ʘʧʘʪʠʪʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ɺʩʝ ʤʫʟʝʡʥʦʝ 

ʩʦʙʨʘʥʠʝ ʙʳʣʦ ʨʘʟʜʝʣʝʥʦ ʥʘ 4 ʪʝʤʘʪʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ, ʧʦʣʫʯʠʚʰʠʝ ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʘʟʚʘʥʠʷ: ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʢʦʣʣʝʢʮʠʷ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʢʨʠʩʪʘʣʣʳ. ʅʘ ʢʘʞʜʫʶ ʢʦʣʣʝʢʮʠʶ ʙʳʣʠ ʟʘʚʝʜʝʥʳ ʠʥʚʝʥʪʘʨʥʳʝ ʢʥʠʛʠ, ʚ 

ʢʦʪʦʨʳʝ ʩʪʘʣʠ ʟʘʧʠʩʳʚʘʪʴ ʧʦʩʪʫʧʘʶʱʠʡ ʠ ʫʞʝ ʠʤʝʶʱʠʡʩʷ ʚ ʤʫʟʝʝ ʤʘʪʝʨʠʘʣ. ɼʣʷ 

ʦʙʩʫʞʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠ ʤʫʟʝʡʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʤʫʟʝʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ʀ ɺʝʨʥʘʜʩʢʦʛʦ 

ʥʘʯʘʣ ʨʘʙʦʪʘʪʴ ʥʘʫʯʥʳʡ ʩʝʤʠʥʘʨ çʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʢʨʫʞʦʢè, ʙʳʣʦ ʦʩʥʦʚʘʥʦ ʚ 1907 ʛ. ʩʚʦʝ 

ʩʦʙʩʪʚʝʥʥʦʝ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʠʟʜʘʥʠʝ (ʩʝʡʯʘʩ ʵʪʦ ʞʫʨʥʘʣ çʅʦʚʳʝ ʜʘʥʥʳʝ ʦ ʤʠʥʝʨʘʣʘʭè). 

ʉ ʧʝʨʝʝʟʜʦʤ ʤʫʟʝʷ ʚ ʄʦʩʢʚʫ ʚ 1934 ʛ. ʥʘʯʠʥʘʝʪʩʷ ʥʦʚʳʡ ʵʪʘʧ ʚʳʩʪʘʚʦʯʥʦʡ ʨʘʙʦʪʳ. 

ɹʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʥʦʚʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʵʢʩʧʦʟʠʮʠʠ ï çʉʠʩʪʝʤʘʪʠʢʘ ʤʠʥʝʨʘʣʦʚè, 

çʇʦʜʝʣʦʯʥʳʝ ʠ ʜʨʘʛʦʮʝʥʥʳʝ ʢʘʤʥʠè, çʂʨʠʩʪʘʣʣʳè ʠ ʜʨ. ʈʫʢʦʚʦʜʠʪʝʣʷʤʠ ʤʫʟʝʷ ʚ ʩʝʨʝʜʠʥʝ ʠ 

ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʍʍ ʚʝʢʘ ʙʳʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ɺ.ʀ. ʂʨʳʞʘʥʦʚʩʢʠʡ (1881-1947), ɼ.ʉ. 

ɹʝʣʷʥʢʠʥ (1876-1953), ɻ.ʇ. ɹʘʨʩʘʥʦʚ (1907-1991), ʖ.ʃ. ʆʨʣʦʚ (1928-1980), ɺ.ʉ. ʉʦʙʦʣʝʚ 

(1908-1982), ɸ.ɸ. ɻʦʜʦʚʠʢʦʚ (1927-1995), ʄ.ʀ. ʅʦʚʛʦʨʦʜʦʚʘ (ʨʦʜ. ʚ 1938 ʛ.). ʉ 2010 ʧʦ 2015 

ʛʛ. ʤʫʟʝʡ ʚʦʟʛʣʘʚʣʷʣ ʜ.ʛ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ ɺ.ʂ. ɻʘʨʘʥʠʥ (ʨʦʜ. ʚ 1946 ʛ.), ʚ 2016 ʛ. ʜʠʨʝʢʪʦʨʦʤ 

ʙʳʣ ʠʟʙʨʘʥ ʜ.ʛ.-ʤ.ʥ. ʇ.ʖ. ʇʣʝʯʦʚ (ʨʦʜ. ʚ 1967 ʛ).  

ɿʘʩʣʫʛʠ ʘʢʘʜʝʤʠʢʘ ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʚ ʤʠʥʝʨʘʣʦʛʠʠ, ʛʝʦʭʠʤʠʠ ʠ ʨʘʟʚʠʪʠʠ ʤʫʟʝʷ ʙʳʣʠ ʧʦ 

ʜʦʩʪʦʠʥʩʪʚʫ ʦʮʝʥʝʥʳ ɸʢʘʜʝʤʠʝʡ ʥʘʫʢ, ʠ ʩ 1955 ʛ. ʤʫʟʝʡ ʥʦʩʠʪ ʠʤʷ ʝʛʦ ʠʤʷ. 
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ʨʘʟʚʝʜʘʥʥʳʝ ʟʘʧʘʩʳ ʧʨʝʚʳʰʘʶʪ 1 ʤʣʨʜ ʢʘʨʘʪ ï ʠ ʦʩʪʘʝʪʩʷ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʧʦ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʘʣʤʘʟʦʚ ʚ ʚʝʩʦʚʦʤ ʚʳʨʘʞʝʥʠʠ. 

ʇʦ ʦʙʲʝʤʫ ʠ ʩʪʦʠʤʦʩʪʠ ʜʦʙʳʪʳʭ ʘʣʤʘʟʦʚ ʩʪʨʘʥʘ ʟʘʥʠʤʘʣʘ ʧʝʨʚʫʶ ʧʦʟʠʮʠʶ ʚ ʤʠʨʝ ʚ 

2015 ʛ. (41 912 390 ʢʘʨʘʪ ʠ 4 239 585 ʤʣʥ. ʜʦʣʣ. ʉʐɸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ 

ʘʣʤʘʟʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʦʯʝʥʴ ʚʝʣʠʢʠ, ʦʜʥʘʢʦ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʭ ʥʝʚʳʩʦʢʘ: ʚ ʦʩʥʦʚʥʦʤ 

ʵʪʦ ʨʝʩʫʨʩʳ ʢʘʪʝʛʦʨʠʠ ʈ
3
 (3 075 880 ʢʘʨʘʪ ʥʘ 01.01.2016 ʛ.). 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʙʘʣʘʥʩʦʤ ʟʘʧʘʩʦʚ ʫʯʪʝʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 4 

ʬʝʜʝʨʘʣʴʥʳʭ ʦʢʨʫʛʘʭ. ʃʠʜʝʨʦʤ ʧʦ ʟʘʧʘʩʘʤ (ʯʫʪʴ ʤʝʥʝʝ 80%) ʚʳʩʪʫʧʘʝʪ ʈʝʩʧʫʙʣʠʢʘ ʉʘʭʘ 

(ʗʢʫʪʠʷ) ɼɺʌʆ, ʟʘ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ ʉɿʌʆ (20% ʟʘʧʘʩʦʚ). ɺ ʇʌʆ ʠ 

ʉʌʆ ʫʯʠʪʳʚʘʶʪʩʷ ʪʦʣʴʢʦ ʨʦʩʩʳʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ, ʥʝ ʩʯʠʪʘʷ ʠʤʧʘʢʪʥʳʭ ʘʣʤʘʟʦʚ 

ʇʦʧʠʛʘʡʩʢʦʛʦ ʤʝʪʝʦʨʠʪʥʦʛʦ ʢʨʘʪʝʨʘ. ʉ 2012 ʛ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʙʘʣʘʥʩʦʤ ʟʘʧʘʩʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʊʕʆ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʚ 80-ʭ ʛʦʜʘʭ XX ʚʝʢʘ, ʫʯʠʪʳʚʘʶʪʩʷ 

ʟʘʧʘʩʳ ʜʚʫʭ ʫʥʠʢʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʦʨʝʥʥʳʭ ʘʣʤʘʟʦʚ ʠʤʧʘʢʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ʇʦʧʠʛʘʡʩʢʦʛʦ ʤʝʪʝʦʨʠʪʥʦʛʦ ʢʨʘʪʝʨʘ (ʋʜʘʨʥʦʝ ʠ ʉʢʘʣʴʥʦʝ), ʚ ʦʙʲʝʤʝ 267,984 ʤʣʨʜ ʢʘʨ. ʇʦ 

ʩʚʦʝʤʫ ʢʘʯʝʩʪʚʫ ʘʣʤʘʟʳ ʦʙʦʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʭʥʠʯʝʩʢʠʤ (ʤʝʥʝʝ 1,5 ʤʤ) ʠ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩʘ ʜʣʷ ʨʘʟʚʠʪʠʷ ʶʚʝʣʠʨʥʦʛʦ ʩʝʢʪʦʨʘ ʘʣʤʘʟʥʦ-ʙʨʠʣʣʠʘʥʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʈʦʩʩʠʠ ʠ ʤʠʨʘ. ʕʪʠ ʦʙʲʝʢʪʳ ʥʘ ʩʝʛʦʜʥʷ ʥʝ ʠʤʝʶʪ ʘʥʘʣʦʛʦʚ ʚ ʤʠʨʝ ʩʨʝʜʠ ʧʨʦʤʳʰʣʝʥʥʦ 

ʟʥʘʯʠʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʭʦʪʷ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʨʦʩʪʦʤ ʩʧʨʦʩʘ ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʘʣʤʘʟʳ ʚ 

ʪʝʯʝʥʠʝ ʧʨʝʜʩʪʦʷʱʠʭ 20 ʣʝʪ ʥʝ ʠʩʢʣʶʯʝʥʦ ʧʦʷʚʣʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ ʢ ʠʭ 

ʨʘʟʨʘʙʦʪʢʝ. 

ʆʙʱʠʡ ʦʙʲʝʤ ʜʦʙʳʯʠ ʘʣʤʘʟʦʚ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ 2015 ʛ. ʩʦʩʪʘʚʠʣ 41,912 ʤʣʥ 

ʢʘʨʘʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤʠ ʂʠʤʙʝʨʣʠʡʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (2016), ʵʢʩʧʦʨʪ ʩʳʨʳʭ ʘʣʤʘʟʦʚ 

ʩʦʩʪʘʚʠʣ 30 802 602,83 ʢʘʨ, ʧʨʠ ʩʨʝʜʥʝʡ ʮʝʥʝ 111,75 ʜʦʣʣ. ʉʐɸ/ʢʘʨʘʪ. 

ʄʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʘʷ ʙʘʟʘ ʘʣʤʘʟʦʚ ʈʦʩʩʠʠ ʩʦʩʪʦʠʪ ʠʟ ʟʘʧʘʩʦʚ ʢʦʨʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʚ ʢʠʤʙʝʨʣʠʪʘʭ), ʨʦʩʩʳʧʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ. ɺ ʩʪʨʫʢʪʫʨʝ ʟʘʧʘʩʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʢʦʨʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (91,6%), 

ʨʦʩʩʳʧʠ ʩʦʩʪʘʚʣʷʶʪ 7,6%, ʘ ʪʝʭʥʦʛʝʥʥʳʝ ï ʤʝʥʝʝ 0,9%. 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʦʚʳʭ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚ, ʩʦʧʦʩʪʘʚʠʤʳʭ ʩ 

ʦʪʢʨʳʪʠʷʤʠ ʢʦʥʮʘ XX ʚʝʢʘ (ʪʨʫʙʢʘ ʠʤ. ɻʨʠʙʘ ʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʪʨʫʙʢʠ 

ʅʶʨʙʠʥʩʢʘʷ ʠ ɹʦʪʫʦʙʠʥʩʢʘʷ, ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʠʡ ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ ʈʝʩʧʫʙʣʠʢʝ ʉʘʭʘ, 

ʗʢʫʪʠʷ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʤʝʚʰʠʡʩʷ ʨʘʥʝʝ ʥʝʙʦʣʴʰʦʡ 

ʧʨʠʨʦʩʪ ʟʘʧʘʩʦʚ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚ ʚ ʈʦʩʩʠʠ ʩʦʭʨʘʥʠʪʩʷ ʠ ʚ ʙʫʜʫʱʝʤ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʝʨʴʝʟʥʳʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ ʫʩʠʣʠʡ. 

ɺ ʨʘʟʚʠʪʠʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʤʝʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʪʝʥʜʝʥʮʠʠ: ʧʦʚʳʰʝʥʠʝ ʨʦʣʠ ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʩʚʷʟʠ ʩ ʠʩʪʦʱʝʥʠʝʤ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʚ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʘʡʦʥʘʭ ʜʦʙʳʯʠ ʘʣʤʘʟʦʚ ʥʘ ʬʦʥʝ ʠʩʯʝʨʧʘʥʠʷ ʬʦʥʜʘ ʣʝʛʢʦʦʪʢʨʳʚʘʝʤʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ; ʧʝʨʝʤʝʱʝʥʠʝ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʚ ʫʜʘʣʝʥʥʳʝ ʨʘʡʦʥʳ ʠ ʨʘʡʦʥʳ ʩʦ 

ʩʣʦʞʥʳʤʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʩʣʘʙʦ ʨʘʟʚʠʪʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ; ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥ ʧʦʠʩʢʦʚ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ; ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʫʜ ʚʚʦʜʠʤʳʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʧʦʩʪʝʧʝʥʥʦʝ ʟʘʤʝʱʝʥʠʝ ʚʳʙʳʚʘʶʱʠʭ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʦʛʘʪʳʭ 

ʣʝʛʢʦʦʙʦʛʘʪʠʤʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʙʝʜʥʳʭ ʨʫʜ. 
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ʈʘʟʚʠʪʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʣʝʜʫʶʱʠʭ 

ʩʜʝʨʞʠʚʘʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʦʪʩʫʪʩʪʚʫʝʪ ʦʪʚʝʯʘʶʱʘʷ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʛʝʦʣʦʛʦ-

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʧʦ ʨʷʜʫ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ, ʯʪʦ ʩʜʝʨʞʠʚʘʝʪ 

ʧʨʦʚʝʜʝʥʠʝ ʦʧʝʨʝʞʘʶʱʠʭ ʧʨʦʛʥʦʟʥʦ-ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ; 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʣʩʷ ʨʝʟʝʨʚ ʦʙʲʝʢʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʚ ʙʣʠʞʘʡʰʠʝ 

ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʠʨʦʩʪʦʚ ʟʘʧʘʩʦʚ ʘʣʤʘʟʦʚ, ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʚʳʜʝʣʝʥʠʷ ʩʨʝʜʩʪʚ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʠʟ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʘ; ʜʝʡʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪʥʦʰʝʥʠʡ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʩʦʟʜʘʝʪ ʜʦʩʪʘʪʦʯʥʳʭ 

ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ.  

çɸʃʈʆʉɸè ï ʨʦʩʩʠʡʩʢʘʷ ʛʨʫʧʧʘ ʢʦʤʧʘʥʠʡ, ʥʘʮʝʣʝʥʥʘʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʮʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ ʧʦ ʦʩʚʦʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʟʘʥʠʤʘʶʱʘʷ 

ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʚ ʤʠʨʝ ʧʦ ʦʙʲʸʤʫ ʜʦʙʳʯʠ ʠ ʩʪʦʠʤʦʩʪʠ ʠʟʚʣʝʯʝʥʥʳʭ ʘʣʤʘʟʦʚ. 

ʂʦʨʧʦʨʘʮʠʷ ʟʘʥʠʤʘʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʠʩʢʘʤʠ, ʦʮʝʥʢʦʡ ʠ ʨʘʟʚʝʜʢʦʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʜʦʙʳʯʝʡ, ʦʙʨʘʙʦʪʢʦʡ ʠ ʧʨʦʜʘʞʝʡ ʘʣʤʘʟʥʦʛʦ ʩʳʨʴʷ ʠ ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʆʩʥʦʚʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʨʧʦʨʘʮʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʈʦʩʩʠʠ: ʚ ʗʢʫʪʠʠ ʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ 

ʚ ɸʬʨʠʢʝ. 

ɺ ʮʝʣʦʤ, ʚ ʩʪʨʫʢʪʫʨʫ ɸʂ çɸʃʈʆʉɸè (ʇɸʆ) (ʜʘʣʝʝ ʂʦʤʧʘʥʠʷ) ʚʭʦʜʷʪ ʛʦʨʥʦ-

ʦʙʦʛʘʪʠʪʝʣʴʥʳʝ ʢʦʤʙʠʥʘʪʳ (ɻʆʂʠ), ʩʙʳʪʦʚʳʝ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ, ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʘ, ʘʣʤʘʟʥʦ-ʙʨʠʣʣʠʘʥʪʦʚʳʝ, ʧʨʦʤʳʰʣʝʥʥʳʝ, ʩʪʨʦʠʪʝʣʴʥʳʝ, 

ʢʨʝʜʠʪʥʦ-ʬʠʥʘʥʩʦʚʳʝ, ʩʦʮʠʘʣʴʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ ʩʥʘʙʞʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʘ. 

ɺʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨɹʝʚʦʡ ʙʘʟʳ ʚ ʘʣʤʘʟʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʦʠʩʢʘ ʠ ʦʪʢʨʳʪʠʷ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʜʦʠʟʫʯʝʥʠʷ ʠ ʨʘʟʚʝʜʢʠ 

ʨʝʟʝʨʚʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʘʣʤʘʟʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʜʦʨʘʟʚʝʜʢʝ 

ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʘʣʤʘʟʦʜʦʙʳʯʠ ʥʘ ʙʘʟʝ ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʠʩʢʠ ʠ ʧʦʜʛʦʪʦʚʢʫ ʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʂʦʤʧʘʥʠʠ.  

ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʛʨʫʧʧʳ ʂʦʤʧʘʥʠʠ ʚ ʘʣʤʘʟʥʦʡ ʦʪʨʘʩʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʫʞʙʦʡ 

ʛʣʘʚʥʦʛʦ ʛʝʦʣʦʛʘ (ʚ ʥʝʛʦ ʚʭʦʜʷʪ ʦʪʜʝʣʳ ʧʦʠʩʢʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʛʝʦʣʦʛʠʠ), 

ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ (ɸʤʘʢʠʥʩʢʘʷ, ɹʦʪʫʦʙʠʥʩʢʘʷ ʠ ʄʠʨʥʠʥʩʢʘʷ ʛʝʦʣʦʛʦ-

ʨʘʟʚʝʜʦʯʥʳʝ ʵʢʩʧʝʜʠʮʠʠ, ʘ ʪʘʢʞʝ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʦʝ 

ʧʨʝʜʧʨʠʷʪʠʝ) ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʣʫʞʙʘʤʠ ɻʆʂʦʚ. ɺ ʩʦʩʪʘʚ ʩʣʫʞʙʳ ʚʭʦʜʷʪ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʜʦʯʝʨʥʠʭ ʠ ʟʘʚʠʩʠʤʳʭ ʦʙʱʝʩʪʚ (ɼɿʆ): ɸʆ çɸʣʤʘʟʳ ɸʥʘʙʘʨʘè, ɸʆ 

çʅʠʞʥʝʣʝʥʩʢʦʝè ʠ ʇɸʆ çʉʝʚʝʨʘʣʤʘʟè. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠ ʫʩʧʝʰʥʦ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʂʦʤʧʘʥʠʠ, ʟʘʥʷʪʳʝ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ 

ɸʬʨʠʢʘʥʩʢʦʤ ʢʦʥʪʠʥʝʥʪʝ ï ɻʈʆ çʂʘʪʦʢʘè, ʉʇ çʂʠʤʘʥʛè, ʉʇ çʉʘʥʣʝʥʜ ʄʠʥʝʨʘʣʩè. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪ ʧʦ ʠʟʫʯʝʥʠʶ ʥʝʜʨ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪ ʠʥʩʪʠʪʫʪ 

çʗʢʫʪʥʠʧʨʦʘʣʤʘʟè. ɺ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʦʤ ʢʦʤʧʣʝʢʩʝ ʘʣʤʘʟʥʦʡ ʦʪʨʘʩʣʠ ʛʨʫʧʧʳ çɸʃʈʆʉɸè 

ʨʘʙʦʪʘʝʪ 2752 ʯʝʣʦʚʝʢ, ʚ ʪʦʤ ʯʠʩʣʝ 1197 ʯʝʣʦʚʝʢ ʨʘʙʦʯʠʭ ʠ 1555 ï ʨʫʢʦʚʦʜʠʪʝʣʝʡ, 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʩʣʫʞʘʱʠʭ.  

ɻʨʫʧʧʘ çɸʃʈʆʉɸè ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʢʦʣʦ 95% ʜʦʙʳʯʠ ʘʣʤʘʟʦʚ ʚ ʈʦʩʩʠʠ, ʦʩʫʱʝʩʪʚʣʷʷ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʢʦʨʝʥʥʳʭ ʠ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʗʢʫʪʩʢʦʡ ʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʷʭ ʠ ʙʦʣʝʝ 28% ʘʣʤʘʟʦʚ ʚ ʤʠʨʝ. ʆʙʱʠʡ ʦʙʲʝʤ ʟʘʧʘʩʦʚ ʘʣʤʘʟʦʚ ʧʦ 

ʛʨʫʧʧʝ çɸʃʈʆʉɸè ʩʦʩʪʘʚʣʷʝʪ 1 105,5 ʤʣʥ ʢʘʨʘʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʯʝʪʦʤ, ʧʨʦʚʝʜʝʥʥʳʤ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʢʦʤʠʪʝʪʦʤ ʧʦ ʟʘʧʘʩʘʤ (2015 ʛ.). ɺ 2016 ʛ. ʧʨʠʨʦʩʪ ʟʘʧʘʩʦʚ ʩʦʩʪʘʚʠʪ 50,4 

ʤʣʥ ʢʘʨʘʪ, ʦʙʲʝʤ ʜʦʙʳʯʠ ï 37 ʤʣʥ ʢʘʨʘʪ.  

ɺ ʨʘʟʨʘʙʦʪʢʝ ʥʘʭʦʜʷʪʩʷ 10 ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʪʝʣʘʤʠ ʠ 15 ʨʦʩʩʳʧʥʳʭ. ɺ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʭʦʜʷʪʩʷ 4 ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʘ: 

çʋʜʘʯʥʳʡè, çɸʡʭʘʣè, çʄʠʨè ʠ çʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʳʡè. ʅʘ ʙʣʠʞʘʡʰʠʝ 15 ʣʝʪ ʩʨʝʜʥʠʡ 

ʫʨʦʚʝʥʴ ʜʦʙʳʯʠ ʘʣʤʘʟʦʚ ʥʘ ʢʦʨʝʥʥʳʭ ʠ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʛʨʫʧʧʳ çɸʃʈʆʉɸè ʟʘ 

15-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʠʪ 39 036 ʪʳʩ. ʢʘʨʘʪ ʚ ʛʦʜ. 
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1 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʈɸʅ 

2  ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɼɺʆ ʈɸʅ 

 

ʀʟʫʯʝʥʳ ʈɿʕ ʪʫʨʤʘʣʠʥʦʚ ʠʟ ʤʦʥʮʦʥʠʪʦʚ, ʛʨʘʥʠʪʦʠʜʦʚ, ʧʝʛʤʘʪʠʪʦʚ, ʛʨʝʡʟʝʥʦʚ ʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʣʦʚʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʤʠʢʨʦʘʥʘʣʠʟʘ (ʈʉʄɸ), ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʥʜʫʢʮʠʦʥʥʦ-ʩʚʷʟʘʥʥʦʡ 

ʧʣʘʟʤʦʡ (ICP MS), ʚʢʣʶʯʘʷ ʣʘʟʝʨʥʫʶ ʘʙʣʷʮʠʶ (LA ICP MS), ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ (SEM). ɺ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʪʫʨʤʘʣʠʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʙʠʦʪʠʪʦʚʳʭ ʠ 

ʜʚʫʩʣʶʜʷʥʳʭ ʛʨʘʥʠʪʘʭ, K-Na ʤʦʥʮʦʥʠʪʘʭ ʠ ʘʧʣʠʪʘʭ, ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʛʨʝʡʟʝʥʘʭ, ʢʚʘʨʮ-

ʪʫʨʤʘʣʠʥʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ, ʢʚʘʨʮ-ʪʫʨʤʘʣʠʥ-ʩʫʣʴʬʠʜʥʳʭ ʙʨʝʢʯʠʷʭ, ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 

ʟʦʥʘʭ ʠ ʞʠʣʘʭ, ʟʘʣʝʛʘʶʱʠʭ ʚʦ ʬʣʠʰʦʠʜʥʦʡ ʪʦʣʱʝ.  

ʇʦ ʜʘʥʥʳʤ ʚʘʣʦʚʦʛʦ ʘʥʘʣʠʟʘ ICP MS, ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ  ʪʫʨʤʘʣʠʥʦʚ ʨʘʟʣʠʯʥʳ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ LREE ʠ 

HREE ʠ ʭʘʨʘʢʪʝʨʫ Eu ʘʥʦʤʘʣʠʠ (ʨʠʩ.1): ʚ ʥʝʢʦʪʦʨʳʭ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

LREE, ʚ ʜʨʫʛʠʭ ï ʧʦʯʪʠ ʨʘʚʥʳʝ ʚ ʢʦʣʠʯʝʩʪʚʘ LREE ʠ HREE ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

MREE. ʊʫʨʤʘʣʠʥ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠʤʝʝʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʠʣʠ 

ʦʪʨʠʮʘʪʝʣʴʥʫʶ Eu ʘʥʦʤʘʣʠʶ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʨʘʩʧʣʘʚʦʚ (ʨʠʩ. 1).  

ʉʧʝʢʪʨʳ ʈɿʕ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʪʫʨʤʘʣʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʧʦʤʦʱʴʶ LA ICP MS, ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʪʠʧʫ ʩʧʝʢʪʨʦʚ ʠ ʩʦʦʪʥʦʰʝʥʠʶ LREE ʠ 

HREE: ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʫʨʤʘʣʠʥʘʭ ʠʟ ʛʨʘʥʠʪʦʚ, ʘʧʣʠʪʦʚ ʠ ʤʦʥʮʦʥʠʪʦʚ ʦʪʤʝʯʘʶʪʩʷ 

ʪʦʣʴʢʦ ʣʝʛʢʠʝ ʈɿʕ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʪʷʞʝʣʳʝ ʈɿʕ (ʨʠʩ. 2). ɺ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ 

ʤʠʥʝʨʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈɿʕ ʧʨʠ ʣʘʟʝʨʥʦʤ ʦʪʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ, ʯʝʤ ʚ 

ʤʘʛʤʘʪʠʯʝʩʢʦʤ. ɺ ʥʝʤ ʦʙʥʘʨʫʞʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʣʝʛʢʠʭ ʈɿʕ (La, Ce, Pr, Nd), 

ʪʷʞʝʣʳʭ ʈɿʕ (Er, Tm, Yb, Lu) ʠ  Zr, Hf, Th ʠ U (ʨʠʩ. 3). ʂʦʥʮʝʥʪʨʘʮʠʠ ʩʨʝʜʥʠʭ ʈɿʕ ʦʯʝʥʴ 

ʥʠʟʢʠʝ ï ʥʠʞʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠʭ ʤʝʪʦʜʦʤ LA ICP MS., ʪ.ʝ. ʩʧʝʢʪʨʳ 

ʈɿʕ ʨʘʟʣʠʯʥʳʭ ʪʫʨʤʘʣʠʥʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʦʪʙʦʨʘ, ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʩʧʝʢʪʨʦʚ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʚʘʣʦʚʳʤ ʘʥʘʣʠʟʦʤ ICP MS.  

ʏʪʦʙʳ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʠʭ ʜʚʫʭ ʤʝʪʦʜʦʚ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʪʫʨʤʘʣʠʥʳ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ SEM. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʫʨʤʘʣʠʥʘ ʠʟ ʘʧʣʠʪʦʚ, ʛʨʘʥʠʪʦʚ ʠ ʤʦʥʮʦʥʠʪʦʚ ʦʙʥʘʨʫʞʝʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʤʦʥʘʮʠʪʘ, ʢʩʝʥʦʪʠʤʘ, ʮʠʨʢʦʥʘ, ʙʘcʪʥʝʟʠʪʘ, F-Y-Ce-ʩʦʜʝʨʞʘʱʝʛʦ 

ʢʘʨʙʦʥʘʪʘ ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʈɿʕ, Y, Zr, Th, U. ʈʘʟʤʝʨʳ ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ 

ʩʦʩʪʘʚʣʷʶʪ ʤʝʥʴʰʝ 1 ʤʢʤ, ʘ ʠʭ ʩʢʦʧʣʝʥʠʡ ʦʪ 5 ʜʦ 15 ʤʢʤ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʪʫʨʤʘʣʠʥʝ, ʪʝʤ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʷ ʈɿʕ ʚ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʙʘʭ (ʨʠʩ.3). ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʦʠʜʦʚ ʠʟ 

ʢʚʘʨʮ-ʪʫʨʤʘʣʠʥʦʚʳʭ ʟʦʥ, ʟʘʤʝʱʘʶʱʠʭ ʬʣʠʰʦʠʜʥʳʝ ʧʦʨʦʜʳ, ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʟʘʭʚʘʪʘ 

ʜʝʪʨʠʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ (ʮʠʨʢʦʥʘ, ʤʦʥʘʮʠʪʘ, ʢʩʝʥʦʪʠʤʘ ʠ ʜʨ.), ʪ.ʢ. ʵʪʠ ʤʠʥʝʨʘʣʳ ʧʨʠ 

ʤʝʪʘʩʦʤʘʪʦʟʝ ʥʝ ʨʘʟʣʘʛʘʶʪʩʷ ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʢʚʘʨʮ-ʪʫʨʤʘʣʠʥʦʚʳʭ ʧʦʨʦʜʘʭ. ʅʘʣʠʯʠʝ 

ʮʠʨʢʦʥʘ ʦʙʫʩʣʦʚʠʣʦ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Zr ʠ Hf ʚ ʪʫʨʤʘʣʠʥʝ. ʅʘʧʨʦʪʠʚ, ʚ ʢʚʘʨʮ-

ʪʫʨʤʘʣʠʥʦʚʳʭ ʞʠʣʘʭ ʚ ʛʨʘʥʠʪʘʭ ʤʠʢʨʦʚʣʶʯʝʥʠʷ ʮʠʨʢʦʥʘ ʚ ʪʫʨʤʘʣʠʥʝ ʥʝ ʦʙʥʘʨʫʞʝʥʳ, ʚ ʥʝʤ  

ʚ ʩʦʩʪʘʚʝ ʈɿʕ ʧʨʝʦʙʣʘʜʘʶʪ ʣʝʛʢʠʝ ʣʘʥʪʘʥʦʠʜʳ. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ HREE, Zr, Hf ʚ ʪʫʨʤʘʣʠʥʝ ʩʚʷʟʘʥʦ ʩ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʤʠ ʮʠʨʢʦʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʪʫʨʤʘʣʠʥʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ ʈɿʕ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʚ ʚʠʜʝ ʠʟʦʤʦʨʬʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ LREE, ʪʘʢ ʠ ʚ 

ʤʠʥʝʨʘʣʘʭ-ʚʨʦʩʪʢʘʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʘʟ (HREE).  
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ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ     ʈʠʩ. 2. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʚ  

ʚ ʪʫʨʤʘʣʠʥʘʭ  (ICP MS)                           ʪʫʨʤʘʣʠʥʘʭ (La ICP MS) 
 

       

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʦʛʘʱʝʥʠʝ 

ʪʷʞʝʣʳʤʠ ʈɿʕ ʪʫʨʤʘʣʠʥʘ ʥʝ ʚʩʝʛʜʘ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʭʦʞʜʝʥʠʝʤ ʠʭ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʵʪʦʛʦ 

ʤʠʥʝʨʘʣʘ, ʘ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʤʠʥʝʨʘʣʦʚ-ʚʢʣʶʯʝʥʠʡ, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ 

ʢʦʪʦʨʳʭ ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ 

ʠʟʦʤʦʨʬʠʟʤʘ HREE. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʦʣʞʥʦ 

ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʭʦʥʜʨʠʪ-ʥʦʨʤʘʣʠʟʦʚʘʥʥʳʭ 

ʜʠʘʛʨʘʤʤ ʈɿʕ, ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ICP MS ʠ LA ICP MS.  

 

 

ʈʠʩ. 3. ɺʢʣʶʯʝʥʠʷ ʤʦʥʘʮʠʪʘ, F-REE- ʢʘʨʙʦʥʘʪʦʚ ʠ  

ʮʠʨʢʦʥʦʚ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʪʫʨʤʘʣʠʥʘʭ 
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ʇʦʥʠʤʘʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʚʳʙʨʘʥʥʦʡ ʤʦʜʝʣʴʶ ʦʧʠʩʘʥʠʷ ʝʛʦ 

ʩʪʨʫʢʪʫʨʳ. ʉʦʚʩʝʤ ʥʝ ʚʩʝʛʜʘ ʪʨʘʜʠʮʠʦʥʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚ ʪʝʨʤʠʥʘʭ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʧʦʣʠʵʜʨʦʚ ʢʘʪʠʦʥʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ ï ʚʝʩʴʤʘ ʯʘʩʪʦ ʦʥʘ ʢʘʢ ʨʘʟ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʛʨʦʤʦʟʜʢʦʡ ʠ ʥʝʫʜʦʙʥʦʡ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʤʦʜʝʣʠ. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʤʦʛʫʪ ʙʳʪʴ ʢʘʪʠʦʥʥʳʝ ʫʧʘʢʦʚʢʠ (OôKeeffe, Hyde, 1989, Krivovichev, 

2016). 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʫʙʥʦʚʘʠʪʘ K2Na8Ca(SO4)6 (Gorelova et.al, 2016) ï ʥʝʜʘʚʥʦ 

ʦʪʢʨʳʪʦʛʦ ʥʦʚʦʛʦ ʤʠʥʝʨʘʣʘ ʠʟ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʬʫʤʘʨʦʣ ʊʦʣʙʘʯʠʢʘ, ï ʩʦʜʝʨʞʠʪ ʜʝʚʷʪʥʘʜʮʘʪʴ 

ʢʘʪʠʦʥʥʳʭ ʧʦʟʠʮʠʡ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʦʧʠʩʘʥʠʝ ʚ ʪʝʨʤʠʥʘʭ ʢʘʪʠʦʥʥʳʭ ʧʦʣʠʵʜʨʦʚ ʚʝʩʴʤʘ 

ʩʣʦʞʥʳʤ ʠ ʥʝ ʚʧʦʣʥʝ ʧʦʥʷʪʥʳʤ. ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʘʪʠʦʥʥʳʭ ʫʧʘʢʦʚʦʢ, 

ʥʘʧʨʦʪʠʚ, ʥʝ ʪʦʣʴʢʦ ʜʝʣʘʝʪ ʝʝ ʚʦʩʧʨʠʷʪʠʝ ʙʦʣʝʝ ʣʝʛʢʠʤ, ʥʦ ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʙʣʠʟʢʠʝ ʧʦ 

ʩʦʩʪʘʚʫ ʠ ʩʪʨʦʝʥʠʶ ʤʠʥʝʨʘʣʳ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ɺ ʙʫʙʥʦʚʘʠʪʝ ʢʘʪʠʦʥʳ K
+
, Na

+
 

ʠ Ca
2+

 ʦʙʨʘʟʫʶʪ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʳʝ ʩʣʦʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ (001). 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʝʚ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʢʘʢ [ABABACôABACABô], ʛʜʝ A, B ʠ C ï 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʟʠʮʠʡ ʘʪʦʤʦʚ ʚ ʧʣʦʪʥʝʡʰʠʭ ʫʧʘʢʦʚʢʘʭ. ɻʝʦʤʝʪʨʠʯʝʩʢʠ 

ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʝʜʠʥʠʮʝʡ ʪʘʢʦʡ ʫʧʘʢʦʚʢʠ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʝʚ [ABAC], 

ʦʜʥʘʢʦ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʡ ʢʘʪʠʦʥʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʠ ʪʘʢʠʭ ʩʣʦʝʚ, ʚ ʩʪʨʫʢʪʫʨʝ ʙʫʙʥʦʚʘʠʪʘ 

ʦʙʨʘʟʫʝʪʩʷ ʪʨʝʭʢʨʘʪʥʘʷ ʩʚʝʨʭʩʪʨʫʢʪʫʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʩʪʴ ʩʣʦʝʚ ʚ 

ʙʫʙʥʦʚʘʠʪʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʢʘʢ A[NaK3]-B[KNa3]-A[Na4]-C[Na4]-A[KCa3]-B[Na4]-

A[NaK3]-C[KNa3]-A[Na4]-B[Na4]-A[KCa3]-C[Na4]-. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʨʫʢʪʫʨʘ ʜʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ 

ʦʩʣʦʞʥʝʥʘ ʪʘʢʞʝ ʪʝʤ, ʯʪʦ ʚʜʦʣʴ ʦʩʝʡ a ʠ b ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʫʢʨʘʪʥʘʷ ʩʚʝʨʭʩʪʨʫʢʪʫʨʘ, 

ʯʪʦ ʚʳʟʚʘʥʦ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʢʘʪʠʦʥʦʚ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʦʷʭ. ʊʘʢʦʝ ʦʧʠʩʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʙʫʙʥʦʚʘʠʪʘ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʜʨʫʛʠʭ ʩʫʣʴʬʘʪʦʚ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. ʊʘʢ ʚ ʩʪʨʫʢʪʫʨʘʭ ŬïK2SO4 (Arnold et.al, 1981) ʠ ʤʝʪʘʪʝʥʘʨʜʠʪʘ Na2SO4 

(Pekov et.al, 2016) ʤʦʞʥʦ ʪʘʢʞʝ ʚʳʜʝʣʠʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʝʚ 

[ABAC], ʛʜʝ ʚʩʝ ʩʣʦʠ ʟʘʩʝʣʝʥʳ ʦʜʥʠʤ ʪʠʧʦʤ ʢʘʪʠʦʥʦʚ (K ʠʣʠ Na, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺ 

ʩʪʨʫʢʪʫʨʝ ʘʬʪʠʪʘʣʠʪʘ K3Na(SO4)2 (Okada, Ossaka, 1980) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʝʚ 

ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ ʪʨʠ ʩʣʦʷ ʟʘʩʝʣʝʥʳ K ʠ ʦʜʠʥ Na. ɺ ʙʣʠʟʢʦʤ ʧʦ ʩʦʩʪʘʚʫ ʭʠʤʠʯʝʩʢʦʤ 

ʩʦʝʜʠʥʝʥʠʠ KNa(SO4) (Okada, Ossaka, 1980) ʜʚʘ ʩʣʦʷ, ʟʘʩʝʣʝʥʥʳʝ K, ʯʝʨʝʜʫʶʪʩʷ ʩ ʜʚʫʤʷ 

ʩʣʦʷʤʠ, ʟʘʩʝʣʝʥʥʳʤʠ Na. ɸ ʚ ʩʪʨʫʢʪʫʨʝ ʤʸʥʠʪʘ (NH4)K2Na(SO4)2 (Chukanov et.al, 2915) 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʝʚ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: A[NH4]-B[K]-A[Na]-C[K]-. 

ɼʚʝʥʘʜʮʘʪʠʩʣʦʡʥʫʶ ʢʘʪʠʦʥʥʫʶ ʫʧʘʢʦʚʢʫ, ʘʥʘʣʦʛʠʯʥʫʶ ʫʧʘʢʦʚʢʝ ʙʫʙʥʦʚʘʠʪʘ, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʭʘʥʢʩʠʪʘ Na22K(SO4)9(CO3)2Cl (Araki, Zoltai, 1973) ï 

-A[KNa3]-B[Na4]-A[Na4]-C[ἦNa3]-A[Na4]-B[Na4]-A[KNa3]-C[Na4]-A[Na4]-B[ἦNa3]-A[Na4]-

C[Na4]-, ʛʜʝ ἦ ï ʚʘʢʘʥʩʠʷ. 
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ʊʠʪʘʥʦʚʳʝ ʠ ʮʠʨʢʦʥʠʝʚʳʝ ʛʨʘʥʘʪʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ 

ʤʘʩʩʠʚʘʭ, ʩʠʝʥʠʪʘʭ, ʬʦʥʦʣʠʪʘʭ, ʨʝʞʝ ʚ ʩʢʘʨʥʘʭ, ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ 

ʠʡʦʣʠʪʦʚ ʠ ʟʦʥ ʥʝʬʝʣʠʥʠʟʘʮʠʠ. ʆʜʥʘʢʦ ʩʦʩʪʘʚ Ti-ʛʨʘʥʘʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʦʪʠʚʦʨʝʯʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʫʶ ʠʟʫʯʝʥʥʦʩʪʴ ʙʣʘʛʦʜʘʨʷ 

ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʤʠʢʨʦʟʦʥʜʦʚʳʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ. ʅʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʢʦʣʣʝʢʮʠʷ ʪʠʪʘʥʦʚʳʭ ʠ 

ʪʠʪʘʥʩʦʜʝʨʞʘʱʠʭ ʛʨʘʥʘʪʦʚ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. ɸ.ɽ ʌʝʨʩʤʘʥʘ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʤʠʨʘ ʠ ʩʢʘʨʥʦʚ. ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʙʨʘʟʮʳ ʠʟ ɸʬʨʠʢʘʥʜʳ, 

ʂʦʚʜʦʨʘ, ɺʫʦʨʠʷʨʚʠ, ʤʘʩʩʠʚʦʚ ʊʫʨʴʝʛʦ ʤʳʩʘ, ʂʦʣʴʩʢʠʡ ʧ-ʦʚ; ʨʫʜʥʠʢʘ ʆʞʠʜʘʝʤʳʡ, 

ʄʠʥʫʩʠʥʩʢʠʡ ʦʢʨʫʛ; Magnet Cove ʠ Hot Spring Co, ʉʐɸ, Valtigels, ʊʠʨʦʣʴ, ʀʪʘʣʠʷ; 

ɸʭʤʘʪʦʚʩʢʦʡ ʢʦʧʠ, ʋʨʘʣ; ʇʠʪʢʷʨʘʥʪʳ, ʂʘʨʝʣʠʷ;; Bracciano, ʀʪʘʣʠʷ; ɻʫʣʠ, ʆʜʠʭʠʥʯʘ, ʂʫʛʜʘ, 

ʉʠʙʠʨʴ; ɼʘʭʫʫ-ʅʫʨʘ, ʊʫʚʘ; ʌʘʜʴʶ-ʂʫʜʘ, ʊʘʡʤʳʨ; ʄʫʨʫʥ ʠ ʀʥʛʝʣʠ, ɸʣʜʘʥ, ʗʢʫʪʠʷ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʢʦʤʠʩʩʠʝʡ IMA  ʧʦ ʥʦʚʳʤ ʤʠʥʝʨʘʣʘʤ, ʥʦʤʝʥʢʣʘʪʫʨʝ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ (CNMNC) ʧʨʠʥʷʪʳ ʜʚʘ ʤʠʥʝʨʘʣʘ: ʰʦʨʣʦʤʠʪ ʩ ʬʦʨʤʫʣʦʡ 

Ca3(Ti,Fe
3+

)2(Si,Fe)3O12 ʠ ʤʦʨʠʤʦʪʦʠʪ, Ca3(Ti,Fe
2+

,Fe
3+

)2(Si,Fe
3+

)3O12 (Grew at al., 2013). ʕʪʠ 

ʬʦʨʤʫʣʳ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʦ ʦʙʦʙʱʝʥʥʳʤʠ ʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʘʟʣʠʯʠʝ ʵʪʠʭ ʚʠʜʦʚ. ɼʣʷ 

ʰʦʨʣʦʤʠʪʘ ʢʦʥʝʯʥʘʷ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʘʷ ʬʦʨʤʫʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ Ca3Ti2[Fe
3+

2Si]O12, 

ʜʣʷ ʤʦʨʠʤʦʪʦʠʪʘ ʭʘʨʘʢʪʝʨʥʦ ʟʘʤʝʱʝʥʠʝ Fe
2+

+Ti
4+
Ÿ2Fe

3+ 
ʚ ʦʢʪʘʵʜʨʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ ʧʦʣʥʦʩʪʴʶ ʟʘʥʷʪʘ Si. ʀʜʝʘʣʠʟʠʨʦʚʘʥʥʘʷ ʬʦʨʤʫʣʘ ʤʦʨʠʤʦʪʦʠʪʘ 

Ca3TiFe
2+

[Si3O12] . 

ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʦʣʴʟʫʝʪʩʷ ʰʦʨʣʦʤʠʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʦʨʠʤʦʪʦʠʪʦʤ ʢʘʢ ʚ ʢʦʣʣʝʢʮʠʠ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʈɸʅ (ʜʦ ʥʝʜʘʚʥʝʛʦ 

ʚʨʝʤʝʥʠ ʟʥʘʯʠʣʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʦʙʨʘʟʝʮ ʤʦʨʠʤʦʪʦʠʪʘ type locality ʦ. ʌʫʢʘ, ʆʢʘʷʤʘ, ʗʧʦʥʠʷ), ʪʘʢ ʠ 

ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ. ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʨʪʠʥʘ ʚ ʪʦʯʥʦʩʪʠ ʥʘʦʙʦʨʦʪ. 

ɺʩʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʛʨʘʥʘʪʳ ʦʪʥʦʩʷʪʩʷ ʬʦʨʤʘʣʴʥʦ ʢ ʤʠʥʝʨʘʣʴʥʦʤʫ ʚʠʜʫ 

ʤʦʨʠʤʦʪʦʠʪʫ ʠʣʠ ʤʝʣʘʥʠʪʫ ï Ti-ʘʥʜʨʘʜʠʪʫ. ʅʠ ʦʜʥʦʛʦ ʩʦʙʩʪʚʝʥʥʦ ʰʦʨʣʦʤʠʪʘ ʫʩʪʘʥʦʚʣʝʥʦ 

ʥʝ ʙʳʣʦ. ʉʦʦʪʥʦʰʝʥʠʝ ʤʦʨʠʤʦʪʦʠʪʦʚʦʛʦ ʠ ʰʦʨʣʦʤʠʪʦʚʦʛʦ ʤʠʥʘʣʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 6.9 ʜʦ 0.8 ʚ 

Ti-ʘʥʜʨʘʜʠʪʘʭ, 1.5ï1.1 ʚ ʩʦʙʩʪʚʝʥʥʦ Ti-ʛʨʘʥʘʪʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʨʠʤʦʪʦʠʪ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʪʘʥʦʚʳʤ ʛʨʘʥʘʪʦʤ, 

ʚ ʦʪʣʠʯʠʝ ʦʪ ʰʦʨʣʦʤʠʪʘ, ʜʦʩʪʦʚʝʨʥʳʭ ʥʘʭʦʜʦʢ ʢʦʪʦʨʦʛʦ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʯʝʤ ʩʯʠʪʘʣʦʩʴ ʨʘʥʝʝ. 

ɸʥʘʣʠʟ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʆʅ ʛʨʫʧʧʳ ʚ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʠʪʘʥʦʚʳʭ 

ʛʨʘʥʘʪʘʭ. ɻʠʜʨʦʛʨʘʥʘʪʳ ʫʩʪʘʥʦʚʣʝʥʳ ʪʦʣʴʢʦ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʮʝʙʦʣʣʠʪʦʤ, ʭʫʘʥʠʪʦʤ, 

ʧʝʢʪʦʣʠʪʦʤ, ʛʜʝ ʦʥʠ ʦʙʨʘʟʫʶʪ ʩʣʦʞʥʳʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʤʠʥʝʨʘʣʘʤ ʛʨʫʧʧʳ ʤʝʣʠʣʠʪʘ, 

ʣʠʙʦ ʩ ʛʝʤʘʪʠʪʦʤ ʠ ʢʘʣʴʮʠʪʦʤ ʧʦ ʙʦʣʝʝ ʨʘʥʥʝʤʫ ʤʝʣʘʥʠʪʫ. 

ɻʨʘʥʘʪʳ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʤʘʩʩʠʚʦʚ ʦʙʨʘʟʫʶʪʩʷ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʥʝʬʝʣʠʥʦʤ, ʵʛʠʨʠʥ-

ʘʚʛʠʪʦʤ, ʤʝʣʠʣʠʪʦʤ, ʬʣʦʛʦʧʠʪʦʤ, ʠ ʜʨ. ʩʠʣʠʢʘʪʘʤʠ,  ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ, ʧʝʨʦʚʩʢʠʪʦʤ, 

ʢʘʣʴʮʠʪʦʤ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʜʦʙʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʜʝʬʠʮʠʪʘ ʢʨʝʤʥʝʟʝʤʘ ʙʳʣʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʰʦʨʣʦʤʠʪʘ.  

ɺ ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʤʘʩʩʠʚʘ ɺʫʦʨʠʷʨʚʠ (ʂʦʣʴʩʢʠʡ 

ʧʦʣʫʦʩʪʨʦʚ) ʧʨʠ ʜʝʬʠʮʠʪʝ ʢʨʝʤʥʝʟʝʤʘ ʦʙʨʘʟʦʚʘʣʩʷ ʨʝʜʢʠʡ ʪʠʪʘʥʩʦʜʝʨʞʘʱʠʡ ʮʠʨʢʦʥʠʝʚʳʡ 

ʛʨʘʥʘʪ, ʘʥʘʣʦʛ ʰʦʨʣʦʤʠʪʘ ï ʢʝʨʠʤʘʩʠʪ, ʚ ʢʦʪʦʨʦʤ ʪʝʪʨʘʵʜʨʠʯʝʩʢʫʶ ʧʦʟʠʮʠʶ ʥʘʨʷʜʫ ʩ 

ʢʨʝʤʥʠʝʤ ʟʘʧʦʣʥʷʶʪ ʘʪʦʤʳ Fe
3+
. ʉʦʩʪʘʚ ʢʝʨʠʤʘʩʠʪʘ (ʦʙʨʘʟʝʮ ʄʄʌ ˉ 78267) 

{Ca2,96Mn0,022Fe0,018} 3(Zr0,719Ti0,661Mg0,243Fe
III

0,211Fe
II

0,155V0,008Sn0,003)2[Si2,015Fe
III

0,799Al 0,186]3O12 

ʅʘʠʙʦʣʝʝ ʚʳʜʘʶʱʠʝʩʷ ʩ ʤʫʟʝʡʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʨʘʟʮʳ ʪʠʪʘʥʦʚʳʭ ʛʨʘʥʘʪʦʚ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʥʘʤʠ ʚʦ ʚʨʝʤʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʥʘ ʱʝʣʦʯʥʦʤ ʢʘʨʙʦʥʘʪʠʪʦʚʦʤ ʤʘʩʩʠʚʝ ʆʜʠʭʠʥʯʘ 
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ʚ ʂʨʘʩʥʦʷʨʩʢʦʤ ʢʨʘʝ. ʄʦʨʠʤʦʪʦʠʪ ʠ ʤʝʣʘʥʠʪ ʦʙʨʘʟʫʶʪ ʭʦʨʦʰʦ ʦʛʨʘʥʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ, 

ʱʝʪʢʠ ʠ ʩʨʦʩʪʢʠ, ʦʪʜʝʣʴʥʳʝ ʠʥʜʠʚʠʜʳ ʚ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʶʪ ʨʘʟʤʝʨʘ 30 ʩʤ. ʂʨʠʩʪʘʣʣʳ 

ʧʦʜʦʙʥʦʛʦ ʨʘʟʤʝʨʘ ʷʚʣʷʶʪʩʷ ʚʳʜʘʶʱʠʤʠʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʯʠʪʘʚʰʝʛʦʩʷ ʨʘʥʝʝ 

ʤʘʣʦʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʦʨʠʤʦʪʦʠʪʘ, ʥʦ ʠ ʜʣʷ ʛʨʘʥʘʪʦʚ ʚ ʮʝʣʦʤ.  

ʄʘʩʩʠʚ ʆʜʠʭʠʥʯʘ ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʠʥʪʨʫʟʠʝʡ ʄʘʡʤʝʯʘ-ʂʦʪʫʡʩʢʦʡ 

ʧʨʦʚʠʥʮʠʠ (ɿʘʧ. ʯʘʩʪʴ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ), ʠʤʝʝʪ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʥʝʜʨʠʚʰʠʤʠʩʷ ʧʨʦʩʪʳʤʠ ʠʥʪʨʫʟʠʷʤʠ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʥʪʨʫʟʠʠ ʠʟ ʥʠʭ 

ʩʣʘʛʘʶʪ (ʦʪ ʨʘʥʥʠʭ ʢ ʧʦʟʜʥʠʤ) ʦʣʠʚʠʥʠʪʳ, ʤʝʣʠʣʠʪʦʚʳʝ ʧʦʨʦʜʳ, ʷʢʫʧʠʨʘʥʛʠʪʳ-

ʤʝʣʴʪʝʡʛʠʪʳ, ʠʡʦʣʠʪʳ  ʠ ʩʦʜʝʨʞʠʪ ʨʝʜʢʠʝ ʜʘʡʢʠ ʢʘʣʴʮʠʪʦʚʳʭ ʢʘʨʙʦʥʘʪʠʪʦʚ (ɽʛʦʨʦʚ, 1991). 

ɻʨʘʥʘʪʳ ʚ ʤʝʣʠʣʠʪʦʚʳʭ ʧʦʨʦʜʘʭ ʧʦʷʚʣʷʶʪʩʷ ʣʠʰʴ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʩ ʠʡʦʣʠʪʦ-

ʤʝʣʴʪʝʡʛʠʪʘʤʠ ʠ, ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ, ʚ ʧʝʛʤʘʪʠʪʦʚʳʭ ʞʠʣʘʭ. ɺ ʧʦʨʦʜʘʭ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ,  

ʨʘʟʚʠʚʘʶʪʩʷ ʧʩʝʚʜʦʤʦʨʬʥʦ ʧʦ ʤʝʣʠʣʠʪʫ, ʧʠʨʦʢʩʝʥʫ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʫ ʠ ʧʝʨʦʚʩʢʠʪʫ. 

ɺʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʝʜʥʳʝ ʪʠʪʘʥʦʤ ʤʝʣʘʥʠʪʳ, ʪʘʢ ʠ ʛʨʘʥʘʪʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ TiO2 

ʩʚʳʰʝ 12 ʤʘʩ.%. ɺ ʛʨʘʥʘʪʘʭ ʥʝʨʝʜʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʟʦʥʘʣʴʥʦʩʪʴ: ʚʥʫʪʨʝʥʥʷʷ ʝʛʦ ʟʦʥʘ, ʦʙʳʯʥʦ 

ʦʙʣʝʢʘʶʱʘʷ ʨʝʣʠʢʪ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʠʣʠ ʧʝʨʦʚʩʢʠʪʘ, ʦʢʨʘʰʝʥʘ ʚ ʪʝʤʥʦ-ʙʫʨʳʡ ʮʚʝʪ, ʥʘ 

ʫʜʘʣʝʥʠʠ ʦʪ ʨʝʣʠʢʪʘ ʮʚʝʪ ʤʠʥʝʨʘʣʘ ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʦ ʩʚʝʪʣʝʝ, ʘ ʚʥʝʰʥʷʷ ʟʦʥʘ ʠʤʝʝʪ 

ʩʚʝʪʣʦ-ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ. 

ʅʘ ʤʘʩʩʠʚʝ ʆʜʠʭʠʥʯʘ ʠʟʚʝʩʪʥʦ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʢʨʫʧʥʳʭ ʧʝʛʤʘʪʠʪʦʚʳʭ ʪʝʣ 

ʬʣʦʛʦʧʠʪ-ʧʠʨʦʢʩʝʥ-ʛʨʘʥʘʪ-ʤʝʣʠʣʠʪʦʚʦʛʦ ʠ ʛʨʘʥʘʪ-ʥʝʬʝʣʠʥʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʘʧʘʪʠʪʦʤ, 

ʧʝʨʦʚʩʢʠʪʦʤ, ʩʦʜʘʣʠʪʦʤ ʠ ʜʨ., ʚ ʢʦʪʦʨʳʭ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚʝʣʠʢʦʣʝʧʥʳʝ ʢʦʣʣʝʢʮʠʦʥʥʳʝ 

ʦʙʨʘʟʮʳ ʪʠʪʘʥʦʚʳʭ ʛʨʘʥʘʪʦʚ. 

ɺ ʮʝʣʦʤ ʩʦʜʝʨʞʘʥʠʝ Fe
3+

 ʚ ʛʨʘʥʘʪʘʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢ ʮʝʥʪʨʫ ʞʠʣʳ, ʘ Ti
4+

 ʠ Fe
2+

 

ʫʤʝʥʴʰʘʝʪʩʷ, ʛʨʘʥʘʪ ʤʦʨʠʤʦʪʦʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʢʨʘʝʚʳʭ ʟʦʥ ʩʤʝʥʷʝʪʩʷ ʚʳʩʦʢʦ ʪʠʪʘʥʠʩʪʳʤ 

ʘʥʜʨʘʜʠʪʦʤ, ʟʘʪʝʤ ï ʥʠʟʢʦ ʪʠʪʘʥʠʩʪʳʤ ʘʥʜʨʘʜʠʪʦʤ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʩʣʦʞʥʳʭ 

ʧʝʛʤʘʪʠʪʦʚʳʭ ʞʠʣ. ɺ ʤʝʣʠʣʠʪʦʚʳʭ ʧʝʛʤʘʪʠʪʘʭ ʨʘʟʚʠʪ ʪʦʣʴʢʦ ʤʝʣʘʥʠʪ.  

ʅʘ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ.) ʩʦʩʪʘʚʳ ʛʨʘʥʘʪʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʦʯʥʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʠʟ ʧʦʣʷ ʯʠʩʪʦʛʦ ʘʥʜʨʘʜʠʪʘ ʜʦ ʧʦʣʷ, ʦʪʚʝʯʘʶʱʝʛʦ ʩʦʩʪʘʚʫ ʤʦʨʠʤʦʪʦʠʪʘ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ Ti-ʘʥʜʨʘʜʠʪ. 

 
 

ʈʠʩ. 1. ʉʦʩʪʘʚ Ti-ʛʨʘʥʘʪʦʚ ʠʟ ʢʦʣʣʝʢʮʠʠ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʈɸʅ 
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ʇɸʈɸɻɽʅɽɿʀʉ ʉɸʄʆʈʆɼʅʆɻʆ ɿʆʃʆʊɸ ʀ ʂɸʉʉʀʊɽʈʀʊɸ 

ɺ ʈʋɼɸʍ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ɼʆʈʆʅʀʅʉʂʆɽ  

(ʉɽɺɽʈʆ-ɺʆʉʊʆʂ ʈʆʉʉʀʀ) 

 

ʉ.ʉ. ɼʚʫʨʝʯʝʥʩʢʘʷ 

 

ʎʝʥʪʨʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʡ ʠʥʩʪʠʪʫʪ ʮʚʝʪʥʳʭ ʠ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ.  akantit_c@mail.ru 

 

ʇʨʦʤʳʰʣʝʥʥʦ ʟʥʘʯʠʤʳʝ ʩʢʦʧʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʟʦʣʦʪʘ ʠ ʦʣʦʚʘ ʚ ʦʜʥʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʚʝʩʴʤʘ ʨʝʜʢʠ, ʘ ʘʩʩʦʮʠʘʮʠʷ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠ ʢʘʩʩʠʪʝʨʠʪʘ ʚʦʦʙʱʝ 

ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʟʨʷʜʫ ʵʢʟʦʪʠʯʝʩʢʠʭ. ʇʨʠ ʵʪʦʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʚʝʩʪʥʳʭ ʩʣʫʯʘʝʚ ʫʩʪʘʥʦʚʣʝʥʘ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʫʢʘʟʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢ ʨʘʟʥʳʤ ʩʪʘʜʠʷʤ ʠʣʠ ʵʪʘʧʘʤ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʘʥʪʘʛʦʥʠʟʤʘ Au ʠ Sn ʚ ʵʥʜʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʩʣʫʞʠʪ ʨʘʟʣʠʯʠʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʤʝʪʘʣʣʦʚ, ʤʠʛʨʘʮʠʷ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʷʪ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʵʚʦʣʶʮʠʠ ʨʫʜʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʅʝʢʨʘʩʦʚ, 1990, 1991; ʌʘʪʴʷʥʦʚ, ʍʦʤʠʯ, 2004).   

ɺ ʢʦʤʧʣʝʢʩʥʳʭ ʨʫʜʘʭ ɼʦʨʦʥʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 

ʧʝʨʠʚʫʣʢʘʥʠʯʝʩʢʦʡ ʟʦʥʝ ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʦʛʦ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʧʦʷʩʘ, ʜʣʷ ʤʠʥʝʨʘʣʦʚ ʟʦʣʦʪʘ ʠ 

ʦʣʦʚʘ ʘʚʪʦʨʦʤ ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘʜ ʘʧʠʢʘʣʴʥʳʤ ʚʳʩʪʫʧʦʤ ʉʨʝʜʥʝʙʫʶʥʜʠʥʩʢʦʛʦ 

ʛʨʘʥʠʪʥʦʛʦ ʤʘʩʩʠʚʘ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ. ʆʨʫʜʝʥʝʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʟʦʥʘʤʠ ʜʨʦʙʣʝʥʠʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʠ ʩʫʙʰʠʨʦʪʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ 

ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 1.5-2.0 ʢʤ. ɺʜʦʣʴ ʛʣʘʚʥʦʡ ʟʦʥʳ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʜʘʡʢʘ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ. ɺ 

ʨʷʜʝ ʫʯʘʩʪʢʦʚ ʜʘʡʢʘ ʨʘʩʩʝʯʝʥʘ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʟʦʥʦʡ, ʥʦ ʚ ʮʝʣʦʤ ʠʭ ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ 

ʩʦʭʨʘʥʷʝʪʩʷ.  

ʈʫʜʥʳʝ ʪʝʣʘ ʩʦ ʩʨʝʜʥʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Au 1.4 (1.1-12.6) ʛ/ʪ, Ag 281.1 ʛ/ʪ (10-782.3) 

ʛ/ʪ, Sn 0.12 (0.01-0.3)% ʧʨʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 4.7 (0.3-13.3) ʤ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʫʣʠʩʦʦʙʨʘʟʥʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ ʩ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʦʡ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. 

ɻʣʘʚʥʳʝ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ï ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, ʬʨʝʡʙʝʨʛʠʪ, ʢʘʩʩʠʪʝʨʠʪ, ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ï 

ʩʪʝʬʘʥʠʪ, ʩʪʘʥʥʠʥ, ʜʠʘʬʦʨʠʪ, ʚ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜʘʭ ï ʘʢʘʥʪʠʪ, ʩʘʤʦʨʦʜʥʦʝ ʩʝʨʝʙʨʦ ʠ 

ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ. ɿʦʥʘ ʦʢʠʩʣʝʥʠʷ ʧʨʦʥʠʢʘʝʪ ʥʘ ʛʣʫʙʠʥʳ ʩʚʳʰʝ 100 ʤ. ɺ ʩʦʩʪʘʚʝ 

ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ ʦʙʥʘʨʫʞʝʥʳ ʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʢʘʢ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ, ʪʘʢ ʠ 

ʚʝʩʴʤʘ ʨʝʜʢʠʝ ʛʠʧʝʨʛʝʥʥʳʝ ʤʠʥʝʨʘʣʳ: ʩʘʤʦʨʦʜʥʦʝ ʩʝʨʝʙʨʦ, ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, ʘʢʘʥʪʠʪ, 

ʙʝʜʘʥʪʠʪ, ʩʢʦʨʦʜʠʪ, ʦʩʘʨʠʟʘʚʘʠʪ, ʤʘʥʩʬʠʣʴʜʠʪ, ʬʠʣʠʧʩʙʦʨʥʠʪ, ʰʫʣʴʪʝʥʠʪ, ʢʦʣʬʘʥʠʪ, 

ʛʘʙʨʠʵʣʴʩʦʥʠʪ, ʛʠʜʘʣʴʛʦʠʪ, ʛʠʥʩʜʘʣʠʪ, ʩʤʝʢʪʠʪ, ʷʨʦʟʠʪ, ʢʘʦʣʠʥʠʪ, ʘʥʛʣʝʟʠʪ, ʮʝʨʫʩʩʠʪ 

(ɼʚʫʨʝʯʝʥʩʢʘʷ, 2001).  

ʈʫʜʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʜʚʝ ʩʪʘʜʠʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʜʚʫʭ ʛʣʘʚʥʳʭ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʘʩʩʦʮʠʘʮʠʡ. 

ɿʦʣʦʪʦ-ʢʘʩʩʠʪʝʨʠʪ-ʩʫʣʴʬʠʜʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʚ ʚʠʜʝ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʠ ʛʥʝʟʜ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʩʝʨʦʤ ʤʝʣʢʦʟʝʨʥʠʩʪʦʤ ʢʚʘʨʮʝ. ʂʨʦʤʝ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠ ʢʘʩʩʠʪʝʨʠʪʘ 

ʦʥʘ ʚʢʣʶʯʘʝʪ Co-Ni-ʘʨʩʝʥʦʧʠʨʠʪ (Co 0,31, Ni 0,12 ʤʘʩ.%), ʨʝʜʢʠʝ ʚʳʜʝʣʝʥʠʷ ʧʠʨʨʦʪʠʥʘ ʠ Fe-

cʬʘʣʝʨʠʪʘ (Fe 13,37 ʤʘʩ.%).  

ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ (Au 660°10ă), ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ 

ʩʨʦʩʪʢʦʚ ʨʘʟʤʝʨʦʤ 10-20 ʤʢʤ, ʠʤʝʝʪ ʨʦʚʥʳʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʦʯʝʨʪʘʥʠʷ ʠʥʦʛʜʘ ʩ 

ʜʚʫʤʷ-ʪʨʝʤʷ ʛʨʘʥʷʤʠ, ʨʝʞʝ ʬʠʢʩʠʨʫʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʩʦ ʩʛʣʘʞʝʥʥʳʤʠ ʛʨʘʥʷʤʠ. ʂʨʠʩʪʘʣʣʳ 

ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚʥʫʪʨʠ ʟʝʨʝʥ ʢʘʩʩʠʪʝʨʠʪʘ (ʨʠʩ.). ʇʨʠ ʵʪʦʤ ʧʦ ʜʘʥʥʳʤ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʢʘʩʩʠʪʝʨʠʪ ʩʦʜʝʨʞʠʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʨʠʤʝʩʴ Au 0.12 

ʤʘʩ.% (WO3 0.22; In2O3 0.17; FeO 0.08 ʤʘʩ.%), ʘ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ï ʧʨʠʤʝʩʴ Sn 1.29 ʤʘʩ.% 

(Sb 0.15, Cu 0.01, Hg 0.04 ʠ Te 0.09 ʤʘʩ.%). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʙʣʠʟʦʜʥʦʚʨʝʤʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʘʩʩʠʪʝʨʠʪʘ ʠ 

ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠʟ ʝʜʠʥʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ.  
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ʈʠʩʫʥʦʢ. ʉʠʥʛʝʥʝʪʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʚ ʢʘʩʩʠʪʝʨʠʪʝ 

(ʬʦʪʦ ʚ ʧʦʛʣʦʱʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ ʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʘʭ). 

 

ɿʦʣʦʪʦ-ʩʝʨʝʙʨʦ-ʩʪʘʥʥʠʥ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʞʝʣʝʟʠʩʪʳʭ ʩʫʣʴʬʠʜʦʚ (ʘʨʩʝʥʦʧʠʨʠʪʘ, ʧʠʨʨʦʪʠʥʘ ʠ Fe-ʩʬʘʣʝʨʠʪʘ), ʩʤʝʥʦʡ 

ʤʠʥʝʨʘʣʴʥʦʡ ʬʦʨʤʳ Sn (ʚʤʝʩʪʦ ʢʘʩʩʠʪʝʨʠʪʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ Ag-ʩʪʘʥʥʠʥ), ʦʪʣʦʞʝʥʠʝʤ 

ʛʘʣʝʥʠʪʘ ʠ ʢʣʝʡʦʬʘʥʘ, ʘ ʪʘʢʞʝ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʳʭ ʠ ʩʝʨʝʙʨʷʥʳʭ ʤʠʥʝʨʘʣʦʚ ï ʢʶʩʪʝʣʠʪʘ, 

ʬʨʝʡʙʝʨʛʠʪʘ, ʜʠʘʬʦʨʠʪʘ ʠ ʩʪʝʬʘʥʠʪʘ.  

ʇʦʟʜʥʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʧʘʨʘʛʝʥʝʟʠʩʳ ʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʦʙʲʝʤʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʯʝʤ ʨʘʥʥʠʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʤʠʥʝʨʘʣʳ ʦʙʨʘʟʫʶʪ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʝ ʚʳʜʝʣʝʥʠʷ 

ʚ ʤʦʣʦʯʥʦ-ʙʝʣʦʤ ʢʚʘʨʮʝ ʠʣʠ ʩʝʢʫʱʠʝ ʪʦʥʢʦʧʨʦʞʠʣʢʦʚʳʝ ʩʢʦʧʣʝʥʠʷ, ʥʘʣʦʞʝʥʥʳʝ ʥʘ ʙʦʣʝʝ 

ʨʘʥʥʠʝ ʤʠʥʝʨʘʣʳ. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʵʪʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠʤʝʝʪ ʧʨʦʙʥʦʩʪʴ 400-520ă ʠ 

ʚʩʪʨʝʯʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʘʭ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʠ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʭ 

ʚʳʜʝʣʝʥʠʡ. ʇʦʩʪʦʷʥʥʳʤʠ ʧʨʠʤʝʩʷʤʠ ʚ ʟʦʣʦʪʝ ʷʚʣʷʶʪʩʷ (ʤʘʩ.%) Sb (0.46), Cu (0.1), Hg (0.73) 

ʠ Te (0.17).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ɼʦʨʦʥʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʦ ʠ ʦʣʦʚʦ 

ʙʳʣʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʦʙʱʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʘ ʨʫʜʦʥʦʩʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʦʙʨʘʟʫʷ ʨʘʟʣʠʯʥʳʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʧʘʨʘʛʝʥʝʟʠʩʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʥʷʶʱʠʭʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʨʫʜʦʦʪʣʦʞʝʥʠʷ. ʇʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ (ʌʘʪʴʷʥʦʚ, ʍʦʤʠʯ, 2004) 

ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ Au ʠ Sn ʚ ʩʦʩʪʘʚʝ ʤʘʛʤʘʪʦʛʝʥʥʳʭ ʬʣʶʠʜʦʚ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʠʣʠ ʥʝʩʪʘʙʠʣʴʥʦʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʨʘʩʧʣʘʚʦʚ ʚ ʨʫʜʦʛʝʥʝʨʠʨʫʶʱʝʤ ʦʯʘʛʝ.  
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ɺ ʤʘʝ 2014 ʛʦʜa ʚ ʛʦʨʦʜʢe ɻʦʜʨʫʰʘ-ɻʘʤʨʝ ʙʳʣ ʪʦʨʞʝʩʪʚʝʥʥʦ ʦʪʢʨʳʪ ʛʝʦʣʦʛʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʚ ʧʦʜʟʝʤʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʥʘʟʝʤʥʳx ʦʙʲʝʢʪax ʨʫʜʥʠʢa 

ʉʪʘʨʦʚʩʝʭʩʚʷʪʳʭ. ɺʝʩʴ ʢʦʤʧʣʝʢʩ ʚ ʪʝʯʝʥʠʝ 20 ʣʝʪ ʥʘʨʷʜʫ ʩ ʜʦʙʳʯʝʡ ʠ ʧʝʨʝʨʘʙʦʪʢoʡ ʨʫʜʳ 

ʟʦʣʦʪʘ ʥʘ ʩʚʦʸʤ ʧʨʝʜʧʨʠʷʪʠʠ ʧʦʩʪʨʦʠʣʘ ʢʦʤʧʘʥʠʷ çCʣʦʚʘʮʢaʷ ɹaʥʩʢʘè ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʟʘ 

ʩʯʸʪ ʩʚʦʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. ʎʝʣʴʶ ʵʢʩʧʦʟʠʮʠʠ ʤʫʟʝʷ ʷʚʣʷʝʪʩʷ ʦʟʥʘʢʦʤʣʝʥʠʝ 

ʧʦʩʝʪʠʪʝʣʝʡ ʩ ʤʥʦʛʦʚʝʢʦʚʦʡ ʠʩʪʦʨʠʝʡ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜʳ ʚ ʨʝʛʠʦʥʝ ʠ ʝʛʦ 

ʨʘʟʚʠʪʠʝʤ, ʦʙʲʷʩʥʝʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʜʣʷ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, ʘ ʠʤʝʥʥʦ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠ ʥʝ ʪʦʣʴʢʦ ʚ 

ʧʨʦʰʣʦʤ, ʥʦ ʠ ʚ ʥʘʩʪʦʷʱʝʤ ʠ ʙʫʜʫʱʝʤ. ʇʦʵʪʦʤʫ ʮʝʣʝʚʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʩʝʪʠʪʝʣʝʡ ʚ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʰʠʨʦʢʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʚʩʝʭ ʫʨʦʚʥʝʡ. 

ʈʫʜʥʠʢ ʉʪʘʨʦʚʩʝʭʩʚʷʪʳʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʪʘʨʝʡʰʠʭ ʚʦ ʚʩʸʤ ʨʫʜʥʦʤ ʨʘʡʦʥʝ 

ɹʘʥʩʢa-ʐʪʷʚʥʠʮʘ ï ɻʦʜʨʫʰʘ. ʇʝʨʚʦʝ ʧʠʩʴʤʝʥʥʦʝ ʫʧʦʤʠʥʘʥʠʝ ʦ ʥʸʤ ʦʪʥʦʩʠʪʩʷ ʢ 1378 ʛʦʜʫ. 

ɺʧʝʨʚʳʝ ʚ ʙʳʚʰʝʤ ʂʦʨʦʣʝʚʩʪʚʝ ɺʝʥʛʨʠʷ ʚ 1555 ʛʦʜʫ ʜʣʷ ʩʲʸʤʢʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ 

ɻʦʜʨʫʰʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʤʧʘʩ, a ʚ 1628 ʛʦʜʫ ï ʚʚʝʜʝʥʦ ʨʘʟʨʫʰʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʜ 

ʟʝʤʣʸʡ ʙʫʨʦʚʟʨʳʚʥʳʤʠ ʨʘʙʦʪʘʤʠ. ʀʟʚʝʩʪʥʳʝ ʧʨʦʬʝʩʩʦʨʘ ɸʢʘʜʝʤʠʠ ʛʦʨʥʦʛʦ ʜʝʣʘ ʚ ɹʘʥʩʢʦʡ-

ʐʪʷʚʥʠʮʝ ʦʙ ʵʪʦʤ ʨʫʜʥʠʢʝ ʚ XIX  ʚʝʢʝ ʧʠʩʘʣʠ ʩ ʙʣʘʛʦʛʦʚʝʥʠʝʤ ʠ ʩʤʠʨʝʥʠʝʤ, ʢʘʢ ʦʙ 

ʫʯʝʙʥʠʢʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦʩʣʝ ʙʦʣʝʝ ʯʝʤ 700-ʣʝʪʥʝʡ ʠʩʪʦʨʠʠ 

ʘʢʪʠʚʥʦʡ ʜʦʙʳʯʠ ʨʫʜʥʠʢ ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʢʨʳʣʠ ʚ 1950-ʝ ʛʦʜʳ. 

ʇʦʜʟʝʤʥʘʷ ʵʢʩʧʦʟʠʮʠʷ ʠʩʪʦʨʠʯʝʩʢoʛo ʨʫʜʥʠʢa ʉʪʘʨʦʚʩʝʭʩʚʷʪʳʭ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʯʝʤ 

30-ʢʠʣʦʤʝʪʨʦʚʳʡ ʣʘʙʠʨʠʥʪ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪoʢ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʙʠʪʳʭ ʚ ʉʨʝʜʥʠʝ ʚʝʢʘ 

ʚʨʫʯʥʫʶ ʩ ʧʦʤʦʱʴʶ ʤʦʣʦʪʢʘ ʠ ʟʫʙʠʣa. ʇʦʜʩʯʠʪʘʥʦ, ʯʪʦ ʚ ʨʫʜʥʠʢe ʜʦʙʳʣʠ ʦʢʦʣʦ 600 ʪʳʩ. 

ʪʦʥʥ ʨʫʜʳ, ʠʟ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚeʣʠ 2 ʪʦʥʥʳ ʟʦʣʦʪʘ ʠ 150 ʪʦʥʥ ʩʝʨʝʙʨʘ. ʆʙʱʝʩʪʚʝʥʥʦʩʪʠ 

ʜʦʩʪʫʧʝʥ ʫʯʘʩʪʦʢ ʰʪoʣʴʥʠ ʙʦʣʝʝ ʯʝʤ 2 ʢʤ ʜʣʠʥʦʡ, ʜʣʷ ʤʝʥʝʝ ʪʨʝʙʦʚʘʪʝʣʴʥʳʭ ʧʦʩʝʪʠʪʝʣʝʡ 

ʝʩʪʴ ʠ ʙʦʣʝʝ ʢʦʨʦʪʢʠʡ ï ʜʣʠʥʦʡ 1 ʢʤ. ʎʝʣʴʶ ʵʢʩʢʫʨʩʠʡ ʧʦ ʧʦʜʟʝʤʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʷʚʣʷʝʪʩʷ 

ʜʝʤʦʥʩʪʨʘʮʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʛʝʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʨʘʩʩʢʘʟ ʦ ʪʨʫʜʦʸʤʢʦʡ 

ʨʘʙʦʪʝ ʛʦʨʥʷʢoʚ ʠ ʝʸ ʠʩʪʦʨʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʯʝʤ ʩʝʤʠ ʩʪʦʣʝʪʠʡ ï c XIII  ʜʦ ʩʝʨʝʜʠʥʳ 

XX ʚʝʢʘ. ʕʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʩʧʝʢʪʘʢʣʴ çʇʦʜʟʝʤʥʳʡ ʤʠʨ ʰʘʭʪʸʨʦʚè. 

ʕʢʩʧʦʟʠʮʠʷ ʥa ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʜʚʫʭ ʟʜʘʥʠʷʭ ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥoʤ 

(ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʚ 2005ï2008 ʛʦʜʘʭ) ʠ ʙʳʚʰʝʤ ʟʜʘʥʠʠ ʜʠʨʝʢʮʠʠ ʰʘʭʪʳ 

ʉʪʘʨʦʚʩʝʭʩʚʷʪʳʭ (ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʦ ʚ 2009ï2012 ʛʦʜʘʭ). ɺ ʦʩʥʦʚʥoʤ ʟʘʣʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛo ʟʜʘʥʠʷ ʧʦʩʝʪʠʪʝʣʷʤ ʜʘʸʪʩʷ ʚʚʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʘ ʪʘʢʞʝ ʦʥ ʩʣʫʞʠʪ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. ɺ ʚʠʪʨʠʥʘʭ ʥʘʭʦʜʷʪʩʷ 

ʪʝʢʩʪʫʨʥʳʝ ʦʙʨʘʟʮʳ ʨʫʜ, ʜʦʙʳʚʘʶʱʠʭʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʫʜʥʠʢʝ ʈʦʟʘʣʠʷ, ʘ ʪʘʢʞʝ 

ʦʙʨʘʟʮʦʚ ʨʫʜʳ ʩ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʷʪʠ ʢʦʥʪʠʥʝʥʪʦʚ ʤʠʨʘ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ɸʥʪʘʨʢʪʠʜʳ). ʅʘ ʩʪʝʥʘʭ ʨʘʟʤʝʱʝʥʳ ʢʘʨʪʳ ʥʝʩʢʦʣʴʢʠʭ ʛoʜʨʫʰʩʢʠʭ ʨʫʜʥʠʢʦʚ, ʘ ʚ ʢʦʨʠʜʦʨʝ ï 

ʚʳʩʪʘʚʢʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʬʦʪʦʛʨʘʬʠʡ ʥʘ ʛoʜʨʫʰʩʢʫʶ ʛʦʨʥʦʜʦʙʳʚʘʶʱʫʶ ʪʝʤʫ. 

ɺ ʭʦʜʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʟʘʚʦʜa ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ 

ʩʦʭʨʘʥʠʪʴ ʦʨʠʛʠʥʘʣʴʥʳʝ ʜʝʪʘʣʠ ʪʘʢ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʭʨʘʥʠʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʚʠʜ 

XVIII  ʠ XIX  ʚʝʢʦʚ. 

ʕʢʩʧʦʟʠʮʠʷ ʥʘ ʧʝʨʚʦʤ ʵʪʘʞʝ ʟʜʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ 

ʚʳʩʪʘʚʦʢ: çɺʫʣʢʘʥʦʣʦʛʠʷè ʩ ʜʝʤʦʥʩʪʨʘʮʠʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʰʪʷʚʥʠʮʢʦʛʦ ʩʪʨʘʪʦʚʫʣʢʘʥʘ, 
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ʩʠʩʪʝʤʳ ʨʫʜʥʳʭ ʞʠʣ ɹʘʥʩʢʦʰʪʷʚʥʠʮʢʦ-ɻʦʜʨʫʰʩʢʦʛʦ ʨʘʡʦʥʘ ʩ ʦʙʨʘʟʮʘʤʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʙʦʤʙ ʠ ʩʪʝʢʣʘ, çʀʩʪʦʨʠʷ ʜʦʙʳʯʠ ʨʫʜ ʚ ɻʦʜʨʫʰʝè ʩ ʚʳʩʪʘʚʢʦʡ ʧʨʝʜʤʝʪʦʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ɻoʜʨʫʰʩʢʦʡ ʜʦʣʠʥʳ 

(ʩʨʝʜʥʝʚʝʢʦʚʳʝ ʞʝʣʝʟʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜ, ʥʘʨʫʯʥʠʢʠ, ʤʦʣʦʪʳ, ʢʣʠʥʴʷ, 

ʤʦʪʳʛʠ ʠ ʜʨʫʛʠʝ), çɿʦʣʦʪʦ ʠ ʟʦʣʦʪʦʠʩʢʘʪʝʣʠè ï ʵʢʩʧʦʥʘʪʳ ʚʢʣʶʯʘʶʪ ʣʦʪʢʠ ʜʣʷ ʧʨʦʤʳʚʢʠ 

ʟʦʣʦʪʘ ʥʝ ʪʦʣʴʢʦ ʠʟ ɽʚʨʦʧʳ, ʥʦ ʠ ɸʤʝʨʠʢʠ, ɸʚʩʪʨʘʣʠʠ ʠ ɸʟʠʠ, ʘ ʪʘʢʞʝ ʥʘʙʦʨ ʟʦʣʦʪʠʥ ʠ 

ʤʝʣʢʠʭ ʩʘʤʦʨʦʜʢʦʚ. 

ʉʣʝʜʫʶʱʠʡ ʟʘʣ ʤʝʤʦʨʠʘʣʴʥʳʡ, ʟʘʣ ʅʘʮʢʘ. ʅʘʟʚʘʥ ʚ ʯʝʩʪʴ ʰʪʷʚʥʠʮʢʦʛʦ ʠ 

ʛoʜʨʫʰʩʢʦʛʦ ʚʳʤʳʰʣʝʥʥʦʛʦ ʧʝʨʩʦʥʘʞʘ ï ʰʘʭʪʸʨa-ʰʫʪʥʠʢʘ ʅʘʮʢa. ɺ ʟʜʘʥʠʠ ʥʘʭʦʜʷʪʩʷ ʝʱʸ 

ʵʢʩʧʦʟʠʮʠʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʛʦʜʨʫʰʩʢʦʛʦ ʢʨʫʞʝʚʘ ʠ ʜʨʫʛʠʭ ʨʝʤʝʩʝʣ, ʚʳʩʪʘʚʢʘ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʚʢʣʶʯʘʶʱʘʷ ʨʘʟʥʦʛʦ ʨʦʜʘ ʣʘʤʧʳ, ʰʣʝʤʳ ʠ ʢʘʩʢʠ ʠ 

ʜʨʫʛʠʝ ʧʨʝʜʤʝʪʳ ʰʘʭʪʸʨʦʚ. ʈʘʟʤʝʱʝʥʘ ʪʘʢʞʝ ʬʦʪʦʛʘʣʝʨʝʷ ʜʦʙʳʯʠ ʨʫʜ ɻʦʜʨʫʰʠ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢaʷ ʵʢʩʧʦʟʠʮʠʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʜʘʥʠʷ çʄʠʥʝʨʘʣʳ ï ʮʚʝʪʳ ʨʫʜʥʠʢoʚè 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʣʝʢʮʠʶ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʥʳʭ ʢʦʣʣʝʢʮʠʦʥʝʨʦʚ, ʩʦʙʨʘʥʥʫʶ ʚ ʪʝʯʝʥʠʝ 

40 ʣʝʪ ʠʭ ʨʘʙʦʪʳ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʙʦʣʝʝ ʯʝʤ 3000 ʦʙʨʘʟʮʦʚ. ɼʦʤʠʥʠʨʫʶʪ ʦʙʨʘʟʮʳ 

ɹʘʥʩʢʦʰʪʷʚʥʠʮʢʦ-ɻʦʜʨʫʰʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ (ʙʦʣʝʝ 1000 ʦʙʨʘʟʮʦʚ 35 ʚʠʜʦʚ ʤʠʥʝʨʘʣʦʚ), ʘ 

ʪʘʢʞʝ ʦʙʨʘʟʮʳ ʠʟ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ ʉʣʦʚʘʢʠʠ. ʀʟ ʜʨʫʛʠʭ ʩʪʨʘʥ ʤʠʨʘ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʠʥʝʨʘʣʳ ʈʫʤʳʥʠʠ, ʏʝʭʠʠ, ɺʝʥʛʨʠʠ, ʇʦʣʴʰʠ, ɻʝʨʤʘʥʠʠ, ʂʦʩʦʚʘ, ɹʦʣʛʘʨʠʠ, ɻʨʝʮʠʠ, ʩʪʨʘʥ 

ʙʳʚʰʝʛʦ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ, ɸʤʝʨʠʢʠ, ɸʚʩʪʨʘʣʠʠ, ɸʬʨʠʢʠ. ʆʪʜʝʣʴʥʦ ʧʦʢʘʟʘʥʳ ʦʙʨʘʟʮʳ 

ʟʦʣʦʪʘ ʠ ʧʣʘʪʠʥʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪ ʤʠʨʘ (60 ʰʪʫʢ). 

ɼʨʫʛʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳe ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʄʫʟʝʷ. 

K ʥʠʤ oʪʥʦʩʠʪʩʷ ʧʨʦʛʫʣʢʘ ʛoʜʨʫʰʩʢʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʦʧoʡ. ʕʪʦ ʧʝʨʚaʷ ʥʘʫʯʥʘʷ 

ʠʥʪʝʨʥʝʪ-ʪʨʦʧʘ ʚ ʉʣʦʚʘʢʠʠ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʇʫʪʝʰʝʩʪʚʠʝ ʚʦ ʚʨʝʤʝʥʠè. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʘʙʦʨ ʦʙʲʝʢʪʦʚ-ʧʘʤʷʪʥʠʢoʚ ʚʦʢʨʫʛ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʛʦʨʦʜʘ ɹʘʥʩʢʘ-ɻoʜʨʫʰa, 

ʚʥʝʩʸʥʥʦʛʦ ʚ ʩʧʠʩʦʢ ɺʩʝʤʠʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʖʅɽʉʂʆ. 

ʉ 1993 ʛʦʜʘ ʢʘʞʜʳʡ ʛʦʜ ʛoʜʨʫʰʩʢʠʡ ʢʣʫʙ ʟʦʣʦʪʦʜʦʙʳʪʯʠʢʦʚ oʨʛʘʥʠʟʫʝʪ ʰʢʦʣʳ 

ʧʨʦʤʳʚʢʠ ʟʦʣʦʪʘ ʠ ʟʦʣʦʪʦʠʩʢʘʪʝʣʴʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ cʦ ʉʣʦʚʘʮʢʦʡ 

ʘʩʩʦʮʠʘʮʠeʡ ʟʦʣʦʪʦʜʦʙʳʪʯʠʢʦʚ ʠ ʛʦʨʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ çʉʣʦʚʝʥʩʢʘ ɹʘʥʩʢʘè ʚ ɻoʜʨʫʰʘ-

ɻaʤʨe, cʦʨeʚʥʦʚʘʥʠʷ ʧʦ ʧpoʤʳʚʢʝ ʟʦʣʦʪʘ ɿoʣoʪaʷ ɻoʜʨʫʰa (ʯʝʤʧʠʦʥʘʪʳ ʉʣʦʚʘʢʠʠ ʠ ʏʝʭʠʠ ʚ 

1995 ʠ 2002 ʛʛ., ʯʝʤʧʠʦʥʘʪ ɽʚʨʦʧʳ ʚ 1998 ʛ. ʠ ʯʝʤʧʠʦʥʘʪ ʤʠʨʘ ʚ 2004 ʛʦʜʫ). ɹʣʠʞʘʡʰʠʡ 

ʯʝʤʧʠʦʥʘʪ ʤʠʨʘ ʪʘʢʞʝ ʧʨʦʡʜʸʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ɻʦʜʨʫʰʝ ʚ 2018 ʛʦʜʫ. 

ɺ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ɹʘʥʩʢʦʰʪʷʚʥʠʮʢʦ-ɻʦʜʨʫʰʩʢʦʡ ʛʦʨʥʦʨʫʜʥoʡ ʘʩʩʦʮʠʘʮʠeʡ ʠ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ çKeʨʣʠʥʛè ʙʳʣʠ ʥʘʧʝʯʘʪʘʥʳ ʮʚʝʪʥʳʝ ʠʟʜʘʥʠʷ, ʧʦʩʚʷʱʸʥʥʳʝ 

ʠʩʪʦʨʠʠ ʩʝʣʘ ɻoʜʨʫʰʘ-ɻaʤʨe ʠ eʛʦ ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ: çɻʦʜʨʫʰʘ ï ʟʝʤʣʷ 

ʰʘʭʪʸʨʦʚè (2011 ʛ.), çɻoʜʨʫʰʩʢʠʝ ʛʣʫʙʠʥʳè (2013 ʛ.) ʠ çʅʘʩʣʝʜʠʝ ʧʨʦʰʣʦʛʦè (2016 ʛ.). 
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ʆʙʣʘʩʪʴ ʃʶʙʠʝʪʦʚʘ (ʙʳʚʰʠʡ ʢʦʨʦʣʝʚʩʢʠʡ ʛʦʨʥʳʡ ʛʦʨʦʜ) ʠʩʪʦʨʠʯʝʩʢʠ ʧʨʠʥʘʜʣʝʞʠʪ ʢ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʛʦʨʥʳʤ ʨʘʡʦʥʘʤ ʉʣʦʚʘʢʠʠ ʠ ɽʚʨʦʧʳ. ʉʦʛʣʘʩʥʦ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʤ 

ʥʘʭʦʜʢʘʤ, ʤʝʜʴ ʜʦʙʳʚʘʣʘʩʴ ʟʜʝʩʴ ʝʱʸ ʚ ʙʨʦʥʟʦʚʦʤ ʚʝʢʝ. ʇʝʨʚʦʝ ʧʠʩʴʤʝʥʥʦʝ ʫʧʦʤʠʥʘʥʠʝ ʦ 

ʥʝʡ ʦʪʥʦʩʠʪʩʷ ʢ 1340 ʛʦʜʫ. ɺ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʵʪʦ ʚʨʝʤʷ ʢʨʦʤʝ ʤʝʜʠ ʜʦʙʳʚʘʣʠʩʴ 

ʩʝʨʝʙʨʦ ʠ ʟʦʣʦʪʦ. ʇʝʨʠʦʜ ʥʘʠʚʳʩʰʝʛʦ ʨʘʩʮʚʝʪʘ ʟʜʝʰʥʠʭ ʨʫʜʥʠʢʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ XV ʠ XVI  

ʚʝʢʘ. ʆʛʨʦʤʥʳʝ ʦʪʚʘʣʳ, ʢʘʢ ʠ ʥʝʢʦʪʦʨʳʝ ʜʦʩʪʫʧʥʳʝ ʯʘʩʪʠ ʟʘʙʨʦʰʝʥʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, 

ʩʪʘʙʠʣʴʥʦ ʧʨʠʚʣʝʢʘʶʪ ʠʥʪʝʨʝʩ ʥʝ ʪʦʣʴʢʦ ʢʦʣʣʝʢʮʠʦʥʝʨʦʚ-ʣʶʙʠʪʝʣʝʡ, ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 

ʠʥʦʩʪʨʘʥʥʳʭ, ʥʦ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʫʯʝʥʳʭ ʠ ʮʝʣʳʭ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ. ʆʩʦʙʝʥʥʦ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʥʠ ʧʳʪʘʶʪʩʷ ʟʘʚʝʨʰʠʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʚʩʝʩʪʦʨʦʥʥʶʶ ʦʮʝʥʢʫ ʚʩʝʭ 

ʜʦʩʪʫʧʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ 

ʜʘʥʥʳʭ ʧʦ ʵʪʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ. ʀʥʪʝʨʝʩ ʩʦ ʩʪʦʨʦʥʳ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʫʚʝʣʠʯʠʣʩʷ ʧʨʠ 

ʧʦʤʝʱʝʥʠʠ ʨʷʜʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʙʘʥʥʝʨʦʚ ʚ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʦʡ ʯʘʩʪʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʃʶʙʠʝʪʦʚʘ-ʇoʜʣʠʧʘ ʠ ʨʫʜʥʦʛʦ ʧʦʣʷ ʈʝʡʥʝʨ. 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʤʝʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʃʶʙʠʝʪʦʚʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʪʨʝʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ: ʇoʜʣʠʧʘ, ʉʚʷʪʦʜʫʰʥʘ ʠ ʂʦʣʙʘ. ɺ ʩʦʩʪʘʚ ʨʫʜ ʚ ʧʦʩʣʝʜʥʝʤ ʢʨʦʤʝ Cu ʠ Fe 

ʚʭʦʜʷʪ ʪʘʢʞʝ Co, Ag, Ni. ʅʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʤʝʜʠ 

ʇoʜʣʠʧʘ ʥʘʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 1 ʢʤ ʢ ʚʦʩʪʦʢʫ ʦʪ ʜʝʨʝʚʥʠ ʥʘ ʶʞʥʦʤ ʩʢʣʦʥʝ ʭʦʣʤʘ ɺʳʩʦʢʘ 

(995,5 ʤ) ʥʘʜ ɿʝʣʸʥʦʡ ʜʦʣʠʥʦʡ. ʄʝʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʇoʜʣʠʧʘ 

ʥʘʭʦʜʠʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʧʝʨʤʩʢʠʭ ʦʩʘʜʢʘʭ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠ ʚ ʧʦʜʩʪʠʣʘʶʱʠʭ ʦʨʪʦʛʥʝʡʩʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʘʣʝʦʟʦʷ. ʕʧʠʛʝʥʝʪʠʯʝʩʢʦʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʞʠʣʴʥʦʝ ʦʨʫʜʝʥʝʥʠʝ, ʠʥʦʛʜʘ ʰʪʦʢʚʝʨʢ ʠ 

ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʣʠ ʨʫʜʥʳʝ ʪʝʣʘ ʥʘ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʦʙʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʉɺ-ʖɿ. ʈʫʜʥʳʝ ʪʝʣʘ ʚ ʚʠʜʝ ʞʠʣ, ʣʠʥʟ ʠ ʛʥʝʟʜ ʜʣʠʥʦʡ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʝʪʨʦʚ ʠʤʝʶʪ ʤʝʨʠʜʠʦʥʘʣʴʥʦʝ ʠ ʰʠʨʦʪʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ ʩ ʧʦʣʦʛʠʤ 

ʧʘʜʝʥʠʝʤ ʧʨʠʤʝʨʥʦ 50Á. ʆʙ ʠʥʪʝʥʩʠʚʥʦʡ  ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʦʢʦʣʦ 21 ʰʪʦʣʴʥʠ ʠ ʰʘʭʪʘ ʚ ʚʳʩʦʪʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 570 ʜʦ 700 ʤ. 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʚ ʨʫʜʝ ʚʘʨʴʠʨʫʝʪ ʦʪ 4 ʜʦ 10 ʤʘʩ.%, ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ï ʜʦ 22 

ʤʘʩ.%, ʚ ʦʪʚʘʣʘʭ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,9 ʜʦ 2,4 ʤʘʩ.%. ɺ ʥʝʢʦʪʦʨʳʭ 

ʞʠʣʘʭ ʚʩʪʨʝʯʘʣʠʩʴ ʫʯʘʩʪʢʠ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʝʙʨʘ (ʜʦ 70 ʛ/ʪ), ʘ ʫʧʦʤʠʥʘʝʪʩʷ ʠ 

ʟʦʣʦʪʦ. ʅʘ ʚʩʝʭ ʨʫʜʦʥʦʩʥʳʭ ʪʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇoʜʣʠʧʘ, ʩʦʛʣʘʩʥʦ ʥʝʢʦʪʦʨʳʤ 

ʠʩʪʦʯʥʠʢʘʤ, ʙʳʣʦ ʜʦʙʳʪʦ 25 000 ʪʦʥʥ ʤʝʜʠ ʠ 1750 ʪʦʥʥ ʩʝʨʝʙʨʘ ʟʘ 500 ʣʝʪ. 

ʆʩʥʦʚʥʳʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ ʞʠʣ ʷʚʣʷʝʪʩʷ ʭʘʣʴʢʦʧʠʨʠʪ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʥʝʨʘʣʳ ʪʝʪʨʘʵʜʨʠʪ-ʪeʥʥaʥʪʠʪoʚʦʛʦ ʨʷʜʘ, ʧʠʨʠʪ, ʦʯʝʥʴ ʨʝʜʢʠ ʛʘʣʝʥʠʪ, 

ʚʠʩʤʫʪʠʥ, ʢʦʚʝʣʣʠʥ, ʭʘʣʴʢʦʟʠʥ, ʛʝʨʩʜʦʨʬʠʪ, ʘʢʘʥʪʠʪ, ʢʠʥʦʚʘʨʴ ʠ ʢʘʩʩʠʪʝʨʠʪ (ʃʫʧʪʘʢʦʚʘ ʠ 

ʜʨ. 2012). ʊʝʪʨʘʵʜʨʠʪ ʠʥʦʛʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Bi. ʀʟ ʞʠʣʴʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʝʪ ʢʚʘʨʮ, ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ Fe-ʜʦʣʦʤʠʪ, ʩʠʜʝʨʠʪ, ʘʥʢʝʨʠʪ 

ʠ ʪʫʨʤʘʣʠʥ. 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ ʧʨʦʰʣʦʤ ʦʩʥʦʚʥʦʡ ʨʫʜʦʡ ʙʳʣʠ ʢʫʧʨʠʪ ʠ ʩʘʤʦʨʦʜʥʘʷ ʤʝʜʴ, 

ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ʠ ʮʝʤʝʥʪʘʮʠʠ. ʆʜʥʘʢʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚ ʤʠʨʝ ʠʟʚʝʩʪʥʦ 

ʦʩʦʙʝʥʥʦ ʙʣʘʛʦʜʘʨʷ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʝʜʠ: ʣʠʙʝʪʝʥʠʪʫ, 

ʵʫʭʨʦʠʪʫ, ʤʨʘʟʝʢʠʪʫ, ʧʩʝʚʜʦʤʘʣʘʭʠʪʫ, ʠ ʜʨ., ʜʣʷ ʢʦʪʦʨʳʭ ʦʥʦ ʷʚʣʷʝʪʩʷ ʪʠʧʦʚʳʤ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝʤ. ʌʦʩʬʘʪ ʤʝʜʠ ʣʠʙʝʪʝʥʠʪ (libethenitʝ Cu2[(OH)PO4]) ʚʧʝʨʚʳʝ ʜʣʷ ʤʠʨʦʚʦʡ 
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ʥʘʫʢʠ ʠʟ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ 1823 ʛʦʜʫ ʦʧʠʩʘʣ ʌ.ɸ. ɹʨʝʡʪʛʘʫʧʪ (Breithaupt, 1823). 

ʄʠʥʝʨʘʣ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ ʧʦ ʃʶʙʠʝʪʦʚʘ ï Libethen ʚ ʝʛʦ ʥʝʤʝʮʢʦʡ ʬʦʨʤʝ. ʀʤʝʝʪ ʪʸʤʥʦ-

ʟʝʣʸʥʳʡ ʮʚʝʪ, ʩʪʝʢʣʷʥʥʳʡ ʙʣʝʩʢ, ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ. ʗʚʣʷʝʪʩʷ 

ʤʠʥʝʨʘʣʦʤ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʤʝʜʥʳʭ ʨʫʜ, ʛʜʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʧʩʝʚʜʦʤʘʣʘʭʠʪoʤ. 

ʅʘʟʚʘʥʠʝ ʵʫʭʨʦʠʪ (euchroite Cu2(OHAsO4)Ŀ3H2O) ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʭʘʨʘʢʪʝʨʥʦʛʦ ʮʚʝʪʘ (ʛʨʝʯ. 

euchros ï çʯʪʦ-ʪʦ ʦʯʝʥʴ ʢʨʘʩʠʚʦ ʦʢʨʘʰʝʥʥʦʝè). ɺ ʪʦʤ ʞʝ ʛʦʜʫ ʚʧʝʨʚʳʝ ʜʣʷ ʤʠʨʦʚʦʡ ʥʘʫʢʠ 

ʝʛʦ ʦʧʠʩʘʣ ʌ.ɸ. ɹʨʝʡʪʛʘʫʧʪ (Breihaupt, 1823). ʄʠʥʝʨʘʣ ʩʦʟʜʘʸʪ ʢʨʘʩʠʚʳʝ ʠʟʫʤʨʫʜʥʦ-ʟʝʣʸʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʜʦ 4 ʩʤ. ʆʙʨʘʟʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʨʫʜ ʤʝʜʠ ʠ 

ʤʳʰʴʷʢʘ. ʉʣʝʜʫʶʱʠʡ ʥʦʚʳʡ ʤʠʥʝʨʘʣ ʜʣʷ ʤʠʨʦʚʦʡ ʥʘʫʢʠ ʤʨʘʟʝʢʠʪ (mr§zekite 

Bi2Cu3(OH)2O2(PO4)2 2H2O), ʙʳʣ ʥʘʟʚʘʥ ʚ ʯʝʩʪʴ ʪʨʘʛʠʯʝʩʢʠ ʧʦʛʠʙʰʝʛʦ ʤʦʣʦʜʦʛʦ ʯʝʰʩʢʦʛʦ 

ʤʠʥʝʨʘʣʦʛʘ ɿʜʝʥʝʢʘ Mʨʘʟeʢʘ, ʢʦʪʦʨʳʡ ʥʘʯʘʣ ʧʦʣʫʯʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʤʠʥʝʨʘʣʘ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ʇʝʨʚʦʝ ʦʧʠʩʘʥʠʝ ʩʜʝʣʘʣʠ ʝʛʦ ʢʦʣʣʝʛʠ ʊ. ʈʞʠʜʢʦʰʠʣ, ɺ. 

ʐʨʝʠʥ, ʗ. ʌʘʙʨʠ, ʗ. ɻʠʙʣʝʨ ʠ ɹ.ɸ. ʄʘʢʩʠʤʦʚ (ř²dkoġil et al. 1992). ʄʠʥʝʨʘʣ ʬʦʨʤʠʨʫʝʪ 

ʤʝʣʢʠʝ ʠʛʦʣʴʯʘʪʳʝ ʠʣʠ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʩʚʝʪʣʦ-ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ ʨʘʟʤʝʨʦʤ ʜʦ 5 ʤʤ. 

ʂʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ ʠ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʨʘʩʧʘʜʝ ʪʝʪʨʘʵʜʨʠʪʘ. ʅʘ ʦʪʚʘʣʘʭ 

ʰʪʦʣʴʥʠ ʈʝʡʥʝʨ ʥʘʭʦʜʷʪʩʷ ʚʩʝ ʪʨʠ ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ Cu5(PO4)2(OH)4, 

ʧʩʝʚʜʦʤʘʣʘʭʠʪ, ʨʝʡʭʝʥʙʘʭʠʪ ʠ ʣʫʜʞʠʙʘʠʪ (Hyrġl et al. 1991). ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ 

ʣʘʥʛʠʪ Cu4(SO4)(OH)6Ŀ2H2O, ʠʥʦʛʜʘ ʙʨʦʰʘʥʪʠʪ Cu4(SO4)(OH)6 (Povondra& ř²dkoġil, 1980), a 

ʠʟʨʝʜʢʘ ʮʠʘʥʦʪʨʠʭʠʪ Cu4Al2(SO4)(OH)12Ŀ2H2O (Ļech&L§zniļka, 1965). ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʉʚʷʪʦʜʫʰʥʘ ʥʘʭʦʜʠʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʝʜʠ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʳ ʘʨʩʝʥʘʪʳ, ʧʨʝʞʜʝ ʚʩʝʛo oʣʠʚʝʥʠʪ Cu2(AsO4)(OH) ʠ 

ʬʘʨʤʘʢʦʩʠʜʝʨʠʪ KFe4(AsO4)3(OH)4Ŀ6ï7H2O. ʈʝʜʢʦ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʭʘʣʴʢʦʬʠʣʠʪ 

Cu18Al 2(AsO4)3(SO4)3(OH)27Ŀ33H2O (Pauliġ, 1981), ʢʣʠʥʦʢʣʘʟ Cu3(AsO4)(OH)3, ʩʪʨʘʰʠʤʠʨʠʪ 

Cu8(AsO4)4(OH)4Ŀ5H2O ʠ ʪʠʨʦʣʠʪ CaCu5(AsO4)2(CO3)(OH)4Ŀ6H2O), ʘ ʪʘʢʞʝ ʘʥʥʘʙʝʨʛʠʪ 

Ni3(AsO4)2Ŀ8H2O, ʘʫʨʠʭʘʣʴʮʠʪ (Zn,Cu)5(CO3)2(OH)6. ʅʝʜʘʚʥʦ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʉʚʷʪʦʜʫʰʥʘ 

ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠ ʪʸʤʥʦ-ʟʝʣʸʥʳʝ ʙʫʛʦʨʯʘʪʳʝ ʪʦʥʢʠʝ ʢʦʨʢʠ ʢʦʨʥʫʙʠʪʘ Cu5(AsO4)2(OH)4, 

ʟʝʣʸʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʢʦʨʢʠ ʧʘʨʥʘʫʠʪʘ Cu9(AsO4)2(SO4)(OH)10Ŀ7H2O (Sejkora 1993), ʘ 

ʪʘʢʞʝ ʪʦʥʢʠʝ ʠʛʦʣʴʯʘʪʳʝ ʘʛʨʝʛʘʪʳ ʩʚʝʪʣʦ-ʛʦʣʫʙʦʛʦ ʭʘʣʴʢʦʘʣʶʤʠʪʘ CuAl4(SO4)(OH)12Ŀ3H2O ʠ 

ʩʚʝʪʣʦ-ʛʦʣʫʙʦʛʦ ʰʘʪʪʫʢʠʪʘ Cu5(SiO3)4(OH)2 (Ondruġ &VeselovskĨ ʠ Pauliġ & ńuda, 2002). 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʦʥʜʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤʝʥʠ ɸ.ɸ. ʏʝʨʥʦʚʘ ʩʦʩʪʦʷʪ ʠʟ ʙʦʣʝʝ 

200 ʪʳʩ. ʝʜʠʥʠʮ ʭʨʘʥʝʥʠʷ. ʌʦʥʜʳ ʤʫʟʝʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʤʠʥʝʨʘʣʘʤʠ ʠ 

ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʨʘʟʮʘʤʠ, ʩʦʙʨʘʥʥʳʤʠ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ 

ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʤʫʟʝʷ ʩʦʩʪʦʠʪ ʠʟ 570 ʤʦʥʦʛʨʘʬʠʯʝʩʢʠʭ, 

50 ʚʳʩʪʘʚʦʯʥʳʭ ʠ 115 ʨʘʙʦʯʠʭ ʢʦʣʣʝʢʮʠʡ. ʋʩʣʦʚʥʦ ʢʦʣʣʝʢʮʠʠ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ ʩʦʩʪʘʚʣʷʶʪ 12% ʦʩʥʦʚʥʦʛʦ ʤʫʟʝʡʥʦʛʦ ʬʦʥʜʘ. ʆʥʠ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ 70 ʢʦʣʣʝʢʮʠʷʭ ʦʙʱʠʤ ʦʙʲʝʤʦʤ ʙʦʣʝʝ ʜʝʚʷʪʠ ʪʳʩʷʯ ʝʜʠʥʠʮ ʭʨʘʥʝʥʠʷ. ɺ 

ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʜʘʥʥʳʝ ʢʦʣʣʝʢʮʠʠ ʚ ʬʦʥʜʳ ʤʫʟʝʷ ʧʝʨʝʜʘʚʘʣʠʩʴ ʥʘʫʯʥʳʤʠ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʯʪʠ 40-ʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ 

ʀʥʩʪʠʪʫʪʦʤ ʛʝʦʣʦʛʠʠ ʂʅʎ ʋʨʆ ʈɸʅ.      

 ʇʨʦʚʦʜʠʤʳʝ ʀʥʩʪʠʪʫʪʦʤ ʛʝʦʣʦʛʠʠ ʂʅʎ ʋʨʆ ʈɸʅ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʩʙʦʨʫ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʢʘʜʘʩʪʨʘ ʤʠʥʝʨʘʣʦʚ. ʉʦʩʪʘʚʣʝʥʠʝ ʠ ʧʦʧʦʣʥʝʥʠʝ ʢʘʜʘʩʪʨʘ ʤʠʥʝʨʘʣʦʚ ʨʝʛʠʦʥʘ ï ʵʪʦ ʦʜʠʥ ʠʟ 

ʧʝʨʚʳʭ ʠ ʚʘʞʥʝʡʰʠʭ ʵʪʘʧʦʚ ʨʘʙʦʪʳ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʠ ʩʦʭʨʘʥʝʥʠʶ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʨʘʟʥʦʦʙʨʘʟʠʷ. ʊʘʢ, ʜʣʷ ʥʘʰʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʝʨʚʳʡ ʦʧʫʙʣʠʢʦʚʘʥʥʳʡ ʢʘʜʘʩʪʨ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣ 

ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʘʣʴʧʠʡʩʢʠʭ ʞʠʣ ʇʨʠʧʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ï ʚʘʞʥʝʡʰʝʛʦ ʚ 40ï60-ʝ ʛʦʜʳ 

ʠʩʪʦʯʥʠʢʘ ʧʴʝʟʦʦʧʪʠʯʝʩʢʦʛʦ ʩʳʨʴʷ (ʃʝʤʤʣʝʡʥ, 1954).      

 ɺ 50ï70-ʝ ʛʦʜʳ ʧʨʦʰʝʜʰʝʛʦ ʩʪʦʣʝʪʠʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ 

ʧʨʦʚʦʜʠʣʩʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʛʝʦʣʦʛʦ-ʩʲʝʤʦʯʥʳʭ ʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ. ɺ ʭʦʜʝ ʵʪʠʭ ʨʘʙʦʪ 

ʦʪʢʨʳʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʠ ʧʨʦʷʚʣʝʥʠʷ ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ ʥʘ 

ʩʝʚʝʨʝ ʋʨʘʣʘ, ʙʦʢʩʠʪʳ ʠ ʜʨʝʚʥʠʝ ʪʠʪʘʥʦʥʦʩʥʳʝ ʠ ʨʝʜʢʦʤʝʪʘʣʴʥʳʝ ʨʦʩʩʳʧʠ ʥʘ ʊʠʤʘʥʝ. 

ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʝʱʝʩʪʚʘ ʦʪʢʨʳʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʧʫʙʣʠʢʘʮʠʡ 

ʤʠʥʝʨʘʣʴʥʳʭ ʢʘʜʘʩʪʨʦʚ ʚʦʣʴʬʨʘʤʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ (ʄʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʡ ʦʯʝʨʢ... 1971) ʠ 

ʭʨʫʩʪʘʣʝʥʦʩʥʳʭ ʛʥʝʟʜ ʇʨʠʧʦʣʷʨʥʦʛʦ ʋʨʘʣʘ (ɹʫʢʘʥʦʚ, 1974), ʜʨʝʚʥʠʭ ʪʠʪʘʥʦʥʦʩʥʳʭ 

ʨʦʩʩʳʧʝʡ ʊʠʤʘʥʘ (ʐʚʝʮʦʚʘ, 1975), ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ 

(ʉʠʣʘʝʚ, 1982), ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʦʢʩʠʪʦʚ ʊʠʤʘʥʘ (ʃʠʭʘʯʝʚ, 1993; ɹʝʣʷʝʚ ʠ ʜʨ. 1994), 

ʨʦʩʩʳʧʝʡ ʟʦʣʦʪʘ ʩʝʚʝʨʘ ʋʨʘʣʘ (ʄʘʡʦʨʦʚʘ, 1998). ɼʝʪʘʣʴʥʫʶ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʣʫʯʠʣʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʝʚʝʨʘ ʋʨʘʣʘ ʠ ʊʠʤʘʥʘ (ʄʠʥʝʨʘʣʦʛʠʷ, 

ʪʠʧʦʤʦʨʬʠʟʤ... 1968), ʘʣʴʧʠʥʦʪʠʧʥʳʝ ʛʠʧʝʨʙʘʟʠʪʳ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ (ʄʘʢʝʝʚ, 1992).  

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʚ ʩʦʩʪʘʚʣʝʥʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʘʜʘʩʪʨʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ɽʚʨʦʧʳ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʫʙʣʠʢʘʮʠʝʡ ʢʘʜʘʩʪʨʦʚ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʦʚ ʩ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ ʚʩʝʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʍʨʦʥʦʣʦʛʠʯʝʩʢʠ ʯʝʪʢʫʶ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʵʪʘʧʘʤʠ ʚʨʷʜ 

ʣʠ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʥʘʰʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʝʨʚʦʡ 

ʢʨʫʧʥʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʨʘʙʦʪʦʡ ʩ ʢʦʤʧʣʝʢʩʥʦʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʪʘʣʘ 

ʨʘʙʦʪʘ ʅ.ʇ. ʖʰʢʠʥʘ çʆʧʳʪ ʩʨʝʜʥʝʤʘʩʰʪʘʙʥʦʡ ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʠè (1980), ʧʦʩʚʷʱʝʥʥʘʷ 

ʤʠʥʝʨʘʣʦʛʠʠ ʖʞʥʦʛʦ ʦʩʪʨʦʚʘ ʅʦʚʦʡ ɿʝʤʣʠ, ʦ. ɺʘʡʛʘʯ, ʭʨʝʙʪʫ ʇʘʡ-ʍʦʡ. ɺʩʣʝʜ ʟʘ ʥʝʡ 

ʧʦʷʚʣʷʝʪʩʷ ʩʝʨʠʷ ʩʪʘʪʝʡ ʠ ʤʦʥʦʛʨʘʬʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʦʤʧʣʝʢʩʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ 

ʢʘʜʘʩʪʨʳ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ: ʊʠʤʘʥ (ʄʦʯʘʣʦʚ ʠ ʜʨ., 1984; ʆʩʪʘʱʝʥʢʦ ʠ ʜʨ., 

1988), ʇʨʠʧʦʣʷʨʥʳʡ ʋʨʘʣ (ʖʭʪʘʥʦʚ, 1988), ʇʦʣʷʨʥʳʡ ʋʨʘʣ (ʃʠʪʦʰʢʦ, 1996). 

 ɿʘʢʦʥʦʤʝʨʥʳʤ ʠʪʦʛʦʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʩʚʦʜʥʦʛʦ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʢʘʜʘʩʪʨʘ ʤʠʥʝʨʘʣʦʚ. ʇʝʨʚʘʷ ʧʦʧʳʪʢʘ ʩʦʟʜʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʢʘʜʘʩʪʨʘ 

ʤʠʥʝʨʘʣʦʚ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʚ 1994 ʛ. ʟʘʚʝʜʫʶʱʠʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʤʫʟʝʝʤ ʠʤ. ɸ.ɸ. ʏʝʨʥʦʚʘ 

ʄ.ɺ. ʌʠʰʤʘʥʦʤ. ʂʘʜʘʩʪʨ ʩʦʜʝʨʞʘʣ 378 ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʘ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. ʀʟ ʥʠʭ 192 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʘ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʬʦʥʜʘʭ ʤʫʟʝʷ ʙʦʣʝʝ ʯʝʤ 700 ʦʙʨʘʟʮʘʤʠ.

mailto:Zhdanova@geo.komisc.ru


51 

 

 ʇʨʦʚʝʜʝʥʥʘʷ ʚ ʤʫʟʝʝ ʚ 2001 ʛʦʜʫ ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʬʦʥʜʘ ʚʳʷʚʠʣʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʙʦʪ ʧʦ ʫʪʦʯʥʝʥʠʶ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ ʢʘʜʘʩʪʨʘ. ʅʘ ʦʩʥʦʚʝ 

ʧʦʩʪʫʧʠʚʰʠʭ ʟʘ ʧʦʩʣʝʜʥʠʝ 15 ʣʝʪ ʤʦʥʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʡ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʵʪʠ ʛʦʜʳ 

ʩʪʘʪʝʡ ʠ ʤʦʥʦʛʨʘʬʠʡ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʫʪʦʯʥʝʥʥʳʡ ʢʘʜʘʩʪʨ ʤʠʥʝʨʘʣʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ 

ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ. 

ʅʦʚʳʡ ʢʘʜʘʩʪʨ ʩʦʜʝʨʞʠʪ ʩʚʝʜʝʥʠʷ ʦ 600 ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʘʭ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ. 

ʄʠʥʝʨʘʣʴʥʳʝ ʚʠʜʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʪʠʧʘʤ ʠ ʢʣʘʩʩʘʤ, ʜʘʥʳ ʠʭ ʥʘʟʚʘʥʠʷ ʥʘ ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ, ʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ. 

ʆʪʤʝʯʝʥʳ ʤʠʥʝʨʘʣʳ, ʠʤʝʶʱʠʝʩʷ ʚ ʤʫʟʝʡʥʦʤ ʬʦʥʜʝ. ʆʥʠ ʩʦʩʪʘʚʣʷʶʪ 43% ʦʪ ʯʠʩʣʘ 

ʠʟʚʝʩʪʥʳʭ ʚ ʨʝʛʠʦʥʝ ʤʠʥʝʨʘʣʦʚ. ʄʥʦʛʠʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʤʫʟʝʡʥʳʭ ʢʦʣʣʝʢʮʠʷʭ 

ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʟʥʦʩʪʷʤʠ, ʧʦʜʯʝʨʢʠʚʘʶʱʠʤʠ ʚʘʨʠʘʮʠʠ ʠʭ ʤʦʨʬʦʣʦʛʠʠ, ʦʢʨʘʩʢʠ, ʩʪʨʦʝʥʠʷ 

ʘʛʨʝʛʘʪʦʚ ʠ ʪ.ʜ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʬʦʥʜ ʤʫʟʝʷ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʢʘʜʘʩʪʨʘ 

ʤʝʥʴʰʝʡ ʜʦʣʝʡ ʧʨʦʩʪʳʭ ʚʝʱʝʩʪʚ ʠ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʠ, ʥʘʧʨʦʪʠʚ, ʙʦʣʴʰʝʡ ʜʦʣʝʡ ʛʘʣʦʛʝʥʠʜʦʚ, 

ʩʠʣʠʢʘʪʦʚ ʠ ʢʠʩʣʦʨʦʜʥʳʭ ʩʦʣʝʡ (ʂʘʜʘʩʪʨ ʤʠʥʝʨʘʣʦʚé, 2003). 

           ʊʘʙʣʠʮʘ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʤʫʟʝʡʥʦʛʦ ʬʦʥʜʘ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʢʘʜʘʩʪʨʘ ʧʦ 

ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ (ʜʘʥʥʳʝ ʥʘ 2012 ʛ.) 

ʊʠʧʳ ʠ ʢʣʘʩʩʳ 

ʤʠʥʝʨʘʣʦʚ 

ʄʠʥʝʨʘʣʳ 

ʤʫʟʝʡʥʦʛʦ ʬʦʥʜʘ, % 

ʈʝʛʠʦʥʘʣʴʥʳʡ 

ʢʘʜʘʩʪʨ, % 

ʌʦʥʜ ʚ % ʦʪ ʢʘʜʘʩʪʨʘ 

ʇʨʦʩʪʳʝ ʚʝʱʝʩʪʚʘ 3.98 6.94 23 

ɻʘʣʦʛʝʥʠʜʳ 1.59 1.06 50 

ʍʘʣʴʢʦʛʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ 

19.52 28.57 23 

ʆʢʩʠʜʳ, 

ʛʠʜʨʦʢʩʠʜʳ 

15.54 14.55 36 

ʉʠʣʠʢʘʪʳ 37.85 29.51 43 

ʂʠʩʣʦʨʦʜʥʳʝ ʩʦʣʠ 21.52 19.36 37 

            

 ʊʘʢʞʝ ʧʨʦʚʝʜʝʥʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʠʥʝʨʘʣʦʚ, ʭʨʘʥʷʱʠʭʩʷ ʚ ʤʫʟʝʡʥʳʭ 

ʢʦʣʣʝʢʮʠʷʭ, ʧʦʢʘʟʘʣ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʦʪʨʘʞʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʢʘʜʘʩʪʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʇʦ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤʫ ʧʨʠʟʥʘʢʫ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʦʚ ʜʣʷ ʇʨʠʧʦʣʷʨʥʦʛʦ ʋʨʘʣʘ 

ʩʦʩʪʘʚʣʷʝʪ ï 45.5% ʦʪ ʫʢʘʟʘʥʥʦʛʦ ʚ ʢʘʜʘʩʪʨʝ, ʜʣʷ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ï 18.5%, ʘ ʜʣʷ 

ʇʘʡʭʦʡʩʢʦʡ ï ʖʞʥʦʥʦʚʦʟʝʤʝʣʴʩʢʦʡ ʠ ʊʠʤʘʥʩʢʦʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʡ ʧʦ 18%.

 ʅʝʩʦʚʧʘʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʤʫʟʝʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʬʦʥʜʘ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʠʜʠʤʦ, ʚʦ-ʧʝʨʚʳʭ: ʧʦʜʙʦʨ ʦʙʨʘʟʮʦʚ ʚ ʤʫʟʝʡ ʧʨʦʠʩʭʦʜʠʣ ʩ ʘʢʮʝʥʪʦʤ ʥʘ 

ʨʘʟʤʝʨ ʠ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ. ʊʘʢʞʝ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʩʳʛʨʘʣʦ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ʬʦʥʜʦʚ ʤʫʟʝʷ ʩʣʫʞʠʣʠ ʠ ʩʣʫʞʘʪ ʤʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ. ʄʫʟʝʡʥʳʝ 

ʤʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ ʦʪʨʘʞʘʶʪ ʦʩʥʦʚʥʳʝ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʘʫʯʥʦʛʦ ʢʦʣʣʝʢʪʠʚʘ. ʇʝʨʚʳʤʠ ʤʦʥʦʛʨʘʬʠʯʝʩʢʠʤʠ ʢʦʣʣʝʢʮʠʷʤʠ, ʩʜʘʥʥʳʤʠ ʚ ʬʦʥʜʳ ʤʫʟʝʷ,  

ʷʚʣʷʶʪʩʷ ʢʦʣʣʝʢʮʠʠ, ʩʦʙʨʘʥʥʳʝ ʚ ʭʦʜʝ ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʕʪʠ ʢʦʣʣʝʢʮʠʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʚʦʣʴʬʨʘʤʦʚʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʇʨʠʧʦʣʷʨʥʦʛʦ ʋʨʘʣʘ (ʘʚʪʦʨ ï ʅ.ʇ. ʖʰʢʠʥ). 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʬʦʥʜʳ ʤʫʟʝʷ ʧʦʧʦʣʥʠʣʠʩʴ ʤʦʥʦʛʨʘʬʠʯʝʩʢʠʤʠ ʢʦʣʣʝʢʮʠʷʤʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʫʶ ʨʫʜʥʫʶ ʬʦʨʤʘʮʠʶ ʇʦʣʷʨʥʦʛʦ ʋʨʘʣʘ (ʘʚʪʦʨ ï 

ɼ.ʅ. ʃʠʪʦʰʢʦ), ʩʫʣʴʬʠʜʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ɿʘʧʘʜʥʦʫʨʘʣʴʩʢʦ-ɺʘʡʛʘʯʩʢʦʛʦ ʨʝʛʠʦʥʘ 

(ɺ.ʀ. ʉʠʣʘʝʚ), ʇʘʡʭʦʡʩʢʦ-ʖʞʥʦʚʦʟʝʤʝʣʴʩʢʫʶ ʬʣʶʦʨʠʪʦʚʫʶ ʧʨʦʚʠʥʮʠʶ (ʘʚʪʦʨʳ ï 

ʅ.ʇ. ʖʰʢʠʥ, ɸ.ʌ. ʂʫʥʮ) ʠ ʜʨ. ʅʘ ʇʦʣʷʨʥʦʤ ʋʨʘʣʝ ʩʦʙʨʘʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ ʢʦʣʣʝʢʮʠʷ 

ʤʠʥʝʨʘʣʦʚ ʠʟ ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ (ʘʚʪʦʨ ï ɸ.ɹ. ʄʘʢʝʝʚ), ʥʘ ʇʘʡ-ʍʦʝ ï ʢʦʣʣʝʢʮʠʷ 

ʘʨʢʪʠʯʝʩʢʦʛʦ ʷʥʪʘʨʷ ʠʟ ʟʘʣʝʞʠ ʥʘ ʨ. ʇʝʩʯʘʥʦʡ (ʘʚʪʦʨ ï ʅ.ʇ. ʖʰʢʠʥ). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʤʫʟʝʡʥʦʤ ʩʦʙʨʘʥʠʠ ʧʦʷʚʠʣʠʩʴ 

ʢʦʣʣʝʢʮʠʠ ʘʛʘʪʦʚ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʊʠʤʘʥʘ (ʘʚʪʦʨ ï ɺ.ɺ. ʈʦʞʢʦʚʘ), ʤʠʥʝʨʘʣʳ ʵʥʜʦʛʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʉʝʚʝʨʥʦʛʦ ʊʠʤʘʥʘ (ʘʚʪʦʨʳ ï ɹ.ɸ. ʆʩʪʘʱʝʥʢʦ, ʊ.ʇ. ʄʘʡʦʨʦʚʘ). ʇʦʩʣʝ ʠʟʫʯʝʥʠʷ 

ʪʠʪʘʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʜʝʚʦʥʩʢʠʭ ʨʦʩʩʳʧʝʡ ʊʠʤʘʥʘ ʚ ʤʫʟʝʝ ʪʘʢʞʝ ʧʦʷʚʠʣʘʩʴ 
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ʤʦʥʦʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʣʝʢʮʠʷ ʢ ʪʝʤʝ: çʄʠʥʝʨʘʣʦʛʠʷ ʧʦʣʠʤʦʨʬʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʜʚʫʦʢʠʩʠ ʪʠʪʘʥʘ ʥʘ ʗʨʝʛʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠè. ɺ ʬʦʥʜʘʭ ʤʫʟʝʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʥʝʨʘʣʳ 

ʟʦʥʳ ʛʠʧʝʨʛʝʥʝʟʘ ʬʦʩʬʦʨʠʪʦʥʦʩʥʳʭ ʩʣʘʥʮʝʚ ʇʘʡ-ʍʦʷ, ʪʘʢʞʝ ʚ ʤʦʥʦʛʨʘʬʠʯʝʩʢʠʭ 

ʢʦʣʣʝʢʮʠʷʭ. 

ɺ ʠʪʦʛʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʛʠʠ ʭʨʫʩʪʘʣʝʥʦʩʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʨʠʧʦʣʷʨʥʦʛʦ 

ʋʨʘʣʘ ʚ ʬʦʥʜʘʭ ʤʫʟʝʷ ʧʦʷʚʠʣʠʩʴ ʤʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʚʳʩʪʘʚʦʯʥʳʝ ʢʦʣʣʝʢʮʠʠ ʤʠʥʝʨʘʣʦʚ  ʠʟ 

ʭʨʫʩʪʘʣʝʥʦʩʥʳʭ ʛʥʝʟʜ ʠ ʞʠʣ, ʪʘʢʞʝ ʢʦʣʣʝʢʮʠʠ ʢʚʘʨʮʘ. ɺ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʵʪʠ 

ʢʦʣʣʝʢʮʠʠ ʩʘʤʳʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ. ɺ 15 ʢʦʣʣʝʢʮʠʷʭ ʩ ʭʨʫʩʪʘʣʝʥʦʩʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʇʨʠʧʦʣʷʨʥʦʛʦ ʋʨʘʣʘ ʥʘʭʦʜʠʪʩʷ ʙʦʣʝʝ ʪʨʝʭ ʪʳʩʷʯ ʦʙʨʘʟʮʦʚ. ɺ ʭʦʣʣʝ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʛʠʛʘʥʪʩʢʠʡ ʜʚʫʭʛʦʣʦʚʳʡ ʩʦʚʝʨʰʝʥʥʳʡ ʢʨʠʩʪʘʣʣ ʚʝʩʦʤ 1160 ʢʛ, ʠʤʝʶʱʠʡ 

ʩʦʙʩʪʚʝʥʥʦʝ ʠʤʷ çɺʠʪʷʟʴè. 

ɺ ʤʫʟʝʡʥʳʭ ʢʦʣʣʝʢʮʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʥʦʚʳʭ ʤʠʥʝʨʘʣʘ, ʦʪʢʨʳʪʳʭ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʠʥʩʪʠʪʫʪʘ ï ʯʝʨʥʦʚʠʪ (ʘʨʩʝʥʘʪ ʠʪʪʨʠʷ), ʥʘʟʚʘʥʥʳʡ ʚ ʯʝʩʪʴ ʧʨʦʬʝʩʩʦʨʘ ɸ.ɸ. ʏʝʨʥʦʚʘ 

(ɹ.ɸ. ɻʦʣʜʠʥ, ʅ.ʇ. ʖʰʢʠʥ, ʄ.ɺ. ʌʠʰʤʘʥ), ʠ ʶʰʢʠʥʠʪ (ʤʠʥʝʨʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʛʠʜʨʦʦʢʩʠʜʥʳʭ ʠ ʩʫʣʴʬʠʜʥʳʭ ʩʣʦʝʚ), ʥʘʟʚʘʥʥʳʡ ʚ ʯʝʩʪʴ ʘʢʘʜʝʤʠʢʘ ʅ.ʇ. ʖʰʢʠʥʘ 

(ɸ.ɹ. ʄʘʢʝʝʚ, ʖ.ɺ. ɻʣʫʭʦʚ).         

 ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʬʦʥʜ ʤʫʟʝʷ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʂʦʤʠ 

ʅʎ ʋʨʆ ʈɸʅ ʷʚʣʷʝʪʩʷ ʷʨʢʠʤ ʤʘʪʝʨʠʘʣʴʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʠʩʪʦʨʠʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ 

ʠʟʫʯʝʥʠʷ ʝʚʨʦʧʝʡʩʢʦʛʦ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ. 
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ʅʘʢʘʧʣʠʚʘʶʱʠʝʩʷ ʚ ʦʪʣʦʞʝʥʠʷʭ ʨʘʟʣʠʯʥʳʭ ʦʩʘʜʦʯʥʳʭ ʬʦʨʤʘʮʠʡ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ 

ʩ ʫʯʝʪʦʤ ʠʭ ʠʟʤʝʥʝʥʠʷ ʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʭʠʤʠʢʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ ʠ ʤʦʨʬʦʣʦʛʦ-

ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɸʣʣʦʪʠʛʝʥʥʳʝ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʠʤʝʶʪ ʚ ʦʪʣʦʞʝʥʠʷʭ 

ʦʩʘʜʦʯʥʳʭ ʬʦʨʤʘʮʠʡ ʦʙʳʯʥʦ ʬʦʥʦʚʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʵʪʦʤʫ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ 

ʬʦʨʤʘʮʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʚ ʢʘʞʜʦʡ ʠʟ ʚʳʜʝʣʷʝʤʳʭ ʚ ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ ʟʝʤʥʦʡ ʢʦʨʳ ʯʝʪʳʨʝʭ 

ʟʦʥ ʪʠʧʦʤʦʨʬʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʠ ʘʫʪʠʛʝʥʥʳʝ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, ʧʨʠʨʦʜʘ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʠ ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʝʜʳ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʫʯʝʥʠʷ ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʫʯʝʪʦʤ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ 

ʯʝʪʳʨʝ (ʩʚʝʨʭʫ ʚʥʠʟ) ʟʦʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʘʜʠʷʤ ʜʠʘʛʝʥʝʟʘ (ɼɻ). ʊʨʠ ʚʝʨʭʥʠʝ ʟʦʥʳ 

ʚʢʣʶʯʘʶʪ ʩʦʙʩʪʚʝʥʥʦ ʦʩʘʜʢʠ ʠ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ, ʘ ʯʝʪʚʝʨʪʘʷ ï ʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 

ʘʥʘʣʦʛʠ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʟʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ, ʚʢʣʶʯʘʷ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʠʭ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ. 

ʇʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʥʘ ʬʦʥʝ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʩ ʫʯʝʪʦʤ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ 

ʛʣʘʚʥʝʡʰʠʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʷʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

ɺʘʞʥʝʡʰʝʡ ʧʨʝʜʧʦʩʳʣʢʦʡ ʦʙʲʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʫʯʝʥʠʷ ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ ʚ ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ ʟʝʤʥʦʡ ʢʦʨʳ (ʠ ʚ ʦʪʣʦʞʝʥʠʷʭ ʦʪʜʝʣʴʥʳʭ ʦʩʘʜʦʯʥʳʭ 

ʬʦʨʤʘʮʠʡ) ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʬʦʨʤʘʮʠʡ, ʥʦ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʘʞʜʦʡ ʬʦʨʤʘʮʠʠ ʪʦʣʱ ʩ ʥʝʦʙʭʦʜʠʤʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʠ ʜʫʙʣʠʨʫʶʱʝʝ ʯʠʩʣʦ ʦʙʨʘʟʮʦʚ ʚ ʦʪʜʝʣʴʥʳʭ 

ʯʘʩʪʷʭ ʨʘʟʨʝʟʦʚ. ʆʪʣʦʞʝʥʠʷ ʪʝʨʨʠʛʝʥʥʦʡ ʬʦʨʤʘʮʠʠ (ʠʣʠ ʪʝʨʨʠʛʝʥʥʳʭ ʬʦʨʤʘʮʠʡ) ʠʤʝʶʪ 

ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ ʟʝʤʥʦʡ ʢʦʨʳ. ʅʘʣʠʯʠʝ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʩʣʘʛʘʶʱʠʭ ʢʦʥʢʨʝʪʥʳʡ ʨʝʛʠʦʥ ʣʝʛʢʦ ʨʘʟʤʦʢʘʶʱʠʭ ʚ ʚʦʜʝ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʩʧʦʩʦʙʥʳʭ ʢ ʘʥʘʣʦʛʠʯʥʦʡ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʨʘʟʥʦʩʪʝʡ ʠʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʧʨʝʪʝʨʧʝʣʠ ʠʟʤʝʥʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʠʰʴ ʜʠʘï ʠ 

ʥʘʯʘʣʴʥʳʤ ʵʪʘʧʘʤ ʨʘʥʥʝʛʦ ʢʘʪʘʛʝʥʝʟʘ, ʪ.ʝ. ʦʪʥʦʩʷʪʩʷ ʢ I-ʦʡ ʟʦʥʝ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʟʝʤʥʦʡ 

ʢʦʨʳ. ʕʪʦ ʯʝʪʢʦ ʩʦʯʝʪʘʝʪʩʷ ʪʘʢʞʝ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʪʣʦʞʝʥʠʷʭ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʝʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʩʤʝʢʪʠʪʘ ʠ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʭ 

ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʙʦʣʝʝ 40 % ʨʘʟʙʫʭʘʶʱʠʭ ʩʣʦʝʚ, ʩ ʢʦʪʦʨʳʤʠ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʦ ʯʝʨʝʜʫʶʪʩʷ ʧʦʜʯʠʥʝʥʥʳʝ ʥʝʨʘʟʙʫʭʘʶʱʠʝ. ɼʣʷ ʩʣʶʜʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ 

ʜʘʥʥʦʡ ʟʦʥʳ ʭʘʨʘʢʪʝʨʥʘ ʧʩʝʚʜʦʠʟʦʤʝʪʨʠʯʥʦʧʣʘʩʪʠʥʯʘʪʘʷ ʬʦʨʤʘ ʯʘʩʪʠʮ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʤʦʨʬʦʣʦʛʠʠ ʢʘʢ ʚ ʛʣʠʥʠʩʪʳʭ, ʪʘʢ ʠ ʚ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʘʣʣʦʪʠʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ɸʥʘʣʠʟ ʘʩʩʦʮʠʘʮʠʡ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʦʥʝ ʦʪʣʦʞʝʥʠʷʭ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʨʘʟʤʳʚʫ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ ʵʪʘʧʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʥʘʢʘʧʣʠʚʘʚʰʠʭʩʷ ʤʦʱʥʳʭ ʪʦʣʱʘʭ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʢʘʦʣʠʥʠʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʤʳʚ ʜʦʩʪʘʪʦʯʥʦ ʟʨʝʣʳʭ ʢʦʨ 

ʚʳʚʝʪʨʠʚʘʥʠʷ (ʂɺ). ʕʪʦ ʧʨʠ ʤʦʥʦ- ʠ ʦʣʠʛʦʤʠʢʪʦʚʦʤ ʪʠʧʝ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʤʳʚʦʤ ʂɺ, ʚ ʧʨʝʩʥʳʭ ʚʦʜʦʝʤʘʭ ʣʠʙʦ ʚ 

ʵʧʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʦʨʷʭ ʥʘ ʧʘʩʩʠʚʥʳʭ ʢʦʥʪʠʥʝʥʪʘʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʦʜʥʫ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ 
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ʧʣʘʪʬʦʨʤʝʥʥʦʡ ʩʫʙʬʦʨʤʘʮʠʠ ʪʝʨʨʠʛʝʥʥʦʡ ʬʦʨʤʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʨʘʟʤʳʚʘ ʂɺ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʧʝʨʚʠʯʥʦ ʩʣʶʜʠʩʪʳʭ ʧʦʨʦʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʦʩʥʦʚʥʦʤ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʫʶ, ʯʝʤ 1ʄ, ʛʠʜʨʦʩʣʶʜʫ ʧʦʣʠʪʠʧʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 2ʄ1, ʧʦʩʣʝʜʥʷʷ, ʥʘʨʷʜʫ ʩ 

ʢʘʦʣʠʥʠʪʦʤ, ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʪʠʧʦʤʦʨʬʥʳʤ ʤʠʥʝʨʘʣʦʤ ʦʪʣʦʞʝʥʠʡ 

ʧʣʘʪʬʦʨʤʝʥʥʦʡ ʩʫʙʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʦʪʣʦʞʝʥʠʷʭ ʵʪʦʡ ʩʫʙʬʦʨʤʘʮʠʠ 

ʪʦʣʴʢʦ ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʢʦʧʣʝʥʠʠ ʪʝʨʨʠʛʝʥʥʦ-

ʘʣʣʦʪʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʝʩʥʦʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʥʘʣʠʯʠʝ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʪʣʦʞʝʥʠʷʭ ʭʣʦʨʠʪʘ ʢʘʢ ʩʣʦʠʩʪʦʛʦ ʤʠʥʝʨʘʣʘ ʥʘʠʙʦʣʝʝ ʨʘʥʥʝʡ ʛʝʥʝʨʘʮʠʠ, 

ʩʚʷʟʘʥʥʦʛʦ ʚ ʛʣʠʥʠʩʪʳʭ ʨʘʟʥʦʩʪʷʭ ʩ ʘʛʨʘʜʘʮʠʦʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʘ ʚ 

ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʚ ʥʠʭ ʢʨʫʩʪʠʬʠʢʘʮʠʦʥʥʦʛʦ ʮʝʤʝʥʪʘ, ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʠʭ ʢ ʤʦʨʩʢʠʤ ʙʘʩʩʝʡʥʘʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʧʦʣʠʤʠʢʪʦʚʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʛʠʜʨʦʩʣʶʜ 1ʄ ʠ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʭ ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʤʳʚʝ ʘʢʪʠʚʥʳʭ ʦʢʨʘʠʥ ʢʦʥʪʠʥʝʥʪʦʚ ʠ ʥʘʢʦʧʣʝʥʠʠ 

ʦʪʣʦʞʝʥʠʡ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʡ ʩʫʙʬʦʨʤʘʮʠʠ ʪʝʨʨʠʛʝʥʥʦʡ ʬʦʨʤʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʩʦʭʨʘʥʥʦʩʪʴ 

ʭʣʦʨʠʪʘ ʚ ʵʪʠʭ ʦʪʣʦʞʝʥʠʷʭ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʩʣʘʙʦ ʠʟʤʝʥʝʥʥʳʭ 

ʛʠʧʝʨʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ Fe-Mg-ʨʘʟʥʦʩʪʝʡ ʠʟʚʝʨʞʝʥʥʳʭ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ. ɺ 

ʧʨʦʮʝʩʩʝ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʪʝʨʨʠʛʝʥʥʦʡ ʬʦʨʤʘʮʠʠ 

ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʤ ʪʠʧʦʤ ʥʘʢʘʧʣʠʚʘʚʰʠʭʩʷ 

ʦʩʘʜʢʦʚ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʛʨʘʜʘʮʠʦʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦ ʤʘʩʰʪʘʙʫ 

ʦʪʨʘʞʘʶʪ ʩʪʝʧʝʥʴ ʧʦʛʨʫʞʝʥʠʷ ʩʦʜʝʨʞʘʱʠʭ ʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʟʦʥʳ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʠ, ʦʩʦʙʝʥʥʦ, ʪʝʤʧʝʨʘʪʫʨ, ʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʟʘʚʠʩʠʪ ʦʪ 

ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʨʝʜʳ.  

ɺ ʮʝʥʪʨʘʣʴʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʘʭ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʉʇ) ʠʥʪʝʥʩʠʚʥʦʝ 

ʩʨʝʜʥʝ-ʧʦʟʜʥʝʪʨʠʘʩʦʚʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ, 

ʜʦʣʝʨʠʪʦʚ, ʘʛʣʦʤʝʨʘʪʦʚʳʭ ʪʫʬʦʚ ʪʨʫʙʦʢ ʚʟʨʳʚʘ ʠ ʪʫʬʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʢʦʨʚʫʥʯʘʥʩʢʦʡ 

ʩʚʠʪʳ (ʊ1) ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʠʡ ʨʘʟʤʳʚ ʧʨʠʚʝʣʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ 

ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ: ʠʨʝʣʷʭʩʢʘʷ (ʊ3-J1ir) ʠ 

ʫʢʫʛʫʪʩʢʘʷ (J1uk) ʩʚʠʪʳ, ʘ ʪʘʢʞʝ ʧʣʠʥʩʙʘʭʩʢʠʡ (J1p) ʠ ʪʦʘʨʩʢʠʡ (J1t) ʷʨʫʩʳ. ɻʣʠʥʠʩʪʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʚʩʝʭ ʪʠʧʦʚ ʧʦʨʦʜ ʠʨʝʣʷʭʩʢʦʡ ʠ ʫʢʫʛʫʪʩʢʦʡ ʩʚʠʪ 

ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ (ʄɹɸʈ) ʩʚʦʡʩʪʚʝʥ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʣʣʦʪʠʛʝʥʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʛʠʜʨʦʩʣʶʜʳ, ʢʘʦʣʠʥʠʪʘ, 

ʤʝʪʘʛʘʣʣʫʘʟʠʪʘ ʠ ʭʣʦʨʠʪʘ, ʥʝʙʦʣʴʰʘʷ ʧʨʠʤʝʩʴ ʚʝʨʤʠʢʫʣʠʪʘ, ʩʝʨʧʝʥʪʠʥʘ, ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪï ʛʠʜʨʦʩʣʶʜʠʩʪʦʛʦ ʠ ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʚʝʨʤʠʢʫʣʠʪ-

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʦʛʦ ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ). ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʜʦʚʦʣʴʥʦ ʠʟʤʝʥʯʠʚʦ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʧʫʪʷʤʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʙʘʩʩʝʡʥʳ ʩʝʜʠʤʝʥʪʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʨʘʟʤʳʚʘ. 

ʄʝʟʦʟʦʡʩʢʦʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʚ ʦʧʠʩʳʚʘʝʤʦʤ ʨʝʛʠʦʥʝ ʜʚʫʤʷ 

ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʤʠ ʟʦʥʘʤʠ: ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ, ʚ ʧʨʠʦʩʝʚʦʡ ʟʦʥʝ 

ɸʥʛʘʨʦ-ɺʠʣʶʡʩʢʦʛʦ ʤʝʟʦʟʦʡʩʢʦʛʦ ʧʨʦʛʠʙʘ (ʥʠʟʤʝʥʥʘʷ ʘʣʣʶʚʠʘʣʴʥʘʷ ʨʘʚʥʠʥʘ) ʠ ʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʤ ʝʛʦ ʙʦʨʪʫ ï ʚ ʧʨʝʜʝʣʘʭ ʪʨʘʧʧʦʚʦʛʦ ʧʣʘʪʦ, ʛʜʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʜʝʥʫʜʘʮʠʦʥʥʘʷ ʠ 

ʜʝʥʫʜʘʮʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʘʷ ʨʘʚʥʠʥʳ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʩʪʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɻʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ ʠʥʦʛʜʘ ʧʝʨʝʧʦʣʥʝʥʳ ʫʛʣʠʩʪʦʡ ʦʨʛʘʥʠʢʦʡ ʠ ʥʘʩʳʱʝʥʳ 

ʛʠʜʨʦʢʩʠʜʘʤʠ. ɻʣʘʚʥʳʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʙʘʩʩʝʡʥʳ ʩʝʜʠʤʝʥʪʘʮʠʠ 

ʠʨʝʣʷʭʩʢʦʛʦ ʚʨʝʤʝʥʠ ʙʳʣʠ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳʝ ʚ ʨʘʡʦʥʝ ʠ ʥʘ ʩʤʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʚʳʚʝʪʨʝʣʳʝ ʧʦʨʦʜʳ ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ ʠ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ. ʉʫʜʷ ʧʦ 

ʩʦʩʪʘʚʫ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʟʜʝʩʴ ʦʪʤʝʯʝʥʳ ʧʨʦʜʫʢʪʳ ʨʘʟʤʳʚʘ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ 

ʧʦʨʦʜ, ʜʦʣʝʨʠʪʦʚ, ʪʫʬʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʢʠʤʙʝʨʣʠʪʦʚ, ʧʨʠʯʝʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʥʠ 

ʨʘʟʚʠʪʳ ʚ ʙʘʟʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʠ ʥʠʟʘʭ ʠʨʝʣʷʭʩʢʦʡ ʩʚʠʪʳ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʝʡ 

ʄɹɸʈ. ʕʪʠ ʧʨʦʜʫʢʪʳ ʫʚʝʨʝʥʥʦ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʧʦʩʪʦʷʥʥʦʤʫ ʧʨʠʩʫʪʩʪʚʠʶ ʢʘʦʣʠʥʠʪʘ, 

ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʛʠʜʨʦʩʣʶʜʳ 2ʄ1 ʠ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʦʛʦ 

ʩʤʝʰʘʥʦʩʣʦʡʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʀʭ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ (ʜʦ 95% ʧʝʣʠʪʦʚʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ) ʦʪʤʝʯʝʥʳ ʚ ʦʪʣʦʞʝʥʠʷʭ, ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʂɺ. ɿʜʝʩʴ ʜʦʤʠʥʠʨʫʶʪ ʢʘʦʣʠʥʠʪ ʩ 
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ʤʦʥʦʢʣʠʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʦʡ. ɺ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ ʝʩʪʴ ʠʥʜʠʚʠʜʳ ʩ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʩʦʚʝʨʰʝʥʩʪʚʘ ʩʪʨʫʢʪʫʨʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʦʙʨʘʟʮʦʚ ʠʟ 

ʠʨʝʣʷʭʩʢʦʡ ʩʚʠʪʳ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʠʟʫʯʝʥʥʦʛʦ ʨʘʡʦʥʘ ʧʨʝʚʘʣʠʨʫʝʪ ʢʘʦʣʠʥʠʪ ʩ ʥʝ ʩʦʚʩʝʤ 

ʩʪʨʦʛʠʤ ʧʝʨʠʦʜʦʤ ʩ; ʠʥʦʛʜʘ ʦʥ ʠʤʝʝʪ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ, 

ʧʨʠʙʣʠʞʘʶʱʫʶʩʷ ʧʦ ʬʦʨʤʝ ʢ ʪʨʠʢʣʠʥʥʦ-ʤʦʥʦʢʣʠʥʥʦʡ. ʂʘʦʣʠʥʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʣʦʤʢʘʤʠ 

ʧʩʝʚʜʦʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʯʪʦ ʦʙʳʯʥʦ ʩʚʦʡʩʪʚʝʥʥʦ ʝʛʦ ʘʣʣʦʪʠʛʝʥʥʦʡ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ʈʘʟʣʠʯʥʘʷ  ʩʪʨʫʢʪʫʨʥʘʷ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʤʠʥʝʨʘʣʘ ʩʚʷʟʘʥʘ ʩ ʨʘʟʤʳʚʦʤ 

ʨʘʟʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʵʣʶʚʠʷ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ. ʂʘʦʣʠʥʠʪ ʩ ʦʯʝʥʴ ʧʣʦʭʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ, ʘʩʩʦʮʠʠʨʫʶʱʝʡ ʩ ʤʝʪʘʛʘʣʣʫʘʟʠʪʦʤ, ʤʦʛ ʧʦʩʪʫʧʘʪʴ ʚ ʙʘʩʩʝʡʥʳ ʪʘʢʞʝ ʟʘ 

ʩʯʝʪ ʨʘʟʤʳʚʘ ʧʨʦʜʫʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ (ʦʩʦʙʝʥʥʦ ʪʫʬʦʚ ʠ ʪʫʬʦʛʝʥʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ). ɻʠʜʨʦʩʣʶʜʘ ʚ ʨʦʣʠ ʛʣʘʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʛʣʠʥʠʩʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʨʝʣʷʭʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ ʦʪʤʝʯʝʥʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʄɹɸʈ ʚ ʧʦʣʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʶʚʠʷ ʪʝʨʨʠʛʝʥʥʦ-

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ. ɺ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʠʜʨʦʩʣʶʜʘ 2ʄ1 ʩ ʧʨʠʤʝʩʴʶ 1ʄ (ʧʦʩʣʝʜʥʷʷ ʬʘʟʘ 

ʯʘʩʪʦ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʤ ʩʤʝʰʘʥʦʩʣʦʡʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ). ʀʭ 

ʧʝʨʝʤʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʨʘʟʤʳʚʦʤ ʨʘʟʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʂɺ. ʅʘʠʙʦʣʝʝ ʟʨʝʣʳʡ 

ʚʳʚʝʪʨʝʣʳʡ ʤʘʪʝʨʠʘʣ ʦʙʳʯʥʦ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʨʘʟʨʝʟʘ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʶʪ 

ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʩʥʦʚʥʳʭ ʙʘʟʘʣʴʥʳʭ ʦʪʨʘʞʝʥʠʡ 

ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʛʠʜʨʦʩʣʶʜʳ ʧʦ ʠʟʫʯʝʥʥʳʤ ʨʘʟʨʝʟʘʤ. ʄʥʦʛʦ ʧʨʦʜʫʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ 

ʠʨʝʣʷʭʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʦʪʤʝʯʝʥʦ ʠ ʚ ʧʨʝʜʝʣʘʭ ʪʨʘʧʧʦʚʦʛʦ ʧʣʘʪʦ (ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʡʦʥʘ). ʇʝʣʠʪʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠʟ ʧʦʨʦʜ ʦʧʠʩʳʚʘʝʤʦʡ ʪʦʣʱʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʜʝʩʴ ʢʘʦʣʠʥʠʪʦʤ ʠ ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʛʠʜʨʦʩʣʶʜʦʡ 2ʄ1 ʩ ʧʨʠʤʝʩʴʶ ʜʨʫʛʠʭ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ (ʨʘʟʤʳʚ ʂɺ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ) ʠʣʠ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ) ʚ 

ʙʘʟʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ï ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʤ, ʘʩʩʦʮʠʠʨʫʶʱʠʤ ʩ ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤʠ 

ʩʤʝʰʘʥʦʩʣʦʡʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʠʥʦʛʜʘ ʩ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʠʤʝʩʴʶ ʤʝʪʘʛʘʣʣʫʘʟʠʪʘ 

(ʨʘʟʤʳʚ ʚʳʚʝʪʨʝʣʳʭ ʧʦʨʦʜ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʘʢʞʝ ʩʦʩʪʘʚ ʣʝʛʢʦʡ 

ʠ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʡ). ʀʨʝʣʷʭʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ, ʨʘʟʚʠʪʳʤ ʚʜʦʣʴ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʙʦʨʪʘ 

ɸʥʛʘʨʦ-ɺʠʣʶʡʩʢʦʛʦ ʧʨʦʛʠʙʘ, ʩʚʦʡʩʪʚʝʥʥʳ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʚʝʪʨʝʣʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ, ʧʝʨʝʥʝʩʝʥʥʦʛʦ ʥʘ ʨʘʟʣʠʯʥʳʝ ʨʘʩʩʪʦʷʥʠʷ. ʇʦʩʣʝʜʥʝʝ 

ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʦʪʤʝʯʝʥʥʳʭ ʥʘʤʠ ʚ ʠʨʝʣʷʭʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʚʪʦʨʠʯʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ï Fe-Mgï ʠ Mg-ʭʣʦʨʠʪʘ, ʩʝʨʧʝʥʪʠʥʘ ʠ ʚʝʨʤʠʢʫʣʠʪʘ. ʇʦʨʦʜʳ 

ʫʢʫʛʫʪʩʢʦʡ ʩʚʠʪʳ ʚ ʮʝʣʦʤ ʩʣʘʙʦ ʦʙʦʛʘʱʝʥʳ ʧʨʦʜʫʢʪʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʊʦʣʴʢʦ ʚ ʣʦʢʘʣʴʥʳʭ 

ʜʝʧʨʝʩʩʠʷʭ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʄɹɸʈ ʚ ʩʣʫʯʘʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʟʘʣʝʛʘʥʠʷ ʫʢʫʛʫʪʩʢʦʡ 

ʩʚʠʪʳ ʥʘ ʵʣʶʚʠʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʠʣʠ ʪʨʘʧʧʦʚ, ʚ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʣʣʦʪʠʛʝʥʥʳʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. ʉʫʜʷ ʧʦ ʩʦʩʪʘʚʫ 

ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʦʪʣʦʞʝʥʠʷʭ ʫʢʫʛʫʪʩʢʦʡ ʩʚʠʪʳ (ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʠ 

ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ), ʟʜʝʩʴ ʜʦʤʠʥʠʨʫʶʪ ʧʨʦʜʫʢʪʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦʨʦʜ ʪʨʘʧʧʦʚʦʡ 

ʬʦʨʤʘʮʠʠ ʠ ʤʝʥʝʝ ʨʘʟʚʠʪ ʤʘʪʝʨʠʘʣ ʠʟʤʝʥʝʥʥʳʭ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʥʠʞʥʝʛʦ 

ʧʘʣʝʦʟʦʷ. ʆʪʣʦʞʝʥʠʷ ʧʣʠʥʩʙʘʭʩʢʦʛʦ ʷʨʫʩʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʦʜʫʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʢʘʢ ʩʦʩʪʘʚʦʤ 

ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʙʦʣʝʝ ʤʝʣʢʦʨʘʟʤʝʨʥʳʭ ʨʘʟʥʦʩʪʝʡ ʧʦʨʦʜ. 

ɸʣʝʚʨʦʣʠʪʳ ʧʣʠʥʩʙʘʭʩʢʦʛʦ ʷʨʫʩʘ ʥʝʨʝʜʢʦ ʧʝʨʝʩʣʘʠʚʘʶʪʩʷ ʩ ʧʝʩʯʘʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, 

ʦʙʨʘʟʫʷ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʳʡ ʨʠʪʤʦʣʠʪ. ɺ ʛʣʠʥʠʩʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʦʤʠʥʠʨʫʶʪ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ ʠ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ ʩʤʝʰʘʥʦʩʣʦʡʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ 

ʧʨʠʤʝʩʴʶ ʛʠʜʨʦʩʣʶʜʳ ʠ ʭʣʦʨʠʪʘ. ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚʳʚʝʪʨʝʣʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʦʪʤʝʯʘʝʪʩʷ ʚ ʙʘʟʘʣʴʥʳʭ ʩʣʦʷʭ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʚʦʢʨʫʛ ʦʩʪʨʦʚʦʚ, ʙʝʨʝʛʦʚʳʭ ʚʘʣʦʚ ʠ 

ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʚʜʦʣʴ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʙʦʨʪʘ ɸʥʛʘʨʦ-ɺʠʣʶʡʩʢʦʛʦ ʧʨʦʛʠʙʘ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʣʘ ʟʥʘʯʠʪʝʣʴʥʘʷ ʘʙʨʘʟʠʷ ʩʣʘʛʘʶʱʠʭ ʵʪʦʪ ʙʦʨʪ ʚʳʚʝʪʨʝʣʳʭ ʪʝʨʨʠʛʝʥʥʦ-

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ. ɺ ʤʝʩʪʘʭ ʦʙʥʘʞʝʥʠʡ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ ʧʨʦʠʩʭʦʜʠʣ 

ʠʭ ʨʘʟʤʳʚ, ʯʪʦ ʦʪʤʝʯʝʥʦ ʥʘʣʠʯʠʝʤ ʟʜʝʩʴ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢʠʤʙʝʨʣʠʪʦʚ (ʀʄʂ) ʠ 

ʘʣʤʘʟʦʚ ʚ ʙʘʟʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʷʨʫʩʘ. ɺ ʪʦʘʨʩʢʦʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʥʛʘʨʦ-ɺʠʣʶʡʩʢʦʛʦ 

ʧʨʦʛʠʙʘ ʩʫʱʝʩʪʚʦʚʘʣ ʤʦʨʩʢʦʡ ʙʘʩʩʝʡʥ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʪʣʦʞʝʥʠʷʤʠ ʬʘʮʠʠ 

ʩʠʣʴʥʦʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʦʪʣʦʞʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʜʚʦʜʥʦʡ 
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ʜʝʣʴʪʳ) ʠ ʫʜʘʣʝʥʥʳʭ ʦʪ ʧʦʙʝʨʝʞʴʷ ʯʘʩʪʝʡ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ɼʘʞʝ ʚʦʟʚʳʰʝʥʥʳʝ ʫʯʘʩʪʢʠ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʙʦʨʪʘ ɸʥʛʘʨʦ-ɺʠʣʶʡʩʢʦʛʦ ʧʨʦʛʠʙʘ, ʩʣʦʞʝʥʥʳʝ ʪʨʘʧʧʘʤʠ, ʷʚʣʷʣʠʩʴ 

ʩʫʙʣʠʪʦʨʘʣʴʶ ʪʦʘʨʩʢʦʛʦ ʤʦʨʷ. ʊʦʘʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʥʝʛʣʫʙʦʢʦʡ ʯʘʩʪʠ ʤʦʨʷ.  

ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʚʦ II-ʦʡ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ ʧʦʚʳʰʝʥʠʝ ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʦʙʫʩʣʦʚʣʠʚʘʝʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʣʘʙʦʝ ʘʛʨʘʜʘʮʠʦʥʥʦ-ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʙʫʭʘʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʢʘʢ ʚ ʛʣʠʥʠʩʪʳʭ, ʪʘʢ ʠ ʚ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ 

ʦʪʣʦʞʝʥʠʷʭ. ɺʳʜʝʣʝʥʠʝ ʵʪʦʡ ʟʦʥʳ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʟʫʯʝʥʠʷ ʵʪʦʛʦ ʪʠʧʘ ʛʣʠʥʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʭʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʦʤ ʵʪʦʡ 

ʟʦʥʳ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʚ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʝʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʘʫʪʠʛʝʥʥʳʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. ʈʘʟʚʠʪʠʝ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʨʦʜʘʭ ʪʦʥʢʠʭ ʫʜʣʠʥʝʥʥʳʭ 

ʧʣʘʩʪʠʥʦʢ (ʪ.ʝ. ʫʜʣʠʥʝʥʥʦʯʝʰʫʡʯʘʪʦʛʦ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʦʨʩʢʠʝ ʫʩʣʦʚʠʷ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʫʥʘʩʣʝʜʦʚʘʥʠʝ ʠʭ ʥʘ ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʷʭ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʦʚ ʠ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʠʟ ʥʠʭ ʧʦʨʦʜ. ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʵʪʘ 

ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʦʝ ʩʤʝʰʘʥʦʩʣʦʡʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, 

ʩʦʜʝʨʞʘʱʝʝ ʙʦʣʝʝ 40 % ʨʘʟʙʫʭʘʶʱʠʭ ʩʣʦʝʚ. ʊʘʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʚ ʧʦʨʘʭ 

ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʧʦʨʦʜ ʮʝʤʝʥʪʘ ʚ ʚʠʜʝ ʫʜʣʠʥʝʥʥʦʯʝʰʫʡʯʘʪʦʛʦ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʢʘʢ ʦʜʠʥ ʠʟ ʚʘʞʥʳʭ ʪʠʧʦʤʦʨʬʥʳʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ 

ʨʘʥʥʝʢʘʪʘʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʤʦʨʩʢʦʛʦ 

ʪʠʧʘ ʠ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʠʭ ʢʦ II-ʦʡ ʟʦʥʝ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʟʝʤʥʦʡ ʢʦʨʳ. ɺ ʘʨʛʠʣʣʠʪʘʭ 

ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ (ʚ ʪʦʤ ʯʠʩʣʝ ʩʦ ʩʣʶʜʠʩʪʳʤ ʪʠʧʦʤ ʩʪʨʫʢʪʫʨʳ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʵʪʦʡ 

ʟʦʥʝ, ʘʥʘʣʦʛʠʯʥʦ ʚʳʰʝʣʝʞʘʱʠʤ ʯʘʩʪʷʤ ʨʘʟʨʝʟʘ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʩʝʚʜʦʠʟʦʤʝʪʨʠʯʥʳʤʠ 

ʧʣʘʩʪʠʥʢʘʤʠ, ʪ.ʝ. ʠʤʝʶʪ ʘʣʣʦʪʠʛʝʥʥʳʡ ʛʝʥʝʟʠʩ. ʉʚʦʡʩʪʚʝʥʥʫʶ ʛʣʠʥʠʩʪʳʤ ʦʪʣʦʞʝʥʠʷʤ ʚʩʝʛʦ 

ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʤ ʨʘʟʥʦʩʪʷʤ ʠʭ ʚ I-ʦʡ ʟʦʥʝ ʫʢʘʟʘʥʥʦʛʦ 

ʯʝʭʣʘ ʵʪʫ ʛʠʜʨʦʩʣʶʜʫ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʬʦʥʦʚʳʡ ʤʠʥʝʨʘʣ. ɺ III -ʝʡ ʟʦʥʝ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟʙʫʭʘʶʱʠʭ ʩʣʦʝʚ ʚ ʩʪʨʫʢʪʫʨʝ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʭ ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʩʷ 

ʘʜʩʦʨʙʮʠʝʡ ʨʷʜʘ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʢʘʪʠʦʥʦʚ (ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʂ), ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʦʚ ʧʩʝʚʜʦʠʟʦʤʝʪʨʠʯʥʳʭ ʧʣʘʩʪʠʥʦʢ ʛʠʜʨʦʩʣʶʜʳ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʨʦʮʝʩʩʘʤʠ ʠʭ ʯʘʩʪʠʯʥʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʵʪʦʡ ʟʦʥʝ ʯʝʪʢʦ ʨʘʟʣʠʯʘʝʪʩʷ 

ʪʘʢʞʝ ʧʨʦʬʠʣʴ ʦʩʥʦʚʥʦʛʦ ʨʝʬʣʝʢʩʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʬʘʟʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʯʪʦ ʯʝʪʢʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ ʧʝʨʚʠʯʥʦʡ 

ʜʝʛʨʘʜʘʮʠʠ ʩʣʶʜ, ʯʘʩʪʠʯʥʦ ʩʦʭʨʘʥʷʶʱʝʡʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʚ III -ʝʡ 

ʟʦʥʝ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʟʝʤʥʦʡ ʢʦʨʳ ʘʛʨʘʜʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʪʠʧʘ ʩʤʝʰʘʥʦʩʣʦʡʥʘʷ ʬʘʟʘ, ʥʦ ʩʚʷʟʘʥʥʘʷ ʩ ʘʛʨʘʜʘʮʠʝʡ ʩʦʙʩʪʚʝʥʥʦ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʩʚʷʟʘʥʥʦʛʦ, ʥʘʧʨʠʤʝʨ, ʩ ʧʨʦʜʫʢʪʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʷ ʙʝʩʩʣʶʜʠʩʪʳʭ 

ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʤʤʝʪʨʠʝʡ ʦʩʥʦʚʥʦʛʦ ʨʝʬʣʝʢʩʘ. ʊʘʢʦʡ ʧʨʦʬʠʣʴ 

ʫʢʘʟʘʥʥʦʛʦ ʦʪʨʘʞʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʦʜʥʦʨʦʜʥʦʡ ʦʪʢʨʳʪʦʩʪʴʶ ʚ ʩʪʨʫʢʪʫʨʝ ʠʩʭʦʜʥʦʛʦ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʚʩʝʭ ʤʝʞʩʣʦʝʚʳʭ ʧʨʦʤʝʞʫʪʢʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-

ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ ʩʤʝʰʘʥʦʩʣʦʡʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʘʛʨʘʜʘʮʠʠ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʩ ʫʯʝʪʦʤ ʥʝʢʦʪʦʨʦʛʦ ʨʘʟʣʠʯʠʷ ʟʘʨʷʜʘ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʚ ʩʪʨʫʢʪʫʨʝ 

ʧʦʩʣʝʜʥʝʛʦ, ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʤʦʛʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʅʝʦʙʭʦʜʠʤʦ 

ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʪʠʧʦʤʦʨʬʥʳʡ ʤʠʥʝʨʘʣ ʜʣʷ I-ʦʡ ʟʦʥʳ ʦʪʣʦʞʝʥʠʡ ʪʝʨʨʠʛʝʥʥʦʡ ʬʦʨʤʘʮʠʠ ï 

ʢʘʦʣʠʥʠʪ ʚ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʟʝʤʥʦʡ ʢʦʨʳ, ʘ ʠʤʝʥʥʦ, ʥʘʯʠʥʘʷ ʩ ʨʘʥʥʠʭ ʵʪʘʧʦʚ 

ʩʪʘʜʠʠ ɸʂ, ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʢʦʧʣʝʥʠʷ ʠ 

ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʪʝʨʨʠʛʝʥʥʦʡ ʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʦʜʥʦʡ ʩʨʝʜʳ,  ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʩʦʭʨʘʥʝʥʠʶ ʚ ʥʠʭ 

ʢʘʦʣʠʥʠʪʘ, ʚʧʣʦʪʴ ʜʦ ʟʦʥʳ ʘʧʦʢʘʪʘʛʝʥʝʟʘ ʠ ʤʝʪʘʛʝʥʝʟʘ ʧʨʠ ʥʘʢʦʧʣʝʥʠʠ ʝʛʦ ʣʠʙʦ ʚ ʥʦʨʤʘʣʴʥʦ 

ʤʦʨʩʢʠʭ ʙʘʩʩʝʡʥʘʭ, ʣʠʙʦ ʚ ʧʨʝʩʥʳʭ ʚʦʜʦʝʤʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʨʠʤʝʨʝ ʠʟʫʯʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʪʝʨʨʠʛʝʥʥʦʡ, ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ 

ʠ ʢʘʨʙʦʥʘʪʥʦʡ ʬʦʨʤʘʮʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʚ ʥʠʭ ʢʘʢ ʘʫʪʠʛʝʥʥʦʛʦ, ʪʘʢ ʠ 

ʘʣʣʦʪʠʛʝʥʥʦʛʦ ʛʝʥʝʟʠʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʦʚʝʨʰʝʥʥʳʤʠ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ 
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ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. ʇʦʩʣʝʜʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʜʝʬʝʢʪʘʤʠ, ʪ.ʝ. ʚʘʢʘʥʩʠʷʤʠ ʚ 

ʩʪʨʫʢʪʫʨʝ, ʢʦʪʦʨʳʝ ʧʦʣʥʦʩʪʴʶ ʥʝ ʟʘʧʦʣʥʷʶʪʩʷ, ʚʧʣʦʪʴ ʜʦ ʩʪʘʜʠʠ ʄɻ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʚ ʧʣʘʩʪʦʚʳʭ ʚʦʜʘʭ ʠ ʧʦʨʦʚʳʭ ʨʘʩʪʚʦʨʘʭ ʥʘ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʄɻ ʩʪʘʜʠʷʭ ʣʠʪʦʛʝʥʝʟʘ 

ʩʦʭʨʘʥʷʝʪʩʷ ʜʝʬʠʮʠʪ ʛʣʘʚʥʝʡʰʠʭ ʜʣʷ ʩʪʨʫʢʪʫʨ ʩʣʦʠʩʪʳʭ ʩʠʣʠʢʘʪʦʚ ʢʘʪʠʦʥʦʚ, ʧʨʠʚʦʜʷʱʠʡ ʢ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʤʘʪʝʨʠʘʣʘ ʧʝʨʝʦʪʣʦʞʝʥʥʳʭ ʂɺ ʚ ʙʘʩʩʝʡʥʘʭ 

ʩʝʜʠʤʝʥʪʘʮʠʠ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʤʝʟʦʟʦʡʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʦʩʥʦʚʥʳʭ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʦʚ ʉʇ. ʃʦʢʘʣʠʟʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʂɺ ʚ ʤʝʟʦʟʦʡʩʢʠʭ 

ʦʪʣʦʞʝʥʠʷʭ ʄɹɸʈ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʬʠʢʩʠʨʫʶʪʩʷ ʧʦ ʩʦʩʪʘʚʫ ʘʣʣʦʪʠʛʝʥʥʳʭ ʛʣʠʥʠʩʪʳʭ 

ʩʣʦʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢ, ʜʣʷ 

ʦʪʣʦʞʝʥʠʡ ʠʨʝʣʷʭʩrʦʡ ʩʚʠʪʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʤʝʥʥʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ 

ʨʘʚʥʠʥʳ (ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ɸʥʛʘʨʦ-ɺʠʣʶʡʩʢʦʛʦ ʧʨʦʛʠʙʘ) ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʘʩʩʦʮʠʠʨʫʶʱʝʛʦ ʩ ʚʝʨʤʠʢʫʣʠʪ-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʳʤʠ 

ʩʤʝʰʘʥʦʩʣʦʡʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ɺ ʛʣʠʥʠʩʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʚʫʭ ʜʨʫʛʠʭ ʣʘʥʜʰʘʬʪʥʳʭ 

ʟʦʥ (ʦʟʝʨʥʦʡ ʠ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʦʡ, ʘ ʪʘʢʞʝ ʜʝʥʫʜʘʮʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʨʘʚʥʠʥʳ) 

ʧʨʝʦʙʣʘʜʘʝʪ ʢʘʦʣʠʥʠʪ ʠ ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʘʷ ʛʠʜʨʦʩʣʶʜʘ 2ʄ1. ɺʩʝ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʦʙʦʛʘʱʝʥʥʦʩʪʴʶ ʠʨʝʣʷʭʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʠʟʤʝʥʥʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ 

ʨʘʚʥʠʥʳ ʧʨʦʜʫʢʪʘʤʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʜʚʫʭ 

ʜʨʫʛʠʭ ʣʘʥʜʰʘʬʪʥʳʭ ʟʦʥʘʭ ʦʙʳʯʥʦ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʝʪ ʤʘʪʝʨʠʘʣ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʚʳʚʝʪʨʝʣʳʭ 

ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʠ ʪʨʘʧʧʦʚ, ʠʥʦʛʜʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʨʦʜʫʢʪʦʚ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ. ɼʣʷ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʨʝʤʝʥʠ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʤʳʚʘ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʜʨʝʚʥʠʭ ʂɺ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʨʘʟʚʠʪʠʝʤ ʚ ʨʘʡʦʥʝ 

ʜʚʫʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʟʦʥ. ɺ ʦʜʥʦʡ ʠʟ ʥʠʭ (ʶʛʦ-ʚʦʩʪʦʯʥʦʡ) ʫʩʣʦʚʠʷ ʜʣʷ 

ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʠʭ ʦʪʣʦʞʝʥʠʷʭ ʩʫʱʝʩʪʚʦʚʘʣʠ ʚ 

ʠʨʝʣʷʭʩʢʦʝ ʚʨʝʤʷ ʪʦʣʴʢʦ ʥʘ ʩʢʣʦʥʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʛʠʙʘ. ɺ ʫʢʫʛʫʪʩʢʠʡ ʧʝʨʠʦʜ ʵʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʚʝʨʛʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʨʦʟʠʠ, ʘ ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʦʪ ʨʘʟʤʳʚʘ ʠʭ ʦʩʪʘʥʮʳ 

ʧʝʨʝʢʨʳʣʠʩʴ ʤʦʱʥʦʡ (ʜʦ 100 ʤ) ʪʦʣʱʝʡ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʙʦʛʘʱʝʥʥʳʭ ʯʫʞʜʳʤ 

ʨʘʡʦʥʫ ʤʘʪʝʨʠʘʣʦʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʣʠʥʩʙʘʭʩʢʠʭ ʠ ʪʦʘʨʩʢʠʭ ʦʩʘʜʢʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʟʜʝʩʴ ʚ 

ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʵʣʶʚʠʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ 

ʦʙʣʘʩʪʝʡ ʨʘʟʤʳʚʘ, ʦʙʨʘʤʣʷʚʰʠʭ ʚʦʟʥʠʢʰʠʡ ʤʦʨʩʢʦʡ ʙʘʩʩʝʡʥ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ ʚ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʝ, ʟʘʥʠʤʘʶʱʝʡ ʪʨʘʧʧʦʚʦʝ ʧʣʘʪʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʠʨʝʣʷʭʩʢʦʛʦ, ʫʢʫʛʫʪʩʢʦʛʦ ʠ ʢʘʨʠʢʩʢʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʚʦʟʚʳʰʝʥʥʳʭ 

ʧʣʘʪʦʦʙʨʘʟʥʳʭ ʧʦʜʥʷʪʠʷʭ ʧʨʦʠʩʭʦʜʠʣʦ ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʨʘʟʤʳʚʦʤ ʠ 

ʧʝʨʝʦʪʣʦʞʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʨʘʩʧʦʣʘʛʘʚʰʠʝʩʷ ʚʙʣʠʟʠ ʣʦʢʘʣʴʥʳʝ ʜʝʧʨʝʩʩʠʠ ʠ 

ʯʘʩʪʠʯʥʳʤ ʚʳʥʦʩʦʤ ʠʭ ʟʘ ʧʨʝʜʝʣʳ ʜʘʥʥʦʡ ʟʦʥʳ. ʇʨʠ ʵʪʦʤ ʟʜʝʩʴ ʩʫʱʝʩʪʚʦʚʘʣʠ ʫʩʣʦʚʠʷ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ, ʧʨʦʣʶʚʠʘʣʴʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʦʟʝʨʥʳʭ 

(ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʭ) ʬʘʮʠʡ. ɺ ʜʦʤʝʨʩʢʦʝ ʚʨʝʤʷ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʦʥʝ 

ʧʨʦʜʫʢʪʳ ʂɺ ʠ ʦʪʣʦʞʝʥʠʷ, ʦʙʦʛʘʱʝʥʥʳʝ ʠʤʠ, ʧʦʜʚʝʨʛʣʠʩʴ ʘʙʨʘʟʠʠ ʠ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ 

ʙʘʟʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʊʦʘʨʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʫʞʝ ʧʦʩʣʝ ʧʝʨʝʢʨʳʪʠʷ ʂɺ ʠʣʠ ʠʭ ʧʦʣʥʦʛʦ ʨʘʟʤʳʚʘ. ʅʘʠʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ ʧʦʠʩʢʦʚ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʣʦʩʘ ʚʜʦʣʴ ʙʨʦʚʢʠ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʙʦʨʪʘ ɸʥʛʘʨʦ-ɺʠʣʶʡʩʢʦʛʦ ʧʨʦʛʠʙʘ, ʩʦʚʧʘʜʘʶʱʘʷ ʩ ʄʠʨʥʠʥʩʢʠʤ 

ʧʦʜʥʷʪʠʝʤ, ʛʜʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʦʪʣʦʞʝʥʠʷ ʠʨʝʣʷʭʩʢʦʡ ʩʚʠʪʳ, ʷʚʣʷʶʱʝʡʩʷ ʬʦʨʤʘʮʠʝʡ 

ʧʝʨʝʤʳʚʘ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʂɺ, ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʫʢʫʛʫʪʩʢʦʡ ʩʚʠʪʳ ʠ ʢʘʨʠʢʩʢʦʛʦ ʧʦʜʴʷʨʫʩʘ. ʂ 

ʵʪʠʤ ʦʪʣʦʞʝʥʠʷʤ, ʪʷʛʦʪʝʶʱʠʤ ʢ ʣʦʢʘʣʴʥʳʤ ʜʝʧʨʝʩʩʠʷʤ (ʀʨʝʣʷʭʩʢʦʡ ʠ ʄʘʯʦʙʠʥʩʢʦʡ) 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʢʘʟʘʥʥʦʛʦ ʧʦʜʥʷʪʠʷ, ʧʨʠʫʨʦʯʝʥʳ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʨʦʩʩʳʧʠ ʘʣʤʘʟʦʚ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʥʳʡ ʧʦʠʩʢʦʚʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʣʘʙʦ ʠʟʫʯʝʥʥʳʝ ʫʯʘʩʪʢʠ ʵʪʦʛʦ ʧʦʜʥʷʪʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʘʚʱʠʢʘʤʠ ʚ 

ʧʨʠʣʝʛʘʶʱʠʝ ʜʝʧʨʝʩʩʠʠ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʠ 

ʢʘʨʙʦʥʘʪʥʳʭ ʬʦʨʤʘʮʠʡ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʣʦʠʩʪʳʤʠ ʩʠʣʠʢʘʪʘʤʠ ʷʚʣʷʶʪʩʷ ʜʠï 

ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʩʤʝʢʪʠʪʳ ʠ ʭʣʦʨʠʪ-ʩʘʧʦʥʠʪʳ. 
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ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʣʤʘʟʦʚ ʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʜʠʘʪʨʝʤʘʭ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʩʣʦʞʥʷʝʪ ʧʣʘʥʦʚʫʶ ʦʪʨʘʙʦʪʢʫ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ɺʘʩʠʣʝʥʢʦ ʠ ʜʨ., 1997, ɿʠʥʯʫʢ ʠ 

ʜʨ., 1997, ɿʠʥʯʫʢ, ʂʦʧʪʠʣʴ, 2003, ɿʠʥʯʫʢ ʠ ʜʨ., 2013, ɿʠʥʯʫʢ ʠ ʜʨ., 2004, ɿʠʥʯʫʢ ʠ ʜʨ., 1993, 

ɿʠʥʯʫʢ ʠ ʜʨ., 1987, ʌʨʘʥʮʝʩʩʦʥ, 1986). ɺʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʜʦ ʛʣʫʙʠʥʳ ʠʭ ʨʝʥʪʘʙʝʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʝʡʰʠʭ ʟʘʜʘʯ ʠ ʧʨʦʙʣʝʤ ʦʪʨʘʙʦʪʢʠ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʚ ʮʝʣʦʤ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʟʫʯʝʥʥʦʩʪʴ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʜʠʘʪʨʝʤ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʉʇ), ʚʦʧʨʦʩʳ ʠʭ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʚʦ ʤʥʦʛʦʤ ʷʚʣʷʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ ʠ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʧʨʠʯʠʥʘʤ: ʘ) ʟʘʢʨʳʪʦʩʪʠ ʜʘʥʥʳʭ ʦʧʨʦʙʦʚʘʥʠʷ ʧʦ ʤʥʦʛʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ; ʙ) 

ʥʝʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʜʘʥʥʳʭ ʦʧʨʦʙʦʚʘʥʠʷ ʵʢʩʧʣʦʨʘʟʚʝʜʦʯʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʨʦʙ; ʚ) ʥʝ 

ʚʩʝʛʜʘ ʦʧʨʦʙʫʶʪʩʷ ʩʪʨʦʛʦ ʨʘʟʜʝʣʴʥʦ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʢʠʤʙʝʨʣʠʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʶʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʢʦʪʦʨʳʝ ʵʣʝʤʝʥʪʳ ʩʫʙʴʝʢʪʠʚʠʟʤʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʪʠʧʦʚ 

ʢʠʤʙʝʨʣʠʪʦʚ ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʅʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʚʦʧʨʦʩʳ ʠʟʤʝʥʝʥʠʷ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʠʟʫʯʘʣʠʩʴ ʥʘ ʧʨʠʤʝʨʝ ʪʨʫʙʢʠ ʄʠʨ, ʛʜʝ 

ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ (ɿʠʥʯʫʢ ʠ ʜʨ., 1987, ʌʨʘʥʮʝʩʩʦʥ, 1986) ʧʦʣʫʯʠʣʠ ʜʘʥʥʳʝ ʦʙ ʠʭ 

ʨʘʟʣʠʯʠʠ. ʇʨʠ ʵʪʦʤ ʚʳʜʝʣʷʝʪʩʷ ʠʤʠ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʪʠʧʦʚ (ʦʪ 3-ʭ 

ʜʦ 6-ʠ ʠ ʙʦʣʝʝ), ʢʦʪʦʨʳʝ ʧʦ-ʨʘʟʥʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʘʢ ʚ ʧʣʘʥʝ, ʪʘʢ ʠ ʥʘ ʨʘʟʚʝʜʘʥʥʫʶ (ʜʦ 

1200 ʤ) ʛʣʫʙʠʥʫ. ʂʠʤʙʝʨʣʠʪʦʚʘʷ ʪʨʫʙʢʘ ʄʠʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʝʪ ʬʦʨʤʫ ʦʚʘʣʘ (ʨʘʟʤʝʨ ʧʦ 

ʜʣʠʥʥʦʡ ʦʩʠ ï 490 ʤ, ʧʦ ʢʦʨʦʪʢʦʡ ï 320 ʤ) ʩʦ ʩʣʘʙʳʤ ʧʝʨʝʞʠʤʦʤ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ. ɼʦ 

ʛʣʫʙʠʥʳ 200 ʤ ʪʨʫʙʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʠʧʠʯʥʫʶ ʚʦʨʦʥʢʫ, ʛʣʫʙʞʝ (ʧʨʠʤʝʨʥʦ ʜʦ 900 ʤ) ï 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʪʝʣʦ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʩʫʞʝʥʠʝʤ ʢʥʠʟʫ, ʘ ʟʘʪʝʤ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 1000 ʤ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʥʘ ʧʝʨʝʭʦʜʠʪ ʚ ʩʝʨʠʶ ʧʦʜʚʦʜʷʱʠʭ ʜʘʝʢ. ɺʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʪʨʫʙʢʠ ʄʠʨ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʭʬʘʟʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ. ʂʠʤʙʝʨʣʠʪʦʚʳʝ 

ʙʨʝʢʯʠʠ (ʂɹ) ʧʝʨʚʦʡ ʬʘʟʳ ʩʣʘʛʘʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʧʦʣʦʚʠʥʳ ʪʨʫʙʢʠ. ʂɹ 

ʚʪʦʨʦʡ ʬʘʟʳ ʥʘ ʫʨʦʚʥʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʪʨʫʙʢʠ ʠ ʠʥʲʝʮʠʨʫʶʪ ʙʨʝʢʯʠʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʧʦʣʦʚʠʥʳ ʜʠʘʪʨʝʤʳ. ʂʠʤʙʝʨʣʠʪʦʚʳʝ 

ʧʦʨʦʜʳ ʪʨʝʪʴʝʡ ʬʘʟʳ ʬʦʨʤʠʨʫʶʪ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʪʨʫʙʢʠ ʚʳʪʷʥʫʪʦʝ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʜʘʡʢʦʚʦʝ ʪʝʣʦ ʨʘʟʤʝʨʦʤ 30ʭ120 ʤ. ʂʦʥʪʘʢʪʳ ʵʪʦʛʦ ʪʝʣʘ ʩ ʚʤʝʱʘʶʱʠʤʠ ʂɹ 

ʩʝʢʫʱʠʝ, ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʰʠʨʦʢʦ ʨʘʟʚʠʪʘ ʩʫʣʴʬʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ. ʊʨʝʭʬʘʟʥʦʩʪʴ 

ʩʪʨʦʝʥʠʷ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʜʠʘʪʨʝʤʳ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦ ʠʟʫʯʝʥʠʶ ʢʝʨʥʘ, ʚʩʢʨʳʪʦʛʦ 

ʩʢʚʘʞʠʥʘʤʠ ʧʨʠ ʛʣʫʙʦʢʦʤ ʙʫʨʝʥʠʠ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʵʪʦʡ ʯʘʩʪʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʝʨʚʘʷ ʬʘʟʘ ʚʥʝʜʨʝʥʠʷ ʟʜʝʩʴ ʩʣʘʛʘʝʪ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ʜʠʘʪʨʝʤʳ. 

ʂʠʤʙʝʨʣʠʪʳ ʚʪʦʨʦʡ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ ʦʙʨʘʟʫʶʪ ʝʸ ʶʛʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ. ʂʠʤʙʝʨʣʠʪʦʚʳʝ 

ʧʦʨʦʜʳ ʪʨʝʪʴʝʡ ʬʘʟʳ ʩʣʘʛʘʶʪ ʜʘʡʢʦʦʙʨʘʟʥʦʝ ʪʝʣʦ ʨʘʟʤʝʨʦʤ 30ʭ120 ʤ. ʄʝʞʜʫ ʢʠʤʙʝʨʣʠʪʘʤʠ 

ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʘʟ ʚʥʝʜʨʝʥʠʷ (ʥʘ ʛʣʫʙʠʥʫ ʦʢʦʣʦ 1 ʢʤ) ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʦʥʘ ʩʦʯʣʝʥʝʥʠʷ 

(çʰʦʚʥʘʷ ʟʦʥʘè) ʧʦʜʚʦʜʷʱʠʭ ʢʘʥʘʣʦʚ, ʦʙʦʛʘʱʝʥʥʘʷ ʢʩʝʥʦʣʠʪʘʤʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ 

(çʢʩʝʥʦʣʠʪʦʚʳʡ ʧʦʷʩè). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʪʨʫʙʢʫ, ʚ 

ʧʣʘʥʝ ʠ ʧʦ ʚʝʨʪʠʢʘʣʠ ʟʘʚʠʩʠʪ ʦʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ʨʘʟʥʳʭ ʬʘʟ 

ʚʥʝʜʨʝʥʠʷ ʚ ʦʙʴʝʤʝ ʨʫʜʥʦʛʦ ʪʝʣʘ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʘʪʘʢʩʠʪʦʚʘʷ ʠ ʢʨʫʧʥʦʧʦʨʬʠʨʦʚʘʷ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ, ʘ ʘʚʪʦʣʠʪʦʚʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʙʨʝʢʯʠʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʣʠʯʠʝ ʚ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ 

ʦʢʘʟʳʚʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʢʨʠʩʪʘʣʣʦʚ ʩʨʝʜʥʠʭ ʠ ʢʨʫʧʥʳʭ ʢʣʘʩʩʦʚ. ʇʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʘʣʤʘʟʦʚ, ʦʢʨʘʩʢʝ ʠ ʩʪʝʧʝʥʠ ʜʝʬʝʢʪʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʜʝʣʝʥo ʜʚʘ ʫʯʘʩʪʢʘ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʠ 

ʶʛʦ-ʚʦʩʪʦʢʝ ʪʨʫʙʢʠ, ʧʨʠ ʵʪʦʤ ʥʠʢʘʢ ʥʝ ʦʙʦʩʦʙʣʷʣʦʩʴ. ɿʜʝʩʴ ʦʪʤʝʯʝʥʦ ʨʘʟʣʠʯʠʝ ʧʦ 
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ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʩʦʜʝʨʞʘʥʠʠ ʚ ʥʠʭ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ 

ʢʨʫʧʥʦʩʪʠ ʠ ʠʭ ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʂʠʤʙʝʨʣʠʪʳ ʨʘʥʥʝʛʦ ʵʪʘʧʘ ʢʦʥʩʦʣʠʜʘʮʠʠ ʦʪʣʠʯʘʶʪʩʷ 

ʩʥʠʞʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʘʣʤʘʟʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ. ʂɹ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʞʠʣ 

ʠʤʝʶʪ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʡ ʛʘʙʠʪʫʩ; ʢʨʠʩʪʘʣʣʳ ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʳ, ʪʨʝʱʠʥʥʦʚʘʪʳ, 

ʠʤʝʶʪ ʜʝʬʝʢʪʥʫʶ ʦʢʨʘʩʢʫ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʠʭ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ ʚʢʣʶʯʝʥʠʷ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʛʨʘʬʠʪʘ, ʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʦʚ (ʩ ʰʘʛʨʝʥʝʚʳʤ ʨʝʣʴʝʬʦʤ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʘʣʤʘʟʘ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʦʚ 

ʪʨʫʙʦʢ ʩ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ (ʋʜʘʯʥʘʷ, ʉʳʪʳʢʘʥʩʢʘʷ, ʖʙʠʣʝʡʥʘʷ, 

ʂʦʤʩʦʤʦʣʴʩʢʘʷ ʠ ʜʨ.) ʫʩʪʘʥʦʚʣʝʥʦ (ɿʠʥʯʫʢ ʠ ʜʨ., 2013, ʌʨʘʥʮʝʩʩʦʥ, 1986), ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʫʜʥʳʝ ʩʪʦʣʙʳ, ʩʣʦʞʝʥʥʳʝ ɸʂɹ. ɼʣʷ ʵʪʦʛʦ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʚ ʢʨʫʧʥʳʭ ʢʣʘʩʩʘʭ, ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʦʚ. ʄʝʥʝʝ ʘʣʤʘʟʦʥʦʩʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʨʫʜʥʳʝ ʩʪʦʣʙʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʇʂ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʨʦʤʙʦʜʦʜʝʢʘʜʨʦʠʜʦʚ, ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ ʦʢʪʘʵʜʨʦʚ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʘʷ ʨʦʣʴ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʚʷʟʳʚʘʶʪ ʩ ʫʩʣʦʚʠʷʤʠ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʧʦʣʫʯʝʥʠʶ 

ʘʣʤʘʟʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʛʘʙʠʪʫʩ ʢʨʠʩʪʘʣʣʘ ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʷʚʣʷʶʪʩʷ ʢʫʙ-ʦʢʪʘʵʜʨ-ʜʦʜʝʢʘʵʜʨʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʫʧʥʳʭ ʬʝʥʦʢʨʠʩʪʦʚ ʦʣʠʚʠʥʘ ʚ ʇʂ. 

ʇʦʩʣʝʜʥʠʝ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʪʨʫʙʢʘʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʤʦʱʥʳʤʠ ʢʝʣʠʬʠʪʦʚʳʤʠ 

ʢʘʡʤʘʤʠ ʥʘ ʛʨʘʥʘʪʘʭ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʡ 

ʠʭ ʨʝʘʢʮʠʠ ʩ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʨʘʩʧʣʘʚʦʤ, ʪʦ ʝʩʪʴ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʠ ʚʥʝʜʨʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʬʣʶʠʜʘ, ʯʪʦ ʤʦʛʣʦ ʧʨʠʚʦʜʠʪʴ ʠ ʢ ʨʘʩʪʚʦʨʝʥʠʶ ʘʣʤʘʟʦʚ. ɿʘʚʝʨʰʘʶʱʠʝ 

ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʤʘʛʤʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʠʤʠ 

ʩʢʦʨʦʩʪʷʤʠ ʧʦʜʲʸʤʘ, ʯʪʦ ʤʦʛʣʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʩʦʭʨʘʥʥʦʩʪʠ ʘʣʤʘʟʦʚ, ʯʪʦ 

ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʠʭ ʩʦʦʪʥʦʰʝʥʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (ɿʠʥʯʫʢ, ʂʦʧʪʠʣʴ, 2003, ɿʠʥʯʫʢ ʠ ʜʨ., 

2013, ɿʠʥʯʫʢ ʠ ʜʨ., 2004). ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʠʤʝʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʠ ʠʭ 

ʩʚʷʟʠ ʩʦ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʦʢ ɹʦʪʫʦʙʠʥʩʢʘʷ, 

ʋʜʘʯʥʘʷ ʠ ɸʡʭʘʣ ʧʨʦʚʦʜʠʣʦʩʴ ʪʘʢʞʝ ʧʦ ʢʝʨʥʫ ʨʘʟʚʝʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʨʠʚʷʟʢʦʡ ʢ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʪʠʧʘʤ. ʕʪʠ ʪʨʫʙʢʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʩʢʦʣʴʢʠʭ (ʥʝ ʤʝʥʝʝ 

ʜʚʫʭ) ʬʘʟ ʚʥʝʜʨʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ, ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʙʩʪʚʝʥʥʳʡ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʪʠʧ ʧʦʨʦʜʳ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʘʟ 

ʚʥʝʜʨʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦ ʨʝʟʢʠʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʢʦʥʪʘʢʪʘʤ ʠ ʚʢʣʶʯʝʥʠʷʤ ʢʩʝʥʦʘʚʪʦʣʠʪʦʚ, 

ʦʪʨʘʞʘʶʱʠʤ ʚʨʝʤʝʥʥʳʝ ʛʨʘʥʠʮʳ ʵʪʘʧʦʚ ʢʦʥʩʦʣʠʜʘʮʠʠ ʨʘʟʥʳʭ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʪʠʧʦʚ. 

ɸʚʪʦʣʠʪʦʚʳʝ (ʰʘʨʦʚʳʝ) ʂɹ ʟʘʚʝʨʰʘʶʱʠʭ ʵʢʩʧʣʦʟʠʚʥʳʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚ 

ʮʝʣʦʤ ʧʦʚʳʰʝʥʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ 

ʠʥʪʨʫʟʠʚʥʳʤʠ ʧʦʨʬʠʨʦʚʳʤʠ ʢʠʤʙʝʨʣʠʪʘʤʠ. ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ (ʚ ʫʩʣʦʚʥʳʭ ʝʜʠʥʠʮʘʭ) ʜʣʷ 

ʚʦʩʪʦʯʥʦʛʦ ʪʝʣʘ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ ʩʦʩʪʘʚʣʷʝʪ 1,3:1, ʟʘʧʘʜʥʦʛʦ ï 1,5:1, ʪʨʫʙʦʢ ɸʡʭʘʣ ʠ 

ɹʦʪʫʦʙʠʥʩʢʘʷ ï 1:1,5. ʇʨʠʤʝʨʥʦ ʪʘʢʦʝ ʞʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʪʤʝʯʝʥʦ ʠ ʜʣʷ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ. 

ʇʨʝʚʘʣʠʨʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ʫ ʤʥʦʛʦʬʘʟʥʳʭ ʪʨʫʙʦʢ 

ʙʦʣʝʝ ʘʣʤʘʟʦʥʦʩʥʳ. ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʫʯʘʩʪʢʠ 

ʩ ʨʘʟʣʠʯʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ ʚ ʪʨʫʙʢʘʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ 

ʢʠʤʙʝʨʣʠʪʦʚ ʨʘʟʥʳʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ, ʧʨʠʯʝʤ ʢʠʤʙʝʨʣʠʪʳ ʟʘʚʝʨʰʘʶʱʠʭ ʵʪʘʧʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ. ɻʨʘʥʠʮʳ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʧʦʨʦʜ ʨʘʟʥʳʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ ʦʙʳʯʥʦ ʥʝʯʝʪʢʠʝ, ʪʨʫʜʥʦ ʢʘʨʪʠʨʫʝʤʳʝ, ʘ ʢʨʠʪʝʨʠʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʘʟ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʩʴʤʘ ʫʩʣʦʚʥʳ. 

ɺ ʪʨʫʙʢʘʭ ʩʣʦʞʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʣʤʘʟʳ ʨʘʟʣʠʯʥʦʡ ʢʨʫʧʥʦʩʪʠ, 

ʛʘʙʠʪʫʩʘ ʠ ʩʚʦʡʩʪʚ (ɿʠʥʯʫʢ ʠ ʜʨ., 1987, ʌʨʘʥʮʝʩʩʦʥ, 1986). ʆʙʳʯʥʦ ʨʘʥʥʠʝ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ 

ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʄʠʨ ʤʝʥʝʝ ʘʣʤʘʟʦʥʦʩʥʳ, ʩʦʜʝʨʞʘʪ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʪʘʵʜʨʦʚ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ ʬʘʟʘʤʠ ʚʥʝʜʨʝʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 
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ʞʠʣ ʠʤʝʶʪ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʡ ʛʘʙʠʪʫʩ; ʢʨʠʩʪʘʣʣʳ ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʳ, 

ʪʨʝʱʠʥʦʚʘʪʳ, ʠʤʝʶʪ ʜʝʬʝʢʪʥʫʶ ʦʢʨʘʩʢʫ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʠʭ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ ʚʢʣʶʯʝʥʠʷ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ, ʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʦʚ (ʩ ʰʘʛʨʝʥʝʚʳʤ ʨʝʣʴʝʬʦʤ) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʘʣʤʘʟʘ. ʀʩʩʣʝʜʫʷ ʪʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʘʣʤʘʟʦʚ ʪʨʫʙʦʢ ʩ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ (ʋʜʘʯʥʘʷ, ʉʳʪʳʢʘʥʩʢʘʷ, ʖʙʠʣʝʡʥʘʷ, 

ʂʦʤʩʦʤʦʣʴʩʢʘʷ ʠ ʜʨ.), ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʨʫʜʥʳʝ 

ʩʪʦʣʙʳ, ʩʣʦʞʝʥʥʳʝ ʘʚʪʦʣʠʪʦʚʳʤʠ (ʰʘʨʦʚʳʤʠ) ʂɹ. ɼʣʷ ʵʪʦʛʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʪʠʧʘ 

ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʚ 

ʢʨʫʧʥʳʭ ʢʣʘʩʩʘʭ, ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʦʚ. ʄʝʥʝʝ 

ʘʣʤʘʟʦʥʦʩʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʨʫʜʥʳʝ ʩʪʦʣʙʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦʨʬʠʨʦʚʳʤʠ ʢʠʤʙʝʨʣʠʪʘʤʠ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʨʦʤʙʦʜʦʜʝʢʘʜʦʨʦʠʜʦʚ, ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ ʦʢʪʘʵʜʨʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ. ʆʙʨʘʟʦʚʘʥʠʝ 

ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʚʷʟʳʚʘʶʪ ʩ ʫʩʣʦʚʠʷʤʠ ʨʘʩʪʚʦʨʝʥʠʷ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʢʫʩʩʪʚʝʥʥʦʤʫ ʧʦʣʫʯʝʥʠʶ 

ʘʣʤʘʟʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʛʘʙʠʪʫʩ ʢʨʠʩʪʘʣʣʘ ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʷʚʣʷʶʪʩʷ ʢʫʙ-ʦʢʪʘʵʜʨ-ʜʦʜʝʢʘʵʜʨʳ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʫʧʥʳʭ ʬʝʥʦʢʨʠʩʪʦʚ ʦʣʠʚʠʥʘ ʚ 

ʧʦʨʬʠʨʦʚʦʤ ʢʠʤʙʝʨʣʠʪʝ (ʇʂ). ʇʦʩʣʝʜʥʠʝ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʪʨʫʙʢʘʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ 

ʤʦʱʥʳʤʠ ʢʝʣʠʬʠʪʦʚʳʤʠ ʢʘʡʤʘʤʠ ʥʘ ʛʨʘʥʘʪʘʭ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʡ ʠʭ ʨʝʘʢʮʠʠ ʩ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʨʘʩʧʣʘʚʦʤ, ʪʦ ʝʩʪʴ 

ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʬʣʶʠʜʘ, ʯʪʦ ʤʦʛʣʦ ʧʨʠʚʦʜʠʪʴ ʠ ʢ 

ʨʘʩʪʚʦʨʝʥʠʶ ʘʣʤʘʟʦʚ. ɿʘʚʝʨʰʘʶʱʠʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʤʘʛʤʳ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʠʤʠ ʩʢʦʨʦʩʪʷʤʠ ʧʦʜʲʸʤʘ, ʯʪʦ ʤʦʛʣʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʨʘʟʠʪʴʩʷ ʥʘ 

ʩʦʭʨʘʥʥʦʩʪʠ ʘʣʤʘʟʦʚ, ʯʪʦ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʠʭ ʩʦʦʪʥʦʰʝʥʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʆʜʥʘʢʦ, ʪʘʢʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩʚʦʡʩʪʚʝʥʥʘ ʥʝ ʚʩʝʤ ʜʠʘʪʨʝʤʘʤ. ʅʘʧʨʠʤʝʨ, ʚ ʪʨʫʙʢʝ ɼʘʣʴʥʷʷ (ɼʘʣʜʳʥʦ-

ɸʣʘʢʠʪʩʢʠʡ ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ) ʙʦʣʝʝ ʘʣʤʘʟʦʥʦʩʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʇʂ (ʌʨʘʥʮʝʩʩʦʥ, 1986). 

ʆʙʥʘʨʫʞʝʥʳ ʪʘʢʞʝ ʨʘʟʣʠʯʠʷ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʩ ʨʘʟʥʳʤ ʪʠʧʦʤ ʠʭ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʪʨʦʝʥʠʷ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʨʘʟʥʳʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʧʦʣʷ (ʪʨʫʙʢʠ ɹʦʪʫʦʙʠʥʩʢʘʷ ʠ ʅʶʨʙʠʥʩʢʘʷ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʠ ʘʣʤʘʟʦʚ ʠʟ ʰʘʨʦʚʦʡ 

(ʘʚʪʦʣʠʪʦʚʦʡ) ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ ʧʦʚʳʰʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʩ ʞʝʣʪʳʤ ʠ ʞʝʣʪʦ-

ʟʝʣʝʥʳʤ ʩʚʝʯʝʥʠʝʤ ʠ ʩʥʠʞʝʥʦ ʩ ʨʦʟʦʚʳʤ, ʨʦʟʦʚʦ-ʩʠʨʝʥʝʚʳʤ ʠ ʦʨʘʥʞʝʚʳʤ ʩʚʝʯʝʥʠʝʤ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʩʚʦʡʩʪʚ ʤʠʥʝʨʘʣʘ ʠʟ ʧʦʨʬʠʨʦʚʦʛʦ ʇʂ. ɹʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʨʘʟʣʠʯʠʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʟʘʨʦʜʳʰʝʡ ʢʨʠʩʪʘʣʣʦʚ 

ʘʣʤʘʟʘ ʠʟ ʨʘʟʥʳʭ ʪʠʧʦʚ ʢʠʤʙʝʨʣʠʪʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʚʟʘʠʤʦʩʚʷʟʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚ ʠ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʙʘʟʠʨʦʚʘʣʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʦʣʝʝ 3 ʪʳʩʷʯ 

ʦʙʨʘʟʮʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦ ʚʩʝʤ 

ʠʟʫʯʝʥʥʳʤ ʢʦʨʝʥʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʘʣʤʘʟʦʚ ʗʢʫʪʠʠ (ɿʠʥʯʫʢ, ʂʦʧʪʠʣʴ, 2003, ɿʠʥʯʫʢ ʠ 

ʜʨ., 2013). ʃʠʥʝʡʥʳʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩʦʜʝʨʞʘʥʠʡ ʘʣʤʘʟʦʚ ʠ ʜʦʤʠʥʠʨʫʶʱʠʭ 

ʦʢʩʠʜʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʦʢ ʄʠʨ ʠ ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ (ʄʘʣʦ-ɹʦʪʫʦʙʠʥʩʢʠʡ 

ʘʣʤʘʟʦʥʦʩʥʳʡ ʨʘʡʦʥ), ʉʳʪʳʢʘʥʩʢʘʷ, ʖʙʠʣʝʡʥʘʷ ʠ ʋʜʘʯʥʘʷ ʥʘʜʝʞʥʳʭ, ʫʩʪʦʡʯʠʚʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʝ ʦʙʥʘʨʫʞʠʣ, ʯʪʦ ʩʚʷʟʘʥʦ, ʚʝʨʦʷʪʥʦ, ʩ ʪʝʤ, ʯʪʦ ʠʤʝʶʱʠʝʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ 

ʜʘʥʥʳʝ ʧʦ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ 10-ʤʝʪʨʦʚʳʭ ʨʘʟʚʝʜʦʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚʢʣʶʯʘʣʠ ʥʝʩʢʦʣʴʢʦ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʨʦʜ. ʆʜʥʘʢʦ, ʧʨʠʤʝʥʝʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ 

ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʪʚʝʨʜʠʣʦ ʛʠʧʦʪʝʟʫ ʦ ʥʘʣʠʯʠʠ ʩʚʷʟʠ ʤʝʞʜʫ ʭʠʤʠʟʤʦʤ 

ʢʠʤʙʝʨʣʠʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʇ ʠ ʠʭ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ. ʀʤʝʶʱʠʝʩʷ ʙʘʟʳ 

ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʧʦ ʫʨʦʚʥʷʤ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʜʠʘʪʨʝʤ ʥʘ 50 ʛʨʫʧʧ, ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʟʘʪʝʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʫʨʘʚʥʝʥʠʷʭ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʢʘʞʜʦʡ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʧʦ ʜʚʝ ʦʩʥʦʚʥʳʝ ʧʦʧʫʣʷʮʠʠ (ʧʦʜʛʨʫʧʧʳ), 

ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʷʤ ʦʪʜʝʣʴʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʇʂ 

ʨʘʥʥʠʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʧʦʚʳʰʝʥʥʦʡ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴʶ, ʪʠʪʘʥʠʩʪʦʩʪʴʶ ʠ 
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ʞʝʣʝʟʠʩʪʦʩʪʴʶ, ʤʝʥʝʝ ʧʨʦʜʫʢʪʠʚʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʙʨʝʢʯʠʷʤʠ 

ʟʘʚʝʨʰʘʶʱʠʭ ʩʪʘʜʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʠʘʪʨʝʤ; ʯʝʤ ʤʝʥʴʰʝ ʚ ʧʦʧʫʣʷʮʠʷʭ TiO2, Fe2O3, ʙʦʣʴʰʝ 

ʂ2ʆ ʠ Al2O3, ʪʝʤ ʚʳʰʝ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴ ʧʦʧʫʣʷʮʠʡ (ɺʘʩʠʣʝʥʢʦ ʠ ʜʨ., 1997, ɿʠʥʯʫʢ ʠ ʜʨ., 

2004). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʪʨʫʙʦʢ ʠ ʞʠʣ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʢʠʤʙʝʨʣʠʪʦʚ, ʤʦʨʬʦʣʦʛʠʠ, ʛʨʘʥʫʣʦʤʝʪʨʠʠ ʠ ʦʢʨʘʩʢʠ ʘʣʤʘʟʦʚ 

ʧʨʦʚʝʜʝʥʘ ʜʝʪʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʞʠʣʴʥʳʭ ʪʝʣ, ʪʨʫʙʦʢ ʄʠʨ ʠ 

ʉʧʫʪʥʠʢ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʞʠʣʴʥʳʝ ʪʝʣʘ, ʪʨʫʙʢʠ ʄʠʨ ʠ ʉʧʫʪʥʠʢ ʦʪʣʠʯʘʶʪʩʷ ʧʦ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʢʘʯʝʩʪʚʫ ʘʣʤʘʟʦʚ. ʅʘʠʙʦʣʝʝ ʦʙʦʛʘʱʝʥʳ 

ʤʝʣʢʠʤʠ ʠ ʥʠʟʢʦʩʦʨʪʥʳʤʠ ʘʣʤʘʟʘʤʠ ʞʠʣʴʥʳʝ ʪʝʣʘ ʠ ʨʫʜʥʳʝ ʩʪʦʣʙʳ, ʦʪʚʝʯʘʶʱʠʝ ʧʝʨʚʳʤ 

ʬʘʟʘʤ (ʵʪʘʧʘʤ) ʚʥʝʜʨʝʥʠʷ. ʆʙʠʣʠʝ ʤʝʣʢʠʭ, ʦʢʨʘʰʝʥʥʳʭ ʠ ʥʠʟʢʦʩʦʨʪʥʳʭ ʘʣʤʘʟʦʚ ʚ ʞʠʣʘʭ ʠ 

ʪʨʫʙʢʘʭ ʨʘʥʥʝʛʦ ʵʪʘʧʘ ʚʥʝʜʨʝʥʠʷ (ʪʨʫʙʢʘ ʉʧʫʪʥʠʢ) ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʢʠʤʙʝʨʣʠʪʦʚʳʡ ʨʘʩʧʣʘʚ 

ʧʨʠ ʠʭ ʩʪʘʥʦʚʣʝʥʠʠ ʧʨʦʰʝʣ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʥʥʫʶ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ. ʕʪʦ ʩʦʟʜʘʣʦ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʩʦʭʨʘʥʥʦʩʪʠ ʘʣʤʘʟʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 

ʧʦʷʚʣʝʥʠʶ ʜʝʬʝʢʪʥʳʭ ʘʣʤʘʟʦʚ. ʈʘʟʣʠʯʠʷ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʢʦʣʠʯʝʩʪʚʘ ʦʢʨʘʰʝʥʥʳʭ ʘʣʤʘʟʦʚ, ʢʨʠʩʪʘʣʣʦʚ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʬʠʪʘ, ʪʨʝʱʠʥʦʚʘʪʳʭ ʠ 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʘʤʥʝʡ ʠʭ ʞʠʣ, ʪʨʫʙʦʢ ʄʠʨ ʠ ʉʧʫʪʥʠʢ ʷʚʣʷʶʪʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʦʡ ʧʨʠʨʦʜʥʦʡ ʨʫʜʥʦʡ ʩʠʩʪʝʤʳ (ʚʘʨʠʘʮʠʠ 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʠ ʛʘʟʦʚʦʛʦ ʩʦʩʪʘʚʦʚ, ʧʝʨʝʧʘʜʳ ʈʊ ʫʩʣʦʚʠʡ). ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʦ 

ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʳʭ 

ʪʨʫʙʦʢ ʉʇ ʧʦ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʠ ʦʧʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʘʣʤʘʟʦʚ, 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʨʘʟʣʠʯʠʡ ʚ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʨʘʟʥʳʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ 

ʢʠʤʙʝʨʣʠʪʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʟʘʣʦʞʝʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʫʶʱʠʭ ʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴʶ ʧʦʜʲʸʤʘ ʠ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʜʚʠʞʝʥʠʷ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʤʘʛʤʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʥʳʭ ʵʪʘʧʦʚ ʢʠʤʙʝʨʣʠʪʦʦʙʨʘʟʦʚʘʥʠʷ. ɺʩʝ ʦʩʥʦʚʥʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʚʢʣʶʯʝʥʠʷ ʚ ʥʠʭ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʜʠʘʪʨʝʤ, 

ʥʘʡʜʝʥʳ ʠ ʥʘ ʛʣʫʙʠʥʝ, ʧʨʠʯʝʤ ʥʝ ʦʪʤʝʯʝʥʦ ʟʦʥʘʣʴʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʩʝʥʦʣʠʪʦʚ. 

ʆʪʤʝʯʝʥʥʘʷ ʥʝʨʝʜʢʦ ʧʦʚʳʰʝʥʥʘʷ ʩʪʝʧʝʥʴ ʧʝʨʝʨʘʙʦʪʢʠ ʢʩʝʥʦʣʠʪʦʚ ʥʘ ʛʣʫʙʠʥʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʚʝʨʭʥʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ, ʩʚʷʟʘʥʘ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʢʠʤʙʝʨʣʠʪʳ ʠ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʠʭ 

ʢʩʝʥʦʣʠʪʳ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʤʦʱʥʳʭ ʟʘʣʝʞʝʡ 

ʩʦʣʝʥʦʩʥʳʭ ʪʦʣʱ ʚʦ ʚʤʝʱʘʶʱʠʭ ʢʠʤʙʝʨʣʠʪʳ ʉʇ ʢʝʤʙʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʉʨʘʚʥʠʪʝʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʨʫʧʥʦʩʪʠ, ʤʦʨʬʦʣʦʛʠʠ, ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ ʠ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ 

ʧʦʨʦʜ ʜʠʘʪʨʝʤ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʚʳʜʝʣʝʥʥʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʂɹ ʨʘʟʣʠʯʥʳʭ 

ʬʘʟ ʚʥʝʜʨʝʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʠʟʚʝʨʞʝʥʠʡ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʤʦʛʣʠ 

ʚʣʠʷʪʴ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʯʪʦ ʚʳʟʚʘʥʦ ʠʭ 

ʨʘʩʪʚʦʨʝʥʠʝʤ (ʠʥʦʛʜʘ ʜʦ ʧʦʣʥʦʛʦ ʫʥʠʯʪʦʞʝʥʠʷ) ʠ ʢʦʨʨʦʟʠʝʡ. ʇʨʠ ʦʮʝʥʢʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʝʘʣʴʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʜʠʘʪʨʝʤʘʭ 

ʠʥʪʨʫʟʠʚʥʳʭ ʠ ʵʢʩʧʣʦʟʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʠʤʙʝʨʣʠʪʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʝʥʷʶʪʩʷ ʚʦ 

ʚʨʝʤʝʥʠ. ɼʣʷ ʚʩʝʭ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʵʪʦʛʦ ʨʝʛʠʦʥʘ ʩ ʛʣʫʙʠʥʦʡ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʲʸʤ ʂɹ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʠʭ ʨʝʥʪʘʙʝʣʴʥʫʶ ʦʮʝʥʢʫ. ʈʘʟʣʠʯʥʘʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʦʙʦʛʘʱʝʥʠʷ ʧʦʨʦʜ.  
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ʇʈʀʏʀʅʓ ʆɹʈɸɿʆɺɸʅʀʗ ʀ ʀɿʄɽʅʏʀɺʆʉʊʀ ʌʆʈʄ ʂʈʀʉʊɸʃʃʆɺ 

ʆ.ʂ. ʀʚʘʥʦʚ 

ʋʨʘʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 

ʆʙʣʠʢ, ʛʘʙʠʪʫʩ ʠ ʦʛʨʘʥʢʘ ʢʨʠʩʪʘʣʣʦʚ ï ʚʘʞʥʝʡʰʠʝ ʧʘʨʘʤʝʪʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʢʨʠʩʪʘʣʣʳ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ï ʦʩʥʦʚʘ ʫʯʝʥʠʷ ʦ 

ʪʠʧʦʤʦʨʬʠʟʤʝ ʤʠʥʝʨʘʣʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʛʨʫʧʧʳ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʠʯʠʥʘʭ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʬʦʨʤ ʢʨʠʩʪʘʣʣʦʚ. ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʝʰʘʶʱʝʤ ʚʣʠʷʥʠʠ ʩʪʨʫʢʪʫʨʳ ʤʠʥʝʨʘʣʘ 

ʥʘ ʝʛʦ ʤʦʨʬʦʣʦʛʠʶ, ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʚʰʝʝʩʷ ʆ. ɹʨʘʚʝ, ʘ ʚ ʈʦʩʩʠʠ ʀ.ʀ. ʐʘʬʨʘʥʦʚʩʢʠʤ, ʩʝʡʯʘʩ 

ʦʩʪʘʚʣʝʥʦ. ʇʦ ʅ.ʅ. ʐʝʬʪʘʣʶ (1957): çɼʦ ʩʠʭ ʧʦʨ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʤʥʝʥʠʝ, ʯʪʦ 

ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʙʝʩʢʦʥʝʯʥʦ ʨʘʟʥʦʦʙʨʘʟʥʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʚ ʩʫʱʥʦʩʪʠ, ʩʣʫʯʘʡʥʳʤʠ, ʥʝ 

ʧʦʜʜʘʶʱʠʤʠʩʷ ʫʯʝʪʫ ʧʨʠʯʠʥʘʤʠ, ʢʦʨʝʥʷʱʠʤʠʩʷ ʚʦ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ ʠ ʥʝ 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʩʦʩʪʦʷʥʠʝʤ ʨʝʰʝʪʢʠ ʢʨʠʩʪʘʣʣʘè. ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʨʘʟʚʠʚʘʚʰʝʝʩʷ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʤʠʥʝʨʘʣʦʛʘʤʠ Claus, ʅ. ɺʘʨʣʘʤʦʚʳʤ, ʅ.ɿ. ɽʚʟʠʢʦʚʦʡ, ʅ.ɺ. ʇʝʪʨʦʚʩʢʦʡ, ɺ.ɺ. 

ʃʷʭʦʚʠʯʝʤ, ʀ. ʂʦʩʪʦʚʳʤ, ʄ.ɻ. ʈʫʙ ʠ ʜʨʫʛʠʤʠ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʦʨʬʦʣʦʛʠʷ ʠ ʘʥʘʪʦʤʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ: ʧʝʨʝʩʳʱʝʥʠʝʤ ʨʘʩʪʚʦʨʦʚ, ʧʝʨʝʦʭʣʘʞʜʝʥʠʝʤ ʨʘʩʧʣʘʚʦʚ ʠ ʩʢʦʨʦʩʪʴʶ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʀ. ʂʦʩʪʦʚ (1971) ʧʨʠʚʝʣ ʢʨʠʩʪʘʣʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʵʚʦʣʶʮʠʠ ʬʦʨʤ 

ʢʨʠʩʪʘʣʣʦʚ ʦʪ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 28 ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʫʯʝʙʥʠʢʝ 

ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʥʝ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʦʙʦʩʥʦʚʘʥʠʷʤʠ. ʅʘʢʦʥʝʮ, ʪʨʝʪʴʝ ʥʘʧʨʘʚʣʝʥʠʝ 

(ʇʦʚʘʨʝʥʥʳʭ, 1985 ʠ ʜʨ.) ʜʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʜʚʫʭ ʛʣʘʚʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ: ʫʩʣʦʚʠʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʳ ʤʠʥʝʨʘʣʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʥʘʤʠ ʘʥʘʣʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʦʨʤʫ ʢʨʠʩʪʘʣʣʦʚ ʧʫʪʝʤ 

ʢʦʨʨʝʣʷʮʠʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, ʜʘʚʣʝʥʠʝ, ʚʷʟʢʦʩʪʴ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʨʘʩʧʣʘʚʘ ʠ ʨʘʩʪʚʦʨʘ, ʚʣʠʷʥʠʝ ʧʨʠʤʝʩʝʡ, ʨʅ, ʘʜʩʦʨʙʮʠʠ, ʩʨʝʜʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʩʪʨʫʢʪʫʨʳ 

ʤʠʥʝʨʘʣʘ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ (ʧʝʨʝʩʳʱʝʥʠʝ ʨʘʩʪʚʦʨʦʚ, ʧʝʨʝʦʭʣʘʞʜʝʥʠʝ ʨʘʩʧʣʘʚʦʚ, 

ʩʢʦʨʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʦʭʣʘʞʜʝʥʠʷ), ʧʦʢʘʟʘʣ, ʯʪʦ ʠʤʝʥʥʦ ʢʠʥʝʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ 

ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʬʦʨʤʫ (ʦʙʣʠʢ, ʛʘʙʠʪʫʩ ʠ ʦʛʨʘʥʢʫ) ʢʨʠʩʪʘʣʣʦʚ (ʀʚʘʥʦʚ, 2016). 

ʇʨʠ ʵʪʦʤ ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʥʳʭ ʩʠʥʛʦʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʚʥʦʚʝʩʥʳʭ/ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɹʳʣʠ ʚʳʯʠʩʣʝʥʳ ʨʘʚʥʦʚʝʩʥʳʝ ʬʦʨʤʳ 

ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʬʦʨʤʝ ʧʨʦʩʪʝʡʰʠʭ ʢʨʠʩʪʘʣʣʦʚ ʜʘʥʥʦʡ ʩʠʥʛʦʥʠʠ. ʇʨʝʜʣʦʞʝʥʘ 

ʦʮʝʥʢʘ ʨʘʚʥʦʚʝʩʥʳʭ ʬʦʨʤ ʢʨʠʩʪʘʣʣʦʚ ʢʘʞʜʦʡ ʩʠʥʛʦʥʠʠ ʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʩʪʨʫʢʪʫʨʥʦ-

ʢʠʥʝʪʠʯʝʩʢʠʡ ʟʘʢʦʥ ʬʦʨʤʳ ʨʦʩʪʘ ʨʘʚʥʦʚʝʩʥʳʭ ʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

1. ʌʦʨʤʘ, ʪ.ʝ. ʦʙʣʠʢ, ʛʘʙʠʪʫʩ ʠ ʦʛʨʘʥʢʘ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ 

ʬʘʢʪʦʨʘʤʠ ï ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʢʦʨʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʧʝʨʝʩʳʱʝʥʠʝʤ, ʧʝʨʝʦʭʣʘʞʜʝʥʠʝʤ ʠʣʠ ʧʦʚʳʰʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ.  

2. ʇʨʠ ʤʝʜʣʝʥʥʦʡ ʨʘʚʥʦʚʝʩʥʦʡ ʠʣʠ ʙʣʠʟʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʩʣʘʙʳʤ ʧʝʨʝʩʳʱʝʥʠʝʤ ʠʣʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝʤ, ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʧʨʦʩʪʝʡʰʫʶ ʬʦʨʤʫ, ʠʣʠ 

ʩʣʦʞʝʥʳ ʢʦʤʙʠʥʘʮʠʝʡ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʩʪʳʭ ʬʦʨʤ ʛʨʘʥʝʡ (ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʠ ʪʨʠʢʣʠʥʥʦʡ 

ʩʠʥʛʦʥʠʷʭ). ʇʨʠ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʘ ʩʦʚʧʘʜʘʝʪ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʵ.ʷ. ʌʦʨʤʘ ʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʬʦʨʤʦʡ ʵ.ʷ., ʝʩʣʠ ʵ.ʷ. ʠʤʝʝʪ 

ʦʩʪʨʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ ʢʘʢ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ, ʤʦʥʦʢʣʠʥʥʦʡ ʠʣʠ ʪʨʠʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʷʭ. 

ɺ ʩʣʫʯʘʝ ʢʫʙʠʯʝʩʢʠʭ ʠʣʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤ ʷʯʝʝʢ ʨʘʚʥʦʚʝʩʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ 

ʬʦʨʤʫ ʜʠʧʠʨʘʤʠʜ ï ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ, ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʠʣʠ ʨʦʤʙʠʯʝʩʢʠʭ, ʠʣʠ ʪʝʪʨʘʵʜʨʦʚ 

(ʢʫʙʠʯʝʩʢʠʭ, ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʠ ʨʦʤʙʠʯʝʩʢʠʭ). ɺ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ ʨʘʚʥʦʚʝʩʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʧʨʦʩʪʝʡʰʠʝ ʬʦʨʤʳ ʚ ʚʠʜʝ ʢʫʙʘ, ʦʢʪʘʵʜʨʘ, ʪʝʪʨʘʵʜʨʘ ʠʣʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘ, 

ʦʪʨʘʞʘʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʤʦʪʠʚʦʚ ʵʪʦʡ ʩʠʥʛʦʥʠʠ. 

3. ʇʨʠ ʙʳʩʪʨʦʡ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʩʠʣʴʥʳʤ 

ʧʝʨʝʩʳʱʝʥʠʝʤ ʠʣʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʝʤ, ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ (ʦʙʣʠʢ, ʛʘʙʠʪʫʩ ʠ ʦʛʨʘʥʢʘ), ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʚʥʦʚʝʩʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, ʫʩʣʦʞʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʦʞʥʦʩʪʠ ʠʭ 

ʩʪʨʫʢʪʫʨ (ʩʠʥʛʦʥʠʡ). ʌʦʨʤʘ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʣʠʷʥʠʷ ʩʨʝʜʳ ʠʣʠ 



64 

 

ʘʜʩʦʨʙʮʠʠ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ ʢʨʠʩʪʘʣʣʘ (ʩʠʥʛʦʥʠʝʡ) ʠ ʩʢʦʨʦʩʪʴʶ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʩʪʝʧʝʥʠ ʧʝʨʝʩʳʱʝʥʠʷ ʠʣʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ. 

ɺ ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ ʨʘʚʥʦʚʝʩʥʳʝ ʢʨʠʩʪʘʣʣʳ ï ʢʫʙʳ, ʪʝʪʨʘʵʜʨʳ, ʦʢʪʘʵʜʨʳ ʠ 

ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʳ ï ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʫʩʣʦʞʥʷʶʪʩʷ ʟʘ ʩʯʝʪ ʫʜʚʦʝʥʠʷ, 

ʫʪʨʦʝʥʠʷ, ʫʯʝʪʚʝʨʝʥʠʷ ʠ ʫʰʝʩʪʝʨʝʥʠʷ ʧʨʦʩʪʝʡʰʠʭ ʛʨʘʥʝʡ, ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʫʜʣʠʥʝʥʠʝ ʧʦ 

ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʦʩʷʤ, ʟʘʪʝʤ ʦʙʨʘʟʫʶʪ ʩʢʝʣʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. 

ɺ ʢʨʠʩʪʘʣʣʘʭ ʩʨʝʜʥʠʭ ʩʠʥʛʦʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʫʜʣʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʦ ʦʩʠ ʩ, 

ʧʦʷʚʣʷʶʪʩʷ ʛʨʘʥʠ ʧʨʠʟʤʳ (ʠʣʠ ʩʢʘʣʝʥʦʵʜʨʦʚ ʠ ʦʩʪʨʳʭ ʨʦʤʙʦʵʜʨʦʚ ʚ ʪʨʠʛʦʥʘʣʴʥʦʡ 

ʩʠʥʛʦʥʠʠ), ʢʦʪʦʨʳʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʫʜʣʠʥʷʶʪʩʷ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʛʨʘʥʝʡ ʧʠʨʘʤʠʜ, ʧʨʠʟʤ ʠ ʨʦʤʙʦʵʜʨʦʚ, ʘ ʟʘʪʝʤ ʦʙʨʘʟʫʶʪ 

ʠʛʦʣʴʯʘʪʳʝ ʠ ʩʢʝʣʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. 

ɺ ʢʨʠʩʪʘʣʣʘʭ ʥʠʟʰʝʡ ʩʠʥʛʦʥʠʠ ï ʨʦʤʙʠʯʝʩʢʦʡ, ʤʦʥʦʢʣʠʥʥʦʡ ʠ ʪʨʠʢʣʠʥʥʦʡ ï ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʷʚʣʷʶʪʩʷ ʛʨʘʥʠ ʧʨʠʟʤ ʠʣʠ ʤʦʥʦʵʜʨʦʚ, ʢʦʪʦʨʳʝ 

ʩʠʥʭʨʦʥʥʦ ʩ ʫʩʣʦʞʥʝʥʠʝʤ ʦʛʨʘʥʢʠ ʫʜʣʠʥʷʶʪʩʷ ʚ ʦʜʥʦʤ ʠʣʠ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʧʨʠʦʙʨʝʪʘʷ 

ʩʪʦʣʙʯʘʪʳʡ ʠʣʠ ʜʦʱʘʪʳʡ, ʘ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ï ʩʢʝʣʝʪʥʳʡ ʦʙʣʠʢ.  

4. ɺ ʮʝʣʦʤ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʛʝʥʦʪʠʧ, ʘ 

ʬʦʨʤʫ ʢʘʢ ʬʝʥʦʪʠʧ, ʪʦ ʝʩʪʴ ʢʘʢ ʨʝʘʢʮʠʶ ʦʛʨʘʥʢʠ ʢʨʠʩʪʘʣʣʘ ʥʘ ʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ.  

ɺʘʞʥʝʡʰʠʤʠ ʩʣʝʜʩʪʚʠʷʤʠ ̫ ʚʣʷʶʪʩʷ: 

1. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ɻʠʙʙʩʘ ʠ ʂʶʨʠ, ʘ ʪʘʢʞʝ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʬʦʨʤʳ ʨʘʚʥʦʚʝʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩʦʚʝʨʰʝʥʥʦ ʦʰʠʙʦʯʝʥ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʝ 

ʫʯʠʪʳʚʘʣʠ ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʘ. 

2. ʇʦ ʘʥʦʤʘʣʴʥʦʡ ʪʘʙʣʠʪʯʘʪʦʡ ʠ ʧʣʘʩʪʠʥʯʘʪʦʡ ʬʦʨʤʝ ʢʨʠʩʪʘʣʣʦʚ, ʝʩʣʠ ʦʥʘ ʥʝ 

ʦʙʫʩʣʦʚʣʝʥʘ ʜʚʦʡʥʠʢʦʚʘʥʠʝʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʚʣʠʷʥʠʝ ʘʜʩʦʨʙʮʠʠʠ. ʏʘʱʝ ʚʩʝʛʦ 

ʘʜʩʦʨʙʮʠʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʩʦ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

3. ʌʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʥʷʪʳʝ ʧʦ ʧʨʠʥʮʠʧʫ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʨʠʛʦʥʘʣʴʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʠ ʦʢʩʠʜʦʚ, ʥʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʘʥʘʣʠʟʦʤ ʭʘʨʘʢʪʝʨʘ ʵʚʦʣʶʮʠʠ ʬʦʨʤ ʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʭʘʨʘʢʪʝʨʦʤ ʩʧʘʡʥʦʩʪʠ ʠ 

ʬʦʨʤʦʡ ʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʆʥʠ ʥʘʠʙʦʣʝʝ ʦʰʠʙʦʯʥʳ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ʪʨʠʛʦʥʘʣʴʥʦʡ 

ʩʠʥʛʦʥʠʠ. 

4. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʬʦʨʤʫ ʢʨʠʩʪʘʣʣʦʚ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʫʯʝʥʠʷ çʊʠʧʦʤʦʨʬʠʟʤ ʤʠʥʝʨʘʣʦʚè. 

5. ɺʳʚʦʜʳ ʦ ʬʦʨʤʝ ʤʥʦʛʠʭ ʨʘʚʥʦʚʝʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʢʘ ʥʝ ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ 

ʧʨʠʨʦʜʝ ʠʣʠ ʥʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʦʣʠʚʠʥ, ʙʝʨʠʣʣ, ʪʫʨʤʘʣʠʥ, ʪʦʧʘʟ ʠ ʜʨ.), 

ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨʢʠ ʠ ʜʠʩʢʨʝʜʠʪʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʥʘʤʠ ʤʝʪʦʜʦʚ ʠ ʚʳʚʦʜʦʚ. 

6. ɼʘʣʴʥʝʡʰʠʝ ʫʩʧʝʭʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʯʠʥ ʠʟʤʝʥʯʠʚʦʩʪʠ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ ʣʝʞʘʪ 

ʚ ʦʙʣʘʩʪʠ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʠʣʠ ʫʪʦʯʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ 

ʢʨʠʩʪʘʣʣʘ. 
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ʂʦʤʘʨʦʚʳʤ ʜʣʷ ʥʘʛʣʷʜʥʦʡ ʜʝʤʦʥʩʪʨʘʮʠʠ ʤʠʥʝʨʘʣʴʥʳʭ ʙʦʛʘʪʩʪʚ ʠ ʨʝʩʫʨʩʦʚ ɺʦʩʪʦʯʥʦʡ 

ʉʠʙʠʨʠ ʠ ʄʦʥʛʦʣʠʠ, ʢʦʪʦʨʳʝ ʦʪʢʨʳʚʘʣʠ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʩʦʪʨʫʜʥʠʢʠ ʠʥʩʪʠʪʫʪʘ. ɿʘ 20 ʣʝʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʫʟʝʡ ʨʘʩʰʠʨʠʣ ʩʚʦʠ ʚʳʩʪʘʚʦʯʥʳʝ ʧʣʦʱʘʜʠ, ʠʟʤʝʥʠʣ ʦʙʱʫʶ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʦʙʥʦʚʠʣ ʠ ʨʘʩʰʠʨʠʣ ʪʝʤʘʪʠʢʫ ʵʢʩʧʦʟʠʮʠʡ. ɺ ʤʫʟʝʡʥʳʭ ʵʢʩʧʦʟʠʮʠʷʭ 

ʦʪʨʘʞʝʥʳ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʚ 

ʮʝʣʦʤ, ʥʦ ʠ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʙʦʣʴʰʠʥʩʪʚʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʪʝʤʘʪʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʡ ʨʘʟʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 

ʉʨʝʜʠ ʥʠʭ ʨʘʟʥʳʝ ʛʝʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʪʠʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʢʠʤʙʝʨʣʠʪʳ, ʟʦʣʦʪʦ-ʨʫʜʥʳʝ, 

ʦʣʦʚʦʥʦʩʥʳʝ, ʚʦʣʴʬʨʘʤʠʪʦʚʳʝ ʠ ʤʦʣʠʙʜʝʥʠʪʦʚʳʝ ʨʫʜʳ); ʬʦʨʤʘʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ 

(ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʠ ʦʩʥʦʚʥʳʝ, ʱʝʣʦʯʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʬʦʨʤʘʮʠʠ, ʧʝʛʤʘʪʠʪʳ, 

ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ); ʦʪʜʝʣʴʥʳʝ ʫʥʠʢʘʣʴʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ 

(ʊʘʞʝʨʘʥʩʢʠʡ ʠ ʄʫʨʫʥʩʢʠʡ ʤʘʩʩʠʚʳ, ʄʘʣʭʘʥʩʢʦʝ ʧʝʛʤʘʪʠʪʦʚʦʝ ʧʦʣʝ, ʥʝʬʨʠʪʳ ɺʦʩʪʦʯʥʦʡ 

ʉʠʙʠʨʠ, ʤʠʥʝʨʘʣʳ ɹʦʣʛʘʨʠʠ); ʠʥʪʝʨʝʩʥʳʝ ʛʦʨʥʦ-ʨʫʜʥʳʝ ʨʘʡʦʥʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ï 

ʉʣʶʜʷʥʩʢʠʡ ʛʦʨʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ. 

ɺ ʤʫʟʝʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʢʦʣʣʝʢʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ ʨʘʟʣʠʯʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʉʣʶʜʷʥʩʢʦʛʦ ʛʦʨʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʖʞʥʦʝ 

ʇʨʠʙʘʡʢʘʣʴʝ), ʚʩʝʤʠʨʥʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʠ ʟʘʩʣʫʞʝʥʥʫʶ ʩʣʘʚʫ ʢʦʪʦʨʦʤʫ ï çʧʨʠʨʦʜʥʦʤʫ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʤʫʟʝʶè ï ʉʣʶʜʷʥʢʝ, ʧʨʠʥʝʩʣʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʣʘʟʫʨʠʪʘ ʠ 

ʬʣʦʛʦʧʠʪʘ, ʘ ʧʦʟʞʝ ï ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʩ ʚʦʣʣʘʩʪʦʥʠʪʦʤ, ʜʠʦʧʩʠʜʦʤ, 

ʘʤʘʟʦʥʠʪʦʤ, ʨʘʟʣʠʯʥʳʝ ʤʨʘʤʦʨʘ, ʧʝʛʤʘʪʠʪʳ ʠ ʤʘʨʛʘʥʮʝʚʳʝ ʧʦʨʦʜʳ. ʉʣʶʜʷʥʩʢʠʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʙʦʣʝʝ ʜʚʫʭ ʩʪʦʣʝʪʠʡ ʩʣʫʞʠʪ ʥʘʫʯʥʳʤ ʧʦʣʠʛʦʥʦʤ ʜʣʷ ʧʝʪʨʦʣʦʛʦʚ, 

ʤʠʥʝʨʘʣʦʛʦʚ ʠ ʛʝʦʭʠʤʠʢʦʚ. ʉʦʚʝʨʰʝʥʥʳʝ ʬʦʨʤʳ ʠ ʫʥʠʢʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ 

ʤʠʥʝʨʘʣʦʚ ʜʘʶʪ ʨʝʜʢʦʩʪʥʳʡ ʥʘʫʯʥʳʡ, ʤʫʟʝʡʥʳʡ ʠ ʢʦʣʣʝʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ. ɺʩʝ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʵʢʩʧʦʟʠʮʠʠ ʤʫʟʝʷ 

(ʀʚʘʥʦʚʘ, ʈʝʟʥʠʮʢʠʡ, 2015). ʂʦʣʣʝʢʮʠʷ ʜʦʧʦʣʥʝʥʘ ʫʥʠʢʘʣʴʥʳʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ 

(ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʧʨʦʜʫʢʮʠʷ ʠʟ ʚʦʣʣʘʩʪʦʥʠʪ-ʜʠʦʧʩʠʜʦʚʦʛʦ ʩʳʨʴʷ) ʠ 17-ʶ ʥʦʚʳʤʠ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʠʜʘʤʠ, ʦʪʢʨʳʪʳʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠʥʩʪʠʪʫʪʘ.  

ʇʦʨʦʜʳ ʱʝʣʦʯʥʳʭ ʬʦʨʤʘʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʨʘʟʮʘʤʠ ʨʘʟʣʠʯʥʳʭ ʱʝʣʦʯʥʳʭ 

ʤʘʩʩʠʚʦʚ  ʉʠʙʠʨʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʄʫʨʫʥʩʢʠʡ ʤʘʩʩʠʚ ʥʘ ɿʘʧʘʜʥʦʤ ɸʣʜʘʥʝ ï ʦʜʠʥ ʠʟ 

ʫʥʠʢʘʣʴʥʳʭ ʱʝʣʦʯʥʳʭ ʤʘʩʩʠʚʦʚ ʤʠʨʘ. ɿʜʝʩʴ ʧʦʤʠʤʦ ʦʙʳʯʥʳʭ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʦʪʤʝʯʘʝʪʩʷ 

ʨʷʜ ʫʥʠʢʘʣʴʥʳʭ, ʢʦʪʦʨʳʭ ʥʝʪ ʙʦʣʝʝ ʥʠʛʜʝ ʚ ʤʠʨʝ: ʩʪʦʨʦʥʮʠʡ-ʙʘʨʠʝʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ, 

ʷʢʫʪʠʪʳ ʠʣʠ ʢʘʣʴʩʠʣʠʪ-ʧʠʨʦʢʩʝʥʦʚʳʝ ʧʦʨʦʜʳ, ʪʦʨʛʦʣʠʪʳ ï ʢʘʣʴʮʠʪ-ʢʚʘʨʮʝʚʳʝ ʧʦʨʦʜʳ ʩ 

ʟʘʛʘʜʦʯʥʳʤ ʛʝʥʝʟʠʩʦʤ ʠ ʢʘʨʠʪʳ ï ʱʝʣʦʯʥʳʝ ʛʨʘʥʠʪʦʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʙʦʣʝʝ 90% 

ʢʨʝʤʥʝʟʝʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʟʜʝʩʴ ʨʘʟʚʠʪʳ ʫʥʠʢʘʣʴʥʳʝ ʯʘʨʦʠʪʦʚʳʝ ʧʦʨʦʜʳ. ʅʘ ʤʘʩʩʠʚʝ 

ʚʳʷʚʣʝʥʦ ʫʞʝ ʦʢʦʣʦ 200 ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʧʨʦʜʦʣʞʘʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ɺ ʵʢʩʧʦʟʠʮʠʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʘʷ ʢʦʣʣʝʢʮʠʷ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ 

ʵʪʦʛʦ ʤʘʩʩʠʚʘ. ɺʳʩʪʘʚʣʝʥʳ ʵʢʟʦʪʠʯʝʩʢʠʝ ʙʘʨʠʪ-ʢʘʣʴʮʠʪ-ʵʛʠʨʠʥʦʚʳʝ ʧʦʨʦʜʳ ʠ ʰʪʫʬ 

ʠʥʪʨʫʟʠʚʥʦʛʦ ʢʘʨʠʪʘ. ʂʦʣʣʝʢʮʠʷ ʜʦʧʦʣʥʝʥʘ ʦʙʨʘʟʮʘʤʠ ʪʦʣʴʢʦ ʟʜʝʩʴ ʥʘʡʜʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʜʘʚʘʥʠʪʘ ʠ ʜʠʘʥʠʪʘ (çʛʦʣʫʙʦʛʦ ʥʝʬʨʠʪʘè), ʘ ʪʘʢʞʝ ʥʦʚʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʠʜʘʤʠ, 

ʦʪʢʨʳʪʳʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠʥʩʪʠʪʫʪʘ. ʕʪʦ ʪʨʠ ʥʦʚʳʭ ʤʠʥʝʨʘʣʘ: ʦʜʠʥʮʦʚʠʪ, ʪʘʫʩʦʥʠʪ ʠ 

ʦʣʝʢʤʠʥʩʢʠʪ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʚ ʵʢʩʧʦʟʠʮʠʠ. ʕʢʩʧʦʥʠʨʫʝʪʩʷ ʢʦʣʣʝʢʮʠʷ ʯʘʨʦʠʪʘ. 

ʆʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʙʨʘʟʮʘʤʠ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʩʪʨʫʢʪʫʨ ʠ ʪʝʢʩʪʫʨ, ʩ 

ʰʠʨʦʢʦʡ ʮʚʝʪʦʚʦʡ ʛʘʤʤʦʡ ʦʪ ʶʚʝʣʠʨʥʳʭ ʛʫʩʪʦ-ʦʢʨʘʰʝʥʥʳʭ ʚ ʬʠʦʣʝʪʦʚʳʝ, ʬʠʦʣʝʪʦʚʦ-

ʩʠʨʝʥʝʚʳʝ ʮʚʝʪʘ ʠ ʦʪʪʝʥʢʠ ʜʦ ʧʦʯʪʠ ʙʝʩʮʚʝʪʥʳʭ ʨʘʟʥʦʩʪʝʡ. ɼʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 
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ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʯʘʨʦʠʪʠʪʦʚ (ʧʦʨʦʜ ʩʦʜʝʨʞʘʱʠʭ ʯʘʨʦʠʪ) ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʚʘʨʮʝʤ, 

ʧʦʣʫʧʨʦʟʨʘʯʥʳʤ ʬʨʘʥʢʘʤʝʥʠʪʦʤ, ʢʨʫʧʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʪʦʢʢʦʠʪʘ, ʣʫʯʠʩʪʳʤʠ ʪʠʥʘʢʩʠʪʘ, 

ʨʦʟʝʪʢʘʤʠ ʵʛʠʨʠʥʘ ʠ ʵʛʠʨʠʥʦʚʳʤʠ çʩʦʣʥʮʘʤʠè. ɺʩʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʚ ʤʠʨʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʯʘʨʦʠʪʘ ʉʠʨʝʥʝʚʳʡ ʂʘʤʝʥʴ ʄʫʨʫʥʩʢʦʛʦ ʱʝʣʦʯʥʦʛʦ ʤʘʩʩʠʚʘ. 

ʂʦʣʣʝʢʮʠʦʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʙʨʘʟʮʳ ʊʘʞʝʨʘʥʩʢʦʛʦ ʱʝʣʦʯʥʦʛʦ ʤʘʩʩʠʚʘ, 

ʛʜʝ ʥʘ ʧʣʦʱʘʜʠ ʚ 1 ʢʚ. ʢʤ ʤʦʞʥʦ ʥʘʡʪʠ ʦʢʦʣʦ 150 ʤʠʥʝʨʘʣʦʚ. ɺ ʤʫʟʝʝ ʵʢʩʧʦʥʠʨʫʶʪʩʷ ʰʪʫʬʳ 

ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ, ʬʦʡʷʠʪʦʚ, ʫʨʪʠʪʦʚ, ʩʢʘʨʥʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʜʠʦʧʩʠʜ-ʤʦʥʪʠʯʝʣʣʠʪʦʚʳʡ, ʪʠʪʘʥʬʝʨʨʦʬʘʩʩʘʠʪʦʚʳʡ, ʘ ʪʘʢʞʝ ʩʢʘʨʥʳ ʩ ʥʦʚʳʤʠ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʠʜʘʤʠ: ʪʘʞʝʨʘʥʠʪʦʤ ʠ ʘʟʦʧʨʦʠʪʦʤ, ʦʪʢʨʳʪʳʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠʥʩʪʠʪʫʪʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʘʟʦʧʨʦʠʪʦʚʳʡ ʩʢʘʨʥ ʠ ʰʧʠʥʝʣʴ-ʬʦʨʩʪʝʨʠʪʦʚʳʡ ʩʢʘʨʥ ʩ ʪʘʞʝʨʘʥʠʪʦʤ ʠ 

ʛʝʡʢʝʣʠʪʦʤ. ʀʥʪʝʨʝʩ ʚʳʟʳʚʘʶʪ ʰʪʫʬʳ ʪʘʞʝʨʘʥʩʢʦʛʦ ʛʦʣʫʙʦʛʦ ʜʠʦʧʩʠʜʘ ʠ ʨʦʟʦʚʦʛʦ 

ʢʣʠʥʦʮʦʠʟʠʪʘ ï ʪʫʣʠʪʘ. 

ɺ ʜʚʫʭ ʤʫʟʝʡʥʳʭ ʟʘʣʘʭ ʵʢʩʧʦʥʠʨʫʶʪʩʷ ʦʙʨʘʟʮʳ ʢʠʤʙʝʨʣʠʪʦʚ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ 

ʧʨʦʚʠʥʮʠʠ (ʗɸʇ). ɺ  ʢʦʣʣʝʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ  ʚʩʝ ʦʩʥʦʚʥʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ 

ʧʦʣʷ ʗʢʫʪʠʠ, ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʦ ʘʣʤʘʟʦʥʦʩʥʳʝ, ʪʘʢ ʠ ʥʝʧʨʦʜʫʢʪʠʚʥʳʝ (ʀʚʘʥʦʚʘ ʠ ʜʨ., 2013).  

ʇʨʦʤʳʰʣʝʥʥʦ ʘʣʤʘʟʦʥʦʩʥʳʝ ʧʦʣʷ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʦʙʨʘʟʮʘʤʠ ʠʟ ʪʘʢʠʭ ʠʟʚʝʩʪʥʳʭ ʪʨʫʙʦʢ, 

ʢʘʢ ʄʠʨ, ʉʧʫʪʥʠʢ, ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ, ʠʤ. XXIII  ʩʲʝʟʜʘ (ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʝ ʧʦʣʝ); ʪʨʫʙʦʢ 

ʋʜʘʯʥʘʷ, ɿʘʨʥʠʮʘ, ɼʘʣʴʥʷʷ (ɼʘʣʜʳʥʩʢʦʝ ʢʠʤʙʝʨʣʠʪʦʚʦʝ ʧʦʣʝ); ʉʳʪʳʢʘʥʩʢʘʷ, ɸʡʭʘʣ, 

ʖʙʠʣʝʡʥʘʷ, ʂʦʤʩʦʤʦʣʴʩʢʘʷ (ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʝ ʧʦʣʝ); ʅʶʨʙʠʥʩʢʘʷ, ɹʦʪʫʦʙʠʥʩʢʘʷ 

(ʅʘʢʳʥʩʢʦʝ ʧʦʣʝ); ɿʘʧʦʣʷʨʥʘʷ, ʂʦʤʩʦʤʦʣʴʩʢʘʷ ʄʘʛʥʠʪʥʘʷ, ʅʦʚʠʥʢʘ (ɺʝʨʭʥʝ-ʄʫʥʩʢʦʝ ʧʦʣʝ). 

ʄʥʦʛʠʝ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʦʙʨʘʟʮʘʭ ʤʫʟʝʷ,  ʫʥʠʢʘʣʴʥʳ ʚ ʤʠʨʦʚʦʤ 

ʤʘʩʰʪʘʙʝ. ʊʘʢ, ʪʨʫʙʢʘ ʖʙʠʣʝʡʥʘʷ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʪʝʣʦʤ: ʜʠʘʤʝʪʨ 

ʝʝ ʜʠʘʪʨʝʤʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʦʩʪʘʚʣʷʣ ʙʦʣʝʝ 1600 ʤʝʪʨʦʚ. ʊʨʫʙʢʠ ʂʦʤʩʦʤʦʣʴʩʢʘʷ ʠ 

ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʘʣʤʘʟʘʤʠ ʥʘʠʚʳʩʰʝʛʦ ʢʘʯʝʩʪʚʘ, ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ ʠ 

ɹʦʪʫʦʙʠʥʩʢʘʷ ʦʪʣʠʯʘʶʪʩʷ ʩʘʤʳʤ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʤʘʟʦʚ. ʄʥʦʛʠʝ ʠʟ ʫʢʘʟʘʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʘʢ ʦʪʢʨʳʪʳʤ, ʪʘʢ ʠ ʧʦʜʟʝʤʥʳʤ 

ʩʧʦʩʦʙʦʤ (ʄʠʨ, ʋʜʘʯʥʦʝ, ɸʡʭʘʣ, ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʦʝ, ʂʦʤʩʦʤʦʣʴʩʢʦʝ, ʅʶʨʙʠʥʩʢʦʝ, 

ʖʙʠʣʝʡʥʦʝ). ʅʝʢʦʪʦʨʳʝ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʞʝ ʦʪʨʘʙʦʪʘʥʳ (ʉʳʪʳʢʘʥʩʢʦʝ, ʠʤ. XXIII  ʩʲʝʟʜʘ, 

ɼʘʯʥʦʝ), ʯʪʦ ʟʥʘʯʠʤʦ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʫʯʥʫʶ ʮʝʥʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟ ʪʘʢʠʭ ʪʨʫʙʦʢ. ʄʫʟʝʡʥʘʷ 

ʢʦʣʣʝʢʮʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠʝ ʦʙʨʘʟʮʳ ʠʟ ʜʠʘʪʨʝʤ 

ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʥʝʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʣʝʡ ʗɸʇ ï ʕʙʝʣʷʭʩʢʦʛʦ, ɸʨʳ-ʄʘʩʪʘʭʩʢʦʛʦ, 

ʂʫʨʘʥʘʭʩʢʦʛʦ, ʏʦʤʫʨʜʘʭʩʢʦʛʦ, ʊʦʣʫʦʧʩʢʦʛʦ. ʂʨʦʤʝ ʗɸʇ ʚ ʤʫʟʝʡʥʦʡ ʵʢʩʧʦʟʠʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʨʘʟʮʳ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ, 

ʠʟ ʘʣʤʘʟʦʥʦʩʥʳʭ ʠ ʥʝʘʣʤʘʟʦʥʦʩʥʳʭ ʣʘʤʧʨʦʠʪʦʚ ɸʚʩʪʨʘʣʠʠ (ʪʨʫʙʢʠ ʧʦʣʷ ʕʣʣʝʥʜʝʡʣ, ʪʨʫʙʢʘ 

ɸʨʛʘʡʣ), ʥʝʢʦʪʦʨʳʭ ɹʨʘʟʠʣʴʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ. 

ʏʘʩʪʴ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʢʦʣʣʝʢʮʠʠ ʵʢʩʧʦʥʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʤʫʟʝʡʥʦʤ ʟʘʣʝ. ɿʜʝʩʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʨʘʟʮʳ ʠʟ 33 ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ, ʵʢʩʧʦʥʠʨʫʝʤʳʭ ʚ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ 

ʧʦʨʷʜʢʝ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʡ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɿʘʨʥʠʮʘ, ʦʪʢʨʳʪʦʡ 21 

ʘʚʛʫʩʪʘ 1954 ʛʦʜʘ ʃʘʨʠʩʦʡ ɸʥʘʪʦʣʴʝʚʥʦʡ ʇʦʧʫʛʘʝʚʦʡ.  

ʆʩʥʦʚʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʱʝʡ ʤʫʟʝʡʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ï ʀʥʩʪʠʪʫʪ ʠʟ ʧʨʦʰʣʦʛʦ (1949) ï ʚ 

ʙʫʜʫʱʝʝé ʎʝʣʴ ʜʝʷʪʝʣʴʥʦʩʪʠ ʄʫʟʝʷ: ʩʦʭʨʘʥʝʥʠʝ ʠʩʪʦʨʠʢʦ-ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʦʛʦ ʥʘʩʣʝʜʠʷ 

ʜʣʷ ʙʫʜʫʱʝʛʦ, ʧʦʪʦʤʢʦʚ, ʠ ʦʪʢʨʳʪʠʝ ʵʪʦʛʦ ʥʘʩʣʝʜʠʷ ʜʣʷ ʥʘʩʪʦʷʱʝʛʦ, ʩʦʚʨʝʤʝʥʥʠʢʦʚ. ʉ  2009 

ʛʦʜʘ ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʥʦʩʠʪ  ʥʘʟʚʘʥʠʝ ʄʫʟʝʡ ʀʥʩʪʠʪʫʪʘ ʟʝʤʥʦʡ ʢʦʨʳ.  
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ʅʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʚ ʥʠʞʥʝ-ʤʘʥʪʠʡʥʳʭ ʘʣʤʘʟʘʭ ʠʟ ʨʘʡʦʥʘ ɼʞʫʠʥʘ ʚ ɹʨʘʟʠʣʠʠ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʩʝʨʠʷ ʢʘʨʙʠʜʦʚ ʞʝʣʝʟʘ Fe3C, Fe2C, Fe7C3 ʠ Fe23C6 (ʭʘʢʩʦʥʠʪ), ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ 

ʩʘʤʦʨʦʜʥʳʤ ʞʝʣʝʟʦʤ ʠ ʛʨʘʬʠʪʦʤ ʠ ʩʦʜʝʨʞʘʱʠʭ ʜʦ 7.3-9.1 ʘʪ.% N (N/(N+C) = 0.19-0.27) 

(Kaminsky and Wirth, 2011). ɺʧʦʩʣʝʜʩʪʚʠʠ ʥʠʪʨʦʢʘʨʙʠʜʳ ʠ ʢʘʨʙʦʥʠʪʨʠʜʳ Fe3(C,N) ʠ 

Fe9(C,N)4 (ʥʠʪʨʦʷʨʣʦʥʛʠʪ), ʩʦʜʝʨʞʘʱʠʝ 12.8-18.42 ʘʪ.% N (N/(N+C) = 0.37-0.60) ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʚ ʥʠʞʥʝ-ʤʘʥʪʠʡʥʦʤ ʤʠʢʨʦʢʩʝʥʦʣʠʪʝ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʬʝʨʨʦʧʝʨʠʢʣʘʟʦʤ ʠ ʜʚʫʤʷ 

ʧʦʩʪ-ʰʧʠʥʝʣʝʚʳʤʠ ʦʢʩʠʜʘʤʠ Mg-Cr-Fe (ʉʊ-ʬʘʟʘ; Mg-xieite) ʠ Ca-Cr (ʥʦʚʳʡ ʤʠʥʝʨʘʣ), 

ʠʤʝʶʱʠʤʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ (Kaminsky et al., 2015). 

ʅʝʜʘʚʥʦ ʥʘʤʠ ʩʨʝʜʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʘʭ ɼʞʫʠʥʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʯʠʩʪʳʝ 

ʥʠʪʨʠʜʳ Fe3N ʩ ʪʨʠʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ P312 ʠ Fe2N ʩ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ Pbcn, 

ʠʤʝʶʱʠʝ ʧʨʠʤʝʩʠ Cr (0.68-1.8 ʘʪ.%), Ni (0.35-0.93 ʘʪ.%) and Mn (0-1.22 ʘʪ.%). ʆʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʧʨʠʤʝʩʴ ʚ Fe2N 5.1-7.6 ʘʪ.% Si. ɺ ʘʩʩʦʮʠʘʮʠʠ ʩ ʥʠʤʠ ʥʘʭʦʜʷʪʩʷ 

ʥʠʪʨʦʷʨʣʦʥʛʠʪ Fe9(N0.8C0.2)4 ʠ ʢʘʙʠʜ Fe7C3, ʩʦʜʝʨʞʘʱʠʡ ʥʘʥʦʢʨʠʩʪʘʣʣʠʪʳ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ 

ʧʦʣʠʪʧʘ 6ʅ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ, ʤʫʘʩʩʘʥʠʪʘ SiC. Fe7C3 ʥʘʠʙʦʣʝʝ ʚʘʞʝʥ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʠʩʪʝʤʝ 

Fe-C ʦʥ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʧʝʨʚʳʤ ʩʦʚʤʝʩʪʥʦ ʩ ʘʣʤʘʟʦʤ ʧʨʠ ʜʘʚʣʝʥʠʷʭ, ʥʘʯʠʥʘʷ ʩʦ 130 ɻʇʘ, 

ʪ.ʝ. ʚ ʩʘʤʳʭ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʥʠʞʥʝʡ ʤʘʥʪʠʠ, ʚ ʩʣʦʝ D". ɸʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʥʠʤ ʩʘʤʦʨʦʜʥʦʝ 

ʞʝʣʝʟʦ, ʩʝʨʠʷ ʢʘʨʙʠʜʦʚ-ʢʘʨʙʦʥʠʪʨʠʜʦʚ-ʥʠʪʨʦʢʨʙʠʜʦʚ-ʥʠʪʨʠʜʦʚ ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ, 

ʚʢʣʶʯʘʷ SiC, ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʫʧʣʝʥʠʷ ʠʟ ʚʥʝʰʥʝʛʦ ʷʜʨʘ ʚ ʥʠʞʥʠʝ ʩʣʦʠ ʤʘʥʠʠ 

ʞʝʣʝʟʠʩʪʦʛʦ ʨʘʩʧʣʘʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʦ 10% ʣʸʛʢʠʭ ʵʣʝʤʝʥʪʦʚ (C, N, O, Si). 

ʆʙʥʘʨʫʞʝʥʠʝ ʥʠʪʨʠʜʦʚ ʚ ʥʠʞʥʝʡ ʤʘʥʪʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʠʚʘʪʴ ʷʜʨʦ ɿʝʤʣʠ ʠ ʥʠʞʥʶ 

ʤʘʥʪʠʶ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʘʟʦʪʘ, ʜʝʬʠʮʠʪ ʢʦʪʦʨʦʛʦ ʚ ʦʙʱʝʤ ʙʘʣʘʥʩʝ ɿʝʤʣʠ 

ʦʩʪʘʚʘʣʩʷ ʟʘʛʘʜʦʯʥʳʤ. ʈʘʩʯʸʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʱʘʷ ʤʘʩʩʘ ʘʟʦʪʘ ʚ ʷʜʨʝ ʩʦʩʪʘʚʣʷʝʪ 9,705 Ĭ 

1021 ʛʨʘʤʤ, ʘ ʚ ʤʘʥʪʠʠ ~500 Ĭ 1021 ʛʨʘʤʤ (95 % ʠ 4.9 % ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʝʤʥʦʛʦ ʘʟʦʪʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʠ ʩʨʝʜʥʝʤ ʩʦʜʝʨʞʘʥʠʠ ʘʟʦʪʘ ʚ ɿʝʤʣʝ ~1,710 ppm. ʕʪʘ ʚʝʣʠʯʠʥʘ ʙʣʠʟʢʘ ʢ 

ʩʨʝʜʥʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʘʟʦʪʘ ʚ ʭʦʥʜʨʠʪʘʭ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ɽ.ɺ. ʂʘʥʝʚʘ
1
, ɸ.ʅ. ʉʘʧʦʞʥʠʢʦʚ

1
 

 
                                         

1 ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ. kev604@mail.ru, 
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ʌʝʣʴʜʰʧʘʪʦʠʜʳ ʢʘʥʢʨʠʥʠʪ-ʩʦʜʘʣʠʪʦʚʦʡ ʛʨʫʧʧʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʤʠʥʝʨʘʣʳ, ʠʤʝʶʱʠʝ 

ʩʪʨʫʢʪʫʨʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʩʣʦʷʤʠ ʰʝʩʪʠʯʣʝʥʥʳʭ ʢʦʣʝʮ ʪʝʪʨʘʵʜʨʦʚ [SiO4] ʠ [AlO4], 

ʫʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʩʠ ʩ. ʉʣʦʠ ʫʢʣʘʜʳʚʘʶʪʩʷ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ, 

ʦʩʥʦʚʘʥʥʦʡ ʥʘ ABC-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʈʘʟʣʠʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʢʣʘʜʢʠ ʩʣʦʝʚ ʠʟ 

ʰʝʩʪʠʯʣʝʥʥʳʭ ʢʦʣʝʮ ʪʝʪʨʘʵʜʨʦʚ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʧʦʣʦʩʪʝʡ (ʚ 

ʧʦʨʷʜʢʝ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ): ʢʘʥʢʨʠʥʠʪʦʚʘʷ, ʩʦʜʘʣʠʪʦʚʘʷ, ʧʦʣʦʩʪʴ ʪʠʧʘ losod, ʣʠʦʪʪʠʪʦʚʘʷ ʠ 

ʜʞʫʟʝʧʧʝʪʠʪʦʚʘʷ. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʢʘʥʢʨʠʥʠʪ-ʩʦʜʘʣʠʪʦʚʦʡ 

ʛʨʫʧʧʳ ʠʟ ʄʘʣʦʙʳʩʪʨʠʥʩʢʦʛʦ ʠ ʊʫʣʪʫʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʖʛʦ-

ɿʘʧʘʜʥʦʤ ʇʨʠʙʘʡʢʘʣʴʝ, ʛʜʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʦʪʢʨʳʪʳ ʜʚʘ ʥʦʚʳʭ 

ʤʠʥʝʨʘʣʘ ï ʚʣʘʜʠʤʠʨʠʚʘʥʦʚʠʪ (ʉʘʧʦʞʥʠʢʦʚ ʠ ʜʨ., 2011) ʠ ʩʫʣʴʬʛʠʜʨʠʣʙʳʩʪʨʠʪ (Sapozhnikov 

et al., 2015). 

ɺʣʘʜʠʤʠʨʠʚʘʥʦʚʠʪ ʠʟ ʊʫʣʪʫʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʠʜʝ ʢʘʡʤ ʚʦʢʨʫʛ 

ʨʝʣʠʢʪʦʚʳʭ ʟʝʨʝʥ ʣʘʟʫʨʠʪʘ, ʧʨʦʞʠʣʢʦʚ, ʟʝʨʥʠʩʪʳʭ ʩʢʦʧʣʝʥʠʡ ʠ ʚʢʨʘʧʣʝʥʠʡ ʚ ʤʨʘʤʦʨʘʭ ʠ 

ʢʘʣʴʮʠʬʠʨʘʭ; ʪʝʩʥʦ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʣʘʟʫʨʠʪʦʤ, ʢʘʣʴʮʠʪʦʤ, ʘʬʛʘʥʠʪʦʤ, ʪʫʥʢʠʪʦʤ, ʬʣʦʛʦʧʠʪʦʤ 

ʠ ʤʘʨʠʘʣʠʪʦʤ. ʉʫʣʴʬʛʠʜʨʠʣʙʳʩʪʨʠʪ ʥʘ ʄʘʣʦʙʳʩʪʨʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʘʩʩʦʮʠʠʨʫʝʪ ʩ 

ʣʘʟʫʨʠʪʦʤ, ʜʠʦʧʩʠʜʦʤ, ʢʘʣʴʮʠʪʦʤ, ʬʣʦʛʦʧʠʪʦʤ ʠ ʧʠʨʠʪʦʤ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘ ʢʦʥʪʘʢʪʝ ʩ 

ʣʘʟʫʨʠʪʦʤ, ʟʘʤʝʱʘʷ ʝʛʦ ʚ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʨʘʚʥʦʚʝʩʥʦʡ ʣʘʟʫʨʠʪ-

ʜʠʦʧʩʠʜ-ʩʫʣʴʬʛʠʜʨʠʣʙʳʩʪʨʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʩʪʨʠʪ 

ʥʘʭʦʜʠʪʩʷ ʚ ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʣʘʟʫʨʠʪʦʚʳʭ ʢʘʣʴʮʠʬʠʨʘʭ, ʛʜʝ ʝʛʦ ʢʨʠʩʪʘʣʣʳ 

ʩʦʩʫʱʝʩʪʚʫʶʪ ʩ ʣʘʟʫʨʠʪʦʤ, ʥʝ ʦʙʥʘʨʫʞʠʚʘʷ ʢʘʢʠʭ-ʣʠʙʦ ʨʝʘʢʮʠʦʥʥʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ 

JXA-8200 Jeol, ʩʥʘʙʞʝʥʥʦʤ ʨʘʩʪʨʦʚʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ 

ʧʷʪʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘʤʠ ʩ ʚʦʣʥʦʚʦʡ ʜʠʩʧʝʨʩʠʝʡ (WDS). ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ 

ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘʭ AXS X8 APEXII Bruker (ʚʣʘʜʠʤʠʨʠʚʘʥʦʚʠʪ) ʠ 

AXS D8 VENTURE Bruker (ʙʳʩʪʨʠʪ ʠ ʩʫʣʴʬʛʠʜʨʠʣʙʳʩʪʨʠʪ) ʧʦʜ ʤʦʥʦʭʨʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ 

MoKŬ ʠʟʣʫʯʝʥʠʠ.  

ʍʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʤʠʥʝʨʘʣʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘʤʠ, ʙʳʣʠ ʥʦʨʤʘʣʠʟʦʚʘʥʳ ʥʘ 

ʦʩʥʦʚʘʥʠʠ (Si+Al) = 12, ʫʯʠʪʳʚʘʷ ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ:  

Na6.36Ca1.52[Si6.03Al 5.97O24(SO4)1.57(S3
ï
)0.22(S2

2ï
)0.02Cl0.04 * 0.62H2O ï ʜʣʷ ʚʣʘʜʠʤʠʨʠʚʘʥʦʚʠʪʘ, 

Na7.03K0.04Ca1.01[Si6.04Al 5.96O24](S5)
2-

0.94(Cl
-
0.88SH

-
0.12) ï ʜʣʷ ʙʳʩʪʨʠʪʘ, 

Na5.17K1.87Ca0.99[Al 6.01Si5.99O24](S5)
2-

0.86(SH
-
0.86Cl

-
0.07) ï ʜʣʷ ʩʫʣʴʬʛʠʜʨʠʣʙʳʩʪʨʠʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺʣʘʜʠʤʠʨʠʚʘʥʦʚʠʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ, ʪʦʛʜʘ ʢʘʢ 

ʦʙʥʘʨʫʞʝʥʥʳʡ ʥʘ ʇʨʠʙʘʡʢʘʣʴʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʣʘʟʫʨʠʪ ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʫʶ ʩʠʤʤʝʪʨʠʶ, 

ʧʨʠ ʵʪʦʤ ʚʩʪʨʝʯʘʶʪʩʷ ʝʛʦ ʘʥʠʟʦʪʨʦʧʥʳʝ ʧʦʣʠʤʦʨʬʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʪʨʠʢʣʠʥʥʘʷ 

ʠ ʤʦʥʦʢʣʠʥʥʘʷ. ɺʦ ʚʣʘʜʠʤʠʨʠʚʘʥʦʚʠʪʝ ʠʟ ʊʫʣʪʫʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʥʦʰʝʥʠʝ 

ʩʫʣʴʬʠʜʥʦʡ ʩʝʨʳ ʢ ʩʫʣʴʬʘʪʥʦʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 0.43 ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʫʙʠʯʝʩʢʦʛʦ ʣʘʟʫʨʠʪʘ, ʛʜʝ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ï 0.29. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʠʟʫʯʝʥʥʳʡ ʤʠʥʝʨʘʣ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʨʘʩʩʝʣʝʥʠʝʤ Al  ʠ Si ʚ ʪʝʪʨʘʵʜʨʘʭ ʢʘʨʢʘʩʘ, ʘ ʪʘʢʞʝ 

ʚʥʝʢʘʨʢʘʩʥʳʭ ʢʘʪʠʦʥʦʚ Na ʠ Ca, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʣʘʜʠʤʠʨʠʚʘʥʦʚʠʪ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʧʦʟʜʥʠʤ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʤʠʥʝʨʘʣʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʫʙʠʯʝʩʢʦʛʦ ʣʘʟʫʨʠʪʘ. 

ɺ ʠʟʫʯʝʥʥʦʤ ʥʘʤʠ ʙʳʩʪʨʠʪʝ ʠʟ ʄʘʣʦʙʳʩʪʨʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʝʨʘ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʚ ʦʩʥʦʚʥʦʤ ʚ ʬʦʨʤʝ ʧʦʣʠʩʫʣʴʬʠʜ-ʠʦʥʘ S5
2-
, ʘ ʚ ʩʫʣʴʬʛʠʜʨʠʣʙʳʩʪʨʠʪʝ ï ʧʦʣʠʘʥʠʦʥ S5

2ï 
ʠ 
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ʩʫʣʴʬʛʠʜʨʠʣʴʥʘʷ ʛʨʫʧʧʘ (SH)
ï 
ʩʦʜʝʨʞʘʪʩʷ ʚ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ɻʣʘʚʥʦʝ 

ʭʠʤʠʯʝʩʢʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʠʟʫʯʝʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʙʳʩʪʨʠʪ ʩʦʜʝʨʞʠʪ 

ʩʫʣʴʬʠʜʥʫʶ ʩʝʨʫ ʠ ʭʣʦʨ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʯʥʦʛʦ ʘʥʠʦʥʘ, ʘ ʩʫʣʴʬʛʠʜʨʠʣʙʳʩʪʨʠʪ ï 

ʩʫʣʴʬʠʜʥʫʶ ʩʝʨʫ, ʥʦ ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʬʦʨʤʫʣʘ ʧʦʩʣʝʜʥʝʛʦ ʩʦʜʝʨʞʠʪ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʣʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ 

ʩʪʨʫʢʪʫʨʝ ʙʳʩʪʨʠʪʘ ʤʝʩʪʘ ʚ ʢʦʣʦʥʢʘʭ ʠʟ ʢʘʥʢʨʠʥʠʪʦʚʳʭ ʧʦʣʦʩʪʝʡ ʟʘʥʠʤʘʶʪ ʮʝʧʦʯʢʠ ïʉʘï

ClïʉʘïClï, ʦʧʠʩʘʥʥʳʝ ʨʘʥʝʝ ʚ ʩʪʨʫʢʪʫʨʘʭ ʤʠʥʝʨʘʣʦʚ ʢʘʥʢʨʠʥʠʪ-ʩʦʜʘʣʠʪʦʚʦʡ ʛʨʫʧʧʳ: 

ʜʘʚʠʥʝ, ʘʬʛʘʥʠʪʝ, ʪʫʥʢʠʪʝ. ɺ ʢʘʥʢʨʠʥʠʪʦʚʳʭ ʧʦʣʦʩʪʷʭ ʩʫʣʴʬʛʠʜʨʠʣʙʳʩʪʨʠʪʘ ʦʙʥʘʨʫʞʝʥʘ 

ʮʝʧʦʯʢʘ ïʉʘïSHïʉʘïSHï, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʥʠʢʘʣʴʥʘʷ ʜʣʷ ʤʠʥʝʨʘʣʦʚ. ɺ ʧʦʣʦʩʪʠ ʪʠʧʘ 

losod ʦʙʦʠʭ ʤʠʥʝʨʘʣʦʚ ʫʩʪʘʥʦʚʣʝʥ ʢʣʘʩʪʝʨ (S5)
2ï
, ʢʦʪʦʨʳʡ ʚʳʪʷʥʫʪ ʚʜʦʣʴ ʦʩʠ ʩ ʠ ʠʤʝʝʪ 

ʮʝʧʦʯʝʯʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ. ʈʘʟʥʳʝ ʩʧʦʩʦʙʳ ʦʙʲʝʜʠʥʝʥʠʷ ʘʪʦʤʦʚ ʩʝʨʳ ʧʨʠʚʦʜʷʪ ʢ ʮʠʩï ʠ 

ʪʨʘʥʩ-ʬʦʨʤʘʤ ʮʝʧʦʯʝʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʨʘʟʥʦʡ ABC-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʢʣʘʜʢʠ ʩʣʦʝʚ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʨʝʜʠ ʠʟʚʝʩʪʥʳʭ 39 ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʛʨʫʧʧʳ ʤʠʥʝʨʘʣʦʚ 

ʢʘʥʢʨʠʥʠʪ-ʩʦʜʘʣʠʪʦʚʦʡ çʩʫʧʝʨʛʨʫʧʧʳè: 

1) ʄʠʥʝʨʘʣʳ ʢʘʥʢʨʠʥʠʪʦʚʦʡ ʛʨʫʧʧʳ ʩ ʫʢʣʘʜʢʦʡ ʩʣʦʝʚ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ AB: 

ʢʘʥʢʨʠʥʠʪ, ʚʠʰʥʝʚʠʪ, ʢʘʥʢʨʠʩʠʣʠʪ, ʛʠʜʨʦʢʩʠʢʘʥʢʨʠʥʠʪ, ʜʘʚʠʥ, ʢʠʘʥʦʢʩʘʣʠʪ, 

ʜʝʧʤʘʡʝʨʠʪ, ʙʘʣʣʠʨʘʥʦʠʪ, ʤʠʢʨʦʩʦʤʤʠʪ, ʧʠʪʠʣʴʷʥʦʠʪ, ʢʚʘʜʨʠʜʘʚʠʥ, ʪʠʧʪʦʧʠʪ. 

2) ʄʠʥʝʨʘʣʳ ʩʦʜʘʣʠʪʦʚʦʡ ʛʨʫʧʧʳ, ʠʤʝʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʫʢʣʘʜʢʠ 

ʰʝʩʪʠʯʣʝʥʥʳʭ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʦʣʝʮ ʪʠʧʘ ABC: ʩʦʜʘʣʠʪ, ʛʘʶʠʥ, ʥʦʟʝʘʥ, ʣʘʟʫʨʠʪ, 

ʚʣʘʜʠʤʠʨʠʚʘʥʦʚʠʪ, ʛʝʣʴʚʠʥ, ʛʝʥʪʛʝʣʴʚʠʥ, ʜʘʥʘʣʠʪ, ʙʠʯʫʣʠʪ, ʪʫʛʪʫʧʠʪ, 

ʮʘʨʝʛʦʨʦʜʮʝʚʠʪ. 

3) ʄʠʥʝʨʘʣʳ ʢʘʥʢʨʠʥʠʪʦʚʦʡ ʛʨʫʧʧʳ ʩ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʫʢʣʘʜʢʠ 
ʩʣʦʝʚ: ʙʳʩʪʨʠʪ, ʩʫʣʴʬʛʠʜʨʠʣʙʳʩʪʨʠʪ, ʢʘʨʙʦʙʳʩʪʨʠʪ, ʣʠʦʪʪʠʪ, ʘʬʛʘʥʠʪ, ʘʣʣʦʨʠʠʪ, 

ʬʨʘʥʮʠʥʠʪ, ʤʘʨʠʥʝʣʣʠʪ, ʪʫʥʢʠʪ, ʬʘʨʥʝʟʝʠʪ, ʜʞʫʟʝʧʧʝʪʠʪ, ʬʘʟʘ ʩʦʩʪʘʚʘ 

(Na,K,Ca)72(Si54Al54O216)(SO4)16(Cl,H2O)8, ʩʘʢʨʦʬʘʥʠʪ, ʙʴʷʢʝʣʣʘʠʪ, ʬʘʥʪʘʧʴʝʪʠʪ, 

ʢʠʨʢʝʨʠʪ.  

ʇʨʠ ʵʪʦʤ ʘʬʛʘʥʠʪ ʠ ʘʣʣʦʨʠʠʪ ʦʙʲʝʜʠʥʷʶʪ ʚ ʘʬʛʘʥʠʪʦʚʫʶ ʧʦʜʛʨʫʧʧʫ (Bonaccorsi et al., 

2012), ʘ ʤʠʥʝʨʘʣʳ ʙʳʩʪʨʠʪ, ʩʫʣʴʬʛʠʜʨʠʣʙʳʩʪʨʠʪ ʠ ʢʘʨʙʦʙʳʩʪʨʠʪ, ʠʤʝʶʱʠʝ ʦʜʠʥʘʢʦʚʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʣʦʝʚ, ʥʦ ʨʘʟʥʦʝ ʥʘʧʦʣʥʝʥʠʝ ʧʦʣʦʩʪʝʡ, ʦʪʥʝʩʝʥʳ ʥʘʤʠ ʢ ʩʪʨʫʢʪʫʨʥʦʡ 

ʧʦʜʛʨʫʧʧʝ ʙʳʩʪʨʠʪʘ. ɺ ʠʪʦʛʝ, ʪʨʠ ʪʠʧʘ ʮʝʧʦʯʝʢ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʤʠʥʝʨʘʣʘʭ ʙʳʩʪʨʠʪʦʚʦʡ 

ʧʦʜʛʨʫʧʧʳ: ïCaïClïCaïClï ʚ ʙʳʩʪʨʠʪʝ, ïNaïH2OïNaïH2Oï ʚ ʢʘʨʙʦʙʳʩʪʨʠʪʝ ʠ ïCaïSHïCaï

SHï ʚ ʩʫʣʴʬʛʠʜʨʠʣʙʳʩʪʨʠʪʝ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʎʂʇ çʀʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡè ʀɻʍ ʉʆ ʈɸʅ ʠ çɸʥʘʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘè ʀʨʀʍ ʉʆ 

ʈɸʅ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ ˉ 16-35-00137 ʤʦʣ_ʘ 
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ɸʈʉɽʅɸʊʅɸʗ ʄʀʅɽʈɸʃʀɿɸʎʀʗ ɺ ʏɸʋɺɸʁʉʂʆʄ ʈʋɼʅʆʄ ʇʆʃɽ (ʂʀʈɻʀɿʀʗ) 

  

ɺ.ʖ. ʂʘʨʧʝʥʢʦ
1
, ʃ.ɸ. ʇʘʫʪʦʚ

1
, ɸ.ɸ. ɸʛʘʭʘʥʦʚ

1
, ʆ.ʀ. ʉʠʡʜʨʘ

2 

 

1 ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʠʤ ɸ.ɽ. ʌʝʨʩʤʘʥʘ, ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2 ʀʥʩʪʠʪʫʪ ʅʘʫʢ ʦ ɿʝʤʣʝ, ʉʇʙɻʋ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʂʦʤʧʘʢʪʥʘʷ, ʥʦ ʦʙʠʣʴʥʘʷ ʘʨʩʝʥʘʪʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚʩʪʨʝʯʝʥʘ ʥʘ ʥʝʙʦʣʴʰʦʤ 

ʟʦʣʦʪʦʨʫʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʆʙʜʠʣʷ, ʣʦʢʘʣʠʟʦʚʘʥʥʦʤ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʏʘʫʚʘʡʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʧʦʣʷ, ʂʠʨʛʠʟʠʷ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʨʘʡʦʥ ʏʘʫʚʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʘʣʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (D3-C2). ʂʨʘʡʥʝ ʩʣʦʞʥʘ 

ʪʝʢʪʦʥʠʢʘ ʨʘʡʦʥʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʘʣʠʯʠʝʤ ʤʥʦʞʝʩʪʚʘ ʨʘʟʣʦʤʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʨʘʟʚʠʪʳ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʠʟʤʝʥʝʥʥʳʝ ʧʦʨʦʜʳ ʩ Hg, Sb, Tl, As, Au ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ.  

ɺ ʨʘʩʯʠʩʪʢʝ ʧʦʜ ʙʫʨʦʚʫʶ ʩʢʚʘʞʠʥʫ ʥʘ ʦʜʥʦʤ ʠʟ 

ʫʯʘʩʪʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʥʘʨʷʜʫ ʩ ʘʫʨʠʧʠʛʤʝʥʪʦʤ ʠ 

ʨʝʘʣʴʛʘʨʦʤ, ʥʘʤʠ ʙʳʣ ʚʩʪʨʝʯʝʥ ʮʝʣʳʡ ʨʷʜ ʘʨʩʝʥʘʪʦʚ: 

ʚʣʘʜʠʤʠʨʠʪ Ca4(AsO4)2(AsO3OH)Å4H2O (ɸʛʘʭʘʥʦʚ ʠ 

ʜʨ., 2015); ʪʘʧʠʘʠʪ Ca5Al 2(AsO4)4(OH)4Ŀ8(?)-12H2O, 

ʤʘʥʩʬʝʣʴʜʠʪ Al(AsO4)Ŀ2H2O, ʪʘʣʤʝʩʩʠʪ 

Ca2Mg(AsO4)2Ŀ2H2O, ʚʳʩʦʢʦʢʘʣʴʮʠʝʚʳʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʨʠʠ ʬʘʨʤʘʢʦʘʣʶʤʠʪʘ ï 

ʬʘʨʤʘʢʦʩʠʜʝʨʠʪʘ, ʘ ʪʘʢʞʝ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʝ ʬʘʟʳ 

Ca-Al -Fe-As ʩʦʩʪʘʚʘ. ɸʫʨʠʧʠʛʤʝʥʪ ʠ ʨʝʘʣʴʛʘʨ 

ʦʙʥʘʨʫʞʝʥʳ ʙʳʣʠ ʠ ʚ ʢʝʨʥʝ ʩʢʚʘʞʠʥʳ, ʥʦ ʚ ʢʨʘʡʥʝ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. ɼʠʘʛʥʦʩʪʠʢʘ ʤʘʪʝʨʠʘʣʘ 

ʚʳʧʦʣʥʝʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʩ ʕɼʉ-

ʩʧʝʢʪʨʦʤʝʪʨʦʤ. 

 ɺʣʘʜʠʤʠʨʠʪ ʚʩʪʨʝʯʝʥ ʚ ʚʠʜʝ ʫʜʣʠʥʝʥʥʦ-

ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʙʝʣʳʭ, ʯʘʩʪʦ ʨʘʩʱʝʧʣʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʜʣʠʥʦʡ ʜʦ 1 ʩʤ (ʪʘʙʣ.). ʄʠʥʝʨʘʣ ʚ 

ʠʟʦʙʠʣʠʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʪʦʥʢʠʤ ʪʨʝʱʠʥʘʤ ʚ 

ʠʟʚʝʩʪʥʷʢʘʭ, ʦʙʨʘʟʫʷ ʫʧʣʦʱʝʥʥʳʝ ʜʠʩʢʦʚʠʜʥʳʝ 

ʘʛʨʝʛʘʪʳ. ɺ ʰʠʨʦʢʠʭ ʪʨʝʱʠʥʘʭ (ʙʦʣʝʝ 1 ʩʤ) 

ʚʣʘʜʠʤʠʨʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʰʝʩʪʦʚʘʪʳʤʠ ʘʛʨʝʛʘʪʘʤʠ, 

ʠʥʢʨʫʩʪʠʨʫʶʱʠʤʠ ʩʪʝʥʢʠ ʪʨʝʱʠʥ. ʈʘʟʤʝʨ 

ʧʦʚʝʨʭʥʦʩʪʠ ʱʝʪʦʢ ʚ ʛʣʳʙʘʭ ʠʟʚʝʩʪʥʷʢʘ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʦʡ 0.5ʭ0.5 ʤ; ʚʦʟʤʦʞʥʦ, ʵʪʦ ʥʘʠʙʦʣʴʰʠʝ 

ʩʢʦʧʣʝʥʠʷ ʤʠʥʝʨʘʣʘ, ʚʩʪʨʝʯʝʥʥʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ. ɿʘʤʝʪʠʤ, ʯʪʦ ʠʟ ʙʦʣʝʝ ʯʝʤ ʜʝʩʷʪʢʘ ʠʟʚʝʩʪʥʳʭ 

ʥʳʥʝ ʉʘ-ʘʨʩʝʥʘʪʦʚ, ʟʜʝʩʴ ʚʩʪʨʝʯʝʥ ʧʦʢʘ ʣʠʰʴ 

ʚʣʘʜʠʤʠʨʠʪ. ʅʝʨʝʜʢʦ ʩ ʚʣʘʜʠʤʠʨʠʪʦʤ ʥʘʭʦʜʠʪʩʷ 

ʛʠʧʩ. ʀʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʤʳʰʴʷʢʦʚʳʭ ʤʠʥʝʨʘʣʦʚ 

ʚʩʪʨʝʯʝʥʘ ʚ ʩʦʩʪʘʚʝ ʧʝʩʪʨʳʭ, ʨʳʞʝʚʘʪʦ-ʙʫʨʳʭ 

ʟʝʨʥʠʩʪʳʭ ʢʚʘʨʮ-ʛʠʧʩʦʚʳʭ ʢʦʨʦʢ, ʚ ʢʦʪʦʨʳʭ ʛʣʘʚʥʳʤ 

ʘʨʩʝʥʘʪʦʤ ʷʚʣʷʝʪʩʷ ʪʘʣʤʝʩʩʠʪ. ɿʜʝʩʴ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ ʚʣʘʜʠʤʠʨʠʪ ʚ ʚʠʜʝ ʨʘʜʠʘʣʴʥʦ-

ʣʫʯʠʩʪʳʭ ʘʛʨʝʛʘʪʦʚ ʩ ʰʝʣʢʦʚʠʩʪʳʤ ʦʪʣʠʚʦʤ.  

 

 

 

ʂʦʤʧʦ- 

ʥʝʥʪʳ 
1 2 3 4 

As2O5 52.47 52.4 44.78 46.84 

Sb2O5   0.19  

SiO2 0.17 0.13   

Al 2O3   10.04 22.28 

CaO 33.57 33.76 27.69 5.12 

SrO 0.32 0.19  0.48 

MgO    2.44 

FeO   0.07 3.77 

K2O    2.05 

SO3  0.20 0.38  

H2O* 12.22 12.23 17,91 17.08 

ʉʫʤʤʘ 98.58 98.78 101.06 100.06 

K+    0.32 

Ca
+2

 3.96 3.97 4.99 0.66 

Sr
+2

 0.02 0.01  0.03 

Fe
+2

   0.01 0.38 

Mg
+2

    0.44 

Al
+3

   1.99 3.18 

As
+5

 3.02 3.00 3.94 2.97 

S
+6

 - 0.02 0.05  

OH
-
*  0.93 0.91 4.02 3.78 

H2O* 4.00 4.00 8.00 5.00 

ʊʘʙʣʠʮʘ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʣʘʜʠʤʠʨʠʪʘ  

(1-2), ʪʘʧʠʘʠʪʘ (3)                

ʠ ʚʳʩʦʢʦʢʘʣʴʮʠʝʚʦʛʦ 

ʬʘʨʤʘʢʦʘʣʶʤʠʪʘ (4)  

ʇʨʠʤʝʯʘʥʠʝ. 1, 2 ï ʨʘʩʯʝʪ ʥʘ 7 

ʢʘʪʠʦʥʦʚ; 3 ï ʨʘʩʯʝʪ ʥʘ 11 

ʢʘʪʠʦʥʦʚ (ʩʨ. ʧʦ 17 ʤ.ʟ. ʘʥʘʣʠʟʘʤ), 4 

ï ʨʘʩʯʝʪ ʥʘ 8 ʢʘʪʠʦʥʦʚ (ʩʨ. ʧʦ 9 

ʤ.ʟ. ʘʥʘʣʠʟʘʤ).  

 
ʄʠʢʨʦʟʦʥʜʦʚʳʡ ʘʥʘʣʠʟʘʪʦʨ 733 Superprobe JEOL, ʕɼʉ c ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ Inca, 20 kV, 

2 nA. * ï ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ. 
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ɺ ʵʪʠʭ ʢʦʨʢʘʭ ʚʩʪʨʝʯʝʥʳ ʤʠʥʝʨʘʣʳ ʨʷʜʘ ʬʘʨʤʘʢʦʩʠʜʝʨʠʪ ï ʬʘʨʤʘʢʦʘʣʶʤʠʪ, 

ʩʣʘʛʘʶʱʠʝ ʛʫʙʯʘʪʳʝ ʤʘʩʩʳ ʠʟ ʤʝʣʢʠʭ ʢʫʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʦʤ 10 ï 30 Õm. (ʨʠʩ. 1ʘ). 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʭʠʤʠʟʤʘ ʠʭ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʉʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ Cʘ-ʘʥʘʣʦʛʘ ʬʘʨʤʘʢʦʘʣʶʤʠʪʘ (ʪʘʙʣ.). ɺ ʩʦʩʪʘʚʝ ʢʦʨʦʢ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʦʣʫʧʨʦʟʨʘʯʥʳʝ ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʳʝ ʦʧʘʣʦʚʠʜʥʳʝ ʤʘʩʩʳ ʩʚʝʪʣʦ-, ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʭ ʮʚʝʪʦʚ 

ʉa-Fe-Al -As-ʩʦʩʪʘʚʘ. ɺ ʚʠʜʝ ʙʝʩʮʚʝʪʥʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ, ʪʘʙʣʠʪʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʜʦ 50 Õm 

ʚʩʪʨʝʯʝʥ ʪʘʧʠʘʠʪ, ʥʝʨʝʜʢʦ ʦʙʨʘʟʫʶʱʠʡ ʩʬʝʨʦʣʠʪʳ, ʯʘʩʪʠʯʥʦ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʝ ʚ ʛʠʧʩʝ 

(ʨʠʩ.1b, ʪʘʙʣ.). ʅʘʭʦʜʢʘ ʝʛʦ ʷʚʣʷʝʪʩʷ, ʚʝʨʦʷʪʥʦ, ʚʪʦʨʦʡ ʚ ʤʠʨʝ ʧʦʩʣʝ ʂʦʧʠʘʧʦ, ʏʠʣʠ (Kampf 

et al., 2015). ʇʦʚʳʰʝʥʥʘʷ ʩʫʤʤʘ ʘʥʘʣʠʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʦʚʳʤ ʠʟ ʏʠʣʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʘʛʘʪʴ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣʷʨʥʦʡ ʚʦʜʳ ʚ ʥʝʤ. ɺ ʩʦʩʪʘʚʝ ʦʧʠʩʳʚʘʝʤʳʭ ʢʦʨʦʢ 

ʚʩʪʨʝʯʝʥʳ ʤʝʣʦʧʦʜʦʙʥʳʝ ʤʘʩʩʳ ʤʘʥʩʬʝʣʴʜʠʪʘ. ɺ ʩʚʦʝ ʚʨʝʤʷ ʜʣʷ ʏʘʫʚʘʷ ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʟʦʥʘʣʴʥʦʩʪʴ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʨʘʟʚʠʪʠʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʳʰʴʷʢʦʚʦʛʦ ʠ ʥʝʦʙʳʯʥʦʛʦ ʜʣʷ 

Hg-ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʘʣʭʘʠʪʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʥʘ ʟʘʧʘʜʥʦʤ ʬʣʘʥʛʝ, ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ Hg-Sb ʦʨʫʜʝʥʝʥʠʷ ʥʘ ʚʦʩʪʦʯʥʦʤ (ɺʦʣʛʠʥ ʠ ʜʨ., 1981). ɺ ʵʪʫ 

ʟʦʥʘʣʴʥʦʩʪʴ ʚʧʦʣʥʝ ʚʧʠʩʳʚʘʝʪʩʷ  As-ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘ ʆʙʜʠʣʝ.  

 ʈʠʩʫʥʦʢ 1. ʂʫʙʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ çʉʘ-ʬʘʨʤʘʢʦʘʣʶʤʠʪʘè (ʘ) ʠ ʩʬʝʨʦʣʠʪ 

ʪʘʧʠʘʠʪʘ, ʩʣʦʞʝʥʥʳʡ ʪʦʥʢʦʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ (b); ʫʯʘʩʪʦʢ ʆʙʜʠʣʷ. 

 

ʆʙʨʘʟʦʚʘʥʠʝ ʚʣʘʜʠʤʠʨʠʪʘ, ʨʘʟʚʠʚʘʶʱʝʛʦʩʷ ʧʦ ʪʨʝʱʠʥʘʤ ʚ ʠʟʚʝʩʪʥʷʢʝ, ʧʦ ʥʘʰʠʤ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ, ʩʚʷʟʘʥʦ ʩ ʨʘʟʛʨʫʟʢʦʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤ, ʦʙʦʛʘʱʝʥʥʳʭ 

ʤʳʰʴʷʢʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɸʨʩʝʥʘʪʥʘʷ ʞʝ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʩʦʩʪʘʚʝ ʢʚʘʨʮ-ʛʠʧʩʦʚʳʭ ʢʦʨʦʢ, 

ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʚʦʟʥʠʢʣʘ ʫʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʛʠʧʝʨʛʝʥʝʟʘ. 
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ʊʀʇʆʄʆʈʌʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʐʇʀʅɽʃʀɼʆɺ ʀɿ ʂʀʄɹɽʈʃʀʊʆɺ 

ɸʈʍɸʅɻɽʃʔʉʂʆʁ ɸʃʄɸɿʆʅʆʉʅʆʁ ʇʈʆɺʀʅʎʀʀ 

 

ʈ.ʀ. ʂʘʩʠʤʦʚʘ 

 

1 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʈʦʩʩʠʷ, fizza@mail.ru 

2 ʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ, ʈʦʩʩʠʷ, fizza@mail.ru 

 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴ, ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʰʧʠʥʝʣʠʜʦʚ 

(ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ) ʧʨʠ ʥʝʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʛʨʘʥʘʪʘ ʠ ʭʨʦʤʜʠʦʧʩʠʜʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ, ʩʧʦʨʘʜʠʯʝʩʢʘʷ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʥʝʠʟʤʝʥʝʥʥʦʛʦ ʦʣʠʚʠʥʘ, 

ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʙʩʪʚʝʥʥʦ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʢʨʦʚʣʝ ʢʨʘʪʝʨʥʦʡ 

ʬʘʮʠʠ, ʥʘʣʠʯʠʝ ʚ ʟʘʤʝʪʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʤʠʥʝʨʘʣʦʚ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʦʪʣʠʯʘʝʪ 

ʜʠʘʪʨʝʤʳ ɿʦʣʦʪʠʮʢʦʛʦ ʧʦʣʷ. ʍʘʨʘʢʪʝʨʥʳʤʠ ʯʝʨʪʘʤʠ ʜʠʘʪʨʝʤ ʂʝʧʠʥʩʢʦʛʦ ʧʦʣʷ ʷʚʣʷʶʪʩʷ 

ʥʝʘʣʤʘʟʦʥʦʩʥʦʩʪʴ ʠ ʨʝʞʝ ʫʙʦʛʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ, ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ 

ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ ʧʨʠ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʧʠʨʦʧʘ, 

ʭʨʦʤʜʠʦʧʩʠʜʘ ʠ ʰʧʠʥʝʣʠʜʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʪʨʫʙʦʢ, ʥʠʟʢʘʷ ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʤʠʥʝʨʘʣʦʚ 

ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ (Kassimova,2004). 

ʂʦʤʧʣʝʢʩʥʦʝ ʦʧʪʠʯʝʩʢʦʝ ʠ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʰʧʠʥʝʣʠʜʦʚ ʠʟ 

ʠʟʫʯʘʝʤʳʭ ʜʠʘʪʨʝʤ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʠ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ 

ʟʝʨʝʥ ʰʧʠʥʝʣʠʜʦʚ. ʉʭʝʤʘ ʫʯʠʪʳʚʘʝʪ ʯʝʪʳʨʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʘ ʤʠʥʝʨʘʣʘ: ʩʪʝʧʝʥʴ 

ʩʦʭʨʘʥʥʦʩʪʠ ʟʝʨʝʥ, ʬʦʨʤʫ ʢʨʠʩʪʘʣʣʦʚ, ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʨʝʣʴʝʬʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ. 

ʈʘʟʜʝʣʝʥʠʝ ʰʧʠʥʝʣʠʜʦʚ ʠʟ ʠʟʫʯʝʥʥʳʭ ʧʨʦʙ ʧʦ ʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʩʦʜʝʨʞʘʥʠʠ ʟʝʨʝʥ ʨʘʟʣʠʯʥʳʭ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ ʚʝʨʭʥʠʭ, ʥʠʞʥʠʭ ʠ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʜʠʘʪʨʝʤ ʠ ʩʚʷʟʘʪʴ ʧʦʣʫʯʘʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʠ ʰʧʠʥʝʣʠʜʦʚ ʩ 

ʘʣʤʘʟʦʥʦʩʪʴʶ ʧʦʨʦʜ, ʜʠʘʪʨʝʤ, ʧʦʣʷ ʚ ʮʝʣʦʤ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʧʨʦʙʘʭ ʬʦʨʤ ʨʘʩʪʚʦʨʝʥʠʷ 

(ʦʢʨʫʛʣʦ-ʦʚʘʣʴʥʳʝ ʟʝʨʥʘ), ʘ ʪʘʢʞʝ ʟʝʨʝʥ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʪʠʧʘʤʠ ʢʦʨʨʦʟʠʦʥʥʦʛʦ 

ʤʠʢʨʦʨʝʣʴʝʬʘ ʨʘʩʪʚʦʨʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʦʭʨʘʥʥʦʩʪʠ ʘʣʤʘʟʘ ʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʥʠʞʝʥʠʝ ʨʫʜʦʥʦʩʥʦʩʪʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʤʦʨʬʦʣʦʛʠʠ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʤʠʥʝʨʘʣʘ ï ʩʧʫʪʥʠʢʘ ʘʣʤʘʟʘ 

(ʰʧʠʥʝʣʠʜʘ) ʦʪʨʘʞʘʶʪ ʩʧʝʮʠʬʠʢʫ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ 

ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʜʠʘʪʨʝʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʩʚʦʠʤ ʥʘʙʦʨʦʤ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʰʣʠʭʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʪʘʢʠʝ 

ʚʘʞʥʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʚʦʧʨʦʩʳ, ʢʘʢ ʪʠʧʠʟʘʮʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʷ ʧʦʠʩʢʦʚʳʭ ʦʨʝʦʣʦʚ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʳʭ ʘʥʘʣʠʟʦʚ ʟʝʨʝʥ ʰʧʠʥʝʣʠʜʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʰʠʨʦʢʠʝ 

ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʡ ʦʢʩʠʜʦʚ ʚ ʩʦʩʪʘʚʝ ʠʟʫʯʘʝʤʦʛʦ ʤʠʥʝʨʘʣʘ. ɺʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʰʧʠʥʝʣʠʜʳ 

ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʘʤ ʩʠʩʪʝʤʳ ʭʨʦʤʠʪ-ʧʠʢʨʦʭʨʦʤʠʪ-ʰʧʠʥʝʣʴ-ʤʘʛʥʝʪʠʪ-

ʤʘʛʥʝʟʠʘʣʴʥʳʡ ʘʥʘʣʦʛ ʫʣʴʚʦʰʧʠʥʝʣʠ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʤʠʥʘʣʘ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳ ʚʘʨʠʘʮʠʠ ʭʨʦʤʠʪʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (0ï60 ʤʘʩ.% FeCr2O4) ï 

ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ ʩʦʜʝʨʞʘʥʠʷ Cr2O3 ʚ ʰʧʠʥʝʣʠʜʘʭ ʦʪ 4.23 ʜʦ 65.21 ʤʘʩ.%. ʆʜʥʘʢʦ ʚ ʧʨʝʜʝʣʘʭ 

ʫʢʘʟʘʥʥʦʛʦ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʦʜʝʨʞʘʥʠʡ Fe2Cr2O4 ʧʨʝʦʙʣʘʜʘʶʱʝʝ ʯʠʩʣʦ ʘʥʘʣʠʟʦʚ 

ʰʧʠʥʝʣʠʜʦʚ ʧʦʧʘʜʘʝʪ ʚ ʙʦʣʝʝ ʫʟʢʠʡ ʠʥʪʝʨʚʘʣ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 21ï60 ʤʘʩ.% FeCr2O4. 

ʇʨʠ ʧʦʜʩʯʝʪʝ ʧʘʨʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʦʢʩʠʜʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʦʙʨʘʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ Cr
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ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʘʚʘʤ 

ʰʧʠʥʝʣʠʜʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʚʢʣʶʯʝʥʠʡ ʚ ʘʣʤʘʟʝ ʧʦʟʚʦʣʠʣʘ ʚʳʷʚʠʪʴ ʥʘ ʜʠʘʛʨʘʤʤʝ 
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)100, ʧʨʝʜʣʦʞʝʥʥʦʡ ʉ. ʌʦʣʠ (1985) ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʙʣʘʩʪʴ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʘ ʠʟ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ: 
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)100Ò27, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʢʦʩʚʝʥʥʳʡ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʜʠʘʪʨʝʤ 

ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ. 

ʇʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʜʠʘʪʨʝʤ. ʇʦʣʫʯʝʥʥʳʡ ʬʘʢʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʛʣʫʙʠʥʥʦʤ ʠ ʤʝʥʝʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʩʠʩʪʝʤʳ 

ʢʠʤʙʝʨʣʠʪʦʦʙʨʘʟʫʶʱʝʛʦ ʬʣʶʠʜʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʩʠʣʴʥʘʷ ʢʦʨʨʦʜʠʨʦʚʘʥʥʦʩʪʴ 

ʤʘʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʝʨʝʥ, ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʧʝʨʦʚʩʢʠʪʘ ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʚ 

ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʧʦʥʠʞʝʥʠʝʤ ʥʘ ʛʣʫʙʠʥʝ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʧʨʷʤʳʤ ʦʧʨʦʙʦʚʘʥʠʝʤ ʢʝʨʥʘ ʧʦʨʦʜ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʪʨʝʥʜʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ, ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʰʧʠʥʝʣʠʜʦʚ, ʀʂ-ʩʧʝʪʢʨʦʩʢʦʧʠʠ ʠ 

ʧʘʨʘʤʝʪʨʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʊʨʝʥʜ I ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʦʚ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʰʧʠʥʝʣʠʜʦʚ ʠʟ 

ʢʩʝʥʦʣʠʪʦʚ ʛʣʫʙʠʥʥʳʭ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʩʝʨʠʠ. ʊʨʝʥʜ II ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʘʚʦʚ ʰʧʠʥʝʣʠʜʦʚ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʚʳʩʦʢʦʢʘʣʠʝʚʳʭ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʣʘʤʧʨʦʠʪʦʚʦʡ 

ʩʝʨʠʠ, ʘ ʪʘʢʞʝ ʜʣʷ ʰʧʠʥʝʣʠʜʦʚ ʠʟ ʛʨʘʥʘʪ-ʢʣʠʥʦʧʠʨʦʢʩʝʥ-ʰʧʠʥʝʣʠʜʦʚʳʭ ʩʨʦʩʪʢʦʚ, ʨʘʥʝʝ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʄʘʣʦ-ɹʦʪʫʦʙʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʗʢʫʪʠʠ (ʉʦʙʦʣʝʚ, 1974). ʇʨʠ ʵʪʦʤ 

ʰʧʠʥʝʣʠʜʳ ʠʟ ʠʟʫʯʘʝʤʳʭ ʜʠʘʪʨʝʤ ʦʙʨʘʟʫʶʪ ʙʦʣʝʝ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʩʦʩʪʘʚʦʚ. 

ʆʪʤʝʯʘʝʪʩʷ ʩʭʦʜʩʪʚʦ ʩʣʘʛʘʶʱʠʭ ʪʨʫʙʢʠ ʧʦʨʦʜ ʩ ʣʘʤʧʨʦʠʪʘʤʠ, ʯʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʠ ʚ 

ʩʭʦʜʩʪʚʝ ʩʦʩʪʘʚʦʚ ʰʧʠʥʝʣʠʜʦʚ ʩ ʤʘʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʦʡ ʠʟ ʣʘʤʧʨʦʠʪʦʚ ɸʨʛʘʡʣʘ ï 

ʚʳʩʦʢʦʘʣʤʘʟʦʥʦʩʥʦʡ ʣʘʤʧʨʦʠʪʦʚʦʡ ʪʨʫʙʢʠ ɸʚʩʪʨʘʣʠʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʢʘʞʝʤ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʧʝʢʪʨʘ ʩʦʩʪʘʚʘ ʠʟʫʯʝʥʥʳʭ ʟʝʨʝʥ 

ʤʠʥʝʨʘʣʘ ʤʝʞʜʫ ʪʠʧʠʯʥʳʤʠ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʠ ʣʘʤʧʨʦʠʪʦʚʳʤʠ ʧʦʨʦʜʘʤʠ, ʯʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʰʣʠʭʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʠʩʢʦʚ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ. ɺ 

ʩʚʷʟʠ ʩ ʯʝʤ ʠʟʚʝʩʪʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʘʣʤʘʟʦʥʦʩʥʦʩʥʦʩʪʠ ʧʦʨʦʜ ʪʨʝʙʫʶʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ, ʪ.ʝ. ʧʨʠ ʦʮʝʥʢʝ ʥʘ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴ ʥʘʨʷʜʫ ʩ ʢʦʩʚʝʥʥʳʤ 

ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ, ʧʨʠʚʝʜʝʥʥʳʤ ʚʳʰʝ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʨʫʛʦʡ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʜʣʷ 

ʣʘʤʧʨʦʠʪʦʚ (ɹʦʛʘʪʠʢʦʚ, 1987): Cr
3+

/(Cr
3+

+Al
3+
)100Ó75 ʠ Fe

2+
/(Fe

3+
+ Fe

2+
)100Ò34. 

ɹʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʩ ʧʦʤʦʱʴʶ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʚʝʩʪʠ ʢʦʨʨʝʢʪʥʫʶ 

ʛʝʥʝʪʠʯʝʩʢʫʶ ʧʨʠʚʷʟʢʫ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʟʝʨʝʥ ʤʠʥʝʨʘʣʘ, ʠ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʩʦʩʪʘʚʦʚ ʰʧʠʥʝʣʠʜʦʚ ʧʦ ʛʣʫʙʠʥʥʳʤ ʘʩʩʦʮʠʘʮʠʷʤ ʧʦʨʦʜ.  
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K3Ca8Si6[Si4O12]3 ï ʉʀʅʊɽɿ ʀ ʂʈʀʉʊɸʃʃʀʏɽʉʂɸʗ ʉʊʈʋʂʊʋʈɸ 

 

ɸ.ɸ. ʂʘʰʘʝʚ, ʃ.ɸ. ʀʚʘʥʦʚʘ, ɺ.ʗ. ʄʝʜʚʝʜʝʚ, ɿ.ʌ. ʋʱʘʧʦʚʩʢʘʷ 

 

            ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ. liva@crust.irk.ru 

 

ɽʜʠʥʩʪʚʝʥʥʦʝ ʚ ʤʠʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʯʘʨʦʠʪʘ çʉʠʨʝʥʝʚʳʡ ʢʘʤʝʥʴè, ʧʨʠʫʨʦʯʝʥʥʦʝ ʢ 

ʄʫʨʫʥʩʢʦʤʫ ʱʝʣʦʯʥʦʤʫ ʤʘʩʩʠʚʫ, ʦʪʢʨʳʪʦ ʚ 1960 ʛ. ʖ.ɸ. ɸʣʝʢʩʝʝʚʳʤ, ʖ.ɻ. ʈʦʛʦʚʳʤ ʠ 

ɺ.ʇ. ʈʦʛʦʚʦʡ. ʂʦʤʧʣʝʢʩ ʛʝʦʣʦʛʠʯʝʩʢʠʭ (ʏʘʨʦʠʪé, 2013) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ (Marchuk 

et.al) ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʜʘʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʛʝʥʝʟʠʩʘ ʫʥʠʢʘʣʴʥʳʭ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ, ʩʣʘʛʘʶʱʠʭ ʵʪʦʪ ʤʘʩʩʠʚ.  

ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʯʘʨʦʠʪʦʚʦʛʦ 

ʩʫʙʩʪʨʘʪʘ ʩ ʚʤʝʱʘʶʱʠʤʠ ʣʘʤʧʨʦʬʠʨʘʤʠ ʤʠʢʨʦʢʣʠʥ-ʘʨʬʚʝʜʩʦʥʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʣʘʪʠʥʦʚʳʭ ʘʤʧʫʣʘʭ (10ʭ100) ʤʤ ʩ ʨʘʟʣʠʯʥʦʡ ʬʣʶʠʜʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩ ʨʘʩʪʝʨʪʳʤ ʯʘʨʦʠʪʦʤ (ʩ ʧʨʠʤʝʩʴʶ ʤʠʢʨʦʢʣʠʥʘ ʠ ʢʚʘʨʮʘ) ʠ ʦʙʨʘʟʮʦʤ 

ʢʘʣʠʰʧʘʪ-ʘʤʬʠʙʦʣʦʚʦʛʦ ʣʘʤʧʨʦʬʠʨʘ. ɿʘʧʘʷʥʥʘʷ ʧʣʘʪʠʥʦʚʘʷ ʘʤʧʫʣʘ ʧʦʤʝʱʘʣʘʩʴ ʚ ʘʚʪʦʢʣʘʚ, 

ʜʘʚʣʝʥʠʝ ʚ ʢʦʪʦʨʦʤ ʩʦʟʜʘʚʘʣʦʩʴ ʅ2ʆ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʘʧʦʣʥʝʥʠʝʤ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ 85%-ʨʘʩʪʚʦʨʦʤ (NaOH + KOH) ʩʦʦʪʥʦʰʝʥʠʝ K/Na ʚ ʩʠʩʪʝʤʝ 

ʩʦʩʪʘʚʣʷʣʦ, ʢʘʢ ʠ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, 1.375 ʠ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʠʩʭʦʜʷ ʠʟ ʩʨʝʜʥʝʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʯʘʨʦʠʪʝ ʩ ʫʯʘʩʪʢʘ ʉʪʘʨʳʡ. ʂʦʣʠʯʝʩʪʚʦ ʯʘʨʦʠʪʩʦʜʝʨʞʘʱʝʛʦ 

ʩʫʙʩʪʨʘʪʘ, ʟʘʧʦʣʥʷʶʱʝʛʦ ʧʣʘʪʠʥʦʚʫʶ ʘʤʧʫʣʫ, ʩʦʩʪʘʚʣʷʣʦ 3 ʛ, ʚ ʘʤʧʫʣʫ ʙʳʣ ʧʦʤʝʱʝʥ 

ʦʙʨʘʟʝʮ ʢʘʣʠʰʧʘʪ-ʘʤʬʠʙʦʣʦʚʦʛʦ ʣʘʤʧʨʦʬʠʨʘ ʩ ʵʪʦʛʦ ʞʝ ʫʯʘʩʪʢʘ ʤʘʩʩʦʡ 0.84 ʛ. ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ï 72 ʯ ʧʨʠ ʊ ï 500 Áʉ (ʛʨʘʜʠʝʥʪ 50 Áʉ) ʠ P ï 1000 ʘʪʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʦʟʨʘʯʥʳʝ ʠ ʧʦʣʫʧʨʦʟʨʘʯʥʳʝ ʙʝʣʳʝ 

ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ 0.1ï0.2 ʤʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ. 

ʇʦ ʜʘʥʥʳʤ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʦʰʢʦʚʦʛʦ ʦʙʨʘʟʮʘ ʘʥʘʣʦʛʦʚ ʵʪʦʤʫ 

ʚʝʱʝʩʪʚʫ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥ ʚ ɻɽʆʍʀ ʉʆ ʈɸʅ ʃ.ɸ. ʇʘʚʣʦʚʦʡ ʥʘ 

ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʤ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ JXA8200 (JEOL Ltd, 

ʗʧʦʥʠʷ). ɺ ʩʨʝʜʥʝʤ ʧʦ 10 ʪʦʯʢʘʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢʘʪʠʦʥʦʚ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ 

Na0,6K0,4Ca1Si3 co ʩʨʝʜʥʝʡ ʦʰʠʙʢʦʡ ʜʣʷ Na 35% ʠ 10% ʜʣʷ K, Ca ʠ Si, ʥʝ ʫʯʠʪʳʚʘʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Ba ʠ Mg. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ ʨʘʟʤʝʨʦʤ 0.30ʭ0.27ʭ0.20 ʤʤ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ɿʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʬʣʝʢʩʦʚ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʦʪ ʢʨʠʩʪʘʣʣʘ ʥʘ ʯʝʪʳʨʝʭʬʦʢʫʩʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʩ Mo ʪʨʫʙʢʦʡ ʠ ʛʨʘʬʠʪʦʚʳʤ 

ʤʦʥʦʭʨʦʤʘʪʦʨʦʤ. ʀʟʤʝʨʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 0K ʚ ʧʨʝʜʝʣʘʭ 2ɗ ʦʪ 5.34 ʜʦ 

54.9 Á, (h) ʦʪ ï19 ʜʦ 19, (k) ʦʪ ï19 ʜʦ 19 ʠ (l) ʦʪ ï18 ʜʦ 19. ɺʩʝʛʦ ʠʟʤʝʨʝʥʦ 11847 ʨʝʬʣʝʢʩʦʚ ʠ 

ʦʪʦʙʨʘʥʦ 1368 ʥʝʟʘʚʠʩʠʤʳʭ (Rʠʥʪ=0,0270, RɆ=0,150), ʧʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ: ʘ=15.2613(3)Ȕ, 

Ŭ=90Á, V=3554.47(12) Ȕ
3
. ʉʪʨʫʢʪʫʨʘ ʨʝʰʝʥʘ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʠ ʫʪʦʯʥʝʥʘ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʧʦ ʧʨʦʛʨʘʤʤʝ ShelXS (2008) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ I2/13. ɺ ʠʪʦʛʝ 

ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʥʘʠʣʫʯʰʠʡ R1/Rall = 0.0307/0.0344 ʬʘʢʪʦʨ ʧʦʣʫʯʘʝʪʩʷ ʜʣʷ ʬʦʨʤʫʣʳ 

K3Ca8Si6[Si4O12]3, Z=4, ʚ ʢʦʪʦʨʦʡ ʥʝ ʦʪʨʘʞʝʥʦ ʥʘʣʠʯʠʝ, ʩʦʛʣʘʩʥʦ ʤʠʢʨʦʟʦʥʜʫ, Na, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʘʣʦʤ ʝʛʦ ʩʦʜʝʨʞʘʥʠʠ (ʚ ʪʨʝʭ ʪʦʯʢʘʭ ʥʘʣʠʯʠʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ). 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠʟʫʯʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʯʝʨʪʳ ʩʭʦʜʩʪʚʘ ʩ 

ʯʘʨʦʠʪʦʤ ʧʦ ʩʧʦʩʦʙʫ ʩʦʝʜʠʥʝʥʠʷ Ca-ʦʢʪʘʵʜʨʦʚ ʠ K-ʚʦʩʴʤʠʚʝʨʰʠʥʥʠʢʦʚ ʠ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʪʨʫʢʪʫʨʝ ʠʤʝʶʪʩʷ, ʢʘʢ ʠ ʚ ʯʘʨʦʠʪʝ, ʯʝʪʚʝʨʥʳʝ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ ʢʦʣʴʮʘ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪ ʥʝʦʙʳʯʥʳʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ Si
VI

-ʧʦʣʠʵʜʨʳ. 

ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʫʛʣʳ ʩʚʷʟʝʡ ʧʦʣʠʵʜʨʦʚ ʦʩʦʙʳʭ ʦʪʣʠʯʠʡ ʦʪ ʠʟʚʝʩʪʥʳʭ 

ʟʥʘʯʝʥʠʡ ʥʝ ʠʤʝʶʪ, ʢʨʦʤʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Si
VI

-ʧʦʣʠʵʜʨʦʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ Si
VI

-ʧʦʣʠʵʜʨʳ ʚ ʦʧʠʩʳʚʘʝʤʦʡ ʩʪʨʫʢʪʫʨʝ ʥʝ ʠʤʝʶʪ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʤʝʞʘʪʦʤʥʳʤ ʨʘʩʩʪʦʷʥʠʷʤ Si
VI
ï

O=2.455, 2.635, 2.652 (3ï4) Ȕ ʦʪ ʚʝʣʠʯʠʥʳ SiïO=1.78 Ȕ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʦʢʪʘʵʜʨʦʚ, ʥʦ 
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ʤʝʥʴʰʝ ʩʫʤʤʳ ʥʝʩʚʷʟʳʚʘʶʱʠʭ ʨʘʜʠʫʩʦʚ Si=1.55 ʠ O=1.13 Ȕ. ʇʦʣʠʵʜʨʳ Si ʦʙʣʘʜʘʶʪ 

ʩʠʤʤʝʪʨʠʝʡ ʦʩʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ɺʝʨʰʠʥʳ ʵʪʠʭ ʧʦʣʠʵʜʨʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʧʘʨʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ɺ ʢʘʞʜʦʤ ʧʦʣʠʵʜʨʝ ʫʛʣʳ OïSi
VI
ïO ʠʟʤʝʥʷʶʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 59ï145 (0.1ï0.2)Á (ʨʠʩ. 1). 

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʜʠʢʘʣ Si2[Si4O12] (ʨʠʩ. 2), 

ʦʢʨʫʞʝʥʥʳʡ ʮʝʧʦʯʢʘʤʠ Ca4 ï Ca2 ï Ca3 ï Ca1 ʦʢʪʘʵʜʨʦʚ. Ca-ʦʢʪʘʵʜʨʳ ʩʦʝʜʠʥʷʶʪʩʷ ʦʙʱʠʤʠ 

ʛʨʘʥʷʤʠ ʠ ʟʘʤʳʢʘʶʪʩʷ ʥʘ K-ʧʦʣʠʵʜʨʝ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: K3Ca8Si6[Si4O12]3, Z=4. 

 

                 
ʈʠʩ. 1 ʇʦʣʠʵʜʨ Si

VI
. ʉʧʣʦʰʥʳʝ ʣʠʥʠʠ ï      ʈʠʩ. 2. ɻʨʘʬ ʩʠʣʠʢʘʪʥʦʡ ʯʘʩʪʠ ʩʪʨʫʢʪʫʨʳ. 

ʛʨʘʥʠʮʳ ʧʦʣʠʵʜʨʘ, ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ï             

        ʩʚʷʟʠ SiïO. 

 

ʀʟʚʝʩʪʥʳʝ ʧʨʠʯʠʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʢʘʢ-ʪʦ ʢʦʦʨʜʠʥʘʮʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʦʯʝʝ ʥʝ ʤʦʛʫʪ ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʥʘʰʝʡ ʩʪʨʫʢʪʫʨʝ ʜʣʠʥʳ ʩʚʷʟʠ Si
VI
ï

O ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʬʘʢʪʦʨʳ ʫ ʘʪʦʤʦʚ Si
VI
, ʫʚʝʣʠʯʝʥʥʳʝ ʚ ~ 3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʜʘʞʝ ʩ 

ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ. ʇʦʢʘ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʦʜʥʦ ʦʙʲʷʩʥʝʥʠʝ: ʫʚʝʣʠʯʝʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʬʘʢʪʦʨ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʥʝ ʪʦʣʴʢʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ ʘʪʦʤʦʚ ʦʪ ʩʨʝʜʥʝʛʦ 

ʧʦʣʦʞʝʥʠʷ, ʥʦ ʠ ʦʪʢʣʦʥʝʥʠʡ ʩʪʘʪʠʯʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʨʷʞʝʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʧʦʣʦʞʝʥʠʷʤʠ Si
VI

 ʠ ʯʝʪʚʝʨʥʳʭ ʢʦʣʝʮ, ʩʦʭʨʘʥʷʶʱʝʛʦʩʷ ʧʨʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʯʘʨʦʠʪʘ ʟʘ ʩʯʝʪ ʠʤʝʶʱʠʭʩʷ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ ʢʘʥʘʣʦʚ. ɺ ʵʪʠʭ 

ʨʘʟʨʷʞʝʥʥʳʭ ʪʦʯʢʘʭ ʘʪʦʤʳ Si ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʫʩʪʦʡʯʠʚʦʤ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʘʤʧʣʠʪʫʜʳ ʠʭ ʩʪʘʪʠʯʝʩʢʦʛʦ ʩʤʝʱʝʥʠʷ ʩʫʤʤʠʨʫʶʪʩʷ ʩ ʪʝʧʣʦʚʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ. 

ʉʨʘʚʥʠʚʘʷ ʩʦʩʪʘʚ ʥʘʰʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʩʦʩʪʘʚʦʤ ʯʘʨʦʠʪʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, 

ʯʪʦ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʯʘʨʦʠʪʘ ʦʢʘʟʘʣʠʩʴ ʫʜʘʣʝʥʳ ʚʩʝ ʣʝʪʫʯʠʝ ʢʦʤʧʦʥʝʥʪʳ H2O, OH, 

F, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʘ ʷʯʝʡʢʠ ʥʘ ~ 1000 Ȕ ʠ ʠʟʤʝʥʝʥʠʝʤ ʯʠʩʣʘ 

ʘʥʠʦʥʦʚ ʦʪ 184 ʜʦ 144, ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʚʝʱʝʩʪʚʘ. ɺ ʥʘʰʝʤ 

ʩʦʝʜʠʥʝʥʠʠ Si-ʨʘʜʠʢʘʣ ʷʚʣʷʝʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʦ-ʦʩʪʨʦʚʥʳʤ, ʪʦʛʜʘ ʢʘʢ ʚ ʯʘʨʦʠʪʝ ʨʘʜʠʢʘʣ 

ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʥʝʯʥʳʤ ʣʝʥʪʦʯʥʦ-ʪʨʫʙʯʘʪʳʤ (ʏʘʨʦʠʪé, 2013). ʀʟ ʵʪʦʛʦ ʨʘʜʠʢʘʣʘ ʚ ʥʘʰʝʤ 

ʩʦʝʜʠʥʝʥʠʠ ʦʩʪʘʶʪʩʷ ʣʠʰʴ ʯʝʪʚʝʨʥʳʝ ʢʦʣʴʮʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʠʭ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʩʠʣʠʢʘʪʦʚ (ʃʠʙʘʫ, 1988).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ 10-05-00344, 16-05-00392 

ʠ ʛʨʘʥʪʘ ʈʌʌʀ ï ɹʘʡʢʘʣ ˉ 14-45-04108 ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ. 
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ʀ.ʅ. ʂʠʛʘʡ 

 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ (ʀɻɽʄ) 

ʈɸʅ, kigai@igem.ru. 

 

ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʘʛʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʠʪʴ ʠ ʜʦʧʦʣʥʠʪʴ ʚʳʚʦʜʳ ʩʚʦʜʢʠ 

ɸ. ɻʦʜʦʚʠʢʦʚʘ ʠ ʜʨ. (1987). ɺ ʦʩʥʦʚʝ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʘʪʦʚ ʣʝʞʠʪ ʨʠʪʤʠʯʝʩʢʘʷ ʢʦʘʛʫʣʷʮʠʷ ʟʦʣʷ 

ʢʨʝʤʥʝʟʝʤʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʩʪʷʭ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʛʘʟʦʚʳʤʠ ʧʫʟʳʨʷʤʠ ʚ ʣʘʚʘʭ ʠʣʠ ʚ ʪʚʝʨʜʳʭ 

ʚʫʣʢʘʥʠʪʘʭ ʠ ʢʘʨʩʪʦʚʳʤʠ ʧʫʩʪʦʪʘʤʠ ʚ ʠʟʚʝʩʪʥʷʢʘʭ. ɼʣʷ ʘʛʘʪʦʚ, ʛʘʟʦʚʳʝ ʤʠʥʜʘʣʠʥʳ ʢʦʪʦʨʳʭ 

ʧʦʜʥʠʤʘʣʠʩʴ ʚ ʞʠʜʢʠʭ ʣʘʚʘʭ, ʭʘʨʘʢʪʝʨʥʘ ʢʘʧʣʝʚʠʜʥʘʷ ʬʦʨʤʘ ʩ ʢʦʥʠʯʝʩʢʠʤ ʩʫʞʝʥʠʝʤ ʚʥʠʟʫ. 

ɻʝʣʴ ʢʨʝʤʥʝʟʝʤʘ ʧʦʩʣʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʘʤʦʨʬʥʳʡ ʦʧʘʣ-ɸ. ʇʦʩʣʝʜʥʠʡ ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʢʦʥʪʘʢʪʘ ʩ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʦʡ ʙʳʩʪʨʦ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʝʪʩʷ ʚ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʢʨʠʩʪʦʙʘʣʠʪ Ñ ʪʨʠʜʠʤʠʪ (ʦʧʘʣ-ʉʊ) ʠ ʜʘʣʝʝ ʚ ʭʘʣʮʝʜʦʥ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ 

ʩʦʜʝʨʞʘʪ ʨʝʣʠʢʪʳ ʦʧʘʣʘ (ʖʩʫʧʦʚ, 1982; Lynne & Campbell, 2003). ʍʘʣʮʝʜʦʥ ʚʨʝʤʝʥʘʤʠ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʦʙʨʘʟʫʷ ʩʬʝʨʦʣʠʪʳ ʠʣʠ ʱʝʪʢʠ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʪʫʱʠʭ 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʦʪʙʦʨʦʤ ʚ ʠʭ ʦʩʥʦʚʘʥʠʠ.  

ɸʛʘʪʳ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʥʘʯʠʥʘʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʙʘʟʘʣʴʪʦʚʳʭ ʠ ʘʥʜʝʟʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ (ʚʳʰʝ 1100 Áʉ) ʠ ʢʦʥʯʘʷ ʥʝʩʢʦʣʴʢʠʤʠ ʜʝʩʷʪʢʘʤʠ 

ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ, ʥʦ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ, ʪ.ʢ. ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, 

ʧʦʧʘʜʘʶʱʠʝ ʚ ʞʠʜʢʫʶ ʣʘʚʫ ʠʟ ʧʦʜʩʪʠʣʘʶʱʠʭ ʚʦʜʦʥʦʩʥʳʭ ʧʦʨʦʜ, ʤʦʛʫʪ ʠʤʝʪʴ ʜʘʚʣʝʥʠʝ 

ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʝʝ ʜʘʚʣʝʥʠʝ ʚ ʣʘʚʝ. ʌʣʶʠʜ ʤʠʥʜʘʣʠʥ ʨʘʩʪʚʦʨʷʝʪ ʢʨʝʤʥʝʟʝʤ 

ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʙʨʘʟʫʷ ʟʦʣʴ. ʆʧʳʪʳ ɼʶʢʣʦ ʠ ɺʦʣʴʤʘʥʘ (Duclos, Vollman, 1911) ʧʦ 

ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʠ ʟʦʣʝʡ ʯʝʨʝʟ ʢʦʣʣʦʜʠʝʚʳʝ ʢʦʣʧʘʯʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ, ʝʩʣʠ ʜʘʚʣʝʥʠʝ 

ʬʣʶʠʜʘ ʚ ʘʛʘʪʦʚʳʭ ʤʠʥʜʘʣʠʥʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʠʣʴʪʨʘʮʠʶ ʥʘʨʫʞʫ, ʪʦ ʢʦʘʛʫʣʷʮʠʷ ʟʦʣʷ 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʪʝʥʢʘʭ ʤʠʥʜʘʣʠʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʩʣʦʝʚ, ʘ ʝʩʣʠ ʜʘʚʣʝʥʠʝ ʚ 

ʤʠʥʜʘʣʠʥʘʭ ʥʠʟʢʦʝ, ʪʦ ʢʦʘʛʫʣʷʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʦʪʩʪʦʡʥʠʢʦʚ. 

ʊʘʢʘʷ ʩʤʝʥʘ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʩʣʦʝʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʧʨʠ 

ʥʘʜʢʨʠʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʬʣʶʠʜʘ ʚ ʤʠʥʜʘʣʠʥʘʭ ʞʠʜʢʠʭ ʣʘʚ, ʪʘʢ ʠ ʧʦʩʣʝ ʝʛʦ 

ʛʝʪʝʨʦʛʝʥʠʟʘʮʠʠ ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʦʩʪʳʚʘʶʱʠʭ ʟʘʪʚʝʨʜʝʚʰʠʭ ʣʘʚʘʭ.  

ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʘʛʘʪʦʚ ʚ ʫʞʝ ʟʘʪʚʝʨʜʝʚʰʠʭ ʦʩʪʳʚʘʶʱʠʭ ʠʣʠ ʜʘʚʥʦ ʦʩʪʳʚʰʠʭ ʣʘʚʘʭ 

ʩʤʝʥʘ ʦʪʣʦʞʝʥʠʷ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʩʣʦʝʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʛʝʪʝʨʦʛʝʥʠʟʘʮʠʝʡ ʬʣʶʠʜʘ ʥʘ ʤʘʣʦʧʣʦʪʥʳʡ ʛʘʟ ʠ ʞʠʜʢʠʡ ʨʘʩʩʦʣ, ʢʘʢ ʨʘʥʝʝ ʧʨʝʜʧʦʣʘʛʘʣ 

ʅʘʢʢʝʥ (Nacken, 1917). ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘ ʛʨʘʥʠʮʝ ʵʪʠʭ ʜʚʫʭ ʬʘʟ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦ ʪʦʣʱʠʥʝ 

ʛʝʣʝʚʦʡ ʧʣʝʥʢʠ ʦʩʤʦʩ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʚ ʨʘʩʩʦʣ ʯʝʨʝʟ ʧʦʣʫʧʨʦʥʠʮʘʝʤʫʶ ʧʣʝʥʢʫ ʛʝʣʷ ʧʨʠʚʝʜʝʪ 

ʢ ʧʦʚʳʰʝʥʠʶ ʜʘʚʣʝʥʠʷ ʧʦʜ ʩʣʦʝʤ ʛʝʣʷ ʠ ʨʦʩʪʫ ʧʦʣʳʭ ʤʝʤʙʨʘʥʥʳʭ ʪʨʫʙʦʢ ʠ ʚʝʪʚʠʩʪʳʭ 

ʤʦʭʦʚʳʭ ʘʛʨʝʛʘʪʦʚ ʛʝʣʷ. ʅʝʦʜʥʦʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʩʤʝʥʳ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʛʦ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʦʚ ʦʪʣʦʞʝʥʠʷ ʛʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʥʘʣʝʛʘʥʠʝʤ ʩʚʝʞʠʭ ʩʣʦʝʚ ʣʘʚʳ 

ʥʘ ʦʩʪʳʚʘʶʱʠʡ ʘʛʘʪʦʥʦʩʥʳʡ ʧʣʘʩʪ ʠʣʠ ʥʘʣʦʞʝʥʠʝʤ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʠʥʪʨʫʟʠʚʥʦ-

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʪʦʣʱʫ ʚʫʣʢʘʥʠʪʦʚ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʚ ʥʝʢʦʪʦʨʳʭ ʘʛʘʪʘʭ ʠʟʤʝʥʝʥʠʝ ʥʘʢʣʦʥʘ ʦʥʠʢʩʦʚʳʭ ʩʣʦʝʚ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ: ʘ) ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʘʪʦʚ ʚ ʞʠʜʢʠʭ ʣʘʚʘʭ ï ʠʟʤʝʥʝʥʠʝʤ ʥʘʢʣʦʥʘ ʤʠʥʜʘʣʠʥ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʩʣʦʝʚ ʣʘʚʳ ʠʣʠ ʠʟʤʝʥʝʥʠʝʤ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʦ ʢʦʪʦʨʦʡ ʩʪʝʢʘʝʪ ʣʘʚʘ; ʙ) ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʘʪʦʚ ʚ ʪʚʝʨʜʳʭ ʧʦʨʦʜʘʭ ï ʫʯʘʩʪʠʝʤ 

ʘʛʘʪʦʥʦʩʥʳʭ ʚʫʣʢʘʥʠʪʦʚ ʚ ʩʢʣʘʜʯʘʪʳʭ ʜʝʬʦʨʤʘʮʠʷʭ. ɺʳʷʩʥʠʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʧʨʠʯʠʥʫ 

ʤʦʞʥʦ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʧʦʣʦʞʝʥʠʷ ʘʛʘʪʦʚʳʭ ʤʠʥʜʘʣʠʥ ʚ ʪʦʣʱʝ ʚʫʣʢʘʥʠʪʦʚ ʠ ʩʨʘʚʥʝʥʠʷ 

ʦʨʠʝʥʪʠʨʦʚʢʠ ʤʠʥʜʘʣʠʥ ʠ ʥʘʢʣʦʥʘ ʦʪʩʪʦʡʥʠʢʦʚ ʚ ʥʠʭ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʬʣʶʠʜʘʣʴʥʦʩʪʠ ʣʘʚʳ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʘʛʘʪʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʦʜʥʦʢʨʘʪʥʦʝ ʚʳʜʘʚʣʠʚʘʥʠʝ ʛʝʣʷ ʠʟ ʚʥʫʪʨʝʥʥʠʭ ʟʦʥ 

ʢ ʧʝʨʠʬʝʨʠʠ ʤʠʥʜʘʣʠʥ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʢʦʥʮʝ ʨʝʪʦʨʪʦʦʙʨʘʟʥʳʭ ʠʣʠ ʠʥʦʡ ʬʦʨʤʳ 

ʦʢʦʥʯʘʥʠʡ, ʥʝ ʚʳʭʦʜʷʱʠʭ ʟʘ ʧʨʝʜʝʣʳ ʢʦʨʢʠ ʤʠʥʜʘʣʠʥ. ʇʨʠ ʵʪʦʤ ʦʢʦʣʦ ʢʘʥʘʣʦʚ 

ʚʳʜʘʚʣʠʚʘʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʩʪʠʯʝʩʢʦʝ ʠʟʛʠʙʘʥʠʝ, ʫʪʦʥʯʝʥʠʝ ʠ ʚʳʢʣʠʥʠʚʘʥʠʝ 
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ʧʨʠʣʝʛʘʶʱʠʭ ʩʣʦʝʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦ ʜʣʠʪʝʣʴʥʦʤ ʩʦʭʨʘʥʝʥʠʠ ʛʝʣʝʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʣʦʝʚ 

(Frondel, 1962). ɺʳʜʘʚʣʠʚʘʥʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʩʞʘʪʠʝʤ ʤʠʥʜʘʣʠʥ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʣʘʚʳ ʧʦʩʣʝ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʳʩʘʯʠʚʘʥʠʷ ʬʣʶʠʜʘ (Shaub, 1955) ʠʣʠ ʥʘʣʝʛʘʥʠʝʤ ʥʦʚʳʭ ʩʣʦʝʚ ʣʘʚʳ ʥʘ 

ʦʩʪʳʚʘʶʱʠʡ ʘʛʘʪʦʥʦʩʥʳʡ ʩʣʦʡ. 

ɸʛʘʪʳ ʚ ʚʷʟʢʠʭ ʢʠʩʣʳʭ ʣʘʚʘʭ ʠ ʠʛʥʠʤʙʨʠʪʘʭ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʬʝʨʠʯʝʩʢʠʤ ʣʠʪʦʬʠʟʘʤ, 

ʩʣʦʞʝʥʥʳʤ ʘʛʨʝʛʘʪʘʤʠ ʢʨʠʩʪʦʙʘʣʠʪʘ, ʪʨʠʜʠʤʠʪʘ ʠ ʩʘʥʠʜʠʥʘ. ʃʠʪʦʬʠʟʳ ʦʙʨʘʟʦʚʘʥʳ 

ʦʩʪʝʢʣʦʚʘʥʠʝʤ ʣʘʚ ʠ ʪʫʬʦʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʩʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʝʥʝʚʦʡ 

ʬʣʶʠʜʘʣʴʥʦʩʪʠ, ʪ.ʝ. ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʥʘʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʣʘʚ. ʉʣʦʞʝʥʥʳʝ ʘʛʘʪʦʤ 

ʧʦʣʦʩʪʠ ʚ ʣʠʪʦʬʠʟʘʭ ʠʤʝʶʪ ʯʘʱʝ ʚʩʝʛʦ ʘʤʝʙʦʚʠʜʥʦʝ ʤʥʦʛʦʣʫʯʝʚʦʝ ʩʪʨʦʝʥʠʝ ʠ ʧʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʈʠʭʪʭʦʬʝʥʘ (Von Richthofen, 1860) ʦʙʨʘʟʦʚʘʥʳ ʬʣʶʠʜʘʤʠ, ʚʳʜʝʣʷʶʱʠʤʠʩʷ 

ʠʟ ʩʪʝʢʣʘ ʧʨʠ ʝʛʦ ʨʘʩʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʩʦʟʜʘʶʱʠʤʠ ʧʦʚʳʰʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʣʠʪʦʬʠʟ. 

ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ ʠ ʦʙʲʝʤʦʚ ʧʦʣʦʩʪʝʡ ʚ ʣʠʪʦʬʠʟʘʭ, ʥʝʣʴʟʷ ʠʩʢʣʶʯʠʪʴ 

ʪʘʢʞʝ ʨʘʩʪʚʦʨʝʥʠʝ ʠ ʚʳʥʦʩ ʯʘʩʪʠ ʚʝʱʝʩʪʚʘ ʣʠʪʦʬʠʟ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ. ɺ 

ʘʛʘʪʘʭ ʣʠʪʦʬʠʟ ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʥʮʝʥʪʨʠʯʝʩʢʘʷ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʣʦʠʩʪʦʩʪʴ, ʠʟʨʝʜʢʘ ʪʘʢʞʝ 

ʤʦʭʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚ ʪʚʝʨʜʳʭ ʧʦʨʦʜʘʭ ʠ ʧʨʠ 

ʫʤʝʨʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɸʤʝʪʠʩʪʦʚʳʝ ʞʝʦʜʳ ɹʨʘʟʠʣʠʠ ʠ ʋʨʫʛʚʘʷ, ʠʤʝʶʱʠʝ ʧʦʣʫʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʧʨʠ 

ʧʣʦʩʢʦʤ ʦʩʥʦʚʘʥʠʠ, ʬʦʨʤʠʨʦʚʘʣʠʩʴ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʚ ʪʚʝʨʜʳʭ ʦʩʥʦʚʥʳʭ ʚʫʣʢʘʥʠʪʘʭ, 

ʧʦʛʨʫʞʝʥʥʳʭ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʛʣʫʙʠʥʫ ʠ ʧʨʠ ʫʤʝʨʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʜ ʧʦʣʦʛʠʤʠ 

ʪʨʝʱʠʥʘʤʠ, ʧʦʜʚʦʜʠʚʰʠʤʠ ʨʘʩʪʚʦʨ. ʀʩʪʦʯʥʠʢʦʤ ʬʣʶʠʜʦʚ ʜʣʷ ʥʠʭ ʩʣʫʞʠʣʠ ʧʦʜʩʪʠʣʘʶʱʠʝ 

ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ. ʌʣʶʠʜʳ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʣʠ ʧʦʣʦʩʪʠ ʞʝʦʜ, ʧʦʵʪʦʤʫ ʚ ʥʠʭ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʠʧʠʯʥʳʭ ʜʣʷ ʘʛʘʪʦʚ ʦʥʠʢʩʦʚʳʭ ʦʪʩʪʦʡʥʠʢʦʚ. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʠʭ ʧʦʣʦʩʪʝʡ 

ʦʩʪʘʝʪʩʷ ʧʦʢʘ ʟʘʛʘʜʦʯʥʳʤ, ʭʦʪʷ ʛʨʦʤʘʜʥʳʝ ʧʫʩʪʦʪʳ ʥʝʢʦʪʦʨʳʭ ʘʤʝʪʠʩʪʦʚʳʭ ʞʝʦʜ ʤʦʛʣʠ 

ʦʙʨʘʟʦʚʘʪʴʩʷ, ʙʣʘʛʦʜʘʨʷ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʪʝʯʝʥʠʶ ʣʘʚ ʧʦʜ ʠʭ ʟʘʩʪʳʚʰʝʡ ʢʦʨʢʦʡ.  

ɸʛʘʪʳ ʚ ʢʘʨʩʪʦʚʳʭ ʧʦʣʦʩʪʷʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʥʘʧʨʠʤʝʨ, ʧʦʜʤʦʩʢʦʚʥʳʝ 

ʛʦʣʫʪʚʠʥʩʢʠʝ, ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ, ʥʘʛʨʝʪʳʤʠ ʛʝʦʪʝʨʤʠʯʝʩʢʠʤ ʪʝʧʣʦʤ. ʕʪʠ 

ʨʘʩʪʚʦʨʳ ʠʟʚʣʝʢʘʣʠ ʨʘʩʩʝʷʥʥʳʡ ʚ ʠʟʚʝʩʪʥʷʢʘʭ ʢʨʝʤʥʝʟʝʤ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʟʦʣʴ. 

ɻʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʚ ʧʦʨʦʜʘʭ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ 

ʨʘʩʪʚʦʨʦʚ ʠʟ ʧʦʣʦʩʪʝʡ ʠ ʧʦʵʪʦʤʫ ʦʙʝʩʧʝʯʠʚʘʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʚʳʩʪʠʣʘʶʱʠʭ 

ʩʣʦʝʚ ʛʝʣʷ. ʅʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʣʦʠ ʚ ʪʘʢʠʭ ʘʛʘʪʘʭ ʥʠʢʦʛʜʘ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ 

ʵʪʦʛʦ ʘʛʘʪʳ ʜʦʣʞʥʳ ʙʳʣʠ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʘ ʫʨʦʚʥʝ ʟʝʨʢʘʣʘ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 
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ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʧʨʦʤʳʰʣʝʥʥʦ-ʘʣʤʘʟʦʥʦʩʥʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʗʢʫʪʠʠ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʚ ʶʞʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ 

ʧʨʦʚʠʥʮʠʠ (ʗɸʇ) ʚ ʧʨʝʜʝʣʘʭ ʧʷʪʠ ʧʦʣʝʡ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʚʝʨʭʥʠʡ 

ʜʝʚʦʥ-ʥʠʞʥʠʡ ʢʘʨʙʦʥ) ʚʦʟʨʘʩʪʘ. ʀʟʚʝʩʪʥʳʝ ʦʙʲʝʢʪʳ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʠ ʨʦʜʩʪʚʝʥʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʗɸʇ ʠ ʧʨʦʤʳʰʣʝʥʥʦ 

ʥʝʘʣʤʘʟʦʥʦʩʥʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʝʪʩʷ ʢ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ 

ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʢʘʨʥʠʡʩʢʦʛʦ ʠ ʨʵʪʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʗɸʇ 

(ɻʨʘʭʘʥʦʚ ʠ ʜʨ., 2010 ʠ ʜʨ.), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʡ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʗʢʫʪʠʠ, ʧʦʤʠʤʦ 

ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ, ʙʳʣ ʤʝʟʦʟʦʡʩʢʠʡ (ʪʨʠʘʩʦʚʳʡ) ʵʪʘʧ ʧʨʦʤʳʰʣʝʥʥʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ. 

ɺ 2015 ʛʦʜʫ ʚ ʭʦʜʝ ʨʘʙʦʪ ʧʦ ɻʦʩʢʦʥʪʨʘʢʪʫ çʇʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʥʘ ʚʳʷʚʣʝʥʠʝ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʜʣʷ ʈʦʩʩʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚ ʪʨʠʘʩʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʥʘ ʩʝʚʝʨʝ 

ʆʣʝʥʝʢʩʢʦʛʦ ʧʦʜʥʷʪʠʷ (ʈʝʩʧʫʙʣʠʢʘ ʉʘʭʘ (ʗʢʫʪʠʷ)è ʌɻʋʇ ʎʅʀɻʈʀ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʅʠʢʘʙʳʪ 

ʧʨʠ ʟʘʚʝʨʢʝ ʙʫʨʝʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ AGP 230 ʠ 306 ʥʘ ʛʣʫʙʠʥʝ 4-10.2 ʤ, 

ʙʳʣʠ ʚʩʢʨʳʪʳ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ (ʪʫʬʦʛʨʘʚʝʣʠʪʳ), ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʥʘʤʠ ʢʘʢ ʚʦʟʤʦʞʥʳʝ ʢʨʘʪʝʨʥʳʝ ʯʘʩʪʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ. ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ 0.9-1.8 ʤ, 

ʧʦ ʩʚʦʝʤʫ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ ʧʦʨʦʜʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʫʨʦʚʥʝ ʥʠʞʥʝʛʦ-

ʩʨʝʜʥʝʛʦ ʪʨʠʘʩʘ, ʧʦʜʩʪʠʣʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʧʝʨʤʩʢʠʝ ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ ʠ ʘʨʛʠʣʣʠʪʳ.  

ɺʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ, ʟʝʣʝʥʦʚʘʪʦʛʦ ʮʚʝʪʘ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʥʳʤ ʦʣʠʚʠʥʦʤ, 

ʩʣʶʜʦʡ, ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʦʙʣʦʤʢʘʤʠ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ. ʉʨʝʜʠ 

ʚʢʣʶʯʝʥʠʡ ʦʪʤʝʯʘʶʪʩʷ ʪʘʢʞʝ ʛʘʣʴʢʠ (ʜʦ 2 ʩʤ) ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʢʨʝʤʥʝʡ, ʢʚʘʨʮʘ, ʭʘʣʮʝʜʦʥʘ, 

ʦʙʣʦʤʢʦʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʘʨʛʠʣʣʠʪʦʚ. ʇʦʨʦʜʳ ʩʠʣʴʥʦ ʦʞʝʣʝʟʥʝʥʳ, ʧʦ ʥʠʤ ʨʘʟʚʠʪʘ 

ʭʣʦʨʠʪʠʟʘʮʠʷ, ʢʘʣʴʮʠʪʠʟʘʮʠʷ ʠ ʧʠʨʠʪʠʟʘʮʠʷ. ʊʝʢʩʪʫʨʘ ʧʦʨʦʜ ʤʘʩʩʠʚʥʘʷ, ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʘʷ, 

ʤʝʩʪʘʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʛʨʘʜʘʮʠʦʥʥʘʷ ʩʣʦʠʩʪʦʩʪʴ ʠ ʧʣʦʭʘʷ ʩʦʨʪʠʨʦʚʢʘ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʇʦʣʦʩʳ ʚ ʧʦʨʦʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʣʦʝʚ ʩ ʧʨʠʤʝʩʴʶ ʪʫʬʦʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʘʣʝʚʨʦʧʝʣʠʪʦʚʦʡ-ʧʩʘʤʤʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʪʫʬʦʛʨʘʚʝʣʠʪʦʚ ʩ ʚʘʨʴʠʨʫʶʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʘʛʥʝʪʠʪʘ ʠ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʦʢʨʫʛʣʦʡ, ʫʜʣʠʥʝʥʥʦʡ, ʦʙʣʦʤʦʯʥʦʡ ʬʦʨʤʳ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʨʦʜʳ ʩʦʜʝʨʞʘʪ: ʢʘʣʴʮʠʪ ï 33%, ʢʚʘʨʮ ï 24%, 

ʩʠʜʝʨʠʪ ï 15%, ʘʥʘʪʘʟ ï 12%; ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʦʥʪʨʦʥʠʪ, ʭʣʦʨʠʪ, 

ʠʣʴʤʝʥʠʪ, ʦʣʠʚʠʥ, ʤʘʛʥʝʪʠʪ ʠ ʭʨʦʤʠʪ. 

ʀʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʪʦʣʦʯʥʳʭ ʧʨʦʙ ʧʦʢʘʟʘʣʦ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʤʘʛʥʠʪʥʦʡ 

ʬʨʘʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʘʛʥʝʪʠʪʦʤ, ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʪʤʝʯʘʶʪʩʷ 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ, ʧʦʣʠʛʝʥʥʳʝ ʭʨʦʤʰʧʠʥʝʣʠʜʳ, ʨʫʪʠʣ, ʘʥʘʪʘʟ, ʛʨʘʥʘʪ, ʧʠʨʠʪ-ʤʘʨʢʘʟʠʪ, 

ʣʝʡʢʦʢʩʝʥ, ʚ ʝʜʠʥʠʯʥʳʭ ʟʥʘʢʘʭ ï ʮʠʨʢʦʥ, ʪʫʨʤʘʣʠʥ, ʩʣʶʜʘ, ʬʦʩʬʘʪʳ. ʀʟ ʤʠʥʝʨʘʣʦʚ-

ʠʥʜʠʢʘʪʦʨʦʚ ʢʠʤʙʝʨʣʠʪʦʚ (ʣʘʤʧʨʦʠʪʦʚ) ʦʪʤʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʫʛʣʦʚʘʪʳʝ ʟʝʨʥʘ ʧʠʨʦʧʦʚ, 

ʙʣʝʜʥʦ ʣʠʣʦʚʦʛʦ ʮʚʝʪʘ, ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʤʠʢʨʦʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʨʦʟʠʦʥʥʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 

ʪʠʧʘ, ʧʠʨʦʧ-ʘʣʴʤʘʥʜʠʥʦʚ ʦʨʘʥʞʝʚʦ-ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, ʨʝʜʢʠʝ ʟʝʨʥʘ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʬʦʨʤʳ, ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʠʨʦʧʳ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ 

Cr2O3 ʠ CaO ʚ ʦʩʥʦʚʥʦʤ ʦʪʥʦʩʷʪʩʷ ʢ ʥʠʟʢʦ-ʩʨʝʜʥʝʭʨʦʤʠʩʪʳʤ, ʫʤʝʨʝʥʥʦ ʢʘʣʴʮʠʝʚʳʤ 

ʛʨʘʥʘʪʘʤ ʣʝʨʮʦʣʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ. ʆʪʜʝʣʴʥʳʝ ʟʝʨʥʘ ʧʠʨʦʧʦʚ-ʘʣʴʤʘʥʜʠʥʦʚ ʵʢʣʦʛʠʪʦʚʦʛʦ 

ʧʘʨʘʛʝʥʝʟʠʩʘ, ʘʥʘʣʦʛʠʯʥʳ ʛʨʘʥʘʪʘʤ ʠʟ ʘʣʤʘʟʦʥʦʩʥʳʭ ʠʣʴʤʝʥʠʪ-ʨʫʪʠʣʦʚʳʭ ʤʘʛʥʝʟʠʘʣʴʥʦ-

ʞʝʣʝʟʠʩʪʳʭ ʵʢʣʦʛʠʪʦʚ, ʧʦ ʭʠʤʠʢʦ-ʛʝʥʝʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɻ.ʇ. ʂʫʜʨʷʚʮʝʚʦʡ 

(ɹʦʛʘʪʠʢʦʚ ʠ ʜʨ., 1999). ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʤʝʨʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʠʷ (6.78-9.13 
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ʤʘʩ.%), ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʱʝʛʦ ʞʝʣʝʟʘ (20.59-23.19 ʤʘʩ.%), ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ Cr2O3 ï 0-0.03 ʤʘʩ.%. ʉʨʝʜʠ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ, ʦʪʤʝʯʘʶʪʩʷ ʟʝʨʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʡ ʬʦʨʤʳ, ʩ ʫʤʝʨʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʭʨʦʤʘ (43.92-51.56 ʤʘʩ.%), 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʳʤ ï ʤʘʛʥʠʷ (12.55-15.85 ʤʘʩ.%) ʠ ʪʠʪʘʥʘ (3.41-5.21 ʤʘʩ.%), ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ Cr2O3 ʠ MgO ʙʣʠʟʢʠʝ ʩʦʩʪʘʚʘʤ ʭʨʦʤʠʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ (ɺʘʛʘʥʦʚ, 2000). 

ʇʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ Fe2O3 (~41-45 ʤʘʩ.%), TiO2 (~9 

ʤʘʩ.%), ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ SiO2 (~6 ʤʘʩ.%), MgO (~3 ʤʘʩ.%). ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ 

Fe2O3 ʠ ʧʦʥʠʞʝʥʥʳʝ MgO ʦʪʤʝʯʝʥʳ ʜʣʷ ʚʳʚʝʪʨʝʣʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ɸʨʳ-

ʄʘʩʪʘʭʩʢʦʛʦ ʧʦʣʷ ï ʪʨʫʙʦʢ ʅʝʟʘʙʫʜʢʘ (34-52 ʤʘʩ.% Fe2O3, 10-11 ʤʘʩ.% MgO), ʅʦʯʥʘʷ (25-43 

ʤʘʩ.% Fe2O3, 5-14 ʤʘʩ.% MgO) (ʐʘʤʰʠʥʘ, 1979). ʇʦ ʩʦʜʝʨʞʘʥʠʶ Al2O3, MnO, CaO, Na2O, 

K2O, P2O5 ʧʦʨʦʜʳ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʳʤʠ. ʊʫʬʦʛʨʘʚʝʣʠʪʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʩ ʢʠʤʙʝʨʣʠʪʘʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Cr, ʉo, Zr, Nb, Ta, Sr, Th, U, 

Ba, LREE, ʥʝʦʙʳʯʥʦ ʚʳʩʦʢʠʤʠ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʩʦʜʝʨʞʘʥʠʷʤʠ Y, HREE ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ï 

ʥʠʟʢʠʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ REE ï ʥʠʟʢʠʤ ʦʪʥʦʰʝʥʠʝʤ La/Yb.  

ʀʟʫʯʝʥʠʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʘʥʦʤʘʣʠʡ AGP 230 ʠ 306 ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʠʭ ʢ ʪʫʬʦʛʨʘʚʝʣʠʪʘʤ 

ʢʨʘʪʝʨʥʦʡ ʬʘʮʠʠ, ʪ.ʝ. ʧʝʨʝʦʪʣʦʞʝʥʥʦʤʫ ʚʫʣʢʘʥʠʯʝʩʢʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʷʚʣʷʶʱʝʤʫʩʷ ʯʘʩʪʴʶ 

ʤʘʘʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʤʣʷʶʱʝʡ ʞʝʨʣʦʚʫʶ ʯʘʩʪʴ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʪʝʣʘ. ʇʨʠ ʵʪʦʤ 

ʠʟʤʝʥʝʥʠʷ ʪʫʬʦʛʨʘʚʝʣʠʪʦʚ ʧʨʦʠʩʭʦʜʠʣʠ ʥʘ ʚʩʝʤ ʵʪʘʧʝ ʠʭ ʩʪʘʥʦʚʣʝʥʠʷ ï ʦʪ ʵʢʟʦʛʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʚ ʥʘʯʘʣʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (ʥʘʢʦʧʣʝʥʠʝ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʚʳʚʝʪʨʠʚʘʥʠʝ), ʪʘʢ ʠ 

ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʤʝʟʦ-ʢʘʡʥʦʟʦʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʣʘʩʪʦʚʳʭ ʚʦʜ, 

ʜʝʬʦʨʤʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ɺʝʨʭʦʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʩʪʠ (ʭʣʦʨʠʪʠʟʘʮʠʷ, 

ʦʞʝʣʝʟʥʝʥʠʝ, ʢʘʨʙʦʥʘʪʠʟʘʮʠʷ).  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʘʥʦʤʘʣʠʡ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʣʦʢʘʣʴʥʳʝ ʦʨʝʦʣʳ ʧʠʨʦʧʦʚ ʠ ʙʦʛʘʪʘʷ ʨʦʩʩʳʧʴ ʘʣʤʘʟʦʚ ʵʙʝʣʷʭʩʢʦʛʦ ʪʠʧʘ ʜʦʣʠʥʳ 

ʨʝʢʠ ʅʠʢʘʙʳʪ, ʘ ʪʘʢʞʝ ʨʦʩʩʳʧʴ ʘʣʤʘʟʦʚ ʚ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʨʵʪʩʢʦʛʦ ʷʨʫʩʘ 

ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ (ʙʫʣʫʥʢʘʥʩʢʘʷ ʩʚʠʪʘ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ 

ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʨʦʩʩʳʧʠ ʩ ɺʝʨʭʥʝʥʠʢʘʙʳʪʩʢʠʤ ʢʫʩʪʦʤ ʪʝʣ (ʀʚʘʥʦʚ ʠ ʜʨ., 2016). ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʩʢʨʳʪʳʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʨʘʪʝʨʥʳʤ 

ʬʘʮʠʷʤ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʦʙʲʝʢʪʦʚ ï ʠʩʪʦʯʥʠʢʦʚ ʨʦʩʩʳʧʝʡ ʜʦʣʠʥʳ ʨʝʢʠ 

ʅʠʢʘʙʳʪ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʃ.ʀ. ʃʫʢʴʷʥʦʚʦʡ, ɸ.ɺ. ʂʘʨʛʠʥʫ ʠ 

ʀ.ɻ. ɹʳʩʪʨʦʚʫ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ. 
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ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʧʘʩʧʦʨʪʠʟʘʮʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʗʢʫʪʩʢʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ 

ʧʨʦʚʠʥʮʠʠ (ʗʂʇ) ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʧʨʠʤʝʨʥʦ 30 ʣʝʪ. ɿʘ ʵʪʦʪ 

ʧʝʨʠʦʜ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʰʣʠʭʠ ʠʟ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʯʠʩʣʘ ʪʨʫʙʦʢ ʚʩʝʭ ʶʞʥʳʭ ʧʦʣʝʡ ʠ ʠʟ 

ʤʥʦʛʠʭ ʪʨʫʙʦʢ ʩʝʚʝʨʥʳʭ ʧʦʣʝʡ ʗʂʇ (ʏʦʤʫʨʜʘʭʩʢʦʛʦ, ʆʛʦʥʝʨ-ʖʨʷʭʩʢʦʛʦ, ɿʘʧʘʜʥʦ-

ʋʢʫʢʠʪʩʢʦʛʦ, ʂʫʦʡʢʩʢʦʛʦ, ʄʦʣʦʜʠʥʩʢʦʛʦ, ʊʦʣʫʦʧʩʢʦʛʦ ʠ ʧʦʣʝʡ ʇʨʠʘʥʘʙʘʨʴʷ). ɹʳʣ ʩʦʙʨʘʥ 

ʫʥʠʢʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ, ʢʦʪʦʨʳʡ ʠ ʷʚʠʣʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʪʨʫʙʦʢ ʗʂʇ. 

ɺ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʧʦʨʪʨʝʪ (ʧʘʩʧʦʨʪ) ʪʨʫʙʢʠ, ʢʫʩʪʘ ʪʨʫʙʦʢ, ʧʦʣʷ ʪʨʫʙʦʢ, ʦʨʝʦʣʘ 

ʨʘʩʩʝʠʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚ ʤʳ ʚʢʣʘʜʳʚʘʝʤ ʧʦʥʷʪʠʝ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ, ʛʨʫʧʧ ʪʝʣ, ʠʣʠ 

ʚʪʦʨʠʯʥʳʭ ʦʨʝʦʣʦʚ ʠʭ ʨʘʩʩʝʠʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʠʭ ʠ ʪʘʙʣʠʯʥʳʭ 

ʩʨʝʜʩʪʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʘʩʧʦʨʪ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʣʥʦʪʦʡ ʦʪʨʘʞʘʝʪ ʦʩʥʦʚʥʳʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʫʪʥʠʢʘ ʠ ʷʚʣʷʝʪʩʷ 

ʫʩʪʦʡʯʠʚʦʡ, ʧʨʠʩʫʱʝʡ ʪʦʣʴʢʦ ʜʘʥʥʦʤʫ ʦʙʲʝʢʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ. 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʩʦʩʪʘʚʣʝʥʠʶ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʧʘʩʧʦʨʪʘ ʧʦ ʤʠʥʝʨʘʣʘʤ-

ʩʧʫʪʥʠʢʘʤ ʘʣʤʘʟʘ ï ʧʠʢʨʦʠʣʴʤʝʥʠʪʫ (Ilm), ʛʨʘʥʘʪʫ (Grt) ʠ ʭʨʦʤʰʧʠʥʝʣʠʜʘʤ (CrSp) 

ʠʟʣʦʞʝʥʳ ʚ ʩʪʘʪʴʷʭ (ʂʦʩʪʨʦʚʠʮʢʠʡ ʠ ʜʨ., 2006ʘ, ʙ). ʉʪʘʚʷ ʟʘʜʘʯʫ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ 

ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʢʫʩʪʘ ʪʨʫʙʦʢ, ʧʦʣʷ ʪʨʫʙʦʢ, ʥʝʦʙʭʦʜʠʤʦ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ 

ʚʳʜʝʣʝʥʥʳʭ ʪʘʢʩʦʥʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʙʣʘʜʘʝʪ ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʦ 

ʩʦʩʪʘʚʫ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʠʥʝʨʘʣʘ. ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʪʨʫʙʢʠ 

ʦʜʥʦʛʦ ʢʫʩʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʯʝʥʴ ʙʣʠʟʢʠʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʞʜʝʩʪʚʝʥʥʳʤ ʩʦʩʪʘʚʦʤ Ilm. ɸ ʩ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʟʥʳʝ ʢʫʩʪʳ ʪʨʫʙʦʢ ï ʨʘʟʥʳʝ ʩʦʩʪʘʚʳ Ilm. ʅʝʦʜʥʦʢʨʘʪʥʳʝ ʧʦʧʳʪʢʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʙʥʘʨʫʞʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʠʣʴʤʝʥʠʪʦʚ ʠʟ ʦʪʜʝʣʴʥʳʭ ʧʦʣʝʡ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʥʝ 

ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ. ɻʦʨʘʟʜʦ ʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʦʢʘʟʘʣʦʩʴ ʨʘʩʩʤʦʪʨʝʥʠʝ ʪʨʝʥʜʦʚ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʦʩʪʘʚʘ Ilm. ʂʘʞʜʦʝ ʠʟ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʦʣʝʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʝʪʢʦ 

ʠʥʜʠʚʠʜʫʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʛʨʘʬʠʢʘʤʠ ʪʨʝʥʜʦʚ ʩʦʩʪʘʚʘ Ilm ʚ ʢʦʦʨʜʠʥʘʪʘʭ MgO ï Cr2O3, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʧʦʩʣʝʜʥʠʝ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʧʘʩʧʦʨʪʘ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 

ʧʦʣʷ.  ɺʳʚʦʜʳ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʣʶʙʦʛʦ ʦʨʝʦʣʘ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʧʦʣʶ 

ʩʣʝʜʫʝʪ ʜʝʣʘʪʴ ʥʝ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʦʢʠʩʣʦʚ ʤʠʥʝʨʘʣʘ, ʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʬʦʨʤʳ ʪʨʝʥʜʦʚ ʩʦʩʪʘʚʘ. 

ʉʦʟʜʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʘʚʫ Ilm ʠʟ ʙʦʣʴʰʠʥʩʪʚʘ ʪʨʫʙʦʢ ʶʞʥʳʭ ʠ ʤʥʦʛʠʭ 

ʩʝʚʝʨʥʳʭ ʧʦʣʝʡ ʗʂʇ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʦʠʩʢʘ ʥʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ. ɽʩʣʠ ʨʘʥʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʰʣʠʭʦʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʧʦʠʩʢʦʚ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʦʮʝʥʢʝ ʩʪʝʧʝʥʠ ʙʣʠʟʦʩʪʠ ʠʟʫʯʘʝʤʦʛʦ 

ʦʨʝʦʣʘ ʢ ʢʦʨʝʥʥʦʤʫ ʠʩʪʦʯʥʠʢʫ, ʘ ʪʘʢʞʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʪʦ ʪʝʧʝʨʴ, ʠʩʧʦʣʴʟʫʷ ʙʘʟʫ ʜʘʥʥʳʭ, ʤʦʞʥʦ ʨʝʰʘʪʴ ʚʦʧʨʦʩʳ, ʥʝ 

ʧʨʠʥʘʜʣʝʞʘʪ ʣʠ ʠʟʫʯʘʝʤʳʝ ʦʨʝʦʣʳ ʫʞʝ ʦʙʥʘʨʫʞʝʥʥʳʤ ʨʘʥʝʝ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʪʨʫʙʢʘʤ. ɽʩʣʠ 

ʦʨʝʦʣ ʥʘʭʦʜʠʪʩʷ ʚʥʝ ʧʣʦʱʘʜʠ ʠʟʚʝʩʪʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ, ʪʦ ʚʦʧʨʦʩ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʫʞʝ 

ʙʦʣʝʝ ʰʠʨʦʢʦ, ʦʙ ʦʪʥʦʰʝʥʠʠ ʦʨʝʦʣʘ ʢ ʠʟʚʝʩʪʥʦʤʫ ʠʣʠ ʥʦʚʦʤʫ ʧʦʣʶ.  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʦʨʝʦʣʦʚ ʨʘʩʩʝʷʥʠʷ ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʩ 

ʜʘʥʥʳʤʠ ʙʣʠʟʣʝʞʘʱʠʭ ʪʨʫʙʦʢ ʠʟ ɼʘʣʜʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʨʘʟʥʦʩ ʩʧʫʪʥʠʢʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʨʝʦʣʦʚ ʦʪ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ 

ʫʜʘʣʝʥʥʳʤ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʝʨʚʳʤʠ ʢʠʣʦʤʝʪʨʘʤʠ. ʇʨʦʚʝʜʝʥʥʘʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ 

ʧʘʩʧʦʨʪʠʟʘʮʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ɸʣʘʢʠʪ-ʄʘʨʭʠʥʩʢʦʛʦ ʧʦʣʷ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ 
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ʧʘʩʧʦʨʪʥʳʤʠ ʜʘʥʥʳʤʠ ʦʨʝʦʣʦʚ ʨʘʩʩʝʷʥʠʷ ʩʧʫʪʥʠʢʦʚ ʧʦʢʘʟʘʣʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʤʘʟʦʥʦʩʥʳʭ ʪʨʫʙʦʢ (ʙʦʣʝʝ 10 ʪʝʣ).  

ʆʙʦʙʱʝʥʠʝ ʧʘʩʧʦʨʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʘʚʫ Ilm ʠ Grt, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʪʨʫʙʦʢ ʨʘʟʥʳʭ ʧʦʣʝʡ 

ʗʢʫʪʩʢʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ, ʦʢʘʟʘʣʦʩʴ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʚ ʥʘʫʯʥʦʤ ʧʣʘʥʝ. ɸʥʘʣʠʟ 

ʫʩʨʝʜʥʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʘʚʫ Ilm ʠʟ ɼʘʣʜʳʥʩʢʦʛʦ ʧʦʣʷ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʛʨʘʬʠʢʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʦʩʪʘʚʘ Ilm ʚ ʵʪʠʭ ʪʝʣʘʭ ʧʨʠʚʝʣ ʘʚʪʦʨʦʚ ʢ ʚʳʚʦʜʘʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʯʠʩʣʫ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ. ʇʝʨʚʳʡ ʚʳʚʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʣʴʤʝʥʠʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨʳ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ. ɹʣʠʟʦʩʪʴ, ʧʨʘʢʪʠʯʝʩʢʠ ʪʦʞʜʝʩʪʚʝʥʥʦʩʪʴ ʩʦʩʪʘʚʘ 

Ilm ʜʣʷ ʨʘʟʥʳʭ ʪʨʫʙʦʢ ʦʜʥʦʛʦ ʢʫʩʪʘ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʟʣʠʯʠʝ ʚ ʩʦʩʪʘʚʘʭ Ilm ʨʘʟʥʳʭ ʢʫʩʪʦʚ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʢʨʠʪʝʨʠʝʤ ʦʪʥʝʩʝʥʠʷ ʠʣʠ ʥʝ ʦʪʥʝʩʝʥʠʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʨʫʙʢʠ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʢʫʩʪʫ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʜʝʣʝʥʠʝ ʪʨʫʙʦʢ ʧʦ ʢʫʩʪʘʤ ʤʳ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʠʣʠ ʩʜʝʣʘʪʴ ʥʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʪʨʫʙʦʢ (ʢʘʢ ʵʪʦ ʧʨʘʢʪʠʢʦʚʘʣʦʩʴ ʨʘʥʝʝ), ʘ ʥʘ ʚʝʱʝʩʪʚʝʥʥʦʡ ʦʩʥʦʚʝ 

ʢʠʤʙʝʨʣʠʪʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʪʨʫʙʢʠ. ɺʪʦʨʦʡ ʚʳʚʦʜ ʚʳʪʝʢʘʝʪ ʠʟ ʧʝʨʚʦʛʦ ʠ ʢʘʩʘʝʪʩʷ ʚʦʧʨʦʩʘ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ Ilm. ʉʚʦʝʦʙʨʘʟʠʝ ʩʦʩʪʘʚʘ Ilm, ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʜʣʷ ʚʩʝʭ ʪʨʫʙʦʢ ʦʜʥʦʛʦ ʢʫʩʪʘ, ʠ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʘʭ Ilm ʠʟ ʨʘʟʥʳʭ ʢʫʩʪʦʚ ʪʨʫʙʦʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʷʚʥʦʡ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ Ilm ʩ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʨʘʩʧʣʘʚʦʤ-ʬʣʁʠʜʦʤ. 

ɺʳʩʦʢʘ ʥʘʫʯʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ, ʧʨʦʚʝʜʝʥʥʦʡ ʧʦ 

ʩʦʩʪʘʚʫ ʛʨʘʥʘʪʘ. ɺʩʝ ʩʚʝʜʝʥʠʷ ʦ ʚʝʱʝʩʪʚʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ ʧʦʜ 

ʉʠʙʠʨʩʢʠʤ ʢʨʘʪʦʥʦʤ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ ʟʘʢʣʶʯʝʥʠʝʤ ʦ ʢʦʥʪʨʘʩʪʥʳʭ 

ʨʘʟʣʠʯʠʷʭ ʶʞʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʝʡ ʗʂʇ (ʉʦʙʦʣʝʚ, 1974; Griffin et al, 1999). ʈʘʟʨʝʟ 

ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ ʜʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʢʩʝʥʦʣʠʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ 

ʪʦʣʴʢʦ ʥʘ ʝʜʠʥʠʯʥʳʭ ʪʨʫʙʢʘʭ (ʋʜʘʯʥʘʷ-ʚʦʩʪʦʯʥʘʷ ʠ ʆʙʥʘʞʝʥʥʘʷ), ʠʣʠ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ 

ʤʘʪʝʨʠʘʣʝ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ. ʅʘʰʠ ʜʘʥʥʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ 

ʧʘʩʧʦʨʪʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʩʯʝʪʝ ʩʦʩʪʘʚʦʚ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʢʦʣʣʝʢʮʠʠ ʛʨʘʥʘʪʘ 

(ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ ʟʝʨʝʥ), ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʟʨʝʟ ʚʝʨʭʥʝʡ 

ʤʘʥʪʠʠ ʧʦʜ ʨʘʟʥʳʤʠ ʧʦʣʷʤʠ, ʫʢʘʟʳʚʘʷ ʥʘ ʪʫ ʠʣʠ ʠʥʫʶ ʨʦʣʴ ʫʯʘʩʪʠʷ ʚ ʥʠʭ ʨʘʟʥʳʭ 

ʛʨʘʥʘʪʩʦʜʝʨʞʘʱʠʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʬʨʦʚʘʪʴ ʢʘʢ ʨʝʛʠʦʥʘʣʴʥʫʶ 

(ʧʦ ʜʚʫʤ ʠ ʙʦʣʝʝ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʧʦʣʷʤ), ʪʘʢ ʠ ʣʦʢʘʣʴʥʫʶ (ʚʥʫʪʨʠ ʦʪʜʝʣʴʥʦʛʦ ʧʦʣʷ) 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ. ʇʨʠʤʝʨʦʤ ʨʝʛʠʦʥʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, 

ʦʙʥʘʨʫʞʝʥʥʦʡ ʥʘʤʠ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʦʩʪʘʚ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ ʧʦʜ ʏʦʤʫʨʜʘʭʩʢʠʤ ʠ 

ʆʛʦʥʝʨ-ʖʨʷʭʩʢʠʤ ʧʦʣʷʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ TiO2 (>0.2%) ʚ 

ʛʨʘʥʘʪʘʭ. ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ, ʢʘʢ ʚ ʩʝʚʝʨʥʳʭ, ʪʘʢ ʠ ʚ 

ʶʞʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʦʣʷʭ ʗʂʇ ʜʦʤʠʥʠʨʫʝʪ ʥʠʟʢʦ-Ti ʛʨʘʥʘʪ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʦ ʚʳʩʦʢʦ-Mg ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʟʢʦ-Ti ʩʫʙʩʪʨʘʪʝ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʦʩʪʘʚʘ, ʢʘʢ 

ʩʦʜʝʨʞʘʥʠʝ TiO2 ʠ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴ ʛʨʘʥʘʪʦʚ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ. ɼʘʥʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʩʪʘʚʘ ʛʨʘʥʘʪʘ ʚ 

ʫʢʘʟʘʥʥʳʭ ʧʦʣʷʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʪʨʘʞʘʝʪ ʛʣʫʙʦʢʠʝ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ ʣʠʪʦʩʬʝʨʥʦʡ ʤʘʥʪʠʠ ʥʘ ʩʝʚʝʨʝ ʗʢʫʪʩʢʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ. 
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ʇʨʠʥʮʠʧ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʨʠʘʮʠʦʥʥʳʭ ʧʨʠʥʮʠʧʦʚ 

ʤʝʭʘʥʠʢʠ, ʢʦʪʦʨʳʡ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʢʚʘʥʪʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʝʛʦ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʇ. ʌʝʨʤʘ: çʇʨʠʨʦʜʘ ʜʝʡʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʣʝʛʢʠʤʠ ʠ 

ʜʦʩʪʫʧʥʳʤʠ ʧʫʪʷʤʠè (ʌʝʨʤʘ, 1959). ʃ. ʕʡʣʝʨ ʚʳʨʘʟʠʣ ʵʪʦʪ ʞʝ ʧʨʠʥʮʠʧ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: çʇʨʠʨʦʜʘ ʚʦ ʚʩʝʭ ʩʚʦʠʭ ʧʨʦʷʚʣʝʥʠʷʭ ʧʦʣʴʟʫʝʪʩʷ ʥʘʠʤʝʥʴʰʝʡ ʟʘʪʨʘʪʦʡ ʜʝʡʩʪʚʠʷè 

(ʕʡʣʝʨ, 1959). ʇʦʟʜʥʝʝ ʵʪʦʪ ʧʨʠʥʮʠʧ ʧʦʣʫʯʠʣ ʯʝʪʢʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʚ ʨʘʙʦʪʘʭ 

ʃʘʛʨʘʥʞʘ, ʗʢʦʙʠ, ɻʘʤʠʣʴʪʦʥʘ, ʇʣʘʥʢʘ ʠ ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʫʯʝʥʳʭ. ɺ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʠ 

ʩʪʨʫʢʪʫʨʥʦʡ ʭʠʤʠʠ ʘʥʘʣʦʛʦʤ ʧʨʠʥʮʠʧʘ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʘʚʠʣʦ 

ʧʘʨʩʠʤʦʥʠʠ ʇʦʣʠʥʛʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʝʜʠʥʠʮ ʚ ʠʦʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩʪʨʝʤʠʪʩʷ ʢ ʤʠʥʠʤʫʤʫ (Pauling, 1929). ʕʪʠʤ ʧʨʘʚʠʣʦʤ ʧʦ ʩʫʪʠ 

ʜʝʣʘ ʫʪʚʝʨʞʜʘʣʦʩʴ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʝʱʝʩʪʚʘ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʧʨʦʱʝʥʠʶ. 

ʏʝʤ ʧʨʦʱʝ ʩʪʨʫʢʪʫʨʘ, ʪʝʤ ʦʥʘ ʫʩʪʦʡʯʠʚʝʝ, ʪʝʤ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ 

ʢʦʥʢʨʝʪʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ. ɺ ʨʘʙʦʪʝ (Oganov, Valle, 2009) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʥʫʪʨʝʥʥʷʷ 

ʵʥʝʨʛʠʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʧʦʣʠʤʦʨʬʦʚ SiO2 ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʷ ʧʨʦʩʪʳʭ 

ʩʪʨʫʢʪʫʨ ï ʪʦ ʝʩʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʘʨʩʠʤʦʥʠʠ (Baur et,al., 1983) ï ʪʝʭ, ʚ ʢʦʪʦʨʳʭ 

ʘʪʦʤʳ Si ʠ O ʟʘʥʠʤʘʶʪ ʨʦʚʥʦ ʧʦ ʦʜʥʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʦʡ ʧʦʟʠʮʠʠ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʧʨʦʩʪʦʪʘ ʠʣʠ ʩʣʦʞʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʦʢʘʟʳʚʘʶʱʠʤʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʥʢʨʝʪʥʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ. ɼʦ ʧʦʩʣʝʜʥʝʛʦ 

ʚʨʝʤʝʥʠ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʪʦʯʥʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʣʦʞʥʦʩʪʠ ʩʪʨʫʢʪʫʨ, ʝʩʣʠ ʥʝ 

ʩʯʠʪʘʪʴ ʠʥʜʝʢʩʦʚ ʧʘʨʩʠʤʦʥʠʠ ʠʣʠ ʙʣʠʟʢʠʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (Baur et al., 

1983; Oganov, Valle, 2009,) ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʣʘʙʫʶ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʫʶ ʩʠʣʫ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʣʠʯʘʪʴ ʧʦ ʩʣʦʞʥʦʩʪʠ ʪʘʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʛʘʣʠʪ NaCl, ʨʫʪʠʣ TiO2 ʠ 

ʙʘʨʠʦʧʝʨʦʚʩʢʠʪ BaTiO3 (Krivovichev, 2012).  

ɺʳʭʦʜ ʟʘ ʧʨʝʜʝʣʳ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʝʪʠʢʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʦʮʝʥʦʢ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʣʦʞʠʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʯʠʩʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʞʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʣʝʥʳ ʢʘʞʜʦʤʫ ʤʠʥʝʨʘʣʫ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʤʫ ʩʦʝʜʠʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ (Krivovichev, 2012, Krivovichev, 2013a, 

Krivovichev, 2013b, Krivovichev, 2014). ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʪʝʦʨʠʠ ʩʣʦʞʥʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʫʢʪʫʨʥʦʡ ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʘʪʦʤ ʠ ʥʘ ʵʣʝʤʝʥʪʘʨʥʫʶ ʷʯʝʡʢʫ 

(ʠʣʠ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ), ʯʪʦ ʠʤʝʝʪ ʧʨʷʤʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (Krivovichev, 2016). 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʣʦʞʥʦʩʪʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʧʨʝʜʝʣʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠʥʮʠʧʘ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ ʚ ʤʠʥʝʨʘʣʦʛʠʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 

ʚʦʟʤʦʞʥʳʭ ʩʪʨʫʢʪʫʨ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʣʦʚʦʟʝʨʠʪʘ (ʂʨʠʚʦʚʠʯʝʚ, 2015) ʧʦʢʘʟʘʣ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʪʠʧ ʩ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ 

ʩʠʤʤʝʪʨʠʝʡ. ʆʜʥʘʢʦ, ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠʤʝʥʥʦ ʩʪʨʫʢʪʫʨʥʦ ʧʨʦʩʪʳʝ 

ʧʦʣʠʤʦʨʬʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ, ʥʝʣʴʟʷ, ʪʘʢ ʢʘʢ 

ʩʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʧʨʠʤʝʨʦʚ, ʛʜʝ ʩʪʘʙʠʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʤʝʥʥʦ ʩʣʦʞʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʪʦʛʜʘ ʢʘʢ ʧʨʦʩʪʳʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʦʟʥʠʢʘʶʪ ʚ ʫʩʣʦʚʠʷʭ, ʜʘʣʝʢʠʭ ʦʪ ʨʘʚʥʦʚʝʩʠʷ 

(Goldsmith, 1953). ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʦʩʪʚʘʣʴʜʦʚʩʢʠʭ ʢʘʩʢʘʜʘʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ, 

ʛʜʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʬʘʟʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʠʩʪʝʤʳ ʢ 

ʩʪʘʙʠʣʴʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ɼʣʷ ʧʦʜʦʙʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʘʚʠʣʦ 

ʩʠʤʧʣʝʢʩʠʠ ɻʦʣʴʜʩʤʠʪʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʝʨʚʦʡ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʘʷ ʬʘʟʘ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʝʡ (Krivovichev et.al). ʅʦ ʠ ʵʪʦʪ ʧʨʠʥʮʠʧ ʥʝ ʷʚʣʷʝʪʩʷ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʡʩʷ ʬʘʟʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 
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ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʝʡ, ʥʦ ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ 

ʢʨʠʩʪʘʣʣʦʦʙʨʘʟʦʚʘʥʠʷ ï ʥʘʧʨʠʤʝʨ, ʦʪ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʥʝʡ ʫʩʪʦʡʯʠʚʳʭ ʧʨʝʜʥʫʢʣʝʘʮʠʦʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʦʙʨʘʟʫʶʱʫʶʩʷ ʩʪʨʫʢʪʫʨʫ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʮʠʧ ʥʘʠʤʝʥʴʰʝʛʦ ʜʝʡʩʪʚʠʷ ʚ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤʝʝʪ ʚʝʩʴʤʘ 

ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʪʘʢ ʢʘʢ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʥʝʨʛʠʠ, ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʘʷ ʵʥʪʨʦʧʠʷ ʢʘʢ 

ʧʦʢʘʟʘʪʝʣʴ ʩʣʦʞʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʥʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʠʥʝʨʘʣʘ. 
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ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʘ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ɸʨʭʘʥʛʝʣʴʩʢʘʷ 

ʘʣʤʘʟʦʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ) ʩʣʦʞʝʥʳ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠ ʦʜʥʦʪʠʧʥʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ, ʥʦ ʧʦ ʨʷʜʫ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʠ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʨʘʟʜʝʣʷʶʪʩʷ 

ʥʘ ʉʝʚʝʨʥʫʶ ʠ ʖʞʥʫʶ ʛʨʫʧʧʳ (ʧʦ ʜʘʥʥʳʤ ʇɸʆ çʉʝʚʝʨʘʣʤʘʟè). ʉʦʜʝʨʞʘʥʠʝ ʘʣʤʘʟʘ ʚ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʢʘʭ ʖʞʥʦʡ ʛʨʫʧʧʳ ʙʦʣʝʝ ʚʳʩʦʢʦʝ, ʯʝʤ ʚ ʪʝʣʘʭ ʉʝʚʝʨʥʦʡ ʛʨʫʧʧʳ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʘ ʠ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʢʠʤʙʝʨʣʠʪʦʚ (ʀʄʂ) ʠʟ ʧʦʨʦʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ 

ʨʘʟʣʠʯʠʷ ʤʦʨʬʦʣʦʛʠʠ, ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʠ ʜʝʬʝʢʪʥʦ-ʧʨʠʤʝʩʥʦʛʦ ʩʦʩʪʘʚʘ ʘʣʤʘʟʘ ʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʭʠʤʠʟʤʘ ʀʄʂ ʠʟ ʪʨʫʙʦʢ ʉʝʚʝʨʥʦʡ ʠ ʖʞʥʦʡ ʛʨʫʧʧ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʚʳʷʚʠʪʴ 

ʠʭ ʚʟʘʠʤʦʩʚʷʟʴ ʩʦ ʩʪʝʧʝʥʴʶ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʧʦʨʦʜ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʘʣʤʘʟʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʙʱʝʝ ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʘʣʤʘʟʦʚ ʚ ʪʝʣʘʭ 

ʖʞʥʦʡ ʛʨʫʧʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʪʨʫʙʢʠ ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʠ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1), ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʠʟʥʘʯʘʣʴʥʦ ʙʦʣʝʝ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʥʘʟʚʘʥʥʳʭ ʪʨʫʙʢʘʭ ʧʨʝʦʙʣʘʜʘʶʪ 

ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʠʝ ʠ ʪʝʪʨʘʛʝʢʩʘʵʜʨʠʯʝʩʢʠʝ ʘʣʤʘʟʳ ʩ ʟʦʥʘʣʴʥʦ-ʩʝʢʪʦʨʠʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʚʥʫʪʨʝʥʥʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʨʝʱʠʥ, ʛʨʘʬʠʪʦʚʳʭ ʠ 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʘʣʤʘʟʦʚ ʵʪʠʭ ʪʨʫʙʦʢ ʧʨʠʥʘʜʣʝʞʠʪ ʵʢʣʦʛʠʪʦʚʦʤʫ 

ʧʘʨʘʛʝʥʝʟʠʩʫ ʧʨʠ ʧʦʜʯʠʥʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʘʣʤʘʟʦʚ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ. ʇʨʠ ʵʪʦʤ 

ʜʦʤʠʥʠʨʫʶʪ ʘʣʤʘʟʳ ʚʳʩʦʢʦʘʟʦʪʥʳʭ ʛʨʫʧʧ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʘʛʨʝʛʘʮʠʠ  ʜʝʬʝʢʪʦʚ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʠ ʤʘʣʦʤ 

ʚʨʝʤʝʥʠ ʧʦʩʪʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʦʪʞʠʛʘ. ɺʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʠ ʨʝʟʢʦʝ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ɸ-ʮʝʥʪʨʦʚ ʥʘʜ ɺ-ʮʝʥʪʨʘʤʠ ʜʝʣʘʶʪ ʩʪʨʫʢʪʫʨʫ ʘʣʤʘʟʘ ʪʚʝʨʜʦʡ, ʥʦ ʭʨʫʧʢʦʡ. 

ɺʳʩʦʢʦʜʝʬʝʢʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘʣʤʘʟʦʚ ʖʞʥʦʡ ʛʨʫʧʧʳ ʪʝʣ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʟʘʭʚʘʪʫ ʧʨʠʤʝʩʝʡ 

(ʘʟʦʪʘ, ʚʦʜʦʨʦʜʘ ʠ ʢʘʨʙʦʥʘʪʦʚ), ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ, ʨʘʩʧʣʘʚ-ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʣʤʘʟʦʚ ʚ ʪʨʫʙʢʘʭ ʉʝʚʝʨʥʦʡ ʛʨʫʧʧʳ, 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʳʨʴʷ ʧʦ ʤʥʦʛʠʤ ʧʘʨʘʤʝʪʨʘʤ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ʪʝʣʘʭ 

ʖʞʥʦʡ ʛʨʫʧʧʳ. ʊʘʢ, ʚ ʪʨʫʙʢʘʭ ʇʠʦʥʝʨʩʢʘʷ ʠ ʇʦʤʦʨʩʢʘʷ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʉʝʚʝʨʥʦʡ ʛʨʫʧʧʝ, 

ʦʪʤʝʯʘʝʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʙʝʩʮʚʝʪʥʳʭ ʘʣʤʘʟʦʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʧʨʦʟʨʘʯʥʦʩʪʠ  ʩ 

ʧʦʩʣʦʡʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʨʦʩʪʘ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ 

ʗʢʫʪʠʠ. ʅʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʩʣʝʜʥʠʭ, ʚ ʪʨʫʙʢʘʭ ʉʝʚʝʨʥʦʡ ʛʨʫʧʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤ. 

ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʠʩʪʘʣʣʳ ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ 

ʪʨʘʚʣʝʥʠʷ ʠ ʢʦʨʨʦʟʠʠ. ʇʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚ ʪʨʫʙʢʝ ʇʠʦʥʝʨʩʢʘʷ ʥʠʟʢʦʘʟʦʪʥʳʭ ʠ 

ʩʨʝʜʥʝʘʟʦʪʥʳʭ ʘʣʤʘʟʦʚ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʫʣʴʪʨʘʦʩʥʦʚʥʦʤ ʛʝʥʝʟʠʩʝ 

ʘʣʤʘʟʦʚ. ɸʣʤʘʟʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʨʠʤʝʩʠ ʚʦʜʦʨʦʜʘ; ʧʨʠ ʙʦʣʴʰʦʤ 

ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ  ʤʘʢʩʠʤʫʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ 0-5 ʩʤ
-1
, ʘ ʚ ʘʣʤʘʟʘʭ ʠʟ 

ʖʞʥʦʡ ʛʨʫʧʧʳ ʪʝʣ ʥʘ 3-10 ʩʤ
-1
. ɸʣʤʘʟʳ ʠʟ ʪʨʫʙʢʠ ʇʠʦʥʝʨʩʢʘʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʘʟʦʪʘ ʠ ʮʝʥʪʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʝʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʣʤʘʟʦʚ ʠʟ ʪʨʫʙʦʢ ɸʨʭʘʥʛʝʣʴʩʢʘʷ  ʠ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1 

ʩʪʨʫʢʪʫʨʥʳʡ ʘʟʦʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʘʛʨʝʛʠʨʦʚʘʥ (%NB - ʧʦ ʜʘʥʥʳʤ ʀʂʉ; P2 ʠ 

N2 ï ʧʦ ʜʘʥʥʳʤ ʕʇʈ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʤ ʧʨʝʙʳʚʘʥʠʠ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ. 
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ɺ ʪʨʫʙʢʝ ʇʦʤʦʨʩʢʘʷ (ʉʝʚʝʨʥʘʷ ʛʨʫʧʧʘ ʪʝʣ) ʘʙʩʦʣʶʪʥʦʝ ʙʦʣʴʰʠʥʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ï 

ʙʝʩʮʚʝʪʥʳʝ ʚʳʩʦʢʦʧʨʦʟʨʘʯʥʳʝ ʜʦʜʝʢʘʵʜʨʦʠʜʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ 

ʛʝʥʝʨʘʮʠʠ, ʧʦʜʚʝʨʞʝʥʥʳʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ ʠ ʣʦʢʘʣʴʥʦʤʫ 

ʪʨʘʚʣʝʥʠʶ. ʊʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʳ, ʪʠʧʦʤʦʨʬʥʳʝ ʜʣʷ ʪʨʫʙʢʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʜʝʨʞʘʪ 

ʤʥʦʞʝʩʪʚʦ ʨʘʩʩʝʷʥʥʳʭ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠ ʥʝ ʷʚʣʷʶʪʩʷ ʶʚʝʣʠʨʥʳʤʠ. 

ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʚʳʙʦʨʦʢ ʀʄʂ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʥʜʠʢʘʪʦʨʥʳʝ 

ʤʠʥʝʨʘʣʳ ʢʠʤʙʝʨʣʠʪʦʚ ʠʟ ʪʝʣ ʖʞʥʦʡ ʠ ʉʝʚʝʨʥʦʡ ʛʨʫʧʧ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ɺ ʢʠʤʙʝʨʣʠʪʘʭ ʉʝʚʝʨʥʦʡ ʛʨʫʧʧʳ ʪʝʣ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʦʣʝʝ 

ʚʳʩʦʢʦʭʨʦʤʠʩʪʳʤʠ ʨʘʟʥʦʩʪʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʙʦʣʝʝ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʤ ʩʫʙʬʘʮʠʷʤ 

ʛʣʫʙʠʥʥʦʩʪʠ, ʯʝʤ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʖʞʥʦʡ ʛʨʫʧʧʳ ʪʝʣ. ʊʘʢ ʧʠʨʦʧʳ, ʩʦʜʝʨʞʘʱʠʝ > 5 ʤʘʩ.% Cr2O3, ʚ 

ʢʠʤʙʝʨʣʠʪʘʭ ʪʨʫʙʦʢ ʇʠʦʥʝʨʩʢʘʷ ʠ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-2 (ʉʝʚʝʨʥʘʷ ʛʨʫʧʧʘ) ʩʦʩʪʘʚʣʷʶʪ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʢʦʣʦ 86 ʠ 74% ʚʳʙʦʨʦʢ, ʪʦʛʜʘ ʢʘʢ ʚ ʪʨʫʙʢʘʭ ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʠ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1 

(ʖʞʥʘʷ ʛʨʫʧʧʘ) ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ (ʦʢʦʣʦ 30 ʠ 16% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʂʦʣʠʯʝʩʪʚʦ 

ʭʨʦʤʠʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ > 60 ʤʘʩ.% Cr2O3, ʚ ʪʨʫʙʢʘʭ ʇʠʦʥʝʨʩʢʘʷ ʠ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-2 ʨʝʟʢʦ 

ʧʦʚʳʰʝʥʦ (ʦʢʦʣʦ 40 ʠ 34%). ɺ ʪʨʫʙʢʘʭ ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʠ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1 ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 11 ʠ 17%, ʧʨʝʦʙʣʘʜʘʝʪ (30-33%) ʭʨʦʤʠʪ, ʩʦʜʝʨʞʘʱʠʡ 55-60 ʤʘʩ.% Cr2O3.  

ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʉʝʚʝʨʥʦʡ ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʠ ʧʠʨʦʧʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʠʪʘʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʠʤʙʝʨʣʠʪʘʤʠ ʖʞʥʦʡ ʛʨʫʧʧʳ. ʊʘʢ, ʩʨʝʜʠ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʠʟ ʪʨʫʙʦʢ ʇʠʦʥʝʨʩʢʘʷ, ʠʤ. 

ʂʘʨʧʠʥʩʢʦʛʦ-2 ʠ ʇʦʤʦʨʩʢʘʷ (ʉʝʚʝʨʥʘʷ ʛʨʫʧʧʘ) ʭʨʦʤʠʪʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ TiO2 > 3 ʤʘʩ.% cʦʩʪʘʚʣʷʶʪ 

ʦʢʦʣʦ 14, 9 ʠ 11% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʝʣʘʭ ʖʞʥʦʡ ʛʨʫʧʧʳ - ʣʠʰʴ ʦʢʦʣʦ 5%. ɺ ʢʠʤʙʝʨʣʠʪʘʭ 

ʪʨʫʙʦʢ ʇʠʦʥʝʨʩʢʘʷ ʠ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-2 ʢʦʣʠʯʝʩʪʚʦ ʧʠʨʦʧʘ, ʩʦʜʝʨʞʘʱʝʛʦ > 0,4 ʤʘʩ.% TiO2, 

cʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 24 ʠ 10,5% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʚ ʧʠʨʦʧʘʭ ʪʨʫʙʦʢ ʖʞʥʦʡ ʛʨʫʧʧʳ ʦʥʦ ʨʘʚʥʦ 

4-5%. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʥʠʞʝʥʥʘʷ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʴ ʢʠʤʙʝʨʣʠʪʦʚ ʉʝʚʝʨʥʦʡ ʛʨʫʧʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʩʚʷʟʘʥʘ 

ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʣʠʪʦʩʬʝʨʥʫʶ ʤʘʥʪʠʶ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʣʘʚʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ, 

ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʫʥʠʯʪʦʞʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʘʣʤʘʟʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʚʳʟʚʘʣʦ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ, ʩʦʧʨʦʚʦʞʜʘʚʰʝʝʩʷ ʧʦʪʝʨʝʡ ʤʘʩʩʳ 

ʢʨʠʩʪʘʣʣʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʢʨʫʧʥʳʭ ʢʣʘʩʩʘʭ. ɼʘʥʥʳʡ ʚʳʚʦʜ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ 

ʜʘʥʥʳʤʠ ʉ.ʄ. ʉʘʙʣʫʢʦʚʘ ʩ ʩʦʘʚʪʦʨʘʤʠ (2009). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ ʨʫʜ 

- ʘʚʪʦʣʠʪʦʚʳʭ ʙʨʝʢʯʠʡ ʪʨʫʙʦʢ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-1 ʠ ɸʨʭʘʥʛʝʣʴʩʢʘʷ - ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʧʦʨʦʜʘʤ ʪʨʫʙʦʢ ʠʤ. ʂʘʨʧʠʥʩʢʦʛʦ-2 ʠ ʇʠʦʥʝʨʩʢʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʴʶ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʮʝʩʩʦʚ ʨʘʩʧʣʘʚʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ, 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʷʚʣʝʥʥʦʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʠʤʙʝʨʣʠʪʘʤ ʉʝʚʝʨʥʦʡ ʛʨʫʧʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʆʙʱʝʝ ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʘʣʤʘʟʦʚ ʚ ʪʨʫʙʢʘʭ ʖʞʥʦʡ ʛʨʫʧʧʳ ʧʨʦʠʩʭʦʜʠʣʦ ʥʝ ʪʦʣʴʢʦ ʠʟ-ʟʘ 

ʨʘʩʪʚʦʨʝʥʠʷ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʭ ʚ ʜʦʜʝʢʘʵʜʨʦʠʜʳ, ʥʦ ʠ ʠʟ-ʟʘ 

ʠʟʥʘʯʘʣʴʥʦ ʙʦʣʝʝ ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ, ʯʪʦ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʠʤʝʥʥʦ ʚ 

ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʭ ʪʨʫʙʢʘʭ ʖʞʥʦʡ ʛʨʫʧʧʳ ʧʦʚʳʰʝʥʘ ʜʦʣʷ ʘʣʤʘʟʦʚ ʵʢʣʦʛʠʪʦʚʦʛʦ 

ʧʘʨʘʛʝʥʝʟʠʩʘ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʘʙʣʫʢʦʚ ʉ.ʄ., ʉʘʙʣʫʢʦʚʘ ʃ.ʀ., ɻʨʠʬʬʠʥ ɺ.ʃ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʛʣʫʙʠʥʥʳʭ ʤʠʥʝʨʘʣʘʭ ʢʠʤʙʝʨʣʠʪʦʚ ʢʘʢ ʧʨʠʟʥʘʢ ʧʣʶʤʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʝʚʝʨʝ ʈʫʩʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ // ʊʨʫʜʳ IX ʤʝʞʜ. ʩʝʤʠʥʘʨʘ çɻʣʫʙʠʥʥʳʡ ʤʘʛʤʘʪʠʟʤ, ʝʛʦ ʠʩʪʦʯʥʠʢʠ ʠ 

ʧʣʶʤʳè. ʄʠʘʩʩ, ʀʥʩʪ. ʛʝʦʛʨʘʬʠʠ ʉʆ ʈɸʅ, 2009. ʉ. 135-170. 
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ʂʆʅʎɽʇʎʀʗ ʀ ʇʈʆɹʃɽʄʓ ʉʆɿɼɸʅʀʗ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ 

ʊɽʍʅʆʃʆɻʀʀ ɼʃʗ ʉʆʍʈɸʅɽʅʀʗ ʄʀʅɽʈɸʃʔʅʆɻʆ ʈɸɿʅʆʆɹʈɸɿʀʗ 

 

ʃ.ɸ. ʂʫʚʰʠʥʦʚʘ
1
, ʀ.ʀ. ʂʫʧʨʠʷʥʦʚʘ

2
, ʂ.ɸ. ʂʫʚʰʠʥʦʚʘ

1
, ʅ.ʀ. ʂʣʠʤʝʥʮʦʚʘ

1 

 

1 ʏʣʝʥ ʈʦʩʩʠʡʩʢʦʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, niknik@yandex.ru 

2 ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ (ɺʀʄʉ), ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, kuprijan@aha.ru 

 

ʆʜʥʠʤ ʠʟ ʘʩʧʝʢʪʦʚ ʧʨʦʙʣʝʤʳ ʩʦʭʨʘʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʷʚʣʷʝʪʩʷ 

ʩʦʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʫʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʦʮʠʬʨʦʚʘʥʥʳʭ ʦʧʠʩʘʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʦʪʯʝʪʦʚ, ʜʠʩʩʝʨʪʘʮʠʡ, ʩʪʘʪʝʡ ʠ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ), ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʪʝʢʩʪʦʚʦʤ ʠ ʪʘʙʣʠʯʥʦʤ ʬʦʨʤʘʪʘʭ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʪʠʧʦʤ 

ʦʮʠʬʨʦʚʢʠ, ʠʩʧʦʣʥʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ. 

ʊʘʢʘʷ ʩʪʠʭʠʡʥʘʷ ʦʮʠʬʨʦʚʢʘ ʧʦʨʦʜʠʣʘ ʥʝ ʨʝʰʝʥʥʫʶ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʙʣʝʤʫ 

ʠʟʚʣʝʯʝʥʠʷ ʬʘʢʪʦʚ ʠʟ ʚʩʝ ʫʚʝʣʠʯʠʚʘʶʱʝʛʦʩʷ ʧʦʪʦʢʘ ʦʮʠʬʨʦʚʘʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʩʦʩʪʦʷʱʝʛʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟ ʩʣʘʙʦ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ɹʘʨʘʭʥʠʥ ɺ.ɹ., 2013). 

ʆʜʥʘʢʦ, ʬʦʨʤʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʦʧʠʩʘʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ, ʧʦʢʘʟʘʣ, ʯʪʦ ʠ ʪʘʙʣʠʯʥʫʶ ʠ ʪʝʢʩʪʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʪʘʙʣʠʯʥʳʡ ʬʦʨʤʘʪ, ʟʘʧʠʩʘʥʥʳʡ ʣʠʥʝʡʥʦ, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʝʜʠʥʦʦʙʨʘʟʠʶ. ʕʪʦ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʫʧʦʨʷʜʦʯʠʚʘʥʠʶ ʠʥʬʦʨʤʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʙʨʘʪʴ 

ʥʘʢʦʧʣʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʥʘ ʝʝ ʙʘʟʝ ʧʦʩʪʨʦʠʪʴ ʢʘʢ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʫʶ, ʪʘʢ ʠ 

ʜʦʢʫʤʝʥʪʘʣʴʥʫʶ ʧʦʠʩʢʦʚʫʶ ʩʠʩʪʝʤʫ. 

ʌʦʨʤʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʥʦʞʝʩʪʚʘ ʥʘʫʯʥʳʭ ʨʝʩʫʨʩʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʩʦʩʪʦʷʪ ʠʟ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʜʤʥʦʞʝʩʪʚ ʦʜʥʦʪʠʧʥʦ ʦʮʠʬʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʪʝʢʩʪʳ, 

ʤʘʢʝʪʠʨʦʚʘʥʥʳʝ ʚ ʬʦʨʤʘʪʝ Word; ʪʘʙʣʠʯʥʳʡ ʬʦʨʤʘʪ ʩ ʨʫʙʨʠʢʘʮʠʝʡ ʚʥʫʪʨʠ ʪʘʙʣʠʮʳ; 

ʵʣʝʢʪʨʦʥʥʳʡ ʢʘʪʘʣʦʛ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʦʙʟʦʨʥʦʛʦ ʬʘʡʣʘ ʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʘʙʣʠʮ ʩ 

ʨʫʙʨʠʢʘʮʠʝʡ ʚʥʫʪʨʠ ʪʘʙʣʠʮ; ʪʘʙʣʠʯʥʳʡ ʬʦʨʤʘʪ ʩ ʨʫʙʨʠʢʘʮʠʝʡ ʚ ʥʘʟʚʘʥʠʷʭ ʧʦʣʝʡ. ʊʘʢʠʝ 

ʪʠʧʳ ʦʮʠʬʨʦʚʢʠ ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʥʘʫʯʥʳʭ ʨʝʩʫʨʩʦʚ. ɺʩʪʨʝʯʘʶʪʩʷ ʠ ʜʨʫʛʠʝ 

ʪʠʧʳ ʦʮʠʬʨʦʚʢʠ ʠʥʬʦʨʤʘʮʠʠ: ʪʘʢʩʦʥʥʳʡ ʬʦʨʤʘʪ; ʪʘʙʣʠʯʥʳʡ ʠ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣʳ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʪʘʢʩʦʥʘ; ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʪ.ʜ.  

ɼʣʷ ʧʨʠʚʝʜʝʥʠʷ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢ ʝʜʠʥʦʦʙʨʘʟʠʶ, ʧʦʜʤʥʦʞʝʩʪʚʦ ʦʜʥʦʪʠʧʥʦ 

ʦʮʠʬʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙʲʝʜʠʥʷʶʪ ʚ ʢʣʘʩʪʝʨ, ʠʤʝʶʱʠʡ ʫʥʠʢʘʣʴʥʦʝ ʠʤʷ. ɼʣʷ ʢʘʞʜʦʛʦ 

ʢʣʘʩʪʝʨʘ, ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʮʠʬʨʦʚʢʠ ʩʦʜʝʨʞʘʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʟʜʘʝʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ (ʤʦʩʪ), ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʠʩʭʦʜʥʫʶ ʦʮʠʬʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʢ ʧʨʦʩʪʦʡ 

ʪʘʙʣʠʮʝ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʠʥʜʠʚʠʜʫʘʣʝʥ ʜʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʦʮʠʬʨʦʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʭʦʜʥʦʛʦ ʦʮʠʬʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʦʩʪʘʷ ʪʘʙʣʠʮʘ ʩʦʩʪʦʠʪ 

ʠʟ ʩʪʨʦʢ/ʟʘʧʠʩʝʡ ʠ ʩʪʦʣʙʮʦʚ/ʧʦʣʝʡ, ʛʜʝ ʨʫʙʨʠʢʘʮʠʠ ʦʜʥʦʟʥʘʯʥʳ ʠ ʚ ʧʦʣʷʭ ʥʘʭʦʜʠʪʩʷ 

ʠʥʬʦʨʤʘʮʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʫʙʨʠʢʘʮʠʝʡ. ʉʪʨʦʢʫ ʵʪʦʡ ʪʘʙʣʠʮʳ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʢʘʢ ʬʘʢʪ 

ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʩʪʨʦʠʤ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʫʶ ʧʦʠʩʢʦʚʫʶ ʩʠʩʪʝʤʫ. 

ʇʨʠʚʝʜʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʣʘʩʪʝʨʦʚ ʢ ʝʜʠʥʦʦʙʨʘʟʥʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʚʦʜʠʪʴ ʧʦ ʝʜʠʥʦʡ 

ʩʭʝʤʝ. 

ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʨʦʩʪʦʡ ʪʘʙʣʠʮʝʡ, ʧʦʟʚʦʣʷʝʪ 

ʩʧʝʮʠʘʣʠʩʪʫ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʟʜʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʣʦʢ ʠʟ ʩʧʨʘʚʦʯʥʠʢʦʚ ʨʘʟʥʦʛʦ 

ʫʨʦʚʥʷ, ʫʚʷʟʘʪʴ ʢʨʠʪʝʨʠʠ ʧʦʠʩʢʘ ʩ ʟʘʧʠʩʷʤʠ ʧʨʦʩʪʦʡ ʪʘʙʣʠʮʳ ʠ ʫʥʠʬʠʮʠʨʦʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʙʣʦʢ. ʈʝʟʫʣʴʪʘʪ ʪʘʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʧʦʠʩʢ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʤʘʩʩʠʚʝ, ʢʘʢ ʬʘʢʪʦʚ, ʪʘʢ ʠ ʜʦʢʫʤʝʥʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʵʪʠ ʬʘʢʪʳ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʧʘʨʘʣʣʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʜʦʩʪʫʧʥʫʶ, ʥʦ ʠ ʦʙʣʘʜʘʶʱʫʶ 

ʙʦʣʝʝ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʨʝʣʝʚʘʥʪʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʪʝʭʥʦʣʦʛʠʶ 

ʪʝʟʘʫʨʫʩʘ. 

mailto:kuprijan@aha.ru
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ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʡ ʥʘʫʯʥʦʡ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʳ ʜʦʣʞʥʦ 

ʙʳʪʴ ʫʜʝʣʝʥʦ ʢʘʯʝʩʪʚʫ ʧʦʠʩʢʘ. ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʦʠʩʢʘ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʪʝʭʥʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʚʳʨʘʞʘʶʪʩʷ ʚ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʳ 

ʥʘʭʦʜʠʪʴ ʥʫʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʪʦʣʴʢʦ ʝʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʘʞʜʦʛʦ ʢʣʘʩʪʝʨʘ ʩʦʟʜʘʝʪʩʷ ʧʦʠʩʢʦʚʘʷ ʩʠʩʪʝʤʘ ʢʦʥʝʯʥʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. ʂʣʘʩʪʝʨʳ ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴʩʷ ʢʘʢ ʚ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ ʧʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ, ʧʦ 

ʘʚʪʦʨʘʤ, ʧʦ ʠʩʪʦʯʥʠʢʘʤ ʠʥʬʦʨʤʘʮʠʠ, ʧʦ ʪʝʤʘʪʠʢʝ, ʪʘʢ ʠ ʚ ʝʜʠʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʧʦʠʩʢʦʚʫʶ ʩʠʩʪʝʤʫ. 

ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʤʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤ ʥʝ ʧʦʠʩʢʦʚʫʶ ʩʠʩʪʝʤʫ ʜʣʷ 

ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʘ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʠʩʧʦʣʴʟʫʷ ʢʦʪʦʨʳʡ, 

ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ, ʜʦʙʘʚʣʷʪʴ ʠ ʨʘʩʰʠʨʷʪʴ ʧʦʠʩʢʦʚʫʶ ʩʠʩʪʝʤʫ ʥʘ ʦʮʠʬʨʦʚʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ.  

ʅʘʰʘ ʪʝʭʥʦʣʦʛʠʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʳ, ʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʘʷ ʧʦʠʩʢʦʚʘʷ ʩʠʩʪʝʤʘ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧ 

ʧʝʨʚʠʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʳ ʙʝʨʝʤ ʠʥʬʦʨʤʘʮʠʶ ʚ ʪʦʤ ʚʠʜʝ, ʚ 

ʢʦʪʦʨʦʤ ʦʥʘ ʙʳʣʘ ʦʮʠʬʨʦʚʘʥʘ, ʥʝ ʪʨʝʙʫʷ ʝʝ ʬʦʨʤʘʣʠʟʘʮʠʠ ʧʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʮʠʬʨʦʚʢʝ. 

ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʨʦʝʥʠʶ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʠʩʭʦʜʥʦʡ ʦʮʠʬʨʦʚʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʂʣʘʩʪʝʨʥʳʡ ʧʦʜʭʦʜ ʠ ʧʨʠʥʮʠʧ ʧʝʨʚʠʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʩ ʣʶʙʳʤʠ ʦʙʲʝʤʘʤʠ ʠʥʬʦʨʤʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ 

ʨʘʟʥʦʨʦʜʥʦʩʪʴʶ, ʨʘʟʥʦʤʘʩʰʪʘʙʥʦʩʪʴʶ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʨʘʩʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʠ ʩʧʝʮʠʬʠʢʦʡ 

ʩʘʤʦʡ ʥʘʢʦʧʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ʇʨʠʥʮʠʧ ʠʪʝʨʘʮʠʠ, ʟʘʣʦʞʝʥʥʳʡ ʚ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʪʨʫʢʪʫʨʠʟʘʮʠʶ 

ʪʝʢʩʪʘ ʥʘ ʣʶʙʦʤ ʫʨʦʚʥʝ (ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ).  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʮʝʧʮʠʷ ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʥʮʠʧʝ 

ʧʝʨʚʠʯʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʪʦʨʠʯʥʦʩʪʠ ʬʦʨʤʘʪʘ, ʢʣʘʩʪʝʨʥʦʤ ʩʧʦʩʦʙʝ ʥʘʢʦʧʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʪʝʨʘʮʠʦʥʥʦʤ ʧʦʜʭʦʜʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʠ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʚʝʩʪʠ ʫʞʝ ʦʮʠʬʨʦʚʘʥʥʫʶ ʨʘʟʥʦʪʠʧʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʢ ʝʜʠʥʦʦʙʨʘʟʠʶ ʠ ʧʦʩʪʨʦʠʪʴ 

ʧʦʠʩʢʦʚʳʝ ʩʠʩʪʝʤʳ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ. ʇʦʠʩʢʦʚʳʝ ʩʠʩʪʝʤʳ ʦʩʥʦʚʘʥʳ ʥʘ ʚʟʘʠʤʦʩʚʷʟʷʭ 

ʵʣʝʤʝʥʪʦʚ ʩʧʨʘʚʦʯʥʠʢʦʚ ʠ ʫʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʟʘʧʠʩʝʡ ʪʝʢʩʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʥʝ ʪʨʝʙʫʝʪ ʫʥʠʬʠʢʘʮʠʠ ʧʦʥʷʪʠʡʥʦʡ ʙʘʟʳ ʧʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʦʮʠʬʨʦʚʢʝ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʮʝʧʮʠʠ ʧʦʢʘʟʘʣʘ ʝʝ ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ. ʄʥʦʛʠʝ 

ʫʟʣʳ ʙʳʣʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʦʮʠʬʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʘʨʘʭʥʠʥ ɺ.ɹ., ʌʝʜʦʪʦʚ ɸ.ʄ.. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ // 

ɺʝʩʪʥʠʢ ʅɻʋ. ʉʝʨʠʷ: ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 2013. ʊʦʤ 11, ʚʳʧʫʩʢ 4. 
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ʄʫʟʝʡ ʎʅʀɻʈʀ çʈʫʜʳ ʙʣʘʛʦʨʦʜʥʳʭ, ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʘʣʤʘʟʦʚè ʨʘʩʧʦʣʘʛʘʝʪ 

ʢʨʫʧʥʦʡ, ʥʝ ʠʤʝʶʱʝʡ ʘʥʘʣʦʛʦʚ, ʢʦʣʣʝʢʮʠʝʡ ʧʦʨʦʜ, ʨʫʜ ʠ ʤʠʥʝʨʘʣʦʚ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʧʦ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʤ ʪʠʧʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʣʘʛʦʨʦʜʥʳʭ, ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʘʣʤʘʟʦʚ 

ʈʦʩʩʠʠ, ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ, ʘ ʪʘʢʞʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ.  

ʉʪʘʥʦʚʣʝʥʠʝ ʤʫʟʝʷ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʠʩʪʦʨʠʝʡ ʠʥʩʪʠʪʫʪʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʦʩʥʦʚʘʥ ʚ 

1935 ʛʦʜʫ ʚ ʩʦʩʪʘʚʝ ʪʨʝʩʪʘ çɿʦʣʦʪʦʨʘʟʚʝʜʢʘè ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʚʳʜʘʶʱʝʛʦʩʷ ʜʝʷʪʝʣʷ ʠ 

ʨʫʢʦʚʦʜʠʪʝʣʷ ʟʦʣʦʪʦʧʣʘʪʠʥʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ɸ.ʇ. ʉʝʨʝʙʨʦʚʩʢʦʛʦ. ʇʝʨʚʳʝ ʵʢʩʧʦʥʘʪʳ ï 

ʩʘʤʦʨʦʜʥʦʝ ʩʝʨʝʙʨʦ, ʦʩʤʠʩʪʳʡ ʠʨʠʜʠʡ, ʨʦʩʩʳʧʥʦʝ ʟʦʣʦʪʦ, ʜʨʝʚʥʠʝ ʟʦʣʦʪʳʝ ʫʢʨʘʰʝʥʠʷ ʠ ʠʭ 

ʦʙʣʦʤʢʠ ï ʙʳʣʠ ʧʦʣʫʯʝʥʳ, ʧʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫ ʩʪʘʨʝʡʰʝʛʦ ʤʠʥʝʨʘʣʦʛʘ ʠʥʩʪʠʪʫʪʘ 

ʃ.ɸ. ʅʠʢʦʣʘʝʚʦʡ, ʚ ʩʝʥʪʷʙʨʝ 1935 ʛʦʜʘ ʦʪ ʛʝʦʣʦʛʘ ɸ.ʇ. ʉʤʦʣʠʥʘ. ʇʝʨʚʳʤ ʟʘʚʝʜʫʶʱʠʤ 

ʤʫʟʝʝʤ ʙʳʣ ʥʘʟʥʘʯʝʥ ɺ.ʀ. ʉʦʙʦʣʝʚʩʢʠʡ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʢʦʣʣʝʢʮʠʶ ʨʫʜ ʙʣʘʛʦʨʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ ʥʘʯʘʣʠ ʩʦʟʜʘʚʘʪʴ ʚ 1937 ʛʦʜʫ ʚ ʩʚʷʟʠ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʢ ʄʝʞʜʫʥʘʨʦʜʥʦʤʫ 

ɻʝʦʣʦʛʠʯʝʩʢʦʤʫ ʢʦʥʛʨʝʩʩʫ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʷʣʩʷ ʚ ʉʉʉʈ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ï 

ʩʘʤʦʨʦʜʢʠ ʨʫʜʥʦʛʦ ʠ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ, ʦʙʨʘʟʮʳ ʨʫʜ ʩ ʚʠʜʠʤʳʤ ʟʦʣʦʪʦʤ, ï ʧʦʩʪʫʧʘʣʠ ʦʪ 

ʛʝʦʣʦʛʦʚ ʧʨʠʠʩʢʦʚ ʠ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʨʫʢʦʚʦʜʠʪʝʣʝʡ çɻʣʘʚʟʦʣʦʪʦè: 

ɸ.ʇ. ʉʝʨʝʙʨʦʚʩʢʦʛʦ, ʅ.ʅ. ɻʦʨʥʦʩʪʘʝʚʘ, ɻ.ʃ. ʖʜʠʥʘ, ɸ.ʃ. ʉʤʦʣʠʥʘ, ʀ. ʀʚʝʥʩʝʥʘ, 

ʀ.ʉ. ʈʦʞʢʦʚʘ. ɻ.ɺ. ʉʤʠʨʥʦʚʘ ʠ ʜʨʫʛʠʭ. ɺ 1941 ʛ. ʠʥʩʪʠʪʫʪ ʙʳʣ ʵʚʘʢʫʠʨʦʚʘʥ ʠʟ ʄʦʩʢʚʳ ʚ 

ʟʘʧʘʜʥʫʶ ʉʠʙʠʨʴ (ʧʦʩʝʣʦʢ ʄʘʢʘʨʘʭ). ɺʦ ʚʨʝʤʷ ʵʚʘʢʫʘʮʠʠ ʵʢʩʧʦʥʘʪʳ ʤʫʟʝʷ ʩʠʣʴʥʦ 

ʧʦʩʪʨʘʜʘʣʠ ʠ ʯʘʩʪʠʯʥʦ ʙʳʣʠ ʫʪʝʨʷʥʳ. ɺ 40-ʭ ʛʦʜʘʭ ʢʦʣʣʝʢʮʠʷ ʤʫʟʝʷ ʧʦʧʦʣʥʷʣʘʩʴ ʤʝʜʣʝʥʥʦ. 

ʊʝʤʧʳ ʨʦʩʪʘ ʝʝ ʨʝʟʢʦ ʫʚʝʣʠʯʠʣʠʩʴ ʩ ʩʦʟʜʘʥʠʝʤ ʦʪʜʝʣʘ ʤʠʥʝʨʘʣʦʛʠʠ, ʢʦʛʜʘ ʥʘʯʘʣʠ 

ʧʨʦʚʦʜʠʪʴʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ 

(ɸ.ʀ. ʌʘʩʪʦʣʦʚʠʯ, ɼ.ɸ. ʊʠʤʦʬʝʝʚʩʢʠʡ, ʀ.ɺ. ʇʝʪʨʦʚʩʢʘʷ, ʉ.ʉ. ɹʦʨʠʰʘʥʩʢʘʷ, ʇ.ʉ. ɹʝʨʥʰʪʝʡʥ, 

ʃ.ɸ. ʅʠʢʦʣʘʝʚʘ, ʄ.ɻ. ɸʥʜʨʝʝʚʘ, ʉ.ɺ. ʗʙʣʦʢʦʚʘ, ɸ.ʄ. ɻʘʚʨʠʣʦʚ, ʃ.ʀ. ɹʦʯʝʢ, ʈ.ɸ. ɸʤʦʩʦʚ ʠ 

ʜʨʫʛʠʝ). 

ʇʝʨʚʘʷ ʤʫʟʝʡʥʘʷ ʵʢʩʧʦʟʠʮʠʷ ʩʫʱʝʩʪʚʦʚʘʣʘ ʜʦ 1956 ʛʦʜʘ, ʟʘʪʝʤ ʧʦ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤ 

ʧʨʠʯʠʥʘʤ ʙʳʣʘ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʘ ʠ ʧʦʤʝʱʝʥʘ ʚ ʘʨʭʠʚ. ʈʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ ʤʫʟʝʡʥʦʛʦ ʬʦʥʜʘ 

ʚʦʟʦʙʥʦʚʣʝʥʳ ʚ 1989 ʛʦʜʫ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʤʫʟʝʷ ʚʥʝʩʣʘ ʙʦʣʴʰʦʡ ʵʥʪʫʟʠʘʩʪ 

ʩʚʦʝʛʦ ʜʝʣʘ ɸ.ɻ. ɺʦʣʘʨʦʚʠʯ. 

ʅʦʚʘʷ ʵʢʩʧʦʟʠʮʠʷ ʩʦʟʜʘʝʪʩʷ ʩ ʫʯʝʪʦʤ ʜʦʩʪʠʞʝʥʠʡ ʠʥʩʪʠʪʫʪʘ, ʧʦʩʪʦʷʥʥʦ ʧʦʧʦʣʥʷʝʪʩʷ 

ʥʦʚʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʠ ʨʘʩʰʠʨʷʝʪʩʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʪʨʝʭ ʟʘʣʘʭ 

ʤʫʟʝʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʦʟʠʮʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʨʫʜʳ, ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʠ ʦʢʦʣʦʨʫʜʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʝʜʫʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʪʠʧʘʤ ʮʚʝʪʥʳʭ, ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʘʣʤʘʟʦʚ. ʆʩʥʦʚʫ ʤʫʟʝʡʥʦʛʦ ʬʦʥʜʘ ʠ ʛʣʘʚʥʫʶ 

ʮʝʥʥʦʩʪʴ ʤʫʟʝʷ ʩʦʩʪʘʚʣʷʝʪ ʢʘʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ï ʦʙʨʘʟʮʳ, ʰʪʫʬʳ, ʧʨʦʙʳ, ʙʨʠʢʝʪʳ ʧʦʨʦʜ ʠ 

ʨʫʜ, ʘ ʪʘʢʞʝ ʵʪʘʣʦʥʥʳʝ ʢʦʣʣʝʢʮʠʠ ʙʦʣʝʝ ʯʝʤ ʧʦ 500 ʢʨʫʧʥʝʡʰʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʈʦʩʩʠʠ ʠ 

ʤʠʨʘ. ʅʘʫʯʥʦ-ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʬʦʥʜ ʩʦʜʝʨʞʠʪ ʰʣʠʬʦʪʝʢʫ ʠ ʬʦʪʦʪʝʢʫ (ʘʪʣʘʩʳ, ʘʣʴʙʦʤʳ, 

ʧʣʘʢʘʪʳ ʠ ʪ.ʜ.), ʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʜʦʧʦʣʥʷʶʱʠʝ ʢʦʣʣʝʢʮʠʠ 

ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʠ ʦʪʨʘʞʘʝʪ ʚʩʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʠʥʩʪʠʪʫʪʦʤ. ʋʥʠʢʘʣʴʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʢʦʣʣʝʢʮʠʷ ʨʫʜʥʦʛʦ ʠ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʛʣʘʚʥʳʭ ʟʦʣʦʪʦʥʦʩʥʳʭ 

ʧʨʦʚʠʥʮʠʡ ʈʦʩʩʠʠ.  
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ɺ 2002 ʛʦʜʫ ʄʫʟʝʡ ʧʨʠʩʦʝʜʠʥʠʣʩʷ ʢ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʜʚʠʞʝʥʠʶ çʉʦʭʨʘʥʝʥʠʝ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷè (ʉʦʬʠʡʩʢʘʷ ʠʥʠʮʠʘʪʠʚʘ 2000 ʛʦʜʘ), ʯʪʦ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʠʣʦ 

ʧʫʪʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʦʚʳʝ ʤʫʟʝʡʥʳʝ ʢʦʣʣʝʢʮʠʠ ʩʦʟʜʘʶʪʩʷ ʩ ʫʯʝʪʦʤ 

ʧʦʣʦʞʝʥʠʡ ʉʦʬʠʡʩʢʦʡ ʠʥʠʮʠʘʪʠʚʳ. ʂʘʢ ʦʪʤʝʯʘʝʪ ʦʜʠʥ ʠʟ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʚ ʜʚʠʞʝʥʠʷ 

ʄ.ʅ. ʄʘʣʝʝʚ, çʟʘʙʦʪʘ ʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝ ʥʘʫʯʥʦʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʟʥʘʥʠʷ ʧʫʪʝʤ 

ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʣʝʢʮʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʦʥʦ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʪʘʢ ʞʝ ʚʘʞʥʘ, ʢʘʢ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ 

ʧʝʨʝʜ ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʚʦʟʜʫʭʘ, ʚʦʜʳ, ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚè 

(Maleev, 2007). ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʦʜʥʦ ʠʟ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʄʫʟʝʷ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʩʦʭʨʘʥʝʥʠʝ ʘʨʭʠʚʦʚ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʡ 

ʚʳʜʘʶʱʠʭʩʷ ʛʝʦʣʦʛʦʚ ʠ ʤʠʥʝʨʘʣʦʛʦʚ ï ʩʦʪʨʫʜʥʠʢʦʚ ʎʅʀɻʈʀ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. Maleev M.N. Sustainable development and the mineralogical museums. Abstractsof 4 

sumposium çMineraldiversity: Researchandpreservationè. Sofia, 2007. 



90 

 

ʉɽʃɽʅʀɼʓ ʀ ʅɽʆɹʓʏʅʓɽ ɻʃʆɹʋʃʗʈʅʓɽ Au-Pd-ʌɸɿʓ 

ʈʋɼʆʇʈʆʗɺʃɽʅʀʗ ʉɺɽʊʃʆɽ (ʂɸʈɽʃʀʗ) 
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ʉʫʣʴʬʦ-ʩʝʣʝʥʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʉʚʝʪʣʦʝ (ʎʝʥʪʨʘʣʴʥʘʷ ʂʘʨʝʣʠʷ) 

ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʘ ʢʦʥʪʘʢʪʝ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ (ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ, 

ʤʝʪʘʙʘʟʘʣʴʪʦʚ) ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱ, ʠʤʝʶʱʠʭ ʚʦʟʨʘʩʪ 2.3-2.1 ʤʣʨʜ ʣʝʪ. ʆʥʘ ʧʨʠʫʨʦʯʝʥʘ ʢ 

ʟʦʥʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ ʠ Mg-Fe-ʤʝʪʘʩʦʤʘʪʦʟʘ, ʥʘʠʙʦʣʝʝ ʚʝʨʭʥʝʡ ʧʦ 

ʨʘʩʧʦʣʦʞʝʥʠʶ ʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʢʦʣʦʥʢʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʱʝʣʦʯʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, 

ʠʤʝʶʱʠʭ ʚʦʟʨʘʩʪ ~1.5 ʤʣʨʜ ʣʝʪ (Rb-Sr-ʤʝʪʦʜ (ʂʫʣʝʰʝʚʠʯ, 2011)). ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʦʨʫʜʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʚʙʣʠʟʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʧʨʠʚʥʦʩʦʤ ʩʝʣʝʥʘ, ʤʝʜʠ, ʩʚʠʥʮʘ, ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʫʨʘʥʘ ʠ ʛʝʤʘʪʠʪʠʟʘʮʠʝʡ 

ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱ.  

ʄʘʣʦʤʦʱʥʘʷ ʣʠʥʟʘ ʤʝʪʘʙʘʟʘʣʴʪʦʚ ʩʨʝʜʠ ʢʘʨʙʦʥʘʪʦʚ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʘʝʪʩʷ ʭʣʦʨʠʪʦʤ. 

ʂʘʨʙʦʥʘʪʥʳʝ ʪʦʣʱʠ ʩʦʜʝʨʞʘʪ ʜʦʣʦʤʠʪ ʠ ʢʘʣʴʮʠʪ. ʄʝʪʘʩʦʤʘʪʠʪʳ ʧʦ ʢʘʨʙʦʥʘʪʥʳʤ ʧʦʨʦʜʘʤ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʣʦʥʢʠ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʪ ʢʘʣʴʮʠʪ, ʪʨʝʤʦʣʠʪ, ʭʣʦʨʠʪ, ʤʝʪʘʢʨʠʩʪʘʣʣʳ 

ʧʠʨʠʪʘ. ɼʣʠʥʘ ʠ ʤʦʱʥʦʩʪʴ ʟʦʥʳ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 400ʭ20 ʤ. ɺʙʣʠʟʠ ʚʳʭʦʜʘ ʨʫʜʥʦʡ 

ʣʠʥʟʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʝ ʨʘʟʚʠʪʘ ʟʦʥʘ ʙʦʨʜʦʚʳʭ ʢʘʨʙʦʥʘʪʦʚ, ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝʤ Ca-Fe-Mg ʜʦʣʦʤʠʪʘ ʢʘʣʴʮʠʪʦʤ ʠ ʦʙʠʣʴʥʳʤ 

ʚʳʧʘʜʝʥʠʝʤ ʛʝʤʘʪʠʪʘ, ʧʦʚʳʰʘʝʪʩʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʧʦʨʦʜ. ʈʫʜʥʘʷ ʟʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʣʠʥʟʫ ʤʦʱʥʦʩʪʴʶ 0.3-2 ʤ, ʜʣʠʥʦʡ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ. ɺ ʥʝʡ ʨʘʟʚʠʪʳ ʩʣʶʜʳ ʠ ʭʣʦʨʠʪʳ, 

ʢʚʘʨʮ, ʞʠʣʴʥʳʡ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʘʣʴʮʠʪ ʩ ʢʣʘʫʩʪʘʣʠʪʦʤ, ʩʫʣʴʬʠʜʘʤʠ ʤʝʜʠ, 

ʟʦʥʘʣʴʥʳʝ ʧʦʯʢʠ ï ʩʨʘʩʪʘʥʠʷ ʢʣʘʫʩʪʘʣʠʪʘ, ʫʨʘʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʩʦʩʪʘʚʫ ʭʣʦʨʠʪʘ, ʘʩʩʦʮʠʠʨʫʶʱʝʛʦ ʩ ʪʨʝʤʦʣʠʪʦʤ ʠ ʧʠʨʠʪʦʤ, 

ʩʦʩʪʘʚʣʷʝʪ 215-190 
o
ʉ

 
(ʛʝʦʪʝʨʤʦʤʝʪʨ ʂʘʪʭʝʣʠʥʠʦ). ɺ ʨʫʜʥʦʡ ʟʦʥʝ ʩ ʩʝʣʝʥʠʜʘʤʠ ʦʙʳʯʥʳ 

ʭʣʦʨʠʪʳ, V-Cr-ʭʣʦʨʠʪʳ, Cr-ʩʦʜʝʨʞʘʱʠʝ ʩʣʶʜʳ, ʫʨʘʥʠʥʠʪ.  

ɺ ʨʫʜʥʦʡ ʟʦʥʝ ʫʩʪʘʥʦʚʣʝʥʦ: Cu 0.3 %, Mn 0.23-0.25%, Cr 0.13-0.18%, Pb ʦʪ 33 ppm ʜʦ 

0.45%; Se 19-3947 (ʚ ppm ʜʘʥʥʳʝ ICP-MS), V 815-878, Y 360-392, ×REE 590-664, Co 20-26, Ni 

5-13, Ag 2-3, Bi 13-14, U 502-551. ɺ ʦʢʦʣʦʨʫʜʥʦʡ ʟʦʥʝ ʚ ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʝ ʩʦʜʝʨʞʘʥʠʝ Mn 

ʩʦʩʪʘʚʣʷʝʪ 0.29%; ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʥʠʞʘʝʪʩʷ: Cu (ʚ ppm) ï 10-58, Cr 8-34, Pb 1-4, Se 

0.1-1; V 10-211, Y 1-24, ×REE 4-150, Ag 0.2, Bi 0.03-4, U 1-5. ɺ ʪʨʝʤʦʣʠʪ-ʢʘʨʙʦʥʘʪʥʳʭ 

ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʩ ʧʠʨʠʪʦʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ Co - 100 ppm ʠ Ni - 8-35 

ppm. ɻʝʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʪʘʩʦʤʘʪʠʪʦʚ (ʪʘʙʣ. 1) ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʧʦʷʚʣʝʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ. 

ɺ ʨʫʜʥʦʡ ʟʦʥʝ ʩʫʣʴʬʠʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ, ʙʦʨʥʠʪʦʤ, 

ʩʝʣʝʥʠʜʳ ï ʢʣʘʫʩʪʘʣʠʪʦʤ PbSe, ʦʙʨʘʟʫʶʱʠʤ ʟʦʥʘʣʴʥʳʝ ʩʨʘʩʪʘʥʠʷ, ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ Fe-

ʵʚʢʘʡʨʠʪ Ag(Cu,Fe)Se, ʣʘʡʪʘʢʘʨʠʪ Bi4Se3, ʫʤʘʥʛʠʪ Cu3Se2 (ʊʦʙʨ.<143
ʦ
), ʪʠʤʘʥʥʠʪ HgSe (ʪʘʙʣ. 

1, ʨʠʩ. 1/1). ɺ ʘʩʩʦʮʠʘʮʠʠ ʩ ʩʫʣʴʬʠʜʘʤʠ ʤʝʜʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ-1 (ʨʘʟʤʝʨʦʤ 

10-40 ʤʢʤ, Ag 8-11.78 %), ʧʦʨʧʝʮʠʪ ʠ ʢʫʧʨʦʘʫʨʠʪ (ʨʠʩ. 1/2-3, ʪʘʙʣ. 1). ʋʨʘʥʠʥʠʪ ʦʙʨʘʟʫʝʪ 

ʦʢʨʫʛʣʳʝ ʠ ʥʝʧʨʘʚʠʣʴʥʳʝ ʚʳʜʝʣʝʥʠʷ ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʢʣʘʫʩʪʘʣʠʪʦʤ ʠ ʚ ʢʘʣʴʮʠʪʝ.  
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ʈʠʩ. 1. ʌʦʨʤʳ ʚʳʜʝʣʝʥʠʷ ʨʫʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʥʘ ʧʨʦʷʚʣʝʥʠʠ 

ʉʚʝʪʣʦʝ 

1. ʂʣʘʫʩʪʘʣʠʪ, ʚ ʢʨʘʝʚʦʡ ʟʦʥʝ ï 

ʭʘʣʴʢʦʧʠʨʠʪ (ʉɺ-9ʣ-18). 2. ɿʦʣʦʪʦ. 

3 ï ʧʦʨʧʝʮʠʪ (1), Pd-ʢʫʧʨʦʘʫʨʠʪ 

(2). 4. çʐʘʨʠʢʠè Au-Pd-Se-(As-Sb)-

ʩʨʘʩʪʘʥʠʝ: 1 ï ʟʦʣʦʪʦ, 2 ï 

ʧʘʣʣʘʜʩʝʠʜ, 3 ï ʤʝʨʪʠʠʪ (ʦʙʨ. 

ʈʉɺ_9/6). 5. Au-Pd-Se-(As-Sb): 1 ï 

ʟʦʣʦʪʦ, 2 ï ʧʘʣʣʘʜʩʝʠʜ. 

 

ʉʫʣʴʬʦ-ʩʝʣʝʥʠʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʝ ʧʦʜʚʝʨʞʝʥʘ ʦʢʠʩʣʝʥʠʶ. 

ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʥʘʪʝʯʥʳʝ ʧʦʯʢʠ ʛʝʤʘʪʠʪʘ, ʠʛʦʣʴʯʘʪʳʝ ʠ ʨʘʜʠʘʣʴʥʦ-ʣʫʯʠʩʪʳʝ 

ʢʨʠʩʪʘʣʣʳ ʛʝʪʠʪʘ, ʛʠʜʨʦʛʝʪʠʪʘ. ʉʫʣʴʬʠʜʳ ʤʝʜʠ ʟʘʤʝʱʘʶʪʩʷ ʭʘʣʴʢʦʟʠʥʦʤ, ʢʫʧʨʠʪʦʤ, ʘ ʪʘʢʞʝ 

ʩʫʣʴʬʘʪʘʤʠ ʠ ʢʘʨʙʦʥʘʪʘʤʠ. ɺ ʭʘʣʴʢʦʟʠʥʝ ʚʳʜʝʣʷʝʪʩʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʥʘʫʤʘʥʥʠʪ. 

ʂʣʘʫʩʪʘʣʠʪ ʟʘʤʝʱʘʝʪʩʷ ʤʦʣʠʙʜʦʤʝʥʠʪʦʤ PbSeO3, ʧʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʩʣʦʞʥʳʝ ʩʦʝʜʠʥʝʥʠʷ 

ʪʠʧʘ ʤʦʪʪʨʘʤʠʪʘ PbCu(V,SeO)4(OH)2, ʮʝʨʫʩʩʠʪ, ʛʠʧʩ, ʙʘʨʠʪ. V ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʛʝʤʘʪʠʪʝ 

(1.5% V), V ʠ Cr ï ʚ ʭʣʦʨʠʪʝ ʠ ʧʣʘʩʪʠʥʯʘʪʳʭ ʩʣʶʜʘʭ, V-Cr-Fe ï ʚ ʛʠʜʨʦʢʩʠʜʘʭ, ʦʙʨʘʟʫʶʱʠʭ 

ʚʝʪʦʯʢʠ-ʜʝʥʜʨʠʪʳ, ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ Pd-Au ʛʣʦʙʫʣʘʤʠ. Y ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʛʠʜʨʦʢʩʠʜʘʭ ʠ 

ʩʣʶʜʘʭ. ɺ ʨʫʜʥʦʡ ʟʦʥʝ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʦʚʘʣʴʥʳʝ ʩʪʷʞʝʥʠʷ ï çʰʘʨʠʢʠè 

(ʨʘʟʤʝʨʦʤ ʜʦ 10 ʤʢʤ), ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʩʨʘʩʪʘʥʠʷ ʟʦʣʦʪʘ-2 (Ag 8.46%), Au-

ʩʦʜʝʨʞʘʱʝʛʦ ʧʘʣʣʘʜʩʝʠʜʘ, ʠʟʦʤʝʨʪʠʠʪʘ (ʨʠʩ.1, ʪʘʙʣ. 1), ʠʥʦʛʜʘ ʚ ʩʨʘʩʪʘʥʠʠ ʤʦʪʪʨʘʤʠʪʦʤ. 

ʌʦʨʤʘ ʚʳʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʪʘʜʠʠ ï ʧʨʦʞʠʣʢʦʚʘʷ, ʢʘʚʝʨʥʦʟʥʘʷ, 

çʢʦʢʘʨʜʦʚʘʷè, ʟʦʣʦʪʦ-1 ʦʙʨʘʟʫʝʪ ʥʝʧʨʘʚʠʣʴʥʳʝ ʟʝʨʥʘ. ʋ ʧʦʟʜʥʠʭ ʦʢʠʩʣʝʥʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ï 

ʥʘʪʝʯʥʘʷ, ʧʦʯʢʦʚʠʜʥʘʷ, ʚ ʚʠʜʝ ʟʦʥʘʣʴʥʳʭ ʩʨʘʩʪʘʥʠʡ, ʜʝʥʜʨʠʪʦʚʘʷ, ʠʛʦʣʴʯʘʪʘʷ, ʨʳʭʣʘʷ, 

ʧʦʨʦʰʢʦʚʘʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʦʥ ʦʢʠʩʣʝʥʠʷ, ʫ ʟʦʣʦʪʘ-2 ï ʚ ʚʠʜʝ 

ʛʣʦʙʫʣ. ɺʩʝ ʵʪʠ ʤʠʥʝʨʘʣʴʥʳʝ ʬʘʟʳ ʦʙʝʩʧʝʯʠʣʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʫʜʘʭ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʠʝ ʜʘʥʥʦʛʦ ʨʫʜʥʦʛʦ ʦʙʲʝʢʪʘ 

ʢʘʢ Au-Pd-Pb-Cu-Se-U ʧʨʦʷʚʣʝʥʠʷ, ʧʦʜʦʙʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷʤ ʇʘʜʤʠʥʩʢʦʡ ʛʨʫʧʧʳ. ʇʦ ʜʘʥʥʳʤ 

ʦʧʨʦʙʦʚʘʥʠʷ (ʧʨʦʚʝʜʝʥʥʳʤ çʅʝʚʩʢʛʝʦʣʦʛʠʷè), ʜʣʷ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʉʚʝʪʣʦʝ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʥʮʝʥʪʨʘʮʠʠ: U 2.16%, Cu 2.7%, Pb 1.45%, Ag 99 ʛ/ʪ, Pd 1.3 ʛ/ʪ, Pt 1.1 ʛ/ʪ; 

ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Au 1 ʛ/ʪ (ʥʘ 0.3 ʤ), ʤʘʢʩʠʤʘʣʴʥʦʝ ï ʜʦ 27 ʛ/ʪ (ʄʝʪʘʣʣʦʛʝʥʠʷ ʂʘʨʝʣʠʠé, 

1999, ʄʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʘʷé, 2005), ʚ ʦʨʝʦʣʝ ï 0.01 ʛ/ʪ.  
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ʊʘʙʣʠʮʘ 1. 

ʉʝʣʝʥʠʜʳ, ʤʠʥʝʨʘʣʳ ʟʦʣʦʪʘ ʠ ʧʘʣʣʘʜʠʷ ʧʨʦʷʚʣʝʥʠʷ ʉʚʝʪʣʦʝ (ʤʘʩ.%) 
ʕʣʝʤʝʥʪ 1 2 3 4 5 6 7 8 9 10 11 12 13 

S  4.09          2.59  

As          3.7 5.77   

Sb          21.47 20.79   

Cu  13.97 53.95    1.82 22.9      

Fe  4.07            

Se 29.98 33.13 46.05 33.66 25.82       26.37 32.07 

Pb 70.02             

Ag  44.75    11.78   8.33    1.09 

Au      88.22 88.17 67.46 91.67 5.19 7.15 16.64 6.29 

Pd       10.02 10.24  69.64 66.29 54.39 59.84 

Bi    66.34          

Hg     74.18         

ʉʫʤʤʘ 100 99.99 100 100 100 100 100 100 100 100 100 99.99 99.29 

ˉ ʦʙʨ./ 

ʋʯ. ʘʥ. 

ʉɺ7ʘ 

/1-1 

ʉɺ9-

4/6-1 

ʉɺ ʉɺ-

8/3 

ʈʉɺ-

9 

ʉʨ. ʈʉɺ-

9 ʃ 

/8-1 

ʈʉɺ-

9 ʃ/ 

8-2 

Cp. ʈʉɺï 

9/6-3 

ʉʨ. Lav19 

17-2 

ʉʨ. 

N 1 1 1 1 1 2 1 1 23 1 4 1 6 

 

ʇʨʠʤʝʯʘʥʠʝ. 1 ï ʢʣʘʫʩʪʘʣʠʪ PbSe. 2 ï ʵʚʢʘʡʨʠʪ Ag(Cu,Fe) (S,Se). 3 ï ʫʤʘʥʛʠʪ 4 ï ʣʘʡʪʘʢʘʨʠʪ. 

5 ï ʪʠʤʘʥʥʠʪ. 6 ï ʟʦʣʦʪʦ-1. 7 ï ʧʦʨʧʝʮʠʪ. 8 ï Pd-ʢʫʧʨʦʘʫʨʠʪ. ʆʢʠʩʣʝʥʥʘʷ ʘʩʩʦʮʠʘʮʠʷ: 9 ï 

ʟʦʣʦʪʦ-2 ʚ ʛʣʦʙʫʣʘʭ. 10, 11 ï Au-ʩʦʜʝʨʞʘʱʠʡ ʠʟʦʤʝʨʪʠʠʪ. 12, 13 ï Au-ʩʦʜʝʨʞʘʱʠʡ 

ʧʘʣʣʘʜʩʝʠʜ. 6, 9, 11, 13 ï ʩʨʝʜʥʝʝ. ʉʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ʧʨʠʚʝʜʝʥ ʢ 100%. 

 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ɺ.ɺ. ʂʫʣʠʢʦʚʘ 

 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʂʘʨʝʣʴʩʢʦʛʦ ʅʎ ʈɸʅ, ʇʝʪʨʦʟʘʚʦʜʩʢ, ʈʦʩʩʠʷ, vkulikova@yandex.ru 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʶʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʦʪʢʨʳʪʠʷ ʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘ ʨʘʥʝʝ ʧʣʦʭʦ ʠʟʫʯʝʥʥʳʭ ʦʙʲʝʢʪʘʭ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʤʥʦʛʦʢʨʘʪʥʦ çʦʪʢʨʳʪʳʡè ʚ ʨʘʟʥʳʭ ʧʦʨʦʜʘʭ ʤʠʥʝʨʘʣ ʥʘʯʠʥʘʝʪ 

ʚʳʟʳʚʘʪʴ ʩʦʤʥʝʥʠʷ ʢʘʢ ʚ ʝʛʦ ʧʨʠʨʦʜʝ, ʪʘʢ ʠ ʚ ʩʦʩʪʘʚʝ.  

ɸʚʪʦʨʦʤ ʧʨʠ ʫʯʘʩʪʠʠ ɸ.ʅ. ʊʝʨʥʦʚʦʛʦ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʂʘʨʝʣʴʩʢʦʛʦ ʅʎ ʈɸʅ ʚ 

2009 ʛ. ʚʧʝʨʚʳʝ ʚ ʈʦʩʩʠʠ ʥʘ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ çINCA Enerdgy 350è ʥʘ ʙʘʟʝ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ çVEGA II LSHè ʦʙʥʘʨʫʞʝʥ ʷʨʣʦʥʛʠʪ (ʠʣʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ). 

ʉʣʦʞʥʦ ʧʦʩʪʨʦʝʥʥʳʝ ʟʝʨʥʘ ʩʥʘʯʘʣʘ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʨʘʟʥʦʛʦ ʪʠʧʘ ʣʶʜʠʢʦʚʠʡʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷʭ ɿʘʦʥʝʞʴʷ (ʄʝʜʚʝʞʴʝʛʦʨʩʢʠʡ ʨ-ʥ ʈʂ): ʥʘ ʫʯʘʩʪʢʝ ʄʘʢʩʦʚʦ ʚ ʰʫʥʛʠʪʘʭ 

(ʤʘʢʩʦʚʠʪʘʭ), ʪʘʤ ʞʝ ʚ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʪʫʬʘʭ ʩʦ ʩʪʦʣʙʯʘʪʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ ʥʘ ʢʦʥʪʘʢʪʝ ʩ 

ʜʦʣʝʨʠʪʘʤʠ (ʜʠʘʤʝʪʨ ʩʪʦʣʙʠʢʦʚ (ʢʘʨʘʥʜʘʰʝʡ) ʜʦ 2 ʩʤ ʠ ʜʣʠʥʘ ʜʦ 12 ʩʤ), ʥʘ ʫʯʘʩʪʢʝ 

ʃʝʙʝʱʠʥʘ, ʚ ʇʨʠʦʥʝʞʴʝ (ʇʨʠʦʥʝʞʩʢʠʡ ʨ-ʥ ʈʂ) ʥʘ ʩʝʚʝʨʥʦʤ ʧʦʙʝʨʝʞʴʝ ʇʝʪʨʦʟʘʚʦʜʩʢʦʡ ʛʫʙʳ 

ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ ʚ ʢʦʥʪʘʢʪʘʭ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʭʨʦʤʠʪʩʦʜʝʨʞʘʱʠʭ ʜʘʡʢʘʭ, ʨʚʫʱʠʭ 

çʩʦʣʦʤʝʥʩʢʠʝ ʙʨʝʢʯʠʠè ʠ ʜʨ.; ʚ ʭʨʦʤʠʪʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ɸʛʘʥʦʟʝʨʩʢʦʛʦ ʙʣʦʢʘ ɹʫʨʘʢʦʚʩʢʦʛʦ 

ʨʘʩʩʣʦʝʥʥʦʛʦ ʧʣʫʪʦʥʘ ʩʫʤʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (ʇʫʜʦʞʩʢʠʡ ʨ-ʥ ʈʂ) ʥʘʨʷʜʫ ʩ ʟʝʨʥʘʤʠ ʭʨʦʤʠʪʘ, 

ʢʘʨʙʠʜʘ ʞʝʣʝʟʘ, ʧʣʘʪʠʥʦʠʜʦʚ ʠ ʜʨ. ɺ 2011 ʛ. ɺ.ɺ. ʂʫʣʠʢʦʚʦʡ ʚ ʦʙʨʘʟʮʝ, ʦʪʦʙʨʘʥʥʦʤ ʝʶ ʚʦ 

ʚʨʝʤʷ ʵʢʩʢʫʨʩʠʠ ʚ ʢʘʨʴʝʨʝ ʠʟ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ʫʛʣʝʨʦʜʠʩʪʳʭ ʩʣʘʥʮʝʚ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʅʘʪʘʣʢʘè (ʈʠʄ, ʄʘʛʘʜʘʥʩʢʘʷ ʦʙʣ.), ʪʘʢʞʝ ʚʧʝʨʚʳʝ ʙʳʣ ʥʘʡʜʝʥ ʷʨʣʦʥʛʠʪ. ɺʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʜʣʷ ʷʨʣʦʥʛʠʪʘ, ʢʘʢ ʠ ʜʣʷ ʟʝʨʝʥ çʩʘʤʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚè ʠʣʠ ʢʘʨʙʠʜʦʚ (?) (Fe, 

FeNi, Co, Cr, FeCr ʠ ʜʨ.) ʠʟ ʨʘʟʥʳʭ ʧʦʨʦʜ, ʭʘʨʘʢʪʝʨʥʘ ʪʦʥʢʦʧʣʘʩʪʠʥʯʘʪʘʷ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʦʪ 

3 ʜʦ 10 Õʤ. ʉʦʩʪʘʚ ʷʨʣʦʥʛʠʪʘ ʚʘʨʴʠʨʦʚʘʣ, ʢʘʢ ʢʘʟʘʣʦʩʴ, ʚʩʣʝʜʩʪʚʠʝ ʤʝʪʦʜʠʯʝʩʢʠ 

ʥʝʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʝʨʦʜʘ ʠʣʠ ʥʝʧʦʩʪʦʷʥʩʪʚʘ ʩʦʜʝʨʞʘʥʠʷ ʧʦʩʣʝʜʥʝʛʦ (ʂʫʣʠʢʦʚʘ ʠ 

ʜʨ., 2010, 2011 ʠ ʜʨ.).  

ʗʨʣʦʥʛʠʪ ʫʩʪʘʥʦʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ (Nichengetal., 2008 ʠ ʜʨ.) ʚ ʦʬʠʦʣʠʪʦʚʳʭ 

ʧʦʣʠʬʦʨʤʥʳʭ ʭʨʦʤʠʪʠʪʘʭ ʂʠʪʘʷ ʚ ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʭ ʛʘʨʮʙʫʨʛʠʪʘʭ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ 

ʭʨʦʤʠʪʠʪʦʚʳʭ ʪʝʣ ʦʢʨʫʞʝʥʘ ʦʙʦʣʦʯʢʦʡ ʜʫʥʠʪʦʚ ʜʠʩʢʫʩʩʠʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʘʚʪʦʨʳ ʦʪʢʨʳʪʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪ: ʘʣʤʘʟ, ʤʫʘʩʩʦʥʠʪ, ʚʶʩʪʠʪ, ʠʨʠʜʠʪ?, ʦʩʤʠʪ?, 

ʧʝʨʠʢʣʘʟ, ʭʨʦʤʠʪ, ʩʘʤʦʨʦʜʥʦʝ ʞʝʣʝʟʦ, ʩʘʤʦʨʦʜʥʳʡ ʭʨʦʤ, ʬʦʨʩʪʝʨʠʪ, ʭʨʦʤʜʠʦʧʩʠʜ ʠ ʜʨ., ʘ 

ʪʘʢʞʝ ʢʘʨʙʠʜʳ ʤʝʪʘʣʣʦʚ: ʢʦʭʝʥʠʪ, ʪʦʥʛʙʘʠʪ, ʭʘʤʨʘʙʘʝʚʠʪ ʠ ʢʫʩʦʥʛʠʪ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʦʙʨʘʟʮʘ 

ʭʨʦʤʠʪʠʪʘ. ʗʨʣʦʥʛʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʟʝʨʝʥ, ʨʘʟʤʝʨʦʤ 0.02-0.06 ʤʤ, 

ʩʝʨʦʛʦ ʮʚʝʪʘ, ʭʨʫʧʢʠʭ, ʩ ʨʘʢʦʚʠʩʪʳʤ ʠʟʣʦʤʦʤ. ʈʘʩʩʯʠʪʘʥʥʘʷ (ʩʪʘʥʜʘʨʪʥʘʷ?) ʜʣʷ ʵʪʦʛʦ 

ʤʠʥʝʨʘʣʘ ʬʦʨʤʫʣʘ: (Cr4Fe4Ni)9C4. ʗʨʣʦʥʛʠʪ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʢʘʢ ʥʦʚʳʡ ʤʠʥʝʨʘʣ 

CNMNC (IMA2007-035). ɻʦʣʦʪʠʧ ʥʘʭʦʜʠʪʩʷ ʚ ɻʝʦʣʦʛʠʯʝʩʢʦʤ ʤʫʟʝʝ ʂʠʪʘʷ (ˉ ʄ11650). 

ʇʨʠʨʦʜʘ ʤʠʥʝʨʘʣʦʚ ʢʘʨʙʠʜʦʚ ʤʝʪʘʣʣʦʚ ʜʠʩʢʫʩʩʠʦʥʥʘ, ʦʥʠ ʠʤʝʶʪ ʨʘʟʥʫʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ 

ʩʪʨʫʢʪʫʨʫ ʧʦʣʠʤʝʨʘ: ʪʨʠʛʦʥʘʣʴʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʠ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ 

(Nichengetal., 2008 ʠ ʜʨ.). ʗʨʣʦʥʛʠʪ ʦʪʥʦʩʠʪʩʷ ʢ ʧʝʨʚʦʡ ʛʨʫʧʧʝ, ʦʜʥʘʢʦ ʦʥ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ ʩ ʪʘʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʪʝʤ, ʯʪʦ ʦʙʳʯʥʦ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʫʤʷ 

ʪʨʠʛʦʥʘʣʴʥʳʤʠ ʧʨʠʟʤʘʤʠ ʩ ʦʙʱʠʤʠ ʛʨʘʥʷʤʠ, ʘ ʚ ʷʨʣʦʥʛʠʪʝ ï ʪʨʝʤʷ. ʉʘʤʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ 

ʠʟʚʝʩʪʥʳ ʠʟʜʘʚʥʘ ʠ ʦʙʥʘʨʫʞʝʥʳ (ʎʝʣʴʤʦʚʠʯ, 2012 ʠ ʤʥʦʛʠʝ ʜʨ.): 1) ʚ ʤʝʪʝʦʨʠʪʘʭ; 2) ʚ 

ʦʩʘʜʢʘʭ ʦʟ. ʇʣʝʱʝʝʚʦ (ʗʨʦʩʣʘʚʩʢʘʷ ʦʙʣ.) ʠ ʦʟ. ɹ. ʃʦʞʢʘ (ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣ.); 3) ʚ ʤʘʪʝʨʠʘʣʝ 

ʠʟ ʢʨʘʪʝʨʘ ʏʠʢʩʫʣʫʙ (ʄʝʢʩʠʢʘ); 4) ʚ ʟʶʚʠʪʘʭ ʂʘʨʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ; 5) ʚ ʧʘʣʝʦʟʦʡʩʢʠʭ 

ʚʫʣʢʘʥʠʪʘʭ ɼʘʣʲʥʝʛʦ ɺʦʩʪʦʢʘ; 6) ʚ ʦʙʨʘʟʮʝ ʠʟ S ï D1 ʨʘʟʨʝʟʘ ʇʦʜʦʣʠʠ (ʩ ʚʦʟʨʘʩʪʦʤ 411 ʄʘ); 

7) ʚ ʦʙʨʘʟʮʝ ʪʫʬʦʚ (ʂʘʬʘʥ, ɸʨʤʝʥʠʷ) (158 ʄʘ); 8) ʚ ʪʝʢʪʠʪʘʭ ʥʠʞʝʛʦʨʦʜʩʢʦʛʦ ʧʘʜʝʥʠʷ (1996 

ʛ.); 9) ʚ ʦʙʨʘʟʮʝ ʜʨʝʚʝʩʠʥʳ ʚ ʨʘʡʦʥʝ ʊʫʥʛʫʩʩʢʦʛʦ çʤʝʪʝʦʨʠʪʘè (?) ʠ ʜʨ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ 

(Nichengetal., 2008), ʯʪʦ ʷʨʣʦʥʛʠʪ ʥʝ ʷʚʣʷʝʪʩʷ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʣʷ ʭʨʦʤʠʪʠʪʦʚ ʠ 

ʯʪʦ ʠʟ ʤʘʥʪʠʠ ʧʝʨʝʥʝʩʝʥʥʳʝ ʧʦʜʥʠʤʘʶʱʠʤʩʷ ʧʣʶʤʦʤ (ʥʘʧʨ., ɺʠʥʜʠʙʝʣʪ?) ʠ ʟʘʪʝʤ ʢʘʢ 
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ʟʘʭʚʘʯʝʥʥʳʝ ʬʣʶʠʜʘʤʠ, ʪʘʢ ʠ ʨʘʩʧʣʘʚʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʭʨʦʤʠʪʠʪʳ 

(ɹʫʨʘʢʦʚʩʢʠʡ ʧʣʫʪʦʥ?), ʵʪʠ ʢʩʝʥʦʢʨʠʩʪʳ ʩʦʭʨʘʥʠʣʠʩʴ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ.  

ʆʜʥʘʢʦ ʘʚʪʦʨʳ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʩʯʠʪʘʶʪ ʚʦʟʤʦʞʥʳʤʠ ʪʘʢʞʝ ʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʝʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʝʭʥʦʛʝʥʥʦʝ, ʠʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʤʝʨʦʚ ʨʘʤʢʠ 

ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʦʙʨʘʟʮʦʚ: CO2 ï 15.37-23.83; Cr2O3 ï 14.43-17.01; MnO ï 1.07; Fe2O3 ï 60.65-

52.30; NiO ï 8.47-6.85. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʦʦʪʥʦʰʝʥʠʷ ʵʪʠʭ 

ʵʣʝʤʝʥʪʦʚ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʩʫʪʩʪʚʫʶʱʝʛʦ ʆ) ʚ ʨʘʟʥʳʭ ʦʙʨʘʟʮʘʭ, ʥʘʧʨʠʤʝʨ, ʤʦʜʠʬʠʢʘʮʠʠ 

C4Cr1.5Fe6Ni; C23Cr(Fe,Mn)5Ni; C26Cr(Fe,Mn)5Ni; C7CrFe5Ni; C5Cr(Fe,Mn)5Ni; C7Cr(Fe,Mn)5Ni; 

C25CrFe5Ni; C9Cr(Fe,Mn)5Ni; C7Cr(Fe,Mn)5Ni ʠ ʜʨ. 
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ʆ ʂʆʈʋʅɼɽ ʈɸʉʉʃʆɽʅʅʆɻʆ ʇɸʃɽʆʇʈʆʊɽʈʆɿʆʁʉʂʆɻʆ ʄɸʌʀʊ-

ʋʃʔʊʈɸʄɸʌʀʊʆɺʆɻʆ ʂʀʁʆʉʊʈʆɺʉʂʆɻʆ ʄɸʉʉʀɺɸ 

 

ɺ.ɺ. ʂʫʣʠʢʦʚʘ, ɺ.ʉ. ʂʫʣʠʢʦʚ 

 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʂʘʨʝʣʴʩʢʦʛʦ ʅʎ ʈɸʅ, ʇʝʪʨʦʟʘʚʦʜʩʢ, ʈʦʩʩʠʷ, vkulikova@yandex.ru 

 

ɺ 1988ï1989 ʛʛ. ɺ.ɺ. ʠ ɺ.ʉ. ʂʫʣʠʢʦʚʳʤʠ ʚʧʝʨʚʳʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʦʩʪʨʦʚʘʭ 

ʇʫʨʣʫʜʘ, ʂʠʡʦʩʪʨʦʚʩʢʠʡ ʘʨʭʠʧʝʣʘʛ, ʦʙʥʘʞʘʝʪʩʷ ʨʘʩʩʣʦʝʥʥʳʡ ʠʥʪʨʫʟʠʚ, ʧʦʨʦʜʳ ʢʦʪʦʨʦʛʦ, 

ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʦʙʨʘʟʫʶʪ ʝʜʠʥʳʡ ʤʘʩʩʠʚ ʥʘ ʧʣʦʱʘʜʠ 40ʭ20 ʢʤ. ʂʠʡʦʩʪʨʦʚʩʢʠʡ 

ʨʘʩʩʣʦʝʥʥʳʡ ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʡ ʤʘʩʩʠʚ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʣʫʪʦʥʘ, ʩʦʩʪʦʷʱʝʛʦ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʠʟ ʨʘʟʨʦʟʥʝʥʥʳʭ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɹʝʣʦʛʦ ʤʦʨʷ ʦʩʪʨʦʚʦʚ, ʩʣʦʞʝʥʥʳʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ (ʩ ʉɺ ʥʘ ʖɿ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚʢʨʝʩʪ 

ʧʨʦʩʪʠʨʘʥʠʷ): 1) ʘʥʦʨʪʦʟʠʪʳ ʠ ʛʘʙʙʨʦʥʦʨʠʪʳ (ʦ-ʚ ʇʫʨʣʫʜʘ), 2) ʛʘʙʙʨʦ ʠ ʘʤʬʠʙʦʣʠʪʳ (ʦ-ʚʘ 

ʐʦʛʣʳ), 3) ʣʝʡʢʦʛʘʙʙʨʦ ï ʨʘʩʩʣʦʝʥʥʘʷ ʩʝʨʠʷ (ʦ-ʚ ʂʠʡ), 4) ʫʣʴʪʨʘʙʘʟʠʪʳ (ʌʝʨʝʩʦʚʳ ʃʫʜʳ). 

ʂʠʡʦʩʪʨʦʚʩʢʠʡ ʘʨʭʠʧʝʣʘʛ (ʦ-ʚʘ ʂʠʡ, ʌʝʨʝʩʦʚʳ ʃʫʜʳ, ʂʨʝʩʪʦʚʳʡ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʠʞʥʶʶ ʯʘʩʪʴ ʠʥʪʨʫʟʠʚʘ. ʇʦ ʧʨʦʬʠʣʶ ʌʝʨʝʩʦʚʳ ʃʫʜʳ ï ʂʠʡʦʩʪʨʦʚ ʚʳʜʝʣʷʝʪʩʷ ʧʷʪʴ ʟʦʥ 

ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʠ (ʩʥʠʟʫ ʚʚʝʨʭ): 1) ʧʝʨʠʜʦʪʠʪʳ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʚʪʦʨʠʯʥʦʛʦ ʦʨʪʦʧʠʨʦʢʩʝʥʘ 

ʨʘʟʤʝʨʘʤʠ ʜʦ 5ʭ10 ʩʤ (ʦʢʦʣʦ 80 ʤ); 2) ʛʦʨʥʙʣʝʥʜʠʪʳ ʧʦ ʧʠʨʦʢʩʝʥʠʪʘʤ (ʜʦ 10 ʤ); 

3) ʨʘʩʩʣʦʝʥʥʘʷ ʩʝʨʠʷ: ʛʘʙʙʨʦʥʦʨʠʪ ï ʣʝʡʢʦʛʘʙʙʨʦ (50 ʤ); 4) ʘʤʬʠʙʦʣʠʟʠʨʦʚʘʥʥʳʡ 

ʛʘʙʙʨʦʥʦʨʠʪ, ʦʨʪʦʘʤʬʠʙʦʣʠʪ (> 100 ʤ); 5) ʨʘʩʩʣʦʝʥʥʘʷ ʩʝʨʠʷ ʛʦʨʥʙʣʝʥʜʠʪ ï ʣʝʡʢʦʛʘʙʙʨʦ. 

ʂʨʦʚʣʷ ʠ ʧʦʜʦʰʚʘ ʨʘʟʨʝʟʘ ʥʝ ʦʙʥʘʞʝʥʳ. ʄʘʩʩʠʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥ ʠ 

ʧʦ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʟʦʥʘʤ ʧʨʦʥʠʟʘʥ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ ʚ ʚʠʜʝ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʢʦʧʣʝʥʠʡ 

ʟʝʣʝʥʦʛʦ ʮʦʠʟʠʪʘ (ʚ ʞʠʣʘʭ ʤʦʱʥʦʩʪʴʶ ʜʦ 20 ʩʤ ʜʦ 2ʭ10 ʩʤ), ʥʘ ʦʩʪʨʦʚʝ ʂʠʡ ʧʨʦʨʚʘʥ ʞʠʣʘʤʠ 

ʧʝʛʤʘʪʠʪʦʚ ʩ ʛʠʛʘʥʪʩʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʤʠʢʨʦʢʣʠʥʘ, ʘʣʴʙʠʪʘ ʠ ʙʠʦʪʠʪʘ. ʇʦ ʚʩʝʡ ʧʣʦʱʘʜʠ 

ʤʘʩʩʠʚʘ ʨʘʟʚʠʪʳ çʞʠʣʳè (?) ʛʨʘʥʘʪʦʚʳʭ ʘʤʬʠʙʦʣʠʪʦʚ ʠʣʠ ʩʢʦʧʣʝʥʠʷ ʛʨʘʥʘʪʦʚ ʧʦ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤ ʦʩʥʦʚʥʳʤ ʧʦʨʦʜʘʤ. ʅʘ ʦʩʪʨʦʚʝ ʇʫʨʣʫʜʘ ʨʘʟʚʠʪʳ ʛʨʘʥʘʪʳ ʜʚʫʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ: ʘ) ʚ ʚʠʜʝ ʩʢʦʧʣʝʥʠʡ, ʮʝʧʦʯʝʢ ʠ ʦʪʜʝʣʴʥʳʭ ʦʛʨʘʥʝʥʥʳʭ ʟʝʨʝʥ ʩ ʦʪʦʨʦʯʢʘʤʠ ʚ 

ʩʨʘʩʪʘʥʠʠ ʩ ʤʦʥʦʢʣʠʥʥʳʤ ʧʠʨʦʢʩʝʥʦʤ, ʧʣʘʛʠʦʢʣʘʟʦʤ ʠ ʘʤʬʠʙʦʣʦʤ, ʧʨʦʥʠʟʘʥʥʳʝ 

ʧʠʨʦʢʩʝʥʦʤ; ʙ) ʚ ʚʠʜʝ ʩʧʣʦʰʥʳʭ ʩʢʦʧʣʝʥʠʡ, ʨʝʞʝ ʚ ʟʝʨʥʠʩʪʳʭ ʘʛʨʝʛʘʪʘʭ ʠ ʦʯʝʥʴ ʨʝʜʢʦ ʚ 

ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʘʤʬʠʙʦʣʦʤ, ʧʠʨʦʢʩʝʥʦʤ, ʩʢʘʧʦʣʠʪʦʤ ʠ 

ʧʣʘʛʠʦʢʣʘʟʦʤ. ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʤ ʠ ʧʦʣʠʭʨʦʥʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʷʤ ʘʤʬʠʙʦʣʠʪʦʚʦʡ, ʨʝʞʝ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ ʧʦʚʳʰʝʥʥʳʭ ʜʘʚʣʝʥʠʡ. 

 

ʊʘʙʣʠʮʘ 1. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʤʝʱʘʶʱʝʛʦ ʢʦʨʫʥʜʳ ʘʤʬʠʙʦʣʠʪʘ ʧʦ ʛʘʙʙʨʦ-ʥʦʨʠʪʫ 

ʂʠʡʦʩʪʨʦʚʩʢʦʛʦ ʨʘʩʩʣʦʝʥʥʦʛʦ ʠʥʪʨʫʟʠʚʘ 

ˉ ʘʥʘʣʠʟʘ 

ʘʤʬʠʙʦʣʠʪʘ 

SiO2 TiO2 Al 2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O H2O p.p.p. P2O5 ATM MgO 

8958ʘ 50.24 0.31 17.12 1.10 4.96 0.114 10.40 12.20 1.83 0.31 0.11 1.24 0.06 55 10.53 

8958ʙ 50.16 0.26 17.68 1.27 4.53 0.108 9.72 12.68 1.88 0.32 0.15 1.09 0.06 68 9.81 

8958ʚ 50.76 0.27 13.74 1.93 5.46 0.138 13.60 10.86 1.25 0.25 0.20 1.15 0.06 51 13.8 

8958-1 49.62 0.28 17.14 1.27 5.24 0.118 10.10 12.20 1.85 0.34 0.20 1.32 0.06 61 10.23 

ʂʦʨʫʥʜʳ ʦʩʪʨʦʚʘ ʂʠʡ ʨʘʩʧʦʣʦʞʝʥʳ ʚʙʣʠʟʠ ʢʦʥʪʘʢʪʘ ʛʘʙʙʨʦ ʩ ʫʣʴʪʨʘʙʘʟʠʪʘʤʠ 

ʌʝʨʝʩʦʚʳʭ ʣʫʜ ʚ 10-ʤʝʪʨʦʚʦʡ ʟʦʥʝ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʧʦ ʛʘʙʙʨʦ ʩʦʩʪʘʚʘ: ʤʦʥʦʢʣʠʥʥʳʡ 

ʘʤʬʤʙʦʣ, ʜʠʦʧʩʠʜ, ʨʦʟʦʚʳʡ ʢʦʨʫʥʜ, ʜʠʘʩʧʦʨ, ʤʘʨʛʘʨʠʪ, ʤʫʩʢʦʚʠʪ, ʢʠʘʥʠʪ, ʩʬʝʥ, ʭʣʦʨʠʪ-

ʩʣʶʜʠʩʪʳʡ ʘʛʨʝʛʘʪ, ʵʧʠʜʦʪ, ʨʫʜʥʳʝ. ʂʦʨʫʥʜʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʟʜʝʩʴ ʦʙʳʯʥʦ ʧʨʠʫʨʦʯʝʥʘ ʢ 

ʟʦʥʝ ʦʥʪʘʢʪʘ ʢʠʩʣʳʭ (ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠʣʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ) ʧʦʨʦʜ ʩ ʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ ʠ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʜʠʩʢʨʝʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ 

ʢʠʣʦʤʝʪʨʦʚ. ɹʦʣʝʝ ʧʦʟʜʥʠʤʠ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʝ ʜʦ 10 ʤ ʞʠʣʳ ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʳʭ ʧʝʛʤʘʪʠʪʦʚ, 

ʩʝʢʫʱʠʭ ʤʝʪʘʩʦʤʘʪʠʪʳ. ɺʠʟʫʘʣʴʥʦ ʢʦʨʫʥʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʠʣʠ 

ʩʨʦʩʪʢʘʤʠ ʨʘʟʤʝʨʦʤ ʜʦ 1ʭ0.3 ʩʤ ʤʘʣʠʥʦʚʦʛʦ ʠ ʨʦʟʦʚʦʛʦ ʮʚʝʪʘ ʩ ʦʪʯʝʪʣʠʚʳʤʠ ʛʨʘʥʷʤʠ, 

mailto:vkulikova@yandex.ru
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ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʟʘʤʝʱʘʶʪʩʷ ʜʠʘʩʧʦʨʦʤ, ʤʘʨʛʘʨʠʪʦʤ ʠ ʤʫʩʢʦʚʠʪʦʤ (ʨʠʩ 1). ɸʚʪʦʨʘʤʠ ʧʨʠ 

ʫʯʘʩʪʠʠ ɸ.ʅ. ʊʝʨʥʦʚʦʛʦ ʚ ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʂʘʨʝʣʴʩʢʦʛʦ ʅʎ ʈɸʅ ʥʘ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ 

çINCA Enerdgy 350è ʥʘ ʙʘʟʝ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ çVEGA II LSHè 

ʚʳʧʦʣʥʝʥʳ ʟʘʤʝʨʳ ʥʝʢʦʪʦʨʳʭ ʤʠʥʝʨʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʦʨʫʥʜʦʚ. 

 

 

 

ʈʠʩ. 1. 1:1 ï ʂʨʠʩʪʘʣʣʳ ʢʦʨʫʥʜʘ ʚ ʩʨʦʩʪʢʝ ʚ ʘʤʬʠʙʦʣʠʪʝ; 1:ʘ ï ʪʦ ʞʝ, ʫʚʝʣʠʯʝʥ; 2 

ï ʦʪʜʝʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ʩ ʦʙʦʣʦʯʢʦʡ ʠʟ ʤʘʨʛʘʨʠʪʘ ʠ ʜʨ.; 3 ï ʩʨʦʩʪʦʢ ʧʦʜ ʤʠʢʨʦʟʦʥʜʦʤ; 4 

ï ʪʘʙʣʠʪʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʢʦʨʫʥʜʘ (?).  

 

 

ʉʦʩʪʘʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʤʠʥʝʨʘʣʘ ʥʘ ʤʠʢʨʦʟʦʥʜʝ ʥʝ ʜʦʩʪʫʧʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʦʣʦʯʢʝ (?): Al2O3 ï 28.55-24.90; SiO2 ï 39.56-38.36; CaO ï 24.84-

23.51; Fe2O3 ï 12.31-7.06. (ʨʠʩ. 1:4). 
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ʆ ʛʝʥʝʟʠʩʝ ʢʦʨʫʥʜʦʚ ɹʝʣʦʤʦʨʴʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʛʠʧʦʪʝʟ. 

ɺʦʟʨʘʩʪ (2360 ʤʣʥ ʣʝʪ) ʧʝʛʤʘʪʠʪʦʚ, ʧʨʦʨʳʚʘʶʱʠʭ ʠʥʪʨʫʟʠʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʦʩʪʨʦʚʘ ʂʠʡ, ʧʦʟʚʦʣʷʝʪ ʦʪʥʦʩʠʪʴ ʤʘʩʩʠʚ ʢ ʩʫʤʠʡʩʢʦʤʫ ʚʦʟʨʘʩʪʫ. ʇʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

ɸ.ʀ. ʉʣʘʙʫʥʦʚʘ ʩ ʢʦʣʣʝʛʘʤʠ (ʉʣʘʙʫʥʦʚ ʠ ʜʨ., 2006), ʚʦʟʨʘʩʪ ʦʜʥʦʡ ʠʟ ʧʦʧʫʣʷʮʠʡ ʮʠʨʢʦʥʦʚ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ 2441Ñ51 ʤʣʥ ʣʝʪ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʚʨʝʤʷ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʩʩʠʚʘ, ʘ ʩʘʤʦʡ ʤʦʣʦʜʦʡ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʩʚʝʢʦʬʝʥʥʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʦʪʚʝʯʘʶʱʠʭ 206Pb/ 238U ʚʦʟʨʘʩʪʫ ï 1998 ʤʣʥ ʣʝʪ. ɺʦʟʨʘʩʪ ʢʦʨʫʥʜʦʚʳʭ ʧʨʦʷʚʣʝʥʠʡ ï 1,9-1,8 

ʤʣʨʜ ʣʝʪ (ɺʳʩʦʮʢʠʡ ʠ ʜʨ., 2014 ʠ ʜʨ.). 
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ʈʫʜʥʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʤʫʟʝʡ ʀɻɽʄ ʈɸʅ (ʄʫʟʝʡ ʀɻɽʄ) ʦʩʥʦʚʘʥ ʚ 1930 ʛʦʜʫ 

ʘʢʘʜʝʤʠʢʦʤ ʌ.ʖ. ʃʝʚʠʥʩʦʥʦʤ-ʃʝʩʩʠʥʛʦʤ ʥʘ ʙʘʟʝ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʄʫʟʝʷ 

ʠʤ. ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ɸʅ ʉʉʉʈ ï ʨʘʥʝʝ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʀʤʧʝʨʘʪʦʨʩʢʦʛʦ 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, ʩʦʟʜʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʡ ʄʠʥʝʨʘʣʴʥʦʛʦ ʢʘʙʠʥʝʪʘ ʂʫʥʩʪʢʘʤʝʨʳ (ʥʳʥʝ ʄʫʟʝʷ ʘʥʪʨʦʧʦʣʦʛʠʠ 

ʠ ʵʪʥʦʛʨʘʬʠʠ ʠʤ. ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ ʈɸʅ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ). ʌ.ʖ. ʃʝʚʠʥʩʦʥ-ʃʝʩʩʠʥʛ ʚ 

ʄʫʟʝʝ ʀɻɽʄ ʩʬʦʨʤʠʨʦʚʘʣ ʤʝʤʦʨʠʘʣʴʥʳʝ ʠ ʪʝʤʘʪʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ 

ʘʨʭʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ (ʧʦʷʩʥʠʪʝʣʴʥʳʤʠ ʟʘʧʠʩʢʘʤʠ, ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʭʝʤʘʤʠ, 

ʚʝʜʦʤʦʩʪʷʤʠ ʠ ʜʨ.) ʥʘ ʨʫʩʩʢʦʤ, ʥʝʤʝʮʢʦʤ ʠ ʠʪʘʣʴʷʥʩʢʦʤ ʷʟʳʢʘʭ. ʕʪʦ ʢʦʣʣʝʢʮʠʠ: ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʧʦʣʷʨʥʳʭ ʨʘʡʦʥʦʚ ʉʠʙʠʨʠ ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝʜʠʮʠʡ 1885ï1902 ʛʛ. (ʕ.ɺ. ʊʦʣʣʴ, 

ɸ.ɸ. ɹʫʥʛʝ, ɸ.ɸ. ɹʷʣʳʥʠʮʢʠʡ-ɹʠʨʫʣʷ, ʂ.ɸ. ɺʦʣʣʦʩʦʚʠʯ ʠ ʜʨ.); ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʢʨʫʛʦʩʚʝʪʥʦʛʦ ʧʫʪʝʰʝʩʪʚʠʷ (1826ï1829 ʛʛ.) ʥʘ ʚʦʝʥʥʦʤ ʰʣʶʧʝ çʉʝʥʷʚʠʥè ʧʦʜ 

ʢʦʤʘʥʜʦʚʘʥʠʝʤ ʢʘʧʠʪʘʥʘ ʌ.ʇ. ʃʠʪʢʝ (ɸ.ʌ. ʇʦʩʪʝʣʴʩ); ʜʘʪʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʥʘʯʠʥʘʷ ʩ 

1630 ʛʦʜʘ) ʠʟʚʝʨʞʝʥʠʡ ʚʫʣʢʘʥʘ ɺʝʟʫʚʠʡ (ʂʘʨʣ ɺʘʥʦʪʪʠ, 292 ʦʙʨ.); ʜʘʪʠʨʦʚʘʥʥʳʭ (ʥʘʯʠʥʘʷ ʩ 

1535 ʛʦʜʘ) ʣʘʚʦʚʳʭ ʧʦʪʦʢʦʚ ʚʫʣʢʘʥʘ ʕʪʥʘ (ʄʘʨʠʦ ɼʞʝʤʝʣʣʘʨʦ, 186 ʦʙʨ.), ʘ ʪʘʢʞʝ ʤʥʦʛʠʝ 

ʜʨʫʛʠʝ. 

ʆʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʄʫʟʝʷ ʀɻɽʄ 

ʷʚʣʷʝʪʩʷ ʘʢʘʜʝʤʠʢ ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ (ʂʘʪʘʣʦʛ çɻʝʦʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʠʤʝʥʠ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 

ʀʤʧʝʨʘʪʦʨʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ʉʠʩʪʝʤʘʪʠʯʝʩʢ. ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʣʝʢʮʠʷè). ʇʝʨʚʳʤʠ 

ʦʙʨʘʟʮʘʤʠ, ʢʦʪʦʨʳʝ ʚʦʰʣʠ ʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʫʶ ʢʦʣʣʝʢʮʠʶ, ʙʳʣʠ ʝʛʦ 

ʩʦʙʩʪʚʝʥʥʳʝ ʦʙʨʘʟʮʳ (ʟʘʧʠʩʴ ʥʦʤʝʨ 1: çʅʦʨʜʤʘʨʢʠʪ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ 

ʢʦʣʣʝʢʮʠʷ, ʩʦʙʨʘʥʥʘʷ ʚ ʅʦʨʚʝʛʠʠ, ʚ ʦʢʨʝʩʪʥ. ʍʨʠʩʪʠʘʥʠʠ. ʇʦʩʪʫʧʠʣʘ ʚ ʄʫʟʝʡ ʚ 1908 ʛ.è) 

(ʨʠʩ. 1). 

ɺ ʵʪʦʪ ʞʝ ʢʘʪʘʣʦʛ ʚʦʰʣʠ ʦʙʨʘʟʮʳ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʣʷʨʥʳʭ ʨʘʡʦʥʦʚ ʉʠʙʠʨʠ, 

ʩʦʙʨʘʥʥʳʝ ʕ.ɺ. ʊʦʣʣʝʤ ʠ ɸ.ɸ. ɹʫʥʛʝ ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʡ 1885ï1886 ʛʛ. ʠ ʈʫʩʩʢʦʡ ʧʦʣʷʨʥʦʡ 

ʵʢʩʧʝʜʠʮʠʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʕ.ɺ. ʊʦʣʣʷ ʚ 1900ï1902 ʛʛ. (ʟʘʧʠʩʴ ʥʦʤʝʨ 99: 

çʄʝʣʢʦʟʝʨʥʠʩʪʳʡ ʜʠʘʙʘʟ. ʊʘʡʤʳʨ, ʂʫʟʴʢʠʥ ʦ-ʚ. ʂʦʣʣʝʢʮʠʷ ʕ.ɺ. ʊʦʣʣʴ. ʆʧʠʩʘʥʘ 

ʆ.ʆ. ɹʘʢʣʫʥʜ. ɿʘʧʠʩʢʠ ʀ. ɸʢʘʜʝʤʠʠ ʅʘʫʢ. VIII  ʩʝʨʠʷ ʧʦ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʦʪʜʝʣʝʥʠʶ. ʊ. XXI. ˉ 6. 1916 ʛ.è) (ʨʠʩ. 1). 

ɸ.ɸ. ɹʫʥʛʝ ʧʨʠʛʣʘʩʠʣ ʕ.ɺ. ʊʦʣʣʷ, ʢʦʪʦʨʳʡ ʟʘʱʠʪʠʣ ʢʘʥʜʠʜʘʪʩʢʫʶ ʜʠʩʩʝʨʪʘʮʠʶ ʧʦ 

ʟʦʦʣʦʛʠʠ ʚ ɼʝʨʧʪʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʚ ʵʢʩʧʝʜʠʮʠʶ ʚ ʨʘʡʦʥ ɺʝʨʭʦʷʥʩʢʘ ʠ ʥʘ ʅʦʚʦʩʠʙʠʨʩʢʠʝ 

ʦʩʪʨʦʚʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʦʡ ʵʢʩʧʝʜʠʮʠʠ (1885ï1886 ʛʛ.) ʙʳʣʦ ʩʦʩʪʘʚʣʝʥʦ ʛʝʦʣʦʛʠʯʝʩʢʦʝ 

ʦʧʠʩʘʥʠʝ ʅʦʚʦʩʠʙʠʨʩʢʠʭ ʦʩʪʨʦʚʦʚ ʠ ʧʦʙʝʨʝʞʴʷ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʤʦʨʷ, ʩʦʙʨʘʥʳ 

ʢʦʣʣʝʢʮʠʠ ʠʩʢʦʧʘʝʤʳʭ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ ï ʦʢʦʣʦ 2,5 ʪʳʩ. ʵʢʩʧʦʥʘʪʦʚ. 

ʕ.ɺ. ʊʦʣʣʴ ʩ 1887 ʧʦ 1896 ʛ. ʩʣʫʞʠʣ ʚ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʤʫʟʝʝ ʀʤʧʝʨʘʪʦʨʩʢʦʡ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ɼʠʨʝʢʪʦʨʦʤ ʤʫʟʝʷ ʙʳʣ ʝʛʦ ʜʷʜʷ ï ʘʢʘʜʝʤʠʢ ʌ.ɹ. ʐʤʠʜʪ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʦʪʚʝʯʘʚʰʠʡ ʟʘ ʦʨʛʘʥʠʟʘʮʠʶ ʈʫʩʩʢʦʡ ʧʦʣʷʨʥʦʡ ʵʢʩʧʝʜʠʮʠʠ (ʈʇʕ). ʈʇʕ ʠʤʝʣʘ ʜʣʷ ʈʦʩʩʠʠ 

ʚʘʞʥʦʝ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠ ʥʘʭʦʜʠʣʘʩʴ ʧʦʜ ʚʳʩʦʯʘʡʰʠʤ ʧʦʢʨʦʚʠʪʝʣʴʩʪʚʦʤ 

ʧʨʝʟʠʜʝʥʪʘ ʀʤʧʝʨʘʪʦʨʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʚʝʣʠʢʦʛʦ ʢʥʷʟʷ ʂʦʥʩʪʘʥʪʠʥʘ ʈʦʤʘʥʦʚʘ. 

ɺ ʩʠʣʫ ʫʞʝ ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʧʦʣʷʨʥʦʛʦ ʦʧʳʪʘ ʕ.ɺ. ʊʦʣʣʴ ʙʳʣ ʣʫʯʰʠʤ ʢʘʥʜʠʜʘʪʦʤ, 

ʢʦʪʦʨʳʡ ʤʦʛ ʚʦʟʛʣʘʚʠʪʴ ʈʇʕ. ɺ ʘʨʭʠʚʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʄʫʟʝʷ ʀɻɽʄ ʭʨʘʥʠʪʩʷ ʧʨʦʰʝʥʠʝ 
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ʕ.ɺ ʊʦʣʣʷ ʥʘ ʠʤʷ ʌ.ɹ. ʐʤʠʜʪʘ, ʚ ʢʦʪʦʨʦʤ ʦʥ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʠʰʝʪ (ʩʦʭʨʘʥʝʥʘ ʘʚʪʦʨʩʢʘʷ 

ʦʨʬʦʛʨʘʬʠʷ): çéʀʤʝʶ ʯʝʩʪʴ ʜʦʣʦʞʠʪʴ ɺʘʰʝʤʫ ʇʨʝʚʦʩʭʦʜʠʪʝʣʴʩʪʚʫ, ʯʪʦ ʷ ʥʝ ʚ ʩʠʣʘʭ 

ʜʦʣʴʰʝ ʠʩʧʦʣʥʠʪʴ ʦʙʷʟʘʥʥʦʩʪʠ ʫʯʝʥʘʛʦ ʭʨʘʥʠʪʝʣʷ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʘʛʦ ʄʫʟʝʷ 

ʀʤʧʝʨʘʪʦʨʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢé ʅʝ ʠʤʝʷ ʥʝ ʝʜʠʥʘʛʦ ʧʦʤʦʱʥʠʢʘ, ʥʘ ʦʜʥʠʭ ʤʦʠʭ ʧʣʝʯʘʭ 

ʣʝʞʘʪ ʩʣʝʜʫʶʱʠʷ ʦʙʷʟʘʥʥʦʩʪʠ: ʭʨʘʥʝʥʠʝ, ʧʨʠʚʝʜʝʥʠʝ ʚ ʧʦʨʷʜʦʢ ʠ ʥʘʫʯʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʙʦʛʘʪʳʭ ʩʠʙʠʨʩʢʠʭ ʢʦʣʣʝʢʮʠʡ, ʧʦʜʥʷʪʠʝ ʤʫʟʝʷ ʚʦʦʙʱʝ ʥʘ ʙʦʣʝʝ ʜʦʩʪʦʡʥʳʡ ʫʨʦʚʝʥʴ; ʢʨʦʤʝ 

ʪʦʛʦ ʦʞʠʜʘʝʪʩʷ ʦʪ ʤʝʥʷ ʝʱʝ ʧʦʜʨʦʙʥʳʡ ʦʪʯʝʪ ʦ ʧʦʩʣʝʜʥʝʡ ʵʢʩʧʝʜʠʮʠʠ, ʧʦʨʫʯʝʥʥʦʡ ʤʥʝ 

ɸʢʘʜʝʤʠʝʡ ʅʘʫʢ ʚ 1893 ʛʦʜʫé ɺʚʠʜʫ ʪʦʛʦ ʷ ʠʤʝʶ ʯʝʩʪʴ ʦʙʨʘʪʠʪʴʩʷ ʢ ɺʘʰʝʤʫ 

ʇʨʝʚʦʩʭʦʜʠʪʝʣʴʩʪʚʫ ʩ ʧʦʢʦʨʥʝʡʰʝʡ ʧʨʦʩʴʙʦʡ ʩʜʝʣʘʪʴ ʨʘʩʧʦʨʷʞʝʥʠʝ ʦʙ ʫʚʦʣʴʥʝʥʠʠ ʤʝʥʷ ʦʪ 

ʩʣʫʞʙʳ ʀʤʧʝʨʘʪʦʨʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ. ɹʘʨʦʥ ʕ. ʊʦʣʴ, ʫʯʝʥʳʡ ʭʨʘʥʠʪʝʣʴ 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʄʫʟʝʷ ʀʤʧʝʨ. ɸʢʘʜʝʤʠʠ ʅʘʫʢ. ʉʪ. ʇʝʪʝʨʙʫʨʛ. 11ʛʦ ʉʝʥʪʷʙʨʷ 1896 

ʛʦʜʘ.è. ɸʢʘʜʝʤʠʢ ʌ.ɹ. ʐʤʠʜʪ ʫʜʦʚʣʝʪʚʦʨʠʣ ʧʨʦʰʝʥʠʝ ʕ.ɺ. ʊʦʣʣʷ ʠ ʚʩʝʩʪʦʨʦʥʥʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʩʚʦʝʤʫ ʧʣʝʤʷʥʥʠʢʫ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʈʇʕ ʚ ʨʘʡʦʥʳ ʧʦʣʫʦʩʪʨʦʚʘ ʊʘʡʤʳʨ ʠ ʥʘ 

ʅʦʚʦʩʠʙʠʨʩʢʠʝ ʦʩʪʨʦʚʘ. ɺ ʘʨʭʠʚʘʭ ʄʫʟʝʷ ʀɻɽʄ ʭʨʘʥʷʪʩʷ ʜʦʢʫʤʝʥʪʳ ʕ.ɺ. ʊʦʣʣʷ ʥʘ 

ʥʝʤʝʮʢʦʤ ʷʟʳʢʝ ï ʧʠʩʴʤʘ, ʘʜʨʝʩʦʚʘʥʥʳʝ ʌ.ɹ. ʐʤʠʜʪʫ ʩ ʧʝʨʚʦʡ (1900ï1901 ʛʛ.) ʠ ʚʪʦʨʦʡ 

(1901ï1902 ʛʛ.) ʟʠʤʦʚʦʢ ʷʭʪʳ çɿʘʨʷè, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʨʘʥʥʠʝ ʦʪʢʨʳʪʢʠ ʠʟ ʅʦʨʚʝʛʠʠ, ʚ ʢʦʪʦʨʳʭ 

ʕ.ɺ. ʊʦʣʣʴ ʠʥʬʦʨʤʠʨʦʚʘʣ ʌ.ɹ. ʐʤʠʜʪʘ ʦ ʭʦʜʝ ʧʦʜʛʦʪʦʚʢʠ ʵʢʩʧʝʜʠʮʠʠ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ 

ʩʦʙʨʘʥʥʳʭ ʈʇʕ ʥʘ ʅʦʚʦʩʠʙʠʨʩʢʠʭ ʦʩʪʨʦʚʘʭ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʫʮʝʣʝʚʰʠʤ ʝʝ 

ʫʯʘʩʪʥʠʢʦʤ ʣʝʡʪʝʥʘʥʪʦʤ ɸ.ɺ. ʂʦʣʯʘʢʦʤ, ʚʦʟʛʣʘʚʠʚʰʠʤ ʧʦʣʷʨʥʫʶ ʩʧʘʩʘʪʝʣʴʥʫʶ ʦʧʝʨʘʮʠʶ, 

ʦʨʛʘʥʠʟʦʚʘʥʥʫʶ ʀʤʧʝʨʘʪʦʨʩʢʦʡ ɸʢʘʜʝʤʠʝʡ ʥʘʫʢ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʩʫʜʴʙʳ ʧʨʦʧʘʚʰʠʭ 

ʛʨʫʧʧ ʕ.ɺ. ʊʦʣʣʷ ʠ ɸ.ɸ. ɹʷʣʳʥʠʮʢʦʛʦ-ɹʠʨʫʣʠ ʥʘ ʦʩʪʨʦʚʝ ɹʝʥʥʝʪʪʘ (ʤʘʡ ï ʘʚʛʫʩʪ 1903 ʛ.). 

ʈʇʕ (1900ï1902 ʛʛ.) ʧʦʣʦʞʠʣʘ ʥʘʯʘʣʦ ʢʦʤʧʣʝʢʩʥʦʤʫ ʦʩʚʦʝʥʠʶ ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ ʠ 

ʩʫʰʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʝʝ ʨʘʙʦʪ ʆ.ʆ. ɹʘʢʣʫʥʜʦʤ ʠ ʂ.ɸ. ɺʦʣʣʦʩʦʚʠʯʝʤ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʧʝʨʚʘʷ 

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʧʦʣʫʦʩʪʨʦʚʘ ʊʘʡʤʳʨ ʠ ʦʩʪʨʦʚʘ ʂʦʪʝʣʴʥʳʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʈʇʕ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʤʝʪʝʦʨʦʣʦʛʠʠ, ʦʢʝʘʥʦʛʨʘʬʠʠ, ʟʝʤʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ, 

ʛʣʷʮʠʦʣʦʛʠʠ, ʬʠʟʠʯʝʩʢʦʡ ʛʝʦʛʨʘʬʠʠ, ʙʦʪʘʥʠʢʠ, ʛʝʦʣʦʛʠʠ, ʧʘʣʝʦʥʪʦʣʦʛʠʠ, ʵʪʥʦʛʨʘʬʠʠ.  

ʈʇʕ ʧʨʦʚʦʜʠʣʘʩʴ ʪʘʢʞʝ ʚ ʠʥʪʝʨʝʩʘʭ ʚʦʝʥʥʦ-ʤʦʨʩʢʦʛʦ ʬʣʦʪʘ: ʢʨʦʤʝ ʧʦʠʩʢʦʚ ʥʦʚʳʭ 

ʟʝʤʝʣʴ, ʧʦʣʷʨʥʠʢʠ ʨʘʟʳʩʢʠʚʘʣʠ ʚʳʭʦʜʳ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ, ʯʪʦ ʙʳʣʦ ʚʘʞʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʨʘʙʣʝʡ, ʠʜʫʱʠʭ ʩ ɿʘʧʘʜʘ ʥʘ ʂʘʤʯʘʪʢʫ ʠ ʚʦ ɺʣʘʜʠʚʦʩʪʦʢ ʉʝʚʝʨʥʳʤ ʤʦʨʩʢʠʤ ʧʫʪʝʤ. 

çʄʝʞʜʫ ʧʨʦʯʠʤ, ʷ ʪʫʪ [ʥʘ ʦʩʪʨʦʚʝ ʂʦʪʝʣʴʥʳʡ] ʥʘʰʸʣ ʭʦʨʦʰʠʝ ʧʨʦʩʣʦʠ ʪʨʠʘʩʦʚʳʭ ʫʛʣʝʡ, 

ʥʘ ʩʢʣʦʥʘʭ ʠ ʝʱʝ ʙʦʣʴʰʝ ʥʘ ʙʝʨʝʛʫ ʤʦʨʷ. ʆʪ ʟʘʧʘʩʦʚ ʫʛʣʷ ʟʘʚʠʩʠʪ ʫʩʧʝʭ ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ ʠ 

ʢʫʨʩ [ʵʢʩʧʝʜʠʮʠʠ]è (ʠʟ ʧʠʩʴʤʘ ʕ.ɺ. ʊʦʣʣʷ ʘʢʘʜʝʤʠʢʫ ʌ.ɹ. ʐʤʠʜʪʫ, ʅʝʨʧʠʯʴʷ ʛʫʙʘ ʫ ʦʩʪʨʦʚʘ 

ʂʦʪʝʣʴʥʳʡ, 75Á 22` ʉʐ, 137Á 16` ɺɼ, 26 ʦʢʪʷʙʨʷ ï 08 ʥʦʷʙʨʷ 1901 ʛ.). 

ɼʣʷ ʦʩʚʦʝʥʠʷ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ɻʠʜʨʦʛʨʘʬʠʯʝʩʢʘʷ 

ʵʢʩʧʝʜʠʮʠʷ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ (ɻʕʉʃʆ) ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʩʪʘʨʰʝʛʦ ʣʝʡʪʝʥʘʥʪʘ 

ɹ.ɸ. ɺʠʣʴʢʠʮʢʦʛʦ ʥʘ ʣʝʜʦʢʦʣʴʥʳʭ ʧʘʨʦʭʦʜʘʭ çɺʘʡʛʘʯè ʠ çʊʘʡʤʳʨè, ʥʘʤʝʯʝʥʥʘʷ ʥʘ ʧʝʨʠʦʜ 

1910ï1915 ʛʛ. ʠ ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʘʷ ʙʦʝʚʳʤʠ ʤʦʨʷʢʘʤʠ. ʇʣʘʥ ɻʕʉʃʆ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʠ 

ʘʢʪʠʚʥʦʡ ʨʦʣʠ ʀʤʧʝʨʘʪʦʨʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʠ ʫʯʘʩʪʥʠʢʦʚ ʈʇʕ ï ʣʝʡʪʝʥʘʥʪʦʚ 

ɸ.ɺ. ʂʦʣʯʘʢʘ ʠ ʌ.ɸ. ʄʘʪʠʩʝʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʮʝʣʴʶ ʜʦʩʪʘʚʢʠ ʩ ʦʩʪʨʦʚʘ ɹʝʥʥʝʪʪʘ ʦʙʨʘʟʮʦʚ 

ʧʨʦʧʘʚʰʝʡ ʛʨʫʧʧʳ ʕ.ɺ. ʊʦʣʣʷ. 

ʕʢʩʧʝʜʠʮʠʷ ɻʕʉʃʆ ʩʪʘʣʘ ʧʝʨʚʳʤ ʧʨʦʭʦʞʜʝʥʠʝʤ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʫʪʠ (ʠʟ 

ɺʣʘʜʠʚʦʩʪʦʢʘ ʚ ɸʨʭʘʥʛʝʣʴʩʢ), ʦʪʢʨʳʣʘ ʚ ʅʦʚʦʩʠʙʠʨʩʢʦʤ ʘʨʭʠʧʝʣʘʛʝ ʦʩʪʨʦʚ ɾʦʭʦʚʘ, ʘ ʪʘʢʞʝ 

ɿʝʤʣʶ ʀʤʧʝʨʘʪʦʨʘ ʅʠʢʦʣʘʷ II (ʥʳʥʝ ʉʝʚʝʨʥʘʷ ɿʝʤʣʷ), ʯʪʦ ʩʪʘʣʦ ʧʦʩʣʝʜʥʠʤ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʦʪʢʨʳʪʠʝʤ. ɺ 1914 ʛʦʜʫ ɻʕʉʃʆ ʚʳʚʝʟʣʘ ʩ ʦʩʪʨʦʚʘ ɹʝʥʥʝʪʪʘ 4 ʷʱʠʢʘ ʠ 

ʢʦʨʟʠʥʫ ʩ ʦʙʨʘʟʮʘʤʠ ʕ.ɺ. ʊʦʣʣʷ, ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ʄʫʟʝʝ ʀɻɽʄ.  

ɺ ʘʨʭʠʚʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʄʫʟʝʷ ʀɻɽʄ ʪʘʢʞʝ ʭʨʘʥʷʪʩʷ: 

- ʂʦʣʣʝʢʮʠʷ ʦʙʨʘʟʮʦʚ ʈʇʕ, ʚ ʩʙʦʨʝ ʢʦʪʦʨʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʧʨʠʥʠʤʘʣʠ 

ʕ.ɺ. ʊʦʣʣʴ, ɸ.ɸ. ɹʷʣʳʥʠʮʢʠʡ-ɹʠʨʫʣʷ, ʂ.ɸ. ɺʦʣʣʦʩʦʚʠʯ ʠ ɸ.ɺ. ʂʦʣʯʘʢ. 

- ʂʦʣʣʝʢʮʠʷ ʦʙʨʘʟʮʦʚ ʵʢʩʧʝʜʠʮʠʠ ɻʕʉʃʆ (ɹ.ɸ. ɺʠʣʴʢʠʮʢʠʡ, ʃ.ʄ. ʉʪʘʨʦʢ§ʜʦʤʩʢʠʡ ʠ 

ʜʨ., 1911ï1915 ʛʛ.) ï 40 ʦʙʨʘʟʮʦʚ ʠ ʰʣʠʬʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʥʢʠʣʦʥʠʪ ʩ ʦʩʪʨʦʚʘ ɺʠʣʴʢʠʮʢʦʛʦ ʠ 

ʰʣʠʬʳ ʩ ʉʝʚʝʨʥʦʡ ɿʝʤʣʠ.  
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ʈʠʩʫʥʦʢ 1. ɼʦʢʫʤʝʥʪʳ ʠʟ ʈʫʜʥʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʀɻɽʄ ʈɸʅ. 

 

- ɸ ʪʘʢʞʝ ʢʦʣʣʝʢʮʠʠ ʦʙʨʘʟʮʦʚ ʚʳʜʘʶʱʠʭʩʷ ʫʯʝʥʳʭ, ʠʩʩʣʝʜʦʚʘʚʰʠʭ ʦʩʪʨʦʚ 

ʐʧʠʮʙʝʨʛʝʥ, ʘʨʢʪʠʯʝʩʢʠʝ ʨʘʡʦʥʳ ʈʦʩʩʠʠ (ʧʦʙʝʨʝʞʴʝ ʠ ʦʩʪʨʦʚʘ) ʠ ʘʢʚʘʪʦʨʠʶ ɹʘʨʝʥʮʝʚʘ 

ʤʦʨʷ: ɹʘʢʣʫʥʜʘ ʆ.ʆ., ʘʢʘʜʝʤʠʢʘ ï 737 ʦʙʨ. (ʇʦʣʷʨʥʳʡ ʋʨʘʣ, 1909 ʛ.; ʐʧʠʮʙʝʨʛʝʥ, ʂʘʥʘʜʘ ï 

ʩʦʚʤʝʩʪʥʦ ʩ ʌ.ʅ. ʏʝʨʥʳʰʝʚʳʤ, 1899ï1901 ʛʛ.; ʋʨʘʣ, 1902 ʠ 1916 ʛʛ.; ʗʢʫʪʠʷ, 1905 ʛ.; ɺʦʩʪ. 
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ʉʠʙʠʨʴ ï ʩʦʚʤʝʩʪʥʦ ʩ ʀ.ʇ. ʈʘʯʢʦʚʩʢʠʤ, 1915 ʛ.; ʠ ʜʨ.); ʈʠʭʪʝʨʘ ɻ.ɼ., ʜ.ʛ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ï 121 

ʦʙʨ. (ʂʦʣʴʩʢʠʡ ʧ-ʦʚ ï ʦʟ. ʀʤʘʥʜʨʘ, ʄʦʥʯʝʪʫʥʜʨʘ ʠ ʜʨ.); ʀʚʘʥʦʚʘ ʃ.ʃ., ʤʠʥʝʨʘʣʦʛʘ, 

ʧʨʦʬʝʩʩʦʨʘ ï 50 ʦʙʨ. (ʅʦʚʘʷ ɿʝʤʣʷ, 1912 ʛ.); ʃʘʚʨʦʚʦʡ ʄ.ɸ., ʜ.ʛ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ï 113 ʦʙʨ. 

(ʅʦʚʘʷ ɿʝʤʣʷ, ʧʦʙʝʨʝʞʴʝ ɹʝʣʦʛʦ ʤʦʨʷ, 1920-ʝ ʛʛ.); ɽʨʤʦʣʘʝʚʘ ʄ.ʄ., ʜ.ʛ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ï 

127 ʦʙʨ. (ʅʦʚʦʩʠʙʠʨʩʢʠʝ ʦ-ʚʘ); ʉʘʤʦʡʣʦӢʚʠʯʘ ʈ.ʃ., ʜ.ʛ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ï 30 ʦʙʨ. (ʚ ʪ.ʯ. 20 ʦʙʨ. 

ï ʅʦʚʘʷ ɿʝʤʣʷ, 8 ʦʙʨ. ï ʜʥʦ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, 2 ʦʙʨ. ï ɿʝʤʣʷ ʌʨʘʥʮʘ-ʀʦʩʠʬʘ); ʆʙʨʫʯʝʚʘ ʉ.ɺ., 

ʯʣ.-ʢʦʨʨ. ɸʅ ʉʉʉʈ ï 30 ʦʙʨ. (ʂʦʣʳʤʘ); ʊʦʣʤʘʯʝʚʘ ʀ.ʇ., ʫʯʸʥʦʛʦ ʭʨʘʥʠʪʝʣʷ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʫʟʝʷ ʀʤʧ. ɸʅ ï ~200 ʦʙʨ. (ʂʦʣʳʤʘ), ʙʦʣʝʝ 200 ʦʙʨ. (ʧʦʙʝʨʝʞʴʝ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ 

ʤʦʨʷ), 2 ʦʙʨ. (ʊʘʡʤʳʨ); ɸʣʸʰʢʦʚʘ ɸ.ʅ., ʜ.ʛ.-ʤ.ʥ. ï 43 ʦʙʨ. (ʇʦʣʷʨʥʳʡ ʋʨʘʣ); ʂʝʨʮʝʣʣʠ ʉ.ɺ., 

ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʷ ï 18 ʦʙʨ. (ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʘʷ ʪʫʥʜʨʘ, ʦ-ʚʘ ʂʦʣʛʫʝʚ, ɺʘʡʛʘʯ, ʖʛʦʨʩʢʠʡ 

ʰʘʨ, 1908 ʛ.); ɾʫʨʘʚʩʢʦʛʦ ɸ.ɺ., ʙʠʦʛʝʦʛʨʘʬʘ, ʦʩʥʦʚʘʪʝʣʷ ʧʝʨʚʦʛʦ ʥʘʫʯʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚ 

ʇʨʠʧʦʣʷʨʴʝ ï ʇʝʯʦʨʩʢʦʡ ʝʩʪʝʩʪʚʝʥʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʈɸʅ ï 7 ʦʙʨ. 

(ɹʦʣʴʰʝʟʝʤʝʣʴʩʢʘʷ ʪʫʥʜʨʘ) ʠ ʙʦʣʴʰʦʡ ʘʨʭʠʚ ʜʦʢʫʤʝʥʪʦʚ; ʉʚʠʮʠʥʘ ɸ.ɸ., ʛʦʨʥʦʛʦ ʠʥʞʝʥʝʨʘ, 

ʧʝʨʚʳʤ ʧʨʦʠʟʚʦʜʠʚʰʝʛʦ ʨʘʟʚʝʜʢʫ ʥʘ ʤʝʜʴ ʥʘ ʅʦʚʦʡ ɿʝʤʣʝ ï 40 ʦʙʨ. (ʅʦʚʘʷ ɿʝʤʣʷ, 1912 ʛ.); 

ʂʣʸʥʦʚʦʡ ʄ.ɺ., ʜ.ʛ.-ʤ.ʥ., ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʘʪʝʣʴʥʠʮ ʤʦʨʩʢʦʡ ʛʝʦʣʦʛʠʠ ʚ ʉʉʉʈ ï 11 ʦʙʨ. (ʜʥʦ 

ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, 1923ï1924 ʛʛ.); ʂʫʣʠʢʘ ʃ.ɸ., ʤʠʥʝʨʘʣʦʛʘ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʤʝʪʝʦʨʠʪʦʚ ï 61 

ʦʙʨ. (ʦ. ɺʘʡʛʘʯ ʠ ʜʨ., 1929); ʉʪʘʨʦʢ§ʜʦʤʩʢʦʛʦ ʃ.ʄ., ʚʦʝʥʥʦʛʦ ʚʨʘʯʘ ʥʘ çʊʘʡʤʳʨʝè ï 14 ʦʙʨ. 

(ʅʦʚʦʩʠʙʠʨʩʢʠʝ ʦ-ʚʘ, 1914ï1915 ʛʛ.), 30 ʦʙʨ. ï ʩʦʚʤʝʩʪʥʦ ʩ ɹ.ɸ. ɺʠʣʴʢʠʮʢʠʤ (ʊʘʡʤʳʨ, 

ʉʝʚʝʨʥʘʷ ɿʝʤʣʷ); ʏʝʨʩʢʦʛʦ ʀ.ɼ., ʛʝʦʛʨʘʬʘ, ʛʝʦʣʦʛʘ, ʧʘʣʝʦʥʪʦʣʦʛʘ ï 31 ʦʙʨ. (ʜʦʣʠʥʘ 

ʨ. ʂʦʣʳʤʘ); ɺʠʪʪʝʥʙʫʨʛʘ ʇ.ɺ., ʜ.ʛ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʘ ï 127 ʦʙʨ. (ʧʦʙʝʨʝʞʴʝ ʂʦʣʴʩʢʦʛʦ ʧ-ʚʘ); 

ʂʫʧʣʝʪʩʢʦʛʦ ɹ.ʄ., ʧʝʪʨʦʛʨʘʬʘ, ʜ.ʛ.-ʤ.ʥ. ï ~1200 ʦʙʨ. (ʚ ʪ.ʯ. ʦ. ɺʘʡʛʘʯ, ʖʛʦʨʩʢʠʡ ʧ-ʦʚ, 

ʂʦʣʴʩʢʠʡ ʧ-ʦʚ, ʂʘʨʝʣʠʷ ʠ ʧʦʙʝʨʝʞʴʝ ɹʝʣʦʛʦ ʤʦʨʷ); ɹʝʣʷʥʢʠʥʘ ɼ.ʉ., ʘʢʘʜʝʤʠʢʘ ï 60 ʦʙʨ. 

(ʧʦʙʝʨʝʞʴʝ ɹʝʣʦʛʦ ʤʦʨʷ, 1922ï1924 ʛʛ.) ʠ ʤʘʪʝʨʠʘʣʳ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʚʳʜʘʶʱʠʭʩʷ ʫʯʝʥʳʭ ʠ 

ʧʦʣʷʨʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʪʨʫʜʥʠʢʦʚ ʀɻɽʄ ʈɸʅ. 

ʕʣʝʢʪʨʦʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʄʫʟʝʷ ʀɻɽʄ ʧʦʟʚʦʣʷʝʪ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʬʦʨʤʘʪʝ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʦʙʨʘʟʮʳ ʧʦ ʤʝʩʪʫ ʦʪʙʦʨʘ ʠ ʘʚʪʦʨʘʤ ʢʦʣʣʝʢʮʠʡ, ʩʦʧʦʩʪʘʚʣʷʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʘʟʮʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʭʦʜʝ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʜʠʮʠʡ, ʘ ʪʘʢʞʝ 

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʠʩʪʦʨʠʯʝʩʢʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʤʘʨʰʨʫʪʳ ʦʩʚʦʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ɸʨʢʪʠʢʠ ʠ 

ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ. 

https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BE%D0%B3%D0%B5%D0%BE%D0%B3%D1%80%D0%B0%D1%84
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%80%D1%81%D0%BA%D0%B0%D1%8F_%D0%B3%D0%B5%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D0%B3%D1%80%D0%B0%D1%84
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BE%D0%BB%D0%BE%D0%B3
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D0%BB%D0%B5%D0%BE%D0%BD%D1%82%D0%BE%D0%BB%D0%BE%D0%B3
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ʄʆʈʌʆʃʆɻʀʗ ʀ ʉʆʉʊɸɺ ʉʆʃɽɺʓʍ ɺʓʎɺɽʊʆɺ ʅɸ ʇɸʄʗʊʅʀʂɸʍ 

ɸʈʍʀʊɽʂʊʋʈʓ 

 

ʈ.ɺ. ʃʦʙʟʦʚʘ
1
, ɽ.ʀ. ɸʥʪʦʥʦʚʘ

1
, ʆ.ɺ. ʂʘʨʠʤʦʚʘ

1
  

 

1 ɻʦʩʅʀʀʈ, 2 ʀɻɽʄ ʈɸʅ 

 

ʉʦʣʝʚʳʝ ʚʳʮʚʝʪʳ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʧʨʠʤʝʨʝ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʄʦʩʢʦʚʩʢʦʛʦ 

ʂʨʝʤʣʷ, ʩʦʙʦʨʦʚ ɻʝʦʨʛʠʝʚʩʢʦʛʦ ʠ ʊʨʦʠʮʢʦʛʦ ʛ. ʖʨʴʝʚ-ʇʦʣʴʩʢʦʡ, ʧʘʣʘʪ ʇʦʩʪʥʠʢʦʚʘ ʚ ʇʩʢʦʚʝ 

ʠ ʜʨ. ʧʘʤʷʪʥʠʢʦʚ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʪʝʨʠʘʣʘ ʢʣʘʜʢʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʧʘʤʷʪʥʠʢʦʚ ʥʘ ʥʘʨʫʞʥʳʭ ʩʪʝʥʘʭ, ʚ ʧʦʜʢʣʝʪʝ, ʚ ʠʥʪʝʨʴʝʨʝ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʜʝʢʦʨʝ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʤʠʥʝʨʘʣʳ.  

ʊʘʢ, ʥʘ ʟʘʧʘʜʥʦʤ ʧʦʨʪʘʣʝ ʋʩʧʝʥʩʢʦʛʦ ʩʦʙʦʨʘ ʄʦʩʢʦʚʩʢʦʛʦ ʂʨʝʤʣʷ ʥʘ ʙʝʣʦʤ ʢʘʤʥʝ, ʚ 

ʰʦʚʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʰʪʫʢʘʪʫʨʢʝ ʠ ʧʦʜ ʢʨʘʩʦʯʥʳʤ ʩʣʦʝʤ  ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʘʛʨʝʛʘʪʳ ʛʘʣʠʪʘ, ʘ 

ʚ ʢʦʨʨʦʟʠʦʥʥʦʡ ʚʳʝʤʢʝ ʩʝʚʝʨʥʦʡ ʩʪʝʥʳ ʦʢʦʣʦ ʩʝʚʝʨʥʦʛʦ ʧʦʨʪʘʣʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʫʣʴʬʘʪʳ 

ï ʪʝʥʘʨʜʠʪ ʠ ʤʠʨʘʙʠʣʠʪ, ʚ ʬʫʥʜʘʤʝʥʪʝ ï ʛʠʧʩ, ʚ ʠʥʪʝʨʴʝʨʝ ï ʛʘʣʠʪ, ʦʢʩʠʜʳ ʠ ʩʫʣʴʬʘʪʳ 

ʞʝʣʝʟʘ. ʇʦʩʣʝʜʥʠʝ ʧʨʠʫʨʦʯʝʥʳ ʢ ʢʦʥʪʘʢʪʫ ʮʝʤʝʥʪʥʳʭ ʰʚʦʚ ʠʣʠ ʙʝʣʦʛʦ ʢʘʤʥʷ ʩ ʯʫʛʫʥʥʳʤʠ 

ʧʣʠʪʘʤʠ ʧʦʣʘ, ʦʢʨʘʰʠʚʘʷ ʠʭ ʚ ʨʘʟʣʠʯʥʳʝ ʪʦʥʘ ʦʭʨ. ʃʶʙʦʧʳʪʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʙʳʣʦ ʩʜʝʣʘʥʦ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʩʦʙʦʨʘ ʚʦ ʚʨʝʤʷ ʰʢʦʣʴʥʳʭ ʟʠʤʥʠʭ ʢʘʥʠʢʫʣ 2016 ʛʦʜʘ, ʢʦʛʜʘ ʤʝʥʝʝ ʯʝʤ ʟʘ 

ʥʝʜʝʣʶ ʯʝʨʥʳʡ ʯʫʛʫʥʥʳʡ ʧʦʣ ʠʥʪʝʨʴʝʨʘ ʧʨʠʦʙʨʝʣ ʦʭʨʠʩʪʳʡ ʮʚʝʪ ʠʟ-ʟʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, 

ʚʦʟʥʠʢʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʢʠʩʣʝʥʠʷ ʯʫʛʫʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʦʚʦʛʦ ʘʥʪʠʛʦʣʦʣʝʜʥʦʛʦ ʨʝʘʛʝʥʪʘ, 

ʢʦʪʦʨʳʤ ʙʳʣʘ ʦʙʨʘʙʦʪʘʥʘ ʩʦʙʦʨʥʘʷ ʧʣʦʱʘʜʴ.  

ʇʨʠ ʨʝʩʪʘʚʨʘʮʠʠ ʧʦʜʢʣʝʪʘ ɹʣʘʛʦʚʝʱʝʥʩʢʦʛʦ ʩʦʙʦʨʘ ʥʘ ʙʝʣʦʢʘʤʝʥʥʳʭ ʙʣʦʢʘʭ ʠ ʰʦʚʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʤʝʩʪʘʤʠ ʙʳʣʠ ʚʠʜʥʳ ʩʢʦʧʣʝʥʠʷ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʩʫʣʴʬʘʪʦʚ ʠ ʭʣʦʨʠʜʦʚ, ʘ ʚ 

ʘʧʩʠʜʥʦʡ ʯʘʩʪʠ ï ʤʝʩʪʘʤʠ ʩʧʣʦʰʥʳʤ ʥʘʣʝʪʦʤ ʧʦʢʨʳʚʘʶʱʠʭ ʩʪʝʥʳ ʥʠʞʝ ʫʨʦʚʥʷ ʚʳʤʦʩʪʢʠ 

ʧʝʩʯʘʥʠʢʦʤ ʩʦʙʦʨʥʦʡ ʧʣʦʱʘʜʠ.  

ɺ ɸʨʭʘʥʛʝʣʴʩʢʦʤ ʩʦʙʦʨʝ ʩʦʣʝʚʳʝ ʚʳʮʚʝʪʳ ʦʪʤʝʯʘʣʠʩʴ ʢʘʢ ʩʥʘʨʫʞʠ ʥʘ ʙʝʣʦʢʘʤʝʥʥʳʭ 

ʮʦʢʦʣʴʥʳʭ ʙʣʦʢʘʭ, ʧʦʨʪʘʣʘʭ, ʪʘʢ ʠ ʚ ʠʥʪʝʨʴʝʨʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʥʘʜʛʨʦʙʥʳʭ ʧʣʠʪʘʭ ɺʝʣʠʢʠʭ 

ʢʥʷʟʝʡ ʀʚʘʥʘ III, ʀʚʘʥʘ II ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ɺʘʩʠʣʠʷ III, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʩʦʣʝʝ ʫ 

ʶʞʥʦʛʦ ʚʭʦʜʘ ʠ ʥʘʜʛʨʦʙʠʡ ʚʜʦʣʴ ʩʝʚʝʨʥʦʛʦ ʚʭʦʜʘ.  

ɺ ʧʦʜʢʣʝʪʝ ʮʝʨʢʚʠ ʈʠʟʦʧʦʣʦʞʝʥʠʷ, ʛʜʝ ʭʨʘʥʷʪʩʷ ʩʨʝʜʥʝʚʝʢʦʚʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ 

ʙʝʣʦʢʘʤʝʥʥʳʝ ʜʝʪʘʣʠ, ʥʘʰʝ  ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʣʘ ʩʪʦʷʱʘʷ ʦʢʦʣʦ ʦʢʥʘ ʟʘʢʣʘʜʥʘʷ 

ʩʪʨʦʠʪʝʣʴʥʘʷ ʧʣʠʪʘ ʩʦ ʉʧʘʩʩʢʦʡ ʙʘʰʥʠ ʩ ʣʘʪʠʥʩʢʦʡ ʥʘʜʧʠʩʴʶ ʝʝ ʠʟʛʦʪʦʚʠʪʝʣʷ ʇʴʝʪʨʦ 

ɸʥʪʦʥʠʦ ʉʦʣʷʨʠ. ɺ 1949 ʛ. ʦʥʘ ʙʳʣʘ ʜʝʤʦʥʪʠʨʦʚʘʥʘ ʩʦ ʉʧʘʩʩʢʦʡ ʙʘʰʥʠ ʠ ʙʳʣʘ ʟʘʤʝʥʝʥʘ 

ʥʦʚʦʡ. ʅʘ ʦʙʦʨʦʪʥʦʡ ʩʪʦʨʦʥʝ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʣʠʪʳ ʚʳʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʠʛʦʣʴʯʘʪʳʝ 

ʢʨʠʩʪʘʣʣʳ ʷʨʦʟʠʪʘ, ʜʠʬʨʘʪʦʛʨʘʤʤʘ ʢʦʪʦʨʦʛʦ ʦʪʚʝʯʘʣʘ ʵʪʘʣʦʥʥʦʤʫ ʷʨʦʟʠʪʫ.  

ɺ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʨʘʥʝʝ ʦʙʲʝʢʪʘʭ ʩʦʙʦʨʦʚ ʖʨʴʝʚʘ-ʇʦʣʴʩʢʦʛʦ ʙʳʣ ʠʥʦʡ ʩʦʩʪʘʚ 

ʚʳʩʦʣʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʨʘʟʣʠʯʠʝʤ ʢʣʘʜʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʢʦʣʦʛʠʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʢʨʘʩʠʣʴʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. ɺ ʠʥʪʝʨʴʝʨʝ ʩʦʙʦʨʘ 

ʦʧʨʝʜʝʣʝʥʳ ʙʳʣʠ Mg-ʩʦʜʝʨʞʘʱʠʝ ʚʳʩʦʣʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʫʣʴʬʘʪʘʤʠ, ʘ ʪʘʢ ʞʝ ʭʣʦʨʠʜʘʤʠ 

(ʰʪʫʢʘʪʫʨʢʘ), ʠ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘʤʠ (ʢʦʨʢʠ ʧʦʜ ʯʫʛʫʥʥʳʤʠ ʧʣʠʪʘʤʠ ʥʘ ʧʝʩʯʘʥʦʡ ʟʘʩʳʧʢʝ 

ʧʦʣʘ). 

ɺ ʠʥʪʝʨʴʝʨʝ ʧʘʣʘʪ ʇʦʩʪʥʠʢʦʚʘ (ʇʩʢʦʚ) ʧʨʠ ʨʝʩʪʘʚʨʘʮʠʠ ʥʠʞʥʝʛʦ ʵʪʘʞʘ, 

ʠʩʧʦʣʴʟʦʚʘʚʰʝʛʦʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʦʨʦʭʘ ʠ ʜʨʫʛʠʭ ʚʦʝʥʥʳʭ ʧʨʠʧʘʩʦʚ, ʥʘ ʩʪʝʥʘʭ ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʩʫʣʴʬʘʪʦʚ ʠ ʥʠʪʨʘʪʦʚ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʬʪʠʪʘʣʠʪʘ.  

ɺ ʧʦʜʢʣʝʪʝ ʊʨʦʠʮʢʦʛʦ ʩʦʙʦʨʘ (ʛ. ɸʩʪʨʘʭʘʥʴ) ʥʘ ʩʪʝʥʘʭ, ʩʣʦʞʝʥʥʳʭ ʚʘʣʫʥʘʤʠ 

ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʱʝʪʢʠ ʚʦʣʦʢʥʠʩʪʦʛʦ ʛʠʧʩʘ (ʢʨʠʩʪʘʣʣʳ ʜʦ 2 ʩʤ) ʥʘ 

ʨʘʩʪʚʦʨʘʭ, ʩʢʨʝʧʣʷʶʱʠʭ ʚʘʣʫʥʳ. 
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ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʪʦʤʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʣʴʥʳʤ 

ʟʚʝʥʦʤ ʧʨʠ ʫʩʪʘʥʦʚʣʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, ʩʪʨʫʢʪʫʨʦʡ ʠ ʩʚʦʡʩʪʚʘʤʠ 

ʢʨʠʩʪʘʣʣʦʚ. ʇʨʦʚʝʜʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ, ʥʝʡʪʨʦʥ-ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʥʘʜʝʞʥʦʩʪʠ, ʚʳʷʚʠʪʴ 

ʪʦʥʢʠʝ ʜʝʪʘʣʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʧʨʠ ʠʟʦʤʦʨʬʥʳʭ ʟʘʤʝʱʝʥʠʷʭ, ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘʭ. 

ʈʘʩʪʫʱʠʝ ʪʝʤʧʳ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʩʪʠʤʫʣʠʨʫʶʪ ʠʥʪʝʨʝʩ ʚʦ ʚʩʝʤ ʤʠʨʝ ʢ ʨʘʟʨʘʙʦʪʢʘʤ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʥʦʦʙʤʝʥʥʘʷ ʤʝʤʙʨʘʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʷʤʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʄʥʦʛʦʦʙʝʱʘʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʤʝʤʙʨʘʥ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʊ å 150ï400 Áʉ (ʧʨʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦʩʪʠʛʘʝʪʩʷ 
ʥʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ).  

ʀʟ ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʢʨʠʩʪʘʣʣʳ 

MmHn(AO4)pĀxH2O (ʄ = K, Rb, Cs, NH4; ɸ = S, Se, P, As). ʉʫʧʝʨʧʨʦʪʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʵʪʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʚʷʟʘʥʘ ʩ ʠʭ ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʣʘʞʥʦʩʪʠ, ʚʣʠʷʥʠʷ 

ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʠʣʠ ʜʝʬʝʢʪʦʚ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙ ʵʪʠʭ 

ʢʨʠʩʪʘʣʣʘʭ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʠʟʤʝʥʝʥʠʡ ʠʭ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚʦʜʦʨʦʜʥʳʭ 

ʩʚʷʟʝʡ (ʄʘʢʘʨʦʚʘ, 2015), ʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʛʦʬʘʟʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʄʘʢʘʨʦʚʘ, 2015), ʜʠʬʬʫʟʠʷ 

ʚʦʜʳ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʘʩʪʠʯʥʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʠʩʪʝʤʳ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʧʦʟʠʮʠʷʤʠ ʜʣʷ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʥʘʣʦʚ ʜʣʷ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ 

M  (Makarova et.al, 2014, Dmitricheva et.al, 2014), ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ ʛʨʫʧʧ AO4 ʠ 

ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ H-ʩʚʷʟʝʡ (Makarova et.al, 2016). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʦʜʥʦ-ʩʦʣʝʚʦʡ ʨʦʩʪʦʚʦʡ ʩʠʩʪʝʤʳ 

K3H(SO4)2 ï (NH4)3H(SO4)2 ï H2O ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʢʘʣʠʷ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʦʮʝʥʪʘʤʠ 

ʘʤʤʦʥʠʷ (å3%) ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʘʥʦʤʘʣʴʥʦ ʤʝʜʣʝʥʥʦʡ ʢʠʥʝʪʠʢʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ 

ʠʟʤʝʥʝʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʘʪʦʤʦʚ. 

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʩʠʩʪʝʤʳ CsH2PO4ïCsHSO4ïH2O (ʨʠʩ. 1) (Makarova et.al, 

2016) ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʠ ʚʳʨʘʩʪʠʪʴ ʥʦʚʳʝ ʢʨʠʩʪʘʣʣʳ 

Cs3(HSO4)2(H2PO4) [5], Cs4(HSO4)3(H2PO4) [6] ʠ Cs6H(HSO4)3(H2PO4)4 (Makarova et.al, 2016). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ Cs3(HSO4)2(H2PO4) ʠ Cs4(HSO4)3(H2PO4), 

ʚʢʣʶʯʘʷ ʢʠʥʝʪʠʢʫ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʟʘʤʝʱʝʥʠʝʤ 

ʪʝʪʨʘʵʜʨʦʚ PO4 / SO4 ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʯʠʩʣʘ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (Makarova, Grebenev et.al, 2016). 

ʋʥʠʢʘʣʴʥʳʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʳ Cs6H(HSO4)3(H2PO4)4 ʧʝʨʝʭʦʜʷʪ ʚ ʬʘʟʫ ʩ ʚʳʩʦʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ~120 Áʉ, ʠ ʩʫʧʝʨʧʨʦʪʦʥʥʘʷ ʬʘʟʘ 

ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʅʀʈ çʈʘʟʚʠʪʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʙʠʦʦʨʛʘʥʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʡ, ʵʣʝʢʪʨʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚè ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʧʦ ʇʨʦʛʨʘʤʤʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʆʌʅ ʈɸʅ çʌʠʟʠʢʘ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʪʨʫʢʪʫʨè ʠ ʩʪʠʧʝʥʜʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ˉ ʉʇ-1445.2016.1. 
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ʈʠʩ. 1. ʂʨʠʩʪʘʣʣʳ ʩʠʩʪʝʤʳ CsH2PO4ïCsHSO4ïH2O: ʩʭʝʤʘ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ ʩ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷʤʠ ʢʨʠʩʪʘʣʣʦʚ Cs3(HSO4)2(H2PO4) ʠ Cs4(HSO4)3(H2PO4) 

(ʩʣʝʚʘ) ʠ Cs6H(HSO4)3(H2PO4)4 (ʩʧʨʘʚʘ), ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʘ ʢʨʠʩʪʘʣʣʦʚ. 
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ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʠ.  mig@ginras.ru 

 

ʕʣʝʢʪʨʦʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ çʅʘʫʯʥʦʝ ʥʘʩʣʝʜʠʝ ʈʦʩʩʠʠè (ʕɹ) ʷʚʣʷʝʪʩʷ ʮʝʣʝʚʦʡ ʥʘʫʯʥʦʡ 

ʧʨʦʛʨʘʤʤʦʡ ʈɸʅ ʩ 2007 ʛ. ʊʝʭʥʦʣʦʛʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʦʪʨʫʜʥʠʢʘʤʠ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, ɺʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʮʝʥʪʨʘ ʠʤ. ɸ.ɸ. ɼʦʨʦʜʥʠʮʳʥʘ ʈɸʅ ʠ ɹʠʙʣʠʦʪʝʢʠ ʧʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʥʘʫʢʘʤ ʈɸʅ.  

ʕɹ ʥʘʭʦʜʠʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʚ ʀʥʪʝʨʥʝʪ (http://e-heritage.ru) ʠ ʩʦʜʝʨʞʠʪ 

ʙʠʦʛʨʘʬʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʫʯʝʥʳʭ, ʧʦʣʥʦʪʝʢʩʪʦʚʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʶ ʘʨʭʠʚʦʚ ʠ 

ʤʫʟʝʝʚ.  

ʇʝʨʚʳʡ ʦʧʳʪ ʨʘʟʤʝʱʝʥʠʷ ʤʫʟʝʡʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣ ʧʨʝʜʧʨʠʥʷʪ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʪʜʝʣʘ 

ʠʩʪʦʨʠʠ ʛʝʦʣʦʛʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ 

(ʩ 2015 ʛ. ï ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʈɸʅ). 

 ɹʦʣʴʰʦʡ ʦʧʳʪ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʩʪʦʨʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʥʘʥʠʡ 

(ʩ 1949 ʛ.) ʠ ʦʛʨʦʤʥʳʡ ʦʙʲʝʤ ʥʘʢʦʧʣʝʥʥʳʭ ʜʘʥʥʳʭ ʩʜʝʣʘʣʠ ʥʝʠʟʙʝʞʥʳʤ ʚʳʭʦʜ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʨʘʩʢʨʳʪʠʷ ʠʥʬʦʨʤʘʮʠʠ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʠʩʪʦʨʠʢʦʚ ʛʝʦʣʦʛʠʠ ʩ ʕɹ ʥʘʯʘʣʦʩʴ ʚ 2008 ʛ. ɺ ʟʦʥʫ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʚʭʦʜʠʪ ʧʦʧʦʣʥʝʥʠʝ ʢʦʥʪʝʥʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʦ ʠʩʪʦʨʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʫʢ: ʧʦʜʛʦʪʦʚʢʘ ʥʘʫʯʥʳʭ ʙʠʦʛʨʘʬʠʡ, ʨʘʟʤʝʱʝʥʠʝ ʧʦʣʥʦʪʝʢʩʪʦʚʳʭ ʧʫʙʣʠʢʘʮʠʡ ʠ 

ʬʦʪʦʛʨʘʬʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʕɹ ʥʘʭʦʜʠʪʩʷ 1150 ʪʨʫʜʦʚ ʧʦ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʥʘʫʢʘʤ. 

ɺ 2010 ʛ. ʩʪʨʦʢʘ ʛʣʘʚʥʦʛʦ ʤʝʥʶ ʕɹ ʨʘʩʰʠʨʠʣʘʩʴ ʟʘ ʩʯʝʪ ʚʢʣʶʯʝʥʠʷ ʙʣʦʢʘ çʄʫʟʝʡʥʳʝ 

ʧʨʝʜʤʝʪʳè. ɹʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʨʘʟʜʝʣ çɽʩʪʝʩʪʚʝʥʥʦʠʩʪʦʨʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠè, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʪʝʨʠʘʣʘʤʠ ʠʟ ʬʦʥʜʦʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʫʟʝʷ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ ʠ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʈɸʅ:  

× ʠʩʪʦʨʠʯʝʩʢʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ  

× ʤʦʥʦʛʨʘʬʠʯʝʩʢʠʝ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʩʦʙʨʘʥʠʷ 

× ʤʠʥʝʨʘʣʳ, ʦʧʠʩʘʥʥʳʝ ʚ ʧʫʙʣʠʢʘʮʠʷʭ 

× ʧʦʜʙʦʨʢʘ ʤʠʥʝʨʘʣʦʚ, ʥʘʟʚʘʥʥʳʭ ʠʤʝʥʘʤʠ ʫʯʝʥʳʭ 

ɺʩʝ ʤʫʟʝʡʥʳʝ ʧʨʝʜʤʝʪʳ ʠʤʝʶʪ ʠʥʚʝʥʪʘʨʥʳʝ ʥʦʤʝʨʘ, ʩʥʘʙʞʝʥʳ ʦʧʠʩʘʥʠʷʤʠ ʠ 

ʬʦʪʦʛʨʘʬʠʷʤʠ, ʩʚʷʟʘʥʳ ʩ ʠʤʝʥʘʤʠ ʥʘʪʫʨʘʣʠʩʪʦʚ, ʢʦʣʣʝʢʮʠʦʥʝʨʦʚ ʠ ʫʯʝʥʳʭ, ʘ ʪʘʢʞʝ (ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ) ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʧʫʙʣʠʢʘʮʠʷʤʠ. ʀʩʪʦʨʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ ʦʧʠʩʘʥʳ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʤʫʟʝʝʚ, ʧʨʝʜʦʩʪʘʚʠʚʰʠʭ ʩʦʙʨʘʥʠʷ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚ ʕɹ. 

ʄʫʟʝʡʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʨʛʘʥʠʯʥʦ ʚʧʠʩʘʣʘʩʴ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ ʠ ʩʪʘʣʘ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʘʫʯʥʳʤ ʠ ʵʩʪʝʪʠʯʝʩʢʠʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢʦʥʪʝʥʪʘ ʕɹ. 
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çʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝè, çʋʩʪʦʡʯʠʚʦʝ ʙʣʘʛʦʜʝʥʩʪʚʠʝè ï ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʫʧʦʪʨʝʙʣʷʝʤʦʝ 

ʩʦʯʝʪʘʥʠʝ ʩʣʦʚ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʥʘʯʠʥʘʷ ʩ 1992 ʛʦʜʘ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʜʲʝʤʦʚ ʠ ʩʧʘʜʦʚ 

ʠʥʪʝʨʝʩʘ ʢ ʥʝʤʫ, ʦʥʦ ʦʩʪʘʝʪʩʷ, ʝʩʪʴ ʠ ʙʫʜʝʪ ʚʘʞʥʝʡʰʠʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʚʳʞʠʚʘʥʠʷ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ. ʊʨʝʭʩʦʪʣʝʪʥʠʡ ʶʙʠʣʝʡ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ 

ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʈɸʅ, ʢʦʛʜʘ ʢ ʥʝʤʫ ʥʘʧʨʘʚʣʝʥʳ ʚʟʛʣʷʜ ʠ ʚʥʠʤʘʥʠʝ ʩʘʤʳʭ ʚʳʩʦʢʠʭ 

ʠʥʩʪʠʪʫʮʠʡ ʈʦʩʩʠʠ, ʝʩʪʴ ʫʥʠʢʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʪʘʚʠʪʴ ʤʝʩʪʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 

ʤʫʟʝʝʚ ʚ ʫʩʠʣʠʷʭ ʦʙʱʝʩʪʚʘ ʧʦʩʪʨʦʠʪʴ ʩʧʨʘʚʝʜʣʠʚʳʡ ʤʠʨ ʋʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ (ʋʈ), 

ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʋʩʪʦʡʯʠʚʦʝ ʙʣʘʛʦʜʝʥʩʪʚʠʝ ʥʝ ʪʦʣʴʢʦ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʨʦʜʫ, ʥʦ ʠ ʚʩʝʤ 

ʬʦʨʤʘʤ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ. ʕʪʘ ʨʘʩʰʠʨʝʥʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʜ 

ʥʘʩʪʦʷʱʠʤ ʧʦʢʦʣʝʥʠʝʤ, ʥʦ ʠ ʧʝʨʝʜ ʛʨʷʜʫʱʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ ʥʝ ʥʦʚʘ ʜʣʷ ʤʫʟʝʡʥʳʭ 

ʨʘʙʦʪʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʩʦʠʟʤʝʨʷʶʪ ʩʚʦʶ ʨʘʙʦʪʫ ʤʥʦʛʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ ʚʧʝʨʝʜ. ʉʚʠʜʝʪʝʣʴʩʪʚʦ 

ʵʪʦʤʫ ʠ ʩʘʤ ʦʪʤʝʯʘʝʤʳʡ ʩʝʛʦʜʥʷ ʶʙʠʣʝʡ. 

ʅʘʩʪʦʷʱʠʡ ʜʦʢʣʘʜ ʠʤʝʝʪ ʮʝʣʴ ʦʩʤʳʩʣʠʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʤʫʟʝʝʚ ʚ ʩʚʝʪʝ ʧʨʠʥʮʠʧʦʚ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʧʝʨʝʚʝʩʪʠ ʥʘ 

ʧʦʥʷʪʠʡʥʳʡ ʘʧʧʘʨʘʪ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʤʫʟʝʝʚ ʧʦʩʪʘʥʦʚʢʠ ʋʈ, ʢʦʪʦʨʳʝ 

ʥʝʧʨʝʨʳʚʥʦ ʦʙʦʛʘʱʘʶʪʩʷ ʥʦʚʳʤʠ ʧʦʜʭʦʜʘʤʠ ʠ ʠʥʠʮʠʘʪʠʚʘʤʠ. ʀʤʝʝʪ ʩʤʳʩʣ ʪʘʢʞʝ ʧʦʧʳʪʢʘ 

ʨʘʟʳʩʢʘʪʴ ʚ ʪʨʫʜʘʭ ʚʝʣʠʢʠʭ ʫʯʠʪʝʣʝʡ-ʤʠʥʝʨʘʣʦʛʦʚ ʠʜʝʠ ʠ ʧʦʜʭʦʜʳ, ʩʧʦʩʦʙʳ ʠʭ ʤʳʰʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʥʘʤ ʨʝʰʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ. ʆʙʟʦʨ ʵʢʩʧʦʟʠʮʠʡ 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʩʝ ʦʥʠ ʥʝʩʫʪ ʟʥʘʥʠʷ ʦ 

ʤʠʥʝʨʘʣʴʥʦʤ ʮʘʨʩʪʚʝ ʠ ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʣʴʶʪ ʚʦʜʫ ʥʘ ʤʝʣʴʥʠʮʫ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʅʝʜʦʩʪʘʪʦʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʝʭʥʦʛʝʥʥʦʝ ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ, ʢʘʢ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʚʥʠʤʘʥʠʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʥʝʤʫ, ʪʘʢ ʠ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 

ʦʭʘʨʘʢʪʝʨʠʟʠʨʦʚʘʥʥʦʛʦ ʩʳʨʴʷ. ʂʦʤʧʣʝʢʩʥʦʝ ʦʩʚʦʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʢʘʢ ʠ ʧʨʦʙʣʝʤʳ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ï ʨʝʜʢʠʝ ʛʦʩʪʠ ʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʤʫʟʝʷʭ. ʆʪʢʨʳʪʳʤ ʜʣʷ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʤʫʟʝʝʚ ʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʧʦʜʭʦʜ çʆʪ ʢʦʣʳʙʝʣʠ ʜʦ ʢʦʣʳʙʝʣʠè, ʚ ʢʦʪʦʨʦʤ 

ʝʱʝ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʩʢʣʶʯʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ. ɺʢʣʶʯʝʥʠʝ ʥʝʢʦʪʦʨʳʭ 

ʦʪʭʦʜʦʚ ʚ ʢʘʪʝʛʦʨʠʶ ʠʟʙʳʪʦʯʥʦʛʦ (ʪʝʨʤʠʥ ɸ.ɽ. ʌʝʨʩʤʘʥʘ), ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʳʨʴʷ ï ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʨʝʟʝʨʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʩ ʧʦʤʦʱʴʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ-ʤʠʥʝʨʘʣʦʛʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚʦʧʨʦʩʫ ʦʙ ʫʚʝʣʠʯʝʥʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʝʩʫʨʩʦʚ ʢʘʢ ʚʘʞʥʦʛʦ ʬʘʢʪʦʨʘ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ. ɺʧʝʨʚʳʝ ʵʪʦʪ ʧʦʜʭʦʜ ʙʳʣ ʜʝʪʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥ ʚ ʦʜʥʦʤ ʠʟ ʧʦʩʣʝʜʥʠʭ ʜʦʢʣʘʜʦʚ 

ʈʠʤʩʢʦʤʫ ʢʣʫʙʫ çʌʘʢʪʦʨ ʯʝʪʳʨʝè ɺʘʡʮʟʝʢʢʝʨʘ ʠ ʃʝʚʠʥʩʦʚ. ɽʛʦ ʩʫʪʴ ï ʧʦʪʨʝʙʣʷʪʴ ʚ ʜʚʘ ʨʘʟʘ 

ʤʝʥʴʰʝ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʷ, ʘ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʜʫʢʮʠʶ ʩ ʙʦʣʴʰʝʡ ʚ ʜʚʘ ʨʘʟʘ ʩʪʦʠʤʦʩʪʴʶ. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʤʷʛʯʠʪʴ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʫʛʨʦʞʘʶʱʠʝ ʧʨʦʛʥʦʟʳ çʇʨʝʜʝʣʦʚ ʨʦʩʪʘè 

ɼʦʥʥʝʣʳ ʄʝʜʦʫʟ ʩ ʩʦʘʚʪʦʨʘʤʠ 1972 ʛʦʜʘ. ɼʣʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʧʨʦʧʘʛʘʥʜʠʨʦʚʘʥ ɸ.ʀ. 

ɻʠʥʟʙʫʨʛʦʤ, ʢʦʪʦʨʳʡ ʧʨʠʨʘʚʥʠʚʘʣ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʝ ʥʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʳʨʴʷ 

ʦʪʢʨʳʪʠʶ ʥʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ɹʦʣʛʘʨʠʠ ʦʥ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʨʘʩʢʨʳʪʠʝ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷè ʚ 80-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚ ʢʦʥʮʝʧʮʠʠ 

ʩʦʟʜʘʥʠʷ ʀʥʩʪʠʪʫʪʘ ʧʨʠʢʣʘʜʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʧʨʠ ʙʦʣʛʘʨʩʢʦʡ ɸʅ. ʇʨʠʤʝʨʦʚ ʨʘʟʣʠʯʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ï ʚʝʣʠʢʦʝ ʤʥʦʞʝʩʪʚʦ. ʅʘʯʠʥʘʷ ʦʪ ʜʨʘʛʦʮʝʥʥʳʭ 

ʢʘʤʥʝʡ ʠ ʢʦʥʯʘʷ ʬʣʶʦʨʠʪʦʤ, ʤʫʩʢʦʚʠʪʦʤ, ʢʚʘʨʮʝʤ, ʮʝʦʣʠʪʘʤʠ. ʕʪʘ ʙʣʘʛʦʜʘʪʥʘʷ ʪʝʤʘ ʜʣʷ 

ʵʢʩʧʦʟʠʮʠʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʤʫʟʝʝʚ ʠ ʯʘʩʪʥʳʭ ʢʦʣʣʝʢʮʠʡ ï çʧʨʦʬʝʩʩʠʠè ʤʠʥʝʨʘʣʴʥʳʭ 

ʠʥʜʠʚʠʜʦʚ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʥʘʯʠʥʘʷ ʦʪ çʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʤʦʮʘʨʪʦʚè ʠ ʢʦʥʯʘʷ ʨʷʜʦʚʳʤʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʠ çʙʝʟʨʘʙʦʪʥʳʤʠè ʥʝʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. 
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ʄʠʥʝʨʘʣʦʛʘʤ ʧʨʝʜʩʪʦʠʪ ʦʩʤʳʩʣʠʪʴ ʘʢʪʫʘʣʴʥʫʶ ʧʦʩʪʘʥʦʚʢʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦ 

ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʦ ʙʝʩʧʣʘʪʥʳʭ ʫʩʣʫʛʘʭ ʧʨʠʨʦʜʳ, ʢʦʪʦʨʳʝ ʧʦ ʩʪʦʠʤʦʩʪʠ ʧʨʝʚʦʩʭʦʜʷʪ 

ʩʪʦʠʤʦʩʪʴ ʦʙʱʝʛʦ ʪʦʚʘʨʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ. ʆʞʠʜʘʝʪ ʩʚʦʝʛʦ ʯʘʩʘ ʠ 

ʚʦʧʨʦʩ ʦ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʧʨʠʨʦʜʫ ʠ ʦ ʯʝʣʦʚʝʢʝ. ʂʪʦ ʦʥ, ʩʦʙʩʪʚʝʥʥʠʢ ʠʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʠ 

ʯʪʦ ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ? 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʤʫʟʝʠ ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʚʩʝʦʭʚʘʪʳʚʘʶʱʠʡ ʚʟʛʣʷʜ ʥʘ ʢʘʤʝʥʥʳʡ ʤʠʨ ʠ 

ʤʦʛʫʪ ʩʦʜʝʡʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʠʨʦʚʦʟʟʨʝʥʠʷ ʠ ʮʝʥʥʦʩʪʝʡ ʫ ʣʶʜʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʦʙʱʝʩʪʚʫ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʥʠʭ ʤʦʛʫʪ ʚʳʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʚʦʧʨʦʩʳ, 

ʬʦʨʤʠʨʫʶʱʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʩʪʘʪʫʩ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʢʘʢ ʠ ʩʦʙʩʪʚʝʥʥʳʡ 

ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʦʙʩʫʞʠʚʘʶʱʠʤʠ ʬʫʥʢʮʠʷʤʠ. 

ɿʘʤʝʯʘʪʝʣʴʥʳʝ ʧʦ ʛʣʫʙʠʥʝ ʚʳʚʦʜʳ ʧʦ ʵʪʠʤ ʚʦʧʨʦʩʘʤ ɸ.ɺ. ʉʠʜʦʨʝʥʢʦ ʦʩʪʘʶʪʩʷ ʚʳʟʦʚʦʤ ʚʩʝʡ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 

ʅʘʨʷʜʫ ʩ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʧʦʩʪʘʥʦʚʦʢ ʋʈ ʩʣʝʜʫʝʪ ʛʦʚʦʨʠʪʴ ʠ ʦ 

ʩʦʙʩʪʚʝʥʥʦ ʤʫʟʝʡʥʳʭ ʟʘʜʘʯʘʭ. ʂʘʞʫʪʩʷ ʚʘʞʥʳʤʠ ʩʣʝʜʫʶʱʠʝ ʠʟ ʥʠʭ: 

1. ʉʦʬʠʡʩʢʘʷ ʠʥʠʮʠʘʪʠʚʘ ʩʦʭʨʘʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ, ʢʦʪʦʨʦʡ 

ʧʦʩʚʷʱʝʥʳ ʩʝʤʴ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʤʧʦʟʠʫʤʦʚ ʚ ʉʦʬʠʠ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʥʘʫʯʥʳʤʠ 

ʪʨʫʜʘʤʠ. ʆʥʘ ʘʥʘʣʦʛ ʠʥʠʮʠʘʪʠʚʳ ʩʦʭʨʘʥʝʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. ʀ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʤʫʟʝʷʤ 

ʠ ʯʘʩʪʥʳʤ ʢʦʣʣʝʢʮʠʦʥʝʨʘʤ ʩʣʝʜʫʝʪ ʷʩʥʦ ʧʦʥʠʤʘʪʴ ʠ ʥʝʫʩʪʘʥʥʦ ʧʦʚʪʦʨʷʪʴ, ʯʪʦ ʦʥʠ 

ʩʦʭʨʘʥʷʶʪ ʜʣʷ ʥʘʩʪʦʷʱʝʛʦ ʠ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ ʬʨʘʛʤʝʥʪʳ ʠʩʯʝʟʥʫʚʰʝʡ ʧʨʠʨʦʜʳ, ʢʦʪʦʨʳʝ 

ʩʦʩʪʘʚʣʷʶʪ ʤʠʥʝʨʘʣʴʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʬʦʥʜ ɿʝʤʣʠ. 

2. ʕʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ 

ʟʥʘʥʠʷ. ʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʩʦʭʨʘʥʝʥʠʷ 

ʢʦʣʣʝʢʮʠʡ, ʥʘ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʵʚʨʠʩʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ. ɿʜʝʩʴ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʣʦʞʠʪʩʷ ʥʘ ʢʦʥʢʨʝʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʠʪ ʥʘʩʪʦʷʱʠʤ ʠ ʙʫʜʫʱʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʷʤ ʩʚʦʶ ʥʘʫʯʥʫʶ ʤʠʥʝʨʘʣʴʥʫʶ 

ʢʦʣʣʝʢʮʠʶ. 

ʆʧʫʙʣʠʢʦʚʘʥʥʳʝ ʪʨʫʜʳ ʠ ʦʪʯʝʪʳ ʙʝʟ ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘ ʢʦʪʦʨʦʤ ʦʥʠ ʧʦʣʫʯʝʥʳ, 

ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʟʥʘʥʠʷ ʠ ʥʝʬʦʨʤʘʣʴʥʦʡ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ 

ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʢ ʨʝʜʢʦʤʫ ʠʣʠ ʫʥʠʢʘʣʴʥʦʤʫ ʢʘʤʝʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʩʦʙʠʨʘʝʤʦʤʫ ʚ ʪʝʯʝʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʡ. ɺʦʟʤʦʞʥʳʡ ʩʧʦʩʦʙ ï ʩʦʩʪʘʚʣʝʥʠʝ ʥʘʫʯʥʦʛʦ ʢʘʪʘʣʦʛʘ ʢʦʣʣʝʢʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʫʙʣʠʢʘʪʦʚ 

ʢʦʣʣʝʢʮʠʠ ʤʫʟʝʷʤ ʠʣʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ, ʢʘʢ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʚʨʝʤʝʥʥʦ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʳ ʠʟ ʦʩʥʦʚʥʦʡ ʢʦʣʣʝʢʮʠʠ, ʩʦʭʨʘʥʷʝʤʦʡ ʚ ʤʫʟʝʝ, ï ʚʦʟʤʦʞʥʦ, ʥʦʚʳʡ 

ʩʧʦʩʦʙ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ. ɸʚʪʦʨʫ ʠʟʚʝʩʪʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʧʨʠʤʝʨ ʥʘʫʯʥʦʛʦ 

ʢʘʪʘʣʦʛʘ ʤʠʥʝʨʘʣʴʥʦʡ ʢʦʣʣʝʢʮʠʠ. ʉʦʩʪʘʚʣʝʥʥʳʡ ʚ ʥʘʯʘʣʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʅ.ʀ. ʂʦʢʰʘʨʦʚʳʤ 

ʥʘʫʯʥʳʡ ʢʘʪʘʣʦʛ ʢʨʠʩʪʘʣʣʦʚ ʪʦʧʘʟʦʚ, ʩʦʭʨʘʥʷʝʤʳʭ ʚ ʄʫʟʝʝ ɻʦʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ. ʂʘʢ ʧʨʠʤʝʨ ʧʨʠʚʦʜʠʪʩʷ ʥʘʫʯʥʳʡ ʢʘʪʘʣʦʛ ʢʦʣʣʝʢʮʠʠ ʧʦ ʪʝʤʝ çʉʦʚʤʝʩʪʥʳʡ ʨʦʩʪ 

ʩʬʝʨʦʢʨʠʩʪʘʣʣʦʚè, ʧʨʦʜʦʣʞʘʶʱʝʡ ʠ ʜʦʧʦʣʥʷʶʱʝʡ ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ɸ.ɺ. ʐʫʙʥʠʢʦʚʘ ʠ 

ʖ.ʄ. ɼʳʤʢʦʚʘ. 

ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ, ʥʦ, ʥʘʚʝʨʥʦʝ, ʥʘ ʧʝʨʚʦʤ ʤʝʩʪʝ ʧʦ ʚʘʞʥʦʩʪʠ ʩʣʝʜʫʝʪ ʧʦʩʪʘʚʠʪʴ 

ʚʦʧʨʦʩ ʦ ʜʫʭʦʚʥʦʡ ʟʨʝʣʦʩʪʠ ʦʙʱʝʩʪʚʘ ʜʣʷ ʮʝʣʝʡ ʋʈ. ʊʨʠʫʤʬʠʨʫʶʱʠʝ ʩʝʛʦʜʥʷ ʚ ʦʙʱʝʩʪʚʝʥ-

ʥʦʤ ʩʦʟʥʘʥʠʠ ʮʝʥʥʦʩʪʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʨʘʚʩʪʚʝʥʥʦʩʪʴʶ ʠ 

ʤʠʨʦʚʦʟʟʨʝʥʠʝʤ ʥʝ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦʙ ʘʢʪʠʚʥʦʡ ʠ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʝ ʚ ʠʥʪʝʨʝʩʘʭ ʋʈ. 

ʉʣʝʜʫʝʪ ʢʫʣʴʪʠʚʠʨʦʚʘʪʴ ʥʦʚʫʶ ʵʢʦʛʫʤʘʥʠʩʪʠʯʝʩʢʫʶ ʥʨʘʚʩʪʚʝʥʥʦʩʪʴ. ʆʜʠʥ ʠʟ ʧʫʪʝʡ ï ʯʝʨʝʟ 

ʢʨʘʩʦʪʫ ʤʠʥʝʨʘʣʦʚ ʠ ʣʶʙʦʚʴ ʢ ʢʘʤʥʶ ʠ ɿʝʤʣʝ. ʂʘʞʜʳʡ ʠʟ ʦʙʱʘʶʱʠʭʩʷ ʩ ʢʘʤʥʷʤʠ ʚ ʟʘʣʝ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʣʠ ʧʝʨʝʜ ʚʠʪʨʠʥʦʡ ʠ ʧʦʣʢʦʡ ʢʦʣʣʝʢʮʠʦʥʝʨʘ ʤʠʥʝʨʘʣʦʚ ʯʫʚʩʪʚʫʝʪ ʠ 

ʩʦʭʨʘʥʷʝʪ ʚ ʩʝʙʝ ʦʩʦʙʫʶ ʘʪʤʦʩʬʝʨʫ, ʩʦʟʜʘʚʘʝʤʫʶ ʤʠʥʝʨʘʣʴʥʦʡ ʢʦʣʣʝʢʮʠʝʡ. ʕʪʘ ʦʩʦʙʘʷ 

ʘʪʤʦʩʬʝʨʘ ʩʦʟʠʜʘʝʪ ʣʶʜʝʡ ʤʠʨʘ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʠ, ʥʘʚʝʨʥʦʝ, ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʚʘʞʥʝʡʰʠʡ 

ʚʢʣʘʜ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʤʫʟʝʝʚ ʠ ʯʘʩʪʥʳʭ ʢʦʣʣʝʢʮʠʡ ʚ ʠʥʪʝʨʝʩʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. 
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ʉʘʤʦʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʛʣʦʙʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʤʠʥʝʨʘʣʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʠʨʦʜʝ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʝʜʢʦ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʛʣʦʙʫʣʷʨʥʳʡ ʦʧʘʣ, ʩʦʩʪʘʚʣʷʶʱʠʡ ʩʠʣʠʢʘʛʝʣʴ ʠ 

ʙʣʘʛʦʨʦʜʥʳʡ ʦʧʘʣ. ʇʦʣʫʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʜʘʣʦ ʩʪʘʨʪ ʙʫʤʫ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʧʦ ʬʦʪʦʥʥʳʤ ʢʨʠʩʪʘʣʣʘʤ. ɸʚʪʦʨʦʤ ʦʙʥʘʨʫʞʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʛʣʦʙʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ: ʮʝʧʦʯʢʠ, ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʠ ʠʟʦʛʥʫʪʳʝ, ʣʝʥʪʳ ʠ ʩʣʦʠ 

ʠʟ ʛʣʦʙʫʣ, ʘʞʫʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʮʝʧʦʯʝʢ, ʧʦʣʥʝʡʰʠʝ ʫʧʘʢʦʚʢʠ ʠ ʠʝʨʘʨʭʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ï ʧʣʦʩʢʠʝ ʜʠʩʢʠ ʠ ʩʬʝʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʭ ʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʠʨʦʜʝ. ʇʦ ʩʚʦʝʡ ʩʫʪʠ ʵʪʦ ʥʦʚʳʡ ʥʘʜʘʪʦʤʥʳʡ ʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʡ ʫʨʦʚʝʥʴ 

ʦʨʛʘʥʠʟʘʮʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʨʠʚʣʝʯʴ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦ 

ʤʠʥʝʨʘʣʴʥʦʤʫ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʶ, ʢʘʢ ʠ ʦʥʪʦʛʝʥʠʩʪʦʚ, ʚ ʥʘʜʝʞʜʝ ʩʦʟʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʬʦʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʅʝ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʪʠʧʦʚ ʘʛʨʝʛʘʮʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʮʝʣʴʶ ʥʘʧʦʣʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʝʤ 

ʟʘʢʦʥʘ ʘʛʨʝʛʘʮʠʠ ʅʘʫʤʘʥʘ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʛʦ ʚ ʩʘʤʦʤ ʦʙʱʝʤ ʚʠʜʝ. ʈʝʛʫʣʷʨʥʳʝ ʛʣʦʙʫʣʷʨʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʦʙʥʘʨʫʞʝʥʳ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ. 

ʅʝʦʪʦʢʠʪ ʠʟ ʂʨʝʤʠʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ɹʦʣʛʘʨʠʠ ï ʛʠʧʝʨʛʝʥʥʳʡ ʤʠʥʝʨʘʣ, 

ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʩʦʚʤʝʩʪʥʦ ʩ ʛʝʪʠʪʦʤ, ʩʠʜʝʨʠʪʦʤ, ʨʦʜʦʭʨʦʟʠʪʦʤ, ʦʢʩʠʜʘʤʠ ʤʘʨʛʘʥʮʘ. ʆʙʨʘʟʫʝʪ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʚʳʜʝʣʝʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʠʨʠʟʠʨʫʶʱʠʝ ʷʨʢʠʤ ʟʝʣʝʥʳʤ, ʩʠʥʠʤ ʠ ʢʨʘʩʥʳʤ 

ʮʚʝʪʦʤ, ʜʦʩʪʠʛʘʶʱʠʝ 5 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚ ʉʕʄ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 10000 ʨʘʟ 

(ʨʠʩ. 1) ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʚʠʣʴʥʫʶ ʫʧʘʢʦʚʢʫ ʠʟ ʩʬʝʨ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ï ʚʘʢʘʥʩʠʷʤʠ, 

ʟʘʤʝʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚ ʯʝʨʝʜʦʚʘʥʠʠ ʩʣʦʝʚ, ʫʢʣʘʜʢʦʡ ʮʝʧʦʯʝʢ ʩʬʝʨ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ, ʯʝʤ 

ʧʨʝʦʙʣʘʜʘʶʱʠʝ. ʅʘʨʷʜʫ ʩ ʨʝʛʫʣʷʨʥʳʤʠ ʫʧʘʢʦʚʢʘʤʠ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʦʪʦʢʠʪ r ʩ 

ʥʝʧʨʘʚʠʣʴʥʳʤʠ ʭʘʦʪʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʦʢʨʫʛʣʳʤʠ ʬʦʨʤʘʤʠ, ʢʘʢ ʠ ʙʝʩʩʪʨʫʢʪʫʨʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ. 

 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʘ ʙʣʘʛʦʨʦʜʥʦʛʦ 

ʦʧʘʣʦʧʦʜʦʙʥʦʛʦ ʥʝʦʪʦʢʠʪʘ 

 
ʈʠʩ. 2. ʎʝʧʦʯʝʯʥʳʝ ʠ ʩʣʦʠʩʪʳʝ 

ʩʪʨʫʢʪʫʨʳ ʛʝʪʠʪʘ 

 

ɻʝʪʠʪ, ʂʨʝʤʠʢʦʚʩʢʦʝ ʤ-ʝ. ɻʣʦʙʫʣʷʨʥʳʝ ʬʦʨʤʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʦʣʦʩʪʷʭ ʧʦʯʢʦʚʠʜʥʳʭ 

ʘʛʨʝʛʘʪʦʚ ʛʝʪʠʪʘ, ʣʝʧʠʜʦʢʨʦʢʠʪʘ ʠ ʛʝʤʘʪʠʪʘ, ʢʘʢ ʠ ʚ ʚʠʜʝ ʦʩʪʦʚʦʚ ʧʩʝʚʜʦʩʪʘʣʘʢʪʠʪʦʚ 

ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɻʣʦʙʫʣʳ ʬʦʨʤʠʨʫʶʪ ʮʝʧʦʯʢʠ, ʣʝʥʪʳ, ʩʪʝʨʞʥʠ ʠʟ ʩʨʦʩʰʠʭʩʷ ʣʝʥʪ, 

ʘʞʫʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʮʝʧʦʯʝʢ, ʧʣʦʩʢʠʝ ʩʣʦʠʩʪʳʝ ʘʛʨʝʛʘʪʳ (ʨʠʩ. 2). ʈʦʩʪ ʛʣʦʙʫʣ 

ʧʨʦʜʦʣʞʘʣʩʷ ʧʦʩʣʝ ʠʭ ʘʛʨʝʛʘʮʠʠ, ʠ ʬʦʨʤʘ ʛʣʦʙʫʣʳ ʩʪʘʥʦʚʠʪʩʷ ʧʣʦʩʢʦʡ, ʜʠʩʢʦʚʠʜʥʦʡ. ɼʣʷ 

ʧʣʦʩʢʠʭ ʬʦʨʤ ʘʛʨʝʛʘʮʠʠ ʛʣʦʙʫʣ ʭʘʨʘʢʪʝʨʥʘ ʨʘʟʣʠʯʥʘʷ ʚʝʣʠʯʠʥʘ ʩʨʦʩʰʠʭʩʷ ʩʬʝʨ. 
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ʄʥʦʛʦʢʨʘʪʥʦʝ ʟʘʨʦʞʜʝʥʠʝ ʛʣʦʙʫʣ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʘʟʣʠʯʥʳʡ ʜʠʘʤʝʪʨ ʩʬʝʨ ʚ ʨʘʟʥʳʭ 

ʩʪʨʫʢʪʫʨʘʭ. ɻʣʦʙʫʣʳ ʠʤʝʶʪ ʚʦʣʦʢʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʷʩʥʦ ʚʠʜʠʤʫʶ ʥʘ ʩʢʦʣʘʭ. 

ɻʝʤʘʪʠʪ, ʂʨʝʤʠʢʦʚʩʢʦʝ ʤ-ʝ. ʅʘʙʣʶʜʘʶʪʩʷ ʨʝʛʫʣʷʨʥʳʝ ʛʣʦʙʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʜʚʫʭ 

ʪʠʧʦʚ: ʮʝʧʦʯʢʠ, ʣʝʥʪʳ, ʩʣʦʠ ʠʟ ʤʘʢʨʦʛʣʦʙʫʣ, ʥʘʨʘʩʪʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʯʢʦʚʠʜʥʳʭ 

ʘʛʨʝʛʘʪʦʚ ʛʝʤʘʪʠʪʘ, ʘʥʘʣʦʛʠʯʥʳʝ ʦʪʤʝʯʝʥʥʳʤ ʬʦʨʤʘʤ ʛʝʪʠʪʘ, ʠ ʢʨʫʧʥʳʝ ʬʦʪʦʥʥʳʝ 

ʩʬʝʨʦʢʨʠʩʪʘʣʣʳ, ʩʣʘʛʘʶʱʠʝ ʧʦʯʢʦʚʠʜʥʳʝ ʙʣʝʩʪʷʱʠʝ ʢʦʨʢʠ. ɺʠʟʫʘʣʴʥʦ ʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚ 

ʙʠʥʦʢʫʣʷʨʥʫʶ ʣʫʧʫ ʩʬʝʨʦʢʨʠʩʪʘʣʣʳ ʦʙʥʘʨʫʞʠʚʘʶʪ ʨʘʜʠʘʣʴʥʦ-ʚʦʣʦʢʥʠʩʪʦʝ ʩʪʨʦʝʥʠʝ. ʇʨʠ 

ʠʟʫʯʝʥʠʠ ʚ ʉʕʄ ʚʦʣʦʢʥʘ ʧʦʢʘʟʳʚʘʶʪ ʛʣʦʙʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʪʦʣʱʠʥʘ ʚʦʣʦʢʦʥ 

ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʩʨʦʩʰʠʤʠʩʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʚʦʣʦʢʥʘʤʠ (ʨʠʩ. 3). ɺ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʛʣʦʙʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʝʢ ʠ ʠʭ ʧʦʩʣʦʡʥʳʡ ʨʦʩʪ (ʨʠʩ. 4). 

 

 
ʈʠʩ. 3. ɻʣʦʙʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʚʦʣʦʢʦʥ 

ʧʦʯʝʢ ʛʝʤʘʪʠʪʘ 

 
ʈʠʩ. 4. ɻʣʦʙʫʣʷʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʘʨʘʩʪʘʥʠʷ ʧʦʯʢʠ ʛʝʤʘʪʠʪʘ 

 

ɺ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʦʙʨʘʟʮʘʭ ʛʝʤʘʪʠʪʘ ʥʘʨʷʜʫ ʩ ʬʦʪʦʥʥʳʤʠ ʩʬʝʨʦʢʨʠʩʪʘʣʣʘʤʠ ʚʩʪʨʝʯʘʶʪʩʷ 

ʝʱʝ ʜʚʘ ʪʠʧʘ ʩʬʝʨʦʢʨʠʩʪʘʣʣʦʚ ʛʝʤʘʪʠʪʘ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ ʨʘʩʱʝʧʣʝʥʠʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ 

ʟʘʨʦʜʳʰʘ. ʌʦʪʦʥʥʳʝ ʩʬʝʨʦʢʨʠʩʪʘʣʣʳ ï ʨʦʩʪʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʩʣʦʡʥʳʤ 

ʨʦʩʪʦʤ ʥʘʥʦʯʘʩʪʠʮ ʛʝʤʘʪʠʪʘ. ɺ ʪʦʣʩʪʳʭ ʢʦʨʢʘʭ ʠʟ ʧʝʨʝʩʣʘʠʚʘʶʱʠʭʩʷ ʩʣʦʝʚ ʧʦʯʢʦʚʠʜʥʦʛʦ 

ʛʝʪʠʪʘ ʠ ʛʝʤʘʪʠʪʘ ʥʘʙʣʶʜʘʶʪʩʷ ʟʦʥʳ ʩʦʚʤʝʩʪʥʦʛʦ ʨʦʩʪʘ ʩʬʝʨʦʢʨʠʩʪʘʣʣʦʚ ʛʝʪʠʪʘ ʠ ʛʝʤʘʪʠʪʘ ʩ 

ʢʦʥʠʯʝʩʢʠʤʠ ʬʦʨʤʘʤʠ, ʘʥʘʣʦʛʠʯʥʳʤʠ ʬʦʨʤʘʤ, ʦʧʠʩʘʥʥʳʤ ʜʣʷ ʫʨʘʥʠʥʠʪʘ ʠ ʭʘʣʮʝʜʦʥʘ. 

ʄʦʣʦʯʥʳʡ ʦʧʘʣ, ʤ-ʝ ɿʚʝʟʜʝʣ, ɺʦʩʪ. ʈʦʜʦʧʳ. ɸʛʘʪʦʚʳʝ ʤʠʥʜʘʣʠʥʳ ʯʘʩʪʦ ʦʙʥʘʨʫʞʠʚʘʶʪ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʙʝʣʳʝ ʟʦʥʳ ʠʟ ʤʦʨʜʝʥʠʪʘ, ʦʧʘʣʘ ʠ ʭʘʣʮʝʜʦʥʘ. ʆʧʘʣ ʠ ʭʘʣʮʝʜʦʥ 

ʤʘʢʨʦʛʣʦʙʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ï ʭʘʣʮʝʜʦʥ-ʩʬʝʨʦʣʠʪʳ; ʦʧʘʣ ï ʛʣʦʙʫʣʷʨʥʳʡ ʠ ʩʬʝʨʦʣʠʪʦʚʳʡ. 

ɻʣʦʙʫʣʷʨʥʳʡ ʦʧʘʣ ʠʤʝʝʪ ʠʝʨʘʨʭʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ (ʨʠʩ. 5). 

 

 
ʈʠʩ. 5. ɻʣʦʙʫʣʷʨʥʳʡ ʦʧʘʣ ʩ ʤʦʨʜʝʥʠʪʦʤ 

 
ʈʠʩ. 6. ʇʣʦʩʢʠʡ ʦʢʨʫʛʣʳʡ ʘʛʨʝʛʘʪ 

ʛʠʘʣʠʪʘ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 
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ɻʠʘʣʠʪ. ʊʦʥʢʠʝ ʦʩʪʨʦʚʢʦʚʳʝ ʧʣʝʥʢʠ ʛʠʘʣʠʪʘ ʨʘʟʤʝʨʦʤ 30ʭ20ʭ2 ʤʤ, ʦʙʨʘʟʦʚʘʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʚʦʜʘʤʠ, ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʢʦʣʘ ʤʠʥʜʘʣʠʥ ʘʛʘʪʦʚ 

ʤ-ʷ ɿʚʝʟʜʝʣ. ʀʟʫʯʝʥʠʝ ʧʣʘʪʠʥʦ-ʫʛʣʝʨʦʜʥʳʭ ʨʝʧʣʠʢ ʚ ʊʕʄ ʧʦʢʘʟʘʣʦ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 

ʛʠʘʣʠʪʘ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʣʝʜʫʶʱʠʭ ʪʨʝʭ ʫʨʦʚʥʝʡ (ʨʠʩ. 6): 

- ʥʘʥʦʛʣʦʙʫʣʳ ʜʠʘʤʝʪʨʦʤ 20-50 ʥʤ; 

- ʩʬʝʨʳ ʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʜʠʘʤʝʪʨʦʤ 100-200 ʥʤ ʚʪʦʨʦʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʥʘʥʦʛʣʦʙʫʣ; 

- ʦʢʨʫʛʣʳʝ ʧʣʦʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʜʠʘʤʝʪʨʦʤ 1.5-3.0 ʤʢʤ, ʩʦʩʪʘʚʣʝʥʥʳʝ ʠʟ 

ʩʬʝʨ ʚʪʦʨʦʛʦ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ. ʇʨʠ ʘʛʨʝʛʠʨʦʚʘʥʠʠ ʛʠʘʣʠʪʘ ʦʪʜʝʣʴʥʳʝ ʫʨʦʚʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʦʧʫʱʝʥʳ. 

ɺʦʟʤʦʞʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʦʙʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʙʫʜʫʱʝʤ ʩʚʷʟʘʥʳ ʩ ʚʳʷʩʥʝʥʠʝʤ 

ʧʨʠʨʦʜʳ ʛʣʦʙʫʣ, ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʥʠʤʠ ʧʨʠ ʘʛʨʝʛʘʮʠʠ, ʩʦʦʪʥʦʰʝʥʠʷ ʩ ʜʨʫʛʠʤʠ 

ʬʦʨʤʘʤʠ ʥʘʭʦʞʜʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʤʝʩʪʘ ʚ ʦʙʱʝʤ ʧʨʦʮʝʩʩʝ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʠʭ ʩʠʥʪʝʟʦʤ. ɺʝʨʦʷʪʥʦ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʦʢʘʞʫʪʩʷ ʬʦʪʦʥʥʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ. 

ʉʘʤʦʦʨʛʘʥʠʟʦʚʘʥʥʳʝ ʛʣʦʙʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʤʠʥʝʨʘʣʦʚ ʥʘʨʷʜʫ ʩ ʬʠʙʨʠʣʣʷʨʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʠʨʦʜʝ, ʯʝʤ ʢʘʞʝʪʩʷ. ɹʦʛʘʪʘʷ çʞʘʪʚʘè ʥʦʚʳʭ ʧʨʠʤʝʨʦʚ 

ʤʦʞʝʪ ʦʞʠʜʘʪʴʩʷ ʧʨʠ ʨʝʚʠʟʠʠ ʢʦʣʣʦʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺʳʷʩʥʝʥʠʝ ʠʭ ʦʥʪʦʛʝʥʝʟʘ ʙʫʜʝʪ ʚʝʩʦʤʳʤ ʚʢʣʘʜʦʤ ʤʠʥʝʨʘʣʦʛʦʚ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʠ 

ʧʨʠʢʣʘʜʥʫʶ ʥʘʫʢʫ. 
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ɹʦʣʴʰʠʥʩʪʚʦ ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʦʥʘʣʴʥʦʛʦ ʪʠʧʘ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʈʦʩʩʠʠ 

(ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, ʋʨʘʣʝ ʠ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ). ʀʭ ʭʘʨʘʢʪʝʨʥʳʡ ʧʨʠʟʥʘʢ ï ʜʫʥʠʪʦʚʳʝ 

çʷʜʨʘè ʩ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚʳʤʠ ʦʪʦʨʦʯʢʘʤʠ. ʉ ʟʦʥʘʣʴʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʘʩʩʦʮʠʠʨʫʶʪ 

ʨʘʟʣʠʯʥʳʝ ʧʦ ʤʘʩʰʪʘʙʫ ʨʦʩʩʳʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʣʘʪʠʥʦʠʜʦʚ, ʚ ʢʦʪʦʨʳʭ ʞʝʣʝʟʦ-

ʧʣʘʪʠʥʦʚʳʝ ʩʧʣʘʚʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʤʠʥʠʨʫʶʪ ʥʘʜ ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ 

(ʄʇɻ). ɺ ʥʘʰʝʤ ʩʦʦʙʱʝʥʠʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʛʝʦʭʠʤʠʠ ʠ 

ʤʠʥʝʨʘʣʦʛʠʠ ʧʣʘʪʠʥʦʠʜʦʚ ʭʨʦʤʠʪʠʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʂʦʥʜʝʨʩʢʦʛʦ, ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ, 

ʉʚʝʪʣʦʙʦʨʩʢʦʛʦ ʠ ɻʫʣʠʥʩʢʦʛʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪ-ʜʫʥʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ 

ʫʥʠʢʘʣʴʥʳʝ ʨʦʩʩʳʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʣʘʪʠʥʦʠʜʦʚ (ɿʦʣʦʝʚ ʠ ʜʨ., 1999; ʄʘʣʠʯ, 1999; 

ʈʦʩʩʳʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʈʦʩʩʠʠé, 1987 ʠ ʜʨ.).  

ɼʣʷ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʨʦʤʠʪʠʪʦʚ ʠ ʧʣʘʪʠʥʦʠʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ, ʚʢʣʶʯʘʶʱʠʝ ʩʢʘʥʠʨʫʶʱʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ, 

ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʠʟʦʪʦʧʥʦʝ ʨʘʟʙʘʚʣʝʥʠʝ ʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʶ ʩ ʠʦʥʠʟʘʮʠʝʡ ʚ 

ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʝ (ID ICP-MS) ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʭʨʦʤʠʪʠʪʦʚ ʧʨʠ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ. 

ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʘʢʮʝʩʩʦʨʥʳʭ ʄʇɻ ʠʟ ʭʨʦʤʠʪʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʩʦʙʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪ (ppm-ʤʠʥʝʨʘʣʦʛʠʷ), ʠʤʝʶʱʘʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ 

ʦʙʣʘʜʘʶʱʘʷ ʚʳʩʦʢʦʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. 

ʍʨʦʤʠʪʠʪʳ ʂʦʥʜʝʨʩʢʦʛʦ ʠ ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ʦʙʣʘʜʘʶʪ ʫʤʝʨʝʥʥʳʤʠ ʠ 

ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʧʣʘʪʠʥʦʠʜʦʚ (~0.5 ʠ 1.5-2.7 ʛ/ʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʍʨʦʤʠʪʠʪʳ 

ʉʚʝʪʣʦʙʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ 

ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (ʕʇɻ), ʢʦʪʦʨʳʝ ʚʘʨʴʠʨʫʶʪ ʦʪ 2.5-5 ʛ/ʪ ʜʦ 10-40 ʛ/ʪ. ʀʨʠʜʠʝʚʦ-

ʧʣʘʪʠʥʦʚʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʭʨʦʤʠʪʠʪʦʚ ʠʟʫʯʝʥʥʳʭ ʤʘʩʩʠʚʦʚ ʦʙʨʘʟʫʝʪ ʭʘʨʘʢʪʝʨʥʳʡ çʄ-

ʦʙʨʘʟʥʳʡè ʪʠʧ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʦʥʜʨʠʪ-ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʕʇɻ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʭʨʦʤʠʪʠʪʦʚ ɻʫʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʪʫʛʦʧʣʘʚʢʠʭ ʕʇɻ (Os, 

Ir ʠ Ru) ʥʘʜ ʣʝʛʢʦʧʣʘʚʢʠʤʠ ʧʣʘʪʠʥʦʠʜʘʤʠ (Rh, Pt ʠ Pd). ʇʦʜʦʙʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʣʘʪʠʥʦʠʜʦʚ ʙʣʠʟʦʢ ʪʘʢʦʚʦʤʫ ʧʦʜʠʬʦʨʤʥʳʭ ʭʨʦʤʠʪʠʪʦʚ ʠʟ ʤʘʥʪʠʡʥʳʭ ʨʘʟʨʝʟʦʚ ʜʫʥʠʪ-

ʛʘʨʮʙʫʨʛʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ. ʅʘʯʘʣʴʥʳʡ Os-ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʭʨʦʤʠʪʠʪʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ (
187

Os/
188

Os=0.1217-0.1257).  

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʄʇɻ ʭʨʦʤʠʪʠʪʦʚ ʂʦʥʜʝʨʩʢʦʛʦ, ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ ʠ 

ʉʚʝʪʣʦʙʦʨʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ʦʙʨʘʟʦʚʘʥʳ ʞʝʣʝʟʦ-ʧʣʘʪʠʥʦʚʳʤʠ ʩʧʣʘʚʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʣʘʜʘʶʪ 

ʥʘʜ ʜʨʫʛʠʤʠ ʄʇɻ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ Pt-Fe ʩʧʣʘʚʦʚ ʂʦʥʜʝʨʩʢʦʛʦ ʠ ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ 

ʤʘʩʩʠʚʦʚ ʙʣʠʟʦʢ ʢ ʩʪʝʭʠʦʤʝʪʨʠʠ Pt2Fe (ʛʜʝ Pt = ʩʫʤʤʝ ʘʪ.% ʕʇɻ; Fe = ʩʫʤʤʝ ʘʪ.% ʞʝʣʝʟʘ, 

ʤʝʜʠ ʠ ʥʠʢʝʣʷ), ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦ ʥʦʤʝʥʢʣʘʪʫʨʝ ʃ. ʂʘʙʨʠ ʠ ʂ. ʌʝʟʝʨʘ (Cabri, Feather, 

1975) ʪʝʪʨʘʬʝʨʨʦʧʣʘʪʠʥʝ (PtFe) ʠʣʠ ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ ʯʣʝʥʫ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʨʷʜʘ 

ʪʝʪʨʘʬʝʨʨʦʧʣʘʪʠʥʘ (PtFe) ï ʪʫʣʘʤʠʥʠʪ (PtFe0.5Cu0.5). ʄʠʥʝʨʘʣ ʩʦ ʩʪʝʭʠʦʤʝʪʨʠʝʡ Pt2Fe ʥʝ 

ʠʟʚʝʩʪʝʥ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ PtïFe. ʆʜʥʘʢʦ ʧʨʠʨʦʜʥʳʝ Pt-Fe ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʩ 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʙʣʠʟʢʠʤ ʢ Pt2Fe, ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʟʦʥʘʣʴʥʳʭ ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʦʬʠʦʣʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʫʣʴʪʨʘʤʘʬʠʪ-ʤʘʬʠʪʦʚʳʭ 

ʠʥʪʨʫʟʠʚʦʚ (ʉʣʫʞʝʥʠʢʠʥ, 2000; Cabri et al., 1996; Malitch, Thalhammer, 2002 ʠ ʜʨ.). 
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ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ Pt-Fe ʩʧʣʘʚʦʚ ʉʚʝʪʣʦʙʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʙʣʠʟʦʢ ʢ ʩʪʝʭʠʦʤʝʪʨʠʠ Pt3Fe, ʘ 

ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʫʣʘʤʠʥʠʪʫ (PtFe0.5Cu0.5) ʠʣʠ ʪʝʪʨʘʬʝʨʨʦʧʣʘʪʠʥʝ (PtFe). ʉʨʝʜʠ ʄʇɻ 

ʭʨʦʤʠʪʠʪʦʚ ɻʫʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʜʦʤʠʥʠʨʫʶʪ ʤʠʥʝʨʘʣʳ ʪʫʛʦʧʣʘʚʢʠʭ ʧʣʘʪʠʥʦʠʜʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ Ir-ʩʦʜʝʨʞʘʱʠʤ ʦʩʤʠʝʤ ʠ ʣʘʫʨʠʪʦʤ.  

ʅʘʣʠʯʠʝ ʚʢʣʶʯʝʥʠʡ Os-Ir ʩʧʣʘʚʦʚ ʚ Pt-Fe ʤʠʥʝʨʘʣʘʭ ʂʦʥʜʝʨʩʢʦʛʦ, ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ 

ʠ ʉʚʝʪʣʦʙʦʨʩʢʦʛʦ ʤʘʩʩʠʚʦʚ, ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ ʨʘʚʥʦʚʝʩʠʷ Os-ʩʦʜʝʨʞʘʱʠʭ ʩʧʣʘʚʦʚ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ OsïIr (Massalski, 1993), ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʫʣʴʪʨʘʤʘʬʠʪʘʭ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʧʣʘʪʠʥʦʠʜʦʚ ʉʚʝʪʣʦʙʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʩʫʣʴʬʠʜʦʚ ʨʷʜʘ ʣʘʫʨʠʪ-ʵʨʣʠʢʤʘʥʠʪ (RuS2-OsS2), ʢʘʰʠʥʠʪ-

ʙʦʫʠʪ (Ir2S3-Rh2S3) ʠ Ir-Rh ʪʠʦʰʧʠʥʝʣʝʡ ʨʷʜʘ ʢʫʧʨʦʠʨʠʜʩʠʪ (CuIr2S4) ï ʢʫʧʨʦʨʦʜʩʠʪ 

(CuRh2S4), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʝʨʳ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʪʠʥʦʠʜʥʦʛʦ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʧʣʘʪʠʥʦʠʜʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʷʚʣʝʥʥʳʤ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʕʇɻ ʭʨʦʤʠʪʠʪʦʚ. ɺ ʭʨʦʤʠʪʠʪʘʭ ʂʦʥʜʝʨʩʢʦʛʦ, 

ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ ʠ ʉʚʝʪʣʦʙʦʨʩʢʦʛʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪ-ʜʫʥʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʧʨʝʦʙʣʘʜʘʶʪ Pt-

Fe ʩʧʣʘʚʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʶʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʞʝʣʝʟʠʩʪʘʷ ʧʣʘʪʠʥʘ ʠ 

ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʘ. ʅʘʣʦʞʝʥʥʳʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʘʨʘʛʝʥʝʟʠʩ ʄʇɻ ʭʨʦʤʠʪʠʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʪʚʝʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʨʷʜʘ ʪʝʪʨʘʬʝʨʨʦʧʣʘʪʠʥʘ ï ʪʫʣʘʤʠʥʠʪ. ɼʣʷ ʭʨʦʤʠʪʠʪʦʚ 

ɻʫʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ Os-Ir ʩʧʣʘʚʦʚ ʠ ʣʘʫʨʠʪʘ ʥʘʜ ʜʨʫʛʠʤʠ ʄʇɻ. 

ʇʦʥʠʞʝʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʥʜʨʠʪʦʚʦʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ (CHUR=0.12863 ° 0.00046, 

Chen et al., 1998) ʟʥʘʯʝʥʠʷ 
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Os ʭʨʦʤʠʪʠʪʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʫʙʭʦʥʜʨʠʪʦʚʳʡ ʠʩʪʦʯʥʠʢ 

ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 16-05-00967-ʘ). 
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ɺ ʘʨʭʠʚʝ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʭʨʘʥʷʪʩʷ ʧʠʩʴʤʘ ʫʯʝʥʠʮʳ ɸ.ɽ. ʌʝʨʩʤʘʥʘ ï ʃ.ʇ. 

ʇʨʦʭʦʨʦʚʦʡ. ʇʠʩʴʤʘ ʦ ʤʠʥʝʨʘʣʘʭ, ʧʫʪʝʰʝʩʪʚʠʷʭ ʠ ʦ ʞʠʟʥʠ. ɸ ʤʠʥʝʨʘʣʳ ʠʟ ʝʝ ʢʦʣʣʝʢʮʠʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʤʫʟʝʝ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ. ʃ.ʇ. 

ʇʨʦʭʦʨʦʚʘ (ʫʨ. ʋʰʢʦʚʘ) (1882-ʧʦʩʣʝ 1927) ʙʳʣʘ ʜʦʯʝʨʴʶ ʢʨʫʧʥʦʛʦ ʬʘʙʨʠʢʘʥʪʘ ʇ.ʂ. ʋʰʢʦʚʘ 

ï ʧʠʦʥʝʨʘ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ  ʈʦʩʩʠʠ. ɿʘʚʦʜʳ ʋʰʢʦʚʳʭ ʥʘ ʨ. ʂʘʤʝ ʙʳʣʠ 

ʫʩʪʨʦʝʥʳ ʧʦ ʧʦʩʣʝʜʥʝʤʫ ʩʣʦʚʫ ʪʝʭʥʠʢʠ: ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʦʚʳʝ ʤʘʰʠʥʳ, 

ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘʭ. ʇ.ʂ. ʋʰʢʦʚ ʚʣʘʜʝʣ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʠʤʠ ʨʫʜʥʠʢʘʤʠ ʥʘ ʋʨʘʣʝ 

(ʉʝʨʘʬʠʤʦʚʩʢʠʤ, ʂʦʣʪʳʙʘʝʚʩʢʠʤ ʠ ʜʨ.). ɿʥʘʢʦʤʩʪʚʦ ʃʠʜʠʠ ʩ ʢʘʤʥʝʤ ʧʨʦʠʟʦʰʣʦ ʝʱʝ ʚ 

ʜʝʪʩʢʦʤ ʚʦʟʨʘʩʪʝ: ʦʪʝʮ ʧʨʠʚʦʟʠʣ ʝʡ çʮʚʝʪʥʳʝ ʢʘʤʫʰʢʠè ʠʟ ʩʚʦʠʭ ʧʦʝʟʜʦʢ ʧʦ ʋʨʘʣʫ. ɺ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ɽʣʘʙʫʛʠ ʙʳʣʠ ʩʦʙʨʘʥʳ ʧʝʨʚʳʝ ʦʙʨʘʟʮʳ ʝʝ ʢʦʣʣʝʢʮʠʠ.  

ɺ ʢʦʥʮʝ XIX  ʚ. ʋʰʢʦʚʳ ʧʝʨʝʝʭʘʣʠ ʚ ʄʦʩʢʚʫ. ɺ 1902 ʛ. ʃ.ʇ. ʋʰʢʦʚʘ ʙʳʣʘ ʚʳʜʘʥʘ 

ʟʘʤʫʞ  ʟʘ ʩʳʥʘ ʪʝʢʩʪʠʣʴʥʦʛʦ ʤʘʛʥʘʪʘ ʅ.ʂ. ʇʨʦʭʦʨʦʚʘ, ʢʦʪʦʨʳʡ ʧʨʠʥʘʜʣʝʞʘʣ ʢ ʦʜʥʦʡ ʠʟ 

ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʤʦʩʢʦʚʩʢʠʭ ʢʫʧʝʯʝʩʢʠʭ ʜʠʥʘʩʪʠʡ ï ʦʩʥʦʚʘʪʝʣʝʡ ʊʨʝʭʛʦʨʥʦʡ ʤʘʥʫʬʘʢʪʫʨʳ. 

ʃ.ʇ. ʋʰʢʦʚʘ ʧʦʩʚʷʪʠʣʘ ʩʝʙʷ ʩʝʤʴʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʘʭʦʜʠʣʘ ʚʨʝʤʷ ʜʣʷ ʩʚʦʝʛʦ ʫʚʣʝʯʝʥʠʷ. 

ʇʫʪʝʰʝʩʪʚʫʷ ʧʦ ɽʚʨʦʧʝ, ʦʥʘ ʧʦʩʝʪʠʣʘ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ: ɺʝʟʫʚʠʡ, ɸʡʬʝʣʴ, ʌʨʘʡʙʝʨʛ. ʇʦʢʫʧʢʘ ʤʠʥʝʨʘʣʦʚ ʙʳʣʘ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ 

ʩʧʦʩʦʙʦʚ ʧʦʧʦʣʥʝʥʠʷ ʢʦʣʣʝʢʮʠʠ. ʃ.ʇ. ʇʨʦʭʦʨʦʚʘ ʩʦʩʪʦʷʣʘ ʚ ʋʨʘʣʴʩʢʦʤ ʦʙʱʝʩʪʚʝ ʣʶʙʠʪʝʣʝʡ 

ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ. ɹʳʚʘʷ ʥʘ ʋʨʘʣʝ, ʦʥʘ ʧʦʩʝʪʠʣʘ ʤʥʦʛʠʝ ʟʥʘʯʠʤʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ 

ʀʣʴʤʝʥʘʭ, ʦʪʢʫʜʘ ʃ.ʇ. ʇʨʦʭʦʨʦʚʘ ʧʨʠʚʝʟʣʘ ʦʙʨʘʟʮʳ ʥʝʬʝʣʠʥʘ çʨʘʟʚʝʜʢʠ ɸʣʝʢʩʘʪʘ ʇ.ʂ.è, 

ʦʥʘ ʧʦʟʥʘʢʦʤʠʣʘʩʴ ʩ ʫʯʝʥʠʢʘʤʠ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ: ʇ.ʂ. ɸʣʝʢʩʘʪʦʤ, ɺ.ʀ. ʂʨʳʞʘʥʦʚʩʢʠʤ ʠ 

ʫʨʘʣʴʩʢʠʤ çʛʦʨʱʠʢʦʤè ɻ.ɸ. ʂʠʪʘʝʚʳʤ, ʫ ʢʦʪʦʨʦʛʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʯʘʩʪʦ ʧʦʢʫʧʘʣʘ 

ʢʦʣʣʝʢʮʠʦʥʥʳʝ ʦʙʨʘʟʮʳ. ɺ ʄʦʩʢʚʝ ʃ.ʇ. ʇʨʦʭʦʨʦʚʘ ʧʦʩʝʱʘʣʘ ʣʝʢʮʠʠ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ 

ʦʪʜʝʣʝʥʠʠ ʅʘʨʦʜʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɸ.ʃ. ʐʘʥʷʚʩʢʦʛʦ. ʃʝʢʮʠʠ ʤʦʣʦʜʦʛʦ ʧʨʦʬʝʩʩʦʨʘ ɸ.ɽ. 

ʌʝʨʩʤʘʥʘ ʧʦʣʴʟʦʚʘʣʠʩʴ ʙʦʣʴʰʠʤ ʫʩʧʝʭʦʤ ʫ ʩʣʫʰʘʪʝʣʝʡ. ɺ 1914 ʛ. ɸ.ɽ. ʌʝʨʩʤʘʥ 

ʦʟʥʘʢʦʤʠʣʩʷ ʩ ʢʦʣʣʝʢʮʠʝʡ ʃ.ʇ. ʇʨʦʭʦʨʦʚʦʡ. ʉ ʵʪʠʭ ʧʦʨ ʦʥ ʩʪʘʣ ʝʝ ʙʝʩʩʤʝʥʥʳʤ 

ʢʦʥʩʫʣʴʪʘʥʪʦʤ ʧʦ ʧʣʘʥʠʨʦʚʘʥʠʶ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʵʢʩʢʫʨʩʠʡ. ʃ.ʇ. ʇʨʦʭʦʨʦʚʘ ʙʨʘʣʘ 

ʯʘʩʪʥʳʝ ʫʨʦʢʠ ʤʠʥʝʨʘʣʦʛʠʠ ʫ ɹ.ʇ. ʂʨʦʪʦʚʘ (1882-1974) ʧʦ ʥʦʚʳʤ ʤʝʪʦʜʘʤ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  ɼʨʫʛʠʤ ʝʝ ʨʝʧʝʪʠʪʦʨʦʤ ʙʳʣ ʅ.ʄ. ʌʝʜʦʨʦʚʩʢʠʡ.  

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʣʣʝʢʮʠʠ ʩʦʙʨʘʥʘ ʣʠʯʥʦ ʃ.ʇ. ʇʨʦʭʦʨʦʚʦʡ. ʂʘʞʜʳʡ ʛʦʜ ʦʥʘ 

ʩʦʚʝʨʰʘʣʘ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʵʢʩʢʫʨʩʠʠ, ʩʘʤʦʡ ʵʢʟʦʪʠʯʝʩʢʦʡ ʙʳʣʘ ʧʦʝʟʜʢʘ ʚ ʗʧʦʥʠʶ ʚʝʩʥʦʡ 

1916 ʛ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʫʪʝʰʝʩʪʚʠʷ ʩʪʘʣʦ ʧʦʧʦʣʥʝʥʠʝ ʢʦʣʣʝʢʮʠʠ ʙʦʣʝʝ 150 ʦʙʨʘʟʮʘʤʠ  ʠʟ 80 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʗʧʦʥʠʠ. ɸ.ɽ. ʌʝʨʩʤʘʥ ʜʘʣ ʃ.ʇ. ʇʨʦʭʦʨʦʚʦʡ ʨʝʢʦʤʝʥʜʘʪʝʣʴʥʦʝ ʧʠʩʴʤʦ ʢ 

ʧʨʦʬʝʩʩʦʨʫ ɼʮʠʤʙʦ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʘ ʊʦʢʠʦ. çʄʥʦʛʦʫʚʘʞʘʝʤʳʡ ɸʣʝʢʩʘʥʜʨ ɽʚʛʝʥʴʝʚʠʯ! ʅʘ 

ʜʥʷʭ ʚʝʨʥʫʣʘʩʴ ʠʟ ʗʧʦʥʠʠ, ʠʟ ʢʨʘʩʠʚʦʡ, ʠʥʪʝʨʝʩʥʦʡ ʗʧʦʥʠʠ. ʇʫʪʝʰʝʩʪʚʠʝ ʚʝʣʠʢʦʣʝʧʥʦ, 

ʩʪʨʘʰʥʦ ʠʥʪʝʨʝʩʥʦ. ɹʫʜʫ ʨʘʜʘ  ʩ ʚʘʤʠ ʧʦʚʠʜʘʪʴʩʷ ʠ ʧʦʜʝʣʠʪʴʩʷ ʚʧʝʯʘʪʣʝʥʠʷʤʠ. ɼʮʠʤʙʦ  

ʦʯʘʨʦʚʘʪʝʣʝʥ, ʦʯʝʥʴ ʙʳʣ ʣʶʙʝʟʝʥ ʭʦʜʠʣ ʩʦ ʤʥʦʡ ʥʘ ʦʜʥʫ  ʵʢʩʢʫʨʩʠʶ ʥʘ ʧʝʛʤʘʪʠʪʦʚʫʶ 

ʞʠʣʫéʋʞʘʩʥʦ ʭʦʯʝʪʩʷ ʚʘʩ ʚʠʜʝʪʴ ʠ ʧʦʢʘʟʘʪʴ ʚʘʤ ʩʚʦʠ ʧʦʢʫʧʢʠ. ʉʝʛʦʜʥʷ ʫʩʪʨʘʠʚʘʶ 

ʚʳʩʪʘʚʢʫ ʜʣʷ ʩʚʦʠʭ ʟʥʘʢʦʤʳʭ ʚʩʝʭ ʚʝʱʝʡ, ʧʨʠʚʝʟʝʥʥʳʭ ʠʟ ʗʧʦʥʠʠ, ʢʦʥʝʯʥʦ, ʢʨʘʩʫʶʪʩʷ ʠ ʚʩʝ 

ʷʧʦʥʩʢʠʝ ʤʠʥʝʨʘʣʳ. ɽʩʣʠ ʙʫʜʝʪʝ ʚ ʄʦʩʢʚʝ ʠ ʥʝ ʟʘʡʜʝʪʝ ʢʦ ʤʥʝ, ʦʯʝʥʴ ʦʙʠʜʠʪʝ ʤʝʥʷ.  30 ʦʢʪ. 

1916 ʛ.è (ʇʠʩʴʤʘ ʇʨʦʭʦʨʦʚʦʡ, 1915-1927). 

ʂʦʣʣʝʢʮʠʷ ʃ.ʇ. ʇʨʦʭʦʨʦʚʦʡ ʙʳʣʘ ʠʟʚʝʩʪʥʘ ʢʘʢ ʩʨʝʜʠ ʤʠʥʝʨʘʣʦʛʦʚ, ʪʘʢ ʠ ʣʶʙʠʪʝʣʝʡ 

ʢʘʤʥʷ. ʉʨʝʜʠ ʧʦʩʝʪʠʪʝʣʝʡ ʜʦʤʘʰʥʝʛʦ ʤʫʟʝʷ ʙʳʣʠ ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ, ʅ.ʄ. ʌʝʜʦʨʦʚʩʢʠʡ. 

ʋʧʦʤʠʥʘʥʠʷ ʦ ʢʦʣʣʝʢʮʠʠ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʤʦʥʦʛʨʘʬʠʠ ɸ.ɽ. ʌʝʨʩʤʘʥʘ çɼʨʘʛʦʮʝʥʥʳʝ 

ʢʘʤʥʠ ʉʉʉʈè: çʃʫʯʰʠʝ ʛʨʘʥʝʥʳʝ ʢʘʤʥʠ ʩʦ ʩʪ. ʇʦʣʜʥʝʚʦʡ ʤʥʝ ʠʟʚʝʩʪʥʳ ʚ ʯʘʩʪʥʦʤ ʩʦʙʨʘʥʠʠ 
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ʃ. ʇʨʦʭʦʨʦʚʦʡ ʚ ʄʦʩʢʚʝè. ʊʘʤ ʞʝ ʫʧʦʤʠʥʘʥʠʝ ʦʙ ʵʚʢʣʘʟʝ ʠʟ ʨʦʩʩʳʧʝʡ ʨ. ʂʘʤʝʥʢʠ: çʵʚʢʣʘʟ 

ʩʠʥʝʚʘʪʦ-ʟʝʣʝʥʳʡ, ʛʫʩʪʦʡ, ʨʘʟʤʝʨʦʤ 1.8 ʭ 1,2 ʭ  0,8 ʩʤè (ʌʝʨʩʤʘʥ, 1962). 

ɺʝʩʥʦʡ  1918 ʛ. ʙʳʣʠ ʥʘʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ ʤʘʥʫʬʘʢʪʫʨʳ ʠ ʚʩʝ ʠʤʫʱʝʩʪʚʦ ʇʨʦʭʦʨʦʚʳʭ, 

ʪʦʛʜʘ ʞʝ ʙʳʣʘ ʵʢʩʧʨʦʧʨʠʠʨʦʚʘʥʘ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʢʦʣʣʝʢʮʠʷ. ɿʘʙʦʪʷʩʴ ʦ ʝʝ ʩʦʭʨʘʥʥʦʩʪʠ, 

ʃ.ʇ. ʇʨʦʭʦʨʦʚʘ ʚʠʜʝʣʘ ʝʝ ʚ ʩʦʩʪʘʚʝ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ, ʦ ʯʝʤ ʥʝ ʨʘʟ 

ʧʠʩʘʣʘ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʤʫ ʠ ɸ.ɽ. ʌʝʨʩʤʘʥʫ.  ɼʦ 1921 ʛ. ʢʦʣʣʝʢʮʠʷ ʭʨʘʥʠʣʘʩʴ ʚ ʉʩʫʜʥʦʡ ʢʘʩʩʝ 

(ɻʦʭʨʘʥʝ), ʘ ʚ 1922 ʛ. ʧʦʩʪʫʧʠʣʘ ʚ ʤʫʟʝʡ ʄʦʩʢʦʚʩʢʦʡ ʛʦʨʥʦʡ ʘʢʘʜʝʤʠʠ ʙʣʘʛʦʜʘʨʷ ʭʣʦʧʦʪʘʤ 

ʅ.ʄ. ʌʝʜʦʨʦʚʩʢʦʛʦ ʠ  ɼ.ʅ. ɸʨʪʝʤʴʝʚʘ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʨʦʧʨʠʘʮʠʠ ʠ ʧʝʨʝʜʘʯʠ ʙʳʣʠ ʠʟʲʷʪʳ 

ʩʘʤʳʝ ʮʝʥʥʳʝ ʦʙʨʘʟʮʳ: ʢʨʠʩʪʘʣʣʳ ʵʚʢʣʘʟʘ ʠʟ ɹʨʘʟʠʣʠʠ ʠ ʀʣʴʤʝʥʩʢʠʭ ʛʦʨ, ʜʨʘʛʦʮʝʥʥʳʝ 

ʢʘʤʥʠ (ʄʠʥʠʥʘ, 2013). 

ʃʝʪʦʤ 1918 ʛ. ʩʝʤʴʷ ʇʨʦʭʦʨʦʚʳʭ ʫʝʭʘʣʘ ʚ ʂʨʳʤ, ʦʥʠ ʧʦʩʝʣʠʣʠʩʴ ʚ ɸʣʫʰʪʝ ʥʘ ʜʘʯʝ 

ʨʦʜʩʪʚʝʥʥʠʢʦʚ ʬʘʙʨʠʢʘʥʪʦʚ ʉʪʘʭʝʝʚʳʭ. ɺ ʷʥʚʘʨʝ 1921 ʛ. ʩʦʪʨʫʜʥʠʢʠ ɺʏʂ ʘʨʝʩʪʦʚʘʣʠ ʠ 

ʨʘʩʩʪʨʝʣʷʣʠ ʤʫʞʘ ʃ.ʇ. ʇʨʦʭʦʨʦʚʦʡ ʠ ʩʪʘʨʰʝʛʦ ʩʳʥʘ ʂʦʥʩʪʘʥʪʠʥʘ, ʢʦʪʦʨʦʤʫ ʝʜʚʘ 

ʠʩʧʦʣʥʠʣʦʩʴ 18 ʣʝʪ. ʃ.ʇ. ʇʨʦʭʦʨʦʚʘ ʫʩʪʨʦʠʣʘʩʴ ʩʝʢʨʝʪʘʨʝʤ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʘʨʭʝʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʧʨʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ʅʘʨʢʦʤʧʨʦʩʘ ʂʨʳʤʘ.  

ɺ 1922 ʛ. ʃ.ʇ. ʇʨʦʭʦʨʦʚʘ ʚʝʨʥʫʣʘʩʴ ʚ ʄʦʩʢʚʫ ʠ ʧʦʩʪʫʧʠʣʘ ʚʥʝʰʪʘʪʥʳʤ ʩʦʪʨʫʜʥʠʢʦʤ 

ʚ ʀʥʩʪʠʪʫʪ çʃʠʪʦʛʝʘè, ʩʦʟʜʘʥʥʦʛʦ ʚ 1910 ʛ. ɺ.ɺ. ɸʨʰʠʥʦʚʳʤ. ʆʥʘ ʧʝʨʝʚʦʜʠʣʘ  ʥʘʫʯʥʫʶ 

ʣʠʪʝʨʘʪʫʨʫ, ʧʠʩʘʣʘ ʦʙʟʦʨʳ ʠ ʩʪʘʪʴʠ, ʧʦ ʧʦʨʫʯʝʥʠʶ ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʚʤʝʩʪʝ ʩ ʝʛʦ ʫʯʝʥʠʢʦʤ 

ɺ.ʀ. ʉʦʙʦʣʝʚʩʢʠʤ (1892-1974) ʨʘʙʦʪʘʣʘ ʥʘʜ ʩʧʨʘʚʦʯʥʠʢʦʤ ʧʦ ʤʠʥʝʨʘʣʦʛʠʠ: çɺ ʣʠʮʝ 

ʉʦʙʦʣʝʚʩʢʦʛʦ ʥʘʰʣʘ ʚʝʣʠʢʦʣʝʧʥʦʛʦ ʧʦʤʦʱʥʠʢʘ. ʀʤʝʥʥʦ ʪʦ, ʯʪʦ ʤʥʝ ʙʳʣʦ ʥʫʞʥʦ. ɽʛʦ 

ʨʘʙʦʪʘ ʩʪʨʘʰʥʦ ʠʥʪʝʨʝʩʫʝʪ, ʠ ʦʥ ʩʦ ʚʩʝʡ ʩʚʦʝʡ ʵʥʝʨʛʠʝʡ ʠ ʞʠʟʥʝʨʘʜʦʩʪʥʦʩʪʴʶ ʧʨʠʥʷʣʩʷ 

ʟʘ ʜʝʣʦè (ʇʠʩʴʤʘ ʇʨʦʭʦʨʦʚʦʡ, 1915-1927). çʃʠʪʦʛʝʘè ʙʳʣ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ ʀʥʩʪʠʪʫʪ 

ʧʨʠʢʣʘʜʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ, ʚʦ ʛʣʘʚʝ ʢʦʪʦʨʦʛʦ ʚʩʪʘʣ ʭʦʨʦʰʦ ʟʥʘʢʦʤʳʡ ʃ.ʇ. ʇʨʦʭʦʨʦʚʦʡ 

ʅ.ʄ. ʌʝʜʦʨʦʚʩʢʠʡ. ɺʝʩʥʦʡ 1925 ʛ. ʦʥʘ ʙʳʣʘ ʫʚʦʣʝʥʘ ʠʟ ʀʥʩʪʠʪʫʪʘ. ʆʩʪʘʚʰʠʩʴ ʙʝʟ ʩʨʝʜʩʪʚ ʢ 

ʩʫʱʝʩʪʚʦʚʘʥʠʶ, ʃ.ʇ. ʇʨʦʭʦʨʦʚʘ ʵʤʠʛʨʠʨʦʚʘʣʘ ʚ ɹʝʨʣʠʥ. ʆʥʘ ʧʨʦʜʦʣʞʘʣʘ ʧʝʨʝʧʠʩʢʫ ʩ 

ɸ.ɽ. ʌʝʨʩʤʘʥʦʤ ʠ ʚʳʧʦʣʥʷʣʘ ʝʛʦ ʨʘʟʦʚʳʝ ʧʦʨʫʯʝʥʠʷ: ʩʦʩʪʘʚʣʷʣʘ ʩʚʦʜʢʠ ʦ ʜʦʙʳʯʝ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʚ ɻʝʨʤʘʥʠʠ, ʨʝʬʝʨʠʨʦʚʘʣʘ ʥʘʫʯʥʫʶ ʣʠʪʝʨʘʪʫʨʫ. ʃ.ʇ. ʇʨʦʭʦʨʦʚʘ ʤʝʯʪʘʣʘ 

ʩʦʟʜʘʪʴ ʚ ɹʝʨʣʠʥʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʩʪʚʦ ɹʶʨʦ ʦʙʤʝʥʘ ʤʠʥʝʨʘʣʘʤʠ ʠ ʊʨʝʩʪʘ çʉʘʤʦʮʚʝʪʳè: çʄʦʠ 

ʧʦʩʣʝʜʥʠʝ ʧʣʘʥʳ ʪʘʢʦʚʳ: ʧʨʦʩʠʪʴ ʉʘʤʦʮʚʝʪʳ ʘʩʩʠʛʥʦʚʘʪʴ ʩʫʤʤʫ ʥʘ ʘʨʝʥʜʫ ʠ ʫʩʪʨʦʡʩʪʚʦ 

ʤʘʛʘʟʠʥʘ, ʛʜʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʪʦʨʛʦʚʘʪʴ ʢʘʢ ʠʟʜʝʣʠʷʤʠ ʩʘʤʦʮʚʝʪʦʚ, ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʣʘʤʠ 

ɹʶʨʦ ʦʙʤʝʥʘ, ʪʫʪ ʞʝ ʧʨʦʜʘʚʘʪʴ ʨʫʩʩʢʠʝ ʢʥʠʛʠ ʧʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʥʘʫʢʘʤ, ʪʘʢʞʝ ʞʫʨʥʘʣ 

çʄʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ ʠ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʘè. ʇʣʘʥʳ ʃ.ʇ. ʇʨʦʭʦʨʦʚʦʡ ʪʘʢ ʠ ʥʝ ʙʳʣʠ ʚʦʧʣʦʱʝʥʳ 

ʚ ʞʠʟʥʴ. ɺ ʦʢʪʷʙʨʝ 1927 ʛ. ʉʝʨʛʝʡ ʂʦʪʢʦʚ, ʤʫʞ ʩʪʘʨʰʝʡ ʩʝʩʪʨʳ ʃ.ʇ. ʇʨʦʭʦʨʦʚʦʡ, ʦʪʧʨʘʚʠʣ 

ɸ.ɽ. ʌʝʨʩʤʘʥʫ ʧʠʩʴʤʦ ʩ ʧʨʦʩʴʙʦʡ ʦ ʧʦʤʦʱʠ. ɼʘʣʴʥʝʡʰʘʷ ʩʫʜʴʙʘ ʃ.ʇ. ʇʨʦʭʦʨʦʚʦʡ 

ʥʝʠʟʚʝʩʪʥʘ.  

 ʇʦʣʠʪʠʯʝʩʢʠʝ ʧʦʪʨʷʩʝʥʠʷ ʠ ʣʠʯʥʘʷ ʪʨʘʛʝʜʠʷ ʥʝ ʩʣʦʤʠʣʠ  ʃ.ʇ. ʇʨʦʭʦʨʦʚʫ, ʝʝ ʠʥʪʝʨʝʩʘ 

ʢ ʥʘʫʢʝ ʠ ʞʝʣʘʥʠʷ ʠʜʪʠ ʚʧʝʨʝʜ. ɽʝ ʣʶʙʦʚʴ ʢ ʤʠʥʝʨʘʣʦʛʠʠ ʙʳʣʘ ʙʝʟʫʩʣʦʚʥʦʡ, ʦʥʘ ʩ 

ʦʜʠʥʘʢʦʚʳʭ ʪʨʝʧʝʪʦʤ ʦʪʥʦʩʠʣʘʩʴ ʢʘʢ ʢ ʩʚʦʝʡ ʢʦʣʣʝʢʮʠʠ, ʪʘʢ ʠ ʤʠʥʝʨʘʣʘʤ, ʩʦʙʨʘʥʥʳʤ ʜʣʷ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ʇʦʪʝʨʷʚ ʩʚʦʶ ʢʦʣʣʝʢʮʠʶ, ʦʥʘ ʙʦʣʴʰʝ ʚʩʝʛʦ ʙʝʩʧʦʢʦʠʣʘʩʴ ʦ ʪʦʤ, ʯʪʦʙʳ ʝʝ 

ʣʶʙʠʤʳʝ ʤʠʥʝʨʘʣʳ ʧʦʧʘʣʠ ʚ ʙʝʨʝʞʥʳʝ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʨʫʢʠ.  
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ʆʅʊʆɻɽʅʀʗ ʉɸʄʆʈʆɼʂʆɺ ʄʀʅɽʈɸʃʆɺ ʇʃɸʊʀʅʆɺʆʁ ɻʈʋʇʇʓ ʑɽʃʆʏʅʆ-

ʋʃʔʊʈɸʆʉʅʆɺʅʆɻʆ ʄɸʉʉʀɺɸ ʂʆʅɼɪʈ (ʍɸɹɸʈʆɺʉʂʀʁ ʂʈɸʁ, ʈʆʉʉʀʗ) 

 

ɸ.ɻ. ʄʦʯʘʣʦʚ 

 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʜʦʢʝʤʙʨʠʷ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʉʘʤʦʨʦʜʢʠ ʤʠʥʝʨʘʣʦʚ ï ʵʪʦ ʯʫʜʝʩʥʳʝ ʧʨʠʨʦʜʥʳʝ ʚʳʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʠʥʜʠʚʠʜʦʚ 

ʠʣʠ ʘʛʨʝʛʘʪʦʚ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʠ ʚʝʩʴʤʘ 

ʥʝʦʙʳʢʥʦʚʝʥʥʳʭ ʨʘʟʤʝʨʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʧʨʠʨʦʜʝ. ʉʘʤʳʤʠ 

ʫʥʠʢʘʣʴʥʳʤʠ ʩʘʤʦʨʦʜʢʘʤʠ ʤʠʥʝʨʘʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (ʄʇɻ) ʙʳʣʠ ʚʝʩʦʤ 9.6, 8.3 ʠ 

7.8 ʢʛ, ʧʦʜʥʷʪʳʝ ʚ XIX  ʚʝʢʝ ʠʟ ʨʦʩʩʳʧʝʡ ʋʨʘʣʘ, ʢʦʨʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʣʠʩʴ 

ʢʫʤʫʣʷʪʠʚʥʳʝ ʛʘʙʙʨʦ-ʧʠʨʦʢʩʝʥʠʪ-ʜʫʥʠʪʦʚʳʝ ʤʘʩʩʠʚʳ ʇʣʘʪʠʥʦʥʦʩʥʦʛʦ ʧʦʷʩʘ. ʉʘʤʦʨʦʜʢʠ 

ʄʇɻ ʋʨʘʣʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʛʨʝʛʘʪʘʤʠ ʩʘʤʦʨʦʜʥʦʡ ʧʣʘʪʠʥʳ ʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Pt ʠ Fe, ʯʘʩʪʦ ʚ ʩʨʘʩʪʘʥʠʷʭ ʩ ʭʨʦʤʰʧʠʥʝʣʠʜʘʤʠ (Spl) ʠ ʨʝʞʝ ʩ ʦʣʠʚʠʥʦʤ 

(Ol) ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘʤʠ (Cpx). ʇʦʜʦʙʥʳʝ ʩʘʤʦʨʦʜʢʠ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʨʦʩʩʳʧʷʭ ʉʝʚʝʨʥʦʡ ʠ 

ʖʞʥʦʡ ɸʤʝʨʠʢʠ, ʘ ʪʘʢʞʝ ʚ ʂʦʨʷʢʩʢʦʤ ʥʘʛʦʨʴʝ ʚ ʨʘʡʦʥʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʫʤʫʣʷʪʠʚʥʳʭ 

ʛʘʙʙʨʦ-ʧʠʨʦʢʩʝʥʠʪ-ʜʫʥʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ. ɺ 1979ï1988 ʛʛ. ʦʪʢʨʳʪʦ 

ʫʥʠʢʘʣʴʥʦʝ ʨʦʩʩʳʧʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʣʘʪʠʥʦʚʳʭ ʤʝʪʘʣʣʦʚ ʨʝʢ ʂʦʥʜʸʨ-ʋʦʨʛʘʣʘʥ, 

ʢʦʨʝʥʥʦʡ ʠʩʪʦʯʥʠʢ ʢʦʪʦʨʦʛʦ ï ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʤʘʩʩʠʚ ʂʦʥʜʸʨ ʚ ɸʷʥʦ-ʄʘʡʩʢʦʤ 

ʨʘʡʦʥʝ ʍʘʙʘʨʦʚʩʢʦʛʦ ʢʨʘʷ. ɺ ʵʪʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʙʳʣʠ ʜʦʙʳʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʘʤʦʨʦʜʢʠ 

ʄʇɻ, ʩʘʤʳʝ ʢʨʫʧʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ï 3,5 ʠ 2,2 ʢʛ. ʉʘʤʦʨʦʜʢʠ ʄʇɻ ʨʦʩʩʳʧʝʡ ʱʝʣʦʯʥʦ-

ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʤʘʩʩʠʚʘ ʂʦʥʜʸʨ ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʫʨʘʣʴʩʢʠʤʠ, ʢʦʨʷʢʩʢʠʤʠ ʠ 

ʘʤʝʨʠʢʘʥʩʢʠʤʠ. ʆʜʥʘʢʦ ʥʘ ʂʦʥʜʸʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʨʝʜʢʦʩʪʥʳʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠʥʜʠʚʠʜʳ ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʳ (ʚʝʩ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 20 ʛ). ʆʥʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʠ ʄʇɻ ʧʣʘʪʠʥʦ-ʧʘʣʣʘʜʠʝʚʦʛʦ (PtïPd) ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ʑʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʤʘʩʩʠʚ ʂʦʥʜʸʨ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ ɹʘʪʦʤʛʩʢʦʛʦ 

ʛʝʦʙʣʦʢʘ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʤʘʩʩʠʚʘ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʜʫʥʠʪʳ, 

ʚʝʨʣʠʪʳ, ʧʠʨʦʢʩʝʥʠʪʳ, ʢʦʩʴʚʠʪʳ, ʛʦʨʥʙʣʝʥʜʠʪʳ, ʛʘʙʙʨʦ, ʱʝʣʦʯʥʳʝ ʧʝʛʤʘʪʠʪʳ, ʱʝʣʦʯʥʳʝ 

ʩʠʝʥʠʪʳ, ʤʦʥʮʦʜʠʦʨʠʪʳ ʠ ʩʫʙʱʝʣʦʯʥʳʝ ʛʨʘʥʠʪʳ. ʕʪʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʦʙʨʘʟʦʚʘʥʳ ʚ 

ʧʦʟʜʥʠʡ ʶʨʩʢʠʡ ʠ ʨʘʥʥʠʡ ʤʝʣʦʚʦʡ ʧʝʨʠʦʜʳ ʤʝʟʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʠʟʘʮʠʠ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ. ɺʩʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʧʨʦʨʳʚʘʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʨʭʝʷ ʠ ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʧʨʦʪʝʨʦʟʦʷ ʠ ʬʦʨʤʠʨʫʶʪ ʝʜʠʥʫʶ ʢʦʣʴʮʝʚʫʶ 

ʩʪʨʫʢʪʫʨʫ ʩ ʮʝʥʪʨʘʣʴʥʳʤ çʜʫʥʠʪʦʚʳʤ ʷʜʨʦʤè. ʇʦʜ ʚʣʠʷʥʠʝʤ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ, ʦʩʥʦʚʥʳʭ, 

ʱʝʣʦʯʥʳʭ ʠ ʛʨʘʥʠʪʦʠʜʥʳʭ ʠʥʪʨʫʟʠʡ ʢʫʤʫʣʷʪʠʚʥʦʝ çʜʫʥʠʪʦʚʦʝ ʷʜʨʦè ʧʦʜʚʝʨʛʣʦʩʴ 

ʩʠʥʤʘʛʤʘʪʠʯʝʩʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ. ʕʪʦ ʚʳʨʘʟʠʣʦʩʴ 

ʚ ʰʠʨʦʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʬʘʮʠʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʜʫʥʠʪʦʚ ʠ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ ï ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʭ, ʘʧʘʪʠʪ-ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣ-

ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʭ ʠ ʜʨ. ɺ ʨʦʩʩʳʧʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨʝʢ ʂʦʥʜʸʨ ï ʋʦʨʛʘʣʘʥ ʠ ʝʛʦ 

ʢʦʨʝʥʥʦʤ ʠʩʪʦʯʥʠʢʝ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʤ ʤʘʩʩʠʚʝ ʂʦʥʜʸʨ ʫʩʪʘʥʦʚʣʝʥʦ ʦʢʦʣʦ 100 ʄʇɻ. 

ʄʇɻ ʜʫʥʠʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ 

ʪʠʧʘʤʠ: 1) ʧʣʘʪʠʥʦʚʳʤ (Pt) ʤʘʛʤʘʪʦʛʝʥʥʳʤ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʜʫʥʠʪʘʭ ʠ ʤʘʛʤʘʪʦʛʝʥʥʦ-

ʬʣʶʠʜʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʚ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʜʫʥʠʪʘʭ ʩ çʯʸʨʥʳʤ ʦʣʠʚʠʥʦʤè (ʟʘ ʩʯʝʪ 

ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʤʘʛʥʝʪʠʪʘ, Spl ʠ Cpx); 2) ʤʘʛʤʘʪʦʛʝʥʥʦ-ʬʣʶʠʜʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ 

ʦʩʤʠʩʪʦ-ʧʣʘʪʠʥʦʚʳʤ ʚ ʰʣʠʨʘʭ ʠ ʣʠʥʟʦʚʠʜʥʳʭ ʞʠʣʘʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ ʚ ʜʫʥʠʪʘʭ (Pt>Os-

Cpx); 3) ʬʣʶʠʜʥʦ-ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʤ ʠʨʠʜʠʩʪʦ-ʧʣʘʪʠʥʦʚʳʤ (Pt>Ir) ʚ ʭʨʦʤʠʪʠʪʘʭ (Pt>Ir-Spl) ʠ 

ʩʨʝʜʠ ʩʚʝʪʣʳʭ ʩʨʝʜʥʝ-, ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʦʣʠʚʠʥʦʚ (Pt>Ir-Ol); 4) 

ʤʘʛʤʘʪʦʛʝʥʥʦ-ʬʣʶʠʜʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ PtïPd ʚ ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʧʦ ʜʫʥʠʪʘʤ: ʘʧʘʪʠʪ-

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-ʙʠʦʪʠʪ-ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʭ, ʘʤʬʠʙʦʣʠʪʦʚʳʭ, ʮʝʦʣʠʪʦʚʳʭ, ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʭ 

ʩ ʩʫʣʴʬʠʜʘʤʠ ʠ ʦʢʠʩʣʘʤʠ ʤʝʜʠ. ʕʪʠ ʤʝʪʘʩʦʤʘʪʠʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʣʴʙʘʥʜʘʭ ʠ ʞʠʣʴʥʳʭ 

ʰʪʦʢʚʝʨʢʘʭ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʪʝʣʘ ʢʦʩʴʚʠʪʦʚ, ʛʦʨʥʙʣʝʥʜʠʪʦʚ, ʱʝʣʦʯʥʳʭ 

ʧʝʛʤʘʪʠʪʦʚ, ʩʠʝʥʠʪʦʚ, ʤʦʥʮʦʥʠʪʦʚ ʠ ʩʫʙʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ ʩʦʜʝʨʞʘʱʠʭ Pd, Pt, Au, Ag, Cu, 
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Pb, Sn, Bi, Zn, Te, Sb, As ʠ S.ɺ Pt>Ir, Pt>Os-Cpx ʠ PtïPd ʪʠʧʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʘʤʦʨʦʜʢʠ. 

ɻʣʘʚʥʳʤ ʤʠʥʝʨʘʣʦʤ ʚʩʝʭ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʄʇɻ ʠ ʠʭ ʩʘʤʦʨʦʜʢʦʚ ʷʚʣʷʝʪʩʷ 

ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʘ ï Pt3Fe. 

ʀʩʩʣʝʜʦʚʘʥʘ ʦʥʪʦʛʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʠʥʜʠʚʠʜʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʩʘʤʦʨʦʜʢʦʚ ʄʇɻ ʚʩʝʭ 

ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʤʘʩʩʠʚʘ ʂʦʥʜʸʨ. ʅʘ ʵʪʦʤ 

ʦʩʥʦʚʘʥʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʷʜ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʚʳʚʦʜʦʚ. 

1. ɺʩʝ ʩʘʤʦʨʦʜʢʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʟʘʨʦʞʜʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʠʟ 

ʬʣʶʠʜʦʚ (çʞʠʜʢʠʝ ʠ ʛʘʟʦʦʙʨʘʟʥʳʝ ʣʝʛʢʦʧʦʜʚʠʞʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʘʛʤʳ ʠʣʠ 

ʮʠʨʢʫʣʠʨʫʶʱʠʝ ʚ ʟʝʤʥʳʭ ʛʣʫʙʠʥʘʭ ʥʘʩʳʱʝʥʥʳʝ ʛʘʟʘʤʠ ʨʘʩʪʚʦʨʳè) ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (ʕʇɻ) ʚ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʭ ʧʦʣʦʩʪʷʭ ʩʨʝʜʠ ʩʠʣʠʢʘʪʥʦʡ ʤʘʪʨʠʮʳ. 

2. ʈʦʩʪ ʄʇɻ ʩʘʤʦʨʦʜʢʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʠʣʠʢʘʪʥʦʡ ʤʘʪʨʠʮʝ: ʘ) ʨʝʣʠʢʪʦʚʦʡ, ʢʦʪʦʨʘʷ 

ʩʦʩʪʦʠʪ ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʠʥʜʠʚʠʜʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʨʘʩʪʚʦʨʝʥʠʷ (ʤʠʥʝʨʘʣʦʚ ʦʙʨʘʟʦʚʘʥʥʳʭ ʨʘʥʝʝ ʠ ʠʥʳʤ ʩʧʦʩʦʙʦʤ ï 

ʤʘʛʤʘʪʦʛʝʥʥʳʤ, ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʤ ʠ ʪ.ʜ.); ʙ) ʩʠʥʛʝʥʝʪʠʯʥʦʡ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʤʠʥʝʨʘʣʦʚ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʬʣʶʠʜʦʚ ʨʘʥʝʝ. ɼʣʷ ʚʩʝʭ ʪʠʧʦʚ ʩʘʤʦʨʦʜʢʦʚ ʨʝʣʠʢʪʦʚʦʡ ʩʠʣʠʢʘʪʥʦʡ 

ʤʘʪʨʠʮʝʡ ʷʚʣʷʝʪʩʷ ʤʘʛʤʘʪʦʛʝʥʥʳʡ ʠʣʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡ ʜʫʥʠʪ. ʈʝʣʠʢʪʦʚʘʷ ʠʣʠ 

ʩʠʥʛʝʥʝʪʠʯʥʘʷ ʩʠʣʠʢʘʪʥʳʝ ʤʘʪʨʠʮʳ ʩ ʩʘʤʦʨʦʜʢʘʤʠ ʄʇɻ ʥʝʨʝʜʢʦ ʩʪʘʥʦʚʷʪʩʷ ʧʦʚʪʦʨʥʦ 

ʨʝʣʠʢʪʦʚʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʨʘʩʢʨʳʪʠʷ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʧʦʜʘʯʠ ʥʦʚʦʡ ʧʦʨʮʠʠ ʬʣʶʠʜʦʚʩ ʕʇɻ, Au, Ag ʠ ʜʨ. 

3. ɼʣʷ ʩʘʤʦʨʦʜʢʦʚ ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ Pt ʷʚʣʷʝʪʩʷ ʨʘʥʥʠʡ ʜʫʥʠʪ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʄʇɻ. ʂʨʫʧʥʳʝ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʩʘʤʠ ʧʦ 

ʩʝʙʝ ʦʪʥʦʩʷʪʩʷ ʢ ʩʘʤʦʨʦʜʢʘʤ. ʀʩʪʦʯʥʠʢʦʤ Pd ʷʚʣʷʝʪʩʷ ʬʣʶʠʜ ʦʩʥʦʚʥʳʭ ʠ ʱʝʣʦʯʥʳʭ 

ʠʥʪʨʫʟʠʡ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʵʧʠʪʘʢʩʠʷ ʠʥʜʠʚʠʜʦʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, 

ʩʫʣʴʬʦʘʨʩʝʥʠʜʦʚ, ʦʢʩʠʜʦʚ Pd, Au, Ag, Cu, Pb, Sn, Bi, Zn, Te ʠ ʜʨ. ʥʘ ʩʘʤʦʨʦʜʢʘʭ Pt3Fe. 

4. ʅʘʣʠʯʠʝ ʥʘ ʩʘʤʦʨʦʜʢʘʭ ʢʩʝʥʦʤʦʨʬʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʦʪʧʝʯʘʪʢʦʚ ʨʘʥʥʠʭ 

ʤʠʥʝʨʘʣʦʚ ʩʠʣʠʢʘʪʥʦʡ ʤʘʪʨʠʮʳ) ʠ ʩʪʨʫʢʪʫʨʳ ʨʦʩʪʘ ʠʥʜʠʚʠʜʦʚ ʄʇɻ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ: 

ʘ) Pt>Ir-Ol, Pt>Ir-Spl ʠ Pt>Os-Cpx ʪʠʧʳʦʙʨʘʟʦʚʘʣʠʩʴ ʧʦʟʞʝ Ol,Spl ʠ Cpx, ʠ ʥʝʩʢʦʣʴʢʦ ʨʘʥʝʝ: 

ʤʘʛʥʝʪʠʪʘ, ʘʤʬʠʙʦʣʘ, ʬʣʦʛʦʧʠʪʘ, ʘʧʘʪʠʪʘ, ʭʣʦʨʠʪʘ, ʩʝʨʧʝʥʪʠʥʘ, ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, 

ʧʣʘʛʠʦʢʣʘʟʘ, ʩʫʣʴʬʠʜʦʚ, ʠʣʴʤʝʥʠʪʘ, ʧʝʨʦʚʩʢʠʪʘ, ʪʠʪʘʥʠʪʘ ʠ ʥʝʬʝʣʠʥʘ (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʧʦ ʯʘʩʪʦʪʝ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʩ ʄʇɻ); ʙ) PtïPd ʪʠʧ ʦʙʨʘʟʦʚʘʣʩʷ ʧʦʟʞʝ ʤʘʛʥʝʪʠʪʘ, Cpx, ʘʤʬʠʙʦʣʘ, 

ʘʧʘʪʠʪʘ, ʙʠʦʪʠʪʘ, ʬʣʦʛʦʧʠʪʘ, ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʧʣʘʛʠʦʢʣʘʟʘ, ʠʣʴʤʝʥʠʪʘ, ʧʝʨʦʚʩʢʠʪʘ, ʪʠʪʘʥʠʪʘ, 

ʥʝʬʝʣʠʥʘ, ʢʘʥʢʨʠʥʠʪʘ, ʣʘʤʧʨʦʬʠʣʣʠʪʘ ʠ ʥʝʩʢʦʣʴʢʦ ʨʘʥʴʰʝ ʩʫʣʴʬʠʜʦʚ, ʭʣʦʨʠʪʘ, ʩʝʨʧʝʥʪʠʥʘ 

ʠ ʥʘʪʨʦʣʠʪʘ. 

5. ʀʥʜʠʚʠʜʳ Pt3Fe ʠʤʝʣʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʟʘʨʦʞʜʝʥʠʝ ʥʘ ʢʨʠʩʪʘʣʣʘʭ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ. 

ʅʝʨʝʜʢʦ ʚ ʧʨʝʜʝʣʘʭ ʧʩʝʚʜʦʤʦʨʬʦʟ ʄʇɻ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠʥʜʠʚʠʜʳ ʷʚʣʷʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʥʘ ʢʨʠʩʪʘʣʣʘʭ ʨʘʥʥʠʭ ʛʝʥʝʨʘʮʠʡ. 

6. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʜʚʦʡʥʠʢʦʚ Pt3Fe ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʪʫʧʝʥʯʘʪʦ-

ʩʣʦʝʚʳʤ, ʢʘʨʢʘʩʥʳʤ, ʩʢʝʣʝʪʥʳʤ, ʤʦʟʘʠʯʥʦ-ʨʘʩʱʝʧʣʝʥʥʳʤ ʠ ʜʝʥʜʨʠʪʥʳʤ ʩʧʦʩʦʙʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʛʦ ʨʦʩʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ Pt3Fe ʦʙʨʘʟʫʶʪʩʷ ʠʜʝʘʣʴʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʢʫʙʠʯʝʩʢʠʝ 

ʧʦʣʦʩʪʠ, ʯʘʩʪʦ ʟʘʧʦʣʥʝʥʥʳʝ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʠʤʩʷ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʤ ʬʣʶʠʜʦʤ. 

ɺʝʩʴʤʘ ʦʨʠʛʠʥʘʣʴʥʦ ʚʳʛʣʷʜʷʪ ʪʘʙʣʠʪʯʘʪʦ-ʥʠʪʝʚʠʜʥʳʝ ʩʫʙʠʥʜʠʚʠʜʳ ʢʨʠʧʪʦʘʛʨʝʛʘʪʦʚ Pt3Fe ʠ 

ʪʝʪʨʘʬʝʨʨʦʧʣʘʪʠʥʳ ʚ ʚʠʜʝ çʚʦʣʦʩʷʥʦʛʦè ʧʦʢʨʦʚʘ ʥʘ ʧʣʦʩʢʦʩʪʷʭ (111) ʠʣʠ (100) ʨʘʥʥʠʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠʥʜʠʚʠʜʦʚ Pt3Fe. ʀʥʦʛʜʘ ʥʠʪʝʚʠʜʥʳʝ ʩʫʙʠʥʜʠʚʠʜʳ ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ ʚ ʵʧʠʪʘʢʩʠʘʣʴʥʳʝ ʢʫʙʠʯʝʩʢʠʝ ʢʘʨʢʘʩʳ. 

7. ʇʨʠ ʨʦʩʪʝ ʠʥʜʠʚʠʜʦʚ Pt3Fe ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʨʦʩʪʦʚʳʝ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʜʠʩʣʦʢʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʪʨʘʟʠʣʠʩʴ ʥʘ ʠʭ ʩʣʦʞʥʳʭ ʠʣʠ ʧʨʠʯʫʜʣʠʚʳʭ ʬʦʨʤʘʭ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʜʚʦʡʥʠʢʦʚ. 

8. ʆʪʩʫʪʩʪʚʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʠʥʜʠʚʠʜʦʚ Pt3Fe ʠʥʜʫʢʮʠʦʥʥʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ 

ʩʠʣʠʢʘʪʘʤʠ ʠ ʦʢʩʠʜʘʤʠ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʭ ʨʦʩʪ ʧʨʦʠʩʭʦʜʠʣ ʪʦʣʴʢʦ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʬʣʶʠʜʦʤ, 

ʧʦʩʣʝ ʠʣʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ. ʀʩʢʣʶʯʝʥʠʝ ï ʩʨʝʜʠ ʤʠʥʝʨʘʣʦʚ-ʚʢʣʶʯʝʥʠʡ ʚ Pt3Fe. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʦʚ ʈʌʌʀ ˉ14-05-00896-ʘ. 
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ʆ ʌʆʈʄʀʈʆɺɸʅʀʀ ʄʀʅɽʈɸʃʆɻʆ-ɻɽʆʍʀʄʀʏɽʉʂʀʍ ʊʀʇʆɺ 

ʇʃɸʊʀʅʆʄɽʊɸʃʔʅʓʍ ʈʋɼʆʇʈʆʗɺʃɽʅʀʁ ʀ ʉɸʄʆʈʆɼʂʆɺ ʑɽʃʆʏʅʆ-

ʋʃʔʊʈɸʆʉʅʆɺʅʆɻʆ ʄɸʉʉʀɺɸ ʂʆʅɼɪʈ (ʍɸɹɸʈʆɺʉʂʀʁ ʂʈɸʁ, ʈʆʉʉʀʗ) 

 

ɸ.ɻ. ʄʦʯʘʣʦʚ
1
, ʆ.ɺ. ʗʢʫʙʦʚʠʯ

1,2
, ɺ.ʄ. ʉʘʚʘʪʝʥʢʦʚ

1,2
 

 

1 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʜʦʢʝʤʙʨʠʷ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

2 ʉʇʙɻʋ, ʀʥʩʪʠʪʫʪ ʥʘʫʢ ʦ ɿʝʤʣʝ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʑʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʤʘʩʩʠʚ ʂʦʥʜʸʨ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ ɹʘʪʦʤʛʩʢʦʛʦ 

ʛʝʦʙʣʦʢʘ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʤʘʩʩʠʚʘ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʜʫʥʠʪʳ, 

ʚʝʨʣʠʪʳ, ʧʠʨʦʢʩʝʥʠʪʳ, ʢʦʩʴʚʠʪʳ, ʛʦʨʥʙʣʝʥʜʠʪʳ, ʛʘʙʙʨʦ, ʱʝʣʦʯʥʳʝ ʧʝʛʤʘʪʠʪʳ, ʱʝʣʦʯʥʳʝ 

ʩʠʝʥʠʪʳ, ʩʫʙʱʝʣʦʯʥʳʝ ʜʠʦʨʠʪʳ, ʤʦʥʮʦʜʠʦʨʠʪʳ ʠ ʩʫʙʱʝʣʦʯʥʳʝ ʛʨʘʥʠʪʳ. ɺʩʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ ʧʨʦʨʳʚʘʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʘʨʭʝʷ ʠ ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʧʨʦʪʝʨʦʟʦʷ ʠ 

ʬʦʨʤʠʨʫʶʪ ʝʜʠʥʫʶ ʢʦʣʴʮʝʚʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʮʝʥʪʨʘʣʴʥʳʤ çʜʫʥʠʪʦʚʳʤ ʷʜʨʦʤè. ʇʦʜ ʚʣʠʷʥʠʝʤ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ, ʦʩʥʦʚʥʳʭ, ʱʝʣʦʯʥʳʭ ʠ ʛʨʘʥʠʪʦʠʜʥʳʭ ʠʥʪʨʫʟʠʡ ʢʫʤʫʣʷʪʠʚʥʦʝ çʜʫʥʠʪʦʚʦʝ 

ʷʜʨʦè ʧʦʜʚʝʨʛʣʦʩʴ ʩʠʥʤʘʛʤʘʪʠʯʝʩʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʤʫ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ. ʕʪʦ ʚʳʨʘʟʠʣʦʩʴ ʚ ʰʠʨʦʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʬʘʮʠʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʜʫʥʠʪʦʚ ʠ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ï ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʭ, ʘʧʘʪʠʪ-ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣ-

ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʭ ʠ ʜʨ. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʚʦʟʨʘʩʪʝ ʙʦʣʝʝ ʨʘʥʥʠʭ ʜʫʥʠʪʦʚ, ʚʝʨʣʠʪʦʚ, ʠ 

ʧʠʨʦʢʩʝʥʠʪʦʚ ʧʨʦʪʠʚʦʨʝʯʠʚʳ ï ʧʨʦʪʝʨʦʟʦʡ ʠʣʠ ʤʝʟʦʟʦʡ, ʚʦʟʨʘʩʪ ʜʨʫʛʠʭ ʧʦʨʦʜ ʫʩʪʘʥʦʚʣʝʥ 

ʢʘʢ ʨʘʥʥʠʡ ʤʝʣʦʚʦʡ ï 110ï130 ʤʣʥ ʣʝʪ. ɼʠʩʢʫʩʩʠʦʥʥʳʤ ʷʚʣʷʝʪʩʷ ʧʝʪʨʦʛʝʥʝʟʠʩ ʧʦʨʦʜ 

ʤʘʩʩʠʚʘ. 

ʉ ʮʝʣʴʶ ʧʨʷʤʦʡ ʦʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʜʫʥʠʪʦʚ ʠ ʠʩʪʦʯʥʠʢʘ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʠ ʠʭ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩʦ ʱʝʣʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ, ʧʨʦʚʝʜʝʥʦ ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʜʫʥʠʪʦʚ, ʚʝʨʣʠʪʦʚ, ʧʠʨʦʢʩʝʥʠʪʦʚ ʠ ʢʦʩʴʚʠʪʦʚ Rb-Sr ʠ Sm-Nd 

ʤʝʪʦʜʘʤʠ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Sr ʠ Nd ʙʳʣʠ ʚʳʙʨʘʥʳ ʢʣʠʥʦʧʠʨʦʢʩʝʥʳ 

(Cpx) ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ. ʆʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ Cpx (ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ) ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʜʫʥʠʪʦʚ ʤʘʩʩʠʚʘ ʂʦʥʜʸʨ ʢ ʢʫʤʫʣʷʪʠʚʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʷʤ. ʊʘʢ ʧʦ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ (Mg# ï 100ĬMg/ (Mg+Fe) ʘʪ.%.) ʠ ʩʦʜʝʨʞʘʥʠʶTiO2 ʠ 

ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʦʢʠʩʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʡ ʨʷʜ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʧʦʣʝʡ: ʜʫʥʠʪʳ ʧʝʛʤʘʪʦʠʜʥʳʝ, ʢʨʫʧʥʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʩ ʢʫʤʫʣʷʪʠʚʥʳʤʠ, 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʠ ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ Ÿ ʜʫʥʠʪʳ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ 

Ÿ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʳ ʞʠʣʴʥʳʝ Ÿ ʚʝʨʣʠʪʳ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʳ Ÿ ʢʦʩʴʚʠʪʳ. ɼʘʥʥʳʝ 

ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ Cpx ʠʟ ʜʫʥʠʪʦʚ, ʚʳʥʝʩʝʥʥʳʝ ʥʘ Sm-Nd ʜʠʘʛʨʘʤʤʫ ʬʦʨʤʠʨʫʶʪ ʪʨʝʥʜ 

ʩ ʥʘʢʣʦʥʦʤ, ʦʪʚʝʯʘʶʱʠʤ ʚʦʟʨʘʩʪʫ 128Ñ40 ʤʣʥ ʣʝʪ. ɺʘʨʠʘʮʠʷ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Nd ʚ 

ʜʫʥʠʪʘʭ, ʚʝʨʣʠʪʘʭ ʠ ʧʠʨʦʢʩʝʥʠʪʘʭ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʨʘʪʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩ ʚʘʨʠʘʮʠʝʡ ʠʟʦʪʦʧʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ Sr. ʀʟʤʝʥʝʥʠʝ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Nd ʠ Sr ʦʪ ʜʫʥʠʪʦʚ ʢ ʧʠʨʦʢʩʝʥʠʪʘʤ, 

ʦʪʨʘʞʘʝʪ ʧʨʦʮʝʩʩ ʘʩʩʠʤʠʣʷʮʠʠ ʢʦʨʦʚʳʭ ʧʦʨʦʜ ʧʠʢʨʠʪʦʚʳʤ ʨʘʩʧʣʘʚʦʤ ʥʘ ʬʦʥʝ ʝʛʦ ʵʚʦʣʶʮʠʠ 

ʚ ʭʦʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʫʥʠʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʢʫʤʫʣʷʪ, ʦʪʨʘʞʘʶʪ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʣʘʚʘ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʝʛʦ 

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ, ʢʦʛʜʘ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʦʣʠʚʠʥ. ʇʠʨʦʢʩʝʥʠʪʳ ʠ ʚʝʨʣʠʪʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʠʟʦʪʦʧʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʩʪʘʚʰʝʛʦʩʷ ʨʘʩʧʣʘʚʘ. ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Sr ʠ 

Nd ʜʣʷ ʢʦʩʴʚʠʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʜʦʣʞʝʥʠʠ ʠʟʦʪʦʧʥʦʛʦ ʪʨʝʥʜʘ ʦʪ ʜʫʥʠʪʦʚ ʢ ʧʠʨʦʢʩʝʥʠʪʘʤ ʠ 

ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʧʨʦʜʫʢʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʙʱʝʛʦ ʩ ʜʫʥʠʪʘʤʠ ʠ 

ʧʠʨʦʢʩʝʥʠʪʘʤʠ ʨʘʩʧʣʘʚʘ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Nd ʚ ʘʧʘʪʠʪ-

ʬʣʦʛʦʧʠʪ-ʤʘʛʥʝʪʠʪʦʚʳʭ ʧʠʨʦʢʩʝʥʠʪʘʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʧʨʦʜʫʢʪ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʫʥʠʪʦʚ ʩ ʨʘʩʧʣʘʚʘʤʠ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ ï ʦʩʥʦʚʥʳʭ, ʱʝʣʦʯʥʳʭ ʠ 

ʛʨʘʥʠʪʦʠʜʥʳʭ ʧʦʨʦʜ, ʦʪʚʝʯʘʶʪ ʙʦʣʴʰʝʡ ʜʦʣʝ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʠʩʪʦʯʥʠʢʝ 

ʵʪʠʭ ʧʦʨʦʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʟʚʦʣʷʝʪ 

ʛʦʚʦʨʠʪʴ ʦ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʝ ʢʦʩʴʚʠʪʦʚ ʠ ʘʧʘʪʠʪ-ʬʣʦʛʦʧʠʪ-ʤʘʛʥʝʪʠʪ-ʧʠʨʦʢʩʝʥʠʪʦʚʳʭ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (ʄʇɻ) ʜʫʥʠʪʦʚ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ: 1) ʧʣʘʪʠʥʦʚʳʡ ʪʠʧ (Pt) 

ʤʘʛʤʘʪʦʛʝʥʥʳʡ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʜʫʥʠʪʘʭ ʠ ʤʘʛʤʘʪʦʛʝʥʥʦ-ʬʣʶʠʜʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ ʚ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʜʫʥʠʪʘʭ ʩ çʯʝʨʥʳʤ ʦʣʠʚʠʥʦʤè (ʟʘ ʩʯʝʪ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʤʘʛʥʝʪʠʪʘ, 

ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ (Spl) ʠ Cpx); 2) ʤʘʛʤʘʪʦʛʝʥʥʦ-ʬʣʶʠʜʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ ʦʩʤʠʩʪʦ-

ʧʣʘʪʠʥʦʚʳʡ ʚ ʰʣʠʨʘʭ ʠ ʣʠʥʟʦʚʠʜʥʳʭ ʞʠʣʘʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ ʚ ʜʫʥʠʪʘʭ (Pt>Os-Cpx); 3) 

ʬʣʶʠʜʥʦ-ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʡ ʠʨʠʜʠʩʪʦ-ʧʣʘʪʠʥʦʚʳʡ (Pt>Ir) ʩʨʝʜʠ ʩʚʝʪʣʳʭ ʩʨʝʜʥʝ-, 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʦʣʠʚʠʥʦʚ (Pt>Ir-Ol) ʠ ʭʨʦʤʠʪʠʪʘʭ (Pt>Ir-Spl); 4) ʤʘʛʤʘʪʦʛʝʥʥʦ-ʬʣʶʠʜʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ ʧʣʘʪʠʥʦ-ʧʘʣʣʘʜʠʝʚʳʡ (PtïPd) ʚ ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʧʦ ʜʫʥʠʪʘʤ: ʘʧʘʪʠʪ-

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-ʙʠʦʪʠʪ-ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʭ, ʘʤʬʠʙʦʣʠʪʦʚʳʭ, ʮʝʦʣʠʪʦʚʳʭ, ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʭ 

ʩ ʩʫʣʴʬʠʜʘʤʠ ʠ ʦʢʠʩʣʘʤʠ ʤʝʜʠ. ʕʪʠ ʤʝʪʘʩʦʤʘʪʠʪʳ ʧʦ ʜʫʥʠʪʘʤ ʛʝʥʝʨʠʨʫʶʪ ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʞʠʣʳ ʢʦʩʴʚʠʪʦʚ, ʛʦʨʥʙʣʝʥʜʠʪʦʚ, ʱʝʣʦʯʥʳʭ ʧʝʛʤʘʪʠʪʦʚ, ʩʠʝʥʠʪʦʚ, ʤʦʥʮʦʥʠʪʦʚ ʠ 

ʩʫʙʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ Pd, Pt, Au, Ag, Cu, Pb, Sn, Bi, Zn, 

Te, Sb, As ʠ S. ɺ ʫʥʠʢʘʣʴʥʦʤ ʨʦʩʩʳʧʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨʝʢ ʂʦʥʜʸʨ-ʋʦʨʛʘʣʘʥ ʠ ʝʛʦ 

ʢʦʨʝʥʥʦʤ ʠʩʪʦʯʥʠʢʝ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʤ ʤʘʩʩʠʚʝ ʂʦʥʜʸʨ ʫʩʪʘʥʦʚʣʝʥʦ ʦʢʦʣʦ 100 ʄʇɻ. 

ɻʣʘʚʥʳʤ ʤʠʥʝʨʘʣʦʤ ʚʩʝʭ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʄʇɻ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ 

ʜʫʥʠʪʘʭ ʠ ʠʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʩʘʤʦʨʦʜʢʘʭ, ʷʚʣʷʝʪʩʷ ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʘ ï Pt3Fe. ʀʟ 

ʯʝʪʳʨʝʭ ʚʳʜʝʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʚ ʪʨʝʭ ʫʩʪʘʥʦʚʣʝʥʳ ʩʘʤʦʨʦʜʢʠ: 

1) Pt>Ir, 2) Pt>Os-Cpx ʠ 3) PtïPd. ʉʘʤʦʨʦʜʢʠ ʄʇɻ ʨʦʩʩʳʧʝʡ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ 

ʤʘʩʩʠʚʘ ʂʦʥʜʸʨ ʠʤʝʶʪ ʤʥʦʛʦ ʦʙʱʝʛʦ ʩ ʫʨʘʣʴʩʢʠʤʠ, ʢʦʨʷʢʩʢʠʤʠ ʠ ʘʤʝʨʠʢʘʥʩʢʠʤʠ. ʆʜʥʘʢʦ 

ʥʘ ʂʦʥʜʸʨʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠʥʜʠʚʠʜʳ 

ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʳ (ʚʝʩ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ 20 ʛ). ʕʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠʥʜʠʚʠʜʳ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʠ ʄʇɻ PtïPd ʪʠʧʘ. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (ʕʇɻ) ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʘʤʦʨʦʜʢʦʚ ʙʳʣʠ ʚ 

ʦʩʥʦʚʥʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʦʥʪʦʛʝʥʠʶ ʘʛʨʝʛʘʪʦʚ ʄʇɻ ʩ ʩʠʣʠʢʘʪʘʤʠ, ʦʢʠʩʣʘʤʠ ʠ 

ʩʫʣʴʬʠʜʘʤʠ. ʆʥʪʦʛʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 

ʥʘʣʦʞʝʥʥʳʭ ʬʣʶʠʜʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʄʇɻ ʚ ʧʝʨʚʠʯʥʦ ʤʘʛʤʘʪʦʛʝʥʥʦʡ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʤʘʪʨʠʮʝ. ʅʝʜʘʚʥʦ, ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʷʤʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʄʇɻ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ 

ʖ.ɸ. ʐʫʢʦʣʶʢʦʚʳʤ ʩ ʢʦʣʣʝʛʘʤʠ ʚ ʀɻɻɼ ʈɸʅ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʥʦʚʳʤ 
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ʠʩʩʣʝʜʦʚʘʥ ʚʦʟʨʘʩʪ ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʳ Pt>Ir-Ol, Pt>Ir-Spl , Pt>Os-Cpx ʠ PtïPd ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʤʘʩʩʠʚʘ ʂʦʥʜʸʨ ʠ ʠʭ ʩʘʤʦʨʦʜʢʦʚ. ɺʦʟʨʘʩʪ, 

ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʪʘʥʛʝʥʩʫ ʫʛʣʘ ʥʘʢʣʦʥʘ ʠʟʦʭʨʦʥʳ, ʧʦʩʪʨʦʝʥʥʦʡ ʧʦ 30 ʦʙʨʘʟʮʘʤ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʧʦ ʩʝʤʠ ʩʘʤʦʨʦʜʢʘʤ), ʩʦʩʪʘʚʠʣ 129Ñ6 ʤʣʥ ʣʝʪ (tgŬ=0,00019102). 

ɺʳʚʦʜʳ 

Sm-Nd ʠʟʦʪʦʧʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʦ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʦʜʥʦʚʦʟʨʘʩʪʥʦʩʪʠ 

ʧʦʨʦʜ çʜʫʥʠʪʦʚʦʛʦ ʷʜʨʘè, ʚʝʨʣʠʪʦʚ, ʧʠʨʦʢʩʝʥʠʪʦʚ, ʢʦʩʴʚʠʪʦʚ ʠ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʚ 

ʂʦʥʜʸʨʩʢʦʤ ʤʘʩʩʠʚʝ. 

ɺʘʨʠʘʮʠʠ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Sr ʠ Nd ʚ ʜʫʥʠʪʘʭ, ʚʝʨʣʠʪʘʭ, ʧʠʨʦʢʩʝʥʠʪʘʭ ʠ 

ʢʦʩʴʚʠʪʘʭ ʂʦʥʜʸʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʥʪʘʤʠʥʘʮʠʠ ʧʠʢʨʠʪʦʠʜʥʦʛʦ 

ʨʘʩʧʣʘʚʘ ʧʦʨʦʜʘʤʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʚ ʭʦʜʝ ʝʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʡ (ʢʫʤʫʣʷʪʠʚʥʦʡ) 

ʵʚʦʣʶʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʤʦʜʝʣʴ ʜʠʘʧʠʨʦʚʦʛʦ ʚʥʝʜʨʝʥʠʷ ʤʘʥʪʠʡʥʳʭ ʜʫʥʠʪʦʚ. 

ʈʫʜʦʦʙʨʘʟʦʚʘʥʠʝ Pt>Ir-Ol, Pt>Ir-Spl, Pt>Os-Cpx ʠ PtïPd ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʪʠʧʦʚ ʄʇɻ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʤʘʩʩʠʚʘ ʂʦʥʜʸʨ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʤʝʞʜʫ ʪʠʪʦʥʩʢʠʤ ʠ ʛʦʪʝʨʠʚʩʢʠʤ ʚʝʢʘʤʠ. ɺ ʵʪʦʤ ʞʝ 

ʧʨʦʮʝʩʩʝ ʙʳʣʠ ʦʙʨʘʟʦʚʘʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ ʩʢʦʧʣʝʥʠʷʭ ʕʇɻ ï ʩʘʤʦʨʦʜʢʠ ʄʇɻ. 

ʇʣʘʪʠʥʦʤʝʪʘʣʴʥʦʝ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝ ʤʘʛʤʘʪʦʛʝʥʥʦʛʦ, ʬʣʶʠʜʥʦ-ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ, 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩʠʥʭʨʦʥʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʵʚʦʣʶʮʠʝʡ 

ʩʥʘʯʘʣʘ ʧʠʢʨʠʪʦʠʜʥʦʛʦ, ʘ ʟʘʪʝʤ ʩʫʙʱʝʣʦʯʥʦʛʦ ʠ ʱʝʣʦʯʥʦʛʦ ʨʘʩʧʣʘʚʦʚ ʤʝʟʦʟʦʡʩʢʦʡ ʪʝʢʪʦʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʈʌʌʀ ˉ14-05-00896-ʘ. 
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ɺ ʄʫʟʝʷʭ ʄʦʩʢʦʚʩʢʦʛʦ ʂʨʝʤʣʷ ʚ ʤʘʝ 2016 ʛʦʜʘ ʦʪʢʨʳʣʘʩʴ ʚʳʩʪʘʚʢʘ çʉʢʫʣʴʧʪʦʨ 

ɺʘʩʠʣʠʡ ʂʦʥʦʚʘʣʝʥʢʦ. ɺʦ ʚʣʘʩʪʠ ʢʘʤʥʷè, ʢʦʪʦʨʘʷ ʠʤʝʣʘ ʙʦʣʴʰʦʡ ʨʝʟʦʥʘʥʩ ʠ ʚʳʟʚʘʣʘ ʞʠʚʦʡ 

ʠʥʪʝʨʝʩ ʢʘʢ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʪʘʢ ʠ ʚʩʝʭ, ʢʪʦ ʣʶʙʠʪ ʨʫʩʩʢʦʝ ʢʘʤʥʝʨʝʟʥʦʝ ʠ ʶʚʝʣʠʨʥʦʝ ʜʝʣʦ. ɺ 

ʥʘʰʝʤ ʜʦʢʣʘʜʝ ʭʦʪʝʣʦʩʴ ʙʳ ʨʘʩʩʢʘʟʘʪʴ ʦ ʟʘʤʝʯʘʪʝʣʴʥʦʤ, ʥʦ ʥʝʟʘʩʣʫʞʝʥʥʦ ʟʘʙʳʪʦʤ ʤʘʩʪʝʨʝ ʠ 

ʦ ʧʦʩʤʝʨʪʥʦʡ ʚʳʩʪʘʚʢʝ ʝʛʦ ʨʘʙʦʪ, ʢʦʪʦʨʘʷ ʚʩʝ ʞʝ ʩʦʩʪʦʷʣʘʩʴ ʚ ʄʦʩʢʦʚʩʢʦʤ ʂʨʝʤʣʝ ʩʧʫʩʪʷ 42 

ʛʦʜʘ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʥʘ ʙʳʣʘ ʟʘʧʨʝʱʝʥʘ ʧʨʠ ʞʠʟʥʠ ʩʢʫʣʴʧʪʦʨʘ ʧʦ ʢʘʤʥʶ.  

ʇʦʯʝʤʫ ʞʝ ʚ ʧʨʦʩʣʘʚʣʝʥʥʦʤ ʤʫʟʝʝ, ʭʨʘʥʷʱʝʤ ʩʦʢʨʦʚʠʱʘ ʨʫʩʩʢʠʭ ʮʘʨʝʡ, ʰʝʜʝʚʨʳ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʠʩʢʫʩʩʪʚʘ, ʩʦʟʜʘʥʥʳʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʚʝʢʦʚ, ʙʳʣʦ 

ʨʝʰʝʥʦ ʩʜʝʣʘʪʴ ʧʨʦʝʢʪ, ʧʦʩʚʷʱʝʥʥʳʡ ʪʝʘʪʨʘʣʴʥʦʤʫ ʭʫʜʦʞʥʠʢʫ, ʢʘʤʥʝʨʝʟʫ, ʶʚʝʣʠʨʫ ʠ 

ʩʢʫʣʴʧʪʦʨʫ ɺʘʩʠʣʠʶ ɺʘʩʠʣʴʝʚʠʯʫ ʂʦʥʦʚʘʣʝʥʢʦ (1929-1989), ʨʘʙʦʪʘʚʰʝʤʫ ʚʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ ʍʍ ʩʪʦʣʝʪʠʷ ʚ ʉʉʉʈ ʠ ʉʐɸ? ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʦʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʦʜʠʥʦʯʢʫ ʚʦʟʨʦʜʠʣ ʩʣʦʞʥʝʡʰʫʶ ʪʝʭʥʦʣʦʛʠʶ ʩʦʟʜʘʥʠʷ  ʙʣʦʢʠʨʦʚʘʥʥʳʭ 

ʩʢʫʣʴʧʪʫʨ ʠʟ ʪʚʝʨʜʳʭ ʮʚʝʪʥʳʭ ʢʘʤʥʝʡ, ʠ, ʧʦ ʩʣʦʚʘʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʪʝʨʙʫʨʛʩʢʠʭ ʢʘʤʥʝʨʝʟʦʚ 

ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, çʧʦʜʭʚʘʪʠʣ ʨʚʫʱʫʶʩʷ ʥʠʪʴ ʪʨʘʜʠʮʠʠè. ɽʛʦ ʪʚʦʨʯʝʩʪʚʦ ʷʚʣʷʝʪʩʷ, ʧʦ 

ʤʥʝʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʩʪʝʨʦʚ, çʩʘʤʳʤ ʤʘʩʩʠʚʥʳʤ ʟʚʝʥʦʤ ʚ ʮʝʧʦʯʢʝ, ʪʷʥʫʱʝʡʩʷ ʦʪ 

ʌʘʙʝʨʞʝ ʢ ʪʚʦʨʝʥʠʷʤ ʤʘʩʪʝʨʦʚ 1990-2000 ʛʛ.è 

ʇʦʵʪʦʤʫ ʨʫʢʦʚʦʜʩʪʚʫ ʠ ʩʦʪʨʫʜʥʠʢʘʤ ʄʫʟʝʝʚ ʄʦʩʢʦʚʩʢʦʛʦ ʂʨʝʤʣʷ ʟʘʭʦʪʝʣʦʩʴ ʚʦʟʜʘʪʴ 

ʜʦʣʞʥʦʝ ʵʪʦʤʫ ʤʘʩʪʝʨʫ, ʢʦʪʦʨʳʡ, ʧʦʤʠʤʦ ʚʦʟʨʦʞʜʝʥʠʷ ʩʣʦʞʥʝʡʰʠʭ ʢʘʤʥʝʨʝʟʥʳʭ ʠ 

ʶʚʝʣʠʨʥʳʭ ʪʝʭʥʠʢ, ʩʦʟʜʘʣ, ʢʘʢ ʢʦʛʜʘ-ʪʦ ʠ ʂʘʨʣ ʌʘʙʝʨʞʝ, ʟʘʧʦʤʠʥʘʶʱʫʶʩʷ ʛʘʣʝʨʝʶ 

ʦʙʨʘʟʦʚ: ʥʘʨʦʜʥʳʭ ʪʠʧʦʚ ʠ ʬʦʣʴʢʣʦʨʥʦ-ʙʘʩʝʥʥʳʭ ʧʝʨʩʦʥʘʞʝʡ, ʘ ʪʘʢʞʝ ʩʚʦʠʭ ʩʦʚʨʝʤʝʥʥʠʢʦʚ.  

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ ʧʦ ʚʳʷʚʣʝʥʠʶ ʧʨʦʠʟʚʝʜʝʥʠʡ ɺ. ʂʦʥʦʚʘʣʝʥʢʦ ʚ 

ʤʫʟʝʡʥʳʭ ʠ ʯʘʩʪʥʳʭ ʢʦʣʣʝʢʮʠʷʭ, ʠʭ ʘʪʨʠʙʫʮʠʠ ʠ ʦʧʠʩʘʥʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʪʚʦʨʯʝʩʪʚʦ 

ʤʘʩʪʝʨʘ ʧʨʝʜʩʪʘʣʦ ʧʝʨʝʜ ʟʨʠʪʝʣʷʤʠ ʚ ʩʚʦʝʡ ʧʦʣʥʦʪʝ ʠ ʞʘʥʨʦʚʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ. ʇʫʙʣʠʢʘ 

ʩʤʦʛʣʘ ʫʚʠʜʝʪʴ ʢʘʢ ʝʛʦ ʪʝʘʪʨʘʣʴʥʳʝ ʵʩʢʠʟʳ (ʧʦ ʦʙʨʘʟʦʚʘʥʠʶ ɺʘʩʠʣʠʡ ɺʘʩʠʣʴʝʚʠʯ ʙʳʣ 

ʪʝʘʪʨʘʣʴʥʳʤ ʭʫʜʦʞʥʠʢʦʤ), ʪʘʢ ʠ ʟʥʘʤʝʥʠʪʳʝ ʢʘʤʥʝʨʝʟʥʳʝ ʬʠʛʫʨʳ ʠ ʛʨʫʧʧʳ, ʘʥʠʤʘʣʠʩʪʠʢʫ 

ʠʟ ʩʘʤʦʮʚʝʪʦʚ, ʘ ʪʘʢʞʝ ʧʦʨʪʨʝʪʥʳʝ ʛʝʤʤʳ ʚ çʢʨʝʧʢʠʭ ʢʘʤʥʷʭè. ɹʳʣʠ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʜʢʠʝ ʩʢʫʣʴʧʪʫʨʳ ʠʟ ʙʨʦʥʟʳ, ʘ ʪʘʢʞʝ ʚʝʣʠʢʦʣʝʧʥʳʝ ʤʘʩʰʪʘʙʥʳʝ ʩʝʨʝʙʨʷʥʳʝ ʠʟʜʝʣʠʷ ʩ 

ʵʤʘʣʴʶ ʧʦ ʩʢʘʥʠ ʚ çʦʨʠʛʠʥʘʣʴʥʦʤ ʨʫʩʩʢʦʤ ʩʪʠʣʝè, ʚʜʦʭʥʦʚʣʝʥʥʳʝ ʨʘʙʦʪʘʤʠ ʨʦʩʩʠʡʩʢʠʭ 

ʤʘʩʪʝʨʦʚ ʩʝʨʝʙʨʷʥʦʛʦ ʜʝʣʘ ʵʧʦʭʠ ʠʩʪʦʨʠʟʤʘ ʠ ʤʦʜʝʨʥʘ. ʉʝʤʴʷ ʤʘʩʪʝʨʘ ʧʝʨʝʜʘʣʘ ʜʣʷ 

ʵʢʩʧʦʥʠʨʦʚʘʥʠʷ ʮʝʥʥʳʝ ʘʨʭʠʚʥʳʝ ʜʦʢʫʤʝʥʪʳ ʠ ʬʦʪʦʛʨʘʬʠʠ. ʊʚʦʨʯʝʩʪʚʦ ɺʘʩʠʣʠʷ 

ɺʘʩʠʣʴʝʚʠʯʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʚʠʪʠʠ ï ʦʪ ʨʘʥʥʠʭ ʨʘʙʦʪ, ʚʳʧʦʣʥʝʥʥʳʭ ʝʱʝ ʚ ʃʝʥʠʥʛʨʘʜʝ, 

ʜʦ ʧʦʩʣʝʜʥʠʭ, ʩʦʟʜʘʥʥʳʭ ʚ ʘʤʝʨʠʢʘʥʩʢʠʡ ʧʝʨʠʦʜ. ʆʨʛʘʥʠʟʘʪʦʨʘʤ ʚʳʩʪʘʚʢʠ ʫʜʘʣʦʩʴ ʧʨʠʚʣʝʯʴ 

ʢ ʫʯʘʩʪʠʶ ʚ ʧʨʦʝʢʪʝ ʢʨʫʧʥʝʡʰʠʝ ʤʫʟʝʠ ʠ ʯʘʩʪʥʳʝ ʢʦʣʣʝʢʮʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ 

ʉʐɸ. ʕʪʦ ʚʪʦʨʘʷ ʧʦʩʣʝ 1973 ʛʦʜʘ (ʪʦʛʜʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʝʨʩʦʥʘʣʴʥʘʷ ʚʳʩʪʘʚʢʘ ɺ. 

ʂʦʥʦʚʘʣʝʥʢʦ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʈʫʩʩʢʦʤ ʤʫʟʝʝ ʚ ʃʝʥʠʥʛʨʘʜʝ) ʵʢʩʧʦʟʠʮʠʷ, ʩʦʟʜʘʥʥʘʷ ʥʘ 

ʨʦʜʠʥʝ ʟʘʤʝʯʘʪʝʣʴʥʦʛʦ ʭʫʜʦʞʥʠʢʘ, ʯʴʝ ʠʤʷ ʟʥʘʶʪ ʠ ʮʝʥʷʪ ʚʩʝ, ʯʴʷ ʞʠʟʥʴ ʠ ʜʫʰʘ ʪʦʞʝ 

ʥʘʭʦʜʷʪʩʷ ʚʦ ʚʣʘʩʪʠ ʩʘʤʦʮʚʝʪʦʚ.  
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ʂʈʀʉʊɸʃʃʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʍʈʀɿʆɹɽʈʀʃʃɸ 

ʄɸʈʀʀʅʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ (ʋʈɸʃʔʉʂʀɽ ʀɿʋʄʈʋɼʅʓɽ ʂʆʇʀ) 

 

ɸ.ɻ. ʅʠʢʦʣʘʝʚ
1
, ʄ.ʇ. ʇʦʧʦʚ

2,3 

 

1 ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ. 

anatolij-nikolaev@yandex.ru 

2 ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ.  

popovm1@yandex.ru 

3 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʂ ʜʨʘʛʦʮʝʥʥʳʤ ʢʘʤʥʷʤ I ʧʦʨʷʜʢʘ ʦʪʥʦʩʠʪʩʷ ʨʝʜʢʘʷ ʭʨʦʤʩʦʜʝʨʞʘʱʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 

ʭʨʠʟʦʙʝʨʠʣʣʘ ï ʘʣʝʢʩʘʥʜʨʠʪ. ʃʫʯʰʠʤʠ ʘʣʝʢʩʘʥʜʨʠʪʘʤʠ ʩʯʠʪʘʶʪʩʷ ʫʨʘʣʴʩʢʠʝ (ʋʨʘʣʴʩʢʠʝ 

ʠʟʫʤʨʫʜʥʳ ʢʦʧʠ), ʪʘʢʞʝ ʶʚʝʣʠʨʥʳʡ ʤʘʪʝʨʠʘʣ ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɹʨʘʟʠʣʠʠ, 

ʊʘʥʟʘʥʠʠ, ʄʘʜʘʛʘʩʢʘʨʘ, ʀʥʜʠʠ, ʐʨʠ-ʃʘʥʢʠ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʚʳʷʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʧʨʠʨʦʜʳ 

ʦʢʨʘʩʢʠ ʧʨʠʨʦʜʥʳʭ ʘʣʝʢʩʘʥʜʨʠʪʦʚ ʠ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ. ʆʙʨʘʟʮʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʣʫʞʠʣʠ ʦʙʨʘʟʮʳ ʘʣʝʢʩʘʥʜʨʠʪʦʚ ʠʟ ʩʣʶʜʠʪʦʚ ʠ ʧʝʛʤʘʪʠʪʦʚ ʋʨʘʣʴʩʢʠʭ 

ʠʟʫʤʨʫʜʥʳʭ ʢʦʧʝʡ, ʘ ʪʘʢʞʝ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʘʥʘʣʦʛʠ, ʚʳʨʘʱʝʥʥʳʝ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ 

ʤʝʪʦʜʦʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʆʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʟʘʧʠʩʳʚʘʣʠʩʴ ʥʘ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ 

ʄʉʌʋ ï ʂ. ʈʝʛʠʩʪʨʘʮʠʷ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ 

ʚʦʣʥ 400ï800 ʥʤ, ʩ ʰʘʛʦʤ 1 ʥʤ. ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʠ ʦʧʠʩʘʥʠʷ ʦʢʨʘʩʢʠ 

ʘʣʝʢʩʘʥʜʨʠʪʦʚ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ʮʚʝʪʥʦʩʪʠ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ XYZ. ɺʩʝ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʙʳʣʠ ʚʳʥʝʩʝʥʳ ʥʘ ʩʪʘʥʜʘʨʪʥʳʡ ʮʚʝʪʦʚʦʡ 

ʪʨʝʫʛʦʣʴʥʠʢ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ ʦʩʚʝʱʝʥʠʶ (ʄʂʆ ï 1931). ʂʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʤʠʥʝʨʘʣʦʚ (x, y, z ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʮʚʝʪʥʦʩʪʠ; ɚ ï ʜʣʠʥʘ ʚʦʣʥʳ, ʨ ï 

ʛʫʩʪʦʪʘ, L ï ʷʨʢʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʮʚʝʪʦʚʦʛʦ ʪʦʥʘ) ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ çʉʧʝʢʪʨè. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʍʨʠʟʦʙʝʨʠʣʣ (BeAl2O4) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʨʦʤʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ (ʪʦʯʝʯʥʘʷ ʛʨʫʧʧʘ 

D2h, mmm, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Pbnm), ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ: a = 4.424 ¡, b 

= 9.393 ¡, c = 5.473 ¡. ʉʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʪʠʧʘʤʠ ʦʢʪʘʵʜʨʦʚ AlO6 ʩʦ ʩʨʝʜʥʠʤ 

ʤʝʞʘʪʦʤʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ AlM1 ï ʆ = 0.189 ʥʤ; AlM2 ï O = 0.194 ʥʤ. Al-ʦʢʪʘʵʜʨʳ ʩʚʷʟʘʥʳ 

ʦʙʱʠʤʠ ʨʝʙʨʘʤʠ ʚ ʟʠʛʟʘʛʦʦʙʨʘʟʥʳʝ ʮʝʧʦʯʢʠ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪʩʷ ʚʤʝʩʪʝ ʪʝʪʨʘʵʜʨʘʤʠ BeO4 

ʩ ʤʝʞʘʪʦʤʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ Be ï ʆ = 0.163 ʥʤ; ʆ ï ʆ = 0.25 ʥʤ (ʜʣʷ ʦʙʱʠʭ ʨʝʙʝʨ 

ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ), O ï ʆ = 0.274 ʥʤ (ʄʠʥʝʨʘʣʳ, 1972; ʇʣʘʪʦʥʦʚ, 1984). 

ɺ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʘʣʝʢʩʘʥʜʨʠʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ 

ʧʦʛʣʦʱʝʥʠʝ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʝʨʝʥʦʩʦʤ ʟʘʨʷʜʘ O
2ï 
Ÿ 

Fe
3+
. ɺ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʦʷʚʣʷʶʪʩʷ ʜʚʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʧʝʢʪʨʦʚ 

Cr
3+

-ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʠʥʝʨʘʣʦʚ. ɼʣʠʥʥʦʚʦʣʥʦʚʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 578ï602 ʥʤ ʩʚʷʟʘʥʘ ʩ 

ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝʭʦʜʦʤ 
4
ɸ2g Ÿ 

4
ʊ2g, ʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ 418ï428 ʥʤ ï ʩ 

ʧʝʨʝʭʦʜʦʤ 
4
ɸ2g Ÿ 

4
ʊ1g (ʇʣʘʪʦʥʦʚ, 1976). ʂʦʥʬʠʛʫʨʘʮʠʷ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʟʥʘʯʝʥʠʝ 

ʵʥʝʨʛʠʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʠʧʠʩʘʪʴ ʥʘʙʣʶʜʘʝʤʳʝ ʧʦʣʦʩʳ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʝʨʝʭʦʜʘʤ ʚ ʠʦʥʘʭ Cr
3+
, ʢʦʪʦʨʳʝ ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʱʘʶʪ ʠʦʥʳ Al

3+
 ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ 

ʩʪʨʫʢʪʫʨʳ ʭʨʠʟʦʙʝʨʠʣʣʘ. 

ɺ ʧʨʠʨʦʜʥʳʭ ʦʙʨʘʟʮʘʭ ʘʣʝʢʩʘʥʜʨʠʪʦʚ ʚ ʨʘʡʦʥʝ 438ï443 ʥʤ ʥʘʙʣʶʜʘʝʪʩʷ ʫʟʢʘʷ ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ ʤʘʣʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʩʚʷʟʘʥʥʘʷ ʩ ʩʧʠʥ-ʟʘʧʨʝʱʝʥʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝʭʦʜʦʤ 
6
ɸ1g Ÿ 

4
A1g, 

4
Eg (

4
T2g) ʚ ʠʦʥʘʭ Fe

3+
, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʧʦʟʠʮʠʠ Al ʚ ʩʪʨʫʢʪʫʨʝ ʭʨʠʟʦʙʝʨʠʣʣʘ. 

ɺ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʜʘʥʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ. 
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ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʧʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʘʣʝʢʩʘʥʜʨʠʪʦʚ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʢʦʦʨʜʠʥʘʪ ʮʚʝʪʥʦʩʪʠ ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʄʂʆ ï 1931. ʈʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʜʣʷ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ɸ çʣʘʤʧʘ ʥʘʢʘʣʠʚʘʥʠʷè ʠ ʜʣʷ 

ʠʩʪʦʯʥʠʢʘ D65 çʩʦʣʥʝʯʥʳʡ ʩʚʝʪè. ɼʦʤʠʥʠʨʫʶʱʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʦʩʥʦʚʥʦʛʦ ʮʚʝʪʦʚʦʛʦ ʪʦʥʘ 

ʧʨʠʨʦʜʥʳʭ ʠ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʣʝʢʩʘʥʜʨʠʪʦʚ ʧʨʠ ʠʩʪʦʯʥʠʢʝ ɸ ʩʦʩʪʘʚʠʣʘ ɚ = 500.8ï596.8 ʥʤ, ʘ 

ʚʝʣʠʯʠʥʘ ʥʘʩʳʱʝʥʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʮʚʝʪʦʚʦʛʦ ʪʦʥʘ ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 6.85ï40.15%. 

ɼʣʠʥʘ ʚʦʣʥʳ ʦʩʥʦʚʥʦʛʦ ʮʚʝʪʦʚʦʛʦ ʪʦʥʘ ʧʨʠ ʠʩʪʦʯʥʠʢʝ D65 ʩʦʩʪʘʚʠʣʘ ɚ = 503.7ï572.7 ʥʤ, ʘ 

ʚʝʣʠʯʠʥʘ ʥʘʩʳʱʝʥʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʮʚʝʪʦʚʦʛʦ ʪʦʥʘ ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 2.68ï45.26%. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʘ ʚʳʷʚʣʝʥʘ 

ʧʨʠʨʦʜʘ ʦʢʨʘʩʢʠ ʧʨʠʨʦʜʥʳʭ ʘʣʝʢʩʘʥʜʨʠʪʦʚ ʠ ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʜʣʷ ʥʠʭ ʦʩʥʦʚʥʳʝ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʮʚʝʪʦʚʦʛʦ ʨʝʚʝʨʩʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ Cr
3+

 ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʥʘʩʳʱʝʥʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ 

ʮʚʝʪʦʚʦʛʦ ʪʦʥʘ ʘʣʝʢʩʘʥʜʨʠʪʦʚ ʠ ʧʨʦʠʩʭʦʜʠʪ ʫʩʠʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʝʚʝʨʩʘ. ɸʣʝʢʩʘʥʜʨʠʪʳ, 

ʚʟʷʪʳʝ ʠʟ ʧʝʛʤʘʪʠʪʦʚʳʭ ʞʠʣ, ʩʦʜʝʨʞʘʪ ʩʘʤʳʝ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʭʨʦʤʘ, ʠ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʭʨʠʟʦʙʝʨʠʣʣʘʤ, ʘ ʦʙʨʘʟʮʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ ʭʨʦʤʘ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʣʶʜʠʪʘʭ. 

ɺ ʧʨʠʨʦʜʥʳʭ ʘʣʝʢʩʘʥʜʨʠʪʘʭ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʚ ʨʘʡʦʥʝ 438ï443 ʥʤ 

ʩʚʷʟʘʥʥʘʷ ʩ ʠʦʥʘʤʠ Fe
3+
, ʘ ʚ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʘʭ ʜʘʥʥʘʷ ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ. 

ɼʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʘʣʝʢʩʘʥʜʨʠʪʦʚ ʠ 

ʠʭ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʄʠʥʝʨʘʣʳ, ʩʧʨʘʚʦʯʥʠʢ. ʊ. 2. ɺʳʧ. 3. ʄ.: ʅʘʫʢʘ, 1967. ʉ. 118ï126. 

2. ʇʣʘʪʦʥʦʚ ɸ.ʅ. ʇʨʠʨʦʜʘ ʦʢʨʘʩʢʘ ʤʠʥʝʨʘʣʦʚ. ʂʠʝʚ: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1976. 264 ʩ. 

3. ʇʣʘʪʦʥʦʚ ɸ.ʅ., ʊʘʨʘʥ ʄ.ʅ., ɹʘʣʠʮʢʠʡ ɺ.ʉ. ʇʨʠʨʦʜʘ ʦʢʨʘʩʢʠ ʩʘʤʦʮʚʝʪʦʚ. ʄ.: ʅʝʜʨʘ, 

1984. 196 ʩ. 

 



122 

 

ʈɸʄɸʅʆɺʉʂɸʗ ʉʇɽʂʊʈʆʉʂʆʇʀʗ ɾɽʃɽɿʀʉʊʓʍ ʄʀʅɽʈɸʃʆɺ ʂʆʈʓ 

ɺʓɺɽʊʈʀɺɸʅʀʗ ɼɾɽʉʇʀʃʀʊʆɺ ʂʋʈʉʂʆʁ ʄɸɻʅʀʊʅʆʁ ɸʅʆʄɸʃʀʀ 

 

ʀ.ʀ. ʅʠʢʫʣʠʥ
1
, ʆ.ɽ. ʂʦʚʘʣʴʯʫʢ
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ʆʆʆ çɽʚʨʦʍʠʤ-ɺʦʣʛʘʂʘʣʠʡè, ʛ. ʂʦʪʝʣʴʥʠʢʦʚʦ ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣ., iinikulin@gmail.com 

ʅʀɻʇ ɸʂ çɸʃʈʆʉɸè, ʛ. ʄʠʨʥʳʡ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ),oleg.kovalchuk@mail.ru 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʚʪʦʨʘ ʧʨʦʚʝʜʝʥ ʦʙʰʠʨʥʳʡ ʨʷʜ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʂɺ) ʜʞʝʩʧʠʣʠʪʦʚ ʂʫʨʩʢʦʡ ʤʘʛʥʠʪʥʦʡ 

ʘʥʦʤʘʣʠʠ (ʂʄɸ). ʂɺ ʩʣʘʛʘʶʪʩʷ ʙʦʛʘʪʳʤʠ ʞʝʣʝʟʥʳʤʠ ʨʫʜʘʤʠ (ɹɾʈ), ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʢʦʪʦʨʳʭ ʥʘ ʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʇʦ ʧʦʩʣʝʜʥʠʤ ʜʘʥʥʳʤ 

ʛʣʘʚʥʳʤʠ ʨʫʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʚ ʞʝʣʝʟʦʨʫʜʥʦʡ ʂɺ ʂʄɸ ʷʚʣʷʶʪʩʷ (ʅʠʢʫʣʠʥ, 

2012, 2013): ʛʝʤʘʪʠʪ, ʢʘʨʙʦʥʘʪʳ ʠ ʛʸʪʠʪ. ʇʦʤʠʤʦ ʥʠʭ ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʚʘʨʮ ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʩʠʣʠʢʘʪʳ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʚ ʥʝʢʦʪʦʨʳʭ ʪʠʧʘʭ 

ʨʫʜ ʧʦʚʳʰʝʥʦ (ʅʠʢʫʣʠʥ, 2011, 2014). ʀʥʦʛʜʘ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʣʠ ʚ ʚʠʜʝ ʧʨʠʤʝʩʠ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʦʣʠʥʠʪ, ʙʸʤʠʪ, ʛʠʙʙʩʠʪ, ʧʠʨʠʪ, ʤʘʨʢʘʟʠʪ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʘʛʨʝʛʘʪʦʚ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʨʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ) ʞʝʣʝʟʠʩʪʳʭ 

ʤʠʥʝʨʘʣʦʚ ɹɾʈ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʩʪʠʛʤʘʪʠʯʝʩʢʦʤ ʦʜʥʦʭʦʜʦʚʦʤ ʩʧʝʢʪʨʦʛʨʘʬʝ ʩʠʩʪʝʤʳ 

inViaReflex ʩ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 250 ʤʤ (ʩʚʝʪʦʩʠʣʘ >30%) ʩ ʤʝʭʘʥʠʟʤʦʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʨʵʣʝʝʚʩʢʠʭ ʬʠʣʴʪʨʦʚ, ʠ ʥʘʙʦʨʘʤʠ ʧʦʣʷʨʠʟʘʪʦʨʦʚ ʠ 

ʘʥʘʣʠʟʘʪʦʨʦʚ ʨʘʤʘʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʜʣʠʥ ʚʦʣʥ ʚʦʟʙʫʞʜʝʥʠʷ 532 ʥʤ (ʅʀɻʇ ɸʂ 

çɸʃʈʆʉɸè). ɺ ʩʠʩʪʝʤʝ ʧʨʠʤʝʥʷʣʠʩʴ ʣʘʟʝʨʳ: ʜʠʦʜʥʳʡ Renishaw ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ, 

300 ʤɺʪ ʧʨʠ 785 ʥʤ, ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʧʣʘʟʤʘ-ʬʠʣʴʪʨʦʤ; ʛʝʣʠʡ-ʢʘʜʤʠʝʚʳʡ Kimmon 20 ʤɺʪ ʧʨʠ 

325 ʥʤ; ʜʠʦʜʥʳʡ ʥʘ 100 ʤɺʪ ʧʨʠ 532 ʥʤ ʩ ʚʦʟʜʫʰʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʣʷ ʤʦʥʪʘʞʘ ʥʘ ʙʘʟʦʚʦʡ 

ʧʣʘʪʬʦʨʤʝ. 

ɻʝʤʘʪʠʪ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʠʥʝʨʘʣʦʤ ʚ ʞʝʣʝʟʦʨʫʜʥʳʭ ʂɺ ʂʄɸ. 

ɺ ɹɾʈ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʩʧʣʦʰʥʳʭ ʨʘʟʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʚʧʣʦʪʴ ʜʦ 

ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʘʛʨʝʛʘʪʦʚ ï ʤʘʨʪʠʪʦʚʳʭ), ʧʩʝʚʜʦʯʝʰʫʡʯʘʪʦʡ (ʞʝʣʝʟʥʘʷ ʩʣʶʜʢʘ) 

ʬʦʨʤʳ ʠ ʫʣʴʪʨʘʤʝʣʢʠʭ ʟʝʨʝʥ (ʣʝʧʪʦʛʝʤʘʪʠʪ). ʎʚʝʪ ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʣʦʪʥʳʭ ʤʘʩʩ ʦʪ ʩʝʨʦʚʘʪʦ-

ʩʪʘʣʴʥʦʛʦ ʜʦ ʪʫʩʢʣʦʛʦ ʩʝʨʦʚʘʪʦ-ʯʝʨʥʦʛʦ, ʫ ʨʳʭʣʳʭ ʠ ʧʦʨʦʰʢʦʚʘʪʳʭ ʨʘʟʥʦʩʪʝʡ ï ʢʨʘʩʥʦ-

ʙʫʨrʡ. ʅʘ ʩʧʝʢʪʨʘʭ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʂʈ-ʩʧʝʢʪʨʘʭ) ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ 

ʛʝʤʘʪʠʪ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʧʦ ʨʝʬʣʝʢʩʘʤ (ʨʠʩ. 1ʘ): 220ï229, 287ï295, 405ï415, 1316ï1323. ʇʦ 

ʜʘʥʥʳʤ ʂʈ-ʩʧʝʢʪʨʦʚ ʚ ʛʝʤʘʪʠʪʦʚʳʭ ʘʛʨʝʛʘʪʘʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʛʸʪʠʪ (Sobron, 2014). 

ɺ ʤʦʥʦʤʠʥʝʨʘʣʴʥʦʤ ʚʠʜʝ ʛʸʪʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʦʯʝʥʴ ʨʝʜʢʦ, ʦʙʳʯʥʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ 

ʩʤʝʩʠ ʩ ʣʝʧʪʦʛʝʤʘʪʠʪʦʤ, ʣʠʙʦ ʚ ʚʠʜʝ ʢʦʨʦʯʝʢ ʠ ʦʪʦʨʦʯʝʢ ʧʦ ʤʘʨʪʠʪʫ. ʀʥʦʛʜʘ ʚʩʪʨʝʯʘʶʪʩʷ 

ʧʣʦʪʥʳʝ ʠʣʠ ʟʝʨʥʠʩʪʳʝ ʛʸʪʠʪʦʚʳʝ ʧʦʨʦʜʳ ʚ ʚʠʜʝ ʧʦʯʪʠ ʥʝʜʝʣʠʤʦʡ ʤʘʩʩʳ ʪʝʤʥʦ-ʙʫʨʦʛʦ 

ʮʚʝʪʘ. ʅʘ ʂʈ-ʩʧʝʢʪʨʘʭ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ ʛʸʪʠʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʨʝʬʣʝʢʩʘʤ (ʨʠʩ. 1ʙ): 

240ï245, 290ï300, 385ï390, 550ï560. 

ʂʘʨʙʦʥʘʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʢʨʦʚʣʝ ʂɺ ʜʞʝʩʧʠʣʠʪʦʚ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ 

ʩʚʷʟʘʥʦ ʩ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʠʜʝʨʠʪ ʩʚʷʟʘʥ ʩ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʤʠ 

ʠʣʠ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚ ʛʠʧʝʨʛʝʥʥʳʭ ʞʝʣʝʟʥʳʭ ʨʫʜʘʭ (ʅʠʢʫʣʠʥ, 2012), ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʷʚʣʷʷʩʴ ʮʝʤʝʥʪʠʨʫʶʱʠʤ ʤʠʥʝʨʘʣʦʤ 

ʢʨʦʚʣʠ ʟʘʣʝʞʝʡ ɹɾʈ. ʅʘ ʂʈ-ʩʧʝʢʪʨʘʭ ʩ ʜʣʠʥʥʦʡ ʚʦʣʥʳ 532 ʥʤ ʩʠʜʝʨʠʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʨʝʬʣʝʢʩʘʤ (ʨʠʩ. 1ʚ): 178ï195, 270ï285, 1080ï1090. 
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ʈʠʩʫʥʦʢ 1. ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʞʝʣʝʟʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠʟ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ 

ʜʞʝʩʧʠʣʠʪʦʚ ʂʫʨʩʢʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ: ʘ) ʛʝʤʘʪʠʪ, ʦʙʨ. 5ɸ-1; ʙ) ʛʸʪʠʪ, ʦʙʨ. 7-614,9-

2; ʚ) ʩʠʜʝʨʠʪ, ʦʙʨ. 25-550,7-3; ʛ) ʙʝʨʪʴʝʨʠʥ, ʦʙʨ. 4ʈɺ. 

 

ɹʝʨʪʴʝʨʠʥ ï ʞʝʣʝʟʠʩʪʳʡ ʩʣʦʠʩʪʳʡ ʩʠʣʠʢʘʪ, ʢʦʪʦʨʳʡ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʢʦʨʝ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʜʞʝʩʧʠʣʠʪʦʚ, ʥʦ ʝʛʦ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 17%. ʅʘ ʂʈ-ʩʧʝʢʪʨʘʭ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ (ʧʦ rruff.info) ʙʝʨʪʴʝʨʠʥ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʧʦ ʨʝʬʣʝʢʩʘʤ (ʨʠʩ. 1ʛ): 254ï260, 380ï385, 657ï660. 
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ʂʆʅʎɽʇʎʀʀ ʄʀʅɽʈɸʃʆɻʀʏɽʉʂʆɻʆ ʄʋɿɽʗ ɺ XVIII ʀ XIX ɺɺ. 

 

ɼ.ɼ. ʅʦʚʛʦʨʦʜʦʚʘ 

 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʈɸʅ 

 

ʀʩʪʦʨʠʷ ʢʦʣʣʝʢʮʠʡ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʈɸʅ ʚ XVIII  ʚ., ʢʦʛʜʘ 

ʦʥ ʥʝ ʙʳʣ ʤʫʟʝʝʤ, ʘ ʙʳʣ ʄʠʥʝʨʘʣʴʥʳʤ ʢʘʙʠʥʝʪʦʤ ʂʫʥʩʪʢʘʤʝʨʳ
2
, ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

çʠʩʪʦʨʠʷʭè ʤʫʟʝʷ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʧʦʜʨʦʙʥʦʩʪʠ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʩʭʝʤʝ: ʵʪʦ ʧʝʨʝʯʝʥʴ ʠʤʝʥ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʨʘʙʦʪʘʚʰʠʭ ʚ ʂʘʙʠʥʝʪʝ (ʩ ʫʧʦʤʠʥʘʥʠʝʤ 

ʤʦʣʦʜʦʛʦ ʃʦʤʦʥʦʩʦʚʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʟʙʦʨ ʢʦʣʣʝʢʮʠʡ ʄʠʥʝʨʘʣʴʥʦʛʦ ʢʘʙʠʥʝʪʘ ʠ ʩʦʩʪʘʚʣʝʥʠʝ 

ʢʘʪʘʣʦʛʘ ʙʳʣʠ ʧʝʨʚʦʡ ʨʘʙʦʪʦʡ, ʧʦʨʫʯʝʥʥʦʡ ʝʤʫ ʚ ɸʢʘʜʝʤʠʠ ʥʘʫʢ), ʩʦʙʳʪʠʡ (ʧʦʩʪʫʧʣʝʥʠʡ ʚ 

ʂʘʙʠʥʝʪ ʟʥʘʯʠʤʳʭ ʯʘʩʪʥʳʭ ʢʦʣʣʝʢʮʠʡ ʤʠʥʝʨʘʣʦʚ ʠʣʠ ʦʙʨʘʟʮʦʚ ʠʟ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ) 

ʠ ʦʙʷʟʘʪʝʣʴʥʦ ʥʝʩʢʦʣʴʢʠʭ ʟʥʘʤʝʥʠʪʳʭ ʵʢʩʧʦʥʘʪʦʚ ʢʦʣʣʝʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʩʝʨʝʙʨʷʥʦʛʦ 

ʩʘʤʦʨʦʜʢʘ ʚ ʚʠʜʝ ʨʦʛʘ, ʧʨʠʚʝʟʝʥʥʦʛʦ ʇʝʪʨʦʤ ʇʝʨʚʳʤ ʠʟ ʂʦʧʝʥʛʘʛʝʥʘ). ʊʘʢ ʧʠʩʘʣʠ ʠʩʪʦʨʠʶ 

ʤʫʟʝʷ ʚʩʝʛʜʘ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʳʭ çʙʠʙʣʠʦʪʝʢʘʨʝʡè ʧʝʪʝʨʙʫʨʛʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʀʦʛʘʥʥʘ 

ʐʫʤʘʭʝʨʘ, ʀʦʛʘʥʥʘ ɹʘʢʤʝʡʩʪʝʨʘ ʠ ʆʩʠʧʘ ɹʝʣʷʝʚʘ ʚ XVIII ïXIX  ʚʚ. (ʐʫʤʘʭʝʨ, 1744; 

ɹʘʢʤʝʡʩʪʝʨ, 1779; ɹʝʣʷʝʚ, 1800) ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. 

ʌʝʨʩʤʘʥʘ ʚ XX ʚ. (ʉʦʣʴʩʢʠʡ, 1961; ɹʘʨʩʘʥʦʚ, ʂʦʨʥʝʪʦʚʘ, 1989). 

ʆʜʥʘʢʦ ʚ ʧʝʨʝʯʥʷʭ ʩʦʙʳʪʠʡ, ʠʤʝʥ, ʠʥʪʝʨʝʩʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʚ ʢʦʣʣʝʢʮʠʶ, ʜʦʚʦʣʴʥʦ 

ʪʨʫʜʥʦ, ʝʩʣʠ ʥʝ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʥʷʪʴ ʧʨʠʥʮʠʧʳ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʣʣʝʢʮʠʠ ʤʫʟʝʷ, ʧʦʥʷʪʴ, ʢʘʢʦʚʘ 

ʙʳʣʘ ʢʦʥʮʝʧʮʠʷ ʩʘʤʦʛʦ ʤʫʟʝʷ. ʅʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʥʘʰʠʭ ʟʥʘʥʠʡ ʦʙ ʠʩʪʦʨʠʠ ʢʫʨʘʪʦʨʩʪʚʘ
3
 

ʨʘʥʥʠʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʩʦʙʨʘʥʠʡ, ʦ ʪʦʤ,  ʢʘʢ ʦʥʠ ʙʳʣʠ ʫʩʪʨʦʝʥʳ, ʠ, ʛʣʘʚʥʦʝ, ʧʦʯʝʤʫ ï 

ʦʜʥʘ ʠʟ ʠʟʚʝʩʪʥʳʭ ʧʨʦʙʣʝʤ  ʠʩʪʦʨʠʢʦʚ ʢʦʣʣʝʢʮʠʡ (Torrens, 1985).  

ɸʥʘʣʠʟ ʠʩʪʦʯʥʠʢʦʚ XVIII ïXIX  ʚʚ. ʧʦ ʠʩʪʦʨʠʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʟʥʘʥʠʷ ʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʡ (ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʠʤʝʶʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ 

ʢʦʣʣʝʢʮʠʠ ʄʠʥʝʨʘʣʴʥʦʛʦ ʢʘʙʠʥʝʪʘ ʂʫʥʩʪʢʘʤʝʨʳ, ʢʘʪʘʣʦʛʦʚ ʢʦʣʣʝʢʮʠʠ (Gottwald 1714; 

Catalogus minerarum, 1745; ʃʦʤʦʥʦʩʦʚ 1954; Lehmann, 1760; Georgi, 1786-89; Index 

Lithophylacei 1786-89; Enumeratio fossilium1788)), ʧʦʟʚʦʣʠʣ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ 

ʬʦʨʤʳ, çʤʦʜʝʣʠè, ʢʦʣʣʝʢʮʠʠ ʄʠʥʝʨʘʣʴʥʦʛʦ ʢʘʙʠʥʝʪʘ ʂʫʥʩʪʢʘʤʝʨʳ. ʊʘʢ, ʥʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ XVIII  ʚ. ʜʣʷ ʤʠʥʝʨʘʣʴʥʳʭ ʢʘʙʠʥʝʪʦʚ ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ɽʚʨʦʧʝ ʜʝʡʩʪʚʦʚʘʣʘ 

ʢʦʥʮʝʧʮʠʷ çʢʦʣʣʝʢʮʠʷ-ʩʣʦʚʘʨʴè, ʘ ʥʘʯʠʥʘʷ ʩ XIX  ʚ. ï çʢʦʣʣʝʢʮʠʷ-ʢʘʨʪʘè. ʕʪʠ ʤʦʜʝʣʠ 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʢʘʢ ʚ ʜʝʪʘʣʷʭ ʢʘʪʘʣʦʞʥʳʭ ʦʧʠʩʘʥʠʡ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʨʘʥʥʠʭ ʢʦʣʣʝʢʮʠʡ 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. ʌʝʨʩʤʘʥʘ ʈɸʅ, ʪʘʢ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʵʢʩʧʦʟʠʮʠʠ. ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠ ʜʝʪʘʣʠ ʧʨʦʚʝʜʝʥʥʦʡ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ. 

 

                                                 
2
 ʄʠʥʝʨʘʣʴʥʳʡ ʢʘʙʠʥʝʪ ʙʳʣ ʚʳʜʝʣʝʥ ʠʟ ʩʦʩʪʘʚʘ ʂʫʥʩʪʢʘʤʝʨʳ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ 

ʘʢʘʜʝʤʠʯʝʩʢʠʡ ʤʫʟʝʡ ʚ 1836 ʛ. 
3
 ʀʤʝʥʥʦ ʢʫʨʘʪʦʨ ï ʚ ʠʩʪʦʨʠʯʝʩʢʦʤ ʣʠ ʟʥʘʯʝʥʠʠ ʫʯʝʥʦʛʦ ʭʨʘʥʠʪʝʣʷ ʢʦʣʣʝʢʮʠʠ ʠʣʠ ʤʫʟʝʷ, 

ʠʣʠ ʚ ʧʨʠʚʳʯʥʦʤ ʥʘʤ ʩʦʚʨʝʤʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʘʚʪʦʨʘ-ʩʦʟʜʘʪʝʣʷ ʚʳʩʪʘʚʢʠ ï ʦʧʨʝʜʝʣʷʷ ʩʘʤ ʠʣʠ 

ʦʧʠʨʘʷʩʴ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʫʣʴʪʫʨʥʳʝ ʠ ʥʘʫʯʥʳʝ ʤʦʜʝʣʠ, ʢʦʥʩʪʨʫʠʨʫʝʪ ʥʝʚʠʜʠʤʦʝ 

ʠʟʤʝʨʝʥʠʝ ʢʦʣʣʝʢʮʠʠ, ʢʦʪʦʨʦʝ ʠ ʧʨʠʜʘʝʪ ʩʤʳʩʣ ʥʘʙʦʨʫ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʨʝʚʨʘʱʘʷ 

ʝʛʦ ʚ ʢʦʣʣʝʢʮʠʶ ʠʣʠ ʤʫʟʝʡ. ʅʫʞʥʦ ʜʦʙʘʚʠʪʴ, ʯʪʦ ʵʪʦʪ çʤʝʪʘʫʨʦʚʝʥʴè ʢʦʣʣʝʢʮʠʠ, ʝʝ ʩʤʳʩʣ, 

ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʠʩʘʥ ʠʣʠ ʥʝʪ ʥʘ ʧʦʷʩʥʷʶʱʠʭ ʵʪʠʢʝʪʢʘʭ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʪʝʢʩʪʘʭ, ʦʜʥʘʢʦ 

ʚʩʝʛʜʘ ʠʤʧʣʠʮʠʪʥʦ ʟʘʣʦʞʝʥ ʚ ʩʘʤʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʧʨʠʥʮʠʧʘʭ, ʧʦ ʢʦʪʦʨʳʤ ʚʳʩʪʨʦʝʥʳ ʬʦʥʜʳ ʠ 

ʵʢʩʧʦʟʠʮʠʷ ʤʫʟʝʷ ʠʣʠ ʦʪʜʝʣʴʥʦʡ ʚʳʩʪʘʚʢʠ. 
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ʆʣʠʚʠʥ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʠʥʝʨʘʣʦʤ ʚ ʢʠʤʙʝʨʣʠʪʘʭ, ʦʜʥʘʢʦ 

ʧʦʯʪʠ ʚʩʝʛʜʘ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥ ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ (ʩʝʨʧʝʥʪʠʥʦʤ, 

ʢʘʨʙʦʥʘʪʦʤ ʠ ʜʨ.), ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʝʥʝʟʠʩʘ ʠ ʵʚʦʣʶʮʠʠ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʤʘʛʤʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʥʝʢʦʪʦʨʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʢʘʭ 

ʦʙʥʘʨʫʞʝʥʳ ʦʪʜʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʨʘʟʨʝʟʦʚ (ʥʘʧʨʠʤʝʨ, ʪʨʫʙʢʘ ʋʜʘʯʥʘʷ, ʗʢʫʪʠʷ, 

Kamenetsky et al., 2008; Ionov et al., 2010 ʠ ʜʨ.), ʩʦʜʝʨʞʘʱʠʝ ʩʚʝʞʠʡ ʦʣʠʚʠʥ, ʠ ʯʠʩʣʦ ʪʘʢʠʭ 

ʧʨʠʤʝʨʦʚ ʧʨʠʙʳʚʘʝʪ (ɻʨʝʥʣʘʥʜʠʷ, ɸʥʛʦʣʘ, ɸʨʭʘʥʛʝʣʴʩʢ ʠ ʜʨ.). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʥʘʢʦʧʠʣʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʦʩʪʘʚʘ ʦʣʠʚʠʥʘ ʢʠʤʙʝʨʣʠʪʦʚ 

(Gaul et al., 2000; Moore, 2012; Kamenetsky et al., 2008; Brett et al., 2009; Moss et al., 2010; 

ʂʦʩʪʨʦʚʠʮʢʠʡ, 2009 ʠ ʜʨ.). 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʣʠʚʠʥʦʚ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ 

ʧʫʙʣʠʢʘʮʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ (Bussweiler et al., 2015; Cordier et al., 2015; Davis et al., 2013; 

Foley et al., 2013; Sobolev et al., 2009; Prelevic, Foley, 2007), ʩʪʘʥʦʚʷʪʩʷ ʤʦʱʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʘʩʰʠʬʨʦʚʢʠ ʛʝʥʝʟʠʩʘ ʢʘʢ ʩʘʤʦʛʦ ʦʣʠʚʠʥʘ, ʪʘʢ ʠ ʚʤʝʱʘʶʱʠʭ ʝʛʦ 

ʧʦʨʦʜ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʛʝʦʭʠʤʠʠ ʦʣʠʚʠʥʦʚ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ 

(Bussweiler et al., 2015; Cordier et al., 2015; Sobolev et al., 2009; ʉʦʙʦʣʝʚ ʠ ʜʨ., 2015), 

ʧʦʩʢʦʣʴʢʫ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʫʞʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ 

ʦʩʪʘʝʪʩ̫ ʧʨʝʜʤʝʪʦʤ ʦʩʪʨrʭ ʜʠʩʢʫʩʩʠʠ↑ (Bussweiler et al., 2015; ʉʘʟʦʥʦʚʘ ʠ ʜʨ., 2015; 

Cordier et al., 2015 ʠ ʩʩʳʣʢʠ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ). 

ʆʣʠʚʠʥ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʪʠʧʘʤʠ ʢʨʠʩʪʘʣʣʦʚ (Clement, 

1982; Mitchell, 1986; Kamenetsky et al., 2008): ʦʣʠʚʠʥʘʤʠ-I (ʤʘʢʨʦʢʨʠʩʪʘʤʠ ï ʢʨʫʧʥʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ ʦʢʨʫʛʣʦʛʦ ʛʘʙʠʪʫʩʘ) ʠ ʦʣʠʚʠʥʘʤʠ-II (ʤʝʣʢʠʤʠ ʠʜʠʦʤʦʨʬʥʳʤʠ, ʯʘʩʪʦ 

ʟʦʥʘʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ).  

ʉʫʤʤʠʨʫʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʙʦʪʳ ʦ ʛʝʥʝʟʠʩʝ ʦʣʠʚʠʥʦʚ ʚ ʢʠʤʙʝʨʣʠʪʘʭ, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʛʠʧʦʪʝʟʳ: 1) ʛʝʥʝʟʠʩ ʜʚʫʭ ʪʠʧʦʚ ʦʣʠʚʠʥʦʚ ʨʘʟʣʠʯʝʥ: ʦʣʠʚʠʥʳ-I ʠʤʝʶʪ 

ʢʩʝʥʦʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʝʨʥʘ, ʦʪʜʝʣʠʚʰʠʝʩʷ ʦʪ ʨʘʟʨʫʰʝʥʥʳʭ 

ʠ ʨʘʩʪʘʱʝʥʥʳʭ ʤʘʥʪʠʡʥʳʭ ʢʩʝʥʦʣʠʪʦʚ, ʘ ʦʣʠʚʠʥʳ-II ʨʦʜʩʪʚʝʥʥʳ ʢʠʤʙʝʨʣʠʪʦʚʦʤʫ 

ʨʘʩʧʣʘʚʫ ʠ ʚ ʵʪʦʤ ʩʤʳʩʣʝ ʷʚʣʷʶʪʩʷ ʬʝʥʦʢʨʠʩʪʘʤʠ (Skinner, 1989; Skinner, Clement, 1979; 

ʇʘʨʩʘʜʘʥʷʥ ʠ ʜʨ., 1996; ɸʨʭʘʥʛʝʣʴʩʢʘʷé, 1999: Kopylova et al., 2009); 2) ʙʦʣʴʰʠʥʩʪʚʦ 

ʟʝʨʝʥ ʦʣʠʚʠʥʘ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʷʚʣʷʶʪʩʷ ʨʦʜʩʪʚʝʥʥʳʤʠ ʢʠʤʙʝʨʣʠʪʦʚʦʤʫ ʨʘʩʧʣʘʚʫ, ʠ ʠʭ 

ʨʘʟʣʠʯʠʷ ʧʦ ʩʦʩʪʘʚʫ, ʨʘʟʤʝʨʘʤ ʠ ʜʨʫʛʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪʨʘʞʘʶʪ ʧʦʣʠʙʘʨʠʯʝʩʢʫʶ ʠʩʪʦʨʠʶ 

ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (Mitchell, 1986; Moore, 1988, 2012), ʧʨʠʯʝʤ ʤʘʢʨʦʢʨʠʩʪʳ ʥʝʩʫʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʨʘʥʥʝʛʦ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʢʠʤʙʝʨʣʠʪʦʚʳʤ 

ʨʘʩʧʣʘʚʦʤ (ʉʦʙʦʣʝʚ ʠ ʜʨ., 2015); 3) ʢʨʫʧʥʳʡ ʦʣʠʚʠʥ ʠ ʷʜʨʘ ʤʝʣʢʠʭ ʩʫʙʠʜʠʦʤʦʨʬʥʳʭ 

ʟʝʨʝʥ ʷʚʣʷʶʪʩʷ ʢʩʝʥʦʢʨʠʩʪʘʤʠ, ʘ ʚʥʝʰʥʠʝ ʢʘʡʤʳ ʚʩʝʭ ʟʝʨʝʥ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ (Brett et al., 2009; Arndt et al., 2010; Kamenetsky et al., 2008). 

ʈʘʙʦʪʳ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ ʥʝ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʝʭʠʦʤʝʪʨʠʯʥʳʭ ʜʣʷ ʦʣʠʚʠʥʘ ʵʣʝʤʝʥʪʦʚ, 

ʥʦ ʠ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ (Sobolev et al., 2009; Pilbeam et al., 2013; ʉʦʙʦʣʝʚ ʠ ʜʨ., 2015; 

ʉʘʟʦʥʦʚʘ ʠ ʜʨ., 2015; Cordier et al., 2015; Kargin et al., 2016) ʠ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ 

(Bussweiler et al., 2015), ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʪʦʯʥʠʢʠ ʦʣʠʚʠʥʦʚ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʛʝʪʝʨʦʛʝʥʥʳ 

ʠ ʦʣʠʚʠʥʳ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʟʘ ʩʯʝʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ, ʪʘʢ ʠ 

ʟʘ ʩʯʝʪ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʤʝʪʘʩʦʤʘʪʦʟʘ ʦʣʠʚʠʥʦʚ ʠʟ ʚʤʝʱʘʶʱʝʛʦ ʩʫʙʩʪʨʘʪʘ, 



127 

 

ʠʩʧʳʪʘʚʰʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ 

ʠʟʫʯʝʥʠʝ ʟʦʥʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʢʠʤʙʝʨʣʠʪʦʚʦʤ ʦʣʠʚʠʥʝ 

(ʉʦʙʦʣʝʚ ʠ ʜʨ., 2015; Cordier et al., 2015; ʅʦʩʦʚʘ ʠ ʜʨ., 2017). 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʦʣʠʚʠʥʦʚ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʤʦʞʝʪ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʫʩʪʦʡʯʠʚʦʛʦ 

ʤʘʥʪʠʡʥʦʛʦ ï ŭ
18
ʆ = 5.2Ñ0.2 ă (Mattey et al., 1994), ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ (Zhang et al., 

2000) ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʂʠʤʙʝʨʣʠ, ʖʞʥʘʷ ɸʬʨʠʢʘ. ɼʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʧʨʠʨʦʜʘ ʚʘʨʠʘʮʠʡ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʚ ʦʣʠʚʠʥʘʭ ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʘʭ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʚʣʠʷʥʠʝ 

ʬʣʶʠʜʘ (ʥʘʧʨʠʤʝʨ, Zhang et al., 2000; Huang et al., 2014) ʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʪʘʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʦʡ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʘʢʨʦʢʨʠʩʪʦʚ ʦʣʠʚʠʥʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʠ (ʪʨʫʙʢʠ ʠʤ. ɺ.ɻʨʠʙʘ ʠ 

ʇʠʦʥʝʨʩʢʘʷ) ʩ ʧʦʤʦʱʴʶ ɽʈʄɸ ʠ LA-ICP-MS ʤʝʪʦʜʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ 

ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʚ ʥʠʭ, ʢʦʪʦʨʳʝ ʧʨʦʜʦʣʞʘʶʪ ʥʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʣʠʚʠʥʘ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʧʝʨʠʜʦʪʠʪʦʚʳʭ ʢʩʝʥʦʣʠʪʦʚ ʵʪʦʡ ʧʨʦʚʠʥʮʠʠ (ʉʘʟʦʥʦʚʘ ʠ ʜʨ., 2015; Kargin et 

al., 2016; ʅʦʩʦʚʘ ʠ ʜʨ., 2017).  

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʤʠʥʠʨʫʶʱʠʭ ʦʣʠʚʠʥʦʚ-

ʤʘʢʨʦʢʨʠʩʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʜʚʫʭ ʪʨʫʙʦʢ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ. ʉʨʝʜʠ ʦʣʠʚʠʥʦʚʳʭ 

ʤʘʢʨʦʢʨʠʩʪʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ ʧʨʝʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʝ (Mg# 

ʦʪ 92.1 ʜʦ 93.0), ʥʠʟʢʦ-Ti (Ti <70 ppm) ʦʣʠʚʠʥʳ ʩ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ Ti/Na (ʦʪ 0.05 ʜʦ 

0.23), Zr/Nb (ʦʪ 0.28 ʜʦ 0.80) ʠ Zn/Cu (ʦʪ 3 ʜʦ 20) ʦʪʥʦʰʝʥʠʡ, ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Li  

(1.2-2.0 ppm), ʠ ʩ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʢʠʩʣʦʨʦʜʘ ŭ
18
ʆ (5.64 ă), ʧʦʚʳʰʝʥʥʳʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʣʠʚʠʥʘ ʤʘʥʪʠʡʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ (ŭ
18
ʆ = 5.18Ñ0.28 ă, Mattey et al., 1994). 

ʉʨʝʜʠ ʦʣʠʚʠʥʦʚ-ʤʘʢʨʦʢʨʠʩʪʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ʇʠʦʥʝʨʩʢʘʷ ʧʨʝʦʙʣʘʜʘʶʪ ʨʘʟʥʦʩʪʠ ʩ 

ʚʘʨʴʠʨʫʶʱʝʡ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴʶ (Mg# ʦʪ 89.5 ʜʦ 93.1) ʠ ʩ ʚʳʩʦʢʠʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Ti (100-300 ppm), ʚʳʩʦʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ Ti/Na (ʦʪ 0.90 ʜʦ 2.39), Zr/Nb (ʦʪ 

0.31 ʜʦ 1.96) ʠ Zn/Cu (ʦʪ 12 ʜʦ 56) ʦʪʥʦʰʝʥʠʡ, ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Li (1.9-3.4 

ppm) ʠ ʩ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʢʠʩʣʦʨʦʜʘ ŭ
18
ʆ (5.34 ă), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʣʠʚʠʥʫ 

ʤʘʥʪʠʡʥʳʭ ʧʝʨʠʜʦʪʠʪʦʚ. 

ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʚ ʩʦʩʪʘʚʘʭ ʦʣʠʚʠʥʦʚ, ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʨʦʣʴʶ ʢʘʨʙʦʥʘʪʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʠʟʢʦ-Ti ʦʣʠʚʠʥʦʚ-ʤʘʢʨʦʢʨʠʩʪʦʚ 

ʠʟ ʪʨʫʙʢʠ ʠʤ. ɺ. ɻʨʠʙʘ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʣʠʚʠʥʦʚ ʩ 

ʩʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʳʤʠ ʨʘʩʧʣʘʚʘʤʠ/ʬʣʶʠʜʘʤʠ. ʕʪʦʪ ʚʳʚʦʜ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʭʦʜʩʪʚʦ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʴʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʨʘʚʥʦʚʝʩʥʦʛʦ ʩ ʥʠʟʢʦ-Ti ʦʣʠʚʠʥʘʤʠ, ʩ 

ʛʣʫʙʠʥʥʳʤ ʢʘʨʙʦʥʘʪʠʪʦʚʳʤ ʨʘʩʧʣʘʚʦʤ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʘʨʠʘʮʠʠ 

ʚʝʣʠʯʠʥ ŭ
18
ʆ ʦʣʠʚʠʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ çʤʘʥʪʠʡʥʦʛʦè ʠʥʪʝʨʚʘʣʘ ʤʦʛʫʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʧʦʚʳʰʝʥʥʳʭ, ʪʘʢ ʠ ʚ ʩʪʦʨʦʥʫ ʧʦʥʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ (ʦʪ 4 ʜʦ 7 ă ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʢʘʨʙʦʥʘʪʥʦʛʦ ʬʣʶʠʜʘ) ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʘʨʙʦʥʘʪʥʳʤ 

ʬʣʶʠʜʦʤ, ʚʝʣʠʯʠʥʳ ŭ
18
ʆ ʢʦʪʦʨʦʛʦ ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʦʚ ʤʘʥʪʠʡʥʳʭ 

ʢʘʨʙʦʥʘʪʦʚ. 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʩʦʢʦ-Ti ʦʣʠʚʠʥʦʚ-ʤʘʢʨʦʢʨʠʩʪʦʚ ʠʟ ʪʨʫʙʢʠ 

ʇʠʦʥʝʨʩʢʦʡ ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʦʥʪʨʦʣʠʨʫʶʱʫʶ ʨʦʣʴ ʩʠʣʠʢʘʪʥʦʡ (ʚʦʜʥʦ-ʩʠʣʠʢʘʪʥʦʡ) 

ʢʦʤʧʦʥʝʥʪʳ ʚ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʦʣʠʚʠʥʦʚ ʷʚʣʷʝʪʩʷ ʟʦʥʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ Ti, ʭʘʨʘʢʪʝʨ ʢʦʪʦʨʦʛʦ ʥʘ ʛʨʘʥʠʮʝ ʤʝʞʜʫ ʷʜʨʦʤ ʠ ʚʥʝʰʥʝʡ ʟʦʥʦʡ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʥʘʣʠʯʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʢʘʢ ʚ ʷʜʨʝ ʤʘʢʨʦʢʨʠʩʪʦʚ, ʪʘʢ ʠ ʚʦ ʚʥʝʰʥʝʡ ʟʦʥʝ, 

ʚʦʟʥʠʢʰʝʡ ʚ ʜʚʫʭ ʵʧʠʟʦʜʘʭ ʨʝʘʢʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʣʠʚʠʥ-ʨʘʩʧʣʘʚ/ʬʣʶʠʜ. 

ʇʦʟʜʥʠʡ ʵʧʠʟʦʜ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚʥʝʰʥʷʷ ʟʦʥʘ, ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥ 

ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ; ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʩʦʩʪʘʚʦʚ ʚ ʷʜʨʘʭ ʤʘʢʨʦʢʨʠʩʪʦʚ, 

ʧʨʦʠʩʭʦʜʠʚʰʘʷ ʚ ʭʦʜʝ ʨʘʥʥʝʛʦ ʵʧʠʟʦʜʘ, ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʟʘ ʩʯʝʪ 

ʧʨʦʩʘʯʠʚʘʶʱʝʛʦʩʷ ʚ ʤʘʥʪʠʡʥʦʤ ʩʫʙʩʪʨʘʪʝ ʨʘʩʧʣʘʚʘ/ʬʣʶʠʜʘ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʶʪ 

ʚʘʨʴʠʨʫʶʱʠʝ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʟʝʨʥʘʤʠ ʩʦʩʪʘʚʳ, ʧʨʠʯʝʤ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ ʵʧʠʟʦʜ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ, ʠʤʝʣ ʤʝʩʪʦ ʥʝʟʘʜʦʣʛʦ ʜʦ ʚʥʝʜʨʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʙʳʣ ʩʚʷʟʘʥ ʩ ʚʳʧʣʘʚʢʘʤʠ 

ʠʟ ʧʠʨʦʢʩʝʥʠʪʦʚʦʛʦ ʩʫʙʩʪʨʘʪʘ. 
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ʇʈɽʇɸʈɸʎʀʗ ʂʆʃʃɽʂʎʀʆʅʅʓʍ ʆɹʈɸɿʎʆɺ ɺ ʄʋɿɽʗʍ ï 

ʆʉʆɹɽʅʅʆʉʊʀ ʀ ʇɽʈʉʇɽʂʊʀɺʓ 

 

ʌ.ʄ. ʅʫʨʤʫʭʘʤʝʪʦʚ, ʄ.ʇ. ʇʦʧʦʚ  

 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ʂʦʣʣʝʢʮʠʦʥʥʳʝ ʢʘʤʥʠ ï ʵʪʦ ʦʙʨʘʟʮʳ ʤʠʥʝʨʘʣʦʚ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʥʘʫʯʥʳʡ ʠ ʫʯʝʙʥʳʡ ʠʥʪʝʨʝʩ, ʘ ʪʘʢʞʝ ʠʤʝʶʱʠʝ ʜʝʢʦʨʘʪʠʚʥʦ-

ʭʫʜʦʞʝʩʪʚʝʥʥʫʶ ʮʝʥʥʦʩʪʴ. ʆʥʠ ʠʤʝʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦʟʥʘʚʘʪʝʣʴʥʦʝ, ʥʦ ʠ ʧʨʠʢʣʘʜʥʦʝ 

ʵʩʪʝʪʠʯʝʩʢʦʝ ʥʘʟʥʘʯʝʥʠʝ: ʢʘʤʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʥʳʭ ʰʪʫʬʦʚ ʜʣʷ ʫʢʨʘʰʝʥʠʷ 

ʠʥʪʝʨʴʝʨʦʚ ʠ ʤʫʟʝʡʥʳʭ ʵʢʩʧʦʟʠʮʠʡ, ʠʭ ʧʨʦʜʘʶʪ ʚ ʚʠʜʝ ʩʫʚʝʥʠʨʦʚ ʠ ʢʦʣʣʝʢʮʠʦʥʥʳʭ 

ʦʙʨʘʟʮʦʚ (ʂʠʝʚʣʝʥʢʦ ʠ ʜʨ., 1987). 

ʉʘʤʳʤʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʠ ʧʦʧʫʣʷʨʥʳʤʠ ʩʨʝʜʠ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʷʚʣʷʶʪʩʷ 

ʢʨʠʩʪʘʣʣʳ, ʜʨʫʟʳ ʠ ʱʝʪʢʠ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʆʩʦʙʦ ʮʝʥʷʪʩʷ ʤʫʟʝʷʤʠ ʠ 

ʢʦʣʣʝʢʮʠʦʥʝʨʘʤʠ ʰʪʫʬʥʦʡ (ʚ ʧʝʨʝʚʦʜʝ ʩ ʥʝʤʝʮʢʦʛʦ ï ʢʫʩʦʢ ʧʦʨʦʜʳ) ʤʘʪʝʨʠʘʣ. ʊʝʤ, ʢʪʦ 

ʟʘʥʠʤʘʝʪʩʷ ʩʙʦʨʦʤ ʠʣʠ çʜʦʙʳʯʝʡ ʢʦʣʣʝʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘè, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʜʦʙʳʪʳʭ ʮʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʦʡʜʫʪ ʜʣʷ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʢʦʣʣʝʢʮʠʠ, ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʝʧʘʨʠʨʫʶʪ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ï ʩʜʝʣʘʪʴ ʦʙʨʘʟʝʮ ʙʦʣʝʝ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʠ ʚʳʠʛʨʳʰʥʳʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʩʣʝ ʧʨʝʧʘʨʘʮʠʠ ʦʪʢʨʳʚʘʶʪʩʷ ʩʢʨʳʪʳʝ 

ʨʘʥʝʝ ʚ ʧʦʨʦʜʝ ʛʨʘʥʠ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʭ ʩʨʦʩʪʢʦʚ, ʫʙʠʨʘʶʪʩʷ ʣʠʰʥʠʝ ʬʨʘʛʤʝʥʪʳ ʧʦʨʦʜʳ ʠʣʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ. ʆʪ ʢʘʯʝʩʪʚʝʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʧʘʨʘʪʦʨʘ ʟʘʚʠʩʠʪ ʦʯʝʥʴ ʤʥʦʛʦʝ ʚ 

ʧʦʜʘʯʝ ʦʙʨʘʟʮʘ, ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ. 

ʉʘʤʘ ʧʨʝʧʘʨʘʮʠʷ ʙʳʚʘʝʪ ʦʯʝʥʴ ʨʘʟʣʠʯʥʦʡ ʠ ʫʩʣʦʚʥʦ ʜʝʣʠʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ:  

- ʄʝʭʘʥʠʯʝʩʢʘʷ ï ʨʘʟʨʫʰʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʠ ʧʦʨʦʜʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʧʨʠʙʦʨʦʚ. ʇʨʠʧʦʣʠʨʦʚʢʘ ʛʣʳʙ ʠ ʦʙʨʘʟʮʦʚ (ʷʰʤʘ, ʣʘʟʫʨʠʪ, ʨʦʜʦʥʠʪ) 

ʧʦʜʝʣʦʯʥʳʭ ʢʘʤʥʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʫʯʥʦʛʦ ʧʦʣʠʨʦʚʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʜʝʢʦʨʘʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʝʧʘʨʘʪʦʨ (ʯʝʣʦʚʝʢ, ʟʘʥʠʤʘʶʱʠʡʩʷ 

ʧʨʦʮʝʩʩʦʤ ʧʨʝʧʘʨʘʮʠʠ) ʜʦʣʞʝʥ ʟʥʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʥʝʤʥʦʛʦ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʠʥʝʨʘʣʦʚ 

ʠ ʠʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. 

- ʍʠʤʠʯʝʩʢʘʷ ï ʫʩʪʨʘʥʝʥʠʝ (ʨʘʩʪʚʦʨʝʥʠʝ) ʥʝʥʫʞʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʥʘʣʝʪʦʚ, ʤʳʪʴʝ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʫʩʪʨʘʥʝʥʠʝ ʟʘʙʦʝʚ ʠʣʠ ʜʝʬʝʢʪʦʚ ʥʘ ʤʠʥʝʨʘʣʘʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʨʝʧʘʨʘʪʦʨ ʜʦʣʞʝʥ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ, ʘ ʠʥʦʛʜʘ ʠ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. 

- ʉʧʝʮʠʘʣʴʥʘʷ ï ʫʣʫʯʰʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʮʚʝʪ, ʯʠʩʪʦʪʘ) ʩ ʧʦʤʦʱʴʶ 

ʩʧʝʮʠʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʦʙʣʫʯʝʥʠʝ, ʧʦʢʨʳʪʠʷ, ʜʠʬʬʫʟʠʷ, ʦʪʞʠʛ).  

- ʈʝʩʪʘʚʨʘʮʠʦʥʥʘʷ ï ʩʦʩʪʘʚʣʝʥʠʝ ʮʝʣʴʥʦʛʦ ʫʥʠʢʘʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟ ʬʨʘʛʤʝʥʪʦʚ (ʧʨʠ 

ʝʛʦ ʨʘʟʨʫʰʝʥʠʠ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʧʘʨʘʪʦʨ ʜʦʣʞʝʥ ʟʥʘʪʴ ʩʚʦʡʩʪʚʘ ʢʣʝʝʚ ʠ ʨʘʟʣʠʯʥʳʭ 

ʤʘʩʪʠʢ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʠ ʩʝʨʴʝʟʥʦʩʪʴ ʧʦʜʭʦʜʘ ʢ ʧʨʝʧʘʨʠʨʦʚʘʥʠʶ ʚʳʟʳʚʘʶʪ ʪʝ ʩʣʫʯʘʠ, 

ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʨʝʧʘʨʘʮʠʶ ʤʘʪʝʨʠʘʣʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʜʨʘʛʦʮʝʥʥʳʤ ʢʘʤʥʷʤ 1-ʡ 

ʛʨʫʧʧʳ (ʘʣʤʘʟ, ʠʟʫʤʨʫʜ, ʘʣʝʢʩʘʥʜʨʠʪ, ʨʫʙʠʥ, ʩʘʧʬʠʨ). ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʟʘʢʦʥʘʤ, 

ʦʙʨʘʟʮʳ ʠʟ ʜʘʥʥʦʡ ʛʨʫʧʧʳ, ʧʦʧʘʜʘʷ ʚ ʤʫʟʝʡ ʠʣʠ ʠʥʫʶ ʦʬʠʮʠʘʣʴʥʫʶ ʢʦʣʣʝʢʮʠʶ, ʜʦʣʞʥʳ 

ʙʳʪʴ ʧʦʩʪʘʚʣʝʥʳ ʥʘ ʦʩʦʙʳʡ ʢʦʥʪʨʦʣʴ. ʋ ʥʠʭ ʦʙʷʟʘʪʝʣʴʥʦ ʬʠʢʩʠʨʫʝʪʩʷ ʚʝʩ (ʜʦ ʛʨʘʤʤʦʚ), 

ʨʘʟʤʝʨ (ʜʦ ʤʠʣʣʠʤʝʪʨʦʚ), ʦʙʱʠʡ ʚʠʜ (ʬʦʪʦ). ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ ʦ ʧʨʝʧʘʨʘʮʠʠ ʨʝʰʘʝʪʩʷ 

ʜʠʨʝʢʪʦʨʦʤ ʤʫʟʝʷ ʠ ʛʣʘʚʥʳʤ ʭʨʘʥʠʪʝʣʝʤ ʯʝʨʝʟ ʦʩʦʙʳʝ ʨʘʟʨʝʰʝʥʠʷ-ʧʨʠʢʘʟʳ. ʏʝʪʢʦ ʜʦʣʞʥʦ 

ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʧʦʵʪʘʧʥʦʝ ʠʟʤʝʥʝʥʠʷ ʦʙʨʘʟʮʘ, ʘ ʚʝʩʴ ʣʠʰʥʠʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʦʩʪʘʣʩʷ 

ʧʦʩʣʝ ʧʨʝʧʘʨʘʮʠʠ, ʬʠʢʩʠʨʫʝʪʩʷ ʠ ʭʨʘʥʠʪʩʷ ʚ ʟʘʧʘʩʥʠʢʘʭ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʴʥʦʛʦ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʠ ʧʨʦʚʝʨʢʝ ɻʦʭʨʘʥʦʤ ʠʣʠ ʠʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʭʦʯʝʪʩʷ ʨʘʩʩʢʘʟʘʪʴ ʦ ʧʨʝʧʘʨʘʮʠʠ ʫʥʠʢʘʣʴʥʦʛʦ ʰʪʫʬʘ ʠʟʫʤʨʫʜʘ, ʢʦʪʦʨʳʡ ʩʝʡʯʘʩ ʢʨʘʩʫʝʪʩʷ ʚ 

ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʣʣʝʢʮʠʠ çɿʦʣʦʪʘʷ ʢʦʤʥʘʪʘè. ɺ ʙʳʪʥʦʩʪʴ, ʢʦʛʜʘ ʦʜʠʥ ʠʟ ʘʚʪʦʨʦʚ ʙʳʣ 

ʜʠʨʝʢʪʦʨʦʤ ʋʨʘʣʴʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʧʨʠ ʋɻɻʋ, ʧʨʦʠʩʭʦʜʠʣʘ ʧʝʨʝʜʘʯʘ ʦʙʨʘʟʮʦʚ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʛʦʩʫʜʘʨʩʪʚʫ, ʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʤʫʟʝʷ ʛʦʨʥʦʨʫʜʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʠ 
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ʄʘʨʠʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ (ʋʨʘʣʴʩʢʠʝ ʀʟʫʤʨʫʜʥʳʝ ʢʦʧʠ). ɹʳʣʦ ʧʝʨʝʜʘʥʦ ʧʦʨʷʜʢʘ 

30 ʰʪʫʬʦʚ ʩ ʠʟʫʤʨʫʜʘʤʠ ʠ ʘʣʝʢʩʘʥʜʨʠʪʘʤʠ. ʆʜʥʠ ʦʙʨʘʟʮʳ ʤʦʞʥʦ ʙʳʣʦ ʩʨʘʟʫ ʚʳʩʪʘʚʣʷʪʴ ʚ 

ʚʠʪʨʠʥʳ ʙʝʟ ʧʨʝʧʘʨʠʨʦʚʘʥʠʷ, ʘ ʩ ʜʨʫʛʠʤʠ ʧʨʠʰʣʦʩʴ ʩʝʨʴʝʟʥʦ ʧʦʨʘʙʦʪʘʪʴ. ʐʪʫʬ ʩ 

ʠʟʫʤʨʫʜʦʤ ʧʦʥʘʯʘʣʫ ʩʤʦʪʨʝʣʩʷ ʛʨʫʩʪʥʦ (ʠʟ ʙʦʣʴʰʦʛʦ ʢʫʩʢʘ ʧʦʨʦʜʳ ʚʳʩʪʫʧʘʣʘ ʪʦʨʮʝʚʘʷ 

ʯʘʩʪʴ ʢʨʫʧʥʦʛʦ ʢʨʠʩʪʘʣʣʘ). ɼʝʪʘʣʴʥʦ ʠʟʫʯʠʚ ʦʙʨʘʟʝʮ ʠ ʧʦʥʷʚ ʨʝʘʣʴʥʫʶ ʝʛʦ ʢʨʘʩʦʪʫ, ʜʠʨʝʢʪʦʨ 

ʤʫʟʝʷ ʚʦʣʝʚʳʤ ʨʝʰʝʥʠʝʤ ʧʦʩʪʘʚʠʣ ʟʘʜʘʯʫ ʦʜʥʦʤʫ ʠʟ ʩʚʦʠʭ ʟʘʤʦʚ ʥʘʯʘʪʴ ʧʨʝʧʘʨʘʮʠʶ. 

ʍʦʨʦʰʦ, ʯʪʦ ʟʘʤʝʩʪʠʪʝʣʴ ʦʢʘʟʘʣʩʷ ʤʠʥʝʨʘʣʦʛʦʤ ʜʘ ʝʱʝ ʠʤʝʣ ʦʧʳʪ ʧʦʜʦʙʥʦʡ ʨʘʙʦʪʳ ʩ 

ʢʨʫʧʥʳʤʠ ʦʙʨʘʟʮʘʤʠ. ʈʘʙʦʪʘ ʟʘʥʷʣʘ ʦʢʦʣʦ 5ï6 ʤʝʩʷʮʝʚ ʠ ʩʦʩʪʦʷʣʘ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ. 

ʂʘʞʜʳʡ ʵʪʘʧ ʙʳʣ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥ. ɿʘʪʦ ʩʝʡʯʘʩ ʚ ʋʨʘʣʴʩʢʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʤʫʟʝʝ 

ʥʘʭʦʜʠʪʩʷ ʦʜʠʥ ʠʟ ʫʥʠʢʘʣʴʥʳʭ ʰʪʫʬʦʚ ʩ ʫʨʘʣʴʩʢʠʤ ʠʟʫʤʨʫʜʦʤ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʠʣ 

ʩʦʙʩʪʚʝʥʥʦʝ ʥʘʟʚʘʥʠʝ. 

ʆʩʥʦʚʥʦʡ ʣʦʟʫʥʛ ʣʶʜʝʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʧʨʝʧʘʨʘʮʠʝʡ, ï ʥʝ ʥʘʚʨʝʜʠ. ʉʝʡʯʘʩ 

ʢʦʣʣʝʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʠ ʩʙʦʨʦʤ ʤʠʥʝʨʘʣʦʚ ʚ ʈʦʩʩʠʠ ʟʘʥʠʤʘʶʪʩʷ ʪʳʩʷʯʠ, ʘ ʤʦʞʝʪ, ʠ ʜʝʩʷʪʢʠ 

ʪʳʩʷʯ ʯʝʣʦʚʝʢ. ʅʝ ʫ ʚʩʝʭ ʫ ʥʠʭ ʝʩʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. 

ʃʶʙʠʪʝʣʝʡ ʢʘʤʥʷ ʯʘʩʪʦ ʤʦʞʥʦ çʧʦʡʤʘʪʴè ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʪʝʨʥʝʪ-

ʬʦʨʫʤʘʭ, ʛʜʝ ʦʥʠ ʜʝʣʷʪʩʷ ʩʚʦʠʤ ʦʧʳʪʦʤ, ʦʰʠʙʢʘʤʠ, ʥʘʨʘʙʦʪʢʘʤʠ. ʅʦ ʵʪʦ ʚʩʝ ʧʦʢʘ ʥʝ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʦ. ʅʠ ʚ ʦʜʥʦʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʚʫʟʝ ʥʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʢʫʨʩʘ ʧʦ ʧʨʝʧʘʨʠʨʦʚʘʥʠʶ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʆʯʝʥʴ ʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʧʨʠ 

ʧʨʝʧʘʨʘʮʠʠ ʦʙʨʘʟʮʦʚ ʷʚʣʷʶʪʩʷ ʟʥʘʥʠʷ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩ 

ʢʦʪʦʨʦʛʦ ʧʦʩʪʫʧʠʣ ʦʙʨʘʟʝʮ. ʅʘʧʨʠʤʝʨ, ʧʠʨʠʪʳ ʩ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ ʠʤʝʶʪ ʨʘʟʥʦʝ ʚʥʫʪʨʝʥʥʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʉʢʦʣʴʢʦ ʦʙʨʘʟʮʦʚ ʙʳʣʦ ʙʝʟʚʦʟʚʨʘʪʥʦ 

ʠʩʧʦʨʯʝʥʦ ʠ ʟʘʛʫʙʣʝʥʦ ʫ ʥʘʩ ʚ ʎʝʥʪʨʝ ʢʘʤʥʷ ʧʨʠ ʋɻɻʋ, ʧʦʢʘ ʥʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʢʦʣʣʝʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ! 

ɺ ʎʝʥʪʨʝ ʢʘʤʥʷ ʧʨʠ ʋɻɻʋ ʨʘʟʨʘʙʦʪʘʥ ʥʝʙʦʣʴʰʦʡ ʢʫʨʩ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ-

ʧʨʝʧʘʨʘʪʦʨʱʠʢʦʚ. ʊʘʢ ʢʘʢ ʎʝʥʪʨ ʢʘʤʥʷ ʨʘʙʦʪʘʝʪ ʧʨʠ ʋʨʘʣʴʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʛʦʨʥʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ, ʥʝʙʦʣʴʰʠʝ ʮʠʢʣʳ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ ʧʦ ʧʨʝʜʤʝʪʘʤ (ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʠʥʝʨʘʣʦʚ, ʭʠʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʠʥʝʨʘʣʦʚ ʠ ʪ.ʜ.) ʜʘʶʪʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, 

ʘʪʪʝʩʪʦʚʘʥʥʳʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʚʫʟʦʤ. ɹʦʣʴʰʠʤ ʧʦʜʩʧʦʨʴʝʤ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʷʭ 

ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʘʩʪʝʨʩʢʠʝ ʧʦ ʦʙʨʘʙʦʪʢʝ ʢʘʤʥʷ, ʛʜʝ ʧʨʦʭʦʜʷʪ ʧʨʘʢʪʠʢʫ 

ʩʪʫʜʝʥʪʳ ʩʧʝʮʠʘʣʴʥʦʩʪʠ çʪʝʭʥʠʢʘ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʘʤʥʷè. 

ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʚ ʰʪʘʪ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʤʫʟʝʝʚ 

ʩʧʝʮʠʘʣʠʩʪʦʚ-ʧʨʝʧʘʨʘʪʦʨʱʠʢʦʚ ʩ ʧʨʦʬʠʣʠʨʫʶʱʠʤ (ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ) 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ. ɼʦʢʫʤʝʥʪʘʣʴʥʦ ʨʘʟʨʝʰʘʪʴ ʠʤ ʧʨʦʩʤʘʪʨʠʚʘʪʴ 

ʤʫʟʝʡʥʳʝ ʦʙʨʘʟʮʳ ʠ ʜʘʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʧʨʝʧʘʨʘʮʠʠ ʠ ʠʟʫʯʝʥʠʶ ʚ ʥʠʭ ʥʝ ʦʧʠʩʘʥʥʦʡ 

ʨʘʥʝʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʄ.: ʅʝʜʨʘ, 1987, 223 ʩ. 
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ʇʈʀʄɽʅɽʅʀɽ ʅʆʄɽʅʂʃɸʊʋʈʓ ɺɽʈʐʀʅʅʓʍ ʌʆʈʄ ʉʂɽʃɽʊʅʓʍ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʧʦʣʫʯʠʣʠ ʜʚʘ ʚʠʜʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʚʝʨʰʠʥʥʳʭ ʬʦʨʤ ʩʢʝʣʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʨʦʜʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʐʘʬʨʘʥʦʚʩʢʠʡ, 

ʄʦʢʠʝʚʩʢʠʡ, 1956; ʂʨʘʩʥʦʚʘ, ʇʝʪʨʦʚ, 1997), ʦʜʥʘʢʦ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʦʥʠ ʥʘʩʪʦʣʴʢʦ 

ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʨʫʛ ʜʨʫʛʫ, ʯʪʦ ʠʩʢʣʶʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʥʦʛʦ ʜʦʧʦʣʥʝʥʠʷ. ɼʣʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʠʩʘʥʠʝʤ ʨʝʘʣʴʥʳʭ ʬʦʨʤ ʩʢʝʣʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʥʝʦʙʭʦʜʠʤʘ ʧʨʦʩʪʘʷ ʚ ʧʨʠʤʝʥʝʥʠʠ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʪʦʯʥʘʷ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʧʨʠʥʮʠʧʘʭ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘʢʦʥʘʭ ʩʠʤʤʝʪʨʠʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʜʘʪʴ ʠʩʯʝʨʧʳʚʘʶʱʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚʝʨʰʠʥʥʠʢʦʚ. 

ʇʨʝʢʨʘʩʥʳʤ ʧʦʣʠʛʦʥʦʤ ʜʣʷ ʘʧʨʦʙʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʦʧʠʩʘʥʠʷ ʚʝʨʰʠʥʥʳʭ ʬʦʨʤ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ, ʥʘʧʨʠʤʝʨ ʪʘʢʠʝ, ʢʘʢ ʛʨʘʥʘʪ, ʠʟ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦʛʦ 

ɺʠʣʶʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʭʪʘʨʘʥʜʠʪʘ, ʛʜʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʘʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʤʝʪʘʢʨʠʩʪʘʣʣʳ ʛʨʦʩʩʫʣʷʨʘ ʩʢʝʣʝʪʥʦʛʦ ʦʙʣʠʢʘ. ʇʦʜʦʙʥʳʝ ʦʙʨʘʟʮʳ ʠʟ ʜʘʥʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʷʭ ʢʘʢ ʧʘʨʘʣʣʝʣʴʥʳʝ ʩʨʦʩʪʢʠ ʢʨʠʩʪʘʣʣʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʚ ʩʦʙʨʘʥʠʠ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤʝʥʠ ɸ.ɽ.ʌʝʨʩʤʘʥʘ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʚʠʣʶʡʩʢʦʛʦ ʛʨʦʩʩʫʣʷʨʘ ʠʤʝʶʪ ʧʨʠʟʥʘʢʠ ʩʢʝʣʝʪʥʦʛʦ ʨʦʩʪʘ ʚ ʚʠʜʝ 

ʚʭʦʜʷʱʠʭ ʛʨʘʥʝʡ ʠ ʩʢʝʣʝʪʥʦ-ʟʦʥʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʆʥʪʦʛʝʥʠʯʝʩʢʘʷ ʠʩʪʦʨʠʷ ʨʦʩʪʘ ʝʛʦ 

ʠʥʜʠʚʠʜʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʩʤʝʥʫ ʜʝʥʜʨʠʪʦʚʠʜʥʳʭ ʩʢʝʣʝʪʥʳʭ 

ʚʝʨʰʠʥʥʳʭ ʬʦʨʤ ʢʨʠʩʪʘʣʣʦʚ, ʫʥʘʩʣʝʜʦʚʘʚʰʠʤʠ ʟʘʪʝʤ ʠʭ ʛʝʦʤʝʪʨʠʶ ʧʦʣʥʦʛʨʘʥʥʳʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ, ʦʛʨʘʥʝʥʥʳʤʠ {211} ʠ {110}. ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʵʚʦʣʶʮʠʷ ʩʚʷʟʘʥʘ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʦʩʪʘ, ʧʨʦʠʩʭʦʜʠʚʰʠʭ ʥʘ ʬʦʥʝ ʧʘʜʝʥʠʷ ʧʝʨʝʩʳʱʝʥʠʷ, ʠ ʥʝʨʝʜʢʦ 

ʟʘʚʝʨʰʘʣʘʩʴ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʢʨʠʩʪʘʣʣʘʤʠ ʧʦʣʥʦʛʨʘʥʥʦʡ ʬʦʨʤʳ (ʇʘʚʣʫʰʠʥ, ɻʘʣʫʩʢʠʥ, 2002).  

ʉʦʚʦʢʫʧʥʦʩʪʠ ʚʝʨʰʠʥʥʳʭ ʧʫʯʢʦʚ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʦʜʥʠʤ ʮʝʥʪʨʦʤ ʨʦʩʪʘ ʩʢʝʣʝʪʥʦʛʦ 

ʢʨʠʩʪʘʣʣʘ, ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʵʣʝʤʝʥʪʘʤʠ ʩʠʤʤʝʪʨʠʠ, ʦʙʨʘʟʫʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʦʙʦʩʦʙʣʝʥʠʷ ï ʚʝʨʰʠʥʥʠʢʠ. ɺʝʨʰʠʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʛʨʦʩʩʫʣʷʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʤʙʠʥʘʮʠʷʤʠ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʚʝʨʰʠʥʥʳʭ ʧʫʯʢʦʚ, ʦʙʦʟʥʘʯʝʥʥʳʭ ʧʦ ʥʦʤʝʥʢʣʘʪʫʨʝ 

ʀ.ʀ.ʐʘʬʨʘʥʦʚʩʢʦʛʦ, ɺ.ɸ.ʄʦʢʠʝʚʩʢʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʦʯʝʯʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʩʠʤʚʦʣʘʤʠ 

:100:, :111:, :110: ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʠʤ ʚʝʨʰʠʥ ʛʨʘʥʥʦʡ ʬʦʨʤʳ ʪʝʪʨʘʛʦʥʪʨʠʦʢʪʘʵʜʨʘ {211} (ʨʠʩ. 

1, ʘ). ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʚʝʨʰʠʥʥʠʢʦʚ ʅ.ʀ. ʂʨʘʩʥʦʚʘ ʠ ʊ.ɻ. ʇʝʪʨʦʚ (1997), ʥʘʧʨʦʪʠʚ, 

ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʤʚʦʣʳ ʧʨʦʩʪʳʭ ʛʨʘʥʥʳʭ ʬʦʨʤ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʨʰʠʥ ʢʦʪʦʨʳʭ 

ʯʨʝʟʤʝʨʥʦ ʨʘʟʚʠʪʳ ʵʣʝʤʝʥʪʳ ʩʢʝʣʝʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʥʘʤʠ ʩʣʫʯʘʝ 

ʚʝʨʰʠʥʥʠʢ, ʦʙʦʟʥʘʯʝʥʥʳʡ ʩʠʤʚʦʣʦʤ :100: (ʩʤ. ʨʠʩ. 1, ʘ), ʚ ʪʘʢʦʡ ʪʨʘʢʪʦʚʢʝ ʧʨʠʥʘʜʣʝʞʠʪ 

ʦʢʪʘʵʜʨʫ (6 ʚʝʨʰʠʥ) ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʠʤʚʦʣʦʤ :111:, ʘ ʚʝʨʰʠʥʥʠʢ, ʦʙʦʟʥʘʯʝʥʥʳʡ :111:, 

ʧʨʠʥʘʜʣʝʞʠʪ ʢʫʙʫ (8 ʚʝʨʰʠʥ) ʠ ʠʤʝʝʪ ʩʠʤʚʦʣ :100:. ʆʜʥʘʢʦ ʫʞʝ ʧʨʠ ʦʧʠʩʘʥʠʠ ʩʣʝʜʫʶʱʝʡ 

ʚʝʨʰʠʥʥʦʡ ʧʦʩʪʨʦʡʢʠ ʛʨʦʩʩʫʣʷʨʘ, ʦʙʦʟʥʘʯʝʥʥʦʡ ʩʠʤʚʦʣʦʤ :110: (ʨʠʩ. 1, ʘ), ʤʳ ʧʦʧʘʜʘʝʤ ʚ 

ʙʝʟʚʳʭʦʜʥʫʶ ʩʠʪʫʘʮʠʶ, ʧʦʩʢʦʣʴʢʫ ʫʞʝ ʥʝʚʦʟʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʧʨʦʩʪʫʶ ʛʨʘʥʥʫʶ ʬʦʨʤʫ, 12 

ʚʝʨʰʠʥʘʤ ʢʦʪʦʨʦʡ ʦʥʘ ʤʦʛʣʘ ʙʳ ʧʨʠʥʘʜʣʝʞʘʪʴ. ʊʘʢʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ʢʫʙʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɺ ʠʪʦʛʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʫʪʘʥʠʮʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʅ.ʀ. 

ʂʨʘʩʥʦʚʦʡ ʠ ʊ.ɻ. ʇʝʪʨʦʚʳʤ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʤʚʦʣʦʚ ʄʠʣʣʝʨʘ ʛʨʘʥʥʳʭ ʬʦʨʤ ʜʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʚʝʨʰʠʥʥʠʢʦʚ, ʘ ʢʨʦʤʝ ʪʦʛʦ, ʠʭ ʥʝʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʩʢʝʣʝʪʥʳʭ ʧʦʩʪʨʦʝʢ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʷ 

ʦʪʜʝʣʴʥʳʭ ʚʝʨʰʠʥʥʳʭ ʧʫʯʢʦʚ, ʩʣʘʛʘʶʱʠʭ ʚʝʨʰʠʥʥʠʢ, ʠ ʝʛʦ ʩʦʙʩʪʚʝʥʥʘʷ ʩʦʚʦʢʫʧʥʘʷ 

ʩʠʤʤʝʪʨʠʷ. ɺ ʠʟʦʤʝʪʨʠʯʥʦʤ ʢʨʠʩʪʘʣʣʝ ʛʨʦʩʩʫʣʷʨʘ ʧʦʜ ʝʛʦ ʧʦʣʥʦʛʨʘʥʥʦʡ ʟʦʥʦʡ ʦʙʥʘʨʫʞʝʥʘ 
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ʭʦʨʦʰʦ ʨʘʟʚʠʪʘʷ ʩʢʝʣʝʪʥʘʷ ʜʝʥʜʨʠʪʦʚʠʜʥʘʷ ʧʦʩʪʨʦʡʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ 

ʚʝʨʰʠʥʥʳʭ ʧʫʯʢʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʚʠʜʘʤʠ ʣʦʞʥʦʡ ʩʠʤʤʝʪʨʠʠ :100: (4mm) + :111: 

(3m) + :110: (mm2) (ʨʠʩ. 1, ʘ), ʩʦʚʦʢʫʧʥʘʷ ʩʠʤʤʝʪʨʠʷ ʚʝʨʰʠʥʥʠʢʘ ï m3m. ʀʟʙʠʨʘʪʝʣʴʥʦʝ 

ʨʘʟʚʠʪʠʝ ʦʙʦʟʥʘʯʝʥʥʳʭ ʚʝʨʰʠʥʥʳʭ ʧʫʯʢʦʚ ʫ ʥʝʢʦʪʦʨʳʭ ʠʥʜʠʚʠʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʚʝʨʰʠʥʥʠʢʦʚ, ʠʤʠʪʠʨʫʶʱʠʭ ʜʚʦʡʥʠʢʦʚʳʝ ʩʨʦʩʪʢʠ ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢ, ʚʝʨʰʠʥʥʠʢʠ, 

ʥʘʧʦʤʠʥʘʶʱʠʝ ʜʚʦʡʥʠʢʠ ʩʨʘʩʪʘʥʠʷ ʧʦ ʰʧʠʥʝʣʝʚʦʤʫ ʟʘʢʦʥʫ (ʨʠʩ. 1, ʙ), ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʦʤʙʠʥʘʮʠʶ ʨʘʟʚʠʪʳʭ ʠʟ ʦʜʥʦʛʦ ʮʝʥʪʨʘ ʨʦʩʪʘ ʚ ʧʦʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʚʝʨʰʠʥʥʳʭ ʧʫʯʢʦʚ 

:111:+:1 1 1 :, ʦʛʨʘʥʝʥʥʳʭ {211}+{110}. ɺʥʝʰʥʷʷ ʩʠʤʤʝʪʨʠʷ ʚʝʨʰʠʥʥʳʭ ʧʫʯʢʦʚ :111: 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʤʤʝʪʨʠʠ ʩʪʨʝʣʳ 3m, ʘ ʩʫʤʤʘʨʥʘʷ ʩʠʤʤʝʪʨʠʷ ʧʨʠ ʨʘʚʥʦʤ ʠʭ ʨʘʟʚʠʪʠʠ 

ʦʪʚʝʯʘʝʪ ʚʠʜʫ 3m. ʊʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚʝʨʰʠʥʥʠʢʠ :011: ʩʠʤʤʝʪʨʠʠ 2mm, ʠʤʠʪʠʨʫʶʱʠʝ 

ʜʚʦʡʥʠʢʠ ʩʨʘʩʪʘʥʠʷ ʧʦ (011) (ʨʠʩ. 1, ʚ). ʇʦʩʣʝʜʥʠʝ ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʘ ʩʯʝʪ ʩʣʠʷʥʠʷ ʩʤʝʞʥʳʭ 

ʚʝʨʰʠʥʥʳʭ ʧʫʯʢʦʚ :100: ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʚʠʪʠʷ ʦʙʱʠʭ ʛʨʘʥʝʡ {211}. ʂʦʥʩʦʣʠʜʘʮʠʷ ʚʝʨʰʠʥ 

ʩʢʝʣʝʪʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʝʨʰʠʥʥʳʭ ʦʙʦʩʦʙʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʢʘʢ 

ʢʦʤʙʠʥʘʮʠʠ ʚʝʨʰʠʥʥʳʭ ʬʦʨʤ ʩʦ ʩʚʦʡʩʪʚʝʥʥʦʡ ʠʤ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʡ ʚʥʝʰʥʝʡ ʩʠʤʤʝʪʨʠʝʡ 

ʠ ʧʦʜʯʠʥʝʥʥʳʤʠ ʣʦʞʥʳʤʠ ʬʦʨʤʘʤʠ ʦʛʨʘʥʢʠ (ʨʠʩ. 1, ʙ-ʛ). ɺ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʩʠʤʤʝʪʨʠʠ 

ʪʘʢʠʭ ʩʨʘʩʪʘʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʜʠʩʩʠʤʤʝʪʨʠʠ ʂʶʨʠ ʩʦʭʨʘʥʷʶʪʩʷ ʣʠʰʴ ʪʝ 

ʵʣʝʤʝʥʪʳ ʩʠʤʤʝʪʨʠʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʜʣʷ ʠʭ ʚʝʨʰʠʥʥʳʭ ʧʫʯʢʦʚ. 

 

 

         
 

 

ʈʠʩ. 1.  

ʀʥʜʝʢʩʳ ʠ ʣʦʞʥʘʷ ʩʠʤʤʝʪʨʠʷ ʚʝʨʰʠʥʥʳʭ ʦʙʦʩʦʙʣʝʥʠʡ ʥʘ ʢʨʠʩʪʘʣʣʘʭ ʛʨʦʩʩʫʣʷʨʘ. 

ɾʠʨʥʳʤ ʚʳʜʝʣʝʥʳ ʠʥʜʝʢʩʳ ʚʝʨʰʠʥʥʳʭ ʧʫʯʢʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʩʢʝʣʝʪʥʳʝ ʧʦʩʪʨʦʡʢʠ. 
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ɺʝʨʰʠʥʥʳʝ ʦʙʦʩʦʙʣʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʙʦʟʥʘʯʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʥʦʤʝʥʢʣʘʪʫʨʫ 

ʐʘʬʨʘʥʦʚʩʢʦʛʦ ï ʄʦʢʠʝʚʩʢʦʛʦ. ʉʭʝʤʘ ʠʭ ʦʧʠʩʘʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ 

ʧʝʨʝʯʠʩʣʝʥʠʶ ʠʥʜʝʢʩʦʚ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚʝʨʰʠʥʥʳʭ ʧʫʯʢʦʚ, ʘ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʷʟʢʠ ʚʳʧʦʣʥʷʶʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʧʣʦʩʢʦʩʪʠ ʠ 

ʦʩʠ, ʚ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʦʪʤʝʯʝʥʥʳʝ ʚʝʨʰʠʥʳ (ʨʠʩ. 1, ʙ-ʛ). ʈʘʟʥʦʦʙʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʝʨʰʠʥʥʠʢʦʚ ʚ ʨʝʙʝʨʥʳʝ ʬʦʨʤʳ ʪʘʢʞʝ ʛʦʚʦʨʷʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʩʠʩʪʝʤʘ ʠʭ 

ʦʧʠʩʘʥʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʩʚʷʟʘʥʘ ʝʜʠʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʦʡ ʠ ʥʝ ʚʩʪʫʧʘʪʴ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ 

ʬʠʟʠʯʝʩʢʠʤ ʩʤʳʩʣʦʤ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʥʳʭ ʬʦʨʤ ʢʨʠʩʪʘʣʣʦʚ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʉʆʉʊɸɺɸ ɹʃɽʂʃʓʍ ʈʋɼ ʃɽʉʊʅʀʏʅʓʍ ʂɺɸʈʎɽɺʓʍ 

ɾʀʃ ʉɽɺɽʈʅʆʁ ʏɸʉʊʀ ɹɽʈɽɿʆɺʉʂʆɻʆ ʈʋɼʅʆɻʆ ʇʆʃʗ (ʉʈɽɼʅʀʁ ʋʈɸʃ) 
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ɹʝʨʝʟʦʚʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʩ ʤʘʣʦʩʫʣʴʬʠʜʥʳʤ ʟʦʣʦʪʦʢʚʘʨʮʝʚʳʤ ʦʨʫʜʝʥʝʥʠʝʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʦʣʠʭʨʦʥʥʳʡ ʦʙʲʝʢʪ ʩ ʨʘʟʚʠʪʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʤʝʪʘʩʦʤʘʪʠʪʦʚ (ʌʠʣʠʤʦʥʦʚ, 2009). ɺ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ ʚʳʜʝʣʝʥʳ ʜʚʘ ʪʠʧʘ ʢʚʘʨʮʝʚʳʭ 

ʞʠʣ (ɹʦʨʦʜʘʝʚʩʢʠʡ ʠ ʜʨ., 1947): ʢʨʘʩʠʯʥʳʝ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʅʦʚʦʙʝʨʝʟʦʚʩʢʦʡ ʪʦʣʱʠ ʠ, ʨʝʞʝ, ʚ 

ʩʝʨʧʝʥʪʠʥʠʪʘʭ ʇʝʨʚʦʤʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʠ ʧʦʣʦʩʦʚʳʝ (ʣʝʩʪʥʠʯʥʳʝ) ʞʠʣʳ, ʟʘʣʝʛʘʶʱʠʝ ʚ 

ʜʘʡʢʘʭ ʛʨʘʥʠʪʦʠʜʦʚ ʪʨʝʪʴʝʡ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ ʐʘʨʪʘʰʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ɺʝʨʭʠʩʝʪʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ ɹʝʨʝʟʦʚʩʢʦʛʦ ʨʫʜʥʠʢʘ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʦʪʨʘʙʦʪʢʫ ʜʘʡʢʦʚʳʭ ʪʝʣ, ʩʦʜʝʨʞʘʱʠʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʣʦʩʦʚʳʝ ʞʠʣʳ. ʉʦʩʪʘʚ ʵʪʠʭ ʞʠʣ 

ʚʳʜʝʨʞʘʥ: ʢʚʘʨʮ ʠ ʩʫʣʴʬʠʜʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʘʶʪʩʷ ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʛʘʣʝʥʠʪ ʠ 

ʙʣʝʢʣʳʝ ʨʫʜʳ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʩʣʝʜʥʠʭ, ʚ ʨʷʜʫ ʪʝʥʥʘʥʪʠʪ-

ʪʝʪʨʘʵʜʨʠʪ, ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʟʦʥʘʣʴʥʦʩʪʠ ʨʫʜʥʦʛʦ ʧʦʣʷ.  ʎʝʣʴ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ ʧʨʦʩʣʝʜʠʪʴ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʙʣʝʢʣʳʭ ʨʫʜ ʚ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ɹʝʨʝʟʦʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠʟ ʢʚʘʨʮʝʚʳʭ ʞʠʣ 4 ʛʨʘʥʠʪʥʳʭ ʜʘʝʢ (ʛʨʘʥʠʪ-

ʧʦʨʬʠʨʦʚ: ɺʪʦʨʦʧʘʚʣʦʚʩʢʦʡ, ɸʥʜʨʝʝʚʩʢʦʡ, ʀʣʴʠʥʩʢʦʡ ʠ ʧʣʘʛʠʦʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ 

ɽʣʠʟʘʚʝʪʠʥʩʢʦʡ) ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʙʣʝʢʣʳʭ ʨʫʜ. ʊʦʯʢʠ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ ʚʦ ʚʩʝʭ 

ʜʘʡʢʘʭ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʢʨʦʚʣʠ ʐʘʨʪʘʰʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʙʣʝʢʣʳʭ ʨʫʜ ʦʧʨʝʜʝʣʷʣʩʷ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ 

ʥʘ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ Camebax SX50 ʩ ʚʦʣʥʦʚʳʤ ʜʝʪʝʢʪʦʨʦʤ (ʢʘʬʝʜʨʘ ʤʠʥʝʨʘʣʦʛʠʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ). 

 

 

 

 

ʈʠʩʫʥʦʢ 1. 

ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ 

ʘʥʘʣʠʟʦʚ ʙʣʝʢʣʦʡ ʨʫʜʳ 

ʠʟ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ɹʝʨʝʟʦʚʩʢʦʛʦ ʨʫʜʥʦʛʦ 

ʧʦʣʷ ʚ ʩʠʩʪʝʤʝ Sb-As ʚ 

ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ.  

1 ï ɺʪʦʨʦʧʘʚʣʦʚʩʢʘʷ 

ʜʘʡʢʘ;  

2 ï ʀʣʴʠʥʩʢʘʷ ʜʘʡʢʘ; 

 3 ï ɸʥʜʨʝʝʚʩʢʘʷ ʜʘʡʢʘ;  

4 ï ɽʣʠʟʘʚʝʪʠʥʩʢʘʷ 

ʜʘʡʢʘ 
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ɺ ʨʘʙʦʪʝ ɹ.ɺ. ʏʝʩʥʦʢʦʚʘ (ʏʝʩʥʦʢʦʚ, 1973) ʧʦ ʙʣʝʢʣʳʤ ʨʫʜʘʤ ʚʳʷʚʣʝʥʘ ʟʦʥʘʣʴʥʦʩʪʴ 

ɹʝʨʝʟʦʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʤʝʥʝ ʪʝʪʨʘʵʜʨʠʪʘ ʪʝʥʥʘʥʪʠʪʦʤ ʧʦ ʤʝʨʝ 

ʫʜʘʣʝʥʠʷ ʦʪ ʐʘʨʪʘʰʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ. ɺ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ (ʌʠʣʠʤʦʥʦʚ, 2009) ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ɹʝʨʝʟʦʚʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ, ʚ ʧʦʣʴʟʫ ʯʝʛʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʦʚ ʙʣʝʢʣʳʭ ʨʫʜ ʠʟ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ ʧʦʣʷ (ʨʠʩ. 1) ʜʣʷ ɺʪʦʨʦʧʘʚʣʦʚʩʢʦʡ ʜʘʡʢʠ ʭʘʨʘʢʪʝʨʝʥ ʪʝʪʨʘʵʜʨʠʪ, ʘ 

ʜʣʷ ɽʣʠʟʘʚʝʪʠʥʩʢʦʡ ï ʪʝʥʥʘʥʪʠʪ. ɺ ʀʣʴʠʥʩʢʦʡ ʠ ɸʥʜʨʝʝʚʩʢʦʡ ʜʘʡʢʘʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠʟʦʤʦʨʬʥʦʛʦ ʨʷʜʘ ʪʝʪʨʘʵʜʨʠʪ-ʪʝʥʥʘʥʪʠʪ.  

ʊʝʪʨʘʵʜʨʠʪ ɺʪʦʨʦʧʘʚʣʦʚʩʢʦʡ ʜʘʡʢʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʣʝʢʣʳʤʠ ʨʫʜʘʤʠ ʠʟ ʦʩʪʘʣʴʥʳʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʘʝʢ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʞʝʣʝʟʘ ʠ ʥʘʠʙʦʣʴʰʠʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʮʠʥʢʘ (ʨʠʩ 2.ʘ ʠ 2.ʙ). ɼʣʷ ʪʝʥʥʘʥʪʠʪʘ ɽʣʠʟʘʚʝʪʠʥʩʢʦʡ ʜʘʡʢʠ, ʥʘʧʨʦʪʠʚ, 

ʚʳʷʚʣʝʥʘ ʥʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʞʝʣʝʟʘ ʠ ʥʘʠʤʝʥʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʮʠʥʢʘ. ɹʣʝʢʣʳʝ 

ʨʫʜʳ ɸʥʜʨʝʝʚʩʢʦʡ ʠ ʀʣʴʠʥʩʢʦʡ ʜʘʝʢ ʧʦ ʩʦʜʝʨʞʘʥʠʶ Zn ʠ Fe ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ. ʉʦʜʝʨʞʘʥʠʝ ʤʝʜʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʝʪʩʷ ʣʠʰʴ ʚ ʪʝʪʨʘʵʜʨʠʪʝ ʠʟ 

ɺʪʦʨʦʧʘʚʣʦʚʩʢʦʡ ʜʘʡʢʠ (ʨʠʩ 2.ʚ). ɼʣʷ ʩʦʜʝʨʞʘʥʠʷ ʤʝʜʠ ʚ ʙʣʝʢʣʦʡ ʨʫʜʝ ʠʟ ʦʩʪʘʣʴʥʳʭ ʜʘʝʢ, 

ʦʪʤʝʯʝʥʦ ʧʝʨʝʢʨʳʪʠʝ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ.  

ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʣʝʢʣʳʭ ʨʫʜ ʩ ʜʦʚʝʨʠʪʝʣʴʥʳʤʠ 

ʠʥʪʝʨʚʘʣʘʤʠ ʧʨʠ p=0,05 ʚ ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʘʭ (ʧʦ ʚʝʨʪʠʢʘʣʠ).  

Vp ï ɺʪʦʨʦʧʘʚʣʦʚʩʢʘʷ; Id ï ʀʣʴʠʥʩʢʘʷ; Da ï ɸʥʜʨʝʝʚʩʢʘʷ; Ed ï ɽʣʠʟʘʚʝʪʠʥʩʢʘʷ.  
 

ɺʳʷʚʣʝʥʥʳʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʙʣʝʢʣʳʭ ʨʫʜ ʠʟ ʢʚʘʨʮʝʚʳʭ ʞʠʣ, 

ʟʘʣʝʛʘʶʱʠʭ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɹʝʨʝʟʦʚʩʢʦʛʦ ʧʦʣʷ ʩʪʘʚʷʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʧʦʩʪʨʦʝʥʥʫʶ ʨʘʥʝʝ 

ʧʨʦʩʪʫʶ ʟʦʥʘʣʴʥʦʩʪʴ ɹʝʨʝʟʦʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʪʝʪʨʘʵʜʨʠʪʘ ʢ ʪʝʥʥʘʪʠʪʫ ʧʦ 

ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʐʘʨʪʘʰʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ (ʏʝʩʥʦʢʦʚ, 1973). ɿʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʩʦʩʪʘʚʦʚ 

ʙʣʝʢʣʳʭ ʨʫʜ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ ʧʦʣʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʦʚ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʣʝʩʢʦʧʠʨʦʚʘʥʠʝʤ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʜʘʡʢʦʚʳʭ ʪʝʣ. 

ʆʜʥʘʢʦ ʦʙʲʷʩʥʝʥʠʝ ʩʪʦʣʴ ʩʠʣʴʥʦʡ ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʦʚ ʙʣʝʢʣʳʭ ʨʫʜ ʠ ʚʟʘʠʤʦʩʚʷʟʴ ʠʭ ʩ 

ʨʘʟʥʳʤʠ ʧʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʠʭ ʜʝʪʘʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ 

ʤʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɹʦʨʦʜʘʝʚʩʢʠʡ ʅ.ʀ., ɹʦʨʦʜʘʝʚʩʢʘʷ ʄ.ɹ., ɹʝʨʝʟʦʚʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ (ʛʝʦʣʦʛʠʯʝʩʢʦʝ 

ʩʪʨʦʝʥʠʝ), ʄ., 1947, 261 ʩ. 
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ʀʉʊʆʈʀʗ ʉʆɿɼɸʅʀʗ ɺʓʉʊɸɺʂʀ ʇʈʆʄʓʐʃɽʅʅʓʍ ʊʀʇʆɺ ʈʋɼ 

ɺʉɽʈʆʉʉʀʁʉʂʆɻʆ ʅɸʋʏʅʆ-ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʆɻʆ ʀʅʉʊʀʊʋʊɸ 

ʄʀʅɽʈɸʃʔʅʆɻʆ ʉʓʈʔʗ ʀʄ. ʅ.ʄ. ʌɽɼʆʈʆɺʉʂʆɻʆ 

 

ʀ.ɻ. ʇʝʯʝʥʢʠʥ 

 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ 

ʠʤ. ʅ.ʄ. ʌʝʜʦʨʦʚʩʢʦʛʦ 

 

ʃʠʪʦʪʝʢʘ ɺʀʄʉʘ ï ʫʥʠʢʘʣʴʥʘʷ ʢʦʣʣʝʢʮʠʷ ʦʙʨʘʟʮʦʚ ʙʦʣʝʝ ʯʝʤ 600 ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 

ʟʘʨʫʙʝʞʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʜʦʩʪʦʷʥʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 

ʨʘʟʚʠʪʠʝ ʟʥʘʥʠʡ ʦʙ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʚʝʱʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚʘʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ.  

ʉʦʙʨʘʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʙʘʟʝ ʧʝʨʚʦʛʦ ʯʘʩʪʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʈʦʩʩʠʠ ï ʠʥʩʪʠʪʫʪʘ çʃʠʪʦʛʝʘè (Litogaea). ʆʩʥʦʚʘʪʝʣʴ ʠʥʩʪʠʪʫʪʘ ʧʨʦʬʝʩʩʦʨ ɺ.ɺ. ɸʨʰʠʥʦʚ ʚ 

1905 ʛʦʜʫ ʧʨʠʦʙʨʝʣ ʜʣʷ ʠʥʩʪʠʪʫʪʘ ʚ ʠʟʚʝʩʪʥʦʡ ʬʠʨʤʝ çDr. F. Krantzè (ɹʦʥʥ, ɻʝʨʤʘʥʠʷ) 

ʵʪʘʣʦʥʥʫʶ ʢʦʣʣʝʢʮʠʶ ʰʪʫʬʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʕʪʘ ʢʦʣʣʝʢʮʠʷ (250 ʰʪ.), ʩʪʘʣʘ ʦʩʥʦʚʦʡ ʜʣʷ 

ʤʫʟʝʡʥʦʛʦ ʩʦʙʨʘʥʠʷ ˉ 1. ɿʘʪʝʤ ʙʳʣʘ ʧʨʠʦʙʨʝʪʝʥʘ ʢʦʣʣʝʢʮʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʅʦʨʚʝʛʠʠ 

(206 ʰʪ.), ʦʙʨʘʟʦʚʘʚʰʘʷ ʤʫʟʝʡʥʫʶ ʢʦʣʣʝʢʮʠʶ ˉ 2. ɺʧʦʩʣʝʜʩʪʚʠʠ ʧʝʨʚʘʷ ʢʦʣʣʝʢʮʠʷ 

ʦʙʲʝʜʠʥʠʣʘ ʦʙʨʘʟʮʳ çDr. F. Krantzè ʠ ʦʙʨʘʟʮʳ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʢʨʝʩʪʥʦʩʪʝʡ ʂʨʳʤʘ, 

ɹʘʣʘʢʣʘʚʳ, ʦʢʨʝʩʪʥʦʩʪʝʡ ʇʷʪʠʛʦʨʩʢʘ, ɺʦʣʳʥʠ, ʩʦʙʨʘʥʥʳʝ ɺ.ɺ. ɸʨʰʠʥʦʚʳʤ, 

ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʤ, ʂ.ʀ. ɺʠʩʢʦʥʪʦʤ ʥʘ ʧʦʣʝʚʦʡ ʫʥʠʚʝʨʩʠʪʝʪʩʢʦʡ ʧʨʘʢʪʠʢʝ ʚ ʂʨʳʤʫ ʠ ʥʘ 

ʂʘʚʢʘʟʝ (1903ï1905 ʛʛ.). ɺʦʟʤʦʞʥʦ, ʵʪʠ ʩʙʦʨʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʥʝʝ, ʧʦʩʢʦʣʴʢʫ ʩ 1892 ʧʦ 

1905 ʛ. ɺʠʩʢʦʥʪ ʙʳʣ ʜʦʤʘʰʥʠʤ ʫʯʠʪʝʣʝʤ ʫ ɸʨʰʠʥʦʚʘ. ʆʥ ʤʦʛ ʙʨʘʪʴ ʝʛʦ ʩ ʩʦʙʦʡ ʣʝʪʦʤ ʚ 

ʂʨʳʤ ʠ ʥʘ ʂʘʚʢʘʟ. ʐʣʠʬʳ ʢ ʦʙʨʘʟʮʘʤ ʚ ʵʪʠ ʛʦʜʳ ʟʘʢʘʟʳʚʘʣʠʩʴ ʚ ʄʦʩʢʚʝ ʚ ʇʳʞʝʚʩʢʦʤ 

ʧʝʨʝʫʣʢʝ ʜ. 7, ʘ ʪʘʢʞʝ ʚ ʬʠʨʤʝ çVoigt & Bochgesang Gottingenè ʚ ɻʘʥʥʦʚʝʨʝ ʠʣʠ ɹʨʝʤʝʥʝ. ɺ 

ʣʠʪʦʪʝʯʥʦʤ ʬʦʥʜʝ ʦʙʥʘʨʫʞʝʥʳ ʪʨʠ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʳʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʳʣʠ ʢʫʧʣʝʥʳ ɺ.ɺ. 

ɸʨʰʠʥʦʚʳʤ ʜʣʷ ʣʠʯʥʦʡ ʢʦʣʣʝʢʮʠʠ. ʕʪʦ ʦʙʨʘʟʮʳ ʢʨʠʦʣʠʪʘ, ʪʘʣʴʢʘ ʠ ʩʠʜʝʨʠʪʘ ʠʟ ʩʘʤʳʭ 

ʧʝʨʚʳʭ ʩʙʦʨʦʚ ʬʠʨʤʳ çDr. A. Krantzè. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʣʫʞʘʪ ʵʪʠʢʝʪʢʠ ʩ ʫʢʘʟʘʥʠʝʤ ï 

ʌʨʘʡʙʝʨʛ. ʂʦʣʣʝʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ ʬʠʨʤʳ ʚ ʌʨʘʡʙʝʨʛʝ ʩʦʙʠʨʘʣʩʷ ʚ 1833ï

1835 ʛʛ. (ʨʠʩ. 1) (Pechenkin, Minina, 2015). 

 

ʈʠʩʫʥʦʢ 1. ʆʙʨʘʟʝʮ ʢʨʠʦʣʠʪʘ ʠʟ ʧʝʨʚʦʡ ʢʦʣʣʝʢʮʠʠ çʃʠʪʦʛʝʘè, ʧʨʠʦʙʨʝʪʝʥʥʦʡ  

ɺ.ɺ. ɸʨʰʠʥʦʚʳʤ 

 

 

 



138 

 

 

ʇʝʨʚʘʷ ʢʦʣʣʝʢʮʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʨʦʩʩʠʡʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʩʪʫʧʠʣʘ ʚ ʠʥʩʪʠʪʫʪ ʚ 

1911 ʛ. ʕʪʦ ʙʳʣʠ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʨʘʡʦʥʘ ʦʟ. ʊʫʨʛʦʷʢ ʥʘ ʋʨʘʣʝ (251 ʦʙʨʘʟʝʮ), ʩʦʙʨʘʥʥʳʝ 

ʂ.ʆ. ɺʠʩʢʦʥʪʦʤ ʧʨʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʲʝʤʢʝ. ɺ 1917 ʛ. ɽ.ɸ. ʂʫʟʥʝʮʦʚ ʧʝʨʝʜʘʣ ʠʥʩʪʠʪʫʪʫ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʫʶ ʢʦʣʣʝʢʮʠʶ ʛʦʨʥʳʭ ʧʦʨʦʜ ʂʳʰʪʳʤʩʢʦʛʦ ʨʘʡʦʥʘ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʢʦʣʣʝʢʮʠʦʥʥʦʛʦ ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʭʨʘʥʠʣʠʱʝ ʠʥʩʪʠʪʫʪʘ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʩʦʪʨʫʜʥʠʢʦʚ ʥʘʯʘʣʦʩʴ ʣʠʰʴ ʩ 1928 ʛʦʜʘ. ɺ 1931 ʛ. ʚ 

ʩʧʝʮʠʘʣʴʥʦʤ ʧʦʤʝʱʝʥʠʠ ʙʳʣ ʦʪʢʨʳʪ ʄʫʟʝʡ ʪʝʭʥʦʣʦʛʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ɺʳʩʪʘʚʦʯʥʘʷ 

ʵʢʩʧʦʟʠʮʠʷ ʩʨʘʟʫ ʞʝ ʧʦʣʫʯʠʣʘ ʯʝʪʢʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ɺ ʥʝʡ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʩʷ ʚʝʩʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʚ ʠʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʮʠʢʣʘ ï ʦʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʳ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʮʝʧʦʯʢʠ ʧʝʨʝʜʝʣʘ ʜʦ ʢʦʥʝʯʥʳʭ 

ʪʦʚʘʨʥʳʭ ʠʟʜʝʣʠʡ. ʇʨʠ ʣʠʪʦʪʝʢʝ ʜʝʡʩʪʚʦʚʘʣʦ çɹʶʨʦ ʤʠʥʝʨʘʣʦʚè, ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʦʚʘʣʦ 

ʢʦʣʣʝʢʮʠʠ ʜʣʷ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʟʘʥʠʤʘʣʦʩʴ ʦʙʤʝʥʦʤ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʟʘʢʫʧʢʦʡ ʥʝʦʙʭʦʜʠʤʳʭ ʵʢʩʧʦʥʘʪʦʚ ʠ ʧʨʦʜʘʞʝʡ 

ʠʟʣʠʰʢʦʚ ʜʫʙʣʝʪʥʦʛʦ ʬʦʥʜʘ (ɺʀʄʉ é, 1993). 

ɺ 1937 ʛ. ʯʘʩʪʴ ʢʦʣʣʝʢʮʠʡ ʙʳʣʘ ʧʝʨʝʜʘʥʘ ʩʦʟʜʘʥʥʦʤʫ ʚ ʪʦ ʚʨʝʤʷ ʄʦʩʢʦʚʩʢʦʤʫ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʤʫ ʠʥʩʪʠʪʫʪʫ (ʄɻʈʀ), ʧʦʤʝʱʝʥʠʝ ʚʳʩʪʘʚʢʠ ʟʘʥʷʣʠ ʜʨʫʛʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ 

ʠʥʩʪʠʪʫʪʘ, ʘ ʦʩʪʘʚʰʠʝʩʷ ʢʦʣʣʝʢʮʠʠ ʩʦʭʨʘʥʷʣʠʩʴ ʚ ʧʣʦʭʦ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʤ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʜʚʘʣʴʥʦʤ ʧʦʤʝʱʝʥʠʠ ʣʠʪʦʪʝʢʠ ɺʀʄʉ. ɼʘʞʝ ʧʦʩʣʝ ʵʪʦʛʦ ʬʦʥʜʳ 

ʣʠʪʦʪʝʢʠ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʠʩʴ, ʨʘʩʰʠʨʷʣʠʩʴ ʠʭ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ. 

ɺ ʥʦʷʙʨʝ 2007 ʛ. ʚʳʩʪʘʚʢʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʦʚ ʨʫʜ ʦʪʢʨʳʣʘʩʴ ʚ ʦʙʥʦʚʣʝʥʥʦʤ ʚʠʜʝ. 

ʅʘ ʥʝʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʢʦʣʦ 2000 ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʥʦʛʦ ʫʥʠʢʘʣʴʥʳʭ. 

ɺʳʩʪʘʚʢʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʫʜʳ ʛʣʘʚʥʳʭ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʦʚ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʯʘʩʪʠʯʥʦ ï ʥʝʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʢʦʪʦʨʳʝ ʚ ʦʩʥʦʚʥʦʤ 

ʩʣʫʞʠʣʠ ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʥʩʪʠʪʫʪʘ. ʆʥʘ ʨʘʟʤʝʱʝʥʘ ʚ 80 ʚʳʩʪʘʚʦʯʥʳʭ ʰʢʘʬʘʭ, ʛʜʝ 

ʭʨʘʥʷʪʩʷ ʙʦʣʝʝ 5000 ʦʙʨʘʟʮʦʚ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʭ ʤʥʦʛʦʦʙʨʘʟʠʝ ʨʫʜ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ, ʭʨʦʤʘ, ʪʠʪʘʥʘ, ʚʦʣʴʬʨʘʤʘ, ʤʦʣʠʙʜʝʥʘ, ʦʣʦʚʘ, ʥʠʦʙʠʷ, 

ʪʘʥʪʘʣʘ, ʙʝʨʠʣʣʠʷ, ʙʦʨʘ, ʬʣʶʦʨʠʪʘ, ʩʣʶʜ. ʇʝʨʝʯʝʥʴ ʠ ʦʩʥʦʚʥʳʝ ʜʘʥʥʳʝ ʧʦ ʵʢʩʧʦʟʠʮʠʦʥʥʳʤ 

ʦʙʨʘʟʮʘʤ ʟʘʥʝʩʝʥʳ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʢʘʪʘʣʦʛ. ɺ ʟʘʢʨʳʪʳʭ ʷʱʠʢʘʭ ʵʢʩʧʦʟʠʮʠʦʥʥʳʭ ʰʢʘʬʦʚ 

ʨʘʟʤʝʱʝʥʳ ʦʙʨʘʟʮʳ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʧʨʦʟʨʘʯʥʳʝ ʰʣʠʬʳ ʠ ʘʥʰʣʠʬʳ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ 

ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʥʘ ʤʝʩʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʥʦʢʫʣʷʨʘ ʠʣʠ ʤʠʢʨʦʩʢʦʧʘ. ʇʦʩʪʨʦʝʥʠʝ 

ʢʦʣʣʝʢʮʠʡ ʚ ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʧʨʠʥʮʠʧʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʠʧʠʟʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘʛʣʷʜʥʦ 

ʧʦʢʘʟʳʚʘʝʪ ʨʝʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʢʘʞʜʦʛʦ 

ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʧʨʝʜʤʝʪʥʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʝʝ ʩ ʟʘʨʫʙʝʞʥʦʡ ʠ ʧʦʤʦʛʘʝʪ ʚ ʨʘʟʨʘʙʦʪʢʝ 

ʩʪʨʘʪʝʛʠʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʜʝʤʦʥʩʪʨʘʮʠʠ ʥʦʚʳʭ 

ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʚʳʷʚʣʝʥʥʳʭ ʠ ʦʮʝʥʝʥʥʳʭ ʩʦʪʨʫʜʥʠʢʘʤʠ ɺʀʄʉ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʨʫʜʘʤʠ. ɿʘ ʩʪʦʣʝʪʥʶʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʠʥʩʪʠʪʫʪʘ ʝʝ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʪʢʨʳʪʦ 125 ʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʥʘʰʣʠ ʩʚʦʝ ʤʝʩʪʦ 

ʚ ʵʢʩʧʦʟʠʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʤʝʪʦʚ ʭʨʘʥʝʥʠʷ ʚ ʣʠʪʦʪʝʢʝ 

ʧʨʝʚʳʰʘʝʪ 87 ʪʳʩ. ʝʜʠʥʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʚʳʰʝ 36 ʪʳʩ. ʦʙʨʘʟʮʦʚ, 41 ʪʳʩ. ʰʣʠʬʦʚ ʠ 

ʘʥʰʣʠʬʦʚ. ʆʙʤʝʥʥʳʡ ʬʦʥʜ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 11 ʪʳʩ. ʦʙʨʘʟʮʦʚ. ʂʦʣʣʝʢʮʠʠ ʦʙʨʘʟʮʦʚ 

ʨʝʛʫʣʷʨʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʦʚʝʡʰʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʇʝʯʝʥʢʠʥ, ʉʢʦʨʦʙʦʛʘʪʦʚʘ, 2013). 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʩʣʫʞʘʪ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʝʨʚʦʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʠʚʰʠʭ ʥʘ ɿʝʤʣʝ ʤʠʣʣʠʦʥʳ ʣʝʪ ʥʘʟʘʜ ʠ ʧʨʦʭʦʜʷʱʠʭ ʚ 

ʥʘʰʠ ʜʥʠ. ɹʦʣʴʰʘʷ ʠʭ ʯʘʩʪʴ ʚ ʩʦʙʨʘʥʠʠ ʷʚʣʷʝʪʩʷ ʵʪʘʣʦʥʥʦʡ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʠ ʧʦʪʦʤʫ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʦʝʦʙʨʘʟʥʳʡ ʙʘʥʢ ʜʘʥʥʳʭ ï ʭʨʘʥʠʣʠʱʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʥʘʫʯʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʮʝʥʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʳʝ, ʪʘʢ ʠ ʛʣʫʙʦʢʠʝ ʛʦʨʠʟʦʥʪʳ, ʪʘʢ ʢʘʢ ʦʪʦʙʨʘʥʳ ʩʦʪʨʫʜʥʠʢʘʤʠ ɺʀʄʉ ʧʨʠ 

ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʚʩʢʨʳʚʘʚʰʠʭ ʨʫʜʥʳʝ ʪʝʣʘ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ.  
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ʆʩʥʦʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʨʘʟʚʠʪʠʷ ʵʢʩʧʦʟʠʮʠʠ ʚʢʣʶʯʘʝʪ: ʥʘʢʦʧʣʝʥʠʝ, ʩʦʭʨʘʥʝʥʠʝ ʠ 

ʜʝʤʦʥʩʪʨʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʩʦʪʨʫʜʥʠʢʘʤʠ ʠʥʩʪʠʪʫʪʘ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ; ʦʟʥʘʢʦʤʣʝʥʠʝ ʩ ʫʞʝ ʦʮʝʥʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʧʨʦʭʦʜʷʱʠʤʠ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʛʝʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʧʝʨʝʦʮʝʥʢʫ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʩʧʦʟʠʮʠʡ ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʨʫʜ, ʢʦʣʣʝʢʮʠʠ ʰʣʠʬʦʚ, ʘʥʰʣʠʬʦʚ, ʤʦʥʦʬʨʘʢʮʠʡ ʜʣʷ 

ʧʝʨʝʢʚʘʣʠʬʠʢʘʮʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ; ʩʦʝʜʠʥʝʥʠʝ ʩʦʟʜʘʥʥʦʡ ʚ 

ʠʥʩʪʠʪʫʪʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʩ ʵʢʩʧʦʟʠʮʠʝʡ ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʙʠʙʣʠʦʪʝʯʥʳʤ ʬʦʥʜʦʤ (ʇʝʯʝʥʢʠʥ, ʉʝʨʧʝʨ, 2014). 
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ʆ.ʖ. ʇʣʦʪʠʥʩʢʘʷ
1
, ʀ.ɸ. ɹʘʢʰʝʝʚ

2
, ɽ.A. ʄʠʥʝʨʚʠʥʘ

1
 

 

1 ʀɻɽʄ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, plotin@igem.ru 

2 ʄɻʋ ʠʤ. ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬ-ʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʖʙʠʣʝʡʥʦʝ Au-ʧʦʨʬʠʨʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ɿʘʧʘʜʥʦʤ ʂʘʟʘʭʩʪʘʥʝ, ʥʘ 

ʶʞʥʦʤ ʦʢʦʥʯʘʥʠʠ ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʤʝʛʘʟʦʥʳ. ʊʝʨʨʠʪʦʨʠʷ ʩʣʦʞʝʥʘ ʜʝʚʦʥʩʢʠʤʠ 

ʚʫʣʢʘʥʠʪʘʤʠ, ʧʨʦʨʚʘʥʥʳʤʠ ʠʥʪʨʫʟʠʚʘʤʠ ʘʡʨʶʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʛʘʙʙʨʦ-

ʜʠʦʨʠʪʳ, ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ, ʧʣʘʛʠʦʛʨʘʥʠʪʳ ʠ ʧʣʘʛʠʦʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ; ʩ ʧʦʩʣʝʜʥʠʤʠ 

ʩʚʷʟʳʚʘʶʪ Au-ʧʦʨʬʠʨʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ. ʆʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʰʪʦʢʚʝʨʢʦʚʳʤʠ ʢʚʘʨʮ-

ʩʫʣʴʬʠʜʥʳʤʠ ʟʦʥʘʤʠ ʩʨʝʜʠ ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ (ʬʠʣʣʠʟʠʪʦʚ). ʅʘʠʙʦʣʝʝ 

ʨʘʥʥʠʝ ʧʨʦʞʠʣʢʠ ï ʢʚʘʨʮ-ʤʘʛʥʝʪʠʪ-ʛʝʤʘʪʠʪʦʚʳʝ, ʥʘ ʥʠʭ ʥʘʣʦʞʝʥʘ ʭʘʣʴʢʦʧʠʨʠʪ-ʧʠʨʠʪʦʚʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩ ʧʦʜʯʠʥʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʙʦʨʥʠʪʘ, ʤʦʣʠʙʜʝʥʠʪʘ, ʘʨʩʝʥʦʧʠʨʠʪʘ, 

ʩʬʘʣʝʨʠʪʘ, ʛʘʣʝʥʠʪʘ, ʩ ʩʘʤʦʨʦʜʥʳʤ Au, ʨʝʜʢʠʤ ʰʝʝʣʠʪʦʤ, ʩʫʣʴʬʦʩʦʣʷʤʠ ʠ 

ʩʫʣʴʬʦʪʝʣʣʫʨʠʜʘʤʠ Bi ʠ Pb ʠ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʘʥʪʠʤʦʥʠʪ (ɸʙʜʫʣʠʥ ʠ ʜʨ., 1976). 

ʂʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʰʝʝʣʠʪʘ ʟʦʥʘʣʴʥʳʝ: ʩʦʜʝʨʞʘʥʠʝ Mo ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʮʝʥʪʨʘ 

ʢʨʠʩʪʘʣʣʘ ʢ ʢʨʘʶ. ʇʦ ʜʘʥʥʳʤ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʷʜʝʨʥʦʡ ʯʘʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ (ʰʝʝʣʠʪ-1) ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 0.8 ʤʤ ʩʦʜʝʨʞʘʥʠʝ ʄʦ 7.2-8.1 ʤʘʩ.%; ʢʨʘʝʚʘʷ ʟʦʥʘ 

(ʰʝʝʣʠʪ-2) ʰʠʨʠʥʦʡ ʜʦ 1 ʤʤ ʩʦʜʝʨʞʠʪ ʦʪ 2 ʜʦ 5.7 ʤʘʩ.% ʄʦ. ʐʝʝʣʠʪ-3 ʚ ʚʠʜʝ ʧʨʝʨʳʚʠʩʪʳʭ 

ʢʘʡʤ ʠ ʧʨʦʩʝʯʝʢ ʰʠʨʠʥʦʡ ʥʝ ʙʦʣʝʝ 50 ʤʢʤ ʦʙʨʘʩʪʘʝʪ ʠ ʨʘʩʩʝʢʘʝʪ ʨʘʥʥʠʝ ʛʝʥʝʨʘʮʠʠ, 

ʩʦʜʝʨʞʘʥʠʷ ʄʦ ʚ ʥʝʤ ʥʝ ʧʨʝʚʳʰʘʶʪ 1.8 ʤʘʩ.%. ʐʝʝʣʠʪ-4 (1.7-4.5 ʤʘʩ.% ʄʦ) ʦʙʨʘʟʫʝʪ 

ʪʦʥʢʠʝ, ʦʢʦʣʦ 5 ʤʢʤ, ʧʨʦʩʝʯʢʠ ʚ ʰʝʝʣʠʪʝ ʙʦʣʝʝ ʨʘʥʥʠʭ ʛʝʥʝʨʘʮʠʡ. 

ɺ ʰʝʝʣʠʪʝ ʧʝʨʚʳʭ ʪʨʝʭ ʛʝʥʝʨʘʮʠʡ ʤʝʪʦʜʦʤ LA-ICP-MS (ʀɻɽʄ ʈɸʅ) ʦʧʨʝʜʝʣʝʥʦ 

ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟʫʯʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʈɿʕ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ Sr ʚ ʰʝʝʣʠʪʝ 1 ʠ 2 ʦʜʠʥʘʢʦʚʘʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 80 ʠ 82 ʛ/ʪ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʰʝʝʣʠʪʝ 3 ʩʦʜʝʨʞʘʥʠʝ Sr ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ï ʚ ʩʨʝʜʥʝʤ 48 ʛ/ʪ. ʉʨʝʜʥʷʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ Mn ʩʥʠʞʘʝʪʩʷ ʦʪ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ ʢ ʪʨʝʪʴʝʡ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ Fe ʥʘʦʙʦʨʦʪ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ: 20Ą13Ą4 ʠ 14Ą27Ą32 ʛ/ʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʚ ʦʧʠʩʳʚʘʝʤʦʤ ʰʝʝʣʠʪʝ. ʐʝʝʣʠʪ 

ʚʩʝʭ ʪʨʝʭ ʛʝʥʝʨʘʮʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʦʛʘʱʝʥ ʣʝʛʢʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʷʞʝʣʳʤʠ ʈɿʕ. 

ʆʪʥʦʰʝʥʠʝ (La/Yb)N ʩʣʘʙʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʧʝʨʚʦʡ ʢʦ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ ʰʝʝʣʠʪʘ ʦʪ 10.5-

13.5 ʜʦ 14.5-14.9. ɺ ʰʝʝʣʠʪʝ 3 ʵʪʘ ʚʝʣʠʯʠʥʘ ʚʘʨʴʠʨʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʰʠʨʝ (7.1-32.4). 

ʆʪʥʦʰʝʥʠʝ (La/Ce)N ʪʘʢʞʝ ʩʣʘʙʦ ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʧʝʨʚʦʡ ʢʦ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ 1.3-1.6 ʜʦ 1.8-2.0, 

ʥʦ ʩʥʠʞʘʝʪʩʷ ʚ ʰʝʝʣʠʪʝ 3 ï 0.8-0.9. ɼʣʷ ʚʩʝʭ ʪʨʝʭ ʛʝʥʝʨʘʮʠʡ ʪʠʧʠʯʥʘ ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu 

ʘʥʦʤʘʣʠʷ; ʦʪʥʦʰʝʥʠʝ Eu/Eu* ʩʦʩʪʘʚʣʷʝʪ ʚ ʰʝʝʣʠʪʝ 1 ʦʪ 0.4 ʜʦ 0.5, ʚ ʰʝʝʣʠʪʝ 2 ï 0.5-0.8 ʠ ʚ 

ʰʝʝʣʠʪʝ 3 ï 0.3-0.4. ʅʘ ʨʠʩ. 1 ʭʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʚ ʰʝʝʣʠʪʝ 

ʩʭʦʜʥʳ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʚʤʝʱʘʶʱʠʭ ʰʪʦʢʚʝʨʢʦʚʳʝ ʟʦʥʳ ʛʨʘʥʠʪʦʠʜʦʚ. ʕʪʠ ʛʨʘʬʠʢʠ 

ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʦʡ Eu ʘʥʦʤʘʣʠʠ ï ʦʪʥʦʰʝʥʠʝ Eu/Eu* ʚ ʛʨʘʥʠʪʦʠʜʘʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 

0.7 ʜʦ 0.8, ʯʪʦ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʰʝʝʣʠʪʝ. 

ʉʨʘʚʥʝʥʠʝ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʦʨʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʚ 

ʰʝʝʣʠʪʝ ʖʙʠʣʝʡʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʜʝʥʪʠʯʥʘ ʪʘʢʦʚʦʡ ʚ ʰʝʝʣʠʪʝ ʩʢʘʨʥʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ (Fu et al., 2017; Raimbault et al., 1993). ɼʣʷ ʰʝʝʣʠʪʘ ʧʣʫʪʦʥʦʛʝʥʥʳʭ Au 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʭʘʨʘʢʪʝʨʥʦ ʢʦʣʦʢʦʣʦʙʨʘʟʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʦʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ Eu ʘʥʦʤʘʣʠʝʡ (Bruggerr et al., 2000; Kempe, Oberth¿r, 1997); ʰʝʝʣʠʪ W 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʨʝʡʟʝʥʦʚʦʡ ʬʦʨʤʘʮʠʠ ʠʤʝʝʪ ʚʦʛʥʫʪʦʝ ʠʣʠ ʚʳʛʥʫʪʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ Eu ʘʥʦʤʘʣʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Kempe, Oberth¿r, 1997; 

Krneta, 2011; Raimbault et al., 1993); ʜʣʷ ʰʝʝʣʠʪʘ W ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʫʤʙʝʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ 

ʦʙʳʯʥʦ ʦʙʦʛʘʱʝʥʠʝ ʣʝʛʢʠʤʠ ʈɿʕ ʠ ʥʘʣʠʯʠʝ Ce ʘʥʦʤʘʣʠʠ ʧʨʠ ʩʣʘʙʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ Eu 

ʘʥʦʤʘʣʠʠ (ʥʘʰʠ ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ). 
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ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Mo ʠ, Eu 

ʘʥʦʤʘʣʠʷ ʚ ʰʝʝʣʠʪʝ ʖʙʠʣʝʡʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦʙ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʥʝʨʘʣʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʦʪʥʦʰʝʥʠʷ Eu/Eu* ʦʪ 

ʧʝʨʚʦʡ ʢʦ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ ʠ ʝʛʦ 

ʩʥʠʞʝʥʠʝ ʢ ʪʨʝʪʴʝʡ, ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʧʝʨʝʤʝʥʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʰʝʝʣʠʪʘ 

(ʨʦʩʪ fO2, ʘ ʟʘʪʝʤ ʝʝ ʩʥʠʞʝʥʠʝ). 

ʀʜʝʥʪʠʯʥʘʷ ʬʦʨʤʘ ʛʨʘʬʠʢʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʚ ʰʝʝʣʠʪʝ ʠ 

ʚʤʝʱʘʶʱʠʭ ʨʫʜʥʳʝ ʟʦʥʳ 

ʛʨʘʥʠʪʦʠʜʦʚ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʘ ʩ 

ʜʨʫʛʦʡ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʘʷ 

ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu ʘʥʦʤʘʣʠʷ ʚ 

ʰʝʝʣʠʪʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʟʘʠʤʩʪʚʦʚʘʥʠʠ ʚʝʱʝʩʪʚʘ ʠʟ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʧʨʠ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʬʣʶʠʜʘ. 

ɹʣʠʟʦʩʪʴ ʬʦʨʤ ʛʨʘʬʠʢʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʚ ʰʝʝʣʠʪʝ 

ʖʙʠʣʝʡʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 

ʰʝʝʣʠʪʝ ʩʢʘʨʥʦʚ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ Mo ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʥʝʨʘʣʘ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʝ Au-

ʧʦʨʬʠʨʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɸʙʜʫʣʠʥ ɸ.ɸ., ɹʘʡʜʠʣʴʜʠʥ ʕ.ɸ., ʂʘʩʳʤʦʚ ʄ.ɸ. ʠ ʜʨ. ʄʝʪʘʣʣʦʛʝʥʠʷ ʄʫʛʦʜʞʘʨ. ɸʣʤʘ-

ɸʪʘ: ʅʘʫʢʘ ʂʘʟʉʉʈ, 1976. 280 c. 

2. Bruggerr J., Lahaye Y., Costa S. et al. Inhomogeneous distribution of REE in scheelite and 

dynamics of Archaean hydrothermal systems (Mt. Charlotte and Drysdale gold deposits, 

Western Australia) // Contrib. Mineral. Petrol. 2000. V. 139. P. 251-264. 

3. Krneta S. Mineral paragenesis and alteration of the Mt. Carbine tungsten deposit fro north Queensland. Late 

stage evolution of S-type granite. Honours thesis. Dept. Earth Envir. Scie. Adelaide Univ. 2011. 848 p. 

4. Raimbault L., Baumer A., Dubru M. et al. REE fractionation between scheelite and apatite in 

hydrothermal conditions // Am. Mineral. 1993. V. 78. P. 1275-1285 

5. Kempe U., Oberth¿r Th. Physical and geochemical characteristics of scheelite from gold deposits: A 

reconnaissance study. Proc. IV Biennial SGA Meeting. Turku, Finland. Balkema, Rootterdam. 1997. P. 209-212. 

6. Fu Y., Sun X., Zhou H. et al. In-situ LA-ICP-MS trace elements analysis of scheelites from the 

giant Beiya goldïpolymetallic deposit in Yunnan Province, Southwest China and its 

metallogenic implications // Ore Geol. Rev., 2017. doi: 10.1016/j.oregeorev.2016.08.030 

7. Plotinskaya O.Y., Grabezhev A.I., Tessalina S. et al. Porphyry deposits of the Urals: geological 

framework and metallogeny// Ore Geol. Rev., 2016. doi: 10.1016/j.oregeorev.2016.07.002 

8. Sun S.S., McDonough W.F. Chemical and isotopic systematics of oceanic basalts: implications for 

mantle compositions and processes// Magmatism in the Ocean Basins. 1989. V. 42, P. 313-345. 

ʈʠʩʫʥʦʢ 1. ʉʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʚ 

ʨʘʟʥʳʭ ʛʝʥʝʨʘʮʠʷʭ ʰʝʝʣʠʪʘ ʠ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜʘʭ (ʧʦ Plotinskaya et al., 2016) 

ʖʙʠʣʝʡʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʅʦʨʤʠʨʦʚʘʥʦ ʧʦ 

ʭʦʥʜʨʠʪʫ (Sun, McDonough, 1989) 
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ʆʅʊʆɻɽʅʀʏɽʉʂʆɽ ʆʇʈɽɼɽʃɽʅʀɽ ʇʆʅʗʊʀʗ çʄʀʅɽʈɸʃè ï ʀʅʉʊʈʋʄɽʅʊ 

ɼʃʗ ʇʆʃʅʆʇʈɸɺʅʆɻʆ ʆʇʀʉɸʅʀʗ ʀ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʅɸʈʗɼʋ ʉ 

ʂʈʀʉʊɸʃʃɸʄʀ ʄʀʅɽʈɸʃʆʀɼʆɺ ʀ ʅɸʅʆʄʀʅɽʈɸʃʆɺ 

 

ʄ.ʖ. ʇʦʚʘʨʝʥʥʳʭ 

 

ʀʥʩʪʠʪʫʪ ʠʩʪʦʨʠʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʠ ʪʝʭʥʠʢʠ ʈɸʅ, ʄʦʩʢʚʘ mpovarennykh@mail.ru 

 

ʈʫʢʦʚʦʜʩʪʚʫʷʩʴ ʪʝʦʨʝʤʦʡ ɻʸʜʝʣʷ ʠ ʧʦʣʦʞʝʥʠʷʤʠ ʆʙʱʝʡ ʊʝʦʨʠʠ ʉʠʩʪʝʤ ʋʨʤʘʥʮʝʚʘ 

ʆʊʉ(ʋ) (ʋʨʤʘʥʮʝʚ, 1988), ʘʚʪʦʨ ʚʳʨʘʙʦʪʘʣ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʥʦʚʦʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ 

ʧʘʨʘʜʠʛʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʫʶ ʢʘʢ ʩʚʦʶ ʩʦʩʪʘʚʥʫʶ ʯʘʩʪʴ 

(ʇʦʚʘʨʝʥʥʳʭ, 1996, 2000, 2010; ʇʦʚʘʨʝʥʥʳʭ, ʆʥʦʧʨʠʝʥʢʦ, 1986; ʇʦʚʘʨʝʥʥʳʭ, ʄʘʪʚʠʝʥʢʦ, 

2014) ʠ ʧʦʟʚʦʣʷʶʱʝʡ ʩʪʨʦʛʦ ʚʳʜʝʣʷʪʴ ʩʨʝʜʠ ʦʙʲʝʢʪʦʚ ʤʠʥʝʨʘʣʦʛʠʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʪʨʸʭ 

ʧʦʜʮʘʨʩʪʚ: ʢʘʚʠʢʣʘʩʪʦʚ (ʥʘʥʦʤʠʥʝʨʘʣʦʚ), ʢʨʠʩʪʘʣʣʦʚ ʠ ʤʠʥʝʨʘʣʦʠʜʦʚ (ʨʠʩ. 1ï2). 

ʅʦʚʘʷ ʧʘʨʘʜʠʛʤʘ ʤʠʥʝʨʘʣʦʛʠʠ ï ʦʥʪʦʛʝʥʠʯʝʩʢʘʷ ï ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʡʪʠ ʢ ʪʘʢʠʤ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʧʦʥʷʪʠʷʤ çʞʠʟʥʠ ʤʠʥʝʨʘʣʦʚè, ʢʘʢ: ʘ) ʵʣʝʤʝʥʪʘʨʥʳʡ ʩʣʦʡ (ʵʪʦ ʧʦʥʷʪʠʝ 

ʙʦʣʝʝ ʧʝʨʚʠʯʥʦ, ʯʝʤ çʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘè); ʙ) ʟʦʥʘʨʥʦ-ʩʝʢʪʦʨʠʘʣʴʥʦʤʫ ʚʥʫʪʨʝʥʥʝʤʫ 

ʩʪʨʦʝʥʠʶ ʣʶʙʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʥʜʠʚʠʜʘ; ʚ) ʨʦʩʪʫ ʠ ʨʘʩʪʚʦʨʝʥʠʶ ʣʶʙʦʛʦ ʤʠʥʝʨʘʣʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʟʘ ʧʦʚʝʨʭʥʦʩʪʴʶ; ʚ) ʛ) ʵʚʦʣʶʮʠʠ ʦʥʪʦ- ʠ ʬʠʣʦʛʝʥʝʟʘ (ʚʨʝʤʝʥʥ§ʷ ʦʩʴ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʸʪʢʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʝ ʩʦʚʤʝʩʪʠʤʳ, ʠ ʧʦʩʣʝʜʥʷʷ ʥʝ ʦʪʚʝʯʘʝʪ ʪʨʸʤ 

ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʧʦʩʪʫʣʘʪʘʤ ʩʠʥʝʨʛʝʪʠʢʠ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʥʝʦʙʨʘʪʠʤʦʩʪʠ, 

ʥʝʣʠʥʝʡʥʦʩʪʠ ʠ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ), ʘ ʪʘʢʞʝ ʚʢʣʶʯʠʪʴ ʚ ʎʘʨʩʪʚʦ ʤʠʥʝʨʘʣʦʚ ʧʦʜʮʘʨʩʪʚʘ 

ʤʠʥʝʨʘʣʦʠʜʦʚ ʠ ʢʘʚʠʢʣʘʩʪʦʚ (ʥʘʥʦʤʠʥʝʨʘʣʦʚ) ʥʘʨʘʚʥʝ ʩ ʘʢʪʠʚʥʦ ʠʟʫʯʘʝʤʳʤʠ ʥʳʥʝ 

ʢʨʠʩʪʘʣʣʘʤʠ (ʇʦʚʘʨʝʥʥʳʭ ɸ.ʉ., 1966; Povarennykh, 1972; ʖʰʢʠʥ, 1984) (ʨʠʩ. 2). 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʩʷ ʠʩʪʦʨʠʷ çʞʠʟʥʠè ʤʠʥʝʨʘʣʘ ʦʪ ʟʘʨʦʞʜʝʥʠʷ ʜʦ ʨʘʩʧʘʜʘ ï ʦʥʪʦʛʝʥʝʟ ï 

ʟʘʧʝʯʘʪʣʸʥ ʚ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ (ʠʣʠ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ) çʪʝʣʦè ʤʠʥʝʨʘʣʘ 

ï ʵʪʦ, ʧʦ-ʩʫʱʝʩʪʚʫ, ʦʙʣʘʩʪʴ ʨʘʟʚʠʪʠʷ ʙʳʣʳʭ ʠʣʠ ʥʳʥʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʄʠʥʝʨʘʣ ʩʦʟʜʘʸʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʧʦ ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʩʫʧʝʨʧʦʟʠʮʠʝʡ 

ʪʨʘʝʢʪʦʨʠʡ ʵʪʠʭ ʧʝʨʝʤʝʱʝʥʠʡ. ʃʶʙʘʷ ʪʦʯʢʘ ʚʥʫʪʨʠ ʤʠʥʝʨʘʣʘ ʙʳʣʘ ʚ ʦʧʨʝʜʝʣʸʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʪʦʯʢʦʡ ʝʛʦ ʙʳʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʤʝʥʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʤʠʥʝʨʘʣʘ çʟʘʧʠʩʳʚʘʝʪʩʷè 

ʚʩʷ ʛʝʥʝʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʢʘʢ ʤʝʨʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ ʠ ʚʝʱʝʩʪʚʘ ʚ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʝ, ʢʦʪʦʨʘʷ, ʟʘʢʨʝʧʣʷʷʩʴ ʚ 

ʩʪʨʦʝʥʠʠ ʨʘʩʪʫʱʝʛʦ ʤʠʥʝʨʘʣʘ, ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʝʛʦ ʩʚʦʡʩʪʚʘʭ ʠ ʦʧʨʝʜʝʣʷʝʪ ʚ ʢʘʞʜʦʤ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʤʝʨʫ ʥʝʛʵʥʪʨʦʧʠʠ. 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1. ʇʦʜʮʘʨʩʪʚʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʮʘʨʩʪʚʘ ʚ ʦʥʪʦʛʝʥʠʯʝʩʢʦʡ ʧʘʨʘʜʠʛʤʝ 

ʤʠʥʝʨʘʣʦʛʠʠ 

  

 ʄʠʥʝʨʘʣʳ 

 ʄʠʥʝʨʘʣʦʠʜʳ ʂʨʠʩʪʘʣʣʳ 
ʂʘʚʠʢʣʘʩʪʳ 

(ʥʘʥʦʤʠʥʝʨʘʣʳ) 

mailto:mpovarennykh@mail.ru
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ʅʦʚʦʝ ï ʦʥʪʦʛʝʥʠʯʝʩʢʦʝ ï ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷ çʤʠʥʝʨʘʣè (çʤʠʥʝʨʘʣ ʩʫʪʴ 

ʩʫʧʝʨʧʦʟʠʮʠʷ ʪʨʘʝʢʪʦʨʠʡ ʧʝʨʝʤʝʱʝʥʠʷ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʝʡ ï ʵʣʝʤʝʥʪʘʨʥʳʭ ʩʣʦʸʚè) ʙʦʣʝʝ 

ʰʠʨʦʢʦʝ ʠ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʳʚʘʪʴ ʚʩʸ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʙʲʝʢʪʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʮʘʨʩʪʚʘ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʪʘʢʠʭ ʩʧʦʨʥʳʭ çʛʦʨʥʳʭ ʧʦʨʦʜè, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʦʧʘʣʳ, ʰʫʥʛʠʪʳ, ʢʝʨʠʪʳ, 

ʙʠʪʫʤʳ, ʩʧʫʪʘʥʥʦ-ʚʦʣʦʢʥʠʩʪʳʝ ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʳ ʠ ʘʛʨʝʛʘʪʳ ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ), 

ʷʚʣʷʷʩʴ, ʧʦ-ʩʫʱʝʩʪʚʫ, ʚʦʟʚʨʘʪʦʤ ʥʘ ʥʦʚʦʤ ʫʨʦʚʥʝ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ 1908 ʛ. 

(ɺʝʨʥʘʜʩʢʠʡ ɺ.ʀ., 1923). 

ʉʦʛʣʘʩʥʦ ʟʥʘʤʝʥʠʪʦʡ ʪʝʦʨʝʤʝ ʦ ʥʝʧʦʣʥʦʪʝ ʂʫʨʪʘ 

ʌʨʠӢʜʨʠʭʘ ɻyʜʝʣ̫, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ 

ʩʠʩʪʝʤʥʳʝ ʧʨʠʟʥʘʢʠ ʩʠʩʪʝʤʳ çʄʠʥʝʨʘʣè (ʄ-ʣ), 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʡʪʠ ʟʘ ʨʘʤʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ. 

ʅʘʭʦʜʷʩʴ ʚʥʫʪʨʠ ʥʳʥʝ ʧʨʠʥʷʪʦʡ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ 

ʧʘʨʘʜʠʛʤʳ ʤʠʥʝʨʘʣʦʛʠʠ (ʧʦʜʤʥʦʞʝʩʪʚʦ ʂʨ-ʣ), 

ʥʝʚʦʟʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʦʙʲʝʢʪʳ ʧʦʜʤʥʦʞʝʩʪʚʘ 

(ʧʦʜʮʘʨʩʪʚʘ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ) ʥʘʥʦʤʠʥʝʨʘʣʦʚ 

(ʅ/ʤ) ʠ ʤʠʥʝʨʘʣʦʠʜʦʚ (ʄ-ʜ). 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʧʦʜʮʘʨʩʪʚʘ ʢʘʚʠʢʣʘʩʪʦʚ 

(ʥʘʥʦʤʠʥʝʨʘʣʦʚ) (ʫʛʣʝʨʦʜʥʳʭ ʦʜʥʦʩʣʦʡʥʳʭ ʠ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʬʫʣʣʝʨʝʥʦʚ ʠ ʥʘʥʦʪʨʫʙʦʢ ʠ ʠʭ 

ʥʝʫʛʣʝʨʦʜʥʳʭ ʘʥʘʣʦʛʦʚ) ʠ ʦʧʠʩʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʙʠʪʫʤʦʚ 

(ʢʝʨʠʪʦʚ), ʰʫʥʛʠʪʦʚ, ʦʧʘʣʦʚ, ʫʛʣʝʡ, ʷʥʪʘʨʝʡ ʢʘʢ 

ʩʫʧʝʨʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ï ʘʛʨʝʛʘʪʦʚ 

ʠʥʜʠʚʠʜʦʚ ʤʠʥʝʨʘʣʦʠʜʦʚ. 
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ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʘʚʩʪʨʘʣʠʡʩʢʠʭ (ʂʫʙʝʨ-ʇʝʜʠ, ɸʥʜʘʤʫʢʘ, ʃʘʡʥʪʥʠʥʛ ʈʠʜʞ ʠ 

ʂʚʠʥʩʣʝʥʜ), ʵʬʠʦʧʩʢʠʭ (ʄʝʟʝʟʦ ʠ ɺʦʣʦ), ʤʝʢʩʠʢʘʥʩʢʠʭ (ʂʫʵʪʝʨʦ), ʛʦʥʜʫʨʘʩʩʢʠʭ (ʕʨʘʥʜʠʢʝ), 

ʩʣʦʚʘʮʢʠʭ (ʏʝʨʚʝʥʠʮʝ) ʠ ʨʦʩʩʠʡʩʢʠʭ (ʈʘʜʫʞʥʦʝ, ʉʝʚ. ʇʨʠʤʦʨʴʝ) ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 
ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʙʣʘʛʦʨʦʜʥʳʭ ʦʧʘʣʦʚ (ɹʆ) ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʟʘʠʯʥʳʡ ʫʟʦʨ ʠʛʨʳ 

ʮʚʝʪʦʚ ʚ ʥʠʭ (ʠʨʠʟʘʮʠʠ) ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ ʠʭ ʬʨʫʩʪʫʤʘʮʠʦʥʥʳʤ (ʧʝʨʚʠʯʥʦ ʘʛʨʝʛʘʪʠʚʥʳʤ, 

ʢʫʩʢʦʚʘʪʳʤ) ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʥʝ ʪʦʣʴʢʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʛʣʦʙʫʣ ʢʨʝʤʥʝʟʸʤʘ, ʥʦ ʠ ʚʘʨʠʘʮʠʷʤʠ ʠʭ 

ʢʚʘʟʠʧʣʦʪʥʝʡʰʝʡ ʢʫʙʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʠ ʚ ʨʘʟʥʳʭ ʬʨʫʩʪʫʤʘʭ, ʦʪʛʨʘʥʠʯʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʩʠʩʪʝʤʦʡ ʧʝʨʚʠʯʥʦʡ ʩʫʙʤʠʢʨʦʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʦʧʘʣʳ 

(ʚʢʣʶʯʘʷ ʙʣʘʛʦʨʦʜʥʳʝ) ʚ ʢʘʯʝʩʪʚʝ ʩʫʧʝʨʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʠ ʧʨʦʩʪʳʭ ʧʦ 

ʛʝʥʝʟʠʩʫ ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʤʦʜʝʣʷʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʷʚʣʝʥʠʷ 

ʬʨʫʩʪʫʤʘʮʠʠ (ʧʝʨʚʠʯʥʦʡ ʢʫʩʢʦʚʘʪʦʩʪʠ) (ʇʦʚʘʨʝʥʥʳʭ, 2006, 2008; ʇʦʚʘʨʝʥʥʳʭ, ʄʘʪʚʠʝʥʢʦ, 

2014, 2015; ʇʦʚʘʨʝʥʥʳʭ ʠ ʜʨ., 2014, 2016). ʇʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʤʠʥʝʨʘʣʦʛʦ-

ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʘʣʦʚ ʨʘʟʥʦʛʦ ʛʝʥʝʟʠʩʘ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʠʯʝʩʢʦʛʦ (ʩ 

ʚʦʣʶʤʝʪʨʠʯʝʩʢʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʝʡ ï ʊɻ ʠ ɼʊɸ) ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʦʚ, 

ʠʥʬʨʘʢʨʘʩʥʦʡ ʠ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʣʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʟʘʤʝʨʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʣʦʪʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʡ 

ʤʘʢʨʦʧʦʨʠʩʪʦʩʪʠ (ɹʫʨʤʠʩʪʨʦʚ ʠ ʜʨ., 2013; ʇʦʚʘʨʝʥʥʳʭ ʠ ʜʨ., 2016).  

ɺ ʧʨʠʨʦʜʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʙʣʘʛʦʨʦʜʥʳʭ ʦʧʘʣʘʭ ʨʘʟʤʝʨ ʬʨʫʩʪʫʤʦʚ, 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʜʣʠʥʥʦʚʦʣʥʦʚʦʛʦ ʋʌ-ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʥʘ ʈʕʄ, 

ʚʘʨʴʠʨʦʚʘʣ ʚ ʧʨʝʜʝʣʘʭ 0.01õ1.5 ʤʤ, ʘ ʠʭ ʬʦʨʤʘ ʙʳʣʘ ʧʨʠʭʦʪʣʠʚʦʡ ʚ ʧʣʘʥʝ ʠ ʢʦʥʫʩʦʚʠʜʥʦ-

ʩʪʦʣʙʯʘʪʦʡ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʩʝʯʝʥʠʠ (ʇʦʚʘʨʝʥʥʳʭ ʠ ʜʨ., 2016). 

 

ɸ  ɹ  

 

ʈʠʩ. 1. ʍʘʨʘʢʪʝʨ ʬʨʫʩʪʫʤʘʮʠʠ ʚ ʙʣʘʛʦʨʦʜʥʳʭ ʦʧʘʣʘʭ (ç2D-ʪʠʧʘè). ʄʝʩʪʦʨʦʞʜʝʥʠʝ 

ʂʫʙʝʨ-ʇʝʜʠ (ɸ, ʤʘʩʰʪʘʙʥʘʷ ʣʠʥʝʡʢʘ 2Õm) ʠ ɸʥʜʘʤʫʢʘ, ʖ. ɸʚʩʪʨʘʣʠʷ (ɹ, ʤʘʩʰʪʘʙʥʘʷ 

ʣʠʥʝʡʢʘ 20Õm). ʌʦʪʦ ʚʦ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. ʉʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ 

ʤʠʢʨʦʩʢʦʧ LEO SUPRA 50VP. ʎʝʥʪʨ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ, ʭʠʤʠʯʝʩʢʠʡ 

ʬʘʢʫʣʴʪʝʪ ʄɻʋ 
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ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʦʧʘʣʦʚ ʯʘʱʝ ʚʩʝʛʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʠʩʪʦʡ 

ʪʦʣʩʪʦʪʘʙʣʠʪʯʘʪʦʡ ʠʣʠ ʪʦʥʢʦʡ ʧʣʘʩʪʠʥʯʘʪʦʡ ʪʝʢʩʪʫʨʦʡ (ʫʩʣʦʚʥʦ ʛʦʚʦʨʷ, ç2D-ʬʨʫʩʪʫʤʘʤʠè) 

(ʨʠʩ. 1). ɺ ʦʙʨʘʟʮʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʙʣʘʛʦʨʦʜʥʦʛʦ ʦʧʘʣʘ, ʚʳʨʘʱʝʥʥʳʭ ʚ ʩʧʦʢʦʡʥʳʭ 

ʘʚʪʦʢʣʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʤʝʯʘʶʪʩʷ ʫʩʝʯʸʥʥʦ-ʩʪʦʣʙʯʘʪʳʝ ʬʦʨʤʳ ʬʨʫʩʪʫʤʦʚ 

(ʚʠʜʠʤʳʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʠʟʚʝʩʪʥʳ ʩʨʝʜʠ ʛʝʤʤʦʣʦʛʦʚ ʢʘʢ digits ï ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ çʧʘʣʴʮʳ, 

ʠʣʠ ʟʥʘʢʠè, ʥʘʟʦʚʝʤ ʠʭ ç3D-ʬʨʫʩʪʫʤʳè). ʍʦʪʷ ʠ ʚ ʦʧʘʣʘʭ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʚʠʥʮʠʠ ɺʦʣʦ 

(ʕʬʠʦʧʠʷ) ʥʘʨʷʜʫ ʩ ç2Dè- ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ç3D-ʬʨʫʩʪʫʤʳè (Rondeau e.a., 1998). 

 

 
 

 

 

ɸ ɹ 

ɺ 
ɻ 

ʈʠʩ. 2. ʆʙʣʘʩʪʠ ʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚ ʦʙʨʘʟʮʝ ʙʣʘʛʦʨʦʜʥʦʛʦ ʦʧʘʣʘ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ɸʥʜʘʤʫʢʘ, ʖ. ɸʚʩʪʨʘʣʠʷ). ɻʨʘʥʠʮʳ ʦʙʣʘʩʪʝʡ (ʬʨʫʩʪʫʤʦʚ) ʨʝʪʫʰʠʨʦʚʘʥʳ ʙʝʣʳʤ 

ʧʫʥʢʪʠʨʦʤ (ɸïɻ). ʌʦʪʦ ʚʦ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. ʉʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ 

ʤʠʢʨʦʩʢʦʧ Quanta 200 3D FEI. ʈʝʩʫʨʩʥʳʡ ʮʝʥʪʨ ʉʇʙɻʋ.   ʉʧʨʘʚʘ ï ʩʭʝʤʳ 

ʩʪʨʦʝʥʠʷ ʨʘʟʥʳʭ ʧʝʨʚʠʯʥʳʭ ʘʛʨʝʛʘʪʦʚ ʛʣʦʙʫʣ ʚʦʜʥʦʛʦ ʢʨʝʤʥʝʟʸʤʘ (ʤʠʥʝʨʘʣʦʠʜʦʚ 

ʦʧʘʣʘ): ɸ ï çʛʝʢʩʘʛʦʥʘʣʴʥʘʷè ʂʇʋ, ɹ, ɻ ï ʠʩʢʘʞʝʥʥʘʷ ʂʇʋ çʢʚʘʜʨʘʪʥʘʷè, ɺ ï 

çʙʫʜʠʥʳè ʩʠʣʴʥʦ ʠʩʢʘʞʸʥʥʦʡ ʇʋ 

 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʷʚʣʝʥʠʷ ʬʨʫʩʪʫʤʘʮʠʠ ʚ ɹʆ (ʚʠʟʫʘʣʠʟʠʨʫʝʤʦʛʦ ʤʦʟʘʠʯʥʳʤ ʫʟʦʨʦʤ 

ʠʨʠʟʘʮʠʠ) ʧʨʝʜʣʘʛʘʝʪʩʷ ʪʝʦʨʠʷ ɼʃʌʆ (ɼʝʨʷʛʠʥʘ ï ʃʘʥʜʘʫ ï ʌʝʨʚʝʷ ï ʆʚʝʨʙʝʢʘ) ʜʣʷ ʩʠʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʝʸ ʨʘʩʰʠʨʝʥʠʝ ʀʣʴʸʡ ʇʨʠʛʦʞʠʥʳʤ ʠ ɼʞʝʨʝʤʠ 

ʀʥʛʣʵʥʜʦʤ (ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʘʤʦʨʝʧʣʠʢʘʮʠʷ) (ʂʘʣʠʥʠʥ ʠ ʜʨ., 1998; ʇʦʚʘʨʝʥʥʳʭ ʠ ʜʨ., 2016). 

ʅʘ ʨʠʩ. 3ɸ ʚʠʜʥʦ, ʯʪʦ ʨʘʟʤʝʨʳ ʬʨʫʩʪʫʤʦʚ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʛʝʣʝ ʢʨʝʤʥʝʟʸʤʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ 1-ʤ ʠ 2-ʤ ʙʘʨʴʝʨʘʤʠ ʧʨʠʪʷʞʝʥʠʷ ʥʘ ʨʠʩ. 3ɹ, ʥʦ ʦʥʠ ʤʝʥʴʰʝ, ʯʝʤ 

ʙʦʣʴʰʠʥʩʪʚʦ ʬʨʫʩʪʫʤʦʚ ʚ ʧʨʠʨʦʜʥʳʭ ɹʆ (ʨʠʩ. 1, 2). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʙʘʨʴʝʨʘ ʦʪʪʘʣʢʠʚʘʥʠʷ ʛʣʦʙʫʣ ʢʨʝʤʥʝʟʝʤʘ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʠʦʥʥʦʡ ʩʠʣʳ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʠʨʦʜʥʳʭ ɹʆ (ʂʘʣʠʥʠʥ ʠ ʜʨ., 1998). 

 

                   ɸ   ɹ  

 

 

ʈʠʩ. 3. ʆʙʨʘʟʦʚʘʥʠʝ ʬʨʫʩʪʫʤʦʚ ʚ ʩʠʥʪʝʪʠʯʝʩʢʦʤ ʛʝʣʝ ʢʨʝʤʥʝʟʸʤʘ ʠʟ ʩʠʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʩʬʝʨʠʯʝʩʢʠʭ ʛʣʦʙʫʣʝʡ ʢʨʝʤʥʝʟʸʤʘ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʟʤʝʨʘ (A) (ʉʘʤʦʡʣʦʚʠʯ 

ʠ ʜʨ., 1995) ʠ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʘʷ ʵʥʝʨʛʠʠ (U) ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʅ (ɹ) (ʂʘʣʠʥʠʥ ʠ ʜʨ., 1998). ʇʫʥʢʪʠʨʦʤ ʚʳʜʝʣʝʥ ʦʜʠʥ ʠʟ 

ʧʝʨʚʠʯʥʳʭ ʬʨʫʩʪʫʤʦʚ (A) 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʩʫʨʩʥʦʛʦ ʮʝʥʪʨʘ ʅʘʫʯʥʦʛʦ ʧʘʨʢʘ 

ʉʇʙɻʋ çʈʝʩʫʨʩʥʳʡ ʮʝʥʪʨ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʤʠʢʨʦʘʥʘʣʠʟʘè. 
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ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʚʝʜʝʪ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʦʨʥʦʛʦ ʧʨʦʬʠʣʷ. ɼʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʙʷʟʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ ʤʠʥʝʨʘʣʦʚ, ʛʦʨʥʳʭ 

ʧʦʨʦʜ, ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʘʛʘʶʪ 

ʋʨʘʣʴʩʢʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʠ ʧʨʦʬʠʣʴʥʳʝ ʢʘʬʝʜʨʳ.   

ʌʦʥʜʳ ʤʫʟʝʷ ʠ ʢʘʬʝʜʨ ʧʦʩʪʦʷʥʥʦ ʧʦʧʦʣʥʷʶʪʩʷ ʥʦʚʳʤʠ ʦʙʨʘʟʮʘʤʠ. ʆʩʥʦʚʥʦʝ 

ʧʦʧʦʣʥʝʥʠʝ ʤʫʟʝʡʥʳʭ ʬʦʥʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʥʘʫʯʥʳʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʤʫʟʝʷ ʠ ʫʯʸʥʳʤʠ ʋɻɻʋ. ɺ ʠʪʦʛʝ ʚʳʧʦʣʥʝʥʠʷ 

ʪʘʢʠʭ ʨʘʙʦʪ ʵʢʩʧʦʟʠʮʠʠ ʤʫʟʝʷ ʧʦʧʦʣʥʷʶʪʩʷ ʥʦʚʳʤʠ, ʩʠʩʪʝʤʥʦ ʧʦʜʦʙʨʘʥʥʳʤʠ ʢʦʣʣʝʢʮʠʷʤʠ 

ʠ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɹʦʣʴʰʘʷ ʧʨʘʢʪʠʢʘ ʨʘʙʦʪʳ ʋʨʘʣʴʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠ ʢʘʬʝʜʨ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʨʝʥʠʝ ʠ ʟʘʢʫʧʢʘ ʵʢʩʧʦʥʘʪʦʚ ʤʦʞʝʪ ʣʠʰʴ ʚ ʥʝʙʦʣʴʰʦʡ ʤʝʨʝ ʧʦʧʦʣʥʠʪʴ 

ʬʦʥʜʳ, ʘ ʩʦʟʜʘʪʴ ʥʦʚʳʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʵʢʩʧʦʟʠʮʠʠ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʩʝʨʴʝʟʥʳʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢ ʫʯʘʩʪʠʶ ʚ ʥʠʭ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʫʯʝʥʳʭ. 

ʀ ʢʘʢ ʙʫʜʪʦ ʜʣʷ ʥʘʩ ʚ 1831 ʛʦʜʫ ʚʝʣʠʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʜʝʷʪʝʣʴ ʈʦʩʩʠʠ ɺ.ʅ. ʊʘʪʠʱʝʚ 

ʚ ɿʘʚʦʜʩʢʦʤ ʫʩʪʘʚʝ ʧʠʩʘʣ: çɽʞʝʣʠ ʷʚʷʪʩʷ ʜʠʚʥʳʝ ʨʫʜʳ, ʢʘʤʝʥʴʷ, ʦʢʘʤʝʥʝʥʠʷ ʠʣʠ ʜʨʫʛʠʝ 

ʧʦʜʟʝʤʥʦʩʪʠ ʠ ʞʠʚʦʪʥʳʝ ʠ ʜʨʝʚʥʦʩʪʠ ʪʘʢʠʝ, ʯʪʦ ʢʘʢʫʶ-ʣʠʙʦ ʯʨʝʟʚʳʯʘʡʥʦʩʪʴ ʢʦ ʠʩʧʳʪʘʥʠʶ 

ʝʩʪʝʩʪʚʘ ʠ ʧʦʟʥʘʥʠʶ ʩʠʣʳ ʠ ʧʨʝʤʫʜʨʦʩʪʠ ʊʚʦʨʮʘ ʠʣʠ ʢ ʠʟʲʷʩʥʝʥʠʶ ʚ ʠʩʪʦʨʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʢ 

ʢʘʢʦʤʫ ʦʩʦʙʦʤʫ ʫʧʦʪʨʝʙʣʝʥʠʶ ʠ ʫʙʨʘʥʩʪʚʫ ʅʘʰʠʭ ʜʦʤʦʚ ʩʧʦʩʦʙʥʳʤʠ ʷʚʷʪʩʷ, ʪʘʢʦʚʳʝ 

ʩʦʙʠʨʘʪʴ ʠ ʭʨʘʥʠʪʴ ʦʩʦʙʦ, ʠ ʚ ʅʘʰʫ ɸʢʘʜʝʤʠʶ ʅʘʫʢ ʧʦ ʯʘʩʪʠ ʥʝ ʚʝʩʴʤʘ ʤʘʣʦʡ ʩ 

ʦʙʩʪʦʷʪʝʣʴʥʳʤʠ ʠʟʚʝʩʪʠʷʤʠ ʧʨʠʩʳʣʘʪʴ; ʝʞʝʣʠ ʞʝ ʚʝʱʴ ʪʘʢʘʷ, ʯʪʦ ʝʝ ʨʘʟʜʝʣʠʪʴ ʥʝʣʴʟʷ, ʪʦ 

ʦʩʪʘʚʴ ʫ ʩʝʙʷ ʩ ʦʥʦʡ ʤʦʜʝʣʴ ʛʦʪʦʚʫʶ ʠ ʝʝ ʩʦʟʥʘʤʝʥʦʚʘʪʴ ʠ ʨʘʩʮʚʝʪʷ ʧʨʦʪʠʚ ʩʫʱʝʡ ʪʦʡ, ʘ ʝʝ 

ʧʦʩʣʘʪʴ ʚ ɸʢʘʜʝʤʠʶ, ʠ ʧʦʪʦʤʫ ʚʩʝʤʫ ʠʤʝʪʴ ʦʩʦʙʫʶ ʟʘʧʠʩʥʫʶ ʢʥʠʞʢʫ, ʘ ʧʨʠʥʦʩʠʪʝʣʝʡ ʦʥʳʭ 

ʧʦ ʜʦʩʪʦʠʥʩʪʚʫ ʥʘʛʨʘʞʜʘʪʴ, ʜʘʙʳ ʚʟʳʩʢʘʥʠʶ ʠ ʦʙʲʷʚʣʝʥʠʶ ʣʫʯʰʫʶ ʦʭʦʪʫ ʠʤʝʣè (ɻʦʨʥʳʡ 

ʞʫʨʥʘʣ. 1831. ʏ. IV. ʂʥ. 10. ʉ. 3). 

ɺ ʥʘʩʪʦʷʱʠʡ ʧʝʨʠʦʜ, ʢ ʩʦʞʘʣʝʥʠʶ, ʧʨʦʠʟʦʰʣʦ ʨʝʟʢʦʝ ʩʦʢʨʘʱʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʘʩʩʠʛʥʦʚʘʥʠʡ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʠ ʦʩʣʘʙʣʝʥʠʝ ʜʝʪʘʣʴʥʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. 

ʂʨʦʤʝ ʚʩʝʛʦ ʧʨʦʯʝʛʦ, ʩʦʙʩʪʚʝʥʥʠʢʠ ʥʘ ʜʝʡʩʪʚʫʶʱʠʝ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ ʩʦʪʨʫʜʥʠʢʦʚ 

ʥʘʫʯʥʳʭ ʫʯʨʝʞʜʝʥʠʡ  ʜʦʧʫʩʢʘʶʪ ʩ ʙʦʣʴʰʠʤ ʥʝʞʝʣʘʥʠʝʤ.  

ɿʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʋʨʘʣʝ ʧʨʦʡʜʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩʘʤʳʭ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʛʣʫʙʠʥ, ʢʦʪʦʨʳʝ ʠ ʧʦ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʫʧʥʳ ʜʣʷ ʧʦʩʝʱʝʥʠʷ ʠ ʦʪʙʦʨʘ ʦʙʨʘʟʮʦʚ. ʊʘʢʠʝ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ 

ʧʨʦʡʜʝʥʳ ʩ ʮʝʣʴʶ ʜʦʙʳʯʠ ʢʘʢ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʪʘʢ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ. 

ʂʨʦʤʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʚ ʵʪʠʭ ʢʘʨʴʝʨʘʭ ʤʦʞʥʦ ʦʪʦʙʨʘʪʴ ʭʦʨʦʰʠʝ ʦʙʨʘʟʮʳ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʚʩʝʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ. 

ʇʦʢʘʞʝʤ ʵʪʦ ʥʘ ʧʨʠʤʝʨʝ ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ ʠ ʥʘ ʧʣʦʱʘʜʠ ʂʳʰʪʳʤʩʢʦʛʦ ʨʫʜʦʛʦ ʧʦʣʷ. 

ɺ 2000ï2004 ʛʦʜʘʭ ʩʦʪʨʫʜʥʠʢʘʤʠ ʋʨʘʣʴʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʧʦ ʜʦʛʦʚʦʨʫ ʩ 

ʋʧʨʘʚʣʝʥʠʝʤ ʧʦ ʛʝʦʣʦʛʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝʜʨ ʧʨʠ ʂʘʙʠʥʝʪʝ ʄʠʥʠʩʪʨʦʚ ʈʝʩʧʫʙʣʠʢʠ 

ɹʘʰʢʦʨʪʦʩʪʘʥ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʪʝʤʘ çʉʦʟʜʘʥʠʝ ʵʪʘʣʦʥʥʳʭ ʢʦʣʣʝʢʮʠʡ 

ʧʦ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʝ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ ʜʣʷ ʧʦʧʦʣʥʝʥʠʷ ʄʫʟʝʷ ʧʦ ʛʝʦʣʦʛʠʠ 

ʠ ʧʦʣʝʟʥʳʤ ʠʩʢʦʧʘʝʤʳʤ ʈʝʩʧʫʙʣʠʢʠ ɹʘʰʢʦʨʪʦʩʪʘʥ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʢʩʧʦʟʠʮʠʡ 

ɹʘʰʢʦʨʪʦʩʪʘʥʘ ʚ ʋʨʘʣʴʩʢʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʤʫʟʝʝ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ 

ʤʥʦʛʠʭ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʭ ʝʱʝ ʩʦʭʨʘʥʠʣʠʩʴ ʛʦʨʥʳʝ 
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ʚʳʨʘʙʦʪʢʠ ʠ ʨʫʜʥʳʝ ʦʪʚʘʣʳ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʪʦʙʨʘʪʴ ʦʙʨʘʟʮʳ ʤʠʥʝʨʘʣʦʚ, ʨʫʜ ʠ ʛʦʨʥʳʭ 

ʧʦʨʦʜ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʨʫʜʥʦʛʦ ʧʦʣʷ. 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʦ 

136 ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʤ ʨʘʟʣʠʯʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʀʟʛʦʪʦʚʣʝʥʘ 

ʣʠʪʦʪʝʢʘ ʠʟ ʧʨʠʨʦʜʥʳʭ ʢʘʤʥʝʡ, ʩʦʜʝʨʞʘʱʘʷ ʙʦʣʝʝ 120 ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʦʙʣʠʮʦʚʦʯʥʳʭ ʠ 

ʧʦʜʝʣʦʯʥʳʭ ʢʘʤʥʝʡ. ɸʥʘʣʠʟ ʩʦʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʝʘʣʴʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʛʝʦʛʨʘʬʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʩʙʦʨʘ ʥʝʦʙʳʯʥʳʭ ʠ 

ʫʥʠʢʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. 

ɸʚʪʦʨʳ ʪʝʟʠʩʦʚ ʙʦʣʝʝ 20 ʣʝʪ ʧʦʩʚʷʪʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʂʳʰʪʳʤʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, 

ʠʟʚʝʩʪʥʦʛʦ ʢʘʢ ʨʘʡʦʥ ʣʦʢʘʣʠʟʘʮʠʠ ʟʝʨʥʠʩʪʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ. ɿʘ 

ʧʨʦʰʝʜʰʠʡ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʳ ʨʘʟʥʦʩʪʦʨʦʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʨʘʟʥʳʭ ʪʠʧʦʚ ʢʚʘʨʮʘ 

ʋʬʘʣʝʡʩʢʦʛʦ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʥʦ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʧʦ ʛʝʥʝʟʠʩʫ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʪʝʣ, ʩʣʦʞʝʥʥʳʭ ʟʝʨʥʠʩʪʳʤ ʢʚʘʨʮʝʤ. ɺ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʧʨʦʜʚʠʥʫʪʴʩʷ ʚ ʠʟʫʯʝʥʠʠ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʵʪʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʘʚʪʦʨʘʤ ʧʦʤʦʛ ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ ʠ 

ʠʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʠ ʧʦ ʩʦʭʨʘʥʠʚʰʠʤʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʢʘʨʴʝʨʘʤ, ʪʨʘʥʰʝʷʤ ʠ ʢʘʥʘʚʘʤ.  

ʋʬʘʣʝʡʩʢʠʡ ʛʥʝʡʩʦ-ʘʤʬʠʙʦʣʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʚ ʠʥʪʝʨʚʘʣʝ 1200ï240 ʤʣʥ ʣʝʪ ʙʳʣ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʘʢʪʠʚʠʟʠʨʦʚʘʥ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʝʛʦ ʤʠʥʝʨʘʛʝʥʠʠ ʩʚʦʡʩʪʚʝʥʥʳ ʧʦʣʠʛʝʥʥʦʩʪʴ ʠ 

ʧʦʣʠʭʨʦʥʥʦʩʪʴ. ɿʜʝʩʴ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʝ, 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʩ ʠʪʪʨʦʵʧʠʜʦʪʦʤ, ʢʘʨʙʦʥʘʪʠʪʦʚ ʠ ʘʣʴʙʠʪʠʪʦʚ ʩ ʘʧʘʪʠʪʦʤ, 

ʢʦʣʫʤʙʠʪʦʤ ʠ ʢʩʝʥʦʪʠʤʦʤ, ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ, ʩʣʶʜʷʥʳʭ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʝʛʤʘʪʠʪʦʚ, 

ʛʨʝʡʟʝʥʦʚʳʝ ʩ ʤʦʣʠʙʜʝʥʠʪʦʤ, ʢʚʘʨʮ-ʞʠʣʴʥʳʝ ʩ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʤ ʢʚʘʨʮʝʤ ʠ ʜʨʫʛʠʝ.  

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʟʫʯʝʥʥʦʩʪʠ ʂʳʰʪʳʤʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʢʘʢ ʦʙʲʝʢʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʛʜʝ ʚ ʩʦʭʨʘʥʠʚʰʠʭʩʷ 

ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʚʥʠʤʘʪʝʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʪʦʙʨʘʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʫʶ 

ʢʦʣʣʝʢʮʠʶ ʪʘʢʠʭ ʤʠʥʝʨʘʣʦʚ, ʢʘʢ ʞʠʣʴʥʳʡ ʢʚʘʨʮ, ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʢʚʘʨʮ, ʠʪʪʨʦʵʧʠʜʦʪ, 

ʘʧʘʪʠʪ, ʢʦʣʫʤʙʠʪ, ʢʩʝʥʦʪʠʤ, ʤʦʣʠʙʜʝʥʠʪ, ʤʫʩʢʦʚʠʪ ʠ ʜʨʫʛʠʝ. ʇʦʤʠʤʦ ʢʦʣʣʝʢʮʠʠ ʤʠʥʝʨʘʣʦʚ, 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʠ ʢʦʣʣʝʢʮʠʦʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʙʰʠʨʥʳʡ ʥʘʙʦʨ ʛʦʨʥʳʭ 

ʧʦʨʦʜ: ʛʥʝʡʩʳ, ʘʤʬʠʙʦʣʠʪʳ, ʢʘʨʙʦʥʘʪʠʪʳ, ʞʝʣʝʟʠʩʪʳʝ ʠ ʢʠʘʥʠʪʦʚʳʝ ʢʚʘʨʮʠʪʳ, ʧʝʛʤʘʪʠʪʳ ʠ 

ʜʨʫʛʠʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʫʧʥʳʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʝ ʢʦʤʧʘʥʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʜʦʙʳʯʫ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʛʣʫʙʦʢʠʤʠ ʠ ʙʦʣʴʰʠʤʠ ʧʦ ʨʘʟʤʝʨʘʤ ʢʘʨʴʝʨʘʤʠ, ʚʩʢʨʳʚʘʶʱʠʤʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʪʝʣʘ, ʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʳ ʠ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʠʥʪʝʨʝʩ ʜʣʷ ʥʘʫʢʠ, ʧʨʦʩʚʝʱʝʥʠʷ ʠ ʢʦʣʣʝʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʤʫʟʝʡʥʳʤ 

ʢʦʣʣʝʢʪʠʚʘʤ ʥʘʜʦ ʩʘʤʠʤ ʘʢʪʠʚʥʝʝ ʢʦʥʪʘʢʪʠʨʦʚʘʪʴ ʩ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʩ 

ʮʝʣʴʶ ʦʪʙʦʨʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʢʦʣʣʝʢʮʠʡ ʤʠʥʝʨʘʣʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʯʪʦʙʳ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʩʦʭʨʘʥʠʪʴ ʜʣʷ ʧʦʪʦʤʢʦʚ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʪʨʘʙʘʪʳʚʘʶʱʠʭʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʇʨʠʤʝʨʦʤ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʵʢʩʧʦʟʠʮʠʠ ʧʦ ʛʝʦʣʦʛʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʎʝʥʪʨʘʣʴʥʦʛʦ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʛʦ ʤʫʟʝʷ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʌ.ʅ. ʏʝʨʥʳʰʦʚʘ.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʦʪʙʦʨʫ ʦʙʨʘʟʮʦʚ ʥʝʦʙʭʦʜʠʤʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʩʦ ʩʪʦʨʦʥʳ 

ʫʯʨʝʜʠʪʝʣʝʡ. 
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ɺ.ɸ. ʇʦʧʦʚ 

 

ʀʥʩʪʠʪʫʪ ʤʠʥʝʨʘʣʦʛʠʠ ʋʨʆ ʈɸʅ, ʛ. ʄʠʘʩʩ; popov@mineralogy.ru 

 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ ʚʝʱʝʩʪʚʦ ɺʩʝʣʝʥʥʦʡ ʥʘʭʦʜʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʛʘʟʘ, 

ʞʠʜʢʦʩʪʠ ʠ ʪʚʸʨʜʳʭ ʪʝʣ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʠʡ (1924) ʨʘʟʜʝʣʠʣ ʚʝʱʝʩʪʚʦ ʥʘ çʞʠʚʦʝè ʠ çʢʦʩʥʦʝè 

(ʤʠʥʝʨʘʣʴʥʦʝ). ʅʘʫʯʥʳʡ ʤʠʨ ʧʨʠʥʷʣ ʪʘʢʦʝ ʜʝʣʝʥʠʝ ʢʘʢ ʜʦʣʞʥʦʝ. ʅ.ʇ. ʖʰʢʠʥ (2007) 

ʨʘʩʩʫʞʜʘʣ ʦ ʢʦʵʚʦʣʶʮʠʠ ʞʠʚʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʠʨʦʚ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʟʜʘʚʘʣ 

çʢʦʥʮʝʧʮʠʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʞʠʟʥʠè ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʣ çʩʠʥʪʝʟ ʞʠʚʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʤʠʨʦʚè. 

ʅʘʰʝ ʚʦʩʧʨʠʷʪʠʝ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʜʠʛʤʘʤʠ ʨʘʟʥʳʭ 

ʥʘʫʢ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʠʩʪʦʨʠʠ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʘʨʘʜʠʛʤʳ ʤʝʥʷʶʪʩʷ, 

ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʠʣʠ ʦʪʤʠʨʘʶʪ. ʀʩʩʣʝʜʫʷ ʨʘʟʥʳʝ ʧʨʠʨʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʤʳ ʥʝʨʝʜʢʦ 

ʥʘʭʦʜʠʤʩʷ ʚ çʪʠʩʢʘʭè ʩʦʚʨʝʤʝʥʥʦʡ ʧʘʨʘʜʠʛʤʳ ʢʘʢʦʡ-ʣʠʙʦ ʥʘʫʢʠ. ʅʘʤ ʢʘʞʝʪʩʷ, ʯʪʦ ʤʳ 

ʧʦʥʠʤʘʝʤ ʩʫʪʴ ʧʨʦʙʣʝʤʳ. ʍʠʨʫʨʛ ʠ ʢʠʙʝʨʥʝʪʠʢ ʅ.ʄ. ɸʤʦʩʦʚ ʛʦʚʦʨʠʣ, ʯʪʦ çʧʦʥʷʪʴ ï 

ʦʟʥʘʯʘʝʪ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʧʨʠʚʳʢʥʫʪʴ ʧʦʣʴʟʦʚʘʪʴʩʷè. ʏʝʤ ʦʪʣʠʯʘʶʪʩʷ ʤʦʜʝʣʠ ʞʠʚʦʛʦ ʠ 

ʢʦʩʥʦʛʦ ʤʠʨʦʚ? ʀʣʠ ʤʠʨ ʚ ʯʸʤ-ʪʦ ʝʜʠʥ, ʥʦ ʧʨʝʜʩʪʘʚʣʝʥ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, 

ʧʦʣʫʯʠʚʰʠʤʠ ʩʚʦʠ ʥʘʟʚʘʥʠʷ? 

ʅʘʫʢʘ ʠʩʩʣʝʜʫʝʪ ʨʘʟʣʠʯʥʳʝ ʷʚʣʝʥʠʷ, çʫʧʨʘʚʣʷʶʱʠʝè ʤʠʨʦʤ. ʉʨʝʜʠ ʥʠʭ ï ʛʨʘʚʠʪʘʮʠʷ, 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʤʘʛʥʝʪʠʟʤ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ. ɽʩʣʠ ʛʨʘʚʠʪʘʮʠʷ ʨʘʩʧʦʨʷʞʘʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʝʣ, ʪʦ ʩʘʤʠ ʪʝʣʘ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʷʚʣʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɼʠʥʘʤʠʯʥʦʝ ʧʦʚʝʜʝʥʠʝ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ, ʘʪʦʤʥʳʭ ʛʨʫʧʧʠʨʦʚʦʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʚʦʡʩʪʚʘ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ. ʇʨʠ ʥʝʢʦʪʦʨʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʵʪʠʭ ʯʘʩʪʠʮ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʝʪ ʥʘʯʘʪʴʩʷ ʚʳʩʪʨʘʠʚʘʥʠʝ ʠʭ ʚ 

ʚʠʜʝ ʩʪʨʫʢʪʫʨ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ çʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘè, ʥʘʟʳʚʘʝʤʦʛʦ ʚ ʥʘʫʢʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʫʢʝ ʥʝʠʟʚʝʩʪʥʳ ʜʨʫʛʠʝ ʷʚʣʝʥʠʷ, ʩʦʟʜʘʶʱʠʝ ʪʝʣʘ. ʅʝʪ ʜʘʣʴʥʝʛʦ ʘʪʦʤʥʦʛʦ 

ʧʦʨʷʜʢʘ ï ʥʝʪ ʪʝʣ. ʊʦʣʴʢʦ ʪʝʣʘ ʦʙʣʘʜʘʶʪ ʪʚʸʨʜʦʩʪʴʶ. ɸʪʨʠʙʫʪʦʤ ʪʝʣ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘ, ʪ.ʝ. 

ʘʤʦʨʬʥʳʭ ʪʝʣ ʥʝ ʙʳʚʘʝʪ. ɺʩʝ ʪʝʣʘ ʢʨʠʩʪʘʣʣʠʯʥʳ (ʤʠʥʝʨʘʣʴʥʳ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʩʴ 

ʪʝʣʝʩʥʳʡ ʤʠʨ ʷʚʣʷʝʪʩʷ ʝʜʠʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʤʠʨʦʤ. 

ɺʩʝ ʥʘʫʢʠ, ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʪʝʣʘ, ʚ ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʦʩʪʨʦʝʥʠʷʭ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ. ʕʪʦ ï ʬʠʟʠʢʘ, ʭʠʤʠʷ, ʩʝʨʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʙʠʦʣʦʛʠʷ, ʤʝʜʠʮʠʥʘ, ʤʝʪʘʣʣʫʨʛʠʷ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, ʵʢʦʣʦʛʠʷ ʠ 

ʜʨʫʛʠʝ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʤʠʥʝʨʘʣʦʛʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʜʣʷ ʥʘʫʢ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ. ʅʝ ʩʣʝʜʫʝʪ 

ʟʘʙʳʚʘʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʦʪʢʨʳʪʦ ʥʘ ʤʠʥʝʨʘʣʘʭ. ʂʘʢ ʥʠ ʩʪʨʘʥʥʦ, 

ʭʠʤʠʢʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʚ ʩʚʦʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʥʠ ʧʦʣʫʯʘʶʪ ʧʨʦʩʪʦ ʭʠʤʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ. ʅʦ ʭʠʤʠʯʝʩʢʠʝ çʦʩʘʜʢʠè ʚ ʢʦʣʙʘʭ ʠ ʧʨʦʙʠʨʢʘʭ ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ 

ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʠʤʝʶʱʠʤʠ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʫ ʠ ʬʦʨʤʫ. ʕʪʦ, ʢʦʥʝʯʥʦ, ʤʠʥʝʨʘʣʳ! ʀʭ ʫʞʝ 

ʙʦʣʝʝ ʤʠʣʣʠʦʥʘ (ʪʦʣʴʢʦ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ!). ʀʩʢʫʩʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʝ ʙʳʚʘʝʪ, ʢʘʢ ʥʝ 

ʙʳʚʘʝʪ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʅʦ ʝʩʪʴ ʝʩʪʝʩʪʚʝʥʥʳʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ 

(ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ) ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʍʠʤʠʢʠ ʫʙʝʞʜʝʥʳ ʚ ʪʦʤ, ʯʪʦ ʠʤ 

ʧʦʜʚʣʘʩʪʥʘ çʠʩʢʫʩʩʪʚʝʥʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷè, ʦʪʣʠʯʥʘʷ ʦʪ ʝʩʪʝʩʪʚʝʥʥʦʡ (ʧʨʠʨʦʜʥʦʡ) 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʕʪʘ ʤʳʩʣʴ ʥʘʩʪʦʣʴʢʦ ʛʣʫʙʦʢʦ ʚʨʝʟʘʣʘʩʴ ʚ ʧʘʨʘʜʠʛʤʫ ʩʦʚʨʝʤʝʥʥʦʡ ʭʠʤʠʠ, 

ʯʪʦ ʥʝʨʝʜʢʦ ʤʝʰʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʙʦʙʱʝʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʪʠʧʦʤʦʨʬʠʟʤʘ ʤʠʥʝʨʘʣʦʚ, ʪʝʦʨʠʠ 

ʠʟʦʤʦʨʬʠʟʤʘ ʤʠʥʝʨʘʣʦʚ, ʦʪʢʨʳʪʠʷ ʠ ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ, ʧʦʣʫʯʝʥʠʷ 

ʩʠʥʪʘʢʩʠʯʝʩʢʠʭ ʩʨʘʩʪʘʥʠʡ ʨʘʟʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘ ʥʘʥʦʫʨʦʚʥʝ ʠ ʜʨʫʛʠʭ. 

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʜʣʷ ʦʙʲʝʢʪʦʚ ʙʠʦʣʦʛʠʠ ʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʠ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʤʠʥʝʨʘʣʳ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʜʘʚʥʦ ʚ ʨʘʤʢʘʭ ʙʠʦʤʠʥʝʨʘʣʦʛʠʠ, ʘ ʚʦʪ ʘʙʩʦʣʶʪʥʦ ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʠʥʝʨʘʣʳ, 

ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʪ ʥʘʰʠ ʪʢʘʥʠ, ʤʳʰʮʳ, ʚʦʣʦʩʳ, ʥʦʛʪʠ, ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʨʘʟʥʳʭ ʢʣʝʪʦʢ, 

ʢʨʦʚʠ ʠ ʪ.ʜ., ʥʝ ʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 
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ʚ ʙʠʦʣʦʛʠʠ ʥʝʨʝʜʢʦ ʥʘʯʠʥʘʝʪʩʷ ʩ ʜʝʣʝʥʠʷ ʢʣʝʪʦʢ ï çʞʠʚʦʝ ʦʪ ʞʠʚʦʛʦè. ʄʝʞʜʫ ʪʝʤ, ʢʣʝʪʢʠ ʥʝ 

ʩʘʤʠ ʨʝʰʘʶʪ ï ʜʝʣʠʪʴʩʷ ʠʤ ʠʣʠ ʥʝ ʜʝʣʠʪʴʩʷ. ɿʘʜʦʣʛʦ ʜʦ ʜʝʣʝʥʠʷ ʚ ʢʣʝʪʢʝ ʦʙʨʘʟʫʶʪʩʷ 

ʤʠʥʝʨʘʣʳ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʨʦʩʪ ʢʦʪʦʨʳʭ ʟʘʩʪʘʚʣʷʝʪ ʢʣʝʪʢʫ ʜʝʣʠʪʴʩʷ. ɺʩʸ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʣʝʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʩʠʩʪʝʤ ʚ 

ʝʜʠʥʦʡ ʢʘʤʝʨʝ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ-ʨʘʩʪʚʦʨʝʥʠʝ ʤʠʥʝʨʘʣʦʚ. ɺʩʷ ʛʝʥʝʪʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ 

çʟʘʧʠʩʘʥʘè ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʷʟʳʢʦʤ. ɺʘʞʥʦ, ʯʪʦ ɼʅʂ ʚ ʷʜʨʝ ʢʣʝʪʢʠ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʥʝ ʚ ʚʠʜʝ ʜʚʦʡʥʦʡ ʩʧʠʨʘʣʠ ʧʦʜʦʙʥʦ ʤʦʜʝʣʴʥʦʤʫ ʤʦʪʠʚʫ ʠʟ ʘʪʦʤʦʚ-

ʰʘʨʠʢʦʚ. ɹʠʦʣʦʛʠ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʝʥʝʟʠʩʘ ʪʝʣ ʩʚʦʠ ʪʝʨʤʠʥʳ (ʩʘʤʦʩʙʦʨʢʘ, 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ, ʩʠʥʪʝʟ), ʢʦʪʦʨʳʝ ʫʚʦʜʷʪ ʦʪ ʧʦʥʠʤʘʥʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʂʨʠʩʪʘʣʣʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʥʝʨʝʜʢʦ ʥʘʟʳʚʘʶʪʩʷ ʙʠʦʤʦʣʝʢʫʣʘʤʠ, ʢʦʪʦʨʳʝ ʷʢʦʙʳ 

ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ. ɺʦʦʙʱʝ ʷʚʣʝʥʠʝ ʘʩʩʦʮʠʘʮʠʠ ʠ ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʷʚʣʝʥʠʷ ʨʦʩʪʘ-ʨʘʩʪʚʦʨʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ (ʦʨʛʘʥʠʯʝʩʢʠʭ, 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ) ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʞʠʚʦʤ ʦʨʛʘʥʠʟʤʝ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʝʨʝʩʳʱʝʥʠʷ ʚ 

ʩʨʝʜʝ ʢʣʝʪʢʠ, ʥʦ ʵʪʦ ʥʝ çʠʩʢʫʩʩʪʚʦè ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʈʘʟʣʠʯʠʝ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʝʥʝʟʠʩʘ ʪʝʣ ʦʪʯʘʩʪʠ ʤʦʞʥʦ çʩʛʣʘʜʠʪʴè ʧʝʨʝʩʤʦʪʨʦʤ 

ʬʦʨʤʫʣʠʨʦʚʦʢ ʧʦʥʷʪʠʡ. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ï ʧʨʠʨʦʜʥʳʡ ʧʨʦʮʝʩʩ ʚʳʩʪʨʘʠʚʘʥʠʷ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ, ʘʪʦʤʥʳʭ 

ʛʨʫʧʧʠʨʦʚʦʢ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨ ʩ ʜʘʣʴʥʠʤ ʧʦʨʷʜʢʦʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʝʣ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

(ʷʚʣʝʥʠʝ) ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʤʝʥʥʦ ʪʦʣʴʢʦ ʚ ʧʝʨʝʩʳʱʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʩʨʝʜʘʭ. ʗʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʦʟʜʘʸʪ ʠʟ ʘʪʦʤʦʚ ʪʝʣʘ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʟʚʘʥʳ ʤʠʥʝʨʘʣʘʤʠ, ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʤʠʥʝʨʘʣʴʥʳʡ ʤʠʨ ɺʩʝʣʝʥʥʦʡ.  

ɼʘʣʝʝ ʤʦʞʥʦ ʫʚʝʨʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ: ʝʩʣʠ ʚʝʱʝʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ 

ʪʝʣ, ʫ ʢʦʪʦʨʳʭ ʦʙʷʟʘʪʝʣʴʥʦ ʧʦʷʚʣʷʝʪʩʷ ʪʚʸʨʜʦʩʪʴ (ʪʚʸʨʜʦʪʝʣʴʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ), ʟʥʘʯʠʪ ʦʥʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ. ʄʳ ʞʠʚʸʤ ʩʨʝʜʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʝʣ, ʩʘʤʠ ʷʚʣʷʷʩʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ 

ʪʝʣʘʤʠ! ʆʪʩʶʜʘ ʤʳ ʤʦʞʝʤ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʝʩʣʠ ʤʳ ʩʯʠʪʘʝʤ ʩʝʙʷ çʞʠʚʳʤʠ ʩʠʩʪʝʤʘʤʠè, 

ʪʦ ʞʠʚʦʡ ʤʠʨ ʷʚʣʷʝʪʩʷ ʥʝ ʦʪʜʝʣʴʥʳʤ ʤʠʨʦʤ, ʘ ʯʘʩʪʴʶ ʤʠʥʝʨʘʣʴʥʦʛʦ (ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ) 

ʤʠʨʘ. ʕʪʦ ʪʦʣʴʢʦ ʧʨʝʜʣʦʞʝʥʠʝ ʢ ʦʙʩʫʞʜʝʥʠʶ. ʅʘʜʦ ʥʘ ʵʪʫ ʧʨʦʙʣʝʤʫ ʧʦʩʤʦʪʨʝʪʴ ʩʦ ʩʪʦʨʦʥʳ 

ʢʣʝʪʦʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʩʝʛʦ ʞʠʚʦʛʦ. 

ʂʘʞʜʳʡ ʦʨʛʘʥʠʟʤ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʦʡ ʩʠʩʪʝʤ ʢʣʝʪʦʢ, ʘ ʢʘʞʜʘʷ ʢʣʝʪʢʘ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʢʘʤʝʨʥʦʡ ʩʠʩʪʝʤʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʢʨʠʩʪʘʣʣʦʚ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʚ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʥʝʨʘʣʦʛʠʠ ʢ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʨʘʙʦʪʢʘʤ ʙʠʦʣʦʛʦʚ ʧʦ ʠʟʫʯʝʥʠʶ 

ʞʠʚʳʭ ʩʠʩʪʝʤ ʵʚʨʠʩʪʠʯʥʦ ʜʦʙʘʚʠʪʴ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʦʛʦʚ. ʊʘʢ, ʝʩʣʠ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ, ʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʟʘʨʦʞʜʝʥʠʠ, ʨʦʩʪʝ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʢʨʠʩʪʘʣʣʦʚ, ʦ 

ʟʘʢʦʥʘʭ ʘʥʘʪʦʤʠʠ ʢʨʠʩʪʘʣʣʦʚ, ʦ ʨʘʟʜʝʣʝʥʠʠ ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʦʚ ʠ ʠʟʦʪʦʧʦʚ ʢʨʠʩʪʘʣʣʘʤʠ ʚʦ 

ʚʨʝʤʷ ʨʦʩʪʘ, ʦ ʩʠʥʪʘʢʩʠʠ ʠ ʵʧʠʪʘʢʩʠʠ ʤʠʥʝʨʘʣʦʚ, ʦ ʨʘʩʪʚʦʨʝʥʠʠ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ, ʦ 

ʥʠʪʝʚʠʜʥʦʡ ʠ ʪʨʫʙʯʘʪʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʦ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ, 

ʦ ʨʘʩʱʝʧʣʝʥʠʠ ʠ ʩʢʨʫʯʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʦʚ, ʦʙ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʠʜʝʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

(ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʤʫʪʘʮʠʡ), ʦ ʧʘʨʘʛʝʥʝʟʠʩʘʭ ʤʠʥʝʨʘʣʦʚ, ʦ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ 

ʪʝʢʩʪʫʨ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ (ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ!) ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. 

ɺ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʚ ʥʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʨʘʟʣʠʯʠʡ. ɼʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʩʳʱʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʤʠʥʝʨʘʣʫ, ʪ.ʝ. ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʨʝʜʝ 

ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʩʳʱʝʥʠʷ (ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʠʥʝʨʘʣʘ). ɼʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʣʶʙʦʛʦ ʤʠʥʝʨʘʣʘ ʥʝ ʩʣʝʜʫʝʪ ʚʚʦʜʠʪʴ ʫʩʣʦʚʠʝ ʧʨʝʜʝʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʟʘʨʦʜʳʰʘ. ɼʣʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʝʥʘ ʠ ʛʝʥʦʤʘ ʚ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʭʩʷ (ʙʠʦʣʦʛʠʯʝʩʢʠʭ) ʩʠʩʪʝʤʘʭ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʠʩʢʘʪʴ ʘʙʠʦʛʝʥʥʦʛʦ ʘʥʘʣʦʛʘ (çʟʘʪʨʘʚʢʠè ʠʟ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʠʨʘ). ɺʩʸ 

ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʝʩʪʴ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʩʪʨʦʛʠʭ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʪʝʢʩʪʫʨ ʩʦʟʜʘʸʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʤ 

ʩʦʩʪʘʚʦʤ ʠ ʢʘʤʝʨʥʦʩʪʴʶ (ʟʘʢʨʳʪʦʩʪʴʶ) ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʣʝʪʢʠ.  
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ʄ.ʇ. ʇʦʧʦʚ
1, 2

, ʖ.ɺ. ɽʨʦʭʠʥ
1
, ɺ.ɺ. ʍʠʣʣʝʨ

1 

 

1 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ, erokhin-yu@yandex.ru 

2 ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʝʨʝʞʜʝʥʠʝ  ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʋʨʘʣʴʩʢʠʡ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɻʦʨʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ,  popovm1@yandex.ru 

 

ɺʠʩʤʫʪʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʋʨʘʣʴʩʢʠʭ ʠʟʫʤʨʫʜʥʳʭ ʢʦʧʝʡ 

ʧʨʦʷʚʣʝʥʘ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ. ʏʘʱʝ ʚʩʝʛʦ ʦʥʘ ʙʳʣʘ ʚʩʪʨʝʯʝʥʘ ʚ ʠʟʫʤʨʫʜʥʦ-ʙʝʨʠʣʣʠʝʚʦʤ 

ʄʘʨʠʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʠ ʂʚʘʨʪʘʣʴʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ. 

ɺ 1937ʛʦʜʫ ʅ.ʄ. ʋʩʧʝʥʩʢʠʡ ʚʧʝʨʚʳʝ ʦʧʠʩʘʣ ʩʘʤʦʨʦʜʥʳʡ ʚʠʩʤʫʪ Bi, ʢʦʪʦʨʳʡ 

ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʣʩʷ ʥʘ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʄʘʨʠʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʢʚʘʨʮ-

ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ ʞʠʣʘʭ (ʇʦʧʦʚ ʠ ʜʨ., 1998). ʄʠʥʝʨʘʣ ʚʩʪʨʝʯʝʥ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ ʠ ʟʝʨʥʠʩʪʳʭ 

ʘʛʨʝʛʘʪʦʚ ʜʦ 3ʩʤ. ɼʘʣʝʝ ʥʘ ʄʘʨʠʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ ʢʚʘʨʮ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ ʞʠʣʘʭ ɻ.ʅ. 

ɺʝʨʪʫʰʢʦʚʳʤ ʠ ɸ.ʀ. ʐʝʨʩʪʶʢʦʤ ʙʳʣʠ ʦʧʠʩʘʥʳ ʙʠʩʤʫʪʠʪ Bi2O2(CO3), ʢʦʪʦʨʳʡ ʚ ʚʠʜʝ 

ʧʦʨʦʰʢʦʚʘʪʳʭ ʤʘʩʩ ʚʩʪʨʝʯʝʥ ʦʢʦʣʦ ʟʝʨʝʥ ʩʘʤʦʨʦʜʥʦʛʦ ʚʠʩʤʫʪʘ, ʠ ʚʠʩʤʫʪʠʥ Bi2S3 ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʤʦʣʠʙʜʝʥʠʪʦʤ ʠ ʢʚʘʨʮʝʤ (ɺʝʨʪʫʰʢʦʚ ʠ ʜʨ., 1949). ʇʦʟʜʥʝʝ ʠʟ ʢʚʘʨʮ-

ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ ʞʠʣ ʄʘʨʠʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʠ ʦʧʠʩʘʥʳ: ʪʝʪʨʘʜʠʤʠʪ Bi2Te2S  ʚ 

ʚʠʜʝ ʟʝʨʝʥ ʚ ʩʘʤʦʨʦʜʥʦʤ ʚʠʩʤʫʪʝ (ɺʣʘʩʦʚ ʂ.ɸ., ʂʫʪʫʢʦʚʘ, 1960), ʧʨʦʪʦʞʦʟʝʠʪ Bi3TeS 

(ɿʘʚʴʷʣʦʚ ɽ.ʅ., ɹʝʛʠʟʦʚ, 1983) ʠ ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪ Bi2Te3 ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʯʘʪʳʭ ʘʛʨʝʛʘʪʦʚ 

(ʇʦʧʦʚ ʠ ʜʨ., 1998). 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʭʦʥʜʨʦʜʠʪʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠʟ ʩʣʶʜʠʪʦʚ ʄʘʨʠʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ  ʚʧʝʨʚʳʝ ʜʣʷ ʀʟʫʤʨʫʜʥʳʭ ʢʦʧʝʡ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʠ ʦʧʠʩʘʥ ʧʠʣʴʟʝʥʠʪ, 

ʢʦʪʦʨʳʡ ʚʩʪʨʝʯʝʥ ʚ ʚʠʜʝ ʠʟʦʤʝʪʨʠʯʥʦʛʦ ʟʝʨʥʘ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʭʦʥʜʨʦʜʠʪʦʤ ʠ ʭʣʦʨʠʪʦʤ. 

ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʠʥʝʨʘʣʘ ʭʦʨʦʰʦ ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʬʦʨʤʫʣʫ Bi4Te3  (ʇʦʧʦʚ, 2014).  

ɺ 2016 ʛʦʜʫ ʚ ʠʟʤʝʥʝʥʥʳʭ ʭʨʦʤʠʪʠʪʘʭ ʠʟ ʠʟʫʤʨʫʜʦʥʦʩʥʳʭ ʩʣʶʜʠʪʦʚ ʄʘʨʠʠʥʩʢʦʛʦ 

ʠʟʫʤʨʫʜʥʦ-ʙʝʨʠʣʣʠʝʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʥʝʦʙʳʯʥʘʷ ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʧʘʨʢʝʨʠʪʦʤ, ʤʠʣʣʝʨʠʪʦʤ, ʙʠʩʤʫʪʦʛʘʫʭʝʢʦʨʥʠʪʦʤ, ʚʠʩʤʫʪʠʥʦʤ ʠ ʥʠʢʝʣʠʥʦʤ 

(ʂʦʨʦʪʝʝʚ ʠ ʜʨ., 2016). ʇʘʨʢʝʨʠʪ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʤʠʥʝʨʘʣʦʤ ʚ ʩʫʣʴʬʠʜʥʦʤ ʩʢʦʧʣʝʥʠʠ ʠ 

ʩʣʘʛʘʝʪ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ ʦʪ 0.08 ʜʦ 0.5 ʤʤ (ʨʠʩ.1). ʀʤʝʝʪ ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ, ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʙʣʝʩʢ ʠ ʥʠʟʢʫʶ ʪʚʝʨʜʦʩʪʴ (ʦʢʦʣʦ 3 ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ). ʇʦ ʜʘʥʥʳʤ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ 

ʤʠʥʝʨʘʣ ʦʪʣʠʯʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ (ʪʘʙʣ., ʘʥ. 1-6), ʢʦʪʦʨʳʡ ʠʜʝʘʣʴʥʦ 

ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʥʘ ʨʝʜʢʫʶ ʩʫʣʴʬʦʩʦʣʴ ʚʠʩʤʫʪʘ ʠ ʥʠʢʝʣʷ ï ʧʘʨʢʝʨʠʪ (Ni3Bi2S2). ʕʪʦ ʪʨʝʪʴʷ 

ʥʘʭʦʜʢʘ ʤʠʥʝʨʘʣʘ ʥʘ ʋʨʘʣʝ (ʂʦʨʦʪʝʝʚ ʠ ʜʨ., 2016). 

 

 

 

 

ʈʠʩʫʥʦʢ 1. ʉʢʦʧʣʝʥʠʝ 

ʩʫʣʴʬʠʜʦʚ ʚ ʩʣʶʜʠʩʪʦʡ 

ʤʘʪʨʠʮʝ ʥʘ ʢʦʥʪʘʢʪʝ ʩ 

ʭʨʦʤʠʪʦʚʦʡ ʨʫʜʦʡ. ʌʦʪʦ ʚ 

ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ 

ʵʣʝʢʪʨʦʥʘʭ, CAMECASX  

100. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

Pk ï ʧʘʨʢʝʨʠʪ, Mil  ï 

ʤʠʣʣʝʨʠʪ, Bih ï 

ʙʠʩʤʫʪʦʛʘʫʭʝʢʦʨʥʠʪ, Nik ï 

ʥʠʢʝʣʠʥ, Chr ï ʭʨʦʤʠʪ, Phl 

ï ʬʣʦʛʦʧʠʪ. 
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ɹʠʩʤʫʪʦʛʘʫʭʝʢʦʨʥʠʪ 

ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʦʪʜʝʣʴʥʳʤ  

ʫʜʣʠʥʝʥʥʳʤ ʟʝʨʥʘʤ 

ʤʠʣʣʝʨʠʪʘ, ʨʘʟʤʝʨʦʤ ʜʦ 0.3 

ʤʤ. ʀʤʝʝʪ ʞʝʣʪʫʶ ʦʢʨʘʩʢʫ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʣʝʩʢ. ʇʨʠ 

ʟʘʤʝʱʝʥʠʠ 

ʙʠʩʤʫʪʦʛʘʫʭʝʢʦʨʥʠʪʘ ʚ ʟʝʨʥʘʭ 

ʩʦʭʨʘʥʷʶʪʩʷ ʨʝʣʠʢʪʦʚʳʝ 

ʬʨʘʛʤʝʥʪʳ ʯʠʩʪʦʛʦ ʤʠʣʣʝʨʠʪʘ.  

ʇʦ ʜʘʥʥʳʤ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ 

ʘʥʘʣʠʟʘ Bi-Ni-ʩʫʣʴʬʦʩʦʣʴ 

ʦʪʣʠʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʚʘʨʠʘʙʝʣʴʥʳʤ ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ (ʪʘʙʣ., ʘʥ. 7-10), ʯʪʦ, 

ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩʚʷʟʘʥʦ ʩ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʤʝʣʴʯʘʡʰʠʭ 

ʨʝʣʠʢʪʦʚ ʤʠʣʣʝʨʠʪʘ ʚ ʤʘʪʨʠʮʝ 

ʤʠʥʝʨʘʣʘ. ʕʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʟʘʚʳʰʝʥʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ ʠ ʩʝʨʳ ʚ 

ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʟʘʭ. ʀʟ  

ʟʥʘʯʠʤʳʭ ʧʨʠʤʝʩʝʡ ʚ ʤʠʥʝʨʘʣʝ 

ʦʪʤʝʯʘʝʪʩʷ ʪʦʣʴʢʦ ʩʫʨʴʤʘ, ʥʝ 

ʙʦʣʝʝ 0.7 ʤʘʩ.%. ɺ ʮʝʣʦʤ 

ʧʦʣʫʯʝʥʥʳʝ ʩʦʩʪʘʚʳ ʩʫʣʴʬʦʩʦʣʠ 

ʚʧʦʣʥʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʙʠʩʤʫʪʦʛʘʫʭʝʢʦʨʥʠʪʦʤ 

(Ni9Bi2S8), ʢʦʪʦʨʳʡ ʨʘʥʝʝ ʥʘ 

ʋʨʘʣʝ ʥʝ ʙʳʣ ʥʘʡʜʝʥ (ʂʦʨʦʪʝʝʚ ʠ 

ʜʨ., 2016).  

ʆʙʨʘʟʦʚʘʥʠʝ ʩʘʤʦʨʦʜʥʦʛʦ ʚʠʩʤʫʪʘ ʠ ʝʛʦ ʩʫʣʴʬʦʩʦʣʝʡ ʩʚʷʟʘʥʦ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʚʠʩʤʫʪʦʤ, ʥʘ ʤʘʪʨʠʮʫ ʛʠʧʝʨʙʘʟʠʪʦʚ, ʠ ʜʦʢʘʟʳʚʘʝʪ 

ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟʫʤʨʫʜʦʥʦʩʥʳʭ ʩʣʶʜʠʪʦʚ. 
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ˉ 

ʘʥ. 
Bi Sb Ni Zn Fe S As ʉʫʤʤʘ 

1 63.40 0.04 26.51 0.00 0.00 9.78 0.23 99.96 

2 61.80 0.29 27.83 0.00 0.00 9.84 0.00 99.76 

3 61.76 0.22 27.15 0.00 0.00 9.77 0.27 99.33 

4 61.69 0.30 26.79 0.00 0.01 9.70 0.22 98.80 

5 62.66 0.32 26.42 0.00 0.00 9.72 0.17 99.30 

6 62.57 0.31 26.41 0.00 0.00 9.69 0.29 99.27 

7 28.23 0.04 48.01 0.03 0.00 23.38 0.00 99.71 

8 32.67 0.17 45.32 0.00 0.00 21.43 0.00 99.58 

9 27.36 0.00 47.69 0.00 0.05 23.53 0.00 98.63 

10 30.41 0.66 45.14 0.00 0.08 21.27 0.00 97.56 

ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ 

1 Ni2.97Bi2.00(S2.01As0.02)2.03 

2 Ni3.08(Bi1.92Sb0.01)1.93S1.99 

3 Ni3.03(Bi1.94Sb0.01)1.95(S2.00As0.02)2.02 

4 Ni3.01(Bi1.95Sb0.02)1.97(S2.00As0.02)2.02 

5 Ni2.98(Bi1.98Sb0.02)2.00(S2.01As0.01)2.02 

6 Ni2.98(Bi1.98Sb0.02)2.00(S2.00As0.02)2.02 

7 Ni9.24Bi1.53S8.23 

8 Ni9.18(Bi1.86Sb0.02)1.88S7.94 

9 (Ni9.20Fe0.01)9.21Bi1.48S8.31 

10 (Ni9.22Fe0.02)9.24(Bi1.75Sb0.06)1.81S7.95 

ʊʘʙʣʠʮʘ 1. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʘʨʢʝʨʠʪʘ ʠ ʙʠʩʤʫʪʦʛʘʫʭʝʢʦʨʥʠʪʘ 

(ʚ ʤʘʩ. %). 

ʇʨʠʤʝʯʘʥʠʝ. ɸʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ 

CAMECASX 100 ʚ ʀɻɻ ʋʨʆ ʈɸʅ (ʘʥʘʣʠʪʠʢ ɺ.ɺ. ʍʠʣʣʝʨ); 

ʘʥ. 1-6 ï ʧʘʨʢʝʨʠʪ, ʘʥ. 7-10 ï ʙʠʩʤʫʪʦʛʘʫʭʝʢʦʨʥʠʪ. 
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ʄʀʅɽʈɸʃʓ, ɺʇɽʈɺʓɽ ʆʊʂʓʊʓɽ ɺ ʀʃʔʄɽʅʉʂʀʍ ɻʆʈɸʍ, 

ʀ ɺʂʃɸɼ ʀʃʔʄɽʅʉʂʀʍ ʄʀʅɽʈɸʃʆɻʆɺ 

ɺ ʉʇʀʉʆʂ ʅʆɺʓʍ ʄʀʅɽʈɸʃʆɺ ʄʀʈɸ 

 

ɺ. ʀ. ʇʦʧʦʚʘ, ɺ. ɸ. ʇʦʧʦʚ 

 

ʀʥʩʪʠʪʫʪ ʤʠʥʝʨʘʣʦʛʠʠ ʋʨʆ ʈɸʅ, ʛ. ʄʠʘʩʩ; popov@muneralogy.ru 

 

ɺ ʧʝʛʤʘʪʠʪʘʭ ʠ ʚʤʝʱʘʶʱʠʭ ʠʭ ʧʦʨʦʜʘʭ ʀʣʴʤʝʥʩʢʠʭ ʛʦʨ ʟʘ ʧʝʨʠʦʜ XIXïXX ʚʚ. 

ʠʥʦʩʪʨʘʥʥʳʤʠ ʠ ʨʦʩʩʠʡʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʣʴʤʝʥʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʠ 

ʀʥʩʪʠʪʫʪʘ ʤʠʥʝʨʘʣʦʛʠʠ ʋʨʆ ʈɸʅ ʦʪʢʨʳʪʦ 16 ʤʠʥʝʨʘʣʦʚ, ʧʦʧʦʣʥʠʚʰʠʭ ʩʧʠʩʦʢ ʤʠʥʝʨʘʣʦʚ 

ʤʠʨʘ. ʀʟ ʤʠʥʝʨʘʣʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʛʦʨʝʣʳʭ ʦʪʚʘʣʘʭ ʏʝʣʷʙʠʥʩʢʦʛʦ ʙʫʨʦʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ, 

8 ʫʪʚʝʨʞʜʝʥʳ ʂʅʄ ʄʄɸ, ʚ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʋʨʘʣʘ ï 4, ʥʘ ʂʘʤʯʘʪʢʝ ʠ ʚ ʉʠʙʠʨʠ ï 5, ʘ ʪʘʢʞʝ 

2 ʤʠʥʝʨʘʣʘ ʠʟ ʧʠʨʦʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʀʦʨʜʘʥʠʠ, ʚ ʠʟʫʯʝʥʠʠ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʦʚʘʣʠ 

çʠʣʴʤʝʥʮʳè.   

ʅʘʭʦʜʢʠ ʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʀʣʴʤʝʥʘʭ 

ʀʣʴʤʝʥʠʪ  FeTiO3  ʥʘʡʜʝʥ ʁʦʛʘʥʥʦʤ ʄʝʥʛʝ ʚ 1824 ʛ. (ʢʘʢ çʪʘʥʪʘʣʠʪè); ʠʩʩʣʝʜʦʚʘʥ ʠ 

ʥʘʟʚʘʥ ɻʫʩʪʘʚʦʤ ʈʦʟʝ (Rose, 1827). ʂʨʫʧʥʳʝ ʚʳʜʝʣʝʥʠʷ ʠʣʴʤʝʥʠʪʘ (30-40 ʩʤ) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 

ʢʦʧʝʡ ʉʘʚʝʣʴʝʚʘ ʣʦʛʘ, ʛʦʨʳ ʌʠʨʩʦʚʦʡ ʠ ʉʝʣʷʥʢʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʣʴʤʝʥʦʨʫʪʠʣʘ. 

ʄʦʥʘʮʠʪ CePO4 ʚʧʝʨʚʳʝ ʥʘʡʜʝʥ ʁ. ʄʝʥʛʝ ʚ 1824 ʛ. (ʢʘʢ çʮʠʨʢʦʥè), ʠʟʫʯʝʥ  ʠ ʥʘʟʚʘʥ 

ɸʚʛʫʩʪʦʤ ɹʨʝʡʪʛʘʫʧʪʦʤ (Breithaupt, 1829). ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʡ ʦʙʨʘʟʝʮ ʤʦʥʘʮʠʪʘ ʦʢʦʣʦ 4 ʩʤ, 

ʤʘʩʩʦʡ 362.25 ʛ ʠʟ ʢʦʣʣʝʢʮʠʠ ɻʫʩʪʘʚʘ ʈʦʟʝ (ʚʝʨʦʷʪʥʦ, ʠʟ ʩʣʶʜʷʥʳʭ ʢʦʧʝʡ ˉ 42ï48 ʚ ʣʝʚʦʤ 

ʙʦʨʪʫ ʜʦʣʠʥʳ ʨ. ʏʝʨʝʤʰʘʥʢʠ) ʭʨʘʥʠʪʩʷ ʚ ʄʫʟʝʝ ɽʩʪʝʩʪʚʝʥʥʦʡ ʀʩʪʦʨʠʠ ɻʫʤʙʦʣʴʜʪʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ɹʝʨʣʠʥʝ. 

ʕʰʠʥʠʪ Ce(Ti ,Nb)2O6 ʥʘʡʜʝʥ ʚ 1825 ʛ. ʁ. ʄʝʥʛʝ (ʢʘʢ çʛʘʜʦʣʠʥʠʪè); ʠʩʩʣʝʜʦʚʘʥ ʠ ʥʘʟʚʘʥ 

ʁʸʥʩʦʤ ɹʝʨʮʝʣʠʫʩʦʤ (Berzelius, 1828). ʃʫʯʰʠʝ ʢʨʠʩʪʘʣʣʳ ʵʰʠʥʠʪʘ-(ʉʝ) ʜʦ 4ï5 ʩʤ 

ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʣʶʜʷʥʳʭ ʢʦʧʷʭ ˉ 42ï48. ɺ ʢʘʨʙʦʥʘʪʠʪ-ʧʝʛʤʘʪʠʪʝ ʢʦʧʠ ˉ 97 ʚʩʪʨʝʯʝʥʘ ʜʨʫʟʘ 

ʢʨʠʩʪʘʣʣʦʚ ʵʰʠʥʠʪʘ ʚʝʣʠʯʠʥʦʡ ʦʢʦʣʦ 9 ʩʤ. 

ʏʝʚʢʠʥʠʪ (Ca2Ce2)Fe2Ti 3(Si2O7)O8 ʠʩʩʣʝʜʦʚʘʥ ʠ ʥʘʟʚʘʥ ɻ. ʈʦʟʝ (Rose, 1839) ʚ ʦʙʨʘʟʮʘʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʀ. ʈ. ʃʠʩʝʥʢʦ. ʃʫʯʰʠʝ ʢʨʠʩʪʘʣʣʳ ʯʝʚʢʠʥʠʪʘ (ʜʦ 5 ʩʤ) ʥʘʡʜʝʥʳ ɺ.ʀ. 

ʂʨʳʞʘʥʦʚʩʢʠʤ ʚ 1916 ʛ. ʚ ʞʠʣʝ ʛʨʘʥʠʪʥʦʛʦ ʧʝʛʤʘʪʠʪʘ ʢʦʧʠ ˉ 17. 

ʂʘʥʢʨʠʥʠʪ Na6Ca2(AlSiO4)6(CO3)2Ŀ2H2O ʥʘʡʜʝʥ ʠ ʥʘʟʚʘʥ ɻ. ʈʦʟʝ (Rose, 1839). ʇʦ ʮʚʝʪʫ 

ʚʩʪʨʝʯʘʝʪʩʷ ʨʦʟʦʚʘʪʳʡ, ʙʝʩʮʚʝʪʥʳʡ, ʞʸʣʪʳʡ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʥʳ çʩʦʣʥʝʯʥʳʝè ʢʘʥʢʨʠʥʠʪʳ  

ʩ ʠʥʜʠʚʠʜʘʤʠ ʚʝʣʠʯʠʥʦʡ ʜʦ 10ï17 ʩʤ ʩ ʤʠʢʨʦʧʣʘʩʪʠʥʢʘʤʠ ʛʝʤʘʪʠʪʘ (ʧʨʦʜʫʢʪʘʤʠ ʨʘʩʧʘʜʘ), 

ʚʩʪʨʝʯʘʝʤʳʝ ʚ ʢʦʧʠ ˉ 9 ʥʘ ʙʘʟʝ ɿʘʧʦʚʝʜʥʠʢʘ. 

ʀʣʴʤʝʥʦʨʫʪʠʣ (Ti ,Fe,Nb,Ta)3O6 ʥʘʡʜʝʥ ʅ.ʀ. ʂʦʢʰʘʨʦʚʳʤ ʚ 1854 ʛ. ʚ ʘʤʘʟʦʥʠʪʦʚʦʤ 

ʧʝʛʤʘʪʠʪʝ ʚ ʢʦʧʠ ʫ ɺʰʠʚʦʛʦ ʙʦʣʦʪʘ (ʂʦʢʰʘʨʦʚ, 1856) ï ʥʳʥʝ ʵʪʦ ʢʦʧʴ ˉ 59. ɺ ʛʨʘʥʠʪʥʳʭ 

ʧʝʛʤʘʪʠʪʘʭ ʚʝʣʠʯʠʥʘ ʢʨʠʩʪʘʣʣʦʚ ʠ ʜʚʦʡʥʠʢʦʚ ʠʣʴʤʝʥʦʨʫʪʠʣʘ ʤʝʥʝʝ 5 ʤʤ; ʥʝʨʝʜʢʠ 

ʟʘʢʦʥʦʤʝʨʥʳʝ ʩʨʦʩʪʢʠ ʩ ʬʝʨʨʦʢʦʣʫʤʙʠʪʦʤ, ʢʘʩʩʠʪʝʨʠʪʦʤ ʠ ʘʥʘʪʘʟʦʤ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʚʳʜʝʣʝʥʠʷ ʠʣʴʤʝʥʦʨʫʪʠʣʘ (ʜʦ 20 ʩʤ) ʭʘʨʘʢʪʝʨʥʳ ʚ ʨʫʜʘʭ ʉʝʣʷʥʢʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ; 

ʦʙʳʯʥʦ ʵʪʦ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʝ ʦʚʦʠʜʳ ï ʩ ʠʣʴʤʝʥʦʨʫʪʠʣʦʤ ʚ ʮʝʥʪʨʝ ʠ ʧʦʩʣʝʜʫʶʱʠʤʠ ʟʦʥʘʤʠ 

ʠʣʴʤʝʥʠʪʘ ʠ ʪʠʪʘʥʠʪʘ. 

ʉʘʤʘʨʩʢʠʪ YNbO4 ʚʧʝʨʚʳʝ ʫʢʘʟʘʥ ʚ ʦʪʯʸʪʝ ʨʘʟʚʝʜʦʯʥʦʡ ʧʘʨʪʠʠ ʌ.ʌ. ɹʣʶʤʘ ʚ 1837 ʛ. 

(ʚ ɹʣʶʤʦʚʩʢʦʡ ʢʦʧʠ) ʢʘʢ çʵʩʭʠʥʠʪè, ɻʫʩʪʘʚʦʤ ʈʦʟʝ ʚ 1840 ʛ. ï ʢʘʢ çʫʨʘʥʦʪʘʥʪʘʣʠʪè, ʥʦ 

ʥʘʟʚʘʥʠʝ ʧʦʣʫʯʠʣ ʧʦʩʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɻʝʥʨʠʭʘ ʈʦʟʝ (Rose H., 1847). ɺ ʛʨʘʥʠʪʥʳʭ ʠ 

ʢʦʨʫʥʜʦʚʦ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʧʝʛʤʘʪʠʪʘʭ ʚʝʣʠʯʠʥʘ ʠʥʜʠʚʠʜʦʚ ʩʘʤʘʨʩʢʠʪʘ ʙʳʣʘ ʜʦ 2ï10 ʩʤ; 

ʥʝʨʝʜʢʠ ʩʨʘʩʪʘʥʠʷ ʝʛʦ ʩ ʬʝʨʨʦʢʦʣʫʤʙʠʪʦʤ. 

ʌʝʨʛʫʩʦʥʠʪ-ʙʝʪʘ-(ʉʝ) CeNbO4 (ʤʦʥʦʢʣʠʥʥʳʡ ʧʦ ʨʝʥʪʛʝʥʫ) ʥʘʡʜʝʥ ʚ 1960 ʛ. ʚ ʢʦʧʠ ˉ 13 

(ʄʘʢʘʨʦʯʢʠʥ ɹ.ɸ. ʠ ʜʨ., 1965) ï ʥʦ ʧʦ ʬʦʨʤʝ ʢʨʠʩʪʘʣʣʳ ʝʛʦ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʩʠʥʛʦʥʠʠ 

(ʇʦʣʷʢʦʚ, ʅʝʜʦʩʝʢʦʚʘ, 1990). 
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ʋʰʢʦʚʠʪ MgFe2(PO4)2Å8H2O ʠ ʉʚʷʞʠʥʠʪ (Mg,Mn,Ca)(Al ,Fe)(SO4)2FÅ14H2O 

(ʏʝʩʥʦʢʦʚ ɹ.ɺ., 1986). 

ʇʦʣʷʢʦʚʠʪ-(Ce) (REE,Ca)4(Mg,Fe)(CrFe)2(Ti ,Nb)2Si4O22 ʢʘʢ çʭʨʦʤʦʚʦ-ʤʘʛʥʠʝʚʳʡ 

ʯʝʚʢʠʥʠʪè ʚʧʝʨʚʳʝ ʦʧʠʩʘʥ ɺ.ʆ. ʇʦʣʷʢʦʚʳʤ ʩ ʩʦʘʚʪʦʨʘʤʠ (1986). ɼʦʠʩʩʣʝʜʦʚʘʥ ʠ ʥʘʟʚʘʥ 

ʧʦʟʜʥʝʝ (Popov et al, 2001). ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʡ ʝʛʦ ʢʨʠʩʪʘʣʣ (13 ʩʤ) ʭʨʘʥʠʪʩʷ ʚ ʄʫʟʝʝ 

ʀʣʴʤʝʥʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ. 

ʄʘʢʘʨʦʯʢʠʥʠʪ Ca2Fe4FeTiSi4BeAlO20 (ʢʘʢ çʛʘʩʪʠʥʛʩʠʪè) ʥʘʡʜʝʥ ʚ ʛʨʘʥʠʪʥʦʤ ʧʝʛʤʘʪʠʪʝ 

ʢʦʧʠ ˉ 400 (ɹ.ɸ. ʄʘʢʘʨʦʯʢʠʥ, ʄ.ʉ. ʄʘʢʘʨʦʯʢʠʥʘ, 1955ʬ). ʀʩʩʣʝʜʦʚʘʥ ʠ ʥʘʟʚʘʥ ɺ.ʆ. 

ʇʦʣʷʢʦʚʳʤ (ʇʦʣʷʢʦʚ ʠ ʜʨ., 1986). ʋʪʚʝʨʞʜʸʥ ʧʦʩʣʝ ʜʦʠʟʫʯʝʥʠʷ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʢʦʣʣʝʢʪʠʚʦʤ ʧʨʠ ʫʯʘʩʪʠʠ ɽ.ʇ. ʑʝʨʙʘʢʦʚʦʡ (E. Grew et al., 2005). 

ɸʤʬʠʙʦʣʳ: ʂʘʣʠʡʤʘʛʥʝʟʠʦʛʘʩʪʠʥʛʩʠʪ (K,Na)Ca2(Mg2Fe,Al ,Ti ,Ba)5[Si6Al2O22](OH,Cl)2 

(ʂʦʨʠʥʝʚʩʢʠʡ ɺ., ʂʦʨʠʥʝʚʩʢʠʡ ɽ., 2006); ʌʪʦʨʨʠʭʪʝʨʠʪ Na2Ca(Mg,Fe)5{Si8O22](F,OH) 

(ɹʘʞʝʥʦʚ ɸ.ɻ., ʅʝʜʦʩʝʢʦʚʘ ʀ.ʃ., ʇʝʪʝʨʩʝʥ ʕ.ʋ., 1993); ʂʘʣʠʡʬʝʨʨʠʩʘʜʘʥʘʛʘʠʪ 

(K,Na)Ca2(Fe,Mg)3(Fe,Al )2[Si5Al3O22](OH)2 (ɹʘʞʝʥʦʚ ɸ.ɻ. ɹʘʞʝʥʦʚʘ ʃ.ʌ. ʠ ʜʨ., 1999); 

ʌʪʦʨʤʘʛʥʝʟʠʦʘʨʬʚʝʜʩʦʥʠʪ NaNa2(Mg,Fe)4Fe[Si8O22](F,OH)2 (ɹʘʞʝʥʦʚ ɸ.ɻ. ʠ ʜʨ., 2000); 

ʌʝʨʨʠʚʠʥʯʠʪ NaCaMg4Fe[Si8O22](OH,F)2 (ɹʘʞʝʥʦʚ ɸ.ɻ. ʠ ʜʨ., 2005). 

ʄʠʥʝʨʘʣʳ ʠʟ ʛʦʨʝʣʳʭ ʦʪʚʘʣʦʚ ʏʝʣʷʙʠʥʩʢʦʛʦ ʙʫʨʦʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ 

ʉʨʝʙʨʦʜʦʣʴʩʢʠʪ Ca2Fe2O5 (ʏʝʩʥʦʢʦʚ ɹ.ɺ., ɹʘʞʝʥʦʚʘ ʃ.ʌ., 1985), ɹʘʞʝʥʦʚʠʪ 

CaS5ÅCaS2O3Å6Ca(OH)2Å20H2O (ʏʝʩʥʦʢʦʚ ɹ.ɺ. ʠ ʜʨ., 1987), ʌʣʶʦʨʵʣʣʝʩʪʘʜʠʪ 

Ca10[(SO4)3(SiO4)3]6F2 (ʏʝʩʥʦʢʦʚ ɹ.ɺ. ʠ ʜʨ., 1987), ɻʦʜʦʚʠʢʦʚʠʪ NH4(Al ,Fe)(SO4) 

(ʑʝʨʙʘʢʦʚʘ ɽ.ʇ. ʠ ʜʨ., 1988), ɽʬʨʝʤʦʚʠʪ (NH4)2Mg2(SO4)3 (ʑʝʨʙʘʢʦʚʘ ɽ.ʇ., ɹʘʞʝʥʦʚʘ 

ʃ.ʌ., 1989), ʉʚʷʪʦʩʣʘʚʠʪ Ca[Al 2Si2O8], ʨʦʤʙ. (ʏʝʩʥʦʢʦʚ ɹ.ɺ. ʠ ʜʨ., 1989), ʈʦʨʠʩʠʪ CaFCl 

(ʏʝʩʥʦʢʦʚ ɹ.ɺ. ʠ ʜʨ., 1990), ɼʤʠʰʪʝʡʥʙʝʨʛʠʪ Ca[Al 2Si2O8], ʛʝʢʩ. (ʏʝʩʥʦʢʦʚ ɹ.ɺ. ʠ ʜʨ., 

1990).  

ʄʠʥʝʨʘʣʳ, ʦʪʢʨʳʪʳʝ ʚ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʋʨʘʣʘ 

ʂʘʥʦʥʝʨʦʚʠʪ  Na3MnP3O10Å12H2O (V. Popova et al., 2002) ï ʉʨʝʜʥʠʡ ʋʨʘʣ, ʄʫʨʟʠʥʢʘ. 

ʌʣʦʨʝʥʩʠʪ-(Sm) (Sm,Nd)Al 3(PO4)2(OH)6 (ʈʝʧʠʥʘ ʉ.ɸ. ʠ ʜʨ., 2010) ï ʇʨʠʧʦʣʷʨʥʳʡ ʋʨʘʣ. 

ʅʠʢʝʣʴʧʠʢʨʦʤʝʨʠʪ K2Ni(SO4)2Å6H2O (E. Belogub et al., 2013) ï ʖʞʥʳʡ ʋʨʘʣ. 

ʎʘʨʝʛʦʨʦʜʮʝʚʠʪ N(CH3)4[Si2(Al 0.5Si0.5)O6]2 (ʃ. ʇʘʫʪʦʚ ʠ ʜʨ.,1993) ï ʇʨʠʧʦʣʷʨʥʳʡ ʋʨʘʣ. 

ʄʠʥʝʨʘʣʳ ʜʨʫʛʠʭ ʪʝʨʨʠʪʦʨʠʡ ʈʦʩʩʠʠ 

ʋʟʦʥʠʪ ɸs4S5 (ʇʦʧʦʚʘ, ʇʦʣʷʢʦʚ, 1985) ʠ ɸʣʘʢʨʘʥʠʪ As8S9 (ʇʦʧʦʚʘ ʠ ʜʨ., 1986) ï 

ʢʘʣʴʜʝʨʘ ʋʟʦʥ, ʂʘʤʯʘʪʢʘ. 

ʅʘʙʦʢʦʠʪ ʉu7ʊʝʆ4(Sʆ4)5Ŀʂʉ1 ʠ ɸʪʣʘʩʦʚʠʪ ʉu6Fʝɺiʆ4(Sʆ4)5Ŀʂʉ1 (ʇʦʧʦʚʘ ʠ ʜʨ., 1987) 

ï ʚʫʣʢʘʥ ʊʦʣʙʘʯʠʢ, ʂʘʤʯʘʪʢʘ. 

ʈʠʧʧʝʠʪ K2(Nb,Ti )2(Si4O12)O(O,F) ï Rippeite, 2016-025 (Doroshkevich A., Sharygin V., 

Seryotkin Yu., Karmanov N., Belogub E., etc.) ï ʚ ʢʘʨʙʦʥʘʪʠʪʘʭ ʤʘʩʩʠʚʘ ʏʫʢʪʫʢʦʥ, 

ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ. 

ʄʠʥʝʨʘʣʳ ʠʟ ʧʠʨʦʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʀʦʨʜʘʥʠʠ 

ʌʣʵʡʤʠʪ (Ca,Na,K)2(Si,P)O4 (E. Sokol, Yu. Seryotkin,S. Kokh, Y. Vapnik, E. Nigmatulina,  

S. Goryainov, E. Belogub, V. Sharygin, 2014) 

ʊʫʣʫʣʠʪ Ca14(Fe0.9Al 0.1)[Al 6Zn5.5Fe1.5Si0.5P0.5Mn 0.5Mg0.5]O36 (Y. Khouri, E. Sokol, S. Kokh, 

Yu. Seryotkin,E. Nigmatulina, S. Goryainov, E. Belogub, I. Clark, 2014). 
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ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʄɽʊɸʂʀʄɹɽʈʃʀʊʆɺ 
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ɺʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ɿʝʤʣʠ, ʦʩʦʙʝʥʥʦ ʪʘʤ, ʛʜʝ ʪʝʣʘ ʢʠʤʙʝʨʣʠʪʦʚ ʨʘʟʤʝʱʝʥʳ ʚ ʧʦʣʷʭ 

ʨʘʟʚʠʪʠʷ ʪʨʘʧʧʦʚ, ʢʠʤʙʝʨʣʠʪʳ ʩʦʚʤʝʩʪʥʦ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʟʘʭʚʘʯʝʥʳ 

ʥʠʟʢʦʛʨʘʜʥʳʤ ʨʝʛʠʦʥʘʣʴʥʳʤ ʤʝʪʘʤʦʨʬʠʟʤʦʤ ʧʦʛʨʫʞʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʮʝʦʣʠʪʦʚʦʡ (ʎʌ) ʠ 

ʧʨʝʥʠʪ-ʧʫʤʧʝʣʣʠʠʪʦʚʦʡ (ʇʇʌ) ʬʘʮʠʡ. ʕʪʦ ʥʝ ʧʦʩʣʝʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʪ.ʢ. ʊ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ  ʥʝ ʧʨʝʚʳʰʘʶʪ 290-330Á ʉ, ʜʘʚʣʝʥʠʝ ʧʨʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʠ ʟʘʤʝʪʥʦ ʚʳʰʝ, ʯʝʤ 

ʜʘʚʣʝʥʠʝ ʚ ʢʦʥʮʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ, ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʠʩʣʦʨʦʜʘ ʠ 

ʚʦʜʦʨʦʜʘ ʩʝʨʧʝʥʪʠʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ï ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʤʝʪʝʦʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ H2O ʬʣʶʠʜʦʚ. 

ʄʝʪʘʢʠʤʙʝʨʣʠʪʳ ʮʝʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʧʦʣʷʭ ʨʘʟʚʠʪʠʷ 

ʤʝʪʘʙʘʟʘʣʴʪʦʚ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ ɺʦʩʪʦʯʥʦ - ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʉʧʠʨʠʜʦʥʦʚ ʠ ʜʨ., 

2000). ɻʣʘʚʥʳʝ ʤʠʥʝʨʘʣʳ ʤʝʪʘʢʠʤʙʝʨʣʠʪʦʚ: ʩʝʨʧʝʥʪʠʥ ï ʣʠʟʘʨʜʠʪ ʠ ʞʝʣʝʟʠʩʪʳʡ ʣʠʟʘʨʜʠʪ, 

ʥʝʨʝʜʢʦ ʙʦʛʘʪʳʝ ʭʣʦʨʦʤ - ʜʦ 2.5 ʤʘʩʩ. % (ʉʦʢʦʣʦʚʘ ʠ ʜʨ., 2010), ʠ ʢʘʨʙʦʥʘʪʳ ï ʥʠʟʢʦ 

ʩʪʨʦʥʮʠʝʚʳʝ ʢʘʣʴʮʠʪ ʠ ʜʦʣʦʤʠʪ, ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʡ ʊ 

ʬʦʨʤʠʨʦʚʘʥʠʷ <250-290Ü ʉ ʠ ʦ ʥʝ ʤʘʛʤʘʪʦʛʝʥʥʦʤ ʠʩʪʦʯʥʠʢʝ ʬʣʶʠʜʦʚ (ʅʠʢʠʰʦʚʘ ʠ ʜʨ., 

1982; ʋʭʘʥʦʚ, ɼʝʚʠʨʮ, 1982; ʋʩʪʠʥʦʚ ʠ ʜʨ., 1990). ʃʠʟʘʨʜʠʪ ʠ ʢʘʣʴʮʠʪ ʤʝʪʘʢʠʤʙʝʨʣʠʪʦʚ 

ʩʦʧʨʦʚʦʞʜʘʶʪ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʝ ʭʣʦʨʠʪʳ, ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʛʠʜʨʦʪʘʣʴʢʠʪʘ, ʙʨʫʩʠʪ - 

ʘʤʘʢʠʥʠʪ, ʚʝʨʤʠʢʫʣʠʪ, ʢʚʘʨʮ, ʢʦʨʨʝʥʩʠʪ, ʢʨʦʥʰʪʝʜʪʠʪ, ʧʝʢʪʦʣʠʪ, ʘʤʝʪʠʩʪ, ʭʘʣʮʝʜʦʥ, 

ʮʝʣʝʩʪʠʥ, ʩʪʨʦʥʮʠʘʥʠʪ, ʙʘʨʠʪ, ʛʠʟʠʥʛʝʨʠʪ, ʘʡʦʚʘʠʪ, ʭʠʙʠʥʛʠʪ, ʢʦʨʰʫʥʦʚʩʢʠʪé, ʙʠʪʫʤʳ, 

ʦʢʩʠʜʳ ʠ ʛʠʜʨʦʦʢʩʠʜʳ Fe ʠ ʩʫʣʴʬʠʜʳ Fe ï Ni ï Cu, ʩʘʤʦʨʦʜʥʘʷ ʤʝʜʴ (ʀʣʫʧʠʥ, 1961; 

ʃʝʙʝʜʝʚ, 1963; ʌʨʘʥʮʝʩʩʦʥ, 1968; ʍʘʨʴʢʠʚ, ɿʠʥʯʫʢ, 1997; ʉʧʠʨʠʜʦʥʦʚ ʠ ʜʨ., 2000; ʉʦʢʦʣʦʚʘ, 

ʉʧʠʨʠʜʦʥʦʚ, 2006, 2008; ʉʦʢʦʣʦʚʘ ʠ ʜʨ., 2010). ʄʠʥʝʨʘʣʴʥʳʝ ʬʘʮʠʠ ʤʝʪʘʢʠʤʙʝʨʣʠʪʦʚ 

ʮʝʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʚʳʜʝʣʝʥʳ ʥʘʤʠ ʧʦ ʘʩʩʦʮʠʘʮʠʷʤ ʦʢʩʠʜʦʚ ʠ ʛʠʜʨʦʦʢʩʠʜʦʚ Fe ʠ ʩʫʣʴʬʠʜʦʚ 

Fe ï Ni: 

1. ʤʘʛʥʝʪʠʪʦʚʘʷ (Ñ ʧʠʨʠʪ, Ni-ʧʠʨʠʪ, ʙʨʘʚʦʠʪ, Ni-ʧʝʥʪʣʘʥʜʠʪ, ʚʘʵʩʠʪ, ʚʠʦʣʘʨʠʪ, 

ʧʦʣʠʜʠʤʠʪ);  

2. ʙʝʟ ʤʘʛʥʝʪʠʪʦʚʘʷ ʩʫʣʴʬʠʜʥʘʷ ʩ ʩʫʙʬʘʮʠʷʤʠ ʧʦʥʠʞʘʶʱʝʡʩʷ ʘʢʪʠʚʥʦʩʪʠ ʩʫʣʴʬʠʜʥʦʡ 

ʩʝʨʳ ʦʪ ʤʠʣʣʝʨʠʪ ï ʧʠʨʠʪʦʚʦʡ (Ñ ʙʨʘʚʦʠʪ, ʚʘʵʩʠʪ, ʚʠʦʣʘʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ) ʢ ʧʝʥʪʣʘʥʜʠʪ ï 

ʧʠʨʠʪʦʚʦʡ (Ñ ʭʘʣʴʢʦʧʠʨʠʪ, ʥʠʟʢʠʡ ʙʦʨʥʠʪ), ʜʘʣʝʝ ʢ ʧʝʥʪʣʘʥʜʠʪ ï ʧʠʨʨʦʪʠʥʦʚʦʡ ʠ ʢ 

ʭʠʟʣʝʚʫʜʠʪ ï ʪʨʦʠʣʠʪʦʚʦʡ (Ñ ʛʦʜʣʝʚʩʢʠʪ Ni9S8, ʥʠʟʢʠʡ ʭʘʣʴʢʦʟʠʥ);  

3. ʙʝʟ ʩʫʣʴʬʠʜʥʘʷ ʛʸʪʠʪʦʚʘʷ ʠʣʠ ʣʝʧʠʜʦʢʨʦʢʠʪʦʚʘʷ, ʚʦʟʥʠʢʰʠʝ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ f O2 

(ʉʦʢʦʣʦʚʘ, ʉʧʠʨʠʜʦʥʦʚ, 2012). ʀʩʪʦʯʥʠʢ ʩʝʨʳ ï ʤʝʪʘʤʦʨʬʠʟʫʝʤʳʝ ʩʠʥʭʨʦʥʥʦ ʩ 

ʢʠʤʙʝʨʣʠʪʘʤʠ ʦʢʨʫʞʘʶʱʠʝ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ.  

ɺ ʤʝʪʘʢʠʤʙʝʨʣʠʪʘʭ ʮʝʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʥʝʪ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ REE, Zr, Nb, 

Th. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʮʝʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʵʪʠ ʵʣʝʤʝʥʪʳ ʥʝʧʦʜʚʠʞʥʳ.  

ʊʠʧʦʤʦʨʬʥʳʝ ʤʠʥʝʨʘʣʳ ʤʝʪʘʢʠʤʙʝʨʣʠʪʦʚ ʮʝʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ï ʣʠʟʘʨʜʠʪ, ʤʠʥʝʨʘʣʳ 

ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ï ʮʝʣʝʩʪʠʥ, ʙʘʨʠʪ, ʉʘ-ʩʪʨʦʥʮʠʘʥʠʪ.  

ʄʝʪʘʢʠʤʙʝʨʣʠʪʳ ʧʨʝʥʠʪ-ʧʫʤʧʝʣʣʠʠʪʦʚʦʡ ʬʘʮʠʠ. ɼʨʝʚʥʝʡʰʠʝ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʢʠʤʙʝʨʣʠʪʳ ʂʠʤʦʟʝʨʘ (ʂʘʨʝʣʠʷ), ʢʘʢ ʠ ʦʢʨʫʞʘʶʱʠʝ ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʳ 

ʠ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʨʘʥʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ (ʣʶʜʠʢʦʚʠʷ) ʠ ʠʭ ʢʩʝʥʦʣʠʪʳ ʚ ʢʠʤʙʝʨʣʠʪʘʭ, 

ʪʝʢʪʦʥʠʟʠʨʦʚʘʥʳ ʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʳ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʥʠʪ-ʧʫʤʧʝʣʣʠʠʪʦʚʦʡ ʬʘʮʠʠ. 

ʄʝʪʘʢʠʤʙʝʨʣʠʪʳ ʂʠʤʦʟʝʨʘ ʩʣʘʛʘʶʪ ʘʥʪʠʛʦʨʠʪ, ʪʨʝʤʦʣʠʪ, ʘʢʪʠʥʦʣʠʪ, ʥʠʟʢʦ ʩʪʨʦʥʮʠʝʚʳʝ 

ʜʦʣʦʤʠʪ ʠ ʢʘʣʴʮʠʪ, ʭʣʦʨʠʪ - ʢʣʠʥʦʭʣʦʨ, ʪʠʪʘʥʠʪ, ʤʘʛʥʝʪʠʪ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (ʃʫʢʴʷʥʦʚʘ ʠ ʜʨ., 2006; ɸʬʘʥʘʩʴʝʚʘ, 2009; ʋʩʪʠʥʦʚ ʠ ʜʨ., 2009; 

ʇʫʪʠʥʮʝʚʘ, 2015; ʇʫʪʠʥʮʝʚʘ, ʉʧʠʨʠʜʦʥʦʚ, 2016). ʄʠʥʝʨʘʣʦʚ ʩʪʨʦʥʮʠʷ ʥʝʪ. ʇʩʝʚʜʦʤʦʨʬʦʟʳ 
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ʧʦ ʦʣʠʚʠʥʫ ʩʣʘʛʘʶʪ ʘʥʪʠʛʦʨʠʪ (ʩ ʨʝʣʠʢʪʘʤʠ ʞʝʣʝʟʠʩʪʦʛʦ ʣʠʟʘʨʜʠʪʘ) ʠ ʤʘʛʥʝʪʠʪ ʩ 0.5 % Ni, 

ʘʥʪʠʛʦʨʠʪ ʠ ʪʘʣʴʢ (f = 0-11); ʨʝʞʝ ʙʨʫʩʠʪ ʠʣʠ ʪʘʣʴʢ ʩ ʢʘʨʙʦʥʘʪʘʤʠ, ʧʦ ʤʘʛʤʘʪʠʯʝʩʢʠʤ 

ʦʣʠʚʠʥʫ ʠ ʢʘʣʴʮʠʪʫ ï ʥʠʟʢʦʛʣʠʥʦʟʸʤʠʩʪʳʝ ʪʨʝʤʦʣʠʪ ʠ ʘʢʪʠʥʦʣʠʪ (f = 8-29), ʧʦ ʬʣʦʛʦʧʠʪʫ ï 

ʢʣʠʥʦʭʣʦʨ, ʧʦ ʠʣʴʤʝʥʠʪʫ ï ʪʠʪʘʥʠʪ, ʨʝʞʝ ʛʝʤʘʪʠʪ ʠ ʨʫʪʠʣ, ʬʝʨʨʦʧʩʝʚʜʦʙʨʫʢʠʪ, ʧʦ 

ʭʨʦʤʰʧʠʥʝʣʠʜʘʤ ï ʭʨʦʤʩʦʜʝʨʞʘʱʠʝ ʢʣʠʥʦʭʣʦʨ ʠ ʤʘʛʥʝʪʠʪ. ʄʘʣʦ ʞʝʣʝʟʠʩʪʳʡ ʪʘʣʴʢ ʨʘʟʚʠʪ 

ʚ ʤʝʪʘʢʠʤʙʝʨʣʠʪʘʭ, ʙʦʛʘʪʳʭ ʤʘʛʥʝʪʠʪʦʤ. ɺ ʘʛʨʝʛʘʪʘʭ ʘʥʪʠʛʦʨʠʪʘ ʠʣʠ ʪʨʝʤʦʣʠʪʘ ʥʝʤʘʣʦ 

ʤʝʣʢʠʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʚʳʜʝʣʝʥʠʡ ʢʦʨʨʝʥʩʠʪʘ (ʩʤʝʰʘʥʥʦ-ʩʣʦʡʥʦʛʦ 1:1 ʭʣʦʨʠʪʘ ï ʩʘʧʦʥʠʪʘ). 

ʄʝʪʘʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʳ ʢʩʝʥʦʣʠʪʦʚ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʠ ʨʘʤʳ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʪʝʣʘ ʩʣʘʛʘʶʪ 

ʘʣʴʙʠʪ, ʢʣʠʥʦʮʦʠʟʠʪ, ʵʧʠʜʦʪ, ʭʣʦʨʠʪʳ, ʘʢʪʠʥʦʣʠʪ, ʧʨʝʥʠʪ, ʧʫʤʧʝʣʣʠʠʪ-(Fe), ʪʠʪʘʥʠʪ, Al-

ʢʨʦʥʰʪʝʜʪʠʪ, ʛʝʤʘʪʠʪ, ʢʚʘʨʮ, ʢʘʣʠʰʧʘʪ, Mn-Mg-ʬʝʨʨʦʘʢʩʠʥʠʪ, ʤʘʛʥʝʟʠʦʩʪʠʣʴʧʥʦʤʝʣʘʥ - 

ʣʝʥʥʠʣʝʥʘʧʝʠʪ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʥʠʦʙʠʷ ʚ ʪʠʪʘʥʠʪʝ (0.67 ʤʘʩʩ. %, n=10) ʚʳʰʝ, ʯʝʤ ʚ 

ʠʩʭʦʜʥʦʤ ʠʣʴʤʝʥʠʪʝ (0.46 %, n=56). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʠʪʘʥʠʪ ʟʘʤʝʩʪʠʣ ʥʝ 

ʪʦʣʴʢʦ ʠʣʴʤʝʥʠʪ, ʥʦ ʠ ʧʝʨʦʚʩʢʠʪ, ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʡ Nb ʤʠʥʝʨʘʣ ʢʠʤʙʝʨʣʠʪʦʚ (ɼʦʫʩʦʥ, 1986; 

Melluso et al., 2008). ʄʝʪʘʤʦʨʬʦʛʝʥʥʳʡ ʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪ ʩʦʜʝʨʞʠʪ ʩʣʝʜʳ ʣʘʥʪʘʥʠʜʦʚ. 

ʍʘʨʘʢʪʝʨʥʳʝ ʤʠʥʝʨʘʣʳ REE ʤʝʪʘʢʠʤʙʝʨʣʠʪʦʚ ʂʠʤʦʟʝʨʘ ï ʦʨʪʠʪ (ʘʣʣʘʥʠʪ)-(Ce), 

ʬʪʦʨʛʠʜʨʦʢʩʠʣ-ʙʘʩʪʥʝʟʠʪ-(Ce) ʠ -(La), ʬʪʦʨʛʠʜʨʦʢʩʠʣʧʘʨʠʟʠʪ-(Ce) ʠ -(La), ʙʘʩʪʥʝʟʠʪ-(Ce), 

ʧʘʨʠʟʠʪ-(Ce), ʤʦʥʘʮʠʪ-(Ce), ʥʠʦʙʦʵʰʠʥʠʪ-(ʉʝ). ɻʨʘʥʠʮʳ ʢʨʠʩʪʘʣʣʦʚ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʠ 

ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʪʠʪʘʥʠʪʘ, ʘʥʪʠʛʦʨʠʪʘ, ʪʨʝʤʦʣʠʪʘ ï ʠʥʜʫʢʮʠʦʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʦʚʤʝʩʪʥʦʛʦ ʨʦʩʪʘ. ʄʝʪʘʤʦʨʬʦʛʝʥʥʳʝ ʤʠʥʝʨʘʣʳ REE ʥʘʩʣʝʜʦʚʘʣʠ Ce, Ce-La ʠ Ce-La-Nd 

ʩʧʝʮʠʬʠʢʫ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʘʣʴʮʠʪʘ ʠ ʧʝʨʦʚʩʢʠʪʘ.  ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʦʨʪʠʪ-(ʉʝ), 

ʨʘʟʚʠʪʳʡ ʩʨʝʜʠ ʧʩʝʚʜʦʤʦʨʬʦʟ ʢʣʠʥʦʭʣʦʨʘ ʧʦ ʬʣʦʛʦʧʠʪʫ ʠ ʚ ʩʨʘʩʪʘʥʠʷʭ ʩ ʪʠʪʘʥʠʪʦʤ ʚ 

ʘʛʨʝʛʘʪʘʭ ʪʨʝʤʦʣʠʪʘ, ʘʢʪʠʥʦʣʠʪʘ, ʢʘʣʴʮʠʪʘ ʠ ʜʦʣʦʤʠʪʘ, ʢʦʪʦʨʳʝ ʟʘʤʝʩʪʠʣʠ ʧʝʨʦʚʩʢʠʪ-

ʭʨʦʤʠʪ-ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-ʠʣʴʤʝʥʠʪ-ʢʘʣʴʮʠʪ-ʦʣʠʚʠʥʦʚʫʶ ʩʚʷʟʫʶʱʫʶ ʤʘʩʩʫ ʢʠʤʙʝʨʣʠʪʦʚ. 

ʉʧʝʮʠʬʠʢʘ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ ʦʨʪʠʪʘ ï ʝʛʦ ʢʨʠʩʪʘʣʣʳ ʥʝ ʟʦʥʘʣʴʥʳ, ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ REE ʠ ʩʦʦʪʥʦʰʝʥʠʷ Fe
3+

/Fe
2+

 ʚ ʢʨʠʩʪʘʣʣʘʭ, ʫʜʘʣʸʥʥʳʭ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʥʘ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʤʠʢʨʦʥ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʦʩʪʘʚʘ: ʦʜʥʠ ʢʨʠʩʪʘʣʣʳ ʩʝʣʝʢʪʠʚʥʦ Ce, ʚ 

ʩʦʩʪʘʚʝ ʜʨʫʛʠʭ ʦʙʠʣʝʥ La, ʚ ʩʦʩʪʘʚʝ ʪʨʝʪʴʠʭ Nd > La. ʆʨʪʠʪ ʚ ʘʛʨʝʛʘʪʘʭ ʢʣʠʥʦʭʣʦʨʘ ʙʝʜʝʥ Ti, 

Cr ʠ V; ʚ ʩʨʘʩʪʘʥʠʷʭ ʩ ʪʠʪʘʥʠʪʦʤ ʩʦʜʝʨʞʠʪ 1-2 ʤʘʩʩ. % Tiʆ2, ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʬʝʨʨʠʭʨʦʤʠʪʦʤ - 

ʜʦ 9 ʤʘʩʩ. % Cr2ʆ3. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʦʨʪʠʪʘ ʂʠʤʦʟʝʨʘ ʧʨʠʥʘʜʣʝʞʠʪ ʨʷʜʫ ʦʨʪʠʪ ï ʬʝʨʨʠʦʨʪʠʪ 

(ʜʦ 30 % ʤʠʥʘʣʘ ʬʝʨʨʠʦʨʪʠʪʘ), ʤʝʥʴʰʘʷ ï ʨʷʜʫ ʦʨʪʠʪ ï ʭʨʦʤʦʨʪʠʪ. ʇʨʠ ʙʦʣʝʝ ʧʦʟʜʥʠʭ 

ʧʨʦʮʝʩʩʘʭ ʤʝʪʘʤʦʨʬʠʟʤʘ ʦʨʪʠʪ ʯʘʩʪʴʶ ʟʘʤʝʩʪʠʣʠ ʙʘʩʪʥʝʟʠʪ ʠ ʧʘʨʠʟʠʪ ʠʣʠ ʤʦʥʘʮʠʪ. ʆʙʳʯʥʦ 

ʨʘʟʚʠʪʳ ʧʨʦʨʘʩʪʘʥʠʷ ʙʘʩʪʥʝʟʠʪʘ ʠ ʧʘʨʠʟʠʪʘ, ʚ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʛʠʜʨʦʢʩʠʪʙʘʩʪʥʝʟʠʪ-(Ce) ʠ 

ʛʠʜʨʦʢʩʠʣʧʘʨʠʟʠʪ-(Ce). ɻʠʜʨʦʢʩʠʣ-ʜʦʤʠʥʘʥʪʥʳʡ ʙʘʩʪʥʝʟʠʪ ʩʦʜʝʨʞʠʪ 2.5-3.5 % F, ~ 1 % Th, 

Ce å La. ʌʪʦʨ-ʜʦʤʠʥʘʥʪʥʳʝ ʙʘʩʪʥʝʟʠʪ ʠ ʧʘʨʠʟʠʪ ʩʦʜʝʨʞʘʪ 5 % F, ~ 1 % Th, ʩʫʱʝʩʪʚʝʥʥʦ 

ʮʝʨʠʝʚʳʝ. ʄʦʥʘʮʠʪ ʩʣʘʛʘʝʪ ʩʨʘʩʪʘʥʠʷ ʩ ʤʘʛʥʝʪʠʪʦʤ ʠ ʩ ʘʥʪʠʛʦʨʠʪʦʤ. ʄʦʥʘʮʠʪ ï (ʉʝ) ʙʝʜʝʥ 

Nd ʠ ʦʙʦʛʘʱʸʥ La, ʙʝʜʝʥ Th, ʧʦʩʢʦʣʴʢʫ ʩʦʩʫʱʝʩʪʚʫʝʪ ʩ ʪʦʨʠʪʦʤ. ɼʘʥʥʳʡ ʥʠʟʢʦʊ ʤʦʥʘʮʠʪ 

ʢʨʘʡʥʝ ʙʝʜʝʥ Y ʠ P. ʊʦʨʠʪ ʤʝʪʘʢʠʤʙʝʨʣʠʪʦʚ ʦʙʦʛʘʱʸʥ ʮʠʨʢʦʥʠʝʤ (9 % ZrO2), ʣʘʥʪʘʥʠʜʘʤʠ 

(ʜʦ 9 % ʩʫʤʤʳ REE, ʧʨʝʦʙʣʘʜʘʶʪ Nd ʠ Ce), ʩʦʜʝʨʞʠʪ 2 % U. ʅʠʦʙʦʵʰʠʥʠʪ ʤʝʪʘʢʠʤʙʝʨʣʠʪʦʚ 

ʩʝʣʝʢʪʠʚʥʦ ʮʝʨʠʝʚʳʡ, ʩʦʜʝʨʞʠʪ 37 ʤʘʩʩ. % Nb2O5, 20 % TiO2, 21 % Ce2O3, 7 % ʉʘʆ, 6 % 

Nd2O3, ʧʦ 3 % ThO2 ʠ Fe2O3. ʄʝʪʘʢʠʤʙʝʨʣʠʪʳ ʂʠʤʦʟʝʨʘ ʩʦʜʝʨʞʘʪ ʚʳʜʝʣʝʥʠʷ ʥʝʟʦʥʘʣʴʥʳʭ 

ʮʠʨʢʦʥʘ ʠ ʙʘʜʜʝʣʝʠʪʘ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʜʦ ʜʠʬʬʫʟʥʳʭ. ʕʪʠ ʤʠʥʝʨʘʣʳ ʣʠʰʝʥʳ Nb, Th, 

Y; ʮʠʨʢʦʥ ʙʝʜʝʥ ʛʘʬʥʠʝʤ, ʩʦʜʝʨʞʠʪ 0.5-0.7 % HfO2.  ʉʨʘʩʪʘʥʠʷ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ 

ʙʘʜʜʝʣʝʠʪʘ, ʮʠʨʢʦʥʘ ʠ ʪʠʪʘʥʠʪʘ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʣʠ ʟʘ ʩʯʸʪ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʢʘʣʴʮʠʨʪʠʪʘ 

(Spiridonov, Putintseva, 2015), ʚʝʨʦʷʪʥʘʷ ʨʝʘʢʮʠʷ: Ca3Zr5Ti3O16 + 2 SiO2 (ʨʘʩʪʚʦʨ) Ÿ 3 

CaTi[O/SiO4] + 3 ZrO2 + 2 Zr[SiO4]. ʀʟʙʳʪʦʯʥʳʡ ʢʨʝʤʥʝʟʸʤ ʤʦʛ ʧʦʷʚʠʪʴʩʷ ʧʨʠ ʟʘʤʝʱʝʥʠʠ 

ʬʣʦʛʦʧʠʪʘ ʢʣʠʥʦʭʣʦʨʦʤ ʠ ʧʨʠ ʠʥʳʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ. ɺ ʤʝʪʘʢʠʤʙʝʨʣʠʪʘʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʜʢʠʝ ʚʳʜʝʣʝʥʠʷ ʙʠʢʩʙʠʠʪʘ (Mn
3+

0.96Fe
3+

0.95Mg0.02Ti0.02)2O3.  

 ɺ ʵʥʜʦʢʦʥʪʘʢʪʦʚʦʡ ʯʘʩʪʠ ʪʝʣʘ ʢʠʤʙʝʨʣʠʪʦʚ ʫ ʛʨʘʥʠʮ ʩ ʰʫʥʛʠʪʦʥʦʩʥʦʡ ʪʦʣʱʝʡ 

ʤʝʪʘʢʠʤʙʝʨʣʠʪʳ ʩʦʜʝʨʞʘʪ ʛʨʘʬʠʪʦʠʜ ʠ ʩʫʣʴʬʠʜʳ Fe-Ni-Co, ʥʝʤʥʦʛʦ ʤʘʛʥʝʪʠʪʘ. ʉʫʣʴʬʠʜʳ ï 

ʧʠʨʨʦʪʠʥ (ʦʪ ʚʳʩʦʢʦ ʞʝʣʝʟʠʩʪʦʛʦ ʜʦ ʤʦʥʦʢʣʠʥʥʦʛʦ Fe9S8), ʧʠʨʠʪ, Ni-ʧʝʥʪʣʘʥʜʠʪ (Ni5-5.3Fe3.3-

3.7Co0.3-0.5)9S8, ʧʦʣʠʜʠʤʠʪ (Co0.1Fe0.2Ni0.7)1Ni2S4 ʩ ʨʝʣʠʢʪʘʤʠ ʤʠʣʣʝʨʠʪʘ (Ni0.9Co0.1)1S, Co-

ʟʠʛʝʥʠʪ (Fe0.1Co0.9)1(Co0.4Ni1.6)2S4. 
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ʊʠʧʦʤʦʨʬʥʳʝ ʤʠʥʝʨʘʣʳ ʤʝʪʘʢʠʤʙʝʨʣʠʪʦʚ ʧʨʝʥʠʪ-ʧʫʤʧʝʣʣʠʠʪʦʚʦʡ ʬʘʮʠʠ - ʘʥʪʠʛʦʨʠʪ, 

ʪʨʝʤʦʣʠʪ, ʘʢʪʠʥʦʣʠʪ, ʥʝʟʦʥʘʣʴʥʳʡ ʦʨʪʠʪ, ʤʦʥʘʮʠʪ, ʛʠʜʨʦʢʩʠʣʘʧʘʪʠʪ, ʛʠʜʨʦʢʩʠʣʙʘʩʪʥʝʟʠʪ, 

ʛʠʜʨʦʢʩʠʣʧʘʨʠʟʠʪ, ʥʝʟʦʥʘʣʴʥʳʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʮʠʨʢʦʥ ʠ ʙʘʜʜʝʣʝʠʪ, ʣʠʰʸʥʥʳʝ Nb, 

Th, Y ʠ ʙʝʜʥʳʝ Hf. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʤʝʪʘʤʦʨʬʠʟʤʝ ʢʠʤʙʝʨʣʠʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʥʠʪ-ʧʫʤʧʝʣʣʠʠʪʦʚʦʡ ʬʘʮʠʠ 

ʧʨʦʠʟʦʰʣʘ ʤʦʙʠʣʠʟʘʮʠʷ ʣʘʥʪʘʥʠʜʦʚ ʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠʭ ʩʦʙʩʪʚʝʥʥʳʝ ʤʠʥʝʨʘʣʳ (ʦʨʪʠʪ, 

ʙʘʩʪʥʝʟʠʪ, ʧʘʨʠʟʠʪ, ʤʦʥʘʮʠʪ, ʥʠʦʙʦʵʰʠʥʠʪ), ʧʦʩʪʦʣʴʢʫ ʜʣʷ ʥʠʭ ʠʟʦʪʦʧʥʳʡ Sm-Nd ʚʦʟʨʘʩʪ 

ʦʪʚʝʯʘʝʪ ʥʝ ʚʨʝʤʝʥʠ ʚʥʝʜʨʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ, ʘ ʚʨʝʤʝʥʠ ʠʭ ʤʝʪʘʤʦʨʬʠʟʤʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 16-05-00241). 
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ʉʨʝʜʠ ʠʟʚʝʩʪʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʝʝ ʧʷʪʠ ʪʳʩʷʯ ʤʠʥʝʨʘʣʦʚ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ 

ʫʜʠʚʠʪʝʣʴʥʳʭ ʦʪʥʦʩʷʪʩʷ ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʵʚʜʠʘʣʠʪʘ (ʄɻʕ). ʀʤ ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦ ʠʟ 

ʮʝʥʪʨʘʣʴʥʳʭ ʤʝʩʪ ʚ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʮʠʨʢʦʥʠʷ. ʄɻʕ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʦ 

ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʙʨʘʟʫʝʪ ʩʢʦʧʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʪʘʪʴ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʮʠʨʢʦʥʠʷ ʠ ʨʷʜʘ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʄʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʵʚʜʠʘʣʠʪʘ ï ʮʠʨʢʦʥʦʩʠʣʠʢʘʪʳ ʥʘʪʨʠʷ ʠ ʢʘʣʴʮʠʷ ʩ ʚʘʨʴʠʨʫʶʱʠʤ 

ʩʦʩʪʘʚʦʤ ʢʘʪʠʦʥʦʚ ʩ ʟʘʨʷʜʦʤ ʦʪ +1 ʜʦ +6. ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʛʨʫʧʧʘ 

ʵʚʜʠʘʣʠʪʘ ʦʙʲʝʜʠʥʷʝʪ ʦʢʦʣʦ 30 ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʠ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʠʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ 

ʪʨʠʛʦʥʘʣʴʥʦʡ ʷʯʝʡʢʠ a ~ 14 ¡, c ~ 30 ¡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ R3m, R3m ʠʣʠ R3. 

ʆʜʥʘʢʦ ʚ ʍʠʙʠʥʩʢʦʤ ʠ ʃʦʚʦʟʝʨʩʢʦʤ ʱʝʣʦʯʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ɸ.ʇ. ʍʦʤʷʢʦʚʳʤ ʙʳʣʠ ʦʪʢʨʳʪʳ 

ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʳʝ çʤʝʛʘʵʚʜʠʘʣʠʪʳè ʫ ʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨ ʩ ʫʜʚʦʝʥ ʠ ʩʦʩʪʘʚʣʷʝʪ ~ 61 ¡. 

ʊʘʢʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʤʦʜʫʣʷʨʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʦʥ ʚʳʜʝʣʠʣ ʚʦ çʚʪʦʨʫʶ 

ʛʣʘʚʫ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʵʚʜʠʘʣʠʪʦʚè (ʧʦ ʘʥʘʣʦʛʠʠ ʩʦ çʚʪʦʨʦʡ ʛʣʘʚʦʡ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ 

ʩʠʣʠʢʘʪʦʚè ʅ.ɺ. ɹʝʣʦʚʘ). 

ʆʩʥʦʚʫ ʩʪʨʫʢʪʫʨʳ ʵʚʜʠʘʣʠʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʤʠʢʨʦʧʦʨʠʩʪʳʡ ʢʘʨʢʘʩ {M6Z3[T24O72]}
24ï

, 

ʩʦʩʪʦʷʱʠʡ ʠʟ 12 ʩʣʦʝʚ M-, ʊï ʠ Z-ʪʠʧʦʚ ʧʦʣʠʵʜʨʦʚ, ʯʝʨʝʜʫʶʱʠʭʩʷ ʚʜʦʣʴ [001] ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ éMTZTé. ʄ-ʩʣʦʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʝʩʪʠʯʣʝʥʥʳʤʠ ʢʦʣʴʮʘʤʠ ʠʟ ʉʘï ʠʣʠ 

ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʧʦ ʩʦʩʪʘʚʫ M(1)-ʦʢʪʘʵʜʨʦʚ, ʊ-ʩʣʦʠ ï ʚʟʘʠʤʥʦ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʢʦʣʴʮʘʤʠ 

[Si9O27] ʠ [Si3O9], Z-ʩʣʦʠ ï ʜʠʩʢʨʝʪʥʳʤʠ Zrï ʠ/ʠʣʠ Ti-ʦʢʪʘʵʜʨʘʤʠ. ɺ ʧʦʣʦʩʪʷʭ ʢʘʨʢʘʩʘ 

ʣʦʢʘʣʠʟʫʶʪʩʷ ʚʥʝʢʘʨʢʘʩʥʳʝ ʢʘʪʠʦʥʳ, ʢʨʫʧʥʳʝ ʘʥʠʦʥʳ, ʘʥʠʦʥʥʳʝ ʛʨʫʧʧʳ ʠ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. 

ʋʧʦʨʷʜʦʯʝʥʠʝ ʢʘʪʠʦʥʦʚ ʢʘʢ ʚ ʧʦʟʠʮʠʷʭ (ʢʘʨʢʘʩʥʳʭ ʠ/ʠʣʠ ʚʥʝʢʘʨʢʘʩʥʳʭ) ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʚʝʨʭʩʪʨʫʢʪʫʨ ʩ ʫʜʚʦʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʩ ʜʦ ~ 61 ¡, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ 24 ʩʣʦʷ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ éMTZTM*T*Z*T*é. ʆʙʱʘʷ ʬʦʨʤʫʣʘ çʤʝʛʘʵʚʜʠʘʣʠʪʦʚè ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ (Z = 3): [N1N1* N2N2* N3N3* N4N4* N5N5* N6 N7]3 [M1M1*] 6 [M2M2*]3 

M3M3* M4M4* Z3Z3* [Si24O72] [Si24O72]* Ï2-6 Ï2-6* X2X2*, ʛʜʝ N1ï5 = Na, H3O
+
, K, Sr, REE, Y, 

Ba, Mn, Ca; M1 = Ca, Mn, REE, Na, Sr, Fe; M2 = Fe, Mn, Na, Zr, Ta,Ti, K, Ba ʠ H3O; M3 ʠ M4 = 

Si, S, Nb, Ti, W, Na; Z = Zr, Ti, Nb; Ï = O, OH, H2O; X=Cl, F, H2O, OH, CO3, SO4, AlO4 ʠ MnO4, 

ʛʜʝ ʟʚʝʟʜʦʯʢʘʤʠ ʦʪʤʝʯʝʥʳ ʧʦʟʠʮʠʠ ʚʪʦʨʦʛʦ ʤʦʜʫʣʷ ʩʪʨʫʢʪʫʨʳ. ʉʠʤʤʝʪʨʠʷ 

çʤʝʛʘʵʚʜʠʘʣʠʪʦʚè ʪʘʢʘʷ ʞʝ, ʢʘʢ ʠ ʫ 12-ʩʣʦʡʥʳʭ ʵʚʜʠʘʣʠʪʦʚ (R3m, R3m, R3). 

ʆʢʦʣʦ 20 ʣʝʪ ʥʘʟʘʜ ɸ.ʇ. ʍʦʤʷʢʦʚ ʥʘʰʝʣ ʧʝʨʚʳʡ ʤʠʥʝʨʘʣ ʩ ʫʜʚʦʝʥʥʦʡ ʷʯʝʡʢʦʡ, 

ʥʘʟʚʘʥʥʳʡ ʘʣʣʫʘʡʚʠʪʦʤ (Na38(Ca,Mn)12(Ti ,Nb)6Si52O148Cl2Ŀ4H2O) ʧʦ ʤʝʩʪʫ ʥʘʭʦʜʢʠ ʥʘ ʛʦʨʝ 

ɸʣʣʫʘʡʚ ʚ ʃʦʚʦʟʝʨʩʢʦʤ ʤʘʩʩʠʚʝ. ʆʜʥʘʢʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʬʦʨʤʫʣʳ, ʘʣʣʫʘʡʚʠʪ ʪʠʪʘʥʦʚʳʡ, ʘ ʥʝ 

ʮʠʨʢʦʥʠʝʚʳʡ ʤʠʥʝʨʘʣ, ʧʦʵʪʦʤʫ ʂʅʄʅʂ ʄʄɸ ʥʝ ʧʨʠʜʘʣʘ ʟʥʘʯʝʥʠʷ ʬʘʢʪʫ ʫʜʚʦʝʥʠʷ ʷʯʝʡʢʠ, 

ʪʝʤ ʩʘʤʳʤ, ʥʝ ʧʨʠʟʥʘʚʘʷ ʟʘ çʤʝʛʘʵʚʜʠʘʣʠʪʘʤʠè ʧʨʘʚʘ ʥʘ ʚʳʜʝʣʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ. 

ʇʦʩʣʝʜʫʶʱʠʝ ʦʙʨʘʟʮʳ çʤʝʛʘʵʚʜʠʘʣʠʪʦʚè ʂʦʤʠʩʩʠʷ ʚʩʪʨʝʪʠʣʘ ʥʘʩʪʦʨʦʞʝʥʥʦ: ʚʝʜʴ 

ʧʨʦʩʪʦʝ ʫʜʚʦʝʥʠʝ ʧʝʨʠʦʜʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʦʚʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʚʠʜʘ. ʆʥʘ ʧʨʠʦʩʪʘʥʦʚʠʣʘ ʩʚʦʶ ʨʘʙʦʪʫ ʧʦ ʨʘʩʩʤʦʪʨʝʥʠʶ ʟʘʷʚʦʢ, ʢʘʩʘʶʱʠʭʩʷ ʤʠʥʝʨʘʣʦʚ 

ʛʨʫʧʧʳ ʵʚʜʠʘʣʠʪʘ, ʠ ʧʦʩʣʘʥʥʳʝ ʚ 2000 ʛʦʜʫ ʟʘʷʚʢʠ ʥʘ ʫʪʚʝʨʞʜʝʥʠʝ ʨʘʩʮʚʝʪʘʝʚʠʪʘ 

Na27K8Ca12Fe3Zr6Si52O144(OH,O)6Cl2 ʠ ʣʘʙʠʨʠʥʪʠʪʘ 

(Na,K,Sr)35Ca12Fe3Zr6TiSi51O144(O,OH,H2O)9Cl3 (ʘ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʝʨʘʣʦʚ ʩ ʪʠʧʦʚʳʤʠ 

ʷʯʝʡʢʘʤʠ), ʜʦʞʠʜʘʣʠʩʴ ʫʪʚʝʨʞʜʝʥʠʷ ʜʚʘ ʛʦʜʘ. ʇʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ ʤʦʜʫʣʷʨʥʫʶ ʧʨʠʨʦʜʫ 

ʤʝʛʘʵʚʜʠʘʣʠʪʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʵʚʜʠʘʣʠʪʦʚ ʩ ʪʠʧʦʚʦʡ ʷʯʝʡʢʦʡ, ʚ 2003 ʛʦʜʫ 

ʩʧʝʮʠʘʣʴʥʳʡ ʇʦʜʢʦʤʠʪʝʪ ʧʦ ʥʦʤʝʥʢʣʘʪʫʨʝ ʤʠʥʝʨʘʣʦʚ ʧʨʠ ʂʅʄʅʄ ʄʄɸ ʨʘʟʨʘʙʦʪʘʣ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʥʦʤʝʥʢʣʘʪʫʨʫ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʦʜʥʦʡ ʪʦʣʴʢʦ ʈʦʩʩʠʠ ʙʳʣʠ ʫʪʚʝʨʞʜʝʥʳ ʟʘʷʚʢʠ 

ʥʘ ʦʪʢʨʳʪʠʝ ʩʨʘʟʫ ʰʝʩʪʠ ʥʦʚʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʛʨʫʧʧʳ ʵʚʜʠʘʣʠʪʘ, ʚʢʣʶʯʘʷ ʨʘʩʮʚʝʪʘʝʚʠʪ ʠ 

ʣʘʙʠʨʠʥʪʠʪ. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʫʪʚʝʨʞʜʝʥʦ 

ʯʝʪʳʨʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʘ ʩʨʝʜʠ 

ʤʝʛʘʵʚʜʠʘʣʠʪʦʚ (ʘʣʣʫʘʡʚʠʪ, ʜʫʘʣʠʪ, 

ʣʘʙʠʨʠʥʪʠʪ ʠ ʨʘʩʮʚʝʪʘʝʚʠʪ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʚʩʝʛʦ ʥʘʡʜʝʥʦ ʠ ʠʟʫʯʝʥʦ ʙʦʣʝʝ 10 

ʵʚʜʠʘʣʠʪʦʚ ʩ ʫʜʚʦʝʥʥʦʡ ʷʯʝʡʢʦʡ, 

ʩʪʨʫʢʪʫʨʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʢʦʪʦʨʳʭ ʥʘʤʠ 

ʦʙʦʙʱʝʥʳ ʚ ʦʙʟʦʨʝ (ʈʘʩʮʚʝʪʘʝʚʘ ʠ ʜʨ., 

2012).  

ɻʣʘʚʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʦʪʣʠʯʠʝ ʘʣʣʫʘʡʚʠʪʘ 

ʦʪ ʜʨʫʛʠʭ ʯʣʝʥʦʚ ʛʨʫʧʧʳ ʵʚʜʠʘʣʠʪʘ ï 

ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʮʠʨʢʦʥʠʷ ʠ ʞʝʣʝʟʘ. 

ɿʘʤʝʥʘ ʮʠʨʢʦʥʠʷ ʥʘ ʪʠʪʘʥ ï ʧʨʠʤʝʨ 

ʨʝʜʢʦʛʦ ʠʟʦʤʦʨʬʠʟʤʘ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʠ 

ʘʣʣʫʘʡʚʠʪ, ʦʩʪʘʚʘʷʩʴ ʚ ʨʘʤʢʘʭ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ ʵʚʜʠʘʣʠʪʘ, ʩʪʘʣ 

ʢʦʥʝʯʥʳʤ ʪʠʪʘʥʦʚʳʤ ʯʣʝʥʦʤ 

ʵʚʜʠʘʣʠʪʦʚʦʛʦ ʨʷʜʘ. ʅʘʨʷʜʫ ʩ ʘʣʣʫʘʡʚʠʪʦʤ 

ʥʘ ʪʦʡ ʞʝ ʛʦʨʝ ɸʣʣʫʘʡʚ ʃʦʚʦʟʝʨʩʢʦʛʦ 

ʱʝʣʦʯʥʦʛʦ ʤʘʩʩʠʚʘ ʦʙʥʘʨʫʞʝʥ ʝʱʝ ʦʜʠʥ 

ʩʫʱʝʩʪʚʝʥʥʦ ʪʠʪʘʥʦʚʳʡ, ʥʦ ʩʦʜʝʨʞʘʱʠʡ 

ʪʘʢʞʝ ʮʠʨʢʦʥʠʡ (ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ Zr : Ti = 

1 : 1) ʤʠʥʝʨʘʣ, ʥʘʟʚʘʥʥʳʡ ʜʫʘʣʠʪʦʤ 

Na30(Ca,Na,Ce,Sr)12(Na,Mn,Fe,Ti)6Zr3Ti3 

MnSi51 O144(OH,H2O,Cl)9. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʠʟʦʤʦʨʬʠʟʤ Zr ʠ Ti ʚ ʧʨʠʨʦʜʝ 

ʚʩʪʨʝʯʘʝʪʩʷ ʜʦʚʦʣʴʥʦ ʨʝʜʢʦ, ʚ ʜʫʘʣʠʪʝ ʦʙʘ 

ʵʣʝʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʨʦʚʥʫ, ʩ 

ʯʝʨʝʜʦʚʘʥʠʝʤ ʠʭ ʚʜʦʣʴ ʜʣʠʥʥʦʡ 

ʪʨʘʥʩʣʷʮʠʠ, ʩʪʘʚʰʝʛʦ ʧʨʠʯʠʥʦʡ ʫʜʚʦʝʥʠʷ 

ʷʯʝʡʢʠ. ɺʳʩʦʢʦʥʘʪʨʠʝʚʳʡ ʣʘʙʠʨʠʥʪʠʪ ʩ 

ʛʦʨʳ ʅʴʦʨʢʧʘʭʢ ʍʠʙʠʥʩʢʦʛʦ ʱʝʣʦʯʥʦʛʦ 

ʤʘʩʩʠʚʘ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʦʪ ʛʨʝʯʝʩʢʦʛʦ 

labyrinthos ʠʟ-ʟʘ ʥʝʦʙʳʯʘʡʥʦ ʩʣʦʞʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʢʦʪʦʨʦʡ ʩ 

ʫʯʝʪʦʤ ʧʦʥʠʞʝʥʥʦʡ ʩʠʤʤʝʪʨʠʠ R3 

ʩʦʜʝʨʞʠʪ ʧʦʯʪʠ 800 ʘʪʦʤʦʚ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʙʦʣʝʝ ʯʝʤ 100 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʟʠʮʠʷʤ. ʏʘʱʝ 

ʚʩʝʛʦ ʧʨʠʯʠʥʦʡ ʫʜʚʦʝʥʠʷ ʧʝʨʠʦʜʘ ʩ 

ʷʚʣʷʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʠʝ ʢʘʪʠʦʥʦʚ ʚ 

ʢʣʶʯʝʚʳʭ ʛʦʤʦʣʦʛʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ, ʢʘʢ ʚ 

ʨʘʩʮʚʝʪʘʝʚʠʪʝ, ʭʘʨʘʢʪʝʨʥʦʤ ʜʣʷ 

ʦʙʦʛʘʱʝʥʥʳʭ ʢʘʣʠʝʤ ʫʣʴʪʨʘʘʛʧʘʠʪʦʚʳʭ 

ʧʝʛʤʘʪʠʪʦʚ ʍʠʙʠʥʩʢʦʛʦ ʱʝʣʦʯʥʦʛʦ ʤʘʩʩʠʚʘ 

ʠ ʦʙʥʘʨʫʞʝʥʥʦʤ ʥʘ ʛʦʨʝ ʈʘʩʚʫʤʯʦʨʨ. 

ʅʘʨʷʜʫ ʩ ʥʦʚʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʚʠʜʘʤʠ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʤ ʘʥʘʣʠʟʦʤ ʠ  

ʈʠʩʫʥʦʢ 1. ʆʙʱʠʡ ʚʠʜ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

çʛʠʜʨʦʨʘʩʮʚʝʪʘʝʚʠʪʘè 
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ʨʘʟʥʦʚʠʜʥʦʩʪʠ çʤʝʛʘʵʚʜʠʘʣʠʪʦʚè, ʚ ʪʦʤ ʯʠʩʣʝ ʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ ʘʥʘʣʦʛ ʨʘʩʮʚʝʪʘʝʚʠʪʘ ʩ 

ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ (Na11(H3O)11K6(H2O)1.5Sr) Ca12Fe3Na2MnZr6Si52O144(ʆʅ)4.5Cl3.5(ʅ2ʆ)0.5 

(ʫʩʣʦʚʥʦ ʥʘʟʚʘʥʥʦʛʦ çʛʠʜʨʦʨʘʩʮʚʝʪʘʝʚʠʪʦʤè) (ʈʠʩ.) (ʈʘʩʮʚʝʪʘʝʚʘ ʠ ʜʨ., 2015) ʠ 

ʚʳʩʦʢʦʥʘʪʨʠʝʚʳʡ ʘʥʘʣʦʛ ʣʘʙʠʨʠʥʪʠʪʘ Na37Ca10Mn2FeZr6Si50(Ti, Nb)2O144(OH)5 H2O Cl3 

(ʈʦʟʝʥʙʝʨʛ ʠ ʜʨ., 2016). 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʤʝʛʘʵʚʜʠʘʣʠʪʦʚ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʩʦʚʩʝʤ ʷʩʥʦ. ɽʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʠʥʢʦʨʧʦʨʠʨʫʶʱʠʤʠ ʚ ʩʚʦʝʤ ʨʘʟʚʠʪʠʠ ʙʦʣʝʝ ʧʨʦʩʪʳʝ 

çʤʘʪʝʨʠʥʩʢʠʝè ʧʨʦʪʦʩʪʨʫʢʪʫʨʳ, ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʣʶʙʦʡ ʠʟ ʵʚʜʠʘʣʠʪʦʚ ʧʝʨʚʦʡ ʛʣʘʚʳ ʤʦʞʝʪ 

ʧʦʩʣʫʞʠʪʴ ʤʦʜʫʣʝʤ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʤʝʛʘʵʚʜʠʘʣʠʪʘ. 

ɿʘʨʫʙʝʞʥʳʝ ʢʦʣʣʝʛʠ ʥʝ ʥʘʰʣʠ ʠ ʥʝ ʠʟʫʯʠʣʠ ʥʠ ʦʜʥʦʛʦ ʤʠʥʝʨʘʣʘ ʪʘʢʦʛʦ ʨʦʜʘ. ʀ 

ʝʜʠʥʩʪʚʝʥʥʳʤ çʦʪʢʨʳʚʘʪʝʣʝʤè ʤʝʛʘʵʚʜʠʘʣʠʪʦʚ ʙʳʣ ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ɸ.ʇ. ʍʦʤʷʢʦʚ. ɺʩʝ ʦʙʨʘʟʮʳ 24-ʩʣʦʡʥʳʭ ʵʚʜʠʘʣʠʪʦʚ ʭʨʘʥʷʪʩʷ ʚ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʤʫʟʝʝ 

ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 16-05-00739_ʘ.  
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ʆɹ ʀʉʇʆʃʔɿʆɺɸʅʀʀ 3D-ʌʆʊʆɻʈɸʌʀʀ ɺ ɻɽʆʃʆɻʆ-ʄʀʅɽʈɸʃʆɻʀʏɽʉʂʆʄ 

ʄʋɿɽɽ ʉɸʄɻʊʋ 

 

ɸ.ɸ. ʉʠʜʦʨʦʚ 

 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʤʘʨʘ, ʈʦʩʩʠʷ. asida@yʘndex.ru 

 

ʍʦʪʷ 3D-ʪʝʭʥʦʣʦʛʠʠ ʠʤʝʶʪ ʜʘʚʥʶʶ ʠʩʪʦʨʠʶ, ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʰʠʨʦʢʫʶ 

ʜʦʩʪʫʧʥʦʩʪʴ ʦʥʠ ʧʦʣʫʯʠʣʠ ʩ ʨʘʟʚʠʪʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ. ʈʘʩʪʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʥʘʫʢʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɺ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 3D-ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʘ ʚ ʢʦʩʤʦʩʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʣʘʥʜʰʘʬʪʘ ʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʣʘʥʝʪ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. 3D-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʥʝʬʪʷʥʳʭ 

ʟʘʣʝʞʝʡ ʩʪʨʦʷʪʩʷ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ, ʘ ʪʦʤʦʛʨʘʬʠʷ ʚ ʤʝʜʠʮʠʥʝ ʧʦʤʦʛʘʝʪ 

ʵʬʬʝʢʪʠʚʥʝʝ ʣʝʯʠʪʴ ʟʘʙʦʣʝʚʘʥʠʷ. ɺ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʯʠʪʘʶʪʩʷ ʢʫʨʩʳ ʣʝʢʮʠʡ ʧʦ 3D-ʤʝʪʦʜʘʤ ʠ 

ʪʝʭʥʦʣʦʛʠʷʤ, ʩʦʟʜʘʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ.  

ʀ ʚʩʝ ʞʝ ʤʘʛʠʩʪʨʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʠʥʜʫʩʪʨʠʝʡ ʨʘʟʚʣʝʯʝʥʠʡ. ʂʦʤʧʘʥʠʠ 

ʩʦʚʝʨʰʝʥʩʪʚʫʶʪ ʪʝʭʥʠʢʫ ʜʣʷ ʠʛʨ ʠ ʧʨ. ɺ ʙʦʨʴʙʝ ʟʘ ʧʨʠʙʳʣʠ ʥʝ ʛʥʫʰʘʶʪʩʷ ʧʨʠʙʝʛʘʪʴ ʢ 

ʩʘʤʳʤ ʥʠʟʤʝʥʥʳʤ ʩʪʨʘʩʪʥʳʤ ʧʨʦʷʚʣʝʥʠʷʤ, ʚʦʚʣʝʢʘʷ ʤʘʩʩʳ ʤʦʣʦʜʳʭ ʠ ʥʝʤʦʣʦʜʳʭ ʣʶʜʝʡ ʚ 

ʨʘʟʚʣʝʯʝʥʠʷ, ʚʝʜʫʱʠʝ ʢ ʜʝʛʨʘʜʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʶ ʧʩʠʭʠʢʠ. 

ʂʦʥʝʯʥʦ, ʤʫʟʝʡʥʦʝ ʜʝʣʦ ʚ ʩʦʶʟʝ ʩ ʥʘʫʢʦʡ, ʠʩʢʫʩʩʪʚʦʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʛʣʘʚʥʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨʳ ʦʙʱʝʩʪʚʘ, ʘ ʟʥʘʯʠʪ, ʠ 

ʩʘʤʦʛʦ ʦʙʱʝʩʪʚʘ. ʀ ʤʫʟʝʡʥʦʝ ʜʝʣʦ ʥʝ ʜʦʣʞʥʦ ʦʩʪʘʚʘʪʴʩʷ ʚ ʩʪʦʨʦʥʝ ʦʪ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ 

ʪʦʯʥʝʝ, ʦʪ ʵʪʦʡ ʙʦʨʴʙʳ ʟʘ ʫʤʳ ʠ ʩʝʨʜʮʘ ʤʦʣʦʜʳʭ ʧʦʢʦʣʝʥʠʡ. 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʦʙʩʪʚʝʥʥʦʤ ʦʧʳʪʝ, ʭʦʯʫ ʧʦʜʝʣʠʪʴʩʷ ʨʘʟʤʳʰʣʝʥʠʷʤʠ, ʢʘʢ ʠ ʢʘʢʠʝ 3D-

ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʢʘʢʠʝ ʩʮʠʣʣʳ ʠ ʭʘʨʠʙʜʳ ʥʫʞʥʦ ʙʫʜʝʪ 

ʧʨʦʡʪʠ.  

ʇʝʨʚʳʝ ʦʧʳʪʳ ʧʦʣʫʯʝʥʠʷ 3D-ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ ʚʤʝʩʪʝ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, ʵʣʝʢʪʨʦʥʥʦʡ ʠ 

ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʥʘʰʝʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʏʝʨʥʦ-ʙʝʣʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ, ʦʙʣʘʜʘʶʱʠʝ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʦʡ ʨʝʟʢʦʩʪʠ ʠ ʢʦʥʪʨʘʩʪʦʤ, ʢʘʢ ʥʝʣʴʟʷ ʣʫʯʰʝ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 3D-ʘʥʘʛʣʠʬʘ. ʇʨʠʚʣʝʢʘʝʪ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ ʩʚʦʠʤʠ 

ʛʣʘʟʘʤʠ ʫʜʠʚʠʪʝʣʴʥʳʡ ʤʠʢʨʦʤʠʨ ʯʝʨʝʟ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ. ɸʥʘʛʣʠʬʳ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʩʨʝʜʥʝʚʦʣʞʩʢʠʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʢʥʠʛʝ, 

ʚʳʧʫʱʝʥʥʦʡ ʢ 100-ʣʝʪʠʶ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʉʠʜʦʨʦʚ, 2014). ʆʙ ʫʩʧʝʰʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚʦʩʪʦʨʞʝʥʥʳʝ ʦʪʢʣʠʢʠ ʚʩʝʭ, ʢʪʦ ʩʤʦʪʨʝʣ ʢʥʠʛʫ. ʇʨʠʟʥʘʪʴʩʷ, ʤʝʥʷ ʫʜʠʚʠʣ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʠ ʤʦʣʦʜʳʝ, ʠ ʦʧʳʪʥʳʝ ʩʦʪʨʫʜʥʠʢʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʫʟʝʝʚ ʠ ʘʢʘʜʝʤʠʯʝʩʢʠʭ 

ʠʥʩʪʠʪʫʪʦʚ, ʢʦʤʫ ʷ ʧʨʝʟʝʥʪʦʚʘʣ ʵʪʦ ʠʟʜʘʥʠʝ, ʛʦʚʦʨʠʣʠ, ʯʪʦ ʚʧʝʨʚʳʝ ʫʚʠʜʝʣʠ 3D-

ʠʟʦʙʨʘʞʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʢʥʠʛʝ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʙʳʣʦ ʧʦʣʫʯʝʥʠʝ ʘʥʘʛʣʠʬʦʚ ʠʟ ʮʚʝʪʥʳʭ ʬʦʪʦʛʨʘʬʠʡ. ɼʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʨʝʟʢʦʩʪʠ ʬʦʪʦʩʥʠʤʢʘ ʧʨʠʰʣʦʩʴ ʦʩʚʘʠʚʘʪʴ ʤʝʪʦʜ ʩʪʝʢʠʥʛʘ. 

ʌʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʩʜʚʠʛʦʤ ʟʦʥʳ ʨʝʟʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 

ʬʦʢʫʩʠʨʦʚʦʯʥʳʭ ʨʝʣʴʩʦʚ (ʜʦ 70 ʬʦʪʦʛʨʘʬʠʡ). ɿʘʪʝʤ ʧʨʦʛʨʘʤʤʥʦʝ ʥʘʣʦʞʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ 

ʧʦʟʚʦʣʷʣʦ ʜʦʙʠʪʴʩʷ ʥʫʞʥʦʡ ʛʣʫʙʠʥʳ ʨʝʟʢʦʩʪʠ.  

ʊʘʢ ʢʘʢ ʘʥʘʛʣʠʬ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʧʣʝʤʝʥʪʘʨʥʳʤʠ ʧʘʨʘʤʠ (ʦʙʳʯʥʦ ʥʘʣʦʞʝʥʠʝʤ 

ʢʨʘʩʥʦʛʦ ʠ ʟʝʣʝʥʦ-ʛʦʣʫʙʦʛʦ ʠʟʦʙʨʘʞʝʥʠʡ), ʜʘʶʱʠʤʠ ʧʨʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤ ʥʘʣʦʞʝʥʠʠ 

ʩʝʨʳʡ ʮʚʝʪ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʩʤʦʪʨʝ ʯʝʨʝʟ ʘʥʘʛʣʠʬʠʯʝʩʢʠʝ ʦʯʢʠ ʩ ʢʨʘʩʥʳʤ ʠ ʛʦʣʫʙʦʚʘʪʦ-

ʟʝʣʝʥʳʤ ʩʪʝʢʣʦʤ, ʥʝ ʚʩʝ ʮʚʝʪʘ ʧʝʨʝʜʘʶʪʩʷ ʦʜʠʥʘʢʦʚʦ ʭʦʨʦʰʦ. ʇʨʦʙʣʝʤʥʳʤ, ʢ ʧʨʠʤʝʨʫ, 

ʷʚʣʷʝʪʩʷ ʢʨʘʩʥʳʡ ʮʚʝʪ. ʀ ʚʩʝ ʞʝ ʵʪʦʪ ʤʝʪʦʜ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʛʦ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ 3D-ʠʟʦʙʨʘʞʝʥʠʡ ʩʣʘʙʦʦʢʨʘʰʝʥʥʳʭ ʧʨʦʟʨʘʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ 

ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ ʬʦʪʦʛʨʘʬʠʨʦʚʘʪʴ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʜʥʦʦʙʨʘʟʥʦ ʦʢʨʘʰʝʥʥʳʭ ʨʝʣʴʝʬʥʳʭ 

ʦʙʨʘʟʮʦʚ (ʉʠʜʦʨʦʚ, 2014). ʅʝ ʩʣʫʯʘʡʥʦ ʚ ʧʘʣʝʦʥʪʦʣʦʛʠʠ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ 3D-ʠʟʦʙʨʘʞʝʥʠʡ. ʉʝʛʦʜʥʷ ʛʦʪʦʚ ʤʘʢʝʪ ʜʣʷ ʧʝʯʘʪʠ ʤʦʝʡ ʥʦʚʦʡ ʢʥʠʛʠ, 
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ʧʦʩʚʷʱʝʥʥʦʡ ʩʘʤʦʤʫ ʠʟʚʝʩʪʥʦʤʫ ʥʘ ɺʦʣʛʝ ʧʘʤʷʪʥʠʢʫ ʧʨʠʨʦʜʳ ð ʎʘʨʝʚʫ ʂʫʨʛʘʥʫ, ʪʘʢʞʝ ʩ 

ʙʣʦʢʦʤ 3D-ʠʟʦʙʨʘʞʝʥʠʡ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʬʦʩʩʠʣʠʡ. 

ɺ ʨʘʟʣʠʯʥʳʭ ʩʪʘʨʳʭ ʞʫʨʥʘʣʘʭ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʬʦʪʦʩʪʝʨʝʦʧʘʨʳ. ʉʝʛʦʜʥʷ ʥʦʚʴ ʵʪʦʪ 

ʤʝʪʦʜ ʦʙʨʝʪʘʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ. ɿʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ ʠʥʪʝʨʝʩ ʢ ʤʘʢʨʦʩʪʝʨʝʦʩʲʝʤʢʘʤ ʤʠʥʝʨʘʣʦʚ 

(ʫʚʝʣʠʯʝʥʠʝ ʦʪ ʭ5 ʜʦ ʭ20) ʥʝ ʩʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ, ʥʦ ʠ ʬʦʪʦʘʧʧʘʨʘʪʦʤ, ʚ 

ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʝ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʲʝʢʪʠʚ ʦʪ ʤʠʢʨʦʩʢʦʧʘ. ʇʝʨʝʢʨʝʩʪʥʳʝ 

ʩʪʝʨʝʦʧʘʨʳ, ʨʘʟʤʝʱʝʥʥʳʝ ʥʘ ʠʥʪʝʨʥʝʪ-ʩʪʨʘʥʠʮʘʭ, ʭʦʨʦʰʦ ʧʨʝʜʘʶʪ ʮʚʝʪ ʤʠʥʝʨʘʣʦʚ. 

ʋʯʠʪʳʚʘʷ ʥʝʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ ʨʝʟʢʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʫʚʝʣʠʯʝʥʠʷ, ʚ ʩʪʝʢʠʥʛʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʦʪ ʬʦʪʦʛʨʘʬʠʡ. ʇʦʵʪʦʤʫ ʟʜʝʩʴ ʥʝ ʦʙʦʡʪʠʩʴ ʙʝʟ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʬʦʢʫʩʠʨʦʚʦʯʥʳʭ ʨʝʣʴʩʦʚ. ʅʦ ʨʝʟʫʣʴʪʘʪʳ ʇ. ʄʘʨʪʳʥʦʚʘ 

(http://webmineral.ru/articles/item.php?id=7) ʠ ʊ. ʇʘʰʢʦ 

(http://www.webmineral.ru/forum/viewtopic.php?f=14&p=2789) ʦʯʝʥʴ ʚʧʝʯʘʪʣʷʶʪ. ʕʪʦ 

ʧʨʝʢʨʘʩʥʝʡʰʠʡ ʩʧʦʩʦʙ ʜʣʷ ʧʦʢʘʟʘ ʢʨʠʩʪʘʣʣʦʚ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʨʝʜʢʠʭ 

ʤʠʥʝʨʘʣʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʚ ʤʫʟʝʷʭ ʫʢʘʟʳʚʘʝʪ ʮʚʝʪʥʘʷ ʩʪʨʝʣʢʘ, ʯʪʦʙʳ ʧʦʩʝʪʠʪʝʣʠ ʥʝ 

ʧʨʠʥʠʤʘʣʠ ʟʘ ʨʝʜʢʠʡ ʤʠʥʝʨʘʣ ʩʘʤ ʫʢʘʟʘʪʝʣʴ. 

ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʪʝʨʝʦʧʘʨ ʥʝʦʙʭʦʜʠʤ ʥʝʢʦʪʦʨʳʡ ʥʘʚʳʢ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʝ 

ʦʯʢʠ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ ʥʘʡʪʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʩʘʤʳʤ ʜʦʩʪʫʧʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʧʨʦʩʤʦʪʨʘ ʩʪʝʨʝʦʠʟʦʙʨʘʞʝʥʠʡ ʩʪʘʣʠ VR-ʦʯʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʢʘʢ ʧʝʨʚʦʠʩʪʦʯʥʠʢ ʧʘʨʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʩʤʘʨʪʬʦʥ. ʇʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʫʛʦʣ ʩʲʝʤʢʠ 

ʬʦʪʦʧʘʨʳ ʜʣʷ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦʜʭʦʜʠʪ ʜʣʷ VR-ʦʯʢʦʚ. ɺ ʧʦʩʣʝʜʥʝʤ 

ʩʣʫʯʘʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʜʝʪʘʣʠʟʘʮʠʷ ʬʦʪʦʛʨʘʬʠʠ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ VR-ʦʯʢʦʚ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʩʘʤʦʛʦ ʰʠʨʦʢʦʛʦ ʜʦʩʪʫʧʘ ʢ ʤʦʣʦʜʝʞʥʦʡ ʘʫʜʠʪʦʨʠʠ.  

ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 3D-ʪʝʣʝʚʠʟʦʨʳ ʠ ʤʦʥʠʪʦʨʳ. ɹʦʣʴʰʠʝ ʨʘʟʤʝʨʳ 

ʵʢʨʘʥʦʚ ʧʦʟʚʦʣʷʶʪ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩʘʤʳʤ ʧʦʜʨʦʙʥʳʤ ʦʙʨʘʟʦʤ ʩ ʦʙʨʘʟʮʦʤ.  

ʀʥʪʝʨʝʩ, ʩ ʢʦʪʦʨʳʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʤʦʣʦʜʳʝ ʣʶʜʠ 3D-ʠʟʦʙʨʘʞʝʥʠʷ, ʠ ʠʭ 

ʵʤʦʮʠʦʥʘʣʴʥʘʷ ʨʝʘʢʮʠʷ ʥʝ ʜʦʣʞʥʳ ʥʘʩ ʫʚʦʜʠʪʴ ʦʪ ʛʣʘʚʥʦʛʦ. ɺʝʜʴ ʤʳ ʥʝ ʩʪʨʝʤʠʤʩʷ 

ʧʦʜʤʝʥʠʪʴ ʧʨʠʨʦʜʫ ʥʘ ʚʠʨʪʫʘʣʴʥʳʝ ʢʘʨʪʠʥʢʠ. ʅʘʰʘ ʟʘʜʘʯʘ ï ʥʘʫʯʠʪʴ ʚʠʜʝʪʴ ʢʨʘʩʦʪʫ 

ʤʠʥʝʨʘʣʦʚ ʚ ʩʪʨʦʛʦʡ ʛʘʨʤʦʥʠʠ ʬʦʨʤ, ʥʝʧʝʨʝʜʘʚʘʝʤʦʡ ʪʦʥʢʦʩʪʠ ʮʚʝʪʘ, ʚ ʟʘʢʦʥʦʤʝʨʥʦʤ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʩʦʯʝʪʘʥʠʠ ʠ ʫʚʣʝʯʴ ʢ ʧʦʟʥʘʥʠʶ ʩʘʤʦʡ ʧʨʠʨʦʜʳ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʫʧʥʦʩʪʴ ʮʠʬʨʦʚʦʡ ʬʦʪʦʪʝʭʥʠʢʠ, ʚ ʮʝʣʦʤ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

3D-ʬʦʪʦʩʲʝʤʦʢ ʤʠʥʝʨʘʣʦʚ ʦʯʝʥʴ ʚʳʩʦʢʘ. ɺʝʣʠʢʠ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʜʥʦʛʦ 

ʩʪʝʨʝʦʠʟʦʙʨʘʞʝʥʠʷ. ʊʨʝʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠ ʥʘʨʘʙʦʪʢʠ ʦʧʳʪʘ. ʇʦʵʪʦʤʫ ʚ ʩʪʨʘʥʝ 

ʨʘʙʦʪʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʬʦʪʦʛʨʘʬʦʚ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ 3D-

ʠʟʦʙʨʘʞʝʥʠʷ ʤʠʥʝʨʘʣʦʚ. ɼʣʷ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʧʦʜʜʝʨʞʢʘ ʢʘʢ ʤʫʟʝʝʚ, ʪʘʢ ʠ ʩʘʤʠʭ ʬʦʪʦʛʨʘʬʦʚ, ʥʘʧʨʠʤʝʨ ʚ ʬʦʨʤʝ ʛʨʘʥʪʦʚ, ʫʩʪʨʦʡʩʪʚʘ 

ʢʦʥʢʫʨʩʦʚ ʩ ʥʘʛʨʘʞʜʝʥʠʝʤ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʪʦʚʳʩʪʘʚʦʢ ʠ ʪ.ʧ. 
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ɻʠʙʙʩʠʪ Al[OH]3 ï ʛʣʘʚʥʳʡ ʤʠʥʝʨʘʣ ʘʣʶʤʠʥʠʷ, ʩʳʛʨʘʚʰʠʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʥʦʚʝʡʰʝʡ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʠ ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʠʢʠ. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʪʦʛʦ 

ʵʣʝʤʝʥʪʘ ʷʚʣʷʶʪʩʷ ʤʝʟʦʟʦʡʩʢʦ-ʢʘʡʥʦʟʦʡʩʢʠʝ ʙʦʢʩʠʪʳ: ʦʩʪʘʪʦʯʥʳʝ ʠʣʠ ʣʘʪʝʨʠʪʥʳʝ, ï 85% 

ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ (Bardossy, Aleva, 1990) ʠ ʦʩʘʜʦʯʥʳʝ ï ʧʨʦʜʫʢʪʳ ʜʝʥʫʜʘʮʠʠ ʧʝʨʚʳʭ ï 15%. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʙʦʢʩʠʪʳ ʷʚʣʷʶʪʩʷ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʚʳʚʝʪʨʠʚʘʥʠʷ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ 

ʧʦʨʦʜ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦ ʚʣʘʞʥʦʛʦ ʪʨʦʧʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ ʠ ʩʣʘʛʘʶʪ ʚʝʨʭʥʶʶ ʯʘʩʪʴ 

ʣʘʪʝʨʠʪʥʦʡ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ. ɽʩʣʠ ʚʳʚʝʪʨʠʚʘʥʠʶ ʧʦʜʚʝʨʛʘʣʠʩʴ  ʜʨʝʚʥʠʝ (ʘʨʭʝʡʩʢʠʝ, 

ʧʨʦʪʝʨʦʟʦʡʩʢʠʝ, ʧʘʣʝʦʟʦʡʩʢʠʝ) ʧʦʨʦʜʳ, ʪʦ ʥʘ ʥʠʭ ʬʦʨʤʠʨʦʚʘʣʩʷ ʧʦʣʥʳʡ ʛʝʦʭʠʤʠʯʝʩʢʠʡ 

ʧʨʦʬʠʣʴ ʩ ʟʦʥʘʤʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ (ʛʠʜʨʦʩʣʶʜ, ʛʠʜʨʦʭʣʦʨʠʪʦʚ), ʛʠʜʨʦʣʠʟʘ 

(ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʛʘʣʣʫʘʟʠʪʘ, ʢʘʦʣʠʥʠʪʘ) ʠ ʢʦʥʝʯʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʠ ʦʢʠʩʣʝʥʠʷ (ʛʠʙʙʩʠʪʘ, 

ʙʝʤʠʪʘ, ʛʝʪʠʪʘ ʠ ʛʝʤʘʪʠʪʘ). ʈʘʟʚʠʪʠʝ ʧʨʦʬʠʣʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʯʘʩʪʠʯʥʳʤ ʩʠʥʭʨʦʥʥʳʤ 

ʨʘʟʤʳʚʦʤ. ʆʙʣʠʢ ʧʨʦʬʠʣʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʩʦʭʨʘʥʠʚʰʠʤʩʷ ʦʩʪʘʥʮʘʤ ʢʦʨʳ 

ʚʳʚʝʪʨʠʚʘʥʠʷ, ʧʦʨʷʜʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʥ ï ʧʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤ ʤʘʪʝʨʠʥʩʢʠʭ ʠ 

ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʣʦʞʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʜʝʥʫʜʘʮʠʠ ʚ 

ʦʙʣʘʩʪʷʭ ʘʢʢʫʤʫʣʷʮʠʠ. ɽʩʣʠ ʣʘʪʝʨʠʪʥʘʷ ʧʦʨʦʜʘ ʦʙʨʘʟʦʚʘʣʘʩʴ ʚ ʪʨʦʧʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

(ʥʘʧʨʠʤʝʨ, ʚʫʣʢʘʥʠʯʝʩʢʘʷ ʣʘʚʘ), ʪʦ ʥʘ ʥʝʡ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʩʦʢʨʘʱʝʥʥʳʡ ʧʨʦʬʠʣʴ, ʛʜʝ 

ʛʠʙʙʩʠʪ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʘʣʶʤʦʩʠʣʠʢʘʪʘʤ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ.  

ɼʣʷ ʙʦʢʩʠʪʦʚ ʭʘʨʘʢʪʝʨʥʘ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʧʦʵʪʦʤʫ ʤʦʨʬʦʣʦʛʠʶ 

ʛʠʙʙʩʠʪʘ ʤʦʞʥʦ ʠʟʨʝʜʢʘ ʥʘʙʣʶʜʘʪʴ ʪʦʣʴʢʦ ʚ ʢʘʚʝʨʥʘʭ (ʨʠʩ. 1ʘ). ʆʙʣʠʢ ʢʨʠʩʪʘʣʣʦʚ ʛʠʙʙʩʠʪʘ 

ʠ ʝʛʦ ʪʠʧʦʤʦʨʬʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʫʯʝʥʳ ʩʣʘʙʦ. ʄʳ ʧʦʧʳʪʘʣʠʩʴ ʯʘʩʪʠʯʥʦ 

ʚʦʩʧʦʣʥʠʪʴ ʵʪʦʪ ʧʨʦʙʝʣ ʠ ʧʦʢʘʟʘʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʛʠʙʙʩʠʪʘ ʠ ʠʭ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʛʝʥʝʟʠʩʘ ʤʠʥʝʨʘʣʘ. 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʨʷʜ ʛʣʘʚʥʳʭ ʤʠʥʝʨʘʣʦʚ ʣʘʪʝʨʠʪʥʦʛʦ ʧʨʦʬʠʣʷ ʦʧʠʩʘʥ ʥʘʤʠ ʨʘʥʝʝ 

(ʉʣʫʢʠʥ ʠ ʜʨ., 2015). ɺ ʩʘʤʦʡ ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʦʢʩʠʪ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʢʘʦʣʠʥʠʟʠʨʦʚʘʥʥʳʤ 

ʘʣʶʤʦʩʠʣʠʢʘʪʘʤ ʚ ʚʠʜʝ ʪʦʥʢʦʩʪʦʣʙʯʘʪʳʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ   ʢʨʠʩʪʘʣʣʦʚ. ʅʘʙʣʶʜʝʥʠʷ ʥʘʜ 

ʣʘʪʝʨʠʪʘʤʠ ʥʘ ʢʦʥʜʘʣʠʪʘʭ, ʛʨʘʥʠʪʘʭ, ʙʘʟʘʣʴʪʘʭ, ʘʤʬʠʙʦʣʠʪʘʭ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʘʭ, 

ʪʠʥʛʫʘʥʠʪʘʭ ʠ ʜʨʫʛʠʭ ʧʦʨʦʜʘʭ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ ʛʠʙʙʩʠʪʘ ʟʘʚʠʩʠʪ ʦʪ 

ʤʘʪʝʨʠʥʩʢʠʭ ʤʠʥʝʨʘʣʦʚ. ʕʪʦ ʚʳʨʘʞʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʪʦʤ, ʯʪʦ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʧʠʥʘʢʦʠʜʳ 

ʥʘʠʙʦʣʝʝ ʫʜʣʠʥʝʥʳ ʚ ʧʩʝʚʜʦʤʦʨʬʦʟʘʭ ʛʠʙʙʩʠʪʘ ʧʦ ʩʠʣʣʠʤʘʥʠʪʫ (ʨʠʩ. 1ʙ) ʠ ʥʘʠʙʦʣʝʝ 

ʠʟʦʤʝʪʨʠʯʥʳ ʚ ʧʩʝʚʜʦʤʦʨʬʦʟʘʭ ʧʦ ʛʨʘʥʘʪʫ. ʇʨʠ ʧʦʣʥʦʤ ʢʦʥʝʯʥʦʤ ʛʠʜʨʦʣʠʟʝ ʚʝʩʴ ʧʦʨʠʩʪʳʡ 

ʤʘʪʨʠʢʩ ʙʦʢʩʠʪʘ ʩʦʩʪʦʠʪ ʠʟ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʟʝʨʝʥ ʛʠʙʙʩʠʪʘ, ʤʝʩʪʘʤʠ ʭʦʨʦʰʦ ʦʛʨʘʥʝʥʥʳʭ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʠ. 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʙʦʢʩʠʪʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʜʚʝʨʞʝʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

ʤʠʢʨʦ- ʠ ʤʘʢʨʦʬʘʫʥʳ ʠ ʬʣʦʨʳ (ʉʣʫʢʠʥ ʠ ʜʨ., 2014). ɺʝʩʴ ʤʘʪʨʠʢʩ ʙʦʢʩʠʪʦʚ ʧʝʨʝʤʦʣʦʪ 

ʨʦʶʱʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ, ʠ ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ ʥʠ ʦʜʥʦʡ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʛʠʙʙʩʠʪʘ ʧʦ 

ʤʘʪʝʨʠʥʩʢʦʤʫ ʤʘʪʝʨʠʘʣʫ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʙʦʢʩʠʪʳ ʥʘʩʳʱʝʥʳ ʙʠʦʧʣʝʥʢʘʤʠ, ʧʨʦʥʠʟʘʥʳ 

ʢʦʨʥʷʤʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʭʦʜʘʤʠ ʠ ʥʦʨʘʤʠ ʨʦʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ: ʯʝʨʚʝʡ, ʪʝʨʤʠʪʦʚ, 

ʥʝʤʘʪʦʜʦʚ ʠ ʜʨʫʛʠʭ (ʨʠʩ. 1ʛ). ʉʨʝʜʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʤʘʪʝʨʠʘʣʴʥʳʝ ʩʣʝʜʳ ʚʯʝʨʘʰʥʝʛʦ ʜʥʷ (ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʦʧʠʢʘʭ) ʠʣʠ 

ʪʨʠʜʮʘʪʠʤʠʣʣʠʦʥʥʦʣʝʪʥʝʡ ʜʘʚʥʦʩʪʠ (ʥʘ ʏʘʜʦʙʝʮʢʦʤ ʧʦʜʥʷʪʠʠ ʚ ʉʠʙʠʨʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚʳʷʚʣʷʶʪʩʷ ʧʨʦʩʪʦ ʚʳʩʦʭʰʠʝ ʙʠʦʧʣʝʥʢʠ ʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʙʠʦʧʣʝʥʢʠ, ʩʣʦʞʝʥʥʳʝ 

ʛʠʙʙʩʠʪʦʤ ʠʣʠ ʛʝʤʘʪʠʪʦʤ ʠʣʠ ʠʭ ʩʤʝʩʴʶ (ʨʠʩ. 1ʜ). ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʨ, ʢʘʚʝʨʥ, ʭʦʜʦʚ ʠ ʥʦʨ 

ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʩʧʣʦʰʥʳʝ ʱʝʪʢʠ ʠʜʠʦʤʦʨʬʥʳʭ ʪʦʥʢʦʩʪʦʣʙʯʘʪʳʭ 
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ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʛʠʙʙʩʠʪʘ ʠ/ʠʣʠ ʙʠʦʤʦʨʬʦʟ ʛʝʤʘʪʠʪʘ. ʊʘʢʠʝ ʞʝ ʱʝʪʢʠ, ʢʘʢ 

ʦʙʦʣʦʯʢʠ ʦʢʫʪʳʚʘʶʪ ʚʩʝ ʨʘʩʪʚʦʨʷʶʱʠʝʩʷ ʟʝʨʥʘ ʢʚʘʨʮʘ ʠ ʧʦʣʦʩʪʠ, ʦʩʪʘʚʰʠʝʩʷ ʦʪ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʟʝʨʝʥ. ʅʝʨʝʜʢʦ ʚʦʟʥʠʢʘʝʪ 2-3 ʪʘʢʠʭ ʦʙʦʣʦʯʢʠ, ʢʦʥʛʨʫʵʥʪʥʳʭ ʬʦʨʤʝ ʟʝʨʥʘ (ʨʠʩ. 

1ʚ). 

ɺ ʭʦʜʘʭ ʠ ʥʦʨʘʭ ʧʨʦʜʫʢʪʳ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʨʦʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ 

ʧʨʝʚʨʘʪʠʣʠʩʴ ʚ ʪʦʣʩʪʦʪʘʙʣʠʪʯʘʪʳʝ ʩʨʦʩʪʢʠ ʢʨʠʩʪʘʣʣʦʚ ʛʠʙʙʩʠʪʘ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʭ 

ʧʠʥʘʢʦʠʜʦʚ ʧʨʝʢʨʘʩʥʦ ʚʠʜʥʳ ʛʨʘʥʠʮʳ ʩʣʦʞʥʳʭ ʜʚʦʡʥʠʢʦʚ, ʬʠʛʫʨʳ ʨʦʩʪʘ ʠ ʨʘʩʪʚʦʨʝʥʠʷ 

(ʨʠʩ. 1ʝ). ɺ ʢʘʚʝʨʥʘʭ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʙʝʟ ʚʠʜʠʤʦʛʦ ʫʯʘʩʪʠʷ ʤʘʢʨʦ- ʠʣʠ ʤʝʟʦʬʘʫʥʳ, ʦʙʳʯʥʦ 

ʨʘʟʚʠʪʳ ʜʣʠʥʥʳʝ ʪʦʥʢʠʝ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠʝ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʧʠʨʘʤʠʜʳ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ 

ʠʤʝʶʪ ʧʦʣʫʩʬʝʨʠʯʝʩʢʠʝ ʚʝʨʰʠʥʳ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʬʦʨʤʘʤ, ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ ʚ ʩʠʩʪʝʤʝ: ʧʘʨ ï 

ʞʠʜʢʦʩʪʴ ï ʢʨʠʩʪʘʣʣ. 

ɿʘʤʝʯʝʥʦ, ʯʪʦ ʠ ʚ ʭʦʜʘʭ ʩʢʘʟʳʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʤʘʪʝʨʠʥʩʢʠʭ 

ʤʠʥʝʨʘʣʦʚ, ʚʳʨʘʞʘʶʱʝʝʩʷ ʚ ʠʟʦʤʝʪʨʠʯʥʦʩʪʠ ʧʠʥʘʢʦʠʜʦʚ ʛʠʙʙʩʠʪʘ ʩʨʝʜʠ ʛʨʘʥʘʪʦʚ ʠ 

ʥʝʬʝʣʠʥʘ, ʠ ʝʛʦ ʫʜʣʠʥʝʥʥʦʩʪʠ ʩʨʝʜʠ ʩʠʣʣʠʤʘʥʠʪʘ. 

 

ʈʠʩʫʥʦʢ 1. ʄʦʨʬʦʣʦʛʠʷ ʢʨʠʩʪʘʣʣʦʚ ʛʠʙʙʩʠʪʘ. ʉʕʄ: ʘ ï ʜʣʠʥʥʦʩʪʦʣʙʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʚ 

ʢʘʚʝʨʥʝ (ʇʘʥʯʧʘʪʤʘʣʠ, ʀʥʜʠʷ); ʙ ï ʪʘʙʣʠʪʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦ ʩʠʣʣʠʤʘʥʠʪʫ (ɺ.ɻʘʪʳ, ʀʥʜʠʷ); 

ʚ ï ʪʦʣʩʪʦʪʘʙʣʠʪʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʤʘʪʨʠʢʩʝ ʙʦʢʩʠʪʘ (ʎʝʥʪʨʘʣʴʥʘʷ ʉʠʙʠʨʴ): ʛ ï ʭʦʜ ʯʝʨʚʷ ʚ 

ʙʦʢʩʠʪʝ ʠ ʙʠʦʤʦʨʬʥʳʝ ʢʨʠʩʪʘʣʣʳ (ʃʦʭʘʨʜʘʛʘ, ʀʥʜʠʷ); ʜ ï ʪʘʙʣʠʪʯʘʪʳʡ ʢʨʠʩʪʘʣʣ ʠ 

ʙʠʦʤʦʨʬʦʟʳ ʛʝʤʘʪʠʪʘ ʥʘ ʙʠʦʤʠʥʝʨʘʣʴʥʦʡ ʧʣʝʥʢʝ (ʃʦʭʘʨʜʘʛʘ, ʀʥʜʠʷ): ʝ ï ʪʦʣʩʪʦʪʘʙʣʠʪʯʘʪʳʝ 

ʢʨʠʩʪʘʣʣʳ ʚ ʧʦʣʥʦʩʪʴʶ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʘʭ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ ʯʝʨʚʷ 

(ʎʝʥʪʨʘʣʴʥʘʷ ʉʠʙʠʨʴ). 
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ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʆʪʙʦʡʥʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʊʘʡʰʝʪʩʢʦʤ ʨʘʡʦʥʝ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʠ 

ʦʪʥʦʩʠʪʩʷ ʢ ɹʠʨʶʩʠʥʦ-ʊʘʛʫʣʴʩʢʦʤ ʨʫʜʥʦʤʫ ʨʘʡʦʥʫ.  

ɺ ʢʚʘʨʮ-ʤʠʢʨʦʢʣʠʥ-ʘʣʴʙʠʪʦʚʳʭ ʧʝʛʤʘʪʠʪʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʷʚʣʝʥʘ ʨʝʜʢʦʤʝʪʘʣʣʴʥʘʷ 

ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʤʠʥʝʨʘʣʦʚ-

ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ï ʪʘʥʪʘʣʘ ʠ ʥʠʦʙʠʷ (ʢʦʣʫʤʙʠʪ-ʪʘʥʪʘʣʠʪ, ʤʠʢʨʦʣʠʪ, ʠʢʩʠʦʣʠʪ, ʚʦʜʞʠʥʠʪ), 

ʙʝʨʠʣʣʠʷ (ʙʝʨʠʣʣ, ʙʝʨʪʨʘʥʜʠʪ), ʣʠʪʠʷ (ʣʝʧʠʜʦʣʠʪ, Li-ʤʫʩʢʦʚʠʪ), ʨʫʙʠʜʠʷ (ʤʠʢʨʦʢʣʠʥ,  

Rb-ʤʫʩʢʦʚʠʪ), ʮʠʨʢʦʥʠʷ (ʮʠʨʢʦʥ).  

ɺ ʧʨʦʮʝʩʩʝ ʤʠʥʝʨʘʣʦʛʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʧʝʛʤʘʪʠʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʮʠʨʢʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ HfO2, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʶʪ 

ʟʥʘʯʝʥʠʡ ʦʪ 17 ʜʦ 22 ʤʘʩ.%. 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʆʪʙʦʡʥʦʝ ʮʠʨʢʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦ ʚʩʪʨʝʯʘʣʩʷ ʚ ʘʛʨʝʛʘʪʝ 

ʣʝʡʩʪʦʚʦʛʦ ʘʣʴʙʠʪʘ. ʊʦʣʴʢʦ ʚ ʪʨʝʭ ʩʣʫʯʘʷʭ ʝʛʦ ʤʝʣʢʠʝ ʟʝʨʥʘ (24-53 ʤʢʤ ʚ ʜʣʠʥʫ) ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʢʘʢ ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮʝ, ʤʫʩʢʦʚʠʪʝ ʠ ʤʠʢʨʦʣʠʪʝ. ʆʪʤʝʯʘʣʘʩʴ ʘʩʩʦʮʠʘʮʠʷ 

ʮʠʨʢʦʥʘ ʩ Mn-ʛʨʘʥʘʪʦʤ ʩʧʝʩʩʘʨʪʠʥʦʤ. 

ʉʨʝʜʠ ʦʙʥʘʨʫʞʝʥʥʳʭ ʮʠʨʢʦʥʦʚ ʠʜʠʦʤʦʨʬʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʨʝʚʘʣʠʨʦʚʘʣʠ ʥʘʜ 

ʛʠʧʠʜʠʦʤʦʨʬʥʳʤʠ, ʘ ʢʩʝʥʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʧʦʧʘʜʘʣʠʩʴ ʩʧʦʨʘʜʠʯʝʩʢʠ. ʉʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʤʠʥʝʨʘʣ ʯʘʩʪʦ ʚʳʜʝʣʷʣʩʷ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʪʦʛʜʘ ʢʘʢ ʠʭ ʛʨʫʧʧʳ ʠ ʩʨʦʩʪʢʠ 

ʦʪʤʝʯʘʣʠʩʴ ʢʨʘʡʥʝ ʨʝʜʢʦ. 

ʂʨʠʩʪʘʣʣʳ ʮʠʨʢʦʥʘ ʦʙʣʘʜʘʶʪ ʜʣʠʥʥʦʧʨʠʟʤʘʪʠʯʝʩʢʠʤ ʩ ʙʠʧʠʨʘʤʠʜʘʣʴʥʳʤʠ 

ʦʢʦʥʯʘʥʠʷʤʠ ʛʘʙʠʪʫʩʦʤ. ʀʭ ʨʘʟʤʝʨʳ ʧʦ ʰʠʨʠʥʝ ʠ ʜʣʠʥʝ ʨʘʚʥʷʣʠʩʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 20-

30 ʤʢʤ ʠ 100-135 ʤʢʤ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʧʘʜʘʣʠʩʴ ʧʨʠʟʤʳ ʮʠʨʢʦʥʘ, ʫʚʝʥʯʘʥʥʳʝ ʪʦʣʴʢʦ ʦʜʥʦʡ 

ʧʠʨʘʤʠʜʦʡ ʠʣʠ ʩʦʚʩʝʤ ʙʝʟ ʥʠʭ. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʣʠʩʴ ʨʘʟʥʦʩʪʠ 

ʢʦʨʦʪʢʦʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ ʚʝʣʠʯʠʥʦʡ 35ʭ55, 50ʭ80 ʠ 160ʭ200 ʤʢʤ.  

ʄʝʣʢʠʝ ʨʘʟʤʝʨʳ ʚʳʜʝʣʝʥʠʡ ʩʪʘʣʠ ʧʨʠʯʠʥʦʡ ʪʦʛʦ, ʯʪʦ ʮʠʨʢʦʥ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʪʦʣʴʢʦ ʚ 

ʰʣʠʬʘʭ ʠ ʚ ʧʨʝʧʘʨʘʪʘʭ ʜʣʷ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʉʦʩʪʘʚ ʮʠʨʢʦʥʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʥʘ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ JXA-8100 

Superprobe, ʦʩʥʘʱʝʥʥʦʤ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ EDS Link Pentafet ʩ 

ʧʨʦʛʨʘʤʤʥʳʤ ʧʘʢʝʪʦʤ INCA-400. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ZrO2 ʠ HfO2) ʠ ʧʨʠʨʦʜʥʳʝ ʤʠʥʝʨʘʣʳ ʪʦʯʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ (ʚʦʣʣʘʩʪʦʥʠʪ ʥʘ Si ʠ Ca, ʘʣʴʤʘʥʜʠʥ ʥʘ Fe).  

ʈʝʟʫʣʴʪʘʪʳ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘ 

ʢʨʠʩʪʘʣʣʘʭ ʮʠʨʢʦʥʘ ʢʘʢ ʜʣʠʥʥʦʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʢʦʨʦʪʢʦʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ. 

ɺ ʢʘʞʜʦʤ ʦʙʨʘʟʮʝ ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʦʪ ʜʚʫʭ ʜʦ ʰʝʩʪʠ ʪʦʯʝʢ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʦʚ ʠ ʚ ʠʭ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʟʦʥʘʭ. ʂʘʢʠʭ-ʣʠʙʦ ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʩʦʜʝʨʞʘʥʠʷʭ ʦʙʥʘʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʮʝʥʪʨʘ ʢ ʢʨʘʶ ʢʨʠʩʪʘʣʣʦʚ ʥʝ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ. 

ʀʟ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʠʟʫʯʝʥʥʳʝ ʮʠʨʢʦʥʳ ʩʦʜʝʨʞʘʪ ʧʦʚʳʰʝʥʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ HfO2, ʢʦʪʦʨʳʝ ʧʦ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʝʪʢʦ ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ ʪʨʠ ʛʨʫʧʧʳ. ʇʦ ʤʝʨʝ 

ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʘʬʥʠʷ ʚ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʮʠʨʢʦʥʘʭ ʚʦʟʨʘʩʪʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ZrO2 

ʠ ʚʝʣʠʯʠʥʘ ʮʠʨʢʦʥʠʡ-ʛʘʬʥʠʝʚʦʛʦ ʦʪʥʦʰʝʥʠʷ. ʀʟ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʛʨʫʧʧʝ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ HfO2 ʟʥʘʯʠʤʳʝ ʩʦʜʝʨʞʘʥʠʷ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʢʘʣʴʮʠʷ ʠ 

ʞʝʣʝʟʘ, ʪʦʛʜʘ ʢʘʢ ʩʦʜʝʨʞʘʥʠʷ ʦʙʳʯʥʳʭ ʜʣʷ ʤʥʦʛʠʭ ʮʠʨʢʦʥʦʚ ʠʟʦʤʦʨʬʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

(REE, Ti, Ta, Nb, Th, U) ʦʢʘʟʘʣʠʩʴ ʥʠʞʝ ʧʦʨʦʛʘ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ ʘʥʘʣʠʟʝ. 
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ʊʘʙʣʠʮʘ 1. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʮʠʨʢʦʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʪʙʦʡʥʦʝ (ʤʘʩ.%) 

ʂʦʣ-ʚʦ 

ʦʙʨʘʟʮʦʚ 

 ʠ ʘʥʘʣʠʟʦʚ 

SiO2 ZrO2 HfO2 CaO Fe2O3 ʉʫʤʤʘ Zr/Hf 

4 ʦʙʨ.15 ʘʥ. 
31,41-34,66 

33,02 

43,71-50,07 

47,20 

16,95-22,39 

18,69 

0,00-0,78 

0,14 

0,00-1,06 

0,26 
99,31 

1,7-2,6 

2,2 

3 ʦʙʨ. 9 ʘʥ. 
31,86-33,80 

32,85 

51,82-54,10 

53,16 

13,11-14,59 

13,78 
0,00 0,00 99,79 

3,1-3,6 

3,4 

2 ʦʙʨ. 6 ʘʥ. 
31,92-34,42 

33,31 

55,06-59,44 

57,73 

7,39-10,51 

8,78 
0,00 0,00 99,82 

4,6-6,2 

5,2 
 

ʇʨʠʤʝʯʘʥʠʝ:  ʅʘʜ ʯʝʨʪʦʡ ï ʧʨʝʜʝʣʳ ʩʦʜʝʨʞʘʥʠʡ, ʧʦʜ ʯʝʨʪʦʡ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. 

 

ʉʫʜʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʥʘʤ ʧʫʙʣʠʢʘʮʠʷʤ, ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ HfO2 (7,4-22,4 ʤʘʩ.% ʧʦ 

ʠʤʝʶʱʠʤʩʷ ʫ ʥʘʩ 30 ʘʥʘʣʠʟʘʤ ʥʝ ʧʨʝʪʝʨʧʝʚʰʝʛʦ ʠʟʤʝʥʝʥʠʡ ʤʠʥʝʨʘʣʘ) ʥʝ ʚʩʪʨʝʯʘʣʠʩʴ ʚ 

ʮʠʨʢʦʥʘʭ ʠʟ ʨʫʜ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʦʩʩʠʠ. ʆʯʝʥʴ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʛʘʬʥʠʷ ʚ ʮʠʨʢʦʥʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ (ʄʀʅɽʈɸʃʓ, 1972, ʩ. 119): 22-24% 

HfO2 ʚ ʮʠʨʢʦʥʝ ʠʟ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʅʦʨʚʝʛʠʠ ʠ 31% HfO2 ʚ ʮʠʨʢʦʥʝ ʠʟ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʖʛʦ-ɿʘʧʘʜʥʦʡ ɸʬʨʠʢʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʄʠʥʝʨʘʣʳ. ʊʦʤ III. ɺʳʧʫʩʢ 1. ʄ.: ʅʘʫʢʘ, 1972. 883 ʩ. 
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ʄʫʟʝʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʩʦʩʪʘʚʣʷʶʪ ʦʜʥʫ ʠʟ ʩʘʤʳʭ ʤʘʩʰʪʘʙʥʳʭ ʩʝʪʝʡ ʚ 

ʥʘʰʝʡ ʩʪʨʘʥʝ. ɺʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ʤʫʟʝʝʚ ʈɸʅ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʪʘʢʠʝ ʚʠʜʳ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʘʢ 

ʦʙʫʯʝʥʠʝ, ʧʨʦʩʚʝʱʝʥʠʝ, ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʟʥʘʥʠʡ, ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʤʫʟʝʷ. ʅʦ ʨʘʩʪʫʱʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʣʶʜʝʡ ʚ ʧʨʦʩʪʦʤ ʜʦʩʪʫʧʝ ʢ 

ʥʘʫʯʥʳʤ ʦʪʢʨʳʪʠʷʤ ʦʯʝʚʠʜʥʘ. ʊʘʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʢʘʢ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʬʝʩʪʠʚʘʣʴ ʥʘʫʢʠ, 

Science Slam ʠ ʅʘʫʯʥʳʝ ʙʦʠ, ʩʦʙʠʨʘʶʪ ʪʳʩʷʯʠ ʩʣʫʰʘʪʝʣʝʡ. ʇʨʦʠʩʭʦʜʠʪ ʪʦ, ʦ ʯʝʤ ʤʝʯʪʘʣʠ 

ʤʥʦʛʠʝ ʧʠʦʥʝʨʳ ʚ ʜʝʣʝ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʠ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ, ʄʦʩʢʚʝ, 

ʇʝʨʤʠ, ʊʦʤʩʢʝ, ʂʨʘʩʥʦʷʨʩʢʝ ʠ ʜʨʫʛʠʭ ʛʦʨʦʜʘʭ. 

ɼʦ 2015 ʛ. ʦʩʥʦʚʥʦʡ ʮʝʣʝʚʦʡ ʛʨʫʧʧʦʡ, ʥʘ ʢʦʪʦʨʫʶ ʥʘʧʨʘʚʣʝʥʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦ-

ʧʨʦʩʚʝʪʠʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʤʫʟʝʝʚ ɼɺʆ ʈɸʅ, ʙʳʣʠ ʩʪʫʜʝʥʪʳ, ʘʩʧʠʨʘʥʪʳ ʠ ʰʢʦʣʴʥʠʢʠ 

ʩʨʝʜʥʠʭ ʠ ʩʪʘʨʰʠʭ ʢʣʘʩʩʦʚ. ɿʘʧʨʦʩ ʤʝʩʪʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʥʘ ʧʦʟʥʘʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʜʝʪʝʡ ʠ ʥʘ ʜʦʩʪʫʧʥʫʶ ʢʦʤʧʝʪʝʥʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʚʦʧʨʦʩʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʧʨʠʨʦʜʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʢʨʘʷ, ʦʙʦʟʥʘʯʠʣʩʷ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩ ʨʘʟʥʦʚʦʟʨʘʩʪʥʦʡ ʘʫʜʠʪʦʨʠʝʡ ʚ ʨʘʤʢʘʭ 

ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʬʝʩʪʠʚʘʣʷ ʥʘʫʢʠ. ʇʦʥʠʤʘʷ, ʯʪʦ ʠʤʝʥʥʦ ʩʧʝʮʠʘʣʠʩʪʳ ʠʥʩʪʠʪʫʪʦʚ ɼɺʆ ʤʦʛʫʪ 

ʩʦʟʜʘʪʴ ʦʙʫʯʘʶʱʠʡ ʢʦʥʪʝʥʪ ʜʣʷ ʥʘʩʝʣʝʥʠʷ, ʝʞʝʛʦʜʥʦ ʘʢʪʠʚʥʦ ʦʪʜʳʭʘʶʱʝʛʦ ʥʘ ʧʦʙʝʨʝʞʴʝ, 

ʤʳ ʨʝʰʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʚʤʝʩʪʥʳʡ ʧʨʦʝʢʪ çʇʫʪʝʰʝʩʪʚʠʝ ʚ ʥʘʫʢʫ. ʅʘʫʢʘ ʚ ʧʫʪʝʰʝʩʪʚʠʠè, 

ʦʙʲʝʜʠʥʠʚʰʠʡ ʧʷʪʴ ʤʫʟʝʡʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ɼɺʆ ʈɸʅ ʩ ʮʝʣʴʶ ʩʬʦʨʤʠʨʦʚʘʪʴ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʨʝʜʫ, ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʩʤʳʩʣʦʚ ʚ ʢʫʣʴʪʫʨʝ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʜʣʷ ʇʨʠʤʦʨʩʢʦʛʦ ʢʨʘʷ ʦʪʜʳʭʘ ʥʘ ʧʦʙʝʨʝʞʴʝ. ʕʪʦ ʄʫʟʝʡ ʀʥʩʪʠʪʫʪʘ ʙʠʦʣʦʛʠʠ 

ʤʦʨʷ ʠʤ. ɸ.ɺ. ɾʠʨʤʫʥʩʢʦʛʦ ï ʠʥʠʮʠʘʪʦʨ ʠ ʢʦʦʨʜʠʥʘʪʦʨ ʧʨʦʝʢʪʘ, ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʤʫʟʝʡ çʇʨʠʨʦʜʘ ʤʦʨʷ ʠ ʝʝ ʦʭʨʘʥʘè 

ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʠʦʩʬʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ ʥʘ ʦ. ʇʦʧʦʚʘ, 

ɹʦʪʘʥʠʯʝʩʢʠʡ ʩʘʜ-ʠʥʩʪʠʪʫʪ ʠ ʅʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ çʇʨʠʤʦʨʩʢʠʡ ʆʢʝʘʥʘʨʠʫʤè 

ʥʘ ʦ. ʈʫʩʩʢʦʤ. 

ʆʙʲʝʜʠʥʝʥʠʝ ʤʫʟʝʝʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʤʝʡʥʳʭ ʤʝʞʤʫʟʝʡʥʳʭ ʤʘʨʰʨʫʪʦʚ ʚ ʬʦʨʤʘʪʝ 

ʠʛʨʳ-ʧʫʪʝʰʝʩʪʚʠʷ ʫʞʝ ʩʪʘʣʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠ ʧʦʧʫʣʷʨʥʳʤʠ ʩʦʙʳʪʠʷʤʠ ʚ ʈʦʩʩʠʠ: ʚ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʝ ï ʩ 2004 ʛʦʜʘ, ʚ ʄʦʩʢʚʝ ï ʩ 2008 ʛʦʜʘ, ʘ ʩ 2012 ʛʦʜʘ ʠ ʚ ʇʝʨʤʠ. ʂ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʩʣʦʞʠʣʩʷ ʢʨʫʛ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʦʛʨʘʤʤʳ ʠ ʤʝʪʦʜʠʢʠ ʤʫʟʝʡʥʦʡ 

ʨʘʙʦʪʳ ʩ ʤʘʣʳʰʘʤʠ. ɸʚʪʦʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ɸ. ʑʝʨʙʘʢʦʚʘ, ɼ. ɸʛʘʧʦʚʘ, 

ʉ. ʇʘʥʪʶʣʠʥʘ, ʆ. ʃʝʦʥʦʚʘ, ʄ. ʄʘʮʢʝʚʠʯ, ʆ. ʉʠʥʠʮʳʥʘ, ʅ. ʄʠʭʘʡʣʦʚʘ ʠ ʜʨʫʛʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʤʫʟʝʡ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʦʜʥʦ ʠʟ ʩʨʝʜʩʪʚ ʧʦʩʪʠʞʝʥʠʷ ʤʠʨʘ, ʥʦ ʠ ʢʘʢ ʩʨʝʜʩʪʚʦ 

ʘʜʘʧʪʘʮʠʠ ʨʝʙʝʥʢʘ ʢ ʵʪʦʤʫ ʤʠʨʫ.  

ʅʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ ʤʝʞʤʫʟʝʡʥʳʡ ʤʘʨʰʨʫʪ ʧʨʦʝʢʪʠʨʦʚʘʣʩʷ ʚʧʝʨʚʳʝ, ʘ ʦʩʫʱʝʩʪʚʠʪʴ 

ʝʛʦ ʤʳ ʩʤʦʛʣʠ ʙʣʘʛʦʜʘʨʷ ʧʦʜʜʝʨʞʢʝ ɹʣʘʛʦʪʚʦʨʠʪʝʣʴʥʦʛʦ ʬʦʥʜʘ ɺ. ʇʦʪʘʥʠʥʘ (ʚ 2015 ʛ. 

ʧʨʦʝʢʪ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʧʦʙʝʜʠʪʝʣʝʡ XII ʛʨʘʥʪʦʚʦʛʦ ʢʦʥʢʫʨʩʘ çʄʝʥʷʶʱʠʡʩʷ ʤʫʟʝʡ ʚ 

ʤʝʥʷʶʱʝʤʩʷ ʤʠʨʝè ʚ ʥʦʤʠʥʘʮʠʠ çʄʫʟʝʡ ʠ ʤʝʩʪʥʦʝ ʩʦʦʙʱʝʩʪʚʦè). ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʧʨʦʰʣʠ 

ʦʙʫʯʘʶʱʠʝ ʩʝʤʠʥʘʨʳ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʩʪʘʚʣʝʥʠʶ 

ʩʦʜʝʨʞʘʪʝʣʴʥʳʭ ʠ ʫʚʣʝʢʘʪʝʣʴʥʳʭ ʧʫʪʝʚʦʜʠʪʝʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʘ  ʧʦʣʠʛʨʘʬʠʯʝʩʢʘʷ ʧʨʦʜʫʢʮʠʷ, 

ʥʦ ʚʩʝ ʵʪʦ ʙʳʣʦ ʙʳ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʬʦʥʜʘ ɺ. ʇʦʪʘʥʠʥʘ 

(ʇʨʦʛʨʘʤʤʘ ʧʦʜʜʝʨʞʢʠ ʤʫʟʝʝʚ ɼɺʆ ʈɸʅ ʧʨʝʢʨʘʱʝʥʘ ʩ 2014 ʛʦʜʘ).  
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʤʳ ʘʜʘʧʪʠʨʦʚʘʣʠ ʵʢʩʧʦʟʠʮʠʠ ʤʫʟʝʝʚ ʜʣʷ ʜʝʪʝʡ 

ʩʪʘʨʰʝʛʦ ʜʦʰʢʦʣʴʥʦʛʦ ʠ ʤʣʘʜʰʝʛʦ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʩʦʯʠʥʠʣʠ ʧʫʪʝʚʦʜʠʪʝʣʠ, 

ʧʦʜʛʦʪʦʚʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʠʛʨʦʚʳʝ ʟʘʜʘʥʠʷ, ʚ ʢʘʞʜʦʤ ʤʫʟʝʝ ʦʧʨʝʜʝʣʠʣʠ ʠʛʨʦʚʦʡ 

ʧʝʨʩʦʥʘʞ, ʢʦʪʦʨʳʡ ʚʝʣ ʤʘʣʝʥʴʢʦʛʦ ʧʦʩʝʪʠʪʝʣʷ ʧʦ ʤʘʨʰʨʫʪʫ, ʩʦʦʙʱʘʣ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʧʦʤʦʛʘʣ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʠʷ, çʧʨʦʚʦʮʠʨʦʚʘʣè ʣʶʙʦʧʳʪʩʪʚʦ ʠ ʥʘʙʣʶʜʘʪʝʣʴʥʦʩʪʴ. 

çʇʝʩʯʠʥʢʘè ï ʠʛʨʦʚʦʡ ʧʝʨʩʦʥʘʞ ʧʫʪʝʚʦʜʠʪʝʣʷ ʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʤʫʟʝʝ, ʧʦʤʦʛʣʘ 

ʚʳʧʦʣʥʠʪʴ ʟʘʜʘʥʠʷ, ʫʚʠʜʝʪʴ ʤʦʨʩʢʦʝ ʧʦʙʝʨʝʞʴʝ ʛʣʘʟʘʤʠ ʛʝʦʣʦʛʘ, ʫʟʥʘʪʴ, ʢʘʢʠʝ 

ʩʪʨʦʡʤʘʪʝʨʠʘʣʳ ʠ ʩʲʝʜʦʙʥʳʝ ʤʠʥʝʨʘʣʳ ʭʨʘʥʠʪ ʤʦʨʝ, ʯʝʤ ʦʪʣʠʯʘʶʪʩʷ ʤʠʥʝʨʘʣ ʠ ʛʦʨʥʘʷ 

ʧʦʨʦʜʘ, ʠʟ ʢʘʢʠʭ ʤʠʥʝʨʘʣʦʚ ʩʦʩʪʦʠʪ ʛʨʘʥʠʪ, ʢʘʢʠʭ ʜʨʝʚʥʠʭ ʦʙʠʪʘʪʝʣʝʡ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ 

ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʚ ʩʢʘʣʴʥʳʭ ʦʙʥʘʞʝʥʠʷʭ ʦ-ʚʘ ʈʫʩʩʢʠʡ ʠ ʪ.ʜ. ɿʥʘʢʦʤʷʩʴ ʩ ʧʝʨʩʦʥʘʞʘʤʠ 

ʜʨʫʛʠʭ ʤʫʟʝʝʚ, ʜʝʪʠ ʫʟʥʘʣʠ, ʢʘʢ ʨʘʩʪʝʥʠʝ ʩ ʢʨʘʩʠʚʳʤ ʠʤʝʥʝʤ ʤʝʨʪʝʥʟʠʷ ʫʭʠʪʨʷʝʪʩʷ ʚʳʞʠʪʴ 

ʥʘ ʙʝʨʝʛʫ ʤʦʨʷ, ʦʪʢʨʳʣʠ ʧʨʝʚʨʘʱʝʥʠʷ ʮʠʧʨʠʩʦʚ ʚ ʫʩʦʥʦʛʠʭ ʨʘʢʦʚ, ʦʩʚʦʠʣʠ ʠʩʢʫʩʩʪʚʦ 

ʤʘʩʢʠʨʦʚʢʠ ʠ ʧʦʤʦʛʣʠ ʥʘʡʪʠ ʜʦʤʠʢ ʨʘʢʫ-ʦʪʰʝʣʴʥʠʢʫ. ʄʳ ʫʙʝʜʠʣʠʩʴ ʚ ʪʦʤ, ʯʪʦ ʜʝʪʠ ʩ 

ʙʦʣʴʰʦʡ ʦʭʦʪʦʡ ʦʪʢʣʠʢʘʶʪʩʷ ʥʘ ʪʚʦʨʯʝʩʢʠʝ ʟʘʜʘʥʠʷ, ʠ ʯʪʦ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʜʦ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʚʦʟʨʘʩʪʝ, ʢʦʛʜʘ ʨʝʙʝʥʦʢ ʦʙʣʘʜʘʝʪ ʙʝʟʛʨʘʥʠʯʥʳʤ ʞʝʣʘʥʠʝʤ 

ʫʟʥʘʪʴ ʚʩʝ, ʯʝʛʦ ʦʥ ʥʝ ʟʥʘʝʪ.  

ɺ ʤʫʟʝʡʥʳʭ ʵʢʩʧʦʟʠʮʠʷʭ ʤʘʨʰʨʫʪ ʨʘʙʦʪʘʣ ʩ 7 ʠʶʥʷ ʧʦ 17 ʠʶʣʷ  (ʚ ʩʨʝʜʥʝʤ ʢʘʞʜʳʡ 

ʤʫʟʝʡ ʧʦʩʝʪʠʣʦ ʦʢʦʣʦ 300 ʩʝʤʝʡ). ʉʫʜʷ ʧʦ ʦʪʟʳʚʘʤ, ʦʩʪʘʚʣʝʥʥʳʤ ʚ ʤʫʟʝʝ ɼɺɻʀ, 

çʧʦʥʨʘʚʠʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʠ ʧʨʠʦʙʨʝʪʘʪʴ ʥʦʚʳʝ ʟʥʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʜʝʪʷʤ, ʥʦ ʠ 

ʚʟʨʦʩʣʳʤè; çʪʦ, ʯʪʦ ʫ ʚʘʩ ʧʦʣʫʯʠʣʦʩʴ ï ʵʪʦ ʦʛʨʦʤʥʳʡ ʰʘʛ ʚʧʝʨʝʜ ʢ ʣʶʜʷʤ, ʦʪ ʟʘʢʨʳʪʦʩʪʠ 

ʥʘʰʠʭ ʥʘʫʯʥʳʭ ʤʫʟʝʝʚ, ʦʪ ʚʳʩʦʢʦʣʦʙʦʡ ʥʘʫʯʥʦʩʪʠ ʢ ʧʨʦʩʪʦʪʝ ʠ ʧʦʥʷʪʥʦʩʪʠ. ʕʪʦ ʩʧʦʩʦʙ 

ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʣʶʜʝʡ ʩ ʩʘʤʳʭ ʤʘʣʳʭ ʣʝʪè.  

ɸ ʟʘʪʝʤ ʥʘʩʪʫʧʠʣ ʚʪʦʨʦʡ ʵʪʘʧ, ʢʦʪʦʨʳʡ ʧʨʦʜʣʠʪʩʷ ʜʦ ʢʦʥʮʘ ʩʝʥʪʷʙʨʷ, ï 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʧʫʪʝʰʝʩʪʚʠʷ ʩʝʤʝʡʥʳʭ ʦʪʨʷʜʦʚ ʥʘ ʧʦʙʝʨʝʞʴʝ ʇʨʠʤʦʨʴʷ ʧʨʠ ʧʦʜʜʝʨʞʢʝ 

ʦʪʢʨʳʪʦʡ ʨʝʩʫʨʩʥʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ï ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ, 

ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʥʘʫʯʥʳʭ ʢʦʥʩʫʣʴʪʘʮʠʡ. 

ʆʛʨʦʤʥʳʡ ʠʥʪʝʨʝʩ ʢ ʧʨʠʨʦʜʝ ʢʨʘʷ ʧʦʜʪʚʝʨʜʠʣʩʷ ʧʫʙʣʠʢʘʮʠʝʡ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ ʢʦʣʣʝʢʮʠʡ 

ʥʘʭʦʜʦʢ ʠ ʚʧʝʯʘʪʣʝʥʠʡ ʚ ʚʠʜʝ ʨʠʩʫʥʢʦʚ, ʬʦʪʦ ʠ ʚʦʧʨʦʩʦʚ ʶʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʠʭ 

ʨʦʜʠʪʝʣʝʡ, ʥʘ ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʥʘʫʯʥʳʝ ʩʦʪʨʫʜʥʠʢʠ ʠʥʩʪʠʪʫʪʦʚ ɼɺʆ ʈɸʅ. ʆʪʚʝʪʳ 

ʧʫʙʣʠʢʫʶʪʩʷ ʥʘ ʩʘʡʪʝ http://naukamoredeti.ru/index.php/ru/ ʠ ʚ ʩʦʮʠʘʣʴʥʳʭ ʩʝʪʷʭ 

https://www.facebook.com/scienceintravelprimorye/. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʩʝʤʝʡʥʳʤʠ 

ʦʪʨʷʜʘʤʠ ʚʪʦʨʦʛʦ, ʵʢʩʧʝʜʠʮʠʦʥʥʦʛʦ ʵʪʘʧʘ ʤʘʨʰʨʫʪʘ ʥʘ ʩʘʡʪʝ ɼɺɻʀ ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʨʘʟʜʝʣ ʩ 

ʤʘʪʝʨʠʘʣʘʤʠ ʧʦ ʛʝʦʣʦʛʠʠ ʇʨʠʤʦʨʴʷ (ʦʪʚʝʪʳ ʥʘ ʚʦʧʨʦʩʳ ʠ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʝ ʩʪʘʪʴʠ, 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʥʘʫʯʥʳʤʠ ʩʦʪʨʫʜʥʠʢʘʤʠ ɼɺɻʀ) http://www.fegi.ru/museum/167-prim. 

ɺ ʥʘʯʘʣʝ ʦʢʪʷʙʨʷ ʧʨʦʡʜʝʪ ʠʪʦʛʦʚʦʝ ʩʦʙʳʪʠʝ ʤʘʨʰʨʫʪʘ ï ʤʦʨʩʢʦʡ ʥʘʫʯʥʳʡ ʬʝʩʪʠʚʘʣʴ, 

ʥʘ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚʳʩʪʘʚʢʘ ʧʦ ʠʪʦʛʘʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʵʢʩʧʝʜʠʮʠʡ, 

ʩʦʚʝʨʰʝʥʥʳʭ ʩʝʤʝʡʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʠ ʦʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʤʘʨʰʨʫʪʘ. 

ʋʯʘʩʪʠʝ ʚ ʧʨʦʝʢʪʝ çʅʘʫʢʘ ʚ ʧʫʪʝʰʝʩʪʚʠʠ. ʇʨʠʤʦʨʴʝè ʧʦʟʚʦʣʠʣʦ ʘʢʘʜʝʤʠʯʝʩʢʠʤ 

ʤʫʟʝʷʤ ʥʝ ʪʦʣʴʢʦ çʦʪʢʨʳʪʴʩʷè ʠ ʧʨʠʚʣʝʯʴ ʥʦʚʫʶ ʢʘʪʝʛʦʨʠʶ ʧʦʩʝʪʠʪʝʣʝʡ ï ʩʝʤʝʡʥʳʝ ʛʨʫʧʧʳ, 

ʥʦ ʠ ʩʦʟʜʘʪʴ ʝʜʠʥʫʶ ʤʝʞʤʫʟʝʡʥʫʶ ʢʫʣʴʪʫʨʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʩʨʝʜʫ. 

ʇʨʦʝʢʪ çʇʫʪʝʰʝʩʪʚʠʝ ʚ ʥʘʫʢʫ. ʇʨʠʤʦʨʴʝè ʦʙʩʫʞʜʘʣʩʷ ʚ ʧʨʷʤʦʤ ʵʬʠʨʝ 2 ɸʚʛʫʩʪʘ 2016 ʥʘ 

ʆʊɺ-ʧʨʠʤ ʚ ʧʨʦʛʨʘʤʤʝ çɺ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷè http://www.otvprim.ru/culture/primorskij-

kraj_04.08.2016_41278_v-tsentre-vnimanija-puteshestvie-v-nauku.html 

http://naukamoredeti.ru/index.php/ru/
https://www.facebook.com/scienceintravelprimorye/
http://www.fegi.ru/museum/167-prim
http://www.otvprim.ru/culture/primorskij-kraj_04.08.2016_41278_v-tsentre-vnimanija-puteshestvie-v-nauku.html
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ʌʊʆʈɸʇɸʊʀʊ ɺ ʉʊɽʅʂɸʍ ʈɸʂʆɺʀʅ ʌʆʈɸʄʀʅʀʌɽʈ ʀɿ ʋɻʃɽʈʆɼʀʉʊʆ-

ʂʈɽʄʅʀʉʊʓʍ ʇʆʈʆɼ ʈʋɼʆɺʄɽʑɸʖʑɽʁ ʊʆʃʑʀ ʉɸʌʔʗʅʆɺʉʂʆɻʆ 

ʄɽɼʅʆʂʆʃʏɽɼɸʅʅʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ (ʉʈɽɼʅʀʁ ʋʈɸʃ) 

 

ɽ.ʀ. ʉʦʨʦʢʘ
1
, ʃ.ɺ. ʃʝʦʥʦʚʘ

1
, ɸ.ʃ. ɸʥʬʠʤʦʚ

1
, ɼ.ɸ. ɿʘʤʷʪʠʥ

1
, ʅ.ʉ. ɸʨʭʠʨʝʝʚʘ
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1 ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ. soroka@igg.uran.ru 

2 ʀʥʩʪʠʪʫʪ ʤʠʥʝʨʘʣʦʛʠʠ ʋʨʆ ʈɸʅ, ʄʠʘʩʩ, ʈʦʩʩʠʷ 

 

ɺʧʝʨʚʳʝ ʥʝʢʘʨʙʦʥʘʪʥʳʝ ʩʝʢʨʝʮʠʦʥʥʳʝ ʨʘʢʦʚʠʥʳ ʜʝʚʦʥʩʢʠʭ (ʵʡʬʝʣʴ-ʞʠʚʝʪ) 

ʬʦʨʘʤʠʥʠʬʝʨ Parathuramminaaff. tamaraeL. Petrovae, 1981, ʦʙʥʘʨʫʞʝʥʳ ʚ ʫʛʣʝʨʦʜʠʩʪʦ-

ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʨʫʜʦʚʤʝʱʘʶʱʝʡ ʪʦʣʱʠ ʉʘʬʴʷʥʦʚʩʢʦʛʦ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʦʛʦ ʤ-ʥʠʷ 

(ʏʫʚʘʰʦʚ ʠ ʜʨ., 2011). ʇʦʨʦʜʳ ʟʘʣʝʛʘʶʪ ʚ ʨʘʟʨʝʟʝ ʚ ʚʠʜʝ ʧʘʯʝʢ ʤʦʱʥʦʩʪʴʶ ʦʪ 0.1 ʜʦ 1.5 ʤ ʠ 

ʚʩʢʨʳʪʳ ʢʘʨʴʝʨʦʤ (ʗʨʦʩʣʘʚʮʝʚʘ ʠ ʜʨ., 2012). ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʩʝʬʠʪʦ-ʧʩʘʤʤʠʪʦʚʳʤʠ 

ʪʫʬʬʠʪʘʤʠ, ʢʨʠʩʪʘʣʣʦ-ʣʠʪʦʢʣʘʩʪʠʯʝʩʢʠʤʠ ʠ ʧʝʣʠʪʦʣʠʪʦʚʳʤʠ, ʠ ʩʣʦʞʝʥʳ ʦʙʣʦʤʢʘʤʠ ʢʚʘʨʮʘ, 

ʢʨʠʩʪʘʣʣʘʤʠ ʧʣʘʛʠʦʢʣʘʟʘ, ʫʛʣʦʚʘʪʦ ʦʢʘʪʘʥʥʳʤʠ ʦʙʣʦʤʢʘʤʠ ʨʠʦʜʘʮʠʪʦʚ, ʨʘʢʦʚʠʥʘʤʠ 

ʬʦʨʘʤʠʥʠʬʝʨ, ʨʘʜʠʦʣʷʨʠʡ  ʠ ʩʢʦʧʣʝʥʠʷʤʠ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ (ɸʥʬʠʤʦʚ ʠ ʜʨ., 2011). 

ʆʩʥʦʚʥʘʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʘʷ ʤʘʩʩʘ ʩʦʩʪʦʠʪ ʠʟ ʢʚʘʨʮʘ, ʭʣʦʨʠʪʘ, ʧʣʘʛʠʦʢʣʘʟʘ, ʩʣʶʜʳ, 

ʢʘʦʣʠʥʠʪʘ, ʢʘʨʙʦʥʘʪʦʚ.  

ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ (ʉʦʨʦʢʘ ʠ ʜʨ., 2012), ʢʘʨʙʦʥʘʪ ʩʪʝʥʦʢ ʨʘʢʦʚʠʥ ʬʦʨʘʤʠʥʠʬʝʨ ʙʳʣ 

ʟʘʤʝʱʝʥ ʘʧʘʪʠʪʦʤ ʧʦʩʣʝ ʠʭ ʟʘʭʦʨʦʥʝʥʠʷ. ɼʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ JSM-6390LV (JEOL) ʩ ʕɼʉ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ 

IncaEnergy 450 ʠ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ Cameca SX100 (ʣʘʙʦʨʘʪʦʨʠʷ ʌʍʄʀ ʀɻɻ ʋʨʆ 

ʈɸʅ, ʦʧʝʨʘʪʦʨ ɼ.ɸ. ɿʘʤʷʪʠʥ) ʥʝ ʚʳʷʚʠʣʠ ʩʣʝʜʦʚ ʟʘʤʝʱʝʥʠʷ. ʉʪʝʥʢʘ ʨʘʢʦʚʠʥ ʦʙʳʯʥʦ 2- ʠ 3-

ʩʣʦʡʥʘʷ, ʩʣʦʠ ʦʙʨʘʟʦʚʘʥʳ ʩʪʦʣʙʯʘʪʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʘʧʘʪʠʪʘ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʩʣʦʷʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʚʘʨʮʝʤ (ʨʠʩ. 1). ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʙʦʣʝʝ 10 ʨʘʢʦʚʠʥ ʠ ʚʳʧʦʣʥʝʥʦ 114 

ʦʧʨʝʜʝʣʝʥʠʡ. ʇʦʣʫʯʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ (BSE) ʠ ʩʥʷʪʳ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʝ ʩʧʝʢʪʨʳ ʩ ʫʯʘʩʪʢʦʚ ʩʪʝʥʦʢ ʨʘʢʦʚʠʥ (ʚʩʝʛʦ 58 ʩʧʝʢʪʨʦʚ ʩ 8 ʫʯʘʩʪʢʦʚ). 

ɸʪʦʤʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Ca/P ʚ ʩʪʝʥʢʘʭ ʨʘʢʦʚʠʥ ï ʦʪ 1.6 ʜʦ 1.9. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʤʠʢʨʦʟʦʥʜʦʚʦʤ ʘʥʘʣʠʟʘʪʦʨʝ ʧʦʟʚʦʣʠʣʠ ʫʪʦʯʥʠʪʴ ʩʦʜʝʨʞʘʥʠʷ F ʠ ʧʦʜʪʚʝʨʜʠʣʠ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʩʪʝʥʢʘ ʨʘʢʦʚʠʥʳ ʩʦʩʪʦʠʪ ʠʟ ʬʪʦʨʘʧʘʪʠʪʘ (ʪʘʙʣ. 1). ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʠʚʝʜʝʥʳ ʩʦʩʪʘʚʳ ʩʪʝʥʢʠ ʨʘʢʦʚʠʥ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʠ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ SiO2, ʘ 

ʪʘʢʞʝ ʘʥʘʣʠʟ ʬʪʦʨʘʧʘʪʠʪʘ ʠʟ 

ʤʘʪʨʠʮʳ ʧʦʨʦʜʳ (ʪʘʙʣ. 1, ʘʥʘʣʠʟ 

5). ɺʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʨʘʢʦʚʠʥ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʩʣʦʷʤʠ 

ʩʪʝʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ SiO2. ʅʫʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ P ʠ ʆ 

ʥʝʩʢʦʣʴʢʦ ʟʘʥʠʞʝʥʦ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʵʪʘʣʦʥʥʳʤ 

ʬʦʪʨʘʧʘʪʠʪʦʤ (ʘʥʘʣʠʟ 1) ʠ 

ʘʧʘʪʠʪʦʤ ʠʟ ʫʛʣʝʨʦʜʠʩʪʦ-

ʢʨʝʤʥʠʩʪʦʡ ʧʦʨʦʜʳ (ʘʥʘʣʠʟ 5). 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʧʦʟʠʮʠʠ ʬʦʩʬʦʨʘ ʚ ʨʝʰʝʪʢʝ 

ʘʧʘʪʠʪʘ ʩʪʝʥʢʠ ʨʘʢʦʚʠʥʳ 

ʯʘʩʪʠʯʥʦ ʤʦʛʫʪ ʙʳʪʴ ʟʘʥʷʪʳ 

ʢʘʨʙʦʥʘʪ-ʠʦʥʦʤ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʢʦʩʪʥʳʭ ʦʩʪʘʪʢʦʚ (ɼʠʨ ʠ ʜʨ.,  

             1966). 

 

 

ʈʠʩʫʥʦʢ 1. ʈʘʢʦʚʠʥʘ Parathuramminaaff. tamarae L. 

Petrovae, 1981. ʦʙʨ. 1432. ɺʥʝʰʥʠʡ ʩʣʦʡ ʩʪʝʥʢʠ ï 

ʘʧʘʪʠʪ (ʙʝʣʦʝ), ʧʨʦʤʝʞʫʪʦʯʥʳʡ ï ʢʚʘʨʮ (ʪʝʤʥʦ-ʩʝʨʦʝ) 

ʠ ʘʧʘʪʠʪ. ʌʦʪʦ BSE. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʥʦʜʦʥʪʦʚʳʝ 

ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʦʩʪʘʪʢʠ ʯʘʩʪʝʡ 

ʨʦʪʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʢʦʥʦʜʦʥʪʦʚ (ʚʳʤʝʨʰʝʡ 

ʛʨʫʧʧʳ ʤʦʨʩʢʠʭ ʦʨʛʘʥʠʟʤʦʚ), ʩʦʩʪʦʷʪ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʪʨʦʝʥʠʶ ʩʣʦʝʚ 

ʬʪʦʨʘʧʘʪʠʪʘ ʠ ʢʦʣʣʘʛʝʥʦʚʦʛʦ ʙʝʣʢʘ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʞʠʟʥʠ 

ʦʨʛʘʥʠʟʤʘ. ʇʦ ʜʘʥʥʳʤ (ɾʫʨʘʚʣʝʚ, 2016), 

ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʴʥʦʡ 

ʢʦʤʧʦʥʝʥʪʳ ʪʚʝʨʜʳʭ ʪʢʘʥʝʡ 

ʧʦʟʜʥʝʜʝʚʦʥʩʢʠʭ ʢʦʥʦʜʦʥʪʦʚʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦʢʘʟʘʣʦ ʬʪʦʨʘʧʘʪʠʪ ʩ 

ʘʪʦʤʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Ca/P = 1,60-1,65. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʝʥʳ ʢʦʣʝʙʘʥʠʷ 

ʩʦʜʝʨʞʘʥʠʷ Sr. ʉʪʨʦʥʮʠʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠ 

ʚ ʩʪʝʥʢʘʭ ʨʘʢʦʚʠʥ ʘʧʘʪʠʪʦʚʳʭ 

ʬʦʨʘʤʠʥʠʬʝʨ (ʪʘʙʣ. 1). 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ 

ʬʪʦʨʘʧʘʪʠʪ ʚ ʩʪʝʥʢʘʭ ʩʝʢʨʝʮʠʦʥʥʳʭ 

ʨʘʢʦʚʠʥ ʜʝʚʦʥʩʢʠʭ ʬʦʨʤʠʥʠʬʝʨ 

ʦʙʨʘʟʦʚʘʣʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 
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 ʂʦʤʧʦʥʝʥʪʳ, ʤʘʩ.% 

1 2  3  4  5  

SiO2 0.43 1.35 2.32 0.15 0.03 

P2O5 40.98 36.86 35.46 32.81 41.97 

Al 2O3 0.02 0.24 0.35 0.36 0.04 

MgO 0.02 0.14 0.21 0.16 0.05 

CaO 53.98 52.4 51.1 46.45 55.64 

MnO 0.01 0,04 0,03 0,02 0.2 

FeO 0 0.06 0.13 0.96 0.55 

Na2O 0.27 0.25 0.35 0.35 0 

SrO 0.09 0.12 0.08 0.26 0.03 

F 3.32 4.35 4.13 4.01 2.29 

Cl 0.43 0.05 0.03 0.05 0.41 

SO3 0.59 0.42 0.43 1.07 0.04 

ʉʫʤʤʘ 100.14 96.28 94.85 86.65 101.24 

 ʕʣʝʤʝʥʪʳ, ʘʪʦʤ.% 

Si 0.17 0.56 0.97 0.07 0.01 

P 13.74 12.85 12.56 12.76 14.04 

Al  0.01 0.01 0.17 0.2 0.02 

Mg 0.01 0.08 0.13 0.11 0.03 

Ca 22.92 23.13 22.91 22.86 23.55 

Mn 0 0.01 0.01 0.01 0.07 

Fe 0 0.02 0.04 0.37 0.18 

Na 0.21 0.2 0.28 0.32 0 

Sr 0.02 0.03 0.02 0.07 0.01 

F 4.16 5.67 5.47 5.83 2.86 

Cl 0.29 0.02 0.04 0.04 0.27 

S 0.18 0.3 0.14 0.37 0.01 

O 58.3 57.18 57.26 57.01 58.99 

ʊʘʙʣʠʮʘ 1.  

ʉʦʩʪʘʚ ʘʧʘʪʠʪʘ ʩʪʝʥʢʠ ʨʘʢʦʚʠʥʳ 

Parathuramminaaff. tamaraeL. Petrovae  
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Lessing, 1884), ʧʠʢʨʦʙʘʟʘʣʴʪʦʚ, ʛʠʘʣʦʢʣʘʩʪʠʪʳ ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ, ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ ʠ ʩʠʣʣʳ ʜʦʣʝʨʠʪʦʚ ʠ ʧʠʢʨʦʜʝʣʝʨʠʪʦʚ, ʠʥʪʨʫʟʠʚʳ 

ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʦʚ ʜʦ ʛʘʙʙʨʦ-ʧʝʨʠʜʦʪʠʪʦʚ. ʆʥʠ ʦʙʳʯʥʦ ʩʣʘʙʦ ʜʠʩʣʦʮʠʨʦʚʘʥʳ, ʚ ʧʦʢʨʦʚʘʭ 

ʙʘʟʘʣʴʪʦʚ ʩʦʭʨʘʥʠʣʘʩʴ ʧʝʨʚʠʯʥʘʷ ʩʪʦʣʙʯʘʪʘʷ ʦʪʜʝʣʴʥʦʩʪʴ, ʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʦʚʦʚ ï 

ʨʝʣʴʝʬʥʳʝ ʩʢʣʘʜʢʠ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ (ʊʠʤʦʬʝʝʚ, 1916). ɻʦʨʥʳʝ ʧʦʨʦʜʳ ʬʦʨʤʘʮʠʠ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʳ, ʧʨʝʚʨʘʱʝʥʳ ʚ ʟʝʣʝʥʦʢʘʤʝʥʥʳʝ, ï ʙʘʟʘʣʴʪʳ ʚ ʩʧʠʣʠʪʳ, ʜʦʣʝʨʠʪʳ ï ʚ 

ʤʝʪʘʜʦʣʝʨʠʪʳ ï ʜʠʘʙʘʟʳ. ʌ.ʖ. ʃʝʚʠʥʩʦʥ-ʃʝʩʩʠʥʛ ʚʳʜʝʣʠʣ ʜʘʥʥʫʶ ʬʦʨʤʘʮʠʶ ʢʘʢ 

ʆʣʦʥʝʮʢʫʶ ʜʠʘʙʘʟʦʚʫʶ (ʃʝʚʠʥʩʦʥ-ʃʝʩʩʠʥʛ, 1888), ʪʝʨʨʠʪʦʨʠʷ ʝʸ ʨʘʟʚʠʪʠʷ ʠʤʝʥʫʝʪʩʷ 

ʉʫʡʩʘʨʩʢʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʴʶ (ʊʠʤʦʬʝʝʚ, 1916). ʉʯʠʪʘʝʪʩʷ (ʆʥʝʞʩʢʘʷé, 2011), ʯʪʦ 

ʧʦʨʦʜʳ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʳ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʯʘʩʪʠ ʬʘʮʠʠ 

ʟʝʣʸʥʳʭ ʩʣʘʥʮʝʚ. 

ʅʘʣʠʯʠʝ ʚ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ ʤʘʥʜʝʣʴʰʪʝʡʥʦʚ ʩ ʭʘʣʮʝʜʦʥʦʤ ʠ ʘʛʘʪʘʤʠ ʩ ʛʸʪʠʪʦʤ ʠ 

ʣʝʧʠʜʦʢʨʦʢʠʪʦʤ (ʊʠʤʦʬʝʝʚ, 1912; ʥʘʰʠ ʥʘʙʣʶʜʝʥʠʷ), ʧʦʟʚʦʣʠʣʦ ʫʩʦʤʥʠʪʴʩʷ ʚ ʩʪʦʣʴ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʪʘʢ ʢʘʢ ʭʘʣʮʝʜʦʥ ʠ ʘʛʘʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʦʣʴʢʦ ʚ 

ʤʝʪʘʚʫʣʢʘʥʠʪʘʭ ʮʝʦʣʠʪʦʚʦʡ ʬʘʮʠʠ (Spiridonov, 1998, ʉʧʠʨʠʜʦʥʦʚ ʠ ʜʨ., 2014). ʇʦ ʥʘʰʠʤ 

ʜʘʥʥʳʤ, ʚ ʤʝʪʘʙʘʟʘʣʴʪʘʭ, ʦʢʨʫʞʘʶʱʠʭ ʫʯʘʩʪʢʠ ʘʛʘʪʦʥʦʩʥʳʭ ʚʫʣʢʘʥʠʪʦʚ ʚ ʉʝʚʝʨʥʦʤ 

ʇʨʠʦʥʝʞʴʝ ʚ ʨʘʡʦʥʝ ʇʠʥʛʫʙʳ, ʦʩʪʨʦʚʘ ʉʫʡʩʘʨ, ɺʦʣʢ-ʦʩʪʨʦʚʘ ʠ ʠʥʳʭ, ʰʠʨʦʢʦ ʨʘʟʚʠʪ 

ʣʦʤʦʥʪʠʪ ʚ ʧʩʝʚʜʦʤʦʨʬʦʟʘʭ ʧʦ ʧʣʘʛʠʦʢʣʘʟʫ. ɼʠʘʛʥʦʩʪʠʢʘ ʣʦʤʦʥʪʠʪʘ ʧʦʜʪʚʝʨʞʜʝʥʘ 

ʤʠʢʨʦʟʦʥʜʦʚʳʤ ʘʥʘʣʠʟʦʤ. ʃʦʤʦʥʪʠʪ ï ʠʥʜʝʢʩ-ʤʠʥʝʨʘʣ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʯʘʩʪʠ 

ʮʝʦʣʠʪʦʚʦʡ ʬʘʮʠʠ, ʝʸ ʧʘʨʘʤʝʪʨʳ: 210-290Á ʉ, 0.5-3 ʢʙʘʨ (Thompson, 1970; Liou, 1971; Jove, 

Hacker, 1997). ʀʪʘʢ, ʯʘʩʪʴ ʧʦʨʦʜ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʳ ʚ ʫʩʣʦʚʠʷʭ 

ʣʦʤʦʥʪʠʪʦʚʦʡ ʩʫʙʬʘʮʠʠ ʮʝʦʣʠʪʦʚʦʡ ʬʘʮʠʠ. ʉʨʝʜʠ ʥʠʭ ʥʘʭʦʜʷʪʩʷ ʧʨʦʷʚʣʝʥʠʷ ʩʘʤʦʨʦʜʥʦʡ 

ʤʝʜʠ ʤʝʜʥʦ-ʮʝʦʣʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ. 

          ʅʘ ʦʩʪʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʤʝʪʘʙʘʟʠʪʳ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ ʣʶʜʠʢʦʚʠʷ ʩʣʘʛʘʶʪ ʘʣʴʙʠʪ, 

ʢʣʠʥʦʮʦʠʟʠʪ, ʭʣʦʨʠʪ ï ʨʠʧʠʜʦʣʠʪ, ʘʢʪʠʥʦʣʠʪ, ʵʧʠʜʦʪ, ʤʘʣʦʞʝʣʝʟʠʩʪʳʡ ʠ ʞʝʣʝʟʠʩʪʳʡ 

ʧʨʝʥʠʪ, ʧʫʤʧʝʣʣʠʠʪ-(Fe), ʪʠʪʘʥʠʪ, ʢʚʘʨʮ, Al-ʢʨʦʥʰʪʝʜʪʠʪ, ʛʝʤʘʪʠʪ, ʢʘʣʠʰʧʘʪ, ʢʦʨʨʝʥʩʠʪ 

(ʜʠʘʛʥʦʩʪʠʢʘ ʤʠʥʝʨʘʣʦʚ ʧʨʦʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ). ʇʫʤʧʝʣʣʠʠʪ-(Fe) ʠ 

ʤʘʣʦʞʝʣʝʟʠʩʪʳʡ ʧʨʝʥʠʪ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪ ʩʨʘʩʪʘʥʠʷ, ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʟʚʠʪʳ ʢʘʢ ʚ ʦʩʥʦʚʥʦʡ 

ʪʢʘʥʠ ʤʝʪʘʙʘʟʠʪʦʚ, ʟʘʤʝʱʘʷ ʧʣʘʛʠʦʢʣʘʟʳ, ʤʘʪʨʠʢʩ ʧʦʨʦʜ, ʪʘʢ ʠ ʚʳʧʦʣʥʷʷ ʚ ʥʠʭ ʤʠʥʜʘʣʠʥʳ, 

ʩʣʘʛʘʷ ʚ ʥʠʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʛʥʸʟʜʘ, ʟʘʧʦʣʥʷʷ ʪʨʝʱʠʥʳ ʛʠʜʨʦʨʘʟʨʳʚʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʢʚʘʨʮʝʤ, ʘʣʴʙʠʪʦʤ Na98.2-99.3Ca0.7-1.3K0-0.5, ʧʠʢʥʦʭʣʦʨʠʪʦʤ, ʢʘʣʴʮʠʪʦʤ Ca0.980-0.996Mn0.004-

0.015Mg0-0.005, ʢʨʦʥʰʪʝʜʪʠʪʦʤ, ʵʧʠʜʦʪʦʤ, ʨʝʞʝ ʩ ʢʘʣʠʰʧʘʪʦʤ K83.5Na14.7Ba1.1Ca0.7, 

ʬʪʦʨʘʧʘʪʠʪʦʤ, ʪʠʪʘʥʠʪʦʤ, ʨʫʪʠʣʦʤ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʵʧʠʜʦʪʦʤ, Mn-Mg-ʬʝʨʨʦʘʢʩʠʥʠʪʦʤ, 
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ʤʘʛʥʝʟʠʦʩʪʠʣʴʧʥʦʤʝʣʘʥʦʤ = ʣʝʥʥʠʣʝʥʘʧʝʠʪʦʤ. ʉʦʩʪʘʚ ʧʫʤʧʝʣʣʠʠʪʘ-(Fe) ʟʘʤʝʪʥʦ ʚʘʨʴʠʨʫʝʪ 

ï (Ca1.93-1.97Y0.01)1.94-1.97(Fe
2+

0.69-0.72Mg0.28-0.37Al0-0.05)1.02-1.07(Al 1.61-1.99 Fe
3+

0-0.38)1.99-2 

[OH/OH/H2O/SiO4/Si2O7]. ʉʦʩʪʘʚ ʧʨʝʥʠʪʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʤʘʣʦ ʞʝʣʝʟʠʩʪʦʛʦ ʜʦ ʞʝʣʝʟʠʩʪʦʛʦ, 
ʥʝʨʝʜʢʦ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ï (Ca1.97-1.98Y0.01)1.98-1.99(Al0.40-0.88Fe

3+
0.13-0.61)1.01-1.02 

[(OH)2/Al 1.01-1.03Si2.97-2.88O10]. ʆʪʤʝʪʠʤ ʧʦʩʪʦʷʥʥʦʝ ʥʘʣʠʯʠʝ ʧʨʠʤʝʩʠ ʠʪʪʨʠʷ ʜʦ 0.3 ʤʘʩʩ. % ʚ 

ʧʨʝʥʠʪʝ ʠ ʚ ʧʫʤʧʝʣʣʠʠʪʝ. ɺ ʘʛʨʝʛʘʪʘʭ ʧʫʤʧʝʣʣʠʠʪʘ ʠʟʨʝʜʢʘ ʥʘʭʦʜʷʪʩʷ ʤʝʣʢʠʝ ʚʳʜʝʣʝʥʠʷ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʢʣʠʥʦʮʦʠʟʠʪʘ ï ʵʧʠʜʦʪʘ, ʝʛʦ ʩʦʩʪʘʚ ï                              

(Ca1.40Na0.10K0.03Mn0.01)1.54Fe
2+

0.36(Ce0.21La0.09Nd0.08Pr0.02Sm0.01Gd0.01)0.41              

(Al 2.37Fe
3+

0.30Ti0.02V0.01)2.70[O/OH/SiO4/Si2O7].  ʌʝʨʨʦʘʢʩʠʥʠʪ ʩʦʚʤʝʩʪʥʦ ʩ ʵʧʠʜʦʪʦʤ ʩʣʘʛʘʝʪ 

ʥʝʙʦʣʴʰʠʝ ʛʥʝʟʜʘ ʢʣʠʥʦʚʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ɸʢʩʠʥʠʪ ï ʦʜʠʥ ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʤʘʨʛʘʥʮʘ ʚ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ, ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʬʝʨʨʦʘʢʩʠʥʠʪʝ ʤʝʪʘʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʦʚ ʜʦ 2.5 

ʤʘʩʩ. %. ʄʠʥʝʨʘʣ ʩʦʜʝʨʞʠʪ 58-64, ʚ ʩʨʝʜʥʝʤ 61 % ʤʠʥʘʣʘ ʬʝʨʨʦʘʢʩʠʥʠʪʘ, 19-27, ʚ ʩʨʝʜʥʝʤ 

22 % ʤʠʥʘʣʘ ʤʘʛʥʝʟʠʦʘʢʩʠʥʠʪʘ, 15-18, ʚ ʩʨʝʜʥʝʤ 17 % ʤʠʥʘʣʘ ʤʘʥʛʘʥʘʢʩʠʥʠʪʘ (n = 5). ɺ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʬʝʨʨʦʘʢʩʠʥʠʪʦʤ ʨʘʟʚʠʪ ʩʣʶʜʠʩʪʳʡ ʤʠʥʝʨʘʣ ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʩ ʨʝʟʢʠʤ 

ʧʣʝʦʭʨʦʠʟʤʦʤ ï  ʤʘʛʥʝʟʠʦʩʪʠʣʴʧʥʦʤʝʣʘʥ = ʣʝʥʥʠʣʝʥʘʧʝʠʪ. ʉʦʩʪʘʚ ʣʝʥʥʠʣʝʥʘʧʝʠʪʘ ï 

(K0.72Ca0.25)0.97(Mg6.00Fe
3+

1.52Fe
2+

0.34Al0.14)8[(OH)8/(Si9.12Al 2.88)8O28]῏2(H2O).  

ʍʘʣʮʝʜʦʥ ʠ ʘʛʘʪʳ ʩʨʝʜʠ ʵʪʠʭ ʧʦʨʦʜ ʧʨʝʚʨʘʱʝʥʳ ʚ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʢʚʘʨʮʠʪʳ ʩ 

ʨʝʣʠʢʪʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʪʝʢʩʪʫʨʘʤʠ ʘʛʘʪʦʚ, ʩ ʛʥʸʟʜʘʤʠ ʠ ʧʨʦʞʠʣʢʘʤʠ ʟʝʨʥʠʩʪʦʛʦ ʢʚʘʨʮʘ, 

ʢʘʣʴʮʠʪʘ, ʛʝʤʘʪʠʪʘ, ʞʝʣʝʟʠʩʪʦʛʦ ʭʣʦʨʠʪʘ ʩ ʚʦʣʦʢʥʘʤʠ ʛʣʠʥʦʟʸʤʠʩʪʦʛʦ ʢʨʦʥʰʪʝʜʪʠʪʘ ʠ 

ʢʨʦʥʰʪʝʜʪʠʪʘ ʠ ʤʝʣʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʛʠʜʨʦʘʥʜʨʘʜʠʪʘ, ʪʠʪʘʥʠʪʘ, ʨʫʪʠʣʘ, ʤʝʪʘʩʦʤʘʤʠ ʠ 

ʧʨʦʞʠʣʢʘʤʠ ʧʨʝʥʠʪʘ, ʞʝʣʝʟʠʩʪʦʛʦ ʧʨʝʥʠʪʘ, ʧʫʤʧʝʣʣʠʠʪʘ-(Fe). ɻʣʠʥʦʟʸʤʠʩʪʳʡ ʢʨʦʥʰʪʝʜʪʠʪ 

ʠ ʞʝʣʝʟʠʩʪʳʡ ʢʨʦʥʰʪʝʜʪʠʪ ʥʝʨʝʜʢʦ ʦʙʨʘʟʫʶʪ ʚ ʦʪʦʨʦʯʢʝ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʘʛʘʪʦʚ ʛʥʸʟʜʘ 

ʩ ʧʦʧʝʨʝʯʥʠʢʦʤ ʜʦ ʧʝʨʚʳʭ ʤʤ. ʂʨʦʥʰʪʝʜʪʠʪ ï ʤʠʥʝʨʘʣ ʢʨʘʡʥʝ ʙʦʛʘʪʳʡ ʞʝʣʝʟʦʤ ʠ ʙʝʜʥʳʡ 

ʢʨʝʤʥʝʟʸʤʦʤ. ʉʦʩʪʘʚ ʛʣʠʥʦʟʸʤʠʩʪʦʛʦ ʢʨʦʥʰʪʝʜʪʠʪʘ ï  

(Fe
2+

1.07-1.14Fe
3+

0.45-1.42Mg0.49-0.94Al0.19-0.45Mn0.01V0.01)3 [(OH)4/(Si0.57-1.07Fe
3+

0.47-1.24Al 0.19-0.45)2O5]. 

ʉʦʩʪʘʚ ʢʨʦʥʰʪʝʜʪʠʪʘ - (Fe
2+

1.08-1.27Fe
3+

1.42-1.64Mg0.09-0.16Al0.07-0.09Zn0-0.04Ni0-0.03Mn0-0.01)3                                 

[(OH)4/(Si0.30-0.37Fe
3+

1.54-1.63Al 0.07-0.09)2O5]. ʉʦʩʪʘʚ ʛʠʜʨʦʘʥʜʨʘʜʠʪʘ ʠʟ ʦʪʦʨʦʯʝʢ ʤʝʪʘʘʛʘʪʦʚ 

ʇʠʥʦʟʝʨʘ ï (Ca2.90Y0.03Mg0.07Mn0.01)3.02(Fe
3+

1.75Al 0.19V0.03Ti0.01)1.98[(SiO4)2.89(O4H4)0.11]; ʩʦʩʪʘʚ 

ʤʠʥʝʨʘʣʘ ʚ ʤʠʥʘʣʘʭ, ʤʦʣ. %: ʘʥʜʨʘʜʠʪ- 85, ʛʠʜʨʦʘʥʜʨʘʜʠʪ ï 4, ʛʨʦʩʩʫʣʷʨ ï 6.5, ʧʠʨʦʧ ï 2.5, 

ʛʦʣʜʤʘʥʠʪ ï 1.5. ʩʧʝʩʩʘʨʪʠʥ ï 0.5. ʂʘʢ ʚʠʜʥʦ, ʚ ʧʨʦʮʝʩʩʝ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʨʦʠʟʦʰʣʘ 

ʤʦʙʠʣʠʟʘʮʠʷ ʣʘʥʪʘʥʠʜʦʚ ʠ ʠʪʪʨʠʷ, ï ʣʘʥʪʘʥʠʜʳ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʚ ʨʝʜʢʦʟʝʤʝʣʴʥʦʤ 

ʵʧʠʜʦʪʝ, ʠʪʪʨʠʡ ï ʚ ʛʨʘʥʘʪʝ, ʧʨʝʥʠʪʝ ʠ ʧʫʤʧʝʣʣʠʠʪʝ. ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ - ʪʠʧʠʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʯʘʩʪʠ ʧʨʝʥʠʪ-ʧʫʤʧʝʣʣʠʠʪʦʚʦʡ ʬʘʮʠʠ 

ʥʝʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʝʸ ʧʘʨʘʤʝʪʨʳ ï 290-320Á ʉ, 1-3 ʢʙʘʨ (Zen E-an, 1974; ʉʧʠʨʠʜʦʥʦʚ ʠ 

ʜʨ., 2000; Phillpots, Auge, 2009). ʀʪʘʢ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ ʣʶʜʠʢʦʚʠʷ 

ʉʝʚʝʨʥʦʛʦ ʇʨʠʦʥʝʞʴʷ ʙʳʣʘ ʟʘʭʚʘʯʝʥʘ ʵʧʠʛʝʥʝʪʠʯʥʳʤ ʨʝʛʠʦʥʘʣʴʥʳʤ ʥʠʟʢʦʛʨʘʜʥʳʤ 

ʤʝʪʘʤʦʨʬʠʟʤʦʤ ï ʤʝʪʘʤʦʨʬʠʟʤʦʤ ʧʦʛʨʫʞʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʥʠʪ-ʧʫʤʧʝʣʣʠʠʪʦʚʦʡ ʬʘʮʠʠ. 

        ɺ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ ʣʶʜʠʢʦʚʠʷ ʉʝʚʝʨʥʦʛʦ ʇʨʦʥʝʞʴʷ ʥʘʭʦʜʠʪʩʷ 

ʨʚʫʱʝʝ ʪʝʣʦ ʢʠʤʙʝʨʣʠʪʦʚ ʂʠʤʦʟʝʨʘ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (1.92 ʤʣʨʜ. ʣʝʪ). ʕʪʠ 

ʢʠʤʙʝʨʣʠʪʳ ʟʘʭʚʘʯʝʥʳ ʪʝʤ ʞʝ ʩʘʤʳʤ ʥʠʟʢʦʛʨʘʜʥʳʤ ʤʝʪʘʤʦʨʬʠʟʤʦʤ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʥʠʪ-

ʧʫʤʧʝʣʣʠʠʪʦʚʦʡ ʬʘʮʠʠ (ʇʫʪʠʥʮʝʚʘ, ʉʧʠʨʠʜʦʥʦʚ, 2016). ɺ ʧʨʦʮʝʩʩʝ ʤʝʪʘʤʦʨʬʠʟʤʘ 

ʢʠʤʙʝʨʣʠʪʦʚ ʧʨʦʠʟʦʰʣʘ ʤʦʙʠʣʠʟʘʮʠʷ ʣʘʥʪʘʥʠʜʦʚ ʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʝ ʠʭ ʤʠʥʝʨʘʣʦʚ ï ʦʨʪʠʪʘ, 

ʙʧʩʪʥʝʟʠʪʘ, ʧʘʨʠʟʠʪʘ, ʤʦʥʘʮʠʪʘ. ʇʦʵʪʦʤʫ ʠʟʦʪʦʧʥʳʡ Sm-Nd ʚʦʟʨʘʩʪ ʢʠʤʙʝʨʣʠʪʦʚ ʂʠʤʦʟʝʨʘ 

ï 1.76 ʤʣʨʜ. ʣʝʪ (ʄʘʭʦʪʢʠʥ, 2003) ʦʪʚʝʯʘʝʪ ʥʝ ʚʨʝʤʝʥʠ ʚʥʝʜʨʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ, ʘ ʚʨʝʤʝʥʠ ʠʭ 

ʤʝʪʘʤʦʨʬʠʟʤʘ, ʘ ʪʘʢʞʝ, ʚʝʨʦʷʪʥʦ, ʠ ʚʨʝʤʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ 

ʣʶʜʠʢʦʚʠʷ. ʕʪʦʡ ʦʮʝʥʢʝ ʚʦʟʨʘʩʪʘ ʥʠʟʢʦʛʨʘʜʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʦʪʚʝʯʘʝʪ ʬʘʢʪ ʥʘʣʠʯʠʷ ʛʘʣʝʢ 

ʭʘʣʮʝʜʦʥʘ ʚ ʙʘʟʘʣʴʥʦʤ ʛʦʨʠʟʦʥʪʝ ʰʦʢʰʠʥʩʢʦʡ ʩʚʠʪʳ ʚʝʧʩʠʷ (ʆʥʝʞʩʢʘʷé, 2011).  ʇʦ-

ʚʠʜʠʤʦʤʫ, ʤʝʞʜʫ ʚʨʝʤʝʥʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ ʠ ʚʨʝʤʝʥʝʤ ʝʸ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʘʟʨʳʚ, ʦʢʦʣʦ 200 ʤʣʥ. ʣʝʪ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 16-05-00241). 
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ɼʫʥʠʪʦʚʳʝ ʷʜʨʘ ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ, ʉʚʝʪʣʦʙʦʨʩʢʦʛʦ, ɺʝʨʝʩʦʚʦʙʦʨʩʢʦʛʦ ʠ 

ʂʘʤʝʥʫʰʝʥʩʢʦʛʦ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪ-ʜʫʥʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʷʚʣʷʶʪʩʷ ʢʦʨʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʜʣʷ ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ ʠ ʀʩʦʚʩʢʦ-ʊʫʨʠʥʩʢʦʛʦ ʨʦʩʩʳʧʥʳʭ ʫʟʣʦʚ (ɹʘʨʘʥʥʠʢʦʚ, ʆʩʦʚʝʮʢʠʡ, 

2014). ɺ ʧʨʝʜʝʣʘʭ ʜʫʥʠʪʦʚʳʭ ʷʜʝʨ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʢʦʧʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ 

(ʄʇɻ) ʦʪʤʝʯʝʥʳ ʪʦʣʴʢʦ ʚ ʭʨʦʤʠʪʠʪʘʭ. ʋʯʠʪʳʚʘʷ ʠʜʝʥʪʠʯʥʦʩʪʴ ʩʦʩʪʘʚʦʚ ʄʇɻ ʠʟ 

ʭʨʦʤʠʪʠʪʦʚ ʠ ʨʦʩʩʳʧʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪ-ʜʫʥʠʪʦʚʳʤʠ 

ʤʘʩʩʠʚʘʤʠ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʨʦʟʠʷ ʭʨʦʤʠʪ-ʧʣʘʪʠʥʦʚʳʭ ʨʫʜʥʳʭ ʟʦʥ 

ʧʨʠʚʦʜʠʣʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʣʘʪʠʥʳ (ʄʘʣʠʯ ʠ ʜʨ., 2015; 

ʉʪʝʧʘʥʦʚ ʠ ʜʨ., 2015; ʇʘʣʘʤʘʨʯʫʢ, 2016). ɼʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʄʇɻ ʠʟ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʭ ʠ ʚʥʦʚʴ ʚʳʷʚʣʝʥʥʳʭ 

ʭʨʦʤʠʪ-ʧʣʘʪʠʥʦʚʳʭ ʨʫʜʥʳʭ ʟʦʥ ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ, ʉʚʝʪʣʦʙʦʨʩʢʦʛʦ ʠ ɺʝʨʝʩʦʚʦʙʦʨʩʢʦʛʦ 

ʤʘʩʩʠʚʦʚ (ʄʘʣʠʯ ʠ ʜʨ., 2015) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʜʘʥʥʳʤʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʤʠʢʨʦʘʥʘʣʠʟʘ ʄʇɻ ʠʟ ʨʦʩʩʳʧʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʨʷʜ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ.  

ʇʨʠ ʘʥʘʣʠʟʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Pt-Fe ʤʠʥʝʨʘʣʦʚ ʠʟ ʭʨʦʤʠʪʠʪʦʚ ʠ ʨʦʩʩʳʧʝʡ 

ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʨʠʩ. 1ʘ) ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ Pt-Fe ʩʧʣʘʚʘ, ʙʣʠʟʢʦʛʦ ʧʦ 

ʩʪʝʭʠʦʤʝʪʨʠʠ Pt2Fe, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʞʝʣʝʟʠʩʪʦʡ ʧʣʘʪʠʥʳ (ʄʘʣʠʯ ʠ ʜʨ., 2015). ɼʣʷ 

ʉʚʝʪʣʦʙʦʨʩʢʦʛʦ ʠ ʂʘʤʝʥʫʰʝʥʩʢʦʛʦ ʤʘʩʩʠʚʦʚ (ʨʠʩ.1ʙ ʠ 1ʚ) ʚʳʷʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ Pt-Fe 

ʩʧʣʘʚʦʚ, ʙʣʠʟʢʠʭ ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʠ ʢ ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʝ (Pt3Fe). Pt-Fe ʤʠʥʝʨʘʣʳ ʠʟ ʶʞʥʦʡ 

ʯʘʩʪʠ ɺʝʨʝʩʦʚʦʙʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʨʠʩ. 1ʛ) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦ ʩʦʩʪʘʚʫ Pt3Fe; ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ʤʘʩʩʠʚʘ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ Pt-Fe ʩʧʣʘʚʘʭ ʚʦʟʨʘʩʪʘʝʪ ʠ ʩʪʘʥʦʚʠʪʩʷ ʙʣʠʟʢʦ ʢ ʩʪʝʭʠʦʤʝʪʨʠʠ 

Pt2Fe.  

ɼʣʷ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʪʝʪʨʘʬʝʨʨʦʧʣʘʪʠʥʳ (ʪʫʣʘʤʠʥʠʪ PtFe0.5Cu0.5, 

ʥʠʢʝʣʴʬʝʨʨʦʧʣʘʪʠʥʘ PtNi0.5Cu0.5, ʪʝʪʨʘʬʝʨʨʦʧʣʘʪʠʥʘ PtFe) ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʦʪʤʝʯʝʥʦ ʜʣʷ ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ ʠ ɺʝʨʝʩʦʚʦʙʦʨʩʢʦʛʦ ʤʘʩʩʠʚʦʚ. ʇʨʠ ʵʪʦʤ ʪʫʣʘʤʠʥʠʪ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚʦ ʚʩʝʭ ʠʟʫʯʘʝʤʳʭ ʤʘʩʩʠʚʘʭ. ʆʩʦʙʝʥʥʦʩʪʴ ɺʝʨʝʩʦʚʦʙʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ï 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʪʨʘʬʝʨʨʦʧʣʘʪʠʥʳ. ʍʘʨʘʢʪʝʨʥʘʷ ʯʝʨʪʘ ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ 

ʤʘʩʩʠʚʘ, ʦʪʣʠʯʘʶʱʘʷ ʝʛʦ ʦʪ ʦʩʪʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ, ï ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 

ʥʠʢʝʣʴʬʝʨʨʦʧʣʘʪʠʥʳ.  

ɺ Pt-Fe ʤʠʥʝʨʘʣʘʭ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʚʢʣʶʯʝʥʠʡ Os-Ir(-Ru) ʩʧʣʘʚʦʚ, Ru-

Os ʠ Ir-Rh ʩʫʣʴʬʠʜʦʚ. ʉʨʝʜʠ Os-Ir(-Ru) ʩʧʣʘʚʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʤʠʥʝʨʘʣʳ ʦʩʤʠʷ ʠ ʠʨʠʜʠʷ 

(Harris, Cabri, 1991). ɼʣʷ ʚʩʝʭ ʤʘʩʩʠʚʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʉʚʝʪʣʦʙʦʨʩʢʦʛʦ, ʚ ʧʦʜʯʠʥʝʥʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʦʙʥʘʨʫʞʝʥʳ Ru-Os ʩʫʣʴʬʠʜʳ ʨʷʜʘ ʣʘʫʨʠʪ (RuS2) ï ʵʨʣʠʢʤʘʥʠʪ (OsS2). ɺ Pt-Fe 

ʤʠʥʝʨʘʣʘʭ ʭʨʦʤʠʪʠʪʦʚ ʉʚʝʪʣʦʙʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚʢʣʶʯʝʥʠʷ ʣʘʫʨʠʪʘ, ʵʨʣʠʢʤʘʥʠʪʘ ʠ Ir-Rh 

ʩʫʣʴʬʠʜʦʚ ʨʷʜʘ ʢʘʰʠʥʠʪ (Ir2S3) ï ʙʦʫʠʪ (Rh2S3) ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ Os-Ir(-Ru) 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤʠ. 
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ʈʠʩʫʥʦʢ 1. ʉʦʩʪʘʚ Pt-Fe ʩʧʣʘʚʦʚ ʭʨʦʤʠʪʠʪʦʚ ʠ ʨʦʩʩʳʧʝʡ ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ (ʘ), 

ʉʚʝʪʣʦʙʦʨʩʢʦʛʦ (ʙ), ɺʝʨʝʩʦʚʦʙʦʨʩʢʦʛʦ (ʚ) ʠ ʂʘʤʝʥʫʰʝʥʩʢʦʛʦ (ʛ) ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪ-

ʜʫʥʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ.  

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʘʥʘʣʠʟʝ ʄʇɻ ʠʟ ʭʨʦʤʠʪʠʪʦʚ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪ-ʜʫʥʠʪʦʚʳʭ 

ʤʘʩʩʠʚʦʚ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʨʦʩʩʳʧʝʡ ʤʳ ʚʳʜʝʣʷʝʤ ʜʚʝ ʘʩʩʦʮʠʘʮʠʠ ʄʇɻ. 

ʇʝʨʚʘʷ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʜʣʷ ʅʠʞʥʝʪʘʛʠʣʴʩʢʦʛʦ ʠ ɺʝʨʝʩʦʚʦʙʦʨʩʢʦʛʦ ʤʘʩʩʠʚʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ Pt-Fe ʩʧʣʘʚʦʚ, ʙʣʠʟʢʠʭ ʧʦ ʩʦʩʪʘʚʫ ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʝ ʠ 

ʞʝʣʝʟʠʩʪʦʡ ʧʣʘʪʠʥʝ, ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʪʝʪʨʘʬʝʨʨʦʧʣʘʪʠʥʳ ʩ 

ʧʦʜʯʠʥʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʢʣʶʯʝʥʠʡ Os-Ru ʠ Ir-Rh ʩʫʣʴʬʠʜʦʚ. ɺʪʦʨʘʷ ʘʩʩʦʮʠʘʮʠʷ ʄʇɻ, 

ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʉʚʝʪʣʦʙʦʨʩʢʦʛʦ ʠ, ʚʦʟʤʦʞʥʦ, ʜʣʷ ʂʘʤʝʥʫʰʝʥʩʢʦʛʦ ʤʘʩʩʠʚʦʚ, ʦʪʣʠʯʘʝʪʩʷ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ Pt-Fe ʤʠʥʝʨʘʣʘ, ʧʦ ʩʪʝʭʠʦʤʝʪʨʠʠ ʙʣʠʟʢʦʛʦ ʢ ʩʦʩʪʘʚʫ ʠʟʦʬʝʨʨʦʧʣʘʪʠʥʳ, ʠ 

ʧʦʜʯʠʥʝʥʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʪʝʪʨʘʬʝʨʨʦʧʣʘʪʠʥʳ. ɺ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ 

ʚ Pt-Fe ʤʠʥʝʨʘʣʘʭ ʧʨʝʦʙʣʘʜʘʶʪ Ru-Os ʠ Ir-Rh ʩʫʣʴʬʠʜʳ. ʅʘʣʠʯʠʝ ʄʇɻ ʨʘʟʥʳʭ ʘʩʩʦʮʠʘʮʠʡ 

ʚ ʭʨʦʤʠʪʠʪʘʭ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪ-ʜʫʥʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʠ ʨʦʩʩʳʧʷʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʥʳʝ 
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ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʜʫʥʠʪʦʚʳʭ ʷʜʝʨ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʠ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʪʩʫʪʩʪʚʠʝʤ ʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ ʜʫʥʠʪʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ʜʫʥʠʪʦʚʦʛʦ ʷʜʨʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʋʨʆ ʈɸʅ (ʧʨʦʝʢʪ 15-18-5-34) ʠ ʈʌʌʀ 

(ʧʨʦʝʢʪ 16-05-00967-ʘ). 
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ɽʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʧʣʦʪʥʦʩʪʠ ʘʩʪʨʦʙʣʝʤ ʚ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʭ ʨʘʡʦʥʘʭ ʤʠʨʘ, ʨʝʟʝʨʚ 

ʥʝʦʪʢʨʳʪʳʭ ʦʙʲʝʢʪʦʚ ʪʘʢʦʛʦ ʨʦʜʘ ʚ ʈʦʩʩʠʠ ʠʩʯʠʩʣʷʝʪʩʷ ʩʦʪʥʷʤʠ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦ 

ʜʣʷ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʠ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʳʭ, ʧʦʤʠʤʦ ʩʨʝʜʥʠʭ 

ʢʨʘʪʝʨʦʚ ʂʦʛʨʘʤ (50 ʢʤ) ʠ ʃʘʙʳʥʢʳʨ (60 ʢʤ?) ʚ ʗʢʫʪʠʠ, ʠʟʚʝʩʪʥʳ ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ ʤʝʣʢʠʝ 

ʠʤʧʘʢʪʥʳʝ ʢʨʘʪʝʨʳ: ʕʣʴʛʳʛʳʪʛʳʥ, ʉʦʙʦʣʝʚʩʢʘʷ ʠ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʘʷ ʛʨʫʧʧʳ ʚʦʨʦʥʦʢ 

(ɻʝʦʣʦʛʠʷ.., 1980; ɻʠʛʘʥʪʩʢʠʝ.., 1994; ɿʝʡʣʠʢ, 1978). ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʉʠʙʠʨʠ ʠ 

ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ ʧʨʦʠʟʦʰʣʠ ʢʨʫʧʥʝʡʰʠʝ ʚ ʤʠʨʝ ʢʦʩʤʦʛʝʥʥʳʝ ʩʦʙʳʪʠʷ ʢʘʢ XX ʚʝʢʘ, ʪʘʢ ʠ 

ʚʩʝʛʦ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ: ʊʫʥʛʫʩʩʢʦʝ ï 1908 ʛ., ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʝ ï 1947 ʛ., ʊʘʜʘʩʠʤʘ ï 

1975 ʛ., ʄʘʥʯʞʫʨʩʢʦʝ ï 1976 ʛ., ɺʠʪʠʤʩʢʦʝ ï 2002 ʛ. ʠ ʨʷʜ ʜʨʫʛʠʭ (ʄʝʪʝʦʨʠʪʥʳʝ.., 1984; 

ʉʫʰʢʠʥ, ʌʝʜʦʨʝʥʢʦ, 1999; ʂʫʟʦʚʢʦʚ, 2002; ʉʫʰʢʠʥ, 2004ʘ; ɺʠʰʥʝʚʩʢʠʡ, 2007).  

ʇʘʜʝʥʠʝ ʚ 1947 ʛ. ʥʘ ʩʝʚʝʨʝ ʇʨʠʤʦʨʴʷ ʢʨʫʧʥʦʛʦ ʞʝʣʝʟʥʦʛʦ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ 

ʤʝʪʝʦʨʠʪʘ ʩʪʘʣʦ ʚʪʦʨʳʤ ʚ ʤʠʨʝ ʧʦ ʤʘʩʰʪʘʙʫ ʢʦʩʤʦʛʝʥʥʳʤ ʩʦʙʳʪʠʝʤ XX ʚʝʢʘ (ʂʨʠʥʦʚ, 

1981), ʧʦʣʫʯʠʚʰʠʤ ʙʦʣʴʰʦʡ ʨʝʟʦʥʘʥʩ. ʆʥʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʧʘʜʝʥʠʝʤ ʚ ʗʧʦʥʩʢʦʤ ʤʦʨʝ 

ʢʘʤʝʥʥʦʛʦ ʤʝʪʝʦʨʠʪʘ ʊʘʜʘʩʠʤʘ ʤʘʩʩʦʡ ʦʢʦʣʦ 100 ʪ. ʍʘʙʘʨʦʚʩʢʠʝ ʘʚʠʘʪʦʨʳ ʠ ʛʝʦʣʦʛʠ 

ʧʝʨʚʳʤʠ ʧʨʠʙʳʣʠ ʥʘ ʤʝʩʪʦ ʧʘʜʝʥʠʷ ʉʠʭʦʪʵ-ɸʣʠʥʴʩʢʦʛʦ ʤʝʪʝʦʨʠʪʘ, ʦʙʥʘʨʫʞʠʣʠ ʠ ʠʟʚʣʝʢʣʠ 

ʝʛʦ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʬʨʘʛʤʝʥʪʳ, ʩʪʘʚʰʠʝ ʦʩʥʦʚʦʡ ʠ ʛʦʨʜʦʩʪʴʶ ʫʥʠʢʘʣʴʥʦʡ ʤʝʪʝʦʨʠʪʥʦʡ 

ʢʦʣʣʝʢʮʠʠ ʈɸʅ ʚ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʤʫʟʝʝ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʣʫʯʰʠʭ ʤʫʟʝʷʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʩʪʦʨʠʠ ʉʐɸ (ɺʘʰʠʥʛʪʦʥʘ, ʅʴʶ-ʁʦʨʢʘ ) ʠ ʜʨ. ʩʪʨʘʥ. 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʷʨʢʠʭ ʠ ʤʘʩʰʪʘʙʥʳʭ ʩʪʨʫʢʪʫʨ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ 

ʍʘʙʘʨʦʚʩʢʘʷ ʢʦʣʴʮʝʚʘʷ ʤʦʨʬʦʩʪʨʫʢʪʫʨʘ ʘʩʪʨʦʙʣʝʤʘ (?) çɼʝʨʩʫè ʜʠʘʤʝʪʨʦʤ 100õ300 ʢʤ, 

ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʡ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʨʝʣʴʝʬʝ ʩʠʤʤʝʪʨʠʯʥʳʤʠ 

ʜʨʫʛ ʜʨʫʛʫ ʜʫʛʦʦʙʨʘʟʥʳʤʠ ʭʨʝʙʪʘʤʠ ʍʝʭʮʠʨ ʠ ɺʘʥʜʘʥ. ʅʘʨʷʜʫ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʫʜʘʨʥʳʤ 

ʢʨʘʪʝʨʦʤ ʜʠʘʤʝʪʨʦʤ 100 ʢʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʨʝʣʴʝʬʝ ʠ ʛʠʜʨʦʩʝʪʠ ʷʩʥʦ ʚʠʜʥʳ ʩʝʛʤʝʥʪʳ 

ʚʥʝʰʥʝʛʦ ʢʦʣʴʮʘ ʜʠʘʤʝʪʨʦʤ 280ï300 ʢʤ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʪʘ ʢʨʫʧʥʘʷ ʢʦʣʴʮʝʚʘʷ 

ʤʦʨʬʦʩʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʝʱʝ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʢʦʣʴʮʝʚʦʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʝ (ʪʝʣʝʩʢʦʧʠʨʦʚʘʥʥʦʝ) 

ʩʪʨʦʝʥʠʝ. ʉɿ ʩʝʢʪʦʨ ʍʘʙʘʨʦʚʩʢʦʡ ʂʄʉ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥ ʜʫʛʦʦʙʨʘʟʥʳʤʠ ʜʦʣʠʥʘʤʠ ʨʝʢ 

ʂʫʨ, ʋʨʤʠ, ʍʘʨʧʠ, ʂʫʢʘʥ, ʀʥ, ɸʫʨ ʠ ʂʫʢʘʥʩʢʠʤ ʭʨʝʙʪʦʤ, ʦʥ ʯʘʩʪʠʯʥʦ ʦʭʚʘʪʳʚʘʝʪ ʠ 

ʪʝʨʨʠʪʦʨʠʶ ɽɸʆ. ʏʘʩʪʴ ʖɿ ʩʝʢʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʠʟʣʫʯʠʥʝ ʨ. ɸʤʫʨʘ ʠ ʋʩʩʫʨʠ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʂʅʈ ʤʘʩʩʠʚʦʤ ʛʦʨʳ ʀʣʠʛʘʰʘʥʴ, ʨʘʡʦʥ ʛʦʨʦʜʘ ʌʫʶʘʥʴ (ʉʫʰʢʠʥ, 1999, 2004ʘ,ʙ, 

2009). 

ʂʦʩʤʦʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʍʘʙʘʨʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʝʝ ʭʘʦʪʠʯʝʩʢʠʤ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ, ʧʨʠʟʥʘʢʘʤʠ ʫʜʘʨʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʥʘʭʦʜʢʘʤʠ ʚ 

ʝʝ ʧʨʝʜʝʣʘʭ ʤʝʪʝʦʨʠʪʥʦʛʦ ʞʝʣʝʟʘ, ʩʬʝʨʦʣʣʦʠʜʦʚ ʞʝʣʝʟʘ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʝʝ ʦʙʨʘʤʣʝʥʠʷ, 

ʩʦʚʧʘʜʘʶʱʝʡ ʩ ʥʝʡ ʚʳʩʦʢʦʢʦʥʪʨʘʩʪʥʦʡ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʝʡ ʞʝʣʝʟʘ, ʟʘʢʦʥʦʤʝʨʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʦʢʨʫʛ ʥʝʝ ʚ ʦʙʦʛʘʱʝʥʥʳʭ ʫʛʣʝʨʦʜʦʤ ʠ ʞʝʣʝʟʦʤ ʦʪʣʦʞʝʥʠʷʭ ʠʜʝʥʪʠʯʥʦʛʦ 

ʚʦʟʨʘʩʪʘ ʤʘʩʩʦʚʳʭ ʟʘʭʦʨʦʥʝʥʠʡ ʦʩʪʘʥʢʦʚ ʜʠʥʦʟʘʚʨʦʚ (ʛʘʜʨʦʟʘʚʨʦʚ), ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʙʝʩʧʨʝʮʝʜʝʥʪʥʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʨʠʜʠʷ: ɹʣʘʛʦʚʝʱʝʥʩʢʦʝ, ɸʩʪʘʰʠʭʠʥʩʢʦʝ, ɹʝʣʳʝ 

ʂʨʫʯʠ (ʃʫʥʴ-ɻʫ-ʐʘʥʴ, ʂʅʈ), ɻʠʣʴʯʠʥʩʢʦʝ, ʂʫʥʜʫʨʩʢʦʝ, ɿʘʧʘʜʥʦ-ʉʘʭʘʣʠʥʩʢʦʝ 

(ʉʠʥʝʛʦʨʩʢʦʝ), ʆʶʙʘʨʠ (ʗʧʦʥʠʷ) (ʌʝʣʴʜʤʘʥ, 1990; ʉʫʰʢʠʥ, 2004ʘ,ʙ). ɺ ʮʝʥʪʨʝ ʩʪʨʫʢʪʫʨʳ 

ʥʘʡʜʝʥʳ ʤʝʣʢʠʝ ʞʝʣʝʟʥʳʝ ʤʝʪʝʦʨʠʪʳ ʍʘʙʘʨʦʚʩʢ, ʉʦʩʥʦʚʢʘ ʠ ʜʨ. (ʨʠʩ. 1, 2). ɿʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʤʝʪʝʦʨʠʪʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʝʨʦʷʪʥʦ, ʩʢʨʳʪʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʜʘʨʥʦ-

ʚʟʨʳʚʥʦʛʦ ʢʨʘʪʝʨʘ ʛʣʫʙʠʥʦʡ 150ï500 ʤ (!), ʠ ʚ ʭʘʦʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʟʘʢʨʘʪʝʨʥʳʭ 

ʚʳʙʨʦʩʦʚ. 

ʅʝʩʢʦʣʴʢʦ ʤʝʣʢʠʭ ʠ ʩʨʝʜʥʠʭ ʞʝʣʝʟʥʳʭ ʤʝʪʝʦʨʠʪʦʚ ʙʳʣʠ ʥʘʡʜʝʥʳ ʩʪʘʨʘʪʝʣʷʤʠ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʚ ʗʢʫʪʠʠ, ʄʘʛʘʜʘʥʩʢʦʡ 

ʦʙʣʘʩʪʠ ʠ ʥʘ ʏʫʢʦʪʢʝ. ɺ 1991 ʛʦʜʫ ʭʘʙʘʨʦʚʩʢʠʤʠ ʛʝʦʣʦʛʘʤʠ ʥʘ ʢʨʘʡʥʝʤ ʟʘʧʘʜʝ ɸʤʫʨʩʢʦʡ 
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ʦʙʣʘʩʪʠ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ ʪʘʡʛʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʚʝʩʴʤʘ ʥʝʦʙʳʯʥʳʡ ʧʦ 

ʬʦʨʤʝ ʞʝʣʝʟʥʳʡ ʤʝʪʝʦʨʠʪ ʋʩʪʴ-ʅʶʢʞʘ (ʝʛʦ ʠʩʭʦʜʥʦʝ ʥʘʟʚʘʥʠʝ ï ʖʢʪʘʣʠ ï ʙʳʣʦ ʜʘʥʦ ʧʦ 

ʙʣʠʞʘʡʰʝʡ ʞ/ʜ ʩʪʘʥʮʠʠ ʊʨʘʥʩʩʠʙʘ). ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʦʩʢʠʡ ʠʟʦʤʝʪʨʠʯʥʳʡ ʜʠʩʢ 

ʪʦʣʱʠʥʦʡ 10ï15 ʩʤ ʩ ʥʝʙʦʣʴʰʠʤ, ʨʘʟʤʝʨʦʤ ʩ ʢʫʣʘʢ, ʦʪʚʝʨʩʪʠʝʤ ʚ ʮʝʥʪʨʝ. ʉʝʡʯʘʩ ʵʪʦʪ 

ʤʝʪʝʦʨʠʪ ʥʘʭʦʜʠʪʩʷ ʚ ʆʙʣʘʩʪʥʦʤ ʢʨʘʝʚʝʜʯʝʩʢʦʤ ʤʫʟʝʝ ʛʦʨʦʜʘ ɹʣʘʛʦʚʝʱʝʥʩʢʘ ʠ ʧʦʣʴʟʫʝʪʩʷ 

ʧʦʚʳʰʝʥʥʳʤ ʚʥʠʤʘʥʠʝʤ ʛʨʘʞʜʘʥ ʠ ʪʫʨʠʩʪʦʚ ʠʟ ʩʦʩʝʜʥʝʡ ʂʅʈ. 

ʉ ʵʪʦʛʦ 2016 ʛʦʜʘ ʇʨʠʘʤʫʨʴʝ ʩʪʘʥʦʚʠʪʩʷ ʤʝʩʪʦʤ ʛʣʘʚʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠ, ʚʝʨʦʷʪʥʦ, 

ʤʥʦʛʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʪʘʨʪʦʚ, ʯʪʦ ʜʦʣʞʥʦ ʧʦʩʣʫʞʠʪʴ ʪʦʣʯʢʦʤ ʜʣʷ ʙʦʣʝʝ 

ʘʢʪʠʚʥʳʭ ʢʦʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʩʝʡ ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ ʠ 

ʩʦʧʨʝʜʝʣʴʥʳʭ ʩʪʨʘʥ. 

ɸʚʪʦʨ ʧʦʩʚʷʱʘʝʪ ʩʚʦʠ ʩʢʨʦʤʥʳʝ ʪʝʟʠʩʳ 260-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʚʳʜʘʶʱʝʛʦʩʷ 

ʥʝʤʝʮʢʦʛʦ ʬʠʟʠʢʘ ʠ ʝʩʪʝʩʪʚʦʠʩʧʳʪʘʪʝʣʷ ʕʨʥʩʪʘ ʌʣʦʨʝʥʩʘ ʍʣʘʜʥʠ ï ʧʝʨʚʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ  

ʩʠʙʠʨʩʢʦʛʦ ʤʝʪʝʦʨʠʪʘ çʇʘʣʣʘʩʦʚʦ ɾʝʣʝʟʦè ʠ ʦʩʥʦʚʘʪʝʣʷ ʥʘʫʢʠ ʤʝʪʝʦʨʠʪʠʢʠ. 

ɸʚʪʦʨ ʪʘʢʞʝ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʩʦʪʨʫʜʥʠʮʝ ʅʀʀ ɻɽʆʍʀ ʈɸʅ 

ɸʥʥʝ ʗʢʦʚʣʝʚʥʝ ʉʢʨʠʧʥʠʢ, ʣʶʙʝʟʥʦ ʧʦʟʥʘʢʦʤʠʚʰʝʡ ʝʛʦ ʩ ʄʫʟʝʝʤ ʚʥʝʟʝʤʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʈɸʅ. 
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ɺ 80 ʛʦʜʘʭ XX ʚʝʢʘ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʤʠʨ ʫʟʥʘʣ ʦʙ ʦʪʢʨʳʪʠʠ ʣʝʤʝʟʠʪʦʚ ʠ ʫʚʠʜʝʣ ʵʪʠ 

ʮʚʝʪʥʳʝ ʢʨʝʤʦʚʦ-ʙʫʨʦʚʘʪʦ-ʢʨʘʩʥʳʝ ʧʦʨʦʜʳ, ʠʤʝʶʱʠʝ ʦʯʘʨʦʚʳʚʘʶʱʠʡ ʠ ʥʝʧʦʚʪʦʨʷʶʱʠʡʩʷ 

ʨʠʩʫʥʦʢ ʥʘ ʩʧʠʣʘʭ ʧʦʨʦʜ. ʆʙʨʘʟʮʳ ʠ ʧʦʣʠʨʦʚʢʠ ʣʝʤʝʟʠʪʦʚ ʧʦʷʚʠʣʠʩʴ ʚʦ ʤʥʦʛʠʭ ʤʫʟʝʷʭ ʠ ʫ 

ʣʶʙʠʪʝʣʝʡ ʢʘʤʥʷ. ʉʚʦʝ ʥʘʟʚʘʥʠʝ ʵʪʠ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʧʦʣʫʯʠʣʠ ʧʦ ʤʝʩʪʫ ʠʭ ʥʘʭʦʜʢʠ ʚ 

ʞʠʚʦʧʠʩʥʦʡ ʩ ʘʣʴʧʠʡʩʢʠʤʠ ʣʘʥʜʰʘʬʪʘʤʠ ʜʦʣʠʥʝ ʨʝʢʠ ʃʝʤʝʟʘ, ʢʦʪʦʨʘʷ ʧʨʦʪʝʢʘʝʪ ʥʘ ʖʞʥʦʤ 

ʋʨʘʣʝ ʚ ʫʜʘʣʝʥʥʦʤ ʫʛʦʣʢʝ ʂʘʪʘʚ-ʀʚʘʥʦʚʩʢʦʛʦ ʨʘʡʦʥʘ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʩ 

ɹʘʰʢʦʨʪʦʩʪʘʥʦʤ. ʇʦ ʩʫʪʠ ʣʝʤʝʟʠʪʳ ï ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʠʟʚʝʩʪʢʦʚʳʝ ʩʣʦʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ ʬʦʩʩʠʣʠʟʘʮʠʠ 

ʮʠʘʥʦʙʠʦʥʪʦʚ, ʞʠʚʰʠʭ ʚ ʩʠʤʙʠʦʟʝ ʩ ʙʘʢʪʝʨʠʷʤʠ ʠ ʚʦʜʦʨʦʩʣʷʤʠ (ɼʘʥʫʢʘʣʦʚʘ, 2009) ʚ 

ʧʦʟʜʥʝʤ ʧʨʦʪʝʨʦʟʦʝ. ʉʘʤʠ ʩʪʨʦʤʘʪʦʣʠʪʳ ï ʢʘʨʙʦʥʘʪʥʳʝ ʥʘʨʦʩʪʳ ʩ ʥʝʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ 

ʩʣʦʞʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʚʦʟʥʠʢʘʣʠ ʥʘ ʤʦʨʩʢʦʤ ʜʥʝ ʚ ʤʝʣʢʦʚʦʜʴʝ ʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʩʤʝʥʦʡ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ. ʆʧʠʩʘʥʥʳʝ ʚʧʝʨʚʳʝ ʀ.ɺ. ʄʫʰʢʝʪʦʚʳʤ ʚ 1877 ʛ. ʥʘ ʖʞʥʦʤ ʋʨʘʣʝ 

(ʇʦʧʦʚ, 2008) ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ ʠʤʝʶʪ ʦʙʳʯʥʦ ʩʝʨʳʡ ʮʚʝʪ ʨʘʟʥʳʭ ʦʪʪʝʥʢʦʚ, ʠʟ-ʟʘ 

ʯʝʛʦ ʩʘʤʠ ʩʪʨʦʤʘʪʦʣʠʪʳ ʩ ʪʨʫʜʦʤ ʫʜʘʝʪʩʷ ʨʘʟʛʣʷʜʝʪʴ ʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘ ʩʚʝʞʝʤ ʩʢʦʣʝ ʧʦʨʦʜʳ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʥʘ ʚʳʚʝʪʨʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʨʦʜʳ ʠ ʟʘʪʝʤ ʧʨʠ 

ʚʥʠʤʘʪʝʣʴʥʦʤ ʝʝ ʠʟʫʯʝʥʠʠ. ʉʪʨʦʤʘʪʦʣʠʪʳ ʠʤʝʶʪ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʝʝ, ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʠ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʇʣʘʩʪʳ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʜʦʣʦʤʠʪʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʝʦʣʦʛʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʘʪʦʪʠʧʦʚ ʧʨʠ ʨʘʩʯʣʝʥʝʥʠʠ ʠ ʢʦʨʨʝʣʷʮʠʠ 

ʚʝʨʭʥʝʨʠʬʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʖʞʥʦʤ ʋʨʘʣʝ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʨʝʚʥʠʭ 

ʦʙʩʪʘʥʦʚʦʢ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ.  

ʃʝʤʝʟʠʪʳ ʙʳʣʠ ʥʘʡʜʝʥʳ ʚ 1975 ʛʦʜʫ ʦʪʨʷʜʦʤ ʶʥʳʭ ʛʝʦʣʦʛʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ɺʣʘʜʠʤʠʨʘ ʀʚʘʥʦʚʠʯʘ ʖʨʦʚʩʢʦʛʦ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʚ ʫʜʘʣʝʥʥʦʤ ʨʘʡʦʥʝ 

ʦʙʣʘʩʪʠ. ʇʦ ʩʦʚʝʪʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʛʝʦʣʦʛʦʚ ï ʩʫʜʝʡ ʦʙʣʘʩʪʥʦʛʦ ʩʣʝʪʘ ʶʥʳʭ ʛʝʦʣʦʛʦʚ, 

ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ ʦʬʦʨʤʠʣ ʟʘʷʚʢʫ. ɺ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ 1977 ʛ. ʛʝʦʣʦʛʦʤ ʄʫʨʟʠʥʩʢʦʡ ɻʇʇ 

ʄʘʪʘʬʘʥʦʚʳʤ ɺ.ɸ. ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʘʢʪ ʦʙ ʦʪʢʨʳʪʠʠ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʢʦʪʦʨʳʝ 

ʙʳʣʠ ʚʳʩʦʢʦ ʦʮʝʥʝʥʳ ʢʘʢ ʦʙʣʠʮʦʚʦʯʥʳʡ ʠ ʧʦʜʝʣʦʯʥʳʡ ʢʘʤʝʥʴ. ʉʧʫʩʪʷ ʜʝʩʷʪʠʣʝʪʠʝ ʚ 1986ï

1994 ʛʦʜʘʭ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʠ ʜʝʪʘʣʴʥʘʷ ʨʘʟʚʝʜʢʘ ʃʝʤʝʟʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ ʟʘʣʝʛʘʶʪ ʥʘ ʢʦʥʪʘʢʪʝ 

ʟʠʣʴʤʝʨʜʘʢʩʢʦʡ (R3zl)  ʠ ʢʘʪʘʚʩʢʦʡ (R3kt) ʩʚʠʪ ʢʘʨʘʪʘʫʩʢʦʡ ʩʝʨʠʠ ʚ ʙʝʜʝʨʳʰʠʥʩʢʦʡ ʧʦʜʩʚʠʪʝ 

(ɻʝʦʣ. ʢʘʨʪʘé., 2001) ʚ ʚʠʜʝ ʝʜʠʥʦʛʦ ʧʦʣʦʛʦʧʘʜʘʶʱʝʛʦ ʧʣʘʩʪʘ (ʧʦʜ ʫʛʣʦʤ 8ï20
ʦ
) ʤʦʱʥʦʩʪʴʶ 

ʦʪ ʧʝʨʚʳʭ ʤʝʪʨʦʚ ʜʦ 63 ʤ ʚ ʨʘʟʜʫʚʘʭ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʮʝʤʝʥʪʘ ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʜʝʢʦʨʘʪʠʚʥʳʝ ʠ ʚʳʩʦʢʦʜʝʢʦʨʘʪʠʚʥʳʝ ʣʝʤʝʟʠʪʳ, ʢʦʪʦʨʳʝ ʠʟ-ʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʨʠʤʝʩʠ ʛʠʜʨʦʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʙʳʯʥʳʭ ʩʝʨʳʭ 

ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʧʦʨʦʜ ʧʝʩʪʨʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʦʢʨʘʩʢʦʡ, ʢʨʘʩʠʚʳʤ ʢʦʥʪʨʘʩʪʥʳʤ 

ʨʠʩʫʥʢʦʤ. ʅʘ ʩʨʝʟʘʭ ʧʦʣʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʨʦʜʳ, ʦʩʦʙʝʥʥʦ ʥʘ ʬʦʪʦʛʨʘʬʠʷʭ, ʤʦʞʥʦ 

ʫʚʠʜʝʪʴ ʦʙʲʝʤʥʫʶ ʢʘʨʪʠʥʫ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʧʦʩʪʨʦʝʢ. 

ʊʝʨʨʠʪʦʨʠʘʣʴʥʘʷ ʢʦʤʠʩʩʠʷ ʧʦ ʟʘʧʘʩʘʤ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʨʠ ʏʝʣʷʙʠʥʩʢʦʤ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤ ʢʦʤʠʪʝʪʝ ʧʦ ʵʢʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʚ ʤʘʝ 1995 ʛʦʜʘ ʫʪʚʝʨʜʠʣʘ 

ʟʘʧʘʩʳ ʦʙʣʠʮʦʚʦʯʥʳʭ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʚ ʢʦʣʠʯʝʩʪʚʝ ɸ+ɺ+ʉ ʦʢʦʣʦ 9 ʤʣʥ ʢʫʙ. 

ʤʝʪʨʦʚ ʠ ʦʪʤʝʪʠʣʘ ʧʨʠʦʨʠʪʝʪʥʫʶ ʨʦʣʴ ʂʣʫʙʘ ʶʥʳʭ ʛʝʦʣʦʛʦʚ ʛ. ʉʘʪʢʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ɺ.ʀ. ʖʨʦʚʩʢʦʛʦ ʚ ʠʭ ʦʪʢʨʳʪʠʠ. çʈʝʰʝʥʠʝʤ ʢʦʣʣʝʛʠʠ ʢʦʤʠʪʝʪʘ ʈʌ ʧʦ ʛʝʦʣʦʛʠʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝʜʨ ʦʪ 24.08.1995 ʛ. ʟʘ ʦʪʢʨʳʪʠʝ ʃʝʤʝʟʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʜʝʢʦʨʘʪʠʚʥʳʭ ʦʙʣʠʮʦʚʦʯʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʢʨʫʞʦʢ ʶʥʳʭ ʛʝʦʣʦʛʦʚ ʧʨʠ ɼʦʤʝ ʜʝʪʩʢʦʛʦ 

ʪʚʦʨʯʝʩʪʚʘ ʛ. ʉʘʪʢʠ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʛʨʘʞʜʝʥ ʜʠʧʣʦʤʦʤ (ˉ 3027) ʠ ʥʘʛʨʫʜʥʳʤ 
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ʟʥʘʢʦʤ çʇʝʨʚʦʦʪʢʨʳʚʘʪʝʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷè. ɼʠʧʣʦʤ ʙʳʣ ʧʦʜʧʠʩʘʥ ʟʘʤʝʩʪʠʪʝʣʝʤ 

ʧʨʝʜʩʝʜʘʪʝʣʷ ʈʦʩʢʦʤʥʝʜʨ ɺ.ɹ. ʄʘʟʫʨʦʤ. ʂ ʜʠʧʣʦʤʫ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʪʘʢʞʝ ʚʦʟʥʘʛʨʘʞʜʝʥʠʝ 

ʚ ʨʘʟʤʝʨʝ 20 ʤʣʥ ʨʫʙʣʝʡ. 

ʊʘʢʦʝ ʧʦʯʝʪʥʦʝ ʟʚʘʥʠʝ çʇʝʨʚʦʦʪʢʨʳʚʘʪʝʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷè, ʦ ʢʦʪʦʨʦʤ ʤʝʯʪʘʝʪ 

ʢʘʞʜʳʡ ʛʝʦʣʦʛ, ʧʦʣʫʯʠʣ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ ʖʨʦʚʩʢʠʡ. ʆʥ ʨʦʜʠʣʩʷ 12 ʠʶʣʷ 1933 ʛ. ʚ 

ʧʦʩʝʣʢʝ ʉʝʚʝʨʥʳʡ ʨʫʜʥʠʢ ʛ. ʂʦʧʝʡʩʢʘ ʚ ʩʝʤʴʝ ʨʘʙʦʯʝʛʦ ʠ ʨʦʩ ʩʤʳʰʣʝʥʳʤ ʣʶʙʦʟʥʘʪʝʣʴʥʳʤ 

ʤʘʣʴʯʠʢʦʤ, ʤʝʯʪʘʣ ʦ ʜʘʣʴʥʠʭ ʩʪʨʘʥʘʭ ʠ ʧʫʪʝʰʝʩʪʚʠʷʭ. ʅʦ ʚ ʪʨʫʜʥʳʝ ʚʦʝʥʥʳʝ ʛʦʜʳ ʚ 

ʚʦʟʨʘʩʪʝ ʦʜʠʥʥʘʜʮʘʪʠ ʣʝʪ ʦʥ ʧʦʪʝʨʷʣ ʜʚʝ ʨʫʢʠ ʧʦ ʣʦʢʦʪʴ, ʠ ʝʤʫ ʧʨʠʰʣʦʩʴ ʧʨʝʦʜʦʣʝʚʘʪʴ 

ʚʦʟʥʠʢʰʠʝ ʪʨʫʜʥʦʩʪʠ: ʫʯʠʪʴʩʷ ʧʠʩʘʪʴ, ʣʠʩʪʘʪʴ ʢʥʠʛʠ ʠ ʪʝʪʨʘʜʠ, ʚʩʝ ʜʝʣʘʪʴ ʩʘʤʦʤʫ ʩ 

ʧʦʤʦʱʴʶ ʦʩʪʘʚʰʠʭʩʷ ʚʳʰʝ ʣʦʢʪʝʡ ʯʘʩʪʝʡ ʨʫʢ. ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ ʥʝ ʪʦʣʴʢʦ ʫʩʧʝʰʥʦ 

ʟʘʢʦʥʯʠʣ ʩʨʝʜʥʶʶ ʰʢʦʣʫ ʠ ʠʩʪʦʨʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʧʝʜʠʥʩʪʠʪʫʪʘ, ʥʦ ʦʥ ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʣʩʷ 

ʦʙʱʝʩʪʚʝʥʥʦʡ ʨʘʙʦʪʦʡ, ʙʳʣ ʩʝʢʨʝʪʘʨʝʤ ʢʦʤʠʪʝʪʘ ʢʦʤʩʦʤʦʣʘ ʚ ʰʢʦʣʝ ʠ ʥʘ ʬʘʢʫʣʴʪʝʪʝ, 

ʟʘʢʦʥʯʠʣ ʢʫʨʩʳ ʠʥʩʪʨʫʢʪʦʨʦʚ ʧʦ ʪʫʨʠʟʤʫ ʠ ʚ ʣʝʪʥʠʝ ʢʘʥʠʢʫʣʳ ʨʘʙʦʪʘʣ ʠʥʩʪʨʫʢʪʦʨʦʤ ʥʘ 

ʀʣʴʤʝʥʩʢʦʡ ʠ ʋʨʘʣʴʩʢʦʡ ʪʫʨʙʘʟʘʭ, ʟʘʥʠʤʘʣʩʷ ʩʧʦʨʪʦʤ ʠ ʪʫʨʠʟʤʦʤ. ʆʥ ʨʘʙʦʪʘʣ ʫʯʠʪʝʣʝʤ 

ʠʩʪʦʨʠʠ ʚ ʚʝʯʝʨʥʝʡ ʠ ʩʨʝʜʥʝʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʰʢʦʣʘʭ ʛʦʨʦʜʘ ʉʘʪʢʠ, ʞʝʥʠʣʩʷ ʠ ʚʤʝʩʪʝ ʩ 

ʞʝʥʦʡ ï ʫʯʠʪʝʣʝʤ, ʚʦʩʧʠʪʘʣ ʩʳʥʘ ʠ ʜʦʯʢʫ. ʇʦʟʜʥʝʝ ʦʥ ʚʢʣʶʯʠʣʩʷ ʚ ʨʘʙʦʪʫ ʩʥʘʯʘʣʘ 

ʶʥʦʰʝʩʢʦʛʦ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ, ʘ ʟʘʪʝʤ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ. ʄʘʩʩʦʚʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʧʦʭʦʜʳ ʚ ʉʘʪʢʝ ʥʘʯʘʣʠʩʴ ʩ 1966 ʛʦʜʘ, ʮʝʥʪʨʦʤ ʠʭ ʧʦʜʛʦʪʦʚʢʠ ʙʳʣ ɼʦʤ ʧʠʦʥʝʨʦʚ ʠ 

ʰʢʦʣʴʥʠʢʦʚ, ʛʜʝ ʢʨʫʞʢʦʤ ʶʥʳʭ ʛʝʦʣʦʛʦʚ ʨʫʢʦʚʦʜʠʣ ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ. ʆʥ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʩʚʘʠʚʘʣ ʚʩʝ ʥʘʧʨʘʚʣʝʥʠʷ ʛʝʦʣʦʛʠʠ: ʤʠʥʝʨʘʣʦʛʠʶ, ʧʝʪʨʦʛʨʘʬʠʶ, 

ʩʪʨʘʪʠʛʨʘʬʠʶ ʠ ʜʨ., ʚʢʣʶʯʘʷ ʧʦʜʛʦʪʦʚʢʫ ʪʦʧʦʛʨʘʬʦʚ, ʨʘʜʠʦʤʝʪʨʠʩʪʦʚ ʠ ʛʠʜʨʦʛʝʦʣʦʛʦʚ, ʠ 

ʫʯʠʣ ʵʪʦʤʫ ʜʝʪʝʡ. ʇʦʩʣʝ ʦʪʢʨʳʪʠʷ ʣʝʤʝʟʠʪʦʚ, ʧʦʣʠʨʦʚʢʠ ʠʟ ʢʦʪʦʨʳʭ ʧʦʨʘʞʘʣʠ ʢʨʘʩʦʪʦʡ ʠ 

ʥʝʧʦʚʪʦʨʠʤʦʩʪʴʶ ʨʠʩʫʥʢʘ, ɺʣʘʜʠʤʠʨ ʀʚʘʥʦʚʠʯ ʩʧʨʦʝʢʪʠʨʦʚʘʣ ʩʚʦʶ ʢʘʤʥʝʨʝʟʥʫʶ 

ʤʘʩʪʝʨʩʢʫʶ ʠ ʚʤʝʩʪʝ ʩ ʜʝʪʴʤʠ ʩʦʙʨʘʣ ʢʘʤʥʝʨʝʟʥʳʡ, ʰʣʠʬʦʚʘʣʴʥʳʡ ʠ ʧʦʣʠʨʦʚʦʯʥʳʡ ʩʪʘʥʢʠ, 

ʢʦʪʦʨʳʝ ʧʨʦʨʘʙʦʪʘʣʠ ʙʦʣʝʝ 20 ʣʝʪ. ʂʘʤʥʝʨʝʟʥʳʤ ʤʘʩʪʝʨʩʪʚʦʤ ʙʳʣʠ ʫʚʣʝʯʝʥʳ ʥʝ ʪʦʣʴʢʦ 

ʰʢʦʣʴʥʠʢʠ, ʥʦ ʠ ʩʪʫʜʝʥʪʳ ʜʨʫʛʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʀʭ ʨʘʙʦʪʳ ʙʳʣʠ ʥʘʛʨʘʞʜʝʥʳ 

ʤʝʜʘʣʷʤʠ çʖʥʳʡ ʫʯʘʩʪʥʠʢ ɺɼʅʍè ʟʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʫʚʝʥʠʨʦʚ ʠʟ ʫʨʘʣʴʩʢʦʛʦ ʢʘʤʥʷ. ʊʳʩʷʯʠ 

ʫʯʝʥʠʢʦʚ ɺ.ʀ. ʖʨʦʚʩʢʦʛʦ ʟʘʧʦʤʥʠʣʠ ʝʛʦ ʢʘʢ ʚʝʩʝʣʦʛʦ ʠ ʰʫʪʣʠʚʦʛʦ, ʜʦʙʨʦʞʝʣʘʪʝʣʴʥʦʛʦ ʠ 

ʦʪʢʨʳʪʦʛʦ, ʫʚʣʝʯʝʥʥʦʛʦ ʛʝʦʣʦʛʠʝʡ ʠ ʢʘʤʥʝʤ, ʪʨʫʜʦʣʶʙʠʚʦʛʦ ʠ ʚʳʥʦʩʣʠʚʦʛʦ ʯʝʣʦʚʝʢʘ, 

çʫʯʠʪʝʣʷ ʦʪ ɹʦʛʘè, ʢʦʪʦʨʳʡ ʧʨʝʦʜʦʣʝʣ ʚʩʝ ʪʨʫʜʥʦʩʪʠ ʩʫʜʴʙʳ ʠ ʧʨʦʞʠʣ ʧʦʣʥʦʮʝʥʥʫʶ 

ʜʦʩʪʦʡʥʫʶ ʚʦʩʭʠʱʝʥʠʷ ʞʠʟʥʴ. ɿʘ ʟʘʩʣʫʛʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʛʝʦʣʦʛʠʠ ɺ.ʀ. ʖʨʦʚʩʢʦʤʫ ʙʳʣʠ 

ʧʨʠʩʚʦʝʥʳ ʪʘʢʞʝ ʟʚʘʥʠʷ çʆʪʣʠʯʥʠʢ ʥʘʨʦʜʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷè ʠ çʆʪʣʠʯʥʠʢ ʨʘʟʚʝʜʢʠ ʥʝʜʨè. 

ʅʝʦʞʠʜʘʥʥʦ ʠ ʙʳʩʪʨʦ ʦʥ ʫʰʝʣ ʠʟ ʞʠʟʥʠ ʚ ʜʝʢʘʙʨʝ 2000 ʛ., ʘ 29 ʘʚʛʫʩʪʘ 2003 ʛʦʜʘ ʧʨʠ ʎɼʊ 

çʈʘʜʫʛʘè ʛ. ʉʘʪʢʠ ʙʳʣ ʦʪʢʨʳʪ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʠʤʝʥʠ ɺ.ʀ. ʖʨʦʚʩʢʦʛʦ. ɺʦʪ ʪʘʢ 

ʦʪʢʨʳʪʠʝ ʫʥʠʢʘʣʴʥʳʭ ʣʝʤʝʟʠʪʦʚ ʙʳʣʦ ʩʜʝʣʘʥʦ ʩʢʨʦʤʥʳʤ ʠ ʛʝʨʦʠʯʝʩʢʠʤ ʫʯʠʪʝʣʝʤ ʠʩʪʦʨʠʠ ʠ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʢʨʫʞʢʘ çʂʣʫʙ ʶʥʳʭ ʛʝʦʣʦʛʦʚè ɺ.ʀ. ʖʨʦʚʩʢʠʤ, ʧʘʤʷʪʴ ʦ ʢʦʪʦʨʦʤ ʦʩʪʘʥʝʪʩʷ ʚ 

ʩʝʨʜʮʘʭ ʝʛʦ ʫʯʝʥʠʢʦʚ ʠ ʜʦʣʞʥʘ ʩʦʭʨʘʥʠʪʴʩʷ ʚ ʠʩʪʦʨʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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1
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1
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1
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1 ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ 

ʛʝʦʭʠʤʠʠ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, titkov@igem.ru, 

2 ʆʆʆ ʈʦʥʠ ʂʵʨʦʙ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʂʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʘʣʤʘʟ, ʷʚʣʷʶʱʠʡʩʷ ʭʨʫʧʢʠʤ ʚʝʱʝʩʪʚʦʤ ʧʨʠ 

ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1200 Üʉ ʧʝʨʝʭʦʜʠʪ ʚ ʧʣʘʩʪʠʯʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɺ 

ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʘʣʤʘʟʘ, ʦʯʝʚʠʜʥʦ, ʧʨʦʠʩʭʦʜʠʣʘ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʛʣʫʙʠʥʥʳʭ 

ʧʦʨʦʜ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʘʣʤʘʟʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʠ ʣʘʤʧʨʦʠʪʦʚʳʤʠ 

ʤʘʛʤʘʤʠ. ʇʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʚʩʝʭ 

ʠʟʚʝʩʪʥʳʭ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠ ʣʘʤʧʨʦʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʚʦʟʥʠʢʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʨʘʟʣʠʯʥʳʝ ʦʙʲʝʤʥʳʝ ʠ ʣʠʥʝʡʥʳʝ ʜʝʬʝʢʪʳ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʫʶʪʩʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʦʯʝʯʥʳʝ ʜʝʬʝʢʪʳ ʩʪʨʫʢʪʫʨʳ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʤʠ 

ʦʢʨʘʩʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʦʢʨʘʩʦʢ 

ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʦʣʝʝ 400 ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʋʨʘʣʘ ʠ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. ʊʦʯʝʯʥʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʜʝʬʝʢʪʳ ʠʟʫʯʘʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʕʇʈ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʦʧʪʠʯʝʩʢʦʡ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʧʝʢʪʨʳ 

ʕʇʈ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ Varian E-115 (Varian, USA) ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʍ-ʜʠʘʧʘʟʦʥʝ, ʦʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ï ʜʚʫʣʫʯʝʚʦʛʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ 

Lambda-9 (Perkin-Elmer) ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʠ ʘʟʦʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʀʂ-ʩʧʝʢʪʨʳ ï ʌʫʨʴʝ-

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ VERTEX70v (Bruker). 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʪʦʧʦʛʨʘʬʠʠ ʠ ʨʝʥʪʛʝʥ-ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʧʨʠʨʦʜʥʳʭ 

ʘʣʤʘʟʦʚ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ ʠ ʧʨʦʪʝʢʘʶʪ ʥʝ ʪʦʣʴʢʦ ʧʦ ʤʝʭʘʥʠʟʤʫ ʩʢʦʣʴʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ, 

ʢʘʢ ʩʯʠʪʘʣʦʩʴ ʨʘʥʝʝ, ʥʦ ʠ ʧʦ ʤʝʭʘʥʠʟʤʘʤ ʨʦʪʘʮʠʦʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʜʚʦʡʥʠʢʦʚʘʥʠʷ (Titkov et al., 2012). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʩʢʦʣʴʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʦʙʨʘʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʜʠʩʣʦʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 

ʪʠʧʦʚ ʠ ʢʦʥʬʠʛʫʨʘʮʠʡ ʩ ʧʣʦʪʥʦʩʪʴʶ ʜʦ 10
12

 ʣʠʥʠʡ/cʤ
2 
ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʧʣʦʩʢʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ 

{111}. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʤʝʭʘʥʠʟʤʫ ʨʦʪʘʮʠʦʥʥʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʚʦ ʤʥʦʛʠʭ ʢʨʠʩʪʘʣʣʘʭ 

ʬʦʨʤʠʨʫʶʪʩʷ ʤʠʢʨʦʙʣʦʢʠ ʩ ʫʛʣʦʤ ʨʘʟʦʨʠʝʥʪʘʮʠʠ ʜʦ 3
ʦ
60`. ʇʨʠ ʵʪʦʤ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʦʙʨʘʟʫʶʪʩʷ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʮʝʥʪʨʳ N2, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʜʠʩʣʦʢʘʮʠʠ, ʜʝʢʦʨʠʨʦʚʘʥʥʳʝ ʧʨʠʤʝʩʷʤʠ ʘʟʦʪʘ (ʄʠʥʝʝʚʘ ʠ ʜʨ., 2009). 

ʎʝʥʪʨʳ N2, ʩʦʛʣʘʩʥʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʦʯʢʝ ʟʨʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʤʠ ʢʦʨʠʯʥʝʚʦʡ ʦʢʨʘʩʢʠ 

ʘʣʤʘʟʦʚ. ʍʦʪʷ ʙʳʣʦ ʚʳʩʢʘʟʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʢʦʨʠʯʥʝʚʘʷ ʦʢʨʘʩʢʘ ʩʚʷʟʘʥʘ ʩ ʜʨʫʛʠʤʠ 

ʚʝʩʴʤʘ ʥʝʦʙʳʯʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ ʘʣʤʘʟʘ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʩʢʦʧʣʝʥʠʝʤ ʧʦʨʷʜʢʘ 200 

ʚʘʢʘʥʩʠʡ, ʥʘʰʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʦʯʢʦʡ ʟʨʝʥʠʷ. ʂʦʨʠʯʥʝʚʘʷ ʦʢʨʘʩʢʘ, 

ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʩʨʝʜʠ ʘʣʤʘʟʦʚ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʠʭ 

ʩʪʦʠʤʦʩʪʴ, ʠ ʧʨʠ ʝʝ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʣʤʘʟʳ ʧʝʨʝʭʦʜʷʪ ʚ ʪʝʭʥʠʯʝʩʢʠʝ ʢʘʪʝʛʦʨʠʠ.  

ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʚʠʞʫʱʠʝʩʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʜʠʩʣʦʢʘʮʠʠ ʤʦʛʫʪ ʨʘʟʨʫʰʘʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ɸ-ʮʝʥʪʨʳ (ʜʚʘ ʠʟʦʤʦʨʬʥʳʭ ʘʪʦʤʘ ʘʟʦʪʘ ʚ ʩʦʩʝʜʥʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʧʦʟʠʮʠʷʭ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʩʪʨʫʢʪʫʨʝ ʘʣʤʘʟʦʚ ʦʙʨʘʟʫʝʪʩʷ ʮʝʣʘʷ ʩʝʨʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʮʝʥʪʨʦʚ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ, ʨʘʟʜʝʣʝʥʥʳʝ 

ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ï N1 (N-C-N
+
), N4 ([N-C-C-N]

+
), W7 
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(N-C2-C2-N
+
), M2 (N-C2-C4-C2-N

+
), M3 (N-C-ʉ-ʉ-N

+
) (ʄʠʥʝʝʚʘ ʠ ʜʨ., 2009). ʉʨʝʜʠ ʥʠʭ ʮʝʥʪʨ 

ʄ2, ʧʦ-ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʮʝʥʪʨʦʤ ʣʠʣʦʚʦʡ (ʧʫʨʧʫʨʥʦʡ) ʦʢʨʘʩʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʦʤ ʜʚʠʞʝʥʠʠ ʜʠʩʣʦʢʘʮʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚʘʢʘʥʩʠʠ, 

ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʢʦʪʦʨʳʭ ʢ ʮʝʥʪʨʘʤ ɸ ʠ ɺ (4N-V) ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʮʝʥʪʨʦʚ 

ʅ3 (2N-V) ʠ ʅ4 (4N-2V) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʘʤʠ ʞʝʣʪʦʡ ʦʢʨʘʩʢʠ. ɽʩʣʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʤʝʭʘʥʠʟʤʫ ʩʢʦʣʴʞʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʚ ʩʪʨʫʢʪʫʨʝ 

ʘʣʤʘʟʦʚ ʦʙʨʘʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʮʝʥʪʨʳ ʢʦʨʠʯʥʝʚʦʡ ʦʢʨʘʩʢʠ N2, ʥʦ ʠ ʮʝʥʪʨʳ ʄ2, ʅ3, ʅ4 ʚ 

ʨʘʟʣʠʯʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʪʦ ʢʨʠʩʪʘʣʣʳ ʧʨʠʦʙʨʝʪʘʶʪ ʞʝʣʪʦ-ʢʦʨʠʯʥʝʚʳʡ, ʦʨʘʥʞʝʚʦ-

ʢʦʨʠʯʥʝʚʳʡ ʠ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪʘ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʬʘʥʪʘʟʠʡʥʳʤ (ʪ.ʝ. 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʶʚʝʣʠʨʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ) ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦ 

ʮʝʥʷʪʩʷ. ɿʘʤʝʪʥʳʡ ʚʢʣʘʜ ʚ ʧʦʷʚʣʝʥʠʠ ʞʝʣʪʦʛʦ ʦʪʪʪʝʥʢʘ ʪʘʢʠʭ ʘʣʤʘʟʦʚ ʚʥʦʩʠʪ ʠ ʮʝʥʪʨ N3 

(3N-V), ʦʙʨʘʟʦʚʘʥʥʳʡ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʛʨʝʛʘʮʠʠ ʘʪʦʤʦʚ ʘʟʦʪʘ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ.  

ʇʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʦʡʥʠʢʦʚʘʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʘʣʤʘʟʘ ʦʙʨʘʟʫʶʪʩʷ ʪʦʥʢʠʝ ʣʘʤʝʣʣʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʜʚʦʡʥʠʢʦʚʦʤ ʧʦʣʦʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʢʨʠʩʪʘʣʣʘ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʜʥʦʡ ʠʣʠ ʜʚʫʤ ʧʣʦʩʢʦʩʪʷʤ {111} ʠ 

ʧʝʨʝʩʝʢʘʶʱʠʝ ʚʩʝ ʩʝʢʪʦʨʘ ʨʦʩʪʘ. ʇʨʠ ʵʪʦʤ ʚ ʩʪʨʫʢʪʫʨʝ ʘʣʤʘʟʦʚ ʦʙʨʘʟʫʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʮʝʥʪʨʳ ʄ2 ʚ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʕʪʠ ʧʘʨʘʤʘʛʥʠʪʥʳʝ ʮʝʥʪʨʳ 

ʷʚʣʷʶʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʮʝʥʪʨʘʤʠ ʣʠʣʦʚʦʡ ʦʢʨʘʩʢʠ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʦʧʪʠʯʝʩʢʠʤ ʘʥʘʣʦʛʦʤ, ʧʦ 

ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʧʦʣʦʩʘ 550 ʥʤ ʚ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʢʘʢ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ, ʪʘʢ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ï ʠ ʮʝʥʪʨʳ ʄ2, ʠ ʧʦʣʦʩʘ 

ʣʠʣʦʚʦʡ ʦʢʨʘʩʢʠ 550 ʥʤ ʣʦʢʘʣʠʟʦʚʘʥʳ ʩʪʨʦʛʦ ʚ ʧʨʝʜʝʣʘʭ ʤʠʢʨʦʜʚʦʡʥʠʢʦʚʳʭ ʣʘʤʝʣʣʝʡ ʚ 

ʢʨʠʩʪʘʣʣʝ (Titkov et al., 2008). ɺ ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʤʥʦʛʠʭ ʘʣʤʘʟʦʚ, ʧʣʘʩʪʠʯʝʩʢʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʦʡʥʠʢʦʚʘʥʠʷ, ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʮʝʥʪʨ N3 ʠ 

ʧʦʣʦʩʘ 390 ʥʤ, ʧʨʠʨʦʜʘ ʢʦʪʦʨʦʡ ʧʦʢʘ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʦʣʦʩʳ 550 ʥʤ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʧʦʣʦʩ 390 ʥʤ ʠ N3 ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʦʢʨʘʩʢʘ ʘʣʤʘʟʦʚ ʠʟʤʝʥʷʝʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʨʷʜʫ ʦʪ ʣʠʣʦʚʦʡ ʜʦ ʨʦʟʦʚʦʡ. ɺ ʥʘʠʙʦʣʝʝ 

ʛʫʩʪʦʢʨʘʰʝʥʥʳʭ ʨʦʟʦʚʳʭ ʠ ʢʨʘʩʥʳʭ ʘʣʤʘʟʘʭ, ʧʦʢʘ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʢ ʘʩʩʦʮʠʘʮʠʠ ʮʝʥʪʨʦʚ 550 ʥʤ, N3, 390 ʥʤ ʜʦʙʘʚʣʷʝʪʩʷ ʝʱʝ ʠ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ ʮʝʥʪʨ ʅ3 (ʉolored diamonds, 2006). ʈʝʜʢʠʝ ʬʘʥʪʘʟʠʡʥʳʝ ʣʠʣʦʚʳʝ, ʨʦʟʦʚʳʝ 

ʠ ʢʨʘʩʥʳʝ ʦʢʨʘʩʢʠ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʫ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʪ ʠʭ ʩʪʦʠʤʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦ ʦʮʝʥʠʚʘʶʪʩʷ ʨʦʟʦʚʳʝ ʘʣʤʘʟʳ (ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦ 

ʤʘʩʩʝ ʠ ʢʘʯʝʩʪʚʫ ʙʝʩʮʚʝʪʥʳʭ ʢʘʤʥʝʡ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʆʪʜʝʣʝʥʠʷ ʥʘʫʢ ʦ ɿʝʤʣʝ ʈɸʅ (ʇʨʦʛʨʘʤʤʘ ˉ2). 
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ɸ.ʀ. ʊʠʱʝʥʢʦ 

 

ʊʘʚʨʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ ʌɻɸʆʋ ɺʆ çʂʨʳʤʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ 

ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦè, ʉʠʤʬʝʨʦʧʦʣʴ, ʈʦʩʩʠʷ. TischenkoAlex@rambler.ru 

  

çéʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʠʟʫʯʝʥʥʦʩʪʴ, ʂʨʳʤ ʜʘʝʪ ʝʱʝ ʤʥʦʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʥʦʚʠʥʦʢè. ʊʘʢ ʧʠʩʘʣ ʚ 1939 ʛ. ɸʣʝʢʩʘʥʜʨ ɽʚʛʝʥʴʝʚʠʯ ʌʝʨʩʤʘʥ, ʯʴʸ ʠʤʷ ʥʦʩʠʪ 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʈɸʅ. ɺʨʝʤʷ ï ʣʫʯʰʠʡ ʩʫʜʴʷ ï ʧʦʢʘʟʘʣʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʝʛʦ ʩʣʦʚ. 

ɽʩʣʠ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʜʣʷ ʂʨʳʤʘ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʩʚʦʜʢʘʭ ʦʧʠʩʘʥʦ ʦʢʦʣʦ ʩʪʘ (ɼʚʦʡʯʝʥʢʦ, 

1914) ʠ 118 ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ (ʇʦʧʦʚ, 1938), ʪʦ ʚ ʥʘʰʝʤ ʦʙʟʦʨʝ (ʊʠʱʝʥʢʦ, 2015) ʜʘʥʳ 

ʩʚʝʜʝʥʠʷ ʫʞʝ ʦ 421 ʤʠʥʝʨʘʣʝ, ʦʪʤʝʯʝʥʥʳʭ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʂʨʳʤʘ.  

çʂ ʤʠʥʝʨʘʣʦʛʠʠ ʂʨʳʤʘéè ï ʪʘʢ ʥʘʟʳʚʘʣʠʩʴ ʩʪʘʪʴʠ ʩ ʢʨʘʪʢʠʤ ʦʙʟʦʨʦʤ ʥʦʚʠʥʦʢ 

ʤʠʥʝʨʘʣʦʛʠʠ ʂʨʳʤʘ. ʀʭ ʘʚʪʦʨʳ ï ʫʯʝʥʠʢʠ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ï ɸ.ɽ. ʌʝʨʩʤʘʥ, ʉ.ʇ. ʇʦʧʦʚ, 

ʇ.ʄ. ʄʫʨʟʘʝʚ, ɽ.ɼ. ʈʝʚʫʮʢʘʷ ʠ ʜʨʫʛʠʝ. ʇʨʦʜʦʣʞʠʤ ʙʦʣʝʝ ʯʝʤ 100-ʣʝʪʥʶʶ ʪʨʘʜʠʮʠʶ ʢʨʘʪʢʠʭ 

ʦʙʟʦʨʦʚ ʥʦʚʠʥʦʢ ʨʝʛʠʦʥʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ. 

ɺ ʊʘʚʨʠʯʝʩʢʦʡ ʘʢʘʜʝʤʠʠ ʂʨʳʤʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʦʨʤʠʨʫʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ, ʦʜʥʦʡ ʠʟ ʮʝʣʝʡ 

ʢʦʪʦʨʦʛʦ ʩʪʘʥʝʪ ʩʙʦʨ ʠ ʵʢʩʧʦʟʠʮʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʤʠʥʝʨʘʣʦʚ ʂʨʳʤʘ, ʨʝʚʠʟʠʷ 

ʝʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʠʨʘ. ɿʜʝʩʴ ʭʦʯʝʪʩʷ ʚʳʨʘʟʠʪʴ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɸ.ɺ. ʂʘʩʘʪʢʠʥʫ 

(ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʠʤ. ɸ.ɽ. ʌʝʨʩʤʘʥʘ), ʢʦʪʦʨʳʡ ʚ 2015 ʛ. ʚ ʥʘʰʠʭ ʩʙʦʨʘʭ ʧʨʦʰʣʳʭ 

ʣʝʪ ʫʞʝ ʚʳʷʚʠʣ ʨʷʜ ʥʦʚʳʭ ʜʣʷ ʂʨʳʤʘ ʤʠʥʝʨʘʣʦʚ, ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʚʦʰʣʦ ʚ ʤʦʥʦʛʨʘʬʠʶ 

(ʊʠʱʝʥʢʦ, 2015). ʂʨʘʪʢʠʝ ʩʚʝʜʝʥʠʷ ʦʙ ʵʪʠʭ ʤʠʥʝʨʘʣʘʭ ʧʨʠʚʝʜʝʤ ʥʠʞʝ. 

ʂʫʧʘʣʠʪ (Cu,Zn)Al  ʠ ʭʘʪʳʨʢʠʪ (Cu,Zn)Al 2 ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʨʘʟʤʝʨʦʤ 

ʜʦ 10 ʤʠʢʨʦʥ ʚ ʩʘʤʦʨʦʜʥʦʤ ʘʣʶʤʠʥʠʠ, ʢʦʪʦʨʳʡ ʥʘʡʜʝʥ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʦʢ ʩʝʨʝʙʨʠʩʪʦʛʦ ʮʚʝʪʘ 

ʨʘʟʤʝʨʦʤ ʜʦ 1 ʤʤ ʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʚʝʨʭʥʝʡ ʶʨʳ ʠ ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ɻʦʨʥʦʛʦ ʂʨʳʤʘ (ɹʘʡʨʘʢʦʚ ʠ ʜʨ., 2005). ʇʨʠ ʤʠʢʨʦʟʦʥʜʦʚʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʘʣʶʤʠʥʠʷ ʚʳʷʚʠʣʘʩʴ ʝʛʦ ʬʘʟʦʚʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʩʘʤʦʨʦʜʥʦʛʦ ʘʣʶʤʠʥʠʷ 

ʚʦʦʙʱʝ ʠʟ ʜʨʫʛʠʭ ʝʛʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ (ɸʟʝʨʙʘʡʜʞʘʥ, ʋʨʘʣ, ʉʠʙʠʨʴ, ʗʢʫʪʠʷ ʠ ʜʨ.). ɺ 

ʤʘʪʨʠʮʝ ʩʘʤʦʨʦʜʥʦʛʦ ʘʣʶʤʠʥʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʨʘʟʤʝʨʦʤ ʜʦ 25 

ʤʠʢʨʦʥ ʬʘʟʳ Al-Cu (ʩ ʧʨʠʤʝʩʴʶ Mn, Fe, Ag) ʠ ʬʘʟʳ Al-Cu-Fe (ʩ ʧʨʠʤʝʩʴʶ Mn, Ag). ʂʨʦʤʝ 

ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʬʘʟ, ʚ ʩʘʤʦʨʦʜʥʦʤ ʘʣʶʤʠʥʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʳ ʢʫʧʘʣʠʪ, 

ʭʘʪʳʨʢʠʪ, ʠʥʪʝʨʤʝʪʘʣʣʠʜ ʩʦʩʪʘʚʘ CuAl4, ʩʧʣʘʚʳ Al-Cu-Fe ʠ Al-Cu-Fe-Mn. ʉʦʩʪʘʚ ʢʫʧʘʣʠʪʘ 

(ʤʘʩ.%): Cu 69.59, Al 30.41, ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ (ʨʘʩʯʝʪ ʥʘ 2 ʘ.ʬ.) Cu0.99Al1.01. ʉʦʩʪʘʚ 

ʭʘʪʳʨʢʠʪʘ (ʤʘʩ.%): Cu 56.02, Al 43.98, ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ (ʨʘʩʯʝʪ ʥʘ 3 ʘ.ʬ.) Cu1.05Al1.95. 

ʇʦʷʚʣʝʥʠʝ ʤʠʢʨʦʬʘʟʦʚʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʘʤʦʨʦʜʥʦʛʦ ʘʣʶʤʠʥʠʷ ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ ʩʙʨʦʩʦʤ 

ʧʨʠʤʝʩʝʡ ʧʨʠ ʨʘʩʧʘʜʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʧʘʜʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʠʩʪʝʤʝ. 

ʉʘʤʦʨʦʜʥʳʡ ʪʝʣʣʫʨ ʦʙʥʘʨʫʞʝʥ ʚ ʚʠʜʝ ʟʝʨʝʥ ʜʦ 30 ʤʠʢʨʦʥ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʟʦʣʦʪʦʤ, 

ʛʝʩʩʠʪʦʤ ʠ ʭʣʦʨʘʨʛʠʨʠʪʦʤ, ʢʦʪʦʨʳʝ ʥʘʡʜʝʥʳ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝʚʦʡ ʛʘʣʴʢʝ ʠʟ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʙʠʪʘʢʩʢʦʡ ʩʚʠʪʳ (ʩʨʝʜʥʷʷ ʶʨʘ) ʧʦʙʝʨʝʞʴʷ ʉʠʤʬʝʨʦʧʦʣʴʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ. ʕʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʳʤ ʘʥʘʣʠʟʦʤ ʚ ʤʠʥʝʨʘʣʝ ʫʩʪʘʥʦʚʣʝʥ ʪʦʣʴʢʦ Te. 

ɸʤʤʦʥʠʦʷʨʦʟʠʪ (NH4)Fe
3+

3(SO4)2(OH)6 ʚ ʚʠʜʝ ʦʭʨʠʩʪʦ-ʦʨʘʥʞʝʚʳʭ ʧʦʨʦʰʢʦʚʘʪʳʭ 

ʘʛʨʝʛʘʪʦʚ ʚʳʧʦʣʥʷʝʪ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʰʘʨʦʦʙʨʘʟʥʳʭ ʛʨʝʡʛʠʪ-ʛʸʪʠʪʦʚʳʭ ʢʦʥʢʨʝʮʠʡ ʠʟ 

ʤʘʡʢʦʧʩʢʠʭ (ʧʦʟʜʥʠʡ ʦʣʠʛʦʮʝʥ ï ʨʘʥʥʠʡ ʤʠʦʮʝʥ) ʦʪʣʦʞʝʥʠʡ ʂʝʨʯʝʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ʇʦ 

ʜʘʥʥʳʤ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʘ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ Fe ʠ S ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 3:2. ʆʩʥʦʚʥʳʝ ʣʠʥʠʠ ʧʦʨʦʰʢʦʛʨʘʤʤʳ 5.88(50), 5.13(70), 3.62(40), 3.11(100), 

2.57(20), 2.33(40), 1.98(50), 1.82(50), 1.55(20), 1.44(15) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʠʥʝʨʘʣʫ ʩʝʨʠʠ 

ʷʨʦʟʠʪʘ. ʅʘ ʀʂ-ʩʧʝʢʪʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʘʷ ʧʦʣʦʩʘ ʥʘ 1402 ʩʤ
-3
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ NH

4+
. 
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ʅʝʩʢʦʣʴʢʦ ʠʥʪʝʨʝʩʥʳʭ ʤʠʥʝʨʘʣʦʚ ï ʦʨʪʦʩʝʨʧʴʝʨʠʪ ʠ ʩʣʘʚʠʢʠʪ ï ʥʘʡʜʝʥʳ ʚ 

ʇʝʪʨʦʧʘʚʣʦʚʩʢʦʤ ʢʘʨʴʝʨʝ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʫ ʩ. ʇʝʪʨʦʧʘʚʣʦʚʢʘ ʶʞʥʝʝ ʛ. ʉʠʤʬʝʨʦʧʦʣʴ. 

ʂʘʨʴʝʨʦʤ ʚʩʢʨʳʪʳ ʟʘʣʝʛʘʶʱʠʝ ʧʦʯʪʠ ʚʝʨʪʠʢʘʣʴʥʦ (ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ, ʩʥʠʟʫ 

ʚʚʝʨʭ): ʩʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʝʚʳʝ ʧʝʩʯʘʥʠʢʠ, ʛʨʘʚʝʣʠʪʳ ʠ ʢʦʥʛʣʦʤʝʨʘʪʳ ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ ï 

ʥʠʞʥʝʡ ʶʨʳ; ʬʣʠʰʦʠʜʥʘʷ ʛʨʘʫʚʘʢʢʦʚʘʷ ʪʦʣʱʘ ʥʠʞʥʝʡ ʶʨʳ (ʪ.ʥ. ʵʩʢʠ-ʦʨʜʠʥʩʢʘʷ ʩʝʨʠʷ); 10-

ʤʝʪʨʦʚʘʷ ʟʦʥʘ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʤʠʢʩʪʠʪʦʚ ʩ ʛʣʳʙʘʤʠ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʢʣʠʥʴʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚ, 

ʘʨʛʠʣʣʠʪʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ ʧʘʣʝʦʟʦʷ (ʢʘʨʙʦʥ ï ʧʝʨʤʴ), ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ, ʥʠʞʥʝʡ 

ʶʨʳ; ʪʦʣʱʘ ʩʨʝʜʥʝʶʨʩʢʠʭ ʚʫʣʢʘʥʠʪʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 250 ʤ (ʪʫʬʦʧʝʩʯʘʥʠʢʠ, 

ʪʫʬʦʘʣʝʚʨʦʣʠʪʳ, ʪʫʬʬʠʪʳ, ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʝ ʧʦʨʬʠʨʦʚʳʝ ʘʥʜʝʟʠʪʦʙʘʟʘʣʴʪʳ, ʪʝʬʨʦʠʜʳ, 

ʪʫʬʦʪʫʨʙʠʜʠʪʳ, ʙʦʤʙʦ-ʣʘʧʠʣʣʠʝʚʳʝ ʠ ʧʝʧʣʦʚʦ-ʙʦʤʙʦʚʳʝ ʪʫʬʳ, ʧʦʢʨʦʚʳ ʧʦʜʫʰʝʯʥʳʭ ʠ 

ʰʘʨʦʚʳʭ ʣʘʚ ʤʝʣʢʦʧʦʨʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʠʜʦʚ, ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ ʢʚʘʨʮʝʚʳʭ ʜʦʣʝʨʠʪʦʚ). 

ʉ ʫʛʣʦʚʳʤ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʥʝʩʦʛʣʘʩʠʝʤ ʦʩʘʜʦʯʥʳʝ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 

ʧʝʨʝʢʨʳʪʳ ʠʟʚʝʩʪʥʷʢʘʤʠ ʚʝʨʭʥʝʛʦ ʚʘʣʘʥʞʠʥʘ ï ʥʠʞʥʝʛʦ ʛʦʪʝʨʠʚʘ ʩ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʤʠ 

ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʚ ʦʩʥʦʚʘʥʠʠ. ʋʯʘʩʪʢʘʤʠ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʧʦʨʦʜʳ ʥʝʩʫʪ ʨʘʩʩʝʷʥʥʫʶ 

ʩʫʣʴʬʠʜʥʫʶ ʚʢʨʘʧʣʝʥʥʦʩʪʴ. ɺ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʠ ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʭ ʦʩʘʜʦʯʥʳʭ 

ʧʦʨʦʜʘʭ ʦʙʳʯʥʳ ʪʘʢʞʝ ʣʦʤʦʥʪʠʪ-ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʝ ʞʠʣʳ ʩ ʙʘʨʠʪʦʤ, ʧʠʨʠʪʦʤ ʠ 

ʤʘʨʢʘʟʠʪʦʤ.  

ʆʨʪʦʩʝʨʧʴʝʨʠʪ Ca(Cu,Zn)4(SO4)2(OH)6Ŀ3H2O ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʚ ʦʙʨʘʟʮʝ ʩʝʨʧʴʝʨʠʪʘ. ʇʦ 

ʜʘʥʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛʦʣʫʙʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ 

ʨʘʟʤʝʨʦʤ ʜʦ 1 ʤʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʩʥʦʝ ʤʠʢʨʦʩʨʘʩʪʘʥʠʝ ʩʝʨʧʴʝʨʠʪʘ ʠ ʦʨʪʦʩʝʨʧʴʝʨʠʪʘ. 

ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʤʠʥʝʨʘʣʘ ʧʦ ʜʘʥʥʳʤ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ 

Ca0..92Cu4.02S2.02O8(OH)6Ŀ3H2O. ʇʘʨʘʤʝʪʨʳ ʨʦʤʙʠʯʝʩʢʦʡ ʷʯʝʡʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ 

ʧʦʨʦʰʢʦʛʨʘʤʤʝ: a = 22.091(11) ¡, b = 6.149(4) ¡, c = 20.534(12) ¡, V = 2786(3) ¡į.  

ʉʣʘʚʠʢʠʪ (H3O+)3Mg6Fe15(SO4)21(OH)18Ŀ98H2O ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ʩʫʣʴʬʠʜʥʦʡ 

ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʚ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʩʨʝʜʥʝʡ ʶʨʳ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʘʣʫʥʦʛʝʥʦʤ ʠ ʛʠʧʩʦʤ 

ʦʙʨʘʟʫʝʪ ʧʣʦʪʥʳʝ ʢʦʨʢʠ ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ. ʇʦ ʜʘʥʥʳʤ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʚ ʩʦʩʪʘʚʝ 

ʤʠʥʝʨʘʣʘ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ Mg, Fe, Al ʠ S, ʩʦʦʪʥʦʩʷʱʠʝʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ (ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ 

42 ʢʘʪʠʦʥʘ), ʢʘʢ Mg6.7:(Fe11.98Al 3.19)15.17:S20.12. ʉʠʣʴʥʳʝ ʣʠʥʠʠ ʧʦʨʦʰʢʦʛʨʘʤʤʳ 11.66(72), 

10.10(28), 9.03(100), 5.82(52), 5.39(26), 5.06(10), 4.21(33), 3.62(9), 3.51(8), 3.46(16) 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʵʪʘʣʦʥʥʦʤʫ ʩʣʘʚʠʢʠʪʫ ʠʟ Medzev (Czech Republic). 

ɿʦʥʘ ʦʢʠʩʣʝʥʠʷ ʌʠʦʣʝʥʪʩʢʦʛʦ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ (ʦʢʨʝʩʪʥʦʩʪʠ ʤʳʩʘ 

ʌʠʦʣʝʥʪ, ʖʛʦ-ɿʘʧʘʜʥʳʡ ʂʨʳʤ) ʚ ʩʨʝʜʥʝʶʨʩʢʠʭ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʠʙʦʣʴʰʠʤ ʨʘʟʚʠʪʠʝʤ ʩʝʟʦʥʥʳʭ ʛʠʧʝʨʛʝʥʥʳʭ ʩʫʣʴʬʘʪʦʚ ʚ ʂʨʳʤʫ. ɿʜʝʩʴ ʦʪʤʝʯʝʥʳ 

ʘʣʫʥʦʛʝʥ, ʘʣʶʤʠʥʦʢʦʧʠʘʧʠʪ, ʘʥʛʣʝʟʠʪ, ʙʦʪʨʠʦʛʝʥ, ʛʘʣʦʪʨʠʭʠʪ, ʛʝʢʩʘʛʠʜʨʠʪ, ʛʠʧʩ, ʛʦʩʣʘʨʠʪ, 

ʢʦʢʠʤʙʠʪ, ʢʦʧʠʘʧʠʪ, ʧʠʢʢʝʨʠʥʛʠʪ, ʨʦʮʝʥʠʪ, ʩʪʘʨʢʝʠʪ, ʪʘʤʘʨʫʛʠʪ, ʵʧʩʦʤʠʪ, ʷʨʦʟʠʪ. ɸ.ɺ. 

ʂʘʩʘʪʢʠʥ ʜʠʘʛʥʦʩʪʠʨʦʚʘʣ ʤʘʛʥʝʟʠʦʢʦʧʠʘʧʠʪ ʠ ʭʦʪʩʦʥʠʪ (ʩʙʦʨʳ ʐʠʙʘʝʚʘ ɽ., ʣʶʙʠʪʝʣʴ 

ʢʘʤʥʷ, ʉʝʚʘʩʪʦʧʦʣʴ). ʄʘʛʥʝʟʠʦʢʦʧʠʘʧʠʪ MgFe
3+

4(SO4)6(OH)2Ŀ20H2O ʦʙʨʘʟʫʝʪ ʥʦʟʜʨʝʚʘʪʳʝ 

ʛʦʨʯʠʯʥʦ-ʞʝʣʪʳʝ ʢʦʨʢʠ, ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʩʥʦʤ ʩʨʘʩʪʘʥʠʠ ʩ ʢʦʧʠʘʧʠʪʦʤ ʠ ʘʩʩʦʮʠʠʨʫʝʪ ʩ 

ʘʣʫʥʦʛʝʥʦʤ, ʢʚʘʨʮʝʤ ʠ ʭʦʪʩʦʥʠʪʦʤ. ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 

(Mg0.92Cu0.05)0.97(Fe3.79Al0.19)3.98S6.02O24(OH)2Ŀ20H2O (ʜʘʥʥʳʝ ʤʠʢʨʦʟʦʥʜʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ). 

ʍʦʪʩʦʥʠʪ Al 11(SO4)3(PO4)2(OH)21Ŀ16H2O ʚʭʦʜʠʪ ʚ ʢʘʯʝʩʪʚʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʠ ʚ 

ʩʦʩʪʘʚ ʙʝʣʳʭ ʧʦʨʦʰʢʦʚʘʪʳʭ ʘʛʨʝʛʘʪʦʚ, ʩʣʦʞʝʥʥʳʭ ʘʣʫʥʦʛʝʥʦʤ ʠ ʛʠʧʩʦʤ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʢʘʤʠ 

ʨʘʟʚʠʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʝʟʠʦʢʦʧʠʘʧʠʪ ï ʢʦʧʠʘʧʠʪʦʚʳʭ ʢʦʨʦʢ. ʆʩʥʦʚʥʳʝ ʣʠʥʠʠ ʥʘ 

ʧʦʨʦʰʢʦʛʨʘʤʤʝ 10.04(100), 8.40(40), 4.68(10), 4.48(10), 3.67(10), 3.45(5), 2.56(5) ʦʪʚʝʯʘʶʪ 

ʵʪʘʣʦʥʥʦʤʫ ʭʦʪʩʦʥʠʪʫ ʠʟ Koenabib (South Africa). 

ʈʫʘʠʪ Cu2(NO3)(OH)3 ʦʙʥʘʨʫʞʝʥ ʚ ʤʨʘʤʦʨʦʚʠʜʥʳʭ ʠʟʚʝʩʪʥʷʢʘʭ ʚʝʨʭʥʝʡ ʶʨʳ ʚ 

ʫʱʝʣʴʝ ʂʠʟʠʣ-ʂʦʙʘ ʠ ʦʧʠʩʘʥ ʢʘʢ ʛʝʨʭʘʨʜʠʪ (ʊʠʱʝʥʢʦ, 2015). ʂʘʢ ʨʫʘʠʪ ʤʠʥʝʨʘʣ ʦʧʨʝʜʝʣʝʥ 

ɸ.ɺ. ʂʘʩʘʪʢʠʥʳʤ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʰʝʛʦ ʤʘʪʝʨʠʘʣʘ. ʄʠʥʝʨʘʣ ʦʙʨʘʟʫʝʪ 

ʧʦʨʦʰʢʦʚʘʪʳʝ ʥʘʣʝʪʳ ʟʝʣʝʥʦʚʘʪʦ-ʛʦʣʫʙʦʛʦ ʮʚʝʪʘ ʠ ʧʨʦʟʨʘʯʥʳʝ ʩʚʝʪʣʦ-ʛʦʣʫʙʳʝ 

ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʜʦ 0.1 ʤʤ ʚ ʪʨʝʱʠʥʘʭ ʠʟʚʝʩʪʥʷʢʦʚ. ɼʘʥʥʳʝ 

ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ ʚ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʘ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝ ʤʝʜʠ. ʇʘʨʘʤʝʪʨʳ 
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ʤʦʥʦʢʣʠʥʥʦʡ ʷʯʝʡʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʧʦʨʦʰʢʦʛʨʘʤʤʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʫʘʠʪʫ: a = 

5.595(1) ¡, b = 6.053(1) ¡, c = 6.890(1) ¡, ɓ = 95.03(1)Á, V = 230.99(4) ¡į. 

ʇʨʦʜʦʣʞʘʝʪ ʨʘʜʦʚʘʪʴ ʥʘʭʦʜʢʘʤʠ ʇʝʨʚʦʤʘʡʩʢʠʡ ʢʘʨʴʝʨ ʫ ʩ. ʊʨʫʜʦʣʶʙʦʚʢʘ 

(ɹʘʭʯʠʩʘʨʘʡʩʢʠʡ ʨʘʡʦʥ). ʊʫʥʛʫʩʠʪ Ca4Fe2Si6O15(OH)6 ʦʙʥʘʨʫʞʝʥ ʟʜʝʩʴ ʥʘʤʠ ʠ ʣʶʙʠʪʝʣʷʤʠ 

ʢʘʤʥʷ ʛ. ʉʝʚʘʩʪʦʧʦʣʴ (ʈʫʜʝʥʢʦ ʀ.ɽ. ʠ ʜʨʫʛʠʝ) ʚ ʪʦʥʢʠʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʪʨʝʱʠʥʘʭ ʚ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ. ʄʠʥʝʨʘʣ ʦʙʨʘʟʫʝʪ ʤʝʣʢʦʯʝʰʫʡʯʘʪʳʝ ʘʛʨʝʛʘʪʳ, ʨʝʞʝ ï 

ʩʬʝʨʦʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʜʦ 5 ʤʤ, ʩʣʦʞʝʥʥʳʝ ʪʝʩʥʦ ʩʨʦʩʰʠʤʠʩʷ ʥʝʧʨʦʟʨʘʯʥʳʤʠ 

ʩʣʶʜʦʧʦʜʦʙʥʳʤʠ ʧʣʘʩʪʠʥʢʘʤʠ ʩʝʨʦʚʘʪʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʠ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʛʠʨʦʣʠʪʦʤ, 

ʙʘʙʠʥʛʪʦʥʠʪʦʤ, ʜʘʪʦʣʠʪʦʤ, ʣʦʤʦʥʪʠʪʦʤ ʠ ʢʘʣʴʮʠʪʦʤ. ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʪʫʥʛʫʩʠʪʘ 

(ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ 12 ʢʘʪʠʦʥʦʚ) ʠʤʝʝʪ ʚʠʜ Ca3.59Fe0.76Mn0.64Cu0.15Zn0.08Al0.39Si6.38O15(OH)6. 

ʆʩʥʦʚʥʳʝ ʣʠʥʠʠ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʢʨʳʤʩʢʦʛʦ ʤʠʥʝʨʘʣʘ ʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

(ʚ ʩʢʦʙʢʘʭ): 4.18(8), 3.53(6), 3.12(10), 3.01(8), 1.83(10), 1.61(3) ʠ 1.58(3) ʩʦʚʧʘʜʘʶʪ ʩ ʪʘʢʦʚʳʤʠ 

ʜʣʷ ʵʪʘʣʦʥʥʦʛʦ ʪʫʥʛʫʩʠʪʘ ʠʟ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ. 

ʅʘʜʝʝʤʩʷ, ʯʪʦ ʜʘʣʴʥʝʡʰʘʷ ʨʝʚʠʟʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʠʨʘ ʂʨʳʤʘ ʜʘʩʪ ʤʥʦʛʦ ʥʦʚʦʛʦ ʜʣʷ 

ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʠʚʰʠʭ ʠ ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʚ ʥʝʜʨʘʭ ʵʪʦʛʦ ʥʝʙʦʣʴʰʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. 
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ʃ.ɻ. ʌʠʣʠʤʦʥʦʚʘ 
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ɼʫʢʘʪʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ, ʚʤʝʱʘʶʱʝʝ ʦʜʥʦʠʤʝʥʥʦʝ ʫʥʠʢʘʣʴʥʦʝ AuAg-ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩ 

ʟʘʧʘʩʘʤʠ Ag ʠ Au ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 17 ʪʳʩ. ʪ ʠ 40 ʪ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʝ ʈʦʩʩʠʠ ʚ 

ʦʙʣʘʩʪʠ ʚʥʝʰʥʝʡ ʟʦʥʳ ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʨʦʜʳ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʡ ʤʝʣʦʚʦʡ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ, ʧʨʦʨʚʘʥʥʦʡ  ʧʘʣʴʮʝʦʙʨʘʟʥʳʤʠ ʚʳʩʪʫʧʘʤʠ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʩ ʚʥʝʰʥʠʤʠ 

ʟʦʥʘʤʠ ʬʣʶʠʜʘʣʴʥʳʭ, ʘʬʠʨʦʚʳʭ ʨʠʦʣʠʪʦʚ, ʧʨʦʥʠʢʘʶʱʠʤʠ ʚ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʫʶ 

ʪʦʣʱʫ. ʇʨʦʜʫʢʪʠʚʥʳʝ ʢʚʘʨʮ-ʘʜʫʣʷʨ-ʭʣʦʨʠʪʦʚʳʝ ʠ ʢʚʘʨʮ-ʨʦʜʦʥʠʪʦʚʳʝ ʨʫʜʥʳʝ ʪʝʣʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʣʘʩʪʠ ʩʫʙʰʠʨʦʪʥʦʛʦ ʤʝʞʧʣʘʩʪʦʚʦʛʦ ʪʝʣʘ ʢʘʣʠʝʚʳʭ 

ʨʠʦʣʠʪʦʚ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʦʪ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʨʦʚʥʝʡ (1200 ʤ) ʥʘ ʛʣʫʙʠʥʫ ʜʦ 600 ʤ, 

ʛʜʝ ʩʤʝʥʷʶʪʩʷ ʟʦʥʘʤʠ ʧʨʦʞʠʣʢʦʚʘʥʠʷ ʠ ʙʨʝʢʯʠʨʦʚʘʥʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʘʥʥʝʤʝʣʦʚʦʡ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʝ ʠ ʨʝʶʚʠʥʘʮʠʝʡ ʨʫʜʦʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʳ ʧʨʠ ʩʪʘʥʦʚʣʝʥʠʠ 

ʤʥʦʛʦʬʘʟʦʚʦʡ ʧʦʟʜʥʝʤʝʣʦʚʦʡ ʠʥʪʨʫʟʠʠ ʥʘ ʛʣʫʙʠʥʘʭ 450ï1300 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʂʦʥʩʪʘʥʪʠʥʦʚ ʠ ʜʨ., 2003 ʠ ʜʨ.). 

ɺʳʩʦʢʠʝ ʚʝʣʠʯʠʥʳ Ag/Au (350ï450) ʚ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʫʥʠʢʘʣʴʥʳʝ ʩʢʦʧʣʝʥʠʷ 

ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ, ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʠʥʝʨʘʣʦʚ Mn ʩʚʷʟʳʚʘʶʪ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʵʚʦʣʶʮʠʠ ʬʣʶʠʜʥʳʭ ʩʠʩʪʝʤ ʛʣʫʙʦʢʦʛʦ ʟʘʣʦʞʝʥʠʷ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʟʘʠʤʩʪʚʦʚʘʥʠʝʤ Ag, 

Mn ʠʟ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʚʝʨʭʦʷʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʫʥʜʘʤʝʥʪʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʧʦʨʦʜ 

ʠʥʪʨʫʟʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʠʭ ʩʪʘʥʦʚʣʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʧʦʪʦʢʘʤʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʬʣʶʠʜʥʳʭ 

ʨʘʩʧʣʘʚʦʚ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʨʘʟʚʠʪʠʝʤ ʚʢʨʘʧʣʝʥʥʦʡ ʠ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʦʡ 

ʨʘʩʩʝʷʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ɺʈʄ ʠ ʇɺʈʄ) ʚʳʩʦʢʦʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʦʡ ʠ 

ʥʠʟʢʦʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤ, ʩʚʷʟʘʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʦ ʩʪʘʥʦʚʣʝʥʠʝʤ 

ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʧʦʚʳʰʝʥʥʦʡ ʢʘʣʠʝʚʦʡ ʠ K-Na ʱʝʣʦʯʥʦʩʪʠ (ʌʠʣʠʤʦʥʦʚʘ ʠ ʜʨ., 2014 ʠ ʜʨ). 

ʈʘʟʤʝʱʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʦʨʤ ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ, ʘʢʘʥʪʠʪʘ ʠ ʜʨʫʛʠʭ ʨʫʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʚ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʫʯʘʩʪʢʘʭ ʈʄ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʣʦʢʘʣʴʥʳʭ ʧʝʨʝʩʳʱʝʥʥʳʭ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʩʨʝʜʘʭ ʧʦ ʝʜʠʥʦʤʫ 

ʤʝʭʘʥʠʟʤʫ: ʛʝʪʝʨʦʛʝʥʥʘʷ ʥʫʢʣʝʘʮʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʮʝʥʪʨʦʚ ï ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ï ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʝʨʝʩʳʱʝʥʥʦʡ ʩʨʝʜʳ ï ʥʦʚʘʷ 

ʛʝʪʝʨʦʛʝʥʥʘʷ ʥʫʢʣʝʘʮʠʷ ʠ ʪ. ʜ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʦʙʦʩʦʙʣʝʥʠʡ ʠ ʠʭ 

ʧʦʟʠʮʠʠ ʩʨʝʜʠ ʚʟʘʠʤʥʳʭ ʩʨʘʩʪʘʥʠʡ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ, ʢʚʘʨʮʘ, ʩʫʣʴʬʠʜʦʚ, ʩʫʣʴʬʘʪʦʚ, 

ʬʦʩʬʘʪʦʚ ʈʄ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʩʝʨʝʙʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʫʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʦ ʬʨʘʛʤʝʥʪʘʭ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʤʘʛʤʘʪʠʯʝʩʢʫʶ, ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʫʶ ʠ 

ʧʦʩʣʝʤʘʛʤʘʪʠʯʝʩʢʫʶ ʩʪʘʜʠʶ ʨʘʟʚʠʪʠʷ ʤʘʛʤʘʪʦʛʝʥʥʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʥʝ ʙʳʣʘ 

ʧʦʩʪʦʷʥʥʦʡ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʫʣʴʪʨʘʣʦʢʘʣʴʥʳʭ ʧʝʨʝʩʳʱʝʥʥʳʭ ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʩʨʝʜ ʚ ʦʙʣʘʩʪʷʭ 

ʬʨʦʥʪʘ ʨʦʩʪʘ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʚ ɺʈʄ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʡ 

ʢʣʘʨʢʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ Ag ʠ ʜʨʫʛʠʭ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʈʝʜʢʠʝ  ʩʢʦʧʣʝʥʠʷ ʩʝʨʝʙʨʘ ʮʠʥʢ-

ʮʠʥʢʠʪʦʚʳʭ ʩʧʣʘʚʦʚ-ʢʦʤʧʦʟʠʪʦʚ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Hg, Cl, S, In (ʨʠʩ. 1ʘ).  
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ʈʠʩ. 1. 

ʀʟʦʙʨʘʞʝʥʠʷ ʚ ʇʕʄ 

ʩʨʘʩʪʘʥʠʡ 

ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ 

ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ (Ag), 

ʘʢʘʥʪʠʪʘ (Ag2S), 

ʘʩʩʦʮʠʠʨʫʶʱʠʭ 

ʤʠʥʝʨʘʣʦʚ ʈʄ:  

ʘ ï ʨʘʥʥʝʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʩʧʣʘʚʦʚ-ʢʦʤʧʦʟʠʪʦʚ (Zn-

ZnO); 

 ʙïʚ ï ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʛʨʘʬʠʪ-ʩʝʨʠʮʠʪʦʚʳʭ (ʙ) ʠ 

ʩʫʣʴʬʠʜʥʦ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ 

(ʚ) ʩʨʘʩʪʘʥʠʡ;  

ʛ-ʞ ï ʧʦʩʣʝʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʢʦʣʣʦʤʦʨʬʥʳʭ ʩʝʨʠʮʠʪ-ʧʠʨʠʪʦʚʳʭ (ʛ), ʩʝʨʠʮʠʪ-ʩʢʦʨʦʜʠʪʦʚʳʭ (ʜ) ʩʨʘʩʪʘʥʠʡ 

ʚʳʩʦʢʦʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ;  ʝ ï ʧʦʩʣʝʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʣʣʦʤʦʨʬʥʳʭ ʩʨʘʩʪʘʥʠʡ 

ʥʠʟʢʦʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩ Pb-Tl-Ba-ʦʢʩʠʜʘʤʠ Mn; ʞ ï ʪʝʭ ʞʝ ʦʙʣʘʩʪʝʡ ʩʤʝʰʝʥʠʷ 

ʨʘʩʪʚʦʨʦʚ ʜʚʫʭ ʩʠʩʪʝʤ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʦʢʩʠʜʘʤʠ Mn. 
 

ʉʝʨʝʙʨʦʥʦʩʥʳʝ ʧʝʨʝʩʳʱʝʥʥʳʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʝ ʩʨʝʜʳ ʚʦʟʥʠʢʘʶʪ ʥʘ ʧʦʟʜʥʝ- ʠ 

ʧʦʩʣʝʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʬʣʶʠʜʥʳʭ ʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʩʘʭ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʦʩʪʘʪʦʯʥʳʭ ʬʣʶʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ ʚʥʫʪʨʝʥʥʠʭ ʟʦʥ 

ʠʥʪʨʫʟʠʡ ʠ ʬʘʟʦʚʦʡ ʩʝʧʘʨʘʮʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʦʙʣʘʩʪʷʭ ʚʥʝʰʥʠʭ ʟʦʥ 

ʚʳʩʪʫʧʦʚ ʠʥʪʨʫʟʠʡ ʠ ʤʝʞʧʣʘʩʪʦʚʳʭ ʪʝʣ ʨʠʦʣʠʪʦʚ. ʌʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʬʣʶʠʜʥʳʭ 

ʨʘʩʧʣʘʚʦʚ ʚʳʩʦʢʦʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ ʢ ʦʪʜʝʣʝʥʠʶ ʤʝʪʘʥʦʚʳʭ ʬʨʘʢʮʠʡ, 

ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʨʝʜʢʦʤʝʪʘʣʴʥʫʶ ʩʝʨʝʙʨʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʫʶ ɺʈʄ ʩ ʩʘʤʦʨʦʜʥʳʤ ʩʝʨʝʙʨʦʤ 

(ʨʠʩ. 1ʙ), Pb, Sn, Cd, Zn, PbBi, ʩʝʨʠʮʠʪʦʤ, ʛʨʘʬʠʪʦʤ, ʫʛʣʝʨʦʜʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ, ʠ ʩʫʣʴʬʠʜʥʳʭ, 

ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʩʫʣʴʬʠʜʥʫʶ ʩʝʨʝʙʨʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʩ ʩʘʤʦʨʦʜʥʳʤ 

ʩʝʨʝʙʨʦʤ, ʘʢʘʥʪʠʪʦʤ (ʨʠʩ. 1ʚ), ʱʝʣʦʯʥʳʤʠ ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ, ʩʬʝʥʦʤ. ɺ ʨʘʤʢʘʭ 

ʥʠʟʢʦʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʠʜʥʦ-ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʭ 

ʬʨʘʢʮʠʡ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʨʝʜʢʦʤʝʪʘʣʴʥʫʶ ʩʫʣʴʬʠʜʥʫʶ ʩʝʨʝʙʨʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʫʶ ɺʈʄ ʩ 

ʘʢʘʥʪʠʪʦʤ,  ʱʝʣʦʯʥʳʤʠ ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ, ʢʘʣʴʮʠʪʦʤ, ʢʘʨʙʦʥʘʪʘʤʠ ʈɿʕ.  

ʌʘʟʦʚʘʷ ʩʝʧʘʨʘʮʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʦʪʜʝʣʝʥʠʶ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ 

ʞʠʜʢʦʩʪʝʡ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʥʘ ʨʫʜʥʳʭ ʫʨʦʚʥʷʭ ʚʳʩʦʢʦʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʩʨʘʩʪʘʥʠʡ ʘʢʘʥʪʠʪʘ, ʩʘʤʦʨʦʜʥʦʛʦ 

ʩʝʨʝʙʨʘ, ʢʘʣʠʝʚʳʭ ʩʣʶʜ (ʨʠʩ. 1 ʛ, ʜ, ʦʙʱʠʡ ʨʘʟʤʝʨ ʜʦ 2 ʤʢʤ), ʘ ʥʘ ʨʫʜʥʳʭ ʫʨʦʚʥʷʭ 

ʥʠʟʢʦʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ï ʩʨʘʩʪʘʥʠʡ ʦʢʩʠʜʦʚ Mn, ʩʘʤʦʨʦʜʥʦʛʦ ʩʝʨʝʙʨʘ, ʝʛʦ 

ʦʢʩʠʭʣʦʨʠʜʦʚ ʠ ʩʫʣʴʬʠʜʦʚ (ʨʠʩ. 1 ʝ, ʞ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʈʄ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʜʘʥʥʳʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʩʚʠʥʮʘ 

ʤʠʥʝʨʘʣʦʚ, ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʩʝʨʝʙʨʦʤ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʘʤ 

ʥʘʢʦʧʣʝʥʠʷ ʩʝʨʝʙʨʘ ʚ ʨʫʜʦʦʙʨʘʟʫʶʱʝʡ ʩʠʩʪʝʤʝ ʦʪʥʦʩʷʪʩʷ ʧʨʦʮʝʩʩʳ ʬʘʟʦʚʦʡ ʩʝʧʘʨʘʮʠʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚʳʩʦʢʦʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 1 ʜ) ʠ ʩʤʝʰʝʥʠʷ ʠʭ 

ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʧʨʦʜʫʢʪʦʚ (ʨʠʩ. 1 ʞ) ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ 

ʥʠʟʢʦʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ. 
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ʆʧʠʩʘʥ ʠ ʠʟʫʯʝʥ ʚʳʩʦʢʦʬʪʦʨʠʩʪʳʡ ʘʥʘʣʦʛ ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ ï ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʥʦʚʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʚʠʜ ʠʟ ʛʨʫʧʧʳ ʣʘʤʧʨʦʬʠʣʣʠʪʘ. ʄʠʥʝʨʘʣ ʦʙʥʘʨʫʞʝʥ ʚ ʘʛʧʘʠʪʦʚʳʭ 

ʩʠʝʥʠʪʘʭ ʠʥʪʨʫʟʠʠ ʅʠʚʘ (Arzamastsev et all., 2000). ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʨʦʜʳ, 

ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʣʘʤʧʨʦʬʠʣʣʠʪʘ 

(ʄɻʃ): ʣʘʤʧʨʦʬʠʣʣʠʪʘ, ʬʪʦʨʣʘʤʧʨʦʬʠʣʣʠʪʘ, ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ, ʠ ʚʳʩʦʢʦʬʪʦʨʠʩʪʦʛʦ 

ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ. ʊʘʢʞʝ ʛʣʘʚʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʧʦʨʦʜʳ ʷʚʣʷʶʪʩʷ: ʦʨʪʦʢʣʘʟ, ʥʘʪʨʦʣʠʪ, 

ʪʠʪʘʥʠʩʪʳʡ ʵʛʠʨʠʥ-ʘʚʛʠʪ, ʱʝʣʦʯʥʦʡ ʘʤʬʠʙʦʣ, ʵʥʠʛʤʘʪʠʪ, ʘʩʪʨʦʬʠʣʣʠʪ. 

ʄɻʃ ʚ ʧʦʨʦʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʫʧʥʳʤʠ (ʜʦ 1.5 ʤʤ) ʫʜʣʠʥʝʥʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ 

ʢʨʠʩʪʘʣʣʘʤʠ ʩʚʝʪʣʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ ʠ ʠʭ ʨʘʜʠʘʣʴʥʦ-ʣʫʯʠʩʪʳʤʠ ʩʨʦʩʪʢʘʤʠ (ʨʠʩ.1), ʢʨʠʩʪʘʣʣʳ 

ʟʦʥʘʣʴʥʳʝ: ʦʪ ʮʝʥʪʨʘ ʢ ʢʨʘʶ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʙʘʨʠʷ ʠ ʢʘʣʠʷ, ʫʤʝʥʴʰʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ. ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʄɻʃ: ʚʳʩʦʢʠʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʣʴʝʬ, 

ʩʦʚʝʨʰʝʥʥʘʷ ʩʧʘʡʥʦʩʪʴ ʧʦ (100), ʚʝʣʠʯʠʥʘ ʜʚʦʡʥʦʛʦ ʣʫʯʝʧʨʝʣʦʤʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪ 0.03, 

ʫʛʘʩʘʥʠʝ ʢʦʩʦʝ ʧʦʜ ʫʛʣʦʤ c : Ng ʜʦ 13Á, ʫʜʣʠʥʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ, ʧʣʝʦʭʨʦʠʟʤ ʦʪ ʩʚʝʪʣʦ-

ʞʝʣʪʦʛʦ ʧʦ Np ʜʦ ʟʦʣʦʪʠʩʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʧʦ Ng; ʩʭʝʤʘ ʘʙʩʦʨʙʮʠʠ ʧʨʷʤʘʷ (Ng > Np). 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1. ɿʦʥʘʣʴʥʳʡ ʢʨʠʩʪʘʣʣ ʄɻʃ: F-

Sr-Lam ï ʬʪʦʨʣʘʤʧʨʬʠʣʣʠʪ, F-Ba-Lam ï 

ʚʳʩʦʢʦʬʪʦʨʠʩʪʳʡ ʙʘʨʠʪʦʣʘʤʧʨʬʠʣʣʠʪ. 

ʀʟʦʙʨʘʞʝʥʠʝ ʚ ʦʙʨʘʪʥʦ-ʦʪʨʘʞʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʘʭ. 

 

 

 

 

 

 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʳʩʦʢʦʬʪʦʨʠʩʪʦʛʦ ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ. 1, 

ʩʦʜʝʨʞʘʥʠʝ (ʤʘʩ.%) BaO ʚʘʨʴʠʨʫʝʪ ʦʪ 13.32 ʜʦ 19.99, SrO ʦʪ 3.34 ʜʦ 8.08, F ʦʪ 2.10 ʜʦ 2.74, 

ʪʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ: Nb2O5 ʜʦ 1.61 ʤʘʩ.%. 

ʄʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʛʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠʟʫʯʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʚʳʩʦʢʦʬʪʦʨʠʩʪʦʛʦ ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ. ʉʪʨʫʢʪʫʨʘ ʘʥʘʣʦʛʠʯʥʘ ʜʨʫʛʠʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʛʨʫʧʧʳ ʣʘʤʧʨʦʬʠʣʣʠʪʘ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʪʠʧʫ I (2ʄ ï ʧʦʣʠʪʠʧ) (Rastsvetaeva 

et al., 2016) ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘʤ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʪʦʨʘ (ɸʟʘʨʦʚʘ ʠ 

ʜʨ., 2004; ɿʘʡʮʝʚ ʠ ʜʨ., 2002; ʀʚʘʥʶʢ ʠ ʜʨ., 2002). ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʪʨʘʞʝʥʳ ʚ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ (Z = 2): ):
 

A
(Ba0.36Sr0.33K0.18Ca0.06Na0.01)2 [

M1
Na1.0

M2
(Na0.75Fe0.21Mn0.04)2 

M3
(Ti0.82Mg0.16Fe0.02) 

X
(F1.05O0.52OH0.43)] [

L
Ti2(Si2O7)2O2], ʛʜʝ ʢʚʘʜʨʘʪʥʳʤʠ ʩʢʦʙʢʘʤʠ ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 
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ʬʨʘʛʤʝʥʪʳ ʩʪʨʫʢʪʫʨʳ ï ʩʣʦʡ ʠʟ ʨʝʙʝʨʥʦʩʚʷʟʘʥʥʳʭ M(1-3)-ʦʢʪʘʵʜʨʦʚ ʠ ʛʝʪʝʨʦʧʦʣʠʵʜʨʠʯʝʩʢʘʷ 

ʩʝʪʢʘ ʠʟ L-ʧʷʪʠʚʝʨʰʠʥʥʠʢʦʚ ʠ Si-ʜʠʦʨʪʦʛʨʫʧʧ. ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ 18 

ʘʥʠʦʥʦʚ: 

H0.24Ba0.865Sr0.44K0.46Na2.64Ca0.09Mg0.09Mn0.06Fe0.505Al 0.01Ti2.79Nb0.06Zr0.015Ta0.01Si3.99O18.96F1.04. 
 

ʊʘʙʣʠʮʘ 1. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ  

ʚʳʩʦʢʦʬʪʦʨʠʩʪʦʛʦ ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ, ʤʘʩ.%. 

 

 

 

 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʚʳʩʦʢʦʬʪʦʨʠʩʪʦʛʦ 

ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ ʦʪ ʩʦʙʩʪʚʝʥʥʦ 

ʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʧʨʝʦʙʣʘʜʘʥʠʠ ʬʪʦʨʘ ʚ ʘʥʠʦʥʥʦʡ X-

ʧʦʟʠʮʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʩʪʳʢʝ ʪʨʝʭ ʦʢʪʘʵʜʨʦʚ 

(ʜʚʫʭ M2-ʦʢʪʘʵʜʨʦʚ ʠ ʦʜʥʦʛʦ ʄ3-ʦʢʪʘʵʜʨʘ). 

ʇʨʝʦʙʣʘʜʘʥʠʝʤ ʬʪʦʨʘ ʥʘʜ OH-ʛʨʫʧʧʦʡ ʠ 

ʢʠʩʣʦʨʦʜʦʤ ʚ ʘʥʠʦʥʥʦʡ X-ʧʦʟʠʮʠʠ ʜʝʣʘʝʪ 

ʠʟʫʯʝʥʥʳʡ ʤʠʥʝʨʘʣ ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʦʚʳʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʛʨʫʧʧʳ ʣʘʤʧʨʦʬʠʣʣʠʪʘ ï 

çʬʪʦʨʙʘʨʠʪʦʣʘʤʧʨʦʬʠʣʣʠʪʦʤè (ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʬʪʦʨʣʘʤʧʨʦʬʠʣʣʠʪʦʤ (Andrade et al., 2014). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 16-35-00537. 

 

 

 

 

 

 

ʇʨʠʤʝʯʘʥʠʝ. ʅ.ʧ.ʦ. ï ʥʠʞʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ.  

ʉʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ʦʧʨʝʜʝʣʝʥ ʩ ʧʦʤʦʱʴʶ  

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʟʦʥʜʘ Jeol JXA-8100 ʚ ɺʀʄʉʝ ʠʤ. ʌʝʜʦʨʦʚʩʢʦʛʦ. 
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ʂʦʤʧ. 1 2 3 4 

Na2O 9,04 10,84 9,90 9,87 

K2O 3,20 2,38 2,57 2,59 

MgO 0,24 0,66 0,41 0,34 

CaO 0,50 0,80 0,57 0,54 

SrO 4,35 8,08 3,34 5,18 

BaO 17,78 13,32 19,99 17,19 

MnO 0,30 0,77 0,32 0,36 

FeO 4,98 4,08 4,17 4,83 

Al2O3 0,07 0,11 0,07 0,09 

TiO2 27,45 27,53 26,44 27,39 

ZrO2 0,08 0,36 0,06 0,11 

Nb2O5 1,61 0,60 1,08 0,14 

Ta2O5 0,36 0,06 ʅ,ʧ,ʦ, 0,11 

SiO2 29,05 29,09 29,71 28,56 

F 2,10 2,73 2,74 2,30 

Total 101,11 101,41 101,37 99,60 

ïO=F 0,88 1,15 1,15 0,97 

Total 100,23 100,26 100,22 98,63 
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ʂʘʩʩʝʜʘʥʥʝʠʪ ʙʳʣ ʦʪʢʨʳʪ ʚ ʩʪʘʨʦʤ ʦʙʨʘʟʮʝ ʠʟ ɹʝʨʸʟʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʉʨʝʜʥʝʤ 

ʋʨʘʣʝ, ʭʨʘʥʷʱʝʤʩʷ ʚ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʤʫʟʝʝ ɺʳʩʰʝʡ ʛʦʨʥʦʡ ʰʢʦʣʳ ʚ ʇʘʨʠʞʝ. ʉʨʝʜʥʠʡ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʦʣʦʪʠʧʥʦʛʦ ʦʙʨʘʟʮʘ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʩʣʝʜʫʶʱʠʡ: PbO 70.24; CuO 0.61; 

ZnO 0.65; V2O5 9.90; P2O5 1.56; CrO3 12.39; H2O 1.65 (ʧʦ ʨʘʟʥʦʩʪʠ), ʩʫʤʤʘ 100.00 ʤʘʩ.%. 

ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ (Pb4.92Zn0.12Cu0.11)[(VO4)1.63(PO4)0.33(CrO4)1.86]*1.37H2O, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʣʦʞʠʪʴ ʪʘʢʫʶ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʫʶ ʬʦʨʤʫʣʫ: Pb5(VO4)2(CrO4)2*H2O (Cesbron et 

al., 1988). 

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʛʦʣʦʪʠʧ ʦʩʪʘʚʘʣʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʜʦʩʪʦʚʝʨʥʦ ʠʟʚʝʩʪʥʳʤ 

ʦʙʨʘʟʮʦʤ ʢʘʩʩʝʜʘʥʥʝʠʪʘ. ʅʘʤʠ ʩʜʝʣʘʥʘ ʚʪʦʨʘʷ ʥʘʭʦʜʢʘ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ, ʪʘʢʞʝ ʚ ʩʪʘʨʦʤ 

ʤʘʪʝʨʠʘʣʝ ʠʟ ɹʝʨʸʟʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʥ ʫʩʪʘʥʦʚʣʝʥ ʚ ʦʙʨʘʟʮʝ ˉ 24230 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤʝʥʠ ɸ.ɽ. ʌʝʨʩʤʘʥʘ ʈɸʅ. 

ʆʨʘʥʞʝʚʦ-ʢʨʘʩʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʘʩʩʝʜʘʥʥʝʠʪʘ ʨʘʟʤʝʨʦʤ ʜʦ 0.1 ʤʤ ʦʙʨʘʟʦʚʘʥʳ ʚ ʦʩʥʦʚʥʦʤ 

ʛʨʘʥʷʤʠ ʨʦʤʙʠʯʝʩʢʦʡ ʜʠʧʠʨʘʤʠʜʳ ʠ, ʩʨʘʩʪʘʷʩʴ, ʬʦʨʤʠʨʫʶʪ ʢʦʨʢʫ ʧʣʦʱʘʜʴʶ 5 ʭ 5 ʤʤ ʥʘ 

ʚʘʥʘʜʠʥʠʪʝ ʠ ʧʠʨʦʤʦʨʬʠʪʝ.  ʀʥʜʠʚʠʜʳ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʘʧʘʪʠʪʘ ʟʦʥʘʣʴʥʳʝ: ʠʭ ʷʜʨʘ 

ʩʣʦʞʝʥʳ ʚʘʥʘʜʠʡ- ʠ ʭʨʦʤʩʦʜʝʨʞʘʱʠʤ ʧʠʨʦʤʦʨʬʠʪʦʤ, ʘ ʧʝʨʠʬʝʨʠʯʝʩʢʠʝ ʯʘʩʪʠ ï ʬʦʩʬʦʨ- ʠ 

ʭʨʦʤʩʦʜʝʨʞʘʱʠʤ ʚʘʥʘʜʠʥʠʪʦʤ, ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʪʦʨʳʤ ʠ ʨʘʩʪʝʪ ʢʘʩʩʝʜʘʥʥʝʠʪ. 

ʂʨʠʩʪʘʣʣʳ ʢʘʩʩʝʜʘʥʥʝʠʪʘ ʭʠʤʠʯʝʩʢʠ ʥʝʦʜʥʦʨʦʜʥʳ. ʉʦʜʝʨʞʘʥʠʝ PbO ʚʘʨʴʠʨʫʝʪ ʦʪ 72.5 

ʤʘʩ.%, ʯʪʦ ʦʪʚʝʯʘʝʪ 2.56 ʘʪʦʤʘʤ Pb ʥʘ ʬʦʨʤʫʣʫ (ʘ.ʬ.), ʨʘʩʩʯʠʪʘʥʥʫʶ ʥʘ (Cr+P+As+V+S) = 2 

ʘ.ʬ., ʜʦ 74.7 (2.61 ʘ.ʬ. Pb). ʉʦʜʝʨʞʘʥʠʝ CuO ʤʝʥʷʝʪʩʷ ʦʪ 2.8 ʜʦ 3.8 ʤʘʩ.% (0.28 ï 0.35 ʘ.ʬ. 

Cu); ʦʩʥʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩʦʜʝʨʞʘʪ ʤʝʥʴʰʝ ʤʝʜʠ. ʂʦʣʠʯʝʩʪʚʦ V2O5 ʢʦʣʝʙʣʝʪʩʷ ʦʪ 7.4 ʜʦ 9.8 

ʤʘʩ.% (0.66 ï 0.80 ʘ.ʬ. V), CrO3 ï ʦʪ 9.5 ʜʦ 11.4 ʤʘʩ.% (0.74  ï 0.85 ʘ.ʬ. Cr), P2O5 ï ʦʪ 3.6 ʜʦ 

4.7 ʤʘʩ.% (0.38 ï 0.65 ʘ.ʬ. P), ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ As2O5 ʥʝ ʧʨʝʚʳʰʘʝʪ 0.6 ʤʘʩ.% (0.04 ʘ.ʬ. As). 

ʆʪʤʝʯʘʶʪʩʷ ʧʨʠʤʝʩʠ (ʤʘʩ.%) Al2O3 ï ʜʦ 0.2 (0.02 ʘ.ʬ. Al), Fe2O3 ï ʜʦ 0.1 (0.01 ʘ.ʬ. Fe), ZnO ï 

ʜʦ 0.2 (0.02 ʘ.ʬ. Zn) ʠ Sb2O5 ï ʜʦ 0.1. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʦʣʦʪʠʧʦʤ ʢʘʩʩʝʜʘʥʥʝʠʪʘ ʠʟʫʯʝʥʥʳʡ 

ʥʘʤʠ ʦʙʨʘʟʝʮ ʦʙʦʛʘʱʝʥ ʤʝʜʴʶ (ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ CuO ʩʦʩʪʘʚʣʷʝʪ 3.2 ʤʘʩ.% ʧʨʦʪʠʚ 0.6 ʚ 

ʦʨʠʛʠʥʘʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ) ʠ ʬʦʩʬʦʨʦʤ (ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ 4.2 ʤʘʩ.% P2O5 ʧʨʦʪʠʚ 1.6). 

   

 

 

 

 

ʈʠʩʫʥʦʢ 1. ʉʦʦʪʥʦʰʝʥʠʝ 

ʬʦʩʬʦʨʘ ʠ ʚʘʥʘʜʠʷ ʚ 

ʤʠʥʝʨʘʣʘʭ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʨʷʜʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʢʘʩʩʝʜʘʥʥʝʠʪ-ʵʤʙʨʝʡʠʪ. 

ʂʨʫʛ ï ʫʩʨʝʜʥʝʥʥʳʡ ʘʥʘʣʠʟ 

ʌ. ʉʝʩʙʨʦʥʘ ʩ ʩʦʘʚʪʦʨʘʤʠ 

(1988),  

ʨʦʤʙʳ ï ʘʥʘʣʠʟʳ ʠʟʫʯʝʥʥʦʛʦ 

ʥʘʤʠ ʢʘʩʩʝʜʘʥʥʝʠʪʘ,  

ʢʚʘʜʨʘʪʳ ï ʵʤʙʨʝʡʠʪ. 
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ʇʦʨʦʰʢʦʚʘʷ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʥʘʰʝʛʦ ʦʙʨʘʟʮʘ ʙʣʠʟʢʘ ʢ ʪʘʢʦʚʦʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ 

ʢʘʩʩʝʜʘʥʥʝʠʪʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʥʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʝʢʩʦʚ hkl, ʧʨʝʜʣʦʞʝʥʥʳʭ ʌ. 

ʉʝʩʙʨʦʥʦʤ ʩ ʩʦʘʚʪʦʨʘʤʠ (Cesbron et al., 1988), ʧʘʨʘʤʝʪʨʳ ʤʦʥʦʢʣʠʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

ʪʘʢʦʚʳ: a = 7.67(1), b = 5.752(5), c = 9.89(2) ¡, ɓ = 115.8(1)Á, V = 393(1) ¡
3
. 

ʌ. ʉʝʩʙʨʦʥ ʩ ʩʦʘʚʪʦʨʘʤʠ (Cesbron et al., 1988) ʦʪʤʝʪʠʣʠ ʩʭʦʜʩʪʚʦ ʢʘʩʩʝʜʘʥʥʝʠʪʘ ʧʦ 

ʩʪʝʭʠʦʤʝʪʨʠʠ ʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʩ ʵʤʙʨʝʡʠʪʦʤ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʥʝʝ 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʬʦʨʤʫʣʘ Pb5(CrO4)2(PO4)2*H2O (Williams, 1972). ɹʦʣʝʝ ʪʦʛʦ, ʚ 

ʦʨʠʛʠʥʘʣʴʥʦʤ ʦʙʨʘʟʮʝ ʢʘʩʩʝʜʘʥʥʝʠʪʘ ʙʳʣ ʚʩʪʨʝʯʝʥ ʠ V-ʩʦʜʝʨʞʘʱʠʡ ʵʤʙʨʝʡʠʪ ʩ ʘʪʦʤʥʳʤ 

ʦʪʥʦʰʝʥʠʝʤ P : V = 1.67 : 0.33 (Cesbron et al., 1988). ʅʘʰʠ ʜʘʥʥʳʝ ʜʣʷ ʦʙʦʛʘʱʝʥʥʦʡ P ʠ Cu 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʘʩʩʝʜʘʥʥʝʠʪʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʦʜʩʪʚʦ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʩ ʵʤʙʨʝʡʠʪʦʤ ʠ 

ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʩʝʨʠʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʛʜʝ ʛʣʘʚʥʘʷ 

ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʡ: V
5+

 ź P
5+

 (ʨʠʩ. 1). ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ V ʠ P ʩʦʩʪʘʚʣʷʝʪ -0.90 

ʧʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʘʥʘʣʠʟʦʚ ʦʙʦʠʭ ʤʠʥʝʨʘʣʦʚ, ʚ ʢʦʪʦʨʫʶ ʚʢʣʶʯʝʥʳ 158 ʮʠʬʨ [ʜʘʥʥʳʝ 

ʜʣʷ ʵʤʙʨʝʡʠʪʘ ʚʟʷʪʳ ʠʟ ʩʪʘʪʴʠ (ʍʘʥʠʥ ʠ ʜʨ., 2015)]. ʆʪʤʝʪʠʤ, ʯʪʦ ʫ ʥʘʰʝʛʦ ʦʙʨʘʟʮʘ 

ʢʘʩʩʝʜʘʥʥʝʠʪʘ ʥʘ ʧʦʨʦʰʢʦʛʨʘʤʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʬʣʝʢʩ ʩ d = 13.9 ¡, ʦʪʩʫʪʩʪʚʫʶʱʠʡ ʫ 

ʵʤʙʨʝʡʠʪʘ. ʕʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʫʜʚʦʝʥʠʝ ʧʘʨʘʤʝʪʨʘ c ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʩʣʝʜʥʠʤ.   
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ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʟʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ 

ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʠʟ ʪʨʫʙʦʢ ʠ ʨʦʩʩʳʧʝʡ ʨʘʟʥʳʭ ʧʨʦʚʠʥʮʠʡ (ʙʦʣʝʝ 5500 

ʦʙʨʘʟʮʦʚ ʠʟ 96 ʤʝʩʪʦʨʦʞʜʝʥʠʡ), ʘ ʪʘʢʞʝ ʚ ʦʙʲʝʤʝ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ (94 ʦʙʨʘʟʮʘ). ʅʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʫʯʝʪʦʤ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʚ ʥʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʤʠʥʝʨʘʣʦʚ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʡ 

ʨʝʰʝʥʳ ʚʦʧʨʦʩʳ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ, ʚʭʦʜʷʱʠʭ  ʚ ʩʪʨʫʢʪʫʨʫ 

ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ.  

ɸʟʦʪ ï ʛʣʘʚʥʘʷ ʠʟʦʤʦʨʬʥʘʷ ʧʨʠʤʝʩʴ ʚ ʘʣʤʘʟʝ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʜʝʬʝʢʪʳ (ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ). ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ 

ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʚ ʘʣʤʘʟʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʣʘʤʧʨʦʠʪʦʚ 

ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʳ ɸ (ʧʘʨʳ ʘʟʦʪʥʳʭ ʘʪʦʤʦʚ) ʠ ɺ (ʪʝʪʨʘʵʜʨʠʯʝʩʢʠ ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʚʦʢʨʫʛ 

ʚʘʢʘʥʩʠʠ ʘʟʦʪʥʳʝ ʘʪʦʤʳ). ɺ ʘʣʤʘʟʘʭ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʜʦʤʠʥʠʨʫʶʪ ʮʝʥʪʨʳ ɸ ï ʠ N 

(ʦʜʠʥʦʯʥʳʝ ʘʪʦʤʳ ʘʟʦʪʘ).  

ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʨʦʩʩʳʧʝʡ 

~80% ʩʦʩʪʘʚʣʷʶʪ ʢʨʠʩʪʘʣʣʳ ʩ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ 100-1600 ppm. ʋʢʘʟʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʥʘ 2-3 ʧʦʨʷʜʢʘ ʧʨʝʚʳʰʘʶʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʚ ʩʦʩʪʘʚʝ ʜʨʝʚʥʠʭ ʛʣʫʙʠʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ 

ʧʦʨʦʜ: ʧʝʨʠʜʦʪʠʪʦʚʳʭ ʢʩʝʥʦʣʠʪʦʚ, ʦʣʠʚʠʥʘ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ ʠʟ ʵʪʠʭ ʢʩʝʥʦʣʠʪʦʚ (Yokochi 

e.a., 2009). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʢʟʦʛʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʘʣʤʘʟʝ ʘʟʦʪʘ, ʢʦʪʦʨʳʡ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʘʪʤʦʩʬʝʨʳ, ʛʠʜʨʦʩʬʝʨʳ ʠ ʙʠʦʩʬʝʨʳ. 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʟʥʳʭ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʧʘʨʘʤʝʪʨʘ: ʦʙʱʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ (Ntot) ʠ ʩʪʝʧʝʥʴ ʝʛʦ ʘʛʨʝʛʘʮʠʠ (%NB). ʇʦ ʥʠʤ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʧʦʧʫʣʷʮʠʠ 

ʘʣʤʘʟʘ, ʜʦʤʠʥʠʨʫʶʱʠʝ ʩʨʝʜʠ ʠʥʜʠʚʠʜʦʚ ʚ ʪʨʫʙʢʘʭ ʠʣʠ ʨʦʩʩʳʧʷʭ. ʇʦʧʫʣʷʮʠʠ ʩ ʫʯʝʪʦʤ 

ʥʘʣʠʯʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʚʢʣʶʯʝʥʠʡ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʡ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʦʚ (ʤʝʡʜʞʦʨʠʪʘ, ʬʝʨʨʠʧʝʨʠʢʣʘʟʘ ʠ ʜʨ.), ʥʘʥʝʩʝʥʳ ʥʘ ʜʠʘʛʨʘʤʤʫ 

(Taylor, Milledge, 1995), ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ Ntot, % NB, çʫʩʣʦʚʥʳʡ ʚʦʟʨʘʩʪ ʘʣʤʘʟʘè ʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʘʛʨʝʛʘʮʠʠ. ɺʳʜʝʣʝʥʦ 6 ʪʠʧʦʚ ʧʦʧʫʣʷʮʠʡ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʚʳʥʝʩʝʥʥʳʭ ʠʟ 

ʥʝʜʨ ʢʠʤʙʝʨʣʠʪʘʤʠ ʠ ʣʘʤʧʨʦʠʪʘʤʠ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʫʩʣʦʚʠʷʤ ʦʙʨʘʟʦʚʘʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʤʝʥʦʡ ʧʦʧʫʣʷʮʠʡ ʩ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ 

ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʠ ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ (ʦʪ ʧʘʨʥʦʡ ʢ ʯʝʪʳʨʝʭʘʪʦʤʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʘʪʦʤʦʚ) ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʧʦʧʫʣʷʮʠʷ ï I ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʳʚʘʪʴ 

ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʛʣʫʙʠʥʦʡ. 

ʇʦʧʫʣʷʮʠʠ ʘʣʤʘʟʘ ʚ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʠʤʝʶʪ ʟʦʥʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ. ɺ 

ʣʘʪʝʨʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʧʨʠʤʝʨʝ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʦʧʫʣʷʮʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥʪʨʝ, ʘ ʥʘʠʤʝʥʝʝ ï ʧʦ ʧʝʨʠʬʝʨʠʠ 

(ʍʘʯʘʪʨʷʥ, 2013). ɼʚʫʩʪʦʨʦʥʥʷʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʮʝʥʪʨʠʯʥʦʩʪʠ ʟʦʥʘʣʴʥʦʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, 

ʯʪʦ ʘʣʤʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʛʣʫʙʠʥʥʳʤʠ ʟʦʥʘʤʠ, ʧʦʛʨʫʞʘʶʱʠʤʠʩʷ ʩ ʨʘʟʥʳʭ 

ʩʪʦʨʦʥ ʢ ʮʝʥʪʨʫ ʧʣʘʪʬʦʨʤʳ.  

ɺ ʩʪʨʫʢʪʫʨʝ ʘʣʤʘʟʘ ʚʦʜʦʨʦʜ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥ ʩ ʫʛʣʝʨʦʜʦʤ ʠ ʦʙʨʘʟʫʝʪ ʮʝʥʪʨʳ 

H>C=C<H (ʉʦʙʦʣʝʚ, ʃʠʩʦʡʚʘʥ, 1971) ʠʣʠ >C=C<H2 (Woods, Collins, 1983). 

ɺʭʦʞʜʝʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʩʪʨʫʢʪʫʨʫ ʘʣʤʘʟʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʦʩʪʘ 

ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʪʦʡ ʧʨʠʤʝʩʠ ʚ ʦʙʲʝʤʝ ʢʨʠʩʪʘʣʣʘ, 

ʟʘʚʠʩʷʱʠʤ ʦʪ ʬʦʨʤʳ ʠ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ.  
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ɺ ʘʣʤʘʟʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦʙʥʘʨʫʞʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʘʷ ʚ ʦʪʜʝʣʴʥʳʭ 

ʩʣʫʯʘʷʭ (ʘʣʤʘʟʳ ʠʟ ʨʦʩʩʳʧʝʡ ʪʨʫʙʦʢ ʨʘʡʦʥʘ ɾʫʠʥʘ, ɹʨʘʟʠʣʠʷ) ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ, ʚʭʦʜʷʱʠʭ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ ʧʨʠʨʦʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ.  

ʕʢʟʦʛʝʥʥʘʷ (ʙʠʦʛʝʥʥʘʷ) ʧʨʠʨʦʜʘ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʚ ʘʣʤʘʟʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʥʘʭʦʜʢʘʤʠ ʬʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʘʣʤʘʟʘʭ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʠ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʦʙʣʘʜʘʶʱʠʭ ʠʟʦʪʦʧʥʦ-ʣʝʛʢʠʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ. ʅʘ ʧʝʨʚʠʯʥʳʡ 

ʭʘʨʘʢʪʝʨ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʫʢʘʟʳʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʩʪʝʧʝʥʴʶ 

ʘʛʨʝʛʘʮʠʠ ʘʟʦʪʘ ʚ ʘʣʤʘʟʝ. ʆʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʟʘ ʩʯʝʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʙʨʘʪʥʦʡ ʠʭ ʢʦʨʨʝʣʷʮʠʝʡ ʚ ʢʨʠʩʪʘʣʣʝ ʘʣʤʘʟʘ.  

ɺ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʩ ʨʘʟʣʠʯʥʳʤ ʪʠʧʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ 

ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʦʪ ʮʝʥʪʨʘ ʢʨʠʩʪʘʣʣʦʚ ʢ ʠʭ ʧʝʨʠʬʝʨʠʠ. 

ʉʭʦʜʥʘʷ ʪʝʥʜʝʥʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʣʝʛʢʦʛʦ ʠʟʦʪʦʧʘ ʫʛʣʝʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʘʭ 

(ɻʘʣʠʤʦʚ,1984, ʉʢʫʟʦʚʘʪʦʚ ʠ ʜʨ., 2012 ʠ ʜʨʫʛʠʝ). ʇʨʷʤʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʠ ʣʝʛʢʦʛʦ ʠʟʦʪʦʧʘ ʫʛʣʝʨʦʜʘ ʫʩʪʘʥʦʚʣʝʥʘ ʉ.ʖ. ʉʢʫʟʦʚʘʪʦʚʳʤ ʩ 

ʩʦʘʚʪʦʨʘʤʠ (2012) ʚ ʢʨʠʩʪʘʣʣʘʭ ʠʟ ʪʨʫʙʢʠ ʉʳʪʳʢʘʥʩʢʘʷ, ʗʢʫʪʠʷ. ɺʩʝ ʵʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʮʝʥʪʨʦʚ ʟʘ ʩʯʝʪ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʭ ʙʠʦʛʝʥʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʉʭʦʜʥʫʶ ʧʨʠʨʦʜʫ ʠʤʝʶʪ ʠ ʘʟʦʪʥʳʝ ʮʝʥʪʨʳ ʚ ʘʣʤʘʟʝ, ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʢʦʪʦʨʳʭ ʛʣʘʚʥʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʘʟʦʪʩʦʜʝʨʞʘʱʠʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ ʠ ʜʨʫʛʠʤ 

ʘʟʦʪʩʦʜʝʨʞʘʱʠʤ ʩʦʝʜʠʥʝʥʠʷʤ ʟʝʤʥʦʡ ʢʦʨʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʟʦʪʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʘ ʥʝʩʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʚʝʱʝʩʪʚʘ ʠ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ, ʘ ʪʘʢʞʝ 

ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʬʫʥʜʘʤʝʥʪʘ ʧʣʘʪʬʦʨʤ.  
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ʅʘʫʯʥʳʡ ʤʫʟʝʡ ʚʫʣʢʘʥʦʣʦʛʠʠ (ʄʫʟʝʡ)  - ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʜʨʘʟʜʝʣʝʥʠʝʤ (ʚ 

ʨʘʥʛʝ ʃʘʙʦʨʘʪʦʨʠʠ) ʀʥʩʪʠʪʫʪʘ ʚʫʣʢʘʥʦʣʦʛʠʠ ʠ ʩʝʡʩʤʦʣʦʛʠʠ ɼɺʆ ʈɸʅ. ʂʦʣʣʝʢʮʠʠ  ʄʫʟʝʷ 

ʩʦʙʨʘʥʳ ʪʨʝʤʷ ʧʦʢʦʣʝʥʠʷʤʠ ʚʫʣʢʘʥʦʣʦʛʦʚ. ʆʪʢʨʳʪʳʝ ʵʢʩʧʦʟʠʮʠʠ ʄʫʟʝʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ  ʚ 

ʯʝʪʳʨʝʭ ʧʦʤʝʱʝʥʠʷʭ: ʟʘʣ ʧʦʩʪʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʟʘʣ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʢʩʧʣʦʟʠʚʥʦʛʦ 

ʚʫʣʢʘʥʠʟʤʘ, ʟʘʣ ʠʩʪʦʨʠʯʝʩʢʠʭ ʠʟʚʝʨʞʝʥʠʡ ʠ ʟʘʣ ʜʦʬʦʥʜʦʚʳʭ ʢʦʣʣʝʢʮʠʡ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ. 

ʆʙʱʘʷ ʧʣʦʱʘʜʴ, ʟʘʥʠʤʘʝʤʘʷ ʤʫʟʝʡʥʳʤʠ ʢʦʣʣʝʢʮʠʷʤʠ, ʩʦʩʪʘʚʣʷʝʪ 131,3 ʤ
2
. ʂʦʣʠʯʝʩʪʚʦ 

ʦʙʨʘʟʮʦʚ ʬʦʥʜʦʚʳʭ ʢʦʣʣʝʢʮʠʡ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ ʩʦʩʪʘʚʣʷʝʪ 1220 ʝʜʠʥʠʮ, ʜʦʬʦʥʜʦʚʳʭ 

ʢʦʣʣʝʢʮʠʡ ʚ ʟʘʢʨʳʪʦʤ ʜʦʩʪʫʧʝ - 5550 ʝʜʠʥʠʮ. ʄʫʟʝʡ - ʝʜʠʥʩʪʚʝʥʥʳʡ ʚ ʈʦʩʩʠʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʤʫʟʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ, ʨʘʩʧʦʣʘʛʘʶʱʠʡ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ 

ʢʦʣʣʝʢʮʠʝʡ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠ ʧʦʩʪʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ. ʄʫʟʝʡ ʠʤʝʝʪ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʪʝʤʘʪʠʯʝʩʢʠʝ ʢʦʣʣʝʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʧʨʦʜʫʢʪʳ ʩʦʚʨʝʤʝʥʥʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʠ ʧʦʩʪʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʙʦʣʴʰʠʥʩʪʚʘ 

ʚʫʣʢʘʥʦʚ ʂʘʤʯʘʪʢʠ, ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ ʠ ʨʷʜʘ ʚʫʣʢʘʥʦʚ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ, ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ 

ʠ ʉʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʛʦ ʨʝʛʠʦʥʦʚ.  ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʥʘʫʯʥʦ-ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʄʫʟʝʷ ʷʚʣʷʝʪʩʷ ʩʙʦʨ, ʦʙʨʘʙʦʪʢʘ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʭʨʘʥʝʥʠʝ ʢʦʣʣʝʢʮʠʡ 

ʦʙʨʘʟʮʦʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ, ʧʦʩʪʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʤʠʥʝʨʘʣʦʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʵʢʩʛʘʣʷʮʠʡ, ʘ 

ʪʘʢʞʝ ʩʭʝʤ, ʬʦʪʦʛʨʘʬʠʡ, ʚʠʜʝʦʬʠʣʴʤʦʚ ʦʙ ʠʟʚʝʨʞʝʥʠʷʭ ʚʫʣʢʘʥʦʚ. ɺ ʄʫʟʝʝ ʧʨʦʚʦʜʷʪ ʟʘʥʷʪʠʷ 

ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʢʘʬʝʜʨʳ ʛʝʦʣʦʛʠʠ, ʛʝʦʛʨʘʬʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʂʘʤʯʘʪʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ 

ɺʠʪʫʩʘ ɹʝʨʠʥʛʘ, ʯʠʪʘʶʪ ʣʝʢʮʠʠ ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ ʝʞʝʛʦʜʥʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʚʫʣʢʘʥʦʣʦʛʠʯʝʩʢʦʡ ʰʢʦʣʳ çʄʫʪʥʦʚʩʢʘʷè. ɺ ʨʘʤʢʘʭ ʟʘʜʘʯ ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʦʡ ʠ ʥʘʫʯʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʚ ʄʫʟʝʝ ʙʳʣʦ ʧʨʦʯʠʪʘʥʦ ʙʦʣʝʝ 300 ʣʝʢʮʠʡ 

ʥʘ ʪʝʤʳ: çɺʫʣʢʘʥʠʯʝʩʢʘʷ ʦʧʘʩʥʦʩʪʴè, çɸʢʪʠʚʥʳʝ ʚʫʣʢʘʥʳ ʉʝʚʝʨʥʦʡ ʛʨʫʧʧʳ ʂʘʤʯʘʪʢʠè, 

çɻʣʦʙʘʣʴʥʳʡ ʚʫʣʢʘʥʠʟʤ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷè. ʄʫʟʝʡ ʧʦʩʝʪʠʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʦʩʩʠʡʩʢʠʝ ʠ 

ʠʥʦʩʪʨʘʥʥʳʭ ʪʫʨʠʩʪʳ, ʧʦʩʣʳ ʠ ʢʦʥʩʫʣʳ ʠʥʦʩʪʨʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚ, ʪʨʫʜʷʱʠʝʩʷ ʂʘʤʯʘʪʢʠ, 

ʚʦʝʥʥʳʝ ʤʦʨʷʢʠ ʠ ʠʭ ʢʦʣʣʝʛʠ ʠʟ ʙʝʨʝʛʦʚʦʡ ʦʭʨʘʥʳ ʉʐɸ.  

ʈʘʙʦʪʘ ʄʫʟʝʷ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʀɺʠʉ ɼɺʆ ʈɸʅ. ɺ ʪʝʤʘʪʠʢʝ 

ʄʫʟʝʷ ʦʩʥʦʚʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʦʙʣʝʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ: ʠʟʫʯʝʥʠʝ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʩʦʚʨʝʤʝʥʥʦʡ 

ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; P-T ʫʩʣʦʚʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʩʠʩʪʝʤʝ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʨʘʩʧʣʘʚ 

ï ʤʠʥʝʨʘʣ ï ʛʦʨʥʘʷ ʧʦʨʦʜʘ, ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʪʠʧʠʟʘʮʠʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ. ɺ ʥʘʫʯʥʳʭ 

ʧʣʘʥʘʭ ʀʥʩʪʠʪʫʪʘ ʚʫʣʢʘʥʦʣʦʛʠʠ ʠ ʩʝʡʩʤʦʣʦʛʠʠ  ɼɺʆ ʈɸʅ ʟʘ ʄʫʟʝʝʤ ʟʘʢʨʝʧʣʝʥʘ ʦʪʜʝʣʴʥʘʷ 

ʪʝʤʘ. 

ʅʘʫʯʥʳʡ ʤʫʟʝʡ ʚʫʣʢʘʥʦʣʦʛʠʠ ʨʘʙʦʪʘʣ ʧʦ ʛʨʘʥʪʘʤ: 

- ɺ 2003-2004 ʛʛ ï ʛʨʘʥʪ ˉ ʂ2003_ʈ3_ɻʨɸ_ʉ08_ʀɺ 

- ɺ 2005 ʛ - ʄʫʟʝʡ ʚʫʣʢʘʥʦʣʦʛʠʠ - ʩʦʠʩʧʦʣʥʠʪʝʣʴ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʫʯʥʦʛʦ 

ʢʦʥʪʨʘʢʪʘ ˉ10002-251(ʇ-13)182-405/080604; 

- ɺ 2009,2010,2011,2012, 2013 ʛʛ. ʄʫʟʝʡ ʠʩʧʦʣʥʠʪʝʣʴ ʧʨʦʝʢʪʘ çʇʨʦʛʨʘʤʤʘ ʧʦʜʜʝʨʞʢʠ 

ʤʫʟʝʝʚ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅè 
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ʇʆʃʀʊɽʍʅʀʏɽʉʂʆɻʆ ʄʋɿɽʗ 

 

ɺ.ɺ. ʏʝʨʥʝʥʢʦ
1,2
, ɺ.ɺ. ʈʦʤʘʥʦʚʘ

1 

 

1  ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 

v.chernenko@sgm.ru 

2  ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʫʤʘʥʠʪʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺ ʘʧʨʝʣʝ 2014 ʛʦʜʘ ʚ ʢʘʥʫʥ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʧʨʘʟʜʥʠʢʘ ï ɼʥʷ ʛʝʦʣʦʛʘ, ʦʪʢʨʳʣʘʩʴ 

ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʘʚʪʦʨʘʤʠ ʚʳʩʪʘʚʢʘ çʊʚʦʨʝʥʠʷ ʇʨʠʨʦʜʳ ʚ ʨʫʢʘʭ ʄʘʩʪʝʨʘè ï ʩʦʚʤʝʩʪʥʳʡ 

ʧʨʦʝʢʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ ʠ 

ʇʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʤʫʟʝʷ. ɽʝ ʦʩʥʦʚʦʡ ʩʪʘʣʘ ʢʦʣʣʝʢʮʠʷ ʧʨʦʠʟʚʝʜʝʥʠʡ ʢʘʤʥʝʨʝʟʥʦʛʦ ʠʩʢʫʩʩʪʚʘ 

ʛʦʨʥʦʛʦ ʦʪʜʝʣʘ ʇʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʤʫʟʝʷ, ʘ ʤʠʥʝʨʘʣʳ ʠ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʚʳʙʨʘʣ 

ʄʘʩʪʝʨ ʜʣʷ ʚʦʧʣʦʱʝʥʠʷ ʩʚʦʝʛʦ ʟʘʤʳʩʣʘ, ʩʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ, ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʠʟ ʩʦʙʨʘʥʠʷ 

ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ.  

ʎʝʥʪʨʘʣʴʥʳʤ ʵʢʩʧʦʥʘʪʦʤ ʚʳʩʪʘʚʢʠ ʩʪʘʣʘ ʩʪʦʣʝʰʥʠʮʘ, ʩʦʟʜʘʥʥʘʷ ʚ ʪʝʭʥʠʢʝ 

ʬʣʦʨʝʥʪʠʡʩʢʦʡ ʤʦʟʘʠʢʠ. ʉʝʤʴ ʨʷʜʦʚ ʤʦʟʘʠʯʥʳʭ ʚʩʪʘʚʦʢ ʦʙʨʘʟʫʶʪ ʣʝʧʝʩʪʢʠ ʠʟ ʜʝʢʦʨʘʪʠʚʥʳʭ 

ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ. ʆʢʦʣʦ 60% ʣʝʧʝʩʪʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʧʦ ʮʚʝʪʫ ʠ ʨʠʩʫʥʢʫ 

ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ï ʤʨʘʤʦʨʘʤʠ, ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʤʠ ʦʨʛʘʥʦʛʝʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ 

ʤʨʘʤʦʨʥʳʤʠ ʦʥʠʢʩʘʤʠ, ʧʦʵʪʦʤʫ ʩʪʦʣʝʰʥʠʮʘ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ï ʤʨʘʤʦʨʥʘʷ.  

ɺ ʩʦʩʪʘʚʣʝʥʥʦʤ ʭʨʘʥʠʪʝʣʝʤ ʚ 1981 ʛʦʜʫ ʥʘʫʯʥʦʤ ʧʘʩʧʦʨʪʝ ʟʘʧʠʩʘʥʦ ʩʣʝʜʫʶʱʝʝ: 

çéʥʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠ ʘʨʭʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʷ 

ʦʙʨʘʟʮʦʚ ʢʘʤʥʝʡ ʚ ʩʪʦʣʝʰʥʠʮʝ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʦʨʦʜ ʢʘʤʥʷ, 

ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʪʦʣʝʰʥʠʮʘ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʥʘ ʇʝʪʝʨʛʦʬʩʢʦʡ ʬʘʙʨʠʢʝ ʚ ʧʝʨʠʦʜ 

ʤʝʞʜʫ 50- ʠ 70-ʤʠ ʛʦʜʘʤʠ XIX ʚʝʢʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʉʦʢʦʣʦʚʘè.  

ʇʨʠʚʝʜʝʥʥʘʷ ʚʳʰʝ ʠʥʬʦʨʤʘʮʠʷ ʦʧʨʝʜʝʣʠʣʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʠʩʢʘ ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠ ʪʝʤʘʪʠʢʫ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʭ ʪʝʢʩʪʦʚ. ʅʘʯʘʣʩʷ ʢʨʦʧʦʪʣʠʚʳʡ ʧʨʦʮʝʩʩ ʧʦʜʙʦʨʘ ʚ ʢʦʣʣʝʢʮʠʷʭ 

XIX  ʚʝʢʘ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘʥʘʣʦʛʠʯʥʦʛʦ ʪʦʤʫ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʤʦʟʘʠʯʥʳʭ ʚʩʪʘʚʢʘʭ. ʇʦʠʩʢ ʥʝ ʫʚʝʥʯʘʣʩʷ ʫʩʧʝʭʦʤ. ʉʨʝʜʠ ʦʙʨʘʟʮʦʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʠʟ 

ʨʦʩʩʠʡʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʙʥʘʨʫʞʠʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʨʦʜʳ ʘʚʪʦʨʘʤ ʥʝ ʫʜʘʣʦʩʴ. 
ʇʘʨʘʣʣʝʣʴʥʦ ʛʦʪʦʚʠʣʠʩʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʢ ʦʪʜʝʣʴʥʳʤ ʧʨʝʜʤʝʪʘʤ ʠ 

ʨʘʟʜʝʣʘʤ ʚʳʩʪʘʚʢʠ. ʇʦ ʩʦʚʝʪʫ ʄ.ɹ. ʏʠʩʪʷʢʦʚʦʡ ʘʚʪʦʨʳ ʦʙʨʘʪʠʣʠʩʴ ʢ ʨʘʙʦʪʝ ʅ.ʄ. 

ʄʘʚʨʦʜʠʥʦʡ, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʪʩʷ ʩʚʝʜʝʥʠʷ ʦʙ ʠʩʪʦʨʠʠ ʇʝʪʝʨʛʦʬʩʢʦʡ ʬʘʙʨʠʢʠ, ʤʘʩʪʝʨʘʭ, ʘ 

ʪʘʢʞʝ ʧʝʨʝʯʝʥʴ ʚʩʝʡ ʚʳʧʫʱʝʥʥʦʡ ʟʘ ʛʦʜʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʘʙʨʠʢʠ ʧʨʦʜʫʢʮʠʠ 

(ʅ.ʄ. ʄʘʚʨʦʜʠʥʘ, 2007). ɺ ʧʝʨʝʯʥʝ ʧʨʦʜʫʢʮʠʠ ʚ ʫʢʘʟʘʥʥʦʤ ʚ ʥʘʫʯʥʦʤ ʧʘʩʧʦʨʪʝ ʚʨʝʤʝʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʪʘʢʘʷ ʩʪʦʣʝʰʥʠʮʘ ʥʝ ʟʥʘʯʠʪʩʷ.  
ʏʪʦ ʜʝʣʘʪʴ? ʉʪʦʣʝʰʥʠʮʘ ʫʞʝ ʟʘʥʷʣʘ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ ʟʘʣʝ. 

ʀʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʥʘʫʯʥʦʤ ʧʘʩʧʦʨʪʝ, ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ 

ʠʩʪʦʯʥʠʢ ʧʨʠʧʠʩʳʚʘʝʤʦʛʦ ʘʚʪʦʨʩʪʚʘ. ɺ ʢʥʠʛʝ ɸ.ɽ. ʌʝʨʩʤʘʥʘ çʆʯʝʨʢʠ ʧʦ ʠʩʪʦʨʠʠ ʢʘʤʥʷè, 

ʪ. 2, ʥʘ ʩʪʨʘʥʠʮʝ 127 ʢ ʨʘʟʜʝʣʫ ʦ ʜʝʷʪʝʣʴʥʦʩʪʠ ʇʝʪʝʨʛʦʬʩʢʦʡ ʬʘʙʨʠʢʠ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 

XIX ʚʝʢʘ ʧʨʠʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʩʪʦʣʝʰʥʠʮʳ, ʘʥʘʣʦʛʠʯʥʦʡ ʧʦ ʪʝʭʥʠʢʝ ʠ ʤʘʪʝʨʠʘʣʫ, ʠʟ 

ʩʦʙʨʘʥʠʷ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʕʨʤʠʪʘʞʘ (ɸ.ɽ. ʌʝʨʩʤʘʥ, 1961).  

ʇʦʩʣʝ ʧʦʩʝʱʝʥʠʷ ʵʢʩʧʦʟʠʮʠʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʕʨʤʠʪʘʞʘ, ʛʜʝ ʚ ʦʜʥʦʤ ʠʟ ʟʘʣʦʚ 

ʵʢʩʧʦʥʠʨʫʝʪʩʷ ʫʧʦʤʷʥʫʪʘʷ ʚʳʰʝ ʩʪʦʣʝʰʥʠʮʘ ʢʘʢ ʧʨʝʜʤʝʪ ʜʚʦʨʮʦʚʦʛʦ ʫʙʨʘʥʩʪʚʘ, ʪ.ʝ. ʙʝʟ 

ʵʪʠʢʝʪʢʠ, ʘʚʪʦʨʳ ʦʙʨʘʪʠʣʠʩʴ ʟʘ ʢʦʥʩʫʣʴʪʘʮʠʝʡ ʢ ʅ.ʄ. ʄʘʚʨʦʜʠʥʦʡ. ʇʦ ʝʝ ʤʥʝʥʠʶ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ ʢʥʠʛʝ ʩʪʦʣʝʰʥʠʮʘ ʠ ʨʷʜ ʜʨʫʛʠʭ ʵʢʩʧʦʥʠʨʫʝʤʳʭ ʚ ʟʘʣʘʭ ʕʨʤʠʪʘʞʘ 

ʤʦʟʘʠʯʥʳʭ ʩʪʦʣʝʰʥʠʮ, ʢʘʢ ʠ ʩʪʦʣʝʰʥʠʮʘ ʠʟ ʩʦʙʨʘʥʠʷ ʇʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʤʫʟʝʷ, ʠʤʝʶʪ 

ʝʚʨʦʧʝʡʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ.  

ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʥʘʯʘʣʩʷ ʥʦʚʳʡ ʵʪʘʧ ʚ ʨʘʙʦʪʝ ï çʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʠʡè. 

ʅʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ ʘʚʪʦʨʘʤ ʦʢʘʟʘʣʘ ɽ.ɸ. ʗʢʦʚʣʝʚʘ ï ʭʨʘʥʠʪʝʣʴ ʤʦʟʘʠʢʠ 

ʆʪʜʝʣʘ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʕʨʤʠʪʘʞʘ. 
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ɺ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ʝʶ ʣʠʪʝʨʘʪʫʨʝ, ʧʦʩʚʷʱʝʥʥʦʡ ʨʘʙʦʪʘʤ ʠʪʘʣʴʷʥʩʢʠʭ ʤʘʩʪʝʨʦʚ, ʫʜʘʣʦʩʴ 

ʥʘʡʪʠ ʦʧʠʩʘʥʠʝ ʧʦʨʦʜ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʳ ʣʝʧʝʩʪʢʠ ʵʨʤʠʪʘʞʥʳʭ ʠ ʥʘʰʝʡ ʩʪʦʣʝʰʥʠʮ, ʩ 

ʫʢʘʟʘʥʠʝʤ ʤʝʩʪʘ ʚʟʷʪʠʷ ʢʘʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (Marmi antichi. 1989, Eternita e nobilta di materia. 

2003). ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʧʦʨʦʜʳ ʩ ʪʝʨʨʠʪʦʨʠʠ ʀʪʘʣʠʠ ʠ ʩʦʩʝʜʥʠʭ ʛʦʩʫʜʘʨʩʪʚ. 

ɺ ʢʦʣʣʝʢʮʠʠ ʧʣʠʪʦʢ ʜʝʢʦʨʘʪʠʚʥʳʭ ʠ ʦʙʣʠʮʦʚʦʯʥʳʭ ʢʘʤʥʝʡ ʛʨʘʬʘ ɸ.ʂ. ʈʘʟʫʤʦʚʩʢʦʛʦ 

ʥʘʯʘʣʘ XIX ʚʝʢʘ ʠʟ ʩʦʙʨʘʥʠʷ ɻʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʘʚʪʦʨʳ ʥʘʰʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ 

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʦʧʠʩʘʥʥʳʭ ʚ ʠʟʫʯʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʳ ʵʣʝʤʝʥʪʳ 

ʩʪʦʣʝʰʥʠʮʳ. ɿʘʤʝʯʘʪʝʣʴʥʳʝ ʧʣʠʪʦʯʢʠ ʵʢʩʧʦʥʠʨʫʶʪʩʷ ʚ ʚʠʪʨʠʥʘʭ ʚʦʢʨʫʛ ʩʪʦʣʝʰʥʠʮʳ. 

ʇʨʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʨʦʜ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʠʟʜʝʣʠʷʭ ʵʢʩʧʝʨʪʘʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʝ 

ʢʦʣʣʝʢʮʠʠ: 

- ʢʦʣʣʝʢʮʠʷ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ ʄʫʟʝʷ ʬʣʦʨʝʥʪʠʡʩʢʦʡ ʤʦʟʘʠʢʠ (Annamaria Giusti, 

2007); 

- ʢʦʣʣʝʢʮʠʷ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ ʌʘʫʩʪʠʥʦ ʂʦʨʩʠ ʄʫʟʝʷ ʥʘʪʫʨʘʣʴʥʦʡ ʠʩʪʦʨʠʠ 

ʆʢʩʬʦʨʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (Online Corsi Collection of Decorative Stones Catalogue). 

ʀʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ, ʢʦʥʩʫʣʴʪʘʮʠʠ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʢʦʣʣʝʛ, ʟʥʘʢʦʤʩʪʚʦ ʩ 

ʨʦʩʩʠʡʩʢʠʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʢʦʣʣʝʢʮʠʷʤʠ ʧʦʟʚʦʣʠʣʠ ʘʚʪʦʨʘʤ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʩʪʦʣʝʰʥʠʮʘ 

ʠʟ ʩʦʙʨʘʥʠʷ ʇʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʩʦʟʜʘʥʘ ʚ ʀʪʘʣʠʠ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XIX ʚʝʢʘ ʠʟ 

ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʪʘʣʴʷʥʩʢʠʤʠ ʤʘʩʪʝʨʘʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʚ ʪʝʭʥʠʢʝ ʬʣʦʨʝʥʪʠʡʩʢʦʡ ʤʦʟʘʠʢʠ.  

ɸʥʘʣʦʛʠʯʥʳʝ ʩʪʦʣʝʰʥʠʮʳ ʝʩʪʴ ʚ ʩʦʙʨʘʥʠʷʭ ʤʫʟʝʝʚ ʈʦʩʩʠʠ, ʀʪʘʣʠʠ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ 

(Price, 2007), ʦʥʠ ʨʝʛʫʣʷʨʥʦ ʚʳʩʪʘʚʣʷʶʪʩʷ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʘʫʢʮʠʦʥʘʭ. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦ 

ʨʘʟʤʝʨʫ, ʢʦʣʠʯʝʩʪʚʫ ʠ ʬʦʨʤʝ ʤʦʟʘʠʯʥʳʭ ʚʩʪʘʚʦʢ, ʩʶʞʝʪʫ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʥʦ ʚ ʥʠʭ, ʧʦ 

ʥʘʙʣʶʜʝʥʠʷʤ ʘʚʪʦʨʦʚ, ʥʝʠʟʤʝʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʵʣʝʤʝʥʪʳ ʠʟ ʪʨʝʭ ʧʦʨʦʜ: granite orbicolari ï 

ʦʨʙʠʢʫʣʷʨʥʳʡ ʛʨʘʥʠʪ ï ʢʦʨʩʠʪ (ʦ. ʂʦʨʩʠʢʘ), plasma di smeraldo ï ʩʝʨʧʝʥʪʠʥʠʪ (ʦ. ʂʦʨʩʠʢʘ) ʠ 

pietra piesina ï ʧʝʡʟʘʞʥʳʡ ʤʨʘʤʦʨ (ʨ. ɸʨʥʦ, 10 ʢʤ ʦʪ ʌʣʦʨʝʥʮʠʠ). ʀʤʝʥʥʦ ʵʪʠ ʧʦʨʦʜʳ 

ʷʚʣʷʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʦʡ çʣʘʢʤʫʩʦʚʦʡ ʙʫʤʘʞʢʦʡè ʠʭ ʠʪʘʣʴʷʥʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 
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2  ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, reutsky@igm.nsc.ru 

3  ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ titkov@igem.ru 

4  ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʦʩʩʳʧʷʭ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩʨʘʚʥʠʪʝʣʴʥʦ ʯʘʩʪʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʘʣʤʘʟʳ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢʦ II ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʖ.ʃ. ʆʨʣʦʚʘ, ʨʝʜʢʦʡ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʗʢʫʪʠʠ. ʀʭ ʦʢʨʘʩʢʘ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʞʝʣʪʦʚʘʪʦ-ʟʝʣʸʥʦʡ ʢ ʞʸʣʪʦʡ ʠ ʦʨʘʥʞʝʚʦʡ. ʂʦʨʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ 

ʘʣʤʘʟʦʚ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʦʙʥʘʨʫʞʝʥʳ; ʪʘʢʞʝ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʝʬʝʢʪʘʭ 

ʨʝʰʝʪʢʠ ʠ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʵʪʠʭ ʢʨʠʩʪʘʣʣʦʚ. ɼʝʬʝʢʪʳ ʚ ʞʸʣʪʦʚʘʪʦ-ʟʝʣʸʥʳʭ, 

ʞʸʣʪʳʭ ʠ ʦʨʘʥʞʝʚʳʭ ʘʣʤʘʟʘʭ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʠʟ ʨʦʩʩʳʧʝʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʠʟʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʊʠʪʢʦʚ ʠ ʜʨ., 2015). ʇʦʤʠʤʦ ʦʩʥʦʚʥʳʭ 

ɸ-, ʉï ʠ ʚʦʟʤʦʞʥʦ ɺ-ʜʝʬʝʢʪʦʚ, ʚ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʮʝʥʪʨʳ X ʠ Y 

(Hainschwang et al., 2012), ʧʦʣʦʩʳ 1240, 1270 ʠ 1290-1295 ʩʤ
-1
, ʧʠʢʠ ʚ ʠʥʪʝʨʚʘʣʝ 1350-1380 

ʩʤ
-1
, ʷʥʪʘʨʥʳʝ ʜʝʬʝʢʪʳ (amber center) ʨʘʟʥʳʭ ʪʠʧʦʚ ʠ ʩʝʨʠʷ ʣʠʥʠʡ ʚ ʦʙʣʘʩʪʠ 3100-3300 ʩʤ

-1
. 

ʇʨʠ ʵʪʦʤ ʘʣʤʘʟʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʦʢʨʘʩʢʠ ʩʦʜʝʨʞʘʪ ʨʘʟʣʠʯʥʳʝ ʘʩʩʦʮʠʘʮʠʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ, ʭʦʪʷ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ II ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ʉʦʛʣʘʩʥʦ 

ʠʥʪʝʛʨʘʣʴʥʳʤ ʩʧʝʢʪʨʘʤ ʮʝʣʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʜʘʥʥʳʝ ʘʣʤʘʟʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʘʟʦʪʘ ʚ ʜʠʘʧʘʟʦʥʝ 60-265 ppm. ʆʜʥʘʢʦ 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʣʘʩʪʠʥ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʧʦʢʘʟʘʣʦ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʝʬʝʢʪʦʚ ʧʦ ʦʙʲʸʤʫ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ. ʆʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʜʣʷ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʘʜʝʥʠʝ ʢʘʢ ʦʙʱʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʘʟʦʪʘ, ʪʘʢ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʦʣʠ ʦʩʥʦʚʥʦʛʦ ɸ-ʜʝʬʝʢʪʘ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ 

ʢʨʠʩʪʘʣʣʘ. ɺ ʮʝʥʪʨʝ ʢʨʠʩʪʘʣʣʦʚ ʩʦʜʝʨʞʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʠʤʝʩʝʡ ʘʟʦʪʘ ʜʦʩʪʠʛʘʝʪ 990 ppm, 

ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʶʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʟʦʪʘ ʚ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʘʭ ʘʣʤʘʟʦʚ. ʇʨʠʩʫʪʩʪʚʠʝ ʉ-, Y-, ʍ-ʜʝʬʝʢʪʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʙʨʘʟʮʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʘʣʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʩʪ-ʨʦʩʪʦʚʦʛʦ ʦʪʞʠʛʘ ʵʪʠʭ ʘʣʤʘʟʦʚ.  

ʄʝʪʦʜʦʤ SIMS ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ ʮʝʥʪʨʝ 400 ʠ 

1000 ppm ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ 1ʈ ʠ 2ʈ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʥʠʞʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ ʢ 

ʧʝʨʠʬʝʨʠʠ ʢʨʠʩʪʘʣʣʦʚ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ 

ʚʝʩʴ ʘʟʦʪ ʩʦʜʝʨʞʠʪʩʷ ʚ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ ʬʦʨʤʝ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ ʘʟʦʪʘ, ʢʘʢ ʠ ʚʝʣʠʯʠʥʳ d
13
C ʠ d

15
N ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. ʉʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʦʡ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʠʟʤʝʥʝʥʠʷ ʠʟʦʪʦʧʥʳʭ 

ʦʪʥʦʰʝʥʠʡ ʫʛʣʝʨʦʜʘ ʠ ʘʟʦʪʘ. ɿʥʘʯʝʥʠʝ d
13
C ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ -13,7ă ʚ ʮʝʥʪʨʝ ʜʦ -15,6ă ʥʘ 

ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ 1ʈ. ɺ ʢʨʠʩʪʘʣʣʝ 2ʈ ʟʥʘʯʝʥʠʝ d
13
C ʚ ʮʝʥʪʨʝ ʩʦʩʪʘʚʠʣʦ -11,7ă, ʘ ʥʘ ʢʨʘʶ -

14,1ă. ɿʥʘʯʝʥʠʷ d
15
N ʚ ʢʨʠʩʪʘʣʣʝ 1ʈ ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʮʝʥʪʨʘ ʢ ʢʨʘʶ ʢʨʠʩʪʘʣʣʘ ʦʪ +4,9ă ʜʦ -

27,9ă. ɺ ʢʨʠʩʪʘʣʣʝ 2ʈ ʚʝʣʠʯʠʥʳ d
15
N ʠʟʤʝʥʷʶʪʩʷ ʦʪ -2,7ă ʜʦ -23,5ă. 

ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʠʟʦʪʦʧʥʳʭ ʧʨʦʬʠʣʝʡ ʩʚʷʟʘʥʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ 

ʚʩʣʝʜʩʪʚʠʝ ʫʤʝʥʴʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʣʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠ 

ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʜʝʣʝʥʠʷ ʠʟʦʪʦʧʦʚ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʠʟʤʝʥʝʥʠʶ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ. ʇʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ 

mailto:shiryaev@phyche.ac.ru
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ʩʪʨʝʤʷʪʩʷ ʢ ʨʘʚʥʦʚʝʩʥʳʤ, ʯʪʦ ʪʘʢʞʝ ʙʫʜʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʘ 

(Reutsky et al., 2012). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʟʦʪʦʧʦʚ 
13
ʉ ʠ 

15
N 

ʜʦʣʞʥʳ ʙʳʪʴ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʨʦʛʨʝʩʩʠʚʥʦʝ ʦʪʪʦʨʞʝʥʠʝ ʵʪʠʭ ʠʟʦʪʦʧʦʚ 

ʨʘʩʪʫʱʠʤ ʢʨʠʩʪʘʣʣʦʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʆʙʦʛʘʱʝʥʠʝ 

ʘʣʤʘʟʘ ʣʸʛʢʠʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʣʤʘʟʦʦʙʨʘʟʫʶʱʠʤ ʬʣʶʠʜʦʤ ʭʘʨʘʢʪʝʨʥʦ 

ʜʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʦʢʠʩʣʝʥʥʦʡ (ʢʘʨʙʦʥʘʪʥʦʡ?) ʩʠʩʪʝʤʝ (Reutsky et al., 2015). 

ɻʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʧʘʜʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʨʠʤʝʩʠ ʩ ʘʣʤʘʟʦʤ (KN<<1). ʅʘʣʠʯʠʝ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʚʢʣʶʯʝʥʠʡ ʢʘʨʙʦʥʘʪʦʚ ʠ ʦʢʩʠʜʦʚ ʜʝʣʘʝʪ ʧʦʩʣʝʜʥʠʡ ʩʮʝʥʘʨʠʡ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ. 

ʆʙʣʝʛʯʸʥʥʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʥʪʠʡʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʩʪʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʵʪʠʭ ʘʣʤʘʟʦʚ ʩʫʙʜʫʮʠʨʦʚʘʥʥʳʭ ʦʩʘʜʢʦʚ. 
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P.C. Dyson 

ʇ.ʂ. ɼʘʡʩʦʥ 

 

Dyson Design, 85, Blackfriers road, London, UK.  paul@pauldysondesign.co.uk 

 

Paul Dyson is an independent researcher and collector of Russian lapidary. He is currently 

writing a book on the subject focusing upon this completely unexamined and, to a great extent, 

undervalued aspect of applied art. The forthcoming title will chart the birth and development of 

Russian lapidary across 175 years of Imperial history and the reigns of ten tsars. Founded at the 

command of Peter the Great, the Imperial Stone Grinding Works (later known as the Imperial 

Lapidary Works) at first copied other European centres but quickly developed a uniquely Russian 

design ethos. The first workshop, built near St. Petersburg, created exquisite small pieces from a 

palette of newly discovered minerals. As the unimaginable wealth and diversity of the Urals' 

coloured mineral deposits became apparent, a second centre of production was founded in 

Ekaterinburg in 1751. The third and final stoneworks was founded in 1802 at Kolyvan in the Altai 

Mountains. The exquisite treasures produced by the craftsmen of these workshops now lie scattered 

throughout the world within museums, royal and princely homes and the collections of 

connoisseurs. Paulôs research has involved extensive travels throughout Europe to locate and 

document items frequently lost to the annals of history. The result is a work of unparalleled scope 

that establishes Russia as the most prestigious producer of lapidary throughout the eighteenth and 

nineteenth centuries.  

Paul first visited Russia in 1968 and has regularly returned to Moscow to visit the Fersman 

Museum. The museumôs unique collection helped inspire his life-long interest in minerals and their 

use as materials in the applied arts. Paul worked at the prestigious retailer Harvey Nichols for 

twenty three years where he became visual merchandising manager before managing the visual 

design for the department stores Harrods and Selfridges, as well as Sothebyôs auction house. He 

then worked for Londonôs Goldsmiths Company for twelve years where he staged multiple 

exhibitions each year including óGold: Power and Allureô (2012) and óTreasures of the English 

Church 800-2000ô (2008), in addition to running the annual Goldsmiths Fair and Goldsmiths 

Pavilion.  

óFriends and Relatives in Stone Rediscoveredô will explore the cultural exchange of 

hardstones between England and Russia. The paper will draw upon Paulôs current research for his 

forthcoming title on the production of the Russian Imperial Lapidary Works. The objects produced 

by this factory served as Imperial diplomatic gifts that have ended up in important collections all 

over the world, including the Fersman Museum. Nevertheless these objects are largely unknown 

and underappreciated in the West despite their historical significance. Lapidary works encapsulated 

the remarkable craftsmanship of the nationôs stoneworkers, as well as the impeccable tastes of their 

royal patrons, enshrining a uniquely Russian sensibility within the applied arts. With their 

innovative designs, and adoption of indigenous minerals including hardstones such as malachite and 

jasper, these precious objects influenced royal and aristocratic tastes across Europe. For the 

majority of its existence, the Russian Imperial Lapidary works exclusively served the Imperial 

family. Paulôs original research has uncovered hitherto overlooked instances of cultural interaction 

between the manufacturers and patrons of Imperial lapidary in England and Russia.  
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ɸ.ɸ. ʉʠʜʦʨʦʚ ʆɹ ʀʉʇʆʃʔɿʆɺɸʅʀʀ 3D-ʌʆʊʆɻʈɸʌʀʀ ɺ ɻɽʆʃʆɻʆ-

ʄʀʅɽʈɸʃʆɻʀʏɽʉʂʆʄ ʄʋɿɽɽ ʉɸʄɻʊʋééééééééééééééééééé...159 

 

ɸ.ɼ. ʉʣʫʢʠʥ, ʅ.ʄ. ɹʦʝʚʘ, ɽ.ɸ. ɾʝʛʘʣʣʦ, ʃ.ɺ. ɿʘʡʮʝʚʘ ɻʀɹɹʉʀʊ: 
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ʌʆʈʄɸʎʀʀ ʃʖɼʀʂʆɺʀʗ ʉɽɺɽʈʅʆɻʆ ʇʈʀʆʅɽɾʔʗ, ʂɸʈɽʃʀʗ................................169 

 

ʉ.ʖ. ʉʪʝʧʘʥʦʚ, ʀ.ʖ. ɹʘʜʘʥʠʥʘ, ʂ.ʅ. ʄʘʣʠʯ ʇʃɸʊʀʅʆʀɼʅɸʗ 
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ʃ.ɻ. ʌʠʣʠʤʦʥʦʚʘ
  
ʄɸʃʆʈɸɿʄɽʈʅʓɽ ʌʆʈʄʓ ʉɽʈɽɹʈɸ ʃɽʁʂʆʂʈɸʊʆɺʓʍ 
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ʇɽʈɽʅʆʉɸ ʀ ʆʊʃʆɾɽʅʀʗ ʄɽʊɸʃʃʆɺ  
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206 

 

ʄ.ʀ. ʌʠʣʠʥʘ, ʉ.ʄ. ɸʢʩʝʥʦʚ, ʅ.ɺ. ʉʦʨʦʭʪʠʥʘ, ʃ.ʅ. ʂʦʛʘʨʢʦ  

ʆʉʆɹɽʅʅʆʉʊʀ ʍʀʄʀʏɽʉʂʆɻʆ ʉʆʉʊɸɺɸ ʀ ʂʈʀʉʊɸʃʃʀʏɽʉʂɸʗ  
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ɺ.ɺ. ʏʝʨʥʝʥʢʦ, ɺ.ɺ. ʈʦʤʘʥʦʚʘ  
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