
ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʂʠʻʚʦ-ʄʦʛʠʣʷʥʩʴʢʘ ʘʢʘʜʝʤʽʷè 

 

 

ʌʘʢʫʣʴʪʝʪ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ 

ʂʘʬʝʜʨʘ ʙʽʦʣʦʛʽʾ 

 

 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʨʦʙʦʪʘ 

ʦʩʚʽʪʥʽʡ ʩʪʫʧʽʥʴ - ʙʘʢʘʣʘʚʨ 

 

 

ʥʘ ʪʝʤʫ çʌɯʃʆɻɽʅɽʊʀʏʅʀʁ ɸʅɸʃɯɿ ʈʆɼʋ GENTIANA ɿɸ 

ʇʆʃɯʄʆʈʌɯɿʄʆʄ ɻɽʅɯɺ ʨɼʅʂè 

 

ɺʠʢʦʥʘʣʘ: ʩʪʫʜʝʥʪʢʘ 4-ʛʦ ʨʦʢʫ ʥʘʚʯʘʥʥʷ  

ʩʧʝʮʽʘʣʴʥʽʩʪʴ 091 ð ʙʽʦʣʦʛʽʷ 

ɹʨʘʪʯʠʢ ɹʦʛʜʘʥʘ ʈʦʤʘʥʽʚʥʘ 

 

ʂʝʨʽʚʥʠʢʠ: 

ɸʥʜʨʻʻʚ ɯ.ʆ., 

ʢ.ʙ.ʥ., ʧʨ. ʥʘʫʢ. ʩʧʽʚ. ʚʽʜʜʽʣʫ ʛʝʥʝʪʠʢʠ 

ʢʣʽʪʠʥʥʠʭ ʧʦʧʫʣʷʮʽʡ ɯʥʩʪʠʪʫʪʫ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʙʽʦʣʦʛʽʾ ʽ ʛʝʥʝʪʠʢʠ ʅɸʅ 

ʋʢʨʘʾʥʠ 

ɸʥʪʦʥʶʢ ʄ.ɿ., 

ʜ.ʙ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʙʽʦʣʦʛʽʾ ʅʘʋʂʄɸ 

 

ʈʝʮʝʥʟʝʥʪ: 

ɼʨʦʙʠʢ ʅ.ʄ., 

ʜ.ʙ.ʥ., ʧʨʦʬʝʩʦʨ, ʜʝʢʘʥ ʭʽʤʽʢʦ-

ʙʽʦʣʦʛʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʫʥ̔ʚʝʨʩʠʪʝʪʫ 

ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɻʥʘʪʶʢʘ 

 

ʂʚʘʣʽʬʽʢʘʮʽʡʥʫ ʨʦʙʦʪʫ ʟʘʭʠʱʝʥʦ 

ʟ ʦʮʽʥʢʦʶ ___________________________ 

ʉʝʢʨʝʪʘʨ ɽʂ 

ʇʘʩʽʯʥʠʢ ʊ.ɺ. 

ç____è ʯʝʨʚʥʷ 2020 ʨʦʢʫ 

 

ʂʠʾʚ ï 2020  



 
2 

 

ɿʄɯʉʊ 

 

ʉʪʦʨ. 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ ............................................................... 4 

ɺʉʊʋʇ ..................................................................................................................... 5 

ʈʆɿɼɯʃ 1: ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ ..................................................................... 7 

1.1: ʆʩʦʙʣʠʚʦʩʪʽ ʨʦʜʫ Gentiana .......................................................................... 7 

1.1.1: ʊʘʢʩʦʥʦʤʽʷ ʪʘ ʧʦʰʠʨʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʨʦʜʫ Gentiana ........................... 7 

1.1.2: ʌʽʪʦʭʽʤʽʯʥʽ/ʣʽʢʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʜʫ Gentiana ............................ 8 

1.2: ɻʝʥʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ Gentiana ʟʘ ʜʦʧʦʤʦʛʦʶ ɼʅʂ-ʤʘʨʢʝʨʽʚ .............. 9 

1.3: ʇʨʠʥʮʠʧʠ ʦʨʛʘʥʽʟʘʮʽʾ ʨʠʙʦʩʦʤʥʦʾ ɼʅʂ ................................................... 10 

1.4: ɺʘʨʽʘʙʝʣʴʥʽʩʪʴ ʛʝʥʽʚ ʨʈʅʂ ......................................................................... 14 

1.5: ɺʘʨʽʘʙʝʣʴʥʽʩʪʴ ʤʽʞʛʝʥʥʦʛʦ ʩʧʝʡʩʝʨʘ ........................................................ 16 

1.6: ɺʥʫʪʨʽʰʥʽ ʪʨʘʥʩʢʨʠʙʦʚʘʥʽ ʩʧʝʡʩʝʨʠ ........................................................ 17 

1.7: ʌʽʣʦʛʝʥʝʪʠʢʘ ʨʦʜʫ Gentiana  ..................................................................... 18 

ʈʆɿɼɯʃ 2: ʆɹôɭʂʊʀ, ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ .... 20 

2.1: ʈʦʩʣʠʥʥʠʡ ʤʘʪʝʨʽʘʣ .................................................................................... 20 

2.2: ɺʠʜʽʣʝʥʥʷ ɼʅʂ ʟʽ ʩʚʽʞʦʛʦ ʽ ʩʫʭʦʛʦ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ .................... 20 

2.3: ɽʣʝʢʪʨʦʬʦʨʝʟ ʚ ʘʛʘʨʦʟʥʦʤʫ ʛʝʣʽ ................................................................ 23 

2.4: ʇʃʈ ʟ ʧʨʘʡʤʝʨʘʤʠ ʜʦ 5S ʨɼʅʂ ................................................................. 25 

2.5: ɺʠʜʽʣʝʥʥʷ ʘʤʧʣʽʬʽʢʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ 5S ʨɼʅʂ ʟ ʘʛʘʨʦʟʥʦʛʦ ʛʝʣʶ .... 25 

2.6: ɻʽʜʨʦʣʽʟ ʬʨʘʛʤʝʥʪʽʚ 5S ʨɼʅʂ ʝʥʜʦʥʫʢʣʝʘʟʦʶ ʨʝʩʪʨʠʢʮʽʾ ...................... 27 

2.7: ʃʽʛʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʽʚ 5S ʨɼʅʂ ʽ ʧʣʘʟʤʽʜʠ pUC18 ................................. 27 

2.8: ʆʪʨʠʤʘʥʥʷ ʢʦʤʧʝʪʝʥʪʥʠʭ ʢʣʽʪʠʥ Escherichia coli ................................... 28 

2.9: ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʢʦʤʧʝʪʝʥʪʥʠʭ ʢʣʽʪʠʥ E.coli ʨʝʢʦʤʙʽʥʘʥʪʥʦʶ ʧʣʘʟʤʽʜʦʶ

 .............................................................................................................................. 28 

2.10: ɺʠʜʽʣʝʥʥʷ ʧʣʘʟʤʽʜʠ ʤʝʪʦʜʦʤ ʣʫʞʥʦʛʦ ʣʽʟʠʩʫ ....................................... 29 

2.11: ɸʥʘʣʽʟ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʨɼʅʂ .................................................................. 30 

 



 
3 

 

ʈʆɿɼɯʃ 3: ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ ʊɸ ɰʍʅɭ ʆɹɻʆɺʆʈɽʅʅʗ . 32 

3.1: ɸʥʘʣʽʟ ʟʘ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʄɻʉ 5S ʨɼʅʂ  .................................................. 33 

3.2: ɸʥʘʣʽʟ ʟʘ ʛʝʥʦʤ 5.8S ʨʈʅʂ ......................................................................... 35 

3.3: ɸʥʘʣʽʟ ʟʘ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ɺʊʉ2 .................................................................. 37 

3.4: ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ............................................................................ 38 

ʋɿɸɻɸʃʔʅɽʅʅʗ ʈɽɿʋʃʔʊɸʊɯɺ .................................................................. 40 

ɺʀʉʅʆɺʂʀ ......................................................................................................... 42 

ʉʇʀʉʆʂ ɺʀʂʆʈʀʉʊɸʅʀʍ ɼɾɽʈɽʃ ........................................................ 43 

ɼʆɼɸʊʂʀ ............................................................................................................. 47 

ɼʦʜʘʪʦʢ ɸ1. ɺʠʨʽʚʥʷʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʄɻʉ 5S ʨɼʅʂ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʜʽʚ

 .............................................................................................................................. 47 

ɼʦʜʘʪʦʢ ɸ2. ɺʠʨʽʚʥʷʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʝʥʫ 5.8S ʨʈʅʂ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʜʽʚ

 .............................................................................................................................. 48 

ɼʦʜʘʪʦʢ ɸ3. ɺʠʨʽʚʥʷʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ɺʊʉ2 ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʜʽʚ .............. 49 

 

 

  



 
4 

 

ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʉʂʆʈʆʏɽʅʔ 

 

 

ɺʊʉ 

ʄɻʉ  

ʇʃʈ 

ʨɼʅʂ  

ʨʈʅʂ  

ʊɯʊ 

ʊʊʊ 

 

ï ʚʥʫʪʨʽʰʥʽʡ ʪʨʘʥʩʢʨʠʙʦʚʘʥʠʡ ʩʧʝʡʩʝʨ 

ï ʤʽʞʛʝʥʥʠʡ ʩʧʝʡʩʝʨ 

ï ʧʦʣʽʤʝʨʘʟʥʘ ʣʘʥʮʶʛʦʚʘ ʨʝʘʢʮʽʷ 

ï ʨʠʙʦʩʦʤʥʘ ɼʅʂ 

ï ʨʠʙʦʩʦʤʥʘ ʈʅʂ 

ï ʪʦʯʢʘ ʽʥʽʮʽʘʮʽʾ ʪʨʘʥʩʢʨʠʧʮʽʾ 

ï ʪʦʯʢʘ ʪʝʨʤʽʥʘʮʽʾ ʪʨʘʥʩʢʨʠʧʮʽʾ 
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ɺʉʊʋʇ 

 

 

ʈʦʜʠʥʘ Gentianaceae - ʪʨʝʪʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʨʦʜʠʥʘ Gentianales, ʱʦ ʥʘʣʽʯʫʻ 

ʙʣʠʟʴʢʦ 1700 ʚʠʜʽʚ ʟ ʚʝʣʠʢʠʤ ʨʦʟʤʘʾʪʪʷʤ ʩʝʨʝʜʦʚʠʱ ʽʩʥʫʚʘʥʥʷ, ʤʦʨʬʦʣʦʛʽʻʶ 

ʪʘ ʝʢʦʣʦʛʽʻʶ. ʊʠʨʣʠʯ (Gentiana L.) ʻ ʪʠʧʦʚʠʤ, ʥʘʡʯʠʩʣʝʥʥʽʰʠʤ ʟʘ ʚʠʜʦʚʠʤ 

ʩʢʣʘʜʦʤ ʫ ʬʣʦʨʽ ʋʢʨʘʾʥʠ ʨʦʜʦʤ ʨʦʜʠʥʠ Gentianaceae, ʽ ʟʘʛʘʣʦʤ ʥʘʨʘʭʦʚʫʻ 

ʙʣʠʟʴʢʦ 400 ʚʠʜʽʚ [1,2]. ʅʘʷʚʥʽʩʪ ɹʘʛʨʝʛʘʪʥʠʭ ʚʠʜʽʚ ʫ ʤʝʞʘʭ ʨʦʜʫ, ʩʢʣʘʜʥʽʩʪ ɹ

ʚʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʮʽʥʥʦʩʪʽ ʪʘ ʩʪʫʧʝʥʷ ʤʽʥʣʠʚʦʩʪʽ ʦʟʥʘʢ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʯʽʪʢʠʭ ʨʦʜʦʚʠʭ ʤʝʞ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʝʚʦʣʶʮʽʾ ʪʠʨʣʠʯʝʚʠʭ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴ ʯʠʩʣʝʥʥʽ ʧʘʨʘʣʝʣʴʥʽ ʨʷʜʠ ʢʦʥʚʝʨʛʝʥʪʥʠʭ ʬʦʨʤ, ʫʩʢʣʘʜʥʶʻ 

ʩʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʨʦʜʫ Gentiana [2ï5]. ʅʘ ʩʴʦʛʦʜʥʽ 

ʽʩʥʫʻ ʢʽʣʴʢʘ ʢʣʘʩʠʬʽʢʘʮʽʡ ʨʦʜʫ, ʚ ʦʩʥʦʚʫ ʷʢʠʭ ʧʦʢʣʘʜʝʥʽ ʤʦʨʬʦʣʦʛʽʯʥʽ, 

ʘʥʘʪʦʤʽʯʥʽ, ʝʢʦʣʦʛʦ-ʛʝʦʛʨʘʬʽʯʥʽ, ʦʥʪʦʛʝʥʝʪʠʯʥʽ ʦʟʥʘʢʠ (ʢʨʠʪʝʨʽʾ). ʇʨʦʪʝ ʮʠʭ 

ʜʘʥʠʭ ʥʝ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʚʥʦʾ, ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʦʾ ʩʠʩʪʝʤʘʪʠʢʠ ʨʦʜʫ. 

ʆʩʪʘʥʥʽ ʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʠʪʘʥʴ ʪʘ ʫʪʦʯʥʝʥʥʷ 

ʩʠʩʪʝʤʘʪʠʢʠ ʩʪʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʷʢʦʩʪʽ ʬʘʢʪʦʨʽʚ ʜʣʷ ʨʦʟʧʦʜʽʣʫ 

ʦʨʛʘʥʽʟʤʽʚ ʨʽʟʥʦʤʘʥʽʪʥʽ ʛʝʥʝʪʠʯʥʽ ʤʘʨʢʝʨʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʛʝʥʠ ʨʠʙʦʩʦʤʥʦʾ 

ɼʅʂ [3,4,6ï10]. 

ʈʠʙʦʩʦʤʥʘ ɼʅʂ (ʨɼʅʂ) ï ʮʝ ʨʦʜʠʥʘ ʛʝʥʽʚ, ʷʢʽ ʢʦʜʫʶʪʴ ʨʠʙʦʩʦʤʥʫ ʈʅʂ 

(ʨʈʅʂ). ʆʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʨʈʅʂ ʻ ʩʠʥʪʝʟ ʙʽʣʢʽʚ, ʘʜʞʝ ʾʭʥ ̔ʤʦʣʝʢʫʣʠ ʻ 

ʦʩʥʦʚʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʨʠʙʦʩʦʤ [11]. ɿʚʘʞʘʶʯʠ ʥʘ 

ʚʘʞʣʠʚʽʩʪʴ ʾʭ ʬʫʥʢʮʽʾ, ʛʝʥʠ ʨɼʅʂ ʤʽʩʪʷʪʴʩʷ ʫ ʚʩʽʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʛʝʥʽʚ ʨɼʅʂ, ʪʘʢʽ ʷʢ ʙʘʛʘʪʦʢʦʧʽʡʥʽʩʪʴ, ʢʣʘʩʪʝʨʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ, ʚʠʩʦʢʘ ʢʦʥʩʝʨʚʘʪʠʚʥʽʩʪʴ ʢʦʜʫʶʯʠʭ ʜʽʣʷʥʦʢ ʪʘ ʤʽʥʣʠʚʽʩʪʴ 

ʩʧʝʡʩʝʨʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʫʟʛʦʜʞʝʥʫ ʝʚʦʣʶʮʽʶ ʧʦʚʪʦʨʽʚ ʨɼʅʂ ʚʩʝʨʝʜʠʥʽ ʢʣʘʩʪʝʨʫ, ʨʦʙʣʷʪʴ ʾʭ 
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ʧʨʠʜʘʪʥʦʶ ʤʦʜʝʣʣʶ ʜʣʷ ʟ'ʷʩʫʚʘʥʥʷ ʧʨʦʙʣʝʤ ʝʢʦʣʦʛʽʾ, ʧʦʧʫʣʷʮʽʡʥʦʾ ʛʝʥʝʪʠʢʠ, 

ʩʝʣʝʢʮʽʾ ʪʘ ʩʠʩʪʝʤʘʪʠʢʠ [8,9,12]. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʨʦʩʣʠʥʠ ʨʦʜʫ Gentiana, ʘ ʧʨʝʜʤʝʪʦʤ 

ʜʦʩʣʽʜʞʝʥʴ ï ʾʭʥʽ ʥʫʢʣʝʦʪʠʜʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʄɻʉ 5S ʨɼʅʂ, ɺʊʉ2 ʪʘ ʛʝʥʫ 

5.8S ʨʈʅʂ. 

ʄʝʪʦ  ʁʨʦʙʦʪʠ ʙʫʣʦ ʦʪʨʠʤʘʥʥʷ ʢʣʦʥʦʚʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʤʽʞʛʝʥʥʦʛʦ 

ʩʧʝʡʩʝʨʘ 5S ʨɼʅʂ ʚʠʜʽʚ ʨʦʜʫ Gentiana, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʫʪʦʯʥʝʥʥʷ 

ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʨʦʜʫ Gentiana ʟʘ ʧʦʣʽʤʦʨʬʽʟʤʦʤ 

ʮʽʻʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʘ ʪʘʢʦʞ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʨʘʥʩʢʨʠʙʦʚʘʥʦʛʦ 

ʩʧʝʡʩʝʨʫ 2 ʪʘ ʛʝʥʫ 5.8S ʨɼʅʂ. 

 

ɿʘʚʜʘʥʥʷ: 

1. ɺʠʜʽʣʠʪʠ ʪʘ ʦʪʨʠʤʘʪʠ ʢʣʦʥʦʚʘʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʽʞʛʝʥʥʦʛʦ ʩʧʝʡʩʝʨʘ 

5S ʨɼʅʂ ʽʟ ʨʽʟʥʠʭ ʚʠʜʽʚ ʨʦʜʫ Gentiana. 

2. ʇʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʬʽʣʦʛʝʥʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʚʠʜʽʚ ʨʦʜʫ Gentiana ʟʘ 

ʧʦʣʽʤʦʨʬʽʟʤʦʤ ʄɻʉ 5S ʨɼʅʂ, ɺʊʉ2 ʪʘ ʛʝʥʫ 5.8S ʨʈʅʂ. 
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ʈʆɿɼɯʃ 1 

ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ 

 

  

1.1.  ʆʩʦʙʣʠʚʦʩʪʽ ʨʦʜʫ Gentiana 

 

1.1.1. ʊʘʢʩʦʥʦʤʽʷ ʪʘ ʧʦʰʠʨʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʨʦʜʫ Gentiana. Gentianaceae 

- ʪʨʝʪʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʨʦʜʠʥʘ Gentianales, ʱʦ ʥʘʣʽʯʫʻ ʙʣʠʟʴʢʦ 1700 ʚʠʜʽʚ ʫ 91 

ʨʦʜʽ ʟ ʚʝʣʠʢʠʤ ʨʦʟʤʘʾʪʪʷʤ ʩʝʨʝʜʦʚʠʱ ʽʩʥʫʚʘʥʥʷ, ʤʦʨʬʦʣʦʛʽʻʶ ʪʘ ʝʢʦʣʦʛʽʻʶ. 

ʏʠʩʣʝʥʥʽ ʚʠʜʠ ʨʦʜʠʥʠ Gentianaceae ʤʘʶʪʴ ʜʝʢʦʨʘʪʠʚʥʫ ʮʽʥʥʽʩʪʴ, ʦʩʦʙʣʠʚʦ 

ʚʠʜʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ ʨʦʜʫ Gentiana, ʘ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʬʘʨʤʘʮʝʚʪʠʯʥʠʡ 

ʽʥʪʝʨʝʩ ʟʘʚʜʷʢʠ ʩʚʦʾʤ ʬʽʪʦʭʽʤʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ [13]. ʈʦʜʠʥʘ Gentianaceae ʫ 

ʬʣʦʨʽ ʋʢʨʘʾʥʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 6 ʨʦʜʘʤʠ: Blackstonia Huds., Centaurium Hill, 

Gentiana L., Gentianella Moench, Gentianopsis Ma Yu-Chuan, Swertia L. [1]. 

ʊʠʨʣʠʯ (Gentiana L.) ʻ ʪʠʧʦʚʠʤ, ʥʘʡʯʠʩʣʝʥʥʽʰʠʤ ʟʘ ʚʠʜʦʚʠʤ ʩʢʣʘʜʦʤ ʫ 

ʬʣʦʨʽ ʋʢʨʘʾʥʠ ʨʦʜʦʤ ʨʦʜʠʥʠ Gentianaceae [1,2]. ɺʽʥ ʥʘʨʘʭʦʚʫʻ ʙʣʠʟʴʢʦ 400 

ʚʠʜʽʚ ʨʦʩʣʠʥ, ʱʦ ʧʝʨʝʚʘʞʥʦ ʨʦʩʪʫʪʴ ʫ ʛʽʨʩʴʢʠʭ ʨʝʛʽʦʥʘʭ ʚʠʱʝ 1000 ʤ ʥʘʜ 

ʨʽʚʥʝʤ ʤʦʨʷ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʜʽʣʫ Ho ʪʘ Liu [5], ʚ ʤʝʞʘʭ ʨʦʜʫ ʚʠʜʽʣʷʶʪʴ 15 ʩʝʢʮʽʡ, 14 ʟ 

ʥʠʭ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ ʚ ɸʟʽʾ, 8 ʚ ɭʚʨʦʧʽ, 6 ʚ ɸʤʝʨʠʮʽ, ʪʘ ʜʝʷʢʽ ʚʠʜʠ ʧʨʠʩʫʪʥʽ 

ʪʘʢʦʞ ʚ ɸʬʨʠʮʽ ʪʘ ɸʚʩʪʨʘʣʽʾ. ʉʝʢʮʽʷ Chondrophyllae ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʥʘ ʚʩʽʭ 

ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʠʭ ʢʦʥʪʠʥʝʥʪʘʭ, Calathianae ʚʽʜʩʫʪʥʷ ʚ ɸʚʩʪʨʘʣʽʾ, 

Pneumonanthe, Frigida, Dolichocarpa ï ʚ ɸʚʩʪʨʘʣʽʾ ʪʘ ɸʬʨʠʮʽ; ʩʝʢʮʽʾ Gentiana 

ʪʘ Cruciata ʧʨʠʩʫʪʥʽ ʫ ɭʚʨʦʧʽ ʪʘ ɸʟʽʾ, ʘ ʩʝʢʮʽʷ Ciminalis ʧʨʠʩʫʪʥʷ ʚʠʢʣʶʯʥʦ ʚ 

ɭʚʨʦʧʽ [17]. 

ɼʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʪʠʨʣʠʯʽʚ ʥʘʣʝʞʠʪʴ 27 ʚʠʜʽʚ, ʟ ʥʠʭ 17 - ʝʥʜʝʤʽʢʠ, ʘ ʨʝʰʪʘ 

- ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ. ɺ ɭʚʨʦʧʽ ʙʽʣʴʰʽʩʪʴ ʚʠʜʽʚ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʛʽʨʩʴʢʠʭ 

ʤʘʩʠʚʘʭ, ʪʘʢʠʭ ʷʢ ɸʣʴʧʠ, ʇʽʨʝʥʝʾ ʪʘ ʂʘʨʧʘʪʠ [1,2]. 
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ɺ ʋʢʨʘʾʥʽ ʨʽʜ Gentiana ʧʨʝʜʩʪʘʚʣʝʥʠʡ 10 ʚʠʜʘʤʠ, ʟ ʥʠʭ 8 ï ʙʘʛʘʪʦʨʽʯʥʠʢʠ 

(G. acaulis L., G. asclepiadea L., G. cruciata L., G. laciniata Kit . ex Kanitz, G. 

lutea L., G. pneumonanthe L., G. punctata L., G. verna L.) ʽ 2 ï ʦʜʥʦʨʽʯʥʠʢʠ (G. 

nivalis L., G. utriculosa L.). G. acaulis, G. asclepiadea, G. laciniata, G. lutea, G. 

punctata, G. verna, G. nivalis ʪʘ G. utriculosa ʧʦʰʠʨʝʥʽ ʚ ʤʝʞʘʭ ʬʣʦʨʠʩʪʠʯʥʠʭ 

ʨʘʡʦʥʽʚ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ. G. pneumonanthe ʨʦʩʪʝ ʫ ʚʩʽʭ ʙʦʪʘʥʽʢʦ-

ʛʝʦʛʨʘʬʽʯʥʠʭ ʨʘʡʦʥʘʭ ʋʢʨʘʾʥʠ, ʟʘ ʚʠʥʷʪʢʦʤ ʂʨʠʤʫ. G. cruciata ʧʦʰʠʨʝʥʠʡ ʫ 

ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ ʣʽʩʦʚʠʭ ʨʘʡʦʥʽʚ, ʫ ʣʽʩʦʩʪʝʧʦʚʠʭ ʟʦʥʘʭ ʽ ʂʨʠʤʫ [2]. 

ʆʩʢʽʣʴʢʠ ʮʽ ʨʦʩʣʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʬʽʪʦʧʨʝʧʘʨʘʪʽʚ, 

ʚʥʘʩʣʽʜʦʢ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʢʦʨʦʯʝʥʥʷ ʘʨʝʘʣʽʚ, 

ʟʤʝʥʰʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʪʘ ʧʦʨʫʰʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʨʠʨʦʜʥʠʭ ʧʦʧʫʣʷʮʽʡ, ʱʦ 

ʟʫʤʦʚʠʣʦ ʟʘʥʝʩʝʥʥʷ 7 ʟ 10 ʚʠʜʽʚ ʨʦʜʫ Gentiana ʜʦ çʏʝʨʚʦʥʦʾ ʢʥʠʛʠ ʋʢʨʘʾʥʠè: 

G. acaulis L., G. laciniata Kit . ex Kanitz, G. lutea L., G. nivalis L., G. punctata L., 

G. utriculosa L., G. verna L. [13,14]. 

1.1.2. ʌʽʪʦʭʽʤʽʯʥʽ/ʣʽʢʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʜʫ Gentiana. ʑʝ ʫ ʜʘʚʥʽ 

ʯʘʩʠ ʨʦʩʣʠʥʠ ʟ ʨʦʜʫ Gentiana ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫ ʥʘʨʦʜʥʽʡ ʤʝʜʠʮʠʥʽ. ɼʝʷʢʽ 

ʚʠʜʠ ʪʠʨʣʠʯʽʚ ʚʭʦʜʷʪʴ ʫ ʬʘʨʤʘʢʦʧʝʾ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʩʚʽʪʫ. ʈʽʟʥʽ ʬʦʨʤʠ 

ʧʨʝʧʘʨʘʪʫ ʨʦʩʣʠʥ ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʨʫʰʝʥʴ, ʪʘʢʠʭ ʷʢ 

ʦʬʪʘʣʴʤʽʷ, ʛʝʤʘʪʫʨʽʷ, ʨʝʚʤʘʪʠʟʤ, ʟʘʧʘʣʝʥʥʷ ʥʠʨʦʢ i ʩʝʯʦʚʦʛʦ ʤiʭʫʨʘ, ʫʢʫʩʠ 

ʦʪʨʫʡʥʠʭ ʪʚʘʨʠʥ, ʪʨʘʚʤʠ, ʽʥʬʽʢʦʚʘʥʽ ʨʘʥʠ, ʙʽʣʴ ʪʘ ʥʘʙʨʷʢ ʧʝʯʽʥʢʠ, ʩʝʣʝʟʽʥʢʠ, 

ʰʣʫʥʢʫ ʪʘ ʨʦʟʪʷʛʥʝʥʥʷ ʤôʷʟʽʚ [13]. ʈʦʩʣʠʥʠ ʧʨʦʷʚʣʷʶʪʴ ʧʨʦʪʠʟʘʧʘʣʴʥʫ, 

ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨʥʫ ʪʘ ʩʝʯʦʛʽʥʥʫ ʜʽʶ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦ-

ʘʢʪʠʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʻ ʚʪʦʨʠʥʥʽ ʤʝʪʘʙʦʣʽʪʠ ʨʦʩʣʠʥ, ʪʘʢʽ ʷʢ 

ʛʝʥʪʽʦʧʽʢʨʦʟʠʜ, ʽʨʠʜʦʾʜʠ, ʢʩʘʥʪʦʥʠ, ʤʦʥʦʪʝʨʧʝʥʦʚʽ ʘʣʢʘʣʦʾʜʠ, ʧʦʣʽʬʝʥʦʣ ʪʘ 

ʬʣʘʚʦʥʠ. ɿʚʘʞʘʶʯʠ ʥʘ ʣʽʢʫʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʩʣʠʥ ʟ ʨʦʜʫ Gentiana, ʦʩʪʘʥʥʽ 

ʨʦʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʙʘʛʘʪʦ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʚʠʚʯʝʥʥʷ ʪʠʨʣʠʯʽʚ. ɿʦʢʨʝʤʘ ʦʪʨʠʤʘʥʦ 

ʢʫʣʴʪʫʨʠ in vitro ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʧʨʦʚʝʜʝʥʦ 

ʬʽʪʦʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʩʣʠʥ ʨʽʟʥʠʭ ʚʠʜʽʚ, ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʷʢʠʭ ʜʽʣʷʥʦʢ ʛʝʥʦʤʫ ʽ ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ [13,15]. ʑʝ 
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ʦʜʥʽʻʶ ʧʨʦʙʣʝʤʦʶ ʧʦʚôʷʟʘʥʦʶ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʭ ʨʦʩʣʠʥ ʻ ʚʠʩʦʢʘ 

ʤʦʨʬʦʣʦʛʽʯʥʘ ʧʦʜʽʙʥʽʩʪʴ ʙʣʠʟʴʢʦʩʧʦʨʽʜʥʝʥʠʭ ʚʠʜʽʚ. ʎʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʪʚʦʨʝʥʥʽ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʩʠʨʦʚʠʥʠ ʥʝ ʪʠʭ ʚʠʜʽʚ, ʱʦ  ̒

ʥʝʙʝʟʧʝʯʥʠʤ. ʎʷ ʧʨʦʙʣʝʤʘ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʽʜʭʦʜʷʱʠʭ ʜʣʷ ʧʝʚʥʠʭ ʚʠʜʽʚ ɼʅʂ-ʤʘʨʢʝʨʽʚ 

[16ï22]. 

 

1.2.  ɻʝʥʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ Gentiana ʟʘ ʜʦʧʦʤʦʛʦʶ ɼʅʂ-ʤʘʨʢʝʨʽʚ 

 

ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʥʽ ʤʘʨʢʝʨʠ ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʤʽʞ- ʪʘ ʚʥʫʪʨʽʰʥʴʦʚʠʜʦʚʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ, 

ʩʠʩʪʝʤʘʪʠʮʽ ʪʘ ʬʽʣʦʛʝʥʝʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʨʦʩʣʠʥ [6,8ï10,16ï21]. ɻʝʥʝʪʠʯʥʠʤ 

ʤʘʨʢʝʨʦʤ ʥʘʟʠʚʘʶʪʴ ʛʝʥ ʘʙʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʫ ʜʽʣʷʥʢʫ ɼʅʂ ʟ ʚʽʜʦʤʠʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʥʘ ʭʨʦʤʦʩʦʤʽ, ʱʦ ʟʜʘʪʥʽ ʨʦʟʨʽʟʥʷʪʠ ʪʽʩʥʦ ʩʧʦʨʽʜʥʝʥʽ ʚʠʜʠ ʪʘ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʥʦʚʽ [16]. ʇʜ̔ʭʦʜʷʱʠʡ ʜʣʷ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ɼʅʂ-ʤʘʨʢʝʨ 

ʧʦʚʠʥʝʥ ʚʽʜʧʦʚʽʜʘʪʠ ʪʘʢʠʤ ʚʠʤʦʛʘʤ: ʚʠʩʦʢʘ ʤʽʞʚʠʜʦʚʘ ʜʠʚʝʨʛʝʥʮʽʷ; ʥʠʟʴʢʘ 

ʚʥʫʪʨʽʰʥʴʦʚʠʜʦʚʘ ʜʠʚʝʨʛʝʥʮʽʷ; ʢʦʨʦʪʢʠʡ ʧʨʦʜʫʢʪ ʇʃʈ (ʜʦ 1 ʪ.ʧ.ʥ.); ʪʘ 

ʥʘʷʚʥʽʩʪʴ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʧʨʘʡʤʝʨʽʚ ʜʣʷ ʘʤʧʣʽʬʽʢʘʮʽʾ [9]. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ 

ʪʚʘʨʠʥ ʜʣʷ ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʚʠʜʽʚ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ɼʅʂ-ʤʘʨʢʝʨʦʤ ʻ 

ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʘ ʮʠʪʦʭʨʦʤ ʉ ʦʢʩʠʜʘʟʘ I (COI), ʘʣʝ ʮʝʡ ʛʝʥ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʤ ʜʣʷ ʨʦʩʣʠʥ ʯʝʨʝʟ ʧʦʚʽʣʴʥʽ ʪʝʤʧʠ ʨʦʟʚʠʪʢʫ ʪʘ ʦʙʤʝʞʝʥʫ 

ʤʽʞʚʠʜʦʚʫ ʜʠʚʝʨʛʝʥʮʽʶ, ʪʦʞ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʤʝʞʫʻʪʴʩʷ ʣʠʰʝ ʜʝʷʢʠʤʠ 

ʚʦʜʦʨʦʩʪʷʤʠ [16].  

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʩʣʠʥ ʽʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ: rbcL, matK, ʷʜʝʨʥʽ ʚʥʫʪʨʽʰʥʽ ʪʨʘʥʩʢʨʠʙʦʚʘʥʽ ʩʧʝʡʩʝʨʠ 

(ɺʊʉ) ʽ ʤʽʞʛʝʥʥʠʡ ʩʧʝʡʩʝʨ 5S ʨɼʅʂ (ʄɻʉ), ʭʣʦʨʦʧʣʘʩʪʥʽ trnH-psbA, trnL-F, 

rpl36-rps8 ʤʽʞʛʝʥʥʽ ʩʧʝʡʩʝʨʠ, ISSR-ʤʘʨʢʝʨʠ ʪʘ ʽʥʰʽ [6,8ï10,17ï22]. ɰʭ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʷʢ ʧʦʦʜʠʥʮʽ, ʪʘʢ ʽ ʫ ʢʦʤʙʽʥʘʮʽʷʭ. ɺʊʉ ʚʠʷʚʣʝʥʠʡ ʫ ʨʦʩʣʠʥ, 

ʪʚʘʨʠʥ ʪʘ ʛʨʠʙʽʚ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ɺʊʉ1 ʪʘ ɺʊʉ2. ɺʠʢʦʨʠʩʪʘʥʥʷ ɺʊʉ-ʜʽʣʷʥʦʢ 
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ʝʬʝʢʪʠʚʥʝ ʜʣʷ ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʙʘʛʘʪʴʦʭ ʨʦʜʠʥʘʭ 

ʧʦʢʨʠʪʦʥʘʩʽʥʥʠʭ. ʄɻʉ 5S ʨɼʅʂ ʜʫʞʝ ʤʽʥʣʠʚʠʡ ʽ ʤʘʻ ʜʝʱʦ ʚʠʱʫ ʨʦʟʜʽʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ, ʥʽʞ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ɺʊʉ. ʍʣʦʨʦʧʣʘʩʪʥʠʡ ʩʧʝʡʩʝʨ trnH-psbA 

ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʚʠʜʽʚ, ʘ trnL-F ʻ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʥʘ ʟʘʛʘʣʴʥʦʤʫ 

ʨʽʚʥʽ [9,16]. ʋ ʨʦʙʦʪʽ [9] ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʚʩʽ ʩʽʤ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʣʦʢʫʩʽʚ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʣʽʢʘʨʩʴʢʠʭ ʚʠʜʽʚ Gentiana. 

ʇʨʦʪʝ ʣʠʰʝ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʽʞʛʝʥʥʠʭ ʩʧʝʡʩʝʨʽʚ 5S ʨɼʅʂ ʪʘ trnL-F ʚʜʘʣʦʩʷ 

ʨʦʟʨʽʟʥʠʪʠ ʙʣʠʟʴʢʦʩʧʦʨʽʜʥʝʥʽ ʚʠʜʠ G. triflora, G. scabra ʪʘ G. manshuricʘ [9]. 

ʆʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʛʝʥʽʚ ʨɼʅʂ, ʘ ʩʘʤʝ ʤʥʦʞʠʥʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʧʽʡ, 

ʢʣʘʩʪʝʨʥʘ ʦʨʛʘʥʽʟʘʮʽʷ, ʚʠʩʦʢʘ ʢʦʥʩʝʨʚʘʪʠʚʥʽʩʪʴ ʢʦʜʫʶʯʠʭ ʜʽʣʷʥʦʢ ʪʘ 

ʤʽʥʣʠʚʽʩʪʴ ʩʧʝʡʩʝʨʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʥʘʷʚʥʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʫʟʛʦʜʞʝʥʫ ʝʚʦʣʶʮʽʶ ʧʦʚʪʦʨʽʚ ʨɼʅʂ ʚʩʝʨʝʜʠʥʽ ʢʣʘʩʪʝʨʫ, 

ʨʦʙʣʷʪʴ ʾʭ ʟʨʫʯʥʦʶ ʤʦʜʝʣʣʶ ʜʣʷ ʟ'ʷʩʫʚʘʥʥʷ ʧʨʦʙʣʝʤ ʝʢʦʣʦʛʽʾ, ʧʦʧʫʣʷʮʽʡʥʦʾ 

ʛʝʥʝʪʠʢʠ, ʩʝʣʝʢʮʽʾ ʪʘ ʩʠʩʪʝʤʘʪʠʢʠ [8,9,18]. ʄʽʞʛʝʥʥʽ ʩʧʝʡʩʝʨʥʽ ʜʽʣʷʥʢʠ 5S 

ʨɼʅʂ ʻ ʥʘʡʤʝʥʰʠʤʠ ʩʝʨʝʜ ʽʥʰʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ (ʚʽʜ 200 ʜʦ 500 ʧ.ʥ.), ʽ ʧʨʠ 

ʮʴʦʤʫ ʚʦʥʠ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʤʽʥʣʠʚʽʩʪʴ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʽʟʥʠʪʠ 

ʙʣʠʟʴʢʦʩʧʦʨʽʜʥʝʥʽ ʚʠʜʠ [9]. 

 

1.3.  ʇʨʠʥʮʠʧʠ ʦʨʛʘʥʽʟʘʮʽʾ ʨʠʙʦʩʦʤʥʦʾ ɼʅʂ 

 

ʈʠʙʦʩʦʤʥʘ ɼʅʂ (ʨɼʅʂ) ï ʮʝ ʨʦʜʠʥʘ ʛʝʥʽʚ, ʷʢʽ ʢʦʜʫʶʪʴ ʨʠʙʦʩʦʤʥʫ ʈʅʂ 

(ʨʈʅʂ). ʋ ʨʦʩʣʠʥʘʭ ʨɼʅʂ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʷʜʝʨʥʠʭ, ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʠʭ ʪʘ 

ʭʣʦʨʦʧʣʘʩʪʥʠʭ ʛʝʥʦʤʘʭ. ʆʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʨʈʅʂ ʻ ʩʠʥʪʝʟ ʙʽʣʢʽʚ, ʘʜʞʝ ʾʭ 

ʤʦʣʝʢʫʣʠ ʻ ʦʩʥʦʚʥʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʨʠʙʦʩʦʤ [11]. ɿʚʘʞʘʶʯʠ 

ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʾʭ ʬʫʥʢʮʽʾ, ʛʝʥʠ ʨʈʅʂ ʤʽʩʪʷʪʴʩʷ ʫ ʚʩʽʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʘʭ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʩʠʩʪʝʤʘʪʠʢʠ. 

ɻʝʥʠ ʨʈʅʂ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʣʘʩʪʝʨʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʪʘ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʪʘʥʜʝʤʥʠʭ ʧʦʚʪʦʨʽʚ. ʂʽʣʴʢʽʩʪʴ ʢʦʧʽʡ ʚ ʛʝʥʦʤʽ ʨʦʩʣʠʥ ʤʦʞʝ 

ʚʘʨʽʶʚʘʪʠ ʚʽʜ 500 ʜʦ 30 000 ʦʜʠʥʠʮʴ. ʋ ʨʦʩʣʠʥ ʻ ʜʚʘ ʪʠʧʠ ʢʣʘʩʪʝʨʽʚ ʨɼʅʂ, ʮʝ 
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35S ʨɼʅʂ ʽ 5S ʨɼʅʂ. ʂʦʞʥʘ ʩʪʨʫʢʪʫʨʥʘ ʦʜʠʥʠʮʷ 35S ʨɼʅʂ ʚʢʣʶʯʘʻ 

ʚʠʩʦʢʦʢʦʥʩʝʨʚʘʪʠʚʥʽ ʢʦʜʫʶʯʽ ʜʽʣʷʥʢʠ ï ʛʝʥʠ 5.8S, 18S, 25S ʨʈʅʂ ʪʘ ʚʥʫʪʨʽʰʥʽ 

ʪʨʘʥʩʢʨʠʙʦʚʘʥʽ ʩʧʝʡʩʝʨʠ (ɺʊʉ). ʋ ʧʨʦʢʘʨʽʦʪʽʚ ʪʘ ʜʝʷʢʠʭ ʥʠʞʯʠʭ ʝʫʢʘʨʽʦʪʽʚ 

ʛʝʥ 5S ʨʈʅʂ ʪʘʢʦʞ ʚʭʦʜʠʪʴ ʜʦ 35S ʢʣʘʩʪʝʨʥʠʭ ʦʜʠʥʠʮʴ/ʨʠʙʦʩʦʤʥʠʭ ʧʦʚʪʦʨʽʚ 

(L-ʪʠʧ ʦʨʛʘʥʽʟʘʮʽʾ ʨɼʅʂ, linked), ʘʣʝ ʫ ʚʠʱʠʭ ʝʫʢʘʨʽʦʪʽʚ ʚʦʥʠ ʬʦʨʤʫʶʪʴ 

ʢʣʘʩʪʝʨʠ ʦʢʨʝʤʦ ʚʽʜ ʽʥʰʠʭ ʨʠʙʦʩʦʤʥʠʭ ʛʝʥʽʚ (S-ʪʠʧ ʦʨʛʘʥʽʟʘʮʽʾ ʨɼʅʂ, 

separated) [8,11,12,23,24]. ʆʙʣʘʩʪʽ ʢʦʜʫʚʘʥʥʷ ʩʫʩʽʜʥʽʭ ʨʠʙʦʩʦʤʥʠʭ ʧʦʚʪʦʨʽʚ 

ʨʦʟʜʽʣʝʥʽ ʥʝʪʨʘʥʩʢʨʠʧʮʽʡʥʠʤ ʘʙʦ ʤʽʞʛʝʥʥʠʤ ʩʧʝʡʩʝʨʦʤ (ʄɻʉ). ʉʭʝʤʘʪʠʯʥʘ 

ʙʫʜʦʚʘ ʨɼʅʂ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.1.1. 

 

 

ʈʠʩ.1.1. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʨɼʅʂ: ʘ ï 35S ʢʣʘʩʪʝʨ, ʙ ï 5S 

ʢʣʘʩʪʝʨ; ʄɻʉ ï ʤʽʞʛʝʥʥʠʡ ʩʧʝʡʩʝʨ, ɺʊʉ ï ʚʥʫʪʨʽʰʥʽʡ ʪʨʘʥʩʢʨʠʙʦʚʘʥʠʡ 

ʩʧʝʡʩʝʨ, ʊɯʊ ï ʪʦʯʢʘ ʽʥʽʮʽʘʮʽʾ ʪʨʘʥʩʢʨʠʧʮʽʾ, ʊʊʊ- ʪʦʯʢʘ ʪʝʨʤʽʥʘʮʽʾ ʪʨʘʥʩʢʨʠʧʮʽʾ. 
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ʆʩʦʙʣʠʚʽʩʪʴ 5S ʨɼʅʂ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʘ ʪʨʘʥʩʢʨʠʙʫʻʪʴʩʷ ʈʅʂ-

ʧʦʣʽʤʝʨʘʟʦʶ ɯɯɯ ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʨɼʅʂ 

ʛʝʥʘʤʠ, ʢʦʣʠ ʽʥʰʽ ʨɼʅʂ ï ʈʅʂ-ʧʦʣʽʤʝʨʘʟʦʶ ɯ [12,23]. 

ʎʠʪʦʛʝʥʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʪʘʰʫʚʘʥʥʷ 5S ʪʘ 35S ʨɼʅʂ ʢʣʘʩʪʝʨʽʚ 

ʙʫʣʦ ʜʝʪʘʣʴʥʦ ʚʠʚʯʝʥʦ ʪʘ ʦʧʠʩʘʥʦ ʫ ʨʦʙʦʪʽ [24]. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʤʘʡʞʝ 

ʪʨʝʪʠʥʘ ʚʽʜ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʢʘʨʽʦʪʠʧʽʚ (ʚʩʴʦʛʦ 2494) ʤʘʣʘ ʱʦʥʘʡʤʝʥʰʝ ʦʜʥʫ 

ʭʨʦʤʦʩʦʤʫ, ʷʢʘ ʤʽʩʪʠʣʘ ʦʙʠʜʚʘ ʨɼʅʂ ʢʣʘʩʪʝʨʠ ʦʜʥʦʯʘʩʥʦ, ʽ ʫ 73% ʚʠʧʘʜʢʽʚ 

ʚʦʥʠ ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʴ ʥʘ ʦʜʥʦʤʫ ʧʣʝʯʽ ʭʨʦʤʦʩʦʤʠ. ʅʘ ʭʨʦʤʦʩʦʤʽ ʣʦʢʫʩʠ 35S 

ʨɼʅʂ ʟʥʘʭʦʜʷʪʴʩʷ, ʧʝʨʝʚʘʞʥʦ, ʪʝʨʤʽʥʘʣʴʥʦ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʠʨʘʞʝʥʦ ʫ ʚʠʜʽʚ ʟ 

L-ʪʠʧʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ ʨɼʅʂ ʪʘ ʫ ʚʠʜʽʚ ʟ ʦʜʠʥʠʯʥʠʤ ʣʦʢʫʩʦʤ 35S ʨɼʅʂ. 

ʃʦʢʫʩʠ 5S ʨɼʅʂ ʧʝʨʝʚʘʞʥʦ ʽʥʪʝʨʩʪʠʮʽʘʣʴʥʽ ʘʙʦ ʮʝʥʪʨʦʤʝʨʥʽ, ʱʦ ʻ ʥʘʡʙʽʣʴʰ 

ʦʯʝʚʠʜʥʠʤ ʫ ʚʠʜʽʚ ʟ ʦʜʥʠʤ ʣʦʢʫʩʦʤ. ʆʜʥʘʢ ʪʝʨʤʽʥʘʣʴʥʝ ʨʦʟʤʽʱʝʥʥʷ 35S ʨɼʅʂ 

ʘʙʦ ʽʥʪʝʨʩʪʠʮʽʘʣʴʥʝ/ʮʝʥʪʨʦʤʝʨʥʝ ʜʣʷ 5S ʨɼʅʂ ʥʝ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʾʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʜʦʚʦʣʽ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚʠʜʠ ʟ ʣʠʰʝ ʦʜʥʠʤ 

ʣʦʢʫʩʦʤ, ʱʦ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʚ ʽʥʰʠʭ ʤʽʩʮʷʭ ʭʨʦʤʦʩʦʤʠ [24]. 

ʇʦʪʝʥʮʽʡʥʦ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʨʦʟʤʽʨʦʤ ʛʝʥʦʤʫ ʪʘ ʣʦʢʫʩʦʚʠʤ ʯʠʩʣʦʤ 

ʚʽʜʦʙʨʘʞʘʻ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʚʪʦʨʽʚ, ʚʢʣʶʯʘʶʯʠ ʨɼʅʂ. ʊʦʙʪʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʛʝʥʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʚʪʦʨʽʚ. ʆʜʥʘʢ ʻ ʢʽʣʴʢʘ ʚʠʥʷʪʢʽʚ ʽʟ 

ʮʽʻʾ ʪʝʥʜʝʥʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʚʠʜʠ ʟ ʤʘʣʠʤʠ ʛʝʥʦʤʘʤʠ ʤʦʞʫʪʴ ʤʘʪʠ ʜʦ ʚʦʩʴʤʠ 

ʣʦʢʫʩʽʚ 35S, ʪʦʜʽ ʷʢ ʧʝʚʥʽ ʚʠʜʠ ʟ ʚʝʣʠʢʠʤʠ ʛʝʥʦʤʘʤʠ ʤʘʶʪʴ ʣʠʰʝ ʜʚʘ ʣʦʢʫʩʠ 

35S. ɿʤʽhʘʥʝ ʧʦʣʦʞʝʥʥʷ 5S ʪʘ 35S ʨɼʅʂ ʤʦʞʝ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʠʤ ʟ ʚʝʣʠʢʦʁ 

ʢʽʣʴʢʽʩʪʶ ʣʦʢʫʩʽʚ ʫ ʢʘʨʽʦʪʠʧʽ [24]. 

ʗʢ ʚʽʜʦʤʦ, ʛʝʥʠ ʨʈʅʂ ʫ ʷʜʝʨʥʦʤʫ ʛʝʥʦʤʽ ʨʦʩʣʠʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʥʘʜʣʠʰʢʦʚʽʡ ʢʽʣʴʢʦʩʪʽ [11,25]. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʨɼʅʂ ʣʝʞʠʪʴ ʫ 

ʛʝʪʝʨʦʭʨʦʤʘʪʠʯʥʽʡ ʦʙʣʘʩʪʽ ʭʨʦʤʦʩʦʤʠ, ʷʢʘ ʥʝ ʧʽʜʣʷʛʘʻ ʪʨʘʥʩʢʨʠʧʮʽʾ [26ï28]. 

ʊʽ ʛʝʥʠ ʨʈʅʂ, ʷʢʽ ʪʨʘʥʩʢʨʠʙʫʶʪʴʩʷ, ʣʝʞʘʪʴ ʚ ʦʙʣʘʩʪʽ ʷʜʝʨʮʝʚʦʛʦ ʦʨʛʘʥʽʟʘʪʦʨʘ 

ʭʨʦʤʦʩʦʤʠ ʪʘ ʥʘ ʤʝʪʘʬʘʟʥʠʭ ʭʨʦʤʦʩʦʤʘʭ ʫʪʚʦʨʶʶʪʴ ʚʪʦʨʠʥʥʽ ʧʝʨʝʪʷʞʢʠ [11]. 

ʃʦʢʫʩ 5S ʨɼʅʂ, ʯʝʨʝʟ ʩʚʦʻ ʜʦʩʠʪʴ ʯʘʩʪʝ ʮʝʥʪʨʦʤʝʨʥʝ ʧʦʣʦʞʝʥʥʷ, ʙʽʣʴʰ 

ʩʭʠʣʴʥʠʡ ʜʦ ʛʝʪʝʨʦʭʨʦʤʘʪʠʟʘʮʽʾ, ʥʽʞ ʣʦʢʫʩ 35S ʨɼʅʂ [24,26,28].  



 
13 

 

ʇʨʦʮʝʩʠ ʛʝʪʝʨʦʭʨʦʤʘʪʠʟʘʮʽʾ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʩʧʨʝʩʽʶ ʛʝʥʽʚ. 

ʈʝʛʫʣʷʮʽʷ ʘʢʪʠʚʥʦʩʪʽ ʛʝʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʠʣʶʚʘʥʥʷ. 

ʇʨʠʻʜʥʘʥʥʷ ʤʝʪʠʣʴʥʠʭ ʛʨʫʧ ʜʦ ʟʘʣʠʰʢʽʚ ʮʠʪʦʟʠʥʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ 

ʘʢʪʠʚʥʦʩʪʽ ʪʨʘʥʩʢʨʠʧʮʽʾ ʮʠʭ ʜʽʣʷʥʦʢ. ɻʝʥʠ ʚ ʤʝʞʘʭ ʷʜʝʨʮʝʚʦʛʦ ʦʨʛʘʥʽʟʘʪʦʨʘ 

ʧʽʜʣʷʛʘʶʪʴ ʤʝʥʰʦʤʫ ʤʝʪʠʣʶʚʘʥʥʶ, ʥʽʞ ʪʽ, ʱʦ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʫ 

ʛʝʪʝʨʦʭʨʦʤʘʪʠʯʥʽʡ ʦʙʣʘʩʪʽ ʭʨʦʤʦʩʦʤʠ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʚʠʜʘʣʝʥʥʽ 

ʦʙʣʘʩʪʽ ʟ ʚʠʩʦʢʦʶ ʘʢʪʠʚʥʽʩʪʶ ʪʨʘʥʩʢʨʠʧʮʽʾ ʛʝʥʽʚ ʨʈʅʂ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʤʝʪʠʣʶʚʘʥʥʷ ʚ ʽʥʰʠʭ ʦʙʣʘʩʪʷʭ, ʪʦʙʪʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʢʪʠʚʘʮʽʷ çʟʘʧʘʩʥʠʭè 

ʮʝʥʪʨʽʚ ʝʢʩʧʨʝʩʽʾ ʨɼʅʂ [11]. ʇʦʪʝʥʮʽʡʥʦ ʚʠʩʦʢʘ ʪʨʘʥʩʢʨʠʧʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ 

ʣʦʢʫʩʽʚ 35S ʨɼʅʂ ʤʦʞʝ ʧʝʨʝʪʚʦʨʠʪʠ ʣʦʢʫʩ ʫ ʢʨʠʭʢʝ ʤʽʩʮʝ ʥʘ ʭʨʦʤʦʩʦʤʽ, ʽ, 

ʤʦʞʣʠʚʦ, ʥʝʤʽʮʥʽ ʜʽʣʷʥʢʠ ʪʝʨʤʽʥʘʣʴʥʦʾ 35S ʨɼʅʂ ʤʝʥʰ ʰʢʽʜʣʠʚʽ, ʥʽʞ 

ʽʥʪʝʨʩʪʠʮʽʘʣʴʥʽ. 

ɯʩʥʫʻ ʢʽʣʴʢʘ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʚʝʣʠʯʝʟʥʦʛʦ ʧʦʧʠʪʫ ʥʘ ʨʈʅʂ ʫ 

ʨʽʟʥʠʭ ʦʨʛʘʥʽʟʤʽʚ. ʋ ʙʘʢʪʝʨʽʡ ʛʝʥʠ ʨʈʅʂ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʫ 7 ʶʥʽʪʘʭ (rmA, B, 

C, D, E, G, ʪʘ H), ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʻ ʦʢʨʝʤʝ ʧʦʣʦʞʝʥʥʷ ʥʘ ʭʨʦʤʦʩʦʤʽ [23]. 

ʐʚʠʜʢʽʩʪʴ ʾʭ ʪʨʘʥʩʢʨʠʧʮʽʾ ʤʦʞʝ ʧʽʜʣʘʰʪʦʚʫʚʘʪʠʩʷ ʪʘʢ, ʱʦʙ ʧʨʦʜʫʢʮʽʷ ʛʝʥʽʚ 

ʨʈʅʂ ʚʽʜʧʦʚʽʜʘʣʘ ʰʚʠʜʢʦʩʪʽ ʨʦʩʪʫ ʢʣʽʪʠʥ. ʋ ʥʘʡʧʨʦʩʪʽʰʠʭ, ʩʣʠʟʦʚʠʢʽʚ ʽ ʚ 

ʦʦʮʠʪʘʭ ʜʝʷʢʠʭ ʪʚʘʨʠʥ ʥʘʷʚʥʠʡ ʤʝʭʘʥʽʟʤ ʧʽʜ ʥʘʟʚʦʶ ʝʢʩʪʨʘʭʨʦʤʦʩʦʤʥʘ 

ʘʤʧʣʽʬʽʢʘʮʽʷ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʟ ʦʜʥʽʻʾ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʨɼʅʂ ʫʪʚʦʨʶʶʪʴʩʷ 

ʚʽʜ ʩʦʪʝʥʴ ʜʦ ʪʠʩʷʯ ʝʢʩʪʨʘʭʨʦʤʦʩʦʤʥʠʭ ʢʦʧʽʡ, ʷʢʽ ʤʦʞʫʪʴ ʪʨʘʥʩʢʨʠʙʫʚʘʪʠʩʴ 

ʦʢʨʝʤʦ ʚʽʜ ʦʨʠʛʽʥʘʣʴʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. ʊʘʢʦʞ ʟʙʽʣʴʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʛʝʥʽʚ 

ʤʦʞʥʘ ʟʘ ʨʘʭʫʥʦʢ ʨʝʧʣʽʢʘʮʽʾ ʚʩʴʦʛʦ ʛʝʥʦʤʫ ʜʦʜʘʪʢʦʚʠʤʠ ʨʘʫʥʜʘʤʠ ʨʝʧʣʽʢʘʮʽʾ 

ɼʅʂ ʙʝʟ ʧʦʜʽʣʫ ʢʣʽʪʠʥ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʦʣʽʧʣʦʾʜʥʠʭ ʘʙʦ ʧʦʣʽʪʝʥʥʠʭ ʭʨʦʤʦʩʦʤ. 

ʎʝʡ ʤʝʪʦʜ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʚʩʽʭ ̫ ʜʝʨʥʠʭ ʛʝʥʽʚ, ʘ 

ʥʝ ʪʽʣʴʢʠ ʛʝʥʽʚ ʨʈʅʂ, ʭʦʯʘ ʮʽʣʢʦʤ ʡʤʦʚʽʨʥʦ, ʱʦ ʜʦʜʘʪʢʦʚʘ ʨɼʅʂ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʨʈʅʂ. ʏʝʪʚʝʨʪʠʡ ʤʝʭʘʥʽʟʤ 

ʟʘʜʦʚʦʣʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʧʦʪʨʝʙʠ ʚ ʛʝʥʥʠʭ ʧʨʦʜʫʢʪʘʭ ï ʫʪʚʦʨʝʥʥʷ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʛʝʥʽʚ ʨʈʅʂ ʫ ʚʠʛʣʷʜʽ ʪʘʥʜʝʤʥʠʭ ʧʦʚʪʦʨʽʚ ï ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ 

ʝʫʢʘʨʽʦʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʨʦʩʣʠʥʠ [11].  
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ʆʢʨʽʤ ʚʽʜʤʽʥʥʦʩʪʽ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʨʈʅʂ, ʨʽʟʥʽ 

ʦʨʛʘʥʽʟʤʠ ʤʘʶʪʴ ʨʽʟʥʫ ʦʨʛʘʥʽʟʘʮʽʶ ʨɼʅʂ (ʨʠʩ.1.2). ʋ ʙʘʢʪʝʨʽʡ ʛʝʥʠ ʨʈʅʂ 

ʬʦʨʤʫʶʪʴ ʦʜʠʥʠʮʽ ʟ ʢʽʣʴʢʦʭ ʢʦʜʫʶʯʠʭ ʜʽʣʷʥʦʢ, ʷʢʽ ʨʦʟʢʠʜʘʥʽ ʧʦ ʨʽʟʥʠʭ 

ʜʽʣʷʥʢʘʭ ʭʨʦʤʦʩʦʤʠ. ɹʽʣʴʰ ʦʨʛʘʥʽʟʦʚʘʥʦʶ ʻ ʙʫʜʦʚʘ ʫ ʜʨʽʞʜʞʽʚ, ʫ ʷʢʠʭ ʙʣʠʟʴʢʦ 

100-200 ʢʦʧʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʨɼʅʂ ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ ʦʜʥʦʤʫ ʢʣʘʩʪʝʨʽ [23]. ʋ 

ʚʠʱʠʭ ʝʫʢʘʨʽʦʪʽʚ ʛʝʥʠ ʨʈʅʂ ʬʦʨʤʫʶʪʴ ʢʣʘʩʪʝʨʥʽ ʦʜʠʥʠʮʽ. ʈʦʩʣʠʥʠ, ʷʢ 

ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʙʽʣʴʰʝ ʛʝʥʽʚ ʨʈʅʂ, ʥʽʞ ʽʥʰʽ ʛʨʫʧʠ ʦʨʛʘʥʽʟʤʽʚ. 

 

 

ʈʠʩ. 1.2. ʆʨʛʘʥʽʟʘʮʽʷ ʛʝʥʽʚ ʨʈʅʂ ʫ ʨʽʟʥʠʭ ʦʨʛʘʥʽʟʤʽʚ. ɸʜʘʧʪʦʚʘʥʦ ʟ [23]. 

 

 

1.4.  ɺʘʨʽʘʙʝʣʴʥʽʩʪʴ ʛʝʥʽʚ ʨʈʅʂ 

 

ʅʘʡʙʽʣʴʰʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʨɼʅʂ ʻ ʚʠʩʦʢʘ ʢʦʥʩʝʨʚʘʪʠʚʥʽʩʪʴ ʢʦʜʫʶʯʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʢ̫ʽ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʚʠʜʫ ʟʙʝʨʽʛʘʶʪʴʩʷ ʦʜʥʘʢʦʚʠʤʠ, ʫ ʪʦʡ ʯʘʩ 

ʷʢ ʄɻʉ ʻ ʥʘʡʙʽʣʴʰ ʚʘʨʽʘʙʝʣʴʥʦʶ ʜʽʣʷʥʢʦʶ ʛʝʥʽʚ ʨɼʅʂ,. ʎʝʡ ʤʦʪʠʚ 

ʚʠʩʦʢʦʢʦʥʩʝʨʚʦʚʘʥʠʭ ʢʦʜʫʶʯʠʭ ʦʙʣʘʩʪʝʡ ʪʘ ʤʽʥʣʠʚʠʭ ʤʽʞʛʝʥʥʠʭ ʩʧʝʡʩʝʨʽʚ ʟ 

ʚʠʜʦʩʧʝʮʠʬʽʯʥʠʤʠ ʤʫʪʘʮʽʷʤʠ ʚʠʷʚʣʝʥʠʡ ʫ ʨɼʅʂ ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʜʽʚ. 

ʎʷ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʚʠʜʦʚʦʾ ʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘ ʤʽʞʚʠʜʦʚʦʾ 
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ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʝʚʦʣʶʮʽʻʶ ʪʘ ʚʠʧʘʜʢʦʚʦʶ 

ʝʚʦʣʶʮʽʻʶ, ʷʢʽ ʫ ʧʦʻʜʥʘʥʥʽ ʥʘʟʠʚʘʶʪʴ ʫʟʛʦʜʞʝʥʦʶ ʝʚʦʣʶʮʽʻʶ (concerted 

evolution) [11,25]. 

ʋʟʛʦʜʞʝʥʘ ʝʚʦʣʶʮʽʷ ʧʦʣʷʛʘʻ ʫ ʨʽʚʥʦʤʽʨʥʽʡ ʟʤʽʥʽ ʛʝʥʽʚ: ʷʢʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʤʫʪʘʮʽʷ ʚ ʦʜʥʦʤʫ ʟ ʢʣʘʩʪʝʨʽʚ, ʪʦ ʮʽ ʟʤʽʥʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʽ ʚ ʫʩʽʭ ʽʥʰʠʭ 

ʢʣʘʩʪʝʨʘʭ/ʢʦʧʽʷʭ. ʄʝʭʘʥʽʟʤʠ ʫʟʛʦʜʞʝʥʦʾ ʝʚʦʣʶʮʽʾ ʮʝ ʥʘʩʘʤʧʝʨʝʜ ʥʝʨʽʚʥʠʡ 

ʢʨʦʩʠʥʛʦʚʝʨ ʘʙʦ ʥʝʨʽʚʥʠʡ ʦʙʤʽʥ ʪʘ ʢʦʥʚʝʨʩʽʷ ʛʝʥʽʚ [11]. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʛʦʤʦʛʝʥʥʦʩʪʽ ʦʜʠʥ ʘʙʦ ʦʙʠʜʚʘ ʮʽ ʧʨʦʮʝʩʠ ʧʦʚʠʥʥʽ ʚʽʜʙʫʚʘʪʠʩʷ ʚ 

ʢʦʞʥʦʤʫ ʦʢʨʝʤʦʤʫ ʣʦʢʫʩʽ, ʤʽʞ ʣʦʢʫʩʘʤʠ ʨɼʅʂ ʥʘ ʛʦʤʦʣʦʛʽʯʥʠʭ ʭʨʦʤʦʩʦʤʘʭ 

ʪʘ ʤʽʞ ʣʦʢʫʩʘʤʠ ʨɼʅʂ ʥʘ ʥʝʛʦʤʦʣʦʛʽʯʥʠʭ ʭʨʦʤʦʩʦʤʘʭ. ʊʝʦʨʝʪʠʯʥʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʛʝʥʫ ʤʦʞʝ ʧʨʦʪʽʢʘʪʠ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ, ʢʦʣʠ ʨʦʟʧʽʟʥʘʻʪʴʩʷ 

ʛʝʪʝʨʦʜʫʧʣʝʢʩ, ʪʦʙʪʦ ʤʫʪʘʥʪ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʠʡ ʚ ʜʠʢʠʡ ʪʠʧ ʘʙʦ ʥʘʚʧʘʢʠ 

[11]. 

ʑʝ ʦʜʥʦʶ ʬʦʨʤʦʶ ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ ʨɼʅʂ ʻ ʨʽʟʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʧʽʡ ʛʝʥʽʚ ʫ 

ʛʝʥʦʤʽ. ʋ ʨʦʩʣʠʥ ʚʘʨʽʘʮʽʾ ʢʽʣʴʢʦʩʪʽ ʛʝʥʽʚ ʽʩʥʫʶʪʴ ʷʢ ʥʘ ʤʽʞʚʠʜʦʚʦʤʫ, ʪʘʢ ʽ ʥʘ 

ʚʥʫʪʨʽʰʥʴʦʚʠʜʦʚʦʤʫ ʨʽʚʥʷʭ [11]. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʦʚʪʦʨʽʚ ʟôʷʚʠʣʘʩʴ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʣʽʪʠʥʠ ʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʨʠʙʦʩʦʤ, ʘʜʞʝ ʦʜʠʥ ʛʝʥ ʨʈʅʂ ʥʝ 

ʤʦʞʝ ʪʨʘʥʩʢʨʠʙʫʚʘʪʠʩʴ ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʦ [23]. ʊʘʢʦʞ ʙʫʣʘ ʚʠʩʣʦʚʣʝʥʘ ʽʜʝʷ, 

ʱʦ ʫ ʚʠʟʥʘʯʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʨɼʅʂ ʤʦʛʣʠ ʚʽʜʽʛʨʘʚʘʪʠ ʨʦʣʴ ʬʘʢʪʦʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʽ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʛʝʥʽʚ ʙʫʣʦ ʚʽʜʧʦʚʽʜʜʶ ʥʘ 

ʩʪʨʝʩʦʚʽ ʫʤʦʚʠ [25]. 

ɿʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ ʛʝʥʽʚ ʪʘ ʤʽʥʣʠʚʽʩʪʴ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟʘʚʜʷʢʠ 

ʨʝʢʦʤʙʽʥʘʮʽʡʥʠʤ ʧʦʜʽʷʤ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʘʜʝʢʚʘʪʥʦ ʚʝʣʠʢʦʛʦ ʧʫʣʫ ʨɼʅʂ. 

ʇʨʦʪʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʛʝʥʽʚ ʨʈʅʂ ʧʝʨʝʚʠʱʫʻ ʥʝʦʙʭʽʜʥʫ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʨʈʅʂ [25]. ʋ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʨɼʅʂ ʥʝ 

ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʙʽʣʴʰʦʩʪʽ ʽʥʰʠʭ ɼʅʂ ʨʦʩʣʠʥʥʠʭ ʷʜʝʨ, ʤʽʪʦʭʦʥʜʨʽʡ ʪʘ 

ʭʣʦʨʦʧʣʘʩʪʽʚ, ʷʢʽ, ʷʢ ʚʚʘʞʘʻʪʴʩʷ, ʧʝʨʝʚʠʱʫʶʪʴ ʢʽʣʴʢʽʩʪʴ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʛʘʥʽʟʤʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʻ 

ʤʽʥʽʤʘʣʴʥʠʡ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʢʽʣʴʢʦʩʪʽ ʨɼʅʂ [11]. ʇʨʠ ʢʽʣʴʢʦʩʪʽ ʛʝʥʽʚ 
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ʤʝʥʰʦʾ ʟʘ ʮʶ ʤʝʞʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʝʛʝʥʝʨʘʪʠʚʥʽ ʧʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʡ ʦʨʛʘʥʽʟʤʫ, 

ʘʣʝ ʧʝʨʝʚʠʱʝʥʥʽ ï ʧʦʤʽʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʬʝʥʦʪʠʧ ʥʝ ʤʘʻ. 

ʊʘʢʦʞ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʩʝʨʝʜ ʨʽʟʥʠʭ ʪʢʘʥʠʥ ʦʜʥʽʻʾ ʨʦʩʣʠʥʠ ʤʦʞʝ 

ʟʥʘʭʦʜʠʪʠʩʴ ʨʽʟʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʧʽʡ ʛʝʥʽʚ ʨʈʅʂ. ʎʝ ʷʚʠʱʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ 

ʦʙʤʽʥ ʜʽʣʷʥʢʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʤʽʪʦʪʠʯʥʦʛʦ, ʘ ʪʘʢʦʞ ʤʝʡʦʪʠʯʥʦʛʦ 

ʧʦʜʽʣʽʚ ʢʣʽʪʠʥʥʦʛʦ ʮʠʢʣʫ [25]. 

 

1.5. ɺʘʨʽʘʙʝʣʴʥʽʩʪʴ ʤʽʞʛʝʥʥʦʛʦ ʩʧʝʡʩʝʨʘ 

 

ɻʦʣʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʚʠʜʘʤʠ ʧʦʚôʷʟʘʥʽ ʟ ʯʘʩʪʠʥʦʶ ʄɻʉ, ʷʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ ʢʦʥʩʝʨʚʘʪʠʚʥʠʤʠ ʩʘʡʪʘʤʠ. ʋ ʄɻʉ 5S ʨɼʅʂ ʤʽʩʪʷʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʙʦʪʠ ʈʅʂ-ʧʦʣʽʤʝʨʘʟʠ ɯɯɯ, ʘ ʩʘʤʝ - ʪʦʯʢʠ 

ʽʥʽʮʽʘʮʽʾ (ʊɯʊ) ʪʘ ʪʝʨʤʽʥʘʮʽʾ ʪʨʘʥʩʢʨʠʧʮʽʾ (ʊʊʊ), ʘ ʪʘʢʦʞ ʟʦʚʥʽʰʥʽ ʝʣʝʤʝʥʪʠ 

ʧʨʦʤʦʪʦʨʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ɸ+ʊ ʥʘʩʠʯʝʥʦʶ ʟʦʥʦʶ, ʱʦ ʩʧʽʚʧʘʜʘʻ ʟ ʊɯʊ, ʪʘ G/C 

ʙʦʢʩ [8,11,12,23,25,29]. ʌʫʥʢʮʽʶ ʪʝʨʤʽʥʘʪʦʨʘ ʪʨʘʥʩʢʨʠʧʮʽʾ ʜʣʷ ʈʅʂ-

ʧʦʣʽʤʝʨʘʟʠ ɯɯɯ ʝʫʢʘʨʽʦʪʽʚ ʚʠʢʦʥʫʻ ʦʣʽʛʦ-ʜʊ ʤʦʪʠʚ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʝʞʫʻ ʟ 

3'-ʢʽʥʮʝʤ ʢʦʜʫʚʘʣʴʥʦʾ ʜʽʣʷʥʢʠ 5S ʨɼʅʂ [3,12,29]. ɸ+ʊ ʥʘʩʠʯʝʥʘ ʟʦʥʘ ʦʢʨʽʤ 

ʽʥʽʮʽʘʮʽʾ ʨʝʧʣʽʢʘʮʽʾ ʪʘ ʚʧʣʠʚʫ ʥʘ ʪʨʘʥʩʢʨʠʧʮʽʶ ʨɼʅʂ, ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʱʝ ʡ ʫ 

ʨʝʛʫʣʷʮʽʾ ʢʽʣʴʢʦʩʪʽ ʢʦʧʽʡ (ʘʤʧʣʽʬʽʢʘʮʽʾ) ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʨɼʅʂ [3,12,29]. ʄɻʉ 

ʧʨʠʯʝʪʥʠʡ ʜʦ ʥʫʢʣʝʦʣʷʨʥʦʛʦ ʜʦʤʽʥʫʚʘʥʥʷ, ʷʚʠʱʽ, ʧʨʠ ʷʢʦʤʫ ʦʜʠʥ ʢʣʘʩ ʨʈʅʂ 

ʪʨʘʥʩʢʨʠʙʫʻʪʴʩʷ, ʘ ʽʥʰʠʡ ï ʥʽ [25].  

ʇʦʣʽʤʦʨʬʽʟʤ ʤʽʞʛʝʥʥʦʛʦ ʩʧʝʡʩʝʨʘ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʚʽʜʩʫʪʥʽʩʪʶ ʪʘʢʦʛʦ 

ʞʦʨʩʪʢʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʪʠʩʢʫ, ʷʢ ʥʘ ʪʨʘʥʩʢʨʠʙʦʚʘʥʽ ʢʦʜʫʶʯʽ ʜʽʣʷʥʢʠ. 

ʄʦʣʝʢʫʣʷʨʥʦʶ ʦʩʥʦʚʦʶ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʄɻʉ ʻ ʨʽʟʥʠʮʷ ʫ ʢʽʣʴʢʦʩʪʽ ʩʫʙʧʦʚʪʦʨʽʚ 

ï ʢʦʨʦʪʢʠʭ ʧʦʚʪʦʨʶʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʚʞʠʥʦʶ 20ï300 ʧ.ʥ., ʱʦ ʬʦʨʤʫʶʪʴ 

ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ ʩʧʝʡʩʝʨʘ, ʝʚʦʣʶʮʽʦʥʫʶʪʴ ʽʟ ʟʥʘʯʥʦʶ ʰʚʠʜʢʽʩʪʶ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʪʘ ʩʪʨʫʢʪʫʨʦʶ ʽ ʻ ʫʥʽʢʘʣʴʥʠʤʠ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ. ʆʜʥʘʢ ʥʝ ʚʩʽ ʚʠʜʠ ʚʠʷʚʣʷʶʪʴ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʟʘ ʜʦʚʞʠʥʦʶ. ʄɻʉ ʤʦʞʝ ʚʠʷʚʣʷʪʠ ʟʥʘʯʥʫ ʨʽʟʥʠʮʶ ʜʦʚʞʠʥʠ ʚ 

ʧʦʧʫʣʷʮʽʷʭ ʦʜʥʦʛʦ ʚʠʜʫ, ʫ ʦʩʦʙʠʥ ʧʦʧʫʣʷʮʽʾ ʽ ʥʘʚʽʪʴ ʚ ʦʢʨʝʤʠʭ ʭʨʦʤʦʩʦʤʥʠʭ 
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ʣʦʢʫʩʘʭ [11]. ʏʝʨʝʟ ʪʘʢʫ ʜʠʥʘʤʽʯʥʽʩʪʴ, ʩʘʤʝ ʟʘ ʥʠʤʠ ʽ ʜʦʩʣʽʜʞʫʶʪʴ 

ʧʦʣʽʤʦʨʬʽʟʤ [8,11]. 

ɺʘʨʽʘʙʝʣʴʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʮʠʭ ʩʫʙʧʦʚʪʦʨʽʚ ʫ ʄɻʉ ʧʦʷʩʥʶʻʪʴʩʷ ʥʝʦʜʥʘʢʦʚʠʤ 

ʩʭʨʝʱʫʚʘʥʥʷʤ ʚʩʝʨʝʜʠʥʽ ʦʢʨʝʤʦʾ ʦʜʠʥʠʮʽ ʧʦʚʪʦʨʫ ʘʙʦ ʤʽʞ ʦʜʠʥʠʮʷʤʠ ʘʙʦ ʥʘ 

ʦʜʥʽʡ ʽ ʪʽʡ ʞʝ ʭʨʦʤʦʩʦʤʽ, ʘʙʦ ʚ ʾʾ ʛʦʤʦʣʦʟʽ [11,25]. ɼʦʚʞʠʥʘ ʄɻʉ ʟʤʽʥʶʻʪʴʩʷ 

ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʢʽʣʴʢʽʩʪʴ ʢʦʧʽʡ ʛʝʥʘ. 

 

1.6.  ɺʥʫʪʨʽʰʥʽ ʪʨʘʥʩʢʨʠʙʦʚʘʥʽ ʩʧʝʡʩʝʨʠ 

 

ɼʽʣʷʥʢʠ ɺʊʉ1 ʪʘ ɺʊʉ2 ʨɼʅʂ ʨʦʟʜʽʣʷʶʪʴ ʤʽʞ ʩʦʙʦʶ ʢʦʜʫʶʯʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʛʝʥʽʚ ʨʈʅʂ ʪʘ ʟʥʘʭʦʜʷʪʴʩʷ ʟ ʜʚʦʭ ʙʦʢʽʚ ʚʽʜ ʛʝʥʫ 5.8S ʨʈʅʂ [20,30ï34]. ʆʙʠʜʚʘ 

ʩʧʝʡʩʝʨʠ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʪʨʘʥʩʢʨʠʧʪʫ ʧʨʝ-ʨʈʅʂ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʾʭ ʥʘʟʚʘ 

ʪʨʘʥʩʢʨʠʙʦʚʘʥʠʭ ʩʧʝʡʩʝʨʽʚ, ʪʘ ʚʽʜʽʛʨʘʶʪʴ ʧʝʚʥʫ ʨʦʣʴ ʫ ʧʨʦʮʝʩʽ ʚʠʟʨʽʚʘʥʥʷ 

ʨʠʙʦʩʦʤʠ. ɿʦʢʨʝʤʘ, ɺʊʉ2 ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʚʪʦʨʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʚʝʣʠʢʦʾ ʩʫʙʦʜʠʥʠʮʽ ʨʠʙʦʩʦʤʠ [31,34].  

ʗʢ ʚʽʜʦʤʦ, ʦʜʥʦʣʘʥʮʶʛʦʚʘ ʈʅʂ ʟʜʘʪʥʘ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ, 

ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʩʧʽʨʘʣʽ, ʫʪʚʦʨʝʥʽ ʩʧʘʨʝʥʠʤʠ ʛʦʤʦʣʦʛʽʯʥʠʤʠ ʜʽʣʷʥʢʘʤʠ, ʧʝʪʣʽ ʪʘ 

ʚʠʧʠʥʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʪʦʨʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ɺʊʉ2 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʭʽʤʽʯʥʦʛʦ ʪʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʘ ʪʘʢʦʞ ʩʘʡʪ-

ʩʧʨʷʤʦʚʘʥʦʛʦ ʤʫʪʘʛʝʥʝʟʫ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ ʽʩʥʫʚʘʥʥʷ ʜʝʷʢʠʭ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʨʠʩ ʚʪʦʨʠʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʮʽʻʾ ʜʽʣʷʥʢʠ ʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʫ. 

ɿʦʢʨʝʤʘ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʚʦʥʘ ʫʪʚʦʨʶʻ ʯʦʪʠʨʠ ʩʧʽʨʘʣʽ. ʋ ʨʦʩʣʠʥ ʥʘʡʙʽʣʴʰ 

ʰʚʠʜʢʦ ʝʚʦʣʶʮʽʦʥʫʻ ʜʽʣʷʥʢʘ ʩʧʽʨʘʣʽ IV, ʜʨʫʛʘ ʧʽʩʣʷ ʥʝʾ ʟʘ ʪʝʤʧʘʤʠ ʟʤʽʥ ï 

ʜʽʣʷʥʢʘ ʩʧʽʨʘʣʽ I. ɿʥʘʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʤʘʻ ʜʽʣʷʥʢʘ ʩʧʽʨʘʣʽ ɯɯ, ʥʘ ʷʢʽʡ 

ʨʦʟʪʘʰʦʚʘʥʝ ʧʽʨʠʤʽʜʠʥ-ʧʽʨʠʤʽʜʠʥʦʚʝ ʚʠʧʠʥʘʥʥʷ, ʘ ʥʘʡʙʽʣʴʰ ʢʦʥʩʝʨʚʘʪʠʚʥʘ 

ʜʽʣ̫ʥʢʘ, ʜʦ ʩʢʣʘʜʫ ʷʢʦʾ ʚʭʦʜʠʪʴ 20-ʥʫʢʣʝʦʪʠʜʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟ ʤʦʪʠʚʦʤ 

TGGT, ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ 5ô-ʢʽʥʮʽ ʩʧʽʨʘʣʽ ɯɯɯ [34].  

ʉʧʽʨʘʣʴʥʝ ʢʽʣʴʮʝ, ʫʪʚʦʨʶʚʘʥʝ ɺʊʉ2, ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʧʨʘʚʠʣʴʥʦʾ ʧʨʦʩʪʦʨʦʚʦʾ 

ʦʨʽʻʥʪʘʮʽʾ 5.8S ʪʘ 25S ʨʈʅʂ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʮʝʩʠʥʛʫ ʧʨʝʈʅʂ. ɿʦʢʨʝʤʘ ʙʫʣʦ 
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ʧʦʢʘʟʘʥʦ, ʱʦ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʘʙʦ ʧʦʨʫʰʝʥʥ ̔ ʧʝʚʥʠʭ ʯʘʩʪʠʥ ʮʽʻʾ ʢʽʣʴʮʝʚʦʾ 

ʩʪʨʫʢʪʫʨʠ ʚʠʟʨʽʚʘʥʥʷ ʚʝʣʠʢʦʾ ʩʫʙʦʜʠʥʠʮʽ ʨʠʙʦʩʦʤʠ ʥʝ ʚʽʜʙʫʚʘʣʦʩʷ [34].  

ɺʊʉ1 ʝʚʦʣʶʮʽʦʥʫʻ ʟ ʙʽʣʴʰʦʶ ʰʚʠʜʢʽʩʪʶ ʽ ʤʘʻ ʤʝʥʰʝ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ 

ʩʘʡʪʽʚ ʧʦʨʽʚʥʷʥʦ ʽʟ ɺʊʉ2, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʨʽʟʥʠʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʮʠʭ ʜʽʣʷʥʦʢ ʈʅʂ-ʪʨʘʥʩʢʨʠʧʪʫ ʫ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʟʨʽʣʦʾ ʨʠʙʦʩʦʤʠ. 

ʅʝʯʠʩʣʝʥʥʽ ʩʧʨʦʙʠ ʚʠʢʦʨʠʩʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ 

ʜʽʣʷʥʢʠ ɺʊʉ1 ʜʣʷ ʬʽʣʦʛʝʥʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʫ ʨʦʩʣʠʥ, ʧʨʦʚʝʜʝʥʽ ʚ ʤʠʥʫʣʦʤʫ, 

ʚʠʷʚʠʣʠ, ʱʦ ʨʽʚʝʥʴ ʧʦʜʽʙʥʦʩʪʽ ʮʠʭ ʩʪʨʫʢʪʫʨ ʥʝʜʦʩʪʘʪʥʽʡ ʜʣʷ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ 

[17,18,30ï32]. 

  

1.7.  ʌʽʣʦʛʝʥʝʪʠʢʘ ʨʦʜʫ Gentiana 

 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʜʠʥʠ 

Gentianaceae. ɺʠʟʥʘʯʝʥʥʷ ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ ʧʨʦʚʦʜʠʣʠʩʴ ʟ̔ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʩʪʨʠʢʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʭʣʦʨʦʧʣʘʩʪʥʦʾ ʪʘ ʷʜʝʨʥʦʾ ɼʅʂ, 

ʭʣʦʨʦʧʣʘʩʪʥʠʭ ʤʘʨʢʝʨʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ: ʽʥʪʨʦʥ trnL (UAA), ʤʽʞʛʝʥʥ ̔

ʩʧʝʡʩʝʨʠ trnL-trnF ʪʘ rpl16-rpl14, ʢʦʜʫʶʯʘ ʜʽʣʷʥʢʘ rpl16, ʘ ʪʘʢʦʞ ɺʊʉ1, ɺʊʉ2 

[35ï39]. 

ʋ ʙʽʣʴʰʦʩʪʽ ʨʦʙʽʪ ʬʽʣʦʛʝʥʝʪʠʯʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʪʘʢʩʦʥʘʤʠ ʟʙʽʛʘʶʪʴʩʷ ʟ 

ʤʦʨʬʦʣʦʛʽʯʥʦ ʚʠʟʥʘʯʝʥʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʷʤʠ, ʘʣʝ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʢʦʥʬʣʽʢʪʠ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [39] ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʜʽʚ Gentiana ʩʝʢʮʽʾ 

Cruciata ʧʦʢʘʟʘʣʠ, ʱʦ ʚʩʽ ʚʠʜʠ ʮʽʻʾ ʩʝʢʮʽʾ ʤʽʩʪʷʪʴ ʤʦʥʦʬʽʣʝʪʠʯʥʫ ʛʨʫʧʫ, ʘʣʝ 

ʚʽʜʭʠʣʠʣʠ ʚʩʽ ʧʦʧʝʨʝʜʥʽ ʛʽʧʦʪʝʟʠ ʱʦʜʦ ʚʥʫʪʨʽʰʥʴʦʩʝʢʮʽʡʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ ʥʘ 

ʦʩʥʦʚʽ ʤʦʨʬʦʣʦʛʽʾ. ʋ ʨʦʙʦʪʽ [38] ʨʝʟʫʣʴʪʘʪʠ ʧʝʨʝʚʘʞʥʦ ʫʟʛʦʜʞʫʚʘʣʠʩʴ ʟ 

ʧʦʧʝʨʝʜʥʽʤʠ ʬʽʣʦʛʝʥʝʪʠʯʥʠʤʠ ʪʘ ʪʘʢʩʦʥʦʤʽʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʘʣʝ G. 

cachemirica ʪʘ G. yakushimensis ʙʫʣʠ ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʜʦ ʚʽʜʤʽʥʥʠʭ ʚʽʜ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʝʢʮʽʡ. ʌʽʣʦʛʝʥʽʷ ʟʘ ɺʊʉ ʚ ʙʽʣʴʰʦʩʪʽ ʚʽʜʧʦʚʽʜʘʣʘ 

ʤʦʨʬʦʣʦʛʽʯʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʟʘ ʚʠʥʷʪʢʦʤ ʪʦʛʦ, ʱʦ G. asclepiadea ʙʫʣʘ ʪʽʩʥʦ 

ʧʦʚ'ʷʟʘʥʘ ʟ ʩʝʢʮʽʻʶ Gentiana ʟʘʤʽʩʪʴ ʩʝʢʮʽʾ Pneumonanthe, ʪʘ ʩʝʢʮʽ ̫Stenogyne, 
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ʚʠʷʚʠʣʘʩʴ ʧʘʨʘʬʽʣʝʪʠʯʥʦʶ ʛʨʫʧʦʶ ʨʦʜʫ Gentiana, ʪʦʞ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʣʶʯʠʪʠ ʾʾ ʟ ʨʦʜʫ [35]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʝʥʝʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ, 

ʤʦʞʥʘ ʟʥʘʭʦʜʠʪʠ ʩʫʧʝʨʝʯʣʠʚʽ ʚʠʜʠ, ʷʢʽ ʧʦʪʨʝʙʫʚʘʪʠʤʫʪʴ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ 

ʚʠʚʯʝʥʥʷ, ʪʘ ʧʝʨʝʛʣʷʜʫ ʾʭ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ. 
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ʈʆɿɼɯʃ 2 

ʆɹôɭʂʊʀ, ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʅʗ 

 

 

2.1.  ʈʦʩʣʠʥʥʠʡ ʤʘʪʝʨʽʘʣ 

 

ʄʘʪʝʨʽʘʣʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʣʫʛʫʚʘʣʠ ʨʦʩʣʠʥʠ ʪʨʴʦʭ ʚʠʜʽʚ ʨʦʜʫ ʊʠʨʣʠʯ 

(Gentiana), ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʩʝʢʮʽʡ ʪʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʤʦʨʬʦʣʦʛʽʻʶ, 

ʘʥʘʪʦʤʽʻʶ, ʫʤʦʚʘʤʠ ʟʨʦʩʪʘʥʥʷ ʪʦʱʦ, ʘ ʪʘʢʦʞ ʦʜʥʦʛʦ ʚʠʜʫ ʨʦʜʫ 

ʊʨʽʧʪʝʨʦʩʧʝʨʤʫʤ (Tripterospermum). ɿʨʘʟʢʠ G. crassicaulis (ʩʝʢʮʽʷ Cruciata), G. 

scabra (ʩʝʢʮʽʷ Pneumonanthe), G. pannonica (ʩʝʢʮʽʷ Gentiana), Tripterospermum 

alutaceifolium ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟ ʙʦʪʘʥʽʯʥʦʛʦ ʩʘʜʫ ɹʦʥʥʩʴʢʦʛʦ ʋʥʽʚʝʨʩʠʪʝʪʫ, 

ʅʽʤʝʯʯʠʥʘ (Botanische Gªrten der Universitªt Bonn), ʙʦʪʘʥʽʯʥʦʛʦ ʩʘʜʫ ʽʤ. ʘʢʘʜ. 

ʆ.ɺ. ʌʦʤʽʥʘ ʅʅʎ "ɯʥʩʪʠʪʫʪ ɹʽʦʣʦʛʽʾ" ʂʅʋ ʽʤ. ʊ.ɻ. ʐʝʚʯʝʥʢʘ, ʘ ʪʘʢʦʞ ʚʽʜ ɸ. 

ʌʘʚʨʝ ʟ ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʉʝʥʢʝʥʙʝʨʛʘ, ʌʨʘʥʢʬʫʨʪ-ʥʘ-ʄʘʡʥʽ, 

ʅʽʤʝʯʯʠʥʘ (Adrien Favre, Senckenberg Research Institute, Frankfurt am Main, 

Germany) ʚʽʜʧʦʚʽʜʥʦ.  

 

2.2.  ɺʠʜʽʣʝʥʥʷ ɼʅʂ ʟʽ ʩʚʽʞʦʛʦ ʪʘ ʩʫʭʦʛʦ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 

ɼʣʷ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʽ ʥʘʩʪʫʧʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʘ ʩʘʤʝ: ʩʪʫʧʢʘ ʬʘʨʬʦʨʦʚʘ, 

ʧʨʦʙʽʨʢʠ ʧʣʘʩʪʠʢʦʚʽ ʟ ʛʝʨʤʝʪʠʯʥʠʤʠ ʢʨʠʰʢʘʤʠ ʦʙôʻʤʦʤ 2ʤʣ, ʰʧʘʪʝʣʴ, 

ʘʚʪʦʤʘʪʠʯʥʽ ʧʽʧʝʪʢʠ-ʜʦʟʘʪʦʨʠ. ɺ ʧʨʦʮʝʜʫʨʽ ʚʠʜʽʣʝʥʥʷ ɼʅʂ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʘʢʽ ʧʨʠʣʘʜʠ: ʪʝʨʤʦʩʪʘʪ ʚʦʜʷʥʠʡ, ʤʽʢʨʦʮʝʥʪʨʠʬʫʛʘ ʥʘʩʪʽʣʴʥʘ ʪʠʧʫ ɽʧʧʝʥʜʦʨʬ, 

ʧʨʠʣʘʜ ʜʣʷ ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʚ ʘʛʘʨʦʟʥʦʤʫ 

ʛʝʣʽ.  

ʉʢʣʘʜ ʙʫʬʝʨʫ ʜʣʷ ʝʢʩʪʨʘʢʮʽʾ ɼʅʂ: 1.4 ʄ NaCl, 20 ʤʄ Na3EɼTA, 100 ʤʄ 

ʊʨʠʩ-HCl pH8.0 ʧʨʠ 25ʦʉ, 2% ʎʊɸɹ. ʈʝʘʢʪʠʚʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʝʢʩʪʨʘʢʮʽʾ ʪʘ 

ʦʯʠʩʪʢʠ ɼʅʂ - ʩʫʤʽʰ ʭʣʦʨʦʬʦʨʤ/ʽʟʦʘʤʽʣʦʚʠʡ ʩʧʠʨʪ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 24:1, 70% 



 
21 

 

ʝʪʘʥʦʣ, ʬʝʥʦʣ (ʟʘʙʫʬʝʨʝʥʠʡ 1ʄ ʊʨʠʩ-HCl, ʨʅ 8.0), ʩʫʤʽʰ çʬʝʥʦʣ/ʭʣʦʨʦʬʦʨʤè 

(ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1), ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʬʝʥʦʣʫ ʥʘʩʠʯʝʥʦʛʦ 1ʄ ʊʨʠʩ-HCl, ʨʅ 

8.0 ʪʘ ʩʫʤʽʰʽ ʭʣʦʨʦʬʦʨʤʫ ʟ ʽʟʦʘʤʽʣʦʚʠʤ ʩʧʠʨʪʦʤ (24:1), ʽʟʦʧʨʦʧʘʥʦʣ, ʨʦʟʯʠʥ 

ʈʅʂʘʟʠ ɸ ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ 10ʤʛ/ʤʣ. 

ʊɽ ʙʫʬʝʨ:  

10 ʤʄ ʊʨʠʩ-ʅʉl,  

1 ʤʄ ɽɼʊɸ, ʨʅ 8.0 

 

2ʭʎʊɸɹ ʙʫʬʝʨ: 

0,1 ʄ ʊʨʠʩ-ʅʉl, ʨʅ=8.0 

20-40 ʤʄ ɽɼʊɸ, ʨʅ=8.0 

1,4 M NaCl 

2% ʎʝʪʠʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʙʨʦʤʜ̔  

 

1ʭʎʊɸɹ ʙʫʬʝʨ: 

50 ʤʄ ʊʨʠʩ-ʅʉl, ʨʅ=8.0 

10-20 ʤʄ ɽɼʊɸ, ʨʅ=8.0 

0,7 M NaCl 

1% ʎʝʪʠʣʪʨʠʤʝʪʠʣʘʤʦʥʽʡ ʙʨʦʤʜ̔  

ɹʫʬʝʨ ʜʣʷ ʚʽʜʤʠʚʢʠ: 

52% ʝʪʘʥʦʣʫ 

10 ʤʄ ʊʨʠʩ-HCl pH=8.0 

125 ʤʄ NaCl 

1 ʤʄ ɽɼʊɸ 

SB ʙʫʬʝʨ (20x): 

39 ʛ Na2B4O7ʭ10H2O (ʘʙʦ 20 ʛ ʙʝʟʚʦʜʥʦʾ ʩʦʣʽ) ʜʦʚʦʜʠʤʦ ʜʦ 1 ʣ H2O, ʨʅ ʜʦʚʦʜʠʤʦ 

ʜʦ 8,5 ʙʦʨʥʦʶ ʢʠʩʣʦʪʦʶ H3BO3. 

 

 

ɺʠʩʫʰʝʥʠʡ ʨʦʩʣʠʥʥʠʡ ʤʘʪʝʨʽʘʣ (ʣʠʩʪʦʢ, ʥʘʚʘʞʢʘ 50 ʤʛ) ʨʦʟʪʠʨʘʣʠ ʟʽ 

ʩʢʣʷʥʠʤ ʧʽʩʢʦʤ ʚ ʬʘʨʬʦʨʦʚʽʡ ʩʪʫʧʮʽ ʜʦ ʧʦʨʦʰʢʦʚʠʜʥʦʛʦ ʩʪʘʥʫ, ʧʝʨʝʥʦʩʠʣʠ ʚ 

ʧʨʦʙʽʨʢʫ ʦʙôʻʤʦʤ 2 ʤʣ ʽ ʜʦʜʘʚʘʣʠ ~1 ʤʣ 1ʭʎʊɸɹ ʙʫʬʝʨʫ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ɼʅʂ 

ʟʽ ʩʚʽʞʦʛʦ ʨʦʩʣʠʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 2ʭʎʊɸɹ ʙʫʬʝʨ ʨʽʚʥʦʛʦ 

ʦʙôʻʤʫ (w:v). ɼʣʷ ʟʤʠʚʘʥʥʷ ʟʘʣʠʰʢʽʚ ʤʘʪʝʨʽʘʣʫ ʟʽ ʩʪʫʧʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

1ʭʎʊɸɹ ʙʫʬʝʨ ʫ ʢʽʣʴʢʦʩʪʽ ʜʦ 0,5 ʚʽʜ ʦʙôʻʤʫ 2ʭʎʊɸɹ ʙʫʬʝʨʫ. ʉʪʘʨʘʥʥʦ 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʛʦʤʦʛʝʥʥʦʾ ʩʫʩʧʝʥʟʽʾ ʪʘ ʽʥʢʫʙʫʚʘʣʠ ʥʘ ʚʦʜʷʥʽʡ ʙʘʥʽ 

ʧʨʠ 65ʦʉ ʙʣʠʟʴʢʦ 30 - 60 ʭʚʠʣʠʥ. ɼʘʣʽ ʜʦʜʘʚʘʣʠ ʜʦ ʥʝʾ ʨʽʚʥʠʡ ʦʙôʻʤ ʩʫʤʽʰʽ 

ʭʣʦʨʦʬʦʨʤ/ʽʟʦʘʤʽʣʦʚʠʡ ʩʧʠʨʪ (24:1), ʧʝʨʝʤʽʰʫʚʘʣʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʙʽʣʦʾ 

ʝʤʫʣʴʩʽʾ ʪʘ ʧʨʦʜʦʚʞʫʚʘʣʠ ʝʢʩʪʨʘʢʮʽʶ ʟ ʧʝʨʽʦʜʠʯʥʠʤ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ 

ʧʨʦʪʷʛʦʤ 5 ʭʚ. ɼʣʷ ʨʦʟʜʽʣʝʥʥʷ ʚʦʜʥʦʾ ʡ ʦʨʛʘʥʽʯʥʦʾ ʬʘʟ ʩʫʩʧʝʥʟʽʶ 

ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 5 ʭʚ. ʚ ʥʘʩʪʽʣʴʥʽʡ ʮʝʥʪʨʠʬʫʟʽ ʧʨʠ 12000 ʦʙ./ʭʚ. 



 
22 

 

ɺʦʜʥʫ ʬʘʟʫ ʧʝʨʝʥʦʩʠʣʠ ʚ ʥʦʚʫ ʧʨʦʙʽʨʢʫ ʽ ʧʦʚʪʦʨʶʚʘʣʠ ʝʢʩʪʨʘʢʮʽʶ ʩʫʤʽʰʰʶ 

ʭʣʦʨʦʬʦʨʤ/ʽʟʦʘʤʽʣʦʚʠʡ ʩʧʠʨʪ (24:1). ɽʢʩʪʨʘʢʮʽʶ ʧʨʦʚʦʜʠʣʠ ʥʝ ʤʝʥʰʝ 2-3 

ʨʘʟʽʚ ʜʣʷ ʧʦʚʥʦʛʦ ʦʯʠʱʝʥʥʷ ʚʽʜ ʽʥʪʝʨʬʘʟʠ, ʜʦʤʽʰʦʢ ʪʘ ʧʽʛʤʝʥʪʽʚ.  

ʄʝʪʦʜ ʦʩʘʜʞʝʥʥʷ/ʦʯʠʱʝʥʥʷ ʦʙʠʨʘʣʠ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʣʝʥʦʾ 

ɼʅʂ: ʷʢʱʦ ʾʾ ʙʘʛʘʪʦ, ʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʧʠʨʪ, ʘ ʷʢʱʦ ʤʘʣʦ ï ʩʽʣʽʢʫ. ʋ 

ʚʠʧʘʜʢʘʭ ʩʠʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʙʠʜʚʘ ʩʧʦʩʦʙʠ ʫ ʧʦʨʷʜʢʫ: 

ʩʧʠʨʪ ï ʩʽʣʽʢʘ. 

 ʆʩʘʜʞʝʥʥʷ ʽʟʦʧʨʦʧʠʣʦʚʠʤ ʩʧʠʨʪʦʤ. ɼʦ ʚʦʜʥʦʾ ʬʘʟʠ ʜʦʜʘʚʘʣʠ ʨʽʚʥʠʡ 

ʦʙôʻʤ ʽʟʦʧʨʦʧʘʥʦʣʫ, ʰʚʠʜʢʦ ʧʝʨʝʤʽʰʫʚʘʣʠ, ʽ ʥʫʢʣʝʾʥʦʚʽ ʢʠʩʣʦʪʠ ʦʜʨʘʟʫ 

ʦʩʘʜʞʫʚʘʣʠ ʚ ʥʘʩʪʽʣʴʥʽʡ ʮʝʥʪʨʠʬʫʟʽ ʧʨʠ 12000 ʦʙ./ʭʚ. 5 ʭʚ. (ʩʪʘʜʽʷ ʜʫʞʝ 

ʚʘʞʣʠʚʘ, ʜʣʷ ʪʦʛʦ ʱʦʙ ʩʢʦʨʦʪʠʪʠ ʥʘʢʦʧʠʯʝʥʥʷ ʦʩʘʜʦʤ ʅʂ ʧʽʛʤʝʥʪʽʚ ʽ  

ʧʦʣʽʩʘʭʘʨʠʜʽʚ). ɿʣʠʚʰʠ ʽʟʦʧʨʦʧʘʥʦʣ, ɼʅʂ ʜʚʽʯʽ ʧʨʦʤʠʚʘʣʠ 70% ʝʪʘʥʦʣʦʤ. 

ʇʽʩʣʷ ʧʨʦʤʠʚʘʥʥʷ ʩʧʠʨʪʦʤ ɼʅʂ ʩʫʰʠʣʠ ʽ ʨʦʟʯʠʥʷʣʠ ʚ 200-500 ʤʢʣ ʊɽ ʙʫʬʝʨʫ 

ʚ ʧʨʠ 55ʦʉ 10-30 ʭʚ. ɼʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʦʯʠʱʝʥʥʷ ɼʅʂ ʚʽʜ ʜʦʤʽʰʦʢ ʈʅʂ, ʨʦʟʯʠʥ 

ʦʙʨʦʙʣʷʣʠ ʈʅʂ-ʘʟʦʶ ʚ ʢʽʥʮʝʚʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 100 ʤʢʛ/ʤʣ ʧʨʠ 37ʦʉ ʧʨʦʪʷʛʦʤ 

15-30 ʭʚ. ɼʦʜʘʚʘʣʠ ʨʽʚʥʠʡ ʦʙôʻʤ ʬʝʥʦʣʫ (ʟʘʙʫʬʝʨʝʥʦʛʦ 1ʄ ʪʨʠʩ-HCl ʨʅ 8.0), 

ʘ ʜʘʣʽ ʩʫʤʽʰ ʬʝʥʦʣ/ʭʣʦʨʦʬʦʨʤ (ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1), 5ʭʚ ʧʝʨʝʤʽʰʫʶʯʠ ʜʦ 

ʩʪʘʥʫ ʙʽʣʦʾ ʝʤʫʣʴʩʽʾ. ɼʅʂ ʦʩʘʜʞʫʚʘʣʠ 2-ʘ ʦʙ'ʤ̒ʘʤʠ ʝʪʘʥʦʣʫ ʟ 0,3 ʄ NaCl 

ʧʨʦʪʷʛʦʤ 1-16 ʛʦʜ. ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʠ 12000 

ʦʙ./ʭʚ, ʜʚʽʯʽ ʧʨʦʤʠʚʘʣʠ 70% ʝʪʘʥʦʣʦʤ ʽ ʨʦʟʯʠʥʷʣʠ ʚ 1ʭʊɽ ʙʫʬʝʨʽ ʨʅ 8.0 ʘʙʦ 10 

ʤʄ ʊʨʠʩ-HCl ʨʅ 8.0. 

  ʆʯʠʱʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ. ɼʦ ʚʦʜʥʦʾ ʬʘʟʠ ʟ ɼʅʂ 

ʜʦʜʘʚʘʣʠ 2 ʦʙôʻʤʠ 4 ʄ (ʘʙʦ 5 ʄ) NaCl ʪʘ 10-20 ʤʢʣ ʩʫʩʧʝʥʟʽʾ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ 

(ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ 1 ʤʛ ʩʽʣʽʢʠ ʟʜʘʪʥʠʡ ʟʚôʷʟʫʚʘʪʠ 2,5-3,5 ʤʢʛ ɼʅʂ) ʩʪʘʨʘʥʥʦ 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʪʘ ʽʥʢʫʙʫʚʘʣʠ ʚʧʨʦʜʦʚʞ 5-15 ʭʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʠ 

ʧʦʩʪʽʡʥʦʤʫ ʣʝʛʢʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʽ. ʆʩʘʜʞʫʚʘʣʠ ʩʽʣʽʢʫ ʢʦʨʦʪʢʠʤ 

ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ 5-10 ʩʝʢ ʧʨʠ 10-12 ʪʠʩ. ʦʙ/ʭʚ. ʇʨʦʤʠʚʘʣʠ ʦʩʘʜ 4 ʄ (ʘʙʦ 5 

ʄ) NaCl, ʨʝʩʫʩʧʝʜʫʶʯʠ ʡʦʛʦ ʧʦʚʥʽʩʪʶ, ʽ ʟʥʦʚʫ ʦʩʘʜʞʫʚʘʣʠ. ɼʦʜʘʣʠ ʜʦ ʦʩʘʜʫ 

0,5-1 ʤʣ ʙʫʬʝʨʫ ʜʣʷ ʚʽʜʤʠʚʘʥʥʷ ʽ ʨʝʩʫʩʧʝʥʜʫʚʘʣʠ ʡʦʛʦ, ʩʽʣʽʢʫ ʦʩʘʜʞʫʚʘʣʠ, ʽ 
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ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʩʫʧʝʨʥʘʪʘʥʪʫ ʧʨʦʮʝʜʫʨʫ ʧʨʦʤʠʚʢʠ ʧʦʚʪʦʨʶʚʘʣʠ ʱʝ ʨʘʟ. ʆʩʘʜ 

ʧʽʜʩʫʰʫʚʘʣʠ 15 ʭʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʜʦʜʘʚʘʣʠ 10-20* ʤʢʣ 1ʭ ʊɽ (ʘʙʦ 

0,1ʭʊɽ ʘʙʦ 10 ʤʄ ʪʨʠʩ-HCl ʨʅ 8.0 ʘʙʦ ʜʝʽʦʥʽʟʦʚʘʥʫ ʚʦʜʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʪʨʝʙʠ) ʪʘ ʽʥʢʫʙʫʚʘʣʠ ʚʧʨʦʜʦʚʞ 5-15 ʭʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (ʷʢʱʦ 

ʧʦʛʘʥʦ ʨʦʟʯʠʥʷʻʪʴʩʷ, ʤʦʞʥʘ ʧʽʜʽʛʨʽʚʘʪʠ, ʘʣʝ ʥʝ ʚʠʱʝ 65Áʉ). ʆʙôʻʤ ʙʫʬʝʨʫ, 

ʷʢʠʡ ʜʦʜʘʻʪʴʩʷ, ʚʠʟʥʘʯʘʶʪʴ ʚʠʭʦʜʷʯʠ ʽʟ ʤʦʞʣʠʚʦʾ ʢʽʣʴʢʦʩʪʽ ɼʅʂ. ʉʽʣʽʢʫ 

ʦʩʘʜʞʫʚʘʣʠ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʠ 10-12 ʪʠʩ. ʦʙ/ʭʚ 1-2 ʭʚ. ʉʫʧʝʨʥʘʪʘʥʪ 

ʧʝʨʝʥʦʩʠʣʠ ʫ ʯʠʩʪʫ ʧʨʦʙʽʨʢʫ, ʧʦʚʪʦʨʶʚʘʣʠ ʧʨʦʮʝʜʫʨʫ ʟʤʠʚʘʥʥʷ ɼʅʂ ʟ ʩʽʣʽʢʠ 

ʟ ʧʦʣʦʚʠʥʥʠʤ ʦʙôʻʤʦʤ 1ʭʊɽ. ʉʫʧʝʨʥʘʪʘʥʪʠ ʦʙôʻʜʥʫʚʘʣʠ ʪʘ ʜʦʜʘʪʢʦʚʦ 

ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 2-4 ʭʚ. ʧʨʠ 10-12 ʪʠʩ. ʦʙ/ʭʚ. ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʣʠʰʢʽʚ ʩʽʣʽʢʠ. 

ʉʫʧʝʨʥʘʪʘʥʪ ʟʙʠʨʘʣʠ, ʧʝʨʝʚʽʨʷʣʠ ʷʢʽʩʪʴ ʪʘ ʢʽʣʴʢʽʩʪʴ ɼʅʂ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʣʴ-

ʝʣʝʢʪʨʦʬʦʨʝʟʫ ʽ ʟʙʝʨʽʛʘʣʠ ʧʨʠ -20 Áʉ. 

 

2.3.  ɽʣʝʢʪʨʦʬʦʨʝʟ ʚ ʘʛʘʨʦʟʥʦʤʫ ʛʝʣʽ 

 

ʌʨʘʢʮʽʦʥʫʚʘʥʥʷ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʦʬʦʨʝʟʫ ʚ 1% ʘʙʦ 1.4% ʘʛʘʨʦʟʽ ʚ 1ʭSB ʙʫʬʝʨʽ ʟ ʜʦʜʘʚʘʥʥʷʤ ʝʪʠʜʽʡ 

ʙʨʦʤʽʜʫ ʧʨʠ ʥʘʧʨʫʟʽ 30-90 ɺ, ʟʘʣʝʞʥʦ ʚʽʜ ʢʘʤʝʨʠ ʪʘ ʙʘʞʘʥʦʛʦ ʯʘʩʫ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʬʦʨʝʟʫ ʧʦʪʨʽʙʝʥ ʧʨʠʣʘʜ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʝʣʝʢʪʨʦʬʦʨʝʟʫ, ʬʦʨʤʘ ʜʣʷ ʟʘʣʠʚʘʥʥʷ ʛʝʣʶ, ʩʧʝʡʩʝʨʠ, ʛʨʝʙʽʥʢʘ, ʧʘʣʝʪʢʘ ʜʣʷ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʥʘʥʝʩʝʥʥʷ, ʘʚʪʦʤʘʪʠʯʥʽ ʧʽʧʝʪʢʠ-ʜʦʟʘʪʦʨʠ (ʩʘʤʧʣʝʨʠ). 

ɺ ʧʨʦʮʝʩʽ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ɼʅʂ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʣʘʜ ʜʣʷ 

ʝʣʝʢʪʨʦʬʦʨʝʪʠʯʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʥʫʢʣʝʾʥʦʚʠʭ ʢʠʩʣʦʪ ʫ ʘʛʘʨʦʟʥʦʤʫ ʛʝʣʽ. 

1ʭ SB ʙʫʬʝʨ, ʘʛʘʨʦʟʥʠʡ ʛʝʣʴ, ʙʘʨʚʥʠʢ ʙʨʦʤ ʬʝʥʦʣʦʚʠʡ ʩʠʥʽʡ, ʙʨʦʤʠʩʪʠʡ 

ʝʪʠʜʽʡ. 

1% ʘʛʘʨʦʟʥʠʡ ʛʝʣʴ (ʥʘ 100 ʤʣ ʨʦʟʯʠʥʫ):  

1ʛ ʘʛʘʨʦʟʠ  

5 ʤʣ 20ʭSB ʙʫʬʝʨʫ 

5 ʤʢʣ ʝʪʠʜʽʡ ʙʨʦʤʽʜʫ  
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H2O ʜʦ ʢʽʥʮʝʚʦʛʦ ʦʙôʻʤʫ 

ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʘʛʘʨʦʟʥʦʛʦ ʛʝʣʶ ʟʚʘʞʫʚʘʣʠ ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ ʘʛʘʨʦʟʠ, 

ʜʦʜʘʚʘʣʠ ʥʝʦʙʭʽʜʥʠʡ ʦʙôʻʤ ʚʦʜʠ. ʇʝʨʝʤʽʰʫʶʯʠ, ʩʫʤʽʰ ʥʘʛʨʽʚʘʣʠ ʜʦ 

ʨʦʟʯʠʥʝʥʥʷ ʘʛʘʨʦʟʠ ʪʘ ʦʜʥʦʨʽʜʥʦʩʪʽ. ʇʽʩʣʷ ʟʘʢʠʧʘʥʥʷ, ʟʘʣʠʰʘʣʠ 

ʦʭʦʣʦʜʞʫʚʘʪʠʩʴ ʥʘ ʧʽʜʩʪʘʚʮʽ ʯʠ ʭʦʣʦʜʥʽʡ ʚʦʜʷʥʽʡ ʙʘʥʽ ʜʦ 45-50ʦʉ ʽ ʜʦʜʘʚʘʣʠ 

ʥʝʦʙʭʽʜʥʫ ʢʽʣʴʢʽʩʪʴ 20ʭSB ʙʫʬʝʨʫ ʪʘ ʙʨʦʤʠʩʪʦʛʦ ʝʪʠʜʽʶ. ʆʩʪʘʥʥʽʡ ʜʫʞʝ 

ʥʝʙʝʟʧʝʯʥʠʡ ʤʫʪʘʛʝʥ, ʪʦʤʫ ʜʦʪʨʠʤʫʚʘʣʠʩʴ ʧʦʩʠʣʝʥʽ ʟʘʭʦʜʠ ʙʝʟʧʝʢʠ. ɺ ʮʝʡ ʯʘʩ 

ʛʦʪʫʚʘʣʘʩʴ ʬʦʨʤʘ ʜʣʷ ʟʘʣʠʚʘʥʥʷ ʛʝʣʶ, ʚʠʩʪʘʚʣʷʣʠʩʴ ʩʧʝʡʩʝʨʠ ʪʘ ʛʨʝʙʽʥʢʘ. 

ʆʭʦʣʦʜʞʝʥʠʡ ʛʝʣʴ ʦʙʝʨʝʞʥʦ ʟʘʣʠʚʘʣʠ, ʘʙʠ ʥʝ ʫʪʚʦʨʶʚʘʣʠʩʴ ʙʫʣʴʙʘʰʢʠ 

ʧʦʚʽʪʨʷ (ʷʢʱʦ ʚʦʥʠ ʻ, ʪʦ ʾʭ ʧʦʪʨʽʙʥʦ ʚʠʜʘʣʠʪʠ ʢʫʪʦʯʢʦʤ ʩʤʫʞʢʠ 

ʬʽʣʴʪʨʫʚʘʣʴʥʦʛʦ ʧʘʧʝʨʫ ʘʙʦ ʢʽʥʯʠʢʦʤ ʥʦʩʠʢʘ ʩʘʤʧʣʝʨʘ). ɼʦʢʠ ʛʝʣʴ ʟʘʩʪʠʛʘʚ, 

ʥʘ ʧʘʣʝʪʮʽ ʛʦʪʫʚʘʣʠʩʴ ʟʨʘʟʢʠ ʜʣʷ ʥʘʥʝʩʝʥʥʷ. ʂʦʤʧʦʥʝʥʪʠ ʟʤʽʰʫʚʘʣʠ ʫ ʧʦʨʷʜʢʫ: 

5-10 ʤʢʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ, ʥʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʟʨʘʟʢʫ, 1,5 ʤʢʣ 

ʙʨʦʤʬʝʥʦʣʦʚʦʛʦ ʩʠʥʴʦʛʦ. ʇʽʩʣʷ ʟʘʩʪʠʛʘʥʥʷ ʛʝʣʶ, ʛʨʝʙʽʥʢʫ ʪʘ ʩʧʝʡʩʝʨʠ 

ʚʠʡʤʘʣʠ, ʜʦʜʘʚʘʣʠ SB ʙʫʬʝʨ ʫ ʢʶʚʝʪʫ ʜʣʷ ʝʣʝʢʪʨʦʬʦʨʝʟʫ ʪʘʢ, ʱʦʙ ʚʽʥ 

ʧʦʢʨʠʚʘʚ ʛʝʣʴ ʥʘ 2-3 ʤʤ. ʇʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʟʨʘʟʢʽʚ ʫ ʣʫʥʢʠ ʚ ʘʛʘʨʦʟʥʦʤʫ ʛʝʣʽ, 

ʢʶʚʝʪʫ ʟʘʢʨʠʚʘʣʠ ʢʨʠʰʢʦʶ, ʧʽʜôʻʜʥʫʚʘʣʠ ʜʦ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʟ ʥʘʧʨʫʛʦʶ 30-

40 ɺ. ʏʝʨʝʟ 10-15 ʭʚ. ʥʘʧʨʫʛʫ ʟʙʽʣʴʰʫʚʘʣʠ ʜʦ 100 ɺ ʽ ʟʘʣʠʰʘʣʠ ʱʝ ʥʘ 40-60 

ʭʚʠʣʠʥ. ʇʨʠ ʬʨʘʢʮʽʦʥʫʚʘʥʥʽ ʧʨʦʜʫʢʪʽʚ ʇʃʈ ʘʙʦ ʽʥʰʠʭ ʬʝʨʤʝʥʪʘʪʠʚʥʠʭ 

ʨʝʘʢʮʽʡ (ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʩʦʣʽ) ʚ SB ʙʫʬʝʨʽ ʧʝʨʰʽ 15-20 ʭʚ ʨʦʟʜʽʣʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʥʘʧʨʫʟʽ 15-25 ɺ. ʇʽʩʣʷ ʚʽʜôʻʜʥʘʥʥʷ ʧʨʠʣʘʜʫ ʚʽʜ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ, 

ʛʝʣʴ ʦʙʝʨʝʞʥʦ ʜʽʩʪʘʚʘʣʠ ʪʘ ʧʨʦʩʚʽʯʫʚʘʣʠ ʥʘ ʪʨʘʥʩʽʣʶʤʽʥʘʪʦʨʽ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ ʚʠʧʨʦʤʽʥʝʥʥʷʤ. ʗʢʱʦ ʨʦʟʜʽʣʝʥʥʷ ʧʨʦʡʰʣʦ ʫʩʧʽʰʥʦ ʽ 

ʟʘʜʦʚʦʣʴʥʷʣʦ ʜʦʩʣʽʜʥʠʢʽʚ, ʛʝʣʴ ʬʦʪʦʛʨʘʬʫʚʘʣʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʝʨʚʦʥʦʛʦ 

ʬʽʣʴʪʨʫ. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʨʦʟʜʽʣʝʥʥʷ ʤʦʞʥʘ ʧʨʦʜʦʚʞʠʪʠ ʧʦʢʣʘʚʰʠ ʛʝʣʴ ʥʘʟʘʜ 

ʫ ʢʶʚʝʪʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʨʘʱʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʦʙʦʪʠ 

ʪʨʘʥʩʽʣʶʤʽʥʘʪʦʨ ʚʠʪʠʨʘʣʠ, ʙʫʬʝʨ ʟʣʠʚʘʣʠ, ʢʶʚʝʪʫ ʤʠʣʠ, ʘ ʛʝʣʴ ʩʢʣʘʜʘʣʠ ʫ 

ʭʦʣʦʜʠʣʴʥʠʢ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ. 
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2.4.  ʇʃʈ ʟ ʧʨʘʡʤʝʨʘʤʠ ʜʦ 5S ʨɼʅʂ 

 

ɼʽʣʷʥʢʫ 5S ʨɼʅʂ ʘʤʧʣʽʬʽʢʫʚʘʣʠ ʤʝʪʦʜʦʤ ʧʦʣʽʤʝʨʘʟʥʦʾ ʣʘʥʮʶʛʦʚʦʾ ʨʝʘʢʮʽʾ 

(ʇʃʈ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʠ ʧʨʘʡʤʝʨʽʚ p5S1 (5ôï 

ATGCAAGCTTGACCTCCTGGGAAGTCC ï3ô) ʽ p5S2 (5ôï 

GCATAAGCTTGCGGAGTTCTGATGGG ï3ô). 

ɼʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ 20 ʤʢʣ ʩʫʤʽʰʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ: 1 ʤʢʣ ɼʅʂ (10-20 ʥʛ), 

2ʤʢʣ 10ʭ ʇʃʈ-ʙʫʬʝʨʫ, 2 ʤʢʣ 10ʭ MgCl2 (25 ʤʄ), 2 ʤʢʣ 10ʭ dNTP (2 ʤʄ), ʧʦ 1 

ʤʢʣ ʢʦʞʥʦʛʦ ʟ ʧʨʘʡʤʝʨʽʚ (10 ʥʄ), 1 ʦʜ. Taq-ʧʦʣʽʤʝʨʘʟʠ, ʜʝʽʦʥʽʟʦʚʘʥʫ ʚʦʜʫ ʜʦ 

ʢʽʥʮʝʚʦʛʦ ʦʙôʻʤʫ 20 ʤʢʣ. ʅʘ ʨʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʥʘʰʘʨʦʚʫʚʘʣʠ 15 ʤʢʣ 

ʤʽʥʝʨʘʣʴʥʦʾ ʦʣʽʾ. 

ɸʤʧʣʽʬʽʢʘʮʽʶ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʨʤʦʮʠʢʣʝʨʽ ʊʝʨʮʠʢ ʄʉ2 (çɹʽʦʪʝʭʥʦʣʦʛʽʷè, 

ʈʦʩʽʷ). ɸʤʧʣʽʬʽʢʘʮʽʶ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʽ:  

- 1 ʮʠʢʣ 95Áʉ ï 3 ʭʚ; 

- 5 ʮʠʢʣʽʚ (95Áʉ ï 30 ʩ, 54Áʉ ï 30 ʩ, 72Áʉ ï 1 ʭʚ); 

- 30 ʮʠʢʣʽʚ (94Áʉ ï 20 ʩ, 55Áʉ ï 20 ʩ, 72Áʉ ï 40 ʩ); 

- 1 ʮʠʢʣ 72Áʉ ï 5 ʭʚ. 

 

2.5.  ɺʠʜʽʣʝʥʥʷ ʘʤʧʣʽʬʽʢʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ 5S ʨɼʅʂ ʟ ʘʛʘʨʦʟʥʦʛʦ ʛʝʣʶ 

 

ɼʣʷ ʦʯʠʱʝʥʥʷ ɼʅʂ ʟʥʘʜʦʙʠʪʴʩʷ ʩʢʘʣʴʧʝʣʴ, ʧʨʦʙʽʨʢʠ ʧʣʘʩʪʠʢʦʚʽ ʟ 

ʛʝʨʤʝʪʠʯʥʠʤʠ ʢʨʠʰʢʘʤʠ ʪʠʧʫ ɽʧʧʝʥʜʦʨʬ. ʇʨʠʣʘʜʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʯʠʱʝʥʥʷ 

ɼʅʂ: ʪʝʨʤʦʩʪʘʪ ʚʦʜʷʥʠʡ, ʤʽʢʨʦʮʝʥʪʨʠʬʫʛʘ ʥʘʩʪʽʣʴʥʘ ʪʠʧʫ ɽʧʧʝʥʜʦʨʬ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʨʝʘʛʝʥʪʠ ʟ ʥʘʙʦʨʫ Silica Bead DNA Gel Extraction Kit  

(çMBI Fermentasè, ʃʠʪʚʘ). 

WB (washing buffer):  

Concentr.WB [ʟ ʥʘʙʦʨʫ]  

ɼʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ 

ɽʪʘʥʦʣ (95-100%) 

ʅʘ 200 ʤʣ ʨ-ʥʫ 

5 ʤʣ Concentr.WB [ʟ ʥʘʙʦʨʫ]  

95 ʤʣ ɼʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ 

100 ʤʣ ɽʪʘʥʦʣ (95-100%) 
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BB (binding buffer): 

[ʟ ʥʘʙʦʨʫ] 

ʅʘ 100 ʤʣ ʨ-ʥʫ 

300 ʤʢʣ ɺɺ ʥʘ 100 ʤʛ ʛʝʣʶ 

SPS (silica powder suspension): 

Ò 2,5 ʤʢʛ ɼʅʂ ï 5 ʤʢʣ SPS 

> 2,5 ʤʢʛ ɼʅʂ ï 2 ʤʢʣ SPS/1 ʤʢʛ ɼʅʂ 

 

ɺʠʨʽʟʘʥʠʡ ʩʢʘʣʴʧʝʣʝʤ ʥʝʦʙʭʽʜʥʠʡ ʬʨʘʛʤʝʥʪ ʟ ʛʝʣʶ ʧʦʤʽʱʘʣʠ ʚ ʝʧʧʝʥʜʦʨʬ 

(1,5 ʯʠ 2 ʤʣ), ʟʚʘʞʫʚʘʣʠ, ʪʘ ʜʦʜʘʚʘʣʠ ʟʚôʷʟʫʶʯʦʛʦ ʙʫʬʝʨʫ ɺɺ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

3:1 (V:W). ʇʝʨʝʤʽʰʫʶʯʠ, ʧʨʦʙʽʨʢʫ ʽʥʢʫʙʫʚʘʣʠ ʧʨʠ 55ʦʉ ʧʨʦʪʷʛʦʤ 5 ʭʚ ʜʦ 

ʨʦʟʯʠʥʝʥʥʷ ʛʝʣʶ. ʗʢʱʦ ʦʜʝʨʞʘʥʠʡ ʨʦʟʯʠʥ ʞʦʚʪʦʛʦ ʢʦʣʴʦʨʫ ï pH ʦʧʪʠʤʘʣʴʥʠʡ, 

ʘ ʷʢʱʦ ʧʦʤʘʨʘʥʯʝʚʠʡ ʯʠ ʬʽʦʣʝʪʦʚʠʡ, ʪʦ ʧʦʪʨʽʙʥʦ ʜʦʜʘʪʠ 10 ʤʢʣ 3 ʄ ʘʮʝʪʘʪʫ 

ʥʘʪʨʽʶ (pH=5,2) ʽ ʧʝʨʝʤʽʰʘʪʠ ʜʦ ʦʜʝʨʞʘʥʥʷ ʞʦʚʪʦʛʦ ʨʦʟʯʠʥʫ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʜʦ ʢʽʣʴʢʦʩʪʽ ɼʅʂ ʜʦʜʘʚʘʣʠ ʨʝʩʫʩʧʝʥʜʦʚʘʥʠʡ SPS, ʪʘ ʽʥʢʫʙʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 5 ʭʚ 

ʧʨʠ 55ʦʉ ʜʣʷ ʟʚôʷʟʫʚʘʥʥʷ ʤʦʣʝʢʫʣ ɼʅʂ ʽ ʢʨʠʩʪʘʣʽʚ ʩʽʣʽʢʠ, ʥʝ ʟʘʙʫʚʘʶʯʠ 

ʧʝʨʝʤʽʰʫʚʘʪʠ. ʗʢʱʦ ʚʤʽʩʪ ɼʅʂ ʚʠʩʦʢʠʡ ʫ ʟʨʘʟʢʫ, ʪʦ ʯʘʩ ʽʥʢʫʙʘʮʽʾ ʟʙʽʣʴʰʫʚʘʣʠ 

ʜʦ 15 ʭʚ. ʇʨʦʪʷʛʦʤ 5 ʩʝʢʫʥʜ, ʧʨʠ 10-12 ʪʠʩ.ʦʙ./ʭʚ ʚʽʜʮʝʥʪʨʠʬʫʛʦʚʫʚʘʣʠ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʫ. ʅʘʜʦʩʘʜʦʚʫ ʨʽʜʠʥʫ ʦʙʝʨʝʞʥʦ ʚʠʣʠʚʘʣʠ ʪʘʢ, ʱʦʙ ʩʽʣʽʢʘ ʟ ɼʅʂ 

ʥʝ ʚʠʧʘʣʠ ʟ ʧʨʦʙʽʨʢʠ. ʗʢʱʦ ʱʝ ʣʠʰʠʣʘʩʴ ʘʛʘʨʦʟʘ, ʪʦ ʤʦʞʥʘ ʜʦʜʘʪʠ 300 ʤʢʣ 

ɺɺ ʜʣʷ ʾʾ ʨʦʟʯʠʥʝʥʥʷ ʽ ʟʥʦʚʫ ʥʘʛʨʽʪʠ ʩʫʩʧʝʥʟʽʶ ʢʽʣʴʢʘ ʭʚʠʣʠʥ ʧʨʠ 55ʦʉ. ɼʦ 

ʦʩʘʜʫ ʜʦʜʘʚʘʣʠ 500 ʤʢʣ ʨʦʟʚʝʜʝʥʦʛʦ ʟ ʝʪʘʥʦʣʦʤ ʣʴʦʜʷʥʦʛʦ WB, 

ʨʝʩʫʩʧʝʥʜʦʚʫʚʘʣʠ, ʚʽʜʮʝʥʪʨʠʬʫʛʦʚʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 5 ʩʝʢʫʥʜ, ʽ ʚʠʣʠʚʘʣʠ 

ʥʘʜʦʩʘʜʦʚʫ ʨʽʜʠʥʫ. ʎʝʡ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʚʘʣʠ ʱʝ 3 ʨʘʟʠ. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ, 

ʧʨʦʪʷʛʦʤ 10-15 ʭʚ ʦʩʘʜ ʚʠʩʫʰʫʚʘʣʠ ʚʽʜ ʝʪʘʥʦʣʫ, ʱʦ ʤʦʞʝ ʽʥʛʽʙʫʚʘʪʠ 

ʬʝʨʤʝʥʪʘʪʠʚʥʽ ʨʝʘʢʮʽʾ. ʆʩʘʜ ʨʝʩʫʩʧʝʥʜʦʚʫʚʘʣʠ ʫ ʧʦʪʨʽʙʥʦʤʫ ʦʙôʻʤʽ 

ʜʝʽʦʥʽʟʦʚʘʥʦʾ ʚʦʜʠ ʘʙʦ ʊɽ ʙʫʬʝʨʫ, ʪʘ ʽʥʢʫʙʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 5 ʭʚ ʧʨʠ 55ʦʉ, 

ʧʝʨʝʤʽʰʫʶʯʠ. ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 1 ʭʚ ʽ ʚʽʜʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ ʚ ʥʦʚʫ 

ʧʨʦʙʽʨʢʫ, ʥʝ ʪʦʨʢʘʶʯʠʩʴ ʦʩʘʜʫ. ɽʣʶʮʽʶ ʧʦʚʪʦʨʶʚʘʣʠ ʽʥʰʦʶ ʘʣʽʢʚʦʪʦʶ ʚʦʜʠ 

ʘʙʦ ʊɽ ʙʫʬʝʨʫ. ɼʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʟʘʣʠʰʢʽʚ ʩʽʣʽʢʠ ʦʩʘʜ 

ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 30 ʩʝʢʫʥʜ ʽ ʩʫʧʝʨʥʘʪʘʥʪ ʧʝʨʝʥʦʩʠʣʠ ʫ ʥʦʚʫ ʧʨʦʙʽʨʢʫ. 
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2.6.  ɻʽʜʨʦʣʽʟ ʬʨʘʛʤʝʥʪʽʚ 5S ʨɼʅʂ ʝʥʜʦʥʫʢʣʝʘʟʦʶ ʨʝʩʪʨʠʢʮʽʾ 

 

ɼʣʷ ʛʽʜʨʦʣʽʟʫ ʬʨʘʛʤʝʥʪʽʚ ʛʦʪʫʶʪʴ ʩʫʤʽʰ ʧʦ 30 ʤʢʣ ʥʘ 1 ʟʨʘʟʦʢ: 

ʙʫʬʝʨ (10ʭ) 3 ʤʢʣ 

ʝʥʜʦʥʫʢʣʝʘʟʘ ʨʝʩʪʨʠʢʮʽʾ 1 ʤʢʣ  

ʨʦʟʯʠʥ ɼʅʂ ʟʨʘʟʢʽʚ ʘʙʦ ʧʣʘʟʤʽʜʠ 26 ʤʢʣ 

ɻʽʜʨʦʣʽʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ, ʨʝʢʦʤʝʥʜʦʚʘʥʽʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ 

ʨʝʩʪʨʠʢʪʘʟʠ ʬʽʨʤʦʶ-ʚʠʨʦʙʥʠʢʦʤ. ʈʝʘʢʮʽʡʥʫ ʩʫʤʽʰ ʟʘʣʠʰʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʽ ʥʘ 

ʥʽʯ (~ 12-16 ʛʦʜ). ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʟ ʨʦʟʯʠʥʫ ʨʝʩʪʨʠʢʪʘʟʠ ʧʨʦʚʦʜʠʣʠ 

ʜʝʥʘʪʫʨʘʮʽʶ ʬʝʨʤʝʥʪʫ ʧʨʠ 80ʦʉ ʧʨʦʪʷʛʦʤ 20 ʭʚ ʽ ʧʝʨʝʦʩʘʜʞʫʚʘʣʠ ɼʅʂ 96% 

ʝʪʘʥʦʣʦʤ. 

 

2.7.  ʃʽʛʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʽʚ 5S ʨɼʅʂ ʽ ʧʣʘʟʤʽʜʠ pUC18 

 

ʆʜʥʠʤ ʟ ʝʪʘʧʽʚ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʣʦʥʫʚʘʥʥʷ ʻ ʣʽʛʫʚʘʥʥʷ ï ʟʰʠʚʘʥʥʷ ʧʣʘʟʤʽʜʠ 

ʪʘ ʬʨʘʛʤʝʥʪʽʚ ɼʅʂ (ʚʩʪʘʚʢʠ, ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʄɻʉ 5S ʨɼʅʂ). ɼʣʷ ʮʴʦʛʦ 

ʧʣʘʟʤʽʜʘ ʤʘʻ ʙʫʪʠ ʜʝʬʦʩʬʦʨʠʣʴʦʚʘʥʦʶ, ʱʦʙ ʚʦʥʘ ʥʝ ʣʽʛʫʚʘʣʘʩʴ ʩʘʤʘ ʥʘ ʩʝʙʝ. 

ʈʝʘʢʮʽʡʥʘ ʩʫʤʽʰ ʜʣʷ ʣʽʛʫʚʘʥʥʷ (15 ʤʢʣ) ʤʽʩʪʠʣʘ:  

ʨʦʟʯʠʥ ʛʽʜʨʦʣʽʟʦʚʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ɼʅʂ 11,5 ʤʢʣ 

pUC18 (ʛʽʜʨʦʣʽʟʦʚʘʥʘ ʚʽʜʧʦʚʽʜʥʦʶ ʝʥʜʦʥʫʢʣʝʘʟʦʶ ʨʝʩʪʨʠʢʮʽʾ) 1 ʤʢʣ 

ʣʽʛʘʟʘ ʊ4 1 ʤʢʣ 

10ʭ ʙʫʬʝʨ ʜʣʷ ʣʽʛʫʚʘʥʥʷ 1,5 ʤʢʣ (ʱʦʙ ʚ ʢʽʥʮʝʚʦʤʫ ʦʙôʻʤʽ ʨʝʘʢʮʽʡʥʦʾ 

ʩʫʤʽʰʽ ʙʫʚ 1ʭ). 

ɺ ʧʨʦʙʽʨʢʫ ʣʽʛʘʟʫ ʚʥʦʩʠʣʠ ʦʩʪʘʥʥʴʦʶ ʽ ʪʨʠʤʘʶʯʠ ʟʘ ʚʝʨʭ ʧʨʦʙʽʨʢʠ ʯʠ 

ʢʨʠʰʢʫ, ʘʙʠ ʚʦʥʘ ʥʝ ʛʨʽʣʘʩʷ. ʊʦʜʽ ʩʫʤʽʰ ʧʝʨʝʤʽʰʫʚʘʣʠ ʽ ʩʪʘʚʠʣʠ ʥʘ ʥʽʯ (~ 12-

16 ʛʦʜ) ʫ ʭʦʣʦʜʠʣʴʥʠʢ ʧʨʠ t 4-6ʦʉ. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʣʽʛʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ 

ʝʣʝʢʪʨʦʬʦʨʝʟ. ʅʘ ʝʣʝʢʪʨʦʬʦʨʝʛʨʘʤʽ ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʪʠʚʥʦʶ ʧʣʘʟʤʽʜʦʶ ʥʘ 

ʜʦʨʽʞʢʘʭ ʟ ʨʝʢʦʤʙʽʥʘʥʪʥʦʶ ʧʣʘʟʤʽʜʦʶ ʤʘʻ ʙʫʪʠ ʚʠʜʥʦ ʚʘʞʯʽ ʬʨʘʛʤʝʥʪʠ. 
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ʆʩʢʽʣʴʢʠ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʣʽʛʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪʽʚ ʄɻʉ 5S ʨɼʅʂ ʩʘʤʠʭ ʥʘ ʩʝʙʝ, 

ʪʦ ʥʘ ʬʦʨʝʛʨʘʤʽ ʤʦʞʫʪʴ ʙʫʪʠ çʩʭʦʜʠʥʢʠè. 

 

2.8.  ʆʪʨʠʤʘʥʥʷ ʢʦʤʧʝʪʝʥʪʥʠʭ ʢʣʽʪʠʥ Escherichia coli 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʝʪʝʥʪʥʠʭ ʢʣʽʪʠʥ E. coli ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʰʪʘʤ XL-blue 

1. ɼʣʷ ʮʴʦʛʦ ʢʦʣʦʥʽʶ (ʘʙʦ ʾʾ ʯʘʩʪʠʥʫ) ʧʦʤʽʱʘʣʠ ʚ 5 ʤʣ ʨʽʜʢʦʛʦ ʧʦʞʠʚʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ LB ʧʨʠ 37ʦʉ ʫ ʪʝʨʤʦʩʪʘʪ ʥʘ ʥʽʯ (~ 12-16 ʛʦʜ). ʇʦʪʽʤ ʦʪʨʠʤʘʥʫ 

ʢʫʣʴʪʫʨʫ ʧʝʨʝʣʠʚʘʣʠ ʚ ʢʦʣʙʠ ʚ 50 ʤʣ ʨʽʜʢʦʛʦ ʧʦʞʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ LB ʽ 

ʜʦʨʦʱʫʚʘʣʠ ʥʘ ʰʝʡʢʝʨʽ ʧʨʠ 37ʦʉ ʱʝ 3-4 ʛʦʜʠʥʠ ʜʦ ʧʦʤʽʪʥʦʛʦ ʧʦʤʫʪʥʽʥʥʷ 

ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʫʣʴʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʌɽʂ. 

ʇʨʠ ɚ=550 ʥʤ ɸ=0.3 ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʶ (ʪʝ ʩʘʤʝ ʩʝʨʝʜʦʚʠʱʝ ʘʣʝ ʙʝʟ ʢʫʣʴʪʫʨʠ). 

ʂʦʤʧʝʪʝʥʪʥʽ ʢʣʽʪʠʥʠ ʦʜʝʨʞʫʶʪʴ ʟ ʢʫʣʴʪʫʨʠ ʚ ʬʘʟʽ ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʫ, ʪʦʞ 

ʩʠʣʴʥʦʛʦ ʧʦʤʫʪʥʽʥʥʷ ʥʝ ʤʘʻ ʙʫʪʠ. 

 ʂʫʣɹʪʫʨʫ ʚʠʪʨʠʤʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 10 ʭʚʠʣʠʥ ʥʘ ʣʴʦʜʫ ʽ ʪʦʜʽ 

ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 10 ʭʚʠʣʠʥ ʧʨʠ 3-5 ʪʠʩ. ʦʙ./ʭʚ. ʅʘʜʦʩʘʜ ʚʠʣʠʚʘʣʠ, ʘ ʜʦ ʦʩʘʜʫ 

ʜʦʜʘʚʘʣʠ 10 ʤʣ ʭʦʣʦʜʥʦʛʦ ʙʫʬʝʨʫ (10 ʤʄ ʪʨʠʩ-HCl ʨʅ 8.0 + 50 ʤʄ CaCl2) ʽ 

ʨʝʩʫʩʧʝʥʜʦʚʫʚʘʣʠ. 

 ɿʥʦʚʫ ʚʠʪʨʠʤʫʚʘʣʠ 5-10 ʭʚ ʥʘ ʣʴʦʜʫ ʽ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ. ʆʩʘʜ ʫ ʬʦʨʤʽ 

ʢʽʣʴʮʷ ʨʝʩʫʩʧʝʥʜʦʚʫʚʘʣʠ ʫ 2 ʤʣ ʭʦʣʦʜʥʦʛʦ ʙʫʬʝʨʫ, ʩʪʘʚʠʣʠ ʥʘ ʣʽʜ ʽ ʚ 

ʭʦʣʦʜʠʣʴʥʠʢ (ʚ ʩʪʝʨʠʣʴʥʽʡ ʧʨʦʙʽʨʮʽ), ʜʝ ʢʦʤʧʝʪʝʥʪʥʽ ʢʣʽʪʠʥʠ ʤʦʞʫʪʴ 

ʟʙʝʨʽʛʘʪʠ ʩʚʦʶ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ ʜʦ 1 ʪʠʞʥʷ. ʗʢʱʦ ʮʝʥʪʨʠʬʫʛʘ ʤʘʻ ʩʠʩʪʝʤʫ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʪʦ ʥʘ ʣʽʜ ʤʦʞʥʘ ʥʝ ʩʪʘʚʠʪʠ. 

 

2.9.  ʊʨʘʥʩʬʦʨʤʘʮʽʷ ʢʦʤʧʝʪʝʥʪʥʠʭ ʢʣʽʪʠʥ E.coli ʨʝʢʦʤʙʽʥʘʥʪʥʦʶ 

ʧʣʘʟʤʽʜʦʶ 

 

ɺ ʝʧʧʝʥʜʦʨʬ ʚʽʜʙʠʨʘʣʠ 100 ʤʢʣ ʟʙʦʚʪʘʥʦʾ ʢʫʣʴʪʫʨʠ ʢʦʤʧʝʪʝʥʪʥʠʭ ʢʣʽʪʠʥ, 

ʜʦʜʘʚʘʣʠ 1-2 ʤʢʣ ʨʝʢʦʤʙʽʥʘʥʪʥʦʾ ʧʣʘʟʤʽʜʠ ʽ ʩʪʘʚʠʣʠ ʥʘ ʣʽʜ ʥʘ 30 ʭʚ. 
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ɽʧʧʝʥʜʦʨʬ ʧʦʤʽʱʘʣʠ ʫ ʚʦʜʷʥʫ ʙʘʥʶ ʧʨʠ 42ʦʉ ʥʘ 1-1,5 ʭʚ, ʽ ʟʥʦʚʫ ʧʦʚʝʨʪʘʣʠ ʥʘ 

ʣʽʜ ʥʘ 5-10 ʭʚ. ɼʦʜʘʚʘʣʠ 400 ʤʢʣ LB ʩʝʨʝʜʦʚʠʱʘ ʽ ʧʦʤʽʱʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪ ʥʘ 1 

ʛʦʜ ʧʨʠ 37ʦʉ. ɼʣʷ white-blue ʩʝʣʝʢʮʽʾ ʚ ʯʘʰʢʫ ʟ ʘʛʘʨʠʟʦʚʘʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ LB, 

ʱʦ ʤʽʩʪʠʪʴ ʘʥʪʠʙʽʦʪʠʢʠ ʪʝʪʨʘʮʠʢʣʽʥ (12,5 ʤʛ/ʣ; ʥʘ 50 ʤʣ ʩʝʨʝʜʦʚʠʱʘ 0,6 ʤʛ) ʽ 

ʘʤʧʽʮʠʣʽʥ (50ʤʛ/ʣ; ʥʘ 50 ʤʣ ʩʝʨʝʜʦʚʠʱʘ ï 2,5 ʤʛ), ʜʦʜʘʚʘʣʠ ʧʦ 40 ʤʢʣ 

ʽʥʜʠʢʘʪʦʨʽʚ X-gal ʽ PTG ʽ ʨʦʟʪʠʨʘʣʠ ʧʦ ʧʦʚʝʨʭʥʽ ʩʝʨʝʜʦʚʠʱʘ. 

ɺʽʜʙʠʨʘʣʠ 100 ʤʢʣ ʢʫʣʴʪʫʨʠ (ʟ 500 ʤʢʣ, ʱʦ ʚ ʪʝʨʤʦʩʪʘʪʽ), ʚʥʦʩʠʣʠ ʥʘ ʯʘʰʢʫ 

ʪʘ ʨʦʟʪʠʨʘʣʠ. ʏʘʰʢʠ ʇʝʪʨʽ ʟ ʨʦʟʩʽʷʥʠʤʠ ʢʫʣʴʪʫʨʘʤʠ ʩʪʘʚʠʣʠ ʥʘ ʥʽʯ ʚ ʪʝʨʤʦʩʪʘʪ 

ʧʨʠ 37ʦʉ. 

 ʆʜʝʨʞʘʥʽ ʙʽʣʽ ʢʦʣʦʥʽʾ ʨʦʟʩʽʚʘʣʠ ʧʦ ʩʝʢʪʦʨʘʭ ʥʘ ʯʘʰʢʘʭ ʇʝʪʨʽ ʟ 

ʘʥʪʠʙʽʦʪʠʢʘʤʠ ʽ ʚʪʝʨʪʠʤʠ X-gal ʽ PTG. ʇʦʪʨʽʙʥʦ ʙʨʘʪʠ ʮʝʥʪʨʘʣʴʥʫ ʢʦʣʦʥʽʶ, 

ʘʜʞʝ ʪʽ, ʱʦ ʜʦʚʢʦʣʘ ʤʦʞʫʪʴ ʨʦʩʪʠ ʟʘ ʨʘʭʫʥʦʢ çʚʠʾʜʘʥʥʷè ʘʥʪʠʙʽʦʪʠʢʫ 

ʮʝʥʪʨʘʣʴʥʦʶ ʢʦʣʦʥʽʻʶ. 

 ɼʣʷ ʥʘʨʦʱʫʚʘʥʥʷ ʽ ʧʦʜʘʣʴʰʦʛʦ ʚʠʜʽʣʝʥʥʷ ʧʣʘʟʤʽʜʠ ʥʽʯʥʫ ʢʫʣʴʪʫʨʫ 

ʧʦʤʽʱʘʣʠ ʚ 10-20 ʤʣ ʨʽʜʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʰʝʡʢʝʨʽ ʧʨʠ 37ʦʉ. ʇʦʧʝʨʝʜʥʴʦ ʚ 

ʩʝʨʝʜʦʚʠʱʝ ʜʦʜʘʚʘʣʠ ʘʤʧʽʮʠʣʽʥ ʽ ʪʝʪʨʘʮʠʢʣʽʥ. 

 

2.10. ɺʠʜʽʣʝʥʥʷ ʧʣʘʟʤʽʜʠ ʤʝʪʦʜʦʤ ʣʫʞʥʦʛʦ ʣʽʟʠʩʫ 

 

ʂʣ̔ʪʠʥʠ ʟ ʥʽʯʥʦʾ ʢʫʣʴʪʫʨʠ ʦʩʘʜʞʫʚʘʣʠ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʥʘ ʭʦʣʦʜʽ 

ʧʨʦʪʷʛʦʤ 7-10 ʭʚ ʧʨʠ 3 ʪʠʩ.ʦʙ. ʉʝʨʝʜʦʚʠʱʝ ʚʽʜʙʠʨʘʣʠ ʧʽʧʝʪʢʦʶ (ʘʙʦ ʧʨʦʩʪʦ 

ʟʣʠʚʘʣʠ) ʱʦʙ ʦʩʘʜ ʙʫʚ ʤʘʢʩʠʤʘʣʴʥʦ ʩʫʭʠʤ, ʽ ʩʪʘʚʠʣʠ ʥʘ ʣʽʜ. (ɺ ʪʘʢʦʤʫ ʩʪʘʥʽ 

ʢʣʽʪʠʥʠ ʤʦʞʥʘ ʟʙʝʨʽʛʘʪʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʫ ʢʽʣʴʢʘ ʜʥʽʚ). ɼʦ ʦʩʘʜʫ ʜʦʜʘʚʘʣʠ 100 

ʤʢʣ ʦʭʦʣʦʜʞʝʥʦʛʦ ʙʫʬʝʨʫ ʜʣʷ ʣʽʟʠʩʫ (80+20 ʜʣʷ ʩʧʦʣʦʩʢʫʚʘʥʥʷ ʮʝʥʪʨʠʬʫʞʥʦʾ 

ʧʨʦʙʽʨʢʠ). ʂʣʽʪʠʥʠ ʟ ʙʫʬʝʨʦʤ ʨʝʩʫʩʧʝʥʜʦʚʫʚʘʣʠ ʥʘ ʰʝʡʢʝʨʽ ʧʨʦʪʷʛʦʤ 5 ʭʚ. 

ɼʦʜʘʚʘʣʠ ʜʚʦʢʨʘʪʥʠʡ ʦʙôʻʤ ʨʦʟʯʠʥʫ NaOH-SDS, ʧʝʨʝʤʽʰʫʚʘʣʠ ʧʝʨʝʚʝʨʪʘʶʯʠ 

ʝʧʧʝʥʜʦʨʬ 2-3 ʨʘʟʠ ʪʘ ʧʦʤʽʱʘʣʠ ʥʘ ʣʽʜ ʥʘ 5 ʭʚ.  

ɹʫʬʝʨ ʜʣʷ ʣʽʟʠʩʫ:  

50ʤʄ ʛʣʶʢʦʟʘ  

ʅʘ 1 ʤʣ ʨ-ʥʫ 

9 ʤʛ ʛʣʶʢʦʟʠ  
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10ʤʄ ɽɼʊɸ 

25ʤʄ ʪʨʠʩ-HCl pH=8.0 

4 ʤʛ/ʤʣ ʣʽʟʦʮʠʤʫ (ʜʦʜ. ʧʝʨʝʜ ʚʠʢʦʨ.) 

dH2O 

20 ʤʢʣ ɽɼʊɸ 

25 ʤʢʣ ʪʨʠʩ-HCl 

4 ʤʛ 

955 ʤʢʣ 

 

ʈʦʟʯʠʥ NaOH-SDS : 

0,2ʄ NaOH 

1% SDS 

dH2O 

ʅʘ 1 ʤʣ ʨ-ʥʫ 

20 ʤʢʣ NaOH 

100 ʤʢʣ SDS 

880 ʤʢʣ 

ɼʦʜʘʚʘʣʠ 0,5 ʚʠʭʽʜʥʦʛʦ ʦʙôʻʤʫ ʦʭʦʣʦʜʞʝʥʦʛʦ 3ʄ ʘʮʝʪʘʪʫ ʢʘʣʽʶ ʯʠ ʥʘʪʨʽʶ. 

ʆʙʝʨʝʞʥʦʛʦ ʧʝʨʝʚʝʨʪʘʣʠ ʽ ʚ ʧʝʨʝʚʝʨʥʫʪʦʤʫ ʧʦʣʦʞʝʥʽ ʧʦʤʽʱʘʣʠ ʥʘ ʣʽʜ ʥʘ 5 ʭʚ. 

ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ ʧʨʠ 10 ʪʠʩ.ʦʙ. ʧʨʦʪʷʛʦʤ 5 ʭʚ. ɺʽʜʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ. 

ɼʣʷ ʧʦʟʙʘʚʣʝʥʥʷ ʚʽʜ ʈʅʂ ʜʦʜʘʚʘʣʠ ʨʽʚʥʠʡ ʦʙôʻʤ 5ʄ LiCl  ʘʙʦ 1/3 

ʧʦʯʘʪʢʦʚʦʛʦ ʦʙôʻʤʫ 10ʄ LiCl  (ʜʦ ʢʽʥʮʝʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 2,5ʄ). ɺʠʪʨʠʤʫʚʘʣʠ 

30 ʭʚ ʥʘ ʣʴʦʜʫ, ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 5 ʭʚ ʧʨʠ 10 ʪʠʩ.ʦʙ., ʚʽʜʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ. ɼʦ 

ʩʫʧʝʨʥʘʪʘʥʪʫ ʜʦʜʘʚʘʣʠ ʨʽʚʥʠʡ ʦʙôʻʤ ʩʫʤʽʰʽ ʬʝʥʦʣ-ʭʣʦʨʦʬʦʨʤ ʽ ʧʝʨʝʤʽʰʫʚʘʣʠ 

ʧʨʦʪʷʛʦʤ 10 ʭʚ. ʎʝʥʪʨʠʬʫʛʫʚʘʣʠ 5 ʭʚ ʧʨʠ 10 ʪʠʩ.ʦʙ. ʽ ʚʽʜʙʠʨʘʣʠ ʚʝʨʭʥʶ ʬʘʟʫ. 

ɼʦʜʘʚʘʣʠ 2 ʦʙôʻʤʠ 96% ʝʪʘʥʦʣʫ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʝʨʝʚʝʨʪʘʣʠ 

ʝʧʧʝʥʜʦʨʬ ʽ ʟʘʣʠʰʘʣʠ ʥʘ 2 ʭʚ. ʆʩʘʜ ʟʙʠʨʘʣʠ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʧʨʦʪʷʛʦʤ 5 ʭʚ, 

ʟʣʠʚʘʣʠ ʩʧʠʨʪ ʪʘ ʧʝʨʝʚʝʨʪʘʣʠ, ʱʦʙ ʟʘʣʠʰʢʠ ʨʽʜʠʥʠ ʩʪʝʢʣʠ. ɽʧʧʝʥʜʦʨʬ 

ʧʨʦʤʠʚʘʣʠ 70% ʝʪʘʥʦʣʦʤ ʪʘ ʚʠʩʫʰʫʚʘʣʠ (ʫ ʚʘʢʫʫʤʽ). ʆʩʘʜ ʨʦʟʯʠʥʷʣʠ ʫ 1ʭʊɽ 

ʙʫʬʝʨʽ ʘʙʦ ʜʝʽʦʥʽʟʦʚʘʥʽʡ ʚʦʜʽ (10-20 ʤʢʣ). 

ʆʙʨʦʙʣʷʣʠ ʈʅʂʘʟʦʶ 50-100 ɔ/ʤʣ, 20 ʭʚ ʧʨʠ 37ʦʉ. ʆʯʠʱʫʚʘʣʠ ʬʝʥʦʣ-

ʭʣʦʨʦʬʦʨʤʦʤ ʽ ʦʩʘʜʞʫʚʘʣʠ ʩʧʠʨʪʦʤ. 

 

2.11. ɸʥʘʣʽʟ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʨɼʅʂ 

 

ʆʩʢʽʣʴʢʠ ʥʘʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʝʨʝʨʚʘʥʦ ʯʝʨʝʟ ʢʘʨʘʥʪʠʥ ʥʘ ʝʪʘʧʽ 

ʩʠʢʚʝʥʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʢʣʦʥʽʚ, ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʚʞʝ 
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ʜʦʩʪʫʧʥʠʭ ʚ ʙʘʟʽ ʜʘʥʠʭ GenBank ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʄɻʉ ʛʝʥʽʚ 5S ʨʈʅʂ ʚʠʜʽʚ 

ʨʦʜʫ Gentiana, ʘ ʪʘʢʦʞ ʚʢʣʶʯʠʪʠ ʜʦ ʘʥʘʣʽʟʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ɺʊʉ2 ʪʘ ʛʝʥʫ 5.8S 

ʨʈʅʂ ʮʠʭ ʩʘʤʠʭ ʚʠʜʽʚ, ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʷʢʠʭ ʥʘʷʚʥʽ ʫ GenBank. ɺʠʜʠ ʨʘʟʦʤ ʽʟ 

ʥʘʟʚʘʤʠ ʩʝʢʮʽʡ, ʜʦ ʷʢʠʭ ʚʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ, ʪʘ ʥʦʤʝʨʠ ʜʦʩʪʫʧʫ ʜʦ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʚ ʙʘʟʽ ʜʘʥʠʭ GenBank ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ.3.1. ʊʘʢʦʞ ʫ ʨʦʙʦʪʫ 

ʚ ʷʢʦʩʪʽ çoutgroupeè ʙʫʚ ʟʘʣʫʯʝʥʠʡ Centaurium erythraea ʨʦʜʠʥʠ Gentianaceae. 

ʉʠʢʚʝʥʩ ʄɻʉ 5S ʨɼʅʂ ʟʨʘʟʢʘ ʮʴʦʛʦ ʚʠʜʫ ʣʶʙôʷʟʥʦ ʥʘʜʘʥʠʡ ʜ.ʙ.ʥ., ʧʨʦʬ. 

ɺʦʣʢʦʚʠʤ ʈ.ɸ. ʟ ʏʝʨʥʽʚʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʖʨʽʷ 

ʌʝʜʴʢʦʚʠʯʘ. 

ɸʥʘʣʽʟ ʪʘ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʛʦʨʠʪʤʫ 

ClustalW ʧʨʦʚʦʜʠʣʠ ʫ ʧʨʦʛʨʘʤʽ MEGAX. ʇʘʨʘʤʝʪʨʠ ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ: 

Gaps/Missing Data Treatment - Partial deletion, Gap Opening Penalty - 10, Gap 

Extension Penalty - 0.05. ʌʽʣʦʛʝʥʝʪʠʯʥʽ ʜʝʨʝʚʘ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 

Neighbour Joining ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ Kimura 2-parameter, ʱʦ ʙʫʣʘ ʧʽʜʽʙʨʘʥʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʝʩʪʫ ʥʘ ʥʘʡʢʨʘʱʫ ʤʦʜʝʣʴ. Bootstrap ʘʥʘʣʽʟ ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʜʣʷ 

1000 ʨʝʧʣʽʢ ʟʘʜʣʷ ʦʙʨʘʭʫʥʢʫ ʦʮʽʥʢʠ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʦʧʦʣʦʛʽʡ ʜʝʨʝʚ. 
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ʈʆɿɼɯʃ 3 

ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ɰʍʅɭ ʆɹɻʆɺʆʈɽʅʅʗ 

 

 

ʋ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʢʣʦʥʠ ʟ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʄɻʉ 

5S ʨɼʅʂ ʜʣʷ ʚʩʽʭ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʫ ʧʽʜʨʦʟʜʽʣʽ 2.1. ʚʠʜʽʚ. ʇʨʦʪʝ ʯʝʨʝʟ ʢʘʨʘʥʪʠʥ 

ʮʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʝ ʙʫʣʠ ʧʝʨʝʜʘʥʽ ʫ ʅʽʤʝʯʯʠʥʫ ʜʣʷ ʩʠʢʚʝʥʫʚʘʥʥʷ. ʊʦʤʫ 

ʬʽʣʦʛʝʥʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʜʽʚ ʨʦʜʫ Gentiana ʧʨʦʚʦʜʠʣʠ, ʧʦʨʽʚʥʶʶʯʠ 

ʦʪʨʠʤʘʥʽ ʨʘʥʽʰʝ ʥʫʢʣʝʦʪʠʜʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 5S ʨɼʅʂ, ʘ ʪʘʢʦʞ ʪʽ, ʷʢʽ ʥʘʷʚʥʽ ʫ 

ʙʘʟʽ ʜʘʥʠʭ GenBank. 

ʇʦʩʣʽʜʦʚʥʦʩʪʽ ʄɻʉ 5S ʨɼʅʂ G. lutea, G. asclepiadea [3] ʪʘ Centaurium 

erythraea  ʙʫʣʠ ʥʘʜʘʥʽ ʢ.ʙ.ʥ. ʄʝʣʴʥʠʢʦʤ ɺ.ʄ., ɯʄɹʽɻ ʅɸʅʋ ʪʘ ʜ.ʙ.ʥ., ʧʨʦʬ. 

ɺʦʣʢʦʚʠʤ ʈ.ɸ., ʏʅʋ ʚʽʜʧʦʚʽʜʥʦ. ʇʦʰʫʢʦʤ ʫ ʙʘʟʽ ʜʘʥʠʭ GenBank ʙʫʣʦ 

ʟʥʘʡʜʝʥʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʄɻʉ 5S ʨɼʅʂ, ɺʊʉ2 ʪʘ ʛʝʥʫ 5.8S ʨʈʅʂ ʜʣʷ ʽʥʰʠʭ 

ʚʠʜʽʚ ʨʦʜʫ Gentiana, ʷʢʽ ʙʫʣʦ ʟʘʣʫʯʝʥʦ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ʎʽ ʚʠʜʠ ʨʘʟʦʤ 

ʽʟ ʥʘʟʚʘʤʠ ʩʝʢʮʽʡ, ʜʦ ʷʢʠʭ ʚʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ, ʥʦʤʝʨʘʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʚ ʙʘʟʽ 

ʜʘʥʠʭ GenBank ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 3.1. 

ʊʘʙʣʠʮʷ 3.1 

ɺʠʜʠ, ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʄɻʉ 5S ʨɼʅʂ, ɺʊʉ2 ʪʘ ʛʝʥʫ 5.8S ʨʈʅʂ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʉʝʢʮʽʷ ɺʠʜ 

ʅʦʤʝʨ ʚ GenBank 

ʄɻʉ 5S 

ʨɼʅʂ 
5.8S ʨɼʅʂ 

ɺʊʉ2 

ʨɼʅʂ 

Calathianae G. verna  EF626768 KT907736 AJ223090 

Gentiana G. lutea [3]*  KC535855 Z48119 

***  G. asclepiadea [3]*  AJ580549 Z48076 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.1 

Monopodiae G. rigescens GQ864058 GQ864021 MH047565 

Pneumonanthe 

G. manshurica GQ864048 GQ864017 MH047570 

G. triflora GQ864053 GQ864019 MF096370 

G. scabra GQ864042 GQ864015 MF287200 

ï Centaurium 

erythraea 

**  KC535851 AY047864 

 

ʇʨʠʤʽʪʢʠ: 

1. * ï ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘʜʘʥʽ ʢ.ʙ.ʥ. ʄʝʣʴʥʠʢʦʤ ɺ.ʄ., ɯʄɹʽɻ ʅɸʅʋ; 

2. ** ï ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘʜʘʥʽ ʜ.ʙ.ʥ., ʧʨʦʬ. ɺʦʣʢʦʚʠʤ ʈ.ɸ., ʏʅʋ; 

3. ***  ï ʧʨʠʥʘʣʝʞʥʽʩʪʴ G. asclepiadea ʜʦ ʦʜʥʽʻʾ ʟ ʩʝʢʮʽʡ ʨʦʜʫ ʤʘʻ 

ʩʫʧʝʨʝʯʣʠʚʠʡ ʭʘʨʘʢʪʝʨ ʽ ʥʝ ʚʠʟʥʘʯʝʥʘ ʦʩʪʘʪʦʯʥʦ.  

 

3.1. ɸʥʘʣʽʟ ʟʘ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʄɻʉ 5S ʨɼʅʂ 

 

ɺʠʨʽʚʥʶʚʘʥʥʷ ʪʘ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʄɻʉ 5S ʨɼʅʂ 

ʜʦʟʚʦʣʠʣʠ ʚʠʜʽʣʠʪʠ ʜʚʽ ʛʨʫʧʠ ʚʠʜʽʚ ʟʘ ʧʦʜʽʙʥʽʩʪʶ ʙʫʜʦʚʠ ʮʽʻʾ ʜʽʣʷʥʢʠ ʛʝʥʘ 

(ɼʦʜʘʪʦʢ ɸ1). ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʫʚʽʡʰʣʠ ʪʨʠ ʚʠʜʠ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʜʦ ʩʝʢʮʽʾ 

Pneumonanthe. ɼʨʫʛʫ ʛʨʫʧʫ ʩʬʦʨʤʫʚʘʣʠ ʨʝʰʪʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʜʽʚ ʨʦʜʫ 

Gentiana, ʦʢʨʽʤ G. rigescens. ɺʠʜ G. rigescens ʤʘʚ ʥʘʡʢʦʨʦʪʰʫ ʟ ʫʩʽʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʠʜʽʚ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʄɻʉ (218 ʧ.ʥ.), ʽ ʧʨʠ ʮʴʦʤʫ ʥʘʷʚʥʽ ʜʽʣʷʥʢʠ 

ʚʠʷʚʠʣʠ ʯʘʩʪʢʦʚʫ ʧʦʜʽʙʥʽʩʪʴ ʜʦ ʜʨʫʛʦʾ ʛʨʫʧʠ. ɸʣʝ ʭʘʨʘʢʪʝʨʥʦʾ ʮʽʡ ʛʨʫʧʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʮʝʡ ʚʠʜ ʥʝ ʤʘʚ, ʪʦʤʫ ʤʠ ʥʝ ʟʤʦʛʣʠ ʚʽʜʥʝʩʣʠ ʡʦʛʦ ʥʽ ʜʦ ʷʢʦʾ ʛʨʫʧʠ. 

Centaurium erythraea ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʚʩʷ ʷʢ ʚʽʜ ʧʝʨʰʦʾ, ʪʘʢ ʽ ʚʽʜ ʜʨʫʛʦʾ ʛʨʫʧʠ, 

ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʫ ʷʢʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʛʨʫʧʠ. 



 
34 

 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʩʝʨʝʜʠʥʽ ʧʝʨʰʦʾ ʛʨʫʧʠ ʧʦʢʘʟʘʚ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʧʦʜʽʙʥʦʩʪʽ ʤʽʞ ʮʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ. ɺʽʜʥʦʩʥʦ G. triflora ʨʽʚʝʥʴ ̔ ʜʝʥʪʠʯʥʦʩʪʽ 

G. manshurica ʪʘ G. scabra ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 92% (50 ʪʘ 53 ʧʦʣʽʤʦʨʬʥʠʭ 

ʥʫʢʣʝʦʪʠʜʠ ʟ 632 ʚʽʜʧʦʚʽʜʥʦ). ʋ ʜʨʫʛʽʡ ʛʨʫʧʽ ʧʦʢʘʟʥʠʢʠ ʨʽʚʥʷ ʽʜʝʥʪʠʯʥʦʩʪʽ 

ʜʝʱʦ ʥʠʞʯʽ: G. asclepiadea ʤʘʻ 85% ʪʘ 89% ʧʦʜʽʙʥʦʩʪʽ ʜʦ G. verna  ʪʘ G. lutea 

ʚʽʜʧʦʚʽʜʥʦ (97 ʪʘ 70 ʧʦʣʽʤʦʨʬʥʠʭ ʥʫʢʣʝʦʪʠʜʽʚ). ɺʠʷʚʣʝʥʽ ʥʫʢʣʝʦʪʠʜʥʽ 

ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʟʘʤʽʥ ʪʠʧʫ C/T ʪʘ ɸ/G. 

ɼʽʣʷʥʢʘ ʄɻʉ 5S ʨɼʅʂ ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʤʠ ʚʠʜʽʚ ʤʽʩʪʠʪʴ ʥʘ 

ʧʦʯʘʪʢʫ ʢʦʥʩʝʨʚʘʪʠʚʥʠʡ ʦʣʽʛʦ-ʜʊ ʤʦʪʠʚ, ʷʢʠʡ ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʜʽʣʷʥʢʠ ʪʝʨʤʽʥʘʮʽʾ 

ʪʨʘʥʩʢʨʠʧʮʽʾ ʜʣʷ ʈʅʂ-ʧʦʣʽʤʝʨʘʟʠ ɯɯɯ ʝʫʢʘʨʽʦʪ. ɸʊ-ʙʘʛʘʪʫ ʜʽʣʷʥʢʫ, ʱʦ ʧʝʨʝʜʫʻ 

ʢʦʜʫʚʘʣʴʥʦʤʫ ʨʝʛʽʦʥʫ ʛʝʥʘ 5S ʨʈʅʂ ʽ ʻ ʩʘʡʪʦʤ ʽʥʽʮʽʘʮʽʾ ʪʨʘʥʩʢʨʠʧʮʽʾ, ʤʽʩʪʠʣʠ 

ʚʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʚʠʜʠ. ʋ Centaurium erythraea ɸʊ-ʙʦʢʩ ʤʽʩʪʠʪʴʩʷ ʫ 336 

ʧʦʣʦʞʝʥʥʽ ʜʦʚʞʠʥʦʶ 10 ʧ.ʥ., ʱʦ ʻ ʜʫʞʝ ʢʦʨʦʪʢʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ɸʊ-

ʜʽʣʷʥʢʘʤʠ ʚʠʜʽʚ ʨʦʜʫ Gentiana.  

ɻʦʣʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʚʠʜʘʤʠ ʧʦʚôʷʟʘʥʽ ʟ ʯʘʩʪʠʥʦʶ ʄɻʉ, ʷʢʘ 

ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ ʮʠʤʠ ʢʦʥʩʝʨʚʘʪʠʚʥʠʤʠ ʩʘʡʪʘʤʠ. ʋ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʧʝʨʰʦʾ 

ʛʨʫʧʠ ʟʘ ʩʘʡʪʦʤ ʪʝʨʤʽʥʘʮʽʾ ʤʽʩʪʷʪʴʩʷ ʉʊ-ʙʘʛʘʪʘ ʜʽʣʷʥʢʘ ʜʦʚʞʠʥʦʶ ʙʣʠʟʴʢʦ 80 

ʧ.ʥ., ʟʘ ʷʢʦʶ ʡʜʝ GC-ʙʘʛʘʪʠʡ ʨʝʛʽʦʥ ʧʨʠʙʣʠʟʥʦ ʪʘʢʦʛʦ ʞ ʨʦʟʤʽʨʫ. ɺʦʜʥʦʯʘʩ, ʫ 

ʚʩʽʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʜʨʫʛʦʾ ʛʨʫʧʠ, ʚ ʮʽʡ ʯʘʩʪʠʥʽ ʄɻʉ ʟʥʘʭʦʜʠʪʴʩʷ ʚʽʜʥʦʩʥʦ 

ʢʦʥʩʝʨʚʘʪʠʚʥʘ ʜʽʣʷʥʢʘ, ʚʽʜʩʫʪʥʷ ʫ ʚʠʜʽʚ ʧʝʨʰʦʾ ʛʨʫʧʠ, ʫ ʩʢʣʘʜʽ ʷʢʦʾ ʚʠʷʚʣʝʥʦ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʦʚʞʠʥʦʶ 60 ʧ.ʥ. ʟ ʚʠʩʦʢʦʶ ʛʦʤʦʣʦʛʽʻʶ ʜʦ ʢʦʜʫʚʘʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʛʝʥʘ 5S ʨʈʅʂ [3].  

ɯʟ ʜʝʥʜʨʦʛʨʘʤʠ, ʧʦʙʫʜʦʚʘʥʦʾ ʟʘ ʘʣʛʦʨʠʪʤʦʤ Neighbour Joining ʥʘ ʦʩʥʦʚʽ 

ʚʠʨ̔ʚʥʶʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʄɻʉ 5S ʨɼʅʂ, ʚʠʜʥʦ, ʱʦ ʚʠʜʠ ʟʛʨʫʧʫʚʘʣʠʩʷ 

ʟʛʽʜʥʦ ʩʝʢʮʽʡ, ʚʠʟʥʘʯʝʥʠʭ ʨʘʥʽʰʝ ʚ ʤʝʞʘʭ ʨʦʜʫ (ʨʠʩ. 3.1). ɺʠʜʠ ʩʝʢʮʽʾ 

Pneumonanthe ï G. triflora , G. scabra ̔  G. manshurica ʩʬʦʨʤʫʚʘʣʠ ʦʜʠʥ ʢʣʘʩʪʝʨ. 

ɼʦ ʜʨʫʛʦʛʦ ʫʚʽʡʰʣʠ G. asclepiadea, G. verna ʪʘ G. lutea, ʱʦ ʙʫʣʠ ʦʙôʻʜʥʘʥʽ ʫ 

ʦʜʥʫ ʛʨʫʧʫ. G. rigescens, ʷʢ ʽ ʙʫʣʦ ʟʘʟʘʥʘʯʝʥʦ, ʥʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʞʦʜʥʦʾ ʟ ʛʨʫʧ, 

ʧʨʦʪʝ ʻ ʙʽʣʴʰ ʥʘʙʣʠʞʝʥʦʶ ʜʦ ʩʝʢʮʽʾ Pneumonanthe. ʍʦʯʘ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ G. 
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asclepiadea ʥʝ ʤʘʻ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʦʛʦ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ, ʫ ʨʦʙʦʪʽ [3] 

ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʥʘʙʣʠʞʝʥʽʩʪʴ ʮʴʦʛʦ ʚʠʜʫ ʜʦ ʩʝʢʮʽʾ Gentiana ʟʘ ʄɻʉ ʛʝʥʫ 

5S ʨʈʅʂ ʽ ʪʝ ʩʘʤʝ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʥʘ ʦʪʨʠʤʘʥʽʡ ʥʘʤʠ ʬʽʣʦʛʨʘʤʽ. 

 

ʈʠʩ. 3.1. ʌʽʣʦʛʨʘʤʘ ʚʠʜʽʚ ʨʦʜʫ Gentiana, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʄɻʉ 5S ʨɼʅʂ ʟʘ ʘʣʛʦʨʠʪʤʦʤ Neighbour Joining. ɺ ʷʢʦʩʪʽ 

ʟʦʚʥʽʰʥʴʦʾ ʛʨʫʧʠ ʚʠʢʦʨʠʩʪʘʥʦ Centaurium erythraea.  

  

3.2. ɸʥʘʣʽʟ ʟʘ ʛʝʥʦʤ 5.8S ʨʈʅʂ 

 

ʆʩʢʽʣʴʢʠ ʢʦʜʫʶʯʽ ʜʽʣʷʥʢʠ ʨɼʅʂ ʛʝʥʽʚ ʢʦʥʩʝʨʚʘʪʠʚʥʽ, ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʘ 

5.8S ʨɼʅʂ ʤʘʣʠ ʥʠʟʴʢʫ ʤʽʥʣʠʚʽʩʪʴ, ʱʦ ʚʠʷʚʣʷʣʘʩʴ ʧʝʨʝʚʘʞʥʦ 

ʦʜʥʦʥʫʢʣʝʦʪʠʜʥʠʤʠ ʟʘʤʽʥʘʤʠ (ɼʦʜʘʪʦʢ ɸ2). ʊʨʠ ʚʠʜʠ ʟ ʩʝʢʮʽʾ Pneumonanthe 

ʤʘʶʪʴ ʤʽʞ ʩʦʙʦʶ 100% ʽʜʝʥʪʠʯʥʽʩʪʴ, ʘʜʞʝ ʾʭ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʘʙʩʦʣʶʪʥʦ 

ʦʜʥʘʢʦʚʽ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ Centaurium erythraea, ̫ ʢ ʽ ʦʯʽʢʫʚʘʣʦʩʴ, ʤʘʻ ʥʘʡʙʽʣʴʰʫ 

ʢʽʣʴʢʽʩʪʴ ʚʽʜʤʽʥʥʦʩʪʝʡ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʫ ʷʢʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʛʨʫʧʠ. 
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ʂʽʣʴʢʽʩʪʴ ʧʦʣʽʤʦʨʬʥʠʭ ʥʫʢʣʝʦʪʠʜʽʚ ʤʽʞ ʚʠʜʘʤʠ ʨʦʜʫ Gentiana ʢʦʣʠʚʘʣʘʩʴ ʚ 

ʤʝʞʽ 33-37 ʟ 693, ʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ Centaurium erythraea ï 90-110 ʧ.ʥ. ʊʦʞ 

ʚ̔ ʜʥʦʩʥʦ G. triflora ʨʽʚʝʥʴ ʽʜʝʥʪʠʯʥʦʩʪʽ G. asclepiadea ʪʘ G. lutea ʩʢʣʘʜʘʻ 94%, 

G. verna ï 93%, G. rigescens ï 96%, ʘ ʜʣʷ Centaurium erythraea ï 80%. ɺʠʷʚʣʝʥʽ 

ʥʫʢʣʝʦʪʠʜʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʟʘʤʽʥ ʪʠʧʫ C/T ʪʘ ɸ/G.  

ʅʘ  ʨʠʩ. 3.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʝʥʜʨʦʛʨʘʤʘ, ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 

Neighbour Joining ʥʘ ʦʩʥʦʚʽ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʛʝʥʫ 5.8S ʨʈʅʂ ʟ 

Centaurium erythraea ʫ ʷʢʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʛʨʫʧʠ. ʊʘʢ ʩʘʤʦ, ʷʢ ʽ ʫ ʚʠʧʘʜʢʫ ʟ ʄɻʉ 

ʛʝʥʫ 5S ʨʈʅʂ ʚʠʜʥʦ, ʱʦ ʚʠʜʠ ʟʛʨʫʧʫʚʘʣʠʩʷ ʟʛʽʜʥʦ ʚʠʟʥʘʯʝʥʠʭ ʩʝʢʮʽʡ. G. 

triflora , G. scabra  ̔G. manshurica ʩʬʦʨʤʫʚʘʣʠ ʢʣʘʩʪʝʨ ʩʝʢʮʽʾ Pneumonanthe, ʜʦ 

ʷʢʦʛʦ ʥʘʙʣʠʞʝʥʠʤ ʻ G. rigescens ʟ ʩʝʢʮʽʾ Monopodiae. G. verna ʻ ʙʽʣʴʰ 

ʥʘʙʣʠʞʝʥʦʶ ʜʦ G. asclepiadea ʪʘ G. lutea, ̫ ʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʦʙôʻʜʥʘʥʽ ʚ ʢʣʘʩʪʝʨ, 

ʱʦ ʟʥʦʚʫ ʚʢʘʟʫʻ ʥʘ ʥʘʣʝʞʥʽʩʪʴ G. asclepiadea ʜʦ ʩʝʢʮʽʾ Gentiana. 

 

ʈʠʩ. 3.2. ʌʽʣʦʛʨʘʤʘ ʚʠʜʽʚ ʨʦʜʫ Gentiana, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ 5.8S ʨɼʅʂ ʟʘ ʘʣʛʦʨʠʪʤʦʤ Neighbour Joining. ɺ ʷʢʦʩʪʽ 

ʟʦʚʥʽʰʥʴʦʾ ʛʨʫʧʠ ʚʠʢʦʨʠʩʪʘʥʦ Centaurium erythraea.  
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3.3. ɸʥʘʣʽʟ ʟʘ ʧʦʩʣʽʜʦʚʥʽʩʪʶ ɺʊʉ2 

 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟʘ ɺʊʉ2 ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʨʽʚʥʷʣʠʩʴ 

ʩʭʦʞʠʤ ʯʠʥʦʤ ʜʦ 5.8S ʨɼʅʂ. ʍʦʯʘ ɺʊʉ2 ʥʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʦʜʫʶʯʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʚʽʥ ʤʽʩʪʠʪʴ ʢʦʥʩʝʨʚʘʪʠʚʥʫ ʜʽʣʷʥʢʫ, ʯʠʤ ʽ ʧʦʷʩʥʶʻʪʴʩʷ 

ʩʭʦʞʽʩʪʴ ʚʠʨʽʚʥʶʚʘʥʥʷ ʽʟ 5.8S ʨɼʅʂ. ʇʨʦʪʝ ɺʊʉ2 ʙʽʣʴʰ ʚʘʨʽʘʙʝʣʴʥʠʡ ʥʽʞ 

5.8S ʨɼʅʂ, ʱʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟʘ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʣʽʤʦʨʬʥʠʭ 

ʥʫʢʣʝʦʪʠʜʽʚ ʤʽʞ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ (ɼʦʜʘʪʦʢ ɸ3). ʄʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʽ ʚʠʩʦʢʦ 

ʚʘʨʽʘʙʝʣʴʥʽ ʜʽʣʷʥʢʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʟ ʦʙʦʭ ʢʽʥʮʽʚ ɺʊʉ2. G. scabra  ̔G. 

manshurica ʤʘʣʠ ʤʘʡʞʝ ʽʜʝʥʪʠʯʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ 

ʣʠʰʝ ʟʘ ʜʦʚʞʠʥʦʶ, ʪʦʙʪʦ ʚʽʜʩʫʪʥʽʩʪʶ ʦʩʪʘʥʥʴʦʛʦ ʥʫʢʣʝʦʪʠʜʫ ʫ ʧʝʨʰʦʛʦ ʚʠʜʫ. 

ɺʽʜʥʦʩʥʦ G. triflora  ʮʽ ʚʠʜʠ ʤʘʣʠ ʧʦ 6 ʧʦʣʽʤʦʨʬʥʠʭ ʥʫʢʣʝʦʪʠʜʽʚ ʟ 234, ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʤʘʶʪʴ 97% ʨʽʚʝʥʴ ʽʜʝʥʪʠʯʥʦʩʪʽ. ɺʠʜʠ  G. asclepiadea ʪʘ G. rigescens 

ʤʘʣʠ ʽʟ G. triflora  ʨʽʚʝʥʴ ʧʦʜʽʙʥʦʩʪʽ 92% (16 ʽ 18 ʧʦʣʽʤʦʨʬʥʠʭ ʥʫʢʣʝʦʪʠʜʽʚ 

ʚʽʜʧʦʚʽʜʥʦ), ʘ G. verna ʽ G. lutea ï 90% ʽ 89% (21 ʪʘ 24 ʧʦʣʽʤʦʨʬʥʠʭ 

ʥʫʢʣʝʦʪʠʜʽʚ ʚʽʜʧʦʚʽʜʥʦ). Centaurium erythraea ʤʘʚ 48 ʚʽʜʤʽʥʥʠʭ ʥʫʢʣʝʦʪʠʜʽʚ ʽ 

ʨʽʚʝʥʴ ʧʦʜʽʙʥʦʩʪʽ 77%. ɺʠʷʚʣʝʥʽ ʥʫʢʣʝʦʪʠʜʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʟʘʤʽʥ 

ʪʠʧʫ C/T ʪʘ ɸ/G. 

ɼʝʥʜʨʦʛʨʘʤʘ, ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʘʣʛʦʨʠʪʤʦʤ Neighbour Joining ʥʘ ʦʩʥʦʚʽ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ɺʊʉ2, ʜʝʤʦʥʩʪʨʫʻ ʩʭʦʞʽ ʨʝʟʫʣʴʪʘʪʠ ʽʟ 

ʧʦʧʝʨʝʜʥʽʤʠ (ʨʠʩ. 3.3). ɺʠʜʠ ʩʝʢʮʽʾ Pneumonanthe ï G. triflora , G. scabra  ̔G. 

manshurica ʩʬʦʨʤʫʚʘʣʠ ʢʣʘʩʪʝʨ, ʜʦ ʷʢʦʛʦ ʥʘʙʣʠʞʝʥʠʡ G. rigescens. ʇʦʨʽʚʥʷʥʦ 

ʽʟ ʜʝʥʜʨʦʛʨʘʤʦʶ ʧʦʙʫʜʦʚʘʥʦʶ ʟʘ ʄɻʉ 5S ʨɼʅʂ, ʜʝ G. triflora  ʪʘ G. scabra 

ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʨʫʯ, ʟʘ ɺʊʉ2 G. scabra  ̔ G. manshurica ʤʘʶʪʴ ʪʽʩʥʽʰʠʡ 

ʬʽʣʦʛʝʥʝʪʠʯʥʠʡ ʟʚôʷʟʦʢ. ʍʦʯʘ G. asclepiadea, G. verna ʪʘ G. lutea ʥʝ ʬʦʨʤʫʶʪʴ 

ʦʢʨʝʤʫ ʦʙôʻʜʥʘʥʫ ʛʨʫʧʫ, ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʨʫʯ. 
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ʈʠʩ. 3.3. ʌʽʣʦʛʨʘʤʘ ʚʠʜʽʚ ʨʦʜʫ Gentiana, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ɺʊʉ2 ʟʘ ʘʣʛʦʨʠʪʤʦʤ Neighbour Joining. ɺ ʷʢʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ 

ʛʨʫʧʠ ʚʠʢʦʨʠʩʪʘʥʦ Centaurium erythraea. 

 

3.4. ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

 

ɼʣʷ ʘʥʘʣʽʟʫ ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ ʙʫʣʦ ʚʟʷʪʦ 8 ʚʠʜʽʚ: G. verna (ʩʝʢʮʽʷ  

Calathianae), G. lutea (ʩʝʢʮʽʷ Gentiana), G. asclepiadea (ʥʝʚʠʟʥʘʯʝʥʘ ʩʝʢʮʽʷ), G. 

rigescens (ʩʝʢʮʽʷ  Monopodiae), G. manshurica, G. triflora, G. scabra (ʩʝʢʮʽʷ 

Pneumonanthe) ʪʘ Centaurium erythraea. ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟʘ ʚʩʽʤʘ ʪʨʴʦʤʘ 

ʤʘʨʢʝʨʘʤʠ, ʥʘ ʬʽʣʦʛʨʘʤʘʭ ʚʠʜʠ ʩʝʢʮʽʾ Pneumonanthe ʦʙôʻʜʥʫʚʘʣʠʩʴ ʫ ʢʣʘʩʪʝʨ. 

ʅʝʧʦʜʘʣʽʢ ʚʽʜ ʥʴʦʛʦ ʟʘʚʞʜʠ ʨʦʟʪʘʰʦʚʫʚʘʚʩʷ ʚʠʜ G. rigescens. ɺʠʜʠ G. lutea, ʽ 

G. asclepiadea ʨʦʟʤʽʱʫʚʘʣʠʩʴ ʨʘʟʦʤ, ʘ G. verna ʙʽʣʷ ʥʠʭ. 

G. asclepiadea ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʤʘʻ ʯʽʪʢʦ ʚʠʟʥʘʯʝʥʦʛʦ ʪʘʢʩʦʥʦʤʽʯʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʨʽʟʥʽ ʜʦʩʣʽʜʥʠʢʠ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʝʚʥʠʭ 

ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʦʟʥʘʢ ʚʽʜʥʦʩʠʣʠ ʮʝʡ ʚʠʜ ʜʦ ʨʽʟʥʠʭ ʩʝʢʮʽʡ. ʊʘʢ, ʜʦʩʠʪʴ 
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ʪʨʠʚʘʣʠʡ ʯʘʩ ʡʦʛʦ ʚʢʣʶʯʘʣʠ ʜʦ ʩʝʢʮʽʾ Pneumonanthe. ʇʨʦʪʝ ʥʘ ʦʩʥʦʚʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʷʜʝʨʥʠʭ (ɺʊʉ 35S ʨʈʅʂ, 

ʄɻʉ 5S ʨɼʅʂ) ʪʘ ʧʣʘʩʪʠʜʥʠʭ (atpB-rbcL, trnL-F) ʛʝʥʽʚ ʚʽʥ ʙʫʚ ʚʽʜʥʝʩʝʥʠʡ ʜʦ 

ʩʝʢʮʽʾ Gentiana [3]. G. lutea, ʨʘʟʦʤ ʟ ʷʢʠʤ ʬʦʨʤʫʚʘʚ ʛʨʫʧʫ ʚʠʜ G. asclepiadea, 

ʥʘʣʝʞʘʪʴ ʜʦ ʩʝʢʮʽʡ Gentiana. ʊʘʢʦʞ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, 

ʽʜʝʥʪʠʯʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʽʣʷʥʦʢ ʨɼʅʂ G.asclepiadea ʪʘ G.lutea ʩʪʘʥʦʚʠʚ 

ʚʽʜ 90% ʽ ʙʽʣʴʰʝ, ʱʦ ʪʘʢʦʞ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʮʴʦʛʦ ʚʠʜʫ ʟ 

ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʩʝʢʮʽʾ Gentiana. 

ʊʘʢʦʞ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʨʦʟʨʽʟʥʠʪʠ ʙʣʠʟʴʢʦʩʧʦʨʽʜʥʝʥʽ ʚʠʜʠ G. scabra 

ʪʘ G. manshurica ʚʜʘʣʦʩʷ ʪʽʣʴʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʄɻʉ 5S ʨɼʅʂ, ʘ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʝʥʫ 5.8S ʨʈʅʂ ʥʝ ʤʦʞʥʘ ʙʫʣʦ ʨʦʟʨʽʟʥʠʪʠ ʚʠʜʠ ʩʝʢʮʽʾ 

Pneumonanthe. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ɼʅʂ-ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʮʠʭ ʚʠʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʝʥʫ 5.8S ʨʈʅʂ ʻ ʥʝʜʦʮʽʣʴʥʠʤ ʪʘ ʥʝ ʝʬʝʢʪʠʚʥʠʤ. 
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ʋɿɸɻɸʃʔʅɽʅʅʗ ʈɽɿʋʃʔʊɸʊɯɺ 

 

 

ɺ ʥʘʰʽʡ ʨʦʙʦʪʽ ʤʠ ʜʦʩʣʽʜʠʣʠ ʬʽʣʦʛʝʥʝʪʠʯʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʚʠʜʘʤʠ ʨʦʜʫ 

Gentiana. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʊʠʨʣʠʯ (Gentiana L.) ʻ 

ʪʠʧʦʚʠʤ, ʥʘʡʯʠʩʣʝʥʥʽʰʠʤ ʟʘ ʚʠʜʦʚʠʤ ʩʢʣʘʜʦʤ ʫ ʬʣʦʨʽ ʋʢʨʘʾʥʠ ʨʦʜʦʤ ʨʦʜʠʥʠ 

Gentianaceae. ʏʝʨʝʟ ʥʘʷʚʥʽʩʪʴ ʘʛʨʝʛʘʪʥʠʭ ʚʠʜʽʚ ʫ ʤʝʞʘʭ ʨʦʜʫ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʯʽʪʢʠʭ ʨʦʜʦʚʠʭ ʤʝʞ, ʩʢʣʘʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʮʽʥʥʦʩʪʽ ʪʘ ʩʪʫʧʝʥʷ 

ʤʽʥʣʠʚʦʩʪʽ ʦʟʥʘʢ, ʩʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʦʚʠʟʥʘʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʨʦʜʫ Gentiana 

ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʫʞʝ ʫʩʢʣʘʜʥʝʥʝ. ʊʦʤʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʠʪʘʥʴ ʪʘ 

ʫʪʦʯʥʝʥʥʷ ʩʠʩʪʝʤʘʪʠʢʠ ʩʪʘʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʷʢʦʩʪʽ ʬʘʢʪʦʨʽʚ ʜʣʷ 

ʨʦʟʧʦʜʽʣʫ ʦʨʛʘʥʽʟʤʽʚ ʨʽʟʥʦʤʘʥʽʪʥʽ ʛʝʥʝʪʠʯʥʽ ʤʘʨʢʝʨʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʛʝʥʠ 

ʨʠʙʦʩʦʤʥʦʾ ɼʅʂ. ʆʩʦʙʣʠʚʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʛʝʥʽʚ ʨɼʅʂ ʨʦʙʣʷʪʴ ʾʭ ʧʨʠʜʘʪʥʦʶ 

ʤʦʜʝʣʣʶ ʜʣʷ ʟ'ʷʩʫʚʘʥʥʷ ʧʨʦʙʣʝʤ ʝʢʦʣʦʛʽʾ, ʧʦʧʫʣʷʮʽʡʥʦʾ ʛʝʥʝʪʠʢʠ, ʩʝʣʝʢʮʽʾ ʪʘ 

ʩʠʩʪʝʤʘʪʠʢʠ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨɼʅʂ, ʷʢʽ ʩʫʪʪʻʚʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʰʚʠʜʢʽʩʪʶ ʝʚʦʣʶʮʽʾ. ɺʧʝʨʰʝ ʙʫʣʦ ʦʜʥʦʯʘʩʥʦ ʟʘʩʪʦʩʦʚʘʥʦ 

ʜʽʣʷʥʢʠ ʄɻʉ 5S ʨɼʅʂ, ɺʊʉ2 ʪʘ ʛʝʥʫ 5.8S ʨʈʅʂ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ ʨʦʜʫ Gentiana. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ 

ʬʽʣʦʛʝʥʝʪʠʯʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʪʘʢʩʦʥʘʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʮʠʭ ʚʠʜʽʚ ʥʘ 

ʦʩʥʦʚʽ ʤʦʨʬʦʣʦʛʽʯʥʠʭ, ʘʥʘʪʦʤʽʯʥʠʭ, ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʢʨʠʪʝʨʽʾʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʰʦʾ ʨʦʙʦʪʠ ʚʧʠʩʫʶʪʴʩʷ ʫ ʟʘʛʘʣʴʥʫ ʢʘʨʪʠʥʫ ʜʦʩʣʽʜʞʝʥʴ ʪʠʨʣʠʯʽʚ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɼʅʂ-ʤʘʨʢʝʨʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʽʣʦʛʝʥʽʾ, ʷʢʽ ʙʫʣʠ ʦʧʠʩʘʥʽ ʫ 

ʧʽʜʨʦʟʜʽʣʽ 1.8. 

ʇʨʦʚʝʜʝʥʠʡ ʬʽʣʦʛʝʥʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʩʦʥʫ 

ʥʘ ʨʽʚʥʽ ʚʠʜʫ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʡʙʽʣʴʰ ʝʚʦʣʶʮʽʡʥʦ ʤʽʥʣʠʚʠʡ ʄɻʉ 

5S ʨɼʅʂ, ʪʦʤʫ ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʢʦʥʩʝʨʚʘʪʠʚʥʠʭ ʜʽʣʷʥʦʢ ʨʠʙʦʩʦʤʥʠʭ 
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ʛʝʥʽʚ, ʪʘʢʠʭ ʷʢ ɺʊʉ2, ʽ ʪʠʤ ʙʽʣʴʰʝ 5.8S ʨɼʅʂ, ʥʝ ʟʘʚʞʜʠ ʜʦʟʚʦʣʷʻ ʚʽʜʦʢʨʝʤʠʪʠ 

ʙʣʠʟʴʢʦʩʧʦʨʽʜʥʝʥʽ ʚʠʜʠ. 

ɿ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ ʮʽʢʘʚʦ ʙʫʣʦ ʙ ʜʦʩʣʽʜʠʪʠ ʄɻʉ 35S ʨɼʅʂ. ʇʨʦʪʝ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʽ ʜʘʥʽ ʧʨʦ ʩʝʢʚʝʥʦʚʘʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʮʽʻʾ ʜʽʣʷʥʢʠ ʛʝʥʦʤʫ ʫ ʪʠʨʣʠʯʽʚ. ɺʽʜʦʤʦ ʪʽʣʴʢʠ, ʱʦ ʮʷ ʜʽʣʷʥʢʘ ʻ ʚʘʨʽʘʙʝʣʴʥʦʶ  

ʟʘ ʜʦʚʞʠʥʦʶ ʥʘʚʽʪʴ ʫ ʤʝʞʘʭ ʦʜʥʦʛʦ ʛʝʥʦʤʫ [40]. 
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ɺʀʉʅʆɺʂʀ 

 

 

1. ʆʪʨʠʤʘʥʦ ʢʣʦʥʦʚʘʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʤʽʞʛʝʥʥʦʛʦ ʩʧʝʡʩʝʨʘ 5S ʨɼʅʂ 

ʚʠʜʽʚ ʨʦʜʫ Gentiana, ʘ ʪʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʫʪʦʯʥʝʥʥʷ 

ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʨʦʜʫ Gentiana ʟʘ ʧʦʣʽʤʦʨʬʽʟʤʦʤ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʄɻʉ 5S ʨɼʅʂ, ɺʊʉ2 ʪʘ ʛʝʥʫ 5.8S ʨʈʅʂ.  

2. ʌʽʣʦʛʝʥʝʪʠʯʥʠʡ ʘʥʘʣʽʟ 7 ʚʠʜʽʚ 4 ʨʽʟʥʠʭ ʩʝʢʮʽʡ ʨʦʜʫ Gentiana (G. 

verna, G. lutea, G. asclepiadea, G. rigescens, G. manshurica, G. triflora, G. scabra, 

ʘ ʪʘʢʦʞ Centaurium erythraea ʫ ʷʢʦʩʪʽ ʟʦʚʥʽʰʥʴʦʾ ʛʨʫʧʠ) ʧʦʢʘʟʘʚ, ʱʦ ʟʘ 

ʧʦʣʽʤʦʨʬʽʟʤʦʤ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʄɻʉ 5S ʨɼʅʂ, ɺʊʉ2 ʪʘ ʛʝʥʫ 5.8S ʨʈʅʂ ʚʠʜʠ 

ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʛʨʫʧʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʙʦʪʘʥʽʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ.  

3. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʽʜʝʥʪʠʯʥʽʩʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʽʣʷʥʦʢ ʨɼʅʂ G.asclepiadea ʽ G.lutea, ʷʢʽ ʙʘʛʘʪʴʤʘ 

ʜʦʩʣʽʜʥʠʢʘʤʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʩʝʢʮʽʡ (Pneumonanthe ʽ Gentiana, 

ʚʽʜʧʦʚʽʜʥʦ), ʩʪʘʥʦʚʠʚ ʙʽʣʴʰʝ 90%, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʮʠʭ ʚʠʜʽʚ.  

4. ʇʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ɼʅʂ-ʘʚʪʝʥʪʠʬʽʢʘʮʽʾ ʚʠʜʽʚ ʩʝʢʮʽʾ Pneumonanthe 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʛʝʥʫ 5.8S ʨʈʅʂ ʻ ʥʝʜʦʮʽʣʴʥʠʤ ʪʘ ʥʝʝʬʝʢʪʠʚʥʠʤ. 

5. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ 

ʢʣʘʩʪʝʨʘʭ ʨɼʅʂ, ʄɻʉ 5S ʨɼʅʂ ʪʘ ʛʝʥ 5.8S ʨʈʅʂ ʜʦʩʣʽʜʞʝʥʠʭ ʚʠʜʽʚ ʨʦʜʫ 

Gentiana ʜʘʶʪʴ ʧʦʜʽʙʥʽ ʨʝʟʫʣʴʪʘʪʠ ʬʽʣʦʛʝʥʝʪʠʯʥʠʭ ʧʦʨʽʚʥʷʥʴ. 
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