
ʂɸʄʏɸʊʉʂʀʁ ʌʀʃʀɸʃ ʌɽɼɽʈɸʃʔʅʆɻʆ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɻʆ 

ɹʖɼɾɽʊʅʆɻʆ ʋʏʈɽɾɼɽʅʀʗ ʅɸʋʂʀ ʌɽɼɽʈɸʃʔʅʆɻʆ 

ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʆɻʆ ʎɽʅʊʈɸ çɽɼʀʅɸʗ ɻɽʆʌʀɿʀʏɽʉʂɸʗ 

ʉʃʋɾɹɸ ʈʆʉʉʀʁʉʂʆʁ ɸʂɸɼɽʄʀʀ ʅɸʋʂè  

 

 
ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

ʐɸʂʀʈʆɺɸ ɸʃɽʂʉɸʅɼʈɸ ɸʃʔɹɽʈʊʆɺʅɸ 

 

ʉɽʁʉʄʀʏʅʆʉʊʔ ɺʋʃʂɸʅɸ ʂʀɿʀʄɽʅ (ʇïʆɺ 

ʂɸʄʏɸʊʂɸ) ʇʈʀ ʀɿɺɽʈɾɽʅʀʀ ɺ 2010ï2013 ɻʆɼɸʍ 

 
ʉʧʝʮʠʘʣʴʥʦʩʪʴ 25.00.10 ï ɻʝʦʬʠʟʠʢʘ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʠʩʢʦʚ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ 

 

 

 

ɼʀʉʉɽʈʊɸʎʀʗ  

ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ  

ʢʘʥʜʠʜʘʪʘ ʛʝʦʣʦʛʦïʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʜʦʢʪʦʨ ʬʠʟʠʢʦïʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ʌʠʨʩʪʦʚ ʇʘʚʝʣ ʇʘʚʣʦʚʠʯ 

 

ʜʦʢʪʦʨ ʬʠʟʠʢʦïʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ʉʘʣʪʳʢʦʚ ɺʘʜʠʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

 

 

 

ʇɽʊʈʆʇɸɺʃʆɺʉʂïʂɸʄʏɸʊʉʂʀʁ 

2022 ʛ. 



2 

 

 

 

ʆɻʃɸɺʃɽʅʀɽ 

ɺɺɽɼɽʅʀɽ ....................................................................................................................................4 

ɻʃɸɺɸ 1. ɺʋʃʂɸʅʀʏɽʉʂʀɽ ɿɽʄʃɽʊʈʗʉɽʅʀʗ ʀ ʆʉʆɹɽʅʅʆʉʊʀ 

ʉɽʁʉʄʀʏɽʉʂʆɻʆ ʈɽɾʀʄɸ çDRUMBEATSè 

1.1 ʊʠʧʠʟʘʮʠʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ..........................................................................10 

1.2 ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʚʫʣʢʘʥʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʩʷ ʨʝʞʠʤ çdrumbeatsè......................16 

1.3 ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʨʝʞʠʤʦʚ çdrumbeatsè ...........................19 

1.4 ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 1 ...................................................................................................................29 

ɻʃɸɺɸ 2. ʉʀʉʊɽʄɸ ʉɽʁʉʄʀʏɽʉʂʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ ɺʋʃʂɸʅʆɺ ʂɸʄʏɸʊʂʀ 

2.1 ʉʝʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʂʘʤʯʘʪʢʘ .....................................................31 

2.2 ʄʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ .......................................................36 

2.3 ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 2 ...................................................................................................................41 

ɻʃɸɺɸ 3. ɺʋʃʂɸʅ ʂʀɿʀʄɽʅ ʀ ʍɸʈɸʂʊɽʈ ɽɻʆ ɸʂʊʀɺʅʆʉʊʀ ɺ 2010ï2013 ʛʛ. 

3.1 ɻʝʦʣʦʛʦïʪʝʢʪʦʥʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ .......................................................42 

3.2 ɻʣʫʙʠʥʥʦʝ ʩʪʨʦʝʥʠʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ  ...............................................................................46 

3.3 ʀʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2010ï2013 ʛʛ.  ..................................................................48 

3.4 ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ .............................................................53 

3.4.1 ʄʦʨʬʦʣʦʛʠʷ ʠ ʨʘʟʤʝʨʳ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ  ........................................................................53 

3.4.2 ʆʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʚʷʟʢʦʩʪʠ ʣʘʚʳ ......................................55 

3.5. ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 3 ..................................................................................................................57 

ɻʃɸɺɸ 4. ɺʋʃʂɸʅʆïʊɽʂʊʆʅʀʏɽʉʂʀɽ ɿɽʄʃɽʊʈʗʉɽʅʀʗ ʈɸʁʆʅɸ ɺʋʃʂɸʅɸ 

ʂʀɿʀʄɽʅ, ɺʆɿʅʀʂʐʀɽ ɼʆ ʀ ɺʆ ɺʈɽʄʗ ʀɿɺɽʈɾɽʅʀʗ 

4.1 ʉʝʡʩʤʠʯʥʦʩʪʴ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ ʧʝʨʠʦʜ 1962ï2008 ʛʛ. .....................................58 

4.2 ʉʝʡʩʤʠʯʥʦʩʪʴ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2009 ï 2013 ʛʛ. ................................................60 

4.3 ɸʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʯʘʩʪʦʪʥʦïʤʘʛʥʠʪʫʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʫʣʢʘʥʦï

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ..............................................................................................................70 

4.4 ʄʠʢʨʦʩʝʡʩʤʠʯʥʦʩʪʴ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ ʧʝʨʠʦʜ ʥʦʷʙʨʴ 2009 ï ʬʝʚʨʘʣʴ 2011  ʛ.

 .................................................................................................................................................................77 

4.5 ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 4. ..................................................................................................................80 

ɻʃɸɺɸ 5. ʉɽʁʉʄʀʏɽʉʂʀɽ ʉʀɻʅɸʃʓ ʆʊ ɺʋʃʂɸʅʀʏɽʉʂʀʍ ʇʈʆʗɺʃɽʅʀʁ 

ʀɿɺɽʈɾɽʅʀʗ ʂʀɿʀʄɽʅɸ ɺ 2010ï2013 ɻɻ. 

5.1 ʉʧʘʟʤʘʪʠʯʝʩʢʦʝ ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʜʨʦʞʘʥʠʝ ..........................................................................83 

5.2 ɿʝʤʣʝʪʨʷʩʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʦ ʚʨʝʤʷ ʩʠʣʴʥʳʭ ʵʢʩʧʣʦʟʠʡ .............................................85 

5.3 ʉʝʡʩʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʝ ʩʭʦʜ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʠ ʦʙʚʘʣʦʚ .89 

5.4 ʉʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ççdrumbeatsè ï ʠʥʜʠʢʘʪʦʨ ʜʠʥʘʤʠʢʠ ʵʢʩʪʨʫʟʠʚʥʦʡ ʠ ʵʬʬʫʟʠʚʥʦʡ 

ʬʘʟ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2010ï2013 ʛʛ. ............................................................................95 



3 

 

 

 

5.4.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè .....................................................96 

5.4.2 ʄʫʣʴʪʠʧʣʝʪʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè .......................................................100 

5.4.3 ʉʚʷʟʴ ʤʫʣʴʪʠʧʣʝʪʦʚ ʨʝʞʠʤʘ çdrumbeatsè ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʚʫʣʢʘʥʘ ..............................112 

5.4.4 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè ...............114 

5.4.5 ʆʪʨʘʞʝʥʠʝ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʨʝʞʠʤʘ 

çdrumbeatsè ..........................................................................................................................................117 

5.5 ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ çdrumbeatsè ................................122 

5.5.1 ʉʚʝʜʝʥʠʷ ʦ ʣʘʚʦʚʳʭ ʧʦʪʦʢʘʭ ʘʥʜʝʟʠʪʦʚʳʭ ʚʫʣʢʘʥʦʚ ....................................................122 

5.5.2 ɺʦʟʙʫʞʜʝʥʠʝ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʤʝʭʘʥʠʟʤʦʤ çstickïslipè ï ʛʝʥʝʨʘʪʦʨ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ çdrumbeatsè ..................................................................................................124 

5.6 ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 5 .................................................................................................................128 

ɿɸʂʃʖʏɽʅʀɽ ..........................................................................................................................131 

ʆʙʦʟʥʘʯʝʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʷ  .....................................................................................................137 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ  ...................................................................................................................139 

ʇʨʠʣʦʞʝʥʠʝ ɸ ............................................................................................................................153 

ʇʨʠʣʦʞʝʥʠʝ ɹ.............................................................................................................................155 

  



4 

 

 

 

ɺɺɽɼɽʅʀɽ 

ɺʫʣʢʘʥʳ ï ʵʪʦ ʩʣʦʞʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ 

ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʥʝʣʠʥʝʡʥʳ ʠ ʩʣʫʯʘʡʥʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʘʢʪʠʚʠʟʘʮʠʠ ʠ 

ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʠʤʝʶʪ ʨʝʛʫʣʷʨʥʫʶ ʧʝʨʠʦʜʠʯʥʦʩʪʴ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠʟʚʝʨʞʝʥʠʡ ʠ ʠʭ ʧʨʦʛʥʦʟʘ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʝʟʫʣʴʪʘʪʠʚʥʳʭ 

ʨʘʟʜʝʣʦʚ ʛʝʦʬʠʟʠʢʠ ʷʚʣʷʝʪʩʷ çʚʫʣʢʘʥʠʯʝʩʢʘʷ ʩʝʡʩʤʦʣʦʛʠʷè. ʇʝʨʚʘʷ ʪʠʧʠʟʘʮʠʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ 60ïʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʙʦʣʝʝ ʩʣʘʙʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ 

ʣʦʢʘʣʠʟʘʮʠʠ ʦʯʘʛʦʚ ʠ ʠʭ ʦʙʦʩʥʦʚʘʥʥʦʡ ʪʠʧʠʟʘʮʠʠ. ɸʥʘʣʠʟ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʠʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʨʦʜʳ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ ʜʣʷ 

ʧʨʦʛʥʦʟʘ ʠʟʚʝʨʞʝʥʠʷ ʠ ʦʮʝʥʢʠ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʫʣʢʘʥ ʂʠʟʠʤʝʥ (ʈʦʩʩʠʷ, ʧïʦʚ ʂʘʤʯʘʪʢʘ). ʇʨʝʜʤʝʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʜʦ ʠ ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ 

ʂʠʟʠʤʝʥ ʚ 2010ï2013 ʛʛ. 

ɺ ʢʦʥʮʝ 2010 ʛ. ʧʦʩʣʝ 82 ʣʝʪʥʝʛʦ ʧʝʨʝʨʳʚʘ ʥʘʯʘʣʦʩʴ ʵʢʩʧʣʦʟʠʚʥʦïɻ ʬʬʫʟʠʚʥʦï

ʵʢʩʪʨʫʟʠʚʥʦʝ ʠʟʚʝʨʞʝʥʠʝ ʘʥʜʝʟʠʪʦʚʦʛʦ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ (ʧïʦʚ ʂʘʤʯʘʪʢʘ). ʀʟʚʝʨʞʝʥʠʝ, 

ʧʨʦʜʦʣʞʘʚʰʝʝʩʷ ʪʨʠ ʛʦʜʘ (ʥʦʷʙʨʴ 2010ïʜʝʢʘʙʨʴ 2013 ʛʛ.), ʙʳʣʦ ʧʝʨʚʳʤ ʠʟʚʝʨʞʝʥʠʝʤ ʚʫʣʢʘʥʘ, 

ʧʦʜʢʨʝʧʣʝʥʥʳʤ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ʀʟʚʝʨʞʝʥʠʝ ʧʨʝʜʚʘʨʷʣʦʩʴ ʜʣʠʪʝʣʴʥʦʡ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʛʦʜʘ ʠ ʚʦʩʴʤʠ ʤʝʩʷʮʝʚ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʟʚʝʨʞʝʥʠʷ 

ʩʪʘʣ ʚʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʧʨʠ ʠʟʚʝʨʞʝʥʠʠ ʚʫʣʢʘʥʦʚ ʧïʚʘ ʂʘʤʯʘʪʢʘ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ 

çdrumbeatsè (ʙʘʨʘʙʘʥʥʳʡ ʙʦʡ). ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʩ ʚʳʩʦʢʦʡ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʠ ʙʣʠʟʢʠʤʠ ʤʘʛʥʠʪʫʜʘʤʠ ʠ ʩʚʷʟʘʥ ʩ ʚʳʞʠʤʘʥʠʝʤ ʵʢʩʪʨʫʟʠʚʥʳʭ ʢʫʧʦʣʦʚ 

ʥʘ ʚʫʣʢʘʥʘʭ ʩ ʚʷʟʢʠʤʠ ʣʘʚʘʤʠ (ʩ ʘʥʜʝʟʠʪʦʚʳʤ ʠ ʜʘʮʠʪʦʚʳʤ ʩʦʩʪʘʚʦʤ ʣʘʚ), ʠʥʦʛʜʘ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʠʜʠʤʳʭ ʧʨʠʟʥʘʢʦʚ ʠʟʚʝʨʞʝʥʠʷ. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 
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ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʚʫʣʢʘʥʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʨʝʞʠʤ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ ʠʟʚʝʨʞʝʥʠʷʭ ʩʝʤʠ 

ʚʫʣʢʘʥʦʚ ʤʠʨʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2010ï

2013 ʛʛ., ʚʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʝʪʴʶ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʠ ʦʙʲʷʩʥʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ çdrumbeatsè ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʪʠʧʘʤʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ï 

ʛʠʙʨʠʜʥʳʤʠ ʠ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʤʠ, ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʛʝʥʝʨʘʮʠʠ ʢʦʪʦʨʳʭ ʚ ʥʘʩʪʦʷʱʠʡ 

ʤʦʤʝʥʪ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ɻ ʪʦʛʦ ʚʦʧʨʦʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ 

ʠ ʪʘʢ ʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʊʝʤʘʪʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʠʦʨʠʪʝʪʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ï ʛʝʦʬʠʟʠʢʘ (ʠʟʫʯʝʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ (ʟʝʤʣʝʪʨʷʩʝʥʠʷ, 

ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʦʚ, ʮʫʥʘʤʠ); ʦʮʝʥʢʘ ʩʝʡʩʤʠʯʝʩʢʦʡ, ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʠ ʮʫʥʘʤʠ ʦʧʘʩʥʦʩʪʠ). 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, 

ʧʨʝʜʚʘʨʷʚʰʠʭ ʠ ʩʦʧʨʦʚʦʞʜʘʚʰʠʭ ʠʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʠ ʠʭ ʩʚʷʟʴ ʩ ʚʫʣʢʘʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ. 

ʉ ʫʯʝʪʦʤ ʟʘʷʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʜʘʥʥʳʭ ʦ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʫʣʢʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2011ï2013 ʛʛ. 

2. ɺʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ. 

3. ɺʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2011ï2013 ʛʛ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʤʝʥʷʶʱʝʛʦʩʷ ʭʘʨʘʢʪʝʨʘ ʠʟʚʝʨʞʝʥʠʷ. 

5. ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ çdrumbeatsè ʠ ʨʘʩʩʤʦʪʨʝʥʠʝ ʝʛʦ ʩʚʷʟʠ ʩ 

ʘʢʪʠʚʥʦʩʪʴʶ ʚʫʣʢʘʥʘ. 
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6. ʀʟʫʯʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè. 

7. ʇʨʝʜʣʦʞʝʥʠʝ ʚʦʟʤʦʞʥʦʡ ʤʦʜʝʣʠ ʤʝʭʘʥʠʟʤʘ ʛʝʥʝʨʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

çdrumbeatsè ʧʨʠ ʜʚʠʞʝʥʠʠ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦ ʩʢʣʦʥʫ ʚʫʣʢʘʥʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʠʟʚʝʨʞʝʥʠʷ 

ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2010ï2013 ʛʛ. ï ʧʝʨʚʦʛʦ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʩʝʪʴʶ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. ʇʦʜʨʦʙʥʦ ʠʟʫʯʝʥ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ çdrumbeatsè, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ 

ʚʧʝʨʚʳʝ ʧʨʠ ʠʟʚʝʨʞʝʥʠʠ ʚʫʣʢʘʥʦʚ ʧʦʣʫʦʩʪʨʦʚʘ ʂʘʤʯʘʪʢʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʥ ʚ ʦʩʥʦʚʥʦʤ 

ʦʙʫʩʣʦʚʣʝʥ ʜʚʠʞʝʥʠʝʤ ʚʷʟʢʦʛʦ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʧʦ ʩʢʣʦʥʫ ʚʫʣʢʘʥʘ. ʅʘ ʤʦʤʝʥʪ ʥʘʧʠʩʘʥʠʷ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʜʦʙʥʳʡ ʬʝʥʦʤʝʥ ʥʝ ʥʘʙʣʶʜʘʣʩʷ. 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

1. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʝʨʝʜ 

ʠʟʚʝʨʞʝʥʠʝʤ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2010ï2013 ʛʦʜʘʭ ʚʳʷʚʠʣ ʫʤʝʥʴʰʝʥʠʝ ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʘ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʩ 1.1 ʜʦ 0.85 ʚ ʪʝʯʝʥʠʝ 11 ʤʝʩʷʮʝʚ, ʯʪʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ, ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʨʝʜʝ ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ. 

2. ɺʳʜʝʣʝʥʳ ʜʚʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʦʙʣʘʩʪʠ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ 

ʢʣʘʩʩʘʤʠ KS <5, ʚʦʟʥʠʢʰʠʝ ʧʝʨʝʜ ʠʟʚʝʨʞʝʥʠʝʤ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ, ʦʪʨʘʞʘʶʱʠʝ ʧʦʜʲʝʤ ʤʘʛʤʳ ʥʘ 

ʛʣʫʙʠʥʘʭ ʤʝʥʝʝ 8 ʢʤ. 

3. ɺʳʜʝʣʝʥ ʪʠʧ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ çdrumbeatsè, ʦʙʫʩʣʦʚʣʝʥʥʡr ʜʚʠʞʝʥʠʝʤ ʚʷʟʢʦʛʦ 

ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2010ï2013 ʛʛ., ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʦʛʦ 

ʨʘʥʝʝ ʪʠʧʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʚʳʞʠʤʘʥʠʝʤ ʚʝʨʰʠʥʥʦʡ ʵʢʩʪʨʫʟʠʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʛʥʦʟʘ ʧʦʩʣʝʜʫʶʱʠʭ 

ʠʟʚʝʨʞʝʥʠʡ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʠ ʧʨʠ ʧʨʦʛʥʦʟʝ ʠʟʚʝʨʞʝʥʠʡ ʚʫʣʢʘʥʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʷʟʢʠʤʠ 

ʣʘʚʘʤʠ (ʩ ʘʥʜʝʟʠʪʦʚʳʤ ʠ ʜʘʮʠʪʦʚʳʤ ʩʦʩʪʘʚʦʤ ʣʘʚ), ʚ ʯʘʩʪʥʦʩʪʠ ʪʝʭ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʨʘʡʦʥʘʭ ʠ ʟʘ ʢʦʪʦʨʳʤʠ ʥʝ ʚʝʜʝʪʩʷ ʧʨʷʤʦʛʦ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ 
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ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ çdrumbeatsè ʨʘʩʰʠʨʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʘʫʯʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʦ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʠ ʤʝʭʘʥʠʟʤʘʭ ʛʝʥʝʨʘʮʠʠ ʩʣʘʙʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʠ ʠʟʚʝʨʞʝʥʠʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʦʡ 

ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çɽʜʠʥʘʷ ɻʝʦʬʠʟʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʈɸʅè çʂʦʤʧʣʝʢʩʥʳʝ 

ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʫʣʢʘʥʦʚ ʂʘʤʯʘʪʢʠ ʠ ʉʝʚʝʨʥʳʭ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ ʩ ʮʝʣʴʶ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʛʦʪʦʚʷʱʝʛʦʩʷ ʠʟʚʝʨʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʘ ʝʛʦ ʜʠʥʘʤʠʢʠ ʩ ʦʮʝʥʢʦʡ 

ʧʝʧʣʦʚʦʡ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʘʚʠʘʮʠʠè ˉ ɸɸɸɸïɸ19ï119031590060ï3; çʇʨʦʚʝʜʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʛʦ, ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʛʣʦʙʘʣʴʥʦʤ, 

ʬʝʜʝʨʘʣʴʥʦʤ ʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭè ˉ ɸɸɸɸï

ɸ20ï120060890034ï7. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʦʮʝʥʦʢ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʙʣʶʜʝʥʠʡ ʠ ʚʳʚʦʜʦʚ ʜʣʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʤʠʨʦʚʳʤ 

ʜʘʥʥʳʤ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʝʜʩʪʘʚʣʷʣʠʩʴ 

ʥʘ VII  ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʡ ʰʢʦʣʝ çʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭè (ʧʦʩ. ʅʘʨʦʯʴ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, 2012 ʛ.), ʥʘ 

ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʦʚʝʱʘʥʠʠ IAVCEI (ʗʧʦʥʠʷ, 2013 ʛ.), ʥʘ XIV ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʦʡ ʰʢʦʣʝ çʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭè (ʂʠʰʠʥʝʚ, ʈʝʩʧʫʙʣʠʢʘ ʄʦʣʜʦʚʘ, 2019 ʛ.), ʥʘ X ʖʙʠʣʝʡʥʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʣʥʝʯʥʦïʟʝʤʥʳʝ ʩʚʷʟʠ ʠ ʬʠʟʠʢʘ ʧʨʝʜʚʝʩʪʥʠʢʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡè (ʩ. ʇʘʨʘʪʫʥʢʘ, 

ʂʘʤʯʘʪʩʢʠʡ ʂʨʘʡ, 2019 ʛ.). ɸ ʪʘʢʞʝ ʥʘ ʩʝʤʠʥʘʨʘʭ ʠ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʧʨʦʚʦʜʠʤʳʭ ʂʘʤʯʘʪʩʢʠʤ 

ʌʠʣʠʘʣʦʤ ʌʀʎ ɽɻʉ ʈɸʅ ʠ ʀʥʩʪʠʪʫʪʦʤ ɺʫʣʢʘʥʦʣʦʛʠʠ ʠ ʉʝʡʩʤʦʣʦʛʠʠ ɼɺʆ ʈɸʅ ʚ ʛ. 
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ʇʝʪʨʦʧʘʚʣʦʚʩʢïʂʘʤʯʘʪʩʢʠʡ: IX, X ʨʝʛʠʦʥʘʣʴʥʳʭ ʤʦʣʦʜʝʞʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ 

çʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ɿʝʤʣʝè ʚ 2011 ʠ 2012 ʛʛ.; ʨʝʛʠʦʥʘʣʴʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɺʫʣʢʘʥʠʟʤ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʧʨʦʮʝʩʩʳè, ʧʦʩʚʷʱʝʥʥʦʡ ɼʥʶ ʚʫʣʢʘʥʦʣʦʛʘ ʚ 2013 ʛ.; ʥʘʫʯʥʦï

ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çʇʨʦʙʣʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ɼʘʣʴʥʝʛʦ 

ɺʦʩʪʦʢʘ ʈʦʩʩʠʠè (2013, 2019 ʠ 2021 ʛʛ.). 

ɸʚʪʦʨʩʢʠʡ ʚʢʣʘʜ 

ɺʩʝ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ 

ʫʯʘʩʪʠʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯ, ʦʙʨʘʙʘʪʳʚʘʣ ʧʨʠʚʝʜʝʥʥʳʡ ʚ ʨʘʙʦʪʝ 

ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʛʝʥʝʨʘʮʠʠ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ çdrumbeatsè ʚʳʧʦʣʥʷʣʠʩʴ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ 

ʜ.ʬ.ïʤ.ʥ. ʇ.ʇ. ʌʠʨʩʪʦʚʳʤ. ɼʠʩʩʝʨʪʘʥʪʦʤ ʣʠʯʥʦ ʥʘʧʠʩʘʥʦ ʙʦʣʝʝ 2/3 ʦʙʲʝʤʘ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʪʝʤʝ 

ʜʠʩʩʝʨʪʘʮʠʠ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʢʘʯʝʩʪʚʝ ʨʫʢʦʚʦʜʠʪʝʣʷ ʧʨʦʝʢʪʘ ʈʌʌʀ ̄ 12ï05ï31186 

(ʤʦʣ_ʘ) çʆʩʦʙʝʥʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʭ ʠʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 

2010ï2012 ʛʛ.è. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʜʠʩʩʝʨʪʘʥʪʦʤ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ, ʪʘʢʞʝ 

ʚʦʰʣʠ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʫʶ ʨʘʙʦʪʫ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ʅʘʧʨʘʚʣʝʥʠʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ, ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʫʙʣʠʢʘʮʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 25.00.10 çɻʝʦʬʠʟʠʢʘ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʠʩʢʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè ʧʦ 

ʧʫʥʢʪʘʤ: 

3. ʉʝʡʩʤʦʣʦʛʠʷ. 

4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʨʦʜʳ, ʩʚʦʡʩʪʚ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ. 

5. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʜʨ ʠ ʦʮʝʥʢʘ ʥʘʧʨʷʞʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. 

22. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʷʟʝʡ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ. 
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ʇʫʙʣʠʢʘʮʠʠ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥʳ ʚ 7 

ʩʪʘʪʴʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 4 ʩʪʘʪʴʷʭ ʚ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ 

ʧʝʨʝʯʝʥʴ ʞʫʨʥʘʣʦʚ ɺɸʂ. 

ʆʙʝ̡ʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʧʷʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʜʚʫʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʩʦʜʝʨʞʠʪ 156 ʩʪʨʘʥʠʮ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʷ 57 ʨʠʩʫʥʢʦʚ ʠ 12 ʪʘʙʣʠʮ. ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 149 ʥʘʠʤʝʥʦʚʘʥʠʡ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʬ.ïʤ.ʥ.  ʌʠʨʩʪʦʚʫ ʇʘʚʣʫ ʇʘʚʣʦʚʠʯʫ, ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʦʤʫ ʦʧʨʝʜʝʣʠʣʘʩʴ ʩʬʝʨʘ ʥʘʫʯʥʳʭ ʠʥʪʝʨʝʩʦʚ ʜʠʩʩʝʨʪʘʥʪʘ ʠ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʟʘ ʝʛʦ 

ʚʳʩʦʢʦʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ, ʧʦʩʪʦʷʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʦʤʦʱʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʦʜʛʦʪʦʚʢʝ ʜʠʩʩʝʨʪʘʮʠʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʜ.ʬ.ïʤ.ʥ. ɺʘʜʠʤʫ ɸʣʝʢʩʘʥʜʨʦʚʠʯʫ ʉʘʣʪʳʢʦʚʫ ʟʘ ʧʦʤʦʱʴ ʥʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʥʘʧʠʩʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɺ.ʊ. ɻʘʨʙʫʟʦʚʦʡ ʟʘ 

ʪʦ, ʯʪʦ ʦʥʘ ʦʙʨʘʪʠʣʘ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʦʙʳʯʥʳʡ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ çdrumbeatsè ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ 

ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʠ ʧʦʜʝʣʠʣʘʩʴ ʩʚʦʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʩ ʘʚʪʦʨʦʤ. ʊʘʢʞʝ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ 

ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ʜʠʨʝʢʪʦʨʘʤ ʂʘʤʯʘʪʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ 

çɽʜʠʥʘʷ ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʩʣʫʞʙʘ ʈɸʅè, ʛʜʝ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ɺ.ʅ. ʏʝʙʨʦʚʫ ʠ ɼ.ɺ. ʏʝʙʨʦʚʫ; 

ʨʫʢʦʚʦʜʠʪʝʣʶ ʦʪʜʝʣʘ ʨʘʜʠʦʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ɺ.ɺ. ʗʱʫʢʫ ʟʘ ʧʦʤʦʱʴ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʝʥ ʩʦʘʚʪʦʨʘʤ ʧʫʙʣʠʢʘʮʠʡ, ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʢʦʪʦʨʳʤʠ 

ʙʳʣ ʧʦʣʫʯʝʥ ʨʷʜ ʠʥʪʝʨʝʩʥʳʭ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ: ʆ.ɺ. ɸʨʙʫʛʘʝʚʦʡ, ʀ.ɸ. ɿʘʚʦʜʝʚʢʠʥʫ, 

ʊ.ʖ. ʂʦʞʝʚʥʠʢʦʚʦʡ, ʈ.ʀ. ʇʘʨʦʚʠʢʫ. ɸ ʪʘʢʞʝ ʢʦʣʣʝʛʘʤ ʀ.ʈ. ɸʙʫʙʘʢʠʨʦʚʫ, ɸ.ɹ. ɹʝʣʦʫʩʦʚʫ, ɼ.ɺ. 

ɼʨʦʟʥʠʥʫ, ɸ.ʀ. ʂʦʞʫʨʠʥʫ, ɽ.ʆ. ʄʘʢʘʨʦʚʫ, ɽ.ɸ. ʄʘʪʚʝʝʥʢʦ, ʄ.ʖ. ʅʝʢʨʘʩʦʚʦʡ, ʀ.ʅ. ʅʫʞʜʠʥʦʡ, ɺ. 

ʄ. ʇʘʚʣʦʚʫ, ɸ.ɸ. ʈʘʝʚʩʢʦʡ, ɸ.ɺ. ʈʘʰʠʜʦʚʫ, ʉ.ʃ. ʉʝʥʶʢʦʚʫ, ʆ.ɺ. ʉʦʙʦʣʝʚʩʢʦʡ, ɸ.ʉ. ʏʝʤʘʨʝʚʫ ʟʘ 

ʢʦʥʩʫʣʴʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʣʠ ʧʨʦʷʩʥʠʪʴ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʟʘʪʨʦʥʫʪʳʭ ʚ ʨʘʙʦʪʝ.  
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ɻʃɸɺɸ 1. ɺʋʃʂɸʅʀʏɽʉʂʀɽ ɿɽʄʃɽʊʈʗʉɽʅʀʗ ʀ ʆʉʆɹɽʅʅʆʉʊʀ 

ʉɽʁʉʄʀʏɽʉʂʆɻʆ ʈɽɾʀʄɸ çDRUMBEATSè 

1.1 ʊʠʧʠʟʘʮʠʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʚ ʨʘʡʦʥʘʭ ʘʢʪʠʚʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ, ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ 

ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʛʤʘʪʠʟʤʦʤ, ʦʪʥʦʩʷʪʩʷ ʢ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ. 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʧʦʧʳʪʦʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʬʦʨʤʝ ʟʘʧʠʩʠ 

ʠ ʠʭ ʩʚʷʟʠ ʩ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʈʦʩʩʠʡʩʢʠʤ ʚʫʣʢʘʥʦʣʦʛʦʤ 

ɻ.ʉ. ɻʦʨʰʢʦʚʳʤ ʚ 1949 ʛ. [ɻʦʨʰʢʦʚ, 1954ʘ]. ɺʩʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʨʘʡʦʥʘ ʂʣʶʯʝʚʩʢʦʡ ʛʨʫʧʧʳ 

ʚʫʣʢʘʥʦʚ (ʂʘʤʯʘʪʢʘ), ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʩʝʡʩʤʦʩʪʘʥʮʠʝʡ çʂʣʶʯʠè ʙʳʣʠ ʨʘʟʙʠʪʳ ʥʘ 7 ʪʠʧʦʚ. 

ʊʘʢ ʢʘʢ ʘʥʘʣʦʛʦʚʘʷ ʨʝʛʠʩʪʨʘʮʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʝʣʘʩʴ ʩ ʤʘʣʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʥʝʙʦʣʴʰʠʤ 

ʫʚʝʣʠʯʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʷ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʩʪʘʪʠʩʪʠʢʫ, ʪʦ ɻʪʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʙʳʣʘ 

ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʥʦʡ. ɺ ʨʘʙʦʪʝ [ɻʦʨʰʢʦʚ, 1954ʙ] ʜʘʥʦ ʦʧʠʩʘʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, 

ʩʦʧʨʦʚʦʞʜʘʚʰʠʭ ʠʟʚʝʨʞʝʥʠʝ ʧʦʙʦʯʥʦʛʦ ʢʨʘʪʝʨʘ ʚʫʣʢʘʥʘ ʂʣʶʯʝʚʩʢʦʛʦ (ʢʨʘʪʝʨ ɹʳʣʠʥʢʠʥʦʡ). ɺ 

ʵʪʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʟʘʪʨʦʥʫʪʳ ʚʦʧʨʦʩʳ ʪʝʨʤʠʥʦʣʦʛʠʠ ʠ ʚʧʝʨʚʳʝ ʜʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ çʚʫʣʢʘʥʦï

ʪʝʢʪʦʥʠʯʝʩʢʠʭè ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʨʘʡʦʥʘʤ ʘʢʪʠʚʥʳʭ ʚʫʣʢʘʥʦʚ, ʧʨʠ ʵʪʦʤ ʠʤʝʶʱʠʭ 

ʤʝʭʘʥʠʟʤ ʦʯʘʛʘ, ʢʘʢ ʫ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. 

ɺ ʦʩʥʦʚʫ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʷʧʦʥʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ 

ʊ. ʄʠʥʘʢʘʤʠ [Minakami, 1960], ʧʦʣʦʞʝʥʘ ʠʭ ʩʚʷʟʴ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʚʫʣʢʘʥʘ, ʬʦʨʤʘ ʟʘʧʠʩʠ ʠ 

ʛʣʫʙʠʥʘ ʦʯʘʛʦʚ. ɺ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ: ʪʠʧ ɸ ï 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʯʘʩʪʦʪʦʡ f å 10 ɻʮ ʠ ʛʠʧʦʮʝʥʪʨʘʤʠ ʧʦʜ ʚʫʣʢʘʥʠʯʝʩʢʦʡ 

ʧʦʩʪʨʦʡʢʦʡ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʚʘʨʷʶʪ 

ʠʟʚʝʨʞʝʥʠʷ. ʊʠʧ B ï ʨʦʝʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʙʦʣʝʝ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ f å 1ï

3 ɻʮ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʪʜʝʣʴʥʳʝ ʵʢʩʧʣʦʟʠʠ ʚ ʢʨʘʪʝʨʝ ʚʫʣʢʘʥʘ 

ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʚʟʨʳʚʥʳʤʠ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ (ʵʢʩʧʣʦʟʠʷʤʠ). 

ʂʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʝ çʚʫʣʢʘʥʠʯʝʩʢʦʝ ʜʨʦʞʘʥʠʝè ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ, ʢʦʛʜʘ ʥʝʧʨʝʨʳʚʥʦ ʧʨʦʠʩʭʦʜʷʪ 

ʵʢʩʧʣʦʟʠʠ ʠʣʠ ʥʝʧʨʝʨʳʚʥʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʧʦʩʪʨʦʡʢʝ ʚʫʣʢʘʥʘ. 
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ʇʦʟʜʥʝʝ, ʥʘ ʧʨʠʤʝʨʝ ʠʟʚʝʨʞʝʥʠʡ ʚʫʣʢʘʥʦʚ ʂʘʤʯʘʪʢʠ, ʙʳʣʠ ʚʳʜʝʣʝʥʳ 5 ʪʠʧʦʚ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [ʊʦʢʘʨʝʚ, 1966], ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʱʠʭʩʷ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ 

ʄʠʥʘʢʘʤʠ. ʊʠʧ I ï ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʦʯʘʛʠ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʥʘ ʛʣʫʙʠʥʝ 5ï30 ʢʤ. 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ I ʪʠʧʘ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʫʰʝʥʠʷ ʛʝʦʩʨʝʜʳ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ 

ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʧʦʩʪʨʦʡʢʠ ʠ ʝʝ ʬʫʥʜʘʤʝʥʪʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʠ ʚʥʝʜʨʝʥʠʠ ʤʘʛʤʳ. ɹʦʣʝʝ 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ II ʪʠʧʘ ʩ ʥʝʯʝʪʢʠʤʠ ʚʩʪʫʧʣʝʥʠʷʤʠ ʈï ʠ Sïʚʦʣʥ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 

ʢʘʢ ʚ ʧʝʨʠʦʜ ʧʦʜʛʦʪʦʚʢʠ ʠʟʚʝʨʞʝʥʠʡ, ʪʘʢ ʠ ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʡ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʯʘʛʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ II ʪʠʧʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʙʣʠʟʠ ʚʳʚʦʜʥʦʛʦ ʢʘʥʘʣʘ ʥʘ ʛʣʫʙʠʥʘʭ ʚʳʰʝ 3ï5 ʢʤ ʠ 

ʩʚʷʟʘʥʳ ʩ ʜʚʠʞʝʥʠʝʤ ʤʘʛʤʳ ʧʦ ʚʳʚʦʜʥʦʤʫ ʢʘʥʘʣʫ. ʊʠʧ III ʧʦ ʬʦʨʤʝ ʟʘʧʠʩʠ ʥʘʧʦʤʠʥʘʝʪ ʪʠʧ II, 

ʥʦ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʧʝʨʠʦʜʳ ʦʙʲʝʤʥʳʭ ʚʦʣʥ ʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ. ʆʯʘʛʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʵʪʦʛʦ ʪʠʧʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʘʤʳʭ ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʨʳʭʣʳʭ ʦʩʘʜʢʦʚ ʥʘ ʫʜʘʣʝʥʠʠ ʥʝ 

ʙʦʣʝʝ ʦʜʥʦʛʦ ʢʠʣʦʤʝʪʨʘ ʦʪ ʘʢʪʠʚʥʦʛʦ ʢʨʘʪʝʨʘ. ʊʠʧ IV ï ʚʟʨʳʚʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʠ ʩʚʷʟʘʥ ʩ ʚʟʨʳʚʘʤʠ ʛʘʟʦʚ ʚ ʢʨʘʪʝʨʝ ʚʫʣʢʘʥʘ. ʊʠʧ V ï ʚʫʣʢʘʥʠʯʝʩʢʦʝ 

ʜʨʦʞʘʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʙʣʠʟʢʠʝ ʢ ʛʘʨʤʦʥʠʯʝʩʢʠʤ, 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. ɼʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʨʠʤʝʥʷʝʪʩʷ 

ʚ ʂʌ ʌʀʎ ɽɻʉ ʈɸʅ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [ʉʝʥʶʢʦʚ, 2013]. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʩʝʡʩʤʦʣʦʛʠʠ ʮʠʬʨʦʚʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʚʥʝʜʨʝʥʠʝʤ 

ʧʨʦʛʨʘʤʤ ʜʣʷ ʜʝʪʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʮʠʬʨʦʚʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʦʚ, ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʣʥʦʚʳʝ ʬʦʨʤʳ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʩ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ ʛʠʧʦʮʝʥʪʨʦʚ 

ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʯʪʦ ʧʦʩʣʫʞʠʣʦ ʪʦʣʯʢʦʤ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʪʠʧʠʟʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʫʥʘʩʣʝʜʦʚʘʣʘ ʪʠʧʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʨʘʥʝʝ. 

ɺ ʨʘʙʦʪʘʭ [McNutt, 1996; Power, 1994; ɻʦʨʜʝʝʚ, ʉʝʥʶʢʦʚ, 1998] ʧʨʠʚʝʜʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʝʜʚʘʨʷʚʰʠʭ ʠ ʩʦʧʨʦʚʦʞʜʘʚʰʠʭ ʠʟʚʝʨʞʝʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʚʫʣʢʘʥʦʚ ʤʠʨʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 10 ʢʤ ʦʪ ʢʨʘʪʝʨʘ ʚʫʣʢʘʥʘ, 

ʚʦʣʥʦʚʳʝ ʬʦʨʤʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.1. 
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ʈʠʩʫʥʦʢ 1.1 ï ɺʦʣʥʦʚʳʝ ʬʦʨʤʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ: a ï 

ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʦʝ; ʙ ï ʛʠʙʨʠʜʥʦʝ; ʚ ï ʜʣʠʥʥʦʧʝʨʠʦʜʥʦʝ; ʛ ï ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʜʨʦʞʘʥʠʝ; ʜ ï 

ʚʟʨʳʚʥʦʝ. ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ: ʘïʛïʚ ~8 ʢʤ ʦʪ ʢʨʘʪʝʨʘ ʚʫʣʢʘʥʘ ʈʝʜʘʫʪ [Power, 

1994]; ʜ ï ʥʘ ʚʫʣʢʘʥʝ ʇʘʚʣʦʚ ʚ 8.5 ʢʤ ʦʪ ʢʨʘʪʝʨʘ [McNutt, 1996]. 

 

ɺʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʤʝʶʪ ʯʝʪʢʠʝ ʚʩʪʫʧʣʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ Pï ʠ 

ʧʦʧʝʨʝʯʥʳʭ Sïʚʦʣʥ (ʨʠʩʫʥʦʢ 1.1ʘ) ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʯʘʩʪʦʪʦʡ f å 10 ɻʮ. ʕʪʠ ʩʦʙʳʪʠʷ ʩʚʷʟʘʥʳ ʩ 

ʭʨʫʧʢʠʤ ʨʘʟʨʫʰʝʥʠʝʤ ʛʝʦʩʨʝʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʦʜʲʝʤʦʤ ʤʘʛʤʳ ʢ 

ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ ʛʣʫʙʠʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɻʠʙʨʠʜʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠ ̫ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, ʯʪʦ ʧʦʩʣʝ ʯʝʪʢʠʭ ʚʩʪʫʧʣʝʥʠʡ ʩ f å 3ï10 

ɻʮ ʚ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠ ʟʘʧʠʩʠ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʧʠʩʴ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʢʦʜʘ ʚʦʣʥ (ʨʠʩʫʥʦʢ 1.1ʙ). 

ʊʘʢʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ, ʧʦ ʤʥʝʥʠʶ ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ [ɻʦʨʜʝʝʚ, ʉʝʥʶʢʦʚ, 1998; Carlisle, 2013; Power, 

1994], ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʨʫʰʝʥʠʝʤ ʛʝʦʩʨʝʜʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʤʘʛʤʳ ʠʣʠ ʬʣʶʠʜʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʱʠʥʳ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʝʝ ʟʘʧʦʣʥʝʥʠʷ, ʚʳʜʝʣʷʶʱʝʡʩʷ ʠʟ ʤʘʛʤʳ ʛʘʟʦʚʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʣʠ ʬʣʶʠʜʦʤ. ʊʘʢʞʝ ʪʘʢʠʝ ʯʘʩʪʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʨʝʟʦʥʘʥʩʦʤ ʢʘʥʘʣʘ 

[Neuberg et al., 2006]. ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ [Harrington, Brodsky, 2007] ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʠ ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʳ ʛʠʙʨʠʜʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʙʣʠʟʢʦʛʦ ʢ ʟʥʘʯʝʥʠʷʤ ʜʣʷ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ, ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʚʦʣʥʦʚʳʭ ʬʦʨʤ ʦʙʲʷʩʥʷʶʪʩʷ ʭʨʫʧʢʠʤ ʨʘʟʨʫʰʝʥʠʝʤ ʩʨʝʜʳ ʩ 

ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʟʨʳʚʘ. ʕʪʦʪ ʪʠʧ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʨʘʟʫʝʪ ʨʦʝʚʳʝ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʣʠ ʤʫʣʴʪʠʧʣʝʪʳ, ʢʦʛʜʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʙʣʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʷʪ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠ. 

ɼʣʷ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʦʯʘʛʘʤʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʜʥʝʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʘ ʙʦʣʝʝ ʥʠʟʢʘʷ ʯʘʩʪʦʪʘ f å 1ï5 ɻʮ (ʨʠʩʫʥʦʢ 1.1ʚ). ʆʥʠ, ʢʘʢ ʠ ʛʠʙʨʠʜʥʳʝ, 

ʦʙʨʘʟʫʶʪ ʨʦʝʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʣʠ ʤʫʣʴʪʠʧʣʝʪʳ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ 

ʤʝʩʷʮʝʚ. ɿʝʤʣʝʪʨʷʩʝʥʠʝ ʚ ʨʦʷʭ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʚʦʣʥʦʚʳʝ ʬʦʨʤʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʵʪʦʪ ʪʠʧ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʤʝʥʫʝʪʩʷ çʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠè (low frequency). ɼʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʯʘʱʝ ʚʩʝʛʦ ʩʚʷʟʳʚʘʶʪ ʩ ʜʚʠʞʝʥʠʝʤ ʞʠʜʢʦʩʪʝʡ ʠʣʠ ʛʘʟʘ [Harrington, Brodsky, 2007]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʦʥʠ ʦʪʨʘʞʘʶʪ ʢʦʣʝʙʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʧʦʩʪʨʦʡʢʝ ʠ ʩʣʫʞʘʪ ʠʥʜʠʢʘʪʦʨʦʤ 

ʧʨʠʙʣʠʞʘʶʱʝʡʩʷ ʤʘʛʤʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʦʛʦ ʠʟʚʝʨʞʝʥʠʷ [Chouet, 

1996]. 

ɺʫʣʢʘʥʠʯʝʩʢʦʝ ʜʨʦʞʘʥʠʝ ï ʥʝʧʨʝʨʳʚʥʳʝ ʢʚʘʟʠʛʘʨʤʦʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ 

ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʯʘʩʪʦʪʘʤʠ f å 1ï5 ɻʮ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʚʦ ʚʨʝʤʷ ʧʦʯʪʠ ʢʘʞʜʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʠʟʚʝʨʞʝʥʠʷ (ʨʠʩʫʥʦʢ 1.1ʚ). ɺ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʙʦʪʘʭ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʠʩʪʦʯʥʠʢ ʜʨʦʞʘʥʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʧʠʪʘʶʱʝʡ ʩʠʩʪʝʤʝ ʚʫʣʢʘʥʘ [ɻʦʨʜʝʝʚ, 2007; Droznin et al., 2015]. 

ɺʟʨʳʚʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪ ʦʪʜʝʣʴʥʳʝ ʵʢʩʧʣʦʟʠʠ ʚ ʢʨʘʪʝʨʝ ʚʫʣʢʘʥʘ (ʨʠʩʫʥʦʢ 

1e). 

ɺ ʨʘʙʦʪʝ ɺ.ʄ. ɿʦʙʠʥʘ, ʚʳʜʝʨʞʘʚʰʝʡ ʪʨʠ ʠʟʜʘʥʠʷ [Zobin, 2003, 2012, 2017], ʪʠʧʠʟʘʮʠʷ 

ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʦ ʟʘʧʠʩʷʤ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 4 ʢʤ ʦʪ ʢʨʘʪʝʨʘ ʚʫʣʢʘʥʘ 

ʂʦʣʠʤʘ (ʉʝʚʝʨʥʘʷ ɸʤʝʨʠʢʘ, ʂʦʨʜʠʣʴʝʨʳ). ɺ ʮʝʣʦʤ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʠʤ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʙʣʠʟʢʘ ʢ 

ʚʳʰʝ ʨʘʩʩʤʦʪʨʝʥʥʦʡ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ̫ʚʣʷʶʪʩʷ ʦʯʝʥʴ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ (çvery long periodè) ʩ ʯʘʩʪʦʪʦʡ 0.01 ï 0.5 ɻʮ, ʚʳʜʝʣʝʥʥʳʝ ʚ 1999 ʛ. [Arciniegaï

Ceballos et al., 1999], ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʨʘʟʨʫʰʘʶʱʠʤʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʚʫʣʢʘʥʘ. ɺ ʧʦʩʣʝʜʥʝʡ ʨʘʙʦʪʝ [Zobin, 2017] ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʝʤʝʡʩʪʚʘ 

ʤʠʢʨʦʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʬʬʫʟʠʚʥʦʡ ʠ ʵʢʩʧʣʦʟʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚʫʣʢʘʥʦʚ. 

https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Arciniega-Ceballos%2C+Alejandra
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Arciniega-Ceballos%2C+Alejandra
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ɺ ʨʘʙʦʪʝ [ɻʘʨʙʫʟʦʚʘ, ʉʦʙʦʣʝʚʩʢʘʷ, 2009] ʚʳʜʝʣʝʥ ʝʱʝ ʦʜʠʥ ʪʠʧ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ï 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʩʝʨʠʠ. ɿʝʤʣʝʪʨʷʩʝʥʠʷ ɻ ʪʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʛʠʙʨʠʜʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʪʠʧʦʚ II, III, 

IV ʠ ʜʨʦʞʘʥʠʷ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʝʨʠʡ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 2ï3 ʤʠʥʫʪ ʜʦ 2ï3 ʯʘʩʦʚ ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʷʜ ʥʝʧʨʝʨʳʚʥʦ ʩʣʝʜʫʶʱʠʭ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʙʳʪʠʡ. ʀʥʦʛʜʘ 

ʚ ʩʝʨʠʷʭ ʚʳʜʝʣʷʶʪʩʷ ʦʙʲʝʤʥʳʝ ʚʦʣʥʳ, ʥʦ ʯʘʱʝ ʚʩʝʛʦ ʦʥʠ ʩʦʩʪʦʷʪ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ. 

ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʵʪʠʭ ʩʦʙʳʪʠʡ f å 0.5ï2 ɻʮ. ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʵʪʦʛʦ ʪʠʧʘ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʶʪ 

ʢʘʢʫʶïʣʠʙʦ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʚʫʣʢʘʥʝ: ʵʢʩʧʣʦʟʠʠ, ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʧʦʪʦʢʠ, ʘ ʪʘʢʞʝ ʩʭʦʜ 

ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʣʘʚʠʥ ʩ ʘʢʪʠʚʥʳʭ ʢʫʧʦʣʦʚ. 

ʂʨʦʤʝ ʦʙʱʝʧʨʠʥʷʪʳʭ ʪʠʧʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʥʘʙʣʶʜʘʝʤʳʭ ʥʘ ʚʩʝʭ ʚʫʣʢʘʥʘʭ ʤʠʨʘ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʝʱʝ ʦʜʠʥ ʪʠʧ ï tornillo (ʚʠʥʪ), ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʦʥʦʭʨʦʤʥʳʤ ʯʘʩʪʦʪʥʳʤ ʩʧʝʢʪʨʦʤ ʚʦʣʥʦʚʦʡ ʬʦʨʤʳ ʠ ʙʦʣʴʰʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʢʦʜʘïʚʦʣʥ 

[Cannata et al., 2012; Gomez, 1999]. ʊʘʢ, ʧʨʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʘʢʪʠʚʠʟʘʮʠʷʭ ʚʫʣʢʘʥʘ ɺʦʣʢʘʥʦ 

(Vulcano) (ʃʠʧʘʨʩʢʠʝ ʦʩʪʨʦʚʘ, ʀʪʘʣʠʷ), ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʢʦʪʦʨʳʭ ʦʙʲʷʩʥʷʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʚʦʜʥʦʛʦ ʬʣʶʠʜʘ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʪʝʣʦʤ [Milluzzo et al., 

2010]. ʊʘʢʞʝ çʚʠʥʪʦʚʳʝè ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʥʘ ʚʫʣʢʘʥʝ ɻʘʣʝʨʘʩ (Galeras) (ʮʝʥʪʨʘʣʴʥʳʝ 

ɸʥʜʳ) ʧʝʨʝʜ ʠ ʧʦʩʣʝ ʠʟʚʝʨʞʝʥʠʡ [Gomez, 1999]. 

ɺʦ ʚʨʝʤʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʚʫʣʢʘʥʘ ʀʚʦïʜʟʠʤʘ (ʗʧʦʥʩʢʠʝ ʦʩʪʨʦʚʘ) ʚ ʩʝʥʪʷʙʨʝ 

1997 ʛ. ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʦʩʦʙʦʡ ʚʦʣʥʦʚʦʡ ʬʦʨʤʦʡ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʪʠʧʘ ʙʳʣʘ ʧʨʝʜʚʘʨʷʶʱʘʷ ʦʩʥʦʚʥʦʡ ʪʦʣʯʦʢ ʢʦʨʦʪʢʘʷ ʟʘʧʠʩʴ ʩʣʘʙʳʭ 

ʢʦʣʝʙʘʥʠʡ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʘʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʤʦʛʫʪ ʚʦʟʙʫʞʜʘʪʴʩʷ ʧʫʟʳʨʴʢʘʤʠ ʛʘʟʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʩʜʚʠʛʦʚʳʤ ʨʘʟʨʫʰʝʥʠʝʤ ʚʳʩʦʢʦʚʷʟʢʦʡ ʨʠʦʣʠʪʦʚʦʡ ʤʘʛʤʳ [Naokuni, Takayuki, 

2002]. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʦʝʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʠʙʨʠʜʥʳʭ ʠ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʚʳʞʠʤʘʥʠʝ ʚʷʟʢʠʭ ʣʘʚʦʚʳʭ ʧʦʪʦʢʦʚ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ ʥʘ 

ʵʢʩʪʨʫʟʠʚʥʦʤ ʢʫʧʦʣʝ ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʡ ʘʥʜʝʟʠʪʦʚʳʭ ʠ ʜʘʮʠʪʦʚʳʭ ʚʫʣʢʘʥʦʚ, ʠʤʝʶʪ ʭʦʨʦʰʦ 

ʚʳʨʘʞʝʥʥʳʡ ʢʚʘʟʠʧʝʨʠʦʜ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ ʜʦʣʝʡ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. 
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ʊʘʢʦʡ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ çdrumbeatsè (ʙʘʨʘʙʘʥʥʳʡ ʙʦʡ) ʚʦ ʚʨʝʤʷ 

ʠʟʚʝʨʞʝʥʠʷ ʚ. ʉʝʥʪïʍʝʣʝʥʩ ʚ 2004ï2005 ʛʛ. (ʨʠʩʫʥʦʢ 1.2ʘ) [Moran et al., 2008]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè ʷʚʣʷʶʪʩʷ: ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʴ ʠʭ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʜʦ ʤʝʩʷʮʝʚ), ʧʦʜʦʙʥʳʝ 

ʚʦʣʥʦʚʳʝ ʬʦʨʤʳ, ʠ ʥʝʙʦʣʴʰʠʝ ʚʘʨʠʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 

ʤʘʛʥʠʪʫʜʘʤʠ ʄ <3. ʅʘ ʨʠʩʫʥʢʝ 1.2 ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʟʘʧʠʩʝʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ 

çdrumbeatsè, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʥʝʢʦʪʦʨʳʭ ʘʥʜʝʟʠʪʦʚʳʭ ʚʫʣʢʘʥʘʭ ʤʠʨʘ. 

 

 
ʈʠʩʫʥʦʢ 1.2 ï ʇʨʠʤʝʨ ʟʘʧʠʩʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ 

ʚʫʣʢʘʥʘʭ: ʘ ï ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʉʝʥʪïʍʝʣʝʥʩ, 2005 ʛ. [Matoza, Chouet, 2010]; ʙ ï 

ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʈʝʜʘʫʪ, 2009 ʛ. [Carlisle, 2013]; ʚ ï ʛʠʙʨʠʜʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, 

ʉʫʬʨʠʝʨʝïʍʠʣʣʩ, 1995 ʛ. [Rowe et al., 2004]; ʛ ï ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʇʠʯʠʥʯʘ 

ɻʫʘʛʫʘ, 1999 ʛ. [Garsia et al., 2007]; ʜ ï ʛʠʙʨʠʜʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʂʠʟʠʤʝʥ, 2011 ʛ. [ʌʠʨʩʪʦʚ, 

ʐʘʢʠʨʦʚʘ, 2012ʘ]. 
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1.2 ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʚʫʣʢʘʥʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʩʷ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ 

çdrumbeatsè 

ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʚʫʣʢʘʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʡ ʨʝʞʠʤ 

çdrumbeatsè ʥʘʙʣʶʜʘʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʦ. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʠʟʚʝʩʪʥʳ ʠʟʚʝʨʞʝʥʠʷ 

ʩʝʤʠ ʚʫʣʢʘʥʦʚ ʩ ʘʥʜʝʟʠʪʦʚʳʤ ʠ ʜʘʮʠʪʦʚʳʤ ʩʦʩʪʘʚʦʤ ʣʘʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ 

ʩʚʝʪʘ, ʥʘ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʩʷ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ çdrumbeatsè: ʉʝʥʪïʍʝʣʝʥʩ (Saint Helens, 

ʂʘʩʢʘʜʥʳʝ ʛʦʨʳ, ʉʝʚʝʨʥʘʷ ɸʤʝʨʠʢʘ), 1982 ʠ 2004ï2005 ʛʛ.; ʈʝʜʘʫʪ (Redoubt, ɸʣʝʫʪʩʢʠʝ ʦʩʪʨʦʚʘ, 

ɸʣʷʩʢʘ), 1989 ʛ. ʠ 2009 ʛ.; ʉʫʬʨʠʝʨʝïʍʠʣʣʩ (Soufriere Hills, ʦʩʪʨʦʚ ʄʦʥʪʩʝʨʨʘʪ, ʤʘʣʳʝ 

ɸʥʪʠʣʴʩʢʠʝ ʦʩʪʨʦʚʘ), 1995ï1997 ʛʛ.; ʇʠʯʠʥʯʘ ɻʫʘʛʫʘ (Guagua Pichincha, ɿʘʧʘʜʥʳʝ ʂʦʨʜʠʣʴʝʨʳ, 

ʖʞʥʘʷ ɸʤʝʨʠʢʘ), 1999 ʛ.; ʈʝʚʝʥʪʘʜʦʨ (Reventador, ɺʦʩʪʦʯʥʳʝ ɸʥʜʳ, ʕʢʚʘʜʦʨ), 2004ï2005 ʛ.; 

ɸʚʛʫʩʪʠʥ (Augustine, ʦ. ʉʝʥʪïʆʛʘʩʪʠʥ, ɸʣʷʩʢʘ), 2004 ʠ 2005 ʛʛ.; ʊʫʥʛʫʨʘʫʘ (Tungurahua, ɸʥʜʳ, 

ʕʢʚʘʜʦʨ), 2015 ʛ. (ʨʠʩʫʥʦʢ 1.3). 

ɺʫʣʢʘʥ ʉʝʥʪïʍʝʣʝʥʩ (2975 ʤ) ï ʩʪʨʘʪʦʚʫʣʢʘʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʦʢʨʫʛʝ ʉʢʘʤʘʥʠʷ, ʰʪʘʪ 

ɺʘʰʠʥʛʪʦʥ, ʉʐɸ, c ʜʘʮʠʪʦʚʳʤʠ ʣʘʚʘʤʠ. ɼʦ ʠʟʚʝʨʞʝʥʠʷ 1980 ʛ. ʦʥ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ 

ʩʪʨʘʪʦʚʫʣʢʘʥ ʩ ʢʨʫʪʳʤʠ ʩʢʣʦʥʘʤʠ ʠ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʦʡ 2975 ʤ. ʀʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʘ 1980 ʛ. 

ʥʘʯʘʣʦʩʴ ʩ ʠʥʪʝʥʩʠʚʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʬʨʝʘʪʠʯʝʩʢʦʛʦ ʠʟʚʝʨʞʝʥʠʷ. ʂʫʣʴʤʠʥʘʮʠʝʡ 

ʩʪʘʣ ʦʙʚʘʣ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʡʩʷ ʥʘʧʨʘʚʣʝʥʥʳʤ ʚʟʨʳʚʦʤ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʦʱʥʳʤ ʧʣʠʥʠʘʥʩʢʠʤ 

ʠʟʚʝʨʞʝʥʠʝʤ [Endo et al., 1981]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʞʠʤʘʥʠʝ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ ʚ 

ʢʨʘʪʝʨʝ ʚʫʣʢʘʥʘ [Bogoyavlenskaya et al., 1985]. ɺ 1982ï1983 ʛʛ. ʵʢʩʪʨʫʟʠʚʥʳʡ ʢʫʧʦʣ ʚʳʞʠʤʘʣʩʷ 

ʩʦ ʩʢʦʨʦʩʪʴʶ 0.7 ʤ3/ʩ. ʂ ʦʢʪʷʙʨʶ 1986 ʛ. ʣʘʚʦʚʳʡ ʢʫʧʦʣ ʚʦʟʚʳʰʘʣʩʷ ʥʘ 270 ʤ ʥʘʜ ʢʨʘʪʝʨʦʤ, 

ʦʙʨʘʟʦʚʘʚʰʝʤʩʷ ʚ 1980 ʛ. ʠ ʠʤʝʣ ʦʙʲʝʤ (75ï77)Ĭ106ʤ3 [Swanson, Holcomb, 1990]. ɺʩʧʳʰʢʘ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘʙʣʶʜʘʣʘʩʴ ʚ 2004ï2006 ʛʛ., ʢʦʛʜʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʳʞʠʤʘʥʠʝʤ ʵʢʩʪʨʫʟʠʚʥʦʛʦ 

ʢʫʧʦʣʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʤʦʱʥʳʝ ʵʢʩʧʣʦʟʠʠ [Moran et al., 2008]. ɺrʞʠʤʘʥʠʝ ʵʢʩʪʨʫʟʠʠ ʩʦ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ 5 ʤ3/ʩ ʦʩʝʥʴʶ 2004 ʛ. ʜʦ 1 ʤ3/ʩ ʚ ʥʘʯʘʣʝ 2006 ʛ. ʧʨʠʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʭʨʝʙʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʪʨʝʭ ʧʠʢʦʚ (ʨʠʩʫʥʦʢ 1.3), ʠ ʨʘʚʥʦʤʫ ʧʨʠʤʝʨʥʦ ʦʙʲʝʤʫ ʩʪʘʨʦʛʦ ʢʫʧʦʣʘ 1986 

ʛʦʜʘ [Sherrod et al., 2008]. 

https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%B0%D1%82%D0%BE%D0%B2%D1%83%D0%BB%D0%BA%D0%B0%D0%BD
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%B0%D0%BC%D0%B0%D0%BD%D0%B8%D1%8F_(%D0%BE%D0%BA%D1%80%D1%83%D0%B3,_%D0%92%D0%B0%D1%88%D0%B8%D0%BD%D0%B3%D1%82%D0%BE%D0%BD)
https://ru.wikipedia.org/wiki/%D0%92%D0%B0%D1%88%D0%B8%D0%BD%D0%B3%D1%82%D0%BE%D0%BD_(%D1%88%D1%82%D0%B0%D1%82)
https://ru.wikipedia.org/wiki/%D0%A1%D0%A8%D0%90
https://www.sciencedirect.com/science/article/pii/0264370785900353#!
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ɺʫʣʢʘʥ ʈʝʜʘʫʪ (3129 ʤ) ï ʘʥʜʝʟʠʪʦʚʳʡ ʚʫʣʢʘʥ ʚ ʶʞʥʦïʮʝʥʪʨʘʣʴʥʦʡ ɸʣʷʩʢʝ ʩ ʢʘʣʴʜʝʨʦʡ 

ʜʠʘʤʝʪʨʦʤ 2.3Ŀ1.1 ʢʤ [Bull et al., 2013]. ʀʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʘ ʈʝʜʘʫʪ ʚ 1989ï1990 ʛʛ. 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʦʱʥʳʤʠ ʠʟʚʝʨʞʝʥʠʷʤʠ ʪʝʬʨʳ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʥʘ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ, 

ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʤʠ ʠ ʩʝʣʝʚʳʤʠ ʧʦʪʦʢʘʤʠ ʠ ʵʧʠʟʦʜʠʯʝʩʢʠʤ ʚʳʞʠʤʘʥʠʝʤ ʢʫʧʦʣʘ ʩ ʝʛʦ 

ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʨʫʰʝʥʠʝʤ ʤʦʱʥʳʤʠ ʵʢʩʧʣʦʟʠʷʤʠ [Power, 1994; Power et al., 2013b]. ɺʦ ʚʨʝʤʷ 

ʵʪʦʛʦ ʠʟʚʝʨʞʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʟʥʠʢʣʦ 14 ʢʫʧʦʣʦʚ, 13 ʠʟ ʢʦʪʦʨʳʭ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣʠ ʨʘʟʨʫʰʝʥʳ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʦʙʚʘʣʦʤ [Miller  et al., 1998a]. ʇʦʚʪʦʨʷʶʱʘʷʩʷ 

ʮʠʢʣʠʯʥʦʩʪʴ çʨʦʩʪ ʢʫʧʦʣʘ ï ʨʘʟʨʫʰʝʥʠʝè ʜʣʠʣʘʩʴ ʜʦ ʩʝʨʝʜʠʥʳ ʠʶʥʷ 1990 ʛ. [Cornelius, Voight, 

1994]. 

ʇʝʨʝʜ ʠʟʚʝʨʞʝʥʠʝʤ ʚʫʣʢʘʥʘ ʈʝʜʘʫʪ ʚʝʩʥʦʡ 2009 ʛ. ʚ ʪʝʯʝʥʠʠ ʰʝʩʪʠ ʤʝʩʷʮʝʚ ʥʘʙʣʶʜʘʣʠʩʴ 

ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʠʧʪʦʢʫʧʦʣʘ: ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʜʝʬʦʨʤʘʮʠʠ, ʫʩʠʣʝʥʠʝ ʥʘ 

ʢʫʧʦʣʝ ʛʘʟʦʚʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʦʚ, ʨʦʠ ʩʣʘʙʳʭ ʤʝʣʢʦʬʦʢʫʩʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ 

ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʜʨʦʞʘʥʠʝ [Power et al., 2013a]. ʅʦʚʦʝ ʠʟʚʝʨʞʝʥʠʝ ʥʘʯʘʣʦʩʴ 22.03.20091 ʩ ʤʦʱʥʳʭ 

ʵʢʩʧʣʦʟʠʡ ʩ ʚʳʩʦʪʦʡ ʵʨʫʧʪʠʚʥʦʛʦ ʦʙʣʘʢʘ ʜʦ 14 ʢʤ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ, 

ʢʦʪʦʨʳʡ ʙʳʣ ʟʘʤʝʯʝʥ 5 ʘʧʨʝʣʷ (ʨʠʩʫʥʦʢ 1.3). ʀʥʪʝʥʩʠʚʥʳʡ ʨʦʩʪ ʢʫʧʦʣʘ ʥʘʙʣʶʜʘʣʩʷ ʜʦ ʩʝʨʝʜʠʥʳ 

ʠʶʥʷ, ʧʦʩʣʝ ʯʝʛʦ ʩʢʦʨʦʩʪʴ ʝʛʦ ʨʦʩʪʘ ʟʘʤʝʜʣʠʣʘʩʴ [Buurman et al., 2013]. 

ɺʫʣʢʘʥ ʉʫʬʨʠʝʨʝïʍʠʣʣʩ (914 ʤ) ï ʚʫʣʢʘʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʦʩʪʨʦʚʘ 

ʄʦʥʪʩʝʨʨʘʪ (ʄʘʣʳʝ ɸʥʪʠʣʴʩʢʠʝ ʦʩʪʨʦʚʘ), ʩʣʦʞʝʥ ʠʟ ʧʦʨʦʜ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʥʜʝʟʠʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ [Robertson et al., 2000]. ɽʛʦ ʚʝʨʰʠʥʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʢʫʧʦʣʦʚ ʩ 

ʛʣʘʚʥʳʤ ʢʨʘʪʝʨʦʤ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ ʦʜʥʦʛʦ ʢʠʣʦʤʝʪʨʘ, ʚʦʟʥʠʢʰʠʤ ʧʨʠ ʦʙʨʫʰʝʥʠʠ ʚʝʨʰʠʥʳ 

ʦʢʦʣʦ 4 ʪʳʩʷʯ ʣʝʪ ʥʘʟʘʜ [Murphy et al., 2000]. 

ɼʣʷ ʠʟʚʝʨʞʝʥʠʷ 1995ï1999 ʛʛ. ʙʳʣ ʭʘʨʘʢʪʝʨʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ: 

ʚʳʞʠʤʘʥʠʝ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʩʢʘʣʝʥʥʳʭ ʣʘʚʠʥ (ʨʠʩʫʥʦʢ 1.3), ʦʪʜʝʣʴʥʳʝ 

                                                 
1 ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʬʦʨʤʘʪ ʜʘʪʳ ʜʜ.ʤʤ.ʛʛʛʛ. 

https://www.sciencedirect.com/science/article/abs/pii/0377027394900345#!
https://www.sciencedirect.com/science/article/pii/S0377027312001242#!
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D1%82%D1%81%D0%B5%D1%80%D1%80%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%92%D1%83%D0%BB%D0%BA%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BA%D1%83%D0%BF%D0%BE%D0%BB
javascript:;
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ʵʢʩʧʣʦʟʠʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʘ ʪʘʢʞʝ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʩʝʣʝʚʳʝ 

ʧʦʪʦʢʠ [Sparks, Young, 2002]. 

ɺ ʪʝʯʝʥʠʝ ʪʨʝʭ ʣʝʪ ʧʝʨʝʜ ʠʟʚʝʨʞʝʥʠʝʤ ʚ ʠʶʣʝ 1995 ʛ. ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʧʦʚʳʰʝʥʥʘʷ 

ʩʝʡʩʤʠʯʥʦʩʪʴ, ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 4 ʤʝʩʷʮʝʚ ʥʘʙʣʶʜʘʣʠʩʴ ʬʨʝʘʪʠʯʝʩʢʠʝ ʠʟʚʝʨʞʝʥʠʷ. 

ɺ ʩʝʨʝʜʠʥʝ ʥʦʷʙʨʷ 1995 ʛ. ʩ ʥʘʯʘʣʦʤ ʨʦʩʪʘ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ ʦʥʠ ʧʨʝʢʨʘʪʠʣʠʩʴ. ʂ ʬʝʚʨʘʣʶ 

1997 ʛ. ʢʫʧʦʣ ʟʘʥʷʣ ʚʝʩʴ ʢʨʘʪʝʨ, ʠ ʝʛʦ ʤʘʥʪʠʷ ʥʘʯʘʣʘ ʟʘʧʦʣʥʷʪʴ ʜʦʣʠʥʫ. ʉʠʣʴʥʦʝ ʠʟʚʝʨʞʝʥʠʝ 

ʧʨʦʠʟʦʰʣʦ 26.12.1997, ʢʦʪʦʨʦʝ ʥʘʯʘʣʦʩʴ ʩ ʨʘʟʨʫʰʝʥʠʷ ʶʛʦïʟʘʧʘʜʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʩʪʨʫʟʠʚʥʦʛʦ 

ʢʫʧʦʣʘ ʠ ʩʭʦʞʜʝʥʠʝʤ ʤʦʱʥʳʭ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ. ʈʦʩʪ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ 

ʧʨʝʢʨʘʪʠʣʩʷ ʚ ʤʘʨʪʝ 1998 ʛ. [Robertson et al., 2000]. 

ʉ ʥʦʷʙʨʷ 1995 ʛʦʜʘ ʧʦ ʜʝʢʘʙʨʴ 1997 ʛʦʜʘ ʦʙʱʠʡ ʦʙʲʝʤ ʠʟʚʝʨʛʰʝʡʩʷ ʘʥʜʝʟʠʪʦʚʦʡ ʤʘʛʤʳ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ 24.6Ĭ107 ʤ3, ʠʟ ʢʦʪʦʨʳʭ ʦʙʲʝʤ ʢʫʧʦʣʘ ʩʦʩʪʘʚʠʣ 9.3Ĭ107 ʤ3, 12.5Ĭ107 ʤ3 ʧʨʠʰʣʦʩʴ 

ʥʘ ʦʪʣʦʞʝʥʠʷ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʠ 2.8Ĭ107 ʤ3 ʥʘ ʧʠʨʦʢʣʘʩʪʠʢʫ [Sparks et al., 1998]. 

ɺʫʣʢʘʥ ʇʠʯʠʥʯʘ ɻʫʘʛʫʘ (4787 ʤ) ï ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ 

ɿʘʧʘʜʥʳʭ ʂʦʨʜʠʣʴʝʨʘʭ (ʕʢʚʘʜʦʨ), ʩʦʩʪʦʠʪ ʠʟ ʧʦʪʫʭʰʝʛʦ ʩʪʘʨʦʛʦ ʚʫʣʢʘʥʘ ʈʫʢʫ ʠ ʙʦʣʝʝ ʤʦʣʦʜʦʛʦ 

ʠ ʘʢʪʠʚʥʦʛʦ ʚʫʣʢʘʥʘ ï ʧʠʢ ɻʫʘʛʫʘ. ʉʦʩʪʘʚ ʧʦʨʦʜ: ʘʥʜʝʟʠʪʳ ʠ ʜʘʮʠʪʳ [Siebert, 2010]. ɺ 1999 ʛʦʜʫ, 

ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ ʬʨʝʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʧʠʢʝ ɻʫʘʛʫʘ ʥʘʩʪʫʧʠʣ ʵʢʩʪʨʫʟʠʚʥʳʡ 

ʧʝʨʠʦʜ ʩ ʚʳʞʠʤʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʜʘʮʠʪʦʚʳʭ ʢʫʧʦʣʦʚ (ʨʠʩʫʥʦʢ 1.3), ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ 

ʵʢʩʧʣʦʟʠʷʤʠ ʠ ʠʟʣʠʷʥʠʝʤ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ [Garcia et al., 2007]. 

ɺʫʣʢʘʥ ʈʝʚʝʥʪʘʜʦʨ (3485 ʤ) ï ʘʥʜʝʟʠʪʦʚʳʡ ʚʫʣʢʘʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ɺʦʩʪʦʯʥʳʭ ɸʥʜʘʭ, 

ʕʢʚʘʜʦʨ (ʨʠʩʫʥʦʢ 1.3). ʂʘʣʴʜʝʨʘ ʚʫʣʢʘʥʘ ʟʘʧʦʣʥʝʥʘ ʠʟʚʝʨʞʝʥʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ. ɺ 2002 ʛ. 

ʧʨʦʠʟʦʰʣʦ ʦʜʥʦ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʠʟʚʝʨʞʝʥʠʡ, ʢʦʛʜʘ ʚʳʙʨʦʩʳ ʧʝʧʣʘ ʜʦʩʪʠʛʘʣʠ ʚʳʩʦʪʳ 17 ʢʤ ʥʘʜ 

ʫ.ʤ., ʘ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʧʦʪʦʢʠ ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʜʦ 8 ʢʤ. ɺ ʪʝʯʝʥʠʝ ʜʚʫʭ ʥʝʜʝʣʴ ʧʨʦʠʟʦʰʣʦ 

ʚʳʞʠʤʘʥʠʝ ʜʚʫʭ ʣʘʚʦʚʳʭ ʧʦʪʦʢʦʚ. ɺ 2004 ʛ. ʧʨʦʠʟʦʰʣʦ ʚʳʞʠʤʘʥʠʝ ʥʦʚʳʭ ʵʢʩʪʨʫʟʠʚʥʳʭ 

ʢʫʧʦʣʦʚ, ʘ ʚ 2005 ʛ. ï ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʝʱʝ ʦʜʠʥ ʣʘʚʦʚʳʡ ʧʦʪʦʢ ʜʣʠʥʦʡ 4 ʢʤ [Lees et al., 2008]. 

ɺʫʣʢʘʥ ɸʚʛʫʩʪʠʥ (1260 ʤ) ï ʜʘʮʠʪʦʚʳʡ ʩʪʨʘʪʦʚʫʣʢʘʥ, ʦʙʨʘʟʫʶʱʠʡ ʦʜʥʦʠʤʸʥʥʳʡ ʦʩʪʨʦʚ 

ʚ ʟʘʣʠʚʝ ʂʫʢʘ, ɸʣʷʩʢʘ. ʉʦʩʪʦʠʪ ʠʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʫʧʦʣʘ, ʦʢʨʫʞʝʥʥʦʛʦ ʣʘʚʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʠ 

https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Sparks%2C+R+S+J
https://www.sciencedirect.com/science/article/pii/S0377027306004100#!
https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%BB%D0%B8%D0%B2_%D0%9A%D1%83%D0%BA%D0%B0
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ʦʪʣʦʞʝʥʠʷʤʠ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ (ʨʠʩʫʥʦʢ 1.3). ʀʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʵʢʩʧʣʦʟʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʤʠ ʧʦʪʦʢʘʤʠ ʠ ʚʳʞʠʤʘʥʠʝʤ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ 

ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʮʠʠ ʠʟʚʝʨʞʝʥʠʷ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʡ ʧʝʨʠʦʜ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ 

ʥʘʙʣʶʜʘʣʩʷ ʚ 2006 ʛ., ʢʦʛʜʘ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʵʢʩʧʣʦʟʠʡ, ʧʨʝʜʚʘʨʷʶʱʠʭʩʷ 

ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ [Buurman, West, 2010]. 

ɺʫʣʢʘʥ ʊʫʥʛʫʨʘʫʘ (5016 ʤ) ï ʩʪʨʘʪʦʚʫʣʢʘʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʚʦʩʪʦʯʥʳʭ 

ʂʦʨʜʠʣʴʝʨ ʵʢʚʘʜʦʨʩʢʠʭ ɸʥʜ, ʩʣʦʞʝʥʥʳʡ ʠʟ ʧʦʨʦʜ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʥʜʝʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɽʛʦ 

ʢʨʘʪʝʨ, ʰʠʨʠʥʦʡ 400 ʤ, ʨʘʩʧʦʣʦʞʝʥ ʩʝʚʝʨʦïʟʘʧʘʜʥʝʝ ʚʝʨʰʠʥʳ. ɼʣʷ ʪʨʝʭ ʠʩʪʦʨʠʯʝʩʢʠʭ 

ʠʟʚʝʨʞʝʥʠʡ 1773, 1886 ʠ 1916ï1918 ʛʛ. ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ï ʠʟʚʝʨʞʝʥʠʝ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʠʟʣʠʷʥʠʝʤ ʘʥʜʝʟʠʪʦʚʳʭ ʣʘʚʦʚʳʭ ʧʦʪʦʢʦʚ ʠ ʚʳʞʠʤʘʥʠʝʤ ʵʢʩʪʨʫʟʠʚʥʳʭ ʢʫʧʦʣʦʚ 

[Hall et al., 1999]. ʉ 1999 ʛʦʜʘ ʚʫʣʢʘʥ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʠʟʚʝʨʞʝʥʠʷ ʩ ʵʨʫʧʪʠʚʥʳʤʠ ʮʠʢʣʘʤʠ 4ï

12 ʤʝʩʷʮʝʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʵʧʠʟʦʜʘʤʠ ʵʢʩʧʣʦʟʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ, ʩʤʝʥʷʶʱʠʤʠʩʷ ʵʧʠʟʦʜʘʤʠ ʧʦʢʦʷ, ʚʢʣʶʯʘʶʱʠʤʠ ʩʣʘʙʫʶ ʬʫʤʘʨʦʣʴʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʠ ʩʣʘʙʳʝ ʚʳʙʨʦʩʳ ʧʝʧʣʘ ʠʣʠ ʧʦʣʥʳʡ ʧʦʢʦʡ (ʨʠʩʫʥʦʢ 1.3). ɺ 2006 ʠ 2014 ʛ. 

ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʞʠʤʘʥʠʝ ʥʝʙʦʣʴʰʠʭ ʣʘʚʦʚʳʭ ʧʦʪʦʢʦʚ [Bell et al., 2017]. 

 

1.3 ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʨʝʞʠʤʦʚ çdrumbeatsè 

ɺʫʣʢʘʥ ʉʝʥʪïʍʝʣʝʥʩ. ɺ ʧʝʨʠʦʜ ʦʢʪʷʙʨʴ 2004 ʛ. ï ʤʘʡ 2005 ʛ. ʥʘ ʉʝʥʪïʍʝʣʝʥʩ 

ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʞʠʤʘʥʠʝ ʵʢʩʪʨʫʟʠʠ ʚ ʢʨʘʪʝʨʝ ʠʟʚʝʨʞʝʥʠʷ 1980 ʛ. [Moran et al., 2008 a, b]. ʇʨʠ 

ʵʪʦʤ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʤʫʣʴʪʠʧʣʝʪʳ ʩ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 3 ï 300 ʩ ʠ M Ò2, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʢɻʩʪʨʫʟʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ (ʨʠʩʫʥʦʢ 1.4ʘ). ɿʘ ʢʚʘʟʠʨʝʛʫʣʷʨʥʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʭ 

ʥʘʟʚʘʣʠ ʨʝʞʠʤʦʤ çdrumbeatsè. ʇʦʟʞʝ, ʪʘʢʦʝ ʩʝʡʩʤʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ, ʥʘʙʣʶʜʘʚʰʝʝʩʷ ʧʨʠ ʙʦʣʝʝ 

ʨʘʥʥʠʭ ʠʟʚʝʨʞʝʥʠʷʭ ʚʫʣʢʘʥʦʚ, ʩʪʘʣʠ ʦʪʥʦʩʠʪʴ ʢ ʨʝʞʠʤʫ çdrumbeatsè. ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʠʤʝʣʠ ʚ 

ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠ ʯʘʩʪʦʪʫ f ~ 4 ï 10 ɻʮ ʠ ʯʘʩʪʦʪʫ ʢʦʜʳ ʚʦʣʥ f ~ 1 ɻʮ (ʨʠʩʫʥʦʢ 1.4ʙ) ʠ ʠʭ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʛʠʙʨʠʜʥʳʤ. ʇʨʠ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ~ 100 ʤ, ʦʯʘʛʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ 

ʛʣʫʙʠʥʝ ʦʢʦʣʦ ʦʜʥʦʛʦ ʢʠʣʦʤʝʪʨʘ ʚʦʢʨʫʛ ʠʣʠ ʧʦʜ ʵʢʩʪʨʫʟʠʚʥʳʤ ʢʫʧʦʣʦʤ [Horton et al., 2008]. 

https://ru.wikipedia.org/wiki/1999_%D0%B3%D0%BE%D0%B4
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ʈʠʩʫʥʦʢ 1.3 ï ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʫʣʢʘʥʦʚ ʥʘ ʢʘʨʪʝ ʤʠʨʘ, ʥʘ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʩʷ ʝʩʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ çdrumbeatsè. 1 ï ʉʝʥʪïʍʝʣʝʥʩ [https:// 

www.sott.net/imageï/s3/67021/full/St_Helens.jpg], ʚʨʝʟʢʘ [Iverson, 2006]; 2 ï ʈʝʜʘʫʪ [https://facte.ru/wpïcontent/uploads/2018/06/redoubt2.jpg]; 3 ï 

ʉʫʬʨʠʝʨʝïʍʠʣʣʩ [https://volcanocafe.files.wordpress.comï/2014/01/11adb1c.jpg]; 4 ï ʇʠʯʠʥʯʘ ɻʫʘʛʫʘ [Garcia et al., 2007]; 5 ï ʈʝʚʝʥʪʘʜʦʨ 

[https://volcanohotspot.wordpress.ïcom/2015/07/08/elïreventadorïtheïripper/]; 6 ï ɸʚʛʫʩʪʠʥ [https://upload.wikimedia.ïorg/wikipediaï

/commons/2/28/Augustine_Volcano_Jan_12_2006_editedï1.jpg]; 7 ï ʂʠʟʠʤʝʥ [https://i.photographers.ua/thumbnails/pictures/32516/800xcï

users_rrrri_desktop_aklm1515.jpg]; 8 ï ʊʫʥʛʫʨʘʫʘ [https://ru.wikipedia.org/wiki /ʊʫʥʛʫʨʘʫʘ].

https://volcanohotspot.wordpress.-com/2015/07/08/el-reventador-the-ripper/
https://upload.wikimedia.-org/wikipedia-/commons/2/28/Augustine_Volcano_Jan_12_2006_edited-1.jpg
https://upload.wikimedia.-org/wikipedia-/commons/2/28/Augustine_Volcano_Jan_12_2006_edited-1.jpg
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ɺ 1984 ʛʦʜʫ, ʧʦʩʣʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʠʟʚʝʨʞʝʥʠʷ ʉʝʥʪïʍʝʣʝʥʩ ʚ ʤʘʝ 1980 ʛʦʜʘ, 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʨʦʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʠʜʝʥʪʠʯʥʳʤʠ ʚʦʣʥʦʚʳʤʠ ʬʦʨʤʘʤʠ, 

ʦʥʠ ʧʦʟʞʝ ʪʘʢʞʝ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʨʝʞʠʤʫ çdrumbeatsè [Fremont, Malone, 1987]. 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʙʳʣʠ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʥʝʩʢʦʣʴʢʦ ʤʫʣʴʪʠʧʣʝʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʣʠʟʢʠʭ ʧʦ ʬʦʨʤʝ ʠ ʩʣʘʙʳʭ ʧʦ ʵʥʝʨʛʠʠ ʩʦʙʳʪʠʡ. ʇʣʦʪʥʘʷ ʩʝʪʴ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʧʦʟʚʦʣʠʣʘ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʙʳʪʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ ʚ 

ʪʝʯʝʥʠʝ 12 ʯʘʩʦʚʦʛʦ ʧʝʨʠʦʜʘ ʚ ʩʝʥʪʷʙʨʝ 1984 ʛʦʜʘ, ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʧʦʜ ʣʘʚʦʚʳʤ ʢʫʧʦʣʦʤ ʚ 

ʥʝʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʜʠʘʤʝʪʨʦʤ ~ 30 ʤ [Fremont, Malone, 1987]. 

 

 
ʈʠʩʫʥʦʢ 1.4 ï ʇʨʠʤʝʨʳ ʚʦʣʥʦʚʳʭ ʬʦʨʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ 2004 ʛ. ʥʘ ʚʫʣʢʘʥʝ ʉʝʥʪïʍʝʣʝʥʩ ʠ ʠʭ ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ: ʘ ï 

ʛʠʙʨʠʜʥʦʝ, ʙ ï ʜʣʠʥʥʦʧʝʨʠʦʜʥʦʝ, ʚ ï ʘʤʧʣʠʪʫʜʥʳʝ ʩʧʝʢʪʨʳ. 1 ï ʛʠʙʨʠʜʥʦʝ, 3.10.2004, 2 ï 

ʜʣʠʥʥʦʧʝʨʠʦʜʥʦʝ 28.11.2004, 3 ï ʬʦʥ, 01.11.2004 ʛ. [Horton et al., 2008]. 

 

ɺʫʣʢʘʥ ʈʝʜʘʫʪ. ɺ ʜʝʢʘʙʨʝ 1989 ʛ. ʚ ʨʘʡʦʥʝ ʢʦʥʫʩʘ ʚʫʣʢʘʥʘ ʈʝʜʘʫʪ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ 

ʩʣʘʙʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 3ï5 ʚ ʤʠʥʫʪʫ, ʠʤʝʶʱʠʝ ʧʦʜʦʙʥʳʝ ʚʦʣʥʦʚʳʝ 
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ʬʦʨʤʳ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʯʘʩʪʦʪʦʡ f~2 ɻʮ [Cornelius, Voight, 1994]. ɺʦʣʥʦʚʳʝ ʬʦʨʤʳ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ ʩʝʡʩʤʠʯʥʦʩʪʠ ʥʘʧʦʤʠʥʘʣʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ 

ʩʝʡʩʤʠʯʥʦʩʪʴ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʚʳʞʠʤʘʥʠʶ ʵʢʩʪʨʫʟʠʚʥʳʭ ʢʫʧʦʣʦʚ ʥʘ ʚʫʣʢʘʥʝ ʉʝʥʪï

ʍʝʣʝʥʩ ʚ 1984 ʛ. [Fremont, Malone, 1987]. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʙʳʣ ʩʜʝʣʘʥ ʧʨʦʛʥʦʟ, ʯʪʦ 

ʚʦʟʥʠʢʰʘʷ ʩʝʡʩʤʠʯʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʵʢʩʪʨʫʟʠʚʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʢʦʥʮʝ 

ʜʝʢʘʙʨʷ 1989 ʛ. ʚ ʢʨʘʪʝʨʝ ʚʫʣʢʘʥʘ ʙʳʣ ʟʘʬʠʢʩʠʨʦʚʘʥ ʧʦʷʚʠʚʰʠʡʩʷ ʵʢʩʪʨʫʟʠʚʥʳʡ ʢʫʧʦʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʘʣʦʩʴ ʧʨʝʜʩʢʘʟʘʪʴ ʥʘʯʘʣʦ ʚʳʞʠʤʘʥʠʷ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ ʟʘ ʥʝʩʢʦʣʴʢʦ 

ʜʥʝʡ ʜʦ ʝʛʦ ʚʠʟʫʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʟʘʤʝʜʣʝʥʠʠ ʨʦʩʪʘ ʢʫʧʦʣʘ, 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʝʨʝʩʪʘʣʠ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ [Power, 1994]. 

ʇʨʠ ʩʣʝʜʫʶʱʝʤ ʠʟʚʝʨʞʝʥʠʠ ʚʫʣʢʘʥʘ ʈʝʜʘʫʪ ʚ 2009 ʛ. ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʰʝʩʪʴ 

ʨʦʝʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ ʯʘʩʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ 

ʜʝʩʷʪʢʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʛʠʙʨʠʜʥʳʭ ʠ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʨʠʩʫʥʦʢ 1.5) 

[Carlisle, 2013]. ʊʨʠ ʨʦʝʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʩʠʣʴʥʳʤ ʵʢʩʧʣʦʟʠʚʥʳʤ 

ʠʟʚʝʨʞʝʥʠʷʤ. 

 

 
ʈʠʩʫʥʦʢ 1.5 ï ʇʨʠʤʝʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3 ʢʤ ʦʪ 

ʢʨʘʪʝʨʘ ʚʫʣʢʘʥʘ ʈʝʜʘʫʪ ʧʨʠ ʠʟʚʝʨʞʝʥʠʠ ʚ 2009 ʛ. [Carlisle, 2013]. ɻʠʙʨʠʜʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 

ʩʣʝʚʘ ʠ ʜʣʠʥʥʦʧʝʨʠʦʜʥʦʝ ï ʩʧʨʘʚʘ. 
 

ʇʝʨʚʘʷ ʨʦʝʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ~ 29 ʯʘʩʦʚ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʟʘ 25 

ʜʥʝʡ ʜʦ ʧʝʨʚʦʡ ʩʠʣʴʥʦʡ ʵʢʩʧʣʦʟʠʠ 26.02.2009. ɺ ʥʘʯʘʣʝ ʨʦʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʜʦ 90 

ʩʦʙʳʪʠʡ ʚ ʯʘʩ, ʥʦ ʟʘʪʝʤ ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʳʩʪʨʦ ʫʤʝʥʴʰʠʣʦʩʴ ʜʦ 30. ʄʘʛʥʠʪʫʜʘ 

ʙʦʣʴʰʠʥʩʪʚʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʣʘ M < 1.7, ʩ ʤʘʢʩʠʤʫʤʦʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 
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ʤʦʱʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ f=1ï7 ɻʮ ʠ ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʠʢʦʤ ʥʘ 

~2.5 ɻʮ [Buurman et al., 2013]. 

ɺʫʣʢʘʥ ʉʫʬʨʠʝʨʝïʍʠʣʣʩ. ɺ ʧʝʨʠʦʜ ʩ ʘʚʛʫʩʪʘ 1995 ʛʦʜʘ ʧʦ ʘʚʛʫʩʪ 1996 ʛʦʜʘ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʳʞʠʤʘʥʠʝʤ ʣʘʚʦʚʦʛʦ ʢʫʧʦʣʘ ʥʘ ʉʫʬʨʠʝʨʝïʍʠʣʣʩ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʨʠʩʫʥʦʢ 1.6) [Miller  et al., 1998b]. 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʜʚʫʤʷ ʩʝʡʩʤʦʩʪʘʥʮʠʷʤʠ, ʩ ʧʦʜʦʙʥʳʤʠ 

ʚʦʣʥʦʚʳʤʠ ʬʦʨʤʘʤʠ ʠ ʙʣʠʟʢʠʤʠ ʤʘʛʥʠʪʫʜʘʤʠ, ʧʨʦʠʩʭʦʜʠʣʠ ʯʝʨʝʟ ʨʝʛʫʣʷʨʥʳʝ ʧʨʦʤʝʞʫʪʢʠ 

ʚʨʝʤʝʥʠ (ʦʪ <1 ʩʝʢʫʥʜʳ ʜʦ ʜʝʩʷʪʢʦʚ ʤʠʥʫʪ) ʦʙʨʘʟʫʷ ʤʫʣʴʪʠʧʣʝʪʳ ʨʘʟʣʠʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. 

ɺʥʘʯʘʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʙʦʣʝʝ ʨʝʛʫʣʷʨʥʦ ʠ ʩ ʙʦʣʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ, ʚ 

ʢʦʥʮʝ ʨʦʷ ʨʝʞʝ ʠ ʩ ʤʝʥʴʰʝʡ ʘʤʧʣʠʪʫʜʦʡ. ʀʥʦʛʜʘ, ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʜʚʝ ʛʨʫʧʧʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʨʘʟʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ʠ 

ʚʦʣʥʦʚʳʤʠ ʬʦʨʤʘʤʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʜʚʫʭ ʠʩʪʦʯʥʠʢʘʭ ʛʝʥʝʨʘʮʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ɻʠʧʦʮʝʥʪʨʳ ʛʠʙʨʠʜʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʛʣʫʙʠʥʝ 1.7 Ñ 0.2 ʢʤ ʚʳʰʝ ʫʨʦʚʥʷ 

ʤʦʨʷ ʧʦʜ ʢʨʘʪʝʨʦʤ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʠʤʝʣ ʜʠʘʧʘʟʦʥ ʜʦʤʠʥʠʨʫʶʱʠʭ ʯʘʩʪʦʪ f~1.5ï

3.3 ɻʮ [White et al., 1998]. 

 

 
ʈʠʩʫʥʦʢ 1.6 ï ʇʨʠʤʝʨʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ 

ʚʫʣʢʘʥʝ ʉʫʬʨʠʝʨʝïʍʠʣʣʩ: ʘ ï ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʦʝ; ʙ ï ʛʠʙʨʠʜʥʦʝ; ʚ ï ʥʠʟʢʦʯʘʩʪʦʪʥʦʝ 

[Miller  et al., 1998b]. 
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ɺ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʨʦʝʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʛʠʙʨʠʜʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʠʥʦʛʜʘ ʥʘʙʣʶʜʘʣʠʩʴ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʤʘʛʥʠʪʫʜʦʡ. ʆʥʠ ʠʤʝʣʠ ʯʝʪʢʠʝ ʚʩʪʫʧʣʝʥʠʷ S ï ʚʦʣʥ, ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʠʢʦʤ 

ʚ ʜʠʘʧʘʟʦʥʝ f=1.0ï2.6 ɻʮ. ʀʭ ʛʠʧʦʮʝʥʪʨʳ ʪʘʢʞʝ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚʳʰʝ ʫʨʦʚʥʷ ʤʦʨʷ ʧʦʜ 

ʢʨʘʪʝʨʦʤ [Miller  et al., 1998b].  

ɺʫʣʢʘʥ ʇʠʯʠʥʯʘ ɻʫʘʛʫʘ. ɺʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʇʠʯʠʥʯʘ ʚ 1999 ʛ. ʩ 8 ʧʦ 25 

ʩʝʥʪʷʙʨʷ ʥʘʙʣʶʜʘʣʩʷ ʨʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʢʦʛʜʘ ʟʘ 17 ʜʥʝʡ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ 

1000 ʩʦʙʳʪʠʡ [Garcia et al., 2007]. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʧʝʨʚʦʡ ʵʢʩʧʣʦʟʠʝʡ 26 ʩʝʥʪʷʙʨʷ 

ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʟʢʦ ʚʦʟʨʦʩʣʦ. ʅʦʚʳʡ ʜʘʮʠʪʦʚʳʡ ʢʫʧʦʣ ʧʦʷʚʠʣʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʞʜʫ 27 ʠ 29 ʩʝʥʪʷʙʨʷ. ɼʦ ʢʦʥʮʘ ʜʝʢʘʙʨʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʝʱʝ ʥʝʩʢʦʣʴʢʦ 

ʤʫʣʴʪʠʧʣʝʪʦʚ, ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʜʦʩʪʠʛʘʣʦ 400. ʉʠʥʭʨʦʥʥʦ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʤʫʣʴʪʠʧʣʝʪʦʚ ʦʪʤʝʯʘʣʩʷ ʨʦʩʪ ʚʥʫʪʨʠʢʨʘʪʝʨʥʦʡ ʵʢʩʪʨʫʟʠʠ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʡ 

ʫʤʝʥʴʰʘʣʘʩʴ ʚʦ ʚʨʝʤʷ ʤʦʱʥʳʭ ʵʢʩʧʣʦʟʠʡ [Garcia et al., 2007]. 

ʇʝʨʝʜ ʢʘʞʜʳʤ ʤʫʣʴʪʠʧʣʝʪʦʤ ʩʦʙʳʪʠʷ ʨʘʩʧʨʝʜʝʣʷʣʠʩʴ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚʦ 

ʚʨʝʤʝʥʠ. ɿʘʪʝʤ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʣʩʷ ʠ 

ʫʧʦʨʷʜʦʯʠʚʘʣʩʷ, ʚʦʟʥʠʢʘʣ ʨʝʞʠʤ çdrumbeatsè. ʂ ʢʦʥʮʫ ʤʫʣʴʪʠʧʣʝʪʘ ʟʝʤʣʝʪʨʷʩʝʥʠ ̫

ʥʘʯʠʥʘʣʠ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʭʘʦʪʠʯʥʦ ʠ ʟʘʪʝʤ ʧʨʝʢʨʘʱʘʣʠʩʴ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʣʘʩʴ ʵʢʩʧʣʦʟʠʚʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ (ʨʠʩʫʥʦʢ 1.7ʘ). ʆʯʘʛʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 

ʧʦʜʦʙʥʳʤʠ ʚʦʣʥʦʚʳʤʠ ʬʦʨʤʘʤʠ (ʨʠʩʫʥʦʢ 1.7ʙ) ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʧʦʩʪʨʦʡʢʝ ʚʫʣʢʘʥʘ ʥʘ 

ʛʣʫʙʠʥʘʭ ʦʪ 3 ʜʦ 1 ʢʤ ʥʘʜ ʫ.ʤ. [Garcia et al., 2007]. 

ɺʦ ʚʨʝʤʷ ʵʪʦʛʦ ʠʟʚʝʨʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʥʘʢʣʦʥʦʤʝʨʦʚ ʦʪʩʣʝʞʠʚʘʣʠʩʴ ʜʝʬʦʨʤʘʮʠʠ 

ʢʦʥʫʩʘ ʚʫʣʢʘʥʘ [Garcia et al., 2007]. ʉʠʥʭʨʦʥʥʦ ʩ ʨʦʷʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘʢʣʦʥʦʤʝʨʳ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʜʲʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʫʩʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʧʦʩʪʫʧʣʝʥʠʠ ʤʘʛʤʳ ʚ 

ʧʦʩʪʨʦʡʢʫ ʚʫʣʢʘʥʘ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʩʝʡʩʤʠʯʥʦʩʪʴʶ.  
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ɺ ʩʨʝʜʥʝʤ ʥʘʢʣʦʥʳ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʚʟʜʳʤʘʥʠʝ ʢʦʥʫʩʘ ʚʫʣʢʘʥʘ, ʩʦʩʪʘʚʣʷʣʠ ~10 

ʤʢʨʘʜ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 3 ʢʤ. ʉʘʤʳʡ ʩʠʣʴʥʳʡ ʥʘʢʣʦʥ ʚ 26 ʤʢʨʘʜ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʧʝʨʠʦʜ 

18ï21.11.1999, ʢʦʛʜʘ ʥʘ ʢʫʧʦʣʝ ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʦʙʝʣʠʩʢʘ ʦʙʲʝʤʦʤ ~ 0.5Ŀ106 ʤ3. 

ʇʦʩʣʝ ʝʛʦ ʦʙʨʫʰʝʥʠʷ 26 ʥʦʷʙʨʷ ʧʦ ʜʘʥʥʳʤ ʥʘʢʣʦʥʦʤʝʨʦʚ ʧʨʦʠʟʦʰʣʦ ʟʘʤʝʪʥʦʝ 

ʧʨʦʩʝʜʘʥʠʝ ʢʦʥʫʩʘ, ʯʪʦ ʩʚʷʟʳʚʘʣʦʩʴ ʩ ʨʝʟʢʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʧʦʜ ʵʢʩʪʨʫʟʠʚʥʳʤ 

ʢʫʧʦʣʦʤ [Garcia et al., 2007]. 

 

 
ʈʠʩʫʥʦʢ 1.7 ï ʉʫʪʦʯʥʘʷ ʩʝʡʩʤʦʛʨʘʤʤʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè ʥʘ 

ʚʫʣʢʘʥʝ ʇʠʯʠʥʯʘ ɻʫʘʛʫʘ 2.12.1999 (ʘ), ʫʚʝʣʠʯʝʥʥʳʡ ʬʨʘʛʤʝʥʪ ʟʘʧʠʩʠ ʩʝʡʩʤʦʛʨʘʤʤʳ 

ʫʯʘʩʪʢʘ ɸ ï ɸ' (ʙ) [Garcia et al., 2007]. 
 

ɺʫʣʢʘʥ ʈʝʚʝʥʪʘʜʦʨ. ʅʝʦʙʳʯʥʘʷ ʵʚʦʣʶʮʠʷ ʜʠʥʘʤʠʢʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʥʘ 

ʚʫʣʢʘʥʝ ʈʝʚʝʥʪʘʜʦʨ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʘʚʛʫʩʪʝïʩʝʥʪʷʙʨʝ 2005 ʛ. ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ 

ʩʪʨʦʤʙʦʣʠʘʥʩʢʦʛʦ ʪʠʧʘ. ɺ ʪʝʯʝʥʠʝ ʰʝʩʪʠ ʥʝʜʝʣʴ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʠ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʜʨʦʞʘʥʠʝ, ʬʫʤʘʨʦʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʨʝʞʠʤʘ çdrumbeatsè [Lees et al., 2008]. 
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ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʣʝ ʧʝʨʠʦʜʘ ʵʢʩʧʣʦʟʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʠʥʪʝʥʩʠʚʥʦʡ ʜʝʛʘʟʘʮʠʝʡ, 

ʚʳʜʝʣʝʥʠʝ ʛʘʟʦʚ ʠʟ ʢʨʘʪʝʨʘ ʚʫʣʢʘʥʘ ʩʥʠʞʘʣʦʩʴ ʩʦ ʩʥʠʞʝʥʠʝʤ ʵʥʝʨʛʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ ʠ ʚʦʟʥʠʢʘʣ ʨʝʞʠʤ çdrumbeatsè. ɹʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ, ʥʝ ʤʝʥʝʝ ʰʝʩʪʠ 

ʤʫʣʴʪʠʧʣʝʪʦʚ ʨʝʞʠʤʘ çdrumbeatsè ʩʦ ʩʨʝʜʥʝʡ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʴʶ 32Ñ6 ʩ (ʨʠʩʫʥʦʢ 1.8). 

ɺʦʣʥʦʚʳʝ ʬʦʨʤʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘʧʦʤʠʥʘʣʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʥʘ 

ʚʫʣʢʘʥʝ ʉʝʥʪïʍʝʣʝʥʩ ʚʦ ʚʨʝʤʷ ʚʳʞʠʤʘʥʠʷ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ, ʥʦ ʩ ʤʝʥʴʰʝʡ ʩʨʝʜʥʝʡ 

ʘʤʧʣʠʪʫʜʦʡ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʞʠʤ 

çdrumbeatsè ʩʦʧʨʦʚʦʞʜʘʣ ʚʳʞʠʤʘʥʠʝ ʚʥʫʪʨʠʢʨʘʪʝʨʥʦʡ ʵʢʩʪʨʫʟʠʠ, ʢʦʪʦʨʘʷ ʚʠʟʫʘʣʴʥʦ ʥʝ 

ʤʦʛʣʘ ʙʳʪʴ ʚʠʜʠʤʘ ʠʟïʟʘ ʙʦʣʴʰʦʡ ʝʛʦ ʛʣʫʙʠʥʳ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʨʝʢʨʘʱʘʣʠʩʴ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʨʝʞʠʤʘ çdrumbeatsè, ʚʦʟʦʙʥʦʚʣʷʣʘʩʴ ʵʢʩʧʣʦʟʠʚʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʬʨʘʛʤʝʥʪʘʮʠʠ ʚʳʞʘʪʦʡ ʧʦʨʮʠʠ ʚʷʟʢʦʡ ʤʘʛʤʳ [Lees et al., 2008]. 

 

 

 
ʈʠʩʫʥʦʢ 1.8 ï ʌʨʘʛʤʝʥʪ ʟʘʧʠʩʠ ʤʫʣʴʪʠʧʣʝʪʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè 

29.08.2005 ʥʘ ʚʫʣʢʘʥʝ ʈʝʚʝʥʪʘʜʦʨ. ʅʘʯʘʣʦ ʦʪʩʯʝʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʠ 22:14 UTC. 

ʉʝʡʩʤʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʦʪʬʠʣʴʪʨʦʚʘʥ ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ ʩ ʛʨʘʥʠʯʥʳʤʠ ʯʘʩʪʦʪʘʤʠ 1ï2 ɻʮ 

[Lees et al., 2008]. 

 

ʋʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè ʫʢʘʟʳʚʘʣʦ ʥʘ ʫʩʢʦʨʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʧʦʩʪʫʧʣʝʥʠʷ ʤʘʛʤʳ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʵʢʩʧʣʦʟʠʚʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ [Lees et al., 2008]. 

ɺʫʣʢʘʥ ɸʚʛʫʩʪʠʥ. ɺʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ɸʚʛʫʩʪʠʥ ʚ 2005ï2006 ʛʛ. 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʢʚʘʟʠʧʦʩʪʦʷʥʥʳʤʠ ʚʦʣʥʦʚʳʤʠ 
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ʬʦʨʤʘʤʠ. ɺ ʪʝʯʝʥʠʝ ʷʥʚʘʨʷ 2006 ʛ. ʠʭ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʙʦʣʝʝ 3500. ɹʦʣʴʰʠʥʩʪʚʦ 

ʛʠʧʦʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʦʩʪʨʦʡʢʝ ʚʫʣʢʘʥʘ ʥʘ ʛʣʫʙʠʥʝ 500 ʤ ʥʘʜ ʫ.ʤ. 

[Sumiejski et al., 2009]. 

ɸʥʘʣʠʟ ʛʠʧʦʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘ ʧʝʨʠʦʜ ʘʧʨʝʣʴ 2005 ï ̫ ʥʚʘʨʴ 2006 ʛ. (ʨʠʩʫʥʦʢ 

1.9) ʧʦʢʘʟʘʣ, ʯʪʦ ʠʭ ʛʣʫʙʠʥʳ ʤʠʛʨʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ, ʥʘʯʠʥʘʷ ʩ ʥʦʷʙʨʷ 2005 

ʛ. ɻʠʧʦʮʝʥʪʨʳ ʩʤʝʱʘʣʠʩʴ ʚʚʝʨʭ, ʙʣʠʞʝ ʢ ʢʨʘʪʝʨʫ ʚʫʣʢʘʥʘ, ʵʪʦ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʩʝʡʩʤʠʯʥʦʩʪʴ ʚʳʟʚʘʥʘ ʧʦʜʲʝʤʦʤ ʤʘʛʤʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʢʣʦʥ 

ʟʦʥʳ ʩʝʡʩʤʠʯʥʦʩʪʠ ʥʘ ʩʝʚʝʨʦïʟʘʧʘʜ ï ʶʛʦïʚʦʩʪʦʢ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʝʨʰʠʥʳ ʠʥʪʨʫʟʠʚʥʦʛʦ ʦʙʲʝʤʘ ʚʜʦʣʴ ʧʣʦʩʢʦʩʪʠ ʧʦʛʨʫʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʡ 

ʠʟ GPSïʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʦʩʪʘ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʫʣʢʘʥʘ (ʯʝʨʥʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 

1.9) [Syracuse et al., 2011]. 

ʈʦʡ ʛʠʙʨʠʜʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʠʡ ʜʚʫʤ ʧʝʨʚʳʤ ʵʢʩʧʣʦʟʠʷʤ ʚ 

ʷʥʚʘʨʝ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʚʳʩʦʢʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʙʳʣʘ ʚʳʩʚʦʙʦʞʜʝʥʘ ʧʫʪʝʤ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ. ʇʝʨʚʳʝ ʜʚʘ ʚʟʨʳʚʘ ʙʳʣʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʘʟʦʦʙʨʘʟʥʳʤʠ ʠ ʩʦʜʝʨʞʘʣʠ ʤʘʣʦ ʧʝʧʣʘ. ɺʝʨʦʷʪʥʦ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʙʳʣʠ ʚʳʟʚʘʥ rʜʚʠʞʝʥʠʝʤ ʛʘʟʘ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʧʝʨʝʜ ʧʦʩʪʫʧʘʶʱʝʡ 

ʤʘʛʤʦʡ, ʢʦʪʦʨʘʷ ʠʟʚʝʨʛʣʘʩʴ ʧʦʟʞʝ [Sumiejski et al., 2009]. 

ʇʦʩʣʝʜʫʶʱʠʝ ʵʢʩʧʣʦʟʠʠ ʧʨʝʜʚʘʨʷʣʠʩʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ 

ʯʘʩʪʦʪʘʤʠ. ʊʘʢʞʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʦʩʣʝ ʵʢʩʧʣʦʟʠʡ. ʊʘʢʘʷ 

ʪʝʩʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʚʟʨʳʚʘʤʠ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʵʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩʦ ʚʟʨʳʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʜʚʠʞʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, 

ʧʦʜʥʠʤʘʶʱʠʭʩʷ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʤʫʣʴʪʠʧʣʝʪʳ 

ʛʠʙʨʠʜʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʦʠʩʭʦʜʷʪ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʚʥʝʜʨʷʶʱʝʡʩʷ 

ʤʘʛʤʦʡ, ʩʦʜʝʨʞʘʱʝʡ ʬʣʶʠʜʳ ʠ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʚʫʣʢʘʥʘ [Buurman, West, 2010]. 
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ʈʠʩʫʥʦʢ 1.9 ï ɺʝʨʪʠʢʘʣʴʥʳʝ ʨʘʟʨʝʟʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʛʠʧʦʮʝʥʪʨʦʚ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʠʥʪʝʨʚʘʣʦʤ ʜʚʝ ʥʝʜʝʣʠ ʜʦ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ɸʚʛʫʩʪʠʥ 11 ʷʥʚʘʨʷ 2006 ʛ. 

[Syracuse et al., 2011]. 
 

ɺʫʣʢʘʥ ʊʫʥʛʫʨʘʫʘ ʥʘʯʠʥʘʷ ʩ 1999 ʛ. ʧʨʦʷʚʣʷʣ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʥʦ ʩ ʩʝʥʪʷʙʨʷ 

2014 ʛ. ʧʦ ʘʧʨʝʣʴ 2015 ʛ. ʥʘʙʣʶʜʘʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʧʦʢʦʷ 

ʚʫʣʢʘʥʘ. ʉ ʷʥʚʘʨʷ 2015 ʛ. ʥʘʯʘʣʠ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʫʣʢʘʥʘ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʧʦʚʳʰʝʥʠʠ ʜʘʚʣʝʥʠʷ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ. ʅʝʧʨʝʨʳʚʥʦʝ 

ʜʨʦʞʘʥʠʝ ʥʘʯʘʣʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ 5 ʘʧʨʝʣʷ, ʘ 9 ʘʧʨʝʣʷ ʧʨʦʠʟʦʰʝʣ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʢ 

ʦʪʜʝʣʴʥʳʤ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ. ʇʝʨʚʳʡ ʤʫʣʴʪʠʧʣʝʪ ʧʝʨʠʦʜʠʯʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʢʚʘʟʠʙʣʠʟʢʦʡ ʘʤʧʣʠʪʫʜʦʡ (ʨʝʞʠʤ çdrumbeatsè) ʥʘʯʘʣ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ 10 

ʘʧʨʝʣʷ (ʨʠʩʫʥʦʢ 1.10ʘ). ʏʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʦʩʪʘʚʠʣ 1ï6 ɻʮ ʩʦ 

ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʠʢʦʤ ʥʘ ʯʘʩʪʦʪʝ 3 ɻʮ (ʨʠʩʫʥʦʢ 1.10ʙ). ʏʝʨʝʟ 12 ʯʘʩʦʚ ʧʦʩʣʝ ʧʝʨʚʦʛʦ 

ʤʫʣʴʪʠʧʣʝʪʘ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚʪʦʨʦʡ ʤʫʣʴʪʠʧʣʝʪ, ʚ ʢʦʪʦʨʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʤʝʣʠ 

ʙʦʣʴʰʫʶ ʘʤʧʣʠʪʫʜʫ ʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʤʝʞʜʫ ʥʠʤʠ. ʊʨʝʪʠʡ ʤʫʣʴʪʠʧʣʝʪ, ʩ ʙʦʣʝʝ 

ʜʣʠʪʝʣʴʥʳʤʠ ʠ ʤʝʥʝʝ ʨʝʛʫʣʷʨʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ, ʧʨʦʠʟʦʰʝʣ ʧʨʠʤʝʨʥʦ 

ʯʝʨʝʟ 20 ʯʘʩʦʚ [Bell et al., 2017]. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʦʪʩʫʪʩʪʚʠʝ ʵʢʩʪʨʫʟʠʠ, ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʜʚʘ ʤʝʭʘʥʠʟʤʘ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʞʠʤʘ çdrumbeatsè ʥʘ ʊʫʥʛʫʨʘʫʘ ʚ ʘʧʨʝʣʝ 2015 ʛ.: (1) ʧʨʦʮʝʩʩ ʜʝʛʘʟʘʮʠʠ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʤʠʛʨʘʮʠʝʡ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʦʢʘ ʛʘʟʦʚ; (2) ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʛʝʦʩʨʝʜʳ ʟʘ 

ʩʯʝʪ ʜʚʠʞʝʥʠʷ ʤʘʛʤʳ. 

ɺ ʨʘʙʦʪʝ [Bell et al., 2017] ʦʪʜʘʝʪʩʷ ʧʨʝʜʧʦʯʪʝʥʠʝ ʤʝʭʘʥʠʟʤʫ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʞʠʤʘ 

çdrumbeatsè ʟʘ ʩʯʝʪ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʬʣʶʠʜʘ/ʛʘʟʦʚ ʚ ʩʝʪʠ ʨʝʟʦʥʠʨʫʶʱʠʭ ʪʨʝʱʠʥ, ʢʦʪʦʨʳʝ 

ʚʦʟʥʠʢʘʶʪ ʧʝʨʝʜ ʬʨʦʥʪʦʤ ʧʦʩʪʝʧʝʥʥʦ ʧʦʜʥʠʤʘʶʱʝʡʩʷ ʤʘʛʤʳ. 

https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Syracuse%2C+Ellen+M
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ʈʠʩʫʥʦʢ 1.10 ï ʌʨʘʛʤʝʥʪ ʟʘʧʠʩʠ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ 

çdrumbeatsè, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʚʫʣʢʘʥʝ ʊʫʥʛʫʨʘʫʘ 10 ʘʧʨʝʣʷ 2015 ʛ. (ʘ), ʠ ʝʛʦ 

ʩʧʝʢʪʨʦʛʨʘʤʤʘ (ʙ) [Bell et al., 2017]. 
 

1.4 ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 1 

ʈʘʩʩʤʦʪʨʝʥʳ ʪʠʧʳ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʝʜʚʘʨʷʶʱʠʝ ʠ ʚʦʟʥʠʢʘʶʱʠʝ ʚʦ 

ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʡ ʚʫʣʢʘʥʦʚ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ ʣʘʚ. ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ: ʚʫʣʢʘʥʦï

ʪʝʢʪʦʥʠʯʝʩʢʠʝ, ʛʠʙʨʠʜʥʳʝ ʠ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ. ʄʝʭʘʥʠʟʤ ʦʯʘʛʘ ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʭʦʞ ʩ ʤʝʭʘʥʠʟʤʦʤ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʠ ʩʚʷʟʘʥ ʩ ʭʨʫʧʢʠʤ ʨʘʟʨʫʰʝʥʠʝʤ 

ʛʝʦʩʨʝʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʬʦʨʤʘʮʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʦʜʲʝʤʦʤ ʤʘʛʤʳ ʢ ʜʥʝʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʄʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ʛʠʙʨʠʜʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʙʲʷʩʥʷʝʪʩʷ ʭʨʫʧʢʠʤ 

ʨʘʟʨʫʰʝʥʠʝʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʱʠʥ rʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ ʚʙʣʠʟʠ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 

ʦʯʘʛʘ ʠʣʠ ʤʘʛʤʦʚʦʜʘ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʧʦʣʥʝʥʠʝʤ ʪʨʝʱʠʥ ʤʘʛʤʦʡ ʠʣʠ ʬʣʶʠʜʦʤ. 

ɼʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʜʚʠʞʝʥʠʝʤ ʧʦʜʥʠʤʘʶʱʝʡʩʷ ʤʘʛʤʳ 

ʚʙʣʠʟʠ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʚʦʜʘʤʠ. 

ʅʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʵʢʩʪʨʫʟʠʚʥʳʭ ʠʟʚʝʨʞʝʥʠʡ ʘʥʜʝʟʠʪʦʚʳʭ ʠ ʜʘʮʠʪʦʚʳʭ ʚʫʣʢʘʥʦʚ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʝʚʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺ ʥʝʢʦʪʦʨʳʭ 
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ʩʣʫʯʘʷʭ ʧʨʠ ʚʳʞʠʤʘʥʠʠ ʚʝʨʰʠʥʥʦʡ ʵʢʩʪʨʫʟʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ 

çdrumbeatsè, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʤʫʣʴʪʠʧʣʝʪʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

(ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʙʣʠʟʢʦʡ ʵʥʝʨʛʠʝʡ) ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʤʝʩʷʮʝʚ. 

ɺʳʜʝʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ çdrumbeatsè, ʥʘʙʣʶʜʘʚʰʝʛʦʩʷ ʧʨʠ 

ʠʟʚʝʨʞʝʥʠʠ ʘʥʜʝʟʠʪʦʚʳʭ ʠ ʜʘʮʠʪʦʚʳʭ ʚʫʣʢʘʥʦʚ ʤʠʨʘ. ʇʦ ʬʦʨʤʝ ʟʘʧʠʩʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʨʝʞʠʤʘ çdrumbeatsè ʦʪʥʦʩʠʣʠʩʴ ʢ ʛʠʙʨʠʜʥʳʤ ʠʣʠ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʤ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ 

ʯʘʩʪʦʪʘʤʠ ʜʠʘʧʘʟʦʥʘ 0.8ï7 ɻʮ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʧʠʢʦʤ ʥʘ ʯʘʩʪʦʪʝ 2ï3 ɻʮ. ʂʦʛʜʘ ʯʘʩʪʦʪʘ 

ʩʣʝʜʦʚʘʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʦʟʨʘʩʪʘʣʘ, ʠʭ ʩʝʡʩʤʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʩʣʠʚʘʣʘʩʴ, ʥʘʧʦʤʠʥʘʷ 

ʩʧʘʟʤʘʪʠʯʝʩʢʦʝ ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʜʨʦʞʘʥʠʝ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʦʩʥʦʚʥʳʝ ʤʦʜʝʣʠ ʤʝʭʘʥʠʟʤʘ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʨʝʞʠʤʘ çdrumbeatsè. ɺ ʧʝʨʚʦʡ ʤʦʜʝʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʝʨʝʭʦʜʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʚʘʨʠʘʮʠʷʤʠ ʜʘʚʣʝʥʠʷ ʚ ʨʝʟʦʥʠʨʫʶʱʝʡ ʪʨʝʱʠʥʝ 

ʰʠʨʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʩʘʥʪʠʤʝʪʨʦʚ [Buurman et al., 2013]. ɺʦ ʚʪʦʨʦʡ ʤʦʜʝʣʠ ʠʩʪʦʯʥʠʢʦʤ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʟʦʥʠʨʫʶʱʠʡ ʫʯʘʩʪʦʢ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʢʘʥʘʣʘ ʰʠʨʠʥʦʡ 

ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʠ ʜʣʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ [Scott et al., 2008]. ɺ ʪʨʝʪʴʝʡ 

ʤʦʜʝʣʠ ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʝʞʠʤʘ çdrumbeatsè ʦʪʚʝʯʘʝʪ ʤʝʭʘʥʠʟʤ ʧʨʝʨʳʚʠʩʪʦʛʦ 

ʩʢʦʣʴʞʝʥʠʷ çstickïslipè, ʚʦʟʥʠʢʘʶʱʠʡ ʥʘ ʛʨʘʥʠʮʝ ʚʳʞʠʤʘʝʤʦʛʦ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ 

[Iverson et al., 2006]. 

ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ çdrumbeatsè, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʥʘ 

ʚʫʣʢʘʥʘʭ ʤʠʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ɸ. 
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ɻʃɸɺɸ 2. ʉʀʉʊɽʄɸ ʉɽʁʉʄʀʏɽʉʂʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ 

ɺʋʃʂɸʅʆɺ ʂɸʄʏɸʊʂʀ 

2.1 ʉʝʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʂʘʤʯʘʪʢʘ 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʤʘʪʝʨʠʘʣ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʝʡʩʤʠʯʥʦʩʪʴʶ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚʦ ʚʨʝʤʷ 

ʝʛʦ ʠʟʚʝʨʞʝʥʠʷ ʚ 2010ï2013 ʛʛ. ʧʦ ʜʘʥʥʳʤ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʝʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ 

ʂʘʤʯʘʪʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌʝʜʝʨʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ ɽʜʠʥʘʷ ɻʝʦʬʠʟʠʯʝʩʢʘʷ 

ʩʣʫʞʙʘ ʈɸʅ (ʂʌ ʌʀʎ ɽɻʉ ʈɸʅ). 

ʆʩʥʦʚʘ ʂʘʤʯʘʪʩʢʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʝʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ (ʩ/ʩʪ) ʙʳʣʘ ʟʘʣʦʞʝʥʘ 

ʊʠʭʦʦʢʝʘʥʩʢʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʝʡ ʀʥʩʪʠʪʫʪʘ ʌʠʟʠʢʠ ɿʝʤʣʠ ɸʅ ʉʉʉʈ ʩʦʚʤʝʩʪʥʦ 

ʩ ʂʦʤʧʣʝʢʩʥʦʡ ʛʝʦʣʦʛʦïʛʝʦʬʠʟʠʯʝʩʢʦʡ ʦʙʩʝʨʚʘʪʦʨʠʝʡ ʉʠʙʠʨʩʢʦʛʦ ʆʪʜʝʣʝʥʠʷ ɸʅ ʉʉʉʈ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʉ.ɸ. ʌʝʜʦʪʦʚʘ (ʚʧʦʩʣʝʜʩʪʚʠʠ ʘʢʘʜʝʤʠʢʘ ʈɸʅ) ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩ 1961 

ʛ. [ʌʝʜʦʪʦʚ ʠ ʜʨ., 1964]. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ 

ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʣʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʦʪ ʤʠʢʨʦʩʝʡʩʤʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ 

ʜʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʉʧʦʩʦʙʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʵʥʝʨʛʠʝʡ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʫʨʦʚʥʝʤ ʰʫʤʘ ʥʘ ʩʪʘʥʮʠʠ, ʘ ʪʘʢʞʝ ʝʝ ʫʜʘʣʝʥʥʦʩʪʴʶ ʦʪ ʦʯʘʛʘ. 

ʉʝʪʴ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʂʌ ʌʀʎ ɽɻʉ ʈɸʅ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ: ʩʝʪʴ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʩʝʪʴ ʨʘʜʠʦʪʝʣʝʤʝʪʨʠʯʝʩʢʠʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ (ʈʊʉʉ) ʠ ʩʝʪʴ ʩʪʘʥʮʠʡ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʣʴʥʳʭ ʜʚʠʞʝʥʠʡ. ʏʠʩʣʦ 

ʜʝʡʩʪʚʫʶʱʠʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʩʦʩʪʘʚʣʷʝʪ 68 (ʨʠʩʫʥʦʢ 2.1). 

ɺ ʢʘʯʝʩʪʚʝ ʜʘʪʯʠʢʦʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʣʦʩʠʤʝʪʨʳ: Guralp 

(ɸʥʛʣʠʷ) CMGï3 (ʊs=120 ʩ), CMGï6 (ʊs=30 ʩ) ʠ CMGï6TD ʩ ʚʩʪʨʦʝʥʥʳʤ ʨʝʛʠʩʪʨʘʪʦʨʦʤ 

[http://www.guralp.com/products], Streckeisen (ʐʚʝʡʮʘʨʠʷ) STSï1 (ʊs = 360 ʩ), STSï2 (ʊs=120 

ʩ); Geotech (ʉʐɸ) KSï2000 (ʊs=100 ʩ); ʆʂɹ ʀʌɿ (ʈʦʩʩʠʷ) ʉʄ3ïʂɺ (ʊs=2 ʩ), ʉʄ3 (ʊs=1.2 

ʩ) [ɸʧʧʘʨʘʪʫʨʘ ..., 1974]; ʅʇʇ ñɻʝʦʪʝʭò (ʈʦʩʩʠʷ) ʉʄ3ïʆʉ (ʊs=50 ʩ). ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 
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ʩʠʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʢʩʝʣʝʨʦʤʝʪʨʳ Guralp (ɸʥʛʣʠʷ) CMGï5 (0ï100 ɻʮ) ʠ 

CMGï5TD ʩ ʚʩʪʨʦʝʥʥʳʤ ʨʝʛʠʩʪʨʘʪʦʨʦʤ [ʄʠʰʘʪʢʠʥ ʠ ʜʨ., 2011].  

ʉʝʪʴ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʨʘʙʦʪʘʝʪ ʥʘ ʂʘʤʯʘʪʢʝ ʫʞʝ ʙʦʣʝʝ 60 ʣʝʪ. ɺ 

2012 ʛ. ʚʩʝ ʩʪʘʥʮʠʠ ʦʩʥʘʱʝʥʳ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩ ʮʠʬʨʦʚʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ. ʅʘ ʩʪʘʥʮʠʷʭ 

ʫʩʪʘʥʦʚʣʝʥʳ ʚʝʣʦʩʠʤʝʪʨʳ ʉʄ3ïʆʉ, ʉʄ3ïʂɺ, CMGï3TB, ʘʢʩʝʣʝʨʦʤʝʪʨʳ CMGï5ʊ. 

ʆʧʦʨʥʳʝ ʩʪʘʥʮʠʠ ʜʣʷ ʩʣʫʞʙʳ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʮʫʥʘʤʠ ʦʩʥʘʱʝʥʳ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ 

CMGï5ʊ ʠ CMGï5ʊD, ʚʝʣʦʩʠʤʝʪʨʦʤ STSï2 ʠ KSï2000 [ʏʝʙʨʦʚ ʠ ʜʨ., 2012ʘ]. 

ʉʝʪʴ ʈʊʉʉ ʩʦʩʪʦʠʪ ʠʟ 39 ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʩ ʧʝʨʝʜʘʯʝʡ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʚ 

ʧʨʠʝʤʥʳʝ ʮʝʥʪʨʳ ʩʙʦʨʘ ʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʜʠʦʪʝʣʝʤʝʪʨʠʯʝʩʢʠʤ 

ʢʘʥʘʣʘʤ, ʚʢʣʶʯʘʶʱʘʷ ʪʨʠ ʢʫʩʪʘ ʩʪʘʥʮʠʡ: ʇʝʪʨʦʧʘʚʣʦʚʩʢʠʡ (20 ʩʪʘʥʮʠʡ), ʂʦʟʳʨʝʚʩʢʠʡ 

(10), ʂʣʶʯʝʚʩʢʦʡ (9) (ʨʠʩʫʥʦʢ 2.1). ʇʨʠʝʤʥʳʝ ʮʝʥʪʨʳ ʮʝʥʪʨʘʣʴʥʦʡ ʂʘʤʯʘʪʢʠ (ʧ. ʂʦʟʳʨʝʚʩʢ 

ʠ ʧ. ʂʣʶʯʠ) ʚʢʣʶʯʝʥʳ ʚ ʣʦʢʘʣʴʥʫʶ ʩʝʪʴ ʂʌ ʌʀʎ ɽɻʉ ʈɸʅ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʮʝʥʪʨʦʤ ʚ 

ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢïʂʘʤʯʘʪʩʢʠʡ. ʅʘ ʚʩʝʭ ʩʪʘʥʮʠʷʭ ʫʩʪʘʥʦʚʣʝʥ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʢʦʤʧʣʝʢʪ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʢʘʥʘʣʦʚ ʥʘ ʙʘʟʝ ʩʝʡʩʤʦʤʝʪʨʘ ʉʄï3 ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ 

ʛʨʫʥʪʘ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ 0.5ï20 ɻʮ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʈʊʉʉ ʚʙʣʠʟʠ ʜʝʡʩʪʚʫʶʱʠʭ ʚʫʣʢʘʥʦʚ 

ʨʘʙʦʪʘʶʪ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢʘʥʘʣʳ ʉʄ3ïɺʏ (ʨʠʩʫʥʦʢ 2.2) [ʏʝʙʨʦʚ ʠ ʜʨ., 2012ʘ]. 

ʉʪʘʥʮʠʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʦʙʳʡ ʢʣʘʩʩ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʟʘʧʠʩʠ ʙʝʟ ʠʩʢʘʞʝʥʠʡ ʢʦʣʝʙʘʥʠʡ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʭ ʦʪ ʩʠʣʴʥʝʡʰʠʭ, ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʦʪ ʩʠʣʴʥʝʡʰʠʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦʜʭʦʜʠʪ ʟʘʧʠʩʴ ʫʩʢʦʨʝʥʠʷ ʩʤʝʱʝʥʠʷ ʛʨʫʥʪʘ ʚ ʪʦʯʢʝ ʨʝʛʠʩʪʨʘʮʠʠ, ʧʦʵʪʦʤʫ 

ʜʘʪʯʠʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʠʙʦʨʦʚ ʩʠʣʴʥʳʭ ʜʚʠʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʢʩʝʣʝʨʦʤʝʪʨʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʨʝʛʠʩʪʨʘʪʦʨʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʘʥʘʣʦʛʦʚʳʝ ʧʨʠʙʦʨʳ (CCP3ïM, SMACïQ, ʀʉʆïIIʄ) 

ʠ ʮʠʬʨʦʚʳʝ (CMGï5T, CMGï6TD). 
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ʈʠʩʫʥʦʢ 2.1 ï ʉʝʡʩʤʠʯʝʩʢʘʷ ʩʝʪʴ ʂʌ ʌʀʎ ɽɻʉ ʈɸʅ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʫʣʢʘʥʘ 

ʂʠʟʠʤʝʥ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʂʘʤʯʘʪʢʘ. ʅʘ ʚʨʝʟʢʘʭ ʧʦʢʘʟʘʥʳ ʙʣʠʞʘʡʰʠʝ ʢ ʚʫʣʢʘʥʫ ʂʠʟʠʤʝʥ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʪʘʥʮʠʠ (ʘ) ʠ ʧʫʥʢʪ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʫʣʢʘʥʦʤ ʂʠʟʠʤʝʥ (ʙ). 

 

ʈʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʩʝʪʠ ʩʪʘʥʮʠʡ ʩ ʨʘʟʣʠʯʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʙʝʟ ʠʩʢʘʞʝʥʠʡ ʢʘʢ ʩʠʣʴʥʝʡʰʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʩ ʤʘʛʥʠʪʫʜʦʡ ʄ>8, ʪʘʢ ʠ ʩʣʘʙʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʄÒ1. ɺʦʟʤʦʞʥʦʩʪʠ ʦʩʥʦʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, 

ʧʨʠʤʝʥʷʝʤʦʡ ʥʘ ʩʝʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʂʘʤʯʘʪʢʘ, ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 2.2. ɼʘʥʥʳʝ ʚʩʝʭ ʩʝʡʩʤʦʤʝʪʨʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʪʘʥʮʠʡ ʠ ʈʊʉʉ 

ʜʦʩʪʫʧʥʳ ʦʧʝʨʘʪʦʨʘʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [ʏʝʙʨʦʚ ʠ ʜʨ., 2012ʘ]. 
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ɺ ʂʌ ʌʀʎ ɽɻʉ ʈɸʅ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʠʩʪʝʤʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʫʣʢʘʥʦʚ, 

ʮʝʣʴʶ ʨʘʙʦʪʳ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʳʭ 

ʦʮʝʥʦʢ ʩʦʩʪʦʷʥʠʷ ʚʫʣʢʘʥʦʚ, ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʩʣʫʯʘʝ ʦʧʘʩʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʧʦʣʫʦʩʪʨʦʚʘ 

ʂʘʤʯʘʪʢʘ ʠ ʉʝʚʝʨʥʳʭ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ, ʦʙʥʘʨʫʞʝʥʠʷ ʧʝʧʣʦʚʦʡ ʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʘʚʠʘʣʘʡʥʝʨʦʚ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʪʨʘʩʩʘʭ, ʧʨʦʣʝʛʘʶʱʠʭ ʯʝʨʝʟ ʧʦʣʫʦʩʪʨʦʚ 

ʂʘʤʯʘʪʢʘ. ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʨʘʤʢʘʭ ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ 

ʧʨʦʛʨʘʤʤʳ çʉʥʠʞʝʥʠʝ ʨʠʩʢʦʚ ʠ ʩʤʷʛʯʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ 

ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè ʦʪ 7.07.2011. ɹʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʧʫʥʢʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʚʫʣʢʘʥʘʭ (ʇʅɺ). ʇʅɺ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʧʨʦʛʨʘʤʤʥʦïʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʚʢʣʶʯʘʶʱʠʝ: ʩʙʦʨ ʠ ʧʝʨʝʜʘʯʫ 

ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ, ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʫʥʢʪʘ. ʄʝʪʦʜʳ ʠ ʚʠʜʳ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʇʅɺ: ʩʝʡʩʤʠʯʝʩʢʠʡ, ʘʢʫʩʪʠʯʝʩʢʠʡ, 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʡ (GPS, ʥʘʢʣʦʥʦʤʝʨʳ), ʤʝʪʝʦ, ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ [ʏʝʙʨʦʚ ʠ ʜʨ., 2012ʙ]. 

ɺ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʨʘʙʦʪʘʶʪ ʪʨʠ ʧʦʩʪʦʷʥʥʳʝ ʩ/ʩʪ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩ/ʩʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʫʣʢʘʥʘ ʧʦʢʘʟʘʥʦ ʥʘ ʚʨʝʟʢʝ ʨʠʩʫʥʢʘ 2.1ʘ ʠ ʠʭ ʢʦʦʨʜʠʥʘʪʳ ʚ ʪʘʙʣʠʮʝ 2.1. ʀʟ 

ʥʠʭ ʜʚʝ ï ʈʊʉʉ: çʊʫʤʨʦʢè (çTUMè), ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ 20 ʢʤ ʦʪ ʚʝʨʰʠʥʳ ʚʫʣʢʘʥʘ ʚ 2003 ʛ.; 

çʂʠʟʠʤʝʥè (KZV), ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ 2.6 ʢʤ ʚ 2009 ʛ.; ʘ ʪʘʢʞʝ ʇʅɺïɸ (ʘʚʪʦʥʦʤʥʳʡ) çʊʫʤʨʦʢ, 

ʠʩʪʦʯʥʠʢʠè (TUMD), ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʚ ʠʶʣʝ 2011 ʛ. ʚ 8 ʢʤ. 

ʅʘ ʩ/ʩʪ KZV ʠ TUM ʨʝʛʠʩʪʨʘʮʠʷ ʚʝʜʝʪʩʷ ʧʦ ʪʨʝʤ ʩʦʩʪʘʚʣʷʶʱʠʤ ʩʢʦʨʦʩʪʠ ʢʦʣʝʙʘʥʠʷ 

ʛʨʫʥʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 0.5ï20 ɻʮ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʤʠ ʩʝʡʩʤʦʤʝʪʨʘʤʠ ʉʄ3 ʩ ʊs=1.2 ʩ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢʘʥʘʣ. ʅʘ TUMD ʫʩʪʘʥʦʚʣʝʥ Guralp 

CMGï6TD ʩ ʯʘʩʪʦʪʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʨʝʛʠʩʪʨʘʮʠʠ 0.033ï40 ɻʮ [ʏʝʙʨʦʚ ʠ ʜʨ., 2012ʘ]. ʊʘʢʞʝ 

ʥʘ TUMD ʫʩʪʘʥʦʚʣʝʥʘ IPïʚʠʜʝʦʢʘʤʝʨʘ, ʢʦʪʦʨʘʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 

ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʦʜʥʘ ʤʠʥʫʪʘ ʧʝʨʝʜʘʝʪ ʜʘʥʥʳʝ ʚ ʧʨʠʝʤʥʳʡ ʮʝʥʪʨ çʇʝʪʨʦʧʘʚʣʦʚʩʢï

ʂʘʤʯʘʪʩʢʠʡè ʯʝʨʝʟ ʢʘʥʘʣ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ VSAT (ʨʠʩʫʥʦʢ 2.1ʙ). 
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ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʧʧʘʨʘʪʫʨʳ, 

ʧʨʠʤʝʥʷʝʤʦʡ ʥʘ ʩʝʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʂʘʤʯʘʪʢʘ [ʂʘʤʯʘʪʩʢʠʡé, 

2009]. a ï g ï ʩʝʡʩʤʦʤʝʪʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʩ/ʩʪ ʂʌ ʌʀʎ ɽɻʉ ʈɸʅ. 

 

ʅʘ ʫʜʘʣʝʥʠʠ 3 ʢʤ ʦʪ ʚʝʨʰʠʥʳ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ ʨʘʡʦʥʝ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ 29.04.2012 

ʫʩʪʘʥʦʚʣʝʥʘ ʚʨʝʤʝʥʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʩʪʘʥʮʠʷ KZVD (ʪʘʙʣʠʮʘ 2.1) [ʐʘʢʠʨʦʚʘ, 2012]. ʆʥʘ 

ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʧʦʨʪʘʪʠʚʥʳʡ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʘʢʩʝʣʝʨʦʤʝʪʨ CMGï5TD. 

 

ʊʘʙʣʠʮʘ 2.1 ï ʂʦʦʨʜʠʥʘʪʳ ʙʣʠʞʘʡʰʠʭ ʢ ʚʫʣʢʘʥʫ ʂʠʟʠʤʝʥ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʠ ʠʭ 

ʚʳʩʦʪʳ ʥʘʜ ʫ.ʤ. 
ʉʪʘʥʮʠʷ ʂʦʜ ʐʠʨʦʪʘ, ʛʨ. ʩ.ʰ. ɼʦʣʛʦʪʘ, ʛʨ. ʚ.ʜ. ɺʳʩʦʪʘ, ʤ ʋʜʘʣʝʥʥʦʩʪʴ, ʢʤ 

ʂʠʟʠʤʝʥ KZV 55.113 160.294 1509 2.6 

ʊʫʤʨʦʢ TUM 55.283 160.146 1213 20.0 

ʊʫʤʨʦʢ, 

ʠʩʪʦʯʥʠʢʠ 
TUMD 55.203 160.399 486 8.0 

ʂʠʟʠʤʝʥ 

Guralp 
KZVD 55.113 160.369 1222 3.0 
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ɺ ʂʌ ʌʀʎ ɽɻʉ ʈɸʅ ʝʞʝʜʥʝʚʥʘʷ ʦʮʝʥʢʘ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʚʫʣʢʘʥʦʚ ʂʘʤʯʘʪʢʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ, ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʚʠʜʝʦ/ʚʠʟʫʘʣʴʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ. ʂʦʤʧʣʝʢʩʥʘʷ ʦʮʝʥʢʘ ʘʢʪʠʚʥʦʩʪʠ ʚʫʣʢʘʥʘ ʟʘ ʩʫʪʢʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʦʥʷʪʠʠ 

çʬʦʥʦʚʘʷè (ʠʣʠ ʥʦʨʤʘʣʴʥʘʷ) ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʦʷʚʣʝʥʠʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʨʝʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ 

(ʧʝʧʣʦʚʳʝ ʚʳʙʨʦʩʳ, ʣʘʚʦʚʳʝ ʧʦʪʦʢʠ, ʣʘʚʠʥʳ ʠʟ ʨʘʩʢʘʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ). ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʫʨʦʚʝʥʴ ʜʣʷ ʢʘʞʜʦʛʦ ʚʫʣʢʘʥʘ ʦʮʝʥʠʚʘʝʪʩʷ ʠʟ ʦʧʳʪʘ ʜʣʠʪʝʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʏʠʩʣʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʫʣʢʘʥʘ, ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦïʚʨʝʤʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʠʚʰʝʡʩʷ ʵʥʝʨʛʠʠ, ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʦʩʪʘʚ, ʦʧʨʝʜʝʣʷʶʪ ʜʚʘ 

ʫʨʦʚʥʷ ʘʢʪʠʚʥʦʩʪʠ: çʬʦʥʦʚʳʡè ʠ çʚʳʰʝ ʬʦʥʘè [ʉʝʥʶʢʦʚ, 2004, 2013]. 

ʇʦʚʳʰʝʥʥʘʷ ʩʝʡʩʤʠʯʥʦʩʪʴ ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ 

ʚʫʣʢʘʥ ʤʦʞʝʪ ʥʘʯʘʪʴ ʠʟʚʝʨʛʘʪʴʩʷ. ʀʤʝʥʥʦ ʥʘ ʵʪʦʤ ʦʩʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ 

ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʯʝʪʳʨʝʭʮʚʝʪʥʦʡ ʰʢʘʣʳ ʢʦʜʦʚ 

ʦʧʘʩʥʦʩʪʠ (ʙʝʟ ʜʝʪʘʣʠʟʘʮʠʠ ʢʘʢʠʭïʣʠʙʦ ʧʘʨʘʤʝʪʨʦʚ) [ʉʝʥʶʢʦʚ, 2004]. ʎʚʝʪʦʚʦʡ ʢʦʜ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʨʦʚʥʶ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʟʘ ʩʫʪʢʠ ʧʦ ʜʘʥʥʳʤ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʩʪʘʥʮʠʡ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚ ʨʘʡʦʥʘʭ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʚʫʣʢʘʥʦʚ ʂʘʤʯʘʪʢʠ (ʨʠʩʫʥʦʢ 2.1). 

ʂʘʞʜʦʤʫ ʮʚʝʪʦʚʦʤʫ ʢʦʜʫ ʜʣʷ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ ʚʫʣʢʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʦ 

ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ, ʠʭ ʪʠʧ ʠ ʵʥʝʨʛʠʷ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʨʝʞʠʤʝ 

ʙʣʠʟʢʦʛʦ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ ʜʘʚʘʪʴ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʚʫʣʢʘʥʘ ʟʘ ʩʫʪʢʠ ʠ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʧʨʦʩʪʦʤ ʠ ʫʜʦʙʥʦʤ ʬʦʨʤʘʪʝ [ʉʝʥʶʢʦʚ, 

2004] [http://www.emsd.ru/ ~ssl/monitoring/main.htm]. 

 

2.2 ʄʝʪʦʜʠʢʘ ʦʙʨʘʙʦʪʢʠ ʟʘʧʠʩʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ 

ɺ ʂʌ ʌʀʎ ɽɻʉ ʈɸʅ ʧʨʠ ʦʧʝʨʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʜʦ ʢʦʥʮʘ 

2009 ʛ. ʢʦʦʨʜʠʥʘʪʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʧʨʦʛʨʘʤʤʝ HIPO [ʄʝʣʴʥʠʢʦʚ, 1990]. 

ʅʘʯʠʥʘʷ ʩ ʷʥʚʘʨʷ 2010 ʛ. ʦʙʨʘʙʦʪʢʘ ʟʘʧʠʩʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ 

http://www.emsd.ru/%20~ssl/monitoring/main.htm


37 

 

 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʧʨʦʛʨʘʤʤʳ DIMAS [ɼʨʦʟʥʠʥ, ɼʨʦʟʥʠʥʘ, 2010], ʢʦʪʦʨʘʷ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʜʝʪʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʚʠʟʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʮʠʬʨʦʚʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʩʠʛʥʘʣʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʩ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ 

ʦʮʝʥʠʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʢʦʦʨʜʠʥʘʪʳ ʵʧʠʮʝʥʪʨʘ, ʛʣʫʙʠʥʫ 

ʛʠʧʦʮʝʥʪʨʘ, ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ) ʧʦ ʟʘʧʠʩʷʤ ʥʘ ʪʨʝʭ ʠ ʙʦʣʝʝ ʩʪʘʥʮʠʷʭ. ɺ 

ʧʨʦʛʨʘʤʤʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʛʠʧʦʮʝʥʪʨʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʦʜʦʛʨʘʬʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʛʠʧʦʮʝʥʪʨʘ ʚʳʰʝ 

ʫʨʦʚʥʷ ʤʦʨʷ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʳʭ ʚʩʪʫʧʣʝʥʠʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʠ ʦʮʝʥʢʠ 

ʚʨʝʤʝʥʠ ʚ ʦʯʘʛʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʨʘʬʠʢ ɺʘʜʘʪʠ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʪʨʦʝʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʥʠʮʳ ʧʨʠʭʦʜʘ ʧʨʦʜʦʣʴʥʳʭ ʠ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ (tsïtp) ʦʪ ʤʦʤʝʥʪʦʚ ʧʨʠʭʦʜʘ 

P ï ʚʦʣʥ (tp). 

ɺ ʧʨʦʛʨʘʤʤʝ DIMAS ʧʨʝʜʫʩʤʦʪʨʝʥ ʨʘʩʯʝʪ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʛʥʘʣʘ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʘʟʠʤʫʪ ʥʘ ʵʧʠʮʝʥʪʨ ʠ ʫʛʦʣ ʚʳʭʦʜʘ ʣʫʯʘ ʈïʚʦʣʥʳ. ʇʨʠ ʥʘʣʠʯʠʠ tsï

tp ʠ ʘʟʠʤʫʪʘ ʧʦʣʦʞʝʥʠʝ ʵʧʠʮʝʥʪʨʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʦ ʧʦ ʦʜʥʦʡ ʩʪʘʥʮʠʠ, 

ʠʤʝʶʱʝʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʫʶ ʟʘʧʠʩʴ. ʇʨʠ ʨʘʩʯʝʪʝ ʛʣʫʙʠʥʳ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʦ ʜʘʥʥʳʤ ʩ/ʩʪ 

KZV ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʬʦʨʤʫʣʘ: 

Ὄ ὧέί‎ϽὛ ρȢυ   (2.1) 

ʛʜʝ ʅ ï ʛʣʫʙʠʥʘ, ʢʤ; ɔ ï ʫʛʦʣ ʚʳʭʦʜʘ ʣʫʯʘ ʈïʚʦʣʥʳ; S ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʠʧʦʮʝʥʪʨʦʤ ʠ 

ʩ/ʩʪ KZV, ʢʤ; 1.5 ï ʚʳʩʦʪʘ ʩ/ʩʪ KZV ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʢʤ. 

ʆʮʝʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ DIMAS ʚʢʣʶʯʘʝʪ ʦʧʝʨʘʮʠʠ: 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ, ʚʳʯʠʩʣʝʥʠʝ 

ʦʛʠʙʘʶʱʝʡ, ʦʮʝʥʢʘ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ. ɸʥʘʣʠʟ ʩʠʛʥʘʣʘ ʚ ʯʘʩʪʦʪʥʦïʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ ʩʚʦʜʠʪʩʷ ʢ ʠʟʫʯʝʥʠʶ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʚʦ 

ʚʨʝʤʝʥʠ. ɼʣʷ ʵʪʦʛʦ ʩʠʛʥʘʣ ʧʨʦʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ ʥʘʙʦʨ ʧʦʣʦʩʦʚʳʭ ʬʠʣʴʪʨʦʚ, ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʚʳʯʠʩʣʝʥʠʝʤ ʦʛʠʙʘʶʱʝʡ ʩʠʛʥʘʣʘ ʚ ʢʘʞʜʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 
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ʫʨʦʚʝʥʴ ʠʟʤʝʥʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʚʦ ʚʨʝʤʝʥʠ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ, ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʠʟʦʣʠʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʮʚʝʪʘ (ʦʪ ʯʝʨʥʦʛʦ ʜʦ ʢʨʘʩʥʦʛʦ) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʠʛʥʘʣʘ (ʩʧʝʢʪʨʦʛʨʘʤʤʘ). ʉʘʤʦʤʫ ʠʥʪʝʥʩʠʚʥʦʤʫ ʩʠʛʥʘʣʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʘʩʥʳʡ ʮʚʝʪ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʂs (ʂ=lgɽ, [ɽ]=ɼʞ)2 ʚ ʧʨʦʛʨʘʤʤʝ DIMAS 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʦʤʦʛʨʘʤʤʘ ʉ.ɸ. ʌʝʜʦʪʦʚʘ [ʌʝʜʦʪʦʚ, 1972], ʢʦʪʦʨʘʷ ʧʦʩʪʨʦʝʥʘ ʧʦ ʵʥʝʨʛʠʠ 

ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʚʦʣʥ S ʜʣʷ ʂʫʨʠʣʦïʂʘʤʯʘʪʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʂ Ò 15 ʩ 

ʛʣʫʙʠʥʦʡ ʦʯʘʛʘ 0ï200 ʢʤ, ʠ ʨʘʟʥʠʮʝʡ ʚʨʝʤʝʥ tSïP = 0.7ï80. ʇʝʨʝʩʯʝʪ K ʚ ʨʝʛʠʦʥʘʣʴʥʫʶ 

ʰʢʘʣʫ ʤʘʛʥʠʪʫʜ ML ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ ʬʦʨʤʫʣʝ [ɻʦʨʜʝʝʚ ʠ ʜʨ., 2006]:  

ὓ πȢυὑ πȢχυ   (2.2) 

ɼʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʜʦʛʨʘʬ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ [ʂʫʟʠʥ, 1974]. ʉʦʛʣʘʩʥʦ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʤʦʱʥʦʩʪʴ ʢʦʨʳ ʚ 

ʤʦʜʝʣʠ ʜʣʷ ʂʘʤʯʘʪʢʠ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 35 ʢʤ, ʘ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

ʚʟʷʪʳ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʭ ʛʣʫʙʠʥʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ɿʝʤʥʘʷ ʢʦʨʘ ʧʨʠʥʠʤʘʝʪʩʷ 

ʪʨʝʭʩʣʦʡʥʦʡ: 1) ʦʩʘʜʦʯʥʳʡ ʩʣʦʡ ʅ=5 ʢʤ, Vp=4 ʢʤ/ʩ, Vsïʨ=5 ʢʤ/ʩ; 2) ʛʨʘʥʠʪʥʳʡ ʩʣʦʡ ʅ=15 

ʢʤ, Vp=5.8 ʢʤ/ʩ, Vsïʨ=7.9 ʢʤ/ʩ; 3) ʙʘʟʘʣʴʪʦʚʳʡ ʩʣʦʡ ʅ=15 ʢʤ, Vp=6.7ʢʤ/ʩ, Vsïʨ=9.2 ʢʤ/ʩ. ɺ 

ʤʘʥʪʠʠ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʩʣʦʷ. ɺʝʨʭʥʠʡ ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ ʅ=85 ʢʤ ʠ ʩʢʦʨʦʩʪʠ Vp=7.8ʢʤ/ʩ, Vsï

ʨ=10.5 ʢʤ/ʩ. ʅʠʞʥʠʡ ʩʣʦʡ ʩ ʅ=80 ʢʤ, Vp=8.1ʢʤ/ʩ, Vsïʨ=10.7 ʢʤ/ʩ. 

ɼʣʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ ʚ ʂʌ ʌʀʎ ɽɻʉ ʈɸʅ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʛʦʜʦʛʨʘʬʘ, 

ʢʦʪʦʨʳʝ ʧʨʠʚʷʟʘʥʳ ʢ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʤ ʧʨʦʬʠʣʷʤ: ɸʚʘʯʠʥʩʢʠʡ, ʂʦʨʷʢʩʢʠʡ ʠ 

ʂʣʶʯʝʚʩʢʦʡ (ʨʠʩʫʥʦʢ 2.3) [ʉʝʥʶʢʦʚ, 2004]. 

ɼʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʚʦʣʥʦʚʳʭ ʬʦʨʤʘʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ çdrumbeatsè ʥʘ ʜʣʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʨʘʟʜʝʣʝʥʠʷ 

ʠʭ ʥʘ ʦʪʜʝʣʴʥʳʝ ʤʫʣʴʪʠʧʣʝʪʳ ʧʨʠʤʝʥʷʣʘʩʴ ʧʨʦʛʨʘʤʤʘ çDrumCorrè [Zavodevkin et al., 2021], 

ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʟʘʣʦʞʝʥ ʢʨʦʩʩïʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ ʚʦʣʥʦʚʳʭ ʬʦʨʤ, ʢʦʪʦʨʳʡ 

                                                 
2 ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʙʦʟʥʘʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ K ʙʝʟ ʥʠʞʥʝʛʦ ʠʥʜʝʢʩʘ. 
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ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʤʫʣʴʪʠʧʣʝʪʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʚʫʣʢʘʥʠʯʝʩʢʠʭ [Stephens, Chouet, 2001; Green, Neuberg, 2006; Petersen, 2007; Ottemoller, 

2008; Matoza, Chouet, 2010]. 

 

 
ʈʠʩʫʥʦʢ 2.3 ï ʉʢʦʨʦʩʪʥʳʝ ʤʦʜʝʣʠ: ʘ ï ʜʣʷ ɸʚʘʯʠʥʩʢʦʛʦ ʚʫʣʢʘʥʘ; ʙ ï ʜʣʷ ʂʦʨʷʢʩʢʦʛʦ 

ʚʫʣʢʘʥʘ; ʚ ï ʜʣʷ ʉʝʚʝʨʥʦʡ ʛʨʫʧʧʳ ʚʫʣʢʘʥʦʚ [ʉʝʥʶʢʦʚ, 2004]. 
 

ʉʭʦʜʩʪʚʦ ʚʦʣʥʦʚʳʭ ʬʦʨʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ 

ʢʨʦʩʩïʢʦʨʨʝʣʷʮʠʠ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʩʨʘʚʥʝʥʠʠ 

ʰʘʙʣʦʥʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ (X) ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ (Y). ɺ ʩʢʦʣʴʟʷʱʝʤ 

ʦʢʥʝ ʩʨʘʚʥʠʚʘʝʪʩʷ X ʩ ʧʦʜʦʢʥʦʤ Y, ʠʤʝʶʱʠʤ ʪʫ ʞʝ ʜʣʠʥʫ, ʯʪʦ X. 

ʉʭʦʜʩʪʚʦ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ X ʠ Y ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʚʘʝʪʩʷ ʣʠʥʝʡʥʳʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ rxy: 

 ὶ  
В  

В В

    (2.3) 
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ʛʜʝ Xi ï i ʚʳʙʦʨʢʘ ʩʠʛʥʘʣʘ ʍ, Yiïl ï ʷʚʣʷʝʪʩʷ (iïl) ʚʳʙʦʨʢʦʡ ʩʠʛʥʘʣʘ Y, ʚʝʨʭʥʷʷ ʯʝʨʪʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ. ʀʥʜʝʢʩ l ï ʟʘʜʝʨʞʢʘ ʤʝʞʜʫ ʜʚʫʤʷ ʩʠʛʥʘʣʘʤʠ; 

ʠʟʤʝʥʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠʟʤʝʥʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʠʛʥʘʣʘ X ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʠʛʥʘʣʫ Y. 

ʂʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ rxy ʠʟʤʝʨʷʝʪ ʪʦʣʴʢʦ ʧʦʜʦʙʠʝ ʚʦʣʥʦʚʳʭ ʬʦʨʤ ʩʠʛʥʘʣʦʚ, ʘ 

ʥʝ ʘʤʧʣʠʪʫʜʫ ʩʦʙʳʪʠʡ, ʘʤʧʣʠʪʫʜʳ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʜʣʷ ʩʦʙʳʪʠʡ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʬʦʨʤʘʤʠ ʚʦʣʥ. 

ʂʨʦʩʩïʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʟʘʧʠʩʷʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʩ/ʩʪ KZV, 

ʢʘʥʘʣ SHZ. ʕʪʘ ʩʪʘʥʮʠʷ ʚʳʙʨʘʥʘ ʚ ʩʠʣʫ ʝʝ ʙʣʠʟʦʩʪʠ ʢ ʠʩʪʦʯʥʠʢʫ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʠ ʭʦʨʦʰʝʛʦ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ. 

ʐʘʙʣʦʥ ʚʳʙʠʨʘʣʩʷ ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ: ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ 

ʩʠʛʥʘʣʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʘʧʧʘʨʘʪʫʨʳ, 

ʚʦʣʥʦʚʘʷ ʬʦʨʤʘ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʠʩʢʘʞʝʥʘ ʥʘʣʦʞʝʥʠʝʤ ʥʘ ʥʝʝ ʜʨʫʛʦʛʦ ʩʠʛʥʘʣʘ, ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ/ʰʫʤ SNRÓ3. 

ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʬʘʡʣ DrumCorr ʩʦʜʝʨʞʠʪ ʧʘʨʘʤʝʪʨʳ: ʬʠʣʴʪʨ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, 

ʧʦʨʦʛ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʢʦʨʨʝʣʷʮʠʠ, ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʟʘʜʘʥʥʦʤ ʩʫʪʦʯʥʦʤ ʬʘʡʣʝ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʢʨʦʩʩïʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʷʚʣʷʝʪʩʷ ʬʘʡʣïʦʪʯʝʪ (ʨʠʩʫʥʦʢ 2.4). 

ʆʥ ʩʦʜʝʨʞʠʪ ʠʪʦʛʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʥʳʭ ʩʠʛʥʘʣʦʚ (Beats count), ʧʦʨʦʛ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ (detection value), ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ (average 

correlation), ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʤʝʞʜʫ ʜʚʫʤʷ ʩʣʝʜʫʶʱʠʤʠ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ 

(average amp delta), ʘʤʧʣʠʪʫʜʫ ʠ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʢʦʨʨʝʣʷʮʠʠ ʚ ʬʘʡʣïʦʪʯʝʪʝ (max corr), ʘ ʪʘʢʞʝ ʩʧʠʩʦʢ ʩʠʛʥʘʣʦʚ ʩ ʚʨʝʤʝʥʥʳʤʠ ʤʝʪʢʘʤʠ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʢʦʨʨʝʣʷʮʠʠ. 
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ʈʠʩʫʥʦʢ 2.4 ï ʇʨʠʤʝʨ ʬʘʡʣïʦʪʯʝʪʘ ʧʨʦʛʨʘʤʤʳ çDrumCorrè. ʇʝʨʚʳʡ ʩʪʦʣʙʝʮ 

ʩʦʜʝʨʞʠʪ ʜʘʪʫ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʚʪʦʨʦʡ ï ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʪʨʝʪʠʡ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ, ʯʝʪʚʝʨʪʳʡ ï ʘʤʧʣʠʪʫʜʫ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʤʢʤ/ʩ. 

 

2.3 ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 2 

ʉʠʩʪʝʤʘ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʂʘʤʯʘʪʢʘ, ʩʦʟʜʘʥʥʘʷ ʚ ʂʌ 

ʌʀʎ ɽɻʉ ʈɸʅ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʨʝʛʠʩʪʨʘʮʠʠ, ʩʙʦʨʘ, 

ʭʨʘʥʝʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʈʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʩʝʪʠ ʩ/ʩʪ, 

ʦʩʥʘʱʝʥʥʳʝ ʩʦʚʨʝʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʩ ʨʘʟʣʠʯʥʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʙʝʟ ʠʩʢʘʞʝʥʠʡ ʢʘʢ ʩʠʣʴʥʝʡʰʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʩ M>8, ʪʘʢ ʠ ʩʣʘʙʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ M<1. ʉʝʡʩʤʠʯʥʦʩʪʴ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ ʧʝʨʠʦʜ 

2010ï2013 ʛʛ. ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʪʨʝʤʷ ʩ/ʩʪ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʫʜʘʣʝʥʠʠ 2.5 ï 20 ʢʤ ʦʪ 

ʚʝʨʰʠʥʳ ʚʫʣʢʘʥʘ. ɺ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʩ/ʩʪ ʨʘʙʦʪʘʣʠ ʥʝʧʨʝʨʳʚʥʦ, ʯʪʦ ʜʘʣʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʠʪʴ ʩʝʡʩʤʠʯʥʦʩʪʴ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʜʦ ʠʟʚʝʨʞʝʥʠʷ ʠ ʩʝʡʩʤʠʯʝʩʢʠʝ 

ʩʠʛʥʘʣʳ, ʚʦʟʥʠʢʰʠʝ ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʚ 2010ï2013 ʛʛ. ʠ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʦʪʜʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚ ʠʟʚʝʨʞʝʥʠʷ. ʄʦʥʠʪʦʨʠʥʛ ʘʢʪʠʚʥʦʩʪʠ ʚʫʣʢʘʥʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ IPïʚʠʜʝʦʢʘʤʝʨʦʡ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 8 ʢʤ ʦʪ 

ʚʝʨʰʠʥʳ ʚʫʣʢʘʥʘ. ɺ ʘʧʨʝʣʝ 2012 ʛ. ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʛʠʧʦʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʨʝʞʠʤʘ çdrumbeatsè ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚʨʝʤʝʥʥʘʷ ʩ/ʩʪ.  
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ɻʃɸɺɸ 3. ɺʋʃʂɸʅ ʂʀɿʀʄɽʅ ʀ ʍɸʈɸʂʊɽʈ ɽɻʆ ɸʂʊʀɺʅʆʉʊʀ ɺ 2010 ï 2013 ʛʛ. 

3.1 ɻʝʦʣʦʛʦïʪʝʢʪʦʥʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ 

ɺʫʣʢʘʥ ʂʠʟʠʤʝʥ (55.13Á N, 160.32Á E) ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʶʞʥʳʤ ʠʟ ʜʝʡʩʪʚʫʶʱʠʭ 

ʚʫʣʢʘʥʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ʂʘʤʯʘʪʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʜʝʡʩʪʚʫʶʱʠʤ 

ʚʫʣʢʘʥʘʤ ʂʘʤʯʘʪʢʠ ʟʘʥʠʤʘʝʪ ʦʙʦʩʦʙʣʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ (ʨʠʩʫʥʦʢ 2.1). ʆʥ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʥʘ 

ʩʦʯʣʝʥʝʥʠʠ ʑʘʧʠʥʩʢʦʛʦ ʛʨʘʙʝʥʘ ʠ ʛʦʨʩʪʘ ʭʨ. ʊʫʤʨʦʢ ʚ ʟʦʥʝ ʩʙʨʦʩʦʚ ʚʦʩʪʦʯʥʦʛʦ ʙʦʨʪʘ 

ʛʨʘʙʝʥʘ [ʐʘʥʮʝʨ ʠ ʜʨ., 1973]. ɼʣʷ ʵʪʦʛʦ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʝʨʳʚʥʦʝ 

ʨʘʟʚʠʪʠʝ ʚʫʣʢʘʥʠʟʤʘ ʚ ʧʣʠʦʮʝʥïʥʠʞʥʝʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ. ɺ ʨʘʡʦʥʝ ʭʨ. ʊʫʤʨʦʢ ʤʝʣï

ʧʘʣʝʦʛʝʥʦʚʳʡ ʬʫʥʜʘʤʝʥʪ ʨʝʟʢʦ ʧʦʛʨʫʞʘʝʪʩʷ, ʘ ʩʘʤ ʭʨ. ʊʫʤʨʦʢ ʩʣʦʞʝʥ ʧʣʠʦʮʝʥï

ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʚʫʣʢʘʥʠʪʘʤʠ. ʇʦ ʨʘʟʣʦʤʘʤ ʩʝʚʝʨʦïʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʙʳʣ ʟʘʣʦʞʝʥ 

ʛʨʘʙʝʥʦʦʙʨʘʟʥʳʡ ʧʨʦʛʠʙ, ʚ ʢʦʪʦʨʦʤ ʰʣʘ ʠʥʪʝʥʩʠʚʥʘʷ ʘʢʢʫʤʫʣʷʮʠʷ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʣʘʩʴ ʊʫʤʨʦʢʩʢʦïʅʠʢʦʣʴʩʢʘʷ ʩʪʨʫʢʪʫʨʥʦïʚʫʣʢʘʥʠʯʝʩʢʘʷ 

ʟʦʥʘ, ʧʦʧʝʨʝʯʥʘʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʥʦʚʥʳʤ ʩʝʚʝʨʦïʚʦʩʪʦʯʥʳʤ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʤ 

ʵʣʝʤʝʥʪʘʤ ʂʘʤʯʘʪʢʠ. ɺ ʵʪʦʡ ʟʦʥʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʤʦʱʥʳʝ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ 

ʦʪʜʝʣʴʥʳʝ ʚʫʣʢʘʥʳ [ʐʘʥʮʝʨ, 1966]. ɺʦʟʨʘʩʪ ʚʫʣʢʘʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʝʨʚʳʤ 

ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ ʚ 10ï11 ʪʳʩ. ʣʝʪ [ʄʝʣʝʢʝʩʮʝʚ ʠ ʜʨ., 1992]. ʉ ʤʦʤʝʥʪʘ ʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʪʦʚ ʠʟʚʝʨʞʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʝʥʜʝʥʮʠʷ ʚʦʟʨʘʩʪʘʥʠʷ ʜʦʣʠ ʧʦʨʦʜ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. ɼʣʷ ʨʘʥʥʠʭ ʠʟʚʝʨʞʝʥʠʡ ʙʳʣʠ 

ʭʘʨʘʢʪʝʨʥʳ ʜʘʮʠʪʦʚʳʝ ʣʘʚʳ, ʜʣʷ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ï ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚʳʝ, ʭʦʪʷ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ 

ʧʦʨʦʜ ʚʫʣʢʘʥʘ ʩʦʩʪʘʚʣʷʶʪ ʘʥʜʝʟʠʪʳ [ʐʘʥʮʝʨ ʠ ʜʨ., 1991]. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʭʝʤʳ ʭʨʝʙʪʦʚ ʊʫʤʨʦʢ, ɻʘʤʯʝʥ ʠ ʜʦʣʠʥʳ ʨʝʢʠ ʃʝʚʦʡ 

ʑʘʧʠʥʳ (ʨʠʩʫʥʦʢ 3.1), ʨʘʡʦʥ ʚʫʣʢʘʥʘ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʪʝʢʪʦʥʠʢʫ. ʉʝʨʠʷ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦï

ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʩʝʯʸʪ ʚʦʩʪʦʯʥʳʡ ʙʦʨʪ ʛʦʨʩʪʘ ʭʨʝʙʪʘ ʊʫʤʨʦʢ ʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʧʨʦʜʦʣʞʘʝʪʩʷ ʥʘ ʜʥʝ ʑʘʧʠʥʩʢʦʛʦ ʛʨʘʙʝʥʘ, ʧʦʢʨʳʪʦʛʦ ʤʦʱʥʳʤ ʯʝʭʣʦʤ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ [ʂʘʤʯʘʪʢʘé.., 1974]. ʅʘʠʙʦʣʝʝ ʯʝʪʢʦ ʚʳʨʘʞʝʥʘ ʩʣʦʞʥʘʷ ʧʦ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʩʠʩʪʝʤʘ ʩʙʨʦʩʦʚ ʦʙʱʝʛʦ ʩʝʚʝʨʦïʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʜʝʬʦʨʤʠʨʦʚʘʚʰʘʷ ʧʦʩʪʨʦʡʢʫ 
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ʚʫʣʢʘʥʘ ʚ ʝʛʦ ʩʝʚʝʨʦïʟʘʧʘʜʥʦʤ ʩʝʢʪʦʨʝ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʩʙʨʦʩʦʚ ʢʦʣʝʙʣʝʪʩʷ ʟʜʝʩʴ 

ʦʪ 50 ï 60 ʤ ʥʘ ʩʝʚʝʨʦïʚʦʩʪʦʯʥʦʤ ʫʯʘʩʪʢʝ ʨʘʟʣʦʤʥʦʡ ʟʦʥʳ ʜʦ 170 ï 200 ʤ ʥʘ ʶʛʦïʟʘʧʘʜʥʦʤ 

ʫʯʘʩʪʢʝ [ʄʝʣʝʢʝʩʮʝʚ ʠ ʜʨ., 1990]. ʉ ʤʦʣʦʜʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʩʚʷʟʘʥʦ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʛʨʘʙʝʥʦʦʙʨʘʟʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʦʣʠʥʳ ʨ. ʑʘʧʠʥʦʡ (ʨʠʩʫʥʦʢ 3.1) [ʂʘʤʯʘʪʢʘéé, 1974]. ʊʘʢʞʝ 

ʨʘʟʣʦʤʳ ʚ ʨʘʡʦʥʝ ʑʘʧʠʥʩʢʦʛʦ ʛʨʘʙʝʥʘ ʦʧʠʩʘʥʳ ʂʦʞʫʨʠʥʳʤ ɸ.ʀ. [Tibaldi et al., 2008], ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʙʨʦʩʘʤʠ (ʨʠʩʫʥʦʢ 3.1 ʙ). ʂʨʘʩʥʳʤʠ ʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʜʝʡʩʪʚʫʶʱʠʝ 

ʨʘʟʣʦʤʳ ɺʦʩʪʦʯʥʦïʂʘʤʯʘʪʩʢʦʡ ʟʦʥʳ ʨʘʟʣʦʤʦʚ. 

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʧʨʦʠʩʭʦʜʠʣʠ ʚ 

ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ ʠ ʚ ʛʦʣʦʮʝʥʝ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʨʘʡʦʥʝ ʑʘʧʠʥʩʢʦʛʦ ʛʨʘʙʝʥʘ 

26.05.1963 ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʣʦʢʘʣʴʥʦʡ ʤʘʛʥʠʪʫʜʦʡ ʄL=6.8 (ʢʦʦʨʜʠʥʘʪʳ 55.128ÁN, 

160.084ÁE,) ʠ ʛʣʫʙʠʥʦʡ h=0.8 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʜʦʣʞʘʶʱʝʤʩʷ ʨʘʟʚʠʪʠʠ ʵʪʠʭ ʩʪʨʫʢʪʫʨ 

ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [http://sdis.emsd.ru/info/earthquakes/catalogue.php]. 

ɺʫʣʢʘʥ ʂʠʟʠʤʝʥ ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʜʦ ʠʟʚʝʨʞʝʥʠʷ ʠʤʝʣ ʚʳʩʦʪʫ 2485 ʤ. ɼʠʘʤʝʪʨ 

ʚʫʣʢʘʥʘ ~7 ʢʤ, ʘ ʧʣʦʱʘʜʴ ʝʛʦ ʦʩʥʦʚʘʥʠʷ ʚʤʝʩʪʝ ʩ ʨʘʚʥʠʥʘʤʠ ʧʦʜʥʦʞʠʷ ~120 ʢʤ2. 

ʉʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʧʦʩʪʨʦʡʢʠ, ʚʢʣʶʯʘʷ ʦʪʣʦʞʝʥʠʷ ʨʘʚʥʠʥ ʧʦʜʥʦʞʠʡ, ʩʦʩʪʘʚʣʷʝʪ ~ 25 ʢʤ3. 

ʂʨʫʪʠʟʥʘ ʩʢʣʦʥʦʚ ʢʦʥʫʩʘ ʚ ʩʨʝʜʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ï 30Áï40Á [ʐʘʥʮʝʨ ʠ ʜʨ., 1991]. ʉʢʣʦʥʳ 

ʧʦʢʨʳʪʳ ʯʝʭʣʦʤ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʨʘʩʩʝʯʝʥʳ ʙʘʨʨʘʥʢʦʩʘʤʠ. ɼʦ ʠʟʚʝʨʞʝʥʠʷ 

2010ï2013 ʛʛ. ʛʣʳʙʦʚʳʝ ʣʘʚʦʚʳʝ ʧʦʪʦʢʠ ʚ ʦʩʥʦʚʥʦʤ ʙʳʣʠ ʨʘʟʚʠʪʳ ʚ ʚʝʨʭʥʝʡ ʠ ʩʨʝʜʥʝʡ 

ʯʘʩʪʠ ʩʢʣʦʥʦʚ ʠ ʧʨʠʫʨʦʯʝʥʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʢ ʩʝʚʝʨʦïʚʦʩʪʦʯʥʦʤʫ ʠ ʶʞʥʦʤʫ ʩʢʣʦʥʘʤ 

[ʐʘʥʮʝʨ ʠ ʜʨ., 1973].  

ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ʜʦ ʠʟʚʝʨʞʝʥʠʷ ʠʤʝʣʘ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʚʫʣʢʘʥʘ. ʆʥʘ ʙʳʣʘ 

ʩʣʦʞʝʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʪʝʩʥʦ ʩʙʣʠʞʝʥʥʳʤʠ, ʨʘʟʥʳʤʠ ʧʦ ʨʘʟʤʝʨʘʤ, ʩʪʝʧʝʥʠ ʩʦʭʨʘʥʥʦʩʪʠ ʠ 

ʚʦʟʨʘʩʪʫ ʵʢʩʪʨʫʟʠʚʥʳʤʠ ʢʫʧʦʣʘʤʠ ʩ ʠʭ ʤʦʱʥʳʤʠ ʘʛʣʦʤʝʨʘʪʦʚʳʤʠ ʤʘʥʪʠʷʤʠ, ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʤʦʨʬʦʣʦʛʠʠ, ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʚʦʟʨʘʩʪʫ ʠ ʩʦʩʪʘʚʫ ʣʘʚʦʚʳʤʠ ʧʦʪʦʢʘʤʠ.  
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ʈʠʩʫʥʦʢ 3.1 ï (ʘ) ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʡʦʥʘ ʭʨʝʙʪʦʚ ʊʫʤʨʦʢ, ɻʘʤʯʝʥ ʠ ʜʦʣʠʥʳ ʨ. 

ʃʝʚʦʡ ʑʘʧʠʥʦʡ. 1 ï ʚʝʨʭʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʪʘʞ: ʘ) ʛʨʘʙʝʥ ʨ. ʑʘʧʠʥʦʡ, ʙ) ʦʩʠ 

ʛʦʨʩʪʦʦʙʨʘʟʥʳʭ ʧʦʜʥʷʪʠʡ, ʚ) ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʛʦʨʩʪ ʭʨʝʙʪʘ ʊʫʤʨʦʢ, ʛ) ʦʩʴ ʘʢʢʫʤʫʣʷʪʠʚʥʦʛʦ 

ʧʦʜʥʷʪʠʷ ʭʨʝʙʪʘ ɻʘʤʯʝʥ, ʜ) ʦʩʴ ʊʫʤʨʦʢʩʢʦïʅʠʢʦʣʴʩʢʦʡ ʧʦʧʝʨʝʯʥʦʡ ʟʦʥʳ, ʝ) ʛʦʣʦʮʝʥʦʚʳʝ 

ʠ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʳʝ ʚʫʣʢʘʥʳ. 2 ï ʩʨʝʜʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʪʘʞ. 3 ï ʥʠʞʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ 

ʵʪʘʞ. 4 ï ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ: ʘ) ʫʩʪʘʥʦʚʣʝʥʥʳʝ, ʙ) ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ, ʚ) ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ 

ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʟʣʦʤʦʚ ʧʦʜ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʛ) ʨʘʟʣʦʤʳ ʚ ʛʦʣʦʮʝʥʦʚʳʭ 

ʦʪʣʦʞʝʥʠʷʭ, ʜ) ʢʦʣʴʮʝʚʳʝ ʨʘʟʣʦʤʳ ʫʩʪʘʥʦʚʣʝʥʥʳʝ, ʝ) ʢʦʣʴʮʝʚʳʝ ʨʘʟʣʦʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ. 

5 ï ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ. 6 ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ 

[ʂʘʤʯʘʪʢʘé, 1974]. 

(ʙ) ɸʢʪʠʚʥʳʝ ʨʘʟʣʦʤʳ ʚ ʨʘʡʦʥʝ ʑʘʧʠʥʩʢʦʛʦ ʛʨʘʙʝʥʘ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʂʦʞʫʨʠʥʳʤ ɸ.ʀ.3 

7 ï ʚʫʣʢʘʥ ʂʠʟʠʤʝʥ. 8 ï ʨʘʟʣʦʤʳ, ʰʪʨʠʭʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʫʱʝʥʥʦʤ ʢʨʳʣʝ 

ʨʘʟʣʦʤʘ. 9 ï ʵʧʠʮʝʥʪʨ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 27.11.2010, 18:56, ʩ ML=5.2. 10 ï ʤʝʭʘʥʠʟʤ ʦʯʘʛʘ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʅʘ ʚʨʝʟʢʝ +/ï ʦʪʨʘʞʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʢʨʳʣʴʝʚ ʨʘʟʣʦʤʘ 

ʚʚʝʨʭ/ʚʥʠʟ. 

                                                 
3 ʈʘʙʦʯʠʝ ʤʘʪʝʨʠʘʣʳ 
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ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʬʦʨʤʘʤʠ ʧʦʜʥʦʞʠʷ ʚʫʣʢʘʥʘ ʜʦ ʠʟʚʝʨʞʝʥʠʷ 2010 ʛ. ʙʳʣʠ 

ʦʙʰʠʨʥʳʝ ʧʦʣʦʛʦʥʘʢʣʦʥʥʳʝ (2Áï5Á) ʨʘʚʥʠʥʳ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʴʶ ʦʪ 40 

ʜʦ 170 ʤ [ʄʝʣʝʢʝʩʮʝʚ ʠ ʜʨ., 1992]. 

ʅʘʯʘʣʦ ʬʫʤʘʨʦʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʚʫʣʢʘʥʝ ʂʠʟʠʤʝʥ ʦʪʥʦʩʠʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʢ 

1825 ʛ. [ɼʠʪʤʘʨ, 1901], ʘ ʝʜʠʥʩʪʚʝʥʥʦʝ ʟʘʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʦʝ ʧʝʧʣʦʚʦʝ ʠʟʚʝʨʞʝʥʠʝ 

ʧʨʦʠʟʦʰʣʦ ʚ ʜʝʢʘʙʨʝ 1927 ï ʷʥʚʘʨʝ 1928 ʛʛ. [ʇʠʡʧ, 1946]. ʀʟʚʝʨʞʝʥʠʶ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ 

ʩʠʣʴʥʳʝ ʤʝʩʪʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʚ ʥʦʷʙʨʝïʜʝʢʘʙʨʝ 1927 ʛ. 

ɺ ʠʩʪʦʨʠʠ ʵʨʫʧʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʫʣʢʘʥʘ ʚʳʜʝʣʝʥʳ ʯʝʪʳʨʝ ʮʠʢʣʘ, ʢʘʞʜʳʡ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 2.5ï3.0 ʪʳʩ. ʣʝʪ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʝʨʠʦʜʦʚ ʘʢʪʠʚʠʟʘʮʠʠ ʠ ʩʣʝʜʫʶʱʠʭ ʟʘ ʥʠʤʠ 

ʧʝʨʠʦʜʦʚ ʦʩʣʘʙʣʝʥʠʷ (ʚʧʣʦʪʴ ʜʦ ʧʨʝʢʨʘʱʝʥʠʷ) ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ [ʄʝʣʝʢʝʩʮʝʚ ʠ 

ʜʨ., 1992]. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʝʨʠʦʜ ʘʢʪʠʚʠʟʘʮʠʠ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʥʘʯʠʥʘʣʩʷ ʩ ʤʦʱʥʳʭ ʵʢʩʧʣʦʟʠʡ, 

ʘ ʟʘʚʝʨʰʘʣʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ ʠ ʠʟʣʠʷʥʠʝʤ ʣʘʚʦʚʳʭ ʧʦʪʦʢʦʚ. 

ʅʝ ʦʩʪʘʥʘʚʣʠʚʘʷʩʴ ʥʘ ʠʩʪʦʨʠʠ ʧʝʨʚʳʭ ʪʨʝʭ ʮʠʢʣʦʚ, ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʠʩʪʦʨʠʠ IV ʮʠʢʣʘ 

(3000 ʣ.ʥ. ï ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ). ʄʦʱʥʦʝ ʠʟʚʝʨʞʝʥʠʝ ʥʘʯʘʣʘ ʮʠʢʣʘ ʩʪʘʣʦ ʧʝʨʝʣʦʤʥʳʤ ʚ 

ʨʘʟʚʠʪʠʠ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ. ʆʥʦ ʦʪʢʨʳʣʦ ʩʝʨʠʶ ʠʟʚʝʨʞʝʥʠʡ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ, ʧʦʨʷʜʢʘ 

3000 ʣʝʪ ʧʝʨʠʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʧʦʢʦʷ, ʟʘʚʝʨʰʠʚʰʝʛʦ ʪʨʝʪʠʡ ʮʠʢʣ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʫʧʦʣʘ 

ʧʨʦʠʩʭʦʜʠʣʦ ʤʥʦʛʦʩʪʘʜʠʡʥʦ ʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʵʢʩʧʣʦʟʠʚʥʦïɻ ʬʬʫʟʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʠ 

ʠʟʣʠʷʥʠʷʤʠ ʣʘʚʦʚʳʭ ʧʦʪʦʢʦʚ. ɺʫʣʢʘʥʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ IV ʮʠʢʣʘ 

ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʘʢʪʠʚʠʟʘʮʠʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʠʟʦʰʣʘ 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦʜʚʠʞʢʘ ʧʦ ʨʘʟʣʦʤʫ, ʧʨʦʭʦʜʷʱʝʤʫ ʚʜʦʣʴ ʩʝʚʝʨʥʦʛʦ ʠ ʩʝʚʝʨʦïʚʦʩʪʦʯʥʦʛʦ 

ʩʝʢʪʦʨʦʚ ʧʦʜʥʦʞʠʷ ʚʫʣʢʘʥʘ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʧʦʜʚʠʞʢʠ ʚ ʨʘʡʦʥʝ ɺʝʨʭʥʝï

ʑʘʧʠʥʩʢʠʭ ʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʚ ʤʝʩʪʝ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦʤʦʤ ʦʜʥʦʛʦ ʠʟ ʣʘʚʦʚʳʭ 

ʧʦʪʦʢʦʚ IV ʮʠʢʣʘ ʩʦʩʪʘʚʠʣʘ ʥʝ ʤʝʥʝʝ 10 ʤ. ʇʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʨʘʟʣʦʤʳ ʪʠʧʘ ʩʙʨʦʩʦʚ ʧʦ 

ʦʙʦʠʤ ʙʦʨʪʘʤ ʜʦʣʠʥʳ ʨʫʯʴʷ ʇʦʧʝʨʝʯʥʳʡ ʚ ʝʛʦ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ [ʄʝʣʝʢʝʩʮʝʚ ʠ ʜʨ., 1992]. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ IV ʮʠʢʣʘ ʧʨʠʙʣʠʟʠʣʘʩʴ ʢ ʧʨʝʜʝʣʴʥʦʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ 

ʚ 1992 ʛ. ʙʳʣ ʜʘʥ ʧʨʦʛʥʦʟ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʯʘʣʘ ʥʦʚʦʛʦ ʮʠʢʣʘ ʘʢʪʠʚʥʦʩʪʠ [ʄʝʣʝʢʝʩʮʝʚ ʠ 
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ʜʨ., 1992]. ɺrʩʢʘʟʳʚʘʣʦʩʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʧʦʢʦʷ, ʠʩʭʦʜʷ ʠʟ 

ʩʦʩʪʘʚʘ ʣʘʚ, ʥʦʚʦʝ ʠʟʚʝʨʞʝʥʠʝ ʵʪʦʛʦ ʚʫʣʢʘʥʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʩʮʝʥʘʨʠʶ ʠʟʚʝʨʞʝʥʠʷ 

ʪʠʧʘ çʥʘʧʨʘʚʣʝʥʥʳʡ ʚʟʨʳʚè ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɻʦʨʰʢʦʚʘ [ɻʦʨʰʢʦʚ, 1962]. ɺ ʧʨʦʰʣʦʤ 

ʩʪʦʣʝʪʠʠ ʧʨʦʠʟʦʰʣʠ ʪʨʠ ʪʘʢʠʭ ʠʟʚʝʨʞʝʥʠʷ: 30.03.1956, ʚʫʣʢʘʥ ɹʝʟʳʤʷʥʥʳʡ; 12.11.1964, 

ʚʫʣʢʘʥ ʐʠʚʝʣʫʯ; 18.05.1980, ʚʫʣʢʘʥ ʉʝʥʪïʍʝʣʝʥʩ. ʆʜʥʘʢʦ, ʠʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ, 

ʥʘʯʘʚʰʝʝʩʷ ʚ ʜʝʢʘʙʨʝ 2010 ʛ. ʧʦʩʣʝ 82 ʣʝʪ ʧʦʢʦʷ ʩʝʨʠʝʡ ʵʢʩʧʣʦʟʠʡ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʭʩʷ 

ʩʭʦʞʜʝʥʠʝʤ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʧʦʰʣʦ ʩʦʚʩʝʤ ʧʦ ʜʨʫʛʦʤʫ ʩʮʝʥʘʨʠʶ. 

 

3.2 ɻʣʫʙʠʥʥʦʝ ʩʪʨʦʝʥʠʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʧʦʨʦʜ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʝʡ ʠʟ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʵʢʩʪʨʫʟʠʡ I ʮʠʢʣʘ 

ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ ʨʘʙʦʪʝ [ʊʨʫʩʦʚ, ʇʣʝʯʦʚ, 2004] ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʧʦʜ ʚʫʣʢʘʥʦʤ ʂʠʟʠʤʝʥ ʥʘ ʛʣʫʙʠʥʝ ʥʠʞʝ 4ï6 ʢʤ ʩʫʱʝʩʪʚʫʝʪ ʜʦʣʛʦʞʠʚʫʱʠʡ 

ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʦʯʘʛ ʨʠʦʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 750Áï825Áʉ. ʇʦʩʪʫʧʣʝʥʠʝ ʚ ʥʝʛʦ 

ʥʦʚʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʨʮʠʡ ʙʘʟʘʣʴʪʦʚʦʡ ʤʘʛʤʳ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʠʯʠʥʦʡ 

ʧʦʩʣʝʜʫʶʱʠʭ ʠʟʚʝʨʞʝʥʠʡ. ɺ ʨʘʙʦʪʝ [ʏʫʨʠʢʦʚʘ ʠ ʜʨ., 2013] ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʜʣʷ ʙʦʣʝʝ ʨʘʥʥʠʭ ʠʟʚʝʨʞʝʥʠʡ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʛʣʫʙʦʢʠʡ ʢʠʩʣʳʡ 

ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʦʯʘʛ ʂʠʟʠʤʝʥʘ ʤʦʛ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʜʧʠʪʳʚʘʪʴʩʷ ʦʩʥʦʚʥʦʡ 

ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʦʡ ʤʘʛʤʦʡ ʠʟ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʊʘʢʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʤʘʛʤʳ ʤʦʛʣʦ ʧʨʦʠʟʦʡʪʠ ʚ 1963 ʛ., ʢʦʛʜʘ ʚ ʨʘʡʦʥʝ ʭʨ. ʊʫʤʨʦʢ ʚ 

~25 ʢʤ ʢ ʉïɿ ʦʪ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʧʨʦʠʟʦʰʝʣ ʨʦʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʛʣʫʙʠʥʘʭ 0ÒHÒ40 ʢʤ ʩ 

ʄLmax=6.8 (K=15.1) [ɻʦʨʜʝʝʚ ʠ ʜʨ., 2004], ʢʦʪʦʨʳʡ ʤʦʛ ʙʳʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʫʶʱʠʭ 47 ʣʝʪ ʧʦʩʪʫʧʠʚʰʘʷ ʙʘʟʘʣʴʪʦʚʘʷ ʤʘʛʤʘ ʬʦʨʤʠʨʦʚʘʣʘ ʢʠʩʣʳʡ 

ʘʥʜʝʟʠʪʦʚʳʡ ʛʠʙʨʠʜ, ʠʟʚʝʨʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʥʘʯʘʣʦʩʴ ʚ ʢʦʥʮʝ 2010 ʛ. ʇʨʠʯʠʥʦʡ ʚʨʝʤʝʥʥʦʡ 

ʟʘʜʝʨʞʢʠ ʤʦʛ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʦʯʘʛʘ ʜʘʮʠʪʦʚʦʡ ʤʘʛʤʳ, ʚʳʩʪʫʧʘʶʱʝʛʦ ʚ ʨʦʣʠ 

ʧʣʦʪʥʦʩʪʥʦʛʦ ʬʠʣʴʪʨʘ [Auer et al., 2018]. ʅʠʞʥʷʷ ʯʘʩʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʟʦʥʳ ʩ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 7 ʜʦ 11 ʢʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʝʨʭʥʶʶ 
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ʛʨʘʥʠʮʫ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʠʘʧʘʟʦʥʦʤ ʜʘʚʣʝʥʠʡ, 

ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʦ ʩʦʩʪʘʚʘʤ ʘʤʬʠʙʦʣʦʚ ʠ ʧʠʨʦʢʩʝʥʦʚ. 

ʄʠʛʨʠʨʫʶʱʘʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʟʘʣʴʪʦʚʘʷ ʤʘʛʤʘ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʫʶ 

ʧʣʦʪʥʦʩʪʴ, ʯʪʦʙʳ ʚʩʧʣʳʪʴ ʩʢʚʦʟʴ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʦʯʘʛ, ʠ ʥʝ ʦʙʣʘʜʘʝʪ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʝʡ ʜʣʷ ʝʛʦ ʙʳʩʪʨʦʡ ʘʢʪʠʚʠʟʘʮʠʠ [Auer et al., 2018]. ʇʦʢʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʤʝʰʝʥʠʷ ʧʣʦʪʥʦʩʪʴ ʛʠʙʨʠʜʥʦʡ ʤʘʛʤʳ ʥʝ ʩʥʠʟʠʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʝʝ ʧʦʜʲʝʤʘ, 

ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩ ʚʷʟʢʠʤ ʜʘʮʠʪʦʤ ʟʘ ʩʯʝʪ ʢʦʥʚʝʢʮʠʠ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʚʫʣʢʘʥʘʭ ʩ ʧʦʜʦʙʥʳʤ ʩʦʩʪʘʚʦʤ ʤʘʛʤʳ, ʠʟʚʝʨʞʝʥʠʷ ʥʘʯʠʥʘʶʪʩʷ ʩ 

ʚʳʩʦʢʦʵʢʩʧʣʦʟʠʚʥʦʡ ʧʣʠʥʠʘʥʩʢʦʡ ʩʪʘʜʠʠ (ʠʟʚʝʨʞʝʥʠʷ ʧʝʤʟ), ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ 

ʵʢʩʪʨʫʟʠʷ ʜʝʛʘʟʠʨʦʚʘʥʥʦʡ ʣʘʚʳ. ʆʜʥʘʢʦ ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʥʝ 

ʥʘʙʣʶʜʘʣʩʷ ʧʣʠʥʠʘʥʩʢʠʡ ʪʠʧ ʠʟʚʝʨʞʝʥʠʷ. ɼʣʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʢʠʩʣʘʷ ʤʘʛʤʘ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʦʯʘʛʝ ʜʝʛʘʟʠʨʦʚʘʣʘʩʴ ʟʘ ʩʯʝʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʤʘ, ʨʘʩʩʝʢʘʶʱʝʛʦ ʉïɿ ʩʢʣʦʥ ʚʫʣʢʘʥʘ [Auer et al., 2018]. ʅʘ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʬʬʝʢʪ ʜʝʛʘʟʘʮʠʠ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʬʫʤʘʨʦʣʦʡ ʥʘ ʉïɿ ʩʢʣʦʥʝ ʚʫʣʢʘʥʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʠʞʝ ʚʝʨʰʠʥʳ ʥʘ 400 ʤ (ʨʠʩʫʥʦʢ 3.1). ɽʝ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʧʨʝʞʥʝʤ ʨʝʞʠʤʝ 

ʠ ʧʦʩʣʝ ʠʟʚʝʨʞʝʥʠʷ, ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʫʪʠ ʧʦʜʲʝʤʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʪʫʯʠʭ ʠ 

ʤʘʛʤʳ ʤʦʛʫʪ ʥʝ ʩʦʚʧʘʜʘʪʴ [Auer et al., 2018]. 

ɼʣʠʪʝʣʴʥʘʷ ʜʝʛʘʟʘʮʠʷ ʚʳʟʳʚʘʝʪ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ 

ʢʠʩʣʦʡ ʤʘʛʤʳ ʚ ʦʯʘʛʝ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʚ ʥʝʤ ʧʦʜʚʠʞʥʦʩʪʴ, ʜʝʡʩʪʚʫʷ ʚ ʢʘʯʝʩʪʚʝ ʧʣʦʪʥʦʩʪʥʦʛʦ 

ʬʠʣʴʪʨʘ [Auer et al., 2018]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʧʦʟʚʦʣʷʝʪ ʤʘʛʤʝ ʜʦʩʪʠʯʴ 

ʩʦʩʪʦʷʥʠʷ ʠʟʚʝʨʞʝʥʠʷ. ʂʦʛʜʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʝʨʠʦʜ ʧʦʢʦʷ, ʚʳʩʦʢʘʷ ʚʷʟʢʦʩʪʴ ʤʘʛʤʳ 

ʧʨʠʚʦʜʠʪ ʢ ʝʝ ʤʝʜʣʝʥʥʦʤʫ ʧʦʜʲʝʤʫ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʣʠʪʝʣʴʥʦʡ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʥʘʯʘʣʘ ʠʟʚʝʨʞʝʥʠʷ (ʜʣʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ~ 1.5 ʛʦʜʘ), ʥʝʧʦʣʥʦʤʫ 

ʧʝʨʝʤʝʰʠʚʘʥʠʶ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʧʦʣʦʩʯʘʪʳʝ ʘʥʜʝʟʠʪʳ ʠ ʜʘʮʠʪʳ ʚ 

ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜʘʭ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ) ʠ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ ʣʘʚʳ [Auer et al., 2018]. 
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ʀʥʪʝʨʝʩʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʟʘ ʜʝʬʦʨʤʘʮʠʝʡ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʜʘʨʘ ʩ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ (Interferometric synthetic aperture radar, InSAR), ʧʦʣʫʯʝʥʥʳʭ ʩʦ 

ʩʧʫʪʥʠʢʦʚ ENVISAT ʠ ALOS ʟʘ 6 ʣʝʪ ʧʝʨʝʜ ʝʛʦ ʠʟʚʝʨʞʝʥʠʝʤ [Ji et al., 2013]. ʕʪʦʪ ʤʝʪʦʜ 

ʠʩʧʦʣʴʟʫʝʪ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ 

(SAR) ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʨʪ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʠʷ ʚ ʬʘʟʝ ʚʦʣʥ, 

ʚʦʟʚʨʘʱʘʶʱʠʭʩʷ ʥʘ ʩʧʫʪʥʠʢ. ʄʝʪʦʜ ʵʬʬʝʢʪʠʚʝʥ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʠ ʫʨʦʚʥʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʤʝʩʪʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʜʝʪʘʣʴʥʦʩʪʴ, 

ʩʨʘʚʥʠʤʫʶ ʩ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʤʠ [ɹʘʢʫʣʝʚ, 2004]. ʄʝʪʦʜ ʩʧʦʩʦʙʝʥ ʚʳʷʚʣʷʪʴ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʩʤʝʱʝʥʠʷ ʚʝʣʠʯʠʥʦʡ ʦʪ 3ï5 ʤʤ ʠ ʜʣʠʪʝʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 

1ʤʤ/ʛʦʜ [ɸʨʩʝʥʴʝʚïʆʙʨʘʟʮʦʚ, 2020]. InSAR ʦʙʲʝʜʠʥʷʝʪ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʠʟʦʙʨʘʞʝʥʠʡ ʦʜʥʦʡ 

ʠ ʪʦʡ ʞʝ ʦʙʣʘʩʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʧʦʯʪʠ ʠʟ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʠ, ʯʪʦ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʜʝʬʦʨʤʘʮʠʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʚ ʪʝʯʝʥʠʝ 

ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʤʝʞʜʫ ʵʪʠʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ InSAR ʦ ʜʝʬʦʨʤʘʮʠʷʭ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʠʟʚʝʨʞʝʥʠʶ ʤʦʛʣʦ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ 

ʚʥʝʜʨʝʥʠʝ ʜʘʡʢʠ ʚ ʪʝʯʝʥʠʝ 2008ï2009 ʛʛ. ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ~15 ʢʤ ʩ ʮʝʥʪʨʦʤ ʧʦʜ ʚʫʣʢʘʥʦʤ 

ʂʠʟʠʤʝʥ ʩ ʛʣʫʙʠʥʳ ~ 13 ʢʤ [Li et al., 2013]. 

 

3.3 ʀʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2010ï2013 ʛʛ. 

ʕʢʩʧʣʦʟʠʚʥʦïɻ ʬʬʫʟʠʚʥʦʝ ʠʟʚʝʨʞʝʥʠʝ ʘʥʜʝʟʠʪʦʚʦʛʦ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʥʘʯʘʣʦʩʴ ʚ 

ʥʦʷʙʨʝ 2010 ʛ. ɺʫʣʢʘʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʤʘʣʦʥʘʩʝʣʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʠ ʝʛʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʦ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʠ 

ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʝʡʩʤʦʣʦʛʠʯʝʩʢʠʡ. 

ʇʦ ʜʘʥʥʳʤ ʬʦʪʦʩʲʝʤʢʠ ʚʳʧʦʣʥʝʥʥʦʡ ʩ ʩ/ʩʪ TUMD, 16.10.2010 ʙʣʠʟʢʦ ʢ ʚʝʨʰʠʥʝ 

ʚʧʝʨʚʳʝ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʥʦʚʘʷ ʬʫʤʘʨʦʣʘ ʥʘ ʶʛʦïʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ, ʘ 11.11.2010 ʙʳʣʘ 
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ʟʘʤʝʯʝʥʘ ʧʝʨʚʘʷ ʩʣʘʙʦ ʥʘʛʨʫʞʝʥʥʘʷ ʧʝʧʣʦʤ ʧʘʨʦʛʘʟʦʚʘʷ ʵʤʠʩʩʠʷ [ʉʝʥʶʢʦʚ ʠ ʜʨ., 2011]. ʕʪʘ 

ʜʘʪʘ ʩʯʠʪʘʝʪʩʷ ʥʘʯʘʣʦʤ ʥʦʚʦʛʦ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ, ʩʦʩʪʦʷʚʰʝʛʦʩʷ ʧʦʩʣʝ 82 ʣʝʪ 

ʧʦʢʦʷ [ɼʨʦʟʥʠʥ ʠ ʜʨ., 2011]. 

ʇʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʥʘ ʚʝʨʰʠʥʝ ʚʫʣʢʘʥʘ 9.12.2010 ʚʧʝʨʚʳʝ ʙʳʣʘ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʪʝʨʤʘʣʴʥʘʷ ʘʥʦʤʘʣʠʷ (ʌʘʢʪʦʛʨʘʬʠʯʝʩʢʘʷ ʙʘʟʘ ʜʘʥʥʳʭ çɸʢʪʠʚʥʦʩʪʴ 

ʚʫʣʢʘʥʦʚ ʂʘʤʯʘʪʢʠè [http://www.emsd.ru/~ssl/monitoring/main.htm]). ʉʝʡʩʤʠʯʝʩʢʠʝ 

ʩʠʛʥʘʣʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʵʪʦʪ ʜʝʥʴ, ʤʦʛʣʠ ʚʦʟʥʠʢʥʫʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʘʙʳʭ 

ʵʢʩʧʣʦʟʠʡ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʭʩʷ ʩʭʦʜʦʤ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ [ʉʝʥʶʢʦʚ ʠ ʜʨ., 2011]. ɺ 

ʵʪʦʪ ʜʝʥʴ ʚʧʝʨʚʳʝ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ çdrumbeatsè [ʌʠʨʩʪʦʚ, 

ʐʘʢʠʨʦʚʘ, 2014] ʠ ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʜʨʦʞʘʥʠʝ [ʉʝʥʶʢʦʚ ʠ ʜʨ., 2011]. 

ʉʠʣʴʥʳʡ ʧʝʧʣʦʚʳʡ ʚʳʙʨʦʩ, ʚʠʟʫʘʣʴʥʦ ʥʘʙʣʶʜʘʚʰʠʡʩʷ ʩ ʩ/ʩʪ TUM, ʩʦ ʩʭʦʞʜʝʥʠʝʤ 

ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʧʨʦʠʟʦʰʝʣ 12.12.2010 ʚ 19:49. ʇʨʠ ʵʪʦʤ, ʵʨʫʧʪʠʚʥʦʝ ʦʙʣʘʢʦ 

ʜʦʩʪʠʛʣʦ ʚʳʩʦʪʳ ʪʨʦʧʦʧʘʫʟʳ4 ~10ï12 ʢʤ. ʅʘ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ ʩ 20:30 ʥʘʙʣʶʜʘʣʦʩʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʙʣʘʢʘ ʥʘ ʚʳʩʦʪʝ ~10 ʢʤ ʚ ʩʝʚʝʨʦïʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʜʦ ~ 300 ʢʤ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʧʦʩʸʣʢʠ ʂʦʟʳʨʝʚʩʢ ʠ ʊʠʛʠʣʴ, ʛʜʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʧʘʜʝʥʠʝ ʧʝʧʣʘ 

[ɼʨʦʟʥʠʥ ʠ ʜʨ., 2011]. 

ʀʟʚʝʨʞʝʥʠʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʜʝʢʘʙʨʷ 2010 ʛ. ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʩʠʣʴʥʳʤʠ 

ʵʢʩʧʣʦʟʠʷʤʠ (ʨʠʩʫʥʦʢ 3.2ʘ) ʩ ʚʝʩʴʤʘ ʧʨʦʪʷʞʝʥʥʳʤʠ ʧʝʧʣʦʚʳʤʠ ʦʙʣʘʢʘʤʠ (Ó 500 ʢʤ), 

ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʣʠʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ʀʭ ʜʚʠʞʝʥʠʝ ʯʝʪʢʦ ʦʪʩʣʝʞʠʚʘʣʦʩʴ 

ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ [ʄʝʣʴʥʠʢʦʚ ʠ ʜʨ., 2011]. ʊʘʢʞʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʩʝʡʩʤʠʯʝʩʢʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʚ ʚʠʜʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʣʘʙʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʩʣʘʙʦʛʦ 

ʜʨʦʞʘʥʠʷ [ʉʝʥʶʢʦʚ ʠ ʜʨ., 2011]. 

ʉʠʣʴʥʘʷ ʵʢʩʧʣʦʟʠʷ, ʩʦʧʨʦʚʦʞʜʘʚʰʘʷʩʷ ʩʭʦʞʜʝʥʠʝʤ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʠ 

ʩʝʨʠʝʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʧʨʦʠʟʦʰʣʘ 31 ʜʝʢʘʙʨʷ ʚ 17:56 [ɻʘʨʙʫʟʦʚʘ, 

ʉʦʙʦʣʝʚʩʢʘʷ, 2011]. ʇʦ ʩʧʫʪʥʠʢʦʚʳʤ ʩʥʠʤʢʘʤ ʵʨʫʧʪʠʚʥʦʝ ʦʙʣʘʢʦ ʦʪ ʵʪʦʛʦ ʩʦʙʳʪʠʷ, 

                                                 
4 ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʚʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. 

http://www.emsd.ru/~ssl/monitoring/main.htm
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ʜʚʠʛʘʷʩʴ ʚ ʶʛʦïʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʰʣʦ ʥʘʜ ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢïʂʘʤʯʘʪʩʢʠʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ 230 ʢʤ ʦʪ ʚʫʣʢʘʥʘ, ʛʜʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʧʘʜʝʥʠʝ ʧʝʧʣʘ. ʆʙʲʝʤ 

ʚʳʙʨʦʰʝʥʥʦʛʦ ʧʝʧʣʘ ʚʦ ʚʨʝʤʷ ʵʪʦʡ ʵʢʩʧʣʦʟʠʠ ʧʦ ʚʦʣʥʦʚʳʤ ʚʦʟʤʫʱʝʥʠʷʤ ʚ ʘʪʤʦʩʬʝʨʝ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ 4Ā106 ʤ3 [ʌʠʨʩʪʦʚ, ʄʘʭʤʫʜʦʚ, 2011]. 

ʇʝʨʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʚʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ ʚʫʣʢʘʥʘ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʩʦ ʩʧʫʪʥʠʢʘ Terra ASTER 7.01.2011. ɼʦ ʤʘʨʪʘ 2011 ʛ. ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʝ ʩʭʦʞʜʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʠʨʦʢʣʘʩʪʠʯʥʩʢʠʭ ʧʦʪʦʢʦʚ ʠ ʦʙʚʘʣʦʚ. ʊʘʷʥʠʝ ʩʥʝʛʘ, ʚʳʟʚʘʥʥʦʝ ʵʪʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʠʚʝʣʦ 

ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʦʱʥʦʛʦ, ʧʨʦʪʷʞʝʥʥʦʛʦ (ʙʦʣʝʝ 10 ʢʤ) ʣʘʭʘʨʘ ʧʦ ʨʫʯʴʶ ʇʦʧʝʨʝʯʥʦʤʫ 

[ʄʝʣʴʥʠʢʦʚ ʠ ʜʨ., 2011]. 

ɺ ʭʦʜʝ ʜʝʢʘʙʨʴʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʚʫʣʢʘʥʘ ʧʨʦʠʟʦʰʣʦ ʨʘʟʨʫʰʝʥʠʝ ʚʝʨʰʠʥʥʦʡ ʯʘʩʪʠ 

ʚʫʣʢʘʥʘ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʘʣʦʩʴ ʚʳʞʠʤʘʥʠʝ ʚʷʟʢʦʡ ʘʥʜʝʟʠʪʦʚʦʡ ʤʘʛʤʳ. ʃʘʚʦʚʳʡ ʧʦʪʦʢ 

ʚʧʝʨʚʳʝ ʙʳʣ ʟʘʤʝʯʝʥ ʚ ʢʦʥʮʝ ʬʝʚʨʘʣʷ 2011 ʛ. [ʆʚʩʷʥʥʠʢʦʚ, ʄʘʣʠʢ, 2011], ʘ ʢ ʠʶʥʶ 2012 ʛ. 

ʦʥ ʜʚʫʤʷ ç̫ ʟʳʢʘʤʠè ʧʦʢʨʳʣ ʚʦʩʪʦʯʥʳʡ ʩʢʣʦʥ ʚʫʣʢʘʥʘ (ʨʠʩʫʥʦʢ 3.2ʜ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ 

ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʩʦʩʪʘʚʠʣʘ 3.5 ʢʤ [Auer et al., 2018]. 

ʅʝʦʙʳʯʥʘʷ ʘʢʪʠʚʠʟʘʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ 13.12.2011, ʢʦʛʜʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʦʚ ʦʙʨʘʟʦʚʘʣʘʩʴ ʩʝʨʠʷ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʬʠʢʩʠʨʦʚʘʣʠʩʴ 

ʚʠʜʝʦʢʘʤʝʨʦʡ ʩ ʩ/ʩʪ TUMD (ʨʠʩʫʥʦʢ 3.2ʙ). 

ʅʘ ʨʠʩʫʥʢʝ 3.3 ʧʨʠʚʝʜʝʥʳ ʢʘʜʨʳ ʬʦʪʦʩʲʝʤʢʠ ʨʘʟʚʠʪʠʷ ʵʨʫʧʪʠʚʥʦʛʦ ʦʙʣʘʢʘ ʩ 

ʠʥʪʝʨʚʘʣʦʤ ʚ ʦʜʥʫ ʤʠʥʫʪʫ, ʧʨʠ ʩʭʦʞʜʝʥʠʠ ʧʦʪʦʢʦʚ 13 ʜʝʢʘʙʨʷ ʚ 23:22. ʅʘ ʩʥʠʤʢʘʭ ʭʦʨʦʰʦ 

ʚʠʜʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʨʫʧʪʠʚʥʦʛʦ ʦʙʣʘʢʘ ʥʘʯʠʥʘʝʪʩʷ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʧʦʪʦʢ ʠʟ ʟʦʥʳ 

ʪʨʘʥʟʠʪʘ ʧʦʧʘʜʘʝʪ ʚ ʟʦʥʫ ʪʦʨʤʦʞʝʥʠʷ ʥʘ ʧʦʣʦʛʦ ʥʘʢʣʦʥʥʫʶ ʨʘʚʥʠʥʫ. ʇʨʠ ʩʭʦʜʝ ʧʦʪʦʢʘ ʟʘ 

ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʪʝʧʣʘ ʠ ʛʘʟʘ ʥʘʜ ʥʠʤ ʚʦʟʥʠʢʘʝʪ ʪʫʨʙʫʣʝʥʪʥʳʡ ʧʝʧʣʦïʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ, 

ʢʦʪʦʨʳʡ ʜʚʠʞʝʪʩʷ ʚʤʝʩʪʝ ʩ ʥʠʤ. ʉʠʛʥʘʣʳ ʦʪ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ 

ʩ/ʩʪ KZV ʠ TUMD [ʌʠʨʩʪʦʚ, ʐʘʢʠʨʦʚʘ, 2014]. 
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ʈʠʩʫʥʦʢ 3.2 ï ʅʝʢʦʪʦʨʳʝ ʵʧʠʟʦʜʳ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ: ʘ ï ʵʢʩʧʣʦʟʠʷ ʚ 

ʜʝʢʘʙʨʝ 2010 ʛ. (ʬʦʪʦ ʉ. ɻʦʨʰʢʦʚʘ), ʙ ï ʩʭʦʞʜʝʥʠʝ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ 13.12.2011 

(ʩʥʷʪʦ ʢʘʤʝʨʦʡ ʩ ʩ/ʩʪ TUMD), ʚ ï ʩʚʝʯʝʥʠʝ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʥʘʜ ʚʝʨʰʠʥʦʡ ʚʫʣʢʘʥʘ 

21.07.2011 (ʬʦʪʦ ʅ.ɺ. ʋʰʘʢʦʚʘ), ʛ ï ʧʝʧʣʦʚʦʝ ʦʙʣʘʢʦ ʦʪ ʦʙʨʫʰʝʥʠʷ ʥʘ ʬʨʦʥʪʝ ʣʘʚʦʚʦʛʦ 

ʧʦʪʦʢʘ 29.04.2012 (ʩʥʷʪʦ ʢʘʤʝʨʦʡ ʩ ʩ/ʩʪ TUMD), ʜ ï ʣʘʚʦʚʳʡ ʧʦʪʦʢ ʩ ʜʚʫʤʷ çʷʟʳʢʘʤʠè 

(ʧʨʘʚʳʤ ʠ ʣʝʚʳʤ) 20.09.2012 (ʬʦʪʦ ɸ.ɸ. ʐʘʢʠʨʦʚʦʡ), ʝ ï ʚʝʨʰʠʥʥʘʷ ʵʢʩʪʨʫʟʠʷ ʠ 

ʘʙʨʘʟʠʚʥʳʡ ʞʝʣʦʙ 3.09.2013 (ʬʦʪʦ ʉ. ʃʷʭʦʚʝʮ). 

 

 

ʈʠʩʫʥʦʢ 3.3 ï  ʂʘʜʨʳ ʬʦʪʦʩʲʝʤʢʠ ʩʭʦʞʜʝʥʠʷ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ 13.12.2011 

ʚ 23:22 GMT ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ ʦʜʥʫ ʤʠʥʫʪʫ [ʌʠʨʩʪʦʚ, ʐʘʢʠʨʦʚʘ, 2014]. 
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ʉ ʠʶʥʷ 2012 ʛ. ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʨʠʚʝʨʰʠʥʥʘʷ ɻ ʢʩʪʨʫʟʠʷ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʩʣʘʙʦʡ ʵʢʩʧʣʦʟʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʨʠʩʫʥʦʢ 3.2ʝ). ʋʚʝʣʠʯʝʥʠʝ ʩʝʡʩʤʠʯʥʦʩʪʠ ʠ ʨʘʟʤʝʨʦʚ 

ʪʝʨʤʘʣʴʥʦʡ ʘʥʦʤʘʣʠʠ ʥʘ ʚʝʨʰʠʥʝ, ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʡ ʥʘ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ ɸʉʊɽʈ, ʩ 

ʜʝʢʘʙʨʷ 2012 ʛ. ʧʦ ʷʥʚʘʨʴ 2013 ʛ. ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʠ ʦʙ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʵʢʩʪʨʫʟʠʚʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʵʪʦʪ ʧʝʨʠʦʜ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʩʭʦʜʠʣʦ ʩʣʘʙʦʝ ʚʳʞʠʤʘʥʠʝ ʵʢʩʪʨʫʟʠʚʥʦʛʦ 

ʢʫʧʦʣʘ. ʕʬʬʫʟʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʠʟʚʝʨʞʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ 

ʩʭʦʞʜʝʥʠʝʤ ʦʙʚʘʣʴʥʳʭ ʣʘʚʠʥ (ʨʠʩʫʥʦʢ 3.2ʛ). 

ʉʭʝʤʘ ʛʣʫʙʠʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʟʚʝʨʞʝʥʠʶ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ [Auer 

et al., 2018] ʠ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʷʚʣʝʥʠʡ ʚʠʜʦʚ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʥʘ ʚʫʣʢʘʥʝ ʂʠʟʠʤʝʥ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.4. 

ɿʘʢʦʥʯʠʣʦʩʴ ʠʟʚʝʨʞʝʥʠʝ ʚ ʜʝʢʘʙʨʝ 2013 ʛ., ʢʦʛʜʘ ʥʘ ʚʝʨʰʠʥʝ ʚʫʣʢʘʥʘ ʧʝʨʝʩʪʘʣʘ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʪʝʨʤʘʣʴʥʘʷ ʘʥʦʤʘʣʠʷ (ʯʪʦ ʦʪʤʝʯʝʥʦ ʚ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʡ ʙʘʟʝ ʜʘʥʥʳʭ 

çɸʢʪʠʚʥʦʩʪʴ ʚʫʣʢʘʥʦʚ ʂʘʤʯʘʪʢʠè [http://www.emsd.ru/~ssl/monitoring/main.htm]), ʘ 

ʩʝʡʩʤʠʯʥʦʩʪʴ ʩʥʠʟʠʣʘʩʴ ʜʦ ʫʨʦʚʥʷ çʬʦʥʦʚʦʡè. 

 

 

ʈʠʩʫʥʦʢ 3.4 ï ʘ ï ʉʭʝʤʘ ʛʣʫʙʠʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʟʚʝʨʞʝʥʠʶ 

ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʧʦ [Auer et al., 2018]; ʙ ï ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʷʚʣʝʥʠʡ 

ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʚʫʣʢʘʥʝ ʂʠʟʠʤʝʥ. 1 ï ʦʯʘʛʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 

2 ï ʧʫʪʴ ʤʠʛʨʘʮʠʠ ʣʝʪʫʯʠʭ, 3 ï ʧʫʪʴ ʤʠʛʨʘʮʠʠ ʤʘʛʤʳ, 4 ï ʬʫʤʘʨʦʣʘ, 5 ï ɻ ʨʫʧʪʠʚʥʳʝ ʦʙʣʘʢʘ, 

6 ï ʚʫʣʢʘʥ, 7 ï ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʡ ʧʦʪʦʢ, 8 ï ʣʘʚʦʚʳʡ ʧʦʪʦʢ, 9 ï ʦʙʚʘʣ, 10 ï ʵʢʩʪʨʫʟʠʷ. 
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3.4 ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ 

ʕʬʬʫʟʠʚʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚʳʨʘʟʠʣʘʩʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘ ʝʛʦ ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʪʦʨʘ ʣʝʪ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ, ʠʤʝʚʰʝʛʦ 

ʜʚʘ ʤʦʱʥʳʭ çʷʟʳʢʘè. ʆʙʲʝʤʳ, ʤʦʨʬʦʣʦʛʠʷ ʠ ʥʝʢʦʪʦʨʳʝ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʤʦʪʨʝʥʳ ʩ 

ʧʨʠʚʣʝʯʝʥʠʝʤ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʚ ʨʘʙʦʪʘʭ [ɼʚʠʛʘʣʦ ʠ ʜʨ., 2013; 

Auer et al., 2018]. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʠʭ ʨʘʙʦʪʘʭ, ʨʘʩʩʤʦʪʨʠʤ ʚ ʜʝʪʘʣʷʭ ʜʠʥʘʤʠʢʫ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʝʛʦ ʜʚʠʞʝʥʠʝ ʧʦ ʩʢʣʦʥʫ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ 

ʜʘʣʝʝ, ʷʚʣʷʣʦʩʴ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ çdrumbeatsè. 

 

3.4.1 ʄʦʨʬʦʣʦʛʠʷ ʠ ʨʘʟʤʝʨʳ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʧʣʦʱʘʜʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʠʟʚʝʨʞʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʠʭ 

ʦʙʲʝʤʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʦʪ 11.12.2011 ʛ. ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʧʨʠʚʝʜʝʥʳ 

ʚ ʨʘʙʦʪʝ [ɼʚʠʛʘʣʦ ʠ ʜʨ., 2013]. ʉʲʝʤʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʜʚʫʤ ʤʘʨʰʨʫʪʘʤ ʥʘ ʚʳʩʦʪʝ 3800 ʤ. 

ʅʘ ʵʪʫ ʜʘʪʫ ʚ ʧʨʠʚʝʨʰʠʥʥʦʡ ʯʘʩʪʠ ʚʳʜʝʣʷʝʪʩʷ ʧʝʨʚʳʡ ʚʷʟʢʠʡ ʣʘʚʦʚʳʡ ʧʦʪʦʢ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ~70 ʤ, ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʪʳʡ ʩʣʝʜʫʶʱʠʤʠ ʧʦʪʦʢʘʤʠ. ɽʛʦ ʜʣʠʥʘ 

ʦʪ ʚʝʨʰʠʥʳ ʩʦʩʪʘʚʣʷʣʘ 1030 ʤ ʩ ʥʘʠʙʦʣʴʰʝʡ ʰʠʨʠʥʦʡ ʚʠʜʠʤʦʡ ʯʘʩʪʠ 340 ʤ (ʚʳʜʝʣʝʥ 

ʞʝʣʪʳʤ ʮʚʝʪʦʤ ʥʘ ʨʠʩʫʥʢʝ 3.5ʘ) ʠ ʚʳʧʫʢʣʦʡ ʢʘʧʣʝʚʠʜʥʦʡ ʬʦʨʤʦʡ ʥʘ ʬʨʦʥʪʝ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʢʨʫʧʥʦʛʣʳʙʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ [ɼʚʠʛʘʣʦ ʠ ʜʨ., 2013]. 

ɺʪʦʨʦʡ, ʙʦʣʝʝ ʚʷʟʢʠʡ ʧʦʪʦʢ, ʦʙʦʛʥʫʣ ʧʝʨʚʳʡ ʩ ʩʝʚʝʨʘ, ʯʘʩʪʠʯʥʦ ʝʛʦ ʧʝʨʝʢʨʳʚ. ʂ 

ʠʶʣʶ 2011 ʛ. ʧʦʪʦʢ ʩʧʫʩʪʠʣʩʷ ʢ ʧʦʜʥʦʞʠʶ ʢʦʥʫʩʘ, ʩʬʦʨʤʠʨʦʚʘʚ ʧʨʘʚʳʡ çʷʟʳʢè ʧʦʪʦʢʘ 

(ʨʠʩʫʥʦʢ 3.2ʜ, 3.5 ʙ). ʉ ʥʦʷʙʨʷ ʧʨʦʠʟʦʰʣʦ ʨʘʟʚʝʪʚʣʝʥʠʝ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ, ʣʝʚʳʡ çʷʟʳʢè 

ʬʦʨʤʠʨʦʚʘʣʩʷ ʜʦ ʠʶʥʷ 2012 ʛ. ʩ ʧʝʨʝʨʳʚʦʤ ʚ ʜʝʢʘʙʨʝ 2011 ʛ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʝʨʭʥʝʡ 

ʧʦʣʦʚʠʥʳ ʧʦʪʦʢʘ ʦʪ ʚʝʨʰʠʥʳ ʜʦ ʚʳʩʦʪʳ 1850 ʤ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʙʦʨʪʦʚʳʝ 

ʚʘʣʳ, ʚʦʟʚʳʰʘʶʱʠʝʩʷ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʪʝʢʫʱʝʡ ʤʝʞʜʫ ʥʠʤʠ ʣʘʚʳ, ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 20 

ʤ. ʅʘ ʚʳʩʦʪʝ 1800 ʤ ʙʦʨʪʦʚʳʝ ʚʘʣʳ ʧʦʩʪʝʧʝʥʥʦ ʠʩʯʝʟʘʶʪ (ʨʠʩʫʥʦʢ 3.5ʘ). 
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ʈʠʩʫʥʦʢ 3.5 ï ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʧʣʘʥ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʥʘ 

11.12.2011, ʩ ʛʦʨʠʟʦʥʪʘʣʷʤʠ ʯʝʨʝʟ 5 ʤ (ʘ) ʠ ʝʛʦ ʧʨʦʬʠʣʴ ʧʦ ʦʩʝʚʦʡ ʣʠʥʠʠ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ 

(ʙ) ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 11.12.2011 [ɼʚʠʛʘʣʦ ʠ ʜʨ., 2013]. ɾʝʣʪʳʤʠ ʧʦʣʦʩʘʤʠ ʥʘ ʣʘʚʦʚʦʤ ʧʦʪʦʢʝ 

ʦʪʤʝʯʝʥʳ ʙʦʨʪʦʚʳʝ ʚʘʣʳ. 1 ï ʪʝʣʦ ʧʦʪʦʢʘ ʣʘʚʳ; 2 ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʩʣʦʡ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ 

ʠ ʦʙʚʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʝʞʜʫ ʧʦʜʦʰʚʦʡ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

(ʤʦʱʥʦʩʪʠ ʵʪʦʛʦ ʩʣʦʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʤʦʱʥʦʩʪʝʡ ʦʪʣʦʞʝʥʠʡ, 

ʠʟʤʝʨʝʥʥʳʭ ʚʜʦʣʴ ʩʝʚʝʨʥʳʭ ʠ ʶʞʥʳʭ ʛʨʘʥʠʮ ʧʦʜʦʰʚʳ ʧʦʪʦʢʘ); 3 ï ʧʘʨʘʤʝʪʨʳ ʣʘʚʦʚʦʛʦ 

ʧʦʪʦʢʘ ʠ ʧʠʨʦʢʣʘʩʪʠʢʠ; 4 ï ʣʠʥʠʷ ʢʦʥʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʧʨʦʬʠʣʶ: I ï ʥʘ 11.12.2011, II  ï 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 27.07.1989. 

 

ʅʘ ʢʦʥʝʮ ʠʟʚʝʨʞʝʥʠʷ ʜʣʠʥʘ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʩʦʩʪʘʚʠʣʘ 3.5 ʢʤ [Auer et al., 2018]. 

ʄʦʱʥʦʩʪʴ ʧʦʪʦʢʘ ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʜʦʩʪʠʛʣʘ 232 ʤ [ɼʚʠʛʘʣʦ ʠ ʜʨ., 2013]. ʐʠʨʠʥʘ 

ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ çʷʟʳʢʦʚè ʧʦʪʦʢʘ ʩʦʩʪʘʚʣʷʝʪ ~ 400 ʠ 300 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʣʦʱʘʜʠ 

ʦʪʣʦʞʝʥʠʡ ʤʘʪʝʨʠʘʣʘ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʠ ʪʝʬʨʳ, ʘ ʪʘʢʞʝ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ, 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʅɸʉɸ ʥʘ 2.09.2013, ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.6 [Auer et al., 2018]. 
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ʈʠʩʫʥʦʢ 3.6 ï ʉʭʝʤʘ ʦʪʣʦʞʝʥʠʡ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2010ï2013 ʛʛ. 

ʂʦʨʦʪʢʦʡ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʦʯʝʨʯʝʥʘ ʛʨʘʥʠʮʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʠ ʪʝʬʨʳ, ʜʣʠʥʥʘʷ ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ʛʨʘʥʠʮʘ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ. 

ʆʩʥʦʚʘ ï ʩʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ ʅɸʉɸ 2.09.2013. ʅʘ ʚʨʝʟʢʝ ʧʦʢʘʟʘʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʂʠʟʠʤʝʥʘ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ʂʘʤʯʘʪʢʘ [Auer et al., 2018]. 

 

3.4.2 ʆʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʚʷʟʢʦʩʪʠ ʣʘʚʳ 

ʅʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʘʪʳ ʠʟʚʝʨʞʝʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʚʷʟʢʦʩʪʠ [Auer et al., 2018]. ʆʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘ ʬʨʦʥʪʝ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ ʧʷʪʠ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʥʠʤʢʦʚ ʢʘʤʝʨʳ ʩ TUMD ʠ ʩʧʫʪʥʠʢʘ ACTER. ʊʘʢ ʞʝ 

ʜʣʷ ʵʪʠʭ ʧʝʨʠʦʜʦʚ ʩʜʝʣʘʥʘ ʦʮʝʥʢʘ ʚʷʟʢʦʩʪʠ ʣʘʚʳ (ʪʘʙʣʠʮʘ 3.1). 

ɺʷʟʢʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʩʦʦʪʥʦʰʝʥʠʡ: ʚ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦ ʨʝʧʝʨʥʳʤ ʪʦʯʢʘʤ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʦʢʘ [Auer et al., 2018]: 

ɖ = (pgh2sinŬ)/2v                                                    (3.1); 

ʚ ʩʣʫʯʘʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʷʟʢʦʩʪʠ ʧʦ ʩʢʦʨʦʩʪʠ ʬʨʦʥʪʘ ʧʦʪʦʢʘ: 
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ɖ = (pgh2sinŬ)/3v      (3.2).  

ʛʜʝ: ɟ ï ʧʣʦʪʥʦʩʪʴ ʣʘʚʳ, ʧʨʠʥʷʪʘʷ 2300 ʢʛ/ʤ3; g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, ʤ/ʩ2; h ï

ʤʦʱʥʦʩʪʴ ʣʘʚʳ, ʤ; Ŭ ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʢʣʦʥʘ; v ς ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ (ʤ/ʩ). ʄʦʱʥʦʩʪʴ 

ʣʘʚʳ ʠ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʢʣʦʥʘ ʙʨʘʣʠʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʠʩʫʥʢʘ 3.4. 

 

ʊʘʙʣʠʮʘ 3.1 ï ʆʮʝʥʢʠ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʠ ʚʷʟʢʦʩʪʠ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʚ 

ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ [Auer et al., 2018]. 
 ̄ ɼʘʪʘ,  

ʜʜ.ʤʤ.ʛʛʛʛ 

T, 

ʩʫʪ 

S1, ʤ S2, ʤ ɖ, ʇʘĀʩ v,10ï4, 

ʤ/ʩ2 

ʄʝʪʦʜ ʠʟʤʝʨʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ 

1 01.08.ï07.08.2011 5.5 370  67 4.4Ĭ1010 7.8 ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʪʦʢʘ 

2 03.07.ï05.11.2011 63.0 550 8.7 1.5Ĭ1011 1.0 ʌʨʦʥʪ ʧʦʪʦʢʘ 

3 05.09.ï11.12.2011 98.0 490 5 3.0Ĭ1011 0.6 ʌʨʦʥʪ ʣʝʚʦʛʦ çʷʟʳʢʘè 

4 05.09.ï11.12.2011 98.0 540  5.5 4.0Ĭ1011 0.7 ʌʨʦʥʪ ʧʨʘʚʦʛʦ çʷʟʳʢʘè 

5 27.01.ï09.03.2012 42.0 600  14.2 2.8Ĭ1011 1.6 ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʪʦʢʘ 

ʇʨʠʤʝʯʘʥʠʝ: T ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʥʪʝʨʚʘʣʘ ʥʘʙʣʶʜʝʥʠʡ; S1, ï ʧʫʪʴ, ʧʨʦʡʜʝʥʥʳʡ 

ʨʝʧʝʨʥʦʡ ʪʦʯʢʦʡ ʟʘ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ; S2 ï ʧʫʪʴ ʨʝʧʝʨʥʦʡ ʪʦʯʢʠ, ʧʨʦʡʜʝʥʥʳʡ ʟʘ ʩʫʪʢʠ; ɖ 

ï ʚʷʟʢʦʩʪʴ; v ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʝʧʝʨʥʦʡ ʪʦʯʢʠ. 

 

ʆʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ (v) ʠ ʚʷʟʢʦʩʪʠ (ɖ) ʜʣʷ ʧʝʨʚʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʵʪʘʧʘ (ʪʘʙʣʠʮʘ 3.1) ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʩʪʘʣʴʥʳʭ ʥʘ ʧʦʨʷʜʦʢ, ʯʪʦ ʩʚʷʟʘʥʦ, ʚʝʨʦʷʪʥʝʝ 

ʚʩʝʛʦ, ʩ ʪʝʤ, ʯʪʦ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʬʨʦʥʪ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʜʚʠʛʘʣʩʷ ʧʦ ʩʢʣʦʥʫ ʚ ~ 30Á ʠ ʙʳʣ 

ʥʘʠʙʦʣʝʝ ʙʣʠʟʦʢ ʢ ʚʝʨʰʠʥʝ. ʕʪʠ ʜʚʘ ʬʘʢʪʦʨʘ ʦʧʨʝʜʝʣʠʣʠ ʥʘʠʙʦʣʴʰʫʶ v ʠ ʥʘʠʤʝʥʴʰʫʶ ɖ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠ ʚʳʧʦʣʘʞʠʚʘʥʠʝʤ ʩʢʣʦʥʘ, ɖ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ v 

ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʥʘʯʘʣʝ 2012 ʛ. (5 ʧʝʨʠʦʜ) ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʥʝʩʢʦʣʴʢʦ 

ʫʚʝʣʠʯʠʣʘʩʴ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʚʥʝʜʨʝʥʠʝʤ ʚ ʧʦʩʪʨʦʡʢʫ ʚʫʣʢʘʥʘ ʥʦʚʦʡ ʧʦʨʮʠʠ 

ʤʘʛʤʳ. 

ɺ ʮʝʣʦʤ ʦʮʝʥʢʠ ʚʷʟʢʦʩʪʠ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʟʥʘʯʝʥʠʷʤ ʚʷʟʢʦʩʪʠ 

ʤʘʛʤʳ ʜʣʷ ʚʫʣʢʘʥʘ ʐʠʚʝʣʫʯ (ʧïʦʚ ʂʘʤʯʘʪʢʘ) 1010ï1011 ʇʘĀʩ ʠ ʩʦʚʧʘʜʘʶʪ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 

ʦʮʝʥʢʘʤʠ ʚʷʟʢʦʩʪʠ ʜʣʷ ʣʝʜʥʠʢʦʚ [ʆʟʝʨʦʚ, 2017]. 

 

 



57 

 

 

3.5 ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 3 

ɺʫʣʢʘʥ ʂʠʟʠʤʝʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʩʦʯʣʝʥʝʥʠʠ ʑʘʧʠʥʩʢʦʛʦ ʛʨʘʙʝʥʘ ʠ ʛʦʨʩʪʘ ʭʨ. 

ʊʫʤʨʦʢ, ʩʝʯʝʪʩʷ ʩʝʨʠʝʡ ʘʢʪʠʚʥʳʭ ʨʘʟʣʦʤʦʚ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʨʘʡʦʥʝ 

ʑʘʧʠʥʩʢʦʛʦ ʛʨʘʙʝʥʘ ʚ 1963 ʛ. ʩ ʄLmax=6.4 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʥʪʝʥʩʠʚʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʇʦ ʜʘʥʥʳʤ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʚʝʨʛʥʫʪʳʭ ʧʦʨʦʜ ʧʦʜ ʚʫʣʢʘʥʦʤ ʂʠʟʠʤʝʥ ʥʘ ʛʣʫʙʠʥʝ 4ï6 ʢʤ ʩʫʱʝʩʪʚʫʝʪ 

ʜʦʣʛʦʞʠʚʫʱʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʦʯʘʛ ʨʠʦʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠ 

ʧʦʜʧʠʪʳʚʘʝʪʩʷ ʦʩʥʦʚʥʦʡ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʦʡ ʤʘʛʤʦʡ ʠʟ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʧʦʩʣʝʜʫʶʱʠʭ ʠʟʚʝʨʞʝʥʠʡ [ʊʨʫʩʦʚ, ʇʣʝʯʦʚ, 2004; ʏʫʨʠʢʦʚʘ ʠ ʜʨ., 2013]. 

ɼʣʠʪʝʣʴʥʦʝ ʠʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʘ (11.2010 ï 12.2013 ʛʛ.) ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʵʢʩʧʣʦʟʠʷʤʠ, ʩʭʦʞʜʝʥʠʝʤ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʦʙʚʘʣʘʤʠ, ʠʟʣʠʷʥʠʝʤ ʚʷʟʢʦʛʦ 

ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ, ʚʳʞʠʤʘʥʠʝʤ ʚʝʨʰʠʥʥʦʡ ʵʢʩʪʨʫʟʠʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʣʝʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʝʛʦ ʜʣʠʥʘ ʜʦʩʪʠʛʣʘ 3.5 ʢʤ ʧʨʠ ʦʙʲʝʤʝ ~ 

0.3 ʢʤ3 ʩ ʤʦʱʥʦʩʪʴʶ ʥʘ ʬʨʦʥʪʝ ʙʦʣʝʝ 200 ʤ ʠ ʚʷʟʢʦʩʪʴʶ 1010ï1011 ʇʘĿʩ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ 

ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ ʣʘʚʳ ʤʦʛʣʘ ʙʳʪʴ ʜʣʠʪʝʣʴʥʘʷ ʜʝʛʘʟʘʮʠʷ ʤʘʛʤʳ ʚ ʦʯʘʛʝ ʟʘ ʩʯʝʪ ʟʦʥʳ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʦʟʥʠʢʰʝʡ ʧʦ ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ ʨʘʟʣʦʤʫ, ʢʦʪʦʨʳʡ 

ʨʘʩʩʝʢʘʝʪ ʉïɿ ʩʢʣʦʥ ʚʫʣʢʘʥʘ [Auer et al., 2018]. ʀʟïʟʘ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ ʤʘʛʤʳ ʠʟʚʝʨʞʝʥʠʝ 

ʂʠʟʠʤʝʥʘ ʥʘʯʘʣʦʩʴ ʩ ʤʝʜʣʝʥʥʦʛʦ ʚʳʞʠʤʘʥʠʷ ʙʣʦʢʦʚ ʚʷʟʢʦʡ ʣʘʚʳ ʙʝʟ ʤʦʱʥʦʡ ʧʣʠʥʠʘʥʩʢʦʡ 

ʩʪʘʜʠʠ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʠʟʚʝʨʞʝʥʠʡ ʘʥʜʝʟʠʪʦʚʳʭ ʚʫʣʢʘʥʦʚ. ɺ ʮʝʣʦʤ, 

ʩʦʛʣʘʩʥʦ [ʄʝʣʝʢʝʩʮʝʚ ʠ ʜʨ., 1992], ʠʟʚʝʨʞʝʥʠʝ ʚ 2010ï2013 ʛʛ. ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʠʧʠʯʥʳʤ 

ʜʣʷ ʮʠʢʣʦʚ ʘʢʪʠʚʥʦʩʪʠ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ. ɿʘʚʝʨʰʠʣʦʩʴ ʠʟʚʝʨʞʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ ʚ ʧʨʠʚʝʨʰʠʥʥʦʡ ʯʘʩʪʠ ʚʫʣʢʘʥʘ. 

ʄʠʛʨʘʮʠʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʤʘʛʤʳ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ ʚʳʟʚʘʣʘ 

ʥʝʦʙʳʯʘʡʥʦ ʜʣʠʪʝʣʴʥʫʶ ʩʝʡʩʤʠʯʝʩʢʫʶ ʧʦʜʛʦʪʦʚʢʫ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ. ʆʩʦʙʝʥʥʦʩʪʠ 

ʩʝʡʩʤʠʯʥʦʩʪʠ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʛʣʘʚʝ 4. 
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ɻʃɸɺɸ 4. ɺʋʃʂɸʅʆïʊɽʂʊʆʅʀʏɽʉʂʀɽ ɿɽʄʃɽʊʈʗʉɽʅʀʗ 

ʈɸʁʆʅɸ ɺʋʃʂɸʅɸ ʂʀɿʀʄɽʅ, ɺʆɿʅʀʂʐʀɽ ɼʆ ʀ ɺʆ ɺʈɽʄʗ 

ʀɿɺɽʈɾɽʅʀʗ 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʡʩʤʠʯʥʦʩʪʠ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʩ ʤʦʤʝʥʪʘ ʩʦʟʜʘʥʠʷ 

ʥʘ ʂʘʤʯʘʪʢʝ ʩʝʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʚ 1961 ʛ. ʜʦ ʦʢʦʥʯʘʥʠʷ ʠʟʚʝʨʞʝʥʠʷ ʚ ʢʦʥʮʝ 2013 ʛ., 

ʧʨʦʷʚʣʷʶʱʫʶʩʷ ʚ ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ. ɽʩʪʝʩʪʚʝʥʥʦ, ʜʝʪʘʣʴʥʦʩʪʴ 

ʜʘʥʥʳʭ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʙʳʣʘ ʨʘʟʣʠʯʥʦʡ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩ/ʩʪ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʂ ʫʤʝʥʴʰʘʣʘʩʴ. ɽʩʣʠ ʚ ʥʘʯʘʣʝ ʨʘʙʦʪʳ ʩʝʪʠ 

ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʢʦʨʦʚʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʪʴ ʠʭ 

ʛʠʧʦʮʝʥʪʨʳ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ KÓ8, ʪʦ ʢ ʢʦʥʮʫ ʠʟʚʝʨʞʝʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ 

ʩʦʩʪʘʚʠʣʘ ʂ =5 [ʉʝʥʶʢʦʚ ʠ ʜʨ., 2011]. 

 

4.1 ʉʝʡʩʤʠʯʥʦʩʪʴ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ ʧʝʨʠʦʜ 1962ï2008 ʛʛ. 

ɺ ʨʘʙʦʪʝ [ɻʦʨʜʝʝʚ ʠ ʜʨ., 1991] ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 1962ï1988 ʛʛ. ʚʳʜʝʣʝʥʘ 

ʩʝʡʩʤʦʘʢʪʠʚʥʘʷ ʟʦʥʘ, ʧʨʦʪʷʛʠʚʘʶʱʘʷʩʷ ʦʪ ʩʝʚʝʨʘ ʂʨʦʥʦʮʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʯʝʨʝʟ 

ʑʘʧʠʥʩʢʠʡ ʛʨʘʙʝʥ ʢ ɺʘʣʘʛʠʥʩʢʦʤʫ ʭʨʝʙʪʫ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʯʘʪʝʣʴʥʳʭ ʩʦʙʳʪʠʡ 

ʜʣʷ ʂʘʤʯʘʪʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʙʳʣʘ ʨʦʝʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ 

ʑʘʧʠʥʩʢʦʤ ʛʨʘʙʝʥʝ [ɻʦʨʜʝʝʚ ʠ ʜʨ., 2004], ʧʨʦʠʟʦʰʝʜʰʘʷ ʚ ʤʘʝïʠʶʥʝ 1963 ʛ. (ʨʠʩʫʥʦʢ 4.1). 

ʂʘʪʘʣʦʛ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʵʪʦʡ ʨʦʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʢʣʶʯʘʝʪ ʧʘʨʘʤʝʪʨʳ 130 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 7.9<K<14.4 (3.2<ʄL<6.4) [ʉʝʡʩʤʦʣʦʛʠʯʝʩʢʠʡ ʙʶʣʣʝʪʝʥʴ, 1964]. ʃʦʢʘʣʴʥʘʷ 

ʤʘʛʥʠʪʫʜʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʦʩʪʘʚʠʣʘ ʄL=6.4 (K=14.4) 26.05.1963 ʠ ʄL=6.0 

(K=13.5) 27.05.1963. ʇʨʠ ʵʪʦʤ ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʩʦʪʨʷʩʘʝʤʦʩʪʴ ʤʦʛʣʘ ʩʦʩʪʘʚʣʷʪʴ 7ï 8 ʙʘʣʣʦʚ 

ʧʦ ʰʢʘʣʝ MSKï64 [ʄʝʣʝʢʝʩʮʝʚ ʠ ʜʨ., 1992]. ʕʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʦʷ ʥʘʭʦʜʠʣʠʩʴ ʚ 

ʨʘʡʦʥʝ ʭʨʝʙʪʘ ʊʫʤʨʦʢ ʚ ~25 ʢʤ ʢ ʉïɿ ʦʪ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ, ʘ ʛʠʧʦʮʝʥʪʨʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ 

ʛʣʫʙʠʥʘʭ 0ï20 ʢʤ. ʆʜʥʘʢʦ, ʠʟʚʝʨʞʝʥʠʷ ʧʦʩʣʝ ʵʪʦʡ ʨʦʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝ ʙʳʣʦ. 
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ʇʦʩʣʝ 1963 ʛ. ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʪʦʣʴʢʦ 

ʝʜʠʥʠʯʥʳʝ ʩʦʙʳʪʠʷ [ʉʝʥʶʢʦʚ ʠ ʜʨ., 2011]. 

ɺ 1996 ï 1998 ʛʛ. ʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʩʝʪʴʶ ʩ/ʩʪ 

ʂʘʤʯʘʪʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʨʘʡʦʥʘʭ ʘʢʪʠʚʥʳʭ ʚʫʣʢʘʥʦʚ, ʧʦʣʫʯʠʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ. ʅʘ ʧʨʠʝʤʥʳʭ ʮʝʥʪʨʘʭ ʈʊʉʉ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʦʮʠʬʨʦʚʢʘ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʠʩʪʝʤ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ. ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʣʦ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʚʳʩʠʣʦ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ TUM ʚ 2003 ʛ. 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʡ ʢʣʘʩʩ ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʩʪʘʣ ʨʘʚʝʥ Kc=6.1 (ʄc=2.3). 

 

 
ʈʠʩʫʥʦʢ 4.1 ï ʂʘʨʪʘ ʵʧʠʮʝʥʪʨʦʚ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʂʘʤʯʘʪʢʠ ʩ MÓ5 ʟʘ ʧʝʨʠʦʜ 

1961 ï 2003 ʛʛ. [ɻʦʨʜʝʝʚ ʠ ʜʨ., 2004]. 1 ï ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 2 ï ʚʫʣʢʘʥʳ, 3 ï 

ʛʣʫʙʠʥʥʳʝ ʨʘʟʣʦʤʳ, 4 ï ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʨʘʟʣʦʤʳ, 5 ï ʟʘʧʘʜʥʘʷ ʛʨʘʥʠʮʘ ʬʦʢʘʣʴʥʦʡ ʟʦʥʳ. 

ʇʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʚʳʜʝʣʝʥ ʨʘʡʦʥ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ. 
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ɿʘ ʧʝʨʠʦʜ 1996ï2008 ʛʛ. ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʟ 

ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʠʤʝʣʘ 4.1<K<9.5 ʩ ʛʣʫʙʠʥʘʤʠ ʦʪ 0 ʜʦ 30 ʢʤ ʠ ʦʪʥʦʩʠʣʘʩʴ ʢ I ʪʠʧʫ (ʚʫʣʢʘʥʦï

ʪʝʢʪʦʥʠʯʝʩʢʠʝ). ʊʘʢ ʢʘʢ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʚʫʣʢʘʥʝ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ, ʪʦ ʩʝʡʩʤʠʯʥʦʩʪʴ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʧʨʠʥʷʪʘ çʬʦʥʦʚʦʡè ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʚʝʨʞʝʥʠʷ [ɻʘʨʙʫʟʦʚʘ, ʉʦʙʦʣʝʚʩʢʘʷ, 2011]. 

 

4.2 ʉʝʡʩʤʠʯʥʦʩʪʴ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2009 ï 2013 ʛʛ. 

ʉ ʘʧʨʝʣʷ 2009 ʛ. ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʨʝʟʢʦ ʚʦʟʨʦʩʣʘ ʩʝʡʩʤʠʯʥʦʩʪʴ ʚ ʚʠʜʝ ʨʦʝʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦïʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʝʪʘʣʴʥʦ ʜʠʥʘʤʠʢʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦïʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʝʡʩʤʦʛʝʥʥʦʛʦ ʦʙʲʝʤʘ ʛʝʦʩʨʝʜʳ, ʚʦʟʥʠʢʰʝʛʦ ʧʝʨʝʜ ʠ ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʟʘ ʧʝʨʠʦʜ 2009ï

2013 ʛʛ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʦʡ ZMAP [Wyss et al., 2001], ʚ ʢʦʪʦʨʦʡ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʛʨʘʬʠʢʦʚ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʢʘʣʘ ʤʘʛʥʠʪʫʜ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʙʫʜʝʪ ʧʨʠʚʦʜʠʪʴʩʷ ʚ 

ʰʢʘʣʝ ʣʦʢʘʣʴʥʳʭ ʤʘʛʥʠʪʫʜ. ʂʘʪʘʣʦʛ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʦʜʝʨʞʠʪ 3611 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ 

0.8ÒMLÒ5.2 ʠ ʛʣʫʙʠʥʘʤʠ ʦʯʘʛʦʚ ï3ÒH<20 ʢʤ [ʅʫʞʜʠʥʘ ʠ ʜʨ., 2016; 2017; 2018]. ʉ 

ʨʘʟʚʝʨʪʳʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩ/ʩʪ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ ʢʘʪʘʣʦʛʘ ʠ ʦʰʠʙʢʠ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ ʧʝʨʠʦʜ 2009ï2013 

ʛʛ. ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʣʠʩʴ (ʪʘʙʣʠʮʘ 4.1). 

 

ʊʘʙʣʠʮʘ 4.1 ï ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʴ ʣʦʢʘʣʴʥʳʭ ʤʘʛʥʠʪʫʜ ʠ ʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʦʯʘʛʦʚ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ ʧʝʨʠʦʜ 2009ï2013 ʛʛ. 
 ̄ ɻʦʜ Mc ůh, ʢʤ ůű,ɚ, ʢʤ ʇʨʠʤʝʯʘʥʠʝ 

1. 2009 2.3 Ÿ 2.1 3.0 5.7 ɺ ʩʝʥʪʷʙʨʝ 2009 ʫʩʪʘʥʦʚʣʝʥʘ KZV 

2. 2010 2.1 1.8 4.3  

3. 2011 2.1 Ÿ 1.7 0.8 1.2 ɺ ʠʶʣʝ 2011 ʫʩʪʘʥʦʚʣʝʥʘ TUMD 

4. 2012 1.7 0.6 1.4  

5. 2013 1.7 1.0 2.0  
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ʇʨʠʤʝʯʘʥʠʝ: Mc ï ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ ʤʘʛʥʠʪʫʜʘ ʢʘʪʘʣʦʛʘ; ůh, ï ʦʰʠʙʢʘ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʛʣʫʙʠʥʳ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ; ůű,ɚ,  ï ʦʰʠʙʢʘ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʦʨʜʠʥʘʪ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ. 

 

ʇʨʠ ʘʥʘʣʠʟʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʣʫʙʠʥʳ ʦʯʘʛʦʚ ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚ 2011 ʠ 2012 ʛʛ. ʠʟ 

ʢʘʪʘʣʦʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʂʌ ʌʀʎ ɽɻʉ ʈɸʅ ʠʩʢʣʶʯʘʣʠʩʴ ʩʦʙʳʪʠʷ ʩ ʛʣʫʙʠʥʘʤʠ ï2 ï 2.5 ʢʤ 

(ʨʠʩʫʥʦʢ 4.2a, ʟʘʰʪʨʠʭʦʚʘʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ ʠ ʨʠʩʫʥʦʢ 4.3), ʚ ʩʚʷʟʠ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʠʭ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ ʨʝʞʠʤʘ çdrumbeatsè, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʣʦ ʠʥʪʝʥʩʠʚʥʦʝ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ. ɻʨʫʧʧʠʨʦʚʘʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʛʣʫʙʠʥʘʭ ï1.2 ʠ ï0.6 ʢʤ 

(ʨʠʩʫʥʦʢ 4.3) ʷʚʣʷʝʪʩʷ ʘʨʪʝʬʘʢʪʦʤ ʧʨʦʮʝʜʫʨʳ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʰʝʥʠʡ ʛʠʧʦʮʝʥʪʨʦʚ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè ʠʟïʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʦʡ ʩʝʪʠ ʩ/ʩʪ. 

 

 
ʈʠʩʫʥʦʢ 4.2 ï ɻʣʫʙʠʥʘ ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ 

ʂʠʟʠʤʝʥ (ʘ) ʠ ʦʩʥʦʚʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʙ) ʚ ʪʝʯʝʥʠʝ 2009ï2013 ʛʛ. 

 

ɻʣʫʙʠʥʘ ʦʯʘʛʦʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚ 2010ï2013 ʛʛ. 

ʙʳʣʘ ʟʘʢʣʶʯʝʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ï2ï10 ʢʤ. ʅʝʩʢʦʣʴʢʦ ʧʦïʜʨʫʛʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʣʫʙʠʥʘ ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʙʳʪʠʡ ʚ 2009 ʛ., ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪ ʦʯʘʛʦʚ 

ʧʨʦʛʨʘʤʤʦʡ HIPO [ʄʝʣʴʥʠʢʦʚ, 1990] ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩ/ʩʪ ʚʙʣʠʟʠ ʚʫʣʢʘʥʘ. ɺ 2009 ʛ. ʥʘ 
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ʛʣʫʙʠʥʘʭ 10ï15 ʢʤ ʦʪʤʝʯʘʣʘʩʴ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʝʡʩʤʠʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʩʣʝʜʫʶʱʠʤʠ 

ʛʦʜʘʤʠ. ɺ 2010 ʛ. ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʠʧʦʮʝʥʪʨʦʚ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʚʳʰʝ ʫʨʦʚʥʷ ʤʦʨʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʩʪʨʦʡʢʝ ʚʫʣʢʘʥʘ. ʇʦʩʣʝ ʥʘʯʘʣʘ ʠʟʚʝʨʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʨʝʟʢʦ ʩʥʠʟʠʣʦʩʴ (ʨʠʩʫʥʦʢ 4.2). 

 

 
ʈʠʩʫʥʦʢ 4.3 ï ɻʣʫʙʠʥʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè ʚ 2011 ʠ 2012 ʛʛ. 

(ʧʝʨʠʦʜʳ, ʚʳʜʝʣʝʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ ʥʘ ʨʠʩʫʥʢʝ 4.2ʘ). 
 

ɺʨʝʤʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʝʡʩʤʠʯʥʦʩʪʠ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʭʦʨʦʰʦ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʛʦʜʦʚʳʭ ʛʨʘʬʠʢʘʭ ʢʦʣʠʯʝʩʪʚʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ MLÓ1.5 ʠ ʠʭ 

ʚʳʜʝʣʠʚʰʝʡʩʷ ʢʫʤʫʣʷʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʧʷʪʠʜʥʝʚʥʳʭ ʠʥʪʝʨʚʘʣʘʭ (ʨʠʩʫʥʦʢ 4.4). 

ʂʘʪʘʣʦʛ ʟʘ 2009 ʛ. ʩʦʜʝʨʞʘʣ 110 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʛʥʠʪʫʜ 1.5ÒMLÒ4.3 ʠ 

ʛʣʫʙʠʥʦʡ ʦʯʘʛʘ 0<H <20 ʢʤ (ʨʠʩʫʥʦʢ 4.4ʘ, ʙ). ʉʫʤʤʘʨʥʘʷ ʵʥʝʨʛʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʜʣʷ ʵʪʦʛʦ 

ʛʦʜʘ ʩʦʩʪʘʚʠʣʘ ɽ = 6.3Ā109 ɼʞ. 

ʇʝʨʚʳʤ ʧʨʝʜʚʝʩʪʥʠʢʦʤ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʷʚʣʷʝʪʩʷ ʨʦʝʚʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ ʘʧʨʝʣʝ 2009 ʛ. ʉ ʢʦʥʮʘ ʘʧʨʝʣʷ ʧʦ 9.10.2009 ʧʨʦʠʩʭʦʜʠʣʦ ʚʳʜʝʣʝʥʠʝ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ v=1.8Ŀ107 ɼʞ/ʩʫʪʢʠ (ʨʠʩʫʥʦʢ 4.4ʙ). ʇʦʩʣʝ 

ʩʠʣʴʥʦʡ ʨʦʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 9ï10.10.2009 (ʨʠʩʫʥʦʢ 4.4ʘ), ʢʦʛʜʘ ʙʳʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 34 ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʜʦ ʢʦʥʮʘ ʛʦʜʘ ʚʳʜʝʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʫʚʝʣʠʯʠʣʦʩʴ ʥʘ ʧʦʨʷʜʦʢ v= 5.5Ŀ108 ɼʞ/ʩʫʪʢʠ. ʇʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʘʪʝʣʝʡ ʩ TUMD, ʜʣʷ 
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ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʛʣʫʙʠʥʦʡ ʦʯʘʛʘ 0ï5 ʢʤ ʠ ʩ ML>4.0, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʪʨʷʩʘʝʤʦʩʪʴ ʩʦʩʪʘʚʣʷʣʘ 

3ï4 ʙʘʣʣʘ [ɻʘʨʙʫʟʦʚʘ, ʉʦʙʦʣʝʚʩʢʘʷ, 2011]. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʜʦ ʦʢʪʷʙʨʷ 2010 ʛ. ʚʳʜʝʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʩʦ 

ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ v  =7.1Ŀ109 ɼʞ/ʩʫʪʢʠ (ʨʠʩʫʥʦʢ 4.4ʛ). ɺʦ ʚʨʝʤʷ ʫʩʠʣʝʥʠʷ, 

ʚʳʨʘʟʠʚʰʝʛʦʩʷ ʚ ʪʨʝʭ ʩʠʣʴʥʳʭ ʨʦʝʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ 9ï10 ʦʢʪʷʙʨʷ, 19ï20 ʦʢʪʷʙʨʷ ʠ 

27ï28 ʥʦʷʙʨʷ ʩ MLmax = 5.2 (ʨʠʩʫʥʦʢ 4.4ʚ), ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʤʝʩʷʮʝʚ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ɽ = 

1.2Ŀ1012 ɼʞ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʠʣʦ 2Ŀ1010 ɼʞ/ʩʫʪʢʠ. ʈʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʚʳʜʝʣʝʥʠʷ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʩ ʷʥʚʘʨʷ ʜʦ ʦʢʪʷʙʨʷ 2010 ʛ. (v=7.1Ŀ109 ɼʞ/ʩʫʪʢʠ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʢʘʯʢʦʤ (2Ŀ1010 ɼʞ/ʩʫʪʢʠ) ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʧʨʠʙʣʠʞʘʶʱʝʤʩʷ ʠʟʚʝʨʞʝʥʠʠ. ʇʦʩʣʝ ʵʪʦʡ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʥʘʯʘʣʦʩʴ ʵʢʩʪʨʫʟʠʚʥʦïɻ ʢʩʧʣʦʟʠʚʥʦʝ ʠʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʘ 

ʂʠʟʠʤʝʥ, ʚʳʨʘʟʠʚʰʝʝʩʷ ʚ ʚʳʞʠʤʘʥʠʠ ʵʢʩʪʨʫʟʠʠ ʠ ʵʢʩʧʣʦʟʠʷʭ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʭʩʷ 

ʩʭʦʞʜʝʥʠʝʤ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ [ʌʠʨʩʪʦʚ, ʐʘʢʠʨʦʚʘ, 2014]. 

ɺ ʢʦʥʮʝ ʬʝʚʨʘʣʷ ʥʘ ʩʢʣʦʥʝ ʚʫʣʢʘʥʘ ʚʧʝʨʚʳʝ ʙʳʣ ʟʘʤʝʯʝʥ ʣʘʚʦʚʳʡ ʧʦʪʦʢ 

[ʆʚʩʷʥʥʠʢʦʚ, ʄʘʣʠʢ, 2011], ʢʦʪʦʨʳʡ ʧʨʦʜʦʣʞʘʣ ʜʚʠʛʘʪʴʩʷ ʧʦ ʩʢʣʦʥʫ ʜʦ ʦʢʪʷʙʨʷ. 

ʅʝʙʦʣʴʰʦʡ ʧʝʨʝʨʳʚ ʚ ʚʳʞʠʤʘʥʠʠ ʧʦʪʦʢʘ ʥʘʙʣʶʜʘʣʩʷ 2ï3 ʤʘʷ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʣʠ 

ʵʢʩʧʣʦʟʠʚʥʳʝ ʠʟʚʝʨʞʝʥʠʷ ʠ ʩʝʨʠʠ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ. ʉʤʝʥʘ ʚ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʦʰʣʘ ʯʝʨʝʟ 41 ʜʝʥʴ ʧʦʩʣʝ ʤʘʨʪʦʚʩʢʦʡ ʨʦʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʨʠʩʫʥʦʢ 4.4ʜ), 

ʢʦʛʜʘ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʜʚʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ML=4.1 ʠ 3.9 ʠ H = 5.7 ʠ 3.7 ʢʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʦʩʪ ʯʠʩʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʪʤʝʯʘʣʩʷ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 2011 ʛ. ɿʥʘʯʠʪʝʣʴʥʳʡ 

ʧʨʠʨʦʩʪ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʙʳʣ ʦʪʤʝʯʝʥ 21 ʘʚʛʫʩʪʘ, ʢʦʛʜʘ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 

ʩʠʣʴʥʝʡʰʝʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʚ 2011 ʛ. ʩ ML=5.0, H = ï0.8 ʢʤ (ʨʠʩʫʥʦʢ 4.4 ʝ). 

ʉʣʝʜʫʶʱʠʡ ʨʦʩʪ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠʫʨʦʯʝʥ ʢ ʜʚʫʤ ʨʦʝʚʳʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ 23ï27 ʦʢʪʷʙʨʷ (35 ʟʝʤʣʝʪʨʷʩʝʥʠʡ) ʠ 13ï15 ʜʝʢʘʙʨʷ (17 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ) (ʨʠʩʫʥʦʢ 4.4ʜ). ɺ ʦʢʪʷʙʨʝ ʧʨʦʠʟʦʰʣʦ ʨʘʟʚʝʪʚʣʝʥʠʝ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʩʪʘʣ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚʪʦʨʦʡ çʷʟʳʢè, ʢʦʪʦʨʳʡ ʧʨʦʜʦʣʞʘʣ ʩʚʦʝ ʜʚʠʞʝʥʠʝ ʜʦ ʜʝʢʘʙʨʷ. 
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ʕʢʩʧʣʦʟʠʚʥʘʷ ʘʢʪʠʚʠʟʘʮʠ ̫ ʧʨʦʠʟʦʰʣʘ 13 ʜʝʢʘʙʨʷ, ʯʝʨʝʟ 48 ʜʥʝʡ ʧʦʩʣʝ ʨʦʝʚʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 23ï27 ʦʢʪʷʙʨʷ, ʠ ʚʳʨʘʞʘʣʘʩʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 16 ʢʨʫʧʥʳʭ ʠ 10 ʙʦʣʝʝ 

ʤʝʣʢʠʭ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʥʘ ʩʝʚʝʨʦïʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ ʚʫʣʢʘʥʘ [ʌʠʨʩʪʦʚ, 

ʐʘʢʠʨʦʚʘ, 2014]. ɺʳʜʝʣʠʚʰʘʷʩʷ ʵʥʝʨʛʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ 2011 ʛ., ʩʦʧʨʦʚʦʞʜʘʶʱʘʷ 

ʵʬʬʫʟʠʚʥʦïɻ ʢʩʧʣʦʟʠʚʥʦʝ ʠʟʚʝʨʞʝʥʠʝ, ʙʳʣʘ ʧʦʯʪʠ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʵʥʝʨʛʠʝʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʝʜʚʘʨʷʚʰʠʭ ʠʟʚʝʨʞʝʥʠʝ, ʠ ʩʦʩʪʘʚʠʣʘ ɽ = 4Ŀ1010 ɼʞ (ʨʠʩʫʥʦʢ. 

4.4ʝ). 

ɺ 2012 ʛ. ʥʘʙʣʶʜʘʣʦʩʴ ʜʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʫʣʢʘʥʠʯʝʩʢʦʡ. ʉ ʩʝʨʝʜʠʥʳ ʷʥʚʘʨʷ ʧʨʦʜʦʣʞʠʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʘʚʦʚʦʛʦ 

ʧʦʪʦʢʘ. ɺʳʜʝʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ 2012 ʛ. ʧʨʦʠʩʭʦʜʠʣʦ ʜʦ ʩʝʨʝʜʠʥʳ ʠʶʥʷ ʩ v = 

4Ŀ105 ɼʞ/ʩʫʪʢʠ, ʢʦʛʜʘ ʣʘʚʦʚʳʡ ʧʦʪʦʢ ʧʨʝʢʨʘʪʠʣ ʬʦʨʤʠʨʦʚʘʪʴʩʷ. 

ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʠʶʥʷ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʨʦʝʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ 15 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʨʠʩʫʥʦʢ 4.4ʞ), ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʩʠʣʴʥʝʡʰʝʝ ʚ 2012 

ʛ. ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʩ ML=3.0 ʠ H=5.6 ʢʤ, ʧʦʩʣʝ ʯʝʛʦ ʚʳʜʝʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʫʤʝʥʴʰʠʣʦʩʴ ʜʦ v =105 ɼʞ/ʩʫʪʢʠ. ʉ ʠʶʣʷ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʨʠʚʝʨʰʠʥʥʘʷ ʵʢʩʪʨʫʟʠʷ, 

ʢʦʪʦʨʘʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʟʨʫʰʘʣʘʩʴ ʵʢʩʧʣʦʟʠʷʤʠ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ 

ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʮʝʩʩ ʚʳʞʠʤʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʦʙʚʘʣʘʤʠ. ʂʨʫʧʥʳʡ ʦʙʚʘʣ 

ʥʘʙʣʶʜʘʣʩʷ 1 ʘʚʛʫʩʪʘ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʧʨʦʮʝʩʩ ʚʳʞʠʤʘʥʠʷ ʵʢʩʪʨʫʟʠʠ ʟʘʤʝʜʣʠʣʩʷ. 

ʉʣʝʜʫʶʱʠʡ ʘʢʪʠʚʥʳʡ ʧʝʨʠʦʜ ʚʳʞʠʤʘʥʠʷ ʚʝʨʰʠʥʥʦʡ ʵʢʩʪʨʫʟʠʠ ʥʘʯʘʣʩʷ ʚ ʜʝʢʘʙʨʝ 2012ï

ʷʥʚʘʨʝ 2013 ʛʛ. ʧʦʩʣʝ ʩʝʨʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 24 ʥʦʷʙʨʷ ʩ ML max=2.3 ʠ H=5.6 ʢʤ ʠ 22ï25 

ʜʝʢʘʙʨʷ ʩ ML max=2.6 ʠ H=6.2 ʢʤ. ʂ ʢʦʥʮʫ 2012 ʛ. ʚʳʜʝʣʠʚʰʘʷʩʷ ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʳʣʘ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ 2011 ʠ ʩʦʩʪʘʚʠʣʘ ɽ = 1.5Ŀ108 ɼʞ 

(ʨʠʩʫʥʦʢ 4.4ʟ).  

ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʠʟʚʝʨʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʚʳʞʠʤʘʥʠʝ ʵʢʩʪʨʫʟʠʠ, ʯʪʦ ʚ 

ʜʝʢʘʙʨʝ 2012 ï ʷʥʚʘʨʝ 2013 ʛʛ. [ʌʠʨʩʪʦʚ ʠ ʜʨ., 2013] ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʤʫʣʴʪʠʧʣʝʪʘʤʠ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ çdrumbeatsè. ʆʙʚʘʣ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ ʧʨʦʠʟʦʰʝʣ 2 ʷʥʚʘʨʷ, ʘ ʚ 
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ʧʝʨʠʦʜ 18ï31 ʷʥʚʘʨʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʧʦʪʦʢʠ. ɼʚʘ ʥʘʠʙʦʣʝʝ 

ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ML=3.5 ʠ ML=3.3 ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʚ ʤʘʨʪʝ ʠ ʦʢʪʷʙʨʝ 2013 

ʛ. ʇʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʘʷ ʚʳʜʝʣʠʚʰʘʷʩʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʙʳʣʘ ʨʘʚʥʘ ɽ = 6.8Ŀ108 ɼʞ, ʯʪʦ 

ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʝʤ ʛʦʜʫ (ʨʠʩʫʥʦʢ 4.4ʢ). 

 

 

ʈʠʩʫʥʦʢ 4.4 ï ɻʦʜʦʚʳʝ ʛʨʘʬʠʢʠ ʯʠʩʣʘ ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ 

ʧʷʪʠʜʥʝʚʥʳʭ ʠʥʪʝʨʚʘʣʘʭ (ʣʝʚʳʝ ʧʘʥʝʣʠ) ʠ ʠʭ ʢʫʤʫʣʷʪʠʚʥʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʢʘʢ 



66 

 

 

ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ (ʧʨʘʚʳʝ ʧʘʥʝʣʠ) ʚ 2009ï2013 ʛʛ. ʆʨʘʥʞʝʚʘʷ ʩʪʨʝʣʢʘ ʦʪʨʘʞʘʝʪ ʤʦʤʝʥʪ 

ʥʘʯʘʣʘ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ. ɿʚʝʟʜʦʯʢʘʤʠ ʦʪʤʝʯʝʥʳ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ. 

 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 2013 ʛ., ʩʦʛʣʘʩʥʦ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʡ ʙʘʟʝ çɸʢʪʠʚʥʦʩʪʴ 

ʚʫʣʢʘʥʦʚ ʂʘʤʯʘʪʢʠè [http://www.emsd.ru/~ssl/monitoring/main.htm], ʚ ʚʝʨʰʠʥʥʦʡ ʯʘʩʪʠ 

ʚʫʣʢʘʥʘ ʦʪʤʝʯʘʣʘʩʴ ʪʝʨʤʘʣʴʥʘʷ ʘʥʦʤʘʣʠʷ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʦʙʨʫʰʝʥʠʷ ʢʫʧʦʣʘ 

ʠ ʥʝʙʦʣʴʰʠʝ ʵʢʩʧʣʦʟʠʚʥʳʝ ʠʟʚʝʨʞʝʥʠʷ. 

ʕʥʝʨʛʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʚʳʜʝʣʠʚʰʘʷʩʷ ʚ 2012 ʛ. ʠ 2013 ʛ., ʫʤʝʥʴʰʠʣʘʩʴ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ ʛʦʜʦʤ ʠʟʚʝʨʞʝʥʠʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʝʣʘʢʩʘʮʠʝʡ ʥʘʧʨʷʞʝʥʥʦï

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʚ ʩʚʷʟʠ ʩ ʨʘʟʛʨʫʟʢʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʟʚʝʨʞʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ, ʧʨʦʠʟʦʰʝʜʰʝʝ 27.11.2010 ʩ 

ML=5.2 ʧʨʝʜʚʘʨʷʣʦ ʫʩʠʣʝʥʠʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʝʧʣʦʚʳʝ ʚʳʙʨʦʩʳ ʚ ʥʘʯʘʣʝ 

ʜʝʢʘʙʨʝ ʜʦʩʪʠʛʘʣʠ ʚʳʩʦʪʳ ʦʜʥʦʛʦ ʢʤ ʠ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʤʠ ʧʦʪʦʢʘʤʠ 

[ʆʚʩʷʥʥʠʢʦʚ, ʄʘʣʠʢ, 2011]. ʇʝʧʣʦʧʘʜʳ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʥʘ ʫʜʘʣʝʥʠʠ 100ï300 ʢʤ ʦʪ 

ʚʫʣʢʘʥʘ ʦʪʤʝʯʘʣʠʩʴ 12 ʠ 31 ʜʝʢʘʙʨʷ [http://www.emsd.ru/~ssl/monitoring/main.htm]. 

ɺ 2011 ʛ. ʧʨʦʩʣʝʞʠʚʘʣʘʩʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ï ʯʝʨʝʟ 40ï50 ʜʥʝʡ ʧʦʩʣʝ ʨʦʝʚʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʧʨʦʠʩʭʦʜʠʣʘ ʩʤʝʥʘ ʚ ʭʘʨʘʢʪʝʨʝ 

ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺʳʞʠʤʘʥʠʝ ʧʦʪʦʢʘ ʟʘʤʝʜʣʷʣʦʩʴ, ʘ ʧʨʝʦʙʣʘʜʘʶʱʝʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʷʚʣʷʣʠʩʴ ʵʢʩʧʣʦʟʠʚʥʳʝ ʠʟʚʝʨʞʝʥʠʷ ʩʦ ʩʭʦʞʜʝʥʠʝʤ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ 

ʧʦʪʦʢʦʚ, ʯʪʦ, ʧʦïʚʠʜʠʤʦʤʫ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʧʦʩʪʫʧʣʝʥʠʠ ʥʦʚʳʭ ʧʦʨʮʠʡ ʛʘʟʠʨʦʚʘʥʥʦʡ 

ʤʘʛʤʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʝʡʩʤʦʛʝʥʥʦʡ ʦʙʣʘʩʪʠ 

ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʟʘ 2009ï2013 ʛʛ. ʅʘ ʢʘʨʪʘʭ ʵʧʠʮʝʥʪʨʦʚ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʟʨʝʟʘʭ ʚʜʦʣʴ ʠ 

ʧʦʧʝʨʝʢ ʧʨʝʦʙʣʘʜʘʶʱʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʣʦʤʥʦʡ ʟʦʥʳ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʫʨʦʯʝʥ ʚʫʣʢʘʥ 

ʂʠʟʠʤʝʥ, ʚʜrʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ (ʨʠʩʫʥʦʢ 4.5 ï 4.7): 
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1. ʆʙʣʘʢʦ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʧʣʘʥʝ ʠʤʝʝʪ ʦʙʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʖɿïʉɺ, ʯʪʦ ʚ 

ʮʝʣʦʤ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ 

[ʐʘʥʮʝʨ ʠ ʜʨ., 1973; Tibaldi et al., 2008]. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʦʯʘʛʦʚ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʥʘ 

ʛʣʫʙʠʥʘʭ ʚʳʰʝ 10 ʢʤ. 

2. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʧʠʮʝʥʪʨʦʚ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦʧʘʜʘʶʪ ʚ ʵʣʣʠʧʪʠʯʝʩʢʫʶ 

ʦʙʣʘʩʪʴ ʩ ʦʩʷʤʠ ~5Ĭ10 ʢʤ. ɼʣʷ ʩʝʡʩʤʠʯʥʦʩʪʠ 2009 ʛ. ʠ ʷʥʚʘʨʷïʬʝʚʨʘʣʷ 2010 ʛ. ʵʪʘ 

ʦʙʣʘʩʪʴ ʩʤʝʱʝʥʘ ʚ ʉïɿ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ, ʘ ʥʘ ʧʨʦʝʢʮʠʷʭ 

ʛʠʧʦʮʝʥʪʨʦʚ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ɺïɻ ʥʘʙʣʶʜʘʝʪʩʷ ʘʩʠʤʤʝʪʨʠʷ ʦʙʣʘʢʘ 

ʦʯʘʛʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʩʪʨʦʡʢʠ (ʨʠʩʫʥʦʢ 4.5ɸ, ɹ). 

3. ɼʦ ʥʦʷʙʨʷ 2010 ʛ. ʩʝʡʩʤʦʛʝʥʥʳʡ ʦʙʲʝʤ ʨʘʩʧʦʣʘʛʘʣʩʷ ʩʠʤʤʝʪʨʠʯʥʦ ʚʫʣʢʘʥʠʯʝʩʢʦʡ 

ʧʦʩʪʨʦʡʢʠ ʢʘʢ ʚ ʧʣʘʥʝ, ʪʘʢ ʠ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʘʟʨʝʟʘʭ (ʨʠʩʫʥʦʢ 4.5 ɹ, ɺ ï 4.6 Aïɺ). 

4. ɺʦ ʚʨʝʤʷ ʦʩʥʦʚʥʦʛʦ ʵʪʘʧʘ ʠʟʚʝʨʞʝʥʠʷ ʚ 2011 ʛ. ʧʨʦʩʣʝʞʠʚʘʣʦʩʴ ʧʦʛʨʫʞʝʥʠʝ 

ʩʝʡʩʤʦʛʝʥʥʦʡ ʟʦʥʳ ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʚ ʖïɿ ʥʘʧʨʘʚʣʝʥʠʠ ʜʦ ʛʣʫʙʠʥʳ 8 ʢʤ (ʨʠʩʫʥʦʢ 

4.7ɸ). ʕʧʠʮʝʥʪʨʳ ʚ ʉïɺ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʫʣʢʘʥʘ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʤʘʨʢʠʨʦʚʘʣʠ 

ʨʝʘʢʪʠʚʘʮʠʶ ʨʘʟʣʦʤʘ. 

5. ɺ 2013 ʛʛ. ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʧʠʮʝʥʪʨʦʚ ʚʳʜʝʣʷʝʪʩʷ ʦʞʠʚʣʝʥʠʝ ʨʘʟʣʦʤʘ ʚ ʖïɿ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʫʣʢʘʥʘ (ʨʠʩʫʥʦʢ 4.7 ɺ).  

ʉʝʡʩʤʦʛʝʥʥʘʷ ʟʦʥʘ ʧʦʜ ʚʫʣʢʘʥʦʤ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ 

ʣʦʢʘʣʴʥʦʛʦ ʧʦʣʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʠʣʠ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʝʡʩʤʦʛʝʥʥʦʛʦ ʦʙʲʝʤʘ, ʘʢʪʠʚʠʟʠʨʦʚʘʚʰʝʛʦʩʷ ʧʝʨʝʜ 

ʠʟʚʝʨʞʝʥʠʝʤ. ʉïɺ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʨʘʞʘʝʪ ʩʫʙʨʝʛʠʦʥʘʣʴʥʦʝ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʪʝʤ, ʯʪʦ ʧʦʩʪʨʦʡʢʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʩʝʯʝʪʩʷ ʘʢʪʠʚʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʨʘʟʣʦʤʦʤ.  

ʉʝʡʩʤʦʛʝʥʥʘʷ ʦʙʣʘʩʪʴ ʙʳʣʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʖɿïʉɺ 

ʥʘʧʨʘʚʣʝʥʠʷ ʩ ʦʩʷʤʠ ~5Ĭ10 ʢʤ ʩ ʛʣʫʙʠʥʦʡ ʜʦ 10 ʢʤ, ʩʤʝʱʝʥʥʦʡ ʚ ʉïɿ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ 

ʚʫʣʢʘʥʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ (2009 ʛ., ʷʥʚʘʨʴïʬʝʚʨʘʣʴ 2010 ʛ.), ʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ʥʘʙʣʶʜʘʣʦʩʴ 

ʧʦʛʨʫʞʝʥʠʝ ʟʦʥʳ ʚ ʖïɿ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʫʣʢʘʥʘ. ɼʦ ʥʘʯʘʣʘ ʠʟʚʝʨʞʝʥʠʷ ʩʝʡʩʤʦʛʝʥʥʘʷ 
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ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʩʠʤʤʝʪʨʠʯʥʦ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʧʦʩʪʨʦʡʢʠ ʢʘʢ ʚ ʧʣʘʥʝ, ʪʘʢ ʠ ʧʦ 

ʚʝʨʪʠʢʘʣʠ. 

 

 
ʈʠʩʫʥʦʢ 4.5 ï ʉʝʡʩʤʠʯʥʦʩʪʴ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2009 ʛ. (A), ʚ ʷʥʚʘʨʝïʬʝʚʨʘʣʝ 

2010 ʛ. (ɹ), ʤʘʨʪʝïʘʧʨʝʣʝ 2010 ʛ. (ɺ). ʂʘʨʪʳ ʵʧʠʮʝʥʪʨʦʚ (1), ʧʨʦʝʢʮʠʠ ʛʠʧʦʮʝʥʪʨʦʚ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʨʘʟʨʝʟʳ ʚʜʦʣʴ ʣʠʥʠʡ ɸïɹ (2) ʠ ɺïɻ (3). ʂʨʘʩʥʳʤʠ ʵʣʣʠʧʩʘʤʠ ʚʳʜʝʣʝʥʳ 

ʦʙʣʘʩʪʠ, ʛʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʜʛʦʪʦʚʢʦʡ 

ʠ ʧʨʦʮʝʩʩʦʤ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ. ʂʨʘʩʥʳʝ ʧʫʥʢʪʠʨʥʳʝ ʣʠʥʠʠ ʦʪʨʘʞʘʶʪ 

ʧʦʛʨʫʞʝʥʠʝ ʩʝʡʩʤʦʛʝʥʥʦʡ ʟʦʥʳ. 
 

ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʚ ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʦʯʘʛʝ ʚ ʩʚʷʟʠ ʩ ʠʟʚʝʨʞʝʥʠʝʤ ʙʦʣʴʰʦʛʦ 

ʦʙʲʝʤʘ ʤʘʛʤʳ ʧʨʦʠʟʦʰʣʘ ʨʝʣʘʢʩʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚʦʢʨʫʛ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʫʣʢʘʥʘ. 

ʇʦʜʦʙʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʦʙʳʯʝ ʞʠʜʢʦʩʪʝʡ ʚ ʨʝʟʝʨʚʫʘʨʘʭ, ʪʘʢʠʭ ʢʘʢ ʢʘʢ ʥʝʬʪʴ, 

ʛʘʟ ʠ ʚʦʜʘ [Munoz, Roehl, 2017]. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʜʚʠʞʝʥʠʝ ʩʨʝʜʳ ʚ 

ʙʦʣʝʝ ʩʣʘʙʳʭ ʤʝʩʪʘʭ ï ʚ ʤʝʩʪʘʭ ʥʘʠʙʦʣʴʰʝʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ 2011ï2012 ʛʛ. ʩ ʵʧʠʮʝʥʪʨʘʤʠ ʫ ʉïɺ ʩʢʣʦʥʘ ʚʫʣʢʘʥʘ 

ʤʦʛʫʪ ʤʘʨʢʠʨʦʚʘʪʴ ʘʢʪʠʚʠʟʘʮʠʶ ʨʘʟʣʦʤʘ, ʩʦʛʣʘʩʥʦ ʢʘʨʪʝ ʨʘʟʣʦʤʦʚ. ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʩ 

ʵʧʠʮʝʥʪʨʘʤʠ ʚʙʣʠʟʠ ʉïɺ ʩʢʣʦʥʘ ʚʫʣʢʘʥʘ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʦʮʝʩʩʦʤ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʠʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʠʟʙʳʪʦʯʥʦʡ ʤʘʩʩʳ ʚ ʚʠʜʝ ʣʘʚʦʚʦʛʦ 
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ʧʦʪʦʢʘ (V~ 0.3 ʢʤ3) ʥʘ ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ ʚʫʣʢʘʥʘ. ɺ 2013 ʛ. ʪʘʢʞʝ ʧʨʦʠʟʦʰʣʦ ʦʞʠʚʣʝʥʠʝ 

ʨʘʟʣʦʤʘ ʚ ʉïɿ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʫʣʢʘʥʘ, ʢʦʪʦʨʳʡ ʤʘʨʢʠʨʫʝʪʩʷ ʛʠʧʦʮʝʥʪʨʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

 

 
ʈʠʩʫʥʦʢ 4.6 ï ʉʝʡʩʤʠʯʥʦʩʪʴ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2010 ʛ.: ʤʘʝïʠʶʥʝ (ɸ), ʠʶʣʝï

ʘʚʛʫʩʪʝ (ɹ), ʩʝʥʪʷʙʨʝïʦʢʪʷʙʨʝ (ɺ), ʥʦʷʙʨʝïʜʝʢʘʙʨʝ (ɻ). ʂʘʨʪʳ ʵʧʠʮʝʥʪʨʦʚ (1), ʧʨʦʝʢʮʠʠ 

ʛʠʧʦʮʝʥʪʨʦʚ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʨʘʟʨʝʟʳ ʚʜʦʣʴ ʣʠʥʠʡ ɸïɹ (2) ʠ ɺïɻ (3). ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩʫʥʦʢ 4.5. 
 

 
ʈʠʩʫʥʦʢ 4.7 ï ʉʝʡʩʤʠʯʥʦʩʪʴ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2011 ʛ. (A), 2012 ʛ. (ɹ) ʠ 2013 

ʛ. (ɺ). ʂʘʨʪʳ ʵʧʠʮʝʥʪʨʦʚ (1), ʧʨʦʝʢʮʠʠ ʛʠʧʦʮʝʥʪʨʦʚ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʝ ʨʘʟʨʝʟʳ ʚʜʦʣʴ ʣʠʥʠʡ 

ɸïɹ (2) ʠ ɺïɻ (3). ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩʫʥʦʢ 4.5. 
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4.3 ɸʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʯʘʩʪʦʪʥʦïʤʘʛʥʠʪʫʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʚʥʝʜʨʝʥʠʷ ʤʘʛʤʳ ʠ ʝʝ ʜʚʠʞʝʥʠʷ ʢ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʠʟʤʝʥʝʥʠʝʤ ʅɼʉ ʛʝʦʩʨʝʜʳ ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʩʝʡʩʤʠʯʥʦʩʪʠ, ʘʚʪʦʨʦʤ ʧʨʦʚʦʜʠʣʩʷ ʜʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʯʘʩʪʦʪʥʦï

ʤʘʛʥʠʪʫʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʆʜʥʦʡ ʠʟ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʢ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʟʘʢʦʥʝ ɻʫʪʝʥʙʝʨʛʘïʈʠʭʪʝʨʘ, ʦʧʠʩʳʚʘʶʱʠʡ ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʪ ʤʘʛʥʠʪʫʜʳ: 

ὰέὫὔὥ ὦὓ    (4.1) 

ʛʜʝ N ï ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʦʣʴʰʝʡ ʠʣʠ ʨʘʚʥʦʡ ʚʝʣʠʯʠʥʳ M, ʧʘʨʘʤʝʪʨ a ï 

ʩʝʡʩʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, b ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʯʘʩʪʦʪʥʦïʤʘʛʥʠʪʫʜʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʤʘʛʥʠʪʫʜ [Gutenberg, 

Richter, 1944]. 

ɿʥʘʯʝʥʠʝ b ʧʦʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʘʣʳʭ ʠ ʙʦʣʴʰʠʭ 

ʤʘʛʥʠʪʫʜ ʚ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʨʘʡʦʥʝ, b ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʬʫʥʢʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠʣʠ ʢʘʢ ʬʫʥʢʮʠʷ ʚʨʝʤʝʥʠ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʥʘʯʠʥʘʷ ʩ [Gutenberg, Richter, 1944]. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦïʚʨʝʤʝʥʥʳʝ ʚʘʨʠʘʮʠʠ b ̫ ʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʘʩʧʝʢʪʦʚ ʩʝʡʩʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʟʦʥ ʠ ʥʝʩʫʪ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʩʝʡʩʤʦʪʝʢʪʦʥʠʢʝ ʨʝʛʠʦʥʘ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʣʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʙʣʘʛʦʜʘʨʷ ʩʢʘʯʢʫ ʚ 

ʨʘʟʚʠʪʠʠ ʨʝʛʠʩʪʨʠʨʫʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ ʦʙʨʘʙʦʪʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 

ʧʨʠʚʝʜʰʠʭ ʢ ʩʦʟʜʘʥʠʶ ʜʝʪʘʣʴʥʳʭ ʢʘʪʘʣʦʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ [Wiemer, Wyss, 2002]. 

ʂʦʨʨʝʢʪʥʦʩʪʴ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ b ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʝʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʩʪʘʥʮʠʡ ʠ ʧʦʣʥʦʪʳ ʚʳʙʦʨʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʤʠʥʠʤʘʣʴʥʦʡ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʤʘʛʥʠʪʫʜʳ MC [Rydelek, Sacks, 1989; Wyss et al., 1997; Wiemer, Wyss, 
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2000], ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʣʝʚʳʡ ʢʨʘʡ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʛʨʘʬʠʢʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚʳʧʦʣʘʞʠʚʘʥʠʝ ʢʫʤʫʣʷʪʠʚʥʦʡ ʬʦʨʤʳ. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʧʦʣʥʦʪʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʥʝʣʠʥʝʡʥʦʩʪʠ ʛʨʘʬʠʢʘ 

ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʥʘ ʣʝʚʦʤ ʩʢʣʦʥʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʦʯʥʦ ʟʘʥʠʞʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ b. 

ʆʰʠʙʢʘ ʟʥʘʯʝʥʠʷ b ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ ʠʟïʟʘ ʤʝʥʴʰʝʡ ʧʣʦʱʘʜʠ ʠʣʠ ʩʣʠʰʢʦʤ ʢʦʨʦʪʢʦʛʦ 

ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ [Schorlemmer et al., 2005]. 

ʉʨʝʜʥʝʤʠʨʦʚʦʝ ʟʥʘʯʝʥʠʝ b, ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʧʨʠ ʜʣʠʪʝʣʴʥʳʭ ʧʝʨʠʦʜʘʭ 

ʥʘʙʣʶʜʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʣʠʟʢʦ ʢ ʝʜʠʥʠʮʝ [Frohlich, Davis, 1993]. ɼʣʷ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʙʣʶʜʘʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ 

ʠʟʤʝʥʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʦʙʣʘʩʪʷʤ, ʛʜʝ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, 

ʬʠʢʩʠʨʫʶʪʩʷ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ, ʚʧʣʦʪʴ ʜʦ b = 2. ʉʘʤʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ 

ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ b ʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ʚʳʟʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʘʢʪʠʚʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ 

[Wyss et al., 1997]. ʊʘʢʞʝ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ b ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝʦʙʳʯʥʦ 

ʚʳʩʦʢʠʤ ʧʦʨʦʚʳʤ ʜʘʚʣʝʥʠʝʤ ʠʣʠ ʘʥʦʤʘʣʴʥʦ ʩʠʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʠʟïʟʘ ʦʙʰʠʨʥʳʭ 

ʪʨʝʱʠʥ, ʠʣʠ ʦʙʦʠʤʠ ʷʚʣʝʥʠʷʤʠ [Wyss et al., 2001]. ʇʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ b 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʚʳʰʝʥʠʠ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ [Scholz, 1968; Wyss, 

1973]. 

ɺʘʨʠʘʮʠʠ ʟʥʘʯʝʥʠʡ b ʟʘʚʠʩʷʪ ʦʪ ʬʠʟʠʢʦïʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʝʦʩʨʝʜʳ, ʢʦʪʦʨʳʝ 

ʪʘʢʞʝ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʦʚʳʰʝʥ ʚ ʨʘʡʦʥʘʭ ʚʫʣʢʘʥʠʟʤʘ 

[Warren and Latham, 1970]. ʂʨʦʤʝ ʪʦʛʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ b ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ 

ʨʘʟʣʦʤʥʦʡ ʟʦʥʳ, ʛʜʝ ʧʨʦʷʚʣʷʝʪʩʷ ʩʝʡʩʤʠʯʥʦʩʪʴ [Schorlemmer et al., 2005]. ʈʘʟʣʦʤʳ 

ʩʙʨʦʩʦʚʦʛʦ ʪʠʧʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʝʡʩʤʠʯʥʦʩʪʴʶ ʩ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ b. ɼʣʷ 

ʩʝʡʩʤʠʯʥʦʩʪʠ ʨʘʡʦʥʦʚ ʩ ʧʨʝʦʙʣʘʜʘʝʥʠʝʤ ʥʘʜʚʠʛʦʚ ʭʘʨʘʢʪʝʨʥʳ ʩʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ b, 

ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ ʥʘʧʨʷʞʝʥʠʶ. ɼʣʷ ʩʜʚʠʛʦʚʳʭ ʨʘʟʣʦʤʦʚ ï 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ [Scholz, 2015]. 

javascript:;
javascript:;


72 

 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ [Lei et al., 2018], ʚ ʢʦʪʦʨʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ 

ʛʨʘʥʠʪʥʦʛʦ ʙʣʦʢʘ ʩ ʦʯʝʥʴ ʥʠʟʢʦʡ ʠʟʥʘʯʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʪʨʝʱʠʥ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʥʘʧʨʷʞʝʥʠʶ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ b, ʨʘʚʥʦʝ 1.2ï1.5, ʫʤʝʥʴʰʘʣʦʩʴ ʜʦ 0.6 ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ, ʘ ʟʘʪʝʤ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʦʙʨʘʪʥʦ ʜʦ 1.0ï1.3, ʯʪʦ 

ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʧʘʜʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ b ʩʦʚʧʘʜʘʣʦ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ ʩʦʙʳʪʠʡ ʠ ʫʨʦʚʥʝʤ 

ʥʘʧʨʷʞʝʥʠʡ ʦʪ 70 ʜʦ 95% ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʜʚʠʛ. ʈʦʩʪ ʧʘʨʘʤʝʪʨʘ b ʩʚʷʟʘʥ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʧʦʷʚʣʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʣʢʠʭ ʨʘʟʨʳʚʦʚ (ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ), ʦʜʥʘʢʦ ʧʨʠ ʠʭ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʤʝʣʢʠʤʠ ʨʘʟʨʳʚʘʤʠ ʚʧʣʦʪʴ 

ʜʦ ʩʣʠʷʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ, 

ʥʘʙʣʶʜʘʶʱʝʛʦʩʷ ʧʝʨʝʜ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʟʨʳʚʘ (ʩʠʣʴʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ) [Lei et al., 

2018]. 

ʅʝ ʚʩʝʛʜʘ ʧʦʣʫʯʘʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢʦʡ ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʬʘʢʪʦʨ ʚʳʟʳʚʘʝʪ 

ʬʣʫʢʪʫʘʮʠʠ ʟʥʘʯʝʥʠʷ b, ʝʩʣʠ ʥʝ ʜʦʩʪʫʧʥʳ ʜʨʫʛʠʝ ʚʠʜʳ ʥʘʙʣʶʜʝʥʠʡ. ʇʦʵʪʦʤʫ ʘʚʪʦʨʦʤ 

ʠʟʫʯʘʣʠʩʴ ʚʘʨʠʘʮʠʠ ʟʥʘʯʝʥʠʡ b ʜʦ ʠ ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʭ ʩʚʷʟʴ ʩ ʜʠʥʘʤʠʢʦʡ 

ʠʟʚʝʨʞʝʥʠʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʙʣʦʢʘ ʛʝʦʩʨʝʜʳ 

ʦʢʨʝʩʪʥʦʩʪʠ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ. 

ʇʨʦʮʝʜʫʨʘ ʨʘʩʯʸʪʘ b ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʥʘ ʝʛʦ 

ʣʠʥʝʡʥʦʤ ʫʯʘʩʪʢʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʟʘʢʦʥʫ ɻʫʪʝʥʙʝʨʛʘïʈʠʭʪʝʨʘ [Aki, 1965]. 

ɺʩʝ ʨʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ ʛʨʘʬʠʢʦʚ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʳ ZMAP [Weimer, 2001], ʚ ʢʦʪʦʨʦʡ ʟʘʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʷ b ʩʦʛʣʘʩʥʦ 

ʤʝʪʦʜʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʘʚʜʦʧʦʜʦʙʠʷ [Aki , 1965]: 

ὦ ὰὫὩȾὓ ὓάὭὲ    (4.2) 

ʛʜʝ lge ï ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ, Mmin ï ʤʠʥʠʤʘʣʴʥʘʷ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ ʤʘʛʥʠʪʫʜʘ, ὓ ï 

ʩʨʝʜʥʷʷ ʤʘʛʥʠʪʫʜʘ. 
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ɺ ZMAP ʘʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʩʪʠ ʟʥʘʯʝʥʠʷ b (ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʦʮʝʥʢʘ ŭb) 

ʚʳʯʠʩʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ Shi and Bolt [1982]: 

ɿὦ ὰὲ ὩϽὦ
В

    (4.3) 

ʛʜʝ n ï ʨʘʟʤʝʨ ʚʳʙʦʨʢʠ. 

ɼʠʩʢʨʝʪʥʦʝ ʨʘʟʙʠʝʥʠʝ ʤʘʛʥʠʪʫʜ ʩʦʩʪʘʚʣʷʣʦ 0.1 ʝʜʠʥʠʮʳ ʚʝʣʠʯʠʥʳ, ʧʨʠ ʵʪʦʤ Mmin = 

min (M) ï 0.05. 

ʇʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ ʤʘʛʥʠʪʫʜʘ Mc ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʚʳʙʦʨʦʢ ʩʦʩʪʘʚʠʣʘ 2.2. ʂʘʪʘʣʦʛ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ McÓ2.2 ʩʦʜʝʨʞʘʣ 3391 ʟʝʤʣʝʪʨʷʩʝʥʠʝ. ɺʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ b ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʜʣʷ ʚʨʝʤʝʥʥʳʭ ʦʢʦʥ, ʩʦʜʝʨʞʘʱʠʭ ʚ ʩʝʙʝ 1000 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʧʝʨʝʢʨʳʪʠʝʤ 

200 ʥʘʯʠʥʘʷ ʩ 2010 ʛʦʜʘ.   

ʇʨʠ ʦʮʝʥʢʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʨʘʩʭʦʞʜʝʥʠʡ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ b 

ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʩʪ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʦ ʚʝʣʠʯʠʥʝ 

b [Utsu, 1992]. ʊʝʩʪ ʦʩʥʦʚʘʥ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʢʨʠʪʝʨʠʠ (Akaike information criterion ï 

AIC). ʕʪʦʪ ʪʝʩʪ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʜʚʫʭ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ 

b [Mori, Abercrombie, 1997; Zuniga, Wyss, 2001]. ɼʣʷ ʜʚʫʭ ʛʨʫʧʧ ʟʝʤʣʝʪʨʷʩʝʥʠʡ A ʠ B 

ʢʨʠʪʝʨʠʡ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ЎὃὍὅ ςὔ ὔ ÌÎὔ ὔ ςὔÌÎὔ ςὔ ÌÎ ὔ ς (4.4) 

ʛʜʝ NA ʠ NB ï ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʜʣʷ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʷ b, bA ʠ bB ï 

ʨʘʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ b. 

ʆʙʳʯʥʦ ʨʘʟʥʠʮʘ ʚ æAIC ʩʯʠʪʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ, ʝʩʣʠ ʦʥʘ ʧʨʝʚʳʰʘʝʪ 2. ʀʟ æAIC 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ b [Utsu, 1992]: 

ὴЎ ὰὫὩ
Ў

ς   (4.5) 

ɿʥʘʯʝʥʠʝ b ʟʘʢʣʶʯʝʥʦ ʚ ʧʨʝʜʝʣʘʭ 0.85ï1.1 (ʨʠʩʫʥʦʢ 4.8, 4.9). ʋʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ 

b ʩ ʥʘʯʘʣʘ 2010 ʛ. ʧʦ ʥʦʷʙʨʴ 2010 ʛ. ʩ 1.1Ñ0.05 ʜʦ 0.85Ñ0.03 ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʨʝʜʳ ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʚ 
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ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [Scholz, 1968; Wyss, 1973], ʯʪʦ ʧʦʜʪʚʝʨʜʠʣʦʩʴ ʩʠʣʴʥʝʡʰʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ 27.11.2010 ʩ ML = 5.2 c H = ï1.8Ñ2.7 ʢʤ (ʨʠʩʫʥʦʢ 4.6 ɻ). ʄʝʭʘʥʠʟʤ 

ʦʯʘʛʘ ʵʪʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʦʩʯʠʪʘʥʥʳʡ ʈʘʝʚʩʢʦʡ ɸ.ɸ. ʚ ʂʌ ʌʀʎ ɽɻʉ ʈɸʅ ʧʦ ʤʝʪʦʜʠʢʝ 

RSMT (Regional Seismic Moment Tensor) [ɸʙʫʙʘʢʠʨʦʚ, ʇʘʚʣʦʚ, 2021] ï ʩʙʨʦʩ (ʪʘʙʣʠʮʘ 4.2). 

ʈʘʩʯʝʪ ʪʝʥʟʦʨʘ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʧʦ RSMT ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʝʤʣʝʤʦʝ ʩʦʛʣʘʩʠʝ ʩ 

ʜʘʥʥʳʤʠ ʢʘʪʘʣʦʛʘ GCMT (Global Centroid Moment Tensor) ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʤʝʭʘʥʠʟʤʘ ɻ ʪʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ [Ekstrom et al., 2012] 

[https://www.globalcmt.org/CMTsearch.html]. ʋʛʦʣ ʂʘʛʘʥʘ ʜʚʫʭ ʤʝʭʘʥʠʟʤʦʚ ʩʦʩʪʘʚʠʣ 11ʦ. 

 

ʊʘʙʣʠʮʘ 4.2 ï ʄʝʭʘʥʠʟʤʳ ʦʯʘʛʘ ʩʠʣʴʥʝʡʰʝʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ML = 5.2, ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʚ 

ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2010 ʛ., ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʜʚʫʤ ʤʝʪʦʜʠʢʘʤ. 

ɼʘʪʘ ʠ ʚʨʝʤʷ ʇʘʨʘʤʝʪʨʳ 

ʤʝʭʘʥʠʟʤʘ 

ʦʯʘʛʘ ʧʦ RSMT 

RSMT ʇʘʨʘʤʝʪʨʳ 

ʤʝʭʘʥʠʟʤʘ 

ʦʯʘʛʘ ʧʦ 

GCMT 

GCMT 

27.11.2010 

18:56:43 

ҿ = 214ʦ 

ŭ = 39 ʦ 

ɚ = ï117 ʦ 

 

ҿ = 218 ʦ 

ŭ = 39 ʦ 

ɚ = ï103 ʦ 

 

ʇʨʠʤʝʯʘʥʠʝ: RSMT ï Regional Seismic Moment Tensor; GCMT ï Global Centroid 

Moment Tensor; ҿ ï ʫʛʦʣ ʧʨʦʩʪʠʨʘʥʠʷ ʧʣʦʩʢʦʩʪʠ ʨʘʟʨʳʚʘ; ŭ ï ʫʛʦʣ ʧʘʜʝʥʠʷ ʧʣʦʩʢʦʩʪʠ 

ʨʘʟʨʳʚʘ; ɚ ï ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʜʚʠʞʢʠ. 

 

ʕʧʠʮʝʥʪʨ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʟʣʦʤʦʤ, ʚʳʜʝʣʝʥʥʳʤ ʂʦʞʫʨʠʥʳʤ ɸ.ʀ. 

(ʨʠʩʫʥʦʢ 3.1 ʙ). ɺʠʩʷʯʠʡ ʙʣʦʢ, ʠʩʭʦʜʷ ʠʟ ʤʝʭʘʥʠʟʤʘ ʦʯʘʛʘ (ʩʙʨʦʩ), ʦʪʥʦʩʠʪʩʷ ʢ ʑʘʧʠʥʩʢʦʤʫ 

ʛʨʘʙʝʥʫ. 

ɺ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʤʘʛʥʠʪʫʜʘʤʠ ML > 5 ʧʨʦʠʩʭʦʜʠʣʠ ʚ 1963 

ʛ. ʠ 2010 ʛ. ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ ʦ ʪʦʤ, ʯʪʦ ʠʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 1928 ʛ. ʧʨʝʜʚʘʨʷʣʦʩʴ 

ʩʠʣʴʥʳʤʠ ʤʝʩʪʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʚ ʥʦʷʙʨʝ ï ʜʝʢʘʙʨʝ 1927 ʛ. [ɺʣʦʜʘʚʝʮ, ʇʠʡʧ, 1957]. 

ʀʟ ʯʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ML > 5 ʜʣʷ ʵʪʦʛʦ ʨʘʡʦʥʘ 

ʩʦʩʪʘʚʣʷʝʪ ~40 ʣʝʪ. 

ʋʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ b ʧʨʠʚʦʜʠʣʦ ʢ ʭʨʫʧʢʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ 

ʤʠʛʨʘʮʠʠ ʚʷʟʢʦʡ ʣʘʚʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ [Shakirova, Firstov, 2022]. ʋʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, 
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ʚʳʨʘʞʝʥʥʦʝ ʚ ʚʠʜʝ ʫʤʝʥʴʰʝʥʠʷ ʟʥʘʯʝʥʠʷ b, ʪʘʢʞʝ ʪʝʩʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʜʝʬʦʨʤʘʮʠʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʧʦʜʲʝʤʘ, ʚʳʷʚʣʝʥʥʦʡ ʚ [Ji et al., 2013], ʘ ʪʘʢʞʝ ʩ ʨʘʚʥʦʤʝʨʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ (ʨʠʩʫʥʦʢ 4.4 ʛ). ɺʩʝ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʪʦ, ʯʪʦ ʜʦ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʜʣʷ ʥʝʛʦ ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ ʟʘʢʨʳʪʘʷ ʚʫʣʢʘʥʠʯʝʩʢʘʷ 

ʩʠʩʪʝʤʘ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʩʦʛʣʘʩʥʦ ʠʜʝʷʤ [Chaussard et al., 2013]. 

 

 
ʈʠʩʫʥʦʢ 4.8 ï ɻʨʘʬʠʢ ʟʥʘʯʝʥʠʡ b ʟʘ ʧʝʨʠʦʜ 2010ï2013 ʛʛ. ʉʪʨʝʣʢʘ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʤʦʤʝʥʪ ʠʟʚʝʨʞʝʥʠʷ. 

 

 

ʈʠʩʫʥʦʢ 4.9 ï ɻʨʘʬʠʢʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʜʣʷ ʦʢʦʥ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 1000 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ (b). Mc ï ʚʝʣʠʯʠʥʘ 

ʧʦʣʥʦʪʳ ʢʘʪʘʣʦʛʘ; ʩʝʨʳʝ ʢʚʘʜʨʘʪʳ ï ʜʠʩʢʨʝʪʥʳʡ ʛʨʘʬʠʢ ʧʦʚʪʦʨʷʝʤʦʩʪʠ; ʙʝʣʳʝ ʢʚʘʜʨʘʪʳ ï 

ʢʫʤʫʣʷʪʠʚʥʳʡ. 
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ʉʥʠʞʝʥʠʝ ʥʘʢʦʧʣʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʦʷʚʠʣʦʩʴ ʚ ʠʟʚʝʨʞʝʥʠʠ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 

ʥʦʷʙʨʝ 2010 ʛ. ʇʦʩʣʝ ʠʟʚʝʨʞʝʥʠʷ ʟʥʘʯʝʥʠʝ b ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʠ ʢ ʢʦʥʮʫ ʠʟʚʝʨʞʝʥʠʷ 

ʧʨʠʙʣʠʟʠʣʦʩʴ ʢ 0.94Ñ0.04. ʉʦʛʣʘʩʥʦ ʪʝʩʪʫ AIC ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ b ʩʯʠʪʘʶʪʩʷ 

ʟʥʘʯʠʤʳʤʠ (ʪʘʙʣʠʮʘ 4.3). 

 

ʊʘʙʣʠʮʘ 4.3 ï ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʥʠʮʳ ʚ ʚʝʣʠʯʠʥʝ b ʤʝʞʜʫ ʜʚʫʤʷ ʛʨʫʧʧʘʤʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ b. 
 ̄ ʇʝʨʠʦʜ ʂʦʣïʚʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

b æAIC pæAIC 

1. 2010.01.01ï2010.04.10 1000 1.1 Ñ 0.05 4.66 0.013 

2. 2010.03.25ï2010.7.21 1000 0.98 Ñ 0.04 

8.11 0.002 

 3. 2010.06.30ï2010.11.27 1000 0.85 Ñ 0.03 

3.03 0.029 

4. 2010.10.23ï2013.12.24 991 0.94 Ñ 0.04 

ʇʨʠʤʝʯʘʥʠʝ: b ï ʫʛʦʣ ʥʘʢʣʦʥʘ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʯʘʩʪʦʪʥʦïʤʘʛʥʠʪʫʜʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ; æAIC ï ʨʘʟʥʠʮʘ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʢʨʠʪʝʨʠʠ ʜʚʫʭ ʛʨʫʧʧ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ; pæAIC ï ʟʥʘʯʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʠ æAIC. 

 

ʊʘʢʦʝ ʟʘʢʦʥʦʤʝʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ b ʜʣʷ ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʠʟʚʝʨʞʝʥʠʷʤʠ ʚʫʣʢʘʥʦʚ ʦʪʤʝʯʘʣʦʩʴ ʚ ʨʷʜʝ ʨʘʙʦʪ. ʊʘʢ, ʜʣʷ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ɹʦʣʴʰʦʛʦ ʊʨʝʱʠʥʥʦʛʦ ʊʦʣʙʘʯʠʥʩʢʦʛʦ ʠʟʚʝʨʞʝʥʠʷ ʚ 1975ï

1976 ʛʛ. (ʂʘʤʯʘʪʢʘ) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ b ʫʤʝʥʴʰʘʣʦʩʴ ʜʦ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʘ ʟʘʪʝʤ ʥʘ ʬʦʥʝ ʫʚʝʣʠʯʝʥʠʷ b ʥʘʯʠʥʘʣʦʩʴ ʠʟʚʝʨʞʝʥʠʝ 

[ʌʝʜʦʪʦʚ ʠ ʜʨ., 1984]. ɿʘ ʪʨʠ ʤʝʩʷʮʘ ʜʦ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʕʪʥʘ ʚ 1983 ʛ. ʧʨʦʠʩʭʦʜʠʣʦ 

ʣʠʥʝʡʥʦʝ ʩʥʠʞʝʥʠʝ b ʩ 1.7 ʜʦ 0.8 [Gresta, Patane, 1983], ʘ ʪʘʢʞʝ ʧʝʨʝʜ ʠʟʚʝʨʞʝʥʠʝʤ ʚʫʣʢʘʥʘ 

ʂʠʨʠʰʠʤʘ (ʗʧʦʥʠʷ) ʚ 2011 ʛ. ʩ 1.4 ʜʦ 0.9 [Chiba, Shimizu, 2018]. 

ʅʘʧʨʷʞʝʥʥʦïʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʨʝʜʳ ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ 

ʚʦʟʥʠʢʣʦ ʚʦʢʨʫʛ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ, ʢʘʥʘʣʘ ʠ ʚʥʝʜʨʷʶʱʠʭʩʷ ʚ ʚʫʣʢʘʥʠʯʝʩʢʫʶ 

ʧʦʩʪʨʦʡʢʫ ʩʠʩʪʝʤ ʩʠʣʣʦʚ ʠ ʜʘʝʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ 

ʧʦʜʲʝʤʝ ʤʘʛʤʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ɻʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʩʞʘʪʠʝʤ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʦʧʨʝʜʝʣʷʣʠ ʩʝʡʩʤʠʯʥʦʩʪʴ ʠ ʜʝʬʦʨʤʘʮʠʶ 

ʥʝʜʨ ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ. ʏʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʜʝʷʤʠ [Amitrano, 2003; Lei et al., 2018], 

https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Amitrano%2C+David
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ʩʚʷʟʳʚʘʶʱʠʤʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ b ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʚ 

ʦʙʞʘʪʠʠ ʦʙʨʘʟʮʦʚ ʛʨʘʥʠʪʘ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʥʘ ʪʨʝʭʦʩʥʦʝ ʩʞʘʪʠʝ. ɺ ʨʘʙʦʪʝ [Massinai et al., 

2019] ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ b ʦʪʨʘʞʘʝʪ ʦʙʣʘʩʪʴ ʩ ʧʣʦʪʥʳʤʠ ʨʘʟʣʦʤʘʤʠ ʠʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜ ʠʟïʟʘ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʨʘʡʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʟʫʯʝʥʘ ʧʦ 

ʟʥʘʯʝʥʠʶ b ʚ ʢʘʯʝʩʪʚʝ ʢʦʩʚʝʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ. 

 

4.4 ʄʠʢʨʦʩʝʡʩʤʠʯʥʦʩʪʴ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ ʧʝʨʠʦʜ ʥʦʷʙʨʴ 2009 ï 

ʬʝʚʨʘʣʴ 2011 ʛ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʦʣʴ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʚʳʩʚʦʙʦʞʜʝʥʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʠʣ 

ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ, ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʤʠʢʨʦʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʧʨʫʛʠʭ 

ʥʘʧʨʷʞʝʥʠʡ. 

ɺ ʩʚʷʟʠ ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʣʦʢʘʣʠʟʘʮʠʠ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ K<5 ʠʟïʟʘ ʨʝʜʢʦʡ 

ʩʝʪʠ ʩ/ʩʪ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ, ʚ ʧʝʨʠʦʜ ʥʦʷʙʨʴ 2009 ï ʬʝʚʨʘʣʴ 2011 ʛʛ. ʠʟʫʯʘʣʘʩʴ 

ʤʠʢʨʦʩʝʡʩʤʠʯʥʦʩʪʴ ʨʘʡʦʥʘ ʥʘ ʦʩʥʦʚʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʪʦʣʴʢʦ ʦʜʥʦʡ ʙʣʠʞʘʡʰʝʡ ʢ ʚʫʣʢʘʥʫ ʩ/ʩʪ KZV [ʐʘʢʠʨʦʚʘ, 

ʂʦʞʝʚʥʠʢʦʚʘ, 2011]. ʆʧʨʝʜʝʣʝʥʠʝ ʛʠʧʦʮʝʥʪʨʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ 

ʚ ʧʨʦʛʨʘʤʤʝ DIMAS [ɼʨʦʟʥʠʥ, ɼʨʦʟʥʠʥʘ, 2010]. ɽʩʪʝʩʪʚʝʥʥʦ, ʧʨʠ ʪʘʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ 

ʢʦʦʨʜʠʥʘʪ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ ʩʪʘʥʜʘʨʪʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʥʦ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʩʝʡʩʤʠʯʥʦʩʪʠ ʤʦʛʫʪ ʧʨʦʷʚʠʪʴʩʷ. 

ɹʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʦʣʦʞʝʥʠʝ 780 ʦʯʘʛʦʚ ʩʣʘʙʳʭ ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ K <5 (ML<1.75) (ʨʠʩʫʥʦʢ 4.10). ɺ ʥʝʢʦʪʦʨʳʝ ʧʝʨʠʦʜʳ ʠʟïʟʘ ʚʳʩʦʢʦʡ 

ʟʘʰʫʤʣʝʥʥʦʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʢʘʥʘʣʦʚ ʥʝ ʫʜʘʚʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʯʝʪʢʠʭ ʚʩʪʫʧʣʝʥʠʡ Pï ʠ Sï

ʚʦʣʥ ʥʘ ʩ/ʩʪ KZV (ʚʳʜʝʣʝʥʳ ʧʫʥʢʪʠʨʥʦʡ ʣʠʥʠʝʡ ʥʘ ʨʠʩʫʥʢʝ 4.10). 
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ɺ ʵʧʠʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʦ ʧʣʦʪʥʦʩʪʠ ʵʧʠʮʝʥʪʨʦʚ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʦʣʝʡ ʫʩʣʦʚʥʦʩʪʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʟʦʥʳ (ʨʠʩʫʥʦʢ 4.10ʘ). ʇʝʨʚʘʷ ʟʦʥʘ 

ʧʦʯʪʠ ʢʨʫʛʦʚʦʡ ʬʦʨʤʳ ʩ ʜʠʘʤʝʪʨʦʤ ~4 ʢʤ ʥʝʩʢʦʣʴʢʦ ʩʜʚʠʥʫʪʘ ʢ ʩʝʚʝʨʦïʚʦʩʪʦʢʫ ʦʪ ʚʫʣʢʘʥʘ 

ʂʠʟʠʤʝʥ, ʘ ʚʪʦʨʘʷ, ʵʣʣʠʧʩʦʠʜʥʦʡ ʬʦʨʤʳ (5Ĭ10 ʢʤ), ʩʦʚʧʘʜʘʝʪ ʩ ʑʘʧʠʥʩʢʠʤ ʛʨʘʙʝʥʦʤ (ʩʤ. 

ʨʠʩʫʥʦʢ 3.1). 

ɼʠʘʧʘʟʦʥ ʛʣʫʙʠʥ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʦʯʘʛʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩʦʩʪʘʚʠʣ ʦʪ ï1.5 

ʜʦ 8 ʢʤ, ʩ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ ʥʘ ʛʣʫʙʠʥʘʭ 0 ï 6 ʢʤ. ʅʘ ʧʨʦʝʢʮʠʠ ʦʯʘʛʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ 

ʚʝʨʪʠʢʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʧʦ ʩʝʯʝʥʠʶ ɸïɹ ʪʘʢʞʝ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʟʦʥʳ (ʨʠʩʫʥʦʢ 4.10ʙ): ʦʜʥʘ 

ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʣʦʥʥʳ, ʯʫʪʴ ʩʜʚʠʥʫʪʦʡ ʢ ʉïɺ ʦʪ ʚʫʣʢʘʥʘ, ʘ ʚʪʦʨʘʷ ʚ ʚʠʜʝ ʥʘʢʣʦʥʥʦʡ 

ʦʙʣʘʩʪʠ ʚ ʖïɿ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʫʣʢʘʥʘ. ʇʨʠʯʝʤ ʚ ʖïɿ ʥʘʧʨʘʚʣʝʥʠʠ ʜʣʠʥʥʦʡ ʦʩʠ ʛʣʫʙʠʥʘ 

ʦʯʘʛʦʚ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʦʪ 0 ʜʦ 6 ʢʤ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʰʝʥʠʡ ʛʠʧʦʮʝʥʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʢʣʘʩʩʘʤʠ 

K>9, ʧʦʣʫʯʝʥʥʳʭ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʦʡ ʨʘʩʯʝʪʘ ʛʠʧʦʮʝʥʪʨʘ (ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʟʘʧʠʩʝʡ 

ʙʣʠʞʘʡʰʠʭ ʢ ʚʫʣʢʘʥʫ ʂʠʟʠʤʝʥ ʰʝʩʪʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ) ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʤ 

ʤʝʪʦʜʦʤ, ʦʰʠʙʢʘ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʛʣʫʙʠʥʳ ʛʠʧʦʮʝʥʪʨʘ ʩʦʩʪʘʚʠʣʘ ~2 ʢʤ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ~4 

ʢʤ. 

ʅʘʯʠʥʘʷ ʩ ʥʦʷʙʨʷ 2009 ʛ. ʧʦ ʩʝʥʪʷʙʨʴ 2010 ʛ. ʛʠʧʦʮʝʥʪʨʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʨʘʚʥʦʤʝʨʥʦ 

ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 0 ʜʦ 5 ʢʤ, ʘ ʚ ʦʢʪʷʙʨʝ 2010 ʛ. ʧʦʷʚʠʣʠʩʴ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ 

ʛʣʫʙʠʥ 5ï8 ʢʤ (ʨʠʩʫʥʦʢ 4.10ʚ). ʇʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʠʟʚʝʨʞʝʥʠʶ ʛʣʫʙʠʥʘ ʦʯʘʛʦʚ 

ʫʤʝʥʴʰʘʣʘʩʴ ʩ 8 ʜʦ 5 ʢʤ ʚ ʥʠʞʥʝʡ ʪʦʯʢʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʦʥʳ [ʐʘʢʠʨʦʚʘ, ʂʦʞʝʚʥʠʢʦʚʘ, 

2011]. 

ɺʳʜʝʣʝʥʥʘʷ ʟʦʥʘ ʧʦʯʪʠ ʢʨʫʛʦʚʦʡ ʬʦʨʤʳ ʯʘʩʪʠʯʥʦ ʦʪʨʘʞʘʝʪ ʟʦʥʫ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʜʦ ʠʟʚʝʨʞʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʪʦʜʦʤ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ [Ji et al., 2013]. ʄʝʪʦʜ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʝʨʠʦʜ 2008/09ï2010/09 ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʟʝʤʣʠ ʠ ʩʧʫʪʥʠʢʦʤ ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʧʨʦʠʟʦʰʣʦ ʩʦʢʨʘʱʝʥʠʝ 

ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʥʘ ʥʘ 56 ʤʤ (ʜʘʪʯʠʢ ʩʧʫʪʥʠʢʘ ENVISAT) ʠ 236 ʤʤ (ʜʘʪʯʠʢ ʩʧʫʪʥʠʢʘ 
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ALOS) (ʨʠʩʫʥʦʢ 4.10 ʛ). ʇʦ ʩʤʦʜʝʣʠʨʦʚʘʥʥʳʤ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘʤ [Ji et al., 2013] ʩʜʝʣʘʥʦ 

ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʚʟʜʳʤʘʥʠʝ ʙʳʣʦ ʚʳʟʚʘʥʦ ʜʘʡʢʦʡ, ʠʤʝʚʰʝʡ ʚʝʨʪʠʢʘʣʴʥʫʶ ʬʦʨʤʫ, ʜʣʠʥʦʡ 

14.4 ʢʤ, ʰʠʨʠʥʦʡ 10.6 ʢʤ, ʩ ʛʣʫʙʠʥʦʡ 12.7 ʢʤ ʚ ʮʝʥʪʨʝ ʧʣʦʩʢʦʩʪʠ ʜʘʡʢʠ (ʪʦʣʩʪʘʷ ʯʝʨʥʘʷ 

ʣʠʥʠʷ ʥʘ ʨʠʩʫʥʢʝ 4.10 ʛ). ɿʦʥʘ ʢʨʫʛʦʚʦʡ ʬʦʨʤʳ ʩʦʚʧʘʜʘʝʪ ʩ ʢʨʘʝʤ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʜʘʡʢʠ. ɺ ʵʪʦʤ ʞʝ ʨʘʡʦʥʝ ʧʨʦʠʟʦʰʣʠ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ 

ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʠʟʚʝʨʞʝʥʠʷ ʚ ʥʦʷʙʨʝ 2010 ʛ. 

ʀʟ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʩʝʡʩʤʠʯʥʦʩʪʠ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʚʦʟʥʠʢʰʘʷ ʩʝʡʩʤʦʛʝʥʥʘʷ ʟʦʥʘ ʧʦʜ ʚʫʣʢʘʥʦʤ ʂʠʟʠʤʝʥ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʣʦʢʘʣʴʥʳʤ 

ʧʦʣʝʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʯʘʣʦʤ ʠʥʪʨʫʟʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʛʣʫʙʠʥʝ 

ʥʝ ʙʦʣʝʝ 8 ʢʤ. ɿʦʥʘ ʉïɺ ʥʘʧʨʘʚʣʝʥʠʷ ʦʪʨʘʞʘʝʪ ʩʫʙʨʝʛʠʦʥʘʣʴʥʦʝ ʧʦʣʝ ʥʘʧʨʷʞʝʥʠʡ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʪʝʤ, ʯʪʦ ʧʦʩʪʨʦʡʢʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʩʝʯʝʪʩʷ ʨʘʟʣʦʤʦʤ ʑʘʧʠʥʩʢʦʛʦ ʛʨʘʙʝʥʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʣʦʢʘʣʴʥʦʛʦ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ ʦʙʫʩʣʦʚʠʣʠ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʩʝʡʩʤʦʘʢʪʠʚʥʦʛʦ ʦʙʲʝʤʘ, ʘʢʪʠʚʠʟʠʨʦʚʘʚʰʝʛʦʩʷ ʧʝʨʝʜ 

ʠʟʚʝʨʞʝʥʠʝʤ. 

ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʦʯʘʛ ʚʫʣʢʘʥʘ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ ʥʠʞʝ 5ï6 ʢʤ. ɿʦʥʳ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, 

ʚʝʨʦʷʪʥʦ, ʤʘʨʢʠʨʫʶʪ ʧʫʪʠ ʧʦʜʲʝʤʘ ʤʘʛʤʳ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. 

ɺ ʨʘʙʦʪʝ [Auer et al., 2018] ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʯʘʛ ʧʦʜ ʚʫʣʢʘʥʦʤ ʂʠʟʠʤʝʥ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ 5ï11 ʢʤ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʠʘʧʘʟʦʥʦʤ ʜʘʚʣʝʥʠʡ, 

ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʦ ʩʦʩʪʘʚʫ ʘʤʬʠʙʦʣʘ ʠ ʦʨʪʦʧʠʨʦʢʩʝʥʘ. ʊʘʢʞʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ 

ʚʳʜʝʣʝʥʥʳʭ ʟʦʥ ʩʝʡʩʤʠʯʥʦʩʪʠ ʠ ʧʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʟʦʥʘ ʵʣʣʠʧʩʦʠʜʥʦʡ ʬʦʨʤʳ, ʩʦʚʧʘʜʘʶʱʘʷ ʩ ʑʘʧʠʥʩʢʠʤ ʛʨʘʙʝʥʦʤ, 

ʤʦʞʝʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʘʢʪʠʚʥʦʤʫ ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ ʨʘʟʣʦʤʫ, ʧʝʨʝʩʝʢʘʶʱʝʤʫ ʉïɿ ʩʢʣʦʥ 

ʚʫʣʢʘʥʘ. ʉʝʡʩʤʠʯʥʦʩʪʴ ʚ ʵʪʦʡ ʟʦʥʝ ʤʦʛʣʘ ʙʳʪʴ ʚʳʟʚʘʥʘ ʤʠʛʨʘʮʠʝʡ ʤʘʛʤʳ ʠʣʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʬʣʶʠʜʘʤʠ, ʮʠʨʢʫʣʠʨʫʶʱʠʤʠ ʚ ʨʘʟʣʦʤʝ [Auer et al., 2018]. 
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ʈʠʩʫʥʦʢ 4.10 ï ʂʘʨʪʘ ʵʧʠʮʝʥʪʨʦʚ (ʘ), ʧʨʦʝʢʮʠʠ ʛʠʧʦʮʝʥʪʨʦʚ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʨʘʟʨʝʟʳ ʚʜʦʣʴ ʣʠʥʠʠ ɸɹ (ʙ), ʤʠʛʨʘʮʠʷ ʛʣʫʙʠʥʳ (ʚ) ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ K<5 ʨʘʡʦʥʘ 

ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʟʘ ʥʦʷʙʨʴ 2009 ï ʬʝʚʨʘʣʴ 2011 ʛʛ. [ʐʘʢʠʨʦʚʘ, ʂʦʞʝʚʥʠʢʦʚʘ, 2011]. 

ʂʨʘʩʥʦʡ ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʤʠʛʨʘʮʠʠ ʛʠʧʦʮʝʥʪʨʦʚ (ʫʤʝʥʴʰʝʥʠʝ ʛʣʫʙʠʥʳ 

ʛʠʧʦʮʝʥʪʨʦʚ). ʀʥʪʝʨʬʝʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʡʦʥʘ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʟʘ ʧʝʨʠʦʜ 09.08.2009ï

29.08.2010 (ʛ), ʯʝʨʥʘʷ ʣʠʥʠʷ ï ʧʨʦʝʢʮʠʷ ʜʘʡʢʠ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ [Ji et al., 2013]. 

 

4.5 ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 4 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʩʦʩʪʘʚʠʣʘ ʦʜʠʥ ʛʦʜ 

ʠ 8 ʤʝʩʷʮʝʚ. ʆʪʩʫʪʩʪʚʠʝ ʩʠʣʴʥʳʭ ʛʣʫʙʦʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʟʚʝʨʞʝʥʠʶ ʚʫʣʢʘʥʘ 

ʂʠʟʠʤʝʥ ʩ H>11 ʢʤ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʦʤ ʤʘʛʤʳ ʙʳʣ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʦʯʘʛ. ɺʷʣʦʪʝʢʫʱʘʷ 

ʩʝʡʩʤʠʯʥʦʩʪʴ ʩ ʨʘʡʦʥʘ ʂʠʟʠʤʝʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʘ ʦ ʤʝʜʣʝʥʥʦʤ ʧʨʦʜʚʠʞʝʥʠʠ ʢ ʜʥʝʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʯʝʥʴ ʚʷʟʢʦʡ ʠ ʤʘʣʦʛʘʟʠʨʦʚʘʥʥʦʡ ʤʘʛʤʳ. 
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ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʯʘʩʪʦʪʥʦïʤʘʛʥʠʪʫʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʫʣʢʘʥʦï

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʟʥʘʯʝʥʠʝ b) ʚ 2010ï2013 ʛʛ. ʧʦʢʘʟʘʣ, ʯʪʦ ʩ ʥʘʯʘʣʘ 2010 ʛ. ʜʦ ʤʦʤʝʥʪʘ 

ʠʟʚʝʨʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʫʤʝʥʴʰʝʥʠʝ ʥʘʢʣʦʥʘ ʛʨʘʬʠʢʘ ʧʦʚʪʦʨʷʝʤʦʩʪʠ, ʟʥʘʯʝʥʠʝ b ʫʤʝʥʴʰʘʣʦʩʴ ʩ 

ʩ 1.1Ñ0.05 ʜʦ 0.85Ñ0.03. ɿʘʢʦʥʦʤʝʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ b ʜʣʷ ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʠʟʚʝʨʞʝʥʠʷʤʠ ʦʪʤʝʯʘʣʦʩʴ ʥʘ ʜʨʫʛʠʭ ʚʫʣʢʘʥʘʭ ʤʠʨʘ. 

ʋʤʝʥʴʰʝʥʠʝ ʟʥʘʯʝʥʠʷ b ʦʪʨʘʞʘʣʦ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʩʨʝʜʳ ʚ ʨʘʡʦʥʝ 

ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ, ʯʪʦ ʚʳʨʘʟʠʣʦʩʴ ʚ ʩʠʣʴʥʝʡʰʝʤ ʟʝʤʣʝʪʨʷʩʝʥʠʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤ ʧʝʨʝʜ 

ʠʟʚʝʨʞʝʥʠʝʤ, 27.11.2010 ʩ ML = 5.2 c H = ï1.8Ñ2.7 ʢʤ. ʋʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʢʦʨʨʝʣʠʨʫʝʪ 

ʩ ʜʝʬʦʨʤʘʮʠʝʡ ʛʨʫʥʪʘ ʚ ʚʠʜʝ ʧʦʜʲʝʤʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʷʚʣʝʥʥʦʡ ʚ [Ji et al., 2013], ʘ ʪʘʢʞʝ ʩ 

ʨʘʚʥʦʤʝʨʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ. ɺʩʝ ʵʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʢʨʳʪʫʶ ʚʫʣʢʘʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. 

ʇʦ ʛʠʧʦʮʝʥʪʨʘʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ K <5 ʚʳʜʝʣʝʥʳ ʜʚʝ ʟʦʥʳ ʩʝʡʩʤʠʯʥʦʩʪʠ: ʦʜʥʘ ʚ ʚʠʜʝ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʣʦʥʥʳ ʚ ʉïɺ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʚʫʣʢʘʥʘ ʩ ʛʣʫʙʠʥʦʡ ʦʯʘʛʦʚ ʜʦ 8 ʢʤ, ʘ ʚʪʦʨʘʷ ʚ ʚʠʜʝ 

ʥʘʢʣʦʥʥʦʡ ʦʙʣʘʩʪʠ ʚ ʖïɿ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʧʦʛʨʫʞʝʥʠʝʤ ʛʣʫʙʠʥʳ ʦʯʘʛʦʚ ʜʦ 6 ʢʤ. ɺʦʟʥʠʢʰʘʷ 

ʩʝʡʩʤʦʛʝʥʥʘʷ ʟʦʥʘ ʧʦʜ ʚʫʣʢʘʥʦʤ ʂʠʟʠʤʝʥ ʩʚʷʟʘʥʘ ʩ ʣʦʢʘʣʴʥʳʤ ʧʦʣʝʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʯʘʣʦʤ ʠʥʪʨʫʟʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʛʣʫʙʠʥʝ ʥʝ ʙʦʣʝʝ 8 ʢʤ. 

ɺ 2011 ʛ. ʥʘʙʣʶʜʘʣʠʩʴ ʤʦʤʝʥʪʳ ʨʝʟʢʦʡ ʩʤʝʥʳ ʵʬʬʫʟʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʵʢʩʧʣʦʟʠʚʥʫʶ ʩʦ 

ʩʭʦʞʜʝʥʠʝʤ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ ʧʦʩʪʫʧʣʝʥʠʠ ʥʘ ʜʥʝʚʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʨʮʠʡ ʙʦʣʝʝ ʛʘʟʠʨʦʚʘʥʥʦʡ ʤʘʛʤʳ. ʉʤʝʥʘ ʚ ʭʘʨʘʢʪʝʨʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʩʭʦʜʠʣʘ ʯʝʨʝʟ 40ï50 ʜʥʝʡ ʧʦʩʣʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʦʝʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʫʣʢʘʥʦï

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʨʘʡʦʥʝ ʚʫʣʢʘʥʘ. 
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ɻʃɸɺɸ 5.  ʉɽʁʉʄʀʏɽʉʂʀɽ ʉʀɻʅɸʃʓ ʆʊ ɺʋʃʂɸʅʀʏɽʉʂʀʍ 

ʇʈʆʗɺʃɽʅʀʁ ʀɿɺɽʈɾɽʅʀʗ ʂʀɿʀʄɽʅɸ ɺ 2010ï2013 ɻɻ. 

 

ʅʘʯʠʥʘʷ ʩ ʥʦʷʙʨʷïʜʝʢʘʙʨʷ 2010 ʛ. ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʨʘʟʣʠʯʥʳʝ 

ʬʦʨʤʳ ʧʨʦʷʚʣʝʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʭʘʨʘʢʪʝʨʥʳʤʠ 

ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʟʘʧʠʩʝʡ ʩ 

ʚʠʟʫʘʣʴʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʠ ʜʘʥʥʳʤʠ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʘʢʦʤʫ 

ʚʠʜʫ ʧʨʦʷʚʣʝʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʪ ʠʣʠ ʠʥʦʡ ʩʝʡʩʤʠʯʝʩʢʠʡ 

ʩʠʛʥʘʣ [ʂʦʞʝʚʥʠʢʦʚʘ, 2011]. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʜʘʣʝʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʥʝ ʦʪʨʘʞʝʥʳ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʠʧʠʟʘʮʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜʝʣʝ 1.1, ʘ ʜʦʧʦʣʥʷʶʪ ʝʝ. ɼʘʥʥʘʷ 

ʛʣʘʚʘ ʧʦʩʚʷʱʝʥʘ ʢʨʘʪʢʦʤʫ ʘʥʘʣʠʟʫ ʚʦʣʥʦʚʳʭ ʬʦʨʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ 

ʩʠʛʥʘʣʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʠ ʜʝʪʘʣʴʥʦʤʫ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè. 

ɼʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʘʟʥʦʦʙʨʘʟʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʜʘʝʪ 

ʩʫʪʦʯʥʘʷ ʩʝʡʩʤʦʛʨʘʤʤʘ ʩ/ʩʪ KZV ʟʘ 9.12.2010, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʣʘ ʙʳʩʪʨʘʷ ʩʤʝʥʘ ʚ 

ʭʘʨʘʢʪʝʨʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʨʠʩʫʥʦʢ 5.1). ɺ ʥʘʯʘʣʝ ʩʫʪʦʢ ʥʘʙʣʶʜʘʣʘʩʴ ʣʦʢʘʣʴʥʘʷ 

ʩʝʡʩʤʠʯʥʦʩʪʴ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ, ʢʦʪʦʨʘʷ ʚ 03:00 

ʩʤʝʥʠʣʘʩʴ ʩʧʘʟʤʘʪʠʯʝʩʢʠʤ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʜʨʦʞʘʥʠʝʤ, ʧʝʨʝʰʝʜʰʠʤ ʚ 07:00 ʚ ʭʦʨʦʰʦ 

ʚʳʨʘʞʝʥʥʳʡ ʨʝʞʠʤ çdrumbeats IIIè, ʧʨʦʜʦʣʞʘʚʰʠʡʩʷ ʜʚʘ ʯʘʩʘ. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʜʘʣʝʝ, 

ʨʝʞʠʤ çdrumbeats IIIè ʩʚʷʟʘʥ ʩ ʨʦʩʪʦʤ ʚʝʨʰʠʥʥʦʡ ʵʢʩʪʨʫʟʠʠ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʩʠʛʥʘʣʳ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʩ 9:00 ʜʦ 14:00, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʦʙʨʫʰʝʥʠʝʤ ʨʘʩʪʫʱʝʛʦ 

ʢʫʧʦʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʞʠʤʘʶʱʝʡʩʷ ʚʷʟʢʦʡ ʣʘʚʳ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʘʢʪʠʚʠʟʘʮʠʠ 

ʥʘʯʘʣʘʩʴ ʵʢʩʧʣʦʟʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʬʠʢʩʠʨʫʶʱʘʷʩʷ ʵʢʩʧʣʦʟʠʚʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ 

ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʉ 18:00 ʥʘʯʘʣʠ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʚʫʣʢʘʥʦïʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ (ʨʠʩʫʥʦʢ 5.1ʘ). ʅʘ ʨʠʩʫʥʢʝ 5.1ʙ 

ʧʨʠʚʝʜʝʥʳ ʦʙʨʘʟʮʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʨʘʟʚʝʨʥʫʪʦʤ ʚʠʜʝ. 
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ʈʠʩʫʥʦʢ 5.1 ï ʉʫʪʦʯʥʘʷ ʩʝʡʩʤʦʛʨʘʤʤʘ ʩ/ʩʪ KZV ʟʘ 9.12.2010 ʛ. ʩ ʪʠʧʘʤʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʘ), ʩʦʧʨʦʚʦʞʜʘʚʰʠʭ ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʧʨʦʷʚʣʝʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ; ʧʷʪʠʤʠʥʫʪʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʧʘ ʩʠʛʥʘʣʘ (ʙ). 

 

5.1 ʉʧʘʟʤʘʪʠʯʝʩʢʦʝ ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʜʨʦʞʘʥʠʝ 

ɺʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʂʠʟʠʤʝʥʘ ʩʧʘʟʤʘʪʠʯʝʩʢʦʝ ʚʫʣʢʘʥʠʯʝʩʢʦʝ ʜʨʦʞʘʥʠʝ ʚʧʝʨʚʳʝ 

ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 9.12.2010 ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ (ʨʠʩʫʥʦʢ 5.1). ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʜʨʦʞʘʥʠʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʚ ʜʝʢʘʙʨʝ 2010 ʛ., ʚ ʩʝʨʝʜʠʥʝ ʠʶʣʷ ʠ ʜʝʢʘʙʨʝ 2011 ʛ., ʘ ʪʘʢʞʝ ʚ 

ʷʥʚʘʨʝ 2012 ʛ. ʅʘʠʙʦʣʝʝ ʨʝʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʩʧʝʢʪʨ ʠʩʪʦʯʥʠʢʘ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ [ɻʦʨʜʝʝʚ, 
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1997]. ɸʥʘʣʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʟʘʧʠʩʷʤ ʙʣʠʞʘʡʰʝʡ 

ʩ/ʩʪ KZV. ɼʣʷ 6 ʜʘʪ ʥʘ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʜʥʘ ʤʠʥʫʪʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʜʨʦʞʘʥʠʷ ʚ ʚʠʜʝ ʩʧʝʢʪʨʦʛʨʘʤʤ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 5.2. 

ʅʘ ʚʩʝʭ ʩʧʝʢʪʨʦʛʨʘʤʤʘʭ ʯʝʪʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʩʧʘʟʤʘʪʠʯʥʦʩʪʴ ʜʨʦʞʘʥʠʷ, ʢʦʪʦʨʘʷ 

ʬʠʢʩʠʨʫʝʪʩʷ ʦʪʜʝʣʴʥʳʤʠ ʧʷʪʥʘʤʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʅʘ ʩʧʝʢʪʨʦʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ 

5.2ʘ) ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʭʘʨʘʢʪʝʨʥʳʭ ʯʘʩʪʦʪʳ ʜʣʷ ʩʧʘʟʤʘʪʠʯʝʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 

ʜʨʦʞʘʥʠʷ 9.12.2010: 0.5ï0.8, 1.8, 2.7 ʠ 4 ɻʮ. ɼʣʷ ʜʨʦʞʘʥʠʷ 25 ʜʝʢʘʙʨʷ ï 0.5, 1.8, 2ï2.5 ʠ 3ï

3.5 ɻʮ (ʨʠʩʫʥʦʢ 5.2ʙ). ɺ ʠʶʥʝ ʠ ʠʶʣʝ (ʨʠʩʫʥʦʢ 5.2ʚ, ʛ) ʥʘʙʣʶʜʘʣʦʩʴ ʠʩʯʝʟʥʦʚʝʥʠʝ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʧʷʪʥʘ ʩ f = 0.5 ɻʮ. ɺ ʜʝʢʘʙʨʝ 2011 ʛ. ʠ ʷʥʚʘʨʝ 2012 ʛ. (ʨʠʩʫʥʦʢ 5.2ʜ, ʝ) ʥʘ 

ʩʧʝʢʪʨʦʛʨʘʤʤʘʭ ʜʨʦʞʘʥʠʷ ʚʥʦʚʴ ʧʦʷʚʠʣʠʩʴ ʧʷʪʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 0.5 

ɻʮ. ʅʘʠʙʦʣʴʰʘʷ ʯʘʩʪʦʪʘ ʥʘ ʩʧʝʢʪʨʦʛʨʘʤʤʘʭ ʜʨʦʞʘʥʠʷ ʦʪʤʝʯʘʝʪʩʷ ʚ ʥʘʯʘʣʝ ʠʟʚʝʨʞʝʥʠʷ ï 

3.5ï4 ɻʮ. 

ɺ ʥʘʯʘʣʝ ʠʟʚʝʨʞʝʥʠʷ ʚ ʜʝʢʘʙʨʝ 2010 ʛ., ʜʨʦʞʘʥʠʝ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ ʚ ʧʨʠʚʝʨʰʠʥʥʦʡ ʯʘʩʪʠ ʚʫʣʢʘʥʘ. ɺ 2011ï2012 ʛʛ. ʜʨʦʞʘʥʠʝ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʢʘʢ ʥʝʧʨʝʨʳʚʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ çdrumbeatsè, ʢʦʛʜʘ ʦʥʠ ʧʨʦʠʩʭʦʜʠʣʠ 

ʦʯʝʥʴ ʯʘʩʪʦ ʠ ʩʣʠʚʘʣʠʩʴ. 

ʈʘʟʣʠʯʠʝ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʜʨʦʞʘʥʠʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʤʳ, ʢʦʪʦʨʳʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ 

ʢʦʣʠʯʝʩʪʚʦʤ ʛʘʟʦʚʦʡ ʢʦʤʧʦʥʝʥʪʳ [ɻʦʨʜʝʝʚ, 1997]. ʅʘʠʙʦʣʴʰʘʷ ʯʘʩʪʦʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 

ʚʫʣʢʘʥʦʚ, ʢʦʪʦʨʳʝ ʠʟʚʝʨʛʘʶʪ ʞʠʜʢʫʶ ʤʘʛʤʫ ʩ ʤʘʣʦʡ ʚʷʟʢʦʩʪʴʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʚʫʣʢʘʥʦʚ ʩ ʙʦʣʝʝ ʚʷʟʢʦʡ ʤʘʛʤʦʡ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ, ʯʪʦ ʜʦʢʘʟʘʥʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʣʠʯʠʝ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʚ ʩʧʝʢʪʨʝ ʜʨʦʞʘʥʠʷ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʚ ʥʘʯʘʣʝ ʠʟʚʝʨʞʝʥʠʷ 

ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ, ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʥʴʰʝʡ ʚʷʟʢʦʩʪʴʶ ʚʳʞʠʤʘʶʱʠʭʩʷ ʙʣʦʢʦʚ ʣʘʚʳ. ɹʦʣʝʝ 

ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ ʚ ʩʧʝʢʪʨʝ ʜʨʦʞʘʥʠʷ ʚ 2011ï2012 ʛʛ. ʩʚʷʟʘʥʳ ʩ ʜʚʠʞʝʥʠʝʤ ʬʨʦʥʪʘ ʣʘʚʦʚʦʛʦ 

ʧʦʪʦʢʘ ʠ ʦʪʨʘʞʘʶʪ ʙʦʣʴʰʫʶ ʚʷʟʢʦʩʪʴ ʚʳʞʠʤʘʶʱʠʭʩʷ ʙʣʦʢʦʚ ʣʘʚʳ. 
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ʈʠʩʫʥʦʢ 5.2 ï ʌʨʘʛʤʝʥʪʳ ʜʨʦʞʘʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʤʠʥʫʪʘ ʧʦʩʣʝ ʬʠʣʴʪʨʘʮʠʠ 

ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ 0.1ï8 ɻʮ ʠ ʠʭ ʩʧʝʢʪʨʦʛʨʘʤʤʳ: ʘ ï 09.12.2010, ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 03:14:43; ʙ ï 25.12.2010, ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ 05:01:21; ʚ ï 28.06.2011, ʥʘʯʘʣʦ 

ʦʪʩʯʝʪʘ 16:48:18; ʛ ï 25.07.2011, ʥʘʯʘʣʦ ʦʪʯʝʪʘ 03:34:38; ʜ ï 4.12.2011, ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ 

07:40:51; ʝ ï 10.01.2012, ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ 08:50:22. 
 

5.2 ɿʝʤʣʝʪʨʷʩʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʦ ʚʨʝʤʷ ʩʠʣʴʥʳʭ ʵʢʩʧʣʦʟʠʡ 

ʂ ʩʠʣʴʥʳʤ ʵʢʩʧʣʦʟʠʷʤ, ʧʨʦʠʟʦʰʝʜʰʠʤ ʚʦ ʚʨʝʤʷ ʠʟʚʝʨʞʝʥʠʷ ʂʠʟʠʤʝʥʘ, ʦʪʥʝʩʝʥʳ 

ʵʢʩʧʣʦʟʠʠ, ʚʳʩʦʪʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʙʦʣʝʝ 8 ʢʤ, ʠ ʦʪ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʧʘʜʝʥʠʝ ʧʝʧʣʘ ʚ 

ʙʣʠʞʘʡʰʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ. ʅʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʵʢʩʧʣʦʟʠʠ ʧʨʦʠʟʦʰʣʠ 12 ʜʝʢʘʙʨʷ ʚ 

19:49 ʠ 31.12.2010 ʚ 17:56. 

ʕʢʩʧʣʦʟʠʷ, ʧʨʦʠʟʦʰʝʜʰʘʷ 12.12.2010 ʚ 19:49 ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʘʢʫʩʪʠʯʝʩʢʠʤ ʠ 

ʩʝʡʩʤʠʯʝʩʢʠʤ ʵʬʬʝʢʪʘʤʠ. ʇʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʧʝʧʣʦʚʳʡ ʰʣʝʡʬ ʦʪ ʵʪʦʡ ʵʢʩʧʣʦʟʠʠ ʥʘ 

ʚʳʩʦʪʝ ʪʨʦʧʦʧʘʫʟʳ ~10 ʢʤ ʨʘʩʧʨʦʩʪʨʘʥʠʣʩʷ ʚ ʩʝʚʝʨʦïʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʧʨʠʚʝʣ ʢ 

ʚʳʧʘʜʝʥʠʶ ʧʝʧʣʘ ʚ ʧʦʩʝʣʢʘʭ ʂʦʟʳʨʝʚʩʢ (110 ʢʤ) ʠ ʊʠʛʠʣʴ (300 ʢʤ). ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʘʧʠʩʠ ʵʢʩʧʣʦʟʠʚʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʦʩʪʘʚʠʣʘ 15 ʤʠʥʫʪ (ʨʠʩʫʥʦʢ 5.3ʘ). ʇʦ 
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ʩʧʝʢʪʨʦʛʨʘʤʤʝ ʝʛʦ ʩʧʝʢʪʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʝ 1ï10 ɻʮ ʩ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʦʡ 1ï7 ɻʮ 

(ʨʠʩʫʥʦʢ 5.3ʙ). 

 

 
ʈʠʩʫʥʦʢ 5.3 ï ʉʧʝʢʪʨʦʛʨʘʤʤʘ ʵʢʩʧʣʦʟʠʚʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʘ) ʠ ʩʝʡʩʤʠʯʝʩʢʠʡ 

ʩʠʛʥʘʣ ʵʢʩʧʣʦʟʠʚʥʦʛʦ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ 12.12.2010, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʩ/ʩʪ 

KZV ʩ ʥʘʯʘʣʦʤ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ 19:49:01 (ʙ). 
 

ʄʦʱʥʘʷ ʵʢʩʧʣʦʟʠʷ 31 ʜʝʢʘʙʨʷ ʚ 17:56 ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʵʢʩʧʣʦʟʠʚʥʳʤ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ (ʨʠʩʫʥʦʢ 5.4ʘ) ʠ ʘʢʫʩʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ. ɺʳʧʘʜʝʥʠʝ ʧʝʧʣʘ ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʚ ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢïʂʘʤʯʘʪʩʢʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ 230 ʢʤ ʦʪ ʚʫʣʢʘʥʘ. ʇʦ ʩʧʫʪʥʠʢʦʚʳʤ 

ʜʘʥʥʳʤ ʧʝʧʣʦʚʳʡ ʰʣʝʡʬ ʦʪ ʵʪʦʛʦ ʩʦʙʳʪʠʷ ʨʘʩʧʨʦʩʪʨʘʥʠʣʩʷ ʚ ʖïɿ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦ 

ʦʮʝʥʢʘʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʟʘʧʠʩʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʣʠʯʝʩʪʚʦ 

ʧʝʧʣʘ ʩʦʩʪʘʚʠʣʦ 4Ŀ106 ʤ3 [ʌʠʨʩʪʦʚ, ʄʘʭʤʫʜʦʚ, 2011]. ʅʘ ʟʘʧʠʩʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʵʪʦ ʠʟʚʝʨʞʝʥʠʝ, ʚʳʜʝʣʷʣʘʩʴ ʬʘʟʘ ʨʘʟʨʝʞʝʥʠʷ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʦʨʷʜʢʘ 

80 ʩ (ʨʠʩʫʥʦʢ 5.4ʙ). ɼʣʠʥʥʦʚʦʣʥʦʚʳʝ ʚʦʟʤʫʱʝʥʠʷ (f<0.003ɻʮ) ʚʳʟʚʘʥʳ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʤʦʱʥʦʡ ʵʨʫʧʪʠʚʥʦʡ ʢʦʣʦʥʥʳ, ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʶʱʝʡ ʪʨʦʧʦʧʘʫʟʳ ʩ ʚʳʥʦʩʦʤ ʚ ʘʪʤʦʩʬʝʨʫ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʛʘʟʦʚ. 

ɻʣʫʙʦʢʘʷ ʬʘʟʘ ʨʘʟʨʷʞʝʥʠʷ ʬʠʢʩʠʨʫʝʪʩʷ ʜʣʷ ʚʩʝʭ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ 
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ʚʦʟʤʫʱʝʥʠʡ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʩʠʛʥʘʣʘ ʜʦ 20 ʤʠʥʫʪ. ɻʣʫʙʦʢʘʷ ʬʘʟʘ ʨʘʟʨʷʞʝʥʠʷ 

ʚʳʟʚʘʥʘ ʤʦʱʥʳʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝʤ (ʢʘʢ ʩ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ çʚʟʨʳʚʥʳʭ 

ʦʪʣʦʞʝʥʠʡè, ʪʘʢ ʠ ʦʪ ʚʳʥʦʩʠʤʦʛʦ ʚ ʘʪʤʦʩʬʝʨʫ ʛʦʨʷʯʝʛʦ ʧʝʧʣʘ ʚʦ ʚʨʝʤʷ ʵʢʩʧʣʦʟʠʚʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ), ʘ ʪʘʢʞʝ ʢʦʥʜʝʥʩʘʮʠʝʡ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʛʨʝʪʦʛʦ ʶʚʝʥʠʣʴʥʦʛʦ ʧʘʨʘ, 

ʩʦʟʜʘʶʱʝʡ ʤʦʱʥʳʡ ʧʦʜʩʦʩ ʚʦʟʜʫʭʘ [ʌʠʨʩʪʦʚ, 2007]. ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʘʧʠʩʠ 

ʵʢʩʧʣʦʟʠʠ ʩʦʩʪʘʚʠʣʘ 6 ʤʠʥʫʪ (ʨʠʩʫʥʦʢ 5.4ʘ). ʉʧʝʢʪʨ ʩʠʛʥʘʣʘ ʤʘʢʩʠʤʘʣʝʥ ʥʘ ʯʘʩʪʦʪʝ 1ï8 ɻʮ 

ʩ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʦʡ f =1.5ï4.5 ɻʮ (ʨʠʩʫʥʦʢ 5.4ʚ). 

 

 
ʈʠʩʫʥʦʢ 5.4 ï ʉʝʡʩʤʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʵʢʩʧʣʦʟʠʚʥʦʛʦ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ 

31.12.2010, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʛʦ ʩ/ʩʪ KZV ʩ ʥʘʯʘʣʦʤ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ 17:56:04 (ʘ); ʟʘʧʠʩʴ 

ʚʦʣʥʦʚʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʩʪʘʥʮʠʠ IS44 [ʌʠʨʩʪʦʚ, ʄʘʭʤʫʜʦʚ, 2011] (ʙ), ʦʪʨʝʟʦʢ ï ʬʘʟʘ 

ʨʘʟʨʝʞʝʥʠʷ; ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʩʠʛʥʘʣʘ (ʚ). 
 

ɺʦ ʚʨʝʤʷ ʜʚʫʭ ʩʠʣʴʥʳʭ ʵʢʩʧʣʦʟʠʡ, ʧʨʦʠʟʦʰʝʜʰʠʭ 11.01.2013 ʚ 05:48 ʠ 06:01, 

ʵʨʫʧʪʠʚʥʦʝ ʦʙʣʘʢʦ ʧʦʜʥʷʣʦʩʴ ʥʘ ʚʳʩʦʪʫ ~5 ʢʤ. ʅʘʯʘʣʦ ʨʘʟʚʠʪʠʷ ʧʝʨʚʦʡ ʵʢʩʧʣʦʟʠʠ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʝ 5.5ʘ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʠʣʘ 5 ʤʠʥʫʪ (ʨʠʩʫʥʦʢ 5.5ʙ). ʇʦ 

ʩʧʝʢʪʨʦʛʨʘʤʤʝ ʩʧʝʢʪʨ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʘʩʪʦʪʝ 1.5ï8 ɻʮ ʩ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʦʡ f =1.5ï4 ɻʮ 

(ʨʠʩʫʥʦʢ 5.5ʚ). 



88 

 

 

 
ʈʠʩʫʥʦʢ 5.5 ï ʅʘʯʘʣʦ ʨʘʟʚʠʪʠʷ ʵʢʩʧʣʦʟʠʠ ʥʘ ʚʫʣʢʘʥʝ ʂʠʟʠʤʝʥ 11.01.2013 ʚ 05:48 (ʘ); 

ʩʠʛʥʘʣ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʡ ʵʢʩʧʣʦʟʠʶ, ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ 05:44:44 (ʙ), ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʩʠʛʥʘʣʘ 

(ʚ). 
 

5.3 ʉʝʡʩʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʝ ʩʭʦʜ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ 

ʠ ʦʙʚʘʣʦʚ 

ʇʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʧʦʪʦʢʠ ʥʘ ʚʫʣʢʘʥʝ ʂʠʟʠʤʝʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ ʚʫʣʢʘʥʘ ʶʚʝʥʠʣʴʥʦʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʘʚʪʦʵʢʩʧʣʦʟʠʚʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʬʨʘʛʤʝʥʪʘʮʠʠ (ʨʘʟʨʫʰʝʥʠʠ) ʚʷʟʢʦʡ 

ʛʘʟʦʥʘʩʳʱʝʥʥʦʡ, ʧʦʩʪʫʧʘʶʱʝʡ ʧʦ ʤʘʛʤʘʪʠʯʝʩʢʦʤʫ ʢʘʥʘʣʫ, ʤʘʛʤʳ. ʇʝʨʠʦʜʳ ʩʭʦʞʜʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʧʦʪʦʢʦʚ ʩʧʦʨʘʜʠʯʝʩʢʠ ʥʘʙʣʶʜʘʣʠʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʠʟʚʝʨʞʝʥʠʷ, 

ʦʙʨʘʟʦʚʘʚ ʫ ʧʦʜʥʦʞʠʷ ʢʦʥʫʩʘ ʤʦʱʥʳʡ ʧʦʢʨʦʚ ʦʪʣʦʞʝʥʠʡ (ʩʤ. ʨʠʩʫʥʦʢ 3.5). 

ʅʘʯʠʥʘʷ ʩ 9.12.2010, ʵʢʩʧʣʦʟʠʚʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʩʭʦʞʜʝʥʠʝʤ ʧʦ 

ʚʦʩʪʦʯʥʦʤʫ ʩʢʣʦʥʫ ʚʫʣʢʘʥʘ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ. Cʠʣʴʥʳʝ ʵʢʩʧʣʦʟʠʠ ʩʦ 

ʩʭʦʞʜʝʥʠʝʤ ʧʦʪʦʢʦʚ ʥʘʙʣʶʜʘʣʠʩʴ ʩ ʙʦʨʪʘ ʧʨʦʣʝʪʘʶʱʠʭ ʤʠʤʦ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʘʤʦʣʝʪʦʚ ʠ 

ʩ ʩ/ʩ TUMD [ʆʚʩʷʥʥʠʢʦʚ, ʄʘʣʠʢ, 2011]. 
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ʈʘʩʩʤʦʪʨʠʤ ʩʝʡʩʤʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʡ ʵʢʩʧʣʦʟʠʶ ʩʦ ʩʭʦʞʜʝʥʠʝʤ 

ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ 10.12.2010 ʚ 02:14 UTC, ʢʦʪʦʨʘʷ ʙʳʣʘ ʟʘʩʥʷʪʘ ɼ. ʅʝʣʴʩʦʥʦʤ ʩ 

ʙʦʨʪʘ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʩʘʤʦʣʝʪʘ (ʨʠʩʫʥʦʢ 5.6ʘ). ʕʪʦʤʫ ʩʦʙʳʪʠʶ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 

ʩʝʡʩʤʠʯʝʩʢʠʡ ʩʠʛʥʘʣ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʥʘ ʩ/ʩʪ KZV ʚ 2:05:02 (ʨʠʩʫʥʦʢ 5.6ʙ). 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʟʘʧʠʩʠ ʩʦʩʪʘʚʣʷʣʘ 35 ʩ. ʇʦ ʩʧʝʢʪʨʦʛʨʘʤʤʝ ʚʳʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʫʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ 5.8 ɻʮ (ʨʠʩʫʥʦʢ 5.6ʚ). 

ʊʘʢ ʢʘʢ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ ʟʘ ʚʫʣʢʘʥʦʤ ʙʳʣʦ ʦʨʛʘʥʠʟʦʚʘʥʦ ʚ ʤʘʨʪʝ 2011 ʛ., ʜʘʣʝʝ 

ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʧʝʨʠʦʜʳ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʟʘʧʝʯʘʪʣʝʥʳ ʢʘʤʝʨʦʡ ʩ ʩ/ʩʪ TUMD. ʇʨʠ ʭʦʨʦʰʝʡ ʚʠʜʠʤʦʩʪʠ ʙʳʣʠ ʟʘʧʝʯʘʪʣʝʥʳ ʜʚʘ 

ʧʝʨʠʦʜʘ, ʢʦʛʜʘ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʩʭʦʞʜʝʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʧʦʪʦʢʦʚ. 

 

 
ʈʠʩʫʥʦʢ 5.6 ï ʌʦʪʦʛʨʘʬʠʷ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ, ʩʜʝʣʘʥʥʘʷ 10.12.2010 ʚ 02:14 

UTC (ʘ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʪʦʢʫ ʩʝʡʩʤʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʩ ʥʘʯʘʣʦʤ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ 

02:05:02 (ʙ) ʠ ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʩʠʛʥʘʣʘ (ʚ). 
 

ʊʘʢ, 2.05.2011, ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ çdrumbeatsè ʧʨʝʨʳʚʘʣʩʷ ʩʭʦʞʜʝʥʠʝʤ 

ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʯʘʩʦʚ. ɺ ʨʘʙʦʪʝ [Auer 

et al., 2018] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ 2 ʤʘʷ ʦʙʨʘʟʦʚʘʣʩʷ ʩʘʤʳʡ ʜʣʠʥʥʳʡ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʡ ʧʦʪʦʢ, 
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ʢʦʪʦʨʳʡ ʧʨʦʰʝʣ 7 ʢʤ ʚʜʦʣʴ ʜʦʣʠʥʳ ʨʫʯʴʷ ʇʦʧʝʨʝʯʥʦʛʦ ʜʦ ʚʳʩʦʪʳ 500 ʤ, 

ʩʦʧʨʦʚʦʞʜʘʚʰʝʡʩʷ ʤʦʱʥʳʤ ʧʝʧʣʦʚʳʤ ʦʙʣʘʢʦʤ, ʦʧʘʣʠʚʰʠʤ ʢʫʩʪʳ ʠ ʜʝʨʝʚʴʷ ʥʘ ʩʢʣʦʥʘʭ 

ʜʦʣʠʥʳ. ʕʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʪʦʢʦʚ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʭʦʞʜʝʥʠʝ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʝʡʩʤʠʯʝʩʢʠʤ 

ʠ ʘʢʫʩʪʠʯʝʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ [ʌʠʨʩʪʦʚ, 1988]. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʘʥʥʳʭ ʧʦ 

ʘʢʫʩʪʠʯʝʩʢʦʤʫ ʠʟʣʫʯʝʥʠʶ ʥʝʪ, ʥʦ ʩʝʡʩʤʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʘʣʴʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʭʦʜ ʩʦʙʳʪʠʡ. ʇʦʯʪʠ ʥʝʧʨʝʨʳʚʥʦʝ ʠʟʚʝʨʞʝʥʠʝ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ 

ʧʨʝʨʚʘʣʦ ʧʨʦʮʝʩʩ ʚʳʞʠʤʘʥʠ ̫ʚʷʟʢʦʡ ʣʘʚʳ, ʠʥʜʠʢʘʪʦʨʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʣʩʷ ʩʝʡʩʤʠʯʝʩʢʠʡ 

ʨʝʞʠʤ çdrumbeatsè, ʥʘʙʣʶʜʘʚʰʠʡʩʷ ʜʦ ʠʟʚʝʨʞʝʥʠʷ (ʨʠʩʫʥʦʢ 5.7ʘ, ʙ). ɼʠʥʘʤʠʢʘ ʨʘʟʚʠʪʠʷ 

ʧʦʪʦʢʘ ʭʦʨʦʰʦ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʥʘ ʦʛʠʙʘʶʱʝʡ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩ/ʩʪ KZV, 

ʧʦʩʪʨʦʝʥʥʦʡ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʯʝʪʳʨʝ ʩʝʢʫʥʜʳ (ʨʠʩʫʥʦʢ 5.7ʚ). ɺ ʪʝʯʝʥʠʝ ʧʦʣʫʪʦʨʘ 

ʯʘʩʦʚ (19:00 ï 20:30) ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʧʨʝʨʳʚʥʦʝ ʩʭʦʞʜʝʥʠʝ ʧʦʪʦʢʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʵʨʫʧʪʠʚʥʳʭ ʦʙʣʘʢʦʚ ʚʳʩʦʪʦʡ ~ 6 ʢʤ (ɹʘʟʘ ʜʘʥʥʳʭ çɸʢʪʠʚʥʦʩʪʴ ʚʫʣʢʘʥʦʚ 

ʂʘʤʯʘʪʢʠè). 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʦʪ ʧʦʪʦʢʦʚ 2.05.2011, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʳʣʘ ʙʦʣʝʝ 50 ʩ (ʧʨʘʚʘʷ 

ʧʘʥʝʣʴ ʨʠʩʫʥʢʘ 5.7ʛ) ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ f =1ï4 ɻʮ (ʣʝʚʘʷ ʧʘʥʝʣʴ ʨʠʩʫʥʢʘ 

5.7ʛ). 

 

 
ʈʠʩʫʥʦʢ 5.7 ï ʉʝʡʩʤʠʯʝʩʢʘʷ ʟʘʧʠʩʴ, ʩʦʧʨʦʚʦʞʜʘʚʰʘʷ ʩʭʦʞʜʝʥʠʝ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʛʦ 

ʧʦʪʦʢʘ 2.05.2011, ʩ ʥʘʯʘʣʦʤ ʚʨʝʤʝʥʥʦʛʦ ʦʪʩʯʝʪʘ 15:41:58 (ʘ); ʬʨʘʛʤʝʥʪ ʨʝʞʠʤʘ çdrumbeatsè 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʡ ʩʭʦʞʜʝʥʠʶ ʧʦʪʦʢʘ, ʚʳʜʝʣʝʥʥʳʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ ʥʘ ʨʠʩʫʥʢʝ ʘ (ʙ), 
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ʦʛʠʙʘʶʱʘʷ ʟʘʧʠʩʠ ʥʘ ʩ/ʩʪ KZV ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ SHZ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʩ 

ʥʘʯʘʣʦʤ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ 16:41:33 (ʚ), ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʩʠʛʥʘʣʘ ʚ 17:13:43 (ʛ), ʚʳʜʝʣʝʥʥʦʛʦ 

ʩʪʨʝʣʢʦʡ ʥʘ ʨʠʩʫʥʢʝ ʚ. 

 

ʉʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ ʩʭʦʞʜʝʥʠʷ ʧʦʪʦʢʦʚ ʥʘʙʣʶʜʘʣʩʷ ʩ 13 ʜʝʢʘʙʨʷ ʧʦ ʢʦʥʝʮ ʜʝʢʘʙʨʷ 

2011 ʛ., ʢʦʛʜʘ, 13 ʜʝʢʘʙʨʷ, ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ, ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 16 ʢʨʫʧʥʳʭ ʧʦʪʦʢʦʚ ʠ 

ʧʝʧʣʦʚʳʡ ʰʣʝʡʬ ʚʳʩʦʪʦʡ 10 ʢʤ (ʩʤ. ʨʠʩʫʥʦʢ 3.3) [ʌʠʨʩʪʦʚ, ʐʘʢʠʨʦʚʘ, 2012ʘ]. ʕʪʦʪ ʰʣʝʡʬ 

ʩʦʜʝʨʞʘʣ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ SO2, ʯʝʤ ʜʨʫʛʠʝ ʰʣʝʡʬʳ ʠʟʚʝʨʞʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʦʛʦ ʤʘʩʰʪʘʙʘ 

[ʄʝʣʴʥʠʢʦʚ ʠ ʜʨ., 2011]. ʂʘʜʨʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʩ ʩ/ʩʪ TUMD ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠ ʧʦʪʦʢʠ 

ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʧʣʦʟʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʘ ʚʩʣʝʜʩʪʚʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʦʙʚʘʣʦʚ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ [Auer et al., 2018]. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʩʝʡʩʤʠʯʝʩʢʠʝ ʟʘʧʠʩʠ 

ʩ ʩ/ʩʪ KZV, ʥʘ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʶʪ ʯʝʪʢʠʝ ʚʩʪʫʧʣʝʥʠʷ Pï ʠ Sïʚʦʣʥ (ʨʠʩʫʥʦʢ 5.8ʙ). 

ʇʦʪʦʢʠ ʭʦʨʦʰʦ ʚʳʜʝʣʷʶʪʩʷ ʥʘ ʦʛʠʙʘʶʱʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʩ/ʩʪ KZV ʠ 

TUMD, ʧʦʩʪʨʦʝʥʥʦʡ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʯʝʪʳʨʝ ʩʝʢʫʥʜʳ (ʨʠʩʫʥʦʢ 5.8ʘ). ʅʘ ʨʠʩʫʥʢʝ 5.8ʙ 

ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʟʘʧʠʩʠ ʩʠʛʥʘʣʘ ʦʪ ʧʦʪʦʢʘ ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʦʪʤʝʯʝʥʥʦʛʦ ʩʪʨʝʣʢʦʡ 

ʥʘ ʨʠʩʫʥʢʝ 5.8ʘ), ʘ ʥʘ ʨʠʩʫʥʢʝ 5.8ʚ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ (ʉʇʄ) ʥʘ ʚʩʝʭ 

ʪʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʇʦ ʫʨʦʚʥʶ ï10 ʜɹ ʦʪ ʤʘʢʩʠʤʫʤʘ (ʩʝʨʳʡ ʮʚʝʪ ʥʘ ʨʠʩʫʥʢʝ 5.8ʚ), 

ʯʘʩʪʦʪʥʘʷ ʧʦʣʦʩʘ ʩʠʛʥʘʣʘ ʩʦʩʪʘʚʣʷʝʪ f =1ï6 ɻʮ [ʌʠʨʩʪʦʚ ʠ ʜʨ., 2014]. 

 

 
ʈʠʩʫʥʦʢ 5.8 ï ʆʛʠʙʘʶʱʠʝ ʟʘʧʠʩʝʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʥʘ ʩ/ʩʪ KZV ʠ TUMD, 

ʩʦʧʨʦʚʦʞʜʘʚʰʠʭ ʩʭʦʜ ʩʝʨʠʠ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ 13.12.2011 (ʘ); ʟʘʧʠʩʴ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ (ʦʪʤʝʯʝʥʥʦʛʦ ʩʪʨʝʣʢʦʡ) ʥʘ ʩ/ʩʪ KZV, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ 

ʠʟʚʝʨʞʝʥʠʝ ʧʦʪʦʢʘ (ʙ), ʥʘʯʘʣʦ ʦʪʩʯʝʪʦʚ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 20:52:48; ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʥʘ ʪʨʝʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʚ). ʉʝʨʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʘ ʯʘʩʪʦʪʥʘʷ ʧʦʣʦʩʘ 

ʩʠʛʥʘʣʘ ʧʦ ʫʨʦʚʥʶ ï10 ʜɹ ʦʪ ʤʘʢʩʠʤʫʤʘ. 
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ʊʘʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘʧʦʤʠʥʘʝʪ ʠʟʚʝʨʞʝʥʠʝ ʚʫʣʢʘʥʘ ɹʝʟʳʤʷʥʥʳʡ ʚ 1985 

ʛ., ʢʦʛʜʘ ʚ ʧʝʨʠʦʜ 29 ʠʶʥʷï1 ʠʶʣʷ ʥʘ ʬʦʥʝ ʵʢʩʧʣʦʟʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ 2.5 ʩʫʪʦʢ 

ʩʦʰʣʦ 16 ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ [ʌʠʨʩʪʦʚ, 1988]. 

ɺ ʧʝʨʠʦʜ ʚʳʞʠʤʘʥʠʷ ʚʝʨʰʠʥʥʦʡ ʵʢʩʪʨʫʟʠʠ ʩ 18 ʧʦ 31.01.2013 ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ 

ʦʪʜʝʣʴʥʳʝ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʧʦʪʦʢʠ, ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.9 (ʧʨʘʚʳʝ ʧʘʥʝʣʠ). ʏʘʩʪʦʪʥʘʷ ʧʦʣʦʩʘ ʩʠʛʥʘʣʦʚ ʧʦʪʦʢʦʚ 

21.01.2013 ʚ 14:09, 25.01.2013 ʚ 02:46 ʠ 27.01.2013 ʚ 15:06, ʚ ʦʩʥʦʚʥʦʤ, ʩʦʩʪʘʚʣʷʣʘ f =1ï6 

ɻʮ, ʩʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʧʠʩʠ 70 ʩ. 

ɺ ʮʝʣʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʩʠʛʥʘʣʳ ʦʪ ʧʦʪʦʢʦʚ ʠʤʝʣʠ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʟʘʧʠʩʠ ʥʘ ʙʣʠʞʘʡʰʝʡ ʢ ʚʫʣʢʘʥʫ ʩ/ʩʪ KZV 40ï80 ʩ, ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ f 

=1ï6 ɻʮ. 

 

 
ʈʠʩʫʥʦʢ 5.9 ï ʉʝʡʩʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ (ʩʣʝʚʘ), 

ʩʧʝʢʪʨʦʛʨʘʤʤʳ (ʩʧʨʘʚʘ), ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ 21.01.2013 ʚ 14:09 (ʘ), 25.01.2013 ʚ 02:46 (ʙ) 

ʠ 27.01.2013 ʚ 15:06 (ʚ). 

 

ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʦʪʦʢʠ, ʚʦʟʥʠʢʘʚʰʠʝ ʚ ʧʝʨʚʳʝ ʤʝʩʷʮʳ ʠʟʚʝʨʞʝʥʠʷ, ʦʪʥʦʩʠʣʠʩʴ 

ʢ ʪʠʧʫ ʚʩʢʠʧʘʶʱʠʭ [Auer et al., 2018], ʪʦ ʝʩʪʴ ʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟïʟʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʦʩʝʜʘʥʠʷ ʦʙʣʘʢʦʚ ʦʪ ʵʢʩʧʣʦʟʠʚʥʳʭ ʠʟʚʝʨʞʝʥʠʡ. ʉʝʡʩʤʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʦʪʦʢʘ ʜʘʥʥʦʛʦ ʪʠʧʘ 
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ʠʤʝʣ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʯʘʩʪʦʪʥʳʡ ʩʦʩʪʘʚ, ʯʝʤ ʩ/ʩ ʧʦʪʦʢʦʚ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʧʦʩʣʝ ʤʘʷ 2011 

ʛ. 

ʇʦʤʠʤʦ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʚ ʭʦʜʝ ʟʘʪʷʞʥʳʭ ʵʢʩʪʨʫʟʠʚʥʦ ï ʵʬʬʫʟʠʚʥʳʭ 

ʠʟʚʝʨʞʝʥʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʘʚʪʦʵʢʩʧʣʦʟʠʚʥʳʝ ʢʘʤʝʥʥʳʝ ʣʘʚʠʥʳ ʠ ʦʙʚʘʣʳ. ʋʩʪʘʥʦʚʠʪʴ 

ʯʝʪʢʫʶ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʥʠʤʠ ʟʘʯʘʩʪʫʶ ʜʦʚʦʣʴʥʦ ʪʨʫʜʥʦ, ʪʘʢ ʢʘʢ ʵʪʠ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʩ 

ʨʘʚʥʳʤ ʫʩʧʝʭʦʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʠ ʢʘʢ ʤʦʱʥʳʝ ʢʘʤʝʥʥʳʝ, ʠ ʢʘʢ ʩʣʘʙʳʝ ʘʚʪʦʵʢʩʧʣʦʟʠʚʥʳʝ 

ʣʘʚʠʥʳ [ʄʘʣʳʰʝʚ, 2000]. ɸʚʪʦʨʦʤ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʪʝʨʤʠʥ ʦʙʚʘʣ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʢʘʢ 

ʦʙʨʫʰʝʥʠʝ ʯʘʩʪʠ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ, ʪʘʢ ʠ ʙʣʦʢʦʚ ʣʘʚʳ ʩ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʠʛʥʘʣ r ʦʪ ʦʙʚʘʣʦʚ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʠ ʚʳʞʠʤʘʥʠʠ 

ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ ʚ ʥʘʯʘʣʝ ʠʟʚʝʨʞʝʥʠʷ 9.12.2010. ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʘʧʠʩʠ 

ʥʘ ʩ/ʩʪ KZV ʩʦʩʪʘʚʣʷʣʘ 60ï140 ʩ (ʨʠʩʫʥʦʢ 5.10, ʣʝʚʳʝ ʧʘʥʝʣʠ) ʩ ʯʘʩʪʦʪʦʡ f =1.8ï6 ɻʮ ʩ 

ʧʠʢʦʤ ʥʘ ʯʘʩʪʦʪʝ f=3.5 ɻʮ (ʨʠʩʫʥʦʢ 5.10, ʧʨʘʚʳʝ ʧʘʥʝʣʠ). 

 

 
ʈʠʩʫʥʦʢ 5.10 ï ʉʝʡʩʤʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʦʪ ʦʙʚʘʣʦʚ (ʩʣʝʚʘ) ʠ ʩʧʝʢʪʨʦʛʨʘʤʤʳ (ʩʧʨʘʚʘ), 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ 9.12.2010 ʚ 11:27:25, 11:57:46 ʠ 12:16:46. 
 

ʀʟ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʚʠʜʝʦʢʘʤʝʨʳ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʩ/ʩʪ TUMD, ʜʦʩʪʦʚʝʨʥʦ 

ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʚʳʞʠʤʘʥʠʷ ʵʢʩʪʨʫʟʠʠ ʚ ʢʦʥʮʝ ʠʟʚʝʨʞʝʥʠʷ (2012ï2013 ʛʛ.) 

ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʦʙʚʘʣʦʤ, ʢʦʛʜʘ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʵʢʩʪʨʫʟʠʚʥʦʛʦ 
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ʤʘʪʝʨʠʘʣʘ ʦʥ ʧʦʜ ʩʠʣʦʡ ʛʨʘʚʠʪʘʮʠʠ ʦʙʨʫʰʘʣʩʷ. ʆʙʨʫʰʝʥʠʷ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ 1.08.2012 

ʚ 02:38 ʠ 2.01.2013 ʚ 00:38 ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.11ʘ, ʙ. ʉʇʄ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʠʤʝʝʪ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʤʘʢʩʠʤʫʤ 0.8ï4 ɻʮ (ʚʳʜʝʣʝʥ ʩʝʨʳʤ ʮʚʝʪʦʤ 

ʥʘ ʨʠʩʫʥʢʝ 5.11ʚ) ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʥʘ ʯʘʩʪʦʪʝ 1.8 ɻʮ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʩʠʛʥʘʣʘ 

ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 100 ʩ (ʨʠʩʫʥʦʢ 5.11ʛ) [ʌʠʨʩʪʦʚ ʠ ʜʨ., 2014]. 

 

 
ʈʠʩʫʥʦʢ 5.11 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʵʨʫʧʪʠʚʥʦʛʦ ʦʙʣʘʢʘ ʦʪ ʦʙʨʫʰʝʥʠʷ ʵʢʩʪʨʫʟʠʠ 

01.08.2012 ʚ 02:38 (ʘ) ʠ 02.01.2013 ʚ 00:38 (ʙ), ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʦʙʨʫʰʝʥʠʷ 

01.08.2012 ʠ 02.01.2013 ʠ ʬʦʥʘ, ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʤʘʢʩʠʤʫʤ ʚʳʜʝʣʝʥ ʩʝʨʳʤ ʮʚʝʪʦʤ (ʚ); 

ʩʝʡʩʤʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʦʙʨʫʰʝʥʠʷ 02.01.2013, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʡ ʩ/ʩʪ KZV, ʢʘʥʘʣ SHZ, 

ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ 00:37:13 (ʛ). 
 

ʂʘʢ ʦʙʚʘʣʳ, ʪʘʢ ʠ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʧʦʪʦʢʠ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʥʝʨʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʚʦʣʥ, ʠʤʝʶʪ ʜʚʘ ʠʩʪʦʯʥʠʢʘ. ʆʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʩʚʷʟʘʥ ʩ ʧʨʦʮʝʩʩʦʤ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʤʘʛʤʳ ʧʦ ʚʳʚʦʜʥʦʤʫ ʢʘʥʘʣʫ ʠ ʝʝ ʬʨʘʛʤʝʥʪʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʜʚʠʞʝʥʠʝ 

ʠʟʚʝʨʛʥʫʪʦʛʦ ʠ ʦʙʚʘʣʠʚʰʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʠ (ʧʝʨʚʳʡ 

ʠʩʪʦʯʥʠʢ). ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʦʪʦʢ ʜʚʠʞʝʪʩʷ ʧʦ ʟʦʥʝ ʪʨʘʥʟʠʪʘ, ʢʦʪʦʨʦʡ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʷʚʣʷʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ (ʰʘʨʨʘ, ʘʙʨʘʟʠʚʥʳʡ ʢʘʥʴʦʥ ʠ ʪ.ʜ.), ʘ ʟʘʪʝʤ ʦʥ 

ʧʦʧʘʜʘʝʪ ʚ ʟʦʥʫ ʪʦʨʤʦʞʝʥʠʷ. ɿʘ ʩʯʝʪ ʥʘʙʝʛʘʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷ ʚ 
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ʟʦʥʝ ʪʨʘʥʟʠʪʘ ʠ ʟʘ ʩʯʝʪ ʪʨʝʥʠʷ ʚ ʟʦʥʝ ʪʦʨʤʦʞʝʥʠʷ ʛʝʥʝʨʠʨʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ 

ʩʝʡʩʤʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʛʨʫʥʪʘ (ʚʪʦʨʦʡ ʠʩʪʦʯʥʠʢ). 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʨʘʟʣʠʯʥʳʭ 

ʧʨʦʷʚʣʝʥʠʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʢʩʧʣʦʟʠʚʥʳʝ 

ʠʟʚʝʨʞʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ ʩ ʯʝʪʢʠʤʠ ʚʩʪʫʧʣʝʥʠʷʤʠ Pïʚʦʣʥ ʩ 

ʉʇʄ ʩʠʛʥʘʣʘ 1.5ï8 ɻʮ. ʀʟʚʝʨʞʝʥʠʷ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ 

ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʩʠʛʥʘʣʘʤʠ ʙʝʟ ʯʝʪʢʠʭ ʚʩʪʫʧʣʝʥʠʡ ʚʦʣʥ, ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʟʘʧʠʩʠ ʜʦ 70 ʩ ʩ 

ʉʇʄ ʩʠʛʥʘʣʘ 1 ï 6 ɻʮ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ f=1.8 ɻʮ. ʆʙʚʘʣʳ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʡ ʟʘʧʠʩʴʶ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʜʦ 140 ʩ, ʩ 

ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʯʘʩʪʦʪʦʡ f=3.5 ɻʮ ʚ ʥʘʯʘʣʝ ʠʟʚʝʨʞʝʥʠʷ ʠ 0.8 ï 4 ɻʮ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 

ʯʘʩʪʦʪʝ 1.8 ɻʮ ʚ ʢʦʥʮʝ. 

 

5.4 ʉʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ çdrumbeatsè ï ʠʥʜʠʢʘʪʦʨ ʜʠʥʘʤʠʢʠ ʵʢʩʪʨʫʟʠʚʥʦʡ ʠ 

ʵʬʬʫʟʠʚʥʦʡ ʬʘʟ ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ ʚ 2010ï2013 ʛʛ. 

ʇʨʠ ʠʟʚʝʨʞʝʥʠʷʭ ʜʘʮʠʪʦʚʳʭ ʠ ʘʥʜʝʟʠʪʦʚʳʭ ʚʫʣʢʘʥʦʚ ʩ ʦʯʝʥʴ ʚʷʟʢʦʡ ʤʘʛʤʦʡ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʳʞʠʤʘʥʠʝ ʚʝʨʰʠʥʥʦʡ ʵʢʩʪʨʫʟʠʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʝʡʩʤʠʯʝʩʢʠʤ 

ʨʝʞʠʤʦʤ çdrumbeatsè. ɼʣʷ ʪʘʢʦʛʦ ʨʝʞʠʤʘ ʭʘʨʘʢʪʝʨʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʫʣʴʪʠʧʣʝʪʦʚ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʦʡ ʵʥʝʨʛʠʝʡ ʩ ʥʝʙʦʣʴʰʦʡ ʤʘʛʥʠʪʫʜʦʡ 

(ʄ <3) ʠ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ, ʟʘ ʯʪʦ ʦʥ ʧʦʣʫʯʠʣ 

ʥʘʟʚʘʥʠʝ çdrumbeatsè (ʙʘʨʘʙʘʥʥʳʡ ʙʦʡ) [Moran et al., 2008]. ʇʦʜ ʤʫʣʴʪʠʧʣʝʪʘʤʠ 

ʧʦʥʠʤʘʝʪʩʷ ʛʨʫʧʧʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷʩʷ ʩʭʦʞʠʤ ʧʨʠʟʥʘʢʦʤ, 

ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʜʥʦʦʙʨʘʟʥʳʤʠ ʚʦʣʥʦʚʳʤʠ ʬʦʨʤʘʤʠ. ʈʝʞʠʤ çdrumbeatsè, ʥʘʙʣʶʜʘʝʤʳʡ 

ʧʨʠ ʠʟʚʝʨʞʝʥʠʠ ʚʫʣʢʘʥʘ ʂʠʟʠʤʝʥ, ʙʳʣ ʚʝʩʴʤʘ ʥʝʦʙʳʯʝʥ, ʪʘʢ ʢʘʢ ʥʘʨʷʜʫ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, 

ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʣʠ ʧʨʠ ʚʳʞʠʤʘʥʠʠ ʚʝʨʰʠʥʥʦʡ ʵʢʩʪʨʫʟʠʠ, ʜʚʠʞʝʥʠʝ ʤʦʱʥʦʛʦ ʚʷʟʢʦʛʦ 

ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ, ʧʨʦʜʦʣʞʘʚʰʝʝʩʷ ʧʦʯʪʠ 1.5 ʛʦʜʘ, ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʨʝʞʠʤʦʤ 
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çdrumbeatsè. ʅʘʩʢʦʣʴʢʦ ʠʟʚʝʩʪʥʦ, ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʧʦʜʦʙʥʳʡ ʤʝʭʘʥʠʟʤ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʝʞʠʤʘ çdrumbeatsè ʥʝ ʦʧʠʩʘʥ. 

 

5.4.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè 

ɺʧʝʨʚʳʝ ʨʝʞʠʤ çdrumbeatsè ʥʘ ʂʠʟʠʤʝʥʝ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ 9.12.2010 ʟʘ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʩʝʨʠʝʡ ʵʢʩʧʣʦʟʠʡ, ʠ ʩʦʧʨʦʚʦʞʜʘʣ ʚʳʞʠʤʘʥʠʝ 

ʙʣʦʢʦʚ ʚʷʟʢʦʡ ʣʘʚʳ ʚ ʧʨʠʚʝʨʰʠʥʥʦʡ ʯʘʩʪʠ ʚʫʣʢʘʥʘ. ʅʘʯʠʥʘʷ ʩ ʷʥʚʘʨʷ 2011 ʛ., ʨʝʞʠʤ 

çdrumbeatsè ʥʘʯʘʣ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʵʧʠʟʦʜʠʯʝʩʢʠ, ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʙʦʣʝʝ 500000) ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʤʘʨʪʝ 2011 ï ʠʶʥʝ 2012 ʛʛ. ʚʦ ʚʨʝʤʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ [ʌʠʨʩʪʦʚ, ʐʘʢʠʨʦʚʘ, 2012ʙ, 2014; ʐʘʢʠʨʦʚʘ, 2011].  

ʀʥʦʛʜʘ ʨʝʞʠʤ çdrumbeatsè ʧʨʝʨʳʚʘʣʩʷ ʵʢʩʧʣʦʟʠʷʤʠ, ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʤʠ ʧʦʪʦʢʘʤʠ 

ʠ ʦʙʨʫʰʝʥʠʷʤʠ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʣʝ ʵʪʦʛʦ ʨʝʞʠʤ çdrumbeatsè ʥʝ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʟʘʪʝʤ ʚʦʟʥʠʢʘʣ ʩ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʚʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 5.12 (ʚʝʨʭʥʠʝ ʧʘʥʝʣʠ) ʧʨʠʚʝʜʝʥʳ ʯʘʩʦʚʳʝ ʬʨʘʛʤʝʥʪʳ ʟʘʧʠʩʝʡ ʨʝʞʠʤʘ 

çdrumbeatsè ʥʘ ʩ/ʩʪ KZV ʚ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ, ʘ ʥʘ ʥʠʞʥʠʭ ʧʘʥʝʣʷʭ ʧʦʢʘʟʘʥʘ ʠʭ 

ʜʝʪʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʫʣʴʪʠʧʣʝʪʦʚ ʧʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʷʚʣʝʥʠʷʭ ʚʫʣʢʘʥʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. ɺ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ʚʨʝʤʝʥʠ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʳʣʘ 

ʟʘʢʣʶʯʝʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ɸmax= 1ï10 ʤʢʤ/ʩ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʝʥʪʷʙʨʷ 2011 ʛ., ʢʦʛʜʘ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ɸmaxå 40 ʤʢʤ/ʩ. 

ɺ ʤʘʨʪʝ 2011 ʛ., ʢʦʛʜʘ ʥʘ ʩʢʣʦʥʝ ʚʫʣʢʘʥʘ ʪʦʣʴʢʦ ʧʦʷʚʠʣʩʷ ʣʘʚʦʚʳʡ ʧʦʪʦʢ, ʥʘʯʘʣʠ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʯʘʩʪʳʝ ʩʣʘʙʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʊʘʢ, 20 ʤʘʨʪʘ ʧʝʨʠʦʜ ʠʭ ʩʣʝʜʦʚʘʥʠʷ 

ʩʦʩʪʘʚʣʷʣ ʊD å 14 ʩ (ʯʘʩʪʦʪʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ fD =4.28 ʤʠʥï1) ʩʦ ʩʨʝʜʥʝʡ ʘʤʧʣʠʪʫʜʦʡ 

ɸmax~2.8 ʤʢʤ/ʩ. ɺ ʠʶʣʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʘ ʤʫʣʴʪʠʧʣʝʪʘ: 1 ï ʩʣʘʙʳʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʥʝʩʪʘʙʠʣʴʥʦʡ ɸmax <2 ʤʢʤ/ʩ ʠ ʊD å 60 ʩ (fD å 1 ʤʠʥï1); 2 ï ʙʦʣʝʝ ʩʠʣʴʥʳʝ 
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ʟʝʤʣʝʪʨʷʩʝʥʠʷ c ɸmax å5 ʤʢʤ/ʩ ʤ ʠ ʊD å 110 ʩ (fD å 0.54 ʤʠʥï1) (ʨʠʩʫʥʦʢ 5.12ʙ). ɼʘʣʝʝ ʙʫʜʝʪ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʧʦ ʚʦʣʥʦʚʦʡ ʬʦʨʤʝ, ʵʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʤʫ ʤʫʣʴʪʠʧʣʝʪʫ. 

ɺ ʥʘʯʘʣʝ ʩʝʥʪʷʙʨʷ 2011 ʛ., ʢʦʛʜʘ ʧʦʯʪʠ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʧʨʘʚʳʡ çʷʟʳʢè ʣʘʚʦʚʦʛʦ 

ʧʦʪʦʢʘ (ʨʠʩʫʥʦʢ 3.2ʜ), ʪʘʢʞʝ ʨʘʙʦʪʘʣʠ ʜʚʘ ʠʩʪʦʯʥʠʢʘ ʛʝʥʝʨʘʮʠʠ ʨʝʞʠʤʘ çdrumbeatsè. ɹʦʣʝʝ 

ʤʦʱʥʳʡ ʠʩʪʦʯʥʠʢ ʛʝʥʝʨʠʨʦʚʘʣ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ɸmaxå 30 ʤʢʤ/ʩ ʠ ʊD å 161 ʩ (fD å 0.37 ʤʠʥï

1) (ʨʠʩʫʥʦʢ 5.12ʚ). ʆʜʥʦʚʨʝʤʝʥʥʦ ʨʘʙʦʪʘʣ ʜʨʫʛʦʡ ʠʩʪʦʯʥʠʢ, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʦʚʘʣ ʩʦʙʳʪʠʷ 

ʩʦ ʟʥʘʯʝʥʠʝʤ ɸmax ʧʦʯʪʠ ʚʜʚʦʝ ʤʝʥʴʰʝ ʠ ʩ ʥʝʩʪʘʙʠʣʴʥʳʤ ʊD å 17 ï 40 ʩ (fD å3.52ï1.5 ʤʠʥï1). 

ɺ ʢʦʥʮʝ ʩʝʥʪʷʙʨʷ ʥʘʙʣʶʜʘʣʘʩʴ ʨʘʙʦʪʘ ʪʦʣʴʢʦ ʚʪʦʨʦʛʦ ʩʪʘʙʠʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʊD å 

46 (fD å1.3 ʤʠʥï1), ʥʦ ʩ ʤʝʥʴʰʝʡ ɸmax å 10 ʤʢʤ/ʩ (ʨʠʩʫʥʦʢ 5.12ʛ). ɺ ʦʢʪʷʙʨʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʪʝʤ ʞʝ ʠʩʪʦʯʥʠʢʦʤ, ʯʪʦ ʠ ʚ ʢʦʥʮʝ ʩʝʥʪʷʙʨʷ, ʥʦ ʠʭ ʯʘʩʪʦʪʘ ʩʥʠʟʠʣʘʩʴ ʜʦ ʊD 

å 130 ʩ (fD å0.46 ʤʠʥï1), ʠʭ ʵʥʝʨʛʠʷ ʪʘʢʞʝ ʫʤʝʥʴʰʠʣʘʩʴ (ʨʠʩʫʥʦʢ 5.12ʜ). ʇʦ ʬʦʪʦʤʘʪʝʨʠʘʣʘʤ 

ʢ ʥʦʷʙʨʶ ʦʩʥʦʚʥʦʡ (ʧʨʘʚʳʡ) çʷʟʳʢè ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʩʥʠʟʠʣ ʩʚʦʶ ʘʢʪʠʚʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʚʩʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʚʳʜʝʣʝʥʥʳʝ ʚ ʤʫʣʴʪʠʧʣʝʪʳ ʚ ʧʝʨʠʦʜ ʤʘʨʪïʥʦʷʙʨʴ 2011 ʛ., ʩʚʷʟʳʚʘʶʪʩʷ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʩʥʦʚʥʦʛʦ ʣʘʚʦʚʦʛʦ çʷʟʳʢʘè, ʠ ʚʳʜʝʣʝʥʳ ʚ ʨʝʞʠʤ çdrumbeats Iè. 

ɺ ʩʝʨʝʜʠʥʝ ʥʦʷʙʨʷ 2011 ʛ., ʧʦʩʣʝ ʥʘʯʘʣʘ ʦʪʚʝʪʚʣʝʥʠʷ ʚʪʦʨʦʛʦ (ʣʝʚʦʛʦ) ʤʝʥʝʝ ʚʷʟʢʦʛʦ 

ʣʘʚʦʚʦʛʦ çʷʟʳʢʘè, ʘʤʧʣʠʪʫʜʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè ʩʥʠʟʠʣʘʩʴ ʠ ʨʘʚʥʷʣʘʩʴ 

ɸmax=1.6 ʤʢʤ/ʩ ʧʨʠ ʊD å 87 ʩ (fD å0.69 ʤʠʥï1) (ʨʠʩʫʥʦʢ 5.12ʝ). ʇʦʩʣʝ ʥʝʙʦʣʴʰʦʛʦ ʧʝʨʝʨʳʚʘ 

ʚ ʚʳʞʠʤʘʥʠʠ ʧʦʪʦʢʘ ʚ ʜʝʢʘʙʨʝ 2011 ʛ. ʦʥ ʧʨʦʜʦʣʞʠʣ ʩʚʦʝ ʜʚʠʞʝʥʠʝ, ʠ ʚ ʷʥʚʘʨʝ 2012 ʛ. 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʤʝʣʠ ɸmax = 1.5ï2 ʤʢʤ/ʩ ʩ ʊD ~360 ʩ (fD å0.17 ʤʠʥï 1). ɺ ʬʝʚʨʘʣʝ ʟʥʘʯʝʥʠʝ 

ɸmax ʚʦʟʨʦʩʣʦ ʚʜʚʦʝ, ʘ ʧʝʨʠʦʜ ʫʤʝʥʴʰʠʣʩʷ ʜʦ ʊD å 162 ʩ (fD å0.37 ʤʠʥï1) (ʨʠʩʫʥʦʢ 5.12ʞ). 

ʅʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʤʘʨʪʘ ʜʦ ʢʦʥʮʘ ʤʘʷ ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʣʘʚʥʦ ʩʥʠʞʘʣʦʩʴ ʦʪ 150 ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʩʫʪʢʠ, ʠʭ ɸmax 

ʦʩʪʘʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 3ï5 ʤʢʤ/ʩ. ɺ ʠʶʥʝ ʣʘʚʦʚʳʡ ʧʦʪʦʢ ʧʨʝʢʨʘʪʠʣ ʚʳʞʠʤʘʪʴʩʷ. 

ʄʫʣʴʪʠʧʣʝʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʚʠʞʝʥʠʷ ʚʪʦʨʦʛʦ ʣʘʚʦʚʦʛʦ ç̫ ʟʳʢʘè, ʚʳʜʝʣʝʥʳ ʚ 

ʨʝʞʠʤ çdrumbeats IIè. 
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ʈʠʩʫʥʦʢ 5.12 ï ʅʘ ʚʝʨʭʥʠʭ ʧʘʥʝʣʷʭ ʧʨʠʤʝʨʳ ʯʘʩʦʚʳʭ ʬʨʘʛʤʝʥʪʦʚ ʟʘʧʠʩʠ 

ʤʫʣʴʪʠʧʣʝʪʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ SHZ ʩ/ʩʪ KZV ʚ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ʠʟʚʝʨʞʝʥʠʷ: ʘ ï 20.03.2011, ʥʘʯʘʣʦ 

ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ 21:28:32; ʙ ï 28.07.2011, ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ 10:28:51; ʚ ï 6.09.2011, 

ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ 09:31:08; ʛ ï 26.09.2011, ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ 16:33:34, ʜ ï 

5.10.2011, ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ 14:51:46; ʝ ï10.11.2011 ʛ., ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ 

16:21:28, ʞ ï 25.02.2012 ʛ., ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ 14:12:33, ʟ ï 13.01.2012, ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ 

ʚʨʝʤʝʥʠ 13:07:22. ʅʘ ʥʠʞʥʠʭ ʧʘʥʝʣʷʭ ʧʦʢʘʟʘʥʳ ʨʘʟʚʝʨʥʫʪʳʝ ʫʯʘʩʪʢʠ ʚʝʨʭʥʠʭ ʧʘʥʝʣʝʡ, 

ʚʳʜʝʣʝʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʤ. 
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ʅʘ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ʠʟʚʝʨʞʝʥʠʷ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʨʠʚʝʨʰʠʥʥʘʷ 

ʵʢʩʪʨʫʟʠʷ. ʈʝʞʠʤ çdrumbeatsè ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʚ ʢʦʥʮʝ 2012 ï ʥʘʯʘʣʝ 2013 ʛʛ., ʜʣʷ ʥʝʛʦ 

ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ ɸmax<2 ʤʢʤ/ʩ. ʉʨʝʜʥʠʡ ʧʝʨʠʦʜ ʛʝʥʝʨʘʮʠʠ ʊD ʚʘʨʴʠʨʦʚʘʣʩʷ ʦʪ 300ï400 ʩ ʜʦ 

35 ʩ (fD=0.17ï1.71 ʤʠʥï1). ʉʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʡ ʚʳʞʠʤʘʥʠʝ ʵʢʩʪʨʫʟʠʠ 

ʦʪʥʝʩʝʥ ʢ çdrumbeats III è (ʨʠʩʫʥʦʢ 5.12ʟ). ʆʪʤʝʯʝʥʦ, ʯʪʦ ʩʝʡʩʤʠʯʝʩʢʠʡ ʨʝʞʠʤ çdrumbeatsè, 

ʩʚʷʟʘʥʥʳʡ ʩ ʚʳʞʠʤʘʥʠʝʤ ʵʢʩʪʨʫʟʠʠ, ʙʳʣ ʚʧʝʨʚʳʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ 9.12.2010 ʠ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʨʝʞʠʤ çdrumbeats III è. 

ʉ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʛʝʥʝʨʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ çdrumbeatsè ʜʚʠʞʝʥʠʝʤ 

ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʚʳʞʠʤʘʥʠʝʤ ʧʨʠʚʝʨʰʠʥʥʦʡ ɻʢʩʪʨʫʟʠʠ, ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʨʘʟʥʦʩʪʴ 

ʚʩʪʫʧʣʝʥʠʡ ʧʨʦʜʦʣʴʥʳʭ ʈïʚʦʣʥ ʥʘ ʩ/ʩʪ TUMD ʠ KZV (tʈTUMDïtʈKZV) ʠ ʨʘʟʥʠʮʘ ʚʨʝʤʝʥ 

ʚʩʪʫʧʣʝʥʠʡ ʧʦʧʝʨʝʯʥʳʭ ʠ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ (tSïP) ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè, 

ʠʤʝʶʱʠʭ ʯʝʪʢʠʝ ʚʩʪʫʧʣʝʥʠʷ S ʠ Pïʚʦʣʥ (ʨʠʩʫʥʦʢ 5.13).  

 

 
ʈʠʩʫʥʦʢ 5.13 ï ʀʟʤʝʥʝʥʠʝ ʨʘʟʥʦʩʪʝʡ ʚʨʝʤʝʥ ʚʩʪʫʧʣʝʥʠʡ ʚʦʣʥ tSïP ʜʣʷ ʩ/ʩʪ TUMD 

(ʩʠʥʠʡ ʮʚʝʪ), ʜʣʷ ʩ/ʩʪ KZV (ʢʨʘʩʥʳʡ ʮʚʝʪ), ʨʘʟʥʦʩʪʝʡ ʚʨʝʤʝʥ ʚʩʪʫʧʣʝʥʠʡ tʈ tumd ï tP kzv 

(ʯʝʨʥʳʡ ʮʚʝʪ) ʟʘ ʧʝʨʠʦʜ 1.05.2011 ï 19.01.2013 ʛ. 

 

ʋʚʝʣʠʯʝʥʠʝ tSïP ʥʘ ʩ/ʩʪ KZV ʚ 2011ï2012 ʛʛ. ʩ 0.7 ʜʦ 1. 6 ʩ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʧʨʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʝ ů = 0.2 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʚʨʘʱʝʥʠʝʤ ʢ ʟʥʘʯʝʥʠʶ 0.7 ʩ, 
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ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʠʛʨʘʮʠʠ ʠʩʪʦʯʥʠʢʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ 

ʩ/ʩʪ KZV ʠ ʚʦʟʚʨʘʱʝʥʠʝʤ ʚ ʷʥʚʘʨʝ 2013 ʛ. ʋʤʝʥʴʰʝʥʠʝ tʈTUMDïtʈKZV ʩ ʠʶʣʷ 2011 ʛ. ʧʦ 

ʘʧʨʝʣʴ 2012 ʛ. (ʯʝʨʥʘʷ ʣʠʥʠʷ) c 1.4 ʜʦ 0.7 ʩ ʧʨʠ ů =0.1, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ tSïP ʥʘ 

ʩ/ʩʪ TUMD (ʩʠʥʷʷ ʣʠʥʠʷ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʵʧʠʮʝʥʪʨʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʚʝʨʞʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦ ʫʜʘʣʷʣʠʩʴ ʦʪ ʩ/ʩʪ KZV ʠ ʧʨʠʙʣʠʞʘʣʠʩʴ ʢ ʩ/ʩʪ TUMD. 

ʀʩʭʦʜʷ ʠʟ ʦʨʠʝʥʪʘʮʠʠ ʩ/ʩʪ TUMD ʠ KZV, ʧʨʦʜʚʠʞʝʥʠʝ ʛʨʘʥʠʮʳ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ 

ʧʨʦʠʩʭʦʜʠʣʦ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ KZV ʠ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ TUMD. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘʙʣʶʜʘʣʠʩʴ 

ʟʘʢʦʥʦʤʝʨʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚʩʪʫʧʣʝʥʠʡ ʩʝʡʩʤʠʯʝʩʢʠʭ ʚʦʣʥ ʥʘ ʵʪʠʭ 

ʩ/ʩʪ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʨʝʞʠʤʳ çdrumbeats I  ʠ IIè ʤʦʛʣʠ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʬʨʦʥʪʦʤ 

ʚʷʟʢʦʛʦ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ ʩʢʣʦʥʫ ʚʫʣʢʘʥʘ. ʅʘʠʤʝʥʴʰʠʝ tSïP =0.7 ʩ ʥʘ 

ʩ/ʩʪ KZV, ʦʪʤʝʯʝʥʥʳʝ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʠʟʚʝʨʞʝʥʠʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʚʷʟʠ ʨʝʞʠʤʘ 

çdrumbeats III è ʩ ʚʳʞʠʤʘʥʠʝʤ ʚ ʵʪʠ ʧʝʨʠʦʜʳ ʚʝʨʰʠʥʥʦʡ ʵʢʩʪʨʫʟʠʠ. 

 

5.4.2 ʄʫʣʴʪʠʧʣʝʪʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè 

ʈʘʟʜʝʣʝʥʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʜʝʢʘʙʨʝ 2010 

ï ʬʝʚʨʘʣʝ 2013 ʛʛ., ʥʘ ʦʪʜʝʣʴʥʳʝ ʤʫʣʴʪʠʧʣʝʪʳ, ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʦʩʩï

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ DrumCorr [Zavodevkin et al., 2021]. 

ɺʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʷʚʣʷʣʠʩʴ ʩʫʪʦʯʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʟʘʧʠʩʠ ʩ/ʩʪ KZV ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʢʘʥʘʣʝ SHZ. ʇʦʨʦʛ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʟʘʧʠʩʝʡ ʩʦʙʳʪʠʡ ʩ ʰʘʙʣʦʥʦʤ (ʨʠʩʫʥʦʢ 5.14ʘ) 

ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʨʘʚʥʳʤ r=0.5. ʇʨʦʛʨʘʤʤʘ ʨʘʙʦʪʘʣʘ ʩ ʩʫʪʦʯʥʳʤʠ ʬʘʡʣʘʤʠ, ʘ ʪʘʢ ʢʘʢ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʤʫʣʴʪʠʧʣʝʪʦʚ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʝʨʚʦʛʦ ʩʦʩʪʘʚʣʷʣʘ ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ, ʪʦ 

ʢʘʞʜʳʡ ʤʫʣʴʪʠʧʣʝʪ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʙʦʨʦʤ ʩʫʪʦʯʥʳʭ ʬʘʡʣʦʚïʦʪʯʝʪʦʚ. ʌʘʡʣïʦʪʯʝʪ 

ʩʦʜʝʨʞʘʣ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʩʫʪʢʘʭ (N) ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʚʨʝʤʝʥʝʤ ʢʘʞʜʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʝʤʫ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ rcorr 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʙʨʘʥʥʦʛʦ ʰʘʙʣʦʥʘ (ʨʠʩʫʥʦʢ 5.14ʚ). ɼʣʷ ʩʫʪʦʯʥʦʛʦ ʬʘʡʣïʦʪʯʝʪʘ 



101 

 

 

ʚʳʯʠʩʣʷʣʩʷ ʧʝʨʠʦʜ ʤʝʞʜʫ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ TD ʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ʯʘʩʪʦʪʘ ὪӶD , 

ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ  ̱ʠ ὶӶcorr (ʪʘʙʣʠʮʘ 5.1). 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʙʳʣʦ ʚʳʜʝʣʝʥʦ 19 ʤʫʣʴʪʠʧʣʝʪʦʚ, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʣʠ 313217 ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

ɸʥʘʣʠʟ ʚʦʣʥʦʚʳʭ ʬʦʨʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʧʨʦʚʦʜʠʣʩʷ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʰʘʙʣʦʥʦʚ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʚʳʙʨʘʥʥʳʭ ʜʣʷ ʢʨʦʩʩïʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʂʨʠʪʝʨʠʠ ʚʳʙʦʨʘ 

ʰʘʙʣʦʥʘ ʦʧʠʩʘʥʳ ʚ ʛʣʘʚʝ 2.2. ɺ ʥʝʢʦʪʦʨʳʝ ʧʝʨʠʦʜʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʠʥʦʛʜʘ ʦʪ ʜʚʫʭ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʤʠʥʠʨʦʚʘʣ 

ʪʦʣʴʢʦ ʦʜʠʥ. 

 

 
ʈʠʩʫʥʦʢ 5.14 ï ʐʘʙʣʦʥ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʤʫʣʴʪʠʧʣʝʪʘ ˉ 10 (ʘ), ʬʨʘʛʤʝʥʪ 

ʩʝʡʩʤʦʛʨʘʤʤʳ ʩ/ʩʪ KZV, ʢʘʥʘʣ SHZ, ʥʘʯʘʣʦ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʘʧʠʩʠ 00:00:23 

(ʙ), ʬʨʘʛʤʝʥʪ ʬʘʡʣïʦʪʯʝʪʘ ʟʘ 9.09.2011 ʛ. (ʚ). ʇʝʨʚʳʡ ʩʪʦʣʙʝʮ ʩʦʜʝʨʞʠʪ ʜʘʪʫ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, 

ʚʪʦʨʦʡ ï ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʪʨʝʪʠʡ ï ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, ʯʝʪʚʝʨʪʳʡ ï ʘʤʧʣʠʪʫʜʫ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʤʢʤ/ʩ. 
 

ʇʝʨʚʳʝ ʪʨʠ ʤʫʣʴʪʠʧʣʝʪʘ ʧʦ ʚʨʝʤʝʥʠ ʩʦʚʧʘʜʘʶʪ ʩ ʚʳʞʠʤʘʥʠʝʤ ʧʝʨʚʳʭ ʧʦʨʮʠʡ 

ʚʷʟʢʦʡ ʤʘʛʤʳ. ʄʫʣʴʪʠʧʣʝʪ ˉ1 ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ 9 ʜʝʢʘʙʨʷ ʧʝʨʝʜ ʩʠʣʴʥʦʡ ʵʢʩʧʣʦʟʠʝʡ, 

ʧʦʜʦʙʥʳʡ ʬʝʥʦʤʝʥ ʙʳʣ ʦʪʨʘʞʝʥ ʚ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [Costa et al., 2012; Buurman 

et al., 2013]. ʄʫʣʴʪʠʧʣʝʪ ˉ3 (13ï16 ʬʝʚʨʘʣʷ) ʤʦʛ ʩʦʧʨʦʚʦʞʜʘʪʴ ʢʘʢ ʚʳʞʠʤʘʥʠʝ ʚʝʨʰʠʥʥʦʡ 

ʵʢʩʪʨʫʟʠʠ, ʪʘʢ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʚʦʛʦ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʡ ʚ ʤʘʨʪʝ ʙʳʣ ʟʘʤʝʯʝʥ ʥʘ 
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ʩʢʣʦʥʝ ʚʫʣʢʘʥʘ [ʆʚʩʷʥʥʠʢʦʚ, ʄʘʣʠʢ, 2011]. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʶʪ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʨʨʝʣʷʮʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʤʫʣʴʪʠʧʣʝʪʝ. 

ɹʳʣʠ ʚʳʜʝʣʝʥʳ ʜʚʘ ʧʝʨʠʦʜʘ, ʢʦʛʜʘ ʦʪʤʝʯʘʣʘʩʴ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚʦʣʥʦʚʦʡ ʬʦʨʤʳ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʵʪʦ 11.05ï14.06.2011 (ʤʫʣʴʪʠʧʣʝʪʳ ˉ7 ʠ ˉ8) ʠ 25.07ï14.10.2011 (ˉ9 ʠ 

ˉ10). ɽʩʣʠ ʚ ʩʝʨʝʜʠʥʝ ʤʫʣʴʪʠʧʣʝʪʘ ˉ7 ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʙʦʣʝʝ N = 6000 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ/ʩʫʪʢʠ, ʪʦ ʢ ʢʦʥʮʫ ʤʫʣʴʪʠʧʣʝʪʘ ʚ ʥʝʛʦ ʧʦʧʘʜʘʣʦ ʚʩʝʛʦ N=43 ʧʨʠ 

ʩʥʠʞʘʶʱʝʤʩʷ ὶӶcorr ʩ 0.73 ʜʦ 0.62, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ 

ʘʤʧʣʠʪʫʜʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ  ̱= 2 ʜʦ 9.5 ʤʢʤ/ʩ. 

 

ʊʘʙʣʠʮʘ 5.1 ï ʇʘʨʘʤʝʪʨʳ ʤʫʣʴʪʠʧʣʝʪʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʘ çdrumbeatsè, 

ʚʳʜʝʣʝʥʥʳʝ ʢʨʦʩʩïʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ DrumCorr. 

 ̄ ʊʠʧ ʇʝʨʠʦʜ N ὶcorr ὪӶD, ʤʠʥï1 ,̱ ʤʢʤ/ʩ 

1   

III  

9.12.2010 1273 0.53ï0.62 0.88 0.97 

2 20.01.ï30.01.2011 14547 0.54ï0.62 0.02ï1.62 1.36ï2.94 

3 13ï16.02.2011 7991 0.54ï0.80 0.16ï3.33 1.23ï3.34 

4  

 

I  
 

27.02ï07.03.2011 939 0.52ï0.57 0.005ï0.38 2.90ï7.66 

5 11.03ï22.03.2011 22626 0.51ï0.7 0.01ï3.75 2.71ï6.93 

6 22.04ï02.05.2011 16917 0.53ï0.73 0.20ï2.60 0.92ï4.96 

7 11.05ï24.05.2011 25475 0.62ï0.73 0.04ï4.20 1.83ï9.78 

8 18.05ï14.06.2011 36383 0.52ï0.76 0.008ï3.16 2.05ï16.39 

9 25.07ï04.08.2011 5683 0.63ï0.76 0.12ï0.72 1.50ï2.56 

10 31.07ï14.10.2011 125259 0.56ï0.81 0.009ï2.85 1.02ï13.39 

11  

 

 

II  

10.10ï23.10.2011 11074 0.55ï0.72 0.08ï1.50 0.68ï2.46 

12 13.10ï23.10.2011 879 0.52ï0.56 0.09ï0.14 1.08ï1.85 

13 10.10ï21.10.2011 3302 0.52ï0.56 0.008ï0.35 0.85ï3.55 

14 10.10ï23.10.2011 5378 0.55ï0.58 0.006ï0.90 0.73ï2.06 

15 06.11ï22.11.2011 4468 0.56ï0.61 0.09ï0.39 0.91ï2.47 

16 06.11ï18.11.2011 728 0.52ï0.74 0.09ï0.10 1.09ï3.08 

17 06.11ï18.11.2011 1111 0.52ï0.54 0.007ï0.14 0.92ï2.49 

18 05.01ï31.05.2012 25481 0.54ï0.70 0.004ï0.4 1.50ï5.66 

19 III  04.01ï04.02.2013 3703 0.52ï0.61 0.008ï0.25 0.72ï1.70 

  ʀʪʦʛʦ: 313217 0.51ï0.81 0.004ï4.20 0.68ï16.35 

ʇʨʠʤʝʯʘʥʠʝ: N ï ʯʠʩʣʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʤʫʣʴʪʠʧʣʝʪʝ; ὶӶcorr ï ʚʘʨʠʘʮʠʠ 

ʩʨʝʜʥʝʩʫʪʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʚ ʤʫʣʴʪʠʧʣʝʪʝ; ὪӶD ï ʜʠʘʧʘʟʦʥ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ 

ʯʘʩʪʦʪʳ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʤʫʣʴʪʠʧʣʝʪʝ;  ̱ ï ʜʠʘʧʘʟʦʥ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʘʤʧʣʠʪʫʜʳ ʚ 

ʤʫʣʴʪʠʧʣʝʪʝ. 

 

ʉ 19.05 ʥʘ ʬʦʥʝ ʵʪʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 184 ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ 

ʜʨʫʛʦʡ ʚʦʣʥʦʚʦʡ ʬʦʨʤʦʡ (ʤʫʣʴʪʠʧʣʝʪ ˉ8), ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʘʣʦ ʠ 24.05 ʠʭ ʫʞʝ ʙʳʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ 3105. ɼʣʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʵʪʠʭ ʜʚʫʭ ʤʫʣʴʪʠʧʣʝʪʦʚ ʩʨʝʜʥʠʝ ʘʤʧʣʠʪʫʜʳ 
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ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʝ, ʪʘʢ 19.05 1A =5.5 ʠ 2ɸ= 6.5 ʤʢʤ/ʩ. ɺ ʩʣʝʜʫʶʱʠʝ ʜʚʘ ʜʥʷ ʙʳʣʦ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ: 25 ʤʘʷ N1=4352; 26 ʤʘʷ N2 

=4329. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʜʥʠ ʥʘʯʘʣʦʩʴ ʧʦʩʪʝʧʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʯʘʩʪʦʪʳ ʠʭ ʧʦʷʚʣʝʥʠʷ. 

ɿʥʘʯʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʜʣʷ ʚʳʙʦʨʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ~100 ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ [ʂʦʙʟʘʨʴ, 2006] 

ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 5.2: 

„    (4.6) 

ʛʜʝ r ï ʟʥʘʯʝʥʠʝ ʚʳʙʦʨʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ, n ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ.  

 

ʊʘʙʣʠʮʘ 5.2 ï ɿʥʘʯʝʥʠʷ ʚʳʙʦʨʦʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ r ʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ů. 

 

 

 

ʇʨʠʤʝʯʘʥʠʝ: r ï ʚʳʙʦʨʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ; n ï ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ; „ ï ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ. 

 

ɺ ʤʫʣʴʪʠʧʣʝʪʝ ˉ9 ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʥʘʙʣʶʜʘʣʦʩʴ 25 ʠʶʣʷ N=1035 ʩ ὶӶcorr = 0.76 ʠ =̱2.6 ʤʢʤ/ʩ. ɿʘʪʝʤ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʣʦ 

ʩʥʠʞʘʪʴʩʷ ʠ ʩ 31 ʠʶʣʷ ʥʘ ʠʭ ʬʦʥʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʠʥʦʡ ʚʦʣʥʦʚʦʡ 

ʬʦʨʤʦʡ. ɺ ʤʫʣʴʪʠʧʣʝʪ ˉ10 31 ʠʶʣʷ ʙʳʣʦ ʧʦʤʝʱʝʥʦ 602 ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ D˟=143 ʩ (ὪӶD = 

0.41 ʤʠʥï1). 31 ʠʶʣʷ  ̱ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʤʫʣʴʪʠʧʣʝʪʘʭ ˉ9 ʠ ˉ10 ʙʳʣʘ ʙʣʠʟʢʦʡ ʠ ʨʘʚʥʷʣʘʩʴ 

1A =2.2 ʠ 2ɸ=2.3 ʤʢʤ/ʩ. ʋʯʠʪʳʚʘʷ ʙʣʠʟʢʫʶ ʬʦʨʤʫ ʩʧʝʢʪʨʦʚ ʤʫʣʴʪʠʧʣʝʪʦʚ ˉ9 ʠ ˉ10 ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦʣʥʦʚʘʷ ʬʦʨʤʘ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʠʟïʟʘ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʥʘ 

ʛʨʘʥʠʮʝ ʣʘʚʦʚʳʡ ʧʦʪʦʢïʧʦʜʩʪʠʣʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʨʘʟʤʝʨʳ ʙʣʦʢʦʚ, ʛʝʥʝʨʠʨʫʶʱʠʭ ʵʪʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʙʳʣʠ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʤʠ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʶʪ ʙʣʠʟʢʠʝ ʘʤʧʣʠʪʫʜʳ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. 

r n „ 

0.5 100 0.09 

0.6 100 0.08 

0.7 100 0.07 

0.8 100 0.06 
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ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʟʘʧʠʩʝʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʰʘʙʣʦʥʦʤ ʚ ʢʘʞʜʦʤ 

ʤʫʣʴʪʠʧʣʝʪʝ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʙʣʠʞʘʡʰʝʡ ʚʨʝʤʝʥʥʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʨʝʤʝʥʠ 

ʚʳʙʦʨʢʠ ʰʘʙʣʦʥʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʤʫʣʴʪʠʧʣʝʪʘ ʢʦʨʨʝʣʷʮʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ʩʥʠʞʘʣʘʩʴ (ʨʠʩʫʥʦʢ 5.15). ʄʘʢʩʠʤʘʣʴʥʳʡ ὶӶcorr  ʥʘʙʣʶʜʘʣʩʷ ʚ ʤʫʣʴʪʠʧʣʝʪʝ ˉ10 ʠ ʩʦʩʪʘʚʠʣ 

ὶӶcorr=0.81, ʯʪʦ ʩʦʚʧʘʜʘʣʦ ʧʦ ʚʨʝʤʝʥʠ ʩ ʜʚʠʞʝʥʠʝʤ ʦʩʥʦʚʥʦʛʦ çʷʟʳʢʘè ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ 

ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ʉʘʤʘʷ ʥʠʟʢʘʷ ʢʦʨʨʝʣʷʮʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʤʫʣʴʪʠʧʣʝʪʘʭ ˉˉ 12ï15, 17 

ʩ ὶӶcorr<0.62, ʢʦʛʜʘ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚʪʦʨʦʡ çʷʟʳʢè ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ. ɺ ʮʝʣʦʤ, ʚ ʦʩʪʘʣʴʥʳʭ 

ʤʫʣʴʪʠʧʣʝʪʘʭ, ὶcorr~0.7. 

 

 
ʈʠʩʫʥʦʢ 5.15 ï ʉʨʝʜʥʝʩʫʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ὶӶcorr  ʚ 

ʤʫʣʴʪʠʧʣʝʪʝ ˉ10. ʉʪʨʝʣʢʦʡ ʫʢʘʟʘʥʘ ʜʘʪʘ, ʩʦʜʝʨʞʘʱʘʷ ʰʘʙʣʦʥ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʜʣʷ ʵʪʦʛʦ 

ʤʫʣʴʪʠʧʣʝʪʘ. 
 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ʯʘʩʪʦʪʘ ὪӶD ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʚ 

ʤʫʣʴʪʠʧʣʝʪʘʭ ˉ3 ʠ ˉ5 (ʚ ʬʝʚʨʘʣʝ ʠ ʤʘʨʪʝ 2011 ʛ.) (ʨʠʩʫʥʦʢ 5.16ʘ), ʩʦʚʧʘʜʘʶʱʠʭ ʧʦ 

ʚʨʝʤʝʥʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩ ʚʳʞʠʤʘʥʠʝʤ ʵʢʩʪʨʫʟʠʠ ʠ ʥʘʯʘʣʦʤ ʚʳʞʠʤʘʥʠʷ ʣʘʚʦʚʦʛʦ 

ʧʦʪʦʢʘ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ (~70 ʤ), ʜʚʠʛʘʶʱʝʛʦʩʷ ʧʦ ʢʨʫʪʦʤʫ ʩʢʣʦʥʫ ʚʫʣʢʘʥʘ (~30Á) 

ʚʙʣʠʟʠ ʝʛʦ ʚʝʨʰʠʥʳ.  

ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʚʝʨʰʠʥʳ ʧʨʦʠʩʭʦʜʠʣʦ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʬʨʦʥʪʘ ʧʦʪʦʢʘ ʠ 

ʫʤʝʥʴʰʝʥʠʝ ὪӶD. ʄʘʢʩʠʤʘʣʴʥʘʷ ɸ ʙʳʣʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ ʤʫʣʴʪʠʧʣʝʪʘʭ ˉ8 ʠ ˉ10 
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(ʨʠʩʫʥʦʢ 5.16ʙ), ʢʦʛʜʘ ʣʘʚʦʚʳʡ ʧʦʪʦʢ ʩʧʫʩʪʠʣʩʷ ʢ ʧʦʜʥʦʞʠʶ ʚʫʣʢʘʥʘ. ʇʨʠ ʵʪʦʤ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʦ ʩ fD Ò3.16 ʤʠʥï1 (ʨʠʩʫʥʦʢ 5.16ʘ). 

 

 
ʈʠʩʫʥʦʢ 5.16 ï ʄʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

ʯʘʩʪʦʪʳ ὪӶD (ʘ) ʠ ʘʤʧʣʠʪʫʜʳ  ̱(ʙ) ʠ ʚ ʤʫʣʴʪʠʧʣʝʪʘʭ. 

 

ʀʟ 19 ʤʫʣʴʪʠʧʣʝʪʦʚ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʩʘʤʳʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ï ʵʪʦ ˉ10 (76 ʩʫʪʦʢ) 

ʠ ˉ 18 (146 ʩʫʪʦʢ). ʄʫʣʴʪʠʧʣʝʪ ˉ10, ʨʝʛʠʩʪʨʠʨʦʚʘʚʰʠʡʩʷ ʥʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʜʚʠʞʝʥʠʷ 

ʦʩʥʦʚʥʦʛʦ çʷʟʳʢʘè ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ, ʩʦʜʝʨʞʘʣ 125259 ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʠ ʵʪʦʤ  ̱ʠ ὪӶD ʙʳʣʠ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʤʫʣʴʪʠʧʣʝʪʘ (ʨʠʩʫʥʦʢ 5.17). ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ 

ʜʣʷ 4048 ʠ 3471 ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘʙʣʶʜʘʣʘʩʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 6.10 ʠ 10.09.2011 ʛ. ʩ ὶӶcorr = 

0.81, ʢʦʛʜʘ 10.09 ʚ 9:12:16 ʧʨʦʠʟʦʰʣʦ ʩʠʣʴʥʝʡʰʝʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʠʟ ʚʩʝʭ ʩʦʙʳʪʠʡ, 

ʧʦʧʘʚʰʠʭ ʚ ʤʫʣʴʪʠʧʣʝʪʳ, ʩ ɸ=40.03 ʤʢʤ/ʩ ʠ rcorr = 0.91. 

ʉʭʦʜʩʪʚʦ ʚʦʣʥʦʚʳʭ ʬʦʨʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʪʘʢʞʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʟʘʧʠʩʷʤ ʩ/ʩʪ 

TUMD (8 ʢʤ ʦʪ ʚʝʨʰʠʥʳ ʚʫʣʢʘʥʘ), ʚʝʨʪʠʢʘʣʴʥʳʡ ʢʘʥʘʣ BHZ, ʟʘ ʧʝʨʠʦʜ, ʘʥʘʣʦʛʠʯʥʳʡ 

ʤʫʣʴʪʠʧʣʝʪʫ ˉ10. ɺʨʝʤʷ ʰʘʙʣʦʥʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘ ʟʘʧʠʩʠ ʩ/ʩʪ TUMD 6.09.2011 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʠ ʰʘʙʣʦʥʘ ʥʘ ʟʘʧʠʩʠ ʩ/ʩʪ KZV. ɺʳʙʦʨʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ ʧʨʠʥʷʪ ʨʘʚʥʳʤ r = 0.5, ʪʘʢ ʢʘʢ ʩ/ʩʪ TUMD ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʙʦʣʴʰʝʤ ʫʜʘʣʝʥʠʠ 
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ʦʪ ʚʝʨʰʠʥʳ ʚʫʣʢʘʥʘ ʠ ʩʝʡʩʤʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʠʩʢʘʞʝʥʘ ʟʥʘʯʠʪʝʣʴʥʝʝ, ʯʝʤ ʥʘ 

ʩ/ʩʪ KZV. 

 

 
ʈʠʩʫʥʦʢ 5.17 ï ʉʨʝʜʥʝʩʫʪʦʯʥʘʷ ʘʤʧʣʠʪʫʜʘ  ̱ ʠ ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ʯʘʩʪʦʪʘ ὪӶD 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʫʣʴʪʠʧʣʝʪʘ ˉ10 ʚ ʧʝʨʠʦʜ 31.07ï14.10.2011. 
 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʫʣʴʪʠʧʣʝʪʘ ˉ10, ʚʳʜʝʣʝʥʥʦʛʦ ʧʦ ʟʘʧʠʩʷʤ ʩ/ʩʪ 

KZV ʠ TUMD, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.3. ʏʠʩʣʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʚʳʜʝʣʝʥʥʦʤ ʧʦ ʟʘʧʠʩʷʤ 

ʩ/ʩʪ TUMD ʤʫʣʴʪʠʧʣʝʪʝ ˉ10 ʤʝʥʴʰʝ ʠ ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʦʨʦʯʝ, ʯʝʤ ʧʦ ʟʘʧʠʩʷʤ ʩ/ʩʪ 

KZV.  ʄʘʢʩʠʤʘʣʴʥʳʡ ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʩʨʝʜʥʝʩʫʪʦʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ 

ʩʦʩʪʘʚʠʣʠ  ὶӶcorr = 0.77 ʠ ὶӶcorr = 0.52 (ʨʠʩʫʥʦʢ 5.18ʙ).  ̱ʠ ὪӶD ʪʘʢʞʝ ʙʳʣʠ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʚ 

ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʤʫʣʴʪʠʧʣʝʪʘ (ʨʠʩʫʥʦʢ 5.18ʘ). ʇʦʣʫʯʝʥʥʳʝ ʚʳʩʦʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʨʨʝʣʷʮʠʠ ʥʘ ʩ/ʩʪ TUMD ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʦʢʠʝ ὶӶcorr, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʟʘʧʠʩʝʡ 

ʩ/ʩʪ KZV. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʳʩʦʢʦʝ ʩʭʦʜʩʪʚʦ ʩʠʛʥʘʣʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʘʙʠʣʴʥʳʡ ʤʝʭʘʥʠʟʤ 

ʠʩʪʦʯʥʠʢʘ, ʘ ʥʝ ʥʘ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʘʡʪïɻ ʬʬʝʢʪʦʤ (ʩ ʣʦʢʘʣʴʥʳʤʠ ʦʪʢʣʠʢʘʤʠ ʥʘ 

ʩʝʡʩʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʧʨʝʜʝʣʘʭ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ). 

 

ʊʘʙʣʠʮʘ 5.3 ï ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʫʣʴʪʠʧʣʝʪʘ ˉ10, ʚʳʜʝʣʝʥʥʦʛʦ ʧʦ ʟʘʧʠʩʷʤ 

ʩ/ʩʪ KZV ʠ TUMD. 
 KZV, SHZ TUMD, BHZ 

ʇʝʨʠʦʜ 31.07ï14.10.2011 15.08ï02.10.2011 

N, h ʪ 125259 75028 

ὶӶcorr 0.56ï0.81 0.52ï0.77 

SNR Ó3 Ó3 

ʇʨʠʤʝʯʘʥʠʝ: N ï ʯʠʩʣʦ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʤʫʣʴʪʠʧʣʝʪʝ; ὶӶcorr ï ʩʨʝʜʥʝʩʫʪʦʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, SNR ï ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ. 
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ʄʫʣʴʪʠʧʣʝʪ ˉ18, ʩʦʩʪʦʷʱʠʡ ʠʟ 25481 ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʣ ʜʚʠʞʝʥʠʝ 

ʚʪʦʨʦʛʦ çʷʟʳʢʘè ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʢʦʥʮʝ ʵʬʬʫʟʠʚʥʦʛʦ ʧʝʨʠʦʜʘ ʠʟʚʝʨʞʝʥʠʷ. ɺʳʩʦʢʘʷ 

ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ 506 ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 81% ʚʩʝʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘ 

ʩʫʪʢʠ) ʥʘʙʣʶʜʘʣʘʩʴ 23.02.2012 ʠ ʜʣʷ 493 ʟʝʤʣʝʪʨʷʩʝʥʠʡ (86%) 24.02.2012, ὶӶcorr = 0.7. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʤʫʣʴʪʠʧʣʝʪʘ (ʨʠʩʫʥʦʢ 5.19) ʷʚʣʷʝʪʩʷ ʧʣʘʚʥʦʝ ʩʥʠʞʝʥʠʝ ὪӶD ʥʘʯʠʥʘʷ 

ʩ ʩʝʨʝʜʠʥʳ ʬʝʚʨʘʣʷ 2012 ʛ. (ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ  ̱ʩʠʣʴʥʦ ʥʝ ʦʪʢʣʦʥʷʣʦʩʴ ʦʪ 4 ʤʢʤ/ʩ), ʯʪʦ 

ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʤʝʜʣʝʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ.  

ʉʝʡʩʤʦʛʨʘʤʤʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ SHE ʩ/ʩʪ KZV ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʘʥʘʣʦʛʠʯʥʫʶ ʢʘʨʪʠʥʫ ʧʦ ʛʨʫʧʧʠʨʦʚʘʥʠʶ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʤʫʣʴʪʠʧʣʝʪʳ, ʥʦ ʙʦʣʝʝ ʥʠʟʢʦʝ 

ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʢʦʨʨʝʣʷʮʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʩʝʡʩʤʦʛʨʘʤʤ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ SHZ. 

 

 
ʈʠʩʫʥʦʢ 5.18 ï ʉʨʝʜʥʝʩʫʪʦʯʥʘʷ ʘʤʧʣʠʪʫʜʘ  ̱ ʠ ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ʯʘʩʪʦʪʘ ὪӶD 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʫʣʴʪʠʧʣʝʪʘ ˉ10 ʧʦ ʟʘʧʠʩʷʤ ʩ/ʩʪ TUMD ʚ ʧʝʨʠʦʜ 15.08ï02.10.2011 (ʘ), 

ʩʨʝʜʥʝʩʫʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ὶӶcorr  ʚ ʤʫʣʴʪʠʧʣʝʪʝ ˉ10. ʉʪʨʝʣʢʦʡ 

ʫʢʘʟʘʥʘ ʜʘʪʘ, ʩʦʜʝʨʞʘʱʘʷ ʰʘʙʣʦʥ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʜʣʷ ʵʪʦʛʦ ʤʫʣʴʪʠʧʣʝʪʘ. 
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ʈʠʩʫʥʦʢ 5.19 ï ʉʨʝʜʥʝʩʫʪʦʯʥʘʷ ʘʤʧʣʠʪʫʜʘ  ̱ ʠ ʩʨʝʜʥʝʩʫʪʦʯʥʘʷ ʯʘʩʪʦʪʘ ὪӶD 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʫʣʴʪʠʧʣʝʪʘ ˉ18 ʚ ʧʝʨʠʦʜ 5.01ï30.05.2012. 
 

ʈʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʚʦʣʥʦʚʳʭ ʬʦʨʤ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʝʞʠʤʦʚ 

çdrumbeatsè ʚ 2010ï2013 ʛʛ. (ʨʠʩʫʥʦʢ 5.20) ʠ ʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʨʠʩʫʥʦʢ 5.21). 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʰʘʙʣʦʥʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʫʣʴʪʠʧʣʝʪʦʚ ʨʝʞʠʤʘ 

çdrumbeatsè ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.4.  

ʊʘʙʣʠʮʘ 5.4 ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʘʙʣʦʥʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʤʫʣʴʪʠʧʣʝʪʦʚ ˉˉ 1ï19. 
ˉ 

ʤʫʣʴʪʠʧʣʝʪʘ 

ʊʠʧ 

ɼʘʪʳ ʏʘʩʪʦʪʘ, ɻʮ 

ʊʠʧ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʟʘʧʠʩʠ ʥʘ KZV, ʩ 

1 III  09.12.2010 3.6ï3.8 ɼɿ 7 

2 III  20.01.ï30.01.2011 3.6ï3.8 ɼɿ 7 

3 III  13ï16.02.2011 3.6ï3.8 ɼɿ 7 

4 I 27.02ï07.03.2011 1.4ï1.6; 3.6 ɼɿ 7 

5 I 11.03ï22.03.2011 2; 4.2 ɼɿ 7 

6 I 22.04ï02.05.2011 3.6 ɼɿ 7 

7 I 11.05ï24.05.2011 1.5; 3.6 ɼɿ 7 

8 I 18.05ï14.06.2011 2; 4 ɼɿ 16 

9 I 25.07ï04.08.2011 2.2; 2.4; 5.3; 7.1 ɼɿ 12 

10 I 31.07ï14.10.2011 1.8; 4; 6.2 ɻɿ 10 

11 II  10.10ï23.10.2011 2.1; 4.1; 5 ɼɿ 7 

12 II  13.10ï23.10.2011 1.7; 2.6; 5 ɼɿ 8 

13 II  10.10ï21.10.2011 1.7; 2.6; 5 ɼɿ 9 

14 II  10.10ï23.10.2011 2.6; 5 ɼɿ 7 

15 

II  
06.11ï22.11.2011 

0.8; 2.2; 3.5; 

4.6; 5.6 ɼɿ 12 

16 

II  
06.11ï18.11.2011 

0.9; 1.8; 2.8; 

3.6; 4.5 ɼɿ 12 

17 II  06.11ï18.11.2011 0.8; 1.9; 3.6; 4.6 ɼɿ 12 

18 II  05.01ï31.05.2012 1.7; 5.9; 6.2 ɻɿ 16 

19 III  04.01ï04.02.2013 3.6ï3.8 ɼɿ 7 

ʇʨʠʤʝʯʘʥʠʝ: ɼɿ ï ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ; ɻɿ ï ʛʠʙʨʠʜʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʝʢʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ï 

ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ, 

ʢʦʪʦʨʘʷ ʚʳʯʠʩʣʷʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ DIMAS [ɼʨʦʟʥʠʥ, ɼʨʦʟʥʠʥʘ, 2010]. ɼʣʷ ʘʥʘʣʠʟʘ ʉʇʄ 

ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʚʫʣʢʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʥʘʙʣʶʜʘʚʰʘʷʩʷ ʚ ʧʝʨʠʦʜ ʚʳʜʝʣʝʥʠʷ 

ʤʫʣʴʪʠʧʣʝʪʘ. 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʤʫʣʴʪʠʧʣʝʪʦʚ ʨʝʞʠʤʘ çdrumbeats III è, ʩʦʧʨʦʚʦʞʜʘʚʰʠʭ ʚʳʞʠʤʘʥʠʝ 

ʣʘʚʦʚʳʭ ʙʣʦʢʦʚ ʚ ʧʨʠʚʝʨʰʠʥʥʦʡ ʯʘʩʪʠ ʚʫʣʢʘʥʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ (ʤʫʣʴʪʠʧʣʝʪʳ ˉˉ 1ï

3) ʠ ʚʳʞʠʤʘʥʠʝ ʵʢʩʪʨʫʟʠʠ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʠʟʚʝʨʞʝʥʠʷ (ˉ19) ʩʦʩʪʦʷʣʠ ʠʟ 

ʜʣʠʥʥʦʧʝʨʠʦʨʜʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʨʠʩʫʥʦʢ 5.20) ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʟʘʧʠʩʠ ʥʘ ʩ/ʩʪ KZV ~7 

ʩ. ʄʘʢʩʠʤʫʤ ʉʇʄ ʜʣʷ ʵʪʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘʙʣʶʜʘʣʩʷ ʥʘ f = 3.6ï3.8 ɻʮ (ʨʠʩʫʥʦʢ 5.21). 

ʇʦ ʚʦʣʥʦʚʳʤ ʬʦʨʤʘʤ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʨʝʞʠʤʘ çdrumbeats Iè (ʨʠʩʫʥʦʢ 5.20) ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʢ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʤ ʠ ʛʠʙʨʠʜʥʳʤ. ʂʦʛʜʘ ʣʘʚʦʚʳʡ ʧʦʪʦʢ ʚʧʝʨʚʳʝ ʙʳʣ ʟʘʤʝʯʝʥ ʥʘ 

ʩʢʣʦʥʝ ʚʫʣʢʘʥʘ, ʩ ʢʦʥʮʘ ʬʝʚʨʘʣʷ ʧʦ ʠʶʥʴ 2011 ʛ. ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʉʇʄ ʥʘ ʯʘʩʪʦʪʝ f Ò4.2 ɻʮ. ʅʘʯʠʥʘʷ ʩ ʢʦʥʮʘ ʠʶʣʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʭʘʨʘʢʪʨʠʟʦʚʘʣʠʩʴ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ (ʤʫʣʴʪʠʧʣʝʪʳ ˉ9 ʠ 10), ʧʦ ʉʇʄ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚʳʜʝʣʷʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʧʠʢʦʚ ʩ fmax =7.1 ɻʮ. ɺ ʵʪʦ ʚʨʝʤʷ ʣʘʚʦʚʳʡ ʧʦʪʦʢ 

ʩʧʫʩʪʠʣʩʷ ʢ ʧʦʜʥʦʞʠʶ ʚʫʣʢʘʥʘ ʠ ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʜʦʩʪʠʛ ʤʦʱʥʦʩʪʠ 150ï200 ʤ. 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʨʝʞʠʤʘ çdrumbeats IIè (ˉˉ11ï17), ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʤ (ʨʠʩʫʥʦʢ 5.20), ʠ ʩʦʧʨʦʚʦʞʜʘʚʰʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʪʦʨʦʛʦ (ʣʝʚʦʛʦ) 

çʷʟʳʢʘè ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʉʇʄ ʦʪ 0.8 ʜʦ 5 ɻʮ (ʨʠʩʫʥʦʢ 5.21). 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʨʝʞʠʤʘ çdrumbeats IIè (ˉ 18) ʧʦ ʚʦʣʥʦʚʦʡ ʬʦʨʤʝ ʦʪʥʦʩʷʪʩʷ ʢ ʛʠʙʨʠʜʥʳʤ ʩ 

ʯʝʪʢʠʤʠ ʚʩʪʫʧʣʝʥʠʷʤʠ P ʠ Sïʚʦʣʥ, ʧʨʠ ʵʪʦʤ ʧʠʢ ʉʇʄ Pïʚʦʣʥ ʙʳʣ ʥʘ ʯʘʩʪʦʪʝ f=4.0ï6.2 ɻʮ, 

ʘ ʧʠʢ ʉʇʄ Sïʚʦʣʥ ʥʘ f = 1.7ï1.8 ɻʮ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʧʨʦʜʚʠʛʘʣʩʷ ʣʝʚʳʡ çʷʟʳʢè ʣʘʚʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʜʦʩʪʠʛʥʫʚ ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʤʦʱʥʦʩʪʠ 232 ʤ.

https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%89%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%BE%D0%B3%D0%BE%D0%B2%D1%8B%D0%B9_%D1%81%D0%B8%D0%B3%D0%BD%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D1%82%D0%BE%D1%82%D0%B0
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