
ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ  

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ  

ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ  

çʗʢʫʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢè  

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʉʝʚʝʨʘ ʠʤ. ʅ. ɺ. ʏʝʨʩʢʦʛʦ  

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

 

 
         ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ        

 

 

 

 
ʌʝʜʦʨʦʚʘ ʃʘʨʠʩʘ ʃʫʢʠʥʠʯʥʘ 

 

 

ʅɸʋʏʅʆ-ʄɽʊʆɼʀʏɽʉʂʀɽ ʆʉʅʆɺʓ 

ɻɽʆʈɸɼʀʆʃʆʂɸʎʀʆʅʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ                                     

ɻʆʈʅʆ-ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʋʉʃʆɺʀʁ 

ʈʆʉʉʓʇʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʂʈʀʆʃʀʊʆɿʆʅʓ  

 

 

ʉʧʝʮʠʘʣʴʥʦʩʪʴ 2.8.3 

 çɻʦʨʥʦʧʨʦʤʳʰʣʝʥʥʘʷ ʠ ʥʝʬʪʝʛʘʟʦʧʨʦʤʳʩʣʦʚʘʷ ʛʝʦʣʦʛʠʷ, 

ʛʝʦʬʠʟʠʢʘ, ʤʘʨʢʰʝʡʜʝʨʩʢʦʝ ʜʝʣʦ ʠ ʛʝʦʤʝʪʨʠʷ ʥʝʜʨè 

 

 

 

ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʜʦʢʪʦʨʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

 

 

 

ʗʢʫʪʩʢ ï 2026  



 

2 
 

ʉʆɼɽʈɾɸʅʀɽ 

ɺʚʝʜʝʥʠʝ 6 

ɻʣʘʚʘ 1. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ, ʩʪʨʦʝʥʠʷ ʠ 

ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʢʨʠʦʣʠʪʦʟʦʥʳ 16 

1.1 ɻʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ  ʠ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʪʢʨʳʪʦʡ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ 16 

1.2 ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ 24 

1.3 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 28 

ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 1 39 

ɻʣʘʚʘ 2. ʈʘʟʨʘʙʦʪʢʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʢʨʠʦʣʠʪʦʟʦʥʳ  40 

2.1 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ 40 

 
2.1.1 ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ 41 

 
2.1.2 ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʟʦʥʜʠʨʦʚʘʥʠʡ 48 

 
2.1.3 ɼʚʫʭʤʝʨʥʘʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʳ 

ʩ ʧʦʪʝʨʷʤʠ 58 

2.2 ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʤʘʩʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ 67 

 
2.2.1 ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʤʝʨʟʣʳʭ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ 

ʉʫʙʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʗʢʫʪʠʠ 67 

 
2.2.2 ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʤʘʩʩʠʚʘ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʤʝʨʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ  79 

ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 2 89 



 

3 
 

ɻʣʘʚʘ 3. ɸʣʛʦʨʠʪʤʳ, ʧʨʦʛʨʘʤʤʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʨʘʙʦʪʢʠ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʤʘʩʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ 90 

3.1 ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʠ ʦʮʝʥʢʝ ʩʪʨʦʝʥʠʷ ʤʘʩʩʠʚʘ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 90 

 3.1.1  ɸʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʩʣʦʠʩʪʳʭ ʩʨʝʜ  90 

 3.1.2  ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʟʥʘʢʦʚ ʚʳʷʚʣʝʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʧʦ ʜʘʥʥʳʤ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 98 

 3.1.3 ʆʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 106 

3.2  ʄʝʪʦʜʠʢʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦ 

ʜʘʥʥʳʤ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 114 

 3.2.1 ʀʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʝ ʧʨʠʟʥʘʢʠ ʠ ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ 

ʧʦʨʦʜ 115 

 3.2.2 ʇʨʦʛʨʘʤʤʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ 122 

ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 3 131 

ɻʣʘʚʘ 4. ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʚʣʘʞʥʦʩʪʠ ʜʠʩʧʝʨʩʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʛʨʫʥʪʦʚ 

ʤʝʪʦʜʦʤ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ 132 

4.1 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʚ 

ʧʨʦʮʝʩʩʝ ʠʭ ʦʪʪʘʡʢʠ  132 

4.2 ʄʝʪʦʜʠʢʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʦʮʝʥʢʠ ʚʣʘʞʥʦʩʪʠ ʜʠʩʧʝʨʩʥʳʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ  140 

4.3 ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ  146 

ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 4  151 



 

4 
 

ɻʣʘʚʘ 5. ʊʝʭʥʦʣʦʛʠʷ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʟʦʥʜʠʨʦʚʘʥʠʡ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʩʩʠʚʘ 152 

5.1  ʄʝʪʦʜʠʢʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʩʪʨʦʝʥʠʷ ʤʘʩʩʠʚʘ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 152 

 5.1.1 ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ. ʇʘʨʘʤʝʪʨʳ ʠʟʤʝʨʝʥʠʡ 153 

 5.1.2 ʇʦʣʝʚʳʝ ʨʘʙʦʪʳ 158 

 5.1.3 ʇʨʦʩʣʝʞʠʚʘʥʠʝ ʛʨʘʥʠʮʳ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ  164 

5.2 ʄʝʪʦʜʠʢʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʜʨʘʞʥʳʭ ʧʦʣʠʛʦʥʦʚ 167 

 5.2.1 ɼʠʩʪʘʥʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ 167 

 5.2.2 ʋʪʦʯʥʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʪʨʦʝʥʠʷ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ 171 

5.3 ʂʘʨʪʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʚ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ 176 

ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 5 180 

ɻʣʘʚʘ 6.  ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʷ ʧʨʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʷʭ ʥʘ 

ʫʯʘʩʪʢʘʭ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ 181 

6.1 ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʟʦʥʜʠʨʦʚʘʥʠʷ 181 

6.2 ʉʢʚʘʞʠʥʥʘʷ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʷ 187 

6.3 ʊʝʭʥʦʣʦʛʠʷ ʚʳʷʚʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ʨʘʟʚʠʪʠʷ ʦʧʘʩʥʳʭ ʢʨʠʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ  195 

 

6.3.1 ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʧʨʠ ʟʦʥʜʠʨʦʚʘʥʠʠ ʤʘʩʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ 

ʢʨʠʦʛʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 195 

 
6.3.2 ʌʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʦʪʪʘʠʚʘʥʠʷ ʤʘʩʩʠʚʘ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 197 



 

5 
 

 
6.3.3 ʄʝʪʦʜʠʢʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʝʞʠʤʝ 

ʤʦʥʠʪʦʨʠʥʛʘ  202 

ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 6 219 

ɿʘʢʣʶʯʝʥʠʝ 221 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 224 

  



 

6 
 

ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ). ɻʦʨʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʦʩʪʘʸʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ 

ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ: ʥʘ ʥʝʸ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 30% ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʠ ʩʚʳʰʝ 60% ʵʢʩʧʦʨʪʘ ʩʳʨʴʷ. ɺ ʉʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʈʌ ʜʦ 2035 ʛ. ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʦʩʚʦʝʥʠʷ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ, ʚʢʣʶʯʘʷ ʨʦʩʩʳʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʘʣʤʘʟʦʚ, ʟʦʣʦʪʘ, ʧʣʘʪʠʥʳ ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ 

ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʗʢʫʪʠʠ. 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʦʩʩʳʧʝʡ ʗʢʫʪʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʤʠ ʪʦʣʱʘʤʠ ʩʦ ʩʣʦʞʥʳʤʠ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 

ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʇʨʦʮʝʩʩʳ ʩʝʟʦʥʥʦʛʦ ʧʨʦʤʝʨʟʘʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʦʣʠʪʦʟʦʥʳ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʬʦʨʤ ʨʝʣʴʝʬʘ ʠ ʚʣʠʷʶʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʘʩʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɼʣʷ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʚʳʙʦʨʘ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠ 

ʙʝʟʦʧʘʩʥʦʛʦ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʪʨʝʙʫʝʪʩʷ ʦʧʝʨʘʪʠʚʥʘʷ, ʪʦʯʥʘʷ ʠ ʜʝʪʘʣʴʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ, ʪʝʢʫʱʝʡ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʤʝʨʟʣʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʠ. 

ɺ ʫʩʣʦʚʠʷʭ ʫʩʠʣʠʚʘʶʱʝʡʩʷ ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʠʥʚʝʩʪʠʮʠʠ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʝ 

ʧʨʦʝʢʪʳ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʩʦʢʫʶ 

ʪʦʯʥʦʩʪʴ, ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. 

ʉʨʝʜʠ ʥʠʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʷ (ɻʈʃ) ʚʳʜʝʣʷʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ, ʥʝʨʘʟʨʫʰʘʶʱʝʤʫ ʩʧʦʩʦʙʫ ʠʟʤʝʨʝʥʠʡ, 

ʢʦʤʧʘʢʪʥʦʩʪʠ ʘʧʧʘʨʘʪʫʨʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ɻʈʃ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʦʩʩʳʧʝʡ ʗʢʫʪʠʠ ʦʩʣʦʞʥʷʝʪʩʷ ʨʷʜʦʤ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. 

ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʨʟʣʳʭ ʠ ʪʘʣʳʭ ʦʪʣʦʞʝʥʠʡ ʨʝʟʢʦ ʨʘʟʣʠʯʘʶʪʩʷ ʠ 

ʠʟʤʝʥʷʶʪʩʷ ʩʝʟʦʥʥʦ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʘʜʘʨʦʛʨʘʤʤ. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ 
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ʨʦʩʩʳʧʥʳʭ ʪʦʣʱ ʬʦʨʤʠʨʫʝʪ ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ ʦʪʨʘʞʝʥʠʡ, ʪʨʝʙʫʶʱʫʶ 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʩʫʪʩʪʚʫʝʪ ʥʘʫʯʥʦ-

ʦʙʦʩʥʦʚʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ɻʈʃ ʜʣʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʨʦʩʩʳʧʝʡ ʚ 

ʫʩʣʦʚʠʷʭ ʢʨʠʦʣʠʪʦʟʦʥʳ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʸ ʧʨʘʢʪʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʨʳʚ ʤʝʞʜʫ ʧʦʪʨʝʙʥʦʩʪʷʤʠ 

ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʫʨʦʚʥʝʤ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ. 

ʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʫʯʠʪʳʚʘʶʱʝʡ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʨʟʣʳʭ 

ʧʦʨʦʜ ʠ ʪʨʝʙʦʚʘʥʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʨʘʟʚʝʜʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʥʘʫʯʥʦʡ ʧʨʦʙʣʝʤʦʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʦʨʠʪʝʪʘʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ 

çʉʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ɸʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʈʌè, ʘ ʪʘʢʞʝ ʟʘʜʘʯʘʤ 

ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʠʮʠʘʪʠʚʳ ʧʦ ʫʩʢʦʨʝʥʥʦʤʫ ʨʘʟʚʠʪʠʶ ʤʠʥʝʨʘʣʴʥʦ-

ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʩʪʨʘʥʳ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ. ɸʢʪʠʚʥʳʝ ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠʤʝʶʪ ʙʦʣʝʝ ʯʝʤ ʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ. ʇʝʨʚʳʝ 

ʩʚʝʜʝʥʠʷ ʦ çʨʘʜʠʦʧʨʦʟʨʘʯʥʦʩʪʠè ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠ ʣʴʜʘ ʧʨʠʥʘʜʣʝʞʘʪ H. Lowy ʠ 

H. Leimbach (1910-1911), ʘ W. Stern ʚ 1930-ʭ ʛʛ. ʧʨʦʚʸʣ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʜʣʠʥʥʦʚʦʣʥʦʚʦʤʫ ʧʨʦʩʚʝʯʠʚʘʥʠʶ ʣʝʜʥʠʢʦʚ. ʉ ʨʘʟʚʠʪʠʝʤ ʠʤʧʫʣʴʩʥʦʡ 

ʨʘʜʠʦʣʦʢʘʮʠʠ ʚ 1950-ʭ ʛʛ. ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʢʦʥʮʝʧʮʠʷ ɻʈʃ, ʨʘʙʦʪʳ L. Cook, J. Wait, 

H. Mºller ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʪʝʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜʘʭ. 

ɺ ʉʉʉʈ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʚʠʪʠʶ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʚʝʣʠʩʴ ʚ ʅʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʛʦʨʥʦʡ ʛʝʦʤʝʭʘʥʠʢʠ ʠ ʤʘʨʢʰʝʡʜʝʨʩʢʦʛʦ ʜʝʣʘ, 

ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ɸʅ ʠ ɻʝʦʬʠʟʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʉʆ ɸʅ. ɺ 1960-

1970-ʭ ʛʛ. ɺ.ɺ. ɹʦʛʦʨʦʜʩʢʠʡ, ɻ.ɺ. ʊʨʝʧʦʚ, ɹ.ʗ. ʂʦʟʣʦʚ ʜʦʢʘʟʘʣʠ ʧʦʚʳʰʝʥʥʫʶ 

ʨʘʜʠʦʧʨʦʟʨʘʯʥʦʩʪʴ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʠ ʚʧʝʨʚʳʝ ʚʳʜʝʣʠʣʠ ʩʠʛʥʘʣʳ ʦʪ ʣʴʜʠʩʪʳʭ ʠ 

ʪʘʣʳʭ ʨʘʟʥʦʩʪʝʡ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʚʥʝʩ ʢʦʣʣʝʢʪʠʚ ʐʢʦʣʳ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʄɻʋ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʄ.ʃ. ɺʣʘʜʦʚʘ ʠ ɸ.ɺ. ʉʪʘʨʦʚʦʡʪʦʚʘ, 

ʚʳʧʦʣʥʠʚʰʠʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʫʰʝ ʠ ʘʢʚʘʪʦʨʠʷʭ. 
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ʇ.ʅ. ɸʣʝʢʩʘʥʜʨʦʚ (ʀʌɿ ʈɸʅ) ʨʘʟʚʠʣ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ, ʧʨʝʜʣʦʞʠʚ 

ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʠ ʩʧʦʩʦʙʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ. ʄʝʪʦʜʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ɸʨʢʪʠʢʠ ʨʘʟʨʘʙʦʪʘʣʠ 

ɸ.ʀ. ʂʘʣʘʰʥʠʢ ʠ ɸ.ʖ. ɼʴʷʢʦʚ (ʂʦʣʴʩʢʠʡ ʌʀʎ ʈɸʅ). ɺ ʀʅɻɻ ʉʆ ʈɸʅ                

(ɸ.ɸ. ʏʝʨʝʤʠʩʠʥ, ʄ.ʀ. ʕʧʦʚ, ɺ.ɺ. ʆʣʝʥʯʝʥʢʦ ʠ ʜʨ.) ʩʦʟʜʘʥʘ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʘʷ 

ʩʠʩʪʝʤʘ ʜʣʷ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʥʠʟʢʦʦʤʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ. ɺ ʇʌʀʎ ʋʨʆ ʈɸʅ 

ʖ. ʀ. ʉʪʝʧʘʥʦʚ ʧʨʠʤʝʥʠʣ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʶ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʤʥʦʛʦʣʝʪʥʝʛʦ 

ʣʴʜʘ ʠ ʧʦʜʟʝʤʥʳʭ ʥʘʣʝʜʝʡ. ɺ ʅʀʊʋ ʄʀʉʠʉ ɺ.ɺ. ʅʘʙʘʪʦʚ ʨʘʟʨʘʙʦʪʘʣ ʪʝʭʥʦʣʦʛʠʶ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʫʩʪʦʪ ʠ ʜʝʬʝʢʪʦʚ ʟʘ ʦʙʜʝʣʢʦʡ ʪʦʥʥʝʣʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʢʨʠʦʣʠʪʦʟʦʥʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ.ɺ. ʆʤʝʣʴʷʥʝʥʢʦ (ʃ.ɻ. ʅʝʨʘʜʦʚʩʢʠʡ, 

ʃ.ʃ. ʌʝʜʦʨʦʚʘ, ʂ.ʆ. ʉʦʢʦʣʦʚ, ʀ.ʀ. ʍʨʠʩʪʦʬʦʨʦʚ, ɼ ɺ. ʉʘʚʚʠʥ ʠ ʜʨ.) ʧʦʜʪʚʝʨʜʠʣʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʧʨʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʷʭ. ʀʤʠ 

ʧʨʝʜʣʦʞʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʨʟʣʦʛʦ 

ʩʫʛʣʠʥʢʘ ʦʪ ʣʴʜʠʩʪʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʠʷ ʩʲʝʤʦʢ ʩ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʙʦʨʪʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ.  

ʄʝʪʦʜ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʂʘʥʘʜʝ ʠ ʅʦʨʚʝʛʠʠ (A.P. Annan, R. Ogilvy, O. Dredge), 

ʛʜʝ ʩʦʟʜʘʥʘ ʙʘʟʘ ʦʜʥʦʤʝʨʥʦʡ ʠ ʜʚʫʤʝʨʥʦʡ ʠʥʚʝʨʩʠʠ, ʦʧʫʙʣʠʢʦʚʘʥʳ ʩʧʨʘʚʦʯʥʠʢʠ 

ʧʦ ʢʦʤʧʣʝʢʩʘʤ çRAMACè, çSIR-3000è. ʂ ʥʘʯʘʣʫ XXI ʚ. ʧʦʷʚʠʣʠʩʴ ʧʘʢʝʪʳ 

ʦʙʨʘʙʦʪʢʠ çREFLEX-Wè, çGPR-Sliceè, ʦʙʝʩʧʝʯʠʚʰʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ 

ʘʪʨʠʙʫʪʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʨʘʞʘʶʱʠʭ ʛʨʘʥʠʮ.   

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʝʪʦʜ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʧʨʠʤʝʥʷʶʪ ʙʝʟ ʫʯʝʪʘ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ 

ʨʦʩʩʳʧʝʡ ʢʨʠʦʣʠʪʦʟʦʥʳ. ʆʪʩʫʪʩʪʚʫʶʪ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʜʣʷ ʦʮʝʥʢʠ ʢʨʠʦʛʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʨʦʜ ʠ ʛʦʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʨʫʜʥʦʩʪʠ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʩʲʸʤʢʠ, ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ 

ʨʘʜʘʨʦʛʨʘʤʤ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʨʠʦʛʝʥʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ 

ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʨʥʳʭ ʨʘʙʦʪ. 
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ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʤʘʩʩʠʚʳ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ ʥʘ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʢʨʠʦʣʠʪʦʟʦʥʳ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ, 

ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʘʪʴ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʠʟʫʯʝʥʠʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʩʩʠʚʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ ʤʝʪʦʜʦʤ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʠ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

- ʨʘʟʨʘʙʦʪʢʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʤʘʩʩʠʚʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ ʠ ʥʘʫʯʥʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ  ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʝ; 

- ʦʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ, ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʜʣʷ 

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʠ  ʛʦʨʥʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜ; 

- ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʚʣʘʞʥʦʩʪʠ ʜʠʩʧʝʨʩʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦ ʜʘʥʥʳʤ 

ʨʘʟʥʦʩʝʟʦʥʥʳʭ   ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ   ʠʟʤʝʨʝʥʠʡ; 

- ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʳʷʚʣʷʪʴ ʫʯʘʩʪʢʠ ʨʘʟʚʠʪʠʷ ʢʨʠʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʦ ʜʘʥʥʳʤ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ; 

-  ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʪʦʜʠʢ ʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʦʤʧʣʝʢʩʝ ʛʦʨʥʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʟʳʩʢʘʥʠʡ ʧʨʠ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʝ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʢʨʠʦʣʠʪʦʟʦʥʳ. 
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ʆʩʥʦʚʥʳʝ ʟʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ: 

1. ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ 

ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʗʢʫʪʠʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ, ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʩ ʫʯʝʪʦʤ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʜʦʩʪʦʚʝʨʥʦ ʦʪʨʘʞʘʶʪ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ.   

2. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʧʨʦʛʨʘʤʤʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ, ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʝ ʧʨʠʟʥʘʢʠ ʠ ʢʨʠʪʝʨʠʠ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʜʘʨʦʛʨʘʤʤ 

ʧʨʠ ʟʦʥʜʠʨʦʚʘʥʠʠ ʤʘʩʩʠʚʦʚ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʢʦʨʨʝʢʪʥʫʶ ʦʮʝʥʢʫ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʢʨʠʦʣʠʪʦʟʦʥʳ. 

3. ʄʝʪʦʜʠʢʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʵʤʧʠʨʠʯʝʩʢʦʡ ʩʚʷʟʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʠ ʚʣʘʞʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ (7%< W< 25%), 

ʫʯʠʪʳʚʘʶʱʝʡ ʢʨʠʦʛʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʜʠʩʧʝʨʩʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʠʭ ʚʣʘʞʥʦʩʪʴ ʧʦ ʜʘʥʥʳʤ 

ʨʘʟʥʦʩʝʟʦʥʥʳʭ  ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ  ʠʟʤʝʨʝʥʠʡ.  

4. ʊʝʭʥʦʣʦʛʠʷ ʥʘʟʝʤʥʳʭ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʘʩʩʠʚʦʚ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʟʚʦʣʷʝʪ:  

-   ʧʨʦʩʣʝʞʠʚʘʪʴ ʛʨʘʥʠʮʳ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ; 

-   ʦʧʨʝʜʝʣʷʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʤʘʩʩʠʚʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ; 

-   ʢʘʨʪʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. 



 

11 
 

5. ʊʝʭʥʦʣʦʛʠʷ ʚʳʷʚʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ʨʘʟʚʠʪʠʷ ʢʨʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʩʩʠʚʘʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʘʥʘʣʠʟʝ ʚʦʣʥʦʚʳʭ ʢʘʨʪʠʥ ʨʘʜʘʨʦʛʨʘʤʤ 

ʨʝʞʠʤʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʤʦʥʠʪʦʨʠʥʛ ʢʨʠʦʛʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʦʨʫʞʝʥʠʡ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʧʨʠ ʦʩʚʦʝʥʠʠ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

1. ʈʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʨʘʟʨʝʟʘ ʤʘʩʩʠʚʘ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʜʦʩʪʦʚʝʨʥʦ ʦʪʨʘʞʘʶʱʠʭ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ. ʇʦʩʪʨʦʝʥʳ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ 

ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ, ʚʢʣʶʯʘʶʱʠʝ ʧʦʜʟʝʤʥʳʡ ʣʝʜ ʠ ʪʘʣʠʢ; ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʨʘʟʨʝʟʳ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʧʘʣʝʦʨʫʩʝʣ, 

ʫʯʘʩʪʢʦʚ ʚʘʣʫʥʠʩʪʦʩʪʠ, ʩʪʨʦʝʥʠʷ ʜʨʘʞʥʦʛʦ ʧʦʣʠʛʦʥʘ.  

2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥ 

ʵʬʬʝʢʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ, 

ʩʦʠʟʤʝʨʠʤʳʭ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ, ʧʨʦʷʚʣʷʶʱʝʛʦʩʷ ʚ 

ʚʠʜʝ ʨʝʞʝʢʮʠʠ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ. 

3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚʳʷʚʣʝʥ ʵʬʬʝʢʪ ʥʘʢʦʧʣʝʥʠʷ 

ʟʘʨʷʜʘ ʥʘ ʢʦʥʪʨʘʩʪʥʳʭ ʧʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʘ ʩʨʝʜ ʧʨʠ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤ ʟʦʥʜʠʨʦʚʘʥʠʠ ʠ ʜʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʫʤʤʘʨʥʦʛʦ ʵʬʬʝʢʪʘ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʟʘʨʷʜʘ ʩʨʝʜʳ ʠ ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʤʘʩʩʠʚʘ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʡ ʠ ʧʦʥʠʞʝʥʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʚʝʜʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʳ. 

4. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ, ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʜʘʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʮʝʥʠʪʴ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ: ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʩʦʩʪʘʚ ʠ 
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ʩʚʦʡʩʪʚʘ ʩʣʘʛʘʶʱʠʭ ʧʦʨʦʜ, ʥʘʣʠʯʠʝ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʨʘʟʚʠʪʠʝ 

ʢʨʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

5. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʜʠʩʧʝʨʩʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʫʩʪʘʥʦʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʧʦʨʦʜʘʭ 

(Nv) ʚ ʪʘʣʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʨʟʣʳʤ ʦʪ ʠʭ ʚʣʘʞʥʦʩʪʠ (W, %) ʚ 

ʜʠʘʧʘʟʦʥʝ 7-25%, ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʘʷ ʬʦʨʤʫʣʦʡ Nv=1,55ĀW+c, ʛʜʝ c ï ʢʦʵʬʬʠʮʠʝʥʪ, 

ʟʘʚʠʩʷʱʠʡ ʦʪ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʤ 

ʦʙʦʙʱʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ ʠ 

ʨʘʟʨʘʙʦʪʢʝ ʪʠʧʠʯʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʗʢʫʪʠʠ, ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʨʠʪʝʨʠʝʚ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʨʘʟʨʝʟʦʚ ʜʣʷ ʦʮʝʥʢʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʠ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʫʯʘʩʪʢʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʦʚ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʢʨʠʦʣʠʪʦʟʦʥʳ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʤʝʪʦʜʦʣʦʛʠʷ ʠ ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʥʝʡ ʤʝʪʦʜʠʢʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʞʠʚʘʪʴ ʛʨʘʥʠʮʳ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, 

ʦʧʨʝʜʝʣʷʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʟʦʥ ʥʘʨʫʰʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʤʘʩʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʢʘʨʪʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʚʳʙʦʨʝ 

ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ 

ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʘʞʥʝʡʰʝʡ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʠʟ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚ ʙʘʟʦʚʳʡ ʤʝʪʦʜ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʠ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʗʢʫʪʠʠ. 
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ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʘʥʘʣʠʟ ʠ ʦʙʦʙʱʝʥʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʣʘʙʦʨʘʪʦʨʥʳʝ, ʦʧʳʪʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ, ʢʦʤʧʴʶʪʝʨʥʦʝ, 

ʬʠʟʠʯʝʩʢʦʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʦʙʨʘʙʦʪʢʘ, 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʢʦʤʧʴʶʪʝʨʥʳʤ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʙʦʣʴʰʠʤ 

ʦʙʲʝʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʥʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʠʢ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʨʘʙʦʪʢʦʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ 

ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ, ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʙʫʨʝʥʠʝʤ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʜʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ 

ʦʙʦʙʱʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʷʚʰʠʭʩʷ ʩ 2000 ʧʦ 2025 ʛʛ. ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʀʥʩʪʠʪʫʪʘ ʛʦʨʥʦʛʦ ʜʝʣʘ ʉʝʚʝʨʘ ʉʆ ʈɸʅ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ, ʧʦʜ ʝʝ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ 

ʘʚʪʦʨʘ ʚʦ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʳʧʦʣʥʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ 

ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʇʫʙʣʠʢʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʨʘʞʝʥʳ ʚ 132 

ʧʫʙʣʠʢʘʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 42 ʩʪʘʪʴʷʭ ʚ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ 

ʈʌ, ʚ 2 ʤʦʥʦʛʨʘʬʠʷʭ, ʚ 1 ʧʘʪʝʥʪʝ, ʚ 4 ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤʘʭ ʠ ʚ 2 ʙʘʟʘʭ ʜʘʥʥʳʭ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ  ʥʘʫʯʥʳʭ  ʢʦʥʬʝʨʝʥʮʠʷʭ: çʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʦʩʚʦʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚè (ʂʨʘʩʥʦʷʨʩʢ, 2008), çʇʨʠʤʝʥʝʥʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʧʦʠʩʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2010, 2013), International 

Conference on Ground Penetrating Radar (Shanghai, 2012; Brussels, 2014; Hong Kong, 

2016; Rapperswil SG, 2018), ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʩʠʤʧʦʟʠʫʤʘʭ ʧʦ ʧʨʦʙʣʝʤʘʤ 

ʠʥʞʝʥʝʨʥʦʛʦ ʤʝʨʟʣʦʪʦʚʝʜʝʥʠʷ (ʄʠʨʥʳʡ, 2011; ʄʘʛʘʜʘʥ, 2017), 

çProblems of Complex Development of Georesourcesè (ʍʘʙʘʨʦʚʩʢ, 2009, 2020, 2022; 

ʍʘʨʙʠʥ, 2025), Conference and Exhibition Engineering and MiningGeophysicsè (Perm, 

2020; Gelendzhik, 2021), çEarth and Environmental Scienceè (Vladivostok, 2020), 
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çʅʝʜʝʣʷ ʛʦʨʥʷʢʘè (ʄʦʩʢʚʘ, 2011-2025), çɻʝʦʨʘʜʘʨè (ʄʦʩʢʚʘ, 2017 - 2023), ʘ ʪʘʢʞʝ 

ʥʘ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: 

çɹʝʟʦʧʘʩʥʦʩʪʴ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʈʝʩʧʫʙʣʠʢʝ ʉʘʭʘ (ʗʢʫʪʠʷ)è (ʗʢʫʪʩʢ, 2008, 

2023), çɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʝ ʨʝʩʫʨʩʳ ʉʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʈʦʩʩʠʠè 

(ʗʢʫʪʩʢ, 2014, 2016, 2018, 2022), çɻʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʛʝʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʩʝʚʝʨʥʳʭ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʭ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠè (ʗʢʫʪʩʢ, 2011-2025) ʠ ʥʘ 

ʆʙʲʝʜʠʥʝʥʥʦʤ ʫʯʝʥʦʤ ʩʦʚʝʪʝ ʌʀʎ ʗʅʎ ʉʆ ʈɸʅ (ʗʢʫʪʩʢ, 2025). 

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʢʨʫʧʥʳʤʠ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠ ʪʝʤʘʤʠ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʝ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʨʘʤʢʘʭ ʵʪʘʧʦʚ ʧʣʘʥʦʚʳʭ ʅʀʈ ʀɻɼʉ ʉʆ 

ʈɸʅ:  ʧʨʦʝʢʪ   7.7.3.3. çʈʘʟʨʘʙʦʪʢʘ   ʢʦʥʮʝʧʮʠʠ   ʠ   ʦʩʥʦʚ   ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ   

ʵʬʬʝʢʪʠʚʥʳʭ   ʪʝʭʥʦʣʦʛʠʡ ʦʩʚʦʝʥʠʷ   ʠ   ʩʦʭʨʘʥʝʥʠʷ   ʥʝʜʨ   ʢʨʠʦʣʠʪʦʟʦʥʳ,   ʚ   ʪʦʤ   

ʯʠʩʣʝ   ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ   ʢ ʢʣʘʩʪʝʨʥʦʡ  ʦʨʛʘʥʠʟʘʮʠʠ  ʨʫʜʥʦʛʦ  ʚʝʱʝʩʪʚʘè  (ˉ  

ʛʦʩ.peʛ.  01.2.00706516, 2007-2009 ʛʛ.), ʧʨʦʝʢʪ VII.  60.4.2.  çʈʘʟʨʘʙʦʪʢʘ  ʦʩʥʦʚ  

ʥʦʚʳʭ  ʛʝʦʪʝʭʥʦʣʦʛʠʡ  ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ  ʤʝʩʪʦʨʦʞʜʝʥʠʡ  ʢʣʘʩʪʝʨʥʦʛʦ  

ʩʪʨʦʝʥʠʷ  ʚ  ʫʩʣʦʚʠʷʭ  ʢʨʠʦʣʠʪʦʟʦʥʳè  (ˉ ʛʦʩ.ʨʝʛ. 01201050749, 2008-2012 ʛʛ.), 

ʧʨʦʝʢʪ çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʟʝʤʥʦʡ ʠ ʦʪʢʨʳʪʦʡ ʛʝʦʪʝʭʥʦʣʦʛʠʠ, ʤʝʪʦʜʦʚ 

ʦʩʚʦʝʥʠʷ ʥʝʜʨ ʢʨʠʦʣʠʪʦʟʦʥʳè (ˉ0382-2016-0001, 2013-2020 ʛʛ.), ʧʨʦʝʢʪ çʅʘʫʯʥʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʨʘʮʠʦʥʘʣʴʥʳʭ, ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʛʝʦʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ 

ʵʣʝʤʝʥʪʦʚ, ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʉʝʚʝʨʘ ʩʦ ʩʣʦʞʥʳʤʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʨʘʟʨʘʙʦʪʢʠè (ˉ122011800086-1, 2021-2025 ʛʛ.). ʊʘʢʞʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʜʜʝʨʞʘʥʳ ʛʨʘʥʪʘʤʠ ʈʌʌʀ ˉ15-45-05119 

çɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʫʢʪʫʨʳ 

ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ɸʨʢʪʠʢʠ ʩ ʨʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠè (2015-2017 ʛʛ.), ʈʌʌʀ 

ˉ18-45-140061  çɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʧʘʩʥʳʭ ʢʨʠʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʛʨʫʥʪʘʭ ʦʩʥʦʚʘʥʠʡ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ (ʢʦʧʨʦʚ, 

ʟʘʱʠʪʥʳʭ ʜʘʤʙ, ʘʚʪʦʜʦʨʦʛ ʠ ʪ.ʧ.) ʚ ʨʝʞʠʤʝ ʤʦʥʠʪʦʨʠʥʛʘè (2018-2021 ʛʛ.), ʈʅʌ 

ˉ22-27-00751 çʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʠʟʫʯʝʥʠʷ 
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ʩʪʨʦʝʥʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ ʟʘʪʦʨʦʦʧʘʩʥʳʭ ʫʯʘʩʪʢʘʭ ʉʝʚʝʨʥʳʭ ʨʝʢ ʤʝʪʦʜʦʤ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠè (2022-2023 ʛʛ.).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʠʤʝʶʪ ʮʝʣʝʚʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠ ʯʘʩʪʠʯʥʦ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʭʦʟʜʦʛʦʚʦʨʦʚ: çʀʩʩʣʝʜʦʚʘʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʤʘʩʩʠʚʘ ʠ ʚʳʷʚʣʝʥʠʝ ʛʨʘʥʠʮʳ ʩʢʘʣʴʥʳʭ ʚʳʭʦʜʦʚ ʥʘ ʪʝʨʨʘʩʦʚʦʡ ʯʘʩʪʠ 

ʨʦʩʩʳʧʠ ʨ. ɹ.ʂʫʨʘʥʘʭ ʧʦʣʠʛʦʥʘ ʜʨʘʛʠ ˉ79è (ʟʘʢʘʟʯʠʢ ɿɸʆ ɻɼʂ çɸʣʜʛʦʣʜè); 

çʀʥʞʝʥʝʨʥʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ çɼʞʝʢʦʥʜʘèè (ʟʘʢʘʟʯʠʢ 

ʆʆʆ çʇʨʦʛʨʝʩʩè);  çʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʜʨʘʞʥʳʭ ʧʦʣʠʛʦʥʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳè (ʘ/ʩ çɼʨʘʞʥʠʢè); ʥʘ ʫʯʘʩʪʢʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ çʄʘʷʪè, çʄʦʣʦʜʦè, çɼʘʣʜʳʥè (ɸʆ çɸʣʤʘʟʳ ɸʥʘʙʘʨʘè), 

ʂʘʥʛʘʣʘʩʩʢʠʡ ʫʛʦʣʴʥʳʡ ʨʘʟʨʝʟ (ʇɸʆ çʄʝʯʝʣè). 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 6 ʛʣʘʚ, 

ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 259 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʆʙʱʠʡ ʦʙʲʝʤ ʨʘʙʦʪʳ - 258 

ʩʪʨ., 15 ʪʘʙʣ., 117 ʨʠʩ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜ.ʪ.ʥ. ɸ.ɺ. ʆʤʝʣʴʷʥʝʥʢʦ ʟʘ 

ʢʦʥʩʫʣʴʪʘʮʠʠ, ʩʦʚʝʪʳ ʠ ʧʦʩʪʦʷʥʥʫʶ ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜ.ʪ.ʥ. ʃ.ɻ. ʅʝʨʘʜʦʚʩʢʦʤʫ ʟʘ ʤʥʦʛʦʣʝʪʥʝʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʚ 

ʦʙʣʘʩʪʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʤʦʨʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ ʚ ʭʦʜʝ 

ʧʦʜʛʦʪʦʚʢʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. ʇʨʠʥʦʰʫ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɺ.ɺ. ʇʦʤʦʟʦʚʫ, 

ʛʝʥʝʨʘʣʴʥʦʤʫ ʢʦʥʩʪʨʫʢʪʦʨʫ ʆʆʆ çʃʦʛʠʉè, ʟʘ ʩʦʜʝʡʩʪʚʠʝ ʚ ʨʝʘʣʠʟʘʮʠʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʛʝʦʨʘʜʘʨʥʳʭ ʜʘʥʥʳʭ. ʉʧʘʩʠʙʦ ʟʘ ʦʛʨʦʤʥʫʶ 

ʧʦʤʦʱʴ ʠ ʵʥʪʫʟʠʘʟʤ ʩʦʪʨʫʜʥʠʢʘʤ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʀɻɼʉ ʉʆ ʈɸʅ, 

ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʨʘʟʥʳʭ ʧʨʦʝʢʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʦʡ.  
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ɻʃɸɺɸ 1. ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʄɽʊʆɼʆɺ ʆʎɽʅʂʀ ʉɺʆʁʉʊɺ, 

ʉʊʈʆɽʅʀʗ ʀ ʉʆʉʊʆʗʅʀʗ ʄɸʉʉʀɺɸ ɻʆʈʅʓʍ ʇʆʈʆɼ ʅɸ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗʍ ʂʈʀʆʃʀʊʆɿʆʅʓ 

1.1 ɻʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʪʢʨʳʪʦʡ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ 

ɻʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʤʝʱʝʥʠʝ 

ʩʢʦʧʣʝʥʠʡ ʮʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʷʭ [185]. çʕʪʠ ʫʩʣʦʚʠʷ ʜʣʷ 

ʨʦʩʩʳʧʝʡ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ ʚʢʣʶʯʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʨʘʡʦʥʘ, 

ʩʦʩʪʘʚ ʠ ʩʚʦʡʩʪʚʘ ʩʣʘʛʘʶʱʠʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ɺ 

ʩʪʨʦʝʥʠʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʪʠʧʦʚ ʨʦʩʩʳʧʝʡ ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ: ʘ) ʪʦʨʬʘ, ʙ) ʧʝʩʢʠ ʠʣʠ ʧʣʘʩʪ ʠ ʚ) ʧʣʦʪʠʢ [70].  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ, ʥʝʦʙʭʦʜʠʤʳ ʜʦʩʪʦʚʝʨʥʳʝ ʟʥʘʥʠʷ ʦ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ 

ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡè [39]. ʉ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʝʨʝ ʩʚʷʟʘʥʳ ʧʨʦʯʥʦʩʪʥʳʝ, ʪʝʧʣʦ- ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ, ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʠ ʜʨʫʛʠʝ 

ʩʚʦʡʩʪʚʘ ʤʘʩʩʠʚʦʚ ʧʦʨʦʜ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ. ʆʧʳʪ 

ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝ ʪʦʣʴʢʦ 

ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʨʠ ʨʘʟʚʝʜʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʥʦ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʠʟʙʝʞʥʳʭ ʠ ʚʦʟʤʦʞʥʳʭ ʥʘʨʫʰʝʥʠʡ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ, ʚʳʟʳʚʘʝʤʳʭ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʠ ʪʝʭʥʦʛʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚʩʝʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʩʚʷʟʠ ʩ ʧʨʦʚʦʜʠʤʳʤʠ ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ. 

ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʠʟʫʯʝʥʠʝ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʧʦʨʦʜ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʦʙʨʫʰʝʥʠʝʤ ʠʣʠ 

ʩʜʚʠʞʝʥʠʝʤ (ʨʠʩʫʥʦʢ 1.1). ʇʦʜʦʙʥʳʝ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ 

ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʪʘʠʚʘʥʠʷ ʤʸʨʟʣʳʭ ʧʦʨʦʜ, ʩʦʜʝʨʞʘʱʠʭ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʣʴʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʘ, ʫʚʝʣʠʯʝʥʠʶ ʚʦʜʦʧʨʠʪʦʢʘ ʠ 

ʦʙʚʦʜʥʝʥʠʶ ʛʦʨʥʳʭ ʧʦʨʦʜ.  ʆʙʚʦʜʥʝʥʥʦʩʪʴ ʠ ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ ʧʦʨʦʜʳ 
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ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʘʣʠʧʘʥʠʶ, ʧʨʠʤʝʨʟʘʥʠʶ ʧʦʨʦʜ ʢ ʨʘʙʦʯʠʤ ʦʨʛʘʥʘʤ ʚʳʝʤʦʯʥʦ-

ʧʦʛʨʫʟʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʦʩʫʜʘʤ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʦʩʪʦʷʤ ʠ 

ʫʜʦʨʦʞʘʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

 

ʘ) ʧʨʦʚʘʣ ʛʦʨʥʦʡ ʪʝʭʥʠʢʠ  

ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʤʳʪʠ ̫ʛʨʫʥʪʦʚ  

 

ʙ) ʚʳʭʦʜ ʥʝʛʘʙʘʨʠʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

çʧʨʦʩʪʨʝʣʘè ʩʢʚʘʞʠʥʥʦʛʦ ʟʘʨʷʜʘ ʚ ʪʘʣʫʶ 

ʟʦʥʫ  

ʈʠʩʫʥʦʢ 1.1 ï ʇʨʠʤʝʨʳ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʦʪʪʘʡʢʠ ʤʝʨʟʣʳʭ ʧʦʨʦʜ [16] 

ʆʩʥʦʚʥʳʤʠ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʶʪʩʷ:  

- ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʠ ʝʸ ʧʨʝʨʳʚʠʩʪʦʩʪʴ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʨʦʜ ʚ ʧʦʜʦʰʚʝ ʩʣʦʷ ʛʦʜʦʚʳʭ ʪʝʧʣʦʦʙʦʨʦʪʦʚ; 

- ʚʣʘʞʥʦʩʪʴ (ʣʴʜʠʩʪʦʩʪʴ) ʛʦʨʥʳʭ ʧʦʨʦʜ; 

- ʫʩʣʦʚʠʷ ʟʘʣʝʛʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ; 

- ʤʦʱʥʦʩʪʴ ʩʝʟʦʥʥʦ-ʪʘʣʦʛʦ ʩʣʦʷ (ʉʊʉ); 

- ʥʘʜʤʝʨʟʣʦʪʥʳʝ ʚʦʜʳ; 

- ʪʘʣʠʢʠ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʩʣʝʜʫʶʱʠʝ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ 

ʷʚʣʝʥʠʷ: ʙʫʛʨʳ ʧʫʯʝʥʠʷ, ʧʦʣʠʛʦʥʘʣʴʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʝʨʤʦʢʘʨʩʪʦʚʳʝ 

ʟʘʧʘʜʝʥʠʷ, ʩʢʣʦʥʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʥʘʣʝʜʠ ʠ ʧʨ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʦʩʩʳʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʗʢʫʪʠʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʟʥʳʝ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, 

ʚʣʠʷʶʱʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ, ʦʙʦʙʱʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ 

ʘʥʘʣʠʟ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʦʚʝʜʝʥ r ʚ ʧʨʝʜʝʣʘʭ 

ʉʫʙʘʨʢʪʠʯʝʩʢʦʡ ʠ ʋʤʝʨʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʗʢʫʪʠʠ [29, 42-46].  ɺ 

ʩʫʙʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʥʘʭʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʦʩʩʳʧʥʳʭ ʘʣʤʘʟʦʚ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ɸʥʘʙʘʨʩʢʦʡ, ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʡ ʠ ʇʨʠʣʝʥʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʳʤ 
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ʦʙʣʘʩʪʷʤ, ʘ ʪʘʢʞʝ ɿʳʨʷʥʩʢʠʡ ʫʛʦʣʴʥʳʡ ʨʘʟʨʝʟ. ɺ ʫʤʝʨʝʥʥʦʡ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʳ 

ʨʦʩʩʳʧʠ ʟʦʣʦʪʘ (ʤʝʩʪʦʨʦʞʜʝʥʠʝ çɸʣʣʘʭ-ʖʥʴè, ʨʦʩʩʳʧʴ ʨ. ʅʝʨʘ ʠ ʜʨ.), 

ɹʦʪʫʦʙʠʥʩʢʘʷ ʠ ʄʘʨʭʘ-ʊʶʥʛʩʢʘʷ ʘʣʤʘʟʦʥʦʩʥʳʝ ʦʙʣʘʩʪʠ, ʫʛʦʣʴʥʳʝ ʨʘʟʨʝʟʳ 

(çʂʘʥʛʘʣʘʩʩʢʠʡè, çʍʘʨʙʘʣʘʭʩʢʠʡè, çɼʞʝʙʘʨʠʢʘ-ʍʘʷè).   

ɸʥʘʣʠʟ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʫʙʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ 

ʧʨʦʚʝʜʝʥ ʥʘ ʧʨʠʤʝʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ɸʆ çɸʣʤʘʟʳ ɸʥʘʙʘʨʘè. 

ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʦʩʩʳʧʴ ʨ. ʄʘʷʪ, 

ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ɸʥʘʙʘʨʩʢʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) ʚ 

300 ʢʤ ʦʪ ʧʦʙʝʨʝʞʴʷ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ ʚ ʙʘʩʩʝʡʥʝ ʦʜʥʦʠʤʝʥʥʦʡ ʨʝʢʠ ï 

ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ʨʝʢʠ ɸʥʘʙʘʨ. ʈʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʦʙʣʘʩʪʠ ʩʧʣʦʰʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʡ ʧʨʝʚʳʰʘʝʪ 350 ʤ. 

ʄʦʱʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ 0,3-1,2 ʤ. ʅʘ ʩʢʣʦʥʘʭ ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ 

ʛʨʫʥʪ ʦʪʪʘʠʚʘʝʪ ʥʘ ʛʣʫʙʠʥʫ 0,5-1,2 ʤ, ʩʝʚʝʨʥʦʡ ï ʜʦ 0,3 ʤ. ʈʦʩʩʳʧʴ ʨ. ʄʘʷʪ 

ʦʪʥʦʩʠʪʩʷ ʢ ʘʣʣʶʚʠʘʣʴʥʦʤʫ ʪʠʧʫ. ʇʦ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ 

ʨʦʩʩʳʧʴ ʨʘʟʜʝʣʝʥʘ ʥʘ ʯʝʪʳʨʝ ʫʯʘʩʪʢʘ: ʇʨʠʫʩʪʴʝʚʦʡ, ʅʠʞʥʠʡ, ʉʨʝʜʥʠʡ ʠ ɺʝʨʭʥʠʡ. 

ʇʨʦʜʫʢʪʠʚʥʳʡ ʧʣʘʩʪ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʡ ʨʦʩʩʳʧʠ ʨ. ʄʘʷʪ ʧʨʠʫʨʦʯʝʥ ʢ ʜʥʠʱʫ 

ʜʦʣʠʥʳ ʨʫʯʴʷ, ʧʦʚʩʝʤʝʩʪʥʦ ʧʝʨʝʢʨʳʪ ʪʦʨʬʘʤʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 8 ʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʛʣʠʥʠʩʪʳʤʠ ʧʝʩʢʘʤʠ ʩ ʧʝʨʝʤʝʥʥʳʤ (20-50%) ʩʦʜʝʨʞʘʥʠʝʤ 

ʛʨʘʚʠʷ, ʛʘʣʴʢʠ, ʱʝʙʥʷ ʠ ʤʝʣʢʠʭ ʚʘʣʫʥʦʚ-ʧʣʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʩʪʥʳʭ 

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ. çɺ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʫʨʦʚʥʝ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ ʨʘʟʚʠʪʳ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʩʨʝʜʥʝʛʦ-ʚʝʨʭʥʝʛʦ ʢʝʤʙʨʠʷ, 

ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʝʨʤʠ ʠ ʶʨʳ, ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʨʠʘʩʘ, ʘ ʪʘʢʞʝ ʥʠʞʥʝʤʝʣʦʚʳʝ ʠ ʧʣʠʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʢʘʨʩʪʦʚʳʭ 

ʠ ʵʨʦʟʠʦʥʥʦ-ʢʘʨʩʪʦʚʳʭ ʧʘʣʝʦʜʝʧʨʝʩʩʠʷʭ. ʏʝʪʚʝʨʪʠʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʡʦʥʝ 

ʨʘʟʚʠʪʳ ʧʦʚʩʝʤʝʩʪʥʦ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʥʠ ʰʠʨʦʢʠʤ ʥʘʙʦʨʦʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ 

ʦʪʣʦʞʝʥʠʡ: ʘʣʣʶʚʠʘʣʴʥʳʤʠ, ʦʟʸʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʤʠ, ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʤʠ, 

ʧʦʣʠʛʝʥʥʳʤʠ ʠ ʪ.ʜ. ʇʦʨʦʜʳ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʧʨʦʨʚʘʥʳ ʠʥʪʨʫʟʠʚʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (ʧʨʘʚʦʙʦʷʨʩʢʠʡ, ʵʙʝʭʘʠʥʩʢʠʡ ʠ 

ʢʫʦʥʘʤʩʢʠʡ ʢʦʤʧʣʝʢʩʳ). ɺ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʙʘʩʩʝʡʥ ʨ. ʄʘʷʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʨʘʙʦʪʘʥʥʫʶ ʚ ʜʦʣʦʤʠʪʘʭ ʘʥʘʙʘʨʩʢʦʡ ʩʚʠʪʳ ʜʝʥʫʜʘʮʠʦʥʥʦ-
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ʘʢʢʫʤʫʣʷʪʠʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʨʘʚʥʠʚʘʥʠʷ ʥʝʦʛʝʥ-ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ 

ʚʦʟʨʘʩʪʘ, ʚ ʢʦʪʦʨʫʶ ʚʨʝʟʘʥʳ ʫʥʘʩʣʝʜʦʚʘʥʥʳʝ ʩ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʨʝʤʝʥʠ 

ʜʦʣʠʥʳ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʜʦʪʦʢʦʚ. ɺ ʨʘʡʦʥʝ ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ ʨʝʣʴʝʬʘ: 

ʩʪʨʫʢʪʫʨʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʳʡ, ʜʝʥʫʜʘʮʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ, ʜʝʥʫʜʘʮʠʦʥʥʦ-

ʵʨʦʟʠʦʥʥʳʡ ʠ ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʡè [100]. ɼʦʣʠʥʥʳʝ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʳʝ 

ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʨʦʩʩʳʧʠ ʙʘʩʩʝʡʥʘ ʨ. ʄʘʷʪ ʦʪʥʦʩʷʪʩʷ ʢ ʘʣʣʶʚʠʘʣʴʥʳʤ ʜʦʣʠʥʥʳʤ 

ʤʝʣʢʦʟʘʣʝʛʘʶʱʠʤ ʨʦʩʩʳʧʷʤ ʩ ʥʦʨʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʘʣʣʶʚʠʷ.  ʈʦʩʩʳʧʠ ʨʘʟʥʳʝ 

ʧʦ ʨʘʟʤʝʨʘʤ (ʦʪ 3 ʜʦ 30 ʢʤ), ʟʘʧʘʩʘʤ (ʤʝʣʢʠʝ ʠ ʩʨʝʜʥʠʝ) ʠ ʫʨʦʚʥʶ ʩʦʜʝʨʞʘʥʠʡ 

ʘʣʤʘʟʦʚ. ʄʦʱʥʦʩʪʴ ʧʣʘʩʪʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʜʝʨʞʘʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʨʦʩʩʳʧʝʡ, 

ʰʠʨʠʥʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʣʘʩʪʘ ʠ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʦʜʝʨʞʘʥʠʝ ʘʣʤʘʟʦʚ ʤʦʛʫʪ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʚʳʩʦʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ. ʇʦ ʩʣʦʞʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ ʧʦ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɻʂɿ [73].  

ʇʨʦʜʫʢʪʠʚʥʳʡ ʧʣʘʩʪ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʳʭ ʨʦʩʩʳʧʝʡ ʢʨʫʛʣʳʡ ʛʦʜ ʥʘʭʦʜʠʪʩʷ 

ʚ ʤʝʨʟʣʦʤ ʩʦʩʪʦʷʥʠʠ. ɺʝʩʦʚʘʷ ʣʴʜʠʩʪʦʩʪʴ çʧʝʩʢʦʚè ʩʦʩʪʘʚʣʷʝʪ 25-45%, çʪʦʨʬʦʚè ï 

30-60%. ʇʝʩʢʠ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʳʭ ʨʦʩʩʳʧʝʡ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʄʘʷʪ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʢʘʢ ʩʨʝʜʥʝʧʨʦʤʳʚʠʩʪʳʝ. ʆʩʥʦʚʥʳʝ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʯʘʩʪʢʘ çʃʦʛ 

405è ʨʦʩʩʳʧʠ çʄʘʷʪ-ɺʦʜʦʨʘʟʜʝʣʴʥʳʡè, ʛʜʝ ʧʨʦʚʦʜʠʣʠʩʴ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.1.  

çʈʫʯʝʡ çʃʦʛ 405è ʨʘʩʧʦʣʦʞʝʥ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʠʟʫʯʝʥʥʦʡ ʧʣʦʱʘʜʠ ʠ 

ʷʚʣʷʝʪʩʷ ʧʨʘʚʳʤ ʧʨʠʪʦʢʦʤ ʨʫʯ. ʂʫʨʫʥʛ-ʖʨʷʭ, ʚʧʘʜʘʶʱʝʛʦ ʚ ʨ. ʄʘʷʪ. 

ɸʣʣʁʚʠʘʣʴʥʘʷ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʘʷ ʨʦʩʩʳʧʴ ʜʦʣʠʥʥʦʛʦ ʪʠʧʘ. ʇʦ ʩʣʦʞʥʦʩʪʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʥʝʩʝʥʦ ʢ 3 ʛʨʫʧʧʝ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ɻʂɿ [58]. ʈʦʩʩʳʧʴ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʣʢʠʤ (ʧʨʦʪʷʞʝʥʥʦʩʪʴ 3,5 ʢʤ, ʧʣʦʱʘʜʴ ʤʝʥʝʝ 0,2 

ʢʤ2), ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʙʨʦʩʦʤ ʩʦʜʝʨʞʘʥʠʡ ʘʣʤʘʟʦʚ (0,01-2,03 

ʢʘʨ/ʤ3), ʧʨʦʤʢʦʥʪʫʨ ʦʪʣʠʯʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʰʠʨʠʥʦʡ. ʇʨʦʤʳʰʣʝʥʥʳʡ ʧʣʘʩʪ 

ʨʦʩʩʳʧʠ ʧʨʠʫʨʦʯʝʥ ʢ ʨʫʩʣʦʚʦʡ ʬʘʮʠʠ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʚʳʧʦʣʥʷʶʱʠʭ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʦʚʥʦʝ ʣʦʞʝ ʜʦʣʠʥʳ. ʆʩʥʦʚʥʦʡ ʢʦʥʪʫʨ 

ʨʦʩʩʳʧʠ ʚ ʧʣʘʥʝ ʠʤʝʝʪ ʣʝʥʪʦʚʠʜʥʫʶ ʬʦʨʤʫ (ʧʨʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ 3,5 ʢʤ ʰʠʨʠʥʘ 

ʧʣʘʩʪʘ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʤʢʦʥʪʫʨʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 31,4 ʤ ʜʦ 78,4 ʤ, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʷ 
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53,0 ʤ). ɺ ʧʨʝʜʝʣʘʭ ʧʨʦʤʢʦʥʪʫʨʘ ʨʦʩʩʳʧʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʚʳʜʝʨʞʘʥʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ ʪʦʨʬʦʚ ʠ ʧʝʩʢʦʚ (ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ (V) 0,28 ʠ 

0,29 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ ʘʣʤʘʟʦʚ (V = 0,87)è 

[100].  

ʊʘʙʣʠʮʘ 1.1 ʆʩʥʦʚʥʳʝ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʦʩʩʳʧʝʡ ʫʯʘʩʪʢʘ çʄʘʷʪ-ɺʦʜʦʨʘʟʜʝʣʴʥʳʡè 

ʇʘʨʘʤʝʪʨʳ 
ʄʦʱʥʦʩʪʴ 

ʧʝʩʢʦʚ, ʤ 

ʄʦʱʥʦʩʪʴ 

ʪʦʨʬʦʚ, ʤ 

ʇʣʦʱʘʜʴ ʙʣʦʢʘ, 

ʪʳʩ. ʤ2 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʩʢʨʳʰʠ 

1 2 3 4 5 

1. ɺʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʘʷ ʨʦʩʩʳʧʴ 

ɿʥʘʯʝʥʠʷ ʧʦ 

ʚʳʨʘʙʦʪʢʘʤ 

min 0,80 1,00     

max 2,70 3,60     

ɿʥʘʯʝʥʠʷ ʧʦ ʙʣʦʢʘʤ 
min 1,27 1,62 2,80 1,03 

max 2,10 3,10 47,76 1,87 

ʉʨʝʜʥʝʝ ʧʦ ʨʦʩʩʳʧʠ 1,51 2,55 20,98 1,69 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ 0,29 0,28     

2. ʇʣʠʦʮʝʥʦʚʘʷ ʨʦʩʩʳʧʴ 

ɿʥʘʯʝʥʠʷ ʧʦ 

ʚʳʨʘʙʦʪʢʘʤ 

min 1,70 2,60     

max 7,20 3,20     

ɿʥʘʯʝʥʠʷ ʧʦ ʨʦʩʩʳʧʠ 4,52 2,89 7,01 0,64 

çʋʩʨʝʜʥʝʥʥʳʡ ʛʝʦʣʦʛʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʨʦʩʩʳʧʠ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 

1.2. ʊʦʨʬʘ ʨʦʩʩʳʧʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʴʜʠʩʪʳʤʠ (ʜʦ 50%) ʠʣʘʤʠ ʠ ʩʫʛʣʠʥʢʘʤʠ 

ʤʦʱʥʦʩʪʴʶ 1,0-3,6 ʤ, ʠʤʝʶʱʠʤʠ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʚʣʘʞʥʦʩʪʴ 0,31 ï 

0,52, ʦʙʲʝʤʥʘʷ ʣʴʜʠʩʪʦʩʪʴ 40,5-91,2% (ʩʨʝʜʥʷʷ 89%), ʦʙʲʝʤʥʳʡ ʚʝʩ 1,28 ʛ/ʩʤ3, 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʨʳʭʣʝʥʠʷ 1,18-1,56 (ʩʨʝʜʥʠʡ 1,35).  ʇʨʦʜʫʢʪʠʚʥʳʡ ʧʣʘʩʪ ʨʦʩʩʳʧʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʣʴʜʠʩʪʳʤʠ ʠʣʠʩʪʳʤʠ ʧʝʩʢʘʤʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʱʝʙʥʷ, ʛʘʣʴʢʠ, ʛʨʘʚʠʷ ʠ ʥʝʢʨʫʧʥʳʭ ʚʘʣʫʥʦʚ-ʧʣʠʪ. ʆʙʣʦʤʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ (70-80%) ʩʣʘʙʦʦʢʘʪʘʥʥʳʤʠ çʤʝʩʪʥʳʤʠè 

ʧʦʨʦʜʘʤʠ ï ʜʦʣʦʤʠʪʘʤʠ, ʦʢʨʝʤʥʝʣʳʤʠ ʜʦʣʦʤʠʪʘʤʠ. ʉʦʜʝʨʞʘʥʠʝ ʭʦʨʦʰʦ 

ʦʢʘʪʘʥʥʦʡ ʛʘʣʴʢʠ, ʛʨʘʚʠʷ çʵʢʟʦʪʠʯʝʩʢʠʭè ʧʦʨʦʜ (ʢʨʝʤʥʝʡ, ʢʚʘʨʮʘ, ʭʘʣʮʝʜʦʥʘ) 

ʩʦʩʪʘʚʣʷʝʪ 10-20%. 

ʇʣʦʪʠʢʦʤ ʨʦʩʩʳʧʠ ʩʣʫʞʘʪ ʤʘʩʩʠʚʥʳʝ ʪʨʝʱʠʥʦʚʘʪʳʝ ʜʦʣʦʤʠʪʳ. ʈʝʣʴʝʬ 

ʧʣʦʪʠʢʘ ʧʦʣʦʛʠʡ, ʩʣʘʙʦʚʦʣʥʠʩʪʳʡ, ʪʘʣʴʚʝʛ ʚʳʨʘʞʝʥ ʩʣʘʙʦ. ʄʦʱʥʦʩʪʴ ʚʝʨʭʥʝʛʦ 

ʩʣʦʷ ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʜʦʣʦʤʠʪʦʚ ʠ ʱʝʙʥʠʩʪʦ-ʛʣʳʙʦʚʦʛʦ ʵʣʶʚʠʷ ʥʝ ʧʨʝʚʳʰʘʝʪ 

10-20 ʩʤè [100]. 
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ʊʘʙʣʠʮʘ 1.2 ɻʝʦʣʦʛʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʨʦʩʩʳʧʠ ʨʫʯʴʷ çʃʦʛ 405è (ʚ ʧʨʝʜʝʣʘʭ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʥʪʫʨʘ) 

ʀʥʪʝʨʚʘʣ, ʤ ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʣʦʷ 
ʂʘʪʝʛʦʨʠʷ ʧʦʨʦʜ ʧʦ 

ʙʫʨʠʤʦʩʪʠ 

0,0-0,4 
ʇʈʉ. ʉʫʛʣʠʥʢʠ ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ, ʦʙʦʛʘʱʝʥʥʳʝ 

ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ 
III  

0,4-2,5 ʃʴʜʠʩʪʳʝ ʠʣʳ, ʩʫʛʣʠʥʢʠ IV  

2,5-3,5 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʣʴʜʠʩʪʳʝ ʠʣʠʩʪʳʝ ʧʝʩʢʠ ʩ ʧʝʨʝʤʝʥʥʳʤ 

(20-40%) ʩʦʜʝʨʞʘʥʠʝʤ ʛʨʘʚʠʷ, ʛʘʣʴʢʠ, ʱʝʙʥʷ ʠ ʤʝʣʢʠʭ 

ʚʘʣʫʥʦʚ-ʧʣʠʪ 

 

>3,5 ɼʦʣʦʤʠʪʳ ʤʘʩʩʠʚʥʳʝ, ʚʳʚʝʪʨʝʣʳʝ, ʪʨʝʱʠʥʦʚʘʪʳʝ VII  

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʨʬʦʚ ʠ ʧʝʩʢʦʚ ʧʨʠʥʷʪʳ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨʦʩʩʳʧʠ ʨʫʯʴʷ ʂʫʨʫʥʛ-ʖʨʷʭ, ʧʨʠʪʦʢʦʤ ʢʦʪʦʨʦʛʦ 

ʷʚʣʷʝʪʩʷ ʨʫʯ. çʃʦʛ 405è, ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.3. 

ʊʘʙʣʠʮʘ 1.3 ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʦʨʬʦʚ ʠ ʧʝʩʢʦʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʦʩʩʳʧʠ 

ʨʫʯʴʷ ʂʫʨʫʥʛ-ʖʨʷʭ 

ʊʠʧ ʦʪʣʦʞʝʥʠʡ 

ʇʘʨʘʤʝʪʨʳ, ʦʪ - ʜʦ / ʩʨʝʜʥʝʝ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʨʘʟʨʳʭʣʝʥʠʷ 
ʆʙʲʝʤʥʳʡ ʚʝʩ, ʪ/ʤ3 

ʃʴʜʠʩʪʦʩʪʴ 

ʚʝʩʦʚʘʷ, % 

ʇʦʨʦʜʳ ʚʩʢʨʳʰʠ 

(ʪʦʨʬʘ) 

1,19-1,66 

1,37 

1,18-1,48 

1,30 

18,18-85,25 

35,15 

ʇʨʦʜʫʢʪʠʚʥʳʡ 

ʛʦʨʠʟʦʥʪ (ʧʝʩʢʠ) 

1,16-1,81 

1,43 

1,53-2,43 

1,94 

18,97-62,42 

39,97 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʫʤʝʨʝʥʥʦʡ ʟʦʥʳ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʫʯʘʩʪʢʘ ʨʦʩʩʳʧʠ ʨ. ɸʣʣʘʭ-ʖʥʴ.  

ʈʦʩʩʳʧʴ ʨ. ɸʣʣʘʭ-ʖʥʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʦʡʤʝ ʦʜʥʦʠʤʝʥʥʦʡ ʨʝʢʠ, ʷʚʣʷʶʱʝʡʩʷ 

ʧʨʘʚʳʤ ʧʨʠʪʦʢʦʤ ʨ. ɸʣʜʘʥ. ʆʩʥʦʚʥʳʝ ʯʝʨʪʳ ʨʝʣʴʝʬʘ ʨʘʡʦʥʘ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. 

ɸʣʣʘʭ-ʖʥʴ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʠʣʴʥʦʡ ʨʘʩʯʣʝʥʝʥʥʦʩʪʴʶ ʩʢʣʘʜʯʘʪʦʛʦ ʥʘʛʦʨʴʷ [54, 

91].  ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʨ. ɸʣʣʘʭ-ʖʥʴ ʦʪʥʦʩʠʪʩʷ ʧʦ ʛʝʥʝʟʠʩʫ ʢ ʘʣʣʶʚʠʘʣʴʥʦʤʫ, ʘ ʧʦ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʢ ʜʦʣʠʥʥʦʤʫ ʪʠʧʫ ʨʦʩʩʳʧʝʡ. ʆʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʝʛʣʫʙʦʢʠʤ ʟʘʣʝʛʘʥʠʝʤ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʦʚʥʳʤ ʠ ʧʦʣʦʛʠʤ 

ʧʣʦʪʠʢʦʤ, ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʠ ʰʠʨʠʥʦʡ, ʥʘʣʠʯʠʝʤ ʫʯʘʩʪʢʦʚ, ʧʦʨʘʞʝʥʥʳʭ 

ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʦʡ (48 %) ʠ ʚʦʜʥʳʤʠ ʪʘʣʠʢʘʤʠ. ʈʦʩʩʳʧʴ ʨ. ɸʣʣʘʭ-ʖʥʴ, 
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ʟʘʣʝʛʘʶʱʘʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʷʚʣʷʝʪʩʷ ʧʦʡʤʝʥʥʦ-ʪʝʨʨʘʩʦʚʦʡ 

(ʜʦʣʠʥʥʦʡ), ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 36 ʢʤ. ɺ ʜʦʣʠʥʝ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʘ 1-ʷ 

ʥʘʜʧʦʡʤʝʥʥʘʷ ʪʝʨʨʘʩʘ, ʚʳʰʝ ʢʦʪʦʨʦʡ ʢʘʢ ʩʧʨʘʚʘ, ʪʘʢ ʠ ʩʣʝʚʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʘʷ ʪʝʨʨʘʩʘ 40-ʤʝʪʨʦʚʦʛʦ ʫʨʦʚʥʷ. ʈʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ ʜʦʣʠʥʳ ʨ. 

ɸʣʣʘʭ-ʖʥʴ ʠʤʝʶʪ ʜʚʫʯʣʝʥʥʳʡ ʨʘʟʨʝʟ ʘʣʣʶʚʠʷ. ʇʦ ʜʘʥʥʳʤ ʦʪʯʝʪʘ [91] ʨʘʟʨʝʟ 

ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʟʚʝʥʘ ʜʚʫʭʩʣʦʡʥʳʡ: 

- ʚʝʨʭʥʠʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʦʩʘʜʢʘʤʠ ʧʦʡʤʝʥʥʳʭ ʬʘʮʠʡ ʘʣʣʶʚʠʷ ï ʩʫʛʣʠʥʢʠ, 

ʩʫʧʝʩʠ, ʠʣʠʩʪʳʝ ʧʝʩʢʠ, ʠʣʳ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤ ʜʝʪʨʠʪʦʤ ʠ ʧʨʦʩʣʦʷʤʠ ʪʦʨʬʘ ʠ ʣʴʜʘ, 

ʤʦʱʥʦʩʪʴ ʩʣʦʷ ʦʪ 0,5-1,0 ʤ ʜʦ 6-10 ʤ; 

-  ʥʠʞʥʠʡ ʩʣʦʡ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʳʤʠ, ʚʘʣʫʥʥʦ-

ʛʘʣʝʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʨʫʩʣʦʚʳʭ ʬʘʮʠʡ ʩʤʝʰʘʥʥʦʛʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʟʦʣʦʪʦʥʦʩʥʳʭ, ʤʦʱʥʦʩʪʴ ʩʣʦʷ ʚʘʨʴʠʨʫʝʪ ʦʪ 2-3 ʤ, ʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʨʦʚʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʧʘʣʝʦʨʝʣʴʝʬʘ ʜʦ 10-15 ʤ ʚ ʥʘʠʙʦʣʝʝ 

ʧʦʥʠʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʜʥʠʱʘ ʜʦʣʠʥʳ ʨ. ɸʣʣʘʭ-ʖʥʴ. ʈʘʟʤʝʨ ʛʘʣʴʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 

10 ʩʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ, ʘ ʚʘʣʫʥʦʚ 20-30 ʩʤ, ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʠ 50 ʩʤ.   

ʄʥʦʛʦʣʝʪʥʷʷ ʤʝʨʟʣʦʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʧʦʚʩʝʤʝʩʪʥʦ, ʠʩʢʣʶʯʘʷ ʦʪʜʝʣʴʥʳʝ 

ʫʯʘʩʪʢʠ ʪʘʣʠʢʦʚ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʨʫʩʣʦʚʦʡ ʯʘʩʪʠ ʜʦʣʠʥʳ. ɻʣʫʙʠʥʘ ʩʝʟʦʥʥʦʛʦ 

ʦʪʪʘʠʚʘʥʠʷ ʥʝʧʦʩʪʦʷʥʥʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʵʢʩʧʦʟʠʮʠʠ ʩʢʣʦʥʦʚ, ʥʘʣʠʯʠʷ ʤʦʭʦʚʦʛʦ ʠ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʦʚ. ʅʘ ʦʙʥʘʞʝʥʥʳʭ ʩʢʣʦʥʘʭ ʛʣʫʙʠʥʘ ʧʨʦʪʘʠʚʘʥʠʷ ʢʦʣʝʙʣʝʪʩʷ 

ʦʪ 0,8 ʜʦ 1,2 ʤ. ʀʣʠʩʪʳʝ ʧʦʨʦʜʳ ʦʪʪʘʠʚʘʶʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʘ ʧʝʩʯʘʥʦ-ʛʘʣʝʯʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʣʝʪʘ ʧʨʦʪʘʠʚʘʶʪ ʥʘ ʛʣʫʙʠʥʫ 3-3,5 ʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʦʪʢʨʳʪʳʤ 

ʩʧʦʩʦʙʦʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʫʙʘʨʢʪʠʯʝʩʢʦʡ ʠ ʫʤʝʨʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʣʫʙʠʥʘ, ʥʘ ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʘʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ 

ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʦʩʪʘʚʣʷʝʪ 30 ʤ. ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʦʩʥʦʚʥʦʤ ʛʘʣʝʯʥʦ-ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʧʨʠʤʝʩʴʶ ʠʣʘ ʠ ʛʣʠʥʳ. 

ʂʦʨʝʥʥʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʜʦ 1-

2 ʤ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʨʝʱʠʥʦʚʘʪʳʝ ʠ ʨʘʟʨʫʰʝʥʥʳʝ. ʈʝʣʴʝʬ ʧʣʦʪʠʢʘ 

ʨʦʩʩʳʧʝʡ ʥʝʨʦʚʥʳʡ, ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʳʩʪʫʧʘʤʠ ʠ ʟʘʧʘʜʠʥʘʤʠ. 
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ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠʟʫʯʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʟʚʠʪʠʝ ʪʦʣʱʠ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ 

ʠ ʫʯʘʩʪʢʦʚ ʦʩʪʨʦʚʥʦʡ ʤʝʨʟʣʦʪʳ. ɺ ʩʫʙʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʩʝʟʦʥʥʦ-ʪʘʣʳʡ ʩʣʦʡ 

ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ (ʦʪ 0,3 ʜʦ 1,6 ʤ), ʥʘʜʤʝʨʟʣʦʪʥʳʝ ʚʦʜʳ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ 

ʥʠʞʥʠʤ ʯʘʩʪʷʤ ʩʢʣʦʥʦʚ ʜʦʣʠʥ ʚʦʜʦʪʦʢʦʚ, ʠʤʝʶʪ ʤʦʱʥʦʩʪʴ ʧʦʪʦʢʘ ʦʪ 0,1 ʜʦ 0,3 ʤ 

ʧʨʠ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʦʪ 0,15 ʜʦ 1,0 ʤ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʪʘʣʠʢʠ (0,5-1,0 ʤ) 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʛʘʣʝʯʥʳʭ ʠ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʵʣʶʚʠʘʣʴʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʢʦʨʝʥʥʳʭ ʜʦʣʦʤʠʪʘʭ. ɺ ɸʥʘʙʘʨʩʢʦʡ 

ʘʣʤʘʟʦʥʦʩʥʦʡ ʦʙʣʘʩʪʠ ʚʩʪʨʝʯʘʶʪʩʷ ʣʸʜ-ʮʝʤʝʥʪ, ʞʠʣʴʥʳʡ ʣʸʜ, ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʡ 

ʠ ʩʫʙʣʠʤʘʮʠʦʥʥʳʡ, ʘ ʪʘʢʞʝ ʧʣʘʩʪʦʚʳʡ ʠʥʲʝʢʮʠʦʥʥʦ-ʩʝʛʨʝʛʘʮʠʦʥʥʳʡ ʣʸʜ. ɺ 

ʘʣʣʶʚʠʠ ʪʝʨʨʘʩ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʝ ʣʴʜʳ, 

ʧʨʠʫʨʦʯʝʥʥʳʝ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʢ ʧʦʡʤʝʥʥʦʡ ʬʘʮʠʠ. ʄʦʱʥʦʩʪʴ ʣʝʜʷʥʳʭ ʞʠʣ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 1-6 ʤ. ɾʠʣʴʥʳʝ ʣʴʜʳ ʚ ʦʩʥʦʚʥʦʤ ʟʘʣʝʛʘʶʪ ʚ ʪʨʝʱʠʥʦʚʘʪʳʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜʘʭ ʚ ʚʝʨʭʥʝʡ 10-25 ʤʝʪʨʦʚʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʰʠʨʠʥʘ ʢʦʪʦʨʳʭ, 

ʩʦʩʪʘʚʣʷʝʪ 0,1-0,15 ʤ. ʃʦʢʘʣʠʟʘʮʠʷ ʧʦʜʦʙʥʳʭ ʞʠʣʴʥʳʭ ʣʴʜʦʚ ʚʦʟʤʦʞʥʘ ʤʝʪʦʜʘʤʠ 

ʛʝʦʬʠʟʠʢʠ [41, 98]. 

çɺ ʫʤʝʨʝʥʥʦʡ ʟʦʥʝ ʤʦʱʥʦʩʪʴ ʩʝʟʦʥʥʦ-ʪʘʣʦʛʦ ʩʣʦʷ (ʉʊʉ) ʚ ʛʦʨʥʦʡ ʯʘʩʪʠ 

ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʩʢʣʦʥʘʭ ʩʝʚʝʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʅʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 0,2-0,3 

ʤ, ʘ ʥʘ ʦʙʥʘʞʝʥʥʳʭ ʩʢʣʦʥʘʭ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʜʦʭʦʜʠʪ ʜʦ 2-4 ʤ. ʅʘʜʤʝʨʟʣʦʪʥʳʝ 

ʚʦʜʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʝʟʦʥʥʦ-ʪʘʣʳʤ ʦʪʣʦʞʝʥʠʷʤ, ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,2 ʜʦ 1,0 ʤ. ʊʘʣʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʣʦʢʘʣʴʥʦ, ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʩʚʷʟʘʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʦʪʝʧʣʷʶʱʠʤ ʚʣʠʷʥʠʝʤ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ 

ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʦʥʠ ʚ ʦʩʥʦʚʥʦʤ ʚ ʜʦʣʠʥʘʭ ʨʝʢ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʝ ʣʴʜʳ, ʩʨʝʜʥʷʷ ʰʠʨʠʥʘ ʢʦʪʦʨʳʭ ʧʦ ʚʝʨʭʫ 

ʩʦʩʪʘʚʣʷʝʪ 1,5-3 ʤ, ʣʝʜʷʥʳʝ ʞʠʣʳ ʰʠʨʠʥʦʡ ʜʦ 2 ʤ ʠ ʚʳʩʦʪʦʡ 3-4 ʤè [39]. 

çʇʦ ʘʥʘʣʠʟʫ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ, ʦʢʦʣʦ 60 % ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʟʘʣʝʛʘʶʪ ʥʘ ʛʣʫʙʠʥʝ ʥʝ ʙʦʣʝʝ 10 ʤ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ - ʥʘ ʛʣʫʙʠʥʝ ʦʪ 10 ʤ ʠ 

ʙʦʣʝʝè [39]. ʀʟ ʯʠʩʣʘ ʥʘʠʙʦʣʝʝ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ: çɸʣʸʥʢʘè (ʜʦ 28 ʤ); çɸʤʫʨʩʢʠʡè (ʜʦ 26 ʤ) çɸʥʪʘʛʘʯʘʥ-ʫʩʪʴʝè (ʜʦ 38 ʤ), 
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ʛʨʫʧʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʝʢʠ ɹʦʣʴʰʦʡ ʊʘʨʳʥ (ʦʪ 10-40 ʜʦ 60 ʤ), ʨʦʩʩʳʧʴ ʨʝʢʠ 

ɹʦʣʴʰʦʡ ʂʫʨʘʥʘʭ (ʜʦ 65 ʤ), çɹʘʟʦʚʩʢʠʡè (ʜʦ 33 ʤ), çɹʘʤè (ʜʦ 22 ʤ) ʠ ʜʨʫʛʠʝ [121]. 

1.2 ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ 

ʀʥʞʝʥʝʨʥʳʝ ʩʣʫʞʙʳ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʫʶʪ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʮʝʣʦʛʦ ʨʷʜʘ ʠʩʪʦʯʥʠʢʦʚ. ʂ ʦʩʥʦʚʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ, ʢʦʪʦʨʳʤʠ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʪʝʭʥʦʣʦʛʠ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʦʪʥʦʩʷʪʩʷ: ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʪʯʝʪʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʟʚʝʜʢʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʡ (ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ, ʜʝʪʘʣʴʥʦʡ, ʵʢʩʧʣʫʘʪʘ-

ʮʠʦʥʥʦʡ), ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʪʨʘʙʦʪʢʝ ʩʦʩʝʜʥʠʭ ʫʯʘʩʪʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʧʨʦʛʥʦʟʥʳʝ ʜʘʥʥʳʝ ʧʦʣʝʚʦʡ ʛʝʦʬʠʟʠʢʠ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ. 

ʈʘʟʚʝʜʢʘ ʨʦʩʩʳʧʥʳʭ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ ʪʨʝʙʫʝʪ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʜʝʪʘʣʴʥʦʩʪʠ ʠʟ-ʟʘ ʩʣʦʞʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

(ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʦʣʱ ʦʪʣʦʞʝʥʠʡ, ʥʘʣʠʯʠʝ ʚʘʣʫʥʦʚ, ʢʘʨʩʪʦʚʳʭ ʧʫʩʪʦʪ ʠ ʜʨ.) ʠ 

ʥʘʣʠʯʠʷ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ [32, 74, 105]. ʇʦʣʫʯʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʧʨʦʙ ʟʜʝʩʴ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʝʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʤʝʪʦʜʠʢʫ ʦʧʨʦʙʦʚʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʙʫʨʦʚʳʭ ʨʘʙʦʪ. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʝʪʠ 

ʙʫʨʦʚʳʭ ʚʳʨʘʙʦʪʦʢ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʤʦʜʝʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 

ʢʦʨʨʝʢʪʥʦʛʦ ʧʦʜʩʯʸʪʘ ʟʘʧʘʩʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʳʩʦʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʜʘʞʝ ʥʘ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʘʭ [4]. 

ʊʨʘʜʠʮʠʦʥʥʦ ʧʨʠ ʨʘʟʚʝʜʢʝ ʨʦʩʩʳʧʝʡ ʧʨʠʤʝʥʷʶʪ ʫʜʘʨʥʦ-ʢʘʥʘʪʥʦʝ ʠ ʘʣʤʘʟʥʦʝ 

ʙʫʨʝʥʠʝ (ʚʝʨʪʠʢʘʣʴʥʦʝ). ɺ ʫʩʣʦʚʠʷʭ ʤʝʨʟʣʦʪʳ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʳʩʪʨʦʛʦ ʦʪʙʦʨʘ 

ʧʨʦʙ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʦ ʨʦʪʦʨʥʦʝ ʙʫʨʝʥʠʝ ʩ ʧʨʦʜʫʚʢʦʡ ʚʦʟʜʫʭʦʤ 

ʠʣʠ ʛʘʟʦʤ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʙʫʨʝʥʠʝ ʩ ʧʨʦʜʫʚʢʦʡ ʚʦʟʜʫʭʦʤ ï ʦʜʠʥ 

ʠʟ ʩʘʤʳʭ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʠ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʜʣʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ. 

ʉʞʘʪʳʡ ʚʦʟʜʫʭ ʩʣʫʞʠʪ ʜʣʷ ʥʝʤʝʜʣʝʥʥʦʛʦ ʚʳʥʦʩʘ ʨʘʟʨʫʰʝʥʥʦʛʦ ʰʣʘʤʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʛʥʦʚʝʥʥʫʶ ʦʯʠʩʪʢʫ ʟʘʙʦʷ, ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ 

ʧʨʦʭʦʜʢʠ ʠ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʪʙʦʨʘ ʧʨʦʙ. ʆʪʩʫʪʩʪʚʠʝ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦʚʳʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ 
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ʠʩʢʣʶʯʘʝʪ ʧʦʚʪʦʨʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʰʣʘʤʘ. ʂʘʢ ʦʪʤʝʯʘʶʪ ɼʞʫʨʘʝʚ ʠ ʄʝʨʢʫʣʦʚ 

(2014), ʪʘʢʦʡ ʤʝʪʦʜ çʧʦʟʚʦʣʷʝʪ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʙʫʨʦʚʳʭ ʨʘʙʦʪè [36]. 

ʐʫʨʬʦʚʘʥʠʝ (ʚʳʝʤʢʘ ʜʣʠʥʥʳʭ ʪʨʘʥʰʝʡ ʠʣʠ ʰʪʨʝʢʦʚ) ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘ 

ʥʝʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʠʣʠ ʚ ʧʨʠʫʩʪʴʝʚʳʭ ʟʦʥʘʭ ʨʝʢ. ʐʫʨʬʳ ʜʘʶʪ ʧʨʷʤʳʝ ʜʘʥʥʳʝ 

ʧʦ ʤʦʱʥʦʩʪʷʤ ʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ, ʚʳʷʚʣʷʶʪ ʩʪʨʦʝʥʠʝ 

ʢʦʨʝʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʩʣʫʞʘʪ ʜʣʷ ʧʨʦʚʝʨʢʠ ʫʯʘʩʪʢʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʘʣʫʥʥʦʩʪʴʶ 

ʠʣʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴʶ ʛʨʫʥʪʘ. ʐʫʨʬʳ ʥʝʟʘʤʝʥʠʤʳ ʧʨʠ ʨʘʟʚʝʜʢʝ ʙʝʨʝʛʦʚʳʭ ʠ 

ʨʝʯʥʳʭ ʪʝʨʨʘʩ, ʛʜʝ ʚʦʟʤʦʞʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʩʢʨʳʰʥʳʭ ʨʘʙʦʪ ʠ ʧʦʣʫʯʝʥʠʝ 

ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʘʥʘʣʠʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʰʫʨʬʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʜʝʪʘʣʠʟʘʮʠʠ ʢʘʨʪ ʟʘʣʝʛʘʥʠʷ ʧʦʜʦʰʚʳ ʠ ʜʣʷ ʦʪʙʦʨʘ ʢʨʫʧʥʦʦʙʲʝʤʥʳʭ ʧʨʦʙ 

ʰʣʠʭʘ. 

ʐʣʠʭʦʚʦʡ ʘʥʘʣʠʟ ʧʨʦʙ. ʇʦʩʣʝ ʦʪʙʦʨʘ ʢʝʨʥʦʚʳʭ ʠʣʠ ʟʘʙʫʨʝʥʥʳʭ ʢʝʨʥʦʚʳʭ 

ʧʨʦʙ ʧʨʦʠʟʚʦʜʷʪ ʰʣʠʭʦʚʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ï ʚʳʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʪʘ ʪʷʞʝʣʳʭ 

ʤʠʥʝʨʘʣʦʚ. ʆʧʨʦʙʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʜʨʦʙʣʝʥʠʝ ʠ ʧʨʦʤʳʚʢʫ ʦʙʨʘʟʮʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʰʣʠʭʘ, ʟʘʪʝʤ ʢʦʥʮʝʥʪʨʘʪʳ ʦʙʦʛʘʱʘʶʪ (ʦʪʜʝʣʷʶʪ ʧʫʩʪʫʶ ʧʦʨʦʜʫ) ʩ 

ʧʦʤʦʱʴʶ ʪʷʞʝʣʳʭ ʞʠʜʢʦʩʪʝʡ ʠʣʠ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ. ɼʘʣʝʝ ʠʟʚʣʝʢʘʝʤʳʝ 

ʘʣʤʘʟʳ ʧʝʨʝʩʯʠʪʳʚʘʶʪ ʚʨʫʯʥʫʶ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʩʦʨʪʠʨʦʚʱʠʢʦʚ (ʥʘ 

ʦʩʥʦʚʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ) ʧʦ ʢʘʨʘʪʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʫ. ʕʪʠ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʷʶʪ 

ʨʝʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʣʤʘʟʦʚ ʚ ʢʘʞʜʦʤ ʧʨʦʙʥʦʤ ʠʥʪʝʨʚʘʣʝ ʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 

ʧʦʜʩʯʸʪʘ ʟʘʧʘʩʦʚ ʢʘʪʝʛʦʨʠʠ ʉ1. ʈʝʛʫʣʷʨʥʦʝ ʠ ʪʱʘʪʝʣʴʥʦʝ ʰʣʠʭʦʚʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ï 

ʦʙʷʟʘʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʠ, ʛʘʨʘʥʪʠʨʫʶʱʘʷ, ʯʪʦ ʚʳʯʠʩʣʝʥʥʳʝ 

ʨʝʩʫʨʩʳ ʦʪʚʝʯʘʶʪ ʬʘʢʪʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʚʝʜʢʝ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ 

ʢʘʨʪʠʨʦʚʘʪʴ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ ʠ ʩʦʟʜʘʚʘʪʴ 

ʪʨʸʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʟʘʣʝʛʘʥʠʷ ʘʣʣʶʚʠʷ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʧʦʜʯʸʨʢʠʚʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʪʘʭ: ʥʘʧʨʠʤʝʨ, ʧʦ ʜʘʥʥʳʤ ɸʙʨʘʤʦʚʘ ʠ 

ɹʨʦʚʢʠʥʘ (2012) çʧʦʢʘʟʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʨʝʰʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠ ʨʘʟʚʝʜʢʝ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚè [1]. 
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ʅʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʥʘʟʝʤʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʨʘʙʦʪ [20, 

179]: 

ʕʣʝʢʪʨʦʨʘʟʚʝʜʢʘ (ʤʝʪʦʜʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ɺʕɿ, ʵʣʝʢʪʨʦʪʦʤʦʛʨʘʬʠʷ). 

ʄʝʪʦʜʳ ʩ ʚʚʝʜʝʥʠʝʤ ʪʦʢʦʚ ʧʦʩʪʦʷʥʥʦʛʦ ʠʣʠ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʧʦʣʷ ʧʦʟʚʦʣʷʶʪ 

ʦʧʨʝʜʝʣʠʪʴ ʛʣʫʙʠʥʫ ʟʘʣʝʛʘʥʠʷ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ, ʤʦʱʥʦʩʪʴ ʨʳʭʣʦʛʦ ʯʝʭʣʘ ʠ 

ʦʙʦʩʦʙʠʪʴ ʦʪʨʝʟʢʠ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʛʣʠʥʠʩʪʳʭ ʛʦʨʠʟʦʥʪʦʚ). 

ʅʘ ʨʦʩʩʳʧʷʭ ʧʨʦʚʝʜʝʥʠʝ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʯʘʩʪʦ ʟʘʪʨʫʜʥʷʝʪʩʷ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥ ʠ ʚʣʘʞʥʦʩʪʴʶ, ʦʜʥʘʢʦ ʚ ʤʝʨʟʣʳʭ ʫʩʣʦʚʠʷʭ (ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʨʦʜ) ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʦʜ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʝʸ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ 

[8]. ɺ ʯʘʩʪʥʦʩʪʠ, ɺʕɿ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ 

çʧʣʦʪʠʢʘè ʠ ʚʳʜʝʣʝʥʠʷ ʘʥʦʤʘʣʴʥʦ ʤʦʱʥʳʭ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʪʦʣʱ. 

ʕʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʝ ʧʨʦʬʠʣʠ (ʧʨʷʤʳʝ ʠ ʠʥʚʝʨʩʥʳʝ) ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʥʘʢʣʦʥʥʳʝ ʩʣʦʠ ʘʣʣʶʚʠʷ, ʨʘʟʜʝʣʠʪʴ ʨʘʟʨʝʟ ʧʦ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʛʦʨʠʟʦʥʪʘʤ ʠ ʫʪʦʯʥʠʪʴ ʛʨʘʥʠʮʳ ʘʣʤʘʟʦʥʦʩʥʳʭ ʩʣʦʸʚ. 

ʉʝʡʩʤʦʨʘʟʚʝʜʢʘ. ʄʘʣʦʛʣʫʙʠʥʥʘʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ (ʩʝʡʩʤʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʠ 

ʧʫʯʢʠ) ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʠ ʨʘʟʜʝʣʝʥʠʷ ʨʘʟʨʝʟʘ ʨʳʭʣʳʭ ʧʦʨʦʜ [71, 184]. ʉʝʡʩʤʠʯʝʩʢʠʝ ʚʦʣʥʳ 

ʭʦʨʦʰʦ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʧʦʨʦʜʳ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʠ ʧʦ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ ʚʦʣʥ ʩʪʨʦʷʪ 

ʨʘʟʨʝʟ ʛʣʫʙʠʥʥʦʡ ʩʝʢʚʝʥʮʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ ʥʘ ʨʦʩʩʳʧʷʭ 

ʤʦʞʝʪ ʜʘʚʘʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʨʠ ʜʝʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ, ʥʦ ʝʸ ʧʨʦʚʝʜʝʥʠʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʦʨʦʛʦ (ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʸʤʥʠʢʦʚ). 

çʄʠʢʨʦʩʝʡʩʤʦʨʘʟʚʝʜʢʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤè ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʨʦʩʩʳʧʝʡ, ʥʦ çʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʪʨʫʜʦʚʳʭ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪè ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ [132]. ʇʦʵʪʦʤʫ ʩʝʡʩʤʠʢʘ ʯʘʱʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʪʦʯʥʷʶʱʠʭ 

ʨʘʙʦʪ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʩ ʫʞʝ ʠʟʚʝʩʪʥʦʡ ʧʝʨʩʧʝʢʪʠʚʦʡ (ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʚʳʜʝʣʝʥʠʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʣʠʥʟ ʧʦ ʢʦʥʪʫʨʫ) [21]. 

ʄʘʛʥʠʪʦʨʘʟʚʝʜʢʘ. ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʘʥʦʤʘʣʠʡ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʳʭ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʅʘ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʢʦʨʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʚʳʜʝʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ʧʦʚʳʰʝʥʥʦʡ ʤʘʛʥʠʪʦʦʧʘʩʥʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʩʚʷʟʘʥʥʳʭ ʩ 
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ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʪʨʫʙʢʘʤʠ ʠʣʠ ʧʣʦʪʠʢʦʤ ʠʟ ʤʘʛʥʝʪʠʪʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ). ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʨʦʩʩʳʧʷʭ, ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʫ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʚʧʘʜʠʥ ʚ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ (ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʘʣʝʦ-

ʜʦʣʠʥ), ʧʝʨʝʢʨʳʪʳʭ ʤʘʣʦʤʦʱʥʳʤ ʛʣʠʥʠʩʪʳʤ ʯʝʭʣʦʤ. ʕʪʦʪ ʤʝʪʦʜ ʵʬʬʝʢʪʠʚʝʥ ʪʘʤ, 

ʛʜʝ ʟʘʣʝʞʠ ʚʳʩʪʫʧʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʣʠ ʩʢʨʳʪʳ ʪʦʥʢʠʤ ʩʣʦʝʤ ʘʣʣʶʚʠʷ; ʚ ʪʘʢʠʭ 

ʩʣʫʯʘʷʭ ʠʟʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ ʣʦʚʫʰʢʠ 

ʘʣʤʘʟʦʚ. 

ɻʨʘʚʠʨʘʟʚʝʜʢʘ. ʀʟʤʝʨʝʥʠʷ ʤʘʣʳʭ ʘʥʦʤʘʣʠʡ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʦʟʚʦʣʷʶʪ 

ʦʧʨʝʜʝʣʷʪʴ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʨʳʭʣʦʡ ʪʦʣʱʠ (ʧʦ ʧʦʥʠʞʝʥʠʶ ʧʣʦʪʥʦʩʪʠ 

ʘʣʣʶʚʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʪʥʳʤ ʢʦʨʝʥʥʳʤ ʦʩʥʦʚʘʥʠʝʤ) ʠ ʣʦʢʘʣʴʥʳʝ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ. ɺʳʩʦʢʦʪʦʯʥʘʷ ʛʨʘʚʠʤʝʪʨʠʷ (çʛʨʘʚʠʨʘʟʚʝʜʢʘè) 

ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʨʦʩʩʳʧʷʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʚʪʦʨʦʡ ʬʘʟʝ ʨʘʙʦʪ: ʧʨʠ ʥʘʣʠʯʠʠ 

ʧʝʨʚʠʯʥʦʡ çʦʙʦʣʦʯʢʠè ʠʟ ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʮʝʣʴ ï ʫʪʦʯʥʠʪʴ ʛʣʫʙʠʥʫ ʣʦʞʘ ʠ 

ʚʳʷʚʠʪʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʣʣʶʚʠʷ. 

ɹʫʨʦʚʦʡ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʢʘʨʦʪʘʞ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʢʚʘʞʠʥ. ʇʦʩʣʝ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʧʨʦʜʦʣʞʘʶʪ ʧʨʠʤʝʥʷʪʴ ʛʝʦʬʠʟʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʩʢʚʘʞʠʥʘʭ (ɻʀʉ). ʕʪʦ ʚʢʣʶʯʘʝʪ ʛʘʤʤʘ-

ʩʧʝʢʪʨʦʤʝʪʨʠʶ, ʥʝʡʪʨʦʥ-ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʢʘʨʦʪʘʞ, ʨʘʜʠʦʘʢʪʠʚʥʳʡ ʢʘʨʦʪʘʞ, 

ʘʢʫʩʪʠʯʝʩʢʠʝ ʠ ʧʦʪʝʥʮʠʘʣ-ʤʝʤʙʨʘʥʥʳʝ ʣʦʛʛʝʨʳ ʠ ʧʨ. ʆʥʠ ʜʘʶʪ ʜʝʪʘʣʴʥʫʶ 

ʩʪʨʘʪʠʛʨʘʬʠʶ ʨʘʟʨʝʟʘ ʩʢʚʘʞʠʥʳ ʠ ʧʦʟʚʦʣʷʶʪ ʥʝʧʨʝʨʳʚʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʚʦʡʩʪʚʘ 

ʧʦʨʦʜ (ʪʠʧ ʧʦʨʦʜ, ʚʣʘʞʥʦʩʪʴ, ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ). ʊʘʢ, ʛʘʤʤʘ- ʠ ʥʝʡʪʨʦʥ-ʣʦʛʛʝʨʳ 

ʧʦʤʦʛʘʶʪ ʚʳʜʝʣʠʪʴ ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʩʠʣʠʢʘʪʥʳʝ ʩʣʦʠ, ʘʢʫʩʪʠʯʝʩʢʠʡ ʢʘʨʦʪʘʞ ï 

ʨʘʟʜʝʣʠʪʴ ʧʝʩʯʘʥʠʢʠ ʠ ʛʣʠʥʠʩʪʳʝ ʩʣʦʠ. ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʚʝʩʪʠ ʢʘʨʦʪʘʞ ʧʨʘʢʪʠʯʝʩʢʠ ʧʘʨʘʣʣʝʣʴʥʦ ʙʫʨʝʥʠʶ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʦʧʝʨʘʪʠʚʥʦʩʪʴ 

ʩʲʸʤʢʠ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʛʦʨʥʦʛʦ ʛʠʜʨʦʤʫʩʢʫʣʘ. ʇʨʠʤʝʥʝʥʠʝ ʢʘʨʦʪʘʞʘ ʥʘ ʨʦʩʩʳʧʷʭ 

ʧʦ-ʧʨʝʞʥʝʤʫ ʩʯʠʪʘʝʪʩʷ ʚʘʞʥʳʤ ʟʘʚʝʨʰʝʥʠʝʤ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʧʦʩʢʦʣʴʢʫ 

ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʧʦ ʣʠʪʦʣʦʛʠʠ ʠ ʤʦʱʥʦʩʪʷʤ ʩʣʦʸʚ ʠʟ ʩʢʚʘʞʠʥʳ ʩʣʫʞʘʪ ʵʪʘʣʦʥʦʤ ʜʣʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ. 
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ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʤʘʣʦʛʣʫʙʠʥʥʦʡ ʛʝʦʬʠʟʠʢʠ ʥʘ 

ʨʦʩʩʳʧʷʭ ʢʨʠʦʣʠʪʦʟʦʥʳ - ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʷ (ɻʈʃ, Ground Penetrating Radar). ɺ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʝ (ʦʪ ʜʝʩʷʪʢʦʚ ʄɻʮ ʜʦ ʩʦʪʝʥ ʄɻʮ) 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪʩʷ ʠ ʜʠʬʨʘʛʠʨʫʶʪ ʥʘ ʛʨʘʥʠʮʘʭ ʧʦʨʦʜ 

ʩ ʨʘʟʥʳʤʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɻʈʃ ʦʪʥʦʩʷʪ ʢ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ 

ʨʘʜʠʦʚʦʣʥʦʚʳʤ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʦʨʦʩʪʥʳʭ ʠ ʧʦʛʣʦʱʘʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʨʦʜ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ï ʜʠʬʨʘʢʮʠʷ ʠ ʦʪʨʘʞʝʥʠʷ ʚʦʣʥ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ. 

ʆʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ɻʈʃ ï ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʨʦʬʠʣʷ ʠ ʩʢʦʨʦʩʪʴ ʩʲʸʤʢʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʦʣʫʯʠʪʴ ʜʚʫʤʝʨʥʳʝ ʨʘʟʨʝʟʳ ʨʝʣʴʝʬʘ ʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʘʣʣʶʚʠʷ. 

ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ɻʈʃ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦʨʦʜ ʠ ʯʘʩʪʦʪʦʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʥʪʝʥʥ: ʚ ʩʫʭʠʭ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 

ʦʥʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ [3, 193, 200, 201]. 

1.3 ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʝʨʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʜʘʪʠʨʫʶʪʩʷ ʥʘʯʘʣʦʤ XX ʚʝʢʘ, ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʧʨʠʟʥʘʥʠʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʷ 

ʧʦʣʫʯʠʣʘ ʪʦʣʴʢʦ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʩʪʦʣʝʪʠʷ. ɽʸ ʨʘʟʚʠʪʠʝ ʰʣʦ ʩʢʘʯʢʘʤʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʧʨʦʨʳʚʘʤʠ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʥʠʢʠ, ʚʦʝʥʥʳʤʠ ʠ ʢʦʩʤʠʯʝʩʢʠʤʠ 

ʧʨʦʝʢʪʘʤʠ, ʘ ʪʘʢʞʝ ʚʩʸ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʚʥʝʜʨʝʥʠʝʤ ʚ ʛʝʦʬʠʟʠʢʫ ʠ ʛʦʨʥʫʶ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. 

ʀʜʝʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʟʝʤʥʦʡ ʪʦʣʱʠ ʚʦʟʥʠʢʣʘ ʚʩʢʦʨʝ ʧʦʩʣʝ 

ʠʟʦʙʨʝʪʝʥʠʷ ʨʘʜʘʨʘ. ʋʞʝ ʚ 1904 ʛʦʜʫ ʥʝʤʝʮʢʠʡ ʠʟʦʙʨʝʪʘʪʝʣʴ ʂ. ɻʶʣʴʩʤʘʡʝʨ 

ʟʘʧʘʪʝʥʪʦʚʘʣ ʤʝʪʦʜ ʨʘʜʠʦʧʝʣʝʥʛʘʮʠʠ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʩʪʘʣʦ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʝʜʧʦʩʳʣʦʢ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʛʝʦʨʘʜʘʨʘ (ʧʘʪʝʥʪ DE 165546) [181]. ɺ 

1910 ʛ. G. Leimbach ʠ H. Lowy ʧʦʜʘʣʠ ʧʘʪʝʥʪ ˉ237944 ʥʘ ʨʘʜʠʦʣʦʢʘʪʦʨ ʩ 

ʥʝʧʨʝʨʳʚʥʦʡ ʚʦʣʥʦʡ ʜʣʷ ʧʦʠʩʢʘ ʩʢʨʳʪʳʭ ʧʦʜ ʟʝʤʣʸʡ ʧʨʝʜʤʝʪʦʚ [235, 236]. ɺ 1926 

ʛʦʜʫ H¿lsenbeck ʧʦʣʫʯʠʣ ʧʘʪʝʥʪ DE 489434 [194] ʥʘ ʠʤʧʫʣʴʩʥʳʡ ʨʘʜʘʨ, 

ʠʩʧʦʣʴʟʫʶʱʠʡ ʢʦʨʦʪʢʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʤʧʫʣʴʩʳ ʜʣʷ ʪʦʯʥʦʛʦ ʠʟʤʝʨʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʣʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʮʝʣʠ ʧʫʪʝʤ 

ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʦʪʧʨʘʚʢʦʡ ʠʤʧʫʣʴʩʘ ʠ ʧʨʠʝʤʦʤ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ. ɺ 
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ʦʪʣʠʯʠʝ ʦʪ ʨʘʜʘʨʦʚ ʩ ʥʝʧʨʝʨʳʚʥʦʡ ʚʦʣʥʦʡ, ʠʤʧʫʣʴʩʥʳʝ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʪʦʯʥʦʩʪʴ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʣʝʟʥʳʤʠ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ. ʈʘʟʨʘʙʦʪʢʘ 

ʠʤʧʫʣʴʩʥʳʭ ʨʘʜʘʨʦʚ ʩʪʘʣʘ ʚʘʞʥʳʤ ʰʘʛʦʤ ʚ ʨʘʟʚʠʪʠʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʟʘʣʦʞʠʚ ʦʩʥʦʚʫ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ 

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʨʘʥʥʠʭ ʠ ʟʥʘʯʠʤʳʭ ʨʘʙʦʪ, ʧʦʢʘʟʘʚʰʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʚ ʛʝʦʬʠʟʠʢʝ, ʩʪʘʣʘ ʩʪʘʪʴʷ ɺ. ʐʪʝʨʥʘ [186], ʚ ʢʦʪʦʨʦʡ ʘʚʪʦʨ 

ʠʟʤʝʨʠʣ ʪʦʣʱʠʥʫ ʣʝʜʥʠʢʘ ʚ ɸʚʩʪʨʠʠ. ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʩʪʘʣ ʬʘʢʪʠʯʝʩʢʠʤ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʪʦʛʦ, ʯʪʦ ʨʘʜʠʦʚʦʣʥʳ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʨʝʜʳ ʠ 

ʦʪʨʘʞʘʪʴʩʷ ʦʪ ʠʭ ʛʨʘʥʠʮ.  

ɺ 1940 ʛʦʜʫ ʧʨʦʬʝʩʩʦʨ ɸ.ɸ. ʇʝʪʨʦʚʩʢʠʡ ʧʨʦʚʸʣ ʧʝʨʚʳʝ ʦʧʳʪʳ ʧʦ 

ʧʨʦʩʚʝʯʠʚʘʥʠʶ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤʠ ʚʦʣʥʘʤʠ, ʯʪʦ ʩʪʘʣʦ ʚʘʞʥʳʤ 

ʰʘʛʦʤ ʚ ʧʨʠʤʝʥʝʥʠʠ ʨʘʜʠʦʚʦʣʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ [93]. 

ɺʧʦʩʣʝʜʩʪʚʠʠ, ʚ 1947 ʛʦʜʫ, ʦʥ ʩʦʚʤʝʩʪʥʦ ʩ ɹ. ʅ. ɼʦʩʪʦʚʘʣʦʚʳʤ ʨʘʟʨʘʙʦʪʘʣ 

ʚʦʣʥʦʤʝʨʥʳʡ ʤʝʪʦʜ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ, ʯʪʦ ʨʘʩʰʠʨʠʣʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [92]. ʅʝʩʤʦʪʨʷ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ, 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʰʣʦ ʜʦʚʦʣʴʥʦ ʤʝʜʣʝʥʥʦ: ʚ 1940-1960-ʭ ʛʛ. ʧʦʷʚʠʣʦʩʴ ʣʠʰʴ 

ʥʝʩʢʦʣʴʢʦ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠ ʤʝʪʦʜ ʦʩʪʘʚʘʣʩʷ ʤʘʣʦʠʟʚʝʩʪʥʳʤ. 

ʉʫʱʝʩʪʚʝʥʥʳʡ ʪʦʣʯʦʢ ʚ 1960-ʝ ʛʦʜʳ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʷ ʧʦʣʫʯʠʣʘ ʙʣʘʛʦʜʘʨʷ 

ʛʣʷʮʠʦʣʦʛʘʤ, ʠʟʫʯʘʚʰʠʤ ʧʦʣʷʨʥʳʝ ʣʴʜʳ. ɺ ʉʐɸ ʠ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʩʪʘʣʠ 

ʧʨʠʤʝʥʷʪʴ ʠʤʧʫʣʴʩʥʳʝ ʨʘʜʠʦʣʦʢʘʪʦʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʦʣʱʠʥʳ ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ ʠ 

ʘʨʢʪʠʯʝʩʢʠʭ ʣʝʜʥʠʢʦʚ. ɺ 1969 ʛʦʜʫ ʚʳʰʣʘ ʩʪʘʪʴʷ Robin G. ʠ ʜʨ. [244], ʛʜʝ ʙʳʣʠ 

ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʟʦʥʜʠʨʦʚʘʥʠʷ ʛʨʝʥʣʘʥʜʩʢʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʱʠʪʘ. ʋʯʸʥʳʝ 

ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʨʘʜʠʦʚʦʣʥʳ ʧʨʦʥʠʢʘʶʪ ʯʝʨʝʟ ʤʥʦʛʦʢʠʣʦʤʝʪʨʦʚʳʝ ʪʦʣʱʠ ʣʴʜʘ ʠ 

ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʨʦʜʳ. ʕʪʦ ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʘʣʦ ʧʝʨʩʧʝʢʪʠʚʳ 

ʤʝʪʦʜʘ ʠ ʟʘʣʦʞʠʣʦ ʥʘʫʯʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʝʛʦ ʘʜʘʧʪʘʮʠʠ ʢ ʜʨʫʛʠʤ ʩʨʝʜʘʤ. 

ʇʨʠʤʝʨʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʉʉʉʈ ʩʪʘʨʪʦʚʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ. ʉ 1967 ʛʦʜʘ ʚ ʈʠʛʝ ʛʨʫʧʧʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʄ. ʀ. ʌʠʥʢʝʣʴʰʪʝʡʥʘ ʥʘʯʘʣʘ ʘʜʘʧʪʠʨʦʚʘʪʴ ʨʘʜʠʦʣʦʢʘʪʦʨʳ ʜʣʷ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ ʛʨʫʥʪʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ [208, 209]. ʂ ʥʘʯʘʣʫ 1970-ʭ ʙʳʣʠ 
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ʩʦʟʜʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʩʚʝʯʠʚʘʥʠʷ ʛʨʫʥʪʘ 

ʥʘʥʦʩʝʢʫʥʜʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ, 

ʘʨʭʝʦʣʦʛʠʠ ʠ ʜʣʷ ʧʦʠʩʢʘ ʢʘʨʩʪʦʚʳʭ ʧʫʩʪʦʪ [209]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʢʦʥʮʫ 1960-ʭ 

ʛʦʜʦʚ ʤʝʪʦʜ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʠʟ ʫʟʢʦʡ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʥʘʯʘʣ 

ʧʨʝʚʨʘʱʘʪʴʩʷ ʚ ʤʥʦʛʦʦʙʝʱʘʶʱʠʡ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ. 

ɺ 1970-ʭ ʤʘʩʰʪʘʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʨʘʜʘʨʘ ʙʳʣʠ ʚʦ ʤʥʦʛʦʤ 

ʩʪʠʤʫʣʠʨʦʚʘʥʳ ʚʦʝʥʥʳʤʠ ʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʧʨʦʝʢʪʘʤʠ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʩʦʙʳʪʠʡ ʩʪʘʣ ʵʢʩʧʝʨʠʤʝʥʪ ALSE ʥʘ ʢʦʩʤʠʯʝʩʢʦʤ ʢʦʨʘʙʣʝ çɸʧʦʣʣʦʥ-17è ʚ 1972 

ʛʦʜʫ. ʉʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʪʨʸʭʯʘʩʪʦʪʥʳʡ ʨʘʜʘʨ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ 

ʘʧʝʨʪʫʨʦʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʣʫʥʥʦʤ ʦʨʙʠʪʘʣʴʥʦʤ ʤʦʜʫʣʝ, ʫʩʧʝʰʥʦ 

ʧʨʦʩʢʘʥʠʨʦʚʘʣ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʣʦʠ ʃʫʥʳ [255]. ʉʦʛʣʘʩʥʦ ʦʪʯʸʪʫ NASA, ʨʘʜʘʨ 

ʨʘʙʦʪʘʣ ʥʘ ʯʘʩʪʦʪʘʭ ~5, 15 ʠ 150 ʄɻʮ, ʜʦʩʪʠʛ ʛʣʫʙʠʥʳ ~1,3 ʢʤ, ʘ ʜʘʥʥʳʝ 

ʩʦʭʨʘʥʷʣʠʩʴ ʥʘ ʬʦʪʦʧʣʸʥʢʫ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʮʠʬʨʦʚʦʡ ʧʘʤʷʪʠ [196]. ʋʩʧʝʭ 

ʣʫʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʧʦʪʝʥʮʠʘʣ ʛʝʦʨʘʜʘʨʘ ʠ ʚʳʟʚʘʣ 

ʚʩʧʣʝʩʢ ʠʥʪʝʨʝʩʘ ï ʤʝʪʦʜ ʧʝʨʝʩʪʘʣ ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʢʘʢ ʥʘʫʯʥʘʷ ʵʢʟʦʪʠʢʘ. 

ɺʩʢʦʨʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʘʩʴ ʠ ʥʘʟʝʤʥʘʷ ʘʧʧʘʨʘʪʫʨʘ. ɺ 1972 ʛ. ʚ ʉʐɸ 

ʧʦʷʚʠʣʘʩʴ ʢʦʤʧʘʥʠʷ Geophysical Survey Systems Inc. (GSSI), ʢʦʪʦʨʘʷ ʚʳʧʫʩʪʠʣʘ 

ʧʝʨʚʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʛʝʦʨʘʜʘʨʳ. Morey R.M. ʧʨʝʜʩʪʘʚʠʣ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ 

ʧʝʨʝʜʚʠʞʥʦʛʦ ʨʘʜʘʨʘ Subsurface Interface Radar (SIR). ɺʩʣʝʜ ʟʘ ʵʪʠʤ ʙʳʣʠ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʛʨʫʥʪʘ ʥʘʥʦʩʝʢʫʥʜʥʳʤʠ 

ʠʤʧʫʣʴʩʘʤʠ ʥʘ ʛʣʫʙʠʥʫ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ [239]. 

ɺ ʂʘʥʘʜʝ Annan, A. P. ʠ Davis J. L. ʫʩʧʝʰʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʠʤʧʫʣʴʩʥʳʡ 

ʨʘʜʘʨ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʝʯʥʦʤʝʨʟʣʳʭ ʧʦʨʦʜ [194]. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʘʟʘʣʠ, 

ʯʪʦ ʛʝʦʨʘʜʘʨ ʤʦʞʝʪ ʚʳʷʚʣʷʪʴ ʛʨʘʥʠʮʳ ʩʣʦʸʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ 

ʚʣʘʞʥʦʩʪʠ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ (ʧʦʨʷʜʢʘ ʥʘʥʦʩʝʢʫʥʜ). 

ɻʦʨʥʘʷ ʦʪʨʘʩʣʴ ʙʳʩʪʨʦ ʟʘʠʥʪʝʨʝʩʦʚʘʣʘʩʴ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ. ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩʪʘʣʦ ʧʨʠʤʝʥʝʥʠʝ ʛʝʦʨʘʜʘʨʘ ʜʣʷ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʣʠ. 

ʅʝʤʝʮʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ Thierbach R. [250] ʧʦʢʘʟʘʣ, ʯʪʦ ʠʤʧʫʣʴʩʥʳʡ ʨʘʜʘʨ 

ʨʝʛʠʩʪʨʠʨʫʝʪ ʦʪʨʘʞʝʥʠʷ ʦʪ ʩʪʨʫʢʪʫʨ ʚʥʫʪʨʠ ʩʦʣʷʥʳʭ ʧʣʘʩʪʦʚ. ɺʩʣʝʜ ʟʘ ʵʪʠʤ 
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Unterberger R.R. ʦʧʫʙʣʠʢʦʚʘʣ ʨʘʙʦʪʫ [252] ʚ Geophycs, ʠʟʫʯʘʷ ʧʨʦʭʦʞʜʝʥʠʝ 

ʨʘʜʠʦʚʦʣʥ ʩʢʚʦʟʴ ʩʦʣʴ ʠ ʦʙʥʘʨʫʞʝʥʠʝ ʨʘʩʩʦʣʦʥʘʩʳʱʝʥʥʳʭ ʟʦʥ. 

ʈʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʛʦʨʥʦʤ ʜʝʣʝ ʘʢʪʠʚʥʦ 

ʥʘʯʘʣʠʩʴ ʚ 1970-ʝ, ʢʦʛʜʘ ʧʨʠʙʦʨʳ ʩʪʘʣʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤʠ [240]. ɺ ʯʠʩʣʝ 

ʧʝʨʚʳʭ ʧʠʦʥʝʨʦʚ ï ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [252] ʠ ʫʛʦʣʴʥʳʭ 

ʧʣʘʩʪʦʚ [198]. ʂ ʥʘʯʘʣʫ 1980-ʭ ʠʥʪʝʨʝʩ ʢ ɻʈʃ ʚ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʫʩʠʣʠʣʩʷ 

ʙʣʘʛʦʜʘʨʷ ʫʩʧʝʭʘʤ ʵʣʝʢʪʨʦʥʠʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʶ ʧʝʨʝʥʦʩʥʳʭ ʨʘʜʘʨʦʚ GSSI. 

ɺ ʂʘʥʘʜʝ, ʥʘʧʨʠʤʝʨ, Annan, A.P. ʠ Davis J.L. ʧʨʠʤʝʥʷʣʠ ʛʝʦʨʘʜʘʨ ʚ ʢʘʣʠʡʥʳʭ 

ʰʘʭʪʘʭ ʉʘʩʢʘʯʝʚʘʥʘ, ʧʦʢʘʟʳʚʘʷ, ʯʪʦ ʤʦʞʥʦ ʢʘʨʪʠʨʦʚʘʪʴ ʛʣʠʥʠʩʪʳʝ ʧʨʦʩʣʦʠ ʠ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦʣʱʠʥʫ ʩʦʣʷʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʥʘʜ ʚʳʨʘʙʦʪʢʘʤʠ [195]. ɺ ʢʘʣʠʡʥʳʭ 

ʠ ʩʦʣʷʥʳʭ ʰʘʭʪʘʭ ɻʈʃ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ʩʦʣʠ. ɺ ɻʝʨʤʘʥʠʠ ʛʝʦʨʘʜʘʨʳ ʩʪʘʣʠ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʨʝʛʫʣʷʨʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʦʣʱʠʥʳ 

ʩʦʣʷʥʦʡ ʧʝʨʝʤʳʯʢʠ, ʦʪʜʝʣʷʶʱʝʡ ʚʳʨʘʙʦʪʢʫ ʦʪ ʚʳʰʝʣʝʞʘʱʠʭ ʛʣʠʥ. ʂʦʛʜʘ 

ʪʦʣʱʠʥʘ ʧʘʜʘʝʪ ʥʠʞʝ ʧʦʨʦʛʦʚʳʭ 0,6 ʤ, ʨʠʩʢ ʦʙʨʫʰʝʥʠʷ ʢʨʦʚʣʠ ʚʦʟʨʘʩʪʘʝʪ, ʠ ɻʈʃ 

ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʧʨʠʥʷʪʴ ʤʝʨʳ [195]. 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʪʘʣʘ ʨʘʜʠʦʣʦʢʘʮʠʷ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ. ɺ 1981 

Coon J.B. ʠ ʜʨ. ʦʧʫʙʣʠʢʦʚʘʣʠ ʨʘʙʦʪʫ [199], ʛʜʝ ʦʧʠʩʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʫʛʦʣʴʥʦʡ 

ʰʘʭʪʝ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʨʦʪʢʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʤʧʫʣʴʩʳ ʭʦʨʦʰʦ ʚʳʷʚʣʷʶʪ 

ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʫʛʣʸʤ ʠ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ ʜʝʩʷʪʢʦʚ 

ʤʝʪʨʦʚ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʠʤʝʥʝʥʠʷ ɻʈʃ ʚ 

ʛʦʨʥʦʤ ʜʝʣʝ ï ʜʣʷ ʧʦʠʩʢʘ ʨʫʜʥʳʭ ʪʝʣ, ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʧʣʘʩʪʦʚ ʠ ʦʙʥʘʨʫʞʝʥʠʷ 

ʧʫʩʪʦʪ (ʭʦʪʷ ʛʣʫʙʠʥʘ ʙʳʣʘ ʦʛʨʘʥʠʯʝʥʘ ʧʨʠʤʝʨʥʦ 10-30 ʤ ʠʟ-ʟʘ ʧʦʛʣʦʱʝʥʠʷ 

ʩʠʛʥʘʣʘ). 

ɺ 1980-ʭ ʛʦʜʘʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʷ ʟʘʢʨʝʧʠʣʘʩʴ ʢʘʢ ʧʨʠʟʥʘʥʥʳʡ ʤʝʪʦʜ 

ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʬʠʟʠʢʠ. ʂʦʣʠʯʝʩʪʚʦ ʧʫʙʣʠʢʘʮʠʡ ʨʝʟʢʦ ʚʦʟʨʦʩʣʦ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ ʧʨʠʙʦʨʳ. ʇʦʷʚʠʣʠʩʴ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʝ ʠ ʥʘʜʸʞʥʳʝ ʮʠʬʨʦʚʳʝ 

ʨʘʜʘʨʳ ʩ ʨʘʩʰʠʨʝʥʥʳʤ ʯʘʩʪʦʪʥʳʤ ʜʠʘʧʘʟʦʥʦʤ ʠ ʫʣʫʯʰʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. ɺ ʉʉʉʈ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʥʘʢʦʧʠʣʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʧʳʪ: ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʄ.ʀ. ʌʠʥʢʝʣʴʰʪʝʡʥʘ ʨʘʟʨʘʙʘʪʳʚʘʣʠ ʥʘʟʝʤʥʳʝ ʠʤʧʫʣʴʩʥʳʝ 

ʛʝʦʨʘʜʘʨʳ ʠ ʘʚʠʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʣʝʜʦʚʦʡ ʨʘʟʚʝʜʢʠ [176]. ɺ 1986 ʛ. ʚʳʰʣʘ 
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ʤʦʥʦʛʨʘʬʠʷ ʄ.ʀ. ʌʠʥʢʝʣʴʰʪʝʡʥʘ, ɺ.ɸ. ʂʫʪʝʚʘ ʠ ɺ.ʇ. ɿʦʣʦʪʘʨʸʚʘ [177], ʛʜʝ 

ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ɿʘʧʘʜʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʠ ʧʦʚʳʰʝʥʠʶ ʥʘʜʸʞʥʦʩʪʠ ʠ 

ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ɻʈʃ. ɺ 1980-ʝ ʩʪʘʣʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʧʝʨʚʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ɻʈʃ-ʘʧʧʘʨʘʪʫʨʳ, ʨʘʟʤʝʱʘʝʤʦʡ ʚ ʩʢʚʘʞʠʥʘʭ. Olsson O. ʠ ʜʨ. ʚ 1987 ʛ. 

[241] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʧʫʩʪʦʪ ʩ ʧʦʤʦʱʴʶ ʨʘʜʘʨʘ ʚ 

ʩʢʚʘʞʠʥʝ. ʂ ʢʦʥʮʫ 80-ʭ ʧʦʷʚʠʣʠʩʴ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʝ ʩʢʚʘʞʠʥʥʳʝ ʢʦʤʧʣʝʢʩʳ 

(ʥʘʧʨʠʤʝʨ, ʫ Chen H.T. ʚ 1989 ʛ.) [197], ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʛʦʨʥʦʛʦ ʜʝʣʘ: 

ʨʘʜʘʨ ʠʟ ʙʫʨʦʚʳʭ ʩʪʚʦʣʦʚ ʤʦʞʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʤʘʩʩʠʚ ʧʦʨʦʜʳ ʥʘ ʙʦʣʴʰʠʝ 

ʛʣʫʙʠʥʳ ʠ ʦʙʲʸʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʟʝʤʥʳʤ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝʤ. ʂ 1989 ʛ. ʚʳʰʣʘ 

ʨʘʙʦʪʘ Davis J.L., Annan A.P.  [202], ʢʦʪʦʨʘʷ ʧʦʜʚʝʣʘ ʠʪʦʛʠ ʜʝʩʷʪʠʣʝʪʥʝʛʦ ʦʧʳʪʘ 

ʧʨʠʤʝʥʝʥʠʷ ɻʈʃ ʚ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ. ɸʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ 

ʢʘʣʠʙʨʦʚʢʝ ʛʝʦʨʘʜʘʨ ʜʘʸʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʢʘʨʪʠʨʦʚʘʥʠʷ ʩʪʨʘʪʠʛʨʘʬʠʠ ʛʨʫʥʪʦʚ ʠ 

ʧʦʨʦʜ, ʚʳʜʝʣʷʷ ʪʦʥʢʠʝ ʧʨʦʩʣʦʡʢʠ ʠ ʛʨʘʥʠʮʳ. 

ɺ 1990-ʝ ʥʘʯʘʣʩʷ ʙʫʨʥʳʡ ʨʦʩʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʨʘʜʘʨʘ ʚ ʨʘʟʥʳʭ 

ʦʪʨʘʩʣʷʭ, ʚʢʣʶʯʘʷ ʛʦʨʥʦʝ ʜʝʣʦ. ɸʧʧʘʨʘʪʫʨʘ ʩʪʘʣʘ ʜʝʰʝʚʣʝ ʠ ʥʘʜʸʞʥʝʝ, ʧʦʷʚʠʣʠʩʴ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʦʜʝʣʠ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʜʣʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʫʜʥʠʢʦʚ ʠ 

ʢʘʨʴʝʨʦʚ. ɻʈʃ ʩʪʘʣ ʨʝʰʘʪʴ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ: ʦʙʥʘʨʫʞʝʥʠʝ ʦʙʚʦʜʥʸʥʥʳʭ 

ʚʳʨʘʙʦʪʦʢ, ʢʘʨʪʠʨʦʚʘʥʠʝ ʨʘʟʣʦʤʦʚ, ʟʦʥʠʨʦʚʘʥʠʝ ʨʫʜʳ. ʇʦʷʚʠʣʠʩʴ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ ï ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦʣʦʞʝʥʠʷ ʛʦʨʥʳʭ 

ʢʦʤʙʘʡʥʦʚ. 

ɺ ɸʚʩʪʨʘʣʠʠ ʠ ʉʐɸ ʚʝʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʠʥʪʝʛʨʘʮʠʠ ɻʈʃ ʚ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʧʨʦʭʦʜʢʠ. ʊʘʢ, Ralston, J.C.; Hainsworth, D.W. (2000) [243] ʦʧʠʩʘʣʠ ʦʧʳʪ ʚʥʝʜʨʝʥʠʷ 

ʛʝʦʨʘʜʘʨʘ ʚ ʜʝʡʩʪʚʫʶʱʝʡ ʫʛʦʣʴʥʦʡ ʰʘʭʪʝ: ɻʈʃ ʟʘʙʣʘʛʦʚʨʝʤʝʥʥʦ ʬʠʢʩʠʨʦʚʘʣ 

ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʧʦʨʦʜʥʦʡ ʧʝʨʝʤʳʯʢʝ, ʫʣʫʯʰʘʷ ʫʧʨʘʚʣʝʥʠʝ ʢʦʤʙʘʡʥʦʤ. ʂ ʥʘʯʘʣʫ 

2000-ʭ ʛʦʜʦʚ ʛʝʦʨʘʜʘʨ ʫʞʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ï ʦʙʩʣʝʜʦʚʘʥʠʷ ʢʨʦʚʣʠ ʥʘ ʥʘʣʠʯʠʝ ʧʫʩʪʦʪ, ʧʦʠʩʢʘ ʟʘʪʦʧʣʝʥʥʳʭ 

ʚʳʨʘʙʦʪʦʢ ʠ ʪ.ʧ. ɸʤʝʨʠʢʘʥʩʢʠʝ ʠʥʞʝʥʝʨʳ ʩʦʦʙʱʘʣʠ ʦʙ ʫʩʧʝʰʥʦʤ ʚʳʷʚʣʝʥʠʠ 

ʟʘʪʦʧʣʝʥʥʳʭ ʰʪʨʝʢʦʚ ʚ ʩʦʣʷʥʳʭ ʠ ʧʦʪʘʰʥʳʭ ʰʘʭʪʘʭ [248]. ɺ ʉʐɸ ʠ ɸʚʩʪʨʘʣʠʠ 

ʜʣʷ ʫʛʦʣʴʥʳʭ ʰʘʭʪ ʙʳʣʠ ʩʦʟʜʘʥʳ ʚʟʨʳʚʦʟʘʱʠʱʸʥʥʳʝ (ʠʩʢʣʶʯʘʶʱʠʝ 
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ʠʩʢʨʦʦʙʨʘʟʦʚʘʥʠʝ) ʚʝʨʩʠʠ ɻʈʃ. Francke ʠ ʜʨ. [210, 211] ʧʨʝʜʩʪʘʚʠʣʠ ʢʦʥʩʪʨʫʢʮʠʶ, 

ʢʦʪʦʨʘʷ ʢʨʝʧʠʪʩʷ ʥʘ ʢʦʤʙʘʡʥ ʠ ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʦ ʙʣʠʟʣʝʞʘʱʠʭ ʟʘʙʨʦʰʝʥʥʳʭ 

ʚʳʨʘʙʦʪʢʘʭ ʠʣʠ ʟʦʥʘʭ ʚʦʜʦʥʘʩʳʱʝʥʠʷ. ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʦʜʟʝʤʥʳʭ ʨʘʙʦʪ.  

ʆʜʥʘʢʦ ʰʠʨʦʢʦʤʫ ʚʥʝʜʨʝʥʠʶ ʤʝʰʘʣʘ ʩʣʦʞʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʈʦʩʪ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʕɺʄ ʧʦʟʚʦʣʠʣ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʤʠʛʨʘʮʠʶ ʦʪʨʘʞʝʥʠʡ, ʪʦʤʦʛʨʘʬʠʶ ʠ ʜʨ. ʄʝʪʦʜʳ 

ʦʙʨʘʙʦʪʢʠ ʛʝʦʨʘʜʘʨʥʳʭ ʜʘʥʥʳʭ ʧʨʝʪʝʨʧʝʣʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʵʚʦʣʶʮʠʶ, ʦʩʦʙʝʥʥʦ 

ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʧʝʨʚʳʭ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤ ʚ 1980-ʝ. ʇʨʠʤʝʨʦʤ ʧʠʦʥʝʨʩʢʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ [195], ʛʜʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʦʪʦʙʨʘʞʝʥʠʷ ʧʣʘʩʪʦʚ ʢʘʣʠʡʥʦʡ ʩʦʣʠ. ɺ 1990-ʭ ʥʘʯʘʣʠ ʚʥʝʜʨʷʪʴʩʷ ʘʣʛʦʨʠʪʤʳ, 

ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʠʟ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ: ʬʠʣʴʪʨʘʮʠʷ, ʥʦʨʤʘʣʠʟʘʮʠʷ ʘʤʧʣʠʪʫʜ, 

ʤʠʛʨʘʮʠʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʪʨʘʞʝʥʠʡ. Hermance, J.F. [216] ʧʨʠʤʝʥʠʣ ʚʦʣʥʦʚʫʶ 

ʤʠʛʨʘʮʠʶ ʠ ʩʫʤʤʠʨʦʚʘʥʠʝ ʤʥʦʛʦʢʨʘʪʥʳʭ ʩʠʛʥʘʣʦʚ (n-fold CMP) ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʯʸʪʢʦʩʪʠ. ʇʘʨʘʣʣʝʣʴʥʦ ʩʪʘʣʠ ʨʘʟʚʠʚʘʪʴʩʷ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ 

(ʪʦʤʦʛʨʘʬʠʷ, ʧʦʣʥʦʚʦʣʥʦʚʘʷ ʠʥʚʝʨʩʠʷ ï FWI). Minet, J. ʠ ʢʦʣʣʝʛʠ ʚ ʥʘʯʘʣʝ 2010-ʭ 

ʠʩʩʣʝʜʦʚʘʣʠ, ʢʘʢ FWI ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʛʨʫʥʪʘ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ [238]. 

ʂ ʢʦʥʮʫ 1990-ʭ ï ʥʘʯʘʣʫ 2000-ʭ ʛʝʦʨʘʜʘʨʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʚ ʛʦʨʥʦʤ ʜʝʣʝ ʚʳʰʣʘ 

ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ: ʧʦʷʚʠʣʠʩʴ ʤʥʦʛʦʯʘʩʪʦʪʥʳʝ ʨʘʜʘʨʳ, ʩʧʦʩʦʙʥʳʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ʋʚʝʣʠʯʠʣʘʩʴ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ (ʧʨʠ ʫʩʣʦʚʠʠ 

ʩʣʘʙʦʧʨʦʚʦʜʷʱʠʭ ʧʦʨʦʜ), ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʣʠʩʴ ʩʠʩʪʝʤʳ 3D-ʢʘʨʪʠʨʦʚʘʥʠʷ. ʅʦʚʳʝ 

ʢʦʤʧʣʝʢʩʳ ʥʘʯʘʣʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ ʧʦʯʪʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʩʪʨʦʠʪʴ 

ʪʨʸʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʧʦʜʟʝʤʥʳʭ ʩʪʨʫʢʪʫʨ. ʅʘʧʨʠʤʝʨ, ʚ ʩʝʨʝʜʠʥʝ 90-ʭ ʛʦʜʦʚ ʅʇʆ 

çʀʅʌʀɿʇʈʀɹʆʈè (ʛ. ʊʨʦʠʮʢ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ) ʨʘʟʨʘʙʦʪʘʣʦ ʧʝʨʝʥʦʩʥʦʡ 

ʛʝʦʨʘʜʘʨ çɻʈʆʊè, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʧʦʚʳʰʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʪʦʙʨʘʞʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʧʨʦʬʠʣʝʡ [2]. ʊʘʢʞʝ ɸʆ "ʅʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʡ ʮʝʥʪʨ ʩʠʩʪʝʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʅʊʎʉʄ)è ʧʨʠʤʝʥʷʣʠ ʪʨʝʭʤʝʨʥʳʡ 

ʨʘʜʠʦʣʦʢʘʪʦʨ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ çɼʝʬʝʢʪʦʩʢʦʧè, ʢʦʪʦʨʳʡ 

ʧʨʝʜʥʘʟʥʘʯʘʝʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʪʚʝʨʜʳʭ 
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ʠ ʞʠʜʢʠʭ ʦʧʪʠʯʝʩʢʠ ʥʝʧʨʦʟʨʘʯʥʳʭ ʩʨʝʜʘʭ [60]. ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ 

ʛʝʦʨʘʜʘʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʥʝʩʣʘ ʨʦʩʩʠʡʩʢʘʷ ʢʦʤʧʘʥʠʷ çʃʆɻʀʉè, ʨʘʟʨʘʙʦʪʘʚʰʘʷ 

ʣʠʥʝʡʢʫ ʧʨʠʙʦʨʦʚ çʆʂʆè. ʇʝʨʚʘʷ ʤʦʜʝʣʴ ʧʦʷʚʠʣʘʩʴ ʚ ʩʝʨʝʜʠʥʝ 1990-ʭ ʛʦʜʦʚ, ʘ ʫʞʝ 

ʢ ʥʘʯʘʣʫ 2000-ʭ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʠʬʠʢʘʮʠʷ çʆʂʆ-2è, ʦʪʣʠʯʘʶʱʘʷʩʷ 

ʨʘʩʰʠʨʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ (ʦʪ 35 ʜʦ 1700 ʄɻʮ), ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʟʘʤʝʥʳ ʘʥʪʝʥʥʳʭ ʙʣʦʢʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ, ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʠ 

ʪʦʯʥʦʩʪʠ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʝʥʠʝʤ ʧʦʨʪʘʪʠʚʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʥʘ ʙʘʟʝ çʆʂʆ-2è ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚʢʣʶʯʘʷ ʩʢʚʘʞʠʥʥʳʝ, ʧʦʠʩʢʦʚʳʝ ʠ 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʯʪʦ ʩʜʝʣʘʣʦ ʩʝʨʠʶ çʆʂʆè ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [13]. ɺ ʉʆ ʈɸʅ (ɸ.ɸ. ʏʝʨʝʤʠʩʠʥ, ʄ.ʀ. ʕʧʦʚ, ɺ.ɺ. ʆʣʝʥʯʝʥʢʦ ʠ ʜʨ.) 

ʩʦʟʜʘʥʘ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʥʠʟʢʦʦʤʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ [180]. 

ʂʦʤʧʣʝʢʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʚʢʣʶʯʘʷ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʶ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʪʦʯʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ 

ʤʘʩʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ 

ʢʘʯʝʩʪʚʦ ʜʦʙʳʚʘʝʤʦʛʦ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ [30]. ɻʈʃ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʙʳʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʧʦʢʨʳʚʘʶʱʠʭ ʧʦʨʦʜ ʠ ʨʫʜʥʳʭ ʪʝʣ. ʂ ʧʨʠʤʝʨʫ, 

ʥʘ ʣʘʪʝʨʠʪʥʳʭ ʥʠʢʝʣʝʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʤʦʞʥʦ ʦʧʝʨʘʪʠʚʥʦ ʢʘʨʪʠʨʦʚʘʪʴ 

ʤʦʱʥʦʩʪʴ ʣʘʪʝʨʠʪʥʦʛʦ ʩʣʦʷ [209]. ɸʥʘʣʦʛʠʯʥʦ ʚ 2012 ʛ. ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʈʃ ʧʨʠ ʨʘʟʚʝʜʢʝ ʙʦʢʩʠʪʦʚ [212].  

ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʚʥʝʩ ʢʦʣʣʝʢʪʠʚ ʐʢʦʣʳ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʄɻʋ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʄ.ʃ. ɺʣʘʜʦʚʘ ʠ ɸ.ɺ. ʉʪʘʨʦʚʦʡʪʦʚʘ, 

ʚʳʧʦʣʥʠʚʰʠʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʫʰʝ ʠ ʚ ʘʢʚʘʪʦʨʠʷʭ [18, 59, 139]. 

ʇ.ʅ. ɸʣʝʢʩʘʥʜʨʦʚ (ʀʌɿ ʈɸʅ) ʨʘʟʚʠʣ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʤʝʪʦʜʘ, ʧʨʝʜʣʦʞʠʚ 

ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʠ ʩʧʦʩʦʙʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ [3]. ɺ ʇʌʀʎ ʋʨʆ ʈɸʅ 

ʖ.ʀ. ʉʪʝʧʘʥʦʚ ʧʨʠʤʝʥʠʣ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʶ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʤʥʦʛʦʣʝʪʥʝʛʦ 

ʣʴʜʘ ʠ ʧʦʜʟʝʤʥʳʭ ʥʘʣʝʜʝʡ [136, 137]. ɺ ʅʀʊʋ ʄʀʉʠʉ ɺ.ɺ. ʅʘʙʘʪʦʚ ʨʘʟʨʘʙʦʪʘʣ 

ʪʝʭʥʦʣʦʛʠʶ ʦʙʥʘʨʫʞʝʥʠʷ ʧʫʩʪʦʪ ʠ ʜʝʬʝʢʪʦʚ ʟʘ ʦʙʜʝʣʢʦʡ ʪʦʥʥʝʣʝʡ [75]. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ.ɺ. ʆʤʝʣʴʷʥʝʥʢʦ (ʃ.ɻ. 

ʅʝʨʘʜʦʚʩʢʠʡ, ʃ.ʃ. ʌʝʜʦʨʦʚʘ, ʂ.ʆ. ʉʦʢʦʣʦʚ, ʀ.ʀ. ʍʨʠʩʪʦʬʦʨʦʚ, ɼ.ɺ. ʉʘʚʚʠʥ ʠ ʜʨ.) 

ʧʦʜʪʚʝʨʜʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʧʨʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʳʩʢʘʥʠʷʭ. ʀʤʠ ʧʨʝʜʣʦʞʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʨʟʣʦʛʦ ʩʫʛʣʠʥʢʘ ʦʪ ʣʴʜʠʩʪʦʩʪʠ, ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʠʢʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʠʷ ʩʲʝʤʦʢ ʩ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ [112, 80]. 

ɸ.ʖ. ɼʴʷʢʦʚ ʠ ɸ.ʀ. ʂʘʣʘʰʥʠʢ ʚ 2021 ʛ. [37, 55] ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʣʠ 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ɻʈʃ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʫʜʥʠʢʦʚ ʠ ʢʘʨʴʝʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʚʪʦʨʳ ʦʧʠʩʘʣʠ ʤʝʪʦʜʠʢʫ 

ʚʳʷʚʣʝʥʠʷ ʥʘʨʫʰʝʥʥʦʩʪʠ ʤʘʩʩʠʚʦʚ, ʧʦʠʩʢʘ ʧʦʜʟʝʤʥʳʭ ʧʫʩʪʦʪ ʠ ʟʦʥ 

ʚʦʜʦʥʘʩʳʱʝʥʠʷ. ʆʧʠʩʘʥʳ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ɻʈʃ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʝʧʠ, ʦʙʥʘʨʫʞʝʥʠʷ ʪʨʝʱʠʥʦʚʘʪʳʭ ʟʦʥ ʠ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʨʝʥʘʞʥʳʭ ʩʠʩʪʝʤ. ɺ ʨʫʜʥʠʢʘʭ ʧʣʘʪʠʥʦʚʳʭ ʠ ʟʦʣʦʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʖɸʈ) 

ʧʨʠʤʝʥʷʝʪʩʷ 3D-ɻʈʃ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʨʘʟʣʦʤʦʚ ʠ ʪʨʝʱʠʥ ʚ ʢʨʦʚʣʝ ï ʝʩʪʴ ʧʨʠʤʝʨʳ 

ʨʘʙʦʪ 2019 ʛ., ʛʜʝ 3D-ʤʦʜʝʣʠ ʧʦʤʦʛʣʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʠʩʪʝʤʳ ʢʨʝʧʣʝʥʠʷ ʠ 

ʩʥʠʟʠʪʴ ʨʠʩʢ ʦʙʚʘʣʦʚ [221]. ʅʘ ʫʛʦʣʴʥʳʭ ʨʘʟʨʝʟʘʭ ʈʦʩʩʠʠ (ʥʘʧʨʠʤʝʨ, ʨʘʟʨʝʟ 

çɿʘʨʝʯʥʳʡè) ɻʈʃ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʙʣʦʢʘ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ [5, 50, 83].  

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ 

ʚ ʛʦʨʥʦʤ ʜʝʣʝ ʪʘʢʞʝ ʧʨʦʜʦʣʞʘʶʪ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʪʦʯʥʦʝ ʠ 

ʠʥʬʦʨʤʘʪʠʚʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʦʩʪʦʷʥʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʩʪʨʫʢʪʫʨ. ʆʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʫʩʣʦʞʥʝʥʠʝ ʤʦʜʝʣʝʡ ʩʨʝʜʳ ʠ ʚʥʝʜʨʝʥʠʝ 

ʪʨʸʭʤʝʨʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʝʪʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʘ ʧʦʨʦʜ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʭʚʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ: 

- ʌʠʣʴʪʨʘʮʠʷ ʰʫʤʦʚ: ʫʩʪʨʘʥʝʥʠʝ ʘʥʪʝʥʥʳʭ ʧʦʤʝʭ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʰʫʤʦʚ 

ʠ ʚʳʜʝʣʝʥʠʝ ʩʣʘʙʳʭ ʩʠʛʥʘʣʦʚ. Zhu ʠ ʜʨ. [259] ʢʦʤʙʠʥʠʨʫʝʪ ʤʝʪʦʜ ʛʣʘʚʥʳʭ 
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ʢʦʤʧʦʥʝʥʪ ʩ ʛʘʫʩʩʦʚʦʡ ʢʨʠʚʠʟʥʦʡ, ʘ Zhang ʠ ʜʨ. ʧʨʠʤʝʥʷʶʪ ʚʟʚʝʰʝʥʥʫʶ ʷʜʝʨʥʫʶ 

ʥʦʨʤʫ (WNNM) [258] ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʩʠʛʥʘʣʘ ʠ ʬʦʥʘ. 

- ʀʥʚʝʨʩʠʷ: ʦʪ ʙʘʟʦʚʦʡ ʤʠʛʨʘʮʠʠ (ʂʠʨʭʛʦʬʘ, FD, RTM) ʜʦ ʧʦʣʥʦʚʦʣʥʦʚʦʡ 

ʠʥʚʝʨʩʠʠ. Kaijun Wu ʠ ʜʨ. [256] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ FWI ʜʘʸʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʦʮʝʥʢʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ. 

- 3D-ʚʠʟʫʘʣʠʟʘʮʠʷ: ʨʘʥʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ 2D-ʧʨʦʬʠʣʷʤʠ 

(B-ʩʢʘʥʘʤʠ), ʥʦ ʩʝʡʯʘʩ ʜʦʩʪʫʧʥʳ ʦʙʲʸʤʥʳʝ ʤʦʜʝʣʠ (C-ʩʢʘʥʳ) ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʝ 3D-

ʨʝʥʜʝʨʳ. ʇʨʠʤʝʨ ï ʨʘʙʦʪʘ ʚ ʖɸʈ [223], ʛʜʝ 3D-ʦʙʲʸʤ ʧʦʤʦʛ ʣʦʢʘʣʠʟʦʚʘʪʴ ʦʧʘʩʥʳʝ 

ʨʘʟʣʦʤʳ ʚ ʢʨʦʚʣʝ ʚʳʨʘʙʦʪʢʠ. 

ʀʩʪʦʨʠʯʝʩʢʠ ʧʘʢʝʪʳ ʦʙʨʘʙʦʪʢʠ ʙʳʣʠ ʧʨʦʧʨʠʝʪʘʨʥʳʤʠ (RADAN, ReflexW, 

Prism). ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʘʤʝʪʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʦʪʢʨʳʪʳʤ ʨʝʰʝʥʠʷʤ ʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʜʘʥʥʳʭ: 

- RGPR ð ʵʪʦ ʩʚʦʙʦʜʥʦʝ ʠ ʦʪʢʨʳʪʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʜʣʷ ʯʪʝʥʠʷ, ʵʢʩʧʦʨʪʘ, ʘʥʘʣʠʟʘ, ʦʙʨʘʙʦʪʢʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ. ʅʘʧʠʩʘʥʥʦʝ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ R, RGPR ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʬʦʨʤʘʪʦʚ ʜʘʥʥʳʭ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʛʝʦʨʘʜʘʨʦʚ, 

ʚʢʣʶʯʘʷ Sensors & Software, MALA , GSSI ʠ ʜʨʫʛʠʝ. ʇʘʢʝʪ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʬʫʥʢʮʠʠ 

ʜʣʷ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ, ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʙʘʟʦʚʦʡ ʦʙʨʘʙʦʪʢʠ (ʥʘʧʨʠʤʝʨ, ʬʠʣʴʪʨʘʮʠʠ 

ʰʫʤʦʚ) ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʦʧʝʨʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʤʠʛʨʘʮʠʷ ʠ ʜʝʢʦʥʚʦʣʶʮʠʷ. RGPR 

ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʜʦʩʪʫʧʝʥ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ ʥʘ GitHub [217]; 

- GPRPy ð ʵʪʦ ʦʪʢʨʳʪʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ, ʥʘʧʠʩʘʥʥʦʝ ʥʘ ʷʟʳʢʝ Python. ʆʥʦ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʠ ʥʘʙʦʨ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʬʠʣʴʪʨʘʮʠʶ, ʢʦʨʨʝʢʮʠʶ 

ʘʤʧʣʠʪʫʜʳ, ʤʠʛʨʘʮʠʶ ʠ ʩʦʟʜʘʥʠʝ 3D-ʚʠʟʫʘʣʠʟʘʮʠʡ. GPRPy ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʘʪʳ ʜʘʥʥʳʭ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʱʫʱʠʭ 

ʙʝʩʧʣʘʪʥʦʝ ʠ ʦʪʢʨʳʪʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ GPR [242]; 

- gprMax ð ʵʪʦ ʦʪʢʨʳʪʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ. ʆʥʦ ʦʩʥʦʚʘʥʦ ʥʘ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚʦ 
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ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (FDTD) ʠ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʣʦʞʥʳʝ ʩʮʝʥʘʨʠʠ, ʚʢʣʶʯʘʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ 

ʩʪʨʫʢʪʫʨʘʤʠ. gprMax ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʣʥʦʚʦʣʥʦʚʦʡ ʠʥʚʝʨʩʠʠ ʜʘʥʥʳʭ ɻʈʃ [52, 253]. 

ʊʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʦʙʣʝʛʯʘʶʪ ʚʥʝʜʨʝʥʠʝ ʧʨʦʜʚʠʥʫʪʳʭ ʘʣʛʦʨʠʪʤʦʚ ʚ 

ʧʨʦʤʳʰʣʝʥʥʫʶ ʧʨʘʢʪʠʢʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʛʦʨʥʦʤ ʜʝʣʝ. ɺ ʈʦʩʩʠʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ: 

- GeoReader ð ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʘʜʘʨʦʛʨʘʤʤ ʧʨʦʪʷʞʸʥʥʳʭ ʦʙʲʝʢʪʦʚ ʜʦʨʦʞʥʦʡ ʩʝʪʠ, ʩʦʯʝʪʘʷ ʧʨʠʥʮʠʧʳ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ). ʆʥ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʙʦʪʫ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʪʘʤʠ ʜʘʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʛʝʦʨʘʜʘʨʦʚ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʧʦʜʟʝʤʥʦʡ ʩʨʝʜʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʵʢʩʧʦʨʪʘ ʚ ʉɸʇʈ/ɻʀʉ ʩʠʩʪʝʤʳ. GeoReader ʚʢʣʶʯʸʥ ʚ ʨʝʝʩʪʨ ʨʦʩʩʠʡʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʨʘʩʣʝʚʳʤ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ [96].  

- ɻɽʆʈɸɼɸʈ-ʕʂʉʇɽʈʊ ð ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʵʬʬʝʢʪʠʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʟʘʰʫʤʣʸʥʥʳʭ ʛʝʦʨʘʜʘʨʥʳʭ ʜʘʥʥʳʭ, ʧʦʚʳʰʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʥ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʙʦʪʫ ʩ 2D ʠ 3D ʤʘʩʩʠʚʘʤʠ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʦʚʤʝʩʪʠʤ ʩ ʦʩʥʦʚʥʳʤʠ ʬʦʨʤʘʪʘʤʠ 

ʛʝʦʨʘʜʘʨʥʳʭ ʬʘʡʣʦʚ ʠ ʧʨʝʜʣʘʛʘʝʪ ʙʝʩʧʣʘʪʥʳʝ ʦʙʥʦʚʣʝʥʠʷ, ʢʦʥʩʫʣʴʪʘʮʠʠ ʠ 

ʪʝʭʥʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ [34, 35]. 

- GeoScan32 ð ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʝʦʨʘʜʘʨʘʤʠ ʩʝʨʠʠ çʆʂʆè ʠ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ɹʘʟʦʚʘʷ ʚʝʨʩʠʷ GeoScan ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʧʨʘʚʣʝʥʠʝ ʛʝʦʨʘʜʘʨʦʤ 

ʚʦ ʚʩʝʭ ʨʝʞʠʤʘʭ ʠ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʪʨʸʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʚʝʨʩʠʷ 

GeoScan32 ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʩʰʠʨʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʛʠʙʢʫʶ ʥʘʩʪʨʦʡʢʫ 

ʬʠʣʴʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʨʘʜʘʨʦʛʨʘʤʤ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʜʣʷ ʦʧʳʪʥʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ [213]. 
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ʉʝʛʦʜʥʷ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʷ ʚ ʛʦʨʥʦʤ ʜʝʣʝ ï ʵʪʦ ʮʝʣʳʡ ʢʦʤʧʣʝʢʩ ʘʧʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ. ɸʧʧʘʨʘʪʫʨʘ ʙʳʩʪʨʦ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ: ʨʘʩʪʸʪ ʤʦʱʥʦʩʪʴ 

ʠʤʧʫʣʴʩʦʚ, ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʘʥʪʝʥʥʳ, ʚʥʝʜʨʷʶʪʩʷ ʤʥʦʛʦʯʘʩʪʦʪʥʳʝ ʠ 

ʰʠʨʦʢʦʧʦʣʦʩʥʳʝ ʩʠʩʪʝʤʳ. ʈʘʟʚʠʪʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ (GPU, 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʢʣʘʩʪʝʨʳ) ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 3D-ʠʥʚʝʨʩʠʶ ʜʘʥʥʳʭ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʇʦʷʚʣʷʶʪʩʷ ʘʚʪʦʥʦʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ï ʦʪ ʙʝʩʧʠʣʦʪʥʳʭ 

ʢʦʣʸʩʥʳʭ ʧʣʘʪʬʦʨʤ, ʜʚʠʞʫʱʠʭʩʷ ʧʦ ʟʘʙʦʶ, ʜʦ ʣʝʪʘʪʝʣʴʥʳʭ ʜʨʦʥʦʚ ʜʣʷ ʩʲʸʤʢʠ 

ʧʦʨʦʜ ʦʪʚʘʣʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʴʝʨʦʚ [228]. 

ʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʚʩʸ ʛʣʫʙʞʝ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ. 

ʅʝʡʨʦʩʝʪʠ ʘʚʪʦʤʘʪʠʟʠʨʫʶʪ ʥʝ ʪʦʣʴʢʦ ʦʙʥʘʨʫʞʝʥʠʝ ʮʝʣʝʡ, ʥʦ ʠ ʧʦʩʪʨʦʝʥʠʝ 

ʩʢʦʨʦʩʪʥʳʭ ʨʘʟʨʝʟʦʚ, ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʛʨʘʥʠʮ. ʕʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʘʚʘʨʠʡʥʦ-ʦʧʘʩʥʳʝ ʟʦʥʳ ʠʣʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 

ʥʘʧʨʘʚʣʝʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ çʥʘ ʣʝʪʫè. 

ʆʛʨʘʥʠʯʝʥʠʝʤ ɻʈʃ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʸʪʩʷ ʩʠʣʴʥʦʝ ʟʘʪʫʭʘʥʠʝ ʩʠʛʥʘʣʘ ʚ 

ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʠʭ ʩʨʝʜʘʭ (ʚʣʘʞʥʳʝ ʛʣʠʥʳ, ʛʨʘʬʠʪʦʚʳʝ ʩʣʘʥʮʳ, ʨʫʜʳ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʦʚ ʠ ʪ.ʧ.). ʆʜʥʘʢʦ ʜʘʞʝ ʚ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʧʦʜʙʦʨʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʯʘʩʪʦʪ ʠ ʤʦʱʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʮʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʤʘʣʳʭ ʛʣʫʙʠʥʘʭ.  

ɼʣʷ ʛʦʨʥʦʛʦ ʜʝʣʘ ʟʥʘʯʝʥʠʝ ɻʈʃ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʸʪ: ʤʝʪʦʜ ʨʝʰʘʝʪ ʟʘʜʘʯʫ 

ʙʳʩʪʨʦʛʦ ʠ ʥʝʥʘʨʫʰʘʶʱʝʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʤʘʩʩʠʚʘ ʧʦʨʦʜ, ʢʦʥʪʨʦʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʜʟʝʤʥʳʭ ʠ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʨʘʟʚʝʜʢʠ ʥʝʛʣʫʙʦʢʠʭ ʨʫʜʥʳʭ ʟʦʥ ʠ 

ʣʦʢʘʣʴʥʳʭ ʧʫʩʪʦʪ. ʈʘʟʚʠʪʠʝ ɻʈʃ-ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʦʪ 

Filter ʠ Migration ʜʦ FWI ʠ ʥʝʡʨʦʩʝʪʝʡ) ʜʝʣʘʝʪ ʤʝʪʦʜ ʚʩʸ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʠ 

ʪʦʯʥʳʤ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʩʦʭʨʘʥʷʶʪʩʷ ʥʘʫʯʥʳʝ ʚʳʟʦʚʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ 

ʚ ʩʣʦʞʥʳʝ (ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʠʝ) ʩʨʝʜʳ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʜʘʥʥʳʭ, ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ 

ʠ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʩʩʠʚʘ ʧʦʨʦʜ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʷ ʫʞʝ 

ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʆʥʘ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʝʝ ʠ ʙʝʟʦʧʘʩʥʝʝ 

ʦʩʚʘʠʚʘʪʴ ʥʝʜʨʘ, ʦʙʥʘʨʫʞʠʚʘʪʴ ʦʧʘʩʥʳʝ ʟʦʥʳ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʤʘʩʩʠʚʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ. ɹʦʣʝʝ ʯʝʤ ʩʪʦʣʝʪʥʷʷ ʵʚʦʣʶʮʠʷ ï ʦʪ ʨʘʥʥʠʭ ʧʘʪʝʥʪʦʚ ʜʦ 
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ʩʦʚʨʝʤʝʥʥʦʛʦ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ï ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʪʝʥʮʠʘʣ 

ɻʈʃ ʜʘʣʸʢ ʦʪ ʠʩʯʝʨʧʘʥʠʷ. ʄʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ ʵʪʦʪ ʤʝʪʦʜ ʝʱʸ 

ʙʦʣʝʝ ʫʢʨʝʧʠʪ ʩʚʦʠ ʧʦʟʠʮʠʠ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʠ ʛʠʙʢʠʡ ʠʥʩʪʨʫʤʝʥʪ ʨʘʟʚʝʜʢʠ ʠ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʛʦʨʥʦʤ ʜʝʣʝ. 

ɺr ʚʦʜʳ ʢ ʛʣʘʚʝ 1 

ʇʦʣʥʘʷ ʠ ʦʧʝʨʘʪʠʚʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʩʪʨʦʝʥʠʷ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦ ʥʘʣʠʯʠʠ ʧʦʜʟʝʤʥʳʭ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ, ʦʙ ʫʯʘʩʪʢʘʭ ʨʘʟʚʠʪʠʷ ʦʧʘʩʥʳʭ ʢʨʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʚʳʙʦʨʘ ʵʬʬʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʠ ʙʝʟʦʧʘʩʥʦʛʦ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ.  ʋʢʘʟʘʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʧʦʣʫʯʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʧʨʠʯʝʤ ʠʤʝʥʥʦ ʧʦʩʣʝʜʥʠʝ ʩʪʘʥʦʚʷʪʩʷ 

ʚʩʝ ʙʦʣʝʝ ʜʦʤʠʥʠʨʫʶʱʠʤʠ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ 

ʧʦʨʦʜ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ 

ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ, ʠʟ ʢʦʪʦʨʳʭ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ.  

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʪʦʜʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʘʣʠʟʫʶʪʩʷ ʥʝ 

ʧʦʣʥʦʩʪʴʶ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ, 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʚʦʡʩʪʚ ʠ 

ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ ʧʦʨʦʜ ʧʨʠ ʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʠʟʫʯʝʥʠʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʘʜʘʧʪʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ.  
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ɻʃɸɺɸ 2.  ʈɸɿʈɸɹʆʊʂɸ ɻɽʆʈɸɼʀʆʃʆʂɸʎʀʆʅʅʓʍ ʄʆɼɽʃɽʁ 

ʄɸʉʉʀɺɸ ɻʆʈʅʓʍ ʇʆʈʆɼ ʂʈʀʆʃʀʊʆɿʆʅʓ 

2.1 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ, 

ʚʳʙʦʨʘ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ 

çʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴè (ɻʈʃʄ) ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦ ʘʥʘʣʦʛʠʠ 

ʪʝʨʤʠʥʫ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʌɻʄ), ʢʦʪʦʨʳʡ ʙʳʣ ʚʚʝʜʝʥ ʚ 

ʫʧʦʪʨʝʙʣʝʥʠʝ ɻ.ʉ. ɺʘʭʨʦʤʝʝʚʳʤ ʠ ɸ.ʖ. ɼʘʚʳʜʝʥʢʦ [15], ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ 

ʤʦʜʝʣʴ (ɻʈʃʄ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ 3-ʭ 

ʯʘʩʪʝʡ. ɺ 1-ʡ ʯʘʩʪʠ ʩʪʨʦʠʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʦʙʦʙʱʝʥʥʦ ʦʧʠʩʳʚʘʝʪ 

ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʫ ʠ ʛʝʦʤʝʪʨʠʶ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. ɺʪʦʨʘʷ ʯʘʩʪʴ ï ʵʪʦ 

ʧʝʪʨʦʬʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʣʘʥʝ ʠ ʨʘʟʨʝʟʝ. ʊʨʝʪʴʷ ʯʘʩʪʴ ï ʵʪʦ 

ʨʘʜʘʨʦʛʨʘʤʤʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʠʣʠ ʬʠʟʠʯʝʩʢʦʛʦ ʠʣʠ 

ʥʘʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʘ ʢʦʪʦʨʦʡ ʦʪʦʙʨʘʞʘʶʪʩʷ ʭʘʨʘʢʪʝʨ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ, ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʤʦʨʬʦʣʦʛʠʷ, ʘʥʦʤʘʣʠʠ 

ʠ ʨʘʟʣʠʯʥʳʝ ʧʦʤʝʭʠ [119, 205]. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʦʙʦʩʥʦʚʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ, ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʩʦʟʜʘʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ 

ʦʧʨʝʜʝʣʝʥʠʶ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚʦʣʥʦʚʳʭ ʢʘʨʪʠʥ (ʨʘʜʘʨʦʛʨʘʤʤ). 

ʉʪʝʧʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ, ʚʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʦʙʦʙʱʝʥʠʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʘʥʘʣʠʟ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʧʨʦʚʝʜʝʥ rʚ ʧʨʝʜʝʣʘʭ ʉʫʙʘʨʢʪʠʯʝʩʢʦʡ ʠ ʋʤʝʨʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʗʢʫʪʠʠ. 
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2.1.1 ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ 

ɸʥʘʣʠʟ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʗʢʫʪʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ï V (ʤ/ʥʩ) ʠ ʫʜʝʣʴʥʦʝ ʢʘʞʫʱʝʝʩʷ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ï ɟʢ (ʆʤ*ʤ), ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʧʫʙʣʠʢʘʮʠʷʤ ʌʨʦʣʦʚʘ ɸ. ɼ., ʉʝʜʦʚʘ ɹ. 

ʄ., ʗʢʫʧʦʚʘ ɺ. ʉ. [120, 178, 191], ʘ ʪʘʢʞʝ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʧʨʦʚʝʜʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʀʥʩʪʠʪʫʪʘ ʛʦʨʥʦʛʦ ʜʝʣʘ ʉʝʚʝʨʘ ʉʆ ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʩ 

ʦʪʜʝʣʦʤ ʛʝʦʬʠʟʠʢʠ ɸʆ çɸʣʤʘʟʳ ɸʥʘʙʘʨʘè. 

ʉʫʙʘʨʢʪʠʯʝʩʢʘʷ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ. ʇʦ ʜʘʥʥʳʤ ʜʠʧʦʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ (ɼʕʄʇ) ʥʘ ʫʯʘʩʪʢʝ çʃʦʛ 405è ʘʣʤʘʟʦʥʦʩʥʦʛʦ 

ʨʦʩʩʳʧʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠ ̫çʄʘʷʪ-ɺʦʜʦʨʘʟʜʝʣʴʥʳʡè ʦʧʨʝʜʝʣʝʥʳ 4 ʘʥʦʤʘʣʴʥʳʝ 

ʟʦʥʳ ʩ ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʡ ʦʪ 214 ʜʦ 781 ʆʤ*ʤ. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʢʘʨʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ɼʕʄʇ (ʨʘʟʥʦʩ 40 ʤ, ʯʘʩʪʦʪʘ f = 1125 ʢɻʮ) 

ʦʪʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1. 

 
ʈʠʩʫʥʦʢ 2.1 ï ʂʘʨʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ɼʕʄʇ ʥʘ ʨʘʟʥʦʩʝ 40 ʤ ʥʘ ʫʯʘʩʪʢʝ çʃʦʛ 405è,  

ʨʦʩʩʳʧʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ çʄʘʷʪ-ɺʦʜʦʨʘʟʜʝʣʴʥʳʡè [152] 
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ɿʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʋʕʉ) ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ ʚ ʨʘʙʦʪʘʭ 

ɹʦʛʦʣʶʙʦʚʘ ɸ.ʅ., ɸʢʠʤʦʚʘ ɸ.ʊ., ʌʨʦʣʦʚʘ ɸ.ɼ. ʠ ʜʨ. [7, 9, 25, 178, 188], ʧʨʠʚʝʜʝʥʳ 

ʚ ʊʘʙʣʠʮʝ 2.1. 

ʊʘʙʣʠʮʘ 2.1 ï ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ɟ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ [7, 25, 178, 188] 

ʇʦʨʦʜʳ 
ɟ, ʆʤ*ʤ ʊʝʤʧʝʨʘʪʫʨʘ 

ʤʸʨʟʣʳʭ ʧʦʨʦʜ,  

t ʦʉ ʪʘʣʳʝ ʤʸʨʟʣʳʝ 

ʇʝʩʢʠ ʩ ʧʨʦʩʣʦʷʤʠ ʩʫʛʣʠʥʢʦʚ ʠ 

ʚʢʣʶʯʝʥʠʷʤʠ ʛʨʘʚʠʷ 
100 õ120 700 õ1000 -0,5 

ʑʝʙʝʥʴ, ʛʨʘʚʠʡ 70 õ180 3*103 õ 15*103 -1 õ -5 

ɿʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʋʕʉ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦ ʜʘʥʥʳʤ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʗʢʫʧʦʚʳʤ ɺ. ʉ. ʚ 

ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʪʦʢʝ [190] (ʈʠʩʫʥʦʢ 2.2). 

 

ʈʠʩʫʥʦʢ 2.2 ï ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʤʸʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ:  

ʘ) 1 ʛʨʫʧʧʘ, ʙ) 2 ʛʨʫʧʧʘ, ʚ) 3 ʛʨʫʧʧʘ 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʪʠʧʘ 

ʧʦʨʦʜ (ʨʠʩʫʥʦʢ 2.2): 
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1. ʊʠʧ I. ɺʳʩʦʢʦʦʤʥʳʝ ʧʦʨʦʜʳ (ʨʠʩʫʥʦʢ. 2.2ʘ) 

Á ʉʦʩʪʘʚ: ʄʝʨʟʣʳʝ ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ (ʧʨʝʩʥʦʚʦʜʥʦʝ 

ʥʘʩʳʱʝʥʠʝ, ʤʘʣʘʷ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ). 

Á ʋʕʉ: 2000ï10000 ʆʤĿʤ. 

Á ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (Ů): 5ï30. 

2. ʊʠʧ II. ʇʦʨʦʜʳ ʩʦ ʩʨʝʜʥʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ (ʨʠʩʫʥʦʢ 2.2ʙ) 

Á ʉʦʩʪʘʚ: ʄʝʨʟʣʳʝ ʤʠʢʨʦʧʦʨʠʩʪʳʝ ʨʘʟʥʦʩʪʠ (ʢʠʤʙʝʨʣʠʪʳ, 

ʤʝʨʛʝʣʠ), ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ð ʪʘʣʳʝ ʛʣʠʥʳ. 

Á ʋʕʉ: 300ï1500 ʆʤĿʤ.  

Á ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (Ů): 20ï70. 

3. ʊʠʧ III. ʅʠʟʢʦʦʤʥʳʝ ʧʦʨʦʜʳ (ʨʠʩʫʥʦʢ 2.2ʚ) 

Á  ʉʦʩʪʘʚ: ʄʠʢʨʦʧʦʨʠʩʪʳʝ ʟʘʩʦʣʝʥʥʳʝ ʠ ʛʨʫʙʦʢʣʘʩʪʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ ʨʘʟʣʠʯʥʦʛʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

Á ʋʕʉ: ʤʝʥʝʝ 300 ʆʤĿʤ. 

Á ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (Ů): 50ï80. 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ (V, ʤ/ʥʩ) ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʟʘʣʝʛʘʥʠʠ 

ʤʝʨʟʣʳʭ ʧʦʨʦʜ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʨʠʤʝʥʷʣʘʩʴ ʤʝʪʦʜʠʢʘ ʦʙʱʝʡ ʛʣʫʙʠʥʥʦʡ 

ʪʦʯʢʠ (ʆɻʊ). ʈʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʗʢʫʪʩʢʦʡ 

ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ, ʚʢʣʶʯʘʷ ʫʯʘʩʪʢʠ çʅʦʚʦʛʦʜʥʠʡè ʠ çʄʘʷʪ-

ɺʦʜʦʨʘʟʜʝʣʴʥʳʡè, ʘ ʪʘʢʞʝ ʙʘʩʩʝʡʥʳ ʨʝʢ ʄʦʣʦʜʦ ʠ ʄ. ʂʫʦʥʘʤʢʘ. 

ɸʧʧʘʨʘʪʥʦʡ ʙʘʟʦʡ ʩʣʫʞʠʣ ʛʝʦʨʘʜʘʨ ʩʝʨʠʠ çʆʂʆ-2è, ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʳʡ 

ʘʥʪʝʥʥʳʤ ʙʣʦʢʦʤ ɸɹ-150 ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 150ʄɻʮ [101, 152, 163]. ʊʦʯʢʠ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʨʘʟʚʝʜʦʯʥʳʭ 

ʩʢʚʘʞʠʥ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʠʢʦʡ ʆɻʊ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʥʦʩʘ 

ʘʥʪʝʥʥ, ʧʦʟʚʦʣʠʣʘ ʨʘʩʩʯʠʪʘʪʴ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʨʝʜʳ ʢʘʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ (Ů') ʪʘʢ ʠ ʩʢʦʨʦʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ (V). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 
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- ʥʘ ʫʯʘʩʪʢʝ ʨ. ʄʦʣʦʜʦ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʪʘʣʳʭ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʢʘʞʫʱʝʝʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 

0,3*10į ʆʤ*ʤ, ʘ ʚ ʤʝʨʟʣʳʭ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,6*10į-1,5*10į ʆʤ*ʤ. ʄʝʪʦʜʦʤ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʦʣʥ ʚ ʤʝʨʟʣʳʭ ʛʨʫʥʪʘʭ ʱʝʙʥʷ ʠ ʛʨʘʚʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 0,144-0,169 ʤ/ʥʩ. 

- ʥʘ ʫʯʘʩʪʢʝ ʅʦʚʦʛʦʜʥʠʡ ʨʝʢʠ ʄʘʷʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʞʫʱʝʝʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʤʝʨʟʣʳʭ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ 

ʩʦʩʪʘʚʣʷʝʪ 1,2*10į-4*10į ʆʤ*ʤ, ʘ ʚ ʪʘʣʦʤ ʧʝʩʢʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0,8*10į ʜʦ 10į ʆʤ*ʤ. 

ʄʝʪʦʜʦʤ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʦʣʥ ʚ ʤʝʨʟʣʳʭ ʛʣʠʥʠʩʪʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 0,127-0,158 ʤ/ʥʩ, ʘ ʚ ʤʝʨʟʣʦʤ ʧʝʩʢʝ ï 0,157-0,160 ʤ/ʥʩ.  

- ʥʘ ʫʯʘʩʪʢʝ 405 ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʪʘʣʳʭ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʢʘʞʫʱʝʝʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 3*10Į ʜʦ 

0,9*10į ʆʤ*ʤ, ʘ ʚ ʤʝʨʟʣʳʭ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ï ʦʪ 3,5*10Į ʜʦ 7*10į ʆʤ*ʤ. 

ʄʝʪʦʜʦʤ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʦʣʥ ʚ ʪʘʣʳʭ ʛʣʠʥʠʩʪʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 0,076-0,092 ʤ/ʥʩ, ʘ ʚ ʤʝʨʟʣʳʭ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ï 

0,106-0,169 ʤ/ʥʩ.  

- ʥʘ ʫʯʘʩʪʢʝ ɺʝʨʭʥʷʷ ʂʫʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʚ ʪʘʣʳʭ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʢʘʞʫʱʝʝʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 

0,16*10į ʜʦ 0,46*10į ʆʤ*ʤ. ʄʝʪʦʜʦʤ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʚʦʣʥ ʚ ʪʘʣʳʭ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʦʩʪʘʚʣʷʝʪ 0,069-0,087 ʤ/ʥʩ, ʘ ʚ ʤʝʨʟʣʳʭ 

ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ï 0,106-0,148 ʤ/ʥʩ.  

- ʥʘ ʫʯʘʩʪʢʝ ʨʝʢʠ ʄ. ʂʫʦʥʘʤʢʘ ʤʝʪʦʜ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʚʦʣʥ ʚ ʤʝʨʟʣʦʤ ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʤ ʧʝʩʢʝ ʩʦʩʪʘʚʣʷʝʪ 0,146 ʤ/ʥʩ, ʘ ʚ ʤʝʨʟʣʦʤ 

ʛʣʠʥʠʩʪʦʤ ʩʣʘʥʮʝ ʩʦʩʪʘʚʣʷʝʪ 0,045 ʤ/ʥʩ. 

ʋʤʝʨʝʥʥʘʷ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ. ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʨʟʣʳʭ ʪʦʣʱ ʤʝʪʦʜʦʤ ʚʳʟʚʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

(ɺʇ) ʄʝʣʴʥʠʢʦʚʳʤ ɺ.ʇ. [72]. ʕʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 

ʨʘʡʦʥʝ ʎʝʥʪʨʘʣʴʥʦʡ ʗʢʫʪʠʠ ʦʪ ʧʦʩ. ʏʫʨʘʧʯʘ ʜʦ ʧʦʩ. ʄʳʥʜʘʛʘʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʨʘʙʦʪʳ ʧʦʩʪʨʦʝʥʳ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʝ ʨʘʟʨʝʟʳ ʧʦ ʫʜʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 
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ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ (ɟk) ʠ ʧʦʣʷʨʠʟʫʝʤʦʩʪʴʶ (ɖk) (ʨʠʩʫʥʦʢ 2.3). ʇʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ 

ʩʪʨʦʝʥʠʶ ʦʪ ʧʠʢʝʪʘ ʇʂ 0-25 ʟʘʣʝʛʘʶʪ ʩʫʛʣʠʥʢʠ, ʠʤʝʶʱʠʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ 800-3600 ʆʤ*ʤ, ʦʪ ʇʂ 61-71 ʟʘʣʝʛʘʶʪ ʧʝʩʯʘʥʦ-ʛʘʣʝʯʥʳʝ 

ʦʪʣʦʞʝʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʠʝ ɟk 400-2400 ʆʤ*ʤ.  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʝʚʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʩ ʫʯʘʩʪʢʘ çɼʨʝʚʥʷʷ 

ɼʦʣʠʥʘè ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʫʯ. ɼʞʝʢʦʥʜʘ, ʛ. ɸʣʜʘʥ, ʈʝʩʧʫʙʣʠʢʘ ʉʘʭʘ (ʗʢʫʪʠʷ) 

ʨʘʩʩʯʠʪʘʥʘ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʷʭ [61]. ɼʣʷ 

ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʧʝʩʢʦʤ ʠ ʛʣʠʥʦʡ ʚ ʪʘʣʦʤ ʩʦʩʪʦʷʥʠʠ ʦʥʘ ʩʦʩʪʘʚʠʣʘ 

ï 0,080 ʤ/ʥʩ. ʈʘʩʯʝʪ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥ ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʚʦʣʥʦʚʦʤʫ ʦʙʨʘʟʫ ʣʦʢʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ (ʚʘʣʫʥʫ ʚ 

ʪʦʣʱʝ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʮʝʜʫʨʳ 

çʛʠʧʝʨʙʦʣʘè, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ çGeoScan32è. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ, ʜʦ ʛʣʫʙʠʥʳ 6 ʤ ʚʝʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʪʘʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʘʚʥʘ 14. 

 

ʈʠʩʫʥʦʢ 2.3 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ɖk ʠ ɟk ʧʦ ʧʨʦʬʠʣʶ ʏʫʨʘʧʯʘ ï ʄʳʥʜʘʛʘʡ:  

1 ï ʩʫʛʣʠʥʢʠ, 2 ï ʧʝʩʢʠ, 3 ï ʧʝʩʯʘʥʠʢʠ, 4 ï ʩʣʘʥʮʳ, 5 ï ʧʝʩʯʘʥʦ-ʛʘʣʝʯʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʧʦ 

ɺ. ʇ. ʄʝʣʴʥʠʢʦʚʫ) 
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ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʣʘʛʘʶʱʠʝ ʜʦʣʠʥʫ ʨ. ɹʦʣʴʰʦʡ ʂʫʨʘʥʘʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʳʤʠ ʧʝʩʢʘʤʠ ʠ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʤʦʱʥʦʩʪʴʶ 

ʦʪ 4 ʜʦ 12 ʤ. ʉʦʜʝʨʞʘʥʠʝ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦʩʪʠʛʘʝʪ 30% ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʠʣʠʩʪʦ-ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ 40-60% ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ 

ʚʘʣʫʥʦʚ ʨʘʟʤʝʨʦʤ 2-4 ʤ. ʊʘʢʦʝ ʩʪʨʦʝʥʠʝ ʨʦʩʩʳʧʠ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʚʦʣʥʘʤ ʜʠʬʨʘʢʮʠʠ ʥʘ ʣʦʢʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ, ʠ 

ʪʝʤ ʩʘʤʳʤ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʧʦ ʛʣʫʙʠʥʝ ʨʘʜʘʨʦʛʨʘʤʤʳ [63]. ɼʣʷ ʟʘʚʝʨʢʠ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʙʣʠʞʘʡʰʘʷ ʢ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤʫ ʧʨʦʬʠʣʶ ʩʢʚʘʞʠʥʘ ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ: Ů'=8,3-8,5 (V=0,103-0,104 ʤ/ʥʩ) ʜʣʷ ʛʘʣʝʯʥʦ-

ʵʬʝʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʦʪʨʘʙʦʪʢʘ ʧʨʦʰʣʳʭ ʣʝʪ). 

ʅʘ ʨʦʩʩʳʧʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʟʦʣʦʪʘ ʨ. ɸʣʣʘʭ-ʖʥʴ ʧʦʣʝʚʳʝ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʠʟʫʯʝʥʠʶ ʨʝʣʴʝʬʘ ʧʣʦʪʠʢʘ ʧʦʣʫʯʝʥʳ ʨʘʥʥʝʡ 

ʚʝʩʥʦʡ ʚ ʧʝʨʠʦʜ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʦʤʝʨʟʘʥʠʷ ʜʨʘʞʥʦʛʦ ʧʦʣʠʛʦʥʘ. ʄʦʱʥʦʩʪʴ 

ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʥʝʙʦʣʴʰʘʷ (ʪʦʨʬʘ ï 2,7-10 ʤ, ʧʝʩʢʠ ï 0,4-5,2 

ʤ) ʠ ʜʦʩʪʫʧʥʘ ʜʣʷ ʟʦʥʜʠʨʦʚʘʥʠʷ ʛʝʦʨʘʜʘʨʦʤ. ʇʨʠʩʫʪʩʪʚʠʝ ʚʘʣʫʥʦʚ (20-30 ʩʤ, 

ʤʝʩʪʘʤʠ ʜʦ 50 ʩʤ) ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ ʛʠʧʝʨʙʦʣ ʥʘ ʚʦʣʥʦʚʦʡ 

ʢʘʨʪʠʥʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ɿʘʚʝʨʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʫʯʘʩʪʢʝ ʜʨʘʞʥʦʛʦ ʧʦʣʠʛʦʥʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʪʨʝʤ 

ʩʢʚʘʞʠʥʘʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʦʪʜʝʣʴʥʳʭ ʧʨʦʬʠʣʷʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʨʘʟʥʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʩ ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʛʘʣʴʢʦʡ ʚ ʤʝʨʟʣʦʤ ʩʦʩʪʦʷʥʠʠ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ: Ů'= 3,7-4,3 (V=0,155-0,145 ʤ/ʥʩ) ï ʩʢʚ. 178; Ů'=3,85-3,92 

(V=0,153-0,152 ʤ/ʥʩ) ï ʩʢʚ. 217; Ů'=3,09-7,29 (V=0,171-0,111 ʤ/ʥʩ) ï ʩʢʚ. 213.   

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʫʤʝʨʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ ʗʢʫʪʠʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.2.  
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ʊʘʙʣʠʮʘ 2.2 ï ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʜ, ʫʩʨʝʜʥʝʥʥʳʝ ʜʣʷ ʋʤʝʨʝʥʥʦʡ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ 

ʋʯʘʩʪʢʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʕʣʝʢʪʨʦʨʘʟʚʝʜʢʘ, 

ɟk, ʆʤ*ʤ 

ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʷ 

V, ʤ/ʥʩ 

ɻʦʨʥʳʝ ʧʦʨʦʜʳ 

 ʪʘʣʳʝ ʤʝʨʟʣʳʝ ʪʘʣʳʝ ʤʝʨʟʣʳʝ  

1)ɿʘʧʘʜʥʘʷ ʯʘʩʪʴ: 

ʛ.ʄʠʨʥʳʡ 

ʫʯ. ʊʘʩ-ʖʨʷʭ 

133-

257 

 

1009-1681 

 

   

2) ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ: 

ʋʛʦʣʴʥʳʡ 

ʨʘʟʨʝʟ 

çʂʘʥʛʘʣʘʩʢʠʡè 

100  2000  0,110 

0,131 

0,064 

- ʧʝʩʦʢ ʩʨʝʜʥʠʡ  

100  2000    ʇʝʩʯʘʥʠʢ ʨʘʟʣʠʯʥʦʛʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ 

  0,110 

0,056 

0,099 

- ʧʝʩʦʢ ʤʝʣʢʠʡ 

ʩ. ʏʫʨʘʧʯʘ  800-3600 0,086 0,15 ʉʫʛʣʠʥʢʠ 

ʉʫʧʝʩʠ 

ʛ. ʗʢʫʪʩʢ 

 

10-

250 

400-5000 0,077 0,15 ʉʫʧʝʩʠ  

ʇʝʩʢʠ  

ʉʫʛʣʠʥʢʠ 

ʩ. ɸʤʛʘ 39 

 

104 

 

0,106 0,134 ʉʫʛʣʠʥʢʠ 

ʇʝʩʢʠ 

3) ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ: 

ʨ. ɸʣʣʘʭ-ʖʥ ɹ

ʘʨʪʝʣʴ 

ʩʪʘʨʘʪʝʣʝʡ 

çɼʨʘʞʥʠʢè 

   0,155 

0,145 

0,153 

0,152 

0,111 

ʈʘʟʥʦʟʝʨʥʠʩʪʳʝ 

ʧʝʩʯʘʥʠʢʠ 

ʩ ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʛʘʣʴʢʦʡ 

ʊʦʤʧʦʥʩʢʠʡ 

ʨʘʡʦʥ (ʘ/ʜ 

ʂʦʣʳʤʘ 509 

ʢʤ) 

10-

250 

 

800-1050 

 

0,1 0,122 ʉʫʛʣʠʥʢʠ  

ʇʝʩʢʠ 

ʑʝʙʥʠʩʪʳʡ ʛʨʫʥʪ 

4) ʖʞʥʘʷ ʯʘʩʪʴ: 

ʋʯ. ʨ. ɹ. 

ʂʫʨʘʥʘʭ 

 1,2*103 0,105 

 

0,107 ɻʘʣʝʯʥʦ-ʵʬʝʣʴʥʳʝ 

ʦʪʣʦʞʝʥʠʷ. (ʆʪʨʘʙʦʪʢʘ 

ʧʨʦʰʣʳʭ ʣʝʪ) 

ɻʘʣʴʢʘ (ʦʪʨʘʙʦʪʢʘ) 

  0,093 

0,117 

- ʕʬʝʣʴ (ʦʪʨʘʙʦʪʢʘ) 

(ʧʨʦʤʳʪʳʝ ʧʝʩʢʠ) 

  0,103 

0,104 

- ɻʘʣʝʯʥʦ-ʵʬʝʣʴʥʳʝ 

ʦʪʣʦʞʝʥʠʷ. (ʆʪʨʘʙʦʪʢʘ 

ʧʨʦʰʣʳʭ ʣʝʪ) 

ʋʯʘʩʪʦʢ 

ʄʫʨʘʚʴʝʚʩʢʠʡ 

ʫʯ.ʖʨʩʢʠʡ 

  0,062-

0,084 

0,15-

0,122 

ʇʝʩʢʠ, ʩʫʧʝʩʠ, ʩʫʛʣʠʥʢʠ, 

ʪʦʨʬʘ, ʠʣʳ, 

ʘʣʝʚʨʦʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ 
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2.1.2 ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʟʦʥʜʠʨʦʚʘʥʠʡ 

ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʦʜʥʦʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʦʜʥʦʤʝʨʥʳʭ ʟʘʜʘʯ ʨʝʘʣʴʥʘʷ ʩʨʝʜʘ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʦʜʥʦʨʦʜʥʳʭ ʩʣʦʝʚ ʠʟʚʝʩʪʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʟʘʜʘʥʥʳʤʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ ʪʦʯʢʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʤʝʪʦʜʳ, 

ʢʘʢ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (FDTD) [227, 230, 249, 257], 

ʤʘʪʨʠʮ ʣʠʥʠʡ ʧʝʨʝʜʘʯ (TLM) [219], ʠʤʧʝʜʘʥʩʥʦʛʦ ʘʥʘʣʦʛʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ (ʀɸʕʇ) [51] ʠ ʜʨʫʛʠʝ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʚʩʝʭ ʵʪʠʭ ʤʝʪʦʜʦʚ ʩʣʝʜʫʝʪ 

ʦʪʥʝʩʪʠ ʩʣʦʞʥʦʩʪʴ ʫʯʝʪʘ ʜʠʩʧʝʨʩʠʠ, ʧʦʪʨʝʙʥʦʩʪʴ ʠʭ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʘʭ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʢʫʨʩʠʚʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ. 

ɼʠʬʨʘʢʮʠʦʥʥʘʷ ʪʝʦʨʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʘʫʩʩʦʚʳʭ ʧʫʯʢʦʚ ʚ ʢʚʘʟʠʦʧʪʠʯʝʩʢʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʥʘ ʤʘʪʨʠʯʥʦʤ ʷʟʳʢʝ ʩ ʧʦʤʦʱʴʶ ʧʨʘʚʠʣʘ, 

ʚʚʝʜʝʥʥʦʛʦ H. Kogelnik [224]. ʀʟ-ʟʘ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʤʝʞʫʪʢʘ 

ʤʘʪʨʠʮʘ ʧʝʨʝʜʘʯʠ (ʦʙʦʟʥʘʯʘʝʤʘʷ ʚ ʘʥʛʣʦʷʟʳʯʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʢʘʢ 

ABCD-ʤʘʪʨʠʮʘ) ʣʫʯʘ ʷʚʣʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ ʠ ʦʧʠʩʳʚʘʝʪ ʧʝʨʝʜʘʯʫ 

ʣʫʯʘ ʯʝʨʝʟ ʫʯʘʩʪʦʢ ʭ. ʀʟ-ʟʘ ʧʘʨʘʢʩʠʘʣʴʥʦʩʪʠ ʣʫʯʝʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʭ ʢʚʘʟʠ-ʊ-

ʚʦʣʥʘʤʠ. 

ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ABCD-ʤʘʪʨʠʮ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʤʘʣʳʭ ʫʯʘʩʪʢʦʚ ʩʨʝʜʳ ʚ ʚʠʜʝ ʤʘʪʨʠʮ 

ʧʝʨʝʜʘʯʠ, ʧʦʣʫʯʝʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ [144]. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʘʪʴ ABCD-ʤʘʪʨʠʮʳ ʫʯʘʩʪʢʦʚ ʠ ʩʣʦʝʚ, ʘ ʠʭ ʧʝʨʝʤʥʦʞʝʥʠʝ ï ʤʘʪʨʠʮʫ 

ʧʝʨʝʜʘʯʠ ʚʩʝʡ ʩʨʝʜʳ. ʇʦʵʪʦʤʫ ʤʝʪʦʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ABCD-ʤʘʪʨʠʮ ï ʵʪʦ 

ʤʝʪʦʜ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʘʥʘʣʦʛʦʚ 

ʮʝʧʝʡ ʚ ʚʠʜʝ ʵʣʝʤʝʥʪʦʚ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʤʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [143, 

146]. ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʦʜʭʦʜ ʦʙʥʘʨʫʞʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʩʭʦʜʩʪʚʦ ʩ ʤʝʪʦʜʦʤ ʤʘʪʨʠʮ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ (TLM), ʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʣʦʢʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ: ʨʘʩʯʝʪʳ ʚʝʜʫʪʩʷ ʥʝ ʚʦ 

ʚʨʝʤʝʥʥʦʡ, ʘ ʚ ʯʘʩʪʦʪʥʦʡ (ʩʧʝʢʪʨʘʣʴʥʦʡ) ʦʙʣʘʩʪʠ. ɺʤʝʩʪʦ ʚʦʣʥʦʚʳʭ ʤʘʪʨʠʮ 
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ʘʣʛʦʨʠʪʤ ʦʧʝʨʠʨʫʝʪ ʢʣʘʩʩʠʯʝʩʢʠʤ ʬʦʨʤʘʣʠʟʤʦʤ ʤʘʪʨʠʮ ʧʝʨʝʜʘʯʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʨʨʝʢʪʥʳʡ ʫʯʝʪ ʵʬʬʝʢʪʦʚ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʙʘʟʠʩ ʤʝʪʦʜʘ ʩʪʨʦʠʪʩʷ ʥʘ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʚ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʧʨʦʩʪʨʘʥʩʪʚʫ 

ʢʦʤʧʣʝʢʩʥʳʭ ʘʤʧʣʠʪʫʜ. ɺʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʟʥʘʯʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʮʝʥʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʧʦʪʝʨʠ ʚ ʩʨʝʜʝ.  ʇʨʠ ʫʩʣʦʚʠʠ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʢʦʣʝʙʘʥʠʡ ʚ ʦʜʥʦʨʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʧʝʨʘʮʠʷ ʚʨʝʤʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʬʦʨʤʘʣʴʥʦ ʟʘʤʝʥʷʝʪʩʷ 

ʫʤʥʦʞʝʥʠʝʤ ʥʘ ʤʥʦʞʠʪʝʣʴ jɤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʠʩʭʦʜʥʫʶ ʩʠʩʪʝʤʫ 

ʫʨʘʚʥʝʥʠʡ ʢ ʩʣʝʜʫʶʱʝʤʫ ʚʠʜʫ: 

 ὶέὸὉ ὮὌ‘‫

ὶέὸὌ ὮὉ‐‫
, (2.1) 

ʛʜʝ ‐ ‐ ‐ , ‘ ‘‘ Ὦ‘- ʢʦʤʧʣʝʢʩʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʨʝʜʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ů, ‘ȟ ɤ ï ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʨʝʜʳ, ʤʘʛʥʠʪʥʳʝ 

ʧʦʪʝʨʠ ʠ ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʄʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ ‘ ʚ ʩʨʝʜʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦʪʝʨʠ ʥʘ ʛʠʩʪʝʨʝʟʠʩ ʠ ʚʠʭʨʝʚʳʝ 

ʪʦʢʠ, ʢʦʪʦʨʳʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʩʠʣʝ ʪʦʢʘ, ʯʘʩʪʦʪʝ ʠ ʢʚʘʜʨʘʪʫ ʯʘʩʪʦʪʳ. ɺ ʥʘʰʠʭ 

ʨʘʩʯʝʪʘʭ ʤʘʛʥʠʪʥʳʝ ʧʦʪʝʨʠ ʤʦʞʥʦ ʥʝ ʫʯʠʪʳʚʘʪʴ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʧʨʠʥʠʤʘʪʴ 

‘ π, ‘ ρ. 

ʋʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʦʨʤʝ ʧʦʟʚʦʣʷʶʪ ʦʧʠʩʘʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ (ʕʄɺ) ʚ ʷʯʝʡʢʝ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʳ, 

ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʡ ʩʪʨʝʤʷʪʩʷ ʢ ʥʫʣʶ. ʊʦʛʜʘ ʧʦʜ ʷʯʝʡʢʦʡ ʩʨʝʜʳ ʤʦʞʥʦ ʧʦʥʠʤʘʪʴ 

ʯʘʩʪʴ ʩʨʝʜʳ, ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʡ ʤʝʥʴʰʝ ʩʘʤʦʡ ʢʦʨʦʪʢʦʡ ʜʣʠʥʳ ʚʦʣʥʳ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʤʝʨ ʷʯʝʡʢʠ ʧʦʥʷʪʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʘʩʪʦʪʥʳʤ 

ʜʠʘʧʘʟʦʥʦʤ. ʉʚʷʟʴ ʨʘʟʤʝʨʦʚ ʷʯʝʡʢʠ ʩ ʯʘʩʪʦʪʦʡ ʠ ʜʣʠʥʳ ʚʦʣʥʳ ʤʳ ʨʘʩʩʤʦʪʨʠʤ 

ʜʘʣʝʝ.  

ɽʩʣʠ ʥʫʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʕʄɺ ʚ ʧʨʦʪʷʞʝʥʥʦʡ ʩʨʝʜʝ, ʢʦʛʜʘ 

ʝʸ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʩʨʘʚʥʠʤʳ ʠʣʠ ʙʦʣʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ, ʪʦ ʪʘʢʠʝ ʧʨʦʪʷʞʝʥʥʳʝ 

ʩʨʝʜʳ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʝʜʠʥʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʷʯʝʝʢ. ʉʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʤʘʪʨʠʮʘʤʠ ʧʝʨʝʜʘʯʠ, ʠʣʠ ABCD-ʤʘʪʨʠʮʘʤʠ. 
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ɽʩʣʠ ʵʪʠ ʷʯʝʡʢʠ ʩʦʝʜʠʥʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ (ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ ʧʨʷʤʦʡ) ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʘʩʢʘʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʷʯʝʝʢ, 

ʪʦ ʵʪʦ ʦʜʥʦʤʝʨʥʘʷ ʠʣʠ 1D-ʩʨʝʜʘ. ɼʣʷ ʩʣʫʯʘʷ ʦʜʥʦʤʝʨʥʦʡ ʩʨʝʜʳ ʚʤʝʩʪʦ ʧʦʥʷʪʠʷ 

çʷʯʝʡʢʘè ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʠʥ çʫʯʘʩʪʦʢè. ʇʨʠ ʵʪʦʤ ʢʘʞʜʘʷ ʷʯʝʡʢʘ 

(ʫʯʘʩʪʦʢ) ʤʦʞʝʪ ʠʤʝʪʴ ʩʚʦʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɼʚʫʭʤʝʨʥʘʷ ʠʣʠ 2D-

ʩʨʝʜʘ ʦʙʨʘʟʫʝʪʩʷ ʠʟ 1D-ʩʨʝʜ ʠʭ ʧʘʨʘʣʣʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ, ʦʙʨʘʟʫʷ ʧʣʦʩʢʦʩʪʴ. 

ʊʨʝʭʤʝʨʥʘʷ ʠʣʠ 3D-ʩʨʝʜʘ ʦʙʨʘʟʫʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ 2D-ʩʨʝʜ 

(ʨʠʩʫʥʦʢ 2.4). ʄʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʠ ʜʨʦʙʥʳʝ ʩʨʝʜʳ, ʥʘʧʨʠʤʝʨ, 1,5D-ʩʨʝʜʘ, 2,5D-

ʩʨʝʜʘ. ʕʪʦ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʣʥʦʩʪʴʶ ʦʧʠʩʳʚʘʶʪ ʩʨʝʜʫ ʚ ʢʘʢʦʤ-ʪʦ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʣʫʯʝʚʦʤ ʤʝʪʦʜʝ ʢʘʞʜʳʡ ʣʫʯ ʦʙʨʘʟʫʝʪ ʫʯʘʩʪʦʢ 1D-ʩʨʝʜʳ, ʥʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʣʫʯʘʤʠ ʦʩʪʘʝʪʩʷ ʥʝ ʦʧʠʩʘʥʥʳʤ. ʕʪʦ ʧʨʠʤʝʨ 1,5D-ʩʨʝʜʳ. 

ʊʘʢ ʢʘʢ ʨʘʟʤʝʨʳ ʷʯʝʝʢ (ʫʯʘʩʪʢʦʚ) ʤʘʣʳ, ʘ ʨʘʟʤʝʨʳ ʩʨʝʜ ʚʝʣʠʢʠ, ʧʨʠʭʦʜʠʪʩʷ 

ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʢʦʥʝʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠʩʩʣʝʜʫʝʤʳʭ ʫʯʘʩʪʢʦʚ ʩʨʝʜʳ, ʪʦ ʝʩʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ̫ ʯʝʝʢ (ʫʯʘʩʪʢʦʚ) ʦʛʨʘʥʠʯʝʥʦ. ʏʪʦʙʳ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʥʝ ʚʦʰʝʜʰʝʡ ʯʘʩʪʠ 

ʩʨʝʜʳ ʥʫʞʥʦ ʟʘʜʘʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦ ʛʨʘʥʠʮʘʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʩʨʝʜʳ. 

ʈʠʩʫʥʦʢ 2.4 ï ʊʨʝʭʤʝʨʥʘʷ (3D), ʜʚʫʭʤʝʨʥʘʷ (2D) ʠ ʦʜʥʦʤʝʨʥʘʷ (1D) ʩʨʝʜʳ 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ABCD-ʤʘʪʨʠʮ (ʜʘʣʝʝ ABCD-ʤʘʪʨʠʮ) ʦʩʥʦʚʘʥʦ ʥʘ ʦʧʠʩʘʥʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʤʘʣʳʭ ʷʯʝʝʢ ʩʨʝʜʳ ʚ ʚʠʜʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʘʪʨʠʮ 

ʧʝʨʝʜʘʯʠ, ʧʦʣʫʯʝʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ.  
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ʄʦʜʝʣʴ ʫʯʘʩʪʢʘ ʦʜʥʦʤʝʨʥʦʡ ʩʨʝʜʳ ʠ ʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʤʘʪʨʠʮʘ 

ʧʝʨʝʜʘʯʠ. ʇʫʩʪʴ ʚ ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʝ ʩ ʧʦʪʝʨʷʤʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ z ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ 

ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʧʣʦʩʢʘʷ ʕʄɺ ʠʣʠ ʊ-ʚʦʣʥʘ [187]. ɽʩʣʠ ʚʳʙʨʘʪʴ ʪʘʢʫʶ ʩʠʩʪʝʤʫ 

ʢʦʦʨʜʠʥʘʪ, ʯʪʦ ʚʝʢʪʦʨ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʦʚʧʘʜʘʣ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ x, ʘ ʚʝʢʪʦʨ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ y, ʪʦ ʠʟ (2.1) ʩʣʝʜʫʝʪ, ʯʪʦ ʵʪʘ ʚʦʣʥʘ ʦʧʠʩʳʚʘʝʪʩʷ 

ʢʘʢ: 

 ‬Ὁ

‬ᾀ
ὮὌ‘‫ 

‬Ὄ

‬ᾀ
ὮὉ‐‫ 

(2.2) 

ʇʝʨʝʭʦʜʷ ʢ ʢʦʥʝʯʥʳʤ ʨʘʟʥʦʩʪʷʤ, ‬ᾀO ῳᾀ, ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ (2.2) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 Ὁ ᾀ ῳᾀ Ὁ ᾀ ὮὌῳᾀ‘‫ 

Ὄ ᾀ ῳᾀ ὮὉῳᾀὌ‐‫ ᾀ 
(2.3) 

ʋʨʘʚʥʝʥʠʷ (2.3) ʦʧʠʩʳʚʘʶʪ ʧʝʨʝʜʘʯʫ ʥʘ ʤʘʣʦʝ ʨʘʩʩʪʦʷʥʠʝ ῳᾀ ɻʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʊ-ʚʦʣʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ z. ʇʦʵʪʦʤʫ ʵʪʫ 

ʧʝʨʝʜʘʯʫ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚ ʚʠʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ABCD-ʤʘʪʨʠʮʳ, ʢʘʢ ʵʪʦ 

ʩʜʝʣʘʥʦ ʚ [224]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʤʥʦʛʦʧʦʣʶʩʥʠʢʦʚ [142] ʫʨʘʚʥʝʥʠʷ (2.3) 

ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ ʟʘʧʠʰʫʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 Ὁ ᾀ ῳᾀ

Ὄ ᾀ ῳᾀ
ρ ὤῳᾀ
ὣῳᾀ ρ

ẗ
Ὁ ᾀ

Ὄ ᾀ
 (2.4) 

ʛʜʝ ὤ Ὦὣ ,‘‫ Ὦ.‐‫ 

ɽʩʣʠ ʩʨʝʜʘ ʦʜʥʦʨʦʜʥʘ, ʪʦ ʧʝʨʝʜʘʯʘ ʕʄɺ ʚ ʦʙʝ ʩʪʦʨʦʥʳ ʦʜʠʥʘʢʦʚʘ. ʊʦʛʜʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [144] ʦʙʨʘʪʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ABCD-ʤʘʪʨʠʮʘ ʟʘʧʠʰʝʪʩʷ ʢʘʢ 

 
Ὁ
ȕ

ᾀ

Ὄ
ȕ

ᾀ

ρ ὤ
ȕ

ẗῳᾀ

ὣ
ȕ

ẗῳᾀ ρ
ẗ
Ὁ
ȕ

ᾀ ῳᾀ

Ὄ
ȕ

ᾀ ῳᾀ
 (2.5) 

ʊʘʢ ʢʘʢ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʥʦʨʦʜʥʘʷ ʩʨʝʜʘ ʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʥʝʪ, ʚʦʣʥʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ὤ , ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʤʦʞʥʦ ʠʟ (2.5) ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ:  
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ὤ
ȕ Ὁ

ȕ

ᾀ ῳᾀ

Ὄ
ȕ

ᾀ ῳᾀ

Ὁ
ȕ

ᾀ

Ὄ
ȕ

ᾀ

ὤ ὤ
ȕ

ῳᾀ

ὤὣ
ȕ

ῳᾀρ

ὤ
ȕ

ὣ
ȕ 

(2.6) 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ‎ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ, 

ʥʘʧʨʠʤʝʨ, ʩʦʛʣʘʩʥʦ [257], ʢʘʢ: 

 ‎ ‌ Ὦ‍ ὤὣ (2.7) 

ʘ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ: 

 ’
‫

‍
 (2.8) 

ɽʩʣʠ ʧʦʪʝʨʠ ʦʪʩʫʪʩʪʚʫʶʪ ʠ ‘ ρ, ʪʦ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ [257]: 

 
’

‫

‍

ὧ

Ѝ‐
 

(2.9) 

̄̅ ̆ὧ ςȢωωψẗ
̍

̒
.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʣʳʡ ʫʯʘʩʪʦʢ ʦʜʥʦʨʦʜʥʦʡ ʦʜʥʦʤʝʨʥʦʡ ʩʨʝʜʳ ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʚ ʚʠʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ABCD-ʤʘʪʨʠʮʳ.  ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʦʜʝʣʴ 

ʦʪʨʝʟʢʘ ʦʜʥʦʨʦʜʥʦʡ ʦʜʥʦʤʝʨʥʦʡ ʩʨʝʜʳ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ. ʂʦʛʜʘ ʤʦʜʝʣʴ ʦʪʨʝʟʢʘ ʦʜʥʦʨʦʜʥʦʡ ʦʜʥʦʤʝʨʥʦʡ ʩʨʝʜʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʩʢʘʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʦʜʠʥʘʢʦʚʳʭ ABCD-ʤʘʪʨʠʮ. ʊʦʛʜʘ 

ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʤʘʪʨʠʮʘ ʧʝʨʝʜʘʯʠ []äa  ʜʣʷ ʪʘʢʦʡ ʩʨʝʜʳ ʟʘʧʠʰʝʪʩʷ ʢʘʢ 

 
ὥВ

ρ ὤẗῳᾀ
ὣẗῳᾀ ρ

 (2.10) 

ʛʜʝ n=L/ȹz, Lïʤʦʱʥʦʩʪʴ ʩʨʝʜʳ. 

ɺʪʦʨʦʡ ʩʧʦʩʦʙ. ɺʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ [144, 163], ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʢʣʘʩʩʠʯʝʩʢʫʶ ʤʘʪʨʠʮʫ ʧʝʨʝʜʘʯʠ ʦʜʥʦʨʦʜʥʦʡ ʦʜʥʦʤʝʨʥʦʡ ʧʨʦʪʷʞʝʥʥʦʡ ʩʨʝʜʳ 

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʯʝʨʝʟ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ (ʫʯʠʪʳʚʘʷ, ʯʪʦ ʊ-ʚʦʣʥʳ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʠ ʚ ʩʨʝʜʝ ʠ ʚ ʣʠʥʠʷʭ ʧʝʨʝʜʘʯʠ) ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʘʷ ʤʘʪʨʠʮʘ 

ʧʝʨʝʜʘʯʠ []äa  ʜʣʷ ʪʘʢʦʡ ʩʨʝʜʳ ʟʘʧʠʰʝʪʩʷ ʢʘʢ: 
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ὥВ

ὧ‎ὒ ὤί‎ὒ
ί‎ὒ

ὤ
ὧ‎ὒ

 (2.11) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʨʘʙʦʪʝ [6] ʙr ʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʘʷ ʤʘʪʨʠʮʘ ʧʝʨʝʜʘʯʠ 

ʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʝʜʝʣ ʢʘʩʢʘʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ n 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ABCD-ʤʘʪʨʠʮ. ʇʨʷʤʘʷ ʧʨʦʚʝʨʢʘ ʧʦʢʘʟʳʚʘʝʪ ʵʪʦ ʧʨʠ nŸÐ: 

 
ρ ὤẗῳᾀ
ὣẗῳᾀ ρ

ὧ‎ὒ ὤί‎ὒ
ί‎ὒ

ὤ
ὧ‎ὒ

 (2.12) 

ʄʦʜʝʣʴ ʥʝʦʜʥʦʨʦʜʥʦʡ ʦʜʥʦʤʝʨʥʦʡ ʩʨʝʜʳ.  

ʊʝʦʨʠʷ ʤʥʦʛʦʧʦʣʶʩʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʜʚʫʭ 

ʨʘʟʥʳʭ ʦʜʥʦʤʝʨʥʳʭ ʩʨʝʜ ʢʘʢ ʪʦʯʢʫ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ ʩ 

ʨʘʟʥʳʤʠ ʚʦʣʥʦʚʳʤʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ [6]. 

ʇʫʩʪʴ ʜʚʝ ʧʦʣʫʙʝʩʢʦʥʝʯʥʳʝ ʦʜʥʦʤʝʨʥʳʝ ʩʨʝʜʳ ʩ ʚʦʣʥʦʚʳʤʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷʤʠ ὤ  ʠ ὤ  ʠʤʝʶʪ ʦʙʱʫʶ ʛʨʘʥʠʮʫ. ʇʫʩʪʴ ʚ ʧʝʨʚʦʡ ʩʨʝʜʝ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʘʜʘʶʱʘʷ ʊ-ʚʦʣʥʘ ʠ ʥʦʨʤʘʣʴʥʦ ʧʘʜʘʝʪ ʥʘ ʛʨʘʥʠʮʫ ʚʪʦʨʦʡ ʩʨʝʜʳ, 

ʧʨʦʭʦʜʠʪ ʚ ʥʝʝ ʠ ʛʝʥʝʨʠʨʫʝʪ ʚ ʧʝʨʚʦʡ ʩʨʝʜʝ ʦʪʨʘʞʝʥʥʫʶ ʚʦʣʥʫ, ʘ ʚʦ ʚʪʦʨʦʡ ï 

ʧʨʦʰʝʜʰʫʶ. ɽʩʣʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʚʙʣʠʟʠ 

ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʚ ʧʝʨʚʦʡ ʩʨʝʜʝ ʨʘʚʥʘ Ὁʠ Ὄ, ʘ ʚʦ ʚʪʦʨʦʡ ʩʨʝʜʝ  Ὁʠ Ὄ, ʪʦ ʧʨʠ 

ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʕʄɺ ʥʘ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ [187]: 

 Ὁ Ὁȟ 

Ὄ Ὄ  
(2.13) 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʰʝʜʰʘʷ ʚʦʣʥʘ E2: 

 Ὁ Ὁ Ὁ ȟ 

Ὄ Ὁ Ὁ ὤ ȟȢ 
(2.14) 

ʛʜʝ ʠʥʜʝʢʩʳ çʨè ʠ çʦè ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʘʜʘʶʱʝʡ ʠ ʦʪʨʘʞʝʥʥʦʡ ʚʦʣʥʘʤ ʚ ʧʝʨʚʦʡ 

ʩʨʝʜʝ [187]. 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʰʝʜʰʘʷ ʚʦʣʥʘ Ὁ ʚʦ ʚʪʦʨʦʡ ʩʨʝʜʝ ʨʘʚʥʘ ʩʫʤʤʝ ʧʘʜʘʶʱʝʡ 

Ὁ  ʠ ʦʪʨʘʞʝʥʥʦʡ Ὁ  ʚʦʣʥ ʚ ʧʝʨʚʦʡ ʩʨʝʜʝ, ʘ ʠʭ ʚʝʣʠʯʠʥʳ, ʚʳʨʘʞʝʥʥʳʝ ʯʝʨʝʟ 

ʧʨʦʰʝʜʰʫʶ ʚʦʣʥʫ, ʟʘʧʠʰʫʪʩʷ ʢʘʢ: 

 

 Ὁ Ὁ ρ ὤ Ⱦὤ Ⱦςȟ 

Ὁ Ὁ ρ ὤ Ⱦὤ ȾςȢ 
(2.15) 

ʆʪʩʶʜʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ R ʠ ʧʨʦʭʦʞʜʝʥʠʷ T: 

 
Ὑ
Ὁ

Ὁ

ὤ ὤ

ὤ ὤ
ȟ 

Ὕ
Ὁ

Ὁ

ςὤ

ὤ ὤ
Ὑ ρȢ 

(2.16) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʦʪʨʝʟʦʢ ʦʜʥʦʤʝʨʥʦʡ ʩʨʝʜʳ 

ʢʘʢ ʩʦʩʪʦʷʱʫʶ ʠʟ ʷʯʝʝʢ ʩ ʨʘʟʥʳʤʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʷʷ ʫʯʘʩʪʢʠ, ʧʦʣʫʯʘʝʤ ʤʦʜʝʣʴ ʧʨʦʪʷʞʝʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʦʜʥʦʤʝʨʥʦʡ ʩʨʝʜʳ. ʕʪʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʢʘʩʢʘʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʨʘʟʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ABCD-ʤʘʪʨʠʮ, ʧʝʨʝʤʥʦʞʝʥʠʝ ʢʦʪʦʨʳʭ ʜʘʝʪ ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ 

ABCD-ʤʘʪʨʠʮʫ ʧʨʦʪʷʞʝʥʥʦʡ ʩʨʝʜʳ [a]×: 

 

ὥ ὥ  (2.17) 

ɺʦʧʨʦʩʳ ʪʦʯʥʦʩʪʠ ʠ ʩʭʦʜʠʤʦʩʪʠ ʫʨʘʚʥʝʥʠʷ (2.17) ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʨʘʙʦʪʝ 

[147]. ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʦʪʨʝʟʢʠ ʨʝʘʣʴʥʳʭ ʩʨʝʜ ʧʨʦʪʷʞʝʥʥʳʝ, ʤʘʪʨʠʮʫ ʧʝʨʝʜʘʯʠ 

ʪʘʢʠʭ ʦʪʨʝʟʢʦʚ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʯʝʨʝʟ (2.11) ʢʘʢ: 

 
ὥ

ὧ‎ὒ ὤί‎ὒ
ί‎ὒȾὤ ὧ‎ὒ

, (2.18) 

ʛʜʝ l ï ʜʣʠʥʘ ʦʪʨʝʟʢʘ, ZB, ɔ ï ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʦʪʨʝʟʢʘ ʩʨʝʜʳ. 

ʏʪʦʙʳ ʫʯʝʩʪʴ ʚʣʠʷʥʠʷ ʥʘ ʨʘʩʯʝʪʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʫʯʘʩʪʢʦʚ, ʥʝʦʙʭʦʜʠʤʦ 

ʚʚʝʩʪʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦ ʢʨʘʷʤ. ʅʘ ʨʠʩʫʥʢʝ 2.5 ʧʦʢʘʟʘʥʦ ʢʘʩʢʘʜʥʦʝ 

ʩʦʝʜʠʥʝʥʠʝ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ, ʛʜʝ [a]1, [a]2, é, [a]n ï ABCD- ʤʘʪʨʠʮʳ ʫʯʘʩʪʢʦʚ 

ʩʨʝʜʳ ʠ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʩʣʝʚʘ: ɽ0 ï ʠʩʪʦʯʥʠʢ ʕʄɺ, Z0 ï ʚʥʫʪʨʝʥʥʝʝ 
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ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʩʪʦʯʥʠʢʘ, ʠ ʩʧʨʘʚʘ: Zn+1 ï ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ n+1 ʩʨʝʜʳ, ɽi ʠ 

Hi ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʚ ʪʦʯʢʝ xi=1én+1, l ï 

ʤʦʱʥʦʩʪʴ ʦʪʨʝʟʢʘ ʩʨʝʜʳ. 

ɿʜʝʩʴ ʫʩʣʦʚʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʊ-ʚʦʣʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʩʨʝʜʳ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ, ʢʦʪʦʨʳʝ ʟʘʧʠʩʳʚʘʶʪʩʷ ʢʘʢ: 

 

ʈʠʩʫʥʦʢ 2.5 ï ʄʦʜʝʣʴ ʦʜʥʦʤʝʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʳ ʢʘʢ ʢʘʩʢʘʜʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ 

 Ὁ Ὁ ὤὌȟ 

Ὁ ὤ Ὄ Ȣ 
(2.19) 

ʈʝʰʘʷ ʩʦʚʤʝʩʪʥʦ ʫʨʘʚʥʝʥʠʷ (2.17) ʠ (2.19) ʥʘʭʦʜʠʤ ʘʤʧʣʠʪʫʜʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʧʨʘʚʘ ʠ ʩʣʝʚʘ: 

 
Ὄ

Ὁ

ὥ ὤ ὥ ὥ ὤὤ ὥ ὤ
ȟ 

Ὁ ὤ Ὄ ȟ 

Ὄ ὥ Ὁ ὥ Ὄ ȟ 

Ὁ Ὁ ὤὌȢ 

(2.20) 

ʛʜʝ aij ï ʵʣʝʤʝʥʪʳ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʤʘʪʨʠʮʳ [a]×.  

ʇʨʠʤʝʥʝʥʠʝ ʦʜʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʩʨʝʜʳ.  

ʆʜʥʦʤʝʨʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ, ʥʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʷʪʴ ʚʭʦʜʥʳʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʩʨʝʜ [6], ʨʘʩʩʯʠʪʘʪʴ 

ʢʘʨʪʠʥʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʪʘʢʦʡ ʩʨʝʜʝ [224], 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ [144]. ɼʣʷ 

ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢ ʠ ʟʘʜʘʪʴ 

ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʦ ʢʦʥʮʘʤ ʦʜʥʦʤʝʨʥʦʡ ʩʨʝʜʳ. 
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ɼʣʷ ʨʘʩʯʝʪʘ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʭʩʣʦʡʥʦʡ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʨʝʜʳ 

ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʚ ʩʨʝʜʝ Mathcad. ʅʘ ʨʠʩʫʥʢʘʭ 2.6, 2.7 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʜʣʷ ʩʨʝʜʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʨʝʭ ʩʣʦʝʚ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ: 

1 ʩʣʦʷ:  ‐ = 5, ‘ = 1, „ = 10-2 ʩʤ,   ὰ = 5 ʤ; 

2 ʩʣʦʷ:  ‐ = 5, ‘ = 1, „ = 5Ŀ10-4 ʩʤ,   ὰ = 20 ʤ; 

3 ʩʣʦʷ:  ‐ = 5, ‘ = 1, „ = 5Ŀ10-2 ʩʤ,   ὰ = 1 ʤ. 

ʅʘ ʨʠʩʫʥʢʝ 2.6 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

Z1(ʆʤ) ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʨʝʭʩʣʦʡʥʦʡ ʩʨʝʜʳ ʦʪ ʯʘʩʪʦʪʳ (ʄɻʮ). ʈʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʘ Zʚʭ ʧʦʢʘʟʘʣʠ ʝʛʦ ʧʦʣʥʫʶ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʜʨʫʛʠʤ ʤʝʪʦʜʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤ [189].  

 

ʈʠʩʫʥʦʢ 2.6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Z1 ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʡ  

ʪʨʝʭʩʣʦʡʥʦʡ ʩʨʝʜʳ ʦʪ ʯʘʩʪʦʪʳ 

ʄʝʪʦʜʳ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʨʘʙʦʪʘʶʪ ʥʘ ʯʘʩʪʦʪʘʭ ʜʦ ʝʜʠʥʠʮ ʄɻʮ. 

ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʷ ʨʘʩʰʠʨʷʝʪ ʤʝʪʦʜʳ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʥʘ ʤʘʣʳʭ ʛʣʫʙʠʥʘʭ ʚ ʦʙʣʘʩʪʴ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʠ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʵʬʬʝʢʪʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʅʘ 

ʨʠʩʫʥʢʝ 2.7 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʬʘʟʳ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʌ1(ʛʨʘʜ) 

ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʨʝʭʩʣʦʡʥʦʡ ʩʨʝʜʳ ʦʪ ʯʘʩʪʦʪʳ (ʄɻʮ). ɺ ʧʦʣʦʩʝ ʦʪ 0,1 ʜʦ 2 ʄɻʮ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʥʘ 20 ʛʨʘʜʫʩʦʚ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

1 ʩʣʦʝʤ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʪʦʣʱʠʥʳ ʠ ʢʦʪʦʨʦʝ ʠʩʯʝʟʘʝʪ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʦʣʱʠʥʳ 1 

ʩʣʦʷ. ʅʘ ʨʠʩʫʥʢʝ 2.8 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʦʣʥʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʣʦʝʚ ʦʪ 

ʯʘʩʪʦʪʳ. ɺʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʝʨʴ (ů ï ʧʨʦʚʦʜʠʤʦʩʪʠ) ʩʣʦʷ ʝʛʦ ʚʦʣʥʦʚʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʘʜʘʝʪ. 
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ʈʠʩʫʥʦʢ 2.7 ï ɿʘʚʠʩʠʤʦʩʪʴ ʬʘʟʳ ʚʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʌ1 ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʪʨʝʭʩʣʦʡʥʦʡ ʩʨʝʜʳ ʦʪ ʯʘʩʪʦʪʳ 

 

ʈʠʩʫʥʦʢ 2.8 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʦʣʥʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʣʦʝʚ R1, R2, R3 [ʆʤ] ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʪʨʝʭʩʣʦʡʥʦʡ ʩʨʝʜʳ ʦʪ ʯʘʩʪʦʪʳ [ɻʮ] 

ʅʘ ʨʠʩʫʥʢʝ 2.9 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʪʫʭʘʥʠʷ ʚ ʩʣʦʷʭ ʦʪ ʯʘʩʪʦʪʳ. ɺʠʜʥʦ, 

ʯʪʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʣʦʷ ʧʦʪʝʨʠ ʚ ʥʝʤ ʨʘʩʪʫʪ. 

 

ʈʠʩʫʥʦʢ 2.9 ï ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʚ ʩʣʦʷʭ Ŭ1, Ŭ2, Ŭ3[ʜɹ/ʤ] ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʨʝʭʩʣʦʡʥʦʡ 

ʩʨʝʜʳ ʦʪ ʯʘʩʪʦʪʳ [ɻʮ] 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʤʝʨʥʳʝ ʤʦʜʝʣʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʡʪʠ ʢ 

ʤʝʪʦʜʫ ʤʥʦʛʦʧʦʣʶʩʥʠʢʦʚ ʠ ʣʫʯʝʚʦʤʫ ʤʝʪʦʜʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʨʦʤʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʭʦʜʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʩʨʝʜ, 

ʨʘʩʩʯʠʪʘʪʴ ʢʘʨʪʠʥʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʩʣʦʠʩʪʦʡ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʝ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʨʠ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ (ʩʧʝʢʪʨ ʯʘʩʪʦʪ, ʟʘʪʫʭʘʥʠʝ, ʜʠʩʧʝʨʩʠʶ). ɼʣʷ ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ 

ʟʘʜʘʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʧʦ ʢʦʥʮʘʤ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʤʥʦʛʦʧʦʣʶʩʥʠʢʘ. 

2.1.3 ɼʚʫʭʤʝʨʥʘʷ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʳ ʩ 

ʧʦʪʝʨʷʤʠ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʩʦʚʨʝʤʝʥʥʦʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʦʩʥʦʚʘʥʦ ʥʘ, ʧʦʣʫʯʠʚʰʝʤ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ 

ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (FDTD). ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ gprMax. ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʘʣʛʦʨʠʪʤ 

ʢʦʤʧʣʝʢʩʘ ʩʪʨʦʠʪʩʷ ʥʘ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʬʦʨʤʳ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ (ʤʝʪʦʜ FDTD) [214]. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʨʘʟʙʠʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʥʘ ʨʘʚʥʦʤʝʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ 

ʷʯʝʡʢʠ ʩ ʬʠʢʩʘʮʠʝʡ ʛʨʘʥʠʯʥʳʭ ʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʇʨʠ ʵʪʦʤ ʪʦʧʦʣʦʛʠʷ ʩʝʪʢʠ 

ʦʨʛʘʥʠʟʦʚʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʢʦʤʧʦʥʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʤʝʱʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʥʘ ʧʦʣʦʚʠʥʫ ʰʘʛʘ 

ʜʠʩʢʨʝʪʠʟʘʮʠʠ (ʠʣʣʶʩʪʨʘʮʠʷ ʜʚʫʤʝʨʥʦʡ ʧʨʦʝʢʮʠʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.10). 

ʈʘʩʯʝʪʥʘʷ ʧʨʦʮʝʜʫʨʘ ʥʦʩʠʪ ʠʪʝʨʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ: ʵʚʦʣʶʮʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʩʣʦʷ, ʦʧʠʨʘʷʩʴ ʥʘ 

ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ, ʚʧʣʦʪʴ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʟʘʜʘʥʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ [257]: 

 
ὰὭά
ÐO

όὼ ῳὼ όὼ

ῳὼ

ό ό

ῳὼ
 (2.21) 

ʇʨʠ ʟʘʜʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʘʣʛʦʨʠʪʤ [257] ʜʘʝʪ ʵʚʦʣʶʮʠʦʥʥʦʝ 

ʨʝʰʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʦʪ ʥʘʯʘʣʘ ʦʪʩʯʸʪʘ ʩ ʟʘʜʘʥʥʳʤ ʚʨʝʤʝʥʥʳʤ ʰʘʛʦʤ. 
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ʈʠʩʫʥʦʢ 2.10 ï ʗʯʝʡʢʘ Yee ʚ ʜʚʫʭʤʝʨʥʦʤ ʩʣʫʯʘʝ [257] 

ɺʤʝʩʪʦ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʝʰʝʥʠʷ ʠʱʝʪʩʷ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʜʠʩʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ 

ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. FDTD ï ʠʪʝʨʘʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ. ʇʨʠ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʯʠʪʘʶʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʷʯʝʡʢʠ. ʇʦ 

ʫʤʦʣʯʘʥʠʶ ʚ ʧʨʦʛʨʘʤʤʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʩʨʝʜʳ ʩʯʠʪʘʶʪʩʷ ʥʝ ʟʘʚʠʩʷʱʠʤʠ ʦʪ 

ʯʘʩʪʦʪʳ, ʩʫʱʝʩʪʚʫʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʪʴ ʜʠʩʧʝʨʩʠʶ ʠʤʝʝʪ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʩʠʛʥʘʣʘ. 

ɸʨʭʠʪʝʢʪʫʨʘ gprMax ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʘʥʜʘʨʪʥʦʡ 

ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʩʝʪʢʠ. ʂʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʚʳʩʪʫʧʘʶʪ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ (Dy, Dx, Dz) ʠ ʚʨʝʤʝʥʥʳʝ (Dt) ʰʘʛʠ. ʉʫʱʝʩʪʚʫʝʪ ʧʨʷʤʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʠʭ ʨʘʟʤʝʨʥʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ ʨʘʩʯʝʪʦʚ: ʫʤʝʥʴʰʝʥʠʝ ʰʘʛʘ 

ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʩʢʘʞʝʥʠʷ ʪʠʧʘ çʣʝʩʪʥʠʯʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠè ʥʘ 

ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʛʨʘʥʠʮʘʭ ʩʨʝʜ, ʦʜʥʘʢʦ ʵʪʦ ʥʝʠʟʙʝʞʥʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʢʨʘʪʥʳʡ ʨʦʩʪ 

ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʝʥʠʡ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʜʘʥʥʳʭ ʚʝʣʠʯʠʥ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʢʨʠʪʝʨʠʝʤ 

ʂʫʨʘʥʪʘ-ʌʨʠʜʨʠʭʘ-ʃʝʚʠ (ʂʌʃ) [145].  ʉʫʪʴ ʜʘʥʥʦʛʦ ʧʨʘʚʠʣʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʩʭʦʜʠʪʩʷ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʣʝʜʫʶʱʝʛʦ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ: 

 
ὺẗ
ῳὸ

ῳὼ
ὅȟ (2.22) 

ʛʜʝ v ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʚʦʟʤʫʱʝʥʠʷ ʚ ʩʨʝʜʝ, ȹx ï ʰʘʛ ʧʦ 

ʢʦʦʨʜʠʥʘʪʝ, ȹt ï ʰʘʛ ʧʦ ʚʨʝʤʝʥʠ, ʉ ï ʢʦʥʩʪʘʥʪʘ, ʢʦʪʦʨʘʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʟʘʚʠʩʠʪ 

ʦʪ ʫʨʘʚʥʝʥʠʷ, ʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ȹx ʠ ȹt. ʌʠʟʠʯʝʩʢʠ ʢʨʠʪʝʨʠʡ ʂʌʃ ʦʟʥʘʯʘʝʪ, ʯʪʦ 
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ʚʦʟʤʫʱʝʥʠʝ ʟʘ ʦʜʠʥ ʰʘʛ ȹt ʧʦ ʚʨʝʤʝʥʠ ʥʝ ʜʦʣʞʥʦ ʧʨʦʜʚʠʥʫʪʴʩʷ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ 

ʦʜʠʥ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʰʘʛ ȹx. 

ʅʘʰ ʦʧʳʪ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ gprMax ʧʦʢʘʟʘʣ, ʯʪʦ 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʤʦʜʝʣʴ ʧʣʦʭʦ ʫʯʠʪʳʚʘʝʪ ʯʘʩʪʦʪʥʫʶ ʜʠʩʧʝʨʩʠʶ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʚ ʦʙʣʘʩʪʠ ʤʝʪʨʦʚʳʭ ʠ ʩʘʥʪʠʤʝʪʨʦʚʳʭ ʚʦʣʥ, ʵʬʬʝʢʪ ʧʦʣʷʨʠʟʘʮʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʧʦʛʣʦʱʘʶʱʠʭ ʩʨʝʜʘʭ.  ɸ ʪʘʢʞʝ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʦʛʨʘʤʤʝ gprMax ʨʝʢʫʨʩʠʚʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʝʪʘ FDTD ʪʨʝʙʫʝʪ 

ʙʦʣʴʰʠʭ ʤʘʰʠʥʥʳʭ ʨʝʩʫʨʩʦʚ ʧʘʤʷʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. 

ʉ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʸʪʘ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ABCD-ʤʘʪʨʠʮʳ [117, 119, 144, 163]. 

ɼʣʷ ʫʯʝʪʘ ʧʦʣʷʨʠʟʘʮʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʪʦʯʥʝʥʥʘʷ 

ʤʦʜʝʣʴ ʩʨʝʜʳ, ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʬʠʢʪʠʚʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʚ ABCD-ʤʘʪʨʠʮʝ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ ʩʨʝʜʳ ʫʯʝʩʪʴ 

ʧʦʣʷʨʠʟʘʮʠʶ ʕʄɺ. ɼʣʷ ʫʯʝʪʘ ʦʤʠʯʝʩʢʠʭ ʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʦʪʝʨʴ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʜʚʘ ʚʠʜʘ ʧʨʦʚʦʜʠʤʦʩʪʝʡ ï ʥʘ ʥʠʟʢʠʭ ʠ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ [144]. 

ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʜʚʫʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ABCD-

ʤʘʪʨʠʮ.  

ʇʦʜ ʵʣʝʤʝʥʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʯʘʩʪʴ ʩʨʝʜʳ, ʣʠʥʝʡʥʳʝ 

ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʡ ʤʘʣʳ ʠʣʠ ʩʪʨʝʤʷʪʩʷ ʢ 0. ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʤʝʪʦʜʦʤ ABCD-ʤʘʪʨʠʮ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʩʨʝʜʳ ʤʘʪʨʠʮʘʤʠ 

ʧʝʨʝʜʘʯʠ ʚ ʚʠʜʝ ʦʪʨʝʟʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ɼʣʷ ʵʪʦʛʦ ʚʚʦʜʷʪʩʷ ʢʦʤʧʣʝʢʩʥʳʝ ʧʨʦʚʦʜʠʤʦʩʪʴ ώ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ᾀ ʩʨʝʜʳ: 

 ώ Ὦ‐‐‫ „, 

ᾀ Ὦ‘‘‫ 
(2.23) 

ʛʜʝ ‫ ς“ẗὪ ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ; ‐ȟ‘ȟ‐ȟ‘ ï ʘʙʩʦʣʶʪʥʳʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ; „ȟὙ ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ 

ʠ ʤʘʛʥʠʪʥʦʝ çʩʦʧʨʦʪʠʚʣʝʥʠʝè ʩʨʝʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʯʝʩʪʴ ʪʝʧʣʦʚʳʝ ʠ 

ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʧʦʪʝʨʠ, ʘ ʪʘʢʞʝ ʧʦʪʝʨʠ ʥʘ ʛʠʩʪʝʨʝʟʠʩ ʠ ʚʠʭʨʝʚʳʝ ʪʦʢʠ. 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʟʘʧʠʰʫʪʩʷ ʢʘʢ [145]: 

 ὶέὸὌᴆ ώὉᴆȠ 

ὶέὸὉᴆ ᾀὌᴆȢ 

(2.24) 

ʇʫʩʪʴ ʧʣʦʩʢʦʩʪʴ YZ - ʛʨʘʥʠʮʘ, ʨʘʟʜʝʣʷʶʱʘʷ ʩʨʝʜʫ 1 ʠ ʩʨʝʜʫ 2, ʚʝʢʪʦʨ 

ʇʦʡʪʠʥʛʘ ʇ1 ʧʘʜʘʶʱʝʡ ʕʄɺ ʣʝʞʠʪ ʚ ʧʣʦʩʢʦʩʪʠ XY, ʘ ʚʝʢʪʦʨ Ὁᴆ ʝʡ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʪʘʢ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.11ʘ (ʩʣʫʯʘʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ). ɺ ʩʨʝʜʝ 1 ʙʫʜʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʜʚʝ ʚʦʣʥʳ: ʧʘʜʘʶʱʘʷ ʇ1 ʠ 

ʦʪʨʘʞʝʥʥʘʷ ʇ10. ɺ ʩʨʝʜʝ 2 ʙʫʜʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʧʨʦʰʝʜʰʘʷ ʚʦʣʥʘ ʇ2. ʊʦʛʜʘ 

Ὁ Ὁ π, Ὄ π ʠ ʠʟ (2.24) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʰʝʜʰʘʷ ʕʄɺ ʙʫʜʝʪ ʦʧʠʩʳʚʘʪʴʩʷ 

ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 

 ‬Ὁ

‬ώ
ᾀὌȟ 

‬Ὁ

‬ὼ
ᾀὌ  

‬Ὄ

‬ὼ

‬Ὄ

‬ώ
ώὉȢ 

(2.25) 

ʇʨʦʰʝʜʰʫʶ ʕʄɺ ʇ2 ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʜʚʝ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʩʚʷʟʘʥʥʳʝ 

ʊ-ʚʦʣʥʳ ʇ2
x ʠ ʇ2

y, ʛʜʝ Ὁ Ὁ Ὁ  (ʨʠʩʫʥʦʢ 2.11ʙ).  

  

ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.11 ï ʇʨʦʭʦʞʜʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʯʝʨʝʟ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʩʨʝʜ: ʘ) ʧʘʜʘʶʱʘʷ 

ʇ1, ʦʪʨʘʞʝʥʥʘʷ ʇ10 ʠ ʧʨʦʰʝʜʰʘʷ ʇ2 ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ; ʙ) ʜʚʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʚʷʟʘʥʥʳʭ 

ʊ-ʚʦʣʥʳ ʇ2
x ʠ ʇ2

y, ʦʙʨʘʟʫʶʱʠʝ ʧʨʦʰʝʜʰʫʶ ʚʦʣʥʫ 
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ʊʦʛʜʘ ʪʨʝʪʴʝ ʫʨʘʚʥʝʥʠʝ ʚ (2.23) ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʫʨʘʚʥʝʥʠʷ, ʠ ʝʩʣʠ 

ʚʚʝʩʪʠ ʬʠʢʪʠʚʥʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ‐  ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ώ

Ὦʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪ Ὁ ,‐‐‫  ʠ Ὁ  , ʪʦ (2.25) ʧʝʨʝʧʠʰʝʤ ʢʘʢ: 

 ‬Ὁ

‬ώ
ᾀὌȟ 

‬Ὁ

‬ὼ
ᾀὌȟ 

‬Ὄ

‬ὼ

ρ

ς
ώ ώ Ὁ ώὉ ȟ 

‬Ὄ

‬ώ

ρ

ς
ώὉ ώ ώ Ὁ Ȣ 

(2.26) 

 

ʋʯʝʪ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʦʪʝʨʴ ʚ ʩʨʝʜʝ. 

ɺʚʝʜʝʥʠʝ ʧʨʦʚʦʜʠʤʦʩʪʠ s ʚ (2.1) ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʪʦʣʴʢʦ ʧʦʪʝʨʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʚʦʣʥʳ (ʪʝʧʣʦʚʳʝ, ʥʘ ʦʪʨʘʞʝʥʠʝ ʠ ʧʨʝʣʦʤʣʝʥʠʝ), ʥʦ 

ʥʝ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ. ɼʣʷ ʫʯʝʪʘ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ, ʇ.ɼʝʙʘʝʤ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʬʦʨʤʫʣʘ: 

 ‐ ‐Ð
‐ ‐Ð
ρ Ὦ†‫

 (2.27) 

ʛʜʝ ŮÐ ï ʧʨʝʜʝʣʴʥʘʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ; Ů ï 

ʧʨʝʜʝʣʴʥʘʷ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ; ɤ ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ; 

Ű ï ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ. 

ɺʥʝʰʥʝʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚʳʟʳʚʘʝʪ ʚ ʠʦʥʥʦ-ʧʨʦʚʦʜʷʱʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ 

(ʧʝʩʢʘʭ, ʧʝʩʯʘʥʠʢʘʭ, ʠʟʚʝʩʪʥʷʢʘʭ ʠ ʜʨ.) ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ. ɼʣʷ ʠʭ ʫʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ †, ʢʦʪʦʨʦʝ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʨʦʜ ʥʝʠʟʚʝʩʪʥʦ. ʅʦ ʜʣʷ ʤʥʦʛʠʭ ʧʦʨʦʜ ʠʟʚʝʩʪʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʦʚʦʜʠʤʦʩʪʠ „ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ‐ ʦʪ ʯʘʩʪʦʪʳ [178]. ʏʪʦʙʳ ʫʯʝʩʪʴ 

ʚ ʧʦʨʦʜʘʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʠ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʧʦʪʝʨʠ ʚʚʝʜʝʤ ʜʚʘ ʚʠʜʘ 

ʧʨʦʚʦʜʠʤʦʩʪʝʡ ʥʘ ʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ï„ȟ„Ð ʠ ʜʚʘ ʚʠʜʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ‐ȟ‐Ð ʪʘʢʞʝ ʥʘ ʥʠʟʢʠʭ ʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʟʘʤʝʱʝʥʠʷ. ɽʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʚʨʝʤʷ 

ʨʝʣʘʢʩʘʮʠʠ † ʚ ʩʦʦʪʥʦʰʝʥʠʠ ɼʝʙʘʷ ʢʘʢ: 
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 † ”‐ ‐ ‐Ð  (2.28) 

ʊʦʛʜʘ ʧʦʣʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ώ ʩ ʫʯʝʪʦʤ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʧʦʪʝʨʴ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʢʘʢ: 

 
ώ
ȕ
Ὥ‐‫ ‐

‐ ‐

ρ Ὥ‐”‐‫ ‐
„ (2.29) 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʧʝʨʝʜʘʯʠ ʵʣʝʤʝʥʪʘ ʩʨʝʜʳ.  

ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʢʦʛʜʘ ʚʝʢʪʦʨ ɽ ʣʝʞʠʪ ʚ 

ʧʣʦʩʢʦʩʪʠ XY. ʈʘʩʩʫʞʜʘʷ ʘʥʘʣʦʛʠʯʥʦ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ, ʚʚʝʜʷ ʬʠʢʪʠʚʥʳʝ 

ʤʘʛʥʠʪʥʫ  ʁ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ‘  ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ᾀ Ὦʧʝʨʝʭʦʜʷ ,‘‘‫ 

ʘʥʘʣʦʛʠʯʥʦ (2.31) ʢ ʢʦʥʝʯʥʳʤ ʨʘʟʥʦʩʪʷʤ: ‬ὼO ῳὼ ʠ ‬ώO ῳώ ʟʘʧʠʩʳʚʘʝʤ 

ʦʙʦʙʱʝʥʥʫʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʤʘʪʨʠʮʫ ʧʝʨʝʜʘʯʠ ʜʚʫʭʤʝʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʩʨʝʜʳ 

(ABCD-ʤʘʪʨʠʮʫ): 

!"#$

ρ

ς

ρ π ᾀ ᾀ ẗῳὼ ᾀῳὼ
π ρ ᾀῳώ ᾀ ᾀ ῳώ

ώ ώ ẗῳὼ ώῳὼ ρ π
ώῳώ ώ ώ ῳώ π ρ

 
(2.30) 

ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ: 

 

ụ
Ụ
Ụ
Ụ
ợ
Ὁ ὼ ῳὼ

Ὁ ώ ῳώ

Ὄ ὼ ῳὼ

Ὄ ώ ῳώỨ
ủ
ủ
ủ
Ủ

!"#$ẗ

ụ
Ụ
Ụ
Ụ
ợ
Ὁ ὼ

Ὁ ώ

Ὄ ὼ

Ὄ ώỨ
ủ
ủ
ủ
Ủ

 (2.31) 

ABCD-ʤʘʪʨʠʮʝ (2.31) ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʩʭʝʤʫ 

ʵʣʝʤʝʥʪʘ ʩʨʝʜʳ ʢʘʢ ʚʦʩʴʤʠʧʦʣʶʩʥʠʢ (ʨʠʩʫʥʦʢ 2.12).  

ʈʘʩʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ABCD-ʤʘʪʨʠʮʳ ʵʣʝʤʝʥʪʦʚ ʩʨʝʜʳ ʧʦʟʚʦʣʷʶʪ ʟʘʧʠʩʘʪʴ 

ABCD-ʤʘʪʨʠʮʳ ʩʣʦʝʚ, ʘ ʠʭ ʧʝʨʝʤʥʦʞʝʥʠʝ ï ʤʘʪʨʠʮʫ ʧʝʨʝʜʘʯʠ ʚʩʝʛʦ ʫʯʘʩʪʢʘ ʩʨʝʜʳ. 

ɿʘʜʘʚʘʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ ʵʪʦʡ ʩʨʝʜʝ. 
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ʘ) ʙ) 

ʈʠʩʫʥʦʢ 2.12 ï ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʩʭʝʤʘ ʵʣʝʤʝʥʪʘ ʩʨʝʜʳ: 

ʘ) ʚ ʚʠʜʝ ʚʦʩʴʤʠʧʦʣʶʩʥʠʢʘ; ʙ) ʚ ʦʙʦʙʱʝʥʥʦʤ ʚʠʜʝ 

ʄʦʜʝʣʴ ʵʣʝʤʝʥʪʦʚ ʩʨʝʜʳ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʜʚʫʭʤʝʨʥʫʶ ʩʨʝʜʫ, ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʷʯʝʝʢ ʩ ʨʘʟʥʳʤʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʅʘ 

ʨʠʩʫʥʢʝ 2.13 ʧʦʢʘʟʘʥʘ ʪʘʢʘʷ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʜʚʫʤʝʨʥʘʷ ʩʨʝʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʤʘʪʨʠʮʝʡ (M*N) ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʩʪʦʷʱʘʷ ʠʟ ʚʝʢʪʦʨʘ ʚʥʫʪʨʝʥʥʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʠʩʪʦʯʥʠʢʦʚ (Z1), ʚʝʢʪʦʨʘ ʠʩʪʦʯʥʠʢʦʚ ʕʄɺ (Es), ʢʘʩʢʘʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʚʦʩʴʤʠʧʦʣʶʩʥʠʢʦʚ ʵʣʝʤʝʥʪʦʚ ʩʨʝʜʳ (as, ʛʜʝ as1, as2é asN ï ABCD- ʤʘʪʨʠʮʳ ʩʣʦʝʚ 

ʩʨʝʜʳ) ʠ ʚʝʢʪʦʨʘ ʚʦʣʥʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ N+1 ʩʨʝʜʳ (Z2).  

  

 

ʘ) ʙ) ʚ) 

ʈʠʩʫʥʦʢ 2.13 ï ʕʢʚʠʚʘʣʝʥʪʥʳʝ ʩʭʝʤʳ:  

ʘ) ʜʚʫʤʝʨʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʨʝʜʳ; ʙ) ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʤʥʦʛʦʧʦʣʶʩʥʠʢʘ i-ʛʦ ʩʣʦʷ asi;  

ʚ) ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʤʥʦʛʦʧʦʣʶʩʥʠʢʘ ʫʯʘʩʪʢʘ ʩʨʝʜʳ as 

ʆʙʲʝʜʠʥʷʷ ʵʣʝʤʝʥʪʳ ʧʦʩʣʦʡʥʦ, ʧʝʨʝʤʥʦʞʘʷ ʤʘʪʨʠʮʳ ʩʣʦʝʚ, ʧʦʣʫʯʘʝʤ 

ʨʝʟʫʣʴʪʠʨʫʶʱʫʶ ABCD-ʤʘʪʨʠʮʫ ʩʨʝʜʳ aS: 

 

ὥ ὥ  
(2.32) 
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ʚ ʢʦʪʦʨʦʡ ʫʩʣʦʚʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʊ-ʚʦʣʥ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʩʨʝʜʳ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ: 

 Ὁ Ὁί ὤὌȟ 

Ὁ ὤὌ Ȣ 
(2.33) 

ʆʪʩʶʜʘ, ʘʤʧʣʠʪʫʜʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʧʨʘʚʘ: 

 
Ὄ

Ὁ

ὥ ὤ ὥ ὥ ὤὤ ὥ ὤ
 (2.34) 

ʛʜʝ aij ï ʵʣʝʤʝʥʪʳ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʤʘʪʨʠʮʳ aS. ʆʩʪʘʣʴʥʳʝ ʘʤʧʣʠʪʫʜʳ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʩʧʨʘʚʘ ʠ ʩʣʝʚʘ ʥʘʭʦʜʠʤ ʠʟ (2.35). 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʤʘʪʨʠʮ ʧʝʨʝʜʘʯʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʣʷ ʧʨʦʩʪʦʪʳ ʦʜʥʦʤʝʨʥʫʶ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʩʨʝʜʳ. 

ɼʣʷ ʥʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ʧʝʨʝʜʘʯʠ ʵʣʝʤʝʥʪʘ ʩʨʝʜʳ ʟʘʧʠʰʝʪʩʷ ʢʘʢ: 

 
ὃὄὅὈ

ρ ὤẗῳὼ

ὣẗῳὼ ρ
 (2.35) 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʤʦʜʫʣʴ ʜʠʩʢʨʠʤʠʥʘʥʪʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʤʘʪʨʠʮʳ 

(2.30) 

 ὨὩὸρ ὤὣῳὼ ρ ῳὼ (2.36)‘‐‫ 

ʙʫʜʝʪ ʙʦʣʴʰʝ 1 (ʪ.ʢ. ὤ Ὦȟὣ‘‫ Ὦʪʦ ʟʥʘʯʝʥʠʷ ʯʣʝʥʦʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ,(‐‫ 

ʤʘʪʨʠʮʳ aS ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʤʥʦʞʝʥʠʷ ʚ (2.10) ʙʫʜʫʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ɺ 

ʨʘʙʦʪʝ [147] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ɺʚʝʜʝʤ ʧʘʨʘʤʝʪʨ ŭ2, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʦʪʢʣʦʥʝʥʠʝ det ʦʪ 1 ʢʘʢ 

 ρ ȿῳὼȿ‘‐‫ ρ  (2.37) ‏

ʊʦʛʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʫʩʣʦʚʠʝ ʩʭʦʜʠʤʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ ʠ ŭ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ȹx: 

 ‐‫
ȕ
‘
ȕ
ῳὼ  (2.38) ‏

ʦʪʢʫʜʘ ʫʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ: 

 
‫

ῳὼ

ὺ
 (2.39)           ‏
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ʛʜʝ ὺ ȕ ȕ  ï ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʕʄɺ ʚ ʩʨʝʜʝ, ɤmax ï ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʘ.  

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ŭ=10-3, fmax = 109 ɻʮ, v = 3.108 ʤ/ʩ, ʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʰʘʛ 

ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ ȹxÒ 0,477.10-3 ʤ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʪʝʦʨʠʠ ʧʨʦʛʨʘʤʤʘ ʚ ʩʨʝʜʝ Mathcad [119] 

ʤʦʜʝʣʠʨʫʝʪ ʧʨʦʮʝʩʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ̫ ʠʤʧʫʣʴʩʘ ʛʝʦʨʘʜʘʨʘ ʩʝʨʠʠ çʆʂʆ-2ʄè ʩ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 50 ʄɻʮ ʚ ʩʣʦʠʩʪʦʡ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʝ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʙʳʣʦ 

ʫʯʪʝʥʦ, ʯʪʦ ʧʨʠʝʤʥʘʷ ʠ ʧʝʨʝʜʘʶʱʘʷ ʘʥʪʝʥʥʳ ʨʘʟʥʝʩʝʥʳ, ʯʪʦ ʧʦʨʦʞʜʘʝʪ ʢʨʦʤʝ 

ʦʪʨʘʞʝʥʥʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʚʦʣʥʫ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʜʣʷ 

ʪʨʝʭʩʣʦʡʥʦʡ ʩʨʝʜʳ. ʅʘ ʨʠʩʫʥʢʝ 2.14 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ 

ʪʨʘʩʩʳ ʜʣʷ ʩʨʝʜ ʣʝʜ-ʧʝʩʦʢ-ʤʦʥʦʣʠʪʥʳʝ ʜʦʣʦʤʠʪʳ. ʅʘ ʨʠʩʫʥʢʝ 2.15 ʧʨʝʜʩʪʘʚʣʝʥ 

ʨʘʩʩʯʠʪʘʥʥʳʡ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʨʝʜʳ ʣʝʜ- ʧʝʩʦʢ- 

ʨʘʟʨʫʰʝʥʥʳʝ ʜʦʣʦʤʠʪʳ. 

 

ʈʠʩʫʥʦʢ 2.14 ï ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ ʩʨʝʜʳ: ʣʝʜ (0,5 ʤ) - ʧʝʩʦʢ (5 ʤ) - ʜʦʣʦʤʠʪʳ 

ʈʘʟʨʫʰʝʥʥʳʝ ʧʦʨʦʜʳ ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʨʝʜʦʡ ʜʦʣʦʤʠʪʳ-

ʧʝʩʦʢ-ʜʦʣʦʤʠʪʳ-ʣʝʜ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʣʝʞʘʣʘ ʚ ʧʨʝʜʝʣʘʭ 0,2-0,4 ʤ. ʇʦ ʩʠʛʥʘʣʫ 

ʚʠʜʥʦ, ʯʪʦ ʚʤʝʩʪʦ ʯʝʪʢʦʡ ʛʨʘʥʠʮʳ ʧʝʩʦʢ-ʨʘʟʨʫʰʝʥʥʳʝ ʧʦʨʦʜʳ ʬʦʨʤʠʨʫʝʪʩʷ 

ʟʘʪʫʭʘʶʱʘʷ ʧʘʯʢʘ ʠʤʧʫʣʴʩʦʚ. ʕʪʦ ʚʳʟʚʘʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʝʨʝʦʪʨʘʞʝʥʠʷʤʠ 

ʠʤʧʫʣʴʩʦʚ ʚ ʨʘʟʨʫʰʝʥʥʦʡ ʧʦʨʦʜʝ. 
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ʈʠʩʫʥʦʢ 2.15 ï ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʩʠʛʥʘʣ ʩʨʝʜʳ: ʣʝʜ (0,5 ʤ) - ʤʦʢʨʳʡ ʧʝʩʦʢ (5 ʤ) - 

ʨʘʟʨʫʰʝʥʥʳʝ ʧʦʨʦʜʳ; (ʚʘʣʫʥʳ 0,2-0,4 ʤ, ʜʦʣʦʤʠʪʳ ʚ ʧʝʩʢʝ ʩʦ ʣʴʜʦʤ) 

ʉʤʦʜʝʣʠʨʦʚʘʥʥʳʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʜʘʥʥʳʤʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʟʦʥʜʠʨʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ [126, 158, 169, 171].  

2.2. ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʤʘʩʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʠ ʦʙʦʙʱʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ, ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʝʡ 

ʩʠʥʬʘʟʥʦʩʪʠ ʩʠʛʥʘʣʦʚ, ʠʟʤʝʥʝʥʠʷ ʠʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʩʪʦʷʥʠʝʤ, ʩʪʨʦʝʥʠʝʤ ʟʦʥʜʠʨʫʝʤʦʛʦ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ABCD-

ʤʘʪʨʠʮʘʤʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ gprMax ʤʝʪʦʜʦʤ FDTD 

(ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ) [145, 253]. 

2.2.1 ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʤʝʨʟʣʳʭ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ 

ʉʫʙʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʗʢʫʪʠʠ 

ɺ ʉʫʙʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʝ ʗʢʫʪʠʠ ʤʘʩʩʠʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʪʣʠʯʘʝʪʩʷ ʰʠʨʦʢʠʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʭ, ʩʠʣʴʥʦʣʴʜʠʩʪʳʭ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʸʨʟʣʳʭ 

ʧʦʨʦʜ, ʩʠʩʪʝʤ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ, ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ. ʀʟʤʝʥʝʥʠʝ ʢʨʠʦʛʝʥʥʦʛʦ 
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ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠ ʩʝʟʦʥʥʦʤ ʧʨʦʪʘʠʚʘʥʠʠ 

ʧʦʨʦʜ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʦʩʪʘʚʘ ʠ ʣʴʜʠʩʪʦʩʪʠ ʛʣʫʙʠʥʘ ʧʨʦʪʘʠʚʘʥʠʷ ʤʦʞʝʪ 

ʩʦʩʪʘʚʣʷʪʴ ʧʝʨʚʳʝ ʩʘʥʪʠʤʝʪʨʳ ï ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʩʘʥʪʠʤʝʪʨʦʚ [205]. ʅʘ ʨʠʩʫʥʢʝ 

2.16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʩ ʫʢʘʟʘʥʠʝʤ ʢʨʠʦʛʝʥʥʳʭ 

ʪʝʢʩʪʫʨ. 

 

ʈʠʩʫʥʦʢ 2.16 ï ʊʠʧʠʯʥʳʝ ʢʨʠʦʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʉʫʙʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ [24] 

ɸʥʘʣʠʟ ʨʘʟʨʝʟʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʦʙʱʸʥʥʦ ʠʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʩʣʦʸʚ ʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʡ ʣʴʜʠʩʪʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ, ʩ ʚʢʣʶʯʝʥʠʝʤ 

ʧʣʘʩʪʦʚʳʭ ʠʣʠ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ, ʟʘʣʝʛʘʶʱʠʭ ʥʘ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʭ 

ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ (ʜʦʣʦʤʠʪʘʭ). ɻʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʫʙʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ (ʨ. ʄʦʣʦʜʦ, ʨ. ʕʙʝʣʷʭ, ʨ. ʍʘʨʘ-ʄʘʩ, ʨ. ʄʘʷʪ, 

ʨ. ɹʠʣʣʷʭ, ʨʫʯ. ʍʦʣʦʤʦʣʦʦʭ, ʨ. ʄʦʨʛʦʛʦʨ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ: ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʧʝʩʢʦʚ 2 ʤ, ʪʦʨʬʦʚ ï 2,5-3 ʤ (ʥʘ ʥʝʢʦʪʦʨʳʭ 

ʫʯʘʩʪʢʘʭ ʤʦʱʥʦʩʪʴ ʪʦʨʬʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʘ, ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʜʦʩʪʠʛʘʝʪ 8 ʤ). ɺ 

ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʜʟʝʤʥʳʝ ʣʴʜʳ ʤʦʱʥʦʩʪʴʶ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʣʣʠʤʝʪʨʦʚ ʜʦ 7 ʤ, ʢʨʠʦʛʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʤʸʨʟʣʦʝ, ʩ ʚʦʟʤʦʞʥʳʤ ʥʘʣʠʯʠʝʤ ʪʘʣʠʢʦʚʳʭ ʟʦʥ. ɺ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ 
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ʧʨʦʠʩʭʦʜʠʪ ʦʪʪʘʡʢʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 0,1-0,3 ʤ (ʤʦʱʥʦʩʪʴ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʣʦʷ) [156, 157]. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʨʘʜʘʨʦʛʨʘʤʤ 

ʧʨʦʚʝʜʝʥʦ ʚ ʧʨʦʛʨʘʤʤʝ gprMax. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʟʦʥ ʨʘʜʘʨʦʛʨʘʤʤ 

ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʚʪʦʨʩʢʘʷ ʧʨʦʛʨʘʤʤʘ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ABCD-ʤʘʪʨʠʮ [119] 

ʄʦʜʝʣʴ çɻʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʡ ʨʘʟʨʝʟè. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʵʪʦʡ 

ʤʦʜʝʣʠ ʧʦʩʣʫʞʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨ. 

ʄʘʷʪ - çʋʯʘʩʪʦʢ 330è. ɼʣʷ ʟʘʚʝʨʢʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʦʙʫʨʝʥʘ ʩʢʚʘʞʠʥʘ 

330-2-2 ʥʘ ʧʨʦʬʠʣʝ ˉ4. ʇʦ ʜʠʬʨʘʛʠʨʦʚʘʥʥʳʤ ʚʦʣʥʘʤ ʦʩʝʡ ʩʠʥʬʘʟʥʦʩʪʠ ʩʠʛʥʘʣʦʚ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʧʨʦʬʠʣʷ ˉ4 ʨʘʩʩʯʠʪʘʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

(Ů) ʛʦʨʥʳʭ ʧʦʨʦʜ, ʘ ʧʦ ʩʦʩʪʘʚʫ ʧʦʨʦʜ ʟʘʜʘʥʳ ʟʥʘʯʝʥʠʷ [156] ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ɟ) ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ.  

  
ʘ) ʙ) 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

  

ʈʠʩʫʥʦʢ 2.17 ï ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʦʛʦ ʨʘʟʨʝʟʘ ʄʄɻʇ 

ʨʦʩʩʳʧʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʫʙʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ:  

ʘ) ʩʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ; ʙ) ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʨʘʜʘʨʦʛʨʘʤʤʘ 

ɼʦ ʛʣʫʙʠʥʳ 3 ʤ ʚʩʢʨʳʪʳ ʩ 3 ʤ ʜʦ 8 ʤ, - ʩʣʘʙʦʣʴʜʠʩʪʳʝ ʠʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ 

ʦʪʣʦʞʝʥʠʷ (Ů=5,8, ɟ=103 ʆʤ*ʤ). ʅʠʞʝ, - ʩʣʦʡ ʤʝʨʟʣʳʭ ʩʫʛʣʠʥʦʢ ʩʝʨʦʚʘʪʦʛʦ ʮʚʝʪʘ 

(Ů=9,3, ɟ=5*103 ʆʤ*ʤ). ʆʪ 8 ʜʦ 12ʤ ʧʨʦʩʣʝʞʝʥ ʩʣʦʡ ʘʣʝʚʨʦʣʠʪʘ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, 
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ʧʣʦʪʥʦʛʦ, ʩ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ (Ů=21, ɟ=104 ʆʤ*ʤ). ʂʦʨʝʥʥʳʝ ʧʦʨʦʜʳ 

- ʜʦʣʦʤʠʪ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʪʦʥʢʦʟʝʨʥʠʩʪʳʡ, ʧʣʦʪʥʳʡ, ʤʘʩʩʠʚʥʳʡ (Ů=5, ɟ=5*103 

ʆʤ*ʤ). ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʘ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʨʠʩʫʥʦʢ 

2.17ʘ), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʦʣʫʯʝʥʘ 

ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʨʘʜʘʨʦʛʨʘʤʤʘ (ʨʠʩʫʥʦʢ 2.17ʙ) ʜʣʷ ʛʝʦʨʘʜʘʨʘ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 

50 ʄɻʮ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʩʩʠʚʘ ʤʝʨʟʣʳʭ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʨʘʜʘʨʦʛʨʘʤʤʘʭ ʧʨʦʪʷʞʝʥʥʳʤʠ ʦʩʷʤʠ ʩʠʥʬʘʟʥʦʩʪʠ ʦʪʨʘʞʝʥʥʳʭ 

ʚʦʣʥ (ʨʠʩʫʥʦʢ 2.17ʙ). ɺ ʤʝʩʪʘʭ ʢʨʠʚʦʣʠʥʝʡʥʦʩʪʠ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʣʦʝʚ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʬʦʨʤʘ ʦʩʝʡ ʩʠʥʬʘʟʥʦʩʪʠ ʠʩʢʘʞʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʬʨʘʛʠʨʦʚʘʥʥʳʭ ʚʦʣʥ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʣʝʚʳʭ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 2.18.    

 

ʈʠʩʫʥʦʢ 2.18 ï ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʨʘʟʨʝʟ ʧʦ ʧʨʦʬʠʣʶ 4 ʫʯʘʩʪʢʘ 330 ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʄʘʷʪè 

ʅʘ ʧʦʣʝʚʦʡ ʨʘʜʘʨʦʛʨʘʤʤʝ (ʨʠʩʫʥʦʢ 2.18) ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʛʨʘʥʠʮʘ ʥʘ ʛʣʫʙʠʥʝ 

ʧʦʨʷʜʢʘ 3-5ʤ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʘʷ ʢʘʢ ʧʦʜʦʰʚʘ ʪʦʨʬʦʚ. ʆʯʝʥʴ ʭʦʨʦʰʦ ʚʠʜʥʘ 

ʥʝʦʜʥʦʨʦʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʠʞʝ ʪʦʨʬʦʚ ʠ ʛʨʘʥʠʮʘ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʥʘ ʛʣʫʙʠʥʝ 

ʧʦʨʷʜʢʘ 10-15ʤ. ʋʚʝʨʝʥʥʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʢʦʥʪʨʘʩʪʥʳʝ ʦʪʨʘʞʝʥʠʷ, 

ʚʳʜʝʣʷʶʱʠʝʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʩʦʩʝʜʥʠʤʠ ʫʯʘʩʪʢʘʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʦʩʠ ʩʠʥʬʘʟʥʦʩʪʠ ʧʨʝʨʳʚʠʩʪʳ ʠ 

ʥʠʟʢʦʘʤʧʣʠʪʫʜʥʳ, ʚʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

ʄʦʜʝʣʴ çʇʘʣʝʦʨʫʩʣʦè. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨ.ʄʘʷʪ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʦʣʝʟʥʦʛʦ 

ʠʩʢʦʧʘʝʤʦʛʦ ʧʨʠʫʨʦʯʝʥʘ ʢ ʣʦʢʘʣʴʥʳʤ ʵʨʦʟʠʦʥʥʦ-ʢʘʨʩʪʦʚʳʤ ʜʝʧʨʝʩʩʠʷʤ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʘʣʝʦʧʦʪʦʢʘʤʠ. ʅʘ ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʧʦʜʦʙʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 
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ʦʙʲʝʢʪʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʢʘʢ ʚʦʣʥʦʚʳʝ ʢʘʨʪʠʥʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʘʣʝʦʨʫʩʝʣ.   

ʅʘ ʨʠʩʫʥʢʝ 2.19ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʧʘʣʝʦʨʫʩʣʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʥʘʨʫʰʝʥʥʳʭ ʧʦʨʦʜ ʠ ʧʝʩʢʦʚ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʯʘʩʪʠ ʨʝʣʠʢʪʦʚʳʭ ʚʦʜʦʪʦʢʦʚ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʩʭʝʤʳ 

ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ gprMax, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.19ʙ ʚ ʚʠʜʝ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʨʘʜʘʨʦʛʨʘʤʤʳ. 

  
             ʘ)              ʙ) 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

  

ʈʠʩʫʥʦʢ 2.19 ï ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ - ʧʘʣʝʦʨʫʩʣʦ: 

ʘ) ʩʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ; ʙ) ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʨʘʜʘʨʦʛʨʘʤʤʘ 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʛʝʦʨʘʜʘʨʘ ʩ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʦʪʦʡ 100 ʄɻʮ. ʈʘʜʘʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʦʡ çʭʘʦʪʠʯʥʦʡè 

ʬʦʨʤʦʡ ʦʩʝʡ ʩʠʥʬʘʟʥʦʩʪʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʛʨʘʥʠʮ 

ʨʘʟʜʝʣʘ ʩʣʦʝʚ ʘʣʣʶʚʠʷ ʠ ʧʘʣʝʦʨʫʩʣʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ V- ʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. ʅʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʘʤʧʣʠʪʫʜʥʳʭ ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʦʚ ʨʘʜʘʨʦʛʨʘʤʤ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʛʣʘʞʝʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʘʤʧʣʠʪʫʜ - ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ, ʘ ʭʘʦʪʠʯʥʦ-

ʨʘʩʧʨʝʜʝʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʘʤʧʣʠʪʫʜ ï ʥʘʨʫʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩ 

ʣʦʢʘʣʴʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ, ʪʘʢʠʝ ʢʘʢ ʧʘʣʝʦʨʫʩʣʘ, ʟʘʧʘʜʝʥʠʷ ʧʣʦʪʠʢʘ, 

ʚʘʣʫʥʠʩʪʦʩʪʴ ʠ ʪ.ʜ. 
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ʅʘ ʨʠʩʫʥʢʝ 2.20 ʧʦʢʘʟʘʥ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʡ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ 

ʛʣʫʙʠʥʥʳʡ ʨʘʟʨʝʟ ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʦʬʠʣʴ ʧʦʣʫʯʝʥ ʧʦ ʤʝʪʦʜʠʢʝ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʧʦ ʙʫʨʦʚʦʡ ʣʠʥʠʠ 104 ʫʯʘʩʪʢʘ çɺʝʨʭʥʷʷ ʂʫʣʘè 

ʧʨʠʠʩʢʘ çʄʘʷʪè. ʇʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʨʘʟʨʝʟʝ ʚʳʜʝʣʷʝʪʩʷ ʛʨʘʥʠʮʘ 

ʦʩʘʜʦʯʥʳʭ ʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʥʘ ʛʣʫʙʠʥʝ 5ʤ. ʅʘ ʜʘʥʥʦʤ ʧʨʦʬʠʣʝ ʚʳʜʝʣʷʝʪʩʷ 

ʘʥʦʤʘʣʴʥʘʷ ʟʦʥʘ ʚ ʧʨʝʜʝʣʘʭ 30-160 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʭʘʦʪʠʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ, 

ʧʨʠʫʨʦʯʝʥʥʳʤʠ ʢ ʢʦʨʝʥʥʳʤ ʧʦʨʦʜʘʤ (ʜʦʣʦʤʠʪʳ) ʩ ʥʘʨʫʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʠ 

ʩʚʷʟʘʥʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʦʪʨʘʞʘʶʱʠʭ ʛʨʘʥʠʮ. 

 

ʈʠʩʫʥʦʢ 2.20 ï ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʨʘʟʨʝʟʘ ʧʦ ʣʠʥʠʠ 104 

ʄʦʜʝʣʴ çʇʦʜʟʝʤʥʳʡ ʣʸʜè. ʅʘ ʨʠʩʫʥʢʝ 2.21ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʩ ʚʢʣʶʯʝʥʠʝʤ ʧʦʜʟʝʤʥʦʛʦ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʚ ʤʘʩʩʠʚʝ 

ʛʦʨʥʳʭ ʧʦʨʦʜ. ʅʘ ʨʠʩʫʥʢʝ 2.21ʙ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʨʘʜʘʨʦʛʨʘʤʤʘ ʵʪʦʛʦ 

ʨʘʟʨʝʟʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʘ ʨʘʜʘʨʦʛʨʘʤʤʝ 

ʤʦʜʝʣʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʩʠʛʥʘʣʘ ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ 

ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʩʣʦʷ ʣʴʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʛʥʘʣʦʤ ʦʪ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʣʴʜʘ, ʠ 

ʥʠʞʝ ʦʪʨʘʞʝʥʠʡ ʦʪ ʛʨʘʥʠʮ ʣʴʜʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʨʘʪʥʦ ʦʪʨʘʞʝʥʥʳʝ ʩʠʛʥʘʣʳ.  

 



 

73 
 

  

   ʘ)         ʙ) 

  

ʚ) ʛ) 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

  

ʈʠʩʫʥʦʢ 2.21 ï ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʜʟʝʤʥʦʛʦ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ: 

ʘ) ʩʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʩ ʚʢʣʶʯʝʥʠʝʤ ʧʦʜʟʝʤʥʦʛʦ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ; 

ʙ) ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʨʘʜʘʨʦʛʨʘʤʤʘ; 

ʉʧʝʢʪʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: ʚ) ʚ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ; ʛ) ʚʦ ʣʴʜʫ 

 

ɻʨʘʬʠʢ ʌʫʨʴʝ-ʩʧʝʢʪʨʘ ʪʨʘʩʩ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʫʯʘʩʪʢʝ ʩ ʧʣʘʩʪʦʚʳʤ ʣʴʜʦʤ, 

ʠʤʝʝʪ çʠʟʨʝʟʘʥʥʫʶè ʬʦʨʤʫ (ʨʠʩʫʥʦʢ 2.21ʛ), ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʥʘʣʦʛʠʯʥʦʛʦ ʛʨʘʬʠʢʘ ʩ 

ʫʯʘʩʪʢʘ ʙʝʟ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ, ʠʤʝʶʱʝʛʦ çʛʣʘʜʢʫʶè ʬʦʨʤʫ (ʨʠʩʫʥʦʢ 2.21ʚ). ʕʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʣʸʜ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʛʨʝʙʝʥʯʘʪʦʛʦ ʨʝʞʝʢʪʦʨʥʦʛʦ ʬʠʣʴʪʨʘ 

k/ȹt (ʛʜʝ ȹt ï ʚʨʝʤʷ ʜʚʦʡʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥʳ ʚ ʩʣʦʝ ʣʴʜʘ, k=0, 1, 2 ...). 

ʇʦʜʦʙʥʳʝ ʵʬʬʝʢʪʳ ʦʧʠʩʘʥʳ ʚ ʪʝʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ 

ʩʣʦʝ ʵʣʝʢʪʨʠʯʝʩʢʠ ʤʝʥʝʝ ʧʣʦʪʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚʥʫʪʨʠ ʙʦʣʝʝ ʧʣʦʪʥʦʛʦ 

ʥʝʧʦʛʣʦʱʘʶʱʝʛʦ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʣʝʜ ʚʥʫʪʨʠ ʩʣʦʷ ʛʦʨʥʳʭ ʧʦʨʦʜ) [177]. 
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ʅʘ ʨʠʩʫʥʢʝ 2.22 ʧʨʠʚʝʜʝʥʳ ʯʘʩʪʦʪʥʳʝ ʩʧʝʢʪʨʳ ʪʨʘʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ ʨʘʟʥʦʡ ʪʦʣʱʠʥʳ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ABCD-ʤʘʪʨʠʮ [145]. 

ʈʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʩʦ ʩʧʝʢʪʨʦʤ ʩ ʮʝʥʪʨʘʣʴʥʦʡ 

ʯʘʩʪʦʪʦʡ 400 ʄɻʮ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʪʦʣʱʠʥʝ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ h=0,25ʤ ʧʦʣʫʯʝʥ 

ʦʪʨʘʞʝʥʥʳʡ ʩʠʛʥʘʣ ʩʦ ʩʧʝʢʪʨʦʤ ʯʘʩʪʦʪ ʩ k =3. 

 

ʈʠʩʫʥʦʢ 2.22 ï ʌʫʨʴʝ-ʩʧʝʢʪʨʳ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ (              ) ʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ  

ʪʨʘʩʩ (               ) ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʨʘʜʘʨʦʛʨʘʤʤʳ ʟʦʥʜʠʨʦʚʘʥʠʷ  

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ 

 

ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʤʘʩʩʠʚʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʚʢʣʶʯʝʥʠʝʤ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ ʧʨʦʚʝʜʝʥʘ ʧʦ ʜʘʥʥʳʤ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʙʫʨʦʚʟʨʳʚʥʦʤ ʙʣʦʢʝ ʧʨʠʠʩʢʘ çʄʘʷʪè 

[159]. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʛʝʦʨʘʜʘʨ çʆʂʆ-2è ʩ ʘʥʪʝʥʥʳʤ 

ʙʣʦʢʦʤ ɸɹ-250 (ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʦʪʘ 250 ʄɻʮ). ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʨʦʬʠʣʷʤʠ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʘ, 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʢ ʚʟʨʳʚʥʳʤ ʨʘʙʦʪʘʤ. ʅʘ ʨʠʩʫʥʢʝ 2.23 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʥʘ ʢʦʪʦʨʦʤ ʙʳʣ ʦʧʨʝʜʝʣʝʥ 

ʫʯʘʩʪʦʢ ʩ ʚʢʣʶʯʝʥʠʝʤ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ.  
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ʈʠʩʫʥʦʢ 2.23 ï ʈʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʥʘ ʨʦʩʩʳʧʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨ. ʄʘʷʪ 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʩʝʛʤʝʥʪʘ ʨʘʜʘʨʦʛʨʘʤʤʳ ʚʠʜʥʦ, ʯʪʦ ʩʣʦʡ ʣʴʜʘ ʪʦʣʱʠʥʦʡ 

ʙʦʣʝʝ 1 ʤʝʪʨʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʥʘ 8-20 ʤ ʧʦ ʧʨʦʬʠʣʶ, ʚʦ ʚʨʝʤʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 10-

30 ʥʩ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʫʙʠʥʝ 0,9-2,5 ʤ.  ʇʦʜʟʝʤʥʳʡ ʣʝʜ ʟʘʣʝʛʘʝʪ ʚ ʪʦʣʱʝ ʧʝʩʢʦʚ 

ʥʘ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ, ʠ ʧʝʨʝʢʨʳʪ ʪʦʨʬʘʤʠ. ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ, 

ʧʦʟʚʦʣʠʚʰʠʝ ʝʛʦ ʦʙʥʘʨʫʞʠʪʴ, ï ʵʪʦ ʦʪʨʘʞʝʥʠʷ ʦʪ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʣʴʜʘ, ʢʦʪʦʨʳʝ 

ʬʦʨʤʠʨʫʶʪ ʥʝʧʨʝʨʳʚʥʫʶ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʫʶ ʦʩʴ ʩʠʥʬʘʟʥʦʩʪʠ [169]. 

ʅʘ ʧʨʠʤʝʨʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʦʛʦ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʛʥʘʣʦʚ. çɼʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʨʠ ʛʝʦʨʘʜʘʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʷʪ ʦʪ ʩʧʝʢʪʨʘ 

ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʩʠʛʥʘʣʘ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʨʝʜʳ. 

ʇʨʠ ʵʪʦʤ ʩʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʨʝʘʣʴʥʳʭ ʛʝʪʝʨʦʛʝʥʥʳʭ ʠ ʤʥʦʛʦʬʘʟʥʳʭ 

ʩʨʝʜ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʯʘʩʪʦʪʳ, ʠ ʚʠʜ ʵʪʠʭ ʬʫʥʢʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʘʤʳʤʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʧʦʨʠʩʪʦʩʪʴʶ, ʣʠʪʦʣʦʛʠʝʡ, ʪʠʧʦʤ ʬʣʶʠʜʘ, 

ʟʘʧʦʣʥʷʶʱʝʛʦ ʧʦʨʳ, ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʴʶ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʪ.ʜ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʩʪʨʦʛʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʦʙ ʠʟʤʝʥʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʬʦʨʤʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʚʦʟʤʦʞʥʦè [17]. 

ʇʨʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤ ʟʦʥʜʠʨʦʚʘʥʠʠ ʚʳʩʦʢʦʦʤʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʦʣʫʧʨʦʚʦʜʷʱʝʡ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʝ, ʢʦʥʪʨʘʩʪʥʦʡ ʧʦ 

ʨʘʜʠʦʬʠʟʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʢ ʦʙʲʝʢʪʫ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʩʦʢʦʦʤʥʘʷ ʩʨʝʜʘ 
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ʧʨʠʦʙʨʝʪʘʝʪ ʩʚʦʡʩʪʚʘ ʦʙʲʝʤʥʦʛʦ ʧʦʣʫʚʦʣʥʦʚʦʛʦ ʨʝʟʦʥʘʪʦʨʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʥʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʤʘʩʩʠʚʘ, ʩ ʜʠʘʤʝʪʨʦʤ, Ὀ   ʩʦʠʟʤʝʨʠʤʳʤ 

ʩ ʧʦʣʦʚʠʥʦʡ ʜʣʠʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʠʟ ʩʧʝʢʪʨʘ Df ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ, 

ʚʦʟʥʠʢʘʝʪ ʵʬʬʝʢʪ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʘ ʯʘʩʪʦʪʝ f0, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʩʤʝʥʦʡ 

ʬʘʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʢʦʥʪʨʘʩʪʥʳʭ ʛʨʘʥʠʮʘʭ ʧʦ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʟʘʪʫʭʘʥʠʷ ʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʩ ʜʨʫʛʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʜʣʠʥ ʚʦʣʥ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʤʝʨʘʤ ʣʦʢʘʣʴʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʚ ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʘ 

ʥʝ ʫʯʘʩʪʚʫʶʪ, ʚʚʠʜʫ ʦʛʠʙʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʙʦʣʝʝ ʜʣʠʥʥʳʤʠ ʚʦʣʥʘʤʠ ʠ 

ʧʦʛʣʦʱʝʥʠʷ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʚʦʣʥ ʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʝ. ʇʨʠ 

ʵʪʦʤ, ʠʟ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʚʳʜʝʣʷʶʪʩʷ 

ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘ ʜʣʠʥʘʭ ʚʦʣʥ, ʩʦʠʟʤʝʨʠʤʳʭ ʩ ʨʘʟʤʝʨʘʤʠ 

ʨʝʟʦʥʠʨʫʶʱʝʛʦ ʦʙʲʝʢʪʘ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʟʦʥʜʠʨʦʚʘʥʠʡ ʚ ʚʠʜʝ ʤʠʛʨʘʮʠʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʩʠʛʥʘʣʘ ʚʜʦʣʴ ʧʨʦʬʠʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 2.24 ʧʨʝʜʩʪʘʚʣʝʥ ʚʨʝʤʝʥʥʦʡ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʨʘʟʨʝʟ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦʣʫʧʨʦʚʦʜʷʱʝʡ ʩʨʝʜʳ, ʥʘ ʢʦʪʦʨʦʤ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʚʳʜʝʣʠʪʴ 

ʠʩʢʦʤʳʝ ʛʨʘʥʠʮʳ, ʘ ʧʨʠ ʘʥʘʣʠʟʝ ʯʘʩʪʦʪʥʦ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʣʷ ʩʠʛʥʘʣʦʚ ʜʘʥʥʦʛʦ 

ʨʘʟʨʝʟʘ (ʨʠʩʫʥʦʢ 2.24ʙ) ʧʦ ʨʝʟʦʥʘʥʩʥʦʤʫ ʵʬʬʝʢʪʫ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤ ʟʦʥʜʠʨʦʚʘʥʠʠ ʩʣʘʙʦʧʨʦʚʦʜʷʱʠʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ, ʦʪʢʨʳʚʘʶʪʩʷ ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʳʷʚʣʝʥʠʷ ʠ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, 

ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ.  ʆʩʥʦʚʦʡ ʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʜʦʙʥʳʭ 

ʦʙʲʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʧʨʠʦʨʥʦʝ ʟʥʘʥʠʝ ʠʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʠʟʚʝʩʪʥʳʭ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʠʣʠ ʠʟʤʝʨʷʝʤʳʭ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ʈʠʩʫʥʦʢ 2.24 ï ʇʦʣʫʚʦʣʥʦʚʦʡ ʨʝʟʦʥʘʥʩ ʚ ʩʣʦʝ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ 

ʆʜʥʠʤ ʠʟ ʛʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʭ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ 

ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ (ʇɾʃ) ʚ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʅʘʧʨʠʤʝʨ, ʢʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʢʦʛʜʘ ʩʢʚʘʞʠʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʧʦ ʩʝʪʢʝ ʙʝʟ ʫʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇɾʃ ʥʘ ʚʟʨʳʚʥʦʤ ʙʣʦʢʝ, ʨʝʟʫʣʴʪʘʪʳ ʚʟʨʳʚʦʚ 

ʧʨʠʚʦʜʷʪ ʢ ʚʳʭʦʜʫ ʥʝʛʘʙʘʨʠʪʦʚ ʠ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʜʨʦʙʣʝʥʠʷ ʧʦʨʦʜ [156].  

ʇɾʃ ʦʙʨʘʟʫʶʪʩʷ ʣʠʙʦ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʨʟʣʳʭ ʧʦʨʦʜ, ʠ ʪʦʛʜʘ ʦʥʠ 

ʥʘʟʳʚʘʶʪʩʷ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ, ʣʠʙʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʠʤʠ ï ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʝ. 

ʉʭʝʤʘ ʠʭ ʩʪʨʦʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.25 [31].  
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ʈʠʩʫʥʦʢ 2.25 ï ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʡ (ʘ) ʠ ʩʠʥʛʝʥʝʪʠʯʝʩʢʦʡ (ʙ) ʞʠʣ 

ʅʘ ʨʠʩʫʥʢʝ 2.26ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʩ ʚʢʣʶʯʝʥʠʝʤ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʛʦ ʇɾʃ ʚ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ [12]. ʅʘ ʨʠʩʫʥʢʝ 2.26ʙ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʨʘʜʘʨʦʛʨʘʤʤʘ ʵʪʦʛʦ ʨʘʟʨʝʟʘ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

  

        ʘ) ʙ) 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

  

ʈʠʩʫʥʦʢ 2.26 ï ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʚʪʦʨʥʦ-ʞʠʣʴʥʳʭ ʣʴʜʦʚ (ʇɾʃ): 

ʘ) ʩʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ; ʙ) ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʨʘʜʘʨʦʛʨʘʤʤʘ 
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ɺ ʨʘʙʦʪʝ ʇʨʫʜʝʮʢʦʛʦ ʅ.ɼ. [99] ʧʦʢʘʟʘʥʦ, ʯʪʦ çʤʦʜʝʣʴ ʇɾʃ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʤ ʚʦʣʥʦʚʳʤ ʧʦʣʝʤ, ʩʦʜʝʨʞʘʱʠʤ ʜʚʝ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʦʩʠ 

ʩʠʥʬʘʟʥʦʩʪʠ ʩʠʛʥʘʣʦʚ, ʦʪʨʘʞⱪʥʥʳʭ ʦʪ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮ ʇɾʃ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʠʟʨʝʟʘʥʥʦʡ ʬʦʨʤʦʡ ʌʫʨʴʝ-ʩʧʝʢʪʨʘè [102]. 

ʅʘ ʨʠʩʫʥʢʝ 2.27 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʚʳʜʝʣʝʥʠʷ ʢʦʥʫʩʦʚʠʜʥʦʡ ʇɾʃ ʧʦ 

ʜʘʥʥʳʤ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʥʘ ʫʯʘʩʪʢʝ ʘʚʪʦʟʠʤʥʠʢʘ çʄʦʣʦʜʦ-ɼʞʘʨʜʞʘʥè 

(ɸʥʘʙʘʨʩʢʠʡ ʫʣʫʩ, ʗʢʫʪʠʷ). ʅʘ ʨʘʜʘʨʦʛʨʘʤʤʝ ʧʦ ʜʠʬʨʘʛʠʨʦʚʘʥʥʳʤ ʚʦʣʥʘʤ-

ʛʠʧʝʨʙʦʣʘʤ ʇɾʃ ʦʙʦʟʥʘʯʝʥʳ ʩʠʥʠʤʠ ʢʦʥʪʫʨʘʤʠ. ʀʥʜʠʢʘʪʦʨʦʤ ʢʦʥʫʩʦʚʠʜʥʦʡ 

ʬʦʨʤʳ ʇɾʃ ʷʚʣʷʶʪʩʷ ʠʟʦʛʥʫʪʳʝ ʚʚʝʨʭ ʦʩʠ ʩʠʥʬʘʟʥʦʩʪʠ ʩʠʛʥʘʣʦʚ, ʦʪʨʘʞʝʥʥʳʭ ʦʪ 

ʛʨʘʥʠʮʳ ʩʣʦʝʚ ʚʤʝʱʘʶʱʝʛʦ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. 

 

ʈʠʩʫʥʦʢ 2.27 ï ʇʨʠʤʝʨ ʨʘʜʘʨʦʛʨʘʤʤʳ ʩ ʚʳʜʝʣʝʥʠʝʤ ʇɾʃ 

2.2.2 ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ ʤʘʩʩʠʚʘ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʤʝʨʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ ʗʢʫʪʠʠ 

ʇʦʩʪʨʦʝʥʠʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʨʘʟʨʝʟʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʤʝʨʝʥʥʦʡ ʟʦʥʳ ʚʳʧʦʣʥʝʥʦ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʪʝʨʨʠʪʦʨʠʠ 

ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ʠ ʖʞʥʦʡ ʗʢʫʪʠʠ. ʄʦʱʥʦʩʪʴ ʪʦʨʬʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨ. ɸʣʣʘʭ-

ʖʥʴ ʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʗʢʫʪʠʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 2,7 ʤ ʚ ʧʦʡʤʝ ʜʦ 10 ʤ ʚ 

ʧʨʝʜʝʣʘʭ ʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ. ʄʦʱʥʦʩʪʴ ʧʝʩʢʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,4 ʜʦ 5,2 ʤ. ʈʘʟʤʝʨ 

ʬʨʘʢʮʠʡ ʛʘʣʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 ʩʤ, ʘ ʚʘʣʫʥʦʚ 20-30 ʩʤ, ʠʟʨʝʜʢʘ 

50 ʩʤ. ʄʦʱʥʦʩʪʴ ʜʝʷʪʝʣʴʥʦʛʦ ʩʣʦʷ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,2-0,3 ʤ ʜʦ 3,0-3,5 ʤ. 

ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʜʦʣʠʥʳ ʨ. ɹʦʣʴʰʦʡ ʂʫʨʘʥʘʭ ʚ ʖʞʥʦʡ ʗʢʫʪʠʠ  
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ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʳʤʠ ʧʝʩʢʘʤʠ ʠ ʚʘʣʫʥʥʦ-ʛʘʣʝʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʤʦʱʥʦʩʪʴʶ 

ʦʪ 4 ʜʦ 12 ʤ. ʇʦʛʨʝʙʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʦʜʩʪʠʣʘʷ ʩʦʚʨʝʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʡʤʝʥʥʦʡ ʯʘʩʪʠ ʠ ʪʝʨʨʘʩ, ʩʣʘʛʘʶʪ ʙʦʨʪʘ ʜʦʣʠʥʳ, ʧʦʜʥʠʤʘʷʩʴ ʥʘʜ ʧʦʡʤʦʡ ʥʘ 10-

20 ʤ. ʉʦʜʝʨʞʘʥʠʝ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʢʣʘʩʩʦʤ +10 ʤʤ) ʜʦʩʪʠʛʘʝʪ 30% 

ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʠʣʠʩʪʦ-ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ 40-60 % ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʚʢʣʶʯʝʥʠʷʤʠ (ʜʦ 2-4%) ʚʘʣʫʥʦʚ ʨʘʟʤʝʨʦʤ 2-4 ʤ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʫʯʘʩʪʢʘ 

ʚʜʦʣʴ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʚ ʖʞʥʦʡ ʗʢʫʪʠʠ ʧʨʠʙʣʠʞʝʥʳ ʢ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʨ. ɹʦʣʴʰʦʡ ʂʫʨʘʥʘʭ, ʪ.ʢ. ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ʨʘʡʦʥʝ. ɸ ʧʦ 

ʜʘʥʥʳʤ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʙʫʨʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ ʪʨʘʩʩʳ, ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 0-10 ʤ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ï ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʣʦʝʚ ʧʝʩʢʘ ʧʳʣʝʚʘʪʦʛʦ, 

ʤʝʣʢʦʛʦ ʠ ʩʨʝʜʥʝʡ ʢʨʫʧʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʛʘʣʝʯʥʠʢʦʚʦʛʦ ʛʨʫʥʪʘ ʩ ʧʝʩʯʘʥʳʤ 

ʟʘʧʦʣʥʠʪʝʣʝʤ [98]. 

ɺ ʋʤʝʨʝʥʥʦʡ ʟʦʥʝ, ʢʘʢ ʠ ʚ ʉʫʙʘʨʢʪʠʯʝʩʢʦʡ [156], ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʤʝʪʦʜʦʚ ʛʝʦʬʠʟʠʢʠ ʜʣʷ ʦʮʝʥʢʠ ʩʪʨʦʝʥʠʷ ʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʩʤʦʪʨʝʥʠʷ ʥʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ [69], ʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ [192], ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʀɻɼʉ 

ʉʆ ʈɸʅ [156, 169, 175] ʧʦʜʛʦʪʦʚʣʝʥʘ ʪʘʙʣʠʮʘ ʩ ʦʙʦʙʱʝʥʥʳʤʠ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʋʤʝʨʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ 

(ʪʘʙʣʠʮʘ 2.3).  

ʇʝʨʚʘʷ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʳʨʝʭʩʣʦʡʥʫʶ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʦʜʥʦʨʦʜʥʫʶ ʩʨʝʜʫ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ: ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʡ 

ʩʣʦʡ (ʚ ʪʦʤ ʯʠʩʣʝ ʪʦʨʬ), ʧʝʩʢʠ ʩ ʛʨʘʚʠʝʤ, ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʛʘʣʝʯʥʠʢʠ ʩ ʱʝʙʥʝʤ 

ʠ ʘʣʝʚʨʦʣʠʪ. ʄʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʧʦ ʜʘʥʥʳʤ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʨʫʯ. ʄʫʨʘʚʴʝʚʩʢʠʡ.  ɺʪʦʨʘʷ ʤʦʜʝʣʴ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʳʨʝʭʩʣʦʡʥʫʶ ʩʨʝʜʫ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʧʨʦʤʝʨʟʰʝʛʦ 

ʜʨʘʞʥʦʛʦ ʢʦʪʣʦʚʘʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʨ. ɸʣʣʘʭ-ʖʥʴ: ʣʝʜ, ʚʦʜʘ, 

ʧʝʩʢʠ, ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ. ʊʨʝʪʴʷ ʤʦʜʝʣʴ ʪʘʢʞʝ ʦʧʠʩʳʚʘʝʪ ʜʨʘʞʥʳʡ ʢʦʪʣʦʚʘʥ, ʥʦ ʚ 

ʣʝʪʥʝʝ ʚʨʝʤʷ, ʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʩʣʦʝʚ: ʚʦʜʘ, ʧʝʩʢʠ, ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ. ʕʪʘ ʤʦʜʝʣʴ 
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ʧʦʩʪʨʦʝʥʘ ʧʦ ʫʯʘʩʪʢʫ ʩʢʘʣʴʥʦʛʦ ʚʳʭʦʜʘ, ʛʣʫʙʦʢʦʧʦʛʨʝʙʝʥʥʦʡ ʨʦʩʩʳʧʠ ʨ. ɹʦʣʴʰʦʡ 

ʂʫʨʘʥʘʭ [169]. ʏʝʪʚʝʨʪʘʷ ʤʦʜʝʣʴ ï ʜʚʫʭʩʣʦʡʥʘʷ ʩʨʝʜʘ: ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʡ 

ʩʣʦʡ, ʤʝʨʟʣʳʝ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʩʣʦʷ ʩʠʣʴʥʦ-ʣʴʜʠʩʪʳʭ ʧʦʨʦʜ. 

ʄʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʧʦ ʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 

ʫʯʘʩʪʢʝ ʚʜʦʣʴ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʚ ʖʞʥʦʡ ʗʢʫʪʠʠ [246]. 

ʊʘʙʣʠʮʘ 2.3 ï ʆʙʦʙʱʝʥʥʳʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʋʤʝʨʝʥʥʦʡ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ ʗʢʫʪʠʠ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 ̄ ʅʘʟʚʘʥʠʝ ʧʦʨʦʜʳ ʄʦʱʥʦʩʪʴ (H), ʤ ʋ.ʕ.ʉ. (ɟ), ʆʤ*ʤ 
ɼʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ, Ů⇔ 

1 ʊʦʨʬ (ʤʝʨʟʣʳʡ) ʜʦ 1 0,6*103é2,5*103 6-8 

2 
ʇʝʩʦʢ ʣʴʜʠʩʪʳʡ 

(ʣʴʜʠʩʪʦʩʪʴ 50%) 
1-3,5 3*103-39*103 3,5-6 

3 ʇʝʩʦʢ ʤʝʨʟʣʳʡ 4-10 0,6*103-2,5*103 3,5-6 

4 ʇʝʩʦʢ ʪʘʣʳʡ 1-6 0,1*103-0,15*103 5-12 

5 
ʇʝʩʦʢ ʪʘʣʳʡ 

ʚʦʜʦʥʘʩʳʱʝʥʥʳʡ 
6-10 0,1*102-0,4*102 12-25 

6 ʇʝʩʦʢ ʩ ʛʨʘʚʠʝʤ  2-5 0,4*103 -0,5*103 8-10 

7 ɻʘʣʝʯʥʠʢ ʩ ʱʝʙʥʝʤ 5-8 1,5*103 -3*103 6-8 

8 ɸʣʝʚʨʦʣʠʪ 8-10 1,5*103 -2,5*103 5-7 

9 ʃʝʜ ʜʦ 1 10 5-106 3-4 

10 
ʇʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʝ 

ʛʘʣʝʯʥʳʝ ʦʪʣʦʞʝʥʠʷ 
ʜʦ 5 4*102-6*102 10-13 

11 ɺʦʜʘ 1-3 60-80 80-85 

12 ɻʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ 5-8 103 -2*103 5-7 

13 ʉʫʛʣʠʥʢʠ  4-8 102 -2*102 23-28 

14 ɼʦʣʦʤʠʪ 2-12 4,5*103 -5,5*103 4-6 

15 
ʉʠʣʴʥʦʣʴʜʠʩʪʳʝ 

ʧʝʩʢʠ 
1-4 2,5*104-3*104 3-5 

16 
ʄʝʣʢʦʟʝʨʥʠʩʪʳʝ 

ʧʝʩʢʠ 
1-8 103-2*103 4-7 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʝʥʦ ʚ ʧʨʦʛʨʘʤʤʥʦʡ 

ʩʨʝʜʝ gprMax ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ FDTD (ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚʦ ʚʨʝʤʝʥʥʦʡ 

ʦʙʣʘʩʪʠ), ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʚʘʣʠʩʴ ʛʝʦʤʝʪʨʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ, ʨʘʟʤʝʨʳ 

ʚʢʣʶʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʧʨʦʚʦʜʠʤʦʩʪʴ), ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʘ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʘʣʠ ʜʝʪʘʣʴʥʳʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʶʱʠʝ 

ʩʭʝʤʫ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʨʘʜʘʨʦʛʨʘʤʤʫ. 
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ʄʦʜʝʣʴ çʈʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘè. 

ʇʝʨʚʦʡ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʣʴ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʦʩʩʳʧʥʦʛʦ 

ʟʦʣʦʪʘ. ʉʣʦʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʩʩʠʚʘ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ (ʨʠʩʫʥʦʢ 2.28ʘ) 

ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʨʘʜʘʨʦʛʨʘʤʤʝ ʧʨʦʪʷʞʝʥʥʳʤʠ ʦʩʷʤʠ ʩʠʥʬʘʟʥʦʩʪʠ 

ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ (ʨʠʩʫʥʦʢ 2.28ʙ). ʇʨʠ ʦʜʥʦʨʦʜʥʳʭ ʩʚʦʡʩʪʚʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʠʩʢʨʠʚʣʝʥʠʝ ʬʦʨʤʳ ʦʩʝʡ ʩʠʥʬʘʟʥʦʩʪʠ ʩʚʷʟʘʥʦ ʪʦʣʴʢʦ ʩ ʨʝʣʴʝʬʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʦʝʚ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʵʪʦʡ ʤʦʜʝʣʠ ʧʦʩʣʫʞʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʨʫʯʴʷ ʄʫʨʘʚʴʝʚʩʢʠʡ. ɼʘʥʥʳʝ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʧʠʨʘʣʠʩʴ ʥʘ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʩʢʚʘʞʠʥʘʤ ʩ 

ʙʫʨʦʚʦʡ ʣʠʥʠʠ ʃ44.  

ɺ ʦʧʦʨʥʳʭ ʪʦʯʢʘʭ, ʦʢʦʣʦ ʩʢʚʘʞʠʥ, ʚʳʧʦʣʥʝʥʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦ ʤʝʪʦʜʫ ʦʙʱʝʡ ʛʣʫʙʠʥʥʦʡ ʪʦʯʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʯʠʪʘʪʴ 

ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʪʦʣʱʝ (ʪʦʨʬ ʠ 

ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʣʦʡ): V=0,113 ʤ/ʥʩ, ʘ ʜʘʣʝʝ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ 

ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ï Ů'=6. ʇʦ ʩʦʩʪʘʚʫ ʧʦʨʦʜ 

ʟʘʜʘʥʳʧ ʟʥʘʯʝʥʠʷ ʋʕʉ (ɟ) ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʦʷ. ɼʦ ʛʣʫʙʠʥʳ 2 ʤ ʧʨʦʩʣʝʞʝʥ ʧʦʯʚʝʥʥʦ-

ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʣʦʡ ʩ ʪʦʨʬʦʤ (Ů'=7, ɟ=5*102 ʆʤ*ʤ). ʇʦʜ ʥʠʤ, ʩ 2 ʜʦ 5 ʤ - ʩʣʦʡ ʧʝʩʢʘ 

ʩ ʛʨʘʚʠʝʤ (Ů'=9, ɟ=5*102 ʆʤ*ʤ). ɼʘʣʝʝ ʥʘ ʛʣʫʙʠʥʝ ʦʪ 5-8 ʤ - ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʡ 

ʧʣʘʩʪ ʛʘʣʝʯʥʠʢʦʚ ʩ ʱʝʙʥʝʤ (Ů'=7, ɟ=2*103 ʆʤ*ʤ), ʟʘʣʝʛʘʶʱʠʡ ʥʘ ʢʦʨʝʥʥʳʭ 

ʧʦʨʦʜʘʭ - ʘʣʝʚʨʦʣʠʪʘʭ (Ů'=6, ɟ=2*103 ʆʤ*ʤ). ɺʩʝ ʧʦʨʦʜʳ ʚ ʨʘʟʨʝʟʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʪʘʣʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ 

(ʨʠʩʫʥʦʢ 2.28ʘ), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ, ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʧʦʣʫʯʝʥʘ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʨʘʜʘʨʦʛʨʘʤʤʘ (ʨʠʩʫʥʦʢ 2.28ʙ) ʜʣʷ ʛʝʦʨʘʜʘʨʘ ʩ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 250 ʄɻʮ. ɼʘʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʥʘʪʫʨʥʳʝ ʜʘʥʥʳʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʠʤʝʶʪ ʩʭʦʞʫʶ ʚʦʣʥʦʚʫʶ ʢʘʨʪʠʥʫ ʜʣʷ ʛʨʘʥʠʮ 

ʩʣʦʝʚ. ʆʞʠʜʘʝʤʦ, ʥʘ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʙʦʣʴʰʝ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʞʝʥʠʡ ʠ ʚʦʣʥ 

ʜʠʬʨʘʢʮʠʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ (ʨʠʩʫʥʦʢ 2.29). 
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ʘ) 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

ʙ) 

 

 

ʈʠʩʫʥʦʢ 2.28 ï ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʦʩʩʳʧʥʦʛʦ 

ʟʦʣʦʪʘ ʋʤʝʨʝʥʥʦʡ ʟʦʥʳ: ʘ) ʩʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ; ʙ) ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʨʘʜʘʨʦʛʨʘʤʤʘ 

 

ʈʠʩʫʥʦʢ 2.29 ï ʈʘʜʘʨʦʛʨʘʤʤʘ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʨʫʯʴʷ ʄʫʨʘʚʴʝʚʩʢʠʡ 

ʄʦʜʝʣʴ çɼʨʘʞʥʳʡ ʢʦʪʣʦʚʘʥ ʟʠʤʦʡè. 

ɺʪʦʨʘʷ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʨʘʞʥʦʛʦ ʢʦʪʣʦʚʘʥʘ, ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʚ 

ʧʨʦʰʝʜʰʠʡ ʣʝʪʥʠʡ ʧʦʣʝʚʦʡ ʩʝʟʦʥ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ, ʨ. ɸʣʣʘʭ-

ʖʥʴ. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʤʦʜʝʣʠ ʚʢʣʶʯʘʝʪ: ʣʝʜ ʤʦʱʥʦʩʪʴʶ 0,8 ʤ (Ů'=3.2, ɟ=105 

ʆʤ*ʤ), ʪʦʣʱʫ ʚʦʜʳ ʤʦʱʥʦʩʪʴʶ 3 ʤ (Ů'=81, ɟ=70 ʆʤ*ʤ), ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʧʝʩʢʠ, 
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ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ (Ů'=12, 

ɟ=5*102 ʆʤ*ʤ), ʢʦʪʦʨʳʝ ʟʘʣʝʛʘʶʪ ʥʘ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ ï ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ (Ů'=6, 

ɟ=103 ʆʤ*ʤ) (ʨʠʩʫʥʦʢ 2.30ʘ).  

 

 

ʘ) 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

ʙ) 

  

ʈʠʩʫʥʦʢ 2.30 ï ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʨʘʞʥʦʛʦ ʢʦʪʣʦʚʘʥʘ ʟʠʤʦʡ: ʘ) ʩʭʝʤʘ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ; ʙ) ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʨʘʜʘʨʦʛʨʘʤʤʘ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʚʳʧʦʣʥʝʥʦ ʥʘ ʯʘʩʪʦʪʝ 250 ʄɻʮ ʩ ʙʘʟʦʡ 

ʤʝʞʜʫ ʧʝʨʝʜʘʶʱʝʡ ʠ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʘʤʠ 0,63 ʤ (ʛʝʦʨʘʜʘʨ çʆʂʆ-2è). ʅʘ 

ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʨʘʜʘʨʦʛʨʘʤʤʝ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʦʩʠ 

ʩʠʥʬʘʟʥʦʩʪʠ ʟʦʥʜʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ (ʨʠʩʫʥʦʢ 2.30ʙ). ʏʫʪʴ ʥʠʞʝ ʥʘ ʥʠʭ 

ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʝ (ʢʦʥʪʨʘʩʪʥʳʝ) ʩʠʛʥʘʣʳ, ʦʪʨʘʞʝʥʥʳʝ ʦʪ 

ʛʨʘʥʠʮʳ çʣʝʜ-ʚʦʜʘè. ʆʪ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʨʪʦʚ ʜʨʘʞʥʦʛʦ ʢʦʪʣʦʚʘʥʘ ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʜʠʬʨʘʛʠʨʦʚʘʥʥʳʝ ʚʦʣʥʳ, ʦʥʠ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʮʝʥʪʨʝ ʨʘʜʘʨʦʛʨʘʤʤʳ ʠ ʟʘʪʨʫʜʥʷʶʪ 

ʝʝ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʚ ʵʪʦʡ ʯʘʩʪʠ. ʈʝʛʫʣʷʨʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʠ ʜʦʩʪʘʪʦʯʥʘʷ 

ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʥʘ ʦʙʱʝʤ ʚʦʣʥʦʚʦʤ ʧʦʣʝ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʠʪʴ ʜʦʩʪʦʚʝʨʥʫʶ 

ʚʠʟʫʘʣʠʟʘʮʠʶ ʛʨʘʥʠʮʳ ʢʨʦʚʣʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʣʠʰʴ ʧʦ ʢʨʘʷʤ ʦʪ ʢʦʪʣʦʚʘʥʘ, ʚ 

ʜʠʘʧʘʟʦʥʝ 150-200 ʥʩ. 

ʅʘ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩ ʜʨʘʞʥʦʛʦ ʢʦʪʣʦʚʘʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʭʦʞʘʷ ʚʦʣʥʦʚʘʷ 

ʢʘʨʪʠʥʘ, ʝʝ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʨʘʪʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʛʨʘʥʠʮʳ çʣʝʜ-
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ʚʦʜʘè, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʪʨʘʩʪʥʳʤʠ ʧʨʦʪʷʞʝʥʥʳʤʠ ʦʩʷʤʠ ʩʠʥʬʘʟʥʦʩʪʠ 

(ʨʠʩʫʥʦʢ 2.31). ʂʘʢ ʠ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʨʘʜʘʨʦʛʨʘʤʤʝ ʦʥʠ ʤʘʩʢʠʨʫʶʪ ʦʪʨʘʞʝʥʠʷ ʦʪ 

ʢʨʦʚʣʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʧʦ ʚʩʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʢʦʪʣʦʚʘʥʘ. ɹʦʨʪ ʠ ʜʥʦ ʢʦʪʣʦʚʘʥʘ 

ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʧʦ ʚʦʣʥʘʤ ʜʠʬʨʘʢʮʠʠ. 

 

ʈʠʩʫʥʦʢ 2.31 ï ʈʘʜʘʨʦʛʨʘʤʤʘ ʩ ʜʨʘʞʥʦʛʦ ʢʦʪʣʦʚʘʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ  

ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʨ. ɸʣʣʘʭ-ʖʥ ɹ

ʄʦʜʝʣʴ çɼʨʘʞʥʳʡ ʢʦʪʣʦʚʘʥ ʣʝʪʦʤè. 

ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʨʘʞʥʦʛʦ ʢʦʪʣʦʚʘʥʘ ʣʝʪʦʤ ʧʦʩʪʨʦʝʥʘ ʧʦ 

ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ, ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨ. ɹʦʣʴʰʦʡ ʂʫʨʘʥʘʭ 

(ʨʠʩʫʥʦʢ 2.32ʘ). ɺʦʣʥʦʚʦʝ ʧʦʣʝ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʨʘʜʘʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠ ʟʘʤʝʪʥʦ 

ʚʳʜʝʣʷʝʪʩʷ ʩʚʦʝʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʦʜʝʣʷʤʠ, ʠʟ-ʟʘ 

ʙʦʣʴʰʦʛʦ ʜʨʘʞʥʦʛʦ ʢʦʪʣʦʚʘʥʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʚʦʜʦʡ (ʨʠʩʫʥʦʢ 2.32ʙ). 

ɺʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʝ ʚʦʣʥʳ ʜʠʬʨʘʢʮʠʠ ʩʬʦʨʤʠʨʦʚʘʣʠ ʚʦʣʥʦʚʫʶ ʢʘʨʪʠʥʫ ʙʦʨʪʦʚ 

ʢʦʪʣʦʚʘʥʘ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʷʪ ʪʘʢʞʝ ʠ ʧʝʨʝʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʦʚ. ɼʥʦ ʢʦʪʣʦʚʘʥʘ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦ ʦʩʷʤ ʩʠʥʬʘʟʥʦʩʪʠ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʥʘ ʛʨʘʥʠʮʝ çʚʦʜʘ-ʩʫʛʣʠʥʢʠè. 

ʉʠʛʥʘʣʳ ʥʘ ʵʪʦʡ ʛʨʘʥʠʮʝ ʩʣʘʙʳʝ ʠʟ-ʟʘ ʟʘʪʫʭʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʪʦʣʱʝ 

ʚʦʜʳ, ʘ ʪʘʢʞʝ ʦʪ ʪʦʛʦ, ʯʪʦ ʩʫʛʣʠʥʢʠ ʧʨʦʧʠʪʘʥʳ ʚʦʜʦʡ ʠ ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ 

ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɺʳʭʦʜ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʧʦ 

ʜʥʫ ʢʦʪʣʦʚʘʥʘ ʥʝ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʨʘʜʘʨʦʛʨʘʤʤʝ, ʪʘʢʞʝ ʢʘʢ ʠ ʥʘ 

ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ (ʨʠʩʫʥʦʢ 2.33). ʋʚʝʣʠʯʝʥʠʝ ʟʘʪʫʭʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʩ 
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ʛʣʫʙʠʥʦʡ ʥʘ ʥʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʟʘʤʝʪʥʝʝ ʧʦ ʩʣʘʙʝʶʱʠʤ ʦʪʨʘʞʝʥʠʷʤ ʦʪ ʙʦʨʪʦʚ 

ʢʦʪʣʦʚʘʥʘ. 

 

 

ʘ) ʙ) 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ:  

 

 

ʈʠʩʫʥʦʢ 2.32 ï ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʜʨʘʞʥʦʛʦ ʢʦʪʣʦʚʘʥʘ ʣʝʪʦʤ:  

ʘ) ʩʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ; ʙ) ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʨʘʜʘʨʦʛʨʘʤʤʘ 

 

 

 

ʈʠʩʫʥʦʢ 2.33 ï ʈʘʜʘʨʦʛʨʘʤʤʘ ʩ ʜʨʘʞʥʦʛʦ ʢʦʪʣʦʚʘʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʨ. ɹʦʣʴʰʦʡ ʂʫʨʘʥʘʭ 
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ʄʦʜʝʣʴ çʈʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʩʣʦʷ ʩʠʣʴʥʦ-ʣʴʜʠʩʪʳʭ 

ʧʦʨʦʜè. 

ʄʦʜʝʣʴ ʤʝʨʟʣʳʭ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʩʣʦʷ ʩʠʣʴʥʦ-ʣʴʜʠʩʪʳʭ 

ʧʦʨʦʜ, ʧʦʩʪʨʦʝʥʘ ʧʦ ʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʫʯʘʩʪʢʝ 

ʚʜʦʣʴ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʛʘʟʦʧʨʦʚʦʜʘ ʚ ʖʞʥʦʡ ʗʢʫʪʠʠ. ʀ ʭʦʪʴ ʦʥʘ ʥʝ ʦʪʥʦʩʠʪʩʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʢʘʢʦʤʫ-ʣʠʙʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʘ ʦʧʠʩʳʚʘʝʪ 

ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʦʩʦʙʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʨʠʩʫʥʦʢ 2.34ʘ). 

 

 

ʘ) ʙ) 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ:  

 

 

 

ʈʠʩʫʥʦʢ 2.34 ï ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʩʣʦʷ ʩʠʣʴʥʦ-

ʣʴʜʠʩʪʳʭ ʧʦʨʦʜ: ʘ) ʩʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ; ʙ) ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʨʘʜʘʨʦʛʨʘʤʤʘ 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʨʘʜʘʨʦʛʨʘʤʤʝ ʤʦʜʝʣʠ, ʟʦʥʜʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʠ 

ʩʣʦʡ ʪʦʨʬʘ (ʚʢʣʶʯʘʷ ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʣʦʡ) (Ů'=7, ɟ=5*102 ʆʤ*ʤ) 

ʦʙʨʘʟʦʚʘʣʠ ʯʝʨʝʜʫʶʱʫʶʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʭ ʦʩʝʡ 

ʩʠʥʬʘʟʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʤʝʣʢʠʭ ʠ 

ʧʳʣʝʚʘʪʳʭ ʧʝʩʢʦʚ (Ů'=6, ɟ=103 ʆʤ*ʤ) (ʨʠʩʫʥʦʢ 2.34ʙ). ʆʥʠ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʨʘʚʥʦʤʝʨʥʦʝ ʧʦ ʘʤʧʣʠʪʫʜʘʤ ʚʦʣʥʦʚʦʝ ʧʦʣʝ, ʘ ʧʦʪʦʤʫ ʥʘ ʠʭ ʬʦʥʝ ʭʦʨʦʰʦ 

ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʩʠʣʴʥʦ-ʣʴʜʠʩʪʳʝ ʧʝʩʢʠ (Ů'=4, ɟ=3*104 ʆʤ*ʤ), ʚʦʣʥʦʚʦʝ ʧʦʣʝ 

ʢʦʪʦʨʳʭ ʩʬʦʨʤʠʨʦʚʘʥʦ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʭʘʦʪʠʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʚʦʣʥ 

ʜʠʬʨʘʢʮʠʠ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʵʪʦʡ ʟʦʥʳ ʥʝ ʠʤʝʝʪ ʯʝʪʢʠʭ ʛʨʘʥʠʮ ʠ ʚʠʟʫʘʣʴʥʦ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜ, ʤʘʢʩʠʤʫʤ ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥ ʚ 

ʚʝʨʰʠʥʘʭ ʛʠʧʝʨʙʦʣ. ʇʦʣʫʯʝʥʥʘʷ ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʨʘʜʘʨʦʛʨʘʤʤʘ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ 

ʨʝʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩ ʫʯʘʩʪʢʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʖʞʥʦʡ ʗʢʫʪʠʠ 

(ʨʠʩʫʥʦʢ 2.35).  ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʚʦʣʥʦʚʦʤ ʧʦʣʝ ʨʘʜʘʨʦʛʨʘʤʤʳ ʥʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʢʨʦʤʝ ʚʦʣʥ ʜʠʬʨʘʢʮʠʠ ʚ ʟʦʥʝ ʣʴʜʠʩʪʦʩʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʦʪʷʞʝʥʥʳʝ ʦʩʠ 

ʩʠʥʬʘʟʥʦʩʪʠ, ʚʝʨʦʷʪʥʦ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʨʦʞʠʣʢʘʤʠ ʣʴʜʘ. 

 

ʈʠʩʫʥʦʢ 2.35 ï ʈʘʜʘʨʦʛʨʘʤʤʘ ʩ ʫʯʘʩʪʢʘ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚ ʖʞʥʦʡ ʗʢʫʪʠʠ 

ɸʥʘʣʠʟ ʧʦʩʪʨʦʝʥʥʳʭ ʤʦʜʝʣʝʡ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʜʨʘʞʥʦʛʦ ʧʦʣʠʛʦʥʘ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘʣʠʯʠʝ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ ʚʚʠʜʫ ʟʘʤʝʜʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ 

ʚʦʜʝ. ʅʘʣʠʯʠʝ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʟʠʤʦʡ, ʪʘʢʞʝ ʚʥʦʩʠʪ ʤʥʦʛʦ ʧʦʤʝʭ ʚ ʚʠʜʝ ʢʨʘʪʥʳʭ 

ʩʠʛʥʘʣʦʚ-ʧʝʨʝʦʪʨʘʞʝʥʠʡ, ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʛʨʘʥʠʮʳ 

çʣʝʜ-ʚʦʜʘè. ɺʩʝ ʵʪʦ ʟʘʪʨʫʜʥʷʝʪ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠ 

ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʜʨʘʞʥʦʛʦ 

ʧʦʣʠʛʦʥʘ. 
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ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 2 

ʋʩʪʘʥʦʚʣʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʚ ʧʨʝʜʝʣʘʭ ʉʫʙʘʨʢʪʠʯʝʩʢʦʡ ʠ ʋʤʝʨʝʥʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʗʢʫʪʠʠ. ɸʥʘʣʠʟ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʥʳʭ ʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʜʚʫʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ 

ʗʢʫʪʠʠ ʧʦʢʘʟʘʣʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʧʨʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʝ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ.  

ʕʣʝʢʪʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ABCD-ʤʘʪʨʠʮ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʤʘʣʳʭ ʫʯʘʩʪʢʦʚ ʩʨʝʜʳ ʚ ʚʠʜʝ ʤʘʪʨʠʮ 

ʧʝʨʝʜʘʯʠ, ʧʦʣʫʯʝʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ, ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʧʨʷʤʦʛʦ ʩʯʝʪʘ ʠ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʚʠʜʳ ʧʦʪʝʨʴ, ʚʠʜʳ ʛʨʘʥʠʮ ʠ 

ʪʠʧʦʚ ʩʨʝʜ, ʠʟʙʝʞʘʪʴ ʨʘʟʣʠʯʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʩʧʦʣʴʟʫʝʤʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʩʨʝʜʳ ʠ ʛʝʦʨʘʜʘʨʦʚ, ʨʘʩʩʯʠʪʳʚʘʪʴ ʦʜʥʦʤʝʨʥʳʝ ʠ ʜʚʫʭʤʝʨʥʳʝ ʤʦʜʝʣʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ, 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʧʦʣʝʚʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʠ ʚʳʙʦʨʘ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ, ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʳ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ 

(ɻʈʃʄ) ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʢʨʠʦʣʠʪʦʟʦʥʳ. ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʦʪʨʘʞʘʶʪ ʩʣʦʠʩʪʳʡ ʨʘʟʨʝʟ ʤʘʩʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʝ ʧʦʜʟʝʤʥʳʝ ʣʴʜʳ ʠ ʩʪʨʫʢʪʫʨʥʳʝ 

ʥʘʨʫʰʝʥʥʦʩʪʠ. ɻʈʃʄ ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʉʫʙʘʨʢʪʠʯʝʩʢʦʡ 

ʟʦʥʳ ʠ ʜʣʷ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʋʤʝʨʝʥʥʦʡ ʟʦʥʳ ʚ ʫʩʣʦʚʠʷʭ ʠʭ ʜʨʘʞʥʦʡ 

ʦʪʨʘʙʦʪʢʠ. 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ɻʈʃʄ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʣʘʩʪʦʚʳʡ 

ʣʝʜ, ʫʩʪʘʥʦʚʣʝʥ ʵʬʬʝʢʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʥʘ ʜʣʠʥʘʭ 

ʚʦʣʥ ʩʦʠʟʤʝʨʠʤʳʭ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʨʝʟʦʥʠʨʫʶʱʠʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ.  
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ɻʃɸɺɸ 3. ɸʃɻʆʈʀʊʄʓ, ʇʈʆɻʈɸʄʄʅʆ-ʀʅʌʆʈʄɸʎʀʆʅʅʆɽ 

ʆɹɽʉʇɽʏɽʅʀɽ ʆɹʈɸɹʆʊʂʀ ʀ ʀʅʊɽʈʇʈɽʊɸʎʀʀ ɼɸʅʅʓʍ 

ɻɽʆʈɸɼʀʆʃʆʂɸʎʀʀ 

3.1 ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʠ ʦʮʝʥʢʝ ʩʪʨʦʝʥʠʷ ʤʘʩʩʠʚʦʚ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ 

ʧʦʨʦʜ  

ɼʣʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʨʦʩʩʳʧʝʡ ʭʘʨʘʢʪʝʨʥʘ ʩʣʦʠʩʪʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʠ ʠʭ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʨʘʟʨʝʟ ʙʫʜʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʡ ʩ ʚʦʟʤʦʞʥʳʤ 

ʥʘʨʫʰʝʥʠʝʤ ʢʨʦʚʣʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ, ʩʢʦʧʣʝʥʠʷʤʠ ʚʘʣʫʥʦʚ, ʚʢʣʶʯʝʥʠʝʤ 

ʧʦʜʟʝʤʥʳʭ ʣʴʜʦʚ ʠ ʜʨʫʛʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ɺʝʩʴ ʩʧʝʢʪʨ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʤʝʪʦʜʦʤ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ, ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʨʘʪʝʛʠʶ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ: 

- ʩʪʨʫʢʪʫʨʥʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʠʟʫʯʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʨʘʟʨʝʟʘ ʠ 

ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʧʨʦʪʷʞʝʥʥʳʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʛʨʘʥʠʮ; 

- ʣʦʢʘʣʠʟʘʮʠʷ ʥʘʨʫʰʝʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʦʛʦ ʩʪʨʦʝʥʠʷ ʤʘʩʩʠʚʦʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜ. 

çʈʘʜʠʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʝʨʟʣʳʭ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʦʧʠʩʳʚʘʶʪʩʷ ʜʚʫʤʷ ʚʦʣʥʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʫʯʘʪʴ ʛʝʦʤʝʪʨʠʶ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʠ ʧʨʦʚʦʜʠʪʴ ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ; ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʴʥʳʝ 

ʟʦʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜʘʭè [18]. 

 

3.1.1 ɸʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʩʣʦʠʩʪʳʭ ʩʨʝʜ 

ʅʘ ʨʠʩʫʥʢʝ 3.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʠʤʝʶʱʝʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʦʝ 

ʩʪʨʦʝʥʠʝ.   
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ʈʠʩʫʥʦʢ 3.1 ï ɸʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʩʣʦʠʩʪʳʭ ʩʨʝʜ 

ʇʝʨʚʠʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ. 

ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ. ʕʪʘʧ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʥʘʧʨʘʚʣʝʥ ʥʘ ʠʭ ʧʦʜʛʦʪʦʚʢʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʦʙʳʯʥʦ ʧʦʣʝʚʳʝ ʜʘʥʥʳʝ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ, ʦʥʠ ʚʩʝʛʜʘ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʧʨʦʚʝʨʢʝ. ɼʣʷ ʵʪʦʛʦ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʨʘʜʘʨʦʛʨʘʤʤ, 

ʚʳʚʦʜʷʪʩʷ ʥʘ ʵʢʨʘʥ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʧʘʢʪʥʳʡ ʬʦʨʤʘʪ ʚʠʟʫʘʣʠʟʘʮʠʠ: 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʵʢʨʘʥʘ ʩʠʤʚʦʣʠʟʠʨʫʶʪ ʦʪʜʝʣʴʥʳʝ ʪʨʘʩʩʳ. ʊʘʢʦʡ ʤʝʪʦʜ 

ʦʙʣʝʛʯʘʝʪ ʚʦʩʧʨʠʷʪʠʝ ʙʦʣʴʰʦʛʦ ʤʘʩʩʠʚʘ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʦʤʦʛʘʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ 

ʥʘ ʢʣʶʯʝʚʳʭ ʜʝʪʘʣʷʭ ʜʣʷ ʘʥʘʣʠʟʘ. 

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘʩʪʨʦʡʢʘ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

- ʀʩʢʣʶʯʘʶʪʩʷ ʥʝʥʫʞʥʳʝ ʠʣʠ ʜʝʬʝʢʪʥʳʝ ʜʘʥʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʢʘʣʠʙʨʦʚʦʯʥʳʝ 

ʩʠʛʥʘʣʳ, ʧʦʚʨʝʞʜʝʥʥʳʝ ʟʘʧʠʩʠ ʠ ʧʨʦʧʫʱʝʥʥʳʝ ʫʯʘʩʪʢʠ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʣʠ ʠʟ-ʟʘ 

ʩʙʦʝʚ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ɼʣʷ ʢʘʞʜʦʡ ʝʜʠʥʠʮʳ ʜʣʠʥʳ ʧʨʦʬʠʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʨʘʩʩ ʩ ʫʯʝʪʦʤ ʮʝʣʝʡ ʘʥʘʣʠʟʘ; 
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-  ʌʦʨʤʘʪ ʦʪʦʙʨʘʞʝʥʠʷ ʪʨʘʩʩ ʘʜʘʧʪʠʨʫʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʟʘʜʘʥʥʦʤʫ ʤʘʩʰʪʘʙʫ ʠ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʧʦʜʛʦʪʦʚʢʝ ʧʝʯʘʪʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʚʠʟʫʘʣʴʥʦ ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ. ʅʘʧʨʠʤʝʨ, 

ʜʘʥʥʳʝ ʧʨʦʨʝʞʠʚʘʶʪʩʷ ʠʣʠ ʠʥʪʝʨʧʦʣʠʨʫʶʪʩʷ ʩ ʫʯʝʪʦʤ ʥʦʚʦʛʦ ʰʘʛʘ ʧʨʦʬʠʣʷ, 

ʩʦʢʨʘʱʘʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʫʜʘʣʷʶʪʩʷ ʦʪʜʝʣʴʥʳʝ 

ʪʨʘʩʩʳ ʠʣʠ ʠʭ ʛʨʫʧʧʳ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʦʣʝʚʳʝ ʟʘʧʠʩʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʯʘʩʪʠ ʜʣʷ ʦʪʜʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʣʠʙʦ ʦʙʲʝʜʠʥʝʥʳ ʚ ʦʙʱʠʡ ʤʘʩʩʠʚ 

ʜʣʷ ʨʘʙʦʪʳ ʩ ʥʠʤʠ ʢʘʢ ʩ ʝʜʠʥʳʤ ʦʙʲʝʢʪʦʤ [17]. 

ʂʦʨʨʝʢʮʠʷ ʟʘʪʫʭʘʥʠʷ ʘʤʧʣʠʪʫʜ. ɸʤʧʣʠʪʫʜʥʘʷ ʢʦʨʨʝʢʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʟʘʧʠʩʠ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʡʩʪʚʫʝʪ ʢʘʢ 

ʦʙʱʠʡ ʤʥʦʞʠʪʝʣʴ, ʦʜʠʥʘʢʦʚʦ ʧʨʠʤʝʥʷʝʤʳʡ ʢ ʢʘʞʜʦʤʫ ʦʪʩʯʝʪʫ ʚʜʦʣʴ ʚʨʝʤʝʥʥʦʡ 

ʦʩʠ ʠ ʢʦ ʚʩʝʤ ʪʨʘʩʩʘʤ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʬʠʣʷ. ʊʘʢʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʫʣʫʯʰʘʝʪ 

ʚʠʟʫʘʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʚʦʣʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʜʝʣʘʷ ʝʸ ʙʦʣʝʝ ʯʸʪʢʦʡ ʠ ʥʘʛʣʷʜʥʦʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʥʘʙʣʶʜʘʪʴ ʫʛʘʩʘʥʠʝ ʩʣʘʙʳʭ ʦʪʨʘʞʝʥʠʡ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʦʮʝʥʠʪʴ ʠʭ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʭ ʨʘʟʨʝʟʦʚ ʧʨʦʚʦʜʠʪʩʷ ʢʦʨʨʝʢʮʠʷ 

ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʛʨʘʥʠʮ ʦʪʨʘʞʘʶʱʠʭ ʩʣʦʝʚ. ʂʦʨʨʝʢʮʠʷ 

ʘʤʧʣʠʪʫʜ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʚʦʜʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʟʘʧʠʩʠ ʚʦʣʥʦʚʦʛʦ 

ʧʦʣʷ ʢ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. ʆʧʪʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 

ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʦ ʟʥʘʯʝʥʠʷʭ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʣʠ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʚʦʡʩʪʚʘʭ ʧʦʨʦʜ ʠʟ ʜʘʥʥʳʭ ʩʢʚʘʞʠʥ (ʨʠʩʫʥʦʢ 3.2). ɹʣʘʛʦʜʘʨʷ 

ʢʦʨʨʝʢʮʠʠ ʘʤʧʣʠʪʫʜ ʦʪʨʘʞʝʥʠʷ ʦʪ ʥʠʞʝʣʝʞʘʱʠʭ ʩʣʦʝʚ ʚʳʨʘʚʥʠʚʘʶʪʩʷ ʧʦ 

ʘʤʧʣʠʪʫʜʝ ʩ ʩʠʛʥʘʣʘʤʠ ʦʪ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ. ʇʨʦʮʝʩʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʨʝʛʫʣʠʨʦʚʢʠ ʫʩʠʣʝʥʠʷ (ɸʈʋ) ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʢʘʢ ʰʠʨʠʥʘ ʦʢʥʘ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʘʤʧʣʠʪʫʜ, ʩʪʝʧʝʥʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚʥʫʪʨʠ ʵʪʦʛʦ 

ʦʢʥʘ, ʰʘʛ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ ʪʨʘʩʩʳ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ, ʚ ʧʨʝʜʝʣʘʭ 

ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ɸʈʋ [17]. 
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ʈʠʩʫʥʦʢ 3.2 ï ʇʨʠʤʝʨ ʨʝʛʫʣʠʨʦʚʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʧʦ ʘʧʨʠʦʨʥʳʤ ʜʘʥʥʳʤ 

ʇʦʜʘʚʣʝʥʠʝ ʧʦʤʝʭ. ʅʘ ʧʝʨʚʠʯʥʦʡ ʨʘʜʘʨʦʛʨʘʤʤʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʣʦʞʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ, ʚʢʣʶʯʘʶʱʘʷ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʩʠʛʥʘʣʳ 

ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ), ʧʨʷʤʳʝ ʠ ʧʦʚʪʦʨʥʳʝ ʦʪʨʘʞʝʥʠʷ, 

ʦʪʨʘʞʝʥʠʷ ʦʪ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʧʦʤʝʭ. ʉʨʝʜʠ ʥʠʭ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 

- ʉʪʘʙʠʣʴʥʳʝ ʚʦ ʚʨʝʤʝʥʠ ʩʠʛʥʘʣʳ ʩ ʚʳʩʦʢʦʡ ʘʤʧʣʠʪʫʜʦʡ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʷʤʳʤ ʧʨʦʭʦʞʜʝʥʠʝʤ ʚʦʟʜʫʰʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʤʝʞʜʫ ʧʝʨʝʜʘʶʱʝʡ ʠ 

ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʘʤʠ; 

- ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʝ ʧʦʤʝʭʠ ʘʧʧʘʨʘʪʫʨʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʧʦʩʪʦʷʥʥʳʡ 

ʰʫʤʦʚʦʡ ʬʦʥ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʟʘʧʠʩʠ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ çʚʦʟʜʫʰʥʳʭè ʠ çʧʦʚʝʨʭʥʦʩʪʥʳʭè ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʘʧʧʘʨʘʪʫʨʥʳʭ ʧʦʤʝʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʚʳʯʠʪʘʥʠʷ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʚʩʝʤʫ ʧʨʦʬʠʣʶ, ʠʟ ʢʘʞʜʦʛʦ ʦʪʩʯʝʪʘ. 

ʌʠʣʴʪʨʘʮʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ 

ʰʫʤʘ ʠʣʠ ʧʦʤʝʭ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʩʦʚʧʘʜʘʝʪ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʠʘʧʘʟʦʥʘ 

ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ 
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ʧʦʜʘʚʠʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʘʤʧʣʠʪʫʜʫ ʠ ʬʦʨʤʫ 

ʩʠʛʥʘʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʆʜʥʘʢʦ, ʝʩʣʠ ʩʧʝʢʪʨʳ ʧʦʤʝʭ ʠ ʧʦʣʝʟʥʦʛʦ 

ʩʠʛʥʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʠʣʠ ʩʦʚʧʘʜʘʶʪ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʠʣʴʪʨʘʮʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʚʳʜʝʣʝʥʠʝ ʦʩʝʡ ʩʠʥʬʘʟʥʦʩʪʠ ʠ 

ʦʙʥʘʨʫʞʝʥʠʝ ʧʦʣʝʟʥʳʭ ʚʦʣʥ. ʄʝʪʦʜʘʤʠ ʬʠʣʴʪʨʘʮʠʠ ʚ ʯʘʩʪʦʪʥʦïʬʘʟʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʦʙʠʚʘʶʪʩʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʟʘʜʘʥʥʦʤ ʩʧʝʢʪʨʝ 

ʯʘʩʪʦʪ. ʋʩʪʨʘʥʷʶʪʩʷ ʧʦʤʝʭʠ, ʧʝʨʝʦʪʨʘʞʝʥʠʷ, ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ (ʚʳʙʨʦʩʳ), 

ʬʘʟʦʚʳʝ ʠʩʢʘʞʝʥʠʷ, ʪʨʝʥʜ, ʤʠʛʨʘʮʠʷ ʥʫʣʷ ʠ ʪ.ʜ. ʄʝʪʦʜʘʤʠ ʬʠʣʴʪʨʘʮʠʠ ʚ 

ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʦʙʠʚʘʶʪʩʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. ʋʩʪʨʘʥʷʶʪ ʰʫʤʳ, ʚʳʙʨʦʩʳ ʠ ʧʨʦʚʘʣʳ ʚ 

ʠʟʤʝʨʝʥʠʷʭ. ʋʙʠʨʘʶʪʩʷ ʘʤʧʣʠʪʫʜʥʳʝ ʬʣʶʢʪʫʘʮʠʠ ʩʠʛʥʘʣʦʚ, ʚʳʨʘʚʥʠʚʘʝʪʩʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʦʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʨʦʚʥʶ ʰʫʤʦʚ. 

ɺʚʦʜ ʜʘʥʥʳʭ ɻʅʉʉ. ɺ ʭʦʜʝ ʠʟʤʝʨʝʥʠʡ ʠʟʤʝʥʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʘʥʪʝʥʥʦʛʦ 

ʙʣʦʢʘ ʛʝʦʨʘʜʘʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʦʤ, ʢʦʪʦʨʳʡ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥ ʩ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʛʝʦʨʘʜʘʨʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʠʟʤʝʨʝʥʠʡ ʷʚʣʷʶʪʩʷ 

ʜʘʥʥʳʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʠ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʘ. ʇʨʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʝ, 

ʧʦʣʫʯʝʥʥʦʡ ʨʘʜʘʨʦʛʨʘʤʤʳ ʚʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʘ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʠʚʷʟʢʫ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʦʢ ʢ ʪʨʘʩʩʘʤ 

ʨʘʜʘʨʦʛʨʘʤʤʳ. ɺ ʠʪʦʛʝ ʨʘʜʘʨʦʛʨʘʤʤʘ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʦʨʜʠʥʘʪʘʭ 

ʢʘʞʜʦʡ ʪʨʘʩʩʳ, ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʝʣʴʝʬʘ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʩʪʦʷʥʠʠ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ. 

ɸʥʘʣʠʟ ʨʘʜʘʨʦʛʨʘʤʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ ʦʩʣʦʞʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʣʦʝʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʩʠʣʴʥʦ ʚʘʨʴʠʨʫʶʱʠʤʠʩʷ ʩʚʦʡʩʪʚʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʣʝʚʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ 

ʧʦ ʦʢʦʥʪʫʨʠʚʘʥʠʶ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʧʨʦʚʦʜʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʝʪʦʤ 

[168]. ɺ ʵʪʦ ʚʨʝʤʷ ʬʦʨʤʠʨʫʝʪʩʷ ʩʝʟʦʥʥʦ-ʪʘʣʳʡ ʩʣʦʡ, ʘ ʚʝʨʭʥʠʝ ʧʝʨʝʢʨʳʚʘʶʱʠʝ 

ʧʦʨʦʜʳ ʩʪʘʥʦʚʷʪʩʷ ʥʘʩʳʱʝʥʥʳʤʠ ʚʣʘʛʦʡ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ 

ʧʨʦʚʦʜʠʤʦʩʪʴ. ɺ ʪʘʢʠʭ ʦʙʚʦʜʥʝʥʥʳʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʭ ʩʨʝʜʘʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ ʧʨʝʪʝʨʧʝʚʘʶʪ ʠʩʢʘʞʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʩʧʝʢʪʨʘ ʧʦ ʤʝʨʝ ʠʭ 
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ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʛʣʫʙʠʥʥʫʶ ʜʝʪʘʣʴʥʦʩʪʴ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʨʘʙʦʪʝ ʉʦʢʦʣʦʚʘ ʂ.ʆ. [131] ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʫʣʫʯʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʦ ʩʪʨʫʢʪʫʨʝ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ʩʝʟʦʥʥʦ-ʪʘʣʦʛʦ ʩʣʦʷ. ʆʩʥʦʚʦʡ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʀʟ-ʟʘ 

ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʧʨʦʷʚʣʷʶʱʝʡʩʷ ʚ ʠʟʤʝʥʝʥʠʠ 

ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʜʣʷ ʘʥʘʣʠʟʘ ʠʭ ʩʧʝʢʪʨʘʣʴʥʦ-

ʚʨʝʤʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʧʪʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦʤʝʨʥʦʝ ʥʝʧʨʝʨʳʚʥʦʝ 

ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (ʅɺʇ). ʕʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪ ʬʠʣʴʪʨʳ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʪʘʣʴʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʩʠʛʥʘʣʘ ʧʦ ʝʛʦ ʚʩʝʡ ʜʣʠʥʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʌʫʨʴʝ-ʘʥʘʣʠʟʘ, ʅɺʇ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʪʦʯʥʦʝ ʠ ʥʘʛʣʷʜʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 

ʩʧʝʢʪʨʘ. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʅɺʇ ʩʦʩʪʦʠʪ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʢʣʶʯʝʚʳʭ ʰʘʛʦʚ [123]: 

- ʇʨʦʚʝʜʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ 

ʩʠʛʥʘʣ/ʰʫʤ; 

- ʇʦʜʙʦʨ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʚʝʡʚʣʝʪʘ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʝʛʦ 

ʤʘʩʰʪʘʙʦʚ; 

- ʋʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʪʨʝʭʤʝʨʥʦʛʦ ʚʝʡʚʣʝʪ-

ʩʧʝʢʪʨʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʫʨʝʥʠʷ; 

- ʇʨʠʤʝʥʝʥʠʝ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢ ʜʘʥʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʤʝʨʟʣʳʭ 

ʧʦʨʦʜ ʤʝʪʦʜʦʤ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ ʙʳʣ ʚʳʙʨʘʥ ʚʝʡʚʣʝʪ çMexican Hatè. ɽʛʦ ʩʪʨʫʢʪʫʨʘ 

ʥʘʧʦʤʠʥʘʝʪ ʬʦʨʤʫ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤ 

ʥʘʯʘʣʴʥʳʤ ʦʪʢʣʠʢʦʤ, ʢʦʪʦʨʳʡ ʪʠʧʠʯʥʦ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 
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ʚʳʩʦʢʦʦʤʥʳʤʠ ʤʝʨʟʣʳʤʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʕʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʡ ʚʝʡʚʣʝʪ 

ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʜʦʙʥʳʭ ʩʨʝʜ [76, 174]. 

ʇʦʩʣʝ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʜʘʨʦʛʨʘʤʤ ʠ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʠʛʥʘʣʦʚ, ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʤʝʭ ʦʪ ʩʝʟʦʥʥʦ-ʪʘʣʦʛʦ ʩʣʦʷ, ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʣʦʡʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʨʘʜʘʨʦʛʨʘʤʤʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʦʛʦ ʨʘʟʨʝʟʘ. 

ʇʦʩʣʦʡʥʘʷ ʦʙʨʘʙʦʪʢʘ ʨʘʜʘʨʦʛʨʘʤʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮʳ ʩʣʦʝʚ ʟʦʥʜʠʨʫʝʤʳʭ ʩʨʝʜ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ 2004 ʛ. ʘʚʪʦʨʦʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ çʈʘʜʘʨ-ʃʝʜè ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʝʥʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʨʝʢ [172]. ɺ ʵʪʦʡ 

ʧʨʦʛʨʘʤʤʝ ʨʝʘʣʠʟʦʚʘʥ ʘʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʳʭ ʩʨʝʜ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʠʢʠʨʦʚʢʠ (ʦʪʤʝʪʢʠ) ʦʩʝʡ ʩʠʥʬʘʟʥʦʩʪʠ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʨʘʜʘʨʦʛʨʘʤʤʝ.  ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ çʊʨʘʩʩʠʨʦʚʢʘè (ʨʠʩʫʥʦʢ 3.3). ʇʨʠ ʪʨʘʩʩʠʨʦʚʢʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʧʮʠʠ - ʤʘʢʩʠʤʫʤ ʠʣʠ ʤʠʥʠʤʫʤ, ʧʦʟʚʦʣʷʶʱʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʧʨʦʢʣʘʜʳʚʘʪʴ ʣʠʥʠʶ ʧʦ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʤ (ʤʘʢʩʠʤʫʤ) ʠʣʠ ʥʠʟʢʦʘʤʧʣʠʪʫʜʥʳʤ 

(ʤʠʥʠʤʫʤ) ʦʩʷʤ ʩʠʥʬʘʟʥʦʩʪʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ. ʇʦʟʜʥʝʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ 

çʈʘʜʘʨ-ʃʝʜè ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʝ çGeoScan32è, ʧʦʩʪʘʚʣʷʝʤʦʡ ʚ ʢʦʤʧʣʝʢʪʝ ʩ 

ʛʝʦʨʘʜʘʨʘʤʠ ʩʝʨʠʠ çʆʂʆè. 

 

ʈʠʩʫʥʦʢ 3.3 ï ʇʨʠʤʝʨ ʪʨʘʩʩʠʨʦʚʢʠ ʛʨʘʥʠʮ ʩʣʦʝʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ  

ʚ ʧʨʦʛʨʘʤʤʝ çʈʘʜʘʨ-ʃʝʜè 
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ʅʘ ʨʠʩʫʥʢʝ 3.4ʘ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʘʙʦʪʳ ʤʦʜʫʣʷ çʉʣʦʠ ʥʘ ʧʨʦʬʠʣʝè ʩ 

ʚʳʜʝʣʝʥʥʳʤʠ ʦʩʷʤʠ ʩʠʥʬʘʟʥʦʩʪʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʛʨʘʥʠʮ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʚʳʜʝʣʝʥʥʦʛʦ ʩʣʦʷ ʟʘʜʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʣʴʜʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 3,2, ʜʣʷ ʧʝʩʢʘ ð 6, ʜʣʷ ʚʦʜʳ ð 81, 

ʘ ʜʣʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ð 9. 

 

ʈʠʩʫʥʦʢ 3.4 ï ʈʝʟʫʣʴʪʘʪ ʧʦʩʣʦʡʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʜʘʨʦʛʨʘʤʤʳ: 

ʘ) ʚʳʜʝʣʝʥʥʳʝ ʦʩʠ ʩʠʥʬʘʟʥʦʩʪʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ, 

ʙ) ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʡ ʨʘʟʨʝʟ ʧʦ ʜʘʥʥʳʤ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ 

ʈʘʩʯʝʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʘʞʜʦʛʦ ʩʣʦʷ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʦʚ, ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʛʨʘʥʠʮ ʩʣʦʝʚ, ʩ 

ʜʘʥʥʳʤʠ ʙʫʨʝʥʠʷ ʠʣʠ ʩ ʜʘʥʥʳʤʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦ 

ʤʝʪʦʜʠʢʝ ʆɻʊ ʩ ʨʘʟʥʝʩʝʥʠʝʤ ʘʥʪʝʥʥ. ʉ ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʚʳʜʝʣʝʥʥʳʭ ʩʣʦʷʭ, ʠ ʚʨʝʤʝʥʥʘʷ ʨʘʟʚʝʨʪʢʘ ʨʘʜʘʨʦʛʨʘʤʤʳ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʘʩʰʪʘʙ ʛʣʫʙʠʥ (ʨʠʩʫʥʦʢ 3.4ʙ). 

ʕʢʩʧʦʨʪ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ. ʈʝʟʫʣʴʪʘʪ ʧʦʩʣʦʡʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʨʘʜʘʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ, 

ʩʦʜʝʨʞʘʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʷʜʝ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʡ, ʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ 

ʢʦʦʨʜʠʥʘʪʳ, ʤʦʱʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ ʚ ʵʪʠʭ ʪʦʯʢʘʭ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ 
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ʠʥʬʦʨʤʘʮʠʠ ʩʪʨʦʠʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʫʯʘʩʪʢʘ, ʥʘ ʢʦʪʦʨʦʤ ʦʮʝʥʠʚʘʝʪʩʷ 

ʭʘʨʘʢʪʝʨ ʟʘʣʝʛʘʥʠʷ ʠ ʤʦʱʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʜ ʩʪʨʦʠʪʩʷ ʢʘʨʪʘ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʚ 

ʠʥʪʝʨʧʦʣʷʮʠʡ ʧʨʦʛʨʘʤʤ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ.  

3.1.2 ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʟʥʘʢʦʚ ʚʳʷʚʣʝʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʧʦ ʜʘʥʥʳʤ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ (ʨʠʩʫʥʢʝ 3.5), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʚ ʤʘʩʩʠʚʝ 

ʤʸʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʜʘʨʦʛʨʘʤʤ, ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ 

ʦʜʠʥʦʯʥʦʡ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʪʨʘʩʩʳ s(t), ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʧʦʣʝʟʥʳʭ ʩʠʛʥʘʣʦʚ p(t) ʠ ʧʦʤʝʭ n(t). 

 

ʈʠʩʫʥʦʢ 3.5 ï ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʤʘʩʩʠʚʘ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʧʣʘʩʪʦʚʳʤ ʣʴʜʦʤ 

(ʘ, ʙ) ʠ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʨʘʞʝʥʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ (ʚ) 

 

ʂʦʤʧʦʥʝʥʪʘ p(t) ʩʦʩʪʦʠʪ ʠʟ ʩʫʤʤʳ ʩʠʛʥʘʣʘ ʧʨʷʤʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ɸʧU(t) ʠ 

ʩʠʛʥʘʣʦʚ ʦʪ ʚʝʨʭʥʝʡ ɸʚʝʨʭU(t-tʚʝʨʭ) ʠ ʥʠʞʥʝʡ AʥʠʞʥU(t-tʥʠʞʥ) ʛʨʘʥʠʮ ʣʴʜʘ, ʛʜʝ U(t) ï 

ʬʫʥʢʮʠʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʬʦʨʤʫ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ; ɸʚʝʨʭ, ɸʥʠʞʥ ï 

ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ R ʥʘ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮʘʭ ʣʴʜʘ, ʘ ʪʘʢʞʝ ʦʪ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʵʥʝʨʛʠʠ (g) ʚ ʤʝʨʟʣʦʤ ʧʝʩʢʝ ʠ ʣʴʜʫ; tʚʝʨʭ ʠ tʥʠʞʥ ï ʚʨʝʤʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ ʦʪ 
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ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮ ʣʴʜʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, tʚʝʨʭ = 2h1/0,15; tʥʠʞʥ = tʚʝʨʭ + 

2h2/0,168.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ, ʠʟʣʫʯʘʝʤʦʛʦ ʛʝʦʨʘʜʘʨʦʤ, ʨʘʚʥʘ ˍ̐, 

ʪʦʛʜʘ [176] ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʳ, ʦʪʨʘʞʝʥʥʦʡ ʦʪ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʣʴʜʘ, ʙʫʜʝʪ ʨʘʚʥʘ:  

ὃ̃ ̖̆̑ὃ̐ ϽὙ ϽὩ , ʛʜʝ Ὑ πȟπυυ ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʪʨʘʞʝʥʠʷ ʦʪ ʛʨʘʥʠʮʳ çʤʝʨʟʣʳʡ ʧʝʩʦʢ ï ʣʸʜè, g ï ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʟʘʪʫʭʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʤʝʨʟʣʦʤ 

ʧʝʩʢʝ, Ὤ ï ʪʦʣʱʠʥʘ ʤʝʨʟʣʦʛʦ ʧʝʩʢʘ. 

ɸʤʧʣʠʪʫʜʘ ʚʦʣʥʳ, ʦʪʨʘʞʝʥʥʦʡ ʦʪ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ, ʙʫʜʝʪ ʨʘʚʥʘ:  

 ὃ̎ ̉̇̎ ὃ̐ ϽὝ ϽὝ ϽὙ ϽὩ ϽὩ , (3.1) 

ʛʜʝ Ὕ , Ὕ  - ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʣʴʜʘ, Ὤ2 ï ʪʦʣʱʠʥʘ 

ʣʴʜʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʣʴʜʘ ʤʝʥʴʰʝ ʥʫʣʷ (Ὑ

Ὑ  πȢπυυ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʘʟʳ ʩʠʛʥʘʣʘ.  

ʉ ʫʯʝʪʦʤ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʜʝʣʴ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʪʨʘʩʩʳ, 

ʧʦʣʫʯʘʝʤʦʡ ʧʨʠ ʟʦʥʜʠʨʦʚʘʥʠʠ ʤʘʩʩʠʚʘ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʩʦʜʝʨʞʘʱʝʛʦ 

ʧʣʘʩʪʦʚʳʡ ʣʸʜ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 

ίὸ Ὗὸ πȟπυυ̱̐Ὡ Ὗὸ ὸ πȟπυυὃ̐Ὡ Ὗὸ ὸ ὲὸ (3.2)    

ɺʝʣʠʯʠʥʘ ʘʤʧʣʠʪʫʜʳ ɸʧ ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʟʘʚʠʩʠʪ, ʢʘʢ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʘʧʧʘʨʘʪʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʦʨʘʜʘʨʘ, ʪʘʢ ʠ ʦʪ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʥʘ ʢʦʪʦʨʫʶ ʫʩʪʘʥʦʚʣʝʥ ʛʝʦʨʘʜʘʨ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʘʥʘʣʠʟʝ, ʦʙʨʘʙʦʪʢʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ 

ʟʥʘʯʝʥʠʷ ɸʚʝʨʭ ʠ ɸʥʠʞʥ. ʆʜʥʘʢʦ ʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʚʝʣʠʯʠʥ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʘʤʧʣʠʪʫʜʳ 

ɸʧ: 

̎̉̇̎

̖̃̆̑

Ͻ̐ Ͻ Ͻ Ͻ Ͻ

Ͻ̐ Ͻ
ρ Ὑ Ὡ                   (3.3) 

ɼʣʷ ʯʠʩʪʦʛʦ ʣʴʜʘ ʫʜʝʣʴʥʦʝ ʟʘʪʫʭʘʥʠʝ g2=0,3 ʜɹ/ʤ, ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ V2=0,168 ʤ/ʥʩ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʬʦʨʤʫʣʫ (3.2) 

ʠʩʭʦʜʷ ʠʟ Ὤ
Ў

:  
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̎̉̇̎

̖̃̆̑
ρ πȢπυυὩ

ЎϽ

πȢωωὩ ϽȢϽȢ Ў πȢωυЎ,                (3.4) 

ʛʜʝ æt ï ʜʚʦʡʥʦʝ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʚ ʧʣʘʩʪʦʚʦʤ ʣʴʜʫ. 

ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʠʩʪʦʯʥʠʢʘʤ [176, 177] ʫʜʝʣʴʥʦʝ ʟʘʪʫʭʘʥʠʝ ʚ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʣʴʜʘʭ ʥʘ ʯʘʩʪʦʪʘʭ ʦʢʦʣʦ 1 ɻɻʮ ʙʦʣʴʰʝ 0,3 ʜɹ/ʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜʥʳʭ ʟʥʘʯʝʥʠʡ ʩʠʛʥʘʣʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʧʨʘʢʪʠʢʝ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʤʝʥʴʰʝ ʯʝʤ 0.95æt
. 

ʇʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʫʜʦʙʥʝʝ ʧʨʦʚʝʨʷʪʴ, 

ʚʭʦʜʠʪ ʣʠ ʚ ʜʠʘʧʘʟʦʥ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʣʴʜʘ ʚʝʣʠʯʠʥʘ ʟʘʪʫʭʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʚʦʣʥ g2, ʦʧʨʝʜʝʣʷʝʤʘʷ, ʢʘʢ:  

ςπὰὫ̎̉̇̎

̖̃̆̑
ςπὰὫὃ̐ ϽὝ ϽὝ ϽὙ ϽὩ ϽὩ ςπὰὫὃ̐ ϽὙ ϽὩ       (3.5) 

ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʧʨʦʭʦʞʜʝʥʠʷ:  

Ὕ ρ Ὑ , 

Ὕ ρ Ὑ . 

ʇʨʝʦʙʨʘʟʫʷ ʚʳʨʘʞʝʥʠʝ (3.5), ʩ ʫʯʝʪʦʤ, ʯʪʦ ρ Ὑ ρ Ὑ  ρ Ὑ , 

ʧʦʣʫʯʠʤ: 

ςπὰὫ̎̉̇̎

̖̃̆̑
ςπὰὫὃ̐ ςπὰὫρ Ὑ ςπὰὫὙ ςπὰὫὩ

ςπὰὫὩ ςπὰὫὃ̐ ςπὰὫὙ ςπὰὫὩ                             (3.6) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʨʝʜʳ 1 ʠ 3 ʦʜʠʥʘʢʦʚʳʝ, ʪʦ ʧʦʩʣʝ ʧʨʠʚʝʜʝʥʠʷ ʧʦʜʦʙʥʳʭ 

ʯʣʝʥʦʚ ʚ ʚʳʨʘʞʝʥʠʠ (3.3), ʧʦʣʫʯʠʤ: 

ςπὰὫ̎̉̇̎

̖̃̆̑
ςπὰὫρ Ὑ ςπὰὫὩ                     (3.7) 

ʀʟ ʚʳʨʘʞʝʥʠʷ (3.7), ʥʘʭʦʜʠʤ ʫʜʝʣʴʥʦʝ ʟʘʪʫʭʘʥʠʝ:  

ςπὰὫὩϽ ς‎Ὤ ςπὰὫρ Ὑ ςπὰὫ̎̉̇̎

̖̃̆̑
  

ςπὰὫὩϽς‎Ὤ ςπὰὫ
ȟ ̖̃̆̑

̎̉̇̎
  

ς‎Ὤ ςπὰὫ
ȟ ̖̃̆̑

̎̉̇̎
ςπὰὫὩ  

ʆʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʫʜʝʣʴʥʦʛʦ ʟʘʪʫʭʘʥʠʷ ʚ ʜʝʮʠʙʝʣʘʭ: 
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‎

ȟ ̖̃̆̑

̎̉̇̎

ȟ ȟ Ў
ÌÎ

ȟ ̖̃̆̑

̎̉̇̎
ȟ                            (3.8) 

ʛʜʝ Ὤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ Ὤ
Ў

. 

ɺ ʤʦʜʝʣʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʪʨʘʩʩʳ ʧʦʤʝʭʠ n(t) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʢʨʘʪʥʳʝ ʠ ʜʠʬʨʘʛʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ, ʠʤʝʶʱʠʝ ʪʘʢʫʶ ʞʝ ʬʦʨʤʫ, ʢʘʢ ʠ ʧʦʣʝʟʥʳʝ 

ʩʠʛʥʘʣʳ. ɺ ʩʨʝʜʥʝʤ ʌʫʨʴʝ-ʩʧʝʢʪʨ ʧʦʜʦʙʥʳʭ ʧʦʤʝʭ ʩʦʚʧʘʜʘʝʪ ʩ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤ 

ʦʜʠʥʦʯʥʦʛʦ ʩʠʛʥʘʣʘ, ʠ ʵʪʦ ʥʝ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʬʣʫʢʪʫʘʮʠʠ 

ʦʛʠʙʘʶʱʝʡ ʌʫʨʴʝ-ʩʧʝʢʪʨʘ ʚʩʝʡ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʪʨʘʩʩʳ. ʅʘ ʬʦʨʤʫ 

ʦʛʠʙʘʶʱʝʡ ʌʫʨʴʝ-ʩʧʝʢʪʨʘ ʪʨʘʩʩʳ ʪʘʢʞʝ ʚʣʠʷʝʪ ʪʦʣʱʠʥʘ ʣʴʜʘ, ʚʳʨʘʞʝʥʥʘʷ ʚ ʚʠʜʝ 

ʜʚʦʡʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ȹt. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʣʸʜ 

ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʛʨʝʙʝʥʯʘʪʦʛʦ ʨʝʞʝʢʪʦʨʥʦʛʦ ʬʠʣʴʪʨʘ ʜʣʷ ʯʘʩʪʦʪ k/ȹt (ʛʜʝ k = 

0, 1, 2, ...), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ çʠʟʨʝʟʘʥʥʦʡè ʬʦʨʤʝ ʩʧʝʢʪʨʘ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʦʤʝʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʪʨʘʩʩʳ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʝ ʧʨʠʟʥʘʢʠ: 1) ʩʤʝʥʘ ʬʘʟʳ ʩʠʛʥʘʣʘ ʦʪ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʣʴʜʘ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʛʥʘʣʦʤ ʦʪ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ; 2) ʦʪʥʦʰʝʥʠʝ ɸʥʠʞʥ/ɸʚʝʨʭ ʜʦʣʞʥʦ ʙʳʪʴ 

ʤʝʥʴʰʝ 0.95æt; 3) ʌʫʨʴʝ-ʩʧʝʢʪʨ ʪʨʘʩʩʳ ʠʤʝʝʪ çʠʟʨʝʟʘʥʥʫʶè ʬʦʨʤʫ. ɼʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʘʣʠʯʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ 

ʧʨʦʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʠʟʤʝʨʝʥʠʡ ʤʘʩʩʠʚʘ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʩʦʜʝʨʞʘʱʝʛʦ ʧʣʘʩʪʦʚʳʡ ʣʸʜ. 

çʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʨʭʰʠʨʦʢʦʧʦʣʦʩʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʤʧʫʣʴʩʦʚ ʚ ʤʘʩʩʠʚʝ ʤʝʨʟʣʳʭ ʧʦʨʦʜ ʩ ʧʣʘʩʪʦʚʳʤ ʣʴʜʦʤ 

ʧʨʦʚʝʜʝʥʦ ʚ ʩʠʩʪʝʤʝ gprMaxè [214]. çɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ (ʨʠʩʫʥʦʢ 3.6ʘ) 

ʩʦʩʪʦʠʪ ʠʟ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʸʨʟʣʳʤ ʧʝʩʢʦʤ (1 ʤ * 1,3 ʤ) ʩ 

ʚʢʣʶʯʝʥʠʝʤ ʣʴʜʘ ʪʦʣʱʠʥʦʡ h=0,29 ʤ, ʜʣʠʥʦʡ L=0,5 ʤ, ʥʘ ʛʣʫʙʠʥʝ H=0,5 ʤ. 

ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʦʚ ʤʦʜʝʣʠ ʟʘʜʘʥʳ ʚ ʚʠʜʝ ʚʝʱʝʩʪʚʝʥʥʦʡ ʯʘʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ů'), ʤʝʨʟʣʳʡ ʧʝʩʦʢ ï 

Ů'=4, ʣʸʜ ï Ů'=3,2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʛʝʦʨʘʜʘʨʘ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʦʡ 

fʮ=1200 ʄɻʮ. ʇʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʘʷ 

ʨʘʜʘʨʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.6ʙè [39]. 
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ʅʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʪʨʘʩʩʘʭ ʩ 10 ʧʦ 30-ʶ ʪʦʯʝʢ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʩʠʛʥʘʣʘ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ (ʣʸʜ - 

ʤʝʨʟʣʳʡ ʧʝʩʦʢ), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʛʥʘʣʦʤ ʦʪ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʣʴʜʘ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʫ ʪʨʝʪʴʝʛʦ ʩʣʘʛʘʝʤʦʛʦ ʚ ʬʦʨʤʫʣʝ 3.2 

ʠ ʥʘ ʨʘʜʘʨʦʛʨʘʤʤʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʦʢʨʘʩʢʠ ʩ ʯʝʨʥʦ-ʙʝʣʦ-ʯʝʨʥʦʡ ʥʘ ʙʝʣʦ-

ʯʝʨʥʦ-ʙʝʣʫʶ (ʨʠʩʫʥʦʢ 3.6ʙ). ʆʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ, ʦʪʨʘʞʝʥʥʳʭ ʦʪ 

ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮ, ʨʘʩʩʯʠʪʘʥʦ ʜʣʷ ʪʨʘʩʩʳ, ʧʦʣʫʯʝʥʥʦʡ ʚ 20-ʡ ʪʦʯʢʝ 

ʟʦʥʜʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 3.6ʚ) ɸʥʠʞʥ/ɸʚʝʨʭ=68/84=0,8. ʇʨʦʚʝʨʠʤ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ 

ɸʥʠʞʥ/ɸʚʝʨʭ<0.95æt: æt=tʥʠʞʥïtʚʝʨʭ=10,15-6,7=3,45 ʥʩ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 0.953,45=0,84> 

ɸʥʠʞʥ/ɸʚʝʨʭ. 

 

ʈʠʩʫʥʦʢ 3.6 ï ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ h=0.29 ʤ ʜʣʷ ɸɹ-1200: 

ʘ) ʤʦʜʝʣʴ ʤʘʩʩʠʚʘ ʤʸʨʟʣʳʭ ʧʦʨʦʜ (ʄʇ) ʩ ʚʢʣʶʯʝʥʠʝʤ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ (ʇʃ); 

ʙ) ʨʘʜʘʨʦʛʨʘʤʤʘ; ʚ) ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘʷ ʪʨʘʩʩʘ 

ʅʘ ʨʠʩʫʥʢʝ 3.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʌʫʨʴʝ-ʩʧʝʢʪʨʳ ʪʨʘʩʩ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʫʯʘʩʪʢʘʭ 

ʩ ʧʣʘʩʪʦʚʳʤ ʣʴʜʦʤ (ʨʠʩʫʥʦʢ 3.7ʘ) ʠ ʙʝʟ ʥʝʛʦ (ʨʠʩʫʥʦʢ 3.7ʙ). çʀʟʨʝʟʘʥʥʘʷè ʬʦʨʤʘ 

ʧʝʨʚʦʛʦ ʩʧʝʢʪʨʘ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʣʸʜ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʛʨʝʙʝʥʯʘʪʦʛʦ 

ʨʝʞʝʢʪʦʨʥʦʛʦ ʬʠʣʴʪʨʘ k/ȹt (ʛʜʝ k=0, 1, 2 é) ʜʣʷ ʯʘʩʪʦʪ, ʢʨʘʪʥʳʭ 290 ʄɻʮ. ʊʘʢ ʢʘʢ 

ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ ʚ ʩʧʝʢʪʨʝ ʨʘʚʝʥ 2500 ʄɻʮ, ʪʦ N=2500/290å9. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʧʦʣʝʟʥʳʭ ʩʠʛʥʘʣʦʚ (37 ʪ.ʟ.) ʥʘ ʌʫʨʴʝ-ʩʧʝʢʪʨʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʪʨʘʩʩʳ 

ʥʘʙʣʶʜʘʶʪʩʷ ʥʠʟʢʦʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʩ 1 ʤʘʢʩʠʤʫʤʦʤ. 
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ʈʠʩʫʥʦʢ 3.7 ï ʌʫʨʴʝ-ʩʧʝʢʪʨʳ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʪʨʘʩʩ ʨʘʜʘʨʦʛʨʘʤʤʳ 

ʘ) ʫʯʘʩʪʦʢ ʩ ʧʣʘʩʪʦʚʳʤ ʣʴʜʦʤ; ʙ) ʫʯʘʩʪʦʢ ʙʝʟ ʣʴʜʘ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʥʘ ʨʘʜʘʨʦʛʨʘʤʤʝ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʙʦʪʢʘ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʘʣʛʦʨʠʪʤʫ: 

1. ɺʳʜʝʣʠʪʴ ʥʝʧʨʝʨʳʚʥʳʝ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʦʩʠ ʩʠʥʬʘʟʥʦʩʪʠ ʩʠʛʥʘʣʦʚ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʦʜʥʘ ʧʦʜ ʜʨʫʛʦʡ; 

2. ɺʳʙʨʘʪʴ ʧʘʨʳ ʦʩʝʡ ʩʠʥʬʘʟʥʦʩʪʠ, ʫ ʢʦʪʦʨʳʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʬʘʟʳ 

ʩʠʛʥʘʣʦʚ; 

3. ɼʣʷ ʢʘʞʜʦʡ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʪʨʘʩʩʳ ʨʘʜʘʨʦʛʨʘʤʤʳ:  

- ʧʨʦʠʟʚʝʩʪʠ ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ; 

- ʨʘʩʩʯʠʪʘʪʴ ʤʦʜʫʣʴ ʨʝʟʫʣʴʪʘʪʘ ʧ.1 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʌʫʨʴʝ-ʩʧʝʢʪʨʘ; 

- ʧʦʜʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʌʫʨʴʝ-ʩʧʝʢʪʨʘ ʚ 

ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ. 

4. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ ʢʦʣʠʯʝʩʪʚʘ ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʜʣʷ ʚʩʝʭ ʪʨʘʩʩ; 

5. ʅʘ ʛʨʘʬʠʢʝ ʚʳʙʨʘʪʴ ʫʯʘʩʪʢʠ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʨʸʭ ʠ 

ʙʦʣʝʝ ʪʦʯʝʢ; 

6. ɼʣʷ ʪʨʘʩʩ, ʚʭʦʜʷʱʠʭ ʚ ʚʳʙʨʘʥʥʳʝ ʫʯʘʩʪʢʠ ʠ ʦʩʠ ʩʠʥʬʘʟʥʦʩʪʠ: 

- ʦʧʨʝʜʝʣʠʪʴ ʘʤʧʣʠʪʫʜʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʦʪ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʦʩʝʡ 

ʩʠʥʬʘʟʥʦʩʪʠ ʠ ʨʘʩʩʯʠʪʘʪʴ ʠʭ ʦʪʥʦʰʝʥʠʝ; 

- ʚʳʯʠʩʣʠʪʴ ȹt=tʥʠʞʥ-tʚʝʨʭ; 

- ʧʨʦʚʝʨʠʪʴ ɸʥʠʞʥ/ɸʚʝʨʭ < 0,95æt. 

7. ɽʩʣʠ ʩʫʱʝʩʪʚʫʶʪ ʦʩʠ ʩʠʥʬʘʟʥʦʩʪʠ ʜʣʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʠʟ 

ʧ. 2, 5, 6. ʪʦ ʦʪʤʝʪʠʪʴ ʜʘʥʥʫʶ ʛʝʦʨʘʜʘʨʥʫʶ ʬʘʮʠʶ, ʢʘʢ ʧʣʘʩʪʦʚʳʡ ʣʸʜ; 
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8. ʇʨʦʠʟʚʝʩʪʠ ʧʝʨʝʨʘʩʯʝʪ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʦʚ (t) ʚ ʟʥʘʯʝʥʠʷ ʛʣʫʙʠʥʳ 

(h); 

9. ɺʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ, ʦʪʨʘʞʘʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚʳʷʚʣʝʥʥʳʭ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ, ʚ ʚʠʜʝ hʚʝʨʭ/hʥʠʞʥ, ʛʜʝ hʚʝʨʭ, hʥʠʞʥ ï 

ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠʮ ʣʴʜʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʝ 

ʧʦ ʬʦʨʤʫʣʘʤ hʚʝʨʭ =0,15tʚʝʨʭ/2; hʥʠʞʥ = hʚʝʨʭ+0,168ȹt/2; 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʷʚʣʝʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʣʴʜʘ ʧʦ 

çʠʟʨʝʟʘʥʥʦʩʪʠè ʌʫʨʴʝ-ʩʧʝʢʪʨʘ ʧʨʦʚʝʜʝʥʦ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʚʢʣʶʯʝʥʠʝʤ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ. ɼʘʥʥʳʝ 

ʤʦʜʝʣʠ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠʟ ʨʝʯʥʦʛʦ ʣʴʜʘ ʚ ʚʠʜʝ ʜʚʫʭ ʦʙʲʝʢʪʦʚ: ʨʘʟʤʝʨʳ 

ʧʝʨʚʦʛʦ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʩʦʩʪʘʚʠʣʠ 1 ʤ * 0,4 ʤ * 0,73 ʤ (ʨʠʩʫʥʦʢ 3.8ʘ), ʘ ʚʪʦʨʦʛʦ ð 

0,6 ʤ * 0,4 ʤ * 0,29 ʤ (ʨʠʩʫʥʦʢ 3.8ʙ).  

 

ʈʠʩʫʥʦʢ 3.8 ï ʄʦʜʝʣʠ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ:  

ʨʘʟʤʝʨʳ ʘ) 1 ʤ*0,4 ʤ*0,73 ʤ, ʙ) 0,6 ʤ*0,4 ʤ*0,29 ʤ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʜʝʨʝʚʷʥʥʳʡ ʢʦʨʦʙ ʩ 

ʨʘʟʤʝʨʘʤʠ 6 ʤ * 1 ʤ * 1,5 ʤ, ʙʳʣʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʤʝʨʟʣʦʤ ʛʨʫʥʪʝ ʠ ʟʘʧʦʣʥʝʥʘ 

ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʦʡ ʚ ʚʠʜʝ ʤʝʨʟʣʦʛʦ ʧʝʩʢʘ ʤʦʱʥʦʩʪʴʶ 1,25 ʤ (ʨʠʩʫʥʦʢ 3.9ʘ). ɺ 

ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʩʷ ʛʝʦʨʘʜʘʨ çʆʂʆ-2è ʩ ʘʥʪʝʥʥʳʤ ʙʣʦʢʦʤ ɸɹ-

1200, ʨʘʙʦʪʘʶʱʠʤ ʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʦʪʝ 1200 ʄɻʮ [140, 155]. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʝʨʟʣʦʛʦ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭ 

ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʡ ð ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʠ ʟʦʥʜʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 3.9ʙ). 
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ʄʇ ï ʤʸʨʟʣʳʡ ʧʝʩʦʢ, ʇʃ ï ʧʣʘʩʪʦʚʳʡ ʣʸʜ, ɻʈʃ ï ʛʝʦʨʘʜʘʨ 

ʈʠʩʫʥʦʢ 3.9 ï ʉʭʝʤʘ ʤʦʜʝʣʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʚʢʣʶʯʝʥʠʝʤ ʣʴʜʦʚ (ʘ) 

ʠ ʧʨʦʮʝʩʩ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʛʝʦʨʘʜʘʨʦʤ çʆʂʆ-2è (ʙ) 

 

 

 

ʈʠʩʫʥʦʢ 3.10 ï 

ʈʝʟʫʣʴʪʘʪʳ ʦʩʥʦʚʥʳʭ 

ʵʪʘʧʦʚ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʬʠʟʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

ʘ) ʨʘʜʘʨʦʛʨʘʤʤʘ ʩ 

ʚʳʜʝʣʝʥʥʳʤʠ ʦʩʷʤʠ 

ʩʠʥʬʘʟʥʦʩʪʠ ʧʦ ʧʝʨʚʦʤʫ 

ʧʨʠʟʥʘʢʫ; 

ʙ) ʛʨʘʬʠʢ çʠʟʨʝʟʘʥʥʦʩ- 

ʪʠè ʌʫʨʴʝ-ʩʧʝʢʪʨʦʚ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʪʨʘʩʩ, ʩ ʦʪʤʝʯʝʥʥʳʤʠ 

ʫʯʘʩʪʢʘʤʠ ʧʦʚʳʰʝʥʥʳʭ 

ʟʥʘʯʝʥʠʡ N; 

ʚ) ʩʭʝʤʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʨʝʟʘ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳ-

ʤʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷʤʠ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ; 

ʛ) ʨʝʟʫʣʴʪʘʪ 

ʢʘʨʪʠʨʦʚʘʥʠʷ 

ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʧʦ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤʫ 

ʧʨʦʬʠʣʶ ʩ ʫʢʘʟʘʥʠʝʤ 

ʛʣʫʙʠʥʳ ʚʝʨʭʥʝʡ ʠ 

ʥʠʞʥʝʡ ʛʨʘʥʠʮ ʣʴʜʘ 
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ʅʘ ʨʘʜʘʨʦʛʨʘʤʤʝ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʡ (ʨʠʩʫʥʦʢ 3.10ʘ), ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʣʴʜʦʚ ʧʦ 

ʧʨʦʬʠʣʶ ʦʙʦʟʥʘʯʝʥʦ ʙʝʣʳʤʠ ʣʠʥʠʷʤʠ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʤ ʛʨʘʥʠʮʘʤ 

ʣʴʜʦʚ ʦʩʠ ʩʠʥʬʘʟʥʦʩʪʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘ ʜʘʥʥʦʡ 

ʚʦʣʥʦʚʦʡ ʢʘʨʪʠʥʝ. 

ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʦʚ çʠʟʨʝʟʘʥʥʦʩʪʠè ʌʫʨʴʝ-ʩʧʝʢʪʨʘ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʪʨʘʩʩ ʚʩʝʡ ʨʘʜʘʨʦʛʨʘʤʤʳ ʩ ʫʩʨʝʜʥʝʥʠʝʤ ʢʘʞʜʳʭ ʪʨʝʭ ʪʦʯʝʢ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 

3.10ʙ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʧʦʣʦʞʝʥʠʶ ʧʣʘʩʪʦʚʳʭ ʣʴʜʦʚ ʤʘʢʩʠʤʫʤʳ ʠʟʨʝʟʘʥʥʦʩʪʠ 

ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘ ʜʘʥʥʦʤ ʛʨʘʬʠʢʝ. ʅʘʭʦʜʷʱʠʝʩʷ ʚʥʝ ʟʦʥ ʣʴʜʦʚ 

ʦʩʪʘʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʪ ʚʦʣʥ ʧʦʤʝʭ, ʚʢʣʶʯʘʷ ʜʠʬʨʘʛʠʨʦʚʘʥʥʳʝ 

ʦʪʨʘʞʝʥʠʷ ʦʪʦ ʣʴʜʦʚ ʠ ʦʪ ʩʪʝʥʦʢ ʢʦʨʦʙʘ, ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʣʦʢʘʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʦʪʨʘʞʝʥʠʷ ʦʪ ʢʨʦʚʣʠ ʤʝʨʟʣʦʛʦ ʛʨʫʥʪʘ ʠ ʬʨʘʛʤʝʥʪʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ 

ʥʘʨʫʰʝʥʥʦʡ ʦʪʩʳʧʢʠ. 

3.1.3 ʆʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ 

ʢʘʨʪʠʨʦʚʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʚʥʝʜʨʝʥʠʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʪʨʦʝʥʠʷ ʤʘʩʩʠʚʦʚ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ, ʦʩʪʘʝʪʩʷ ʚʳʩʦʢʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ. ʐʪʘʪʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʘ ʪʝʢʫʱʝʤ ʵʪʘʧʝ ʥʝ 

ʦʙʣʘʜʘʶʪ ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʠʥʘʤʠʯʝʩʢʠʭ (ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʳʭ) ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ, ʭʦʪʷ ʠʤʝʥʥʦ 

ʦʥʠ ʥʝʩʫʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʦʝʥʠʠ ʠ ʬʠʟʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ 

ʩʨʝʜʳ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʘʤʧʣʠʪʫʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ. ɺʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ 

ʥʝʨʝʛʫʣʷʨʥʳʭ ʩʠʛʥʘʣʦʚ, ʚʳʩʪʫʧʘʶʱʠʭ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʦʙʨʘʙʦʪʢʠ, ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʥʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʚ ʦʙʨʘʙʦʪʢʝ ʠ 
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ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʩ 

ʧʦʤʦʱʴʶ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ. 

ɺʳʷʚʣʝʥʠʝ ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʟʦʥ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʩʣʦʠʩʪʦʛʦ 

ʩʪʨʦʝʥʠʷ ʤʘʩʩʠʚʘ ʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʩ ʜʘʥʥʳʤʠ ʙʫʨʝʥʠʷ ʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩ ʜʨʫʛʠʤʠ 

ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɸ ʪʘʢʞʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʚʦʣʥʦʚʦʡ ʢʘʨʪʠʥʳ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʦʥʬʠʛʫʨʘʮʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʦʩʝʡ 

ʩʠʥʬʘʟʥʦʩʪʠ, ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʛʥʘʣʦʚ. 

ʇʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʨʘʟʨʝʟʦʚ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ 

ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʷʚʣʷʶʪʩʷ (ʨʠʩʫʥʦʢ 3.11): ʘ) çʭʘʦʪʠʯʥʳʝè ʩʠʛʥʘʣʳ ʥʘ 

ʫʯʘʩʪʢʘʭ ʪʨʝʱʠʥʦʚʘʪʳʭ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ (ʥʘʨʫʰʝʥʥʳʭ ʩʪʨʫʢʪʫʨ); 

ʙ) ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʦʚ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʧʫʩʪʦʪ; 

ʚ) ʨʘʟʨʳʚʳ ʦʩʝʡ ʩʠʥʬʘʟʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʩ ʠʟʤʝʥʝʥʠʝʤ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʦʚ ʚ 

ʟʦʥʘʭ ʧʨʦʩʘʜʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ; ʛ) ʧʦʜʟʝʤʥʳʡ ʧʣʘʩʪʦʚʡr ʣy ʜ (ʨʠʩʫʥʢʝ 3.11ʛ): ʦʩʠ 

ʩʠʥʬʘʟʥʦʩʪʠ ʩʠʛʥʘʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʦʜʥʘ ʧʦʜ ʜʨʫʛʦʡ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʦ 

ʬʘʟʝ ʩʠʛʥʘʣʦʚ; ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜ ʦʪ ʛʨʘʥʠʮ ʣʴʜʘ (ɸʥʠʞʥ/ɸʚʝʨʭ) ʜʦʣʞʥʦ ʙʳʪʴ 

ʤʝʥʴʰʝ 0.95æt, ʛʜʝ æt ï ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ʚʦ ʣʴʜʫ; çʠʟʨʝʟʘʥʥʦʩʪʴè ʌʫʨʴʝ-

ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʦʚ (ʨʘʟʜʝʣ 3.1.2); ʜ) ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʡ ʣy ʜ (ʨʠʩʫʥʢʝ 3.11ʜ): 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʧʨʠʟʥʘʢʘʤ ʧʣʘʩʪʦʚʦʛʦ ʣʴʜʘ ʥʝʦʙʭʦʜʠʤʦ: ʥʘʣʠʯʠʝ ʜʚʫʭ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʦʩʝʡ ʩʠʥʬʘʟʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʜʥʘ ʧʦʜ ʜʨʫʛʦʡ (ʨʠʩʫʥʢʝ 

2.26). 

 

ʈʠʩʫʥʦʢ 3.11 ï ʇʨʠʤʝʨʳ ʨʘʜʘʨʦʛʨʘʤʤ ʫʯʘʩʪʢʦʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 

ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʘ) ʪʨʝʱʠʥʦʚʘʪʳʝ ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ;  

ʙ) ʢʘʨʩʪʦʚʳʝ ʧʫʩʪʦʪʳ; ʚ) ʟʘʧʘʜʝʥʠʝ ʧʣʦʪʠʢʘ;  

ʛ) ʧʣʘʩʪʦʚʳʡ ʣʝʜ; ʜ) ʧʦʣʠʛʦʥʘʣʴʥʦ-ʞʠʣʴʥʳʡ ʣʜy 



 

108 
 

ʈʘʩʯʝʪʥʳʝ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ, ʦʧʳʪ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʟʦʥʜʠʨʦʚʘʥʠʡ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʤʘʩʩʠʚʘ ʤʝʨʟʣʳʭ ʧʦʨʦʜ ʠ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʣʦʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤ ʨʘʟʨʝʟʝ ʟʦʥʘʤʠ ʩ ʭʘʦʪʠʯʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʩʝʡ 

ʩʠʥʬʘʟʥʦʩʪʠ ʩʠʛʥʘʣʦʚ [85, 108, 135]. ʇʦʷʚʣʝʥʠʝ ʧʦʜʦʙʥʳʭ ʩʠʛʥʘʣʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʪʘʢʦʡ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ ʜʠʩʧʝʨʩʠʷ (Dʍ), ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪ ʦʪʢʣʦʥʝʥʠʝ ʘʤʧʣʠʪʫʜ ʩʠʛʥʘʣʦʚ ʦʪ ʩʨʝʜʥʝʛʦ ʦʞʠʜʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ: 

Ὀὼ
В

,                                               (3.9) 

ʛʜʝ Xi ï ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ; 8 ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ; ʢ1éʢn ï 

ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ, n ï ʢʦʣʠʯʝʩʪʚʦ 

ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʦʪʨʘʞʘʶʱʠʭ ʛʨʘʥʠʮ ʧʨʠʚʦʜʠʪ ʢ 

ʨʦʩʪʫ ʜʠʩʧʝʨʩʠʠ ʘʤʧʣʠʪʫʜʥʦ-ʚʨʝʤʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʢʨʫʪʠʟʥʳ ʠʟʤʝʥʝʥʠʷ ʜʠʩʧʝʨʩʠʠ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ 

ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʭʘʦʪʠʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʚ ʨʘʩʯʝʪʥʦʤ ʚʨʝʤʝʥʥʦʤ 

ʦʢʥʝ. ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʘʤʧʣʠʪʫʜ 

ʩʠʛʥʘʣʦʚ ʧʦ ʨʘʟʨʝʟʫ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʪʠʧ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ: 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʛʣʘʞʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʜʠʩʧʝʨʩʠʠ ʦʧʨʝʜʝʣʷʝʪ ʩʣʦʠʩʪʫʶ 

ʥʝʦʜʥʦʨʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʨʫʰʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʣʦʢʘʣʴʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ [205].  

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʜʠʩʧʝʨʩʠʠ ʘʤʧʣʠʪʫʜ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦ 

ʧʨʦʬʠʣʶ (Dx) ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʫʯʘʩʪʢʦʚ ʧʦʨʦʜ ʧʦʚʳʰʝʥʥʦʡ 

ʚʣʘʞʥʦʩʪʠ, ʥʘʨʫʰʝʥʥʳʭ ʠ ʨʘʟʫʧʣʦʪʥʝʥʥʳʭ ʛʨʫʥʪʦʚ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʥʘ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʤ ʨʘʟʨʝʟʝ ʚ ʚʠʜʝ ʟʦʥ ʩ ʭʘʦʪʠʯʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʚʩrʦʢʦʘʤʧʣʠʪʫʜʥʳʭ ʦʪʨʘʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ [109]. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʠ ʟʘʪʫʭʘʥʠʝ ʚ ʩʨʝʜʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ 

ʧʣʦʱʘʜʠ ʠ ʛʣʫʙʠʥʝ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʮʝʥʢʠ 

ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʪʨʝʙʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʦʢʦʥʥʦʡ 

(ʬʨʘʛʤʝʥʪʘʨʥʦʡ) ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʢʘʞʜʦʡ ʚʳʜʝʣʝʥʥʦʡ ʟʦʥʳ. ʇʦʵʪʦʤʫ ʧʨʦʮʝʜʫʨʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʪʘʢʞʝ ʩ ʨʘʟʜʝʣʝʥʠʝʤ 
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ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʨʘʟʨʝʟʘ ʧʦ ʬʨʘʛʤʝʥʪʘʤ (ʚʨʝʤʝʥʥʳʤ ʦʢʥʘʤ). ʇʨʠ ʵʪʦʤ 

ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʢʘʞʜʦʛʦ ʬʨʘʛʤʝʥʪʘ ʨʘʟʨʝʟʘ ʧʦʜʙʠʨʘʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. ʊʘʢʦʡ 

ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʦʙʝʩʧʝʯʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʢʩʠʤʫʤʘ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʦʪʨʘʞʝʥʥʳʭ ʩʠʛʥʘʣʘʭ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ, ʢʘʢ ʧʦ ʛʣʫʙʠʥʝ, ʪʘʢ ʠ ʧʦ ʧʣʦʱʘʜʠ.  

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʣʠʪʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʘʣʤʘʟʦʥʦʩʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɸʥʘʙʘʨʘ. ɺ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʜʘʥʥʳʤʠ ʙʫʨʝʥʠʷ ʚʳʜʝʣʝʥʳ ʧʦ ʧʣʦʱʘʜʠ ʦʩʥʦʚʥʳʝ ʘʥʦʤʘʣʴʥʳʝ 

ʟʦʥʳ. ʈʝʟʫʣʴʪʘʪʳ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʧʦ ʨʘʜʘʨʦʛʨʘʤʤʝ ʦʜʥʦʛʦ ʠʟ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʧʨʦʬʠʣʝʡ ʫʯʘʩʪʢʘ 405 ʦʙʲʝʢʪʘ çʄʘʷʪ-ɺʦʜʦʨʘʟʜʝʣʴʥʳʡè 

(ʨʠʩʫʥʦʢ 3.12). ɼʣʷ ʙʦʣʴʰʝʡ ʥʘʛʣʷʜʥʦʩʪʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʨʘʟʨʝʟ ʙʳʣ 

ʦʙʨʘʙʦʪʘʥ (ʧʨʦʠʟʚʝʜʝʥʳ ʬʠʣʴʪʨʘʮʠʷ ʠ ʣʠʥʝʡʥʦʝ ʫʩʠʣʝʥʠʝ).  

ʘ) 

 

 

ʙ) 

ʈʠʩʫʥʦʢ 3.12 ï ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʨʘʟʨʝʟ ʫʯʘʩʪʢʘ 405 ʩ ʜʘʥʥʳʤʠ ʙʫʨʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪ 

ʨʘʩʯʝʪʘ ʜʠʩʧʝʨʩʠʠ ʘʤʧʣʠʪʫʜʥʳʭ ʟʥʘʯʝʥʠʡ: 

ʘ) ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʡ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʡ ʨʘʟʨʝʟ; 

ʙ) ʨʘʩʯʝʪ ʜʠʩʧʝʨʩʠʠ ʘʤʧʣʠʪʫʜ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ 

ʅʘ ʦʪʨʝʟʢʝ ʧʨʦʬʠʣʷ ʦʪ 130 ʤ ʜʦ 400 ʤ ʥʘʙʣʶʜʘʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʢʨʘʪʥʳʝ 

ʦʪʨʘʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʷʚʠʣʠʩʴ, ʩʫʜʷ ʧʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ, ʥʘ ʛʨʘʥʠʮʝ ʧʝʩʢʠ-

ʪʨʝʱʠʥʦʚʘʪʳʝ ʜʦʣʦʤʠʪʳ. ʉʪʝʧʝʥʴ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʜʦʣʦʤʠʪʦʚ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ 

ʛʨʘʬʠʢʫ ʜʠʩʧʝʨʩʠʠ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʪʨʝʱʠʥ ʠ ʠʭ ʨʘʟʤʝʨʦʚ. 

ʊʘʢ ʢʘʢ ʠʤʝʥʥʦ ʚ ʥʠʭ ʧʨʦʠʩʭʦʜʷʪ ʧʝʨʝʦʪʨʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʠʩʢʘʞʘʶʱʠʝ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʠ ʟʘʪʨʫʜʥʷʶʱʠʝ ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʶ [97]. ʅʘ 
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ʘʤʧʣʠʪʫʜʫ ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʪʘʢʞʝ ʚʣʠʷʝʪ ʟʘʧʦʣʥʠʪʝʣʴ ʪʨʝʱʠʥ (ʧʝʩʢʠ, ʩʫʛʣʠʥʢʠ ʠ 

ʨʝʜʢʠʝ ʣʠʥʟʳ ʣʴʜʘ).  

ɸʥʘʣʠʟ ʘʤʧʣʠʪʫʜ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʠʣʴʙʝʨʪʘ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʥʘ 

ʨʘʜʘʨʦʛʨʘʤʤʝ ʟʦʥʳ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʭ ʦʪʨʘʞʝʥʠʡ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ. ʇʦʩʣʝ 

ʪʘʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ [118] ʨʘʜʘʨʦʛʨʘʤʤʘ ʜʝʣʠʪʩʷ ʥʘ ʦʙʣʘʩʪʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠ 

ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʩʠʛʥʘʣʘ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʣʥʦʚʦʝ ʧʦʣʝ ʢʦʥʪʨʘʩʪʥʳʤ ʠ ʫʧʨʦʱʘʝʪ 

ʚʳʜʝʣʝʥʠʝ ʘʥʦʤʘʣʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ɼʣʷ 

ʧʨʠʤʝʨʘ ʚʳʜʝʣʝʥʠʷ ʤʛʥʦʚʝʥʥʳʭ ʘʤʧʣʠʪʫʜ ʥʘ ʨʠʩʫʥʢʝ 3.13 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʨʘʟʨʝʟʘ ʧʦ ʧʨʦʬʠʣʶ ˉ7 ʫʯʘʩʪʢʘ 405.  

 

ʈʠʩʫʥʦʢ 3.13 ï ʌʨʘʛʤʝʥʪ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʨʘʟʨʝʟʘ ʧʦ ʧʨʦʬʠʣʶ ˉ7 ʫʯʘʩʪʢʘ 405 ʩ 

ʜʘʥʥʳʤʠ ʙʫʨʝʥʠʷ (ʘ) ʠ ʨʝʟʫʣʴʪʘʪ ʚʳʜʝʣʝʥʠʷ ʦʛʠʙʘʶʱʝʡ ʘʤʧʣʠʪʫʜ (ʙ) 

ʇʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʜʦ ʛʣʫʙʠʥʳ 1,8 ʤ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʧʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʤ ʩʣʦʝʤ, ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʠʣʦʚ (ʨʠʩʫʥʦʢ 3.13ʘ). ʇʦ ʩʢʚʘʞʠʥʝ 

405-2-9,5, ʩ ʛʣʫʙʠʥʳ 1,4 ʤ ʥʘʯʠʥʘʶʪʩʷ ʪʨʝʱʠʥʦʚʘʪʳʝ ʜʦʣʦʤʠʪʳ ï ʥʘ ʚʦʣʥʦʚʦʡ 

ʢʘʨʪʠʥʝ ʦʥʠ ʩʝʙʷ ʥʠʢʘʢ ʥʝ ʧʨʦʷʚʣʷʶʪ ʠ ʜʘʞʝ ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʪʘ ʟʦʥʘ 

ʦʩʪʘʝʪʩʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ, ʙʝʟ ʟʘʤʝʪʥʳʭ ʦʪʨʘʞʝʥʠʡ.   ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʥʘʣʠʯʠʝʤ 

ʘʥʦʤʘʣʠʠ ʥʘ ʦʪʨʝʟʢʝ 290-490 ʤ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʠ 

ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʠʣʴʙʝʨʪʘ ʚʳʜʝʣʷʝʪʩʷ ʢʘʢ ʦʙʣʘʩʪʴ ʩ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ 
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ʩʠʛʥʘʣʦʚ (ʨʠʩʫʥʦʢ 3.13ʙ). ʅʘ ʝʝ ʬʦʥʝ ʜʨʫʛʠʝ ʦʪʨʘʞʝʥʠʷ ʫʞʝ ʥʝ ʩʪʦʣʴ ʢʦʥʪʨʘʩʪʥʳ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʤʝʪʥʳ.   

ʈʝʟʫʣʴʪʘʪʳ ʧʣʦʱʘʜʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʘʩʪʢʘ 405 

ʦʙʲʝʢʪʘ çʄʘʷʪ-ɺʦʜʦʨʘʟʜʝʣʴʥʳʡè ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʥʘ ʨʠʩʫʥʢʝ 3.14. ɼʣʷ ʫʜʦʙʩʪʚʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʨʘʟʨʝʟʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʨʝʭʤʝʨʥʦʤ ʚʠʜʝ, 

ʛʜʝ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ 2 ʫʯʘʩʪʢʘ ʘʥʦʤʘʣʠʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʧʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ, ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʩʠʛʥʘʣʦʚ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʥʳʭ ʧʦ ʨʘʩʯʝʪʫ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ 

ʧʨʦʬʠʣʶ (ʨʠʩʫʥʦʢ 3.14) [152]. 

 

ʈʠʩʫʥʦʢ 3.14 ï ɻʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʧʨʦʬʠʣʠ ʩ ʚʳʜʝʣʝʥʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ: 

ʘ) ʧʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ; ʙ) ʧʦ ʜʠʥʘʤʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ 

ɺ ʧʨʦʮʝʩʩʝ ʦʧʳʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ ʥʘ ʫʯʘʩʪʢʝ ʧʨʠʠʩʢʘ çʄʘʷʪè 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʘʥʦʤʘʣʠʡ 

ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʢʨʠʦʣʠʪʦʟʦʥʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ: ʦʙʣʘʩʪʠ ʭʘʦʪʠʯʥʳʭ, 

ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʭ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʧʦʥʠʞʝʥʥʳʭ 

ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘʜ ʩʪʨʫʢʪʫʨʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ 

ʟʦʥʘʤʠ, ʧʨʠʫʨʦʯʝʥʥʳʤʠ ʢ ʣʦʢʘʣʴʥʳʤ ʵʨʦʟʠʦʥʥʦ-ʢʘʨʩʪʦʚʳʤ ʜʝʧʨʝʩʩʠʷʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʨʘʜʠʦʣʦʢʘʮʠʠ ʭʦʨʦʰʦ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʜʘʥʥʳʤʠ 

ʩʢʚʘʞʠʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ. 


