
 ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 

ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʄʆʉʂʆɺʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊ 

ɻɽʆɼɽɿʀʀ ʀ ʂɸʈʊʆɻʈɸʌʀʀè 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

ɹʣʷʭʘʨʩʢʠʡ ɼʤʠʪʨʠʡ ʇʝʪʨʦʚʠʯ 

 

 

ʄɽʊʆɼʀʂɸ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʃɽɼʅʀʂʆɺʓʍ 

ʇʆɺɽʈʍʅʆʉʊɽʁ  

ʇʆ ɼɸʅʅʓʄ ɹɽʉʇʀʃʆʊʅʆʁ ɸʕʈʆʌʆʊʆʉʒɽʄʂʀ 

 

 

25.00.34 ï ɸʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɿʝʤʣʠ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʡ ʥʘʫʢ 

ʌʣʦʨʠʥʩʢʠʡ ʀʛʦʨʴ ɺʘʩʠʣʴʝʚʠʯ 

 

 

ʄʦʩʢʚʘ ï 2021 



2 

ʉʦʜʝʨʞʘʥʠʝ 

ʆʙʦʟʥʘʯʝʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʷ .................................................................................... 6 

ɺɺɽɼɽʅʀɽ .............................................................................................................. 7 

ɻʃɸɺɸ 1 ʄɽɾɼʋʅɸʈʆɼʅʓʁ ʆʇʓʊ ʇʈʀʄɽʅɽʅʀʗ ʎʀʌʈʆɺʆɻʆ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʈɽʃʔɽʌɸ, ɹɽʉʇʀʃʆʊʅʆʁ ɸʕʈʆʌʆʊʆʉʒɽʄʂʀ 

ʀ ɻɽʆʄʆʈʌʆʄɽʊʈʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɺ 

ɻʃʗʎʀʆʃʆɻʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʗʍ ................................................ 15 

1.1 ʃʝʜʥʠʢʠ ʢʘʢ ʦʙʲʝʢʪ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ......................... 15 

1.2 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʎʄʈ ʥʠʟʢʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ 

ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ........................................................... 16 

1.3 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʚʢʣʶʯʘʷ 

ʎʄʈ ʚʳʩʦʢʦʛʦ ʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʚ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ........................................................................................... 24 

1.4 ʎʝʥʪʨʳ ʧʨʦʝʢʮʠʡ ʩʥʠʤʢʦʚ ......................................................................... 31 

1.5 ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ..................................................... 33 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 ............................................................................................. 36 

ɻʃɸɺɸ 2 ɹɽʉʇʀʃʆʊʅɸʗ ɸʕʈʆʌʆʊʆʉʒɽʄʂɸ ʀ 

ʌʆʊʆɻʈɸʄʄɽʊʈʀʏɽʉʂɸʗ ʆɹʈɸɹʆʊʂɸ ɼʃʗ ʎɽʃɽʁ 

ɻɽʆʄʆʈʌʆʄɽʊʈʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ..................................... 37 

2.1 ʎʄʈ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ .................................. 37 

2.2 ɸʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ ...................................................................... 39 

2.2.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹɸʉ ........................................................................... 40 

2.2.2 ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ............................................................................. 41 

2.2.3 ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ................................................................................... 42 

2.3 ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ................................................................... 46 

2.4 ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ..................................................... 51 

2.5 ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ......................................................... 54 



3 

2.6 ʄʝʪʦʜʠʢʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʜʣʷ ʮʝʣʝʡ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ .. 60 

2.6.1 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ................................................................................... 60 

2.6.2 ʂʘʤʝʨʘ ................................................................................................... 61 

2.6.3 ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɸʉ .......................................... 64 

2.6.4 ʂʘʤʝʨʘʣʴʥʳʝ ʨʘʙʦʪʳ ........................................................................... 67 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 ............................................................................................. 69 

ɻʃɸɺɸ 3 ʆʉʆɹɽʅʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɹɸʉ ʅɸ ʃɽɼʅʀʂɸʍ 

ɻʆʈʅʆɻʆ ʀ ʇʆʂʈʆɺʅʆɻʆ ʊʀʇɸ .................................................................. 70 

3.1 ʇʨʝʜʧʦʩʳʣʢʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʧʨʠʤʝʥʝʥʠʷ ɹɸʉ ʚ ʩʣʦʞʥʳʭ 

ʫʩʣʦʚʠʷʭ ʛʦʨʥʦʛʦ ʠ ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ .......................................... 70 

3.2 ʆʩʦʙʝʥʥʦʩʪʠ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɸʉ ʚ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʥʦʛʦ ʠ ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ......................... 71 

3.2.1 ʅʘʟʝʤʥʘʷ ʩʪʘʥʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ ............................................. 73 

3.2.1.1 ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʅʉʋ ..................................... 73 

3.2.1.2 ʉʦʩʪʘʚʣʝʥʠʝ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ .................................................. 74 

3.2.2 ɺʳʙʦʨ ʩʪʘʨʪʦʚʦʡ ʧʣʦʱʘʜʢʠ ................................................................ 75 

3.2.3 ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ɹɸʉ ................................................... 77 

3.2.4 ʇʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʭ ʢʦʤʘʥʜ, ʘʚʪʦʧʠʣʦʪ 

ɹɸʉ ............................................................................................................. 80 

3.2.5 ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠ ̫................................................................................ 84 

3.2.6 ʇʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ .............................. 86 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 ............................................................................................. 88 

ɻʃɸɺɸ 4 ʆʇʈɽɼɽʃɽʅʀɽ ɼʀʅɸʄʀʏɽʉʂʀʍ ɻʃʗʎʀʆʃʆɻʀʏɽʉʂʀʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɻʆʈʅʓʍ ʃɽɼʅʀʂʆɺ 

ɻɽʆʄʆʈʌʆʄɽʊʈʀʏɽʉʂʀʄ ʉʇʆʉʆɹʆʄ .................................................... 89 



4 

4.1 ɻʦʨʥʳʡ ʤʘʩʩʠʚ ʊʘʙʳʥ-ɹʦʛʜʦ-ʆʣʘ (ɿʘʧʘʜʥʘʷ ʄʦʥʛʦʣʠʷ) ....................... 89 

4.2 ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʠ ʛʝʦʜʝʟʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ .................................. 90 

4.2.1 ɸʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ ............................................................... 90 

4.2.2 ɻʝʦʜʝʟʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ .............................. 91 

4.2.3 ʂʘʤʝʨʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʩʲʝʤʢʠ ..................................... 93 

4.2.4 ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʨʘʟʥʦʩʪʠ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʎʄʈ ........................... 97 

4.3 ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ .......................................................... 100 

4.4 ɸʧʨʦʙʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ .......................................................... 102 

4.4.1 ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ .............................................................. 102 

4.4.2 ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ....................................... 102 

4.4.3 ʆʪʩʪʫʧʘʥʠʝ ʷʟʳʢʘ ʣʝʜʥʠʢʘ ................................................................ 105 

4.4.4 ʆʙʲʝʤ ʩʪʘʷʚʰʝʛʦ / ʥʘʢʦʧʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ .................................. 105 

4.4.5 ɻʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʧʠʪʘʥʠʷ ʠ ʬʠʨʥʘ .................................................. 106 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 4 ........................................................................................... 109 

ɻʃɸɺɸ 5 ɻɽʆʄʆʈʌʆʄɽʊʈʀʏɽʉʂʀʁ ʉʇʆʉʆɹ ɺʓʗɺʃɽʅʀʗ 

ʉʂʈʓʊʓʍ ʃɽɼʅʀʂʆɺʓʍ ʊʈɽʑʀʅ ............................................................ 110 

5.1 ɸʥʪʘʨʢʪʠʜʘ ................................................................................................. 110 

5.1.1 ʇʦʣʷʨʥʳʝ ʩʪʘʥʮʠʠ.............................................................................. 110 

5.1.2 ʇʦʢʨʦʚʥʦʝ ʦʣʝʜʝʥʝʥʠʝ ʠ ʣʝʜʥʠʢʦʚʳʝ ʪʨʝʱʠʥʳ ............................. 110 

5.2 62-ʘʷ ʈɸʕ ................................................................................................... 113 

5.2.1 ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ....................................................................... 113 

5.2.2 ɸʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ ............................................................. 114 

5.2.3 ʂʘʤʝʨʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʩʲʝʤʢʠ ................................... 120 



5 

5.2.4 ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʎʄʈ ....................................................................... 125 

5.2.5 ɸʥʘʣʠʟ ʜʚʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ ................................................ 126 

5.3 ɺʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ .............................................. 127 

5.3.1 ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ .......................................................... 128 

5.3.2 ɸʧʨʦʙʘʮʠʷ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ 

ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ ................................................................................ 130 

5.3.3 ɺʝʨʠʬʠʢʘʮʠʷ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʚʳʷʚʣʝʥʠʷ 

ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ ................................................................................ 135 

5.3.3.1 ʊʝʢʩʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ ʍʘʨʘʣʠʢʘ ................................................ 135 

5.3.3.2 ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʚʫʭ ʩʧʦʩʦʙʦʚ ..................................... 139 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 5 ........................................................................................... 145 

ɻʃɸɺɸ 6 ʂɸʊɸʉʊʈʆʌʀʏɽʉʂʆɽ ʇʈʆʉɽɼɸʅʀɽ ʅɸ ʃɽɼʅʀʂɽ ɼʆʃʂ 

(ɺʆʉʊʆʏʅɸʗ ɸʅʊɸʈʂʊʀɼɸ) ........................................................................ 146 

6.1 ʇʨʦʚʘʣʳ ʠ ʣʝʜʥʠʢʠ ................................................................................... 146 

6.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʣʝʜʥʠʢʝ ɼʦʣʢ ............................................................... 146 

6.3 ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʧʨʦʩʝʜʘʥʠʷ .................................... 152 

ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 6 ........................................................................................... 155 

ɿɸʂʃʖʏɽʅʀɽ ................................................................................................... 156 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ ................................................................................... 157 

ʇʈʀʃʆɾɽʅʀɽ 1 ................................................................................................ 181 

ʇʈʀʃʆɾɽʅʀɽ 2 ................................................................................................ 190 

 



6 

ʆʙʦʟʥʘʯʝʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʷ 

ɹɸʉ ʙʝʩʧʠʣʦʪʥʘʷ ʘʚʠʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ɺʇʇ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʘʷ ʧʦʣʦʩʘ 

ɻʅʉʉ ʛʣʦʙʘʣʴʥʳʝ ʥʘʚʠʛʘʮʠʦʥʥʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʩʠʩʪʝʤʳ 

ɼɼɿ ʜʘʥʥʳʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʂʄʆʇ ʂʦʤʧʣʝʤʝʥʪʘʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʣ ï ʦʢʩʠʜ ï 

ʧʦʣʫʧʨʦʚʦʜʥʠʢ 

ʂʎʇ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʧʨʦʝʢʮʠʠ 

ʅʉʋ ʥʘʟʝʤʥʘʷ ʩʪʘʥʮʠʷ ʫʧʨʘʚʣʝʥʠʷ 

ʇɺʇ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ ʧʦʜʛʦʪʦʚʢʘ 

ʈɸʕ ʈʦʩʩʠʡʩʢʘʷ ʘʥʪʘʨʢʪʠʯʝʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷ 

ʉɻʇ ʩʘʥʥʦ-ʛʫʩʝʥʠʯʥʳʡ ʧʦʭʦʜ 

ʎʄʇ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʎʄʈ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ 

ASTER Advanced Spaceborne Thermal Emission and Reflection 

ITRS International Terrestrial Reference System 

SRTM Shuttle Radar Topography Mission 

ʉɸ ʚʦʜʦʩʙʦʨʥʘʷ ʧʣʦʱʘʜʴ 

G ʋʢʣʦʥ 

kh ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ 

kmax ʤʘʢʩʠʤʘʣʴʥʘ ʢʨʠʚʠʟʥʘ 

kmin ʤʠʥʠʤʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ 

kv  ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʆʙʣʘʩʪʠ ʧʦʢʨʦʚʥʦʛʦ ʠ ʛʦʨʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʝ 

ʚʥʠʤʘʥʠʷ ʥʘʫʢ ʦ ɿʝʤʣʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʷʜʦʤ ʥʘʫʯʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʧʦʣʠʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʛʦʩʫʜʘʨʩʪʚʘ 

ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ ɸʨʢʪʠʢʠ ï ʟʦʥʳ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 

ʠʥʪʝʨʝʩʦʚ ʈʦʩʩʠʠ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʛʝʦʧʦʣʠʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʠʩʫʪʩʪʚʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ɸʥʪʘʨʢʪʠʯʝʩʢʦʤ ʨʝʛʠʦʥʝ. 

ʉʝʨʴʝʟʥʳʤ ʧʦʣʠʪʠʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʫʧ ʢ ʠʩʪʦʯʥʠʢʘʤ 

ʧʨʝʩʥʦʡ ʚʦʜʳ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʶʪʩʷ ʛʦʨʥʳʝ ʣʝʜʥʠʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʙʣʘʩʪʠ ʧʦʢʨʦʚʥʦʛʦ ʠ ʛʦʨʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʦʢʘʟʳʚʘʶʪ 

ʩʫɦ ʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʘ ʛʣʦʙʘʣʴʥʦʤ ʫʨʦʚʥʝ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʠʥʘʤʠʢʘ ʛʦʨʥʳʭ ʣʝʜʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʢʦʩʚʝʥʥʳʤ 

ʠʥʜʠʢʘʪʦʨʦʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ʂ ʪʦʤʫ ʞʝ, ʣʝʜʥʠʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʜʚʠʞʝʥʠʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʛʝʦʤʝʪʨʠʠ ʣʝʜʥʠʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʤʝʜʣʝʥʥʳʤʠ, ʪʘʢ ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʦʚ ʦʙʨʘʟʫʶʪʩʷ ʪʨʝʱʠʥʳ ʠ ʧʨʦʚʘʣʳ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʅʝʢʦʪʦʨʳʝ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʛʦʨʥʳʭ ʣʝʜʥʠʢʘʭ (ʧʨʦʨʳʚʳ ʣʝʜʥʠʢʦʚʳʭ ʦʟʝʨ, 

ʣʝʜʥʠʢʦʚʳʝ ʦʧʦʣʟʥʠ) ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʚ 

ʧʨʠʣʝʛʘʶʱʠʭ ʥʘʩʝʣʝʥʥʳʭ ʜʦʣʠʥʘʭ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʫʘʣʝʥ ʦʧʝʨʘʪʠʚʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʠ ʙʝʟʦʧʘʩʥʦʝ ʠʟʫʯʝʥʠʝ ʣʝʜʥʠʢʦʚ. 

ɺ ʧʦʩʣʝʜʥʝʡ ʯʝʪʚʝʨʪʠ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʧʨʦʠʟʦʰʣʦ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʠʟʤʝʥʝʥʠʝ ʧʦʜʭʦʜʦʚ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʣʝʜʥʠʢʘʤʠ: ʦʪ ʧʨʷʤʳʭ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʢ 

ʜʠʩʪʘʥʮʠʦʥʥʦʤʫ ʟʦʥʜʠʨʦʚʘʥʠʶ. ʇʦʩʣʝʜʥʠʝ 15 ʣʝʪ ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚʩʝ ʯʘʱʝ 

ʧʨʠʤʝʥʷʶʪ ʙʝʩʧʠʣʦʪʥʳʝ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʩʠʩʪʝʤʳ (ɹɸʉ). ʕʪʦ 

ʧʦʪʨʝʙʦʚʘʣʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʘʧʧʘʨʘʪʥʦʡ ʙʘʟʳ 

ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʟʫʯʝʥʠʶ 
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ʣʝʜʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦ ʮʠʬʨʦʚʳʤ 

ʤʦʜʝʣʷʤ ʨʝʣʴʝʬʘ (ʎʄʈ) ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʠ ʜʝʮʠʤʝʪʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ 

ʇʨʠʤʝʥʝʥʠʝ ʎʄʈ ʠ ʤʝʪʦʜʦʚ ʛʝʦʤʦʨʬʦʤʝʪʨʠʠ ʚ ʛʣʷʮʠʦʣʦʛʠʠ ʥʘʯʘʣʦʩʴ 

ʚ 1990-ʝ ʛʛ. ɺ 1993 ʛ. ʀ.ɸ. ʉʫʝʪʦʚʘ ʠ ʉ.ɺ. ʏʠʩʪʦʚ [39] ʩʦʟʜʘʣʠ ʧʦ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʎʄʈ ʬʨʘʛʤʝʥʪʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɸʥʪʘʨʢʪʠʜʳ. ɺ 1997 ʛ. ɹ. ʕʪʮʝʣʴʤʶʣʣʝʨ ʠ ɼʞ.ʃ. ʉʦʣʣʠʜ [85] 

ʚʚʝʣʠ ʧʦʥʷʪʠʝ çʣʝʜʥʠʢʦʚʦʡ ʛʝʦʤʦʨʬʦʤʝʪʨʠʠè ʠ ʩʦʩʪʘʚʠʣʠ ʧʦ 

ʨʘʟʥʦʚʨʝʤʝʥʥʳʤ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʤ ʩʝʨʠʶ ʎʄʈ ʥʝʩʢʦʣʴʢʠʭ ʣʝʜʥʠʢʦʚ 

ʐʧʠʮʙʝʨʛʝʥʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚ ʛʣʷʮʠʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʎʄʈ 

ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʣʝʜʥʠʢʦʚ, ʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚʩʝʡ 

ɸʥʪʘʨʢʪʠʜʳ ʠ ɻʨʝʥʣʘʥʜʠʠ. 

ʎʄʈ ʣʝʜʥʠʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʦʟʜʘʶʪ ʧʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤ ʢʘʨʪʘʤ, 

ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦ- ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ, ʥʘʟʝʤʥʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʠ 

ʣʠʜʘʨʥʳʭ ʩʲʝʤʦʢ ʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʮʝʥʢʠ ʠ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʣʝʜʥʠʢʦʚ ʠ 

ʩʥʝʞʥʠʢʦʚ, ʠʭ ʦʙʲʝʤʦʚ ʠ ʜʨ. [27, 83, 14, 168, 78, 164, 100, 129, 10, 53, 58, 4, 

102, 116, 37]. 

ɹʝʩʧʠʣʦʪʥʫʶ ʘʵʨʦʬʦʪʦʩʲʝʤʢʫ ʣʝʜʥʠʢʦʚ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʠʣʠ ʚ 2007 ʛ. 

ɸ. ʍʦʜʩʦʥ ʩ ʩʦʘʚʪ. [120]. ʕʪʦʪ ʤʝʪʦʜ ʠ ʧʦʣʫʯʘʝʤʳʝ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ʜʝʪʘʣʴʥʳʝ 

ʎʄʈ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʢʠ ʣʝʜʥʠʢʦʚ, ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ, 

ʠʟʫʯʝʥʠʷ ʣʝʜʥʠʢʦʚʦʡ ʜʨʝʥʘʞʥʦʡ ʩʝʪʠ ʠ ʧʨ. [206, 123, 169, 171, 128, 55, 26]. 

ʅʝʨʝʰʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʣʝʜʥʠʢʦʚ 

ʦʩʪʘʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʧʣʘʥʦʚʦ-

ʚʳʩʦʪʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ (ʦʪʩʫʪʩʪʚʠʝ ʥʘʟʝʤʥʳʭ ʦʧʦʨʥʳʭ ʪʦʯʝʢ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ʦʧʘʩʥʦʩʪʴ ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ) ʠ ʥʝʧʨʝʨʳʚʥʳʤ ʜʚʠʞʝʥʠʝʤ ʣʝʜʥʠʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʈʝʰʝʥʠʝʤ ʤʦʞʝʪ ʩʪʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʠ ʩʥʠʤʢʦʚ [71, 194] ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 
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ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʦʛʦ ʠ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʚ ʨʘʟʚʠʪʠʠ ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʦʚ ʛʝʦʤʦʨʬʦʤʝʪʨʠʠ 

ʦʪʤʝʯʝʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʨʷʜ ʩʚʦʜʥʳʭ ʨʘʙʦʪ ʠ 

ʤʦʥʦʛʨʘʬʠʡ ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ [207, 176, 117, 89, 91]. ʆʜʥʘʢʦ, ʵʪʠ ʜʦʩʪʠʞʝʥʠʷ 

ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʥʘʰʣʠ ʜʦʣʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʤʝʪʦʜʠʢʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʣʝʜʥʠʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦ ʜʘʥʥʳʤ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, 

ʚʢʣʁʯʘʶʱʫʶ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ: ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ, ʢʘʤʝʨʘʣʴʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʮʝʣʝʡ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʠʷ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

ʛʦʨʥʳʭ ʠ ʧʦʢʨʦʚʥʳʭ ʣʝʜʥʠʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʠ ʩʥʠʤʢʦʚ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʜʘʥʥʳʤ ʨʘʟʥʦʚʨʝʤʝʥʥʦʡ 

ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

4. ʈʘʟʨʘʙʦʪʘʪʴ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʚʳʷʚʣʝʥʠʷ 

ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ ʧʦ ʜʘʥʥʳʤ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

5. ɸʧʨʦʙʠʨʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʠ ʠʟʫʯʝʥʠʝ 

ʚʳʩʦʢʦʛʦʨʥʳʭ ʣʝʜʥʠʢʦʚ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʠ ʧʦʢʨʦʚʥʳʭ ʣʝʜʥʠʢʦʚ 

ɸʥʪʘʨʢʪʠʜʳ. 

 

ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʪʁʩʷ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ 
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ʣʝʜʥʠʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʝ ʠ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʣʴʝʬʘ 

ʣʝʜʥʠʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦ ʜʘʥʥʳʤ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɸʚʪʦʨʦʤ ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ, ʚʢʣʶʯʘʶʱʘʷ: 

1) ʄʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʠʷ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʚ ʩʣʦʞʥʳʭ 

ʫʩʣʦʚʠʷʭ ʛʦʨʥʦʛʦ ʠ ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʡ ʩʥʠʤʢʦʚ.  

2) ʄʝʪʦʜʠʢʫ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ 

ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʎʄʈ 

ʣʝʜʥʠʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʙʣʘʜʘʶʱʠʭ ʪʦʯʥʦʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ, 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

3) ʄʝʪʦʜʠʢʫ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʎʄʈ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʯʝʪ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʩʝʨʠʠ 

ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʣʮ̫ʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʳʷʚʣʝʥʠʝ 

ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʨʘʟʚʠʪʠʠ ʪʝʦʨʠʠ 

ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʚ ʢʦʥʪʝʢʩʪʝ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʫʩʣʦʚʠʷʭ ʦʣʝʜʝʥʝʥʠʷ ɸʨʢʪʠʢʠ, ɸʥʪʘʨʢʪʠʢʠ ʠ ʚʳʩʦʢʦʛʦʨʴʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʚ ʆʆʆ çɻʝʦʩʢʘʥè ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʤʦʜʠʬʠʢʘʮʠʡ ʩʝʨʠʡʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʩʠʩʪʝʤ ʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʣʷʨʥʳʭ ʠ ʚʳʩʦʢʦʛʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, 

ʛʣʦʙʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʩʠʩʪʝʤ (ɻʅʉʉ), ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ, 

ʛʝʦʤʦʨʬʦʤʝʪʨʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʠ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ɹɸʉ 

ɻʝʦʩʢʘʥ 101 ɻʝʦʜʝʟʠʷ ʠ ɻʝʦʩʢʘʥ 201 ɻʝʦʜʝʟʠʷ, ʦʩʥʘʱʝʥʥʳʝ ʧʨʠʝʤʥʠʢʘʤʠ 

ɻʅʉʉ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ Topcon b110 ʠ ʢʘʤʝʨʘʤʠ Sony NEX-5N ʠ Sony 

DSC-RX1. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʠ ʜʣʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʥʘ 

ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʧʨʠʤʝʥʷʣʠʩʴ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʠ Trimble R6-2 Internal, Trimble 

R8 Internal, Javad Prego Lite ʠ Topcon HiPer V. ɼʣʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ 

ʙʝʩʧʠʣʦʪʥʦʡ ʚʠʜʝʦʩʲʝʤʢʠ ʥʘ ʦʜʥʦʤ ʠʟ ʵʪʘʧʦʚ ʙʳʣ ʧʨʠʤʝʥʝʥ ɹɸʉ 

ʤʫʣʴʪʠʨʦʪʦʨʥʦʛʦ ʪʠʧʘ DJI Phantom 4. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Agisoft PhotoScan Professional, ʚʝʨʩʠʠ 1.2.4, 1.2.5 ʠ 

1.3.2. ʆʙʨʘʙʦʪʢʘ ʠʟʤʝʨʝʥʠʡ ʙʦʨʪʦʚʳʭ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʦʚ ʠ ʥʘʟʝʤʥʳʭ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʚʳʧʦʣʥʝʥʦ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ Pinnacle 

1.0, Trimble Business Center 2.0 ʠ Magnet Office Tools 2.8. 

ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʧʨʦʚʝʜʝʥʦ ʚ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ArcMap 10.0, ENVI Classic 2.7, MatLab R2008b, 

LandLord 4.0, QGIS 3.00 ʠ MapInfo Pro 16.0.1. 

 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʠʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʣʝʜʥʠʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦ ʜʘʥʥʳʤ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, 

ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ: 

1. ʄʝʪʦʜʠʢʫ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʜʣʷ ʮʝʣʝʡ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

2. ʄʝʪʦʜʠʢʫ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʛʦʨʥʳʭ ʠ ʧʦʢʨʦʚʥʳʭ 

ʣʝʜʥʠʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʮʝʥʪʨʦʚ 

ʧʨʦʝʢʮʠʠ ʩʥʠʤʢʦʚ. 
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3. ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʛʣ̫ʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʜʘʥʥʳʤ ʨʘʟʥʦʚʨʝʤʝʥʥʦʡ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

4. ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʚʳʷʚʣʝʥʠʷ ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ ʧʦ 

ʜʘʥʥʳʤ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 25.00.34 

çɸʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɿʝʤʣʠ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʷè ʧʦ ʧ. 4 çʊʝʦʨʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʷ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷè. 

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʥʦʚʘʥʘ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʧʦʣʦʞʝʥʠʷʭ: 1) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʦʛʦ ʠ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 2) ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʨʘʟʨʝh ʝʥʠʷ; 3) ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ɻʅʉʉ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ, ʛʝʦʤʦʨʬʦʤʝʪʨʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʠ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ; 4) ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: International symposium on 

glaciology in high-mountain Asia ñIGS-2015ò (Kathmandu, Nepal, 2ï6 ʤʘʨʪʘ 

2015); IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʢʦʩʤʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛè (ɼʶʨʩʦ, 12ï16 ʩʝʥʪ. 2016); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʄʝʞʜʫʥʘʨʦʜʥʳʡ ʛʦʜ ʢʘʨʪ ʚ ʈʦʩʩʠʠ: ʦʙʲʝʜʠʥʷʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ 

ʚʨʝʤʷè (ʄʦʩʢʚʘ, 25ï28 ʦʢʪ. 2016); XVIII ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ (ʅʝʨʶʥʛʨʠ, 30 ʤʘʨʪʘ 

ï 1 ʘʧʨ. 2017); 2-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 
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çɻʝʦʜʝʟʠʷ, ʢʘʨʪʦʛʨʘʬʠʷ, ʛʝʦʠʥʬʦʨʤʘʪʠʢʘ ʠ ʢʘʜʘʩʪʨʳè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 8ï

10 ʥʦʷʙ. 2017); 4th International conference on geographical information systems 

theory, applications and management ñGISTAM 2018ò (Funchal, Portugal, 17ï19 

ʤʘʨʪʘ 2018); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʛʝʦʜʝʟʠʠ, 

ʛʣʷʮʠʦʣʦʛʠʠ, ʛʠʜʨʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʝ ʧʦʣʷʨʥʳʭ ʨʝʛʠʦʥʦʚ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 

17ï19 ʤʘʷ 2018); 5th International conference ñGeomorphometry 2018ò (Boulder, 

CO, USA, 13ï17 ʘʚʛ. 2018); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʎʠʬʨʦʚʘʷ ʛʝʦʛʨʘʬʠʷè (ʇʝʨʤʴ, 16ï18 ʩʝʥʪ. 2020); XVII  ɻʣʷʮʠʦʣʦʛʠʯʝʩʢʠʡ 

ʩʠʤʧʦʟʠʫʤ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 17ï20 ʥʦʷʙ. 2020). 

 

ʃʠʯʥrʡ ʚʢʣʘʜ 

ʉʦʠʩʢʘʪʝʣʴ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʪʨʝʭ ʵʢʩʧʝʜʠʮʠʷʭ ʥʘ ʭʨʝʙʝʪ ʊʘʙʳʥ-

ɹʦʛʜʦ-ʆʣʘ, ʄʦʥʛʦʣʴʩʢʠʡ ɸʣʪʘʡ (ʘʚʛ. 2014, ʠʶʥʴ ʠ ʘʚʛ. 2015), ʘ ʪʘʢʞʝ ʚ 62-ʡ 

ʈʦʩʩʠʡʩʢʦʡ ʘʥʪʘʨʢʪʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ (ʈɸʕ) ʚ ʨʘʡʦʥʝ ʧʦʣʝʚʦʡ ʙʘʟʳ 

ʄʦʣʦʜʝʞʥʘʷ ʠ ʧʦʣʷʨʥʦʡ ʩʪʘʥʮʠʠ ʇʨʦʛʨʝʩʩ (ʜʝʢ. 2016 ï ʤʘʨʪ 2017). 

ʉʦʠʩʢʘʪʝʣʴ ʣʠʯʥʦ ʦʨʛʘʥʠʟʦʚʘʣ ʠ ʧʨʦʚʝʣ ʙʝʩʧʠʣʦʪʥʳʝ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ 

ʨʘʙʦʪʳ ʠ ʠʭ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ ʫʯʘʩʪʚʦʚʘʣ ʚ 

ʛʣʷʮʠʦʛʠʜʨʦʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʨʘʡʦʥʘʭ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ. 

ʉʦʠʩʢʘʪʝʣʴ ʣʠʯʥʦ ʚʳʧʦʣʥʠʣ ʢʘʤʝʨʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʦʚ 

ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʚ ʄʦʥʛʦʣʴʩʢʦʤ ɸʣʪʘʝ ʠ ʨʫʢʦʚʦʜʠʣ 

ʢʘʤʝʨʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʤʘʪʝʨʠʘʣʦʚ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 62-ʡ ʈɸʕ. 

ʉʦʠʩʢʘʪʝʣʴ ʣʠʯʥʦ ʧʨʦʚʝʣ ʙʝʩʧʠʣʦʪʥʳʝ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ 

ɿʘʦʢʩʢʦʤ ʛʝʦʧʦʣʠʛʦʥʝ ʄʀʀɻɸʠʂ ʠ ʚʳʧʦʣʥʠʣ ʢʘʤʝʨʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʦʠʩʢʘʪʝʣʴ ʣʠʯʥʦ ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜʠʢʫ 

ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʛʦʨʥʳʭ ʠ ʧʦʢʨʦʚʥʳʭ ʣʝʜʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ 

ʜʘʥʥʳʤ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. ʉʦʠʩʢʘʪʝʣʴ ʧʨʠʥʷʣ ʢʣʶʯʝʚʦʝ ʫʯʘʩʪʠʝ 

ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʮʝʣʝʡ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʚʳʷʚʣʝʥʠʷ ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ ʧʦ ʜʘʥʥʳʤ 
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ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. ʉʦʠʩʢʘʪʝʣʴ ʣʠʯʥʦ ʧʨʦʚʝʣ 

ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʎʄʈ ʠ ʧʨʠʥʠʤʘʣ 

ʫʯʘʩʪʠʝ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʉʦʠʩʢʘʪʝʣʴ ʷʚʣʷʣʩʷ ʠʩʧʦʣʥʠʪʝʣʝʤ ʧʨʦʝʢʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʈʌʌʀ) ˉ 17-37-50011 

çɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʣʝʜʥʠʢʦʚʦʛʦ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦ 

ʜʘʥʥʳʤ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠè (2017ï2018), ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʥʠʪʝʣʝʤ ʧʨʦʝʢʪʘ ʈʌʌʀ ʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʬʦʥʜʘ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ 

ʂʠʪʘʷ ˉ 20-51-53016 çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʵʚʦʣʶʮʠʠ ʤʠʢʨʦʨʝʣʴʝʬʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʦʚ ʧʦ ʜʘʥʥʳʤ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ (ʥʘ ʧʨʠʤʝʨʝ 

ʨʘʡʦʥʘ ʭʦʣʤʦʚ ʃʘʨʩʝʤʘʥʥ, ɺʦʩʪʦʯʥʘʷ ɸʥʪʘʨʢʪʠʜʘ)è (2020ï2022). 

 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 23 ʨʘʙʦʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ 11 ʩʪʘʪʝʡ ʚ 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ. ʀʟ ʥʠʭ ï 6 ʩʪʘʪʝʡ 

ʚ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʩʠʩʪʝʤʘʭ ʮʠʪʠʨʦʚʘʥʠʷ Web of Science (Science 

Citation Index Expanded) ʠ Scopus. 

 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ʈʘʙʦʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʚʝʜʝʥʠʝ, 6 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʝ, ʩʧʠʩʦʢ 

ʣʠʪʝʨʘʪʫʨʳ (212 ʥʘʠʤʝʥʦʚʘʥʠʡ) ʠ 2 ʧʨʠʣʦʞʝʥʠ.̫ ʆʙʱʠʡ ʦʙʲʝʤ: 192 

ʩʪʨʘʥʠʮ,r ʚʢʣʶʯʘʷ 41 ʨʠʩʫʥʦʢ ʠ 12 ʪʘʙʣʠʮ. 

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɺʳʨʘʞʘʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʜʦʮʝʥʪʫ ʢʘʬʝʜʨʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ 

ʄʀʀɻɸʠʂ ʊ.ʅ. ʉʢʨʠʧʠʮʳʥʦʡ ʟʘ ʦʙʩʫʞʜʝʥʠʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʢʨʠʪʠʢʫ 

ʨʘʙʦʪʳ. ɿʘ ʧʦʤʦʱʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʙʣʘʛʦʜʘʨʶ ɺ.ʄ. ʂʫʨʢʦʚʘ, ʄ.ɺ. ʉʳʨʦʤʷʪʠʥʫ, ʂ.ɺ. ʏʠʩʪʷʢʦʚʘ, ʉ.ɺ. ʇʦʧʦʚʘ, 

ʉ.ʉ. ʇʨʷʭʠʥʘ ʠ ɸ.ɺ. ʄʠʨʘʢʠʥʘ. ʆʪʜʝʣʴʥʦ ʙʣʘʛʦʜʘʨ ʁʢʦʤʧʘʥʠ ʁçɻʝʦʩʢʘʥè ʠ 

ɸ.ɽ. ʉʝʤʝʥʦʚʘ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
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ɻʃɸɺɸ 1 

ʄɽɾɼʋʅɸʈʆɼʅʓʁ ʆʇʓʊ ʇʈʀʄɽʅɽʅʀʗ ʎʀʌʈʆɺʆɻʆ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʈɽʃʔɽʌɸ, ɹɽʉʇʀʃʆʊʅʆʁ 

ɸʕʈʆʌʆʊʆʉʒɽʄʂʀ ʀ ɻɽʆʄʆʈʌʆʄɽʊʈʀʏɽʉʂʆɻʆ 

ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɺ ɻʃʗʎʀʆʃʆɻʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʗʍ 

ɺ ʛʣʘʚʝ ʠʟʣʦʞʝʥʘ ʩʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʧʨʦʙʣʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. Ä 

1.1 ʧʦʩʚʷʱʝʥ ʢʨʘʪʢʦʤʫ ʦʧʠʩʘʥʠʶ ʪʠʧʦʣʦʛʠʠ ʣʝʜʥʠʢʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʶ ʎʄʈ 

ʥʠʟʢʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʩʚʷʱʝʥ 

Ä 1.2. ɺ Ä 1.3 ʜʘʥ ʦʙʟʦʨ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʚʢʣʶʯʘʷ ʎʄʈ ʚʳʩʦʢʦʛʦ ʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʚ 

ʛʣʷʮʠʦʣʦʛʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ Ä 1.4. Ä 1.5 

ʧʦʩʚʷʱʝʥ ʩʦʚʨʝʤʝʥʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

1.1 ʃʝʜʥʠʢʠ ʢʘʢ ʦʙʲʝʢʪ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʃʝʜʥʠʢʠ ï ʫʜʠʚʠʪʝʣʴʥʦʝ ʷʚʣʝʥʠʝ ʧʨʠʨʦʜʳ. 

ʃʝʜʥʠʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʜʚʠʞʝʥʠʠ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʣʝʜ ʥʘ 

ʩʚʦʝʤ ʧʫʪʠ ʧʝʨʝʥʦʩʠʪ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʦʙʨʘʟʫʶʪ ʩʚʦʝʦʙʨʘʟʥʳʝ ʬʦʨʤʳ 

ʣʘʥʜh ʘʬʪʘ: ʤʦʨʝʥʳ, ʙʘʨʘʥʴʠ ʣʙʳ, ʢʘʨʳ, ʜʨʫʤʣʠʥʳ, ʮʠʨʢʠ ʠ ʜʨ. ɽʩʣʠ ʣʝʜʥʠʢʠ 

ʧʝʨʝʩʪʘʶʪ ʜʚʠʛʘʪʴʩʷ, ʦʙʨʘʟʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʤʝʨʪʚʳʡ ʣʝʜ. ʇʨʠ 

ʩʧʦʣʟʘʥʠʠ ʚ ʤʠʨʦʚʦʡ ʦʢʝʘʥ, ʣʝʜʥʠʢʠ ʦʙʨʘʟʫʶʪ ʟʦʥʫ ʪʨʝʱʠʥ ʠ ʨʘʩʢʦʣʘ, ʘ 

ʪʘʢʞʝ ʜʨʝʡʬʫʶɦ ʠʝ ʘʡʩʙʝʨʛʠ. 

ɺ ʣʝʜʥʠʢʘʭ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʛʨʦʤʥʳʝ ʟʘʧʘʩʳ ʧʨʝʩʥʦʡ ʚʦʜʳ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʣʝʜʥʠʢʦʚ ʥʘʢʘʧʣʠʚʘʶʪ ʚʦʜʫ ʚ ʟʠʤʥʠʡ ʩʝʟʦʥ ʠ ʦʪʜʘʶʪ ʝʝ 

ʪʘʣʳʤʠ ʚʦʜʘʤʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʛʦʨʥʳʭ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʣʝʜʥʠʢʠ 

ʷʚʣʷʶʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʨʝʩʥʦʡ ʚʦʜʳ ʜʣʷ ʤʝʩʪʥʳʭ ʞʠʪʝʣʝʡ. 

ʊʘʣʳʝ ʚʦʜʳ ʣʝʜʥʠʢʦʚ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

ʇʦ ʩʧʦʩʦʙʫ ʜʚʠʞʝʥʠʷ ʠ ʬʦʨʤʝ ʣʝʜʥʠʢʠ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ: 

ʧʦʢʨʦʚʥʳʝ (ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ) ʠ ʛʦʨʥʳʝ. ɹʦʣʝʝ 98% ʦʪ ʧʣʦʱʘʜʠ ʚʩʝʛʦ 

ʦʣʝʜʝʥʝʥʠʷ ɿʝʤʣʠ ʟʘʥʠʤʘʶʪ ʧʦʢʨʦʚʥʳʝ ʣʝʜʥʠʢʠ, ʘ ʛʦʨʥʳʝ ʣʝʜʥʠʢʠ ï ʦʢʦʣʦ 
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1,5% [39]. ʄʘʪʝʨʠʢʦʚʳʝ (ʧʦʢʨʦʚʥʳʝ) ʣʝʜʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʣʝʜʥʠʢʦʚʳʝ ʱʠʪʳ ʛʠʛʘʥʪʩʢʠʭ ʨʘʟʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ɸʥʪʘʨʢʪʠʜʝ 

ʠ ʥʘ ʦʩʪʨʦʚʘʭ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ. ʃʝʜʥʠʢʠ ʵʪʦʛʦ ʪʠʧʘ ʠʤʝʶʪ 

ʧʣʦʩʢʦ-ʚʳʧʫʢʣʳʝ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʦʜʣʝʜʥʠʢʦʚʦʛʦ 

ʨʝʣʴʝʬʘ. ʃʝʜʥʠʢʠ ʛʦʨʥʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ, ʥʦ ʨʘʟʥʳʝ 

ʬʦʨʤʳ. ʋ ʚʩʝʭ ʣʝʜʥʠʢʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ ʚʳʨʘʞʝʥʳ ʫʯʘʩʪʢʠ ʧʠʪʘʥʠʷ ʠ ʪʘʷʥʠʷ 

[36, 40]. 

ʃʝʜʥʠʢʠ ʷʚʣʷʶʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤʠ ʠ ʭʦʨʦʰʦ ʥʘʙʣʶʜʘʝʤʳʤʠ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ [25, 123, 134]. ʄʘʩʰʪʘʙʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʦʣʝʜʝʥʝʥʠʷ ʠ ʠʭ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʤʦʛʫʪ 

ʦʙʝʨʥʫʪʴʩʷ ʢʘʪʘʩʪʨʦʬʘʤʠ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʘʩʰʪʘʙʘ. ʇʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ 

ʪʨʝʙʫʝʪ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠ ʚʩʝʦʙʲʝʤʣʶʱʝʛʦ ʧʦʜʭʦʜʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝʤ 

ʩʦʩʪʦʷʥʠʷ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ ɿʝʤʣʠ. 

ʂʣʘʩʩʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʟʘ ʥʘʙʣʶʜʝʥʠʝʤ ʣʝʜʥʠʢʦʚ ʚʢʣʶʯʘʝʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʜʠʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʟ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ, 

ʪʘʢʠʭ ʢʘʢ ʛʣʷʮʠʦʣʦʛʠ, ʛʠʜʨʦʣʦʛʠ, ʤʝʪʝʦʨʦʣʦʛʠ, ʛʝʦʤʦʨʬʦʣʦʛʠ, ʢʘʨʪʦʛʨʘʬʳ ʠ 

ʜʨ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ 

ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʛʣʷʮʠʦʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ/ʧʦʣʷʨʥʳʭ ʩʪʘʥʮʠʡ. 

ʊʘʢʠʝ ʩʪʘʥʮʠʠ ʩʫʱʝʩʪʚʫʶʪ ʥʝ ʚʝʟʜʝ; ʚ ʦʩʥʦʚʥʦʤ ʦʥʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ 

ɸʥʪʘʨʢʪʠʜʝ, ʥʘ ʧʦʙʝʨʝʞʴʝ ʠ ʦʩʪʨʦʚʘʭ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ 

(ɸʨʢʪʠʢʘ), ʘ ʪʘʢʞʝ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʨʘʡʦʥʝ ʢʨʫʧʥʳʭ ʛʦʨʥʳʭ ʩʠʩʪʝʤ. 

ʂʨʫʛʣʦʛʦʜʠʯʥʳʡ ʧʦʣʝʚʦʡ ʤʦʥʠʪʦʨʠʥʛ ʣʝʜʥʠʢʦʚ ʦʛʨʘʥʠʯʝʥ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʢʣʠʤʘʪ, ʧʣʦʭʘʷ ʜʦʩʪʫʧʥʦʩʪʴ, ʥʝʭʚʘʪʢʘ ʨʘʙʦʯʝʡ 

ʩʠʣʳ ʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. ɺ ʧʦʜʦʙʥʦʡ ʩʠʪʫʘʮʠʠ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ 

ɿʝʤʣʠ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʧʦʣʝʚʳʤ ʨʘʙʦʪʘʤ, ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʨʘʩʪʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

 

1.2 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʎʄʈ ʥʠʟʢʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʨʘʟʨʝʰʝʥʠʷ ʚ 

ʛʣ̫ʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ɼʣʷ ʣʝʜʥʠʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʎʄʈ ʥʠʟʢʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʨʘʟʨʝʰʝʥʠʷ 
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ʩʦʟʜʘʶʪʩʷ ʧʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤ ʢʘʨʪʘʤ, ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦ- ʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʲʝʤʦʢ, ʥʘʟʝʤʥʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʣʠʜʘʨʥʳʭ ʩʲʝʤʦʢ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʮʝʥʢʠ ʠ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʣʝʜʥʠʢʦʚ ʠ ʩʥʝʞʥʠʢʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʎʄʈ 

ʷʚʣʷʝʪʩʷ ʥʝ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʜʣʷ ʦʧʠʩʘʥʠʷ ʣʝʜʥʠʢʦʚʦʛʦ ʣʘʥʜʰʘʬʪʘ, ʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʠʣʠ 

ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʠʟʘ ʨʝʣʴʝʬʘ). 

ʇʨʠʤʝʥʝʥʠʝ ʎʄʈ ʠ ʤʝʪʦʜʦʚ ʛʝʦʤʦʨʬʦʤʝʪʨʠʠ ʚ ʛʣʷʮʠʦʣʦʛʠʠ ʥʘʯʘʣʦʩʴ 

ʚ 1990-ʝ ʛʛ. ɺ 1993 ʛ. ʀ.ɸ. ʉʫʝʪʦʚʘ ʠ ʉ.ɺ. ʏʠʩʪʦʚ [39] ʩʦʟʜʘʣʠ ʧʦ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʝ ʎʄʈ ʬʨʘʛʤʝʥʪʘ 

ɸʥʪʘʨʢʪʠʜʳ. ʆʥʠ ʧʨʦʠʟʚʝʣʠ ʨʘʩʯʝʪʳ ʵʢʩʧʦʟʠʮʠʠ ʩʢʣʦʥʦʚ ʠ ʫʢʣʦʥʦʚ 

ʤʝʩʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʣʴʜʘ, ʢʘʢ ʨʘʟʥʦʩʪʠ ʜʚʫʭ 

ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ. ɺ 1997 ʛ. ɹ. ʕʪʮʝʣʴʤʶʣʣʝʨ ʠ ɼʞ.ʃ. ʉʦʣʣʠʜ [85] ʚʚʝʣʠ 

ʧʦʥʷʪʠʝ çʣʝʜʥʠʢʦʚʘʷ ʛʝʦʤʦʨʬʦʤʝʪʨʠʷè ʠ ʩʦʩʪʘʚʠʣʠ ʧʦ ʨʘʟʥʦʚʨʝʤʝʥʥʳʤ 

ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʤ ʩʝʨʠʶ ʎʄʈ ʥʝʩʢʦʣʴʢʠʭ ʣʝʜʥʠʢʦʚ ʐʧʠʮʙʝʨʛʝʥʘ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʚ ʛʣʷʮʠʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʎʄʈ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʣʝʜʥʠʢʦʚ, ʠʭ ʬʨʘʛʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚʩʝʡ ɸʥʪʘʨʢʪʠʜʳ ʠ ɻʨʝʥʣʘʥʜʠʠ. 

ɺ 1997 ʛ. ɼ.ʉ. ʊʨʘʙʘʥʪ ʠ ɼ.ɹ ʍʘʚʢʠʥʩ [191] ʦʧʫʙʣʠʢʦʚʘʣʠ ʨʘʙʦʪʫ, 

ʧʦʩʚʷʱʝʥʥʫʶ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʦʙʲʝʤʫ ʩʥʝʛʘ ʠ ʣʴʜʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ 

ʫʥʠʯʪʦʞʝʥʳ ʠʟʚʝʨʞʝʥʠʝʤ ʚʫʣʢʘʥʘ ʈʝʜʘʣʪ ʥʘ ɸʣʷʩʢʝ. ɼʣʷ ʮʠʬʨʦʚʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʝ ʘʨʭʠʚʥʳʝ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʜʦ (1979) ʠ ʧʦʩʣʝ (1990) ʠʟʚʝʨʞʝʥʠʷ ʚʫʣʢʘʥʘ. 

ɺ 1999 ʛ. ɸ.ɺ. ʇʦʛʦʨʝʣʦʚ [27] ʚʳʧʦʣʥʠʣ ʨʘʩʯʝʪ ʩʥʝʛʦʟʘʧʘʩʦʚ ʚ 

ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʇʰʝʭʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎʄʈ, ʧʦʣʫʯʝʥʥʦʡ ʧʫʪʝʤ 

ʚʝʢʪʦʨʠʟʘʮʠʠ ʨʝʣʴʝʬʘ ʩ ʣʠʩʪʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʤʘʩʰʪʘʙʘ 1:100 000. 

ɺ 2000 ʛ. ɹ. ʕʪʮʝʣʴʤʶʣʣʝʨ ʠ ʍ. ɹʴʦʨʥʩʦʥ [84] ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʘ ʣʝʜʥʠʢʝ ʚ ʀʩʣʘʥʜʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎʄʈ, ʧʦʣʫʯʝʥʥʦʡ ʧʫʪʝʤ 

ʚʝʢʪʦʨʠʟʘʮʠʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ. ʆʩʦʙʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 

ʜʦʧʦʣʥʝʥʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʛʝʦʤʝʪʨʠʶ 

ʣʝʜʥʠʢʦʚ, ʜʘʥʥʳʤʠ ʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

(ʥʘʧʨ., ʜʘʥʥʳʤʠ ʨʘʜʠʦʵʭʦʣʦʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʣʦʞʘ 
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ʣʝʜʥʠʢʘ ʠʣʠ ʜʘʥʥʳʤʠ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ), ʧʦʣʫʯʝʥʥʳʤʠ ʠʟ 

ʧʦʣʝʚʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ 

ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʘ, ʧʦʜʣʝʜʥʠʢʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʜʥʳʭ ʢʘʥʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʩʪʦʢʘ. 

ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʝʱʝ ʦʜʥʘ ʨʘʙʦʪʘ 

ɹ. ʕʪʮʝʣʴʤʶʣʣʝʨʘ [83]. ɼʣʷ ʣʝʜʥʠʢʘ ʌʠʥʩʪʝʨʚʘʣʴʜʝʨʙʨʠʥ ʥʘ ʐʧʠʮʙʝʨʛʝʥʝ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʎʄʈ ʣʝʜʥʠʢʘ. ʎʠʬʨʦʚʳʝ 

ʤʦʜʝʣʠ ʣʝʜʥʠʢʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʘʥʘʣʦʛʦʚʳʭ ʩʥʠʤʢʦʚ ʟʘ 1970 ʠ 1990 ʛʛ. ʉʨʘʚʥʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦ 

ʪʨʝʤ ʛʨʫʧʧʘʤ ʧʘʨʘʤʝʪʨʦʚ: ʧʘʨʘʤʝʪʨʳ ʪʦʯʢʠ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. 

ɺ 2000 ʛ. ʖ.ʌ. ʂʥʠʞʥʠʢʦʚ ʠ ʩʦʘʚʪ. [14] ʦʧʫʙʣʠʢʦʚʘʣʠ ʦʙʟʦʨ 

ʠʟʤʝʥʝʥʠʡ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʣʝʜʥʠʢʘʤʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ ʚ 

ʢʦʥʪʝʢʩʪʝ ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘ ʧʨʠʤʝʨʝ ʦʣʝʜʝʥʝʥʠʷ 

ʕʣʴʙʨʫʩʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʪʦʜʳ ʤʝʥʟʫʣʴʥʦʡ ʩʲʝʤʢʠ, ʬʦʪʦʪʝʦʜʦʣʠʪʥʦʡ 

ʩʲʝʤʢʠ ʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʧʦʣʫʯʝʥʠʷ ʎʄʈ ʧʦ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʤ ʢʘʨʪʘʤ ʨʘʟʥʳʭ ʣʝʪ, ʮʠʬʨʦʚʦʡ ʩʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʢʘʥʠʨʦʚʘʥʥʳʭ ʘʥʘʣʦʛʦʚʳʭ ʩʥʠʤʢʦʚ [14]. ʆʧʠʩʳʚʘʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʴʜʘ ʩʧʦʩʦʙʦʤ ʧʩʝʚʜʦʧʘʨʘʣʘʢʩʦʚ [11, 12]. 

ɺ 2001 ʛ. ɼʞ.ʃ. ɹʘʤʙʝʨ ʠ ʩʦʘʚʪ. [52] ʧʫʙʣʠʢʫʶʪ ʨʘʙʦʪʫ, ʧʦʩʚʷʱʝʥʥʫʶ 

ʧʦʣʫʯʝʥʠʶ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ɻʨʝʥʣʘʥʜʠʠ. ɼʣʷ ʝʝ ʩʦʟʜʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ, ʚ 

ʦʩʥʦʚʥʦʤ, ʜʘʥʥʳʝ ʨʘʜʘʨʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʩ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ESP-1 ʠ GeoSAT. ʆʜʥʘʢʦ ʩʧʣʦʰʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚʳʙʨʘʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ɼɼɿ 

ʥʝ ʭʚʘʪʘʣʦ, ʧʦʵʪʦʤʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʚʝʢʪʦʨʠʟʘʮʠʷ ʠʤʝʶʱʠʭʩʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʥʘ ʩʚʦʙʦʜʥʳʝ ʦʪʦ ʣʴʜʘ ʪʝʨʨʠʪʦʨʠʠ ʠ çʤʝʨʪʚʳʝ ʟʦʥʳè 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. ʆʮʝʥʢʫ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ 

ʚʳʧʦʣʥʷʣʠ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʚʦʟʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʤʘʨʰʨʫʪʳ 

ʢʦʪʦʨʦʛʦ ʧʦʢʨʳʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ ɻʨʝʥʣʘʥʜʠʶ. ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʧʦʢʘʟʘʣʘ 

ʨʘʟʙʨʦʩ ʦʰʠʙʦʢ ʦʪ 30 ʩʤ ʜʦ 6,5 ʤ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʤʝʩʪʥʦʩʪʠ. 
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ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ɸ.ɼʞ. ʌʦʢʩ ʩ ʩʦʘʚʪ. [101] ʨʘʩʩʤʘʪʨʠʚʘʶʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʎʄʈ ʣʝʜʥʠʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

Erdas Imagen OrthoMax. ʇʨʦʚʦʜʠʪʩʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʧʦ ʪʦʯʢʘʤ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʛʫɦ ʝʥʠʷ ʠ ʢʦʥʪʨʦʣʴʥʳʤ ʪʦʯʢʘʤ, ʧʦʣʫʯʝʥʥʳʤ 

ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʙʨʠʪʘʥʩʢʦʡ ʧʦʣʷʨʥʦʡ ʩʪʘʥʮʠʠ ʌʦʩʩʠʣ ɹʣʶʬ ʥʘ ɸʥʪʘʨʢʪʠʯʝʩʢʦʤ 

ʧʦʣʫʦʩʪʨʦʚʝ. 

ɺ 2002 ʛ. ʚʳʭʦʜʠʪ ʜʨʫʛʘʷ ʨʘʙʦʪʘ ʖ.ʌ. ʂʥʠʞʥʠʢʦʚʘ ʠ ʩʦʘʚʪ. [13], 

ʨʘʩʩʢʘʟʳʚʘʶʱʘʷ ʦ ʤʦʜʠʬʠʢʘʮʠʠ ʩʧʦʩʦʙʘ ʧʩʝʚʜʦʧʘʨʘʣʘʢʩʦʚ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʮʠʬʨʦʚʳʤʠ ʢʘʤʝʨʘʤʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʫʨʦʚʥʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ 

ʥʘ ʣʝʜʥʠʢʝ ɼʞʘʥʢʫʘʪ (ʉʝʚʝʨʥʳʡ ʂʘʚʢʘʟ). ɺ ʩʪʘʪʴʝ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʘ 

ʤʝʪʦʜʠʢʘ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʠ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʢʘʤʝʨ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʦʚ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ ʈ.ʇ. ɻʝʣʴʤʘʥʘ ʠ 

ɸ.ɸ. ɸʣʝʡʥʠʢʦʚʘ ʚ 2006 ʛ.[6].  

ɺ 2003 ʛ. ɼ.ʄ. ʈʠʧʧʠʥ ʠ ʩʦʘʚʪ. [168] ʦʧʫʙʣʠʢʦʚʘʣʠ ʩʪʘʪʴʶ ʦʙ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘ ʣʝʜʥʠʢʝ ʃʦʚʝʥʙʨʠʥ (ʐʧʠʮʙʝʨʛʝʥ). ʉʫʪʴ ʨʘʙʦʪʳ 

ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʎʄʈ ʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ 

ʣʦʞʘ ʣʝʜʥʠʢʘ. ʇʝʨʚʘʷ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ ʚʝʢʪʦʨʠʟʘʮʠʠ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ, ʚʪʦʨʘʷ ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʠʬʨʦʚʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, 

ʣʦʞʝ ʣʝʜʥʠʢʘ ʨʘʩʩʯʠʪʘʣʠ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʥʘʟʝʤʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ 

ʩʲʝʤʢʠ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

20 ʤ. ɹʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʤʘʩʩʳ ʣʝʜʥʠʢʘ ʧʦ ʎʄʈ. 

ʅʘ ʢʦʥʬʝʨʝʥʮʠʠ ɸʤʝʨʠʢʘʥʩʢʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʩʦʶʟʘ 2005 ʛ., ɼʞ.ʇ. 

ɼʠʤʘʨʟʠʦ ʩ ʩʦʘʚʪ. [78] ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ɻʨʝʥʣʘʥʜʠʠ ʠ ɸʥʪʘʨʢʪʠʜʳ. ɼʘʥʥʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʦ ʩʧʫʪʥʠʢʘ ICEsat. ʈʝʟʫʣʴʪʘʪʳ ʢʦʩʤʠʯʝʩʢʦʡ ʣʠʜʘʨʥʦʡ ʩʲʝʤʢʠ ʩʨʘʚʥʠʚʘʣʠʩʴ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʦʟʜʫʰʥʦʡ ʩʲʝʤʢʠ. ɺ ɻʨʝʥʣʘʥʜʠʠ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʧʦʢʘʟʘʣʘ 

ʨʘʩʭʦʞʜʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ 0,5 ʤ ʤʝʞʜʫ ʜʚʫʤʷ ʩʲʝʤʢʘʤʠ, ʚ ɸʥʪʘʨʢʪʠʜʝ ï 
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ʤʝʥɹhʝ 1 ʤ. 

ɺ 2005 ʛ. ʚʳʭʦʜʠʪ ʦʙʟʦʨ ɸ. ʂʘʘʙʘ ʠ ʩʦʘʚʪ. [130], ʧʦʩʚʷʱʝʥʥʳʡ 

ʧʨʠʤʝʥʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ɼɼɿ (ʚ ʪʦʤ ʯʠʩʣʝ ï ʩʪʝʨʝʦʧʘʨ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʥʠʤʢʦʚ) ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʧʘʩʥʳʭ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʦʨʥʳʤʠ 

ʣʝʜʥʠʢʘʤʠ ʠ ʚʝʯʥʦʡ ʤʝʨʟʣʦʪʦʡ. 

ɺ 2007 ʛ. ɸ.ɽ. ʈʘʢʦʚʠʪʷʥʫ ʠ ʩʦʘʚʪ. [164] ʧʨʦʚʦʜʠʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʣʝʜʥʠʢʘ ʚ ɸʥʜʘʭ ʥʘ ʶʛʝ ʇʝʨʫ. ɸʚʪʦʨʳ ʚʳʧʦʣʥʠʣʠ ʦʮʝʥʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʪʢʨʪrʳʭ ʜʘʥʥʳʭ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʲʝʤʢʠ ʥʘ ʧʨʠʤʝʨʝ 

ʛʣʦʙʘʣʴʥʳʭ ʎʄʈ ASTER (Advanced Spaceborne Thermal Emission and 

Reflection) ʠ SRTM (Shuttle Radar Topography Mission). ɼʘʥʥʳʝ ʛʣʦʙʘʣʴʥʳʭ 

ʎʄʈ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʎʄʈ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʚʝʢʪʦʨʠʟʘʮʠʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ 

ʢʘʨʪʳ. ɺ ʨʘʡʦʥʝ ʦʣʝʜʝʥʝʥʠʷ ʥʘ ʨʷʜʝ ʫʯʘʩʪʢʦʚ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ GPS-ʧʨʠʝʤʥʠʢʘ. ʕʪʠ ʜʘʥʥʳʝ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ. ɸʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ GPS-ʧʨʠʝʤʥʠʢʠ 

ʩ ʢʦʜʦʚʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪ (Garmin). 

ɺ 2007 ʛ. ʚʳʭʦʜʠʪ ʨʘʙʦʪʘ ɽ. ɹʝʨʪʴʝ ʠ ʩʦʘʚʪ. [57], ʧʦʩʚʷʱʝʥʥʘʷ ʨʘʩʯʝʪʫ 

ʙʘʣʘʥʩʘ ʤʘʩʩ ʣʝʜʥʠʢʦʚ ʚ ɻʠʤʘʣʘʷʭ. ɸʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʝ ʎʄʈ ʟʘ 2000 ʠ 

2004 ʛʛ. ʇʝʨʚʘʷ ʎʄʈ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʠʟ ʛʣʦʙʘʣʴʥʦʡ ʎʄʈ SRTM, ʚʪʦʨʘʷ ʎʄʈ 

ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʦ ʩʪʝʨʝʦʧʘʨʝ ʩʥʠʤʢʦʚ SPOT 5. 

ʆʧʫʙʣʠʢʦʚʘʥʥʦʝ ʚ ʪʦʤ ʞʝ ʛʦʜʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ɸ. ʇʦʫʧ ʠ ʩʦʘʚʪ. [162] 

ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʠ ʎʄʈ, ʧʦʣʫʯʝʥʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ. ɸʚʪʦʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʘʨʭʠʚʥʳʭ ʩʲʝʤʦʢ ʣʝʜʥʠʢʘ ʥʘ 

ʐʧʠʮʙʝʨʛʝʥʝ ʠ ʤʝʪʦʜʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʎʄʈ ʩ ʦʮʝʥʢʦʡ 

ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩ ʦʮʝʥʢʦʡ ʜʘʣʴʥʝʡʰʠʭ 

ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʎʄʈ. 

ɺ 2008 ʛ. ʠʟʫʯʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʟʘʥʠʤʘʣʠʩʴ 

ɸ.ɼʞ. ʌʦʢʩ ʠ ɸ. ɿʠʬʝʨʩʢʠ [100] ʥʘ ʧʨʠʤʝʨʝ ʣʝʜʥʠʢʦʚ ɸʥʪʘʨʢʪʠʯʝʩʢʦʛʦ 

ʧʦʣʫʦʩʪʨʦʚʘ. ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʨʝʣʴʝʬʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʡ 

ʧʦʜʭʦʜ ʧʦʣʫʯʝʥʠʷ ʎʄʈ. ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʘʨʭʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ 
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ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʟʘ 1947, 1957, 1989 ʠ 1991 ʛʛ. ʇʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ ʘʨʭʠʚʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʣʦʩʴ ʟʘ ʩʯʝʪ ʪʦʯʝʢ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʛʫʱʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 2005 ʛ. 

ɼʘʣʴʥʝʡʰʠʝ ʚʳʯʠʪʘʥʠʷ ʎʄʈ ʧʦʢʘʟʘʣʠ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʣʴʜʘ. 

ɺ ʪʦʤ ʞʝ ʛʦʜʫ ʚʳʭʦʜʠʪ ʜʨʫʛʘʷ ʩʪʘʪʴʷ ɸ. ʂʘʘʙʘ [129] ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ɼɼɿ ʜʣʷ ʨʘʩʯʝʪʘ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʜʚʫʭ ʣʝʜʥʠʢʦʚ ʥʘ 

ʐʧʠʮʙʝʨʛʝʥʝ. ɸʚʪʦʨ ʠʩʧʦʣʴʟʦʚʘʣ ʪʦʧʦʛʨʘʬʠʯʝʩʢʫʶ ʢʘʨʪʫ 1970 ʛ. ʠ ʜʘʥʥʳʝ 

ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ASTER 2002 ʛ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʘʪʝʨʠʘʣʳ ʣʠʜʘʨʥʦʡ ʩʲʝʤʢʠ ICESat ʩ 2003 ʧʦ 2006 ʛʛ. ʎʄʈ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ, ʧʨʠʚʷʟʳʚʘʣʠʩʴ ʧʦ ʦʧʦʨʥʳʤ ʪʦʯʢʘʤ, ʩʥʷʪʳʤ 

ʩ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ 1970 ʛ. ʉʨʝʜʥʝʛʦʜʦʚʦʝ ʫʤʝʥʴʰʝʥʠʝ ʎʄʈ ʣʝʜʥʠʢʦʚ 

ʤʝʞʜʫ 1970 ʠ 2002 (2006) ʛʛ. ʩʦʩʪʘʚʠʣʦ 0,6 ʤ. 

ɺ 2009 ʛ. ʚʳʭʦʜʠʪ ʤʦʥʦʛʨʘʬʠʷ ɽ.ɸ. ɿʦʣʦʪʦʨʝʚʘ [10], ʧʦʩʚʷʱʝʥʥʘʷ 

ʢʘʨʪʦʛʨʘʬʦ-ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʥʘ ʧʨʠʤʝʨʝ ʦʣʝʜʝʥʝʥʠʷ ʕʣʴʙʨʫʩʘ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʥʘʟʝʤʥʳʝ ʠ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʥʦʚʥʳʝ 

ʧʨʦʙʣʝʤʳ ʩʦʚʤʝʱʝʥʠʷ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʘʨʳʭ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ. ʉʪʘʚʠʪʩʷ ʘʢʮʝʥʪ ʥʘ ʨʘʟʚʠʪʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʮʠʬʨʦʚʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʫʯʝʥʠʶ ʦʧʘʩʥʳʭ 

ʷʚʣʝʥʠʡ ʚ ʣʝʜʥʠʢʦʚʦʡ ʟʦʥʝ, ʪʘʢʠʭ ʢʘʢ ʩʭʦʜ ʩʥʝʞʥʳʭ ʣʘʚʠʥ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 

ʣʝʜʥʠʢʦʚʳʭ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ. 

ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ʚʳʭʦʜʠʪ ʝʱʝ ʦʜʥʘ ʨʘʙʦʪʘ ɼʞ.ʃ. ɹʘʤʙʝʨʘ ʠ ʩʦʘʚʪ. [53], 

ʧʦʩʚʷʱʝʥʥʘʷ ʧʦʣʫʯʝʥʠʶ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ, ʥʘ ʵʪʦʡ ʨʘʟ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʚʩʝʡ 

ɸʥʪʘʨʢʪʠʜʳ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʜʘʥʥʳʝ 

ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʘʨʥʦʡ ʩʲʝʤʢʠ ʩ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ERS-1. ʅʝʜʦʩʪʘʶʱʠʡ 

ʥʘʙʦʨ ʜʘʥʥʳʭ ʥʘ ʦʙʣʘʩʪʴ çʧʦʣʷʨʥʦʡ ʰʘʧʢʠè ʶʞʥʝʝ 81,5Á ʶ.ʰ. ʧʦʣʫʯʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʤʘʪʝʨʠʘʣʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʣʠʜʘʨʥʦʡ ʩʲʝʤʢʠ (ʜʦ 86Á ʶ.ʰ.) ʩ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ICEsat ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʦ ʩʘʤʦʛʦ 

ʧʦʣʶʩʘ. ɸʚʪʦʨʳ ʦʧʠʩʘʣʠ ʪʝʭʥʦʣʦʛʠʶ ʩʦʚʤʝʱʝʥʠʷ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʠ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʭ ʜʘʥʥʳʭ. ɺ ʠʪʦʛʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʎʄʈ ɸʥʪʘʨʢʪʠʜʳ ʩ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1 ʢʤ. 

ɺ 2009 ʛ. ʈ. ɹʭʘʤʙʨʠ ʠ ʊ. ɹʦʣʯ [58] ʧʫʙʣʠʢʫʶʪ ʦʙʟʦʨ ʥʘʫʯʥʳʭ ʨʘʙʦʪ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʦʤʫ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʶ ʣʝʜʥʠʢʦʚ ɻʠʤʘʣʘʝʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʀʥʜʠʠ. ɺ ʪʦʤ ʯʠʩʣʝ ʨʘʟʙʠʨʘʝʪʩʷ ʚʦʧʨʦʩ ʧʦʣʫʯʝʥʠʷ ʎʄʈ ʜʣʷ 

ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʤʘʩʩʳ ʣʝʜʥʠʢʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʣʫʯʝʥʠʷ ʎʄʈ ʷʚʣʷʶʪʩʷ ʚʝʢʪʦʨʠʟʘʮʠʷ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ, ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ, ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʢʦʩʤʠʯʝʩʢʦʡ 

ʨʘʜʘʨʥʦʡ ʠ ʣʠʜʘʨʥʦʡ ʩʲʝʤʢʠ, ʩʪʝʨʝʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʩʨʝʜʥʝʛʦ ʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʣʦʙʘʣʥɹʳʭ ʎʄʈ. 

ɺ 2010 ʛ. ʧʨʦʠʩʭʦʜʠʪ ʟʘʱʠʪʘ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ɽ.ʉ. ɹʦʡʢʦ 

[4], ʧʦʩʚʷʱʝʥʥʘʷ ʠʟʫʯʝʥʠʶ ʤʠʢʨʦʨʝʣʴʝʬʘ ʢʘʢ ʬʘʢʪʦʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʛʦʨʘʭ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨ ʠʩʧʦʣʴʟʫʝʪ ʤʘʪʝʨʠʘʣʳ 

ʮʠʬʨʦʚʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʜʘʥʥʳʝ ʚʦʟʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʩʦʟʜʘʶʪʩʷ ʎʄʈ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ 

ʚʣʠʷʥʠʷ ʤʠʢʨʦʨʝʣʴʝʬʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʷ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ. 

ɺ 2011 ʛ. ʚʳʭʦʜʠʪ ʝʱʝ ʦʜʥʘ ʨʘʙʦʪʘ ʈ. ɹʭʘʤʙʨʠ ʠ ʩʦʘʚʪ. [59], 

ʧʦʩʚʷɦ ʝʥʥʘʷ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʶ ʣʝʜʥʠʢʦʚ ɻʠʤʘʣʘʝʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʣʝʜʥʠʢʘʭ, ʧʦʢʨʳʪʳʭ ʦʩʘʜʦʯʥʳʤʠ 

ʧʦʨʦʜʘʤʠ. ɸʚʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʎʄʈ, ʧʦʣʫʯʝʥʥʫʶ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ, ʠ ʢʦʩʤʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʚ ʪʝʧʣʦʚʦʤ ʜʠʘʧʘʟʦʥʝ. ɺ ʦʩʥʦʚʝ 

ʨʘʙʦʪʳ ʣʝʞʠʪ ʠʟʚʝʩʪʥʳʡ ʬʘʢʪ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʣʝʜʥʠʢʘ, ʧʦʢʨʳʪʦʛʦ 

ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʥʘʛʨʝʚʘʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʙʝʟ ʥʠʭ. 

ɺ 2013 ʛ. ʇ. ʌʨʝʪʚʵʣ ʩ ʩʦʘʚʪ. [102] ʧʫʙʣʠʢʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʧʦʩʚʷɦ ʝʥʥʦʝ ʧʦʣʫʯʝʥʠʶ ʚʪʦʨʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʧʦʜʣʝʜʥʠʢʦʚʦʛʦ ʨʝʣʴʝʬʘ 

ɸʥʪʘʨʢʪʠʜʳ ʶʞʥʝʝ 60Á ʶ.ʰ. ʂ ʵʪʦʡ ʎʄʈ ʙʳʣʘ ʪʘʢʞʝ ʜʦʙʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ 

ʦ ʪʦʣʱʠʥʝ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ. ɸʚʪʦʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʦʣʴʰʦʡ ʥʘʙʦʨ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ, ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʀʜʝʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʦʣʫʯʝʥʠʠ 
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ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʪʦʣʱʠʥʳ ʣʴʜʘ ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʟ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ɸʥʪʘʨʢʪʠʜʳ ʚʳʯʠʪʘʣʠ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ 

ʪʦʣʱʠʥʳ ʣʴʜʘ ʚ ʤʝʩʪʘʭ ʩʧʣʦʰʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ. ʆʪʜʝʣʴʥʦ ʧʦʣʫʯʘʣʠ 

ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʥʘ ʨʘʡʦʥʳ ʚʳʭʦʜʘ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ ʠ ʦʙʣʘʩʪʠ ʰʝʣʴʬʦʚʳʭ 

ʣʝʜʥʠʢʦʚ. ɺ ʠʪʦʛʝ ʪʨʠ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʙʳʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʦʜʥʦʡ ʙʘʟʝ 

ʜʘʥʥʳʭ. 

ɺ 2014 ʛ. ɺ. ʍʝʣʤ ʠ ʩʦʘʚʪ. [116] ʧʨʝʜʩʪʘʚʠʣʠ ʥʦʚʳʝ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ɻʨʝʥʣʘʥʜʠʠ ʠ ɸʥʪʘʨʢʪʠʜʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʢʦʩʤʠʯʝʩʢʦʡ 

ʨʘʜʘʨʥʦʡ ʩʲʝʤʢʠ ʩʦ ʩʧʫʪʥʠʢʘ CrySat. ʊʦʯʥʦʩʪʴ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ CrySat, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʯʥʦʩʪʠ ʘʥʘʣʦʛʠʯʥʳʭ ʜʘʥʥʳʭ ʩ ʜʨʫʛʠʭ 

ʧʦʜʦʙʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ICESat. ʇʦ ʨʘʟʥʦʩʪʠ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ 

ʜʘʥʥʳʭ ʘʚʪʦʨʳ ʦʮʝʥʠʣʠ ʦʙʲʝʤʳ ʠ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʢʨʦʚʥʦʛʦ 

ʦʣʝʜʝʥʝʥʠʷ ɻʨʝʥʣʘʥʜʠʠ ʠ ɸʥʪʘʨʢʪʠʜʳ. 

ɺ 2017 ʛ. ʧʫʙʣʠʢʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʕ.ʈ. ʉʝʤʘʢʦʚʦʡ ʠ ɼ.ɻ. ʉʝʤʘʢʦʚʘ 

[37], ʧʦʩʚʷʱʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ 

ʜʣʷ ʨʘʩʯʝʪʘ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʨʥʳʭ ʨʝʛʠʦʥʦʚ ʋʟʙʝʢʠʩʪʘʥʘ. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʩʦ ʩʧʫʪʥʠʢʦʚ 

Alos, TerraSar-X ʠ ICESar, ʘ ʪʘʢʞʝ ʛʣʦʙʘʣʴʥʳʝ ʎʄʈ SRTM ʠ ASTER [172]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʠʟʤʝʥʝʥʠʝ ʚʳʩʦʪʳ ʛʨʘʥʠʮʳ 

ʬʠʨʥʦʚʦʡ ʟʦʥʳ ʠ ʨʘʩʩʯʠʪʘʪʴ ʠʟʤʝʥʝʥʠʝ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʦʚ ʟʘ 12 

ʣʝʪ. 

ɺ 2019 ʛ. ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʖ. ʇʦʜʛʦʨʩʢʠ ʠ ʩʦʘʚʪ. 

[161], ʢʦʪʦʨʦʝ ʧʦʩʚʷʱʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʩ 

ʢʦʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ TanDEM-ʍ ʚ ɸʥʜʘʭ. ɸʚʪʦʨʳ ʩʨʘʚʥʠʣʠ ʧʦʣʫʯʘʝʤʳʝ 

ʎʄʈ ʩ ʜʘʥʥʳʤʠ ʛʣʦʙʘʣʴʥʳʭ ʎʄʈ ASTER ʠ SRTM, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʦʤ 

ʚʦʟʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʎʄʈ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ TanDEM-X, ʠ 

ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʙʦʪʳ ʩ ʵʪʠʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʙʟʦʨʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ 
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ʙʦʣhɹʠʥʩʪʚʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʎʄʈ ʚ ʛʣʷʮʠʦʣʦʛʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʩ ʥʠʟʢʠʤ ʠʣʠ ʩʨʝʜʥʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

(ʦʪ 5 ʢʤ ʜʦ 20 ʤ) ʠ ʧʨʦʩʪʳʝ ʙʘʟʦʚʳʝ ʧʨʦʮʝʜʫʨʳ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ (ʩʣʦʞʝʥʠʝ ʠ ʚʳʯʠʪʘʥʠʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ, ʨʘʩʯʝʪ ʢʨʫʪʠʟʥʳ ʠ 

ʵʢʩʧʦʟʠʮʠʠ ʩʢʣʦʥʘ). 

 

1.3 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, 

ʚʢʣʶʯʘʷ ʎʄʈ ʚʳʩʦʢʦʛʦ ʠ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʚ 

ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʈʘʟʣʠʯʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʜʣʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʦʧʠʩʘʥʳ ʚ ʨʷʜʝ ʨʘʙʦʪ [16, 19, 45, 74, 80, 

153, 157, 174, 190, 198, 201, 204, 205].  

ɹʝʩʧʠʣʦʪʥʘʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɸʉ, 

ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʙʝʩʧʠʣʦʪʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ (ʥʘʧʨʠʤʝʨ: ʧʣʘʥʝʨ, 

ʜʠʨʠʞʘʙʣʴ, ʚʝʨʪʦʣʝʪ ʠ ʪ.ʜ.), ʦʩʥʘʱʝʥʥʦʛʦ ʩʲʝʤʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ (ʢʘʤʝʨʦʡ ʚ 

ʚʠʜʠʤʦʤ, ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʦʤ ʠʣʠ ʪʝʧʣʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʣʠʜʘʨʦʤ), 

ʠʥʝʨʮʠʘʣʥɹʦʡ ʩʠʩʪʝʤʦʡ ʠ ʧʨʠʝʤʥʠʢʦʤ ɻʅʉʉ, ʘ ʪʘʢʞʝ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʝʡ 

ʫʧʨʘʚʣʝʥʠʷ (ʅʉʋ) ʠ ʢʘʥʘʣʘ ʨʘʜʠʦʩʚʷʟʠ ʤʝʞʜʫ ɹɸʉ ʠ ʅʉʋ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʩ ɹɸʉ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʩʲʝʤʢʠ ʷʚʣʷʝʪʩʷ ʥʘʙʦʨ ʩʥʠʤʢʦʚ ʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ. ʇʦʩʣʝʜʫʶʱʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ, 

ʨʝʘʣʠʟʫʶʱʝʤ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʪʘʢ ʠ ʘʣʛʦʨʠʪʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ [23, ʛʣ. 5; 

181].  

ɹʝʩʧʠʣʦʪʥʘʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʘʣʛʦʨʠʪʤʘʤʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ 

ʧʠʣʦʪʠʨʫʝʤʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʠ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʳʭ ʧʣʘʪʬʦʨʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʙʢʦʩʪʴ ʚʳʙʦʨʘ 

ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʷ ʠ ʪʠʧʘ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 
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ʧʦʣʫʯʘʝʤʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʩʫʙʩʘʥʪʠʤʝʪʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʙʝʩʧʠʣʦʪʥʳʝ ʚʦʟʜʫʰʥʳʝ ʩʫʜʘ ʠʤʝʶʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʛʣ̫ʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʟʘʨʫʙʝʞʥʦʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʥʘʙʣʜʁʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɸʉ. 

ʉʫʝɦʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʙʟʦʨʥʳʭ ʩʪʘʪʝʡ ʩ ʦʙʩʫʞʜʝʥʠʝʤ ʘʧʧʘʨʘʪʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʨʘʟʣʠʯʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ɹɸʉ ʠ ʠʭ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʂ ʪʘʢʠʤ ʨʘʙʦʪʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʪʘʪʴʶ 

ɸ.ʉ. ɺʦʪʮʘ ʩ ʩʦʘʚʪ. 2012 ʛ., ʀ. ʂʦʣʦʤʠʥʘ ʠ ʇ. ʄʦʣʠʥʘ 2014 ʛ., ʘ ʪʘʢʞʝ ʦʙʟʦʨʳ 

ʂ. ɺʘʡʪʭʝʜʘ ʩ ʩʦʘʚʪ. 2014 ʛ. ʠ ɺ.ʄ. ʂʫʨʢʦʚʘ ʩ ʩʦʘʚʪ. 2015 ʛ. [20, 74, 201, 204, 

205]. ɺʦ ʚʩʝʭ ʨʘʙʦʪʘʭ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʠʢʣʘʜʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ɹɸʉ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʫʢʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ɺ 2016 ʛ. ɸ. ɹʭʘʨʚʘʜʞ ʩ ʩʦʘʚʪ. [60] ʦʧʫʙʣʠʢʦʚʘʣʠ ʧʝʨʚʳʡ ʦʙʟʦʨ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʙʝʩʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʛʜʝ ʧʨʦʚʝʣʠ ʨʘʟʜʝʣʝʥʠʝ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨʥʳʭ ʠ ʧʦʢʨʦʚʥʳʭ ʣʝʜʥʠʢʦʚ. 

ɺ 2007 ʛ. ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʧʝʨʚʘʷ ʩʪʘʪʴʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ɹɸʉ ʚ 

ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ: ɸ. ʍʦʜʩʦʥ ʠ ʩʦʘʚʪ. [120] ʨʘʩʩʯʠʪʘʣʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʛʨʘʜʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʠʦʢʦʥʠʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʥʠʤʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ɹɸʉ Helibal 323. ʈʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʝʜʥʠʢʝ 

ʄʠʜʨʝ ʃʦʚʝʥʙʨʠʥ (ʐʧʠʮʙʝʨʛʝʥ). 

ɺ 2008 ʛ. ʄ. ʌʫʥʘʢʠ ʠ ʅ. ʍʠʨʘʩʘʚʘ [103] ʦʧʫʙʣʠʢʦʚʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʰʝʩʪʠ ʪʠʧʦʚ ʤʘʣʳʭ ɹɸʉ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ ʯʝʪʳʨʝʭ 

ʪʠʧʘʭ ʧʣʘʥʝʨʘ. ɹɸʉ ʥʘʟʳʚʘʣʠ çAnt planerè, ʪʘʢ ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ɸʥʪʘʨʢʪʠʜʝ. ɸʚʪʦʨʳ ʚʳʧʦʣʥʠʣʠ ʠʩʧʳʪʘʪʝʣʴʥʳʝ ʧʦʣʝʪʳ ʥʘ 

ʚʫʣʢʘʥʝ ʉʘʢʫʨʘʜʞʘʤʘ (ʂʶʩʶ, ʗʧʦʥʠʷ) ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʛʦ ʚʝʪʨʘ. 

ɺ ʪʦʤ ʞʝ ʛʦʜʫ ɼʞ. ʀʥʦʫ ʠ ʩʦʘʚʪ. [124] ʧʨʠʤʝʥʠʣʠ ɹɸʉ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʪʘʷʥʠʝʤ ʘʨʢʪʠʯʝʩʢʦʛʦ ʣʴʜʘ ʚ ʤʦʨʝ ɹʦʬʦʨʪʘ ʠ ʏʫʢʦʪʩʢʦʤ ʤʦʨʝ. 
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ʀʩʧʦʣʟɹʦʚʘʣʩʷ ɹɸʉ ʢʦʤʧʘʥʠʠ AAI Corporation Aerosonde. ɺʩʝʛʦ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ 470 ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 8 ʩʤ/ʧʠʢʩʝʣʴ. 

ʂʨʦʤʝ ʵʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʣʠ ʩ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʨʘʜʠʦʤʝʪʨʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʴʜʘ ʚ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʝʥʠʷ ɿʝʤʣʠ (AMSR-E). 

ɺ 2009 ʛ. ʄ. ɺʘʣʴʪʝʨ ʠ ʩʦʘʚʪ. [200] ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦ 

ʬʨʘʥʮʫʟʩʢʠʭ ɸʣʴʧʘʭ. ɸʚʪʦʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɸʉ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʦʧʦʣʟʥʝʚʦʝ ʩʦʙʳʪʠʝ ʚ ʥʠʟʦʚʴʷʭ ʣʝʜʥʠʢʦʚʦʛʦ ʚʦʜʦʩʙʦʨʘ ʠ ʩʨʘʚʥʠʣʠ ʜʚʠʞʝʥʠʝ 

ʦʧʦʣʟʥʷ ʩ ʣʝʜʥʠʢʦʚʳʤʠ ʪʨʝʱʠʥʘʤʠ. 

ɺ 2011 ʛ. ʈ.ʀ. ʂʨʦʢʝʨ ʩ ʩʦʘʚʪ. [75] ʦʧʠʩʘʣʠ ʧʨʠʤʝʥʝʥʠʝ ʣʠʜʘʨʘ ʥʘ 

ɹɸʉ. ɸʚʪʦʨʳ ʧʨʠʤʝʥʠʣʠ ʤʫʣʴʪʠʩʝʥʩʦʨʥʳʡ ʠ ʤʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʥʳʡ ʧʦʜʭʦʜ 

ʜʣʷ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ɻʨʝʥʣʘʥʜʠʠ, ʐʧʠʮʙʝʨʛʝʥʘ ʠ ɸʥʪʘʨʢʪʠʜʳ. 

ʀʩʧʦʣʴʟʦʚʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ɹɸʉ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ: BAE Systems Manta, 

NASA SIERRA, AAI  Corporation Aerosonde ʠ Insitu Inc. ScanEagle. ʆʩʥʦʚʥʘʷ 

ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ ʩʦʩʪʦʷʣʘ ʠʟ ʣʠʜʘʨʘ, ʠʥʝʨʮʠʘʣʴʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ, 

ɻʅʉʉ-ʧʨʠʝʤʥʠʢʘ ʠ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ, ʩʧʦʩʦʙʥʦʡ ʬʦʪʦʛʨʘʬʠʨʦʚʘʪʴ ʠ 

ʩʥʠʤʘʪʴ ʚʠʜʝʦ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʙʦʪ ʚ ɻʨʝʥʣʘʥʜʠʠ ʙʳʣʦ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʘ ʣʝʜʥʠʢʘ, ʘ ʚ ʧʨʦʣʠʚʝ ʌʨʘʤ (ʐʧʠʮʙʝʨʛʝʥ) ʠ ʫ 

ʘʤʝʨʠʢʘʥʩʢʦʡ ʧʦʣʷʨʥʦʡ ʩʪʘʥʮʠʠ ʄʘʢʄʝʨʜʝ (ɸʥʪʘʨʢʪʠʜʘ) ʚʳʧʦʣʥʷʣʠʩʴ 

ʠʟʤʝʨʝʥʠʷ ʥʘʜʚʦʜʥʦʛʦ ʙʦʨʪʘ ʤʦʨʩʢʦʛʦ ʣʴʜʘ ʠ ʝʛʦ ʰʝʨʦʭʦʚʘʪʦʩʪʴ. 

ɺ 2013 ʛ. ʧʫʙʣʠʢʫʝʪʩʷ ʜʠʧʣʦʤʥʘʷ ʨʘʙʦʪʘ ɽ. ʌʨʝʜʣʠ [60]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʣʝʜʥʠʢʝ ʈʦʥʘ ʚ ʰʚʝʡʮʘʨʩʢʠʭ ɸʣʴʧʘʭ. 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ɹɸʉ ʤʫʣʴʪʠʨʦʪʦʨʥʦʛʦ ʪʠʧʘ Falcon 8. ʉʫʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʙʝʩʧʠʣʦʪʥʦʡ ʠ ʧʠʣʦʪʠʨʫʝʤʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʘ ʪʘʢʞʝ ʥʘʟʝʤʥʦʡ 

ʬʦʪʦʪʝʦʜʦʣʠʪʥʦʡ ʩʲʝʤʢʠ. ɸʚʪʦʨ ʚʳʷʚʠʣ ʵʬʬʝʢʪʠʚʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʢʘʞʜʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʛʣʷʮʠʦʣʦʛʠʠ. 

ɺ ʪʦʤ ʞʝ ʛʦʜʫ ʉ. ʉʦʣʙʦʘ ʠ ʈ. ʉʪʦʨʚʦʣʜʘ [180] ʦʧʠʩʘʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ GPS-ʧʨʠʝʤʥʠʢʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ɹɸʉ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʐʧʠʮʙʝʨʛʝʥʝ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ɹɸʉ Cryowing. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʚʳʩʦʢʦʪʦʯʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚʦ ʚʨʝʤʷ ʧʦʣʝʪʘ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʚʳʧʦʣʥʷʝʤʳʭ ʠʟʤʝʨʝʥʠʡ ʧʨʦʬʠʣʷ ʣʝʜʥʠʢʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʚʠʜʝ ʣʘʟʝʨʥʦʛʦ ʘʣʴʪʠʤʝʪʨʘ ʠ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩ ʥʠʤ ʚʳʩʦʢʦʪʦʯʥʦʛʦ GPS-ʧʨʠʝʤʥʠʢʘ. ɺ ʭʦʜʝ 

ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʤʦʱʥʳʡ ʣʘʟʝʨʥʳʡ 

ʘʣʴʪʠʤʝʪʨ, ʪʘʢ ʢʘʢ ʠʩʧʦʣʟɹʫʝʤʳʡ ʤʦʛ ʨʘʙʦʪʘʪʴ ʥʘ ʚʳʩʦʪʘʭ ʜʦ 100 ʤ ʥʘʜ 

ʣʝʜʥʠʢʦʤ. 

ɺ 2013 ʛ. ʂ. ɺʘʡʪʭʝʜ ʩ ʩʦʘʚʪ. [206] ʧʨʦʚʝʣ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ 

ʜʠʩʪʘʥʮʠʦʥʥʦʤʫ ʟʦʥʜʠʨʦʚʘʥʠʶ ʥʘ ʣʝʜʥʠʢʝ ʌʦʥʪʘʥ (ʂʘʥʘʜʩʢʘʷ ɸʨʢʪʠʢʘ). 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ɹɸʉ Outlander ʢʦʤʧʘʥʠʠ Cropcam. ʀʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʦ ʥʘ ʩʦʟʜʘʥʠʠ ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ ʟʦʥʳ ʷʟʳʢʘ ʣʝʜʥʠʢʘ. ɸʚʪʦʨʳ 

ʚʳʧʦʣʥʠʣʠ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʜʨʫʛʠʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʩʪʫʧʘʥʠʷ ʷʟʳʢʘ ʣʝʜʥʠʢʘ ʩ 

1958 ʛ. ʂʨʦʤʝ ʵʪʦʛʦ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʦʪʩʪʫʧʘʥʠʷ ʷʟʳʢʘ ʣʝʜʥʠʢʘ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 

(ʣʝʪʦ). 

ɺ 2014 ʛ. ʚʳʭʦʜʠʪ ʜʨʫʛʘʷ ʨʘʙʦʪʘ ʄ. ʌʫʥʘʢʠ ʠ ʩʦʘʚʪ. [104] ʦ 

ʧʨʠʤʝʥʝʥʠʠ ɹɸʉ çAnt planerè ʥʘ ʖʞʥʳʭ ʐʝʪʣʘʥʜʩʢʠʭ ʦʩʪʨʦʚʘʭ 

(ɸʥʪʘʨʢʪʠʜʘ). ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʙʦʨʝ 

ʘʵʨʦʤʘʛʥʠʪʥʳʭ ʜʘʥʥʳʭ ʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ, ʯʪʦ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʩ 

ʠ ʧʨʠʤʝʥʝʥʠʝʤ ɹɸʉ ʥʝ ʦʙʟ̫ʘʪʝʣʴʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʪʦʣʴʢʦ ʥʘ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ: ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ɹɸʉ ʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʪʤʦʩʬʝʨʳ ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ. 

ɺ 2014 ʛ. ʉ. ʃʝʫʰʝʥ ʩ ʩʦʘʚʪ. [139] ʧʨʦʚʝʣʠ ʨʘʜʘʨʥʫʶ ʩʲʝʤʢʫ ʣʴʜʘ ʚ 

ɸʥʪʘʨʢʪʠʜʝ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ ɹɸʉ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʎʝʥʪʨʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ (CReSIS). ʈʘʜʘʨʥʘʷ ʩʲʝʤʢʘ ʧʦʟʚʦʣʠʣʘ 

ʚrʧʦʣʥʠʪʴ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʛʣʫʙʠʥʳ ʩʥʝʞʥʦʛʦ ʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ, ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʠʟʫʯʝʥʠʶ ʨʝʣʴʝʬʘ ʣʦʞʘ ʣʝʜʥʠʢʘ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʩʝʠʚʘʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 
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ʨʘʩʩʝʠʚʘʥʠʷ ʘʚʪʦʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʜʚʫʤʝʨʥʫʶ ʘʧʝʨʪʫʨʫ ʠ ʫʩʧʝʰʥʦ 

ʟʘʤʘʩʢʠʨʦʚʘʣʠ ʦʪʨʘʞʝʥʥʳʝ ʩʠʛʥʘʣʳ ʦʪ ʣʦʞʘ ʣʝʜʥʠʢʘ. 

ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ɺ.ɺ. ʀʤʤʝʨʟʠʣ ʩ ʩʦʘʚʪ. [123] ʚʳʧʦʣʥʠʣ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʣʝʜʥʠʢʘ ʃʠʨʫʥʛ (ʅʝʧʘʣ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɸʉ Swinglet 

ʉAM ʢʦʤʧʘʥʠʠ SenseFly. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʨʪʦʬʦʪʦʧʣʘʥʳ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝh ʝʥʠʷ ʠ ʎʄʈ. ʕʢʩʧʝʜʠʮʠʷ ʩʦʩʪʦʷʣʘ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʚʳʧʦʣʥʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʣʝʪʥʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. ɸʚʪʦʨʳ 

ʫʢʘʟʘʣʠ ʥʘ ʙʫʜʫɦ ʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʫʯʝʥʠʷ ʚʥʫʪʨʠʣʝʜʥʠʢʦʚʳʭ ʢʘʥʘʣʦʚ ʧʫʪʝʤ 

ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ ʠʭ ʚʦʟʤʦʞʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʦ ʤʦʜʝʣʷʤ ʧʨʦʩʝʜʘʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʤ ʧʦ ʨʘʟʥʦʩʪʠ ʜʚʫʭ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʎʄʈ.  

ɺ 2015 ʛ. ʧʫʙʣʠʢʫʝʪʩʷ ʝʱʝ ʦʜʥʘ ʨʘʙʦʪʘ ɼ.ʄ. ʈʠʧʠʥʥʘ ʠ ʩʦʘʚʪ. [169]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʝʜʥʠʢʝ ʄʠʜʨʝ ʃʦʚʝʥʙʨʠʥ (ʐʧʠʮʙʝʨʛʝʥ). 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʧʦʣʫʯʝʥʠʠ ʎʄʈ ʬʨʘʛʤʝʥʪʘ ʣʝʜʥʠʢʘ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɸʉ. ɸʚʪʦʨʳ ʧʨʦʚʝʣʠ 

ʦʙʰʠʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʩʪʦʢʘ. 

ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ɼʞ.ʉ. ʈʘʝʥ ʠ ʩʦʘʚʪ. [171] ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʣʝʜʥʠʢʘ ʉʪʦʨ (ɻʨʝʥʣʘʥʜʠʷ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɸʉ. ɸʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʣʠ 

ʜʠʥʘʤʠʢʫ ʘʡʩʙʝʨʛʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʩʧʦʣʟʘʥʠʠ ʷʟʳʢʘ ʣʝʜʥʠʢʘ ʚ ʤʦʨʝ. ɺ 

ʦʩʥʦʚʝ ʣʝʞʘʣ ʘʥʘʣʠʟ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʎʄʈ ʣʝʜʥʠʢʘ. 

ɺ 2015 ʛ. ʄ.ɺ. ʉʳʨʦʤʷʪʠʥʘ ʠ ʩʦʘʚʪ. [186] ʚʳʧʦʣʥʠʣʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʫ 

ʷʟʳʢʘ ʣʝʜʥʠʢʘ ʂʦʟʣʦʚʘ ʚ ʛʦʨʥʦʤ ʤʘʩʩʠʚʝ ʊʘʙʳʥ-ɹʦʛʜʦ-ʆʣʘ (ʄʦʥʛʦʣʴʩʢʠʡ 

ɸʣʪʘʡ). ʀʩʧʦʣʴʟʦʚʘʣʩʷ ɹɸʉ ɻʝʦʩʢʘʥ 101. ʇʦ ʦʨʪʦʬʦʪʦʧʣʘʥʫ ʬʠʢʩʠʨʦʚʘʣʦʩʴ 

ʧʦʣʦʞʝʥʠʝ ʷʟʳʢʘ ʣʝʜʥʠʢʘ. ʇʨʦʠʟʚʦʜʠʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʝʥʦ ʦʪʩʪʫʧʘʥʠʝ ʷʟʳʢʘ 

ʣʝʜʥʠʢʘ ʟʘ 15 ʣʝʪ. ʉʧʫʩʪʷ ʛʦʜ, ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʄ.ɺ. ʉʳʨʦʤʷʪʠʥʦʡ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʠʟʫʯʝʥʠʶ ʜʠʥʘʤʠʢʠ ʣʝʜʥʠʢʦʚ ʇʦʪʘʥʠʥʘ ʠ 

ɸʣʝʢʩʘʥʜʨʳ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʊʘʙʳʥ-ɹʦʛʜʦ-ʆʣʘ. ɸʥʘʣʠʟʠʨʦʚʘʣʩʷ 

ʨʘʟʥʦʚʨʝʤʝʥʥʦʡ ʥʘʙʦʨ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ 

ɹɸʉ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʩʝʟʦʥʘ ʘʙʣʷʮʠʠ (ʩʝʟʦʥʘ ʪʘʷʥʠʷ). ʂ ʩʦʞʘʣʝʥʠʶ, ʨʘʙʦʪʘ 

ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʪʦʣʢɹʦ ʚ 2019 ʛ. [3]. ʇʦʜʨʦʙʥʦʩʪʠ ʵʪʠʭ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ 
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ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʩʦʠʩʢʘʪʝʣʴ, ʠʟʣʦʞʝʥʳ ʚ ʛʣʘʚʝ 4 ʠ, 

ʯʘʩʪʠʯʥʦ, ʚ ʛʣʘʚʝ 3.  

ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ʧʫʙʣʠʢʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʅ.ɺ. ʂʦʚʘʣʝʥʢʦ ʠ ʩʦʘʚʪ. 

[15] ʦ ʧʨʠʤʝʥʝʥʠʠ ɹɸʉ DJI Phantom ʥʘ ʣʝʜʥʠʢʝ ʂʦʣʢʘ (ʂʘʚʢʘʟ). ʇʨʦʠʟʚʝʜʝʥʘ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʯʘʩʪʠ ʣʝʜʥʠʢʘ, ʧʦʣʫʯʝʥʳ ʦʨʪʦʬʦʪʦʧʣʘʥ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ ʠ ʎʄʈ, ʢʦʪʦʨʘʷ ʩʨʘʚʥʠʚʘʣʘʩʴ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘʟʝʤʥʳʭ 

ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠ ʬʦʪʦʪʝʦʜʦʣʠʪʥʦʡ ʩʲʝʤʦʢ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʘʥʘʣʠʟʝ 

ʪʦʯʥʦʩʪʠ ʎʄʈ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʝʨʝʦʧʘʨʫ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʩʦ ʩʧʫʪʥʠʢʘ 

Spot 6. 

ɺ 2016 ʛ. ʚʳʭʦʜʠʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʇ.ɼ.ɸ ʂʨʘʡʜʞʝʡʙʨʠʥʢʘ ʠ ʩʦʘʚʪ. 

[135]. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʣʝʜʥʠʢ ʃʠʨʫʥʛ (ʅʝʧʘʣ), 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ɹɸʉ Swinglet ʉAM ʢʦʤʧʘʥʠʠ SenseFly. ʕʪʠ ʘʚʪʦʨʳ ʚ 2014 ʛ. 

ʚʳʧʦʣʥʠʣʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʫ ʠ ʧʦʣʫʯʠʣʠ ʦʨʪʦʬʦʪʦʧʣʘʥ ʠ ʎʄʈ ʣʝʜʥʠʢʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʘʙʦʨ ʧʦʜʦʙʥʳʭ ʜʘʥʥʳʭ ʟʘ 2013 ʛ., 

ʧʦʣʫʯʝʥʥʳʡ ʦʪ ɺ.ɺ. ʀʤʤʝʨʟʠʣʘ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʢʫ ʣʝʜʥʠʢʘ ʟʘ 

ʮʝʣʳʡ ʛʦʜ. ɹʳʣʘ ʚʳʜʝʣʝʥʘ ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʦʚ, ʧʦʢʨʳʪʳʭ 

ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʚ ʪʝʯʝʥʠʝ ʣʝʪʘ. 

ɺ 2017 ʛ. ɸ.ɺ. ʇʦʛʦʨʝʣʦʚ ʩ ʩʦʘʚʪ. [28] ʧʫʙʣʠʢʫʶʪ ʨʘʙʦʪʫ ʦ ʜʠʥʘʤʠʢʝ 

ʣʝʜʥʠʢʘ ʌʠʰʪ (ʂʘʚʢʘʟ). ʀʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ 

ʤʘʪʝʨʠʘʣʳ, ʦʧʠʩʳʚʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʛʨʘʥʠʮ ʠ ʧʣʦʱʘʜʠ ʣʝʜʥʠʢʘ ʟʘ 26 ʣʝʪ, ʧʨʠ 

ʵʪʦʤ ʧʦʩʣʝʜʥʠʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ɹɸʉ DJI Phantom. 

ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ʧʫʙʣʠʢʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ɻ. ɾʫʚʝ ʠ ʩʦʘʚʪ. [128] ʦ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʥʘ ʣʝʜʥʠʢʝ ɹʦʫʜʦʠʥ (ɻʨʝʥʣʘʜʠʷ). ʕʪʠ ʘʚʪʦʨʳ ʦʪʩʣʝʞʠʚʘʣʠ 

ʧʨʦʮʝʩʩ ʘʡʩʙʝʨʛʦʦʙʨʘʟʦʚʘʥʠʷ ʧʫʪʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʨʦʤʢʠ ʣʝʜʥʠʢʘ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. ʊʘʢʞʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʚʩʝʛʦ ʣʝʜʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʥʦʚʨʝʤʝʥʥʳʝ ʢʦʩʤʠʯʝʩʢʠʝ 

ʩʥʠʤʢʠ. 

ɺ 2017 ʛ. ʙʳʣʘ ʦʧʫʙʣʠʢʘʥʘ ʩʪʘʪʴʷ ʆ. ɺʠʛʤʦʨʘ ʠ ɹ. ʄʘʨʢʘ [208], 
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ʧʦʩʚʷʱʝʥʥʘʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʣʝʜʥʠʢʘ ʃʣʘʢʘ (ɸʥʜʳ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɸʉ 

ʤʫʣʴʪʠʨʦʪʦʨʥʦʛʦ ʪʠʧʘ. ɸʚʪʦʨʳ ʚʳʧʦʣʥʠʣʠ ʩʲʝʤʢʫ ʷʟʳʢʘ ʣʝʜʥʠʢʘ ʠ ʤʦʨʝʥʳ 

ʤʘʣʦʡ ʣʝʜʥʠʢʦʚʦʡ ʵʧʦʭʠ ʚ ʠʶʣʝ 2014 ʠ ʠʶʣʝ 2015 ʛʛ. ʇʦ ʨʘʟʥʦʚʨʝʤʝʥʥʳʤ 

ʜʘʥʥʳʤ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʜʠʥʘʤʠʢʠ ʣʝʜʥʠʢʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚʳʧʦʣʥʝʥʘ 

ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ ʠ ʎʄʈ ʣʝʜʥʠʢʘ. 

ɺ 2018 ʛ. ʉ.ʉ. ʏʝʨʥʦʤʦʨʝʮ ʠ ʩʦʘʚʪ. [42] ʦʧʠʩʳʚʘʶʪ ʧʨʦʨʳʚ 

ʣʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ ɹʘʰʢʘʨʘ (ʂʘʚʢʘʟ) ʠ ʧʦʩʣʝʜʩʪʚʠʷ ʚʳʟʚʘʥʥʦʛʦ ʵʪʠʤ ʩʝʣʝʚʦʛʦ 

ʧʦʪʦʢʘ, ʧʨʦʠʟʦʰʝʜʰʠʝ 1 ʩʝʥʪʷʙʨʷ 2017 ʫ ʦʜʥʦʠʤʝʥʥʦʛʦ ʣʝʜʥʠʢʘ. ɸʚʪʦʨʳ 

ʩʨʘʚʥʠʚʘʶʪ ʛʨʘʥʠʮʳ ʦʟʝʨʘ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʨʳʚʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʜʦ 

ʧʨʦʨʳʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʩʤʠʯʝʩʢʠʡ ʩʥʠʤʦʢ, ʧʦʩʣʝ ʧʨʦʨʳʚʘ ï ʤʘʪʝʨʠʘʣʳ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʩ ɹɸʉ DJI Phantom. 

ɺ ʪʦʤ ʞʝ ʛʦʜʫ ʚʳʭʦʜʠʪ ʨʘʙʦʪʘ ɽ.ɸ. ɹʘʩʰʘ ʠ ʩʦʘʚʪ. [55], ʧʦʩʚʷʱʝʥʥʘʷ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʘ ʣʝʜʥʠʢʝ ʌʦʥʪʘʥ (ʂʘʥʘʜʩʢʘʷ ɸʨʢʪʠʢʘ). ɸʚʪʦʨʳ, ʠʩʧʦʣʴʟʫʷ 

ʥʝʙʦʣʴʰʦʡ ɹɸʉ ʤʫʣʴʪʠʨʦʪʦʨʥʦʛʦ ʪʠʧʘ, ʚʳʧʦʣʥʠʣʠ ʩʲʝʤʢʫ ʫʯʘʩʪʢʘ ʣʝʜʥʠʢʘ 

400 ʥʘ 600 ʤ. ʉʲʝʤʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʪʨʠ ʨʘʟʘ ʩ 21 ʧʦ 23 ʠʶʣʷ 2016. ʇʣʘʥʦʚʦ-

ʚʳʩʦʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʟʝʤʥʳʭ ʦʧʦʨʥʳʭ 

ʪʦʯʝʢ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʪʩʣʝʞʠʚʘʥʠʠ ʠʟʤʝʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʘ ʟʘ 3 ʜʥʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʥʝʥʠʷ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ 

ʠʟʤʝʨʝʥʠʷʤʠ ʧʦ ʛʣʮ̫ʠʦʣʦʛʠʯʝʩʢʠʤ ʨʝʡʢʘʤ. ɹʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʙʘʣʘʥʩʘ 

ʤʘʩʩʳ ʯʘʩʪʠ ʣʝʜʥʠʢʘ, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ɼɿɿ (0,170 ʤ ʚʦʜʥʦʛʦ 

ʵʢʚʠʚʘʣʝʥʪʘ (ʚ.ʵ.)) ʠ ʛʣʮ̫ʠʦʣʦʛʠʯʝʩʢʠʤ ʠʟʤʝʨʝʥʠʷʤ (0,144 ʤ ʚ.ʵ.).  

ɺ 2018 ʛ. ʚʳʭʦʜʠʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ɼ.ɸ. ʇʝʪʨʘʢʦʚʘ ʠ ʩʦʘʚʪ. [26], 

ʧʦʩʚʷɦ ʝʥʥʦʝ ʣʝʜʥʠʢʫ ʂʦʣʢʘ (ʂʘʚʢʘʟ). ɺ ʩʝʥʪʷʙʨʝ 2002 ʥʘ ʣʝʜʥʠʢʝ ʧʨʦʠʟʦʰʣʘ 

ʛʣʷʮʠʘʣʴʥʘʷ ʢʘʪʘʩʪʨʦʬʘ. ɸʚʪʦʨʳ ʘʥʘʣʠʟʠʨʫʶʪ ʥʘʙʦʨ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠ 

ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ (ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʲʝʤʢʘ, 

ʥʝʩʢʦʣʴʢʦ ʩʪʝʨʝʦʧʘʨ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ, ʙʝʩʧʠʣʦʪʥʘʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ), 

ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʝʤʧʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʣʝʜʥʠʢʘ. 

ʅʝʜʘʚʥʠʡ ʚʩʧʣʝʩʢ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ɹɸʉ ʚ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʫʚʝʣʠʯʠʚʘʶʱʠʝʩʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʧʦʣʫʯʝʥʠʷ ʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɼɿɿ. ʇʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹɸʉ ʚ ʛʣʷʮʠʦʣʦʛʠʠ ʚʳʩʦʢ. ʆʥ 

ʤʦʞʝʪ ʩʳʛʨʘʪʴ ʚʘʞʥʫʶ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʨʦʣʴ ʜʣʷ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʚ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ ʧʦʣʝʚʳʤʠ ʨʘʙʦʪʘʤʠ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʤ 

ʟʦʥʜʠʨʦʚʘʥʠʝʤ ʠʟ ʢʦʩʤʦʩʘ.  

 

1.4 ʎʝʥʪʨʳ ʧʨʦʝʢʮʠʡ ʩʥʠʤʢʦʚ 

ʅʝʨʝʰʝʥʥʘʷ ʧʨʦʙʣʝʤʘ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʣʝʜʥʠʢʦʚ ï 

ʩʣʦʞʥʦʩʪʴ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ (ʦʪʩʫʪʩʪʚʠʝ ʥʘʟʝʤʥʳʭ ʦʧʦʨʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ). ʕʪʦ 

ʩʚ̫ʟʘʥʦ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʦʧʘʩʥʦʩʪʴ ʣʝʜʥʠʢʦʚʳʭ 

ʪʨʝʱʠʥ) ʠ ʥʝʧʨʝʨʳʚʥʳʤ ʜʚʠʞʝʥʠʝʤ ʣʝʜʥʠʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʝʰʝʥʠʝʤ 

ʤʦʞʝʪ ʩʪʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʮʝʥʪʨʦʚ 

ʧʨʦʝʢʮʠʡ ʩʥʠʤʢʦʚ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʦʛʦ, 

ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʫʱʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʠʩʧʦʣʟɹʫʶʪʩʷ ʩʥʠʤʢʠ ʠ ʚʳʩʦʢʦʪʦʯʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʠ 

(ʂʎʇ), ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʤʝʞʜʫ ʥʘʟʝʤʥʳʤ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʦʤ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʠ ʙʦʨʪʦʚʳʤ 

(OEM-ʤʦʜʫʣʴ ï ʧʣʘʪʘ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʠ ʘʥʪʝʥʥʘ ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ). 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʂʎʇ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ ʙʦʨʪʦʚʦʛʦ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʘ (OEM 

ʤʦʜʫʣʴ) ʠ ʘʚʪʦʧʠʣʦʪʘ ɹɸʉ. ʇʦʩʣʝʜʥʠʡ ʨʝʛʠʩʪʨʠʨʫʝʪ ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ 

ʟʘʪʚʦʨʘ ʢʘʤʝʨʳ ʠ ʧʝʨʝʜʘʝʪ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʥʘ OEM-ʤʦʜʫʣʴ. ʂʦʦʨʜʠʥʘʪʘ 

ʮʝʥʪʨʘ ʧʨʦʝʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʦ 

ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʙʣʠʞʘʡʰʠʤʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʂʎʇ ʩʦʩʪʘʚʣʷʝʪ 3ï5 ʩʤ [9, 

16, 17, 131]. 

ɺ 2012 ʛ. ʂ.ɺ. ʏʘʥʛʠ ʩ ʩʦʘʚʪ. [71] ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʮʝʥʢʝ 
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ʪʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʀʩʧʦʣʴʟʫʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʩʩʠʚʥʦʝ ʙʝʩʧʠʣʦʪʥʦʝ ʚʦʟʜʫʰʥʦʝ ʩʫʜʥʦ ʤʘʩʩʦʡ 25 ʢʛ 

ʠ ʨʘʟʤʘʭʦʤ ʢʨʳʣʘ 5 ʤ, ʦʥʠ ʚʳʧʦʣʥʠʣʠ ʩʲʝʤʢʫ ʥʝʙʦʣʴʰʦʛʦ ʫʯʘʩʪʢʘ 

ʟʘʩʪʨʦʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʣʦʱʘʜʴʶ 9 ʢʤ2 ʚʦ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠ̫ ʭ. ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 20 ʥʘʟʝʤʥʳʭ 

ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʛʝʦʜʝʟʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ. ʇʣʘʥʦʚʘʷ ʪʦʯʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ ʯʫʪʴ ʙʦʣʴʰʝ 5 ʤ, ʪʦʯʥʦʩʪʴ ʧʦ ʚʳʩʦʪʝ 

ï 10 ʤ. ʅʠʟʢʘʷ ʪʦʯʥʦʩʪʴ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʰʝʚʦʛʦ 

ʦʜʥʦʯʘʩʪʦʪʥʦʛʦ GPS-ʧʨʠʝʤʥʠʢʘ ʥʘ ʙʦʨʪʫ ʠ ʢʘʤʝʨʳ ʩʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ 

ʟʘʪʚʦʨʦʤ, ʘ ʪʘʢʞʝ ʧʣʦʭʦʡ ʪʦʯʥʦʩʪʴʶ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʘ ʠ 

ʢʘʤʝʨʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʚʪʦʨʳ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ 

ʜʣʷ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʧʦʩʣʝ ʧʨʠʨʦʜʥʳʭ ʙʝʜʩʪʚʠʡ ʠ ʚ 

ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ɺ 2014 ʛ. ɼ. ʊʫʨʥʝʣ ʩ ʩʦʘʚʪ. [194] ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʠ ʩʥʠʤʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʀʩʧʦʣʴʟʦʚʘʣʩʷ ʥʝʙʦʣʴʰʦʡ ɹɸʉ ʤʫʣʴʪʠʨʦʪʦʨʥʦʛʦ ʪʠʧʘ (ʦʢʪʦʢʦʧʪʝʨ) ʠ 

ʜʚʫʭʯʘʩʪʦʪʥʳʡ ɻʅʉʉ-ʧʨʠʝʤʥʠʢ. ɹʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʨʝʭ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ. ʃʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʣ ʧʣʘʥʦʚʫʶ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʫʶ ʦʰʠʙʢʫ ʚ 11 ʩʤ. 

ɺ ʵʪʦʤ ʞʝ ʛʦʜʫ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɺ.ʄ. ʂʫʨʢʦʚʘ ʚʳʧʦʣʥʷʝʪʩʷ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʥʘ ɿʘʦʢʩʢʦʤ 

ʛʝʦʧʦʣʠʛʦʥʝ ʄʀʀɻɸʠʂ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʫʙʣʠʢʫʝʪʩʷ ʨʷʜ ʨʘʙʦʪ [9, 16, 18, 20]. ɺ 

ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ 60 ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ, 

ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʇʨʦʠʩʭʦʜʠʪ 

ʚʩʝʦʙʲʝʤʣʶʱʘʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ; ʢʨʦʤʝ ʪʦʛʦ, 

ʚʳʧʦʣʥʷʝʪʩʷ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʝʚʦʡ ʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʘʣʠʙʨʦʚʢʠ 

ʢʘʤʝʨ. 

ɺʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʡ ʩʥʠʤʢʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʧʦʤʠʥʘʝʪʩʷ ʚ 
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ʨʘʙʦʪʝ ʄ.ɺ. ʉʳʨʦʤʷʪʠʥʦʡ ʠ ʩʦʘʚʪ. [186] ʥʘ ʣʝʜʥʠʢʘʭ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ 

ʊʘʙʳʥ-ɹʦʛʜʦ-ʆʣʘ (ʄʦʥʛʦʣʴʩʢʠʡ ɸʣʪʘʡ) ʚ 2015 ʛ. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʵʪʦʡ 

ʨʘʙʦʪʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ, ʩʦʠʩʢʘʪʝʣʴ, 

ʠʟʣʦʞʝʥʦ ʚ ʛʣʘʚʝ 4 ʠ, ʯʘʩʪʠʯʥʦ, ʚ ʛʣʘʚʝ 3.  

ɺ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ ʉ.ɸ. ʂʘʜʥʠʯʘʥʩʢʦʛʦ ʠ ʩʦʘʚʪ. [131] ʧʨʠʚʦʜʠʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɹɸʉ. ɸʚʪʦʨʳ ʜʝʣʘʶʪ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʮʝʥʪʨʦʚ 

ʧʨʦʝʢʮʠʡ ʩʥʠʤʢʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʪʦʜʠʢʦʡ ʨʘʙʦʪ (ʧʦʣʝʚʘʷ 

ʢʘʣʠʙʨʦʚʢʘ, ʩʘʤʦʢʘʣʠʙʨʦʚʢʘ) ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

(ʢʘʤʝʨʘ, ʧʨʠʝʤʥʠʢ ɻʅʉʉ) ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʪʦʯʥʦʩʪʴʶ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʩʪʘʝʪʩʷ ʥʝʨʝʰʝʥʥʳʤ ʚʦʧʨʦʩ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʢʦʥʪʨʦʣʷ ʧʨʠʤʝʥʝʥʠʷ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʠ ʩʥʠʤʢʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʫʩʣʦʚʠʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ. 

 

1.5 ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ɻʝʦʤʦʨʬʦʤʝʪʨʠʷ ï ʥʘʫʯʥʘʷ ʜʠʩʮʠʧʣʠʥʘ, ʧʨʝʜʤʝʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʨʝʣʴʝʬʘ, ʘ ʪʘʢʞʝ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʨʝʣʴʝʬʦʤ ʠ 

ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʛʝʦʩʠʩʪʝʤ [41, 91, 92]. 

ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ [91, 92, 117, 176, 207] ʩʚʷʟʘʥʦ ʩ 

ʢʦʥʮʝʧʮʠʝʡ ʦʙʱʝʡ ʛʝʦʤʦʨʬʦʤʝʪʨʠʠ, ʢʦʪʦʨʫʶ ʧʨʝʜʣʦʞʠʣ ʘʥʛʣʠʡʩʢʠʡ 

ʛʝʦʤʦʨʬʦʣʦʛ ʀ.ʉ. ʕʚʘʥʩ [86], ʦʧʨʝʜʝʣʷʝʤʦʡ, ʢʘʢ çʠʟʤʝʨʝʥʠʝ ʠ ʘʥʘʣʠʟ ʪʝʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʣʴʝʬʘ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʠʤʳ ʢ ʣʶʙʦʡ ʥʝʧʨʝʨʳʚʥʦʡ 

ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠè. ʄʝʪʦʜʘʤʠ ʦʙʱʝʡ ʛʝʦʤʦʨʬʦʤʝʪʨʠʠ ʤʦʛʫʪ 

ʦʧʠʩʳʚʘʪʴʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ, ʨʘʩʯʣʝʥʝʥʥʦʩʪʴ ʩʢʣʦʥʦʚ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʬʦʨʤʳ, ʚʳʩʦʪʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʠ ʜʨ. [175]. 

ɻʝʦʤʦʨʬʦʤʝʪʨʠʷ ʠʤʝʝʪ ʜʝʣʦ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʚ 

ʢʦʪʦʨʦʤ ʨʝʘʣʴʥʳʡ ʨʝʣʴʝʬ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʦʜ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʧʦʥʠʤʘʶʪ ʟʘʤʢʥʫʪʦʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʝ 

ʜʚʫʤʝʨʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʚ ʪʨʝʭʤʝʨʥʦʤ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ [41, 92, 
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175]. ʇʨʠ ʵʪʦʤ: 

1) ʇʦʚʝʨʭʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʜʢʦʡ ʦʜʥʦʟʥʘʯʥʦʡ ʬʫʥʢʮʠʝʡ 

z = f(x, y), ʛʜʝ z ï ʚʳʩʦʪʘ, x ʠ y ï ʜʝʢʘʨʪʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ; 

2) ʊʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʝʝʪ ʧʨʦʠʟʚʦʜʥʳʝ ʚʩʝʭ ʧʦʨʷʜʢʦʚ; 

3) ʊʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʨʦʜʥʦʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ; 

4) ʇʨʠ ʘʥʘʣʠʟʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʚʠʟʥʦʡ ʧʣʘʥʝʪʳ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ; 

5) ʊʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʤʘʩʰʪʘʙʥʦ ʟʘʚʠʩʠʤʳʤ 

ʦʙ̡ʝʢʪʦʤ. 

 ʉʚʦʡʩʪʚʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʠʩʳʚʘʶʪʩʷ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʪʘʢʠʤʠ ʢʘʢ ʫʢʣʦʥ, ʢʨʠʚʠʟʥʳ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʣʦɦ ʘʜʴ ʚʦʜʦʩʙʦʨʘ ʠ ʪ.ʜ.) [91, 176]. 

ɺʳʜʝʣʷʶʪ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ [91, 

92, 175]: 

1) ʃʦʢʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ (ʢʨʫʪʠʟʥʘ ʩʢʣʦʥʘ, ʵʢʩʧʦʟʠʮʠʷ ʩʢʣʦʥʘ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ, ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ, ʩʨʝʜʥʷʷ ʢʨʠʚʠʟʥʘ, 

ʤʠʥʠʤʘʣʥɹʘʷ ʢʨʠʚʠʟʥʘ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ, ʨʘʟʥʦʩʪʥʘʷ ʢʨʠʚʠʟʥʘ, 

ʛʘʫʩʩʦʚʘ ʢʨʠʚʠʟʥʘ, ʠʟʙʳʪʦʯʥʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ, ʠʟʙʳʪʦʯʥʘʷ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ, ʘʢʢʫʤʫʣʷʮʠʦʥʥʘʷ ʢʨʠʚʠʟʥʘ, ʢʦʣʴʮʝʚʘʷ ʢʨʠʚʠʟʥʘ, 

ʥʝʩʬʝʨʠʯʥʦʩʪʴ, ʨʦʪʦʨ). 

2) ʅʝʣʦʢʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ (ʚʦʜʦʩʙʦʨʥʘʷ ʧʣʦʱʘʜʴ, ʜʠʩʧʝʨʩʠʚʥʘʷ 

ʧʣʦɦ ʘʜʴ). 

3) ʉʦʣʷʨʥʳʝ ʚʝʣʠʯʠʥʳ (ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʠʥʩʦʣʷʮʠʷ). 

4) ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʚʝʣʠʯʠʥʳ (ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʠʥʜʝʢʩ, ʠʥʜʝʢʩ 

ʤʦʱʥʦʩʪʠ ʧʦʪʦʢʦʚ, ʠʥʜʝʢʩ ʬʦʨʤʳ). 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʜʘʥʦ ʚ 

ʇʨʠʣʦʞʝʥʠʠ 1. 

ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʥʘʫʢ ʦ ɿʝʤʣʝ, ʚʢʣʶʯʘʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʣʴʝʬʘ 
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ʤʝʩʪʥʦʩʪʠ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʛʥʦʟʥʦʝ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ 

ʧʦʯʚ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʚʳʷʚʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʚʦʣʶʮʠʠ ʣʘʥʜʰʘʬʪʘ ʠ ʠʭ ʚʠʟʫʘʣʠʟʘʮʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎʄʈ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

[56, 65, 76, 126, 146, 151, 178, 203, 212]. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʚ ʨʘʟʚʠʪʠʠ ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʦʚ ʛʝʦʤʦʨʬʦʤʝʪʨʠʠ 

ʧʨʦʠʟʦʰʝʣ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʨʷʜ ʩʚʦʜʥʳʭ 

ʨʘʙʦʪ ʠ ʤʦʥʦʛʨʘʬʠʡ ɼʞ.ʇ. ɺʠʣʩʦʥʘ ʠ ɼʞ.ʂ. ɻʘʣʘʥʪʘ, ɿ. ʃʠ ʠ ʩʦʘʚʪ., ʊ. 

ʍʝʥʛʣʘ ʠ ʍ.ʀ. ʈʝʫʪʝʨʘ, ʘ ʪʘʢʞʝ ʀ.ɺ. ʌʣʦʨʠʥʩʢʦʛʦ [91, 117, 140, 207]. ʆʜʥʘʢʦ 

ʵʪʠ ʜʦʩʪʠʞʝʥʠʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʥʘʰʣʠ ʜʦʣʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʣʝʜʥʠʢʦʚ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 1 

1) ʃʝʜʥʠʢʠ ʷʚʣʷʶʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʥʳʤʠ ʠ ʭʦʨʦʰʦ ʥʘʙʣʶʜʘʝʤʳʤʠ 

ʠʥʜʠʢʘʪʦʨʘʤʠ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʢʘʢ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʪʘʢ ʠ ʥʘ 

ʛʣʦʙʘʣʴʥʦʤ. ʄʘʩʰʪʘʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʣʦʱʘʜʠ ʦʣʝʜʝʥʝʥʠʷ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʞʠʤʦʚ, ʤʦʛʫʪ ʦʙʝʨʥʫʪʴʩʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʣʝʜʥʠʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʜʚʠʞʝʥʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʛʝʦʤʝʪʨʠʠ ʣʝʜʥʠʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʕʪʦ ʪʨʝʙʫʝʪ ʥʝʧʨʝʨʳʚʥʦʛʦ 

ʠ ʚʩʝʦʙʲʝʤʣʶʱʝʛʦ ʧʦʜʭʦʜʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ 

ɿʝʤʣʠ. 

2) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʎʄʈ ʚ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʯʘʣʦʩʴ 

ʚ 1990-ʝ ʛʛ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʎʄʈ ʣʝʜʥʠʢʦʚ, ʬʨʘʛʤʝʥʪʦʚ 

ʣʝʜʥʠʢʦʚ ʠ ʜʘʞʝ ʚʩʝʡ ɸʥʪʘʨʢʪʠʜʳ ʠ ɻʨʝʥʣʘʥʜʠʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʥʠʟʢʠʤ 

ʠʣʠ ʩʨʝʜʥʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʇʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʛʦ ʠʣʠ 

ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʎʄʈ ʣʝʜʥʠʢʦʚ ʥʝ ʧʦʣʫʯʠʣʦ ʜʦʣʞʥʦʛʦ ʨʘʟʚʠʪʠʷ. 

3) ɹʝʩʧʠʣʦʪʥʘʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʣʝʜʥʠʢʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʩ 2007 ʛ. 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʠʧʳ ɹɸʉ (ʤʫʣʴʪʠʨʦʪʦʨʥʦʛʦ ʠ ʩʘʤʦʣʝʪʥʦʛʦ 

ʪʠʧʘ) ʠ ʩʲʝʤʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʦʙʳʯʥʳʝ ʠ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʝ ʢʘʤʝʨʳ, 

ʨʘʜʘʨʳ, ʣʠʜʘʨʳ). ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʝʰʝʥʘ ʧʨʦʙʣʝʤʘ ʩʣʦʞʥʦʩʪʠ ʠʣʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. ʇʨʠʤʝʥʝʥʠʝ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʠ ʩʥʠʤʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʚ ʫʩʣʦʚʠʷʭ ʦʣʝʜʝʥʝʥʠʷ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʦʚ, ʥʝ 

ʦʧʠʩʘʥʦ. 

4) ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʛʝʦʤʦʨʬʦʤʝʪʨʠʠ ʚ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʚʦʜʠʪʩʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʢ ʨʘʩʯʝʪʫ ʨʘʟʥʦʩʪʠ 

ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʎʄʈ ʠ ʦʧʨʝʜʝʣʝʥʠʶ ʢʨʫʪʠʟʥʳ ʠ ʵʢʩʧʦʟʠʮʠʠ ʩʢʣʦʥʘ. 

ɼʦʩʪʠʞʝʥʠʷ ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʦʚ ʛʝʦʤʦʨʬʦʤʝʪʨʠʠ ʧʦʩʣʝʜʥʠʭ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʠʣʝʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʣʦʢʘʣʴʥʳʭ ʠ 

ʥʝʣʦʢʘʣʴʥʳʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʥʝ ʥʘʰʣʠ ʜʦʣʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 
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ɻʃɸɺɸ 2 

ɹɽʉʇʀʃʆʊʅɸʗ ɸʕʈʆʌʆʊʆʉʒɽʄʂɸ ʀ 

ʌʆʊʆɻʈɸʄʄɽʊʈʀʏɽʉʂɸʗ ʆɹʈɸɹʆʊʂɸ ɼʃʗ ʎɽʃɽʁ 

ɻɽʆʄʆʈʌʆʄɽʊʈʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ɺ ʛʣʘʚʝ ʠʟʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʢʦʥʪʝʢʩʪʝ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʧʦʣʝʚʳʝ ʠ ʢʘʤʝʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʠ ʘʧʨʦʙʘʮʠʠ ʵʪʦʡ ʤʝʪʦʜʠʢʠ. Ä 2.1 ʧʦʩʚʷʱʝʥ ʎʄʈ, ʧʦʣʫʯʘʝʤʳʤ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. ʇʨʦʚʝʜʝʥʠʶ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ 

ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɸʉ ʧʦʩʚʷʱʝʥ Ä 2.2. ɺ Ä 2.3 ʨʘʟʙʠʨʘʝʪʩʷ ʚʦʧʨʦʩ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

ɺ Ä 2.4 ʦʧʠʩʳʚʘʝʪʩʷ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ. Ä 2.5 ʧʦʩʚʷʱʝʥ ʘʥʘʣʠʟʫ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʧʠʩʘʥʠʶ ʤʝʪʦʜʠʢʠ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʢʘʤʝʨʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʎʄʈ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ 

ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʨʠʤʝʥʠʤʘ, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʣʝʜʥʠʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

 

2.1 ʎʄʈ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ɹɸʉ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʎʄʈ ʩ 

ʚʳʩʦʢʠʤ ʠ ʦʯʝʥʴ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (10ï30 

ʩʤ/ʧʠʢʩʝʣʴ), ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ 

ʩʢʣʦʥʦʚʳʭ, ʧʨʠʙʨʝʞʥʳʭ, ʣʝʜʥʠʢʦʚʳʭ ʠ ʨʝʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʚʳʚ̫ʣʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʠʢʨʦʦʙʲʝʢʪʦʚ (ʥʘʧʨ., ʤʠʢʨʦʩʢʣʘʜʢʠ ʠ 

ʤʠʢʨʦʨʘʟʨʳʚʳ) ʠ ʧʨ. [56, 65, 76, 79, 82, 126, 127, 135, 146, 178, 186, 202]. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʦʨʨʝʢʪʥʦʡ ʎʄʈ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹɸʉ, ʢʘʤʝʨʳ ʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ 
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ʧʦʣʫʯʠʪʴ ʎʄʈ ʩ ʩʝʨʴʝʟʥʳʤʠ ʘʨʪʝʬʘʢʪʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟ-ʟʘ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʦʰʠʙʦʢ (ʥʘʧʨ., ʠʩʢʘʞʝʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʦʤ ʠ ʝʛʦ ʩʥʠʤʢʦʤ). ʊʘʢʠʝ ʦʰʠʙʢʠ 

ʚʳʟʚʘʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʭ ʢʘʤʝʨ ʩ ʙʦʣʴʰʦʡ ʜʠʩʪʦʨʩʠʝʡ 

ʦʙʲʝʢʪʠʚʘ ʠ ʥʝʧʨʘʚʠʣʴʥʦ ʚʧrʦʣʥʝʥʥʦʡ ʢʘʣʠʙʨʦʚʢʦʡ [43, 125]. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʦʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ 

ʦʙʣʘʩʪʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʠ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʣʴʝʬʘ. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ɹɸʉ ʠ ʢʘʤʝʨ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ 

ʫʨʦʚʥʷ, ʘ ʪʘʢʞʝ ʙʝʩʧʣʘʪʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʩʥʠʤʢʦʚ, ʢʦʪʦʨʦʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʦʨʨʝʢʪʥʫʶ ʎʄʈ [159]. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʚʦʧʨʦʩʳ ʪʦʯʥʦʩʪʠ ʠ ʦʰʠʙʦʢ ʎʄʈ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʩ ɹɸʉ, 

ʥʘʭʦʜʷʪʩʷ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʦʙʣʘʩʪʠ 

ʛʝʦʜʝʟʠʠ, ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ [16, 49, 72, 81, 82, 121, 136, 138, 

158, 166, 189, 195]. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʥʘʯʘʣʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʎʄʈ ʧʦ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʤ ʩ ɹɸʉ [173, 185], 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʙʷʟʘʪʝʣʥɹʳʭ ʠʥʩʪʨʫʢʮʠʡ 

ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ɹɸʉ. 

ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʎʄʈ ʷʚʣʷʝʪʩʷ ʥʝ ʢʦʥʝʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʣʘʥʜʰʘʬʪʦʚ, ʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʣʠ ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʠʟʘ ʨʝʣʴʝʬʘ (Ä 

1.4). 

ʇʨʠ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʣʦʞʝʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʎʄʈ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʬʘʢʪʦʨʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʨʘʩʯʝʪ ʣʦʢʘʣʴʥʳʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ 

(ʥʘʧʨʠʤʝʨ, ʫʢʣʦʥʘ ʠ ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʠ) ʦʩʥʦʚʘʥ ʥʘ ʚʳʯʠʩʣʝʥʠʷʭ ʧʝʨʚʦʡ 

ʠ ʚʪʦʨʦʡ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʳʩʦʪʳ. ʕʪʠ ʨʘʩʯʝʪʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʶʪ 

ʩʣʫʯʘʡʥʳʝ ʦʰʠʙʢʠ ʚ ʎʄʈ (ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʠ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʝ, ʘ 

ʪʘʢʞʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʰʫʤ), ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʤʝʪʥʳ ʥʘ ʩʘʤʦʡ 

ʎʄʈ [89, 90]. ɺʦ-ʚʪʦʨʳʭ, ʨʘʩʯʝʪ ʥʝʣʦʢʘʣʴʥʳʭ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ (ʥʘʧʨ., ʚʦʜʦʩʙʦʨʥʦʡ ʧʣʦʱʘʜʠ ʠ 
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ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ) ʦʩʥʦʚʘʥ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʧʦʪʦʢʘ. 

ɺʦ ʚʨʝʤʷ ʵʪʠʭ ʚʳʯʠʩʣʝʥʠʡ ʦʰʠʙʢʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚʜʦʣʴ ʤʘʨʰʨʫʪʦʚ ʧʦʪʦʢʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʚ ʎʄʈ [197]. ɺ-ʪʨʝʪʴʠʭ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʦʰʠʙʢʠ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʝʨʝʭʦʜʷʪ ʚ ʧʦʯʚʝʥʥʳʝ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʜʨʫʛʠʝ ʤʦʜʝʣʠ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ [141]. ʉʣʝʜʫʝʪ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʠʣʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʜʦʙʥʳʭ ʦʰʠʙʦʢ ʚ ʎʄʈ ʜʦ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ. 

ʕʪʦ ʩʚʷʟʘʥʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʪʝʤ, ʯʪʦ ʪʘʢʠʝ ʦʰʠʙʢʠ ʥʝ ʧʨʝʚʳʰʘʶʪ ʧʦ ʩʚʦʝʤʫ 

ʟʥʘʯʝʥʠʶ ʜʦʧʫʩʪʠʤʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʪʦʯʥʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʎʄʈ. ʈʘʩʯʝʪʳ ʫʩʠʣʠʚʘʶʪ ʧʨʦʷʚʣʝʥʠʝ ʦʰʠʙʦʢ ʚ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʦʜʝʣʷʭ, ʠ ʦʰʠʙʢʠ ʩʪʘʥʦʚʷʪʩʷ ʚʠʜʠʤʳʤʠ ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʢʘʨʪʘʭ. 

ɺʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʢʘʨʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ 

ʦʙʥʘʨʫʞʝʥʠʷ ʧʘʪʪʝʨʥʦʚ çʘʨʪʝʬʘʢʪʦʚè ʚ ʠʩʭʦʜʥʳʭ ʎʄʈ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʦʧʨʦʩʳ 

ʪʦʯʥʦʩʪʠ ʠ ʦʰʠʙʦʢ ʎʄʈ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ ʩ ɹɸʉ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ 

ʨʝʰʝʥʳ. ɺ 2016 ʛ. ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʧʝʨʚʳʡ ʙʦʣʴʰʦʡ ʦʙʟʦʨ ʧʦ ʧʨʠʤʝʥʝʥʠʶ 

ʎʄʈ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʙʝʩʧʠʣʦʪʥʦʡ ʩʲʝʤʢʠ, ʚ ʥʘʫʢʘʭ ʦ ɿʝʤʣʝ [82]. 

ɸ. ʕʣʥʝʨ ʠ ʩʦʘʚʪ. ʫʧʦʤʷʥʫʣʠ ʩʣʦʚʦ çʛʝʦʤʦʨʬʦʤʝʪʨʠʷè ʚ ʥʘʟʚʘʥʠʠ ʩʪʘʪʴʠ ʠ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ ʚ ʪʝʢʩʪʝ, ʥʦ ʥʝ ʦʙʩʫʞʜʘʣʠ ʥʠ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʘʤʦ ʧʦ ʩʝʙʝ, ʥʠ ʚʦʟʤʦʞʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʪʦʯʥʦʩʪʴʶ ʎʄʈ ʠ 

ʨʝʟʫʣʪɹʘʪʘʤʠ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺʦʧʨʦʩ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʳʭ ʎʄʈ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, 

ʧʦʣʫʯʘʝʤʳʭ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. 

 

2.2 ɸʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʎʄʈ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʎʄʈ ʚ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʤ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ɹɸʉ ʩʘʤʦʣʝʪʥʦʛʦ ʪʠʧʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʥʘ ʜʨʫʛʠʝ ʪʠʧʳ 

ɹɸʉ. 

 

2.2.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹɸʉ 

ɻʝʦʩʢʘʥ 101 ɻʝʦʜʝʟʠʷ ï ɹɸʉ ʩʘʤʦʣʝʪʥʦʛʦ ʪʠʧʘ, ʧʦʜʪʠʧ çʣʝʪʘʶʱʝʝ 

ʢʨʳʣʦè. ʈʘʟʤʘʭ ʢʨʳʣʴʝʚ 130 ʩʤ, ʚʟʣʝʪʥʳʡ ʚʝʩ 2,5 ʢʛ. ɺʟʣʝʪ ʩ ʢʘʪʘʧʫʣʴʪʳ, 

ʧʦʩʘʜʢʘ ʥʘ ʧʘʨʘʰʶʪʝ. ʆʩʥʘʱʝʥ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʦʣʝʪʘ ʜʦ 1 ʯʘʩʘ, ʩʢʦʨʦʩʪʴ ʧʦʣʝʪʘ 72 ʢʤ/ʯ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ ʦʪ ï20Áʉ ʜʦ +40Áʉ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʜʦ 12 ʤ/ʩ ʧʨʠ 

ʟʘʧʫʩʢʝ ʠ ʚʦ ʚʨʝʤʷ ʧʦʣʝʪʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʟʘʷʚʣʷʝʤʘʷ ʚʳʩʦʪʘ ʧʦʣʝʪʘ ï ʜʦ 

4000 ʤ ʥʘʜ ʫʨ. ʤ. [7]. 

ɻʝʦʩʢʘʥ 201 ɻʝʦʜʝʟʠʷ ï ɹɸʉ ʩʘʤʦʣʝʪʥʦʛʦ ʪʠʧʘ, ʧʦʜʪʠʧ çʣʝʪʘʶʱʝʝ 

ʢʨʳʣʦè. ʈʘʟʤʘʭ ʢʨʳʣʴʝʚ 230 ʩʤ, ʚʟʣʝʪʥʳʡ ʚʝʩ 8 ʢʛ. ɺʟʣʝʪ ʩ ʢʘʪʘʧʫʣʴʪʳ, 

ʧʦʩʘʜʢʘ ʥʘ ʧʘʨʘʰʶʪʝ. ʆʩʥʘʱʝʥ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʦʣʝʪʘ ʜʦ 3 ʯʘʩʦʚ, ʩʢʦʨʦʩʪʴ ʧʦʣʝʪʘ 78 ʢʤ/ʯ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ ʦʪ ï20Áʉ ʜʦ +40Áʉ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʜʦ 12 ʤ/ʩ ʧʨʠ 

ʟʘʧʫʩʢʝ ʠ ʚʦ ʚʨʝʤʷ ʧʦʣʝʪʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʟʘʷʚʣʷʝʤʘʷ ʚʳʩʦʪʘ ʧʦʣʝʪʘ ï ʜʦ 

4000 ʤ ʥʘʜ ʫʨ. ʤ. [8]. 

ʆʙʝ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʳ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʤʠ ʤʦʜʝʤʘʤʠ ʩʚʷʟʠ ʥʘ 

ʯʘʩʪʦʪʝ 867,8 ʄʛʮ ʠ ʫʧʨʘʚʣʷʶʪʩʷ ʩ ʅʉʋ Geoscan Planer. ɼʣʷ ʪʦʯʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʂʎʇ ʫʩʪʘʥʦʚʣʝʥ ʧʨʠʝʤʥʠʢ ɻʅʉʉ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ, 

ʧʦʜʜʝʨʞʠʚʘʶɦ ʠʡ ʩʠʩʪʝʤʳ ɻʃʆʅɸʉʉ/GPS ʥʘ ʯʘʩʪʦʪʘʭ L1/L2. 

ɺ ʢʘʯʝʩʪʚʝ ʩʲʝʤʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: 

ï ʧʦʣʥʦʢʘʜʨʦʚʘʷ ʮʠʬʨʦʚʘʷ ʢʘʤʝʨʘ Sony DSC-RX1 ʩ ʮʝʥʪʨʘʣʴʥʳʤ 

ʟʘʪʚʦʨʦʤ, ʦʙʲʝʢʪʠʚ Carl Zeiss Vario Sonnar T, ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ 35 ʤʤ. 

ʈʘʟʤʝʨ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʂʄʆʇ-ʤʘʪʨʠʮʳ (ʢʦʤʧʣʝʤʝʥʪʘʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʤʝʪʘʣʣ-ʦʢʩʠʜ-ʧʦʣʫʧʨʦʚʦʜʥʠʢ) 6000 ʭ 4000 ʧʠʢʩʝʣʝʡ, ʨʘʟʤʝʨ ʦʜʥʦʛʦ ʧʠʢʩʝʣʷ 

6 ʤʢʤ; 

ï ʮʠʬʨʦʚʘʷ ʢʘʤʝʨʘ Sony NEX-5N ʩ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ, 
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ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʙʲʝʢʪʠʚʘ 20 ʤʤ. ʈʘʟʤʝʨ ʂʄʆʇ-ʤʘʪʨʠʮʳ 4912 ʭ 3264 

ʧʠʢʩʝʣʷ, ʨʘʟʤʝʨ ʦʜʥʦʛʦ ʧʠʢʩʝʣʷ 5 ʤʢʤ. 

ʂʘʤʝʨʳ ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ ʧʨʠʦʨʠʪʝʪʘ ʚʳʜʝʨʞʢʠ, ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʘʟʤʝʨʘ ʜʠʘʬʨʘʛʤʳ ʠ ʧʘʨʘʤʝʪʨʘ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ISO). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʦʙʣʘʯʥʦʩʪʠ ʚʳʜʝʨʞʢʘ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ 1/800 ʠʣʠ 

1/1000. 

 

2.2.2 ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ɿʘʦʢʩʢʦʤ ʛʝʦʧʦʣʠʛʦʥʝ ʄʀʀɻɸʠʂ. 

ɿʘʦʢʩʢʠʡ ʛʝʦʧʦʣʠʛʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʮʝʥʪʨʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ, ʚ 

ʊʫʣɹʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ 120 ʢʤ ʢ ʶʛʫ ʦʪ ʄʦʩʢʚʳ ʠ ʚ 15 ʢʤ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ 

ʛʦʨʦʜʘ ʇʫʱʠʥʦ (ʨʠʩ. 2.1ʘ). ɿʘʦʢʩʢʠʡ ʛʝʦʧʦʣʠʛʦʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʡ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ 

ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹɸʉ [16, 20]. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ɿʘʦʢʩʢʦʛʦ ʛʝʦʧʦʣʠʛʦʥʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 200 ʢʤ2. ʅʘ ʝʛʦ ʧʣʦʱʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʬʦʨʤʳ ʨʝʣʴʝʬʘ, ʨʝʢʠ, ʨʫʯʴʠ, ʧʨʫʜʳ, ʣʝʩʘ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʫʛʦʜʴʷ, 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʣʦʱʘʜʢʠ, ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ (ʧʦʩʝʣʢʠ, ʜʝʨʝʚʥʠ ʠ ʞʠʣʳʝ 

ʢʦʤʧʣʝʢʩʳ), ʞʝʣʝʟʥʳʝ ʜʦʨʦʛʠ, ʘʚʪʦʤʘʛʠʩʪʨʘʣʠ, ʧʨʦʩʝʣʦʯʥʳʝ ʠ ʧʦʣʝʚʳʝ 

ʜʦʨʦʛʠ, ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʨʘʟʣʠʯʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʨʫʙʦʧʨʦʚʦʜʳ. ʅʘ 

ɿʘʦʢʩʢʦʤ ʛʝʦʧʦʣʠʛʦʥʝ ʥʘʭʦʜʠʪʩʷ 23 ʧʫʥʢʪʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʩʝʪʠ ʠ 340 ʢʦʥʪʨʦʣʥɹʳʭ / ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ʀʟ 

ʥʠʭ 47 ʪʦʯʝʢ ʦʧʨʝʜʝʣʝʥʳ ʪʦʣʴʢʦ ʧʦ ʚʳʩʦʪʝ, 293 ʪʦʯʢʠ ʦʧʨʝʜʝʣʝʥʳ ʚ ʧʣʘʥʝ ʠ 

ʧʦ ʚʳʩʦʪʝ; 72 ʪʦʯʢʠ ʠʤʝʶʪ ʤʘʨʢʠʨʦʚʢʫ. ʊʦʯʥʦʩʪʴ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ 

ʩʦʩʪʘʚʣʷʝʪ 2ï3 ʩʤ ʚ ʧʣʘʥʝ ʠ 3ï4 ʩʤ ʧʦ ʚʳʩʦʪʝ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʜʦʣʠʥʘ ʨʝʢʠ ʉʢʥʠʛʘ ʤʝʞʜʫ ʣʘʛʝʨʝʤ 

ɿʘʦʢʩʢʦʛʦ ʛʝʦʧʦʣʠʛʦʥʘ ʠ ʩʝʣʦʤ ʂʦʩʪʠʥʦ. ʈʘʟʤʝʨ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1700 ʥʘ 1870 ʤ; ʧʝʨʝʧʘʜ ʚʳʩʦʪ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 86 ʤ (ʨʠʩ. 

2.1ʙ). 

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 1) ʨ. ʉʢʥʠʛʘ, ʧʝʨʝʩʝʢʘʶʱʫʶ 

ʨʘʡʦʥ ʩ ʶʛʦ-ʚʦʩʪʦʢʘ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ; 2) ʟʘʜʝʨʥʦʚʘʥʥʳʡ ʦʧʦʣʟʥʝʚʦʡ 
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ʧʨʘʚʦʙʝʨʝʞʥʳʡ ʩʢʣʦʥ ʜʦʣʠʥʳ ʨ. ʉʢʥʠʛʘ ʩ ʛʨʫʧʧʘʤʠ ʜʝʨʝʚʴʝʚ ʠ ʢʫʩʪʘʨʥʠʢʦʚ; 

3) ʟʘʜʝʨʥʦʚʘʥʥʳʡ ʧʦʣʦʛʠʡ ʣʝʚʳʡ ʙʝʨʝʛ ʜʦʣʠʥʳ ʨ. ʉʢʥʠʛʘ ʩ ʜʝʨʝʚʴʷʤʠ ʠ 

ʢʫʩʪʘʨʥʠʢʘʤʠ; 4) ʜʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʫʩʪʳʭ ʣʝʩʥʳʭ ʫʯʘʩʪʢʘ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ 

ʜʦʣʠʥʳ ʨ. ʉʢʥʠʛʘ; 5) ʞʠʣʳʝ ʜʦʤʘ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʦʩʪʨʦʡʢʠ ʚʜʦʣʴ 

ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʛʨʘʥʠʮ. ʅʝʩʢʦʣʴʢʦ ʘʩʬʘʣʴʪʠʨʦʚʘʥʥʳʭ ʠ ʧʦʣʝʚʳʭ ʜʦʨʦʛ, ʘ 

ʪʘʢʞʝ ʪʨʦʧʳ ʧʝʨʝʩʝʢʘʶʪ ʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 

2.2.3 ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ 

ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ɹɸʉ ɻʝʦʩʢʘʥ 101 ɻʝʦʜʝʟʠʷ (ʨʠʩ. 2.2), ʢʦʪʦʨʳʡ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʢʘʢ ɹɸʉ 

ʩʦ ʩʪʘʙʠʣʴʥʳʤʠ ʣʝʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʧʨʠʨʦʜʥʳʭ, 

ʩʝʣʴʩʢʠʭ, ʛʦʨʦʜʩʢʠʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚ ʈʦʩʩʠʠ, ʄʦʥʛʦʣʠʠ, 

ʎʝʥʪʨʘʣʴʥʦʡ ʠ ʖʞʥʦʡ ɸʤʝʨʠʢʝ [5, 9, 18, 186]. 

ʅʘ ʙʦʨʪʫ ɹɸʉ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʢʘʤʝʨʘ Sony DSC-RX1. ɼʣʷ ʫʯʝʪʘ 

ʠʩʢʘʞʝʥʠʡ ʦʙʲʝʢʪʠʚʘ ʨʘʥʝʝ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ: 1) ʣʘʙʦʨʘʪʦʨʥʘʷ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʢʘʣʠʙʨʦʚʢʘ ʢʘʤʝʨʳ, ʠ 2) ʧʦʣʝʚʘʷ ʢʘʣʠʙʨʦʚʢʘ ʥʘ 

ɿʘʦʢʩʢʦʤ ʧʦʣʠʛʦʥʝ. ɼʣʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ [43, 

105]. ʇʦʣʝʚʘʷ ʢʘʣʠʙʨʦʚʢʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʫʯʘʩʪʢʝ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ 

ʧʦʣʠʛʦʥʘ ʨʘʟʤʝʨʦʤ 1 ʥʘ 1 ʢʤ (ʧʝʨʝʧʘʜ ʚʳʩʦʪ ʦʢʦʣʦ 80 ʤ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

51 ʤʘʨʢʠʨʦʚʘʥʥʦʡ ʦʧʦʨʥʦʡ ʪʦʯʢʠ. ʇʘʨʘʤʝʪʨʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ 

ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʩ 

ʩʘʤʦʢʘʣʠʙʨʦʚʢʦʡ. ʈʝʟʫʣʴʪʘʪʳ ʢʘʣʠʙʨʦʚʢʠ ʢʘʤʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.1. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʢʘʤʝʨʘ ʤʦʞʝʪ ʟʘʧʠʩʳʚʘʪʴ ʬʘʡʣʳ ʚ ʬʦʨʤʘʪʝ JPEG ʠʣʠ 

RAW. RAW-ʬʘʡʣʳ ʟʘʥʠʤʘʶʪ ʤʥʦʛʦ ʤʝʩʪʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʪʨʝʙʫʶʪ 

ʜʘʣʴʥʝʡh ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ. ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʞʘʪʠʝ JPEG 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʤʘʪʨʠʮʳ ʚʳʩʦʪ [183]. ʅ. ɸʥʜʝʨʩ ʠ ʩʦʘʚʪ. 

[48] ʪʘʢʞʝ ʥʘʰʣʠ, ʯʪʦ ʩʥʠʤʢʠ ʩ ɹɸʉ ʚ ʬʦʨʤʘʪʝ JPEG ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʎʄʈ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 2.1 ï ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʘ ï ɿʘʦʢʩʢʠʡ 

ʛʝʦʧʦʣʠʛʦʥ (ʯʝʨʥʘʷ ʨʘʤʢʘ) ʥʘ ʬʦʥʝ ʢʘʨʪʳ ʚʳʩʦʪ (ʎʄʈ SRTM30_PLUS), ʙ ï 

ʨʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʨʪʦʬʦʪʦʧʣʘʥ. ʏʝʨʥʦ-ʙʝʣʘʷ ʠ ʢʨʘʩʥʘʷ ʨʘʤʢʠ ï ʚʜrʝʣ ʠ 

ʪʝʩʪʦʚʳʡ ʫʯʘʩʪʦʢ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 20 ʩʤ (ʨʠʩ. 2.7ʘ) ʠ 1 ʤ 

(ʨʠʩ. 2.7ʙ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɹʝʣʘʷ ʧʫʥʢʪʠʨʥʘʷ ʨʘʤʢʘ ï ʬʨʘʛʤʝʥʪ, 

ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ ʧʣʦʪʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ (ʨʠʩ. 2.5) 
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ʅʘ ʙʦʨʪʫ ɹɸʉ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ɻʅʉʉ-ʧʨʠʝʤʥʠʢ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ 

ʢʣʘʩʩʘ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʂʎʇ ʩʥʠʤʢʦʚ. 

ʅʘʟʝʤʥʘʷ ʙʘʟʦʚʘʷ ʩʪʘʥʮʠʷ ɻʅʉʉ ʚʢʣʶʯʘʣʘ ʧʨʠʝʤʥʠʢ Javad Prego Lite 

(ɻʃʆʅɸʉʉ / GPS, L1 / L2, ʘʥʪʝʥʥʘ MarAnt). ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ 

ʢʘʤʝʨʳ, ʙʦʨʪʦʚʦʛʦ ɻʅʉʉ-ʧʨʠʝʤʥʠʢʘ ʠ ʥʘʟʝʤʥʦʡ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʷʪʴ ʂʎʇ ʩʥʠʤʢʦʚ ʩ ʧʣʘʥʦʚʦʡ ʪʦʯʥʦʩʪʴʶ 2 ʩʤ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʪʦʯʥʦʩʪʴʶ 3ï4 ʩʤ [9, 16, 17]. 

ʇʦʣʝʪ ɹɸʉ ʚʳʧʦʣʥʷʣʩʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʚʪʦʧʠʣʦʪʘ. ʅʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʧʦʣʝʪʥʦʝ ʟʘʜʘʥʠʝ ʚ ʅʉʋ, ʚʳʙʨʘʚ 

ʠʩʩʣʝʜʫʝʤʫʶ ʦʙʣʘʩʪʴ ʠ ʫʩʪʘʥʦʚʠʚ ʧʘʨʘʤʝʪʨʳ ʧʦʣʝʪʘ. 

ʂʣʶʯʝʚʦʡ ʧʘʨʘʤʝʪʨ ï ʵʪʦ ʧʝʨʝʢʨʳʪʠʝ ʤʝʞʜʫ ʩʥʠʤʢʘʤʠ, ʚʳʨʘʞʝʥʥʦʝ ʚ 

ʧʨʦʮʝʥʪʘʭ. ɼʣʷ ʦʙʳʯʥʦʡ ʧʠʣʦʪʠʨʫʝʤʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʤʠʥʠʤʘʣʴʥʦʝ ʪʨʝʙʫʝʤʦʝ ʧʨʦʜʦʣʴʥʦʝ ʠ ʧʦʧʝʨʝʯʥʦʝ ʧʝʨʝʢʨʳʪʠʷ ʨʘʚʥʳ 60% ʠ 

30%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [21]. 

ʇʨʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʩ ɹɸʉ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ 

çʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʜʳʨè ʚʦʟʨʘʩʪʘʝʪ, ʧʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʠʟʙʳʪʦʯʥʦʝ ʧʨʦʜʦʣʴʥʦʝ ʠ ʧʦʧʝʨʝʯʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ï 70% ʠ 

50%. 

ɼʘʣʝʝ ʜʦʣʞʝʥ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥ ʦʜʠʥ ʠʟ ʪʨʝʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ, 

ʚʳʩʦʪʘ ʧʦʣʝʪʘ ʠʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʘʨʰʨʫʪʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʙʳʣʦ ʚʳʙʨʘʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʥʠʤʢʦʚ 5 

ʩʤ/ʧʠʢʩʝʣʴ. ɿʘʪʝʤ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʅʉʋ [34] ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʤʘʨʨhʫʪʳ ʠ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ.  

ɹɸʉ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʣʝʪ, ʣʠʙʦ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʚʳʩʦʪʝ ʥʘʜ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ, ʣʠʙʦ ʥʘ ʧʦʩʪʦʷʥʥʦʡ ʚʳʩʦʪʝ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ.  
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ʈʠʩʫʥʦʢ 2.2 ï ɹɸʉ ɻʝʦʩʢʘʥ 101 ɻʝʦʜʝʟʠʷ, ʚʠʜ ʩʙʦʢʫ ʠ ʩʥʠʟʫ 

 

 

ʊʘʙʣʠʮʘ 2.1 ï ʇʘʨʘʤʝʪʨʳ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ 

ʇʘʨʘʤʝʪʨʳ ɿʥʘʯʝʥʠʝ 

ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ (ʧʠʢʩʝʣʴ) 5704,67 

ʈʘʟʤʝʨ ʧʠʢʩʝʣʷ (ʤʢʤ) 6 x 6 

ʈʘʟʤʝʨ ʩʥʠʤʢʘ (ʧʠʢʩʝʣʴ) 6000 x 4000 

Cx , Cy 9,53551; ï 2,35541 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʘʜʠʘʣʴʥʦʡ ʜʠʩʪʦʨʩʠʠ 

ʂ1, ʂ2, ʂ3, ʂ4 ï 0,11155; 0,578603; ï 2,87085; 4,2585 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʜʠʩʪʦʨʩʠʠ 

ʈ1, ʈ2, ʈ3, ʈ4 ï 0,000173695; 0,00051821; 0; 0 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʘʬʬʠʥʠʪʝʪʘ ʠ ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ 

ɺ1, ɺ2 1,21642; ï 0,0101437 
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ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚʦ ʚʨʝʤʷ ʩʲʝʤʢʠ (ʠʶʣʴ 2016) ʙʳʣʠ ʭʦʨʦʰʠʤʠ. ʇʨʠ 

ʧʝʨʝʤʝʥʥʦʡ ʦʙʣʘʯʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʙʳʣʘ 20ï22Áʉ, ʚʝʪʝʨ ʩʝʚʝʨʥʳʡ, 

ʩʦ ʩʢʦʨʦʩʪʴʶ 5ï6 ʤ/ʩ ʥʘ ʚʳʩʦʪʝ ʧʦʣʝʪʘ. ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʧʨʦʜʦʣʞʘʣʘʩʴ ʦʢʦʣʦ 

1 ʯ. ʉʨʝʜʥʷʷ ʚʳʩʦʪʘ ʧʦʣʝʪʘ ʩʦʩʪʘʚʣʷʣʘ 310 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʟʝʤʣʠ. 

ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʩʦʩʪʦʷʣʘ ʠʟ 13 ʤʘʨʰʨʫʪʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩ ʚʦʩʪʦʢʘ ʥʘ 

ʟʘʧʘʜ ʠ ʚʢʣʶʯʘʣʘ 319 ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ. ʇʨʦʜʦʣʴʥʦʝ ʠ ʧʦʧʝʨʝʯʥʦʝ 

ʧʝʨʝʢʨʳʪʠʝ ʩʦʩʪʘʚʠʣʦ 70% ʠ 50% (Ñ1ï3%), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 2.3). 

ɸʵʨʦʬʦʪʦʩʥʠʤʢʠ ʠʤʝʶʪ ʩʨʝʜʥʝʝ ʨʘʟʨʝʰʝʥʠʝ 5,13 ʩʤ. 

 

2.3 ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʨʘʙʦʪʳ 

ʂʘʤʝʨʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʥʠʤʢʦʚ ʩʦʩʪʦʷʣʘ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: 

1) ʧʦʩʪʦʙʨʘʙʦʪʢʘ ʠʟʤʝʨʝʥʠʡ ʚʩʪʨʦʝʥʥʦʛʦ ʚ ɹɸʉ ʧʨʠʝʤʥʠʢʘ ɻʅʉʉ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ; 2) ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

ɼʣʷ ʧʦʩʪʦʙʨʘʙʦʪʢʠ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Magnet Office Tools [145]. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʜʣʷ 

ʢʘʞʜʦʛʦ ʩʥʠʤʢʘ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʂʎʇ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ 

ʜʘʣʴʥʝʡʰʝʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Agisoft PhotoScan Professional 

[35] ʚʝʨʩʠʠ 1.2.5. ɼʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʨʝʘʣʠʟʫʝʪ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ [21, 23] ʠ ʘʣʛʦʨʠʪʤʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ (ʚ ʯʘʩʪʥʦʩʪʠ: Structure from 

motion, ʧʦʣʫʛʣʦʙʘʣʴʥʳʡ ʤʝʪʦʜ ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʝʢ, sift ) 

[23, 44, 82, 67, 99, 119, 179, 181, 202]. ʈʘʥʝʝ, ʥʝʟʘʚʠʩʠʤʦʝ ʩʨʘʚʥʠʪʝʣʴʥʦʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ Agisoft PhotoScan ʩ ʘʥʘʣʦʛʠʯʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ Agisoft PhotoScan ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʥʠʤʠ ʠʟ ʣʫʯʰʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ [81, 109, 112, 182, 

194]. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 
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ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ 

ʚʳʩʦʢʦʪʦʯʥʳʝ ʂʎʇ ʩʥʠʤʢʦʚ (ʨʠʩ 2.4). ʊʘʙʣ. 2.2 ʠ ʨʠʩ. 2.4 ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʂʎʇ ʩʥʠʤʢʦʚ. ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ 

(ʪʘʙʣ. 2.3), ʩʨʘʚʥʠʤʘʷ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʩʥʠʤʢʦʚ 5 ʩʤ, ʙʳʣʘ 

ʜʦʩʪʠʛʥʫʪʘ ʙʣʘʛʦʜʘʨʷ ʥʝʩʢʦʣʴʢʠʤ ʬʘʢʪʦʨʘʤ: 

1) ʢʘʣʠʙʨʦʚʢʘ ʢʘʤʝʨʳ; 

2) ʚʳʩʦʢʦʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʠ ʩʥʠʤʢʦʚ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʝʤʥʠʢʦʚ ɻʅʉʉ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ; 

3) ʩʪʨʦʛʠʝ ʘʣʛʦʨʠʪʤʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. 

ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 1ï2 ʧʠʢʩʝʣʝʡ ʠʩʭʦʜʥʳʭ ʩʥʠʤʢʦʚ 

[17, 20, 97, 131]. 

ʀʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʠ ʧʦʣʫʛʣʦʙʘʣʴʥʳʡ ʤʝʪʦʜ 

ʦʪʦʞʜʝʩʪʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʝʢ, ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʧʣʦʪʥʦʝ ʦʙʣʘʢʦ 

ʪʦʯʝʢ, ʢʦʪʦʨʦʝ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʷʚʣʷʝʪʩʷ ʥʝʨʝʛʫʣʷʨʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʴʶ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʎʄʇ) (ʨʠʩ 2.5ʘ, ʙ). ʀʟ ʥʝʨʝʛʫʣʷʨʥʦʡ ʎʄʇ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʡ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪ ʨʝʛʫʣʷʨʥʫʶ ʎʄʇ [46]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʎʄʈ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʘʣʛʦʨʠʪʤ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʆʆʆ 

Agisoft, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʪʦʯʢʠ çʥʘ ʟʝʤʣʝè. [35, 38]. 

ɺʦ ʠʟʙʝʞʘʥʠʝ ʧʫʪʘʥʠʮʳ ʥʘʧʦʤʥʠʤ, ʯʪʦ ʎʄʈ ʦʧʠʩʳʚʘʝʪ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʎʄʇ ʦʧʠʩʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʦʭʚʘʪʳʚʘʶɦ ʫʶ ʠʣʠ ʩʦʩʪʦʷʱʫʶ ʠʟ ʯʘʩʪʝʡ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ, ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ ʟʜʘʥʠʡ ʠ ʜʨʫʛʠʭ 

ʦʙʲʝʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [91, ʛʣ. 3]. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʘʥʘʣʠʟʘ ʧʣʦʪʥʦʛʦ 

ʦʙʣʘʢʘ ʪʦʯʝʢ. ʆʙʩʣʝʜʫʝʤʳʡ ʫʯʘʩʪʦʢ ʜʝʣʠʪʩʷ ʥʘ ʢʚʘʜʨʘʪʳ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ 

(ʦʙʳʯʥʦ ʦʪ 50 ͻ 50 ʤ ʜʦ 100 ͻ 100 ʤ). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʘʤʘʷ ʥʠʟʢʘʷ ʪʦʯʢʘ 

ʚ ʢʚʘʜʨʘʪʝ ʷʚʣʷʝʪʩʷ çʥʘʟʝʤʥʦʡè ʪʦʯʢʦʡ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ çʥʘʟʝʤʥʳʭè ʪʦʯʝʢ, ʚʳʧʦʣʥʷʝʪʩʷ ʠʥʪʝʨʧʦʣʷʮʠʷ, ʚ 
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ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ 

ʧʨʠʙʣʠʞʝʥʠʝʤ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɿʘʪʝʤ ʚ ʢʘʞʜʦʡ ʪʦʯʢʠ ʧʝʨʚʦʛʦ 

ʧʨʠʙʣʠʞʝʥʠʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʨʦʠʪʩʷ ʚʠʨʪʫʘʣʴʥʳʡ ʣʫʯ. 

ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʩ ʫʩʪʘʥʦʚʢʦʡ ʧʘʨʘʤʝʪʨʦʚ ʜʣʠʥʳ 

ʣʫʯʘ ʠ ʫʛʣʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺʩʝ ʪʦʯʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦʜ ʣʫʯʦʤ, 

ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ çʟʝʤʣʷè, ʘ ʚʩʝ ʪʦʯʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘʜ ʣʫʯʦʤ, 

ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ çʥʝʥʘʟʥʘʯʝʥʥʳʝè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʫʜʘʣʠʪʴ ʪʦʯʢʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʩʦʢʠʤ ʨʘʩʪʠʪʝʣʴʥʳʤ ʧʦʢʨʦʚʦʤ ʠ ʟʜʘʥʠʷʤʠ (ʨʠʩ. 2.5ʚ). ɽʩʪʴ 

ʪʘʢʞʝ ʪʦʯʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʊʘʢʠʝ ʪʦʯʢʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʣʘʩʩʫ çʥʠʟʢʦʛʦ ʰʫʤʘè. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʧʝʨʝʜ 

ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʧʣʦʪʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʦʙʳʯʥʦ ʦʙʨʘʙʘʪʳʚʘʶʪ ʩ ʧʦʤʦʱʴʶ 

ʤʝʜʠʘʥʥʦʛʦ ʬʠʣʴʪʨʘ. ʇʘʨʘʤʝʪʨʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʨʘʟʤʝʨ ʷʯʝʡʢʠ, ʫʛʦʣ ʣʫʯʘ, 

ʜʣʠʥʘ ʣʫʯʘ) ʚʳʙʠʨʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʎʄʈ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ, ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ 

ʨʘʟʤʝʨʦʚ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 6 ʩʤ 

(ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ), 20 ʩʤ ʠ 1 ʤ. ʈʘʟʨʝʰʝʥʠʝ 6 ʩʤ ʙʳʣʦ ʠʩʢʣʶʯʝʥʦ, ʪʘʢ 

ʢʘʢ ʦʥʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʨʝʜʝʣʝ ʪʦʯʥʦʩʪʠ: ʘʵʨʦʬʦʪʦʩʥʠʤʢʠ ʠʤʝʶʪ ʩʨʝʜʥʝʝ 

ʨʘʟʨʝh ʝʥʠʝ 5,13 ʩʤ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʝʦʨʝʤʫ ʂʦʪʝʣʴʥʠʢʦʚʘ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʨʘʟʤʝʨ ʩʝʪʢʠ 20 ʩʤ ʢʘʢ ʥʘʠʣʫʯʰʝʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ (ʩ ʟʘʧʘʩʦʤ 

ʪʦʯʥʦʩʪʠ), ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʎʄʈ ʨʘʡʦʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʨʠʩ 2.6) [89; 91, ʩ. 104-105]. ɺ ʪʘʙʣ. 2.4 ʧʨʠʚʝʜʝʥʘ ʪʦʯʥʦʩʪʴ 

ʎʄʈ ʚʩʝʛʦ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 20 ʩʤ. ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 41 ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ. ʆʰʠʙʢʘ ʧʦ ʚʳʩʦʪʝ 

ʩʦʩʪʘʚʣʝ̫ʪ ï0.09Ñ0.10 ʤ, ʪʦ ʝʩʪʴ ʦʢʦʣʦ 0,10Ñ12% ʦʪ ʘʤʧʣʠʪʫʜʳ ʚʳʩʦʪ ʚ 

ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʫʝʤʦʡ ʟʦʥʳ. 
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ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʧʝʨʝʢʨʳʪʠʝ ʩʥʠʤʢʦʚ. 

ʏʝʨʥʳʝ ʪʦʯʢʠ ï ʮʝʥʪʨʳ ʧʨʦʝʢʮʠʡ ʩʥʠʤʢʦʚ; ʮʚʝʪʦʤ ʦʪʦʙʨʘʞʘʝʪʩʷ ʩʪʝʧʝʥʴ 

ʧʝʨʝʢʨʳʪʠʷ ʩʥʠʤʢʦʚ 
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ʈʠʩʫʥʦʢ 2.4 ï ʆʰʠʙʢʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʂʎʇ ʩʥʠʤʢʦʚ ʥʘ ʬʦʥʝ ʦʨʪʦʬʦʪʦʧʣʘʥʘ. 

ʎʚʝʪ ʠ ʨʘʟʤʝʨ ʧʫʥʩʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʰʠʙʢʠ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ ʚ ʧʣʘʥʝ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʝʨʥʳʝ ʪʦʯʢʠ ï ʮʝʥʪʨʳ ʧʨʦʝʢʮʠʡ ʩʥʠʤʢʦʚ. 

ɹʝʣʳʝ ʢʨʝʩʪʳ ï ʤʘʨʢʠʨʦʚʘʥʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ 
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2.4 ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ɼʣʷ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ ʎʄʈ 

ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 20 ʩʤ ʠ 1 ʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʜʚʫʭ 

ʪʠʧʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ (ʨʠʩ. 2.6). ʄʝʥʴʰʠʡ ʫʯʘʩʪʦʢ (ʚʳʜʝʣ 

ʥʘ ʨʠʩ. 2.1ʙ) ʚʢʣʶʯʘʝʪ ʪʨʘʚʷʥʠʩʪʳʡ ʦʧʦʣʟʥʝʚʦʡ ʧʨʘʚʦʙʝʨʝʞʥʳʡ ʩʢʣʦʥ 

ʜʦʣʠʥʳ ʨ. ʉʢʥʠʛʘ. ʈʘʟʤʝʨ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 310 ͻ 240 ʤ; ʘʤʧʣʠʪʫʜʘ 

ʚʳʩʦʪ ʦʢʦʣʦ 41 ʤ. ɹʦʣʴʰʦʡ ʫʯʘʩʪʦʢ (ʪʝʩʪʦʚʳʡ ʫʯʘʩʪʦʢ ʥʘ ʨʠʩ. 2.1ʙ) ʚʢʣʶʯʘʝʪ 

ʮʝʥʪʨʘʣʴʥʫʶ ʪʨʝʪʴ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʟʤʝʨ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 1146 ͻ 1103 ʤ; ʘʤʧʣʠʪʫʜʘ ʚʳʩʦʪ ʦʢʦʣʦ 74 ʤ. 

ʎʄʈ ʚʳʜʝʣʘ (ʨʠʩ 2.7ʘ) ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʤʘʪʨʠʮʫ 1510 ͻ 1172 ʵʣʝʤʝʥʪʦʚ 

ʩ ʰʘʛʦʤ 20 ʩʤ. ʎʄʈ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 1201311 ʪʦʯʝʢ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚʳʩʦʪʳ. 

ʎʄʈ ʪʝʩʪʦʚʦʛʦ ʫʯʘʩʪʢʘ (ʨʠʩ. 2.7ʙ), ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʤʘʪʨʠʮʫ 1145 ͻ 1102 

ʵʣʝʤʝʥʪʦʚ ʩ ʰʘʛʦʤ 1 ʤ. ʎʄʈ ʚʢʣʶʯʘʝʪ 1014469 ʪʦʯʝʢ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʚʳʩʦʪʳ. 

ʊʦʯʥʦʩʪʴ ʎʄʈ ʚʳʜʝʣʘ (ʪʘʙʣ. 2.5) ʙʳʣʘ ʦʮʝʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʝʤʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ (ʨʠʩ. 

2.6). ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʚʩʝʛʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ (ʩʤ. ʚʳʰʝ), ʦʰʠʙʢʘ ʧʦ ʚʳʩʦʪʝ 

ʩʦʩʪʘʚʣʷʝʪ ï0,09Ñ0,03 ʤ, ʪʦ ʝʩʪʴ ʦʢʦʣʦ 0,22Ñ0,07% ʘʤʧʣʠʪʫʜʳ ʚʳʩʦʪ ʚ 

ʧʨʝʜʝʣʘʭ ʠʩʩʣʝʜʫʝʤʦʡ ʟʦʥʳ. ʆʰʠʙʢʘ ʥʦʩʠʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʵʪʦ 

ʚʳʟʚʘʥʦ ʪʨʘʚʷʥʠʩʪʳʤ ʧʦʢʨʦʚʦʤ. ʆʧʦʨʥʳʝ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ çʟʝʤʣʝè, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʦʯʢʠ ʤʦʜʝʣʠ ʩ ʥʠʟʢʦʡ ʪʨʘʚʷʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʥʝ ʙʳʣʠ 

çʩʨʝʟʘʥʳè ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʠ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʢʣʘʩʩʫ ʪʦʯʝʢ çʟʝʤʣʷè. 

ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʳʩʦʪ (ʨʠʩ. 2.7ʘ, ʙ) ʠ ʚʳʯʠʩʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʧʝʢʪʨʘʣʴʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ [98]. ʄʝʪʦʜ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʛʫʣʷʨʥʳʭ 

ʎʄʈ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʩʭʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʛʣʦʙʘʣʴʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ 

ʎʄʈ, ʫʜʘʣʝʥʠʝ ʰʫʤʘ, ʛʝʥʝʨʘʣʠʟʘʮʠʶ ʠ ʚʳʯʠʩʣʝʥʠʝ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʚʳʩʦʪʳ [90]. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʨʘʟʣʦʞʝʥʠʷʭ ʚʳʩʦʢʦʛʦ 

ʧʦʨʷʜʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʠʥʦʤʦʚ ʏʝʙʳʰʝʚʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʌʝʡʝʨʘ. 
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ʈʠʩʫʥʦʢ 2.5 ï ʇʣʦʪʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʜʣʷ ʬʨʘʛʤʝʥʪʘ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ʘ ï ʦʙʣʘʢʦ ʪʦʯʝʢ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʮʚʝʪʘʭ, ʙ ï ʥʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʦʝ ʦʙʣʘʢʦ 

ʪʦʯʝʢ, ʚ ï ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ (ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ ï ʪʦʯʢʠ 

ʢʣʘʩʩʘ çʟʝʤʣʷè, ʙʝʣʳʡ ʮʚʝʪ ï ʪʦʯʢʠ ʢʣʘʩʩʦʚ çʥʝʥʘʟʥʘʯʝʥʥʦʛʦè ʠ çʥʠʟʢʠʡ 

ʰʫʤè). ʈʘʩʧʦʣʦʞʝʥʠʝ ʵʪʦʛʦ ʬʨʘʛʤʝʥʪʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.1ʙ 
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ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʚʫʭ ʎʄʈ ʙʳʣʠ ʦʮʝʥʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʥʘʙʦʨʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ: 1000, 750, 500, 250, 100 ʠ 50 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʦʩʷʤ x ʠ y. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʠʩʧʦʣʟɹʦʚʘʥʠʝ 500 ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʎʄʈ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʘʣʴʥʝʡʰʠʝ ʚʯrʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 500 ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʦʩʷʤ x ʠ y (ʪʦ ʝʩʪʴ, ʛʣʦʙʘʣʴʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʚʳʩʦʪʳ ʠ 

ʚʳʯʠʩʣʝʥʠʝ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 5002 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ). 

ɺ ʠʪʦʛʝ, ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʠ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʥʝʢʦʪʦʨʳʭ ʣʦʢʘʣʴʥʳʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ: ʫʢʣʦʥ 

(G), ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ (kh), ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ (kv), ʤʠʥʠʤʘʣʴʥʘʷ 

ʢʨʠʚʠʟʥʘ (kmin) ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ (kmax) (ʨʠʩ. 2.7ï2.8). ʇʨʠʤʝʥʷʣʠʩʴ 

ʫʨʘʚʥʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʇʨʠʣʦʞʝʥʠʠ 1 [91, ʛʣ. 2; 175]. 

ʉ ʮʝʣʴʶ ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʣʠʷʥʠʷ ʦʰʠʙʦʢ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ kh ʧʦ 

ʎʄʈ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 20 ʩʤ (ʨʠʩ. 2.10). ʕʪʘ ʎʄʈ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʨʪʝʬʘʢʪʳ, 

ʚʳʟʚʘʥʥʳʝ ʩʣʫʯʘʡʥʳʤʠ ʦʰʠʙʢʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʣʦʪʥʦʛʦ 

ʦʙʣʘʢʘ ʪʦʯʝʢ (Ä 2.3). 

ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʚʳʩʦʪʳ ʠ ʚʳʯʠʩʣʝʥʠʷ kh ʧʨʠʤʝʥʝʥ 

ʫʥʠʚʝʨʩʘʣʥɹʳʡ ʩʧʝʢʪʨʘʣʴʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ 500 ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʨʘʟʣʦʞʝʥʠʷ [98]. 

ɿʥʘʯʝʥʠʷ ʢʨʠʚʠʟʥ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʦʢʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʜʠʘʧʘʟʦʥʦʤ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʥʘʯʝʥʠʡ ʢʨʠʚʠʟʥʳ ʧʨʠ ʦʪʦʙʨʘʞʝʥʠʠ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʧʨʠʤʝʥʷʪʴ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʝʝ 

ʚʳʨʘʞʝʥʠʝ [91, ʩ. 244; 176]: 

() )101ln(sign' Q+Q=Q n
, (2.1) 

ʛʜʝ Ū ʠ Ū' ï ʟʥʘʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ 
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ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. n = 0 ʜʣʷ ʚʳʩʦʪʳ ʠ 

ʥʝʣʦʢʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʠ n = 2,é,18 ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʚʝʣʠʯʠʥ. ʊʘʢʘʷ ʬʦʨʤʘ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʜʠʘʧʘʟʦʥʳ ʥʝʢʦʪʦʨʳʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚʢʣʶʯʘʶʪ ʢʘʢ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ɺʳʙʦʨ ʟʥʘʯʝʥʠʷ n ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʟʤʝʨʘ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ n = 3 ʠ n = 4 ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʢʨʠʚʠʟʥʳ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 20 ʩʤ ʠ 1 ʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

(ʨʠʩ. 2.7ʜ, ʝ; 2.8 ʠ 2.10ʚ). ɺʳʯʠʩʣʠʪʝʣʴʥʳʝ ʢʨʘʝʚʳʝ ʵʬʬʝʢʪʳ ʙʳʣʠ ʫʜʘʣʝʥʳ. 

ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Matlab R2008b ʠ LandLord [91]. 

 

2.5 ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʂʘʞʜʘʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʠʤʝʝʪ ʩʚʦʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ [91, 

ʛʣ. 2; 176]. kh ï ʵʪʦ ʤʝʨʘ ʢʦʥʚʝʨʛʝʥʮʠʠ ʧʦʪʦʢʦʚ (ʧʝʨʚʳʡ ʤʝʭʘʥʠʟʤ 

ʘʢʢʫʤʫʣʮ̫ʠʠ ʧʦʪʦʢʦʚ), ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʥʘʟʝʤʥʳʝ ʠ ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʝ 

ʣʘʪʝʨʘʣʴʥʳʝ ʧʦʪʦʢʠ ʢʦʥʚʝʨʛʠʨʫʶʪ ʧʨʠ kh < 0 ʠ ʨʘʩʭʦʜʷʪʩʷ ʧʨʠ kh > 0. 

ʉ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ kh ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʦʪʨʦʛʠ ʭʨʝʙʪʦʚ ʠ ʜʦʣʠʥ (ʦʙʣʘʩʪʠ ʜʠʚʝʨʛʝʥʮʠʠ ʠ ʢʦʥʚʝʨʛʝʥʮʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʢʦʤʙʠʥʘʮʠʷ ʢʦʪʦʨʳʭ ʚʳʷʚʣʷʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʦʪʦʢʦʚʳʝ 

ʩʪʨʫʢʪʫʨʳ. 

kv ï ʵʪʦ ʤʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʘʤʝʜʣʝʥʠʷ ʠ ʫʩʢʦʨʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ (ʚʪʦʨʦʡ ʤʝʭʘʥʠʟʤ ʘʢʢʫʤʫʣʷʮʠʠ ʧʦʪʦʢʦʚ). ʅʘʟʝʤʥʳʝ ʠ 

ʚʥʫʪʨʠʧʦʯʚʝʥʥʳʝ ʣʘʪʝʨʘʣʴʥʳʝ ʧʦʪʦʢʠ ʟʘʤʝʜʣʷʶʪʩʷ ʧʨʠ kv < 0 ʠ ʫʩʢʦʨʷʶʪʩʷ 

ʧʨʠ kv > 0. ɺ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ kv ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʪʝʨʨʘʩʳ ʠ ʦʙʨʳʚʳ. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ kmin ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʦʢʘʣʴʥʳʤ ʚʳʧʫʢʣʳʤ 

ʬʦʨʤʘʤ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ (ʥʘʧʨ., ʭʦʣʤʘʤ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʫʜʣʠʥʝʥʥʳʤ ʚʦʛʥʫʪʳʤ ʬʦʨʤʘʤ ʨʝʣʴʝʬʘ (ʥʘʧʨ., 

ʜʦʣʠʥʘʤ). 
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ʈʠʩʫʥʦʢ 2.6 ï ʎʄʈ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʏʝʨʥʦ-ʙʝʣʘʷ ʠ ʢʨʘʩʥʘʷ ʨʘʤʢʠ ï ʚʳʜʝʣ ʠ ʪʝʩʪʦʚʳʡ ʫʯʘʩʪʦʢ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 20 ʩʤ (ʨʠʩ. 2.7ʘ) ʠ 1 ʤ 

(ʨʠʩ. 2.7ʙ), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʫʥʩʦʥʳ ʧʦʢʘʟʳʚʘʶʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʢʦʥʪʨʦʣʥɹʳʭ ʪʦʯʝʢ 
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ʊʘʙʣʠʮʘ 2.2 ï ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʂʎʇ 

ʆʰʠʙʢʘ X (ʤ) Y (ʤ) H (ʤ) 

ʄʠʥʠʤʘʣʴʥʘʷ ï0,227 ï0,104 ï0,061 

ʄʘʢʩʠʤʘʣʴʥʘʷ 0,181 0,106 0,118 

ʉʨʝʜʥʷʷ 0,000 0,000 0,000 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ 0,131 0,042 0,028 

 

 

ʊʘʙʣʠʮʘ 2.3 ï ʊʦʯʥʦʩʪʴ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ 

ʆʰʠʙʢʘ X (ʤ) Y (ʤ) H (ʤ) 

ʄʠʥʠʤʘʣʴʥʘʷ ï0,038 ï0,011 ï0,070 

ʄʘʢʩʠʤʘʣʴʥʘʷ 0,038 0,051 0,138 

ʉʨʝʜʥʷʷ ï0,012 0,019 0,030 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ 0,016 0,014 0,040 

 

 

ʊʘʙʣʠʮʘ 2.4 ï ʊʦʯʥʦʩʪʴ ʎʄʈ ʨʘʡʦʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʰʠʙʢʘ ɿʥʘʯʝʥʠʝ (ʤ) 

ʄʠʥʠʤʘʣʴʥʘʷ ï0,33 

ʄʘʢʩʠʤʘʣʴʥʘʷ 0,38 

ʉʨʝʜʥʷʷ ï0,09 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ 0,10 
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ʊʘʙʣʠʮʘ 2.5 ï ʊʦʯʥʦʩʪʴ ʎʄʈ ʚʳʜʝʣʘ 

ʅʘʟʚʘʥʠʝ ʪʦʯʢʠ / 

ɺʠʜ ʦʰʠʙʢʠ 

ɿʥʘʯʝʥʠʝ ʚʳʩʦʪʳ (ʤ) 
ɿʥʘʯʝʥʠʝ 

ʦʰʠʙʢʠ (ʤ) 
ʂʘʪʘʣʦʛ 

ʢʦʥʪʨʦʣʥɹʳʭ ʪʦʯʝʢ 
ʎʄʈ 

OP08 161,58 161,66 ï0,08 

OP01 159,96 160,00 ï0,04 

KL05 141,42 141,56 ï0,14 

KL09 138,07 138,15 ï0,08 

KL06 153,50 153,63 ï0,13 

KL10 165,09 165,15 ï0,06 

OP09 173,32 173,39 ï0,07 

ʄʠʥʠʤʘʣʴʥʘʷ  ï0,04 

ʄʘʢʩʠʤʘʣʴʥʘʷ  ï0,14 

ʉʨʝʜʥʷʷ  ï0,09 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ  0,03 
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ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ kmax ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʜʣʠʥʝʥʥʳʤ ʚʳʧʫʢʣʳʤ 

ʬʦʨʤʘʤ ʨʝʣʴʝʬʘ (ʥʘʧʨ., ʛʨʝʙʥʷʤ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʦʪʥʦʩʷʪʩʷ ʢ ʣʦʢʘʣʴʥʳʤ ʚʦʛʥʫʪʳʤ ʬʦʨʤʘʤ ʨʝʣʴʝʬʘ (ʥʘʧʨ., ʢʦʪʣʦʚʠʥʘʤ). 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʨʫʛʠʭ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʇʨʠʣʦʞʝʥʠʠ 1. 

ɺʠʟʫʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʢʘʨʪ ʚʳʜʝʣʘ (ʨʠʩ 2.7ʚ, ʜ; 2.8a, 

ʚ, ʜ) ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʨʝʣʴʝʬʘ ʥʘ 

ʵʪʦʤ ʥʝʙʦʣʴʰʦʤ ʪʨʘʚʷʥʠʩʪʦʤ ʫʯʘʩʪʢʝ. ɺ ʯʘʩʪʥʦʩʪʠ, kh ʚʳʷʚʣʷʝʪ ʩʪʨʫʢʪʫʨʳ 

ʤʠʢʨʦʧʦʪʦʢʦʚ (ʨʠʩ. 2.7ʜ), ʘ kv ʚʳʷʚʣʷʝʪ ʤʠʢʨʦʪʝʨʨʘʩʳ (ʨʠʩ. 2.8ʘ). ɼʝʨʝʚʴʷ, 

ʢʫʩʪʘʨʥʠʢʠ ʠ ʚʳʩʦʢʠʡ ʪʨʘʚʷʥʦʡ ʧʦʢʨʦʚ ʙʳʣʠ ʵʬʬʝʢʪʠʚʥʦ ʫʜʘʣʝʥʳ ʩ 

ʧʦʤʦɦ ʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝ ʩʤʦʛʣʘ ʫʜʘʣʠʪʴ ʥʠʟʢʠʡ ʪʨʘʚʷʥʦʡ ʧʦʢʨʦʚ ʩʦ ʩʨʝʜʥʝʡ 

ʚʳʩʦʪʦʡ ʦʢʦʣʦ 9 ʩʤ (Ä 2.3, ʪʘʙʣ. 5). 

ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʝʜʚʘ ʟʘʤʝʪʥʳʤʠ ʩʣʝʜʘʤʠ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ ʥʘ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʢʘʨʪʘʭ (ʨʠʩ. 2.7ʚ, ʜ; 2.8ʘ, ʚ). ʕʪʠ ʫʟʢʠʝ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʝ 

ʘʨʪʝʬʘʢʪʳ ʚʦʟʥʠʢʣʠ ʠʟ-ʟʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʢ ʨʝʟʢʠʤ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʟʥʘʯʝʥʠʡ ʚʳʩʦʪ [89]. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʪʫʧʝʥʯʘʪʳʝ ʠʟʤʝʥʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚʜʦʣʴ ʢʨʘʝʚ ʪʨʦʧ ʠ 

ʥʠʟʢʦʛʦ ʪʨʘʚʷʥʦʛʦ ʧʦʢʨʦʚʘ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʵʪʠ ʘʨʪʝʬʘʢʪʳ 

ʥʝ ʚʠʜʥʳ ʥʘ ʎʄʈ (ʨʠʩ. 2.7ʘ). 

ʇʘʨʥʳʡ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʘʨʪ ʩ ʨʘʟʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ (20 ʩʤ ʠ 1 

ʤ) ʜʣʷ ʢʘʞʜʦʡ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ (ʨʠʩ. 2.7ï2.8) ʧʦʟʚʦʣʷʝʪ ʫʚʠʜʝʪʴ 

ʷʚʥʳʡ ʵʬʬʝʢʪ ʛʝʥʝʨʘʣʠʟʘʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʚʳʜʝʣʘ. ʕʪʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ 

ʵʬʬʝʢʪ ʠʟʤʝʥʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ ʎʄʈ ʥʘ ʵʣʝʤʝʥʪʘʭ ʠʟʦʙʨʘʞʝʥʠʷ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʢʘʨʪ [48; 91, Ä 6.2.6; 212]. 
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ʈʠʩʫʥʦʢ 2.7 ï ɺʳʜʝʣ (ʘ, ʚ, ʜ) ʠ ʪʝʩʪʦʚʳʡ ʫʯʘʩʪʦʢ (ʙ, ʛ, ʝ), ʨʘʟʨʝʰʝʥʠʝ 20 ʩʤ ʠ 1 ʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: ʘ ʠ ʙ ï ʚʳʩʦʪʳ; ʚ ʠ ʛ ï 

G; ʜ ʠ ʝ ï kh. ʏʝʨʥʘʷ ʨʘʤʢʘ ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʚʳʜʝʣʘ. ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʘʨʪʝʬʘʢʪʳ: 1 ï ʪʨʦʧʘ, 2 ï ʜʦʨʦʛʠ, 3 ï ʣʝʩ 
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ʊʝʩʪʦʚʳʡ ʫʯʘʩʪʦʢ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1 ʤ (ʨʠʩ. 2.7ʛ, ʝ ʠ 2.8ʙ, ʛ, ʝ) 

ʦʭʚʘʪʚrʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʫʶ ʪʝʨʨʠʪʦʨʠʶ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʨʝʣʴʝʬʘ. ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʨʘʟʥʳʡ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʨʠʩʫʥʦʢ (ʫʟʦʨ) 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʘʟʥʳʝ ʪʠʧʳ ʨʝʣʴʝʬʘ ʪʝʩʪʦʚʦʛʦ ʫʯʘʩʪʢʘ. ʄʦʞʥʦ ʚʠʟʫʘʣʴʥʦ 

ʦʪʣʠʯʠʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʚʘ ʪʠʧʘ ʨʠʩʫʥʢʦʚ. ʇʝʨʚʳʡ ʩʚʷʟʘʥ ʩ ʦʧʦʣʟʥʝʚʳʤ 

ʧʨʘʚʦʙʝʨʝʞʥʳʤ ʩʢʣʦʥʦʤ ʜʦʣʠʥʳ ʨ. ʉʢʥʠʛʘ (ʩʝʚʝʨʥʘʷ ʠ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʠ 

ʦʙʣʘʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʷ), ʘ ʚʪʦʨʦʡ ï ʩ ʧʣʦʩʢʦʡ ʧʦʡʤʦʡ ʠ ʣʝʚʳʤ ʙʝʨʝʛʦʤ 

ʜʦʣʠʥʳ ʨʝʢʠ (ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʦʙʣʘʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʷ). 

ʊʘʢʞʝ, ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʢʘʨʪʳ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1 ʤ ʦʪʦʙʨʘʞʘʶʪ ʷʨʢʦ 

ʚʳʨʘʞʝʥʥʳʡ ʧʣʦʱʘʜʥʦʡ ʘʨʪʝʬʘʢʪ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʫʛʣʫ 

ʪʝʩʪʦʚʦʛʦ ʫʯʘʩʪʢʘ (ʨʠʩ. 2.7ʝ ʠ 2.8ʙ, ʛ, ʝ). ʆʥ ʩʚʷʟʘʥ ʩ ʟʦʥʦʡ ʩʧʣʦʰʥʦʡ ʣʝʩʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 400 ͻ 500 ʤ (ʨʠʩ. 2.1ʙ). ʅʘ ʪʘʢʦʤ ʫʯʘʩʪʢʝ 

ʘʣʛʦʨʠʪʤʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝ ʨʘʙʦʪʘʶʪ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʩʥʠʤʢʘʭ ʬʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʠʜʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʇʦʜʦʙʥʫʶ ʧʨʦʙʣʝʤʫ ʥʝʚʦʟʤʦʞʥʦ ʨʝʰʠʪʴ ʙʝʟ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʨʝʣʴʝʬʝ. 

ʅ. ɸʥʜʝʨʩ ʠ ʩʦʘʚʪ. [47] ʧʨʝʜʣʦʞʠʣʠ ʨʝʰʘʪʴ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ, 

ʠʩʧʦʣʟɹʫʷ ʜʘʥʥʳʝ ʚʦʟʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʣʠ ʥʘʟʝʤʥʦʡ 

ʩʲʝʤʢʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʝʤʥʠʢʦʚ ɻʅʉʉ. ʊʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʲʝʤʢʘ. 

ʅʘ ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʝ ʦʙʣʘʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ 

ʥʝʩʢʦʣʴʢʦ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʘʨʪʝʬʘʢʪʦʚ (ʨʠʩ. 2.7ʛ, ʝ ʠ 2.8ʙ, ʛ). ʕʪʦ 

ʩʣʝʜʳ ʜʦʨʦʛ (ʩʤ. ʨʠʩ. 1ʙ), ʚʦʟʥʠʢʘʶʱʠʝ ʧʦ ʪʦʡ ʞʝ ʧʨʠʯʠʥʝ, ʯʪʦ ʠ ʩʣʝʜʳ ʪʨʦʧ 

(ʩʤ. ʚʳʰʝ). ɺʜʦʣʴ ʢʨʘʝʚ ʜʦʨʦʛ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʟʢʠʝ, ʩʪʫʧʝʥʯʘʪʳʝ ʠʟʤʝʥʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʚʳʩʦʪ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ʇʣʦʱʘʜʥʦʡ ʠ ʣʠʥʝʡʥʳʝ 

ʘʨʪʝʬʘʢʪʳ ʥʝ ʚʠʜʥʳ ʥʘ ʎʄʈ (ʨʠʩ. 2.7ʙ). 

 

2.6 ʄʝʪʦʜʠʢʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʜʣʷ ʮʝʣʝʡ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

2.6.1 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ 
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ɿʘʦʢʩʢʦʤ ʛʝʦʧʦʣʠʛʦʥʝ ʚʳʷʚʣʝʥʳ ʫʩʣʦʚʠʷ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʦʨʨʝʢʪʥʳʭ ʎʄʈ 

ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʫʩʣʦʚʠʡ ʷʚʣʷʶʪʩʷ ʦʙʱʝʠʟʚʝʩʪʥʳʤʠ ʚ ʫʟʢʠʭ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʨʫʛʘʭ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʪʨʝʙʫʶʪ ʫʧʦʤʠʥʘʥʠʷ ʧʦ ʨʷʜʫ 

ʧʨʠʯʠʥ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʨʘʩʪʫʱʠʡ ʨʳʥʦʢ ɹɸʉ, ʢʦʪʦʨʳʡ 

ʧʨʠʚʣʝʢʘʝʪ ʢ ʩʝʙʝ ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɺ ʦʙʱʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʙʦʪ, ʥʦ ʩ ʫʯʝʪʦʤ ʨʷʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ: ʩʚʟ̫ʘʥʥʳʝ ʩ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʦʡ, 

ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʤʠ ʨʘʙʦʪʘʤʠ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ. ʈʠʩ. 2.9 

ʠʣʣʶʩʪʨʠʨʫʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʮʝʣʝʡ 

ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

2.6.2 ʂʘʤʝʨʘ 

ʉʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʤʝʨʫ, ʦʙʦʨʫʜʦʚʘʥʥʫʶ ʮʝʥʪʨʘʣʴʥʳʤ ʠʣʠ 

ʵʣʝʢʪʨʦʥʥʳʤ ʟʘʪʚʦʨʦʤ. ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʤʝʨʳ ʩʦ ʰʪʦʨʥʦ-

ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ. ʀʟʦʙʨʘʞʝʥʠʝ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʪʘʢʦʡ ʢʘʤʝʨʦʡ, ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʘʪʨʠʮʫ, ʩʪʨʦʢʠ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʘʟʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʘʤʝʨʘ ʤʝʥʷʝʪ ʩʚʦʶ ʫʛʣʦʚʫʶ ʦʨʠʝʥʪʘʮʠʶ ʚʦ 

ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ 

ʠʩʢʘʞʝʥʠʷʤ [24, 33]. 

ʇʦʪʨʝʙʠʪʝʣʴʩʢʠʝ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʠ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʢʘʤʝʨʳ 

ʦʙʳʯʥʦ ʠʤʝʶʪ ʂʄʆʇ ʤʘʪʨʠʮʳ ʩ ʨʘʟʤʝʨʘʤʠ ʧʠʢʩʝʣʝʡ 1ï3, 4ï6 ʠ 6ï16 ʤʢʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [74; 110, ʛʣ. 5]. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʧʣʦʱʘʜʴ 

ʧʠʢʩʝʣʷ, ʪʝʤ ʚʳʰʝ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ; ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʠ ʦʪʥʦʰʝʥʠʝ 

ʩʠʛʥʘʣ / ʰʫʤ ʚʳʰʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʠ ʧʠʢʩʝʣʷ [45, ʩ. 71; 68; 110, ʩ. 86; 

209]. 
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ʈʠʩʫʥʦʢ 2.8 ï ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʥʘ ʚʳʜʝʣ (ʘ, ʚ, ʜ) ʠ ʪʝʩʪʦʚʳʡ ʫʯʘʩʪʦʢ (ʙ, ʛ, ʝ): ʘ ʠ ʙ ï kv, ʚ ʠ ʛ ï kmin, ʜ ʠ ʝ ï 

kmax. ʏʝʨʥʘʷ ʨʘʤʢʘ ï ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚʳʜʝʣʘ. ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʘʨʪʝʬʘʢʪʳ: 1 ï ʪʨʦʧʘ, 2 ï ʜʦʨʦʛʠ, 3 ï ʣʝʩ 
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ʈʠʩʫʥʦʢ 2.9 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʣʷ ʮʝʣʝʡ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
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ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʂʄʆʇ ʤʘʪʨʠʮʳ ʩ ʨʘʟʤʝʨʘʤʠ 

ʧʠʢʩʝʣʝʡ ʤʝʥʝʝ 4 ͻ 4 ʤʢʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ 

ʢʘʤʝʨ (ʠ, ʪʝʤ ʙʦʣʝʝ, ʢʘʤʝʨ ʜʣʷ ʩʤʘʨʪʬʦʥʦʚ [211]) ʥʝ ʞʝʣʘʪʝʣʴʥʦ. ɺ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʡ ʙʫʜʝʪ ʩʠʣʴʥʦ ʩʥʠʞʝʥʦ, ʯʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʫʭʫʜʰʝʥʠʶ ʚʠʟʫʘʣʴʥʦʛʦ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʥʘ ʩʥʠʤʢʘʭ. 

ʉʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʣʠʙʨʦʚʘʥʥʳʝ ʢʘʤʝʨʳ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʠ/ʠʣʠ 

ʧʦʣʝʚʦʡ ʢʘʣʠʙʨʦʚʢʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʮʠʠ ʩʘʤʦʢʘʣʠʙʨʦʚʢʠ ʚ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʠ (ʪ.ʝ., ʚʳʩʦʢʦʪʦʯʥʳʭ ʮʝʥʪʨʦʚ 

ʧʨʦʝʢʮʠʠ ʩʥʠʤʢʦʚ, ʦʧʦʨʥʳʭ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʠʩʢʘʞʝʥʠʶ ʧʦʣʫʯʝʥʥʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʟ-ʟʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʦʨʠʝʥʪʘʮʠʠ, ʚʢʣʶʯʘʷ 

ʧʘʨʘʤʝʪʨʳ ʜʠʩʪʦʨʩʠʠ. 

 

2.6.3 ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɸʉ 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ɹɸʉ, ʩʧʦʩʦʙʥʳʝ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʚʝʜʝʥʠʝ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʳʤ ʧʨʦʜʦʣʴʥʳʤ ʠ ʧʦʧʝʨʝʯʥʳʤ ʧʝʨʝʢʨʳʪʠʝʤ 

ʥʝ ʤʝʥʝʝ 70% ʠ 50%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ ʧʠʣʦʪʠʨʫʝʤʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʦʙʳʯʥʦʝ ʧʨʦʜʦʣʴʥʦʝ ʠ ʧʦʧʝʨʝʯʥʦʝ 

ʧʝʨʝʢʨʳʪʠʷ (60% ʠ 30%) ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʦʡʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʩʦʩʝʜʥʠʭ 

ʩʥʠʤʢʦʚ. ʏʨʝʟʤʝʨʥʦʝ ʧʝʨʝʢʨʳʪʠʝ (70% ʠ 50%) ʥʝʦʙʭʦʜʠʤʦ, ʧʦʪʦʤʫ ʯʪʦ ɹɸʉ, 

ʠʤʝʶʱʠʡ ʥʝʙʦʣʴʰʦʡ ʚʝʩ, ʩʠʣʴʥʦ ʧʦʜʚʝʨʞʝʥ ʚʣʠʷʥʠʶ ʚʝʪʨʘ. ʕʪʦ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʥʝʦʞʠʜʘʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʤʘʨʰʨʫʪʦʚ ʧʦʣʝʪʘ ʠ ʢʨʝʥʦʚ ʚʦ ʚʨʝʤʷ 

ʧʦʣʝʪʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ çʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤ ʜʳʨʘʤè, ʪʦ ʝʩʪʴ ʢ ʦʙʣʘʩʪʠ ʙʝʟ 

ʪʨʦʡʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʩʥʠʤʢʦʚ ʠʣʠ ʜʘʞʝ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʩʥʠʤʢʦʚ. 
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ʈʠʩʫʥʦʢ 2.10 ï ʇʨʠʤʝʨʳ ʘʨʪʝʬʘʢʪʦʚ, ʚʳʟʚʘʥʥʳʭ ʦʰʠʙʢʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʜʣʷ ʯʘʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ, 

ʚʢʣʶʯʘʱʝʛʦ ʚʳʜʝʣ: ʘ ï ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ ʩ ʦʰʠʙʢʘʤʠ, 

ʯʝʨʥʘʷ ʨʘʤʢʘ ʧʦʢʘʟʳʚʘʝʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʚʳʜʝʣʘ; ʙ ï ʎʄʈ; ʚ ï kh. ʉʪʨʝʣʢʠ 

ʧʦʢʘʟʳʚʘʶʪ ʦʰʠʙʢʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʘʨʪʝʬʘʢʪʳ ʚ ʤʦʜʝʣʷʭ
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ʊʘʢʞʝ ʠʟʙʳʪʦʯʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʩʠʣʴʥʦʤ 

ʚʝʪʨʝ. ɹɸʉ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʠ ʣʝʪʠʪ çʙʦʢʦʤè, ʧʨʠʩʧʦʩʘʙʣʠʚʘʷʩʴ ʢ 

ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʪʨʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʢʘʤʝʨʘ ʞʝʩʪʢʦ ʟʘʢʨʝʧʣʝʥʘ ʚ ʢʦʨʧʫʩʝ ɹɸʉ, 

ʤʝʞʜʫ ʢʘʤʝʨʦʡ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʣʝʪʘ ʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʫʛʦʣ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʦʨʦʪʫ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʘ, ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʟʦʥ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʧʝʨʝʢʨʳʪʠʝʤ. 

ʀʟʙʳʪʦʯʥʦʝ ʧʦʧʝʨʝʯʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʛʘʨʘʥʪʠʨʫʝʪ ʦʪʩʫʪʩʪʚʠʝ 

çʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʜʳʨè ʚ ʧʦʜʦʙʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʨʪʦʚʳʝ ʧʨʠʝʤʥʠʢʠ ɻʅʉʉ 

ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ ʠ ʥʘʟʝʤʥʳʝ ʙʘʟʦʚʳʝ ʩʪʘʥʮʠʠ ʜʣʷ ʚʳʩʦʢʦʪʦʯʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʂʎʇ ʩʥʠʤʢʦʚ. ʕʪʦ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʦʥʪʨʦʣʴʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʩʘʤʦʢʘʣʠʙʨʦʚʢʠ ʩʦ ʩʪʘʙʠʣʥɹʳʤ ʠ ʥʘʜʝʞʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ 

ʢʘʤʝʨʳ. 

ʏʪʦʙʳ ʜʦʙʠʪʴʩʷ ʭʦʨʦʰʝʛʦ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ ʙʝʟ ʨʘʟʤʳʪʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʥʝʩʪʠ ʚʨʝʤʷ 

ʵʢʩʧʦʟʠʮʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ɹɸʉ. ʆʜʥʘʢʦ ʥʝ ʩʣʝʜʫʝʪ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʚʘʪʴ 

ʟʥʘʯʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ISO, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʰʫʤʘ 

ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ. 

ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ. ʉʠʣʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʝʪʨʘ ʤʦʛʫʪ 

ʚʣʠʷʪʴ ʥʘ ʧʝʨʝʢʨʳʪʠʝ ʩʥʠʤʢʦʚ (ʩʤ. ʚʳʰʝ). ɸʵʨʦʬʦʪʦʩʲʝʤʢʫ ʩ ɹɸʉ ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʚʦ ʚʨʝʤʷ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʘ 

ʩʥʠʤʢʘʭ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʩʣʝʜʳ ʧʘʜʘʶʱʠʭ ʢʘʧʝʣʴ ʜʦʞʜʷ ʠʣʠ ʣʝʪʷʱʠʭ 

ʩʥʝʞʠʥʦʢ ʚ ʚʠʜʝ ʰʪʨʠʭʦʚʢʠ. ʊʘʢʠʝ ʩʥʠʤʢʠ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʩ ʦʰʠʙʢʘʤʠ. 

ʈʘʟʨʝʰʝʥʠʝ ʎʄʈ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʧʦʣʝʪʘ: ʯʝʤ ʚʳʰʝ ʚʳʩʦʪʘ ʧʦʣʝʪʘ, 

ʪʝʤ ʥʠʞʝ ʨʘʟʨʝʰʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʥʠʞʝ ʨʘʟʨʝʰʝʥʠʝ ʎʄʈ. ɺ 

ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʝ ʵʪʦʪ ʚʦʧʨʦʩ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ [48, 50, 138]. 
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2.6.4 ʂʘʤʝʨʘʣʴʥʳʝ ʨʘʙʦʪʳ 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʎʄʈ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ. ʆʜʥʦʟʥʘʯʥʦ ʥʝʚʦʟʤʦʞʥʦ ʫʜʘʣʠʪʴ ʩʧʣʦʰʥʳʝ ʜʨʝʚʝʩʥʦ-

ʢʫʩʪʘʨʥʠʢʦʚʳʝ ʤʘʩʩʠʚʳ ʠʟ ʎʄʇ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ c ʧʣʦʪʥʦʡ 

ʚʳʩʦʢʦʪʨʘʚʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʫʙʨʘʪʴ ʪʦʯʢʠ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʢʣʘʩʩʫ çʥʠʟʢʠʡ ʰʫʤè. ɺ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʵʪʘ 

ʥʝʪʨʠʚʠʘʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʩ ʨʘʟʣʠʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʧʨʘʚʜʦʧʦʜʦʙʠʷ. ʄʥʦʛʦʝ ʟʘʚʠʩʠʪ ʦʪ çʧʨʘʚʠʣʴʥʦʛʦè ʚʳʙʦʨʘ 

ʧʘʨʘʤʝʪʨʦʚ ʬʠʣʴʪʨʘʮʠʠ ʠ/ʠʣʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʡ ʤʝʩʪʥʦʩʪʠ [49]. 

ɸʨʪʝʬʘʢʪʳ ʤʦʛʫʪ ʦʩʪʘʚʘʪʴʩʷ ʠ ʧʦʩʣʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʥʠ ʧʦʷʚʠʣʠʩʴ ʚ ʥʝʢʦʪʦʨʳʭ 

ʦʙʣʘʩʪʷʭ, ʚ ʦʩʥʦʚʥʦʤ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʧʣʦʰʥʦʡ ʜʨʝʚʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʥʝʚʠʜʠʤʳʝ ʥʘ ʢʘʨʪʘʭ ʦʪʤʳʚʢʠ ʨʝʣʴʝʬʘ, ʪʘʢʠʝ ʘʨʪʝʬʘʢʪʳ 

ʜʦʤʠʥʠʨʫʁ ʪ ʥʘ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʠʟ-ʟʘ ʚʳʯʠʩʣʝʥʠʷ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʚʩrʦʪʳ. ʅʘ ʨʠʩ. 2.10 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʥʝʢʦʨʨʝʢʪʥʦʡ ʎʄʈ ʩ 

ʘʨʪʝʬʘʢʪʘʤʠ ʜʣʷ ʚʜrʝʣʘ. ʇʨʠʚʦʜʦʨʘʟʜʝʣʴʥʘʷ ʦʙʣʘʩʪʴ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʫʯʘʩʪʢʘ ʙʳʣʘ ʥʝʧʨʘʚʠʣʴʥʦ ʦʧʠʩʘʥʘ ʚ ʎʄʈ ʠʟ-ʟʘ ʨʷʜʘ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʧʨʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʣʦʪʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ (ʩʨ. ʨʠʩ 2.5ʚ ʠ 2.10a). 

ɹʦʣʴʰʠʥʩʪʚʦ ʪʦʯʝʢ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʨʘʟʜʝʣʘ, ʙʳʣʠ 

ʦʪʥʝʩʝʥʳ ʢ ʢʣʘʩʩʫ çʥʝ ʥʘʟʥʘʯʝʥʥʳʝè (ʙʝʣʳʡ ʮʚʝʪ; ʨʠʩ. 2.10a) ʠ ʧʦʵʪʦʤʫ ʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʚʦ ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ ʎʄʈ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʢʘʨʪʘ ʦʪʤʳʚʢʠ ʨʝʣʴʝʬʘ (ʨʠʩ. 2.10ʙ), ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʥʝʢʦʨʨʝʢʪʥʦʡ ʎʄʈ, 

ʤʦʞʝʪ ʙʳʪʴ ʚʧʦʣʥʝ ʧʨʘʚʜʦʧʦʜʦʙʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚʳʩʦʪ. ʊʦʣʴʢʦ ʯʝʣʦʚʝʢ, ʟʥʘʢʦʤʳʡ ʩ ʤʝʩʪʥʦʩʪʴʶ, 

ʤʦʞʝʪ ʨʘʩʧʦʟʥʘʪʴ ʥʝʢʦʪʦʨʳʝ ʩʪʨʘʥʥʳʝ ʫʟʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʜʦʨʘʟʜʝʣʦʤ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʢʘʨʪʳ (ʩʨ. ʨʠʩ. 2.7a ʠ 2.10ʙ). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʘʷ ʢʘʨʪʘ kh, ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʥʝʢʦʨʨʝʢʪʥʦʡ ʎʄʈ (ʨʠʩ. 2.10ʚ), 

ʦʪʦʙʨʘʞʘʝʪ ʙʦʣʴʰʦʡ ʘʨʪʝʬʘʢʪ ʚ ʵʪʦʤ ʤʝʩʪʝ, ʘ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʠʭ 
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ʘʨʪʝʬʘʢʪʦʚ. ʈʠʩʫʥʦʢ ʘʨʪʝʬʘʢʪʦʚ ʷʩʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʙʣʠʟʣʝʞʘʱʠʭ 

ʢʦʨʨʝʢʪʥʳʭ ʨʠʩʫʥʢʦʚ ʨʝʣʴʝʬʘ (ʩʤ. ʨʠʩ. 2.7ʜ ʠ 2.10ʚ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʦʨʨʝʢʪʥʫʶ ʎʄʈ, ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʪʱʘʪʝʣʴʥʳʡ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ. ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠ 

ʣʦʢʘʣʠʟʘʮʠʠ ʘʨʪʝʬʘʢʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʢʘʨʪʳ ʣʦʢʘʣʴʥʳʭ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʧʦʩʢʦʣʴʢʫ ʚʳʯʠʩʣʝʥʠʝ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʚʳʩʦʪʳ ʫʩʠʣʠʚʘʝʪ ʚʳʨʘʞʝʥʥʦʩʪʴ ʘʨʪʝʬʘʢʪʘ. ʊʘʢʞʝ ʧʦʣʝʟʥʦ ʧʨʠʤʝʥʷʪʴ 

ʨʫʯʥʦʝ ʩʪʝʨʝʦʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʎʄʈ. ʈʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩ ʬʫʥʢʮʠʷʤʠ 

ʨʘʙʦʪʳ ʚ ʩʪʝʨʝʦʨʝʞʠʤʝ. 
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 2 

1) ɼʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ɹɸʉ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʙʦʣʝʝ ʜʝʰʝʚʦʡ ʠ ʦʧʝʨʘʪʠʚʥʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦʣʫʯʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ɹɸʉ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʎʄʈ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ʆʜʥʘʢʦ ʦʩʪʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʧʨʦʩʦʚ ʢ ʪʦʯʥʦʩʪʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ɹɸʉ ʚ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ. 

2) ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʎʄʈ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʩ ɹɸʉ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʭʦʨʦʰʦ ʯʠʪʘʝʤʳʭ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʢʘʨʪ ʫʢʣʦʥʦʚ, ʵʢʩʧʦʟʠʮʠʠ ʠ ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ 

ʪʝʨʨʠʪʦʨʠʠ ʩ ʪʨʘʚʷʥʠʩʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʤʠ ʛʨʫʧʧʘʤʠ 

ʜʝʨʝʚʴʝʚ ʠʣʠ ʢʫʩʪʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ. ʅʘ ʨʘʡʦʥʘʭ ʩʦ ʩʧʣʦʰʥʦʡ 

ʣʝʩʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʥʘʙʣʶʜʘʶʪʩʷ ʩʝʨʴʝʟʥʳʝ ʦʰʠʙʢʠ ʚ ʨʘʩʯʝʪʘʭ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʨʘʚʠʪʴ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʨʝʣʴʝʬʝ. 

3) ɺʳʷʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʳʭ 

ʎʄʈ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩ ɹɸʉ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

4) ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʮʝʣʝʡ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

5) ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. ʉʫʱʝʩʪʚʫʶʪ 

ʦʯʝʚʠʜʥʳʝ ʧʨʦʙʣʝʤʳ ʩ ʢʦʨʨʝʢʪʥʳʤ ʩʦʟʜʘʥʠʝʤ ʎʄʈ ʥʘ ʙʘʟʝ ɹɸʉ ʚ ʛʦʨʦʜʩʢʦʡ 

ʤʝʩʪʥʦʩʪʠ. 

6) ʆʪʨʘʙʦʪʢʫ ʤʝʪʦʜʠʢʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɸʉ ʜʣʷ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ 

ʧʦʣʠʛʦʥʘʭ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʚʦʟʤʦʞʥʦ ʜʣʷ ʣʶʙʳʭ 

ʧʨʠʨʦʜʥʳʭ ʣʘʥʜʰʘʬʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʜʣʷ ʛʦʨʥʳʭ ʠ ʧʦʢʨʦʚʥʳʭ ʣʝʜʥʠʢʦʚ 
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ɻʃɸɺɸ 3 

ʆʉʆɹɽʅʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ɹɸʉ ʅɸ ʃɽɼʅʀʂɸʍ ɻʆʈʅʆɻʆ 

ʀ ʇʆʂʈʆɺʅʆɻʆ ʊʀʇɸ 

ɺ ʛʣʘʚʝ ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʶ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

ʛʦʨʥʳʭ ʠ ʧʦʢʨʦʚʥʳʭ ʣʝʜʥʠʢʦʚ. Ä 3.1 ʧʦʩʚʷʱʝʥ ʦʩʥʦʚʥʳʤ ʧʨʝʜʧʦʩʳʣʢʘʤ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʣʝʜʥʠʢʦʚ. ɺ Ä 3.2 ʧʦʜʨʦʙʥʦ 

ʨʘʟʙʠʨʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ. 

ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʳʧʦʣʥʝʥʘ ʩ ʫʯʝʪʦʤ ʨʷʜʘ 

ʬʘʢʪʦʨʦʚ, ʘ ʠʤʝʥʥʦ: ʚʳʙʦʨʘ ʩʪʘʨʪʦʚʦʡ ʧʣʦʱʘʜʢʠ, ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ɹɸʉ, ʘʣʛʦʨʠʪʤʦʚ ʨʘʙʦʪʳ ʘʚʪʦʧʠʣʦʪʘ, 

ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

 

3.1 ʇʨʝʜʧʦʩʳʣʢʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʧʨʠʤʝʥʝʥʠ ̫ ɹɸʉ ʚ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʥʦʛʦ ʠ ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ 

ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [16, 60, 74, 201, 204, 205] 

ʦʧʠʩʳʚʘʁ ʪʩʷ ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʧʨʠʢʣʘʜʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ɹɸʉ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʫʢʠ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʦʡ. ɸʚʪʦʨʳ ʵʪʠʭ ʨʘʙʦʪ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʧʨʦʚʝʜʝʥʠʷ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʥʦ ʥʠ ʚ ʦʜʥʦʤ ʠʟ ʦʙʟʦʨʦʚ ʥʝ ʧʨʦʚʝʜʝʥʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ 

ʚʳʷʚʣʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʛʦʨʥʦʡ 

ʤʝʩʪʥʦʩʪʠ ʠ ʚ ʫʩʣʦʚʠʷʭ ʢʨʘʡʥʝʛʦ ʩʝʚʝʨʘ/ʶʛʘ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʩʦʙʝʥʥʦʩʪʠ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʭʦʨʦʰʦ 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʯʝʪʢʦ 

ʨʘʟʜʝʣʷʝʪ ʦʙʷʟʘʥʥʦʩʪʠ ʧʠʣʦʪʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʠ ʦʧʝʨʘʪʦʨʘ ʩʲʝʤʦʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ɹɸʉ ʠ ʩʫʱʝʩʪʚʫʶʱʘʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʤʳʪʠʶ ʛʨʘʥʠʮʳ ʤʝʞʜʫ 

ʦʙʷʟʘʥʥʦʩʪʷʤʠ ʧʠʣʦʪʘ ʠ ʦʧʝʨʘʪʦʨʘ ʩʲʝʤʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʦʟʜʘʝʪʩʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʢʘʜʨʦʚʦʤ ʧʦʪʝʥʮʠʘʣʝ, ʢʦʛʜʘ ʦʜʠʥ ʩʦʪʨʫʜʥʠʢ 

ʦʙʣʘʜʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʥʘʚʳʢʘʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʟʥʘʥʠʷʤʠ ʧʦ ʛʝʦʜʝʟʠʠ, 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʩʲʝʤʢʠ ʠ 
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ʫʧʨʘʚʣʝʥʠʶ ɹɸʉ. ʇʦʩʣʝʜʥʠʝ ʢʦʤʧʝʪʝʥʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʦʙʨʝʪʘʶʪʩʷ ʥʘ 

ʢʦʨʦʪʢʠʭ ʢʫʨʩʘʭ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʥʝ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ɹɸʉ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨ ʠ ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ 

[1]. 

ɺ ʨʘʟʨʘʙʦʪʢʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʠʞʝ ʤʝʪʦʜʠʢʠ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʛʦʨʥʳʭ ʠ ʧʦʢʨʦʚʥʳʭ ʣʝʜʥʠʢʦʚ ʫʯʠʪʳʚʘʣʩʷ ʣʠʯʥʳʡ ʦʧʳʪ 

ʘʚʪʦʨʘ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʭʦʜʝ 3-ʭ ʵʢʩʧʝʜʠʮʠʡ ʥʘ ʛʦʨʥʳʡ ʤʘʩʩʠʚ ʊʘʙʳʥ-ɹʦʛʜʘ-

ʆʣʘ (ʄʦʥʛʦʣʠʷ) ʠ ʚʦ ʚʨʝʤʷ ʫʯʘʩʪʠʷ ʚ 62-ʦʡ ʈɸʕ. 

 

3.2 ʆʩʦʙʝʥʥʦʩʪʠ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɸʉ 

ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʥʦʛʦ ʠ ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʚ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʦʛʦʨʴʷ ʠ ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ ʧʨʠʧʦʣʷʨʥʳʭ ʰʠʨʦʪ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʠʡ: 1) ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ; 2) ʚʳʙʦʨ ʩʪʘʨʪʦʚʦʡ ʧʣʦʱʘʜʢʠ; 3) ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ɹɸʉ; 4) ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʘʚʪʦʧʠʣʦʪʘ, ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʭ ʢʦʤʘʥʜ; 5) ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ; 6) ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ 

ʧʦʜʛʦʪʦʚʢʘ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ; 7) ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹɸʉ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʦʙʦʙʱʠʪʴ ʚ ʪʨʠ ʛʨʫʧʧʳ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ: 1) ʅʉʋ; 2) ɹɸʉ; 3) ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʨʘʙʦʪʘʤ. ʅʘ ʨʠʩ. 3.1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʧʨʠʤʝʥʝʥʠʷ ɹɸʉ ʚ 

ʫʩʣʦʚʠʷʭ ʦʣʝʜʝʥʝʥʠʷ. 

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʬʘʢʪʦʨʳ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘ ʧʨʠʤʝʨʝ 

ʧʨʦʜʫʢʪʦʚ ʢʦʥʢʨʝʪʥʦʡ ʢʦʤʧʘʥʠʠ ï ɹɸʉ ʩʝʨʠʠ çɻʝʦʩʢʘʥè (Ä 2.2.1). 

ɺʳʷʚʣʝʥʥʳʝ ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʩ ʦʩʪʦʨʦʞʥʦʩʪʴʶ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʳ ʥʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ 

ʨʝʰʝʥʠʷ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɼʣʷ ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʜʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʫʩʪʨʘʥʝʥʠʶ. ʕʪʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ɹɸʉ ʢʦʤʧʘʥʠʠ ɻʝʦʩʢʘʥ. 
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ʪʠʧʘ. 
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3.2.1 ʅʘʟʝʤʥʘʷ ʩʪʘʥʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ 

3.2.1.1 ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʅʉʋ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʟʫʯʝʥʠʷ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠʩʧʦʣʴʟʫʶʪ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʢʘʨʪʳ ʨʘʟʥʳʭ 

ʤʘʩʰʪʘʙʦʚ: ʦʪ 1 : 25 000 ʜʦ 1 : 100 000. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʧʨʦʜʫʢʪʳ ʩʦʩʪʘʚʣʝʥʠʷ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʠ ʚʝʙ-

ʢʘʨʪʦʛʨʘʬʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦ ʧʨʦʪʦʢʦʣʘʤ 

WMS (Web Map Service) ʠ WMTS (Web Map Title Service) ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦʣʫʯʘʝʪ ʮʠʬʨʦʚʳʝ ʢʘʨʪʳ, ʜʘʥʥʳʝ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʠ ʎʄʈ. 

ʉʣʝʜʫʝʪ ʠʟʫʯʠʪʴ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʬʦʨʤʘʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʫʙʣʠʯʥʳʭ 

ʚʝʙ-ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʝʨʚʠʩʦʚ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ 

ʵʨʛʦʥʦʤʠʢʝ ʠʥʪʝʨʬʝʡʩʘ ʠ ʥʘʙʦʨʫ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʣʝʪʥʦʛʦ 

ʟʘʜʘʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʣʝʪʥʦʛʦ 

ʟʘʜʘʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ ʧʦʣʝʪʘ ɹɸʉ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʅʉʋ Geoscan Planer, ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ 4-ʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʝʨʚʠʩʦʚ [34]: 

1) Open Street Map ï ʧʦʜʨʦʙʥʘʷ ʠ ʙʝʩʧʣʘʪʥʘʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʘʷ 

ʧʦʜʣʦʞʢʘ. ɼʘʥʥʳʡ ʨʝʩʫʨʩ ʘʢʪʫʘʣʝʥ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ 

ʨʘʙʦʪ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ʜʘʥʥʳʝ ʥʘ ʧʝʨʝʩʝʯʝʥʥʫʶ ʤʝʩʪʥʦʩʪʴ. 

2) Landsat ï ʦʙʱʝʟʝʤʥʦʝ ʧʦʢʨʳʪʠʝ ʢʦʩʤʠʯʝʩʢʠʤʠ ʩʥʠʤʢʘʤʠ 

ʩʝ̡ʤʦʯʥʦʡ ʩʠʩʪʝʤʳ Landsat 5, 7 ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 30 

ʤ/ʧʠʢʩʝʣʴ. ɼʘʥʥʦʝ ʧʦʢʨʳʪʠʝ ʧʦʟʚʦʣʷʝʪ ʛʨʫʙʦ ʦʮʝʥʠʪʴ ʬʠʟʠʢʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʤʝʩʪʥʦʩʪʠ ʚ ʮʝʣʦʤ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʜʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʚʳʟʚrʘʝʪ ʩʤʫʱʝʥʠʝ. 

3) Bing Maps ï ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʩʝʨʚʠʩ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʡ 

ʢʦʩʤʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʥʘ ʚʝʩʴ ʟʝʤʥʦʡ ʰʘʨ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʩʥʠʤʢʦʚ ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʨʨʠʪʦʨʠʠ: ʦʪ ʩʨʝʜʥʝʛʦ (10ï15 
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ʤ/ʧʠʢʩʝʣʴ) ʜʦ ʩʚʝʨʭʚʳʩʦʢʦʛʦ (50 ʩʤ/ʧʠʢʩʝʣʴ). 

4) Shuttle Radar Topographic Mission (SRTM) ï ʨʘʜʘʨʥʘʷ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʫʰʠ ʟʝʤʥʦʛʦ ʰʘʨʘ. ʇʨʝʜʦʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʎʄʈ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 3"/ʧʠʢʩʝʣʴ (~90 ʤ/ʧʠʢʩʝʣʴ ʥʘ 

ʵʢʚʘʪʦʨʝ). 

ɺʦ ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʠʨʘʝʪ ʦʜʠʥ ʠʟ 

ʧʝʨʚʳʭ ʪʨʝʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʝʨʚʠʩʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʨʝʣʴʝʬʝ ʟʘʛʨʫʞʘʝʪʩʷ ʧʦ ʫʤʦʣʯʘʥʠʶ ʠ ʥʝ 

ʪʨʝʙʫʝʪ ʚʳʙʦʨʘ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʙʣʘʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʣʝʜʫʝʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʫʯʠʚ ʚʦʧʨʦʩ ʠʤʧʦʨʪʘ ʠʣʠ ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʥʥʳʭ ʥʦʚʳʭ 

ʩʝʨʚʠʩʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʜʦʙʥʘʷ ʧʨʦʙʣʝʤʘ ʘʢʪʫʘʣʴʥʘ ʚ ʧʨʠʧʦʣʷʨʥʳʭ 

ʰʠʨʦʪʘʭ. 

 

3.2.1.2 ʉʦʩʪʘʚʣʝʥʠʝ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ 

ʉʦʩʪʘʚʣʝʥʠʝ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʜʝʣʝʥʠʠ ʦʙʣʘʩʪʠ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʩʦʟʜʘʥʠʠ ʤʘʨʰʨʫʪʘ ʧʦʩʘʜʢʠ. ɺʳʜʝʣʠʚ ʦʙʣʘʩʪʴ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʤ, ʧʨʦʛʨʘʤʤʘ ʅʉʋ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʤʘʨʰʨʫʪʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ: 

1) ʇʝʨʝʢʨʳʪʠʝ ʩʥʠʤʢʦʚ. ʄʠʥʠʤʘʣʴʥʦʝ ʧʨʦʜʦʣʴʥʦʝ ʠ ʧʦʧʝʨʝʯʥʦʝ 

ʧʝʨʝʢʨʳʪʠʝ ʩʦʩʪʘʚʣʷʝʪ 60% ʠ 30%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [21]. ʕʪʠ ʧʘʨʘʤʝʪʨʳ 

ʤʦʞʥʦ ʚʳʜʝʨʞʘʪʴ ʧʨʠ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʥʝ ʙʦʣʝʝ 3Ü. ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʤʘʩʩʫ ɹɸʉ ʠ ʩʣʦʞʥʦʩʪʠ ʚʳʜʝʨʞʠʚʘʥʠʷ ʫʛʣʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʦʷʚʣʝʥʠʷ çʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʜʳʨè ʩʣʝʜʫʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʠʟʙʳʪʦʯʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʥʝ ʤʝʥʝʝ 70% ʠ 50%. 

2) ɺʳʙʦʨ ʢʘʤʝʨʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʤʝʨʳ ʠ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʲʝʢʪʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʯʝʪ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʲʝʤʢʠ. 

3) ʇʘʨʘʤʝʪʨʳ ʩʲʝʤʢʠ. ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʘ ʩʲʝʤʢʠ ï ʵʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʥʠʤʢʦʚ, ʚʳʩʦʪʘ 

ʩʲʝʤʢʠ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʘʨʰʨʫʪʘʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʯʘʱʝ ʚʩʝʛʦ ʟʘʜʘʶʪ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʥʠʤʢʦʚ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʨʘʩʯʝʪʦʤ ʚʳʩʦʪʳ 

ʧʦʣʝʪʘ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʘʨʰʨʫʪʦʚ. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʥʠʤʢʦʚ ʜʣʷ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʠʩʘʥ ʚ Ä 2.3. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʩʦʩʪʘʚʣʝʥʠʷ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʨʰʨʫʪʘ ʧʦʩʘʜʢʠ. ʄʘʨʰʨʫʪ ʧʦʩʘʜʢʠ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʪʦʯʝʢ: 

ʪʦʯʢʘ ʟʘʭʦʜʘ ʥʘ ʛʣʠʩʩʘʜʫ, ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʪʦʯʢʘ ʠ ʪʦʯʢʘ ʚʳʙʨʦʩʘ ʧʘʨʘʰʶʪʘ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ ʪʦʯʢʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 600 ʤ. ɹɸʉ ʚ ʪʦʯʢʝ 

ʛʣʠʩʩʘʜʳ ʩʥʠʞʘʝʪʩʷ ʜʦ 110 ʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʩʪʘʨʪʘ ʠ ʟʘʪʝʤ ʩ ʧʣʘʚʥʳʤ 

ʩʥʠʞʝʥʠʝʤ ʜʦ 70 ʤ ʜʚʠʞʝʪʩʷ ʚ ʪʦʯʢʫ ʚʳʙʨʦʩʘ ʧʘʨʘʰʶʪʘ. ʄʘʨʰʨʫʪ ʧʦʩʘʜʢʠ 

ʦʨʠʝʥʪʠʨʫʶʪ ʩʪʨʦʛʦ ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ. 

ʇʨʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʚ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʬʫʥʢʮʠʶ ʅʉʋ, ʧʦʟʚʦʣʷʶʱʫʶ ʨʘʩʩʯʠʪʘʪʴ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʤʘʨʰʨʫʪʳ ʩ 

ʫʯʝʪʦʤ ʎʄʈ SRTM. ʕʪʘ ʬʫʥʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʦʷʥʩʪʚʦ ʤʘʩʰʪʘʙʘ 

ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʙʫʜʝʪ 

ʦʙʝʩʧʝʯʝʥʘ ʧʨʠ ʫʩʣʦʚʠʠ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʤʘʨʰʨʫʪʦʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʩʢʣʦʥʘ. ʊʘʢʞʝ ʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʘʢʪʫʘʣʴʥʘ ʧʨʠ ʩʲʝʤʢʝ 

ʧʦʢʨʦʚʥʳʭ ʣʝʜʥʠʢʦʚ.  

 

3.2.2 ɺʳʙʦʨ ʩʪʘʨʪʦʚʦʡ ʧʣʦʱʘʜʢʠ 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ 

ʩʲʝʤʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʠʩʢ ʙʣʠʞʘʡʰʝʛʦ ʘʵʨʦʜʨʦʤʘ ʠ ʦʮʝʥʢʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɹɸʉ ʵʪʘ ʟʘʜʘʯʘ 

ʚʠʜʦʠʟʤʝʥʷʝʪʩʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʝʩʫʨʩ ʧʦʣʝʪʘ ɹɸʉ ʦʛʨʘʥʠʯʝʥ. ʅʝʦʙʭʦʜʠʤʦ 

ʚʳʙʠʨʘʪʴ ʧʣʦʱʘʜʢʫ ʩʪʘʨʪʘ / ʧʦʩʘʜʢʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ 

ʛʨʘʥʠʮʘʤ ʩʲʝʤʦʯʥʦʛʦ ʫʯʘʩʪʢʘ ʠʣʠ ʚʥʫʪʨʠ ʝʛʦ. ɼʣʷ ʵʪʦʛʦ ʦʮʝʥʠʚʘʶʪ 

ʪʨʘʥʩʧʦʨʪʥʫʶ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʥʘʣʠʯʠʝ ʦʪʢʨʳʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʫʯʘʩʪʦʢ ʙʝʟ 

ʜʨʝʚʝʩʥʦʡ ʠ ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ). ɺʳʙʦʨ ʧʦʩʣʝʜʥʝʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʙʝʩʧʠʣʦʪʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʠ ʝʛʦ 

ʨʘʟʤʝʨʦʚ: 1) ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʫʣʴʪʠʨʦʪʦʨʥʦʛʦ ʠʣʠ ʚʝʨʪʦʣʝʪʥʦʛʦ ʪʠʧʘ, 
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ʧʣʦʱʘʜʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʤʝʨʦʤ 10 ͻ 10 ʤ ʩ ʣʫʛʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʠ ʥʝ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʫʢʣʦʥʘʤʠ ʤʝʩʪʥʦʩʪʠ (3ï5Á). ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʚʝʨʪʠʢʘʣʴʥʳʤ 

ʚʟʣʝʪʦʤ ʠ ʧʦʩʘʜʢʦʡ. 2) ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʘʤʦʣʝʪʥʦʛʦ ʪʠʧʘ, ʧʣʦʱʘʜʢʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʤʝʨʦʤ ʦʪ 150 ͻ 150 ʤ ʜʦ 300 ͻ 300 ʤ. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʠʤʝʥʠʤʳ ʜʣʷ ɹɸʉ ʩ ʤʘʩʩʦʡ ʥʝ ʙʦʣʝʝ 10 ʢʛ ʠ ʩ ʨʘʟʤʘʭʦʤ ʢʨʳʣʴʝʚ ʜʦ 2,5 ʤ. 

ʀʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʩʝʨʚʠʩʳ ʚ ʅʉʋ, ʧʦ 

ʩʧʫʪʥʠʢʦʚʳʤ ʩʥʠʤʢʘʤ ʜʝʰʠʬʨʠʨʫʶʪ ʦʪʢʨʳʪʳʝ ʫʯʘʩʪʢʠ ʤʝʩʪʥʦʩʪʠ; ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʎʄʈ ʦʮʝʥʠʚʘʶʪ ʫʢʣʦʥ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʧʨʝʜʝʣʷʶʱʠʤ ʢʨʠʪʝʨʠʝʤ ʚʳʙʦʨʘ ʤʝʩʪʘ 

ʩʪʘʨʪʘ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ. ʆʙʳʯʥʦ ʩʲʝʤʢʘ ʛʦʨʥʳʭ ʣʝʜʥʠʢʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʦʭʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠʣʠ ʝʝ ʦʪʩʫʪʩʪʚʠʝʤ. ɺ 

ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ ʜʦʤʠʥʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚʳʙʦʨʘ ʩʪʘʨʪʦʚʦʡ ʧʣʦʱʘʜʢʠ 

ʷʚʣ̫ʝʪʩʷ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ. ʇʨʘʢʪʠʯʝʩʢʠ, ʩʪʘʨʪʦʚʘʷ ʧʣʦʱʘʜʢʘ ʷʚʣʷʝʪʩʷ 

ʙʘʟʦʚʳʤ ʣʘʛʝʨʝʤ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʨʠʪʝʨʠʡ: 

ʥʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʘ ʧʨʝʩʥʦʡ ʚʦʜʳ. 

ʇʨʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʧʦʢʨʦʚʥʳʭ ʣʝʜʥʠʢʦʚ (ʥʘʧʨ., ɸʥʪʘʨʢʪʠʜʳ), 

ʨʝh ʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʚʳʙʦʨʝ ʪʦʯʢʠ ʩʪʘʨʪʘ ʠʤʝʝʪ ʥʘʣʠʯʠʝ ʜʦʨʦʛʠ ʥʘ 

ʣʝʜʥʠʢʝ. ʇʨʠʙʨʝʞʥʦʝ ʧʦʢʨʦʚʥʦʝ ʦʣʝʜʝʥʝʥʠʝ ɸʥʪʘʨʢʪʠʜʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʜʚʠʞʝʥʠʝʤ ʣʝʜʥʠʢʘ. ʆʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʨʝʱʠʥʳ, ʥʘʢʨʳʪʳʝ 

çʩʥʝʞʥʳʤ ʤʦʩʪʦʤè, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʪʣʠʯʠʪʴ ʦʪ ʵʦʣʦʚʳʭ 

ʬʦʨʤ ʤʠʢʨʦʨʝʣʴʝʬʘ ʣʝʜʥʠʢʘ. ʇʦʵʪʦʤʫ ʧʦ ʧʨʘʚʠʣʘʤ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʟʘʧʨʝʱʝʥʦ ʫʜʘʣʷʪʴʩʷ ʦʪ ʦʩʠ ʜʦʨʦʛʠ. 

ʈʝʰʝʥʠʝ ʧʦ ʚʳʙʦʨʫ ʩʪʘʨʪʦʚʦʡ ʧʣʦʱʘʜʢʠ ʧʨʠʥʠʤʘʝʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ 

ʨʝʢʦʛʥʦʩʮʠʨʦʚʢʠ ʥʘ ʤʝʩʪʥʦʩʪʠ. ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʥɹʳʡ ʢʨʠʪʝʨʠʡ ï ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚʝʪʨʦʚ ʠ ʠʭ 

ʩʢʦʨʦʩʪʴ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʦʨʦʛʨʘʬʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɺʟʣʝʪ ʠ ʧʦʩʘʜʢʘ 

ɹɸʉ ʩʘʤʦʣʝʪʥʦʛʦ ʪʠʧʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩʪʨʦʛʦ ʧʨʦʪʠʚ ʚʝʪʨʘ, ʣʠʙʦ ʩ ʥʝʙʦʣʴʰʠʤ 

ʫʛʣʦʤ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʪʨʘ (ʥʝ ʙʦʣʝʝ 30Á). ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ 

ʧʦ ʧʦʣʝʪʫ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʝʪʨʘ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ 
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ʧʨʦʧʠʩʘʥʘ ʚ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ɹɸʉ. ʂ ʧʨʠʤʝʨʫ, ɹɸʉ 

ʚʝʨʪʦʣʝʪʥʦʛʦ ʪʠʧʘ ʠ ʤʫʣʴʪʠʨʦʪʦʨʥʦʛʦ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ 

ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʙʦʣʝʝ 10 ʤ/ʩ, ʘ ɹɸʉ ʩʘʤʦʣʝʪʥʦʛʦ ʪʠʧʘ ï ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʙʦʣʝʝ 15 ʤ/ʩ. ʌʘʢʪʠʯʝʩʢʠ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʟʘʚʳʰʝʥ. 

ʇʨʦʙʣʝʤʳ ʥʘʯʠʥʘʶʪʩʷ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 7ï8 ʤ/ʩ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʧʦʢʘʟʘʪʝʣʴ ʥʘʦʙʦʨʦʪ ʟʘʥʠʞʝʥ. ʇʦʣʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʜʦ 20 

ʤ/ʩ. 

 

3.2.3 ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ɹɸʉ 

ʊʠʧ ɹɸʉ çʣʝʪʘʶʱʝʝ ʢʨʳʣʦè ʥʝ ʠʤʝʝʪ ʷʚʥʦ ʚʳʨʘʞʝʥʥʦʛʦ ʬʶʟʝʣʷʞʘ ʠ 

ʦʙʨʘʟʫʝʪ ʚʤʝʩʪʝ ʩ ʢʨʳʣʴʷʤʠ ʝʜʠʥʫʶ ʧʣʦʩʢʦʩʪʴ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʧʦʜʦʙʥʦʡ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʭʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʚʘʪʴ ʧʦʜʲʝʤʥʫʶ 

ʩʠʣʫ ʩʨʘʟʫ ʚʩʝʡ ʧʣʦʱʘʜʴʶ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʟʣʝʪ ʜʦʣʞʝʥ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʨʦʛʦ ʧʨʦʪʠʚ ʚʝʪʨʘ. ʇʨʠ ʚʟʣʝʪʝ ʧʦ ʚʝʪʨʫ ʧʦʷʚʣʷʝʪʩʷ 

ʦʙʨʘʪʥʳʡ ʵʬʬʝʢʪ ï ʜʝʡʩʪʚʠʝ ʩʠʣʳ ʚʝʪʨʘ ʩʚʝʨʭʫ ʥʘ ʩʠʩʪʝʤʫ ʙʦʣʴʰʝ ʜʝʡʩʪʚʠʷ 

ʧʦʜ̡ʝʤʥʦʡ ʩʠʣʳ. ʇʨʠ ʚʟʣʝʪʝ ʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʪʨʘ, 

ʧʦʷʚʣʷʝʪʩʷ ʘʚʘʨʠʡʥʘʷ ʩʠʪʫʘʮʠʷ ï ʦʧʨʦʢʠʜʳʚʘʥʠʝ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ, ʧʨʠ ʚʟʣʝʪʝ ɹɸʉ ɻʝʦʩʢʘʥ 

101 ʠ ɻʝʦʩʢʘʥ 201 ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʟʠʥʦʚʘʷ ʢʘʪʘʧʫʣʴʪʘ. ʂʦʥʩʪʨʫʢʮʠʷ 

ʢʘʪʘʧʫʣʴʪʳ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʠʪʠʚʥʘ ʠ ʧʨʦʩʪʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ɺʳʧʦʣʥʝʥʠʝ 

ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʚʳʩʦʢʦʛʦʨʥʳʭ ʣʝʜʥʠʢʘʭ (ʚʳʰʝ 3000 ʤ ʥʘʜ ʫʨ. 

ʤ.) ʠʣʠ ʚ ɸʥʪʘʨʢʪʠʜʝ, ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘʤʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʟʠʥʦʚʦʡ ʢʘʪʘʧʫʣʴʪʳ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʵʣʘʩʪʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʨʝʟʠʥʳ. ʇʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʨʝʟʠʥʘ ʟʘʤʝʨʟʘʝʪ ʠ ʪʝʨʷʝʪ ʵʣʘʩʪʠʯʥʦʩʪʴ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʦʡ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʚʫʤʷ 

ʤʝʪʦʜʘʤʠ. ʇʝʨʚʳʡ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʙʳʩʪʨʦʡ ʠ ʩʣʘʞʝʥʥʦʡ ʨʘʙʦʪʝ ʚʦ ʚʨʝʤʷ 

ʩʪʘʨʪʘ ɹɸʉ. ɼʦ ʩʪʘʨʪʘ ʨʝʟʠʥʘ ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ ʪʝʧʣʦʤ ʤʝʩʪʝ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʩʪʘʨʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʆʧʳʪ ʧʦʜʦʙʥʦʡ ʨʘʙʦʪʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ï10ÁC ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
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ʨʝʟʠʥʳ ʥʝ ʙʦʣʝʝ 1,5 ʤʠʥ. ʅʝʚʥʠʤʘʪʝʣʴʥʦʩʪʴ ʠ ʦʰʠʙʢʠ ʚ ʜʝʡʩʪʚʠʷʭ ʦʧʝʨʘʪʦʨʘ 

ɹɸʉ ʧʨʠʚʦʜʷʪ ʢ ʘʚʘʨʠʡʥʳʤ ʩʠʪʫʘʮʠʷʤ. ɺʪʦʨʦʡ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʤʝʥʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʢʘʪʘʧʫʣʴʪʳ ʥʘ ʤʦʨʦʟʦʩʪʦʡʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. ʂ ʧʨʠʤʝʨʫ, ʥʘ 

ʧʨʫʞʠʥʥʫʶ ʢʘʪʘʧʫʣʴʪʫ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʦʙʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʚʟ̫ʘʥʥʳʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʘʩʩʳ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩ 8 ʜʦ 30 ʢʛ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʫʞʠʥʥʦʡ ʢʘʪʘʧʫʣʴʪʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʦʣʥʦʡ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɸʥʘʣʦʛʦʤ ʧʨʫʞʠʥʥʦʡ ʢʘʪʘʧʫʣʴʪʳ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʧʥʝʚʤʘʪʠʯʝʩʢʘʷ ʢʘʪʘʧʫʣʴʪʘ, ʥʦ ʦʥʘ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʙʘʣʣʦʥʘ ʩʦ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ. 

ʉʘʤʳʤʠ ʦʧʘʩʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦʣʝʪʘ ʷʚʣʷʶʪʩʷ ʚʟʣʝʪ ʠ ʧʦʩʘʜʢʘ. ʅʘ 

ʵʪʠʭ ʵʪʘʧʘʭ ʧʦʣʝʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ɹɸʉ ʠʩʧʳʪʳʚʘʝʪ ʥʘʠʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ. 

ʏʘʩʪʦ, ʚ ʛʘʨʘʥʪʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ɹɸʉ ʦʪʤʝʯʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʟʣʝʪʦʚ ʠ ʧʦʩʘʜʦʢ, ʧʦʩʣʝ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʭʦʜʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʠʢʠ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʤʝʣʢʦʤ ʨʝʤʦʥʪʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ, ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ 

(ɿʀʇ). ʆʙʳʯʥʦ ʩʦʩʪʘʚ ɿʀʇ ʦʛʨʘʥʠʯʝʥ ʢʣʝʝʤ, ʩʢʦʪʯʝʤ ʠ ʥʝʩʢʦʣʴʢʠʤʠ 

ʦʪʚʝʨʪʢʘʤʠ. ʇʨʠ ʚʧrʦʣʥʝʥʠʠ ʨʘʙʦʪ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʤʝʩʪʥʦʩʪʠ ʩʣʝʜʫʝʪ 

ʙʨʘʪʴ ʨʘʩʰʠʨʝʥʥʫʶ ʢʦʤʧʣʝʢʪʘʮʠʶ ɿʀʇ (ʣʦʧʘʩʪʠ ʚʠʥʪʦʚ, ʬʨʘʛʤʝʥʪʳ 

ʢʨʳʣʴʝʚ, ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʝʨʚʦʧʨʠʚʦʜʳ ʵʣʝʨʦʥʦʚ, ʢʠʣʠ, ʪʨʫʙʢʘ 

ʇʠʪʦ ʠ ʜʨ.). ʂʦʤʧʣʝʢʪʥʦʩʪʴ ʩʣʝʜʫʝʪ ʧʦʜʙʠʨʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ 

ʧʣʘʥʝʨʘ ɹɸʉ. 

ɼʣʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ɹɸʉ ʠʩʧʦʣʴʟʫʶʪ ʣʠʪʠʡ-ʠʦʥʥʳʝ ʠʣʠ 

ʣʠʪʠʡ-ʧʦʣʠʤʝʨʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ. ʆʥʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʥʠʟʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤ. ʈʘʩʯʝʪ ʦʩʥʦʚʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚʳʧʦʣʥʝʥ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ +20Áʉ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦ 

ʚʨʝʤʷ ʩʪʘʨʪʘ ʭʦʣʦʜʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʧʦʪʝʨʠ ʝʤʢʦʩʪʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 40%, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʧʦʣʝʪʘ [3]. 

ʇʦʩʣʝ ʧʦʜʢʣʶʯʝʥʠʷ ʘʢʢʫʤʫʣʷʪʦʨʘ ʠ ʜʦ ʩʪʘʨʪʘ ɹɸʉ ʧʨʦʭʦʜʠʪ 
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ʥʝʩʢʦʣʢɹʦ ʤʠʥʫʪ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʚʳʧʦʣʥʷʶʪ ʧʨʦʚʝʨʢʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʦʩʥʦʚʥʳʭ ʩʠʩʪʝʤ, ʟʘʛʨʫʟʢʫ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ. ʇʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʘʢʢʫʤʫʣʷʪʦʨʘ ʩʥʠʞʘʝʪʩʷ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ 

ʝʤʢʦʩʪʠ. ʇʦʩʣʝ ʩʭʦʜʘ ɹɸʉ ʩ ʢʘʪʘʧʫʣʴʪʳ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʜʚʠʛʘʪʝʣʴ. 

ʇʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʧʨʦʠʩʭʦʜʠʪ ʚʳʜʝʣʝʥʠʝ 

ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʦʜʦʛʨʝʚ ʘʢʢʫʤʫʣʷʪʦʨʘ. 

ɾʝʣʘʪʝʣʴʥʦ ʚrʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʘʢʢʫʤʫʣʷʪʦʨʘ ʧʝʨʝʜ ʚʢʣʶʯʝʥʠʝʤ 

ʜʚʠʛʘʪʝʣʷ ʚ ʜʠʘʧʘʟʦʥʝ +15Áʉ ï +20Áʉ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʥʝʩʢʦʣʴʢʠʤʠ 

ʤʝʪʦʜʘʤʠ: 

1) ʀʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʦʣʝʪʫ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨ, ʢʦʪʦʨʳʡ ʧʨʷʤʦ ʧʨʝʜ ʩʪʘʨʪʦʤ ʟʘʤʝʥʷʝʪʩʷ. 

ʊʨʝʙʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʣʦʚʦʛʦ ʢʘʙʝʣʷ ɹɸʉ ʜʣʷ ʧʦʜʜʝʨʞʢʠ 

ʛʦʨʷʯʝʡ ʟʘʤʝʥʳ ʘʢʢʫʤʫʣʷʪʦʨʘ. 

2) ɺʳʧʦʣʥʷʪʴ ʧʦʜʦʛʨʝʚ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʥʘ ʵʪʘʧʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʦʣʝʪʫ, ʠʩʧʦʣʴʟʫʷ: ʵʣʝʢʪʨʦʛʨʝʣʢʫ, ʭʠʤʠʯʝʩʢʫʶ ʛʨʝʣʢʫ ʠʣʠ 

ʚʦʜ̫ʥʫʶ ʛʨʝʣʢʫ. 

3) ʇʨʝʜʫʩʤʦʪʨʝʪʴ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʘʢʢʫʤʫʣʷʪʦʨʘ ʵʣʝʤʝʥʪʳ ʥʘʛʨʝʚʘ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʟʘʨʷʜ ʜʣʷ ʦʙʦʛʨʝʚʘ. 

ʇʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (< -15Áʉ), ʚʦ ʚʨʝʤʷ 

ʚʳʧʦʣʥʝʥʠʷ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʤʝʨʘʤ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʫʨʦʚʥʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʢʘʤʝʨʳ ʤʦʛʫʪ çʧʨʠʤʝʨʟʘʪʴè ʜʨʫʛ ʢ 

ʜʨʫʛʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʤʝʨʘ ʧʨʝʩʪʘʝʪ ʨʘʙʦʪʘʪʴ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ ʚʥʝʰʥʠʡ 

ʠʣʠ ʚʥʫʪʨʝʥʥʠʡ ʧʦʜʦʛʨʝʚ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʘʠʤʝʥʝʝ 

ʵʥʝʨʛʦʟʘʪʨʘʥʳʡ ʧʦʜʦʛʨʝʚ ʨʝʘʣʠʟʦʚʳʚʘʝʪʩʷ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʘʤʝʨʳ ʚ ʭʦʜʝ, 

ʢʦʪʦʨʦʡ ʚʩʪʨʘʠʚʘʝʪʩʷ ʥʠʪʴ ʥʘʢʘʣʠʚʘʥʠʷ. 
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3.2.4 ʇʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʭ ʢʦʤʘʥʜ, 

ʘʚʪʦʧʠʣʦʪ ɹɸʉ 

ɸʚʪʦʧʠʣʦʪ ʣʶʙʦʛʦ ɹɸʉ ʠʤʝʝʪ ʥʘʙʦʨ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʭ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʚ ʭʦʜʝ ʰʪʘʪʥʦʛʦ ʧʦʣʝʪʘ ʩʤʝʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ. ɺ ʩʣʫʯʘʝ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʘʚʘʨʠʡʥʳʝ 

ʨʝʞʠʤʳ ʨʘʙʦʪʳ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʝ ʢʨʫʰʝʥʠʝ ɹɸʉ. ɸʚʪʦʧʠʣʦʪ ɹɸʉ ɻʝʦʩʢʘʥ 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ: ʚʟʣʝʪ, ʥʘʙʦʨ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ, 

ʩʥʠʞʝʥʠʝ, ʧʦʩʘʜʢʘ, ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. 

ʇʦʩʣʝ ʩʭʦʜʘ ʩ ʢʘʪʘʧʫʣʴʪʳ ʘʚʪʦʧʠʣʦʪ ɹɸʉ ʚʢʣʶʯʘʝʪ ʜʚʠʛʘʪʝʣʴ ʠ 

ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ ʨʘʙʦʪʳ çʚʟʣʝʪè. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʩʠʩʪʝʤʘ ʣʝʪʠʪ ʧʦ ʧʨʷʤʦʡ, 

ʵʣʝʨʦʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʢʨʘʡʥʝʤ ʥʠʞʥʝʤ ʧʦʣʦʞʝʥʠʠ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʝʪ 

ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʙʦʨʦʪʘʭ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚʳʩʦʪʳ ʧʦʣʝʪʘ 100 ʤ ʥʘʜ 

ʪʦʯʢʦʡ ʩʪʘʨʪʘ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʚ ʨʝʞʠʤ ʨʘʙʦʪʳ ʘʚʪʦʧʠʣʦʪʘ çʥʘʙʦʨ 

ʚʳʩʦʪʳè. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ɹɸʉ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʚʠʞʝʥʠʝ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʧʠʨʘʣʠ. ɺʦ ʚʨʝʤʷ ʥʘʙʦʨʘ ʚʳʩʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʥʘ 70ï80% ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʟʘʨʷʜʘ 

ʘʢʢʫʤʫʣʷʪʦʨʘ. 

ʉʲʝʤʢʘ ʛʦʨʥʳʭ ʣʝʜʥʠʢʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʙʦʨʦʤ ʚʳʩʦʪʳ ʚ 1ï2 ʢʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʝʞʠʤ ʥʘʙʦʨʘ ʚʳʩʦʪʳ ʩʪʘʥʦʚʠʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʥʝ 

ʵʬʬʝʢʪʠʚʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʨʘʙʦʪʝ ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ ʙʦʣʝʝ 3-ʭ ʤʠʥʫʪ 

ʧʦʚʳʰʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʛʨʝʚʘ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʝʨʝʛʦʨʘʥʠʷ ʦʙʤʦʪʢʠ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ. ʉʣʝʜʫʝʪ ʩʥʠʟʠʪʴ 

ʥʘʛʨʫʟʢʫ ʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʨʠ ʥʘʙʦʨʝ ʚʳʩʦʪʳ. ʕʪʦ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ 

ʧʦʵʪʘʧʥʦʛʦ ʥʘʙʦʨʘ ʚʳʩʦʪʳ. ʅʝʦʙʭʦʜʠʤʦ ʯʝʨʝʜʦʚʘʪʴ ʵʪʘʧʳ ʥʘʙʦʨʘ ʚʳʩʦʪʳ ʠ 

ʵʪʘʧʳ ʧʨʦʣʝʪʘ ʧʦ ʧʨʷʤʦʡ. ɼʚʠʞʝʥʠʝ ɹɸʉ ʧʦ ʧʨʷʤʦʡ ʩʥʠʞʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʜʦ 20ï40% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ 

ʥʘʢʣʘʜʳʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʥʘ ʵʪʘʧ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʩʦʩʪʘʚʣʝʥʠʷ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ [3]. 

ɼʦʩʪʠʛʥʫʚ ʚʳʩʦʪʳ ʧʝʨʚʦʛʦ ʤʘʨʰʨʫʪʘ, ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʨʝʞʠʤʘ ʧʦʣʝʪʘ 

ʘʚʪʦʧʠʣʦʪʘ ʩ ʥʘʙʦʨʘ ʚʳʩʦʪʳ ʥʘ çʘʚʪʦʤʘʪʠʯʝʩʢʠʡè, ʧʨʠ ʵʪʦʤ ɹɸʉ ʥʘʯʠʥʘʝʪ 
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ʚʳʧʦʣʥʷʪʴ ʧʦʣʝʪʳ ʧʦ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʤ ʤʘʨʰʨʫʪʘʤ. ɼʚʠʞʝʥʠʝ ʢ ʧʝʨʚʦʤʫ 

ʤʘʨʰʨʫʪʫ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʥʮʠʧʫ ʥʘʠʢʨʦʪʯʘʡʰʝʛʦ ʨʘʩʩʪʦʷʥʠʷ. 

ʇʨʠ ʩʲʝʤʢʝ ʛʦʨʥʳʭ ʣʝʜʥʠʢʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʳʧʦʣʥʷʶʪ ʘʥʘʣʠʟ ʎʄʈ 

SRTM ʥʘ ʧʨʝʜʤʝʪ ʧʨʝʧʷʪʩʪʚʠʡ ʤʝʞʜʫ ʧʦʩʣʝʜʥʝʡ ʪʦʯʢʦʡ ʥʘʙʦʨʘ ʚʳʩʦʪʳ ʠ 

ʧʝʨʚʦʡ ʪʦʯʢʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʦʛʦ ʤʘʨʰʨʫʪʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ, ʩʪʘʨʘʶʪʩʷ ʵʪʠ ʜʚʝ ʪʦʯʢʠ ʨʘʩʧʦʣʦʞʠʪʴ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʜʨʫʛ ʢ ʜʨʫʛʫ. 

ɿʘʭʦʜ ʥʘ ʤʘʨʰʨʫʪ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʟʚʦʨʦʪʦʤ. ʅʉʋ ʥʝ ʚʩʝʛʜʘ 

ʫʯʠʪʳʚʘʝʪ ʨʘʜʠʫʩ ʨʘʟʚʦʨʦʪʘ. ʅʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʎʄʈ SRTM ʥʘ ʧʝʨʝʩʝʯʝʥʠʝ ʩ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʤʘʨʰʨʫʪʦʤ ʧʦʣʝʪʘ. ʈʘʜʠʫʩ 

ʨʘʟʚʦʨʦʪʘ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹɸʉ ï ʨʘʟʤʘʭ ʢʨʳʣʘ, ʤʘʩʩʘ 

ʩʠʩʪʝʤʳ, ʜʦʧʫʩʪʠʤʳʝ ʫʛʣʳ ʢʨʝʥʘ. ɺ ʙʫʜʫʱʝʤ ʘʥʘʣʠʟ ʎʄʈ SRTM ʤʦʞʥʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʚ ʅʉʋ, ʟʘ ʩʯʝʪ ʬʫʥʢʮʠʠ ʧʨʦʚʝʨʢʠ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ ʩ 

ʫʯʝʪʦʤ ʨʘʜʠʫʩʦʚ ʨʘʟʚʦʨʦʪʘ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʩʝʯʝʥʠʷ ʤʘʨʰʨʫʪʘ ʧʦʣʝʪʘ ʩ 

ʨʝʣʴʝʬʦʤ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʟʚʦʨʦʪʘʭ ʫ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʭʝʤʳ 

çʣʝʪʘʶʱʝʝ ʢʨʳʣʦè ʩʫʱʝʩʪʚʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʥʝʜʦʩʪʘʪʦʢ. ʈʘʟʚʦʨʦʪ 

ʦʩʫɦ ʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ ʢʨʝʥʘ, ʢʦʪʦʨʳʡ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʘʚʪʦʧʠʣʦʪʦʤ, ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ. ʉʣʝʜʩʪʚʠʝʤ 

ʧʦʜʦʙʥʳʭ ʜʝʡʩʪʚʠʡ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ çʧʨʦʩʘʜʢʠè ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ʇʦʜ 

çʧʨʦʩʘʜʢʦʡè ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʳ 

ʧʦʣʝʪʘ. ɿʥʘʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʚʳʩʦʪʳ ʚʘʨʴʠʨʫʶʪ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʠ ʥʝ 

ʧʨʝʚʳʰʘʶʪ 10ï20 ʤ. ɼʘʥʥʳʡ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʎʄʈ SRTM. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ 

çʧʨʦʩʘʜʢʠè ʠ ʧʦʷʚʣʝʥʠʠ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

(ʥʠʩʭʦʜʷʱʠʭ) ʩʦʟʜʘʝʪʩʷ ʧʨʝʜʘʚʘʨʠʡʥʘʷ ʩʠʪʫʘʮʠʷ. 

ɺʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

(ʥʠʩʭʦʜʷɦ ʠʝ/ʚʦʩʭʦʜʷʱʠʝ) ʦʙʨʘʟʫʶʪʩʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʥʘ ʛʨʘʥʠʮʘʭ ʜʚʫʭ 

ʩʨʝʜ (ʣʝʜïʟʝʤʣʷ, ʟʝʤʣʷïʚʦʜʘ, ʚʦʜʘïʣʝʜ) ʠ ʩʚʷʟʘʥʳ ʩ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ 

ʥʘʛʨʝʚʘ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʜʦʙʥʦʛʦ ʨʦʜʘ ʚʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ 
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ʧʦʜʥʠʤʘʶʪ ʠʣʠ ʦʧʫʩʢʘʶʪ ʣʝʛʢʠʝ ɹɸʉ ʜʦ 100 ʤ ʟʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ. 

ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʦʣʦʞʝʥʠʷ 

ʤʘʨʰʨʫʪʦʚ ʩʲʝʤʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʢʘʟʘʥʥʳʭ ʛʨʘʥʠʮ (ʧʦ ʤʘʪʝʨʠʘʣʘʤ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ). ʇʦʷʚʣʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʧʦʣʝʪʘ, ʪʨʝʙʫʝʪ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚʥʝʰʥʝʛʦ ʧʠʣʦʪʘ. ɸʚʪʦʧʠʣʦʪ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʙʫʜʝʪ 

ʩʪʘʨʘʪʴʩʷ ʩʘʤʦʩʪʦʪ̫ʝʣʴʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʟʘ ʩʯʝʪ ʩʤʝʥʳ 

ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʭ ʨʝʞʠʤʦʚ ʧʦʣʝʪʘ. ʕʪʦ ʥʠ ʢ ʯʝʤʫ ʥʝ ʧʨʠʚʝʜʝʪ, ʥʦ 

ʧʨʝʜʦʩʪʘʚʠʪ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʚʥʝʰʥʝʤʫ ʧʠʣʦʪʫ. 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ, ʢʦʪʦʨʦʝ 

ʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ: 

1) ʀʟʤʝʥʠʪʴ ʧʦʣʝʪʥʦʝ ʟʘʜʘʥʠʝ ʠ ʦʪʧʨʘʚʠʪʴ ʝʛʦ ʧʦ ʪʝʣʝʤʝʪʨʠʯʝʩʢʦʤʫ 

ʢʘʥʘʣʫ ʩʚʷʟʠ. ʅʘ ʠʟʤʝʥʝʥʠʝ ʧʦʣʝʪʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦʪʨʝʙʫʝʪʩʷ ʦʪ 5 ʜʦ 10 ʤʠʥ, 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʥʝ ʙʳʪʴ. 

2) ʀʟʤʝʥʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʝʪʘ. ʇʦʣʝʪʥʦʝ ʟʘʜʘʥʠʝ ʩʦʩʪʦʠʪ ʠʟ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʪʦʯʝʢ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʠʟʤʝʥʷʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʪʦʯʝʢ 

(ʟʘʜʘʪʴ ʪʦʯʢʫ ʩʣʝʜʦʚʘʥʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʘ. ʅʝʜʦʩʪʘʪʦʢ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʩʦʪʳ ʪʦʯʝʢ ʧʦʣʝʪʥʦʛʦ 

ʟʘʜʘʥʠʷ, ʪʘʢ ʢʘʢ ʪʦʯʢʘ ʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʘ ʠʤʝʪʴ ʚʳʩʦʪʫ ʥʠʞʝ ʧʨʝʜʳʜʫʱʝʡ 

ʪʦʯʢʠ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʘʚʪʦʧʠʣʦʪ ʧʝʨʝʡʜʝʪ ʚ ʨʝʞʠʤ ʥʘʙʦʨʘ ʚʳʩʦʪʳ ʠ ʥʝ 

ʩʤʦʞʝʪ ʚʳʡʪʠ ʠʟ ʟʦʥʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ. 

3) ʉʤʝʥʘ ʨʝʞʠʤʘ ʧʦʣʝʪʘ ʥʘ ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʩʘʤʳʡ ʦʧʝʨʘʪʠʚʥʳʡ 

ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʰʝʡ ʧʨʦʙʣʝʤʳ. 

ʇʦʣʝʪ ɹɸʉ ʚ ʨʝʞʠʤʝ çʘʚʪʦʤʘʪʠʯʝʩʢʠʡè ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʨʷʜʘ 

ʧʘʨʘʤʝʪʨʦʚ, ʘ ʠʤʝʥʥʦ: ʢʨʝʡʩʝʨʩʢʘʷ ʩʢʦʨʦʩʪʴ, ʚʳʩʦʪʘ, ʥʘʧʨʘʚʣʝʥʠʝ (ʢʫʨʩ). 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʝ ʧʦʣʝʪʘ ɹɸʉ ʚʳʰʝ 2500 ʤ ʥʘʜ ʫʨ. ʤ. 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʥʦʝ ʩʥʠʞʝʥʠʝ ʚʳʩʦʪʳ ʧʦʣʝʪʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʤʘʨʰʨʫʪʫ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʨʝʞʝʥʥʦʩʪʴʶ ʚʦʟʜʫʭʘ. ʅʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʢʨʝʡʩʝʨʩʢʫʶ 

ʩʢʦʨʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʩʳ ɹɸʉ ʦʪ 1 ʜʦ 3 ʤ/ʩ ʠʣʠ ʦʪ 3,5 ʜʦ 10 ʢʤ/ʯ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʚʳʩʦʪʝ ʧʦʣʝʪʘ ʚʳʰʝ 4000 ʤ ʥʘʜ ʫʨ. ʤ. ʧʦʪʨʝʙʫʝʪʩʷ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʢʨʝʡʩʝʨʩʢʫʶ ʩʢʦʨʦʩʪʴ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʦʛʦ ʤʘʨʰʨʫʪʘ ɹɸʉ 

ʜʚʠʞʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʤʘʨʰʨʫʪʘ ʧʦʩʘʜʢʠ. ɼʦʩʪʠʛʥʫʚ ʢʦʦʨʜʠʥʘʪ ʧʝʨʚʦʡ ʪʦʯʢʠ 

ʤʘʨʰʨʫʪʘ ʧʦʩʘʜʢʠ (ʪʦʯʢʘ ʩʥʠʞʝʥʠʷ), ʘʚʪʦʧʠʣʦʪ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ 

çʩʥʠʞʝʥʠʝè. ɺʦ ʚʨʝʤʷ ʩʥʠʞʝʥʠʷ ʜʚʠʛʘʪʝʣʴ ɹɸʉ ʧʦʣʥʦʩʪʴʶ ʦʪʢʣʶʯʘʝʪʩʷ ʠʣʠ 

ʨʘʙʦʪʘʝʪ ʥʘ ʤʠʥʠʤʘʣʴʥʳʭ ʦʙʦʨʦʪʘʭ. ʉʥʠʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦ ʩʧʠʨʘʣʠ ʠ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʆʙʳʯʥʦ ʘʚʪʦʧʠʣʦʪ 

ʩʪʘʨʘʝʪʩʷ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʝʨʪʠʢʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʩʥʠʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 5 ʤ/ʩ, 

ʤʘʥʠʧʫʣʠʨʫʷ ʫʛʣʦʤ ʢʨʝʥʘ ɹɸʉ. ʅʝʨʝʜʢʦ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʩ ʙʦʣʴʰʦʡ ʚʳʩʦʪʳ 

(ʙʦʣʝʝ 500 ʤ ʥʘʜ ʪʦʯʢʦʡ ʩʪʘʨʪʘ), ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ 

ʜʦ 7ï8 ʤ/ʩ, ʟʘ ʩʯʝʪ ʧʦʷʚʣʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʨʘʟʛʦʥʘ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʷʚʣʝʥʠʶ çʧʨʦʩʘʜʢʠè ʚ ʢʦʥʮʝ ʩʥʠʞʝʥʠʷ ʜʦ 50 ʤ ʠ ʘʚʘʨʠʡʥʦʤʫ 

ʚʳʧʫʩʢʫ ʧʘʨʘʰʶʪʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʟʘʧʦʟʜʘʣʦʡ ʨʝʘʢʮʠʝʡ ʘʚʪʦʧʠʣʦʪʘ ʥʘ 

ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʩʥʠʞʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʚʳʩʦʪʫ ʚ 

ʢʦʥʮʝ ʩʥʠʞʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ, ʧʦʜʦʙʥʦ ʤʘʨʰʨʫʪʫ ʥʘʙʦʨʘ ʚʳʩʦʪʳ, ʨʘʟʜʝʣʠʪʴ 

ʵʪʘʧ ʩʥʠʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʠ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʥʠʞʝʥʠʷ ʠ ʧʨʦʣʝʪʘ ʧʦ ʧʨʷʤʦʡ. 

ʂʨʠʪʝʨʠʝʤ ʪʘʢʦʛʦ ʯʝʨʝʜʦʚʘʥʠʷ ʩʣʫʞʠʪ ʠʟʤʝʥʝʥʠʝ ʚʳʩʦʪʳ ʧʦʣʝʪʘ ʥʘ 300ï500 

ʤ, ʧʦʜʦʙʨʘʥʥʦʝ ʵʤʧʠʨʠʯʝʩʢʠ. ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʫʥʢʮʠʠ ʧʣʘʚʥʦʛʦ ʩʥʠʞʝʥʠʷ (ʧʦ-ʩʘʤʦʣʝʪʥʦʤʫ). 

ɼʚʠʞʝʥʠʝ ɹɸʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʨʷʤʦʡ, ʩʧʫʩʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʢʨʝʡʩʝʨʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʠ ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʉʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʤʝʞʜʫ ʧʦʩʣʝʜʥʠʤ 

ʤʘʨʰʨʫʪʦʤ ʧʦʣʝʪʘ ʠ ʧʝʨʚʦʡ ʪʦʯʢʦʡ ʤʘʨʰʨʫʪʘ ʧʦʩʘʜʢʠ (ʥʘʧʨ., ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʩ ʚʳʩʦʪʳ 1 ʢʤ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ɹɸʉ ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 3,5 ʢʤ). ɺ ʛʦʨʥʦʡ 

ʤʝʩʪʥʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʘʨʰʨʫʪ ʧʣʘʚʥʦʛʦ 

ʩʥʠʞʝʥʠʷ ʥʘ ʧʨʝʜʤʝʪ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʨʝʣʴʝʬʦʤ. 

ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʛʦʨʥʳʭ ʣʝʜʥʠʢʦʚ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʧʘʜʘʥʠʝʤ 

ɹɸʉ ʚ ʚʝʨʪʠʢʘʣʴʥʳʝ ʚʦʟʜʫʰʥʳʝ ʧʦʪʦʢʠ, ʦʩʦʙʝʥʥʦ ʦʧʘʩʥʦ ʵʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ. 

ʉʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʤʝʩʪʘʤ ʩʥʠʞʝʥʠʷ. ʇʦʧʘʜʘʥʠʝ ɹɸʉ ʚ 

ʥʠʩʭʦʜʷʱʠʡ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʥʘ ʵʪʘʧʝ ʩʥʠʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 
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ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʦ 12ï15 ʤ/ʩ ʟʘ 2ï3 ʩʝʢʫʥʜʳ. ʊʘʢʠʝ ʩʢʦʨʦʩʪʠ 

ʩʥʠʞʝʥʠʷ ʦʧʘʩʥʳ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʠ ɹɸʉ. ʆʧʝʨʘʪʦʨ ʩʠʩʪʝʤʳ ʥʝ ʫʩʧʝʚʘʝʪ 

ʩʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʩʠʪʫʘʮʠʶ. ɼʘʣʴʥʝʡʰʠʡ ʨʦʩʪ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠ 

ʚʳʧʫʩʢ ʧʘʨʘʰʶʪʘ ʧʨʠʚʦʜʠʪ ʢ ʢʨʠʪʠʯʝʩʢʠʤ ʧʝʨʝʛʨʫʟʢʘʤ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʠʩʪʝʤʳ. ɺʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝʤ ʩʣʫʞʠʪ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʘʚʪʦʧʠʣʦʪ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ ʚʳʧʫʩʢʝ 

ʧʘʨʘʰʶʪʘ. ʂʨʠʪʝʨʠʝʤ ʤʦʞʝʪ ʩʪʘʪʴ ʜʦʩʪʠʞʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ. ɹʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʧʨʠ 

ʚʦʩʭʦʜʷʱʠʭ ʧʦʪʦʢʘʭ ʚʦʟʜʫʭʘ, ʥʘ ʵʪʘʧʝ ʩʥʠʞʝʥʠʷ. ʉ ʢʦʣʝʙʘʥʠʝʤ ʚʳʩʦʪʳ 

ʧʦʣʝʪʘ (ʚʚʝʨʭ ï ʚʥʠʟ) ʦʢʦʣʦ 30ï40 ʤ, ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʜʥʦʤ ʵʰʝʣʦʥʝ ʜʦ 

20 ʤʠʥ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʪʦʣʴʢʦ ʠʟʤʝʥʝʥʠʝ ʩʘʤʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ 

ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʜʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʠ ʧʦʩʘʜʢʫ. 

ɺʳʰʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʯʪʦ ʚʟʣʝʪ ʠ ʧʦʩʘʜʢʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ 

ʩʪʨʦʛʦ ʧʨʦʪʠʚ ʚʝʪʨʘ. ɺ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ, ʫʯʠʪʳʚʘʷ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʦʩʘʜʢʫ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʧʦ ʚʝʪʨʫ. ʇʨʠ ʢʘʞʜʦʡ ʚʪʦʨʦʡ 

ʧʦʩʘʜʢʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʣʝʛʢʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ ʢʦʨʧʫʩʘ ɹɸʉ. ɿʘʨʘʥʝʝ ʥʫʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʘʩʥʳʭ ʜʝʪʘʣʝʡ ʠ ʢʦʤʧʦʥʝʥʪʦʚ. 

 

3.2.5 ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ 

ʆʩʦʙʝʥʥʦʩʪʠ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʛʦʜʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ, ʪʘʢʞʝ ʠʤʝʶʪ ʪʝʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʘʚʪʦʧʠʣʦʪ ɹɸʉ. ʈʘʥʝʝ ʫʧʦʤʠʥʘʣʦʩʴ ʦ 

ʚʣʠʷʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʢʘʪʘʧʫʣʴʪʳ ʠ 

ʘʢʢʫʤʫʣʷʪʦʨʘ, ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʘ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʘʚʪʦʧʠʣʦʪʘ. 

ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʷʩʥʫʶ ʩʦʣʥʝʯʥʫʶ ʧʦʛʦʜʫ ʠʣʠ 

ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ, ʚʳʩʦʢʦʡ ʦʙʣʘʯʥʦʩʪʠ [21]. ʈʘʟʚʠʪʠʝ 

ʙʝʩʧʠʣʦʪʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ ʚ 

ʩʦʚʝʨh ʝʥʥʦ ʜʨʫʛʠʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʩʨʝʜʥʝʡ ʠ ʜʘʞʝ ʥʠʟʢʦʡ 

ʩʧʣʦʰʥʦʡ ʦʙʣʘʯʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʧʦʣʝʪ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʷʤʦ ʧʦʜ ʥʠʞʥʝʡ 
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ʢʨʦʤʢʦʡ ʦʙʣʘʢʦʚ. ʈʘʩʩʝʷʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʫʤʝʥʴʰʘʝʪ ʢʦʥʪʨʘʩʪʥʦʩʪʴ 

ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʦ, ʪʘʢ ʢʘʢ ʥʘ ʛʦʨʥʳʭ ʣʝʜʥʠʢʘʭ ʜʦʩʪʘʪʦʯʥʦ 

ʤʥʦʛʦ ʦʩʳʧʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʙʣʠʞʘʡʰʠʭ ʩʢʘʣ, ʥʘ ʩʥʠʤʢʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʩʚʦʝʦʙʨʘʟʥʘʷ ʪʝʢʩʪʫʨʘ, ʧʦʟʚʦʣʷʁ ʱʘʷ ʚʳʧʦʣʥʠʪʴ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʫʶ 

ʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʦʚ ʩʲʝʤʢʠ ʜʘʞʝ ʧʨʠ ʨʘʩʩʝʷʥʥʦʤ ʦʩʚʝʱʝʥʠʠ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʘʣʴʙʝʜʦ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʨʦʪʠʚʦʧʦʣʦʞʥʘʷ ʩʠʪʫʘʮʠʷ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʦʙʣʘʯʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ 

ʩʧʣʦʰʥʦʛʦ ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ (ʥʘʧʨ., ɸʥʪʘʨʢʪʠʜʳ). ʇʦʚʝʨʭʥʦʩʪʴ 

ʦʣʝʜʝʥʝʥʠʷ ʠʤʝʝʪ ʵʦʣʦʚʳʝ ʤʠʢʨʦʬʦʨʤʳ ʨʝʣʴʝʬʘ. ɺ ʩʦʣʥʝʯʥʫʶ ʧʦʛʦʜʫ ʵʪʠ 

ʤʠʢʨʦʬʦʨʤʳ ʨʝʣʴʝʬʘ ʭʦʨʦʰʦ ʚʠʜʥʳ ʥʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʭ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʠʪʴ ʢʘʤʝʨʘʣʴʥʫʶ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʩʲʝʤʢʠ. ʇʨʠ ʩʧʣʦʰʥʦʡ 

ʦʙʣʘʯʥʦʩʪʠ ʠ ʨʘʩʩʝʷʥʥʦʤ ʦʩʚʝɦ ʝʥʠʠ ʤʠʢʨʦʬʦʨʤʳ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʝʜʥʠʢʘ ʥʝ ʨʘʟʣʠʯʠʤʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʚʦʟʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʢʘʤʝʨʘʣʴʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʩʥʠʤʢʦʚ. ɸʵʨʦʬʦʪʦʩʲʝʤʢʫ ʥʘ ʧʦʢʨʦʚʥʳʭ ʣʝʜʥʠʢʘʭ ʩʣʝʜʫʝʪ 

ʚʳʧʦʣʥʷʪʴ ʪʦʣʴʢʦ ʚ ʷʩʥʫʶ ʩʦʣʥʝʯʥʫʶ ʧʦʛʦʜʫ ʠʣʠ ʧʝʨʝʤʝʥʥʫʶ ʦʙʣʘʯʥʦʩʪʴ. 

ʅʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʚʣʘʞʥʦʩʪʴʶ ʚʦʟʜʫʭʘ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʣʝʜʠ ʥʘ ʢʦʨʧʫʩʝ ɹɸʉ. ʅʘʣʝʜʴ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʯʝʨʝʟ 0Áʉ ʠ ʚʣʘʞʥʦʩʪʠ ʙʦʣʝʝ 60% ʠʣʠ ʧʨʠ ʧʦʣʝʪʝ ʧʦʜ 

ʥʠʞʥʝʡ ʢʨʦʤʢʦʡ ʦʙʣʘʢʦʚ, ʢʦʛʜʘ ɹɸʉ ʣʝʪʠʪ ʚ ʦʙʣʘʢʘʭ. ʉ ʦʙʣʝʜʝʥʝʥʠʝʤ 

ʩʪʘʣʢʠʚʘʁ ʪʩʷ ʚ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ ʧʨʠ ʚʳʩʦʪʘʭ ʧʦʣʝʪʘ ʚʳʰʝ 3000 ʤ ʥʘʜ ʫʨ. 

ʤ., ʚ ʪʝʧʣʦʝ ʚʨʝʤʷ ʛʦʜʘ. ɺ ɸʥʪʘʨʢʪʠʜʝ, ʠʟ-ʟʘ ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʠ (ʤʝʥʝʝ 40%), 

ʧʦʜʦʙʥʦʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʅʘʨʦʩʪ ʣʴʜʘ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʢʦʨʧʫʩʝ ɹɸʉ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ: 

ʧʝʨʝʜʥʷʷ ʢʨʘʡ ʢʨʳʣʴʝʚ, ʧʝʨʝʜʥʷʷ ʯʘʩʪʴ ʬʶʟʝʣʷʞʘ, ʣʦʧʘʩʪʠ ʚʠʥʪʘ ʠ ʥʘ ʪʨʫʙʢʝ 

ʇʠʪʦ. ʇʦʩʣʝʜʥʠʡ ʵʣʝʤʝʥʪ ʦʪʚʝʯʘʝʪ ʟʘ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʜʫʰʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʠ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʡ ʚʳʩʦʪʳ ʧʦʣʝʪʘ. ʈʘʚʥʦʤʝʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʘʣʝʜʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʳ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʅʉʋ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʣʘʚʥʦʝ ʩʥʠʞʝʥʠʝ ʚʳʩʦʪʳ ʧʦʣʝʪʘ ʠ ʧʦʷʚʣʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 0ï1 ʤ/ʩ. ʊʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʣʝʜʠ 
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ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ ʨʘʚʥʦʤʝʨʥʦ, ʥʘ ʦʜʥʦʤ ʠʟ ʢʨʳʣʴʝʚ ʣʴʜʘ ʩʪʘʥʦʚʠʪʩʷ 

ʙʦʣʴʰʝ. ɺ ʅʉʋ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʯʘʩʪʳʝ ʠʟʤʝʥʝʥʠʷ ʢʨʝʥʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʚ 

ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ (ʙʦʣʪʘʥʢʫ). ʂʦʤʘʥʜʳ ʥʘʙʦʨʘ ʚʳʩʦʪʳ ʠʣʠ ʫʚʝʣʠʯʝʥʠʷ 

ʢʨʝʡʩʝʨʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʥʝ ʜʘʶʪ ʨʝʟʫʣʴʪʘʪ. ʅʝʦʙʭʦʜʠʤʦ 

ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦ ʦʪʧʨʘʚʠʪʴ ɹɸʉ ʥʘ ʧʦʩʘʜʢʫ. 

ʇʨʦʮʝʩʩ ʦʙʣʝʜʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ɼʝʡʩʪʚʠʷ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʟʘʤʝʜʣʠʪʴ, ʥʦ ʥʝ ʧʨʝʨʚʘʪʴ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʨʦʚʦʜʷʪ 

ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ɹɸʉ. ʉʣʝʜʫʝʪ 

ʫʯʠʪʚrʘʪʴ, ʯʪʦ ʚʝʱʝʩʪʚʦ ʧʨʦʪʠʚʦʦʙʣʝʜʝʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝ ʜʦʣʞʥʦ 

ʨʘʟʲʝʜʘʪʴ ʤʘʪʝʨʠʘʣʳ, ʠʟ ʢʦʪʦʨʳʭ ʩʜʝʣʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʧʣʘʥʝʨʘ ɹɸʉ. 

 

3.2.6 ʇʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

ʂʣʘʩʩʠʯʝʩʢʠ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ ʧʦʜʛʦʪʦʚʢʘ (ʇɺʇ) 

ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʦʧʦʨʥʳʭ 

ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʡ 

ʩʥʠʤʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʚʠʜʦʠʟʤʝʥʷʝʪʩʷ ʠ 

ʜʝʣʠʪʩʷ ʥʘ 2 ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ. ʇʝʨʚʳʡ ʦʪʥʦʩʠʪʩʷ ʢ ʩʦʧʨʦʚʦʞʜʝʥʠʶ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ, ʧʦ ʩʫʪʠ, ʦʧʠʩʳʚʘʝʪ ʪʝʭʥʦʣʦʛʠʶ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʧʦʣʝʪʥʳʭ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ ʠ ʚʩrʦʢʦʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʮʝʥʪʨʦʚ 

ʧʨʦʝʢʮʠʠ ʩʥʠʤʢʦʚ [17, 97, 131, 194]. ɺʪʦʨʦʡ ʵʪʘʧ ʩʚʷʟʘʥ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʢʦʦʨʜʠʥʘʪ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. 

ʇʨʠ ʇɺʇ ʥʘ ʣʝʜʥʠʢʘʭ ʩʫʱʝʩʪʚʫʶʪ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʥʝʧʨʝʨʳʚʥʳʤ ʜʚʠʞʝʥʠʝʤ ʣʝʜʥʠʢʦʚ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʘʨʴʠʨʦʚʘʪʴ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʥʘ ʛʦʨʥʳʭ ʣʝʜʥʠʢʘʭ ʩʨʝʜʥʝʜʥʝʚʥʘʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʣʴʜʘ ʩʦʩʪʘʚʣʷʝʪ 1ï2 ʩʤ [3]. ɺ ɸʥʪʘʨʢʪʠʜʝ ʩʨʝʜʥʝʜʥʝʚʥʘʷ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʨʘʟʥʳʭ ʫʯʘʩʪʢʦʚ ʦʜʥʦʛʦ ʣʝʜʥʠʢʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 1 ʜʦ 27 ʩʤ [63]. 

ɺʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʘ ʪʨʝʙʫʶʪ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʚ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ. 

ʇʦɻ ʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʟʘʨʘʥʝʝ ʩʨʝʜʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʦʚ ʠ 

ʫʯʠʪʳʚʘʪʴ ʠʭ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʦʣʝʚʳʭ ʨʘʙʦʪ. 
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ʆʙʳʯʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʇɺʇ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʜʦ ʥʝʜʝʣʠ. ʅʘ ʛʦʨʥʳʭ ʣʝʜʥʠʢʘʭ ʜʣʷ 

ʤʘʨʢʠʨʦʚʢʠ ʚʳʙʠʨʘʶʪ ʥʝʧʦʜʚʠʞʥʳʝ ʦʙʲʝʢʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʥʝ ʣʝʜʥʠʢʘ 

(ʭʘʨʘʢʪʝʨʥʳʝ ʢʘʤʥʠ ʥʘ ʙʦʢʦʚʦʡ ʤʦʨʝʥʝ ʠ/ʠʣʠ ʚʳʩʪʫʧʳ ʩʢʘʣ). ʇʦʢʨʦʚʥʦʝ 

ʦʣʝʜʝʥʝʥʠʝ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʘʨʢʠʨʦʚʢʠ ʪʦʯʝʢ 

ʇɺʇ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ ʚʝʪʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʥʘʧʨ., 

ʧʨʝʩʩʦʚʘʥʥʳʭ ʙʦʯʝʢ). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪ ʚʣʠʷʝʪ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʣʝʜʥʠʢʫ ʧʦ 

ʧʨʘʚʠʣʘʤ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʨʝʙʫʶʪ ʦʩʦʙʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ 

ʧʦʣʝʚʳʭ ʨʘʙʦʪ (ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ). ʊʘʢ, ʧʨʠ 

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʣʶʜʝʡ, ʘ ʧʨʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʧʨʠʤʝʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ɹɸʉ, ʪ.ʝ. ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʛʨʫʧʧʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʬʠʥʘʥʩʦʚʳʝ ʩʣʦʞʥʦʩʪʠ 

ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʮʝʥʪʨʳ ʧʨʦʝʢʮʠʡ ʩʥʠʤʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (Ä 1.4), ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʦʙʲʝʤ ʧʦʣʝʚʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʡ ʩʥʠʤʢʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʪʘʭ [71, 105, 

122, 160, 193, 194].  

ʆʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ ʥʝʟʘʚʠʩʠʤʦʛʦ ʢʦʥʪʨʦʣʷ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʩʲʝʤʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ (ʦʧʨʝʜʝʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʪʦʯʥʦʩʪʠ) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʩʧʝʮʠʘʣʴʥʳʡ ʧʨʦʚʝʨʦʯʥʳʡ ʧʦʣʝʪ ɹɸʉ, 

ʢʦʪʦʨʳʡ ʧʨʦʚʦʜʠʪʩʷ ʧʦʚʪʦʨʥʦ ʥʘʜ ʢʘʢʦʡ-ʣʠʙʦ ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʨʦʯʥʦʛʦ ʧʦʣʝʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʯʢʠ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʛʫʱʝʥʠʷ, ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʩʛʫʱʝʥʠʷ ʧʝʨʚʦʛʦ ʧʦʣʝʪʘ.  

ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ, ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩʲʝʤʢʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʯʥʦʩʪʴ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʵʪʦʪ ʚʦʧʨʦʩ 

ʨʘʩʩʤʦʪʨʝʥ ʚ Ä 1.3.3, ʠ, ʥʝʟʘʚʠʩʠʤʦ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʉ.ɸ. 

ʂʘʜʥʠʯʘʥʩʢʦʛʦ ʠ ʩʦʘʚʪ. [131].
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 3 

1) ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ 

ɹɸʉ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʩʦʟʜʘʶʪ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ɹɸʉ ʚ ʦʙʣʘʩʪʠ ʛʝʦʜʝʟʠʠ, ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʢʘʨʪʦʛʨʘʬʠʠ. 

2) ʈʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʛʦʨʥʳʭ ʠ 

ʧʦʢʨʦʚʥʳʭ ʣʝʜʥʠʢʦʚ. ɼʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʤʝʪʦʜʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʠʢʠ 

ʚʢʣʶʯʝʥ ʘʥʘʣʠʟ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹɸʉ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ɹɸʉ, ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʘʚʪʦʧʠʣʦʪʘ, ʚʳʙʦʨʘ 

ʩʪʘʨʪʦʚʦʡ ʧʣʦʱʘʜʢʠ, ʬʫʥʢʮʠʦʥʘʣʘ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ, 

ʫʯʝʪʘ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʘ. 

3) ɺʳʷʚʣʝʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʆʆʆ 

çɻʝʦʩʢʘʥè ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʝʨʠʡʥʦ ʧʨʦʠʟʚʦʜʠʤʳʭ 

ɹɸʉ ɻʝʦʩʢʘʥ 101 ʠ ɻʝʦʩʢʘʥ 201, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʦʤ Geoscan Planer. 

4) ʈʘʟʨʘʙʦʪʘʥʥʫʶ ʤʝʪʦʜʠʢʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʫʨʩʘʭ 

ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ ʦʧʝʨʘʪʦʨʘ 

ʙʝʩʧʠʣʦʪʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʜʣʷ ʮʝʣʝʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

5) ʆʙʦʩʦʙʣʝʥʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʚʘʣʠʜʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʙʟʦʨ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʢ ʦʩʥʦʚʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʨʦʚʝʜʝʥʠʷ ʩʲʝʤʢʠ ʩʦʩʪʘʚʣʝʥ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʦʜʥʦʡ ʢʦʤʧʘʥʠʠ. 

ʇʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʘ ʩʠʪʫʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʧʠʩʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʠ ʨʝʰʝʥʠʷ 

ʫ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ɹɸʉ. 
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ɻʃɸɺɸ 4 

ʆʇʈɽɼɽʃɽʅʀɽ ɼʀʅɸʄʀʏɽʉʂʀʍ ɻʃʗʎʀʆʃʆɻʀʏɽʉʂʀʍ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɻʆʈʅʓʍ ʃɽɼʅʀʂʆɺ 

ɻɽʆʄʆʈʌʆʄɽʊʈʀʏɽʉʂʀʄ ʉʇʆʉʆɹʆʄ 

ɺ ʛʣʘʚʝ ʠʟʣʦʞʝʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʨʥʳʭ 

ʣʝʜʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʧʦʣʝʚʳʝ ʠ ʢʘʤʝʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʝʛʦ 

ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʘʧʨʦʙʘʮʠʝʡ. ɺ Ä 4.1 ʦʧʠʩʳʚʘʝʪʩʷ ʨʘʡʦʥ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʛʦʨʥʳʡ ʤʘʩʩʠʚ ʊʘʙʳʥ-ɹʦʛʜʦ-ʆʣʘ 

(ʄʦʥʛʦʣʠʷ). Ä 4.2 ʧʦʩʚʷʱʝʥ ʨʘʟʥʦʚʨʝʤʝʥʥʦʡ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ, 

ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʤʫ ʩʦʧʨʦʚʦʞʜʝʥʠʶ ʩʲʝʤʢʠ ʠ ʦʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʦʣʝʚʳʭ ʨʘʙʦʪ. ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʠʩʘʥ ʚ Ä 4.3. ʇʦʜʨʦʙʥʦʩʪʠ ʘʧʨʦʙʘʮʠʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʧʨʠʚʝʜʝʥʳ ʚ Ä 4.4. 

 

4.1 ɻʦʨʥʳʡ ʤʘʩʩʠʚ ʊʘʙʳʥ-ɹʦʛʜʦ-ʆʣʘ (ɿʘʧʘʜʥʘʷ ʄʦʥʛʦʣʠʷ) 

ʅʘʙʣʶʜʝʥʠʷ ʛʦʨʥʳʭ ʣʝʜʥʠʢʦʚ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ. ɿʜʝʩʴ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 

1000 ʣʝʜʥʠʢʦʚ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʧʘʨʫ ʜʝʩʷʪʠʣʝʪʠʡ ʦʥʠ ʧʨʝʪʝʨʧʝʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʟʤʝʨʘʭ (ʜʣʠʥʘ ʠ ʧʣʦʱʘʜʴ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʜʠʥʘʤʠʢʠ ʣʝʜʥʠʢʦʚ. ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʣʝʜʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʩʣʫʞʠʪ ʠʩʪʦʯʥʠʢʦʤ ʧʨʝʩʥʦʡ ʚʦʜʳ ʜʣʷ ʤʝʩʪʥʦʛʦ ʥʘʩʝʣʝʥʠʷ [25, 

36, 40]. 

ʃʝʜʥʠʢʠ ʇʦʪʘʥʠʥʘ ʠ ɸʣʝʢʩʘʥʜʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʛʦʨʥʦʤ ʤʘʩʩʠʚʝ 

ʊʘʙʳʥ-ɹʦʛʜʦ-ʆʣʘ, ʷʚʣʷʶʱʝʤʩʷ ʯʘʩʪʴʶ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ. ʍʨʝʙʝʪ 

ʄʦʥʛʦʣʴʩʢʠʡ ɸʣʪʘʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʄʦʥʛʦʣʠʠ, 

ʫ ʛʨʘʥʠʮ ʪʨʝʭ ʛʦʩʫʜʘʨʩʪʚ (ʈʦʩʩʠʷ, ʂʠʪʘʷ ʠ ʄʦʥʛʦʣʠʷ). ʉʨʝʜʥʷʷ ʚʳʩʦʪʘ ʭʨʝʙʪʘ 

ʄʦʥʛʦʣʴʩʢʠʡ ɸʣʪʘʡ 3500 ï 3800 ʤ, ʘ ʝʛʦ ʥʘʠʚʳʩʰʘʷ ʪʦʯʢʘ ï ʛʦʨʘ ʍʫʡʪʝʥ ï 

4374 ʤ (ʨʠʩ. 4.1). 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʣʝʜʥʠʢʦʚ ʥʘʯʘʣʠʩʴ ʩ ʢʦʥʮʘ XVIII ï ʥʘʯʘʣʘ XIX ʚ., ʢʦʛʜʘ 
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ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʭ ʠʟʫʯʝʥʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʜʠʮʠʡ, ʩʣʦʞʥʝʡʰʠʭ 

ʧʝʰʠʭ ʤʘʨʰʨʫʪʦʚ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ 

ʥʘʠʙʦʣʴʰʠʭ ʫʩʧʝʭʦʚ ʜʦʙʠʣʩʷ ɺ.ɺ. ʉʘʧʦʞʥʠʢʦʚ, ʧʨʦʚʦʜʠʚʰʠʡ ʵʢʩʧʝʜʠʮʠʠ ʚ 

ʥʘʯʘʣʝ XX ʚ., ʠ ʜʚʘ ʝʛʦ ʛʣʘʚʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʷ ï ʄ.ɺ. ʠ ɹ.ɺ. ʊʨʦʥʦʚʳ. 

ʆʙʥʘʨʫʞʝʥʥʳʝ ʠ ʦʧʠʩʘʥʥʳʝ ʠʤʠ ʣʝʜʥʠʢʠ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ 

ʊʘʙʳʥ-ɹʦʛʜʦ-ʆʣʘ ï ʧʨʝʜʤʝʪ ʧʨʠʩʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [36, 

40, 134]. ʇʨʠʯʠʥ ʵʪʦʤʫ ʥʝʩʢʦʣʴʢʦ, ʥʦ ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ï ʪʝʩʥʘʷ 

ʚʟʘʠʤʦʩʚʷʟʴ ʩʦʩʪʦʷʥʠʷ ʣʝʜʥʠʢʦʚ ʩ ʘʪʤʦʩʬʝʨʦʡ, ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ 

ʢʣʠʤʘʪʦʤ [155]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʊʘʙʳʥ-ɹʦʛʜʦ-ʆʣʘ (ʨʠʩ. 4.1) 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʣʝʜʥʠʢʦʚ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ï ʣʝʜʥʠʢʠ ʇʦʪʘʥʠʥʘ ʠ 

ɸʣʝʢʩʘʥʜʨʳ ï ʜʝʪʘʣʴʥʦ ʠʟʫʯʘʶʪ ʫʞʝ ʧʦʨʷʜʢʘ 10 ʣʝʪ [40, 132, 134]. 

ʀʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʦʚ ʠ ʧʦʢʘʟʘʪʝʣʷ ʙʘʣʘʥʩʘ ʤʘʩʩ ʵʪʠʭ ʣʝʜʥʠʢʦʚ ï ʧʨʷʤʦʝ 

ʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʠ ʥʘʜʝʞʥʳʡ ʝʛʦ ʠʥʜʠʢʘʪʦʨ [25]. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʙʘʣʘʥʩʘ ʤʘʩʩ ʵʪʠʭ ʣʝʜʥʠʢʦʚ ʨʘʥʝʝ ʧʨʦʚʦʜʠʣʠ ʢʣʘʩʩʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʝʢ [134]. ʆʜʥʘʢʦ ʪʘʢʦʡ ʤʝʪʦʜ 

ʦʧʘʩʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ. 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʧʦʟʚʦʣʷʝʪ ʧʦ ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ 

ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʢʫ ʣʝʜʥʠʢʦʚ.  

 

4.2 ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʠ ʛʝʦʜʝʟʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ 

ʕʢʩʧʝʜʠʮʠʷ 2015 ʛʦʜʘ ʩʦʩʪʦʷʣʘ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ: ʥʘʯʘʣʦ (ʠʶʥʴ) ʠ ʢʦʥʝʮ 

(ʘʚʛʫʩʪ) ʩʝʟʦʥʘ ʘʙʣʷʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʦ ʜʚʘ ʥʘʙʦʨʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ (ʦʨʪʦʬʦʪʦʧʣʘʥ ʠ ʎʄʈ), ʢʦʪʦʨʳʝ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ 

ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

4.2.1 ɸʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ 

ɼʣʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ɹɸʉ ɻʝʦʩʢʘʥ 101 ɻʝʦʜʝʟʠʷ (ʨʠʩ. 

4.2). ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ɹɸʉ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ Ä 2.2.1. ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʮʠʬʨʦʚʘʷ ʢʘʤʝʨʘ Sony NEX-5N ʠ ʧʨʠʝʤʥʠʢ ɻʅʉʉ 
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ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ. ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʡ (Ä 2.2.3). 

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ, ʩʠʣʴʥʦ 

ʧʝʨʝʩʝʯʝʥʥʦʡ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʦʛʨʘʥʠʯʝʥʘ ʧʦ ʚʨʝʤʝʥʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʨʦʣʴʥʳʭ ʠ 

ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʥʝ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʧʨʠʤʝʥʷʣʠ 

ʮʝʥʪʨʳ ʧʨʦʝʢʮʠʡ ʩʥʠʤʢʦʚ, ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʂʎʇ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʦʚʦʛʦ ʨʝʧʝʨʘ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʙʳʣʦ 

ʟʘʢʨʝʧʣʝʥʦ ʥʘ ʤʝʩʪʥʦʩʪʠ. 

ɺ ʧʝʨʚʳʡ ʵʪʘʧ ʵʢʩʧʝʜʠʮʠʠ (ʠʶʥʴ 2015 ʛ.) ʚʳʧʦʣʥʝʥʦ 19 ʧʦʣʝʪʦʚ 

ʦʙɦ ʝʡ ʧʣʦʱʘʜʴʶ 40,3 ʢʤ2, ʚʦ ʚʪʦʨʦʡ ʵʪʘʧ (ʘʚʛʫʩʪ 2015 ʛ.) ï 17 ʧʦʣʝʪʦʚ ʦʙʱʝʡ 

ʧʣʦʱʘʜʴʶ 48,1 ʢʤ2 (ʨʠʩ. 4.1). ʇʣʦʱʘʜʴ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 73% 

ʜʦ 81% ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʣʝʜʥʠʢʦʚ ʇʦʪʘʥʠʥʘ ʠ ɸʣʝʢʩʘʥʜʨʳ (ʪʘʙʣ. 4.1). ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʧʦʣʫʯʝʥʦ ʙʦʣʝʝ 10500 ʩʥʠʤʢʦʚ. ɺ ʪʘʙʣ. 4.1 

ʧʨʝʜʦʩʪʘʚʣʝʥʘ ʦʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ 

ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʚʳʷʚʣʝʥ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹɸʉ ʚ 

ʫʩʣʦʚʠ̫ ʭ ʚʳʩʦʢʦʛʦʨʴʷ. ɼʝʪʘʣʴʥʦ ʵʪʦʪ ʚʦʧʨʦʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ Ä 3.2. 

 

4.2.2 ɻʝʦʜʝʟʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ 

ʛʝʦʜʝʟʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ. ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ 

ʥʠʚʘʣʴʥʦ-ʛʣʷʮʠʘʣʴʥʦʡ ʟʦʥʝ ʠ ʧʦʜʚʝʨʞʝʥʘ ʚʣʠʷʥʠʶ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʥʘ ʣʝʜʥʠʢʘʭ. 
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ɺʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʷʪʴ ʛʝʦʜʝʟʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʩ 

ʫʯʝʪʦʤ ʢʦʥʪʨʦʣʷ ʚʦʟʤʦʞʥʳʭ ʩʤʝʱʝʥʠʡ. ɺ ʨʘʡʦʥʝ ʧʦʣʝʚʦʛʦ ʣʘʛʝʨʷ ʙʳʣ 

ʟʘʣʦʞʝʥ ʙʘʟʦʚʳʡ ʨʝʧʝʨ (ʈʧ. ɹʘʟʘ) ʠ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʙʳʣʠ 

ʟʘʣʦʞʝʥʳ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʧʝʨʘ (ʈʧ. 1 ʠ ʈʧ. 2). ɺʤʝʩʪʝ ʧʫʥʢʪʳ 

ʦʙʨʘʟʫʶʪ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʩʪʦʨʦʥʥʠʡ ʪʨʝʫʛʦʣʴʥʠʢ ʩ ʜʣʠʥʦʡ ʩʪʦʨʦʥʳ ʦʢʦʣʦ 

500 ʤ. ɿʘʢʣʘʜʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʫʪʝʤ ʚʙʠʚʘʥʠʷ ʚ ʟʝʤʣʶ ʧʦʣʫʪʦʨʘʤʝʪʨʦʚʦʡ 

ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʳ ʜʠʘʤʝʪʨʦʤ 2 ʩʤ. 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ ʧʨʦʚʦʜʠʪʴ ʥʘʙʣʶʜʝʥʠʷ ʚ ʟʘʤʢʥʫʪʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ 

ʧʦʧʘʨʥʦ, ʚ ʨʝʞʠʤʝ ʩʪʘʪʠʢʘ, ʚʨʝʤʷ ʩʠʥʭʨʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʥʝ ʤʝʥʝʝ 1 ʯ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʧʝ ʵʢʩʧʝʜʠʮʠʠ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʝʨʚʳʡ ʩʝʘʥʩ ʥʘʙʣʶʜʝʥʠʡ. ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʟʤʝʨʝʥʠʷ ʧʦʚʪʦʨʷʣʠʩʴ ʜʚʘʞʜʳ ʠ ʩʦʩʪʘʚʠʣʠ ʚʪʦʨʦʡ ʠ ʪʨʝʪʠʡ 

ʩʝʘʥʩ ʥʘʙʣʶʜʝʥʠʡ. ʇʝʨʚʳʡ ʩʝʘʥʩ ʥʘʙʣʶʜʝʥʠʡ ʚʳʧʦʣʥʷʣʩʷ ʥʝ ʚ ʟʘʤʢʥʫʪʦʤ 

ʢʦʥʪʫʨʝ. ɺʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʩʝʘʥʩ ʚʳʧʦʣʥʷʣʩʷ, ʢʘʢ ʧʣʘʥʠʨʦʚʘʣʦʩʴ. ʇʦʣʦʞʝʥʠʝ 

ʙʘʟʦʚʦʛʦ ʨʝʧʝʨʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʧʦ ʠʟʤʝʥʝʥʠʷʤ ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ, ʧʦʣʫʯʘʝʤʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʨʘʚʥʠʚʘʥʠʷ 

ʩʦʟʜʘʥʥʦʡ ʩʝʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʘ ʪʘʙʣʠʮʘ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ 

ʟʘ ʦʙʘ ʵʪʘʧʘ ʵʢʩʧʝʜʠʮʠʠ (ʪʘʙʣ. 4.2). ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʝʤʥʠʢʦʚ ɻʅʉʉ Trimble R6-2 Internal ʠ Trimble R8 Internal. ʇʨʠ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ, ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʝʤʥʠʢ Trimble 

R8 Internal, ʪʘʢ ʢʘʢ ʦʥ ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʥʪʝʨʚʘʣ ʟʘʧʠʩʠ ʩ ʯʘʩʪʦʪʦʡ 10 ɻʮ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʚʝʜʝʥʠʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

ʅʘ ʙʘʟʦʚʦʤ ʨʝʧʝʨʝ ʚʳʧʦʣʥʝʥʳ ʦʪʜʝʣʴʥʳʝ 12-ʯʘʩʦʚʳʝ ʩʪʘʪʠʯʝʩʢʠʝ 

ʥʘʙʣʶʜʝʥʠʷ ʩ ʮʝʣʴʶ ʨʘʩʯʝʪʘ ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʮʠʡ ʩʝʪʠ 

ITRS (International Terrestrial Reference System ï ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʟʝʤʥʘʷ 

ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ) (ʨʠʩ. 4.3) [106, 107, 188]. ɸʥʘʣʦʛʠʯʥʳʝ ʥʘʙʣʶʜʝʥʠʷ 

ʚʳʧʦʣʥʝʥʳ ʧʦʚʪʦʨʥʦ ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʵʢʩʧʝʜʠʮʠʠ. 

 

4.2.3 ʂʘʤʝʨʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʩʲʝʤʢʠ 

ʂʘʤʝʨʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʳʧʦʣʥʷʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ. 
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ʊʘʙʣʠʮʘ 4.1 ï ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʧʦ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ 

ʇʘʨʘʤʝʪʨʳ 
ʇʝʨʚʳʡ ʵʪʘʧ ï 

ʠʶʥʴ 2015 

ɺʪʦʨʦʡ ʵʪʘʧ ï

ʘʚʛʫʩʪ 2015 

ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʝʪʦʚ 19 17 

ʇʝʨʝʢʨʳʪʠʝ ʩʥʠʤʢʦʚ, % 70/50 70/50 

ʉʢʦʨʦʩʪʴ ʧʦʣʝʪʘ, ʤ/ʩ 26 26 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʧʦʣʝʪʘ, ʤ 300ï600 300ï600 

ʇʣʦʱʘʜʴ ʩʲʝʤʢʠ, ʢʤ2 40,3 48,1 

ʇʣʦʱʘʜʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʦʱʘʜʠ ʣʝʜʥʠʢʘ, % 
73 81 

ʈʘʟʨʝʰʝʥʠʝ ʦʨʪʦʬʦʪʦʧʣʘʥʘ, 

ʩʤ/ʧʠʢʩʝʣʴ 
14 14 

ʈʘʟʨʝʰʝʥʠʝ ʎʄʇ, ʩʤ/ʧʠʢʩʝʣʴ 27 27 

 

ʊʘʙʣʠʮʘ 4.2 ï ʂʦʦʨʜʠʥʘʪʳ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ 

ʂʦʦʨʜʠʥʘʪʳ 

ʇʝʨʚʳʡ 

ʵʪʘʧ ï ʠʶʥʴ 

2015 

ɺʪʦʨʦʡ  

ʵʪʘʧ ïʘʚʛʫʩʪ 

2015 

ʉʤʝʱʝʥʠʝ 

ʤʝʞʜʫ ʠʶʥʝʤ 

ʠ ʘʚʛʫʩʪʦʤ 

2015 

ʈʧ. ɹʘʟʘ, 

ʢʦʦʨʜʠʥʘʪʘ ʍ 
568760,454 568760,462 0,008 

ʈʧ. ɹʘʟʘ, 

ʢʦʦʨʜʠʥʘʪʘ Y 
5444542,403 5444542,401 ï0,002 

ʈʧ. ɹʘʟʘ, ʚʳʩʦʪʘ H 3045,222 3045,205 ï0,017 

ʕʣʣʠʧʩʦʠʜʘʣʴʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ 
1 ʩʝʘʥʩ 2 ʩʝʘʥʩ 3 ʩʝʘʥʩ 2ï1 3ï1 

ʈʧ. ɹʘʟʘ ï ʈʧ. 1 457,106 457,115 457,105 0,009 ï0,001 

ʈʧ. ɹʘʟʘ ï ʈʧ. 2 442,744 442,737 442,737 ï0,007 ï0,005 

ʈʧ, 1 ï ʈʧ, 2 ï 522,754 522,739 ï ï 
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ʉʪʘʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ 

Trimble Business Center [192], ʦʙʨʘʙʦʪʢʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ Magnet Office Tools [145]. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʧʦʣʥʷʣʠ 

ʦʙʨʘʙʦʪʢʫ ʩʪʘʪʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʙʘʟʦʚʦʤ ʨʝʧʝʨʝ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʪʘʥʮʠʷʤʠ 

ʩʝʪʠ ITRS. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʢ 

ʙʘʟʦʚʦʤʫ ʨʝʧʝʨʫ ʩʪʘʥʮʠʠ: NVSK ï ʅʦʚʦʩʠʙʠʨʩʢ, ULAB ï ʋʣʘʥ-ɹʘʪʦʨ, BADG 

ï ɹʘʜʘʨʳ, URUM ï ʋʨʫʤʯʠ ʠ SUMK ï ʉʫʤʢʘʨ (ʨʠʩ. 4.3). ʀʥʬʦʨʤʘʮʠʷ ʧʦ 

ʥʘʙʣʶʜʝʥʠʷʤ ʥʘ ʩʪʘʥʮʠʷʭ ʩʝʪʠ ITRS ʧʦʣʫʯʝʥʳ ʥʘ ʩʘʡʪʝ SOPAC (Scripps Orbit 

and Permanent Array Center). ʉ ʩʘʡʪʘ IGS Product Availability (GPS) ʠ NASA 

CDDIS (GLONASS) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʯʥʳʝ ʵʬʝʤʝʨʠʜʳ ʚ ʬʦʨʤʘʪʝ sp3 [69]. 

ʅʘʙʣʁʜʝʥʠʷ ʥʘ ʙʘʟʦʚʦʤ ʨʝʧʝʨʝ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʠʶʥʝ ʠ ʘʚʛʫʩʪʝ 2015 ʛ., 

ʥʘ ʦʙʘ ʧʝʨʠʦʜʘ ʥʘʙʣʶʜʝʥʠʡ ʦʧʨʝʜʝʣʝʥʳ ʢʦʦʨʜʠʥʘʪʳ. ʈʘʟʥʠʮʘ ʢʦʦʨʜʠʥʘʪ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʩʤʝʱʝʥʠʷ ʙʘʟʦʚʦʛʦ ʨʝʧʝʨʘ (ʪʘʙʣ. 4.2). ɺ ʮʝʣʦʤ, 

ʩʤʝʝɦʥʠʝ ʚ ʧʣʘʥʝ ʥʝ ʧʨʝʚʳʩʠʣʦ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ 

ʩʦʩʪʘʚʠʣʦ ʤʝʥʴʰʝ 1 ʩʤ. ʅʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʤʝʱʝʥʠʝ ʧʦ ʚʳʩʦʪʝ ʙʳʣʦ, ʚʝʨʦʷʪʥʦ, 

ʚʳʟʚʘʥʦ ʧʨʦʩʝʜʘʥʠʝʤ ʛʨʫʥʪʘ ʟʘ ʩʯʝʪ ʪʘʷʥʠʷ ʩʥʝʛʘ ʠʣʠ ʘʥʪʨʦʧʦʛʝʥʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʘʨʤʘʪʫʨʫ, ʪʘʢ ʢʘʢ ʧʫʥʢʪ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ ʪʫʨʠʩʪʠʯʝʩʢʦʤ 

ʤʝʩʪʝ. 

ɸʥʘʣʠʟ ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʟʘʣʦʞʝʥʥʳʝ 

ʨʝʧʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʨʘʩʧʦʣʦʞʝʥʳ ʩʪʘʙʠʣʴʥʦ. ʕʣʣʠʧʩʦʠʜʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʨʝʧʝʨʘʤʠ ʨʘʩʭʦʜʠʪʩʷ ʥʘ 15 ʤʤ ʚʦ ʚʨʝʤʷ 

ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʩʝʘʥʩʘ ʥʘʙʣʶʜʝʥʠʡ. ʏʝʤ ʦʙʫʩʣʦʚʣʝʥʦ ʪʘʢʦʝ ʨʘʩʭʦʞʜʝʥʠʝ 

ï ʥʝʠʟʚʝʩʪʥʦ. ɺʦʟʤʦʞʥʦ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʝʧʝʨʘʤʠ, 

çʪʨʝʫʛʦʣʴʥʠʢè ʙʫʜʝʪ ʙʦʣʝʝ ʞʝʩʪʢʠʡ ʠ ʫʜʘʩʪʩʷ ʠʟʙʝʞʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʩʤʝʝɦʥʠʷ ʨʝʧʝʨʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʦʚ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʚʳʧʦʣʥʷʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ Agisoft Photoscan 

Professional ʚʝʨʩʠʠ 1.2.4 [35]. ʇʦʨʷʜʦʢ ʦʙʨʘʙʦʪʢʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ Ä 2.3. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʳ ʮʠʬʨʦʚʳʝ ʦʨʪʦʬʦʪʦʧʣʘʥʳ ʠ ʎʄʈ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 14 ʩʤ/ʧʠʢʩʝʣʴ ʠ 27 ʩʤ/ʧʠʢʩʝʣʴ, 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʣʘʥʦʚʘʷ ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʂʎʇ ʩʥʠʤʢʦʚ ʚ 

ʠʶʥʝ 2015 ʛ. ʩʦʩʪʘʚʠʣʘ 14 ʩʤ, ʘ ʚ ʘʚʛʫʩʪʝ 2015 ʛ. ï 28 ʩʤ. 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʧʦ ʚʳʩʦʪʝ ʩʦʩʪʘʚʠʣʘ 11 ʩʤ ʠ 14 ʩʤ ʜʣʷ ʠʶʥʷ ʠ 

ʘʚʛʫʩʪʘ 2015 ʛ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʵʢʩʧʝʜʠʮʠʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʣʘʥʦʚʘʷ ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʂʎʇ ʩʥʠʤʢʦʚ ʙʳʣʘ ʚ 

ʜʚʘ ʨʘʟʘ ʭʫʞʝ, ʯʝʤ ʥʘ ʧʝʨʚʦʤ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʫʩʣʦʚʠʷʤʠ ʧʦʣʝʪʦʚ: 

ʩʠʣʴʥʳʝ ʚʝʪʨʘ, ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʠʦʥʦʩʬʝʨʳ ʠ ʜʨʫʛʠʝ 

ʬʘʢʪʦʨʳ [152]. ʀʟ-ʟʘ ʵʪʦʛʦ ʚʦʟʥʠʢʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʟʘʜʘʯʘ ʧʦ ʧʨʠʚʷʟʢʝ 

ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ.  

ʊʝʭʥʦʣʦʛʠʷ ʨʘʙʦʪ ʥʝ ʧʨʝʜʧʦʣʘʛʘʣʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʦʨʥʳʭ ʪʦʯʝʢ. 

ʇʨʠʚʷʟʢʫ ʧʨʦʚʦʜʠʣʠ ʧʦ ʭʘʨʘʢʪʝʨʥʳʤ ʪʦʯʢʘʤ ʤʝʩʪʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʣʝʜʥʠʢʦʚ: ʢʘʤʥʠ ʥʘ ʤʦʨʝʥʘʭ ʠ ʚʳʩʪʫʧʳ ʥʘ ʩʢʘʣʘʭ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʙʳʣʦ ʚʳʙʨʘʥʦ ʥʝʩʢʦʣʴʢʦ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ. ʇʨʠʚʷʟʢʘ ʚʳʧʦʣʥʝʥʘ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ArcMap ʧʦ 16 ʪʦʯʢʘʤ, ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʧʦ ʚʩʝʡ ʦʪʩʥʷʪʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʨʠʩ. 4.4). ʊʦʯʢʠ, ʠʤʝʶʱʠʝ 

ʙʦʣʴʰʠʝ ʦʰʠʙʢʠ (ʚʙrʨʦʩʳ), ʥʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʠʚʷʟʢʝ. ɺ ʢʘʯʝʩʪʚʝ 

ʤʝʪʦʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʠʥʦʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʪʘʢ ʢʘʢ 

ʩʤʝʱʝʥʠʷ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʠʶʥʷ ʠ ʘʚʛʫʩʪʘ ʠʤʝʶʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ [66]. 

ʇʦ ʪʝʤ ʞʝ ʪʦʯʢʘʤ ʚʳʧʦʣʥʝʥʘ ʧʨʠʚʷʟʢʘ ʎʄʈ. 

 

4.2.4 ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʨʘʟʥʦʩʪʠ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʎʄʈ 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʎʄʈ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʦʮʝʥʢʝ ʪʦʯʥʦʩʪʠ 

ʨʘʟʥʦʩʪʠ ʜʚʫʭ ʎʄʈ, ʢʦʪʦʨʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʩʯʝʪʘ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʆʮʝʥʢʫ ʧʨʦʚʦʜʠʣʠ ʧʦ ʧʦʣʷʤ 

ʦʰʠʙʦʢ ʂʎʇ ʩʥʠʤʢʦʚ ʟʘ ʠʶʥʴ ʠ ʘʚʛʫʩʪ 2015 ʛ. ʀʟ Agisoft Photoscan 

ʵʢʩʧʦʨʪʠʨʦʚʘʣʠ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʘʣ ʥʘʟʚʘʥʠʝ ʩʥʠʤʢʦʚ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʠ ʠ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ. ʇʦʩʣʝʜʥʠʝ ʧʦʣʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠʟ ʨʘʟʥʦʩʪʠ 

ʜʚʫʭ ʥʘʙʦʨʦʚ ʂʎʇ, ʧʝʨʚʳʡ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʭʦʜʝ ʦʙʨʘʙʦʪʢʠ ʩʧʫʪʥʠʢʦʚʳʭ 



 

98 

ʥʘʙʣʶʜʝʥʠʡ, ʚʪʦʨʦʡ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʭʦʜʝ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ. ʋʯʠʪʳʚʘʷ 

ʬʦʨʤʫʣʫ ʨʘʩʯʝʪʘ ʨʘʟʥʦʩʪʠ ʚʳʩʦʪ (4.1), ʧʨʝʜʣʦʞʝʥʘ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʦʰʠʙʢʠ 

ʝʝ ʦʧʨʝʜʝʣʝʥʠʷ ʯʝʨʝʟ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ (4.2). ʆʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʣʘʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʙʳʣʘ ʧʨʠʨʘʚʥʝʥʘ ʢ ʥʫʣʶ, ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚʥʦʩʠʪ 

ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩrʦʪʳ: 

 (4.1) 

 (4.2) 

ʛʜʝ  ï ʨʘʟʥʦʩʪʴ ʚʳʩʦʪ ʦʜʥʦʛʦ ʧʠʢʩʝʣʷ;  ï ʚʳʩʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʶʥʷ 2015 

ʛ. ʚ ʜʘʥʥʦʤ ʧʠʢʩʝʣʝ;  ï ʚr ʩʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʚʛʫʩʪʘ 2015 ʛ. ʚ ʜʘʥʥʦʤ 

ʧʠʢʩʝʣʝ;  ï ʦʰʠʙʢʘ ʨʘʩʯʝʪʘ ʨʘʟʥʦʩʪʠ ʚʳʩʦʪ ʚ ʜʘʥʥʦʤ ʧʠʢʩʝʣʝ;  ʠ 

 ï ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʠʶʥʷ ʠ ʘʚʛʫʩʪʘ 2015 ʛ., 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʜʘʥʥʦʤ ʧʠʢʩʝʣʝ. 

ɼʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʝʧʨʝʨʳʚʥʳʭ ʧʦʣʝʡ ʦʰʠʙʦʢ 

ʠʩʧʦʣʟɹʦʚʘʥ ʤʝʪʦʜ ʦʙʨʘʪʥʳʭ ʚʟʚʝʰʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ (ʨʠʩ 4.5) [54]. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʨʝʰʝʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʟʘʩʝʯʢʠ ʚʣʠʷʝʪ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʦ ʩʦʩʝʜʥʠʭ ʩʥʠʤʢʦʚ. ɹʳʣʦ ʟʘʢʨʝʧʣʝʥʦ ʨʘʩʩʪʦʷʥʠʝ ʚ 500 ʤ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 6-7 ʙʘʟʠʩʘʤ ʧʨʦʜʦʣʴʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʠ 3 ʧʦʧʝʨʝʯʥʦʛʦ. 

ʊʘʢʞʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʥʦ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʪʦʯʝʢ ï 9, ʪʘʢ ʢʘʢ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʡ ʦʙʣʘʩʪʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʥʝ ʩʯʠʪʘʷ ʢʨʘʝʚ, ʙʳʣʦ 

ʜʦʩʪʠʛʥʫʪʦ ʧʝʨʝʢʨʳʪʠʝ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʜʝʚʷʪʠ ʩʥʠʤʢʦʚ (70/50%). 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦʣʷ ʦʰʠʙʦʢ ʙʳʣʦ ʚʳʙʨʘʥʦ 5 ʤ, ʢʘʢ ʥʘʠʙʦʣʝʝ 

ʦʧʪʠʤʘʣʴʥʦʝ ʩʦ ʩʪʦʨʦʥʳ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʚʳʯʠʩʣʝʥʠʷ. ʀʥʪʝʨʧʦʣʷʮʠʷ 

ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʦʰʠʙʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʂʎʇ. 
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4.3 ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʥʦʚʘʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʘ ʨʘʩʯʝʪʝ ʠ ʘʥʘʣʠʟʝ ʤʦʜʝʣʠ ʨʘʟʥʦʩʪʠ ʎʄʈ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ 

ʩʭʝʤʘʪʠʯʝʩʢʠ ʦʧʠʩʘʥ ʥʘ ʨʠʩ. 4.6.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ ʤʦʜʝʣʝʡ (ʢʘʨʪ) 

ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ 

ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ ʠ ʎʄʈ.  

ʉʧʦʩʦʙ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: 

1) ʉʦʟʜʘʥʠʝ ʤʘʩʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʘ ʧʦ ʦʨʪʦʬʦʪʦʧʣʘʥʫ (ʨʠʩ. 4.4). 

2) ɺʳʜʝʣʝʥʠʝ ʎʄʈ ʣʝʜʥʠʢʦʚ ʧʦ ʤʘʩʢʝ. 

3) ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʨʘʟʥʠʮʳ ʎʄʈ ʤʝʞʜʫ ʧʝʨʠʦʜʘʤʠ ʩʲʝʤʢʠ (ʨʠʩ. 

4.7). ʇʝʨʠʦʜ ʩʲʝʤʢʠ ʧʦʜʙʠʨʘʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʦʚ ʧʠʪʘʥʠʷ ʣʝʜʥʠʢʦʚ 

ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

4) ʈʘʩʯʝʪ ʤʦʜʝʣʠ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʣʝʜʥʠʢʦʚ ʧʦ ʤʦʜʝʣʠ ʨʘʟʥʠʮʝ ʎʄʈ ʠ ʧʝʨʠʦʜʫ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʲʝʤʢʘʤʠ (ʨʠʩ. 

4.8). 

5) ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʘ ʨʘʩʭʦʜʘ ʤʘʩʩʳ ʩʥʝʛʘ ʠ ʣʴʜʘ ʧʦ ʤʦʜʝʣʠ 

ʨʘʟʥʠʮʳ ʎʄʈ ʠ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʣʴʜʘ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʡ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʨʷʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʘ ʠʤʝʥʥʦ ʧʣʦʪʥʦʩʪʠ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʝʛʦ ʤʦʱʥʦʩʪʠ). 

6) ʈʘʩʯʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʦʚ ʤʝʪʦʜʦʤ 

ʢʦʨʨʝʣʷʮʠʠ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ (ʨʠʩ. 4.9). 

7) ɺʳʧʦʣʥʝʥʠʝ ʘʥʘʣʠʟʘ ʦʪʩʪʫʧʘʥʠʷ ʷʟʳʢʘ ʣʝʜʥʠʢʦʚ ʩ ʩʦʟʜʘʥʠʝʤ 

ʤʦʜʝʣʠ ʦʪʩʪʫʧʘʥʠʷ (ʨʠʩ. 4.10). 

8) ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮʳ ʧʠʪʘʥʠʷ ʧʦ ʤʦʜʝʣʠ ʨʘʟʥʠʮʳ ʎʄʈ (ʧʝʨʝʭʦʜ 

ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʨʘʟʥʦʩʪʠ). ʉ ʮʝʣʴʶ 

ʢʦʥʪʨʦʣʷ ʛʨʘʥʠʮʘ ʧʠʪʘʥʠʷ ʜʝʰʠʬʨʠʨʦʚʘʥʘ ʚʠʟʫʘʣʴʥʦ, ʧʦ ʦʨʪʦʬʦʪʦʧʣʘʥʫ 

(ʨʠʩ. 4.11). 
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ɼʣʷ ʨʘʩʯʝʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʣʝʜʥʠʢʦʚ ʠ ʦʪʩʪʫʧʘʥʠʷ ʷʟʳʢʘ 

ʣʝʜʥʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʚʨʝʤʝʥʥʳʝ ʦʨʪʦʬʦʪʦʧʣʘʥʳ. 

 

 

ʈʠʩʫʥʦʢ 4.6 ï ɹʣʦʢ-ʩʭʝʤʘ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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4.4 ɸʧʨʦʙʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

4.4.1 ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʇʦ ʦʨʪʦʬʦʪʦʧʣʘʥʫ ʚʠʟʫʘʣʴʥʦ ʜʝʰʠʬʨʠʨʫʝʪʩʷ ʦʙʣʘʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʝʜʥʠʢʦʚ, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ ʤʘʩʢʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ (ʨʠʩ. 4.4). ʄʘʩʢʘ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʢʣʘʜʘ ʤʦʨʝʥ, ʩʢʣʦʥʦʚ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʚ 

ʨʘʩʯʝʪʝ ʦʙʲʝʤʘ ʩʪʘʷʚʰʝʛʦ ʣʴʜʘ ʠ ʩʥʝʛʘ. ʎʄʈ ʙʳʣʠ ʦʙʨʝʟʘʥʳ ʧʦ ʤʘʩʢʝ 

ʣʝʜʥʠʢʦʚ. ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʨʘʟʥʦʩʪʠ ʎʄʈ (ʘʚʛʫʩʪ-ʠʶʥʴ 2015 ʛ.), ʧʦʣʫʯʝʥʘ 

ʤʦʜʝʣʴ ʨʘʟʥʦʩʪʠ ʎʄʈ (ʨʠʩ. 4.7). ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʦʧʠʩʳʚʘʶʪ 

ʦʙʣʘʩʪʠ ʪʘʷʥʠʷ ʣʝʜʥʠʢʘ, ʘ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ï ʦʙʣʘʩʪʠ ʥʘʢʦʧʣʝʥʠʷ. 

ʅʘ ʤʦʜʝʣʠ ʨʘʟʥʦʩʪʠ ʎʄʈ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʪʝʤʥʳʝ ʬʠʨʥʦʚʳʝ ʧʷʪʥʘ, 

ʦʩʪʘʚʰʠʝʩʷ ʩ ʧʨʦʰʣʦʛʦ ʛʦʜʘ ʚ ʚʝʨʭʦʚʴʝ ʣʝʜʥʠʢʘ. ʆʙʳʯʥʦ ʬʠʨʥʦʚʳʝ ʧʷʪʥʘ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʪʝʥʝʚʳʭ ʤʝʩʪʘʭ ʥʘ ʩʣʝʜʫʶʱʠʡ ʩʝʟʦʥ ʘʙʣʷʮʠʠ. ɺ ʟʦʥʘʭ 

ʘʢʢʫʤʫʣʷʮʠʠ ʠ ʧʝʨʝʭʦʜʥʳʭ ʟʦʥʘʭ ʦʥʠ ʪʘʷʪ ʙʳʩʪʨʝʝ. ʅʘ ʣʝʜʥʠʢʝ ʇʦʪʘʥʠʥʘ 

ʚʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʝʤʥʳʭ ʣʠʥʠʡ (ʨʠʩ. 4.7), ʢʦʪʦʨʳʝ ʠʜʫʪ ʚʜʦʣʴ ʣʝʜʥʠʢʘ. 

ʕʪʠ ʣʠʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʫʩʣʘʤ ʨʝʢ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʣʝʜʥʠʢʘ. ʊʘʢʞʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʙʦʣʝʝ ʘʢʪʠʚʥʦʤʫ ʪʘʷʥʠʶ ʚʜʦʣʴ ʙʦʢʦʚʳʭ ʤʦʨʝʥ, 

ʧʨʠʤʳʢʘʶʱʠʭ ʩʢʘʣ ʠ ʫ ʷʟʳʢʘ ʣʝʜʥʠʢʘ (ʥʠʞʥʠʡ ʢʨʘʡ ʣʝʜʥʠʢʘ). ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʙʦʣʝʝ ʙʳʩʪʨʳʤ ʥʘʛʨʝʚʦʤ ʦʢʨʫʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

4.4.2 ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʘ ï ʦʜʥʠ ʠʟ 

ʢʣʶʯʝʚʳʭ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʚʠʞʝʥʠʝ ʣʝʜʥʠʢʘ ʚ 

ʚʝʨʪʠʢʘʣʥɹʦʡ ʧʣʦʩʢʦʩʪʠ, ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʦʥʘʤ ʘʢʢʫʤʫʣʷʮʠʠ (ʦʙʣʘʩʪʴ ʥʘʢʦʧʣʝʥʠʷ 

ʩʥʝʛʘ ʠ ʣʴʜʘ) ʠ ʘʙʣʷʮʠʠ (ʦʙʣʘʩʪʴ ʪʘʷʥʠʷ ʩʥʝʛʘ ʠ ʣʴʜʘ). ɼʣʷ ʨʘʩʯʝʪʘ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʨʘʟʥʦʩʪʠ ʎʄʈ (ʨʠʩ. 4.8). ɺ 

ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 

ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʘʤʠ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 60 ʩʫʪʦʢ. ʂʘʞʜʳʡ 
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ʧʠʢʩʝʣʴ ʤʦʜʝʣʠ ʨʘʟʥʦʩʪʠ ʎʄʈ ʜʝʣʠʪʩʷ ʥʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʲʝʤʢʘʤʠ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʘ ʢʘʨʪʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʩʢʦʨʦʩʪʠ 

ʣʝʜʥʠʢʦʚ (ʨʠʩ. 4.8). 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʩʧʦʣʟʘʥʠʝ ʚʥʠʟ ʧʦ ʜʦʣʠʥʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ 

ʪʷʞʝʩʪʠ).  

ɼʣʷ ʨʘʩʯʝʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʨʨʝʣʷʪʦʨ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʦʪʢʨʳʪʦʤ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ COSSI-Corr (Co-registration of Optically Sensed Images and 

Correlation) ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʢ ENVI Classic (ʨʠʩ. 4.9) [51]. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʫʣʷ ʧʨʦʩʪʘ, ʦʩʥʦʚʥʫʶ ʩʣʦʞʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 

ʵʤʧʠʨʠʯʝʩʢʠʡ ʧʦʜʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʠ 

ʤʠʥʠʤʘʣʥɹʳʡ ʨʘʟʤʝʨ ʩʢʦʣʴʟʷʱʝʛʦ ʦʢʥʘ, ʰʘʛ ʩʢʦʣʴʞʝʥʠʷ, ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʤʝʝɦʥʠʷ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʦʧʳʪʦʢ ʨʘʩʯʝʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, 

ʥʘ ʨʠʩ. 4.9 ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʘʥʘʣʦʛʠʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ [135, 

142]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʦʙʦʠʭ ʣʝʜʥʠʢʘʭ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʦʙʣʘʩʪʠ 

ʧʦʚʳʰʝʥʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʧʦʩʣʝ ʧʦʚʦʨʦʪʘ ʜʦʣʠʥʳ 

ʣʝʜʥʠʢʦʚ (ʨʠʩ. 4.9). ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ 

ʧʦʚʳʰʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʚ ʨʘʡʦʥʝ ʷʟʳʢʘ ʣʝʜʥʠʢʘ ʠ 

ʧʦ ʢʨʘʷʤ, ʫ ʚʳʭʦʜʘ ʩʢʘʣ. 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 20 ʩʤ (ʩʤ. Ä 4.2.3). ʊʘʢ ʢʘʢ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ ʩʦʩʪʘʚʠʣ 60 ʜʥʝʡ, 

ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʩʦʩʪʘʚʣʷʝʪ 0,003 ʤ/ʜʝʥʴ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʩʦʧʦʩʪʘʚʠʤ ʧʦ ʪʦʯʥʦʩʪʠ ʩ ʜʨʫʛʠʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʣʝʜʥʠʢʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʬʦʪʦʪʝʦʜʦʣʠʪʥʦʡ ʩʲʝʤʢʠ ʠ ʦʧʠʩʘʥʥʦʛʦ ʖ.ʌ. 

ʂʥʠʞʥʠʢʦʚʳʤ ʠ ʩʦʘʚʪʦʨʘʤʠ [13].  
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4.4.3 ʆʪʩʪʫʧʘʥʠʝ ʷʟʳʢʘ ʣʝʜʥʠʢʘ 

ɸʥʘʣʠʟ ʦʪʩʪʫʧʘʥʠʷ ʷʟʳʢʘ ʣʝʜʥʠʢʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥ ʜʚʠʞʝʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦ (ʨʠʩ. 4.10). ɺ ʩʝʟʦʥ ʘʙʣʷʮʠʠ ʜʚʠʞʝʥʠʝ ʩʦʩʪʘʚʠʣʦ ʚ ʩʨʝʜʥʝʤ 10ï

15 ʤ, ʵʪʠ ʜʘʥʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ [186]. 

ʆʜʥʘʢʦ ʤʝʩʪʘʤʠ ʦʪʩʪʫʧʘʥʠʷ ʥʝ ʧʨʦʠʟʦʰʣʦ ʩʦʚʩʝʤ, ʪʘʢ ʢʘʢ ʣʝʜ ʥʘ ʩʝʚʝʨʥʳʭ 

ʩʢʣʦʥʘʭ ʠ ʙʨʦʥʠʨʦʚʘʥʥʳʡ ʣʝʜ ʪʘʶʪ ʤʝʜʣʝʥʥʝʝ. ʈʘʩʯʝʪ ʦʪʩʪʫʧʘʥʠʷ ʷʟʳʢʘ 

ʣʝʜʥʠʢʘ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʦʨʪʦʬʦʪʦʧʣʘʥʘʤ. 

ʅʘ ʦʨʪʦʬʦʪʦʧʣʘʥʝ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʣʠʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʛʨʘʥʠʮʝ ʷʟʳʢʘ ʣʝʜʥʠʢʘ. ʄʝʞʜʫ ʜʚʫʤʷ ʣʠʥʠʷʤʠ ʧʦʩʪʨʦʠʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʦʚ ʠ ʦʧʨʝʜʝʣʠʣʠ ʜʣʠʥʫ ʢʘʞʜʦʛʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʩʪʫʧʘʥʠʶ ʷʟʳʢʘ. 

 

4.4.4 ʆʙʲʝʤ ʩʪʘʷʚʰʝʛʦ / ʥʘʢʦʧʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʈʘʩʯʝʪ ʦʙʲʝʤʘ ʩʪʘʷʚʰʝʛʦ/ʥʘʢʦʧʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦ 

ʤʦʜʝʣʠ ʨʘʟʥʦʩʪʠ ʎʄʈ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʥʘ ʝʛʦ ʧʣʦʱʘʜʴ 

(ʢʚʘʜʨʘʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ). ʅʘ ʧʦʣʫʯʝʥʥʦʤ ʨʘʩʪʨʝ ʦʙʲʝʤʘ 

ʩʪʘ̫ ʚʰʝʛʦ/ʥʘʢʦʧʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʤʘʩʢʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʙʲʝʤʘ. ʄʘʩʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʨʘʩʯʝʪʘ 

ʟʦʥʘʣʴʥʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʚ ʧʨʝʜʝʣʘʭ ʛʨʘʥʠʮ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʦʙʲʝʤʘ. ʉʫʤʤʘ ʚʩʝʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʧʠʢʩʝʣʝʡ ʦʙʲʝʤʘ ʩʦʩʪʘʚʠʣʘ 

40 251 600 ʤ3 (ʩʪʘʷʚʰʠʡ ʤʘʪʝʨʠʘʣ). ʉʫʤʤʘ ʚʩʝʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʠʢʩʝʣʝʡ 

ʦʙʲʝʤʘ ʩʦʩʪʘʚʠʣʘ 231 085 ʤ3 (ʥʘʢʦʧʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ).  

ɼʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʦʙʲʝʤʘ, ʩʪʘʷʚʰʝʛʦ/ʥʘʢʦʧʣʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʚ ʨʘʩʯʝʪʳ ʨʘʩʪʨ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʨʘʟʥʦʩʪʠ ʜʚʫʭ ʎʄʈ (ʨʠʩ. 4.5).  

ʇʦ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʪʦʜʠʢʝ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʦʙʲʝʤʘ ʧʦ ʦʰʠʙʢʘʤ, 

ʠʩʧʦʣʴʟʫʷ ʩʣʦʡ ʩ ʤʘʩʢʘʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʦʙʝ̡ʤʘ. ʆʰʠʙʢʘ ʩʦʩʪʘʚʠʣʘ 5 334 383 ʤ3 ʠʣʠ 13,25% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʠ 

30 243 ʤ3 ʠʣʠ 13,09% ʦʙʱʝʛʦ ʦʙʲʝʤʘ, ʜʣʷ ʩʪʘʷʚʰʝʛʦ ʠ ʥʘʢʦʧʣʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʦʚ ʦʙʲʝʤʘ ʩʣʝʜʫʝʪ ʟʘʧʠʩʘʪʴ 
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ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʦʙʲʝʤ ʩʪʘʚʰʝʛʦ ʤʘʪʝʨʠʘʣʘ 40 251 564 Ñ 5 334 383 ʤ3, 

ʦʙʲʝʤ ʥʘʢʦʧʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 231 085 Ñ 30 243 ʤ3. 

 

4.4.5 ɻʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʧʠʪʘʥʠʷ ʠ ʬʠʨʥʘ 

ɺʳʩʦʪʘ ʛʨʘʥʠʮʳ ʧʠʪʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʧʨʦʚʦʜʷʪ ʧʨʦʛʥʦʟʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʣʝʜʥʠʢʦʚ ʠ 

ʠʩʧʦʣʴʟʫʶʪ ʵʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʚ ʨʘʩʯʝʪʝ ʛʦʜʦʚʦʛʦ ʙʘʣʘʥʩʘ ʤʘʩʩ. ʆʙʳʯʥʦ 

ʛʨʘʥʠʮʫ ʧʠʪʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʥʘ ʤʝʩʪʥʦʩʪʠ ʚʠʟʫʘʣʴʥʦ ʠ ʬʠʢʩʠʨʫʶʪ ʝʝ 

ʧʦʣʦʞʝʥʠʝ ʥʘʟʝʤʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʥʘʧʨ., ʧʨʠʝʤʥʠʢʘʤʠ ɻʅʉʉ). ʇʦ 

ʦʨʪʦʬʦʪʦʧʣʘʥʫ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʛʨʘʥʠʮʘ ʧʠʪʘʥʠʷ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʠʣʘ 

3500ï3600 ʤ ʠ 3370ï3400 ʤ ʜʣʷ ʣʝʜʥʠʢʦʚ ʇʦʪʘʥʠʥʘ ʠ ɸʣʝʢʩʘʥʜʨʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩ. 4.11). ʊʘʢʞʝ ʛʨʘʥʠʮʘ ʧʠʪʘʥʠʷ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʦ 

ʤʦʜʝʣʠ ʨʘʟʥʦʩʪʠ ʎʄʈ ʟʘ ʠʶʥʴ ʠ ʘʚʛʫʩʪ. ʂʨʠʪʝʨʠʝʤ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮʳ 

ʧʠʪʘʥʠʷ ʩʪʘʣʠ ʟʥʘʯʝʥʠʷ ʨʘʟʥʦʩʪʠ, ʨʘʚʥʳʝ ʥʫʣʶ. 

ɺʳʩʦʪʘ ʛʨʘʥʠʮʳ ʬʠʨʥʘ ʙʳʣʘ ʜʝʰʠʬʨʠʨʦʚʘʥʘ ʧʦ ʦʨʪʦʬʦʪʦʧʣʘʥʫ ʧʦ 

ʩʚʝʪʣʦ-ʞʝʣʪʳʤ ʧʷʪʥʘʤ ʬʠʨʥʦʚʦʡ ʟʦʥʳ ʠ ʩʦʩʪʘʚʠʣʘ 3300ï3400 ʤ (ʨʠʩ. 4.11). 

ʊʘʢʞʝ ʛʨʘʥʠʮʫ ʬʠʨʥʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʦ ʤʦʜʝʣʠ ʨʘʟʥʠʮʳ ʎʄʈ, ʧʫʪʝʤ 

ʦʢʦʥʪʫʨʠʚʘʥʠʷ ʚ ʚʝʨʭʦʚʴʷʭ ʣʝʜʥʠʢʘ ʫʯʘʩʪʢʦʚ ʩ ʥʘʠʙʦʣʴʰʝʡ ʨʘʟʥʠʮʝʡ. 

ʇʦʜʭʦʜʳ ʢ ʜʝʰʠʬʨʠʨʦʚʘʥʠʶ ʚʳʩʦʪʳ ʛʨʘʥʠʮʳ ʬʠʨʥʘ ʧʦ ʦʨʪʦʬʦʪʦʧʣʘʥʫ ʠ 

ʨʘʟʥʠʮʝ ʎʄʈ ʜʘʶʪ ʠʜʝʥʪʠʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. 

ɺʳʩʦʪʳ ʛʨʘʥʠʮʳ ʧʠʪʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ, 

ʠʤʝʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ, ʥʦ, ʚ ʮʝʣʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʨʫʛ ʜʨʫʛʫ. 

ʆʩʥʦʚʥʳʝ ʨʘʩʭʦʞʜʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʦʰʠʙʢʘʤʠ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ ʛʨʘʥʠʮʳ ʧʠʪʘʥʠʷ ʩʭʦʞʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʵʪʠʭ ʣʝʜʥʠʢʘʭ [133, 134]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʜʠʥʘʤʠʢʫ ʣʝʜʥʠʢʦʚ, ʨʘʩʩʯʠʪʘʥʳ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ArcMap. 
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ʈʠʩʫʥʦʢ 4.9 ï ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʘ 

 

 

 

ʈʠʩʫʥʦʢ 4.10 ï ʆʪʩʪʫʧʘʥʠʝ ʷʟʳʢʘ ʣʝʜʥʠʢʘ (ʧʦʢʘʟʘʥʦ ʥʝ ʚ ʤʘʩʰʪʘʙʝ)  
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ʈʠʩʫʥʦʢ 4.11 ï ɺʳʩʦʪʘ ʛʨʘʥʠʮʳ ʧʠʪʘʥʠʷ ʠ ʬʠʨʥʘ 
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ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 4 

1) ʈʘʟʨʘʙʦʪʘʥ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʨʥʳʭ ʣʝʜʥʠʢʦʚ. ʉʧʦʩʦʙ 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʨʘʙʦʪ: ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʩʢʠ ʣʝʜʥʠʢʘ, 

ʨʘʩʯʝʪ ʤʦʜʝʣʠ ʨʘʟʥʦʩʪʠ ʨʘʟʥʦʚʨʝʤʝʥʥʳʭ ʎʄʈ, ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʧʨʦʙʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʥʘ ʣʝʜʥʠʢʘʭ ʇʦʪʘʥʠʥʘ ʠ ɸʣʝʢʩʘʥʜʨʳ (ʄʦʥʛʦʣʠʷ) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʣʝʜʥʠʢʦʚ: ʦʙʲʝʤ ʩʪʘʷʚʰʝʛʦ ʠ 

ʥʘʢʦʧʣʝʥʥʦʛʦ ʩʥʝʛʘ ʠ ʣʴʜʘ ʟʘ ʩʝʟʦʥ ʘʢʪʠʚʥʦʛʦ ʪʘʷʥʠʷ ʣʝʜʥʠʢʘ, ʩ ʦʮʝʥʢʦʡ 

ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ; ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʘ; 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʘ; ʦʪʩʪʫʧʘʥʠʝ ʷʟʳʢʘ ʣʝʜʥʠʢʘ; 

ʚʳʩʦʪʘ ʛʨʘʥʠʮʳ ʧʠʪʘʥʠʷ; ʚʳʩʦʪʘ ʬʠʨʥʦʚʦʡ ʟʦʥʳ.  

2) ɸʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ 

ʜʠʥʘʤʠʢʝ ʣʝʜʥʠʢʘ ʠ ʥʘʛʣʷʜʥʦ ʠʭ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ. ʕʪʦ ʭʦʨʦʰʦ ʟʘʤʝʪʥʦ: 

ʥʘ ʢʘʨʪʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʣʝʜʥʠʢʦʚ (ʨʠʩ. 4.8), ʥʘ ʢʘʨʪʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʘ (ʨʠʩ. 4.9), ʥʘ ʦʪʩʪʫʧʘʥʠʝ ʷʟʳʢʘ ʣʝʜʥʠʢʘ (ʨʠʩ. 

4.10). ʆʪʩʪʫʧʘʥʠʝ ʷʟʳʢʘ ʣʝʜʥʠʢʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʚʳʩʦʪʳ ʛʨʘʥʠʮʳ ʧʠʪʘʥʠʷ 

(ʨʠʩ. 4.11) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

3) ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʩʪʘʷʚʰʝʛʦ ʩʥʝʛʘ ʠ ʣʴʜʘ 

ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʘ ʦʙʲʝʤʘ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʂʎʇ ʩʥʠʤʢʦʚ (ʪʦʯʥʦʩʪʴ 

ʬʦʪʦʪʨʠʘʥʛʫʣʮ̫ʠʠ ʧʦ ʚʳʩʦʪʝ). ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʝʪʦʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʨʠʛʦʜʥʦʩʪʴ ʠʩʧʦʣʟɹʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

4) ɺ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʛʦʨʥʳʭ ʣʝʜʥʠʢʦʚ. ʆʥʠ 

ʩʚʠʜʝʪʝʣʩɹʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʚʠʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ 

ʘʩʧʝʢʪʳ ʧʨʦʚʝʜʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʚʳʧʦʣʥʷʪʴ ʩʲʝʤʢʫ ʚʩʝʡ ʧʣʦʱʘʜʠ ʣʝʜʥʠʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘʠʙʦʣʝʝ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʯʘʩʪʠ ï ʟʦʥʳ ʘʢʢʫʤʫʣʷʮʠʠ. 
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ɻʃɸɺɸ 5 

ɻɽʆʄʆʈʌʆʄɽʊʈʀʏɽʉʂʀʁ ʉʇʆʉʆɹ ɺʓʗɺʃɽʅʀʗ ʉʂʈʓʊʓʍ 

ʃɽɼʅʀʂʆɺʓʍ ʊʈɽʑʀʅ 

ɺ ʛʣʘʚʝ ʠʟʣʦʞʝʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ 

ʚʳʚ̫ʣʝʥʠʷ ʩʢʨʳʪʳʭ ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ, ʘ ʪʘʢʞʝ ʦʧʠʩʘʥʳ ʧʦʣʝʚʳʝ ʠ 

ʢʘʤʝʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʝʛʦ ʨʘʟʨʘʙʦʪʢʦʡ. ɺ Ä 5.1 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʠʟʫʯʝʥʠʷ ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ɸʥʪʘʨʢʪʠʜʳ. Ä 5.2 

ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʘʚʪʦʨʘ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʨʦʚʝʜʝʥʥʳʤ ʚ ʨʘʤʢʘʭ 62-ʡ 

ʈɸʕ. ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ 

ʠ ʝʛʦ ʚʝʨʠʬʠʢʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ Ä 5.3. 

 

5.1 ɸʥʪʘʨʢʪʠʜʘ 

5.1.1 ʇʦʣʷʨʥʳʝ ʩʪʘʥʮʠʠ 

ʉ 1956 ʛ. ʚ ɸʥʪʘʨʢʪʠʜʝ ʜʝʡʩʪʚʫʝʪ ʧʝʨʚʘʷ ʩʦʚʝʪʩʢʘʷ ʢʨʫʛʣʦʛʦʜʠʯʥʘʷ 

ʧʦʣʷʨʥʘʷ ʩʪʘʥʮʠʷ ï ʄʠʨʥʳʡ. ʉ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʥʘʯʠʥʘʝʪʩʷ ʩʦʚʨʝʤʝʥʥʘʷ 

ʠʩʪʦʨʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ, ʢʦʪʦʨʘʷ ʧʨʦʰʣʘ 

ʜʣʠʪʝʣʴʥʳʡ ʧʫʪʴ ʠ ʩʦʭʨʘʥʠʣʘ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʧʦʢʦʣʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ 

ʂʦʤʧʣʝʢʩʥʦʡ, ʉʦʚʝʪʩʢʦʡ ʠ ʈʦʩʩʠʡʩʢʦʡ ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ [22]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ɸʥʪʘʨʢʪʠʜʝ ʥʘʭʦʜʠʪʩʷ 5 ʧʦʩʪʦʷʥʥʦ 

ʜʝʡʩʪʚʫʁ ʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʧʦʣʷʨʥʳʭ ʩʪʘʥʮʠʡ, 4 ʠʟ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʝ: ɹʝʣʣʠʥʩʛʘʫʟʝʥ, ʅʦʚʦʣʘʟʘʨʝʚʩʢʘʷ, ʇʨʦʛʨʝʩʩ ʠ ʄʠʨʥʳʡ. 

ʆʜʥʘ ʩʪʘʥʮʠʷ ï ɺʦʩʪʦʢ ï ʷʚʣʷʝʪʩʷ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ. 

ɽʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʥʥʦ-ʛʫʩʝʥʠʯʥʳʭ 

ʧʦʭʦʜʦʚ (ʉɻʇ). ʆʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʉɻʇ ʜʦ 2007 ʛ. ʷʚʣʷʣʘʩʴ ʩʪʘʥʮʠʷ ʄʠʨʥʳʡ. 

ʉ 2007 ʛ. ʧʦʭʦʜʳ ʦʪʧʨʘʚʣʷʶʪʩʷ ʩʦ ʩʪʘʥʮʠʠ ʇʨʦʛʨʝʩʩ. 

 

5.1.2 ʇʦʢʨʦʚʥʦʝ ʦʣʝʜʝʥʝʥʠʝ ʠ ʣʝʜʥʠʢʦʚʳʝ ʪʨʝʱʠʥʳ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɼɼɿ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ 

ɸʥʪʘʨʢʪʠʜʳ [2]. 

ɺ ɸʥʪʘʨʢʪʠʢʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ɹɸʉ, ʚʢʣʶʯʘʷ ʎʄʈ, 
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ʠʩʧʦʣʴʟʫʁ ʪʩʷ ʜʣʷ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʘʥʘʣʠʟʘ ʵʚʦʣʶʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ [77, 143, 199, 203]. ʕʢʩʪʨʝʤʘʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʦʣʷʨʥʳʭ ʨʝʛʠʦʥʦʚ ʧʨʝʜʲʷʚʣʷʶʪ ʦʩʦʙʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ɹɸʉ, ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ ʠ 

ʤʝʪʦʜʘʤ ʩʲʝʤʢʠ ɹɸʉ, ʯʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ [75, 103, 

108, 118, 165]. ʆʜʥʘʢʦ ʚ ʥʠʭ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ɹɸʉ, ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʘʚʪʦʧʠʣʦʪʘ, ʚʳʙʦʨ ʩʪʘʨʪʦʚʦʡ 

ʧʣʦʱʘʜʢʠ ʠ ʜʨ. (Ä 3.2).  

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʝ ʟʘʩʣʫʞʠʚʘʝʪ ʧʨʦʙʣʝʤʘ ʧʨʦʚʝʜʝʥʠʷ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʩʚʷʟʘʥʥʘʷ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʠ ʜʘʞʝ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ 

ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ (ʩʤ. Ä 3.2.6) ʠʟ-ʟʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ, ʣʠʙʦ ʦʪʩʫʪʩʪʚʠʷ ʫʩʪʦʡʯʠʚʳʭ ʥʝʧʦʜʚʠʞʥʳʭ 

ʫʯʘʩʪʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʦʚʥʦʛʦ ʣʝʜʥʠʢʘ.  

ʇʦʢʨʦʚʥʦʝ ʦʣʝʜʝʥʝʥʠʝ ʠ ʣʝʜʥʠʢʠ ɸʥʪʘʨʢʪʠʜʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʥʝʧʨʝʨʳʚʥʦʤ ʜʚʠʞʝʥʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʦʷʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʛʝʦʤʝʪʨʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʦʚ [111, 148, 150, 167]. ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ 

ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ ʤʝʜʣʝʥʥʳʭ ʜʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʚʠʞʝʥʠʷ ʣʴʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ 

ʩʣʦʝ ʣʝʜʥʠʢʦʚ ʧʦʩʪʦʷʥʥʦ ʦʙʨʘʟʫʶʪʩʷ ʪʨʝʱʠʥʳ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ [73, 196]. 

ʊʨʝʱʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ 

ʩʦʪʨʫʜʥʠʢʦʚ ʧʦʣʷʨʥʳʭ ʩʪʘʥʮʠʡ. ʇʦʵʪʦʤʫ ʚ ʘʥʪʘʨʢʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʳʡ ʠ ʙʝʟʦʧʘʩʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʪʨʘʩʩ ʉɻʇ, ʩʥʝʞʥʦ-ʣʝʜʦʚʳʭ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʭ ʧʦʣʦʩ (ɺʇʇ) (ʘʵʨʦʜʨʦʤʦʚ) 

ʠ ʜʨʫʛʠʭ ʧʦʩʝʱʘʝʤʳʭ ʟʦʥ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʪʢʨʳʪʳʭ ʪʨʝʱʠʥ, ʚʳʷʚʣʝʥʠʷ 

ʩʢʨʳʪʳʭ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʷ ʠʭ ʜʠʥʘʤʠʢʠ. 

ʆʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʢʨʳʪʳʝ 

ʪʨʝʱʠʥʳ, ʠʤʝʶʱʠʝ çʩʥʝʞʥʳʡ ʤʦʩʪè [63, 93, 94]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʨʝʰʝʥʠʷ. ɺʳʜʝʣʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʧʦʠʩʢʫ ʪʨʝʱʠʥ: 

ʥʘʟʝʤʥʳʡ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʡ. 
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ʅʘʟʝʤʥʳʡ ʧʦʜʭʦʜ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʟʫʯʝʥʠʠ ʣʝʜʥʠʢʘ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ, ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʝʦʨʘʜʘʨʥʦʝ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ. ʆʜʥʘʢʦ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʱʠʥ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦ [32]. 

ɼʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʪʨʝʱʠʥʘʤʠ ʥʘʯʠʥʘʶʪ ʩʚʦʶ 

ʠʩʪʦʨʠʶ ʩ 1970-ʭ ʛʛ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʦʧʨʝʜʝʣʷʣʠ ʦʪʜʝʣʴʥʳʝ 

ʦʪʢʨʳʪʳʝ ʪʨʝʱʠʥʳ ʥʘ ʣʝʜʥʠʢʝ ʋʠʣʣʘʩ (ɺʦʩʪʦʯʥʘʷ ɸʥʪʘʨʢʪʠʜʘ) [73]. 

ɼʘʣɹʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʪʢʨʳʪʳʭ ʪʨʝʱʠʥ. 

ʅʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʪʨʝʱʠʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʢʨʳʪʳʭ, 

ʧʦʢʘʟʘʣʠ ʤʝʪʦʜʳ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʘʣʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ [210]. 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʚ 

ʵʪʠʭ ʮʝʣʷʭ: 1) ʥʠʟʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʜʠʘʧʘʟʦʥ ʨʘʟʤʝʨʦʚ ʚʳʷʚʣʷʝʤʳʭ ʪʨʝʱʠʥ; 2) ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʩʲʝʤʢʠ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ; 3) 

ʦʪʩʫʪʩʪʚʠʝ ʩʲʝʤʢʠ ʦʪʜʘʣʝʥʥʳʭ ʦʪ ʧʦʙʝʨʝʞʴʷ ʨʘʡʦʥʦʚ ɸʥʪʘʨʢʪʠʜʳ.  

ʇʨʦʮʝʩʩʳ ʜʚʠʞʝʥʠʷ ʣʴʜʘ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʪʨʝʱʠʥ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʪʨʘʞʘʶʪʩʷ ʚ ʛʝʦʤʝʪʨʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʘ 

ʠʣʠ ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʩʝʟʦʥʥʦʝ 

ʪʘʷʥʠʝ ʩʥʝʛʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʠʢʨʦʬʦʨʤ ʨʝʣʴʝʬʘ ʣʝʜʥʠʢʘ, 

ʧʦɻ ʪʦʤʫ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʘʥʘʣʠʟʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ 

ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʎʄʈ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, 

ʩʦʟʜʘʥʥʳʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʨʷʜʘ ʥʝʜʘʚʥʠʭ ʨʘʙʦʪ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʙʝʩʧʠʣʦʪʥʘʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʧʨʠʤʝʥʷʣʘʩʴ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ 

ʛʝʦʤʝʪʨʠʠ ʣʝʜʥʠʢʦʚ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʣʴʜʘ ʥʘ 

ʦʩʥʦʚʝ ʎʄʈ ʚ ʂʘʥʘʜʩʢʦʡ ɸʨʢʪʠʢʝ [55, 206], ɻʠʤʘʣʘʷʭ [123, 135], 

ʐʧʠʮʙʝʨʛʝʥʝ [88, 169], ɻʨʝʥʣʘʥʜʠʠ [70, 128, 171], ɸʣʴʧʘʭ [170, 177], ɸʥʜʘʭ 

[208] ʠ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ [26, 28]. ʆʜʥʘʢʦ ʚʦ ʚʩʝʭ ʵʪʠʭ ʩʣʫʯʘʷʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʘʟʝʤʥʳʝ ʦʧʦʨʥʳʝ ʪʦʯʢʠ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʨʠʝʤʣʝʤʦ ʚ 
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ʫʩʣʦʚʠʷʭ ɸʥʪʘʨʢʪʠʢʠ (ʩʤ. ʚʳʰʝ). ɼʣʷ ʛʣʷʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʥʪʨʦʚ ʧʨʦʝʢʮʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʧʝʨʚʳʝ 

ʙʳʣʦ ʧʨʠʤʝʥʝʥʦ ʘʚʪʦʨʦʤ ʨʘʙʦʪʳ ʥʘ ʄʦʥʛʦʣʴʩʢʦʤ ɸʣʪʘʝ [186, Ä 1.4].  

 

5.2 62-ʘʷ ʈɸʕ 

5.2.1 ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʕʢʩʧʝʜʠʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚʙʣʠʟʠ ʭʦʣʤʦʚ 

ʃʘʨʩʝʤʘʥʥ (ɺʦʩʪʦʯʥʘʷ ɸʥʪʘʨʢʪʠʜʘ) (ʨʠʩ. 5.1). ʍʦʣʤʳ ʃʘʨʩʝʤʘʥʥ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʙʦʣʴʰʦʡ, ʩʚʦʙʦʜʥʳʡ ʦʪʦ ʣʴʜʘ ʫʯʘʩʪʦʢ ʧʣʦʱʘʜʴʶ 

ʦʢʦʣʦ 40 ʢʤ2, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʧʦʙʝʨʝʞʴʝ ʟʘʣʠʚʘ ʇʨʶʜʟ 

(ɿʝʤʣʷ ʇʨʠʥʮʝʩʩʳ ɽʣʠʟʘʚʝʪʳ) [184]. ʕʪʦʪ ʧʨʠʙʨʝʞʥʳʡ ʘʥʪʘʨʢʪʠʯʝʩʢʠʡ ʦʘʟʠʩ 

ʚʢʣʶʯʘʝʪ ʜʚʘ ʧʦʣʫʦʩʪʨʦʚʘ ï ʉʪʦʨʥʩ ʠ ɹʨʦʢʥʝʩ, ʘ ʪʘʢʞʝ ʯʝʪʳʨʝ ʥʝʙʦʣʴʰʠʭ 

ʧʦʣʫʦʩʪʨʦʚʘ ʠ ʦʢʦʣʦ 130 ʦʩʪʨʦʚʦʚ. ʍʦʣʤʳ ʃʘʨʩʝʤʘʥʥ ï ʦʜʠʥ ʠʟ ʦʩʦʙʦ 

ʫʧʨʘʚʣʷʝʤʳʭ ʨʘʡʦʥʦʚ ɸʥʪʘʨʢʪʠʢʠ [137]. ɿʜʝʩʴ ʜʝʡʩʪʚʫʶʪ ʪʨʠ 

ʢʨʫʛʣʦʛʦʜʠʯʥʳʝ ʧʦʣʷʨʥʳʝ ʩʪʘʥʮʠʠ: ʇʨʦʛʨʝʩʩ (ʈʦʩʩʠʷ), ʏʞʫʥʴʰʘʥʴ (ʂʠʪʘʡ) ʠ 

ɹʭʘʨʘʪʠ (ʀʥʜʠʷ). 

ʅʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ 4 ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʨʠʩ. 5.1): 

1) ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʭʦʣʤʦʚ ʃʘʨʩʝʤʘʥʥ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʨʘʡʦʥʳ 

ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 17 ͻ 7,5 ʢʤ. ɺʳʩʦʪʘ ʥʘʜ ʫʨ. ʤ. ʚʘʨʴʠʨʫʝʪ ʦʪ 0 ʜʦ 180 ʤ. 

2) ɸʵʨʦʜʨʦʤ ʩʪʘʥʮʠʠ ʇʨʦʛʨʝʩʩ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʣʝʜʥʠʢʝ ʢ ʶʛʫ ʦʪ 

ʭʦʣʤʦʚ ʃʘʨʩʝʤʘʥʥ. ʈʘʟʤʝʨ ʩʲʝʤʢʠ ʨʘʡʦʥʘ ʘʵʨʦʜʨʦʤʘ ï ʦʢʦʣʦ 2500 ͻ 5000 ʤ 

ʧʨʠ ʚʳʩʦʪʝ ʦʪ 104 ʤ ʜʦ 310 ʤ ʥʘʜ ʫʨ. ʤ. 

3) ʅʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ (ʦʪ 69Á27'24" ʶ.ʰ., 76Á19'04" ʚ.ʜ. ʜʦ 69Á40'40" 

ʶ.ʰ., 76Á32'46" ʚ.ʜ.) ʪʨʘʩʩʳ ʉɻʇ ʦʪ ʩʪʘʥʮʠʠ ʇʨʦʛʨʝʩʩ ʜʦ ʩʪʘʥʮʠʠ ɺʦʩʪʦʢ 

ʜʣʠʥʦʡ ʦʢʦʣʦ 30 ʢʤ ʠ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 3 ʢʤ. ʊʝʨʨʠʪʦʨʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʟʘʩʥʝʞʝʥʥʳʡ ʣʝʜʷʥʦʡ ʧʦʢʨʦʚ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʧʦʩʪʝʧʝʥʥʦ 

ʧʦʜʥʠʤʘʝʪʩʷ ʢ ʶʛʫ, ʧʨʠʤʝʨʥʦ ʦʪ 280 ʤ ʜʦ 750 ʤ ʥʘʜ ʫʨ. ʤ. 

4) ʉʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ ʦʢʨʘʠʥʘ ʣʝʜʥʠʢʘ ɼʦʣʢ ʠ ʧʨʠʣʝʛʘʶʱʘʷ ʪʝʨʨʠʪʦʨʠʷ. 

ʈʘʟʤʝʨ ʫʯʘʩʪʢʘ ʦʢʦʣʦ 1000 ͻ 1000 ʤ, ʚʳʩʦʪʘ ʦʪ 50 ʜʦ 140 ʤ ʥʘʜ ʫʨ. ʤ. ʃʝʜʥʠʢ 

ɼʦʣʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʷʨʥʳʡ ʚʳʚʦʜʥʦʡ ʣʝʜʥʠʢ ʜʣʠʥʦʡ 15 ʢʤ, 
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ʚʧʘʜʘʶɦ ʠʡ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʟʘʣʠʚʘ ʇʨʶʜʟ ʢ ʚʦʩʪʦʢʫ ʦʪ ʭʦʣʤʦʚ 

ʃʘʨʩʝʤʘʥʥ. 

ʋʪʨʦʤ 30 ʷʥʚʘʨʷ 2017 ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʢʨʘʶ ʣʝʜʥʠʢʘ ɼʦʣʢ 

ʧʨʦʠʟʦʰʣʦ ʚʥʝʟʘʧʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʚʘʣʘ ï ʰʠʨʦʢʦʡ ʠ ʛʣʫʙʦʢʦʡ ʚʧʘʜʠʥʳ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 69Á23'58" ʶ.ʰ., 76Á24'49" ʚ.ʜ. [95, 96, 

163]. ʇʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʵʪʦʛʦ ʩʦʙʳʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʛʣ. 6. 

 

5.2.2 ɸʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ 

ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʨʘʡʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɹɸʉ ɻʝʦʩʢʘʥ 201 ʩ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ Sony RX 1 ʠ 

ʧʨʠʝʤʥʠʢʦʤ ɻʅʉʉ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ (ʩʤ. Ä 2.2.1). 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʩʥʠʤʢʦʚ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʰʝʥʠʷ ʙʫʜʫʱʝʡ ʎʄʈ. ɺ ʧʨʝʜʳʜʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʳʷʚʣʝʥʳ ʜʚʝ ʦʩʦʙʝʥʥʦʩʪʠ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝh ʝʥʠʷ ʎʄʈ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʩʥʠʤʢʦʚ [17, 97]. ɺʦ-ʧʝʨʚʳʭ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʎʄʈ ʥʝ ʜʦʣʞʥʦ 

ʧʨʝʚʳʰʘʪʴ 20ï30 ʩʤ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʦʷʚʣʝʥʠʝʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʰʫʤʘ ʚ ʎʄʈ, ʢʦʪʦʨʳʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ (ʩʤ. Ä 2.3). ɺʦ-ʚʪʦʨʳʭ, ʩʨʝʜʥʝʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʥʠʤʢʦʚ ʠ ʨʘʟʨʝʰʝʥʠʷ ʎʄʈ 

ʩʦʩʪʘʚʣʷʝʪ 1:4. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʩʥʠʤʢʦʚ 

ʜʦʣʞʥʦ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 6 ʩʤ/ʧʠʢʩʝʣʴ. 
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ʈʠʩʫʥʦʢ 5.1 ï ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ʙʝʣʘʷ ʨʘʤʢʘ ʍʃ ï ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʭʦʣʤʦʚ ʃʘʨʩʝʤʘʥʥ (ʨʠʩ. 5.2); ʟʝʣʝʥʘʷ 

ʨʘʤʢʘ ï ʟʦʥʘ ʙʦʣʴʰʠʭ ʪʨʝʱʠʥ ʥʘ ʩʝʚʝʨʥʦʤ ʢʨʘʶ ʣʝʜʥʠʢʘ ɼʦʣʢ (ʨʠʩ. 5.3); 

ʯʝʨʥʘʷ ʨʘʤʢʘ ɸ ï ʨʘʡʦʥ ʘʵʨʦʜʨʦʤʘ (ʨʠʩ. 5.4); ʙʝʣʘʷ ʨʘʤʢʘ ʉɻʇ ï ʥʘʯʘʣʴʥʳʡ 

ʫʯʘʩʪʦʢ ʪʨʘʩʩʳ ʉɻʇ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ) ʦʪ ʩʪʘʥʮʠʠ ʇʨʦʛʨʝʩʩ ʜʦ ʩʪʘʥʮʠʠ ɺʦʩʪʦʢ 

(ʨʠʩ. 5.5); ʩʝʨʳʡ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ï ʨʘʡʦʥ ʫʟʢʠʭ ʪʨʝʱʠʥ, ʪʝʩʪʦʚʳʡ ʧʦʣʠʛʦʥ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʪʨʝʱʠʥ (ʨʠʩ. 5.11); ʢʨʘʩʥʘʷ ʨʘʤʢʘ ï ʨʘʡʦʥ ʧʨʦʚʘʣʘ ʚ 

ʣʝʜʥʠʢʝ ɼʦʣʢ (ʨʠʩ. 6.1); ɿʇ ï ʟʘʣʠʚ ʇʨʶʜʟ; ʃɼ ï ʣʝʜʥʠʢ ɼʦʣʢ 

(ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʟʘʠʢʘ Google Earth)
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ɹʝʩʧʠʣʦʪʥʘʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʷʥʚʘʨʝ ʠ ʬʝʚʨʘʣʝ 2017 ʛ. 

[31]. ʉʲʝʤʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, 

ʚʢʣʁʯʘʷ ʷʩʥʫʶ ʩʦʣʥʝʯʥʫʶ ʧʦʛʦʜʫ, ʘ ʪʘʢʞʝ ʧʝʨʝʤʝʥʥʫʶ ʦʙʣʘʯʥʦʩʪʴ ʠ 

ʧʘʩʤʫʨʥʫʶ ʧʦʛʦʜʫ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʢʦʣʝʙʘʣʘʩʴ ʦʪ ï1 ÁC ʜʦ ï12 ÁC. 

ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚʘʨʴʠʨʦʚʘʣʘ ʦʪ 0 ʤ/ʩ ʜʦ 28 ʤ/ʩ ʥʘ ʚʳʩʦʪʝ ʧʦʣʝʪʘ. ʅʘ 

ʧʦʙʝʨʝʞʴʝ ʠ ʚʙʣʠʟʠ ʧʦʙʝʨʝʞʴʷ ʚʝʪʝʨ ʙʳʣ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ. ʅʘ ʣʝʜʥʠʢʝ 

ʚʝʪʝʨ ʙʳʣ ʶʞʥʳʤ ʢʘʪʘʙʘʪʠʯʝʩʢʠʤ ʧʦ ʫʪʨʘʤ ʠ ʩʝʚʝʨʥʳʤ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ [62, 

63]. 

ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʭʦʣʤʦʚ ʃʘʨʩʝʤʘʥʥ (ʨʠʩ. 5.2ʘ, ʙ) ʙʳʣʘ ʩʥʷʪʘ ʟʘ ʯʝʪʳʨʝ 

ʧʦʣʝʪʘ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʙʥʦʚʣʝʥʠʝ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ [64]. ʈʝʟʫʣʴʪʘʪʳ ʩʲʝʤʢʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʥʘʙʣʶʜʝʥʠʷ ʙʦʣʴʰʠʭ ʦʪʢʨʳʪʳʭ ʪʨʝʱʠʥ ʥʘ ʩʝʚʝʨʥʦʤ ʢʨʘʶ ʣʝʜʥʠʢʘ ɼʦʣʢ 

(ʨʠʩ. 5.3ʘ), ʘ ʪʘʢʞʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʚʘʣʘ ʣʝʜʥʠʢʘ ɼʦʣʢ (ʩʤ. Ä 6.2). 

ʈʘʡʦʥ ʘʵʨʦʜʨʦʤʘ (ʨʠʩ. 5.4ʘ) ʩʥʠʤʘʣʩʷ ʜʚʘʞʜʳ, ʚ ʩʝʨʝʜʠʥʝ ʷʥʚʘʨʷ ʠ ʚ 

ʩʝʨʝʜʠʥʝ ʬʝʚʨʘʣʷ 2017 ʛ. ʎʝʣʴʶ ʘʵʨʦʬʦʪʦʩʲʝʤʦʢ ʙʳʣʘ ʦʮʝʥʢʘ ʜʚʠʞʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʡ ʢʨʘʝʚʦʡ ʟʦʥʳ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ. ɺʜʦʣʴ 

ɺʇʇ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʜʝʩʷʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʝʰʝʢ ʜʣʷ ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʝʰʝʢ ʩʤ. ʥʘ ʨʠʩ. 5.4ʚ. 

ʂʦʦʨʜʠʥʘʪʳ ʵʪʠʭ ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʨʠʞʜʳ: 23 

ʷʥʚʘʨʷ, 10 ʬʝʚʨʘʣʷ ʠ 17 ʬʝʚʨʘʣʷ 2017 ʛ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʟʝʤʥʦʡ ʙʘʟʦʚʦʡ 

ʩʪʘʥʮʠʠ ʠ ʨʦʚʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠʝʤʥʠʢʠ Topcon HiPer+ ʠ Topcon HiPer 

V, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ 

ʙʝʩʧʠʣʦʪʥʳʭ ʩʲʝʤʦʢ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʝʟʦʥʥʦʛʦ ʪʘʷʥʠʷ ʩʥʝʛʘ. 

ʅʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʪʨʘʩʩʳ ʉɻʇ ʦʪ ʩʪʘʥʮʠʠ ʇʨʦʛʨʝʩʩ ʜʦ ʩʪʘʥʮʠʠ 

ɺʦʩʪʦʢ (ʨʠʩ. 5.5) ʙʳʣ ʩʥʷʪ ʜʚʘʞʜʳ, ʚ ʩʝʨʝʜʠʥʝ ʷʥʚʘʨʷ ʠ ʥʘʯʘʣʝ ʬʝʚʨʘʣʷ 2017 

ʛ. ɺʦ ʚʨʝʤʷ ʧʝʨʚʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʧʦʛʦʜʘ ʙʳʣʘ ʭʦʨʦʰʝʡ, ʥʦ ʚʦ ʚʨʝʤʷ 

ʚʪʦʨʦʡ ʩʲʝʤʢʠ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʫʭʫʜʰʠʣʠʩʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ 

ʥʝʚʦʟʤʦʞʥʦ ʟʘʚʝʨʰʠʪʴ ʚʪʦʨʫʶ ʘʵʨʦʬʦʪʦʩʲʝʤʢʫ ʚʩʝʛʦ ʫʯʘʩʪʢʘ. 
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ʈʠʩʫʥʦʢ 5.2 ï ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʭʦʣʤʦʚ ʃʘʨʩʝʤʘʥʥ: ʘ ï ʥʘʯʘʣʴʥʳʡ 

ʦʨʪʦʬʦʪʦʧʣʘʥ; ʙ ï ʦʨʪʦʬʦʪʦʧʣʘʥ ʩ ʚʳʨʘʚʥʝʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ; ʚ ï

ʚʳʩʦʪʳ ʩ ʦʪʤʳʚʢʦʡ ʨʝʣʴʝʬʘ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʤ. ʨʠʩ. 5.1 (ʙʝʣʘʷ ʨʘʤʢʘ ʍʃ). ʇɹ 

ï ʧʦʣʫʦʩʪʨʦʚ ɹʨʦʢʥʝʩ, ʉʇ ï ʩʪʘʥʮʠʷ ʇʨʦʛʨʝʩʩ, ʉɿ ï ʩʪʘʥʮʠʷ ʏʞʫʥʴʰʘʥʴ, ʉɹ 

ï ʩʪʘʥʮʠʷ ɹʘʭʘʨʘʪʠ, ʃɼ ï ʣʝʜʥʠʢ ɼʦʣʢ, ɿʇ ï ʟʘʣʠʚ ʇʨʶʜʟ. ɾʝʣʪʳʝ ʢʨʝʩʪʳ ï 

ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʥʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʝ [64]. 



 

118 

 

 

 

ʈʠʩʫʥʦʢ 5.3 ï ʈʘʡʦʥ ʙʦʣʴʰʠʭ ʪʨʝʱʠʥ ʥʘ ʩʝʚʝʨʥʦʤ ʢʨʘʶ ʣʝʜʥʠʢʘ ɼʦʣʢ: 

ʘ ï ʦʨʪʦʬʦʪʦʧʣʘʥ; ʙ ï ʚʳʩʦʪʳ ʩ ʦʪʤʳʚʢʦʡ ʨʝʣʴʝʬʘ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʤ. ʨʠʩ. 5.1 

(ʟʝʣʝʥʘʷ ʨʘʤʢʘ) 
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ʈʠʩʫʥʦʢ 5.4 ï ʈʘʡʦʥ ʘʵʨʦʜʨʦʤʘ: ʘ ï ʦʨʪʦʬʦʪʦʧʣʘʥ, ʯʝʨʥʘʷ ʨʘʤʢʘ ï ʟʦʥʘ ɺʇʇ, 

ʩʤ. ʨʠʩ. 5.4ʚ; ʙ ï ʚʳʩʦʪʳ ʩ ʦʪʤʳʚʢʦʡ ʨʝʣʴʝʬʘ; ʚ ï ʜʚʠʞʝʥʠʝ ʣʴʜʘ (ʩʤ) ʚ 

ʧʨʝʜʝʣʘʭ ʟʦʥʳ ɺʇʇ; ʩʠʥʠʝ ʩʪʨʝʣʢʠ ʧʦʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʣʴʜʘ 

(ʠʭ ʧʦʣʦʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʨʢʠʨʦʚʘʥʥʳʤ ʢʦʥʪʨʦʣʴʥʳʤ ʪʦʯʢʘʤ). 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʤ. ʨʠʩ. 5.1 (ʯʝʨʥʘʷ ʨʘʤʢʘ A) 
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ʈʘʙʦʪʳ ʥʘ ʪʨʘʩʩʝ ʉɻʇ ʧʨʝʩʣʝʜʦʚʘʣʠ ʪʨʠ ʮʝʣʠ. ɺʦ-ʧʝʨʚʳʭ, 

ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʦʮʝʥʠʪʴ ʜʚʠʞʝʥʠʝ ʣʴʜʘ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʣʝʜʥʠʢʘ. ɼʣʷ ʵʪʦʛʦ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ, 

ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʨʠʞʜʳ: 15ï16 ʷʥʚʘʨʷ, 1ï2 ʬʝʚʨʘʣʷ ʠ 

18ï19 ʬʝʚʨʘʣʷ 2017 ʛ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 17 

ʪʨʝʭʤʝʪʨʦʚʳʭ ʧʣʘʩʪʠʢʦʚʳʭ ʚʝʰʝʢ ʠ 10 ʧʨʝʩʩʦʚʘʥʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʙʦʯʝʢ 

(ʨʠʩ. 5.6). ʈʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʩʤ. ʨʠʩ. 5.7ʙ. ʄʘʨʢʠʨʦʚʘʥʥʳʝ ʪʦʯʢʠ 

ʩʤʝʱʘʣʠʩʴ ʚʤʝʩʪʝ ʩʦ ʣʴʜʦʤ, ʧʦʵʪʦʤʫ ʦʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʜʣʷ ʦʮʝʥʢʠ 

ʜʚʠʞʝʥʠʷ ʣʴʜʘ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʠ ʨʦʚʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝ ʞʝ 

ɻʅʉʉ-ʧʨʠʝʤʥʠʢʠ, ʯʪʦ ʠ ʚ ʨʘʡʦʥʝ ʘʵʨʦʜʨʦʤʘ. ɺʦ-ʚʪʦʨʳʭ, ʚ ʨʘʡʦʥʝ ʥʘʯʘʣʴʥʦʛʦ 

ʫʯʘʩʪʢʘ ʪʨʘʩʩʳ ʉɻʇ ʥʘʭʦʜʷʪʩʷ ʥʝʩʢʦʣʴʢʦ ʫʟʢʠʭ ʪʨʝʱʠʥ (ʰʠʨʠʥʦʡ >10 ʤ), ʥʘ 

ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʚʳʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʪʨʝʱʠʥ. ʕʪʦ ʢʘʢ 

ʭʦʨʦʰʦ ʜʝʰʠʬʨʠʨʫʝʤʳʝ ʦʪʢʨʳʪʳʝ ʪʨʝʱʠʥʳ, ʪʘʢ ʠ ʩʢʨʳʪʳʝ ʪʨʝʱʠʥʳ, 

ʥʘʢʨʳʪʳʝ çʩʥʝʞʥʳʤ ʤʦʩʪʦʤè (ʨʠʩ. 5.8). ɺ-ʪʨʝʪʴʠʭ, ʨʘʡʦʥ ʪʨʘʩʩʳ ʉɻʇ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʥʝʞʥʦʛʦ ʤʠʢʨʦʨʝʣʴʝʬʘ (ʨʠʩ. 5.10). 

ʅʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʥʘʟʝʤʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʠ ʦʧʦʨʥʳʝ 

ʪʦʯʢʠ ʥʝ ʧʨʠʤʝʥʷʣʠʩʴ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʮʝʥʪʨʳ ʧʨʦʝʢʮʠʡ. ɺ ʧʨʝʜʝʣʘʭ ʭʦʣʤʦʚ ʃʘʨʩʝʤʘʥʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʪʘʙʠʣʴʥʳʭ ʠ 

ʩʚʦʙʦʜʥʳʭ ʦʪʦ ʣʴʜʘ ʩʢʘʣʠʩʪʳʭ ʨʘʡʦʥʘʭ, ʘʜʤʠʥʠʩʪʨʘʮʠʷ ʩʪʘʥʮʠʠ ʇʨʦʛʨʝʩʩ 

ʟʘʧʨʝʱʘʣʘ ʚʳʧʦʣʥʷʪʴ ʨʘʙʦʪʳ ʧʦ ʫʩʪʘʥʦʚʢʝ ʠ ʤʘʨʢʠʨʦʚʢʝ ʦʧʦʨʥʳʭ ʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʧʦ ʩʦʦʙʨʘʞʝʥʠʷʤ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʟʘʱʠʪʳ 

ʦʢʨʫʞʘʶɦ ʝʡ ʩʨʝʜʳ. ʅʘ ʫʯʘʩʪʢʝ ʪʨʘʩʩʳ ʉɻʇ ʵʪʦ ʜʝʣʘʪʴ ʙʳʣʦ ʙʝʩʩʤʳʩʣʝʥʥʦ 

ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ. 

 

5.2.3 ʂʘʤʝʨʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ ʩʲʝʤʢʠ 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʲʝʤʢʠ ʧʨʦʚʦʜʠʣʘʩʴ ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʦʤʫ 

ʧʨʦʮʝʩʩʫ ʚ Ä 2.3 ʠ Ä 4.2.3. ʊʦʯʥʦʩʪʴ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 

5.1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʜʣʷ ʨʘʡʦʥʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʎʄʈ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʠ ʦʨʪʦʬʦʪʦʧʣʘʥʳ. 
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ʈʠʩʫʥʦʢ 5.5 ï ʅʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʪʨʘʩʩʳ ʉɻʇ ʠ ʛʨʘʥʠʮʳ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

(ʥʘʣʦʞʝʥʠʝ ʥʘ ʤʦʟʘʠʢʫ Google Earth) 
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ʈʠʩʫʥʦʢ 5.6 ï ʋʩʪʘʥʦʚʢʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʥʘ 

ʪʨʘʩʩʝ ʉɻʇ 
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ʈʠʩʫʥʦʢ 5.7 ï ʅʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʪʨʘʩʩʳ ʉɻʇ:  

ʘ ï ʚʳʩʦʪʳ ʩ ʦʪʤʳʚʢʦʡ ʨʝʣʴʝʬʘ ʠ ʣʠʥʠʷʤʠ ʪʘʣʴʚʝʛʦʚ; ʙ ï ʧʝʨʝʤʝʱʝʥʠʝ ʣʴʜʘ 

(ʤ); ʩʠʥʠʝ ʩʪʨʝʣʢʠ ʧʦʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʣʴʜʘ, ʧʦʣʦʞʝʥʠʝ 

ʩʪʨʝʣʦʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʨʢʠʨʦʚʘʥʥʳʤ ʪʦʯʢʘʤ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʫʯʘʩʪʢʘ ʩʤ. 

ʨʠʩ. 5.5 
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ʈʠʩʫʥʦʢ 5.8 ï ʇʨʠʤʝʨ ʜʝʪʘʣʴʥʦʛʦ ʦʨʪʦʬʦʪʦʧʣʘʥʘ ʜʣʷ ʪʨʘʩʩʳ ʉɻʇ. ɺ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚʠʜʝʥ ʨʷʜ ʭʦʨʦʰʦ ʜʝʰʠʬʨʠʨʫʝʤʳʭ, ʦʪʢʨʳʪʳʭ ʠ 

ʧʦʢʨʪrʳʭ ʩʥʝʛʦʤ ʫʟʢʠʭ ʪʨʝʱʠʥ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩ ʉʉɿ ʥʘ ʖʖɺ. 

ʅʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʩʠʩʪʝʤʘ ʵʦʣʦʚʳʭ ʤʠʢʨʦʬʦʨʤ ʩʥʝʞʥʦʛʦ ʨʝʣʴʝʬʘ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʩ ʉɺ ʥʘ ʖɿ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 5.1, ʪʦʯʥʦʩʪʴ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʫʯʘʩʪʢʘ ʉɻʇ 

ʥʠʞʝ, ʯʝʤ ʥʘ ʦʩʪʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʥʠʤʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʨʝʜʥʝʡ ʩʧʣʦʰʥʦʡ ʦʙʣʘʯʥʦʩʪʠ, ʠʤʝʶʱʠʝ ʥʠʟʢʫʶ 

ʢʦʥʪʨʘʩʪʥʦʩʪʴ. ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʜʦʙʥʳʭ ʩʥʠʤʢʦʚ 

ʚʳʧʦʣʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ [144]. 

ɼʣʷ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʭʦʣʤʦʚ ʃʘʨʩʝʤʘʥʥ (ʨʠʩ. 5.2ʙ) ʙʳʣʘ ʧʦʣʫʯʝʥʘ 

ʦʜʥʘ ʎʄʈ (ʨʠʩ. 5.2ʚ). ɼʣʷ ʨʘʡʦʥʘ ʘʵʨʦʜʨʦʤʘ (ʨʠʩ. 5.4ʘ) ʧʦʣʫʯʝʥʦ ʜʚʝ ʎʄʈ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʪʘʤ ʙʝʩʧʠʣʦʪʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʩʝʨʝʜʠʥʳ ʷʥʚʘʨʷ ʠ 

ʩʝʨʝʜʠʥʳ ʬʝʚʨʘʣʷ 2017 ʛ. (ʨʠʩ. 5ʙ). ɼʣʷ ʥʘʯʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʤʘʨʰʨʫʪʘ ʉɻʇ 

ʪʘʢʞʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʝ ʎʄʈ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʜʘʪʘʤ ʙʝʩʧʠʣʦʪʥʦʡ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʩʝʨʝʜʠʥʳ ʷʥʚʘʨʷ ʠ ʥʘʯʘʣʘ ʬʝʚʨʘʣʷ 2017 ʛ. ʨʠʩ. 5.7ʘ). ɼʣʷ 

ʟʦʥʳ ʧʨʦʚʘʣʘ ʣʝʜʥʠʢʘ ɼʦʣʢ (ʨʠʩ. 5.1, ʢʨʘʩʥʘʷ ʨʘʤʢʘ) ʨʘʩʩʯʠʪʘʥʳ ʜʚʝ ʎʄʈ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʥʠʢʘ ʜʦ ʠ ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʚʘʣʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʠʩʧʦʣʴʟʦʚʘʣʠ WGS84. ɺʳʩʦʪʳ 

ʠʩʧʦʣʟɹʦʚʘʣʠʩʴ ʦʨʪʦʤʝʪʨʠʯʝʩʢʠʝ, ʤʦʜʝʣʴ ʛʝʦʠʜʘ 2008 ʛ. (EGM2008). 
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5.2.4 ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʎʄʈ 

ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʎʄʈ ʷʚʣʷʝʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʆʙʳʯʥʦ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʘʣʦʥʥʦʡ ʎʄʈ ʠʣʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʩ ʠʟʚʝʩʪʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ʇʨʦʙʣʝʤʘ ʚʳʙʦʨʘ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʜʣʷ ʙʝʩʧʠʣʦʪʥʦʡ ʩʲʝʤʢʠ ʠ ʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʪʦʯʥʦʩʪʴ ʎʄʈ ʦʙʩʫʞʜʘʣʘʩʴ ʥʝʦʜʥʦʢʨʘʪʥʦ [173, 187, 189]. ʆʜʥʘʢʦ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʦʧʦʨʥʳʝ ʠ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ 

(ʩʤ. ʚʳʰʝ). ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨʘʡʦʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʵʪʘʣʦʥʥʳʭ 

ʎʄʈ. 

ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʡ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʎʄʈ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʦʛʦ ʞʝ ʠʣʠ 

ʦʯʝʥʴ ʙʣʠʟʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ 

ɿʘʦʢʩʢʦʛʦ ʛʝʦʧʦʣʠʛʦʥʘ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʩʧʝʮʠʘʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʫʶ 

ʩʝʪʴ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ (ʩʤ. ʛʣ. 2). 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʎʄʈ ʭʦʣʤʦʚ ʃʘʨʩʝʤʘʥʥ 

(ʨʠʩ. 5.2ʩ) ʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʧʦʣʫʦʩʪʨʦʚʘ ɹʨʦʢʥʝʩ ʤʘʩʰʪʘʙʘ 

1 : 10 000 ʩ ʩʝʯʝʥʠʝʤ ʨʝʣʴʝʬʘ 10 ʤ ʠ ʩʠʩʪʝʤʦʡ ʚʳʩʦʪ ʦʪ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʤʦʨʷ 

[64]. ʉʦʛʣʘʩʥʦ ʣʝʛʝʥʜʝ ʢʘʨʪʳ, ʝʝ ʧʣʘʥʦʚʘʷ ʪʦʯʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 25 ʤ, ʪʦ ʝʩʪʴ 

2,5 ʤʤ ʚ ʤʘʩʰʪʘʙʝ ʢʘʨʪʳ. ɺʝʨʪʠʢʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ ʥʝ ʫʢʘʟʘʥʘ, ʥʦ ʝʝ ʤʦʞʥʦ 

ʧʨʠʥʷʪʴ ʨʘʚʥʦʡ 1/4ï1/3 ʩʝʯʝʥʠʷ ʨʝʣʴʝʬʘ, ʪʦ ʝʩʪʴ 2,5ï3,33 ʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 

ʵʪʫ ʢʘʨʪʫ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʎʄʈ, 

ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʷʷ ʠʤʝʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠ ʪʦʯʥʦʩʪʴ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʭ ʩʨʘʚʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʜʨʫʛʠʭ, ʙʦʣʝʝ ʪʦʯʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʙʦʨʘ ʠʟ 89 ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 69 

ʦʪʤʝʪʦʢ ʚʳʩʦʪ (ʚʳʩʦʪʳ ʩʚʦʙʦʜʥʳʭ ʦʪʦ ʣʴʜʘ ʚʝʨʰʠʥ ʭʦʣʤʦʚ) ʩ ʢʘʨʪʳ, ʘ ʪʘʢʞʝ 

20 ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʳʭ ʪʦʯʝʢ ʚʜʦʣʴ ʛʦʨʠʟʦʥʪʘʣʝʡ ʫʨʝʟʘ ʚʦʜʳ (ʨʠʩ. 5.2ʩ). 

ʎʄʈ ʠ ʥʘʙʦʨ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʙʳʣʠ ʩʦʚʤʝʱʝʥʳ ʠ ʦʙʨʘʙʦʪʘʥʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ MapInfo Pro 16.0.1. ʈʘʟʣʠʯʠʷ ʚ 

ʚʳʩʦʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 5.2, ʠʭ ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 
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ʪʦʯʥʦʩʪʠ ʢʘʨʪʳ. ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʝʨʝʧʘʜʳ ʚʳʩʦʪ ʜʣʷ ʪʦʯʝʢ 

ʚʜʦʣʴ ʛʦʨʠʟʦʥʪʘʣʝʡ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʦʪʤʝʪʦʢ ʚʳʩʦʪ. ʕʪʦ 

ʥʝʫʜʠʚʠʪʝʣʴʥʦ: 

1) ɹʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʦʙʦʟʥʘʯʝʥʘ ʧʣʘʚʥʳʤʠ ʛʦʨʠʟʦʥʪʘʣʷʤʠ, ʘ 

ʬʘʢʪʠʯʝʩʢʠʝ ʙʝʨʝʛʦʚʳʝ ʣʠʥʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ çʬʨʘʢʪʘʣʴʥʦʩʪʴʶè [147]. 

2) ʉʫʱʝʩʪʚʫʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʨʝʜʥʠʤ ʫʨʦʚʥʝʤ ʤʦʨʷ 

ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʛʝʦʠʜʘ. 

3) ɸʵʨʦʬʦʪʦʩʥʠʤʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʜʦʣʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʝʩʪʴ 

ʣʝʜʷʥʦʡ ʧʦʢʨʦʚ ʠ ʣʝʜʷʥʳʝ ʛʣʳʙʳ, ʚʳʩʦʪʘ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ 

ʧʨʝʜʝʣʘʭ ʥʝʩʢʦʣʴʢʠʭ ʜʝʮʠʤʝʪʨʦʚ, ʘ ʚʝʨʰʠʥʳ ʭʦʣʤʦʚ ï ʩʚʦʙʦʜʥʳ ʦʪʦ ʣʴʜʘ. 

4) ɺ ʪʝʯʝʥʠʝ 12 ʣʝʪ ʢʘʨʪʘ ʤʦʛʣʘ ʫʩʪʘʨʝʪʴ ʠʟ-ʟʘ ʙʝʨʝʛʦʚʦʡ ʵʨʦʟʠʠ. 

ʇʦɻ ʪʦʤʫ, ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʙʦʣʴʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʢʘʨʪʳ, ʘ ʥʝ 

ʎʄʈ. 

 

5.2.5 ɸʥʘʣʠʟ ʜʚʠʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʣʴʜʘ 

ɺ ʨʘʡʦʥʝ ʘʵʨʦʜʨʦʤʘ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʣʴʜʘ 

ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 2 ʩʤ ʟʘ 25 ʜʥʝʡ ʤʝʞʜʫ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʩʲʝʤʢʘʤʠ (ʨʠʩ. 

5.4ʚ), ʪʦ ʝʩʪʴ ʦʢʦʣʦ 0,08 ʩʤ ʚ ʜʝʥʴ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʦʥʘ ʘʵʨʦʜʨʦʤʘ 

ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʡ ʯʘʩʪʠ ʣʝʜʦʚʦʛʦ ʱʠʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʙʳʣʦ ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʎʄʈ ʘʵʨʦʜʨʦʤʘ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʩʝʟʦʥʥʦʛʦ ʪʘʷʥʠʷ ʩʥʝʛʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʨʘʡʦʥʝ ʘʵʨʦʜʨʦʤʘ ʚʳʩʦʪʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʣʝʜʷʥʦʛʦ ʱʠʪʘ ʠʟʤʝʥʠʣʠʩʴ ʟʘ 25 ʜʥʝʡ ʧʨʠʤʝʨʥʦ ʥʘ 20 ʩʤ, ʪʦ 

ʝʩʪʴ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. ʊʘʢʞʝ ʤʝʞʜʫ ʙʝʩʧʠʣʦʪʥʳʤʠ 

ʩʲʝʤʢʘʤʠ ʧʨʦʠʟʦʰʣʦ ʜʚʘ ʩʥʝʛʦʧʘʜʘ, ʢʦʪʦʨʳʝ ʩʜʝʣʘʣʠ ʵʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ 

ʙʝʩʩʤʳʩʣʝʥʥʳʤ. 

ʇʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʣʴʜʘ ʚ ʟʦʥʝ ʪʨʘʩʩʳ ʉɻʇ, ʛʜʝ 

ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 27 ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ, ʢʦʪʦʨʳʝ ʜʚʠʛʘʣʠʩʴ ʚʤʝʩʪʝ ʩʦ 

ʣʴʜʦʤ. ɼʚʠʞʝʥʠʝ ʣʝʜʷʥʦʛʦ ʱʠʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʠ ʚʘʨʴʠʨʦʚʘʣʦ ʦʪ 0,28 ʤ ʜʦ 

5,31 ʤ ʟʘ 31 ʜʝʥʴ ʤʝʞʜʫ ʧʝʨʚʦʡ ʠ ʧʦʩʣʝʜʥʝʡ ʩʲʝʤʢʘʤʠ, ʪʦ ʝʩʪʴ ʜʦ 0,17 ʤ ʚ 

ʜʝʥʴ.
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ʊʘʙʣʠʮʘ 5.1 ï ʊʦʯʥʦʩʪʴ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ 

ʈʘʡʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʣʘʥʦʚʘʷ 

ʪʦʯʥʦʩʪʴ (ʤ) 
ɺʝʨʪʠʢʘʣʴʥʘʷ 

ʪʦʯʥʦʩʪʴ (ʤ) 
X Y 

ʍʦʣʤʳ ʃʘʨʩʝʤʘʥʥ 0,09 0,12 0,08 

ɸʵʨʦʜʨʦʤ 0,05 0,04 0,03 

ʊʨʘʩʩʘ ʉɻʇ 1,9 0,5 0,8 

ʃʝʜʥʠʢ ɼʦʣʢ (ʧʨʦʚʘʣ) 0,05 0,05 0,06 

 

ʊʘʙʣʠʮʘ 5.2 ï ʈʘʟʥʠʮʳ ʚʳʩʦʪ ʤʝʞʜʫ ʎʄʈ ʭʦʣʤʦʚ ʃʘʨʩʝʤʘʥʥ ʠ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʦʡ ʧ-ʦʚʘ ɹʨʦʢʥʝʩ ʧʦ ʢʦʥʪʨʦʣʴʥʳʤ ʪʦʯʢʘʤ (ʤ) 

ʈʘʟʥʠʮʘ 

ɺʩʝ 

ʢʦʥʪʨʦʣʴʥʳʝ 

ʪʦʯʢʠ 

ʆʪʤʝʪʢʠ 

ʚʳʩʦʪ 

ʊʦʯʢʠ ʚʜʦʣʴ 

ʫʨʝʟʘ ʚʦʜʳ 

ʄʠʥʠʤʘʣʴʥʘʷ 

ʘʙʩʦʣʶʪʥʘʷ 
0.00 0.00 0.65 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʘʙʩʦʣʶʪʥʘʷ 
3.31 3.31 1.90 

ʉʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ 0.75 0.62 1.26 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ 0.98 0.88 1.31 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦ ʜʚʠʞʝʥʠʝ ʥʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ (ʨʠʩ. 5.7ʙ), 

ʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʜʘʣʝʥʠʝʤ ʥʘ ʶʛ. ʄʦʥʠʪʦʨʠʥʛ ʵʪʦʛʦ 

ʫʯʘʩʪʢʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʢʘʞʜʳʝ 2ï3 ʛʦʜʘ. 

 

5.3 ɺʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ 

ʋʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʚʩʝ ʩʢʨʳʪʳʝ ʪʨʝʱʠʥʳ ʩʦʚʝʨʰʝʥʥʦ ʥʝʟʘʤʝʪʥʳ ʥʘ 

ʦʨʪʦʬʦʪʦʧʣʘʥʝ ï ʦʰʠʙʦʯʥʦ. ʉʢʦʨʝʝ, ʠʭ ʦʙʥʘʨʫʞʝʥʠʝ ʟʘʪʨʫʜʥʝʥʥʦ ʠ ʪʨʝʙʫʝʪ 
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ʚʨʝʤʝʥʠ. ʕʪʦ ʩʦʟʜʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʛʦ ʠ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʩʧʦʩʦʙʘ ʚʳʷʚʣʝʥʠʷ ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ, ʯʝʤ ʜʝʰʠʬʨʠʨʦʚʘʥʠʝ 

ʦʨʪʦʬʦʪʦʧʣʘʥʦʚ.  

ʋ ʩʢʨʳʪʦʡ ʣʝʜʥʠʢʦʚʦʡ ʪʨʝʱʠʥʳ ʧʨʠʩʫʪʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʥʳʡ çʩʥʝʞʥʳʡ 

ʤʦʩʪè, ʢʦʪʦʨʳʡ ʟʘʪʨʫʜʥʷʝʪ ʝʝ ʚʳʷʚʣʝʥʠʝ. ʇʦʩʢʦʣʴʢʫ ʩʢʨʳʪʘʷ ʪʨʝʱʠʥʘ 

ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʧʦʣʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʩʥʝʞʥʳʡ ʤʦʩʪ ʦʩʝʜʘʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʠʣʳ ʪʷʞʝʩʪʠ ʠ ʦʙʨʘʟʫʝʪ ʚʳʪʷʥʫʪʦʝ ʚʜʦʣʴ ʪʨʝʱʠʥʳ ʤʠʢʨʦʧʦʥʠʞʝʥʠʝ 

(ʩʥʝʞʥʦ-ʣʝʜʦʚʘʷ ʣʠʥʝʡʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ), ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʰʠʨʝ ʩʘʤʦʡ 

ʪʨʝʱʠʥʳ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʣʞʥʦ ʦʪʨʘʟʠʪʴʩʷ ʚ ʎʄʈ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ 

ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʎʄʈ ʠ ʚʳʷʚʣʝʥʠʷ 

ʩʢʨʳʪʳʭ ʪʨʝʱʠʥ. ʇʨʠ ʵʪʦʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʝ ʚʩʝ ʩʢʨʳʪʳʝ ʣʝʜʥʠʢʦʚʳʝ 

ʪʨʝʱʠʥʳ ʤʦʛʫʪ ʙʳʪʴ ʚʳʷʚʣʝʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʎʄʈ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 62-ʦʡ ʈɸʕ ʨʘʟʨʘʙʦʪʘʥ 

ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ. 

 

5.3.1 ɻʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʡ ʩʧʦʩʦʙ 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ 

ʦʩʥʦʚʘʥ ʥʘ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎʄʈ 

ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 5.9 ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʦʢ-ʩʭʝʤʘ 

ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʎʄʈ ʣʝʜʥʠʢʘ, ʥʘ ʵʪʘʧʝ 

ʢʦʥʪʨʦʣʷ ʨʘʩʧʦʟʥʘʥʥʳʭ ʪʨʝʱʠʥ ʧʨʠʤʝʥʷʶʪʩʷ ʦʨʪʦʬʦʪʦʧʣʘʥʳ ʠ ʧʦʣʝʚʦʝ 

ʦʙʩʣʝʜʦʚʘʥʠʝ. 

ʉʧʦʩʦʙ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ: 

1) ʈʘʩʯʝʪ ʎʄʈ ʩ ʨʘʟʣʠʯʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

2) ʉʛʣʘʞʠʚʘʥʠʝ ʎʄʈ ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʰʫʤʘ. 

3) ʈʘʩʯʝʪ 16-ʪʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ (ʩʤ. Ä 5.3.2). 

4) ʂʦʥʪʨʦʣʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʨʝʱʠʥ. 

5) ʆʧʨʝʜʝʣʝʥʠʝ ʥʘʠʣʫʯʰʝʡ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 
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ʈʠʩʫʥʦʢ 5.9. ï ɹʣʦʢ-ʩʭʝʤʘ ʛʝʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʚʳʷʚʣʝʥʠʷ 

ʩʢʨrʪʳʭ ʣʝʜʥʠʢʦʚʳʭ ʪʨʝʱʠʥ  




























































































































