
ʄʀʅʀʉʊɽʈʉʊɺʆ ʆɹʈɸɿʆɺɸʅʀʗ ʀ ʅɸʋʂʀ  

ʈʆʉʉʀʁʉʂʆʁ ʌɽɼɽʈɸʎʀʀ 

ʬʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ. ʌ. ʈʝʰʝʪʥʝʚʘè 

 

 

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

 

ɹʫʨʷʯʝʥʢʦ ɺʣʘʜʠʤʠʨ ɺʠʢʪʦʨʦʚʠʯ 

 

 

ʄɽʊʆɼʓ ʉʊɸɹʀʃʀɿɸʎʀʀ ɺʀɼɽʆʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊɽʁ  

ʉʃʆɾʅʓʍ ʉʊɸʊʀʏɽʉʂʀʍ ʀ ɼʀʅɸʄʀʏɽʉʂʀʍ ʉʎɽʅ  

ɺ ʉʀʉʊɽʄɸʍ ɺʀɼɽʆʅɸɹʃʖɼɽʅʀʗ 

 

 

 

ʉʧʝʮʠʘʣʴʥʦʩʪʴ 05.13.01 ï ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʫʧʨʘʚʣʝʥʠʝ  

ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ (ʢʦʩʤʠʯʝʩʢʠʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ) 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

ʌʘʚʦʨʩʢʘʷ ʄ. ʅ. 

 

 

 

 

ʂʨʘʩʥʦʷʨʩʢ ï 2014 



 2 

ʉʦʜʝʨʞʘʥʠʝ 

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

ɻʃɸɺɸ 1. ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʆʎɽʅʂʀ ɼɺʀɾɽʅʀʗ ʀ  ʉʊɸɹʀʃʀɿɸʎʀʀ 

ɺʀɼɽʆʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊɽʁ ......................................................................................... 9 

1.1. ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ .......................................... 9 

1.1.1. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ................................................................... 10 

1.1.2. ʇʨʦʛʨʘʤʤʥʳʝ ʤʝʪʦʜʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ................................................................... 13 

1.2. ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ .. 14 

1.2.1. ɹʣʦʯʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ...................................................................... 15 

1.2.2. ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʦʯʝʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ......................... 18 

1.2.3. ʄʝʪʦʜʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ................................................................................. 20 

1.3. ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ .......................................... 23 

1.3.1. ʅʠʟʢʦʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ................................................................................. 24 

1.3.2. ʂʦʤʧʝʥʩʘʮʠʷ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ............................................... 24 

1.3.3. ʇʨʠʤʝʥʝʥʠʝ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ............................................................................. 25 

1.3.4. ɼʨʫʛʠʝ ʤʝʪʦʜʳ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ .................................. 26 

1.4. ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ....................................... 30 

1.4.1. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʝʨʝʨʠʩʦʚʢʘ ʛʨʘʥʠʮ ʠ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ    

ʢʘʜʨʘ ................................................................................................................................ 31 

1.4.2. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʜʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ....... 33 

1.4.3. ʋʩʪʨʘʥʝʥʠʝ ʨʘʟʤʳʪʠʷ ............................................................................................ 34 

1.5. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ............... 38 

1.6. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ .............................................................................................................. 42 

ɻʃɸɺɸ 2. ʎʀʌʈʆɺɸʗ ʉʊɸɹʀʃʀɿɸʎʀʗ ɺʀɼɽʆʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊɽʁ 

ʉʃʆɾʅʓʍ ʉʊɸʊʀʏɽʉʂʀʍ ʀ ɼʀʅɸʄʀʏɽʉʂʀʍ ʉʎɽʅ ................................................. 45 

2.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ........................................................................................................... 45 

2.2. ʉʪʘʙʠʣʠʟʘʮʠʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʣʦʞʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʮʝʥ ........................................................................................................................................... 47 

2.2.1. ʈʘʟʜʝʣʝʥʠʝ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʩʮʝʥʳ ................................................ 48 

2.2.2. ʋʩʪʨʘʥʝʥʠʝ ʨʘʟʤʳʪʠʷ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ..................................................... 49 

2.2.3. ʆʮʝʥʢʘ ʣʦʢʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ  ʊʘʢʘʛʠ-

ʉʫʛʝʥʦ-ʂʘʥʛʘ .................................................................................................................... 55 

2.2.4. ʆʮʝʥʢʘ ʛʣʦʙʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ ............................................................... 60 

2.3. ʂʦʤʧʝʥʩʘʮʠʷ ʜʚʠʞʝʥʠʷ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ...................... 62 

2.4. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ......................................................................................... 65 

2.4.1. ʇʨʠʤʝʥʝʥʠʝ ʠʥʪʝʨʧʦʣʷʮʠʠ ʦʧʦʨʥʳʭ ʢʘʜʨʦʚ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʥʠʮ ʢʘʜʨʘ 

ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʪʘʪʠʯʝʩʢʠʭ ʩʮʝʥ ............................................................... 66 

2.4.2. ʇʝʨʝʦʨʠʝʥʪʘʮʠʷ ʢʘʜʨʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʮʝʥ .......................................................................................................... 69 

2.5. ɸʣʛʦʨʠʪʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ................................................... 70 

2.6. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ .............................................................................................................. 76 



 3 

ɻʃɸɺɸ 3. ʇʆʉʊʈʆɽʅʀɽ ʂʆʄʇʃɽʂʉʅʆʁ ʉʀʉʊɽʄʓ ʉʊɸɹʀʃʀɿɸʎʀʀ 

ɺʀɼɽʆʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊɽʁ  ʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʈɽɿʋʃʔʊɸʊʓ ....... 79 

3.1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ .................... 79 

3.2. ʆʧʠʩʘʥʠʝ ʤʦʜʫʣʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ......................................................... 81 

3.3. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʪʘʪʠʯʝʩʢʠʭ ʩʮʝʥ, ʩʦʜʝʨʞʘʱʠʭ ʜʚʠʞʫʱʠʝʩʷ ʦʙʲʝʢʪʳ ......... 88 

3.4. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʮʝʥ .................................................................. 95 

3.5. ʉʠʩʪʝʤʘ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʠʟʫʘʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʚʠʜʝʦʧʦʪʦʢʘ ........................................................................................................................... 102 

3.6. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ ............................................................................................................ 104 

ɿɸʂʃʖʏɽʅʀɽ.......................................................................................................................... 106 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ ...................................................................................... 109 

 

 



 4 

ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʪʩʷ ʩʠʩʪʝ-

ʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʚʠʜʝʦʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʠ ʜʨʫʛʠʝ 

ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʢʘʯʝʩʪʚʦ ʩʲʝʤʢʠ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝ-

ʟʫʣʴʪʘʪ ʘʥʘʣʠʟʘ ʚʠʜʝʦʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʠʤ ʠʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳ-

ʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʜʥʘ-

ʤʝʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʢʘʤʝʨʳ ʚʦ ʚʨʝʤʷ ʩʲʝʤʢʠ. ʇʨʠʤʝʥʷʝʤʳʝ ʩʠʩʪʝʤʳ ʩʪʘʙʠ-

ʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʘʧʧʘʨʘʪʥʳʝ, ʦʧʪʠʯʝʩʢʠʝ 

ʠ ʧʨʦʛʨʘʤʤʥʳʝ. ɸʧʧʘʨʘʪʥʳʝ ʩʨʝʜʩʪʚʘ ʚʳʧʦʣʥʷʶʪ ʩʪʘʙʠʣʠʟʘʮʠʶ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʧʨʠ ʩʲʝʤʢʝ ʩ ʧʦʤʦʱʴʶ ʛʠʨʦʩʢʦʧʦʚ, ʠʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘʢʨʝʧʣʷʶʱʠʝ 

ʢʘʤʝʨʫ ʫʩʪʨʦʡʩʪʚʘ (ʰʪʘʪʠʚʳ). ʆʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʣʫʯʰʘʶʪ 

ʢʘʯʝʩʪʚʦ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʩʲʝʤʢʠ, ʦʜʥʘʢʦ ʧʨʠʚʦʜʷʪ ʢ ʫʜʦ-

ʨʦʞʘʥʠʶ ʚʠʜʝʦʢʘʤʝʨ. ʇʨʦʛʨʘʤʤʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝ-

ʩʪʚʦ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ ʩʲʝʤʢʠ, ʘ ʪʘʢʞʝ ʦʪ-

ʩʥʷʪʦʡ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʠʜʝʦʢʘʤʝʨʝ 

ʠ ʜʘʞʝ ʧʨʠ ʫʜʘʣʝʥʥʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʦʚʦʜʷʪʩʷ ʪʘʢʠʤʠ ʨʦʩʩʠʡʩʢʠʤʠ ʫʥʠʚʝʨʩʠʪʝʪʘʤʠ, ʢʘʢ: ʄʦʩʢʦʚ-

ʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʄʦʩʢʚʘ), ʌɻʋʇ çɻʦʩʅʀʀɸʉè (ʄʦʩʢʚʘ), 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʵʣʝʢʪʨʦʤʝʪʨʠʠ (ʅʦʚʦʩʠʙʠʨʩʢ), ʈʷʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʈʷʟʘʥʴ), ʗʨʦʩʣʘʚʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʗʨʦʩʣʘʚʣʴ), ʀʥʩʪʠʪʫʪ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ 

ʈɸʅ (ʛ. ʉʘʤʘʨʘ) ʠ ʨʷʜ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʢʣʘʜ ʚʳʜʘʶ-

ʱʠʭʩʷ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ, ʪʘʢʠʭ ʢʘʢ ʜ.ʬ.-ʤ.ʥ. ʖ. ɺ. ɺʠʟʠʣʴʪʝʨ, ʜ.ʪ.ʥ. 

ɹ. ɸ. ɸʣʧʘʪʦʚ, ʜ.ʪ.ʥ. ɺ. ʉ. ʂʠʨʠʯʫʢ, ʜ.ʪ.ʥ. ɸ. ʃ. ʇʨʠʦʨʦʚ, ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʝʡ Y. Matsushita, M. Grundmann ʠ ʜʨ. ʉʨʝʜʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʜʘʥʥʦʡ ʪʝʤʘʪʠʢʦʡ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ University of Alabama, 
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University of Massachusetts (ʉʐɸ), University of Technology, Sidney (ɸʚʩʪʨʘ-

ʣʠʷ). 

ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʚʠʜʝʦʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʇʨʠ ʥʘʣʠʯʠʠ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʚ ʩʮʝʥʝ ʫʭʫʜʰʘʝʪʩʷ 

ʢʘʯʝʩʪʚʦ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʩʪʘʙʠʣʠʟʘʮʠʠ. ɺ ʥʘʩʪʦʷɦ ʝʝ 

ʚʨʝʤʷ ʥʝ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʨʘʟʜʝʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʩʮʝʥʘʭ ʥʘ ʥʝ-

ʧʨʝʜʥʘʤʝʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʢʘʤʝʨʳ ʠ ʜʚʠʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʚ ʩʮʝʥʝ. ɼʣʷ ʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʩʮʝʥ ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʪʜʝʣʷʪʴ ʜʚʠʞʝʥʠʝ ʢʘʤʝʨʳ ʦʪ ʝʝ 

ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ (ʜʨʦʞʘʥʠʷ). ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʮʠʬʨʦ-

ʚʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʚ ʦʩʥʦʚʥʦʤ, ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʰʪʘʙʘ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʘʜʨʝ ʠ ʫʭʫʜ-

ʰʘʝʪ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʯʘʩʪʦ ʩʪʘʥʦʚʷʪʩʷ ʟʘʤʝʪʥʳ ʪʘ-

ʢʠʝ ʵʬʬʝʢʪʳ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ, ʢʘʢ ʨʘʟʤʳʪʠʝ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʚ ʢʘʜʨʝ. 

ʆʩʥʦʚʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʝʜʧʦ-

ʣʘʛʘʶʪ ʩʣʦʞʥʫʶ ʧʦʜʩʪʨʦʡʢʫ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʠʩʧʦʣʟɹʦʚʘʥʠʝ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʩʪʘʙʠʣʠʟʘʮʠʶ 

ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʪʘʙʠ-

ʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʮʝʥ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʝʡ ʚ ʩʠʩʪʝʤʘʭ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʠ ʚʠʜʝʦʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. 

ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʦʧʨʝʜʝʣʠʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ  

ʟʘʜʘʯ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʠʩʪʝʤ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ, 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. 

2. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʤʝʪʦʜ ʫʩʪʨʘʥʝʥʠʷ ʨʘʟʤʳʪʠʷ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢ-

ʪʦʚ ʥʘ ʦʩʥʦʚʝ ʥʘʭʦʞʜʝʥʠʷ ʯʝʪʢʠʭ ʢʘʜʨʦʚ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʚ ʩʣʦʞʥʳʭ ʩʮʝʥʘʭ, ʧʦʟʚʦʣʷʶ-

ʱʠʡ ʦʪʜʝʣʠʪʴ ʜʚʠʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʚ ʩʮʝʥʝ ʦʪ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, 

ʚʳʟʚʘʥʥʦʛʦ ʜʨʦʞʘʥʠʝʤ ʢʘʤʝʨʳ. 
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4. ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʥʠʮ ʢʘʜʨʘ ʙʝʟ ʫʚʝʣʠʯʝʥʠʷ 

ʤʘʩʰʪʘʙʘ ʠʟʦʙʨʘʞʝʥʠʷ. 

5. ʉʦʟʜʘʪʴ ʘʣʛʦʨʠʪʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʣʦʞʥʳʭ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʮʝʥ ʜʣʷ ʩʠʩʪʝʤ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. 

6. ʉʦʟʜʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʨʝʘʣʠʟʫʶʱʠʡ ʘʣʛʦʨʠʪʤʳ ʫʩʪʨʘʥʝ-

ʥʠʷ ʨʘʟʤʳʪʠʷ, ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ. 

7. ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦ-

ʪʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʪʝʩʪʦʚʳʭ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘʭ. 

ʆʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʫʥʢʪʦʤ 

12 çɺʠʟʫʘʣʠʟʘʮʠʷ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʴʶ-

ʪʝʨʥʳʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠè ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ɺɸʂ 

(ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ, ʩʧʝʮʠʘʣʴʥʦʩʪʴ 05.13.01 ï ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ, ʫʧʨʘʚʣʝʥʠʝ 

ʠ ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ). 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʤʝʪʦʜʳ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʛʝʦʤʝʪʨʠʠ, ʪʝʦʨʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ, ʪʝʦʨʠʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʤʝʪʦ-

ʜʳ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥ ʤʝʪʦʜ ʫʩʪʨʘʥʝʥʠʷ ʨʘʟʤʳʪʠʷ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢ-

ʪʦʚ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʮʝʥ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʥʘʭʦʞʜʝʥʠʠ ʯʝʪʢʠʭ ʢʘʜʨʦʚ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʨʘʟʤʳ-

ʪʳʭ ʦʙʲʝʢʪʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʠ ʚʠʟʫʘʣʴ-

ʥʦʝ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

2. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʦʡ ʤʦʜʝ-

ʣʠ ʊʘʢʘʛʠ-ʉʫʛʝʥʦ-ʂʘʥʛʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦ ʦʪʜʝʣʷʪʴ ʜʚʠʞʝʥʠʝ ʦʙʲ-

ʝʢʪʦʚ ʦʪ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʚʳʟʚʘʥʥʦʛʦ ʚʠʙʨʘʮʠʷʤʠ ʚʠʜʝʦʢʘʤʝ-

ʨʳ, ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʪʴ ʢʘʯʝʩʪʚʦ ʦʮʝʥʢʠ ʛʣʦʙʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʠʜʝʦʢʘ-

ʤʝʨʳ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʮʝʥʘʭ. 

3. ʈʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʥʠʮ ʢʘʜʨʘ ʧʨʠ ʩʪʘʙʠʣʠ-

ʟʘʮʠʠ ʩʪʘʪʠʯʝʩʢʠʭ ʩʮʝʥ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʥʪʝʨʧʦ-
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ʣʷʮʠʠ ʦʧʦʨʥʳʭ ʢʘʜʨʦʚ ʩʮʝʥʳ, ʧʦʟʚʦʣʷʶʱʠʡ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʶ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʛʨʘʥʠʯʥʳʭ ʧʠʢʩʝʣʘʭ ʠ ʠʟʙʝʞʘʪʴ ʧʦʛʨʝʰʥʦʩʪʝʡ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. 

4. ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʣʷ ʩʣʦʞʥʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʮʝʥ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʧʦʚʳʰʘʶʱʠʝ ʚʠʟʫʘʣʴʥʦʝ ʢʘ-

ʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʚ ʩʠʩʪʝʤʘʭ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʠ ʚʠʜʝʦʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ.  ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦ-

ʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʚʠʜʝʦʦʙʨʘʙʦʪʢʠ ʠ ʚʠʜʝʦʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʘʥʦʨʘʤʥʳʭ ʩʥʠʤʢʦʚ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ, ʧʦ-

ʣʫʯʝʥʥʳʭ ʧʨʠ ʩʲʝʤʢʝ ʩ ʧʦʜʚʠʞʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʚʠʜʝʦʥʘ-

ʙʣʶʜʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦ-

ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʯʝʪʢʦʩʪʠ ʠʟʦʙʨʘʞʝ-

ʥʠʡ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ, ʦʮʝʥʢʠ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʜʚʠʞʝʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘ-

ʤʠʯʝʩʢʠʭ ʩʮʝʥ. 

ʈʝʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ çʇʨʦ-

ʛʨʘʤʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʡ ʩʮʝʥʳ 

(Video Stabilizer) ɺʝʨʩʠʷ 1.0227è ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ ʈʦʩʩʠʡʩʢʦʤ ʨʝʝʩʪʨʝ ʧʨʦ-

ʛʨʘʤʤ ʜʣʷ ʕɺʄ ʛ. ʄʦʩʢʚʘ, 25 ʘʧʨʝʣʷ 2011 ʛ. (ʩʚʠʜʝʪʝʣʴʩʪʚʦ ˉ 2011612893). 

ʇʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ çʉʠʩʪʝʤʘ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʠʟʫ-

ʘʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʠʜʝʦʧʦʪʦʢʘ (Video Stream Enhancer). ɺʝʨʩʠʷ 

0.51è ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʈʦʩʩʠʡʩʢʦʤ ʨʝʝʩʪʨʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ ʛ. ʄʦʩʢʚʘ, 

10 ʩʝʥʪʷʙʨʷ 2013 ʛ. (ʩʚʠʜʝʪʝʣʴʩʪʚʦ ˉ 2013618514).  

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʣʫʯʝʥʳ ʛʨʘʥʪʳ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ʋʄʅʀʂ 2012-2013 çʈʘʟʨʘʙʦʪʢʘ ʩʠ-

ʩʪʝʤʳ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʣʫʯʰʝʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʚʠʜʝʦʧʦʪʦʢʘè, ʘ ʪʘʢʞʝ çʇʦʣʟʫʥʦʚʩʢʠʝ ʛʨʘʥʪʳè, 2012. ʇʦʣʫʯʝʥʳ ʘʢʪʳ ʦ ʧʝʨʝ-

ʜʘʯʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʭʝʤ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʚ çʋʧʨʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ɸʯʠʥʩʢʦʛʦ ʨʘʡʦʥʘè, ʘ ʪʘʢʞʝ ʚ ʆɸʆ çɸʯʠʥʩʢʠʡ 

ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʡ ʟʘʚʦʜè. 
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ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ 

ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ XIII, XIV , XVI, XVI I ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯ-

ʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çʈʝʰʝʪʥʝʚʩʢʠʝ ʯʪʝʥʠʷè (ʂʨʘʩʥʦʷʨʩʢ, 2008, 2009, 2011, 

2012 ʛʛ.), VI, VII  ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥ-

ʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ çɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʘʚʠʘʮʠʠ ʠ 

ʢʦʩʤʦʥʘʚʪʠʢʠè (ʂʨʘʩʥʦʷʨʩʢ, 2010, 2011), ʤʝʞʨʝʛʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʦʣʦʜʝʞʴ ʉʠʙʠʨʠ ï ʥʘʫʢʝ ʈʦʩʩʠʠè (ʂʨʘʩʥʦ-

ʷʨʩʢ, 2010), 16-ʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦ-

ʙʣʝʤʳ ʧʝʨʝʜʘʯʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʝʪʷʭ ʠ ʩʠʩʪʝʤʘʭ ʪʝʣʝʢʦʤʤʫʥʠ-

ʢʘʮʠʡè (ʈʷʟʘʥʴ, 2010), IX ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʄʦ-

ʣʦʜʝʞʴ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠè (ʊʦʤʩʢ, 2011), XII , XIII  

ʢʦʥʬʝʨʝʥʮʠʷʭ ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʦʣʠʤʧʠʘʜʳ çʂʦʥʢʫʨʩ ʢʦʤʧʴʶ-

ʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤè (ɺʦʣʦʛʜʘ, 2011), ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ çʊʝʭʥʠʯʝ-

ʩʢʦʝ ʟʨʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷè (ʄʦʩʢʚʘ, 2012, 2013), ʚʩʝʨʦʩʩʠʡʩʢʠʭ 

ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʅʘʫʢʘ. 

ʊʝʭʥʦʣʦʛʠʠ. ʀʥʥʦʚʘʮʠʠè (ʅʦʚʦʩʠʙʠʨʩʢ, 2011, 2012, 2013), 14-ʡ, 15-ʡ ʠ 16-ʦʡ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʚʳʩʪʘʚʢʘʭ çʎʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʦʚ ʠ 

ʝʝ ʧʨʠʤʝʥʝʥʠʝè (ʄʦʩʢʚʘ, 2012, 2013, 2014), ʟʘʨʫʙʝʞʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çKES-

IIMSS-2013è (Portugal, Sesimbra, 2013). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʫʙʣʠ-

ʢʦʚʘʥʦ: 19 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 3 ʩʪʘʪʴʠ ʚ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ ʠʟ ʧʝʨʝʯʥʷ 

ɺɸʂ, 14 ʜʦʢʣʘʜʦʚ, 2 ʩʚʠʜʝʪʝʣʴʩʪʚʘ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʈʦʩʩʠʡʩʢʦʤ ʨʝ-

ʝʩʪʨʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʕɺʄ. 

ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʝʭ ʛʣʘʚ, ʟʘʢʣʶʯʝ-

ʥʠʷ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʨʠʣʦʞʝʥʠʷ. ʆʩʥʦʚʥʦʡ ʪʝʢʩʪ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʜʝʨ-

ʞʠʪ 123 ʩʪʨʘʥʠʮ,r ʠʟʣʦʞʝʥʠʝ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 44 ʨʠʩʫʥʢʘʤʠ ʠ 15 ʪʘʙʣʠʮʘʤʠ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ ʚʢʣʶʯʘʝʪ 141 ʥʘʠʤʝʥʦʚʘʥʠʝ. 
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ɻʃɸɺɸ 1. ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʆʎɽʅʂʀ ɼɺʀɾɽʅʀʗ ʀ  

ʉʊɸɹʀʃʀɿɸʎʀʀ ɺʀɼɽʆʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊɽʁ 

 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʜʚʠʞʝʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʝʡ. ʇʨʠʚʝʜʝʥʘ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʦʧʠʩʘʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʤʝʪʦʜʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʳʭ ʩʠʩʪʝʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

 

1.1. ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

 

ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʢʘʪʝʛʦʨʠʠ ʤʝʪʦʜʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʜʘʪʯʠʢʦʚ: ʤʝʭʘ-

ʥʠʯʝʩʢʠʝ, ʦʧʪʠʯʝʩʢʠʝ ʠ ʧʨʦʛʨʘʤʤʥʳʝ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 1.1. 

 

ʊʘʙʣʠʮʘ 1.1 
ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʜʭʦʜʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʝʡ 

ʂʘʪʝʛʦʨʠʠ ʄʝʪʦʜʳ 

ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ 

ɻʠʨʦʩʢʦʧʳ (Gyroscopes) 

ɸʢʩʝʣʝʨʦʤʝʪʨʳ (Accelerometers) 

ʆʧʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ 

ʇʨʠʟʤʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʫʛʣʦʤ (Vari-Angle Prism) 

ʉʪʘʙʠʣʠʟʘʪʦʨ ʠʟʦʙʨʘʞʝʥʠʷ (Image Stabilizer) 

ʎʠʬʨʦʚʦʡ ʩʪʘʙʠʣʠʟʘʪʦʨ ʠʟʦʙʨʘʞʝʥʠʷ (Electronic Image Stabilizer) 

ʇʨʦʛʨʘʤʤʥʳʝ 

ʤʝʪʦʜʳ 

ʆʮʝʥʢʘ ʛʣʦʙʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʘʜʨʘ (Global motion estimation) 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʥʦʛʦ ʢʘʜʨʘ (Full-frame stabilization) 

ʇʦʜʭʦʜʳ ʥʘ ʦʩʥʦʚʝ ʦʩʦʙʝʥʥʦʩʪʝʡ (Feature based approaches) 

ʉʛʣʘʞʠʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ (Optimal camera paths) 

 

ʂʨʘʪʢʦ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʚʠʜʝʦʢʘʤʝʨ ʧʨʠ ʩʲʝʤʢʝ (ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ), ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ 

ʮʠʬʨʦʚʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ (ʧʨʦʛʨʘʤʤʥʳʝ ʤʝʪʦʜʳ). 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʛʨʘʤʤʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝ 

ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ ʩʲʝʤʢʠ, ʥʦ ʠ ʚ ʨʝʞʠʤʝ ʚʠʜʝʦʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. 
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1.1.1. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʷʚʠʣʠʩʴ ʠʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʳʤʠ ʤʝʪʦʜʘʤʠ ʩʪʘʙʠ-

ʣʠʟʘʮʠʠ ʚʠʜʝʦʜʘʪʯʠʢʦʚ. ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʚʠʜʘ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ: 

ʩʤʝʱʝʥʠʝ ʜʘʪʯʠʢʘ ʜʣʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʜʚʠʞʝʥʠʶ ʢʘʤʝʨʳ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʢʦʨʧʫʩʘ ʢʘʤʝʨʳ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʠ ʚʨʘʱʝʥʠʠ ʢʘʤʝʨ,r ʚʳʟʳʚʘʶʱʝʤ ʫʛʣʦ-

ʚʳʝ ʦʰʠʙʢʠ, ʛʠʨʦʩʢʦʧ ʫʧʨʘʚʣʷʝʪ ʤʝʭʘʥʠʟʤʦʤ, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪ ʜʘʪʯʠʢ, 

ʩʦʚʤʝʱʘʶʱʠʡ ʧʨʦʝʢʮʠ ʁʩʮʝʥʳ ʩ ʧʣʦʩʢʦʩʪʴ ʁʠʟʦʙʨʘʞʝʥʠʷ [38, 90]. ʅʝʜʦ-

ʩʪʘʪʢʦʤ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʰʠʨʦʢʦʫʛʦʣʴʥʦʛʦ ʦʙʲʝʢʪʠʚʘ, 

ʧʦʩʢʦʣʴʢʫ ʜʘʪʯʠʢ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ, ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʝ ʘʤʧʣʠʪʫ-

ʜr  ʩʠʛʥʘʣʘ ʦʪ ʩʝʥʩʦʨʘ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤʳ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʢʦʨʧʫʩʘ ʚʠʜʝʦʢʘʤʝʨʳ. 

ʕʪʦ ʥʝ ʧʨʝʜʲʷʚʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʠʜʝʦʢʘʤʝʨʝ ʠʣʠ ʦʙʲʝʢʪʠ-

ʚʫ, ʘ ʩʢʦʨʝʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʜʢʣʶʯʝʥʠʷ ʚʥʝʰʥʠʭ ʛʠʨʦʩʢʦʧʦʚ. ʇʨʠʤʝʨʦʤ 

ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ çSteadicamè [128]. 

ʆʥʘ ʠʩʧʦʣʴʟʫʝʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ ʢʨʝʧʣʝʥʠʝ ʢʘʤʝʨʳ, ʢʦʪʦʨʦʝ ʤʝʭʘʥʠʯʝʩʢʠ 

ʠʟʦʣʠʨʫʝʪ ʜʚʠʞʝʥʠʝ ʦʧʝʨʘʪʦʨʘ ʦʪ ʢʘʤʝʨʳ (ʨʠʩ. 1.1), ʠ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚ-

ʣʷʪʴ ʧʣʘʚʥʫʶ ʩʲʝʤʢʫ ʜʘʞʝ ʧʨʠ ʙʳʩʪʨʦʤ ʜʚʠʞʝʥʠʠ ʦʧʝʨʘʪʦʨʘ ʧʦ ʥʝʨʦʚʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʘʢʦ, ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʠ ʪʷʞʝʣʳʤ ʠ ʪʨʝʙʫʝʪ 

ʥʘʚʳʢʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʲʝʤʢʠ [22]. 

ʇʦʜ ʦʧʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʠʟʦʙʨʘʞʝʥʠʷ (Optical Image 

Stabilization, OIS) ʧʦʥʠʤʘʝʪʩʷ ʩʧʦʩʦʙ ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʚʠ-

ʜʝʦʜʘʪʯʠʢʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʷʪʴ ʜʨʦʞʘʥʠʝ ʢʘʤʝʨʳ ʜʦ ʪʦʛʦ, ʢʘʢ 

ʠʟʦʙʨʘʞʝʥʠʝ ʟʘʧʠʰʝʪʩʷ ʥʘ ʇɿʉ-ʤʘʪʨʠʮʫ (ʧʨʠʙʦʨ ʩ ʟʘʨʷʜʦʚʦʡ ʩʚʷʟʴʶ). ʊʘʢʦʡ 

ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. 
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ʈʠʩʫʥʦʢ 1.1 ï ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ Steadicam  

 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʦʧʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʳʩʦ-

ʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʢʘʤʝʨʘʤʠ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝ-

ʥʷʪʴ ʝʝ ʚ ʢʘʤʝʨʘʭ ʧʨʝʜʳʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ [57]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʠʜʝʦʢʘʤʝʨʳ ʩ 

ʦʧʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʦʯʝʥʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳ: ʙʦʣʴʰʠʥʩʪʚʦ ʚʠʙʨʘʮʠʡ 

ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʶʪʩʷ, ʢʦʨʨʝʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʤʛʥʦʚʝʥʥʦ, ʩʦʭʨʘʥʷʝʪʩ ̫ʚr -

ʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝʥʠʷ. ʂ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʦʪʥʦʩʠʪʩʷ ʩʠʩʪʝʤʘ, ʠʤʝ-

ʶʱʘʷ ʧʨʠʟʤʫ ʩ ʧʝʨʝʤʝʥʥʳʤ ʫʛʣʦʤ ʧʨʝʣʦʤʣʝʥʠʷ (Vari-Angle Prism, VAP), ʠ 

ʩʪʘʙʠʣʠʟʘʪʦʨ ʠʟʦʙʨʘʞʝʥʠʷ (Image Stabilization, IS) (ʨʠʩ. 1.2). 

VAP-ʩʠʩʪʝʤʘ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʠʟʤʳ ʩ ʧʝʨʝ-

ʤʝʥʥʳʤ ʫʛʣʦʤ ʧʨʝʣʦʤʣʝʥʠʷ. ʊʘʢʘʷ ʧʨʠʟʤʘ ʩʦʩʪʦʠʪ ʠʟ ʧʣʦʩʢʦʛʦ ʩʪʝʢʣʘ, ʛʠʙʢʦ 

ʩʦʝʜʠʥʝʥʥʦʛʦ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʧʣʝʥʢʦʡ, ʢʦʪʦʨʘʷ ʨʘʩʰʠʨʷʝʪʩʷ ʠ ʩʞʠʤʘʝʪʩʷ ʧʦ 

ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʩʪʝʢʣʷʥʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ ʟʘʧʦʣ-

ʥʝʥʦ ʩʠʣʠʢʦʥʦʚʳʤ ʤʘʩʣʦʤ ʩ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ ʠ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʨʘʩʰʠʨʝʥʠʝ ʠ ʩʞʘʪʠʝ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʫʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ. IS-

ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʦʧʪʠʯʝʩʢʠʝ ʣʠʥʟʳ, ʢʦʪʦʨʳʝ ʩʜʚʠʛʘʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʤʘʛʥʠʪʘʤʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʦʙʲʝʢʪʠʚʘ ʪʘʢ, ʯʪʦ ʧʨʠ ʜʚʠʞʝ-

ʥʠʠ ʦʙʲʝʢʪʠʚʘ ʣʫʯʠ ʩʚʝʪʘ, ʦʪʨʘʞʝʥʥʳʝ ʦʪ ʦʙʲʝʢʪʘ, ʠʟʤʝʥʷʶʪ ʩʚʦʶ ʪʨʘʝʢʪʦ-

ʨʠ ʁʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ [72]. ʋʛʦʣ ʧʨʝʣʦʤʣʝʥʠʷ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ 
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ʧʫʪʝʤ ʧʝʨʝʤʝʱʝʥʠ ̫ʛʨʫʧʧʳ ʣʠʥʟ ʚ ʧʣʦʩʢʦʩʪʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʧʪʠʯʝ-

ʩʢʦʡ ʦʩʠ. 

 

  
ʘ      ʙ 

  
ʚ      ʛ 

ʘ) ʥʝʧʦʜʚʠʞʥʘʷ ʧʨʠʟʤʘ ʩ ʧʝʨʝʤʝʥʥʳʤ ʫʛʣʦʤ; ʙ) ʜʝʬʦʨʤʘʮʠʷ VAP, ʚʳʟʚʘʥʥʘʷ ʚʠʙʨʘʮʠʝʡ 

ʩʚʝʪʦʚʦʛʦ ʣʫʯʘ; ʚ) ʩʪʘʙʠʣʠʟʘʪʦʨ ʠʟʦʙʨʘʞʝʥʠʷ IS ʩ ʥʠʩʭʦʜʷʱʝʡ ʚʠʙʨʘʮʠʝʡ ʙʝʟ ʩʪʘʙʠʣʠʟʘ-

ʮʠʠ; ʛ) ʩʪʘʙʠʣʠʟʘʪʦʨ ʠʟʦʙʨʘʞʝʥʠʷ IS ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ 

ʈʠʩʫʥʦʢ 1.2 ï ʈʘʟʣʠʯʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩʪʘʙʠʣʠʟʘʮʠʠ  

 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʪʘʙʠʣʠʟʘʪʦʨ ʠʟʦʙʨʘʞʝʥʠʡ (Electronic Image Stabilization, 

EIS) ʠʩʧʦʣʴʟʫʶʪ ʵʣʝʢʪʨʦʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʟʦʙʨʘ-

ʞʝʥʠʷ. ɽʩʣʠ ʜʘʪʯʠʢ ʩʠʩʪʝʤʳ ʦʙʥʘʨʫʞʠʚʘʝʪ ʜʨʦʞʘʥʠʝ ʢʘʤʝʨʳ ʧʨʠ ʧʦʧʘʜʘʥʠʠ 

ʩʚʝʪʘ ʥʘ ʇɿʉ-ʤʘʪʨʠʮʫ, ʪʦ ʩʠʩʪʝʤʘ ʨʝʘʛʠʨʫʝʪ ʧʝʨʝʤʝʱʝʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʷ ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʥʦ ʦʩʪʘʝʪʩʷ ʚ ʧʨʝʞʥʝʤ ʧʦʣʦʞʝʥʠʠ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʨʝʟʫʣʴ-

ʪʘʪ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʦʙʣʘʩʪʴ ʤʘʪʨʠʮʳ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ 

[90]. ʕʪʫ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʣʠʙʦ ʩ ʧʦʤʦʱʴʶ ʇɿʉ-ʤʘʪʨʠʮ rʙʦʣʴʰʝʛʦ 

ʨʘʟʤʝʨʘ ʠʣʠ ʮʠʬʨʦʚʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʜʚʠʞʝ-

ʥʠʝ ʦʙʲʝʢʪʦʚ ʚʳʟʳʚʘʝʪ ʨʘʟʤʳʪʦʩʪʴ ʠ ʟʝʨʥʠʩʪʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʟʘʤʝʪʥʦ ʚ ʦʙʣʘʩʪʷʭ ʚʳʩʦʢʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, EIS-ʩʠʩʪʝʤʳ ʠʤʝ-

ʪʁ ʧʨʝʠʤʫʱʝʩʪʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ OIS-ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠ ̫ ʩʣʦʞʥʦʩʪʠ 

ʛʨʫʧʧʳ ʣʠʥʟʳ ʠ ʮʝʥʳ. 
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1.1.2. ʇʨʦʛʨʘʤʤʥʳʝ ʤʝʪʦʜʳ ʩʪʘʙʠʣʠʟʘʮʠʠ 

 

ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʤʝʪʦʜʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʝʝ 

ʟʘʪʨʘʪʥʳʤ ʧʦʜʭʦʜʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʚʳʧʦʣʥʷʪʴ ʩʪʘʙʠʣʠʟʘʮʠʶ ʢʘʢ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʷ ʩʲʝʤʢʠ, ʪʘʢ ʠ ʧʦʚʳʰʘʪʴ ʢʘʯʝʩʪʚʦ ʫʞʝ ʦʪʩʥʷʪʦʛʦ ʚʠʜʝʦʤʘʪʝ-

ʨʠʘʣʘ. ʆʩʥʦʚʥʳʤʠ ʵʪʘʧʘʤʠ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʷʚ-

ʣʷʶʪʩʷ ʦʮʝʥʢʘ ʜʚʠʞʝʥʠʷ, ʢʦʤʧʝʥʩʘʮʠʷ (ʩʛʣʘʞʠʚʘʥʠʝ) ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʜʚʠ-

ʞʝʥʠʷ ʠ ʧʨʠʚʝʜʝʥʠʝ (ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ) ʠʟʦʙʨʘʞʝʥʠʷ ʢ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʤʫ 

ʧʦʣʦʞʝʥʠʶ (ʪʘʙʣ. 1.2). 

 

ʊʘʙʣʠʮʘ 1.2 
ʕʪʘʧʳ ʧʨʦʛʨʘʤʤʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʕʪʘʧʳ ʄʝʪʦʜ  r

ʆʮʝʥʢʘ  

ʜʚʠʞʝʥʠʷ 

ɹʣʦʯʥʦ-ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ (Block-Matching Algorithm) 

ʄʝʪʦʜʳ ʩʣʝʞʝʥʠʷ ʟʘ ʪʦʯʝʯʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ (Feature Tracking) 

ʄʝʪʦʜʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ (Optical Flow Matching) 

ʂʦʤʧʝʥʩʘʮʠʷ 

ʜʚʠʞʝʥʠʷ 

ʅʠʟʢʦʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ (Low-pass filtering) 

ʇʦʜʭʦʜʳ ʥʘ ʦʩʥʦʚʝ ʦʩʦʙʝʥʥʦʩʪʝʡ (Feature based approaches)  

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʚʫʭʤʝʨʥʦʡ ʩʮʝʥʳ (2D scene reconstruction) 

ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ (Kalman Filtering) 

ʇʦʠʩʢ ʠʜʝʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʢʘʤʝʨʳ (Optimal camera paths) 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ (3D scene reconstruction) 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ 

ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ (Zoom Image) 

ʇʝʨʝʨʠʩʦʚʢʘ ʛʨʘʥʠʮ ʢʘʜʨʘ (Motion Inpainting) 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ (Image Warping) 

ʊʝʢʩʪʫʨʥʳʝ ʤʝʪʦʜʳ (Texture Reconstruction) 

ʀʥʪʝʨʧʦʣʷʮʠʷ ʢʘʜʨʦʚ (Frame Interpolation) 

ʇʝʨʝʦʨʠʝʥʪʘʮʠʷ ʢʘʜʨʘ (Video retargeting) 

 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʦʚ ʠʟ ʨʘʟʥʳʭ ʢʘʪʝʛʦʨʠʡ, ʫʢʘʟʘʥʥʳʭ ʚ ʪʘʙʣ. 1.2, ʧʦʟ-

ʚʦʣʷʝʪ ʨʝʰʘʪʴ ʯʘʩʪʥʳʝ ʟʘʜʘʯʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʊʘʢ, 

ʢʦʤʙʠʥʘʮʠʷ ʙʣʦʯʥʦ-ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ, ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʬʠʣʴʪʨʘ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʪʘʙʠʣʠʟʘ-

ʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʪʘʪʠʯʝʩʢʠʭ ʩʮʝʥ [14, 110, 130]. ʇʨʠʤʝʥʝʥʠʝ 

ʤʝʪʦʜʦʚ ʩʣʝʞʝʥʠʷ ʟʘ ʪʦʯʝʯʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚ ʩʠʩʪʝʤʘʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʩʣʦʞʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʚʠʜʝʦʢʘʤʝʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
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ʙʦʣʝʝ ʪʦʯʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʣʘʚʥʫʶ ʪʨʘʝʢʪʦʨʠʶ [77, 103]. ʈʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʚ ʩʚʷʟʠ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʧʨʠ-

ʢʣʘʜʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʪʘʙʠʣʠʟʘʮʠʠ [101, 109]. 

ʊʨʘʜʠʮʠʦʥʥʦ ʩʪʘʙʠʣʠʟʘʮʠʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ 2D-

ʧʨʦʩʪʨʘʥʩʪʚʝ (ʚ ʧʣʦʩʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ) ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʵʪʘʧʦʚ. ɺʦ-ʧʝʨʚʳʭ, 

ʦʮʝʥʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʘʜʨʘʤʠ, ʥʘʧʨʠʤʝʨ ʘʬʬʠʥ-

ʥʳʝ ʠʣʠ ʧʨʦʝʢʪʠʚʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʚʳʧʦʣʥʷʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪ-

ʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʪʦʡ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ. ɺ-ʪʨʝʪʴʠʭ, 

ʚr ʧʦʣʥʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʥʦʛʦ ʢʘʜʨʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʜʨʦʞʘʥʠʷ ʢʘʤʝʨʳ [76]. 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʚ 2D-ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʜʨʦʞʘʥʠʝ ʢʘ-

ʤʝʨʳ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʥʝ ʫʜʘʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʫʪʴ 

ʢʘʤʝʨʳ ʧʦʜʦʙʥʳʡ ʪʦʤʫ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʧʨʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʩʲʝʤʢʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 2D-ʤʝʪʦʜʦʚ ʦʪʩʫʪʩʪʚʫʶʪ ʟʥʘʥʠʷ ʦ 3D-ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʠʩʭʦʜʥʦʡ ʢʘʤʝʨʳ, ʧʦʵʪʦʤʫ ʥʝʣʴʟʷ ʧʨʝʜʩʪʘʚʠʪʴ ʚʠʜ ʨʝʟʫʣʴʪʠʨʫʶ-

ʝɦʡ ʪʨʝʭʤʝʨʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʠ ʦʮʝʥʠʪʴ, ʢʘʢ ʩʮʝʥʘ ʚʳʛʣʷʜʝʣʘ ʙʳ ʩ ʝʝ ʧʨʠʤʝ-

ʥʝʥʠʝʤ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʶʪʩʷ ʧʨʦʝʢʪʠʚʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ, ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʘ ̫

ʬʠʣʴʪʨʘʮʠ.̫ ʉʫʱʝʩʪʚʝʥʥʘʷ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʚʠʜʠʤʳʤ ʘʨʪʝʬʘʢʪʘʤ ʥʘ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʫʩʪʨʘʥʷʝʪʩ ̫ʪʦʣʴʢʦ ʜʨʦʞʘʥʠʝ, ʘ ʩʛʣʘʞʝʥʥʘʷ ʪʨʘʝʢʪʦ-

ʨʠʷ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ ʥʝ ʩʪʨʦʠʪʩʷ. ʈʘʩʩʤʦʪʨʠʤ ʵʪʘʧʳ ʧʨʦʛʨʘʤʤʥʦʡ ʩʪʘʙʠʣʠ-

ʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. 

 

1.2. ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʝʡ 

 

ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ 

ʚ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ. ʆʜʥʘʢʦ ʜʣʷ ʟʘʜʘʯʠ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʚ ʦʩʥʦʚʥʦʤ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: 
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ï ʙʣʦʯʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦ-

ʜʝʡʩʪʚʠʝʤ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʧʦ-

ʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʩʮʝʥʝ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ [23, 26, 30]; 

ï ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʦʯʝʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʥʠ-

ʢʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʦʩʦʙʝʥʥʳʝ ʪʦʯʢʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ [27, 131]. 

ï ʤʝʪʦʜ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʠ ʚʳʨʘʚʥʠ-

ʚʘʥʠʠ ʧʦʣʷ ʚʝʢʪʦʨʦʚ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʷʨʢʦʩʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦʩʝʜʥʠʭ 

ʢʘʜʨʦʚ [28, 37]. 

 

1.2.1. ɹʣʦʯʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ 

 

ʅʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʛʨʫʧʧ ʷʚʣʷʝʪʩʷ 

ʛʨʫʧʧʘ ʙʣʦʯʥʳʭ ʤʝʪʦʜʦʚ (Block Matching Algorithm, BMA). ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ, ʥʝʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʦʚ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ. ʅʝ ʧʦʩʣʝʜʥʶʶ ʨʦʣʴ 

ʩʳʛʨʘʣʘ ʪʘʢʞʝ ʧʨʦʩʪʦʪʘ ʠʭ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ [25, 41, 87, 127].  

ʉʭʝʤʘ ʙʣʦʯʥʦʡ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ. ʀʟʦʙʨʘʞʝʥʠʝ ʜʝʣʠʪʩʷ ʥʘ ʥʝʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʙʣʦʢʠ 

ʧʠʢʩʝʣʦʚ ʨʘʟʤʝʨʘʤʠ N³N (ʦʙʳʯʥʦ 16³16 ʧʠʢʩʝʣʦʚ), ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ In(x, y), ʛʜʝ x, y ï ʢʦʦʨʜʠʥʘʪʳ ʧʠʢʩʝʣʷ, n ï ʥʦʤʝʨ 

ʢʘʜʨʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʚ ʥʝʙʦʣʴʰʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ïSx < dx < +Sx ʠ ï

 Sy < dy < +Sy ʠʱʫʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʭʦʞʠʝ ʙʣʦʢʠ ʥʘ ʩʣʝʜʫʶʱʝʤ ʢʘʜʨʝ 

In+1(x + dx, y + dy).  

ʉʭʦʜʩʪʚʦ ʙʣʦʢʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʝʡ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ E, ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʝʪʨʠʢʦʡ [29]. ʆʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʪʨʠ ʤʝʪʨʠʢʠ 

(ʚʳʨʘʞʝʥʠʷ (1.1)ï(1.3)): ʘʙʩʦʣʶʪʥʳʭ ʨʘʟʥʦʩʪʝʡ (SAD, Sum of Absolute 

Differences), ʩʫʤʤʘ ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʪʢʣʦʥʝʥʠʡ (SSD, Sum of Squared 

Differences) ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʚʘʜʨʘʪʦʚ ʨʘʟʥʦʩʪʝʡ (MSD, Mean of Squared 

Differences). 
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ʛʜʝ Bnum ï ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʙʣʦʢʦʚ. 

ɺ ʨʘʙʦʪʝ [44] ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʬʠʣʴʪʨʘʮʠ ʁ

ʚʝʢʪʦʨʦʚ ʜʚʠʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʙʣʦʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ 

ʜʚʠʞʝʥʠʷ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ 

ʩʦʙʩʪʚʝʥʥʳʡ ʢʨʠʪʝʨʠʡ ʨʘʩʯʝʪʘ ʤʝʨʳ ʦʰʠʙʢʠ E: 
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ʛʜʝ (xi, yi) ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʙʣʦʢʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʝʢʪʦʨʦʤ ʜʚʠʞʝʥʠʷ ʚ ʢʘʜ-

ʨʝ n; (xf, yf) ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʜʘʥʥʦʛʦ ʙʣʦʢʘ ʚ ʢʘʜʨʝ (n + 1), ʨʘʩʩʯʠʪʘʥʥʦʛʦ 

ʧʨʠ ʧʦʤʦʱʠ BMA; (xs, ys) ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʙʣʦʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʬ-

ʬʠʥʥʦʡ ʤʦʜʝʣʴʶ ʜʚʠʞʝʥʠʷ; const ï ʟʘʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ. 

ʊʝ ʞʝ ʘʚʪʦʨʳ ʚ ʩʚʦʝʡ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [117] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʥʥʘʷ ʤʝ-

ʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʦʰʠʙʢʠ ʜʘʝʪ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʯʝʤ ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ 

ʢʚʘʜʨʘʪʦʚ. ɿʘ ʩʯʝʪ ʬʠʣʴʪʨʘʮʠʠ ʥʝʪʦʯʥʳʭ ʚʝʢʪʦʨʦʚ ʜʚʠʞʝʥʠʷ ʘʚʪʦʨʘʤ ʫʜʘʣʦʩʴ 

ʜʦʩʪʠʯʴ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʚʦʨʦʪʘ ʢʘʤʝʨʳ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ Puglisi ʠ Battiato ʨʘʟʨʘʙʦʪʘʣʠ ʙʳʩʪʨʳʡ ʠ ʪʦʯʥʳʡ ʤʝʪʦʜ ʩʪʘʙʠ-

ʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʝʪʦʜʝ ʙʣʦʯʥʦʛʦ ʩʦʦʪ-
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ʚʝʪʩʪʚʠʷ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʣʫʯʝʥ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʧʦʣʥʦʛʦ 

ʧʦʠʩʢʘ ʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʬʫʥʢʮʠʠ ʦʰʠʙʢʠ. 

ɺ ʨʘʙʦʪʝ [47] ʘʚʪʦʨʳ ʧʨʝʜʣʘʛʘʶʪ ʥʦʚʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ, ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʩʭʦʜʩʪʚʘ ʙʣʦʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʛʘʫʩʩʦʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʪʠʤʠʟʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦ-

ʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʤʘʢʩʠʤʠʟʘʮʠʠ ʦʞʠʜʘʥʠʷ (Expectation Maximization algo-

rithm, EM-ʘʣʛʦʨʠʪʤ), ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʪʝʨʘʪʠʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʜʝʣʠ (ʘʧʨʠʦʨʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʚʝʢʪʦʨʦʚ ʟʥʘʯʝʥʠʡ ʠ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪ-

ʨʠʮʳ) ʠ ʨʘʩʰʠʨʝʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʄʘʭʘʣʘʥʦʙʠʩʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʦʮʝʥʢʠ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʜʣʷ ʧʦʠʩʢʘ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʭ ʙʣʦʢʦʚ ʥʘ ʩʦʩʝʜ-

ʥʠʭ ʢʘʜʨʘʭ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʛʘʫʩʩʦʚʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: 
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ʛʜʝ k ʷʚʣʷʝʪʩʷ ʯʠʩʣʦʤ ʢʦʤʧʦʥʝʥʪʦʚ, (Ŭi Ó 0) ʧʨʦʧʦʨʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʜʦʚʣʝ-

ʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ 1
1

=ä
=

k

i
ia , ʠ ʢʘʞʜʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ p(x/ɗi) ʷʚʣ̫-

ʝʪʩʷ ɻʘʫʩʩʦʚʦʡ ʬʫʥʢʮʠʝʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ: 
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ʛʜʝ n ï ʨʘʟʤʝʨʥʦʩʪʴ ʚʝʢʪʦʨʘ x, ɛi ï ʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ, ʠ Ɇi ï ʤʘʪʨʠʮʘ ʢʦʚʘʨʠʘ-

ʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʘ. Ūk ï ʥʘʙʦʨ ʠʟ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʤʝ-

ʩʠ, ʪʦ ʝʩʪʴ, Ūk =(ɗ1..., ɗk, Ŭ1..., Ŭk). 

ʆʮʝʥʢʘ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʟʥʘʯʝʥʠʡ 

ʠʭ ʚʝʩʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʩʝʤʠ ʪʨʝʤʷ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʤʦʜʝʣʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʧʦʭʦʞʝʤʫ ʙʣʦʢʫ. ɸʚʪʦʨʳ ʧʨʦʚʝʣʠ 
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ʦʮʝʥʢʫ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʩ ʢʨʠʪʝʨʠ̫ ʤʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʦʰʠʙʢʠ (SSD), ʘʙʩʦʣʶʪʥʳʭ ʨʘʟʥʦʩʪʝʡ 

(SAD), ʥʦʨʤʘʣʠʟʠʨʦʚʘʥʥʦʡ ʚʟʘʠʤʥʦʡ ʢʦʨʨʝʣʷʮʠʠ (NCC, Normalized Cross-

Correlation) ʠ ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʢʨʠʪʝʨʠʡ ʩʦʦʪʚʝʪʩʪʚʠʷ ʙʣʦʢʦʚ 

ʜʘʝʪ ʥʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦ ʤʝʪʨʠʢʝ PSNR (Peak Signal to Noise Ratio). ʆʜ-

ʥʘʢʦ ʠʭ ʤʝʪʦʜ ʟʘʚʠʩʠʪ ʦʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ. ʅʘ ʧʨʘʢ-

ʪʠʢʝ ʠʥʚʝʨʩʠʷ ʢʦʚʘʨʠʘʮʠʦʥʥʦʡ ʤʘʪʨʠʮʳ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʘ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ. 

ɹʣʦʯʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʙʳʩʪʨʦ ʠ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ 

ʦʮʝʥʠʚʘʶʪ ʩʤʝʱʝʥʠʝ ʦʙʲʝʢʪʦʚ ʤʝʞʜʫ ʢʘʜʨʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ 

ʦʮʝʥʢʫ ʚʝʢʪʦʨʘ ʛʣʦʙʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ [32, 51, 56, 

126]. ʅʝʜʦʩʪʘʪʢʘʤʠ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʦʜʥʦʨʦʜʥʳʭ ʦʙʣʘʩʪʝʡ 

ʥʘ ʨʝʟʫʣʴʪʘʪ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʚʷʟʢʘ ʢ ʨʘʟʤʝʨʫ ʙʣʦʢʘ ʧʦʠʩʢʘ. 

ʇʨʠʤʝʥʝʥʠʝ ʙʣʦʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʮʝʥʢʫ ʜʚʠʞʝʥʠʷ, ʥʦ ʩʚʷʟʘʥʦ ʩ ʚʣʠʷʥʠʝʤ ʥʝʛʘʪʠʚʥʳʭ 

ʬʘʢʪʦʨʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʠ ʠʟʤʝʥʝʥʠʠ ʦʩʚʝʱʝʥʥʦʩʪʠ 

[18, 33, 88]. ʂʨʦʤʝ ʪʦʛʦ, ʦʮʝʥʢʘ ʜʚʠʞʝʥʠʷ ʚ ʙʣʦʯʥʦʤ ʤʝʪʦʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʚʳʙʦʨ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʠ ʛʣʦʙʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʢʘʜʨʘ [94, 95, 111, 112]. 

 

1.2.2. ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʦʯʝʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

 

ɸʣʴʪʝʨʥʘʪʠʚʥʦʡ ʤʝʪʦʜʠʢʦʡ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʪʦʯʝʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʭʦʜʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʞʜʫ 

ʧʦʣʦʞʝʥʠʝʤ ʪʦʯʝʢ, ʫʛʣʦʚ ʠ ʬʠʛʫʨ ʥʘ ʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ. ɸʣʛʦʨʠʪʤʳ, ʨʝ-

ʘʣʠʟʫʶʱʠʝ ʥʘʭʦʞʜʝʥʠʝ ʦʩʦʙʝʥʥʳʭ ʪʦʯʝʢ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴʶ ʢ 

ʘʬʬʠʥʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ, ʠʟʤʝʥʝʥʠʷʤ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʨʘʟʤʳʪʠʶ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʠʭ ʜʣʷ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ [71, 86]. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʟʨʝʥʠʶ ʦʧʠʩʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʦ-

ʯʝʯʥʳʝ ʦʧʝʨʘʪʦʨʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʩʦʙʝʥʥʳʭ ʪʦʯʝʢ ʥʘ 
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ʠʟʦʙʨʘʞʝʥʠʠ. ʊʦʯʝʯʥʳʝ ʦʧʝʨʘʪʦʨʳ ʤʦʛʫʪ ʚʳʜʝʣʷʪʴ ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʦʩʦʙʝʥʥʳʝ 

ʪʦʯʢʠ ʚ ʣʦʢʘʣʴʥʦʡ 2D ʦʢʨʝʩʪʥʦʩʪʠ, ʪʘʢ ʠ ʪʦʯʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢʨʘʷʤ. ɺʩʝ 

ʪʦʯʝʯʥʳʝ ʦʧʝʨʘʪʦʨʳ ʦʩʥʦʚʘʥʳ ʥʘ ʚʳʯʠʩʣʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʘʪʨʠʙʫʪʦʚ ʠ ʦʧʨʝ-

ʜʝʣʝʥʠʠ ʪʦʛʦ, ʧʨʝʚʳʰʘʶʪ ʣʠ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʘʪʨʠʙʫʪʦʚ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ 

ʠʣʠ ʥʝʪ. ɸʪʨʠʙʫʪʳ ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʦʙʳʯʥʦ ʚʳʯʠʩʣʷʶʪʩʷ ʚ ʥʝʙʦʣʴʰʦʡ ʣʦ-

ʢʘʣʴʥʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʧʠʢʩʝʣʦʚ. ʏʠʩʣʦ ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʩʦʙʝʥʥʳʭ ʪʦʯʝʢ ʟʘʚʠ-

ʩʠʪ ʦʪ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. ʆʥʦ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʘʜʘʧʪʠʚʥʦ ʠʣʠ ʫʩʪʘ-

ʥʘʚʣʠʚʘʪʴʩʷ ʟʘʨʘʥʝʝ. ʂ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʪʦʯʝʯʥʳʤ ʦʧʝʨʘʪʦʨʘʤ ʤʦʞʥʦ ʦʪ-

ʥʝʩʪʠ ʫʛʣʦʚʦʡ ʜʝʪʝʢʪʦʨ ʍʘʨʨʠʩʘ [81], SIFT ʜʝʪʝʢʪʦʨ (Scale Invariant Feature 

Transform) [91, 106], SURF ʜʝʪʝʢʪʦʨ (Speeded Up Robust Feature) [34, 46] ʠ 

ʨʷʜ ʜʨʫʛʠʭ. 

ɸʣʛʦʨʠʪʤʳ ʩʣʝʞʝʥʠʷ ʟʘ ʪʦʯʝʯʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʤ̫ʠ, ʚ ʦʩʥʦʚʥʦʤ, ʦʧʠ-

ʨʘʶʪʩʷ ʥʘ ʨʘʙʦʪʫ ɹ. ʃʫʢʘʩʘ ʠ ʊ. ʂʘʥʘʜʝ [107]. ɺʧʦʩʣʝʜʩʪʚʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʬʦʨʤʫʣʠʨʦʚʢʘ ʘʣʛʦʨʠʪʤʘ ʙʳʣʘ ʠʟʤʝʥʝʥʘ, ʠ ʩʪʘʣʘ ʦʩʥʦʚʦʡ ʜʣʷ ʚʩʝʭ ʧʦʩʣʝʜʫ-

ʶʱʠʭ ʦʙʦʙʱʝʥʠʡ ʩ ʫʯʝʪʦʤ ʘʬʬʠʥʥʳʭ ʠʩʢʘʞʝʥʠʡ ʦʢʨʝʩʪʥʦʩʪʠ ʠ ʦʩʚʝʱʝʥʥʦ-

ʩʪʠ. ʇʫʪʝʤ ʟʘʤʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʢʦʥʩʪʘʥʪʳ ʣʶʙʦʡ ʠʟ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʙʘʟʦʚʳʡ ʘʣʛʦʨʠʪʤ ʃʫʢʘʩʘï

ʂʘʥʘʜʝ. ʃʶʙʦʡ ʘʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ ʦʩʦʙʝʥʥʳʭ ʪʦʯʝʢ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ: 

- ʥʘʭʦʞʜʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʛʦ ʢʘʜʨʘ ʠʟ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʥʘ ʢʦ-

ʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʙʲʝʢʪ ʠʥʪʝʨʝʩʘ (ʘʚʪʦʤʦʙʠʣʴ, ʯʝʣʦʚʝʢ ʠ ʪ. ʜ.); 

- ʥʘʣʦʞʝʥʠʝ ʩʝʪʢʠ 16³16 ʧʠʢʩʝʣ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩ-

ʯʝʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʷ ʚ ʢʘʞʜʦʤ ʢʚʘʜʨʘʥʪʝ ʬʫʥʢʮʠʠ ʦʪʢʣʠʢʘ. ʇʨʠ ʵʪʦʤ 

ʬʫʥʢʮʠʷ ʦʪʢʣʠʢʘ ʨʘʟʣʠʯʥʘ ʜʣʷ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʚʳʜʝʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʦʪʢʣʠʢʘ ʜʣʷ ʢʘʞʜʦʛʦ ʢʚʘʜʨʘʥ-

ʪʘ; 

- ʦʪʙʦʨ ʥʘʡʜʝʥʥʳʭ ʪʦʯʝʢ ʠʥʪʝʨʝʩʘ ʧʦ ʟʘʜʘʥʥʦʤʫ ʧʦʨʦʛʦʚʦʤʫ ʟʥʘʯʝ-

ʥʠ.ʁ 
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ʇʫʩʪʴ J ʠ K ï ʜʚʘ ʩʦʩʝʜʥʠʭ ʢʘʜʨʘ ʦʜʥʦʡ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʈʘʩ-

ʩʤʦʪʨʠʤ ʜʚʘ ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʢ ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʢʮʠʠ ʚ ʜʚʫʭ ʠʟʤʝʨʝʥʠʷʭ. 

ʊʨʝʙʫʝʪʩʷ ʦʪʩʣʝʜʠʪʴ ʦʩʦʙʝʥʥʦʩʪʴ ʠʟʚʝʩʪʥʦʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ 

p0 = [x0, y0] ʠʟʦʙʨʘʞʝʥʠʷ J ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ K, ʥʘʡʜʷ ʝʝ ʩʤʝʱʝʥʠʝ d = [dx, dy]
T
. 

ʈʘʟʣʠʯʠʝ e ʤʝʞʜʫ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʢʘʜʨʘʭ ʩ ʫʯʝʪʦʤ ʦʙʣʘʩʪʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʢʥʘ W ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ 

 

( ) ( )[ ] .dydxJK
Wñ --=e

2

00 dpp     (1.7) 

 

ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʩʤʝʱʝʥʠʝ d, ʤʠʥʠʤʠʟʠʨʫʶʱʝʝ ʚʝʣʠʯʠʥʫ Ů. ɽʩʣʠ ʩʤʝ-

ʱʝʥʠʝ ʥʝ ʩʭʦʜʠʪʩʷ ʢ ʥʫʣʶ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʠʪʝʨʘʮʠʡ, ʪʦ ʦʩʦʙʝʥʥʦʩʪʴ ʩʯʠʪʘ-

ʝʪʩ ̫ʧʦʪʝʨʷʥʥʦʡ. 

ʉʣʝʞʝʥʠʝ ʟʘ ʪʦʯʝʯʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʟʘʜʘʯʘʭ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. ʆʜʥʘʢʦ ʵʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʨʝʩʫʨʩʦʝʤʢʠʤ. ɽʛʦ ʨʝʘ-

ʣʠʟʘʮʠʷ ʚ ʨʝʘʣʴʥʦʤ ʨʝʞʠʤʝ ʚʨʝʤʝʥʠ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʳʭ ʨʝʰʝʥʠʡ. 

 

1.2.3. ʄʝʪʦʜ rʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ 

 

ʄʝʪʦʜʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʦʣʴʰʫʶ ʛʨʫʧʧʫ ʤʝ-

ʪʦʜʦʚ ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʡ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʬʠʟʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ: 

 

( )
( ) ,Sy,xf

t

y,xf
=ÐÖ+

µ

µ
V     (1.8) 

 

ʛʜʝ µf (x, y)/µt ï ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʚʨʝʤʝʥʠ ʬʫʥʢʮʠʠ f(x, y) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʦʙʣʘʩʪʠ; S ï ʠʟʤʝʥʝʥʠʷ ʷʨʢʦʩʪʠ, ʥʝ ʩʚʦʜʠʤʳʝ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʜʚʠʞʝ-

ʥʠ.ʁ ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʛʨʘʜʠʝʥʪ ʬʫʥʢʮʠʠ f(x, y) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 
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 ( )
( ) ( )

öö
÷

õ
ææ
ç

å

µ

µ

µ

µ
=Ð

y

y,xf

x

y,xf
y,xf ,  . (1.9) 

 

ʋʨʘʚʥʝʥʠʝ (1.8) ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ, ʘ ʧʦʜ ʧʝ-

ʨʝʥʦʩʠʤʦʡ ʩʨʝʜʦʡ ʧʦʥʠʤʘʝʪʩʷ ʷʨʢʦʩʪʴ ʠʟʦʙʨʘʞʝʥʠʷ f(x, y). ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʷ ʚʝʢʪʦʨʦʚ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʟʥʘʥʠʷ ʬʫʥʢʮʠʠ ʷʨʢʦʩʪʠ ʚ 

ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʢʘʜʨʘʭ. ʅʘʧʨʠʤʝʨ, ʟʘ ʚʝʢʪʦʨ ʜʚʠʞʝʥʠʷ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʚʝʢʪʦʨ, 

ʤʠʥʠʤʠʟʠʨʫʶʱʠʡ ʧʨʘʚʫʶ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ (1.8) ʧʦ ʧʣʦʱʘʜʠ ʤʘʢʨʦʙʣʦʢʘ. ɽʩ-

ʣʠ ʧʨʝʜʩʪʘʚʠʪʴ ʚʳʯʠʩʣʝʥʠʷ ʚ ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ, ʪʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʥ-

ʟʦʨʥʫʶ ʘʣʛʝʙʨʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʚʝʢʪʦʨʦʚ ʜʚʠʞʝʥʠʷ [1, 21, 35, 40, 59, 63]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʠʟʠʯʝʩʢʦʤ ʧʨʠʥ-

ʮʠʧʝ ʧʨʠʯʠʥʥʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʪʝʢʫʱʝʛʦ 

ʢʘʜʨʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʚʦʟʤʫʱʝʥʠʡ, ʧʨʠʰʝʜʰʠʭ ʩ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʠʟ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ ʦʧʦʨʥʦʛʦ ʢʘʜʨʘ. 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʠ ʙʦʣʴʰʦʤ ʤʦʜʫʣʝ ʚʝʢʪʦʨʘ ʜʚʠʞʝʥʠʷ ʬʦʨʤʫʣʳ ʜʣʷ ʧʨʦʠʟ-

ʚʦʜʥʳʭ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴ ʟʥʘʯʝʥʠʷ f(x, y) ʠʟ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ 

ʦʧʦʨʥʦʛʦ ʢʘʜʨʘ. ʋʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ f(x, y) ʚ ʬʦʨʤʫʣʘʭ ʜʣʷ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ, ʠ ʤʝʪʦʜ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʵʬʬʝʢ-

ʪʠʚʥʳʤ. ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʤʦʜʫʣʠ ʚʝʢʪʦʨʦʚ ʜʚʠʞʝʥʠʷ ʠʤʝʣʠ ʤʘʣʳʝ ʟʥʘʯʝ-

ʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʥʝʩʢʦʣʴʢʠʭ ʧʠʢʩʝʣʝʡ. 

ʆʙʳʯʥʦ ʜʚʠʞʝʥʠʝ ʚ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʮʝʥʠʚʘʝʪʩʷ ʧʫʪʝʤ 

ʥʘʭʦʞʜʝʥʠʷ 3D-ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʝʥʟʦʨʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʦʙʲʝʤʘ 

ʜʘʥʥʳʭ JS(p), ʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨʘ p, ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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ʛʜʝ I(x, y) ï ʬʫʥʢʮʠʷ ʷʨʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ, xI µµ , yI µµ  ʠ tI µµ  ï ʯʘʩʪʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʦʩʷʤ OX ʠ OY ʠ ʧʦ ʚʨʝʤʝʥʥʦʡ ʦʩʠ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, W(p, q) ï ʣʦʢʘʣʴʥʳʡ 3D-ʦʙʲʝʤ, ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʦʪʥʦʩʠʪʝʣʥɹʦ 

ʚʝʢʪʦʨʘ p, ʛʜʝ q ï ʣʦʢʘʣʴʥʘʷ ʪʦʯʢʘ. 

ʉʘʤʳʤ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʩʣʝ-

ʜʘ trace(JS(p)) ʤʘʪʨʠʮʳ JS(p) ʠ ʩʨʘʚʥʝʥʠʝ ʝʛʦ ʩ ʧʦʨʦʛʦʚʳʤ ʟʥʘʯʝʥʠʝʤ: 

 

()( )ñÐ=
ɋ

qIpJ dS

2
trace     (1.11) 

 

ʂʘʞʜʳʡ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ï ʙʣʦʯʥʳʝ ʤʝ-

ʪʦʜʳ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ, ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʦʯʝʯʥʳʭ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʠ ʤʝʪʦʜʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ, ï ʠʤʝʝʪ ʩʚʦʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. 

ɹʣʦʯʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʥʘʠʤʝʥʝʝ ʪʦʯʥʳ, ʥʦ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʝʝ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʦʮʝʥʢʠ ʥʝʞʝʣʘ-

ʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʩʮʝʥʘʭ [114, 115]. ʆʜʥʘʢʦ ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʜʚʠʞʫʱʠʡʩʷ ʦʙʲʝʢʪ, ʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʛʨʘʜʠʝʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ [60, 119]. ʉ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʦʯʝʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʞ-

ʥʦ ʫʩʪʘʥʦʚʠʪʴ ʪʠʧ ʜʚʠʞʝʥʠʷ ʩʣʦʞʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʮʝʥʳ ʠ ʥʘʡʪʠ ʥʝʞʝʣʘ-

ʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚ ʪʘʢʦʡ ʩʮʝʥʝ [31]. 

ɺ ʨʘʟʚʠʪʠʝ ʙʘʟʦʚʦʛʦ ʤʝʪʦʜʘ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ Cai ʠ Walker [52] ʧʨʝʜ-

ʣʦʞʠʣʠ ʘʣʛʦʨʠʪʤ ʚʠʜʝʦʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʚʳʙʦʨʘ ʦʩʦʙʝʥʥʳʭ ʪʦʯʝʢ ʠ 

delta-ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ. ʇʦʜ delta-ʦʧʪʠʯʝʩʢʠʤ ʧʦʪʦʢʦʤ ʘʚʪʦʨʘʤʠ ʧʦʥʠʤʘʝʪ-

ʩʷ ʩʫʤʤʘ ʚʪʦʨʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚ 3D ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʥʦʛʦ 

ʤʥʦʞʠʪʝʣʷ K ʧʠʨʘʤʠʜʳ ʃʫʢʘʩʘ-ʂʘʥʘʜʝ. ʊʘʢʦʡ ʤʝʪʦʜ ʘʢʪʫʘʣʝʥ ʜʣʷ ʙʳʩʪʨʦ 

ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ (ʨʠʩ. 1.3). 

 



 23 

    
ʘ 

    
ʙ 

ʘ) ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʘʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩ ʢʨʫʧʥʳʤ ʦʙʲʝʢʪʦʤ ʚ ʢʘʜʨʝ, ʙ) ʩʪʘʙʠ-

ʣʠʟʠʨʦʚʘʥʥʘʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʘʜʨʦʚ 

ʈʠʩʫʥʦʢ 1.3 ï ʇʨʠʤʝʨ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

 

ʀʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʧʨʠʤʝʨʘ ʚʠʜʥʦ, ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʛʫʪ ʩʜʚʠʛʘʪʴʩʷ 

ʛʨʘʥʠʮʳ ʢʘʜʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠ ̫ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘ. ɺʳʨʘʚ-

ʥʠʚʘʥʠʝ ʛʨʘʥʠʮ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ 

(retargeting) ï ʦʙʨʝʟʢʠ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʢʘʜʨʘ [102]. 

 

1.3. ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

 

ʋʩʣʦʚʥʦ ʤʝʪʦʜʳ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝ-

ʣʠʪʴ ʢʘʢ ʤʝʪʦʜʳ, ʦʮʝʥʠʚʘʶʱʠʝ ʜʚʠʞʝʥʠʝ ʚ 2D ʠ 3D ʩʮʝʥʘʭ. ʇʨʠ ʵʪʦʤ ʧʦʜ 2D 

ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʧʝʥʩʘʮʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʩʜʚʠʛʦʚ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʦʩʝʡ OX ʠ OY. ɼʣʷ ʵʪʦʛʦ ʠʱʝʪʩʷ ʚʝʢʪʦʨ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 3D 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʫʯʠʪʳʚʘʝʪ ʧʦʚʦʨʦʪʳ ʦʙʲʝʢʪʦʚ ʥʝ ʪʦʣʴʢʦ ʚ ʧʣʦʩʢʦʩʪʠ ʠʟʦʙʨʘ-

ʞʝʥʠʷ, ʥʦ ʠ ʚ 3D ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʠ ʵʪʦʤ ʩʪʨʦʷʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ ʧʨʦ-

ʛʥʦʟʠʨʫʶʱʠʝ ʤʦʜʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ ʨʘʙʦʪʫ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ. ʂ ʤʝʪʦʜʘʤ 2D ʩʪʘʙʠʣʠʟʘʮʠʠ ʦʪʥʦʩʷʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, 

ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 2D ʩʮʝʥʳ, ʢ 3D ʩʪʘʙʠʣʠʟʘʮʠʠ ï ʬʠʣʴʪʨ 

ʂʘʣʤʘʥʘ ʚ 3D ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʠʩʢ ʠʜʝʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚʠʜʝʦʢʘʤʝʨʳ, ʚʦʩ-

ʩʪʘʥʦʚʣʝʥʠʝ 3D ʩʮʝʥʳ ʠ ʨʷʜ ʜʨʫʛʠʭ. 
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1.3.1. ʅʠʟʢʦʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ 

 

ʅʠʟʢʦʯʘʩʪʦʪʥʳʡ ʬʠʣʴʪʨ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʩʫʤʤʠʨʫʝʪ ʤʝʞʢʘʜʨʦʚʳʝ ʚʝʢ-

ʪʦʨʳ ʜʚʠʞʝʥʠʷ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʛʣʦʙʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʩ ʧʦʤʦ-

ʱʴʶ ʧʨʦʩʪʳʭ ʦʧʝʨʘʮʠʡ ʚ ʨʝʘʣʴʥʦʤ ʨʝʞʠʤʝ ʚʨʝʤʝʥʠ. ʊʘʢʠʝ ʬʠʣʴʪʨʳ ʤʦʛʫʪ 

ʠʤʝʪʴ ʢʘʢ ʢʦʥʝʯʥʳʝ, ʪʘʢ ʠ ʙʝʩʢʦʥʝʯʥʳʝ ʠʤʧʫʣʴʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʥʠ 

ʭʦʨʦʰʦ ʨʘʙʦʪʘʶʪ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʩʤʝʱʝʥʠʷʭ ʢʘʤʝʨʳ. ʆʜʥʘʢʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴ-

ʥʳʭ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʩʜʚʠʛʘʭ ʢʘʤʝʨʳ ʩʛʣʘʞʝʥʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʩʪʨʦ-

ʠʪʩʷ ʩ ʟʘʜʝʨʞʢʦʡ, ʠ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʬʠʣʴʪʨʘʮʠʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʮʠʬʨʦʚʦʡ ʩʪʘʙʠ-

ʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʪ. ʢ. ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʚʩʝʭ 

(ʥʝʧʨʦʨʝʞʝʥʥʳʭ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʘʜʨʦʚ ʦʨʠʛʠʥʘʣʴʥʦʡ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ. 

ʄʦʜʫʣʴ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʚʝʢʪʦʨʘ Vcor ʜʣʷ n ʢʘʜʨʦʚ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (1.12) [61] 

 

   () ( ) (),1 nnkn infcorcor VVV +-Ö=     (1.12) 

 

ʛʜʝ V inf ï ʚʝʢʪʦʨ ʤʝʞʢʘʜʨʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʢʘʜʨʘʤʠ n ʠ (n ï 1), k ï ʢʦʤ-

ʧʝʥʩʠʨʫʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚʳʙʠʨʘʝʪʩʷ ʨʘʚʥʳʤ 0,995 

ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʩʤʝʱʝʥʠʷʭ ʠ ʨʘʚʥʳʤ 0,9 ʧʨʠ ʟʥʘʯʠʪʝʣʴ-

ʥʳʭ ʩʤʝʱʝʥʠʷʭ ʚʠʜʝʦʢʘʤʝʨʳ. 

 

1.3.2. ʂʦʤʧʝʥʩʘʮʠ ̫ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

 

ʉʫʱʝʩʪʚʫʝʪ ʮʝʣʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ, ʢʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʯʝʯʥʳʝ ʦʩʦ-

ʙʝʥʥʦʩʪʠ [45, 67, 84, 85, 116]. ɺ ʢʘʯʝʩʪʚʝ ʪʦʯʝʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʳʯʥʦ ʚr -
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ʩʪʫʧʘʶʪ ʠʥʚʘʨʠʘʥʪʥʳʝ ʧʨʠʟʥʘʢʠ SIFT (Scale Invariant Feature Transform) ʠ 

SURF (Speeded-Up Robust Feature). 

ʆʜʥʠʤ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʠʜʝʦʩʪʘʙʠʣʠʟʘʮʠʷ ʥʘ ʦʩ-

ʥʦʚʝ SIFT ʧʨʠʟʥʘʢʦʚ ʠ ʥʝʯʝʪʢʦʡ ʢʣʘʩʪʝʨʠʟʘʮʠʠ [132, 136]. ɸʚʪʦʨʳ ʥʘʭʦʜʷʪ 

ʦʨʠʝʥʪʘʮʠʶ SIFT-ʧʨʠʟʥʘʢʦʚ ʦʪ ʢʘʜʨʘ ʢ ʢʘʜʨʫ, ʧʦʵʪʦʤʫ ʤʝʪʦʜ ʥʘʟʚʘʥ SIFT-

ME (SIFT-Motion Estimation). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʟʘʜʘʥʦ ʘʬʬʠʥʥʦʡ ʤʦ-

ʜʝʣʴʶ. ɼʣʷ ʨʘʟʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʩʮʝʥʝ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʥʝʯʝʪʢʘʷ ʢʣʘʩʪʝʨʠʟʘʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʜʚʫʭ ʰʘʛʦʚ. ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ k-ʩʨʝʜʥʠʭ. ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʘʚʠʣʘ ʥʝʯʝʪ-

ʢʦʡ ʣʦʛʠʢʠ, ʝʩʣʠ ʟʥʘʯʝʥʠʷ k ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʝ (ʠʟʣʠʰʥʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʣʘʩʪʝʨʦʚ). ɼʘʣʝʝ ʧʨʠʤʝʥʷʝʪʩʷ ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʣʦ-

ʙʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

 

1.3.3. ʇʨʠʤʝʥʝʥʠʝ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ 

 

ʅʘʟʥʘʯʝʥʠʝ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʩʚʷʟʘʥʦ ʩ ʦʮʝʥʢʦʡ ʩʦʩʪʦʷʥʠʷ ʣʠʥʝʡʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ ʚʠʜʝ: 

 

   ( ) () (),1 ttt wSHS +³=+      (1.13) 

 

ʛʜʝ S(t + 1) ʠ S(t) ï ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t ʠ (t + 1), H ï 

ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ, w(t) ï ʰʫʤʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʩʯʠʪʘʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ. 

ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ ʩʦʜʝʨʞʠʪ ʜʚʝ ʬʘʟʳ: ʬʘʟʫ ʧʨʝʜʩʢʘʟʘʥʠʷ (ʦʙʥʦʚʣʝʥʠʝ 

ʫʨʘʚʥʝʥʠʡ) ʠ ʬʘʟʫ ʢʦʨʨʝʢʪʠʨʦʚʢʠ (ʫʪʦʯʥʝʥʠʝ ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʥʘ ʧʝʨʚʦʡ ʬʘʟʝ ʥʘ ʦʩʥʦʚʝ ʨʝʘʣʴʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʦʮʝʥʦʢ), ʠʥʳʤʠ ʩʣʦʚʘʤʠ, 

ʧʨʦʠʩʭʦʜʠʪ ʘʧʨʠʦʨʥʦʝ ʠ ʘʧʦʩʪʝʨʠʦʨʥʦʝ ʦʮʝʥʠʚʘʥʠʝ. ʈʘʙʦʪʘ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ 

ʧʦʜʨʦʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʯʝʥʴ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʨʘʟʣʠʯ-

ʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ [48], ʦʮʝʥʢʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʪʝʦʨʠʠ ʮʠʬ-
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ʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʟʘʜʘʯ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʚʠʟʫʘʣʴʥʳʭ ʦʙʲʝʢ-

ʪʦʚ [80, 100, 123]. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʥʪʝʨʝʩʥʳ ʦʮʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ [61] ʥʘ ʦʩʥʦʚʝ ʬʠʣʴ-

ʪʨʘ ʂʘʣʤʘʥʘ, ʜʣʷ ʤʦʜʝʣʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ (ʚʳʨʘʞʝʥʠʝ (1.14)) ʠ ʤʦʜʝ-

ʣʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ (ʚʳʨʘʞʝʥʠʝ (1.15)) ʦʙʲʝʢʪʦʚ ʠʥʪʝʨʝʩʘ. ʆʥʠ 

ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

   () () (),nnn
infklm XXcor VHV -=      (1.14) 

  () () () ( ),1-+-= nnnn corinfklmcor VVHV    (1.15) 

 

ʛʜʝ HXklm ï ʩʦʩʪʘʚʣʷʶʱʘʷ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʧʦ ʦʩʠ OX, VXinf ï ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʤʝʞʢʘʜʨʦʚʦʡ ʨʘʟʥʠʮʳ ʧʦ ʦʩʠ OX, Hklm ï ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ ʜʣʷ ʢʘʜʨʘ n. 

ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʤʝʪʦʜʦʤ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʞʝ-

ʣʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʮʝʥ, ʢʦʛʜʘ ʧʦʤʠʤʦ 

ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʠʜʝʦʢʘʤʝʨʳ ʠʤʝʶʪʩʷ ʚʠʟʫʘʣʴʥʳʝ ʦʙʲʝʢʪʳ, ʜʚʠ-

ʞʫʱʠʝʩʷ ʩ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʫʩʢʦʨʝʥʠʝʤ. ʌʠʣʴʪʨ ʂʘʣʤʘʥʘ, ʢʘʢ ʠ ʚʩʝ 

ʤʝʪʦʜʳ ʩʦʧʨʦʚʦʞʜʝʥʠʷ, ʥʝ ʟʘʱʠʱʝʥ ʦʪ ʩʨʳʚʦʚ ʧʨʠ ʨʝʟʢʦʡ ʩʤʝʥʝ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʣʠ ʩʲʝʤʢʠ ʠ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʥʫʞʜʘʝʪʩʷ ʚ ʧʦʚʪʦʨʥʦʡ 

ʠʥʠʮʠʘʣʠʟʘʮʠʠ. 

 

1.3.4. ɼʨʫʛʠʝ ʤʝʪʦʜʳ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ 

 

ʉʫʱʝʩʪʚʫʶʪ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚ ʩʮʝʥʝ. ʊʝʭʥʦʣʦʛʠʷ ʩʦʭʨʘʥʝʥʠʷ ʢʦʥʪʝʥʪʘ ʧʨʠ ʩʤʷʪʠʠ ʠʟʦʙʨʘʞʝʥʠʡ 

(Content-Preserving Warping, CPW) ʧʨʝʜʣʦʞʝʥʘ ʚ ʨʷʜʝ ʨʘʙʦʪ [103, 140, 141]. 

ʆʩʥʦʚʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʜʣʷ ʪʘʢʦʛʦ ʩʣʦʞʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʦʠʪʩʷ ʥʘ 

ʪʦʤ, ʯʪʦ ʨʝʘʣʴʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʜʝʨʞʘʪ ʤʥʦʞʝʩʪʚʦ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʪʦʯʝʯʥʳʝ ʦʩʦʙʝʥʥʦ-
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ʩʪʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʠʭ ʛʠʧʦʪʝʟ. ʅʘ ʢʘʜʨ ʥʘʢʣʘʜʚrʘʝʪʩʷ ʩʝʪʢʘ, ʜʣʷ ʢʘʞʜʦʡ 

ʷʯʝʡʢʠ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʝʪʩʷ ʬʫʥʢʮʠʷ ʩʤʷʪʠʷ E(V) 

 

   () () ()VEVEVE sd a+= ,     (1.16) 

 

ʛʜʝ Ed(V) ï ʬʫʥʢʮʠʷ ʜʘʥʥʳʭ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʙʠʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ, Es(V) 

ï ʬʫʥʢʮʠʷ ʩʛʣʘʞʠʚʘʥʠʷ, a ï ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ. 

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʦʮʝʥʦʢ ʪʨʝʙʫʝʪʩʷ ʚʳʙʨʘʪʴ ʦʜʥʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʝ ʜʣʷ ʢʘʜʨʘ, ʠ ʵʪʦʪ ʚʳʙʦʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʧʣʦʩʢʠʤ ʧʦʚʝʨʭʥʦʩʪʷʤ, ʥʘʡʜʝʥʥʳʤ ʧʦ ʤʝʪʦʜʫ ʩʣʫʯʘʡʥʳʭ ʤʘʨʢʦʚʩʢʠʭ ʧʦʣʝʡ. 

ʄʝʪʦʜ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ, ʥʝ ʚʩʝʛʜʘ ʫʩʪʦʡʯʠʚʳʤ ʠ ʪʨʝʙʫʶʱʠʤ ʜʘʣʴʥʝʡʰʝʡ 

ʧʨʦʨʘʙʦʪʢʠ. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʚʠʜʝʦʩʪʘʙʠʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ 3D ʪʨʘʝʢʪʦʨʠʠ 

ʜʚʠʞʝʥʠʷ ʚʠʜʝʦʢʘʤʝʨʳ. ɹʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ (ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʝʦʢʘ-

ʤʝʨ ʠʣʠ ʜʘʣʴʥʦʤʝʨʦʚ) ʨʝʰʠʪʴ ʪʘʢʫʶ ʟʘʜʘʯʫ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʆʜʥʘʢʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ 3D ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʘ ʠ ʩ ʫʯʝʪʦʤ ʵʪʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʚʳʧʦʣʥʠʪʴ ʩʪʘʙʠʣʠʟʘʮʠʶ [134]. 

ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʩʪʘʜʠʠ ʦʮʝʥʢʠ ʠ ʩʛʣʘʞʠʚʘʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʜʚʠ-

ʞʝʥʠʷ ʚ ʩʮʝʥʝ ʦʧʫʩʢʘʶʪʩʷ, ʠ ʘʚʪʦʨʳ ʩʨʘʟʫ ʧʳʪʘʶʪʩʷ ʧʦʩʪʨʦʠʪʴ ʪʨʘʝʢʪʦʨʠʠ, 

ʫʩʪʦʡʯʠʚʳʝ ʢ ʥʝʞʝʣʘʪʝʣʴʥʳʤ ʧʝʨʝʤʝʱʝʥʠʷʤ ʢʘʤʝʨʳ. ʆʜʥʘʢʦ ʙʝʟ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʵʪʦ ʩʜʝʣʘʪʴ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʊʘʢ, ʚ 

ʩʪʘʪʴʝ [96] ʚʳʜʚʠʛʘʶʪʩʷ ʜʚʝ ʛʠʧʦʪʝʟʳ, ʘ ʠʤʝʥʥʦ, ʥʘʣʠʯʠʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ 

ʨʝʛʠʦʥʦʚ ʬʦʥʘ ʠʣʠ ʦʙʲʝʢʪʦʚ ʠʥʪʝʨʝʩʘ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʪʘʢʠʭ ʦʙʲʝʢ-

ʪʦʚ. ɹʳʩʪʨʳʡ ʘʣʛʦʨʠʪʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʣʷ ʙʝʩʧʠ-

ʣʦʪʥʳʭ ʤʘʥʝʚʨʝʥʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʧʨʝʜʣʦʞʝʥ ʚ ʨʘʙʦʪʝ [122]. 

3D ʚʠʜʝʦʩʪʘʙʠʣʠʟʘʮʠʷ ʚʦʟʤʦʞʥʘ ʧʨʠ ʥʘʣʠʯʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʚʠʜʝʦʢʘʤʝʨ 

[105, 138]. ʇʨʠ ʥʘʣʠʯʠʠ ʢʘʤʝʨʳ ʩ ʦʮʝʥʢʦʡ ʛʣʫʙʠʥʳ (Kinect-camera) ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʝ 3D ʩʮʝʥʳ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʮʠʬʨʦʚʫʶ ʩʪʘʙʠ-
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ʣʠʟʘʮʠʶ 2D ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʋʯʠʪʳʚʘʶʪʩʷ ʚʨʘʱʝʥʠʷ ʠ ʩʜʚʠʛʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʪʦʨʳʝ ʦʮʝʥʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ SURF-ʜʝʩʢʨʠʧʪʦʨʘ. 

ʄʝʪʦʜ, ʦʮʝʥʠʚʘʶʱʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʚʠ-

ʜʝʦʢʘʤʝʨʳ (ʙʝʟ ʦʮʝʥʢʠ ʣʦʢʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ), ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ [93]. 

ʆʮʝʥʢʘ ʛʣʦʙʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʣʫʯʘʡʥʦʡ ʚʳʙʦʨʢʠ 

ʣʦʢʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (local patches), ʢʘʞʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ ʥʘʟʥʘʯʘʝʪʩʷ ʚʝʩ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ ʦʙʲʝʤʝ ʜʘʥʥʳʭ. ʊʦʯʝʯʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ SURF-ʜʝʪʝʢʪʦʨʦʤ ʠ ʦʪʩʣʝʞʠʚʘʶʪʩʷ ʧʦ ʤʝʪʦʜʫ ʃʫʢʘʩʘ-ʂʘʥʘʜʝ ʧʫʪʝʤ 

ʤʠʥʠʤʠʟʘʮʠʠ ʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʠ O(H): 
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ʛʜʝ m ï ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, Pi ï i-ʷ ʪʦʯʝʯʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʩ 

ʢʦʦʨʜʠʥʘʪʘʤʠ (xi, yi), f(Pi, H) ï ʬʫʥʢʮʠʷ ʩʤʷʪʠʷ, ʧʦʢʘʟʳʚʘʶʱʘʷ, ʢʘʢ ʪʦʯʢʘ Pi 

ʧʝʨʝʤʝʩʪʠʣʘʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ H (ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʘʬʬʠʥʥʘʷ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ), I t(Ö) ʠ I t+1(Ö) ï ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʢʘʭ t ʠ (t+1) ʢʘʜʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʪʦʯʝʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʤʝʪʦʜʫ 

RANSAC (Random Sample Consensus) [70]. 

3D-ʧʦʜʭʦʜʳ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʤʦʱʥʳʤʠ, ʭʦʪʷ ʠ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʨʝʩʫʨʩʦʝʤʢʠʤʠ. ɸʢʪʫʘʣʴʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʠʩ-

ʭʦʜʥʘʷ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ ʚʧʝʨʚʳʝ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʠʩʧʦʣʟɹʦʚʘʥʠʝʤ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʜʭʦʜʘ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʟ ʜʚʠʞʝʥʠʷ (SFM) [82]. ʈʝʟʫʣʴ-

ʪʘʪʦʤ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʪʨʝʭʤʝʨʥʫʶ ʛʝʦʤʝʪʨʠʶ ʩʮʝʥʳ. ʇʨʠ ʵʪʦʤ ʞʝʣʘʝʤʳʡ ʧʫʪʴ ʢʘ-

ʤʝʨʳ ʧʨʠʙʣʠʞʝʥ ʢ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʚʠʜʝʦʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʘ ʧʫʪʝʤ ʨʝʥʜʝʨʠʥʛʘ ʩʮʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʙʫʜ-

ʪʦ ʦʥʘ ʧʦʣʫʯʝʥʘ ʩ ʥʦʚʦʡ, ʥʫʞʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ. 



 29 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ 

ʩʮʝʥʳ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʝʥ ʘʣʛʦʨʠʪʤ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ [50]. 

ʈʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ, ʦʜʥʘʢʦ, ʢʘʢ ʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʜʨʫʛʠʭ ʘʣʛʦ-

ʨʠʪʤʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʢʘʞʜʳʡ ʚʳʭʦʜʥʦʡ ʢʘʜʨ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʩʦʯʝʪʘ-

ʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʘʜʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʮʝʥʝ ʚʦʟʥʠʢʘʶʪ 

ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʦʨʝʦʣʳ, ʦʪʨʘʞʘʶʱʠʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʝʜʳʜʫɦ ʠʭ ʢʘʜʨʦʚ ʧʨʠ 

ʥʘʣʠʯʠʠ ʜʚʠʞʝʥʠʷ. 

ʆʜʠʥ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʦʙʨʘʙʦʪʢʝ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʜʠʥʘʤʠʯʝ-

ʩʢʠʭ ʩʮʝʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʷʚʣʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʠʩʢʣʶʯʝʥʠʠ 

ʠʟ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʥʦʚʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʩʠʥ-

ʪʝʟʠʨʦʚʘʥʠʷ ʬʦʥʘ, ʧʦʚʪʦʨʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚʩʝʭ ʦʙʣʘʩʪʝʡ ʠ ʟʘʧʦʣʥʝʥʠʠ ʚʩʝʭ 

ʦʩʪʘʚʰʠʭʩʷ ʥʝʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʣʘʩʪʝʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʰʘʛʦʚ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚʩʝ ʙʫʜʝʪ ʫʩʧʝʰʥʦ ʟʘʚʝʨ-

ʰʝʥʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʘ. 

ɽʩʣʠ ʜʣʷ ʦʮʝʥʢʠ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

SFM (Structure From Motion), ʪʦ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʩʛʣʘʞʠʚʘ-

ʥʠʝ ʠ ʣʠʥʝʘʨʠʟʘʮʠ ʁ [103]. ʏʪʦʙʳ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʩʭʦʜʥʫʶ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʪʘʢ, ʝʩʣʠ ʙʳ ʦʥʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʛʣʘʜʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʢʘʤʝʨʳ, 

ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʥʘʜʝʞʥʳʤ ʧʦʜʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʚʠʨʪʫʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʤʘʩʰʪʘʙʘ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʛʣʘʞʠʚʘʥʠʷ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʢ ʦʙʨʝʟʘʥʥʦʤʫ ʜʦ ʚʳʙʨʘʥʥʦʛʦ 

ʤʘʩʰʪʘʙʘ ʦʨʠʛʠʥʘʣʴʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʦʪʦʙʨʘʞʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʙʫʜʪʦ ʦʥʘ ʧʦʣʫʯʝʥʘ ʧʨʠ ʩʛʣʘ-

ʞʝʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ. ɽʩʣʠ ʥʝʢʦʪʦʨʳʝ ʦʙʣʘʩʪʠ ʦʙʨʝʟʘʥʥʦʛʦ 

ʦʢʥʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʭʦʜʥʦʤʫ ʢʘʜʨʫ, ʪʦ ʤʦʛʫʪ ʙʳʪʴ ʚʠʜʥʳ ʦʙʣʘʩʪʠ, ʢʦʪʦ-

ʨʳʭ ʥʝʪ ʥʘ ʦʨʠʛʠʥʘʣʴʥʦʤ ʢʘʜʨʝ. ʊʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʦʙʨʠʩʦʚʢʫ ʜʚʠ-

ʞʝʥʠʷ (motion inpainting) [76, 109]. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʠʢ ʨʝʥʜʝʨʠʥ-

ʛʘ ʠʟʦʙʨʘʞʝʥʠʷ [50] ʠ ʨʝʥʜʝʨʠʥʛʘ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ [125]. 
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ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʝʜʣʦʞʝʥʳ ʩʣʦʞʥʳʝ ʤʝʪʦʜʳ ʜʣʷ 3D-ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠ-

ʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ [104], ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢ ʚʳʯʠʩʣʷʪʴ ʦʧʪʠʤʘʣʴʥʫʶ 

ʪʨʘʝʢʪʦʨʠʶ ʢʘʤʝʨʳ ʘʚʪʦʨʳ ʦʩʪʘʚʣʷʶʪ ʥʝʨʝʰʝʥʥʳʤ. ɺʳʙʦʨ ʦʩʪʘʝʪʩʷ ʟʘ ʧʦʣɹ-

ʟʦʚʘʪʝʣʝʤ: ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʚʨʫʯʥʫʶ ʧʫʪʝʤ ʥʘʩʪʨʦʡʢʠ ʧʘ-

ʨʘʤʝʪʨʦʚ ʘʣʛʦʨʠʪʤʘ ʠʣʠ ʚʳʙʨʘʪʴ ʦʙʱʫʶ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʜʣʷ ʚʩʝʡ ʚʠʜʝʦʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʬʠʢʩʠʨʦʚʘʥʥʫʶ, ʣʠʥʝʡʥʫʶ ʠʣʠ ʢʚʘʜʨʘʪʠʯʥʫʶ), ʢʦʪʦʨʘʷ 

ʟʘʪʝʤ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʠʩʭʦʜʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʢʘʤʝʨʳ. Gleicher ʠ Liu [76] ʙʳʣʠ 

ʧʝʨʚʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʚʚʝʣʠ ʢʠʥʝʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ 

ʢʘʯʝʩʪʚʘ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɸʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ 

ʩʦʟʜʘʝʪ ʪʨʘʝʢʪʦʨʠʶ ʢʘʤʝʨʳ, ʠʩʧʦʣʴʟʫʷ ʚʩʪʘʚʢʫ ʦʧʦʨʥʳʭ ʢʘʜʨʦʚ. ʀʭ ʚʳʙʦʨ 

ʦʩʥʦʚʘʥ ʥʘ ʰʪʨʘʬʥʦʡ ʩʠʩʪʝʤʝ ʠ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʤʝʞʜʫ ʢʘʜʨʘʤʠ. ʉʠ-

ʩʪʝʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʧʦʩʪ-ʦʙʨʘʙʦʪʢʫ ʧʦʣʦʞʝʥʠʷ ʛʨʘʥʠʮ ʢʘʜʨʘ. ɺ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠ,̫ ʢʦʪʦʨʘʷ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʬʫʥʢ-

ʮʠʶ ʪʨʘʝʢʪʦʨʠʠ ʧʨʠ ʨʘʩʯʝʪʝ ʩʛʣʘʞʝʥʥʦʛʦ ʧʫʪʠ [104]. ʆʜʥʘʢʦ ʤʝʪʦʜ ʪʨʝʙʫʝʪ 

ʦʮʝʥʢʠ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʘʜʨʦʚ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ Grundmann [77] ʘʣʛʦʨʠʪʤ ʩʚʟ̫ʘʥ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ L1-

ʬʠʣʴʪʨʦʤ [92], ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

ʇʨʠ ʵʪʦʤ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʚʪʦʨʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʧʦ ʥʦʨʤʝ L1, ʠ ʚʧrʦʣʥʷʝʪʩʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ ʩ ʩʝʛʤʝʥʪʘʤʠ ʣʠʥʝʡʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʇʨʠ L1-

ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʩʝʛʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʪʘʪʠʯʝʩʢʫʶ ʢʘʤʝʨʫ ʩ ʨʘʚ-

ʥʦʤʝʨʥʳʤ ʣʠʥʝʡʥʳʤ ʜʚʠʞʝʥʠʝʤ ʠ ʧʦʩʪʦʷʥʥʳʤ ʫʩʢʦʨʝʥʠʝʤ. 

 

1.4. ɸʥʘʣʠʟ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ ʜʨʦʞʘʥʠʝʤ ʚʠʜʝʦ-

ʢʘʤʝʨʳ, ʙʫʜʝʪ ʥʘʡʜʝʥʦ ʠ ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʦ ʪʝʤ ʠʣʠ ʠʥʳʤ ʩʧʦʩʦʙʦʤ, ʚʦʟʥʠʢʘ-

ʝʪ ʚʦʧʨʦʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʥʠʮ ʩʮʝʥʳ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʘʥʘʣʠʟ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʳʭ ʢʘʜʨʦʚ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʫʶ ʯʘʩʪʴ ʢʘʜʨʘ, ʦʜʥʘʢʦ 

ʨʘʟʤʝʨʳ ʪʘʢʦʡ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʯʘʩʪʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʩɹʷ ʦʪ 
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ʠʩʭʦʜʥʦʛʦ ʥʝʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʢʘʜʨʘ. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʨʘʥʠʮ ʢʘʜʨʘ 

ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʝʨʝʨʠʩʦʚʢʠ ʛʨʘʥʠʮ 

ʢʘʜʨʘ, ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʢʘʜʨʘ. ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʧʦʜʭʦʜʳ ʩʚʷʟʘʥʳ ʩ ʠʥʪʝʨʧʦʣʷ-

ʮʠʝʡ ʢʘʜʨʦʚ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʪʝʢʩʪʫʨ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʷ. ʆʜ-

ʥʘʢʦ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ (ʧʨʠ ʙʳʩʪʨʦʡ ʩʤʝʥʝ 

ʦʙʲʝʢʪʦʚ, ʩʮʝʥ) ʜʦʩʪʦʚʝʨʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʜʨʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʧʨʦʙʣʝ-

ʤʘʪʠʯʥʳʤ. 

 

1.4.1. ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʝʨʝʨʠʩʦʚʢʘ ʛʨʘʥʠʮ ʠ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʢʘʜʨʘ 

 

ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʮʠʬʨʦʚʦʡ ʩʪʘʙʠ-

ʣʠʟʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʩʦʢʨʘʱʝʥʠʶ ʨʘʟʤʝʨʦʚ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʛʜʘ ʥʘʭʦʜʠʪʩʷ ʩʪʘ-

ʙʠʣʴʥʘʷ ʦʙʣʘʩʪʴ ʚ ʮʝʥʪʨʝ ʢʘʜʨʘ. ʆʩʪʘʣʴʥʘʷ ʦʙʣʘʩʪʴ ʢʘʜʨʘ ʦʪʙʨʘʩʳʚʘʝʪʩʷ. ʊʘ-

ʢʦʡ ʤʝʪʦʜ ʧʨʠʤʝʥʠʤ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʩʜʚʠʛʘʭ ʠ ʧʦʚʦʨʦ-

ʪʘʭ ʚʠʜʝʦʢʘʤʝʨʳ. ʇʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʢʘʜʨʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʧʨʦ-

ʩʪʦʪʳ ʵʪʦʪ ʤʝʪʦʜ ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 

[9, 133]. 

ʇʝʨʝʨʠʩʦʚʢʘ ʛʨʘʥʠʮ ʢʘʜʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʤʝʪʦ-

ʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [118] ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʧʦʩʦʙ ʧʨʦʨʠʩʦʚʢʠ ʢʨʘ-

ʝʚ ʥʘ ʦʩʥʦʚʝ ʤʝʜʠʘʥʥʦʛʦ ʬʠʣʴʪʨʘ ʧʦ k ʧʨʝʜʳʜʫʱʠʤ ʠ k ʧʦʩʣʝʜʫʶʱʠʤ ʢʘʜ-

ʨʘʤ: 

 

( ) ( ) ( ) ( ) ( ) ( )[ ]jif,jif,jif,jif,jifmedianjif knknnknknn ,,,,,,,, 11 +-++--= 22  (1.18) 

 

ɸʚʪʦʨʳ ʨʝʢʦʤʝʥʜʫʶʪ ʟʥʘʯʝʥʠʷ k = 10 ʜʣʷ ʙʦʣʴʰʠʭ ʨʝʛʠʦʥʦʚ ʧʨʦʧʫ-

ʱʝʥʥʳʭ ʧʠʢʩʝʣʦʚ ʠ k = 3ï5 ʜʣʷ ʤʘʣʳʭ ʨʝʛʠʦʥʦʚ. 

ʀʥʦʛʜʘ ʧʦʣʝʟʝʥ ʤʝʪʦʜ ʧʨʦʨʠʩʦʚʢʠ ʣʦʢʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʘʭ 

ʢʘʜʨʘ [110]. ʇʨʠ ʵʪʦʤ ʧʨʦʧʫʱʝʥʥʳʝ ʦʙʣʘʩʪʠ ʢʘʜʨʘ ʟʘʧʦʣʥʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠ-

ʝʡ ʩ ʩʦʩʝʜʥʠʭ ʢʘʜʨʦʚ. ʄʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʣʦʢʘʣʴʥʦʝ çʩʤʷʪʠʝè ʠʟʦʙʨʘʞʝ-
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ʥʠʷ ʜʣʷ ʣʫʯʰʝʡ ʩʰʠʚʢʠ ʪʝʢʫʱʝʛʦ ʢʘʜʨʘ ʩ ʯʘʩʪʴʶ ʩʦʩʝʜʥʝʛʦ ʢʘʜʨʘ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʨʝʯʴ ʠʜʝʪ ʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 5ï10% ʧʣʦʱʘʜʠ ʢʘʜʨʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦ 

ʛʨʘʥʠʮʘʤ, ʧʦʵʪʦʤʫ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʩʰʠʚʢʠ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

ɺʥʘʯʘʣʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ ʢʘʞʜʦʛʦ çʧʨʦ-

ʧʫʱʝʥʥʦʛʦè ʧʠʢʩʝʣʘ ʧʦ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʩʦʩʝʜʥʠʭ ʢʘʜʨʦʚ. ɼʘʣʝʝ ʧʨʦʧʫʱʝʥʥʘʷ 

ʦʙʣʘʩʪʴ ʟʘʧʦʣʥʷʝʪʩʷ ʤʦʟʘʠʢʦʡ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʠ-

ʤʝʥʝʥʠʝʤ ʤʝʜʠʘʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ. 

ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʢʘʜʨʦʚ ʤʦʛʫʪ ʣʝʞʘʪʴ ʨʘʟʥʳʝ ʢʨʠʪʝ-

ʨʠʠ, ʦʜʥʘʢʦ ʧʨʠʥʮʠʧ ʤʝʪʦʜʘ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ: ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʢʨʫʧʥʳʡ ʦʙʲ-

ʝʢʪ ʚ ʦʧʦʨʥʦʤ ʢʘʜʨʝ ʠʣʠ ʦʙʲʝʢʪ ʠʥʪʝʨʝʩʘ (ʥʘʧʨʠʤʝʨ, ʣʠʮʦ), ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦ-

ʪʦʨʦʛʦ ʚʳʨʘʚʥʠʚʘʶʪʩʷ ʚʩʝ ʢʘʜʨʳ ʤʝʞʜʫ ʦʧʦʨʥʳʤʠ ʢʘʜʨʘʤʠ (ʨʠʩ. 1.4). ʀʥʳ-

ʤʠ ʩʣʦʚʘʤʠ, ʧʨʦʠʩʭʦʜʠʪ ʣʠʥʝʡʥʘʷ ʠʥʪʝʨʧʦʣʷʮʠʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʦʣʠ ʦʧʦʨʥʦ-

ʛʦ ʢʘʜʨʘ (ʜʦ 2/3 ʧʣʦʱʘʜʠ ʢʘʜʨʘ). 

 

   
 

   

ʈʠʩʫʥʦʢ 1.4 ï ʇʝʨʝʦʨʠʝʥʪʘʮʠʷ ʢʘʜʨʘ ʥʘ ʦʩʥʦʚʝ ʥʘʡʜʝʥʥʳʭ ʦʩʦʙʝʥʥʳʭ ʪʦʯʝʢ ʥʘ ʚʠʜʝʦʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ çSANY0025_xvid.aviè 

 

ʇʨʠʤʝʥʝʥʠʝ ʧʝʨʝʦʨʠʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ 

ʩʦʭʨʘʥʠʪʴ ʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ ʠʥʪʝʨʝʩʘ ʚ ʮʝʥʪʨʝ ʢʘʜʨʘ, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʩʫʙʲʝʢʪʠʚʥʳʤ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ ʧʨʠ ʚʦʩʧʨʠʷʪʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ [120]. 
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1.4.2. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʜʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʪʝʢʩʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ 

 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʜʨʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʤʝʪʦʜʘʤʠ, ʠʟʣʦʞʝʥʥʳʤʠ ʚ ʧ. 1.4.1. ʀʥʪʝʨʧʦʣʷʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʯʘʱʝ ʚʩʝʛʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ ʢʘʜʨʘ [110]. ʆʥʠ ʩʪʨʦʷʪʩʷ ʥʘ ʦʩ-

ʥʦʚʝ ʣʠʥʝʡʥʳʭ, ʢʚʘʜʨʘʪʠʯʥʳʭ, ʙʠʢʫʙʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʩʧʣʘʡʥʦʚ ʠ ʢʨʠ-

ʚʳʭ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʆʩʥʦʚʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʩʚʷʟʘʥʦ ʩ ʪʨʫʜʥʦ-

ʩʪʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʠʜʘ ʩʣʦʞʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ-

ʩʷ ʚʦʟʤʦʞʥʳʤ [58, 75, 97, 108, 139]. ʀʥʦʛʜʘ ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠʩʧʦʣʴʟʫʶʪ 

ʤʘʨʢʦʚʩʢʠʝ ʧʦʣʷ [113] ʠ ʬʫʥʢʮʠʶ ɹʘʡʝʩʘ [124]. ɹʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʷʚʣ̫-

ʝʪʩʷ ʪʝʢʩʪʫʨʥʳʡ ʘʥʘʣʠʟ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʘʜʨʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʢʩʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʩʣʦʞʥʳʤ ʠ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʤʝʪʦʜʘʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟ-

ʤʝʨʦʚ ʦʙʣʘʩʪʠ ʧʨʦʧʫʱʝʥʥʳʭ ʧʠʢʩʝʣʦʚ ʠ ʥʘʣʠʯʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩʦʩʝʜʥʠʭ ʢʘʜ-

ʨʦʚ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫʩʧʝʰʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. ɺʦʩ-

ʩʪʘʥʦʚʣʝʥʠʝ ʪʝʢʩʪʫʨʳ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʚʠʜʝʦʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ ʦʢʨʫʞʝʥʠʷ ʦʙʣʘʩʪʠ ʧʨʦʧʫɦ ʝʥʥʳʭ 

ʧʠʢʩʝʣʦʚ. ʀʥʪʝʨʝʩʥʦʡ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ [62], ʛʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʨʝʛʫʣʷʨʥʳʭ ʵʪʘʣʦʥʦʚ ʥʘ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʨʝ-

ʰʝʪʢʝ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʨʝʰʝʪʢʘ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʦʩʦʙʝʥʥʦʩʪʷʤ ʟʨʝʥʠʷ ʯʝʣʦʚʝʢʘ. 

ʌʘʚʦʨʩʢʦʡ ʄ.ʅ. ʠ ʜʨ. ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʧʦʜʭʦʜ ʢ 

ʘʥʘʣʠʟʫ ʦʢʨʫʞʘʶʱʝʡ ʪʝʢʩʪʫʨʥʦʡ ʦʙʣʘʩʪʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʨʦʧʫʱʝʥʥʳʭ 

ʧʠʢʩʝʣʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ [36, 65, 66, 68]. ɺʥʘʯʘʣʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ 

ʦʢʨʝʩʪʥʦʩʪʴ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝʣʷʶʪʩʷ ʛʨʘʥʠʮʳ ʨʘʟʣʠʯʥʳʭ ʪʝʢʩʪʫʨʥʳʭ 

ʦʙʣʘʩʪʝʡ ʠ ʠʥʪʝʨʧʦʣʠʨʫʶʪʩʷ ʣʠʥʠʠ ʛʨʘʥʠʮ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʢʘʜʨʘ 

ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʪʝʢʩʪʫʨ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʢʩʪʫʨʥʳʭ ʢʘʨʪ. ɼʣʷ ʢʘʞʜʦʛʦ ʧʠʢʩʝʣʘ ʦʙʣʘʩʪʠ ʠʥʪʝʨʝʩʘ ʚʳʯʠʩʣʷʪʁʩʷ ʟʥʘʯʝ-

ʥʠ̫ ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʛʣʘʜʢʦʩʪʠ, ʦʜʥʦʨʦʜʥʦʩʪʠ, 
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ʜʠʩʧʝʨʩʠʠ, ʵʥʪʨʦʧʠʠ, ʥʝʦʙʭʦʜʠʤʳʭ ʮʝʥʪʨʘʣʴʥʳʭ ʤʦʤʝʥʪʦʚ ʧʦʨʷʜʢʘ n, ʥʦʨ-

ʤʘʣʠʟʦʚʘʥʥʦʡ ʛʣʘʜʢʦʩʪʠ ʠ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʵʥʪʨʦʧʠʠ ʪʝʢʩʪʫʨʳ ʚ ʟʘʜʘʥʥʦʡ 

ʦʢʨʝʩʪʥʦʩʪʠ. 

ʇʦʣʫʯʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʪʝʢʩʪʫʨʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʙʦʨʘ ʤʝ-

ʪʦʜʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʝʢʩʪʫʨʳ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ: 

 

 DF(IS, ST, RS, ES, SS)=w0+w1IS+w2ST+w3RS+w4ES+ w5SS, (1.19) 

 

ʛʜʝ IS ï ʠʟʦʪʨʦʧʥʦʩʪʴ; ST ï ʩʪʨʫʢʪʫʨʥʦʩʪʴ; RS ï ʛʣʘʜʢʦʩʪʴ; ES ï ʨʘʟʤʝʨ ʦʙʣʘ-

ʩʪʠ ʧʨʦʧʫʱʝʥʥʳʭ ʧʠʢʩʝʣ; SS ï ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʮʝʥʳ ʠ ʦʪʩʫʪʩʪʚʠʝ ʩʣʦʞʥʳʭ 

ʩʣʫʯʘʝʚ; w0, é,  w5 ï  ʚʝʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ɼʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʝʰʘʶʱʝʛʦ ʧʨʘʚʠʣʘ ʧʨʠʤʝʥʷʝʪʩʷ ʦʜʥʦʩʣʦʡʥʘʷ ʠʩ-

ʢʫʩʩʪʚʝʥʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚʳʙʦʨ ʤʝʪʦ-

ʜʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʝʢʩʪʫʨʳ ï ʨʘʟʤʳʚʘʥʠʝ (ʘʥʠʟʦʪʨʦʧʥʦʝ/ʠʟʦʪʨʦʧʥʦʝ), ʪʝʢ-

ʩʪʫʨʥʘʷ ʤʦʟʘʠʢʘ (ʘʥʠʟʦʪʨʦʧʥʘʷ/ʠʟʦʪʨʦʧʥʘʷ), ʪʝʢʩʪʫʨʥʳʡ ʩʠʥʪʝʟ (ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʝ ʤʝʪʦʜʳ/ʩʫʧʝʨʧʦʟʠʮʠʷ ʪʝʢʩʪʫʨ). 

ɺʨʝʤʝʥʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʪʝʢʩʪʫʨʳ ʫʯʠʪʳʚʘʝʪ ʪʨʠ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʚ ʢʘʜʨʝ ï ʣʠʥʝʡʥʦʝ ʜʚʠʞʝʥʠʝ, ʧʦʚʦʨʦʪ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ. ʕʢʩʧʝ-

ʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤʫ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʶ ʪʝʢʩʪʫʨ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʬʦʥ ʩʮʝʥʳ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʩ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ 72ï98 % ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʦʞʥʦʩʪʠ ʬʦʥʘ ʠ 

ʜʚʠʞʝʥʠʷ ʚ ʩʮʝʥʝ. 

 

1.4.3. ʋʩʪʨʘʥʝʥʠʝ ʨʘʟʤʳʪʠʷ 

 

ʉʠʩʪʝʤʳ ʚʠʜʝʦʩʪʘʙʠʣʠʟʘʮʠʠ [77, 104] ʧʨʝʜʣʘʛʘʶʪʩʷ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ 

ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ ʧʨʠ ʜʨʦʞʘʥʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʍʦʪʷ ʵʪʠ ʧʦʜʭʦ-

ʜʳ ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʷʶʪ ʩʪʘʙʠʣʠʟʘʮʠʶ ʩʦʜʝʨʞʘʥʠʷ, ʦʥʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪ 

ʨʘʟʤʳʪʠʷ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʢʘʜʨʦʚ. ʈʘʟʤʳʪʳʝ ʢʘʜʨʳ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠ-

ʷʶʪ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʶ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʠʩʪʝʤ ʩʪʘʙʠ-
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ʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʩʥʦʚʘʥʳ ʥʘ ʦʪʩʣʝʞʠʚʘʥʠʠ ʪʦʯʝʯʥʳʭ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʜʣʷ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ. ʆʜʥʘʢʦ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʯʘʩʪʦ ʥʝʥʘʜʝʞʥʦ ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʩʪʘʪʦʯʥʦʛʦ ʯʠʩʣʘ ʨʝʟʢʠʭ ʦʩʦ-

ʙʝʥʥʦʩʪʝʡ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʦʵʪʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʟʢʠʭ ʢʘʜʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʤʳʪʳʭ ʧʦ ʧʨʠʯʠʥʝ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ ʚʘʞʥʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʭʦʨʦʰʠʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʘʚʪʦʨʳ [55] ʩʯʠʪʘʶʪ, ʯʪʦ ʫʩʪʨʘʥʝ-

ʥʠʝ ʨʘʟʤʳʪʦʩʪʠ ʢʘʜʨʦʚ ʜʦʣʞʥʦ ʚʳʧʦʣʥʷʪʴʩʷ ʜʦ ʧʨʠʤʝʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʩʪʘ-

ʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʧʨʝʜʳʜʫʱʠʤ ʨʘʙʦ-

ʪʘʤ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʨʘʟʤʳʪʦʩʪʠ [110], ʛʜʝ ʧʨʦʩʪʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʩʪʨʘʥʝʥʠʷ 

ʨʘʟʤʳʪʠʷ ʧʨʠʤʝʥʷʣʘʩʴ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʭʦʜʥʘʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʘʩʴ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʠʩʭʦʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘ-

ʝʤʦʛʦ ʚʠʜʘ ʨʘʟʤʳʪʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʫʩʪʨʘʥʝ-

ʥʠʷ ʨʘʟʤʳʪʠʷ. 

ï ʋʩʪʨʘʥʝʥʠʝ ʨʘʟʤʳʪʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʦʜʥʦ-

ʛʦ ʚʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʧʦʜʭʦʜʳ ʨʘʚʥʦ-

ʤʝʨʥʦʛʦ ʨʘʟʤʳʪʠʷ [54, 69, 98, 121]. ʕʪʠ ʤʝʪʦʜʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʣʠʯʠʝ ʦʜʥʦ-

ʛʦ ʨʘʚʥʦʤʝʨʥʦʛʦ ʷʜʨʘ ʨʘʟʤʳʪʠʷ ʜʣʷ ʚʩʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʠ ʧʦʵʪʦʤʫ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʥʘʧʨʷʤʫʶ ʧʨʠʤʝʥʝʥʳ ʢ ʢʘʜʨʘʤ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʛʜʝ ʨʘʟʤʳʪʠʝ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ, ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠʟʤʝʥʠʣʦʩʴ ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʤʝʪʦʜʳ ʫʩʪʨʘʥʝʥʠʷ ʨʘʟʤʪrʠʷ. Whyte [135] ʠ 

Hirsch [83] ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʝʭʤʝʨʥʦʝ ʷʜʨʦ ʨʘʟʤʳʪʠʷ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʦ-ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʜʚʫʤʝʨʥʦʛʦ ʷʜʨʘ ʧʦ ʠʟʦʙʨʘʞʝʥʠʶ; Gupta [78] ʧʨʝʜ-

ʣʦʞʠʣ ʦʧʠʩʳʚʘʪʴ ʜʚʠʞʝʥʠʝ ʢʘʤʝʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ ʧʣʦʪʥʦʩʪʠ 

ʜʚʠʞʝʥʠʷ. ʆʜʥʘʢʦ, ʜʘʥʥʳʝ ʧʦʜʭʦʜʳ ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳ ʧʨʠ ʨʘʙʦʪʝ ʩ ʨʝ-

ʘʣʴʥʳʤʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʚ ʵʪʦʡ ʨʘʙʦʪʝ, ʚ 

ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʚʠʞʫɦ ʠʝʩʷ ʦʙʲʝʢʪʳ, ʰʫʤʳ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʠ, ʘ ʪʘʢʞʝ ʘʨʪʝʬʘʢʪʳ ʢʦʤʧʨʝʩʩʠʠ. 

ï ʋʩʪʨʘʥʝʥʠʝ ʨʘʟʤʳʪʠʷ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷʭ. ʉʫ-

ʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʦʜʭʦʜʦʚ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʨʘʟʤʳʪʠʷ ʥʘ ʥʝ-
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ʩʢʦʣʴʢʠʭ ʨʘʟʤʳʪʳʭ ʢʘʜʨʘʭ ʦʜʥʦʡ ʩʮʝʥʳ. Cai [52] ʧʨʝʜʣʦʞʠʣ ʯʠʩʣʝʥʥʳʡ ʤʝ-

ʪʦʜ ʨʘʩʯʝʪʘ ʤʦʜʝʣʠ ʨʘʟʤʳʪʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʥʘʣʠʯʠʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʷʜʨʘ ʨʘʟʤʳʪʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. Agrawal [39] 

ʚʘʨʴʠʨʦʚʘʣ ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ʜʣʷ ʢʘʜʨʦʚ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʯʪʦʙʳ 

ʩʜʝʣʘʪʴ ʦʙʨʘʪʠʤʦʝ ʨʘʟʤʳʪʠʝ ʥʘ ʦʩʥʦʚʝ ʥʝʩʢʦʣʴʢʠʭ ʢʘʜʨʦʚ, ʥʦ ʪʘʢʦʡ ʤʝʪʦʜ 

ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʢ ʦʙʳʯʥʳʤ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ. Cho [53] ʩʝʛʤʝʥʪʠʨʦ-

ʚʘʣ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʨʝʛʠʦʥʳ, ʩʦʜʝʨʞʘʱʠʝ ʛʦʤʦʛʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʠ ʧʨʦʚʦʜʠʣ 

ʦʮʝʥʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʚʠʞʝʥʠʷ PSF (Point Spread Function) ʜʣʷ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʦʨʠʛʠʥʘʣʴʥʳʭ (ʣʘʪʝʥʪʥʳʭ, ʩʢʨʳʪʳʭ) ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ 

ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ ʵʪʦʪ ʤʝʪʦʜ ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʩ ʦʜʥʦʤʝʨʥʳʤ ʛʘʫʩʩʦʚʳʤ ʷʜʨʦʤ 

ʠ ʥʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʦʙʱʝʝ ʜʚʠʞʝʥʠʝ ʢʘʤʝʨʳ, ʢʦʪʦʨʦʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʦ ʥʘ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ. Li [99] ʧʨʝʜʣʦʞʠʣ ʩʠʩʪʝʤʫ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʯʝʪʢʠʭ ʧʘʥʦʨʘʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠʟ ʨʘʟʤʳʪʳʭ ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʘʤʝ-

ʨʳ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʛʦʤʦʛʝʥʥʦʝ ʧʦʜʦ-

ʙʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʘʜʨʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʠʟʤʝʥʷʶʱʠʤʩʷ ʷʜʨʘʤ ʨʘʟʤʳʪʦʩʪʠ. ʇʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ 

ʦʮʝʥʠʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʢʨʳʪʳʭ ʠʟʦʙʨʘʞʝʥʠʡ  ʢʘʢ ʤʠʥʠʤʠʟʘʮʠʷ ʵʥʝʨʛʠʠ.  

ï ʋʩʪʨʘʥʝʥʠʝ ʨʘʟʤʳʪʠʷ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʠʥʪʝʨʧʦʣʷʮʠʠ ʢʘʜʨʦʚ. Matsushi-

ta [110] ʧʨʝʜʣʦʞʠʣ ʧʨʘʢʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʫʩʪʨʘʥʝʥʠʷ ʩʤʘʟʘʥʥʦʩʪʠ ʥʘ ʚʠʜʝʦʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚ ʩʚʦʝʡ ʩʠʩʪʝʤʝ ʩʪʘʙʠʣʠʟʘʮʠʠ. ɸʣʛʦʨʠʪʤ ʦʙʥʘʨʫʞʠʚʘʝʪ 

ʯʝʪʢʠʝ ʢʘʜʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʢ ʛʨʘʜʠʝʥʪʘ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʚʳʧʦʣ-

ʥʝ̫ʪ ʠʥʪʝʨʧʦʣʷʮʠʶ ʯʝʪʢʠʭ ʢʘʜʨʦʚ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʯʝʪʢʦʩʪʴ ʨʘʟʤʳʪʳʭ ʢʘʜ-

ʨʦʚ. ʊʘʢʦʡ ʤʝʪʦʜ ʧʦʧʠʢʩʝʣʴʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪ ʪʦʣʴʢʦ ʜʚʠʞʝʥʠʝ 

ʢʘʤʝʨʳ, ʦʧʠʩʘʥʥʦʝ ʛʦʤʦʛʝʥʥʳʤ ʧʦʜʦʙʠʝʤ, ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʵʬʬʝʢʪʘ ʨʘʟʤʳʪʠʷ 

ʷʜʝʨ ʠ ʚʦʟʥʠʢʘʶʱʠʭ ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʤʦʛʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʦʰʠ-

ʙʦʢ ʧʠʢʩʝʣʴʥʦʛʦ ʩʨʘʚʥʝʥʠʷ. ʅʝʪʦʯʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʳʨʘʚʥʠʚʘʥʠʷ ʥʝʠʟ-

ʙʝʞʥʦ ʧʦʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʢʘʜʨʦʚ. 

ï ɺʳʙʦʨ ʧʦʜʭʦʜʷʱʠʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʕʪʠ ʤʝʪʦʜʳ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʚ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʬʦʪʦʛʨʘʬʠʠ ʝʱʝ 70-ʭ ʛʦʜʦʚ [74], ʢʦʛʜʘ ʚʳʙʠʨʘʶʪʩʷ ʥʝ-
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ʩʢʦʣʴʢʦ ʣʫʯʰʠʭ ʬʦʪʦʛʨʘʬʠʡ ʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʝʜʠʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ ʥʘ ʩʥʠʤʢʘʭ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʦʥ-

ʮʝʧʮʠʷ ʙʳʣʘ ʥʝʜʘʚʥʦ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʫʜʘ-

ʣʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ ʥʝʩʢʦʣʴʢʠʭ ʩʥʠʤʢʦʚ [89]. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʢʘʤʝʨʘ ʩʪʘʪʠʯʥʘ. ʇʨʠ ʵʪʦʤ ʥʝʙʦʣʴʰʦʝ ʩʤʝʱʝʥʠʝ ʤʝʞʜʫ ʠʟʦʙʨʘʞʝʥʠʷʤʠ 

ʤʦʞʝʪ ʙʳʪʴ ʫʜʘʣʝʥʦ ʤʝʪʦʜʦʤ ʥʘʭʦʞʜʝʥʠʷ ʧʫʪʠ ʧʨʦʩʪʳʤ ʩʨʘʚʥʝʥʠʝʤ ʟʥʘʯʝ-

ʥʠʡ ʧʠʢʩʝʣʝʡ. ʆʜʥʘʢʦ ʩʦʚʤʝʱʝʥʠʝ ʚʠʜʝʦʢʘʜʨʦʚ ʩʪʘʥʦʚʠʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʳʤ 

ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ ʨʘʟʤʳʪʦʩʪʠ ʧʠʢʩʝʣʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ 

ʧʨʷʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʩʝʣʝʡ ʜʣʷ ʧʦʠʩʢʘ ʧʫʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʳʜʫʱʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ çʫʜʘʯʥʳʭè ʠʟʦʙʨʘʞʝʥʠʡ ʥʝ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ ʙʦʣʴʰʠʥʩʪʚʦ ʜʘʥʥʳʭ, ʪ. ʢ. ʧʦʣʫʯʘʣʠ ʪʦʣʴʢʦ ʦʜʠʥ ʣʫʯh ʠʡ ʦʙʨʘʟ, ʘ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʨʘʟʤʳʪʠʷ ʪʨʝʙʫʝʪʩʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʢʘʜʨʦʚ ʚʠʜʝʦʧʦ-

ʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʠ. 

ï ʉʠʥʪʝʟ ʩ ʫʯʝʪʦʤ ʪʨʘʝʢʪʦʨʠʠ. ʄʝʪʦʜʳ ʩʠʥʪʝʟʘ ʩʤʝʱʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʪʝʢʩʪʫʨʥʳʡ ʩʠʥʪʝʟ, ʧʦʜʘʚʣʝ-

ʥʠʝ ʰʫʤʦʚ [49, 101], ʩʚʝʨʭʨʘʟʨʝʰʝʥʠʝ [73], ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ 

ʠʟʦʙʨʘʞʝʥʠʡ [42]. ɼʣʷ ʧʦʠʩʢʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʪʝʢʩʪʫʨʥʳʭ ʦʙʣʘʩʪʝʡ 

ʧʨʝʜʳʜʫʱʠʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʨʠʢʠ, ʚ ʦʩʥʦʚʥʦʤ, ʩʫʤʤʫ 

ʢʚʘʜʨʘʪʦʚ ʨʘʟʥʦʩʪʠ (SSD), ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʚʝʩʪʠ ʧʦʠʩʢ ʪʦʣʴʢʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʝʨʝʭʦʜʘ. Barnes [43] ʨʘʩʰʠʨʠʣ ʘʣʛʦʨʠʪʤ ʩʦʚʧʘʜʝʥʠʷ ʧʫʪʠ ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘ-

ʙʠʨʦʚʘʥʠʷ ʠ ʧʦʚʦʨʦʪʘ. HaCohen [79] ʧʨʝʜʣʦʞʠʣ ʘʣʛʦʨʠʪʤ ʥʝʞʝʩʪʢʦʛʦ ʩʦʦʪ-

ʚʝʪʩʪʚʠʷ ʧʣʦʪʥʦʩʪʠ (non-rigid dense correspondence) ʠ ʧʨʠʤʝʥʠʣ ʝʛʦ ʢ ʨʘʟʤʳ-

ʪʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ ʧʫʪʝʤ ʠʪʝʨʘʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʜʝʢʦʥʚʦʣʮʁʠʠ ʢ ʩʝʨʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʭʦʞʜʝʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ 

ʷʜʨʘ ʨʘʟʤʳʪʠʷ ʠ ʠʩʧʦʣʴʟʫʝʪ ʩʚʝʨʪʢʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʪɹʘʪʘ. 
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1.5. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʷʜʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ, ʢʦ-

ʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

(ʪʘʙʣ. 1.3). 

ʊʘʙʣʠʮʘ 1.3 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʩʪʝʤ ʩʪʘʙʠʣʠʟʘʮʠʠ  

ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʝʡ 

ʉʠʩʪʝʤʘ ʆʧʠʩʘʥʠʝ 

çVirtualDubè  

(ʉʐɸ) 

ʇʨʦʛʨʘʤʤʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩ ʦʙʨʘʙʦʪʢʠ ʚʠ-

ʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩ ʧʣʘʛʠʥʘʤʠ çDeshakerè (ɻʝʨʤʘʥʠʷ) 

ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ) ʠ çMSU Mo-

tion Blur Removalè (ʈʌ) ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʘʟʤʳʪʠʷ ʜʚʠʞʝʥʠʷ 

çAviSynthè  

(ʉʐɸ) 

ʇʨʦʛʨʘʤʤʥʘʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʠ-

ʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʥʘ ʦʩʥʦʚʝ ʩʢʨʠʧʪʦʚ, ʧʣʘʛʠʥ çDePan 

Estimateè (ʈʌ) ʜʣʷ ʦʮʝʥʢʠ ʛʣʦʙʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʧʦʣʥʦʡ 

ʠʣʠ ʯʘʩʪʠʯʥʦʡ ʝʛʦ ʢʦʤʧʝʥʩʘʮʠʠ) 

çProDAD Mercalliè 

(ʉʐɸ) 

ʂʦʤʤʝʨʯʝʩʢʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ, ʚʩʪʨʘʠʚʘʝʤʘʷ ʚʦ ʤʥʦ-

ʛʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʢʦʤʧʝʥʩʘ-

ʮʠʠ ʜʚʠʞʝʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

çDeshakerè  

(ɻʝʨʤʘʥʠʷ) 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʚʳʧʦʣʥʷʪʴ ʪʦʯʥʫʶ ʥʘʩʪʨʦʡʢʫ ʘʣʛʦʨʠʪʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠ-

ʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʨʝʘʣʠʟʫʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʟʦʙ-

ʨʘʞʝʥʠʷ ʠʣʠ ʨʘʟʤʳʪʠʝ ʛʨʘʥʠʮ ʢʘʜʨʘ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ  

çNewBlue Stabilizerè 

(ʉʐɸ) 

ʂʦʤʤʝʨʯʝʩʢʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʚʳʧʦʣʥʷʶʱʠʡ ʧʦʢʘʜ-

ʨʦʚʳʡ ʘʥʘʣʠʟ ʜʚʠʞʝʥʠʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʣʘʚʥʦʛʦ ʤʝʞ-

ʢʘʜʨʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʥʘ ʚʩʝʡ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

çAdobe AfterEffectsè 

(ʉʐɸ) 

ʂʦʤʤʝʨʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʜʣʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʚʠʜʝʦʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʧʣʘʛʠ-

ʥʦʚ ʧʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʫʩʪʨʘʥʝʥʠʶ ʨʘʟʤʳʪʠʷ ʜʚʠʞʝʥʠʷ 

L1 Robust Optimal 

Camera Paths 

(ʉʐɸ) 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

Google Labs ʠ ʚʥʝʜʨʝʥʥʳʡ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʛʠʥʘ ʜʣʷ YouTube 

ʧʨʠ ʟʘʛʨʫʟʢʝ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘ, ʚʳʧʦʣʥʷʶʱʠʡ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʫʶ ʩʪʘʙʠʣʠʟʘʮʠʶ ʠ ʚʠʟʫʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʚʠʜʝʦʧʦʩʣʝʜʦ-

ʚʘʪʝʣʥɹʦʩʪʝʡ 

 

ɺʠʜʝʦʨʝʜʘʢʪʦʨ çDeshakerè (ɻʝʨʤʘʥʠʷ), ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʘʷ 

ʫʪʠʣʠʪʘ, ʷʚʣʷʶʱʘʷʩʷ ʧʣʘʛʠʥʦʤ ʜʣʷ çVirtualDubè, ʦʙʣʘʜʘʶʱʠʤ ʙʦʣʴʰʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʦ ʦʙʨʘʙʦʪʢʝ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 
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ʚʩʪʨʦʝʥʥʳʭ ʬʠʣʴʪʨʦʚ ʠ ʩʣʦʞʥʳʭ ʧʣʘʛʠʥʦʚ. ɺʠʜʝʦʨʝʜʘʢʪʦʨ çDeshakerè ʧʨʝʜ-

ʣʘʛʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʙʣʦʯʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʪʦʙʨʘʞʘʝʪ ʚʝʩʴ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ: ʥʘʭʦʞʜʝʥʠʝ 

ʚʝʢʪʦʨʦʚ ʜʚʠʞʝʥʠʷ, ʨʘʩʯʝʪ ʩʛʣʘʞʠʚʘʶʱʝʛʦ ʚʝʢʪʦʨʘ, ʦʙʨʘʙʦʪʢʘ ʛʨʘʥʠʮ ʢʘʜʨʘ. 

ʇʨʠ ʵʪʦʤ ʫʪʠʣʠʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʩʣʦʞʥʦʡ ʥʘʩʪʨʦʡʢʠ ʘʣʛʦʨʠʪʤʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʢʦʪʦʨʫʶ ʯʘʩʪʦ ʥʘʜʦ ʧʨʦʠʟʚʦʜʠʪʴ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥ-

ʢʨʝʪʥʦʡ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ (ʨʠʩ. 1.5). ʉʪʘʙʠʣʠʟʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ 

ʚʠʜʝ ʜʚʫʭʧʨʦʭʦʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʧʦʵʪʦʤʫ ʧʣʘʛʠʥ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ 

ʜʣʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʨʦʛʨʘʤʤʘ çProDAD Mercalliè ʷʚʣʷʝʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʧʨʦʜʫʢʪʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʚʭʦʜʥʳʭ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʛʠʥʘ ʢ ʩʠʩʪʝʤʝ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ çAdobe 

Premiereè. ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʥʘʩʪʨʦʡʢʫ: ʚʳʙʦʨ ʚʠ-

ʜʦʚ ʜʚʠʞʝʥʠʷ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʥʘ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʨʫʯʥʘʷ 

ʥʘʩʪʨʦʡʢʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ 

ʢʘʤʝʨʳ (ʨʠʩ. 1.6). 

 

 

ʈʠʩʫʥʦʢ 1.5 ï ʀʥʪʝʨʬʝʡʩ ʧʣʘʛʠʥʘ çDeshakerè 
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ʈʠʩʫʥʦʢ 1.6 ï ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ çProDAD Mercalliè 
 

ʇʨʦʛʨʘʤʤʘ çAdobe AfterEffectsè ï ʧʦʧʫʣʷʨʥʳʡ ʚʠʜʝʦʨʝʜʘʢʪʦʨ, ʚ ʢʦʪʦ-

ʨʳʡ ʚʩʪʨʘʠʚʘʶʪʩʷ ʧʣʘʛʠʥʳ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ: çMercalliè ʠ çWarpStabilizerè 

(ʨʠʩ. 1.7). ʇʨʦʛʨʘʤʤʘ çWarpStabilizerè ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʥʘʩʪʨʦʡ-

ʢʘʤʠ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʨʘʙʦʪʘʝʪ ʤʝʜʣʝʥʥʝʝ ʘʥʘʣʦʛʦʚ. ʇʨʠ ʩʪʘʙʠʣʠ-

ʟʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʳʙʦʨ: ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʧʳʪʘʪʴʩʷ ʦʪʩʣʝ-

ʜʠʪʴ ʪʨʘʝʢʪʦʨʠʶ ʢʘʤʝʨʳ ʠ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʠʣʠ ʧʨʠ ʣʶʙʦʡ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʦʩʪʘʚʣʷʪʴ ʢʘʤʝʨʫ ʥʝʧʦʜʚʠʞʥʦʡ, ʢʘʢ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʡ ʩʮʝʥʝ. 

 

 

ʈʠʩʫʥʦʢ 1.7 ï ʀʥʪʝʨʬʝʡʩ çAdobe After Affectsè ʠ çWarpStabilizerè 
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ʇʨʦʛʨʘʤʤʘ çL1 Robust Optimal Camera pathsè (YouTube) ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʝʡ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ʆʥʘ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʩʨʝʜʩʪʚʦ ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʤʘʪʝ-

ʨʠʘʣʘ YouTube.com: ʣʶʙʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʨʠ ʟʘʛʨʫʟʢʝ ʥʘ ʩʘʡʪ ʩʚʦʝʡ ʚʠ-

ʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʞʝʪ ʝʡ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ (ʨʠʩ. 1.8). ɽʩʣʠ ʩʠʩʪʝʤʘ 

ʦʙʥʘʨʫʞʠʚʘʝʪ, ʯʪʦ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʣʘʚʥʘʷ, ʪʦ ʦʥʘ 

ʧʨʝʜʣʦʞʠʪ ʧʨʠʤʝʥʠʪʴ ʩʪʘʙʠʣʠʟʘʮʠʶ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʥʘʣʦʛʦʚ çYouTube Stabi-

lizationè ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʩʪʨʦʡʢʠ ʘʣʛʦʨʠʪʤʘ. ʇʦʜʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʇʨʠ ʵʪʦʤ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʘʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʧʨʦʩʤʦʪʨʝ 

ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʦʙʨʘʙʦʪʢʘ ʢʦʪʦʨʦʡ ʚʝʜʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʪʘʙʠʣʠʟʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʝ, ʥʦ ʘʣ-

ʛʦʨʠʪʤ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʨʝʩʫʨʩʳ ʢʦʤʧʴʶʪʝʨʘ, ʘ ʨʘʙʦʪʘʝʪ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʝʥʥʦ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʣʛʦʨʠʪʤ ʧʨʠʤʝʥʷʝʪ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʛʨʘʥʠʯʥʳʭ ʵʬʬʝʢʪʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ. ʅʘʠʤʝʥʝʝ ʫʜʘʯʥʳʡ ʨʝ-

ʟʫʣʴʪʘʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʵʬʬʝʢʪʘ ʫʚʝʣʠʯʝ-

ʥʠʷ (ʜʚʠʞʝʥʠʝ ʚʧʝʨʝʜ ʠʣʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ). 

 

 
ʈʠʩʫʥʦʢ 1.8 ï ʀʥʪʝʨʬʝʡʩ çYouTube Stabilizationè 
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ʅʝʩʤʦʪʨʷ ʥʘ ʭʦʨʦʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤ, 

ʥʠ ʦʜʠʥ ʠʟ ʠʟʚʝʩʪʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʝ ʚʳʧʦʣʥʷʝʪ ʦʙʨʘʙʦʪʢʫ ʚ ʨʝ-

ʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʚʠʜʝʦʧʦʪʦʢʘ, ʧʦʵʪʦʤʫ ʦʥʠ 

ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʩʠʩʪʝʤʘʭ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʠʟ-

ʚʝʩʪʥʳʭ ʩʠʩʪʝʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʣʦʞʥʫʶ ʥʘʩʪʨʦʡʢʫ ʧʦʜ ʢʦʥ-

ʢʨʝʪʥʫʶ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʫʜʘʯʥʳʤ ʤʝʪʦʜʦʤ ʢʦʤ-

ʧʝʥʩʘʮʠʠ ʛʨʘʥʠʮ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʤʘʩ-

ʰʪʘʙʠʨʦʚʘʥʠʝ ʢʘʜʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘ ʠ 

ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦ-

ʨʠʪʤʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʨʝʙʫʝʪʩʷ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʠ ʩʪʘʙʠʣʠ-

ʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʩʲʝʤʢʠ. 

 

1.6. ɺʳʚʦʜʳ ʧʦ ʛʣʘʚʝ 

 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʠ ʢʦʤʧʝʥ-

ʩʘʮʠʠ ʜʚʠʞʝʥʠʷ, ʫʩʪʨʘʥʝʥʠʷ ʨʘʟʤʳʪʦʩʪʠ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʢʘʜʨʦʚ, ʧʨʝʜʥʘʟʥʘ-

ʯʝʥʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ʄʝʪʦʜʳ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ, ʢʘʞ-

ʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. ʄʝʪʦʜʳ 

ʙʣʦʯʥʦʡ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʙʦʪʳ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʜʨʫʛʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʥʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʮʝʥʢʠ. ʉʫʱʝʩʪʚʫ-

ʶʪ ʨʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʙʝʞʘʪʴ ʧʦʣʥʦ-

ʛʦ ʧʝʨʝʙʦʨʘ ʦʙʣʘʩʪʠ ʧʦʠʩʢʘ. ʉʨʝʜʠ ʤʝʪʨʠʢ, ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʭʦʜ-

ʩʪʚʦ ʙʣʦʢʦʚ, ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʩʣʝʜʫʶʱʠʝ: ʩʫʤʤʘ ʘʙʩʦʣʶʪʥʳʭ ʨʘʟʥʦʩʪʝʡ 

(SAD), ʩʫʤʤʘ ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʪʢʣʦʥʝʥʠʡ (SSD) ʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʚʘʜʨʘʪʦʚ 

ʨʘʟʥʦʩʪʝʡ (MSD). ʄʝʪʦʜʳ ʩʦʦʪʚʝʪʩʪʚʠ ̫ʙʣʦʢʦʚ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷ-

ʱʠʤʠ ʜʣʷ ʟʘʜʘʯʠ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʪʨʝʙʫʝʪʩʷ ʦʪʩʣʝʞʠ-

ʚʘʪʴ ʩʤʝʱʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʠ. 
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ʄʝʪʦʜʳ ʪʦʯʝʯʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʠʪʴ ʦʪʩʣʝʞʠʚʘʥʠʝ 

ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʢʘʜʨʘʭ, ʥʦ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ʦʪ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ 

ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʪʦʯʝʯʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢ ʨʘʟʣʠʯʥʳʤ ʠʟ-

ʤʝʥʝʥʠʷʤ ʟʥʘʯʝʥʠʡ ʧʠʢʩʝʣʦʚ. ɺ ʮʝʣʦʤ, ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʪʦʯʝʯʥʳʭ ʦʩʦʙʝʥʥʦ-

ʩʪʝʡ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʢʘʜʨʝ, 

ʥʦ ʥʝ ʜʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʦʮʝʥʢʝ ʛʣʦʙʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʠʜʝʦʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʩʪʠ. 

ʄʝʪʦʜʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʦʩʥʦʚʘʥʳ ʥʘ ʥʘʭʦʞʜʝʥʠʠ ʧʦʣʷ ʚʝʢʪʦʨʦʚ 

ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʷʨʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʄʝʪʦʜ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʢʘʤʝʨʳ, ʥʦ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ ʦʥ ʩʣʦʞʝʥ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝ-

ʥʝʥ ʢ ʧʦʣʥʳʤ ʚʠʜʝʦʧʦʪʦʢʘʤ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʙʝʟ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʕɺʄ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʝʡ. ʇʦʩʢʦʣʴʢʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʠʩʪʝʤ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʦʧʨʝ-

ʜʝʣʝʥʥʳʝ IP ʠʣʠ Web-ʢʘʤʝʨʳ, ʯʘʩʪʦ ʥʝ ʦʙʣʘʜʘʶʱʠʝ ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʪʘʙʠʣʠ-

ʟʘʪʦʨʘʤʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʪʦʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦ-

ʜʠʪʴ ʧʦʩʪʦʙʨʘʙʦʪʢʫ ʫʞʝ ʦʪʩʥʷʪʦʛʦ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʜʘʥʥʳʭ.  

ʇʨʦʛʨʘʤʤʥʳʝ ʤʝʪʦʜʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʭ ʵʪʘʧʦʚ: ʦʮʝʥʢʘ 

ʜʚʠʞʝʥʠʷ, ʢʦʤʧʝʥʩʘʮʠʷ ʜʚʠʞʝʥʠʷ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ. ʎʝʣʴʶ 

ʵʪʘʧʘ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʚʝʢʪʦʨʘ ʛʣʦʙʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʘʜʨʘ, 

ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʣʶʙʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʣʦʢʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʅʘ 

ʵʪʘʧʝ ʢʦʤʧʝʥʩʘʮʠʠ ʜʚʠʞʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʨʘʩʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ ʩʛʣʘʞʠʚʘʶʱʝʛʦ 

ʚʝʢʪʦʨʘ ʜʚʠʞʝʥʠʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʣʠʯʠʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʪʘ-

ʪʠʯʝʩʢʦʡ ʠʣʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʮʝʥʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʚʝʩʪʠ ʧʦʣʦʞʝʥʠʝ ʢʘʜʨʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʦʧʦʨʥʳʤʠ ʢʘʜʨʘʤʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʣʠ ʦʮʝʥʠʪʴ 

ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ ʠ ʚʳʧʦʣʥʠʪʴ ʝʸ ʩʛʣʘʞʠʚʘʥʠʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 
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ʯʪʦʙʳ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʛʣʷʜʝʣʘ ʪʘʢ, ʢʘʢ ʙʫʜʪʦ ʦʥʘ ʧʦʣʫʯʝʥʘ ʧʨʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʲʝʤʢʝ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʬʠʣʴʪʨʘ-

ʮʠʷ, ʬʠʣʴʪʨ ʂʘʣʤʘʥʘ ʠʣʠ ʪʨʝʭʤʝʨʥʘʷ ʦʮʝʥʢʘ ʨʝʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ 

ʢʘʤʝʨʳ. ʇʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʦʙʨʘ-

ʞʝʥʠʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʠʩʪʝʤ ʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʝʜʣʘʛʘʶʪ ʧʨʦʩʪʦʝ ʤʘʩʰʪʘʙʠʨʦ-

ʚʘʥʠʝ ʢʘʜʨʘ ʜʣʷ ʩʦʢʨʳʪʠʷ ʦʙʣʘʩʪʝʡ, ʢʦʪʦʨʳʭ ʥʝʪ ʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʤ ʢʘʜʨʝ 

ʧʦʩʣʝ ʩʪʘʙʠʣʠʟʘʮʠʠ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʧʦʣʷʮʠʷ 

ʛʨʘʥʠʮ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʦʧʦʨʥʳʭ ʢʘʜʨʦʚ ʠʣʠ ʦʙʨʠʩʦʚʢʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʩʦʩʝʜʥʠʭ ʧʠʢʩʝʣʦʚ. 

ʇʦʜʨʦʙʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, 

ʨʝʰʘʶʱʠʝ ʟʘʜʘʯʫ ʩʪʘʙʠʣʠʟʘʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

ʩʦʜʝʨʞʘʱʝʡ ʧʣʘʚʥʦʝ ʜʚʠʞʝʥʠʝ. ɺʳʷʩʥʝʥʦ, ʯʪʦ ʧʨʦʛʨʘʤʤʳ ʚʠʜʝʦʨʝʜʘʢʪʠʨʦ-

ʚʘʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʘʙʦʪʫ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ, ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʦʛʨʘʥʠʯʝʥʳ, ʢʦʨʨʝʢʮʠʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-

ʩʪʝʡ ʪʨʝʙʫʝʪ ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʩʠ-

ʩʪʝʤʳ ʥʝ ʚʳʧʦʣʥʷʶʪ ʦʙʨʘʙʦʪʢʫ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝ-

ʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʙʫʝʪʩʷ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʠ ʢʦʤʧʝʥʩʘʮʠʠ 

ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚ ʩʠʩʪʝʤʘʭ ʚʠ-

ʜʝʦʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. 
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ɻʃɸɺɸ 2. ʎʀʌʈʆɺɸʗ ʉʊɸɹʀʃʀɿɸʎʀʗ 

ɺʀɼɽʆʇʆʉʃɽɼʆɺɸʊɽʃʔʅʆʉʊɽʁ ʉʃʆɾʅʓʍ 

ʉʊɸʊʀʏɽʉʂʀʍ ʀ ɼʀʅɸʄʀʏɽʉʂʀʍ ʉʎɽʅ 

 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʠ ʤʝʪʦʜʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʦʢʘʟʘʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʩʪʘʪʠʯʝ-

ʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʮʝʥʳ. ʉʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠ-

ʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʝʜʥʘʤʝʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʢʘʤʝʨʳ, ʘʣʛʦʨʠʪʤ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʥʘʣʠʯʠʶ ʥʝʩʢʦʣʴʢʠʭ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ, ʠʟʤʝʥʝʥʠʶ 

ʦʩʚʝʱʝʥʥʦʩʪʠ, ʧʦʚʦʨʦʪʫ ʠ ʩʜʚʠʛʫ ʢʘʤʝʨʳ. ʆʛʨʘʥʠʯʝʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ 

ʚʭʦʜʥʳʤ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1. 

 

ʊʘʙʣʠʮʘ 2.1 
ʆʛʨʘʥʠʯʝʥʠʷ ʠ ʫʩʣʦʚʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʚʭʦʜʥʳʤ  

ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ 

ʆʛʨʘʥʠʯʝʥʠʝ ʂʨʠʪʝʨʠʡ 

ɺʠʜ ʦʙʲʝʢʪʦʚ  ʀʟʦʙʨʘʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ ʥʘ  

ʧʝʨʝʜʥʝʤ ʧʣʘʥʝ 

ʈʘʟʤʝʨ ʦʙʲʝʢʪʦʚ ʅʝ ʙʦʣʝʝ 30% ʧʣʦʱʘʜʠ ʢʘʜʨʘ 

ɼʣʠʪʝʣʴʥʦʩʪʴ  

ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣɹʥʦʩʪʝʡ 

ɹʝʟ ʦʛʨʘʥʠʯʝʥʠʡ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʘʧʧʘʨʘʪʥʳʭ  

ʚʦʟʤʦʞʥʦʩʪʝʡ) 

ʊʠʧ ʜʚʠʞʝʥʠʷ ʚ ʩʮʝʥʝ ɹʳʩʪʨʦʝ, ʤʝʜʣʝʥʥʦʝ, ʩʦ ʩʤʝʱʝʥʠʝʤ, ʚʨʘʱʘʪʝʣʴʥʦʝ  

ʜʚʠʞʝʥʠʝ 

ɼʚʠʞʝʥʠʝ ʢʘʤʝʨʳ ʆʪʩʫʪʩʪʚʫʝʪ, ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ, ʚʨʘʱʘʪʝʣʴʥʦʝ,  

ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ 

ʀʟʤʝʥʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʅʝ ʙʦʣʝʝ 10% ʟʘ 25 ʢʘʜʨʦʚ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

 

2.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ )(nVSin , ʛʜʝ n Í {0, 1, 2, 3, é} 

ï ʥʦʤʝʨ ʢʘʜʨʘ. ʇʨʠ ʧʨʝʜʥʘʤʝʨʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʢʘʤʝʨʳ )(nVSint  ʩʮʝʥʘ ʩʯʠʪʘ-

ʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʦʡ. ʅʝʧʨʝʜʥʘʤʝʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ï ʜʨʦʞʘʥʠʝ ʢʘʜʨʘ )(nVSjit  

ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʮʝʥʘʭ. ɿʘʜʘʯʘ ʩʪʘʙʠʣʠʟʘʮʠʷ ʚʠ-

ʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʩʲʝʤʢʝ ʩʪʘʪʠʯʝʩʢʦʡ ʩʮʝʥʳ, ʩʚʦʜʠʪʩʷ 
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ʢ ʥʘʭʦʞʜʝʥʠʶ ʢʦʤʧʦʥʝʥʪʳ ʜʨʦʞʘʥʠʷ ʢʘʜʨʘ )(nVSjit , ʢʦʤʧʝʥʩʘʮʠʠ ʜʨʦʞʘʥʠʷ 

)(nVScomp  ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ )(nVSstab  (ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ ʢʘʜʨʘ): 

 

 () () () (),nVSnVSnVSnVS stab
Oconv

comp
Ocomp

jit
Ojit

in ½½ ­½½½ ­½½½­½  (2.1) 

 

ʛʜʝ Ojit ï ʦʧʝʨʘʪʦʨ ʦʮʝʥʢʠ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʩʮʝʥʝ; Ocomp ï ʦʧʝ-

ʨʘʪʦʨ ʢʦʤʧʝʥʩʘʮʠʠ ʜʚʠʞʝʥʠʷ; Oconv ï ʦʧʝʨʘʪʦʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʙʠʣʠʟʠʨʦ-

ʚʘʥʥʦʛʦ ʢʘʜʨʘ )(nVSstab ʢ ʨʘʟʤʝʨʘʤ ʠʩʭʦʜʥʦʛʦ ʢʘʜʨʘ. 

ɿʘʜʘʯʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʩʦʜʝʨʞʘʱʝʡ ʜʠʥʘʤʠ-

ʯʝʩʢʠʝ ʩʮʝʥʳ, ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʠʜʝʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʢʘʤʝ-

ʨʳ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʢʘʜʨʘ ʪʨʝʙʫʝʪʩʷ ʨʘʩʩʯʠʪʘʪʴ ʝʛʦ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʨʝʜʥʘʤʝʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ )(nVSint : 

 

() () () () (),nVSnVSnVSnVSnVS stab
Oconv

comp
Ocomp

int
intO

jitt
Ojit

in ½½ ­½½½ ­½½½­½½½­½ (2.2) 

 

ʛʜʝ Oint ï ʦʧʝʨʘʪʦʨ ʦʮʝʥʢʠ ʧʨʝʜʥʘʤʝʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ, ʢʦʪʦʨʦʝ ʪʨʝ-

ʙʫʝʪʩʷ ʩʦʭʨʘʥʠʪʴ ʧʨʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʮʝʥʳ. 

ʉʪʘʙʠʣʠʟʘʮʠʶ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫ-

ʶʱʠʝ ʵʪʘʧʳ: 

I ʵʪʘʧ: ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʮʝʥʳ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ: 

ï ʈʘʟʜʝʣʝʥʠʝ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʩʮʝʥʳ. 

ï ʆʮʝʥʢʘ ʨʘʟʤʳʪʦʩʪʠ ʢʘʜʨʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʯʝʪʢʦʩʪʠ ʨʘʟʤʳʪʳʭ ʢʘʜʨʦʚ. 

ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʢʦʨʨʝʢʮʠʷ. 

II ʵʪʘʧ: ʆʮʝʥʢʘ ʜʚʠʞʝʥʠʷ: 

ï ʆʮʝʥʢʘ ʣʦʢʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʝʪʦʜʘʤʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʙʣʦʢʦʚ. 

ï ʇʦʩʪʨʦʝʥʠʝ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʊʘʢʘʛʠ-ʉʫʛʝʥʦ-ʂʘʥʛʘ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʦʮʝʥʢʠ ʣʦʢʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ï ʆʮʝʥʢʘ ʛʣʦʙʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʘʜʨʘ 
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III ʵʪʘʧ: ʂʦʤʧʝʥʩʘʮʠʷ ʜʚʠʞʝʥʠʷ: 

ï ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʛʣʘʞʠʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʨʠʛʠʥʘʣʴʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ. 

ï ʇʨʠʤʝʥʝʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʬʠʣʴʪʨʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʩʛʣʘʞʠ-

ʚʘʥʠʷ ʜʚʠʞʝʥʠʷ. 

IV ʵʪʘʧ: ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ: 

ï ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʨʘʥʠʮ ʜʣʷ ʩʪʘʪʠʯʝʩʢʠʭ ʩʮʝʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʪʝʨʧʦ-

ʣʷʮʠʠ ʦʧʦʨʥʳʭ ʢʘʜʨʦʚ ʩʮʝʥʳ 

ï ʇʝʨʝʦʨʠʝʥʪʘʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʮʝʥ, ʩʦʜʝʨʞʘʱʠʭ 

ʦʙʲʝʢʪ rʠʥʪʝʨʝʩʘ ʚ ʢʘʜʨʝ 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ 

ʥʘʭʦʞʜʝʥʠʷ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʢʘʤʝʨʳ ʜʣʷ ʩʪʘʪʠʯʝ-

ʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʮʝʥ, ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠ ̫ʢʘʞʜʦʛʦ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʵʪʘʧʦʚ. 

 

 2.2. ʉʪʘʙʠʣʠʟʘʮʠʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʣʦʞʥʳʭ 

ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʮʝʥ 

 

ɼʣʷ ʩʪʘʪʠʯʝʩʢʠʭ ʩʮʝʥ ʦʮʝʥʢʘ ʜʚʠʞʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʙʣʦʢʦʚ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʛʦ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʨʘ-

ʙʦʪʳ. ʆʜʥʘʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʦʩʚʝʱʝʥʥʦʩʪʠ ʩʮʝʥʳ ʠ ʥʝʩʢʦʣʴʢʠʭ 

ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʙʦʣʝʝ ʪʦʯʥʫʶ ʦʮʝʥʢʫ ʛʣʦʙʘʣʴʥʦ-

ʛʦ ʜʚʠʞʝʥʠʷ, ʪ. ʢ. ʥʝʢʦʪʦʨʳʝ ʣʦʢʘʣʴʥʳʝ ʚʝʢʪʦʨʘ ʤʦʛʫʪ ʥʝ ʦʪʨʘʞʘʪʴ ʨʝʘʣʥɹʦʝ 

ʜʚʠʞʝʥʠʝ ʢʘʤʝʨʳ, ʘ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʚʣʠʷʥʠʶ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʂʘʯʝʩʪʚʦ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʚ ʤʝʪʦʜʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʦʠʩʢʝ ʣʦʢʘʣʴ-

ʥʳʭ ʚʝʢʪʦʨʦʚ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʥʝʩʢʦʣʴʢʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘ-

ʤʝʪʨʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʘʜʨʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʜʦʩʪʦʚʝʨʥʳʝ 

ʚʝʢʪʦʨ,r ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪ ʠʤʝʥʥʦ ʜʚʠʞʝʥʠʝ ʢʘʤʝʨʳ, ʥʦ ʥʝ ʦʙʲʝʢʪʦʚ ʚ 

ʢʘʜʨʝ [2]. ɼʣʷ ʨʘʩʯʝʪʘ ʛʣʦʙʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʜʚʠʞʝʥʠʷ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʚʫʤʝʨ-

ʥʘʷ ʣʠʥʝʡʥʘʷ ʤʦʜʝʣʴ, ʫʯʠʪʳʚʘʶʱʘʷ ʘʬʬʠʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ.  
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2.2.1. ʈʘʟʜʝʣʝʥʠʝ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʩʮʝʥʳ 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʚʳʧʦʣʥʷʪʴ ʨʘʟʜʝʣʝʥʠʝ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʩʮʝʥʳ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʦʙʨʘʙʦʪʢʘ ʢʘʞʜʦʡ ʩʮʝʥʳ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʢʘʜʨʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʩʦʩʝʜʥʝʡ ʩʮʝʥʝ, ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʨʝʤʝʥʥʳʭ ʬʠʣʴʪʨʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [5] ʘʣʛʦʨʠʪʤ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʩʮʝʥʳ ʠʩʧʦʣʴʟʫʝʪ 

ʜʚʫʭʧʨʦʭʦʜʥʦʡ ʘʥʘʣʠʟ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʅʘ ʧʝʨʚʦʤ ʧʨʦʭʦʜʝ ʦʮʝʥʠ-

ʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʣʥʦʡ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʪʘʢʠʝ, ʢʘʢ 

ʛʠʩʪʦʛʨʘʤʤʘ ʢʘʜʨʘ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʦʩʦʙʝʥʥʳʭ ʪʦʯʝʢ, ʨʘʩʧʦʣʦ-

ʞʝʥʠʝ ʮʚʝʪʦʚʳʭ ʙʦʢʦʚ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ. ʅʘ ʚʪʦʨʦʤ ʧʨʦʭʦʜʝ ʫʩʪʘʥʘʚʣʠʚʘ-

ʶʪʩʷ ʘʜʘʧʪʠʚʥʳʝ ʧʦʨʦʛʠ ʧʘʨʘʤʝʪʨʦʚ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʨʠ ʧʨʝʚʳ-

ʰʝʥʠʠ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʩʮʝʥʳ.  ɼʣʷ 

ʩʠʩʪʝʤ ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ ʘʣʛʦʨʠʪʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʘʥʘ-

ʣʠʟʠʨʫʝʪʩʷ ʥʝ ʚʩʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʘ ʪʦʣʴʢʦ ʧʨʝʜʳʜʫʱʠʝ ʢʘʜʨʳ 

ʩʮʝʥʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʘʝʤʦʛʦ ʩ ʢʘʤʝʨʳ ʚʠʜʝʦʧʦʪʦ-

ʢʘ. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʚʳʜʝʣʝʥʠʷ ʩʮʝʥ, ʦʮʝʥʠʚʘʶʱʠʡ ʢʦʥʬʠʛʫʨʘʮʠʶ ʦʩʦ-

ʙʝʥʥʳʭ ʪʦʯʝʢ ʢʘʜʨʘ: 

ʐʘʛ 1. ʈʘʩʯʝʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʢʘʞʜʦʡ ʦʩʦʙʝʥʥʦʡ ʪʦʯʢʠ ʢʘʜʨʘ ʜʦ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʪʦʯʢʠ ʢʘʜʨʘ 

 

 22 )()( cGcGij yyxxR
ii
-+-= , (2.3) 

 

ʛʜʝ 
iGx ,

iGy ï ʢʦʦʨʜʠʥʘʪʳ i-ʦʡ ʦʩʦʙʝʥʥʦʡ ʪʦʯʢʠ; xc, yc ï ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘʣʴ-

ʥʦʡ ʪʦʯʢʠ ʢʘʜʨʘ. 

ʐʘʛ 2. ʈʘʩʯʝʪ ʩʤʝʱʝʥʠʷ ʪʦʯʢʠ 

 

 trijij eRR <- -1 , (2.4) 
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ʛʜʝ: etr ï ʧʦʨʦʛ ʩʤʝʱʝʥʠʷ ʪʦʯʢʠ ʜʣʷ ʢʘʜʨʘ 

ʐʘʛ 3. ʈʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʩʠʣʴʥʦ ʩʤʝʱʝʥʥʳʭ ʪʦʯʝʢ ʚ n-ʤ ʢʘʜʨʝ 

 

 ( ) ( )ntr eecountneRf >=,, ,  (2.5) 

 

ʛʜʝ en ï ʦʙʱʠʡ ʧʦʨʦʛ ʩʤʝʱʝʥʠʷ. 

ʅʘ ʨʠʩ. 2.1 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ, ʦʪʦʙʨʘʞʘʶʱʘʷ ʢʦʣʠʯʝʩʪʚʦ ʩʠʣʴʥʦ 

ʩʤʝʱʝʥʥʳʭ ʪʦʯʝʢ ʚ ʪʝʩʪʦʚʦʡ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʅʘ ʛʨʘʬʠʢʝ ʧʦʢʘʟʘʥ 

ʧʦʨʦʛ, ʚʳʰʝ ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʝʪʩʷ ʨʝʰʝʥʠʝ ʦ ʨʘʟʜʝʣʝʥʠʠ ʩʮʝʥʳ, ʚʠʜʳ ʛʨʘ-

ʥʠʮ ʩʮʝʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʩʯʝʪʯʠʢʘ ʩʠʣʴʥʦ ʩʤʝʱʝʥʥʳʭ ʪʦʯʝʢ. 

 
ʈʠʩʫʥʦʢ 2.1 ï ɻʠʩʪʦʛʨʘʤʤʘ ʟʥʘʯʝʥʠʡ ʩʯʝʪʯʠʢʘ ʩʠʣʴʥʦ ʩʤʝʱʝʥʥʳʭ  

ʪʦʯʝʢ ʥʘ ʪʝʩʪʦʚʦʡ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

 

ɽʩʣʠ ʥʘ ʪʝʢʫʱʝʤ ʢʘʜʨʝ n ʬʫʥʢʮʠʷ f(R,e,n) ʜʦʩʪʠʛʘʝʪ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠ-

ʤʫʤʘ, ʪʦ ʪʝʢʫʱʠʡ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʢʘʜʨʳ ʷʚʣʷʶʪʩʷ ʛʨʘʥʠʮʘʤʠ ʩʮʝʥʳ ʚʠ-

ʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

 

2.2.2. ʋʩʪʨʘʥʝʥʠʝ ʨʘʟʤʳʪʠʷ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ 

 

ʇʨʠ ʜʚʠʞʝʥʠʠ ʢʘʤʝʨʳ ʥʘ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʥʝʞʝʣʘ-

ʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ, ʘ ʠʤʝʥʥʦ ʨʘʟʤʳʪʠʝ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ 

ʯʝʪʢʦʩʪʴ ʦʙʲʝʢʪʦʚ ʟʘʜʥʝʛʦ ʧʣʘʥʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʟʤʳʪʳʭ ʢʘʜʨʦʚ 

ʉʠʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ         ʇʣʘʚʥʳʡ ʧʝʨʝʭʦʜ       ʈʝʟʢʠʡ ʧʝʨʝʭʦʜ 

 

 

 

ʂʦʣʠʯʝʩʪʚʦ 

        ʪʦʯʝʢ 

 

 

 

        ʇʦʨʦʛ 
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ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʘʥʠʟʦʪʨʦʧʥʳʡ ʬʠʣʴʪʨ ɻʘʫʩʩʘ ʩ ʘʜʘʧʪʠʚʥʳʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʧʦʜʙʦʨʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʨʝʛʠʦʥʦʚ ʚ ʢʘʜʨʝ. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʘʤʝʨʳ ʠ ʥʘʣʠʯʠʠ ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʩʣʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʟʥʘʯʝʥʠʝ ʷʜʨʘ ʨʘʟʤʳʪʠʷ, ʪ. ʢ. ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʤʳʪʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤ 

ʥʘ ʦʜʥʦʤ ʢʘʜʨʝ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʪʦʜ ʫʩʪʨʘʥʝʥʠʷ ʨʘʟʤʳʪʠʷ ʜʚʠʞʫ-

ʱʠʭʩʷ ʦʙʝ̡ʢʪʦʚ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʰʘʛʦʚ:  

1. ʆʮʝʥʢʘ ʨʘʟʤʳʪʦʩʪʠ ʢʘʜʨʦʚ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʛʨʘ-

ʜʠʝʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

2. ʈʘʟʜʝʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠ ʛʣʘʜʢʠʝ ʨʝʛʠʦʥʳ. 

3. ʅʘʭʦʞʜʝʥʠʝ ʛʨʘʥʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʘ ʉʦʙʝʣʘ. 

4. ʇʨʠʤʝʥʝʥʠʝ ʬʠʣʴʪʨʘ ɻʘʫʩʩʘ ʜʣʷ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʛʠʦʥʦʚ ʩ ʘʚʪʦ-

ʤʘʪʠʯʝʩʢʠʤ ʧʦʜʙʦʨʦʤ ʤʘʩʢʠ ʦʙʨʘʙʦʪʢʠ. 

5. ʇʨʠʤʝʥʝʥʠʝ ʥʝʨʝʟʢʦʛʦ ʤʘʩʢʠʨʦʚʘʥʠʷ ʜʣʷ ʛʣʘʜʢʠʭ ʨʝʛʠʦʥʦʚ. 

6. ʉʠʥʪʝʟ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʨʘʟʤʳʪʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʩʠʣʴʥʦʝ ʜʨʦʞʘʥʠʝ, ʙʳʩʪʨʦʝ ʜʚʠʞʝʥʠʝ 

ʦʙʲʝʢʪʦʚ ʠʣʠ ʜʣʠʪʝʣʴʥʘʷ ʵʢʩʧʦʟʠʮʠʷ ʢʘʤʝʨʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʚʩʝ ʢʘʜʨʳ 

ʧʦʜʚʝʨʞʝʥʳ ʜʘʥʥʦʤʫ ʵʬʬʝʢʪʫ, ʠ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʢʘʜʨʳ ʷʚʣʷʶʪ-

ʩʷ ʨʘʟʤʳʪʳʤʠ. 

ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʜʨʳ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʩʦʜʝʨ-

ʞʘʱʠʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʤʳʪʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʨʘʜʠʝʥʪʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʡʜʝʥ ʨʘʟʤʳ-

ʪʳʡ ʢʘʜʨ z. ɸʚʪʦʨʘʤʠ Joshi ʠ Cohen [89] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʫʩʪʨʘʥʝʥʠʷ ʨʘʟʤʳ-

ʪʠʷ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ Õ(x, y) ʬʫʥʢʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʣʷ 

ʪʝʢʫʱʝʛʦ ʧʠʢʩʝʣʘ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ (zï1) ʧʨʝʜʳʜʫʱʠʭ ʢʘʜʨʦʚ ʧʦ ʬʦʨ-

ʤʫʣʝ: 
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ʛʜʝ ( )y,xI i  ï ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʧʠʢʩʝʣʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (x, y), i Í1,é, 

(zï1); 1,é, (zï1) ï ʧʨʝʜʳʜʫʱʠʝ ʢʘʜʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʟʤʳʪʦʛʦ ʢʘʜʨʘ z. 

ʊʦʛʜʘ ʯʝʪʢʦʩʪʴ ʧʠʢʩʝʣʘ wtex ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
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ʛʜʝ L¡i(x, y) ï ʧʨʦʠʟʚʦʜʥʘʷ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ I i(x, y), ʧʨʝʦʙʨʘʟʦʚʘʥ-

ʥʦʛʦ ʜʠʩʢʨʝʪʥʳʤ ʃʘʧʣʘʩʠʘʥʦʤ ʨʘʟʤʝʨʥʦʩʪʠ 3Ĭ3 ʧʠʢʩʝʣʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʨʝʘʣʴʥʳʭ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʫʩʪʨʘʥʝʥʠʝ ʨʘʟʤʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʡ (2.6)ï(2.7) ʥʝ ʜʦʩʪʘʪʦʯʥʦ. 

ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʦʮʝʥʢʘ ʯʝʪʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʚʳʧʦʣʥʷʝʪ-

ʩʷ  ʥʘ ʦʩʥʦʚʝ ʛʨʘʜʠʝʥʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʚʩʝʤʫ ʪʝʢʫʱʝʤʫ ʢʘʜʨʫ ʠ ʟʘʜʘʥʥʦ-

ʤʫ ʧʦʨʦʛʫ ʨʘʟʤʳʪʠʷ T. ʊʦʛʜʘ ʩʪʝʧʝʥʴ ʨʘʟʤʳʪʦʩʪʠ ʪʝʢʫʱʝʛʦ ʢʘʜʨʘ gn ʦʮʝʥʠʚʘ-

ʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
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ʛʜʝ T ï ʧʦʨʦʛ ʨʘʟʤʳʪʠʷ 10 ¢¢T , gn ï ʟʥʘʯʝʥʠʝ ʛʨʘʜʠʝʥʪʘ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘ-

ʶʱʝʡ ʠʟʦʙʨʘʞʝʥʠʝ I i,j; I i,j ï ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨ-

ʜʠʥʘʪʘʤʠ (i, j); Kï ʥʦʤʝʨ ʧʨʝʜʳʜʫʱʝʛʦ ʦʧʦʨʥʦʛʦ ʢʘʜʨʘ. 

ʆʮʝʥʢʘ ʨʘʟʤʳʪʦʩʪʠ ʢʘʜʨʘ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʬʦʨʤʫʣʝ (2.8) ʦʩʫʱʝʩʪʚʣʷ-

ʝʪʩʷ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʨʝʜʳʜʫʱʠʭ z ʢʘʜʨʦʚ ʩʮʝʥ rʷʚʣʷʶʪʩʷ 

ʨʝʟʢʠʤʠ. ʇʨʠʤʝʨ rʥʘʡʜʝʥʥʳʭ ʢʘʜʨʦʚ ʩ ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ ʨʘʟʤʳʪʦʩʪʴʶ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.2. 
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ʘ), ʙ) ï ʢʘʜʨʳ 59 ʠ 68 ʩ ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ ʨʝʟʢʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʚ), ʛ) ï ʫʚʝʣʠʯʝʥʥʳʝ 

ʫʯʘʩʪʢʠ ʢʘʜʨʦʚ 

ʈʠʩʫʥʦʢ 2.2 ï ʇʨʠʤʝʨʳ ʢʘʜʨʦʚ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ çSam_1.aviè 

 

ɼʣʷ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʩʮʝʥʳ (ʨʠʩ. 2.2) ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ, ʧʦʢʘʟʳʚʘʶʱʠʡ 

ʫʨʦʚʝʥʴ ʨʘʟʤʳʪʠʷ ʢʘʜʨʦʚ ʩ 1 ʧʦ 265 (ʨʠʩ. 2.3). ʄʘʢʩʠʤʫʤʳ ʛʨʘʬʠʢʘ ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʪ ʪʦ, ʯʪʦ ʢʘʜʨʳ ʨʘʟʤʳʪʳ. ʉʮʝʥʘ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʡ ʫʨʦʚʝʥʴ ʜʚʠʞʝ-

ʥʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʜʨʦʞʘʥʠʝ.  

 

ʈʠʩʫʥʦʢ 2.3 ï ʆʮʝʥʢʘ ʨʘʟʤʳʪʦʩʪʠ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ çSam_1.aviè 
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ɽʩʣʠ ʠʟʦʙʨʘʞʝʥʠʝ ʩʠʣʴʥʦ ʨʘʟʤʳʪʦ, ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʘʣʛʦ-

ʨʠʪʤʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʜʚʠʞʫʱʠʭʩʷ ʠ ʥʝʧʦʜʚʠʞʥʭr ʦʙʲʝʢʪʦʚ ʟʘʪʨʫʜʥʝʥʦ. 

ʅʘ ʚʪʦʨʦʤ ʰʘʛʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʜʝʪʘʣʠʟʠ-

ʨʦʚʘʥʥʳʝ ʠ ʛʣʘʜʢʠʝ ʨʝʛʠʦʥʳ. ʆʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʦʮʝʥʢʠ ʩʫʤʤʳ ʢʚʘʜʨʘ-

ʪʦʚ ʨʘʟʥʦʩʪʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʨʘʟʤʝʨʦʤ 5Ĭ5 ʧʠʢʩʝʣʦʚ ʧʦ 

ʬʦʨʤʫʣʝ (2.9). 
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ʇʦʩʣʝ ʯʝʛʦ ʠʟʦʙʨʘʞʝʥʠʝ ʜʝʣʠʪʩʷ ʥʘ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠ ʛʣʘʜʢʠʝ ʨʝʛʠ-

ʦʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ( )yxL ,ɓ . ʉʪʨʦʠʪʩʷ ʙʠʥʘʨʥʘʷ ʢʘʨʪʘ ( )yxF , , 

ʦʧʠʩʳʚʘʶʱʘʷ ʧʦʣʦʞʝʥʠʝ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʛʠʦʥʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ʂʘʨʪʘ 

( )yxF ,  ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ: 
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ʛʜʝ Tfl ï ʧʦʨʦʛ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʙʠʨʘʝʤʳʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʤʤʘʨʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʛʨʘʜʠʝʥʪʘ gn, ʨʘʩʩʯʠʪʳʚʘʝʤʦʛʦ ʚ ʬʦʨʤʫʣʝ (2.8). 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʛʨʘʥʠʮ ʦʙʲʝʢʪʦʚ ʥʘ ʠʟʦʙʨʘ-

ʞʝʥʠʠ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʬʠʣʴʪʨʦʤ ʉʦʙʝʣʘ ʠʣʠ ʜʨʫʛʠʤʠ ʦʧʝʨʘ-

ʪʦʨʘʤʠ ʜʣʷ ʦʮʝʥʢʠ ʛʨʘʥʠʮ [11, 137]. ɼʣʷ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʛʠʦʥʦʚ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʘʥʠʟʦʪʨʦʧʥʳʡ ʬʠʣʴʪʨ ɻʘʫʩʩʘ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʥʝʛʘʪʠʚ-

ʥʳʭ ʵʬʬʝʢʪʦʚ ʨʘʟʤʳʪʠʷ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʜʘʣʝʥʥʦ-

ʩʪʠ ʧʠʢʩʝʣʘ ʦʪ ʛʨʘʥʠʮʳ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʦʧʝʨʘʪʦʨʦʤ ʉʦʙʝʣʘ, ʚʳʙʠʨʘʶʪʩʷ ʨʘʟ-

ʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʬʠʣʴʪʨʘ (ʨʠʩ. 2.4). ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʩʦʭʨʘʥʠʪʴ 

ʯʸʪʢʫʶ ʛʨʘʥʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʧʦʵʪʦʤʫ ʧʠʢʩʝʣʳ, ʥʘʡʜʝʥʥʳʝ ʢʘʢ ʛʨʘʥʠʮʳ 

ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʦʙʨʘʙʦʪʢʠ.  
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ʘ) ʧʠʢʩʝʣ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʡ ʢ ʛʨʘʥʠʮʝ; ʙ) ʧʠʢʩʝʣ ʨʷʜʦʤ ʩ ʛʨʘʥʠʮʝʡ; ʚ) ʧʠʢʩʝʣ, ʥʘʭʦʜʷ-

ʱʠʡʩʷ ʜʘʣʝʢʦ ʦʪ ʛʨʘʥʠʮʳ 

ʈʠʩʫʥʦʢ 2.4 ï ʇʨʠʤʝʨ ʘʜʘʧʪʠʚʥʦʛʦ ʧʦʜʙʦʨʘ ʬʦʨʤʳ ʜʣʷ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʬʠʣʴʪʨʘ ɻʘʫʩʩʘ 

 

ɸʥʠʟʦʪʨʦʧʥʳʡ ʬʠʣʴʪʨ ɻʘʫʩʩʘ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʧʠʢʩʝʣʘʤ ʜʝʪʘʣʠʟʠʨʦʚʘʥ-

ʥʳʭ ʨʝʛʠʦʥʦʚ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ ʧʠʢʩʝʣʘ ʦʨʠ-

ʛʠʥʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ ʪʦʣʴʢʦ ʫʩʪʨʘʥʠʪʴ ʨʘʟʤʳʪʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʩʦʭʨʘʥʠʚ ʧʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʫʶ ʯʝʪʢʦʩʪʴ. ʇʘʨʘʤʝʪʨʳ ʬʠʣʴʪʨʘ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʫʯʝʪʦʤ ʦʨʠʝʥʪʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʘʥʠʮʳ ʠ ʵʥʝʨʛʠʠ 

( )yxL ,ɓ  ʦʙʣʘʩʪʠ ʦʙʨʘʙʦʪʢʠ. ʇʘʨʘʤʝʪʨʳ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʬʠʣʴʪʨʘ ʨʘʩʩʯʠʪʳʚʘ-

ʶʪʩʷ ʧʫʪʝʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ (x, y). ʊʦ-

ʛʜʘ ʵʣʣʠʧʪʠʯʝʩʢʠʡ ɻʘʫʩʩʠʘʥ ʩ ʦʩʷʤʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʚʜʦʣʴ ʩʠʩʪʝʤʳ ʢʦ-

ʦʨʜʠʥʘʪ ʦʧʠʩʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2.11).  
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ʛʜʝ yx ss ,  ï ʨʘʟʨʝʰʝʥʠʝ ʬʠʣʴʪʨʘ ɻʘʫʩʩʘ ʧʦ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ, ʚʳʙʠʨʘʝʤʦʝ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʜʘʣʝʥʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʠʢʩʝʣʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (x, y) 

ʦʪ ʛʨʘʥʠʮʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʠʩ. 2.4. 

ɼʣʷ ʦʙʣʘʩʪʝʡ ʧʠʢʩʝʣʦʚ, ʚ ʢʦʪʦʨʳʭ ( ) flL Tyx >=,ɓ , ʠ ʧʨʠ ʵʪʦʤ ʦʥʠ ʥʝ ̫ʚ-

ʣʷʶʪʩʷ ʛʨʘʥʠʯʥʳʤʠ ʧʠʢʩʝʣʘʤʠ, ʧʨʠʤʝʥʷʝʪʩʷ ʥʝʨʝʟʢʦʝ ʤʘʩʢʠʨʦʚʘʥʠʝ ʜʣʷ ʧʦ-
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ʚʳʰʝʥʠʷ ʨʝʟʢʦʩʪʠ: ʬʠʣʴʪʨ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʳʯʠʪʘʥʠʠ ʥʝʨʝʟʢʦʛʦ (ʨʘʟʤʳʪʦʛʦ) 

ʠʟʦʙʨʘʞʝʥʠʷ ʠʟ ʦʨʠʛʠʥʘʣʥɹʦʛʦ ʢʘʜʨʘ (ʨʠʩ. 2.5).  

 
0 0 0  0.3 0 0  ï0,3 0 0 

0 4 0 ï  0.7 1 0.3 = ï0,7 3 ï0,3 

0 0 0  0 0 0.7  0 0 ï0,7 

ʘ     ʙ        ʚ      ʛ 

ʘ) ï ʦʨʠʛʠʥʘʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ; ʙ) ï ʥʝʯʝʪʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ; ʚ) ï ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʝ  

ʠʟʦʙʨʘʞʝʥʠʝ; ʛ) ï ʷʜʨʦ ʨʘʟʤʳʪʠʷ 

ʈʠʩʫʥʦʢ 2.5 ï ʅʝʨʝʟʢʦʝ ʤʘʩʢʠʨʦʚʘʥʠʝ ʜʣʷ ʬʠʣʴʪʨʘ ʨʘʟʤʝʨʥʦʩʪʴʶ 9 ʧʠʢʩʝʣʦʚ 

 

ʅʝʨʝʟʢʦʝ ʤʘʩʢʠʨʦʚʘʥʠʝ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʨʘʟʤʳʪʠʷ ʜʚʠʞʝʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.5. ʇʦʨʷʜʦʢ ʬʠʣʴʪʨʘ ʚʘʨʴʠʨʫ-

ʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʟʤʝʨʘ ʙʣʦʢʦʚ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʇʦʩʣʝʜʥʠʤ ʰʘʛʦʤ ʤʝʪʦʜʘ ʫʩʪʨʘʥʝʥʠʷ ʨʘʟʤʳʪʠʷ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʠʟʦʙ-

ʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʬʠʣʴʪʨʘ ɻʘʫʩʩʘ ʜʣʷ ʜʝʪʘʣʠʟʠʨʦʚʘʥ-

ʥʳʭ ʨʝʛʠʦʥʦʚ, ʥʝʨʝʟʢʦʛʦ ʤʘʩʢʠʨʦʚʘʥʠʷ ʜʣʷ ʛʣʘʜʢʠʭ ʨʝʛʠʦʥʦʚ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʛʨʘʥʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʚʳʜʝʣʝʥʥʦʡ ʬʠʣʴʪʨʦʤ ʉʦʙʝʣʘ. 

 

2.2.3. ʆʮʝʥʢʘ ʣʦʢʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ  

ʊʘʢʘʛʠ-ʉʫʛʝʥʦ-ʂʘʥʛʘ 

 

ʆʮʝʥʢʘ ʣʦʢʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʜʣʷ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʪʘʪʠʯʝ-

ʩʢʠʭ ʩʮʝʥ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʤʝʪʦʜʫ ʙʣʦʯʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ (ʧ. 1.2.1). ʅʘ ʝʝ ʦʩ-

ʥʦʚʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʛʣʦʙʘʣʴʥʳʡ ʚʝʢʪʦʨ ʜʚʠʞʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʜʘʥʥʦʛʦ ʵʪʘ-

ʧʘ ʷʚʣʷʶʪʩʷ ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʙʣʦʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʣʦʢʘʣʴʥʳʝ ʚʝʢʪʦ-

ʨʳ ʜʚʠʞʝʥʠʷ (LMV). 

ʇʦʩʣʝ ʥʘʭʦʞʜʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʚʝʢʪʦʨʦʚ ʜʚʠʞʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʦʧʨʝʜʝ-

ʣʠʪʴ, ʦʧʠʩʳʚʘʶʪ ʣʠ ʦʥʠ ʜʚʠʞʝʥʠʝ ʢʘʤʝʨʳ ʠʣʠ ʜʚʠʞʝʥʠʝ ʦʙʲʝʢʪʦʚ ʚ ʢʘʜʨʝ. 

ɼʣʷ ʵʪʦʛʦ ʩʪʨʦʠʪʩʷ ʥʝʯʝʪʢʘʷ ʤʦʜʝʣʴ, ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʨʘ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʝʢʪʦʨʦʚ ʜʚʠʞʝʥʠʷ [6, 64]. ɼʣʷ ʢʘʞʜʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ 

ʜʚʠʞʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʝʨʘ ʦʰʠʙʢʠ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʧʦ ʝʚʢʣʠʜʦʚʫ ʨʘʩ-

ʩʪʦʷʥʠ ʁei ʠ ʧʦ ʫʛʣʫ ʥʘʢʣʦʥʘ ʚʝʢʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʠ ci. ʇʨʦʠʟʚʦ-
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ʜʠʪʩʷ ʨʘʩʯʝʪ ʩʨʝʜʥʠʭ ʦʰʠʙʦʢ ME ʠ Mc. ɼʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ei ʠ ci ʚʳʧʦʣʥʷ-

ʝʪʩʷ ʨʘʩʯʝʪ ʦʰʠʙʦʢ ʦʪʢʣʦʥʝʥʠʷ di
e
 ʠ di

c
: 

 

 ,Mcd,Med
Ci

c

iEi

e

i
==  (2.12) 

 

ʛʜʝ ME ʠ Mc ï ʤʝʜʠʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ei ʠ ci ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʥʝʯʝʪʢʦʡ ʤʦʜʝʣʠ ʊʉʂ ʠʩʧʦʣʴʟʦʚʘ-

ʣʠʩʴ ʪʨʝʫʛʦʣʴʥʘʷ, ʪʨʘʧʝʮʠʝʚʠʜʥʘʷ ʠ ʩʠʛʤʦʠʜʘʣʴʥʘʷ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦ-

ʩʪʠ. ɺʠʜ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.6, ʟʥʘʯʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ a ʠ b ʚʳʙʠʨʘʣʠʩʴ ʦʧʳʪʥʳʤ ʧʫʪʝʤ. 
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ʘ) ʪʨʝʫʛʦʣʴʥʠʢ, ʙ) ʪʨʘʧʝʮʠʷ, ʚ) ʩʠʛʤʦʠʜʘʣʥɹʘʷ ʬʫʥʢʮʠʷ 

ʈʠʩʫʥʦʢ 2.6 ï ɺʠʜ ʬʫʥʢʮʠʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʩʠʛʤʦʠʜʘʣʴʥʳʝ ʬʫʥʢ-

ʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʪʜʝʣʠʪʴ ʜʚʠʞʝʥʠʝ ʦʙʲʝʢʪʦʚ 

ʚ ʢʘʜʨʝ ʦʪ ʩʤʝʱʝʥʠʷ ʢʘʤʝʨʳ. ʇʨʠ ʥʝʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʲʝʤʢʝ ʥʘ ʚʠʜʝʦʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʰʫʤʳ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ, ʢʦʪʦʨʳʝ ʫʭʫʜ-

ʰʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʜʚʠʞʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʪʘʙʠʣʠʟʘʮʠʠ [12]. ʇʦ-

ʵʪʦʤʫ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʥʝʟʘʰʫʤʣʝʥʥʳʭ ʠ 

ʟʘʰʫʤʣʝʥʥʳʭ ʚʠʜʝʦʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

ʆʰʠʙʢʠ ʦʪʢʣʦʥʝʥʠʷ di
e
 ʠ di

c
 ʧʦʜʘʪʁʩʷ ʥʘ ʚʭʦʜ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦ-

ʩʪʠ, ʝʝ ʟʥʘʯʝʥʠʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʘʭ ʪʦʯʥʦʩʪʠ: ɺʳʩʦʢʠʡ, 

ʩʨʝʜʥʠʡ, ʥʠʟʢʠʡ. ɹʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʣʫʯ-

ʰʝʤ ʢʣʘʩʩʝ, ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ï ʚ ʭʫʜʰʝʤ. ʉʪʨʦʷʪʩʷ ʩʠʛʤʦʠ-

ʜʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 








































































































































