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ɺɺɽɼɽʅʀɽ 

ɸʢʪʠʚʥʦʝ ʦʩʚʦʝʥʠʝ ʤʦʨʩʢʠʭ ʠ ʦʢʝʘʥʩʢʠʭ ʧʦʙʝʨʝʞʠʡ ʄʝʢʩʠʢʠ ʦʙʲʝʢʪʘ-

ʤʠ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʙʠʟʥʝʩʘ ʠ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ, 

ʪʘʢ ʢʘʢ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʝʝ ʠʟʤʝʥʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʦʤʫ ʫʱʝʨ-

ʙʫ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ.  

ʄʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʝʝ ʠʟ-

ʤʝʥʝʥʠʝ, ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ, ʠ ʧʨʠʥʷʪʴ ʩʚʦʝʚʨʝʤʝʥʥʳʝ ʤʝʨʳ ʜʣʷ ʫʩʪ-

ʨʘʥʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʦʡ ʠ ʦʧʝʨʘʪʠʚʥʳʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠ-

ʯʝʩʢʠʡ ʤʝʪʦʜ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʘʵʨʦʬʦʪʦʩʲʸʤʢʠ ʩ ʧʦ-

ʤʦʱʴʶ ʮʠʬʨʦʚʳʭ ʬʦʪʦʢʘʤʝʨ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʩʲʸʤʢʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫ-

ʯʘʪʴ ʮʠʬʨʦʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʫʯʘʩʪʢʦʚ ʧʨʠʙʨʝʞʥʦʡ ʠ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʇʨʠ ʵʪʦʤ 

ʚʳʷʚʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡ-

ʰʠʭ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʦʙʲʝʢʪʦʚ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʭʨʘʥʳ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ  ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʤʝʪʦʜ  r

(ʛʝʦʜʝʟʠʯʝʩʢʠʡ, ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʡ ʠʣʠ ʥʘ ʦʩʥʦʚʝ ʚʦʟ-

ʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʣʝʛʢʦʤʦʪʦʨʥʳʭ ʧʠʣʦʪʠ-

ʨʫʝʤʳʭ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ. ɼʦ 

ʩʠʭ ʧʦʨ ʪʘʢʦʡ ʤʝʪʦʜ ʥʝ ʧʨʠʤʝʥʷʣʩʷ ʚ ʄʝʢʩʠʢʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠ-

ʥʠʠ. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʀʟʫʯʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʦʢʝʘʥʠʯʝʩʢʠʭ ʠ ʤʦʨʩʢʠʭ ʧʦ-

ʙʝʨʝʞʠʡ ʠʤʝʝʪ ʚʘʞʥʦʝ ʥʘʫʯʥʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʄʝʢʩʠʢʠ. ɼʣʷ 

ʛʦʩʫʜʘʨʩʪʚʘ ʧʨʠʙʨʝʞʥʘʷ ʟʦʥʘ ʠʤʝʝʪ ʢʦʣʦʩʩʘʣʴʥʦʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ɺ 

ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʩʠʣʴʥʦ ʨʘʟʚʠʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʙʲʝʢʪʳ 

ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʙʠʟʥʝʩʘ ʠ ʟʦʥʳ ʦʪʜʳʭʘ, ʨʘʟʣʠʯʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠ-

ʪ̫ʠʷ.  

ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʦ-

ʤʫ ʫʱʝʨʙʫ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʝ, 

ʧʦʵʪʦʤʫ ʩʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠ-

ʪʦʨʠʥʛʘ ʝʝ ʩʦʩʪʦʷʥʠʷ.  

ʄʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʝʝ ʠʟ-

ʤʝʥʝʥʠʝ, ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ, ʠ ʧʨʠʥʷʪʴ ʩʚʦʝʚʨʝʤʝʥʥʳʝ ʤʝʨʳ ʜʣʷ ʫʩʪ-

ʨʘʥʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ.  

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʥʝ-

ʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʠʢʫ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʟʘʜʘʥʥʫʶ 

ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ, ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪ ʠ ʠʭ ʥʝʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʥʠ-

ʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʙʝʨʝʞʴʷ ʧʨʦʪʷʞʝʥʥʦ-

ʩʪʴʶ ʦʪ 100-200 ʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. ʈʝʰʝʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʠ ʧʦʩʚʷʱʝʥʘ 

ʥʘʩʪʦʷʱʘʷ ʜʠʩʩʝʨʪʘʮʠʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʛʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷ-

ʶʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʤʦʥʠ-

ʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʠʭ ʠ ʦʢʝʘʥʩʢʠʭ ʧʦʙʝʨʝʞʠʡ, ʘ ʪʘʢʞʝ ʦʙʦʩʥʦʚʘʥʠʝ ʤʝ-

ʪʦʜʠʢʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʙʦʣʴʰʠʭ ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʫʯʘʩʪʢʦʚ 

ʤʦʨʩʢʠʭ ʧʦʙʝʨʝʞʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ 

ʮʠʬʨʦʚʳʭ ʬʦʪʦʢʘʤʝʨ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʦʩʥʦʚ-
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ʥʳʝ ʟʘʜʘʯʠ: 

 ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ; 

 ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ; 

 ʧʦʩʪʨʦʝʥʠʝ ʩʝʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ; 

 ʧʦʩʪʨʦʝʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦ-

ʣʦʩʳ; 

 ʧʦʩʪʨʦʝʥʠʝ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʧʦ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ 

ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʜʘʥʥʳʤ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ 

ʪʘʙʣʠʮ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʠʩʴ ʨʘʟʨʘʙʦʪʢʘ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʙʦʪ ʜʣʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʮʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ ʠ ʣʝʛ-

ʢʦʤʦʪʦʨʥʳʝ ʩʘʤʦʣʝʪʳ ʠʣʠ ɹʇʃɸ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

 ʨʘʟʨʘʙʦʪʘʪʴ ʚʳʩʦʢʦʪʦʯʥʫʶ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʫʶ ʪʝʭʥʦʣʦʛʠʶ ʤʦʥʠ-

ʪʦʨʠʥʛʘ ʧʦʙʝʨʝʞʴʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ; 

 ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ; 

 ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʠʟʤʝʨʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʟʘ-

ʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʧʦ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ 

ʜʘʥʥʳʤ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʪʘʙʣʠʮ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ 

ʩʣʝʜʫʝʪ ʚʳʧʦʣʥʠʪʴ ʘʵʨʦʬʦʪʦʩʲʝʤʢʫ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ 

ʫʨʦʚʥʝ ʤʦʨʷ ʠ ʧʦʩʪʨʦʠʪʴ ʧʦ ʝʝ ʤʘʪʝʨʠʘʣʘʤ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʙʝʨʝ-

ʛʦʚʦʡ ʧʦʣʦʩʳ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ.  ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

 ʨʘʟʨʘʙʦʪʘʪʴ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʫʶ ʪʝʭʥʦʣʦʛʠʶ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷ-
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ʥʠʷ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ;  

 ʦʙʦʩʥʦʚʘʪʴ ʚʳʙʦʨ ʥʦʩʠʪʝʣʷ, ʢʘʤʝʨʳ ʠ ʧʘʨʘʤʝʪʨʳ ʧʦʣʝʪʘ ʘʚʠʘʮʠʦʥ-

ʥʦʛʦ ʥʦʩʠʪʝʣʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ; 

 ʚʳʧʦʣʥʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷ-

ʥʠʷ ʰʪʦʨʥʦ-ʱʝʣʝʚʦʛʦ  ʟʘʪʚʦʨʘ ʢʘʤʝʨʳ ʥʘ ʪʦʯʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ, ʚʳʧʦʣ-

ʥ̫ʝʤʳʭ ʧʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʟʘʢʦʥʘʤ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

 ʚr ʧʦʣʥʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʥʘ ʧʨʠʤʝʨʝ ʤʦʥʠʪʦʨʠʥʛʘ ʫʯʘʩʪʢʘ ʪʠʭʦ-

ʦʢʝʘʥʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʄʝʢʩʠʢʠ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʪʦʛʘʤʠ ʦʙʩʫ-

ʞʜʝʥʠʷ ʚʳʩʪʫʧʣʝʥʠʡ ʜʠʩʩʝʨʪʘʥʪʘ ʩ ʜʦʢʣʘʜʘʤʠ ʦʙ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʜʠʩ-

ʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʥʘʫʯʥʦ ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʚ ʄʀʀɻɸʠʂ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣɹ-

ʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʳʭ ʬʦʪʦʢʘʤʝʨ ʩʦ ʰʪʦʨʥʦ-

ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ  ʣʝʛʢʦʤʦʪʦʨʥʦʤ ʩʘʤʦʣʸʪʝ ʠ ɹʇʃɸ. 

ʆʙʲʝʢʪ ʠ ʧʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʙʲʝʢʪʦʤ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʙʝʨʝʛʦʚʦʡ 

ʧʦʣʦʩʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʘʵʨʦʩʲʝʤʢʠ ʩ ʣʝʛʢʦʤʦʪʦʨʥʳʭ ʧʠʣʦʪʠ-

ʨʫʝʤʳʭ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʇʨʝʜʤʝʪʦʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʪʁʩʷ ʢʘʤʝʨ rʩʦ ʰʪʦʨ-

ʥʦ-ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʩʲʝʤʢʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ.  

1. ʇʨʝʜʣʦʞʝʥʘ ʠ ʦʙʦʩʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʥ̫ʠʷ ʧʨʠ-

ʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʠʤʝʶʱʘʷ ʙʦʣʝʝ ʚʳʩʦʢʫ  ʁ

ʪʦʯʥʦʩʪʴ ʠ ʤʝʥʴʰʠʝ ʬʠʥʘʥʩʦʚʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪ,r ʯʝʤ ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʄʝʢʩʠʢʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʨʘʙʦʪ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ.  

2. ʆʙʦʩʥʦʚʘʥʳ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʢʘʤʝʨ ʩʦ 

ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠ ̫ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʜʣʷ ʮʝʣʝʡ ʠʟʫ-
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ʯʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ ʩʪʘʥʜʘʨʪʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩ-

ʧʝʯʝʥʠʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʘʜʨʦʚʳʭ ʩʥʠʤʢʦʚ. 

 ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʨʝʢʦʤʝʥʜʘ-

ʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʢʘʤʝʨ ʩʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ ʠʤʝʶʪ ʪʝʦʨʝʪʠʯʝ-

ʩʢʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʩʲʝʤʢʦʡ 

ʩ ɹʇʃɸ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ ʤʦʥʠ-

ʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʳʭ ʟʦʥʘʭ ʚ ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥ-

ʩʪʠʪʫʪʘ ʩʪʘʪʠʩʪʠʢʠ ʠ ʛʝʦʛʨʘʬʠʠ ʄʝʢʩʠʢʠ (INEGI), ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʦ ʦʢʨʫ-

ʞʘʁ ʱʝʡ ʩʨʝʜʝ ʠ ʧʨʠʨʦʜʥʳʤ ʨʝʩʫʨʩʘʤ (SEMARNAT), ʚ ʪʦʤ ʯʠʩʣʝ ʌʝʜʝʨʘʣʴ-

ʥʦʡ ʤʦʨʩʢʦʡ ʠ ʟʝʤʥʦʡ ʟʦʥʝ (ZOFEMAT), ʟʘʥʠʤʘʶʱʠʭʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩʦ-

ʩʪʦ̫ʥʠʷ ʤʦʨʩʢʠʭ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʦʙʝʨʝʞʠʡ ʄʝʢʩʠʢʠ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʠʟʣʦʞʝʥʳ ʚ ʪʨʝʭ ʩʪʘʪʴʷʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʞʫʨʥʘʣʝ çʀʟʚʝʩʪʠʷ 

ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ çɻʝʦʜʝʟʠʷ ʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʘè (ʄʀʀɻɸʠʂ), ʨʝ-

ʢʦʤʝʥʜʦʚʘʥʥʦʤ ɺɸʂ ʈʌ ʚ ʧʝʨʝʯʥʝ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ ʠ ʠʟ-

ʜʘʥʠʡ ʜʣʷ ʦʧʫʙʣʠʢʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʣʘʜʳʚʘʣʠʩʴ 

ʥʘ ʪʨʝʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʚ ʄʀʀɻɸʠʂ. 

1. ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʥʠ-

ʪʦʨʠʥʛʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. ɼʦʢʣʘʜ ʥʘ 67-ʡ ʥʘ-

ʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

ʄʀʀɻɸʠʂ, 9-10 ʘʧʨʝʣʷ 2012 ʛ. 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʧʦ ʤʘʪʝ-

ʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. ɼʦʢʣʘʜ ʥʘ 68-ʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʄʀʀɻɸʠʂ, 9-10 ʘʧʨʝʣʷ 2013 ʛ. 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʰʪʦʨʥʦ-ʱʝʣʝʚʦʛʦ ʟʘʪʚʦʨʘ ʢʘʤʝʨʳ ʥʘ ʪʦʯʥʦʩʪʴ 
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ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ɼʦʢʣʘʜ ʥʘ 71-ʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥ-

ʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʄʀʀɻɸʠʂ, 5 - 6 ʘʧʨʝʣʷ 

2016 ʛ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʮʠʬʨʦ-

ʚʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʮʠʬʨʦʚʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʘʵʨʦʬʦʪʦ-

ʩʥʠʤʢʦʚ. ʄʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʠʤʝʥʝʥʠʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʥʘ ʥʠʟʢʠʭ ʚʳʩʦʪʘʭ ʧʦʣʝʪʘ; ʵʪʦ ʦʧʝʨʘʪʠʚʥʳʡ ʬʦ-

ʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʧʦʣʫʯʘʝʤʳʭ ʣʶ-

ʙʠʪʝʣʴʩʢʠʤʠ ʮʠʬʨʦʚʳʤʠ ʩʲʝʤʦʯʥʳʤʠ ʢʘʤʝʨʘʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʣʝʛʢʦ-

ʤʦʪʦʨʥʦʤ ʩʘʤʦʣʝʪʝ.  

ʄʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʦ-

ʠʟʚʦʜʩʪʚʝ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʥʘ ʤʘʣʳʭ ʚʳʩʦʪʘʭ ʧʦʣʝʪʘ.  

ʉ ʟʘʜʘʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʝʤʦʤ ʚ ʦʩʥʦʚʥʦʤ ʩʢʦʨʦʩʪʴʶ 

ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ, ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʨʘ-

ʙʦʪ, ʚʢʣʶʯʘʶʱʠʡ: ʚʳʧʦʣʥʝʥʠʝ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ; ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʫʶ ʧʦʜʛʦ-

ʪʦʚʢʫ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ; ʧʦʩʪʨʦʝʥʠʝ ʩʝʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷ-

ʮʠʠ; ʧʦʩʪʨʦʝʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ; 

ʧʦʩʪʨʦʝʥʠʝ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʧʦ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʨʝ-

ʛʦʚʦʡ ʣʠʥʠʠ ʠ ʜʘʥʥʳʤ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʪʘʙʣʠʮ. ʆʪʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʚʳ-

ʧʦʣʥʷʣʘʩʴ ʥʘ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ PHOTOMOD 4 ʠ PHOTOMOD 5 ʬʠʨʤʳ 

RACURS. 

ɸʚʪʦʨ ʩʯʠʪʘʝʪ ʩʚʦʠʤ ʜʦʣʛʦʤ ʚʳʨʘʟʠʪʴ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦ-

ʠʤ ʨʫʢʦʚʦʜʠʪʝʣʷʤ: ʧʨʦʬʝʩʩʦʨʫ ɸʣʝʢʩʘʥʜʨʫ ʇʘʚʣʦʚʠʯʫ ʄʠʭʘʡʣʦʚʫ ʠ ʧʨʦ-

ʬʝʩʩʦʨʫ ɸʣʝʢʩʘʥʜʨʫ ɻʝʦʨʛʠʝʚʠʯʫ ʏʠʙʫʥʠʯʝʚʫ ʟʘ ʚʥʠʤʘʥʠʝ ʠ ʧʦʤʦʱʴ ʚ ʨʘ-

ʙʦʪʝ.  

ɸʚʪʦʨ ʪʘʢʞʝ ʧʨʠʟʥʘʪʝʣʝʥ ʅʘʮʠʦʥʘʣʴʥʦʤʫ ʉʦʚʝʪʫ ʥʘʫʢ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʄʝʢʩʠʢʠ (CONACYT ), ʈʝʢʪʦʨʫ ʄʦʩʢʦʚʩʢʦʛʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʋʥʠʚʝʨʩʠʪʝ-
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ʪʘ ɻʝʦʜʝʟʠʠ ʠ ʂʘʨʪʦʛʨʘʬʠʠ (ʄʀʀɻɸʠʂ), ʈʝʢʪʦʨʫ ɸʚʪʦʥʦʤʥʦʛʦ ʋʥʠʚʝʨʩʠ-

ʪʝʪʘ ʉʠʥʘʣʦʘ (U.A.S.), ʉʝʢʨʝʪʘʨʶ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʐʪʘʪʘ ʉʠʥʘʣʦʘ ʠ ʝʛʦ ʩʝʤʴʝ 

(Lic. Gerardo Vargas Landeros y Familia Vargas Landeros), ɻ-ʥʫ ʍʝʨʘʨʜʦ 

ʕʨʥʘʥʜʝʩʫ ʉʘʣʴʚʘʜʦʨʫ ʟʘ ʧʦʤʦʱʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʙʦʢʩʘ ʜʣʷ 

ʬʦʪʦʢʘʤʝʨʳ, ʠ ʩʚʦʝʡ ʩʝʤʴʝ ʟʘ ʧʦʜʜʝʨʞʢʫ.  

ʊʘʢʞʝ ʘʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʨʫʢʦʚʦʜʩʪʚʦ ʄʀʀɻɸʠʂ ʠ ʢʦʣʣʝʢʪʠʚ ʢʘʬʝʜʨʳ 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʠ ʟʘ ʤʦʨʘʣʴʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʦʤʦʱʴ, ʙʣʘʛʦ-

ʧʨʠʷʪʩʪʚʦʚʘʚʰʠʝ ʨʘʙʦʪʝ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ. 
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ʈɸɿɼɽʃ 1 - ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʆʇʈɽɼɽʃɽʅʀʗ ʉʆʉʊʆʗʅʀʗ 

ʄʆʈʉʂʀʍ ʀ ʆʂɽɸʅʀʏɽʉʂʀʍ ʇʆɹɽʈɽɾʀʁ 

1.1. ʇʨʠʙʨʝʞʥʘʷ ʧʦʣʦʩʘ 

ʇʨʠʙʨʝʞʥʘʷ ʧʦʣʦʩʘ ï ʵʪʦ ʟʦʥʘ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʫʰʠ ʠ 

ʢʨʫʧʥʦʡ ʘʢʚʘʪʦʨʠʝʡ (ʤʦʨʝʤ ʠʣʠ ʦʢʝʘʥʦʤ). ʕʪʘ ʟʦʥʘ ʧʨʠʟʥʘʥʘ ʦʜʥʠʤ ʠʟ ʥʘʠ-

ʙʦʣʝʝ ʚʘʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʢʘʨʪʠʨʦʚʘʥʠʶ ʠ ʤʦʥʠʪʦʨʠʥʛʫ [1, 3,4]. 

ʄʦʨʩʢʠʝ ʠ ʦʢʝʘʥʠʯʝʩʢʠʝ ʧʦʙʝʨʝʞʴʷ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʳʤʠ ʛʝʦʜʠʥʘʤʠʯʝ-

ʩʢʠʤʠ ʟʦʥʘʤʠ. ʀʭ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʩʫʰʠ ʠ ʤʦʨʷ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʨʝʣʴʝʬʘ, ʩ ʢʦʪʦʨʳʤʠ ʪʝʩʥʦ ʩʚʷ-

ʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʩʦʙʝʥʥʦʩʪʠ ʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʫʩʣʦʚʠʷ ʝʛʦ ʧʨʦʞʠʚʘʥʠʷ.  

ɹʝʨʝʛʦʚʘʷ ʣʠʥʠʷ ʤʦʞʝʪ ʤʠʛʨʠʨʦʚʘʪʴ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥ, ʧʨʠʣʠʚʦʚ ʠ ʫʢʣʦʥʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ [6, 

51]. ʀʟʤʝʥʝʥʠʷ ʰʠʨʠʥʳ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʚʦ ʚʨʝʤʷ ʧʨʠʣʠʚʦʚ ʠ ʦʪʣʠʚʦʚ 

ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʟʥʘʯʝʥʠʡ ʚ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʤʝʪʨʦʚ, ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʛʝʦʛʨʘ-

ʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʨʝʣʴʝʬʘ. ʊʘʢʞʝ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʠʟʤʝʥʝʥʠʷ ʧʨʠ-

ʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚ, ʚʳʟʚʘʥʥʳʭ ʵʨʦʟʠʦʥ-

ʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʤʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʜʨʫʛʠʤʠ ʧʨʠʨʦʜ-

ʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʆʙʳʯʥʦ ʵʪʦ ʤʝʜʣʝʥʥʳʡ ʧʨʦʮʝʩʩ, ʥʦ ʠʥʦʛʜʘ ʧʨʦʠʩʭʦʜʷʪ ʙʳ-

ʩʪʨʳʝ ʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ, ʚʳʟʚʘʥʥʳʝ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʥʝʝ ʪʘʢʠʭ ʷʚʣʝʥʠʡ, ʢʘʢ ʫʨʘʛʘʥʳ, ʮʫʥʘʤʠ ʠ ʦʧʦʣʟʥʠ.  

ʄʦʨʩʢʠʝ ʠ ʦʢʝʘʥʠʯʝʩʢʠʝ ʧʦʙʝʨʝʞʴʷ ʄʝʢʩʠʢʠ ʦʙʣʘʜʘʶʪ ʙʦʛʘʪʝʡʰʠʤʠ 

ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ɿʜʝʩʴ ʨʘʟʤʝʱʝʥʳ ʚʘʞʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʚʝʜʝʪʩʷ 

ʢʨʫʧʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ ʠ ʛʨʘʞʜʘʥʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠ ʤʫʥʠʮʠ-

ʧʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʮʝʥʪʨʳ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʙʲʝʢʪʳ ʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ ʤʦʨʝʧʨʦʜʫʢʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʠ-

ʙʨʝʞʥʦʡ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʳ ʤʘʥʛʨʦʚʳʝ ʣʝʩʘ ʠ ʜʨʫʛʠʝ ʵʢʦʩʠʩʪʝʤʳ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʧʦʩʣʝʜ-
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ʩʪʚʠʡ, ʚʳʟʳʚʘʝʤʳʭ ʨʘʟʨʫʰʝʥʠʷʤʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʝʝ ʩʦ-

ʩʪʦ̫ʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʣʫʯʠʪʴ ʩ ʥʝʦʙ-

ʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʢʫʱʠʭ ʠʟʤʝʥʝʥʠʷʭ ʠ 

ʩʦʩʪʘʚʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʧʨʦʛʥʦʟ [53]. ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʠ ʭʘʨʘʢʪʝʨʘ ʠʟʤʝʥʝʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ [2]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʪʘʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʢʘʢ ʧʦʨʪʳ, ʢʫʨʦʨʪʳ, ʟʦʥʳ ʦʪʜʳʭʘ, ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʙʲ-

ʝʢʪʳ ʠ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʘʟʚʝʜʝʥʠʷ ʤʦʨʝʧʨʦʜʫʢʪʦʚ, ʪʘʢ ʢʘʢ ʦʥʠ 

ʦʙʳʯʥʦ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʫʯʘʩʪʢʘʭ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ, ʠʤʝʶʱʝʡ ʥʝʙʦʣʴʰʠʝ 

ʫʢʣʦʥʳ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ 5ï7Á.  

ʆʪʩʪʫʧʣʝʥʠʝ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʚ ʩʪʦʨʦʥʫ ʙʝʨʝʛʘ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʟ-

ʚʝʜʝʥʠʷ ʤʦʨʝʧʨʦʜʫʢʪʦʚ ʤʦʞʝʪ ʥʘʨʫʰʠʪʴ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʧʨʠʚʝʩʪʠ ʢ 

ʪʷʞʝʣʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ɺ ʢʫʨʦʨʪʥʳʭ ʟʦʥʘʭ, ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ, 

ʪʘʢ ʠ ʫʤʝʥʴʰʝʥʠʝ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʧʨʠʚʦʜʠʪ ʢ ʥʝʛʘʪʠʚʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, 

ʩʚʷʟʘʥʥʳʤ ʩ ʠʟʤʝʥʝʥʠʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʪʘʢ ʢʘʢ ʟʜʝʩʴ ʨʘʩʧʦʣʦʞʝʥʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ,  ʧʦʨʪʳ,    

ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʮʝʥʪʨʳ,   ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʠ ʨʳʙʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ 

ʧʨʝʜʧʨʠʷʪʠʷ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʤʦʥʠʪʦʨʠʥʛ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʣʦʞʝʥʠʷ ʙʝ-

ʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʘʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʦʣʦʞʝʥʠʝ ʙʝʨʝ-

ʛʦʚʦʡ ʣʠʥʠʠ ʩʦ ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʦʡ ʥʝ ʙʦʣʝʝ 0,5 ʤ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʥʘ ʧʦʙʝʨʝʞʴʷʭ ʄʝʢʩʠʢʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʥʘʙʣʶ-

ʜʘʶʪʩʷ ʧʨʠʣʠʚʳ ʠ ʦʪʣʠʚʳ, ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʚ ʦʧ-

ʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ, ʪʦʣʴʢʦ ʠʤʝʷ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʨʝʣʴʝʬʝ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ [3,7]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦ-

ʣʦʞʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʣʴʝʬʘ 

ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ.  
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ʈʘʩʩʯʠʪʘʝʤ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ ʦʧ-

ʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʪʦʯʝʢ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʦʚ ʥʘ-

ʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ. ɼʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʢʚʘʜ-

ʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʠ mʅ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʧʦ-

ʣʦʩʳ ʧʦ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘʜʘʥ-

ʥʘʷ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʥʠʠ ʫʨʝʟʘ ʚʦʜʳ ms, ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ Ŭ ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʯʠʩʣʝʥʦ ʧʦ ʬʦʨʤʫʣʝ: 

tg .H sm m= a
  (1.1) 

ɺ ʪʘʙʣʠʮʝ. 1.1. ʧʨʠʚʝʜʝʥʳ ʜʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʠʯʝ-

ʩʢʠʭ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ms = 

0,5 ʤ.  

ʊʘʙʣʠʮʘ 1.1 ï ɼʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʚʳʩʦʪ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ 

 

ʋʛʦʣ ʥʘʢʣʦʥʘ Ŭ,  mʥ, ʤ 

3Á 0,02 

4Á 0,03 

5Á 0,04 

6Á 0,05 

7Á 0,06 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ, ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ-

ʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʪʦ 

ʧʨʝʜʲʷʚʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʙʦʨʫ ʤʝʪʦʜʘ ʩʲʝʤʢʠ ʨʝʣʴʝ-

ʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ.  

 

1.2. ʄʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʤʦʨʩʢʠʭ ʠ 
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ʦʢʝʘʥʠʯʝʩʢʠʭ ʧʦʙʝʨʝʞʠʡ  

ɼʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʦʢʝʘʥʩʢʠʭ ʧʦʙʝʨʝʞʠʡ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ, ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝ-

ʩʢʠʡ ʤʝʪʦʜʳ. 

 

1.2.1. ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʂʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʟʫʯʝʥʠʠ ʢʘʨʪ ʧʨʠʙʨʝʞʥʳʭ ʨʘʡ-

ʦʥʦʚ, ʩʦʟʜʘʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ. ʊʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʝ ʚ ʵʪʦʤ ʤʝʪʦʜʝ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʰʪʘʙʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʦʧʦ-

ʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ, ʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ï ʦʪ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʠʷ ʢʘʨ-

ʪʳ. ʇʦʵʪʦʤʫ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʣʴʢʦ 

ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ. 

ʊʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʢʘʨʪʘʤ ʜʘʥʥʳʭ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʰʪʘʙʘ   ʠʩʧʦʣʴ-

ʟʫʝʤʦʡ ʢʘʨʪʳ, ʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʳʭ ʦʪ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʠʷ ʢʘʨʪʳ.   ʋʯʠʪʳ-

ʚʘʷ, ʯʪʦ ʚ ʄʝʢʩʠʢʝ ʦʩʥʦʚʥʦʡ ʢʘʨʪʦʡ ʷʚʣʷʝʪʩʷ ʢʘʨʪʘ ʤʘʩʰʪʘʙʘ 1: 50 000 ʠ ʚ 

ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʥʘ ʨʘʡʦʥ ʧʦʙʝʨʝʞʴʷ ʩʦʩʪʘʚʣʷʶʪʩʷ ʢʘʨʪʳ ʤʘʩʰʪʘʙʘ 1: 10 000 

ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʷʚʣʷʝʪʩʷ 

ʥʝ ʦʯʝʥʴ ʚʳʩʦʢʦʡ.  ʊʘʢ ʢʘʢ, ʦʙʥʦʚʣʝʥʠʝ ʢʘʨʪ ʚ ʄʝʢʩʠʢʝ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʚ ʣʫʯ-

ʰʝʤ ʩʣʫʯʘʝ, ʯʝʨʝʟ 7-10 ʣʝʪ   ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ  ʥʝʣʴʟʷ  ʧʨʠʤʝʥʠʪʴ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ [8,9,11].  

ʇʨʠ ʵʪʦʤ ʪʨʝʙʦʚʘʥʠʝ ʢ ʪʦʯʥʦʩʪʠ ʢʘʨʪʳ (ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʝʩʪʦʧʦ-

ʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʢʘʨʪʝ ʠʭ ʤʝʩʪʦʧʦʣʦʞʝʥʠʶ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ) ʩʦʩʪʦʠʪ 

ʚ ʪʦʤ, ʯʪʦ ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʥʝʡ ʦʙʲʝʢʪʳ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʪʦʯʥʦʩʪʴ ʩʚʦʝʛʦ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ʠ ʨʘʟʤʝʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʘʩʰʪʘʙʦʤ ʢʘʨʪʳ ʠ ʝʝ ʥʘʟʥʘʯʝʥʠʝʤ [14]. 

 

 

 



15 
 

1.2.2. ɻʝʦʜʝʟʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ɻʝʦʜʝʟʠʯʝʩʢʠʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʝ ʧʨʠʙʨʝʞ-

ʥʦʡ ʧʦʣʦʩʳ. ʇʨʠ ʩʲʝʤʢʝ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʧʨʠʤʝʥʷʶʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʜʣʷ ʪʦ-

ʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʪʝʭʥʦʣʦʛʠʠ. ɻʝʦʜʝʟʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ, ʦʜʥʘʢʦ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʵʪʦʪ 

ʤʝʪʦʜ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʙʦʣʴʰʠʭ ʧʦ 

ʧʣʦɦ ʘʜʠ ʫʯʘʩʪʢʦʚ ʧʦʙʝʨʝʞʴʷ [19, 18]. 

ʉʫʱʥʦʩʪʴ ʩʧʫʪʥʠʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʲʸʤʢʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʨʝʣʴʝʬʘ 

ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʣʦʙʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʠʩʪʝʤʳ ʠ 

ʩʠʩʪʝʤʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ (ʕɺʄ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ) ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ (ʧʫʥʢʪʦʚ ʩʲʸʤʦʯʥʦʛʦ ʦʙʦʩʥʦ-

ʚʘʥʠʷ ʠ ʩʲʸʤʦʯʥʳʭ ʧʠʢʝʪʦʚ). ʇʨʠ ʪʘʭʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʝ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʧʨʝʜʝʣʷʶʪ ʧʣʘʥʦʚʦʝ ʠ ʚʳʩʦʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʨʘʟʫ ʧʦʣʫʯʘʪʴ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʧʣʘʥ ʤʝʩʪʥʦʩʪʠ. ʊʘʭʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʲʝʤʢʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤʠ ʪʘʭʝʦʤʝʪʨʘʤʠ ʩ ʥʘʢʦʧʠʪʝʣʷʤʠ ʠʥʬʦʨʤʘʮʠʠ. 

ʇʨʠ ʵʪʦʤ ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ï ʜʦ 3 ʩʤ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ 

ʧʦʣʦʩʳ ʪʘʢʞʝ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʙʦʣʴʰʘʷ ʪʨʫʜʦʝʤ-

ʢʦʩʪʴ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʠ ʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʜʝʣʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʳʤ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʙʦʣʴʰʠʭ ʧʦ ʧʣʦʱʘʜʠ ʫʯʘ-

ʩʪʢʦʚ ʧʦʙʝʨʝʞʴʷ 

 

1.2.3. ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʜʠʩ-

ʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʲʝʤʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʚʦʟʜʫʰʥʦʛʦ 

ʠʣʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʙʘʟʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʧʨʦʚʝʜʝʥʠʝ ʘʵʨʦʬʦʪʦ-

ʩʲʝʤʢʠ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʩʥʠʤ-

ʢʦʚ, ʘ ʪʘʢʞʝ ʚʦʟʜʫʰʥʫʶ ʣʘʟʝʨʥʦ-ʣʦʢʘʮʠʦʥʥʫʶ ʩʲʝʤʢʫ [10ï12, 15]. 
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ʇʨʠʤʝʥʝʥʠʝ ʩʧʫʪʥʠʢʦʚʦʡ ʨʘʜʘʨʥʦʡ ʈʉɸ-ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʜʣʷ ʤʦ-

ʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ. ʉʧʫʪʥʠʢʦʚʘʷ ʨʘʜʘʨʥʘʷ ʈʉɸ-

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʠʣʠ InSAR (Interferometric Synthetic Aperture Radar) ï ʵʪʦ 

ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʨʘʜʠʦʣʦʢʘʮʠʠ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ (ʈʉɸ).  

ɼʘʥʥʳʡ ʤʝʪʦʜ ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ ʜʠ-

ʥʘʤʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʟʘ ʧʝʨʠʦʜ ʤʝʞʜʫ ʧʦʚʪʦʨʥʳʤʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳ-

ʤʠ ʩʲʝʤʢʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʩʦ ʩʧʫʪʥʠʢʘ. ʈʉɸ-ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʜʝʬʦʨʤʘʮʠʡ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʊʠ-

ʧʳ ʩʧʫʪʥʠʢʦʚ ʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ. 1.2. 

ʀʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʧʘʨʳ ʈʉɸ-

ʩʥʠʤʢʦʚ ʦʜʥʦʛʦ ʫʯʘʩʪʢʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [27, 62], ʧʦʣʫʯʝʥʥʳʭ ʩ ʜʚʫʭ 

ʙʣʠʟʢʠʭ, ʣʦʢʘʣʴʥʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʨʙʠʪ ʩʧʫʪʥʠʢʘ.  

 

ʊʘʙʣʠʮʘ 1.2 ï ʊʠʧʳ ʩʧʫʪʥʠʢʦʚ ʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ  

ʅʘʟʚʘʥʠʝ ʩʧʫʪʥʠʢʦʚ ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʤ 

Radarsat-1 7ï100 

ENVISAT ʜʦ 20 

COSMO-SkyMed 1-4 ʜʦ 1 

RISAT-1 3ï15 

SpotLight ʜʦ 2 

 

ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ 

ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʪʦʯʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʎʄʈ ʧʦ ʚʳʩʦʪʝ 

ʩʦʩʪʘʚʣʷʝʪ 1-3 ʤ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʟ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦ-

ʩʪʦ̫ ʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ. ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʦʟʜʫʰʥʳʝ ʣʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ ï ʣʠʜʘʨʳ (Light Detection and 

Ranging), ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʥʘ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʧʨʷʤʦʝ ʠʟʤʝʨʝʥʠʝ ʪʦʯʝʢ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ.  
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ɺʦʟʜʫʰʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʦʙʳʯʥʦ ʩ ʚʳʩʦʪ 500-

1500 ʤ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʜʫʰʥʦʛʦ ʥʦʩʠʪʝʣʷ ʩʲʝʤʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʧʨʠ ʚʳʧʦʣ-

ʥʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʨʪʦ-

ʣʝʪ, ʨʝʞʝ ʩʘʤʦʣʝʪ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚ ʧʦʣʝʪʝ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠ-

ʨʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ ʚ ʩʦʩʪʘʚ ʩʲʝʤʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʭʦʜʷʪ ɻʅʉʉ-

ʧʨʠʝʤʥʠʢ ʠ ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ IMU (Inertial Measurement Unit).  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠʩʧʦʣʴʟʫʶʪ ʙʘʟʦʚʳʝ 

GPS-ʩʪʘʥʮʠʠ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʭ ʧʦʧʨʘʚʦʢ, ʫʯʠʪʳʚʘʶʱʠʭ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʦʚ ʩʧʫʪ-

ʥʠʢʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʢʘʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʥʘ ʥʦʩʠʪʝʣʴ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪʩʷ ʮʠʬʨʦʚʘʷ ʬʦʪʦʘʧʧʘʨʘʪʫʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʠʟʚʦʜʠʪʴ ʘʵʨʦʬʦʪʦ-

ʩʲʝʤʢʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʣʘʟʝʨʥʳʤ ʩʢʘʥʠʨʦʚʘʥʠʝʤ. 

ɼʘʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʷ ʚʦʟʜʫʰʥʳʭ ʩʢʘʥʝʨʦʚ ï ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʜʦ ʥʝ-

ʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʤʝʪʨʦʚ. ʊʦʯʥʦʩʪʴ ʬʠʢʩʘʮʠʠ ʦʪʨʘʞʝʥʠʡ ʧʦ ʚʳʩʦʪʝ 10-15 ʩʤ, ʚ 

ʧʣʘʥʝ ï 1/1500 ʚʳʩʦʪʳ ʧʦʣʝʪʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʠʚʝʨʛʝʥʮʠʝʡ 

ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʲʝʤʢʝ ʤʝʩʪʥʦʩʪʠ ʩ ʚʳʩʦʪʳ 500 ʤ, ʧʣʘ-

ʥʦʚʘʷ ʪʦʯʥʦʩʪʴ ʙʫʜʝʪ ʥʝ ʭʫʞʝ 25 ʩʤ [16 ï 22, 56].  

ʇʣʦʪʥʦʩʪʴ ʦʪʨʘʞʝʥʠʡ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʝʜʠʥʠʮ ʜʦ ʩʦʪʝʥ ʪʦʯʝʢ ʥʘ 1 ʤ
2
 

[57] ʠ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʛʝʥʝʨʠʨʫʝʤʳʭ ʠʤʧʫʣʴʩʦʚ ʠ ʚʳʩʦʪʳ ʧʦʣʝʪʘ. ɺʦʟ-

ʤʦʞʥʦʩʪʴ ʬʠʢʩʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʦʪʢʣʠʢʦʚ ʦʪ ʢʘʞʜʦʛʦ ʠʤʧʫʣʴʩʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʣʘʟʝʨʥʳʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʩʢʨʳʪʦʡ ʨʘʩʪʠʪʝʣʴʥʦ-

ʩʪʴʶ, ʪ.ʝ. ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ ʪʘʤ, ʛʜʝ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩ ʧʦʤʦʱʴʶ ʪʨʘʜʠʮʠʦʥʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʟʝʨʥʦ-ʣʦʢʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩʲʝʤʢʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʦʣʫʯʝʥʠʝ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ: ʩʦʙʩʪʚʝʥʥʦ 

ʜʘʥʥʳʭ ʣʘʟʝʨʥʦ-ʣʦʢʘʮʠʦʥʥʦʡ ʩʲʝʤʢʠ (ʜʨʫʛʦʝ ʥʘʟʚʘʥʠʝ çʦʙʣʘʢʦ ʪʦʯʝʢè) ʠ 

ʮʠʬʨʦʚʳʭ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ. ʇʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʣʘ-

ʟʝʨʥʦʛʦ ʣʦʢʘʪʦʨʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʦʢ. 1.1. 
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ʈʠʩʫʥʦʢ 1.1 ï ʇʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʣʦʢʘʪʦʨʘ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ (ʨʠʩʫʥʦʢ. 1.2) ʜʣʷ ʩʲʝʤ-

ʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʝʜʦʚʦʡ ʠ ʩʘʤʦʡ ʧʨʦʜʫʢʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫ-

ʯʝʥʠʝ ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʙʨʝʞ-

ʥʦʡ ʧʦʣʦʩʳ ʚ ʦʪʥʦʰʝʥʠʠ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʪʦʯʝʢ ʮʠʬʨʦʚʦʡ ʤʦʜʝ-

ʣʠ ʨʝʣʴʝʬʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʪʘʙʣʠʮʝ. 1.3). 
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ʈʠʩʫʥʦʢ 1.2 ï ɺʦʟʜʫʰʥʘʷ ʣʘʟʝʨʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ALS-50-II (Leica 

Geosystems, ʐʚʝʡʮʘʨʠʷ) 

 

ʊʘʙʣʠʮʘ 1.3 ï ʊʦʯʥʦʩʪʴ ʩʠʩʪʝʤʳ ALS-50-II (Leica) 

 

 

 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʘʥʦ-

ʚʳʭ ʢʦʦʨʜʠʥʘʪ (ʩʨ. ʢʚ. ʧʦ-

ʛʨʝʰʥʦʩʪʴ, ʤ) 

ʇʦʩʣʝ ʧʦʩʪ-ʦʙʨʘʙʦʪʢʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʥʘʢʣʦʥʥʦʡ ʜʘʣʴʥʦʩʪʠ ʜʣʷ ʫʛʣʘ ʩʢʘʥʠʨʦ-

ʚʘʥʠʷ 45Á: 

0.13 ʧʨʠ ʅ=500 ʤ  

0.15 ʧʨʠ ʅ=1000 ʤ  

0.18 ʧʨʠ ʅ=1500 ʤ  

0.22 ʧʨʠ ʅ=2000 ʤ  

0.30 ʧʨʠ ʅ=3000 ʤ  

 

ʇʨʠʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʦʟʜʫʰʥʳʝ ʣʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ 

ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. 
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ʇʨʠʤʝʥʝʥʠʝ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷ-

ʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ. ʉ ʧʦʤʦʱʴʶ ʢʦʩʤʠʯʝʩʢʠʭ ʘʵʨʦʩʥʠʤʢʦʚ ʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ ʦ ʨʝʣʴʝʬʝ, ʪʘʢ ʠ ʦ ʧʦʣʦʞʝʥʠʠ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ, 

ʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʣʴʝʬʝ ʦʙʷʟʘʪʝʣʴʥʦ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʘʨʫ ʩʥʠʤʢʦʚ [25,26,28 ï 31,64]. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʩʤʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞ-

ʥʳʤ [54, 55]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʪʝʨʝʦʧʘʨʳ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʥʠʤʢʦʚ ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʥʝ ʭʫʞʝ 0,5 ʤ ʩʦ ʩʧʫʪʥʠʢʦʚ WorldView-1, GeoEye-1, 

ʟʘʧʫʱʝʥʥʳʭ ʚ 2007 ʠ 2008 ʛʛ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ Ikonos (1999 ʛ.) ʠ 

QuickBird (2001 ʛ). ʕʪʦʪ ʤʝʪʦʜ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʡ ʜʝʪʘʣʠʟʘʮʠʠ ʠ ʧʨʠ-

ʝʤʣʝʤʦʡ ʯʝʪʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʤʝʩʪʥʦʩʪʠ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʚʠʜ ʩʦ ʩʧʫʪʥʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʨʝʰʝʥʠʝ ʩʲʝʤʢʠ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ 50-60 ʩʤ 

ʥʘ ʧʠʢʩʝʣʴ. 

ʇʨʠʤʝʥʝʥʠʝ ʘʵʨʦʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʬʦ-

ʪʦʩʲʝʤʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫ-

ʯʠʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ 

[5,40,44,46] ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʩʪʝʨʝʦʧʘʨʘʤ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ ʧʦʣʦʞʝʥʠʝ ʙʝʨʝ-

ʛʦʚʦʡ ʣʠʥʠʠ ʠ ʨʝʣʴʝʬ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʦʯʥʦʩʪʴ ʜʦ ʩʘʥʪʠʤʝʪʨʦʚ, ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʦʧ-

ʪʠʤʘʣʴʥʫʶ ʘʧʧʘʨʘʪʫʨʫ ʠ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʡ ʣʝʛʢʦʤʦʪʦʨʥʳʡ ʩʘʤʦ-

ʣʝʪ, ʤʦʪʦʜʝʣʴʪʘʧʣʘʥ ʠʣʠ ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʥɹʳʡ ʘʧʧʘʨʘʪ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ GPS/IMU, ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʰʝʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʘʵʨʦʬʦʪʦ-

ʩʥʠʤʢʘ.  

ʆʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʤʦʥʠʪʦʨʠʥʛ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʦʙʳʯʥʦ ʥʝʦʙ-

ʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʥʘ ʫʯʘʩʪʢʘʭ ʧʦʙʝʨʝʞʴʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʪ ʦʜʥʦʡ-ʜʚʫʭ ʩʦ-

ʪʝʥ ʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʘʵʨʦʬʦʪʦʩʲʝ-
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ʤʦʯʥʳʭ ʨʘʙʦʪ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʢʦʤ-

ʧʣʝʢʩʦʚ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪ-

ʚʦ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʘʵʨʦʬʦʪʦʘʧʧʘʨʘʪʦʚ ʥʝ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʥʘʰʝʡ ʨʘʙʦʪʳ. 

ʆʧʪʠʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʷʚʣʷʝʪʩʷ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ ʧʦʤʦʱʴʶ ʤʘʣʦʬʦʨʤʘʪʥʳʭ ʬʦʪʦʘʧʧʘʨʘʪʦʚ ʩ 

ʨʘʟʤʝʨʦʤ ʢʘʜʨʘ 24Ĭ36 ʤʤ, ʠʣʠ ʘʵʨʦʢʘʤʝʨ ʩʨʝʜʥʝʛʦ ʬʦʨʤʘʪʘ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʩ ʪʦʯʥʦʩʪʴ ʁ0,02ï0,05 ʤ, ʢʦ-

ʪʦʨʘʷ ʦʙʝʩʧʝʯʠʪ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʜʦʩʪʘʪʦʯ-

ʥʦ ʨʘʩʩʯʠʪʘʪʴ ʚʳʩʦʪʫ ʠ ʙʘʟʠʩ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪ-

ʥʦʡ ʢʘʤʝʨʳ.                

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʤʝʨʫ ʉanon EOS 5D, ʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝ-

ʥʠʷ ʧʦʣʦʞʝʥʠ ̫ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ  ʩ ʪʦʯʥʦʩʪʴʶ 0,03 ʤ ʧʨʠ ʫʛʣʝ ʥʘʢʣʦʥʘ 3Á 

ʧʦʣʝʪ ʥʘʜʦ ʚʳʧʦʣʥʠʪʴ ʥʘ ʚʳʩʦʪʝ 250 ʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 100 ʢʤ/ʯʘʩ ʧʨʠ ʚʳʜʝʨʞ-

ʢʝ 1/500. ʊʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʲʝʤʢʠ ʤʦʞʥʦ ʚʳʜʝʨʞʘʪʴ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʝʛ-

ʢʦʤʦʪʦʨʥʳʡ ʩʘʤʦʣʝʪ ʠʣʠ ɹʇʃɸ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʠʢʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝ-

ʥʠʷ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʜʦʨʦʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʘʤʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʮʠʬʨʦ-

ʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʬʦʪʦʩʲʝʤ-

ʢʠ. 
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1.3. ɺʳʚʦʜʳ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦ-

ʩʪʦ̫ ʥʠʷ ʤʦʨʩʢʠʭ ʧʦʙʝʨʝʞʠʡ: ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ, ʛʝʦʜʝʟʠʯʝʩʢʠʡ, ʣʘʟʝʨʥʳʡ, 

ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʡ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

ʅʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦ-

ʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦ ʩʪʝʨʝʦʧʘ-

ʨʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʥʘ ʤʘʣʳʭ ʚʳʩʦʪʘʭ, 

ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʨʝʣʴʝʬ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ [24]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯ-

ʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʣʝʛʢʦʤʦʪʦʨʥʳʭ ʩʘʤʦʣʝʪʦʚ ʠʣʠ ɹʇʃɸ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʳʭ ʠʣʠ ʣʶʙʠʪʝʣʴʩʢʠʭ ʮʠʬʨʦʚʳʭ ʬʦʪʦʘʧʧʘʨʘʪʦʚ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʜʚʝʨʛʥʫʚ ʠʭ ʧʨʦʮʝʜʫʨʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ. 
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ʈɸɿɼɽʃ 2 ï ʊɽʍʅʆʃʆɻʀʗ ʌʆʊʆɻʈɸʄʄɽʊʈʀʏɽʉʂʆɻʆ ʄɽʊʆɼɸ 

ʄʆʅʀʊʆʈʀʅɻɸ ʇʈʀɹʈɽɾʅʆʁ ʇʆʃʆʉʓ 

ɺ ʛʣʘʚʝ 1 ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʸʪ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳ-

ʩʦʪ ʪʦʯʝʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʤʝʩʪ-

ʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʜʘʥʥʫʶ ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʙʝʨʝ-

ʛʦʚʦʡ ʣʠʥʠʠ. ʆʙʦʩʥʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝ-

ʩʢʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʩ ʪʦʯʥʦʩʪʴʶ 0,02 - 0,05 ʤ.  

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʝʪ ʚʳʙʦʨ ʘʚʠʘʮʠʦʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠ ʘʵʨʦʬʦʪʦʘʧʧʘʨʘʪʘ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʝʪʘ ʩ ʫʯʝʪʦʤ ʫʛʣʘ ʥʘ-

ʢʣʦʥʘ ʤʝʩʪʥʦʩʪʠ [23]. 

ɼʣʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʠ ʣʠʥʝʡʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʧʦ-

ʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʝ ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʝʛʢʦʤʦʪʦʨʥʳʝ ʩʘʤʦʣʝʪʳ 

ʠ ʚʝʨʪʦʣʝʪʳ, ʤʦʪʦʜʝʣʴʪʘʧʣʘʥʳ ʠ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ [60, 61].  

ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʵʪʠʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʩʪʨʫʢʮʠʠ ʣʝʪʘ-

ʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʚʝʣʠʯʠʥʳ ʝʛʦ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʵʨʦʬʦ-

ʪʦʩʥʠʤʢʦʚ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʘʵʨʦʬʦʪʦʢʘʤʝʨʳ, ʠʟʥʘʯʘʣʴ-

ʥʦ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʪʘʢ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʠ ʣʶ-

ʙʠʪʝʣʴʩʢʠʝ ʮʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ. 

ʄʝʪʦʜʠʢʘ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

 ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ; 

 ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ; 

 ʧʦʩʪʨʦʝʥʠʝ ʩʝʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ; 

 ʧʦʩʪʨʦʝʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦ-

ʣʦʩʳ; 

 ʧʦʩʪʨʦʝʥʠʝ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʧʦ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ 

ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʜʘʥʥʳʤ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ 
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ʪʘʙʣʠʮ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ (0,02 - 0,05 ʤ) ʩʲʝʤ-

ʢʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩ ʦʯʝʥʴ ʤʘʣʳʭ ʚʳʩʦʪ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠ ʩʲʝʤʢʝ ʩ 

ʤʘʣʳʭ ʚʳʩʦʪ ʚʦʟʨʘʩʪʘʝʪ ʚʝʣʠʯʠʥʘ ʣʠʥʝʡʥʦʛʦ ʩʤʘʟʘ, ʠ ʥʝ ʚʩʝ ʘʵʨʦʬʦʪʦʘʧʧʘʨʘ-

ʪʳ ʧʦʟʚʦʣʷʶʪ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʩʤʘʟ ʠʟʦʙʨʘʞʝʥʠʷ, ʘʵʨʦʩʲʸʤʢʫ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʦʚʦʜʠʪʴ ʥʘ ʥʝʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʝʛʢʦʤʦʪʦʨʥʳʭ 

ʩʘʤʦʣʝʪʦʚ, ʣʝʛʢʠʭ ʚʝʨʪʦʣʸʪʦʚ ʠʣʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʚʝʨʪʦʣʝʪʘ, ʥʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʚʝʨʪʦʣʝʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʛʢʦʤʦʪʦʨʥʳʤʠ ʩʘʤʦʣʝʪʘʤʠ ʠ ʙʝʩʧʠʣʦʪ-

ʥʳʤʠ ʣʝʪʘʪʝʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʜʣʷ ʘʵʨʦʬʦʪʦ-

ʩʲʝʤʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʩʲʸʤʦʯʥʳʝ ʢʘʤʝʨʳ 

ʩʨʝʜʥʝʛʦ ʬʦʨʤʘʪʘ, ʪʘʢʠʝ ʢʘʢ RCD-30, DSS, DiMAC ʠ ʜʨ., ʘ ʪʘʢʞʝ ʧʨʦʬʝʩʩʠʦ-

ʥʘʣʴʥʳʝ ʣʶʙʠʪʝʣʴʩʢʠʝ ʬʦʪʦʘʧʧʘʨʘʪʳ, ʪʘʢʠʝ ʢʘʢ Hasselblad, Canon EOS, 5D, 

Sony A900. ʀʟʚʝʩʪʥʦ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʘʵʨʦʩʲʝʤʢʠ ʩ ʣʝʛʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ 

ʙʝʩʧʠʣʦʪʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʝʨʢʘʣʴʥʳʭ ʬʦʪʦʘʧʧʘʨʘʪʦʚ (Canon EOS, 5D, Sony 

A900). ʆʜʥʘʢʦ ʵʪʠ ʢʘʤʝʨʳ ʩʥʘʙʞʝʥʳ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ (ʣʘʤʝʣʴʥʳʤ) ʟʘʪʚʦ-

ʨʦʤ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʜʦʧʫʩʪʠʤʳʤ ʠʩʢʘʞʝʥʠʷʤ ʠʟʦʙʨʘʞʝʥʠʷ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʧʦʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ. 

ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʪʦʯʝʢ, 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦ-

ʩʳ ʩ ʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʘʵʨʦʩʲʝʤʢʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʢʘʢ 

ʘʧʧʘʨʘʪʫʨʫ ʜʣʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʪʘʢ ʠ ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʝʚʳʭ ʠ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʙʨʝʞʥʦʡ ʧʦ-

ʣʦʩʳ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ 

ʨʘʙʦʪ. 
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2.1. ɺʳʙʦʨ ʮʠʬʨʦʚʦʡ ʬʦʪʦʢʘʤʝʨʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʥʠʤʢʦʚ ʧʨʦʚʦ-

ʜʠʪʩʷ ʥʘ ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ (ʎʌʉ). ʆʜʥʠʤ ʠʟ ʥʝʦʙ-

ʭʦʜʠʤʳʭ ʵʪʘʧʦʚ ʷʚʣʷʝʪʩʷ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʣʝʥʢʠ, ʯʪʦ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝ-

ʥʠʶ ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ. ʉʦʭʨʘʥʠʪʴ ʢʘʯʝʩʪʚʦ ʤʦʞʥʦ, ʝʩʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʢʘʤʝʨ, 

ʢʦʪʦʨʳʝ ʚʩʝ ʯʘʱʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪ-

ʚʝ. ʄʥʦʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʯʘʩʪʥʳʝ ʢʦʤʧʘʥʠʠ ʩʪʘʣʠ ʚʣʘʜʝʣʴʮʘʤʠ ʪʘʢʠʭ ʢʘʤʝʨ 

[32, 48, 49].     

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʮʠʬʨʦʚʳʝ 

ʢʘʤʝʨʳ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ. 

 ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʵʨʦʢʘʤʝʨʳ ʩʨʝʜʥʝʛʦ ʬʦʨʤʘʪʘ ʠ 

ʟʝʨʢʘʣʴʥʳʝ ʮʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʠʭ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʦ-

ʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʟɹʦ-

ʚʘʥʳ ʜʣʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʩ ʣʝʛʢʦʤʦʪʦʨʥʳʭ ʩʘʤʦʣʝʪʦʚ, ʯʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 

ʫʤʝʥʴʰʠʪʴ ʩʪʦʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʪʘ. 

 

2.1.1. ɸʵʨʦʢʘʤʝʨʳ ʩʨʝʜʥʝʛʦ ʬʦʨʤʘʪʘ 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʘʵʨʦʢʘʤʝʨ ʩʨʝʜʥʝʛʦ ʬʦʨʤʘʪʘ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ 

ʩʣʝʜʫʶʱʠʝ: RCD-30 (Leica Geosystems, ʐʚʝʡʮʘʨʠʷ), DSS (Applanix, ʂʘʥʘʜʘ), 

DigiCAM-H60 (IGI, ɻʝʨʤʘʥʠʷ) ʠ ʜʨ. ʩ ʨʘʟʨʝʰʝʥʠʝʤ 60-80 ʤʝʛʘʧʠʢʩʝʣʝʡ. ʅʘ 

ʨʠʩʩʫʥʦʢ. 2.1 ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʩʨʝʜʥʝʬʦʨʤʘʪʥʦʡ ʢʘʤʝʨʳ ï RCD-30, ʠʤʝʶʱʝʡ 

ʬʦʨʤʘʪ 60 ʤʝʛʘʧʠʢʩʝʣʝʡ.  
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ʈʠʩʫʥʦʢ 2.1 ï Leica RCD-30 

 

ʐʚʝʡʮʘʨʩʢʘʷ ʢʦʤʧʘʥʠʷ Leica Geosystems ʚʳʧʫʩʪʠʣʘ ʧʝʨʚʫʶ 60-

ʤʝʛʘʧʠʢʩʝʣʴʥʫʶ ʢʘʤʝʨʫ ʩʨʝʜʥʝʛʦ ʬʦʨʤʘʪʘ Leica çRCD-30è. ʂʘʤʝʨʘ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʛʨʫʧʧ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʬʦʨʤʘʪʘʭ 

RGB ʠ NIR ʜʣʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ. 

ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʯʝʨʪʘʤʠ ʢʘʤʝʨʳ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʢʦʤʧʝʥʩʘʮʠʷ 

ʜʚʠʞʝʥʠʷ ʧʦ ʜʚʫʤ ʦʩʷʤ, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʠʩʪʝʤʳ ʣʠʥʟ ʠ ʤʝʪʦʜʳ 

ʢʘʣʠʙʨʦʚʢʠ. 

ʋ ʢʘʤʝʨ RCD-30 ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠ ʧʣʘʥʦʚʦʡ ʘʵʨʦʩʲʝʤʢʝ ʢʦʤ-

ʧʝʥʩʠʨʦʚʘʪʴ ʩʜʚʠʛ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʵʪʫ ʢʦʤ-

ʧʝʥʩʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʥʘ ʙʦʨʪʫ ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʚ ʩʦʩʪʘʚʝ 

ɻʅʉʉ-ʧʨʠʝʤʥʠʢʘ ʠ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ IMU. ɽʩʣʠ ʢʦʤʧʣʝʢʩ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʪʦ ʜʘʥʥʳʡ ʩʤʘʟ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʝʚʦʟʤʦʞʥʦ.  

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʪʦʯʝʢ ʩʦ ʩʨʝʜʥʝʡ ʢʚʘʜ-

ʨʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 3 ʩʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʘʵʨʦʢʘʤʝ-
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ʨʦʡ Leica RCD-30 ʩ ʨʘʟʤʝʨʦʤ ʤʘʪʨʠʮʳ 64,48Ĭ48,29 ʤʤ ʠ ʦʙʲʝʢʪʠʚʦʤ ʩ ʬʦ-

ʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ 50 ʤʤ ʚʳʩʦʪʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 

ʚʝʣʠʯʠʥʳ ʅ = 193 ʤ.  

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʚʝʣʠʯʠʥʳ ʅ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʧʨʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ 

ʢʦʨʦʪʢʘʷ ʩʪʦʨʦʥʘ ʢʘʜʨʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʣʝʪʘ, ʧʨʦʜʦʣʴ-

ʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʩʥʠʤʢʦʚ ʨʘʚʥʦ 60 %, ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʧʘʨʘʣʣʘʢʩʘ ʨʘʚʥʘ 0,5 ʧʠʢʩ. = 0,003 ʤʤ. 

ʇʨʠ ʪʘʢʠʭ ʚʳʩʦʪʘʭ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʵʨʦʬʦʪʦ-

ʩʲʝʤʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʘʤʦʣʝʪʦʚ, ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʵʨʦʩʲʝʤʢʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʣʝʪʦʚ ʥʘ ʙʦʣʴ-

ʰʠʭ ʠ ʩʨʝʜʥʠʭ ʚʳʩʦʪʘʭ ʠ ʩ ʚʳʩʦʢʦʡ ʢʨʝʡʩʝʨʩʢʦʡ ʩʢʦʨʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʄʝʢʩʠʢʝ ʘʵʨʦʬʦʪʦʩʲʝʤʢʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʥʘ ʚʳʩʦʪʝ ʥʝ ʤʝʥʝʝ 250 ʤ 

ʚʚʠʜʫ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʚʳʩʦʪʝ ʧʦʣʝʪʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ 

ʄʝʢʩʠʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʠʜʫ ʫʢʘʟʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʜʘʥʥʳʡ ʪʠʧ ʢʘʤʝʨ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʳʭ ʢʘʤʝʨ ʩʨʝʜʥʝʛʦ ʬʦʨʤʘʪʘ 

ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ï ʦʪ 500 000 ʜʦ 900 000 ʪʳʩ. ʜʦʣʣʘʨʦʚ. 

 

2.2. ɿʝʨʢʘʣʴʥʳʝ ʮʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ 

ɼʣʷ ʩʲʝʤʢʠ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʤʝʩʪʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝ ʚʳʛʦʜʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʩʠʩʪʝʤʳ, ʚʳʛʦʜʥʝʝ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʬʝʩ-

ʩʠʦʥʘʣʴʥʳʤʠ ʠʣʠ ʣʶʙʠʪʝʣʴʩʢʠʤʠ ʢʘʤʝʨʘʤʠ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʠ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʟʘʪʚʦʨʘʤʠ. 

ɼʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʪʘʢʠʭ ʢʘʤʝʨ, ʧʝʨʝʜ 

ʧʨʠʤʝʥʝʥʠʝʤ ʚʳʧʦʣʥʷʶʪ ʧʨʦʮʝʜʫʨʫ ʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʯʝʥʠʷ ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʬʦʪʦʢʘʤʝʨʳ, 

ʢʦʦʨʜʠʥʘʪ ʛʣʘʚʥʦʡ ʪʦʯʢʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʜʠʩʪʦʨʩʠʠ 

ʦʙʲʝʢʪʠʚʘ ʬʦʪʦʢʘʤʝʨʳ. 
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ɼʣʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʩ ʤʘʣʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʝ ʮʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ, ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʪʘʢʠʝ ʢʘʢ Hasselblad ʠ Canon. ʅʝʦʙʭʦʜʠʤʦ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʬʦʪʦʢʘʤʝʨ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʟʘʢʫʧʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɿʝʨʢʘʣʴʥʳʝ ʮʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʟʘʪʚʦʨʘʤʠ. 

ʇʨʠʤʝʨʦʤ ʪʘʢʦʡ ʢʘʤʝʨʳ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʘʷ ʢʘʤʝʨʘ çHasselbladè ʩ ʨʘʟʨʝʰʝ-

ʥʠʝʤ 40-60 (ʨʠʩʫʥʦʢ. 2.2). 

 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʎʠʬʨʦʚʘʷ ʬʦʪʦʢʘʤʝʨʘ Hasselblad H4D-40 

 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʘʢʦʡ ʬʦʪʦʢʘʤʝʨʳ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʠ ʷʨʢʦʩʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʤʘʪʨʠʮʘ ʬʦʪʦʢʘʤʝʨʳ, ʠʤʝʶʱʘʷ ʨʘʟʨʝʰʝʥʠʝ 40 ʤʝʛʘʧʠʢʩʝʣʝʡ, 

ʦʭʚʘʪʳʚʘʝʪ 94% ʧʣʦʱʘʜʠ ʢʘʜʨʘ 645 ʬʦʨʤʘʪʘ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 

ʬʦʪʦʢʘʤʝʨ ʩʨʝʜʥʝʛʦ ʬʦʨʤʘʪʘ ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʠ ʷʨʢʦʩʪʴ ʠʟʦʙʨʘʞʝ-

ʥʠʷ ʚ ʚʠʜʦʠʩʢʘʪʝʣʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʦʯʥʦ ʢʦʤʧʦʥʦʚʘʪʴ ʢʘʜʨ ʠ 

ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʌʦʪʦʢʘʤʝʨʘ çH4D-60è ʧʦ-

ʩʪʘʚʣʷʝʪʩʷ ʩ ʚʠʜʦʠʩʢʘʪʝʣʝʤ HDV 90x, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʦʧʪʠʤʘʣʴʥʦʝ ʢʘʯʝʩʪ-

ʚʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʢʘʜʨʘ ʬʦʨʤʘʪʘ 645. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʬʦʪʦ-
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ʢʘʤʝʨ ʩʠʩʪʝʤʳ H ʢʦʤʧʘʥʠʷ Hasselblad ʧʨʝʜʣʘʛʘʝʪ ʩʤʝʥʥʳʡ ʰʘʭʪʥʳʡ ʚʠʜʦʠʩ-

ʢʘʪʝʣʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʠʟʠʨʦʚʘʥʠʷ HVM . 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʪʦʢʘʤʝʨ ʩ ʮʝʥʪʨʘʣʴʥʳʤʠ ʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʟʘʪʚʦ-

ʨʘʤʠ ʥʝ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤ ʠʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʪʘʢ ʢʘʢ ʠʟʦ-

ʙʨʘʞʝʥʠʷ ʚʩʝʭ ʪʦʯʝʢ ʥʘ ʩʥʠʤʢʘʭ ʧʦʣʫʯʘʶʪ ʦʜʥʦʤʦʤʝʥʪʥʦ, ʠ ʩʥʠʤʢʠ ʷʚʣʷʪʁ-

ʩʷ ʮʝʥʪʨʘʣʴʥʳʤʠ ʧʨʦʝʢʮʠʷʤʠ ʦʙʲʝʢʪʘ.  

ɿʝʨʢʘʣʴʥʳʝ ʮʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ ʩ ʣʘʤʝʣʴʥʳʤ (ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ) 

ʟʘʪʚʦʨʦʤ. ʇʨʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩʥʠʤʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʬʦʪʦ-

ʢʘʤʝʨʘʤʠ ʩʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ, ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʨʘʟʨʘ-

ʙʦʪʘʥʥʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʘʜʨʦʚʳʭ ʩʥʠʤʢʦʚ, ʩʤʝʱʝʥʠʷ ʪʦʯʝʢ ʥʘ ʩʥʠʤʢʘʭ, ʚʳ-

ʟʚʘʥʥʳʭ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ, ʚʳʟʳʚʘʶʪ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ ʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʝʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ 

ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ [37 - 39].  

ɼʣʷ ʜʘʥʥʳʭ ʨʘʙʦʪ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʠʝ ʢʘʤʝʨʳ, ʢʘʢ Canon 

EOS, 5D, Sony A900, ʠ ʜʨ. ʩ ʨʘʟʨʝʰʝʥʠʝʤ 18-24 ʤʝʛʘʧʠʢʩʝʣʝʡ (ʨʠʩʫʥʦʢ. 

2.2.1). 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʪʦʯʝʢ ʧʦ ʩʪʝʨʝʦʧʘʨʘʤ ʘʵʨʦ-

ʬʦʪʦʩʥʠʤʢʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʠ 

ʙʘʟʠʩʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. 
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Sony A-900 

 

 

  

ʈʠʩʫʥʦʢ 2.2.1 ï ʎʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ Sony A-900 ʠ Canon EOS- 5D 

 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʩ ʪʦʯʥʦʩʪʴʶ 

0,03 ʤ ʧʨʠ ʫʛʣʝ ʥʘʢʣʦʥʘ 3Á ʧʦʣʝʪ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʥʘ ʚʳʩʦʪʝ 250 ʤ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 100 ʢʤ/ʯ (ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʝʛʢʦʤʦʪʦʨʥʦʛʦ ʩʘʤʦʣʝʪʘ). ʇʨʠ ʚʳ-

ʜʝʨʞʢʝ 1/500. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʪʠʧ ʢʘʤʝʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫ-

ʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ 

ʚʳʩʦʪʳ ʧʦʣʝʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʄʝʢʩʠʢʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʳʭ ʟʝʨʢʘʣʴʥʳʭ ʬʦʪʦ-

ʢʘʤʝʨ ʩ ʣʘʤʝʣʴʥʳʤ (ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ) ʟʘʪʚʦʨʦʤ ʠʤʝʝʪ ʥʝʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ 

ï ʦʪ 2 500 ʜʦ 3 500 ʪʳʩ. ʜʦʣʣʘʨʦʚ. 
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2.3. ʀʩʩʣʝʜʦʚʘʥʠʝ  ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʪʦʢʘʤʝʨ ʩʦ ʰʪʦʨʥʦ-

ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʝʨʢʘʣʴʥʳʝ ʬʦʪʦʘʧʧʘʨʘʪʳ, 

ʪʘʢʠʝ ʢʘʢ Canon 5D, Sony A900, ʢʦʪʦʨʳʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʘʢ ʥʘ ʣʝʛʢʦʤʦ-

ʪʦʨʥʳʭ ʩʘʤʦʣʝʪʘʭ, ʪʘʢ ʠ ʥʘ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚʘʭ. ɼʣʷ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʢʘʤʝʨ ʚ ʮʝʣʷʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʠʭ ʢʘʣʠʙʨʦʚʢʫ.  

ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ ʪʠʧʘ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʪʠʧ ʟʘʪʚʦʨʘ: ʰʪʦʨʥʦ-

ʱʝʣʝʚʦʡ ʟʘʪʚʦʨ, ʢʦʪʦʨʳʡ ʜʘʝʪ ʠʩʢʘʞʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʪʦʢʘʤʝʨ ʩʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤʠ ʟʘʪʚʦʨʘʤʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʥʠʤʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʨʤʠʨʫʝʤʦʡ 

ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʣʘʤʝʣʷʤʠ ʟʘʪʚʦʨʘ ʱʝʣʠ, ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ʧʘʨʘʣʣʝʣʴʥʦ ʜʣʠʥʥʦʡ ʩʪʦʨʦʥʝ ʢʘʜʨʘ (ʨʠʩʫʥʦʢ. 2.3). 

 

        

ʈʠʩʫʥʦʢ 2.3 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ 

 

ɺ ʩʚʷʟʠ ʪʝʤ ʯʪʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʦʡ ʟʘʪʚʦʨ ʬʦʨʤʠʨʫʝʪ ʠʟʦʙʨʘʞʝʥʠʝ ʩʥʠʤ-

ʢʘ ʥʝ ʦʜʥʦʤʦʤʝʥʪʥʦ, ʩʥʠʤʦʢ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ, ʩʪʨʦʢʠ ʢʦ-

ʪʦʨʦʡ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʢʘʞʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ, ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʚʦʠ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʟʘ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ ʬʦʪʦʢʘʤʝʨʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʫʛʣʦʚʫʶ ʦʨʠʝʥʪʘʮʠʶ. ʊʦ ʝʩʪʴ, ʩʥʠʤʢʠ ʧʦʣʫ-
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ʯʝʥʥʳʝ ʢʘʤʝʨʘʤʠ ʩʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤʠ ʟʘʪʚʦʨʘʤʠ, ʷʚʣʷʶʪʩʷ ʩʢʘʥʝʨʥʳʤʠ 

ʩʥʠʤʢʘʤʠ [12].  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʦʯʢʠ ʤʝʩʪʥʦʩʪʠ ʥʘ ʩʥʠʤʢʝ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʟʘʪʚʦʨʘ ʥʝ ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʝʝ ʧʦʣʦʞʝʥʠʝʤ ʥʘ ʩʥʠʤ-

ʢʝ, ʧʦʣʫʯʝʥʥʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʰʪʦʨʥʦ-ʱʝʣʝʚʦʛʦ ʟʘʪʚʦʨʘ (ʨʠʩʫʥʦʢ. 

2.3.1). 

 

ʈʠʩʫʥʦʢ 2.3.1 ï  ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʵʨʦʩʥʠʤʢʘ  

ʬʦʪʦʢʘʤʝʨʦʡ ʩʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ 
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ʇʨʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩʥʠʤʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʬʦʪʦʢʘʤʝ-

ʨʘʤʠ ʩʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ, ʚ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʘʜʨʦʚʳʭ ʩʥʠʤʢʦʚ, ʩʤʝʱʝʥʠʷ ʪʦʯʝʢ ʥʘ ʩʥʠʤʢʘʭ, ʚʳʟʚʘʥ-

ʥʳʝ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ, ʧʨʠʚʦʜʷʪ ʢ ʧʦʛʨʝʰʥʦʩʪʷʤ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ ʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʤʝʩʪʥʦʩʪʠ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʝʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ 

ʧʨʦʮʝʩʩʦʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ.  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʮʠʬʨʦʚʳʤʠ ʬʦʪʦʢʘʤʝʨʘʤʠ ʩʦ ʰʪʦʨ-

ʥʦ-ʱʝʣʝʚʳʤʠ ʣʘʤʝʣʴʥʳʤʠ ʟʘʪʚʦʨʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ 

ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʲʝʤʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʨʝʟʫʣʴʪʘʪ ʩʲʝʤʢʠ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʮʝʥʠʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʥʘ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ. 

ʅʘʧʨʠʤʝʨ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʫʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

ʮʠʬʨʦʚʘʷ ʦʜʥʦʦʙʲʝʢʪʠʚʥʘʷ ʟʝʨʢʘʣʴʥʘʷ ʢʘʤʝʨʘ çCanon EOS 5Dè [13,43] ʩ ʤʘʪ-

ʨʠʮʝʡ (36Ĭ24 ʤʤ) ʩ ʵʬʬʝʢʪʠʚʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 21,1 ʤʝʛʘʧʠʢʩʝʣʷ, ʠʣʠ Sony 

A900 ʩ ʤʘʪʨʠʮʝʡ (35,9Ĭ24 ʤʤ) ʩ ʵʬʬʝʢʪʠʚʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 24,6 ʤʝʛʘʧʠʢʩʝʣʷ. 

ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʧʨʦʬʝʩʩʠʦʥʘʣʴ-

ʥʦʡ ʮʠʬʨʦʚʦʡ ʦʜʥʦʦʙʲʝʢʪʠʚʥʦʡ ʟʝʨʢʘʣʴʥʦʡ ʢʘʤʝʨʳ ʨʘʩʩʯʠʪʘʝʤ ʩʤʝʱʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʩʥʠʤʢʘ ʟʘ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʦʡ 

ʩʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ 

ʣʠʥʝʡʥʳʭ ʠ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʮʠʬ-

ʨʦʚʦʡ ʟʝʨʢʘʣʴʥʦʡ ʬʦʪʦʢʘʤʝʨʳ çSony A900è c ʤʘʪʨʠʮʝʡ 24 ʤʝʛʘʧʠʢʩʝʣʷ. 

ɺ ʵʪʦʡ ʢʘʤʝʨʝ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʜʨʘ ʧʨʠ ʚʳʜʝʨʞʢʘʭ 

ʢʦʨʦʯʝ ʠʣʠ ʨʘʚʥʳʭ 1/250 ʩ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʠ ʨʘʚʥʦʡ 1/250 ʩ. ʀʟʤʝʥʝʥʠʝ 

ʚʝʣʠʯʠʥʳ ʚʳʜʝʨʞʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʚʝʣʠʯʠʥʳ ʱʝʣʠ. ʊʘʢ, ʥʘ-

ʧʨʠʤʝʨ, ʧʨʠ ʚʝʣʠʯʠʥʝ ʚʳʜʝʨʞʢʠ 1/500 ʩ ʰʠʨʠʥʘ ʱʝʣʠ ʨʘʚʥʘ ʧʦʣʦʚʠʥʝ ʚʝʣʠ-

ʯʠʥʳ ʢʦʨʦʪʢʦʡ ʩʪʦʨʦʥʳ ʢʘʜʨʘ, ʘ ʧʨʠ ʚʝʣʠʯʠʥʝ ʚʳʜʝʨʞʢʠ 1/2000 ʩ ï 1/8 ʯʘʩʪʠ 

ʢʦʨʦʪʢʦʡ ʩʪʦʨʦʥʳ ʢʘʜʨʘ. 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʧʨʠʤʝʤ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ ʠ ʘʵ-

ʨʦʬʦʪʦʩʲʝʤʢʠ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʲʝʤʦʯʥʦʡ ʢʘʤʝʨʳ 
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ʨʘʚʥʦ 50 ʤʤ, ʬʦʨʤʘʪ ʩʚʝʪʦʧʨʠʝʤʥʦʡ ʤʘʪʨʠʮʳ ï 24Ĭ36 ʤʤ, ʘ ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ ï 

6 ʤʢʤ. ʇʨʠʤʝʤ ʪʘʢʞʝ, ʯʪʦ ʬʦʪʦʘʧʧʘʨʘʪ ʨʘʟʚʝʨʥʫʪ ʢʦʨʦʪʢʦʡ ʩʪʦʨʦʥʦʡ ʧʦ ʥʘ-

ʧʨʘʚʣʝʥʠʶ ʩʲʝʤʢʠ, ʘ ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʚʳʩʦʪʳ H = 250 ʤ ʩ ʣʝ-

ʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ v = 80 ʢʤ/ʯ.  

ɿʘ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʥʠʤʢʘ ȹt = 1/250 ʩ ʩʤʝʱʝʥʠʝ ʪʦʯʝʢ ʥʘ ʩʥʠʤʢʝ 

ʚ ʢʦʥʮʝ ʢʘʜʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʢʘʜʨʘ ʟʘ ʩʯʝʪ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʙʫʜʝʪ ʨʘʚʥʦ: 

fv
x t

H
D = D = 18 ʤʢʤ = 3 ʧʠʢʩʝʣʷ. (2.3.1) 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʚʳʩʦʪ ʪʦʯʝʢ ʩʦ ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 3 ʩʤ ʧʦ 

ʩʥʠʤʢʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʬʦʪʦʢʘʤʝʨʦʡ Sony A900, ʤʦʞʥʦ ʠʟʤʝʨʷʪʴ ʢʦʦʨʜʠʥʘʪʳ 

ʠ ʧʘʨʘʣʣʘʢʩʳ ʪʦʯʝʢ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0,3-0,5 ʧʠʢʩʝʣʷ, ʩʤʝʱʝʥʠʷ 

ʪʦʯʝʢ ʟʘ ʩʯʝʪ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʥʠʞʘʶʪ 

ʪʦʯʥʦʩʪʴ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʥʠʤʢʦʚ.  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʝʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʠʟ-

ʟʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩʤʝʱʝʥʠʡ ʪʦʯʝʢ ʥʘ ʩʥʠʤʢʘʭ ʚʦʟʤʦʞʥʘ ʟʥʘʯʠ-

ʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʩʝʪʠ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʚ ʧʦʣʝʪʝ ʩ ʧʦʤʦʱʴʶ ʛʣʦʙʘʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʩ ʪʦʯʥʦʩʪʴʶ 0,02ï0,03 ʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʫ ʥʘ ʚʳʩʦʪʝ 250 ʤ. ʕʪʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʩʫʱʝʩʪʚʠʤʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʝʛʢʦʤʦʪʦʨʥʳʭ ʩʘʤʦʣʸʪʦʚ ʠʣʠ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ [60, 61] ʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʨʝʤʝʥʥʳʝ ʠ ʜʝʥʝʞʥʳʝ 

ʟʘʪʨʘʪʳ ʥʘ ʘʵʨʦʬʦʪʦʩʲʸʤʢʫ. 

ʈʘʩʩʯʠʪʘʪʴ ʩʤʝʱʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʩʥʠʤʢʘ ȹx ʠ ȹy ʟʘ ʚʨʝʤʷ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʩʥʠʤʢʘ ʟʝʨʢʘʣʴʥʦʡ ʢʘʤʝʨʦʡ Canon EOS 5D ʠʣʠ Sony A900 ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

ȹɤ, ȹŬ ʠ ȹə ʤʦʞʥʦ ʧʦ ʠʟʚʝʩʪʥʳʤ ʬʦʨʤʫʣʘʤ [4]: 
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  (2.3.2)

 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʵʪʠʤʠ ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʠʟʤʝʥʝʥʠʷ 

ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʬʦʪʦʢʘʤʝʨʳ ʟʘ ʚʨʝʤʷ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʢʘʜʨʘ, ʚʳʟʳʚʘʶʱʠʭ ʩʤʝʱʝʥʠʝ ʢʦʦʨʜʠʥʘʪ. 

ʉʢʦʨʦʩʪʠ ʫʛʣʦʚʳʭ ʵʚʦʣʶʮʠʡ ʣʝʛʢʦʤʦʪʦʨʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, 

ʦʩʦʙʝʥʥʦ ʙʝʩʧʠʣʦʪʥʳʭ, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 

ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʧʦʛʨʝʰ-

ʥʦʩʪʷʤ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʩʥʠʤʢʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʬʦ-

ʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʦ ʵʪʠʤ ʩʥʠʤʢʘʤ.  

ʉʤʝɦʝʥʠʝ ʪʦʯʝʢ ʩʥʠʤʢʦʚ, ʚʳʟʚʘʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝʤ ʥʦʩʠʪʝʣʷ, ʜʣʷ ʨʘʟ-

ʣʠʯʥʳʭ ʢʘʤʝʨ ʠ ʫʩʣʦʚʠʡ ʩʲʝʤʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 2.1. ʀʟʤʝʥʝʥʠʷ ʫʛʣʦ-

ʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʬʦʪʦʢʘʤʝʨʳ ʟʘ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘ-

ʥʠʷ ʢʘʜʨʘ, ʚʳʟʳʚʘʶʱʠʝ ʩʤʝʱʝʥʠʝ ʪʦʯʝʢ ʩʥʠʤʢʘ ʥʘ 0.5 ʧʠʢʩʝʣʷ (ʩʨʝʜʥʷʷ ʪʦʯ-

ʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʥʘ ʩʥʠʤʢʝ) ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ. 2.2. 

 

ʊʘʙʣʠʮʘ 2.1 ς  ʉʤʝɦʝʥʠʝ ʪʦʯʝʢ ʩʥʠʤʢʦʚ ʟʘ ʩʯʝʪ ʜʚʠʞʝʥʠʷ ʥʦʩʠʪʝʣʷ ʜʣʷ ʨʘʟ-

ʣʠʯʥʳʭ ʢʘʤʝʨ ʩʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ 

ʎʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ 
Sony  

NEX-5 

Sony  

A900 

Canon  

5D 

Nikon 

D800 

ʌʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ f, ʤʤ 16 50 35 50 

ʈʘʟʤʝʨ ʤʘʪʨʠʮʳ, ʤʤ 24Ĭ16 24Ĭ36 24Ĭ36 24Ĭ36 

ʏʠʩʣʦ ʤʝʛʘʧʠʢʩʝʣʝʡ 15 25 21 36 

ʈʘʟʤʝʨ ʧʠʢʩʝʣʷ (ʤʢʤ) 5 6 6 5 

                              ɺʳʩʦʪʘ ʧʦʣʝʪʘ ʅ=250 ʤ      ʉʢʦʨʦʩʪʴ ʧʦʣʝʪʘ v = 80 ʢʤ/ʯ.  

ɺʳʜʝʨʞʢʘ, ȹt ʃʠʥʝʡʥʳʡ ʩʜʚʠʛ ʠʟʦʙʨʘʞʝʥʠʷ ȹʭ, pix 

1/250 1.1 3 2 3.6 

1/500 0.6 1,5 1 1,8 

1/800 0.4 1 0.7 1.1 

1/1000 0.3 0,7 0,5 0,9 
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ʊʘʙʣʠʮʘ 2.2 ï  ʀʟʤʝʥʝʥʠʷ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʬʦ-

ʪʦʢʘʤʝʨʳ, ʚʳʟʳʚʘʶʱʠʝ ʩʤʝʱʝʥʠʝ ʪʦʯʝʢ ʥʘ ʩʥʠʤʢʝ ȹx = ȹy = 0,5 ʧʠʢʩʝʣ ̫ 

 
ʀʟʤʝʥʝʥʠʷ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

 Sony NEX-5 Sony A900 Canon 5D Nikon D800 

ȹx (ʤʢʤ) 2.5 3 3 2.5 

ȹŬ (
ʦ
) 0.006 0.003 0.004 0.002 

ȹɤ (
ʦ
) 0.023 0.040 0.028 0.033 

ȹə (
ʦ
) 0.017 0.014 0.014 0.012 

  

ȹy (ʤʢʤ) 2.5 3 3 2.5 

ȹŬ (
ʦ
) 0.023 0.040 0.028 0.033 

ȹɤ (
ʦ
) 0.007 0.003 0.004 0.003 

ȹə (
ʦ
) 0.011 0.010 0.010 0.008 

 

ʀʟ ʵʪʠʭ ʪʘʙʣʠʮ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʥʦʩʠʪʝʣʷ ʚʳʟʳʚʘʝʪ ʩʤʝʱʝʥʠʝ 

ʪʦʯʝʢ ʥʘ ʩʥʠʤʢʘʭ, ʜʦʩʪʠʛʘʶʱʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʠʢʩʝʣʝʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʫʭʫʜʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʟʤʝʥʝʥʠʝ ʫʛʣʦʚʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʥʦʩʠʪʝʣʷ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 

ʩʤʝʱʝʥʠʶ ʪʦʯʝʢ ʥʘ ʩʥʠʤʢʝ, ʪʘʢ, ʥʘʧʨʠʤʝʨ, ʠʟʤʝʥʝʥʠʝ ʪʦʣʴʢʦ ʧʨʦʜʦʣʴʥʦʛʦ 

ʫʛʣʘ ʥʘʢʣʦʥʘ ʥʘ 0
ʦ
.002 - 0

ʦ
.006 ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝʥʠʶ ʪʦʯʢʠ ʥʘ ʩʥʠʤʢʝ ʥʘ 0.5 

ʧʠʢʩʝʣʷ. ɽʩʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ 

ʘʧʧʘʨʘʪʳ, ʪʦ ʵʪʠ ʫʛʣʳ ʤʦʛʫʪ ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʪʴ ʵʪʠ ʚʝʣʠʯʠʥʳ. 
 

ʉ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʚʣʠʷʥʠʷ ʩʤʝʱʝʥʠʷ ʪʦʯʝʢ ʥʘ ʩʥʠʤʢʘʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʢʘʤʝʨʦʡ ʩʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʠʥʝʡʥʦʛʦ ʠ ʫʛʣʦ-

ʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʥʦʩʠʪʝʣʷ, ʥʘ ʪʦʯʥʦʩʪʴ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ, ʙʳʣʠ ʚʳʧʦʣʥʝ-

ʥʳ ʩʣʝʜʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʙʳʣʠ ʚʟʷʪʳ ʜʚʘ ʙʣʦʢʘ ʩʥʠʤʢʦʚ ɿʘʦʢʩʢʦʛʦ ʛʝʦʧʦ-

ʣʠʛʦʥʘ ʄʀʀɻɸʠʂ, ʠʤʝʶʱʝʛʦ ʛʫʩʪʫʶ ʩʝʪʴ ʤʘʨʢʠʨʦʚʘʥʥʳʭ ʦʧʦʨʥʳʭ ʪʦʯʝʢ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʩʲʝʤʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʢʘʤʝʨʦʡ  Nikon D800, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ 

ʙʝʩʧʠʣʦʪʥʦʤ ʣʝʪʘʪʝʣʴʥʦʤ ʘʧʧʘʨʘʪʝ ʇʪʝʨʦ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʩʲʝʤʢʘ ʚʳʧʦʣ-

ʥʷʣʘʩʴ ʢʘʤʝʨʦʡ Sony Nex 5, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʙʝʩʧʠʣʦʪʥʦʤ ʣʝʪʘʪʝʣʴʥʦʤ ʘʧ-
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ʧʘʨʘʪʝ GeoScan. ʆʙʝ ʢʘʤʝʨʳ ʠʤʝʶʪ ʰʪʦʨʥʦ-ʱʝʣʝʚʦʡ ʟʘʪʚʦʨ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ 

ʩʲʝʤʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʚʳʩʦʪʳ ʅ = 400ʤ, ʠʥʪʝʨʚʘʣ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʊ = 2ʩ, 

ʩʢʦʨʦʩʪʴ ʥʦʩʠʪʝʣʷ v = 80 ʢʤ/ʯ., ʚʳʜʝʨʞʢʘ ʨʘʚʥʷʣʘʩʴ ʚ ʩʣʫʯʘʝ Nikon D800 

ʨʘʚʥʷʣʘʩʴ 1/1000, ʘ ʚ ʩʣʫʯʘʝ Sony Nex 5 ï 1/500. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʫʨʘʚʥʠʚʘʥʠʷ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʚ ʢʘʞʜʦʤ ʙʣʦʢʝ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʤʘʣʝʥʴʢʠʝ ʧʦʜʙʣʦʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ 10 -16 ʩʥʠʤʢʦʚ (ʨʠʩʫʥʦʢ. 2.3.3, 

2.3.4), ʚ ʢʦʪʦʨʳʭ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ 

ʩʦʩʝʜʥʠʭ ʩʥʠʤʢʦʚ ȹɤ, ȹŬ ʠ ȹə ʙʳʣʠ ʤʘʢʩʠʤʘʣʴʥʳ ʠ ʤʠʥʠʤʘʣʴʥʳ. 

 

  

GeoScan (ʢʘʤʝʨʘ Sony Nex 5) 

ʄʘʢʩʠʤʘʣʴʥʝr ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ 

ʄʠʥʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ 

ʏʠʩʣʦ ʦʧʦʨʥʳʭ ʪʦʯʝʢ: 5 ʏʠʩʣʦ ʦʧʦʨʥʳʭ ʪʦʯʝʢ : 4 

ʏʠʩʣʦ ʩʥʠʤʢʦʚ: 10 ʏʠʩʣʦ ʩʥʠʤʢʦʚ: 10 

ʏʠʩʣʦ ʤʘʨʰʨʫʪʦʚ: 2 ʏʠʩʣʦ ʤʘʨʰʨʫʪʦʚ: 2 

ʈʠʩʫʥʦʢ 2.3.3 ï  ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʚ ʧʦʜʙʣʦʢʘʭ GeoScan 
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ʇʪʝʨʦ (ʢʘʤʝʨʘ Nikon D800) 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ  

ʄʠʥʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥ-

ʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ  

ʏʠʩʣʦ ʦʧʦʨʥʳʭ ʪʦʯʝʢ: 4 ʏʠʩʣʦ ʦʧʦʨʥʳʭ ʪʦʯʝʢ: 4 

ʏʠʩʣʦ  ʩʥʠʤʢʦʚ: 16 ʏʠʩʣʦ ʩʥʠʤʢʦʚ: 16 

ʏʠʩʣʦ ʤʘʨʰʨʫʪ: 2 ʏʠʩʣʦ ʤʘʨʰʨʫʪ: 2 

ʈʠʩʫʥʦʢ 2.3.4 ï  ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʚ ʧʦʜʙʣʦʢʘʭ ʇʪʝʨʦ 

ɺ ʪʘʙʣʠʮʝ 2.3. ʠ 2.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠ-

ʤʘʣʴʥʳʭ  ʠʟʤʝʥʝʥʠʡ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʤʝʞʥʳʭ 

ʩʥʠʤʢʦʚ ȹŬ ȹɤ ȹə ʚ ʧʨʝʜʝʣʘʭ ʧʦʜʙʣʦʢʦʚ (ʨʠʩʫʥʦʢ. 2.3.3 ʠ 2.3.4) ʠ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ȹŬô ȹɤô ȹəô ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʩʥʠʤʢʘ (ʟʘ ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ). ʇʨʠ ʵʪʦʤ ȹŬô ʤʦʞʥʦ ʧʦʜʩʯʠʪʘʪʴ ʧʦ ʬʦʨ-

ʤʫʣʝ: 

 

  (2.3.3) 

ɻʜʝ ȹt ï ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ, ʊ ï ʠʥʪʝʨʚʘʣ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ. 
 

 

ʊʘʙʣʠʮʘ 2.3 ï  ʄʘʢʩʠʤʘʣʴʥʳʝ  ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚʳʭ  

ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ʧʦʜʙʣʦʢʦʚ ʜʣʷ ɹʃɸ 

ʇʪʝʨʦ 

ʂʘʤʝʨʘ ɿʥʘʯʝʥʠʷ 

ʫʛʣʦʚ 

ȹŬ 

ɻʨʘʜʫʩ 

ȹŬô 

ɻʨʘʜʫʩ 

ȹɤ 

ɻʨʘʜʫʩ 

ȹɤô 

ɻʨʘʜʫʩ 

ȹə 

ɻʨʘʜʫʩ 

ȹəô 

ɻʨʘʜʫʩ 

 

Nikon 

D800 

f  = 50 ʤʤ 

 

 

max 

 

 

0.87Ü 

 

0.0004Ü 

 

2.59Ü 

 

0.0012 Ü 

 

 

4.24Á 

 

0.0021Ü  

min 

 

0.66Ü 

 

0.00033Ü 

 

0.020Ü 

 

0.000012Ü 

 

 

1.10Á 

 

0.0006Ü  
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ʊʘʙʣʠʮʘ 2.3 ï ʄʘʢʩʠʤʘʣʴʥʳʝ  ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚʳʭ  

ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ʧʦʜʙʣʦʢʦʚ ʜʣʷ ɹʃɸ 

Geoscan 

ʂʘʤʝʨʘ ɿʥʘʯʝʥʠ̫ 

ʫʛʣʦʚ 

ȹŬ 

ɻʨʘʜʫʩ 

ȹŬô 

ɻʨʘʜʫʩ 

ȹɤ 

ɻʨʘʜʫʩ 

ȹɤô 

ɻʨʘʜʫʩ 

ȹə 

ɻʨʘʜʫʩ 

ȹəô 

ɻʨʘʜʫʩ 

Sony Nex 

5 

f  = 16 ʤʤ 

max 4.30 Ü 0.0042Ü 5.34Ü 0.0053Ü 0.0086Ü 0.0000Ü 

min 0.81Ü 0.00081Ü 0.074Ü 0.000068Ü 2.0Ü 0.002Ü 

 

ʆʙʱʝʝ ʩʤʝʱʝʥʠʝ ʪʦʯʝʢ ʩʥʠʤʢʘ ȹ, ʚʳʟʚʘʥʥʦʝ ʣʠʥʝʡʥʳʤʠ  ʠ ʫʛʣʦ-

ʚʳʤʠ  ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʥʦʩʠʪʝʣʷ ʤʦʞʥʦ ʧʦʜʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

 

   (2.3.4) 

 

ɻʜʝ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ (2.3.1), ʘ   ʧʦ (2.3.2). 

 

ɺ ʪʘʙʣʠʮʝ 2.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʩʤʝʱʝʥʠʷ ʪʦʯʝʢ ʥʘ 

ʩʥʠʤʢʘʭ ȹ (ʚr ʯʠʩʣʝʥʥʳʝ ʧʦ 2.3.4) ʠ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ (mXY 

ʠ mZ) ʚʳʧʦʣʥʝʥʥʦʡ ʧʦ  ʧʦʜʙʣʦʢʘʤ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠʟʤʝ-

ʥʝʥʠʷʤʠ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ (ʨʠʩʫ-

ʥʦʢ.2.3.2 ʠ 2.3.3). ɿʜʝʩʴ mXY ï ʩʨʝʜʥʷʷ ʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʣʘʥʦʚʳʭ ʢʦʦʨʜʠʥʘʪ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʦʧʦʨʥʳʤ ʪʦʯʢʘʤ; mZ - ʩʨʝʜʥʷʷ ʢʚʘʜʨʘ-

ʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʦʧʦʨʥʳʤ ʪʦʯʢʘʤ.  

ʋʨʘʚʥʠʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʎʌʉ ʌʆʊʆʄʆɼ. 

 

ʊʘʙʣʠʮʘ 2.4 ï  ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʧʦ ʧʦʜʙʣʦʢʘʤ ʩ ʤʘʢʩʠ-

ʤʘʣʴʥʳʤʠ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠ-

ʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ 

 

ɹʃɸ ʂʘʤʝʨʘ ʋʛʣʳ  
pix 

 

pix 

ȹ 

pix 

mXY 
ʤ 

mZ 

ʤ 

ʇʪʝʨʦ 

Canon 5D 

f  = 50 ʤʤ 

ʄʘʪʨʠʮʘ 36x24 ʤʤ 

max 0.5 2 2.5 0.07 0.04 

min 0.5 0.9 1.4 0.05 0.03 
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Geoscan 

 

 

Sony Nex 5 

f  = 16 ʤʤ 

ʄʘʪʨʠʮʘ 24x16 ʤʤ 

max 0.5 2 2.5 0.18 0.08 

min 0.5 0.9 1.4 0.15 0.06 

 

ʀʟ ʵʪʦʡ ʪʘʙʣʠʮʳ ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ, ʯʪʦ ʩʤʝʱʝʥʠʷ ʪʦʯʝʢ ʩʥʠʤʢʦʚ, ʚʳ-

ʟʚʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷʤʠ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ 

ʚʦ ʚʨʝʤʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʪʦʯʥʦʩʪʴ ʬʦʪʦʪʨʠʘʥʛʫʣʷ-

ʮʠʠ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʦʢʦʥʯʘʪʝʣʴʥʳʝ ʚʳʚʦʜʳ ʦ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʵʚʦʣʶʮʠʠ 

ʫʛʣʦʚʦʡ ʦʨʠʝʥʪʘʮʠʠ ʢʘʤʝʨʳ ʩʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ ʥʘ ʪʦʯʥʦʩʪʴ ʬʦʪʦ-

ʪʨʠʘʥʛʫʣʷʮʠʠ ʜʝʣʘʪʴ ʨʘʥʦ. ʅʫʞʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʫʞʝ ʩʝʡʯʘʩ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʬʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʝ ʧʦʩʪʨʦʝʥʠʝ ʩʥʠʤʢʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʮʠʬʨʦʚʳʤʠ ʬʦʪʦʢʘʤʝʨʘʤʠ ʩʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤʠ (ʣʘʤʝʣʴ-

ʥʳʤʠ) ʟʘʪʚʦʨʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʦʜʠʪʴ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʧʘ-

ʨʘʤʝʪʨʦʚ ʩʲʝʤʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʘ ʪʘʢʞʝ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʧʦʣʝʪʘ ʥʦʩʠʪʝʣʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʮʠʬ-

ʨʦʚʳʝ ʬʦʪʦʢʘʤʝʨʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʦʩʪʨʦʝʥʠʝ ʩʥʠʤʢʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʧʨʦʝʢʮʠʠ. 

 

2.4. ʂʘʣʠʙʨʦʚʢʘ ʥʝʤʝʪʨʠʯʝʩʢʠʭ ʢʘʤʝʨ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʮʠʬʨʦʚʳʝ ʟʝʨʢʘʣʴʥʳʝ ʥʝʤʝʪʨʠʯʝʩʢʠʝ ʢʘʤʝʨʳ ʧʦ-

ʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. ɼʣʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝ-

ʥʠʡ ʩ ʧʦʤʦʱʴʶ ʙʳʪʦʚʳʭ ʢʘʤʝʨ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʠʭ ʢʘʣʠʙʨʦʚʢʫ ʩ ʮʝ-

ʣʴʶ ʧʦʣʫʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ (ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷ-

ʥʠʷ ʠ ʧʦʣʦʞʝʥʠʷ ʛʣʘʚʥʦʡ ʪʦʯʢʠ) ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ. ɺ ʦʩʥʦ-

ʚʫ ʢʘʣʠʙʨʦʚʢʠ ʧʦʣʦʞʝʥʦ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ: 
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( ) ( ) ( )
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0,

S S S

x

S S S

S S S

y

S S S

a X X a Y Y a Z Z
x f x d

a X X a Y Y a Z Z

a X X a Y Y a Z Z
y f y d

a X X a Y Y a Z Z

- + - + -
- - + =

- + - + -

- + - + -
- - + =

- + - + -

 (2.4) 

 

ʛʜʝ dx, dy ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʧʨʘʚʢʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʜʠʩʪʦʨʩʠʝʡ ʦʙʲʝʢʪʠʚʘ, ʦʧ-

ʨʝʜʝʣʷʝʤʳʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 
( ) ( ) ( )

( ) ( ) ( )

2 2 4 4 2 2

0 1 0 2 1 2

2 2 4 4 2 2

0 1 0 2 1 2

2 2 ;

2 2 ,

x

y

d x r r k r r k r x p xyp

d y r r k r r k xyp r y p

è ø= - + - + + +ê ú

è ø= - + - + + +ê ú

 (2.4.1) 

 

ʛʜʝ x, y ï ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʬʦʪʦʩʥʠʤʢʘ; k1, k2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʜʠʘʣʴʥʦʡ 

ʜʠʩʪʦʨʩʠʠ; p1, p2 ï ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʜʠʩʪʦʨʩʠʠ; 2 2r x y= + ï 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʛʣʘʚʥʦʡ ʪʦʯʢʠ; r0 ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʪʦʯʢʠ ʥʫʣʝʚʦʡ ʜʠʩʪʦʨʩʠʠ.  

ɺ ʄʀʀɻɸʠʂ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯ-

ʥʳʭ ʢʘʤʝʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʲʝʤʥʳʡ ʪʝʩʪ-ʦʙʲʝʢʪ, ʩʦʩʪʦʷʱʠʡ ʙʦʣʝʝ ʯʝʤ ʠʟ 100 

ʪʦʯʝʢ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʥʫʪʨʝʥ-

ʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʠ ʜʠʩʪʦʨʩʠʠ. 

 

ʇʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʢʘʣʠʙʨʦʚʢʠ: 

 ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ; 

 ʢʦʦʨʜʠʥʘʪʳ ʛʣʘʚʥʦʡ ʪʦʯʢʠ; 

 ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʜʠʩʪʦʨʩʠʠ. 

 

ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʦʡ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʧʦ ʩʥʠʤʢʘʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʪʝʩʪ-ʦʙʲʝʢʪʘ  

(ʨʠʩʫʥʦʢ. 2.4). ʀʤʝʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʠ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ [47]. 
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ʈʠʩʫʥʦʢ 2.4 ï ʊʝʩʪ-ʦʙʲʝʢʪ ʚ ʄʀʀɻɸʠʂ 

 

ʇʨʠ ʵʪʦʤ ʩʦʚʨʝʤʝʥʥʳʝ ʩʧʦʩʦʙʳ ʢʘʣʠʙʨʦʚʢʠ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ 

ʪʦʯʥʦʩʪʴ ʧʦʨʷʜʢʘ 0,2 - 0,1 ʧʠʢʩʝʣʷ [33]. 

 

2.5. ʇʨʦʚʝʜʝʥʠʝ ʣʝʪʥʦ-ʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʰʠʨʠʥʘ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 150 

ʤ, ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 3ï5Á, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʯʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 

ʎʄʈ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʭʫʞʝ 0,02ï0,05 ʤ. ʇʦ ʵʪʠʤ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ ʦʧʨʝʜʝ-

ʣʷʶʪ ʚʳʩʦʪʫ ʠ ʙʘʟʠʩ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʵʢʩʧʦʟʠʮʠʷʤʠ, ʯʠʩ-

ʣʦ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ ʚ ʤʘʨʰʨʫʪʝ ʠ ʥʘ ʩʲʝʤʦʯʥʦʤ ʫʯʘʩʪʢʝ, ʘ ʪʘʢʞʝ ʚʨʝʤʷ, ʥʝ-

ʦʙʭʦʜʠʤʦʝ ʜʣʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʚʩʝʛʦ ʫʯʘʩʪʢʘ. 

ʉ ʟʘʜʘʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʝʤʦʤ ʚ ʦʩʥʦʚʥʦʤ ʩʢʦʨʦʩʪʴʶ 

ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ, ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʤʧʣʝʢʩ ʨʘ-

ʙʦʪ, ʚʢʣʶʯʘʶʱʠʡ: ʚʳʧʦʣʥʝʥʠʝ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ; ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʫʶ ʧʦʜʛʦ-

ʪʦʚʢʫ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ; ʧʦʩʪʨʦʝʥʠʝ ʩʝʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷ-

ʮʠʠ; ʧʦʩʪʨʦʝʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ; 
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ʧʦʩʪʨʦʝʥʠʝ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʧʦ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʨʝ-

ʛʦʚʦʡ ʣʠʥʠʠ ʠ ʜʘʥʥʳʤ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʪʘʙʣʠʮ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʣʝʪʥʦ-ʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʠ ʧʦʜʛʦ-

ʪʦʚʠʪʴ ʢ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʤʘʪʝʨʠʘʣʳ ʠ ʧʦʣʝʪʥʳʝ ʢʘʨʪʳ, ʧʨʦʚʝʩʪʠ ʪʨʝ-

ʥʠʨʦʚʢʫ ʵʢʠʧʘʞʘ ʠ ʩʦʩʪʘʚʠʪʴ ʛʨʘʬʠʢ ʧʦʣʝʪʦʚ. 

ʊʘʢʞʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʧʦʣʝʪʫ ʘʵʨʦʬʦʪʦʩʲʝʤʱʠʢ-ʦʧʝʨʘʪʦʨ ʦʧʨʝʜʝʣʷʝʪ 

ʫʛʦʣ ʩʥʦʩʘ ʠ ʧʫʪʝʚʫʶ ʩʢʦʨʦʩʪʴ ʩʘʤʦʣʝʪʘ, ʪ.ʝ. ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʝʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ.  

 

2.6. ʅʦʩʠʪʝʣʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʵʨʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ 

ʉʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʩʠʩʪʝʤʳ ʠ ʘʚʠʘʮʠʦʥʥʳʝ 

ʥʦʩʠʪʝʣʠ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʘʵʨʦʬʦʪʦʩʲʝʤʢʫ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʤʘʩʰʪʘʙʘʭ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟʣʠʯʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʥʦʩʠʪʝʣʠ ʩʲʝʤʦʯʥʳʭ ʢʘʤʝʨ ʠ ʚʳʙʨʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʩʲʝʤʢʠ ʤʝʩʪʥʦʩʪʠ ʧʨʠ 

ʚrʧʦʣʥʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʩ ʫʢʘʟʘʥʥʦʡ 

ʪʦʯʥʦʩʪʴʶ ʚʳʩʦʪʘ ʩʲʝʤʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʜʠʘʧʘʟʦʥʝ 250-400 ʤ; ʩʢʦʨʦʩʪʴ ʧʦ-

ʣʝʪʘ ï ʚ ʜʠʘʧʘʟʦʥʝ 80-120 ʢʤ/ʯ. ʀʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚ ʙʦʣʴʰʫʶ ʩʪʦʨʦʥʫ 

ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʠ ʩʤʘʟʳʚʘʥʠʶ ʩʥʠʤʢʦʚ. 

ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʘʚʠʘʮʠʦʥʥʳʝ ʥʦʩʠʪʝʣʠ ʣʝʛʢʦʛʦ ʢʣʘʩʩʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʁʪ:  

 ʙʦʣʝʝ ʥʠʟʢʫ  ʁʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ; 

 ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʴʰʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʣʝʪʘʪʴ ʥʘ ʤʘʣʳʭ ʚʳ-

ʩʦʪʘʭ; 

 ʜʠʘʧʘʟʦʥ ʚʳʩʦʪ, ʦʪʚʝʯʘʶʱʠʡ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʚ ʯʘʩʪʠ ʚʳʩʦʪʳ 

ʧʦʣʝʪʘ 250-1000 ʤ; 

 ʜʠʘʧʘʟʦʥ ʩʢʦʨʦʩʪʝʡ, ʦʪʚʝʯʘʶʱʠʡ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 70-310 ʢʤ/ʯ; 

 ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʥʠʤʢʦʚ ʩ 

ʚʳʩʦʢʦʡ ʷʨʢʦʩʪʴʶ ʠ ʢʦʥʪʨʘʩʪʥʦʩʪʴʶ. 



44 
 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʤʦʨ-

ʩʢʠʭ ʧʦʙʝʨʝʞʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʥʝʦʙʭʦʜʠʤʫʶ ʪʦʯʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʠ ʧʦʟʚʦʣʷʶʱʝʝ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʨʘʩʩʤʦʪʨʠʤ ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʦʝ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ ʠ ʘʚʠʘʮʠʦʥʥʳʝ ʥʦʩʠʪʝʣʠ. 

 

2.6.1. ʇʠʣʦʪʠʨʫʝʤʳʝ ʘʚʠʘʮʠʦʥʥʳʝ ʥʦʩʠʪʝʣʠ ʜʣʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʥʝʦʙʭʦʜʠʤʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʘʚʠʘʮʠʦʥʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʩʲʝʤʦʯʥʳʭ ʢʘʤʝʨ ʠ ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ 

ʚʘʨʠʘʥʪʝ, ʧʦʜʭʦʜʷʱʝʤ ʜʣʷ ʩʲʝʤʢʠ ʤʝʩʪʥʦʩʪʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ 

ʟʘʜʘʯʠ. ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʣʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʣʝʛʢʦʤʦʪʦʨʥʳʭ ʩʘʤʦʣʝʪʦʚ, ʚʝʨʪʦʣʝʪʦʚ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧ-

ʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

ʥʘ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ. 

ʃʝʛʢʦʤʦʪʦʨʥʳʝ ʩʘʤʦʣʝʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʟʘʜʘʯ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʝʨʝʦʩʥʘʱʝʥʠʷ ʚʦʟʜʫʰ-

ʥʦʛʦ ʩʫʜʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʳʭ ʠʟʤʝʥʝʥʠʷʭ. ʄʦʙʠʣʴʥʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʶʪ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʘʢ ʜʣʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʪʘʢ ʠ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ ʤʦ-

ʥʠʪʦʨʠʥʛʘ ʨʘʟʣʠʯʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ, ʦʙʲʝʢʪʦʚ, ʯʪʦ ʫʞʝ 

ʜʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ.  

ɼʣʷ ʤʘʣʳʭ ʚʳʩʦʪ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʘʵʨʦʬʦʪʦʩʥʠʤʢʠ ʚʳʩʦʢʦʛʦ ʢʘ-

ʯʝʩʪʚʘ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 0,02 ï 0,05 ʤ ʥʘ ʧʠʢʩʝʣʴ. ʇʨʠ ʪʘʢʦʤ ʢʘʯʝʩʪʚʝ ʚʩʝ ʟʥʘ-

ʯʠʪʝʣʴʥʳʝ ʠ ʜʘʞʝ ʤʘʣʦʩʫʱʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʩʪʥʦʩʪʠ ʙʫʜʫʪ ʯʝʪʢʦ 

ʧʨʦʩʤʘʪʨʠʚʘʪʴʩʷ ʥʘ ʩʥʠʤʢʘʭ.  

ʀʤʝʥʥʦ ʪʘʢʘʷ ʩʲʝʤʢʘ ʤʝʩʪʥʦʩʪʠ ʠ ʦʙʲʝʢʪʦʚ ʥʘʟʳʚʘʝʪʩʷ ʚʳʩʦʢʦʢʘʯʝʩʪ-

ʚʝʥʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʦʡ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʦʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʠ ʧʦʤʦʱʠ ʣʝʛ-

ʢʦʤʦʪʦʨʥʳʭ ʩʘʤʦʣʝʪʦʚ, ʚʝʨʪʦʣʝʪʦʚ ʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 
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ʇʦʜ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʦʤ ʚʘʨʠ-

ʘʥʪʝ ʧʦʥʠʤʘʝʪʩʷ ʝʛʦ ʦʩʥʘʱʝʥʠʝ ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʲʝʤʦʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʩʲʝʤʥʦʛʦ ʬʦʪʦʦʙʦʨʫʜʦʚʘʥʠʷ (ʚʭʦʜʷʱʝʛʦ ʚ ʢʦʤʧʣʝʢʪ ʬʦʪʦʢʘʤʝʨʳ) 

ʢ ʩʪʘʮʠʦʥʘʨʥʦʤʫ ʬʦʪʦʦʙʦʨʫʜʦʚʘʥʠʶ ʦʪʥʦʩʷʪʩʷ:  

 ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʧʣʘʪʬʦʨʤʳ;  

 ʜʝʪʘʣʠ ʢʨʝʧʣʝʥʠʷ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʣʘʪʬʦʨʤ, ʘʵʨʦʬʦʪʦʢʘʤʝʨ ʠ ʠʭ 

ʘʛʨʝʛʘʪʦʚ;  

 ʬʦʪʦʣʶʢʠ ʩ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʤʠ ʠʣʠ ʤʝʭʘʥʠʟʤʘʤʠ ʜʣʷ ʦʪʢʨʳʚʘʥʠʷ ʠ 

ʟʘʢʨʳʚʘʥʠʷ ʠʭ ʩʪʚʦʨʦʢ;  

 ʩʧʝʮʠʘʣʴʥʳʝ ʦʙʪʝʢʘʪʝʣʠ, ʧʨʝʜʦʭʨʘʥʷʶʱʠʝ ʬʦʪʦʦʙʦʨʫʜʦʚʘʥʠʝ ʦʪ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʩʪʨʝʯʥʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ,  

 ʧʨʦʯʠʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨ-

ʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʬʦʪʦʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʦʣʝʪʝ. 

ʇʝʨʝʦʙʦʨʫʜʦʚʘʥʠʝ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ ʜʦʨʦʛʦ-

ʩʪʦʷʱʠʤ (ʧʨʠ ʚʳʨʝʟʘʥʠʠ ʣʶʢʦʚ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʧʝʨʝʢʣʘʜʢʘ ʠ ʧʝʨʝʧʨʦ-

ʝʢʪʠʨʦʚʘʥʠʝ ʢʘʙʝʣʝʡ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʭʝʤ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʝʨʝʛʦʨʦ-

ʜʦʢ, ʫʢʨʝʧʣʝʥʠʝ ʢʦʨʧʫʩʘ). ʇʦʵʪʦʤʫ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʤʥʦʛʦʮʝʣʝʚʳʝ ʤʦʜʝʣʠ, 

ʪʨʝʙʫʶʱʠʝ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʄʝʢʩʠʢʝ ʜʣʷ ʩʲʝʤʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʢʪʦʚ 

ʩ ʥʝʙʦʣʴʰʠʭ ʚʳʩʦʪ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʳʡ ʦʜʥʦʤʦ-

ʪʦʨʥʳʡ ʧʦʨʰʥʝʚʦʡ ʩʘʤʦʣʝʪ çCessna 150 ï Cessna 172è [34].  

Cessna 150  ï ʵʪʦ ʜʚʫʭʤʝʩʪʥʳʡ, ʣʸʛʢʠʡ ʩʘʤʦʣʸʪ, ʦʥ ʨʘʩʩʯʠʪʘʥ ʥʘ ʦʜʥʦʛʦ 

ʧʠʣʦʪʘ ʠ ʦʜʥʦʛʦ ʧʘʩʩʘʞʠʨʘ (ʨʠʩʫʥʦʢ. 2.6.1). 

 

ʈʠʩʫʥʦʢ 2.6.1 ï ʉʘʤʦʣʝʪ Cessna 150 
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ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ:  

 ʢʦʣʠʯʝʩʪʚʦ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ:  ʦʜʠʥ; 

 ʚʤʝʩʪʠʤʦʩʪʴ:  1 ʧʘʩʩʘʞʠʨ; 

 ʩʦʙʩʪʚʝʥʥʘʷ ʤʘʩʩʘ:  447 ʢʛ; 

 ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ:  200 ʢʤ/ʯ; 

 ʤʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ:  70 ʢʤ/ʯ; 

 ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ:  202 ʢʛ; 

 ʧʨʘʢʪʠʯʝʩʢʠʡ ʧʦʪʦʣʦʢ:  4663 ʤ. 

 

Cessna 172 ï ʪɻʦ ʯʝʪʳʨʝʭʤʝʩʪʥʳʡ, ʦʜʥʦʤʦʪʦʨʥʳʡ ʩʘʤʦʣʝʪ ʩ ʚʳʩʦʢʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʨʳʣʴʷʤʠ (ʨʠʩʫʥʦʢ. 2.6.2.). ʕʪʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʠʨʝ ʩʘʤʦʣʝʪʦʚ ʜʣʷ ʫʯʝʙʥʳʭ ʧʦʣʝʪʦʚ.  

 

ʈʠʩʫʥʦʢ 2.6.2  ï  ʉʘʤʦʣʝʪ Cessna 172 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 ʢʦʣʠʯʝʩʪʚʦ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ:  ʦʜʠʥ; 

 ʚʤʝʩʪʠʤʦʩʪʴ:  3 ʧʘʩʩʘʞʠʨʘ; 

 ʩʦʙʩʪʚʝʥʥʘʷ ʤʘʩʩʘ:  736 ʢʛ; 

 ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ:  228 ʢʤ/ʯ; 

 ʤʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ: 87 ʢʤ/ʯ; 

 ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ:  376 ʢʛ; 

 ʧʨʘʢʪʠʯʝʩʢʠʡ ʧʦʪʦʣʦʢ:  4116 ʤ. 
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 Cessna 182 ï ʵʪʦ ʯʝʪʳʨʝʭʤʝʩʪʥʳʡ, ʦʜʥʦʤʦʪʦʨʥʳʡ ʩʘʤʦʣʝʪ ʩ ʚʳʩʦʢʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʢʨʳʣʴʷʤʠ (ʨʠʩʫʥʦʢ. 2.6.3). ʕʪʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʠʩ-ʧʦʣʴʟʫʝʤʳʭ ʚ ʤʠʨʝ ʩʘʤʦʣʝʪʦʚ ʜʣʷ ʫʯʝʙʥʳʭ ʧʦʣʝʪʦʚ. 

 

ʈʠʩʫʥʦʢ 2.6.3 ï ʉʘʤʦʣʝʪ Cessna 182 

 ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 ʢʦʣʠʯʝʩʪʚʦ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ:                   ʦʜʠʥ; 

 ʧʘʩʩʘʞʠʨʦʚ:                                                     3; 

 ʚʤʝʩʪʠʤʦʩʪʴ:                                3 ʧʘʩʩʘʞʠʨʘ; 

 ʧʫʩʪʦʡ ʚʝʩ:                                              894 ʢʛ; 

 ʩʦʙʩʪʚʝʥʥʘʷ ʤʘʩʩʘ:                                 517 ʢʛ; 

 ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ:                    278 ʢʤ/ʯ; 

 ʤʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ:                       91 ʢʤ/ʯ; 

 ʧʨʘʢʪʠʯʝʩʢʠʡ ʧʦʪʦʣʦʢ:                         5517 ʤ; 
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Cessna 210 ï ʵʪʦ ʰʝʩʪʠʤʝʩʪʥʘʷ ʤʦʜʝʣʴ, ʩʘʤʦʣʸʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʮʝʣʴʥʦʤʝʪʘʣʣʠʯʝʩʢʠʡ ʤʦʥʦʧʣʘʥ ʩ ʚʳʩʦʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢʨʳʣʘ (ʨʠʩʫʥʦʢ. 

2.6.4.). 
 

 

ʈʠʩʫʥʦʢ 2.6.4 ï ʉʘʤʦʣʝʪ Cessna 210 

 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 ʢʦʣʠʯʝʩʪʚʦ ʯʣʝʥʦʚ ʵʢʠʧʘʞʘ:  ʦʜʠʥ; 

 ʚʤʝʩʪʠʤʦʩʪʴ:  5 ʧʘʩʩʘʞʠʨʦʚ; 

 ʩʦʙʩʪʚʝʥʥʘʷ ʤʘʩʩʘ:  765 ʢʛ; 

 ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ:  378 ʢʤ/ʯ; 

 ʤʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ:  100 ʢʤ/ʯ;  

 ʧʨʘʢʪʠʯʝʩʢʠʡ ʧʦʪʦʣʦʢ:  8230 ʤ. 

 

ɺ ʄʝʢʩʠʢʝ ʪʘʢʞʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ ʚʝʨʪʦ-

ʣʸʪʘ  Bell 412 (ʨʠʩʫʥʦʢ. 2.6.5.),  ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʚʝʜʝʥʠʷ ʪʘʢʪʠʯʝʩʢʦʡ ʬʦʪʦ-

ʨʘʟʚʝʜʢʠ. ʊʘʢʞʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʧʣʘʥʦʚʫʶ ʠ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʬʦʪʦʩʲʸʤʢʫ ʤʝʩʪ-

ʥʦʩʪʠ. 
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ʈʠʩʫʥʦʢ 2.6.5 ï ɺell 412 

ɺʝʨʪʦʣʸʪ  Bell 412 ï ʜʚʫʭʜʚʠʛʘʪʝʣʴʥʳʡ ʤʥʦʛʦʮʝʣʝʚʦʡ ʚʝʨʪʦʣʝʪ ʩʨʝʜʥʝ-

ʛʦ ʢʣʘʩʩʘ, ʩʧʦʩʦʙʥʳʡ ʨʘʙʦʪʘʪʴ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ: ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝ-

ʨʘʪʫʨʘʭ, ʥʘ ʙʦʣʴʰʠʭ ʚʳʩʦʪʘʭ ʠ ʚ ʫʩʣʦʚʠʷʭ ʧʫʩʪʳʥʠ. Bell 412 EP ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʚ ʩʚʦʝʤ ʢʣʘʩʩʝ ʚʝʨʪʦʣʝʪʦʤ, ʦʙʣʘʜʘʶʱʠʤ ʨʘʟʨʳʚʦʫʩʪʦʡʯʠʚʦʡ 

ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʩʠʩʪʝʤʦʡ ʧʘʩʩʠʚʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʢʠʧʘʞʘ ʚ ʩʪʘʥ-

ʜʘʨʪʥʦʤ ʦʩʥʘʱʝʥʠʠ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Bell 412: 

 ʢɻʠʧʘʞ:  1-2 ʧʠʣʦʪʘ; 

 ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ:  1 814 ʢʛ; 

 ʤʘʩʩʘ ʧʫʩʪʦʛʦ ʚʝʨʪʦʣʝʪʘ:  3 079 ʢʛ. 

ʃʸʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘ ʚʳʩʦʪʝ 1 220 ʤ:  230 ʢʤ/ʯ; 

 ʧʨʘʢʪʠʯʝʩʢʘʷ ʜʘʣʴʥʦʩʪʴ:  744 ʢʤ; 

 ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʸʪʘ:  3 ʯ 42 ʤʠʥ. 
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2.6.2. ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪ r(ɹʇʃɸ ʠʣʠ ɹʃɸ) 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʣʷ ʩʲʝʤʢʠ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʤʝʩʪʥʦʩʪʠ ʚʩʝ ʯʘʱʝ 

ʠʩʧʦʣʴʟʫʶʪ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ. ʕʪʦ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ 

ʙʝʟ ʵʢʠʧʘʞʘ ʥʘ ʙʦʨʪʫ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʩʦʟʜʘʥʠʷ 

ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʩ ʧʦʤʦʱʴʶ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʠʣʠ ʚʨʘʱʘʶʱʝʛʦʩʷ ʢʨʳʣʘ 

(ɹʇʃɸ ʩʘʤʦʣʝʪʥʦʛʦ ʠ ʚʝʨʪʦʣʝʪʥʦʛʦ ʪʠʧʘ), ʦʩʥʘʱʝʥʥʳʡ ʜʚʠʛʘʪʝʣʝʤ ʠ ʠʤʝʶ-

ʱʠʡ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʦʣʝʪʘ, ʜʦʩʪʘʪʦʯʥʳʝ ʜʣʷ ʚʳ-

ʧʦʣʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʜʘʯ [59]. ʊʠʧʳ ɹʇʃɸ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.5. 

ʉʫʱʝʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ɹʇʃɸ. 

ʈʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʧʝʨʘʪʦʨʦʤ (ʠʣʠ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʧʠʣʦʪʠʨʦʚʘʥʠʝ) ʩ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʧʪʠʯʝʩʢʦʡ ʥʘʙʣʶʜʘʝʤʦʩʪʠ 

ʠʣʠ ʧʦ ʚʠʜʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʩ ʚʠʜʝʦʢʘʤʝʨʳ ʧʝʨʝʜʥʝʛʦ ʦʙʟʦʨʘ.  

ʇʨʠ ʪʘʢʦʤ ʫʧʨʘʚʣʝʥʠʠ ʦʧʝʨʘʪʦʨ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʨʝʰʘʝʪ ʟʘʜʘʯʫ ʧʠʣʦʪʠ-

ʨʦʚʘʥʠʷ: ʧʦʜʜʝʨʞʘʥʠʝ ʥʫʞʥʦʛʦ ʢʫʨʩʘ, ʚʳʩʦʪʳ ʠ ʪ.ʜ. 

 

ʊʘʙʣʠʮʘ 2.5 ï ʊʠʧʳ ɹʇʃɸ 

 
ɸʵʨʦʩʪʘ-

ʪʠʯʝʩʢʠʝ 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʈʝʘʢʪʠʚʥʳʝ 
ʛʠʙʢʦʝ ʢʨʳʣʦ 

ʬʠʢʩʠʨʦ-

ʚʘʥʥʦʝ 

ʢʨʳʣʦ 

ʚʨʘʱʘʶʱʝʝ-

ʩʷ ʢʨʳʣʦ 

ɹʝʟʤʦ-

ʪʦʨʥʳʝ 

ɸʵʨʦʩʪʘ-

ʪ r

ɺʦʟʜʫʰʥʳʝ ʟʤʝʠ ʠ 

ʘʥʘʣʦʛʠ ʙʝʟʤʦʪʦʨʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʩʚʝʨʭʣʝʛ-

ʢʦʡ ʘʚʠʘʮʠʠ (ʧʘʨʘ-

ʧʣʘʥʳ, ʜʝʣʴʪʘʧʣʘʥʳ ʠ 

ʜʨ.) 

ʇʣʘʥʝʨʳ   

ʄʦʪʦʨ-

ʥʳʝ 

ɼʠʨʠʞʘʙ-

ʣʠ 

ɸʥʘʣʦʛʠ ʤʦʪʦʨʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʩʚʝʨʭʣʝʛ-

ʢʦʡ ʘʚʠʘʮʠʠ (ʧʘʨʘ-

ʧʣʘʥʳ, ʜʝʣʴʪʘʧʣʘʥʳ ʠ 

ʜʨ.) 

ɹʇʃɸ ʩʘ-

ʤʦʣʝʪʥʦʛʦ 

ʪʠʧʘ 

ɹʇʃɸ ʚʝʨ-

ʪʦʣʝʪʥʦʛʦ 

ʪʠʧʘ 

ʂʦʩʤʠʯʝ-

ʩʢʠʝ ʨʝʘʢ-

ʪʠʚʥʳʝ ʘʧ-

ʧʘʨʘʪʳ 
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ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʩʪʴʶ ʘʚ-

ʪʦʥʦʤʥʦʛʦ ʧʦʣʝʪʘ ɹʇʃɸ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʝ ʩ ʟʘ-

ʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʫʛʣʦʚ ʦʨʠʝʥʪʘʮʠʠ. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʙʦʨʪʦʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʇʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ (ʠʣʠ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ) ï 

ʧʦʣʝʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ ʩ ʧʦʤʦʱʴʶ 

ʘʚʪʦʧʠʣʦʪʘ ʧʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʧʝʨʘʪʦʨ 

ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʤʘʨʰʨʫʪ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʦʧʝʨʘʪʦʨ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʥʝ 

ʦʪʚʣʝʢʘʷʩʴ ʥʘ ʟʘʜʘʯʠ ʧʠʣʦʪʠʨʦʚʘʥʠʷ. 

ʈʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʠʤ ʠʟ ʨʝʞʠʤʦʚ ʜʣʷ ɹʇʃɸ, ʘ ʤʦʞʝʪ 

ʙʳʪʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʫʧʨʘʚʣʝʥʠʷ. ɹʇʃɸ, ʣʠʰʝʥʥʳʝ ʢʘʢʠʭ-ʣʠʙʦ 

ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʸʪʦʤ ï ʨʘʜʠʦʫʧʨʘʚʣʷʝʤʳʝ ʘʚʠʘʤʦ-

ʜʝʣʠ ï ʥʝ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʩʝʨʴʝʟʥʳʭ ʮʝʣʝʚʳʭ ʟʘʜʘʯ. 

ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʩʧʦʩʦʙʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝ-

ʙʦʚʘʥʥʳʤʠ ʩʦ ʩʪʦʨʦʥʳ ʵʢʩʧʣʫʘʪʘʥʪʦʚ ʙʝʩʧʠʣʦʪʥʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʢʘʢ ʧʨʝʜʲʷʚ-

ʣʷʶʪ ʥʘʠʤʝʥʴʰʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʜʛʦʪʦʚʢʝ ʧʝʨʩʦʥʘʣʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟʦ-

ʧʘʩʥʫʶ ʠ ʵʬʬʝʢʪʠʚʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʠʩʪʝʤ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧ-

ʧʘʨʘʪʦʚ. ʇʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʪʠʤʘʣʴʥʳʤ 

ʨʝʰʝʥʠʝʤ ʜʣʷ ʟʘʜʘʯ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʟʘʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ, ʢʦʛʜʘ ʥʫʞʥʦ ʩʥʠ-

ʤʘʪʴ ʥʘ ʙʦʣʴʰʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʤʝʩʪʘ ʙʘʟʠʨʦʚʘʥʠʷ ʚʥʝ ʢʦʥʪʘʢʪʘ ʩ ʥʘʟʝʤʥʦʡ 

ʩʪʘʥʮʠʝʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʩʢʦʣʴʢʫ ʟʘ ʧʦʣʝʪ ʦʪʚʝʯʘʝʪ ʣʠʮʦ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʝ 

ʟʘʧʫʩʢ, ʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʪʴ ʥʘ ʧʦʣʝʪ ʩ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ ʤʦʞʝʪ ʧʦʤʦʯʴ 

ʠʟʙʝʞʘʪʴ ʚʥʝh ʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʨʦʩʩʠʡ-

ʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. 

ɹʇʃɸ çʇʪʝʨʦ-ɽ4è ï ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʡ çɸʌʄ-ʉʝʨʚʠʩè ʚ ʄʦʩʢʚʝ (ʨʠʩʫʥʦʢ. 2.6.2.). ʂʦʤʧʣʝʢʩ çʇʪʝʨʦè ʥʘ ʙʘʟʝ 

ɹʇʃɸ çʇʪʝʨʦ-ɽè ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʜʥʝʤ ʠ ʥʦ-
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ʯʴʶ ʚ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ: 

ʦʧʝʨʘʪʠʚʥʦʡ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʨʦʪʷʞʝʥʥʳʭ ʠ 

ʧʣʦɦ ʘʜʥʳʭ ʦʙʲʝʢʪʦʚ; ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʧʘʩʧʦʨʪʠʟʘʮʠʠ. 

 

 

ʈʠʩʫʥʦʢ 2.6.2 ï ɹʇʃɸ çʇʪʝʨʦ-ɽ4è. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹʇʃɸ çʇʪʝʨʦ-ɽ4è: 

 ʨʘʟʤʘʭ ʢʨʳʣʘ: 3,03 ʤ; 

 ʤʘʩʩʘ ʧʫʩʪʦʛʦ:  9,5 ʢʛ; 

 ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʟʣʸʪʥʘʷ ʤʘʩʩʘ: 20 ʢʛ. 

ʃʸʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 ʢʨʝʡʩʝʨʩʢʘʷ ʩʢʦʨʦʩʪ:ɹ  85-115 ʢʤ/ʯ; 

 ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʧʫʩʪʠʤʘʷ ʩʢʦʨʦʩʪʴ: 180 ʢʤ/ʯ; 

 ʨʘʙʦʯʘʷ ʚʳʩʦʪʘ: 80-1000 ʤ (ʟʘʚʠʩʠʪ ʦʪ ʟʘʜʘʯ); 

 ʧʨʘʢʪʠʯʝʩʢʠʡ ʧʦʪʦʣʦʢ: 2000 ʤ; 

 ʩʪʘʨʪ: ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʩ ʧʥʝʚʤʘʪʠʯʝ-

ʩʢʦʡ ʢʘʪʘʧʫʣʴʪʳ; 

 ʧʨʠʟʝʤʣʝʥʠʝ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʥʘ ʧʘʨʘʰʶʪʝ ʩ 

ʘʤʦʨʪʠʟʘʮʠʦʥʥʦʡ ʧʦʜʫʰʢʦʡ; 

http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D1%8B%D0%BB%D0%BE_(%D1%81%D0%B0%D0%BC%D0%BE%D0%BB%D1%91%D1%82)
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81%D0%B0
http://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B0%D0%BA%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BF%D0%BE%D1%82%D0%BE%D0%BB%D0%BE%D0%BA
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 ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ: 130 ʢʤ; 

 ʚʨʝʤʷ ʧʦʣʝʪʘ: 1,5 ʯ; 

 ʨʝʞʠʤʳ ʧʦʣʝʪʘ: ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʠ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʩ ʚʦʟʤʦʞ-

ʥʦʩʪʴʶ ʩʤʝʥʳ ʪʨʘʝʢʪʦʨʠʠ ʚ 

ʧʦʣʝʪʝ. 

 

ɹʇʃɸ çɼʦʟʦʨ-50è (ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʧʨʦʝʢʪ çɼʦʟʦʨ-2è) ʷʚʣʷʝʪʩʷ 

ʢʦʤʧʘʢʪʥʦʡ ʙʝʩʧʠʣʦʪʥʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯ-

ʥʳʭ ʚʠʜʦʚ ʘʚʠʘʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʢ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʮʝʣʝʚʦʡ ʥʘʛʨʫʟʢʦʡ, 

ʪʘʢ ʠ ʩ ʘʧʧʘʨʘʪʫʨʦʡ ʟʘʢʘʟʯʠʢʘ. ɹʇʃɸ çɼʦʟʦʨ-50è (ʨʠʩʫʥʦʢ. 2.6.2.1) ʩ ʮʠʬʨʦ-

ʚʦʡ ʬʦʪʦʢʘʤʝʨʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʜʝʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʘʵ-

ʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʚ ʢʘʯʝʩʪʚʝ ʧʦʩʪʘʚʱʠʢʘ ʧʝʨʚʠʯʥʦʡ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹʇʃɸ çɼʦʟʦʨ-50è: 

 ʨʘʟʤʘʭ ʢʨʳʣʘ: 4 ʤ; 

 ʤʘʩʩʘ ʧʫʩʪʦʛʦ:  32 ʢʛ; 

 ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʟʣʸʪʥʘʷ ʤʘʩʩʘ: 50 ʢʛ; 

 ʪʠʧ ʜʚʠʛʘʪʝʣʷ: ʙʝʥʟʠʥʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ɼɺʉ 3W-106. 

 

ʈʠʩʫʥʦʢ 2.6.2.1 ï ɹʇʃɸ çɼʦʟʦʨ-50è 

http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D1%8B%D0%BB%D0%BE_(%D1%81%D0%B0%D0%BC%D0%BE%D0%BB%D1%91%D1%82)
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D1%81%D0%B0
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ʃʸʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 ʤʠʥʠʤʘʣʴʥʘʷ ʙʝʟʦʧʘʩʥʘʷ ʩʢʦʨʦʩʪʴ: 80 ʢʤ/ʯ; 

 ʢʨʝʡʩʝʨʩʢʘʷ ʩʢʦʨʦʩʪʴ: 110-130 ʢʤ/ʯ; 

 ʨʘʙʦʯʘʷ ʚʳʩʦʪʘ: 500-1000 ʤ; 

 ʧʨʘʢʪʠʯʝʩʢʠʡ ʧʦʪʦʣʦʢ: 4000 ʤ; 

 ʩʪʘʨʪ: ʧʦ ʩʘʤʦʣʝʪʥʦʤʫ: 100 ʤ ʨʘʟʙʝʛ; 

 ʧʨʠʟʝʤʣʝʥʠʝ: ʧʦ ʩʘʤʦʣʝʪʥʦʤʫ: 100 ʤ ʧʨʦʙʝʛ; 

 ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ: 600 ʢʤ; 

 ʚʨʝʤʷ ʧʦʣʝʪʘ: 6 ʯ; 

 ʨʝʞʠʤʳ ʧʦʣʝʪʘ: ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʠ ʧʦʣʫʘʚʪʦʤʘ-

ʪʠʯʝʩʢʠʡ. 

 

ɹʇʃɸ çGeocopterè (ʨʠʩʫʥʦʢ. 2.6.2.2) ï ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧ-

ʧʘʨʘʪ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ Geocopter B.V. ʚ ʅʠʜʝʨʣʘʥʜʘʭ; ʚʝʨʪʦʣʝʪʥʦʛʦ ʪʠʧʘ ʜʣʷ 

ʛʨʘʞʜʘʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʮʝʣʷʭ ʤʦʥʠʪʦʨʠʥʛʘ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʮʝʣʷʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɹʇʃɸ çGeocopterè: 

 ʨʘʟʤʘʭ ʢʨʳʣʘ: 2,8 ʤ; 

 ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʟʣʸʪʥʘʷ ʤʘʩʩʘ: 35 ʢʛ; 

 ʨʘʙʦʯʘʷ ʚʳʩʦʪʘ: 900 ʤ; 

 ʪʠʧ ʜʚʠʛʘʪʝʣʷ: ʙʝʥʟʠʥʦʚʳʡ [7]. 

 

 

ʈʠʩʫʥʦʢ 2.6.2.2 ï ɹʇʃɸ çGeocopterè 

http://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B0%D0%BA%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BF%D0%BE%D1%82%D0%BE%D0%BB%D0%BE%D0%BA
http://www.geocopter.nl/
http://ru.wikipedia.org/wiki/%D0%9A%D1%80%D1%8B%D0%BB%D0%BE_(%D1%81%D0%B0%D0%BC%D0%BE%D0%BB%D1%91%D1%82)
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2.7. ɺʳʚʦʜʳ ʧʦ ʚʪʦʨʦʡ ʛʣʘʚʝ 

ɺ ʨʘʟʜʝʣ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʘʵʨʦʢʘʤʝʨ ʩʨʝʜʥʝʛʦ ʬʦʨʤʘʪʘ ʠ 

ʟʝʨʢʘʣʴʥʳʭ ʮʠʬʨʦʚʳʭ ʬʦʪʦʢʘʤʝʨ ʩ ʮʝʥʪʨʘʣʴʥʳʤ ʠ ʣʘʤʝʣʴʥʳʤ (ʰʪʦʨʥʦ-

ʱʝʣʝʚʳʤ) ʟʘʪʚʦʨʦʤ ʧʨʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ.  

ʇʨʠ ʩʲʝʤʢʝ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʤʝʩʪʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʝʝ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʠʣʠ ʣʶʙʠʪʝʣʴʩʢʠʤʠ ʢʘʤʝʨʘʤʠ ʩ 

ʮʝʥʪʨʘʣʴʥʳʤʠ ʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʟʘʪʚʦʨʘʤʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʥʫʚ ʠʭ 

ʧʨʦʮʝʜʫʨʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʷ 

ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʬʦʪʦʢʘʤʝʨʳ, ʢʦʦʨʜʠʥʘʪ ʛʣʘʚʥʦʡ ʪʦʯʢʠ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʜʠʩʪʦʨʩʠʠ ʦʙʲʝʢʪʠʚʘ ʬʦʪʦʢʘʤʝʨʳ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʘʧʧʘʨʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚ ʚʠʜʫ, 

ʯʪʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʦʡ ʟʘʪʚʦʨ ʜʘʝʪ ʠʩʢʘʞʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ. ɺ ʜʘʥʥʦʡ 

ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ  ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʤʝʱʝʥʠʷ ʪʦʯʝʢ ʩʥʠʤʢʦʚ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʬʦʪʦʢʘʤʝʨʳ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʢʘʤʝʨ ʩʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ. 

ɺ ʯʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʧʦ ʠʪʦʛʘʤ ʘʥʘʣʠʟʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʨʘʟʜʝʣ 2, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ  ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʩʠʪʝʣʝʡ ʢʘʤʝʨ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʚʝʨʪʦʣʝʪʳ ʠ ʣʝʛʢʦʤʦʪʦʨʥʳʝ 

ʩʘʤʦʣʝʪʳ, ʪʘʢ ʠ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ.  ʇʨʠ ʵʪʦʤ ɹʇʃɸ 

ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʠ ʵʢʦʥʦʤʠʯʥʳʤ ʩʨʝʜʩʪʚʦʤ, ʥʦ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʣʫʯʝʥʠʝ 

ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ.  

ʃʝʛʢʦʤʦʪʦʨʥʳʝ ʩʘʤʦʣʝʪʳ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʥʦʩʠʪʝʣʝʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ ʦʭʚʘʪʘ ʠ ʤʝʥʴʰʠʭ ʠʟʤʝʥʝʥʠʡ 

ʫʛʣʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʥʝʰʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɹʇʃɸ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʦʩʠʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʘʢ 
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ʧʣʦʱʘʜʴ ʠʟʤʝʨʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ, ʜʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʧʨʠ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʪʘʢ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʩʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʧʦʣʝʪʘ. 
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ʈɸɿɼɽʃ 3 ï ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ʈɽɿʋʃʔʊɸʊʓ ʄɽʊʆɼʀʂʀ ʄʆʅʀʊʆʈʀʅɻɸ ʉʆʉʊʆʗʅʀʗ 

ʇʈʀɹʈɽɾʅʆʁ ʇʆʃʆʉʓ ʇʆ ʄɸʊɽʈʀɸʃɸʄ ɸʕʈʆʌʆʊʆʉʒɽʄʂʀ 

ɺ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʠʭ ʧʦʙʝ-

ʨʝʞʠʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʮʝʣʴʁ  ʢʦʪʦʨʦʡ ʷʚʣʷʣʘʩʴ ʨʝʘʣʴʥʘ ̫

ʧʨʦʚʝʨʢʘ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʘʵʨʦʬʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʚ ʢʨʫʧ-

ʥʳʭ ʤʘʩʰʪʘʙʘʭ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ [58]. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʦʮʝʥʠʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʝʝ ʧʨʝʜʝʣʘʭ, ʧʨʝʜʣʦʞʝʥ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʶʙʠʪʝʣʴʩʢʠʝ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʮʠʬʨʦʚʳʝ ʬʦ-

ʪʦʢʘʤʝʨʳ, ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʠʟʥʘʯʘʣʴʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, 

ʠ ʣʝʛʢʦʤʦʪʦʨʥʳʝ ʩʘʤʦʣʝʪʳ ʩ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠ-

ʥʠʠ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʫ 

ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʧʨʠ  ʤʠʥʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ ʤʦʨʷ ʠ ʧʦʩʪʨʦʠʪʴ ʧʦ ʤʘʪʝʨʠʘ-

ʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʩ ʪʦʯʥʦ-

ʩʪʴʶ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʦʧʨʝʜʝʣʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. 

ɼʣʷ ʩʲʝʤʢʠ ʩʪʦʠʪ ʚʳʙʠʨʘʪʴ ʩʝʟʦʥ, ʢʦʛʜʘ ʦʩʘʜʢʠ ʥʝ ʧʦʚʣʠʷʶʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʩʲʝʤʢʠ. ʃʫʯh ʝʝ ʚʨʝʤʷ ʚʝʩʥʘ/ʦʩʝʥʴ. 

ʉ ʮʝʣʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʘɻ ʨʦʬʦʪʦʩʲʝʤʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʜʚʘ ʨʘʟʘ: ʦʩʝ-

ʥʴʶ 2012 ʛ. ʠ ʚʝʩʥʦʡ 2013 ʛ. ʄʘʨʰʨʫʪʥʘʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ 

ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʩʘʤʦʣʝʪʘ çCessna 172è ʠ ʮʠʬʨʦʚʦʡ ʟʝʨʢʘʣʴʥʦʡ ʬʦ-

ʪʦʢʘʤʝʨr çSony Ŭ 900è ʩ ʤʘʪʨʠʮʝʡ 36Ĭ24 ʤʤ ʠ 24,6 ʄʧ. ʉʢʦʨʦʩʪʴ ʩʘʤʦʣʝʪʘ 

ʧʨʝʜʣʦʞʝʥʦ ʤʠʥʠʤʘʣʴʥʦʡ, ʧʦʵʪʦʤʫ ʥʘ ʩʤʘʟ ʠ ʩʜʚʠʛ ʩʥʠʤʢʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʦʚʣʠʷʣʘ. ʊʘʢ ʢʘʢ ʙʳʣʦ ʩʜʝʣʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʘʨʰʨʫʪʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʫʯʘ-
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ʩʪʢʘ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ, ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʩʥʠʤʢʠ ʥʘʠʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʫʯʝʪʦʤ ʚʣʠʷʶʱʠʭ 

ʧʨʠʨʦʜʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʚ ʄʝʢʩʠʢʝ. 

ʆʙʲʝʢʪʦʤ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝ-

ʞʴʷ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʦʢ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʤʝʢʩʠʢʘʥʩʢʦʛʦ 

ʰʪʘʪʘ ʉʠʥʘʣʦʘ ʚ ʂʘʣʠʬʦʨʥʠʡʩʢʦʤ ʟʘʣʠʚʝ. ʋʯʘʩʪʦʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʩʯʘʥʳʡ ʧʣʷʞ ʩ ʥʝʙʦʣʴʰʠʤʠ ʫʢʣʦʥʘʤʠ, ʥʝ ʧʨʝʚʳʰʘʶ-

ʱʠʝ 5ï7Á.  

 

ʈʠʩʫʥʦʢ 3 ï ʋʯʘʩʪʦʢ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʷʪʴ ʥʝ ʪʦʣʴʢʦ 

ʠʟʤʝʥʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʥʦ ʠ ʠʟʤʝʥʝʥʠʝ ʨʝʣʴʝʬʘ ʧʨʠʙʨʝʞʥʦʡ 
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ʧʦʣʦʩʳ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ ʤʦʨʷ, ʠ ʧʦ-

ʩʪʨʦʠʪʴ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ ʙʝʨʝʛʦʚʦʡ 

ʧʦʣʦʩʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʦʧʨʝʜʝʣʝʥʠʝ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. 

ɺ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʶ 

ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ. ʊʘʢ ʢʘʢ ʥʘ ʩʥʠʤʢʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ, ʵʪʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʣʦʞʥʦ, ʘʚʪʦʨ ʚʦʩʧʦʣʴʟʦʚʘʣʩ ̫ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʤʠ ʪʘʙʣʠʮʘʤʠ, ʧʦ-

ʣʫʯʝʥʥʳʤʠ ʚ ʀʥʩʪʠʪʫʪʝ ʦʢʝʘʥʦʣʦʛʠʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʙʳʣʠ ʪʦʯʥʦ ʦʧʨʝ-

ʜʝʣʝʥʳ ʙʝʨʝʛʦʚʳʝ ʣʠʥʠʠ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2012 ʠ 2013 ʛʛ. 

 

3.1. ɸʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ 

ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʩ ʟʘʜʘʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʝʤʦʤ ʚ ʦʩʥʦʚ-

ʥʦʤ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ, ʚʳʧʦʣʥʷ-

ʝʪʩʷ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ, ʚʢʣʶʯʘʶʱʠʡ: ʚʳʧʦʣʥʝʥʠʝ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ; ʧʣʘʥʦʚʦ-

ʚʳʩʦʪʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ; ʧʦʩʪʨʦʝʥʠʝ ʩʝʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ; ʧʦʩʪʨʦʝʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ-

ʙʨʝʞʥʦʡ ʧʦʣʦʩʳ; ʧʦʩʪʨʦʝʥʠʝ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʧʦ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʜʘʥʥʳʤ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʪʘʙʣʠʮ.  

ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

ʯʝʨʝʟ ʟʘʜʘʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʨʘʙʦʪ: 

 ʘɻ ʨʦʬʦʪʦʩʲʝʤʢʘ; 

 ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʘ ̫ʧʦʜʛʦʪʦʚʢʘ ʘʵʨʦʩʥʠʤʢʦʚ; 

 ʧʦʩʪʨʦʝʥʠʝ ʩʝʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ; 

 ʧʦʩʪʨʦʝʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦ-

ʣʦʩʳ; 

 ʧʦʩʪʨʦʝʥʠʝ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʧʦ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ 

ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʜʘʥʥʳʤ ʛʠʜʨʦʛʨʘʬʠʯʝʩʢʠʭ ʪʘʙʣʠʮ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʚʪʦʨʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ ʠ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʶ ʣʠʥʠʠ ʫʨʝʟʘ ʚʦʜʳ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʠʟʤʝ-

ʥʝʥʠʡ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩ rʠ ʣʠʥʠʠ ʫʨʝʟʘ ʚʦʜʳ. 
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ʇʦʣʝʪ ʧʣʘʥʠʨʦʚʘʣʩ ̫ʥʘ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʚ 9 ʯ ʫʪʨʘ, ʢʦʛʜʘ ʧʦʛʦʜʥʳʝ ʫʩ-

ʣʦʚʠʷ ʠ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʧʦʟʚʦʣʷʶʪ ʩʘʤʦʣʝʪʫ ʩʪʘʙʠʣʴʥʦ ʣʝʪʘʪʴ 

ʥʘʜ ʧʦʙʝʨʝʞʴʝʤ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʚʦʨʦʪʦʚ ʬʦʪʦʢʘʤʝʨʳ ʥʘ ʫʛʣʳ ȹŬ, ȹɤ, ȹə. 

ʇʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʩʘʤʦʣʝʪʘ ʙʳʣʦ ʩʜʝʣʘʥʦ ʥʝʩʢʦʣʴʢʦ ʤʘʨʰʨʫ-

ʪʦʚ ʥʘʜ ʦʜʥʠʤ ʫʯʘʩʪʢʦʤ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʠ ʦʪʦʙʨʘʥʳ ʩʥʠʤʢʠ ʥʘʠʣʫʯʰʝʛʦ 

ʢʘʯʝʩʪʚʘ. 

ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʙʦʪ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʮʠʬ-

ʨʦʚʘʷ ʟʝʨʢʘʣʴʥʘʷ ʢʘʤʝʨʘ ʩʦ ʰʪʦʨʥʦ-ʱʝʣʝʚʳʤ ʟʘʪʚʦʨʦʤ çSony A-900è ʩ ʤʘʪ-

ʨʠʮʝʡ 24,6 ʄʧ (ʬʦʨʤʘʪ ʩʚʝʪʦʧʨʠʝʤʥʦʡ ʤʘʪʨʠʮʳ ï 24Ĭ36 ʤʤ, ʨʘʟʤʝʨ ʧʠʢʩʝʣʷ 

ï 6 ʤʢʤ), ʥʝ ʧʨʝʜʥʘʟʥʘʯʝʥʥʘ ̫ʠʟʥʘʯʘʣʴʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʠ 

ʣʝʛʢʦʤʦʪʦʨʥʳʝ ʩʘʤʦʣʝʪʳ ʩ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʧʦʙʝʨʝʞʴʷ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ 

ʧʦʤʦʱʴʶ ʩʘʤʦʣʝʪʘ çCessna 172è, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʜʝʣʝ 2.6.1. ʉʪʦʠʤʦʩʪʴ ʝʛʦ ʘʨʝʥʜʳ ʩʦʩʪʘʚʣʷʝʪ ʚ ʄʝʢʩʠʢʝ 

200 ï 250 ʜʦʣʣ. ʉʐɸ ʚ ʯʘʩ. Cessna 172 ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʘʵʨʦʬʦʪʦʩʲʝʤʢʫ 

ʩ ʩʘʤʳʭ ʤʘʣʳʭ ʚʳʩʦʪ ʠ ʥʝʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ.  

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʚ 2012-2013 ʛʛ. ʙʳʣ ʚʳʙʨʘʥ ʫʯʘʩʪʦʢ 

ʧʦʙʝʨʝʞʴʷ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʝʩʯʘʥʳʡ ʧʣʷʞ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʨʷʜʦʤ ʩ ʥʠʤ ʦʙʲʝʢʪʳ ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʙʠʟʥʝʩʘ. ʈʠʩʫʥʦʢ 3.1 ʠ 3.2. 
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ʈʠʩʫʥʦʢ 3.1 ï ɸɻ ʨʦʬʦʪʦʩʲʝʤʢʘ ʧʦʙʝʨʝʞʴʷ. ʆʩʪʨʦʚ ʕʣ ʄʘʚʠʨʠ 
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ʈʠʩʫʥʦʢ 3.2 ï ʋʯʘʩʪʦʢ ʧʦʙʝʨʝʞʴʷ. ʆʩʪʨʦʚ ʕʣ ʄʘʚʠʨʠ 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʬʦʪʦʢʘʤʝʨʘ ʩ ʦʙʲʝʢʪʠʚʘʤʠ ʙʳʣʘ ʧʦʜʚʝʨʛʥʫʪʘ ʧʨʦʮʝ-

ʜʫʨʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʢʘʣʠʙʨʦʚʢʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ ʬʦʪʦʛʨʘʤ-

ʤʝʪʨʠʠ ʄʀʀɻɸʠʂ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥ-

ʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ: ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʢʦʦʨʜʠʥʘʪʳ ʛʣʘʚʥʦʡ 

ʪʦʯʢʠ ʠ ʟʥʘʯʝʥʠʝ ʨʘʜʠʘʣʴʥʦʡ ʜʠʩʪʦʨʩʠʠ. ʕʣʝʤʝʥʪʳ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʠʷ ʢʘʤʝʨʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. 

 

ʊʘʙʣʠʮʘ 3.1 ï ɿʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ  

ʇʘʨʘʤʝʪʨʳ 
ʆʙʲʝʢʪʠʚ 

çSigma 50 mmè 

ʆʙʲʝʢʪʠʚ 

çSigma 28 mmè 

f, ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʙʲʝʢʪʠʚʘ 8092,7 pix 4564,6 pix 

ʭʦ, ʢʦʦʨʜʠʥʘʪʘ ʭ ʛʣʘʚʥʦʡ ʪʦʯʢʠ ʩʥʠʤʢʘ ʦ 3018,3 pix 3011,2 pix 

ʫʦ, ʢʦʦʨʜʠʥʘʪʘ ʫ ʛʣʘʚʥʦʡ ʪʦʯʢʠ ʩʥʠʤʢʘ ʦ 2011,7 pix 2019,1 pix 

k1, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʜʠʘʣʴʥʦʡ ʜʠʩʪʦʨʩʠʠ -2.2782E-009 -4.3011E-009 

k2, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʜʠʘʣʴʥʦʡ ʜʠʩʪʦʨʩʠʠ 6.9727E-017 2.6616E-016 

 

 



63 
 

ʌʦʪʦʢʘʤʝʨʘ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʙʦʢʩʝ, ʢʦʥ-

ʩʪʨʫʢʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.1.1. ʇʨʠ ʧʦʤʦʱʠ ʝʛʦ ʘʵʨʦʢʘʤʝʨʘ 

ʫʢʨʝʧʣʷʝʪʩʷ ʥʘ ʙʦʨʪʫ ʩʘʤʦʣʝʪʘ [36]. 

ɹʦʢʩ ʩʜʝʣʘʥ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʧʨʠʩʧʦʩʦʙʣʝʥ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʢʦ-

ʨʦʙʢʠ ʩ ʢʘʤʝʨʦʡ ʠ ʜʨʫʛʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʝʢʪʘ. ʂʦʥʪʝʡʥʝʨ ʢʘʤʝʨʳ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚʦ ʚʨʝʤʷ ʧʦʣʝʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʚʨʫʯʥʫʶ (ʨʠʩʫʥʦʢ. 3.1.1). ʕʪʦʪ ʙʦʢʩ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘʜ ʣʶʢʦʤ ʩʘʤʦʣʝʪʘ. 

ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʩ ʧʨʦʜʦʣʴʥʳʤ ʧʝʨʝʢʨʳʪʠʝʤ ʧʨʠʤʝʨ-

ʥʦ ʨʘʚʥʳʤ 60 %. ʄʘʨʰʨʫʪʥʘʷ ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ ʚʳʧʦʣʥʷ-

ʣʘʩʴ ʩ ʩʘʤʦʣʝʪʘ çCessna 172è ʩ ʚʳʩʦʪʳ 250 ʤ ʮʠʬʨʦʚʦʡ ʟʝʨʢʘʣʴʥʦʡ ʬʦʪʦʢʘ-

ʤʝʨʦʡ çSony Ŭ 900è ʩ ʤʘʪʨʠʮʝʡ 24,6 ʄʧ.  
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ʈʠʩʫʥʦʢ 3.1.1 ï ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʙʦʢʩ ʩ ʢʘʤʝʨʦʡ çSony A-900è 
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ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʮʠʬʨʦʚʦʡ ʟʝʨʢʘʣʴʥʦʡ ʢʘʤʝʨʦʡ çSony A-

900è, ʧʨʠʯʝʤ, ʚ 2012 ʛʦʜʫ ʚ ʢʦʤʧʣʝʢʪʝ ʩ ʦʙʲʝʢʪʠʚʦʤ çSigma50 mm F/1.4è, ʘ ʚ 

2013 ʛʦʜʫ ʩ ʦʙʲʝʢʪʠʚʦʤ çSigma 28 mm F/1.8è.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʳʩʦʪʘ ʩʲʝʤʢʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʚʝʣʠʯʠʥʦʡ ʫʛʣʘ ʥʘʢʣʦʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʨʝʛʦʚʦʡ ʧʦʣʦʩʳ. ʇʘʨʘʤʝʪʨʳ ʚʳʧʦʣʥʝʥʥʦʡ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.2. 

 

ʊʘʙʣʠʮʘ 3.2 ï ʇʘʨʘʤʝʪʨʳ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

ʇʘʨʘʤʝʪʨʳ 
ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ 

2012 ʛ. 

ɸʵʨʦʬʦʪʦʩʲʝʤʢʘ 

2013 ʛ. 

Hʬ, ʚʳʩʦʪʘ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ 250 ʤʝʪʨʦʚ 250 ʤʝʪʨʦʚ 

V, ʩʢʦʨʦʩʪʴ ʧʦʣʝʪʘ 80 ʢʤ/ʯ 100 ʢʤ/ʯ 

tʚ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ 1/500 ʩ 1/500 ʩ 

Px, ʧʨʦʜʦʣʴʥʦʝ ʧʝʨʝʢʨʳʪʠʝ 60 % 60 % 

Bx, ʧʨʦʜʦʣʴʥʳʡ ʙʘʟʠʩ ʬʦʪʦʛʨʘʬʠʨʦ-

ʚʘʥʠʷ 
72 ʤ 120 ʤ 

 

ʆʙʨʘʟʮʳ ʧʦʣʫʯʝʥʥʳʭ ʩʥʠʤʢʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 2012 ʠ 2013 ʛʦ-

ʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʦʢ. 3.1.1.2, 3.1.1.3. 
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ʈʠʩʫʥʦʢ 3.1.1.2 ï ʉʥʠʤʦʢ 2012 ʛ. 



67 
 

 

ʈʠʩʫʥʦʢ 3.1.1.3 ï ʉʥʠʤʦʢ 2013 ʛ. 
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3.2. ʇʣʘʥʦʚʦ-ʚʳʩʦʪʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ. 

ʇʝʨʝʜ ʚʳʧʦʣʥʝʥʠʝʤ ʘʵʨʦʬʦʪʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʣʘʥʦ-

ʚʦ-ʚʳʩʦʪʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʘʵʨʦʩʥʠʤʢʦʚ. ʈʘʙʦʪʳ ʧʦ ʧʣʘʥʦʚʦ-ʚʳʩʦʪʥʦʡ ʧʦʜʛʦ-

ʪʦʚʢʝ ʚʢʣʶʯʘʣʠ ʚʳʙʦʨ ʢʦʥʪʫʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʟʥʘʢʦʚ, ʠ ʛʝʦ-

ʜʝʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʵʪʠʭ ʦʧʦʟʥʘʢʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʫʥʢʪʦʚ ʧʣʘʥʦʚʦʛʦ ʠ ʚʳʩʦʪʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʫʥʢʪʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʩʝʪʠ ʠ ʩʝʪʠ 

ʩʛʫʱʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʫʨʘʚʥʠʚʘʥʠʝ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ɻʝʦʜʝʟʠʯʝ-

ʩʢʠʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʠʥʩʪʠʪʫʪʦʤ ʚ 2000 ʛ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʧʫʥʢʪʦʚ ʩʲʝʤʦʯʥʦʡ ʩʝʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʘ-

ʭʝʦʤʝʪʨ LEICA 407; ʛʝʦʜʝʟʠʯʝʩʢʠʡ ʙʘʟʠʩ ʙʳʣ ʧʦʩʪʨʦʝʥ ʠʟ ʜʚʫʭ ʪʦʯʝʢ ʩ ʧʦ-

ʤʦʱʴʶ ʘʧʧʘʨʘʪʫʨʳ GPS ʬʠʨʤʳ ASTECH, ʠ ʥʘ ʢʘʞʜʦʡ ʪʦʯʢʝ ʚʳʧʦʣʥʷʣʠʩʴ 

ʜʚʘ ʮʠʢʣʘ ʠʟʤʝʨʝʥʠʡ ʧʦ 30 ʤʠʥ. ɺʩʷ ʦʧʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʣʘʩʴ ʚ 

ʧʨʦʝʢʮʠʠ UTM ʥʘ ʵʣʣʠʧʩʦʠʜʝ WGS-84 [35].  

ɺʳʩʦʪʳ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ. ʊʦʯʥʦʩʪʴ 

ʧʦʣʫʯʝʥʥʳʭ ʚʳʩʦʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʦʡ, ʨʘʚ-

ʥʦʡ Ñ 0,02 ʤ.  

ʇʣʘʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʜʣʷ ʢʘʞʜʦʛʦ ʩʥʠʤʢʘ ʤʦʞʥʦ ʧʦʣʫ-

ʯʠʪʴ ʠʟ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʤʝʩʪʥʦʩʪʠ. ʆʜʥʘʢʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴ-

ʰʠʤ ʦʙʲʝʤʦʤ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʠ ʩ ʮʝʣʴʶ ʝʛʦ ʩʦʢʨʘʱʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʣʘʥʦ-

ʚʦʝ ʧʦʣʦʞʝʥʠʝ ʨʘʟʨʝʞʝʥʥʦʡ ʩʝʪʠ ʦʧʦʨʥʳʭ ʪʦʯʝʢ.  

ʂʘʪʘʣʦʛ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʦʧʦʟʥʘʢʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 3.3. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ, ʚʳʙʨʘʥʥʦʡ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ, ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʠ ʚʳʩʦʪʳ ʰʝʩʪʠ ʦʧʦʨʥʳʭ ʪʦʯʝʢ, ʚ ʢʘ-

ʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʳʙʨʘʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʢʦʥʪʫʨʘ ʦʙʲʝʢʪʦʚ, ʯʝʪʢʦ ʦʧʦ-

ʟʥʘʁ ʱʠʭʩʷ ʥʘ ʩʥʠʤʢʘʭ ʠ ʥʘ ʤʝʩʪʥʦʩʪʠ (ʨʠʩʫʥʦʢ. 3.2, 3.2.1).  

ʂʦʦʨʜʠʥʘʪʳ ʠ ʚʳʩʦʪʳ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʣʦʞʝʥʠʷ ʧʦʣʠʛʦ-

ʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʭʦʜʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʘ. 
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ʊʘʙʣʠʮʘ 3.3 ï ʂʦʦʨʜʠʥʘʪʳ ʦʧʦʨʥʳʭ ʪʦʯʝʢ 

ʅʘʟʚʘʥʠʝ ʪʦʯʢʠ X, ʤ Y, ʤ Z, ʤ 

1 689027,991 2830544,802 2,706 

2 689019,570 2830525,821 2,841 

3 689085,372 2830517,528 2,931 

4 689129,666 2830536,423 1,917 

5 689133,073 2830476,920 3,035 

6 689165,102 2830495,132 2,752 

7 689227,725 2830466,577 2,130 

8 689229,566 2830468,993 2,040 

9 689039,173 2830472,656 1,846 

10 689042,010 2830485,604 2,223 

11 689138,221 2830433,358 2,941 

12 689156,438 2830419,318 3,248 

13 689133,554 2830410,615 0,908 

14 689170,690 2830408,269 3,240 

15 689161,486 2830567,077 2,117 

16 689166,900 2830563,695 2,092 

 

 

ʈʠʩʫʥʦʢ 3.2 ï ʆʧʦʨʥʳʝ ʪʦʯʝʢ 

ʆʧ. 10 
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ʈʠʩʫʥʦʢ 3.2.1 ï ʆʧʦʨʥʳʝ ʪʦʯʝʢ 

 

ʂʦʦʨʜʠʥʘʪʳ ʠ ʚʳʩʦʪʳ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʫʪʝʤ ʧʨʠʣʦʞʝʥʠʷ 

ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʭʦʜʘ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʘ çLeica 

407è ʠ ʦʧʨʝʜʝʣʝʥʳ ʩʦ ʩʨʝʜʥʠʤʠ ʢʚʘʜʨʘʪʠʯʝʩʢʠʤʠ ʦʰʠʙʢʘʤʠ, ʨʘʚʥʳʤʠ 1 ʩʤ. 

 

3.3. ʇʦʩʪʨʦʝʥʠʝ ʩʝʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ 

ʇʦ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʢʘʞʜʦʤ ʠʭ ʮʠʢʣʦʚ ʥʘʙʣʶʜʝʥʠʷ ʚ 

2012 ʠ 2013 ʛʛ., ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʝʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ.  

ʇʦʩʪʨʦʝʥʠʝ ʠ ʫʨʘʚʥʠʚʘʥʠʝ ʙʣʦʯʥʳʭ ʩʝʪʝʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ [41] ʦʩʫ-

ʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ʥʝʟʘʚʠʩʠʤʳʭ ʤʦʜʝʣʝʡ ʥʘ ʮʠʬʨʦʚʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝ-

ʩʢʦʡ ʩʠʩʪʝʤʝ çPHOTOMOD 4.4è, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʨʦʩʩʠʡʩʢʦʡ ʬʠʨʤʦʡ çʈʘʢʫʨʩè 

[38]. 

ɺ ʧʦʩʪʨʦʝʥʠʠ ʩʝʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ ʧʦ ʩʥʠʤʢʘʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʚ 2012 ʛ. ʫʯʘʩʪʚʦʚʘʣʦ 6 ʩʥʠʤʢʦʚ, ʘ ʚ 2013 ʛ. ï 4 ʩʥʠʤʢʘ. ʇʨʦʪʦ-

ʢʦʣʳ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʝʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ 

ʆʧ. 6 



71 
 

ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʷʭ 1 ʠ 2. 

ɺ ʪʘʙʣʠʮʝ 3.4, 3.5 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ 

ʩʝʪʝʡ ʬʦʪʦʪʨʠʘʥʛʫʣʷʮʠʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʧʦ ʨʘʩʭʦʞʜʝʥʠʷʤ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ 

ʦʧʦʨʥʳʭ ʠ ʩʚʷʟʫʶʱʠʭ ʪʦʯʝʢ. 

ʊʘʙʣʠʮʘ 3.4 ï ʆʮʝʥʢʘ ʧʦ ʦʧʦʨʥʳʤ ʠ ʩʚʷʟʫʶʱʠʤ ʪʦʯʢʘʤ, 2012 ʛ.  

ʅʘʠʤʝʥʦʚʘʥʠʝ X, ʤ Y, ʤ Z, ʤ 

ʆʧʦʨʥʳʝ ʪʦʯʢʠ 

ʉʂʆ 0,02 0,03 0,02 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ 0,03 0,04 0,03 

ʉʚʷʟʫʶʱʠʝ ʪʦʯʢʠ 

ʉʂʆ 0,01 0,02 0,02 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ 0,03 0,03 0,03 

 

ʊʘʙʣʠʮʘ 3.5 ï ʆʮʝʥʢʘ ʧʦ ʦʧʦʨʥʳʤ ʠ ʩʚʷʟʫʶʱʠʤ ʪʦʯʢʘʤ, 2013 ʛ.  

ʅʘʠʤʝʥʦʚʘʥʠʝ X, ʤ Y, ʤ Z, ʤ 

ʆʧʦʨʥʳʝ ʪʦʯʢʠ 

ʉʂʆ 0,02 0,02 0,02 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ 0,03 0,03 0,03 

ʉʚʷʟʫʶʱʠʝ ʪʦʯʢʠ 

ʉʂʆ 0,01 0,01 0,01 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʰʠʙʢʠ 0,02 0,06 0,03 

 

3.4. ʇʦʩʪʨʦʝʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʙʨʝʞʥʦʡ 

ʧʦʣʦʩʳ 

ʇʦ ʩʪʝʨʝʦʧʘʨʘʤ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ 2012 ʠ 2013 ʛʛ. ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 

ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ ʚ ʚʠʜʝ ʪʨʠʘʥʛʫʣʷʮʠʠ ɼʝʣʦʥʝ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 

ʩʪʦʨʦʥ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʨʘʚʥʳʤ 0,5 ʤ [42]. ʇʦʩʪʨʦʝʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ 

ʨʝʣʴʝʬʘ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʤʦʜʫʣʝ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ (ʎʄʈ). ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦ-

ʚʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ (ʎʄʈ) ʧʨʦʠʟʚʦʜʠʣʩ ̫ʥʘʙʦʨ ʧʠʢʝʪʥʳʭ ʪʦʯʝʢ ʧʦ ʢʘʞʜʦʡ 

ʩʪʝʨʝʦʧʘʨʝ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʦʙʝʨʝʞʴ ̫ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʥʝ-

ʙʦʣʴʰʠʭ ʩʢʣʦʥʘʭ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʎʄʈ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʘʟʥʦʦʙ-

ʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨ rʨʝʣʴʝʬʘ. [45], 

ɼʘʥʥʳʝ ʧʝʨʝʜʘʚʘʣʠʩʴ ʚ ʤʦʜʫʣʴ çPHOTOMOD DTMè,  ʧʨʝʜʥʘʟʥʘʯʝʥ-

ʥʳʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ (ʎʄʈ). ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 
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ʎʄʈ 2012 ʠ 2013 ʛʛ. ʚ ʚʠʜʝ ʨʝʛʫʣʷʨʥʦʡ ʤʘʪʨʠʮʳ ʚʳʩʦʪ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣ-

ʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʡ: 

1) ʥʘʙʦʨ ʧʠʢʝʪʦʚ; 

2) ʧʦʩʪʨʦʝʥʠʝ ʥʝʨʝʛʫʣʷʨʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʡ ʩʝʪʠ (TIN) ʧʦ ʥʘʙʨʘʥ-

ʥʳʤ ʧʠʢʝʪʘʤ; 

3) ʧʦʩʪʨʦʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʝʡ ʧʦ TIN; 

4) ʧʦʩʪʨʦʝʥʠʝ ʎʄʈ 2012 ʠ 2013 ʛʛ. ʚ ʚʠʜʝ ʨʝʛʫʣʷʨʥʦʡ ʤʦʜʝʣʠ ʨʝʣʴʝʬʘ. 

 

ʅʘʙʦʨ ʧʠʢʝʪʦʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʩʪʝʨʝʦʨʝʞʠʤʝ ʚʨʫʯʥʫʶ. ʅʘ ʙʦʣʝʝ ʨʘʚ-

ʥʠʥʥʳʭ ʫʯʘʩʪʢʘʭ ʨʘʩʩʪʦʷʥʠʝ ʥʘ ʤʝʩʪʥʦʩʪʠ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʧʠʢʝʪʘʤʠ ʚ 

ʩʨʝʜʥʝʤ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ 1 ʤ, ʘ ʥʘ ʚʩʭʦʣʤʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ï 0,5 ʤ. ʅʘ ʨʠʩʫ-

ʥʦʢ. 3.4, 3.4.1 ʧʨʠʚʝʜʝʥʳ ʥʘʙʨʘʥʥʳʝ ʧʠʢʝʪʳ ʚ ʧʨʦʝʢʪʘʭ ʟʘ 2012 ʠ 2013 ʛʛ. 
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ʈʠʩʫʥʦʢ 3.4 ï ʇʠʢʝʪʳ, ʥʘʙʨʘʥʥʳʝ ʚ ʧʨʦʝʢʪʝ 2012 ʛ. 
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ʈʠʩʫʥʦʢ 3.4.1 ï ʇʠʢʝʪʳ, ʥʘʙʨʘʥʥʳʝ ʚ ʧʨʦʝʢʪʝ 2013 ʛ. 

 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʧʠʢʝʪʘʤ ʩʪʨʦʠʣʠʩʴ ʥʝʨʝʛʫʣʷʨʥʳʝ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʝ 

ʩʝʪʠ 2012 ʠ 2013 ʛʛ. (TIN), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʦʢ. 3.4.2, 3.4.3. ɼʘʣʝʝ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʭ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʪʘʢ, ʯʪʦʙʳ ʨʝʙʨʘ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʣʝʞʘʣʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. 
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ʇʦ ʧʦʩʪʨʦʝʥʥʳʤ ʥʝʨʝʛʫʣʷʨʥʳʤ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʤ ʩʝʪʷʤ ʩʪʨʦʠʣʠʩʴ 

ʛʦʨʠʟʦʥʪʘʣʠ ʧʨʠʙʨʝʞʥʦʡ ʧʦʣʦʩʳ ʩ ʚʳʩʦʪʦʡ ʩʝʯʝʥʠʷ ʨʝʣʴʝʬʘ 20 ʩʤ. ʅʘ ʨʠʩʫ-

ʥʦʢ. 3.4.4, 3.4.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʦʨʠʟʦʥʪʘʣʠ ʧʨʦʝʢʪʦʚ 2012 ʠ 2013 ʛʛ.  

 

 

ʈʠʩʫʥʦʢ 3.4.2 ï TIN ʚ ʧʨʦʝʢʪʝ 2012 ʛ. 
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ʈʠʩʫʥʦʢ 3.4.3 ï TIN ʚ ʧʨʦʝʢʪʝ 2013 ʛ. 
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ʈʠʩʫʥʦʢ 3.4.4 ï ɻʦʨʠʟʦʥʪʘʣʠ 2012 ʛ. 

 

 




























