
ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʋʂʈɸɰʅʀ 

çʂʀɰɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊ  

ʽʤʝʥʽ ɯɻʆʈʗ ʉɯʂʆʈʉʔʂʆɻʆè 

ʇʨʠʣʘʜʦʙʫʜʽʚʥʠʡ ʬʘʢʫʣʴʪʝʪ 

ʂʘʬʝʜʨʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʭ ʦʧʪʠʯʥʠʭ ʪʘ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

 
çʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫè  ɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʱʝʥʦ: 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʋɼʂ 004.932.2 

  ʅ.ɯ. ɹʫʨʘʫ 
(ʧʽʜʧʠʩ)             (ʽʥʽʮʽʘʣʠ, ʧʨʽʟʚʠʱʝ) 

«     »                           2022 ʨ. 

 

ʄʘʛʽʩʪʝʨʩʴʢʘ ʜʠʩʝʨʪʘʮʽʷ 

ʥʘ ʟʜʦʙʫʚʘʥʥʷ ʩʪʫʧʝʥʷ ʤʘʛʽʩʪʨʘ 

ʟʘ ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʦʶ ʧʨʦʛʨʘʤʦʶ çʂʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ 

ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽè 

ʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 151 çɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ 

ʪʝʭʥʦʣʦʛʽʾè 

ʥʘ ʪʝʤʫ: çʂʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʡ ʦʧʪʠʯʥʠʡ ʧʨʠʮʽʣ» 

ɺʠʢʦʥʘʚ: 

ʉʪʫʜʝʥʪ II ʢʫʨʩʫ, ʛʨʫʧʠ ʇʆ-11ʤʧ 

ʊʝʩʣʝʥʢʦ ɺʦʣʦʜʠʤʠʨ ɸʥʜʨʽʡʦʚʠʯ 

 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: 

ʇʨʦʬʝʩʦʨ, ʜ.ʪ.ʥ. 

ɹʦʨʦʚʠʮʴʢʠʡ ɺʦʣʦʜʠʤʠʨ ʄʠʢʦʣʘʡʦʚʠʯ 

 

 

ʂʦʥʩʫʣʴʪʘʥʪ ʟ ʨʦʟʨʦʙʢʠ ʩʪʘʨʪʘʧ-ʧʨʦʝʢʪʫ: 

ʇʨʦʬʝʩʦʨ, ʜ.ʝ.ʥ. 

ɹʦʷʨʠʥʦʚʘ ʂʘʪʝʨʠʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ 

 

 

ʈʝʮʝʥʟʝʥʪ: 

ʉ. ʅ. ʉ. ʎʝʥʪʨʘʣʴʥʦʛʦ ʅɼɯ ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ 

ʪʝʭʥʽʢʠ ɿʉʋ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʉʝʥʘʪʦʨʦʚ ɺʦʣʦʜʠʤʠʨ 

ʄʠʢʦʣʘʡʦʚʠʯ 

 

 

ɿʘʩʚʽʜʯʫʶ, ʱʦ ʫ ʮʽʡ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʜʠʩʝʨʪʘʮʽʾ ʥʝʤʘʻ ʟʘʧʦʟʠʯʝʥʴ ʟ ʧʨʘʮʴ 

ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʙʝʟ ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʩʠʣʘʥʴ. 

ɿʜʦʙʫʚʘʯ 
 

ʂʠʚʾ ï 2022 ʨʽʢ 



ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 

ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ï ʜʨʫʛʠʡ (ʤʘʛʽʩʪʝʨʩʴʢʠʡ) 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ ï 151 ï ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ  

ʆʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʘ ʧʨʦʛʨʘʤʘ - ʂʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʽ ʩʠʩʪʝʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʚ 

ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ 

ɿɸʊɺɽʈɼɾʋʖ 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

_______ ʅ. ɯ. ɹʋʈɸʋ 

«___è_____________20__ ʨ. 

 

ɿɸɺɼɸʅʅʗ 

ʥʘ ʤʘʛʽʩʪʝʨʩʴʢʫ ʜʠʩʝʨʪʘʮʽʶ ʩʪʫʜʝʥʪʘ 

ʊʝʩʣʝʥʢʦ ɺʦʣʦʜʠʤʠʨʘ ɸʥʜʨʽʡʦʚʠʯʘ 

 

1. ʊʝʤʘ ʜʠʩʝʨʪʘʮʽʾ çʂʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʡ ʦʧʪʠʯʥʠʡ ʧʨʠʮʽʣ», ʥʘʫʢʦʚʠʡ 

ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ ɹʦʨʦʚʠʮʴʢʠʡ ɺʦʣʦʜʠʤʠʨ ʄʠʢʦʣʘʡʦʚʠʯ, ʜ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʢʘʟʦʤ ʧʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʚʽʜ ç___è_________ 20__ ʨ. ˉ_____ 

2. ʊʝʨʤʽʥ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʜʠʩʝʨʪʘʮʽʾ ç10è ʛʨʫʜʥʷ 2022 ʨ. 

3.ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʡ ʦʧʪʠʯʥʠʡ ʧʨʠʮʽʣ ʜʣʷ ʩʪʨʽʣʝʮʴʢʦʾ 

ʟʙʨʦʾ (ʂɯʆʇ). 

4.ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʫ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʦʤʫ 

ʪʨʘʢʪʽ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʨʠʮʽʣʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʤʝʪʦʜʽʚ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ.  

5. ʇʝʨʝʣʽʢ ʟʘʚʜʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ:  

5.1.ɺʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʮʠʬʨʦʚʠʭ ʦʧʪʠʯʥʠʭ ʧʨʠʮʽʣʽʚ ʜʣʷ 

ʩʪʨʽʣʝʮʴʢʦʾ ʟʙʨʦʾ ʪʘ ʤʝʪʦʜʽʚ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʫ ʪʘʢʠʭ ʧʨʠʮʽʣʘʭ.  

5.2.ɺʠʙʨʘʪʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʂɯʆʇ.  

5.3.ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʦʙʨʘʞʝʥʥʷ ʫ ʦʧʪʠʢʦ-

ʝʣʝʢʪʨʦʥʥʦʤʫ ʪʨʘʢʪʽ ʂɯʆʇ.  

5.4.ʇʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʪʦʪʠʧʫ ʙʣʦʢʫ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ 

ʂɯʆʇ.  

6. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʽʣʶʩʪʨʘʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ: ʧʨʝʟʝʥʪʘʮʽʷ ʚ ʧʨʦʛʨʘʤʽ 
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7. ʆʨʽʻʥʪʦʚʥʠʡ ʧʝʨʝʣʽʢ ʧʫʙʣʽʢʘʮʽʡ: ʥʘʫʢʦʚʘ ʩʪʘʪʪʷ ʫ ʟʙʽʨʥʠʢʫ ʧʨʘʮʴ ʥʘʫʢʦʚʦ-

ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  

8. ʂʦʥʩʫʣʴʪʘʥʪʠ ʨʦʟʜʽʣʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʈʦʟʜʽʣ 
ʇʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ ʪʘ ʧʦʩʘʜʘ  

ʢʦʥʩʫʣʴʪʘʥʪʘ 

ʇʽʜʧʠʩ, ʜʘʪʘ 
ʟʘʚʜʘʥʥʷ  

ʚʠʜʘʚ 
ʟʘʚʜʘʥʥʷ 

ʧʨʠʡʥʷʚ 

ʈʦʟʨʦʙʢʘ ʩʪʘʨʪʘʧ-

ʧʨʦʝʢʪʫçʂʆʄʇôʖ

ʊɽʈʅʆ-

ɯʅʊɽɻʈʆɺɸʅʀʁ 

ʆʇʊʀʏʅʀʁ 

ʇʈʀʎɯʃè 

ɹʦʷʨʠʥʦʚʘ ʂ.ʆ., ʜ.ʝ.ʥ., ʧʨʦʬ.; 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʝʢʦʥʦʤʽʯʥʦʾ 

ʢʽʙʝʨʥʝʪʠʢʠ ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ 

  

9. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ 31.10.2022 ʨ 

ʂʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ 

ˉ 

ʟ/ʧ 

ʅʘʟʚʘ ʝʪʘʧʽʚ ʚʠʢʦʥʘʥʥʷ  

ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ 

ʊʝʨʤʽʥ 

ʚʠʢʦʥʘʥʥʷ 

ʝʪʘʧʽʚ 

ʤʘʛʽʩʪʝʨʩʴʢʦ

ʾ ʜʠʩʝʨʪʘʮʽʾ 

ʇʨʠʤʽʪʢʘ 

1 ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʰʫʢ ʧʦ ʪʝʤʘʪʠʮʽ 

ʦʧʪʠʯʥʠʭ ʧʨʠʮʽʣʽʚ ʪʘ ʮʠʬʨʦʚʠʭ ʦʧʪʠʯʥʠʭ 

ʧʨʠʮʽʣʽʚ. 

15.11.22 ʨ.  

2 ɺʠʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʂɯʆʇ 15.11.22 ʨ.  

3 ʈʦʟʨʦʙʢʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʟʦʙʨʘʞʝʥʥʷ ʫ ʦʧʪʠʢʦ-

ʝʣʝʢʪʨʦʥʥʦʤʫ ʪʨʘʢʪʽ ʂɯʆʇ.  

15.11.22 ʨ.  

4 ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʙʣʦʢʫ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ. 

15.11.22 ʨ.  

5 ʊʝʩʪʫʚʘʥʥʷ ʙʣʦʢʫ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ 

ʂɯʆʇ 

25.11.22 ʨ.  

6 ʆʬʦʨʤʣʝʥʥʷ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʪʘ 

ʧʨʝʟʝʥʪʘʮʽʾ 

  30.11.22 ʨ.  

 

 

 

ʉʪʫʜʝʥʪ  ____________    ʊʝʩʣʝʥʢʦ ɺ. ɸ. 

   

 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ʜʠʩʝʨʪʘʮʽʾ  ____________    ɹʦʨʦʚʠʮʴʢʠʡ ɺ.ʄ. 
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ʈɽʌɽʈɸʊ 

 

ʇʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ:  ʩʪ. 111, ʨʠʩ. 58, ʪʘʙʣ. 3, ʜʞʝʨʝʣ 48 

ʂʆʄʇôʖʊɽʈʅʆ-ɯʅʊɽɻʈʆɺɸʅʀʁ ʆʇʊʀʏʅʀʁ ʇʈʀʎɯʃ 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʮʠʬʨʦʚʠʭ ʧʨʠʮʽʣʽʚ ʜʣʷ 

ʩʪʨʽʣʝʮʴʢʦʾ ʟʙʨʦʾ ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʂʄʆʇ ʤʘʪʨʠʮʴ ʪʘ  ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʮʠʬʨʦʚʦʾ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʠʭ ʥʠʤʠ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʚʣʘʩʥʦʾ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʤʧôʁ ʪʝʨʥʦ 

ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʨʠʮʽʣʫ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʧʝʨʝʣʽʢ ʤʝʪʦʜʽʚ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʘʚʪʦʤʘʪʠʟʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʨʦʙʫ ʪʘ ʧʦʢʨʘʱʫʶʪʴ ʢʽʥʮʝʚʠʡ 

ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʤʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ɿʘ ʜʦʧʤʦʛʦʶ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʬʫʥʢʮʽʾ ʢʦʤʧôʁ ʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʨʠʮʽʣʫ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʧʦʢʨʘʱʝʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʩʪʚʦʨʝʥʦ ʤʦʜʝʣʴ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ 

ʟʦʨʫ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʧʨʠʩʪʨʽʣʢʠ, ʷʢʘ ʚʠʢʦʥʫʻ ʧʦʰʫʢ ʩʣʽʜʽʚ ʧʦʩʪʨʽʣʽʚ 

ʥʘ ʤʽʰʝʥʽ ʪʘ ʧʝʨʝʥʦʩʠʪʴ ʧʦʣʦʞʝʥʥʷ ʧʨʠʮʽʣʴʥʦʾ ʩʽʪʢʠ ʜʦ ʮʝʥʪʨʦʾʜʠ ʫʩʽʭ ʚʠʷʚʣʝʥʠʭ 

ʚʣʫʯʝʥʴ. 

ʅʘ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʦʛʦ ʇɿ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʨʦʙʦʯʠʡ ʧʨʦʪʦʪʠʧ ʢʦʤʧôʁ ʪʝʨʥʦ-

ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʨʠʮʽʣʫ, ʥʘ ʙʘʟʽ ʦʜʥʦʧʣʘʪʥʦʛʦ ʢʦʤʧôʁ ʪʝʨʘ ʥʘ Raspberry PI 

4B ʟ ʤʽʢʨʦʧʨʦʮʝʩʩʦʨʦʤ ʚʽʜ ARM, ʂʄʆʇ ʤʘʪʨʠʮʽ Raspberry pi camera module v2.1 ʟ 

ʜʘʪʯʠʢʦʤ ʟʦʙʨʘʞʝʥʥʷ Sony IMX 219 ʪʘ ʜʠʩʧʣʝʶ Waveshare 4''. ɺʩʝ ʮʝ ʢʝʨʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʥʦʛʦ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʚʣʘʩʥʦ ʩʪʚʦʨʝʥʦʤʫ 

ʜʠʩʪʨʠʙʫʪʠʚʽ Linux, ̫ ʢʠʡ ʤʽʩʪʠʪʴ ʪʽʣʴʢʠ ʥʝʦʙʭʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʧʪʠʯʥʠʡ ʧʨʠʮʽʣ, ʮʠʬʨʦʚʘ ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʥʷ, ʧʨʠʩʪʨʽʣʶʚʘʥʥʷ 

ʦʧʪʠʯʥʦʛʦ ʧʨʠʮʽʣʫ, ʢʦʤʧôʁ ʪʝʨʥʠʡ ʟʽʨ, ʦʙô̒ ʢʪʠʚ, ʦʢʫʣʷʨ, ʂʄʆʇ, OLED, 

ʤʽʢʨʦʧʨʦʮʝʩʩʦʨ, Linux, ʚʠʷʚʣʝʥʥʷ ʢʦʥʪʫʨʽʚ ʟʦʙʨʘʞʝʥʥʷ, ʧʽʜʩʠʣʝʥʥʷ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ, 

ʧʨʠʮʽʣʴʥʘ ʩʽʪʢʘ. 
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ABSTRACT 

 

In this work, conducted a research of studying of existing solutions of digital sights 

built on CMOS image sensors and conducted an analysis of the methods of digital image 

processing and control methods used by these solutions. On the basis of the conducted 

research, the design of the own optical system of the computer-integrated optical sight was 

developed and a list of digital image processing methods was developed, which automate 

the use of the product and improve the final result of the obtained image. With the help of 

the conducted analysis, the functions of the computer-integrated optical sight were 

determined, which can be improved using artificial intelligence, and a computer vision 

model was created to perform automated aiming, which detects for traces of shots on the 

target and transfers the position of the reticle to the centroid of all detected hits. 

Based on the created software, a working prototype of a computer-integrated optical 

sight was created, based on a single-board computer on a Raspberry PI 4B with a 

microprocessor from ARM, a Raspberry PI camera module v2.1 with a Sony IMX219 

image sensor and a Waveshare 4'' display. All this is done with the help of a created 

program that runs in a self-made Linux distribution that contains only the necessary 

components. 

Keywords: Telescopic sight, digital image processing, zeroing, computer vision,  

object lens, eyepiece, CMOS, OLED, microprocessor, Linux, edge detection, high 

frequency amplification, reticle. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ʆʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʽ ʧʨʠʮʽʣʠ ʻ ʪʦʚʘʨʘʤʠ ʧʦʜʚʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʷʢʽ ʤʘʶʪʴ ʚʝʣʠʢʠʡ ʧʦʧʠʪ ʫ ʩʴʦʛʦʜʥʽʰʥʽ ʜʥʽ. ʆʩʢʽʣʴʢʠ ʟ ʤʦʤʝʥʪʫ ʧʦʚʥʦʤʘʩʰʘʪʙʥʦʾ 

ʘʛʨʝʩʽʾ ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ ʦʙʩʪʘʥʦʚʢʘ ʚ ʥʘʰʦʤʫ ʨʝʛʽʦʥʽ 

ʟʘʛʦʩʪʨʠʣʘʩʷ, ʘ ʫ ʩʚʽʪʽ ʩʠʣʴʥʦ ʥʘʧʨʫʞʠʣʘʩʴ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʧʨʠʣʘʜʽʚ ʧʦʜʚʽʡʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʜʣʷ ʟʘʜʦʚʽʣʴʥʝʥʷ ʧʦʧʠʪʫ ʨʠʥʢʘ ʻ ʨʝʣʝʚʘʥʪʥʦʶ ʟʘʜʘʯʝʶ . 

ʆʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʥʷ ʻ ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʯʘʩʪʥʠʥʦʶ ʮʠʬʨʦʚʠʭ ʦʧʪʠʯʥʠʭ ʧʨʠʣʘʜʽʚ. 

ʇʨʘʚʠʣʴʥʘ ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʜʘʶʪʴ ʟʤʦʛʫ ʧʦʢʨʘʱʠʪʠ 

ʨʝʟʫʣʴʪʘʪ ʚʞʝ ʽʩʥʶʯʦʛʦ ʚʠʨʦʙʘ ʽ ʦʪʨʠʤʘʪʠ ʤʘʢʩʠʤʫʤ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʦʾ 

ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʯʠ ʤʘʪʨʠʮʽ. ɼʦʜʘʚʘʥʥʷ ʤʝʪʦʜʽʚ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʩʝʨʝʜʠʥʽ 

ʚʠʨʦʙʘ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʢʦʨʠʩʪʫʚʘʯʫ ʟʝʢʦʥʦʤʠʪʠ ʜʦʨʦʛʦʮʽʥʥʠʡ ʯʘʩ ʡ ʟʨʦʙʠʪʠ ʮʝ 

ʙʽʣʴʰ ʷʢʽʩʥʦ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʧʨʠʣʘʜʦʤ ʽ ʢʦʨʠʩʪʫʚʘʯʝʤ ʜʘʻ 

ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʜʽʡ ʧʦʪʨʝʙʫʻʤʠʭ ʚʽʜ ʥʴʦʛʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʾ ʤʝʪʠ, ʱʦ 

ʜʦʘʪʢʦʚʦ ʟʤʝʥʰʫʻ ʧʦʪʨʝʙʫ ʜʦʩʢʦʥʘʣʦʛʦ ʟʥʘʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʚʠʨʦʙʫ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʽ ʚʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʨʽʟʥʠʭ ʚʠʨʦʙʘʭ ʟ ʥʘʰʦʛʦ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ ʪʘʢʠʭ ʷʢ 

ʘʚʪʦʤʦʙʽʣʽ, ʪʝʣʝʬʦʥʠ, ʧʦʰʫʢ ʟʘʧʨʦʩʽʚ ʚ ʽʥʪʝʨʥʝʪʽ. ʂʦʤʧôʶʪʝʨʥʠʡ ʟʽʨ ʷʚʣʷʻʪʴʩʷ 

ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʥʦʶ ʩʬʝʨʦʶ ʮʽʻʾ ʛʘʣʫʟʽ, ʦʩʢʽʣʴʢʠ ʽʟ ʟʦʙʨʘʞʝʥʥʷ ʤʠ 

ʦʪʨʠʤʫʻʤʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ. ʉʫʯʘʩʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʚʞʝ 

ʜʦʩʷʛʣʠ ʨʽʚʥʷ ʚʝʣʠʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ ʽ ʥʝʚʝʣʠʢʠʭ ʝʥʝʨʛʦʚʠʪʨʘʪʘʭ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧôʶʪʝʨʥʠʡ ʟʽʨ ʫ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʣʘʜʘʭ, 

ʪʘʢʠʭ ʷʢ ʮʠʬʨʦʚʽ ʧʨʠʮʽʣʠ. ʇʨʦʪʝ ʚʘʨʪʦ ʨʦʟʫʤʽʪʠ ʱʦ ʪʘʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʧʦʚʠʥʥʦ ʙʫʪʠ ʨʝʪʝʣʴʥʦ ʦʧʪʠʤʽʟʦʚʘʥʠʤ ʪʘ ʚʽʜʙʫʚʘʪʠʩʷ ʣʠʰʝ ʜʣʷ 

ʦʢʨʝʤʠʭ ʩʮʝʥʘʨʽʾʚ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʚʩʝ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ ʜʫʞʝ 

ʨʝʩʫʨʩʦʻʤʥʠʤʠ. ʁʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʘʢʠʭ ʚʠʨʦʙʘʭ ʧʦʚʠʥʥʦ ʧʦʢʨʘʱʫʚʘʪʠ 

ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ ʽ ʥʝ ʧʨʠʚʝʩʪʠ ʜʦ ʩʠʪʫʘʮʽʾ ʢʦʣʠ 

ʢʦʤʧôʶʪʝʨʥʠʡ ʟʽʨ ʧʨʠʟʚʝʜʝ ʜʦ ʨʠʟʠʢʫ ʟʜʦʨʦʚôʷʤ ʢʦʨʠʩʪʫʚʘʯʘ.  
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ʋ ʪʘʢʠʭ ʧʨʠʮʽʣʽʚ ʧʨʠʥʮʠʧ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʢʘʤʝʨʦʶ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ 

ʯʘʩʪʠʥʦʶ ʣʠʰʘʻʪʴʩʷ ʪʘʢʠʤ ʩʘʤʠʤ, ʷʢ ʽ ʫ ʟʚʠʯʘʥʠʡ ʮʠʬʨʦʚʠʭ ʧʨʠʮʽʣʽʚ, ʟʤʽʥʶʻʪʴʩʷ 

ʣʠʰʝ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʪʘ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. 

 

ʄʝʪʘ ʨʦʙʦʪʠ: ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʨʠʮʽʣʫ 

(ʂɯʆʇ), ʫ ʷʢʦʤʫ ʧʨʦʮʝʩʠ ʧʦʰʫʢʫ ʮʽʣʽ, ʧʨʠʮʽʣʶʚʘʥʥʷ ʪʘ ʧʨʠʩʪʨʽʣʢʠ ʩʪʨʽʣʝʮʴʢʦʾ ʟʙʨʦʾ 

ʤʘʢʩʠʤʘʣʴʥʦ  ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʮʠʬʨʦʚʦʾ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

 

ɿʘʚʜʘʥʥʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ: 

1. ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʮʠʬʨʦʚʠʭ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʮʽʣʽʚ. 

2. ɺʠʚʯʠʪʠ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

3. ʈʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ ʫ ʦʧʪʠʢʦ-

ʝʣʝʢʪʨʦʥʥʦʤʫ ʧʨʠʮʽʣʽ. 

4. ʈʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦ ʦʙʨʦʙʮʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʠʪʠ 

ʤʦʜʝʣʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. 

5. ʇʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʪʦʪʠʧʫ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʧʨʠʮʽʣʫ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʠʡ ʦʧʪʠʯʥʠʡ ʧʨʠʮʽʣ ʜʣʷ ʩʪʨʽʣʝʮʴʢʦʾ 

ʟʙʨʦʾ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʫ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʦʤʫ 

ʪʨʘʢʪʽ ʢʦʤʧôʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʨʠʮʽʣʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʤʝʪʦʜʽʚ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ.   

ʄʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʬʫʥʢʮʽʡ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʥʷ, ʥʘ ʙʘʟ̔  ʷʢʦʛʦ ʩʪʚʦʨʶʻʪʴʩʷ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʨʦʙʦʪʦʟʜʘʪʥʽʩʪʴ ʷʢʦʛʦ 

ʧʝʨʚʽʨʷʻʪʴʩʷ ʝʤʧʽʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟʘʧʫʩʢʫ ʛʦʪʦʚʦʾ ʧʨʦʛʨʘʤʠ ʥʘ ʘʧʘʨʘʪʥʽʡ ʯʘʩʪʠʥʽ 

ʧʨʦʪʦʪʠʧʫ. 
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ʅʘʫʢʚʦ ʥʦʚʠʟʥʘ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʭʦʜʽ ʨʦʙʦʪʠ ʩʪʚʦʨʝʥʥʦ ʤʝʪʦʜʠ ʮʠʬʨʦʚʦʾ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʘʚʪʦʤʘʪʠʟʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧôʁ ʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʛʦ 

ʦʧʪʠʯʥʦʛʦ ʧʨʠʮʽʣʘ ʪʘ ʧʦʢʨʘʱʫʻ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʠʭ ʤʝʪʦʜʽʚ 

ʚʽʜʩʫʪʥʽʭ ʫ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʥʷʭ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

ʇʫʙʣʽʢʘʮʽʾ: ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ ʙʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ ʧʝʨʝʣʽʢ ʪʝʟ ʫ 

ʟʙʽʨʥʠʢʫ ʪʝʟ ʢʦʥʬʝʨʝʥʮʽʡ. 

1. ʊʝʩʣʝʥʢʦ ɺ.ɸ., ʩʪʫʜʝʥʪ ʛʨ. ʇʆ-11ʤʧ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ɹʦʨʦʚʠʮʴʢʠʡ ɺ.ʄ. 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʮʠʬʦʚʠʭ ʧʨʠʮʽʣʽʚ // ɿʙʽʨʥʠʢ ʧʨʘʮʴ XV ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ñʇʆɻʃʗɼ ʋ 

ʄɸʁɹʋʊʅɭ ʇʈʀʃɸɼʆɹʋɼʋɺɸʅʅʗò, 14-15 ʯʝʨʚʥʷ 2022ʨ.  ʂ.: ʇɹʌ, ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ. ï 2022. - ʩ. 42 - 45. 

2. ʊʝʩʣʝʥʢʦ ɺ.ɸ., ʩʪʫʜʝʥʪ ʛʨ. ʇʆ-71, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ɹʦʨʦʚʠʮʴʢʠʡ ɺ.ʄ. ʧʨʠʥʮʠʧ 

ʨʦʙʦʪʠ ʧʦʜʽʻ-ʙʘʟʦʚʦʾ ʢʘʤʝʨʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʚʠʯʘʡʥʠʤʠ ʢʘʤʝʨʘʤʠ // ɿʙʽʨʥʠʢ ʧʨʘʮʴ XIV  

ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ 

ʚʯʝʥʠʭ ñʇʆɻʃʗɼ ʋ ʄɸʁɹʋʊʅɭ ʇʈʀʃɸɼʆɹʋɼʋɺɸʅʅʗò, 18-19 ʪʨʘʚʥʷ 2021ʨ.  ʂ.: 

ʇɹʌ, ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. ï 2022. - ʩ. 129 - 132. 
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ʈʆɿɼɯʃ 1. ʇʆʈɯɺʅʗʃʔʅʀʁ ɸʅɸʃɯɿ ʉʋʏɸʉʅʀʍ ʎʀʌʈʆɺʀʍ 

ʆʇʊʀʏʅʀʍ ʇʈʀʎɯʃɯɺ ɼʃʗ ʉʊʈɯʃɽʎʔʂʆɰ ɿɹʈʆɰ 

 

1.1 ʇʨʠʥʮʠʧ ʙʫʜʦʚʠ ʦʧʪʠʯʥʠʭ ʧʨʠʮʽʣʽʚ 

 

ʆʧʪʠʯʥʽ ʧʨʠʮʽʣʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʦʧʪʠʯʥʽ ʪʝʣʝʩʢʦʧʽʯʥʽ ʩʠʩʪʝʤʠ ʢʝʧʣʝʨʘ. 

ʆʧʪʠʯʥʽ ʧʨʠʮʽʣ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʜʝʢʽʣʴʢʦʭ ʦʧʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʦʙʣʘʜʥʘʥʠʡ ʜʝʷʢʦʶ 

ʬʦʨʤʦʶ ʧʨʠʮʽʣʴʥʦʾ ʩʽʪʢʠ, ʚʩʪʘʥʦʚʣʝʥʦʾ ʘʙʦ ʚ ʧʝʨʰʽʡ ʘʙʦ ʚ ʜʨʫʛʽʡ ʬʦʢʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʧʨʠʮʽʣʫ. ɼʣʷ ʥʘʚʝʜʝʥʥʷ ʟʙʨʦʾ ʥʘ ʮʽʣʴ ʥʝʦʙʭʽʜʥʦ ʧʦʻʜʥʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʮʽʣʽ 

ʽʟ ʟʦʙʨʘʞʝʥʥʷʤ ʧʝʚʥʦʾ ʯʘʩʪʠʥʠ ʧʨʠʮʽʣʴʥʦʾ ʩʽʪʢʠ. ʅʘ ʨʠʩ.1 ʟʦʙʨʘʞʝʥʥʦ ʧʨʠʥʠʧ 

ʨʦʙʦʪʠ ʪʘ ʧʦʙʫʜʦʚʫ ʦʧʪʠʯʦʛʦ ʧʨʠʮʽʣʘ. 

 

ʈʠʩʫʥʦʢ 1.4 ɹʫʜʦʚʘ ʦʧʪʠʯʥʦʛʦ ʧʨʠʮʽʣʘ 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩʫʥʢʫ 1, ʦʧʪʠʯʥʠʡ ʧʨʠʮʽʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 1. ʆʙô̒ ʢʪʠʚʘ, 2. 

ʆʙʝʨʪʘʣʴʥʠʭ ʣʽʥʟ, 3. ʇʨʠʮʽʣʴʥʦʾ ʩʽʪʢʠ, 4. ʆʢʫʣʷʨʘ, 5. ʄʝʭʘʥʽʟʤʘ ʚʚʦʜʫ ʙʘʣʽʩʪʠʯʥʠʭ 

ʧʦʧʨʘʚʦʢ, 6. ʇʽʜʩʚʽʪʢʘ ʧʨʠʮʽʣʴʥʦʾ ʩʽʪʢʠ, 7. ʂʦʨʧʫʩʫ.  

ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩ. 1, ʩʠʪʝʤʘ ʤʘʻ ʜʚʽ ʬʦʢʘʣʴʥʽ ʧʣʦʱʠʥʠ. ɺ ʩʪʘʥʜʘʨʪʥʦʤʫ ʧʨʠʮʽʣʽ 

ʧʝʨʰʘ ʬʦʢʘʣʴʥʘ ʧʣʦʱʠʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʙʣʦʮʽ ʣʽʥʟ (ʤʘʡʞʝ ʧʦ ʮʝʥʪʨʫ ʢʦʨʧʫʩʫ) ʙʽʣʷ 

ʚʫʟʣʘ ʥʘʣʘʰʪʫʚʘʥʴ, ʘ ʜʨʫʛʘ ʬʦʢʘʣʴʥʘ ʧʣʦʱʠʥʘ ʟʘ ʢʽʣʴʮʝʤ ʟʤʽʥʠ ʢʨʘʪʥʦʩʪʽ ʚ ʦʢʫʣʷʨʽ 

ʧʨʠʮʽʣʫ. ʇʨʠʮʽʣʴʥʘ ʩʽʪʢʘ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʚ ʧʨʠʮʽʣʽ ʘʙʦ ʚ ʧʝʨʰʽʡ ʘʙʦ ʜʨʫʛʽʡ 

ʬʦʢʘʣʴʥʦʾ ʧʣʦʱʠʥʽ.  

ɺ ʧʝʨʰʦʾ ʬʦʢʘʣʴʥʦʾ ʧʣʦʱʠʥʠʧʨʠʮʽʣʴʥʘ ʩʽʪʢʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ ʨʦʟʤʽʨʽ 

ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʦʧʪʠʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ, ʪʦʙʪʦ. ʷʢʱʦ ʢʨʫʪʠʪʠ ʢʽʣʴʮʝ ʢʨʘʪʥʦʩʪʽ ʫ ʙʽʢ 
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ʟʙʽʣʴʰʝʥʥʷ, ʪʦ ʧʨʠʮʽʣʴʥʘ ʩʽʪʢʘ ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʎʝ ʭʘʨʘʢʪʝʨʥʦ ʤʘʡʞʝ ʜʣʷ ʚʩʽʭ 

ʧʨʠʮʽʣʽʚ, ʱʦ ʤʘʶʪʴ ʙʘʣʽʩʪʠʯʥʫ ʧʨʠʮʽʣʴʥʫ ʩʽʪʢʫ (ʤʽʣʜʦʪ, ʭʦʨʫʩ ʘʙʦ ʧʘʨʘʙʦʣʫ), ʪʘʢ 

ʩʘʤʦ ʜʣʷ ʧʨʠʮʽʣʽʚ ʟ ʧʨʦʩʪʠʤʠ ʩʽʪʢʘʤʠ (ʩʪʘʥʜʘʨʪʥʠʡ ʜʶʧʣʝʢʩ ʘʙʦ ʧʝʥʝʢ), ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʨʠʙʣʠʟʥʫ ʜʠʩʪʘʥʮʽʶ ʜʦ ʤʝʪʠ. ʎʝ ʽ ʟʨʦʙʣʝʥʦ, ʱʦʙ 

ʚʩʽ ʙʘʣʽʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʩʽʪʢʠ ʟʙʝʨʽʛʘʣʠʩʷ ʧʨʠ ʨʽʟʥʦʤʫ ʦʧʪʠʯʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ. 

 

ʈʠʩʫʥʦʢ 1.2 ɺʽʜʤʽʥʥʽʩʪʴ ʧʦʣʦʞʝʥʥʷ ʧʨʠʮʽʣʴʥʦʾ ʩʽʪʢʠ ʫ ʧʝʨʰʽʡ ʽ ʜʨʫʛʽʡ 

ʬʦʢʘʣʴʥʠʭ ʧʣʦʱʠʥʘʭ. 

ɼʨʫʛʘ ʬʦʢʘʣʴʥʘ ʧʣʦʱʠʥʘʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʧʨʠʮʽʣʽʚ ʽʟ ʧʨʠʮʽʣʴʥʠʤʠ ʩʽʪʢʘʤʠ 

"ʩʧʨʦʱʝʥʠʤʠ", ʾʾ ʱʝ ʥʘʟʠʚʘʶʪʴ ʘʤʝʨʠʢʘʥʩʴʢʦʶ ʩʠʩʪʝʤʦʶ[1]. ʎʝ ʢʦʣʠ ʧʨʠ 

ʟʤʝʥʰʝʥʥʽ ʘʙʦ ʟʙʽʣʴʰʝʥʥʽ ʢʨʘʪʥʦʩʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʘʙʦ ʟʤʝʥʰʫʻʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ 

ʤʝʪʠ, ʘ ʩʽʪʢʘ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʨʽʣʢʫ ʮʽʣʠʪʴʩʷ ʚ ʜʨʽʙʥʽ ʦʙ'ʻʢʪʠ ʥʘ 

ʨʽʟʥʠʭ ʜʠʩʪʘʥʮʽʷʭ, ʩʽʪʢʘ ʥʝ ʟʘʢʨʠʚʘʻ ʮʽʣʴ. ʎʝ ʧʦʣʦʞʝʥʥʷ ʧʨʠʮʽʣʴʥʦʾ ʩʽʪʢʠ ʫ 

ʬʦʢʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʢʦʥʩʪʨʫʢʮʽʾ ʙʘʛʘʪʴʦʭ "ʟʘʛʽʥʥʠʭ" ʧʨʠʮʽʣʽʚ. 

ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʢʨʘʪʥʦʩʪʽ "ʥʘ ʢʦʨʦʪʢʝ", ʤʦʞʥʘ ʮʽʣʠʪʠʩʷ ʧʦ ʟʚʽʨʽ, ʱʦ ʙʽʞʠʪʴ, ʥʝ 

ʧʣʫʪʘʶʯʠ ʧʨʠʮʽʣʴʥʫ ʩʽʪʢʫ ʟʽ ʩʪʦʚʙʫʨʘʤʠ ʜʝʨʝʚ, ʩʽʪʢʘ ʙʫʜʝ ʪʽʻʶ ʞ ʫ ʨʦʟʤʽʨʘʭ. ʗʢʱʦ ʫ 

ʧʨʠʮʽʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʽʪʢʘ ʟ ʧʦʜʽʣʘʤʠ (ʙʘʣʽʩʪʠʯʥʘ), ʪʦ ʚʠʤʽʨ ʚʽʜʩʪʘʥʽ (ʨʦʙʦʪʘ 

ʩʽʪʢʠ) ʜʽʻ ʣʠʰʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ, ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʢʨʘʪʥʦʩʪʽ ʩʽʪʢʘ 

ʧʝʨʝʩʪʘʻ ʩʪʘʥʜʘʨʪʥʦ "ʧʨʘʮʶʚʘʪʠ". 
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1.2 ʇʨʠʥʮʠʧ ʙʫʜʦʚʠ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʮʽʣʽʚ ʟ CMOS ʤʘʪʨʠʮʷʤʠ 

 

ʇʦʷʚʘ ʩʘʤʝ ʪʝʣʝʩʢʦʧʽʯʥʠʭ ʩʠʩʪʝʤ ʧʦʚôʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʦʯʽ ʣʶʜʝʡ ʫ 

ʥʦʨʤʘʣʴʥʦʤʫ ʩʪʘʥʽ ʻ ʝʤʝʪʨʦʧʽʯʥʠʤʠ. ʋ ʚʠʧʘʜʢʫ ʟʘʤʽʥʠ ʦʢʘ ʢʘʤʝʨʦʶ, ʪʝʣʝʩʢʦʧʽʯʥʘ 

ʩʠʩʪʝʤʘ ʪʘʢʦʞ ʧʦʚʠʥʥʘ ʬʦʨʤʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʢʘʤʝʨʠ ʥʘ ʙʝʟʢʽʥʝʯʥʦʩʪʽ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ ʬʘʢʪʫ ʱʦ ʦʙôʻʢʪʠʚʠ ʢʘʤʝʨ ʬʦʨʤʫʶʪʴ ʥʘʡʙʽʣʴʰ ʷʢʽʩʥʝ ʟʦʙʨʘʞʝʥʥʷ 

ʙʝʟʢʽʥʝʯʥʦ ʚʽʜʜʘʣʝʥʠʭ ʧʨʝʜʤʝʪʽʚ.[2] 

 

ʈʠʩʫʥʦʢ 1.3 ʇʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʮʠʬʨʦʚʦʛʦ ʧʨʠʮʽʣʘ ʟ CMOS 

ʤʘʪʨʠʮʝʶ[3]. 

ʋ ʮʠʬʨʦʚʦʤʫ ʧʨʠʩʪʨʦʾ ʩʚʽʪʣʦ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʉMOS ʤʘʪʨʠʮʶ ʧʽʩʣʷ ʯʦʛʦ 

ʦʙʨʦʙʣʶʻʪʴʩʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʯʘʩʪʠʥʦʶ ʧʨʠʣʘʜʫ ʽ ʜʘʣʽ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʚʠʚʽʜ OLED 

ʤʘʢʨʦʜʠʩʧʣʝʶ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʥʘ ʝʢʨʘʥʽ ʟôʷʚʣʷʻʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ ʟ ʢʘʤʝʨʠ, ʷʢʝ 

ʤʦʞʝ ʧʦʙʘʯʠʪʠ ʢʦʨʠʩʪʫʚʘʯ ʯʝʨʝʟ ʦʢʫʣʷʨ[4,5]. ʈʽʟʥʠʮʷ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʚʽʜʦʙʨʘʞʝʥʥʽ 

ʟʦʙʨʘʞʝʥʥʷ ʮʠʬʨʦʚʠʾ ʧʨʠʮʽʣʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ  ʟʚʠʯʘʡʥʠʭ ʦʧʪʠʯʥʠʭ ʧʨʠʮʽʣʽʚ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʦʙʣʷʪʠ ʟʦʙʨʘʞʝʥʥʷ ʷʢʝ ʙʘʯʠʪʴ ʢʦʨʠʩʪʫʚʘʯ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʝʛʫʣʶʚʘʥʥʶ ʢʦʥʪʨʘʩʪʥʦʩʪʽ, ʽʥʰʽʡ ʧʦʜʽʙʥʽʡ ʦʙʨʦʙʮʽ ʟʦʙʨʘʞʝʥʥʷ, ʤʦʞʣʠʚʦʩʪʽ ʤʽʥʷʪʠ 

ʧʨʠʮʽʣʴʥʽ ʤʽʪʢʠ, ʟʙʝʨʽʛʘʪʠ ʚʽʜʝʦ, ʨʦʙʠʪʠ ʨʽʟʥʽ ʢʦʨʠʩʪʫʚʘʮʴʢʽ ʧʨʦʬʽʣʽ, ʱʦ ʻ ʚʝʣʠʢʦʶ 

ʧʝʨʝʚʘʛʦʶ. 
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ʈʠʩʫʥʦʢ 1.4 ʇʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʦʛʦ ʧʨʠʮʽʣʘ. 

 

1.2.1 ʇʝʨʝʚʘʛʠ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʮʽʣʽʚ ʥʘʜ ʦʧʪʠʯʥʠʤʠ ʧʨʠʮʽʣʘʤʠ 

 

ɺʝʣʠʯʝʟʥʦʶ ʧʝʨʝʚʘʛʦʶ ʮʠʬʨʦʚʠʭ ʧʨʠʮʽʣʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʥʘʢʣʘʩʪʠ ʜʦʜʘʪʢʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʷʤʦ ʧʦʚʝʨʭ ʟʦʙʨʘʞʝʥʥʷ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʨʽʚʝʥʴ ʟʘʨʷʜʫ, ʤʝʥʶ 

ʥʘʣʘʰʪʫʚʘʥʴ, ʙʝʟʣʽʯ ʚʠʙʦʨʫ ʩʽʪʢʠ ʫ ʪʦʤʫ ʯʠʩʣʽ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʩʪʨʽʣʷʪʠ ʦʜʥʠʤ 

ʧʘʪʨʦʥʦʤ. ʎʠʬʨʦʚʽ ʧʨʠʮʽʣʠ ʤʦʞʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘ ʟʙʨʦʶ ʙʫʜʴ-ʷʢʦʛʦ 

ʢʘʣʽʙʨʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʚʠʪʨʠʤʫʶʪʴ ʫʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ 6000 ɼʞ. ʂʨʽʤ 

ʪʦʛʦ, ʚʦʥʠ ʩʪʽʡʢʽ ʜʦ ʟʚʦʨʦʪʥʦʾ ʚʽʜʜʘʯʽ ʧʦʨʰʥʝʚʠʭ ʧʥʝʚʤʘʪʠʯʥʠʭ ʛʚʠʥʪʽʚʦʢ. 

ʄʘʪʨʠʮʷ ʮʠʬʨʦʚʠʭ ʧʨʠʮʽʣʽʚ ʨʝʘʛʫʻ ʥʘ ʽʥʬʨʘʯʝʨʚʦʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ 

ʙʣʠʞʥʴʦʤʫ ɯʏ ʩʧʝʢʪʨʽ[6]. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʚʠʜʠʤʝ ʜʣʷ ʟʚʽʨʘ ɯʏ-

ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʧʦʥʘʜ 900 ʥʤ ʧʽʜ ʯʘʩ ʧʦʣʶʚʘʥʥʷ. ʊʘʢʽ ʬʫʥʢʮʽʾ 

ʷʢ ʟʫʤ ʜʘʶʪʴ ʟʤʦʛʫ ʟʙʽʣʴʰʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʢʘʤʝʨʦʶ ʚʠʨʦʙʘ. 

ʇʨʠʮʽʣʴʥʘ ʩʽʪʢʘ ʟʘʚʞʜʠ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʣʦʱʠʥʽ ʮʽʣʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʜʦʜʘʻʪʴʩʷ 

ʥʘ ʟʦʙʨʘʞʝʥʥʷ ʧʽʩʣʷ ʡʦʛʦ ʦʙʨʦʙʢʠ. 
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1.3 ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʴ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʮʽʣʽʚ 

 

ʎʠʬʨʦʚʽ ʧʨʠʮ̔ ʣʠ ʥʽʯʥʦʛʦ ʙʘʯʝʥʥʷ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʯʫʪʣʠʚʦʾ CMOS 

ʤʘʪʨʠʮʽ, ʻ ʩʘʤʠʤ ʩʫʯʘʩʥʠʤ ʪʠʧʦʤ ʧʨʠʮʽʣʽʚ ʜʣʷ ʩʪʨʽʣʝʮʴʢʦʾ ʟʙʨʦʾ.  ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʯʫʪʣʠʚʦʾ CMOS ʤʘʪʨʠʮʽ, ʷʢʘ ʤʦʞʝ ʬʦʨʤʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʫ  ʚʠʜʠʤʦʤʫ ʪʘ 

ʙʣʠʟʴʢʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ ʩʧʝʢʪʨʫ, ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ ʪʘ ʢʦʣʴʦʨʦʚʦʛʦ ʤʽʢʨʦʜʠʩʧʣʝʶ ʟ ʚʠʩʦʢʦʶ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʫʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʪʘʢʠʭ ʧʨʠʮʽʣʽʚ ʷʢ ʫ ʧʦʰʫʢʫ 

ʮʽʣʝʡ ʪʘ ʽ ʫ ʚʠʢʦʥʘʥʥʽ ʧʨʠʮʽʣʶʚʘʥʥʷ.  

ɿʘʜʘʯʝʶ ʘʥʘʣʽʟʫ ʻ ʧʦʨʽʚʥʷʥʥʷ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʮʠʬʨʦʚʠʭ ʧʨʠʮʽʣʽʚ 

Pulsar Digisight Ultra N455 LRF, ATN X-Sight LTV 5-15X, Yukon Sightline N475S, 

Pard NV008 LRF[7,8,9,10]. ʎʝʡ ʘʥʘʣʽʟ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʠʪʠ ʩʪʨʫʢʪʫʨʫ ʚʠʨʦʙʫ, 

ʚʠʟʥʘʯʠʪʠ ʷʢʽ ʬʫʥʢʮʽʾ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʧʦʧʠʪ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʠʟʥʘʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ 

ʨʽʟʥʠʮʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ, ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʙʽʣʴʰ ʢʨʘʱʫ ʨʝʘʣʽʟʘʮʽʶ ʪʽʻʾ ʯʠ ʽʥʰʦʾ 

ʬʫʥʢʮʽʾ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʮʠʬʨʦʚʠʭ ʧʨʠʮʽʣʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠʩʷ ʟ 

ʧʨʝʨʝʣʽʢʦʤ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʧʝʨʝʣʽʢʦʤ ʬʫʥʢʮʽʡ, ʷʢʽ ʾʭ ʟʘʙʝʟʧʝʯʫʶʪʴ (ʊʘʙʣ. 1).  

ʊʘʙʣʠʮʷ 1.1 ʇʘʨʘʤʝʪʨʠ ʮʠʬʨʦʚʠʭ ʧʨʠʮʽʣʽʚ 

ʇʨʠʮʽʣ 

 

ʌʫʥʢʮʽʷ 

ATN X-Sight 

LTV 5-15X 

 

Pulsar Digisight 

Ultra N455 LRF 

Pard NV008 

LRF 

Yukon Sightline 

N475S 

ɼʝʥʥʠʡ/ʥʽʯʥʠʡ ʨʝʞʠʤʠ + + + + 

ɿʤʦʛʘ ʨʦʙʠʪʠ ʟʘʧʠʩʠ ʚʽʜʝʦ + + + + 

ʎʠʬʨʦʚʝ ʥʘʙʣʠʞʝʥʥʷ 5x-15x 4.5x-18x 6.5-26x 6x-24x 

ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 

ʤʘʪʨʠʮʽ 

2688x1944 1280x720 1280x720 1280x720 

ɻʽʨʦʩʢʦʧ, ʘʢʩʝʣʝʨʦʤʝʪʨ + + + ī 

ʅʘʷʚʥʽʩʪʴ ʚʠʙʦʨʫ     
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ʧʨʠʮʽʣʴʥʠʭ ʩʽʪʢʠ ʪʘ ʾʾ 

ʢʦʣʴʦʨʫ 

+ + + + 

ʄʘʩʰʪʘʙʦʚʘʥʘ ʙʘʣʽʩʪʠʯʥʘ 

ʧʨʠʮʽʣʴʥʘ ʩʽʪʢʘ 

 

ī 

 

+ 

 

ī 

 

+ 

ɯʥʜʠʚʽʜʫʘʣʴʥʽ ʩʪʨʽʣʝʮʴʢʽ 

ʧʨʦʬʽʣʽ 

ɼʦ 1-ʛʦ ɼʦ 5-ʪʠ ɼʦ-5ʪʠ ɼʦ 3-ʭ 

ʈʝʞʠʤ ʚʽʢʥʦ ʫ ʚʽʢʥ ̔ ī + + + 

ɺʙʫʜʦʚʘʥʠʡ ʚʠʤʽʨʶʚʘʯ 

ʚʽʜʩʪʘʥʽ 

ī + + + 

ɸʣʛʦʨʠʪʤʽʯʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʯʫʪʣʠʚʦʩʪʽ 

+ + + + 

ʂʦʣʽʨ ʟʦʙʨʘʞʝʥʥʷ 

ʤʽʢʨʦʜʠʩʧʣʝʶ 

ʂʦʣʴʨʦʚʝ, 

ʤʦʥʦʭʨʦʤʥʝ 

ʄʦʥʦʭʨʦʤʥʝ ʂʦʣʴʦʨʦʚʝ, 

ʤʦʥʦʭʨʦʤʥʝ 

ʤʦʥʦʭʨʦʤʥʝ 

ʇʨʠʩʪʨʽʣʢʘ ʧʝʨʝʤʽʱʝʥʥʷʤ 

ʢʫʨʩʦʨʘ 

+ + + + 

ɸʚʪʦʥʦʤʥʘ ʨʦʙʦʪʘ 

ʟʘʷʚʣʝʥʘ ʨʦʟʨʦʙʥʠʢʦʤ 

10 ʛʦʜʠʥ 6 ʛʦʜʠʥ 8 ʛʦʜʠʥ 4 ʛʦʜʠʥʠ 

 

1.3.1 ʄʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ 

 

ʋʩʽ ʮʠʬʨʦʚʽ ʧʨʠʮʽʣʠ ʤʘʶʪʴ ʟʤʦʛʫ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʷʢ ʚ ʜʝʥʴ, ʪʘʢ ʽ ʚ ʥʦʯʽ. 

ʆʩʢʽʣʴʢʠ ʦʩʥʦʚʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʴ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʚʠʜʠʤʠʡ ʪʘ ʙʣʠʞʥʽ 

ɯʏ ʩʧʝʢʪʨʠ, ʪʦ ʧʨʠ ʧʦʚʥʽʡ ʚʽʜʩʫʪʥʦʩʪʽ ʩʚʽʪʣʘ ʥʘ ʥʠʭ ʥʽʯʦʛʦ ʥʝ ʙʫʜʝ ʚʠʜʥʦ. ʇʨʦʪʝ ʚ 

ʩʫʪʽʥʢʘʭ ʚ ʫʩʽʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ ʫ ʩʫʪʽʥʢʘʭ, 

ʥʘʧʨʠʢʣʘʜ ʙʽʥʽʥʛ (ʩʫʤʘ ʩʠʛʥʘʣʽʚ ʩʫʩʽʜʥʽʭ ʧʽʢʩʝʣʽʚ) [11], ʜʦʜʘʚʘʥʥʷ ʢʘʜʨʽʚ, ʬʽʣʴʪʨʘʮʽʷ 

ʰʫʤʽʚ ʧʨʠ ʚʠʩʦʢʽʡ ʥʘʩʪʨʦʡʮʽ ʯʫʪʣʠʚʦʩʪʽ. ʋ CMOS ʤʘʪʨʠʮʴ ʦʙôʻʜʥʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟ ʜʘʪʯʠʢʘ ʧʽʩʣʷ ʟʯʠʪʫʚʘʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʰʫʤ ʚʞʝ ʧʨʠʩʫʪʥʽʡ ʫ ʢʦʞʥʦʤʫ ʧʽʢʩʝʣʽ.  
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ʈʠʩʫʥʦʢ 1.5 ʇʦʨʽʚʥʷʥʥʷ ʘ)ʟʚʠʯʘʡʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʽ ʙ)ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʥʽʥʛʫ 

ʜʣʷ CMOS ʤʘʪʨʠʮʴ[12]. 

ʊʘʢʠʡ ʤʝʪʦʜ ʧʦ ʟʙʽʣʴʰʝʥʥʶ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʝ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʦʛʦ 

ʨʝʩʫʨʩʫ ʫ ʨʦʟʨʘʭʫʚʘʥʥʽ ʪʘ ʣʝʛʢʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤ ʫ ʧʨʦʪʦʪʠʧʽ. 

 

1.3.2 ʄʝʪʦʜʠ ʮʠʬʨʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

 

ʎʠʬʨʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʻ ʦʜʥʦʶ ʟ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʡ ʮʠʬʨʦʚʦʛʦ 

ʧʨʠʮʽʣʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʦʧʪʠʯʥʠʭ ʧʨʠʮʽʣʽʚ, ʮʠʬʨʦʚʽ ʧʨʠʮʽʣʠ ʜʘʶʪʴ ʟʤʦʛʫ 

ʥʘʙʣʠʟʠʪʠ ʦʪʨʠʤʘʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʧʨʦʪʝ ʟ ʥʝʚʝʣʠʢʦʶ ʚʪʨʘʪʦʶ ʽʥʬʦʨʤʘʮʽʾ. 

ʅʘʙʣʞʠʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʛʦʶ ʟʤʝʥʰʝʥʥʷ ʦʙʣʘʩʪʽ ʽʥʪʝʨʝʩʘ(Region of 

interest, ROI) ʽ ʟʙʽʣʴʰʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʨʦʟʤʽʨʘ 

ʤʝʪʦʜʦʤ ʽʥʪʝʨʧʦʣʷʮʽʾ[13, 14].  

ʇʦʨʽʚʥʶʯʠ ʬʫʥʢʮʽʾ ʮʠʬʨʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʫ ʫʩʽʭ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 

ʪʘʙʣʠʮʽ 1, ʙʘʯʠʤʦ ʱʦ ʮʠʬʨʦʚʝ ʥʘʙʣʠʞʝʥʥʷ ʫ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʤʘʻ ʨʽʟʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʇʨʠʩʪʨʦʾ Pulsar Digisight Ultra N455 LRF ʪʘ Yukon Sightline N475S 

ʤʘʶʪʴ ʦʧʪʠʯʥʝ ʟʙʽʣʴʰʝʥʥʷ 4.5ʭ ʪʘ 6ʭ, ʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʮʠʬʨʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʮʝ ʟʥʘʯʝʥʥʷ ʚʠʨʦʩʪʘʻ ʜʦ 18ʭ ʪʘ 24ʭ ʚʽʜʧʦʚʽʜʥʦ. ɺʽʜʧʦʚʽʜʥʝ 

ʮʠʬʨʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʠʩʪʨʦʶ: ATN X-Sight LTV 5-15X - 
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3ʭ ʘ ʫ ʽʥʰʠʭ - 4ʭ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʫ ʮʴʦʛʦ ʧʨʠʮʽʣʫ ʚʽʜʩʫʪʥʷ 

ʬʫʥʢʮʽʷ ñʚʽʢʥʦ ʫ ʚʽʢʥʽò, ʱʦ ʤʦʛʣʦ ʧʨʠʟʚʝʩʪʠ ʜʦ ʤʝʥʰʦʛʦ ʮʠʬʨʦʚʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʥʽʞ 

ʫ ʢʦʥʢʫʨʝʥʪʽʚ. ʅʽ ʫ ʦʜʥʦʛʦ ʧʨʠʩʪʨʦʶ ʽʟ ʩʧʠʩʢʫ ʥʝʤʘʻ ʜʦʜʘʪʢʦʚʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʧʦ 

ʚʠʙʦʨʫ ʤʝʪʦʜʫ ʽʥʪʝʨʧʦʣʷʮʽʾ ʧʨʠ ʮʠʬʨʦʚʦʤʫ ʟʙʽʣʴʰʝʥʥʽ, ʭʦʯʘ ʪʘʢʘ ʬʫʥʢʮʽʷ ʤʦʛʣʘ ʙʠ 

ʙʫʪʠ ʢʦʨʠʩʥʘ ʚ ʧʝʚʥʠʭ ʩʮʝʥʘʨʽʷʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʈʘʟʦʤ ʽʟ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ ʟʦʙʨʘʞʝʥʥʷ, ʧʦʚʠʥʥʘ ʤʘʩʰʪʘʙʫʚʘʪʠʩʷ ʽ ʙʘʣʽʩʪʠʯʥʘ 

ʧʨʠʮʽʣʴʥʘ ʩʽʪʢʘ. ɿʥʘʶʯʠ ʧʘʨʘʤʝʪʨʠ ʥʘʰʦʾ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ, ʤʦʞʥʘ ʟ 

ʣʝʛʢʽʩʪʶ ʨʝʘʣʽʟʫʚʘʪʠ ʧʨʠʮʽʣʴʥʫ ʩʽʪʢʫ ʨʽʟʥʦʛʦ ʪʠʧʫ: mil-dot, MOA, DOA. ʇʨʠʮʽʣʴʥʘ 

ʩʽʪʢʘ ʧʦʚʠʥʥʘ ʤʘʩʰʪʘʙʫʚʘʪʠʩʷ ʨʘʟʦʤ ʽʟ ʟʦʙʨʘʞʝʥʥʷʤ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1. ɯʟ 

ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ  ʣʠʰʝ ʧʨʠʮʽʣ ATN X-Sight LTV 5-15X ʥʝ ʤʘʻ ʪʘʢʦʾ ʬʫʥʢʮʽʾ, ʱʦ 

ʻ ʜʫʞʝ ʜʠʚʥʠʤ, ʙʦ ʮʝ ʧʨʦʩʪʘ ʬʫʥʢʮʽʷ ʫ ʨʝʘʣʽʟʘʮʽʾ. 

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʤʝʪʦʜʘʤʠ ʽʥʪʝʨʧʦʣʷʮʽʾ ʻ ʤʝʪʦʜ ʥʘʡʙʣʠʞʯʦʛʦ 

ʩʫʩʽʜʘ, ʣʽʥʽʡʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ, ʢʫʙʽʯʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʪʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʤʝʪʦʜʦʤ 

Lanczos4[15]. 

 

ʈʠʩʫʥʦʢ 1.6 ʇʦʨʽʚʥʷʥʥʷ ʤʝʪʦʜʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʫ ʢʦʣʴʦʨʦʚʽʡ ʧʘʣʽʪʨʽ 

hotmap. 
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ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ 1, ʚʩʽ ʤʝʪʦʜʠ ʧʨʠʥʮʠʧʦʚʦ ʚʽʜʨʽʟʷʥʶʪʴʩʷ ʚʽʜ ʤʝʪʦʜʘ 

ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ. ɺ ʤʝʪʦʜʽ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʝʪʘʣʽʟʘʮʽʷ ʪʘ 

ʢʦʥʪʨʘʩʪ ʨʝʬʝʨʝʥʪʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʄʝʪʦʜʠ ʙʽʢʫʙʽʯʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ Lanczos4 

ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʶʪʴ ʨʽʚʝʥʴ ʧʽʢʩʝʣʽʟʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʤʘʶʪʴ ʙʽʣʴʰʠʡ ʢʦʥʪʨʘʩʪ ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʚ ʪʦʡ ʞʝ ʤʦʤʝʥʪ ʚʦʥʠ ʥʝ ʧʨʠʥʮʠʧʦʚʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ.   

ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʘʚʪʦʥʦʤʥʠʭ ʚʙʫʜʦʚʘʥʠʭ ʩʠʩʪʝʤ ʻ ʰʚʠʜʢʦʜʽʷ 

ʚʠʢʥʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ, ʦʩʢʽʣʴʢʠ ʟʤʝʥʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʙʫʜʝ 

ʟʙʝʨʽʛʘʪʠ ʘʚʪʦʥʦʤʥʠʡ ʯʘʩ ʨʦʙʦʪʠ ʧʨʠʩʪʦʶ[16]. ʇʦʨʽʚʥʷʚʰʠ ʚʩʽ ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʽ 

ʤʝʪʦʜʠ ʤʦʞʥʘ ʦʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʡ. ɺʠʢʦʥʘʻʤʦ ʧʨʦʮʝʜʫʨʫ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʧʦ 50 ʨʘʟʽʚ ʜʣʷ ʨʽʟʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʪʘ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ 

ʽʥʪʝʨʧʦʣʷʮʽʾ. 

 

 

ʈʠʩʫʥʦʢ 1.7 ʇʦʨʽʚʥʷʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʟʦʙʨʘʞʝʥʴ. 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʨʽʚʥʷʥʴ ʨʠʩʫʥʢʘ 3, ʤʦʞʥʘ ʩʢʘʟʘʪʠ ʱʦ ʤʝʪʦʜ 

lanczos4 ʥʝ ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʟʘ ʯʘʩʦʤ ʚʠʢʦʥʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ 

ʽʥʪʝʨʧʦʣʷʮʽʾ ʽ ʻ ʧʦʚʽʣʴʥʽʰʠʤ ʟʘ ʤʝʪʦʜ ʢʫʙʽʯʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʚ 4,7 ʨʘʟʽʚ ʜʣʷ ʤʘʩʰʪʘʙʫ 

ʥʘʙʣʠʞʝʥʥʷ 4. ʄʝʪʦʜ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʤʝʪʦʜ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʰʚʠʜʢʽʩʪʫʶ ʚʠʢʦʥʘʥʥʷ ʥʘ 15% ʚ ʢʦʨʠʩʪʴ ʤʝʪʦʜʘ ʣʽʥʽʡʥʦʾ 

ʽʥʪʝʨʧʦʣʷʮʽʾ, ʱʦ ʥʝ ʻ ʜʫʞʝ ʢʨʠʪʠʯʥʠʤ, ʧʨʠʡʤʘʶʯʠ ʟʘ ʫʚʘʛʫ ʬʽʥʘʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʟʦʙʨʘʞʝʥʥʷ. ɺ ʩʚʦʶ ʯʝʨʛʫ ʤʝʪʦʜ ʢʫʙʽʯʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʚʠʢʦʥʫʻʪʴʩʷ ʚ 2,7 ʨʘʟʽʚ ʜʦʚʰʝ 

ʟʘ ʤʝʪʦʜ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʫ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 4. 

  ʇʽʜʩʫʤʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʘ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʢʦʞʥʦʛʦ 

ʤʝʪʦʜʘ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ ʱʦ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʠʤʠ ʟʘʚʜʷʢʠ ʩʚʦʾʡ 

ʢʦʥʪʨʘʩʪʥʦʩʪʽ, ʯʽʪʢʦʩʪʽ ʪʘ ʰʚʠʜʢʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʻ ʤʝʪʦʜʠ ʢʫʙʽʯʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ 

ʤʝʪʦʜ ʥʘʡʙʣʠʞʯʠʭ ʩʫʩʽʜʽʚ. ʊʦʤʫ ʻ ʙʘʞʘʥʠʤ ʜʘʚʘʪʠ ʢʦʨʠʩʪʫʚʘʯʫ ʦʙʠʨʘʪʠ ʤʝʪʦʜ 

ʽʥʪʝʨʧʦʣʷʮʽʾ ʫ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʧʨʠʩʪʨʦʶ. 

 

1.3.3 ʌʫʥʢʮʽʷ ñʚʽʢʥʦ ʫ ʚʽʢʥʽò 

 

ʌʫʥʢʮʽʷ ñʚʽʢʥʦ ʫ ʚʽʢʥʽò ʻ ʧʨʦʜʦʚʞʝʥʥʷʤ ʪʝʤʠ ʮʠʬʨʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ. ɺʦʥʘ ʜʘʻ ʟʤʦʛʫ ʨʦʙʠʪʠ ʜʦʜʘʪʢʦʚʦ ʜʚʦʭ-ʢʨʘʪʥʝ ʟʙʽʣʴʰʝʥʥʷ, ʧʨʦʪʝ ʥʝ ʥʘ 

ʚʝʩʴ ʝʢʨʘʥ, ʘ ʣʠʰʝ ʥʘ ʚʠʥʝʩʪʠ ʮʝ ʟʙʽʣʴʰʝʥʝ ʟʦʙʨʘʞʝʥʥʷ ʫ ʤʘʣʝʥʴʢʝ ʚʽʢʥʦ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʙʘʯʠʪʠ ʟ ʙʽʣʴʰʠʤ ʧʦʣʝʤ ʟʦʨʫ, ʘ ʨʦʙʠʪʠ ʧʨʠʮʽʣʶʚʘʥʥʷ ʣʠʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʤʘʣʝ ʚʽʢʥʦ. ʅʘ ʧʨʠʢʣʘʜʽ ʧʨʠʮʽʣʫ Pard NV008 LRF ʮʠʬʨʦʚʠʡ ʟʫʤ ʜʣʷ ʮʽʣʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʣʠʰʝ ʜʦʩʷʛʘʻ 2ʭ (ʟ 6.5ʭ ʜʦ 13ʭ), ʘ ʧʨʠ ʨʝʞʠʤʽ ʚʽʢʥʦ ʫ ʚʽʢʥʽ ʮʠʬʨʦʚʝ 

ʟʙʽʣʴʰʝʥʥʷ ʜʦʩʷʛʘʻ 4x, ʱʦ ʜʘʻ ʧʦʚʥʝ ʟʙʽʣʴʰʝʥʥʷ 26ʭ. ʇʨʠ ʚʝʣʠʢʦʤʫ ʮʠʬʨʦʚʦʤʫ 

ʟʙʽʣʴʰʝʥʥʽ, ʢʦʨʠʩʪʫʚʘʯʫ ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʦ ʨʦʟʨʽʟʥʷʪʠ ʦʙôʻʢʪʠ ʥʘ ʝʢʨʘʥʽ. ʊʦʤʫ 

ʚʠʥʦʩʠʪʠ ʪʘʢʝ ʟʦʙʨʘʞʝʥʥʷ ʫ ʤʘʣʝ ʚʽʢʥʦ ʜʘʩʪʴ ʟʤʦʛʫ ʢʨʘʱʝ ʨʦʟʨʽʟʥʷʪʠ ʨʦʟʤʠʪʽ ʚʽʜ 

ʮʠʬʨʦʚʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʢʪʠ. 
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ʈʠʩʫʥʦʢ 1.8 ɼʝʤʦʥʩʪʨʘʮʽʷ ʨʦʙʦʪʠ ʨʝʞʠʤʫ ʚʽʢʥʦ ʫ ʚʽʢʥʽ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʥʘʙʣʠʞʝʥʥʷ 2ʭ ʚʽʜʥʦʩʥʦ ʦʩʥʦʚʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

 

1.3.4 ʇʨʠʩʪʨʽʣʢʘ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʮʽʣʘ 

 

ʇʨʠʩʪʨʽʣʢʘ ʜʘʥʠʭ ʦʧʪʠʯʥʠʭ ʧʨʠʮʽʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʧʨʦʩʪʦʤʫ ʩʮʝʥʘʨʽʶ, 

ʢʦʨʠʩʪʫʚʘʯ ʨʦʙʠʪʴ ʜʝʢʽʣʴʢʘ ʧʦʩʪʨʽʣʽʚ ʧʦ ʤʽʰʝʥʽ ʥʘ ʧʦʪʨʽʙʥʽʡ ʚʽʜʩʪʘʥʽ. ɯ  ʯʝʨʝʟ 

ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʦʢ ʜʦʚʦʜʠʪʴ ʢʫʨʩʦʨ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʧʨʠʮʽʣʫ ʥʘ ʩʽʪʮʽ, ʜʦ ʤʽʩʮʷ 

ʨʝʘʣʴʥʦʛʦ ʚʣʫʯʘʥʥʷ ʧʽʩʣʷ ʯʦʛʦ ʧʨʠʮʽʣ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʜʦ ʮʽʻʾ ʢʦʦʨʜʠʥʘʪʠ ʽ ʚ 

ʧʦʜʘʣʴʰʠʭ ʧʦʩʪʨʽʣʘʭ ʧʨʠ ʪʠʭ ʞʝ ʫʤʦʚʘʭ, ʢʫʣʽ ʧʦʚʠʥʥʽ ʚʣʫʯʘʪʠ ʚ ʮʽʣʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʙʣʠʟʴʢʦ ʜʦ ʮʝʥʪʨʫ ʩʽʪʢʠ ʧʨʠʮʽʣʫ[17]. ʈʝʘʣʽʟʘʮʽʷ ʧʨʠʩʪʨʽʣʢʠ ʧʨʠʥʮʠʧʦʚʦ ʤʦʞʝ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʧʨʠʩʪʨʦʶ ʜʦ ʧʨʠʩʪʨʦʶ. ɺ ʧʨʠʮʽʣʽ Pulsar Digisight Ultra N455 LRF ʽ 

Yukon Sightline N475S ʧʽʜ ʯʘʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʠʩʪʘʚʣʝʥʥʷ ʥʫʣʷ ʟʦʙʨʘʞʝʥʥʷ ʟʘʩʪʠʛʘʻ, 

ʱʦ ʜʘʻ ʟʤʦʛʫ ʨʫʭʘʪʠ ʟʙʨʦʶ. ɺ ʧʨʠʩʪʨʦʷʭ ATN X-Sight LTV 5-15X ʽ Pard NV008 LRF 

ʪʘʢʦʛʦ ʥʝʤʘʻ ʽ ʢʦʨʠʩʪʫʚʘʯ ʙʘʯʠʪʴ ʟʦʙʨʘʞʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʪʦʞ ʧʽʜ ʯʘʩ 

ʧʽʜʩʪʨʦʡʢʠ ʥʫʣʴʦʚʦʛʦ ʨʽʚʥʷ ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʪʨʠʤʘʪʠ ʫʚʝʩʴ ʯʘʩ ʪʦʯʢʫ 

ʧʨʠʮʽʣʶʚʘʥʥʷ ʥʘ ʤʽʰʝʥʽ. ɺ ʧʨʠʮʽʣʽ Yukon Sightline N475S ʧʨʠ ʥʘʩʪʨʦʡʮʽ ʥʫʣʴʦʚʦʛʦ 

ʨʽʚʥʷ ʢʦʨʠʩʪʫʚʘʯ ʥʘʪʠʩʢʘʥʥʷʤ ʢʥʦʧʦʢ ʨʫʭʘʻ ʧʦʣʦʞʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʧʨʠʮʽʣʘ ʙʝʟ 
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ʟʘʩʪʠʛʘʥʥʷ ʢʘʜʨʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʥʝʩʪʠ ʚʝʣʠʢʫ ʧʦʭʠʙʢʫ ʧʨʠ ʥʘʣʘʰʪʫʚʘʥʥʽ ʥʦʚʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʧʨʠʮʽʣʘ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʝʘʣʽʟʘʮʽʶ ʧʨʠʩʪʨʽʣʢʠ ʨʦʟʛʣʷʜʘʻʤʠʭ ʧʨʠʩʪʨʦʾʚ ʤʦʞʥʘ 

ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʘʩʧʝʢʪʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʨʠʩʫʪʥʽ ʧʨʠ ʨʦʟʨʦʙʮʽ ʚʣʘʩʥʦʛʦ 

ʧʨʠʩʪʨʦʶ: 

1. ɺ ʨʝʞʠʤʽ ʧʨʠʩʪʨʽʣʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʠʥʥʦ ʟʘʩʪʠʛʘʪʠ  ʧʦ ʢʦʤʘʥʜʽ 

ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ ʙʽʣʴʰ ʟʨʫʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ. 

2. ɿʘʤʽʩʪʴ ʧʝʨʝʩʫʚʘʥʥʷ ʦʩʥʦʚʥʦʾ ʧʨʠʮʽʣʴʥʦʾ ʤʽʪʢʠ, ʧʝʨʝʩʫʚʘʪʠʩʷ ʧʦʚʠʥʥʘ 

ʜʦʜʘʪʢʦʚʘ ʤʽʪʢʘ 

3. ʅʘʷʚʥʽʩʪʴ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʤʦʞʝ ʜʘʪʠ ʟʤʦʛʫ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʩ 

ʧʨʠʩʪʨʽʣʶʚʘʥʥʷ ʧʨʠʮʽʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʣʽʜʽʚ ʧʦʩʪʨʽʣʽʚ ʥʘ 

ʤʽʰʝʥʽ ʪʘ ʧʝʨʝʩʫʚʘʥʥʷ ʧʨʠʮʽʣʴʥʦʾ ʤʽʪʢʠ ʜʦ ʾʭ ʮʝʥʪʨʦʾʜʠ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

 ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʜʘʻ ʟʤʦʛʫ ʧʦʢʨʘʱʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʮʠʬʨʦʚʠʭ ʧʨʠʮʽʣʽʚ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʠʭ ʙʽʣʴʰ ʢʦʤʧʣʝʢʩʥʠʭ ʽ 

ʝʬʝʢʪʠʚʥʠʭ ʮʠʬʨʦʚʠʭ ʤʝʪʦʜʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʜʘʻ ʟʤʦʛʫ ʧʦʢʨʘʱʫʚʘʪʠ 

ʦʪʨʠʤʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʧʨʠ ʧʦʛʘʥʠʭ ʫʤʦʚʘʭ ʪʘʢʠʭ ʷʢ ʧʦʛʘʥʘ ʦʩʚʽʪʣʝʥʽʩʪʴ ʯʠ ʥʽʯ. 

 ʇʨʠ ʮʴʦʤʫ ʨʦʟʚʠʪʦʢ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʽ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʟʦʨʫ ʜʘʶʪʴ ʟʤʦʛʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʫ ʚʙʫʜʦʚʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘʢʠʭ ʷʢ ʧʨʠʮʽʣ. ʂʦʤʧôʁ ʪʝʨʥʠʡ ʟʽʨ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʧʦʢʨʘʱʝʥʽ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʧʨʠʣʘʜʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʧʦʪʨʽʙʥʠʭ ʜʽʡ. 

 ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ, ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʽʩʥʫʶʯʽ ʨʽʰʝʥʥʷ ʩʝʨʝʜ ʮʠʬʨʦʚʠʭ ʧʨʠʮʽʣʽʚ. 

ɺ ʨʘʤʢʘʭ ʦʛʣʷʜʫ ʷʢʠʭ ʙʫʣʦ ʦʛʣʷʥʫʪʦ ʾʭ ʩʪʨʫʢʪʫʨʫ ʪʘ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʥʥʷ ʾʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʫ ʥʦʚʠʭ ʨʦʟʨʦʙʢʘʭ. 

 ʊʘʢʦʞ, ʙʫʚ ʧʨʦʚʝʜʝʥ ʦʛʣʷʜ ʮʠʬʨʦʚʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʫʚʫʶʪʴʩʷ ʫ ʽʩʥʫʶʯʠʭ ʨʽʰʝʥʥʷʭ. ɺ ʨʘʤʢʘʭ ʮʴʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʙʫʣʠ ʦʙʨʘʥʽ 
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ʥʘʡʢʦʨʠʩʥʽʰʽ ʬʫʥʢʮʽʾ ʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʩʚʦʾ ʧʨʘʚʢʠ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ, ʷʢʽ ʤʦʛʣʠ ʙ 

ʧʦʢʨʘʱʠʪʠ ʨʝʟʫʣʴʪʘʪ ʯʠ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ ʽ ʧʨʦʩʪʦʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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ʈʆɿɼɯʃ 2. ɺʀɹɯʈ ʊɸ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ʊɸ 

ʂʆʅʉʊʈʋʂʎɯɰ ʂʆʄʇ'ʖʊɽʈʅʆ-ɯʅʊɽɻʈʆɺɸʅʆɻʆ ʆʇʊʀʏʅʆɻʆ 

ʇʈʀʎɯʃʋ. 

 

2.1 ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʙôʻʝʢʪʠʚʫ 

 

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʻ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: 

¶ ʉʧʝʢʪʨʘʣʴʥʠʡ ʜʽʘʧʘʟʦʥ: 400-1050 ʥʤ; 

¶ ʇʨʠʡʤʘʯ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ - 1280ʭ960 ʧʽʢʩʝʣʽʚ ʨʦʟʤʽʨʦʤ 3.75ʭ3.75 ʤʢʤ; 

¶ CMOS ʤʘʪʨʠʮʷ AR0130CS 

¶ ʇʦʣʝ ʟʦʨʫ ς ς σȢτЈ ςȢφЈ; 

¶ ɺʠʜʠʤʝ ʟʙʽʣʴʰʝʥʥʷ ɻ=8
ʭ
; 

)(871,4 ʤʤl x =  

)(671,3 ʤʤl y =  

ɺʠʩʦʪʘ ώᴂ ʟʦʙʨʘʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ ʟʦʙʨʘʞʝʥʥʷ ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʜʽʘʛʦʥʘʣʽ, 

ʇɺ, ʪʦʙʪʦ: 

 ςώ ὰ ὰ φȢπρ ̍  ̍ (2.1) 

ɼʝ ὰȟὰ ï ʨʦʟʤʽʨ ʤʘʪʨʠʯʥʦʛʦ ʬʦʪʦʧʨʠʡʤʘʯʘ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ ʽ ʚʝʨʪʠʢʘʣʽ
 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʷ ʟʦʨʫ ʪʘ ʨʦʟʤʽʨʦʤ ʟʦʙʨʘʞʝʥʥʷ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʘʞʘʥʫ 

ʟʘʜʥʶ ʬʦʢʫʩʥʫ ʚʽʜʩʪʘʥʴ Ὢᴂ: 

 

)(3,80
)3.1(2

671.3

)(2
' ʤʤ

tgtg

l
f

y

y
=

¯Ö
=

Ö
=

w
 (2.2) 

ɼʝ   ʧʦʣʝ ʟʦʨʫ ʆʉ ʧʦ ʚʝʨʪʠʢʘʣʽ. 
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6,80

2

671,3

2

871,4

'

22

2222

0
f

ll

arctg

yx

w

 (2.3) 

ɼʝ   ʧʦʣʝ ʟʦʨʫ ʆʉ ʧʦ ʛʦʨʠʟʦʥʪʘʣʽ.

 
ʈʦʟʨʘʭʫʻʤʦ ʜʽʘʤʝʪʨ ʘʧʝʨʪʫʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ 

ʯʠʩʣʦʚʦʾ ʘʧʝʨʪʫʨʠ ʽ ʟʥʘʯʝʥʥʷ ʢʫʪʦʚʦʛʦ ʦʪʚʦʨʫ[18]. 

 
08.0

108.42

106.01280

2 6

6

=
ÖÖ

ÖÖ
=

Ö

Ö
=

-

-

x

x
ʦʙ

l

N
NA

l

 (2.4) 

ɼʝ ὔὃ̏  ̂ï ʯʠʩʣʦʚʘ ʘʧʝʨʪʫʨʘ ʦʙô̒ ʢʪʠʚʘ, ‗ ï ʦʩʥʦʚʥʘ ʜʦʚʞʠʥʘ ʭʚʠʣʽ. 

 ¯== 5.4)arcsin(0 ʦʙNAs  (2.5) 

ɼʝ „- ʢʫʪ ʧʘʜʽʥʥʷ ʧʨʦʤʽʥʥʷ ʚʽʜ ʚʠʩʦʪʠ ʚʭʽʜʥʦʾ ʟʽʥʠʮʽ ʜʦ ʮʝʥʪʨʘ ʤʘʪʨʠʮʽ ʥʘ 

ʬʦʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. 

ɿʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʜʦʚʽʣʴʥʠʡ ʜʽʘʤʝʪʨ ʚʭʽʜʥʦʾ ʟʽʥʠʮʽ 

ʦʙô̒ ʢʪʠʚʘ. 

 ʤʤtgtgfD ʦʙʦʙ 7.12)5.4(3.802)('2 0 =¯ÖÖ=ÖÖ= s  (2.6) 

 

2.2.1 ɺʠʙʽʨ ʢʦʤʧʦʥʝʥʪʽʚ ʆʉ 

 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʦʙʠʨʘʻʤʦ ʦʙô̒ ʢʪʠʚ ʽʟ ʢʘʪʘʣʦʛʫ Zemax ʜʣʷ ʥʘʰʦʛʦ 

ʤʘʪʨʠʯʥʦʛʦ ʬʦʪʦʧʨʠʡʤʘʯʘ. ɿʘ ʦʩʥʦʚʫ ʙʝʨʝʤʦ ʘʭʨʦʤʘʪʠʟʦʚʘʥʫ ʩʢʣʝʡʢʫ ʟ ʜʽʘʤʝʪʨʦʤ 

ʚʭʽʜʥʦʾ ʟʽʥʠʮʽ D = 25 ʤʤ, ʟʘʜʥʴʦʶ ʬʦʢʫʩʥʦʶ ʚʽʜʩʪʘʥʥʶ fô = 100ʤʤ ʽ ʥʘʩʪʫʧʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. 

ʊʘʙʣʠʮʷ 2.1. ʇʘʨʘʤʝʪʨʠ ʆʉ ʘʭʨʦʤʘʪʠʟʦʚʘʥʘ ʩʢʣʝʡʢʘ 
 

ˉ ʧʦʚʝʨʭʥʽ ʈʘʜʽʫʩ, ʤʤ ʊʦʚʱʠʥʘ, ʤʤ ʩʢʣʦ ɺʠʩʦʪʘ, ʤʤ 
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1 62.440 4.2 ɹʂ7 12.5 

2 -42.050 2.5 ʉʌ2 12.5 

3 -131.830   12.5 

ɼʣʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʽ ʦʙô̒ ʢʪʠʚʘ ʙʫʚ 

ʚʠʢʦʥʘʥ ʧʝʨʝʨʘʭʫʥʦʢ  ʟʘ ʬʦʨʤʫʣʦʶ. ʂʦʝʬʽʮʽʻʪ ʧʝʨʝʨʘʭʫʥʢʫ ʆʉ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʥʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ. 

 100

80

'

'
==

ʦʙ

ʦʩ

f

f
K

 (2.7) 

ɼʝ Ὢᴂ̏ ̒ï ʧʦʪʨʽʙʥʘ ʟʘʜʥʷ ʬʦʢʫʩʥʘ ʚʽʜʩʘʥʴ, Ὢᴂ̏  ̂ï ʟʘʜʥʷ ʬʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ 

ʦʙô̒ ʢʪʠʚʫ ʟ ʢʘʪʘʣʦʛʫ.  

ʇʽʩʣʷ ʯʦʛʦ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʦʧʪʠʤʽʟʘʮʽʷ ʧʝʨʝʨʘʭʦʚʘʥʦʾ ʦʧʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʚ 

ʨʝʟʫʣʴʘʪʽ ʷʢʦʾ ʙʫʣʠ ʦʪʨʠʤʘʥʘ ʆʉ ʟ ʜʽʘʤʝʪʨʦʤ ʚʭʽʜʥʦʾ ʟʽʥʠʮʽ D = 25ʤʤ ʟʘʜʥʴʦʶ 

ʬʦʢʫʥʩʥʦʶ ʚʽʜʩʪʘʥʥʶ fô = 80ʤʤ ʽ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʊʘʙʣʠʮʷ 2.2. ʇʘʨʘʤʝʪʨʠ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʆʉ ʘʭʨʦʤʘʪʠʟʦʚʘʥʘ ʩʢʣʝʡʢʘ 
 

ˉ ʧʦʚʝʨʭʥʽ ʈʘʜʽʫʩ, ʤʤ ʊʦʚʱʠʥʘ, ʤʤ ʩʢʣʦ ɺʠʩʦʪʘ, ʤʤ 

1 53.114 3.38 ɹʂ7 11 

2 -33.071 2 ʉʌ2 11 

3 -94.791 50.081  11 

 

 

ʈʠʩʫʥʦʢ 2.1 ʆʉ ʧʽʩʣʷ ʧʝʨʝʨʘʭʫʥʢʫ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʙʣʦʢʫ ʦʙô̒ ʢʪʠʚ-ʢʘʤʝʨʘ. 

ɸʙʝʨʘʮʽʡʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʧʝʨʝʨʘʭʦʚʘʥʦʾ ʪʘ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʆʉ ʥʘ ʦʩʥʦʚʽ 

ʘʭʨʦʤʘʪʠʟʦʚʘʥʦʾ ʩʢʣʝʡʢʠ. 
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ɺʠʭʽʜʥʽ ʜʘʥʥʽ: 

¶ ʂʫʪʠ ʧʦʣʷ ʟʦʨʫ: 0, 0.5, 1, 1.5, 2.18 ʛʨʘʜʫʩʽʚ. 

¶ ɼʦʚʞʠʥʠ ʭʚʠʣʴ Fô, eô, Cô. 

 

ʈʠʩʫʥʦʢ 2.2 ʊʦʯʢʦʚʘ ʜʽʘʛʨʘʤʘ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʆʉ ʦʙô̒ʢʪʠʚʘ. 

 

ʈʠʩʫʥʦʢ 2.3 ʈʦʟʨʽʟ ʬʫʥʢʮʽʾ ʨʦʟʩʽʶʚʘʥʥʷ ʪʦʯʢʠ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʆʉ ʦʙô̒ʢʪʠʚʘ. 
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2.2 ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʢʫʣʷʨʫ 

 

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʻ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: 

¶ ɼʠʩʧʣʝʡ Hicenda 0.5 inch AMOLED Micro display 

¶ ʂʽʣʴʢʽʩʪʴ ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 

1280=XM  

960=YM  

¶ ʈʦʟʤʽʨ ʤʽʢʨʦʜʠʩʧʣʝʶ 0.5ò 

)(14.10 ʤʤXMD=  

)(644.7 ʤʤYMD=  

¶ ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʦʢʘ ʣʶʜʠʥʠ ʨʘʜR 0003.0'1==a  

ʈʦʟʤʽʨ ʚʠʧʨʦʤʽʥʶʶʯʦʛʦ ʝʣʝʤʝʥʪʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ. 

 
)(9.7 ʤʢʤ

M

X
x

X

MD
d ==

 (2.8) 

 
)(9.7 ʤʢʤ

M

Y
y

Y

MD
d ==

 (2.9) 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʨʦʟʤʽʨʘ ʧʽʢʩʝʣʷ ʦʪʨʠʤʘʵʤʦ ʬʦʢʫʩʥʫ ʚʽʜʩʪʘʥʴ ʦʢʫʣʷʨʘ. 

 
ʤʤ

ʤʤ

tg

y
f

R

d
MD 3.26

0003.0

0079.0

)(
===

a  (2.10) 

ɼʝ   ï ʢʫʪ ʬʦʢʘʣʴʥʦʶ ʚʽʜʩʪʘʥʥʶ ʦʢʫʣʷʨʘ ʜʦ ʧʨʦʤʝʥʷ ʚʽʜ ʦʩʽ ʜʦ ʚʝʨʭʥʴʦʾ 

ʪʦʯʢʠ ʧʽʢʩʝʣʷ 

ʈʦʟʥʘʭʫʥʦʢ ʧʦʣʷ ʟʦʨʫ ʦʢʫʣʷʨʘ 
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MD
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Ö
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2
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 (2.11) 
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 ;3.8
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ɼʝ ȟ  ï ʧʦʣʝ ʟʦʨʫ ʦʢʫʣʷʨʘ ʧʦ ʛʦʨʠʟʥʦʪʘʣʴʥʽʡ ʽ ʚʝʨʪʽʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʤ, 

ὢ ȟὣ  ï ʨʦʟʤʽʨʠ ʜʠʩʧʣʝʷ, Ὢ  ï ʬʦʢʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʦʢʫʷʣʨʘ. 

ʇʦʣʝ ʟʦʨʫ ʦʢʫʣʷʨʘ ʧʦ ʜʽʘʛʦʥʘʣʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ. 
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  (2.14) 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʦʙʠʨʘʻʤʦ ʦʢʫʣʷʨ ʜʣʷ ʤʽʢʨʦʜʠʩʧʣʝʶ ʟ ʟʘʜʥʴʦʶ 

ʬʦʢʫʩʥʦʶ ʚʽʜʩʪʘʥʥʶ fô=25 ʤʤ. 

ʊʘʙʣʠʮʷ 2.3. ʆʢʫʣʷʨ ʟ ʚʽʜʜʘʣʝʥʥʦʶ ʟʽʥʠʮʝʶ 
 

ˉ ʧʦʚʝʨʭʥʽ ʈʘʜʽʫʩ, ʤʤ ʊʦʚʱʠʥʘ, ʤʤ ʩʢʣʦ ɺʠʩʦʪʘ, ʤʤ 

1 -33.27 2.5 ʌ3  

 

 

14.3 

2 24.92 13.5 ʂ8 

3 -24.92 0.2  

4 41.69 11.5 ʂ8 

5 -21.8 2 ʌ3 

6 -108.6 0.2  

7 33.270 6 ʂ8 13.1 

 8 -108.6   
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ʈʠʩʫʥʦʢ 2.4 ʉʭʝʤʘ ʦʢʫʣʷʨʘ ʟ ʚʽʜʜʘʣʝʥʦʶ ʟʽʥʠʮʝʶ 

ʊʘʙʣʠʮʷ 2.4. ʇʘʨʘʤʝʪʨʠ ʦʢʫʣʷʨʘ ʟ ʚʽʜʜʘʣʝʥʥʦʶ ʟʽʥʠʮʝʶ 

ʇʦʟʥʘʯʝʥʥʷ SF SôFô w2  ʇɼD  L D 1D  3d  6d  

2Y-F25 -7.3 23.4 50° 23.5 35.9 28.6 26.2 0.2 0.2 

 

 

 

ʈʠʩʫʥʦʢ 2.5 ʊʦʯʢʦʚʘ ʜʽʘʛʨʘʤʘ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʆʉ ʦʢʫʣʷʨʘ ʟ ʚʽʜʜʘʣʝʥʥʦʶ ʟʽʥʠʮʝʶ. 
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ʈʠʩʫʥʦʢ 2.6 ɼʠʩʪʦʨʩʽʷ ʦʢʫʣʷʨʘ ʟ ʚʽʜʜʘʣʝʥʥʦʶ ʟʽʥʠʮʝʶ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʧʦʣʝʤ 

ʟʦʨʫ 25°. 

 

ʈʠʩʫʥʦʢ 2.7 ʂʨʠʚʠʟʥʘ ʧʦʣʷ ʪʘ ʘʩʪʠʛʤʘʪʠʟʤ ʦʢʫʣʷʨʘ ʟ ʚʽʜʜʘʣʝʥʥʦʶ ʟʽʥʠʮʝʶ ʟ 

ʤʘʢʩʠʤʘʣʴʥʠʤ ʧʦʣʝʤ ʟʦʨʫ 25°. 
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2.3. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʦʧʪʠʯʥʦʛʦ 

ʧʨʠʮʽʣʫ 

 

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʢʦʤʧ'ʶʪʝʨʥʦ-ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʩʪʨʽʣʝʮʴʢʦʛʦ 

ʧʨʠʮʽʣʫ ʻ ʜʚʘ ʚʫʟʣʠ, ʘ ʩʘʤʝ ʦʙôʻʢʪʠʚ-CMOS ʤʘʪʨʠʮʷ ʪʘ ʤʽʢʨʦʜʠʩʧʣʝʡ ï ʦʢʫʣʷʨ. 

ʇʨʦʤʽʞʥʦʶ ʣʘʥʢʦʶ ʤʽʞ ʟʯʠʪʫʚʘʥʥʷʤ ʦʧʪʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʟ CMOS ʤʘʪʨʠʮʽ ʽ ʚʠʚʦʜʦʤ 

ʾʾ ʥʘ ʝʢʨʘʥ ʷʚʣʷʻ ʩʦʙʦʶ ʤʽʢʨʦʧʨʦʮʝʩʩʦʨ ʥʘ ʙʘʟʽ ARM cortex-A ʘʨʭʽʪʝʢʪʫʨʠ[19]. 

ʄʽʢʨʦʧʨʦʮʝʩʩʦʨ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʮʠʬʨʦʚʫ ʦʙʨʦʙʢʫ ʟʦʙʨʘʞʝʥʥʷ, ʚʠʚʽʜ ʜʦʜʘʪʢʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʜʠʩʧʣʝʡ ʟ ʜʘʪʯʠʢʽʚ, ʦʙʨʦʙʢʘ ʚʟʘʻʤʦʜʽʾ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ɺʫʟʦʣ ʦʙô̒ ʢʪʠʚ-ʩʝʥʩʦʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʭʨʦʤʘʪʠʟʦʚʘʥʦʾ ʩʢʣʝʡʢʠ ʟ ʟʘʜʥʴʦʶ 

ʬʦʢʫʩʥʦʶ ʚʽʜʩʪʘʥʥʶ 80 ʤʤ, ʚʭʽʜʥʦʶ ʟʽʥʠʮʝʶ 20ʤʤ ʽ CMOS ʩʝʥʩʦʨʘ AR0130CS ʚʽʜ 

Onsemi ʟ ʬʦʨʤ ʬʘʢʪʦʨʦʤ 1/3ôô, ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 1280x960, ʜʠʥʘʤʽʯʥʠʤ 

ʜʽʘʧʘʟʦʥʦʤ 82ʜɹ  ̔ʥʘʩʪʫʧʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.  

ʊʘʙʣʠʮʷ 2.5. ʇʘʨʘʤʝʪʨʠ ʜʘʪʠʯʢʫ ʟʦʙʨʘʞʝʥʥʷ Onsemi AR0130CS[20] 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ʌʦʨʤʘʪ ʜʘʪʠʯʢʫ ʟʦʙʨʘʞʝʥʥʷ 1/3ôô (6 ʤʤ) 

ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ 1280 (H) x 960 (V)  = 1.2 Mp 

ʈʦʟʤʽʨ ʧʽʢʩʝʣʷ 3.75 ʤʢʤ 

ʄʘʩʠʚ ʢʦʣʴʦʨʦʚʠʭ ʬʽʣʴʪʨʽʚ ʄʦʥʦʭʨʦʤʥʠʡ, RGB ʬʽʣʴʪʨ ɹʘʻʨʘ 

ʊʠʧ ʟʘʪʚʦʨʘ ɽʣʝʢʪʨʦʥʥʠʡ ʧʦʩʣʽʜʦʚʥʠʡ ʟʘʪʚʦʨ 

ʄʘʢʩʠʤʘʣʴʥʘ ʢ-ʪʴ ʢʘʜʨʽʚ ʚ ʩʝʢʫʥʜʫ 

1.2Mp 

720p 

VGA (ʧʦʚʥʝ ʧʦʣʝ ʟʦʨʫ) 

VGA (ʟʤʝʥʰʝʥʝ ʧʦʣʝ ʟʦʨʫ) 

800x800 

 

45 fps 

60 fps 

45 fps 

60 fps 

60 fps 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ-ʰʫʤ, SNR 44 ʜɹ 
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ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ 82 ʜɹ 

ʉʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 270 ʤɺʪ (1280 x 720 60 fps) 

ʈʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ (ʦʪʦʯʝʥʥʷ) ɺ̔ ʜ -30°ʉ ʜʦ +70Áʉ 

 ɼʦʚʞʠʥʘ ʚʫʟʣʘ ʦʙô̒ ʢʪʠʚ-cʝʥʩʦʨ ʩʢʣʘʜʘʻ 56,44 ʤʤ ʚ ʜʦʚʞʠʥʫ ʽ 22 ʤʤ ʚ ʜʽʤʘʪʨʽ 

ʫ ʥʘʡʰʠʨʰʽʡ ʪʦʯʮʽ. 

 

ʈʠʩʫʥʦʢ 2.8 ʆʧʪʠʯʥʘ ʩʭʝʤʘ ʚʫʟʣʘ ʦʙô̒ ʢʪʠʚ-ʢʘʤʝʨʘ. 

 

ɺʫʟʦʣ ʜʠʩʧʣʝʡ-ʦʢʫʣʷʨ ʩʢʣʘʜʘʻʪʴ ʟ ʤʽʢʨʦʜʠʩʧʣʝʶ ʟ ʦʢʫʣʷʨʫ ʟ ʚʽʜʜʘʣʝʥʦʶ 

ʟʽʥʠʮʝʶ 2Y-F25 ʟ ʬʦʢʫʩʥʦʶ ʚʽʜʩʪʘʥʥʶ 25 ʤʤ ʽ ʧʦʣʝʤ ʟʦʨʫ 50Á ʽ AMOLED ʜʠʩʧʣʝʶ 

ʚʽʜ Hicenda ʟ ʥʘʩʪʫʧʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʊʘʙʣʠʮʷ 2.5. ʇʘʨʘʤʝʪʨʠ ʤʽʢʨʦʜʠʩʧʣʝʶ Hicenda 0.5 inch AMOLED Micro display[21] 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ɼʽʘʛʦʥʘʣʴ ʜʠʩʧʣʝʷ 0.5ôô (13 ʤʤ) 

ʈʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, RGB 1280 (H) x 960 (V)  = 1.2 Mp 

ʈʦʟʤʽʨ ʧʽʢʩʝʣʷ 7.9 ʤʢʤ 

ʂʦʣʽʨʥʠʡ ʧʨʦʩʪʽʨ, ʚʭʽʜ RGB 24-bit 

YCbCr 24-bit 

 YCbCr 16-bit 

ʗʩʢʨʘʚʽʩʪʴ, ʢʜ/ʤ
2
   




















































































































































