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HARMONICS - DAMAGE FROM THEIR 

PRESENCE IN ELECTRICAL NETWORKS 1 
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Abstract: The report presents the possible damages from the presence of harmonics in the electrical networks- 

from what is generated, how and on which elements in the networks affect the impact. It is shown that their thermal effect 

and their direct impact in the form of electromagnetic interference. They cause current and voltage distortion at a 

frequency multiple of the mains supply frequency. This leads to a deterioration in the quality of electricity supplied to 

consumers. Some other problems often occur in their operation. 

 

Keywords: harmonic, total harmonic distortion, thermal impact, power factor, telecommunication interference 

 

ɺʒɺɽɼɽʅʀɽ 

ɻʦʣʷʤʘ ʯʘʩʪ ʦʪ ʢʦʥʩʫʤʘʪʦʨʠʪʝ ʚ ʝʣʝʢʪʨʠʯʝʩʢʠʪʝ ʤʨʝʞʠ ʧʨʠʪʝʞʘʚʘʪ ʥʝʣʠʥʝʡʥʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʅʘʡ-ʯʝʩʪʦ ʪʦʚʘ ʙʠʚʘʪ: ʯʝʩʪʦʪʥʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘ ʨʘʟʣʠʯʥʠ ʟʘʜʚʠʞʚʘʥʠʷ ʠ 
ʤʝʭʘʥʠʟʤʠ uninterruptible power supply - UPS; ʠʥʚʝʨʪʦʨʠ; ʚʩʠʯʢʠ ʚʠʜʦʚʝ ʘʜʘʧʪʝʨʠ, ʜʨʘʡʚʝʨʠ ʠ 
ʝʣʝʢʪʨʦʥʥʠ ʟʘʭʨʘʥʚʘʥʠʷ; ʠ ʜʨʫʛʠ. ɺʩʠʯʢʠ ʪʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʝʜʥʘ ʥʝ ʤʘʣʢʘ ʠ ʥʝʠʟʙʝʞʥʘ ʯʘʩʪ ʦʪ 
ʝʣʝʢʪʨʠʯʝʩʢʠʪʝ ʢʦʥʩʫʤʘʪʦʨʠ ʚ ʥʘʰʝʪʦ ʝʞʝʜʥʝʚʠʝ. ɺʟʝʪʠ ʟʘʝʜʥʦ ʪʝ ʭʘʨʤʦʥʠʯʥʦ ʥʘʪʦʚʘʨʚʘʪ 
ʤʨʝʞʘʪʘ (Website ï wikibooks, 2016.).  ɸ ʠʤʝʥʥʦ ï ʚʥʘʩʷʪ ʩʤʫʱʝʥʠʷ ʚ ʥʝʷ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʪʝ 
ʧʨʝʯʘʪ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʚʠʜʦʚʝ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʠ ʢʦʥʪʨʦʣʥʠ ʩʨʝʜʩʪʚʘ.  

 

ʀɿʃʆɾɽʅʀɽ 

ʍʘʨʤʦʥʠʮʠʪʝ ʧʨʠʯʠʥʷʚʘʪ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʪʦʢʘ, ʨʝʩʧʝʢʪʠʚʥʦ ʩʧʘʜʦʚʝ ʥʘ ʥʘʧʨʝʞʝʥʠʝʪʦ, ʚ 
ʩʲʧʨʦʪʠʚʣʝʥʠʷʪʘ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʠʪʝ ʚʝʨʠʛʠ. ʊʝ ʩʝ ʥʘʩʣʘʛʚʘʪ ʚʲʨʭʫ ʩʠʥʫʩʦʠʜʘʪʘ ʥʘ 
ʟʘʭʨʘʥʚʘʱʦʪʦ ʥʘʧʨʝʞʝʥʠʝ ʠ ʜʝʬʦʨʤʠʨʘʪ ʩʠʥʫʩʦʠʜʘʣʥʘʪʘ ʤʫ ʬʦʨʤʘ. ʊʦʚʘ ʚʦʜʠ ʜʦ ʚʣʦʰʘʚʘʥʝ 
ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʘʪʘ ʝʥʝʨʛʠʷ ʧʦʜʘʚʘʥʘ ʢʲʤ ʧʦʪʨʝʙʠʪʝʣʠʪʝ, ʢʦʝʪʦ ʯʝʩʪʦ ʚʦʜʠ ʜʦ 
ʨʝʜʠʮʘ ʧʨʦʙʣʝʤʠ ʧʨʠ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʠʤ (Research of harmonicpollution in electrical power 

networks, 2016) . 

ʊʦʚʘ ʠʟʢʨʠʚʷʚʘʥʝ ʥʘ ʪʦʢʘ ʠ ʥʘʧʨʝʞʝʥʠʝʪʦ ʝ ʩ ʯʝʩʪʦʪʘ ʢʨʘʪʥʘ ʥʘ ʯʝʩʪʦʪʘʪʘ ʥʘ ʤʨʝʞʦʚʦʪʦ 
ʟʘʭʨʘʥʚʘʥʝ (ʟʘ ɹʲʣʛʘʨʠʷ ʪʦʚʘ ʝ 50Hz). ʅʘ ʧʨʘʢʪʠʢʘ ʩʝ ʦʢʘʟʚʘ, ʯʝ ʥʘʡ-ʚʨʝʜʥʠ ʩʘ 
Ăʟʘʤʲʨʩʷʚʘʥʠʷʪʘò ʚʥʝʩʝʥʠ ʦʪ ʥʝʯʝʪʥʠʪʝ ʭʘʨʤʦʥʠʮʠ (ʪʨʝʪʠ, ʧʝʪʠ, ʩʝʜʤʠé). ʅʘ ʬʠʛ. 1 ʝ 
ʧʦʢʘʟʘʥʘ ʛʨʘʬʠʢʘ ʢʘʢ ʩʝ ʧʨʦʤʝʥʷ ʬʦʨʤʘʪʘ ʥʘ ʟʘʭʨʘʥʚʘʱʦʪʦ ʥʘʧʨʝʞʝʥʠʝ ʩʧʨʷʤʦ ʦʩʥʦʚʥʘʪʘ 
ʢʦʤʧʦʥʝʥʪʘ ʦʪ ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʨʝʪʠ ʭʘʨʤʦʥʠʢ, ʘ ʥʘ ʬʠʛ. 2 ʝ ʧʦʢʘʟʘʥʘ ʛʨʘʬʠʢʘ ʩʘʤʦ ʥʘ ʚʝʯʝ 
ʧʨʦʤʝʥʝʥʘʪʘ ʤʫ ʬʦʨʤʘ. ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʧʦʢʘʟʚʘʪ, ʯʝ ʠʤʝʥʥʦ ʪʨʝʪʠʷ ʭʘʨʤʦʥʠʢ ʚʥʘʩʷ ʥʘʡ-ʛʦʣʝʤʠ 

ʠʟʢʨʠʚʷʚʘʥʠʷ. ɺʣʠʷʥʠʝʪʦ ʥʘ ʦʩʪʘʥʘʣʠʪʝ ʥʝʯʝʪʥʠ ʭʘʨʤʦʥʠʮʠ ʦʪʥʦʚʦ ʝ ʩʲʱʝʩʪʚʝʥʦ, ʥʦ ʥʝ ʝ ʩ 
                                                 
1 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʚ ʩʝʢʮʠʷ ɽʣʝʢʪʨʦʪʝʭʥʠʢʘ, ʝʣʝʢʪʨʦʥʠʢʘ ʠ 
ʘʚʪʦʤʘʪʠʢʘ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ: ʍɸʈʄʆʅʀʎʀ ï ɺʈɽɼʀ ʆʊ ʅɸʃʀʏʀɽʊʆ ʀʄ ɺ 
ɽʃɽʂʊʈʀʏɽʉʂʀʊɽ ʄʈɽɾʀ. 
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ʪʘʢʘʚʘ ʟʥʘʯʠʪʝʣʥʘ ʩʠʣʘ. ʅʠʚʦʪʦ ʥʘ ʭʘʨʤʦʥʠʮʠʪʝ ʩʝ ʜʘʚʘ ʚ ʧʨʦʮʝʥʪʠ. ʊʫʢ ʩʝ ʚʲʚʝʞʜʘ: ʪʦʪʘʣʥʦ 
ʭʘʨʤʦʥʠʯʥʦ ʠʟʢʨʠʚʷʚʘʥʝ ( ʥʘ ʘʥʛʣ. total harmonic distortion - THD). ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʪʦ ʩʝ 
ʨʘʟʛʣʝʞʜʘʪ ʢʘʪʦ THDU (ʬʦʨʤʫʣʘ 1) ʠ THDI (ʬʦʨʤʫʣʘ 2). ʀʣʠ  ʠʟʢʨʠʚʷʚʘʥʝ ʧʦ ʥʘʧʨʝʞʝʥʠʝ ʠ 
ʪʦʢ. ʂʦʣʢʦʪʦ ʧʦ-ʚʠʩʦʢ ʝ ʧʨʦʮʝʥʪʘ ʥʘ ʭʘʨʤʦʥʠʯʥʦ ʠʟʢʨʠʚʷʚʘʥʝ, ʪʦʣʢʦʚʘ ʟʘʤʲʨʩʷʚʘʥʝʪʦ ʠ 
ʨʝʩʧʝʢʪʠʚʥʦ ʥʘʪʦʚʘʨʚʘʥʝʪʦ ʥʘ ʤʨʝʞʘʪʘ ʝ ʧʦ-ʛʦʣʷʤʦ. 

 

 
ʌʠʛ. 1. ɺʣʠʷʥʠʝ ʥʘ ʪʨʝʪʠ ʭʘʨʤʦʥʠʢ  ʚʲʨʭʫ ʩʠʥʫʩʦʠʜʘʪʘ ʥʘ ʟʘʭʨʘʥʚʘʱʦʪʦ ʥʘʧʨʝʞʝʥʠʝ 

 

 4($ В 5қ5 Ȣ ρππϷ (1) 

 4($ В )қ) Ȣ ρππϷ (2) 

 

ʅʘʣʠʯʠʝʪʦ ʥʘ ʪʝʟʠ ʚʠʩʦʢʠ ʯʝʩʪʦʪʠ (ʥʘʜ 50Hz) ʚʥʝʩʝʥʠ ʦʪ ʭʘʨʤʦʥʠʮʠʪʝ ʚʦʜʷʪ ʜʦ 
ʟʥʘʯʠʪʝʣʥʘ ʧʨʦʤʷʥʘ ʚ ʝʬʝʢʪʠʚʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʠʪʝ ʚʝʣʠʯʠʥʠ: ʢʘʧʘʮʠʪʝʪ, 
ʠʥʜʫʢʪʠʚʥʦʩʪ, ʠʥʧʝʜʘʥʩ. ʆʪ ʪʫʢ ʠ ʩʠʣʥʦ ʩʝ ʚʣʠʷʝ ʥʦʤʠʥʘʣʥʦʪʦ ʥʘʧʨʝʞʝʥʠʝ ʧʨʠ ʠʤʧʫʣʩʥʠʪʝ 
ʟʘʭʨʘʥʚʘʥʠʷ. ɺʨʝʜʠʪʝ ʧʨʠʯʠʥʝʥʠ ʦʪ ʭʘʨʤʦʥʠʮʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʚ ʜʚʝ ʦʩʥʦʚʥʠ ʛʨʫʧʠ. 
ɺʨʝʜʠ ʩʚʲʨʟʘʥʠ ʩ: ʪʝʨʤʠʯʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʠʣʠ ʤʝʭʘʥʠʯʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʠ ʜʠʨʝʢʪʥʦ ʚʣʠʷʥʠʝ 
(Magazine Engineering Review, 2014).  

  

 
ʌʠʛ. 2. ɺʣʠʷʥʠʝ ʥʘ ʪʨʝʪʠ ʭʘʨʤʦʥʠʢ ʚʲʨʭʫ ʩʠʥʫʩʦʠʜʘʪʘ ʥʘ ʟʘʭʨʘʥʚʘʱʦʪʦ ʥʘʧʨʝʞʝʥʠʝ 

 

ʇʲʨʚʘ ʛʨʫʧʘ ï ʚʨʝʜʠ ʧʨʠʯʠʥʝʥʠ ʦʪ ʪʝʨʤʠʯʥʦ ʚʲʟʜʝʡʩʪʚʠʝ. ʊʝ ʩʝ ʷʚʷʚʘʪ ʥʘʡ-ʯʝʩʪʦ ʢʘʪʦ 
ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʚ: ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ; ʪʦʢʦʧʨʦʚʦʜʠʤʠʪʝ ʠ ʪʦʢʦʚʦʜʝʱʠ ʯʘʩʪʠ ʥʘ 
ʢʦʥʩʫʤʘʪʦʨʠʪʝ ï ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ, ʜʚʠʛʘʪʝʣʠ, ʛʝʥʝʨʘʪʦʨʠ. ʇʨʠʯʠʥʠʪʝ ʟʘ ʪʦʚʘ ʠʤ ʚʲʟʜʝʡʩʪʚʠʝ 
ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʩʣʝʜʥʠʪʝ (Mechanization, electrification and automation of mines.2010): 

- ʧʦʥʠʞʝʥ ʬʘʢʪʦʨ ʥʘ ʤʦʱʥʦʩʪʪʘ. ɺ ʥʝʩʠʥʫʩʦʠʜʘʣʥʠ ʩʠʩʪʝʤʠ ( ʢʘʢʚʠʪʦ ʩʘ ʪʝʟʠ ʩ ʥʘʣʠʯʠʝ 
ʥʘ ʭʘʨʤʦʥʠʮʠ) ʬʘʢʪʦʨʘ ʥʘ ʤʦʱʥʦʩʪʪʘ ʥʝ ʝ ʨʘʚʝʥ ʥʘ ÃÏÓ •. ʅʘ ʧʨʘʢʪʠʢʘ ʩʝ ʧʦʣʫʯʘʚʘ, ʯʝ ʧʨʠ 
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ʥʘʣʠʯʠʝ ʥʘ ʥʝʣʠʥʝʝʥ ʪʦʚʘʨ ʛʝʥʝʨʠʨʘʱ ʠʣʠ ʢʦʥʩʫʤʠʨʘʱ ʥʝʣʠʥʝʝʥ ʪʦʢ, ʧʲʣʥʠʷ ʬʘʢʪʦʨ ʥʘ 
ʤʦʱʥʦʩʪʪʘ ʱʝ ʙʲʜʝ ʚʠʥʘʛʠ ʧʦ-ʤʘʣʲʢ ʦʪ ÃÏÓ •. ʊʦʚʘ ʩʝ ʚʠʞʜʘ ʦʪ ʬʦʨʤʫʣʘ 3.  

 ὖὊ ÃÏÓ •ὍȢ ρ ὝὌὈ  (3) 

 

- ʧʨʝʪʦʚʘʨʚʘʥʝ ʥʘ ʥʫʣʝʚʠʷʪ ʧʨʦʚʦʜʥʠʢ ʚ ʤʦʥʦʬʘʟʥʠ ʤʨʝʞʠ. ʊʦʚʘ ʩʝ ʧʨʠʯʠʥʷʚʘ ʦʪʥʦʚʦ 
ʧʦʜ ʚʲʟʜʝʡʩʪʚʠʝ ʥʘ ʭʘʨʤʦʥʠʮʪʝ. ʊʝʟʠ, ʢʦʠʪʦ ʩʘ ʢʨʘʪʥʠ ʥʘ ʪʨʠ, ʦʙʨʘʟʫʚʘʪ ʩʠʩʪʝʤʠ ʩ ʥʫʣʝʚʘ 
ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ, ʢʦʠʪʦ ʩʝ ʛʝʥʝʨʠʨʘʪ ʝʜʠʥʩʪʚʝʥʦ ʧʨʠ ʤʦʥʦʬʘʟʥʠ ʢʦʥʩʫʤʘʪʦʨʠ. ɼʦʢʘʪʦ ʧʨʠ 
ʙʘʣʘʥʩʠʨʘʥʠ ʪʨʠʬʘʟʥʠ ʢʦʥʩʫʤʘʪʦʨʠ ʚʝʢʪʦʨʠʪʝ ʥʘ ʪʝʟʠ ʭʘʨʤʦʥʠʮʠ ʩʝ ʜʝʬʘʟʠʨʘʪ ʧʦ ʤʝʞʜʫ ʩʠ 
ʪʘʢʘ, ʯʝ ʚʟʘʠʤʥʦ ʩʝ ʠʟʨʘʚʥʷʚʘʪ. ɸ ʧʨʠ ʤʦʥʦʬʘʟʥʠʪʝ ʤʨʝʞʠ ʪʦʢʦʚʝʪʝ ʛʝʥʝʨʠʨʘʥʠ ʦʪ ʢʨʘʪʥʠʪʝ 
ʥʘ ʪʨʠ ʭʘʨʤʦʥʠʮʠ ʩʝ ʚʝʢʪʦʨʥʦ ʩʝ ʩʫʤʠʨʘʪ ʚ ʥʝʫʪʨʘʣʘʪʘ ʠ ʩʘ ʩ ʪʨʠʢʨʘʪʥʘ ʘʤʧʣʠʪʫʜʘ.  

- ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ (Magazine Engineering Review, 2007) ʚ ʤʘʛʥʠʪʦʧʨʦʚʦ-

ʜʠʪʝ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʤʘʰʠʥʠ. ʄʘʛʥʠʪʥʠʷʪ ʭʠʩʪʝʨʝʩʠʩ ʟʘ ʪʝʟʠ ʤʘʰʠʥʠ ʩʝ ʧʦʚʠʰʘʚʘ, ʪʲʡ ʢʘʪʦ 
ʪʦʢʦʚʝʪʝ ʩ ʚʠʩʦʢʘ ʯʝʩʪʦʪʘ ʧʨʠʯʠʥʝʪʠ ʦʪ ʭʘʨʤʦʥʠʮʠʪʝ ʟʘʚʠʰʘʚʘʪ ʟʘʛʫʙʠʪʝ ʦʪ ʚʠʭʨʦʚʠ ʪʦʢʦʚʝ. 
ʊʝʟʠ ʟʘʛʫʙʠ ʟʘʚʠʩʷʪ ʦʪ ʢʚʘʜʨʘʪʘ ʥʘ ʝʬʝʢʪʠʚʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʪʦʢʘ (ʪ.ʝ. ʦʪ ʭʘʨʤʦʥʠʮʠʪʝ). 
ʇʦʚʠʰʘʚʘʪ ʩʝ ʠ ʜʠʝʣʝʪʨʠʯʥʠʪʝ ʟʘʛʫʙʠ, ʩʪʨʘʥʠʯʝʥ ʝʬʝʢʪ ʥʘʙʣʶʜʘʚʘʥ ʥʘʡ-ʚʝʯʝ ʧʨʠ 
ʢʦʥʜʝʥʟʘʪʦʨʠʪʝ. ʊʝʨʤʠʯʥʠʷʪ ʝʬʝʢʪ ʥʘ ʥʝʩʠʥʫʩʦʠʜʘʣʝʥ ʧʝʨʠʦʜʠʯʝʥ ʪʦʢ I ʝ ʩʫʤʘ ʦʪ ʪʝʨʤʠʯʥʠʪʝ 
ʝʬʝʢʪʠ ʥʘ ʚʩʝʢʠ ʦʪ ʭʘʨʤʦʥʠʮʠʪʝ ï ʬʦʨʤʫʣʘ 4. 

 Ὅ Ὑ Ὅ Ὑ Ὅ Ὑ Ễ Ὅ Ὑ  (4) 

 

ʀʟʨʘʟʝʥʦ ʩ ʛʦʣʝʤʠʥʘʪʘ ʥʘ ʟʘʭʨʘʥʚʘʱʦʪʦ ʥʘʧʨʝʞʝʥʠʝ ï ʬʦʨʤʫʣʘ 5. 
 ὟὙ ὸ ὟὙ ὸ ὟὙ ὸ Ễ ὟὙ ὸ (5) 

 

- ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʟʘʛʫʙʠʪʝ ʚ ʧʨʦʚʦʜʥʠʮʠʪʝ. ɼʲʣʞʠ ʩʝ ʦʪʥʦʚʦ ʥʘ ʚʠʩʦʢʘʪʘ ʯʝʩʪʦʪʘ ʥʘ 
ʪʦʢʦʚʝʪʝ ʧʨʦʪʠʯʘʱʠ ʧʨʝʟ ʪʷʭ.(Comparative analysis of harmonic distortions from variable 

frequency induction motor drives, 2013) ɽʬʝʢʪʘ ʢʦʡʪʦ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʝ ʥʘʨʠʯʘ ï ʧʦʚʲʨʭʥʦʩʪʝʥ 
ʩʢʠʥ ʝʬʝʢʪ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʝʬʝʢʪʠʚʥʦ ʮʷʣʦʪʦ ʩʝʯʝʥʠʝ ʥʘ ʧʨʦʚʦʜʥʠʢʘ, 
ʩʲʨʮʝʚʠʥʘʪʘ ʦʩʪʘʚʘ ʥʝʠʟʧʦʣʟʚʘʝʤʘ. 

ɺʪʦʨʘ ʛʨʫʧʘ ï ʜʠʨʝʢʪʥʦ ʚʣʠʷʥʠʝ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ ʩʤʫʰʝʥʠʷ. ʊʝ ʦʪ ʩʚʦʷ 
ʩʪʨʘʥʘ ʠʣʠ ʩʝ ʛʝʥʝʨʠʨʘʪ ʦʪ ʧʦʣʦʞʝʥʠ ʚ ʙʣʠʟʦʩʪ ʩʠʣʦʚʠ ʢʘʙʝʣʠ ʠʣʠ ʩʝ ʧʨʝʜʘʚʘʪ ʚ ʤʨʝʞʠʪʝ ʪʠʧ 
TN-C. ʊʘʢʲʚ ʧʠʪ ʩʘ ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʤʨʝʞʠʪʝ ʚ ɹʲʣʛʘʨʠʷ ʠ ʪʝʥʜʝʥʮʠʷʪʘ ʝ ʜʘ ʩʝ ʧʨʝʤʠʥʘʚʘ ʢʲʤ 
TT. ʇʨʝʚʝʥʮʠʷ ʢʲʤ ʛʝʥʝʨʠʨʘʥʝʪʦ ʦʪ ʩʲʩʝʜʥʠ ʢʘʙʝʣʠ ʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ 
ʢʘʙʝʣʠ, ʢʦʠʪʦ ʩʘ ʩʥʘʙʜʝʥʠ ʩ ʝʢʨʘʥʠ, ʠʣʠ ʧʦʥʝ ʝʢʨʘʥʥʘ ʦʧʣʝʪʢʘ. ʉʲʱʦ ʩʠʣʦʚʠʪʝ ʢʘʙʝʣʠ ʜʘ ʙʲʜʘʪ 
ʝʢʨʘʥʠʨʘʥʠ ʠ ʟʘʟʝʤʝʥʠ ʚ ʜʚʘʪʘ ʩʠ ʢʨʘʷ, ʠʣʠ ʜʘ ʩʘ ʧʦʩʪʘʚʝʥʠ ʚ ʤʝʪʘʣʥʠ ʪʨʲʙʠ, ʢʦʠʪʦ ʩʲʱʦ ʜʘ ʩʘ 
ʟʘʟʝʤʝʥʠ ʚ ʜʚʘʪʘ ʩʠ ʢʨʘʷ ʠ ʜʨ. ɼʦʢʘʪʦ ʧʨʠ ʩʤʫʱʝʥʠʷʪʘ ʧʦʨʦʜʝʥʠ ʚ ʤʨʝʞʠʪʝ TN-C ʩʤʫʱʝʥʠʷʪʘ 
ʩʝ ʧʦʨʘʞʜʘʪ ʦʪ ʭʘʨʤʦʥʠʮʠʪʝ ʠ ʪʦʢʦʚʝʪʝ ʦʪ ʪʷʭ ʧʨʦʪʠʯʘʱʠ ʚ PEN ʧʨʦʚʦʜʥʠʢʘ. ʊʘʤ ʧʨʦʪʠʯʘʪ 
ʝʜʥʠ ʧʘʨʘʟʠʪʥʠ ʪʦʢʦʚʝ, ʢʦʠʪʦ ʢʦʥʩʫʤʘʪʦʨʠʪʝ ʩʠ ʧʨʝʜʘʚʘʪ ʧʦ ʤʝʞʜʫ, ʩʠ ʠ ʧʨʝʯʘʪ ʥʘ ʚʩʷʢʘʢʲʚ 
ʚʠʜ ʢʦʤʫʥʠʢʘʮʠʠ. ɿʘ ʪʦʚʘ ʝ ʚʘʞʥʦ ʧʨʝʚʘʥʪʠʚʥʦ ʢʲʜʝʪʦ ʧʦʟʚʦʣʷʚʘ ʪʝʟʠ ʤʨʝʞʠ ʜʘ ʙʲʜʘʪ 
ʟʘʟʝʤʝʥʠ ʩ ʮʝʣ ʧʦʥʠʞʘʚʘʥʝ ʥʘ ʧʦʪʝʥʮʠʘʣʘ ʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʪʝʟʠ ʪʦʢʦʚʝ. ʊʦʟʠ ʚʠʜ ʚʣʠʷʥʠʝ ʤʦʞʝ 
ʜʘ ʜʦʚʝʜʝ ʜʦ ʨʘʟʩʪʨʦʡʚʘʥʝ ʥʘ ʨʝʣʝʡʥʠʪʝ ʟʘʱʠʪʠ, ʪʦʚʘ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʜʘ ʜʦʚʝʜʝ ʜʦ ʛʦʣʝʤʠ 
ʧʦʨʘʞʝʥʠʷ ʠ ʘʚʘʨʠʠ.  

ɼʨʫʛʦ ʠʥʪʝʨʝʩʥʦ ̫ ʚʣʝʥʠʝ ʝ ʨʝʟʦʥʘʥʩʲʪ ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ ʭʘʨʤʦʥʠʮʠ. ʊʦʡ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʠ 
ʧʘʨʘʣʝʣʥʦ ʩʚʲʨʟʚʘʥʝ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪ, ʢʘʧʘʮʠʪʝʪ, ʘʢʪʠʚʝʥ ʪʦʚʘʨ ʠ ʠʟʪʦʯʥʠʢ ʥʘ ʥʘʧʨʝʞʝʥʠʝ. 
ʈʝʘʣʥʦ ʠʥʜʫʢʪʠʚʥʦʩʪʪʘ ʠʣʠ ʥʘ ʧʨʘʢʪʠʢʘ ʙʦʙʠʥʘʪʘ ʠʤʘ ʘʢʪʠʚʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ, ʥʦ ʚ ʩʨʘʚʥʝʥʠʝ 
ʩ ʠʥʜʫʢʪʠʚʥʦʩʪʪʘ L, ʢʦʷʪʦ ʪʷ ʛʝʥʝʨʠʨʘ ʝ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʢʦ  ʟʘ ʪʦʚʘ ʥʝ ʩʝ ʨʘʟʛʣʝʞʜʘ ʠ 
ʧʨʝʩʤʷʪʘ. ʀʜʝʥʪʠʯʥʘ ʝ ʩʠʪʫʘʮʠʷʪʘ ʠ ʩ ʢʘʧʘʮʠʪʝʪʘ ʠʣʠ ʥʘ ʧʨʘʢʪʠʢʘ ʢʦʥʜʝʥʟʘʪʦʨʘ; ʘʢʪʠʚʥʦʪʦ 
ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʧʨʘʢʪʠʢʘ ʢʦʥʩʫʤʘʪʦʨ ʩ ʯʠʩʪʦ ʘʢʪʠʚʝʥ ʭʘʨʘʢʪʝʨ (Magazine Engineering 

Review, 2014). 
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ʇʨʠ ʜʘʜʝʥʘ ʯʝʩʪʦʪʘ, ʨʝʟʦʥʘʥʩʥʘʪʘ ʯʝʩʪʦʪʘ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʪʘ ʠ ʢʘʧʘʮʠʪʝʪʘ ʩʘ ʨʘʚʥʠ. 
ʇʦʣʫʯʘʚʘ ʩʝ ʪʘʢʘ ʥʘʨʝʯʝʥʠʷ ʧʘʨʘʣʝʣʝʥ ʨʝʟʦʥʘʥʩ ʠʣʠ ʥʘʨʠʯʘʥ ʦʱʝ ʘʥʪʠ-ʨʝʟʦʥʘʥʩ. ʀ ʪʘʢʘ ʧʦ 
ʦʪʥʦʰʝʥʠʝ ʥʘ ʟʘʭʨʘʥʚʘʥʝʪʦ ʪʘʟʠ LC ʛʨʫʧʘ ʩʪʘʚʘ ʩ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦ-ʛʦʣʷʤʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ.  

ʇʨʠ ʯʝʩʪʦʪʘ ʥʘ ʥʝʣʠʥʝʡʥʠʪʝ ʪʦʢʦʚʝ ʙʣʠʟʢʘ ʜʦ ʪʘʟʠ ʥʘ ʘʢʪʠʚʥʠʷ ʪʦʚʘʨ, ʪʦʡ ʱʝ ʩʲʟʜʘʜʝ 
ʛʦʣʷʤ ʧʘʜ ʥʘ ʥʘʧʨʝʞʝʥʠʝ ʚ ʪʦʯʢʘʪʘ ʤʫ ʥʘ ʧʨʠʩʲʝʜʠʥʷʚʘʥʝ. ʊʦʚʘ ʙʠ ʜʦʚʝʣʦ ʜʦ ʦʛʨʦʤʥʦ 
ʠʟʢʨʠʚʷʚʘʥʝ ʥʘ ʥʘʧʨʝʞʝʥʠʝʪʦ ʥʘ ʠʟʪʦʯʥʠʢʘ ʩʲʩ ʩʲʦʪʚʝʪʥʦ ʥʝʛʘʪʠʚʥʠʪʝ ʧʦʩʣʝʜʩʪʚʠʷ ʦʧʠʩʘʥʠ 
ʧʦ-ʛʦʨʝ ʚ ʩʪʘʪʠʷʪʘ.  

 

ʀɿɺʆɼʀ  
ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦʩʪʘʚʝʥʠʪʝ ʚʠʩʦʢʠ ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʝʣʝʢʪʨʦʩʥʘʙʜʷʚʘʥʝʪʦ 

ʚ ʜʥʝʰʥʦ ʚʨʝʤʝ ʠ ʧʦʜʦʙʨʷʚʘʥʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʧʨʠ ʝʞʝʜʥʝʚʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ ʥʘ 
ʠʥʩʪʘʣʘʮʠʠʪʝ ʩʝ ʧʨʝʜʣʘʛʘʪ ʨʝʜʠʮʘ ʨʝʰʝʥʠʷ ʢʘʪʦ: ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʭʘʨʤʦʥʠʮʠʪʝ ʧʦ ʪʦʢ ʢʘʢʪʦ ʠ 
ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʩʤʫʱʝʥʠʷʪʘ ʚ ʟʘʭʨʘʥʚʘʱʦʪʦ ʥʘʧʨʝʞʝʥʠʝ ʧʦʨʦʜʝʥʠ ʦʪ ʪʷʭ. ɿʘ ʪʘʟʠ ʮʝʣ ʝ 
ʧʨʝʧʦʨʲʯʠʪʝʣʥʦ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʪʝʭʥʠʯʝʩʢʠ ʩʨʝʜʩʪʚʘ ʟʘ ʩʤʝʢʯʘʚʘʥʝ, ʘ ʧʦ ʚʲʟʤʦʞʥʦʩʪ ʠ 
ʝʣʠʤʠʥʠʨʘʥʝ, ʥʘ ʥʝʠʤʝʥʫʝʤʦ ʧʦʨʦʜʠʣʠʪʝ ʩʝ ʭʘʨʤʦʥʠʯʥʠ ʟʘʤʲʨʩʷʚʘʥʠʷ.  

ɺ ʧʨʦʪʠʚʝʥ ʩʣʫʯʘʡ ʘʢʦ ʥʝ ʩʝ ʚʟʠʤʘʪ ʥʠʢʘʢʚʠ ʤʝʨʢʠ ʟʘ ʢʦʤʧʝʥʩʠʨʘʥʝ ʠ ʝʣʠʤʠʥʠʨʘʥʝ ʥʘ 
ʧʦʷʚʠʣʠʪʝ ʩʝ ʭʘʨʤʦʥʠʮʠ ʚ ʝʣʝʢʪʨʦʩʥʘʙʜʠʪʝʣʥʘʪʘ ʤʨʝʞʘ, ʪʦ ʟʘʛʫʙʠʪʝ ʱʝ ʙʲʜʘʪ ʛʦʣʝʤʠ. ʂʘʢʪʦ 
ʪʝʟʠ ʥʘ ʧʨʦʠʟʚʝʜʝʥʘ ʠ ʥʝʝʬʝʢʪʠʚʥʦ ʠʟʧʦʣʟʚʘʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʠʷ, ʘ ʠ ʪʝʟʠ ʦʪ ʧʦʷʚʠʣʠ ʩʝ 
ʧʨʦʙʣʝʤʠ ʠ ʜʝʬʝʢʪʠ ʚ ʝʣʝʢʪʨʦʦʙʟʘʚʝʞʜʘʥʝʪʦ.  
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Abstract: The usage of drones in the industry, research and hobby has increased during the last years. In the world 

of academia (that includes this project) quadcopters present a perfect test bench for a research. Many fields like robotics 

and automatics use them to solve some specific problems. The research area of quadrotors is toward the implementation 

of new control techniques, new control and machine learning algorithms. Autonomous drones are the main trend in 

modern research area. To be able to implement this sophisticated algoritms, a more computation intensive hardware is 

nesesery with as small as possible form-factor. This project sets its objectives on the construction of a quadcopter using 

development board Rasberry pi 3B used as a companion computer and a flight controller (FC) at the same time. The 

implementation of a FC is on the basis of a sensor board Emlid Navio 2. The FC is implemented as a software process 

started in a real-time OS provided by the manufacturer of sensor board. At first a general look is taken to the parts that 

form the quadcopter, the construction of the system, the software components that are used to implement the flight 

controller and a free, open-source control ground station that is used to monitor the system. The configuration and testing 

of the proposed system capabilities is investigated in a real environment. In a conclusion it could be said that the system 

is stable, has smaller form-factor and has the ability to perform more complex tasks. 

Keywords: Quadcopters, Raspberry Pi, Emlid, companion computers, Mission Planner 

 

INTRODUCTION 

With the advancement of technology and reduced electronic device prices, it is becoming more 

and more common the use of these devices both for hobbyists and for professionals, often replacing 

the need of human labor (Azevedo, 2014). Between these devices, a group called quadcopters  is 

increasingly being the subject of studies and being used for many different kinds of tasks (Mapping 

& Surveying, Real estate photography, Disaster zone mapping, Crop spraying). They are a specific 

type of multirotor helicopters aircrafts with four rotors which generates lift with moving wings as 

opposed to fixed-wing aircrafts. In general, hobbyists use quadcopters for leisure purposes (e.g. 

aeromodelling) or simple experiments, like First-Person-View while flying through real-time video 

transmission (Iqbal, 2014). There are many commercial quadcopters on the market (DJI Phantom, 

Freefly Alta 8, Flyabilty Elios 2) with different sizes and capabilities but not all of them have a 

development features. In the world of academia quadcopters present a perfect test bench for a research 

and for study. To extend the capabilities of drone application in different areas some manufacturers 

of hardware and software components developed platforms which give the researchers possibilities 

to experiment with there algorithms. These kinds of platforms for example 

are the following:KIT-HGDRONEK66 (NXP Semiconductor,2021), QualcomFlightPro(Qualcomm 

DeveloperNetwork,2021),STMicroelectronicsdevelopmentkit(DigiKeyElectronics,2021),Humming-

bird quadrotorhelicopter (Researchgate,2021) andothers. Some of the platforms not only include 

controllers but integrate more sophisticated computers inside them. As for researchers, quadcopters 

                                                 
2 The paper is presented on 20.05.2021 in Student Sscientific Session Electrical Engineering, Electronics and Automation 

with original title DEVELOPMENT OF A QUADCOPTER BASED ON THE RASPBERRY PI PLATFORM. 

mailto:mdejanov@uni-ruse.bg
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might be used in many different kinds of tasks like autonomous product delivering or reaching special 

places to perform specific tasks (delivers consumer goods and foods,  fly over forest paths to look for 

fallen trees or lost hikers, fly in areas where a GPS signal is restricted such as inside and between 

buildings, mapping and photogrammetry). The óheartô is a device that is capable of handling both 
flight stability and data exchange between it and a host, responsible for giving the flight guidelines 

or retrieving flight data. This thing is called flight controller (FC) and is the means by which a pilot 

controls the direction and altitude of an aircraft in flight. Primary flight controls are required to safely 

control an aircraft during flight. The controllers that are used with quadcopters are just as important 

as the quality and capabilities as the quadcopters themselves. Without a fly controller the quadcopter 

is practically useless. Lets give some examples of flight controllers: HOBBYPOWERKK2.15 

(HobbyKingOnline,2021),DJINAZA-MV2 (DJI-OfficialWebsite,2021), TauLabs Sparky 2.0 32bit 

Flight Controller (HobbyKingOnline,2021) and more. The possibilities of using some advanced 

features in quadcopters is restricted to only stabilize the system in the environment and give 

possibilities to the flight pilot to operate it. If we want some kind of more sophisticated features, like 

autonomity, or the quadcopter to perform more complex tasks, the usage of flight controller only is 

not enough. Flight controlers are a special kind of controllers that are dedicated to specific task ï 

impement the stability of the quadrotor.  Types of computers named ñcompanionò computers are used 
in a combination with FC to perform more complex tasks. These computers can be in addition to the 

flight controller hardware or can be implemented in a single platform (if the FC is implemented by 

software). As a rule of thumb ñcompanionò computes are development platforms with hardware 
enhancements and with a small form-factor appropriate for solving more complex tasks (ODroid, 

Arduino family, NVidia TX1, Raspberry Pi). They have in most cases operation system (OS) that is 

Linux based, so the advanced algorithms can run in an appropriate environment. Vision and 

navigation algorithms are the most popular once used in this area. On the other hand there are many 

ready to use vision and navigation algorithm implementations for the Linux platforms. A kind of 

system like those mentioned above is a Raspberry Pi development board. This platform, combined 

with the sensor board Navio2 implements a flight controller. The flight controller is a software proess 

that runs in a multitask operating system. It occupies less space then the standard flight controllers 

with companion computers and the communication between companion computer and FC is quicker 

because they reside on the same operating system and share the same memory. 

 

EXPOSITION 

Development of a quadcopter system - Hardware 

This article will be focused on the construction of a quadcopter using Rasberry pi (Fig.1) and 

Emlid Navio 2 (Fig.2). The company called Emlid creates an autopilot board (similar to more 

common boards like Pixhawk or APM) with all its features (IMU, preasure sensors, pwm input and 

output ports, etc.) but with the flexibility of software implemented autopilot started on a computer 

with a Linux like OS. The software is started on a Linux like OS called ñRaspbianò that is modified 
by the manufacturer of sensor board ñNavio2ò with the addition of real-time capability. The paper 

focuses on the construction of a quadcopter with the two boards. 

The Raspberry Pi is a low cost, small sized computer and is a little device that enables people 

explores computing capabilities. Itôs like a computer and has more intensive computation capabilities 
than a standard microcontroller. As a rule of thumb the FC are made by the microcontrollers with the 

reduced capabilities and inability to start parallel proesses. 
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Fig.1 Image of Rasberry Pi 3 

The Navio2 Autopilot Kit for Rasberry Pi 2/3 is designed both to your own custom robotic 

projects and as a platform for Linux version of APM (Ardupilot) Navio2 eliminates the need in 

multiple controllers onboard making development easier and increasing robustness. It provides all 

sensors for creating a powerfull flight controller with a Raserry Pi running PX4 software: dual IMU 

(inertial measurement unit) for orientation and motion sensing, a barometer for precise altitude 

control , GNSS (Global Navigation Satellite System) receiver for GPS  positioning and extension 

ports  (UART) for telemetry radio. 

 

                                                 Fig.2 Image of Emlid Navio 2 

Furthermore, this combination provides compatibility for Robot Operating System (ROS). This 

hardware is the lightest and most compact stack for our application. This combination Navio2 

mounted on a Rasberry Pi is not only used as a FC but is also used as a Companion Computer capable 

of completing more complex tasks. 

    
                                          

 

Fig.5 Racerstar BR2212 1000KV 2-
4S Brushless Motor For RC Models 

Fig.4 Readytosky S500 
Quadcopter Frame Stretch 

Fig.6 2/4/6pcs RC ESC 30A    

Brushless Speed Control 2S                
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Other hardware components that are used in the project include: Drone frame by Readytosky 
S500 Quadcopter Frame shown on fig. 3, 4 brushless motors by Racerstar BR2212 1000KV 2-4S fig. 
5, 4 speed controllers RC ESC 30A Brushless Speed Control 2S shown on fig. 6, a battery pack by 

ZIPPY Compact 2200mAh 3S 35C Lipo Pack shown on fig.7 and a telemetry receiver - Turnigy iA6C 
PPM/SBUS  8CH  2.5G  AFHDS 2A shown on fig.8. 

On Fig.10 all the components are mounted to the quadcopter frame. The arrows indicate the 

direction of rotation and the motors. The connection between Navio 2 board, battery and speed 

controllers and telemetry module is shown on fig.9.   

  

    Fig.9 The connection between components Fig.10 Quadcopter components mounted on the frame 

Development of a quadcopter system - Software 

As it is said in the paper the software installed on the raspberry pi is a modified version of 

ñRasbianò preinstalled with ArduPilot and ROS and also comes with DroneKit and GStreamer. These 
features made the preconfigured OS image a perfect development platform. Another point that must 

be noted is that the OS image provided by Emlid has a real-time kernel (PREEMPT_RT). The most 

important characteristic here is the max latency which indicates the longest time it might take your 

Raspberry Pi to respond to an event. It can be said that the kernel provides much lower latency using 

this kind of kernel and make it more suitable for usage in time-sensitive embedded systems like this. 

In the paper the program that acts as a FC is the open source autopilot software system called 

ArduPilot. The ArduPilot Project (Ardupilot developer guide) provides an advanced, full-featured 

and reliable autopilot capable of controlling autonomously different kinds of vehicles like airplanes, 

gliders, multirotor drones, helicopters, sailboats, powered boats, submarines, ground vehicles and 

even Balance-Bots. Here the autopilot is started as a program in a raspberry pi OS environment. 

Another thing that must be done before we can use the quadrotor is the possibility to connect to it. 

The emlid board has a build-in functionality to use standard RC radio modules. The raspberry pi has 

an embedded wifi module thath shoud be used to communicate with the quadrotor and to get the 

telemetry. There are two types of possible communications between the quadrotor and the user: the 

first is by using a standard WiFi router and another is to use the raspberry pi as an access point. In the 

Fig.7 ZIPPY Compact 2200mAh 3S 
35C Lipo Pack 

Fig.8 Turnigy iA6C PPM/SBUS  8CH  
2.5G  AFHDS 2A Telemetry Receiver 
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field it is better to use the second option because of the limited infrastructure. In the project the 

rapberry pi is made to be a WiFi access point and the telemtry can be obtained through it. The 

drawback of this kind of communication is high power consumption of the quadcopter which shortens 

the fly time of the drone but the main idea of the platform is for research purposes and the fly time is 

not of great importance. 

After the communication with the raspberry pi is insured the next step is to configure it to work 

like a quadcopter. This is done by using a ssh interface to the raspberry pi and after some provided 

by manufacturer commands that are given on the fig.11 the quadrotor is configured. It is important to 

make ardupilot to boot on start. The next important thing for quadcopter monitoring is to get the fly 

parameters by telemetry. All the information concerned to the fling vechicle is stored in the controller 

and can be obtained by the telemetry in real time or by history of the flight. The Ground Control 

Station (GCS) is a type of software that collects this kind of information and helps with the real time 

monitoring of the system. In this paper ñMission Plannerò software is used to monitor the quadrotor 
fig.12.  

 

Fig.11 Steps to configure the copter 

To be able to connect the quadcopter and the ñMission Plannerò the configurations in the text 
file ñarducopterò must be done. Here the telemetry IP and port must be provisioned. 

 

Fig.12 Image of Mission Planner 

When the configuration is finished, the quadcopter is started with the following command ñsudo 

systemctl start arducopterò. The beauty of Mission Planner is a huge amount of data you can extract 
from the flight history, so some graphs from the test flight are given in the fig. 13. 
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Fig.13 Image of Mission Planner 

CONCLUSION 

This paper sets its objectives on the construction of a quadcopter using development board 

Rasberry pi 3B used as a companion computer and a flight controller (FC) based on a sensor board 

Navio 2. The FC is implemented as a software process started in a real-time OS with a preempted 

kernel. The hardware and software components are presented. At first a general look is taken to the 

parts that form the quadcopter, the construction of the system, the software components that are used 

to implement the flight controller and software components used for monitoring and configuration 

called ground control station (GCS). The configuration and testing of the proposed system and its 

capabilities is investigated in a real environment. In the paper only FC capabilities are tested and the 

possibilities to implement some more advanced fetures. In a conclusion it could be said that the 

system is stable, has small form-factor and has the ability to perform more complex tasks. 
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Abstract: The paper reviews two types of thermal photovoltaic hybrid modules with liquid fluid ï a flat plate and 

a vacuum tube collector. Their possibilities to use in a located area in the continental climate region are analysed. The 

mean values of ambient and modules temperatures and solar irradiance are measured. The values of electrical energy 

efficiency of the chosen thermal photovoltaic modules are calculatted for measured temperatures. The results show an 

effective conversion of the solar energy.      

Keywords: Solar energy, Photovoltaic modules, Thermal photovoltaic hybrid modules, Flat plate collector, 

Vacuum tube collector, Energy efficiency 

 

 

ɺʒɺɽɼɽʅʀɽ 

ɽʬʝʢʪʠʚʥʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʣʲʥʯʝʚʘʪʘ ʝʥʝʨʛʠʷ ʤʦʞʝ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʯʨʝʟ ʧʦʜʭʦʜʷʱʠ 
ʪʝʭʥʠʯʝʩʢʠ ʨʝʰʝʥʠʷ. ʊʘʢʠʚʘ ʩʘ ʢʦʣʝʢʪʦʨʠʪʝ ʟʘ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʝʥʝʨʛʠʷʪʘ ʥʘ ʩʣʲʥʯʝʚʘʪʘ 
ʨʘʜʠʘʮʠʷ ʚ ʪʦʧʣʠʥʥʘ ʠʣʠ ʝʣʝʢʪʨʠʯʝʩʢʘ. ʇʨʦʠʟʚʝʞʜʘʪ ʩʝ ʠ ʢʦʤʙʠʥʠʨʘʥʠ ʧʨʝʦʙʨʘʟʫʚʘʪʝʣʠ - 

ʪʝʨʤʦʬʦʪʦʚʦʣʪʘʠʯʥʠ, ʢʦʠʪʦ ʩʲʯʝʪʘʚʘʪ ʩʚʦʡʩʪʚʘʪʘ ʥʘ ʜʚʘʪʘ ʦʩʥʦʚʥʠ ʚʠʜʘ ʢʦʣʝʢʪʦʨʠ. 
ʂʦʤʙʠʥʠʨʘʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʚʠʰʘʚʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʠ ʧʦʜʦʙʨʷʚʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ 
ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʝʣʝʤʝʥʪʠ ʯʨʝʟ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʘʙʦʪʥʘʪʘ ʠʤ ʪʝʤʧʝʨʘʪʫʨʘ (Tiwari, G. & Dubey, 

S., 2010). ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʫʜʲʣʞʘʚʘ ʝʢʩʧʣʦʘʪʘʮʠʦʥʥʠʷ ʠʤ ʩʨʦʢ. 
ʀʟʩʣʝʜʚʘʥʦ ʝ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʠʷ ʢ.ʧ.ʜ. ʥʘ ʜʚʘ ʚʠʜʘ ʢʦʣʝʢʪʦʨʠ - 

ʪʝʨʤʦʬʦʪʦʚʦʣʪʘʠʯʝʥ ʩ ʪʝʯʝʥ ʬʣʫʠʜ ʠ ʦʙʠʢʥʦʚʝʥ ʬʦʪʦʚʦʣʪʘʠʯʝʥ, ʟʘ ʪʠʧʠʯʝʥ ʣʝʪʝʥ ʧʝʨʠʦʜ, ʚ 
ʫʩʣʦʚʠʷʪʘ ʥʘ ʫʤʝʨʝʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʝʥ ʢʣʠʤʘʪ (Nicolov, M. & Koev, K., 2019). ʇʦʣʫʯʝʥʠʪʝ 
ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʢ.ʧ.ʜ. ʥʘ ʭʠʙʨʠʜʥʠʷ ʢʦʣʝʢʪʦʨ ʝ ʧʦ-ʛʦʣʷʤ ʦʪ ʪʦʟʠ ʥʘ ʦʙʠʢʥʦʚʝʥʠʷ 
ʬʦʪʦʚʦʣʪʘʠʯʝʥ, ʘ ʨʘʟʣʠʢʘʪʘ ʜʦʩʪʠʛʘ ʜʦ 1 %.  

ʉʲʚʨʝʤʝʥʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʪʝʨʤʦʬʦʪʦʚʦʣʪʘʠʯʝʥ ʧʘʥʝʣ ʩ ʚʘʢʫʫʤʥʠ ʪʨʲʙʠ ʠ ʪʝʯʝʥ ʬʣʫʠʜ, 
ʩ ʧʦʜʦʙʨʝʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʦʪ (Naked Energy).   

ɺ ʜʦʢʣʘʜʘ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʩʨʘʚʥʠʪʝʣʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʠʷ ʢ.ʧ.ʜ. ʥʘ 
ʪʝʨʤʦʬʦʪʦʚʦʣʪʘʠʯʥʠ ʢʦʣʝʢʪʦʨʠ ï ʩ ʠ ʙʝʟ ʚʘʢʫʫʤʥʠ ʪʨʲʙʠ. ɸʥʘʣʠʟʠʨʘʥʠ ʩʘ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ 
ʧʨʠʣʦʞʝʥʠʝ ʚ ʨʘʡʦʥ ʩ ʫʤʝʨʝʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʝʥ ʢʣʠʤʘʪ. 

 

 

                                                 
3 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʚ ʩʝʢʮʠʷ Ăɽʣʝʢʪʨʦʪʝʭʥʠʢʘ, 

ʝʣʝʢʪʨʦʥʠʢʘ ʠ ʘʚʪʦʤʘʪʠʢʘò ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ: ʉʈɸɺʅʀʊɽʃʅʆ ʀɿʉʃɽɼɺɸʅɽ ʅɸ 
ɽʃɽʂʊʈʀʏɽʉʂʀʊɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʅɸ ɼɺɸ ʊʀʇɸ ʊɽʈʄʆʌʆʊʆɺʆʃʊɸʀʏʅʀ ʂʆʃɽʂʊʆʈʀ. 

mailto:mitko0995@abv.bg
mailto:kkoev@uni-ruse.bg
https://www.worldcat.org/search?q=au%3ATiwari%2C+G.+N.&qt=hot_author
https://www.worldcat.org/search?q=au%3ADubey%2C+Swapnil.&qt=hot_author
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʪʝʨʤʦʬʦʪʦʚʦʣʪʘʠʯʥʠ ʢʦʣʝʢʪʦʨʠ  
ʀʟʩʣʝʜʚʘʥʠ ʩʘ ʜʚʘ ʢʦʣʝʢʪʦʨʘ ï ʧʣʦʩʲʢ ʧʦʣʠʢʨʠʩʪʘʣʝʥ ʢʦʤʙʠʥʠʨʘʥ, ʩ ʬʣʫʠʜ ʧʨʦʧʠʣʝʥ 

ʛʣʠʢʦʣ CPVT60P250 ï ʬʠʛ.1 (Crane Ltd.) ʠ ʩ ʚʘʢʫʫʤʥʠ ʪʨʲʙʠ Virtu PV/T vacuum  tube collector, 

ʬʠʛ.2  (Naked Energy).   

 
 

ʌʠʛ.1. ʂʦʥʩʪʨʫʢʮʠʷ ʥʘ ʪʝʨʤʦʬʦʪʦʚʦʣʪʘʠʯʝʥ ʧʘʥʝʣ ï ʦʙʱ ʚʠʜ: 1- ʬʦʪʦʚʦʣʪʘʠʯʝʥ ʤʦʜʫʣ 
(photovoltaic module - solar PV cells); 2 ï ʚʭʦʜ/ʠʟʭʦʜ ʟʘ ʬʣʫʠʜʘ (fluid inlet/outlet); 3 ï 

ʪʦʧʣʦʦʙʤʝʥʥʠʢ (heat exchanger - absorber); 4 ï ʘʣʫʤʠʥʠʝʚ ʛʨʲʙ (aluminium back); 5 ï 

ʪʦʧʣʦʠʟʦʣʘʮʠʷ (ʚʘʪʘ) (insulation (whole)); 6 ï ʘʣʫʤʠʥʠʝʚʘ ʨʘʤʢʘ (aluminium frame). 

 

ʊʦʧʣʦʬʠʟʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʣʦʩʢʠʷ ʢʦʣʝʢʪʦʨ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʨʘʙʦʪʘʪʘ ʤʫ ʠ 
ʧʨʠ ʥʠʩʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʝʟ ʟʠʤʥʠʷ ʧʝʨʠʦʜ (Nicolov, M. & Koev, K., 2019). ʊʘʢʠʚʘ ʩʘ 
ʢʣʠʤʘʪʠʯʥʠʪʝ ʫʩʣʦʚʠʷ ʠ ʥʘ ʨʘʟʛʣʝʞʜʘʥʠʷ ʨʘʡʦʥ. 

ʄʘʢʩʠʤʘʣʥʘʪʘ ʝʣʝʢʪʨʠʯʝʩʢʘ ʤʦʱʥʦʩʪ ʥʘ ʧʣʦʩʢʠʪʝ PV/T-ʧʘʥʝʣʠ ʝ 250 W, ʘ ʪʦʧʣʠʥʥʘʪʘ ï 

890 W. ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʪʝʟʠ ʠ ʜʨʫʛʠ ʧʦʢʘʟʘʪʝʣʠ ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʧʨʠ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʩʣʲʥʯʝʚʘʪʘ 
ʨʘʜʠʘʮʠʷ G = 1000 W/m2 ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ Ὕ = 25oC (Crane Ltd.). 

ɺʘʢʫʫʤʥʠʪʝ ʪʨʲʙʠ 2 ʥʘ ʪʝʨʤʦʬʦʪʦʚʦʣʪʘʠʯʥʠʷ ʧʘʥʝʣ (ʬʠʛ.2) ʩʘ ʠʟʨʘʙʦʪʝʥʠ ʦʪ 
ʙʦʨʦʩʠʣʠʢʘʪʥʦ ʩʪʲʢʣʦ. ʊʦ ʦʛʨʘʥʠʯʘʚʘ ʚ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʪʦʧʣʠʥʥʠʪʝ ʟʘʛʫʙʠ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. 
ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʢʦʣʝʢʪʦʨʲʪ ʜʘ ʨʘʙʦʪʠ ʧʨʠ ʧʦ-ʥʠʩʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʧʨʠ ʧʦ-ʛʦʣʷʤ ʠʥʪʝʨʚʘʣ ʥʘ 
ʠʟʤʝʥʝʥʠʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʚ ʩʨʚʘʥʝʥʠʝ ʩ ʜʨʫʛʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺʲʚ ʚʘʢʫʫʤʥʠʪʝ ʪʨʲʙʠ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠ ʤʦʥʦʢʨʠʩʪʘʣʥʠ ʬʦʪʦʚʦʣʪʘʠʯʥʠ 
ʝʣʝʤʝʥʪʠ ʚʲʚ ʚʠʜ ʥʘ ʣʝʥʪʠ, ʯʠʷʪʦ ʟʘʜʥʘ ʯʘʩʪ ʝ ʧʦʢʨʠʪʘ ʩʲʩ ʩʧʝʮʠʘʣʝʥ ʩʣʦʡ, ʢʦʡʪʦ ʦʛʨʘʥʠʯʘʚʘ 
ʟʘʛʫʙʠʪʝ ʥʘ ʝʥʝʨʛʠʷ. ʇʦʜ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʣʝʥʪʠ ʝ ʨʘʟʧʦʣʦʞʝʥ ʧʣʦʩʲʢ ʘʣʫʤʠʥʠʝʚ/ʤʝʜʝʥ 
ʘʙʩʦʨʙʝʨ ʟʘ ʘʢʫʤʫʣʠʨʘʥʝ ʥʘ ʪʦʧʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ. ɺ ʘʙʩʦʨʙʝʨʠʪʝ ʩʘ ʚʛʨʘʜʝʥʠ ʤʝʜʥʠ ʪʨʲʙʠʯʢʠ, 
ʚ ʢʦʠʪʦ ʧʨʦʪʠʯʘ ʬʣʫʠʜʲʪ, ʠ ʯʨʝʟ ʪʷʭ ʚʘʢʫʫʤʥʠʪʝ ʪʨʲʙʠ ʩʝ ʩʚʲʨʟʚʘʪ ʢʲʤ ʩʠʩʪʝʤʘʪʘ ʟʘ 
ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ ʪʦʧʣʠʥʥʘʪʘ. ʀʟʚʦʜʠʪʝ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʢʣʝʪʢʠ ʩʘ ʠʟʚʝʜʝʥʠ ʯʨʝʟ 
ʧʦʜʭʦʜʷʱ ʢʦʥʝʢʪʦʨ, ʙʣʠʟʦ ʜʦ ʤʝʜʥʠʪʝ ʪʨʲʙʠʯʢʠ. ʌʣʫʠʜʲʪ ʝ ʚʦʜʝʥ ʨʘʟʪʚʦʨ ʥʘ ʛʣʠʢʦʣ, ʩ ʦʙʝʤ 
ʟʘ ʝʜʥʘ ʚʘʢʫʫʤʥʘ ʪʨʲʙʘ 0,15 ǎ. ɸʢʦ ʤʦʜʫʣʲʪ ʩʝ ʩʲʩʪʦʠ ʦʪ 6 ʚʘʢʫʫʤʥʠ ʪʨʲʙʠ, ʦʙʱʠʷʪ ʦʙʝʤ ʥʘ 
ʬʣʫʠʜʘ ʚ ʩʠʩʪʝʤʘʪʘ ʝ 1,7 ǎ. 

 

https://en.wikipedia.org/wiki/Solar_cell
https://en.wikipedia.org/wiki/Heat_exchanger
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ʌʠʛ. 2. ʂʦʥʩʪʨʫʢʮʠʷ ʥʘ ʪʝʨʤʦʬʦʪʦʚʦʣʪʘʠʯʝʥ ʤʦʜʫʣ ʩ ʚʘʢʫʫʤʥʠ ʪʨʲʙʠ ï ʦʙʱ ʚʠʜ: 1- 

ʤʦʥʪʘʞʥʘ ʦʩʥʦʚʘ (montage base); 2 ï ʚʘʢʫʫʤʥʘ ʪʨʲʙʘ (vacuum  tube); 3 ï ʬʠʢʩʠʨʘʱ ʧʨʦʬʠʣ 
(fixing  profile); 4 ï ʦʛʨʘʞʜʘʱ ʝʣʝʤʝʥʪ (board element). 

 

ʄʘʢʩʠʤʘʣʥʘʪʘ ʪʦʧʣʠʥʥʘ ʤʦʱʥʦʩʪ ʥʘ ʢʦʣʝʢʪʦʨʠʪʝ ʩ ʚʘʢʫʫʤʥʠ ʪʨʲʙʠ ʝ 275 W, ʟʘ ʤʦʜʝʣ ʩ 
ʨʝʬʣʝʢʪʦʨ (PV/T), ʢʦʡʪʦ ʩʝ ʤʦʥʪʠʨʘ ʚʲʰʥʦ ʥʘʜʣʲʞʥʦ ʥʘ ʩʪʲʢʣʝʥʠʪʝ ʪʨʲʙʠ ʪʘʢʘ, ʯʝ ʜʘ ʥʝ 
ʟʘʩʝʥʯʚʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʢʣʝʪʢʠ, ʠ 215 W ʟʘ ʤʦʜʝʣ ʙʝʟ ʨʝʬʣʝʢʪʦʨ (PV/T HD). ɽʣʝʢʪʨʠʯʝʩʢʘʪʘ  

ʤʦʱʥʦʩʪ ʝ 70 W ʠ 55 W ʟʘ ʤʦʜʝʣ PV/T HD (Naked Energy UK).  

ʂʦʣʝʢʪʦʨʠʪʝ ʩ ʚʘʢʫʫʤʥʠ ʪʨʲʙʠ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʤʦʥʪʘʞ ʥʘ ʚʩʝʢʠ ʚʠʜ ʧʦʢʨʠʚ, ʘ ʩʲʱʦ 
ʚʝʨʪʠʢʘʣʥʦ ʥʘ ʬʘʩʘʜʠʪʝ ʥʘ ʩʛʨʘʜʠʪʝ. ɸʙʩʦʨʙʝʨʲʪ ʥʘ ʧʦ-ʤʦʱʥʠʷ ʤʦʜʝʣ, ʟʘʝʜʥʦ ʩ 
ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʢʣʝʪʢʠ, ʝ ʤʦʥʪʠʨʘʥ ʧʦʜ ʬʠʢʩʠʨʘʥ ʲʛʲʣ 35ʦ, ʘ ʟʘ ʜʨʫʛʠʷ ʤʦʜʝʣ PV/T HD ʝ 
ʧʨʝʜʚʠʜʝʥʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʨʦʤʷʥʘ ʲʛʲʣʘ ʥʘ ʘʙʩʦʨʙʝʨʘ: 20ʦ, 0ʦ ʠ -20ʦ. ʇʨʠ ʪʦʟʠ ʤʦʜʝʣ ʥʝ ʩʝ 
ʠʟʧʦʣʟʚʘ ʨʝʬʣʝʢʪʦʨ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʧʦ-ʧʣʲʪʥʦ ʧʦʜʨʝʞʜʘʥʝ ʥʘ ʚʘʢʫʫʤʠʪʝ ʪʨʲʙʠ ʠ 
ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʧʦʣʝʟʥʘʪʘ ʧʣʦʱ. ɼʚʘʪʘ ʚʠʜʘ ʢʦʣʝʢʪʦʨʠ ʩ ʚʘʢʫʫʤʥʠ ʪʨʲʙʠ, ʟʘ ʨʘʟʣʠʢʘ ʦʪ 
ʧʣʦʩʢʠʪʝ ʤʦʜʫʣʠ, ʥʝ ʠʟʠʩʢʚʘʪ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʢʣʝʪʢʠ, ʟʘʱʦʪʦ ʪʝ ʩʘ ʩ ʤʘʣʢʘ 
ʰʠʨʠʥʘ, ʠ ʥʷʤʘ ʦʧʘʩʥʦʩʪ ʦʪ ʟʘʩʝʥʯʚʘʥʝ.  
 

ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ PV/T-ʢʦʣʝʢʪʦʨʠ  
ʋʩʣʦʚʠʷʪʘ ʥʘ ʨʘʙʦʪʘ ʠ ʪʝʭʥʠʯʝʩʢʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʭʠʙʨʠʜʥʠʪʝ ʢʦʣʝʢʪʦʨʠ ʦʧʨʝʜʝʣʷʪ 

ʢʦʥʢʨʝʪʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʧʦʣʝʟʥʦ ʜʝʡʩʪʚʠʝ (ʢ.ʧ.ʜ.) ï ʦʙʱʠʷ, ʝʣʝʢʪʨʠʯʝʩʢʠʷ 
ʠ ʪʦʧʣʠʥʥʠʷ (Tiwari, G. & Dubey, S., 2010). ʂ.ʧ.ʜ. ʥʘ PV-ʤʦʜʫʣʠʪʝ –  ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ 
ʯʨʝʟ ʭʘʨʘʢʪʝʨʥʠ ʪʝʤʧʝʨʘʪʫʨʠ T ʧʦ ʬʦʨʤʫʣʘʪʘ: 

 –  – Ȣ ρ ‍ Ȣ Ὕ Ὕ , (1) –  - ʢ.ʧ.ʜ. ʥʘ PV-ʤʦʜʫʣʠʪʝ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʠ ʫʩʣʦʚʠʷ ï ʪʝʤʧʝʨʘʪʫʨaʪʘ ʥʘ ʤʦʜʫʣʠʪʝ Ὕ  ςυ̏˞ ʠ ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʩʣʲʥʯʝʚʘʪʘ ʨʘʜʠʘʮʠʷ Ὃ ρπππ ὡȾά ; Ὕ  ï ʪʝʤʧʝʨʘʪʫʨaʪʘ ʥʘ 
ʢʦʣʝʢʪʦʨʠʪʝ, ʧʨʠ ʢʦʥʢʨʝʪʥʠʪʝ ʫʩʣʦʚʠʷ, ʦʉ; ‍  ï ʪʝʤʧʝʨʘʪʫʨʥʠʷʪ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʢʦʣʝʢʪʦʨʠʪʝ, 
ʜʘʜʝʥ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, %/ ʦʉ.  

https://www.worldcat.org/search?q=au%3ATiwari%2C+G.+N.&qt=hot_author
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ʂʦʝʬʠʮʠʝʥʪʲʪ ‍  ʧʦʢʘʟʚʘ ʩ ʢʦʣʢʦ ʧʨʦʮʝʥʪʘ ʥʘʤʘʣʷʚʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʤʦʱʥʦʩʪʪʘ ʥʘ PV-

ʢʦʣʝʢʪʦʨʘ, ʧʨʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʤʫ ʩ 1 ʦʉ (Duffie, J. A. & Beckman, W. A., 2013, 

Tiwari, G. & Dubey, S., 2010).  

ʀʟʩʣʝʜʚʘʥʝʪʦ ʩʝ ʧʨʦʚʝʞʜʘ ʟʘ ʨʘʡʦʥʘ ʥʘ ʛʨ. ʈʫʩʝ, ʢʦʡʪʦ ʩʝ ʭʘʨʘʢʪʝʨʠʟʘʨʘ ʩ ʫʤʝʨʝʥʦ-

ʢʦʥʪʠʥʝʥʪʘʣʝʥ ʢʣʠʤʘʪ. ɿʠʤʥʠʷʪ ʧʝʨʠʦʜ ʝ ʩʪʫʜʝʥ, ʩ ʪʝʤʧʝʨʘʪʫʨʠ -20ʦʉ ʠ ʧʦ-ʥʠʩʢʠ. ʃʷʪʦʪʦ ʝ 
ʛʦʨʝʱʦ, ʩ ʪʝʤʧʝʨʘʪʫʨʠ (+20...+40)ʦʉ ʠ ʧʦ-ʚʠʩʦʢʠ (WeatherOnline). ʀʟʧʦʣʟʚʘʪ ʩʝ ʜʘʥʥʠʪʝ ʦʪ 
ʠʟʤʝʨʚʘʪʝʣʥʘ ʩʪʘʥʮʠʷ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʠʟʛʨʘʜʝʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʘ ʮʝʥʪʨʘʣʘ ʥʘ 
ʧʦʢʨʠʚʘ ʥʘ ʧʨʦʤʠʰʣʝʥ ʦʙʝʢʪ (SMA).  

ʊʝʤʧʝʨʘʪʫʨʠʪʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʥʘ ʪʝʨʤʦʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʤʦʜʫʣʠ, ʢʘʢʪʦ ʠ 
ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʩʣʲʯʥʝʚʘʪʘ ʨʘʜʠʘʮʠʷ, ʩʘ ʠʟʤʝʨʝʥʠ ʧʨʝʟ ʪʠʧʠʯʝʥ ʣʝʪʝʥ ʜʝʥ (11 ʶʣʠ). ʊʝʟʠ 
ʜʘʥʥʠ, ʟʘʝʜʥʦ ʩ ʜʦʧʲʣʥʠʪʝʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʢʘʪʘʣʦʟʠʪʝ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ (Naked Energy), ʩʝ 
ʠʟʧʦʣʟʚʘʪ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʢ.ʧ.ʜ. (ʝʣʝʢʪʨʠʯʝʩʢʠ) ʥʘ PV/T-ʢʦʣʝʢʪʦʨʘ ʩ ʚʘʢʫʤʥʠ 
ʪʨʲʙʠ ʧʦ ʬʦʨʤʫʣʘ (1). ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʢ.ʧ.ʜ. ʟʘ ʧʣʦʩʢʠʷ ʢʦʣʝʢʪʦʨ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ  (Nicolov, 

M. & Koev, K., 2019). ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʤʝʨʚʘʥʠʷʪʘ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛ.3, ʘ ʦʪ ʠʟʯʠʩʣʝʥʠʷʪʘ ï 

ʥʘ ʬʠʛ.4.  

 
 

ʌʠʛ.3. ʀʟʤʝʥʝʥʠʷ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʩʣʲʥʯʝʚʘʪʘ ʨʘʜʠʘʮʠʷ (G), ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʦʢʦʣʥʘʪʘ 
ʩʨʝʜʘ (ʊʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʘʥʝʣʠʪʝ (ʊm) ʧʨʝʟ 15 min ʟʘ ʪʠʧʠʯʝʥ ʣʝʪʝʥ ʜʝʥ. 

ʀʟʤʝʥʝʥʠʝʪʦ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʩʣʲʥʯʝʚʘʪʘ ʨʘʜʠʘʮʠʷ G ʥʘ ʬʠʛ.3 ʝ ʩ ʭʘʨʘʢʪʝʨʥʘ ʬʦʨʤʘ ʠ 
ʩʝ ʜʲʣʞʠ ʥʘ ʜʝʥʦʥʦʱʥʦʪʦ ʜʚʠʞʝʥʠʝ ʥʘ ɿʝʤʷʪʘ ʦʢʦʣʦ ʦʩʪʘ ʩʠ. ʇʦʜʦʙʥʠ ʩʘ ʠʟʤʝʥʝʥʠʷʪʘ ʥʘ 
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ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʥʘ ʤʦʜʫʣʠʪʝ Tm ʠ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ Tʘ. ʇʨʠʯʠʥʘʪʘ ʝ, ʯʝ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʩʝ 
ʦʧʨʝʜʝʣʷʪ ʦʪ ʠʥʪʝʥʟʠʪʝʪʘ G .  

ɺ ʠʟʤʝʥʝʥʠʷʪʘ ʥʘ ʚʝʣʠʯʠʥʠʪʝ, ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʬʠʛ.3, ʩʝ ʟʘʙʝʣʷʟʚʘʪ ʠ ʨʘʟʣʠʢʠ - ʚ 
ʘʤʧʣʠʪʫʜʠʪʝ, ʚ ʤʠʥʠʤʘʣʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʠ ʚ ʤʦʤʝʥʪʠʪʝ ʥʘ ʤʘʢʩʠʤʘʣʥʠʪʝ ʩʪʦʡʥʦʩʪʠ. 
ʊʝʤʧʝʨʘʪʫʨʥʠʪʝ ʤʘʢʩʠʤʫʤʠ ʩʘ ʨʝʛʠʩʪʨʠʨʘʥʠ ʧʦ-ʢʲʩʥʦ (Ăʠʟʦʩʪʘʚʘʪò) ʦʪ ʪʦʟʠ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ G, 

ʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠʪʝ ʥʝ ʩʧʘʜʘʪ ʜʦ 0, ʢʘʢʪʦ G.  Tʝʟʠ ʦʩʦʙʝʥʦʩʪʠ ʩʝ ʜʲʣʞʘʪ ʥʘ 
ʨʘʟʣʠʢʠʪʝ ʚ ʪʦʧʣʠʥʥʠʪʝ ʢʘʧʘʮʠʪʝʪʠ ʥʘ ʧʘʥʝʣʠʪʝ ʠ ʥʘ ʧʦʢʨʠʚa ʥʘ ʩʛʨʘʜʘʪʘ, ʚʲʨʭʫ ʢʦʡʪʦ ʪʝ ʩʘ 
ʤʦʥʪʠʨʘʥʠ. ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʢʘʧʘʮʠʪʝʪʠʪʝ ʩʘ ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʥʘ ʦʙʝʤʘ ʥʘ ʩʲʦʨʲʞʝʥʠʷʪʘ 
ʠ ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʪʝ ʤʘʪʝʨʠʘʣʠ. ʌʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʤʦʜʫʣʠ 
ʩʘ ʩ ʤʥʦʛʦ ʧʦ-ʤʘʣʢʠ ʨʘʟʤʝʨʠ ʠ ʦʙʝʤ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʙʝʤʘ ʥʘ ʚʲʟʜʫʭʘ ʚ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ, ʪ.ʝ. 
ʪʦʧʣʠʥʥʠʷʪ ʢʘʧʘʮʠʪʝʪ ʥʘ ʧʘʥʝʣʠʪʝ ʝ ʧʦ-ʤʘʣʲʢ ʦʪ ʪʦʟʠ ʥʘ ʚʲʟʜʫʭʘ. ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʩʢʦʨʦʩʪʪʘ 
ʥʘ ʠʟʤʝʥʝʥʠʝ ʠ ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʤʦʜʫʣʠʪʝ Tm ʩʘ ʧʦ-ʛʦʣʝʤʠ ʦʪ ʪʝʟʠ ʟʘ 
ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ Tʘ. ʇʨʠʯʠʥʠʪʝ ʩʘ ʪʲʤʥʠʷʪ ʮʚʷʪ ʥʘ ʬʦʪʦʚʦʣʪʘʠʯʥʠʪʝ ʢʣʝʪʢʠ 
ʥʘ ʢʦʣʝʢʪʦʨʠʪʝ ʠ ʛʦʣʝʤʠʷʪ ʠʤ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʧʦʛʣʲʱʘʥʝ ʥʘ ʩʣʲʥʯʝʚʘʪʘ ʨʘʜʠʘʮʠʷ (Duffie, J. A. 

& Beckman, W. A., 2013).  

                

 

ʌʠʛ.4. ʀʟʤʝʥʝʥʠʷ ʥʘ ʝʣʝʢʪʨʠʯʝʩʢʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ ʧʦʣʝʟʥʦ ʜʝʡʩʪʚʠʝ (ʢ.ʧ.ʜ.) ʥʘ PV/ʊ-

ʧʣʦʩʲʢ ʢʦʣʝʢʪʦʨ (– ) ʠ ʥʘ PV/T-ʢʦʣʝʢʪʦʨʠ ʩ ʚʘʢʫʫʤʥʠ ʪʨʲʙʠ (– ) ʧʨʝʟ 15 min ʟʘ ʪʠʧʠʯʝʥ 
ʣʝʪʝʥ ʜʝʥ 

 

ɸʥʘʣʠʟʲʪ ʥʘ ʛʨʘʬʠʢʠʪʝ ʥʘ ʬʠʛ.4 ʧʦʢʘʟʚʘ, ʯʝ ʝʣʝʢʪʨʠʯʝʩʢʠʷʪ ʢ.ʧ.ʜ. ʥʘ PV/T-ʧʣʦʩʢʠ 
ʢʦʣʝʢʪʦʨʠ, ʟʘ ʥʘʡ-ʛʦʨʝʱʠʪʝ ʯʘʩʦʚʝ ʦʪ ʣʝʪʥʠʷ ʧʝʨʠʦʜ ʥʘ ʛʦʜʠʥʘʪʘ, ʝ ʧʦ-ʤʘʣʲʢ ʩ (7,16,...,7,62) 
%, ʚ ʩʨʘʚʥʝʥʠʝ ʩ PV/T-ʢʦʣʝʢʪʦʨʠ ʩ ʚʘʢʫʫʤʥʠ ʪʨʲʙʠ. ʊʦʚʘ ʝ ʛʦʣʷʤʘ ʨʘʟʣʠʢʘ, ʢʦʷʪʦ ʟʘʚʠʩʠ ʦʪ 
ʤʝʪʝʦʨʦʣʦʛʠʯʥʠʪʝ ʫʩʣʦʚʠʷ ʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʩʨʘʚʥʷʚʘʥʠʪʝ ʤʦʜʫʣʠ. ɺ ʧʝʨʠʦʜʘ ʩ ʥʘʡ-

ʚʠʩʦʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʢ.ʧ.ʜ. ʟʘ ʜʚʘʪʘ ʚʠʜʘ ʢʦʣʝʢʪʦʨʠ ʝ ʥʘʡ-ʤʘʣʲʢ, ʥʦ ʧʨʠ PV/T-ʢʦʣʝʢʪʦʨʠ ʩ 
ʚʘʢʫʫʤʥʠ ʪʨʲʙʠ ʩʪʦʡʥʦʩʪʪʘ ʤʫ ʥʝ ʩʧʘʜʘ ʧʦʜ 20%. ʇʨʠ ʪʝʟʠ ʢʦʣʝʢʪʦʨʠ, ʧʦʣʫʯʝʥʘʪʘ ʪʦʧʣʠʥʥʘ 
ʝʥʝʨʛʠʷ ʦʪ ʩʣʲʥʯʝʚʘʪʘ ʨʘʜʠʘʮʠʷ ʝ ʧʦ-ʛʦʣʷʤʘ, ʢʦʝʪʦ ʧʦʚʠʰʘʚʘ ʦʙʱʠʷ ʢ.ʧ.ʜ. ʥʘ ʩʠʩʪʝʤʘʪʘ. ʊʦʡ 
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ʩʝ ʦʧʨʝʜʝʣʷ ʢʘʪʦ ʩʫʤʘ ʦʪ ʝʣʝʢʪʨʠʯʝʩʢʠʷ ʠ ʪʦʧʣʠʥʥʠʷ ʢ.ʧ.ʜ. ʥʘ PV/T-ʤʦʜʫʣʠʪʝ (Tiwari, G. & 

Dubey, S., 2010).  

 

ʀɿɺʆɼʀ  
ʍʠʙʨʠʜʥʠʪʝ PV/T-ʢʦʣʝʢʪʦʨʠ ʩ ʚʘʢʫʫʤʥʠ ʪʨʲʙʠ ʩʘ ʧʦ-ʧʦʜʭʦʜʷʱʠ ʦʪ PV/ʊ- ʧʣʦʩʢʠ 

ʧʘʥʝʣʠ, ʚ ʨʘʡʦʥ ʩ ʠʟʨʘʟʝʥ ʫʤʝʨʝʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʝʥ ʢʣʠʤʘʪ. ɽʜʥʘ ʦʪ ʧʨʠʯʠʥʠʪʝ ʝ, ʯʝ ʩʝ 
ʧʦʥʠʞʘʚʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ PV-ʝʣʝʤʝʥʪʠʪʝ, ʦʩʦʙʝʥʦ ʚ ʯʘʩʦʚʝʪʝ ʩ ʥʘʡ-ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 
ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʧʦʚʠʰʘʚʘ ʢ.ʧ.ʜ. ʥʘ ʪʝʟʠ ʝʣʝʤʝʥʪʠ ʠ ʩʝ ʩʲʟʜʘʚʘʪ ʫʩʣʦʚʠʷ ʟʘ 
ʧʦ-ʜʲʣʛ ʧʝʨʠʦʜ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ. ɽʣʝʢʪʨʠʯʝʩʢʠʷʪ ʢ.ʧ.ʜ. ʝ (20,74,..., 22,67) %, ʟʘ ʨʘʟʛʣʝʞʜʘʥʠʷ 
ʧʝʨʠʦʜ ʦʪ ʛʦʜʠʥʘʪʘ ʚ ʘʥʘʣʠʟʠʨʘʥʠʷ ʨʘʡʦʥ. ɼʨʫʛʠ ʧʨʠʯʠʥʠ ʟʘ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ PV/T- 

ʢʦʣʝʢʪʦʨʠ ʩ ʚʘʢʫʫʤʥʠ ʪʨʲʙʠ ʩʘ ʪʝʭʥʠʪʝ ʦʪʣʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʤʦʥʪʘʞ ʥʘ 
ʚʩʠʯʢʠ ʧʦʢʨʠʚʠ ʠ ʬʘʩʘʜʠ.  
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Abstract: Itôs inevitable to avoid risk when a company has to undertake significantly larger investment projects. 

For a business to grow, its financial decision-makers have to be very certain and confident in their judgment, skills, and 

knowledge. This paper affirms the need for financial analysis software in business and proposes a desktop software 

solution that can aid the education of financial decision-makers and others. The described software solution uses data 

analysis tools such as Pandas, NumPy, the Python programming language. It is designed to be used with large data set 

and provides an interactive financial analysis workplace with visual presentation. Such desktop software can also expose 

students of finances to the idea of managing and utilizing large investment data sets. 

Keywords: Efficiency, Investment, Capital Budgeting, Cash Flow, Net Preset Value, Internal Rate Of Return, 

Discounted Payback Period, Business Analysis, Large Data Set, Desktop Software Solution 

 

INTRODUCTION 

A company during its lifespan eventually has to consider undertaking large investment capital 

projects so that its business can grow and expand. Significant financial planning is required to make 

a well-informed decision about which projects to approve and pursue. The companyôs financial 
decision-makers have to determine the investment efficiency of capital projects. Therefore, it is 

important for financial decision-makers, such as investors and business analysts, to understand and 

apply the investment efficiency measurements that are part of the capital budgeting management 

process. 

What Is Capital Budgeting: Capital budgeting is a financial management tool that can be used 

to measure a projectôs potential risks and expected long-term return on investment. Companies must 

carefully consider the capital investment that a project requires and the amount of value expected to 

determine whether it is worth pursuing (Capital Budgeting: Definition, Importance and Different 

Methods, 2021). 

Why Is Capital Budgeting Important: It lowers the risk that a company takes after the 

projects it undertakes are done with the analysis capital budgeting process done and it will be possible 

to demonstrate that a project can be a worthwhile investment. The completed capital budgeting 

process provides a financial plan because it requires a significant amount of planning to understand 

how much money the firm needs for the investment. This helps clarify the investment decisions, 

which is essential for any successful company to know which projects to pursue now and which 

should be put on hold (Verbeck, 2020). 

Why Is Understanding Capital Budgeting Important To Business: Capital budgeting 

creates accountability and measurability of potential projects. Any business that seeks to invest in a 

                                                 
4 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʚ ʩʝʢʮʠʷ ʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʠ 

ʢʦʤʧʶʪʲʨʥʘ ʪʝʭʥʠʢʘ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ: ʆɹʋʏʀʊɽʃʅɸ ʉʀʉʊɽʄɸ ɿɸ ʆʇʈɽɼɽʃʗʅɽ 
ɽʌɽʂʊʀɺʅʆʉʊʊɸ ʅɸ ʀʅɺɽʉʊʀʎʀʀʊɽ. 
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project without understanding the risks and returns will be held as irresponsible by its shareholders. 

Furthermore, with no way of measuring effectiveness of investments, a business would have little 

chance of surviving in the competitive marketplace (Pinkasovitch, 2021). Therefore, financial 

decision-makers must learn and understand how to apply the capital budgeting measurement process 

to be confident in their decisions and demonstrate the effectiveness of investment. Creating an 

interactive software system to aid and ease their learning process will help them build the required 

confidence which will be of great benefit to any business. 

Relevance to Business Analytics: Business analysts have to use a set of software applications 

to build statistical models to make educated predictions about business problems. Such organizations 

collect and manage large sets of data that need to be analyzed. The business analytics process is a 

seven step process (Hargreaves, 2013). A software application can be created to assist analysts at step 

three (analyze) and step four (predict). A necessary requirement for such a software application is to 

operate on a large data set. Satisfying this requirement would allow such a system to be used by a 

business analyst or expose financial students to the idea of managing a large data set. 

Capital Budgeting Methods - Investment Efficiency Measurements: The three most 

commonly used capital budgeting valuation methods that can be used to determine whether a project 

is promising and worthwhile are: 

¶ Net present value (NPV) 

¶ Internal rate of return (IRR) 

¶ Discounted payback period (DPP) 

Businesses use these valuation methods to either accept or reject investment projects. The most 

favorable method among business analysts is the net present value (NPV), although the internal rate 

of return (IRR) and discounted payback period (DPP) are often used under certain circumstances. 

Financial decision-makers can have the most confidence in their analysis when all three methods 

indicate a positive value (Pinkasovitch, 2021). 

Net Present Value: The net present value (NPV) represents the difference between the present 

value of cash inflows and outflows. A positive NPV, means that a profit will be generated overtime, 

while a negative NPV means losing money. NPV can be calculated using the following formula (Net 

Present Value, 2020): 

 ὔὖὠ ὅρ ὶ ὅ  (1) 

where ὅ  - cash flow during the period t; ὅ  - total initial investment costs; r - discount rate;   t 

- number of time periods. 

Internal Rate Of Return: Calculation of internal rate of return (IRR) allows for an investment 

to see if it will be profitable without a discount rate. It is calculated by finding a rate at which NPV 

equals 0. Mathematically this looks like (Tamplin, 2021): 

 π ὔὖὠ ὅρ ὍὙὙ  ὅ  (2) 

where parameters are the same as in formula (1) except the rate r is now IRR. Calculation of 

such rate manually requires a lot of trial and error guesswork and even experience by the financial 

decision-maker. This can be avoided, if the software relieves the user from this guesswork. That way 

it will guarantee that a financial decision-maker knows the IRR measurement of investment. 

Discounted Payback Period: The payback period is a measurement that can estimate the 

length of time it takes for an investment to generate enough cash inflows to recover the initial 

investment. The ordinary payback period does not factor in the time value of money - preset value. 

However, similarly to NPV, the discounted period does. Therefore it is more accurate and it can be 

calculated using the following formula (Discounted Payback Period | Formula, Example, Analysis, 

Conclusion, n.d.): 
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 Ὀὖὖ ὡ ὄὊ (3) 

where ὡ - last period before the net discounted cash flow goes into investment recovery; ὄ - 

remaining balance of the initial investment to be recovered; Ὂ - Total amount of discounted cash 

flows after the recovery period. 

 

EXPOSITION  

Analysis Of Existing Software Solutions: An online search was concluded to discover 

existing capital budgeting solutions on the Internet. Only a few of them were able to simultaneously 

calculate the three common investment efficiency methods. Unfortunately, these systems were 

incomplete and lacking further explanation. Most other solutions that exist are specific to calculate 

only one of the efficiency methods at a time. All software solutions found were designed to calculate 

only a single investmentôs cash flows. Most of them share very similar characteristics such as: 

¶ They are designed for quick single use in an input form, built using web technologies 

(HTML, CSS, JavaScript or server-sided logic like PHP) 

¶ Some provide an explanation of the formula below the input form. 

¶ The forms provide fields for initial investment, discount rate, calculate button and 

buttons to add and remove periods. 

¶ Results display solely the measurement value with no way to compare more than one 

investment. 

These solutions are not advanced web systems that work with big data because they do not use 

the advanced software technologies to process big data (Stefanova and Draganov, 2019). They are 

clearly unsuitable for big data processing. The business analysis needs big data processing systems. 

Requirements And Goals: Based on the online search, such software application must adhere 

to the following requirements to be competitive with the existing systems: 

¶ Simple, intuitive and easy-to-use interface. 

¶ Display results in a clean and straightforward manner. 

¶ Ability to add or remove the periods of investment. 

In addition to the aforementioned requirements, the interactive system for learning how to 

determine the investment efficiency described in this paper, will also adhere to the following goals: 

¶ Allow the user to import or export the inputted data using a data interchangeable format. 

¶ Capability to processing large data sets as required by the business analysis field. 

¶ It must provide means to compare more than one investment, preferably a way to display 

the most promising and favorable investments. 

¶ It must come with an explanation and examples of the capital budgeting methods. 

¶ It has to provide a visual representation of the investmentôs cash flows over the periods. 
 

Designing An Interactive System: Considering the data driven nature of the business analysis 

field, the requirement to save or load large data sets and the computational amount hints that 

developing a desktop software application would be an ideal choice. The user of the application also 

has to manipulate different investment cash flows, including their lengths and discount rate. A use 

case diagram of the necessary functionality can be seen in Fig. 1 below. A detailed diagram of the 

typical workflow using the proposed interactive system can be viewed in Fig. 2. 
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Fig. 1. Use case diagram of the necessary functionality from user perspective. 

 

Fig. 2. Activity diagram of the typical workflow using the application 
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Implementing An Interactive System: Implementing the software system into an actual 

product requires the use of appropriate developing tools. The Python 3 programming language was 

chosen because it is widely used both for developing desktop applications and within the field of data 

science and data analysis. To achieve faster speeds than raw python and being able to work with data 

sets known to business analysts the two SciPy (Scientific Python) libraries NumPy and Pandas were 

used. The graphical user interface is backed up by the official python Qt6 bindings called PySide6. 

The graphing functionality extended is provided by the scientific graphing library pyqtgraph. These 

stable and mature libraries and the familiarity of python 3 in the business analysis field make the 

python programming language an excellent choice. 

Internally, the interface has to directly edit a Pandas DataFrame using the Model/View concept 

by developing an appropriate model. This creates an important interface to directly manipulate 

Pandas DataFrame almost natively using Qt6. Externally, the interface (see Fig. 3) provides a tidy, 

straightforward, and attractive working experience. 

 

Fig. 3. Re-sized main window showing the investment worksheet. 

The user can save or load into following file formats: *.csv; *.json or *.xlsx file. When 

calculations start a progress bar is shown, giving information back to the user about the computational 

process. Afterward, the user is presented with the sliced view of the data set showing the top 

investments of all measurements. The user is able to sort the view according to the measurement to 

compare all investments against. An interactive chart and details are provided for the selected 

investment where the user is able to analyze it in depth, see Fig. 4. 

 

Fig. 4. The results display depicting the top investments, details and visual interactive chart. 

Tests And Results: The implemented software application was tested with hypothetical 

investments using randomly generated numbers within an appropriate probable range. Samples of 
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these numbers can be seen in Fig. 3 and Fig 4. This was used to test the reliability of the software and 

to measure the computation time. The calculation speeds of these hypothetical investments are: 3 

seconds for 1000 investments with 12 periods; 36 seconds for 10,000 investments with 12 periods; 6 

minutes and 32 seconds for 100,000 investments with 12 periods. 

CONCLUSION  

The presented software solution is an interactive system for learning how to determine the 

investment efficiency that combines the strong points of the existing solutions, solves their 

shortcomings and provides an attractive and tidy learning workplace. Such interactive solutions can 

aid the education of young financial decision-makers helping them gain the required understanding 

and confidence in their skill set. Combining the language and tools business data analysis use, a 

product foundation is created that can be adapted and extended as needed by business analysts. 
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ɺʒɺɽɼɽʅʀɽ 

ʅʘʨʘʩʪʚʘʱʘʪʘ ʨʦʣʷ ʥʘ ʦʥʣʘʡʥ ʦʙʫʯʝʥʠʝʪʦ ʠʟʠʩʢʚʘ ʫʯʝʥʠʮʠ, ʩʪʫʜʝʥʪʠ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʜʘ 
ʩʝ ʧʨʠʩʧʦʩʦʙʷʪ ʢʲʤ ʥʦʚ ʩʪʠʣ ʠ ʥʦʚʘ ʩʨʝʜʘ ʥʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʟʘʥʷʪʠʷʪʘ. ʊʦʚʘ ʧʦʥʷʢʦʛʘ ʤʦʞʝ ʜʘ 
ʩʝ ʦʢʘʞʝ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ ʧʦʨʘʜʠ ʤʥʦʛʦ ʧʨʠʯʠʥʠ. ʇʨʠ ʞʠʚʘʪʘ ʚʨʲʟʢʘ ʚʩʠʯʢʦ ʩʝ ʩʣʫʯʚʘ 
ʠʥʪʫʠʪʠʚʥʦ ʠ ʝʩʪʝʩʪʚʝʥʦ ï ʨʘʟʛʦʚʦʨʲʪ ʤʝʞʜʫ ʭʦʨʘʪʘ ʦʯʠ ʚ ʦʯʠ, ʨʘʙʦʪʘ ʩ ʧʦʟʥʘʪʠʪʝ ʭʠʤʠʢʘʣʢʠ 
ʠ ʪʝʪʨʘʜʢʠ, ʙʷʣʘʪʘ/ʯʝʨʥʘʪʘ ʜʲʩʢʘ, ʨʘʙʦʪʘʪʘ ʧʦʦʪʜʝʣʥʦ ʩ ʚʩʝʢʠ ʦʙʫʯʘʚʘʥ. ʃʘʙʦʨʘʪʦʨʥʠʪʝ 
ʫʩʣʦʚʠʷ ʠ ʘʢʘʜʝʤʠʯʥʘʪʘ ʘʪʤʦʩʬʝʨʘ ʚ ʫʯʝʙʥʠʪʝ ʟʘʚʝʜʝʥʠʷ ʩʧʦʤʘʛʘʪ ʟʘ ʮʷʣʦʩʪʥʘʪʘ ʫʯʝʙʥʘ 
ʥʘʛʣʘʩʘ. ɿʘ ʩʲʞʘʣʝʥʠʝ, ʪʦʚʘ ʩʘ ʯʘʩʪ ʦʪ ʥʝʜʦʩʪʘʪʲʮʠʪʝ ʥʘ ʦʥʣʘʡʥ ʦʙʫʯʝʥʠʝʪʦ. 

ɼʠʩʪʘʥʮʠʦʥʥʦʪʦ ʦʙʫʯʝʥʠʝ (distance education, distance learning) ʝ ʦʙʫʯʝʥʠʝ ʥʘ ʫʯʝʥʠʮʠ, 
ʢʦʠʪʦ ʥʝʚʠʥʘʛʠ ʤʦʛʘʪ ʜʘ ʧʨʠʩʲʩʪʚʘʪ ʬʠʟʠʯʝʩʢʠ ʚ ʫʯʠʣʠʱʝ (Honeyman, M., & Miller, G., 1993). 

ɼʠʩʪʘʥʮʠʦʥʥʦʪʦ ʦʙʫʯʝʥʠʝ ʠʤʘ ʧʨʠʩʲʱʠ ʧʨʝʜʠʤʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʲʮʠ. ɿʘ ʜʘ ʩʝ ʧʨʝʦʜʦʣʝʷʪ 
ʥʝʜʦʩʪʘʪʲʮʠʪʝ, ʝ ʧʨʝʧʦʨʲʯʠʪʝʣʥʦ ʪʦ ʜʘ ʝ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʜʦʧʲʣʥʝʥʠʝ, ʘ ʥʝ ʢʘʪʦ ʟʘʤʝʩʪʠʪʝʣ 
ʥʘ ʪʨʘʜʠʮʠʦʥʥʦʪʦ ʦʙʫʯʝʥʠʝ. ɺ ʠʜʝʘʣʝʥ ʩʣʫʯʘʡ, ʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦ-ʩʢʦʨʦ ʧʦʣʝʟʥʦ, ʥʦ ʥʘʡ-

ʧʦʣʝʟʥʦ ʝ ʪʦʛʘʚʘ, ʢʦʛʘʪʦ ʟʘʤʝʩʪʚʘ ʥʝʚʲʟʤʦʞʥʦʩʪʪʘ ʦʪ ʞʠʚʦ ʧʨʠʩʲʩʪʚʠʝ. ʇʨʝʜʠʤʩʪʚʘʪʘ ʩʝ 
ʩʲʩʪʦʷʪ ʚ ʙʲʨʟʠʷ ʠ ʣʝʩʝʥ ʜʦʩʪʲʧ ʜʦ ʫʯʝʙʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ, ʩʲʫʯʝʥʠʮʠʪʝ/ʢʦʣʝʛʠʪʝ, 
ʧʨʝʧʦʜʘʚʘʪʝʣʠʪʝ ʠ ʚʠʨʪʫʘʣʥʠʪʝ ʟʘʣʠ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʟʘʥʷʪʠʷ. ʀʥʪʝʨʥʝʪ ʙʘʚʥʦ ʠʟʤʝʩʪʚʘ 
ʟʥʘʯʝʥʠʝʪʦ ʥʘ ʧʨʝʧʦʜʘʚʘʪʝʣʠʪʝ ʠ ʙʠʙʣʠʦʪʝʢʠʪʝ, ʟʘʱʦʪʦ ʜʦʩʪʲʧʲʪ ʜʦ ʫʯʝʙʥʠ ʤʘʪʝʨʠʘʣʠ ʝ Ăʥʘ 
ʝʜʠʥ ʢʣʠʢ ʨʘʟʩʪʦʷʥʠʝò. ʉʘʤʦʧʦʜʛʦʪʦʚʢʘʪʘ ʝ ʫʣʝʩʥʝʥʘ. ɺʩʠʯʢʠ ʥʫʞʥʠ ʫʯʝʙʥʠ ʤʘʪʝʨʠʘʣʠ ʤʦʛʘʪ 
ʜʘ ʩʝ ʜʦʩʪʲʧʷʪ ʯʨʝʟ ʤʦʙʠʣʥʦ ʫʩʪʨʦʡʩʪʚʦ; ʣʠʧʩʚʘ ʥʝʫʜʦʙʩʪʚʦʪʦ ʦʪ ʧʨʝʥʘʩʷʥʝ ʥʘ ʚʩʠʯʢʠ 
ʫʯʝʙʥʠʮʠ ʠ ʪʝʪʨʘʜʢʠ, ʢʦʛʘʪʦ ʫʯʝʱʠʷʪ ʠʤʘ ʞʝʣʘʥʠʝ ʜʘ ʧʨʦʯʝʪʝ ʠʣʠ ʧʨʦʚʝʨʠ ʥʝʱʦ ʚ ʜʘʜʝʥ 
ʤʦʤʝʥʪ ï ʪʦʚʘ ʩʪʘʚʘ ʟʘ ʩʝʢʫʥʜʠ. ʇʨʝʧʦʜʘʚʘʪʝʣʠʪʝ ʩʲʱʦ ʠʤʘʪ ʧʦʣʟʠ. ʊʝ ʤʦʛʘʪ ʜʘ ʦʙʥʦʚʷʚʘʪ 
ʩʚʦʝʪʦ ʫʯʝʙʥʦ ʩʲʜʲʨʞʘʥʠʝ ʣʝʩʥʦ, ʨʝʜʘʢʪʠʨʘʡʢʠ ʢʦʥʢʨʝʪʥʠʷ ʬʘʡʣ. ʅʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ 
ʢʦʨʠʛʠʨʘʪ ʠʣʠ ʧʨʠʥʪʠʨʘʪ ʥʦʚʠ ʣʠʩʪʠ, ʠʣʠ ʧʨʝʠʟʜʘʚʘʪ ʮʝʣʠ ʢʥʠʛʠ. ʉʲʱʝʩʪʚʫʚʘʪ ʥʝʤʘʣʢʦ 
ʧʨʠʣʦʞʝʥʠʷ Ăʠʥʩʪʨʫʤʝʥʪʠò, ʧʦʜʧʦʤʘʛʘʱʠ ʦʙʫʯʝʥʠʝʪʦ, ʢʦʠʪʦ ʤʦʛʘʪ ʣʝʩʥʦ ʜʘ ʩʝ ʧʨʝʜʦʩʪʘʚʷʪ 
ʥʘ ʦʙʫʯʘʝʤʠʪʝ ʟʘ ʜʠʩʪʘʥʮʠʦʥʥʦ ʧʦʣʟʚʘʥʝ. 

                                                 
5 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʛ. ʚ ʩʝʢʮʠʷ ʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʠ 
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ɼʠʩʪʘʥʮʠʦʥʥʦʪʦ ʦʙʫʯʝʥʠʝ ʠʤʘ ʠ ʜʨʫʛʠ ʧʨʝʜʠʤʩʪʚʘ ï ʩʧʝʩʪʷʚʘ ʨʘʟʭʦʜʠ ʠ ʙʣʘʛʦʧʨʠʷʪʩʪʚʘ 
ʟʘ ʧʦ-ʯʠʩʪʘ ʦʢʦʣʥʘ ʩʨʝʜʘ. ɺ ʧʫʙʣʠʢʘʮʠʷʪʘ ñCost Effectiveness and Cost Efficiency in E-learningò 

(Hjeltnes, T., & Hansson, B., 2005) ʩʝ ʠʟʪʲʢʚʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʨʘʟʭʦʜʠʪʝ ʧʨʠ ʜʠʩʪʘʥʮʠʦʥʥʦʪʦ 
ʦʙʫʯʝʥʠʝ, ʫʩʪʘʥʦʚʝʥʘ ʯʨʝʟ ʧʨʦʫʯʚʘʥʠʷ. ʆʪ ʦʙʱʝʩʪʚʝʥʘ ʧʝʨʩʧʝʢʪʠʚʘ, ʧʨʠ ʥʝʛʦ ʥʝ ʩʲʱʝʩʪʚʫʚʘʪ 
ʛʝʦʛʨʘʬʩʢʠ ʧʨʝʧʷʪʩʪʚʠʷ, ʧʨʝʧʦʜʘʚʘʪʝʣʠʪʝ ʧʦʪʝʥʮʠʘʣʥʦ ʧʨʠʪʝʞʘʚʘʪ ʧʦʚʝʯʝ ʚʨʝʤʝ ʟʘ 
ʠʟʩʣʝʜʚʘʥʠʷ, ʘ ʦʙʫʯʘʚʘʱʠʪʝ ʩʝ ʧʨʝʮʝʥʷʚʘʪ ʢʦʣʢʦ ʚʨʝʤʝ ʜʘ ʧʨʝʢʘʨʚʘʪ ʚ ʫʩʚʦʷʚʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣʘ; 
ʦʪ ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʘ ï ʦʙʨʘʟʦʚʘʪʝʣʥʠʪʝ ʠʥʩʪʠʪʫʮʠʠ ʩʧʝʩʪʷʚʘʪ ʨʘʟʭʦʜʠ ʟʘ ʧʦʜʜʨʲʞʢʘ ʥʘ 
ʧʦʤʝʱʝʥʠʷʪʘ. ʇʦʨʘʜʠ ʧʦ-ʛʦʣʷʤʘʪʘ ʜʦʩʪʲʧʥʦʩʪ ʩʝ ʨʘʟʰʠʨʷʚʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʟʘʧʠʩʚʘʥʝ ʥʘ 
ʧʦʚʝʯʝ ʩʪʫʜʝʥʪʠ, ʢʦʝʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʥʦʩʠ ʧʨʠʭʦʜʠ ʥʘ ʫʯʝʙʥʦʪʦ ʟʘʚʝʜʝʥʠʝ. ʇʨʦʫʯʚʘʥʝ ʥʘ 
Open University ï ĂTowards Sustainable Higher Education: Environmental Impacts of Campus-

Based and Distance Higher Education Systemsñ (Roy, R., 2005) ʫʩʪʘʥʦʚʷʚʘ, ʯʝ ʦʥʣʘʡʥ ʢʫʨʩʦʚʝʪʝ 
ʩʧʝʩʪʷʚʘʪ 90% ʦʪ ʝʥʝʨʛʠʡʥʘʪʘ ʢʦʥʩʫʤʘʮʠʷ ʠ ʧʨʦʠʟʚʝʞʜʘʪ 85% ʧʦ-ʤʘʣʢʦ ʝʤʠʩʠʠ ʚʲʛʣʝʨʦʜʝʥ 
ʜʠʦʢʩʠʜ ʥʘ ʩʪʫʜʝʥʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩʲʩ ʩʪʘʥʜʘʨʪʥʠʪʝ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠ ʢʫʨʩʦʚʝ. 

ʈʘʟʨʘʙʦʪʢʘʪʘ ñʋʝʙ ʙʘʟʠʨʘʥʘ ʩʨʝʜʘ ʟʘ ʦʙʫʯʝʥʠʝ ʧʦ ʪʝʤʘʪʘ óʄʥʦʛʦʥʠʰʢʦʚʦ 
ʧʨʦʛʨʘʤʠʨʘʥʝôò ʝ ʧʦʜʭʦʜʷʱʘ ʟʘ ʜʠʩʪʘʥʮʠʦʥʥʦ ʦʙʫʯʝʥʠʝ, ʙʠʜʝʡʢʠ ʜʦʩʪʲʧʥʘ ʟʘ ʧʦʪʨʝʙʠʪʝʣʷ 
ʧʨʝʟ ʤʦʙʠʣʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʪʘʙʣʝʪ ʠʣʠ ʧʝʨʩʦʥʘʣʝʥ ʢʦʤʧʶʪʲʨ ʧʦ ʚʩʷʢʦ ʚʨʝʤʝ. ʊʝʤʘʪʘ 
ñʄʥʦʛʦʥʠʰʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝò ʠʤʘ ʚʨʲʟʢʘ ʩ ʦʩʦʙʝʥʦʩʪʠʪʝ ʧʨʠ ʨʘʙʦʪʘʪʘ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ 
ʦʧʝʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ, ʘ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʘʣʛʦʨʠʪʤʠʪʝ ʚ ʧʨʠʣʦʞʝʥʠʝʪʦ - ʩ ʦʩʦʙʝʥʦʩʪʠʪʝ ʥʘ 
ʧʨʦʛʨʘʤʥʠʪʝ ʝʟʠʮʠ. ʌʘʢʪʲʪ, ʯʝ ʩʠʩʪʝʤʘʪʘ ʝ ʫʝʙ ʙʘʟʠʨʘʥʘ ʷ ʧʨʘʚʠ ʧʨʠʣʦʞʠʤʘ ʟʘ ʜʠʩʪʘʥʮʠʦʥʥʘ 
ʬʦʨʤʘ ʥʘ ʦʙʫʯʝʥʠʝ. 

 

ʀɿʃʆɾɽʅʀɽ 

ʆʬʠʮʠʘʣʥʦʪʦ ʥʘʟʚʘʥʠʝ ʥʘ ʜʠʥʘʤʠʯʥʠʪʝ ʫʝʙ ʙʘʟʠʨʘʥʠ ʧʣʘʪʬʦʨʤʠ ʟʘ ʦʙʫʯʝʥʠʝ ʝ Learning 
Management Systems (LMS) ï ʉʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʙʫʯʝʥʠʝʪʦ. 

ʉʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʙʫʯʝʥʠʝʪʦ (LMS) ʝ ʩʦʬʪʫʝʨʥʦ ʧʨʠʣʦʞʝʥʠʝ ʟʘ 
ʘʜʤʠʥʠʩʪʨʠʨʘʥʝ, ʜʦʢʫʤʝʥʪʠʨʘʥʝ, ʧʨʦʩʣʝʜʷʚʘʥʝ, ʜʦʢʣʘʜʚʘʥʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ 
ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʢʫʨʩʦʚʝ, ʧʨʦʛʨʘʤʠ ʟʘ ʦʙʫʯʝʥʠʝ ʠʣʠ ʧʨʦʛʨʘʤʠ ʟʘ ʦʙʫʯʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ (Ellis, R., 

2009). 

 

ʉʲʱʝʩʪʚʫʚʘʱʠ ʨʝʰʝʥʠʷ 

Moodle ʝ ʝʜʥʘ ʦʪ ʥʘʡ-ʠʟʚʝʩʪʥʠʪʝ LMS. ʉʲʢʨʘʱʝʥʠʝʪʦ Moodle ʦʟʥʘʯʘʚʘ Modular Object-
Oriented Dynamic Learning Environment (ʤʦʜʫʣʥʘ ʦʙʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʘʥʘ ʜʠʥʘʤʠʯʥʘ ʫʯʝʙʥʘ 
ʩʨʝʜʘ). ʅʘʧʠʩʘʥʘ ʝ ʥʘ PHP ʠ ʝ ʙʝʟʧʣʘʪʥʘ. 

TalentLMS ʝ ʩʠʣʥʦ ʢʦʥʬʠʛʫʨʠʨʫʝʤʘ LMS. ʀʟʧʦʣʟʚʘ ʩʝ ʦʪ ʭʠʣʷʜʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʷʢʦʠ ʦʪ 
ʢʦʠʪʦ: cPanel, Delonghi, Acquia ʠ University of Arizona. ʇʨʝʜʣʘʛʘ ʩʝ ʢʘʪʦ ʪʲʨʛʦʚʩʢʘ ʦʙʣʘʯʥʘ 
ʫʩʣʫʛʘ, ʩ ʙʝʟʧʣʘʪʝʥ (ʦʛʨʘʥʠʯʝʥ ʜʦ 5 ʧʦʪʨʝʙʠʪʝʣʷ ʠ 10 ʢʫʨʩʘ) ʠ ʧʣʘʪʝʥʠ ʧʣʘʥʦʚʝ. 

Tovuti LMS ʝ ʠʟʚʝʩʪʥʘ ʧʣʘʪʝʥʘ ʦʙʣʘʯʥʦ ʙʘʟʠʨʘʥʘ LMS, ʠʟʧʦʣʟʚʘʥʘ ʦʪ ʤʘʣʢʠ ʠ ʛʦʣʝʤʠ 
ʧʨʝʜʧʨʠʷʪʠʷ. ʀʥʪʝʛʨʠʨʘʥʘ ʝ ʩ ʤʥʦʞʝʩʪʚʦ ʧʣʘʪʬʦʨʤʠ ʟʘ ʫʝʙ ʢʦʥʬʝʨʝʥʪʥʘ ʚʨʲʟʢʘ, ʢʘʪʦ 
BigBlueButton, Zoom ʠ ʜʨ. 

Adobe Captivate Prime ʝ ʦʥʣʘʡʥ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʙʫʯʝʥʠʝʪʦ (LMS), 
ʨʘʟʨʘʙʦʪʝʥʘ ʦʪ Adobe. ʀʟʧʦʣʟʚʘ ʩʝ ʦʪ ʤʘʣʢʠ ʠ ʛʦʣʝʤʠ ʢʦʤʧʘʥʠʠ. ʉʠʩʪʝʤʘʪʘ ʝ ʧʣʘʪʝʥʘ, ʥʦ ʠʤʘ 
ʙʝʟʧʣʘʪʝʥ ʧʨʦʙʝʥ ʧʝʨʠʦʜ ʦʪ 30 ʜʥʠ. ʄʦʞʝ ʠʟʮʷʣʦ ʜʘ ʩʝ ʢʦʥʬʠʛʫʨʠʨʘ ʟʘ ʥʫʞʜʠʪʝ ʥʘ 
ʢʦʤʧʘʥʠʷʪʘ. 

Google Forms ʝ ʙʝʟʧʣʘʪʥʦ ʫʝʙ ʧʨʠʣʦʞʝʥʠʝ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʬʦʨʤʫʣʷʨʠ (ʧʨʦʫʯʚʘʥʠʷ ʠʣʠ 
ʪʝʩʪʦʚʝ). ɽʜʠʥʩʪʚʝʥʦʪʦ ʠʟʠʩʢʚʘʥʝ ʝ ʧʦʪʨʝʙʠʪʝʣʷ, ʩʲʟʜʘʚʘʱ ʧʨʦʫʯʚʘʥʝʪʦ ʠʣʠ ʪʝʩʪʘ ʜʘ ʠʤʘ 
Google ʘʢʘʫʥʪ. 

 

 

ʀʟʚʦʜʠ ʦʪ ʨʘʟʛʣʝʜʘʥʠʪʝ ʨʝʰʝʥʠʷ 

ʄʥʦʛʦ ʦʪ ʩʠʩʪʝʤʠʪʝ ʠʟʠʩʢʚʘʪ ʧʣʘʪʝʥ ʣʠʮʝʥʟ, ʯʠʝʪʦ ʟʘʢʫʧʫʚʘʥʝ ʥʝʚʠʥʘʛʠ ʧʨʝʜʩʪʘʚʣʷʚʘ 
ʚʲʟʤʦʞʝʥ ʩʮʝʥʘʨʠʡ. ʉʣʦʞʥʠʪʝ ʩʠʩʪʝʤʠ ʩʘ ʯʝʩʪʦ ʥʝʧʦʜʭʦʜʷʱʠ ʟʘ ʤʘʣʢʠ ʮʝʣʠ, ʧʦʨʘʜʠ 
ʩʣʦʞʥʦʩʪʪʘ ʠʤ ʠ ʮʝʥʘʪʘ ʠʤ. ʉʲʱʦ ʪʘʢʘ, ʨʘʟʛʣʝʜʘʥʠʪʝ ʩʠʩʪʝʤʠ ʩʘ ʫʥʠʚʝʨʩʘʣʥʠ ʠ ʥʝ ʩʘ 
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ʬʦʢʫʩʠʨʘʥʠ ʚʲʨʭʫ ʢʦʥʢʨʝʪʥʘ ʪʝʤʘ. ʃʠʧʩʚʘ ʫʝʙ ʙʘʟʠʨʘʥʘ ʩʠʩʪʝʤʘ, ʢʦʷʪʦ ʝʜʥʦʚʨʝʤʝʥʥʦ 
ʨʘʟʛʣʝʞʜʘ ʪʝʤʘʪʘ Ăʤʥʦʛʦʥʠʰʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝò, ʧʨʝʜʦʩʪʘʚʷ ʠʥʩʪʨʫʤʝʥʪ (ʧʨʠʣʦʞʝʥʠʝ ʩ 
ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʠʥʪʝʨʬʝʡʩ) ʟʘ ʫʧʨʘʞʥʝʥʠʝ ʚʲʨʭʫ ʠʟʚʝʩʪʥʠ ʘʣʛʦʨʠʪʤʠ ʠ ʧʦʜʜʲʨʞʘ ʙʘʟʦʚʠ 
ʬʫʥʢʮʠʠ ʥʘ ʝʜʥʘ LMS ï ʧʦʪʨʝʙʠʪʝʣʠ, ʪʝʩʪʦʚʝ, ʩʪʘʪʠʩʪʠʢʘ, ʪ.ʝ. ʮʷʣʦʩʪʥʘ ʩʨʝʜʘ ʟʘ ʦʙʫʯʝʥʠʝ ʩ 
ʛʦʪʦʚʦ ʩʲʜʲʨʞʘʥʠʝ, ʦʪ ʢʦʷʪʦ ʚʩʝʢʠ ʤʦʞʝ ʜʘ ʩʝ ʚʲʟʧʦʣʟʚʘ. 

 

ʎʝʣ ʠ ʟʘʜʘʯʠ 

ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʫʝʙ ʙʘʟʠʨʘʥʘ ʩʨʝʜʘ ʩ ʦʙʫʯʠʪʝʣʥʘ ʥʘʩʦʯʝʥʦʩʪ, ʢʦʷʪʦ ʜʘ 
ʢʦʥʩʦʣʠʜʠʨʘ ʫʨʦʮʠ, ʫʧʨʘʞʥʝʥʠʷ ʠ ʪʝʩʪʦʚʝ ʧʦ ʪʝʤʘʪʘ Ăʄʥʦʛʦʥʠʰʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝò. ʊʦʚʘ 
ʦʧʨʝʜʝʣʷ ʥʫʞʜʘʪʘ ʦʪ ʜʦʩʪʦʚʝʨʥʠ ʠ ʘʢʪʫʘʣʥʠ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʠʟʪʦʯʥʠʮʠ; ʩʨʝʜʩʪʚʦ (ʠʟʧʲʣʥʠʤʦ 
ʧʨʠʣʦʞʝʥʠʝ), ʨʲʢʦʚʦʜʝʱʦ ʧʨʦʮʝʩʘ ʥʘ ʫʧʨʘʞʥʝʥʠʷʪʘ ʠ ʪʝʩʪʦʚʝ ʢʲʤ ʚʩʝʢʠ ʫʨʦʢ ʩ ʝʣʝʤʝʥʪ ʥʘ 
ʩʲʩʪʝʟʘʥʠʝ (ʩʲʙʠʨʘʥʝ ʥʘ ʪʦʯʢʠ ʠ ʩʲʦʪʚʝʪʥʦ ʩʪʨʝʤʝʞ ʟʘ ʠʟʧʨʝʚʘʨʚʘʥʝ ʥʘ ʦʩʪʘʥʘʣʠʪʝ 
ʧʦʪʨʝʙʠʪʝʣʠ). ʊʘʟʠ ʩʨʝʜʘ ʱʝ ʩʧʦʤʦʛʥʝ ʟʘ ʫʩʚʦʷʚʘʥʝʪʦ ʥʘ ʟʥʘʥʠʷ ʧʦ ʪʝʤʘʪʘ Ăʄʥʦʛʦʥʠʰʢʦʚʦ 
ʧʨʦʛʨʘʤʠʨʘʥʝò. ɿʘ ʜʘ ʙʲʜʝ ʧʦʣʝʟʥʘ, ʪʷ ʪʨʷʙʚʘ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʦʩʥʦʚʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ ʝʜʥʘ LMS. 

ɿʘʜʘʯʠʪʝ, ʯʠʠʪʦ ʨʝʰʝʥʠʷ ʱʝ ʧʦʩʪʠʛʥʘʪ ʮʝʣʪʘ ʩʘ: 
¶ ɼʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʠʥʪʫʠʪʠʚʝʥ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʠʥʪʝʨʬʝʡʩ ï ʜʘ ʙʲʜʝ ʥʝʥʘʪʦʚʘʨʚʘʱ ï 

ʧʨʦʩʪ ʠ ʣʝʩʝʥ ʟʘ ʥʘʚʠʛʘʮʠʷ; 
¶ ʉʠʩʪʝʤʘʪʘ ʜʘ ʝ ʧʨʝʥʦʩʠʤʘ, ʪ.ʝ. ʜʘ ʝ ʥʝʟʘʚʠʩʠʤʘ ʢʘʢʪʦ ʭʘʨʜʫʝʨʥʦ, ʪʘʢʘ ʠ ʥʘ ʥʠʚʦ 

ʦʧʝʨʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ, ʟʘ ʜʘ ʝ ʜʦʩʪʲʧʥʘ ʟʘ ʧʦ-ʰʠʨʦʢʘ ʘʫʜʠʪʦʨʠʷ; 
¶ ɼʠʟʘʡʥʲʪ ʥʘ ʠʥʪʝʨʬʝʡʩʘ ʜʘ ʝ Ăresponsiveò, ʪ.ʝ. ʜʘ ʩʝ ʧʨʠʩʧʦʩʦʙʷʚʘ ʢʲʤ ʨʘʟʣʠʯʥʠ 

ʨʘʟʤʝʨʠ ʥʘ ʝʢʨʘʥʘ; 
¶ ɼʘ ʩʝ ʚʢʣʶʯʘʪ ʪʝʤʠ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʜʝʣ ñʋʨʦʮʠò; 
¶ ɼʘ ʩʝ ʧʦʜʜʲʨʞʘ ʨʝʛʠʩʪʨʘʮʠʷ ʠ ʚʭʦʜ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠ; 
¶ ɼʘ ʩʝ ʩʲʟʜʘʜʝ ʙʘʟʘ ʜʘʥʥʠ, ʩʲʜʲʨʞʘʱʘ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʜʘʥʥʠ ʠ ʜʘʥʥʠ ʟʘ ʪʝʩʪʦʚʝʪʝ; 
¶ ɼʦʩʪʲʧʲʪ ʜʦ ʙʘʟʘʪʘ ʜʘʥʥʠ ʜʘ ʝ ʩʠʛʫʨʝʥ ï ʟʘʷʚʢʠʪʝ ʢʲʤ ʥʝʷ ʜʘ ʩʘ ʧʘʨʘʤʝʪʨʠʟʠʨʘʥʠ; 
¶ ɺʩʝʢʠ ʨʝʛʠʩʪʨʠʨʘʥ ʧʦʪʨʝʙʠʪʝʣ ʜʘ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʧʨʘʚʠ ʪʝʩʪ ʧʦ ʚʩʷʢʘ ʪʝʤʘ, 

ʩʲʙʠʨʘʡʢʠ ʪʦʯʢʠ, ʢʦʠʪʦ ʦʪʢʣʶʯʚʘʪ ʜʦʩʪʲʧ ʜʦ ʥʦʚʠ ʪʝʩʪʦʚʝ; 
¶ ɼʘ ʠʤʘ ʧʨʦʟʦʨʝʮ, ʯʘʩʪ ʦʪ ʠʥʪʝʨʬʝʡʩʘ, ʧʦʢʘʟʚʘʱ ʩʪʘʪʠʩʪʠʯʝʩʢʠʪʝ ʜʘʥʥʠ ʥʘ 

ʧʦʪʨʝʙʠʪʝʣʷ; 
¶ ɼʘ ʠʤʘ ʨʘʟʜʝʣ ñʂʣʘʩʘʮʠʷò, ʢʲʜʝʪʦ ʚʩʝʢʠ ʧʦʪʨʝʙʠʪʝʣ ʜʘ ʤʦʞʝ ʜʘ ʚʠʜʠ ʙʘʟʦʚʘ 

ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʜʨʫʛʠ ʨʝʛʠʩʪʨʠʨʘʥʠ ʧʦʪʨʝʙʠʪʝʣʠ, ʚʢʣ. ʠ ʩʲʙʨʘʥʠʪʝ ʦʪ ʪʷʭ ʪʦʯʢʠ; 
¶ ɼʘ ʠʤʘ ʨʘʟʜʝʣ Ăʂʦʥʪʨʦʣʝʥ ʧʘʥʝʣò, ʩ ʧʦʤʦʱʪʘ ʥʘ ʢʦʛʦʪʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨʲʪ ʜʘ ʤʦʞʝ 

ʜʘ ʜʦʙʘʚʷ ʠ ʠʟʪʨʠʚʘ ʚʲʧʨʦʩʠ, ʢʘʢʪʦ ʠ ʜʘ ʧʨʝʛʣʝʞʜʘ ʦʪʛʦʚʦʨʠʪʝ ʥʘ ʪʝʩʪʦʚʝʪʝ ʥʘ 
ʚʩʝʢʠ ʧʦʪʨʝʙʠʪʝʣ. 

¶ ɼʘ ʩʝ ʦʧʠʰʘʪ ʥʷʢʦʣʢʦ ʦʩʥʦʚʥʠ ʧʨʠʤʝʨʘ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 
ʤʥʦʛʦʥʠʰʢʦʚʦʪʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʚ ʨʘʟʜʝʣ ñʋʧʨʘʞʥʝʥʠʷò; 

¶ ʋʧʨʘʞʥʝʥʠʷʪʘ ʜʘ ʙʲʜʘʪ ʧʦʜʧʦʤʦʛʥʘʪʠ ʦʪ ʧʨʠʣʦʞʝʥʠʝ ʩ ʧʦʪʨʝʙʠʪʝʣʩʢʠ 
ʠʥʪʝʨʬʝʡʩ, ʠʣʶʩʪʨʠʨʘʱʦ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʧʨʦʙʣʝʤʠ ʚ ʩʬʝʨʘʪʘ ʥʘ 
ʤʥʦʛʦʥʠʰʢʦʚʦʪʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʩ ʮʝʣ ʟʘʪʚʲʨʞʜʘʚʘʥʝ ʥʘ ʟʥʘʥʠʷʪʘ. 

 

ʃʦʛʠʯʝʩʢʠ ʤʦʜʝʣ 

ʅʘ ʬʠʛ. 1. ʝ ʧʦʢʘʟʘʥ ʨʝʣʘʮʠʦʥʥʠʷʪ ʤʦʜʝʣ ʥʘ ʙʘʟʘʪʘ ʜʘʥʥʠ. ʉʲʱʝʩʪʚʫʚʘʪ ʨʝʣʘʮʠʠ 1:1 (ʝʜʥʦ 
ʢʲʤ ʝʜʥʦ) ʠ 1:M (ʝʜʥʦ ʢʲʤ ʤʥʦʛʦ). 
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ʌʠʛ. 1. ʈʝʣʘʮʠʦʥʝʥ ʤʦʜʝʣ ʥʘ ʙʘʟʘʪʘ ʜʘʥʥʠ 

 

ɸʨʭʠʪʝʢʪʫʨʘ 

ɿʘ ʮʝʣʪʘ ʝ ʠʟʙʨʘʥ ʢʣʠʝʥʪ-ʩʲʨʚʲʨ ʤʦʜʝʣ ʩ ʪʨʠ ʡʝʨʘʨʭʠʯʥʠ ʩʣʦʷ: ʧʨʝʟʝʥʪʘʮʠʦʥʝʥ, 
ʧʨʠʣʦʞʝʥ (ʣʦʛʠʯʝʩʢʠ) ʠ ʜʘʥʥʦʚ (ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠ), ʪ.ʝ. ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʝ ʪʨʠʩʣʦʡʥʘ 
(three-tier). ʉʲʨʚʲʨʲʪ ʝ ʦʪʛʦʚʦʨʝʥ ʟʘ ʜʠʥʘʤʠʯʥʦʪʦ ʛʝʥʝʨʠʨʘʥʝ ʠ ʧʨʝʜʦʩʪʘʚʷʥʝ ʥʘ ʯʘʩʪ ʦʪ 
ʠʥʬʦʨʤʘʮʠʷʪʘ, ʢʦʝʪʦ ʧʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʘʚʠ ʫʝʙ ʩʪʨʘʥʠʮʘʪʘ ʜʠʥʘʤʠʯʥʘ. 

ɺʨʲʟʢʘʪʘ ʤʝʞʜʫ ʢʣʠʝʥʪʘ ʠ ʩʲʨʚʲʨʘ, ʢʘʢʪʦ ʠ ʤʝʞʜʫ ʩʲʨʚʲʨʘ ʠ ʙʘʟʘʪʘ ʜʘʥʥʠ ʝ ʜʚʫʧʦʩʦʯʥʘ. 
ʂʣʠʝʥʪʲʪ ʠʟʧʨʘʱʘ ʟʘʷʚʢʠ ʢʲʤ ʩʲʨʚʲʨʘ ʯʨʝʟ ʩʚʦʷ ʠʥʪʝʨʥʝʪ ʙʨʘʫʟʲʨ (ʧʦʪʨʝʙʠʪʝʣʩʢʠʷ 
ʠʥʪʝʨʬʝʡʩ), ʩʣʝʜ ʢʦʝʪʦ ʩʲʨʚʲʨʲʪ ʛʠ ʠʟʧʨʘʱʘ ʢʲʤ ʙʘʟʘʪʘ ʜʘʥʥʠ. ɹʘʟʘʪʘ ʜʘʥʥʠ ʚʨʲʱʘ ʦʪʛʦʚʦʨ 
ʢʲʤ ʩʲʨʚʲʨʘ, ʧʨʝʜʦʩʪʘʚʷʡʢʠ ʟʘʷʚʝʥʠʪʝ ʜʘʥʥʠ, ʢʦʡʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʛʠ ʚʨʲʱʘ ʢʲʤ ʢʣʠʝʥʪʘ. 
ʇʨʝʟʝʥʪʘʮʠʦʥʥʠʷʪ ʩʣʦʡ ʝ ʨʝʘʣʠʟʠʨʘʥ ʧʦʩʨʝʜʩʪʚʦʤ ʝʟʠʮʠʪʝ HTML ʠ CSS; ʃʦʛʠʯʝʩʢʠʷʪ ʩʣʦʡ ï 

ʧʦʩʨʝʜʩʪʚʦʤ JavaScript ʠ PHP; ɼʘʥʥʦʚʠʷʪ ʩʣʦʡ ï ʧʦʩʨʝʜʩʪʚʦʤ MySQL. ʏʨʝʟ ʧʦʪʨʝʙʠʪʝʣʩʢʠʷʪ 
ʠʥʪʝʨʬʝʡʩ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʟʘʜʝʡʩʪʚʘʪ ʣʦʛʠʢʘʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ. JS ʩʝ ʠʟʧʲʣʥʷʚʘ ʚ ʙʨʘʫʟʲʨʘ ʥʘ 
ʢʣʠʝʥʪʘ, ʜʦʢʘʪʦ PHP ʩʝ ʠʟʧʲʣʥʷʚʘ ʥʘ ʩʲʨʚʲʨʘ. ɹʘʟʘʪʘ ʜʘʥʥʠ ʩʲʭʨʘʥʷʚʘ ʚʭʦʜʥʠʪʝ ʜʘʥʥʠ ʥʘ 
ʧʦʪʨʝʙʠʪʝʣʠʪʝ, ʪʷʭʥʘʪʘ ʩʪʘʪʠʩʪʠʢʘ, ʚʲʧʨʦʩʠʪʝ ʠ ʦʪʛʦʚʦʨʠʪʝ ʦʪ ʪʝʩʪʦʚʝʪʝ, ʢʘʢʪʦ ʠ ʦʪʛʦʚʦʨʠʪʝ 
ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʟʘ ʚʩʝʢʠ ʚʲʧʨʦʩ, ʢʦʠʪʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨʲʪ ʥʘ ʩʠʩʪʝʤʘʪʘ ʤʦʞʝ ʜʘ ʧʨʦʚʝʨʷʚʘ. 
ʉʋɹɼ MySQL ʫʧʨʘʚʣʷʚʘ ʚʩʠʯʢʠ ʠʥʩʪʨʫʢʮʠʠ ʥʘ ʙʘʟʘʪʘ ʜʘʥʥʠ. 

 

ʅʘ ʬʠʛ. 2. ʝ ʧʦʢʘʟʘʥʘ ʘʨʭʠʪʝʢʪʫʨʘʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ. 

 

ʌʠʛ. 2. ɸʨʭʠʪʝʢʪʫʨʘ ʥʘ ʩʠʩʪʝʤʘʪʘ 
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ʈʝʘʣʠʟʘʮʠʷ 

ɸʜʤʠʥʠʩʪʨʘʪʦʨʲʪ ʥʘ ʩʠʩʪʝʤʘʪʘ ʠʤʘ ʜʦʩʪʲʧ ʜʦ ʢʦʥʪʨʦʣʝʥ ʧʘʥʝʣ, ʢʲʜʝʪʦ ʤʦʞʝ ʜʘ ʜʦʙʘʚʷ 
ʠ ʠʟʪʨʠʚʘ ʚʲʧʨʦʩʠ, ʠ ʜʘ ʧʨʝʛʣʝʞʜʘ ʧʦʜʨʦʙʥʘ ʩʪʘʪʠʩʪʠʢʘ ʟʘ ʚʩʝʢʠ ʧʦʪʨʝʙʠʪʝʣ: ʙʨʦʡ ʧʦʩʝʱʝʥʠʷ 
ʟʘ ʚʩʝʢʠ ʫʨʦʢ ʠ ʫʧʨʘʞʥʝʥʠʝ, ʙʨʦʡ ʪʦʯʢʠ ʦʪ ʚʩʝʢʠ ʪʝʩʪ, ʢʘʢʪʦ ʠ ʜʘʜʝʥʠʪʝ ʦʪ ʥʝʛʦ ʦʪʛʦʚʦʨʠ ʥʘ 
ʚʲʧʨʦʩʠʪʝ ʦʪ ʪʝʩʪʦʚʝʪʝ. 

ʅʘ ʬʠʛ. 3. ʝ ʧʨʝʜʩʪʘʚʝʥ ʤʦʜʫʣʲʪ ʟʘ ʜʦʙʘʚʷʥʝ, ʘ ʥʘ ʬʠʛ.4. ï ʟʘ ʠʟʪʨʠʚʘʥʝ ʥʘ ʚʲʧʨʦʩʠ. 

  

ʌʠʛ. 3. ʂʦʥʪʨʦʣʝʥ ʧʘʥʝʣ ï ʜʦʙʘʚʷʥʝ ʥʘ 
ʚʲʧʨʦʩʠ 

ʌʠʛ. 4. ʂʦʥʪʨʦʣʝʥ ʧʘʥʝʣ ï ʠʟʪʨʠʚʘʥʝ ʥʘ 
ʚʲʧʨʦʩʠ 

 

ʅʘ ʬʠʛ. 5. ʝ ʧʦʢʘʟʘʥʘ ʩʪʘʪʠʩʪʠʢʘʪʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣ ñadminò. 

 

ʌʠʛ. 5. ʆʪʛʦʚʦʨʠ ʥʘ ʧʦʪʨʝʙʠʪʝʣ ñadminò ʦʪ ʪʝʩʪʘ Ăʇʨʦʮʝʩʠ ʠ ʥʠʰʢʠò 

 

ʅʘ ʬʠʛ. 6. ʝ ʧʦʢʘʟʘʥʘ ʪʘʙʣʠʮʘʪʘ ʩ ʦʪʛʦʚʦʨʠʪʝ, ʜʘʜʝʥʠ ʦʪ ʧʦʪʨʝʙʠʪʝʣʷ ñadminò ʟʘ ʚʩʝʢʠ 
ʚʲʧʨʦʩ ʦʪ ʠʟʙʨʘʥʠʷ ʪʝʩʪ, ʢʘʢʪʦ ʠ ʜʘʣʠ ʜʘʜʝʥ ʦʪʛʦʚʦʨ ʝ ʚʝʨʝʥ ʠʣʠ ʛʨʝʰʝʥ. 

 

ʌʠʛ. 6. ʆʪʛʦʚʦʨʠ ʥʘ ʧʦʪʨʝʙʠʪʝʣ ñadminò ʦʪ ʪʝʩʪʘ Ăʇʨʦʮʝʩʠ ʠ ʥʠʰʢʠò 
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ʅʘ ʬʠʛ. 7. ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʯʘʩʪ ʦʪ ʪʝʩʪʘ ʚʲʨʭʫ ʪʝʤʘʪʘ Ăʇʨʦʮʝʩʠ ʠ ʥʠʰʢʠò, ʘ ʥʘ ʬʠʛ. 8. ï 

ʠʟʛʣʝʜ ʦʪ ʤʦʙʠʣʥʘ ʨʝʟʦʣʶʮʠʷ ʥʘ ʯʘʩʪ ʦʪ ʫʨʦʢʘ Ăɺʲʚʝʜʝʥʠʝ. ʆʩʥʦʚʥʠ ʧʦʥʷʪʠʷò. 

  

ʌʠʛ. 7. ʏʘʩʪ ʦʪ ʪʝʩʪʘ ʚʲʨʭʫ ʪʝʤʘʪʘ Ăʇʨʦʮʝʩʠ ʠ 
ʥʠʰʢʠò 

ʌʠʛ. 8. ʏʘʩʪ ʦʪ ʫʨʦʢʘ Ăɺʲʚʝʜʝʥʠʝ. 
ʆʩʥʦʚʥʠ ʧʦʥʷʪʠʷò ï ʤʦʙʠʣʥʘ ʚʝʨʩʠʷ 

 

ʀɿɺʆɼʀ 

ʈʘʟʨʘʙʦʪʢʘʪʘ Ăʋʝʙ ʙʘʟʠʨʘʥʘ ʩʨʝʜʘ ʟʘ ʦʙʫʯʝʥʠʝ ʧʦ ʪʝʤʘʪʘ óʄʥʦʛʦʥʠʰʢʦʚʦ 
ʧʨʦʛʨʘʤʠʨʘʥʝôò ʝ ʧʦʜʭʦʜʷʱʘ ʟʘ ʫʯʝʙʥʠ ʮʝʣʠ ʠ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʧʨʦʚʝʨʢʘ ʟʥʘʥʠʷʪʘ ʥʘ 
ʩʪʫʜʝʥʪʠʪʝ ʧʦ ʪʝʤʘʪʘ Ăʄʥʦʛʦʥʠʰʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝò. ʂʣʘʩʘʮʠʷʪʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʧʦ ʪʦʯʢʠ 
ʨʘʟʢʨʠʚʘ ʦʙʱʘʪʘ ʢʘʨʪʠʥʘ ʥʘ ʢʦʥʢʫʨʝʥʮʠʷʪʘ ʠ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʩʪʠʤʫʣʠʨʘ ʩʪʨʝʤʝʞ ʟʘ 
ʠʟʧʨʝʚʘʨʚʘʥʝ ʥʘ ʦʩʪʘʥʘʣʠʪʝ, ʢʦʝʪʦ ʩʪʘʚʘ ʩ ʧʦʚʝʯʝ ʫʯʝʥʝ. ʊʘʢʘ ʚʩʝʢʠ ʧʦʪʨʝʙʠʪʝʣ ʤʦʞʝ ʜʘ ʩʠ 
ʧʦʩʪʘʚʠ ʮʝʣ, ʢʦʷʪʦ ʜʘ ʩʣʝʜʚʘ. ʂʦʣʢʦʪʦ ʧʦʚʝʯʝ ʩʘ ʨʝʛʠʩʪʨʠʨʘʥʠʪʝ ʧʦʪʨʝʙʠʪʝʣʠ ʠ ʥʘʣʠʯʥʠʪʝ 
ʚʲʧʨʦʩʠ, ʪʦʣʢʦʚʘ ʧʦ-ʧʨʝʜʠʟʚʠʢʘʪʝʣʝʥ ʱʝ ʙʲʜʝ ʮʝʣʠʷ ʧʨʦʮʝʩ. ɺʲʟʤʦʞʥʦʩʪʪʘ ʥʘ 
ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʜʘ ʩʣʝʜʠ ʙʨʦʷ ʧʦʩʝʱʝʥʠʷ ʥʘ ʚʩʝʢʠ ʧʦʪʨʝʙʠʪʝʣ ʩʧʦʤʘʛʘ ʟʘ ʧʨʝʜʩʪʘʚʘʪʘ ʤʫ, 
ʢʦʣʢʦ ʨʝʜʦʚʝʥ ʝ ʚʩʝʢʠ ʦʪ ʪʷʭ, ʘ ʧʨʝʛʣʝʞʜʘʥʝʪʦ ʥʘ ʦʪʛʦʚʦʨʠʪʝ ʠʤ ï ʟʘ ʪʦʚʘ, ʢʲʜʝ ʪʝ ʠʤʘʪ 
ʧʨʦʧʫʩʢʠ, ʢʘʢʪʦ ʧʨʠ ʢʦʥʪʨʦʣʥʘ ʨʘʙʦʪʘ ʚ ʧʨʠʩʲʩʪʚʝʥʘ ʬʦʨʤʘ ʥʘ ʦʙʫʯʝʥʠʝ. 

ʀʥʩʪʨʫʤʝʥʪʲʪ ʟʘ ʦʥʘʛʣʝʜʷʚʘʥʝ ʥʘ ʤʥʦʛʦʥʠʰʢʦʚʦ ʧʨʦʛʨʘʤʠʨʘʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ 
ʜʦʧʲʣʥʝʥʠʝ. ʅʠʚʦʪʦ ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʦʩʪ ʚ ʧʨʠʣʦʞʝʥʠʝʪʦ ʜʦʧʨʠʥʘʩʷ ʟʘ ʥʫʞʥʦʪʦ ʨʘʟʩʝʡʚʘʥʝ ʦʪ 
ʪʝʦʨʠʷʪʘ ʯʨʝʟ ʧʨʘʢʪʠʯʝʩʢʠ ʫʧʨʘʞʥʝʥʠʷ ʠ ʟʘʜʲʨʞʘʥʝ ʠʥʪʝʨʝʩʘ ʥʘ ʦʙʫʯʘʝʤʠʪʝ ʢʲʤ ʪʝʤʘʪʠʢʘʪʘ. 
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Abstract: The freelancing market on the territory of the Republic of Bulgaria is growing. Web-based platform for 

freelancers are needed to support the development of professionals who practice freelance services. Using specialized 

web-based platform for freelancer will help employers who offer freelance projects to find suitable candidates. The paper 

presents a design process of an special online platform for freelancers, which can help freelancers in the country to apply 

and work on real projects published by employers. The platform is designed in Bulgarian language and will promote the 

spread of freelance services within the Republic of Bulgaria. 

Keywords: freelance, web-based platform, software design, freelancer, freelance projects 

 

ɺʒɺɽɼɽʅʀɽ 

ʉ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʠʪʝ ʠ ʠʢʦʥʦʤʠʢʘʪʘ ʚ ʥʦʚʠʪʝ ʫʩʣʦʚʠʷ, ʧʘʟʘʨʲʪ ʥʘ ʪʨʫʜʘ 
ʜʨʘʩʪʠʯʥʦ ʩʝ ʧʨʦʤʝʥʠ. ɺ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ ʚʩʝ ʧʦ-ʛʦʣʷʤ ʜʷʣ ʟʘʝʤʘ ɻʀɻ ʠʢʦʥʦʤʠʢʘʪʘ (Huws, U., 
2017), ʢʦʷʪʦ ʩʝ ʧʦʷʚʠ ʢʘʪʦ ʬʦʨʤʘ ʥʘ ʧʨʝʜʦʩʪʘʚʷʥʝ ʥʘ ʢʨʘʪʢʦʩʨʦʯʥʠ ʛʲʚʢʘʚʠ ʦʥʣʘʡʥ 
ʧʨʦʬʝʩʠʦʥʘʣʥʠ ʚʟʘʠʤʦʦʪʥʦʱʝʥʠʷ ʠ ʫʩʣʫʛʠ ʦʪ ʥʝʟʘʚʠʩʠʤʠ ʨʘʙʦʪʥʠʮʠ ʠ ʧʨʝʜʠʟʚʠʢʚʘ 
ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʙʠʟʥʝʩ ʤʦʜʝʣʠ ʠ ʧʨʘʢʪʠʢʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʨʫʜʘ (Wood, A. J., 2019). ʄʥʦʛʦ 
ʩʝ ʛʦʚʦʨʠ ʟʘ ʨʘʟʨʫʰʠʪʝʣʥʠʷ ʧʦʪʝʥʮʠʘʣ ʥʘ ʜʠʛʠʪʘʣʠʟʘʮʠʷʪʘ ʠ ʠʢʦʥʦʤʠʢʘʪʘ ʥʘ ʩʧʦʜʝʣʷʥʝ ʥʘ 
ʧʘʟʘʨʠ ʥʘ ʪʨʫʜʘ. ʅʦ ʚʩʝ ʧʦʚʝʯʝ ɦ ʝ ʩʝ ʦʙʩʲʞʜʘʪ ʠ ʧʨʝʜʠʤʩʪʚʘʪʘ ʥʘ ʪʦʟʠ ʥʦʚ ʚʠʜ ʟʘʝʪʦʩʪ ʚ ʦʥʣʘʡʥ 
ʧʣʘʪʬʦʨʤʠʪʝ. ɼʘʣʠ ʪʦʚʘ ʝ ʥʦʚʘ ʬʦʨʤʘ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʥʘ ʟʘʝʪʦʩʪ ʠʣʠ ʥʦʚʘ ʬʦʨʤʘ ʥʘ 
ʝʢʩʧʣʦʘʪʘʮʠʷ? ʂʦʣʢʦ ʨʘʙʦʪʥʠʮʠ ʛʦ ʧʨʘʚʷʪ? ʂʦʠ ʩʘ ʪʝ? ɼʘʣʠ ʝ ʪʝʭʝʥ ʦʩʥʦʚʝʥ ʠʟʪʦʯʥʠʢ ʥʘ 
ʜʦʭʦʜʠ ʠʣʠ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʜʨʫʛʠ ʚʠʜʦʚʝ ʨʘʙʦʪʘ? ʂʘʢʚʘ ʝ ʨʝʘʣʥʦʩʪʪʘ ʥʘ ʪʷʭʥʘʪʘ ʨʘʙʦʪʘ ʠ 
ʞʠʚʦʪ? ʀ ʢʘʢʚʠ ʩʘ ʧʦʩʣʝʜʠʮʠʪʝ ʦʪ ʪʝʟʠ ʥʦʚʠ ʨʝʘʣʥʦʩʪʠ ʫ ʥʘʩ ʠ ʚ ʯʫʞʙʠʥʘ? (Healy, J., 2017). 

ʅʘ ʪʝʟʠ ʚʲʧʨʦʩʠ ʪʝʧʲʨʚʘ ʱʝ ʩʝ ʪʲʨʩʷʪ ʦʪʛʦʚʦʨʠ, ʥʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʯʝʪʝ, ʯʝ ʧʘʟʘʨʲʪ ʥʘ 
ʬʨʠʡʣʘʥʩʠʛ ʫʩʣʫʛʠʪʝ ʩʝ ʨʘʟʚʠʚʘ ʚʩʝ ʧʦ-ʙʲʨʟʦ ʠ ʝʜʥʘ ʦʪ ʧʨʠʯʠʥʠʪʝ ʟʘ ʪʦʚʘ ʝ, ʯʝ ʀʥʪʝʨʥʝʪ 
ʧʣʘʪʬʦʨʤʠʪʝ ʩʘ ʠʜʝʘʣʥʘʪʘ ʩʨʝʜʘ ʟʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʥʝʟʘʚʠʩʠʤʠ ʣʠʮʘ ʧʨʝʜʣʘʛʘʱʠ ʫʩʣʫʛʠ ʠ 
ʢʫʧʫʚʘʯʠ ʥʘ ʪʝʟʠ ʫʩʣʫʛʠ ï ʨʘʙʦʪʦʜʘʪʝʣʠʪʝ. ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʠ ʥʘ ʥʘʨʘʩʪʚʘʱʠʷ ʠʥʪʝʨʝʩ ʢʲʤ 
ʩʚʦʙʦʜʥʘʪʘ ʧʨʘʢʪʠʢʘ (Akhmetshin, E. , 2018), ʢʲʜʝʪʦ ʩʲʦʪʚʝʪʥʠʪʝ ʟʘʝʪʠ ʣʠʮʘ ʠʤʘʪ ʩʚʦʙʦʜʘ ʜʘ 
ʨʘʟʧʨʝʜʝʣʷʪ ʚʨʝʤʝʪʦ ʩʠ ʠ ʠʤʘʪ ʠʟʙʦʨ ʟʘ ʢʘʢʚʠ ʧʨʦʝʢʪʠ, ʟʘ ʢʦʣʢʦ ʚʨʝʤʝ ʠ ʟʘ ʢʦʛʦ ʨʘʙʦʪʷʪ. 
ʈʘʟʙʠʨʘ ʩʝ ʪʫʢ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʯʝʪʘʪ ʠ ʩʲʦʪʚʝʪʥʠʪʝ ʧʨʦʙʣʝʤʠ ʩ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʚʟʘʠʤʥʦ 
ʜʦʚʝʨʠʝ ʠ ʥʫʞʜʘʪʘ ʦʪ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʚ ʪʝʟʠ ʙʠʟʥʝʩ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ (Green, 
D., 2018). ʆʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʪʦʟʠ ʚʠʜ ʙʠʟʥʝʩ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʠʟʠʩʢʚʘ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʜʚʝʪʝ 
ʩʪʨʘʥʠ ʚ ʦʥʣʘʡʥ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ. ʈʘʙʦʪʦʜʘʪʝʣʷʪ ʪʨʷʙʚʘ ʜʘ ʧʫʙʣʠʢʫʚʘ ʧʨʦʝʢʪ ʟʘ ʨʘʙʦʪʘ ʩ ʷʩʥʠ 
ʫʩʣʦʚʠʷ:ʦʯʘʢʚʘʥʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ, ʬʠʥʘʥʩʦʚʠ ʜʝʪʘʡʣʠ ʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʧʠʪʘ ʥʘ ʪʲʨʩʝʥʠʷ 
ʩʧʝʮʠʘʣʠʩʪ. ʆʪ ʜʨʫʛʘʪʘ ʩʪʨʘʥʘ ʩʘʤʠʪʝ ʬʨʠʡʣʘʥʩʲʨ ʩʧʝʮʠʘʣʠʩʪʠ ʪʨʷʙʚʘ ʩʲʱʦ ʜʘ ʠʤʘʪ 
                                                 

6 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʚ ʩʝʢʮʠʷ ʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʠ 
ʢʦʤʧʶʪʲʨʥʘ ʪʝʭʥʠʢʘ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ: ʋɽɹ ɹɸɿʀʈɸʅɸ ʇʃɸʊʌʆʈʄɸ ɿɸ 
ʇʆɼʇʆʄɸɻɸʅɽ  ʅɸʄʀʈɸʅɽʊʆ ʀ ʂɸʅɼʀɼɸʊʉʊɺɸʅɽʊʆ ɿɸ ʈɸɹʆʊɸ ʇʆ ʇʈʆɽʂʊʀ ʅɸ ʉɺʆɹʆɼʅɸ 
ʇʈɸʂʊʀʂɸ. 
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ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʧʨʝʜʩʪʘʚʷʪ ʩʝʙʝ ʩʠ ʩʲʩ ʩʲʦʪʚʝʪʥʘ ʙʠʟʥʝʩ ʚʠʟʠʪʢʘ ʠ ʩ ʥʝʷ ʜʘ ʢʘʥʜʠʜʘʪʩʪʚʘʪ ʟʘ 
ʥʘʡ-ʧʦʜʭʦʜʷʱʠʪʝ ʟʘ ʪʷʭ ʧʨʦʝʢʪʠ. ʊʦʚʘ ʥʘʣʘʛʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʨʘʟʚʠʚʘʥʝ ʥʘ ʫʝʙ-ʧʣʘʪʬʦʨʤʠ 
ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘʤʠʨʘʥʝʪʦ ʠ ʢʘʥʜʠʜʘʪʩʪʚʘʥʝʪʦ ʟʘ ʨʘʙʦʪʘ ʧʦ ʧʨʦʝʢʪʠ ʥʘ ʩʚʦʙʦʜʥʘ ʧʨʘʢʪʠʢʘ.  

ɺ ɹʲʣʛʘʨʠʷ ʩʲʱʦ ʩʝ ʦʪʯʠʪʘ ʥʘʨʘʩʪʚʘʱ ʠʥʪʝʨʝʩ ʢʲʤ ʠʥʦʚʘʪʠʚʥʠʪʝ ʙʠʟʥʝʩ ʤʦʜʝʣʠ (Kunev, 
S., & Antonova, D., 2014) (Antonova, D., Kunev, S., Venelinova, N., & Kostadinova, I. , 2020) ʠ 
ʚʩʝ ʧʦʚʝʯʝ ʩʝ ʫʚʝʣʠʯʘʚʘ ʜʝʣʲʪ ʥʘ ʬʨʠʡʣʘʥʩʲʨ ʫʩʣʫʛʠʪʝ. ʇʨʦʝʢʪʠʨʘʥʝʪʦ ʠ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʫʝʙ-

ʙʘʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʬʨʠʡʣʘʥʩʲʨʠ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ ʱʝ ʧʦʜʧʦʤʦʛʥʝ  ʨʘʟʚʠʪʠʝʪʦ ʥʘ 
ʙʲʣʛʘʨʩʢʠ ʩʧʝʮʠʘʣʠʩʪʠ, ʢʦʠʪʦ ʧʨʘʢʪʠʢʫʚʘʪ ʬʨʠʡʣʘʥʩʠʥʛ ʫʩʣʫʛʠ ʠ ʱʝ ʫʣʝʩʥʠ ʨʘʙʦʪʦʜʘʪʝʣʠʪʝ 
ʚ ɹʲʣʛʘʨʠʷ, ʢʦʠʪʦ ʧʨʝʜʣʘʛʘʪ ʧʨʦʝʢʪʠ ʥʘ ʩʚʦʙʦʜʥʘ ʧʨʘʢʪʠʢʘ ʚ ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʧʦʜʭʦʜʷʱʠ 
ʢʘʥʜʠʜʘʪʠ ʟʘ ʨʘʙʦʪʘ ʧʦ ʪʷʭ. 

 

ʀɿʃʆɾɽʅʀɽ 

ʇʨʦʝʢʪʲʪ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʨʘʟʨʘʙʦʪʠ ʦʥʣʘʡʥ ʧʣʘʪʬʦʨʤʘ, ʢʦʷʪʦ ʜʘ ʥʘʩʲʨʯʠ 
ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʬʨʠʡʣʘʥʩʠʥʛ ʫʩʣʫʛʠ ʚ ʈʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷ, ʢʘʢʪʦ ʠ ʜʘ ʩʝ ʧʨʝʜʦʩʪʘʚʠ 
ʚʲʟʤʦʞʥʦʩʪ ʥʘ ʬʨʠʡʣʘʥʩʲʨʠʪʝ ʚ ʩʪʨʘʥʘʪʘ ʜʘ ʢʘʥʜʠʜʘʪʩʪʚʘʪ ʠ ʨʘʙʦʪʷʪ ʚʲʨʭʫ  ʨʝʘʣʥʠ ʧʨʦʝʢʪʠ, 
ʧʫʙʣʠʢʫʚʘʥʠ ʦʪ ʙʲʣʛʘʨʩʢʠ ʨʘʙʦʪʦʜʘʪʝʣʠ.  

ʇʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘʪʘ ʧʨʝʜ ʨʘʟʨʘʙʦʪʢʘʪʘ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʪʦʚʘ ʜʘ ʩʝ ʧʨʝʜʦʩʪʘʚʠ ʚʲʟʤʦʞʥʦʩʪ 
ʟʘ ʧʦ-ʣʝʩʥʘ ʠ ʙʲʨʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʨʘʙʦʪʥʠʮʠʪʝ ʥʘ ʩʚʦʙʦʜʥʘ ʧʨʘʢʪʠʢʘ ʩ ʢʣʠʝʥʪʠʪʝ 
ʥʫʞʜʘʝʱʠʪʝ ʩʝ ʦʪ ʪʝʭʥʠʪʝ ʠʥʦʚʘʪʠʚʥʠ ʫʩʣʫʛʠ. ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʫʣʝʩʥʠ ʧʨʦʮʝʩʲʪ ʥʘ ʧʫʙʣʠʢʫʚʘʥʝ 
ʥʘ ʧʨʦʝʢʪ ʦʪ ʩʪʨʘʥʘ ʥʘ ʨʘʙʦʪʦʜʘʪʝʣʷ ʠ ʧʨʦʮʝʩʲʪ ʥʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʧʨʦʬʠʣʥʘ ʚʠʟʠʪʢʘ ʦʪ ʩʪʨʘʥʘ 
ʥʘ ʬʨʠʡʣʘʥʩʲʨʘ, ʢʘʢʪʦ ʠ ʧʨʦʮʝʩʲʪ ʥʘ ʢʘʥʜʠʜʘʪʩʪʚʘʥʝ ʩ ʧʦʤʦʱʪʘ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʣʦʞʝʥʠ ʚ 
ʩʠʩʪʝʤʘʪʘ ʢʨʘʪʢʠ ʧʨʝʧʦʨʲʯʠʪʝʣʥʠ ʩʪʲʧʢʠ ʦʪ  ʜʝʡʩʪʚʠʷ, ʢʦʠʪʦ ʜʘ ʥʘʩʦʯʚʘʪ ʧʦʪʨʝʙʠʪʝʣʠʪʝ. 

 

ʆʧʠʩʘʥʠʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ 

ɺ ʧʨʦʮʝʩʘ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝ ʝ ʥʘʧʨʘʚʝʥ ʘʥʘʣʠʟ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠ ʨʝʰʝʥʠʷ ʥʘ ʘʥʛʣʠʡʩʢʠ 
ʝʟʠʢ ʥʘ ʧʣʘʪʬʦʨʤʠ ʧʦʜʧʦʤʘʛʘʱʠ ʥʘʤʠʨʘʥʝʪʦ ʠ ʧʨʝʜʣʘʛʘʥʝʪʦ ʥʘ ʨʘʙʦʪʘ ʥʘ ʩʚʦʙʦʜʥʘ ʧʨʘʢʪʠʢʘ 
ʠ ʩʘ ʦʙʦʙʱʝʥʠ ʩʣʝʜʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ ʪʘʢʠʚʘ ʧʣʘʪʬʦʨʤʠ: 

Å ʇʣʘʪʬʦʨʤʠʪʝ ʪʨʷʙʚʘ ʜʘ ʩʘ ʦʙʱʦʜʦʩʪʲʧʥʠ, ʟʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʧʦʧʫʣʷʨʠʟʠʨʘʥʝ ʥʘ 
ʬʨʠʡʣʘʥʩ ʫʩʣʫʛʠʪʝ.  

Å ʋʝʙ-ʧʣʘʪʬʦʨʤʠʪʝ ʩʣʝʜʚʘ ʜʘ ʧʨʝʜʣʘʛʘʪ ʜʦʧʲʣʥʠʪʝʣʥʘ ʠʥʬʦʨʤʘʮʠʷ (ʧʦʜʩʢʘʟʢʠ) ʧʨʠ 
ʧʦʧʲʣʚʘʥʝ ʥʘ ʧʨʦʬʠʣʥʘʪʘ ʚʠʟʠʪʢʘ ʥʘ ʚʩʝʢʠ ʫʯʘʩʪʥʠʢ (ʬʨʠʡʣʘʥʩʲʨ) ʠ ʚʩʠʯʢʠ ʪʝʟʠ ʜʘʥʥʠ ʜʘ ʩʝ 
ʟʘʧʘʟʚʘʪ ʚ ʝʜʠʥ ʦʙʱ ʬʦʨʤʫʣʷʨ, ʢʦʡʪʦ ʝ ʜʦʩʪʲʧʝʥ ʟʘ ʧʨʝʛʣʝʜ ʦʪ ʢʣʠʝʥʪʠ ʠ ʜʨʫʛʠ ʬʨʠʡʣʘʥʩʲʨʠ. 
ʊʨʷʙʚʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʨʝʜʘʢʪʠʨʘʥʝ ʥʘ ʪʝʟʠ ʜʘʥʥʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪ ʩ ʪʝʯʝʥʠʝ 
ʥʘ ʚʨʝʤʝʪʦ. 

Å ɼʘ ʩʝ ʧʨʝʜʣʘʛʘʪ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʟʘ ʢʘʪʝʛʦʨʠʟʠʨʘʥʝ ʥʘ ʦʙʷʚʠʪʝ/ʧʨʦʝʢʪʠʪʝ, ʢʦʝʪʦ 
ʫʣʝʩʥʷʚʘ ʪʲʨʩʝʥʝʪʦ ʥʘ ʧʦʜʭʦʜʷʱʘ ʦʙʷʚʘ/ʧʨʦʝʢʪ. 

Å  ʇʣʘʪʬʦʨʤʠʪʝ ʪʨʷʙʚʘ ʜʘ ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʦʮʝʥʢʘ ʠ  ʢʦʤʝʥʪʘʨ ʥʘ ʢʣʠʝʥʪʘ,  ʦʪʥʦʩʥʦ 
ʚʨʝʤʝʪʦ, ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʨʘʙʦʪʘ  ʠ ʧʨʝʜʣʦʞʝʥʠʪʝ ʦʬʝʨʪʠʪʝ. 

Å ɼʘ ʩʝ ʧʨʝʜʣʘʛʘʪ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ ʟʘ ʧʨʝʛʣʝʜ ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ (ʘʢʪʠʚʝʥ/ʥʝʘʢʪʠʚʝʥ) ʥʘ 
ʜʘʜʝʥ ʧʨʦʝʢʪ/ʦʙʷʚʘ ʩʣʝʜ ʜʦʛʦʚʘʨʷʥʝ ʩ ʢʣʠʝʥʪ. ʇʨʠ ʠʟʪʠʯʘʥʝ ʥʘ ʜʘʜʝʥ ʧʨʦʝʢʪ/ʦʙʷʚʘ, ʜʘ ʩʝ 
ʩʠʛʥʘʣʠʟʠʨʘ ʩʲʩ ʩʲʦʙʱʝʥʠʝ Ăʥʝʜʦʩʪʲʧʥʘ ʦʙʷʚʘñ. 

Å ɼʘ ʩʝ ʧʨʝʜʣʘʛʘʪ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʟʘʧʘʟʚʘʥʝ ʥʘ ʧʨʦʝʢʪʠ, ʢʦʠʪʦ ʧʨʝʜʠʟʚʠʢʚʘʪ ʠʥʪʝʨʝʩ, ʩ 
ʢʦʝʪʦ ʱʝ ʩʝ ʫʣʝʩʥʷʚʘ ʧʨʦʮʝʩʘ ʥʘ ʠʟʙʦʨ ʠ ʢʘʥʜʠʜʘʪʩʪʚʘʥʝ ʧʦ ʙʲʜʝʱ ʧʨʦʝʢʪ. 

Å ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʩʝ ʧʨʝʜʚʠʜʷʪ ʧʦʤʦʱʥʠ ʝʢʠʧʠ (ʘʜʤʠʥʠʩʪʨʘʪʦʨʠ), ʢʦʠʪʦ ʜʘ ʧʦʜʜʲʨʞʘʪ 
ʬʫʥʢʮʠʦʥʠʨʘʥʝʪʦ ʥʘ ʧʣʘʪʬʦʨʤʠʪʝ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʜʘ ʧʦʤʘʛʘʪ ʧʨʠ ʚʲʟʥʠʢʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʠ. 

 

ʇʨʝʜʠʤʩʪʚʘ ʥʘ ʧʨʝʜʣʘʛʘʥʦʪʦ ʨʝʰʝʥʠʝ 

¶ ʋʝʙ-ʧʣʘʪʬʦʨʤʘʪʘ ʝ ʦʙʱʦʜʦʩʪʲʧʥʘ ʠ ʠʤʘ ʩʲʚʨʝʤʝʥʝʥ ʠʥʪʝʨʬʝʡʩ; 
¶ ɺ ʥʘʩʪʦʷʱʘʪʘ ʫʝʙ ʙʘʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ ʩʝ ʦʙʦʩʦʙʷʚʘʪ ʩʣʝʜʥʠʪʝ ʦʩʥʦʚʥʠ 

ʧʦʪʨʝʙʠʪʝʣʠ: ʌʨʠʡʣʘʥʩʲʨ ï ʣʠʮʝ ʩʲʟʜʘʚʘʱʦ ʧʝʨʩʦʥʘʣʥʘ ʧʨʦʬʠʣʥʘ ʚʠʟʠʪʢʘ, ʩ 
ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʢʘʥʜʠʜʘʪʩʪʚʘʥʝ ʧʦ ʧʨʦʝʢʪʠ ʯʨʝʟ ʧʦʜʘʚʘʥʝ ʥʘ ʦʬʝʨʪʠ ʩ ʫʩʣʦʚʠʷ 
ʩʧʨʷʤʦ ʚʲʟʤʦʞʥʦʩʪʠʪʝ, ʢʦʠʪʦ ʧʨʠʪʝʞʘʚʘ; ʈʘʙʦʪʦʜʘʪʝʣ/ʂʣʠʝʥʪ- ʣʠʮʝ ʧʨʠʪʝʞʘʚʘʱʦ 
ʧʨʘʚʦ ʟʘ ʢʘʯʚʘʥʝ ʥʘ ʧʨʦʝʢʪ ʟʘ ʨʘʙʦʪʘ, ʧʨʝʛʣʝʞʜʘʥʝ ʥʘ ʦʬʝʨʪʠ ʠ ʥʘʝʤʘʥʝ ʥʘ ʣʠʮʘ ʟʘ 
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ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʧʨʦʝʢʪʠʪʝ; ɸʜʤʠʥʠʩʪʨʘʪʦʨ - ʣʠʮʝ, ʢʦʝʪʦ ʠʤʘ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠ 
ʧʨʘʚʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʫʝʙ ʧʣʘʪʬʦʨʤʘʪʘ. 

¶ ɿʘʧʘʟʚʘ ʥʝʦʙʭʦʜʠʤʠ ʜʘʥʥʠ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʧʨʦʬʠʣʥʘ ʚʠʟʠʪʢʘ ʥʘ ʬʨʠʡʣʘʥʩʲʨʘ 

¶ ʇʦʜʜʲʨʞʘ ʘʢʪʫʘʣʥʠ ʟʘ ʢʘʥʜʠʜʘʪʩʪʚʘʥʝ ʦʙʷʚʠ/ʧʨʦʝʢʪʠ; 
¶ ʇʨʝʜʣʘʛʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʧʨʘʱʘʥʝ ʥʘ ʦʬʝʨʪʠ ʦʪ ʬʨʠʡʣʘʥʩʲʨʠ ʟʘ ʦʧʨʝʜʝʣʝʥʘ 

ʦʙʷʚʘ; 
¶ ɼʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʥʘ ʨʘʙʦʪʦʜʘʪʝʣʷ ʟʘ ʧʫʙʣʠʢʫʚʘʥʝ ʥʘ ʥʝʦʛʨʘʥʠʯʝʥ ʙʨʦʡ ʦʙʷʚʠ; 
¶ ʉʲʭʨʘʥʷʚʘ ʠ ʚʠʟʫʘʣʠʟʠʨʘ ʠʟʧʨʘʪʝʥʠʪʝ ʦʪ ʬʨʠʡʣʘʥʩʲʨʘ ʦʬʝʨʪʠ; 
¶ ʇʦʜʜʲʨʞʘ ʘʢʪʫʘʣʥʘ ʙʘʟʘ ʦʪ ʜʘʥʥʠ ʟʘ ʚʩʠʯʢʠ ʧʫʙʣʠʢʫʚʘʥʠ ʦʙʷʚʠ ʠ ʦʬʝʨʪʠ ʠ 

ʩʲʦʪʚʝʪʥʠʪʝ ʜʝʡʩʪʚʠʷ ʧʦ ʪʷʭʥʦʪʦ ʠʟʧʲʣʥʝʥʠʝ. 
ʅʘ ʌʠʛ. 1 ʝ ʧʨʝʜʩʪʘʚʝʥʘ UML ʜʠʘʛʨʘʤʘ (Rumbaugh, J., 2005) ʥʘ ʜʝʡʥʦʩʪʠ ʟʘ ʨʝʛʠʩʪʨʘʮʠʷ 

ʥʘ ʬʨʠʡʣʘʥʩʲʨ ʠ ʧʦʧʲʣʚʘʥʝ ʥʘ ʧʨʦʬʠʣʥʘ ʚʠʟʠʪʢʘ. 
 

 

ʌʠʛ. 1. ɼʠʘʛʨʘʤʘ ʟʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʧʦʧʲʣʚʘʥʝ ʥʘ ʧʨʦʬʠʣʥʘ ʚʠʟʠʪʢʘ  
 

ʅʘ ʌʠʛ. 2 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʜʠʘʛʨʘʤʘ ʥʘ ʜʝʡʥʦʩʪʠ ʩ ʝʪʘʧʠʪʝ ʟʘ ʢʘʥʜʠʜʘʪʩʪʚʘʥʝ ʧʦ ʦʙʷʚʝʥ 
ʧʨʦʝʢʪ. 
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ʌʠʛ. 2. ɼʠʘʛʨʘʤʘ ʥʘ ʝʪʘʧʠʪʝ ʟʘ ʢʘʥʜʠʜʘʪʩʪʚʘʥʝ ʧʦ ʦʙʷʚʝʥ ʧʨʦʝʢʪ 

 

ʅʘ ʌʠʛ. 3, ʌʠʛ. 4 ʠ ʌʠʛ. 5 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ UML ʜʠʘʛʨʘʤʠ (Sengupta, S., 2006) ʥʘ ʩʣʫʯʘʠ 
ʥʘ ʫʧʦʪʨʝʙʘ ʥʘ ʪʨʠʪʝ ʪʠʧʘ ʧʦʪʨʝʙʠʪʝʣʠ ʚ ʧʣʘʪʬʦʨʤʘʪʘ: ʬʨʠʡʣʘʥʩʲʨ, ʨʘʙʦʪʦʜʘʪʝʣ ʠ 
ʘʜʤʠʥʠʩʪʨʘʪʦʨ. 

ʌʠʛ. 3. ɼʠʘʛʨʘʤʘ ʥʘ ʩʣʫʯʘʠʪʝ ʥʘ ʫʧʦʪʨʝʙʘ ʥʘ ʬʨʠʡʣʘʥʩʲʨ 

 

ʌʠʛ. 4. ɼʠʘʛʨʘʤʘ ʥʘ ʩʣʫʯʘʠʪʝ ʥʘ ʫʧʦʪʨʝʙʘ ʥʘ ʨʘʙʦʪʦʜʘʪʝʣ 
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ʌʠʛ. 5. ɼʠʘʛʨʘʤʘ ʥʘ ʩʣʫʯʘʠʪʝ ʥʘ ʫʧʦʪʨʝʙʘ ʥʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ 
 

ʀʥʪʝʨʬʝʡʩ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ 

ʇʣʘʪʬʦʨʤʘʪʘ ʝ ʨʝʘʣʠʟʠʨʘʥʘ ʩʲʩ ʩʲʚʨʝʤʝʥʝʥ ʠʥʪʝʨʬʝʡʩ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʌʠʛ. 6. 
 
 

 

ʌʠʛ. 6. ʀʥʪʝʨʬʝʡʩ ʥʘ ʥʘʯʘʣʥʘʪʘ ʩʪʨʘʥʠʮʘ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ 
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ʅʘ ʌʠʛ. 7 ʠ ʌʠʛ. 8 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʬʦʨʤʘ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʧʨʦʬʠʣʥʘ ʚʠʟʠʪʢʘ ʥʘ 
ʬʨʠʡʣʘʥʩʲʨ ʠ ʠ ʧʨʠʤʝʨ ʟʘ ʘʧʣʠʢʘʮʠʷ ʩ ʦʬʝʨʪʘ ʠ ʫʩʣʦʚʠʷ ʟʘ ʢʘʥʜʠʜʘʪʩʪʚʘʥʝ. 

 

 

ʌʠʛ. 7. ʇʨʦʬʠʣʥʘ ʚʠʟʠʪʢʘ ʥʘ ʬʨʠʡʣʘʥʩʲʨ 

 

 

ʌʠʛ. 8. ɸʧʣʠʢʘʮʠʷ ʩ ʦʬʝʨʪʘ ʠ ʫʩʣʦʚʠʷ ʟʘ ʢʘʥʜʠʜʘʪʩʪʚʘʥʝ 

 

ʀɿɺʆɼʀ  
ʇʨʝʜʣʦʞʝʥʘʪʘ ʫʝʙ-ʧʣʘʪʬʦʨʤʘ ʧʨʝʜʦʩʪʘʚʷ ʚʲʟʤʦʞʥʦʩʪ ʜʝʪʘʡʣʥʦ ʜʘ ʩʝ ʦʬʦʨʤʠ ʧʨʦʬʠʣʘ 

ʥʘ ʚʩʷʢʦ ʨʝʛʠʩʪʨʠʨʘʥʦ ʣʠʮʝ ʢʘʪʦ ʬʨʠʡʣʘʥʩʲʨ, ʯʨʝʟ ʚʲʚʝʞʜʘʥʝ ʥʘ ʨʝʘʣʥʠ ʜʘʥʥʠ ʠ ʟʘʧʘʟʚʘʥʝʪʦ 
ʠʤ ʧʦʜ ʬʦʨʤʘʪʘ ʥʘ ʙʠʟʥʝʩ ʚʠʟʠʪʢʘ. ʅʘʣʠʯʠʝʪʦ ʥʘ ʙʘʟʘ ʦʪ ʜʘʥʥʠ ʩ ʪʘʢʘʚʘ ʠʥʬʦʨʤʘʮʠʷ ʙʠ 
ʧʦʜʧʦʤʦʛʥʘʣʦ ʙʲʜʝʱʠʪʝ ʨʘʙʦʪʦʜʘʪʝʣʠ, ʢʦʠʪʦ ʠʟʧʦʣʟʚʘʪ ʩʠʩʪʝʤʘʪʘ, ʟʘ ʜʘ ʧʫʙʣʠʢʫʚʘʪ ʬʨʠʡʣʘʥʩ 
ʧʨʦʝʢʪʠ,  ʚ ʠʟʙʦʨʘ ʥʘ ʧʨʘʚʠʣʥʠʷ ʩʧʝʮʠʘʣʠʩʪ ʩ ʥʝʦʙʭʦʜʠʤʠʷ ʥʘʪʨʫʧʘʥ ʦʧʠʪ. 

ʉʠʩʪʝʤʘʪʘ ʧʨʝʜʦʩʪʘʚʷ ʙʲʨʟ ʠ ʫʜʦʙʝʥ ʥʘʯʠʥ ʟʘ ʨʝʛʠʩʪʨʠʨʘʥʝ ʥʘ ʨʘʙʦʪʦʜʘʪʝʣʠ ʠ 
ʧʫʙʣʠʢʫʚʘʥʝ ʥʘ ʥʦʚʠ ʦʙʷʚʠ ʯʨʝʟ ʩʧʝʮʠʘʣʥʦ ʧʨʦʝʢʪʠʨʘʥ ʟʘ ʪʦʚʘ ʤʦʜʫʣ, ʚ ʢʦʡʪʦ ʩʝ ʦʙʨʘʙʦʪʚʘʪ ʠ 
ʠʟʧʨʘʪʝʥʠʪʝ ʦʪ ʬʨʠʡʣʘʥʩʲʨʘ ʦʬʝʨʪʠ ʟʘ ʪʝʟʠ ʦʙʷʚʠ. ʉʠʩʪʝʤʘʪʘ ʧʨʦʩʣʝʜʷʚʘ ʚʩʠʯʢʠ ʦʙʷʚʠ ʠ 
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ʩʲʦʪʚʝʪʥʠʪʝ ʜʝʡʩʪʚʠʷ ʩʚʲʨʟʘʥʠ ʩ ʧʨʝʛʣʝʞʜʘʥʝʪʦ ʥʘ ʧʨʦʝʢʪʠʪʝ ʠ ʧʦʜʘʚʘʥʝʪʦ ʥʘ ʦʬʝʨʪʠ, ʩ ʢʦʝʪʦ 
ʜʘ ʩʝ ʛʘʨʘʥʪʠʨʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʢʦʨʝʢʪʥʦʩʪʪʘ ʥʘ ʚʩʷʢʘ ʠʟʧʲʣʥʝʥʘ ʩʜʝʣʢʘ.  

ʈʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ  ʱʝ ʧʦʦʱʨʠ  ʨʘʟʚʠʚʘʥʝ ʥʘ ʧʦʪʝʥʮʠʘʣʘ ʥʘ 
ʣʠʮʘ, ʢʦʠʪʦ ʩʲʯʝʪʘʚʘʪ ʚ ʩʝʙʝ ʩʠ ʢʨʝʘʪʠʚʥʦʩʪ, ʠʥʦʚʘʪʠʚʥʦʩʪ ʠ ʤʦʜʝʨʥʠ ʜʠʛʠʪʘʣʥʠ ʨʝʰʝʥʠʷ ʠ 
ʱʝ ʧʦʜʧʦʤʦʛʥʝ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝʪʦ ʥʘ ʪʝʭʥʠʪʝ ʫʤʝʥʠʷ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ ʧʨʦʝʢʪʠ ʥʘ 
ʩʚʦʙʦʜʥʘ ʧʨʘʢʪʠʢʘ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ ʧʣʘʪʬʦʨʤʘʪʘ ʱʝ ʧʦʜʧʦʤʦʛʥʝ ʧʦʧʫʣʷʨʠʟʠʨʘʥʝʪʦ ʥʘ 
ʨʝʛʠʩʪʨʠʨʘʥʠ ʚ ʩʠʩʪʝʤʘʪʘ ʬʨʠʡʣʘʥʩʲʨʠ ʥʘ ʩʚʦʙʦʜʥʘ ʧʨʘʢʪʠʢʘ ʩʨʝʜ ʬʠʨʤʠʪʝ ʦʪ  ʪʝʨʠʪʦʨʠʷʪʘ 
ʥʘ ʩʪʨʘʥʘʪʘ ʥʠ.  ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʧʨʝʜʣʦʞʝʥʘʪʘ ʧʣʘʪʬʦʨʤʘ, ʥʘ ʬʠʨʤʠʪʝ ʠʣʠ ʬʠʟʠʯʝʩʢʠʪʝ ʣʠʮʘ 
(ʨʘʙʦʪʦʜʘʪʝʣʠʪʝ) ʱʝ ʙʲʜʝ ʧʨʝʜʦʩʪʘʚʝʥ ʛʦʣʷʤ ʠʟʙʦʨ ʦʪ ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʠ ʠ ʚʟʠʩʢʘʪʝʣʥʠ 
ʩʧʝʮʠʘʣʠʩʪʠ-ʬʨʠʡʣʘʥʩʲʨʠ, ʥʘ ʢʦʠʪʦ ʱʝ ʤʦʛʘʪ ʜʘ ʨʘʟʯʠʪʘʪ ʠ ʧʨʠ ʜʨʫʛʠ ʙʲʜʝʱʠ ʧʨʦʝʢʪʠ.  
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Abstract: The paper presents various circuits for 2x2, 3x3, and 4x4-bit multipliers, implemented and tested in 

Logisim, and explains how they work. The multipliers are constructed using logic gates for building the half-adders and 

full adders in the structure of the multipliers. The work is related to the Teamwork Project in the course ñDigital Circuitsò 

for students-bachelors of the specialty ñComputer Systems and Technologiesò. 
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ɺʒɺɽɼɽʅʀɽ 

ɺʲʚ ʚʩʝʢʠ ʙʲʣʛʘʨʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ, ʢʲʜʝʪʦ ʩʝ ʦʙʫʯʘʚʘʪ ʩʪʫʜʝʥʪʠ-ʙʘʢʘʣʘʚʨʠ ʧʦ ʝʣʝʢʪʨʦ-

ʩʧʝʮʠʘʣʥʦʩʪʠ, ʩʝ ʠʟʫʯʘʚʘ ʜʠʩʮʠʧʣʠʥʘʪʘ Ăʎʠʬʨʦʚʘ ʩʭʝʤʦʪʝʭʥʠʢʘñ ʢʘʪʦ ʯʘʩʪ ʦʪ ʩʭʝʤʦʪʝʭʥʠʢʘʪʘ 
ʥʘ ʝʣʝʢʪʨʦʥʥʠ ʫʩʪʨʦʡʩʪʚʘ. ʊʷ ʠʟʫʯʘʚʘ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʤʝʪʦʜʠ, ʩʨʝʜʩʪʚʘ ʠ ʨʝʰʝʥʠʷ ʧʨʠ 
ʩʲʟʜʘʚʘʥʝʪʦ ʠ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʣʠʥʝʡʥʠ ʠ ʥʝʣʠʥʝʡʥʠ ʧʨʦʮʝʩʠ ʚ ʝʣʝʢʪʨʦʥʥʠʪʝ ʩʭʝʤʠ, ʢʘʢʪʦ ʠ 
ʤʝʪʦʜʠʪʝ ʠ ʩʭʝʤʠʪʝ ʟʘ ʛʝʥʝʨʠʨʘʥʝ, ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʠʤʧʫʣʩʥʠ 
ʩʠʛʥʘʣʠ ʚ ʝʣʝʢʪʨʦʥʥʠʪʝ ʚʝʨʠʛʠ. ɼʠʩʮʠʧʣʠʥʘʪʘ ʝ ʦʩʥʦʚʦʧʦʣʘʛʘʱʘ ʠ ʚʲʚʝʞʜʘʱʘ ʚ ʦʙʰʠʨʥʠʷ 
ʩʚʷʪ ʥʘ ʝʣʝʢʪʨʦʥʠʢʘʪʘ (Dimitrov, D., Borodzhieva, A., 2020). ɺ ʜʝʡʩʪʚʘʱʘʪʘ ʢʲʤ ʤʦʤʝʥʪʘ 
ʫʯʝʙʥʘ ʧʨʦʛʨʘʤʘ ʧʦ ʜʠʩʮʠʧʣʠʥʘʪʘ Ăʎʠʬʨʦʚʘ ʩʭʝʤʦʪʝʭʥʠʢʘñ (http://ecet.ecs.uni-ruse.bg/else/, 

2021), ʚʢʣʶʯʝʥʘ ʢʘʪʦ ʟʘʜʲʣʞʠʪʝʣʥʘ ʚ ʫʯʝʙʥʠʷ ʧʣʘʥ ʥʘ ʩʧʝʮʠʘʣʥʦʩʪʪʘ Ăʂʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ 
ʠ ʪʝʭʥʦʣʦʛʠʠñ, ʚ ʪʝʤʘʪʘ Ăɸʨʠʪʤʝʪʠʯʥʠ ʩʭʝʤʠñ ʩʝ ʠʟʫʯʘʚʘʪ ʩʘʤʦ ʧʦʣʫʩʫʤʘʪʦʨʠ, ʧʲʣʥʠ 
ʝʜʥʦʨʘʟʨʷʜʥʠ ʩʫʤʘʪʦʨʠ ʠ ʤʥʦʛʦʨʘʟʨʷʜʥʠ ʢʦʤʙʠʥʘʮʠʦʥʥʠ ʩʫʤʘʪʦʨʠ, ʥʦ ʥʝ ʝ ʦʙʭʚʘʥʘʪʦ 
ʠʟʫʯʘʚʘʥʝʪʦ ʥʘ ʩʫʙʪʨʘʢʪʦʨʠ, ʢʘʢʪʦ ʠ ʩʭʝʤʠ ʟʘ ʫʤʥʦʞʝʥʠʝ ʥʘ ʙʠʥʘʨʥʠ ʯʠʩʣʘ. ʇʨʝʟ ʩʣʝʜʚʘʱʘʪʘ 
ʫʯʝʙʥʘ ʛʦʜʠʥʘ ʩʝ ʧʨʝʜʚʠʞʜʘ ʘʢʪʫʘʣʠʟʠʨʘʥʝ ʥʘ ʫʯʝʙʥʘʪʘ ʧʨʦʛʨʘʤʘ, ʢʘʪʦ ʚʝʯʝ ʩʝ ʚʢʣʶʯʠ ʠ 
ʠʟʫʯʘʚʘʥʝʪʦ ʥʘ ʩʭʝʤʠʪʝ ʟʘ ʫʤʥʦʞʝʥʠʝ ʥʘ ʜʚʫʙʠʪʦʚʠ, ʪʨʠʙʠʪʦʚʠ ʠ ʯʝʪʠʨʠʙʠʪʦʚʠ ʯʠʩʣʘ, 
ʠʟʛʨʘʜʝʥʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʧʦʣʫʩʫʤʘʪʦʨʠ ʠ ʧʲʣʥʠ ʝʜʥʦʨʘʟʨʷʜʥʠ ʩʫʤʘʪʦʨʠ, ʢʦʠʪʦ ʩʘ ʦʙʝʢʪ ʥʘ 
ʨʘʟʛʣʝʞʜʘʥʝ ʚ ʥʘʩʪʦʷʱʠʷ ʜʦʢʣʘʜ. 

 

ʀɿʃʆɾɽʅʀɽ 

Logisim 

Logisim (ʌʠʛ. 1) ʝ ʣʦʛʠʯʝʩʢʠ ʩʠʤʫʣʘʪʦʨ, ʢʦʡʪʦ ʧʦʟʚʦʣʷʚʘ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʠ ʩʠʤʫʣʠʨʘʥʝʪʦ 
ʥʘ ʣʦʛʠʯʝʩʢʠ ʩʭʝʤʠ. ʈʘʟʧʨʦʩʪʨʘʥʷʚʘ ʩʝ ʙʝʟʧʣʘʪʥʦ. ʂʦʜʲʪ ʤʫ ʝ Java-ʙʘʟʠʨʘʥ. ʀʟʧʦʣʟʚʘ ʩʝ ʥʘʡ-

                                                 
7 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʛ. ʚ ʩʝʢʮʠʷ Ăʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʠ 

ʢʦʤʧʶʪʲʨʥʘ ʪʝʭʥʠʢʘñ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ: ʈɽɸʃʀɿɸʎʀʗ ʅɸ ʋʄʅʆɾʀʊɽʃʀ ʅɸ 2-

ɹʀʊʆɺʀ, 3-ɹʀʊʆɺʀ ʀ 4-ɹʀʊʆɺʀ ʏʀʉʃɸ ʉ ʇʆʃʋʉʋʄɸʊʆʈʀ ʀ ʇʒʃʅʀ ɽɼʅʆʈɸɿʈʗɼʅʀ ʉʋʄɸʊʆʈʀ ɺ 
LOGISIM. 
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ʯʝʩʪʦ ʦʪ ʩʪʫʜʝʥʪʠ, ʪʲʡ ʢʘʪʦ ʧʨʦʛʨʘʤʘʪʘ ʧʦʟʚʦʣʷʚʘ ʠʟʫʯʘʚʘʥʝʪʦ ʥʘ ʦʩʥʦʚʥʠʪʝ ʣʦʛʠʯʝʩʢʠ 
ʝʣʝʤʝʥʪʠ ʠ ʪʷʭʥʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʧʦʚʝʯʝʪʦ ʩʠʤʫʣʘʪʦʨʠ, Logisim ʧʦʟʚʦʣʷʚʘ ʥʘ 
ʧʦʪʨʝʙʠʪʝʣʷ ʜʘ ʨʝʜʘʢʪʠʨʘ ʚʝʨʠʛʘʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʩʠʤʫʣʘʮʠʷ. ʇʨʦʛʨʘʤʘʪʘ ʥʝ ʠʟʠʩʢʚʘ ʠʥʩʪʘʣʘʮʠʷ 
ʠ ʠʤʘ ʩʠʤʚʦʣʠʯʥʠ ʪʝʭʥʠʯʝʩʢʠ ʠʟʠʩʢʚʘʥʠʷ (http://www.cburch.com/logisim/, 2021), 

(Dimitrov, D., Borodzhieva, A., 2020). 

 

ʌʠʛ. 1. ʃʦʛʦ ʥʘ ʩʠʤʫʣʘʪʦʨʘ Logisim 
ʉʥʠʤʢʘ: https://commons.wikimedia.org/wiki/File:Logisim-icon.svg 

ʉʫʤʘʪʦʨʠ 

ʉʫʤʘʪʦʨʲʪ ʝ ʢʦʤʙʠʥʘʮʠʦʥʥʘ ʣʦʛʠʯʝʩʢʘ ʩʭʝʤʘ, ʢʦʷʪʦ ʠʟʚʲʨʰʚʘ ʩʲʙʠʨʘʥʝ ʥʘ ʜʚʝ ʯʠʩʣʘ. 
ʀʟʧʦʣʟʚʘʪ ʩʝ ʧʨʠ ʘʨʠʪʤʝʪʠʯʥʠʪʝ ʣʦʛʠʯʝʩʢʠ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʪ ʧʨʦʮʝʩʦʨʠʪʝ ʥʘ ʨʘʟʣʠʯʥʠ ʮʠʬʨʦʚʠ 
ʫʩʪʨʦʡʩʪʚʘ. ɺʟʝʤʘʪ ʫʯʘʩʪʠʝ ʧʨʠ ʠʟʯʠʩʣʷʚʘʥʝʪʦ ʥʘ ʘʜʨʝʩʠ, ʠʥʜʝʢʩʠ ʥʘ ʪʘʙʣʠʮʠ, ʦʧʝʨʘʪʦʨʠ.  
ʅʘʡ-ʯʝʩʪʦ ʩʨʝʱʘʥʠʪʝ ʩʫʤʘʪʦʨʠ ʨʘʙʦʪʷʪ ʩ ʜʚʦʠʯʥʠ ʯʠʩʣʘ (Tsonev, V., 2003), (Todorova, Sv., 

Ruseva, Y., 2008), (Borodzhieva, A., 2019), (Borodzhieva, A., Stoev, I., Mutkov, V., 2019), 

(Borodzhieva, A., Stoev, I., Tsvetkova, I., Zaharieva, S., Mutkov, V., 2020). 

ʇʦʣʫʩʫʤʘʪʦʨʠ 

ʇʦʣʫʩʫʤʘʪʦʨʲʪ ʠʤʘ ʜʚʘ ʚʭʦʜʘ (A ʠ B) ʠ ʜʚʘ ʠʟʭʦʜʘ (S ʠ ʉ). ʅʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʜʚʘ ʠʟʭʦʜa 

ʩʝ ʦʙʦʩʥʦʚʘʚʘ ʦʪ ʬʘʢʪʘ, ʯʝ ʩʫʤʘʪʘ ʤʦʞʝ ʜʘ ʠʤʘ ʧʨʝʥʦʩʝʥ ʙʠʪ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʠʟʭʦʜʥʠʪʝ ʜʘʥʥʠ 
ʥʘ ʧʦʣʫʩʫʤʘʪʦʨʘ ʩʘ ʩʫʤʘʪʘ S ʥʘ ʜʚʝ ʝʜʥʦʙʠʪʦʚʠ ʯʠʩʣʘ (A ʠ B) ʠ ʧʨʝʥʦʩʘ ʦʪ ʩʲʙʠʨʘʥʝʪʦ ʠʤ C. 

ʇʦʣʫʩʫʤʘʪʦʨʲʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʢʘʪʦ ʢʦʤʧʦʥʝʥʪ ʟʘ ʠʛʨʘʞʜʘʥʝ ʥʘ ʧʲʣʝʥ ʩʫʤʘʪʦʨ. ʅʘ 
ʌʠʛ. 2 ʩʘ ʠʟʦʙʨʘʟʝʥʠ ʙʣʦʢʦʚʘʪʘ ʩʭʝʤʘ, ʪʘʙʣʠʮʘʪʘ ʥʘ ʠʩʪʠʥʥʦʩʪ ʠ ʣʦʛʠʯʝʩʢʘʪʘ ʩʭʝʤʘ ʥʘ 
ʧʦʣʫʩʫʤʘʪʦʨ, ʠʟʛʨʘʜʝʥʘ ʯʨʝʟ ʝʜʠʥ XOR ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪ (ʟʘ ʩʫʤʘʪʘ S) ʠ ʝʜʠʥ AND ʣʦʛʠʯʝʩʢʠ 
ʝʣʝʤʝʥʪ (ʟʘ ʧʨʝʥʦʩʘ C) ʥʘ ʙʘʟʘʪʘ ʥʘ ʠʟʭʦʜʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ ʧʦʣʫʩʫʤʘʪʦʨʘ (Borodzhieva, A., 

2019): 

 . .S A B A B A B= Ä = Ù  (1) 

 .C A B=  (2) 

 
ʌʠʛ. 1. ɹʣʦʢʦʚʘ ʩʭʝʤʘ, ʪʘʙʣʠʮʘ ʥʘ ʠʩʪʠʥʥʦʩʪ ʠ ʣʦʛʠʯʝʩʢʘ ʩʭʝʤʘ ʥʘ ʧʦʣʫʩʫʤʘʪʦʨ 

ʉʥʠʤʢʘ : https://www.electronicsengineering.nbcafe.in/half-adder-and-full-adder-circuit/ 

 

https://www.electronicsengineering.nbcafe.in/half-adder-and-full-adder-circuit/
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ʇʲʣʝʥ ʩʫʤʘʪʦʨ 

ʇʲʣʥʠʷʪ ʝʜʥʦʨʘʟʨʷʜʝʥ ʩʫʤʘʪʦʨ ʩʝ ʦʪʯʠʪʘ ʧʨʝʥʦʩʘ ʦʪ ʩʫʤʠʨʘʥʝʪʦ ʥʘ ʧʨʝʭʦʜʥʠʪʝ ʨʘʟʨʷʜʠ 
ʠ ʩʝ ʠʟʨʘʙʦʪʚʘ ʧʨʝʥʦʩ ʢʲʤ ʩʣʝʜʚʘʱʠʪʝ ʨʘʟʨʷʜʠ. ʀʟʧʦʣʟʚʘ ʩʝ ʟʘ ʩʫʤʠʨʘʥʝ ʥʘ ʤʥʦʛʦʨʘʟʨʷʜʥʠ 
ʯʠʩʣʘ. ʏʨʝʟ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʩʚʲʨʟʘʥʠ ʧʲʣʥʠ ʩʫʤʘʪʦʨʠ ʩʝ ʨʝʘʣʠʟʠʨʘ ʤʥʦʛʦʨʘʟʨʷʜʝʥ ʩʫʤʘʪʦʨ. 

ʅʘ ʌʠʛ. 3 ʩʘ ʠʟʦʙʨʘʟʝʥʠ ʙʣʦʢʦʚʘʪʘ ʩʭʝʤʘ, ʪʘʙʣʠʮʘʪʘ ʥʘ ʠʩʪʠʥʥʦʩʪ ʠ ʣʦʛʠʯʝʩʢʘʪʘ ʩʭʝʤʘ 
ʥʘ ʧʲʣʝʥ ʝʜʥʦʨʘʟʨʷʜʝʥ ʩʫʤʘʪʦʨ. 

 

  

 

ʌʠʛ. 2. ɹʣʦʢʦʚʘ ʩʭʝʤʘ, ʪʘʙʣʠʮʘ ʥʘ ʠʩʪʠʥʥʦʩʪ ʠ ʣʦʛʠʯʝʩʢʘ ʩʭʝʤʘ ʥʘ ʧʲʣʝʥ ʩʫʤʘʪʦʨ 
ʉʥʠʤʢʘ: https://www.geeksforgeeks.org/full-adder-in-digital-logic/ 

 

ʇʲʣʥʠʷʪ ʝʜʥʦʨʘʟʨʷʜʝʥ ʩʫʤʘʪʦʨ (ʌʠʛ. 3) ʠʤʘ ʪʨʠ ʚʭʦʜʘ, A, B ʠ C_IN, ʠ ʜʚʘ ʠʟʭʦʜʘ S ʠ 
C_OUT. ɿʘ ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʩʭʝʤʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠʟʭʦʜʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ ʩʫʤʘʪʦʨʘ ʠ ʪʝʭʥʠʪʝ 
ʧʨʝʦʙʨʘʟʫʚʘʥʠʷ, ʢʘʢʪʦ ʩʣʝʜʚʘ (Borodzhieva, A., 2019): 

 

( ) ( )
( ) ( ) ( )

. . _ . . _ . . _ . . _

. . _ . _ . . _ . _

. . _ _

S A B C IN A B C IN A B C IN A B C IN

A B C IN B C IN A B C IN B C IN

A B C A B C IN A B C IN

= Ù Ù Ù

= Ù Ù Ù =

= Ä Ù Ä = Ä Ä

 (3) 

 

( ) ( )

( ) ( ) ( )

1 1

1

. . _ . _

. . _ . . _ .

. . . _ . . _ . . _ . . _

. . 1 _ _ _ . . . . _ .

C A B AC IN B C IN

A B AC IN B B B C IN A A

A B A B C IN A B C IN A B C IN A B C IN

A B C IN C IN C IN A B A B A B C IN A B

= Ù Ù =

= Ù Ù Ù Ù =

= Ù Ù Ù Ù =

= Ù Ù Ù Ù = Ù Ä

 (4) 

ʀʟʨʘʟʠ (3) ʠ (4) ʦʙʷʩʥʷʚʘʪ ʩʪʨʫʢʪʫʨʥʘʪʘ ʩʭʝʤʘ, ʧʨʝʜʣʦʞʝʥʘ ʥʘ ʌʠʛ. 3. ʉʪʨʫʢʪʫʨʥʠʪʝ 
ʩʭʝʤʠ ʥʘ ʌʠʛ. 2 (ʟʘ ʧʦʣʫʩʫʤʘʪʦʨʘ) ʠ ʥʘ ʌʠʛ. 3 (ʟʘ ʧʲʣʥʠʷ ʝʜʥʦʨʘʟʨʷʜʝʥ ʩʫʤʘʪʦʨ) ʩʝ ʠʟʧʦʣʟʚʘʪ 
ʢʘʪʦ ʛʨʘʜʠʚʥʠ ʝʣʝʤʝʥʪʠ ʧʨʠ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʩʭʝʤʠʪʝ ʟʘ ʫʤʥʦʞʝʥʠʝ, ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʜʦʢʣʘʜʘ. 
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ɼʚʦʠʯʥʦ ʫʤʥʦʞʝʥʠʝ 

ɼʚʦʠʯʥʦʪʦ ʫʤʥʦʞʝʥʠʝ ʤʥʦʛʦ ʧʨʠʣʠʯʘ ʥʘ ʦʙʠʯʘʡʥʠʷ ʤʝʪʦʜ ʥʘ ʫʤʥʦʞʝʥʠʝ ʥʘ ʮʝʣʠ ʯʠʩʣʘ. 
ʇʲʨʚʦ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʫʤʥʦʞʠ ʚʩʷʢʘ ʮʠʬʨʘ ʦʪ ʝʜʥʦ ʜʚʦʠʯʥʦ ʯʠʩʣʦ ʩ ʚʩʷʢʘ ʮʠʬʨʘ ʦʪ ʜʨʫʛʦʪʦ 
ʜʚʦʠʯʥʦ ʯʠʩʣʦ. ʉʣʝʜ ʪʦʚʘ ʩʝ ʠʟʚʲʨʰʚʘ ʦʧʝʨʘʮʠʷʪʘ ʜʚʦʠʯʥʦ ʩʫʤʠʨʘʥʝ ʥʘ ʪʘʢʘ ʥʘʨʝʯʝʥʠʪʝ 
Ăʯʘʩʪʠʯʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷñ (partial products), ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʢʨʘʡʥʠʷ ʨʝʟʫʣʪʘʪ ʟʘ 
ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ. 

ɼʚʦʠʯʝʥ ʜʚʫʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ (2 x 2) 

ʊʦʟʠ ʫʤʥʦʞʠʪʝʣ ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʩ ʜʚʝ ʯʠʩʣʘ ʩ ʜʲʣʞʠʥʘ (ʨʘʟʤʝʨ) 2 ʙʠʪʘ, ʪ.ʝ. ʤʥʦʞʠʤʦʪʦ 
ʠ ʤʥʦʞʠʪʝʣʷʪ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʪ 2 ʙʠʪʘ. Ăɹʠʪʦʚʠʷʪñ ʨʘʟʤʝʨ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ ʱʝ ʙʲʜʝ ʩʫʤʘʪʘ 
ʦʪ Ăʙʠʪʦʚʠʷñ ʨʘʟʤʝʨ ʥʘ ʜʚʘʪʘ ʚʭʦʜʘ, ʪ.ʝ. 2 + 2 = 4. ʅʘ ʌʠʛ. 3 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʙʣʦʢʦʚʘ ʩʭʝʤʘ ʥʘ 
ʜʚʦʠʯʝʥ ʜʚʫʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ, ʠʟʛʨʘʜʝʥʘ ʥʘ ʙʘʟʘʪʘ ʥʘ ʜʚʘ ʧʦʣʫʩʫʤʘʪʦʨʘ (HA, half-adder) ʠ ʥʘ 4 
AND ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ ʟʘ ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʯʝʪʠʨʠʪʝ ʯʘʩʪʠʯʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ. ʅʘ ʌʠʛ. 5 ʝ 
ʠʣʶʩʪʨʠʨʘʥ ʧʨʠʥʮʠʧʲʪ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʜʚʦʠʯʝʥ ʜʚʫʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ, ʩ ʢʦʝʪʦ ʩʝ ʦʙʷʩʥʷʚʘ 
ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʩʭʝʤʘʪʘ ʥʘ ʫʤʥʦʞʠʪʝʣʷ (ʌʠʛ. 4). 

ʂʘʢʪʦ ʙʝ ʧʦʷʩʥʝʥʦ, ʝʜʥʦʙʠʪʦʚʠʪʝ ʩʫʤʘʪʦʨʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʦʣʫʩʫʤʘʪʦʨʠ ʠ ʧʲʣʥʠ 
ʩʫʤʘʪʦʨʠ. ʈʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʧʦʣʫʩʫʤʘʪʦʨʘ ʠ ʧʲʣʥʠʷ ʩʫʤʘʪʦʨ ʝ, ʯʝ ʧʦʣʫʩʫʤʘʪʦʨʲʪ ʩʲʙʠʨʘ ʩʘʤʦ 
ʜʚʝ ʯʠʩʣʘ, ʘ ʧʲʣʥʠʷʪ ʩʫʤʘʪʦʨ ʩʲʙʠʨʘ ʪʨʠ ʯʠʩʣʘ, ʦʪʯʠʪʘʡʢʠ ʧʨʝʥʦʩʘ ʦʪ ʧʨʝʜʠʰʥʦʪʦ ʩʲʙʠʨʘʥʝ. 
ɺ ʪʦʟʠ ʩʣʫʯʘʡ, ʦʙʘʯʝ, ʝ ʥʫʞʥʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʩʘʤʦ ʥʘ ʧʦʣʫʩʫʤʘʪʦʨʠ, ʟʘʱʦʪʦ ʯʠʩʣʘʪʘ, ʢʦʠʪʦ 
ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʲʙʠʨʘʪ, ʩʘ ʩʘʤʦ ʧʦ ʜʚʝ. 

ʅʝʢʘ ʯʠʩʣʘʪʘ A ʠ B ʩʘ ʩʲʦʪʚʝʪʥʦ ʦʪ ʚʠʜʘ A1A0 ʠ B1B0. ʅʘʡ-ʤʣʘʜʰʠʷʪ ʙʠʪ ʥʘ 
ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ P0 ʩʝ ʷʚʷʚʘ ʪʦʯʥʦ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ B0A0, ʢʦʝʪʦ ʩʝ ʨʝʘʣʠʟʠʨʘ ʩʘʤʦ ʩ ʝʜʠʥ AND 
ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪ. ɿʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʩʣʝʜʚʘʱʠʷ ʙʠʪ ʦʪ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ P1 ʝ ʥʝʦʙʭʦʜʠʤʦ 
ʧʲʨʚʦ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʯʘʩʪʠʯʥʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠʷ B0A1 ʠ B1A0, ʩʣʝʜ ʢʦʝʪʦ ʪʝ ʜʘ ʩʝ ʩʲʙʝʨʘʪ ʯʨʝʟ 
ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʝʜʠʥ ʧʦʣʫʩʫʤʘʪʦʨ (ʩʫʤʠʨʘʱ ʩʘʤʦ ʜʚʝ ʯʠʩʣʘ, ʙʝʟ ʦʪʯʠʪʘʥʝ ʥʘ ʧʨʝʭʦʜʝʥ 
ʧʨʝʥʦʩ). ɺ ʨʝʟʫʣʪʘʪ ʦʪ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʪʦʟʠ ʧʦʣʫʩʫʤʘʪʦʨ ʩʝ ʧʦʣʫʯʘʚʘ ʩʫʤʘʪʘ, ʷʚʷʚʘʱʘ ʩʝ ʙʠʪ P1, 

ʠ ʧʨʝʥʦʩ, ʢʦʡʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʯʝʪʝ ʧʨʠ ʩʣʝʜʚʘʱʦʪʦ ʩʫʤʠʨʘʥʝ. ʊʦʟʠ ʧʨʝʥʦʩ ʟʘʝʜʥʦ ʩ 
ʯʘʩʪʠʯʥʦʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ B1A1 ʩʝ ʩʫʤʠʨʘʪ ʯʨʝʟ ʚʪʦʨʠ ʧʦʣʫʩʫʤʘʪʦʨ (ʪʲʡ ʢʘʪʦ ʦʪʥʦʚʦ ʩʝ ʠʟʠʩʢʚʘ 
ʩʫʤʠʨʘʥʝʪʦ ʩʘʤʦ ʥʘ ʜʚʝ ʯʠʩʣʘ) ʠ ʩʝ ʧʦʣʫʯʘʚʘʪ ʩʫʤʘ ʠ ʧʨʝʥʦʩ, ʷʚʷʚʘʱʠ ʩʝ ʩʲʦʪʚʝʪʥʦ ʙʠʪʦʚʝʪʝ 
P2 ʠ P3 ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ. 

 
ʌʠʛ. 4. ɹʣʦʢʦʚʘ ʩʭʝʤʘ ʥʘ ʜʚʦʠʯʝʥ 

ʜʚʫʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ  
ʉʥʠʤʢʘ: 

https://www.electricaltechnology.org/2018/05/binary-

multiplier-types-binary-multiplication-calculator.html 

 
ʌʠʛ. 5. ʇʨʠʥʮʠʧ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʜʚʦʠʯʝʥ 

ʜʚʫʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ  
ʉʥʠʤʢʘ: 

https://technobyte.org/multiplier-2-bit-3-bit-digital/ 
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ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʜʚʦʠʯʝʥ ʜʚʫʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ ʚ Logisim 

ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʌʠʛ. 2, ʌʠʛ. 4 ʠ ʌʠʛ. 5, ʠ ʥʘ ʥʘʧʨʘʚʝʥʠʷ ʘʥʘʣʠʟ ʚ ʧʨʝʜʭʦʜʥʠʷ ʨʘʟʜʝʣ, ʚ 
ʜʦʢʣʘʜʘ ʝ ʧʨʝʜʣʦʞʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʜʚʦʠʯʥʠʷ ʜʚʫʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ ʚ ʩʨʝʜʘʪʘ Logisim (ʌʠʛ. 6) 

ʥʘ ʙʘʟʘʪʘ ʥʘ ʜʚʘ ʧʦʣʫʩʫʤʘʪʦʨʘ (half-adder) ʠ ʥʘ ʯʝʪʠʨʠ AND ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ, ʟʘ 
ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʯʘʩʪʠʯʥʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠʷ. ɺ ʛʦʨʥʘʪʘ ʯʘʩʪ ʥʘ ʩʭʝʤʘʪʘ (ʌʠʛ. 6) ʝ ʨʝʘʣʠʟʠʨʘʥʦ 
ʧʦʜʘʚʘʥʝʪʦ ʥʘ ʙʠʪʦʚʝʪʝ ʥʘ ʜʚʘʪʘ ʦʧʝʨʘʥʜʘ, ʢʘʪʦ ʟʘ ʮʝʣʪʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʤʥʦʛʦʙʠʪʦʚʠ ʚʭʦʜʥʠ 
ʧʠʥʦʚʝ (X ʠ Y), ʢʦʠʪʦ ʯʨʝʟ ʩʧʣʠʪʝʨʠ ʩʘ ʨʘʟʜʝʣʝʥʠ ʥʘ ʩʲʩʪʘʚʥʠʪʝ ʠʤ ʙʠʪʦʚʝ (X1,X0 ʠ Y1,Y0) ʩ 
ʮʝʣ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʚ ʩʭʝʤʘʪʘ, ʧʨʠ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʯʘʩʪʠʯʥʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠʷ. ʏʝʪʠʨʠʪʝ ʙʠʪʘ 
ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘʪ ʯʨʝʟ ʠʟʭʦʜʥʠʷ ʯʝʪʠʨʠʙʠʪʦʚ ʧʠʥ RESULT, ʢʘʪʦ ʟʘ ʮʝʣʪʘ 
ʦʪʥʦʚʦ ʝ ʠʟʧʦʣʟʚʘʥ ʝʣʝʤʝʥʪ ʦʪ ʪʠʧʘ Ăʩʧʣʠʪʝʨñ, ʩ ʮʝʣ ʦʙʝʜʠʥʷʚʘʥʝʪʦ ʠʤ (ʚ ʩʣʫʯʘʷ, ʦʪ ʛʣʝʜʥʘ 
ʪʦʯʢʘ ʥʘ ʠʟʭʦʜʘ). 

ʅʘ ʩʭʝʤʘʪʘ ʦʪ ʌʠʛ. 6 ʝ ʚʠʟʫʘʣʠʟʠʨʘʥʦ ʫʤʥʦʞʝʥʠʝʪʦ ʥʘ ʜʚʫʙʠʪʦʚʠʪʝ ʯʠʩʣʘ 11 (X) ʠ 10 

(Y), ʯʠʡʪʦ ʜʝʩʝʪʠʯʥʠ ʝʢʚʠʚʘʣʝʥʪʠ ʩʘ 3 ʠ 2, ʢʘʪʦ ʨʝʟʫʣʪʘʪʲʪ ʦʪ ʪʷʭʥʦʪʦ ʫʤʥʦʞʝʥʠʝ ʝ 6, 
ʧʨʝʜʩʪʘʚʝʥʦ ʚ ʙʠʥʘʨʥʘ ʬʦʨʤʘ ʢʘʪʦ 0110 (RESULT). 

ʅʘ ʩʭʝʤʘʪʘ ʦʪ ʌʠʛ. 6 ʩʘ ʦʪʙʝʣʷʟʘʥʠ ʠ ʜʚʘʪʘ ʧʦʣʫʩʫʤʘʪʦʨʘ, ʧʦʩʪʨʦʝʥʠ ʥʘ ʙʘʟʘʪʘ ʥʘ 
ʩʪʨʫʢʪʫʨʥʘʪʘ ʩʭʝʤʘ ʦʪ ʌʠʛ. 2, ʩ ʮʝʣ ʧʦ-ʛʦʣʷʤʘ ʥʘʛʣʝʜʥʦʩʪ ʥʘ ʧʨʝʜʣʦʞʝʥʦʪʦ ʨʝʰʝʥʠʝ ʚ Logisim. 

 

 
ʌʠʛ. 6. ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʜʚʦʠʯʝʥ ʜʚʫʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ ʯʨʝʟ ʧʦʣʫʩʫʤʘʪʦʨʠ 

ɼʚʦʠʯʝʥ ʪʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ (3 x 3) 

ʊʦʟʠ ʫʤʥʦʞʠʪʝʣ ʤʦʞʝ ʜʘ ʫʤʥʦʞʠ ʜʚʝ ʯʠʩʣʘ ʩ ʤʘʢʩʠʤʘʣʥʘ ʜʲʣʞʠʥʘ ʦʪ 3 ʙʠʪʘ. Ăɹʠʪʦʚʠʷʪñ 

ʨʘʟʤʝʨ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ ʱʝ ʙʲʜʝ ʩʫʤʘʪʘ ʦʪ Ăʙʠʪʦʚʠʷñ ʨʘʟʤʝʨ ʥʘ ʜʚʘʪʘ ʚʭʦʜʘ, ʪ.ʝ. 3 + 3 = 6. 

ʄʘʢʩʠʤʘʣʥʠʷʪ ʦʙʭʚʘʪ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ ʝ 7 x 7 = 49, ʢʦʝʪʦ ʩʲʱʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 
ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ (ʚ ʩʣʫʯʘʷ ʩʘ ʥʝʦʙʭʦʜʠʤʠ 6 ʙʠʪʘ ʟʘ 
ʟʘʧʠʩʚʘʥʝ ʥʘ ʯʠʩʣʦʪʦ 49 ʚ ʜʚʦʠʯʝʥ ʬʦʨʤʘʪ: 110001). ɿʘ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ ʥʘ 
3 ʭ 3-ʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ ʩʝ ʠʟʧʦʣʟʚʘʪ 9 ʯʘʩʪʠʯʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

ʅʘ ʌʠʛ. 7 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʙʣʦʢʦʚʘ ʩʭʝʤʘ ʥʘ ʜʚʦʠʯʝʥ ʪʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ, ʠʟʛʨʘʜʝʥʘ ʥʘ 
ʙʘʟʘʪʘ ʥʘ ʪʨʠ ʧʦʣʫʩʫʤʘʪʦʨʘ (HA, half-adder), ʪʨʠ ʧʲʣʥʠ ʝʜʥʦʨʘʟʨʷʜʥʠ ʩʫʤʘʪʦʨʠ (FA, full adder) 

ʠ ʥʘ 9 AND ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ ʟʘ ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʜʝʚʝʪʪʝ ʯʘʩʪʠʯʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ. ʅʘ ʌʠʛ. 8 

ʝ ʠʣʶʩʪʨʠʨʘʥ ʧʨʠʥʮʠʧʲʪ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʜʚʦʠʯʝʥ ʪʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ, ʩ ʢʦʝʪʦ ʩʝ ʦʙʷʩʥʷʚʘ 
ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʩʭʝʤʘʪʘ ʥʘ ʫʤʥʦʞʠʪʝʣʷ (ʌʠʛ. 7). 

ʅʝʢʘ ʯʠʩʣʘʪʘ A ʠ B ʩʘ ʩʲʦʪʚʝʪʥʦ ʦʪ ʚʠʜʘ A2A1A0 ʠ B2B1B0. ʅʘʡ-ʤʣʘʜʰʠʷʪ ʙʠʪ ʥʘ 
ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ P0 ʩʝ ʷʚʷʚʘ ʪʦʯʥʦ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ B0A0, ʢʦʝʪʦ ʩʝ ʨʝʘʣʠʟʠʨʘ ʩʘʤʦ ʩ ʝʜʠʥ AND 
ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪ. ɿʘ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʩʣʝʜʚʘʱʠʷ ʙʠʪ ʦʪ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ P1 ʝ ʥʝʦʙʭʦʜʠʤʦ 
ʧʲʨʚʦ ʜʘ ʩʝ ʦʧʨʝʜʝʣʷʪ ʯʘʩʪʠʯʥʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠʷ B0A1 ʠ B1A0, ʩʣʝʜ ʢʦʝʪʦ ʪʝ ʜʘ ʩʝ ʩʲʙʝʨʘʪ ʯʨʝʟ 
ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʝʜʠʥ ʧʦʣʫʩʫʤʘʪʦʨ (ʩʫʤʠʨʘʱ ʩʘʤʦ ʜʚʝ ʯʠʩʣʘ, ʙʝʟ ʦʪʯʠʪʘʥʝ ʥʘ ʧʨʝʭʦʜʝʥ 
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ʧʨʝʥʦʩ). ɺ ʨʝʟʫʣʪʘʪ ʦʪ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʪʦʟʠ ʧʦʣʫʩʫʤʘʪʦʨ ʩʝ ʧʦʣʫʯʘʚʘ ʩʫʤʘʪʘ, ʷʚʷʚʘʱʘ ʩʝ ʙʠʪ P1, 

ʠ ʧʨʝʥʦʩ, ʢʦʡʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʯʝʪʝ ʧʨʠ ʩʣʝʜʚʘʱʦʪʦ ʩʫʤʠʨʘʥʝ. ʊʦʟʠ ʧʨʝʥʦʩ ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʲʙʝʨʝ 
ʟʘʝʜʥʦ ʩ ʯʘʩʪʠʯʥʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠʷ B0A2, B1A1 ʠ B2A0, ʢʘʪʦ ʟʘ ʮʝʣʪʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ 
ʠʟʧʦʣʟʚʘʪ ʝʜʠʥ ʧʦʣʫʩʫʤʘʪʦʨ (ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʩʫʤʘʪʘ B0A2 ʠ B1A1) ʠ ʝʜʠʥ ʧʲʣʝʥ ʩʫʤʘʪʦʨ (ʟʘ 
ʩʫʤʠʨʘʥʝ ʥʘ ʩʫʤʘʪʘ ʥʘ ʧʦʣʫʩʫʤʘʪʦʨʘ, ʧʨʝʥʦʩʘ ʦʪ ʧʨʝʜʭʦʜʥʠʷ ʧʦʣʫʩʫʤʘʪʦʨ ʠ ʥʘ ʯʘʩʪʠʯʥʦʪʦ 
ʧʨʦʠʟʚʝʜʝʥʠʝ B2A0). ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʯʨʝʟ ʩʫʤʘʪʘ ʥʘ ʪʦʟʠ ʩʫʤʘʪʦʨ ʩʝ ʧʦʣʫʯʘʚʘ ʙʠʪ P2 ʥʘ 
ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ. ʇʦʷʩʥʝʥʠʷʪʘ ʥʘ ʩʭʝʤʘʪʘ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʦʜʲʣʞʘʪ ʧʦ ʘʥʘʣʦʛʠʯʝʥ ʥʘʯʠʥ. ɿʘ 
ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʙʠʪ P3 ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʦʪʥʦʚʦ ʧʦʣʫʩʫʤʘʪʦʨ ʠ ʝʜʠʥ ʧʲʣʝʥ 
ʩʫʤʘʪʦʨ. ʀ ʥʘʡ-ʥʘʢʨʘʷ, ʯʨʝʟ ʝʜʠʥ ʧʲʣʝʥ ʩʫʤʘʪʦʨ ʩʝ ʧʦʣʫʯʘʚʘʪ ʩʫʤʘ ʠ ʧʨʝʥʦʩ, ʷʚʷʚʘʱʠ ʩʝ 
ʩʲʦʪʚʝʪʥʦ ʙʠʪʦʚʝʪʝ P4 ʠ P5 ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ. 

 

ʌʠʛ. 7. ɹʣʦʢʦʚʘ ʩʭʝʤʘ ʥʘ ʜʚʦʠʯʝʥ 
ʪʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ   

ʉʥʠʤʢʘ: 
https://www.electricaltechnology.org/2018/05/binary-

multiplier-types-binary-multiplication-calculator.html 

ʌʠʛ. 8. ʇʨʠʥʮʠʧ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʜʚʦʠʯʝʥ 
ʪʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ  

ʉʥʠʤʢʘ:  
https://technobyte.org/multiplier-2-bit-3-bit-digital/ 

 

ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʜʚʦʠʯʝʥ ʪʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ ʚ Logisim  

ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʌʠʛ. 2, ʌʠʛ. 3, ʌʠʛ. 7 ʠ ʌʠʛ. 8, ʠ ʥʘ ʥʘʧʨʘʚʝʥʠʷ ʘʥʘʣʠʟ ʚ ʧʨʝʜʭʦʜʥʠʷ 
ʨʘʟʜʝʣ, ʚ ʜʦʢʣʘʜʘ ʝ ʧʨʝʜʣʦʞʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʜʚʦʠʯʥʠʷ ʪʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ ʚ ʩʨʝʜʘʪʘ 
Logisim (ʌʠʛ. 9) ʥʘ ʙʘʟʘʪʘ ʥʘ ʪʨʠ ʧʦʣʫʩʫʤʘʪʦʨʘ (half-adder), ʪʨʠ ʧʲʣʥʠ ʩʫʤʘʪʦʨʘ ʠ ʥʘ ʜʝʚʝʪ 
AND ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ, ʟʘ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʯʘʩʪʠʯʥʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠʷ. ɺ ʛʦʨʥʘʪʘ ʯʘʩʪ ʥʘ 
ʩʭʝʤʘʪʘ (ʌʠʛ. 9) ʝ ʨʝʘʣʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥʝʪʦ ʥʘ ʙʠʪʦʚʝʪʝ ʥʘ ʜʚʘʪʘ ʦʧʝʨʘʥʜʘ, ʢʘʪʦ ʟʘ ʮʝʣʪʘ ʩʘ 
ʠʟʧʦʣʟʚʘʥʠ ʤʥʦʛʦʙʠʪʦʚʠ ʚʭʦʜʥʠ ʧʠʥʦʚʝ (X ʠ Y), ʢʦʠʪʦ ʯʨʝʟ ʩʧʣʠʪʝʨʠ ʩʘ ʨʘʟʜʝʣʝʥʠ ʥʘ 
ʩʲʩʪʘʚʥʠʪʝ ʠʤ ʙʠʪʦʚʝ (X2,X1,X0 ʠ Y2,Y1,Y0) ʩ ʮʝʣ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʚ ʩʭʝʤʘʪʘ, ʧʨʠ 
ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ ʯʘʩʪʠʯʥʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠʷ. ʐʝʩʪʪʝ ʙʠʪʘ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘʪ 
ʯʨʝʟ ʠʟʭʦʜʥʠʷ ʰʝʩʪʙʠʪʦʚ ʧʠʥ RESULT, ʢʘʪʦ ʟʘ ʮʝʣʪʘ ʦʪʥʦʚʦ ʝ ʠʟʧʦʣʟʚʘʥ ʝʣʝʤʝʥʪ ʦʪ ʪʠʧʘ 
Ăʩʧʣʠʪʝʨñ, ʩ ʮʝʣ ʦʙʝʜʠʥʷʚʘʥʝʪʦ ʠʤ (ʚ ʩʣʫʯʘʷ, ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʠʟʭʦʜʘ). 

ʅʘ ʩʭʝʤʘʪʘ ʦʪ ʌʠʛ. 9 ʝ ʚʠʟʫʘʣʠʟʠʨʘʥʦ ʫʤʥʦʞʝʥʠʝʪʦ ʥʘ ʪʨʠʙʠʪʦʚʠʪʝ ʯʠʩʣʘ 111 (X) ʠ 101 

(Y), ʯʠʡʪʦ ʜʝʩʝʪʠʯʥʠ ʝʢʚʠʚʘʣʝʥʪʠ ʩʘ 7 ʠ 5, ʢʘʪʦ ʨʝʟʫʣʪʘʪʲʪ ʦʪ ʪʷʭʥʦʪʦ ʫʤʥʦʞʝʥʠʝ ʝ 35, 
ʧʨʝʜʩʪʘʚʝʥʦ ʚ ʙʠʥʘʨʥʘ ʬʦʨʤʘ ʢʘʪʦ 100011 (RESULT). 

ʅʘ ʩʭʝʤʘʪʘ ʦʪ ʌʠʛ. 9 ʩʘ ʦʪʙʝʣʷʟʘʥʠ ʪʨʠʪʝ ʧʦʣʫʩʫʤʘʪʦʨʘ, ʧʦʩʪʨʦʝʥʠ ʥʘ ʙʘʟʘʪʘ ʥʘ 
ʩʪʨʫʢʪʫʨʥʘʪʘ ʩʭʝʤʘ ʦʪ ʌʠʛ. 2, ʢʘʢʪʦ ʠ ʪʨʠʪʝ ʧʲʣʥʠ ʩʫʤʘʪʦʨʠ, ʧʦʩʪʨʦʝʥʠ ʥʘ ʙʘʟʘʪʘ ʥʘ 
ʩʪʨʫʢʪʫʨʥʘʪʘ ʩʭʝʤʘ ʦʪ ʌʠʛ. 3, ʩ ʮʝʣ ʧʦ-ʛʦʣʷʤʘ ʥʘʛʣʝʜʥʦʩʪ ʥʘ ʧʨʝʜʣʦʞʝʥʦʪʦ ʨʝʰʝʥʠʝ ʚ Logisim. 
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ʌʠʛ. 9. ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʜʚʦʠʯʝʥ ʪʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ ʯʨʝʟ ʧʦʣʫʩʫʤʘʪʦʨʠ ʠ ʧʲʣʥʠ 
ʝʜʥʦʨʘʟʨʷʜʥʠ ʩʫʤʘʪʦʨʠ 

ɼʚʦʠʯʝʥ ʯʝʪʠʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ (4 x 4) 

ʊʦʟʠ ʫʤʥʦʞʠʪʝʣ ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʩ ʯʝʪʠʨʠʙʠʪʦʚʠ ʜʚʦʠʯʥʠ ʯʠʩʣʘ ʠ ʜʘʚʘ 8-ʙʠʪʦʚʦ 
ʧʨʦʠʟʚʝʜʝʥʠʝ ʚ ʨʝʟʫʣʪʘʪ, ʟʘʱʦʪʦ Ăʙʠʪʦʚʠʷʪñ ʨʘʟʤʝʨ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ ʱʝ ʙʲʜʝ ʩʫʤʘʪʘ ʦʪ 
Ăʙʠʪʦʚʠʷñ ʨʘʟʤʝʨ ʥʘ ʜʚʘʪʘ ʚʭʦʜʘ, ʪ.ʝ. 4 + 4 = 8. ʅʘʡ-ʛʦʣʷʤʦʪʦ ʯʠʩʣʦ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʠʟʯʠʩʣʠ 
ʪʘʢʲʚ ʫʤʥʦʞʠʪʝʣ, ʝ 15 x 15 = 225, ʢʦʝʪʦ ʩʲʱʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 
ʤʘʢʩʠʤʘʣʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ (ʚ ʩʣʫʯʘʷ ʩʘ ʥʝʦʙʭʦʜʠʤʠ 8 ʙʠʪʘ ʟʘ ʟʘʧʠʩʚʘʥʝ ʥʘ 
ʯʠʩʣʦʪʦ 225 ʚ ʜʚʦʠʯʝʥ ʬʦʨʤʘʪ: 11100001). ɿʘ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ ʥʘ 4 ʭ 4-ʙʠʪʦʚ 
ʫʤʥʦʞʠʪʝʣ ʩʝ ʠʟʧʦʣʟʚʘʪ 16 ʯʘʩʪʠʯʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

ʅʘ ʌʠʛ. 10 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʙʣʦʢʦʚʘ ʩʭʝʤʘ ʥʘ ʜʚʦʠʯʝʥ ʯʝʪʠʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ, ʠʟʛʨʘʜʝʥʘ 
ʥʘ ʙʘʟʘʪʘ ʥʘ 16 AND ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ ʟʘ ʥʘʤʠʨʘʥʝʪʦ ʥʘ 16-ʪʝ ʯʘʩʪʠʯʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʥʘ 

ʪʨʠ ʯʝʪʠʨʠʨʘʟʨʷʜʥʠ ʩʫʤʘʪʦʨʘ, ʪʲʡ ʢʘʪʦ ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʪʘʢʲʚ ʫʤʥʦʞʠʪʝʣ ʥʘ ʙʘʟʘʪʘ ʥʘ 
ʧʦʣʫʩʫʤʘʪʦʨʠ (HA, half-adder) ʠ ʧʲʣʥʠ ʝʜʥʦʨʘʟʨʷʜʥʠ ʩʫʤʘʪʦʨʠ (FA, full adder) ʧʦ ʘʥʘʣʦʛʠʷ ʥʘ 
ʌʠʛ. 4 ʠ ʌʠʛ. 7, ʝ ʜʦʩʪʘ ʪʨʫʜʥʘ ʟʘʜʘʯʘ. ʅʘ ʌʠʛ. 11 ʝ ʠʣʶʩʪʨʠʨʘʥ ʧʨʠʥʮʠʧʲʪ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ 
ʜʚʦʠʯʝʥ ʯʝʪʠʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ, ʩ ʢʦʝʪʦ ʩʝ ʦʙʷʩʥʷʚʘ ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʩʭʝʤʘʪʘ ʥʘ 
ʫʤʥʦʞʠʪʝʣʷ (ʌʠʛ. 10). ʅʘ ʌʠʛ. 11 ʙʠ ʪʨʷʙʚʘʣʦ ʯʘʩʪʠʯʥʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ʚʪʦʨʠ, ʪʨʝʪʠ ʠ 
ʯʝʪʚʲʨʪʠ ʨʝʜ, ʜʘ ʩʘ ʠʟʤʝʩʪʝʥʠ ʩ ʝʜʥʦ ʥʘʜʷʩʥʦ, ʢʦʝʪʦ ʝ ʦʪʯʝʪʝʥʦ ʧʨʠ ʘʥʘʣʠʟʘ ʧʦ-ʜʦʣʫ! 

ʇʨʠʤʝʨʥʘ ʣʦʛʠʯʝʩʢʘ ʩʭʝʤʘ ʥʘ ʜʚʦʠʯʝʥ ʯʝʪʠʨʠʙʠʪʦʚ ʩʫʤʘʪʦʨ, ʠʟʧʦʣʟʚʘʥ ʢʘʪʦ ʛʨʘʜʠʚʝʥ 
ʝʣʝʤʝʥʪ ʧʨʠ ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʫʤʥʦʞʠʪʝʣʷ, ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 12. ʊʦʟʠ ʩʫʤʘʪʦʨ ʤʦʞʝ ʜʘ 
ʩʲʙʝʨʝ ʜʚʝ ʜʚʦʠʯʥʠ ʯʝʪʠʨʠʙʠʪʦʚʠ ʯʠʩʣʘ. ʈʝʘʣʠʟʠʨʘʥʠʷʪ ʚ ʪʦʟʠ ʜʦʢʣʘʜ ʯʝʪʠʨʠʙʠʪʦʚ ʩʫʤʘʪʦʨ 
ʩʝ ʨʘʟʣʠʯʘʚʘ ʦʪ ʧʨʝʜʩʪʘʚʝʥʠʷ ʥʘ ʌʠʛ. 12, ʧʦ ʪʦʚʘ, ʯʝ ʧʲʨʚʠʷʪ ʩʫʤʘʪʦʨ ʝ ʧʦʩʪʨʦʝʥ ʢʘʪʦ 
ʧʦʣʫʩʫʤʘʪʦʨ, ʘ ʥʝ ʢʘʪʦ ʧʲʣʝʥ ʝʜʥʦʨʘʟʨʷʜʝʥ ʩʫʤʘʪʦʨ. ʈʝʰʝʥʠʝʪʦ ʟʘ ʪʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʬʘʢʪʘ, ʯʝ 
ʧʨʝʜʠ ʪʦʚʘ ʥʝ ʝ ʥʘʣʠʯʝʥ ʧʨʝʥʦʩ, ʢʦʝʪʦ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʩʝ ʩʧʝʩʪʷʪ ʪʨʠ ʣʦʛʠʯʝʩʢʠ 
ʝʣʝʤʝʥʪʘ. 
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ʌʠʛ. 10. ɹʣʦʢʦʚʘ ʩʭʝʤʘ ʥʘ ʜʚʦʠʯʝʥ 

ʯʝʪʠʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ 
ʉʥʠʤʢʘ: https://www.electricaltechnology.org/2018/05/binary-

multiplier-types-binary-multiplication-calculator.html 

 
ʌʠʛ. 11. ʇʨʠʥʮʠʧ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʜʚʦʠʯʝʥ 

ʯʝʪʠʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ  
ʉʥʠʤʢʘ: https://www.electronicshub.org/binary-

multiplication/ 

 

 
ʌʠʛ. 12. ʃʦʛʠʯʝʩʢʘ ʩʭʝʤʘ ʥʘ ʜʚʦʠʯʝʥ ʯʝʪʠʨʠʙʠʪʦʚ ʧʲʣʝʥ ʩʫʤʘʪʦʨ  

ʉʥʠʤʢʘ: http://www.pueron.org/pueron/inovazionniproekti/Sreda_CYPRESS/Primer5_4bitov_Sumator.pdf 

 

ʅʝʢʘ ʯʠʩʣʘʪʘ A ʠ B ʩʘ ʩʲʦʪʚʝʪʥʦ ʦʪ ʚʠʜʘ A3A2A1A0 ʠ B3B2B1B0. ʅʘʡ-ʤʣʘʜʰʠʷʪ ʙʠʪ ʥʘ 
ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ P0 ʩʝ ʷʚʷʚʘ ʪʦʯʥʦ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ B0A0, ʢʦʝʪʦ ʩʝ ʨʝʘʣʠʟʠʨʘ ʩʘʤʦ ʩ ʝʜʠʥ AND 
ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪ. 
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ʅʘ ʚʭʦʜʦʚʝʪʝ ʥʘ ʧʲʨʚʠʷ ʯʝʪʠʨʠʙʠʪʦʚ ʩʫʤʘʪʦʨ (ʌʠʛ. 10, ʛʦʨʥʠʷʪ ʩʫʤʘʪʦʨ) ʧʦʩʪʲʧʚʘʪ ʜʚʘʪʘ 
ʦʧʝʨʘʥʜʘ, ʩʲʦʪʚʝʪʥʦ ʩ ʙʠʪʦʚʝ (ʦʪ ʩʪʘʨʰʠ ʢʲʤ ʤʣʘʜʰʠ) B1A3, B1A2, B1A1 ʠ B1A0 (ʧʲʨʚʠ ʦʧʝʨʘʥʜ) 
ʠ 0, B0A3, B0A2 ʠ B0A1, (ʚʪʦʨʠ ʦʧʝʨʘʥʜ) (ʌʠʛ. 13 ʘ). ʅʘʡ-ʤʣʘʜʰʠʷʪ ʙʠʪ ʥʘ ʩʫʤʘʪʘ S0 ʬʦʨʤʠʨʘ 
ʙʠʪʲʪ P1 ʦʪ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ. ʇʨʝʥʦʩʲʪ ʠ ʦʩʪʘʥʘʣʠʪʝ ʙʠʪʦʚʝ ʥʘ ʩʫʤʘʪʘ, C, S3, S2 ʠ S1, ʩʣʫʞʘʪ ʟʘ 
ʚʪʦʨʠ ʦʧʝʨʘʥʜ ʥʘ ʚʪʦʨʠʷ ʯʝʪʠʨʠʙʠʪʦʚ ʩʫʤʘʪʦʨ (ʌʠʛ. 10, ʩʨʝʜʥʠʷʪ ʩʫʤʘʪʦʨ), ʘ ʟʘ ʧʲʨʚʠ ʦʧʝʨʘʥʜ 
ʩʣʫʞʘʪ ʯʘʩʪʠʯʥʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠʷ B2A3, B2A2, B2A1 ʠ B2A0 (ʌʠʛ. 13 ʙ). ʅʘʡ-ʤʣʘʜʰʠʷʪ ʙʠʪ ʥʘ 
ʩʫʤʘʪʘ S0 ʬʦʨʤʠʨʘ ʙʠʪʲʪ P2 ʦʪ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ. ʇʨʝʥʦʩʲʪ ʠ ʦʩʪʘʥʘʣʠʪʝ ʙʠʪʦʚʝ ʥʘ ʩʫʤʘʪʘ, C, 

S3, S2 ʠ S1, ʩʣʫʞʘʪ ʟʘ ʚʪʦʨʠ ʦʧʝʨʘʥʜ ʥʘ ʪʨʝʪʠʷ ʯʝʪʠʨʠʙʠʪʦʚ ʩʫʤʘʪʦʨ (ʌʠʛ. 10, ʜʦʣʥʠʷʪ ʩʫʤʘʪʦʨ), 

ʘ ʟʘ ʧʲʨʚʠ ʦʧʝʨʘʥʜ ʩʣʫʞʘʪ ʯʘʩʪʠʯʥʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠʷ B3A3, B3A2, B3A1 ʠ B3A0 (ʌʠʛ. 13 ʚ). ɺ 
ʨʝʟʫʣʪʘʪ, ʥʘ ʠʟʭʦʜʠʪʝ ʥʘ ʪʦʟʠ ʧʦʩʣʝʜʝʥ ʯʝʪʠʨʠʙʠʪʦʚ ʩʫʤʘʪʦʨ ʩʝ ʧʦʣʫʯʘʚʘʪ ʩʲʦʪʚʝʪʥʦ ʧʨʝʥʦʩʘ 
ʠ ʩʫʤʘʪʘ C, S3, S2, S1 ʠ S0, ʢʦʠʪʦ ʩʝ ʷʚʷʚʘʪ ʙʠʪʦʚʝʪʝ P7, P6, P5, P4 ʠ P3 ʦʪ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ 
(ʌʠʛ. 10). 

 

   
͊ύ ͋ύ ͍ύ 

ʌʠʛ. 13. ʇʨʠʥʮʠʧ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʪʨʠʪʝ ʯʝʪʠʨʠʙʠʪʦʚʠ ʩʫʤʘʪʦʨʠ ï ʚʭʦʜʥʠ ʠ ʠʟʭʦʜʥʠ ʚʝʣʠʯʠʥʠ 

ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʜʚʦʠʯʝʥ ʯʝʪʠʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ ʚ Logisim  

ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʌʠʛ. 2, ʌʠʛ. 3, ʌʠʛ. 10, ʌʠʛ. 11, ʌʠʛ. 12 ʠ ʌʠʛ. 13, ʠ ʥʘ ʥʘʧʨʘʚʝʥʠʷ ʘʥʘʣʠʟ 

ʚ ʧʨʝʜʭʦʜʥʠʷ ʨʘʟʜʝʣ, ʚ ʜʦʢʣʘʜʘ ʝ ʧʨʝʜʣʦʞʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʜʚʦʠʯʥʠʷ ʯʝʪʠʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ 
ʚ ʩʨʝʜʘʪʘ Logisim (ʌʠʛ. 14) ʥʘ ʙʘʟʘʪʘ ʥʘ ʯʝʪʠʨʠʙʠʪʦʚʠʪʝ ʩʫʤʘʪʦʨʠ (ʌʠʛ. 12), ʧʦʩʪʨʦʝʥʠ ʢʘʪʦ 
ʝʜʠʥ ʧʦʣʫʩʫʤʘʪʦʨ (ʌʠʛ. 2) ʠ ʪʨʠ ʧʲʣʥʠ ʩʫʤʘʪʦʨʘ (ʌʠʛ. 3), ʩʚʲʨʟʘʥʠ ʚ ʢʘʩʢʘʜʘ, ʠ ʥʘ 16 AND 

ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ, ʟʘ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʯʘʩʪʠʯʥʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠʷ. ɺ ʛʦʨʥʘʪʘ ʯʘʩʪ ʥʘ ʩʭʝʤʘʪʘ 
(ʌʠʛ. 14) ʝ ʨʝʘʣʠʟʠʨʘʥʦ ʧʦʜʘʚʘʥʝʪʦ ʥʘ ʙʠʪʦʚʝʪʝ ʥʘ ʜʚʘʪʘ ʦʧʝʨʘʥʜʘ, ʢʘʪʦ ʟʘ ʮʝʣʪʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ 
ʤʥʦʛʦʙʠʪʦʚʠ ʚʭʦʜʥʠ ʧʠʥʦʚʝ (X ʠ Y), ʢʦʠʪʦ ʯʨʝʟ ʩʧʣʠʪʝʨʠ ʩʘ ʨʘʟʜʝʣʝʥʠ ʥʘ ʩʲʩʪʘʚʥʠʪʝ ʠʤ 
ʙʠʪʦʚʝ (X3,X2,X1,X0 ʠ Y3,Y2,Y1,Y0) ʩ ʮʝʣ ʠʟʧʦʣʟʚʘʥʝʪʦ ʠʤ ʚ ʩʭʝʤʘʪʘ, ʧʨʠ ʨʝʘʣʠʟʠʨʘʥʝʪʦ ʥʘ 
ʯʘʩʪʠʯʥʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠʷ. ʆʩʝʤʪʝ ʙʠʪʘ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘʪ ʯʨʝʟ ʠʟʭʦʜʥʠʷ 
ʦʩʝʤʙʠʪʦʚ ʧʠʥ RESULT, ʢʘʪʦ ʟʘ ʮʝʣʪʘ ʦʪʥʦʚʦ ʝ ʠʟʧʦʣʟʚʘʥ ʝʣʝʤʝʥʪ ʦʪ ʪʠʧʘ Ăʩʧʣʠʪʝʨñ, ʩ ʮʝʣ 
ʦʙʝʜʠʥʷʚʘʥʝʪʦ ʠʤ (ʚ ʩʣʫʯʘʷ, ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʠʟʭʦʜʘ). 

ɺ ʩʭʝʤʘʪʘ ʥʘ ʌʠʛ. 14 ʧʲʨʚʠʪʝ ʯʘʩʪʠʯʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ (ʧʲʨʚʠ ʨʝʜ ʦʪ ʯʘʩʪʠʯʥʠʪʝ 
ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ʌʠʛ. 11) ʩʝ ʧʦʣʫʯʘʚʘʪ ʯʨʝʟ ʫʤʥʦʞʘʚʘʥʝ ʥʘ Y0 ʩ X3,X2,X1,X0. ɺʪʦʨʠʪʝ 
ʯʘʩʪʠʯʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ (ʚʪʦʨʠ ʨʝʜ ʦʪ ʯʘʩʪʠʯʥʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ʌʠʛ. 11) ʩʝ ʦʙʨʘʟʫʚʘʪ ʯʨʝʟ 
ʫʤʥʦʞʘʚʘʥʝ ʥʘ Y1 ʩ X3,X2,X1,X0. ʊʨʝʪʠʪʝ ʯʘʩʪʠʯʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ (ʪʨʝʪʠ ʨʝʜ ʦʪ ʯʘʩʪʠʯʥʠʪʝ 
ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ʌʠʛ. 11) ʩʝ ʦʙʨʘʟʫʚʘʪ ʯʨʝʟ ʫʤʥʦʞʘʚʘʥʝ ʥʘ Y2 ʩ X3,X2,X1,X0. ʀ ʥʘʢʨʘʷ, 
ʯʝʪʚʲʨʪʠʪʝ ʯʘʩʪʠʯʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ (ʯʝʪʚʲʨʪʠ ʨʝʜ ʦʪ ʯʘʩʪʠʯʥʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ʌʠʛ. 11) ʩʝ 
ʦʙʨʘʟʫʚʘʪ ʯʨʝʟ ʫʤʥʦʞʘʚʘʥʝ ʥʘ Y3 ʩ X3,X2,X1,X0. ʊʝʟʠ ʯʘʩʪʠʯʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʘ ʨʝʘʣʠʟʠʨʘʥʠ 
ʩ AND ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ, ʢʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʌʠʛ. 14. ʉʣʝʜ ʪʦʚʘ ʪʝʟʠ ʚʩʠʯʢʠ ʯʘʩʪʠʯʥʠ 
ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʝ ʩʲʙʠʨʘʪ ʩ ʧʦʤʦʱʪʘ ʥʘ ʯʝʪʠʨʠʙʠʪʦʚʠʪʝ ʩʫʤʘʪʦʨʠ, ʢʘʢʪʦ ʝ ʧʦʷʩʥʝʥʦ ʧʦ-ʛʦʨʝ. 

ʅʘʢʨʘʷ ʩʝ ʧʦʣʫʯʘʚʘ 8-ʙʠʪʦʚʦʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʥʘ ʜʚʝʪʝ ʜʚʦʠʯʥʠ ʯʠʩʣʘ. 
ʅʘ ʩʭʝʤʘʪʘ ʦʪ ʌʠʛ. 14 ʩʘ ʦʪʙʝʣʷʟʘʥʠ ʪʨʠʪʝ ʯʝʪʠʨʠʨʘʟʨʷʜʥʠ ʩʫʤʘʪʦʨʠ (ʌʠʛ. 12), 

ʧʦʩʪʨʦʝʥʠ ʢʘʪʦ ʝʜʠʥ ʧʦʣʫʩʫʤʘʪʦʨ (ʌʠʛ. 2) ʠ ʪʨʠ ʧʲʣʥʠ ʩʫʤʘʪʦʨʘ (ʌʠʛ. 3), ʩʚʲʨʟʘʥʠ ʚ ʢʘʩʢʘʜʘ, 
ʩ ʮʝʣ ʧʦ-ʛʦʣʷʤʘ ʥʘʛʣʝʜʥʦʩʪ ʥʘ ʧʨʝʜʣʦʞʝʥʦʪʦ ʨʝʰʝʥʠʝ ʚ Logisim. 

ʅʘ ʩʭʝʤʘʪʘ ʦʪ ʌʠʛ. 14 ʝ ʚʠʟʫʘʣʠʟʠʨʘʥʦ ʫʤʥʦʞʝʥʠʝʪʦ ʥʘ ʯʝʪʠʨʠʙʠʪʦʚʠʪʝ ʯʠʩʣʘ 1011 (X) 

ʠ 1101 (Y), ʯʠʡʪʦ ʜʝʩʝʪʠʯʥʠ ʝʢʚʠʚʘʣʝʥʪʠ ʩʘ 11 ʠ 13, ʢʘʪʦ ʨʝʟʫʣʪʘʪʲʪ ʦʪ ʪʷʭʥʦʪʦ ʫʤʥʦʞʝʥʠʝ ʝ 
143, ʧʨʝʜʩʪʘʚʝʥʦ ʚ ʙʠʥʘʨʥʘ ʬʦʨʤʘ ʢʘʪʦ 10001111 (RESULT). 
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ʌʠʛ. 14. ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʜʚʦʠʯʝʥ ʯʝʪʠʨʠʙʠʪʦʚ ʫʤʥʦʞʠʪʝʣ ʯʨʝʟ ʪʨʠ ʯʝʪʠʨʠʙʠʪʦʚʠ ʩʫʤʘʪʦʨʠ 

ʚ Logisim 

 

ʀɿɺʆɼʀ 

ʉʫʤʘʪʦʨʠʪʝ ʠ ʫʤʥʦʞʠʪʝʣʠʪʝ ʩʘ ʝʜʥʠ ʦʪ ʦʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʚ ʨʝʜʠʮʘ ʮʠʬʨʦʚʠ 
ʫʩʪʨʦʡʩʪʚʘ. ʊʷʭʥʘʪʘ ʨʝʘʣʠʟʘʮʠʷ ʩ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ ʠ ʟʘʜʲʣʙʦʯʝʥʦʪʦ ʠʟʫʯʘʚʘʥʝ ʥʘ ʪʝʭʥʠʷ 
ʧʨʠʥʮʠʧ ʥʘ ʜʝʡʩʪʚʠʝ ʜʘʚʘʪ ʝʜʥʘ ʩʦʣʠʜʥʘ ʦʩʥʦʚʘ ʥʘ ʙʲʜʝʱʠʪʝ ʠʥʞʝʥʝʨʠ ʚ ʩʬʝʨʘʪʘ ʥʘ 
ʝʣʝʢʪʨʦʥʠʢʘʪʘ. 

Logisim ʝ ʝʜʠʥ ʠʟʢʣʶʯʠʪʝʣʥʦ ʫʜʦʙʝʥ ʠʥʩʪʨʫʤʝʥʪ, ʧʦʜʭʦʜʷʱ ʟʘ ʩʠʥʪʝʟ ʠ ʘʥʘʣʠʟ ʢʘʢʪʦ ʥʘ 
ʤʘʣʢʠ ʠ ʦʩʥʦʚʦʧʦʣʘʛʘʱʠ ʫʯʝʙʥʠ ʩʭʝʤʠ, ʪʘʢʘ ʠ ʥʘ ʛʦʣʝʤʠ ʧʨʦʝʢʪʠ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʤʫ ʚ ʫʯʝʙʥʠʷ 
ʧʨʦʮʝʩ ʧʦ ʜʠʩʮʠʧʣʠʥʘʪʘ Ăʎʠʬʨʦʚʘ ʩʭʝʤʦʪʝʭʥʠʢʘñ ʟʘ ʩʪʫʜʝʥʪʠʪʝ ʦʪ ʩʧʝʮʠʘʣʥʦʩʪ 
Ăʂʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ ʠ ʪʝʭʥʦʣʦʛʠʠñ ʩʧʦʤʘʛʘ ʟʘ ʧʦ-ʣʝʩʥʦʪʦ ʫʩʚʦʷʚʘʥʝ ʥʘ ʠʟʫʯʘʚʘʥʠʷ 
ʤʘʪʝʨʠʘʣ ʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʠʥʪʝʨʝʩʘ ʠ ʤʦʪʠʚʠʨʦʚʢʘʪʘ ʥʘ ʦʙʫʯʘʚʘʥʠʪʝ ʩʪʫʜʝʥʪʠ ʦʪ ʩʧʝʮʠʘʣʥʦʩʪ 
Ăʂʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ ʠ ʪʝʭʥʦʣʦʛʠʠñ ʚ ʈʫʩʝʥʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ Ăɸʥʛʝʣ ʂʲʥʯʝʚñ. 

 

ɹʃɸɻʆɼɸʈʅʆʉʊʀ 

ɼʦʢʣʘʜʲʪ ʦʪʨʘʟʷʚʘ ʨʝʟʫʣʪʘʪʠ ʦʪ ʨʘʙʦʪʘʪʘ ʧʦ ʧʨʦʝʢʪ No 2021 ï ʌɽɽɸ ï 03 Ăʇʨʦʝʢʪʠʨʘʥʝ, 
FPGA-ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʮʠʬʨʦʚʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʫʩʪʨʦʡʩʪʚʘñ, ʬʠʥʘʥʩʠʨʘʥ 
ʦʪ ʬʦʥʜ Ăʅʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷñ ʥʘ ʈʫʩʝʥʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ. 
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Abstract: The paper presents various options for designing a convolutional encoder in Logisim and explains how 

it works. The construction is presented by flip-flops and XOR logic gates, by flip-flops and NAND logic gates, as well as 

their implementations with integrated circuits from the 74xx library of Texas Instruments. The work is related to the 

Teamwork Project in the course ñDigital Circuitsò for students-bachelors of the specialty ñComputer Systems and 
Technologiesò. 
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ɺʒɺɽɼɽʅʀɽ 

ɼʠʩʮʠʧʣʠʥʘʪʘ Ăʎʠʬʨʦʚʘ ʩʭʝʤʦʪʝʭʥʠʢʘñ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʟʘʧʦʟʥʘʝ ʩʪʫʜʝʥʪʠʪʝ ʦʪ 
ʩʧʝʮʠʘʣʥʦʩʪ Ăʂʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ ʠ ʪʝʭʥʦʣʦʛʠʠñ ʩ ʦʩʥʦʚʥʠʪʝ ʚʲʧʨʦʩʠ ʥʘ ʮʠʬʨʦʚʘʪʘ 
ʝʣʝʢʪʨʦʥʠʢʘ, ʩʚʲʨʟʚʘʡʢʠ ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ ʮʠʬʨʦʚʠʪʝ ʝʣʝʤʝʥʪʠ ʩ ʪʷʭʥʘʪʘ 
ʤʠʢʨʦʝʣʝʢʪʨʦʥʥʘ ʙʘʟʘ ʠ ʧʨʝʜʩʪʘʚʷʡʢʠ ʧʨʠʣʦʞʝʥʠʝʪʦ ʠʤ ʧʨʠ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʠʤʧʫʣʩʥʠ ʠ 
ʮʠʬʨʦʚʠ ʫʩʪʨʦʡʩʪʚʘ. ɿʥʘʥʠʷʪʘ, ʧʨʠʜʦʙʠʪʠ ʧʦ ʜʠʩʮʠʧʣʠʥʘʪʘ, ʩʝ ʠʟʧʦʣʟʚʘʪ ʧʦ ʜʠʩʮʠʧʣʠʥʠʪʝ, 
ʚʢʣʶʯʝʥʠ ʝ ʫʯʝʙʥʠʷ ʧʣʘʥ ʥʘ ʩʧʝʮʠʘʣʥʦʩʪʪʘ, ʢʦʠʪʦ ʩʝ ʠʟʫʯʘʚʘʪ ʚ ʩʣʝʜʚʘʱʠʪʝ ʩʝʤʝʩʪʨʠ  
(e-Learning Shell, ecet.ecs.uni-ruse.bg/else, 2021). 

Logisim (ʌʠʛ. 1) ʝ ʦʙʨʘʟʦʚʘʪʝʣʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʣʦʛʠʯʝʩʢʠ 
ʩʭʝʤʠ. ʇʨʦʛʨʘʤʘʪʘ ʧʦʟʚʦʣʷʚʘ ʠʟʫʯʘʚʘʥʝʪʦ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ, ʠʟʛʨʘʞʜʘʱʠ ʣʦʛʠʯʝʩʢʠ 
ʚʝʨʠʛʠ. ʉʲʱʦ ʪʘʢʘ ʧʨʝʜʦʩʪʘʚʷ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʩʚʲʨʟʚʘʥʝ ʥʘ ʤʥʦʛʦ ʤʘʣʢʠ ʚʝʨʠʛʠ ʚ ʝʜʥʘ ʛʦʣʷʤʘ, 
ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʜʦʨʠ ʮʝʣʠ ʧʨʦʮʝʩʦʨʠ (www.cburch.com/logisim, 
2021). 

ʌʠʛ. 1. Logisim. ʉʥʠʤʢʘ: Carlburch, CC BY-SA 3.0 <https://creativecommons.org/licenses/by-

sa/3.0>, via Wikimedia Commons https://upload.wikimedia.org/wikipedia/commons/b/ba/Logisim-

icon.svg 

                                                 
8
 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʛ. ʚ ʩʝʢʮʠʷ Ăʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʠ ʢʦʤʧʶʪʲʨʥʘ 

ʪʝʭʥʠʢʘñ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ: ʈɽɸʃʀɿɸʎʀʗ ʅɸ ʂʆʅɺʆʃʖʎʀʆʅɽʅ ʂʆɼɽʈ ɺ 
LOGISIM. 
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ʂʦʥʚʦʣʶʮʠʦʥʥʠʷʪ ʢʦʜʝʨ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʪʨʠ ʧʘʨʘʤʝʪʲʨʘ: 1) ʩʢʦʨʦʩʪ ʥʘ ʢʦʜʠʨʘʥʝ 
Rc = k/n, ʢʲʜʝʪʦ k ʝ ʙʨʦʷʪ ʥʘ ʧʦʩʪʲʧʚʘʱʠʪʝ ʥʘ ʚʭʦʜ ʙʠʪʦʚʝ ʟʘ ʝʜʠʥ ʪʘʢʪ ʦʪ ʘʙʩʪʨʘʢʪʥʦʪʦ 
ʘʚʪʦʤʘʪʥʦ ʚʨʝʤʝ, ʘ n ʙʨʦʷʪ ʥʘ ʙʠʪʦʚʝʪʝ ʚ ʠʟʭʦʜʥʘʪʘ ʢʦʜʦʚʘ ʜʫʤʘ; 2) ʜʲʣʞʠʥʘ ʥʘ ʢʦʜʦʚʦʪʦ 
ʦʛʨʘʥʠʯʝʥʠʝ L, ʢʦʷʪʦ ʧʨʝʜʩʪʘʚʷ ʙʨʦʷ ʥʘ ʪʨʠʛʝʨʠʪʝ ʚ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʢʦʜʝʨʘ; 3) ʥʘʙʦʨ ʦʪ 
ʛʝʥʝʨʘʪʦʨʥʠ ʧʦʣʠʥʦʤʠ, ʦʧʠʩʚʘʱʠ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʢʦʜʝʨʘ (Borodzhieva, A., Aliev, Y., 

Ivanova, G., 2017), (Borodzhieva, A., 2017). ʆʩʥʦʚʝʥ ʦʙʝʢʪ ʥʘ ʨʘʟʛʣʝʞʜʘʥʝ ʚ (Borodzhieva, A., 

Aliev, Y., Ivanova, G., 2017), (Borodzhieva, A., 2017) ʝ ʢʦʥʚʦʣʶʮʠʦʥʝʥ ʢʦʜʝʨ ʩʲʩ ʩʢʦʨʦʩʪ ʥʘ 
ʢʦʜʠʨʘʥʝ Rc = 1/2, ʜʲʣʞʠʥʘ ʥʘ ʢʦʜʦʚʦʪʦ ʦʛʨʘʥʠʯʝʥʠʝ L = 3 ʠ ʩ ʜʚʘ ʛʝʥʝʨʘʪʦʨʥʠ ʧʦʣʠʥʦʤʠ 
g1 = 111 ʠ g2 = 101, ʢʲʜʝʪʦ ʩʝ ʦʧʠʩʚʘ ʩʠʥʪʝʟʘ ʠ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʢʦʜʝʨʘ ʩ TTL ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ 
(Borodzhieva, A., 2017) ʠ ʠʤʧʣʤʝʥʪʘʮʠʷʪʘ ʥʘ ʢʦʜʝʨʘ ʩ ʪʨʠʛʝʨʠ ʠ XOR ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ ʚ 
Logisim ʙʝʟ ʦʛʣʝʜ ʥʘ ʨʝʘʣʠʟʘʮʠʷʪʘ ʤʫ ʩ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ (Borodzhieva, A., Aliev, Y., 

Ivanova, G., 2017). ɺ ʜʦʢʣʘʜʘ ʧʦ-ʜʦʣʫ ʩʝ ʨʘʟʛʣʝʞʜʘ ʢʦʥʚʦʣʶʮʠʦʥʝʥ ʢʦʜʝʨ ʩʲʩ ʩʢʦʨʦʩʪ ʥʘ 
ʢʦʜʠʨʘʥʝ Rc = 1/2, ʜʲʣʞʠʥʘ ʥʘ ʢʦʜʦʚʦʪʦ ʦʛʨʘʥʠʯʝʥʠʝ L = 3 ʠ ʩ ʜʚʘ ʛʝʥʝʨʘʪʦʨʥʠ ʧʦʣʠʥʦʤʠ 
g1 = 011 ʠ g2 = 101, ʢʘʪʦ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʯʝʪʠʨʠ ʩʭʝʤʥʠ ʨʝʰʝʥʠʷ: 1) ʨʝʘʣʠʟʘʮʠʷ ʩ ʪʨʠʛʝʨʠ ʠ 
XOR ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ ʙʝʟ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ; 2) ʨʝʘʣʠʟʘʮʠʷ ʩ ʪʨʠʛʝʨʠ ʠ NAND ʣʦʛʠʯʝʩʢʠ 
ʝʣʝʤʝʥʪʠ ʙʝʟ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ; 3) ʨʝʘʣʠʟʘʮʠʷ ʩ ʪʨʠʛʝʨʠ ʠ XOR ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ ʩ 
ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ ʦʪ ʙʠʙʣʠʦʪʝʢʘ 74xx; 4) ʨʝʘʣʠʟʘʮʠʷ ʩ ʪʨʠʛʝʨʠ ʠ NAND ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ 
ʩ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ ʦʪ ʙʠʙʣʠʦʪʝʢʘ 74xx. ʂʦʥʚʦʣʶʮʠʦʥʥʠʷʪ ʢʦʜʝʨ ʧʨʝʜʘʚʘ ʩʲʦʙʱʝʥʠʝʪʦ ʧʦ 
ʝʜʠʥ ʙʠʪ ʚ ʜʘʜʝʥ ʤʦʤʝʥʪ (ʙʠʪ ʧʦ ʙʠʪ). ʅʘ ʚʭʦʜʦʚʝʪʝ ʥʘ ʩʫʤʘʪʦʨʠʪʝ ʧʦ ʤʦʜʫʣ 2 ʧʦʩʪʲʧʚʘʪ 
ʙʠʪʦʚʝ ʦʪ ʧʨʝʜʭʦʜʥʠʪʝ ʤʦʤʝʥʪʠ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʪʦʚʘ ʩ ʢʦʠ ʪʨʠʛʝʨʠ ʩʘ ʩʚʲʨʟʘʥʠ ʪʝ 

(web.mit.edu/6.02/www/s2009/handouts/labs/lab5.shtml, 2021). 

ʀɿʃʆɾɽʅʀɽ 

ʇʦʩʪʘʥʦʚʢʘ ʥʘ ʟʘʜʘʯʘʪʘ 

ʈʘʟʨʘʙʦʪʢʘʪʘ, ʧʨʝʜʩʪʘʚʝʥʘ ʧʦ-ʜʦʣʫ, ʝ ʩʚʲʨʟʘʥʘ ʩ ʨʘʙʦʪʘʪʘ ʧʦ ʧʨʦʝʢʪ ʠ ʚ ʝʢʠʧ ʧʦ 
ʜʠʩʮʠʧʣʠʥʘʪʘ Ăʎʠʬʨʦʚʘ ʩʭʝʤʦʪʝʭʥʠʢʘñ ʟʘ ʩʪʫʜʝʥʪʠ ʦʪ ʆʂʉ Ăɹʘʢʘʣʘʚʲʨñ ʦʪ ʩʧʝʮʠʘʣʥʦʩʪ 
Ăʂʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ ʠ ʪʝʭʥʦʣʦʛʠʠñ. ɽʢʠʧʠʪʝ ʧʦʣʫʯʘʚʘʪ ʟʘʜʘʥʠʝ, ʧʨʝʜʩʪʘʚʝʥʦ ʧʦ-ʜʦʣʫ, ʢʘʪʦ 
ʜʘʥʥʠʪʝ ʥʘ ʩʠʚ ʬʦʥ ʩʘ ʨʘʟʣʠʯʥʠ ʟʘ ʚʩʝʢʠ ʝʢʠʧ (ʩʲʦʙʱʝʥʠʝʪʦ ʟʘ ʢʦʜʠʨʘʥʝ ʝ ʥʷʢʦʷ ʦʪ ʛʣʘʚʥʠʪʝ 
ʣʘʪʠʥʩʢʠ ʙʫʢʚʠ AéZ, ʠʟʧʦʣʟʚʘʥʠʷʪ ʢʦʜ ʤʦʞʝ ʜʘ ʙʲʜʝ 8-ʙʠʪʦʚʠʷʪ EBCIDIC ʠʣʠ 7-ʙʠʪʦʚʠʷʪ 
ASCII ʢʦʜ, ʘ ʛʝʥʝʨʘʪʦʨʠʪʝ ʩʝ ʟʘʜʘʚʘʪ ʠʟʤʝʞʜʫ 011, 101, 110 ʠ 111). ʇʦ-ʜʦʣʫ ʩʝ ʨʘʟʛʣʝʞʜʘ 
ʩʣʝʜʥʠʷ ʧʨʠʤʝʨ: 
ɼʘ ʩʝ ʢʦʜʠʨʘ ʩʲʦʙʱʝʥʠʝʪʦ I (ʛʣʘʚʥʘ ʣʘʪʠʥʩʢʘ ʙʫʢʚʘ), ʧʨʝʜʩʪʘʚʝʥʦ ʚ 8-ʙʠʪʦʚʠʷ EBCIDIC ʢʦʜ, 
ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʢʦʥʚʦʣʶʮʠʦʥʝʥ ʢʦʜʝʨ ʩʲʩ ʩʢʦʨʦʩʪ ʥʘ ʢʦʜʠʨʘʥʝ Rc = 1/2, ʩ ʜʲʣʞʠʥʘ ʥʘ 
ʢʦʜʦʚʦʪʦ ʦʛʨʘʥʠʯʝʥʠʝ L = 3 ʠ ʩ ʛʝʥʝʨʘʪʦʨʠ 011 ʠ 101. ɿʘʜʘʯʘʪʘ ʜʘ ʩʝ ʨʝʰʠ ʪʘʙʣʠʯʥʦ ʠ ʜʘ ʩʝ 
ʥʘʯʝʨʪʘʝ ʩʭʝʤʘʪʘ ʥʘ ʢʦʥʚʦʣʶʮʠʦʥʥʠʷ ʢʦʜʝʨ (ʌʠʛ. 2). ɼʘ ʩʝ ʟʘʧʠʰʘʪ ʩʲʦʙʱʝʥʠʝʪʦ ʟʘ ʢʦʜʠʨʘʥʝ 
ʠ ʧʦʣʫʯʝʥʠʪʝ ʢʦʜʦʚʠ ʩʠʤʚʦʣʠ ʚ ʜʚʦʠʯʝʥ ʠ ʰʝʩʪʥʘʜʝʩʝʪʠʯʝʥ ʬʦʨʤʘʪ.  
ʅʘ ʌʠʛ. 2 ʝ ʧʨʝʜʩʪʘʚʝʥ ʢʦʥʚʦʣʶʮʠʦʥʝʥ ʢʦʜʝʨ ʩʲʩ ʩʢʦʨʦʩʪ ʥʘ ʢʦʜʠʨʘʥʝ Rc = 1/2, ʩ ʜʲʣʞʠʥʘ ʥʘ 
ʢʦʜʦʚʦʪʦ ʦʛʨʘʥʠʯʝʥʠʝ L = 3 ʠ ʩ ʛʝʥʝʨʘʪʦʨʠ 011 ʠ 101. ɺ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʢʦʜʝʨʘ ʩʝ ʩʲʜʲʨʞʘʪ 3 
ʥʘ ʙʨʦʡ ʪʨʠʛʝʨʠ, ʢʘʪʦ ʧʲʨʚʠʪʝ ʜʚʘ ʝ ʫʢʘʟʘʥʦ ʜʘ ʩʘ D ʪʨʠʛʝʨʠ, ʘ ʪʨʝʪʠʷʪ JK ʪʨʠʛʝʨ. ʅʘ ʚʭʦʜʘ ʥʘ 
ʧʲʨʚʠʷ ʪʨʠʛʝʨ ʩʝ ʧʦʜʘʚʘ ʩʲʦʙʱʝʥʠʝʪʦ m ʙʠʪ ʧʦ ʙʠʪ. ʉ ʚʩʝʢʠ ʪʘʢʪ ʙʠʪʦʚʝʪʝ ʥʘ ʩʲʦʙʱʝʥʠʝʪʦ 
ʧʨʝʤʠʥʘʚʘʪ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʧʨʝʟ ʚʩʠʯʢʠ ʪʨʠʛʝʨʠ ʥʘ ʢʦʜʝʨʘ. ʅʘ ʚʭʦʜʦʚʝʪʝ ʥʘ ʧʲʨʚʠʷ ʝʣʝʤʝʥʪ 
Ăʩʫʤʘ ʧʦ ʤʦʜʫʣ 2ñ (XOR) ʩʝ ʧʦʜʘʚʘʪ ʧʨʘʚʠʪʝ ʠʟʭʦʜʠ ʥʘ ʚʪʦʨʠʷ ʠ ʪʨʝʪʠʷ ʪʨʠʛʝʨ, ʘ ʥʘ ʚʭʦʜʦʚʝʪʝ 
ʥʘ ʚʪʦʨʠʷ XOR ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪ ï ʧʨʘʚʠʪʝ ʠʟʭʦʜʠ ʥʘ ʧʲʨʚʠʷ ʠ ʪʨʝʪʠʷ ʪʨʠʛʝʨ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ 
ʩʝ ʧʦʣʫʯʘʚʘʪ ʜʚʘʪʘ ʙʠʪʘ ʥʘ ʠʟʭʦʜʥʘʪʘ ʢʦʜʦʚʘ ʜʫʤʘ. ʌʫʥʢʮʠʠʪʝ ʥʘ ʚʲʟʙʫʞʜʘʥʝ ʥʘ ʝʣʝʤʝʥʪʠʪʝ 
ʧʘʤʝʪ ʠ ʠʟʭʦʜʥʠʪʝ ʨʝʘʢʮʠʠ ʥʘ ʢʦʜʝʨʘ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʚʲʚ ʚʠʜʘ: 

 
1 2 1 3 2 3 2, , ,D m D Q J Q K Q= = = =  (1) 

 
1 2 3 2 1 3,u Q Q u Q Q= Ä = Ä  (2) 
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ʌʠʛ. 2. ʉʭʝʤʘ ʥʘ ʢʦʥʚʦʣʶʮʠʦʥʝʥ ʢʦʜʝʨ ʩʲʩ ʩʢʦʨʦʩʪ ʥʘ ʢʦʜʠʨʘʥʝ Rc = 1/2, ʩ ʜʲʣʞʠʥʘ ʥʘ 
ʢʦʜʦʚʦʪʦ ʦʛʨʘʥʠʯʝʥʠʝ L = 3 ʠ ʩ ʛʝʥʝʨʘʪʦʨʠ 011 ʠ 101 

 

ʇʨʠʝʪʦ ʝ ʢʦʥʚʦʣʶʮʠʦʥʥʠʪʝ ʢʦʜʝʨʠ ʜʘ ʨʘʙʦʪʷʪ ʩ ʜʚʦʠʯʥʠ ʜʘʥʥʠ. ɺ ʩʣʫʯʘʷ ʩʲʦʙʱʝʥʠʝʪʦ 
ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʚ EBCIDIC ʢʦʜ. ɿʘ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʜʚʦʠʯʥʠʷ ʤʫ ʚʠʜ ʩʝ ʠʟʧʦʣʟʚʘ ʊʘʙʣʠʮʘ 1 

(https://www.ecet.ecs.uni-ruse/bg/else). 

 

ʊʘʙʣʠʮʘ 1. Extended Binary Coded Decimal Interchange Code (EBCDIC) 
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ʉʲʦʙʱʝʥʠʝʪʦ, ʢʦʝʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʢʦʜʠʨʘ, ʝ ʙʫʢʚʘʪʘ I. ɺ ʊʘʙʣʠʮʘ 1 ʥʝ ʩʝ ʚʠʞʜʘ ʥʝʡʥʠʷʪ ʜʚʦʠʯʝʥ 
ʢʦʜ. ɿʘ ʜʘ ʩʝ ʧʦʣʫʯʠ, ʧʲʨʚʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʥʘʤʝʨʠ ʰʝʩʪʥʘʜʝʩʝʪʠʯʥʠʷʪ Ⱬ ʢʦʜ. ʊʦʡ ʩʝ ʧʦʣʫʯʘʚʘ ʦʪ 
ʥʘʠʤʝʥʦʚʘʥʠʷʪʘ ʥʘ ʨʝʜʘ ʠ ʢʦʣʦʥʘʪʘ, ʚ ʢʦʠʪʦ ʝ ʨʘʟʧʦʣʦʞʝʥ ʪʲʨʩʝʥʠʷʪ ʩʠʤʚʦʣ (ʙʫʢʚʘʪʘ I). 

ʇʲʨʚʠʷʪ ʩʠʤʚʦʣ ʥʘ h ʝʩʪʥʘʜʝʩʝʪʠʯʥʠʷ ʢʦʜ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʨʝʜʘ, ʚ ʢʦʡʪʦ ʩʝ ʥʘʤʠʨʘ ʩʲʦʙʱʝʥʠʝʪʦ 
I, ʚ ʩʣʫʯʘʷ C, ʘ ʚʪʦʨʠʷʪ ï ʦʪ ʢʦʣʦʥʘʪʘ, ʚ ʢʦʷʪʦ ʩʝ ʥʘʤʠʨʘ ʩʲʦʙʱʝʥʠʝʪʦ I ï 9. 

ʐʝʩʪʥʘʜʝʩʝʪʠʯʥʠʷʪ ʬʦʨʤʘʪ ʥʘ ʩʲʦʙʱʝʥʠʝʪʦ ʝ C9. ɿʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʜʚʦʠʯʥʠʷ ʢʦʜ, ʜʚʘʪʘ 
ʩʠʤʚʦʣʘ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʧʦʦʪʜʝʣʥʦ. ʂʘʢʪʦ ʩʝ ʚʠʞʜʘ ʦʪ ʊʘʙʣʠʮʘ 2, C ʚ ʜʚʦʠʯʝʥ ʚʠʜ ʝ 1100, ʘ 9 ʝ 
1001. ʆʪ ʪʫʢ ʩʣʝʜʚʘ, ʯʝ ʩʲʦʙʱʝʥʠʝʪʦ, ʢʦʝʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʢʦʜʠʨʘ, ʝ 1100 1001. 

ʊʘʙʣʠʮʘ 2. ʇʨʝʜʩʪʘʚʷʥʝ ʥʘ ʢʦʜʦʚʝʪʝ ʚ ʜʚʦʠʯʥʘ, ʜʝʩʝʪʠʯʥʘ ʠ ʰʝʩʪʥʘʜʝʩʝʪʠʯʥʘ ʙʨʦʡʥʘ ʩʠʩʪʝʤʘ 

 

ʊʘʙʣʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ 

ɺ ʊʘʙʣʠʮʘ 3 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʨʘʙʦʪʘʪʘ ʥʘ ʢʦʥʚʦʣʶʮʠʦʥʥʠʷ ʢʦʜʝʨ ʚ ʪʘʙʣʠʯʝʥ ʚʠʜ. ʂʘʢʪʦ 
ʩʝ ʚʠʞʜʘ, ʚ ʤʦʤʝʥʪʘ t0, ʨʝʛʠʩʪʲʨʲʪ ʚʩʝ ʦʱʝ ʝ ʚ ʥʫʣʠʨʘʥʦ ʩʲʩʪʦʷʥʠʝ ʠ ʧʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʥʘ 
ʠʟʭʦʜʠʪʝ ʩʝ ʧʦʣʫʯʘʚʘʪ ʥʫʣʠ, ʘ ʥʘ ʚʭʦʜʘ ʥʘ ʢʦʜʝʨʘ ʩʝ ʧʦʜʘʚʘ ʧʲʨʚʠʷʪ ʙʠʪ ʦʪ ʩʲʦʙʱʝʥʠʝʪʦ. ɺ 
ʩʣʝʜʚʘʱʠʷ ʤʦʤʝʥʪ ʦʪ ʚʨʝʤʝ, ʥʘ ʚʭʦʜʘ ʧʦʩʪʲʧʚʘ ʚʪʦʨʠʷʪ ʙʠʪ ʦʪ ʩʲʦʙʱʝʥʠʝʪʦ, ʚ ʧʲʨʚʠʷ ʪʨʠʛʝʨ 
ʦʪ ʨʝʛʠʩʪʲʨʘ ʚʝʯʝ ʝ ʟʘʧʠʩʘʥ ʧʦʜʘʜʝʥʠʷʪ ʥʘ ʚʭʦʜʘ ʚ ʧʨʝʜʭʦʜʥʠʷ ʤʦʤʝʥʪ ʙʠʪ. ʆʪ ʪʫʢ ʩʣʝʜʚʘ, ʯʝ 
ʧʨʠ ʩʫʤʠʨʘʥʝ ʧʦ ʤʦʜʫʣ 2 ʥʘ ʧʲʨʚʠʷ ʠʟʭʦʜ ʥʘ ʢʦʜʝʨʘ ʱʝ ʩʝ ʧʦʣʫʯʠ 0, ʘ ʥʘ ʚʪʦʨʠʷ ʠʟʭʦʜ ʱʝ ʩʝ 
ʧʦʣʫʯʠ 1. ʇʨʠʥʮʠʧʲʪ ʥʘ ʨʘʙʦʪʘ ʚ ʩʣʝʜʚʘʱʠʪʝ ʤʦʤʝʥʪʠ ʝ ʘʥʘʣʦʛʠʯʝʥ. ʇʨʠ ʥʘʩʪʲʧʚʘʥʝ ʥʘ t7, ʥʘ 
ʚʭʦʜʘ ʩʝ ʧʦʜʘʚʘ ʧʦʩʣʝʜʥʠʷ ʙʠʪ, ʦʪ ʪʦʟʠ ʤʦʤʝʥʪ ʜʦ t11 ʩʝ ʧʦʜʘʚʘʪ ʩʘʤʦ ʥʫʣʠ, ʧʨʠʯʠʥʘʪʘ ʟʘ ʪʦʚʘ 
ʝ, ʯʝ ʚ ʨʝʛʠʩʪʲʨʘ ʚʩʝ ʦʱʝ ʠʤʘ ʟʘʧʠʩʘʥʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʜʘ ʩʝ Ăʠʟʯʠʩʪʠñ, ʘ ʪʦʡ ʪʨʷʙʚʘ ʜʘ 
ʙʲʜʝ ʫʩʪʘʥʦʚʝʥ ʚ ʥʫʣʠʨʘʥʦ ʩʲʩʪʦʷʥʠʝ. 

ʊʘʙʣʠʮʘ 3. ʊʘʙʣʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʢʦʜʠʨʘʥʝʪʦ 

ʆʪ ʊʘʙʣʠʮʘ 3 ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʷʪ ʠ ʠʟʭʦʜʥʠʪʝ ʩʠʤʚʦʣʠ. ʊʝ ʩʝ ʧʦʣʫʯʘʚʘʪ ʢʘʪʦ ʩʝ ʚʟʝʤʘʪ 
ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ u1 ʠ u2, ʦʪ ʚʩʝʢʠ ʨʝʜ. ɺ ʜʚʦʠʯʝʥ ʚʠʜ ʪʝ ʩʘ: 0111 0111 0110 1101 1011. ɿʘ 
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ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʠʤ ʚ ʰʝʩʪʥʘʜʝʩʝʪʠʯʝʥ ʚʠʜ, ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʦʪʥʦʚʦ ʊʘʙʣʠʮʘ 2, ʦʪ ʢʲʜʝʪʦ ʩʝ 
ʧʦʣʫʯʘʚʘ: 776DB. 

ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʢʦʥʚʦʣʶʮʠʦʥʥʠʷ ʢʦʜʝʨ ʚ Logisim 

1) ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʠʟʭʦʜʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ ʢʦʜʝʨʘ ʩ XOR ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ 

ɿʘ ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʢʦʜʝʨʘ ʚ Logisim ʩ D ʠ JK ʪʨʠʛʝʨʠ ʠ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ Ăʩʫʤʘ ʧʦ 
ʤʦʜʫʣ 2ñ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘʚʠʩʠʤʦʩʪʠ (1) ʠ (2), ʢʘʪʦ ʨʝʘʣʠʟʠʨʘʥʘʪʘ ʚ Logisim ʩʭʝʤʘ ʥʘ ʢʦʜʝʨʘ ʦʪ 
ʌʠʛ. 2 ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 3 ʠ ʌʠʛ. 4, ʟʘ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʤʦʤʝʥʪʘ ʦʪ ʚʨʝʤʝ. ʇʨʠ ʪʝʩʪʚʘʥʝʪʦ 
ʡ ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʧʦʪʚʲʨʞʜʘʚʘʥʝ ʥʘ ʥʘʧʠʩʘʥʦʪʦ ʚ ʊʘʙʣʠʮʘ 3. ʅʘ ʚʭʦʜʘ ʩʝ ʧʦʜʘʚʘ ʧʲʨʚʠʷʪ ʙʠʪ, 
ʨʝʛʠʩʪʲʨʲʪ ʝ ʥʫʣʠʨʘʥ, ʥʘ ʚʭʦʜʦʚʝʪʝ ʥʘ ʜʚʘʪʘ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʘ Ăʩʫʤʘ ʧʦ ʤʦʜʫʣ 2ñ ʩʝ ʧʦʜʘʚʘʪ 
ʥʫʣʠ, ʩʣʝʜʦʚʘʪʝʣʥʦ ʠ ʥʘ ʠʟʭʦʜʠʪʝ ʩʝ ʧʦʣʫʯʘʚʘʪ ʥʫʣʠ (ʌʠʛ. 3). 

 

ʌʠʛ. 3. ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʨʘʟʛʣʝʞʜʘʥʠʷ ʢʦʥʚʦʣʶʮʠʦʥʝʥ ʢʦʜʝʨ ʩ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ 

Ăʩʫʤʘ ʧʦ ʤʦʜʫʣ 2ñ ʚ ʥʘʯʘʣʥʦ ʩʲʩʪʦʷʥʠʝ 

 

ʇʨʠ ʧʦʩʪʲʧʚʘʥʝ ʥʘ ʧʨʝʜʝʥ ʬʨʦʥʪ ʥʘ ʪʘʢʪʦʚʠʷ ʩʠʛʥʘʣ, ʙʠʪʲʪ m ʧʦʩʪʲʧʚʘ ʚ ʨʝʛʠʩʪʲʨʘ (ʚ 
ʧʲʨʚʠʷ ʪʨʠʛʝʨ), ʘ ʥʘ ʚʭʦʜʘ ʩʝ ʧʦʜʘʚʘ ʩʣʝʜʚʘʱʠʷʪ ʠʥʬʦʨʤʘʮʠʦʥʝʥ ʙʠʪ. ʅʘ ʚʭʦʜʦʚʝʪʝ ʥʘ ʧʲʨʚʠʷ 
ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪ Ăʩʫʤʘ ʧʦ ʤʦʜʫʣ 2ñ ʩʝ ʧʦʜʘʚʘʪ ʧʨʘʚʠʪʝ ʠʟʭʦʜʠ ʥʘ ʚʪʦʨʠʷ ʠ ʪʨʝʪʠʷ ʪʨʠʛʝʨ, 
ʩʣʝʜʦʚʘʪʝʣʥʦ ʥʘ ʠʟʭʦʜʘ ʩʝ ʧʦʣʫʯʘʚʘ 0, ʘ ʥʘ ʚʪʦʨʠʷ ʠʟʭʦʜ ʩʝ ʧʦʣʫʯʘʚʘ 1, ʟʘʱʦʪʦ ʚ ʧʲʨʚʠʷ ʪʨʠʛʝʨ 
ʠʤʘ ʟʘʧʠʩʘʥʘ ʝʜʠʥʠʮʘ, ʢʦʷʪʦ ʩʝ ʧʦʜʘʚʘ ʥʘ ʝʜʠʥʠʷ ʦʪ ʚʭʦʜʦʚʝʪʝ ʥʘ ʚʪʦʨʠʷ ʝʣʝʤʝʥʪ Ăʩʫʤʘ ʧʦ 
ʤʦʜʫʣ 2ñ, ʟʘʝʜʥʦ ʩ ʥʫʣʘʪʘ ʦʪ ʪʨʝʪʠʷ ʪʨʠʛʝʨ. 

ʌʠʛ. 4. ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʨʘʟʛʣʝʞʜʘʥʠʷ ʢʦʥʚʦʣʶʮʠʦʥʝʥ ʢʦʜʝʨ ʩ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ 

Ăʩʫʤʘ ʧʦ ʤʦʜʫʣ 2ñ ʚ ʩʣʝʜʚʘʱʠʷ ʤʦʤʝʥʪ ʦʪ ʚʨʝʤʝ t1 

ʇʨʠ ʧʦʜʘʚʘʥʝ ʥʘ ʩʣʝʜʚʘʱʠ ʠʤʧʫʣʩʠ ʥʘ ʪʘʢʪʦʚʠʷ ʚʭʦʜ, ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʧʦʩʪʲʧʚʘʪ 
ʩʣʝʜʚʘʱʠʪʝ ʙʠʪʦʚʝ ʥʘ ʩʲʦʙʱʝʥʠʝʪʦ, ʘ ʢʦʛʘʪʦ ʪʝ ʩʚʲʨʰʘʪ, ʩʝ ʧʦʜʘʚʘʪ ʥʫʣʠ, ʜʦʢʘʪʦ ʨʝʛʠʩʪʲʨʲʪ 
ʥʝ ʙʲʜʝ ʫʩʪʘʥʦʚʝʥ ʚ ʥʘʯʘʣʥʦʪʦ ʥʫʣʝʚʦ ʩʲʩʪʦʷʥʠʝ. 
2) ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʠʟʭʦʜʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ ʢʦʜʝʨʘ ʩ NAND ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ 
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ɺ ʟʘʜʘʥʠʝʪʦ ʝ ʫʢʘʟʘʥʘ ʝʣʝʤʝʥʪʥʘʪʘ ʙʘʟʘ ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʢʦʥʚʦʣʶʮʠʦʥʥʠʷ ʢʦʜʝʨ: 
1) ʝʜʥʘ ʠʥʪʝʛʨʘʣʥʘ ʩʭʝʤʘ SN 7474 (ʩʠʥʭʨʦʥʝʥ D ʪʨʠʛʝʨ ʩ ʘʩʠʥʭʨʦʥʥʠ ʧʨʠʦʨʠʪʝʪʥʠ S  ʠ R  

ʚʭʦʜʦʚʝ, 2 ʙʨʦʷ ʚ 1 ʢʦʨʧʫʩ); 2) ʝʜʥʘ ʠʥʪʝʛʨʘʣʥʘ ʩʭʝʤʘ SN 7472 (ʩʠʥʭʨʦʥʝʥ JK ʪʨʠʛʝʨ ʩ 
ʘʩʠʥʭʨʦʥʥʠ ʧʨʠʦʨʠʪʝʪʥʠ S  ʠ R  ʚʭʦʜʦʚʝ); 3) ʝʜʥʘ ʠʥʪʝʛʨʘʣʥʘ ʩʭʝʤʘ SN 7400 (ʯʝʪʠʨʠ 
ʜʚʫʚʭʦʜʦʚʠ NAND); 4) ʝʜʥʘ ʠʥʪʝʛʨʘʣʥʘ ʩʭʝʤʘ SN 7410 (ʪʨʠ ʪʨʠʚʭʦʜʦʚʠ NAND); 

5) ʝʜʥʘ ʠʥʪʝʛʨʘʣʥʘ ʩʭʝʤʘ SN 7420 (ʜʚʘ ʯʝʪʠʨʠʚʭʦʜʦʚʠ NAND). 

ɿʘ ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʢʦʜʝʨʘ ʚ Logisim ʩ D ʠ JK ʪʨʠʛʝʨʠ ʠ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ Ăʀ-ʅɽñ 
(NAND), ʩ ʮʝʣ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʫʢʘʟʘʥʘʪʘ ʝʣʝʤʝʥʪʥʘ ʙʘʟʘ, ʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ 
ʠʟʭʦʜʥʠʪʝ ʬʫʥʢʮʠʠ ʚ ʙʘʟʠʩ ʀ-ʅɽ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘʚʠʩʠʤʦʩʪʠ (3). ʈʝʘʣʠʟʠʨʘʥʘʪʘ ʚ Logisim 

ʩʭʝʤʘ ʥʘ ʢʦʜʝʨʘ ʦʪ ʌʠʛ. 2 ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 5. ɺʩʷʢʘ ʠʥʚʝʨʩʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ (3), ʩʲʜʲʨʞʘʱʘ 
ʜʚʘ ʠʣʠ ʪʨʠ ʝʣʝʤʝʥʪʘ, ʩʝ ʧʨʝʜʩʪʘʚʷ ʯʨʝʟ ʦʪʜʝʣʝʥ ʀ-ʅE ʝʣʝʤʝʥʪ. ʇʨʠ ʪʝʩʪʚʘʥʝʪʦ ʥʘ ʩʭʝʤʘʪʘ ʩʝ 
ʧʦʪʚʲʨʞʜʘʚʘ ʥʘʧʠʩʘʥʦʪʦ ʚ ʊʘʙʣʠʮʘ 3. 

 
1 2 3 2 3 2 1 3 1 3. . . , . . .u Q Q Q Q u Q Q Q Q= =  (3) 

 

ʌʠʛ. 5. ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʨʘʟʛʣʝʞʜʘʥʠʷ ʢʦʥʚʦʣʶʮʠʦʥʝʥ ʢʦʜʝʨ ʩ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ 

Ăʀ-ʅɽñ ʚ ʥʘʯʘʣʥʦ ʩʲʩʪʦʷʥʠʝ 

ʇʨʠʥʮʠʧʲʪ ʥʘ ʨʘʙʦʪʘ ʥʘ ʪʘʟʠ ʩʭʝʤʘ ʝ ʩʲʱʠʷʪ, ʢʘʪʦ ʥʘ ʧʨʝʜʭʦʜʥʘʪʘ. ɽʜʠʥʩʪʚʝʥʘʪʘ 
ʨʘʟʣʠʢʘ ʝ, ʯʝ ʣʦʛʠʯʝʩʢʠʪʝ ʝʣʝʤʝʥʪʠ Ăʩʫʤʘ ʧʦ ʤʦʜʫʣ 2ñ ʩʘ ʟʘʤʝʥʝʥʠ ʩ ʀ-ʅɽ ʪʘʢʠʚʘ. ɿʘ ʜʘ ʩʝ 
ʧʦʣʫʯʘʚʘʪ ʩʲʱʠʪʝ ʩʪʦʡʥʦʩʪʠ, ʥʘ ʤʷʩʪʦʪʦ ʥʘ ʚʩʝʢʠ XOR ʝʣʝʤʝʥʪ ʩʪʦʷʪ ʪʨʠ NAND ʝʣʝʤʝʥʪʘ. ʅʘ 
ʚʭʦʜʦʚʝʪʝ ʥʘ ʝʣʝʤʝʥʪ 1 ʩʝ ʧʦʜʘʚʘʪ ʠʥʚʝʨʩʥʠʷʪ ʠʟʭʦʜ ʥʘ ʚʪʦʨʠʷ ʪʨʠʛʝʨ ʠ ʧʨʘʚʠʷʪ ʠʟʭʦʜ ʥʘ 
ʪʨʝʪʠʷ ʪʨʠʛʝʨ. ʅʘ ʚʭʦʜʦʚʝʪʝ ʥʘ ʝʣʝʤʝʥʪ 2 ʩʝ ʧʦʜʘʚʘʪ ʧʨʘʚʠʷʪ ʠʟʭʦʜ ʥʘ ʚʪʦʨʠʷ ʪʨʠʛʝʨ ʠ 
ʠʥʚʝʨʩʥʠʷʪ ʠʟʭʦʜ ʥʘ ʪʨʝʪʠʷ ʪʨʠʛʝʨ. ʅʘ ʚʭʦʜʦʚʝʪʝ ʥʘ ʝʣʝʤʝʥʪ 3 ʩʝ ʧʦʜʘʚʘʪ ʠʟʭʦʜʠʪʝ ʥʘ 
ʝʣʝʤʝʥʪʠ 1 ʠ 2. ʉʪʦʡʥʦʩʪʪʘ ʥʘ ʠʟʭʦʜʘ ʤʫ ʝ ʧʲʨʚʠʷʪ ʢʦʜʦʚ ʩʠʤʚʦʣ u1. ʅʘ ʚʭʦʜʦʚʝʪʝ ʥʘ ʝʣʝʤʝʥʪ 4 

ʩʝ ʧʦʜʘʚʘʪ ʠʥʚʝʨʩʥʠʷʪ ʠʟʭʦʜ ʥʘ ʧʲʨʚʠʷ ʪʨʠʛʝʨ ʠ ʧʨʘʚʠʷʪ ʠʟʭʦʜ ʥʘ ʪʨʝʪʠʷ ʪʨʠʛʝʨ. ɽʣʝʤʝʥʪʠ 5 
ʠ 6 ʩʘ ʯʝʪʠʨʠʚʭʦʜʦʚʠ (ʩ ʦʛʣʝʜ ʥʘ ʫʢʘʟʘʥʘʪʘ ʝʣʝʤʝʥʪʥʘ ʙʘʟʘ), ʥʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʜʚʫʚʭʦʜʦʚʠ. 
ʅʘ ʜʚʘ ʦʪ ʚʭʦʜʦʚʝʪʝ ʥʘ ʝʣʝʤʝʥʪ 5 ʩʝ ʧʦʜʘʚʘ ʧʨʘʚʠʷʪ ʠʟʭʦʜ ʥʘ ʧʲʨʚʠʷ ʪʨʠʛʝʨ, ʘ ʥʘ ʦʩʪʘʥʘʣʠʪʝ 
ʜʚʘ ï ʠʥʚʝʨʩʥʠʷʪ ʠʟʭʦʜ ʥʘ ʪʨʝʪʠʷ ʪʨʠʛʝʨ, ʙʘʟʠʨʘʡʢʠ ʩʝ ʥʘ ʟʘʚʠʩʠʤʦʩʪʪʘ 1 1 3 3 1 3. . . .Q Q Q Q Q Q= . ʅʘ 
ʜʚʘ ʦʪ ʚʭʦʜʦʚʝʪʝ ʥʘ ʝʣʝʤʝʥʪ 6 ʩʝ ʧʦʜʘʚʘʪ ʠʟʭʦʜʲʪ ʥʘ ʝʣʝʤʝʥʪ 4, ʘ ʥʘ ʜʨʫʛʠʪʝ ʜʚʘ ï ʠʟʭʦʜʲʪ ʥʘ 
ʝʣʝʤʝʥʪ 5. ʅʘ ʠʟʭʦʜʘ ʥʘ ʝʣʝʤʝʥʪ 6 ʩʝ ʧʦʣʫʯʘʚʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʚʪʦʨʠʷ ʢʦʜʦʚ ʩʠʤʚʦʣ u2. 

ɺ ʯʝʪʠʨʠʪʝ ʪʘʙʣʠʮʠ ʧʦ-ʜʦʣʫ (ʊʘʙʣʠʮʘ 4éʊʘʙʣʠʮʘ 7) ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʲʝʜʠʥʝʥʠʷʪʘ (ʚʨʲʟʢʠʪʝ), 
ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʩʭʝʤʘʪʘ ʦʪ ʌʠʛ. 5. 

ʊʘʙʣʠʮʘ 4. ʉʚʲʨʟʚʘʥʝ ʥʘ ʀʉ 7474 

ʀʉ1 ʊ1 11 1R  Ṷ/+Ec  
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SN7474 41 1S  +Ec  

31 1C  Cl  

21 1D  m m 

51 1Q  14, 24  

61 1Q  103  

ʊ2 

131 2R  Ṷ/+Ec  

101 2S  +Ec  

111 2C  Cl  

121 2D  1Q  51 

91 2Q  43  

81 2Q  13  

 71 Ṷ Ṷ Ṷ 

 141 +Ec +Ec +Ec 

 

ʊʘʙʣʠʮʘ 5. ʉʚʲʨʟʚʘʥʝ ʥʘ ʀʉ 7472 

ʀʉ2 

SN7472 
ʊ3 

22 3R  Ṷ/+Ec  

132 3S  +Ec  

122 3C  Cl  

32 1J  2J  42 

42 2J  3J  52 

52 3J  2Q  91 

92 1K  2K  102 

102 2K  3K  112 

112 3K  2Q  81 

82 3Q  23, 93  

62 3Q  55, 44, 54   

12 NA   

72 Ṷ Ṷ Ṷ 

142 +Ec +Ec +Ec 

 

ʊʘʙʣʠʮʘ 6. ʉʚʲʨʟʚʘʥʝ ʥʘ ʀʉ 7400 

ʀʉ3 

SN7400 
ʃɽ1 

13 x1 2Q  81 

23 x2 3Q  82 

33 y ʃɽ1ʦ 133 
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ʃɽ2 

43 x1 2Q  91 

53 x2 3Q  62 

63 y ʃɽ2ʦ 123 

ʃɽ3 

133 x1 ʃɽ1o 33 

123 x2 ʃɽ2o 63 

113 y ʃɽ3ʦ u1 

ʃɽ4 

103 x1 1Q  61 

93 x2 3Q  82 

83 y ʃɽ4ʦ 134, 124 

 73 Ṷ Ṷ Ṷ 

 143 +Ec +Ec +Ec 

 

ʊʘʙʣʠʮʘ 7. ʉʚʲʨʟʚʘʥʝ ʥʘ ʀʉ 7420 

ʀʉ4 

SN7420 

ʃɽ5 

14 x1 1Q  51 

24 x2 1Q  51 

44 x3 3Q  62 

54 x4 3Q  62 

64 Y ʃɽ5ʦ 104, 94 

 

ʃɽ6 

134 x1 ʃɽ4o 83 

124 x2 ʃɽ4o 83 

104 x3 ʃɽ5o 64 

94 x4 ʃɽ5o 64 

84 Y ʃɽ6ʦ u2 

 34 NA   

 114 NA   

 74 Ṷ Ṷ Ṷ 

 144 +Ec +Ec +Ec 

 

  



PROCEEDINGS OF UNIVERSITY OF RUSE - 2021, volume 60, book 3.3. 

 - 66 - 

3) ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʠʟʭʦʜʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ ʢʦʜʝʨʘ ʩ XOR ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ, ʩ ʠʥʪʝʛʨʘʣʥʠ 
ʩʭʝʤʠ ʦʪ ʙʠʙʣʠʦʪʝʢʘ 74xx 

ɿʘ ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʢʦʜʝʨʘ ʚ Logisim ʩ D ʠ JK ʪʨʠʛʝʨʠ ʠ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ Ăʩʫʤʘ ʧʦ 
ʤʦʜʫʣ 2ñ, ʩ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ ʦʪ ʙʠʙʣʠʦʪʝʢʘ 74ʭʭ, ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘʚʠʩʠʤʦʩʪʠ (1) ʠ (2). ʉ ʦʛʣʝʜ 
ʥʘ ʥʘʣʠʯʥʠʪʝ ʚ ʠʥʪʝʨʥʝʪ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ (https://74x.weebly.com/blog/library-of-7400-logic-

for-logisim, 2021), ʧʨʠ ʨʝʘʣʠʟʘʮʠʷʪʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʩʣʝʜʥʠʪʝ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ: 1) SN 7474 

(2 ʙʨʦʷ D ʪʨʠʛʝʨʠ, ʌʠʛ. 6 ʘ); 2) SN 7476 (2 ʙʨʦʷ JK ʪʨʠʛʝʨʠ, ʌʠʛ. 6 ʙ); 3) SN 7486 (4 ʙʨʦʷ XOR 

ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ, ʌʠʛ. 6 ʚ). ɿʘ ʪʨʠʛʝʨʠʪʝ ʝ ʨʝʘʣʠʟʠʨʘʥʘ ʚʝʨʩʠʷ ʩʲʩ S ʠ R ʧʨʠʦʨʠʪʝʪʥʠ 
ʚʭʦʜʦʚʝ, ʢʦʝʪʦ ʚ ʩʣʫʯʘʷ ʥʝ ʥʘʣʘʛʘ ʧʦʜʘʚʘʥʝ ʥʘ ʩʠʛʥʘʣʠ ʥʘ ʪʝʟʠ ʚʭʦʜʦʚʝ, ʪʲʡ ʢʘʪʦ ʪʨʠʛʝʨʠʪʝ 
ʧʲʨʚʦʥʘʯʘʣʥʦ ʱʝ ʩʘ ʥʫʣʠʨʘʥʠ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʝ ʱʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʠʨʝʢʪʥʦ ʢʘʪʦ D ʠʣʠ 
JK ʪʨʠʛʝʨʠ). ʈʝʘʣʠʟʠʨʘʥʘʪʘ ʚ Logisim ʩʭʝʤʘ ʥʘ ʢʦʜʝʨʘ ʦʪ ʌʠʛ. 2 ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 7 ʩ 
ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ ʦʪ ʙʠʙʣʠʦʪʝʢʘ 74ʭʭ. ʇʨʠ ʪʝʩʪʚʘʥʝʪʦ ʡ ʩʝ ʧʦʪʚʲʨʞʜʘʚʘ ʥʘʧʠʩʘʥʦʪʦ ʚ 
ʊʘʙʣʠʮʘ 3. 

   
ʘ) ʙ) ʚ) 

ʌʠʛ. 6. ʉʪʨʫʢʪʫʨʘ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ ʦʪ ʙʠʙʣʠʦʪʝʢʘ 74ʭʭ: 
ʘ) SN 7474; ʙ) SN 7476; ʚ) SN 7486 

 

ʌʠʛ. 7. ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʨʘʟʛʣʝʞʜʘʥʠʷ ʢʦʥʚʦʣʶʮʠʦʥʝʥ ʢʦʜʝʨ ʩ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ 

Ăʩʫʤʘ ʧʦ ʤʦʜʫʣ 2ñ, ʩ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ ʦʪ ʙʠʙʣʠʦʪʝʢʘʪʘ 74ʭʭ, ʚ ʥʘʯʘʣʥʦ ʩʲʩʪʦʷʥʠʝ 

 

ʇʨʠ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʩʭʝʤʘʪʘ ʝ ʥʝʦʙʭʦʜʠʤ ʩʘʤʦ ʝʜʠʥ JK ʪʨʠʛʝʨ ʠ ʜʚʘ XOR ʝʣʝʤʝʥʪʘ, 
ʟʘʪʦʚʘ ʥʷʢʦʠ ʢʨʘʯʝʪʘ ʩʘ ʦʩʪʘʚʝʥʠ ʩʚʦʙʦʜʥʠ. ʏʨʝʟ Q1, Q2 ʠ Q3 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʲʩʪʦʷʥʠʷʪʘ ʥʘ 
ʪʨʠʛʝʨʠʪʝ. ɺ ʩʣʫʯʘʷ ʥʘ ʚʭʦʜʘ ʝ ʧʦʜʘʜʝʥ ʧʲʨʚʠʷʪ ʙʠʪ ʦʪ ʩʲʦʙʱʝʥʠʝʪʦ, ʨʝʛʠʩʪʲʨʲʪ ʝ ʥʫʣʠʨʘʥ ʠ 
ʥʘ ʠʟʭʦʜʘ ʩʝ ʧʦʣʫʯʘʚʘʪ ʥʫʣʠ. ʊʦʚʘ ʝ ʥʘʯʘʣʥʦʪʦ ʩʲʩʪʦʷʥʠʝ. 
4) ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʠʟʭʦʜʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ ʢʦʜʝʨʘ ʩ NAND ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ, ʩ 
ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ ʦʪ ʙʠʙʣʠʦʪʝʢʘ 74xx 
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ɿʘ ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʢʦʜʝʨʘ ʚ Logisim ʩ D ʠ JK ʪʨʠʛʝʨʠ ʠ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ Ăʀ-ʅɽñ, ʩ 
ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ ʦʪ ʙʠʙʣʠʦʪʝʢʘ 74ʭʭ, ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘʚʠʩʠʤʦʩʪʠ (3). ʉ ʦʛʣʝʜ ʥʘ ʥʘʣʠʯʥʠʪʝ ʚ 
ʠʥʪʝʨʥʝʪ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ (https://74x.weebly.com/blog/library-of-7400-logic-for-logisim, 

2021), ʧʨʠ ʨʝʘʣʠʟʘʮʠʷʪʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʩʣʝʜʥʠʪʝ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ: 1) SN 7474 (2 ʙʨʦʷ 
D ʪʨʠʛʝʨʠ, ʌʠʛ. 6 ʘ); 2) SN 7476 (2 ʙʨʦʷ JK ʪʨʠʛʝʨʠ, ʌʠʛ. 6 ʙ); 3) SN 7400 (4 ʙʨʦʷ ʜʚʫʚʭʦʜʦʚʠ 
NAND ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ, ʌʠʛ. 8 ʘ); 4) SN 7420 (2 ʙʨʦʷ ʯʝʪʠʨʠʚʭʦʜʦʚʠ NAND ʣʦʛʠʯʝʩʢʠ 
ʝʣʝʤʝʥʪʠ, ʌʠʛ. 8 ʙ). ʈʝʘʣʠʟʠʨʘʥʘʪʘ ʚ Logisim ʩʭʝʤʘ ʥʘ ʢʦʜʝʨʘ ʦʪ ʌʠʛ. 2 ʝ ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 9 ʠ 
ʌʠʛ. 10, ʟʘ ʜʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʤʦʤʝʥʪʘ ʦʪ ʚʨʝʤʝ, ʩ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ ʦʪ ʙʠʙʣʠʦʪʝʢʘ 74ʭʭ. ʇʨʠ 
ʪʝʩʪʚʘʥʝʪʦ ʡ ʩʝ ʧʦʪʚʲʨʞʜʘʚʘ ʥʘʧʠʩʘʥʦʪʦ ʚ ʊʘʙʣʠʮʘ 3. 

  
ʘ) ʙ) 

ʌʠʛ. 8. ʉʪʨʫʢʪʫʨʘ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ ʦʪ ʙʠʙʣʠʦʪʝʢʘ 74ʭʭ: 
ʘ) SN 7400; ʙ) SN 7420 

 

ʌʠʛ. 9. ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʨʘʟʛʣʝʞʜʘʥʠʷ ʢʦʥʚʦʣʶʮʠʦʥʝʥ ʢʦʜʝʨ ʩ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ 

Ăʀ-ʅɽñ, ʩ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ ʦʪ ʙʠʙʣʠʦʪʝʢʘʪʘ 74ʭʭ, ʚ ʥʘʯʘʣʥʦ ʩʲʩʪʦʷʥʠʝ 

 

ʊʫʢ ʨʘʟʣʠʢʘʪʘ ʦʪ ʧʨʝʜʭʦʜʥʘʪʘ ʬʠʛʫʨʘ (ʌʠʛ. 7) ʝ ʚʲʚ ʚʪʦʨʘʪʘ ʯʘʩʪ ʥʘ ʩʭʝʤʘʪʘ. 
ʀʥʪʝʛʨʘʣʥʠʪʝ ʩʭʝʤʠ SN 7400 ʠ SN 7420 ʟʘʤʝʥʷʪ SN 7486. ʊʝ ʩʘ ʠʟʛʨʘʜʝʥʠ ʦʪ ʀ-ʅɽ ʣʦʛʠʯʝʩʢʠ 
ʝʣʝʤʝʥʪʠ. ʆʧʠʩʘʥʠʝʪʦ ʥʘ ʩʭʝʤʘʪʘ ʝ ʩʲʱʦʪʦ, ʢʘʪʦ ʥʘ ʪʘʟʠ ʦʪ ʌʠʛ. 5, ʩ ʝʜʠʥʩʪʚʝʥʘʪʘ ʨʘʟʣʠʢʘ, ʯʝ 
ʝʣʝʤʝʥʪʠʪʝ ʩʘ Ăʩʢʨʠʪʠñ ʚ ʠʥʪʝʛʨʘʣʥʠʪʝ ʩʭʝʤʠ. ʅʘ ʌʠʛ. 10 ʝ ʧʦʢʘʟʘʥ ʢʦʥʚʦʣʶʮʠʦʥʥʠʷʪ ʢʦʜʝʨ 
ʚ ʤʦʤʝʥʪʘ t1. ʅʘ ʚʭʦʜʘ ʝ ʧʦʜʘʜʝʥ ʚʪʦʨʠʷʪ ʙʠʪ ʦʪ ʩʲʦʙʱʝʥʠʝʪʦ, ʥʘ ʠʟʭʦʜʘ Q1 ʠʤʘ 1, ʢʦʝʪʦ 
ʦʟʥʘʯʘʚʘ, ʯʝ ʚ ʧʲʨʚʠʷ ʪʨʠʛʝʨ ʠʤʘ ʟʘʧʠʩʘʥʘ ʝʜʠʥʠʮʘ. ɼʨʫʛʠʪʝ ʜʚʘ ʪʨʠʛʝʨʘ ʩʘ ʚ ʩʲʩʪʦʷʥʠʝ 0. ʆʪ 
ʪʫʢ ʩʣʝʜʚʘ ʯʝ ʧʨʠ ʩʫʤʠʨʘʥʝ ʧʦ ʤʦʜʫʣ 2 ʥʘ ʧʲʨʚʠʷ ʠʟʭʦʜ ʪʨʷʙʚʘ ʜʘ ʠʤʘ ʥʫʣʘ, ʘ ʥʘ 
ʚʪʦʨʠʷ ï ʝʜʠʥʠʮʘ. ʊʦʚʘ ʜʦʢʘʟʚʘ, ʯʝ ʠʥʪʝʛʨʘʣʥʠʪʝ ʩʭʝʤʠ SN 7400 ʠ SN 7420 ʥʘʠʩʪʠʥʘ Ăʚʲʨʰʘʪ 
ʨʘʙʦʪʘʪʘñ ʥʘ SN 7486. 
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ʌʠʛ. 10. ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʨʘʟʛʣʝʞʜʘʥʠʷ ʢʦʥʚʦʣʶʮʠʦʥʝʥ ʢʦʜʝʨ ʩ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ 

Ăʀ-ʅɽñ ʚ ʩʣʝʜʚʘʱʠʷ ʤʦʤʝʥʪ ʦʪ ʚʨʝʤʝ t1, ʩ ʠʥʪʝʛʨʘʣʥʠ ʩʭʝʤʠ ʦʪ ʙʠʙʣʠʦʪʝʢʘʪʘ 74ʭʭ 

 

ɹʃɸɻʆɼɸʈʅʆʉʊ  

ɼʦʢʣʘʜʲʪ ʦʪʨʘʟʷʚʘ ʨʝʟʫʣʪʘʪʠ ʦʪ ʨʘʙʦʪʘʪʘ ʧʦ ʧʨʦʝʢʪ No 2021 ï ʌɽɽɸ ï 03 Ăʇʨʦʝʢʪʠʨʘʥʝ, 
FPGA-ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʮʠʬʨʦʚʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʫʩʪʨʦʡʩʪʚʘñ, ʬʠʥʘʥʩʠʨʘʥ 
ʦʪ ʬʦʥʜ Ăʅʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷñ ʥʘ ʈʫʩʝʥʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ. 

 

ʀɿɺʆɼʀ 

ʂʦʥʚʦʣʶʮʠʦʥʥʠʪʝ ʢʦʜʝʨʠ ʠʤʘʪ ʛʦʣʷʤʘ ʝʬʝʢʪʠʚʥʦʩʪ ʧʨʠ ʢʦʜʠʨʘʥʝ ʠ ʜʝʢʦʜʠʨʘʥʝ ʥʘ 
ʠʥʬʦʨʤʘʮʠʷ. ʇʦʨʘʜʠ ʪʘʟʠ ʧʨʠʯʠʥʘ ʪʝ ʥʘʤʠʨʘʪ ʤʥʦʛʦ ʛʦʣʷʤʦ ʧʨʠʣʦʞʝʥʠʝ ʚ ʢʦʤʫʥʠʢʘʮʠʦʥʥʘʪʘ 
ʪʝʭʥʠʢʘ. 

ʆʪ ʩʚʦʷ ʩʪʨʘʥʘ, Logisim ʝ ʤʥʦʛʦ ʜʦʙʲʨ ʦʙʨʘʟʦʚʘʪʝʣʝʥ ʠʥʩʪʨʫʤʝʥʪ, ʯʨʝʟ ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ 
ʠʟʛʨʘʞʜʘ ʠ ʪʝʩʪʚʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʮʠʬʨʦʚʠ ʩʭʝʤʠ, ʦʪ ʤʘʣʢʠ ʜʦ ʤʥʦʛʦ ʛʦʣʝʤʠ. 
ʀʤʝʥʥʦ ʯʨʝʟ ʥʝʛʦ ʚ ʜʦʢʣʘʜʘ ʝ ʧʨʝʜʩʪʘʚʝʥ ʠ ʧʨʠʥʮʠʧʘ ʥʘ ʢʦʜʠʨʘʥʝ ʥʘ ʩʲʦʙʱʝʥʠʝ ʯʨʝʟ ʝʜʠʥ 
ʢʦʥʚʦʣʶʮʠʦʥʝʥ ʢʦʜʝʨ, ʠʟʛʨʘʜʝʥ ʧʦ 4 ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʘ. 
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Abstract: In recent years, there has been an increase in demand for photographic services for various personal 

or professional events. Web-based photo engagement management platforms can make it easier for photographers and 

clients to organize and track all accompanying photo engagement activities. Such platforms created especially for the 

needs of photographers who are engaged in various events are still not popular in Bulgaria.. The author of this report is 

a professional in the field of photography. The presented paper describes an author's prototype of a specialized platform 

for managing photographic engagements. The process of designing and creating an online platform for managing 

photographic engagements is described, which will help photographers in organizing and tracking their professional 

engagements. 

Keywords: photograph, software platform, software engineering, Agile, Scrum 

 

ɺʒɺɽɼɽʅʀɽ 

ɺ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʩʝ ʦʪʯʠʪʘ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʪʲʨʩʝʥʝʪʦ ʥʘ ʬʦʪʦʛʨʘʬʩʢʠ ʫʩʣʫʛʠ ʟʘ 
ʨʘʟʣʠʯʥʠ ʩʲʙʠʪʠʷ ʦʪ ʣʠʯʝʥ ʠʣʠ ʧʨʦʬʝʩʠʦʥʘʣʝʥ ʭʘʨʘʢʪʝʨ. ɺ (Kotsev, A., 2019) ʝ ʧʨʝʜʩʪʘʚʝʥʦ 
ʠʥʪʝʨʝʩʥʦ ʜʠʩʝʨʪʘʮʠʦʥʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʨʝʢʣʘʤʥʘ 
ʬʦʪʦʛʨʘʬʠʷ ʚ ʧʝʨʠʦʜʘ 2000-2017 .  

ʋʝʙ-ʙʘʟʠʨʘʥʠʪʝ ʧʣʘʪʬʦʨʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʬʦʪʦʛʨʘʬʩʢʠ ʘʥʛʘʞʠʤʝʥʪʠ ʤʦʛʘʪ ʜʘ 
ʫʣʝʩʥʷʪ ʬʦʪʦʛʨʘʬʠʪʝ ʠ ʢʣʠʝʥʪʠʪʝ ʚ ʦʨʛʘʥʠʟʠʨʘʥʝʪʦ ʠ ʧʨʦʩʣʝʜʷʚʘʥʝʪʦ ʥʘ ʚʩʠʯʢʠ ʩʲʧʲʪʩʪʚʘʱʠ 
ʜʝʡʥʦʩʪʠ ʩʚʲʨʟʘʥʠ ʩ ʬʦʪʦʛʨʘʬʩʢʠʪʝ ʘʥʛʘʞʠʤʝʥʪʠ. ɺ ɹʲʣʛʘʨʠʷ ʚʩʝ ʦʱʝ ʥʝ ʩʘ ʧʦʧʫʣʷʨʥʠ 
ʧʦʜʦʙʥʠ ʧʣʘʪʬʦʨʤʠ ʩʲʟʜʘʜʝʥʠ ʩʧʝʮʠʘʣʥʦ ʟʘ ʥʫʞʜʠʪʝ ʥʘ ʬʦʪʦʛʨʘʬʠʪʝ, ʢʦʠʪʦ ʩʝ ʘʥʛʘʞʠʨʘʪ ʧʦ 
ʨʘʟʣʠʯʥʠ ʩʲʙʠʪʠʷ.  

 

ʀɿʃʆɾɽʅʀɽ 

ɸʚʪʦʨʲʪ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʦʢʣʘʜ ʩʝ ʟʘʥʠʤʘʚʘ ʧʨʦʬʝʩʠʦʥʘʣʥʦ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʬʦʪʦʛʨʘʬʠʷʪʘ. 
ɺ ʧʨʝʜʩʪʘʚʝʥʠʷ ʪʨʫʜ ʩʝ ʦʧʠʩʚʘ ʠ ʧʨʝʜʣʘʛʘ ʘʚʪʦʨʩʢʠ ʧʨʦʪʦʪʠʧ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ 
ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʬʦʪʦʛʨʘʬʩʢʠ ʘʥʛʘʞʠʤʝʥʪʠ. ʆʧʠʩʘʥ ʝ ʧʨʦʮʝʩʲʪ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʩʲʟʜʘʚʘʥʝ 
ʥʘ ʧʨʦʝʢʪ ʥʘ ʦʥʣʘʡʥ ʧʣʘʪʬʦʨʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʬʦʪʦʛʨʘʬʩʢʠ ʘʥʛʘʞʠʤʝʥʪʠ, ʢʦʷʪʦ ʜʘ 
ʧʦʜʧʦʤʘʛʘ ʬʦʪʦʛʨʘʬʠʪʝ ʚ ʦʨʛʘʥʠʟʠʨʘʥʝʪʦ ʠ ʧʨʦʩʣʝʜʷʚʘʥʝʪʦ ʥʘ ʧʨʦʬʝʩʠʦʥʘʣʥʠʪʝ ʠʤ 
ʘʥʛʘʞʠʤʝʥʪʠ.  

 

ʆʧʠʩʘʥʠʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ 

ɺ ʧʨʦʮʝʩʘ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝ ʝ ʥʘʧʨʘʚʝʥ ʘʥʘʣʠʟ ʠ ʩʘ ʦʙʦʙʱʝʥʠ ʩʣʝʜʥʠʪʝ ʬʫʥʢʮʠʦʥʘʣʥʠ ʠ 
ʥʝʬʫʥʢʮʠʦʥʘʣʥʠ ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ ʧʣʘʪʬʦʨʤʘʪʘ ʟʘ ʬʦʪʦʛʨʘʬʩʢʠ ʘʥʛʘʞʠʤʝʥʪʠ: 

¶ ɼʘ ʩʝ ʩʲʭʨʘʥʷʚʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʘʥʛʘʞʠʤʝʥʪʠ ʠ ʢʣʠʝʥʪʠ ʚ ʙʘʟʘ ʦʪ ʜʘʥʥʠ; 

                                                 
9 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʚ ʩʝʢʮʠʷ ʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʠ 

ʢʦʤʧʶʪʲʨʥʘ ʪʝʭʥʠʢʘ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ: PHOTOGRAFIK ï ʆʅʃɸʁʅ ʇʃɸʊʌʆʈʄɸ ɿɸ 
ʌʆʊʆɻʈɸʌʉʂʀ ɸʅɻɸɾʀʄɽʅʊʀ. 

mailto:giivanova@uni-ruse.bg
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¶ ɼʘ ʩʝ ʦʩʠʛʫʨʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʟʘ ʧʦʜʜʲʨʞʘʥʝ ʥʘ ʢʘʣʝʥʜʘʨʠ ʟʘ ʩʲʙʠʪʠʷ; 
¶ ɼʘ ʩʝ ʧʨʝʜʦʩʪʘʚʷʪ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʩʣʝʜʝʥʝ ʥʘ ʧʨʠʭʦʜʠʪʝ ʠ ʨʘʟʭʦʜʠʪʝ; 
¶ ɼʘ ʩʝ ʧʨʦʩʣʝʜʷʚʘʪ ʧʦʜʘʨʲʯʥʠ ʚʘʫʯʝʨʠ; 
¶ ɼʘ ʩʝ ʫʧʨʘʚʣʷʚʘʪ ʢʣʠʝʥʪʩʢʠ ʧʨʦʬʠʣʠ; 
¶ ɼʘ ʩʝ ʧʨʦʝʢʪʠʨʘ ʠ ʩʲʟʜʘʜʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʟʘ ʧʨʦʩʣʝʜʷʚʘ ʥʘʣʠʯʥʘ ʬʦʪʦʛʨʘʬʩʢʘ 

ʪʝʭʥʠʢʘ; 
¶ ɼʘ ʩʝ ʧʦʜʜʲʨʞʘ ʤʦʜʫʣ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʢʣʠʝʥʪ ʠ ʬʦʪʦʛʨʘʬ; 
¶ ɼʘ ʩʝ ʦʩʠʛʫʨʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʧʨʘʱʘʥʝ ʥʘ ʫʚʝʜʦʤʣʝʥʠʷ ʚ ʧʣʘʪʬʦʨʤʘʪʘ ʠ ʧʦ e-

mail; 

¶ ʅʘʜʝʞʜʥʦʩʪ ʠ ʩʠʛʫʨʥʦʩʪ ʥʘ ʜʘʥʥʠʪʝ; 
¶ Responsive ʜʠʟʘʡʥ ʟʘ ʤʦʙʠʣʥʠ ʫʩʪʨʦʡʩʪʚʘ; 
¶ ɺʧʠʩʚʘʥʝ ʚ ʩʠʩʪʝʤʘʪʘ ʯʨʝʟ ʜʚʫʬʘʢʪʦʨʥʘ ʘʚʪʝʥʪʠʢʘʮʠʷ; 
¶ ʃʝʩʥʘ ʧʦʜʜʨʲʞʢʘ ʠ ʨʘʟʰʠʨʷʚʘʥʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠʪʝ. 

 

ɻʲʚʢʘʚʠ ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʩʨʝʜʩʪʚʘ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʩʦʬʪʫʝʨʥʦʪʦ ʨʝʰʝʥʠʝ 

ɺ ʧʨʦʮʝʩʘ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝ ʝ ʠʟʧʦʣʟʚʘʥʘ ʠʥʪʝʛʨʠʨʘʥʘʪʘ ʩʨʝʜʘ JIRA (Garcia, A. L., 2020) ʠ 
ʝ ʩʣʝʜʚʘʥʘ ʛʲʚʢʘʚʘʪʘ ʤʝʪʦʜʦʣʦʛʠʷ Agile Scrum ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʩʦʬʪʫʝʨʥʠ ʧʨʦʝʢʪʠ (Bhavsar, 
K., 2020). ʅʘ ʌʠʛ. 1 ʝ ʧʨʝʜʩʪʘʚʝʥ ʧʨʦʜʫʢʪʦʚʠʷʪ ʩʧʠʩʲʢ ʩ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʠʩʪʦʨʠʠ (backlog), 

ʩʲʟʜʘʜʝʥ ʚ JIRA.  
 

 

ʌʠʛ. 1. ʇʨʦʜʫʢʪʦʚ ʩʧʠʩʲʢ (backlog) ʩ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʠʩʪʦʨʠʠ ʩʲʟʜʘʜʝʥ ʚ JIRA 
 

ʅʘ ʌʠʛ. 2 ʝ ʧʨʝʜʩʪʘʚʝʥ ʧʨʠʤʝʨʝʥ ʩʧʨʠʥʪ (Alhazmi, A., 2018) ʩ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʠʩʪʦʨʠʠ ʦʪ 
ʧʨʦʮʝʩʘ ʥʘ ʛʲʚʢʘʚʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʩʦʬʪʫʝʨʥʦʪʦ ʨʝʰʝʥʠʝ. 

 

ʌʠʛ. 2. ʇʨʠʤʝʨʝʥ ʩʧʨʠʥʪ ʦʪ ʧʨʦʮʝʩʘ ʥʘ ʛʲʚʢʘʚʘ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʩʦʬʪʫʝʨʥʦʪʦ ʨʝʰʝʥʠʝ  
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ʇʦʪʨʝʙʠʪʝʣʩʢʠʪʝ ʠʩʪʦʨʠʠ ʚ ʧʨʦʝʢʪʘ (Ahmed, A. R., 2017) ʩʘ ʧʨʠʦʨʠʪʠʟʠʨʘʥʠ ʩ 
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʝʪʦʜʠʪʝ Planning Poker (Zhang, Z. , 2017) ʠ MoSCoW (Saher, N., 2018), 

ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛ. 3 

  

ʌʠʛ. 3. ʇʨʠʦʨʠʪʠʟʠʨʘʥʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʩʢʠʪʝ ʠʩʪʦʨʠʠ ʩ Planning poker ʠ MoSCoW  

ʇʣʘʪʬʦʨʤʘʪʘ ʧʨʝʜʦʩʪʘʚʷ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʨʘʙʦʪʘ ʥʘ ʜʚʘ ʪʠʧʘ ʧʦʪʨʝʙʠʪʝʣʠ: ʘʜʤʠʥʠʩʪʨʘʪʦʨ 
ʠ ʧʦʪʨʝʙʠʪʝʣ (ʬʦʪʦʛʨʘʬ). ɼʠʘʛʨʘʤʠʪʝ ʥʘ ʜʚʘʪʘ ʪʠʧʘ ʧʦʪʨʝʙʠʪʝʣʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛ. 4 ʠ 
ʌʠʛ.5. 

 

ʌʠʛ. 4. UML ʜʠʘʛʨʘʤʘ ʥʘ ʩʣʫʯʘʠʪʝ ʥʘ ʫʧʦʪʨʝʙʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣ (ʬʦʪʦʛʨʘʬ)  

 

ʌʠʛ. 5. UML ʜʠʘʛʨʘʤʘ ʥʘ ʩʣʫʯʘʠʪʝ ʥʘ ʫʧʦʪʨʝʙʘ ʥʘ ʘʜʤʠʥʠʩʪʨʘʪʦʨ 
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ʇʨʦʮʝʩʲʪ ʥʘ ʚʧʠʩʚʘʥʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʚ ʩʠʩʪʝʤʘʪʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʧʦ ʧʨʝʜʩʪʘʚʝʥʠʷ 
ʘʣʛʦʨʠʪʲʤ ʚ ʜʠʘʛʨʘʤʘʪʘ ʥʘ ʜʝʡʥʦʩʪʠʪʝ ʥʘ ʌʠʛ. 6.  

 

ʌʠʛ. 6. ɸʣʛʦʨʠʪʲʤ ʟʘ ʚʧʠʩʚʘʥʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠ ʚ ʩʠʩʪʝʤʘʪʘ 

 

ʇʨʦʪʦʪʠʧ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ  
ʇʨʦʪʦʪʠʧʲʪ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ ʝ ʨʝʘʣʠʟʠʨʘʥ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ : PHP, MySQL, AJAX, jQuery, 

Bootstrap ʠ ʜʨ. 
ʈʝʘʣʠʟʠʨʘʥʠ ʩʘ ʩʣʝʜʥʠʪʝ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ: 

¶ ʉʲʟʜʘʚʘʥʝ ʥʘ ʬʦʪʦʛʨʘʬʩʢʠ ʘʥʛʘʞʠʤʝʥʪʠ; 

¶ ʅʘʧʦʤʥʷʥʝ ʟʘ ʧʨʝʜʩʪʦʷʱʠ ʘʥʛʘʞʠʤʝʥʪʠ - ʫʚʝʜʦʤʣʝʥʠʷ ʚ ʩʘʤʘʪʘ ʩʠʩʪʝʤʘ ʠ/ʠʣʠ ʧʦ 
ʠʤʝʡʣ; 

¶ ʂʘʣʝʥʜʘʨ ʩ ʘʥʛʘʞʠʤʝʥʪʠ ʠ ʢʘʣʝʥʜʘʨ ʩ ʧʨʠʭʦʜʠ ʠ ʨʘʟʭʦʜʠ; 

¶ ʉʪʘʪʠʩʪʠʢʘ ʟʘ ʘʥʛʘʞʠʤʝʥʪʠ; 

¶ ʅʘʯʘʣʝʥ ʝʢʨʘʥ ʩ ʢʨʘʪʢʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʪʝʢʫʱʠʷ ʤʝʩʝʮ - ʧʨʠʭʦʜʠ, ʨʘʟʭʦʜʠ, ʧʨʝʜʩʪʦʷʱʠ 
ʘʥʛʘʞʠʤʝʥʪʠ, ʩʲʦʙʱʝʥʠʷ; 

¶ ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʢʘʪʝʛʦʨʠʠ ʘʥʛʘʞʠʤʝʥʪʠ ʠ ʨʝʜʘʢʪʠʨʘʥʝ ʥʘ ʘʥʛʘʞʠʤʝʥʪʠ; 

¶ ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʢʣʠʝʥʪʠ; 

¶ ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʨʘʟʭʦʜʠ/ʧʨʠʭʦʜʠ; 

¶ ʉʲʟʜʘʚʘʥʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʦʜʘʨʲʯʥʠ ʚʘʫʯʝʨʠ; 

¶ ʇʫʙʣʠʯʝʥ ʤʦʜʫʣ (ʟʘ ʢʣʠʝʥʪʠ) ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʚʘʣʠʜʥʦʩʪ ʥʘ ʚʘʫʯʝʨ; 

¶ ɺʲʟʤʦʞʥʦʩʪ ʟʘ ʩʣʝʜʝʥʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʩʝʩʠʠ; 
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¶ ɺʲʟʤʦʞʥʦʩʪ ʟʘ ʜʚʫʬʘʢʪʦʨʥʘ ʘʚʪʝʥʪʠʢʘʮʠʷ ʧʨʠ ʚʧʠʩʚʘʥʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣ; 

¶ ɺʲʟʤʦʞʥʦʩʪ ʟʘ ʩʤʷʥʘ ʥʘ ʧʘʨʦʣʘ ʠ ʜʨʫʛʠ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʜʘʥʥʠ; 

¶ ʉʲʟʜʘʚʘʥʝ ʠ ʨʝʜʘʢʪʠʨʘʥʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠ ʚ ʘʜʤʠʥʠʩʪʨʘʪʠʚʝʥ ʤʦʜʫʣ; 

¶ ʀʟʧʨʘʱʘʥʝ ʥʘ ʫʚʝʜʦʤʣʝʥʠʷ ʢʲʤ ʧʦʪʨʝʙʠʪʝʣʠ. 
ʅʘ ʌʠʛ. 7.  ʠ ʌʠʛ. 8 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʠʥʪʝʨʬʝʡʩ ʥʘ ʥʘʯʘʣʥʠʷ ʝʢʨʘʥ ʟʘ ʚʧʠʩʚʘʥʝ ʚ 

ʧʣʘʪʬʦʨʤʘʪʘ ʠ ʠʥʪʝʨʬʝʡʩ ʦʪ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠʷ ʤʦʜʫʣ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ. 

 

ʌʠʛ. 7. ʀʥʪʝʨʬʝʡʩ ʥʘ ʥʘʯʘʣʥʠʷ ʝʢʨʘʥ ʟʘ ʚʧʠʩʚʘʥʝ ʚ ʧʣʘʪʬʦʨʤʘʪʘ 

 

 

ʌʠʛ. 5. ʀʥʪʝʨʬʝʡʩ ʦʪ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠʷ ʤʦʜʫʣ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ 
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ʀɿɺʆɼʀ  
ʋʝʙ-ʙʘʟʠʨʘʥʘʪʘ ʧʣʘʪʬʦʨʤʘ PhotoGrafik ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʬʦʪʦʛʨʘʬʩʢʠ ʘʥʛʘʞʠʤʝʥʪʠ ʱʝ 

ʫʣʝʩʥʠ ʠ ʧʦʜʧʦʤʦʛʥʝ ʬʦʪʦʛʨʘʬʠʪʝ ʠ ʢʣʠʝʥʪʠʪʝ ʚ ʦʨʛʘʥʠʟʠʨʘʥʝʪʦ ʠ ʧʨʦʩʣʝʜʷʚʘʥʝʪʦ ʥʘ ʚʩʠʯʢʠ 
ʩʲʧʲʪʩʪʚʘʱʠ ʜʝʡʥʦʩʪʠ ʩʚʲʨʟʘʥʠ ʩ ʬʦʪʦʛʨʘʬʩʢʠʪʝ ʘʥʛʘʞʠʤʝʥʪʠ.  

ʇʨʦʝʢʪʲʪ ʝ ʚ ʧʨʦʮʝʩ ʥʘ ʨʘʟʨʘʙʦʪʢʘ, ʢʘʪʦ ʩʝ ʧʨʝʜʚʠʞʜʘ ʜʦʙʘʚʷʥʝ ʥʘ ʥʦʚʠ ʬʫʥʢʮʠʦʥʘʣʥʠ 
ʚʲʟʤʦʞʥʦʩʪʠ ʠ ʤʦʜʫʣʠ:  

¶ ʉʲʟʜʘʚʘʥʝ ʥʘ ʘʣʙʫʤʠ ʩʲʩ ʩʥʠʤʢʠ ʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʩʧʦʜʝʣʷʥʝ ʩ ʢʣʠʝʥʪ - ʠʥʪʝʛʨʘʮʠʷ 
ʩ Google Cloud Storage; 

¶ ʇʦʜʦʙʨʝʥʠ ʩʪʘʪʠʩʪʠʢʠ - ʩʝʜʤʠʯʥʠ, ʤʝʩʝʯʥʠ ʩʪʘʪʠʩʪʠʢʠ ʠ ʜʨ.; 

¶ ʇʦʜʦʙʨʝʥ ʘʜʤʠʥʠʩʪʨʘʪʠʚʝʥ ʤʦʜʫʣ - ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʦ-ʧʦʜʨʦʙʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 
ʧʦʪʨʝʙʠʪʝʣʠ, ʨʦʣʠ, ʧʨʘʚʘ, ʩʠʩʪʝʤʥʠ ʥʘʩʪʨʦʡʢʠ ʠ ʪ.ʥ.. 

¶ ʄʦʜʫʣ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʠʥʚʝʥʪʘʨ; 

¶ ʄʦʜʫʣ ʟʘ ʢʣʠʝʥʪʩʢʠ ʘʢʘʫʥʪʠ - ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʩʣʝʜʝʥʝ ʥʘ ʩʪʘʪʫʩ ʥʘ ʘʥʛʘʞʠʤʝʥʪʠ, 
ʚʘʫʯʝʨʠ ʠ ʪ.ʥ.; 

¶ ʇʦʜʦʙʨʝʥʠ ʥʘʧʦʤʥʷʥʠʷ; 

¶ ʄʦʜʫʣ ʟʘ ʩʲʦʙʱʝʥʠʷ ʤʝʞʜʫ ʢʣʠʝʥʪʠ ʠ ʬʦʪʦʛʨʘʬʠ; 

¶ Portfolio Builder - ʤʦʜʫʣ ʯʨʝʟ ʢʦʡʪʦ ʬʦʪʦʛʨʘʬʘ ʱʝ ʤʦʞʝ ʜʘ ʩʲʟʜʘʚʘ ʧʫʙʣʠʯʥʦ 
ʧʦʨʪʬʦʣʠʦ ʠ ʱʝ ʠʤʘ ʠʟʙʦʨ ʤʝʞʜʫ ʨʘʟʣʠʯʥʠ ʜʠʟʘʡʥʠ; 

¶ ʄʦʜʫʣ ʟʘ ʦʥʣʘʡʥ ʨʘʟʧʣʘʱʘʥʠʷ. 
ʇʨʝʜʚʠʞʜʘ ʩʝ ʩʣʝʜ ʟʘʚʲʨʰʚʘʥʝ ʥʘ ʧʨʦʝʢʪʘ ʧʣʘʪʬʦʨʤʘʪʘ ʜʘ ʩʝ ʧʨʝʜʦʩʪʘʚʠ ʟʘ ʠʟʧʦʣʟʚʘʥʝ 

ʦʪ ʜʨʫʛʠ ʬʦʪʦʛʨʘʬʠ ʚ ɹʲʣʛʘʨʠʷ. 
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Abstract: One of the great advances in the field of artificial intelligence is the creation of general artificial 

intelligence (AGI). Or artificial intelligence allowing an agent to perform tasks of human complexity. This is due to the 

development of neural networks that implement in practice the concepts described by adaptive programming. Adaptive 

programming is a set of algorithms and methods describing the relationships between actions and states. Artificial 

intelligence of this type plays an important role in the modern world, in the areas like targeted advertising; digital assisted 

trade; robotics; transport and others. What all these agents have in common is the ability to learn from observed 

processes and interact with users. This article discusses the work of such an agent. The focus of the studie is the 

relationship between the change in the policy used by the agent and the change in the value of the rewards received from 

an action. The agent's task is to solve a two-dimensional spatial problem using a greedy epsilon policy. The algorithms 

used by the agent are an algorithm for determine the quality of actions, a sarsa algorithm and algorithms for evaluation 

quality of the policy. 

Keywords: Adaptive prograʧming, Agents, State , Reward 

 

INTRODUCTION 

An adaptive program is one that changes its behavior base on the current state of its 

environment. This notion of adaptivity is formalized, and a logic for reasoning about adaptive 

programs is presented. The logic includes several composition operators that can be used to define an 

adaptive program in terms of given constituent programs.There several papers in a recent years that 

show development in the use of adaptive programming. 

[S.Manju,2011] Q-Learning is a learning enhancement technique that works by learning a 

value-action function that provides the expected utility of taking an action in a given state and 

following a fixed policy thereafter. One of the strengths of Q-Learning is that it is able to compare 

the expected utility of available actions without requiring an environmental model. [Beakcheol Jang, 

2019] Q-training can be one of the most applicable representative approaches to enhancing training 

and one of the non-policy strategies. Since the advent of Q-training, many studies have described its 

use in enhancing training and artificial intelligence problems. There is legal information on how these 

powerful algorithms can be used and incorporated into the overall artificial intelligence workflow. 

[Volodymyr Mnih,2019]However, reinforcement learning presents several challenges in terms of in-

depth training. First, the most successful deep learning applications to date require large amounts of 

manually tagged training data. RL algorithms, on the other hand, must be able to learn from a scalar 

redirection signal, which is often sparse, noisy and amusing. The delay between actions and the 

resulting rewards, which can be thousands of times long, seems particularly daunting compared to 

the direct link between inputs and objectives found in supervised learning.[Sergio Rozada,2021] 

Value functions are essential for dynamic programming and learning enhancement, but their accurate 

evaluation suffers from the curse of dimensionality, which causes the development of practical 

algorithms for value-function (VF) evaluation. Several approaches have been proposed to overcome 

this problem, from nonparametric circuits that aggregate states or actions to parametric 

approximations of states and VF actions through, for example, linear estimates or deep neural 

networks. Accordingly, several high-dimensional problems can be well approximated by a low-

ranking internal structure. 

 

                                                 
10 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʚ ʩʝʢʮʠʷ ʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʠ ʢʦʤʧʶʪʲʨʥʘ 
ʪʝʭʥʠʢʘ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ: REWARD VALUE EFFECTS ON Q-LEARNING AGENTS 
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EXPOSITION 

Tests and experiments 

The experiment described in this article examines how changing the values of rewards affects 

an agent's behavior. The test is the creation of a virtual maze, which is solved by the agent simulating 

the movements of a robot. The shape of the maze changes dynamically for each successfully solved 

test. The changes make the maze more complex or simpler. The decisive test agent uses adaptive 

programming methods to evaluate the steps he takes in the maze and to choose the most optimal path. 

Methods such as Bellman's formulas for estimating states or the Sarsa algorithm, also known as the 

state, actions, reward algorithm. The purpose of the test is to check whether the change in action 

rewards changes the path chosen by the agent. Action values change as the reward for a step taken 

increases or decreases, and the reward for breaking the maze rules also changes. 

Formulas 

The algorithms used in the test are algorithms from adaptive programming. These algorithms 

evaluate the quality of the steps and create a list that contains the highest quality steps [Richard S. 

Sutton and Andrew G. Barto, 2014]. Formula (1) shows a variant of Bellman's algorithm for 

evaluating the quality of a step compared to the previous steps and the next step with the maximum 

possible reward.An alternative notation of the formula is seen in formula (2). Another algorithm for 

agents using adaptive programming is the SARSA algorithm or state, action, reward algorithm shown 

in formula (3). It is important to note that in order to check all possible lists of steps the agent goes 

through non-optimal steps. This approach is called greedy research policy. Additional formulas for 

evaluating the steps can be seen in formula (4 and 5). The quality and assessment of how greedy the 

chosen policy is is measured by formula (6). 

  ὗ ί ȟ ὥ ὗ ί ȟ ὥ ὥᶻ ὶ ώᶻÍÁØײὗ ί ȟ ὥ ὗ ί ȟ ὥ  

 

 

(1) 

Bellman algoritm for evaluation of quality, where Q stands fro quality. 

 1 Ó ȟ Á ρ ‌  ᶻ1 Ó ȟ Á‌ẘ ÒÙᶻÍÁØ1ײ Ó ȟ Á  

 

(2) 

Alteranntive version of the same formula. 

 1 Ó ȟ Á 1 Ó ȟ Á Áᶻ Ò Ùẘ1 Ó ȟ Á 1 Ó ȟ Á  

 

(3) 

Sarsa algorithm. 

  ὺ ί Ὑ ‎ὺ Ὓ ᷄ Ὓ ί  

 

 

(4) 

 ή ίȟ ὥ Ὑ ‎ή Ὓ ȟ ὃ ᷄ Ὓ ίȟ ὃ ὥ  (5) 

 TDerror ί ὠ ί В Ὕײ ίȟ “ ί ȟ ί ὶ ίȟ “ ί ȟ ί ‎ὠ ί  (6) 
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Examples and models of the labyrinths used 

Figures 1 to 3 show applied models of the maze. In the experiment, empty squares are allowed 

or legal steps, while solid squares are walls in the maze and their passage is considered a violation. 

The reward for passing through legal squares is always higher than the reward for breaking the walls 

of the maze. This is to encourage the agent not to break the rules of the maze.  

Where the end point of the maze should have 

coordinate [0/5] and beginning point is random legal 

point. 

 

a) 

 

b) 

Fig.1.a) very simple maze with 2 walls b) very simple maze with 3 walls 

 

a) 

 

b) 

Fig.2 a) medium complex maze example 1 b) medium complex maze example 2 

 

 

        a) 

 

b) 

Fig.3. a)  and b) very complex maze with multiple choices where breaking the walls is 

expected 
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Results 

Infinite cycle results 

 

Interest result is obtained when using rewards for a step taken by the agent with a positive value. 

If each action of the agent is rewarded with a positive value, it passes into an infinite cycle and a final 

solution is never reached. 

 

Results and analysis of the models 

 

The table 1 shows the results that show which factors play the biggest role in whether the rules 

of the virtual maze will be violated or not. The factors that are observed are - the complexity of the 

maze, the discrepancy between the value of the step and the value of the penalty for violating the 

rules of the maze, the number of squares forming a continuous wall in the maze. 

 

Table.1.Results summary 

complexity of the maze 

(more than half 

squares are covered in 

wals) 

discrepancy between the value of 

the step and the value of the penalty 

for violating the rules of the 

maze(value of step < 3x value of 

penalty) 

the number of squares forming a 

continuous wall in the 

maze.(more than 12 conexted 

squares) 

54% chance agent to 

break the maze 

68% chance agent to break the maze 86% chance the agent to break 

the maze 

 

Optimization 

A possible way to optimize an agent is proposed by solving the equation shown in formula (7). 

This equation takes into account the factors that have the greatest role in the occurrence of a 

breakthrough and violation of the rules of the maze. The equation can be interpreted as: A 

breakthrough in the maze will occur if the agent receives less punishment for violating the rules of 

the maze than he would receive when crossing a road of too great a length. All algorithmic and sample 

test and code can be found in the repository created for the project to the article [repository,2021]. 

 

 Ὢ Ὕȟ В ײ В ײ ὙύὊȟ В ײ В ײ Ὑύ  

 

(7) 

 

CONCLUSION 

The article analyzes the change in the behavior of an agent when changing the values of actions. 

Answers to questions about why rewards often have a negative value instead of a positive one. The 

moments in which the agent violates the rules of the given task are considered and analyzed. A 

solution for the specific problems of a problem derived in an equation and a software library is 

proposed. 
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Abstract: The paper presents a developing process of a mobile application for organizing and announcing events. 

The current circumstances for the need to create this application are considered. It shows why we might need such an 

application and what problems it can solve in the daily life of people. 

Keywords: Mobile application, Communication, Events management, Notifications, Covid-19 

 

ɺɽɺɽɼɽʅʀɽ 

ʀʜʝʷʪʘ ʟʘ ʧʨʠʣʦʞʝʥʠʝʪʦ ʚʲʟʥʠʢʚʘ ʦʩʥʦʚʥʦ ʩʣʝʜ ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ ʂʦʨʦʥʘ ʚʠʨʫʩʘ (Covid-

19) ʠʣʠ ʧʦ-ʪʦʯʥʦ ʩʣʝʜ ʦʙʷʚʷʚʘʥʝʪʦ ʥʘ ʠʟʚʲʥʨʝʜʥʘ ʦʙʩʪʘʥʦʚʢʘ, ʢʦʛʘʪʦ ʙʷʭʘ ʥʘʣʦʞʝʥʠ ʤʝʨʢʠ ʠ 
ʨʝʞʠʤʠ ʩ ʮʝʣ ʦʧʘʟʚʘʥʝ ʥʘ ʟʜʨʘʚʝʪʦ. ɸʧʪʝʢʠʪʝ ʠ ʤʘʛʘʟʠʥʠʪʝ ʟʘʧʦʯʥʘʭʘ ʜʘ ʩʝ ʧʨʝʧʲʣʚʘʪ ʩ 
ʢʫʧʫʚʘʯʠ, ʢʦʠʪʦ ʠʟʢʫʧʫʚʘʭʘ ʣʝʢʘʨʩʪʚʘ ʠ ʩʪʦʢʠ ʦʪ ʧʲʨʚʘ ʥʝʦʙʭʦʜʠʤʦʩʪ. ʊʦʚʘ ʜʦʚʝʜʝ ʜʦ 
ʥʝʩʠʛʫʨʥʦʩʪ ʠ ʧʘʥʠʢʘ, ʢʦʝʪʦ ʥʘʢʘʨʘ ʭʦʨʘʪʘ ʜʘ ʯʘʢʘʪ ʜʲʣʛʦ ʚʨʝʤʝ ʥʘ ʦʧʘʰʢʠ, ʥʘʜʷʚʘʡʢʠ ʩʝ, 

ʢʦʛʘʪʦ ʜʦʡʜʝ ʪʝʭʥʠʷ ʨʝʜ ʚʩʝ ʦʱʝ ʜʘ ʠʤʘ ʥʘʣʠʯʥʦʩʪ ʥʘ ʪʦʚʘ, ʢʦʝʪʦ ʠʤ ʝ ʥʫʞʥʦ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, 
ʩʪʨʫʧʚʘʥʝʪʦ ʥʘ ʭʦʨʘ ʥʘ ʝʜʥʦ ʤʷʩʪʦ, ʦʩʦʙʝʥʦ ʙʝʟ ʜʘ ʩʝ ʩʧʘʟʚʘ ʦʧʨʝʜʝʣʝʥʘ ʜʠʩʪʘʥʮʠʷ 
ʧʨʝʜʠʟʚʠʢʚʘʭʘ ʧʨʦʙʣʝʤʠ ʩ ʥʘʣʦʞʝʥʠʪʝ ʤʝʨʢʠ ʟʘ ʩʠʛʫʨʥʦʩʪ. ʃʠʧʩʘʪʘ ʥʘ ʪʝʟʠ ʤʝʩʪʘ ʣʝʩʥʦ ʠ 
ʙʲʨʟʦ ʜʘ ʠʥʬʦʨʤʠʨʘʪ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠʪʝ ʩʠ ʢʣʠʝʥʪʠ ʢʦʛʘ ʝ ʩʚʲʨʰʠʣʘ ʥʘʣʠʯʥʦʩʪʪʘ ʥʘ ʥʷʢʦʡ 
ʧʨʦʜʫʢʪ ʠʣʠ ʣʝʢʘʨʩʪʚʦ, ʢʘʢʪʦ ʠ ʢʦʛʘ ʧʦʣʫʯʘʚʘʪ ʥʦʚʘ ʜʦʩʪʘʚʢʘ ʩʝ ʦʢʘʟʘ ʩʝʨʠʦʟʥʘ ʧʨʝʯʢʘ ʟʘ 
ʩʧʘʟʚʘʥʝʪʦ ʥʘ ʧʨʦʪʠʚʦʝʧʠʜʝʤʠʯʥʠʪʝ ʤʝʨʢʠ (Galanakis, C., & al. (2021)). ʆʩʥʦʚʥʠʷʪ ʧʨʦʙʣʝʤ ʝ, 
ʯʝ ʣʠʧʩʚʘ ʦʧʨʦʩʪʝʥ ʠ ʜʦʩʪʲʧʝʥ ʥʘʯʠʥ ʟʘ ʩʧʦʜʝʣʷʥʝ ʥʘ ʘʢʪʫʘʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. 

 

ʀɿʃʆɾɽʅʀɽ 

 

ɸʢʪʫʘʣʥʦʩʪ ʥʘ ʧʨʦʙʣʝʤʘ 

ʂʦʤʫʥʠʢʘʮʠʷʪʘ ʤʝʞʜʫ ʤʣʘʜʠʪʝ ʭʦʨʘ ʚ ʜʥʝʰʥʦ ʚʨʝʤʝ ʝ ʫʣʝʩʥʝʥʘ ï ʧʦ-ʛʦʣʷʤʘ ʯʘʩʪ ʦʪ ʪʷʭ 
ʠʟʧʦʣʟʚʘʪ ʩʦʮʠʘʣʥʠ ʤʨʝʞʠ ʠ ʠʤʘʪ ʩʧʝʮʠʘʣʝʥ ʥʘʯʠʥ ʟʘ ʦʙʤʷʥʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʧʦʤʝʞʜʫ ʩʠ. 
ʆʢʘʟʚʘ ʩʝ, ʯʝ ʥʷʤʘ ʤʥʦʛʦ ʫʜʦʙʥʠ ʨʝʰʝʥʠʷ, ʢʦʛʘʪʦ ʩʝ ʥʘʣʘʛʘ ʝʜʥʦ ʣʠʮʝ ʜʘ ʠʟʚʝʩʪʠ ʛʦʣʷʤʘ ʛʨʫʧʘ 
ʭʦʨʘ ʦʪ ʨʘʟʣʠʯʥʠ ʚʲʟʨʘʩʪʠ ʠ ʨʘʟʣʠʯʥʠ ʫʤʝʥʠʷ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ.  

ʉʦʮʠʘʣʥʠʪʝ ʤʨʝʞʠ ʠ ʧʨʠʣʦʞʝʥʠʷʪʘ ʟʘ Ăʯʘʪñ ʥʝ ʩʘ ʘʜʝʢʚʘʪʥʦ ʨʝʰʝʥʠʝ, ʟʘʱʦʪʦ ʩʝ 
ʠʟʧʦʣʟʚʘʪ ʠ ʟʘ ʥʘʡ-ʨʘʟʣʠʯʥʠ ʜʨʫʛʠ ʜʝʡʩʪʚʠʷ. ɺ ʤʥʦʛʦ ʩʣʫʯʘʠ ʚʘʞʥʠ ʥʦʚʠʥʠ ʩʘ ʠʟʧʫʩʢʘʥʠ, 
ʟʘʱʦʪʦ ʩʘ ʠʟʤʝʩʪʝʥʠ ʦʪ ʧʦ-ʥʦʚʠ, ʥʦ ʥʝʩʲʱʝʩʪʚʝʥʠ ʥʦʚʠʥʠ. ɿʘ ʨʝʰʘʚʘʥʝ ʥʘ ʧʨʦʙʣʝʤʘ ʝ ʥʫʞʥʦ 
ʨʝʰʝʥʠʝ, ʢʦʝʪʦ ʧʨʝʜʦʩʪʘʚʷ ʥʘʯʠʥ ʥʘ ʜʘʜʝʥʦ ʟʘʚʝʜʝʥʠʝ, ʤʘʛʘʟʠʥ ʠʣʠ ʢʘʢʚʘʪʦ ʠ ʜʘ ʝ ʦʨʛʘʥʠʟʘʮʠʷ 
ʠʣʠ ʯʦʚʝʢ ʜʘ ʠʥʬʦʨʤʠʨʘ ʛʦʣʷʤʘ ʛʨʫʧʘ ʭʦʨʘ. 

 

 

                                                 
11 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʚ ʩʝʢʮʠʷ ʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʠ ʢʦʤʧʶʪʲʨʥʘ 
ʪʝʭʥʠʢʘ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ: ʄʆɹʀʃʅʆ ʇʈʀʃʆɾɽʅʀɽ ɿɸ ʆʈɻɸʅʀɿʀʈɸʅɽ ʅɸ 
ʉʒɹʀʊʀʗ 

mailto:eibryamova@ecs.uni-ruse.bg
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ɽʣʝʢʪʨʦʥʥʠ ʧʦʱʠ 

ɽʣʝʢʪʨʦʥʥʠʪʝ ʧʦʱʠ ʩʘ ʫʜʦʙʥʠ ʟʘ ʮʝʣʪʘ - ʚʲʚʝʞʜʘʪ ʩʝ ʘʜʨʝʩʠʪʝ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʠ ʩʝ 
ʠʟʧʨʘʱʘ ʝʣʝʢʪʨʦʥʥʦ ʧʠʩʤʦ ʢʲʤ ʪʷʭ (Gilbert, N. (2021), The Radicati Group. (2020)). ʅʘʯʠʥʲʪ ʥʘ 
ʢʦʤʫʥʠʢʘʮʠʷ ʝ ʥʘʜʝʞʜʝʥ ʠ ʩʲʦʙʱʝʥʠʝʪʦ ʩʝ ʜʦʩʪʘʚʷ ʙʲʨʟʦ, ʘ ʜʨʫʛʠ ʧʦʪʨʝʙʠʪʝʣʠ ʥʝ ʤʦʛʘʪ ʜʘ ʛʦ 
ʚʠʜʷʪ, ʠʟʪʨʠʷʪ ʠʣʠ ʠʟʤʝʩʪʷʪ ʩ ʢʦʤʝʥʪʘʨʠ.  

ʆʛʨʘʥʠʯʝʥʠʝʪʦ ʥʘ ʝʣʝʢʪʨʦʥʥʠʪʝ ʧʦʱʠ ʦʙʘʯʝ ʝ, ʯʝ ʪʨʷʙʚʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʜʘ ʩʝ ʟʥʘʝ 
ʝʣʝʢʪʨʦʥʥʠʷ ʘʜʨʝʩ ʥʘ ʧʦʣʫʯʘʪʝʣʷ. ʆʩʚʝʥ ʪʦʚʘ, ʯʨʝʟ ʝʣʝʢʪʨʦʥʥʠʪʝ ʧʦʱʠ ʩʝ ʠʟʧʨʘʱʘʪ ʤʥʦʞʝʩʪʚʦ 
ʬʘʣʰʠʚʠ ʧʠʩʤʘ ʩ ʮʝʣ ʠʟʤʘʤʘ, ʢʨʘʞʙʘ ʥʘ ʜʘʥʥʠ ʠʣʠ ʧʘʨʠ. ɺʲʟʨʘʩʪʥʠʪʝ ʭʦʨʘ ʥʝ ʚʠʥʘʛʠ ʤʦʛʘʪ ʜʘ 
ʨʘʟʛʨʘʥʠʯʘʪ ʟʣʦʥʘʤʝʨʝʥʠʪʝ ʩʲʦʙʱʝʥʠʷ ʠ ʣʝʩʥʦ ʜʘ ʩʝ ʟʘʙʣʫʜʷʪ. ʆʪ ʪʘʟʠ ʛʣʝʜʥʘ ʪʦʯʢʘ, 
ʝʣʝʢʪʨʦʥʥʠʪʝ ʧʦʱʠ ʥʝ ʩʘ ʥʝʧʦʜʭʦʜʷʱʠ ʟʘ ʦʨʛʘʥʠʟʠʨʘʥʝ ʥʘ ʩʲʙʠʪʠʷ ʠ ʠʟʚʝʩʪʷʚʘʥʝ ʥʘ ʛʦʣʷʤʘ 
ʛʨʫʧʘ ʭʦʨʘ. 

 

Facebook ʠ Facebook Events 

Facebook Events ʥʘ ʩʦʮʠʘʣʥʘʪʘ ʧʣʘʪʬʦʨʤʘ Facebook ʧʨʝʜʦʩʪʘʚʷ ʦʪʣʠʯʥʦ ʨʝʰʝʥʠʝ ʥʘ 
ʧʨʦʙʣʝʤʘ. ʆʨʛʘʥʠʟʘʮʠʠ, ʬʠʨʤʠ ʠʣʠ ʯʘʩʪʥʠ ʣʠʮʘ ʤʦʛʘʪ ʜʘ ʩʲʟʜʘʚʘʪ ʩʲʙʠʪʠʷ, ʢʲʤ ʢʦʠʪʦ 
ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʜʘ ʩʝ ʟʘʧʠʩʚʘʪ ʠ ʜʘ ʧʦʣʫʯʘʚʘʪ ʠʟʚʝʩʪʠʷ ʦʪ ʦʨʛʘʥʠʟʘʪʦʨʠʪʝ. 

ʇʨʦʙʣʝʤʲʪ ʥʘ ʧʣʘʪʬʦʨʤʘʪʘ ʝ, ʯʝ ʪʷ ʝ ʦʩʥʦʚʥʦ ʩʦʮʠʘʣʥʘ ʤʨʝʞʘ. ʇʦʪʨʝʙʠʪʝʣʷʪ ʪʨʷʙʚʘ ʜʘ 
ʠʤʘ ʟʘʜʲʣʞʠʪʝʣʥʦ ʨʝʛʠʩʪʨʘʮʠʷ, ʟʘ ʜʘ ʠʟʧʦʣʟʚʘ ʫʩʣʫʛʘʪʘ Events. ʊʦʚʘ ʚʦʜʠ ʜʦ ʦʪʢʣʶʯʚʘʥʝ ʥʘ 
ʨʘʟʣʠʯʥʠ ʧʦʜ-ʧʣʘʪʬʦʨʤʠ ʠ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʠʟʚʝʩʪʠʷ ʦʪ ʩʧʝʮʠʬʠʯʥʠ ʠʟʪʦʯʥʠʮʠ ʢʘʪʦ 
ʧʣʘʪʬʦʨʤʠ ʟʘ ʧʨʦʜʘʞʙʠ ʠ ʩʦʮʠʘʣʥʠ ʠʟʚʝʩʪʠʷ. ʅʘʤʠʨʘʥʝʪʦ ʥʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʩʝ 
ʫʩʣʦʞʥʷʚʘ ʠ ʝ ʚʲʟʤʦʞʥʦ ʭʦʨʘ, ʢʦʠʪʦ ʥʝ ʩʘ ʥʘʷʩʥʦ ʩ ʪʝʭʥʦʣʦʛʠʠʪʝ, ʜʘ ʩʝ ʦʙʲʨʢʘʪ ʦʪ ʚʩʠʯʢʠ 
ʫʩʣʫʛʠ ʥʘ ʛʦʣʷʤʘʪʘ ʧʣʘʪʬʦʨʤʘ. 

 

ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʤʦʙʠʣʥʦ ʧʨʠʣʦʞʝʥʠʝ ʟʘ ʦʨʛʘʥʠʟʠʨʘʥʝ ʥʘ ʩʲʙʠʪʠʷ 

ʉ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʫʜʦʙʩʪʚʦʪʦ ʦʪ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʦʙʠʣʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʷʭʥʘʪʘ 
ʜʦʩʪʲʧʥʦʩʪ ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ ʮʝʥʘ ʠ ʪʝʭʥʠʯʝʩʢʠ ʧʘʨʘʤʝʪʨʠ, ʧʦʯʪʠ ʚʩʝʢʠ ʚ ʜʥʝʰʥʦ ʚʨʝʤʝ 
ʨʘʟʧʦʣʘʛʘ ʩ ʫʤʝʥ ʪʝʣʝʬʦʥ (ʩʤʘʨʪʬʦʥ) (Ofcom. (2020)). ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ ʭʠʣʷʜʠ ʤʦʙʠʣʥʠ 
ʧʨʠʣʦʞʝʥʠʷ, ʢʦʠʪʦ ʧʦʜʦʙʨʷʚʘʪ ʝʞʝʜʥʝʚʠʝʪʦ ʥʘ ʭʦʨʘʪʘ, ʥʦ ʧʦ ʚʨʝʤʝ ʥʘ ʧʘʥʜʝʤʠʷʪʘ COVID-19 

ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʠʥʦʚʘʪʠʚʥʠ ʧʨʦʛʨʘʤʠ, ʢʦʠʪʦ ʠʤʘʪ ʟʥʘʯʠʪʝʣʥʦ ʫʣʝʩʥʷʚʘʪ ʭʦʨʘʪʘ ʚ ʠʟʚʲʥʨʝʜʥʠ 
ʩʠʪʫʘʮʠʠ. ʅʘʧʨʠʤʝʨ, ʨʘʟʣʠʯʥʠ ʩʦʬʪʫʝʨʥʠ ʠ ʮʠʬʨʦʚʠ ʧʨʠʣʦʞʝʥʠʷ ʚʝʯʝ ʩʘ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ, ʟʘ 
ʜʘ ʧʨʝʜʦʩʪʘʚʷʪ ʧʦ -ʜʦʙʨʠ ʫʩʣʫʛʠ ʧʦ ʮʠʬʨʦʚ ʧʲʪ (Vaishya, R., & al. (2021)). ɽʜʥʦ ʦʪ ʥʘʡ-

ʛʦʣʝʤʠʪʝ ʧʨʝʜʠʤʩʪʚʘ ʥʘ ʩʤʘʨʪʬʦʥʠʪʝ ʝ, ʯʝ ʪʝ ʠʤʘʪ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʧʦʣʫʯʘʚʘʪ ʠʟʚʝʩʪʠʷ ʚ ʨʝʘʣʥʦ 
ʚʨʝʤʝ. ʄʦʙʠʣʥʠʷʪ ʪʝʣʝʬʦʥ ʝ ʥʝʠʟʤʝʥʝʥ ʘʢʩʝʩʦʘʨ ʠ ʧʨʝʟ ʧʦʚʝʯʝʪʦ ʚʨʝʤʝ ʩʝ ʥʘʤʠʨʘ ʚ ʙʣʠʟʦʩʪ 
ʜʦ ʩʦʙʩʪʚʝʥʠʢʘ ʩʠ. ʉʣʝʜʦʚʘʪʝʣʥʦ, ʘʢʦ ʝ ʧʦʣʫʯʝʥʦ ʠʟʚʝʩʪʠʝ, ʪʦ ʱʝ ʙʲʜʝ ʚʠʜʷʥʦ ʚ ʨʘʤʢʠʪʝ ʥʘ 
ʥʷʢʦʣʢʦ ʤʠʥʫʪʠ. ʀʤʘʡʢʠ ʪʦʚʘ ʚ ʧʨʝʜʚʠʜ ʩʝ ʩʪʠʛʘ ʜʦ ʠʟʚʦʜʘ, ʯʝ ʥʘʡ-ʣʝʩʥʠʷʪ ʠ ʙʲʨʟ ʥʘʯʠʥ ʟʘ 
ʢʦʤʫʥʠʢʘʮʠʷ ʩ ʭʦʨʘʪʘ ʝ ʯʨʝʟ ʤʦʙʠʣʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʀʜʝʷʪʘ ʥʘ ʪʦʟʠ ʧʨʦʝʢʪ, ʚʟʝʤʘʡʢʠ ʧʦʜ ʚʥʠʤʘʥʠʝ ʤʘʩʦʚʦʪʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʤʦʙʠʣʥʠʪʝ 
ʫʩʪʨʦʡʩʪʚʘ ʠ ʫʜʦʙʩʪʚʦʪʦ ʦʪ ʠʟʚʝʩʪʠʷʪʘ, ʝ ʜʘ ʩʝ ʩʲʟʜʘʜʝ ʤʦʙʠʣʥʦ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʝʪʦ ʜʘ 
ʧʨʝʜʦʩʪʘʚʷ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʫʜʦʙʝʥ ʥʘʯʠʥ ʟʘ ʨʘʟʛʣʝʞʜʘʥʝ ʠ ʘʙʦʥʠʨʘʥʝ ʢʲʤ ʩʲʙʠʪʠʷ. ʆʪ ʜʨʫʛʘ 
ʩʪʨʘʥʘ, ʜʘ ʧʦʟʚʦʣʷʚʘ ʥʘ ʦʨʛʘʥʠʟʘʪʦʨʠʪʝ ʥʘ ʩʲʙʠʪʠʷʪʘ ʜʘ ʠʤʘʪ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʧʨʝʛʣʝʞʜʘʪ 
ʘʙʦʥʠʨʘʣʠʪʝ ʩʝ ʧʦʪʨʝʙʠʪʝʣʠ, ʢʘʢʪʦ ʠ ʜʘ ʠʟʧʨʘʱʘʪ ʠʟʚʝʩʪʠʷ ʜʦ ʪʷʭ. ʋʜʘʯʥʦ ʝ ʧʨʠʣʦʞʝʥʠʝʪʦ ʜʘ 
ʠʤʘ ʤʘʢʩʠʤʘʣʥʦ ʦʧʨʦʩʪʝʥ ʠʥʪʝʨʬʝʡʩ ʠ ʙʘʟʦʚʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ, ʢʦʠʪʦ ʜʘ ʥʝ ʦʙʲʨʢʚʘʪ 
ʧʦʪʨʝʙʠʪʝʣʠʪʝ. 

ʀʟʠʩʢʚʘ ʩʝ ʩʣʝʜ ʠʥʩʪʘʣʠʨʘʥʝ ʥʘ ʧʨʠʣʦʞʝʥʠʝʪʦ, ʧʦʪʨʝʙʠʪʝʣʷʪ ʜʘ ʩʲʟʜʘʜʝ ʣʠʯʝʥ ʧʨʦʬʠʣ. 
ʅʘ ʌʠʛ. 1. ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʜʠʘʛʨʘʤʘ ʥʘ ʜʝʡʩʪʚʠʷʪʘ, ʢʦʠʪʦ ʝʜʠʥ ʢʣʠʝʥʪ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ 
ʧʨʝʜʧʨʠʝʤʝ ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʷ ʠʣʠ ʚʧʠʩʚʘʥʝ ʚ ʧʨʦʛʨʘʤʘʪʘ. ʉʣʝʜ ʫʩʧʝʰʥʦ ʨʝʛʠʩʪʨʠʨʘʥʝ ʠʣʠ 
ʚʧʠʩʚʘʥʝ ʚ ʧʨʠʣʦʞʝʥʠʝʪʦ, ʧʦʪʨʝʙʠʪʝʣʷʪ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʨʘʟʛʣʝʞʜʘ ʩʧʠʩʲʢ ʩʲʩ Ăʩʲʙʠʪʠʷñ, 
ʢʦʠʪʦ ʜʨʫʛʠ ʧʦʪʨʝʙʠʪʝʣʠ (ʦʨʛʘʥʠʟʘʪʦʨʠ) ʩʘ ʩʲʟʜʘʣʠ. 
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ʌʠʛ. 2. ɼʠʘʛʨʘʤʘ ʥʘ ʜʝʡʩʪʚʠʷʪʘ ʧʨʠ ʨʝʛʠʩʪʨʠʨʘʥʝ/ ʚʧʠʩʚʘʥʝ 

ʅʘ ʌʠʛ. 2) ʝ ʧʦʢʘʟʘʥʘ ʜʠʘʛʨʘʤʘ, ʦʧʠʩʚʘʱʘ ʧʲʣʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ ʧʨʦʛʨʘʤʘʪʘ, 
ʧʨʝʜʦʩʪʘʚʝʥʠ ʥʘ ʨʝʛʠʩʪʨʠʨʘʥʠʪʝ ʧʦʪʨʝʙʠʪʝʣʠ. 
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ʌʠʛ. 3. ɼʠʘʛʨʘʤʘ ʥʘ ʩʣʫʯʘʠʪʝ ʥʘ ʫʧʦʪʨʝʙʘ 

 

ɿʘ Ăʩʲʙʠʪʠʝñ ʚ ʪʦʟʠ ʩʣʫʯʘʡ ʩʝ ʧʨʠʝʤʘ ʚʩʷʢʘ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʝ ʚ ʠʥʪʝʨʝʩ ʥʘ 
ʜʨʫʛʠ ʭʦʨʘ. ʊʦʚʘ ʥʘʧʨʠʤʝʨ ʤʦʞʝ ʜʘ ʝ ʠʟʚʝʩʪʠʝ ʦʪ ʜʘʜʝʥʘ ʘʧʪʝʢʘ, ʢʦʷʪʦ ʜʘ ʩʲʦʙʱʘʚʘ ʟʘ 
ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʣʝʢʘʨʩʪʚʘ ʠʣʠ ʟʘ ʩʚʲʨʰʝʥʘ ʥʘʣʠʯʥʦʩʪ; ʥʦ ʤʦʞʝ ʠ ʜʘ ʝ ʠʟʚʝʩʪʠʝ ʦʪ ʣʝʢʘʨʩʢʠ 
ʢʘʙʠʥʝʪ, ʩʲʦʙʱʘʚʘʱ ʟʘ ʦʩʚʦʙʦʜʝʥ ʯʘʩ ʠʣʠ ʟʘ ʟʘʝʪ ʯʘʩ, ʢʘʢʪʦ ʠ ʟʘ ʧʦʯʠʚʥʠ ʜʥʠ (ʌʠʛ. 3). 

ʈʘʟʛʣʝʞʜʘʡʢʠ ʩʧʠʩʲʢʘ ʩʲʩ Ăʩʲʙʠʪʠʷñ, ʧʦʪʨʝʙʠʪʝʣʷʪ ʠʤʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʠʟʠʩʢʚʘ 
ʘʙʦʥʘʤʝʥʪ ʦʪ ʩʲʟʜʘʪʝʣʷ ʥʘ Ăʩʲʙʠʪʠʝʪʦñ ʠ ʜʘ ʧʦʣʫʯʘʚʘ ʠʟʚʝʩʪʠʷ ʩʣʝʜ ʦʜʦʙʨʝʥʠʝ ʦʪ ʥʝʛʦʚʘ 
ʩʪʨʘʥʘ. ʉʲʱʦ ʪʘʢʘ ʤʦʞʝ ʜʘ ʩʝ ʦʪʢʘʟʚʘ ʦʪ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʲʦʙʱʝʥʠʷ ʢʲʤ ʜʘʜʝʥʦ Ăʩʲʙʠʪʠʝñ. 
ʆʩʚʝʥ ʩʧʠʩʲʢ ʩʲʩ Ăʩʲʙʠʪʠʷñ, ʧʨʦʛʨʘʤʘʪʘ ʠʤʘ ʠ ʩʧʠʩʲʢ ʩ ʠʟʚʝʩʪʠʷ, ʦʪʢʲʜʝʪʦ ʯʦʚʝʢ ʤʦʞʝ ʜʘ 
ʧʨʝʛʣʝʞʜʘ ʚʝʯʝ ʧʦʣʫʯʝʥʠ ʪʘʢʠʚʘ (ʌʠʛ. 4). 

ʅʝ ʩʝ ʥʘʣʘʛʘ ʦʨʛʘʥʠʟʘʪʦʨʠʪʝ ʜʘ ʧʦʤʥʷʪ ʘʜʨʝʩʠ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠ, ʘ ʥʘʧʨʘʚʦ ʩʲʟʜʘʚʘʪ 
ʠʟʚʝʩʪʠʝ ʢʲʤ ʥʷʢʦʝ Ăʩʲʙʠʪʠʝñ. ʉʣʝʜ ʪʦʚʘ ʘʚʪʦʤʘʪʠʯʥʦ ʩʝ ʠʟʧʨʘʱʘ ʩʲʦʙʱʝʥʠʝ ʢʲʤ ʤʦʙʠʣʥʠʪʝ 
ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ, ʢʦʠʪʦ ʠʤʘʪ ʘʙʦʥʘʤʝʥʪ ʟʘ ʥʝʛʦ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʠ ʜʚʝʪʝ ʩʪʨʘʥʠ ʩʝ 
ʫʣʝʩʥʷʚʘʪ ʜʦ ʛʦʣʷʤʘ ʩʪʝʧʝʥ. ʇʦʪʨʝʙʠʪʝʣʠʪʝ ʥʝ ʪʨʷʙʚʘ ʜʘ ʦʪʠʚʘʪ ʜʦ ʥʷʢʦʝ ʤʷʩʪʦ, ʟʘ ʜʘ ʩʝ 
ʘʙʦʥʠʨʘʪ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʠʟʚʝʩʪʠʷ ʠ ʠʥʬʦʨʤʘʮʠʷ, ʘ ʩʲʟʜʘʪʝʣʠʪʝ ʥʝ ʪʨʷʙʚʘ ʜʘ ʧʘʟʷʪ ʩʧʠʩʲʢ ʩ 
ʘʜʨʝʩʠ ʥʘ ʦʪʜʝʣʥʠ ʧʦʪʨʝʙʠʪʝʣʠ. 
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ʌʠʛ. 4. ɽʢʨʘʥ ʟʘ ʩʧʠʩʲʢ ʩ ʘʙʦʥʘʤʝʥʪʠ 

 
 

ʌʠʛ. 5. ɽʢʨʘʥ ʟʘ ʩʧʠʩʲʢ ʩ ʠʟʚʝʩʪʠʷ 

ʇʨʦʛʨʘʤʥʘʪʘ ʨʝʘʣʠʟʘʮʠʷ ʝ ʦʩʲʱʝʩʪʚʝʥʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʝʟʠʮʠʪʝ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ C# ʠ Dart, 
ʉʋɹɼ Microsoft SQL Server, ʘ ʧʦʪʨʝʙʠʪʝʣʩʢʠʷʪ ʠʥʪʝʨʬʝʡʩ ʝ ʨʝʘʣʠʟʠʨʘʥ ʯʨʝʟ ʧʨʦʛʨʘʤʥʠʷ ʧʘʢʝʪ 
Flutter. ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ ʧʨʦʛʨʘʤʥʠ ʤʦʜʫʣʠ, ʢʦʠʪʦ ʧʦʟʚʦʣʷʚʘʪ ʧʦʣʫʯʘʚʘʥʝ ʠ ʨʝʜʘʢʪʠʨʘʥʝ ʥʘ 
ʠʥʬʦʨʤʘʮʠʷ ʧʨʝʟ ʠʥʪʝʨʥʝʪ ʧʨʦʪʦʢʦʣʘ ʟʘ ʟʘʱʠʪʝʥʘ ʢʦʤʫʥʠʢʘʮʠʷ HTTPS. ʈʝʘʣʠʟʠʨʘʥʠ ʩʘ 
ʧʨʦʛʨʘʤʥʠ ʤʦʜʫʣʠ, ʢʦʠʪʦ ʧʦʟʚʦʣʷʚʘʪ ʠʟʧʨʘʱʘʥʝʪʦ ʥʘ ʠʟʚʝʩʪʠʷ ʢʲʤ ʤʦʙʠʣʥʠ ʫʩʪʨʦʡʩʪʚʘ, 
ʠʟʧʦʣʟʚʘʡʢʠ ʤʝʞʜʫʧʣʘʪʬʦʨʤʝʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ Google- Firebase Cloud Messaging 6,13.  

ɿʘ ʜʘ ʤʦʞʝ ʧʦʪʨʝʙʠʪʝʣʷʪ ʜʘ ʠʟʧʦʣʟʚʘ ʧʨʠʣʦʞʝʥʠʝʪʦ, ʪʦʡ ʪʨʷʙʚʘ: 
¶ ɼʘ ʠʤʘ ʠʥʩʪʘʣʠʨʘʥ Google Play Store ʠʣʠ Apple App Store; 
¶ ɼʘ ʝ ʨʘʟʨʝʰʠʣ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʠʟʚʝʩʪʠʷ ʦʪ ʧʨʠʣʦʞʝʥʠʝʪʦ ʦʪ ʥʘʩʪʨʦʡʢʠʪʝ ʥʘ ʪʝʣʝʬʦʥʘ; 
¶ ʄʦʙʠʣʥʦʪʦ ʫʩʪʨʦʡʩʪʚʦ ʜʘ ʝ ʥʘ Android 7.0 Nougat ʠʣʠ ʧʦ-ʚʠʩʦʢʦ. 
 

ʀɿɺʆɼʀ 

ʈʘʟʨʘʙʦʪʝʥʦ ʝ ʧʨʠʣʦʞʝʥʠʝ, ʧʨʝʜʦʩʪʘʚʷʱʦ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʩʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 
ʦʨʛʘʥʠʟʠʨʘʥʝ ʥʘ ʩʲʙʠʪʠʷ ʠ ʠʟʧʨʘʱʘʥʝ ʥʘ ʧʦʣʝʟʥʘ ʠ ʘʢʪʫʘʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʢʲʤ ʧʦʪʨʝʙʠʪʝʣʠʪʝ 
ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. ʇʨʦʝʢʪʲʪ ʠʤʘ ʠʟʯʠʩʪʝʥ ʠ ʝʩʪʝʪʠʯʝʩʢʠ ʠʟʜʲʨʞʘʥ ʠʥʪʝʨʬʝʡʩ, ʢʦʡʪʦ ʧʦʟʚʦʣʷʚʘ 
ʫʜʦʙʥʦ ʠ ʣʝʩʥʦ ʫʧʨʘʚʣʝʥʠʝ ʦʪ ʩʪʨʘʥʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ. 

ʇʨʠʣʦʞʝʥʠʝʪʦ ʧʨʝʜʦʩʪʘʚʷ ʥʘ ʦʨʛʘʥʠʟʘʪʦʨʠʪʝ ʦʧʨʦʩʪʝʥ ʥʘʯʠʥ ʟʘ ʠʟʙʦʨ ʥʘ ʘʙʦʥʘʪʠ, ʢʦʠʪʦ 
ʜʘ ʧʦʣʫʯʘʚʘʪ ʠʟʚʝʩʪʠʷ ʢʲʤ ʜʘʜʝʥʠʪʝ Ăʩʲʙʠʪʠʷñ, ʢʘʢʪʦ ʠ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʧʨʘʱʘʥʝ ʥʘ 
ʠʥʬʦʨʤʘʮʠʷ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʢʲʤ ʚʩʠʯʢʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠ ʧʦʪʨʝʙʠʪʝʣʠ. 

 

ɹʃɸɻʆɼɸʈʅʆʉʊ 
ʊʦʟʠ ʜʦʢʣʘʜ ʩʝ ʧʫʙʣʠʢʫʚʘ ʩ ʧʦʜʢʨʝʧʘʪʘ ʥʘ ʧʨʦʝʢʪ 21-ʌEEA-01 Ăʀʥʪʝʣʠʛʝʥʪʥʠ 

ʢʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ: ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʪʷʭʥʦʪʦ ʨʘʟʚʠʪʠʝ, ʧʨʠʣʦʞʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝñ, 
ʬʠʥʘʥʩʠʨʘʥ ʦʪ ʬʦʥʜ Ăʅʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷñ ʥʘ ʈʫʩʝʥʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ Ăɸʥʛʝʣ ʂʲʥʯʝʚñ.  
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Abstract: The paper presents an approach to design and develop a strategy game that combines different concepts 

for developing strategic thinking, memory training, and knowledge testing. However, the game is a type of strategy, but 

not the traditional one. It combines several different types of games in itself - strategy, platform, quiz, logic, and 

endurance. The project is designed for all age groups, and the main idea is that it is aimed mainly at students for informal 

knowledge testing. It is possible to ask an unlimited number of questions at random.  

Keywords: 3D graphics, Game learning, Strategy game; Test knowledge; Game engine, Godot 

 

ɺɽɺɽɼɽʅʀɽ 

ɽʪʦ ʥʝʱʦ, ʣʶʙʠʤʦ ʥʘ ʚʩʠʯʢʠ ʫʯʝʥʠʮʠ , ʩʪʫʜʝʥʪʠ ʠ ʭʦʨʘ ʚʲʚ ʚʩʠʯʢʠ ʚʨʝʤʝʥʘ ï ʠʛʨʘʪʘ! 
ɺʢʣʶʯʚʘʥʝʪʦ ʥʘ ʠʛʨʠ ʚ ʦʙʫʯʝʥʠʝʪʦ ʝ ʥʝ ʩʘʤʦ ʟʘʙʘʚʥʦ ʠ ʨʘʟʚʠʚʘʱʦ ʩʦʮʠʘʣʥʠ ʫʤʝʥʠʷ, ʥʦ ʜʥʝʩ 
ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʥʪʝʨʘʢʪʠʚʥʦ ʠ ʥʘʠʩʪʠʥʘ ʯʫʜʝʩʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʫʯʝʥʝ. ɽʜʥʘ ʚʘʞʥʘ ʯʘʩʪ ʦʪ 
ʩʤʠʩʣʝʥʦʪʦ ʦʙʫʯʝʥʠʝ ʝ ʠʤʝʥʥʦ ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʠʥʪʝʨʘʢʪʠʚʥʠ ʜʝʡʥʦʩʪʠ ʟʘ ʢʣʘʩʥʘʪʘ ʩʪʘʷ, ʢʦʠʪʦ 
ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʝʞʝʜʥʝʚʠʝʪʦ. ʅʦ ʪʦʚʘ ʥʝ ʦʟʥʘʯʘʚʘ, ʯʝ ʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʩʘʤʦ ʟʘ ʫʯʘʱʠʪʝ. ʀʛʨʘʪʘ 
ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʧʦʜʦʙʨʠ ʚʲʟʤʦʞʥʦ ʥʘʡ-ʤʥʦʛʦ ʦʪ ʚʩʝʢʠ (Stefanova, S.& Zheliazkova, I. (2003)). 

ʆʩʥʦʚʥʘʪʘ ʠʜʝʷ ʥʘ ʧʨʦʝʢʪʘ ʝ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʠʛʨʘ ʦʪ ʪʠʧ Ăʩʪʨʘʪʝʛʠʷñ, ʢʦʷʪʦ ʩʲʯʝʪʘʚʘ ʨʘʟʣʠʯʥʠ 
ʢʦʥʮʝʧʮʠʠ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʦʪʦ ʤʠʩʣʝʥʝ, ʪʨʝʥʠʨʘʥʝ ʥʘ ʧʘʤʝʪʪʘ ʠ ʪʝʩʪʚʘʥʝ ʥʘ 
ʟʥʘʥʠʷ. ɿʘ ʮʝʣʪʘ ʩʝ ʧʨʦʝʢʪʠʨʘʪ ʠ ʨʘʟʨʘʙʦʪʚʘʪ ʦʪʜʝʣʥʠ ʢʦʤʧʦʥʝʥʪʠ, ʦʙʝʜʠʥʝʥʠ ʚ ʠʥʪʝʨʝʩʥʘ ʠ 
ʥʝʪʠʧʠʯʥʘ ʩʨʝʜʘ ʟʘ ʠʛʨʘ ʠ ʥʝʬʦʨʤʘʣʥʦ ʪʝʩʪʚʘʥʝ ʥʘ ʟʥʘʥʠʷ. 

 

ʇʨʦʝʢʪʠʨʘʥʝ ʥʘ ʧʨʝʜʣʘʛʘʥʦʪʦ ʨʝʰʝʥʠʝ  
ʀʛʨʘʪʘ-ʩʪʨʘʪʝʛʠʷ ʝ ʟʘʤʠʩʣʝʥʘ ʜʘ ʝ ʝʜʥʦʚʨʝʤʝʥʥʦ ʟʘʙʘʚʥʘ ʠ ʦʙʨʘʟʦʚʘʪʝʣʥʘ. ʇʦʪʨʝʙʠʪʝʣʷʪ 

ʥʝʩʲʟʥʘʪʝʣʥʦ ʜʘ ʨʘʟʚʠʚʘ ʨʘʟʣʠʯʥʠ ʫʤʝʥʠʷ, ʧʨʝʤʠʥʘʚʘʡʢʠ ʧʨʝʟ ʥʷʢʦʣʢʦ ʪʠʧʘ ʠʛʨʠ. ɿʘ 
ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʛʦʨʝʧʦʩʦʯʝʥʦʪʦ ʫʩʣʦʚʠ ʩʘ ʬʦʨʤʫʣʠʨʘʥʠ ʩʣʝʜʥʠʪʝ ʧʦ-ʚʘʞʥʠ ʠʟʠʩʢʚʘʥʠʷ ʢʲʤ 
ʦʙʫʯʘʚʘʱʘʪʘ ʠʛʨʘ:  

¶ ʧʨʠʪʝʞʘʚʘ ʝʣʝʤʝʥʪʠ ʥʘ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ;  
¶ ʧʨʝʜʦʩʪʘʚʷ ʟʘʙʘʚʝʥ ʥʘʯʠʥ ʟʘ ʫʩʚʦʷʚʘʥʝ ʠ ʪʝʩʪʚʘʥʝ ʥʘ  ʥʦʚʠ ʟʥʘʥʠʷ;  
¶ ʧʦʜʦʙʨʷʚʘ ʫʤʝʥʠʷʪʘ ʟʘ ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ; 
¶ ʠʟʠʩʢʚʘ ʜʦʙʨʦ ʥʠʚʦ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷ. 
 

ʂʦʥʪʝʢʩʪʲʪ ʥʘ ʫʧʦʪʨʝʙʘ ʥʘ ʧʨʦʝʢʪʘ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʊʘʙʣ. 1. ʀʛʨʘʪʘ ʝ ʧʨʝʜʚʠʜʝʥʘ ʜʘ ʝ 
ʜʝʩʢʪʦʧ ʧʨʠʣʦʞʝʥʠʝ, ʢʦʝʪʦ ʧʨʝʜʦʩʪʘʚʷ ʧʦʚʝʯʝ ʚʲʟʤʦʞʥʦʩʪʠ ʧʨʠ ʨʘʟʨʘʙʦʪʚʘʥʝ ʠ ʝ ʥʘʩʦʯʝʥʘ 
ʢʲʤ ʭʦʨʘ ʥʘʜ 12 ʛʦʜʠʥʠ ʩ ʤʠʥʠʤʘʣʝʥ ʦʧʠʪ ʚ ʢʦʤʧʶʪʲʨʥʠʪʝ ʠʛʨʠ.  

                                                 
12 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʚ ʩʝʢʮʠʷ ʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʠ ʢʦʤʧʶʪʲʨʥʘ 
ʪʝʭʥʠʢʘ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ: ʇʆɼʍʆɼ ɿɸ ʊɽʉʊɺɸʅɽ ʅɸ ɿʅɸʅʀʗ ʉ ʀɻʈɸ-ʉʊʈɸʊɽɻʀʗ 

mailto:eibryamova@ecs.uni-ruse.bg
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ʊʘʙʣ. 1 ʂʦʥʪʝʢʩʪ ʥʘ ʫʧʦʪʨʝʙʘ ʥʘ ʠʛʨʘʪʘ 

ʆʙʱʦ ʦʧʠʩʘʥʠʝ ʥʘ 
ʧʨʠʣʦʞʝʥʠʝʪʦ:  

ʂʦʤʧʶʪʲʨʥʘ ʠʛʨʘ, ʜʝʩʢʪʦʧ ʧʨʠʣʦʞʝʥʠʝ, ʦʪ ʪʠʧ Ăʠʛʨʘ-

ʩʪʨʘʪʝʛʠʷñ; 
ʇʦʪʨʝʙʠʪʝʣʠ:  ɺʩʠʯʢʠ, ʥʦ ʥʘʡ-ʚʝʯʝ ʫʯʝʥʠʮʠ ʠ ʩʪʫʜʝʥʪʠ ; 

ɺʲʟʨʘʩʪʦʚ ʜʠʘʧʘʟʦʥ:  ʅʘʜ 12 ʛʦʜʠʥʠ; 

ʀʟʠʩʢʚʘʥʠ ʫʤʝʥʠʷ:  ɹʘʟʦʚ ʦʧʠʪ ʚ ʢʦʤʧʶʪʲʨʥʠʪʝ ʠʛʨʠ.  

 

ʉʣʝʜ ʚʲʟʥʠʢʚʘʥʝʪʦ ʥʘ ʠʜʝʷʪʘ, ʟʘʧʦʯʥʘ ʧʣʘʥʠʨʘʥʝʪʦ ʥʘ ʠʛʨʘʪʘ: ʢʘʢʚʦ ʪʨʷʙʚʘ ʜʘ ʩʲʜʲʨʞʘ ʠ 
ʢʘʢ ʜʘ ʙʲʜʝ ʨʝʘʣʠʟʠʨʘʥʘ. ʇʦʩʣʝʜʩʪʚʠʝ ʩʝ ʨʘʟʨʘʙʦʪʠʭʘ ʦʪʜʝʣʥʠʪʝ ʛʨʘʬʠʢʠ, ʮʷʣʦʩʪʥʠʪʝ ʩʮʝʥʠ ʠ 
ʛʝʨʦʠ, ʣʦʛʠʢʘ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʠ ʚʩʠʯʢʦ ʥʫʞʥʦ ʥʘ ʧʨʦʝʢʪʘ. ʇʦ ʚʨʝʤʝ ʥʘ ʩʲʟʜʘʚʘʥʝʪʦ ʩʝ ʪʝʩʪʚʘ 
ʧʨʦʪʦʪʠʧ ʥʘ ʠʛʨʘʪʘ ʠ ʩʝ ʧʨʦʚʝʜʝ ʧʨʦʫʯʚʘʥʝ, ʩʧʨʷʤʦ ʢʦʝʪʦ ʩʝ ʥʘʧʨʘʚʠʭʘ ʧʨʦʤʝʥʠ ʧʦ ʧʨʦʝʢʪʘ. 
ʀ ʥʘʢʨʘʷ, ʢʦʛʘʪʦ ʩʝ ʧʨʝʮʝʥʠ, ʯʝ ʠʛʨʘʪʘ ʝ ʟʘʚʲʨʰʝʥʘ, ʩʝ ʧʨʠʝ, ʯʝ ʪʷ ʝ ʛʦʪʦʚʘ ʟʘ ʝʢʩʧʣʦʘʪʘʮʠʷ 
(ʌʠʛ. 1). 

 
ʌʠʛ. 6 ɽʪʘʧʠ ʥʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʠʛʨʘʪʘ 

 

 
ʌʠʛ. 7 ʊʨʠʩʣʦʡʥʘ ʘʨʭʠʪʝʢʪʫʨʘ 

ɸʨʭʠʪʝʢʪʫʨʘ ʥʘ ʧʨʠʣʦʞʝʥʠʝʪʦ 

 

ɸʨʭʠʪʝʢʪʫʨʘʪʘ ʥʘ ʠʛʨʘʪʘ-ʩʪʨʘʪʝʛʠʷ ʝ 
ʢʣʘʩʠʯʝʩʢʘ ʪʨʠʩʣʦʡʥʘ ʘʨʭʠʪʝʢʪʫʨʘ (ʌʠʛ. 2). 
ɼʠʘʛʨʘʤʘʪʘ ʧʨʝʜʩʪʘʚʷ ʨʘʟʣʠʯʥʠʪʝ ʯʘʩʪʠ ʥʘ 
ʧʨʦʛʨʘʤʘʪʘ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʤʝʞʜʫ ʪʷʭ ʠ 
ʩʦʬʪʫʝʨʘ, ʢʦʡʪʦ ʝ ʧʦʣʟʚʘʥ ʟʘ ʠʟʛʨʘʞʜʘʥʝʪʦ ʠʤ. 
ʅʘ ʌʠʛ. 3 ʝ ʧʦʢʘʟʘʥʘ ʧʦ-ʧʦʜʨʦʙʥʘ 
ʘʨʭʠʪʝʢʪʫʨʘ, ʚʢʣʶʯʚʘʱʘ ʦʧʠʩʘʥʠʝ ʥʘ ʧʝʪʪʝ 
ʦʩʥʦʚʥʠ ʤʦʜʫʣʘ. ʏʝʪʠʨʠ ʦʪ ʪʷʭ ʩʘ ʩʘʤʠʪʝ ʠʛʨʠ 
ʠ ʝʜʠʥ - ʦʙʝʜʠʥʷʚʘʱ. ʏʨʝʟ ʧʦʩʣʝʜʥʠʷ 
ʧʨʦʠʟʚʦʣʥʦ ʩʝ ʛʝʥʝʨʠʨʘ ʠ ʧʦʜʧʦʤʘʛʘ ʠʟʙʦʨʘ ʥʘ 
ʥʷʢʦʡ ʦʪ ʠʛʨʦʚʠʪʝ ʤʦʜʫʣʠ. ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, 
ʪʦʡ ʦʪʛʦʚʘʨʷ ʠ ʟʘ ʚʠʟʫʘʣʠʟʠʨʘʥʝ ʥʘ ʧʦʩʪʦʷʥʥʦ 
ʦʙʥʦʚʷʚʘʱʠʷ ʩʝ ʧʨʦʛʨʝʩ ʠ ʨʝʟʫʣʪʘʪ ʥʘ ʠʛʨʘʯʘ. 
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ʌʠʛ. 8 ɸʨʭʠʪʝʢʪʫʨʘ ʥʘ ʠʛʨʘʪʘ 

 

ʌʫʥʢʮʠʦʥʘʣʝʥ ʤʦʜʝʣ ʥʘ ʦʙʫʯʘʚʘʱʘʪʘ ʠʛʨʘ  
ʅʘ ʌʠʛ. 4 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʜʠʘʛʨʘʤʘʪʘ ʥʘ ʜʝʡʥʦʩʪʠʪʝ, ʦʧʠʩʚʘʱʘ ʢʘʢ ʨʘʟʣʠʯʥʠʪʝ ʩʮʝʥʠ ʩʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʠ ʚʲʟʤʦʞʥʠʪʝ ʚʨʲʟʢʠ ʤʝʞʜʫ ʪʷʭ. ʉʣʝʜ ʦʪʚʘʨʷʥʝ ʥʘ ʧʨʠʣʦʞʝʥʠʝʪʦ ʧʨʝʜ 
ʧʦʪʨʝʙʠʪʝʣʷ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ ʛʣʘʚʥʦʪʦ ʤʝʥʶ. ʆʪ ʪʘʤ ʪʦʡ ʠʤʘ ʠʟʙʦʨ ʢʘʢʚʦ ʜʝʡʩʪʚʠʝ ʜʘ 
ʧʨʝʜʧʨʠʝʤʝ: ʜʘ ʟʘʧʦʯʥʝ ʠʛʨʘ, ʜʘ ʦʪʚʦʨʠ ʤʝʥʶʪʦ ʩ ʦʧʮʠʠ, ʜʘ ʦʪʚʦʨʠ ʤʝʥʶʪʦ ʩ ʠʥʩʪʨʫʢʮʠʠ ʟʘ 
ʧʦʪʨʝʙʠʪʝʣʷ ʠʣʠ ʜʘ ʟʘʪʚʦʨʠ ʧʨʠʣʦʞʝʥʠʝʪʦ. ʀʟʧʦʣʟʚʘʡʢʠ ʤʝʥʶʪʘʪʘ ʧʦʪʨʝʙʠʪʝʣʷʪ ʧʨʝʤʠʥʘʚʘ 
ʧʨʝʟ ʨʘʟʣʠʯʥʠʪʝ ʝʪʘʧʠ ʥʘ ʠʛʨʘʪʘ ʠ ʜʦʩʪʠʛʘ ʜʦ ʩʚʦʷʪʘ ʮʝʣ.  

 

 
ʌʠʛ. 9 ɼʠʘʛʨʘʤʘ ʥʘ ʜʝʡʥʦʩʪʠʪʝ, ʧʦʢʘʟʚʘʱʘ ʢʘʢ ʨʘʟʣʠʯʥʠʪʝ ʩʮʝʥʠ ʩʠ ʚʟʘʠʤʦʜʝʡʩʪʚʘʪ ʠ 

ʚʨʲʟʢʠʪʝ ʤʝʞʜʫ ʪʷʭ 

ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʧʨʠʣʦʞʝʥʠʝʪʦ 

ʀʤʘʡʢʠ ʧʨʝʜʚʠʜ ʟʘʜʘʯʠʪʝ ʠ  ʠʟʠʩʢʚʘʥʠʷʪʘ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʩʧʘʟʝʥʠ, ʝ ʞʝʣʘʪʝʣʥʦ 
ʠʛʨʘʪʘ ʜʘ ʙʲʜʝ ʨʘʟʨʘʙʦʪʝʥʘ ʢʘʪʦ ʜʝʩʢʪʦʧ ʧʨʠʣʦʞʝʥʠʝ. ʉʲʱʦ ʪʘʢʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʤʠʩʣʠ ʠ ʟʘ 
ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʠʥʪʝʨʬʝʡʩʘ ʠ ʮʷʣʦʩʪʥʠʷʪ ʜʠʟʘʡʥ ʥʘ ʠʛʨʠʪʝ, ʢʘʢʪʦ ʠ ʟʘ ʤʫʟʠʢʘʣʥʦʪʦ 
ʦʬʦʨʤʣʝʥʠʝ, ʢʦʝʪʦ ʜʘ ʜʦʧʨʠʥʝʩʝ ʟʘ ʮʷʣʦʩʪʥʦʪʦ ʠʟʞʠʚʷʚʘʥʝ . 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʠʛʨʘʪʘ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʩʣʝʜʥʠʪʝ ʧʨʦʛʨʘʤʥʠ ʪʝʭʥʦʣʦʛʠʠ: 
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¶ Godot ʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʝʥ ʝʥʜʞʠʥ ʟʘ ʠʛʨʠ ʩ ʨʘʟʣʠʯʥʠ ʧʣʘʪʬʦʨʤʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ 
2D ʠ 3D ʠʛʨʠ ʦʪ ʝʜʠʥʝʥ ʠʥʪʝʨʬʝʡʩ. ʊʦʡ ʧʨʝʜʦʩʪʘʚʷ ʠʟʯʝʨʧʘʪʝʣʝʥ ʥʘʙʦʨ ʦʪ ʦʙʱʠ 
ʠʥʩʪʨʫʤʝʥʪʠ, ʪʘʢʘ ʯʝ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʩʲʩʨʝʜʦʪʦʯʘʪ ʚʲʨʭʫ ʧʨʘʚʝʥʝʪʦ ʥʘ 
ʠʛʨʠ. ɻʦʪʦʚʠʪʝ ʧʨʦʛʨʘʤʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʝʢʩʧʦʨʪʠʨʘʥʠ ʩ ʝʜʥʦ ʢʣʠʢʚʘʥʝ ʢʲʤ ʨʝʜʠʮʘ 
ʧʣʘʪʬʦʨʤʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʦʩʥʦʚʥʠʪʝ ʧʣʘʪʬʦʨʤʠ ʟʘ ʥʘʩʪʦʣʥʠ ʢʦʤʧʶʪʨʠ (Linux, mac 
OS, Windows), ʢʘʢʪʦ ʠ ʤʦʙʠʣʥʠ (Android, iOS) ʠ ʫʝʙ-ʙʘʟʠʨʘʥʠ (HTML5) ʧʨʠʣʦʞʝʥʠʷ. 

¶ Adobe Photoshop CS6 ʝ ʤʦʱʥʘ ʧʨʦʛʨʘʤʘ ʟʘ ʛʨʘʬʠʯʥʦ ʨʝʜʘʢʪʠʨʘʥʝ, ʢʦʷʪʦ  ʧʦʟʚʦʣʷʚʘ 
ʜʘ ʩʝ ʩʲʟʜʘʚʘʪ ʠ ʤʘʥʠʧʫʣʠʨʘʪ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘ ʧʝʯʘʪ. ʊʦʟʠ ʩʦʬʪʫʝʨ ʝ ʧʦʯʪʠ 
ʥʝʦʛʨʘʥʠʯʝʥ ʚʲʚ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʤʘʥʠʧʫʣʠʨʘ ʠʟʦʙʨʘʞʝʥʠʷ. 

¶ Audacity  ʝ ʙʝʟʧʣʘʪʝʥ, ʤʝʞʜʫʧʣʘʪʬʦʨʤʝʥ ʩʦʬʪʫʝʨ ʟʘ ʨʝʜʘʢʪʠʨʘʥʝ ʥʘ ʟʚʫʢ ʩ ʦʪʚʦʨʝʥ 
ʢʦʜ. ʇʨʦʛʨʘʤʘʪʘ ʝ ʥʘʣʠʯʥʘ ʟʘ Windows, GNU/Linux, macOS ʠ ʜʨʫʛʠ Unix-ʙʘʟʠʨʘʥʠ 
ʦʧʝʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ. 

ʀʛʨʘʪʘ ʥʝ ʠʟʠʩʢʚʘ ʥʠʢʘʢʚʘ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʨʝʛʠʩʪʨʘʮʠʷ. ʅʫʞʥʦ ʝ ʝʜʠʥʩʪʚʝʥʦ ʜʘ ʩʝ 
ʩʪʘʨʪʠʨʘ ʠʟʧʲʣʥʠʤʠʷ ʬʘʡʣ ( ʩ ʨʘʟʰʠʨʝʥʠʝ .exe), ʩʣʝʜ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ ʦʩʥʦʚʥʦʪʦ ʤʝʥʶ (ʌʠʛ. 5). 

 

 
ʌʠʛ. 10 ʆʩʥʦʚʥʦʪʦ ʤʝʥʶ ʥʘ ʠʛʨʘʪʘ 

 
ʌʠʛ. 11 ʇʲʨʚʦʥʘʯʘʣʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ 

ʛʝʥʝʨʠʨʘʥʠʷ ʧʲʪ 

ʄʝʥʶʪʦ ʠʤʘ 4 ʦʧʮʠʠ : ʘ) ʇʨʠ ʥʘʪʠʩʢʘʥʝ ʥʘ ʙʫʪʦʥ ĂPLAYñ (ʌʠʛ. 5.ʘ) ʩʝ ʟʘʧʦʯʚʘ ʠʛʨʘ, ʠ 
ʧʦʪʨʝʙʠʪʝʣʷʪ ʝ ʧʨʝʧʨʘʪʝʥ ʢʲʤ ʩʮʝʥʘʪʘ ʟʘ ʠʟʙʦʨ ʥʘ ʛʝʨʦʡ; ʙ) ʇʨʠ ʥʘʪʠʩʢʘʥʝ ʥʘ ʙʫʪʦʥ 
ĂOPTIONSñ (ʌʠʛ. 5.ʙ) ʩʝ ʦʪʚʘʨʷ ʥʘʩʪʨʦʡʢʠʪʝ ʥʘ ʠʛʨʘʪʘ, ʦʪʢʲʜʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʤʝʥʷʪ ʟʚʫʢʘ ʠ 
ʨʝʟʦʣʶʮʠʷʪʘ ʥʘ ʝʢʨʘʥʘ; ʚ) ʇʨʠ ʥʘʪʠʩʢʘʥʝ ʥʘ ʙʫʪʦʥ ĂHOW TO PLAYñ (ʌʠʛ. 5.ʚ) ʩʝ ʦʪʚʘʨʷ 
ʤʝʥʶʪʦ ʟʘ ʠʥʩʪʨʫʢʮʠʠ, ʚ ʢʦʠʪʦ ʧʦʜʨʦʙʥʦ ʩʘ ʦʧʠʩʘʥʠ ʨʘʟʣʠʯʥʠʪʝ ʤʦʜʫʣʠ ʠ ʢʘʢ ʩʝ ʠʛʨʘʝ ʥʘ ʪʷʭ; 
ʛ) ʇʨʠ ʥʘʪʠʩʢʘʥʝ ʥʘ ʙʫʪʦʥ ĂEXITñ (ʌʠʛ. 5.ʛ) ʠʛʨʘʪʘ ʩʝ ʟʘʪʚʘʨʷ. 

ʇʦʪʨʝʙʠʪʝʣʷʪ ʠʤʘ ʧʨʘʚʦ ʥʘ ʠʟʙʦʨ ʤʝʞʜʫ ʜʚʝ (ʦʪ ʯʝʪʠʨʠʪʝ) ʠʛʨʠ. ɻʝʥʝʨʠʨʘʥʝʪʦ ʥʘ ʜʚʝʪʝ 
ʚʲʟʤʦʞʥʦʩʪʠ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʥʘ ʩʣʫʯʘʝʥ ʧʨʠʥʮʠʧ (ʌʠʛ. 6). ɿʘ ʜʘ ʠʟʙʝʨʝ ʠʛʨʘ, ʠʛʨʘʯʲʪ ʪʨʷʙʚʘ 
ʜʘ ʥʘʪʠʩʥʝ ʝʜʠʥ ʦʪ ʜʚʘʪʘ Ăʧʦʨʪʘʣʘñ. ʂʦʛʘʪʦ ʤʠʰʢʘʪʘ ʝ ʚʲʨʭʫ Ăʧʦʨʪʘʣñ, ʩʝ ʠʟʧʠʩʚʘ ʢʦʷ ʝ ʠʛʨʘʪʘ. 
ʅʘ ʝʢʨʘʥʘ ʩʝ ʧʦʢʘʟʚʘ ʠ ʧʨʦʛʨʝʩʘ ʥʘ ʠʛʨʘʯʘ ʚ ʨʘʟʣʠʯʥʠʪʝ ʤʦʜʫʣʠ. ɺ ʛʦʨʥʠʷ ʢʨʘʡ ʩʘ ʧʦʢʘʟʘʥʠ: 
ʪʨʠ ʞʠʚʦʪʘ ʚ ʠʛʨʘʪʘ Ăʇʣʘʪʬʦʨʤʘñ, ʨʝʟʫʣʪʘʪ ʨʘʚʝʥ ʥʘ 0(ʢʦʝʪʦ ʩʝ ʦʙʥʦʚʷʚʘ ʩʣʝʜ ʧʨʝʤʠʥʘʪʘ ʠʛʨʘ) 
ʠ ʠʤʘ ʧʨʘʚʦ ʥʘ 5 ʛʨʝʰʢʠ ʚ ʠʛʨʘʪʘ Ăɺʲʧʨʦʩʠ ñ. ɺ ʜʦʣʥʠʷ ʢʨʘʡ ʩʘ ʧʦʢʘʟʘʥʠ ʢʦʣʢʦ ʧʲʪʠ ʚʩʷʢʘ 
ʝʜʥʘ ʦʪ ʠʛʨʠʪʝ ʝ ʙʠʣʘ ʧʨʝʤʠʥʘʪʘ . 
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ʌʠʛ. 12 ʂʘʨʪʘʪʘ ʥʘ ʝʜʥʦ ʦʪ ʥʠʚʘʪʘ ʥʘ ʠʛʨʘʪʘ 

Ăʇʣʘʪʬʦʨʤʘñ 

 
ʌʠʛ. 13 ɻʝʡʤʧʣʝʡ ʥʘ ʠʛʨʘʪʘ 

Ăʇʣʘʪʬʦʨʤʘñ 

ʀʛʨʘʪʘ Ăʇʣʘʪʬʦʨʤʘñ ʠʤʘ ʟʘ ʮʝʣ ʜʘ ʩʝ ʜʦʩʪʠʛʥʝ ʦʪ ʪʦʯʢʘ ɸ ʜʦ ʪʦʯʢʘ ɹ ʯʨʝʟ ʧʨʝʜʚʘʨʠʪʝʣʥʦ 
ʩʲʟʜʘʜʝʥʘ ʢʘʨʪʘ (ʌʠʛ. 7.). ʉʲʙʠʨʘʪ ʩʝ ʤʦʥʝʪʠ, ʢʦʠʪʦ ʥʝ ʩʘ ʟʘʜʲʣʞʠʪʝʣʥʠ, ʥʦ ʫʚʝʣʠʯʘʚʘʪ 
ʨʝʟʫʣʪʘʪʘ. ʀʤʘ ʧʦʚʝʯʝ ʦʪ ʝʜʠʥ ʤʘʨʰʨʫʪ, ʧʦ ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʤʠʥʝ (ʌʠʛ. 8.). ʊʫʢ ʠʛʨʘʯʲʪ 
ʪʨʷʙʚʘ ʜʘ ʨʝʰʠ ʜʘʣʠ ʠʩʢʘ ʜʘ ʩʲʙʝʨʝ ʧʦʚʝʯʝ ʤʦʥʝʪʠ, ʜʘ ʤʠʥʝ ʧʦ ʧʦ-ʢʨʘʪʲʢ ʠʣʠ ʧʦ-ʙʝʟʦʧʘʩʝʥ 
ʧʲʪ. ʊʘʟʠ ʠʛʨʘ ʨʘʟʚʠʚʘ ʤʠʩʣʝʥʝʪʦ ʚ ʥʝʧʦʟʥʘʪʠ ʩʠʪʫʘʮʠʠ, ʚʟʝʤʘʥʝʪʦ ʥʘ ʨʝʰʝʥʠʷ ʠ ʨʝʬʣʝʢʩʠʪʝ. 

 

 
ʌʠʛ. 14 ɻʝʡʤʧʣʝʡ ʥʘ ʠʛʨʘʪʘ Ăɺʲʧʨʦʩʠñ 

 
ʌʠʛ. 15 ɻʝʡʤʧʣʝʡ ʥʘ ʠʛʨʘʪʘ Ăʉʲʯʝʪʘʡ 

ʚʩʠʯʢʠñ 

ɻʝʥʝʨʠʨʘ ʩʝ ʚʲʧʨʦʩ ʥʘ ʩʣʫʯʘʝʥ ʧʨʠʥʮʠʧ (ʌʠʛ. 9). ʊʦʡ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ ʥʘ ʝʢʨʘʥʘ ʟʘʝʜʥʦ ʩ 
4 ʚʲʟʤʦʞʥʠ ʦʪʛʦʚʦʨʘ (ʝʜʠʥ, ʦʪ ʢʦʡʪʦ ʚʝʨʝʥ). ʇʦʩʣʝʜʦʚʘʪʝʣʥʦ ʩʝ ʟʘʜʘʚʘʪ ʧʝʪ ʚʲʧʨʦʩʘ, 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʩʣʝʜ ʚʩʝʢʠ ʝʜʠʥ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ ʠ ʧʨʘʚʠʣʥʠʷ ʦʪʛʦʚʦʨ. ʀʛʨʘʯʲʪ ʠʤʘ ʧʨʘʚʦ ʥʘ 5 
ʛʨʝʰʢʠ, ʩʣʝʜ ʢʦʝʪʦ ʠʛʨʘʪʘ ʧʨʠʢʣʶʯʚʘ. ɻʨʝʰʢʠʪʝ ʩʝ ʟʘʧʘʟʚʘʪ ʜʦʢʘʪʦ ʮʷʣʦʩʪʥʘʪʘ ʠʛʨʘ ʥʝ 
ʧʨʠʢʣʶʯʠ. ʅʷʤʘ ʟʥʘʯʝʥʠʝ ʢʦʣʢʦ ʧʲʪʠ ʝ ʧʨʝʤʠʥʘʚʘʥʦ ʧʨʝʟ ʪʦʟʠ ʤʦʜʫʣ, ʛʨʝʰʢʠʪʝ ʩʝ ʥʘʪʨʫʧʚʘʪ. 
ɺ ʪʦʟʠ ʢʦʤʧʦʥʝʥʪ ʩʝ ʨʘʟʚʠʚʘ ʫʩʚʦʷʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʟʥʘʥʠʷ ʠ ʩʝ ʧʦʜʧʦʤʘʛʘ ʪʨʝʥʠʨʘʥʝʪʦ ʥʘ 
ʧʘʤʝʪʪʘ. 

ʅʘ ʬʠʛ. 10 ʝ ʧʨʝʜʩʪʘʚʝʥ ʤʦʜʫʣʲʪ Ăʉʲʯʝʪʘʡ ʚʩʠʯʢʠñ. ʈʘʟʙʲʨʢʚʘʪ ʩʝ 54 ʢʘʨʪʠ (4 ʭ 13). 
ʀʛʨʘʯʲʪ ʪʨʷʙʚʘ ʜʘ ʥʘʤʝʨʠ ʢʦʣʢʦʪʦ ʩʝ ʤʦʞʝ ʧʦʚʝʯʝ ʜʚʦʡʢʠ ʢʘʨʪʠ ʟʘ 60 ʩʝʢʫʥʜʠ. ʀʛʨʘʪʘ ʨʘʟʚʠʚʘ 
ʟʨʠʪʝʣʥʘʪʘ ʧʘʤʝʪ ʧʦʜ ʥʘʧʨʝʞʝʥʠʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ. 

 ʇʦʩʣʝʜʥʠʷʪ ʤʦʜʫʣ ʝ Ăʇʦʜʩʢʘʯʘʱʠʷ ʢʦʨʘʙñ. ʊʦʚʘ ʝ Ăʙʝʟʢʨʘʡʥʘñ ʠʛʨʘ, ʚ ʢʦʷʪʦ 
ʧʦʪʨʝʙʠʪʝʣʷʪ ʩʝ ʩʪʨʝʤʠ ʜʘ ʩʪʠʛʥʝ ʥʘʡ-ʜʘʣʝʯ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʝʜʠʥʩʪʚʝʥʦʪʦ, ʠʛʨʘʯʲʪ ʜʘ ʥʘʪʠʩʢʘ 
ʢʣʘʚʠʰʘ ʟʘ ʧʨʘʟʥʦ ʤʷʩʪʦ ʥʘ ʢʣʘʚʠʘʪʫʨʘʪʘ ʚ ʧʦʜʭʦʜʷʱʠʷ ʤʦʤʝʥʪ. ʊʫʢ ʩʝ ʨʘʟʚʠʚʘʪ ʤʠʩʣʝʥʝʪʦ ʚ 
ʥʝʧʦʟʥʘʪʠ ʩʠʪʫʘʮʠʠ, ʨʝʬʣʝʢʩʠʪʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ. 

 

ʈʝʟʫʣʪʘʪʠ ʦʪ ʧʨʦʚʝʜʝʥʘʪʘ ʘʥʢʝʪʘ 

ɼʝʬʠʥʠʨʘʥʠ ʩʘ ʚʲʧʨʦʩʠ ʢʲʤ ʧʦʪʨʝʙʠʪʝʣʠʪʝ ʥʘ ʠʛʨʘʪʘ, ʢʦʠʪʦ ʩʝ ʦʪʥʘʩʷʪ ʟʘ ʝʩʪʝʪʠʯʝʩʢʠʷ 
ʚʠʜ ʥʘ ʠʥʪʝʨʬʝʡʩʘ, ʫʜʦʙʩʪʚʦʪʦ ʠ ʣʝʩʥʦʪʦ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ, ʢʘʢʪʦ ʠ ʟʘ ʧʨʝʧʦʨʲʢʠ ʢʲʤ 
ʨʘʟʨʘʙʦʪʯʠʢʘ. ʇʨʦʚʝʜʝʥʦ ʝ ʧʨʦʫʯʚʘʥʝ ʩʨʝʜ 22 ʩʪʫʜʝʥʪʘ, ʠʟʫʯʘʚʘʱʠ ʜʠʩʮʠʧʣʠʥʘʪʘ 
Ăʂʦʤʧʶʪʲʨʥʠ ʛʨʘʬʠʯʥʠ ʩʠʩʪʝʤʠñ (Stefanova, S. (2010))  ʩ ʮʝʣ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʠʛʨʘʪʘ. ʏʘʩʪ ʦʪ 
ʨʝʟʫʣʪʘʪʠʪʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʬʠʛ. 11. ɿʘʜʘʜʝʥʠ ʩʘ ʦʱʝ ʠ ʩʣʝʜʥʠʪʝ ʚʲʧʨʦʩʠ: ɼʦʙʨʝ ʣʠ ʩʘ 
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ʦʙʷʩʥʝʥʠ ʧʨʘʚʠʣʘʪʘ? ʂʘʢʚʦ ʤʠʩʣʠʪʝ ʟʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʠʛʨʠʪʝ? ʂʘʢ ʙʠʭʪʝ ʦʮʝʥʠʣʠ 
ʛʨʘʬʠʢʘʪʘ ʥʘ ʠʛʨʠʪʝ? ʍʘʨʝʩʚʘ ʣʠ ʚʠ ʜʠʟʘʡʥʘ ʥʘ ʠʛʨʘʪʘ? ʍʘʨʝʩʚʘ ʣʠ ʚʠ ʩʪʘʪʠʩʪʠʢʘʪʘ ʠʟʚʝʞʜʘʥʘ 
ʚ ʠʛʨʘʪʘ? ʃʝʩʥʦ ʣʠ ʩʝ ʦʨʠʝʥʪʠʨʘʭʪʝ ʢʘʢ ʩʝ ʠʛʨʘʝ? ʍʘʨʝʩʘʭʘ ʣʠ ʚʠ ʜʘʚʘʥʠʪʝ ʪʦʯʢʠ ʠ ʙʦʥʫʩʠ? 
ɹʠʭʪʝ ʣʠ ʠʛʨʘʣʠ ʦʪʥʦʚʦ? ʀʩʢʘʪʝ ʣʠ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʚʨʲʱʘʪʝ ʢʲʤ ʥʘʯʘʣʥʠʷ ʝʢʨʘʥ ʧʦ ʚʩʷʢʦ ʚʨʝʤʝ? 
ɼʘ ʠʤʘ ʙʫʪʦʥ ʅɸɿɸɼ. ʃʝʩʥʦ ʣʠ ʩʚʠʢʥʘʭʪʝ ʩ ʢʦʥʪʨʦʣʠʪʝ ʥʘ ʠʛʨʠʪʝ? ʂʘʢ ʙʠʭʪʝ ʦʧʨʝʜʝʣʠʣʠ 
ʠʛʨʘʪʘ? ʂʘʢʚʦ ʙʠʭʪʝ ʧʨʦʤʝʥʠʣʠ? ʂʘʢʚʦ ɺʠ ʭʘʨʝʩʘ ʥʘʡ-ʤʥʦʛʦ? ʂʘʢʚʦ ɺʠ ʭʘʨʝʩʘ ʥʘʡ-ʤʘʣʢʦ ? 
ʅʘʤʝʨʠʭʪʝ ʣʠ ʙʲʛʦʚʝ ʠ ʢʘʢʚʠ? 

 

 

 

 
 

ʌʠʛ. 16 ʏʘʩʪ ʦʪ ʨʝʟʫʣʪʘʪʠ ʦʪ ʘʥʢʝʪʘʪʘ 

 

ʀɿɺʆɼʀ  
ɺ ʜʠʧʣʦʤʥʠʷ ʧʨʦʝʢʪ ʝ ʨʝʘʣʠʟʠʨʘʥʘ Ăʠʛʨʘ-ʩʪʨʘʪʝʛʠʷñ, ʢʦʷʪʦ ʩʲʜʲʨʞʘ ʧʝʪ ʤʦʜʫʣʘ  (4 ʠʛʨʠ 

+ 1 ʦʙʝʜʠʥʷʚʘʱ). ɺʩʝʢʠ ʝʜʠʥ ʦʪ ʠʛʨʦʚʠʪʝ ʤʦʜʫʣʠ ʝ ʨʘʟʨʘʙʦʪʝʥ ʩ ʨʘʟʣʠʯʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ. 
ʀʛʨʠʪʝ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ: ʪʝʩʪʚʘʥʝ ʥʘ ʟʥʘʥʠʷ; ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʩʪʨʘʪʝʛʠʯʝʩʢʦʪʦ ʤʠʩʣʝʥʝ; 
ʪʨʝʥʠʨʘʥʝ ʥʘ ʧʘʤʝʪʪʘ; ʨʘʟʚʠʚʘʥʝ ʥʘ ʨʝʬʣʝʢʩʠʪʝ.. 

 

ɹʃɸɻʆɼɸʈʅʆʉʊ 
ʊʦʟʠ ʜʦʢʣʘʜ ʩʝ ʧʫʙʣʠʢʫʚʘ ʩ ʧʦʜʢʨʝʧʘʪʘ ʥʘ ʧʨʦʝʢʪ 21-ʌEEA-01 Ăʀʥʪʝʣʠʛʝʥʪʥʠ 

ʢʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ: ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʪʷʭʥʦʪʦ ʨʘʟʚʠʪʠʝ, ʧʨʠʣʦʞʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝñ, 
ʬʠʥʘʥʩʠʨʘʥ ʦʪ ʬʦʥʜ Ăʅʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷñ ʥʘ ʈʫʩʝʥʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ Ăɸʥʛʝʣ ʂʲʥʯʝʚñ.  
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Abstract: The report describes an approach to improving the connections between two courses taught in parallel 

to students in Computer Systems and Technology, namely Computer Organization and Digital Electronics. The proposed 

training calculator is designed to illustrate how the basic arithmetic operations are performed by the processor on a very 

low hardware level ï logic gates. The training calculator will complement the existing virtual laboratory on Computer 

Organization, since its simulators perform the arithmetic operations on a register level. Using the calculator the students 

will be able to analize how the arithmetic operations are executed by the smallest building blocks of the processor. The 

calculator will benefit the students in one more perspective ï in Computer Organization course the focus is put mostly to 

iterative algorithms for multiplication and division, but in the calculator these operations are represented only by the use 

of combinational logic. Addition and subtraction operations are also implemented. The calculator simulatres addition, 

subtraction, multiplication and division with 2-, 3- and 4-bit operands. 

Keywords: Educational Calculator, Simulation, Binary Arithmetic, Combinational Multiplier, Combinational 

Divider, Logisim Based Simulations, Teaching Computer Organization 

 

ɺʒɺɽɼɽʅʀɽ 

ʇʨʦʝʢʪʠʨʘʥʝʪʦ ʠ ʘʥʘʣʠʟʲʪ ʥʘ ʮʠʬʨʦʚʠ ʫʩʪʨʦʡʩʪʚʘ ʠʤʘʪ ʦʩʥʦʚʦʧʦʣʘʛʘʱ ʭʘʨʘʢʪʝʨ ʧʨʠ 
ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʢʦʤʧʶʪʲʨʥʠ ʩʧʝʮʠʘʣʠʩʪʠ (Bhuyan, M. H., S. Khan, M. Z. Rahman, 2018) ʠ ʢʘʪʦ 
ʚʩʷʢʘ ʜʨʫʛʘ ʠʥʞʝʥʝʨʥʘ ʜʠʩʮʠʧʣʠʥʘ ʠʟʠʩʢʚʘʪ ʫʩʚʦʷʚʘʥʝ ʥʘ ʪʝʦʨʝʪʠʯʥʠ ʢʦʥʮʝʧʮʠʠ ʠ 
ʧʨʠʣʘʛʘʥʝʪʦ ʠʤ ʟʘ ʨʝʰʘʚʘʥʝ ʥʘ ʢʦʥʢʨʝʪʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʜʘʯʠ.  

ɹʝʟʩʧʦʨʥʦ ʠʟʫʯʘʚʘʥʝʪʦ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʨʘʙʦʪʘ ʥʘ ʪʝʟʠ ʫʩʪʨʦʡʩʪʚʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʥʘʡ-

ʝʬʝʢʪʠʚʥʦ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʠʤʫʣʘʮʠʠ, ʢʦʠʪʦ ʦʥʘʛʣʝʜʷʚʘʪ ʧʦ ʥʘʡ-ʜʦʙʨʠʷ ʥʘʯʠʥ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ 
ʝʜʥʦ ʮʠʬʨʦʚʦ ʫʩʪʨʦʡʩʪʚʦ, ʚʨʲʟʢʠʪʝ ʤʝʞʜʫ ʩʲʩʪʘʚʷʱʠʪʝ ʛʦ ʝʣʝʤʝʥʪʠ ʠ ʨʝʘʢʮʠʷʪʘ ʤʫ ʧʨʠ 
ʧʦʜʘʚʘʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʚʭʦʜʥʠ ʩʠʛʥʘʣʠ (Papadimitriou, ɸ.,2012). 

ʉʲʛʣʘʩʥʦ ʫʯʝʙʥʠʷ ʧʣʘʥ ʩʪʫʜʝʥʪʠʪʝ ʦʪ ʩʧʝʮʠʘʣʥʦʩʪ "ʂʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ ʠ ʪʝʭʥʦʣʦʛʠʠ"  
ʠʟʫʯʘʚʘʪ ʧʘʨʘʣʝʣʥʦ ʜʠʩʮʠʧʣʠʥʠʪʝ Ăʎʠʬʨʦʚʘ ʩʭʝʤʦʪʝʭʥʠʢʘñ ʠ Ăʆʨʛʘʥʠʟʘʮʠʷ ʥʘ ʢʦʤʧʶʪʲʨʘñ.  

ɺ ʧʲʨʚʘʪʘ ʜʠʩʮʠʧʣʠʥʘ ʩʪʫʜʝʥʪʠʪʝ ʨʘʙʦʪʷʪ ʩ ʢʦʥʮʝʧʮʠʠ ʥʘ ʥʠʚʦ ʪʨʘʥʟʠʩʪʦʨ, ʪʨʠʛʝʨ, ʙʘʟʦʚ 
ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪ, ʜʦʢʘʪʦ ʚʲʚ ʚʪʦʨʘʪʘ ʩʝ ʨʘʟʛʣʝʞʜʘ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʥʘʯʠʥʘ ʥʘ ʨʘʙʦʪʘ ʥʘ 
ʧʨʦʮʝʩʦʨʘ, ʚ ʯʘʩʪʥʦʩʪ ʠʟʚʲʨʰʚʘʥʝʪʦ ʥʘ ʘʨʠʪʤʝʪʠʯʝʩʢʠ ʦʧʝʨʘʮʠʠ, ʥʦ ʦʪ ʧʝʨʩʧʝʢʪʠʚʘʪʘ ʥʘ 
ʠʟʧʲʣʥʠʪʝʣʥʘ ʣʦʛʠʢʘ ï ʨʝʛʠʩʪʨʠ, ʤʥʦʛʦʨʘʟʨʷʜʥʠ ʩʫʤʘʪʦʨʠ ʠ ʫʧʨʘʚʣʷʚʘʱʘ ʣʦʛʠʢʘ - 

ʢʦʤʙʠʥʘʮʦʥʥʠ ʩʭʝʤʠ ʠ ʙʘʟʦʚʠ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ.  

                                                 
13 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʚ ʩʝʢʮʠʷ ʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʠ 

ʢʦʤʧʶʪʲʨʥʘ ʪʝʭʥʠʢʘñ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ: Ăʋʯʝʙʝʥ ʢʘʣʢʫʣʘʪʦʨ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 
ʘʨʠʪʤʝʪʠʯʥʠ ʦʧʝʨʘʮʠʠ ʩ 2, 3 ʠ 4-ʨʘʟʨʷʜʥʠ ʜʚʦʠʯʥʠ ʯʠʩʣʘñ. 
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ɿʘʤʠʩʲʣʲʪ ʥʘ ʫʯʝʙʥʠʷ ʧʣʘʥ ʝ ʩʪʫʜʝʥʪʠʪʝ ʜʘ ʠʟʛʨʘʜʷʪ ʚʨʲʟʢʘ ʤʝʞʜʫ ʧʦʟʥʘʥʠʷʪʘ, ʢʦʠʪʦ 
ʧʨʠʜʦʙʠʚʘʪ ʦʪʥʦʩʥʦ ʥʘʯʠʥʘ ʥʘ ʨʘʙʦʪʘ ʥʘ ʥʘʡ-ʤʘʣʢʠʪʝ ʛʨʘʜʠʚʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʢʦʤʧʶʪʲʨʘ ʠ 
ʟʥʘʥʠʷʪʘ ʦʪʥʦʩʥʦ ʢʘʢ ʨʘʙʦʪʷʪ ʦʩʥʦʚʥʠʪʝ ʤʫ ʠʟʧʲʣʥʠʪʝʣʥʠ ʠ ʫʧʨʘʚʣʷʚʘʱʠ ʢʦʤʧʦʥʝʥʪʠ.  

ʈʘʟʨʘʙʦʪʢʘʪʘ, ʧʨʝʜʤʝʪ ʥʘ ʪʦʟʠ ʜʦʢʣʘʜ ʩʝ ʦʧʠʪʚʘ ʜʘ ʨʝʰʠ ʪʦʟʠ ʧʨʦʙʣʝʤ ʩ ʧʦʤʦʱʪʘ ʥʘ 
ʩʠʤʫʣʘʪʦʨ, ʢʦʡʪʦ ʧʦʢʘʟʚʘ ʢʘʢ ʨʘʟʛʣʝʞʜʘʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʠ ʙʣʦʢʦʚʝ ʟʘ ʘʨʠʪʤʝʪʠʯʝʩʢʠ ʦʧʝʨʘʮʠʠ 
ʩʝ ʨʝʘʣʠʟʠʨʘʪ ʥʘ ʝʜʥʦ ʧʦ-ʥʠʩʢʦ ʥʠʚʦ ï ʙʘʟʦʚ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪ.  

 

ʎɽʃ ʅɸ ʈɸɿʈɸɹʆʊʂɸʊɸ 

ɼʘ ʩʝ ʩʲʟʜʘʜʝ ʫʯʝʙʝʥ ʢʘʣʢʫʣʘʪʦʨ ʦʪ ʪʠʧ ʩʠʤʫʣʘʪʦʨ, ʢʦʡʪʦ ʜʘ ʦʥʘʛʣʝʜʷʚʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ 
ʯʝʪʠʨʠʪʝ ʦʩʥʦʚʥʠ ʘʨʠʪʤʝʪʠʯʝʩʢʠ ʦʧʝʨʘʮʠʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʙʘʟʦʚʠ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ ʠ 
ʚʨʲʟʢʠʪʝ ʤʝʞʜʫ ʪʷʭ. ʂʘʣʢʫʣʘʪʦʨʲʪ ʪʨʷʙʚʘ ʜʘ ʧʦʟʚʦʣʷʚʘ ʚʲʚʝʞʜʘʥʝ ʥʘ ʚʭʦʜʥʠ ʩʪʦʡʥʦʩʪʠ ʠ ʜʘ 
ʠʟʚʝʞʜʘ ʩʪʦʡʥʦʩʪʠʪʝ, ʧʦʣʫʯʝʥʠ ʥʘ ʠʟʭʦʜʠʪʝ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʩʠʥʪʝʟʠʨʘʥʠ ʙʣʦʢʦʚʝ. 

  

ʀɿʃʆɾɽʅʀɽ 

ʀʟʙʦʨ ʥʘ ʩʨʝʜʘ ʟʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʨʝʰʝʥʠʝʪʦ 

ɿʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʫʯʝʙʥʠʷ ʢʘʣʢʫʣʘʪʦʨ ʝ ʠʟʧʦʣʟʚʘʥʘ ʫʯʝʙʥʘʪʘ ʩʨʝʜʘ ʟʘ ʧʨʦʝʢʪʠʨʘʥʝ ʠ 
ʩʠʤʫʣʠʨʘʥʝ ʨʘʙʦʪʘʪʘ ʥʘ ʮʠʬʨʦʚʠ ʣʦʛʠʯʝʩʢʠ ʫʩʪʨʦʡʩʪʚʘ Logisim (Logisim Official Webpage, 

2021). ʀʟʙʦʨʲʪ ʥʘ ʪʘʟʠ ʩʨʝʜʘ ʝ ʧʨʦʜʠʢʪʫʚʘʥ ʦʪ ʩʣʝʜʥʠʪʝ ʩʲʦʙʨʘʞʝʥʠʷ:  
¶ ʉʨʝʜʘʪʘ ʝ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʟʘ ʧʦʪʨʝʙʠʪʝʣʠ, ʢʦʠʪʦ ʪʝʧʲʨʚʘ ʥʘʚʣʠʟʘʪ ʚ ʩʧʝʮʠʬʠʢʘʪʘ 

ʥʘ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʣʦʛʠʯʝʩʢʠ ʩʭʝʤʠ.  
¶ ʇʦʪʨʝʙʠʪʝʣʩʢʠʷʪ ʠʥʪʝʨʬʝʡʩ ʝ ʜʦʩʪʘʪʲʯʥʦ ʜʦʩʪʲʧʝʥ, ʘ ʠʟʯʝʨʪʘʚʘʥʝʪʦ ʥʘ ʚʨʲʟʢʠʪʝ 

ʜʦʩʪʘʪʲʯʥʦ ʦʧʨʦʩʪʝʥʦ, ʟʘ ʜʘ ʩʝ ʫʣʝʩʥʠ ʠʟʫʯʘʚʘʥʝʪʦ ʥʘ ʦʩʥʦʚʥʠʪʝ ʢʦʥʮʝʧʮʠʠ ʥʘ 
ʣʦʛʠʯʝʩʢʠʪʝ ʩʭʝʤʠ.  

¶ ʉʨʝʜʘʪʘ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʠʟʛʨʘʞʜʘʪ ʧʦ-ʩʣʦʞʥʠ ʩʭʝʤʠ ʦʪ ʚʝʯʝ ʩʲʟʜʘʜʝʥʠ ʤʦʜʫʣʠ 
ʜʦʢʘʪʦ ʩʝ ʩʪʠʛʥʝ ʜʦʨʠ ʜʦ ʩʭʝʤʘ ʥʘ ʫʯʝʙʝʥ ʧʨʦʮʝʩʦʨ. 

¶ ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʧʦʚʝʯʝʪʦ ʩʠʤʫʣʘʪʦʨʠ, Logisim ʧʦʟʚʦʣʷʚʘ ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ ʜʘ 
ʨʝʜʘʢʪʠʨʘ ʚʝʨʠʛʘʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʩʠʤʫʣʘʮʠʷ, ʢʦʝʪʦ ʜʘʚʘ ʧʦ-ʛʦʣʷʤʘ ʚʲʟʤʦʞʥʦʩʪ ʥʘ 
ʩʪʫʜʝʥʪʠʪʝ ʜʘ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘʪ ʩ ʨʘʟʨʘʙʦʪʚʘʥʠʪʝ ʩʭʝʤʠ.  

¶ ʉʨʝʜʘʪʘ ʩʝ ʨʘʟʧʨʦʩʪʨʘʥʷʚʘ ʙʝʟʧʣʘʪʥʦ ʠ ʥʝ ʠʟʠʩʢʚʘ ʠʥʩʪʘʣʘʮʠʷ.  
¶ ɺ ʢʦʥʢʨʝʪʥʠʷ ʩʣʫʯʘʡ ʩʪʫʜʝʥʪʠʪʝ ʩʘ ʟʘʧʦʟʥʘʪʠ ʩ Logisim ʦʪ ʢʫʨʩʘ ʧʦ ʮʠʬʨʦʚʘ 

ʩʭʝʤʦʪʝʭʥʠʢʘ ʠ ʪʦʚʘ ʱʝ ʠʤ ʜʘʜʝ ʚʲʟʤʦʞʥʦʩʪ ʧʦ-ʙʲʨʟʦ ʜʘ ʩʝ ʦʨʠʝʥʪʠʨʘʪ ʚ ʩʭʝʤʠʪʝ 
ʥʘ ʫʯʝʙʥʠʷ ʢʘʣʢʫʣʘʪʦʨ. 
 

ʅʘʙʦʨ ʦʧʝʨʘʮʠʠ ʥʘ ʢʘʣʢʫʣʘʪʦʨʘ 

ʋʯʝʙʥʠʷʪ ʢʘʣʢʫʣʘʪʦʨ ʚ ʧʠʣʦʪʥʘʪʘ ʩʠ ʚʝʨʩʠʷ ʱʝ ʦʥʘʛʣʝʜʷʚʘ ʦʩʥʦʚʥʠʪʝ ʘʨʠʪʤʝʪʠʯʝʩʢʠ 
ʦʧʝʨʘʮʠʠ, ʢʦʠʪʦ ʩʝ ʠʟʧʲʣʥʷʚʘʪ ʚ ʢʦʤʧʶʪʲʨʘ, ʘ ʠʤʝʥʥʦ ï ʩʲʙʠʨʘʥʝ, ʠʟʚʘʞʜʘʥʝ, ʫʤʥʦʞʝʥʠʝ ʠ 
ʜʝʣʝʥʠʝ. ʂʘʢʪʦ ʜʦʙʨʝ ʝ ʠʟʚʝʩʪʥʦ, ʯʝʩʪʦʪʘʪʘ ʥʘ ʧʦʷʚʘ ʥʘ ʪʝʟʠ ʦʧʝʨʘʮʠʠ ʝ ʪʦʯʥʦ ʚ ʧʦʨʷʜʲʢʘ, ʚ 
ʢʦʡʪʦ ʪʝ ʩʘ ʠʟʙʨʦʝʥʠ, ʢʘʪʦ ʥʘʡ-ʯʝʩʪʦ ʠʟʧʲʣʥʷʚʘʥʘʪʘ ʦʧʝʨʘʮʠʷ ʝ ʩʲʙʠʨʘʥʝʪʦ. ʊʲʡ ʢʘʪʦ ʮʝʣʪʘ ʥʘ 
ʨʘʟʨʘʙʦʪʢʘʪʘ ʝ ʜʘ ʩʝ ʦʥʘʛʣʝʜʠ ʢʘʢ ʥʘ ʥʘʡ-ʥʠʩʢʦ ʥʠʚʦ (ʙʘʟʦʚ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪ) ʩʝ ʨʝʘʣʠʟʠʨʘʪ 
ʘʨʠʪʤʝʪʠʯʥʠʪʝ ʦʧʝʨʘʮʠʠ ʚ ʧʨʦʮʝʩʦʨʘ, ʢʘʣʢʫʣʘʪʦʨʲʪ ʱʝ ʠʤʧʣʝʤʝʥʪʠʨʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʪʝʟʠ 
ʦʧʝʨʘʮʠʠ ʩ ʜʚʦʠʯʥʠ ʯʠʩʣʘ.  

 

ʆʧʝʨʘʮʠʠ ʩʲʙʠʨʘʥʝ ʠ ʠʟʚʘʞʜʘʥʝ  
ʊʝʟʠ ʜʚʝ ʘʨʠʪʤʝʪʠʯʥʠ ʦʧʝʨʘʮʠʠ ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʟʘʝʜʥʦ, ʪʲʡ ʢʘʪʦ ʪʷʭʥʘʪʘ ʘʧʘʨʘʪʥʘ 

ʨʝʘʣʠʟʘʮʠʷ ʝ ʩʭʦʜʥʘ, ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʜʚʦʠʯʥʠ ʢʦʜʦʚʝ ʟʘ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʯʠʩʣʘ 

ʩʲʩ ʟʥʘʢ. ɼʦʧʲʣʥʠʪʝʣʥʠʷʪ ʢʦʜ ʝ ʥʘʡ-ʰʠʨʦʢʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʘʪʘ ʬʦʨʤʘ ʥʘ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ 
ʧʦʣʦʞʠʪʝʣʥʠ ʠ ʦʪʨʠʮʘʪʝʣʥʠ ʯʠʩʣʘ ʩ ʬʠʢʩʠʨʘʥʘ ʟʘʧʝʪʘʷ. ʉ ʥʝʛʦʚʘ ʧʦʤʦʱ ʘʣʛʝʙʨʠʯʥʦʪʦ 
ʩʲʙʠʨʘʥʝ ʠ ʠʟʚʘʞʜʘʥʝ ʥʘ ʯʠʩʣʘʪʘ ʩʝ ʩʚʝʞʜʘ ʜʦ ʘʨʠʪʤʝʪʠʯʥʦ ʩʲʙʠʨʘʥʝ ʥʘ ʪʝʭʥʠʪʝ ʢʦʜʦʚʝ, ʢʦʝʪʦ 
ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʚʲʨʰʝʥʦ ʩ ʦʙʠʢʥʦʚʝʥ ʩʫʤʘʪʦʨ. ʇʨʠ ʪʦʚʘ ʘʚʪʦʤʘʪʠʯʥʦ ʩʝ ʧʦʣʫʯʘʚʘ ʠ ʢʦʜʲʪ ʥʘ 
ʟʥʘʢʘ ʥʘ ʨʝʟʫʣʪʘʪʘ.  
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ʅʘ ʬʠʛ. 1 ʝ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʥʘ ʦʧʝʨʘʮʠʦʥʝʥ ʙʣʦʢ ʟʘ ʘʨʠʪʤʝʪʠʯʥʦ ʩʲʙʠʨʘʥʝ ʥʘ ʯʠʩʣʘ ʚ 
ʜʦʧʲʣʥʠʪʝʣʝʥ ʢʦʜ, ʠʟʫʯʘʚʘʥʘ ʦʪ ʩʪʫʜʝʥʪʠʪʝ ʚ ʢʫʨʩʘ ʧʦ ʆʛʨʘʥʠʟʘʮʠʷ ʥʘ ʢʦʤʧʶʪʲʨʘ. ɺʠʞʜʘ ʩʝ, 
ʯʝ ʙʘʟʦʚʠʪʝ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ ʩʘ ʧʦʢʘʟʘʥʠ ʩʘʤʦ ʢʘʪʦ ʯʘʩʪ ʦʪ ʫʧʨʘʚʣʷʚʘʱʘʪʘ ʣʦʛʠʢʘ ʥʘ 
ʩʭʝʤʘʪʘ. ʉʫʤʘʪʦʨʲʪ ʩʝ ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ ʯʝʨʥʘ ʢʫʪʠʷ, ʪʲʡ ʢʘʪʦ ʬʦʢʫʩʲʪ ʝ ʧʦʩʪʘʚʝʥ ʧʦʚʝʯʝ ʚʲʨʭʫ 
ʫʧʨʘʚʣʷʚʘʱʠʪʝ ʩʠʛʥʘʣʠ ʠ ʪʷʭʥʘʪʘ ʨʝʘʣʠʟʘʮʠʷ. ʂʦʜʲʪ ʥʘ ʦʧʝʨʘʮʠʷʪʘ (ʩʲʙʠʨʘʥʝ/ʠʟʚʘʞʜʘʥʝ) ʩʝ 
ʟʘʜʘʚʘ ʦʪ ʩʠʛʥʘʣʘ S0, ʢʘʪʦ ʧʨʠ ʩʲʙʠʨʘʥʝ ʩʪʦʡʥʦʩʪʪʘ ʤʫ ʝ 0, ʘ ʧʨʠ ʠʟʚʘʞʜʘʥʝ ʝ 1. 

 

 

ʌʠʛʫʨʘ 1. ʉʭʝʤʘ ʥʘ ʦʧʝʨʘʮʠʦʥʝʥ ʙʣʦʢ ʟʘ ʩʫʤʠʨʘʥʝ ʚ ʜʦʧʲʣʥʠʪʝʣʝʥ ʢʦʜ. 
  

ʂʫʨʩʲʪ ʧʦ ʆʛʨʘʥʠʟʘʮʠʷ ʥʘ ʢʦʤʧʶʪʲʨʘ ʝ ʦʙʝʟʧʝʯʝʥ ʩ ʚʠʨʪʫʘʣʥʘ ʣʘʙʦʨʘʪʦʨʠʷ, ʩʲʜʲʨʞʘʱʘ 
ʠʥʪʝʨʘʢʪʠʚʥʠ ʩʠʤʫʣʘʪʦʨʠ ʥʘ ʚʩʠʯʢʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʧʨʦʮʝʩʦʨʘ, ʢʘʪʦ ʩʠʤʫʣʘʪʦʨʠʪʝ ʥʘ 
ʙʣʦʢʦʚʝʪʝ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʘʨʠʪʤʝʪʠʯʥʠ ʦʧʝʨʘʮʠʠ ʦʪʨʘʟʷʚʘʪ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʧʦʩʣʝʜʥʠʪʝ ʥʘ 
ʥʠʚʦ ʨʝʛʠʩʪʲʨ. ɿʘ ʩʪʫʜʝʥʪʠʪʝ ʙʝʟʩʧʦʨʥʦ ʱʝ ʙʲʜʝ ʦʪ ʧʦʣʟʘ ʜʘ ʟʘʜʲʣʙʦʯʘʪ ʧʦʟʥʘʥʠʷʪʘ ʩʠ ʢʘʪʦ 
ʥʘʙʣʶʜʘʚʘʪ ʢʘʢ ʧʨʠ ʜʚʝʪʝ ʦʧʝʨʘʮʠʠ ʩʝ ʨʝʘʣʠʟʠʨʘ ʩʲʙʠʨʘʥʝʪʦ ʥʘ ʢʦʜʦʚʝʪʝ ʥʘ ʯʠʩʣʘʪʘ ʥʘ ʥʠʚʦ 
ʙʘʟʦʚ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪ. 

ʇʨʠʤʝʨʥʘ ʩʭʝʤʘ ʥʘ ʧʨʦʛʨʘʤʠʨʫʝʤ ʩʫʤʘʪʦʨ/ʩʫʙʪʨʘʢʪʦʨ, ʨʘʙʦʪʝʱ ʚ ʜʦʧʲʣʥʠʪʝʣʝʥ ʢʦʜ ʝ 
ʨʘʟʛʣʝʜʘʥʘ ʚ (LaMeres, B. J., 2017). ɺʠʞʜʘ ʩʝ ʢʘʢ ʩʠʛʥʘʣʲʪ ʟʘ ʢʦʜ ʥʘ ʦʧʝʨʘʮʠʷʪʘ ADDn/SUB 

ʦʧʨʝʜʝʣʷ ʜʘʣʠ ʜʘ ʩʝ ʧʦʜʘʜʝ ʜʦʧʲʣʥʠʪʝʣʥʠʷʪ ʢʦʜ ʥʘ +B ʠʣʠ ïB. ʉ ʧʦʤʦʱʪʘ ʥʘ XOR ʝʣʝʤʝʥʪʠ 
ʩʝ ʬʦʨʤʠʨʘ ʦʙʨʘʪʥʠʷʪ ʢʦʜ ʥʘ ʦʧʝʨʘʥʜʘ ɺ, ʘ ʝʜʠʥʠʮʘʪʘ, ʢʦʷʪʦ ʩʝ ʧʨʠʙʘʚʷ ʚ ʥʘʡ-ʤʣʘʜʰʠʷ ʨʘʟʨʷʜ 
ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʠʷ ʢʦʜ, ʧʦʩʪʲʧʚʘ ʢʘʪʦ ʚʭʦʜʝʥ ʧʨʝʥʦʩ. ʊʦʚʘ ʩʝ ʩʣʫʯʚʘ ʝʜʠʥʩʪʚʝʥʦ, 
ʘʢʦ ʝ ʧʦʜʘʜʝʥ ʩʠʛʥʘʣ ʟʘ ʦʧʝʨʘʮʠʷ ʠʟʚʘʞʜʘʥʝ. ʊʘʟʠ ʩʭʝʤʘ ʝ ʠʟʧʦʣʟʚʘʥʘ ʢʘʪʦ ʝʪʘʣʦʥ ʟʘ ʩʠʥʪʝʟʘ 
ʥʘ ʩʭʝʤʠʪʝ ʟʘ ʘʨʠʪʤʝʪʠʯʥʦ ʩʲʙʠʨʘʥʝ ʠ ʠʟʚʘʞʜʘʥʝ ʚ ʫʯʝʙʥʠʷ ʢʘʣʢʫʣʘʪʦʨ.  

 

 

ʌʠʛʫʨʘ 2. ʉʭʝʤʘ ʥʘ 4-ʨʘʟʨʷʜʝʥ ʧʨʦʛʨʘʤʠʨʫʝʤ ʩʫʤʘʪʦʨ/ʩʫʙʪʨʘʢʪʦʨ,  
ʨʘʙʦʪʝʱ ʚ ʜʦʧʲʣʥʠʪʝʣʝʥ ʢʦʜ.  
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ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ ʥʷʢʦʣʢʦ ʩʭʝʤʠ, ʩʠʤʫʣʠʨʘʱʠ ʩʲʙʠʨʘʥʝ ʠ ʠʟʚʘʞʜʘʥʝ ʥʘ ʜʚʫ-, ʪʨʠ- ʠ ʯʝʪʠʨʠ 
ʨʘʟʨʷʜʥʠ ʜʚʦʠʯʥʠ ʦʧʝʨʘʥʜʠ (ʬʠʛ. 3 ï 8), ʟʘ ʜʘ ʤʦʛʘʪ ʩʪʫʜʝʥʪʠʪʝ ʜʘ ʧʨʦʩʣʝʜʷʪ ʠʟʚʲʨʰʚʘʥʝʪʦ ʥʘ 
ʪʝʟʠ ʦʧʝʨʘʮʠʠ ʧʲʨʚʦ ʦʪ ʧʦ-ʧʨʦʩʪʠʪʝ, ʘ ʩʣʝʜ ʪʦʚʘ ʜʘ ʧʨʝʤʠʥʘʪ ʢʲʤ ʧʦ-ʩʣʦʞʥʠʪʝ ʩʭʝʤʠ ʠ ʪʘʢʘ 
ʧʦʩʪʝʧʝʥʥʦ ʜʘ ʥʘʜʛʨʘʞʜʘʪ ʟʥʘʥʠʷʪʘ ʩʠ. ʇʦ ʩʲʱʘʪʘ ʧʨʠʯʠʥʘ ʝ ʠʟʙʨʘʥʦ ʜʘ ʙʲʜʘʪ ʩʠʥʪʝʟʠʨʘʥʠ 
ʦʪʜʝʣʥʦ ʩʭʝʤʠ ʟʘ ʩʲʙʠʨʘʥʝ ʠ ʪʘʢʠʚʘ ʟʘ ʠʟʚʘʞʜʘʥʝ ʥʘ ʜʚʦʠʯʥʠ ʯʠʩʣʘ ʚ ʜʦʧʲʣʥʠʝʣʝʥ ʢʦʜ. 

 

 

ʌʠʛʫʨʘ 3. ʆʧʝʨʘʮʠʷ Ăʉʲʙʠʨʘʥʝñ ʩ ʜʚʫʨʘʟʨʷʜʥʠ ʜʚʦʠʯʥʠ ʯʠʩʣʘ 

 

 

ʌʠʛʫʨʘ 4. ʆʧʝʨʘʮʠʷ Ăʉʲʙʠʨʘʥʝñ ʩ ʪʨʠʨʘʟʨʷʜʥʠ ʜʚʦʠʯʥʠ ʯʠʩʣʘ 

 

ɺ ʩʭʝʤʠʪʝ ʟʘ ʦʧʝʨʘʮʠʷ Ăʩʲʙʠʨʘʥʝñ ʚʭʦʜʥʠʷʪ ʧʨʝʥʦʩ ʠʛʨʘʝ ʨʦʣʷʪʘ ʥʘ ʢʦʜ ʥʘ ʦʧʝʨʘʮʠʷʪʘ ʠ 
ʝ ʩ ʬʠʢʩʠʨʘʥʘ ʩʪʦʡʥʦʩʪ Ă0ñ, ʘ ʠʟʭʦʜʥʠʷʪ ʧʨʝʥʦʩ ʬʦʨʤʠʨʘ ʥʘʡ-ʩʪʘʨʰʠʷʪ ʨʘʟʨʷʜ ʥʘ ʨʝʟʫʣʪʘʪʘ. 
ʇʨʠ ʩʭʝʤʠʪʝ ʟʘ ʦʧʝʨʘʮʠʷ Ăʠʟʚʘʞʜʘʥʝñ ʚʭʦʜʥʠʷʪ ʧʨʝʥʦʩ ʩʲʱʦ ʠʛʨʘʝ ʨʦʣʷʪʘ ʥʘ ʢʦʜ ʥʘ 
ʦʧʝʨʘʮʠʷʪʘ ʠ ʝ ʩ ʬʠʢʩʠʨʘʥʘ ʩʪʦʡʥʦʩʪ Ă1ñ, ʘ ʩʠʛʥʘʣʲʪ, ʬʦʨʤʠʨʘʱ ʩʝ ʢʘʪʦ ʠʟʭʦʜʝʥ ʟʘʝʤ, ʩʣʫʞʠ 
ʟʘ ʠʥʜʠʢʘʪʦʨ ʥʘ ʦʪʨʠʮʘʪʝʣʝʥ ʨʝʟʫʣʪʘʪ. ʅʘ ʬʠʛ. 7 ʠ 8 ʩʝ ʚʠʞʜʘ ʘʢʪʠʚʥʦʪʦ ʤʫ ʩʲʩʪʦʷʥʠʝ. 

ʂʘʪʦ ʬʦʨʤʘ ʥʘ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʟʘʜʘʥʠʝ, ʥʘ ʩʪʫʜʝʥʪʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʜʘʜʝ ʟʘʜʘʯʘ ʜʘ 
ʩʠʥʪʝʟʠʨʘʪ ʩʭʝʤʘ, ʢʦʷʪʦ ʜʘ ʠʟʚʲʨʰʚʘ ʠ ʜʚʝʪʝ ʦʧʝʨʘʮʠʠ ï ʯʨʝʟ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʨʦʤʷʥʘ ʢʘ ʢʦʜʘ 

ʥʘ ʦʧʝʨʘʮʠʷʪʘ ʠ ʩʚʲʨʟʚʘʥʝ ʥʘ ʠʟʭʦʜʠʪʝ ʪʘʢʘ, ʯʝ ʜʘ ʤʦʛʘʪ ʜʘ ʠʟʚʝʞʜʘʪ ʢʘʢʪʦ ʩʙʦʨʘ, ʪʘʢʘ ʠ 
ʨʘʟʣʠʢʘʪʘ ʥʘ ʜʚʦʠʯʥʠʪʝ ʦʧʝʨʘʥʜʠ ʩʲʩ ʩʲʦʪʚʝʪʥʠʪʝ ʠʤ ʟʥʘʮʠ. 
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ʌʠʛʫʨʘ 5. ʆʧʝʨʘʮʠʷ Ăʉʲʙʠʨʘʥʝñ ʩ ʯʝʪʠʨʠʨʘʟʨʷʜʥʠ ʜʚʦʠʯʥʠ ʯʠʩʣʘ 

  

 

ʌʠʛʫʨʘ 6. ʆʧʝʨʘʮʠʷ Ăʀʟʚʘʞʜʘʥʝñ ʩ ʜʚʫʨʘʟʨʷʜʥʠ ʜʚʦʠʯʥʠ ʯʠʩʣʘ 

 

ʆʧʝʨʘʮʠʷ ʫʤʥʦʞʝʥʠʝ 

ʉʪʫʜʝʥʪʠʪʝ ʦʪ ʩʧʝʮʠʘʣʥʦʩʪ ʂʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʟʫʯʘʚʘʪ ʨʘʟʣʠʯʥʠ 
ʤʝʪʦʜʠ ʟʘ ʜʚʦʠʯʥʦ ʫʤʥʦʞʝʥʠʝ, ʠʜʝʥʪʠʯʥʠ ʠʣʠ ʙʣʠʟʢʠ ʜʦ ʦʧʠʩʘʥʠʪʝ ʚ (Holdsworth, B., R.C. 

Woods, 2003) ï ʜʚʘ ʦʪ Ăʜʲʣʛʠʪʝñ ʤʝʪʦʜʠ ʩ ʮʠʢʣʠʯʥʦ ʠʟʤʝʩʪʚʘʥʝ ʠ ʩʲʙʠʨʘʥʝ, ʪʝʭʥʠ 
ʤʦʜʠʬʠʢʘʮʠʠ ʟʘ ʫʩʢʦʨʝʥʦ ʫʤʥʦʞʝʥʠʝ, ʫʤʥʦʞʝʥʠʝ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʪʘʙʣʠʯʥʘ ROM ʧʘʤʝʪ, 
ʩʲʜʲʨʞʘʱʘ ʛʦʪʦʚʠ ʜʚʦʠʯʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʢʘʢʪʦ ʠ ʝʜʠʥ ʦʪ ʧʦʟʥʘʪʠʪʝ Ăʙʲʨʟʠñ ʤʝʪʦʜʠ, 
ʨʝʘʣʠʟʠʨʘʥ ʠʟʮʷʣʦ ʩ ʢʦʤʙʠʥʘʮʠʦʥʥʘ ʣʦʛʠʢʘ, ʘ ʠʤʝʥʥʦ ï ʫʤʥʦʞʠʪʝʣʷʪ ʥʘ ɹʨʘʫʥ. ʉʠʤʫʣʘʪʦʨʠʪʝ 
ʦʪ ʚʠʨʪʫʘʣʥʘʪʘ ʣʘʙʦʨʘʪʦʨʠʷ ʧʦ ʆʨʛʘʥʠʟʘʮʠʷ ʥʘ ʢʦʤʧʶʪʲʨʘ ʦʥʘʛʣʝʜʷʚʘʪ ʮʠʢʣʠʯʥʠʪʝ ʤʝʪʦʜʠ ʟʘ 
ʫʤʥʦʞʝʥʠʝ ʠ ʪʝʭʥʠʪʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʥʦ ʩʠʤʫʣʘʪʦʨ ʥʘ ʢʦʤʙʠʥʘʮʠʦʥʝʥ ʫʤʥʦʞʠʪʝʣ ʚʩʝ ʦʱʝ ʥʝ ʝ 
ʨʘʟʨʘʙʦʪʝʥ. 
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ʌʠʛʫʨʘ 7. ʆʧʝʨʘʮʠʷ Ăʀʟʚʘʞʜʘʥʝñ ʩ ʪʨʠʨʘʟʨʷʜʥʠ ʜʚʦʠʯʥʠ ʯʠʩʣʘ 

 

 

ʌʠʛʫʨʘ 8. ʆʧʝʨʘʮʠʷ Ăʀʟʚʘʞʜʘʥʝñ ʩ ʜʚʫʨʘʟʨʷʜʥʠ ʜʚʦʠʯʥʠ ʯʠʩʣʘ 

 

 ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʚ ʫʯʝʙʥʠʷ ʢʘʣʢʫʣʘʪʦʨ ʦʧʝʨʘʮʠʷʪʘ ʫʤʥʦʞʝʥʠʝ ʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʚʲʟ 
ʦʩʥʦʚʘ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʫʤʥʦʞʠʪʝʣ ʦʪ ʪʦʟʠ ʪʠʧ, ʢʘʪʦ ʟʘ ʝʪʘʣʦʥ  ʝ ʠʟʧʦʣʟʚʘʥʘ ʧʨʝʜʣʦʞʝʥʘʪʘ ʚ 
(LaMeres, B. J., 2017) ʩʭʝʤʘ ʥʘ ʢʦʤʙʠʥʘʮʠʦʥʝʥ ʫʤʥʦʞʠʪʝʣ ʥʘ ʯʝʪʠʨʠʨʘʟʨʷʜʥʠ ʜʚʦʠʯʥʠ ʯʠʩʣʘ 
ʙʝʟ ʟʥʘʢ (ʬʠʛ. 10). ʅʘʡ-ʬʫʥʜʘʤʝʥʪʘʣʥʘʪʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʮʠʢʣʠʯʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʫʤʥʦʞʝʥʠʝ ʠ 
ʢʦʤʙʠʥʘʮʠʦʥʥʠʷ ʫʤʥʦʞʠʪʝʣ ʝ, ʯʝ ʧʨʠ ʮʠʢʣʠʯʥʠʪʝ ʤʝʪʦʜʠ ʩʫʤʘʪʘ ʥʘ ʯʘʩʪʠʯʥʠʪʝ ʧʨʦʠʟʚʝʜʝʥʠʷ 
ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʲʭʨʘʥʷʚʘ ʠ ʘʢʪʫʘʣʠʟʠʨʘ ʧʦ ʚʨʝʤʝ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʦʧʝʨʘʮʠʷʪʘ, ʜʦʢʘʪʦ ʧʨʠ 
ʢʦʤʙʠʥʘʮʠʦʥʥʠʷ ʫʤʥʦʞʠʪʝʣ ʩʝ ʬʦʨʤʠʨʘʪ ʧʦʨʘʟʨʷʜʥʠ ʯʘʩʪʠʯʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ɸiBj (ʬʠʛ. 9), 
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ʢʦʠʪʦ ʩʝ ʧʦʜʘʚʘʪ ʢʲʤ ʩʠʩʪʝʤʘ ʦʪ ʢʘʩʢʘʜʥʦ ʩʚʲʨʟʘʥʠ ʩʫʤʘʪʦʨʠ, ʥʘ ʯʠʠʪʦ ʠʟʭʦʜʠ ʩʝ ʧʦʣʫʯʘʚʘ 
ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ ʥʘ ʜʚʘʪʘ ʦʧʝʨʘʥʜʘ ɸ ʠ ɺ. ʊʘʟʠ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʢʦʤʙʠʥʘʮʠʦʥʝʥ ʫʤʥʦʞʠʪʝʣ ʠʤʘ 
ʝʜʠʥ ʥʝʜʦʩʪʘʪʲʢ ï ʟʘʢʲʩʥʝʥʠʝʪʦ, ʢʦʝʪʦ ʩʝ ʧʦʨʘʞʜʘ ʦʪ ʢʘʩʢʘʜʥʦ ʩʚʲʨʟʘʥʠʪʝ ʩʫʤʘʪʦʨʠ, ʥʦ ʟʘ 
ʩʤʝʪʢʘ ʥʘ ʪʦʚʘ ʝ ʩʨʘʚʥʠʪʝʣʥʦ ʥʘʛʣʝʜʥʘ ʠ ʨʘʟʙʠʨʘʝʤʘ ʟʘ ʠʟʫʯʘʚʘʥʝ ʦʪ ʩʪʫʜʝʥʪʠʪʝ. 

  

 

ʌʠʛʫʨʘ 9. ʂʦʤʙʠʥʘʮʠʦʥʝʥ ʫʤʥʦʞʠʪʝʣ ʥʘ ʜʚʦʠʯʥʠ ʯʠʩʣʘ ʩ ʜʷʩʥʦ ʬʠʢʩʠʨʘʥʘ ʟʘʧʝʪʘʷ 

 

ʀ ʪʫʢ, ʢʘʢʪʦ ʧʨʠ ʦʧʝʨʘʮʠʠʪʝ ʩʲʙʠʨʘʥʝ ʠ ʠʟʚʘʞʜʘʥʝ, ʝ ʩʠʥʪʝʟʠʨʘʥʘ ʧʲʨʚʦ ʩʭʝʤʘ ʥʘ 
ʜʚʫʨʘʟʨʷʜʝʥ ʢʦʤʙʠʥʘʮʠʦʥʝʥ ʫʤʥʦʞʠʪʝʣ (ʬʠʛ. 10), ʩʣʝʜ ʢʦʝʪʦ ʩʝ ʧʨʝʤʠʥʘʚʘ ʢʲʤ ʩʭʝʤʠ ʩ ʪʨʠ- 

ʠ ʯʝʪʠʨʠʨʘʟʨʷʜʥʠ ʦʧʝʨʘʥʜʠ (ʬʠʛ. 11, 12). ʉʭʝʤʠʪʝ ʜʝʤʦʥʩʪʨʠʨʘʪ ʫʤʥʦʞʝʥʠʝ ʥʘ ʯʠʩʣʘ ʩ ʜʷʩʥʦ 
ʬʠʢʩʠʨʘʥʘ ʟʘʧʝʪʘʷ ʙʝʟ ʟʥʘʢ. ʉʫʤʘʪʦʨʠʪʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʥʠʚʦ ʙʘʟʦʚ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪ, ʟʘ 
ʜʘ ʩʝ ʜʦʙʠʝ ʷʩʥʘ ʧʨʝʜʩʪʘʚʘ ʢʘʢ ʩʝ ʨʝʘʣʠʟʠʨʘ ʪʘʟʠ ʦʧʝʨʘʮʠʷ ʦʪ ʥʘʡ-ʤʘʣʢʠʪʝ ʛʨʘʜʠʚʥʠ ʝʣʝʤʝʥʪʠ 
ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʧʨʦʮʝʩʦʨʘ. 

 

 

ʌʠʛʫʨʘ 10. ʆʧʝʨʘʮʠʷ Ăʋʤʥʦʞʝʥʠʝñ ʩ ʜʚʫʨʘʟʨʷʜʥʠ ʜʚʦʠʯʥʠ ʯʠʩʣʘ  

 

ʈʘʟʙʠʨʘʝʤʦ ʝ ʨʝʰʝʥʠʝʪʦ ʤʘʢʩʠʤʘʣʥʠʷʪ ʙʨʦʡ ʥʘ ʨʘʟʨʷʜʠʪʝ ʥʘ ʦʧʝʨʘʥʜʠʪʝ ʜʘ ʙʲʜʝ 4, ʘ ʪʦ 
ʝ ʧʨʦʜʠʢʪʫʚʘʥʦ ʦʪ ʦʙʩʪʦʷʪʝʣʩʪʚʦʪʦ, ʯʝ ʧʨʠ ʧʦ-ʛʦʣʷʤʘ ʨʘʟʨʷʜʥʦʩʪ ʥʘ ʧʦʩʣʝʜʥʠʪʝ, ʩʭʝʤʠʪʝ ʱʝ 
ʩʪʘʥʘʪ ʪʚʲʨʜʝ ʩʣʦʞʥʠ ʟʘ ʧʨʦʩʣʝʜʷʚʘʥʝ ʠ ʘʥʘʣʠʟ. 
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ʌʠʛʫʨʘ 11. ʆʧʝʨʘʮʠʷ Ăʋʤʥʦʞʝʥʠʝñ ʩ ʪʨʠʨʘʟʨʷʜʥʠ ʜʚʦʠʯʥʠ ʯʠʩʣʘ  

 

 

ʌʠʛʫʨʘ 12. ʆʧʝʨʘʮʠʷ Ăʋʤʥʦʞʝʥʠʝñ ʩ ʪʨʠʨʘʟʨʷʜʥʠ ʜʚʦʠʯʥʠ ʯʠʩʣʘ 

 

ʆʧʝʨʘʮʠʷ ʜʝʣʝʥʠʝ  
ʄʘʰʠʥʥʦʪʦ ʜʝʣʝʥʠʝ ʝ ʦʧʝʨʘʮʠʷ, ʢʦʷʪʦ, ʧʦʜʦʙʥʦ ʥʘ ʫʤʥʦʞʝʥʠʝʪʦ, ʩʲʱʦ ʤʦʞʝ ʜʘ ʩʝ 

ʨʝʘʣʠʟʠʨʘ ʧʦ ʥʷʢʦʣʢʦ ʤʝʪʦʜʘ ï ʮʠʢʣʠʯʥʦ ʜʝʣʝʥʠʝ ʩ ʠʟʚʘʞʜʘʥʝ ʠ ʠʟʤʝʩʪʚʘʥʝ (ʢʘʪʦ ʠʟʚʘʞʜʘʥʝʪʦ, 
ʨʘʟʙʠʨʘ ʩʝ, ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʩʲʙʠʨʘʥʝ ʥʘ ʜʚʦʠʯʥʠ ʢʦʜʦʚʝ),  ʫʩʢʦʨʝʥʠ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ 
ʮʠʢʣʠʯʥʦʪʦ ʜʝʣʝʥʠʝ ʠ ʜʝʣʝʥʠʝ, ʨʝʘʣʠʟʠʨʘʥʦ ʠʟʮʷʣʦ ʩ ʢʦʤʙʠʥʘʮʠʦʥʥʘ ʣʦʛʠʢʘ. ʂʘʪʦ ʥʝʜʦʩʪʘʪʲʢ 
ʥʘ ʫʯʝʙʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʚ ʢʫʨʩʘ ʧʦ ʆʨʛʘʥʠʟʘʮʠʷ ʥʘ ʢʦʤʧʶʪʲʨʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʦʯʠ, ʯʝ ʥʝ ʩʝ 
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ʨʘʟʛʣʝʞʜʘ ʨʘʙʦʪʘʪʘ ʥʘ ʢʦʤʙʠʥʘʮʠʦʥʝʥ ʜʝʣʠʪʝʣ, ʥʷʤʘ ʠ ʨʘʟʨʘʙʦʪʝʥ ʩʠʤʫʣʘʪʦʨ ʥʘ ʪʘʢʲʚ ʚʲʚ 
ʚʠʨʪʫʘʣʥʘʪʘ ʣʘʙʦʨʘʪʦʨʠʷ ʥʘ ʢʫʨʩʘ. ʂʘʢʪʦ ʠ ʧʨʠ ʦʧʝʨʘʮʠʷʪʘ Ăʫʤʥʦʞʝʥʠʝñ, ʪʦʚʘ ʦʙʩʪʦʷʪʝʣʩʪʚʦ 
ʜʠʢʪʫʚʘ ʠʟʙʦʨʘ ʥʘ ʝʪʘʣʦʥʥʘ ʩʭʝʤʘ, ʧʦ ʢʦʷʪʦ ʜʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʦʧʝʨʘʮʠʷʪʘ Ăʜʝʣʝʥʠʝñ ʚ 
ʢʘʣʢʫʣʘʪʦʨʘ.  

ʇʨʠ ʮʠʢʣʠʯʥʠʪʝ ʤʝʪʦʜʠ ʟʘ ʜʝʣʝʥʠʝ ʝ ʥʘʣʠʮʝ ʥʝʦʙʭʦʜʠʤʦʩʪʘ ʜʘ ʩʝ ʩʲʭʨʘʥʷʚʘ  ʩʪʦʡʥʦʩʪʪʘ 
ʥʘ ʪʝʢʫʱʠʷ ʦʩʪʘʪʲʢ, ʧʦʣʫʯʝʥ ʩʣʝʜ ʧʦʨʝʜʥʦʪʦ ʠʟʚʘʞʜʘʥʝ ʥʘ ʜʝʣʠʪʝʣʷ, ʢʘʪʦ ʦʪ ʟʥʘʢʘ ʥʘ ʪʦʟʠ 
ʦʩʪʘʪʲʢ ʩʝ ʦʧʨʝʜʝʣʷ ʠ ʧʦʨʝʜʥʘʪʘ ʮʠʬʨʘ ʥʘ ʯʘʩʪʥʦʪʦ. ʂʦʤʙʠʥʘʮʠʦʥʥʠʷʪ ʜʝʣʠʪʝʣ, ʜʠʩʢʫʪʠʨʘʥ ʚ 
(LaMeres, B. J., 2017) ʨʝʘʣʠʟʠʨʘ ʧʦʜʭʦʜʘ ʩ ʠʪʝʨʘʪʠʚʥʦʪʦ ʠʟʚʘʞʜʘʥʝ ʥʘ ʜʝʣʠʪʝʣʷ, ʥʦ ʠʟʮʷʣʦ ʧʦ 
ʢʦʤʙʠʥʘʮʠʦʥʝʥ ʧʲʪ ʯʨʝʟ ʩʠʩʪʝʤʘ ʦʪ ʢʘʩʢʘʜʥʦ ʩʚʲʨʟʘʥʠ ʝʜʥʦʨʘʟʨʷʜʥʠ ʩʫʙʪʨʘʢʪʦʨʠ (ʥʘ 
ʧʨʘʢʪʠʢʘ ʩʫʤʘʪʦʨʠ, ʨʝʘʣʠʟʠʨʘʱʠ ʦʧʝʨʘʮʠʷ ʠʟʚʘʞʜʘʥʝ) ʠ ʤʫʣʪʠʧʣʝʢʩʦʨʠ. ʈʘʟʨʷʜʠʪʝ ʥʘ 
ʜʝʣʠʪʝʣʷ ʩʝ ʧʦʜʘʚʘʪ ʢʲʤ ʚʩʷʢʦ ʩʪʲʧʘʣʦ ʥʘ ʢʘʩʢʘʜʥʦ ʩʚʲʨʟʘʥʠʪʝ ʩʫʙʪʨʘʢʪʦʨʠ, ʘ 
ʤʫʣʪʠʧʣʝʢʩʦʨʠʪʝ ʦʧʨʝʜʝʣʷʪ ʢʦʠ ʨʘʟʨʷʜʠ ʦʪ ʜʝʣʠʤʦʪʦ ʱʝ ʫʯʘʩʪʚʘʪ ʧʨʠ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ 
ʨʘʟʣʠʢʠʪʝ.  ɸʢʦ ʩʠʛʥʘʣʲʪ ʟʘ ʟʘʝʤ ʦʪ ʜʘʜʝʥʦ ʩʪʲʧʘʣʦ ʝ ʩʲʩ ʩʪʦʡʥʦʩʪ Ă0ñ, ʪʦ ʪʝʢʫʱʠʷʪ ʦʩʪʘʪʲʢ ʝ 
ʧʦʣʦʞʠʪʝʣʝʥ ʠ ʩʲʦʪʚʝʪʥʘʪʘ ʮʠʬʨʘ ʥʘ ʯʘʩʪʥʦʪʦ ʝ Ă1ñ, ʢʦʝʪʦ ʩʝ ʧʦʩʪʠʛʘ ʩ ʠʥʚʝʨʪʦʨʠ, ʩʚʲʨʟʘʥʠ 
ʢʲʤ ʚʩʝʢʠ ʠʟʭʦʜ Qi, ʬʦʨʤʠʨʘʱ ʯʘʩʪʥʦʪʦ Q. ʀʟʭʦʜʥʠʷʪ ʟʘʝʤ ʦʪ ʧʲʨʚʦʪʦ ʩʪʲʧʘʣʦ ʩʝ ʧʦʜʘʚʘ ʢʲʤ 
ʩʠʩʪʝʤʘ ʦʪ ʤʫʣʪʠʧʣʝʢʩʦʨʠ, ʟʘ ʜʘ ʩʝ ʧʨʦʧʫʩʥʘʪ ʧʦʣʫʯʝʥʠʪʝ ʨʘʟʣʠʢʠ ʢʲʤ ʩʣʝʜʚʘʱʦʪʦ ʩʪʲʧʘʣʦ, 
ʢʘʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʩʣʦʚʠʝ ʪʦʚʘ ʜʘ ʩʝ ʩʣʫʯʠ ʝ ʪʦʟʠ ʟʘʝʤ ʜʘ ʝ ʩʲʩ ʩʪʦʡʥʦʩʪ Ă0ñ. ɺ ʧʨʦʪʠʚʝʥ ʩʣʫʯʘʡ 
ʨʘʟʣʠʢʘʪʘ ʝ ʙʠʣʘ ʦʪʨʠʮʘʪʝʣʥʘ, ʜʝʣʠʪʝʣʷʪ ʥʝ ʩʝ ʩʲʜʲʨʞʘ ʚ ʢʦʥʢʨʝʪʥʠʷ ʩʝʛʤʝʥʪ ʦʪ ʜʝʣʠʤʦʪʦ ʠ 
ʢʲʤ ʜʦʣʥʦʪʦ ʩʪʲʧʘʣʦ ʩʝ ʧʨʝʭʚʲʨʣʷʪ ʨʘʟʨʷʜʠʪʝ ʥʘ ʜʝʣʠʤʦʪʦ, ʫʯʘʩʪʚʘʣʠ ʚ ʛʦʨʥʦʪʦ ʩʪʲʧʘʣʦ ʙʝʟ 
ʥʘʡ-ʩʪʘʨʰʠʷ, ʢʘʪʦ ʩʝ ʧʦʜʘʚʘ ʧʦʨʝʜʥʠʷʪ ʨʘʟʨʷʜ ʥʘ ʜʝʣʠʤʦʪʦ ʢʲʤ ʥʘʡ-ʤʣʘʜʰʠʷ ʩʫʙʪʨʘʢʪʦʨ. ʊʘʟʠ 
ʩʠʩʪʝʤʘ ʠʥʪʝʨʧʨʝʪʠʨʘ ʠʟʤʝʩʪʚʘʥʝʪʦ ʥʘʣʷʚʦ ʥʘ ʦʩʪʘʪʲʮʠʪʝ ʧʨʠ ʮʠʢʣʠʯʥʦʪʦ ʜʝʣʝʥʠʝ.  

ʅʘ ʬʠʛ. 14 ʝ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘʪʘ, ʨʝʘʣʠʟʠʨʘʱʘ ʦʧʝʨʘʮʠʷ Ăʜʝʣʝʥʠʝñ ʚ ʢʘʣʢʫʣʘʪʦʨʘ. ʊʲʡ ʢʘʪʦ 
ʩʝ ʩʯʠʪʘ, ʯʝ ʩʪʫʜʝʥʪʠʪʝ ʚʝʯʝ ʩʘ ʫʩʚʦʠʣʠ ʦʧʝʨʘʮʠʷʪʘ Ăʠʟʚʘʞʜʘʥʝñ, ʩʫʙʪʨʘʢʪʦʨʠʪʝ ʩʘ 
ʧʨʝʜʩʪʘʚʝʥʠ ʢʘʪʦ ʙʣʦʢʦʚʝ, ʘ ʩʭʝʤʘʪʘ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʜʠʨʝʢʪʥʦ ʩ 4-ʨʘʟʨʷʜʥʠ ʦʧʝʨʘʥʜʠ. 

 

 

ʌʠʛʫʨʘ 13. ʂʦʤʙʠʥʘʮʠʦʥʝʥ ʜʝʣʠʪʝʣ ʥʘ ʜʚʦʠʯʥʠ ʯʠʩʣʘ ʩ ʜʷʩʥʦ ʬʠʢʩʠʨʘʥʘ ʟʘʧʝʪʘʷ 
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ʌʠʛʫʨʘ 14. ʆʧʝʨʘʮʠʷ Ăɼʝʣʝʥʠʝñ ʩ ʯʝʪʠʨʠʨʘʟʨʷʜʥʠ ʜʚʦʠʯʥʠ ʯʠʩʣʘ 

 

ʀɿɺʆɼʀ 

ʇʨʝʜʩʪʘʚʝʥʠʷʪ ʫʯʝʙʝʥ ʢʘʣʢʫʣʘʪʦʨ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʚʠʜʠ ʤʝʭʘʥʠʟʤʘ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ 
ʯʝʪʠʨʠʪʝ ʦʩʥʦʚʥʠ ʘʨʠʪʤʝʪʠʯʝʩʢʠ ʦʧʝʨʘʮʠʠ ʥʘ ʥʠʚʦ ʙʘʟʦʚ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪ.  

ɿʘ ʜʘ ʙʲʜʝ ʢʘʣʢʫʣʘʪʦʨʲʪ ʧʦʣʝʟʝʥ ʚ ʤʘʩʠʤʘʣʥʘ ʩʪʝʧʝʥ, ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʩʭʝʤʠ ʟʘ ʦʙʨʘʙʦʪʢʘ 
ʥʘ 2, 3 ʠ 4-ʨʘʟʨʷʜʥʠ ʯʠʩʣʘ, ʢʘʪʦ ʪʘʟʠ ʩʪʨʘʪʝʛʠʷ ʝ ʠʟʙʨʘʥʘ ʩ ʮʝʣ ʜʘ ʩʝ ʧʦʣʫʯʠ ʝʜʥʦ ʝʩʪʝʩʪʚʝʥʦ 
ʥʘʜʛʨʘʞʜʘʥʝ ï ʢʘʪʦ ʩʝ ʟʘʧʦʯʥʝ ʦʪ ʧʦ-ʝʣʝʤʝʥʪʘʨʥʠ ʩʭʝʤʠ ʠ ʧʦʩʪʝʧʝʥʥʦ ʩʝ ʧʨʝʤʠʥʝ ʢʲʤ ʧʦ-

ʩʣʦʞʥʠʪʝ. ʄʘʢʩʠʤʘʣʥʠʷʪ ʙʨʦʡ ʨʘʟʨʷʜʠ ʝ 4 ʧʦʨʘʜʠ ʦʙʩʪʦʷʪʝʣʩʪʚʦʪʦ, ʯʝ ʧʨʠ ʧʦ-ʛʦʣʷʤʘ 
ʨʘʟʨʷʜʥʦʩʪ ʚʨʲʟʢʠʪʝ ʤʝʞʜʫ ʝʣʝʤʝʥʪʠʪʝ ʩʪʘʚʘʪ ʧʦʚʝʯʝ ʠ ʤʥʦʛʦ ʪʨʫʜʥʦ ʩʝ ʧʨʦʩʣʝʜʷʚʘʪ.  

ɺ ʩʭʝʤʠʪʝ ʥʘ ʦʧʝʨʘʮʠʦʥʥʠʪʝ ʙʣʦʢʦʚʝ ʟʘ ʘʨʠʪʤʝʪʠʯʥʠ ʦʧʝʨʘʮʠʠ, ʨʘʟʛʣʝʞʜʘʥʠ ʚ 
ʜʠʩʮʠʧʣʠʥʘʪʘ "ʆʨʛʘʥʠʟʘʮʠʷ ʥʘ ʢʦʤʧʶʪʲʨʘ" ʙʘʟʦʚʠʪʝ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪʠ ʩʝ ʨʘʟʛʣʝʞʜʘʪ ʢʘʪʦ 
ʯʘʩʪ ʦʪ ʫʧʨʘʚʣʷʚʘʱʘʪʘ ʯʘʩʪ ʥʘ ʩʲʦʪʚʝʪʥʠʷ ʘʨʠʪʤʝʪʠʯʝʥ ʙʣʦʢ. ʉ ʧʦʤʦʱʪʘ ʥʘ ʪʘʟʠ ʨʘʟʨʘʙʦʪʢʘ 
ʩʪʫʜʝʥʪʠʪʝ ʱʝ ʤʦʛʘʪ ʜʘ ʚʠʜʷʪ ʢʘʢ ʪʝʟʠ ʝʣʝʤʝʥʪʠ ʫʯʘʩʪʚʘʪ ʠ ʚ ʦʧʝʨʘʮʠʦʥʥʘʪʘ ʯʘʩʪ ʥʘ ʙʣʦʢʘ.  

ʈʘʟʨʘʙʦʪʢʘʪʘ ʱʝ ʙʲʜʝ ʧʦʣʝʟʥʘ ʥʘ ʩʪʫʜʝʥʪʠʪʝ ʥʝ ʩʘʤʦ ʧʨʠ ʠʟʫʯʘʚʘʥʝʪʦ ʥʘ "ʎʠʬʨʦʚʘ 
ʉʭʝʤʦʪʝʭʥʠʢʘ" ʠ "ʆʨʛʘʥʠʟʘʮʠʷ ʥʘ ʢʦʤʧʶʪʲʨʘ", ʥʦ ʠ ʥʘ "ʊʝʭʥʦʣʦʛʠʷ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝʪʦ" - ʪʨʠ 
ʧʘʨʘʣʝʣʥʦ ʧʨʝʧʦʜʘʚʘʥʠ ʜʠʩʮʠʧʣʠʥʠ ʦʪ ʫʯʝʙʥʠʷ ʧʣʘʥ ʥʘ ʩʧʝʮʠʘʣʥʦʩʪ "ʂʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ ʠ 
ʪʝʭʥʦʣʦʛʠʠ", ʢʦʝʪʦ ʟʘʩʠʣʚʘ ʧʨʠʝʤʩʪʚʝʥʦʩʪʪʘ ʤʝʞʜʫ ʪʷʭ. 

 

ɹʃɸɻʆɼɸʈʅʆʉʊʀ 

ɼʦʢʣʘʜʲʪ ʦʪʨʘʟʷʚʘ ʨʝʟʫʣʪʘʪʠ ʦʪ ʨʘʙʦʪʘʪʘ ʧʦ ʧʨʦʝʢʪ 21-ʌEEA-01 Ăʀʥʪʝʣʠʛʝʥʪʥʠ 
ʢʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ: ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʪʷʭʥʦʪʦ ʨʘʟʚʠʪʠʝ, ʧʨʠʣʦʞʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝñ, 
ʬʠʥʘʥʩʠʨʘʥ ʦʪ ʬʦʥʜ Ăʅʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷñ ʥʘ ʈʫʩʝʥʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ Ăɸʥʛʝʣ ʂʲʥʯʝʚñ.. 
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Abstract: This paper examines the applications of modern mobile robots. An overview of the different types of 

robots according to their type of movement is presented. Attention is paid to the way the robots perceive the input data 

from the outside world through their sensoring systems and how the autonomous decisions can be made on the basis of 

this input data. The paper presents also how the robots can calculate their trajectory in space and provides information 

on a method for training of a mobile robot to recognize objects, as well as a way to program the robot to perform certain 

actions, according to the recognized object. 

Keywords: Robots, ROS, Artificial intelligence, Computer vision 

 

ɺʒɺɽɼɽʅʀɽ 

ʈʦʙʦʪʠʪʝ ʩʘ ʤʘʰʠʥʠ ʩ ʘʚʪʦʤʘʪʠʯʥʦ ʫʧʨʘʚʣʝʥʠʝ, ʢʦʠʪʦ ʘʚʪʦʥʦʤʥʦ ʠʟʧʲʣʥʷʚʘʪ ʦʧʨʝʜʝʣʝʥʠ 
ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʝʣʝʢʪʨʦʥʝʥ ʭʘʨʜʫʝʨ ʠ ʧʨʦʛʨʘʤʠʨʘʥʠ ʠʥʩʪʨʫʢʮʠʠ. ʊʦʚʘ, ʢʦʝʪʦ ʨʘʟʣʠʯʘʚʘ 
ʩʲʚʨʝʤʝʥʥʘʪʘ ʢʦʥʮʝʧʮʠʷ ʟʘ ʨʦʙʦʪʠʢʘ, ʦʪ ʪʦʚʘ ʢʦʝʪʦ ʩʝ ʝ ʨʘʟʙʠʨʘʣʦ ʚ ʤʠʥʘʣʦʪʦ ʝ ʚʲʟʤʦʞʥʦʩʪʪʘ 
ʩʲʚʨʝʤʝʥʥʠʪʝ ʨʦʙʦʪʠ ʩʘʤʠ ʜʘ ʚʟʝʤʘʪ ʨʝʰʝʥʠʷ ʯʨʝʟ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ, ʘ ʜʘ ʥʝ ʩʣʝʜʚʘʪ 

                                                 
14 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʚ ʩʝʢʮʠʷ ʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʠ ʢʦʤʧʶʪʲʨʥʘ 
ʪʝʭʥʠʢʘ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ: ʀɿʉʃɽɼɺɸʅɽ ʅɸ ɺʒɿʄʆɾʅʆʉʊʀʊɽ ɿɸ ʋʇʈɸɺʃɽʅʀɽ 
ʅɸ ʈʆɹʆʊʀɿʀʈɸʅɸ ʇʃɸʊʌʆʈʄɸ ʏʈɽɿ ʀɿʇʆʃɿɺɸʅɽ ʅɸ ʂʆʄʇʖʊʒʈʅʆ ɿʈɽʅʀɽ 
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ʦʧʨʝʜʝʣʝʥ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʟʘʜʘʜʝʥ ʘʣʛʦʨʠʪʲʤ. ʉʲʚʨʝʤʝʥʥʠʪʝ ʨʦʙʦʪʠ ʩʝ ʩʨʝʱʘʪ ʚʲʚ ʚʩʷʢʘʢʚʠ 
ʬʦʨʤʠ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʭʫʤʘʥʦʠʜʥʠ ʨʦʙʦʪʠ, ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʨʦʙʦʪʠ, ʜʦʤʘʰʥʠ ʨʦʙʦʪʠ, ʜʨʦʥʦʚʝ 
ʠ ʤʥʦʛʦ ʜʨʫʛʠ. ʄʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʘʟʣʠʯʝʥʠ ʦʪ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʨʦʙʦʪʠ ʧʦ ʚʲʟʤʦʞʥʦʩʪʪʘ ʩʠ ʜʘ 
ʩʝ ʜʚʠʞʘʪ ʘʚʪʦʥʦʤʥʦ ʠ ʩʲʱʝʚʨʝʤʝʥʥʦ ʜʘ ʩʘ ʜʦʩʪʘʪʲʯʥʦ Ăʠʥʪʝʣʠʛʝʥʪʥʠñ ʜʘ ʨʝʘʛʠʨʘʪ ʠ ʜʘ ʚʟʝʤʘʪ 
ʨʝʰʝʥʠʷ ʥʘ ʙʘʟʘ ʚʲʟʧʨʠʷʪʠʝʪʦ, ʢʦʝʪʦ ʠʤʘʪ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʈʦʙʦʪʠʪʝ ʪʨʷʙʚʘ ʜʘ ʠʤʘʪ 
ʠʟʪʦʯʥʠʢ ʥʘ ʚʭʦʜʥʠ ʜʘʥʥʠ, ʤʝʭʘʥʠʟʲʤ ʟʘ ʚʲʟʧʨʠʷʪʠʝ ʥʘ ʪʝʟʠ ʚʭʦʜʥʠ ʜʘʥʥʠ ʠ ʥʘʯʠʥ ʟʘ ʚʟʝʤʘʥʝ 
ʥʘ ʨʝʰʝʥʠʝ ʥʘ ʙʘʟʘ ʪʝʟʠ ʜʘʥʥʠ. ʅʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʫʩʝʱʘʥʝ ʠ ʘʜʘʧʪʠʨʘʥʝ ʢʲʤ ʥʝʧʦʟʥʘʪʘ ʩʨʝʜʘ 
ʠʟʠʩʢʚʘ ʤʦʱʥʘ ʩʠʩʪʝʤʘ ʟʘ ʚʲʟʧʨʠʷʪʠʝ. ɺ ʜʥʝʰʥʦ ʚʨʝʤʝ ʠʤʘ ʨʦʙʦʪʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʭʦʜʷʪ, ʜʘ 
ʪʠʯʘʪ, ʜʘ ʩʢʘʯʘʪ, ʢʘʪʦ ʠʩʪʠʥʩʢʠ ʞʠʚʠ ʩʲʱʝʩʪʚʘ. ʉʲʱʝʩʪʚʫʚʘʪ ʥʷʢʦʣʢʦ ʪʠʧʘ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ: ʩ 
ʢʦʣʝʣʘ, ʩ ʢʨʘʢʘ, ʣʝʪʷʱʠ, ʠʟʧʦʣʟʚʘʱʠ ʢʦʤʧʶʪʲʨʥʦ ʟʨʝʥʠʝ, ʠʟʧʦʣʟʚʘʱʠ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʠ 
ʪ.ʥ. ʊʝʟʠ ʨʘʟʣʠʯʥʠ ʪʠʧʦʚʝ ʨʦʙʦʪʠ ʦʙʝʜʠʥʷʚʘʪ ʟʥʘʥʠʷ ʦʪ ʨʘʟʣʠʯʥʠ ʩʬʝʨʠ, ʢʘʪʦ ʤʝʭʘʥʠʢʘ, 
ʝʣʝʢʪʨʦʥʠʢʘ ʠ ʢʦʤʧʶʪʲʨʥʠ ʥʘʫʢʠ. 

ɺ ʥʘʰʠ ʜʥʠ ʤʦʙʠʣʥʘʪʘ ʨʦʙʦʪʠʢʘ ʝ ʝʜʥʘ ʦʪ ʥʘʡ-ʙʲʨʟʦ ʨʘʟʨʘʩʪʚʘʱʠʪʝ ʩʝ ʦʙʣʘʩʪʠ ʥʘ 
ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ. ʇʦʨʘʜʠ ʩʚʦʠʪʝ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʤʦʛʘʪ ʜʘ ʟʘʤʝʥʷʪ ʭʦʨʘʪʘ 
ʚ ʤʥʦʛʦ ʦʙʣʘʩʪʠ. ʇʨʠʣʦʞʝʥʠʷʪʘ ʚʢʣʶʯʚʘʪ ʥʘʜʟʦʨ, ʧʘʪʨʫʣʠʨʘʥʝ, ʩʧʘʩʠʪʝʣʥʠ ʦʧʝʨʘʮʠʠ, 
ʨʘʟʫʟʥʘʚʘʥʝ, ʠʥʜʫʩʪʨʠʘʣʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʩʪʨʦʠʪʝʣʩʪʚʦ, ʨʘʟʚʣʝʯʝʥʠʷ, ʤʫʟʝʡʥʠ ʦʙʠʢʦʣʢʠ, 
ʤʠʩʠʠ ʚ ʝʢʩʪʨʝʤʥʠ ʫʩʣʦʚʠʷ, ʪʨʘʥʩʧʦʨʪ, ʤʝʜʠʮʠʥʩʢʠ ʛʨʠʞʠ, ʢʘʢʪʦ ʠ ʤʥʦʛʦ ʜʨʫʛʠ ʠʥʜʫʩʪʨʠʘʣʥʠ 
ʠ ʥʝʠʥʜʫʩʪʨʠʘʣʥʠ ʧʨʠʣʦʞʝʥʠʷ. ʄʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʤʦʛʘʪ ʜʘ ʩʝ ʜʚʠʞʘʪ ʘʚʪʦʥʦʤʥʦ (ʚ 
ʧʨʦʤʠʰʣʝʥʦ ʧʨʝʜʧʨʠʷʪʠʝ, ʣʘʙʦʨʘʪʦʨʠʷ ʠ ʪ.ʥ.), ʪ.ʝ. ʙʝʟ ʯʦʚʝʰʢʘ ʥʘʤʝʩʘ. ʈʦʙʦʪʲʪ ʝ ʘʚʪʦʥʦʤʝʥ, 
ʢʦʛʘʪʦ ʩʘʤʠʷʪ ʪʦʡ ʠʤʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʜʘ ʦʧʨʝʜʝʣʷ ʜʝʡʩʪʚʠʷʪʘ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ 
ʧʨʝʜʧʨʠʝʪʠ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʜʘʜʝʥʘ ʟʘʜʘʯʘ, ʢʘʪʦ ʠʟʧʦʣʟʚʘ ʩʠʩʪʝʤʘ ʟʘ ʚʲʟʧʨʠʷʪʠʝ. ʆʩʚʝʥ ʪʦʚʘ, 
ʨʦʙʦʪʲʪ ʩʝ ʥʫʞʜʘʝ ʦʪ ʧʦʟʥʘʚʘʪʝʣʝʥ ʙʣʦʢ ʠʣʠ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ, ʟʘ ʜʘ ʢʦʦʨʜʠʥʠʨʘ ʚʩʠʯʢʠ 
ʧʦʜʩʠʩʪʝʤʠ, ʦʪ ʢʦʠʪʦ ʝ ʠʟʛʨʘʜʝʥ. 

ʆʩʥʦʚʠʪʝ ʥʘ ʤʦʙʠʣʥʘʪʘ ʨʦʙʦʪʠʢʘ ʩʝ ʩʲʩʪʦʷʪ ʦʪ ʦʙʣʘʩʪʠʪʝ ʥʘ ʜʚʠʞʝʥʠʝ, ʚʲʟʧʨʠʷʪʠʝ, 
ʧʦʟʥʘʥʠʝ ʠ ʥʘʚʠʛʘʮʠʷ. ʇʨʦʙʣʝʤʠʪʝ ʩ ʜʚʠʞʝʥʠʝʪʦ ʩʝ ʨʝʰʘʚʘʪ ʯʨʝʟ ʨʘʟʙʠʨʘʥʝ ʥʘ ʤʝʭʘʥʠʟʤʘ ʠ ʩ 
ʧʨʠʣʘʛʘʥʝ ʥʘ ʧʦʜʭʦʜʠ ʦʪ ʢʠʥʝʤʘʪʠʢʘʪʘ, ʜʠʥʘʤʠʢʘʪʘ ʠ ʪʝʦʨʠʷʪʘ ʥʘ ʫʧʨʘʚʣʝʥʠʝʪʦ. 
ɺʲʟʧʨʠʝʤʘʥʝʪʦ ʚʢʣʶʯʚʘ ʘʥʘʣʠʟ ʥʘ ʚʭʦʜʥʠʪʝ ʩʠʛʥʘʣʠ ʯʨʝʟ ʢʦʤʧʶʪʲʨʥʦ ʟʨʝʥʠʝ ʠ ʩʝʥʟʦʨʥʠ 
ʪʝʭʥʦʣʦʛʠʠ. ʆʧʦʟʥʘʚʘʪʝʣʥʘʪʘ ʯʘʩʪ ʥʘ ʩʠʩʪʝʤʘʪʘ ʝ ʦʪʛʦʚʦʨʥʘ ʟʘ ʘʥʘʣʠʟʘ ʥʘ ʚʭʦʜʥʠʪʝ ʜʘʥʥʠ ʦʪ 
ʩʝʥʟʦʨʠʪʝ ʠ ʧʨʝʜʧʨʠʝʤʘʥʝʪʦ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʜʝʡʩʪʚʠʷ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʮʝʣʠʪʝ ʥʘ ʤʦʙʠʣʥʠʷ 
ʨʦʙʦʪ. ʅʘʚʠʛʘʮʠʷʪʘ ʠʟʠʩʢʚʘ ʧʦʟʥʘʚʘʥʝ ʥʘ ʘʣʛʦʨʠʪʤʠʪʝ ʟʘ ʧʣʘʥʠʨʘʥʝ, ʪʝʦʨʠʷʪʘ ʥʘ 
ʠʥʬʦʨʤʘʮʠʷʪʘ ʠ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ (Rubio, 2019).  

ʊʘʟʠ ʩʪʘʪʠʷ ʦʙʭʚʘʱʘ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʠ ʢʘʢ ʤʦʙʠʣʝʥ ʨʦʙʦʪ ʤʦʞʝ ʜʘ ʩʝ ʜʚʠʞʠ ʚ 
ʨʝʘʣʥʠʷ ʩʚʷʪ, ʟʘ ʜʘ ʠʟʧʲʣʥʠ ʮʝʣʠʪʝ ʩʠ ʙʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʦʧʝʨʘʪʦʨ. ɿʘ ʜʘ ʩʝ ʨʘʟʙʝʨʝ 
ʦʩʥʦʚʘʪʘ, ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʧʨʠ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʠ 
ʠʥʪʝʛʨʠʨʘʪ ʥʷʢʦʣʢʦ ʪʝʭʥʦʣʦʛʠʯʥʠ ʦʙʣʘʩʪʠ ʟʘ ʧʨʘʚʠʣʥʘʪʘ ʨʘʙʦʪʘ ʥʘ ʨʦʙʦʪʘ: ʩʠʩʪʝʤʘʪʘ ʟʘ 
ʜʚʠʞʝʥʠʝ ʠ ʢʠʥʝʤʘʪʠʢʘ, ʩʠʩʪʝʤʘ ʟʘ ʚʲʟʧʨʠʷʪʠʝ (ʩʝʥʟʦʨʠ), ʩʠʩʪʝʤʘ ʟʘ ʣʦʢʘʣʠʟʘʮʠʷ ʠ 
ʥʘʚʠʛʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ. ɺʩʠʯʢʠ ʪʝʟʠ ʩʠʩʪʝʤʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʠʥʪʝʛʨʠʨʘʥʠ ʯʨʝʟ ʢʦʥʪʨʦʣʝʥ 
ʙʣʦʢ, ʪʘʢʘ ʯʝ ʨʘʙʦʪʘʪʘ ʠʣʠ ʢʘʟʘʥʦ ʩ ʜʨʫʛʠ ʜʫʤʠ, ʤʠʩʠʷʪʘ ʥʘ ʤʦʙʠʣʥʠʷ ʨʦʙʦʪ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘ ʧʦ 
ʩʲʛʣʘʩʫʚʘʥ ʥʘʯʠʥ. 

 

ʀɿʃʆɾɽʅʀɽ 

ɸʥʘʣʠʟ ʥʘ ʦʧʝʨʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʥʘ ʨʦʙʦʪʠ 

ʈʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʮʷʣʦʩʪʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ ʠʟʠʩʢʚʘ ʢʫʧ ʩʦʬʪʫʝʨʥʠ 
ʠʥʩʪʨʫʤʝʥʪʠ, ʜʨʘʡʚʝʨʠ, ʩʦʬʪʫʝʨʠ ʟʘ ʩʠʤʫʣʘʮʠʷ, ʩʦʬʪʫʝʨʠ ʟʘ ʢʦʤʧʶʪʲʨʥʦ ʟʨʝʥʠʝ ʠ ʜʨ. ɺʤʝʩʪʦ 
ʚʩʝʢʠ ʧʲʪ ʜʘ ʩʝ ʧʦʜʛʦʪʚʷʪ ʩʧʝʮʠʘʣʥʠ ʦʧʝʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʩ ʠʥʪʝʛʨʠʨʘʥ ʥʝʦʙʭʦʜʠʤʠʷ ʥʘʙʦʨ 
ʦʪ ʩʦʬʪʫʝʨ, ʤʘʩʦʚʦ ʩʝ ʠʟʧʦʣʟʚʘ ʤʝʪʘ ʦʧʝʨʘʮʠʦʥʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʨʦʙʦʪʠ, ʨʘʟʨʘʙʦʪʝʥʘ ʦʪ 
ʉʪʘʥʬʦʨʜʩʢʘʪʘ ʣʘʙʦʨʘʪʦʨʠʷ ʟʘ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʧʨʝʟ 2007 ʛʦʜʠʥʘ ï ʈʆʉ (ʆʧʝʨʘʮʠʦʥʥʘ 
ʩʠʩʪʝʤʘ ʟʘ ʨʦʙʦʪʠ). ʊʘʟʠ ʤʝʪʘ ʦʧʝʨʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʘ ʩʝ ʠʥʩʪʘʣʠʨʘ ʚʲʨʭʫ ʚʝʯʝ 
ʠʥʩʪʘʣʠʨʘʥʘ ʃʠʥʫʢʩ-ʙʘʟʠʨʘʥʘ ʠʣʠ Windows ʩʠʩʪʝʤʘ. ʇʦʜʭʦʜʷʱʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʠʥʩʪʘʣʠʨʘʥʝ 
ʥʘ ROS ʩʘ ʠ ʝʜʥʦʯʠʧʦʚʠʪʝ ʤʠʢʨʦʢʦʤʧʶʪʨʠ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ Raspberry Pi ʠʣʠ Asus Tinker Board. 

ʈʆʉ ʦʙʝʜʠʥʷʚʘ ʨʘʟʣʠʯʥʠ ʧʨʦʮʝʩʠ ʦʙʚʲʨʟʘʥʠ ʩ ʨʘʟʣʠʯʥʠ ʫʩʪʨʦʡʩʪʚʘ ʠʣʠ ʩʝʥʟʦʨʠ. ʂʘʪʦ 
ʪʦʚʘ ʦʙʝʜʠʥʷʚʘʥʝ ʩʪʘʚʘ ʯʨʝʟ ʧʨʝʜʘʚʘʥʝ ʥʘ ʩʲʦʙʱʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʠ ʪʝʤʠ. ʆʪʜʝʣʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ 
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ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʚʲʟʣʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʧʫʙʣʠʢʫʚʘʪ ʩʲʦʙʱʝʥʠʷ ʠʣʠ ʜʘ ʩʝ ʘʙʦʥʠʨʘʪ ʟʘ ʩʲʦʙʱʝʥʠʷ 
ʥʘ ʜʘʜʝʥʘ ʪʝʤʘ.  

ɺʲʟʣʠʪʝ ʩʘ ʦʩʥʦʚʥʠʷ ʝʣʝʤʝʥʪ ʦʪ ʈʆʉ, ʪʝ ʫʧʨʘʚʣʷʚʘʪ ʨʘʙʦʪʘʪʘ ʥʘ ʫʩʪʨʦʡʩʪʚʘʪʘ ʠ 
ʢʦʤʧʶʪʲʨʥʠʪʝ ʘʣʛʦʨʠʪʤʠ, ʢʘʪʦ ʚʩʝʢʠ ʚʲʟʝʣ ʦʪʛʦʚʘʨʷ ʟʘ ʦʪʜʝʣʥʘ ʟʘʜʘʯʘ. ɺʲʟʣʠʪʝ ʤʦʛʘʪ ʜʘ 
ʢʦʤʫʥʠʢʠʨʘʪ ʧʦʤʝʞʜʫ ʩʠ ʯʨʝʟ ʪʝʤʠ ʠʣʠ ʫʩʣʫʛʠ (ʌʠʛ. 1). ʈʆʉ ʝ ʩʲʩʪʘʚʝʥʘ ʦʪ ʧʘʢʝʪʠ, ʢʘʪʦ ʚʩʝʢʠ 
ʝʜʠʥ ʧʘʢʝʪ ʝ ʩʲʟʜʘʜʝʥ ʜʘ ʠʟʚʲʨʰʚʘ ʝʜʠʥ ʪʠʧ ʟʘʜʘʯʘ ʠ ʤʦʞʝ ʜʘ ʩʝ ʩʲʩʪʘʚʣʷʚʘ ʦʪ ʥʷʢʦʣʢʦ ʚʲʟʣʠ. 

 

NODE 1 NODE 2

MASTER

DATA

REGISTRATION REGISTRATION

 

ʌʠʛ. 1. ʄʦʜʝʣ ʥʘ ʩʚʲʨʟʘʥʦʩʪ ʤʝʞʜʫ ʦʪʜʝʣʥʠ ʚʲʟʣʠ ʧʨʠ ʦʙʤʷʥʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷ 

ʊʝʤʠʪʝ ʩʘ ʧʦʪʦʮʠ ʦʪ ʜʘʥʥʠ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʦʙʤʷʥʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʤʝʞʜʫ ʚʲʟʣʠʪʝ. 
ʀʟʧʦʣʟʚʘʪ ʩʝ ʟʘ ʯʝʩʪʘʪʘ ʦʙʤʷʥʘ ʥʘ ʝʜʥʦʪʠʧʥʠ ʩʲʦʙʱʝʥʠʷ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʚʭʦʜʥʠʪʝ ʜʘʥʥʠ ʦʪ 
ʜʘʜʝʥ ʩʝʥʟʦʨ ʠʣʠ ʞʝʣʘʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʚʲʨʪʝʥʝ ʥʘ ʤʦʪʦʨ. ɺʩʷʢʘ ʪʝʤʘ ʩʝ ʨʝʛʠʩʪʨʠʨʘ ʩ ʫʥʠʢʘʣʥʦ 
ʠʤʝ ʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʜʝʬʠʥʠʨʘʥ ʪʠʧ ʥʘ ʩʲʦʙʱʝʥʠʷʪʘ. ɺʲʟʣʠʪʝ ʤʦʛʘʪ ʜʘ ʩʝ ʩʚʲʨʞʘʪ ʢʲʤ ʥʷʢʦʷ 
ʪʝʤʘ, ʢʘʪʦ ʠʤʘ ʜʚʘ ʚʘʨʠʘʥʪʘ: ʜʘ ʧʫʙʣʠʢʫʚʘʪ ʩʲʦʙʱʝʥʠʷ ʠʣʠ ʜʘ ʧʦʣʫʯʘʚʘʪ ʩʲʦʙʱʝʥʠʷ. ɽʜʠʥ 
ʚʲʟʝʣ ʥʝ ʤʦʞʝ ʝʜʥʦʚʨʝʤʝʥʥʦ ʜʘ ʧʫʙʣʠʢʫʚʘ ʠ ʜʘ ʧʦʣʫʯʘʚʘ ʩʲʦʙʱʝʥʠʷ ʥʘ ʝʜʥʘ ʠ ʩʲʱʘ ʪʝʤʘ  
(Koubaa, 2021). ʅʷʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʢʲʤ ʙʨʦʷ ʥʘ ʨʘʟʣʠʯʥʠʪʝ ʚʲʟʣʠ, ʢʦʠʪʦ ʩʘ ʧʫʙʣʠʢʫʚʘʪ ʠʣʠ 
ʧʦʣʫʯʘʚʘʪ ʩʲʦʙʱʝʥʠʷ ʧʦ ʝʜʥʘ ʪʝʤʘ. 

ʂʦʤʫʥʠʢʘʮʠʷʪʘ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʫʩʣʫʛʠ ʧʨʝʜʩʪʘʚʣʷʚʘ ʤʦʜʝʣʘ ʢʣʠʝʥʪ-ʩʲʨʚʲʨ. ɺ ʪʦʟʠ 
ʨʝʞʠʤ, ʝʜʠʥ ʚʲʟʝʣ (ʩʲʨʚʲʨʲʪ) ʨʝʛʠʩʪʨʠʨʘ ʫʩʣʫʛʠʪʝ ʚ ʩʠʩʪʝʤʘʪʘ. ʇʦ-ʢʲʩʥʦ ʚʩʝʢʠ ʜʨʫʛ ʚʲʟʝʣ 
ʤʦʞʝ ʜʘ ʧʠʪʘ ʠ ʜʘ ʧʦʣʫʯʠ ʦʪʛʦʚʦʨ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʪʝʤʠʪʝ, ʫʩʣʫʛʠʪʝ ʧʦʟʚʦʣʷʚʘʪ ʜʚʫʧʦʩʦʯʥʘ 
ʢʦʤʫʥʠʢʘʮʠʷ, ʪʲʡ ʢʘʪʦ ʟʘʷʚʢʘʪʘ ʤʦʞʝ ʩʲʱʦ ʜʘ ʩʲʜʲʨʞʘ ʜʘʥʥʠ. 

ɼʚʠʞʝʥʠʝ ʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ 

ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʠʟʤʝʨʚʘʥʠʷʪʘ ʥʘ ʚʲʨʪʝʥʝʪʦ ʥʘ ʢʦʣʝʣʝʪʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʧʦʟʠʮʠʷʪʘ 
ʠ ʦʨʠʝʥʪʘʮʠʷʪʘ ʥʘ ʨʦʙʦʪʘ, ʪʦʚʘ ʩʝ ʥʘʨʠʯʘ ʜʠʨʝʢʪʥʘ ʢʠʥʝʤʘʪʠʢʘ. ROSbot ʝ ʯʝʪʠʨʠʢʦʣʝʩʝʥ 
ʤʦʙʠʣʝʥ ʨʦʙʦʪ ʩ ʦʪʜʝʣʥʦ ʟʘʜʚʠʞʚʘʥʝ ʟʘ ʚʩʷʢʦ ʢʦʣʝʣʦ, ʥʦ ʟʘ ʜʘ ʩʝ ʦʧʨʦʩʪʠ ʢʠʥʝʤʘʪʠʯʥʦʪʦ 
ʠʟʯʠʩʣʝʥʠʝ, ʱʝ ʩʝ ʪʨʝʪʠʨʘ ʢʘʪʦ ʜʚʫʢʦʣʝʩʝʥ. ɼʚʝ ʚʠʨʪʫʘʣʥʠ ʢʦʣʝʣʘ (ʤʘʨʢʠʨʘʥʠ ʢʘʪʦ WL ʠ WR 

ʥʘ ʩʭʝʤʘʪʘ) ʱʝ ʠʤʘʪ ʦʩ, ʧʨʝʤʠʥʘʚʘʱʘ ʧʨʝʟ ʛʝʦʤʝʪʨʠʯʥʠʷ ʮʝʥʪʲʨ ʥʘ ʨʦʙʦʪʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ 
ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʧʦ-ʦʧʨʦʩʪʝʥ ʢʠʥʝʤʘʪʠʯʝʥ ʤʦʜʝʣ ʥʘ ʜʠʬʝʨʝʥʮʠʘʣʝʥ ʢʦʣʝʩʝʥ ʨʦʙʦʪ (Kucuk, 
2006). ʀʤʝʪʦ "ʜʠʬʝʨʝʥʮʠʘʣ" ʠʜʚʘ ʦʪ ʬʘʢʪʘ, ʯʝ ʨʦʙʦʪʲʪ ʤʦʞʝ ʜʘ ʧʨʦʤʝʥʷ ʧʦʩʦʢʘʪʘ ʩʠ, ʢʘʪʦ 
ʧʨʦʤʝʥʷ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʚʲʨʪʝʥʝ ʥʘ ʢʦʣʝʣʘʪʘ ʩʠ ʠ ʥʝ ʠʟʠʩʢʚʘ ʜʦʧʲʣʥʠʪʝʣʥʦ 
ʜʚʠʞʝʥʠʝ ʥʘ ʢʦʨʤʠʣʥʦʪʦ ʫʧʨʘʚʣʝʥʠʝ. ʉʭʝʤʘʪʘ ʥʘ ʨʦʙʦʪʘ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʬʠʛʫʨʘ 2. 

ʂʲʜʝʪʦ Rc ʝ ʛʝʦʤʝʪʨʠʯʥʠʷ ʮʝʥʪʲʨ ʥʘ ʨʦʙʦʪʘ, xc ʠ yc ʩʘ ʩʲʦʪʚʝʪʥʦ ʮʝʥʪʨʦʚʝʪʝ ʧʦ ʦʩʠʪʝ x 
ʠ y, xr ʠ yr ʩʘ ʣʦʢʘʣʥʠʪʝ ʦʩʠ ʥʘ ʨʦʙʦʪʘ, Ŭ ʝ ʲʛʣʦʚʘʪʘ ʧʦʟʠʮʠʷ ʥʘ ʨʦʙʦʪʘ, Wfl, Wfr, Wrl, Wrr, Wl ʠ 
Wr ʩʘ ʢʦʣʝʣʝʪʘʪʘ ʥʘ ʨʦʙʦʪʘ, ʘ l1 ʠ l2 ʩʘ ʨʘʟʩʪʦʷʥʠʷʪʘ ʤʝʞʜʫ ʮʝʥʪʲʨʘ ʥʘ ʨʦʙʦʪʘ ʠ ʧʨʝʜʥʠʪʝ ʠ 
ʟʘʜʥʠʪʝ ʢʦʣʝʣʘ ʠ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʣʝʚʠʪʝ ʠ ʜʝʩʥʠʪʝ ʢʦʣʝʣʘ. 

ʄʦʙʠʣʥʠʷʪ ʨʦʙʦʪ ʠʤʘ ʥʷʢʦʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʊʦʡ ʤʦʞʝ ʜʘ ʩʝ ʜʚʠʞʠ ʩʘʤʦ ʚ ʭ-ʫ ʨʘʚʥʠʥʘʪʘ ʠ 
ʠʤʘ 3 DOF (ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ). ɺʲʧʨʝʢʠ ʪʦʚʘ ʥʝ ʚʩʠʯʢʠ ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 
ʢʦʥʪʨʦʣʠʨʘʥʠ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ ʨʦʙʦʪʲʪ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʜʚʠʞʠ ʚʲʚ ʚʩʷʢʘ ʧʦʩʦʢʘ ʥʘ ʩʚʦʠʪʝ 
ʣʦʢʘʣʥʠ ʦʩʠ (ʥʘʧʨʠʤʝʨ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʜʚʠʞʠ ʥʘʩʪʨʘʥʠ). ʊʘʢʘʚʘ ʟʘʜʚʠʞʚʘʱʘ ʩʠʩʪʝʤʘ ʩʝ ʥʘʨʠʯʘ 



PROCEEDINGS OF UNIVERSITY OF RUSE - 2021, volume 60, book 3.3. 

 - 105 - 

ʥʝʭʦʣʦʥʦʤʥʘ. ʂʦʛʘʪʦ ʢʦʣʠʯʝʩʪʚʦʪʦ ʢʦʥʪʨʦʣʠʨʫʝʤʠ ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ ʝ ʨʘʚʥʦ ʥʘ ʦʙʱʠʷ ʙʨʦʡ 
ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ, ʪʦʛʘʚʘ ʨʦʙʦʪʲʪ ʤʦʞʝ ʜʘ ʩʝ ʥʘʨʝʯʝ ʭʦʣʦʥʦʤʠʯʝʥ. ɿʘ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʪʦʚʘ 
ʥʷʢʦʠ ʤʦʙʠʣʥʠ ʨʦʙʦʪʠ ʩʘ ʠʟʛʨʘʜʝʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʦʤʥʠ ʢʦʣʝʣʘ ʠʣʠ ʤʝʢʘʥʦʚʠ ʢʦʣʝʣʘ ʠ 
ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʚʝʢʪʦʨʥʦʪʦ ʜʚʠʞʝʥʠʝ ʪʝ ʤʦʛʘʪ ʜʘ ʧʨʦʤʝʥʷʪ ʧʦʟʠʮʠʷʪʘ ʩʠ, ʙʝʟ ʜʘ ʧʨʦʤʝʥʷʪ 
ʩʚʦʷʪʘ ʧʦʩʦʢʘ (ʦʨʠʝʥʪʘʮʠʷ). 
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ʌʠʛ. 2. ʉʭʝʤʘ ʥʘ ʢʦʣʝʣʘ ʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ 

ʇʦʟʠʮʠʷʪʘ ʥʘ ʨʦʙʦʪʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʢʦʥʩʪʘʥʪʝʥ ʩʧʠʩʲʢ (xc, yc, ʰ). ɿʘʜʘʯʘʪʘ ʥʘ 
ʜʠʨʝʢʪʥʘʪʘ ʢʠʥʝʤʘʪʠʢʘ ʝ ʜʘ ʠʟʯʠʩʣʠ ʥʦʚʘ ʧʦʟʠʮʠʷ ʥʘ ʨʦʙʦʪʘ (xc, yc, ʰ)ô ʩʣʝʜ ʚʨʝʤʝ ŭt, ʚʟʝʤʘʡʢʠ 
ʧʨʝʜʚʠʜ ʩʣʝʜʥʠʪʝ ʧʘʨʘʤʝʪʨʠ: VR ʠ VL, ʢʘʪʦ ʪʦʚʘ ʩʘ ʣʠʥʝʡʥʠʪʝ ʩʢʦʨʦʩʪʠ ʥʘ ʜʷʩʥʦʪʦ ʠ ʣʷʚʦʪʦ 
ʚʠʨʪʫʘʣʥʠ ʢʦʣʝʣʘ. ɺ ʩʣʫʯʘʷ ʲʛʣʦʚʘʪʘ ʩʢʦʨʦʩʪ ʠ ʲʛʣʦʚʘʪʘ ʧʦʟʠʮʠʷ ᶮ ʥʘ ʚʩʷʢʦ ʦʪ ʚʠʨʪʫʘʣʥʠʪʝ ‫ 
ʢʦʣʝʣʘ ʱʝ ʝ ʨʘʚʥʘ ʥʘ ʩʨʝʜʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ ʨʝʘʣʥʠʪʝ ʢʦʣʝʣʘ.  ᶮὡ ᶮὡ ᶮὡς  ᶮὡ ᶮὡ ᶮὡς  ‫ὡ ‫ὡ ‫ὡς  ‫ὡ ‫ὡ ‫ὡς  

ʃʠʥʝʡʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʚʩʷʢʦ ʦʪ ʚʠʨʪʫʘʣʥʠʪʝ ʢʦʣʝʣʘ ʝ ʨʘʚʥʘ ʥʘ: ὺ ‫ὡ ᶻ ὶ ὺ ‫ὡ ᶻ ὶ 

ʂʲʜʝʪʦ r ʝ ʨʘʜʠʫʩʘ ʥʘ ʢʦʣʝʣʦʪʦ. ʄʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʲʛʣʦʚʦʪʦ ʧʦʣʦʞʝʥʠʝ ʠ ʩʢʦʨʦʩʪ ʥʘ 
ʨʦʙʦʪʘ ʯʨʝʟ: ‌ ᶮὡ ᶮὡ ὶὰ  ‌ Ὠ‌Ὠὸ  

ʉʣʝʜ ʪʦʚʘ ʩʝ ʦʧʨʝʜʝʣʷ x ʠ y ʢʦʤʧʦʥʝʥʪʠʪʝ ʥʘ ʚʝʢʪʦʨʠʪʝ ʥʘ ʩʢʦʨʦʩʪʪʘ ʥʘ ʨʦʙʦʪʘ: ὼ ὺ ‌ ὰς ÃÏÓ ‌ ώ ὺ ‌ ὰς ÓÉÎ ‌ 

ɿʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʧʦʟʠʮʠʷʪʘ: ὼ ὼ Ὠὸ 
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ώ ώ Ὠὸ 

ʉʪʘʨʪʦʚʘʪʘ ʧʦʟʠʮʠʷ ʩʝ ʧʨʠʝʤʘ ʟʘ (0,0). 
 

ʋʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʤʦʪʦʨʠʪʝ ʩʪʘʚʘ ʯʨʝʟ ʠʟʧʨʘʱʘʥʝʪʦ ʥʘ ʢʦʤʘʥʜʠ ʟʘ ʜʚʠʞʝʥʠʝ ʯʨʝʟ 
ʩʲʦʙʱʝʥʠʷ ʦʪ ʪʠʧʘ geometry_msgs/Twist. ʉʣʝʜ ʢʦʝʪʦ ʚʲʟʝʣʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʤʦʪʦʨʘ ʠʟʧʦʣʟʚʘ 
ʜʘʥʥʠʪʝ ʦʪ ʪʦʚʘ ʩʲʦʙʱʝʥʠʝ ʟʘ ʜʘ ʛʦ ʫʧʨʘʚʣʷʚʘ. ʉʲʦʙʱʝʥʠʝʪʦ geometry_msgs/Twist ʧʨʝʜʩʪʘʚʷ 
ʩʢʦʨʦʩʪʪʘ ʚ ʩʚʦʙʦʜʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʩʲʜʲʨʞʘ ʜʚʝ ʧʦʣʝʪʘ: 

¶ Vector3 linear ï ʢʦʝʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʣʠʥʝʡʥʘʪʘ ʯʘʩʪ ʥʘ ʩʢʦʨʦʩʪʪʘ (ʤ/ʩ) 
¶ Vector3 angular ï ʢʦʝʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʲʛʣʦʚʘʪʘ ʯʘʩʪ ʥʘ ʩʢʦʨʦʩʪʪʘ (ʨʘʜ/ʩ) 

ɿʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʦʙʦʪʘ ʚ x-y ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʱʝ ʩʝ ʠʟʧʦʣʟʚʘʪ x ʢʦʤʧʦʥʝʥʪʘʪʘ ʥʘ 
ʚʝʢʪʦʨʘ ʥʘ ʣʠʥʝʡʥʘʪʘ ʩʢʦʨʦʩʪ ʠ z ʢʦʤʧʦʥʝʥʪʘʪʘ ʥʘ ʚʝʢʪʦʨʘ ʥʘ ʲʛʣʦʚʘʪʘ ʩʢʦʨʦʩʪ. 

ʆʙʫʯʝʥʠʝ ʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʧʣʘʪʬʦʨʤʘ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʝʢʪʠ 

ɺ ʪʝʢʫʱʠʷ ʩʣʫʯʘʡ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʧʦʩʦʢʘʪʘ ʠ ʩʢʦʨʦʩʪʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʱʝ ʩʝ ʠʟʧʦʣʟʚʘʪ 
ʦʙʝʢʪʠ ʥʘʤʠʨʘʱʠ ʩʝ ʧʨʝʜ ʨʦʙʦʪʘ ʠʣʠ ʧʦ-ʢʦʥʢʨʝʪʥʦ ʧʲʪʥʠ ʟʥʘʮʠ. ɿʘ ʜʘ ʨʘʟʧʦʟʥʘʝ ʦʙʝʢʪ, 
ʨʦʙʦʪʲʪ ʪʨʷʙʚʘ ʜʘ ʠʟʧʦʣʟʚʘ ʩʚʦʷʪʘ ʩʠʩʪʝʤʘ ʟʘ ʟʨʝʥʠʝ ʠ ʚʲʟʧʨʠʷʪʠʝ. ʊʷ ʩʝ ʙʘʟʠʨʘ ʥʘ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʢʘʪʦ ʪʦʯʢʠ, ʣʠʥʠʠ, ʮʚʝʪʦʚʝ ʥʘ ʨʲʙʦʚʝʪʝ ʠ ʪʝʭʥʠʪʝ ʧʦʟʠʮʠʠ 
(de Leeuw, 2020). ʆʙʨʘʙʦʪʢʘʪʘ ʥʘ ʨʘʟʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʦʙʝʢʪʠ ʩʝ ʩʲʩʪʦʠ ʦʪ ʜʚʝ ʩʪʲʧʢʠ. ʇʲʨʚʘʪʘ 
ʝ ʦʙʫʯʘʚʘʥʝʪʦ ʥʘ ʨʦʙʦʪʘ, ʢʘʪʦ ʪʦʚʘ ʩʪʘʚʘ ʯʨʝʟ ʠʟʣʘʛʘʥʝ ʧʨʝʜ ʥʝʛʦ ʥʘ ʦʙʝʢʪʘ, ʢʦʡʪʦ ʪʨʷʙʚʘ ʜʘ 
ʙʲʜʝ ʨʘʟʧʦʟʥʘʚʘʥ, ʟʘʧʘʟʚʘʥʝʪʦ ʤʫ ʢʘʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʠʟʚʣʠʯʘʥʝʪʦ ʥʘ ʥʘʙʦʨ ʦʪ ʭʘʨʘʢʪʝʨʥʠ 
ʪʦʯʢʠ ʚ ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʢʦʠʪʦ ʜʘ ʙʲʜʘʪ ʟʘʧʘʟʝʥʠ ʢʘʪʦ ʰʘʙʣʦʥ. ʉʠʩʪʝʤʘʪʘ ʤʦʞʝ ʜʘ ʨʘʟʧʦʟʥʘʚʘ 
ʝʜʥʦʚʨʝʤʝʥʥʦ ʤʥʦʛʦ ʥʘ ʙʨʦʡ ʦʙʝʢʪʠ. 

ɺʪʦʨʘʪʘ ʩʪʲʧʢʘ ʝ ʜʝʡʩʪʚʠʪʝʣʥʦʪʦ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʝʢʪʠʪʝ ʚ ʨʝʘʣʥʘ ʩʨʝʜʘ, ʢʦʝʪʦ ʱʝ ʩʝ 
ʠʟʚʲʨʰʚʘ ʧʦʩʪʦʷʥʥʦ ʧʦ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘ ʥʘ ʨʦʙʦʪʘ. ɺʩʝʢʠ ʢʘʜʲʨ ʦʪ ʢʘʤʝʨʘʪʘ ʤʫ ʩʝ ʘʥʘʣʠʟʠʨʘ 
ʟʘ ʭʘʨʘʢʪʝʨʥʠ ʪʦʯʢʠ ʠ ʩʝ ʩʨʘʚʥʷʚʘ ʩ ʥʘʙʦʨʘ ʦʪ ʜʘʥʥʠ ʚ ʧʘʤʝʪʪʘ. ɸʢʦ ʜʦʩʪʘʪʲʯʝʥ ʙʨʦʡ 
ʭʘʨʘʢʪʝʨʥʠ ʪʦʯʢʠ ʩʲʚʧʘʜʘʪ, ʟʥʘʯʠ ʦʙʝʢʪʲʪ ʝ ʨʘʟʧʦʟʥʘʪ. 

ɺʩʝʢʠ ʝʜʠʥ ʦʙʝʢʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʚʢʘʨʘʥ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ, ʥʦ ʢʦʣʢʦʪʦ ʧʦʚʝʯʝ ʲʛʣʠ ʠ 
ʢʦʥʪʨʘʩʪʥʠ ʮʚʝʪʦʚʝ ʠʤʘ, ʪʦʣʢʦʚʘ ʧʦ-ʣʝʩʥʦ ʱʝ ʙʲʜʝ ʨʘʟʧʦʟʥʘʚʘʥʝʪʦ ʤʫ (Amit, 2020). ɿʘ ʜʘ ʙʲʜʝ 
ʦʙʫʯʝʥ ʨʦʙʦʪʘ ʜʘ ʨʘʟʧʦʟʥʘʚʘ ʜʘʜʝʥ ʦʙʝʢʪ, ʘ ʩʲʱʦ ʠ ʟʘ ʧʦʩʣʝʜʚʘʱʦʪʦ ʤʫ ʨʘʟʧʦʟʥʘʚʘʥʝ ʩʝ 
ʠʟʧʦʣʟʚʘ find_object_2d ʚʲʟʝʣʘ ʦʪ find_object_2d ʧʘʢʝʪʘ. ʂʘʪʦ ʚʭʦʜʥʠ ʜʘʥʥʠ ʩʝ ʠʟʧʦʣʟʚʘ 
astra_launch ʧʘʢʝʪʘ, ʢʘʪʦ ʪʦʚʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʧʘʢʝʪ ʩ ʥʝʦʙʭʦʜʠʤʠʪʝ ʜʨʘʡʚʝʨʠ ʟʘ ʢʘʤʝʨʘʪʘ, ʩ 
ʢʦʷʪʦ ʝ ʦʙʦʨʫʜʚʘʥ ʨʦʙʦʪʘ, ʠʟʚʣʠʯʘʱ ʠʟʦʙʨʘʞʝʥʠʝ ʦʪ ʥʝʷ. 

ɿʘ ʦʙʫʯʝʥʠʝ ʥʘ ʨʦʙʦʪʘ ʜʘ ʨʘʟʧʦʟʥʘʚʘ ʦʙʝʢʪʠ ʩʝ ʠʟʧʦʣʟʚʘ ʩʣʝʜʥʘʪʘ ʢʦʤʘʥʜʘ: 
roslaunch test_pkg test_4.launch use_gazebo:=false teach:=true recognize:=false 

 

ʌʠʛ. 3. ɻʨʘʬʠʯʝʥ ʠʥʪʝʨʬʝʡʩ ʥʘ ʩʦʬʪʫʝʨ ʟʘ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʝʢʪʠ 
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ʇʨʠ ʟʘʨʝʞʜʘʥʝʪʦ ʥʘ ʪʦʟʠ ʧʘʢʝʪ ʠ ʩʪʘʨʪʠʨʘʥʝʪʦ ʥʘ ʚʲʟʣʠʪʝ ʚ ʥʝʛʦ ʩʝ ʟʘʨʝʞʜʘ ʛʨʘʬʠʯʝʥ 
ʠʥʪʝʨʬʝʡʩ (ʌʠʛ. 3), ʚ ʢʦʡʪʦ ʩʝ ʚʠʞʜʘ ʚʠʜʝʦ ʧʦʪʦʢʘ ʦʪ ʢʘʤʝʨʘʪʘ ʠ ʙʠʙʣʠʦʪʝʢʘ ʩʲʩ ʟʘʧʘʟʝʥʠʪʝ 
ʜʦ ʤʦʤʝʥʪʘ ʦʙʝʢʪʠ. 

ʏʨʝʟ ʠʟʙʠʨʘʥʝ ʥʘ ʦʧʮʠʷ: Edit -> Add object from scene... ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ ʥʦʚ ʧʨʦʟʦʨʝʮ 
(ʌʠʛ. 4), ʚ ʢʦʡʪʦ ʩʝ ʚʠʞʜʘʪ ʭʘʨʘʢʪʝʨʥʠʪʝ ʪʦʯʢʠ ʧʨʠʭʚʘʥʘʪʠ ʚ ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʢʘʪʦ ʮʝʣʪʘ ʝ ʪʘʢʘ 
ʜʘ ʙʲʜʝ ʧʦʩʪʘʚʝʥ ʦʙʝʢʪʘ ʚ ʢʘʜʲʨʘ, ʯʝ ʜʘ ʠʤʘ ʤʘʢʩʠʤʘʣʝʥ ʙʨʦʡ ʭʘʨʘʢʪʝʨʥʠ ʪʦʯʢʠ. 

 

ʌʠʛ. 4. ʍʘʨʘʢʪʝʨʥʠ ʪʦʯʢʠ ʥʘ ʨʘʟʧʦʟʥʘʪ ʦʙʝʢʪ 

ʉʣʝʜ ʢʘʪʦ ʙʲʜʝ ʜʦʙʘʚʝʥ ʜʘʜʝʥ ʦʙʝʢʪ ʢʲʤ ʙʠʙʣʠʦʪʝʢʘʪʘ, ʪʦʡ ʧʦʣʫʯʘʚʘ ʫʥʠʢʘʣʝʥ 
ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʝʥ ʥʦʤʝʨ. ʏʨʝʟ ʪʦʟʠ ʥʦʤʝʨ ʩʝ ʦʧʠʩʚʘ ʚ ʧʨʦʛʨʘʤʥʠʷ ʢʦʜ ʧʨʠ ʟʘʩʠʯʘʥʝʪʦ ʥʘ ʢʦʡ 
ʦʙʝʢʪ, ʢʘʢʚʦ ʜʝʡʩʪʚʠʝ ʜʘ ʙʲʜʝ ʧʨʝʜʧʨʠʝʪʦ. 

 

ʌʠʛ. 5. ʂʦʜ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʦʧʨʝʜʝʣʝʥʦ ʜʝʡʩʪʚʠʝ ʧʨʠ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʦʙʝʢʪ 

ʅʘ ʬʠʛʫʨʘ 5 ʩʝ ʚʠʞʜʘ ʠʟʚʘʜʢʘ ʦʪ ʢʦʜʘ, ʢʲʜʝʪʦ 13 ʝ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ ʥʘ ʟʥʘʢʲʪ Ăʉʊʆʇñ. 
ɿʘʜʘʚʘ ʩʝ ʠʤʝ ʥʘ ʧʨʦʤʝʥʣʠʚʘ ʟʘ ʪʦʟʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʩ ʠʤʝ ñSTOPSIGNò ʠ ʢʦʛʘʪʦ ʪʦʟʠ ʦʙʝʢʪ 
ʙʲʜʝ ʟʘʩʝʯʝʥ ʩʝ ʟʘʜʘʚʘ ʣʠʥʝʡʥʘʪʘ ʠ ʲʛʣʦʚʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʨʦʙʦʪʘ ʜʘ ʙʲʜʝ ʨʘʚʥʘ ʥʘ ʥʫʣʘ. ʇʦ 
ʘʥʘʣʦʛʠʯʝʥ ʥʘʯʠʥ ʩʝ ʧʨʦʮʝʜʠʨʘ ʠ ʧʨʠ ʟʥʘʮʠʪʝ ʟʘ ʜʝʩʝʥ ʟʘʚʦʡ ʠ ʟʘ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʩʢʦʨʦʩʪʪʘ, 
ʢʘʪʦ ʪʝʭʥʠʪʝ ʧʨʦʤʝʥʣʠʚʠ ʠʤʘʪ ʜʨʫʛʠ ʠʤʝʥʘ ʠ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʣʠʥʝʡʥʘʪʘ ʠ ʲʛʣʦʚʘʪʘ ʩʢʦʨʦʩʪ ʩʘ 
ʨʘʟʣʠʯʥʠ. 
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ʀɿɺʆɼʀ  
ʈʦʙʦʪʠʢʘʪʘ ʢʘʪʦ ʮʷʣʦ ʠ ʚ ʯʘʩʪʥʦʩʪ ʤʦʙʠʣʥʘʪʘ ʨʦʙʦʪʠʢʘ ʱʝ ʧʨʦʜʲʣʞʘʚʘʪ ʜʘ ʩʝ ʨʘʟʚʠʚʘʪ 

ʧʨʝʟ ʩʣʝʜʚʘʱʠʪʝ ʛʦʜʠʥʠ. ɺʩʝ ʧʦ-ʛʦʣʷʤʦ ʧʨʠʣʦʞʝʥʠʝ ʚ ʨʦʙʦʪʠʪʝ ʱʝ ʥʘʤʠʨʘʪ ʢʦʤʧʶʪʲʨʥʦʪʦ 
ʟʨʝʥʠʝ ʠ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ. ɺ ʥʘʩʪʦʷʱʠʷ ʜʦʢʣʘʜ ʙʝ ʧʨʝʜʩʪʘʚʝʥʘ ʝʜʥʘ ʦʪ ʤʥʦʛʦʙʨʦʡʥʠʪʝ 
ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ ʤʦʙʠʣʥʠʪʝ ʨʦʙʦʪʠ, ʘ ʠʤʝʥʥʦ ʨʘʟʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʦʙʝʢʪʠ ʯʨʝʟ ʢʦʤʧʶʪʲʨʥʦ 
ʟʨʝʥʠʝ ʠ ʧʨʝʜʧʨʠʝʤʘʥʝʪʦ ʥʘ ʜʝʡʩʪʚʠʷ ʥʘ ʪʷʭʥʘ ʙʘʟʘ ʦʪ ʩʪʨʘʥʘ ʥʘ ʨʦʙʦʪʘ. ʇʦʩʪʠʛʘʥʪʦʪʦ ʚ ʪʦʟʠ 
ʜʦʢʣʘʜ ʧʦʟʚʦʣʷʚʘ ʙʲʜʝʱʦ ʠʥʪʝʛʨʠʨʘʥʝ ʥʘ ʜʦʧʲʣʥʠʪʝʣʠ ʩʠʩʪʝʤʠ ʟʘ ʚʲʟʧʨʠʷʪʠʝ ʥʘ 
ʨʦʙʦʪʠʟʠʨʘʥʘʪʘ ʧʣʘʪʬʦʨʤʘ, ʢʦʝʪʦ ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʲʣʥʘ ʘʚʪʦʥʦʤʥʦʩʪ ʥʘ ʩʠʩʪʝʤʘʪʘ. 
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ɺʒɺɽɼɽʅʀɽ 

ɺ ʨʘʙʦʪʥʦʪʦ ʝʞʝʜʥʝʚʠʝ ʥʘ ʩʠʩʪʝʤʥʠʷ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʚ ʝʜʥʘ ʦʨʛʘʥʠʟʘʮʠʷ, ʚʘʞʥʘ ʨʦʣʷ 
ʠʛʨʘʝ, ʥʘʯʠʥʘ ʧʦ ʢʦʡʪʦ ʪʦʡ ʩʝ ʛʨʠʞʠ ʟʘ ʘʨʭʠʚʠʨʘʥʝʪʦ ʥʘ ʛʦʪʦʚʠʪʝ ʦʧʝʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ, 
ʠʥʩʪʘʣʠʨʘʥʠ ʠ ʢʦʥʬʠʛʫʨʠʨʘʥʠ ʥʘ ʨʘʟʣʠʯʥʠ ʫʩʪʨʦʡʩʪʚʘ, ʦʪ ʢʨʘʡʥʠʪʝ ʧʦʪʨʝʙʠʪʝʣʩʢʠ, ʜʦ 
ʩʲʨʚʲʨʠ ʦʩʠʛʫʨʷʚʘʱʠ ʢʨʠʪʠʯʥʠ ʫʩʣʫʛʠ ʟʘ ʮʷʣʘʪʘ ʦʨʛʘʥʠʟʘʮʠʷ. ʀʤʘ ʨʘʟʣʠʯʥʠ ʥʘʯʠʥʠ ʟʘ 
ʘʨʭʠʚʠʨʘʥʝ, ʥʘ ʮʝʣʠ ʩʠʩʪʝʤʠ, ʩʘʤʦ ʥʘ ʩʠʩʪʝʤʥʠ ʬʘʡʣʦʚʝ, ʠʣʠ ʩʘʤʦ ʥʘ ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʜʘʥʥʠ, 
ʪʦʚʘ ʟʘʚʠʩʠ ʦʪ ʨʝʩʫʨʩʘ ʩ ʢʦʡʪʦ ʩʝ ʨʘʟʧʦʣʘʛʘ, ʠ ʨʘʟʣʠʯʥʠʪʝ ʧʦʪʨʝʙʥʦʩʪʠ. ɿʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ 
ʦʧʨʝʜʝʣʝʥ ʘʨʭʠʚ ʩʘ ʥʫʞʜʠ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʭʘʨʜʫʝʨ ʠ ʩʦʬʪʫʝʨ. ʍʘʨʜʫʝʨʘ ʦʙʠʢʥʦʚʝʥʦ 
ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʲʨʚʲʨʝʥ ʜʠʩʢʦʚ ʤʘʩʠʚ, ʥʘ ʢʦʡʪʦ ʜʘ ʩʝ ʩʲʭʨʘʥʷʚʘ ʠʥʬʦʨʤʘʮʠʷʪʘ. ʊʦʟʠ ʤʘʩʠʚ ʝ 
ʠʟʦʣʠʨʘʥ ʚ ʩʧʝʮʠʘʣʥʦ ʩʲʨʚʲʨʥʦ ʧʦʤʝʱʝʥʠʝ, ʢʘʪʦ ʝ ʧʨʝʧʦʨʲʯʠʪʝʣʥʦ ʜʘ ʙʲʜʝ ʢʦʣʦʢʠʨʘʥʦ ʥʘ 
ʦʪʜʘʣʝʯʝʥʦ ʠ ʙʝʟʦʧʘʩʥʦ ʤʷʩʪʦ. ʉʦʬʪʫʝʨʘ ʝ ʤʦʟʲʢʘ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʏʨʝʟ ʥʝʛʦ ʩʝ ʠʟʛʨʘʞʜʘ 
ʮʷʣʦʩʪʥʠʷ ʤʝʭʘʥʠʟʲʤ (Backup Plan), ʧʦ ʢʦʡʪʦ ʨʘʙʦʪʠ ʘʨʭʠʚʠʨʘʥʝʪʦ ʥʘ ʜʘʥʥʠʪʝ, ʢʦʛʘ, ʢʲʜʝ, ʢʘʢ 
ʜʘ ʩʝ ʨʘʟʧʨʝʜʝʣʠ ʚ ʤʘʩʠʚʘ, ʢʘʢʚʘ ʢʦʤʧʨʝʩʠʷ ʜʘ ʩʝ ʧʨʠʣʦʞʠ ʥʘ ʘʨʭʠʚʠʪʝ ʠ ʪ.ʥ. ʀʤʘ ʤʥʦʛʦ 
ʨʘʟʣʠʯʥʠ ʩʦʬʪʫʝʨʥʠ ʧʨʦʜʫʢʪʠ ʟʘ ʪʘʟʠ ʮʝʣ, ʥʦ ʚ ʪʦʟʠ ʜʦʢʣʘʜ , ʱʝ ʨʘʟʛʣʝʜʘʤʝ ʝʜʠʥ ʦʪ ʣʠʜʝʨʠʪʝ 
ʚ ʪʦʟʠ ʩʝʛʤʝʥʪ ĂAcronis true image 2021ñ. 
 

ʀɿʃʆɾɽʅʀɽ 

ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠʪʝ ʧʨʠ Acronis True Image 2021 

Acronis True Image ʝ ʨʝʰʝʥʠʝ, ʢʦʝʪʦ ʦʙʝʜʠʥʷʚʘ ʥʘʜʝʞʜʥʦ ʘʨʭʠʚʠʨʘʥʝ ʩ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥ 
ʘʥʪʠʤʘʣʫʝʨ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʝ ʧʦʣʫʯʘʚʘ ʟʘʱʠʪʘ ʩʨʝʱʫ ʝʜʥʠ ʦʪ ʥʘʡ-ʯʝʩʪʠʪʝ ʟʘʧʣʘʭʠ, ʢʘʪʦ 
ʢʠʙʝʨʘʪʘʢʠ, ʩʣʫʯʘʡʥʦ ʠʟʪʨʠʚʘʥʝ, ʧʦʚʨʝʜʘ ʥʘ ʜʠʩʢʘ ʠ ʢʨʘʞʙʘ. 
ʆʩʥʦʚʥʠʪʝ ʬʫʥʢʮʠʠ ʥʘ Acronis True Image ʚʢʣʶʯʚʘʪ: 

¶ ʃʦʢʘʣʥʦ ʘʨʭʠʚʠʨʘʥʝ: ɻʲʚʢʘʚʠʪʝ ʘʨʭʠʚʠ ʚʠ ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʘʨʭʠʚʠʨʘʪʝ ʪʦʚʘ, ʢʦʝʪʦ ʠʩʢʘʪʝ, 
ʦʪ ʧʲʣʥʠ ʩʠʩʪʝʤʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦ ʦʪʜʝʣʥʠ ʬʘʡʣʦʚʝ - ʚ ʭʨʘʥʠʣʠʱʝʪʦ, ʢʦʝʪʦ ʠʩʢʘʪʝ. 

¶ ʐʠʬʨʦʚʘʥʦ ʘʨʭʠʚʠʨʘʥʝ ʚ ʦʙʣʘʢ: ɸʨʭʠʚʠʪʝ ʚ ʦʙʣʘʢ ʠ ʜʨʫʛʠ ʙʘʟʠʨʘʥʠ ʥʘ ʦʙʣʘʢʘ ʬʫʥʢʮʠʠ 
ʧʦʟʚʦʣʷʚʘʪ ʟʘʱʠʪʘ ʠʟʚʲʥ ʩʘʡʪʘ, ʣʝʩʥʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʠ ʜʦʩʪʲʧ ʥʘʚʩʷʢʲʜʝ. 

¶ ɿʘʱʠʪʘ ʥʘ ʢʠʙʝʨʩʠʛʫʨʥʦʩʪʪʘ: ʀʥʪʝʛʨʠʨʘʥʠʪʝ ʥʘʛʨʘʜʝʥʠ ʘʥʪʠʤʘʣʫʝʨʥʠ ʚʲʟʤʦʞʥʦʩʪʠ 
ʟʘʱʠʪʘʚʘʪ ʢʘʢʪʦ ʚʘʰʝʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʪʘʢʘ ʠ ʘʨʭʠʚʥʠ ʜʘʥʥʠ ʦʪ ʨʘʥʩʲʤʫʝʨ, 
ʢʨʠʧʪʦʜʞʘʢʠʥʛ ʠ ʜʨʫʛʠ ʢʠʙʝʨ ʟʘʧʣʘʭʠ. 

                                                 
15 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʚ ʩʝʢʮʠʷ ʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʠ ʢʦʤʧʶʪʲʨʥʘ 
ʪʝʭʥʠʢʘ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ ANALYSIS OF THE CAPABILITIES OF THE SOFTWARE PRODUCT ACRONIS 

TRUE IMAGE 2021 
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ʇʦʜʜʲʨʞʘʥʠ ʩʠʩʪʝʤʠ ʧʨʠ ʘʨʭʠʚʠʨʘʥʝ ʩ Acronis True Image 2021 

 

ʌʠʛ. 15. ʇʦʜʜʲʨʞʘʥʠ ʩʠʩʪʝʤʠ 

ʃʦʢʘʣʥʦ ʘʨʭʠʚʠʨʘʥʝ 

ɻʲʚʢʘʚʦʩʪʪʘ ʧʨʠ ʧʨʘʚʝʥʝ ʥʘ ʨʝʟʝʨʚʥʠ ʢʦʧʠʷ ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʩʝ ʘʨʭʠʚʠʨʘ ʪʦʚʘ, ʢʦʝʪʦ ʥʠ 
ʪʨʷʙʚʘ, ʦʪ ʧʲʣʥʠ ʩʠʩʪʝʤʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦ ʦʪʜʝʣʥʠ ʬʘʡʣʦʚʝ, ʚ ʭʨʘʥʠʣʠʱʝʪʦ ʢʦʝʪʦ ʩʤʝ 
ʠʟʙʨʘʣʠ.  

 
ʌʠʛ. 16. ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʣʦʢʘʣʥʦ ʘʨʭʠʚʠʨʘʥʝ 
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ʌʠʛ. 17. ʀʥʪʝʨʬʝʡʩ ʟʘ ʠʟʙʦʨ ʥʘ ʢʘʢʚʦ ʜʘ ʩʝ ʘʨʭʠʚʠʨʘ 

 

ʉʣʝʜ ʢʘʪʦ ʬʘʡʣʦʚʝʪʝ ʟʘ ʘʨʭʠʚʠʨʘʥʝ ʩʘ ʠʟʙʨʘʥʠ ʠ ʜʝʩʪʠʥʘʮʠʷʪʘ ʝ ʛʦʪʦʚʘ, ʤʦʞʝʤ ʜʘ 
ʟʘʜʘʜʝʤ ʦʧʮʠʠʪʝ ʟʘ ʘʨʭʠʚʠʨʘʥʝ, ʢʘʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʚʢʣʶʯʚʘʪ ʦʧʮʠʠ ʟʘ ʥʘʩʪʨʦʡʢʘ ʥʘ ʛʨʘʬʠʢ, 
ʠʟʙʦʨ ʥʘ ʩʭʝʤʘ ʟʘ ʘʨʭʠʚʠʨʘʥʝ, ʠʟʚʝʩʪʠʷ ʠ ʢʦʥʬʠʛʫʨʠʨʘʥʝ ʥʘ ʦʧʮʠʠ ʟʘ ʩʠʛʫʨʥʦʩʪ, ʚʢʣʶʯʠʪʝʣʥʦ 
ʠ ʦʧʮʠʷ ʟʘ ʥʦʥ ʩʪʦʧ ʘʨʭʠʚʠʨʘʥʝ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. 

 

 
ʌʠʛ. 18. ʀʥʪʝʨʬʝʡʩ ʟʘ ʥʘʩʪʨʦʡʢʘ ʥʘ ʛʨʘʬʠʢ 

 

ʇʨʝʤʠʥʘʚʘʡʢʠ ʢʲʤ ʨʘʟʜʝʣʘ ʩʭʝʤʘ ʟʘ ʘʨʭʠʚʠʨʘʥʝ, ʤʦʞʝʤ ʜʘ ʚʠʜʠʤ, ʯʝ Acronis ʥʠ ʜʘʚʘ 
ʤʥʦʛʦ ʬʠʥ ʢʦʥʪʨʦʣ ʚʲʨʭʫ ʥʘʯʠʥʘ, ʧʦ ʢʦʡʪʦ ʩʝ ʧʨʘʚʠ ʜʝʡʩʪʚʠʪʝʣʥʦʪʦ ʘʨʭʠʚʠʨʘʥʝ, ʪʦʚʘ 
ʦʟʥʘʯʘʚʘ, ʯʝ ʤʦʞʝʤ ʜʘ ʢʦʥʪʨʦʣʠʨʘʤʝ ʦʧʨʝʜʝʣʝʥʠ ʦʧʮʠʠ, ʢʘʪʦ ʚʠʥʘʛʠ ʜʘ ʟʘʧʘʟʚʘʤʝ 
ʧʲʨʚʦʥʘʯʘʣʥʠʷ ʧʲʣʝʥ ʘʨʭʠʚ ʟʘʚʠʥʘʛʠ, ʢʘʢʪʦ ʠ ʢʦʣʢʦ ʠʥʢʨʝʤʝʥʪʘʣʥʠ ʨʝʟʝʨʚʥʠ ʢʦʧʠʷ ʪʨʷʙʚʘ ʜʘ 
ʙʲʜʘʪ ʥʘʧʨʘʚʝʥʠ ʧʨʝʜʠ ʠʟʧʲʣʥʷʚʘ ʩʝ ʜʨʫʛ ʧʲʣʝʥ ʘʨʭʠʚ. 
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ʌʠʛ. 19. ʀʟʙʦʨ ʥʘ ʩʭʝʤʘ ʟʘ ʘʨʭʠʚʠʨʘʥʝ 

 

ʋʩʣʫʛʠ ʟʘ ʘʨʭʠʚʠʨʘʥʝ ʚ ʦʙʣʘʢ 

Acronis True Image ʝ ʝʜʥʘ ʦʪ ʥʘʡ-ʙʦʛʘʪʠʪʝ ʥʘ ʬʫʥʢʮʠʠ, ʫʩʣʫʛʠ ʟʘ ʘʨʭʠʚʠʨʘʥʝ ʚ ʦʙʣʘʢ. ʊʦʡ 
ʦʙʭʚʘʱʘ ʮʷʣʘʪʘ ʦʩʥʦʚʥʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʩʝ ʦʯʘʢʚʘ, ʢʘʪʦ ʚʢʣʶʯʚʘ ʠ ʰʠʨʦʢ 
ʩʧʝʢʪʲʨ ʦʪ ʜʨʫʛʠ ʬʫʥʢʮʠʠ, ʦʪ ʨʘʟʰʠʨʝʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʩʠʛʫʨʥʦʩʪ ʜʦ ʥʝʱʘ, ʧʦ-ʦʙʱʠ ʟʘ 
ʜʦʩʪʘʚʯʠʮʠʪʝ ʥʘ ʭʨʘʥʠʣʠʱʝ ʚ ʦʙʣʘʢʘ, ʢʘʪʦ ʩʠʥʭʨʦʥʠʟʠʨʘʥʝ ʥʘ ʬʘʡʣʦʚʝ. 

ʇʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʦʩʥʦʚʥʠʪʝ ʬʫʥʢʮʠʠ ʟʘ ʘʨʭʠʚʠʨʘʥʝ ʚ ʦʙʣʘʢ, Acronis True Image 
ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʩʪʘʨʪʠʨʘʪ ʘʨʭʠʚʠʪʝ ʧʦ ʛʨʘʬʠʢ, ʥʝʧʨʝʢʲʩʥʘʪʦ ʠʣʠ ʟʘʜʝʡʩʪʚʘʥʠ ʦʪ ʨʘʟʣʠʯʥʠ 
ʩʲʙʠʪʠʷ, ʢʘʪʦ ʩʪʘʨʪʠʨʘʥʝ ʠʣʠ ʠʟʢʣʶʯʚʘʥʝ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʧʦʪʨʝʙʠʪʝʣʩʢʠ ʚʣʠʟʘʥʠʷ ʠʣʠ ʢʦʛʘʪʦ ʝ 
ʩʚʲʨʟʘʥʦ ʚʲʥʰʥʦ ʫʩʪʨʦʡʩʪʚʦ. 

 

 
ʌʠʛ. 6. ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʦʮʝʩʠʪʝ 

 

ɺʲʟʤʦʞʥʦʩʪʠ ʟʘ ʢʠʙʝʨʩʠʛʫʨʥʦʩʪ ʥʘ Acronis True Image 2021 
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Acronis True Image 2021 ʝ ʝʜʠʥʩʪʚʝʥʦʪʦ ʨʝʰʝʥʠʝ ʟʘ ʣʠʯʥʘ ʢʠʙʝʨʟʘʱʠʪʘ, ʢʦʝʪʦ ʧʨʝʜʦʩʪʘʚʷ 
ʫʥʠʢʘʣʥʘ, ʠʥʪʝʛʨʠʨʘʥʘ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʜʦʢʘʟʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʘʨʭʠʚʠʨʘʥʝ ʠ ʢʠʙʝʨʩʠʛʫʨʥʦʩʪ, 
ʢʦʷʪʦ ʩʧʠʨʘ ʜʦʨʠ ʥʘʡ-ʥʦʚʠʪʝ ʟʘʧʣʘʭʠ. 

 
ʌʠʛ. 7. Acronis Cyber Protect Cloud  

ʆʩʥʦʚʥʠ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʠ: 
¶ ɿʘʱʠʪʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ. 
¶ ʆʮʝʥʢʘ ʥʘ ʫʷʟʚʠʤʦʩʪ - ʀʜʝʥʪʠʬʠʮʠʨʘ ʩʣʘʙʦʩʪʠʪʝ ʚ ʩʠʛʫʨʥʦʩʪʪʘ ʥʘ ʦʧʝʨʘʮʠʦʥʥʘʪʘ 

ʩʠʩʪʝʤʘʪʘ ʠ ʧʨʠʣʦʞʝʥʠʷʪʘ. 
¶ ɸʥʪʠʚʠʨʫʩʥʦ ʩʢʘʥʠʨʘʥʝ ʧʨʠ ʧʦʠʩʢʚʘʥʝ - ʇʨʦʚʝʨʢʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ ʟʘʱʠʪʘʪʘ ʥʘ 

ʜʘʥʥʠʪʝ ʧʦ ʚʩʷʢʦ ʚʨʝʤʝ. 
¶ ʋʝʙ ʬʠʣʪʨʠʨʘʥʝ (ʩʘʤʦ ʟʘ Windows) - ɿʘʱʠʪʘ ʦʪ ʟʣʦʥʘʤʝʨʝʥʠ ʫʝʙʩʘʡʪʦʚʝ. 
¶ ɿʘʱʠʪʠ ʟʘ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʠʷ (ʩʘʤʦ ʟʘ Windows) ï ɿʘʱʠʪʘ ʥʘ Zoom, Cisco WebEx 

ʠ Microsoft Teams ʨʘʟʛʦʚʦʨʠ ʩʨʝʱʫ ʧʦʜʦʟʨʠʪʝʣʥʠ ʜʝʡʥʦʩʪʠ ʠ ʣʶʙʦʧʠʪʥʠ ʦʯʠ. 
 

 
ʌʠʛ. 8. ʋʧʨʘʚʣʝʥʠʝ ʥʘ ʢʠʙʝʨʩʠʛʫʨʥʦʩʪʪʘ 

ʀɿɺʆɼʀ  
ɸʨʭʠʚʠʨʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʠʪʝ ʚ ʝʜʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʝ ʩʣʦʞʝʥ ʠ ʞʠʟʥʝʥʦ ʚʘʞʝʥ ʧʨʦʮʝʩ, ʢʦʡʪʦ 

ʥʝ ʙʠʚʘ ʜʘ ʙʲʜʝ ʧʦʜʮʝʥʷʚʘʥ. ʇʦʜʙʦʨʲʪ ʥʘ ʢʘʯʝʩʪʚʝʥ ʠ ʩʠʛʫʨʝʥ ʭʘʨʜʫʝʨ ʠ ʩʦʬʪʫʝʨ ʝ ʦʪ 
ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʢʘʯʝʩʪʚʝʥʦʪʦ ʠ ʮʷʣʦʩʪʥʦ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʧʨʦʮʝʩʠʪʝ, ʢʘʪʦ ʩʝ ʚʟʝʤʝ ʧʦʜ 
ʚʥʠʤʘʥʠʝ ʠ ʜʦʙʨʝ ʧʦʜʙʨʘʥʠʷʪ ʛʨʘʬʠʢ, ʧʦ ʢʦʡʪʦ ʜʘ ʩʝ ʨʘʙʦʪʠ. ɺ ʜʥʝʰʥʦ ʚʨʝʤʝ, ʢʘʪʦ ʩʝ ʠʤʘ ʚ 
ʧʨʝʜʚʠʜ, ʯʝ ʧʦʚʝʯʝʪʦ ʦʬʠʮʠʘʣʥʘ ʢʦʨʝʩʧʦʥʜʝʥʮʠʷ ʠ ʜʦʢʫʤʝʥʪʘʮʠʷ ʝ ʜʠʛʠʪʘʣʠʟʠʨʘʥʘ, ʝ 
ʘʙʩʦʣʶʪʥʦ ʥʘʣʦʞʠʪʝʣʥʦ, ʜʘ ʩʝ ʚʦʜʠ ʢʘʯʝʩʪʚʝʥ ʘʨʭʠʚ ʥʘ ʩʠʩʪʝʤʠʪʝ ʠ ʜʦʢʫʤʝʥʪʠʪʝ, ʥʘʡ-ʚʝʯʝ ʚ 
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ʢʨʠʪʠʯʥʠʪʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠ ʟʚʝʥʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ. ʉʲʱʦ ʪʘʢʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʦʙʲʨʥʝ 
ʚʥʠʤʘʥʠʝ ʥʘ ʩʠʛʫʨʥʦʩʪʪʘ ʥʘ ʩʘʤʠʪʝ ʘʨʭʠʚʠ, ʧʦ ʚʲʟʤʦʞʥʦʩʪ ʪʝ ʜʘ ʩʘ ʢʨʠʧʪʠʨʘʥʠ ʠ ʤʥʦʛʦ ʜʦʙʨʝ 
ʟʘʱʠʪʝʥʠ, ʟʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʠʟʪʠʯʘʥʝ ʥʘ ʜʘʥʥʠ. ʇʨʝʧʦʨʲʯʠʪʝʣʥʦ ʝ ʘʨʭʠʚʥʠʪʝ  ʩʲʨʚʲʨʠ, ʜʘ ʩʘ 
ʧʦʩʪʘʚʝʥʠ ʟʘʜ ʟʘʱʠʪʥʘ ʩʪʝʥʘ, ʢʦʷʪʦ ʜʘ ʛʘʨʘʥʪʠʨʘ ʪʷʭʥʘʪʘ ʩʠʛʫʨʥʦʩʪ ʠ ʟʘʱʠʪʘ ʦʪ ʚʲʥʰʥʘ 
ʥʝʜʦʙʨʦʥʘʤʝʨʝʥʘ ʥʘʤʝʩʘ.  ʆʪ ʜʨʫʛʘ ʩʪʨʘʥʘ, ʩʲʚʨʝʤʝʥʥʠʪʝ ʦʙʣʘʯʥʦ ʙʘʟʠʨʘʥʠ ʩʠʩʪʝʤʠ, 
ʧʨʝʜʣʘʛʘʪ ʢʦʤʧʣʝʢʩʥʠ ʫʩʣʫʛʠ, ʢʘʪʦ ʛʘʨʘʥʪʠʨʘʪ ʢʘʯʝʩʪʚʝʥʦ ʘʨʭʠʚʠʨʘʥʝ ʠ ʩʠʛʫʨʥʦʩʪ, ʥʦ ʧʨʠ 
ʪʦʟʠ ʚʘʨʠʘʥʪ ʠ ʢʨʘʡʥʘʪʘ ʮʝʥʘ ʝ ʧʦ-ʚʠʩʦʢʘ. 
 

ɹʃɸɻʆɼɸʈʅʆʉʊʀ 

ʊʦʟʠ ʜʦʢʣʘʜ ʩʝ ʧʫʙʣʠʢʫʚʘ ʩ ʧʦʜʢʨʝʧʘʪʘ ʥʘ ʧʨʦʝʢʪ 21-ʌEEA-01 Ăʀʥʪʝʣʠʛʝʥʪʥʠ 
ʢʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ: ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʪʷʭʥʦʪʦ ʨʘʟʚʠʪʠʝ, ʧʨʠʣʦʞʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝñ, 
ʬʠʥʘʥʩʠʨʘʥ ʦʪ ʬʦʥʜ Ăʅʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷñ ʥʘ ʈʫʩʝʥʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ Ăɸʥʛʝʣ ʂʲʥʯʝʚñ. 
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ɺʒɺɽɼɽʅʀɽ 

Human computer interaction (HCI) (ʯʦʚʝʢʦ-ʤʘʰʠʥʥʠʷʪ ʠʥʪʝʨʬʝʡʩ) ʦʧʠʩʚʘ ʥʘʯʠʥʲʪ ʟʘ 
ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʧʦʪʨʝʙʠʪʝʣʷ (ʯʦʚʝʢʘ) ʠ ʠʟʯʠʩʣʠʪʝʣʥʘʪʘ ʤʘʰʠʥʘ (ʥʘʧʨʠʤʝʨ ʢʦʤʧʶʪʲʨ, 
ʪʘʙʣʝʪ ʠʣʠ ʜʨʫʛʦ). ʂʣʘʩʠʯʝʩʢʠ ʧʨʠʤʝʨ ʟʘ ʪʦʚʘ ʩʘ ʤʠʰʢʘʪʘ ʠ ʢʣʘʚʠʘʪʫʨʘʪʘ. ʀʥʪʝʣʠʛʝʥʪʥʠʷ HCI 
ʦʙʭʚʘʱʘ ʫʩʪʨʦʡʩʪʚʘʪʘ ʠ ʥʘʯʠʥʘ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ, ʯʨʝʟ ʢʦʠʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʩ ʤʘʰʠʥʘʪʘ ʜʘ 
ʩʝ ʠʟʚʲʨʰʚʘ ʧʦ ʝʩʪʝʩʪʚʝʥ ʥʘʯʠʥ ʥʘʧʦʜʦʙʷʚʘʱ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ ʭʦʨʘ, 
ʥʘʧʨʠʤʝʨ ʯʨʝʟ ʞʝʩʪʦʚʝ, ʛʣʘʩʦʚʠ ʢʦʤʘʥʜʠ, ʦʪʯʠʪʘʥʝ ʥʘ ʝʤʦʮʠʠ ʠ ʤʦʟʲʯʥʠ ʚʲʣʥʠ. ʉʝʥʟʦʨʥʦ-

ʙʘʟʠʨʘʥʘʪʘ ʯʦʚʝʢʦ-ʤʘʰʠʥʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʠʤʘ ʰʠʨʦʢʘ ʦʙʣʘʩʪ ʥʘ ʧʨʠʣʦʞʝʥʠʝ. ʍʘʨʘʢʪʝʨʠʟʠʨʘ 
ʩʝ ʩ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʧʦʥʝ ʝʜʠʥ ʬʠʟʠʯʝʩʢʠ ʩʝʥʟʦʨ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝʪʦ ʥʘ ʢʦʤʫʥʠʢʘʮʠʷ, ʢʘʪʦ 
ʩʝʥʟʦʨʠʪʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʘʢʪʦ ʤʥʦʛʦ ʧʨʠʤʠʪʠʚʥʠ, ʪʘʢʘ ʠ ʤʥʦʛʦ ʩʣʦʞʥʠ (Krastev, G., Dineva, 

V., 2016). ʀʟʩʣʝʜʚʘʥʝʪʦ ʠ ʠʥʪʝʨʝʩʘ ʢʲʤ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʢʦʤʧʶʪʲʨ, ʯʨʝʟ ʞʝʩʪʦʚʝ ʦʪ ʨʲʮʝ ʥʝ ʝ 
ʥʦʚʦ, ʥʦ ʚ ʤʠʥʘʣʦʪʦ ʩʝ ʝ ʠʟʧʦʣʟʚʘʣʦ ʧʨʝʜʠʤʥʦ ʚ ʩʧʝʮʠʘʣʠʟʠʨʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʣʘʙʦʨʘʪʦʨʠʠ, 
ʥʦ ʚ ʜʥʝʰʥʦ ʚʨʝʤʝ ʥʘʚʣʠʟʘ ʠ ʥʘʤʠʨʘ ʧʨʠʣʦʞʝʥʠʝ ʚ ʝʞʝʜʥʝʚʥʘʪʘ ʨʘʙʦʪʘ ʩ ʢʦʤʧʶʪʲʨ ʥʘ ʚʩʝʢʠ 
ʧʦʪʨʝʙʠʪʝʣ. ʇʦʨʘʜʠ ʪʦʚʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʧʦʟʥʘʚʘʪ ʥʘʯʠʥʠʪʝ ʠ ʫʩʪʨʦʡʩʪʚʘʪʘ, ʩ ʢʦʠʪʦ ʩʝ 
ʟʘʩʠʯʘ ʠ ʨʘʟʧʦʟʥʘʚʘ ʦʧʨʝʜʝʣʝʥ ʞʝʩʪ, ʢʘʢʚʠ ʚʠʜʦʚʝ ʩʘ ʩʘʤʠʪʝ ʞʝʩʪʦʚʝ, ʩ ʢʘʢʲʚ ʩʦʬʪʫʝʨ ʩʝ 
ʦʙʨʘʙʦʪʚʘʪ, ʟʘ ʜʘ ʤʦʞʝ ʚʧʦʩʣʝʜʩʪʚʠʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʩʨʝʜʩʪʚʦ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠʣʠ 
ʠʥʬʦʨʤʘʮʠʷ ʠ ʥʝ ʥʘ ʧʦʩʣʝʜʥʦ ʤʷʩʪʦ ʚ ʢʘʢʚʘ ʩʬʝʨʘ ʥʘ ʜʝʡʥʦʩʪ ʤʦʞʝ ʜʘ ʥʘʤʝʨʠ ʧʨʠʣʦʞʝʥʠʝ. 
ɺʘʞʥʦ ʝ ʠ ʜʘ ʩʝ ʦʪʯʝʪʘʪ ʧʨʝʜʠʤʩʪʚʘʪʘ ʠ ʥʝʜʦʩʪʘʪʲʮʠʪʝ ʥʘ ʤʝʪʦʜʠʪʝ ʠ ʠʟʧʦʣʟʚʘʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ 
ʟʘ ʟʘʩʠʯʘʥʝʪʦ ʠ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʞʝʩʪʦʚʝ, ʟʘ ʜʘ ʤʦʞʝ ʝʜʠʥ ʩʧʝʮʠʘʣʠʩʪ ʨʝʰʠʣ ʜʘ ʩʝ ʟʘʥʠʤʘʚʘ ʩ 
ʪʦʚʘ ʜʘ ʤʦʞʝ ʜʘ ʧʦʜʙʝʨʝ ʥʘʡ-ʜʦʙʨʠʷ ʟʘ ʥʝʛʦ ʭʘʨʜʫʝʨ, ʩʦʬʪʫʝʨ ʠ ʘʣʛʦʨʠʪʲʤ. 

 

ɺʀɼʆɺɽ ɾɽʉʊʆɺɽ ʆʊ ʈʒʂɸ 

ʇʨʝʜʠ ʜʘ ʩʝ ʧʨʝʤʠʥʝ ʢʲʤ ʦʧʠʩʘʥʠʝʪʦ ʥʘ ʪʝʭʥʠʢʠʪʝ ʟʘ ʧʨʠʭʚʘʱʘʥʝ ʠ ʦʙʨʘʙʦʪʢʘ ʥʘ ʞʝʩʪ ʝ 
ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʠʟʷʩʥʠ ʢʘʢʚʦ ʪʦʯʥʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʞʝʩʪʘ ʠ ʢʘʢʚʠ ʚʠʜʦʚʝ ʠʤʘ. ɾʝʩʪʘ 
ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʧʨʝʜʝʣʝʥʘ ʧʦʟʘ, ʜʚʠʞʝʥʠʝ, ʧʦʣʦʞʝʥʠʝ ʥʘ ʨʲʢʘʪʘ, ʜʣʘʥʪʘ ʠ ʧʨʲʩʪʠʪʝ, ʢʦʝʪʦ ʤʦʞʝ 
ʜʘ ʩʝ ʨʘʟʛʨʘʥʠʯʠ ʠ ʨʘʟʧʦʟʥʘʝ ʩʧʨʷʤʦ ʜʨʫʛʦ ʪʘʢʦʚʘ. ʊʦʡ ʤʦʞʝ ʜʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʥʝʧʦʜʚʠʞʥʘ ʧʦʟʘ 
ʥʘ ʨʲʢʘʪʘ, ʜʣʘʥʪʘ ʠ ʧʨʲʩʪʠʪʝ, ʥʦ ʤʦʞʝ ʠ ʜʘ ʧʨʝʜʩʪʘʚʣʷʚʘ ʩʲʚʢʫʧʥʦʩʪ ʦʪ ʪʘʢʠʚʘ, ʢʘʢʪʦ ʠ 
ʦʧʨʝʜʝʣʝʥʦ ʪʷʭʥʦ ʜʚʠʞʝʥʠʝ. ʉʧʦʨʝʜ ʪʦʚʘ ʩʝ ʜʝʣʷʪ ʥʘ ʩʪʘʪʠʯʥʠ ʠ ʜʠʥʘʤʠʯʥʠ. ʉʦʬʪʫʝʨʲʪ ʟʘ 
ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʞʝʩʪʦʚʝ ʨʘʟʧʦʣʘʛʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʩʲʟʜʘʜʝʥʘ ʙʘʟʘ ʦʪ ʟʥʘʥʠʝ ʟʘ ʚʠʜʘ ʠ 
ʠʟʧʲʣʥʝʥʠʝʪʦ ʟʘ ʞʝʩʪʦʚʝʪʝ, ʚ ʢʦʷʪʦ ʩʣʝʜ ʟʘʩʠʯʘʥʝ ʧʨʘʚʠ ʩʨʘʚʥʝʥʠʝ, ʥʦ ʤʦʞʝ ʠ ʜʘ ʠʟʧʦʣʟʚʘ 
ʘʣʛʦʨʠʪʤʠ ʟʘ ʩʘʤʦʦʙʫʯʝʥʠʝ. 

                                                 
16 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʛ. ʚ ʩʝʢʮʠʷ Ăʂʦʤʫʥʠʢʘʮʠʦʥʥʘ  ʠ 

ʢʦʤʧʶʪʲʨʥʘ  ʪʝʭʥʠʢʘñ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ: ʀʅʊɽʃʀɻɽʅʊɽʅ ʏʆɺɽʂʆ ʄɸʐʀʅɽʅ 
ʀʅʊɽʈʌɽʁʉ ʏʄʀ ï ʈɸɿʇʆɿʅɸɺɸʅɽ ʅɸ ɾɽʉʊʆɺɽ ʆʊ ʈʒʂɸ. 
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ʍɸʈɼʋɽʈ ʀ ʊɽʍʅʀʂʀ ʀɿʇʆʃɿɺɸʅʀ ɿɸ ɿɸʉʀʏɸʅɽ ʅɸ ɾɽʉʊʆɺɽ ʆʊ 
ʈʒʂɸ 

ʅʘʯʠʥʠʪʝ ʜʘ ʙʲʜʝ ʧʨʠʭʚʘʥʘʪ ʦʧʨʝʜʝʣʝʥ ʞʝʩʪ, ʢʦʠʪʦ ʩʘ ʥʘʡ-ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʪʝ ʤʦʞʝ ʜʘ ʩʝ 
ʨʘʟʜʝʣʷʪ ʚ ʪʨʠ ʛʨʫʧʠ: ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʲʢʘʚʠʮʘ, ʢʦʷʪʦ ʠʤʘ ʩʝʥʟʦʨʠ, ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʢʦʤʧʶʪʲʨʥʦ 
ʟʨʝʥʠʝ (ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʢʘʤʝʨʠ) ʠ ʟʘʩʠʯʘʥʝ ʥʘ ʤʦʟʲʯʥʠ ʚʲʣʥʠ (ʥʘʡ-ʯʝʩʪʦ, ʯʨʝʟ 
ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʤʘ). 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʨʲʢʘʚʠʮʘ ʩʲʩ ʩʝʥʟʦʨʠ ʧʨʝʜʩʪʘʚʣʷʚʘ ʚ ʥʘʡ-ʦʙʱʠʷ ʩʣʫʯʘʡ ʨʲʢʘʚʠʮʘ ʦʪ 
ʦʧʨʝʜʝʣʝʥ ʤʘʪʝʨʠʘʣ, ʢʘʪʦ ʚ ʥʝʷ ʩʘ ʧʦʩʪʘʚʝʥ ʩʝʥʟʦʨʠ ʩʣʝʜʷʱʠ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʨʲʢʘʪʘ ʚ 
ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ, ʦʧʨʝʜʝʣʷʱʠ ʜʘʜʝʥ ʧʨʲʩʪ ʚ ʢʘʢʚʦ ʧʦʣʦʞʝʥʠʝ ʝ ï ʩʚʠʪ, ʧʦʣʫʩʚʠʪ, ʠʟʧʲʥʘʪ, ʜʘʣʠ 
ʨʲʢʘʪʘ ʩʝ ʜʚʠʞʠ ʠʣʠ ʩʘʤʦ ʦʪʜʝʣʥʘ ʯʘʩʪ ʦʪ ʥʝʷ. ʂʦʥʪʨʦʣʝʨʲʪ ʫʧʨʘʚʣʷʚʘʱ ʠ ʧʨʠʝʤʘʱ ʜʘʥʥʠ ʦʪ 
ʩʝʥʟʦʨʠʪʝ ʤʦʞʝ ʜʘ ʝ ʚʛʨʘʜʝʥ ʚ ʥʝʷ ʠʣʠ ʜʘ ʝ ʦʪʜʝʣʥʦ, ʢʘʪʦ ʚʨʲʟʢʘʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʢʘʙʝʣʥʘ ʠʣʠ 
ʙʝʟʞʠʯʥʘ. ʂʦʥʪʨʦʣʝʨʘ ʥʘ ʨʲʢʘʚʠʮʘʪʘ ʤʦʞʝ ʩʘʤʦ ʜʘ ʦʪʯʠʪʘ ʜʘʥʥʠ ʦʪ ʩʝʥʟʦʨʠʪʝ ʠ ʜʘ ʛʠ ʧʨʘʱʘ 
ʢʲʤ ʢʦʤʧʶʪʲʨ ʠʣʠ ʩʘʤ ʜʘ ʛʠ ʦʙʨʘʙʦʪʚʘ ʨʘʟʧʦʟʥʘʚʘʡʢʠ ʢʘʢʲʚ ʞʝʩʪ ʝ ʥʘʧʨʘʚʝʥ. ʊʦʟʠ ʥʘʯʠʥ ʥʘ 
ʟʘʩʠʯʘʥʝ ʦʩʠʛʫʨʷʚʘ ʥʘ ʧʨʦʛʨʘʤʠʩʪʘ ʧʦ-ʜʦʙʨʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʜʦʙʘʚʷ ʩʚʦʠ ʩʦʙʩʪʚʝʥʠ ʞʝʩʪʦʚʝ, 
ʪʲʡ ʢʘʪʦ ʠʤʘ ʫʥʠʬʠʮʠʨʘʥʦʩʪ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʦʪ ʦʪʜʝʣʥʠʪʝ ʩʝʥʟʦʨʠ. ʎʝʥʘʪʘ ʥʘ ʪʝʟʠ ʫʩʪʨʦʡʩʪʚʘ 
ʝ ʚʠʩʦʢʘ ʠ ʟʘʪʦʚʘ ʩʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠ ʧʦʚʝʯʝ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʩʧʝʮʠʬʠʯʥʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ 
ʤʝʩʪʘ (Munir Oudah, Ali Al-Naji and Javaan Chahl, 2020). 

 

 
ʌʠʛ.1 ʈʲʢʘʚʠʮʘ ʩʲʩ ʩʝʥʟʦʨʠ ʦʪʯʠʪʘʱʘ ʞʝʩʪ 

 

ʂʦʤʧʶʪʲʨʥʦʪʦ ʟʨʝʥʠʝ ʝ ʥʘʡ-ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʷʪ ʥʘʯʠʥ ʟʘ ʟʘʩʠʯʘʥʝ ʥʘ ʞʝʩʪ. ʇʨʠ ʥʝʛʦ ʩʝ 
ʠʟʧʦʣʟʚʘ ʢʦʤʧʶʪʲʨʥʘ ʢʘʤʝʨʘ. ʂʘʤʝʨʘʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʪʘʥʜʘʨʪʥʘ ʫʝʙ, 3D, ʟʘʧʠʩʚʘʱʘ ʚ 
ʜʲʣʙʦʯʠʥʘ, ʠʟʧʦʣʟʚʘʱʘ ʠʥʬʨʘʯʝʨʚʝʥ ʜʘʪʯʠʢ, ʩʪʝʨʝʦʩʢʦʧʠʯʥʘ ʠʣʠ ʜʨʫʛʘ ʪʝʭʥʦʣʦʛʠʷ. ʅʘʡ-

ʝʚʪʠʥʠʷʪ ʚʘʨʠʘʥʪ ʦʪ ʢʲʤ ʭʘʨʜʫʝʨ ʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʫʝʙ ʢʘʤʝʨʘ. ɽʜʠʥ ʦʪ ʥʘʯʠʥʠʪʝ ʝ ʜʘ ʩʝ 
ʘʥʘʣʠʟʠʨʘ ʮʚʝʪʘ ʥʘ ʢʦʞʘʪʘ ʠ ʪʘʢʘ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʞʝʩʪʘ, ʥʦ ʤʦʞʝ ʠ ʜʘ ʩʝ ʧʦʩʪʘʚʷ ʨʲʢʘʚʠʮʘ ʩ 
ʮʚʝʪʥʠ ʤʘʨʢʝʨʠ ʠ ʪʝ ʜʘ ʩʝ ʦʙʨʘʙʦʪʷʪ. ʇʨʠ ʪʦʟʠ ʤʝʪʦʜ ʩʝ ʘʥʘʣʠʟʠʨʘ 2D ʠʟʦʙʨʘʞʝʥʠʝ ʠ 
ʦʙʠʢʥʦʚʝʥʦ ʪʦʚʘ ʩʪʘʚʘ ʧʠʢʩʝʣ ʧʦ ʧʠʢʩʝʣ. ʀʤʘ ʩʲʟʜʘʜʝʥʠ ʘʣʛʦʨʠʪʤʠ. ʢʦʠʪʦ ʩʝ ʦʧʠʪʚʘʪ ʜʘ 
ʧʨʝʦʙʨʘʟʫʚʘʪ 2D ʚ 3D ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʰʠʨʠ ʥʘʙʦʨʘ ʦʪ ʞʝʩʪʦʚʝ, 
ʢʘʪʦ ʩʝ ʦʙʨʘʙʦʪʚʘ ʠ ʚ ʜʲʣʙʦʯʠʥʘ. ʂʦʛʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʤʝʨʠ ʟʘʧʠʩʚʘʱʠ ʚ 3D, ʚ ʜʲʣʙʦʯʠʥʘ, 
ʠʟʧʦʣʟʚʘʱʘ ʠʥʬʨʘʯʝʨʚʝʥ ʜʘʪʯʠʢ, ʩʪʝʨʝʦʩʢʦʧʠʯʥʘ, ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʢʦʝʪʦ ʩʝ ʠʟʩʣʝʜʚʘ ʩʲʜʲʨʞʘ 
ʧʦʚʝʯʝ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʨʲʢʘʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʠ ʞʝʩʪʦʚʝʪʝ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʧʨʠʥʘʜʣʝʞʘʪ ʢʲʤ 
ʤʥʦʞʝʩʪʚʦʪʦ ʜʦʧʫʩʪʠʤʠ ʠ ʦʩʲʱʝʩʪʚʠʤʠ ʪʘʢʠʚʘ ʝ ʤʥʦʛʦ ʧʦ-ʙʦʛʘʪʦ. ʅʝʜʦʩʪʘʪʲʢ ʝ ʯʝ ʮʝʥʘʪʘ ʥʘ 
ʪʝʟʠ ʫʩʪʨʦʡʩʪʚʘ ʝ ʤʥʦʛʦ ʧʦ-ʚʠʩʦʢʘ, ʢʘʢʪʦ ʠ ʠʤʘ ʤʥʦʛʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ 
ʫʩʣʦʚʠʷ. ʊʘʢʠʚʘ ʩʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʥʘ ʨʲʢʘʪʘ ʦʪ ʢʘʤʝʨʘʪʘ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʧʦʤʝʱʝʥʠʝʪʦ 
(ʦʩʦʙʝʥʦ, ʢʦʛʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʠʥʬʨʘʯʝʨʚʝʥ ʜʘʪʯʠʢ), ʬʦʥʘ ʦʢʦʣʦ ʠ ʟʘʜ ʥʝʷ, ʦʩʚʝʪʝʥʦʩʪʪʘ, 
ʩʢʦʨʦʩʪʪʘ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʞʝʩʪʘ ʠ ʜʨʫʛʠ. 

ʆʩʚʝʥ ʯʨʝʟ ʮʚʝʪʦʚʦ ʨʘʟʧʦʟʥʘʚʘʥʝ, ʠʟʚʲʨʰʚʘʥʦ ʯʨʝʟ ʦʪʯʠʪʘʥʝ ʮʚʝʪʘ ʥʘ ʢʦʞʘʪʘ ʠʣʠ 
ʧʦʩʪʘʚʷʥʝ ʥʘ ʨʲʢʘʚʠʮʘ ʩ ʮʚʝʪʥʠ ʤʘʨʢʝʨʠ ʜʨʫʛʠ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠ ʪʝʭʥʠʢʘ ʩʘ: ʩʢʝʣʝʪʥʦ 
ʨʘʟʧʦʟʥʘʚʘʥʝ, ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʜʚʠʞʝʥʠʝ, ʨʘʟʧʦʟʥʘʚʘʥʝ ʚ ʜʲʣʙʦʯʠʥʘ, 3D ʤʦʜʝʣ ʥʘ 
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ʨʘʟʧʦʟʥʘʚʘʥʝ, ʨʘʟʧʦʟʥʘʚʘʥʝ ʧʦ ʚʲʥʰʝʥ ʚʠʜ ʠ ʜʨʫʛʠ. ʈʘʟʣʠʯʥʠʪʝ ʪʝʭʥʠʢʠ ʠʤʘʪ ʩʭʦʜʥʠ ʤʝʪʦʜʠ 
ʠ ʚ ʥʷʢʦʡ ʩʣʫʯʘʠ ʩʝ ʧʨʝʧʦʢʨʠʚʘʪ ʠʣʠ ʝʜʠʥ ʩʝ ʩʲʜʲʨʞʘ ʚ ʜʨʫʛ.  

ʇʨʠ ʨʘʟʧʦʟʥʘʚʘʥʝʪʦ ʧʦ ʚʲʥʰʝʥ ʚʠʜ (ʬʠʛ.2) ʦʪ ʮʝʣʠʷ ʢʘʜʲʨ ʟʘʩʥʝʪ ʦʪ ʢʘʤʝʨʘ ʩʝ ʠʟʙʠʨʘ 
ʪʘʢʘ ʥʘʨʝʯʝʥʘʪʘ ʦʙʣʘʩʪ ʥʘ ʠʥʪʝʨʝʩ. ɺ ʩʣʫʯʘʷ ʩ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʞʝʩʪ ʦʪ ʨʲʮʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ 
ʩʝ ʥʘʧʨʘʚʠ ʩʣʝʜʥʦʪʦ: ʧʲʨʚʦ ʩʝ ʧʨʦʚʝʨʷʚʘ ʠʤʘ ʣʠ ʟʘʩʥʝʪʘ ʨʲʢʘ, ʟʘ ʪʦʚʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʠ 
ʧʨʦʚʝʨʢʘ ʧʦ ʮʚʷʪ ʥʘ ʢʦʞʘ, ʩʣʝʜ ʢʘʪʦ ʝ ʫʩʪʘʥʦʚʝʥʦ, ʯʝ ʠʤʘ ʨʲʢʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʘʣʛʦʨʠʪʤʠ, ʢʦʠʪʦ 
ʦʙʨʘʙʦʪʚʘʪ ʢʘʜʲʨʘ ʠ ʧʨʝʤʘʭʚʘʪ ʬʦʥʘ ʟʘʜ ʨʲʢʘʪʘ ʠ ʪʘʢʘ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʙʦʪʝʥ ʢʘʜʲʨ ʩʲʜʲʨʞʘʱ 
ʝʜʠʥʩʪʚʝʥʦ ʦʙʣʘʩʪʪʘ ʥʘ ʠʥʪʝʨʝʩ, ʢʦʷʪʦ ʩʝ ʦʙʨʘʙʦʪʚʘ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʩʲʚʧʘʜʝʥʠʝ ʟʘ 
ʦʧʨʝʜʝʣʝʥ ʞʝʩʪ. ʇʨʠ ʪʦʟʠ ʤʝʪʦʜ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʪʘʥʜʘʨʪʥʠ ʫʝʙ ʢʘʤʝʨʠ. 

 

 
ʌʠʛ. 2 ʈʘʟʧʦʟʥʘʚʘʥʝ ʧʦ ʚʲʥʰʝʥ ʚʠʜ 

 

ɼʨʫʛ ʤʝʪʦʜ ʝ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʙʘʟʘ ʥʘ ʜʚʠʞʝʥʠʝ, ʢʘʪʦ ʚ ʩʲʱʥʦʩʪʪʘ ʩʠ ʧʨʝʜʩʪʘʚʣʷʚʘ 
ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʥʷʢʦʣʢʦ ʢʘʜʲʨʘ, ʟʘʩʥʝʤʘʱʠ ʞʝʩʪʘ. ɺʲʚ ʚʩʝʢʠ ʝʜʠʥ ʦʪ ʪʷʭ ʧʲʨʚʦ ʩʝ ʨʘʟʧʦʟʥʘʚʘ 
ʜʘʣʠ ʠʤʘ ʨʲʢʘ, ʢʘʪʦ ʥʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠʷ ʤʝʪʦʜ ʝ ʯʨʝʟ ʩʨʘʚʥʝʥʠʝ ʧʦ ʮʚʷʪ ʥʘ ʢʦʞʘ, ʩʣʝʜ ʪʦʚʘ 
ʩʝ ʠʟʦʣʠʨʘ ʟʘʜʥʠʷ ʬʦʥ, ʟʘʪʨʫʜʥʝʥʠʝ ʝ ʪʦʚʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʧʨʠ ʜʠʥʘʤʠʯʥʦ ʧʨʦʤʝʥʷʱ ʩʝ ʪʘʢʲʚ ʠ 
ʟʘ ʩʧʨʘʚʷʥʝ ʩ ʪʦʟʠ ʧʨʦʙʣʝʤ ʩʝ ʧʨʦʤʝʥʷ ʦʩʚʝʪʝʥʦʩʪʪʘ, ʟʘ ʜʘ ʤʦʞʝ ʧʦ-ʣʝʩʥʦ ʜʘ ʩʝ ʩʨʘʚʥʷʚʘ ʧʦ 
ʮʚʷʪ ʥʘ ʢʦʞʘ. ʇʨʠ ʪʦʟʠ ʤʝʪʦʜ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʪʘʥʜʘʨʪʥʠ ʫʝʙ ʢʘʤʝʨʠ (Munir Oudah, Ali 
Al-Naji and Javaan Chahl, 2020). 

ʉʢʝʣʝʪʥʦ ʙʘʟʠʨʘʥʦʪʦ ʨʘʟʧʦʟʥʘʚʘʥʝ ʠʟʧʦʣʟʚʘ ʨʘʟʣʠʯʥʠ ʘʣʛʦʨʠʪʤʠ, ʟʘ ʜʘ ʦʧʨʝʜʝʣʠ ʜʘʜʝʥʦ 
ʠʟʦʙʨʘʞʝʥʠʝ ʢʘʪʦ ʯʘʩʪ ʦʪ ʯʦʚʝʰʢʦʪʦ ʪʷʣʦ ʠ ʜʘ ʧʦʩʪʘʚʠ ʥʷʢʘʢʲʚ ʤʘʨʢʝʨ ʥʘ ʚʩʷʢʘ ʩʪʘʚʘ, ʪ.ʝ. ʯʘʩʪ 
ʧʨʠ ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʠʤʘ ʥʷʢʘʢʚʦ ʜʚʠʞʝʥʠʝ ʚ ʦʧʨʝʜʝʣʝʥʘ ʧʦʩʦʢʘ. ʈʘʟʩʪʦʷʥʠʷʪʘ ʤʝʞʜʫ ʪʝʟʠ ʪʦʯʢʠ 
ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʢʘʪʦ ʚʝʢʪʦʨʠ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʢʦʥʢʨʝʪʝʥ ʞʝʩʪ. ɿʘ ʚʭʦʜʥʦ 
ʫʩʪʨʦʡʩʪʚʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʢʘʤʝʨʠ ʥʘ Kinect ʠʣʠ Intel RealSense. ʉʲʱʝʩʪʚʫʚʘ ʠ 
ʨʘʟʨʘʙʦʪʝʥ ʩʦʬʪʫʝʨ ʫʣʝʩʥʷʚʘʱ ʪʦʚʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʠ ʥʘ ʧʨʦʛʨʘʤʠʩʪʘ ʱʝ ʤʫ ʝ ʥʝʦʙʭʦʜʠʤʦ ʩʘʤʦ 
ʜʘ ʛʦ ʠʥʪʝʛʨʠʨʘ ʩʲʩ ʩʚʦʝʪʦ ʧʨʠʣʦʞʝʥʠʝ. ʇʨʠʤʝʨ ʟʘ ʪʦʚʘ ʝ Skeleton Tracking SDK BY 

CUBEMOS ( https://www.intelrealsense.com/skeleton-tracking/ ). 

ʈʘʟʧʦʟʥʘʚʘʥʝ ʙʘʟʠʨʘʥʦ ʥʘ ʜʲʣʙʦʯʠʥʘ ʠʟʧʦʣʟʚʘ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʢʘʤʝʨʠ, ʟʘʧʠʩʚʘʱʠ 
ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʚ ʜʲʣʙʦʯʠʥʘ, ʘ ʩʘʤʦʪʦ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ ʞʝʩʪ ʩʪʘʚʘ ʢʘʪʦ ʥʘ ʪʘʢʘ ʧʦʜʘʜʝʥʦʪʦ 
ʪʘʢʦʚʘ ʩʝ ʧʨʠʣʦʞʘʪ ʩʲʦʪʚʝʪʥʠʪʝ ʘʣʛʦʨʠʪʤʠ. 

 

 
ʌʠʛ. 3 ʀʟʦʙʨʘʞʝʥʠʝ ʟʘʩʥʝʪʦ ʦʪ ʢʘʤʝʨʘ ʟʘʧʠʩʚʘʱʘ ʚ ʜʲʣʙʦʯʠʥʘ 
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ʇʨʠ ʨʘʟʧʦʟʥʘʚʘʥʝ ʙʘʟʠʨʘʥʦ ʥʘ 3D ʤʦʜʝʣ ʥʘ ʨʲʢʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʦʙʠʢʥʦʚʝʥʘ 
ʢʘʤʝʨʘ ʠʣʠ ʩʧʝʮʠʘʣʠʟʠʨʘʥʘ. ʂʦʛʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʦʙʠʢʥʦʚʝʥʘ ʩʝ ʧʨʠʣʘʛʘʪ ʘʣʛʦʨʠʪʤʠ ʩʪʨʝʤʷʱʠ 
ʩʝ ʜʘ ʧʨʝʦʙʨʘʟʫʚʘʪ 2D ʚ 3D ʤʦʜʝʣ. ʄʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʠ ʥʷʢʦʣʢʦ ʪʘʢʠʚʘ ʨʘʟʧʦʣʦʞʝʥʠ ʧʦ 
ʦʧʨʝʜʝʣʝʥ ʥʘʯʠʥ. ʇʦʣʫʯʝʥʦʪʦ 3D ʠʟʦʙʨʘʞʝʥʠʝ ʚʧʦʩʣʝʜʩʪʚʠʝ ʩʝ ʦʙʨʘʙʦʪʚʘ ʠ ʧʨʠ ʥʝʛʦ ʤʦʛʘʪ ʜʘ 
ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʛʦʣʷʤ ʙʨʦʡ ʞʝʩʪʦʚʝ ʩʧʨʷʤʦ ʧʨʠ 2D ʩʢʘʥʠʨʘʥʝʪʦ. 

ʈʘʟʧʦʟʥʘʚʘʥʝʪʦ ʙʘʟʠʨʘʥʦ ʥʘ ʦʙʫʯʝʥʠʝ ʠʟʧʦʣʟʚʘ ʥʝʚʨʦʥʠ ʤʨʝʞʠ. ʄʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ 
ʨʘʟʣʠʯʥʠ ʢʘʤʝʨʠ, ʢʘʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝʪʦ ʥʘ ʞʝʩʪʦʚʝ ʝ ʥʘʡ-ʛʦʣʷʤʦ ʩʧʨʷʤʦ ʦʧʠʩʘʥʠʪʝ ʜʦ ʪʫʢ 
ʪʝʭʥʠʢʠ. 

ʀʥʪʝʨʝʩʝʥ ʧʦʜʭʦʜ ʟʘ ʟʘʩʠʯʘʥʝ ʥʘ ʞʝʩʪʦʚʝ, ʯʨʝʟ ʢʦʤʧʶʪʲʨʥʦ ʟʨʝʥʠʝ ʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 
ʢʦʥʪʨʦʣʝʨʘ Leap motion (ʬʠʛ.4), ʢʦʡʪʦ ʥʘ ʘʢʪʠʚʥʘʪʘ ʩʠ ʩʪʨʘʥʘ ʨʘʟʧʦʣʘʛʘ ʩ ʜʚʝ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠ 
ʠʥʬʨʘʯʝʨʚʝʥʠ ʢʘʤʝʨʠ ʠ ʪʨʠ ʠʥʬʨʘʯʝʨʚʝʥʠ ʩʚʝʪʦʜʠʦʜʘ, ʧʦʩʨʝʜʩʪʚʦʤ, ʢʦʠʪʦ ʩʝ ʠʟʚʲʨʰʚʘ 
ʧʨʦʩʣʝʜʷʚʘʥʝʪʦ ʥʘ ʦʙʝʢʪʠʪʝ ʚ ʨʘʙʦʪʥʦʪʦ ʤʫ ʧʦʣʝ ( Krastev, G., Dineva, V., 2017).  ʋʩʪʨʦʡʩʪʚʦʪʦ 
ʨʘʙʦʪʠ ʩ ʜʝʢʘʨʪʦʚʘ ʢʦʦʨʜʠʥʘʪʥʘ ʩʠʩʪʝʤʘ (ʜʷʩʥʦ ʦʨʠʝʥʪʠʨʘʥʘ). ʂʦʦʨʜʠʥʘʪʠʪʝ ʩʘ ʚ mm, ʘ 
ʥʘʯʘʣʦʪʦ ʥʘ ʩʠʩʪʝʤʘʪʘ ʝ ʩʨʝʜʘʪʘ ʥʘ ʫʩʪʨʦʡʩʪʚʦʪʦ. (Krastev, G., M. Andreeva, 2015) 

 

 
ʌʠʛ. 4 Leap motion 

 

ʀʟʚʲʨʰʚʘʥʘʪʘ ʨʘʙʦʪʘ ʦʪ ʥʝʚʨʦʥʠʪʝ ʚ ʯʦʚʝʰʢʠʷ ʤʦʟʲʢ, ʢʦʛʘʪʦ ʪʦʡ ʠʩʢʘ ʠʣʠ ʩʠ ʧʨʝʜʩʪʘʚʠ 
ʠʟʚʲʨʰʚʘʥʝʪʦ ʜʘ ʜʘʜʝʥʦ ʜʚʠʞʝʥʠʝ ʤʦʛʘʪ ʜʘ ʩʝ ʩʚʲʨʞʘʪ ʩ ʪʘʢʘ ʥʘʨʝʯʝʥʠʪʝ ʤʦʪʦʨʥʠ ʦʙʨʘʟʠ 
(ʜʚʠʛʘʪʝʣʥʠ ʦʙʨʘʟʠ), ʢʦʠʪʦ ʩʝ ʜʝʣʷʪ ʜʘ mu (7ï13 Hz) ʠ beta(13ï30 Hz) ʨʠʪʤʠ, ʢʦʠʪʦ ʩʘ 
ʠʟʤʝʨʠʤʠ ʢʘʢʪʦ ʧʨʠ ʟʜʨʘʚʠ, ʪʘʢʘ ʠ ʧʨʠ ʭʦʨʘ ʩ ʥʷʢʘʢʚʦ ʟʘʙʦʣʷʚʘʥʝ ʧʦ ʜʚʠʛʘʪʝʣʥʠʷ ʘʧʘʨʘʪ. ʏʨʝʟ 
ʠʟʤʝʨʚʘʥʝʪʦ ʠ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʪʘʟʠ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝ ʜʘ ʩʝ ʦʪʯʝʪʘʪ ʞʝʩʪʦʚʝ, ʢʦʠʪʦ ʯʦʚʝʢ ʩʠ 
ʧʨʝʜʩʪʘʚʷ, ʯʝ ʱʝ ʠʟʚʲʨʰʠ. ʅʘʡ-ʯʝʩʪʦ ʪʦʚʘ ʟʘʩʠʯʘʥʝ ʩʪʘʚʘ ʯʨʝʟ ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʤʘ ( 
https://medpedia.framar.bg/ʬʠʟʠʦʣʦʛʠʷ/ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʠʷ )(ʬʠʛ.5). ʇʨʠ ʪʦʟʠ ʤʝʪʦʜ ʩʝ 
ʠʟʠʩʢʚʘ ʩʢʲʧʦʩʪʨʫʚʘʱʘ ʠ ʥʝ ʤʥʦʛʦ ʫʜʦʙʥʘ ʟʘ ʧʨʝʥʘʩʷʥʘ ʪʝʭʥʠʢʘ, ʢʘʢʪʦ ʠ ʦʙʨʘʙʦʪʢʘʪʘ ʪʨʷʙʚʘ 
ʜʘ ʩʪʘʚʘ ʟʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʢʨʘʪʢʦ ʚʨʝʤʝ, ʪʲʡ ʢʘʪʦ ʚ ʧʨʦʪʠʚʝʥ ʩʣʫʯʘʡ ʪʦʚʘ ʱʝ ʜʦʚʝʜʝ ʜʦ 
ʦʪʝʛʯʝʥʠʝ ʠ ʥʝʫʜʦʙʩʪʚʦ ʚ ʧʦʪʨʝʙʠʪʝʣʷ. ʂʲʤ ʪʦʟʠ ʤʦʤʝʥʪ ʪʦʚʘ ʥʝ ʝ ʨʘʟʧʨʦʩʪʨʘʥʝʥ ʠ ʧʦʧʫʣʷʨʝʥ 
ʤʝʪʦʜ ʟʘ ʧʨʠʭʚʘʱʘʥʝ ʥʘ ʞʝʩʪʦʚʝ (Joytirmoy Rabha, Debasis Samanta, Pabitra Mitra, Monalisa 

Sarma). 

 

 
ʌʠʛʫʨʘ 5. ɽʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʤʘ (ɽɽɻ) 
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OpenCV (Open Source Computer Vision Library) ( https://opencv.org/about/ ) ʝ ʜʦʩʪʘ 
ʨʘʟʧʨʦʩʪʨʘʥʝʥ ʧʘʢʝʪ ʩ ʧʦʤʦʱʪʘ, ʥʘ ʢʦʡʪʦ ʥʘʯʠʥʘʝʱ ʧʨʦʛʨʘʤʠʩʪ ʤʦʞʝ ʜʘ ʠʟʧʦʣʟʚʘ ʚ ʩʚʦʡ 
ʧʨʦʝʢʪ ʞʝʩʪʦʚʦ ʫʧʨʘʚʣʝʥʠʝ. ʇʦʜʜʲʨʞʘʥʠʪʝ ʝʟʠʮʠ ʩʘ:  C++, Python, Java ʠ MATLAB, ʢʘʪʦ 
ʨʘʙʦʪʠ ʠ ʧʦʜ Windows, Linux, Android ʠ Mac OS. ʀʤʘ ʨʲʢʦʚʦʜʩʪʚʘ ʠ ʧʨʠʤʝʨʠ ʟʘ ʠʥʪʝʛʨʠʨʘʥʝ 
ʩʲʩ ʩʨʝʜʘʪʘ Eclipse, ʢʘʢʪʦ ʠ ʤʥʦʛʦ ʛʦʣʷʤʦ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʜʝʣʝʥ ʢʦʜ, ʢʦʡʪʦ ʩʣʝʜ ʨʝʜʘʢʪʠʨʘʥʝ ʠ 
ʜʦʧʲʣʚʘʥʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ. ʈʘʙʦʪʠ ʩ ʦʙʠʢʥʦʚʝʥʠ ʫʝʙ ʢʘʤʝʨʠ, ʥʦ ʢʦʣʠʯʝʩʪʚʦʪʦ ʞʝʩʪʦʚʝ, 
ʢʦʠʪʦ ʨʘʟʧʦʟʥʘʚʘ ʩʘ ʤʥʦʛʦ ʤʘʣʢʦ. ʄʦʞʝ ʜʘ ʩʝ ʠʥʪʝʛʨʠʨʘ ʠ ʟʘ ʨʘʙʦʪʘ ʩ ʢʘʤʝʨʠ ʟʘʧʠʩʚʘʱʠ ʚ 
ʜʲʣʙʦʯʠʥʘ, ʥʦ ʩʘʤʠʷ ʧʨʦʮʝʩ ʥʘ ʧʨʦʛʨʘʤʠʨʘʥʝ ʩʝ ʫʩʣʦʞʥʷʚʘ.  

Intel RealSense SDK 2.0 ( https://www.intelrealsense.com/sdk-2/ ) ʝ ʧʘʢʝʪ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ 
ʩ ʢʘʤʝʨʠʪʝ ʥʘ ʠʥʪʝʣ, ʥʘʧʨʠʤʝʨ SR300, D400 ʠ ʜʨʫʛʠ. ʇʦʜʜʲʨʞʘʥʠʪʝ ʝʟʠʮʠ ʩʘ C, C++, C#, 
Matlab, Python, Node.js. ɺʝʨʩʠʷ IntelÈ RealSenseÊ SDK 2016 R2 ʧʦʜʜʲʨʞʘʰʝ ʠ JAVA. 
ʇʦʜʜʲʨʞʘʥʠʪʝ ʦʧʝʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʩʘ Windows, Linux, Android, MacOS. ʄʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ 
ʠ ʩ LabView, Open3D, OpenCV, OpenVino, PCL, ROS/ROS 2, Unity, UnrealEngine. 

ʈʘʟʧʦʟʥʘʚʘʝʤʠʪʝ ʞʝʩʪʦʚʝ ʧʦʩʨʝʜʩʪʚʦʤ ʨʲʮʝ ʩʘ ʯʝʪʠʨʠʥʘʜʝʩʝʪ ʥʘ ʙʨʦʡ. 
ʀʥʪʝʣ ʧʨʝʜʣʘʛʘʪ ʠ ʧʘʢʝʪ ʙʘʟʠʨʘʥ ʥʘ ʩʢʝʣʝʪʥʦ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘʨʝʯʝʥ Skeleton Tracking 

SDK, ʨʘʟʨʘʙʦʪʝʥ ʟʘ ʨʘʙʦʪʘ ʩ ʧʨʝʜʣʘʛʘʥʠʪʝ ʦʪ ʪʷʭ ʢʘʤʝʨʠ ʟʘʧʠʩʚʘʱʠ ʚ ʜʲʣʙʦʯʠʥʘ. ʇʦʜʜʲʨʞʘ 
C, C++, C# ʠ Python, ʘ ʢʘʪʦ ʦʧʝʨʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ Windows ʠ Linux. 

 

ʉʌɽʈʀ ʅɸ ʇʈʀʃʆɾɽʅʀɽ 

ʈʘʟʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʞʝʩʪʦʚʝ ʢʘʪʦ ʩʨʝʜʩʪʚʦ ʟʘ ʢʦʤʫʥʠʢʘʮʠʷ ʩ ʢʦʤʧʶʪʲʨʥʘʪʘ ʪʝʭʥʠʢʘ ʤʦʞʝ 
ʜʘ ʥʘʤʝʨʠ ʧʨʠʣʦʞʝʥʠʝ ʚ ʧʦʯʪʠ ʚʩʷʢʘ ʜʝʡʥʦʩʪ ʥʘ ʯʦʚʝʢ. ʄʦʛʘʪ ʜʘ ʩʝ ʠʟʙʨʦʷʪ ʢʘʪʦ ʥʘʡ-

ʧʦʧʫʣʷʨʥʠ ʩʣʝʜʥʠʪʝ: 
- ʇʨʠ ʫʤʥʠʪʝ ʤʦʙʠʣʥʠ ʪʝʣʝʬʦʥʠ ʠ ʪʘʙʣʝʪʠ, ʢʲʜʝʪʦ, ʦʙʠʢʥʦʚʝʥʠʷʪ ʧʦʪʨʝʙʠʪʝʣ ʛʦ ʝ ʩʨʝʱʘʣ 

ʤʦʞʝ ʙʠ ʥʘʡ-ʯʝʩʪʦ, ʪʲʡ ʢʘʪʦ ʯʨʝʟ ʞʝʩʪ ʤʦʞʝ ʜʘ ʫʧʨʘʚʣʷʚʘ ʢʦʥʢʨʝʪʥʦ ʧʨʠʣʦʞʝʥʠʝ, ʥʘʧʨʠʤʝʨ 
ʠʛʨʘ.  

- ʇʨʠ ʠʛʨʦʚʠʪʝ ʢʦʥʟʦʣʠ, ʢʘʪʦ ʠʤʘ ʨʘʟʨʘʙʦʪʝʥʠ ʨʘʟʣʠʯʥʠ ʩʧʦʨʪʥʠ ʠʛʨʠ ʟʘ Nintendo, ʚ 
ʢʦʠʪʦ ʫʧʨʘʚʣʝʥʠʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʙʝʟʢʦʥʪʘʢʪʥʦ ʢʘʪʦ ʩʝ ʩʣʝʜʷʪ ʨʲʮʝʪʝ ʥʘ ʠʛʨʘʯʘ. ɺ 
ʢʦʤʧʶʪʲʨʥʠʪʝ ʠʛʨʠ ʪʦ ʝ ʥʘʤʝʨʠʣʦ ʩʚʦʝʪʦ ʤʷʩʪʦ ʠ ʩʝ ʝ ʜʦʢʘʟʘʣʦ ʢʘʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪ ʟʘ 
ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʦʩʪʪʘ  ʥʘ ʧʦʪʨʝʙʠʪʝʣʷ.  

- ɺ ʤʝʜʠʮʠʥʘʪʘ ʠʤʘ ʨʘʟʨʘʙʦʪʝʥʠ ʩʠʩʪʝʤʠ, ʚ ʢʦʠʪʦ ʭʠʨʫʨʛʘ ʠʣʠ ʜʨʫʛʦ ʤʝʜʠʮʠʥʩʢʦ ʣʠʮʝ, 
ʯʨʝʟ ʞʝʩʪʦʚʝ ʦʪ ʨʲʮʝ ʤʦʞʝ ʜʘ ʫʧʨʘʚʣʷʚʘ ʠʥʬʦʨʤʘʮʠʷʪʘ, ʢʦʷʪʦ ʩʝ ʧʦʷʚʷʚʘ ʥʘ ʝʢʨʘʥ ʟʘ ʧʘʮʠʝʥʪʘ. 
ʊʦʟʠ ʥʘʯʠʥ ʥʘ ʨʘʙʦʪʘ ʜʦʧʨʠʥʘʩʷ ʟʘ ʩʪʝʨʠʣʠʟʘʮʠʷʪʘ ʠ ʥʘʤʘʣʷʚʘ ʚʨʝʤʝʪʦ ʟʘ ʜʝʟʠʥʬʝʢʮʠʷ ʚ 
ʧʦʤʝʱʝʥʠʝʪʦ ʧʨʠ ʩʤʷʥʘ ʥʘ ʝʢʠʧʠʪʝ, ʪʲʡ ʢʘʪʦ ʥʝ ʝ ʠʤʘʣʦ ʬʠʟʠʯʝʩʢʠ ʜʦʧʠʨ ʜʦ ʤʦʥʠʪʦʨ, 
ʢʣʘʚʠʘʪʫʨʘ ʠʣʠ ʜʨʫʛʦ ʬʠʟʠʯʝʩʢʦ ʫʩʪʨʦʡʩʪʚʦ. ʀʥʪʝʨʝʩʥʠ ʩʘ ʠ ʨʘʟʨʘʙʦʪʢʠʪʝ ʟʘ ʜʠʩʪʘʥʮʠʦʥʥʘ 
ʦʧʝʨʘʮʠʷ. ʇʨʠʤʝʨ ʟʘ ʪʦʚʘ ʩʘ ʫʩʪʨʦʡʩʪʚʘʪʘ ʥʘ DA VINCI Robotic Surgical System ( 

https://www.davincisurgery.com/ ). ʇʨʠ ʪʷʭ ʭʠʨʫʨʛʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʤʠʨʘ ʥʘ ʛʦʣʷʤʦ ʨʘʟʩʪʦʷʥʠʝ ʦʪ 
ʧʘʮʠʝʥʪʘ, ʢʘʪʦ ʪʦʡ ʫʧʨʘʚʣʷʚʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʩʠʩʪʝʤʘ ʠʟʚʲʨʰʚʘʱʘ ʩʘʤʘʪʘ ʦʧʝʨʘʮʠʷ. ʊʦʚʘ 
ʫʧʨʘʚʣʝʥʠʝ ʩʝ ʠʟʚʲʨʰʚʘ ʬʠʟʠʯʝʩʢʠ, ʩʝʥʟʦʨʥʦ ʠʣʠ ʙʝʟʢʦʥʪʘʢʪʥʦ.  

- ʄʥʦʛʦ ʧʦʣʝʟʥʦ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦ ʝ ʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʠʩʪʝʤʠ ʨʘʟʯʠʪʘʱʠ ʝʟʠʢʘ, ʯʨʝʟ 
ʞʝʩʪʦʚʝ ʠʟʧʦʣʟʚʘʥ ʦʪ ʛʣʫʭʦʥʝʤʠʪʝ ʭʦʨʘ. ɽʜʥʦ ʪʘʢʦʚʘ ʧʨʠʣʦʞʝʥʠʝ ʱʝ ʦʙʣʝʢʯʠ ʦʙʱʫʚʘʥʝʪʦ ʩ 
ʪʷʭ ʦʪ ʯʦʚʝʢ ʥʝ ʧʦʟʥʘʚʘʱ ʩʲʦʪʚʝʪʥʘʪʘ ʠʟʧʦʣʟʚʘʥʘ ʘʨʪʠʢʫʣʘʮʠʷ.  

- ʉʠʩʪʝʤʘ, ʧʨʠ ʢʦʷʪʦ ʯʦʚʝʢ ʧʦʩʨʝʜʩʪʚʦʤ ʞʝʩʪ ʫʧʨʘʚʣʷʚʘ ʥʷʢʘʢʲʚ ʚʠʜ ʨʦʙʦʪ ʱʝ ʧʦʟʚʦʣʠ 
ʟʘʤʷʥʘʪʘ ʥʘ ʭʦʨʘʪʘ ʚ ʦʧʘʩʥʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ ʧʦ ʚʨʝʤʝ ʥʘ ʘʚʘʨʠʷ ʚ ʩʲʦʨʲʞʝʥʠʝ, ʚ ʢʦʝʪʦ ʝ 
ʨʠʩʢʦʚʦ ʠʣʠ ʧʨʦʩʪʦ ʥʷʤʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʜʦʩʪʲʧ.  

- ʇʨʠ ʤʝʪʦʜʘ ʥʘ ʦʪʯʠʪʘʥʝ ʥʘ ʞʝʩʪ, ʯʨʝʟ ɽɽɻ ʝ ʚʲʟʤʦʞʥʦ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʝʢʟʦʩʢʝʣʝʪ ʠʣʠ 
ʨʦʙʦʪʠʟʠʨʘʥ ʢʨʘʡʥʠʢ ʧʦʩʨʝʜʩʪʚʦʤ ʤʠʩʲʣʪʘ ʥʘ ʯʦʚʝʢ ʠ ʪʘʢʘ ʱʝ ʤʦʞʝ ʜʘ ʩʝ ʜʘʜʝ ʚʲʟʤʦʞʥʦʩʪ ʥʘ 
ʭʦʨʘ ʩ ʧʨʦʙʣʝʤʠ ʚ ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʥʘʪʘ, ʤʫʩʢʫʣʥʘ ʠʣʠ ʥʝʨʚʥʘ ʩʠʩʪʝʤʘ ʜʘ ʚʦʜʷʪ ʧʲʣʥʦʮʝʥʝʥ 
ʥʘʯʠʥ ʥʘ ʞʠʚʦʪ.  

- ʋʧʨʘʚʣʝʥʠʝʪʦ, ʯʨʝʟ ʞʝʩʪʦʚʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʘʚʪʦʤʘʪʠʟʠʨʘʥʝ ʥʘ ʩʠʩʪʝʤʠʪʝ ʚ 
ʜʦʤʘ. ɺ ʧʦʩʣʝʜʥʠʪʝ ʜʝʩʝʪʠʥʘ ʛʦʜʠʥʠ ʠʤʘ ʤʥʦʛʦ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʪʘʚʘʪ ʧʦʧʫʣʷʨʥʠ ʪʘʢʘ 
ʥʘʨʝʯʝʥʠʪʝ ʫʤʥʠ ʜʦʤʦʚʝ (smart home). ʏʦʚʝʢ ʤʦʞʝ ʜʘ ʩʠ ʩʪʦʠ ʣʝʛʥʘʣ ʥʘ ʜʠʚʘʥʘ ʧʨʝʜ ʪʝʣʝʚʠʟʦʨʘ 

https://opencv.org/about/
https://www.intelrealsense.com/sdk-2/
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ʠ ʩ ʦʧʨʝʜʝʣʝʥ ʞʝʩʪ ʥʘ ʨʲʢʘʪʘ ʤʦʞʝ ʜʘ ʩʤʝʥʷ ʪʝʣʝʚʠʟʠʦʥʥʠʪʝ ʢʘʥʘʣʠ, ʜʘ ʢʦʥʪʨʦʣʠʨʘ ʥʠʚʦʪʦ ʥʘ 
ʟʚʫʢʘ ʠ ʪ.ʥ.  

- ɺ ʩʠʩʪʝʤʠʪʝ ʟʘ ʚʠʨʪʫʘʣʥʘ ʨʝʘʣʥʦʩʪ ʧʦʪʨʝʙʠʪʝʣʷ ʤʦʞʝ ʜʘ ʩʠ ʧʦʩʪʘʚʠ ʩʘʤʦ ʩʲʦʪʚʝʪʥʠʪʝ 
ʦʯʠʣʘ ʠ ʧʨʝʜ ʢʘʤʝʨʘ, ʯʨʝʟ ʨʲʢʘʚʠʮʘ ʩʲʩ ʩʝʥʟʦʨʠ ʠʣʠ ʰʣʝʤ ʜʘ ʠʟʚʲʨʰʚʘ ʫʧʨʘʚʣʝʥʠʝʪʦ, ʢʦʝʪʦ 
ʱʝ ʨʘʟʰʠʨʠ ʠ ʦʙʣʝʢʯʠ ʦʪ ʘʧʘʨʘʪʥʠ ʠʟʠʩʢʚʘʥʠʷ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʩʠʤʫʣʘʪʦʨʠ ʟʘ ʢʦʥʢʨʝʪʥʠ 
ʦʙʣʘʩʪʠ. 

 

ɿɸʂʃʖʏɽʅʀɽ 

ʈʘʟʧʦʟʥʘʚʘʥʝʪʦ ʥʘ ʞʝʩʪʦʚʝ ʝ ʘʢʪʫʘʣʥʘ ʠ ʥʘʙʠʨʘʱʘ ʧʦʧʫʣʷʨʥʦʩʪ ʦʙʣʘʩʪ. ɺʩʝʢʠ ʯʦʚʝʢ 
ʠʤʘʱ ʠʥʪʝʨʝʩ ʜʘ ʩʝ ʟʘʥʠʤʘʚʘ ʩ ʥʝʷ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʟʘʧʦʟʥʘʝ ʩ ʥʝʦʙʭʦʜʠʤʠʷ 
ʭʘʨʜʫʝʨ ʟʘ ʪʘʢʦʚʘ ʟʘʩʠʯʘʥʝ, ʩʦʬʪʫʝʨʘ ʥʝʦʙʭʦʜʠʤ ʟʘ ʦʙʨʘʙʦʪʢʘ, ʤʝʪʦʜʠʪʝ ʠ ʥʘʯʠʥʘ ʥʘ ʨʘʙʦʪʘ ʠ 
ʜʘ ʠʟʙʝʨʝ ʥʘʡ-ʧʦʜʭʦʜʷʱʠʷ ʝʟʠʢ ʟʘ ʧʨʦʛʨʘʤʠʨʘʥʝ, ʩ ʢʦʡʪʦ ʜʘ ʨʝʘʣʠʟʠʨʘ ʧʨʦʝʢʪʘ ʩʠ. ɿʘ ʥʘʯʠʥʘʝʱ 
ʧʨʦʛʨʘʤʠʩʪ ʤʦʞʝ ʙʠ ʝ ʥʘʡ-ʜʦʙʨʝ ʜʘ ʟʘʧʦʯʥʝ ʩ OpenCV ʩ ʦʙʠʢʥʦʚʝʥʘ ʫʝʙ ʢʘʤʝʨʘ, ʘ ʩʣʝʜ ʪʦʚʘ ʜʘ 
ʩʝ ʥʘʩʦʯʠ ʢʲʤ ʢʘʤʝʨʠ ʟʘʧʠʩʚʘʱʠ ʚ ʜʲʣʙʦʯʠʥʘ ʠʣʠ ʪʘʢʠʚʘ ʩ SDK ʧʦʣʟʚʘʱ ʩʢʝʣʝʪʥʦ ʙʘʟʠʨʘʥʦ 
ʨʘʟʧʦʟʥʘʚʘʥʝ. ʄʝʪʦʜʲʪ, ʢʦʡʪʦ ʱʝ ʩʝ ʠʟʙʝʨʝ ʟʘʚʠʩʠ ʠ ʜʦ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʦʪ ʚʠʜʘ ʠ ʪʠʧʘ ʥʘ 
ʞʝʩʪʦʚʝʪʝ, ʢʦʠʪʦ ʱʝ ʩʝ ʠʟʧʦʣʟʚʘʪ. 

ʊʦʟʠ ʜʦʢʣʘʜ ʩʝ ʧʫʙʣʠʢʫʚʘ ʩ ʧʦʜʢʨʝʧʘʪʘ ʥʘ ʧʨʦʝʢʪ 21-ʌEEA-01 Ăʀʥʪʝʣʠʛʝʥʪʥʠ 
ʢʦʤʧʶʪʲʨʥʠ ʩʠʩʪʝʤʠ: ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʪʷʭʥʦʪʦ ʨʘʟʚʠʪʠʝ, ʧʨʠʣʦʞʝʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝñ, 
ʬʠʥʘʥʩʠʨʘʥ ʦʪ ʬʦʥʜ Ăʅʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷñ ʥʘ ʈʫʩʝʥʩʢʠ ʫʥʠʚʝʨʩʠʪʝʪ Ăɸʥʛʝʣ ʂʲʥʯʝʚñ. 
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Abstract: Transport networks for 5th generation networks are essential for end customers. Given the ultra-high 

speed, no technical problem is solved. The construction of the route and the choice of devices must take into account 

many different parameters, such as reliability, price, terrain, climatic features, region and cargo. MINI-LINK 6352 is 

one of the devices that supports these conditions. The process of design and implementation of mobile transport networks 

are presented in the article as part of Northern Bulgaria. 

Keywords: mmW, mWave, RAN, E-band 

 

ɺʒɺɽɼɽʅʀɽ 

ʇʨʠ ʚʩʷʢʘ ʧʨʦʤʷʥʘ ʥʘ ʧʦʢʦʣʝʥʠʝʪʦ ʥʘ GSM, mW ʪʨʘʥʩʧʦʨʪ ʝ ʙʠʣ ʠ ʚʠʥʘʛʠ ʝ ʛʦʪʦʚ ʜʘ 
ʧʦʩʨʝʱʥʝ ʥʫʞʜʠʪʝ ʟʘ ʢʘʧʘʮʠʪʝʪʘ ʠ ʚʩʷʢʦ ʜʨʫʛʦ ʪʲʨʩʝʥʝ. ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ 20 ʛʦʜʠʥʠ 
microwave(mW) ʪʝʭʥʦʣʦʛʠʷ ʥʝʧʨʝʢʲʩʥʘʪʦ ʩʝ ʨʘʟʚʠʚʘ, ʟʘ ʜʘ ʦʪʛʦʚʦʨʠ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ. ʇʨʝʟ 
1996 ʛ. mW HOP ʦʙʠʢʥʦʚʝʥʦ ʧʦʜʜʲʨʞʘ 34Mbps, ʜʦʢʘʪʦ ʜʥʝʩ, ʧʨʦʜʫʢʪʠʪʝ ʠʤʘʪ ʩʧʦʩʦʙʥʦʩʪʪʘ 
ʜʘ ʧʦʜʜʲʨʞʘʪ ʥʘʜ 1Gbps ʚ ʪʨʘʜʠʮʠʦʥʥʠ ʣʝʥʪʠ ʠ ʥʘʜ 10Gbps ʩ E-Band. 

ɹʝʟʞʠʯʥʘʪʘ ʪʨʘʥʩʧʦʨʪʥʘ ʙʘʨʠʝʨʘ ʦʪ 100 Gbps ʚʝʯʝ ʝ ʧʨʝʢʲʩʥʘʪʘ ʯʨʝʟ ʢʦʤʙʠʥʠʨʘʥʝ ʥʘ E-

band ʢʦʤʙʠʥʠʨʘʥ ʩ MIMO ʪʝʭʥʦʣʦʛʠʷ. ʏʨʝʟ ʪʘʟʠ ʪʝʭʥʦʣʦʛʠʷ, ʙʷʭʘ ʧʦʩʪʠʛʥʘʪʠ 139Gbps ʥʘʜ 1.5 
ʢʤ, ʩ ʚʠʩʦʢʘ ʥʘʣʠʯʥʦʩʪ ʠ ʥʠʩʢʘ ʣʘʪʝʥʪʥʦʩʪ ʚ ʢʘʥʘʣ ʦʪ 2,5 GHz. ʆʯʘʢʚʘ ʩʝ ʢʘʧʘʮʠʪʝʪʲʪ ʦʪ 100 
Gbps ʜʘ ʙʲʜʝ ʪʲʨʛʦʚʩʢʠ ʜʦʩʪʲʧʝʥ ʧʨʝʟ ʩʣʝʜʚʘʱʠʪʝ 5ï8 ʛʦʜʠʥʠ. 

MW ʨʝʰʝʥʠʷ ʧʨʝʜʣʘʛʘʪ ʛʦʣʷʤ ʢʘʧʘʮʠʪʝʪ, ʥʠʩʢʘ ʣʘʪʝʥʪʥʦʩʪ ʠ ʠʢʦʥʦʤʠʯʝʩʢʠ ʝʬʝʢʪʠʚʝʥ 
ʪʨʘʥʩʧʦʨʪ ʢʘʪʦ ʜʦʙʨʦ ʜʦʧʲʣʥʝʥʠʝ ʢʲʤ ʚʣʘʢʥʝʩʪʦ-ʦʧʪʠʯʥʘʪʘ ʤʨʝʞʘ. 

 

ʀɿʃʆɾɽʅʀɽ 

ʀʟʙʦʨ ʥʘ ʤʨʝʞʦʚʘ ʪʦʧʦʣʦʛʠʷ 

ɿʘ ʨʝʘʣʠʟʠʨʘʥʝ ʥʘ ʪʝʢʫʱʠʷʪ ʧʨʦʝʢʪ ʝ ʠʟʙʨʘʥʘ ʪʦʧʦʣʦʛʠʷ ʦʪ ʪʠʧ ñɿʚʝʟʜʘñ. ɺ ʪʦʧʦʣʦʛʠʷ ʦʪ 
ʪʠʧ ʟʚʝʟʜʘ, ʚʩʠʯʢʠ ʚʨʲʟʢʠ ʨʘʙʦʪʷʪ ʧʦ ʥʝʟʘʚʠʩʠʤ ʥʘʯʠʥ, ʢʲʜʝʪʦ ʪʨʘʬʠʢʘ / ʢʘʧʘʮʠʪʝʪʘ ʥʘ 
ʚʨʲʟʢʠʪʝ ʥʝ ʩʝ ʚʣʠʷʷʪ ʚʟʘʠʤʥʦ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ, ʥʘʜʝʞʜʥʦʩʪʪʘ ʠ ʦʙʱʠʷʪ ʢʘʧʘʮʠʪʝʪ ʥʘ ʤʨʝʞʘʪʘ 
ʩʝ ʫʚʝʣʠʯʘʚʘ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʪʦʧʦʣʦʛʠʷʪʘ ʦʪ ʪʠʧ ɺʝʨʠʛʘ. ʆʩʚʝʥ ʪʦʚʘ, ʢʘʧʘʮʠʪʝʪʲʪ ʤʦʞʝ ʜʘ ʙʲʜʝ 
ʨʘʟʰʠʨʝʥ ʯʨʝʟ ʜʦʙʘʚʷʥʝ ʥʘ ʧʦʚʝʯʝ ʚʨʲʟʢʠ ʢʲʤ ʙʘʟʦʚʠʪʝ ʩʪʘʥʮʠʠ, ʢʦʠʪʦ ʩʝ ʥʫʞʜʘʷʪ ʦʪ ʧʦʚʝʯʝ 
ʨʝʩʫʨʩʠ. ɽʜʠʥ ʦʪ ʦʩʥʦʚʥʠʪʝ ʥʝʜʦʩʪʘʪʲʮʠ ʥʘ ʪʦʟʠ ʪʠʧ ʤʨʝʞʦʚʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʝ, ʯʝ ʪʷ ʚʢʣʶʯʚʘ 
ʛʦʣʷʤ ʙʨʦʡ ʘʥʪʝʥʠ ʥʘ ʝʜʥʦ ʤʷʩʪʦ. ʆʩʚʝʥ ʪʦʚʘ, ʚʠʩʦʢʠʷʪ ʙʨʦʡ ʤʘʨʰʨʫʪʠ ʚ ʜʘʜʝʥ ʤʦʤʝʥʪ 
ʥʘʤʘʣʷʚʘ ʥʘʣʠʯʥʦʩʪʪʘ ʥʘ ʢʘʥʘʣʠ. 

 

 

 

 

 

                                                 
17 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʛ. ʚ ʩʝʢʮʠʷ Ăʂʦʤʫʥʠʢʘʮʠʦʥʥʘ  ʠ 

ʢʦʤʧʶʪʲʨʥʘ  ʪʝʭʥʠʢʘñ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ: ʊʈɸʅʉʇʆʈʊɸ ʄʈɽɾɸ ɿɸ 5G. 
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ʇʨʦʝʢʪʠʨʘʥʝ ʥʘ ʤʦʙʠʣʥʘ ʪʨʘʥʩʧʦʨʪʥʘ ʤʨʝʞʘ 

ʏʝʩʪʦʪʥʦʪʦ ʦʪʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʘ ʩʲʩʝʜʥʠ ʢʘʥʘʣʘ e 250MHz (ʧʦ ʠʟʠʩʢʚʘʥʝ ʥʘ ITU-

International Telecommunication Union). ʇʨʠ ʚʩʷʢʘ ʝʜʥʘ ʦʪ ʢʨʘʡʥʠʪʝ ʪʦʯʢʠ ʥʘ ʈʈ ʣʠʥʠʷ ʠʤʘʤʝ 
2 ʯʝʩʪʦʪʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʨʝʢʘʪ ʥʠʩʢʘ ʠ ʚʠʩʦʢʘ. ɺ ʩʣʫʯʘʡ, ʯʝ ʠʤʘʤʝ ʧʦʚʝʯʝ ʦʪ ʝʜʥʘ ʘʥʪʝʥʘ 
ʥʘ ʝʜʠʥ ʠ ʩʲʱ ʦʙʝʢʪ, ʧʨʠ ʥʘʩʪʨʦʡʚʘʥʝ ʥʘ ʦʙʦʨʫʜʚʘʥʝʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʚʟʝʤʝ ʧʨʝʜʚʠʜ, ʯʝ ʥʘ ʝʜʥʦ 
ʤʷʩʪʦ ʥʝ ʤʦʞʝ ʜʘ ʠʤʘ ʠ ʥʠʩʢʠ ʠ ʚʠʩʦʢʠ ʯʝʩʪʦʪʠ, ʪ.ʝ. ʠʣʠ ʩʝ ʥʘʩʪʨʦʡʚʘʪ ʩʘʤʦ ʥʠʩʢʠ, ʠʣʠ ʩʘʤʦ 
ʚʠʩʦʢʠ ʯʝʩʪʦʪʠ. ʊʦʛʘʚʘ ʛʦʚʦʨʠʤ ʟʘ Ăʥʠʩʢʘò ʠ Ăʚʠʩʦʢʘò ʙʘʟʦʚʘ ʩʪʘʥʮʠʷ. 

ɿʘ ʜʘ ʠʟʙʝʛʥʝʤ ʠʥʪʝʨʬʝʨʝʥʮʠʷʪʘ ʤʝʞʜʫ ʩʲʩʝʜʥʠ ʢʘʥʘʣʠ, ʦʧʨʝʜʝʣʷʤʝ ʩʣʝʜʥʠʪʝ ʯʝʩʪʦʪʥʠ 
ʢʘʥʘʣʠ ʥʘ ʣʠʥʠʠʠʪʝ: 

ʊʘʙʣʠʮʘ 1 ʏʝʩʪʦʪʥʦ ʦʨʘʟʤʝʨʷʚʘʥʝ 

 

ɿʘʪʠʭʚʘʥʝ  
ʅʷʢʦʣʢʦ ʚʣʠʷʥʠʷ ʤʦʛʘʪ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʟʘʛʫʙʘ ʥʘ ʩʠʛʥʘʣ, ʢʦʛʘʪʦ ʜʚʘʪʘ ʪʝʨʤʠʥʘʣʘ ʥʘ ʨʘʜʠʦ 

ʚʨʲʟʢʘʪʘ ʩʘ ʚ ʧʨʷʢʘ ʚʠʜʠʤʦʩʪ. ɸʢʦ ʩʠʩʪʝʤʥʘʪʘ Los ʝ ʙʣʠʟʦ ʜʦ ʟʝʤʷʪʘ ʩ ʛʦʣʝʤʠ ʧʦ ʨʘʟʤʝʨ 

ʧʨʝʧʷʪʩʪʚʠʷ ʠʣʠ ʭʲʣʤʦʚʝ, ʟʘʛʫʙʠʪʝ ʥʘ ʧʨʝʧʷʪʩʪʚʠʷ ʤʦʛʘʪ ʜʘ ʩʪʘʥʘʪ ʚʘʞʥʠ, ʚʲʧʨʝʢʠ ʯʝ ʣʠʥʠʷʪʘ 
ʥʘ ʚʠʜʠʤʦʩʪ ʥʝ ʝ ʟʘʢʨʠʪʘ. ɸʢʦ ʠʤʘ ʥʷʢʘʢʚʠ ʧʨʦʤʝʥʠ ʚʲʚ ʬʘʢʪʦʨʘ ʥʘ ʨʘʜʠʫʩʘ ʥʘ ɿʝʤʷʪʘ ʧʦʨʘʜʠ 
ʧʨʝʯʫʧʚʘʥʝ, ʧʲʪʷʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʙʝʢʪ ʥʘ ʜʠʬʨʘʢʮʠʷ / ʧʨʝʯʫʧʚʘʥʝ. 

ʋʩʣʦʚʠʷʪʘ ʟʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ, ʢʘʪʦ ʘʪʤʦʩʬʝʨʥʠ ʧʨʝʤʝʥʠ ʠ ʦʪʨʘʞʝʥʠʷ, ʜʲʣʞʘʱʠ ʩʝ ʥʘ 
ʟʝʤʷʪʘ / ʚʦʜʘʪʘ, ʤʦʛʘʪ ʜʘ ʧʨʠʯʠʥʷʪ ʚʘʨʠʘʮʠʠ ʥʘ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣ. ʊʦʚʘ ʷʚʣʝʥʠʝ ʩʝ ʥʘʨʠʯʘ 
ɿʘʪʠʭʚʘʥʝ (Fading).  

 

ɸʜʘʧʪʠʚʥʘ ʤʦʜʫʣʘʮʠʷ - ʢʦʥʪʨʦʣ ʥʘ ʦʙʨʘʪʥʘʪʘ ʚʨʲʟʢʘ 

˾˾˶ 

˾͊ͫͭͦ͘Ύ͙͔ͤ 
͔ͣ͗͒ͯ ͙͔͊ͤ͊ͭ͟͡ 

(MHz) 

͔̉ͫͭͦͭ͊ 
ͤ͊ 

͔͍͔ͨͪ͒͊͊ͤ ͍ 
͚ͪ͊ͤ͊͟ ͭΦˢΣ 

(MHz) 

͔̉ͫͭͦͭ͊ 
ͤ͊ ͙͔͔ͨͪͣ͊ͤ 
͍ ͚ͪ͊ͤ͊͟ ͭΦˢΣ 

(MHz) 

͔̉ͫͭͦͭ͊ 
ͤ͊ 

͔͍͔ͨͪ͒͊͊ͤ ͍ 
͚ͪ͊ͤ͊͟ ͭΦˣΣ 

(MHz) 

͔̉ͫͭͦͭ͊ 
ͤ͊ ͙͔͔ͨͪͣ͊ͤ 
͍ ͚ͪ͊ͤ͊͟ ͭΦˣΣ 

(MHz) 

˾˾˶м 250 71250 81250 81250 71250 

˾˾˶н 250 72000 82000 82000 72000 

˾˾˶о 250 72750 82750 82750 72750 

˾˾˶п 250 73500 83500 83500 73500 

ʌʠʛ. 1 ʄʨʝʞʦʚʘ ʪʦʧʦʣʦʛʠʷ ʪʠʧ ɿʚʝʟʜʘ 
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ATPC - Adaptive Transmit Power Control ʝ ʩʠʩʪʝʤʘ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʦʙʨʘʪʥʘʪʘ ʚʨʲʟʢʘ, ʢʦʷʪʦ 
ʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʘʚʘ ʠʟʭʦʜʥʘʪʘ ʤʦʱʥʦʩʪ ʥʘ ʧʨʝʜʘʚʘʪʝʣʷ ʧʦ ʚʨʝʤʝ ʥʘ ʧʝʨʠʦʜʠ ʥʘ ʚʣʦʰʘʚʘʥʝ ʥʘ 
ʪʨʘʩʝʪʦ(fade), ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʝʣʠʤʠʥʠʨʘ (ʠʣʠ ʧʦʥʝ ʥʘʤʘʣʷʚʘ) ʥʝʙʣʘʛʦʧʨʠʷʪʥʠʪʝ ʝʬʝʢʪʠ ʦʪ 
ʚʣʦʰʝʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʪʨʘʩʝʪʦ. ATPC ʧʨʝʜʣʘʛʘ ʥʝʟʘʙʘʚʥʠ ʠ ʜʲʣʛʦʩʨʦʯʥʠ ʧʨʝʜʠʤʩʪʚʘ ʟʘ 
ʦʧʝʨʘʪʦʨʘ ʥʘ ʚʨʲʟʢʘʪʘ, ʚʢʣʶʯʠʪʝʣʥʦ ʥʘʤʘʣʝʥʘ ʩʨʝʜʥʘ ʢʦʥʩʫʤʘʮʠʷ ʥʘ ʝʥʝʨʛʠʷ, ʨʘʟʰʠʨʝʥʦ 
ʦʙʦʨʫʜʚʘʥʝ MTBF ʠ ʧʦ-ʥʠʩʢʠ ʜʲʣʛʦʩʨʦʯʥʠ ʥʠʚʘ ʥʘ RF ʩʤʫʱʝʥʠʷ [6]. 

ʈʘʜʠʦ-ʠʟʭʦʜʥʘʪʘ ʤʦʱʥʦʩʪ ʤʦʞʝ ʜʘ ʩʝ ʢʦʥʪʨʦʣʠʨʘ ʚʲʚ ʬʠʢʩʠʨʘʥ ʠʣʠ ʘʜʘʧʪʠʚʝʥ ʨʝʞʠʤ. 
ɺʲʚ ʬʠʢʩʠʨʘʥ ʨʝʞʠʤ, ʠʟʭʦʜʥʘʪʘ ʤʦʱʥʦʩʪ Pout ʚʘʨʠʨʘ ʦʪ ʤʠʥʠʤʘʣʥʦ ʥʠʚʦ Pfix min ʜʦ 
ʤʘʢʩʠʤʘʣʥʦ ʥʠʚʦ Pmax. ʉʪʦʡʥʦʩʪʪʘ Pset ʩʝ ʟʘʜʘʚʘ ʨʲʯʥʦ ʥʘ ʩʪʲʧʢʠ ʦʪ 1dB, ʣʦʢʘʣʥʦ ʠʣʠ 
ʦʪʜʘʣʝʯʝʥʦ ʦʪ ʩʠʩʪʝʤʘʪʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ.  

ɺ ʘʜʘʧʪʠʚʝʥ ʨʝʞʠʤ ʬʫʥʢʮʠʷʪʘ ʟʘ ʘʚʪʦʤʘʪʠʯʥʦ ʫʧʨʘʚʣʝʥsʠʝ ʥʘ ʤʦʱʥʦʩʪʪʘ ʥʘ ʧʨʝʜʘʚʘʥʝ 
(ATPC) ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʘʚʪʦʤʘʪʠʯʥʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʠʟʭʦʜʥʘʪʘ ʤʦʱʥʦʩʪ, Pout. ɺ ʨʝʟʫʣʘʪʘʪ 
ʤʦʱʥʦʩʪʪʘ ʩʝ ʨʝʛʫʣʠʨʘ ʥʝʧʨʝʢʲʩʥʘʪʦ, ʪʘʢʘ ʯʝ ʜʘ ʩʝ ʧʦʜʜʲʨʞʘ ʤʠʥʠʤʘʣʥʦ ʚʭʦʜʥʦ ʥʠʚʦ ʟʘʜʘʜʝʥ 
ʦʪ ʢʨʘʡʥʠʷ ʪʝʨʤʠʥʘʣ. ʇʨʠ ʥʦʨʤʘʣʥʠ ʫʩʣʦʚʠʷ ʥʘ ʪʨʘʩʝʪʦ, ATPC ʧʦʜʜʲʨʞʘ ʠʟʭʦʜʥʘʪʘ ʤʦʱʥʦʩʪ 
ʥʘ ʥʘʤʘʣʝʥʦ ʥʠʚʦ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʧʦ-ʥʠʩʢʦ ʥʠʚʦ ʥʘ ʩʤʫʱʝʥʠʷ ʚ ʨʘʜʠʦ ʤʨʝʞʘʪʘ. 

ʂʚʘʜʨʘʪʫʨʥʦ ʘʤʧʣʠʪʫʜʥʘ ʤʦʜʫʣʘʮʠʷ 

ʅʘʧʨʝʜʲʢʲʪ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʪʝʭʥʦʣʦʛʠʷʪʘ ʟʘ ʤʦʜʫʣʘʮʠʷ ʠ ʢʦʜʠʨʘʥʝ (ʢʦʨʝʢʮʠʷ ʥʘ ʛʨʝʰʢʠ) 
ʦʢʘʟʚʘ ʩʠʣʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʢʘʧʘʮʠʪʝʪʘ ʥʘ Pʘʜʠʦʨʝʣʝʡʥʠʪʝ ʚʨʲʟʢʠʪʝ. ɼʥʝʩ 
ʤʦʜʫʣʘʮʠʦʥʥʠ ʩʭʝʤʠ ʜʦ 512-QAM ʩʝ ʠʟʧʦʣʟʚʘʪ ʰʠʨʦʢʦ ʟʘ ʤʘʛʠʩʪʨʘʣʥʠ / ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʠ 
ʤʨʝʞʠ, ʘ ʤʦʜʫʣʘʮʠʷʪʘ ʜʦ 128-QAM ʚʩʝ ʧʦʚʝʯʝ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʚʨʲʟʢʠ ʟʘ ʜʦʩʪʲʧ. ʅʦʚʦʪʦ 
ʦʙʦʨʫʜʚʘʥʝ ʤʦʞʝ ʜʘ ʩʝ ʩʧʨʘʚʠ ʩ ʤʦʜʫʣʘʮʠʦʥʥʠ ʬʦʨʤʘʪʠ ʜʦ 4096-QAM. 

ʉʲʚʨʝʤʝʥʥʠʪʝ ʙʝʟʞʠʯʥʠ ʤʨʝʞʠ ʯʝʩʪʦ ʠʟʠʩʢʚʘʪ ʠ ʩʝ ʥʫʞʜʘʷʪ ʦʪ ʧʦ-ʛʦʣʷʤ ʢʘʧʘʮʠʪʝʪ. ɿʘ 
ʬʠʢʩʠʨʘʥ ʨʘʟʤʝʨ ʥʘ ʢʘʥʘʣʘ, ʫʚʝʣʠʯʘʚʘʥʝʪʦ QAM ʥʠʚʦʪʦ ʥʘ ʤʦʜʫʣʘʮʠʷ, ʫʚʝʣʠʯʘʚʘ ʢʘʧʘʮʠʪʝʪʘ 
ʥʘ ʚʨʲʟʢʘʪʘ. ʅʘʨʘʩʪʚʘʥʝʪʦ ʥʘ ʢʘʧʘʮʠʪʝʪʘ ʧʨʠ ʥʠʩʢʠ ʥʠʚʘ ʥʘ QAM ʝ ʟʥʘʯʠʪʝʣʥʦ; ʥʦ ʧʨʠ ʚʠʩʦʢ 
QAM, ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʢʘʧʘʮʠʪʝʪʘ ʝ ʤʥʦʛʦ ʧʦ-ʤʘʣʢʦ. 

ʆʪ 1024QAM ʜʦ 2048QAM ʩʝ ʧʦʣʫʯʘʚʘ 10,83% ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʢʘʧʘʮʠʪʝʪʘ.  

ʆʪ 2048 QAM ʜʦ 4096 QAM ʩʝ ʧʦʣʫʯʘʚʘ 9,77% ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʢʘʧʘʮʠʪʝʪʘ. 

ʂʨʲʩʪʦʩʘʥʘ ʧʦʣʷʨʠʟʘʮʠʷ  
ɽʣʝʢʪʨʦʤʘʛʥʠʪʥʠʪʝ ʚʲʣʥʠ ʩʝ ʜʚʠʞʘʪ ʚ 3D ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦ ʧʨʘʚʘ ʣʠʥʠʷ ʩ ʦʨʪʦʛʦʥʘʣʥʠ ʠ 

ʪʨʝʧʪʷʱʠ ʝʣʝʢʪʨʠʯʝʩʢʠ ʠ ʤʘʛʥʠʪʥʠ ʧʦʣʝʪʘ. ʋʩʣʦʚʠʝʪʦ ʝ ʧʦʣʝʪʘʪʘ ʜʘ ʩʘ ʦʨʪʦʛʦʥʘʣʥʠ ʝʜʥʦ ʥʘ 
ʜʨʫʛʦ, ʢʘʢʪʦ ʠ ʧʦʩʦʢʘʪʘ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʨʘʚʥʠʥʘ, ʢʦʷʪʦ ʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ 
ʥʘ ʧʦʩʦʢʘʪʘ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ, ʱʝ ʩʲʜʲʨʞʘ ʚʩʠʯʢʠ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ ʧʦʣʝʪʘ, ʪʘʢʘ ʯʝ ʝ 
ʜʦʩʪʘʪʲʯʥʦ ʜʘ ʛʠ ʦʧʠʰʝʪʝ ʚ ʪʘʟʠ ʨʘʚʥʠʥʘ. 

ʌʠʛ. 2 ʂʦʥʪʨʦʣ ʥʘ ʧʨʝʜʘʚʘʪʝʣʥʘʪʘ ʤʦʱʥʦʩʪ 
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ɿʘ ʜʘʜʝʥʘ ʚʲʣʥʘ ʥʷʢʦʡ ʦʪ ʧʦʣʝʚʠʪʝ ʢʦʤʧʦʥʝʥʪʠ (ʤʘʛʥʠʪʥʠ ʠʣʠ ʝʣʝʢʪʨʠʯʝʩʢʠ) ʤʦʞʝ ʜʘ ʩʝ 
ʢʦʣʝʙʘʝ, ʥʘʧʨʠʤʝʨ ʧʦ ʚʝʨʪʠʢʘʣʥʘʪʘ ʦʩ, ʢʦʝʪʦ ʠʟʠʩʢʚʘ ʜʨʫʛʠʷʪ ʧʦʣʝʚʠ ʢʦʤʧʦʥʝʥʪ ʜʘ ʪʨʝʧʪʠ ʧʦ 
ʭʦʨʠʟʦʥʪʘʣʥʘʪʘ ʦʩ. 

ʇʦʚʝʯʝʪʦ ʚʲʣʥʠ ʫʯʘʩʪʚʘʱʠ ʚ ʨʘʜʠʦʨʝʣʝʡʥʠʪʝ ʚʨʲʟʢʠ ʩʝ ʜʚʠʞʘʪ ʧʦ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, 
ʤʦʞʝ ʜʘ ʩʝ ʛʦʚʦʨʠ ʟʘ ʚʝʨʪʠʢʘʣʥʦ ʠʣʠ ʭʦʨʠʟʦʥʪʘʣʥʦ ʧʦʣʷʨʠʟʠʨʘʥʠ ʚʲʣʥʠ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ, ʯʝ 
ʝʣʝʢʪʨʠʯʝʩʢʦʪʦ ʧʦʣʝ ʩʝ ʢʦʣʝʙʘʝ ʩʲʦʪʚʝʪʥʦ ʚʲʚ ʚʝʨʪʠʢʘʣʥʘ ʠʣʠ ʭʦʨʠʟʦʥʪʘʣʥʘ ʧʦʩʦʢʘ. ʈʘʟʙʠʨʘ 
ʩʝ ʚʲʣʥʘʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʣʷʨʠʟʠʨʘʥʘ ʚʲʚ ʚʩʷʢʘ ʧʦʩʦʢʘ, ʥʦ ʧʦ-ʚʘʞʥʦʪʦ ʝ, ʯʝ ʚʩʷʢʘ 
ʧʦʣʷʨʠʟʘʮʠʷ ʤʦʞʝ ʜʘ ʙʲʜʝ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʘʪʘ ʢʦʤʧʦʥʝʥʪʘ, ʢʦʠʪʦ ʦʙʨʘʟʫʚʘʪ ʦʨʪʦʛʦʥʘʣʥʘʪʘ 
ʦʩʥʦʚʘ. 

ɿʘ ʠʟʯʠʩʣʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʧʨʝʢʲʩʚʘʥʝ ʚ XPIC ʩʠʩʪʝʤʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ITU-R ʤʝʪʦʜ. 
ɿʘ ʠʟʯʠʩʣʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦ ʟʘ ʧʨʝʢʲʩʚʘʥʝ ʚ XPIC ʩʠʩʪʝʤʘʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ITU-R ʤʝʪʦʜ. 

ʇʲʨʚʦ ʠʟʯʠʩʣʷʚʘʤʝ ὢὖὈ : ╧╟╓ ╧╟╓▌    █▫► ╧╟╓▌              █▫► ╧╟╓▌  
(1) 

ʂʲʜʝʪʦ ὢὖὈ  e ʛʘʨʘʥʪʠʨʘʥʠʷʪ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʤʠʥʠʤʘʣʝʥ XPD ʧʨʠ ʦʪʚʦʨʝʥʘ ʧʦʟʠʮʠʷ, 

ʢʘʢʪʦ ʥʘ ʧʨʝʜʘʚʘʪʝʣʷ, ʪʘʢʘ ʠ ʟʘ ʧʨʠʝʤʥʘʪʘ ʘʥʪʝʥʘ.  

ʉʣʝʜ ʪʦʚʘ ʠʟʯʠʩʣʷʚʘʤʝ multipath activity factor, –:  Ɫ ▄ ȟ ╡ ȟ
 (2) 

ɿʘ ʝʜʥʘ ʧʨʝʜʘʚʘʪʝʣʥʘ ʘʥʪʝʥʘ Q ʤʦʞʝ ʜʘ ʩʝ ʠʟʯʠʩʣʠ ʢʘʪʦ: ╠ ■▫▌ Ȣ Ɫ╡  
(3) 

R e multipath fade occurrence factor. ʄʦʞʝ ʜʘ ʩʝ ʠʟʯʠʩʣʠ ʢʘʪʦ ὖ  / 100, ʩʲʦʪʚʝʪʩʪʚʘʱ  

ʥʘ ʧʨʦʮʝʥʪʘ ʦʪ ʚʨʝʤʝʪʦ ὖ  (%) ʥʘʜʚʠʰʘʚʘʱʦ A = 0 dB ʚ ʩʨʝʜʥʦ ʥʘʡ-ʣʦʰʠʷ ʤʝʩʝʮ.  

ʀʟʧʦʣʟʚʘʡʢʠ Vigants, ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʟʘʪʠʭʚʘʥʝ ʩʝ ʠʟʯʠʩʣʷʚʘ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ 

ʦʩʥʦʚʥʠʷʪ ʫʨʘʚʥʝʥʠʝ ʥʘ ʧʨʝʢʲʩʚʘʥʝ ʧʦʚʣʠʷʥʦ ʦʪ ʘʪʤʦʩʬʝʨʥʠʪʝ ʫʩʣʦʚʠʷ:  ╡ Ȣ ╬█▀  (4) 

ʀʟʯʠʩʣʝʪʝ ʧʘʨʘʤʝʪʲʨʘ C ʦʪ: ╒ ╧╟╓ ╠ (5) 

ʆʙʱʘʪʘ ʠʥʪʝʨʬʝʨʝʥʮʠʷ ʥʘ ʟʘʛʫʙʠ ʠ ʩʤʫʱʝʥʠʷ ʩ ʠ ʙʝʟ XPIC ʩʝ ʠʟʯʠʩʣʷʚʘ ʦʪ : ╘╕╜ ╒ ╒ ╘ϳ                   ◌░◄▐▫◊◄ ╧╟╘╒╒ ╒ ╘ϳ ╧╟╘╒          ◌░◄▐ ╧╟╘╒   [13]. 
(6) 

 

ʌʠʛ. 3 ɸʥʪʝʥʘ ʩ ʝʜʥʦ RAU (1+0) ʌʠʛ. 4 ɸʥʪʝʥʘ ʩ ʜʚʝ RAU (XPIC 2+0) 
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ʉʠʩʪʝʤʠʪʝ ʩ ʤʥʦʞʝʩʪʚʦ ʚʭʦʜʦʚʝ ʠ ʠʟʭʦʜʠ (MIMO)  
  ʉʠʩʪʝʤʠʪʝ ʩ ʤʥʦʞʝʩʪʚʦ ʚʭʦʜʦʚʝ ʠ ʠʟʭʦʜʠ (Multiple-Input Multiple-Output MIMO) ʩʘ ʪʝʟʠ, 

ʢʦʠʪʦ ʠʤʘʪ (ʢʘʢʪʦ ʧʦʜʩʢʘʟʚʘ ʠʤʝʪʦ) ʧʦʚʝʯʝ ʦʪ ʝʜʠʥ ʚʭʦʜ ʠ ʠʟʭʦʜ, ʧʨʠʝʤʘ ʩʝ, ʯʝ ʠ Tx, ʠ Rx ʠʤʘʪ 
ʤʥʦʞʝʩʪʚʦ ʘʥʪʝʥʠ, ʨʘʙʦʪʝʱʠ ʚ ʝʜʥʘ ʠ ʩʲʱʘ ʯʝʩʪʦʪʥʘ ʣʝʥʪʘ. ʀʤʘ ʛʦʣʷʤ ʠʥʪʝʨʝʩ ʢʲʤ 
ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ ʙʝʟʞʠʯʥʠ MIMO ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʧʦʩʣʝʜʥʦʪʦ ʜʝʩʝʪʠʣʝʪʠʝ, ʧʨʝʜʠʟʚʠʢʘʥʦ ʦʪ 
ʥʦʚʘʪʦʨʩʢʘ ʨʘʙʦʪʘ ʥʘ ɼʞʦʥʘʪʘʥ ʋʠʥʪʲʨʩ ʠ ɼʞʝʨʘʨʜ ɼʞ. ʌʦʩʢʠʥʠ ʧʨʝʟ 1992ʛ. 

 

ɺ MIMO ʩʠʩʪʝʤʠʪʝ ʧʨʝʜʘʚʘʪʝʣʷʪ ʠʟʧʨʘʱʘ ʤʥʦʞʝʩʪʚʦ ʧʦʪʦʮʠ ʦʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʘʚʘʪʝʣʥʠ 
ʘʥʪʝʥʠ. ʇʨʝʜʘʚʘʪʝʣʥʠʪʝ ʧʦʪʦʮʠ ʤʠʥʘʚʘʪ ʧʨʝʟ ʤʘʪʨʠʯʝʥ ʢʘʥʘʣ, ʢʦʡʪʦ ʩʝ ʩʲʩʪʦʠ ʦʪ ʤʥʦʞʝʩʪʚʦ 
ʧʲʪʠʱʘ ʤʝʞʜʫ ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʘʚʘʪʝʣʥʠ ʘʥʪʝʥʠ ʥʘ ʧʨʝʜʘʚʘʪʝʣʷ ʠ ʤʥʦʞʝʩʪʚʦ ʧʨʠʝʤʘʱʠ ʘʥʪʝʥʠ 
ʥʘ ʧʨʠʝʤʥʠʢʘ. ʉʣʝʜ ʪʦʚʘ ʧʨʠʝʤʥʠʢʲʪ ʧʦʣʫʯʘʚʘ ʧʦʣʫʯʝʥʠʪʝ ʚʝʢʪʦʨʠ ʥʘ ʩʠʛʥʘʣʘ ʦʪ ʤʥʦʞʝʩʪʚʦʪʦ 
ʧʨʠʝʤʥʠ ʘʥʪʝʥʠ ʠ ʜʝʢʦʜʠʨʘ ʧʦʣʫʯʝʥʠʪʝ ʚʝʢʪʦʨʠ ʥʘ ʩʠʛʥʘʣʘ ʚ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ.

 ʉʠʩʪʝʤʠʪʝ MIMO ʦʩʠʛʫʨʷʚʘʪ ʨʝʜʠʮʘ ʧʨʝʜʠʤʩʪʚʘ ʧʨʝʜ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʩ ʝʜʥʘ ʘʥʪʝʥʘ. 
ʏʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʢʲʤ ʟʘʛʫʙʠ ʩʝ ʥʘʤʘʣʷʚʘ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦʪʦ ʨʘʟʥʦʦʙʨʘʟʠʝ, ʦʩʠʛʫʨʝʥʦ ʦʪ 
ʤʥʦʞʝʩʪʚʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʧʲʪʝʢʠ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠ ʫʩʣʦʚʠʷ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠʟʠʩʢʚʘʥʠʷʪʘ 
ʟʘ ʤʦʱʥʦʩʪ, ʩʚʲʨʟʘʥʠ ʩ ʢʦʤʫʥʠʢʘʮʠʷʪʘ ʩ ʚʠʩʦʢʘ ʩʧʝʢʪʨʘʣʥʘ ʝʬʝʢʪʠʚʥʦʩʪ, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 
ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʝʥʠ ʯʨʝʟ ʠʟʙʷʛʚʘʥʝ ʥʘ ʢʦʤʧʨʝʩʠʦʥʥʘʪʘ ʦʙʣʘʩʪ ʥʘ ʩʚʲʨʟʘʥʘʪʘ ʩ ʪʝʦʨʝʪʠʯʥʘʪʘ 
ʠʥʬʦʨʤʘʮʠʷ.  

ʌʠʛ. 5 ʈʘʟʜʝʣʷʥʝʪʦ ʥʘ ʧʦʪʦʮʠʪʝ ʦʪ ʩʠʛʥʘʣʠ ʚ 2x2 LoS MIMO 
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ʀɿɺʆɼʀ  
ʄʥʦʛʦ ʦʧʝʨʘʪʦʨʠ ʩʝ ʩʙʣʲʩʢʚʘʪ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʜʘ ʘʢʪʫʘʣʠʟʠʨʘʪ ʩʚʦʷʪʘ backhaul 

ʤʨʝʞʘ, ʟʘ ʜʘ ʦʪʛʦʚʦʨʷʪ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʢʘʧʘʮʠʪʝʪʘ ʟʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ 5G. 
ʂʘʧʘʮʠʪʝʪʲʪ ʥʘ RAN ʚ 5G ʤʨʝʞʘ, ʦʩʦʙʝʥʦ ʚ ʛʨʘʜʩʢʘ / ʢʨʘʡʛʨʘʜʩʢʘ ʩʨʝʜʘ, ʫʚʝʣʠʯʘʚʘ ʥʫʞʜʘʪʘ 
ʦʪ ʦʙʦʨʫʜʚʘʥʝ ʟʘ ʦʙʨʘʪʥʦ ʧʨʝʥʘʩʷʥʝ, ʩʧʦʩʦʙʥʦ ʜʘ ʦʙʨʘʙʦʪʚʘ ʤʥʦʛʦʛʠʛʘʙʠʪʦʚ ʪʨʘʬʠʢ ʧʦ 
ʨʝʥʪʘʙʠʣʝʥ ʥʘʯʠʥ. ʉ ʦʛʨʘʥʠʯʝʥʠʷʪʘ ʚ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʯʝʩʪʦʪʥʠ ʣʝʪʥʠ, ʥʝʧʨʝʢʲʩʥʘʪʦ ʩʝ 
ʫʚʝʣʠʯʘʚʘ ʚʥʠʤʘʥʠʝʪʦ ʢʲʤ E-Band. ʊʝʭʥʦʣʦʛʠʷʪʘ ʝ ʜʦʢʘʟʘʥʘ ʫʩʧʝʰʥʦ ʚ ʥʷʢʦʣʢʦ ʜʲʨʞʘʚʠ ʚ 
ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʥʷʢʦʣʢʦ ʛʦʜʠʥʠ ʠ ʚʩʝ ʧʦʚʝʯʝ ʱʝ ʝ ʥʝʦʙʭʦʜʠʤʘ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʘʧʘʮʠʪʝʪʘ 
ʚ ʛʨʘʜʩʢʠʪʝ ʦʙʝʢʪʠ, ʟʘʝʜʥʦ ʩ ʢʦʤʙʠʥʘʮʠʠ ʦʪ ʤʥʦʛʦʣʝʥʪʦʚʠ ʙʫʩʪʝʨʠ (MBB) ʚ ʢʨʘʡʛʨʘʜʩʢʠ 
ʦʙʝʢʪʠ. 
 ʇʦʩʪʦʷʥʥʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʙʝʟʞʠʯʥʠʷ backhaul ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ 40 ʛʦʜʠʥʠ ʝ ʦʪʛʦʚʦʨ ʥʘ 
ʥʝʧʨʝʢʲʩʥʘʪʦʪʦ ʘʜʘʧʪʠʨʘʥʝ ʢʲʤ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʫʩʣʫʛʠʪʝ, ʘʢʪʠʚʠʨʘʥʠ ʚ ʧʦ-ʥʦʚʠʪʝ ʧʦʢʦʣʝʥʠʷ 
ʤʦʙʠʣʥʠ ʪʝʭʥʦʣʦʛʠʠ. ʂʣʶʯʲʪ ʢʲʤ ʫʚʝʣʠʯʝʥʠʷ ʢʘʧʘʮʠʪʝʪ ʟʘ ʧʨʝʜʠʰʥʠʪʝ ʧʦʢʦʣʝʥʠʷ ʥʘ 
backhaul ʝ ʜʦʩʪʲʧʲʪ ʜʦ ʥʦʚʠ ʯʝʩʪʦʪʥʠ ʣʝʥʪʠ, ʧʦ-ʰʠʨʦʢʠ ʯʝʩʪʦʪʥʠ ʣʝʥʪʠ ʠ ʧʦ-ʚʠʩʦʢʠ 
ʤʦʜʫʣʘʮʠʦʥʥʠ ʩʭʝʤʠ. ʈʘʟʚʠʚʘʥʝʪʦ ʧʦ ʪʦʟʠ ʧʲʪ ʦʪ ʜʥʝʰʥʠʪʝ 10Gbps ʚʨʲʟʢʠ ʜʦ 100Gbps ʙʠ 
ʠʟʠʩʢʚʘʣʦ ʜʝʩʝʪʦʢʨʘʪʥʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʯʝʩʪʦʪʥʘʪʘ ʣʝʥʪʘ ʥʘ ʢʘʥʘʣʘ. ʊʦʚʘ ʥʝ ʝ ʫʩʪʦʡʯʠʚʦ ʟʘ 
ʛʦʣʝʤʠ ʚʥʝʜʨʷʚʘʥʠʷ ʩʲʩ 100Gbps ʚʨʲʟʢʠ, ʜʦʨʠ ʩ ʜʦʩʪʲʧ ʜʦ ʧʨʝʢʦʤʝʨʝʥ ʩʧʝʢʪʲʨ ʥʘʜ 100GHz. 
ɹʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʪʦʚʘ, ʥʦʚʠʪʝ ʝʬʝʢʪʠʚʥʠ ʦʪ ʩʧʝʢʪʲʨʘ ʪʝʭʥʦʣʦʛʠʠ ʢʘʪʦ LoS MIMO ʱʝ ʠʛʨʘʷʪ 
ʢʣʶʯʦʚʘ ʨʦʣʷ ʚ ʢʦʤʝʨʩʠʘʣʠʟʘʮʠʷʪʘ ʥʘ ʙʲʜʝʱʠ ʚʨʲʟʢʠ ʦʪ ʪʦʯʢʘ ʜʦ ʪʦʯʢʘ ʩ ʫʣʪʨʘ ʚʠʩʦʢ 
ʢʘʧʘʮʠʪʝʪ. MIMO ʪʝʭʥʦʣʦʛʠʷʪʘ ʱʝ ʫʤʥʦʞʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʩʧʝʢʪʲʨʘ, ʢʘʪʦ ʩʲʱʝʚʨʝʤʝʥʥʦ 
ʧʦʜʜʲʨʞʘ ʠʣʠ ʧʦʜʦʙʨʷʚʘ ʩʠʩʪʝʤʘʪʘ, ʧʦʟʚʦʣʷʚʘʡʢʠ ʧʦ-ʝʬʝʢʪʠʚʥʠ ʩʧʝʢʪʲʨʘ ʚʨʲʟʢʠ ʩ ʛʦʣʷʤ 
ʢʘʧʘʮʠʪʝʪ. 
 ʈʘʜʠʦʨʝʣʝʡʥʘʪʘ ʤʨʝʞʘ ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʙʲʜʝ ʦʩʥʦʚʝʥ ʥʘʯʠʥ ʟʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʦʢʦʣʦ ʥʘʜ 
50% ʦʪ ʚʩʠʯʢʠ ʩʘʡʪʦʚʝ ʧʨʝʟ 2021ʛ. 

ʌʠʛ. 6 ʂʘʨʪʘ ʥʘ ʨʘʜʠʦʨʝʣʝʡʥʠʪʝ ʪʨʘʩʝʪʘ ʚ ʛʨʘʜ ʉʠʣʠʩʪʨʘ 
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ɹʃɸɻʆɼɸʈʅʆʉʊʀ 

ɼʦʢʣʘʜʲʪ ʦʪʨʘʟʷʚʘ ʨʝʟʫʣʪʘʪʠ ʦʪ ʨʘʙʦʪʘʪʘ ʧʦ ʧʨʦʝʢʪ No 2021 ï ʌɽɽɸ ï 03 Ăʇʨʦʝʢʪʠʨʘʥʝ, 
FPGA-ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʮʠʬʨʦʚʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʫʩʪʨʦʡʩʪʚʘñ, ʬʠʥʘʥʩʠʨʘʥ 
ʦʪ ʬʦʥʜ Ăʅʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷñ ʥʘ ʈʫʩʝʥʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ. 
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Abstract:  Steganography is a science focused on the information protection by hiding the secret data in different 

types of public media, mainly images and videos. This paper presents an overview of the different steganography methods 

and algorithms. The first part of the paper presents a brief analysis on the steganography principles and characteristics, 

as well as a comparison between the cryptography and the steganography. The next part of the paper presents the 

principles of the pure, secret and public steganography and includes a comparison of the different steganography types. 

The paper continues with an overview of the different algorithms and methods for implementation of the steganography 

in the IP networks and in the communication protocols. The paper is then finalized by a brief discussion and conclusions.   

Keywords:  steganography, cryptography, data protection and privacy, network steganography 

 

INTRODUCTION 

The term steganography refers to a technique that aims to hide the communication between two 

interlocutors. The term is composed precisely of the Greek words ůŰŮɔŬɜɧɠ (steganos-) (covered) and 

ɔɟŬűɑŬ (grafeia-) (writing). Unlike encryption, which allows you to encrypt a message, so as to make 

it incomprehensible if you do not have a key to decipher it, steganography aims to keep the very 

existence of the message away from prying eyes, by hiding it. Traces of steganography already existed 

in ancient Greece, when Herodotus narrated two examples in his Stories, but the first recorded use of 

the term was in 1499 by Johannes Trithemius in his ñSteganographia, a treatise on cryptography and 

steganographyò, disguised as a book about magic. Initially the author decided not to print it and even 
destroyed large parts of it, believing that they should never have seen the light of day, but the text 

continued to circulate in the form of a provisional draft and was published posthumously in 1606. 

In digital steganography, electronic communications can include steganographic encoding 

within a transport layer, such as a document file, an image file, a program or a protocol. Multimedia 

files are ideal for steganographic transmission because of their large size. For example, a sender might 

send a harmless image file and adjust the color of one pixel in a hundred to match an alphabetic 

character. The change is so subtle that someone is unlikely to notice it unless they are specifically 

looking for it. 

                                                 
18 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʛ. ʚ ʩʝʢʮʠʷ Ăʂʦʤʫʥʠʢʘʮʠʦʥʥʘ  ʠ 

ʢʦʤʧʶʪʲʨʥʘ  ʪʝʭʥʠʢʘñ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ: AN OVERVIEW OF THE STEGANOGRAPHY METHODS AND 

STEGANOGRAPHY ALGORITHMS. 
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Today steganography therefore presents itself as an ideal tool for the creation of secret 

communication channels, which can be used in sophisticated scenarios of espionage, computer crime 

and violation of privacy of both public and private subjects. 

EXPOSITION 

How is Steganography different from Cryptography 

At their core, both have almost the same goal, which is protecting a message or information 

from the third parties. However, they use a totally different mechanism to protect the information.  

Cryptography changes the information to ciphertext which cannot be understood without a 

decryption key. So, if someone were to intercept this encrypted message, they could easily see that 

some form of encryption had been applied. On the other hand, steganography does not change the 

format of the information, but it conceals the existence of the message. 

Table 1. Comparison between Steganography and Cryptography 

 

Steganography categories 

As it is known there is much communication between people and organizations through the use  

of the phone, the computer communications, radio, and of course all of these communication should 

be secure. There are basically three Steganography types: 

 

¶ Pure Steganography 

¶ Secret key Steganography 

¶ Public key Steganography 

 

The secret message is hidden in a cover image directly without using any key. This form of 

steganography is the simplest and weakest. The success of this hidden communication depends upon 

the assumption that the attackers are not aware this cover contains the secret message. 

Pure Steganography is a Steganography system that doesn't require prior exchange of some secret 

information before sending message; therefore, no information is required to start the communication 

process: the security of the system thus depends entirely on its secrecy. In most applications, pure 

Steganography is preferred, since no stego-key must be shared between the communication partners, 
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although a pure Steganography protocols don't provide any security if an attacker knows the 

embedding method. 

 

 

Fig. 1. Pure steganography principles 

Using secret key, the secret message is embedded into cover image and extracted out of the stego 

image. Both the receiver and transmitter have common agreed upon these keys in this type of 

steganography. The keys can be separately shared between both the receiver and the transmitter using 

some particular channel prior to the real transmission begins. Higher security is the strength of this 

system. Parties other than the intended receiver cannot recover the secret message or will require very 

high computational time and capacity to retrieve the secret message applying some brute force 

methods. The robustness of this system lies with the secrecy of the keys and the hardest part in this 

type of steganography is how to share the keys between the transmitter and the receiver with 

maintaining their secrecies. 

A secret key Steganography system is similar to a symmetric cipher, where the sender chooses a 

cover and embeds the secret message into the cover using a secret key. If the secret key used in the 

embedding process is known to the receiver, he can reverse the process and extract the secret message. 

Anyone who doesn't know the secret key should not be able to obtain evidence of the encoded 

information. 

 

 

Fig. 2. Secret steganography principles 

To hide the secret information, this method of steganography uses a pair of public key and private 

key. In order to be capable to extract the hidden information, the parties other than the intended 

receivers need to know both the private key and public key used for embedding and the encryption 

algorithms used. Therefore, this method is robust. 

Public key Steganography does not depend on the exchange of a secret key. It requires two keys, 

one of them private (secret) and the other public: the public key is stored in a public database, whereas 

the public key is used in the embedding process. The secret key is used to reconstruct the secret 

message. One way to build a public key Steganography system is to use a public key crypto system. 

The sender and the receiver can exchange public keys of some public key cryptography algorithm 

before imprisonment. Public key Steganography utilizes the fact that the decoding function in a 

Steganography system can be applied to any cover, whether or not it already contains a secret 

message. The public key Steganography relies on the fact that encrypted information is random 

enough to hide in plain sight. The sender encrypts the information with the receiver's public key to 

obtain a random-looking massage and embeds it in a channel known to the receiver, thereby replacing 
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some of the natural randomness with which every communication process is accompanied. Assume 

that both the cryptographic algorithms and the embedding functions are publicly known. 

The receiver who cannot decide a priori if secret information is transmitted in a specific cover 

will suspect the arrival of message and will simply try to extract and decrypt it using his private key. 

If the cover actually contained information, the decryption information is the sender's message. 

 

 

Fig. 3. Public steganography principles 

Steganography types 

Depending on the nature of the cover object (actual object in which secret data is embedded), 

steganography can be divided into five types, as shown below: 

 

 

Fig. 4. Steganography types 

Text Steganography 

Text Steganography is hiding information inside the text files. It involves things like changing 

the format of existing text, changing words within a text, generating random character sequences or 

using context-free grammars to generate readable texts. Various techniques used to hide the data in 

the text are: 

 

¶ Format Based Method 

¶ Random and Statistical Generation 

¶ Linguistic Method 

 

Image Steganography 

Hiding the data by taking the cover object as the image is known as image steganography.  In 

digital steganography, images are widely used cover source because there are a huge number of bits 

present in the digital representation of an image. There are a lot of ways to hide information inside an 

image. Common approaches include: 

 

¶ Least Significant Bit Insertion 

¶ Masking and Filteringsdf  

¶ Redundant Pattern Encoding 

¶ Encrypt and Scatter 

¶ Coding and Cosine Transformation 
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Audio Steganography 

In audio steganography, the secret message is embedded into an audio signal which alters the 

binary sequence of the corresponding audio file. Hiding secret messages in digital sound is a much 

more difficult process when compared to others, such as Image Steganography. Different methods of 

audio steganography include: 

 

¶ Least Significant Bit Encoding 

¶ Parity Encoding 

¶ Phase Coding 

¶ Spread Spectrum 

 

Video Steganography 

In Video Steganography you can hide kind of data into digital video format. The advantage of 

this type is a large amount of data can be hidden inside and the fact that it is a moving stream of 

images and sounds. You can think of this as the combination of Image Steganography and Audio 

Steganography. Two main classes of Video Steganography include: 

 

Network Steganography (Protocol Steganography) 

It is the technique of embedding information within network control protocols used in data 

transmission such TCP, UDP, ICMP etc. You can use steganography in some covert channels that 

you can find in the OSI model. For Example, you can hide information in the header of a TCP/IP 

packet in some fields that are either optional. 

 

Steganography Techniques 

Spatial Domain 

The secret messages are embedded in the cover file directly. In the spatial domain, the least 

significant bits (LSB) are replaced with bits from the secret message. 

Noticing the slight difference of colors is not easy. This method exploits the natural weakness of 

Human Visual System (HVS) therein. This method can be used in grayscale image and color image 

by changes some the 8-bit of image's data in the grayscale image so that the alteration of imageôs is 
not perceptible for human eyes.  

 

 

Fig. 5. LSB in greyscale images 
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Also, when using RGB image the least significant bit of each color components can be used. 

Therefore, the potential capacity for hiding secret data in a RGB image is triple of the image which 

has the same size in the grayscale format. 

 

Fig. 6. LSB in RGB images 

Advantages of the LSB technique are that the original image degradation is not easy to detect 

and hiding capacity is more, which means more information can be stored in an image object. 

Disadvantage of spatial domain of LSB technique is the robustness is low therefore the hidden 

information can be destroyed by attacks. 

 

Frequency Domain 

Discrete Cosine Transform Technique (DCT) 

DCT is mathematical function that transforms digital image data from the spatial domain to the 

frequency domain. In this type, after transforming the image in frequency domain, the secret data is 

embedded in the least significant bits of the medium frequency components and it is specified for 

lossy compression. 

 

Fig. 7. Discrete Cosine Transform Technique 
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Discrete Wavelet Transform Technique (DWT) 

There are different techniques to implement steganography namely least significant bit (LSB), 

discrete cosine transform (DCT) and discrete wavelet transform (DWT) technique. There are two 

types of domains in which steganography is implemented, spatial domain and frequency domain. In 

spatial domain, processing is applied directly on the pixel values of the image whereas in frequency 

domain, pixel values are transformed and then processing is applied on the transformed coefficients. 

LSB technique is implemented in spatial domain while DCT & DWT technique are implemented 

in frequency domain. In least significant bit (LSB), each pixel of an image transformed into the binary 

value and data is hidden into the least significant position of the binary value of the pixels of the 

image in such a manner that, it doesnôt destroy the integrity of the cover image, but this scheme is 
sensitive to a variety of image processing attacks like compression, cropping etc. The discrete cosine 

transforms (DCT) & discrete wavelet transform (DWT) are mathematical function that transforms 

digital image data from the spatial to the frequency domain. In DCT, after transforming the image in 

frequency domain, the data is embedded in the least significant bits of the medium frequency 

components and is specified for lossy compression while in DWT, secret messages are embedded in 

the high frequency coefficients resulted from Discrete Wavelet Transform and provide maximum 

robustness. 

 

Steganography Algorithms 

LSB (Least significant bit) - In this algorithm, the least significant bits of the cover media digital 

data are used to conceal the message. The simplest of the LSB steganography techniques is the LSB 

replacement. LSB replacement steganography flips the last bit of each of the data values to reflect the 

message that needs to be hidden. Consider an 8-bit grayscale bitmap image where each pixel is stored 

as a byte representing a gray scale value. 

 

 

Fig. 8. LSB algorithm 

DCT (Discrete Cosine Transform) - DCT coefficients are used for JPEG compression. It 

separates the image into parts of differing importance. It transforms a signal or image from the spatial 

domain to the frequency domain. It can separate the image into high, middle and low frequency 

components. 

DWT (Discrete Wavelet Transform) - The wavelet transform describes a multi-resolution 

decomposition process in terms of expansion of an image onto a set of wavelet basis functions. DWT 

has its own excellent space frequency localization property. The DWT splits the signal into high and 

low frequency parts. The high frequency part contains information about the edge components, while 

the low frequency part is split again into high and low frequency parts. The high frequency 

components are usually used for steganography since the human eye is less sensitive to changes in 

edges. 
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Fig. 9. DCT Algorithm 

 

Fig. 10. DWT algorithm 

CONCLUSION 

Steganography is the art and science of writing hidden messages in such a way that no one, 

apart from the sender and the intended recipient, suspects the existence of the secret message. 

Steganography is becoming increasingly common and secure with the methods currently being 

developed.  

The most appropriate steganography method can be selected by considering several variables, 

such as the size of the data to be embedded, the security requirements, the environment, which the 

data is going to be sent, etc. If the system requires a higher level of security, the steganography method 

can be used in combination with a cryptography mechanism. 

Nowadays, the digital world is overwhelmed with multimedia content - images, audio and video 

files. The digital images are now everywhere due to low-cost end-user devices, like smartphones, 

digital cameras, etc. Steganography is mainly used to protect the sensitive data exchange in the 

communication processes of intelligence or law enforcing agencies and the military forces. 

Furthermore, the bank and the financial sectors can employ this technology for remote user 

authentication with a key sharing protocol. 
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Abstract: The paper presents different computer-based tools, such as MS Excel, Logisim, ISE Project Navigator, 

etc., for implementing encoders and decoders of Hamming codes. Circuits of an encoder and a decoder of (10,6) 

Hamming codes are proposed in the paper. They are built and tested in Logisim for different input combinations. Then, 

the circuits are built in ISE Project Navigator for programming the FPGA-based laboratory board used in the 

educational process. The materials will be used in the course ñCoding in Telecommunication Systemsò for students-

bachelors of the specialty ñInternet and Mobile Communicationsò. 
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ɺʒɺɽɼɽʅʀɽ 

ʇʨʠ ʮʠʬʨʦʚʠʪʝ ʢʦʤʫʥʠʢʘʮʠʠ ʯʝʩʪʦ ʩʝ ʧʦʷʚʷʚʘʪ ʛʨʝʰʢʠ ʚ ʧʨʦʮʝʩʘ ʥʘ ʧʨʝʜʘʚʘʥʝʪʦ ʥʘ 
ʜʘʥʥʠʪʝ ʦʪ ʧʨʝʜʘʚʘʪʝʣʷ ʢʲʤ ʧʨʠʝʤʥʠʢʘ ʧʦʨʘʜʠ ʰʫʤ ʠʣʠ ʩʤʫʱʝʥʠʷ ʦʪ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʊʝʟʠ 
ʛʨʝʰʢʠ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʝʚʲʨʥʘʪ ʚ ʩʝʨʠʦʟʝʥ ʧʨʦʙʣʝʤ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʪʦʯʥʦʩʪ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ 
ʥʘ ʩʠʩʪʝʤʘʪʘ. ʉʣʝʜʦʚʘʪʝʣʥʦ ʩʝ ʠʟʠʩʢʚʘ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʥʘʜʝʞʜʥʦʩʪʪʘ ʥʘ ʧʨʝʜʘʚʘʥʝʪʦ ʥʘ ʜʘʥʥʠ. 
ɿʘ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʥʘʜʝʞʜʥʦʩʪʪʘ, ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʝ ʜʘ ʩʝ ʦʪʢʨʠʷʪ ʠ ʢʦʨʠʛʠʨʘʪ ʛʨʝʰʢʠʪʝ. 
ʉʣʝʜʦʚʘʪʝʣʥʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʥʷʢʘʢʲʚ ʚʠʜ ʢʦʜʠʨʘʥʝ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʛʨʝʰʢʠʪʝ ʩ ʮʝʣ 
ʦʪʢʨʠʚʘʥʝ ʠ ʢʦʨʠʛʠʨʘʥʝ ʥʘ ʛʨʝʰʢʠʪʝ. ʇʨʠ ʪʦʚʘ ʢʦʜʠʨʘʥʝ, ʢʲʤ ʠʥʬʦʨʤʘʮʠʦʥʥʠʪʝ ʙʠʪʦʚʝ 
(ʙʠʪʦʚʝʪʝ ʟʘ ʜʘʥʥʠ) ʩʝ ʜʦʙʘʚʷ ʝʜʠʥ ʠʣʠ ʧʦʚʝʯʝ ʜʦʧʲʣʥʠʪʝʣʥʠ ʙʠʪʦʚʝ (ʢʦʥʪʨʦʣʥʠ ʙʠʪʦʚʝ, 
ʙʠʪʦʚʝ ʧʦ ʯʝʪʥʦʩʪ, ʙʠʪʦʚʝ ʟʘ ʧʘʨʠʪʝʪ) ʧʦ ʚʨʝʤʝ ʥʘ ʧʨʝʜʘʚʘʥʝʪʦ ʥʘ ʜʘʥʥʠʪʝ. ʊʝʟʠ ʜʦʧʲʣʥʠʪʝʣʥʠ 
ʙʠʪʦʚʝ ʧʦʤʘʛʘʪ ʜʘ ʩʝ ʦʪʢʨʠʷʪ ʠ/ʠʣʠ ʢʦʨʠʛʠʨʘʪ ʛʨʝʰʢʠʪʝ. ɹʠʪʦʚʝʪʝ ʟʘ ʜʘʥʥʠ ʟʘʝʜʥʦ ʩ 
ʢʦʥʪʨʦʣʥʠʪʝ ʙʠʪʦʚʝ ʦʙʨʘʟʫʚʘʪ ʢʦʜʦʚʘʪʘ ʜʫʤʘ (Ryan, W. E., Lin, S., 2009), (Sklar, B., 2002). 

ɽʜʥʘ ʦʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʠʷ ʧʦʪʦʢ ʟʘ ʛʨʝʰʢʠ ʠ ʜʦʨʠ ʪʷʭʥʦʪʦ 
ʢʦʨʠʛʠʨʘʥʝ ʝ ʜʘ ʩʝ ʢʦʜʠʨʘ ʮʠʬʨʦʚʘʪʘ ʠʥʬʦʨʤʘʮʠʷ. ʀʤʘ ʤʥʦʛʦ ʢʦʜʦʚʝ ʠ ʤʝʪʦʜʠ, ʠʟʧʦʣʟʚʘʥʠ 
ʧʨʠ ʨʘʙʦʪʘ ʩ ʨʘʟʣʠʯʥʠ ʜʘʥʥʠ. ʊʘʢʘ ʥʘʨʝʯʝʥʠʷʪ ʢʦʜ ʥʘ ʍʝʤʠʥʛ ʝ ʢʣʘʩʠʯʝʩʢʠ ʤʦʜʝʣ, ʢʦʡʪʦ ʩʝ 
ʧʨʝʚʨʲʱʘ ʚ ʦʪʧʨʘʚʥʘ ʪʦʯʢʘ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʧʦ-ʩʣʦʞʥʠ ʥʘʯʠʥʠ ʟʘ ʥʘʤʠʨʘʥʝ ʠ ʝʣʠʤʠʥʠʨʘʥʝ ʥʘ 
ʛʨʝʰʢʠ, ʚʲʟʥʠʢʚʘʱʠ ʧʨʠ ʧʨʝʜʘʚʘʥʝʪʦ ʥʘ ʜʘʥʥʠ. ʂʦʜʦʚʝʪʝ ʥʘ ʍʝʤʠʥʛ ʩʘ ʧʝʨʬʝʢʪʥʠ ʢʦʜʦʚʝ, ʪ.ʝ. 
ʪʝ ʧʦʩʪʠʛʘʪ ʚʲʟʤʦʞʥʦ ʥʘʡ-ʚʠʩʦʢʘʪʘ ʩʢʦʨʦʩʪ ʟʘ ʢʦʜʦʚʝ ʩ ʪʷʭʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ ʙʣʦʢʘ ʠ 
ʤʠʥʠʤʘʣʥʦ ʨʘʟʩʪʦʷʥʠʝ ʦʪ ʪʨʠ. ʂʦʜʦʚʝʪʝ ʥʘ ʍʝʤʠʥʛ ʤʦʛʘʪ ʜʘ ʦʪʢʨʠʷʪ ʜʦ ʜʚʫʙʠʪʦʚʠ ʛʨʝʰʢʠ ʠʣʠ 
ʜʘ ʢʦʨʠʛʠʨʘʪ ʝʜʥʦʙʠʪʦʚʠ ʛʨʝʰʢʠ, ʙʝʟ ʜʘ ʦʪʢʨʠʚʘʪ ʥʝʢʦʨʠʛʠʨʘʥʠ ʛʨʝʰʢʠ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʪʦʚʘ, 
ʧʨʦʩʪʠʷʪ ʢʦʜ ʧʦ ʯʝʪʥʦʩʪ ʥʝ ʤʦʞʝ ʜʘ ʢʦʨʠʛʠʨʘ ʛʨʝʰʢʠ ʠ ʤʦʞʝ ʜʘ ʦʪʢʨʠʝ ʩʘʤʦ ʥʝʯʝʪʝʥ ʙʨʦʡ 
ʩʛʨʝʰʝʥʠ ʙʠʪʦʚʝ. ʂʦʜʠʨʘʥʝʪʦ ʝ ʧʨʦʮʝʩ, ʧʨʠ ʢʦʡʪʦ ʩʲʦʙʱʝʥʠʷʪʘ ʩʝ ʧʨʝʦʙʨʘʟʫʚʘʪ ʚ ʢʦʤʙʠʥʘʮʠʠ 
ʦʪ ʩʠʤʚʦʣʠ. ʇʨʦʮʝʩʲʪ ʧʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʩʲʦʙʱʝʥʠʝʪʦ ʩʝ ʥʘʨʠʯʘ ʜʝʢʦʜʠʨʘʥʝ. ʇʦʨʘʜʠ 
                                                 

19 ɼʦʢʣʘʜʲʪ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʩʪʫʜʝʥʪʩʢʘʪʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʥʘ 20.05.2021 ʚ ʩʝʢʮʠʷ Ăʂʦʤʫʥʠʢʘʮʠʦʥʥʘ ʠ 
ʢʦʤʧʶʪʲʨʥʘ ʪʝʭʥʠʢʘñ ʩ ʦʨʠʛʠʥʘʣʥʦ ʟʘʛʣʘʚʠʝ ʥʘ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ: ʂʆʄʇʖʊʒʈʅʆ-ɹɸɿʀʈɸʅʀ ʉʈɽɼʉʊɺɸ ɿɸ 
ʈɽɸʃʀɿɸʎʀʗ ʅɸ ʂʆɼɽʈʀ ʀ ɼɽʂʆɼɽʈʀ ʅɸ ʂʆɼʆɺɽ ʅɸ ʍɽʄʀʅɻ. 
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ʧʨʦʩʪʦʪʘʪʘ ʥʘ ʢʦʜʦʚʝʪʝ ʥʘ ʍʝʤʠʥʛ, ʪʝ ʩʘ ʰʠʨʦʢʦ ʠʟʧʦʣʟʚʘʥʠ ʚ ʢʦʤʧʶʪʲʨʥʘʪʘ ʧʘʤʝʪ, 
ʢʦʤʧʨʝʩʠʨʘʥʝ ʥʘ ʜʘʥʥʠ ʠ ʜʨʫʛʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʠʪʝ (Choudhury, D. R., 

Podder, K., 2015). 

ʇʫʙʣʠʢʘʮʠʷʪʘ ʨʘʟʛʣʝʞʜʘ ʨʘʟʣʠʯʥʠ ʢʦʤʧʶʪʲʨʥʦ-ʙʘʟʠʨʘʥʠ ʩʨʝʜʩʪʚʘ, ʢʘʪʦ MS Excel, 

Logisim ʠ ISE Project Navigator, ʟʘ ʨʝʘʣʠʟʠʨʘʥʝ ʠ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʢʦʜʦʚʝ ʥʘ ʍʝʤʠʥʛ, ʢʘʪʦ ʚ 
ʜʦʢʣʘʜʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʪʷʭʥʦʪʦ ʪʝʩʪʚʘʥʝ ʩ ʨʘʟʣʠʯʥʠʪʝ ʩʨʝʜʩʪʚʘ. ʆʙʝʢʪ ʥʘ 
ʨʘʟʛʣʝʞʜʘʥʝ ʚ ʧʫʙʣʠʢʮʠʷʪʘ ʝ ʝʜʠʥ ʦʪ ʩʲʢʨʘʪʝʥʠʪʝ ʢʦʜʦʚʝ ʥʘ ʍʝʤʠʥʛ ï ʢʦʜ (10, 6). ʄʘʪʝʨʠʘʣʠʪʝ 
ʱʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʚ ʫʯʝʙʥʠʷ ʧʨʦʮʝʩ ʧʦ ʜʠʩʮʠʧʣʠʥʘʪʘ Ăʂʦʜʠʨʘʥʝ ʚ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʥʠʪʝ 
ʩʠʩʪʝʤʠñ, ʚʢʣʶʯʝʥʘ ʢʘʪʦ ʠʟʙʠʨʘʝʤʘ ʚ ʫʯʝʙʥʠʷ ʧʣʘʥ ʥʘ ʩʧʝʮʠʘʣʥʦʩʪʪʘ Ăʀʥʪʝʨʥʝʪ ʠ ʤʦʙʠʣʥʠ 
ʢʦʤʫʥʠʢʘʮʠʠñ ʚ ʈʫʩʝʥʩʢʠ ʫʠʚʝʨʩʠʪʝʪ Ăɸʥʛʝʣ ʂʲʥʯʝʚñ (http://ecet.ecs.uni-ruse.bg/else). 

ʀɿʃʆɾɽʅʀɽ 

ʂʦʜʦʚʝ ʥʘ ʍʝʤʠʥʛ 

ɺ ʢʦʤʧʶʪʲʨʥʠʪʝ ʥʘʫʢʠ ʠ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʠʪʝ, ʢʦʜʦʚʝʪʝ ʥʘ ʍʝʤʠʥʛ ʩʘ ʩʝʤʝʡʩʪʚʦ ʦʪ 
ʣʠʥʝʡʥʠ ʢʦʜʦʚʝ ʟʘ ʢʦʨʠʛʠʨʘʥʝ ʥʘ ʛʨʝʰʢʠ. ʂʦʜʦʚʝʪʝ ʥʘ ʍʝʤʠʥʛ ʤʦʛʘʪ ʜʘ ʦʪʢʨʠʷʪ ʜʦ ʜʚʫʙʠʪʦʚʠ 
ʛʨʝʰʢʠ ʠʣʠ ʜʘ ʢʦʨʠʛʠʨʘʪ ʝʜʥʦʙʠʪʦʚʠ ʛʨʝʰʢʠ, ʙʝʟ ʜʘ ʦʪʢʨʠʚʘʪ ʥʝʢʦʨʠʛʠʨʘʥʠ ʛʨʝʰʢʠ. ɿʘ 
ʨʘʟʣʠʢʘ ʦʪ ʪʦʚʘ, ʧʨʦʩʪʠʷʪ ʢʦʜ ʧʦ ʯʝʪʥʦʩʪ ʥʝ ʤʦʞʝ ʜʘ ʢʦʨʠʛʠʨʘ ʛʨʝʰʢʠ ʠ ʤʦʞʝ ʜʘ ʦʪʢʨʠʝ ʩʘʤʦ 
ʥʝʯʝʪʝʥ ʙʨʦʡ ʙʠʪʦʚʝ ʧʨʠ ʛʨʝʰʢʘ. ʂʦʜʦʚʝʪʝ ʥʘ ʍʝʤʠʥʛ ʩʘ ʧʝʨʬʝʢʪʥʠ ʢʦʜʦʚʝ, ʪ.ʝ. ʪʝ ʧʦʩʪʠʛʘʪ 
ʚʲʟʤʦʞʥʦ ʥʘʡ-ʚʠʩʦʢʘʪʘ ʩʢʦʨʦʩʪ ʟʘ ʢʦʜʦʚʝ ʩ ʪʷʭʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ ʙʣʦʢʘ ʠ ʤʠʥʠʤʘʣʥʦ ʨʘʟʩʪʦʷʥʠʝ 
ʦʪ ʪʨʠ. Richard W. Hamming ʠʟʦʙʨʝʪʷʚʘ ʢʦʜʦʚʝʪʝ ʥʘ ʍʘʤʠʥʛ ʧʨʝʟ 1950 ʛ. ʢʘʪʦ ʥʘʯʠʥ ʟʘ 
ʘʚʪʦʤʘʪʠʯʥʦ ʢʦʨʠʛʠʨʘʥʝ ʥʘ ʛʨʝʰʢʠ, ʚʲʚʝʜʝʥʠ ʦʪ ʯʝʪʮʠʪʝ ʥʘ ʧʝʨʬʦʨʠʨʘʥʠ ʢʘʨʪʠ. ɺ 
ʦʨʠʛʠʥʘʣʥʘʪʘ ʩʠ ʩʪʘʪʠʷ ʍʝʤʠʥʛ ʨʘʟʨʘʙʦʪʚʘ ʦʙʱʘʪʘ ʩʠ ʠʜʝʷ, ʥʦ ʩʧʝʮʠʘʣʥʦ ʩʝ ʬʦʢʫʩʠʨʘ ʚʲʨʭʫ 
ʢʦʜʘ ʥʘ ʍʝʤʠʥʛ (7, 4), ʢʦʡʪʦ ʜʦʙʘʚʷ ʪʨʠ ʢʦʥʪʨʦʣʥʠ ʙʠʪʘ ʢʲʤ ʯʝʪʠʨʠ ʙʠʪʘ ʜʘʥʥʠ 

(Borodzhieva, A., 2021), (Choudhury, D. R., Podder, K., 2015). 

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʘʩʧʝʢʪ, ʢʦʜʦʚʝʪʝ ʥʘ ʍʝʤʠʥʛ ʩʘ ʢʣʘʩ ʜʚʦʠʯʥʠ ʣʠʥʝʡʥʠ ʢʦʜʦʚʝ. ɿʘ ʚʩʷʢʦ 
ʮʷʣʦ ʯʠʩʣʦ r Ó 2 ʠʤʘ ʢʦʜ ʩ ʜʲʣʞʠʥʘ ʥʘ ʙʣʦʢʘ n = 2r ï 1 ʠ ʜʲʣʞʠʥʘ ʥʘ ʩʲʦʙʱʝʥʠʝʪʦ k = 2r ï r ï 1. 

ʉʣʝʜʦʚʘʪʝʣʥʦ, ʩʢʦʨʦʩʪʪʘ ʥʘ ʢʦʜʦʚʝʪʝ ʥʘ ʍʝʤʠʥʛ ʝ R = k / n = 1 ï r / (2r ï 1), ʢʦʷʪʦ ʝ ʥʘʡ-

ʚʠʩʦʢʘʪʘ ʚʲʟʤʦʞʥʘ ʟʘ ʢʦʜʦʚʝ ʩ ʤʠʥʠʤʘʣʥʦ ʨʘʟʩʪʦʷʥʠʝ ʦʪ ʪʨʠ (ʪ.ʝ. ʤʠʥʠʤʘʣʥʠʷʪ ʙʨʦʡ ʙʠʪʦʚʠ 
ʧʨʦʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʧʨʝʤʠʥʘʚʘʥʝ ʦʪ ʢʦʷʪʦ ʠ ʜʘ ʝ ʢʦʜʦʚʘ ʜʫʤʘ ʢʲʤ ʢʦʷʪʦ ʠ ʜʘ ʝ ʜʨʫʛʘ ʢʦʜʦʚʘ 
ʜʫʤʘ, ʝ ʪʨʠ) ʠ ʜʲʣʞʠʥʘ ʥʘ ʙʣʦʢʘ 2r ï 1. ʄʘʪʨʠʮʘʪʘ ʟʘ ʧʨʦʚʝʨʢʘ ʧʦ ʯʝʪʥʦʩʪ ʥʘ ʢʦʜ ʥʘ ʍʝʤʠʥʛ ʩʝ 
ʢʦʥʩʪʨʫʠʨʘ ʯʨʝʟ ʠʟʙʨʦʷʚʘʥʝ ʥʘ ʚʩʠʯʢʠ ʢʦʣʦʥʠ ʩ ʜʲʣʞʠʥʘ r, ʢʦʠʪʦ ʩʘ ʥʝʥʫʣʝʚʠ. ʄʘʪʨʠʮʘʪʘ ʟʘ 
ʧʨʦʚʝʨʢʘ ʧʦ ʯʝʪʥʦʩʪ ʠʤʘ ʩʚʦʡʩʪʚʦʪʦ, ʯʝ ʚʩʝʢʠ ʜʚʝ ʢʦʣʦʥʠ ʩʘ ʣʠʥʝʡʥʦ-ʥʝʟʘʚʠʩʠʤʠ. 

ʇʦʨʘʜʠ ʦʛʨʘʥʠʯʝʥʠʷ ʠʟʣʠʰʲʢ, ʢʦʡʪʦ ʢʦʜʦʚʝʪʝ ʥʘ ʍʝʤʠʥʛ ʜʦʙʘʚʷʪ ʢʲʤ ʜʘʥʥʠʪʝ, ʪʝ ʤʦʛʘʪ 
ʜʘ ʦʪʢʨʠʚʘʪ ʠ ʢʦʨʠʛʠʨʘʪ ʛʨʝʰʢʠ ʩʘʤʦ ʢʦʛʘʪʦ ʩʪʝʧʝʥʪʘ ʥʘ ʛʨʝʰʢʠ ʝ ʥʠʩʢʘ. ʊʘʢʲʚ ʝ ʩʣʫʯʘʷʪ ʩ 
ʢʦʤʧʶʪʲʨʥʘʪʘ ʧʘʤʝʪ (ʦʙʠʢʥʦʚʝʥʦ RAM), ʢʲʜʝʪʦ ʙʠʪʦʚʠʪʝ ʛʨʝʰʢʠ ʩʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʨʝʜʢʠ ʠ 
ʢʦʜʦʚʝʪʝ ʥʘ ʍʝʤʠʥʛ ʩʝ ʠʟʧʦʣʟʚʘʪ ʰʠʨʦʢʦ, ʘ RAM ʩ ʪʘʟʠ ʩʠʩʪʝʤʘ ʟʘ ʢʦʨʝʢʮʠʷ ʩʝ ʥʘʨʠʯʘ 
ECC RAM (ECC ʧʘʤʝʪ, Error-Control Coding). ɺ ʪʦʟʠ ʢʦʥʪʝʢʩʪ ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʨʘʟʰʠʨʝʥ ʢʦʜ 
ʥʘ ʍʝʤʠʥʛ ʩ ʝʜʠʥ ʜʦʧʲʣʥʠʪʝʣʝʥ ʙʠʪ ʧʦ ʯʝʪʥʦʩʪ. ʈʘʟʰʠʨʝʥʠʪʝ ʢʦʜʦʚʝ ʥʘ ʍʝʤʠʥʛ ʧʦʩʪʠʛʘʪ 
ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʍʝʤʠʥʛ ʦʪ ʯʝʪʠʨʠ, ʢʦʝʪʦ ʧʦʟʚʦʣʷʚʘ ʥʘ ʜʝʢʦʜʝʨʘ ʜʘ ʨʘʟʣʠʯʘʚʘ ʢʦʛʘ ʚʲʟʥʠʢʚʘ ʥʘʡ-

ʤʥʦʛʦ ʝʜʥʘ ʝʜʥʦʙʠʪʦʚʘ ʛʨʝʰʢʘ ʠ ʢʦʛʘ ʚʲʟʥʠʢʚʘʪ ʚʩʷʢʘʢʚʠ ʜʚʫʙʠʪʦʚʠ ʛʨʝʰʢʠ. ɺ ʪʦʟʠ ʩʤʠʩʲʣ, 
ʨʘʟʰʠʨʝʥʠʪʝ ʢʦʜʦʚʝ ʥʘ ʍʝʤʠʥʛ ʩʘ ʢʦʜʦʚʝ ʟʘ ʢʦʨʠʛʠʨʘʥʝ ʥʘ ʝʜʠʥʠʯʥʘ ʛʨʝʰʢʘ ʠ ʦʪʢʨʠʚʘʥʝ ʥʘ 
ʜʚʦʡʥʘ ʛʨʝʰʢʘ, ʩʲʢʨʘʪʝʥʦ ʢʘʪʦ SECDED (single-error correcting and double-error detecting) 

(Borodzhieva, A., 2021), (Choudhury, D. R., Podder, K., 2015). 

ʆʙʱ ʘʣʛʦʨʠʪʲʤ 

ʉʣʝʜʥʠʷʪ ʦʙʱ ʘʣʛʦʨʠʪʲʤ ʛʝʥʝʨʠʨʘ ʢʦʜ ʟʘ ʢʦʨʠʛʠʨʘʥʝ ʥʘ ʝʜʥʘ ʛʨʝʰʢʘ (single-error 

correcting, SEC) ʟʘ ʧʨʦʠʟʚʦʣʝʥ ʙʨʦʡ ʙʠʪʦʚʝ. ʆʩʥʦʚʥʘʪʘ ʠʜʝʷ ʝ ʜʘ ʩʝ ʠʟʙʝʨʘʪ ʙʠʪʦʚʝʪʝ ʟʘ 
ʢʦʨʠʛʠʨʘʥʝ ʥʘ ʛʨʝʰʢʠ (ʢʦʥʪʨʦʣʥʠʪʝ ʙʠʪʦʚʝ), ʪʘʢʘ ʯʝ ʠʥʜʝʢʩ-XOR (ʩʫʤʘ ʧʦ ʤʦʜʫʣ 2, 

ʠʟʢʣʶʯʚʘʱʦ ʀʃʀ) ʥʘ ʚʩʠʯʢʠ ʧʦʟʠʮʠʠ ʥʘ ʙʠʪʦʚʝʪʝ, ʩʲʜʲʨʞʘʱʠ 1, ʜʘ ʝ 0. ʀʟʧʦʣʟʚʘʪ ʩʝ ʧʦʟʠʮʠʠ 
1, 10, 100 ʠ ʪ.ʥ. (ʚ ʜʚʦʠʯʝʥ ʚʠʜ) ʢʘʪʦ ʢʦʥʪʨʦʣʥʠ ʙʠʪʦʚʝ, ʢʦʝʪʦ ʛʘʨʘʥʪʠʨʘ, ʯʝ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ 
ʫʩʪʘʥʦʚʷʪ ʢʦʥʪʨʦʣʥʠʪʝ ʙʠʪʦʚʝ, ʪʘʢʘ ʯʝ ʠʥʜʝʢʩ-XOR ʥʘ ʮʷʣʦʪʦ ʩʲʦʙʱʝʥʠʝ ʜʘ ʝ 0. ɸʢʦ 
ʧʦʣʫʯʘʪʝʣʷʪ ʧʦʣʫʯʠ ʥʠʟ ʩ ʠʥʜʝʢʩ-XOR 0, ʤʦʞʝ ʜʘ ʟʘʢʣʶʯʠ, ʯʝ ʥʝ ʝ ʠʤʘʣʦ ʧʦʚʨʝʜʘ, ʚ ʧʨʦʪʠʚʝʥ 
ʩʣʫʯʘʡ index-XOR ʧʦʢʘʟʚʘ ʠʥʜʝʢʩʘ ʥʘ ʧʦʚʨʝʜʝʥʠʷ ʙʠʪ (Choudhury, D. R., Podder, K., 2015). 

https://en.wikipedia.org/wiki/Richard_Hamming
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ɸʣʛʦʨʠʪʲʤ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʚʝʜʝʥ ʦʪ ʩʣʝʜʥʦʪʦ ʦʧʠʩʘʥʠʝ: 
1. ɹʠʪʦʚʝʪʝ ʩʝ ʥʦʤʝʨʠʨʘʪ, ʟʘʧʦʯʚʘʡʢʠ ʦʪ 1: ʙʠʪ 1, 2, 3, 4, 5, 6, 7 ʠ ʪ.ʥ. 
2. ʅʦʤʝʨʘʪʘ ʥʘ ʙʠʪʦʚʝʪʝ ʩʝ ʟʘʧʠʩʚʘʪ ʢʘʪʦ ʜʚʦʠʯʥʠ ʯʠʩʣʘ: 1, 10, 11, 100, 101, 110, 111 ʠ ʪ.ʥ. 
3. ɺʩʠʯʢʠ ʙʠʪʦʚʠ ʧʦʟʠʮʠʠ, ʢʦʠʪʦ ʩʘ ʩʪʝʧʝʥʠ ʥʘ ʜʚʦʡʢʘʪʘ (ʠʤʘʪ ʝʜʠʥ ʝʜʠʥʩʪʚʝʥ ʙʠʪ 1 ʚ 

ʜʚʦʠʯʥʘʪʘ ʬʦʨʤʘ ʥʘ ʪʷʭʥʘʪʘ ʧʦʟʠʮʠʷ), ʩʘ ʢʦʥʪʨʦʣʥʠʪʝ ʙʠʪʦʚʝ (ʙʠʪʦʚʝ ʧʦ ʯʝʪʥʦʩʪ, 
ʙʠʪʦʚʝ ʟʘ ʧʘʨʠʪʝʪ, parity bits): 1, 2, 4, 8 ʠ ʪ.ʥ. (1, 10, 100, 1000) 

4. ɺʩʠʯʢʠ ʜʨʫʛʠ ʙʠʪʦʚʠ ʧʦʟʠʮʠʠ, ʩ ʜʚʝ ʠʣʠ ʧʦʚʝʯʝ ʝʜʠʥʠʮʠ (ʙʠʪ 1) ʚ ʜʚʦʠʯʥʘʪʘ ʬʦʨʤʘ ʥʘ 
ʪʷʭʥʘʪʘ ʧʦʟʠʮʠʷ, ʩʘ ʙʠʪʦʚʝʪʝ ʟʘ ʜʘʥʥʠ (data bits). 

5. ɺʩʝʢʠ ʙʠʪ ʟʘ ʜʘʥʥʠ ʝ ʚʢʣʶʯʝʥ ʚ ʫʥʠʢʘʣʝʥ ʥʘʙʦʨ ʦʪ 2 ʠʣʠ ʧʦʚʝʯʝ ʢʦʥʪʨʦʣʥʠ ʙʠʪʘ, ʢʦʝʪʦ 
ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʜʚʦʠʯʥʘʪʘ ʬʦʨʤʘ ʥʘ ʥʝʛʦʚʘʪʘ ʙʠʪʦʚʘ ʧʦʟʠʮʠʷ. 

1. ɹʠʪʲʪ ʧʦ ʯʝʪʥʦʩʪ 1 ʦʙʭʚʘʱʘ ʚʩʠʯʢʠ ʧʦʟʠʮʠʠ ʥʘ ʙʠʪʦʚʝʪʝ, ʢʦʠʪʦ ʠʤʘʪ ʧʲʨʚʠʷʪ 

ʥʘʡ-ʤʘʣʢʦ ʟʥʘʯʝʱ ʙʠʪ (ʥʘʡ-ʤʣʘʜʰʠʷʪ ʙʠʪ) ʫʩʪʘʥʦʚʝʥ ʚ 1: ʙʠʪ 1 (ʩʘʤʠʷʪ 
ʢʦʥʪʨʦʣʝʥ ʙʠʪ), 3, 5, 7, 9 ʠ ʪ.ʥ. 

2. ɹʠʪʲʪ ʧʦ ʯʝʪʥʦʩʪ 2 ʦʙʭʚʘʱʘ ʚʩʠʯʢʠ ʧʦʟʠʮʠʠ ʥʘ ʙʠʪʦʚʝʪʝ, ʢʦʠʪʦ ʠʤʘʪ ʚʪʦʨʠʷʪ 

ʥʘʡ-ʤʘʣʢʦ ʟʥʘʯʝʱ ʙʠʪ ʫʩʪʘʥʦʚʝʥ ʚ 1: ʙʠʪʦʚʝ 2-3, 6-7, 10-11 ʠ ʪ.ʥ. 
3. ɹʠʪʲʪ ʧʦ ʯʝʪʥʦʩʪ 4 ʦʙʭʚʘʱʘ ʚʩʠʯʢʠ ʧʦʟʠʮʠʠ ʥʘ ʙʠʪʦʚʝʪʝ, ʢʦʠʪʦ ʠʤʘʪ ʪʨʝʪʠʷʪ 

ʥʘʡ-ʤʘʣʢʦ ʟʥʘʯʝʱ ʙʠʪ ʫʩʪʘʥʦʚʝʥ ʚ 1: ʙʠʪʦʚʝ 4-7, 12-15, 20-23 ʠ ʪ.ʥ. 
4. ɹʠʪʲʪ ʧʦ ʯʝʪʥʦʩʪ 8 ʦʙʭʚʘʱʘ ʚʩʠʯʢʠ ʧʦʟʠʮʠʠ ʥʘ ʙʠʪʦʚʝʪʝ, ʢʦʠʪʦ ʠʤʘʪ 

ʯʝʪʚʲʨʪʠʷʪ ʥʘʡ-ʤʘʣʢʦ ʟʥʘʯʝʱ ʙʠʪ ʫʩʪʘʥʦʚʝʥ ʚ 1: ʙʠʪʦʚʝ 8-15, 24-31, 40-47 ʠ ʪ.ʥ. 
5. ʇʦ ʧʨʠʥʮʠʧ, ʚʩʝʢʠ ʢʦʥʪʨʦʣʝʥ ʙʠʪ ʦʙʭʚʘʱʘ ʚʩʠʯʢʠ ʙʠʪʦʚʝ, ʢʲʜʝʪʦ ʧʦʙʠʪʦʚʦʪʦ ʀ 

ʥʘ ʧʦʟʠʮʠʷʪʘ ʥʘ ʙʠʪʘ ʧʦ ʯʝʪʥʦʩʪ ʠ ʧʦʟʠʮʠʷʪʘ ʥʘ ʙʠʪʘ ʝ ʥʝʥʫʣʝʚʦ. 
ɸʢʦ ʙʘʡʪ ʦʪ ʜʘʥʥʠ ʟʘ ʢʦʜʠʨʘʥʝ ʝ 10011010, ʪʦʛʘʚʘ ʜʫʤʘʪʘ ʦʪ ʜʘʥʥʠ (ʠʟʧʦʣʟʚʘʡʢʠ _ ʟʘ 

ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʙʠʪʦʚʝʪʝ ʧʦ ʯʝʪʥʦʩʪ) ʱʝ ʙʲʜʝ __1_001_1010, ʘ ʢʦʜʦʚʘʪʘ ʜʫʤʘ ʝ 011100101010. 

ʀʟʙʦʨʲʪ ʥʘ ʧʘʨʠʪʝʪʘ, ʯʝʪʝʥ ʠʣʠ ʥʝʯʝʪʝʥ, ʝ ʙʝʟ ʟʥʘʯʝʥʠʝ, ʥʦ ʩʲʱʠʷʪ ʠʟʙʦʨ ʪʨʷʙʚʘ ʜʘ ʩʝ 
ʠʟʧʦʣʟʚʘ ʢʘʢʪʦ ʟʘ ʢʦʜʠʨʘʥʝ, ʪʘʢʘ ʠ ʟʘ ʜʝʢʦʜʠʨʘʥʝ (Choudhury, D. R., Podder, K., 2015). 

ʊʦʚʘ ʦʙʱʦ ʧʨʘʚʠʣʦ ʤʦʞʝ ʜʘ ʩʝ ʧʦʢʘʞʝ ʚʠʟʫʘʣʥʦ (ʪʘʙʣʠʮʘ 1), ʢʘʪʦ ʚ ʯʝʨʚʝʥ ʧʨʘʚʦʲʛʲʣʥʠʢ 
ʝ ʦʛʨʘʜʝʥʘ ʯʘʩʪʪʘ ʦʪ ʪʘʙʣʠʮʘʪʘ, ʢʦʷʪʦ ʱʝ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʠ ʩʲʩʪʘʚʷʥʝʪʦ ʥʘ ʫʨʘʚʥʝʥʠʷʪʘ ʟʘ 
ʢʦʜʠʨʘʥʝ ʠ ʟʘ ʜʝʢʦʜʠʨʘʥʝ ʟʘ ʨʘʟʛʣʝʞʜʘʥʠʷ ʚ ʜʦʢʣʘʜʘ ʢʦʜ ʥʘ ʍʝʤʠʥʛ (10, 6), ʠʤʘʱ 10-ʙʠʪʦʚʠ 
ʢʦʜʦʚʠ ʜʫʤʠ, ʦʪ ʢʦʠʪʦ 6 ʩʘ ʙʠʪʦʚʝʪʝ ʥʘ ʜʘʥʥʠʪʝ (d1, d2, d3, d4, d5, d6, ʩʲʦʪʚʝʪʥʦ ʥʘ ʧʦʟʠʮʠʠ, 
3, 5, 6, 7, 9 ʠ 10), ʘ 4 ʩʘ ʢʦʥʪʨʦʣʥʠʪʝ ʙʠʪʦʚʝ (p1, p2, p4, p8, ʩʲʦʪʚʝʪʥʦ ʥʘ ʧʦʟʠʮʠʠ 1, 2, 4 ʠ 8). 

 

ʊʘʙʣʠʮʘ 1. ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʦʙʱʠʷ ʘʣʛʦʨʠʪʲʤ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʜ ʥʘ ʍʝʤʠʥʛ 

 
 

ʉʠʥʪʝʟ ʠ ʘʥʘʣʠʟ ʥʘ ʢʦʜ ʥʘ ʍʝʤʠʥʛ (10, 6) 

ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʦʧʠʩʘʥʠʷ ʦʙʱ ʘʣʛʦʨʠʪʲʤ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʜ ʥʘ ʍʝʤʠʥʛ ʚ ʧʨʝʜʭʦʜʥʠʷ 
ʨʘʟʜʝʣ ʠ ʠʥʬʦʨʤʘʮʠʷʪʘ ʚ ʪʘʙʣʠʮʘ 1 (ʦʛʨʘʜʝʥʘʪʘ ʩ ʯʝʨʚʝʥ ʧʨʘʚʦʲʛʲʣʥʠʢ ʯʘʩʪ), ʤʦʛʘʪ ʜʘ ʩʝ 
ʟʘʧʠʰʘʪ ʫʨʘʚʥʝʥʠʷʪʘ ʟʘ ʢʦʜʠʨʘʥʝ (1), ʧʦʟʚʦʣʷʚʘʱʠ ʠʟʯʠʩʣʷʚʘʥʝʪʦ ʥʘ ʢʦʥʪʨʦʣʥʠʪʝ ʙʠʪʦʚʝ ʯʨʝʟ 
ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʦʧʝʨʘʮʠʷ XOR (ʩʫʤʘ ʧʦ ʤʦʜʫʣ 2, ʠʟʢʣʶʯʚʘʱʦ ʀʃʀ) ʥʘ ʦʧʨʝʜʝʣʝʥʘ ʢʦʤʙʠʥʘʮʠʷ 
ʦʪ ʙʠʪʦʚʝʪʝ ʥʘ ʜʘʥʥʠʪʝ, ʢʘʢʪʦ ʠ ʫʨʘʚʥʝʥʠʷʪʘ (2) ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʩʠʥʜʨʦʤʘ, ʢʦʡʪʦ ʧʦʢʘʟʚʘ 
ʜʘʣʠ ʠʤʘ ʩʛʨʝʰʝʥ ʙʠʪ, ʠ ʘʢʦ ʠʤʘ ʪʘʢʲʚ, ʩʲʦʪʚʝʪʥʦ ʩʠʥʜʨʦʤʲʪ ʧʦʢʘʟʚʘ ʥʦʤʝʨʘ ʥʘ ʩʛʨʝʰʝʥʠʷ 
ʙʠʪ. 
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ʀʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʥʦʤʝʨʘ ʥʘ ʩʛʨʝʰʝʥʠʷ ʙʠʪ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʢʦʨʠʛʠʨʘʥʝʪʦ ʤʫ 
ʯʨʝʟ ʦʧʝʨʘʮʠʷ ʠʥʚʝʨʪʠʨʘʥʝ, ʢʘʪʦ ʟʘ ʮʝʣʪʘ ʙʠʪʦʚʝʪʝ ʥʘ ʩʠʥʜʨʦʤʘ ʩʝ ʧʦʜʘʚʘʪ ʥʘ ʚʭʦʜʦʚʝʪʝ ʥʘ 
ʝʜʠʥ 4-ʚʭʦʜʦʚ ʜʝʰʠʬʨʘʪʦʨ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʩʠʥʜʨʦʤʘ ʩʝ ʧʦʣʫʯʘʚʘ ʘʢʪʠʚʝʥ 
ʩʠʛʥʘʣ ʩʘʤʦ ʥʘ ʝʜʠʥ ʦʪ ʠʟʭʦʜʠʪʝ, ʩʲʦʪʚʝʩʪʚʘʱ ʥʘ ʥʦʤʝʨʘ ʥʘ ʩʛʨʝʰʝʥʠʷ ʙʠʪ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 
ʩʠʥʜʨʦʤ 011, ʫʢʘʟʚʘʱ, ʯʝ ʝ ʩʛʨʝʰʝʥ ʪʨʝʪʠ ʙʠʪ, ʩʠʥʜʨʦʤʲʪ ʩʝ ʧʨʝʦʙʨʘʟʫʚʘ ʚ ʘʢʪʠʚʝʥ ʩʠʛʥʘʣ 
(ʩʠʛʥʘʣ 1) ʥʘ ʪʨʝʪʠʷ ʠʟʭʦʜ ʥʘ ʜʝʰʠʬʨʘʪʦʨʘ. ɺʧʦʩʣʝʜʩʪʚʠʝ, ʪʦʟʠ ʩʛʨʝʰʝʥ ʙʠʪ ʪʨʷʙʚʘ ʜʘ ʩʝ 
ʠʥʚʝʨʪʠʨʘ (ʟʘ ʜʘ ʩʝ ʢʦʨʠʛʠʨʘ), ʢʘʪʦ ʟʘ ʮʝʣʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ʦʪʥʦʚʦ ʣʦʛʠʯʝʩʢʠ ʝʣʝʤʝʥʪ XOR ʥʘ 
ʙʘʟʘʪʘ ʥʘ ʜʚʝʪʝ ʦʩʥʦʚʥʠ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʠʩʚʘʱʠ ʬʫʥʢʮʠʷʪʘ XOR ( 0 0. 0.a a a aÄ = Ù =  ʠ 
1 1. 1.a a a aÄ = Ù = ). 

ɼʝʩʝʪʪʝ ʠʟʭʦʜʥʠ ʬʫʥʢʮʠʠ ʥʘ ʜʝʰʠʬʨʘʪʦʨʘ ʩʝ ʦʧʠʩʚʘʪ ʩ ʫʨʘʚʥʝʥʠʷ (3), ʘ ʫʨʘʚʥʝʥʠʷ (4) 

ʧʨʝʜʩʪʘʚʷʪ ʫʨʘʚʥʝʥʠʷʪʘ ʟʘ ʜʝʢʦʜʠʨʘʥʝ, ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʢʦʠʪʦ ʩʝ ʦʧʨʝʜʝʣʷʪ ʙʠʪʦʚʝʪʝ ʥʘ ʢʦʜʦʚʘʪʘ 
ʜʫʤʘ ʩʣʝʜ ʢʦʨʝʢʮʠʷ (ʦʪʣʷʚʦ, ʢʦʨʠʛʠʨʘʥʘʪʘ ʢʦʜʦʚʘ ʜʫʤʘ) ʥʘ ʙʘʟʘʪʘ ʥʘ ʠʟʭʦʜʠʪʝ ʥʘ ʜʝʰʠʬʨʘʪʦʨʘ 
ʠ ʥʘ ʙʠʪʦʚʝʪʝ ʥʘ ʢʦʜʦʚʘʪʘ ʜʫʤʘ ʧʨʝʜʠ ʢʦʨʝʢʮʠʷ (ʦʪʜʷʩʥʦ, ʧʨʠʝʪʘʪʘ ʢʦʜʦʚʘ ʜʫʤʘ): 

1 8 4 2 1 2 8 4 2 1 3 8 4 2 1 4 8 4 2 1 5 8 4 2 1
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ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʢʦʜʝʨ ʠ ʜʝʢʦʜʝʨ ʥʘ ʢʦʜ ʥʘ ʍʝʤʠʥʛ (10, 6) ʚ MS Excel 

ɺʲʟ ʦʩʥʦʚʘ ʥʘ ʦʧʠʩʘʥʠʷ ʦʙʱ ʘʣʛʦʨʠʪʲʤ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʜʦʚʝ ʥʘ ʍʝʤʠʥʛ ʠ ʥʘ 
ʩʠʥʪʝʟʠʨʘʥʠʷ ʚ ʧʨʝʜʭʦʜʥʠʷ ʨʘʟʜʝʣ ʢʦʜ ʥʘ ʍʝʤʠʥʛ (10,6), ʠʤʘʱ 10-ʙʠʪʦʚʠ ʢʦʜʦʚʠ ʜʫʤʠ, ʦʪ 
ʢʦʠʪʦ 6 ʩʘ ʙʠʪʦʚʝʪʝ ʥʘ ʜʘʥʥʠʪʝ (d1, d2, d3, d4, d5, d6, ʩʲʦʪʚʝʪʥʦ ʥʘ ʧʦʟʠʮʠʠ, 3, 5, 6, 7, 9 ʠ 10), 

ʘ 4 ʩʘ ʢʦʥʪʨʦʣʥʠʪʝ ʙʠʪʦʚʝ (p1, p2, p4, p8, ʩʲʦʪʚʝʪʥʦ ʥʘ ʧʦʟʠʮʠʠ 1, 2, 4 ʠ 8), ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ 
ʤʦʜʫʣ ʟʘ ʢʦʜʠʨʘʥʝ (ʢʦʜʝʨ) ʠ ʤʦʜʫʣ ʟʘ ʜʝʢʦʜʠʨʘʥʝ (ʜʝʢʦʜʝʨ) ʥʘ ʢʦʜʘ ʥʘ ʍʝʤʠʥʛ (10, 6), 

ʧʨʝʜʩʪʘʚʝʥʠ ʩʲʦʪʚʝʪʥʦ ʥʘ ʌʠʛ. 1 ʠ ʌʠʛ. 2. 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʜʚʘʪʘ ʤʦʜʫʣʘ ʩʝ ʠʟʧʦʣʟʚʘʥʠ ʩʣʝʜʥʠʪʝ ʠʥʩʪʨʫʤʝʥʪʠ: 1) ɺʘʣʠʜʠʨʘʥʝ ʥʘ 
ʜʘʥʥʠʪʝ (Data Validation), ʧʨʠ ʢʦʝʪʦ ʙʠʪʦʚʝʪʝ ʥʘ ʜʘʥʥʠʪʝ (d1, d2, d3, d4, d5, d6, ʩʲʦʪʚʝʪʥʦ ʥʘ 
ʧʦʟʠʮʠʠ 3, 5, 6, 7, 9 ʠ 10) ʚ ʤʦʜʫʣʘ ʟʘ ʢʦʜʠʨʘʥʝ (ʌʠʛ. 1) ʠ ʙʠʪʦʚʝʪʝ ʥʘ ʧʨʠʝʪʘʪʘ ʢʦʜʦʚʘ ʜʫʤʘ 
(p1, p2, d1, p4, d2, d3, d4, p8, d5, d6) ʚ ʤʦʜʫʣʘ ʟʘ ʜʝʢʦʜʠʨʘʥʝ (ʌʠʛ. 2) ʩʝ ʠʟʙʠʨʘʪ ʯʨʝʟ ʧʘʜʘʱʦ 
ʤʝʥʶ ʩ ʜʚʝ ʚʲʟʤʦʞʥʠ ʩʪʦʡʥʦʩʪʠ 0 ʠ 1 (ʌʠʛ. 3 ʘ); 2) ʫʩʣʦʚʥʦ ʬʦʨʤʘʪʠʨʘʥʝ (Conditional 

Formatting) ʩ ʮʝʣ ʚʠʟʫʘʣʠʟʠʨʘʥʝ ʥʘ ʥʫʣʠʪʝ ʠ ʩʲʦʙʱʝʥʠʝʪʦ ʟʘ ʩʛʨʝʰʝʥ ʙʠʪ Ăʥʘ ʩʚʝʪʣʦ ʯʝʨʚʝʥ 
ʬʦʥ ʩ ʪʲʤʥʦ ʯʝʨʚʝʥ ʪʝʢʩʪñ ʠ ʝʜʠʥʠʮʠʪʝ ʠ ʩʲʦʙʱʝʥʠʝʪʦ ʟʘ ʣʠʧʩʘ ʥʘ ʛʨʝʰʢʘ Ăʥʘ ʟʝʣʝʥ ʬʦʥ ʩ 
ʪʲʤʥʦ ʟʝʣʝʥ ʪʝʢʩʪñ (ʌʠʛ. 3 ʙ), ʢʦʝʪʦ ʧʨʘʚʠ ʠʥʬʦʨʤʘʮʠʷʪʘ ʧʦ-ʣʝʩʥʦ ʯʝʪʠʤʘ ʠ ʫʣʝʩʥʷʚʘ ʨʘʙʦʪʘʪʘ 
ʥʘ ʧʦʪʨʝʙʠʪʝʣʠʪʝ. ʅʘ ʌʠʛ. 2 ʘ ʝ ʧʨʝʜʩʪʘʚʝʥ ʩʣʫʯʘʡ, ʧʨʠ ʢʦʡʪʦ ʜʝʚʝʪʠʷʪ ʙʠʪ ʝ ʩʛʨʝʰʝʥ ʠ 
ʚʧʦʩʣʝʜʩʪʚʠʝ ʠʥʚʝʨʪʠʨʘʥ ʩ ʮʝʣ ʢʦʨʠʛʠʨʘʥʝʪʦ ʥʘ ʛʨʝʰʢʘʪʘ, ʘ ʥʘ ʌʠʛ. 2 ʙ ʝ ʧʦʢʘʟʘʥ ʩʣʫʯʘʡ, ʧʨʠ 
ʢʦʡʪʦ ʧʨʠʝʪʘʪʘ ʢʦʜʦʚʘ ʜʫʤʘ ʝ ʙʝʟ ʛʨʝʰʢʘ. 
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