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ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ: 

ɹʽʜʶʢ ʇ.ɯ., ʜ.ʪ.ʥ., ʧʨʦʬ., ɯʇʉɸ, ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ, ʂʠʾʚ 

ʇʘʚʣʦʚ ʆ.ɸ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ, ʂʠʾʚ 

ʊʝʣʝʥʠʢ ʉ.ʌ., ʜ.ʪ.ʥ., ʧʨʦʬ., ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ, ʂʠʾʚ 
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ɻʦʣʦʚʥʠʡ ʨʝʜʘʢʪʦʨ:  

ʇʠʩʘʨʝʥʢʦ ɸ.ɺ., ʢ.ʪ.ʥ., ʜʦʮ., ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, ʋʢʨʘʾʥʘ, ʂʠʾʚ 
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ʪʝʭʥʦʣʦʛʽʡ, ʤ. ʂʠʾʚ, 1-2 ʛʨʫʜʥʷ 2017 ʨ. ï ʂ.: ɺʠʜ-ʚʦ ʊʆɺ "ɯʥʞʠʥʽʨʠʥʛ", 2017. ï 76 ʩ. ï ʄʦʚʠ ʫʢʨ., ʨʦʩ., ʘʥʛʣ. 

  

ʂʦʥʬʝʨʝʥʮʽʷ ʚʭʦʜʠʪʴ ʜʦ ʇʝʨʝʣʽʢʫ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ 

ʟʜʦʙʫʚʘʯʽʚ ʚʠʱʦʾ ʦʩʚʽʪʠ ʪʘ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʫ 2017 ʨʦʮʽ (ʜʦʜʘʪʦʢ ʜʦ ʣʠʩʪʘ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

ˉ 1/9-24 ʚʽʜ 23 ʩʽʯʥʷ 2017 ʨʦʢʫ). 

ʇʨʦʚʝʜʝʥʥʷ ʢʦʥʬʝʨʝʥʮʽʾ ʨʝʛʣʘʤʝʥʪʦʚʘʥʝ ʥʘʢʘʟʦʤ ʨʝʢʪʦʨʘ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ˉ 3-469 ʚʽʜ 06 ʣʠʩʪʦʧʘʜʘ 

2017 ʨ. 

ʋʩʽ ʧʨʘʚʘ ʟʘʩʪʝʨʝʞʝʥʦ. ʇʝʨʝʜʨʫʢʠ ʪʘ ʧʝʨʝʢʣʘʜʠ ʜʦʟʚʦʣʷʶʪʴʩʷ ʣʠʰʝ ʟʘ ʟʛʦʜʦʶ ʘʚʪʦʨʘ ʪʘ ʨʝʜʘʢʮʽʾ. ɿʘ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʬʘʢʪʽʚ, ʮʠʪʘʪ, ʥʘʟʚ ʪʘ ʽʥʰʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʝʩʫʪʴ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʘʚʪʦʨʠ. 

ʈʝʜʘʢʮʽʡʥʘ ʢʦʣʝʛʽʷ ʜʦʪʨʠʤʫʻʪʴʩʷ ʧʨʠʡʥʷʪʠʭ ʤʽʞʥʘʨʦʜʥʦʶ ʩʧʽʣʴʥʦʪʦʶ ʧʨʠʥʮʠʧʽʚ ʧʫʙʣʽʢʘʮʽʡʥʦʾ ʝʪʠʢʠ, 

ʚʽʜʦʙʨʘʞʝʥʠʭ, ʟʦʢʨʝʤʘ, ʚ ʨʝʢʦʤʝʥʜʘʮʽʷʭ ʂʦʤʽʪʝʪʫ ʟ ʝʪʠʢʠ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ (Committee on Publication 

Ethics, COPE), ʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʻ ʜʦʩʚʽʜ ʘʚʪʦʨʠʪʝʪʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʜʘʚʥʠʮʪʚ. ʑʦʙ ʫʥʠʢʥʫʪʠ 

ʥʝʜʦʙʨʦʩʦʚʽʩʥʦʾ ʧʨʘʢʪʠʢʠ ʚ ʧʫʙʣʽʢʘʮʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ (ʧʣʘʛʽʘʪ, ʚʠʢʣʘʜ ʥʝʜʦʩʪʦʚʽʨʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʪʘ ʽʥ.), ʟ 

ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʚʠʟʥʘʥʥʷ ʛʨʦʤʘʜʩʴʢʽʩʪʶ ʦʪʨʠʤʘʥʠʭ ʘʚʪʦʨʦʤ 

ʥʘʫʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʢʦʞʝʥ ʯʣʝʥ ʨʝʜʘʢʮʽʡʥʦʾ ʢʦʣʝʛʽʾ, ʘʚʪʦʨ, ʨʝʮʝʥʟʝʥʪ, ʚʠʜʘʚʝʮʴ, ʘ ʪʘʢʦʞ ʫʩʪʘʥʦʚʠ, ʷʢʽ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʚʠʜʘʚʥʠʯʦʤʫ ʧʨʦʮʝʩʽ, ʟʦʙʦʚ'ʷʟʘʥʽ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʝʪʠʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʥʦʨʤ ʽ ʧʨʘʚʠʣ ʪʘ 

ʚʞʠʚʘʪʠ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʾʭ ʧʦʨʫʰʝʥʴ. ɼʦʪʨʠʤʘʥʥʷ ʧʨʘʚʠʣ ʝʪʠʢʠ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ 

ʫʩʽʤʘ ʫʯʘʩʥʠʢʘʤʠ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʩʧʨʠʷʻ ʟʘʙʝʟʧʝʯʝʥʥʶ ʧʨʘʚ ʘʚʪʦʨʽʚ ʥʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʚʣʘʩʥʽʩʪʴ, ʧʽʜʚʠʱʝʥʥʶ 

ʷʢʦʩʪʽ ʚʠʜʘʥʥʷ ʽ ʚʠʢʣʶʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʥʝʧʨʘʚʦʤʽʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʨʩʴʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʽʥʪʝʨʝʩʘʭ 

ʦʢʨʝʤʠʭ ʦʩʽʙ. 
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ȶɌɜɧɘɝɌɖɚɎɌ ȴ.ȭ. 

ȰɑəɔɝɚɎɌ ȹ.ɀ. 

ȶɜɌɖ Ɋ.Ȯ. 

ȼɌɓɜɌɍɚɞɖɌ ɜɚɍɚɞɔɓɔɜɚɎɌəəɚɕ ɝɔɝɞɑɘɧ ɐɗɫ 

ɛɗɌɓɘɑəəɚɏɚ əɌɛɧɗɑəɔɫ ɔɘɛɗɌəɞɚɎ 

Ȱɚɜɚɤɑəɖɚ Ȭ.Ɋ. 

ȾɟɘɌəɚɎ Ȯ.Ȯ. 

ȸɚɐɟɗɨ ɖɌɗɱɍɜɟɎɌəəɫ ɞɌ ɛɚɓɔɢɱɚəɟɎɌəəɫ 

ɝɔɝɞɑɘɔ ɖɚɘɛõɪɞɑɜəɚɏɚ ɓɚɜɟ ɐɗɫ ɢɔɠɜɚɎɚɲ 

əɌɜɱɓɖɔ ɘɌɞɑɜɱɌɗɱɎ 

ȶɚəɚɎɌɗɑəɖɚ Ȭ. 
ȽɔɝɞɑɘɌ ɐɗɫ ɚɜɏɌəɱɓɌɢɱɲ ɱəɞɑɜɌɖɞɔɎəɔɡ ɖɎɑɝɞ-

ɱɏɚɜ ɛɚɍɟɐɚɎɌəɌ əɌ Bluetooth-ɘɌɫɣɖɌɡ 

Ƚɔɝɞɑɘɔ ɖɑɜɟɎɌəəɫ 
Ɋɜɣɟɖ ȷ.Ɋ. 

ȭɟɍɗɱəɝɨɖɔɕ Ƚ.ȸ. 
ȻɜɚɑɖɞɟɎɌəəɫ ɎɱɐɑɚɖɌɐɜɱɎ ɗɪɐɔəɚ-ɘɌɤɔəəɚɏɚ 

ɱəɞɑɜɠɑɕɝɟ ȬȽȿ ȾȻ 

ȷɌɛɡɌəɚɎ ɉ.Ȭ. 

ȺɢɑəɖɌ Ɏɚɓɘɚɒəɚɝɞɔ ɝɚɓɐɌəɔɫ ɐɚɛɚɗəɔɞɑɗɨəɚɕ 

ɞɫɏɔ ɐɗɫ ɟɛɜɌɎɗɑəɔɫ ɖɚɝɘɔɣɑɝɖɔɘɔ 

ɌɛɛɌɜɌɞɌɘɔ əɌ ɚɝəɚɎɑ ɔɝɛɚɗɨɓɚɎɌəɔɫ 

ɛɚɝɞɚɫəəɧɡ ɘɌɏəɔɞɚɎ 

Ⱦɑɡəɚɗɚɏɱɲ ɛɜɚɏɜɌɘɟɎɌəəɫ 
Ȭɤɟɜ ȴ.ȳ. 

Ȱɚɜɚɤɑəɖɚ Ȭ.Ɋ. 

ȮɧɝɚɖɚɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɑ ɛɜɚɔɓɎɑɐɑəɔɑ ɘɌɞɜɔɢ 

ɛɚɝɜɑɐɝɞɎɚɘ Android NDK ɔ JNI 

Ⱥɍɜɚɍɗɑəəɫ ɱəɠɚɜɘɌɢɱɲ ɟ ɝɖɗɌɐəɔɡ ɝɔɝɞɑɘɌɡ 
Ȱɘɔɞɜɑəɖɚ Ⱥ.Ⱥ. 

ȷɌəɐɑ Ȱ.Ȯ. 

ȸɑɞɚɐ əɌɖɚɛɔɣɟɎɌɗɨəɚɏɚ ɎɛɗɔɎɟ ɐɗɫ ɌəɌɗɱɓɟ 

ɖɚɏəɱɞɔɎəɔɡ ɖɌɜɞ 

ȻɱɐɏɚɞɚɎɖɌ ɖɌɐɜɱɎ ɟ ɏɌɗɟɓɱ ɱəɠɚɜɘɌɢɱɕəɔɡ 

ɞɑɡəɚɗɚɏɱɕ 
Ƚɞɑəɔə Ȭ.Ȭ. 

ȻɌɝɨɖɚ Ȯ.Ȼ. 

ȷɑɘɑɤɖɚ Ȯ.Ȭ. 

ɄɔɞɔɖɚɎɌ ȴ.ȯ. 

ȺɛɞɔɘɔɓɌɢɔɫ ɟɣɑɍəɧɡ ɛɗɌəɚɎ IT-

ɝɛɑɢɔɌɗɨəɚɝɞɑɕ 
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Ƚɞɑəɔə Ȭ.Ȭ. 

ȻɌɝɨɖɚ Ȯ.Ȼ. 

ɄɔɞɔɖɚɎɌ ȴ.ȯ. 

ȬəɌɗɔɓ ɔ ɚɛɞɔɘɔɓɌɢɔɫ ɌɎɞɚəɚɘəɧɡ ɝɔɝɞɑɘ 

ɞɑɛɗɚɝəɌɍɒɑəɔɫ 

ȻɔɜɚɒɖɚɎ Ⱥ.Ɋ. 

ȽɌɎɣɟɖ Ⱥ.Ȯ. 
ȭɑɓɛɑɖɌ ɐɌəɔɡ Ɏ ɡɘɌɜəɔɡ ɝɑɜɑɐɚɎɔɥɌɡ 

ȼɔɒɖɚ ȭ.Ȯ. 

Ƚɘɚɗɔəɑɢɨ Ⱥ.Ⱦ. 

ȼɚɓɜɚɍɖɌ Ɍɜɡɱɞɑɖɞɟɜɔ ɝɔɝɞɑɘɔ 

ɌɎɞɚɘɌɞɔɓɚɎɌəɚɏɚ ɓɍɚɜɟ, ɚɍɜɚɍɖɔ ɞɌ ɌəɌɗɱɓɟ 

ɐɌəɔɡ əɌ ɚɝəɚɎɱ ɞɑɡəɚɗɚɏɱɲ Big Data 

Ƚɑɜɏɱɯəɖɚ Ȭ.ȸ. 

ȺɜɗɚɎɌ ȸ.ȸ. 

ȸɚɗɣɌəɚɎ Ⱥ.Ȭ. 

ȸɱɖɜɚɖɚəɞɜɚɗɑɜ ɐɗɫ ɖɑɜɟɎɌəəɫ ɛɚɝɗɱɐɚɎəɔɘɔ 

ɛɚɜɞɌɘɔ ɎɎɚɐɟ-ɎɔɎɚɐɟ 

ȼɚɓɛɚɐɱɗɑəɱ ɞɌ ɛɌɜɌɗɑɗɨəɱ ɚɍɣɔɝɗɑəəɫ 
ȲɌɍɔə Ȯ. 

ȲɌɍɔəɌ Ȯ. 

ȿɝɖɚɜɑəɔɑ ɚɍɘɑəɌ ɐɌəəɧɘɔ Ɏ 

ɘɟɗɨɞɔɛɜɚɢɑɝɝɚɜəɧɡ ɝɔɝɞɑɘɌɡ 

Loutskii H.  

Volokyta A.  

Rehida P.  

Isoefficiency control tool for distributed 

computing  

Ȼɜɔɡɱɐɨɖɚ Ȯ.Ƚ. 

Ȱɚɜɚɤɑəɖɚ Ȭ.Ɋ. 

ɋɢɑəɖɚ Ⱥ.Ȭ. 

ȼɚɓɜɚɍɖɌ ɛɌɜɌɗɑɗɨəɚɏɚ Ɍɗɏɚɜɔɞɘɟ ɖɗɌɝɞɑɜɔɓɌɢɱɲ 

ɐɌəɔɡ ɓɌɝɚɍɌɘɔ ɌɎɞɚɘɌɞɔɓɌɢɱɲ ɛɜɚɑɖɞɟɎɌəəɫ 
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ȣəɠɚɜɘɌɢɱɕəɱ ɝɔɝɞɑɘɔ ɞɌ ɞɑɡəɚɗɚɏɱɲ/Information 
Systems and Technologiesé..éééééééééééééé. 9 
ȶɌɜɧɘɝɌɖɚɎɌ ȴ.ȭ., ȰɑəɔɝɚɎɌ ȹ.ɀ., ȶɜɌɖ Ɋ.Ȯ. 

ȼɌɓɜɌɍɚɞɖɌ ɜɚɍɚɞɔɓɔɜɚɎɌəəɚɕ ɝɔɝɞɑɘɧ ɐɗɫ ɛɗɌɓɘɑəəɚɏɚ əɌɛɧɗɑəɔɫ 

ɔɘɛɗɌəɞɚɎééééééééééééééééééééééééééééé.. 11 
Ȱɚɜɚɤɑəɖɚ Ȭ.Ɋ., ȾɟɘɌəɚɎ Ȯ.Ȯ. 

ȸɚɐɟɗɨ ɖɌɗɱɍɜɟɎɌəəɫ ɞɌ ɛɚɓɔɢɱɚəɟɎɌəəɫ ɝɔɝɞɑɘɔ ɖɚɘɛõɪɞɑɜəɚɏɚ 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʤʧʣʘʥʪʦʚ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʨʘʟʤʝʨʘʤ, ʪʠʧʫ 

ʧʨʦʪʝʟʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʦʚ, ʤʘʪʝʨʠʘʣʘʭ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʬʠʨʤʘʭ-ʠʟʛʦʪʦʚʠʪʝʣʷʭ ʠ ʜʨ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʥʘʥʝʩʝʥʠʷ ʥʘ ʠʤʧʣʘʥʪʳ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʧʦʢʨʳʪʠʡ ʧʨʠ ʧʦʤʦʱʠ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʘʟʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʨʦʙʦʪʘ. ɼʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʦʧʠʩʳʚʘʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʷ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʤʧʣʘʥʪʳ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʦʟʤʦʞʥʦʩʪʷʤ ʫʩʪʘʥʦʚʢʠ ʧʣʘʟʤʝʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʧʦʢʨʳʪʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʤʧʣʘʥʪ, ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʫʩʪʘʥʦʚʢʠ. 

ɺɺɽɼɽʅʀɽ 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ 

ʩʦʟʜʘʥʠʷ ʠʤʧʣʘʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʢʦʤʧʣʝʢʩʳ 

ʜʣʷ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʠʤʧʣʘʥʪʦʚ, ʩ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʦʚ ʚ 

ʧʨʦʮʝʩʩʳ ʥʘʧʳʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʚʳʡʪʠ ʥʘ ʥʦʚʳʡ 

ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʜʦʙʠʪʴʩʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 

ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʤʧʣʘʥʪʦʚ ʧʫʪʝʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʦʢʨʳʪʠʡ ʩ 

ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [1-3]. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʠ 

ʢʘʯʝʩʪʚʦ ʥʘʧʳʣʝʥʠʷ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ 

ʦʙʨʘʙʦʪʢʠ ʠ ʩʦʢʨʘʪʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ. 

ʈʦʙʦʪʳ ʜʣʷ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʠ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʶʪ ʥʘʥʦʩʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʧʦʢʨʳʪʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʢʨʦʤʝʪʨʦʚ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʱʘʪʴ ʨʘʩʭʦʜ 

ʤʘʪʝʨʠʘʣʦʚ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʘʥʠʧʫʣʷʮʠʠ, 

ʦʪʦʙʨʘʞʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʫʧʨʘʚʣʷʪʴ 

ʠʤʠ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʳʣʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʠʤʧʣʘʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʟʘʤʝʥʳ ʧʦʚʨʝʞʜʝʥʥʳʭ ʦʨʛʘʥʦʚ ʯʝʣʦʚʝʢʘ, ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʥʘʧʳʣʝʥʠʝʤ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ 

ʧʦʢʨʳʪʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʧʨʦʙʣʝʤʦʡ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʠʤʧʣʘʥʪʦʚ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʨʠʪʝʨʠʷʤ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʟʨʘʙʦʪʢʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʠʤʧʣʘʥʪʦʚ ʠ 

ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʪʘʢʠʤ ʢʦʤʧʣʝʢʩʦʤ. 

ʂʈʀʊɽʈʀʀ ʂʃɸʉʉʀʌʀʂɸʎʀʀ ʀʄʇʃɸʅʊʆɺ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʢʝʣʝʪʥʳʤ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ 

ʧʦʩʪʨʦʝʥʠʝʤ ʯʝʣʦʚʝʢʘ [4] ʙʫʜʝʤ ʠʩʩʣʝʜʦʚʘʪʴ 

ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʠʤʧʣʘʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʨʛʘʥʦʚ 

ʯʝʣʦʚʝʢʘ ʢ ʢʦʪʦʨʳʤ ʵʪʠ ʠʤʧʣʘʥʪʳ ʧʨʠʤʝʥʷʶʪʩʷ.  

ʉ ʵʪʦʡ ʮʝʣʴʶ ʠʤʧʣʘʥʪʳ ʙʫʜʝʤ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ 

ʧʦ ʢʨʠʪʝʨʠʶ ʟʘʤʝʥʳ ʠʣʠ ʚʞʠʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʯʝʣʦʚʝʯʝʩʢʠʭ ʦʨʛʘʥʦʚ [4]: ʟʫʙʦʧʨʦʪʝʟʥʳʡ ʠʤʧʣʘʥʪ; 

ʩʣʫʭʦʚʦʡ (ʢʦʭʣʝʘʨʥʳʡ) ʠʤʧʣʘʥʪ; ʩʪʚʦʣʦʤʦʟʛʦʚʦʡ 

ʠʤʧʣʘʥʪ; ʠʤʧʣʘʥʪ ʢʣʘʧʘʥʦʚ ʩʝʨʜʮʘ; ʠʤʧʣʘʥʪ 

ʩʝʪʯʘʪʢʠ; ʠʤʧʣʘʥʪ ʜʣʷ ʢʦʥʝʯʥʦʩʪʝʡ. 

ɸʥʘʣʠʟ ʛʝʦʤʝʪʨʦ-ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʜʘʥʥʳʭ ʠʤʧʣʘʥʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʦʯʝʥʴ ʩʣʦʞʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʥʦʩʪʷʤʠ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠ ʦʙʨʘʙʦʪʢʠ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʠʤʧʣʘʥʪʳ ʧʦʜʙʠʨʘʶʪʩʷ ʜʣʷ 

ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʦʪʜʝʣʴʥʦ, ʧʦʵʪʦʤʫ ʬʠʟʠʯʝʩʢʠʝ 

ʨʘʟʤʝʨʳ ʠʤʧʣʘʥʪʦʚ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤʠ 

ʬʫʥʢʮʠʷʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠʤʧʣʘʥʪ 

ʧʫʪʝʤ ʧʦʜʛʦʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ 

ʨʘʟʤʝʨʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʠʤʧʣʘʥʪʦʚ ʧʦ 

ʢʨʠʪʝʨʠʶ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʙʘʟʳ ʜʘʥʥʳʭ [5].  

ʀʟ ʘʥʘʣʠʟʘ ʬʠʟʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠʤʧʣʘʥʪʦʚ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʤʧʣʘʥʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ: 

ʟʫʙʥʳʝ ʠʤʧʣʘʥʪʳ, ʩʣʫʭʦʚʳʝ ʠʤʧʣʘʥʪʳ, ʠʤʧʣʘʥʪʳ 

ʩʝʪʯʘʪʢʠ ʛʣʘʟ ʠ ʢʣʘʧʘʥʦʚ ʩʝʨʜʮʘ, ï ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ (ʤʠʣʣʠʤʝʪʨʳ ʠ ʜʘʞʝ ʩʦʪʳʝ 

ʯʘʩʪʠ ʤʠʣʣʠʤʝʪʨʘ), ʧʦʵʪʦʤʫ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʥʘʥʝʩʝʥʠʷ ʥʘʧʳʣʝʥʠʷ ʥʘ ʪʘʢʠʝ ʠʟʜʝʣʠʷ ʥʫʞʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʧʝʮʠʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ ʜʣʷ ʵʪʠʭ 

ʮʝʣʝʡ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʂʨʦʤʝ ʜʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʚʘʞʥʦʡ ʝʩʪʴ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʪʝʨʠʘʣʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʫʜʝʤ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʤʧʣʘʥʪʳ ʠʟ ʪʠʪʘʥʘ, ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ 

ʤʝʪʘʣʣ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʤʧʣʘʥʪʦʚ. ʊʘʢʞʝ ʚʘʞʥʳʤ 

ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʧʣʘʥʪʦʚ ʝʩʪʴ ʠʭ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʟʚʝʩʪʥʳʤʠ ʬʠʨʤʘʤʠ. ɼʘʥʥʳʝ ʧʦ 
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ʤʘʪʝʨʠʘʣʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦ ʬʠʨʤʘʭ-

ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ ʠʤʧʣʘʥʪʦʚ ʩʦʙʨʘʥʳ ʚ ʚʠʜʝ ʙʘʟʳ 

ʜʘʥʥʳʭ [5]. 

ʊɽʍʅʆʃʆɻʀʗ ʇʃɸɿʄɽʅʅʆɻʆ ʅɸʇʓʃɽʅʀʗ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ 

ʩʦʩʪʦʠʪ ʠʟ ʵʪʘʧʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʘʤʦʛʦ ʠʤʧʣʘʥʪʘ ʠ 

ʵʪʘʧʘ ʦʙʨʘʙʦʪʢʠ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠʯʝʤ ʦʙʨʘʙʦʪʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʪʦʣʝʨʘʥʪʥʦʩʪʴ 

(ʪʝʨʧʠʤʦʩʪʴ) ʠʤʧʣʘʥʪʘʪʦʚ. 

ʀʤʧʣʘʥʪʘʪʳ ʠʟ ʪʠʪʘʥʘ ʠ ʢʦʙʘʣʴʪʦʭʨʦʤʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʩʧʦʩʦʙʦʤ ʣʠʪʴʷ, 

ʬʨʝʟʝʨʦʚʘʥʠʷ ʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʨʦʰʢʦʚʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ, ʛʦʨʷʯʝʡ ʰʪʘʤʧʦʚʢʠ, 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʰʪʘʤʧʦʚʢʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʬʨʝʟʝʨʦʚʘʥʠʝʤ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʣʘʟʤʝʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʩʪʦʠʪ ʠʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʘʢʪʠʚʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʧʫʪʝʤ ʧʝʨʝʤʝʱʝʥʠʷ ʠʟʜʝʣʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʟʤʦʪʨʦʥʘ ʠʣʠ ʥʘʦʙʦʨʦʪ.  

ʅʘʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʉʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 2...30 

ʤʤ/ʩʝʢ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʟʤʦʪʨʦʥʦʤ ʠ ʠʟʜʝʣʠʝʤ 

100...150 ʤʤ, ʜʠʘʤʝʪʨ ʧʷʪʥʘ ʥʘʧʳʣʝʥʠʷ 10...25 ʤʤ, 

ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʷ 0,05...1,0 ʤʤ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʥʘʛʨʝʚʘ ʜʝʪʘʣʝʡ ʧʨʠ ʧʣʘʟʤʝʥʥʦʤ ʥʘʧʳʣʝʥʠʠ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 100...150Üʉ. ʋʛʦʣ ʤʝʞʜʫ ʦʩʴʶ ʧʦʪʦʢʘ 

ʯʘʩʪʠʮ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʦʣʞʝʥ 

ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ 90Á. 

ʇʣʘʟʤʦʦʙʨʘʟʫʶʱʠʤ ʛʘʟʦʤ ʷʚʣʷʶʪʩʷ ʘʨʛʦʥ ʠʣʠ 

ʚʦʟʜʫʭ. ʈʘʩʭʦʜ ʘʨʛʦʥʘ ʦʪ 15 ʜʦ 20 ʣʠʪʨʦʚ ʚ ʤʠʥʫʪʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʬʦʨʤʠʨʫʶʱʝʛʦ 

ʧʦʢʨʳʪʠʝ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʩʧʣʘʚʳ, ʪʫʛʦʧʣʘʚʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʦʢʩʠʜʳ, ʧʦʣʠʤʝʨʳ 

ʠ ʠʭ ʢʦʤʧʦʟʠʮʠʠ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʜʦ 100 ʤʢʤ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʚʝʣʠʯʠʥʘ 

ʦʩʪʘʪʦʯʥʳʭ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚʦʟʨʘʩʪʘʝʪ, 

ʚʦʟʥʠʢʘʝʪ ʦʧʘʩʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʩʣʦʷ, ʧʦʵʪʦʤʫ 

ʩʣʝʜʫʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʢʨʳʪʠʷ 

ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʩ ʫʯʝʪʦʤ ʜʦʧʫʩʢʘ ʥʘ 

ʚʦʟʤʦʞʥʳʡ ʠʟʥʦʩ ʠ ʧʨʠʧʫʩʢ ʥʘ ʦʙʨʘʙʦʪʢʫ ʧʦʩʣʝ 

ʥʘʧʳʣʝʥʠʷ. ʆʧʪʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʧʨʠʧʫʩʢʘ 

ʩʦʩʪʘʚʣʷʝʪ 0,15 ʤʤ, ʘ ʜʣʷ ʢʘʨʙʠʜʥʳʭ ʧʦʢʨʳʪʠʡ 

ʤʝʥʝʝ 0,1 ʤʤ. ʄʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʧʦʢʨʳʪʠʡ 

ʧʦʩʣʝ ʦʧʣʘʚʣʝʥʠʷ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 0,25 ʤʤ. ɼʣʷ 

ʧʦʢʨʳʪʠʡ ʨʘʚʥʦʤʝʨʥʦʡ ʪʦʣʱʠʥʳ ʧʨʠʧʫʩʢ ʥʘ 

ʰʣʠʬʦʚʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,1 ʜʦ 0,4 ʤʤ ʚ ʨʘʩʯʝʪʝ ʥʘ 

ʨʘʜʠʫʩ. ʋʩʘʜʢʘ ʧʨʠ ʦʧʣʘʚʣʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 20%. ɼʣʷ 

ʚʘʣʦʚ ʥʘ ʫʯʘʩʪʢʘʭ ʟʘʧʨʝʩʩʦʚʢʠ ʩʣʝʜʫʝʪ ʥʘʧʳʣʷʪʴ 

ʧʦʢʨʳʪʠʷ ʪʦʣʱʠʥʦʡ 0,13 ʤʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʜʠʘʤʝʪʨʘ. 

ʇʦʢʨʳʪʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʩʧʣʦʰʥʳʤ, ʦʜʥʦʨʦʜʥʦʛʦ 

ʮʚʝʪʘ, ʙʝʟ ʯʘʩʪʠʮ ʥʝʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʙʝʟ 

ʪʨʝʱʠʥ ʠ ʦʪʩʣʦʝʥʠʡ. ʐʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʢʨʳʪʠʷ ʥʝ 

ʙʦʣʝʝ 80- 100 ʤʢʤ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʧʣʘʟʤʝʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʠʜʦʤ ʠ ʜʠʩʧʝʨʩʥʦʩʪʴʶ 

ʤʘʪʝʨʠʘʣʘ, ʪʦʢʦʤ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʠ ʝʛʦ 

ʥʘʧʨʷʞʝʥʠʝʤ, ʚʠʜʦʤ ʠ ʨʘʩʭʦʜʦʤ 

ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ, ʜʠʘʤʝʪʨʦʤ ʩʦʧʣʘ 

ʧʣʘʟʤʝʥʥʦʡ ʛʦʨʝʣʢʠ ʠ ʨʘʩʩʪʦʷʥʠʝʤ ʦʪ ʩʦʧʣʘ ʜʦ 

ʥʘʧʳʣʷʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [2, 6].  

ʇʨʠʚʝʜʝʤ ʥʝʢʦʪʦʨʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʣʘʟʤʝʥʥʦʤ ʥʘʧʳʣʝʥʠʠ. 

ʊʝʭʥʦʣʦʛʠʷ PVD (Physical Vapor Deposition) - ʵʪʦ 

ʬʠʟʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʧʘʨʦʚ ʪʠʪʘʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʠʟʜʝʣʠʷ. ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ, 

ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʪʚʝʨʜʦʩʪʴ, ʩʨʝʜʥʠʡ ʜʠʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨ (400-600Áʉ) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʪʠ ʧʦʢʨʳʪʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ 

ʤʘʪʝʨʠʘʣʦʚ.  

ʇʨʦʮʝʜʫʨʘ ʥʘʥʝʩʝʥʠʷ PVD-ʧʦʢʨʳʪʠʷ ʩʦʩʪʦʠʪ ʠʟ 

ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʦʚ. ʀʟʜʝʣʠʝ, ʥʘ ʢʦʪʦʨʦʝ ʥʘʥʦʩʷʪʩʷ 

PVD-ʧʦʢʨʳʪʠʷ, ʦʯʠʱʘʶʪʩʷ. ʇʨʦʮʝʩʩ ʦʯʠʩʪʢʠ 

ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʤʘʪʝʨʠʘʣʘ ʧʦʜʣʦʞʢʠ ʠ ʛʝʦʤʝʪʨʠʠ. 

ʀʟʜʝʣʠʷ ʟʘʛʨʫʞʘʶʪʩʷ ʚ ʚʘʢʫʫʤʥʫʶ ʢʘʤʝʨʫ ʥʘ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʥʘʛʨʫʟʢʠ ʢʘʤʝʨʳ ʠ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦʢʨʳʪʠʷ. ɺʘʢʫʫʤʥʘʷ ʢʘʤʝʨʘ 

ʦʪʢʘʯʠʚʘʝʪʩʷ ʜʦ 10-6 ʤʤ. ʨʪ. ʩʪ. (ʚʳʩʦʢʠʡ ʚʘʢʫʫʤ), 

ʯʪʦʙʳ ʫʜʘʣʠʪʴ ʚʩʝ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝʱʝʩʪʚʘ ʚ 

ʩʠʩʪʝʤʝ. ɺ ʢʘʤʝʨʫ ʥʘʧʫʩʢʘʶʪ ʠʥʝʨʪʥʳʡ ʛʘʟ ʘʟʦʪ ʠ 

ʧʦʜʘʶʪ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʧʦʜʣʦʞʢʫ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʟʫʝʪʩʷ ʪʣʝʶʱʠʡ ʨʘʟʨʷʜ. ʕʪʦ ʯʠʩʪʢʘ ʠʟʜʝʣʠʷ ʚ 

ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʝ ʜʣʷ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʦʩʘʞʜʝʥʠʷ 

ʤʝʪʘʣʣʘ. ɹʦʣʴʰʦʡ ʪʦʢ ʠ ʥʠʟʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʫʛʠ 

ʧʦʜʘʝʪʩʷ ʥʘ ʤʠʰʝʥʴ (ʪʚʝʨʜʳʡ ʤʘʪʝʨʠʘʣ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʥʘʥʝʩʝʥʠʷ). ʄʝʪʘʣʣ ʠʩʧʘʨʷʝʪʩʷ ʠ 

ʤʛʥʦʚʝʥʥʦ ʠʦʥʳ ʠ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʤʝʪʘʣʣʘ 

ʠʩʧʘʨʝʥʠʷ (ʤʠʰʝʥʠ) ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʮʠʢʣʘ ʦʩʘʞʜʝʥʠʷ ʤʝʪʘʣʣʘ. ʆʪ 

ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʛʘʟʘ, ʪʠʧʘ ʛʘʟʘ ʚʦ ʚʨʝʤʷ 

ʨʝʘʢʪʠʚʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ 

ʧʦʢʨʳʪʠʷ ʢʝʨʘʤʠʢʠ, ʢʘʨʙʠʜʦʚ, ʥʠʪʨʠʜʦʚ ʠ ʦʢʩʠʜʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʧʦʢʨʳʪʠʷ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʠʤʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʦ 

ʥʠʪʨʠʜ ʪʠʪʘʥʘ (TiN) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʤʧʣʘʥʪʦʚ ʠ ʜʨʫʛʠʭ ʭʠʨʫʨʛʠʯʝʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʪʘʢʦʝ ʧʦʢʨʳʪʠʝ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ 

ʦʢʠʩʣʝʥʠʶ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʨʳʪʠʷ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʨʙʦʥʠʪʨʠʜ ʪʠʪʘʥʘ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʯʠʪʴ ʚ 2-3 ʨʘʟʘ[2] ʩʨʦʢʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʜʦʙʘʚʣʝʥʠʝ ʫʛʣʝʨʦʜʘ 

ʫʚʝʣʠʯʠʚʘʝʪ ʪʚʝʨʜʦʩʪʴ ʥʘ 80%. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʳ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʢʨʠʪʝʨʠʷʤ, ʢʦʪʦʨʳʝ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʧʦʩʦʙ, ʪʠʧ ʥʘʧʳʣʝʥʠʷ, ʨʘʩʩʪʦʷʥʠʷ 

ʜʦ ʦʙʲʝʢʪʘ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ɼʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʙʘʟʘ 

ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʫʶ ʚʢʣʶʯʝʥʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʬʠʨʤʘʭ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʭ. 

ʉʆɿɼɸʅʀɽ ʈʆɹʆʊʀɿʀʈʆɺɸʅʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ɼʃʗ 

ʇʃɸɿʄɽʅʅʆɻʆ ʅɸʇʓʃɽʅʀʗ 

ɼʦʩʪʫʧʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʠʤʝʶʱʝʝʩʷ ʥʘ ʙʘʟʝ 

ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ɼ. ʉʝʨʠʢʙʘʝʚʘ 

ʚʢʣʶʯʘʝʪ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʨʦʙʦʪʘ ʬʠʨʤʳ Kawasaki 

RS-010L, ʩ ʢʦʥʪʨʦʣʣʝʨʦʤ E40F-A001, ʢʦʤʧʨʝʩʩʦʨ ʩ 



ȣəɠɚɜɘɌɢɱɕəɱ ɝɔɝɞɑɘɔ ɞɌ ɞɑɡəɚɗɚɏɱɲ 13  

 
ʜʘʚʣʝʥʠʝʤ ʜʦ 6 ʘʪʤʦʩʬʝʨ, ʧʣʘʟʤʦʪʨʦʥ ʩ ʠʩʪʦʯʥʠʢʦʤ 

ʧʠʪʘʥʠʷ ɼʉ120ʇ.33, ʫʩʪʘʥʦʚʢʫ ʤʠʢʨʦʧʣʘʟʤʝʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʄʇʅ-004 ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʚ ʠʥʩʪʠʪʫʪʝ 

ʵʣʝʢʪʨʦʩʚʘʨʢʠ ʠʤʝʥʠ ʆ.ɽ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʠʥʳ, ʩ 

ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ ʬʠʨʤʳ Fronius Magic Wave 

2200 Job G/F ʠ ʦʭʣʘʜʠʪʝʣʴ ʢ ʥʝʤʫ, ʘ ʪʘʢ ʞʝ ʬʨʝʟʝʨʥʦ-

ʛʨʘʚʠʨʦʚʘʣʴʥʳʡ ʩʪʘʥʦʢ ʩ ʢʦʥʪʨʦʣʣʝʨʦʤ RZNC-0501. 

ʄʘʥʠʧʫʣʷʮʠʦʥʥʳʡ ʨʦʙʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʫʩʪʨʦʡʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʩ 

ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʥʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʟʘʨʘʥʝʝ 

ʟʘʜʘʥʥʦʤʫ ʧʨʦʬʠʣʶ, ʫʧʨʘʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ. ʅʘ ʤʘʥʠʧʫʣʷʪʦʨʝ 

ʩʤʦʥʪʠʨʦʚʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʣʘʟʤʝʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʣʷ ʥʘʥʝʩʝʥʠʷ 

ʧʦʨʦʰʢʦʚʳʭ ʧʦʢʨʳʪʠʡ ʚ ʧʦʪʦʢʝ ʧʣʘʟʤʳ, ʚ ʢʦʪʦʨʦʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʧʣʘʟʤʝʥʥʦʛʦ ʨʘʟʨʷʜʘ ʠ 

ʧʦʜʘʯʘ ʧʣʘʟʤʝʥʥʦʛʦ ʧʦʪʦʢʘ ʠʣʠ ʧʦʨʦʰʢʘ ʚ 

ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʝ ʚ ʘʪʤʦʩʬʝʨʝ ʘʨʛʦʥʘ ʥʘ ʧʦʜʣʦʞʢʫ 

ʣʶʙʦʡ ʬʦʨʤʳ. ɸʨʭʠʪʝʢʪʫʨʘ ʨʦʙʦʪʘ Kawasaki 

ʧʦʩʪʨʦʝʥʘ ʥʘ AS ʷʟʳʢʝ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

(ʧʨʠʣʦʞʝʥʠʝ) ʥʘʧʠʩʘʥʦ ʥʘ ʷʟʳʢʝ C# ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʨʦʛʨʘʤʤ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ. 
ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʙʦʪʘ Kawasaki RS-

010L: ʢʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ ʧʦʜʚʠʞʥʦʩʪʠ - 6; 

ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ - 0,06 ʤʤ; 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ - 13100 ʤʤ/ʩʝʢ; 

ʟʦʥʘ ʜʦʩʷʛʘʝʤʦʩʪʠ - 1925 ʤʤ; ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ - 10 

ʢʛ. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʠʤʧʣʘʥʪʦʚ 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʢʘʨʥʦ-ʬʨʝʟʝʨʥʳʡ ʩʪʘʥʦʢ 

ʪʠʧʘ NXT 1000, ʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʤʧʣʘʥʪʦʚ 

ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ - ʬʨʝʟʝʨʥʳʡ ʩ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʦʙʨʘʙʦʪʢʦʡ ʪʠʧʘ VU5 ʠʣʠ ULTRASONIC 20. ɺ 

ʢʦʤʧʣʝʢʩʝ ʵʪʠ ʜʚʘ ʩʪʘʥʢʘ ʧʦʟʚʦʣʷʶʪ ʠʟʛʦʪʦʚʠʪʴ 

ʠʤʧʣʘʥʪ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʢʦʤʧʣʝʢʪ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʦʙʨʘʙʦʪʢʫ ʪʠʪʘʥʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ. 

ʋʩʪʘʥʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʣʘʟʤʝʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢ 

ʢʦʪʦʨʳʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʚ ʦʪʥʦʰʝʥʠʠ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ, ʩʦʩʪʦʠʪ 

ʠʟ ʠʥʚʝʨʪʦʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʩ 

ʛʘʟʦʧʦʜʛʦʪʦʚʢʦʡ, ʧʠʪʘʪʝʣʷ ʧʦʨʦʰʢʘ ʠ ʧʣʘʟʤʦʪʨʦʥʘ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʟʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ: 

ʤʦʱʥʦʩʪʴ ʧʣʘʟʤʦʪʨʦʥʘ 2 ʢɺʪ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʥʘʧʳʣʝʥʠʷ ʦʪ 2 ʜʦ 3 ʢʛ/ʯ, ʨʘʙʦʯʠʡ ʪʦʢ ʧʣʘʟʤʦʪʨʦʥʘ 

60ɸ, ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʜʫʛʠ 30 ɺ.  

ʂ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤ ʧʦʢʨʳʪʠʷʤ ʠʤʧʣʘʥʪʦʚ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: ʪʦʣʱʠʥʘ 

ʧʦʢʨʳʪʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 300 ʤʢʤ ʜʦ 500 

ʤʢʤ, ʚʝʣʠʯʠʥʘ ʧʦʨ ï ʦʪ 150 ʤʢʤ ʦ 300 ʤʢʤ, ʧʨʦʯʥʦʩʪʴ 

ʩʮʝʧʣʝʥʠʷ ʧʦʢʨʳʪʠʡ ʩ ʦʩʥʦʚʦʡ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʫ 

ISO 13779-2 ï ʥʝ ʤʝʥʝʝ 15 ʄʇʘ, ʧʦʨʠʩʪʦʩʪʴ ï ʜʦ 50%, 

ʝhʨʦʭʦʚʘʪʦʩʪʴ ï ʦʪ 150 ʤʢʤ ʜʦ 300 ʤʢʤ.  ʇʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ ʥʘʧʳʣʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʩʣʝʜʫʶʱʠʤʠ: 

ʨʘʙʦʯʠʡ ʪʦʢ ï 16 ɸ; ʨʘʩʭʦʜ ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʛʘʟʘ 

ï 140 ʣ/ʯ; ʜʠʩʪʘʥʮʠʷ ʥʘʧʳʣʝʥʠʷ ï 40 ʤʤ; ʩʢʦʨʦʩʪʴ 

ʧʦʜʘʯʠ ʧʨʦʚʦʣʦʢʠ ï 3 ʤ/ʤʠʥ, ʜʠʘʤʝʪʨ ʧʷʪʥʘ 

ʥʘʧʳʣʝʥʠʷ ï 5-10 ʤʤ [2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʥʳʡ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʧʣʘʟʤʝʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʠʤʧʣʘʥʪʦʚ.  

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʩʠʣʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ ʩ 

ʫʩʪʘʥʦʚʢʦʡ ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ ʄʇʅ-004, 

ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ ʠʤʧʣʘʥʪʳ ʠʤʝʣʠ ʜʦʩʪʘʪʦʯʥʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʠʤʧʣʘʥʪʳ: ʠʤʧʣʘʥʪ ʪʘʟʦʙʝʜʨʝʥʥʦʛʦ 

ʩʫʩʪʘʚʘ; ʠʤʧʣʘʥʪʳ ʢʦʣʝʥʥʦʛʦ ʩʫʩʪʘʚʘ; ʵʥʜʦʧʨʦʪʝʟ 

ʧʣʝʯʝʚʦʛʦ ʩʫʩʪʘʚʘ; ʠʤʧʣʘʥʪ ʣʦʢʪʝʚʦʛʦ ʩʫʩʪʘʚʘ; 

ʠʤʧʣʘʥʪ ʛʦʣʝʥʦʩʪʦʧʥʦʛʦ ʩʫʩʪʘʚʘ; ʰʝʝʯʥʳʡ 

ʜʠʘʬʠʟʘʨʥʳʡ ʠʤʧʣʘʥʪ; ʠʤʧʣʘʥʪ ʣʫʯʝʟʘʧʷʩʪʥʦʛʦ 

ʩʫʩʪʘʚʘ; ʤʝʞʬʘʣʘʥʛʦʚʳʡ ʩʫʩʪʘʚ ʧʘʣʴʮʝʚ ʢʠʩʪʠ; 

ʧʷʩʪʥʦ-ʬʘʣʘʥʛʦʚʳʡ ʩʫʩʪʘʚ ʧʘʣʴʮʝʚ ʢʠʩʪʠ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ 

ʧʣʘʟʤʝʥʥʦʛʦ ʥʘʧʳʣʝʥʠʷ, ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ 

ʜʚʠʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʙʦʪʘ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʧʦʢʨʳʪʠʡ ʥʘ 

ʧʨʝʜʣʦʞʝʥʥʳʝ ʠʤʧʣʘʥʪʳ. 
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ɸʥʦʪʘʮʽʷ. ʆʧʠʩʘʥʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʤʦʜʫʣʷ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʩʬʝʨʽ ʮʠʬʨʦʚʦʾ 

ʥʘʨʽʟʢʠ ʤʘʪʝʨʽʘʣʽʚ. ɼʦʩʣʽʜʞʝʥʦ ʧʨʠʨʦʜʫ ʪʘ ʚʧʣʠʚ 

ʦʧʪʠʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʥʘ ʬʦʪʦʟʥʽʤʢʠ ʨʽʟʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʽ 

ʤʝʪʦʜʠ ʾʭ ʫʩʫʥʝʥʥʷ. ʊʘʢʦʞ ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʱʦ ʛʘʨʘʥʪʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʟʘ ʾʭ ʧʦʟʠʮʽʻʶ 

ʥʘ ʬʦʪʦʟʥʽʤʢʫ.    

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʮʠʬʨʦʚʘ 

ʥʘʨʽʟʢʘ, OpenCV, ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ. 

ɺʉʊʋʇ 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʮʠʬʨʦʚʦʾ 

ʥʘʨʽʟʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʜʽʾ ʪʘ ʪʦʯʥʦʩʪʽ.  

ʇʦʧʝʨʝʜʥʽ ʤʝʪʦʜʠ ʚ ʙʽʣʴʰʦʩʪʽ ʙʘʟʫʚʘʣʠʩʴ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʦʢʘʣʴʥʦʾ ʢʘʤʝʨʠ, 

ʨʦʟʪʘʰʦʚʘʥʦʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʽʣʷ ʨʽʟʘʣʴʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʜʫʞʝ ʙʣʠʟʴʢʦ ʜʦ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʜʣʷ 

ʥʘʨʽʟʢʠ. ʇʝʨʝʤʽʱʘʶʯʠ ʾʾ ʚʟʜʦʚʞ ʢʦʥʪʫʨʫ ʦʙôʻʢʪʘ ʱʦ 

ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʟʘʪʠ, ʤʦʞʥʘ ʙʫʣʦ ʦʪʨʠʤʘʪʠ ʜʫʞʝ ʪʦʯʥʫ 

ʪʨʘʻʢʪʦʨʽʶ ʧʦʜʘʣʴʰʦʛʦ ʭʦʜʫ ʨʽʟʮʷ ʜʣʷ ʘʢʫʨʘʪʥʦʾ 

ʥʘʨʽʟʢʠ. ɸʣʝ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʪʦʯʥʽʩʪʴ ʢʫʧʫʻʪʴʩʷ 

ʚʠʩʦʢʠʤʠ ʚʠʪʨʘʪʘʤʠ ʯʘʩʫ ʪʘ ʧʦʜʚʽʡʥʠʤ ʟʥʦʰʫʚʘʥʥʷʤ 

ʤʝʭʘʥʽʟʤʽʚ ʩʪʘʥʢʘ, ʦʩʢʽʣʴʢʠ ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʜʚʽʡʥʘ 

ʨʦʙʦʪʘ: ʩʧʦʯʘʪʢʫ ʨʽʟʝʮʴ ʟ ʢʘʤʝʨʦʶ ʧʨʦʭʦʜʠʪʴ ʧʦ 

ʨʽʟʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʧʦʣʦʞʝʥʥʷ ʦʙôʻʢʪʘ, 

ʘ ʚʞʝ ʧʦʪʽʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʣʘʩʥʝ ʥʘʨʽʟʢʘ. 

ʅʦʚʠʤ ʧʽʜʭʦʜʦʤ, ʷʢʠʡ ʧʦʟʙʘʚʣʝʥʠʡ ʥʝʜʦʣʽʢʽʚ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʦʪʦʟʥʽʤʢʫ ʨʽʟʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʨʘʟʦʤ ʟ ʦʙôʻʢʪʘʤʠ ʥʘʨʽʟʢʠ ʥʘ ʥʽʡ, ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʚʩʽʭ ʥʝʦʙʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʥʘʨʽʟʢʠ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʶ ʪʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘʨʽʟʢʠ 

ʚʠʢʦʥʫʻ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʪʘʢʠʭ ʮʽʣʝʡ 

ʩʠʩʪʝʤʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. ʇʨʦʪʝ ʚ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ 

ʪʘʢʦʞ ʻ ʦʜʥʝ ʩʣʘʙʢʝ ʤʽʩʮʝ ï ʪʦʯʥʽʩʪʴ. ʇʨʠ ʘʥʘʣʽʟʽ 

ʟʦʙʨʘʞʝʥʥʷ ʚʩʽʻʾ ʨʽʟʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘʡʛʦʣʦʚʥʽʰʦʶ 

ʟʘʜʘʯʝʶ ʻ ʫʩʫʥʝʥʥʷ ʦʧʪʠʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ ʪʘ ʩʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʷʢʘ ʙ ʜʦʟʚʦʣʠʣʘ ʚʠʟʥʘʯʘʪʠ 

ʧʦʣʦʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʨʽʟʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʟ ʪʦʯʥʽʩʪʶ 

Ñ1 ʤʤ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʩʪʘʪʪʽ ʻ ʦʧʠʩ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ 

ʪʦʯʥʦʾ ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʜʣʷ ʮʠʬʨʦʚʦʾ ʥʘʨʽʟʢʠ 

ʱʦ ʟʘʩʥʦʚʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʦʪʦʟʥʽʤʢʫ 

ʨʽʟʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏɯ 

ɻʦʣʦʚʥʘ ʟʘʜʘʯʘ ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ ʤʦʜʫʣʶ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚ ʢʦʥʪʝʢʩʪʽ ʚʩʽʻʾ 

ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʜʣʷ ʮʠʬʨʦʚʦʾ ʥʘʨʽʟʢʠ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʪʦʯʢʠ (ʧʽʢʩʝʣʶ) 

ʬʦʪʦʟʥʽʤʢʘ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʩʪʘʥʢʘ ʤʦʞʥʘ ʙʫʣʦ ʦʜʥʦ-

ʟʥʘʯʥʦ ʚʩʪʘʥʦʚʠʪʠ ʾʾ ʢʦʦʨʜʠʥʘʪʠ ʚ ʤʽʣʽʤʝʪʨʘʭ 

ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ʚʽʜʣʽʢʫ ʣʦʢʘʣʴʥʦʾ ʢʘʤʝʨʠ ʨʽʟʮʷ, ʘ 

ʪʘʢʦʞ ʚʽʜʩʪʘʥʴ ʤʽʞ ʙʫʜʴ-ʷʢʠʤʠ ʜʚʦʤʘ ʪʦʯʢʘʤʠ ʥʘ 

ʬʦʪʦ, ʟ ʪʦʯʥʽʩʪʶ ʜʦ 1 ʤʤ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʽʯʥʦʾ ʙʘʟʠ ʦʧʠʩʫʚʘʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʥʝʦʙʭʽʜʥʝ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʜʦʜʘʪʢʦʚʾ ʛʣʦʙʘʣʴʥʦʾ ʬʦʪʦʢʘʤʝʨʠ ʥʘʜ ʨʽʟʘʣʴʥʦʶ 

ʧʦʚʝʨʭ-ʥʝʶ ʩʪʘʥʢʘ ʜʣʷ ʮʠʬʨʦʚʦʾ ʥʘʨʽʟʢʠ. ɿ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʣʷ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʥʷ, 

ʢʘʤʝʨʫ ʩʣʽʜ ʨʦʟʪʘʰʫʚʘʪʠ ʥʘʜ ʮʝʥʪʨʦʤ ʨʽʟʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ, ʪʘʢ ʱʦʙ ʦʧʪʠʯʥʘ ʚʽʩʴ ʙʫʣʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ 

ʜʦ ʥʝʾ. ɺʠ-ʩʦʪʫ ʪʨʝʙʘ ʦʙʨʘʪʠ ʜʦʩʪʘʪʥʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ ʚʩʽʻʾ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʩʪʘʥʢʘ ʟ ʤʽʥʽʤʫʤʦʤ 

ʟʘʡʚʦʛʦ ʥʘ ʬʦʪʦ.  

ʈʝʘʣʽʟʘʮʽʷ ʦʩʥʦʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ 

ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʚʞʝ ʻ ʫ ʚʽʜʢʨʠʪʽʡ ʙʽʙʣʽʦʪʝʮʽ 

OpenCV (ʘʥʛʣ. Open Source Computer Vision Library), 

ʷʢʫ ʤʦʞʝ ʚʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ  ʘʢʘʜʝʤʽʯʥʠʭ ʪʘ 

ʢʦʤʝʨʮʽʡʥʠʭ ʮʽʣʷʭ. ɸʣʛʦʨʠʪʤʠ ʮʽʣʴʦʚʦʾ ʧʨʦʛʨʘʤʠ 

ʧʦʚʥʽʩʪʶ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʦʾ ʙʽʙʣʽʦʪʝʢʠ. 

ʂɸʃɯɹʈʋɺɸʅʅʗ ʂɸʄɽʈʀ 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʥʷ ʨʽʟʘʣʴʥʦʾ 

ʧʦʚʝʨʭʥʽ ʩʣʽʜ ʧʝʨʝʢʦʥʘʪʠʩʴ ʱʦ ʚʦʥʦ ʧʦʚʥʽʩʪʶ 

ʚʽʜʦʙʨʘʞʘʻ ʨʝʘʣʴʥʽʩʪʴ. ʆʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦ-

ʟʡʦʤʢʠ ʟʦʙʨʘʞʝʥʥʷ ʯʘʩʪʦ çʩʪʨʘʞʜʘʶʪʴè ʚʽʜ ʨʽʟʥʠʭ 

ʦʧʪʠʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ (ʜʠʩʪʦʨʩʽʾ) [2], ʚʧʣʠʚ ʷʢʠʭ 

ʚʘʨʽʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʷʢʦʩʪʽ ʦʧʪʠʢʠ ʦʙôʻʢʪʠʚʘ 

ʢʘʤʝʨʠ. ʅʘ ʧʨʦʪʠʚʘʛʫ, ʽʩʥʫʶʪʴ ʜʦʚʦʣʽ ʝʬʝʢʪʠʚʥʽ 

ʤʝʪʦʜʠ ʙʦʨʦʪʴʙʠ ʟ ʦʧʪʠʯʥʠʤʠ ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʥʘ 

ʬʦʪʦʛʨʘʬʽʷʭ. 

ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʢʘʤʝʨʠ. ʂʘʣʽʙʨʫʚʘʥʥʷʤ ʢʘʤʝʨʠ ʥʘʟʠʚʘʶʪʴ ʨʦʟʨʘʭʫʥʦʢ 

ʾʾ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʟ 

ʾʾ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦ ʪʘ ʚʽʜʝʦ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʫʩʫʥʝʥʥʷ ʜʠʩʪʦʨʩʽʾ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʢʘʤʝʨʫ. 

ɺ ʨʦʟʨʘʭʫʥʢʘʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʩʪʦʨʩʽʾ ʙʽʙʣʽʦʪʝʢʘ 

OpenCV ʚʨʘʭʦʚʫʻ ʷʢ ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʪʘ ʽ ʨʘʜʽʘʣʴʥʽ 

ʩʢʣʘʜʦʚʽ [3]. ɼʣʷ ʨʘʜʽʘʣʴʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʬʦʨʤʫʣʘ: 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʢʩʝʣʴʥʘ ʪʦʯʢʘ ʥʘ ʩʧʦʪʚʦʨʝʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʽ ʤʘʶʯʽ ʢʦʦʨʜʠʥʘʪʠ ( , )x y , ʦʪʨʠʤʫʻ 

ʢʦʦʨʜʠʥʘʪʠ ( , )corrected correctedx y  ʥʘ ʚʠʧʨʘʚʣʝʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʽ. ʇʨʠʩʫʪʥʽʩʪʴ ʨʘʜʽʘʣʴʥʦʾ ʜʠʩʪʦʨʩʽʾ 

ʚʠʷʚʣʷʻʪʴʩʷ ʚ ʝʬʝʢʪʘʭ çʙʦʯʢʠè ʪʘ çʨʠʙôʷʯʦʛʦ ʦʢʘè ʥʘ 

ʬʦʪʦʛʨʘʬʽʷʭ. 

ʊʘʥʛʝʥʮʽʘʣʴʥʘ ʜʠʩʪʦʨʩʽʷ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʪʝ ʱʦ ʣʽʥʟʠ 

ʦʙôʻʢʪʠʚʘ ʢʘʤʝʨʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʽʜʝʘʣʴʥʦ ʧʘʨʘʣʝʣʴʥʽ 

ʧʣʦʱʠʥʽ ʷʢʘ ʬʦʪʦʛʨʘʬʫʻʪʴʩʷ. ɰʾ ʤʦʞʥʘ ʫʩʫʥʫʪʠ ʟʘ 

ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ:  
2 2

1 2

2 2
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ɺ ʧʽʜʩʫʤʢʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʧôʷʪʴ ʧʘʨʘʤʝʪʨʽʚ 

ʩʧʦʪʚʦʨʝʥʥʷ, ʷʢʽ ʚ OpenCV ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ 

ʦʜʥʦʨʷʜʢʦʚʦʾ ʤʘʪʨʠʮʽ ʟ ʧôʷʪʴʤʘ ʩʪʦʚʧʮʷʤʠ.  

( )1 2 1 2 3 .coefficientsDistortion k k p p k=  

ɼʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ 

ʚ ʢʦʦʨʜʠʥʘʪʠ ʧʽʢʩʝʣʝʡ ʥʘ ʬʦʪʦʟʥʽʤʢʫ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʤʘʪʨʠʮʷ ʢʘʤʝʨʠ: 
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ʇʨʠʩʫʪʥʽʩʪʴ ʩʢʣʘʜʦʚʦʾ w  ʫ ʩʢʣʘʜʽ ʤʘʪʨʠʮʽ 

ʧʽʢʩʝʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪ ʧʦʷʩʥʶʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʜʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʦʟʤʽʨʥʦʩʪʝʡ ʤʘʪʨʠʮʴ 

ʢʦʦʨʜʠʥʘʪʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʤʥʦʞʝʥʥʽ, ʽ ʥʝ ʥʦʩʠʪʴ 

ʨʝʘʣʴʥʦʛʦ ʟʤʽʩʪʫ. ʅʝʚʽʜʦʤʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʻ 
xf   ̔

yf   

ï ʬʦʢʫʩʥʽ ʚʽʜʩʪʘʥʽ ʢʘʤʝʨʠ, ʪʘ ( ),x yc c , ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʦʧʪʠʯʥʽ ʮʝʥʪʨʠ, ʚʠʨʘʞʝʥʽ ʚ ʧʽʢʩʝʣʴʥʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ. ʗʢʱʦ ʜʣʷ ʦʙʦʭ ʦʩʝʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʩʧʽʣʴʥʘ ʬʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ ʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ a  

(ʟʘʟʚʠʯʘʡ 1), ʪʦʜʽ *y xf f a=   ̔  ʨʽʚʥʷʥʥʷ ʚʠʱʝ ʙʫʜʝ ʤʘʪʠ 

ʻʜʠʥʫ ʬʦʢʫʩʥʫ ʚʽʜʩʪʘʥʴ f . 

ʇʨʦʮʝʩ ʟʥʘʭʦʜʞʝʥʥʷ ʤʘʪʨʠʮʴ ʢʘʤʝʨʠ ʽ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʠʩʪʦʨʩʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʢʘʣʽʙʨʫʚʘʥʥʷʤ. 

ʈʦʟʨʘʭʫʥʢʠ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ. ɿʘʩʪʦʩʦʚʫʚʘʥʽ ʨʽʚʥʷʥʥʷ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ ʦʙôʻʢʪʽʚ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʢʘʣʽʙʨʫʚʘʥʥʷ. ɺ ʜʘʥʠʡ ʤʦʤʝʥʪ OpenCV ʧʽʜʪʨʠʤʫʻ ʪʨʠ 

ʪʠʧʠ ʦʙôʻʢʪʽʚ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ: 

- ʢʣʘʩʠʯʥʘ ʯʦʨʥʦ-ʙʽʣʘ ʰʘʭʦʚʘ ʜʦʰʢʘ; 

- ʩʠʤʝʪʨʠʯʥʠʡ ʢʨʫʛʦʚʠʡ ʧʘʪʝʨʥ; 

- ʘʩʠʤʝʪʨʠʯʥʠʡ ʢʨʫʛʦʚʠʡ ʧʘʪʝʨʥ. 

ʅʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʟʥʽʤʦʢ ʮʠʭ ʧʘʪʝʨʥʽʚ ʽ ʟʥʘʡʪʠ ʾʭ 

ʥʘ ʥʴʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ OpenCV. ʂʦʞʥʦʤʫ 

ʟʥʘʡʜʝʥʦʤʫ ʧʘʪʝʨʥʫ ʚʽʜʧʦʚʽʜʘʻ ʥʦʚʝ ʨʽʚʥʷʥʥʷ. ɼʣʷ 

ʨʽʰʝʥʥʷ ʮʴʦʛʦ ʨʽʚʥʷʥʥʷ ʪʨʝʙʘ ʟʨʦʙʠʪʠ ʜʝʷʢʫ ʢʽʣʴʢʽʩʪʴ 

ʟʥʽʤʢʽʚ ʽ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʾʭ, ʱʦʙʠ ʩʢʣʘʩʪʠ ʩʠʩʪʝʤʫ ʟ 

ʨʽʚʥʷʥʴ. ʅʘʧʨʠʢʣʘʜ, ʪʝʦʨʝʪʠʯʥʦ, ʰʘʭʦʚʠʡ ʧʘʪʝʨʥ 

ʧʝʨʝʜʙʘʯʘʻ ʤʽʥʽʤʫʤ ʜʚʘ ʟʥʽʤʢʠ. ɸʣʝ ʮʴʦʛʦ ʤʦʞʥʘ 

ʫʥʠʢʥʫʪʠ, ʟʨʦʙʠʚʰʠ ʦʜʠʥ ʟʥʽʤʦʢ ʢʽʣʴʢʦʭ ʧʘʪʝʨʥʽʚ 

ʦʜʨʘʟʫ. 

ɼʣʷ ʥʘʰʠʭ ʮʽʣʝʡ ʢʨʘʱʝ ʟʘ ʚʩʝ ʧʽʜʭʦʜʠʪʴ ʰʘʭʦʚʠʡ 

ʧʘʪʝʨʥ, ʦʩʢʽʣʴʢʠ ʚʽʥ, ʧʦ ʩʫʪʽ, ʧʦʪʨʝʙʫʻ ʣʠʰʝ çʩʽʪʢʫè ʟ 

ʪʦʯʦʢ. ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ ʰʘʭʦʚʘ ʜʦʰʢʘ ʻ ʣʠʰʝ 

ʦʙʛʦʨʪʢʦʶ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ʅʘʩʧʨʘʚʜʽ 

OpenCV ʮʽʢʘʚʣʷʪʴ ʣʠʰʝ ʧʦʟʠʮʽʾ ʚʫʟʣʽʚ ʰʘʭʦʚʦʛʦ 

ʧʘʪʝʨʥʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʦ ʣʠʰʝ ʥʘʜʨʫʢʫʚʘʪʠ ʽ 

ʩʬʦʪʦʛʨʘʬʫʚʘʪʠ ʢʘʣʽʙʨʫʚʘʣʴʥʫ ʩʽʪʢʫ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟʽ ʟʨʫʯʥʠʭ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ 

ʚʫʟʣʘʭ ʫʷʚʥʦʾ ʨʝʰʽʪʢʠ ʟ ʢʦʤʽʨʢʘʤʠ ʫ ʚʠʛʣʷʜʽ ʢʚʘʜʨʘʪʽʚ 

ʟ ʧʦʧʝʨʝʜʥʴʦ ʟʘʜʘʥʦʶ ʩʪʦʨʦʥʦʶ. ʅʘʡʙʽʣʴʰ ʟʨʫʯʥʠʤʠ 

ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʘʤʠ ʙʫʜʫʪʴ ʪʘʢ ʟʚʘʥʽ 

ʨʝʻʩʪʨʘʮʽʡʥʽ ʤʘʨʢʠ ï ʯʦʨʥʽ ʢʨʫʛʠ ʜʽʘʤʝʪʨʦʤ 8ï10 ʤʤ, 

ʷʢʽ ʤʘʶʪʴ ʨʘʜʽʘʣʴʥʫ ʩʠʤʝʪʨʽʶ ʟ ʦʛʣʷʜʫ ʥʘ ʾʭ ʬʦʨʤʫ ʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʣʝʛʢʦ ʨʦʟʧʽʟʥʘʥʽ ʷʢ ʢʘʤʝʨʦʶ ʥʘ ʨʽʟʘʢʫ 

ʩʪʘʥʢʘ, ʪʘʢ ʽ ʟʘʩʦʙʘʤʠ OpenCV. ʉʪʦʨʦʥʘ ʢʚʘʜʨʘʪʘ 

ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʥʝ ʤʘʻ, ʘʣʝ 

ʤʫʩʠʪʴ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʶ ʱʦʙ, ʚʫʟʣʠ ʩʽʪʢʠ ʥʝ 

ʟʣʠʚʘʣʠʩʴ ʤʽʞ ʩʦʙʦʶ ʥʘ ʬʦʪʦʛʨʘʬʽʾ, ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ 

ʜʦʩʪʘʪʥʴʦ ʤʘʣʦʶ ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʝʣʠʢʫ ʪʦʯʥʽʩʪʴ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. ʆʩʪʘʥʥʻ ʪʚʝʨʜʞʝʥʥʷ ʚʠʪʽʢʘʻ ʟ ʪʦʛʦ 

ʱʦ ʢʘʣʽʙʨʫʚʘʣʴʥʘ ʩʽʪʢʘ ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʩʣʫʞʠʪʴ ʜʣʷ 

ʜʚʦʭ ʮʽʣʝʡ ï ʥʘʜʘʻ ʧʘʪʝʨʥ ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʽ 

ʫʪʚʦʨʶʻ ʦʩʥʦʚʫ ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ 

ʨʽʟʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ. 

ʈʦʟʨʦʙʣʶʚʘʥʘ ʩʠʩʪʝʤʘ ʧʝʨʝʜʙʘʯʘʻ ʥʝʨʫʭʦʤʝ 

ʟʘʢʨʽʧʣʝʥʥʷ ʢʘʤʝʨʠ ʥʘʜ ʨʽʟʘʣʴʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʟ ʯʦʛʦ 

ʩʣʽʜʫʻ, ʱʦ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʧʽʢʩʝʣʴ ʥʘ ʨʽʟʥʠʭ 

ʬʦʪʦʛʨʘʬʽʷʭ ʢʘʤʝʨʠ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʷʪʠ ʦʜʥʫ ʡ ʪʫ ʩʘʤʫ 

ʪʦʯʢʫ ʚ ʧʨʦʩʪʦʨʽ (ʥʘ ʨʽʟʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ). ɿʘʣʠʰʘʻʪʴʩʷ 

ʣʠʰʝ ʟʘʜʘʪʠ ʪʦʯʢʫ ʚʽʜʣʽʢʫ ʽ ʚʩʪʘʥʦʚʠʪʠ ʦʧʦʨʥʽ ʪʦʯʢʠ 

ʥʘ ʨʽʟʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʟ ʚʽʜʦʤʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ, 

ʚʽʜʥʦʩʥʦ ʷʢʠʭ ʙʫʜʫʪʴ ʨʦʟʨʘʭʦʚʫʚʘʪʠʩʴ ʢʦʦʨʜʠʥʘʪʠ 

ʚʩʽʭ ʽʥʰʠʭ. 

ʇʆɿʀʎɯʆʅʋɺɸʅʅʗ ʆɹôɭʂʊɯɺ 

ʇʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚ ʤʝʞʘʭ ʩʘʤʦʾ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ 

ʩʽʪʢʠ ʻ ʥʘʡʧʨʦʩʪʽʰʦʶ ʟʘʜʘʯʝʶ, ʦʩʢʽʣʴʢʠ ʢʨʦʢ ʩʽʪʢʠ 

(ʩʪʦʨʦʥʘ ʢʚʘʜʨʘʪʘ ʢʦʤʽʨʢʠ) ʚʽʜʦʤʠʡ ʟʘʟʜʘʣʝʛʽʜʴ. 

ɿʨʦʙʠʚʰʠ ʟʥʽʤʦʢ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʩʽʪʢʠ 

(ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʟʥʽʤʦʢ), ʜʦʩʪʘʪʥʴʦ ʪʽʣʴʢʠ 

ʨʦʟʨʘʭʫʚʘʪʠ ʚʽʜʥʦʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʚ ʤʽʣʽʤʝʪʨʘʭ ʜʦ 

ʚʽʜʩʪʘʥʽ ʚ ʧʽʢʩʝʣʷʭ ʤʽʞ ʚʫʟʣʘʤʠ ʩʽʪʢʠ ʽ ʢʦʨʠʩʪʫʚʘʪʠʩʴ 

ʡʦʛʦ ʟʥʘʯʝʥʥʷʤ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʚʽʜʩʪʘʥʝʡ ʚ ʤʝʞʘʭ 

ʩʽʪʢʠ.  

ɼʣʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ʚʽʜʣʽʢʫ ʨʽʟʘʢʘ 

ʥʝʦʙʭʽʜʥʝ ʨʘʟʦʚʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦʾ ʢʘʤʝʨʠ, 

ʢʦʪʨʘ ʧʦʚʠʥʥʘ ʟʥʘʡʪʠ ʢʦʞʝʥ ʚʫʟʦʣ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ 

ʩʽʪʢʠ ʽ ʥʘʜʘʪʠ ʡʦʛʦ ʢʦʦʨʜʠʥʘʪʠ, ʟʥʘʡʜʝʥʽ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ, ʩʠʩʪʝʤʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʷʢʘ 

çʧʨʠʚôʷʞʝè ʨʝʘʣʴʥʽ ʢʦʦʨʜʠʥʘʪʠ ʚʫʟʣʽʚ ʚ ʤʽʣʽʤʝʪʨʘʭ 

ʚʽʜʥʦʩʥʦ ʪʦʯʢʠ ʚʽʜʣʽʢʫ, ʜʦ ʾʭ ʢʦʦʨʜʠʥʘʪ ʥʘ 

ʬʦʪʦʛʨʘʬʽʷʭ ʚ ʧʽʢʩʝʣʷʭ.  

ʇʦʜʘʣʴʰʘ ʩʭʝʤʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʥʽʯʠʤ ʥʝ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʧʦʜʘʥʦʾ ʚʠʱʝ. ʇʨʦʪʝ ʪʦʯʥʽʩʪʴ ʙʫʜʝ 

ʚʠʱʦʶ, ʦʩʢʽʣʴʢʠ ʙʝʟ ʜʘʥʠʭ ʚʽʜ ʣʦʢʘʣʴʥʦʾ ʢʘʤʝʨʠ ʤʠ 

ʤʦʞʝʤʦ ʟʥʘʪʠ ʣʠʰʝ ʟʘʜʘʥʠʡ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʢʨʦʢ ʤʞ 

ʚʫʟʣʘʤʠ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʩʽʪʢʠ, ʷʢʠʡ ʚ ʧʨʦʮʝʩʽ ʾʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ (ʧʨʠ ʜʨʫʢʫʚʘʥʥʽ) ʤʦʞʝ ʙʫʪʠ 

ʩʧʦʪʚʦʨʝʥʠʡ ʚ ʩʠʣʫ ʨʽʟʥʠʭ ʪʝʭʥʽʯʥʠʭ ʬʘʢʪʦʨʽʚ.  

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʚʽʜ ʦʙʦʭ ʢʘʤʝʨ, ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʨʦʟʤʽʨʠ ʪʘ ʢʨʦʢ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʩʽʪʢʠ ʪʘ ʢʦʤʘʥʜʠ 

ʟʘʧʫʩʢʫ ʢʘʣʽʙʨʫʚʘʥʥʷ, ʧʨʦʛʨʘʤʘ ʧʦʯʠʥʘʻ ʧʦʰʫʢ 

ʨʝʻʩʪʨ. ʤʘʨʦʢ ʥʘ ʢʘʣʽʙʨʫʚʘʣʴʥʽʡ ʬʦʪʦʛʨʘʬʽʾ. 
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ʈʝʟʫʣʴʪʘʪʠ ʧʦʰʫʢʫ ʫ ʚʠʛʣʷʜʠ ʩʧʠʩʢʫ ʢʦʦʨʜʠʥʘʪ 

ʧʽʢʩʝʣʝʡ ʮʝʥʪʨʽʚ ʤʘʨʦʢ ʥʘ ʬʦʪʦʛʨʘʬʽʾ ʧʨʦʭʦʜʷʪʴ 

ʧʨʦʮʝʜʫʨʫ ʧʦʰʫʢʫ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʥʘ 

ʦʩʥʦʚʽ ʷʢʠʭ ʙʫʜʫʶʪʴʩʷ ʦʙôʻʢʪʠ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʩʽʪʦʢ. 

ʆʩʥʦʚʫ ʮʠʭ ʦʙôʻʢʪʽʚ ʩʢʣʘʜʘʶʪʴ ʪʨʠ ʜʚʦʤʽʨʥʽ ʤʘʩʠʚʠ 

ʪʦʯʦʢ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʨʦʟʤʽʨʘʤʠ ʩʽʪʦʢ, ʘ 

ʢʦʤʽʨʢʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʚʫʟʣʽʚ 

ʩʽʪʢʠ, ʪʦʙʪʦ ʮʝʥʪʨʽʚ ʤʘʨʦʢ. ʇʝʨʰʠʡ ʤʘʩʠʚ ʟʙʝʨʽʛʘʻ 

ʢʦʦʨʜʠʥʘʪʠ ʚʫʟʣʽʚ ʩʽʪʢʠ ʚ ʧʽʢʩʝʣʴʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʬʦʪʦʛʨʘʬʽʾ, ʘ ʜʨʫʛʠʡ ï ʦʪʨʠʤʘʥʽ ʚʽʜ ʢʘʤʝʨʠ ʨʽʟʘʢʘ 

ʚʽʜʧʦʚʽʜʥʽ ʢʦʦʨʜʠʥʘʪʠ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ ʚ ʤʽʣʽʤʝʪʨʘʭ. 

ʊʨʝʪʽʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʥʝʩʧʦʪʚʦʨʝʥʠʭ 

ʢʦʦʨʜʠʥʘʪ ʚʫʟʣʽʚ ʥʘ çʚʠʨʽʚʥʷʥʽʡè ʬʦʪʦʛʨʘʬʽʾ. 

ʇʽʩʣʷ ʧʦʙʫʜʦʚʠ ʚʩʽʭ ʦʙôʻʢʪʽʚ ʩʽʪʦʢ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʽʣʴʢʦʩʪʽ ʨʝʘʣʴʥʠʭ ʩʽʪʦʢ ʥʘ ʬʦʪʦʛʨʘʬʽʾ, ʪʘ ʟʘʧʦʚʥʝʥʥʷ 

ʾʭ ʧʝʨʰʠʭ ʤʘʩʠʚʽʚ ʚ ʧʦʨʷʜʢʫ ʨʝʘʣʴʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʚʫʟʣʽʚ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʰʫʢ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʤʽʨʦʢ ʧʝʨʰʦʛʦ ʤʘʩʠʚʫ ʪʘ ʪʦʯʦʢ, 

ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʢʘʤʝʨʠ ʨʽʟʘʢʘ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʦʜʥʦʟʥʘʯʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʝʘʣʴʥʠʭ 

ʢʦʦʨʜʠʥʘʪ ʚʫʟʣʽʚ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʩʽʪʦʢ ʚ ʤʽʣʽʤʝʪʨʘʭ ʜʦ 

ʾʭ ʢʦʦʨʜʠʥʘʪ ʥʘ ʬʦʪʦʛʨʘʬʽʾ ʚ ʧʽʢʩʝʣʷʭ ʪʘ 

ʟʘʧʦʚʥʶʶʪʴʩʷ ʜʨʫʛʽ ʤʘʩʠʚʠ ʦʙôʻʢʪʽʚ ʩʽʪʦʢ. ʅʘ ʦʩʥʦʚʽ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʦʞ ʧʦʟʠʮʽʷ ʪʦʯʢʠ 

ʚʽʜʣʽʢʫ (ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ) ʥʘ ʬʦʪʦʛʨʘʬʽʾ. 

ɼʘʣʽ ʩʣʽʜʫʻ ʚʣʘʩʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʤʘʪʨʠʮʴ OpenCV ʧʨʦʧʦʥʫʻ 

ʤʝʪʦʜ calibrateCamera() [4]. ɺʽʥ ʧʨʠʡʤʘʻ ʢʦʦʨʜʠʥʘʪʠ 

ʪʦʯʦʢ ʧʘʪʝʨʥʽʚ (ʢʘʣʽʙʨʫʚʘʣʴʥʠʭ ʩʽʪʦʢ) ʚ ʧʨʦʩʪʦʨʽ, ʾʭ 

ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʬʦʪʦʛʨʘʬʽʾ (ʧʝʨʰʽ ʜʚʘ ʤʘʩʠʚʠ ʦʙôʻʢʪʽʚ 

ʩʽʪʦʢ), ʘ ʪʘʢʦʞ ʧʫʩʪʽ ʤʘʪʨʠʮʽ ʜʣʷ ʚʣʘʩʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʩʧʦʪʚʦʨʝʥʥʷ ʢʘʤʝʨʠ, ʷʢʽ ʟʘʧʦʚʥʶʻ 

ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ʆʪʨʠʤʘʥʽ ʤʘʪʨʠʮʽ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʽ ʜʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

çʧʨʘʚʠʣʴʥʠʭè ʢʦʦʨʜʠʥʘʪ ʚʫʟʣʽʚ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʩʽʪʢʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ OpenCV undistortPoints(). 

ʇʝʨʝʨʘʭʦʚʘʥʽ ʥʝʩʧʦʪʚʦʨʝʥʽ ʢʦʦʨʜʠʥʘʪʠ ʟʘʧʠʩʫʶʪʴʩʷ ʚ 

ʪʨʝʪʽʡ ʤʘʩʠʚ ʦʙôʻʢʪʽʚ ʩʽʪʦʢ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʚʩʽ ʪʦʯʢʠ, 

ʟʥʘʡʜʝʥʽ ʥʘ ʬʦʪʦʛʨʘʬʽʷʭ, ʙʫʜʫʪʴ ʧʨʦʭʦʜʠʪʠ ʪʘʢʫ 

ʦʙʨʦʙʢʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. 

ʅʘ ʮʴʦʤʫ ʧʨʦʮʝʩ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʘʢʽʥʯʫʻʪʴʩʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ, ʧʨʦʛʨʘʤʘ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʦʪʨʠʤʫʻ ʚʩʶ 

ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ ʪʦʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʥʘʩʪʫʧʥʠʭ ʬʦʪʦʛʨʘʬʽʷʭ 

ʨʽʟʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ. 

ɺʀʉʅʆɺʂʀ 

ʈʦʟʨʦʙʣʝʥʘ ʪʘ ʦʧʠʩʘʥʘ ʢʦʥʮʝʧʮʽʷ ʤʦʜʫʣʷ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʜʣʷ ʪʦʯʥʦʾ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʮʠʬʨʦʚʦʾ ʥʘʨʽʟʢʠ ʟʘ 

ʬʦʪʦʟʥʽʤʢʦʤ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʩʪʘʥʢʘ ʜʣʷ ʮʠʬʨʦʚʦʾ 

ʥʘʨʽʟʢʠ. ʆʧʠʩʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʽʚ ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʢʘʣʽʙʨʫʚʘʥʥʷ ʢʘʤʝʨʠ ʪʘ 

ʫʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʪʦʯʥʦʾ ʩʠʩʪʝʤʠ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʢʘʣʽʙʨʫʚʘʣʴʥʦʾ ʩʽʪʢʠ ʟ ʰʘʭʦʚʠʤ ʧʘʪʝʨʥʦʤ, ʪʘ 

ʜʘʥʠʭ ʧʨʦ ʧʘʪʝʨʥ ʚʽʜ ʣʦʢʘʣʴʥʦʾ ʢʘʤʝʨʠ ʨʽʟʮʷ. 
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ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʩʠʩʪʝʤʫ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʚʝʩʪ-ʽʛʦʨ, ʱʦ ʧʦʙʫʜʦʚʘʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ Bluetooth-ʤʘʷʯʢʽʚ ʪʘ ʤʦʙʽʣʴʥʦʛʦ 

ʜʦʜʘʪʢʫ. ʄʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʜʦʟʚʦʣʷʻ ʚʽʜʚʽʜʫʚʘʯʫ ʙʨʘʪʠ 

ʫʯʘʩʪʴ ʫ ʢʚʝʩʪ-ʛʨʽ ʰʫʢʘʶʯʠ ʤʘʷʯʢʠ ʪʘ ʚʽʜʧʦʚʽʜʘʶʯʠ ʥʘ 

ʧʠʪʘʥʥʷ ʢʚʝʩʪʫ. ʉʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʚʝʙ-

ʩʝʨʚʽʩʫ, ʷʢʠʡ ʧʨʠʡʤʘʻ ʪʘ ʦʙʨʦʙʣʷʻ ʜʘʥʽ, ʛʽʙʨʠʜʥʦʛʦ 

ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ ʜʣʷ ʚʽʜʚʽʜʫʚʘʯʘ (ʢʦʨʠʩʪʫʚʘʯʘ) ʪʘ 

Bluetooth-ʤʘʷʯʢʽʚ. ʄʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʨʦʟʨʦʙʣʝʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ Angular 4, TypeScript, HTML5 ʪʘ Ionic 

Framework 3.    

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʪʝʨʘʢʪʠʚʥʠʡ ʢʚʝʩʪ, ʛʨʘ-ʢʚʝʩʪ, ʨʦʟʚʘʛʠ, 

Bluetooth, ʛʽʙʨʠʜʥʠʡ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ. 

ɺʉʊʋʇ 

ʉʤʘʨʪʬʦʥʠ ʪʘ ɯʥʪʝʨʥʝʪ ʚʞʝ ʜʘʚʥʦ ʩʪʘʣʠ 

ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʞʠʪʪʷ ʣʶʜʠʥʠ. ʉʫʯʘʩʥʝ 

ʩʫʩʧʽʣʴʩʪʚʦ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʩʚʦʛʦ ʯʘʩʫ ʧʨʦʚʦʜʠʪʴ ʫ 

ʚʽʨʪʫʘʣʴʥʽʡ ʨʝʘʣʴʥʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʘʤ ʦʪʨʠʤʫʚʘʪʠ 

ʮʽʢʘʚʫ ʽʥʬʦʨʤʘʮʽʶ, ʩʧʽʣʢʫʚʘʪʠʩʴ ʪʘ ʨʦʟʚʘʞʘʪʠʩʴ 

ʛʨʘʶʯʠ ʫ ʽʛʨʠ. ɼʠʚʣʷʯʠʩʴ ʥʘ ʮʝ ʟ ʽʥʰʦʛʦ ʙʦʢʫ ʤʠ 

ʨʦʟʫʤʽʻʤʦ, ʱʦ ɯʥʪʝʨʥʝʪ ï ʮʝ ʦʜʠʥ ʽʟ ʚʘʞʣʠʚʽʰʠʭ 

ʢʘʥʘʣʽʚ ʪʘʨʛʝʪʦʚʘʥʦʾ ʨʝʢʣʘʤʠ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʩʫʯʘʩʥʦʾ 

ʢʦʤʧʘʥʽʾ. ʊʝʭʥʦʣʦʛʽʷ Bluetooth-ʤʘʷʯʢʽʚ ʥʘʙʠʨʘʻ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʟʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʰʠʨʦʢʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ: Bluetooth-ʤʘʨʢʝʪʠʥʛ, ʥʘʚʽʛʘʮʽʷ ʚ 

ʧʨʠʤʽʱʝʥʥʽ, çPhysical Webè [1] ʪʘ ʽʥ. 

ʇʨʦʚʝʜʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʚʝʩʪʽʚ ʪʘ ʘʢʮʽʡ 

ʧʦʪʨʝʙʫʻ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʢʦʥʪʨʦʣʶ 

ʫʯʘʩʥʠʢʽʚ, ʘʣʝ ʷʚʣʷʻ ʩʦʙʦʶ ʛʘʨʥʠʡ ʩʧʦʩʽʙ ʟʘʣʫʯʝʥʥʷ 

ʥʦʚʠʭ ʢʣʽʻʥʪʽʚ, ʙʦ ʚʠ ʤʘʻʪʝ ʤʦʞʣʠʚʽʩʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ 

ʚʟʘʻʤʦʜʽʾ ʟ ʥʠʤʠ ʪʘ ʜʘʨʫʻʪʝ ʾʤ ʧʦʟʠʪʠʚʥʽ ʝʤʦʮʽʾ. 

ʂʚʝʩʪ ï ʘʤʘʪʦʨʩʴʢʝ ʩʧʦʨʪʠʚʥʦ-ʽʥʪʝʣʝʢʪʫʘʣʴʥʝ 

ʟʤʘʛʘʥʥʷ, ʦʩʥʦʚʦʶ ʷʢʦʛʦ ʻ ʧʦʩʣʽʜʦʚʥʝ ʚʠʢʦʥʘʥʥʷ 

ʟʘʟʜʘʣʝʛʽʜʴ ʧʽʜʛʦʪʦʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʢʦʤʘʥʜʘʤʠ ʘʙʦ 

ʦʢʨʝʤʠʤʠ ʛʨʘʚʮʷʤʠ. 

ʇʽʜ ʯʘʩ ʛʨʠ ʢʦʤʘʥʜʠ ʚʠʨʽʰʫʶʪʴ ʣʦʛʽʯʥʽ 

ʟʘʚʜʘʥʥʷ, ʟʜʽʡʩʥʶʶʪʴ ʧʦʰʫʢ ʥʘ ʤʽʩʮʝʚʦʩʪʽ, ʙʫʜʫʶʪʴ 

ʦʧʪʠʤʘʣʴʥʽ ʤʘʨʰʨʫʪʠ ʧʝʨʝʤʽʱʝʥʥʷ, ʰʫʢʘʶʪʴ 

ʦʨʠʛʽʥʘʣʴʥʽ ʨʽʰʝʥʥʷ ʽ ʧʽʜʢʘʟʢʠ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʯʝʨʛʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʢʦʤʘʥʜʠ ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʚʠʢʦʥʘʥʥʷ 

ʥʘʩʪʫʧʥʦʛʦ. ʇʝʨʝʤʘʛʘʻ ʢʦʤʘʥʜʘ, ʱʦ ʚʠʢʦʥʘʣʘ ʚʩʽ 

ʟʘʚʜʘʥʥʷ ʰʚʠʜʰʝ ʟʘ ʽʥʰʠʭ. 

ʉʪʚʦʨʝʥʠʡ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʜʦʟʚʦʣʷʻ ʦʨʛʘʥʽʟʫʚʘʪʠ 

ʧʨʦʚʝʜʝʥʥʷ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʚʝʩʪʽʚ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʪʘ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʟ 

ʝʣʝʤʝʥʪʘʤʠ ʢʚʝʩʪʫ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ, 

ï  Bluetooth-ʤʘʷʯʢʘʤʠ, ʥʘʜʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʫ ʧʨʠʟʽʚ ʪʘ 

ʟʥʠʞʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɸʈʍɯʊɽʂʊʋʈɸ ʉʀʉʊɽʄʀ 

ʉʠʩʪʝʤʘ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʚʝʩʪ-ʽʛʦʨ (ʨʠʩ. 1) ʻ 

ʧʨʦʛʨʘʤʥʦ-ʘʧʘʨʘʪʥʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʪʨʴʦʭ ʯʘʩʪʠʥ: ʩʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ, ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʪʘ 

Bluetooth-ʤʘʷʯʢʠ. 

Bluetooth-ʤʘʷʯʦʢ ʨʦʟʨʦʙʣʝʥʦ ʥʘ ʦʩʥʦʚʽ SoC 

NRF51822, ʷʢʠʡ ʚʠʨʦʙʣʷʻ Nordic Semiconductor. 

ɼʘʥʠʡ ʯʽʧ ʧʽʜʪʨʠʤʫʻ ʧʨʦʪʦʢʦʣʠ Bluetooth LE 4.0 ʪʘ 

Bluetooth LE 5.0 [2], ʱʦ ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʘʚʪʦʥʦʤʥʽ 

ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ Bluetooth-ʤʘʷʯʢʠ, ʨʦʟʨʘʭʫʥʢʦʚʘ 

ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 12 ʜʦ 16 ʤʽʩʷʮʽʚ, 

ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʚʥʽʰʥʴʦʾ ʘʥʪʝʥʠ ʜʦʟʚʦʣʠʣʦ 

ʟʙʽʣʴʰʠʪʠ ʨʘʜʽʫʩ ʜʽʾ ʟ 15 ʜʦ 100 ʤʝʪʨʽʚ (ʧʨʷʤʘ 

ʚʠʜʠʤʽʩʪʴ), ʱʦ ʻ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʚʝʩʪ-ʽʛʦʨ.  

ʄʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʧʦʙʫʜʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʦʾ ʧʣʘʪʬʦʨʤʠ Ionic Framework 3, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʣʷʪʠ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʡ ʚʝʙ ʩʪʝʢʫ [3]. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ Ionic 

Framework 3 ʜʦʜʘʪʦʢ ʚʠʛʣʷʜʘʻ ʥʘʪʠʚʥʦ ʥʘ ʙʫʜʴ-ʷʢʽʡ 

ʤʦʙʽʣʴʥʽʡ ʆʉ.  

ɼʨʫʛʦʶ ʧʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ Ionic Framework 

3 ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ ʘʧʘʨʘʪʥʠʤʠ ʬʫʥʢʮʽʷʤʠ 

ʧʨʠʩʪʨʦʶ ʪʘ ʩʠʩʪʝʤʠ, ʪʘʢʠʤʠ ʷʢ ʘʫʜʽʦ, ʢʘʤʝʨʘ, 

Bluetooth  ʪʘ ʽʥ. ʄʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ Bluetooth, 

ʘʙʩʪʨʘʛʫʶʯʠʩʴ ʚʽʜ ʩʠʩʪʝʤʠ ʪʘ ʧʨʠʩʪʨʦʶ, ʜʦʟʚʦʣʠʣʘ 

ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʠʪʠ ʨʦʟʨʦʙʢʫ ʪʘ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ, 

ʟʤʝʥʰʠʪʠ ʦʙôʻʤ ʢʦʜʫ ʤʘʡʞʝ ʫ 2 ʨʘʟʠ, ʧʦʨʽʚʥʷʥʦ ʟ 

ʨʦʟʨʦʙʢʦʶ ʦʢʨʝʤʠʭ ʜʦʜʘʪʢʽʚ ʜʣʷ Android ʪʘ iOS. 

ɸʨʭʽʪʝʢʪʫʨʘ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ (ʨʠʩ 2.) ʧʦʜʽʣʷʻʪʴʩʷ 

ʥʘ ʪʨʠ ʤʦʜʫʣʽ: ʤʦʜʫʣʴ ʘʚʪʦʨʠʟʘʮʽʾ, ʤʦʜʫʣʴ ʨʦʙʦʪʠ ʟ 

ʢʚʝʩʪʘʤʠ ʪʘ ʤʦʜʫʣʴ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʟ Bluetooth-

ʤʘʷʯʢʘʤʠ. ɿʘʚʜʷʢʠ ʧʦʜʽʣʫ ʩʠʩʪʝʤʠ ʥʘ ʪʘʢʽ ʤʦʜʫʣʽ [4] 

ʤʠ ʤʘʻʤʦ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚʠʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣ ʨʦʙʦʪʠ ʟ 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 
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ʢʚʝʩʪʘʤʠ ʪʘ ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʽʛʨʦʚʽ ʬʫʥʢʮʽʾ ʥʝ 

ʟʚʦʣʽʢʘʶʯʠ ʥʘ ʧʨʦʮʝʜʫʨʫ ʚʟʘʻʤʦʜʽʾ ʟ Bluetooth-

ʤʘʷʯʢʘʤʠ. 

ʉʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʨʚʽʩʽʚ Google Firebase. Cloud 

Firestore [5] ï ʮʝ ʩʝʨʚʽʩ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʫ 

ʥʝʨʝʣʷʮʽʡʥʽʡ ʙʘʟʽ ʜʘʥʠʭ, ʷʢʘ ʩʠʥʭʨʦʥʽʟʫʻʪʴʩʷ ʟ 

ʢʣʽʻʥʪʘʤʠ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʠʣʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʰʚʠʜʢʝ ʪʘ 

ʷʢʽʩʥʝ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʥʘʣʘʰʪʫʚʘʪʠ ʧʨʘʚʠʣʘ 

ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʙʝʟ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʥʘʧʠʩʘʥʥʷ 

ʩʝʨʚʝʨʥʦʛʦ ʢʦʜʫ, ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʽʛʘʥʥʷ 

ʜʘʥʠʭ ʫ ʥʝʨʝʣʷʮʽʡʥʽʡ ʙʘʟʽ ʜʘʥʠʭ Cloud Firestore ʽ 

ʰʚʠʜʢʦ ʨʝʘʣʽʟʫʚʘʪʠ ʦʩʥʦʚʥʫ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ. 

ʄʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ ʙʘʟʦʶ ʜʘʥʠʭ ʙʝʟ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ 

ʽʥʪʝʨʥʝʪʫ ʜʦʟʚʦʣʠʣʘ ʨʝʘʣʽʟʫʚʘʪʠ ʫʯʘʩʪʴ ʫ ʛʨʽ ʥʘʚʽʪʴ 

ʪʦʜʽ, ʢʦʣʠ ʚʽʜʩʫʪʥʽʡ ʜʦʩʪʫʧ ʜʦ ɯʥʪʝʨʥʝʪʫ, ʘ ʧʨʠ ʡʦʛʦ 

ʥʘʷʚʥʦʩʪʽ ʘʚʪʦʤʘʪʠʯʥʦ ʩʠʥʭʨʦʥʽʟʫʚʘʪʠ ʟʤʽʥʠ ʟ 

ʩʝʨʚʝʨʦʤ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʽʩʫ Firebase Authentication [6] 

ʜʦʟʚʦʣʠʣʦ ʨʝʘʣʽʟʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ ʪʘ 

ʘʚʪʦʨʠʟʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʯʝʨʝʟ ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ ʘʙʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ email. 

ʇʽʜ ʯʘʩ ʢʚʝʩʪʫ ʤʘʷʯʦʢ ʚʠʩʪʫʧʘʻ ʫ ʨʦʣʽ ʦʙôʻʢʪʫ, ʷʢʠʡ 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ (ʥʘʙʣʠʟʠʪʠʩʴ ʥʘ ʧʝʚʥʫ ʚʽʜʩʪʘʥʴ) ʪʘ 

ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʟʘʧʠʪʘʥʥʷ, ʷʢʝ ʟʘʢʨʽʧʣʝʥʦ ʟʘ ʮʠʤ 

ʤʘʷʯʢʦʤ. ʂʦʨʠʩʪʫʚʘʯ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʫ ʢʚʝʩʪʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʙʽʣʴʥʦ ʜʦʜʘʪʢʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʟʘʨʝʻʩʪʨʫʚʘʪʠʩʴ ʫ ʢʚʝʩʪʽ, ʟʥʘʭʦʜʠʪʠ ʤʘʷʯʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʨʪʫʘʣʴʥʦʛʦ ʩʝʥʩʦʨʘ, ʷʢʠʡ ʚʽʟʫʘʣʽʟʫʻ 

ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʚʽʜ ʤʘʷʯʢʘ, ʚʽʜʧʦʚʽʜʘʪʠ ʥʘ 

ʧʠʪʘʥʥʷ ʢʚʝʩʪʫ  ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʟʥʠʞʢʠ 

ʪʘ ʙʦʥʫʩʠ, ʽʥʪʝʨʬʝʡʩ ʜʦʜʘʪʢʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 3. 

ʉʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʨʝʘʣʽʟʫʻ ʦʩʥʦʚʥʫ ʙʽʟʥʝʩ-ʣʦʛʽʢʫ, ʘ 

web-ʽʥʪʝʨʬʝʡʩ ʜʦʟʚʦʣʷʻ ʘʜʤʽʥʽʩʪʨʘʪʦʨʫ ʜʦʜʘʚʘʪʠ ʥʦʚʽ 

ʤʘʷʯʢʠ ʪʘ ʟʘʧʠʪʘʥʥʷ ʫ ʩʠʩʪʝʤʫ, ʧʝʨʝʛʣʷʜʘʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʽʛʦʨ. 

ʄʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʻ ʥʝ ʪʽʣʴʢʠ ʟʘʩʦʙʦʤ ʜʣʷ ʫʯʘʩʪʽ 

ʫ ʛʨʽ, ʘ ʡ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʝʥʝʜʞʝʨʘ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ: 

ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʫ ʢʦʤʘʥʜʫ, ʜʦʜʘʚʘʪʠ ʤʘʷʯʢʠ ʪʘ 

ʧʠʪʘʥʥʷ, ʘʢʪʠʚʫʚʘʪʠ ʟʥʠʞʢʠ ʪʘ ʙʦʥʫʩʠ. ʋʩʷ ʚʟʘʻʤʦʜʽʷ 

ʫ ʩʠʩʪʝʤʽ ʤʽʞ ʢʣʽʻʥʪʦʤ ʪʘʤ ʤʝʥʝʜʞʝʨʦʤ ʨʝʘʣʽʟʦʚʘʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ QR-ʢʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʨʫʯʥʦ ʪʘ 

ʰʚʠʜʢʦ ʚʠʢʦʥʫʚʘʪʠ ʜʦʜʘʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ 

ʢʦʤʘʥʜʫ ʪʘ ʘʢʪʠʚʘʮʽʶ ʙʦʥʫʩʽʚ. 

ɺʀʉʅʆɺʂʀ 

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʩʪʘʣʦ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ, ʱʦ  

ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʘʥʜʥʠʭ 

ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʚʝʩʪ-ʽʛʦʨ. ʋ ʷʢʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʠ ʛʨʠ 

ʚʽʜʚʽʜʫʚʘʯ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʚʽʡ ʦʩʦʙʠʩʪʠʡ ʩʤʘʨʪʬʦʥ, ʘ 

ʨʦʣʴ ʦʙôʻʢʪʽʚ ʢʚʝʩʪʫ ʚʠʢʦʥʫʶʪʴ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽ 

Bluetooth-ʤʘʷʯʢʠ. 

ʉʠʩʪʝʤʘ ʟ 7 ʤʘʷʯʢʽʚ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʪʘ 

ʧʨʦʪʝʩʪʦʚʘʥʘ ʫ ʢʘʥʘʪʥʦʤʫ-ʧʘʨʢʫ ʫ ʤ. ʂʠʾʚ. ʇʨʦʪʷʛʦʤ 

ʪʝʩʪʫʚʘʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʦʜʘʣʴʰʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʪʴ ʟʘʮʽʢʘʚʠʪʠ 

ʚʽʜʚʽʜʫʚʘʯʽʚ ʧʘʨʢʫ ʪʘ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʢʣʽʻʥʪʽʚ.  

ɸʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦʟʚʦʣʠʚ 

ʚʠʟʥʘʯʠʪʠ, ʱʦ ʫ ʥʘʩʪʫʧʥʽʡ ʚʝʨʩʽʾ ʩʠʩʪʝʤʠ Bluetooth-

ʤʘʷʯʢʠ ʙʫʜʫʪʴ ʦʙʣʘʜʥʘʥʽ ʩʚʽʪʣʦʜʽʦʜʥʦʾ ʽʥʜʠʢʘʮʽʻʶ, 

ʩʝʥʩʦʨʘʤʠ ʜʦʪʠʢʫ ʪʘ ʟʯʠʪʫʚʘʯʝʤ RFID-ʤʽʪʦʢ ï ʮʝ 

ʜʦʟʚʦʣʷʪʴ ʜʦʜʘʪʠ ʥʦʚʽ ʪʠʧʠ ʟʘʚʜʘʥʴ ʫ ʢʚʝʩʪ ʪʘ ʱʝ 

ʙʽʣʴʰʝ ʟʘʮʽʢʘʚʠʪʠ ʘʫʜʠʪʦʨʽʶ. 
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 ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ  

ʂʠʾʚ, ʋʢʨʘʾʥʘ 
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ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ  

ʂʠʾʚ, ʋʢʨʘʾʥʘ 

orlova@ua.fm 

 

ʄʦʣʯʘʥʦʚ ʆʣʝʢʩʽʡ 

ɸʥʜʨʽʡʦʚʠʯ 
ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ  

ʂʠʾʚ, ʋʢʨʘʾʥʘ 

oleksii.molchanov@gmail.com 

ɸʥʦʪʘʮʽʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʠʤʠ ʧʦʨʪʘʤʠ 

ʚʚʦʜʫ-ʚʠʚʦʜʫ ʥʘ ʦʩʥʦʚʽ ʩʪʝʢʦʚʦʛʦ ʧʨʦʮʝʩʦʨʘ SM8, ʷʢʘ 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʫ ʧʨʦʛʨʘʤʦʚʘʥʠʭ ʣʦʛʽʯʥʠʭ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤʘʭ. ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʟ ʮʽʻʶ 

ʘʨʭʽʪʝʢʪʫʨʦʶ ʤʘʻ ʥʝʚʝʣʠʢʽ ʘʧʘʨʘʪʥʽ ʚʠʪʨʘʪʠ, 

ʩʢʦʨʦʯʝʥʠʡ ʦʙô̒ ʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘ ʪʘʢʦʞ 

ʩʠʩʪʝʤʫ ʢʦʤʘʥʜ, ʷʢʘ ʘʜʘʧʪʦʚʘʥʘ ʜʦ ʟʘʜʘʯʽ, ʱʦ 

ʚʠʨʽʰʫʻʪʴʩʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʝʢʦʚʠʡ ʧʨʦʮʝʩʦʨ, Forth, ʇʃɯʉ, VHDL. 

ˏ˞ ˟ˠ˜ 
ɹʘʛʘʪʦ ʚʙʫʜʦʚʘʥʠʭ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʩʠʩʪʝʤ ʤʘʶʪʴ 

ʟʚô̫ ʟʦʢ ʯʝʨʝʟ ʪʘʢʽ ʧʦʰʠʨʝʥʽ ʧʦʩʣʽʜʦʚʥʽ ʽʥʪʝʨʬʝʡʩʠ, ʷʢ 

I2C, SPI, Ethernet ʪʘ ʽʥʰʽ. ʗʢʱʦ ʪʘʢʘ ʩʠʩʪʝʤʘ 

ʨʝʘʣʽʟʦʚʘʥʘ ʥʘʚʢʦʣʦ ʧʨʦʛʨʘʤʦʚʘʥʦʾ ʣʦʛʽʯʥʦʾ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʩʭʝʤʠ (ʇʃɯʉ), ʪʦ ʧʦʰʠʨʝʥʽʰʝ ʨʽʰʝʥʥʷ ð 

ʮʝ ʚʙʫʜʦʚʘʥʝ ʷʜʨʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʷʢʝ ʢʝʨʫʻ ʮʠʤʠ 

ʽʥʪʝʨʬʝʡʩʘʤʠ. ɼʣʷ ʮʴʦʛʦ ʻ ʥʝʚʝʣʠʢʠʡ ʚʠʙʽʨ ʟ 

ʫʥʽʚʝʨʩʘʣʴʥʠʭ RISC-ʧʨʦʮʝʩʦʨʽʚ, ʪʘʢʠʭ ʷʢ Xilinx 

Picoblaze, Microblaze, Altera Nios [1, 2], ʘʙʦ ʢʣʦʥʠ 

ʧʦʰʠʨʝʥʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʪʘʢʦʛʦ ʷʢ ʽ8051 [3].  

ɸʣʝ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʦʙʤʽʥ ʜʘʥʠʤʠ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʘ ʥʝʩʢʣʘʜʥʠʤ ʧʨʦʪʦʢʦʣʦʤ ʽ ʟ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʦʶ 

ʰʚʠʜʢʽʩʪʶ, ʷʢ ʥʘʧʨʠʢʣʘʜ, ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ I2C. ʇʨʠ 

ʮʴʦʤʫ ʤʦʞʣʠʚʦʩʪʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʨʘʮʽʦʥʘʣʴʥʦ.  

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʫ ʇʃɯʉ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ ʚʘʞʣʠʚʦ 

ʤʘʪʠ ʤʽʥʽʤʽʟʦʚʘʥʠʡ ʦʙô̒ ʤ ʤʘʪʟʘʙʝʟʧʝʯʝʥʥʷ, ʙʦ ʦʙô̒ ʤ 

ʙʣʦʢʽʚ ʧʘʤô̫ ʪʽ ʇʃɯʉ, ʻ ʩʫʪʪʻʚʦ ʦʙʤʝʞʝʥʠʤ. ʇʨʠ ʮʴʦʤʫ 

ʙʘʞʘʥʦ ʤʘʪʠ ʪʘʢʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, ʜʣʷ ʷʢʦʛʦ ʟʨʫʯʥʦ 

ʩʢʣʘʜʘʪʠ ʧʨʦʛʨʘʤʠ ʧʝʨʝʩʠʣʢʠ ʜʘʥʠʭ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩʠ. 

ʋ ʜʦʧʦʚʽʜʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʘ ʪʘʢʦʛʦ ʤʽʢʨʦ-

ʢʦʥʪʨʦʣʝʨʘ. 

ʉʊʈʋʂʊʋʈɸ ʄɯʂʈʆʂʆʅʊʈʆʃɽʈɸ 

ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʦʙʤʽʥʽʚ ʤʽʞ ʧʦʩʣʽʜʦʚʥʠʤʠ ʧʦʨʪʘʤʠ 

ʚʚʦʜʫ-ʚʠʚʦʜʫ ʟʽ ʰʚʠʜʢʽʩʪʶ ʜʦ 10 - 100 ʄʙʦʜ, 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʤʘʻ ʟʘʜʦʚʦʣʴʥʷʪʠ ʥʘʩʪʫʧʥʽ ʚʠʤʦʛʠ: 

- ʥʝʦʙʭʽʜʥʽ ʘʧʘʨʘʪʥʦ ʨʝʘʣʽʟʦʚʘʥʽ ʧʨʠʡʤʘʯʽ-ʧʝʨʝʜʘ-

ʚʘʯʽ ʧʦʩʣʽʜʦʚʥʠʭ ʙʽʪʦʚʠʭ ʧʦʪʦʢʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ 

ʩʪʘʥʜʘʨʪʦʤ ʽʥʪʝʨʬʝʡʩʫ; 

- ʜʦʩʪʘʪʥʴʦ 8-ʨʦʟʨʷʜʥʦʛʦ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʟʽ ʰʚʠʜ-

ʢʦʜʽʻʶ ʙʣʠʟʴʢʦ 100 ʤʣʥ. ʢʦʤʘʥʜ ʟʘ ʩʝʢʫʥʜʫ ʜʣʷ ʘ 

ʬʦʨʤʫʚʘʥʥʷ ʽ ʯʠʪʘʥʥʷ ʧʘʢʝʪʽʚ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ 

ʙʘʡʪʦʚʠʭ ʜʘʥʠʭ; 

- ʥʝʦʙʭʽʜʥʘ ʚʟʘʻʤʥʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʧʨʠʡʤʘʯʽʚ-ʧʝʨʝ-

ʜʘʚʘʯʽʚ ʪʘ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʯʝʨʝʟ ʦʙʤʽʥ ʩʠʛʥʘʣʘʤʠ 

ʟʘʧʫʩʢʫ-ʛʦʪʦʚʥʦʩʪʽ; 

- ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʧʦʨʪʽʚ ʩʠʩʪʝʤʘ ʧʝʨʝʨʠ-

ʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʧʨʦʛʨʘʤʥʦ; 

- ʙʘʞʘʥʦ ʤʘʪʠ ʟʨʫʯʥʽ ʟʘʩʦʙʠ ʜʣʷ ʰʚʠʜʢʦʾ ʨʦʟʨʦʙʢʠ 

ʚʙʫʜʦʚʘʥʦʛʦ ʤʘʪʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ, ʷʢʽ 

ʘʜʘʧʪʦʚʘʥʽ ʜʦ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ. 

ʗʢ ʧʨʘʚʠʣʦ, ʧʦʩʣʽʜʦʚʥʽ ʚʚʦʜʠ-ʚʠʚʦʜʠ ʧʨʠʻʜʥʘʥʽ ʜʦ 

ʦʜʥʦʛʦ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʛʦ ʷʜʨʘ. ʊʘʢʠʡ ʧʦʨʪ ʩʧʨʠʡʤʘʻ 

ʩʧʝʮʠʬʽʯʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʢʝʨʫʶʯʠʭ ʢʦʤʘʥʜ. 

ʅʘʧʨʠʢʣʘʜ, ʧʦʨʪ ʽʥʪʝʨʬʝʡʩʫ I2C ʤʘʻ ʢʦʤʘʥʜʠ: START 

- ʟʘʧʫʩʢ ʧʝʨʝʩʠʣʦʢ, PAUSE - ʧʘʫʟʘ ʚ ʧʝʨʝʩʠʣʢʘʭ, 

A_SEND - ʧʝʨʝʜʘʯʽ ʙʘʡʪʘ ʘʜʨʝʩʠ,  D_SEND - ʧʝʨʝʜʘʯʽ 

ʙʘʡʪʘ ʜʘʥʠʭ, STOP - ʟʫʧʠʥʢʘ ʧʝʨʝʩʠʣʦʢ ʪʘ ʽʥʰʽ.  

ʇʝʨʝʣʽʯʝʥʽ ʚʠʤʦʛʠ ʟʘʜʦʚʦʣʴʥʷʻ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʝ 

ʷʜʨʦ SM8, ʷʢʝ ʤʘʻ ʤʽʥʽʤʽʟʦʚʘʥʽ ʘʧʘʨʘʪʥʽ ʚʠʪʨʘʪʠ ʪʘ 

ʟʨʫʯʥʦʩʪʽ ʫ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʥʝʩʢʣʘʜʥʠʭ ʘʣʛʦʨʠʪʤʽʚ [4]. 

ʄɯʂʈʆʇʈʆʎɽʉʆʈʅɽ ʗɼʈʆ SM8 
ɺʦʩʴʤʠʨʦʟʨʷʜʥʝ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʝ ʷʜʨʦ SM8 

ʚʠʢʦʥʘʥʝ ʟʘ ʜʚʦʭʩʪʝʢʦʚʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ. ɺʦʥʦ ʤʘʻ 

ʩʪʝʢ ʘʜʨʝʩ ʧʦʚʝʨʥʝʥʥʷ ʛʣʠʙʠʥʦʶ 33, ʩʪʝʢ ʜʘʥʠʭ 

ʛʣʠʙʠʥʦʶ 34, ʧʘʤô̫ ʪʴ ʧʨʦʛʨʘʤ ʦʙô̒ ʤʦʤ ʜʦ 7936 ʙʘʡʪ 

ʪʘ ʧʘʤô̫ ʪʴ ʜʘʥʠʭ ʦʙô̒ ʤʦʤ ʜʦ 256 ʙʘʡʪ. ɼʦ ʥʴʦʛʦ ʤʦʞʥʘ 

ʧʽʜʢʣʶʯʠʪʠ ʜʦ 32 ʧʝʨʠʬʝʨʽʡʥʠʭ ʨʝʛʽʩʪʨʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʨʝʛʽʩʪʨʽʚ ʜʘʥʠʭ ʽ ʢʝʨʫʚʘʥʥʷ ʧʦʨʪʽʚ ʚʚʦʜʫ-ʚʠʚʦʜʫ.   

ʉʠʩʪʝʤʘ ʢʦʤʘʥʜ ʷʜʨʘ ʤʘʻ 23 ʙʘʟʦʚʽ ʢʦʤʘʥʜʠ. ʋʩʽ ʢʦ-

ʤʘʥʜʠ, ʢʨʽʤ ʢʦʤʘʥʜ ʚʠʢʣʠʢʫ ʧʽʜʧʨʦʛʨʘʤʠ call, 

ʫʤʦʚʥʦʛʦ ʧʝʨʝʭʦʜʫ if ʪʘ ʚʚʦʜʫ ʢʦʥʩʪʘʥʪʠ lit, ʻ 

ʦʜʥʦʙʘʡʪʦʚʠʤʠ. ʂʦʤʘʥʜʠ call, if ʪʘ lit ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ 

ʜʚʘ ʪʘʢʪʠ, ʘ ʨʝʰʪʘ ʢʦʤʘʥʜ ï ʟʘ ʦʜʠʥ. ʂʦʤʘʥʜʠ 

ʚʠʢʦʥʫʶʪʴʩʷ ʫ ʢʦʥʚʝʻʨʥʦʤʫ ʨʝʞʠʤʽ. ʂʨʽʤ ʪʦʛʦ, ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʪʠ ʜʦ 128 ʢʦʤʘʥʜ ʢʦʨʠʩʪʫʚʘʯʘ, ʷʢʽ 

ʚʠʢʦʥʫʶʪʴʩʷ ʷʢ ʢʦʤʘʥʜʘ call ʟ ʚʠʢʦʥʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʾ 

ʧʽʜʧʨʦʛʨʘʤʠ, ʘʣʝ ʤʘʶʪʴ ʜʦʚʞʠʥʫ ʦʜʠʥ ʙʘʡʪ.  

ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʧʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʷʜʨʘ SM8 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʠʢʣʠʢʠ ʧʽʜʧʨʦʛʨʘʤ, 

ʦʜʝʨʞʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʽ ʧʨʦʛʨʘʤʠ. ɿʘ ʨʘʭʫʥʦʢ 

ʮʴʦʛʦ, ʘ ʪʘʢʦʞ ʯʝʨʝʟ ʯʘʩʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʘʥʜ if ʪʘ 

lit, ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʦʜʥʽʻʾ ʢʦʤʘʥʜʠ ʚ 

ʜʘʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʩʢʣʘʜʘʻ ʧʽʚʪʦʨʘ ʪʘʢʪʠ. 

ʂʦʤʘʥʜʠ ʢʦʨʠʩʪʫʚʘʯʘ ʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠʩʴ ʷʢ ʚ 

ʧʘʤô̫ ʪʽ ʧʨʦʛʨʘʤ, ʪʘʢ ʽ ʚ ʧʘʤô̫ ʪʽ ʜʘʥʠʭ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ, 

ʤʦʞʥʘ ʧʨʠʡʤʘʪʠ ʟ ʧʦʨʪʫ ʽ ʟʘʧʠʩʫʚʘʪʠ ʚ ʧʘʤô̫ ʪʴ ʜʠʥʘ-

ʤʽʯʥʠʡ ʩʮʝʥʘʨʽʡ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʘʙʦ ʚʠʢʦʥʫʚʘʪʠ 

ʛʨʘʤʘʪʠʯʥʠʡ ʨʦʟʙʽʨ ʨʷʜʢʘ. ʅʘʧʨʠʢʣʘʜ, ʮʝ ʤʦʞʝ ʙʫʪʠ 

ʟʘʛʦʣʦʚʦʢ ʧʘʢʝʪʫ, ʱʦ ʧʝʨʝʩʠʣʘʻʪʴʩʷ ʘʙʦ ʟʘʜʘʥʠʡ 

ʘʣʛʦʨʠʪʤ ʧʦʚʦʜʞʝʥʥʷ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ. 



20  Winter InfoCom Advanced Solutions 2017  

 

ɸʉɽʄɹʃɽʈ ʗɼʈɸ SM8 
ɼʣʷ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʛʦ ʷʜʨʘ SM8 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʘʩʝʤʙʣʝʨ ʥʘ ʤʦʚʽ Java. ʅʠʞʯʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʦ ʧʨʠʢʣʘʜ ʧʨʦʛʨʘʤʠ ʥʘ ʤʦʚʽ ʘʩʝʤʙʣʝʨʘ SM8, 

ʷʢʘ ʚʠʢʦʥʫʻ ʦʜʥʦʢʨʘʪʥʫ ʧʝʨʝʩʠʣʢʫ ʙʘʡʪʫ ʜʘʥʠʭ ʫ ʧʦʨʪ 

I2C. 

DEFINE nap 9       \ ʨʦʟʤʽʨ ʧʘʤô̫ʪʽ = 2^9 
DEFINE WAITRDY 82h \ ʢʦʤʘʥʜʘ - ʯʝʢʘʪʠ ʛʦʪʦʚʥʦʩʪʽ ʧʦʨʪʫ 
DEFINE DELAYN 83h  \ ʢʦʤʘʥʜʘ - ʟʘʪʨʠʤʢʘ ʥʘ N ʮʠʢʣʽʚ 
EQU START      2  
EQU A_SEND   4  
EQU D_SEND   5 
EQU STOP      12  
EQU PAUSE    15  
ORG    256             \ ʧʦʯʘʪʦʢ ʩʝʛʤʝʥʪʫ ʧʨʦʛʨʘʤʠ  
: WR2I2C (r1 - I2C addr., r2 - inner addr., r3 - byte,  
                               r8 - I2C data, r9 - I2C control) 
 lit START outr r9  

inr r1 outr r8 lit A_SEND outr r9 WAITRDY  
inr r2 outr r8 lit D_SEND outr r9 WAITRDY  
inr r3 outr r8 lit D_SEND outr r9 WAITRDY 

 lit STOP   outr r9 
 lit PAUSE  outr r9  
 lit 100    DELAYN  xor if END 
; 
: DELAYN           (N --  - N cycles) 
 dec dup ifn  DELAYN  
; 
: WAITRDY                (do while rdy=1) 
   inr r10           \0-th bit = rdy 
  lit 1 and if WAITRDY 
; 
: END 

ʄʦʚʘ ʘʩʝʤʙʣʝʨʘ ʷʜʨʘ SM8 ʟʘʧʦʟʠʯʫʻ ʩʠʥʪʘʢʩʠʩ ʫ 

ʤʦʚʠ Forth. ʊʦʤʫ ʪʫʪ ʢʦʤʝʥʪʘʨʽ ʚʢʣʘʜʝʥʽ ʚ ʢʨʫʛʣʽ 

ʜʫʞʢʠ ʯʠ ʩʣʽʜʫʶʪʴ ʟʘ ʦʙʝʨʥʝʥʦʶ ʧʦʭʠʣʦʶ. ʄʽʪʢʘ 

ʩʣʽʜʫʻ ʟʘ ʜʚʦʢʨʘʧʢʦʶ, ʦʧʝʨʘʪʦʨʠ ʪʘ ʣʽʪʝʨʘʣʠ 

ʚʽʜʦʢʨʝʤʣʶʶʪʴʩʷ ʧʨʦʙʽʣʘʤʠ. ʂʨʘʧʢʦʶ ʟ ʢʦʤʦʶ 

ʧʦʟʥʘʯʘʻʪʴʩʷ ʦʧʝʨʘʪʦʨ ʧʦʚʝʨʥʝʥʥʷ ʟ ʧʽʜʧʨʦʛʨʘʤʠ. 

ʂʦʤʘʥʜʠ inr, outr ʚʠʢʦʥʫʶʪʴ ʯʠʪʘʥʥʷ-ʟʘʧʠʩ ʫ ʨʝʛʽʩʪʨʠ 

ʜʘʥʠʭ. 

ʇʨʘʛʤʦʶ DEFINE ʟʘʜʘʻʪʴʩʷ ʢʦʜ ʦʧʝʨʘʮʽʾ ʢʦʤʘʥʜʠ 

ʢʦʨʠʩʪʫʚʘʯʘ. ʗʢ ʨʝʟʫʣʴʪʘʪʠ ʘʩʝʤʙʣʶʚʘʥʥʷ, 

ʛʝʥʝʨʫʶʪʴʩʷ VHDL-ʬʘʡʣʠ ʦʧʠʩʽʚ ʧʘʤô̫ ʪʽ ʧʨʦʛʨʘʤ 

ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʙʣʦʢʫ ʧʝʨʝʢʦʜʫʚʘʥʥʷ ʢʦʜʽʚ ʦʧʝʨʘʮʽʡ 

ʢʦʤʘʥʜ ʢʦʨʠʩʪʫʚʘʯʘ ʫ ʘʜʨʝʩʠ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʧʨʦʛʨʘʤ.  

ʗʢ ʨʝʟʫʣʴʪʘʪ, ʤʦʚʘ, ʷʢʦʶ ʧʨʦʛʨʘʤʫʻʪʴʩʷ ʤʽʢʨʦ 

ʢʦʥʪʨʦʣʝʨ, ʟʘ ʩʚʦʾʤʠ ʢʦʨʠʩʪʫʚʘʮʴʢʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʟʘʡʤʘʻ ʧʨʦʤʽʞʥʝ ʩʪʘʥʦʚʠʱʝ ʤʽʞ ʤʦʚʦʶ ʘʩʝʤʙʣʝʨʘ 

ʟʚʠʯʘʡʥʦʛʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʪʘ ʤʦʚʦʶ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. 

ɿʘʚʜʷʢʠ ʮʴʦʤʫ, ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʶʻʪʴʩʷ ʥʘʧʠʩʘʥʥʷ ʪʘ 

ʚʽʜʣʘʛʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ, 

VHDL-ʤʦʜʝʣʴ ʷʜʨʘ SM8 ʦʩʥʘʱʝʥʘ ʜʽʟʘʩʝʤʙʣʝʨʦʤ.  

ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɯ ʈɽɿʋʃʔʊɸʊʀ 
ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʩʠʩʪʝʤʦʶ ʛʝʥʝʨʫʚʘʥʥʷ ʨʘʜʽʦʩʠʛʥʘʣʽʚ ʫ FM-ʜʽʘʧʘʟʦʥʽ. 

ʋ ʩʢʣʘʜ ʩʠʩʪʝʤʠ ʚʭʦʜʷʪʴ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʦʩʣʽʜʦʚʥʠʡ 

ʧʨʠʡʤʘʯ-ʧʝʨʝʜʘʚʘʯ (UART), ʪʨʠ ʧʦʨʪʠ I2C ʪʘ ʜʝʢʽʣʴʢʘ 

ʢʝʨʫʶʯʠʭ ʨʝʛʽʩʪʨʽʚ. ʆʜʝʨʞʘʥʽ ʧʘʨʘʤʝʪʨʠ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʪʘ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʧʨʠ ʾʭ 

ʢʦʥʬʽʛʫʨʫʚʘʥʥʽ ʫ ʇʃɯʉ Xilinx Spartan-6 ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʪʘʙʣʠʮʽ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʫ ʪʘʙʣʠʮʽ ʧʦʢʘʟʘʥʽ ʪʘʢʦʞ 

ʧʘʨʘʤʝʪʨʠ 8-ʨʦʟʨʷʜʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, ʷʢʽ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʘʥʘʣʦʛʽʯʥʠʭ ʟʘʜʘʯ  

ɸʥʘʣʽʟ ʜʘʥʠʭ ʫ ʪʘʙʣʠʮʽ ʧʦʢʘʟʫʻ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʤʘʻ ʥʘ 40% ʙʽʣʴʰʽ 

ʘʧʘʨʘʪʥʽ ʚʠʪʨʘʪʠ, ʥʽʞ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ Picoblaze. ɸʣʝ, 

ʚʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʚ Picoblaze ʦʜʥʘ ʢʦʤʘʥʜʘ 

ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʚʘ ʪʘʢʪʠ, ʪʦ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʥʘ ʙʘʟʽ 

SM8 ʤʘʻ ʫʜʚʽʯʽ ʙʽʣʴʰʫ ʰʚʠʜʢʦʜʽʶ. ʂʨʽʤ ʪʦʛʦ, ʥʦʚʠʡ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʤʘʻ ʧʨʠʙʣʠʟʥʦ ʫʜʚʽʯʽ ʢʦʨʦʪʰʽ 

ʧʨʦʛʨʘʤʠ ʽ ʡʦʛʦ ʟʨʫʯʥʽʰʝ ʧʨʦʛʨʘʤʫʚʘʪʠ. 

ɺʀʉʅʆɺʂʀ 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ ʜʣʷ ʢʝʨʫʚʘʥʥʷ 

ʧʦʩʣʽʜʦʚʥʠʤʠ ʧʦʨʪʘʤʠ ʚʚʦʜʫ-ʚʠʚʦʜʫ ʤʘʻ ʥʝʚʝʣʠʢʽ 

ʘʧʘʨʘʪʥʽ ʚʠʪʨʘʪʠ ʧʨʠ ʚʠʩʦʢʽʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ 

ʩʢʦʨʦʯʝʥʦʤʫ ʦʙô̒ ʤʽ ʧʨʦʛʨʘʤ. ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ʦʧʠʩʘʥʦ 

ʤʦʚʦʶ VHDL ̔ ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʇʃɯʉ 

ʙʫʜʴ-̫ ʢʦʾ ʩʝʨʽʾ. ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʚʠʢʦʥʫʻʪʴʩʷ Forth-ʧʦʜʽʙʥʦʶ ʤʦʚʦʶ ʽ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʜʘʚʘʪʠ ʢʦʤʘʥʜʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʨʦʟʨʦʙʣʝʥʠʡ 

ʘʩʝʤʙʣʝʨ ʢʦʤʧʽʣʶʻ ʧʨʦʛʨʘʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ VHDL-

ʦʧʠʩ, ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʟʘʩʪʦʩʫʥʢʫ ʻ ʟʨʫʯʥʠʤ ʽ 

ʥʝʪʨʠʚʘʣʠʤ. 

ʊʘʙʣʠʮʷ 1 
ʇʘʨʘʤʝʪʨʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ ʪʘ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ 

ʪʘ ʡʦʛʦ ʩʢʣʘʜʦʚʽ 

ɸʧʘʨʘʪʥʽ 

ʚʠʪʨʘʪʠ ʫ 

ʃʊ 

ɸʧʘʨʘʪʥʽ 

ʚʠʪʨʘʪʠ ʫ 

ʪʨʠʛʝʨʘʭ 

ʄʘʢʩʠʤʘʣʴ

ʥʘ ʪʘʢʪʦʚʘ 

ʯʘʩʪʦʪʘ, 

ʄɻʮ 

I2C core 105 66 205 

UART 32 48 280 

ʗʜʨʦ SM8 156 50 150 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ 324 204 152 

FS8051 ʨʘʟʦʤ ʟ 
I2C [3] 

1413 110 80 

KCPSM6 

(Picoblaze) ʨʘʟʦʤ 

ʟ I2C ʽ UART [2] 

231 ð 105 
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ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʪʘ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ Big Data
ʈʠʞʢʦ ɹʦʨʠʩ ɺʦʣʦʜʠʤʠʨʦʚʠʯ 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

ʂʠʾʚ, ʋʢʨʘʾʥʘ 

r.borya@gmail.com 

ʉʤʦʣʠʥʝʮʴ ʆʩʪʘʧ ʊʘʨʘʩʦʚʠʯ 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

ʂʠʾʚ, ʋʢʨʘʾʥʘ 

o.smolynets@ukr.net 

ɸʥʦʪʘʮʽʷ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʧʦʙʫʜʦʚʫ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʢʣʘʩʪʝʨʥʠʭ ʩʠʩʪʝʤ (ɺʇʂʉ) 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʢʨʠʪʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʾ Big Data. 

ʆʧʠʩʘʥʠʡ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʘʨʭʽʪʝʢʪʫʨʠ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ (ʉɸɿ). 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʙʨʦʙʢʘ ʜʘʥʠʭ, ʚʝʣʠʢʽ ʜʘʥʽ. 

ɺʉʊʋʇ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʦʶ ʩʪʘʣʘ ʧʨʦʙʣʝʤʘ 

ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʽ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ. ʇʨʠʢʣʘʜʦʤ ʻ 

ʘʥʘʣʽʟ ʧʨʦʜʘʞ ʽ ʚʠʪʨʘʪ ʫ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤʘʭ, 

ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʬʽʢʦʤ ʯʝʨʝʟ ʨʦʟʧʦʜʽʣʝʥʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ, ʦʙʨʦʙʢʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʚʽʜʝʦʽʥʬʦʨʤʘʮʽʾ, ʪʦʱʦ. 

ɼʣʷ ʨʽʰʝʥʥʷ ʮʠʭ ʟʘʚʜʘʥʴ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʢʣʘʩʪʝʨʥʽ ʩʠʩʪʝʤʠ [1]. ɺʦʥʠ 

ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʘʨʭʽʪʝʢʪʫʨʦʶ ʢʣʘʩʪʝʨʥʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʟ ʨʦʟʧʦʜʽʣʝʥʦʶ ʧʘʤôʷʪʪʶ. 

ʆʜʥʠʤ ʽʟ ʟʘʚʜʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ɺʇʂʉ, ʻ ʬʦʨʤʘʣʽʟʘʮʽʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʨʦʙʦʪʠ ʧʘʨʘʣʝʣʴʥʠʭ 

ʩʠʩʪʝʤ. ʎʽ ʟʘʜʘʯʽ ʚʠʨʽʰʫʚʘʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ 

ʤʝʨʝʞ ʇʝʪʨʽ [2,3].  

ʇʨʦʙʣʝʤʦʶ ʧʨʠ ʨʦʟʨʦʙʮʽ ɺʇʂʉ ʩʪʘʻ ʜʫʞʝ ʚʠʩʦʢʘ 

ʚʘʨʪʽʩʪʴ ʟʘʧʫʩʢʫ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤ. ɼʣʷ 

ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʠʟʢʘ ʚʽʜʢʨʠʪʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ɺʇʂʉ.  

ɿʘʚʜʘʥʥʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʜʝʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʪʠʧʦʚʠʭ ɺʇʂʉ. ʆʢʨʽʤ ʪʨʘʜʠʮʽʡʥʦʾ ʜʣʷ ɺʇʂʉ ʬʫʥʢʮʽʾ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʜʦ ʉɸɿ ʚʢʣʶʯʘʶʪʴʩʷ ʪʘʢʦʞ ʬʫʥʢʮʽʾ 

ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, 

ʧʦʛʦʜʥʠʭ ʜʘʥʠʭ, ʛʝʦʣʦʢʘʮʽʡʥʠʭ ʜʘʥʠʭ, ʜʘʥʠʭ ʟʽʙʨʘʥʠʭ 

ʟ çʨʦʟʫʤʥʠʭè ʧʨʠʩʪʨʦʾʚ ʪʘ ʥ̔.) 

ɿʘʛʘʣʴʥʘ ʰʢʘʣʘ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʧʦʩʪʽʡʥʦ 

ʟʤʽʥʶʻʪʴʩʷ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ ʽ ʤʦʞʝ ʽʩʪʦʪʥʦ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʚ ʨʽʟʥʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ ʝʢʩʧʣʫʘʪʘʥʪʘʭ, ʱʦ 

ʩʧʦʥʫʢʘʻ ʜʦ ʨʦʟʨʦʙʢʠ ʪʘʢʦʛʦ ʢʣʘʩʫ ʩʠʩʪʝʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʻ ʨʦʟʨʦʙʢʘ 

ʘʨʭʽʪʝʢʪʫʨʠ ʉɸɿ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʢʨʠʪʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ.  

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʧʦʪʨʽʙʥʦ: 

- ʩʬʦʨʤʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʉɸɿ ʥʘ ʦʩʥʦʚʽ ɺʇʂʉ, 
ʧʨʦʛʨʘʤʥʦʶ ʙʘʟʦʶ ʷʢʦʾ ʤʘʻ ʙʫʪʠ ʚʽʜʢʨʠʪʠʡ 

ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ; 

- ʧʨʦʚʝʩʪʠ ʚʠʙʽʨ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʩʪʨʫʢʪʫʨʠ ʉɸɿ; 

- ʧʦʙʫʜʫʚʘʪʠ ʧʨʦʛʨʘʤʥʫ ʽ ʘʧʘʨʘʪʥʫ ʘʨʭʽʪʝʢʪʫʨʠ 
ʉɸɿ ʥʘ ʦʩʥʦʚʽ ɺʇʂʉ. 

ɺʀʄʆɻʀ ɼʆ ʉɸɿ 

ʉɸɿ, ʧʦʙʫʜʦʚʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʡ çBig 

Dataè ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʙʫʜʴ-ʷʢʠʭ ʩʬʝʨʘʭ 

ʙʽʟʥʝʩʫ. 

ʊʘʢʽ ʩʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʥʝʦʙʭʽʜʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʦʙʨʦʙʢʠ ʷʢ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ, ʪʘʢ ʽ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʜʘʥʠʭ ʜʫʞʝ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ. 

ɺ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʰʚʠʜʢʦʛʦ ʟʙʦʨʫ ʜʫʞʝ ʚʝʣʠʢʦʾ 

ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ, ʰʚʠʜʢʦʾ ʦʙʨʦʙʢʠ ʡ ʘʥʘʣʽʟʫ ʮʴʦʛʦ 

ʤʘʩʠʚʫ ʜʘʥʠʭ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦ ʉɸɿ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʤʦʛʠ:  

- ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ; 

- ʤʦʞʣʠʚʽʩʪʴ ʟʙʠʨʘʪʠ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʪʘ 

ʥʝʩʪʨʫʢʪʫʨʦʚʘʥʽ ʜʘʥʽ; 

- ʰʚʠʜʢʘ ʦʙʨʦʙʢʘ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ; 

- ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʫ ʢʣʘʩʪʝʨʥʽʡ ʬʘʡʣʦʚʽʡ 

ʩʠʩʪʝʤʽ; 

- ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ; 

- ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʫ ʫ ʚʠʛʣʷʜʽ, 
ʟʨʫʯʥʦʤʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʦʙʯʠʩʣʝʥʴ (ɯʈʆ) ʮʽʣʢʦʤ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʭʥʽʯʥʦʛʦ ʪʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʉʊʈʋʂʊʋʈɸ ʉʀʉʊɽʄʀ 

ɺʠʭʦʜʷʯʠ ʟ ʟʘʟʥʘʯʝʥʠʭ ʚʠʤʦʛ ʜʦ ʉɸɿ, ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʥʘʩʪʫʧʥʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ: 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʉɸɿ 
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ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʨʦʟʧʦʜʽʣʝʥʠʭ ʦʙʯʠʩʣʝʥʴ (ɯʈʆ), 

ʧʽʜʩʠʩʪʝʤʘ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʩʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ (ʉʂɹɼ). 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʉɸɿ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

ɺʠʟʥʘʯʝʥʽ ʝʣʝʤʝʥʪʠ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʜʽʣʠʪʠ ʬʫʥʢʮʽʾ 

ʚʩʽʻʾ ʉɸɿ, ʱʦ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʥʘʣʘʛʦʜʞʝʥʥʷ ʩʠʩʪʝʤʠ 

ʽ ʟʘʢʣʘʜʘʻ ʧʨʠʥʮʠʧʠ ʤʦʜʫʣʴʥʦʩʪʽ. ʊʘʢʘ ʩʪʨʫʢʪʫʨʘ 

ʪʘʢʦʞ ʚʠʟʥʘʯʘʻ ʚʟʘʻʤʦʟʘʤʽʥʥʽʩʪʴ ʢʦʞʥʦʾ ʟ ʧʽʜʩʠʩʪʝʤ ʫ 

ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦʩʪʽ. 

ɺ ʩʚʦʶ ʯʝʨʛʫ, ʢʦʞʥʘ ʟ ʧʽʜʩʠʩʪʝʤ ʧʦʚʠʥʥʘ ʪʘʢʦʞ 

ʤʘʪʠ ʤʦʜʫʣʴʥʠʡ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ, ʱʦ ʻ ʦʜʥʠʤ ʟ 

ʢʨʠʪʝʨʽʾʚ ʾʭ ʚʠʙʦʨʫ. 

ʂʆʄʇʆʅɽʅʊʀ ʉʀʉʊɽʄʀ 

ɼʣʷ ʚʠʙʦʨʫ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ ʨʷʜ ʚʠʤʦʛ, ʱʦ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠʩʷ, 

ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ɯʈʆ 

ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʥʘʩʪʫʧʥʠʤ ʚʠʤʦʛʘʤ: 

- ʛʦʨʠʟʦʥʪʘʣʴʥʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ; 

- ʥʘʷʚʥʽʩʪʴ ʢʣʘʩʪʝʨʥʦʾ ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ (ʌʉ); 

- ʦʙʨʦʙʢʘ ʚʝʣʠʢʠʭ ʜʘʥʠʭ; 

- ʥʘʷʚʥʽʩʪʴ ʽʥʪʝʨʬʝʡʩʽʚ ʜʦʩʪʫʧʫ ʜʦ ʌʉ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʦʜʫʣʽʚ; 

- ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʧʦʩʪʘʚʣʝʥʽ ʢʨʠʪʝʨʽʾ, ʙʫʣʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯʽ ʨʽʰʝʥʥʷ ʽ ʦʙʨʘʥʦ ɯʈʆ Hadoop. 

ʇʨʦʝʢʪ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʤʦʜʫʣʽʚ [4]: 

- Hadoop Common (ʥʘʙʽʨ ʽʥʬʨʘʩʪʨʫʢʪʫʨʥʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʙʽʙʣʽʦʪʝʢ ʽ ʫʪʠʣʽʪ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʜʣʷ 

ʽʥʰʠʭ ʤʦʜʫʣʽʚ ʽ ʩʧʦʨʽʜʥʝʥʠʭ ʧʨʦʝʢʪʽʚ); 

- HDFS (ʨʦʟʧʦʜʽʣʝʥʘ ʬʘʡʣʦʚʘ ʩʠʩʪʝʤʘ); 

- YARN (ʩʠʩʪʝʤʘ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʟʘʚʜʘʥʴ ʽ 

ʫʧʨʘʚʣʽʥʥʷ ʢʣʘʩʪʝʨʦʤ); 

- Hadoop MapReduce (ʧʣʘʪʬʦʨʤʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ 
ʚʠʢʦʥʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ MapReduce-ʦʙʯʠʩʣʝʥʴ). 

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʦʙʯʠʩʣʝʥʴ ʚ ʧʘʨʘʜʠʛʤʽ MapReduce, 

ʚʦʥʠ ʧʨʠʡʤʘʶʪʴ ʥʘʙʽʨ ʚʭʽʜʥʠʭ ʧʘʨ ʢʣʶʯ-ʟʥʘʯʝʥʥʷ ʽ 

ʩʪʚʦʨʶʶʪʴ ʥʘʙʽʨ ʚʠʭʽʜʥʠʭ ʧʘʨ ʢʣʶʯ-ʟʥʘʯʝʥʥʷ. 

ʂʦʨʠʩʪʫʚʘʯ ʙʽʙʣʽʦʪʝʢʠ MapReduce ʚʠʨʘʞʘʻ 

ʨʦʟʨʘʭʫʥʦʢ ʷʢ ʜʚʽ ʬʫʥʢʮʽʾ: Map ʪʘ Reduce. 

Map, ʥʘʧʠʩʘʥʠʡ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʧʨʠʡʤʘʻ ʧʘʨʫ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʽ ʚʠʜʘʻ ʥʘʙʽʨ ʧʨʦʤʽʞʥʠʭ ʧʘʨ ʢʣʶʯ-

ʟʥʘʯʝʥʥʷ. ɹʽʙʣʽʦʪʝʢʘ MapReduce ʦʙ'ʻʜʥʫʻ ʚʩʽ ʧʨʦʤʽʞʥʽ 

ʟʥʘʯʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʪʠʤ ʩʘʤʠʤ ʧʨʦʤʽʞʥʠʤ ʢʣʶʯʝʤ, ʽ 

ʧʝʨʝʜʘʻ ʾʭ ʚ ʬʫʥʢʮʽʶ Reduce. 

ʌʫʥʢʮʽʷ Reduce, ʪʘʢʦʞ ʥʘʧʠʩʘʥʘ ʢʦʨʠʩʪʫʚʘʯʝʤ, 

ʧʨʠʡʤʘʻ ʧʨʦʤʽʞʥʠʡ ʢʣʶʯ ʽ ʥʘʙʽʨ ʟʥʘʯʝʥʴ ʜʣʷ ʮʴʦʛʦ 

ʢʣʶʯʘ. ɺʦʥʘ ʦʙ'ʻʜʥʫʻ ʨʘʟʦʤ ʮʽ ʟʥʘʯʝʥʥʷ, ʱʦʙ 

ʩʬʦʨʤʫʚʘʪʠ, ʷʢʱʦ ʤʦʞʣʠʚʦ, ʤʝʥʰʠʡ ʥʘʙʽʨ ʟʥʘʯʝʥʴ. 

ɿʘʟʚʠʯʘʡ ʧʨʠ ʚʠʢʣʠʢʫ Reduce ʚʠʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʘʙʦ ʥʝ 

ʧʦʚʝʨʪʘʻʪʴʩʷ, ʘʙʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʣʠʰʝ ʦʜʥʝ. ʇʨʦʤʽʞʥʽ 

ʟʥʘʯʝʥʥʷ ʧʦʜʘʶʪʴʩʷ ʥʘ ʬʫʥʢʮʽʶ Reduce ʢʦʨʠʩʪʫʚʘʯʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʪʝʨʘʪʦʨʘ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʙʨʦʙʣʷʪʠ 

ʩʧʠʩʢʠ ʟʥʘʯʝʥʴ, ʷʢʽ ʟʘʥʘʜʪʦ ʚʝʣʠʢʽ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʚ 

ʧʘʤ'ʷʪʽ. 

ɺʠʙ̔ʨ ʧʽʜʩʠʩʪʝʤʠ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʢʨʠʪʝʨʽʷʭ: 

- ʤʦʜʫʣʴʥʠʡ ʜʠʟʘʡʥ; 

- ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ; 

- ʩʫʤʽʩʥʽʩʪʴ ʟ ʙʘʟʦʶ ʜʘʥʠʭ; 

- ʩʫʤʽʩʥʽʩʪʴ ʟ ɯʈʆ; 

- ʛʥʫʯʢʽ ʥʘʣʘʰʪʫʚʘʥʥʷ; 

- ʨʦʟʧʦʜʽʣʝʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʯ; 

- ʙʘʛʘʪʦʧʦʪʦʯʥʽʩʪʴ; 

- ʚʽʜʢʨʠʪʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɺ ʷʢʦʩʪʽ ʧʽʜʩʠʩʪʝʤʠ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ 

ʙʫʣʦ ʦʙʨʘʥʦ ʚʽʜʢʨʠʪʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ Apache 

Flume. 

Flume ʻ ʨʦʟʧʦʜʽʣʝʥʠʤ ʪʘ ʥʘʜʽʡʥʠʤ ʩʝʨʚʽʩʦʤ ʟʙʦʨʫ, 

ʦʙʨʦʙʢʠ ʪʘ ʧʝʨʝʤʽʱʝʥʴ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ. ɺʽʥ ʤʘʻ 

ʧʨʦʩʪʫ ʪʘ ʛʥʫʯʢʫ ʘʨʭʽʪʝʢʪʫʨʫ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʦʪʦʢʘʭ 

ʜʘʥʠʭ [5]. 

ʂʨʠʪʝʨʽʾ ʚʠʙʦʨʫ ʉʂɹɼ ʥʘʩʪʫʧʥʽ: 

- ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ; 

- ʩʫʤʽʩʥʽʩʪʴ ʟ ɯʈʆ; 

- ʩʫʤʽʩʥʽʩʪʴ ʟ ʧʽʜʩʠʩʪʝʤʦʶ ʟʙʦʨʫ ʪʘ ʦʙʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʾ; 

- ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʜʦʩʪʫʧʫ ʜʦ 

ʉʂɹɼ ʟʦʚʥʽʰʥʽʤʠ ʤʦʜʫʣʷʤʠ; 

- ʰʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ; 

- ʥʘʜʽʡʥʽʩʪʴ; 

- ʚʽʜʢʨʠʪʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɿʘʜʘʥʠʤ ʚʠʤʦʛʘʤ ʚʽʜʧʦʚʽʜʘʻ ʦʙʨʘʥʘ ʉʂɹɼ Apache 

HBase. ʎʝ ʩʪʦʚʧʯʠʢʦ-ʦʨʽʻʥʪʦʚʘʥʘ NoSQL ʉʂɹɼ. 

NoSQL ʦʟʥʘʯʘʻ, ʱʦ ʉʂɹɼ ʚʽʜʤʽʥʥʘ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʫ ʨʝʣʷʮʽʡʥʠʭ ʉʂɹɼ. ɼʘʥʽ ʫ 

HBase ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʪʘ 

ʥʘʧʽʚʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʧʘʨ ʢʣʶʯ-ʟʥʘʯʝʥʥʷ. ɼʘʥʘ ʉʂɹɼ 

ʥʘʜʘʻ ʥʘʩʪʫʧʥʽ ʤʦʞʣʠʚʦʩʪʽ [6]: 

- ʟʘʧʠʩ-ʟʯʠʪʫʚʘʥʥʷ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ; 

- ʽʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʽʥʥʷ ʉʂɹɼ; 
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- ʢʦʥʬʽʛʫʨʘʮʽʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʉʂɹɼ ʤʽʞ ʚʫʟʣʘʤʠ; 

- ʜʦʜʘʪʢʦʚʽ ʽʥʪʝʨʬʝʡʩʠ ʜʣʷ ʜʦʩʪʫʧʫ ʟʽ ʩʪʦʨʦʥʥʽʭ 
ʧʨʦʛʨʘʤ. 

ɸʈʍɯʊɽʂʊʋʈɸ ʉɸɿ 

ʈʦʟʛʣʷʥʝʤʦ ʘʨʭʽʪʝʢʪʫʨʫ ʉɸɿ, ʱʦ ʧʦʙʫʜʦʚʘʥʘ ʥʘ 

ʦʩʥʦʚʽ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ, ʚ ʥʦʪʘʮʽʾ UML [7] (ʨʠʩ. 2). 

ɺ ʨʦʟʨʦʙʣʝʥʽʡ ʘʨʭʽʪʝʢʪʫʨʽ ʙʫʣʠ ʚʨʘʭʦʚʘʥʽ ʫʩʽ 

ʚʠʤʦʛʠ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʩʪʨʫʢʪʫʨʥʦʶ ʩʭʝʤʦʶ ʪʘ 

ʦʢʨʝʤʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ. ʆʪʨʠʤʘʥʘ 

ʘʨʭʽʪʝʢʪʫʨʘ ʩʠʩʪʝʤʠ ʚʽʜʧʦʚʽʜʘʻ ʪʠʧʫ master-slave.  

Master-ʚʫʟʦʣ ʢʝʨʫʻ ʦʧʝʨʘʮʽʷʤʠ ʧʨʦʩʪʦʨʫ ʽʤʝʥ 

ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ (ʪʘʢʠʤʠ ʷʢ ʚʽʜʢʨʠʪʪʷ, ʟʘʢʨʠʪʪʷ ʪʘ 

ʧʝʨʝʡʤʝʥʫʚʘʥʥʷ ʬʘʡʣʽʚ ʽ ʢʘʪʘʣʦʛʽʚ), ʨʝʛʫʣʶʻ ʜʦʩʪʫʧ 

ʢʣʽʻʥʪʽʚ ʜʦ ʬʘʡʣʽʚ, ʻ ʪʦʯʢʦʶ ʚʟʘʻʤʦʜʽʾ ʤʽʞ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʪʘ ʩʠʩʪʝʤʦʶ MapReduce; ʚʠʢʦʥʫʻ 

ʧʨʠʟʥʘʯʝʥʥʷ ʨʝʛʽʦʥʫ, ʢʦʥʪʨʦʣʶʻ ʦʧʝʨʘʮʽʾ DDL 

(ʩʪʚʦʨʝʥʥʷ, ʚʠʜʘʣʝʥʥʷ ʪʘʙʣʠʮʴ) ʙʘʟʠ ʜʘʥʠʭ HBase. 

ɺʽʜʧʦʚʽʜʘʻ ʟʘ: 

- ʜʦʜʘʪʢʦʚʽ ʽʥʪʝʨʬʝʡʩʠ ʜʣʷ ʜʦʩʪʫʧʫ ʟʽ ʩʪʦʨʦʥʥʽʭ 

ʧʨʦʛʨʘʤ; 

- ʢʦʦʨʜʠʥʘʮʽʶ ʩʝʨʚʝʨʽʚ ʨʝʛʽʦʥʫ; 

- ʧʨʠʟʥʘʯʝʥʥʷ ʨʝʛʽʦʥʽʚ ʧʨʠ ʟʘʧʫʩʢʫ; 

- ʧʝʨʝʧʨʠʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʝʡ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʘʙʦ 
ʙʘʣʘʥʩʫʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

- ʤʦʥʽʪʦʨʠʥʛ ʫʩʽʭ ʧʨʠʤʽʨʥʠʢʽʚ RegionServer ʫ 

ʢʣʘʩʪʝʨʽ (ʧʨʦʩʣʫʭʦʚʫʻ ʩʧʦʚʽʱʝʥʥʷ ʚʽʜ Zookeeper). 

ʂʨʽʤ ʪʦʛʦ, ʥʘ master-ʚʫʟʣʽ ʨʦʟʤʽʱʝʥʦ ʧʨʠʡʤʘʯ 

ʜʘʥʠʭ ʚʽʜ ʫʩʽʭ ʘʛʝʥʪʽʚ (slave-ʚʫʟʣʽʚ), ʱʦ ʟʙʠʨʘʶʪʴ ʪʘ 

ʦʙʨʦʙʣʷʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ. 

Slave-ʚʫʟʣʠ ʥʝʩʫʪʴ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʧʠʪʽʚ ʥʘ ʯʠʪʘʥʥʷ ʪʘ ʟʘʧʠʩ ʢʣʽʻʥʪʽʚ 

ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ ʨʘʟʦʤ ʽʟ ʚʠʢʦʥʘʥʥʷʤ ʩʪʚʦʨʝʥʥʷ, 

ʚʠʜʘʣʝʥʥʷ ʪʘ ʨʝʧʣʽʢʘʮʽʾ ʙʣʦʢʽʚ ʟʘ ʽʥʩʪʨʫʢʮʽʻʶ master-

ʚʫʟʣʘ; ʚʠʢʦʥʫʶʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʟʘʜʘʯʽ MapReduce, 

ʱʦ ʥʘʜʘʶʪʴʩʷ master-ʚʫʟʣʦʤ; ʚʠʢʦʥʫʶʪʴ ʟʘʜʘʯʽ ʟʙʦʨʫ, 

ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʟʘʧʠʩʫ ʜʦ ʙʘʟʠ ʜʘʥʠʭ.  

ɺʀʉʅʆɺʂʀ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ɯʈʆ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ 

ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʚʘʨʪʽʩʪʴ-

ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʣʘʩʪʝʨʠ, ʧʦʙʫʜʦʚʘʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ Hadoop, ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ.  

ʈʦʟʨʦʙʣʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʽ ʉɸɿ ʚ ʮʽʣʦʤʫ ʟʘʙʝʟʧʝʯʫʻ: 

ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ, ʤʦʜʫʣʴʥʽʩʪʴ ʪʘ ʛʥʫʯʢʽʩʪʴ ʫ 

ʥʘʣʘʰʪʫʚʘʥʥʽ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ.  

ʄʦʜʫʣʴʥʽʩʪʴ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦʟʚʦʣʷʻ ʧʽʜʢʣʶʯʘʪʠ 

ʜʦʜʘʪʢʦʚʽ ʤʦʜʫʣʽ ʜʦ ʩʢʣʘʜʫ ʨʦʙʦʯʠʭ ʧʨʦʛʨʘʤʥʠʭ 

ʩʠʩʪʝʤ ʘʙʦ ʦʢʨʝʤʦ ʚʽʜ ʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʮʠʭ ʩʠʩʪʝʤ.  

ʇʝʨʝʚʘʛʘʤʠ ʩʠʩʪʝʤʠ ʤʦʞʥʘ ʥʘʟʚʘʪʠ: 

- ʧʦʻʜʥʘʥʥʷ ʨʝʩʫʨʩʽʚ: ʦʙôʻʜʥʘʥʥʷ ʥʘʷʚʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʻ ʯʽʪʢʦʶ ʧʝʨʝʚʘʛʦʶ, 

ʘʣʝ ʧʨʦʮʝʩʦʨ ʪʘ ʦʙôʻʜʥʘʥʥʷ ʧʘʤ'ʷʪʽ ʪʘʢʦʞ ʥʘʜʟʚʠʯʘʡʥʦ 

ʚʘʞʣʠʚʽ; ʦʙʨʦʙʢʘ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʚʠʤʘʛʘʻ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʩʽʭ ʪʨʴʦʭ ʮʠʭ ʨʝʩʫʨʩʽʚ; 

- ʚʠʩʦʢʘ ʜʦʩʪʫʧʥʽʩʪʴ: ʢʣʘʩʪʝʨʠ ʤʦʞʫʪʴ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʨʽʟʥʠʡ ʨʽʚʝʥʴ ʩʪʽʡʢʦʩʪʽ ʜʦ ʚʽʜʤʦʚ ʪʘ 

ʥʘʷʚʥʦʩʪʽ ʛʘʨʘʥʪʽʡ, ʱʦʙ ʟʘʧʦʙʽʛʪʠ ʘʧʘʨʘʪʥʦʤʫ ʘʙʦ 

ʧʨʦʛʨʘʤʥʦʤʫ ʟʙʦʶ ʚʽʜ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ ʪʘ ʦʙʨʦʙʢʠ; 

ʮʝ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʚʘʞʣʠʚʠʤ, ʦʩʢʽʣʴʢʠ ʤʠ ʧʨʦʜʦʚʞʫʻʤʦ 

ʧʽʜʢʨʝʩʣʶʚʘʪʠ ʚʘʞʣʠʚʽʩʪʴ ʘʥʘʣʽʪʠʢʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ; 

- ʣʝʛʢʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ: ʢʣʘʩʪʝʨʠ ʧʦʣʝʛʰʫʶʪʴ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʜʦʜʘʚʰʠ ʜʦ ʛʨʫʧʠ 

ʜʦʜʘʪʢʦʚʽ ʤʘʰʠʥʠ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʨʝʘʛʫʚʘʪʠ ʥʘ ʟʤʽʥʠ ʚʠʤʦʛ ʜʦ ʨʝʩʫʨʩʽʚ ʙʝʟ ʨʦʟʰʠʨʝʥʥʷ 

ʬʽʟʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʤʘʰʠʥʽ. 
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ʧʨʦʩʪʨʘʥʩʪʚʘ ʅɸʅ ʋʢʨʘʠʥʳ 

ʂʠʝʚ, ʋʢʨʘʠʥʘ 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʙʘʟʦʚʳʭ 

ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʥʦʛʦʢʦʥʪʫʨʥʳʭ 

ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʙʘʢʦʤ-ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʥʘ 

ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʯʠʩʣʝʥʥʘʷ ʧʨʦʮʝʜʫʨʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ 

ʨʝʞʠʤʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʢʘʟʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

SolidWorks, ʧʦʟʚʦʣʷʶʱʝʛʦ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʣʶʙʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʜʘʪʴ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʠ ʥʘʛʣʷʜʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ 

ʧʨʦʪʝʢʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ, 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 

ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

ɺɺɽɼɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤʠ ʜʣʷ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʞʠʣʠʱʥʦ-

ʢʦʤʤʫʥʘʣʴʥʦʤ ʭʦʟʷʡʩʪʚʝ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʢʦʥʪʫʨʥʳʝ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʠ ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʤʝʝʚʠʢʦʚ (ʨʠʩ.1). ʅʦ ʧʨʠ ʠʭ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʢʘʢʘʷ 

ʠʤʝʥʥʦ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʟʤʝʝʚʠʢʦʚʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʧʘʪʝʥʪʦʚʘʥʥʘʷ 

ʦʜʥʠʤ ʠʟ ʘʚʪʦʨʦʚ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʄʊɸɹ [1] ʥʘ 

ʦʩʥʦʚʝ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ (ʊʆ) ʟʤʝʝʚʠʢʦʚʦʛʦ ʪʠʧʘ ʩ 

ʘʢʢʫʤʫʣʠʨʫʶʱʠʤ ʙʘʢʦʤ (ʨʠʩ.2). 

ɿʜʝʩʴ ʇɸʋ ï ʧʦʜʦʛʨʝʚʘʶʱʝ-ʘʢʢʫʤʫʣʠʨʫʶʱʘʷ 

ʫʩʪʘʥʦʚʢʘ; ʀʊʇ ï ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʫʥʢʪ; 

iG   ʟʘʪʨʘʪʳ ʥʘʛʨʝʚʘʝʤʳʭ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ; ic ï 

ʪʝʧʣʦʸʤʢʦʩʪʠ ʥʘʛʨʝʚʘʝʤʳʭ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ; 
I

it  ï

ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʝ; 
ʩʨ

i
t   ʩʨʝʜʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ; 
1 2 3 4

, , ,II II II IIt t t t  ï ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʚʳʭʦʜʝ ʢʦʥʪʫʨʘ; 
ʦʢʨt   ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ; 
iF  ï ʜʠʘʤʝʪʨʳ ʢʦʥʪʫʨʦʚ; 

ik ï ʟʘʪʨʘʪʳ ʪʝʧʣʘ; 

ʦʙʱk  ï ʦʙʱʠʝ ʟʘʪʨʘʪʳ ʪʝʧʣʘ. 
iA  ï ʧʣʦʱʘʜʴ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ; i  ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʥʪʫʨ 

ʄʊɸɹ. 

 

ʈɸʉʏɽʊ ɹɸɿʆɺʓʍ ʂʆʅʉʊʈʋʂʊʀɺʅʓʍ ʇɸʈɸʄɽʊʈʆɺ 

ʄʊɸɹ ɺ ʉʊɸʎʀʆʅɸʈʅʆʄ ʈɽɾʀʄɽ 

ʆʧʨʝʜʝʣʷʝʤ ʪʝʧʣʦʚʫʶ ʤʦʱʥʦʩʪʴ ʄʊɸɹ ʜʣʷ 

ʢʦʥʪʫʨʦʚ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ Q2 ʠ ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ Q3 ʧʦ ʬʦʨʤʫʣʘʤ: 

 
2 2 2 2 1

( ),II IIQ G c t t= -  (1) 

 
3 3 3 3 3

( ),II IIQ G c t t= -  (2) 

ʛʜʝ 
2c  ʠ 

3c  ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʧʨʠ 

ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ 2

ʩʨt  ʪʘ3
ʩʨt : 

2 2 2 3 3 3
0,5( )ʠ 0,5( ).ʩʨ II I ʩʨ II It t t t t t= + = + (3) 

ʉ ʫʯʝʪʦʤ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʯʝʨʝʟ ʥʘʨʫʞʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʙʘʢʘ-ʘʢʢʫʤʫʣʷʪʦʨʘ ʦʧʨʝʜʝʣʷʝʤ ʨʘʩʭʦʜ 

ʧʝʨʚʠʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʧʦ ʬʦʨʤʫʣʝ: 

 
2 3

1

1 1 1

.
( )

ʇʆʊII II

Q Q
G

C t t
h

+
=

-
 (4) 

ɽʩʣʠ ʧʝʨʚʠʯʥʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʧʘʨ, ʪʦ 

ʬʦʨʤʫʣʘ (4) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 

 

ʈʠʩ. 1. ʊʝʧʣʦʦʙʤʝʥʥʠʢʠ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 
ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʤʝʝʚʠʢʦʚ 

 
ʈʠʩ. 2. ʊʝʧʣʦʦʙʤʝʥʥʠʢʠ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʤʝʝʚʠʢʦʚ 
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2 3 ,

( )
ʇ ʇʆʊII I

ʇ

Q Q
G

ʽ i
h

+
=

-
 (5) 

ʛʜʝ  
1ʉD  ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʧʨʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 

 1 1 1
0,5( ),cp II It t t= -  (6) 

ʛʜʝ 
II

ʇi ï ʵʥʪʘʣʴʧʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 

ʈʅɸʉ; 
Ii ï ʵʥʪʘʣʴʧʠʷ ʚʦʜʳ ʥʘ ʣʠʥʠʠ ʥʘʩʳʱʝʥʠʷ ʧʨʠ 

ʜʘʚʣʝʥʠʠ ʈʅɸʉ; ʇʆʊh ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʪʝʧʣʦʪʳ 

ʯʝʨʝʟ ʚʥʝʰʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ɹɸ. 

ɼʘʣʝʝ ʨʘʩʧʠʩʳʚʘʝʤ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ 

[2]: 

ï ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʧʝʨʚʠʯʥʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ: 

 1 2 1 1 1 2
( );cp cpQ K F t t

-
= -  (7) 

ï ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʧʝʨʚʠʯʥʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʠ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʢʦʥʪʫʨʘ ʩʠʩʪʝʤʳ ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ: 

 1 3 2 3 1 3
( );cp cpQ K F t t

-
= -  (8) 

ï ʪʝʧʣʦʦʙʤʝʥ ʤʝʞʜʫ ʧʝʨʚʠʯʥʳʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʠ 

ʚʦʜʦʡ ʚ ɹɸ ʯʝʨʝʟ ʢʦʨʧʫʩ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ: 

 1 4 3 1 1 4
( ).cp cpQ K F t t

-
= -  (9) 

ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʚʠʯʥʦʛʦ 

ʛʨʝʶʱʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ, 

ʥʘʛʨʝʚʘʝʤʳʭ ʚ ʟʤʝʝʚʠʢʘʭ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʠ 

ʩʠʩʪʝʤʳ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʚʦʜʳ ʚ ɹɸ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ: 

 
1 1 1

0,5( ),cp I IIt t t= +  (10 

 
2 2 2

0,5( ),cp I IIt t t= +  (11) 

 
3 3 3

0,5( ),cp I IIt t t= +  (12) 

 
4 4 4

0,5( ).cp I IIt t t= +  (13) 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʨʠʥʠʤʘʝʤʦʝ 

ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ ʢʦʥʪʫʨʘ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ: 

 
2 2 2 2 2

( ).I IIQ G c t t= +  (14) 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʧʦʣʫʯʘʝʤʦʡ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ 

ʢʦʥʪʫʨʘ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ: 

 
3 3 3 3 3

( ).I IIQ G c t t= +  (15) 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʠʜʫʱʝʡ ʥʘ ʧʦʜʦʛʨʝʚ ʚʦʜʳ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ɹɸ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʚʦʜʦʦʪʚʝʜʝʥʠʷ ʥʘ 

ʛʦʨʷʯʝʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʯʝʨʝʟ ʢʦʨʧʫʩ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ: 

 
4 4 4 4 4

( ).cp cpQ G c t t= +  (16) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʝʪ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʩʥʦʚʘʥ ʥʘ ʩʦʚʤʝʩʪʥʦʤ ʨʝʰʝʥʠʠ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʠ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʠ (7) ï (9) 

ʠ (14) ï (16). ʕʪʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʫʨʘʚʥʝʥʠʡ c ʜʚʝʥʘʜʮʘʪʴʶ ʥʝʠʟʚʝʩʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ: 

1 2 1 3 1 4 1 2 3 2 2 2 4 2 4
, , , , , , , , , , , .I IIQ Q Q F F F G t t G Q Q

- - -
 

ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʚʝʣʠʯʠʥʫ 2

It  ʤʦʞʥʦ 

ʧʨʠʥʷʪʴ ʨʘʚʥʦʡ 2t  ʚ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʄʊɸɹ. ʆʪʩʶʜʘ, ʚʝʣʠʯʠʥʘ 2 2
( )II It t-  

ʜʦʣʞʥʘ ʙʳʪʴ ʙʣʠʟʢʦʡ ʢ ʥʫʣʶ. ʆʪʢʣʦʥʝʥʠʷ ʝʝ ʦʪ ʥʫʣʷ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʝʨʦʡ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʜʦʧʫʩʪʠʤʳʭ 

ʫʧʨʦʱʝʥʠʡ. ɽʩʣʠ 2 2
( ) 0,II It t- <ʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʫʚʝʣʠʯʠʪʴ ʪʝʧʣʦʦʙʤʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʟʤʝʝʚʠʢʘ 

ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʄʊɸɹ, ʘ ʝʩʣʠ 2 2
( ) 0,II It t- >  

ʪʦʛʜʘ ʪʝʧʣʦʦʙʤʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʥʦ ʥʝ ʤʝʥʷʪʴ, ʘ 

ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ ʧʝʨʚʠʯʥʦʛʦ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 
1G . 

ɿʘʜʘʚʘʷ ʯʘʩʪʴ ʠʟʚʝʩʪʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʜʨʫʛʠʝ ʧʦ ʟʘʜʘʥʥʳʤ 

ʩʪʘʮʠʦʥʘʨʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʘʤ. ʇʦʣʫʯʝʥʥʳʝ 

ʙʘʟʦʚʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʶ ʩʫʤʤʘʨʥʦʛʦ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ: 

1 1 1 1 2 2 2 2 3 3 3 3

4 4 4 4 4 4 4

1 2 1 2 2 3 1 3

3 1 1 4 4 4 4

( ) ( ) ( )

( ) ( );

( ) ( )

( ) ( ).

I II II I II I

II I II

ʦʢʨ

ʦʙʱ cʨ cʨ cʨ cʨ

ʦʙʱ cʨ

TO cʨ cʨ TA cʨ

ʦʢʨ

G c t t G c t t G c t t

G c t t G c t t

k F t k F t t k F t t

k F t t k F t t

Ö - = Ö - + Ö - +

+ Ö - + Ö -

ä ÖD = Ö - + Ö - +

+ Ö - + Ö -

 (17) 

ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʘ (17) ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʦʧʨʝʜʝʣʝʥʥʦʡ, ʪʦ ʚʩʝʛʜʘ ʙʫʜʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ 

ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʫʨʘʚʥʝʥʠʷʭ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ (17). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʩʦʙʨʘʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʨʘʩʯʝʪʦʚ ʄʊɸɹ ʧʨʠ ʝʛʦ 

ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ, ʥʝʦʙʭʦʜʠʤʦ 

ʫʪʦʯʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʙʘʟʦʚʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ɼʣʷ ʵʪʦʛʦ ʥʠʞʝ ʧʨʝʜʣʦʞʝʥʘ ʯʠʩʣʝʥʥʘʷ 

ʧʨʦʮʝʜʫʨʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʤʦʜʝʣʝʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ 

ʟʤʝʝʚʠʢʦʚʦʛʦ ʪʠʧʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʦʯʝʪʘʥʠʠ ʤʝʪʦʜʦʚ 

ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ. 

ʈʝʰʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʩʣʦʚʠʡ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ 

ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ (17). ʇʨʦʮʝʜʫʨʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʦʩʠʪ ʠʪʝʨʘʪʠʚʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʘʣʛʦʨʠʪʤ 

ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʥʘ ʪʝʢʫʱʝʤ ʰʘʛʝ ʧʦ ʟʥʘʯʝʥʠʶ 

ʧʨʝʜʳʜʫʱʝʛʦ ʰʘʛʘ: 

 1
( ).

k k
Y f Y

-
=  (18) 

ʂʦʨʨʝʢʮʠʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʦʙ ʠʭ ʚʣʠʷʥʠʠ ʥʘ ʨʘʙʦʪʫ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. ʄʝʨʦʡ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʷʚʣʷʶʪʩʷ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʥʝʚʷʟʢʠ kQ  ʤʝʞʜʫ ʨʘʩʯʝʪʥʳʤ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʧʦʣʫʯʝʥʥʳʤ ʥʘ 

ʨʝʘʣʴʥʦʤ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ʚ ʨʝʞʠʤʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʕʪʠ ʥʝʚʷʟʢʠ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

Y, ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ X  ʠ 

ʚʙrʨʘʥʥʳʭ ʧʦʩʪʦʷʥʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

Z  ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ. ʇʨʠʨʘʚʥʠʚʘʷ ʥʝʚʷʟʢʠ ʥʫʣʶ, 

ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 

 ( , , ) 0.Q Y X Z =  (19) 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʝʤ ʤʝʪʦʜʦʤ 

ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ [8], ʢʦʛʜʘ ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʜʜʠʪʠʚʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ k
YD . 

ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʗʢʦʙʠ ʚ ʤʝʪʦʜʝ ʅʴʶʪʦʥʘ-ʈʘʬʩʦʥʘ 

[3] ʚʳʯʠʩʣʷʶʪʩʷ ʯʠʩʣʝʥʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ 

ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʢʘʞʜʦʛʦ ʠʟ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ kY  ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʥʝʚʷʟʦʢ kQ . ʇʘʨʘʤʝʪʨʳ ʩʯʠʪʘʶʪʩʷ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ: 

 
1 ,

n

k

k

Q

I
n

e== ¢
ä

 (20) 

ʛʜʝ n  ï ʢʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ, eï ʟʘʜʘʥʥʘʷ 
ʜʦʧʫʩʪʠʤʘʷ ʦʰʠʙʢʘ. 

ʀʄʀʊɸʎʀʆʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ ʆʇʈɽɼɽʃɽʅʀɽ 

ʆʇʊʀʄɸʃʔʅʓʍ ʇɸʈɸʄɽʊʈʆɺ ʊɽʇʃʆ- ʀ 

ʄɸʉʉʆʆɹʄɽʅʅʓʍ ʇʈʆʎɽʉʉʆɺ ɺ ʄʊɸɹ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʧʣʦ- 

ʠ ʤʘʩʩʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʄʊɸɹ ʥʝʦʙʭʦʜʠʤʦ, 

ʢʨʦʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, 

ʠʤʝʪʴ ʜʠʥʘʤʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʄʊɸɹ. ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʳ ʚʝʩʴʤʘ ʩʣʦʞʥʳ ʠ 

ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʩ 

ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʡ ʠ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʷʭ ʪʨʝʙʫʶʪ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ 

[4,5]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʄʊɸɹ (ʨʠʩ.3) ʚ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ [5] ʧʦʣʫʯʝʥʘ 

ʫʧʨʦʱʝʥʥʘʷ ʦʜʥʦʢʦʦʨʜʠʥʘʪʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

(21) ï (23). 
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ɼʣʷ ʢʦʥʪʫʨʘ ʩʠʩʪʝʤʳ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʨʠ 

1i =  ʠʤʝʝʤ: 
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ɼʣʷ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ 

ʢʦʥʪʫʨʦʚ ʧʨʠ i=1 ʠʤʝʝʤ: 
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ɼʣʷ ʧʨʦʪʠʚʦʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ 1Q  ʠ 2Q ; 1Q  ʠ 

3Q ; 3Q  ʠ 4Q ï ʢʦʥʝʯʥʳʤ ʝʩʪʴ n -ʡ ʰʘʛ. 

ʀʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʄʊɸɹ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ, ʚʨʝʤʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʪʫʨʘʭ ʄʊɸɹ ʠ ʜʨ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ 

ʩʠʩʪʝʤʫ (21) ï (23) ʠʟʚʝʩʪʥʳʤʠ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʧʨʠ ʚʘʨʠʘʮʠʠ ʥʘʯʘʣʴʥʳʭ ʠ ʢʦʥʝʯʥʳʭ ʟʥʘʯʝʥʠʡ 

ʪʝʤʧʝʨʘʪʫʨ, ʩʢʦʨʦʩʪʠ ʧʝʨʝʢʘʯʢʠ ʚʦʜʳ ʥʘʩʦʩʦʤ, 

ʨʘʩʭʦʜʘ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ ʠ ʜʨ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʨʠʩ.4 

ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ʟʤʝʝʚʠʢʦʚʦʛʦ ʪʠʧʘ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʩʭʦʜʘ ʠ ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ. 

ʂʨʦʤʝ ʚʦʟʤʦʞʥʦʩʪʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʩ ʬʠʢʩʠʨʦʚʘʥʠʝʤ ʟʥʘʯʝʥʠʡ ʠʩʩʣʝʜʫʝʤʳʭ 

 

ʈʠʩ. 3. ɹʦʢʦʚʦʝ ʠ ʣʠʮʝʚʦʝ ʩʝʯʝʥʠʷ ʄʊɸɹ ʟʤʝʝʚʠʢʦʚʦʛʦ ʪʠʧʘ 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʝ ʟʤʝʝʚʠʢʦʚʦʛʦ ʪʠʧʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʩʭʦʜʘ ʠ 

ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ 

 



ȣəɠɚɜɘɌɢɱɕəɱ ɝɔɝɞɑɘɔ ɞɌ ɞɑɡəɚɗɚɏɱɲ 27  

 
ʧʘʨʘʤʝʪʨʦʚ, ʩʠʩʪʝʤʘ SolidWorks ʧʦʟʚʦʣʷʝʪ 

ʛʨʘʬʠʯʝʩʢʠ ʦʪʦʙʨʘʟʠʪʴ ʧʨʦʮʝʩʩʳ ʩʤʝʰʠʚʘʥʠʷ ʠ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʤʘʩʩ ʚʦʜʳ ʚ ʢʘʞʜʦʤ 

ʢʦʥʪʫʨʝ, ʪʘʢ ʠ ʚ ɹɸ. ʊʘʢ, ʥʘ ʨʠʩ.5 ʛʨʘʬʠʯʝʩʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ 

ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʢʦʥʪʫʨʝ ʩʠʩʪʝʤʳ ʛʦʨʷʯʝʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʄʊɸɹ, ʘ ʥʘ ʨʠʩ.6 ʬʨʘʛʤʝʥʪ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʄʊɸɹ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʫ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ 

SolidWorks ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʟʘʜʘʯʫ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʷ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʪʦʢʠ ʞʠʜʢʦʩʪʝʡ ʩ ʫʯʝʪʦʤ ʛʝʦʤʝʪʨʠʠ 

ʄʊɸɹ, ʩʚʦʡʩʪʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʫʩʣʦʚʠʡ 

ʧʨʦʪʝʢʘʥʠʷ ʪʝʧʣʦʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ɺʓɺʆɼʓ 

ɼʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʄʊɸɹ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɸʉʊʉ ʠ ʠʭ ʫʪʦʯʥʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʚ ʢʦʥʪʫʨʘʭ ʦʪʦʧʣʝʥʠʷ ʠ 

ʧʦʜʘʯʠ ʛʦʨʷʯʝʡ ʚʦʜʳ. 
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ɸʥʦʪʘʮʽʷ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʢʦʥʮʝʧʮʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʪʘ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʜʘʥʠʭ ʚ ʭʤʘʨʥʠʭ 

ʦʙʯʠʩʣʝʥʥʷʭ,  ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʽʜʭʽʜ ʦʨʽʻʥʪʘʮʽʾ ʥʘ 

ʙʝʟʧʝʢʫ ʜʘʥʠʭ. ʇʨʠʚʦʜʠʪʴʩʷ ʩʧʦʩʽʙ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʽʚ ʭʤʘʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʝʟʧʝʢʘ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʙʝʟʧʝʢʘ ʜʘʥʠʭ, 

ʦʨʽʻʥʪʘʮʽʷ ʥʘ ʙʝʟʧʝʢʫ ʜʘʥʠʭ. 

ɺʉʊʋʇ 

ʋ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʥʷʭ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚ 

ʦʩʥʦʚʥʦʤʫ, ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʽʨʪʫʘʣʴʥʠʭ ʩʭʦʚʠʱʘʭ 

ʭʤʘʨʥʠʭ ʽʥʬʨʘʩʪʨʫʢʪʫʨ. ɺ ʪʘʢʠʭ ʧʫʙʣʽʯʥʠʭ ʤʦʜʝʣʷʭ ʷʢ 

ñʧʨʦʛʨʘʤʘ ʷʢ ʧʦʩʣʫʛʘò (SaaS) ʪʘ ñʨʦʙʦʯʝ ʤʽʩʮʝ ʷʢ 

ʩʝʨʚʽʩò (DaaS) ʢʦʨʠʩʪʫʚʘʯʽ ʚʦʣʦʜʽʶʪʴ ʣʠʰʝ ʜʘʥʠʤʠ, 

ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʟʙʝʨʽʛʘʥʥʽ [1, 2]. ɺʩʝ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʟʘʣʫʯʝʥʝ ʜʦ ʟʙʝʨʽʛʘʥʥʷ ʪʘ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʣʘʩʥʦʩʪʽ ʩʝʨʚʽʩ 

ʧʨʦʚʘʡʜʝʨʽʚ. ɺ ʽʥʰʠʭ ʤʦʜʝʣʷʭ, ʪʘʢʠʭ ʷʢ ʧʫʙʣʽʯʥʽ IaaS 

ʠ PaaS ʤʦʜʝʣʽ, ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʜʦʩʪʫʧ ʜʦ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ʪʘ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ 

ʜʦʩʪʫʧʫ ʜʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʤʘʻ [3]. 

ɺʽʜʧʦʚʽʜʥʦ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʦʨʠʩʪʫʚʘʯʘ ʭʤʘʨʥʦʛʦ 

ʩʝʨʚʽʩʫ, ʥʘʡʙʽʣʴʰ ʮʽʥʥʠʤ ʘʢʪʠʚʦʤ ʚ ʭʤʘʨʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʻ ʡʦʛʦ ʜʘʥʽ, ʦʩʦʙʣʠʚʦ ʪʽ ʜʘʥʽ, ʱʦ ʤʽʩʪʷʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʜʝʣʽʢʘʪʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʽ ʚʠʤʘʛʘʶʪʴ 

ʦʩʦʙʣʠʚʦʛʦ ʩʪʘʚʣʝʥʥʷ, ʘ ʩʘʤʝ: ʜʘʥʽ ʫʨʷʜʦʚʦʛʦ 

ʭʘʨʘʢʪʝʨʫ, ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʪʘ ʬʽʥʘʥʩʦʚʦʛʦ ʩʧʝʢʪʨʫ. 

ʇʝʨʝʚʘʛʠ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʤʘʨʥʠʭ 

ʦʙʯʠʩʣʝʥʴ, ʜʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ, ʱʦ ʨʘʥʽʰʝ 

ʨʦʟʤʽʱʫʚʘʣʠ ʜʝʣʽʢʘʪʥʽ ʜʘʥʽ ʥʘ ʩʚʦʾʭ ʇʂ, ʙʽʣʴʰ 

ʧʨʠʚʘʙʣʠʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʦ ʘʫʪʩʦʨʩʠʥʛʫ ʩʚʦʾʭ ʜʘʥʠʭ ʚ 

ʭʤʘʨʫ. ʗʢ ʽ ʙʫʜʴ-ʷʢʽ ʽʥʰʽ ʧʦʩʣʫʛʠ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, 

ʭʤʘʨʥʽ ʩʝʨʚʽʩʠ ʪʘʢʦʞ ʟʘʟʥʘʶʪʴ ʘʪʘʢ ʥʘ ʩʠʩʪʝʤʠ 

ʙʝʟʧʝʢʠ. ʂʦʤʧʨʦʤʝʪʘʮʽʷ ʜʦʩʪʫʧʥʦʩʪʽ ʭʤʘʨʥʠʭ ʧʦʩʣʫʛ, 

ʢ̫ ʧʨʘʚʠʣʦ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʨʦʪʢʦʩʪʨʦʢʦʚʠʭ ʝʬʝʢʪʽʚ ʽ 

ʧʦʰʢʦʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʦʚʣʝʥʽ. 

ʂʦʤʧʨʦʤʝʪʘʮʽʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʧʨʠʚʘʪʥʦʩʪʽ 

ʜʘʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʭʤʘʨʥʠʭ ʧʦʩʣʫʛ, ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʜʦ ʜʦʚʛʦʩʪʨʦʢʦʚʠʭ ʝʬʝʢʪʽʚ ʽ ʙʫʜʴ-ʷʢʽ 

ʚʪʨʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʦʩʪʘʪʥʴʦ ʚʘʞʢʠʤ ʜʣʷ 

ʚʽʜʥʦʚʣʝʥʥʷ. 

ɺʥʫʪʨʽʰʥʽ ʨʠʟʠʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ-

ʟʣʦʚʤʠʩʥʠʢʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʦʡ ʩʘʤʠʡ ʭʤʘʨʥʠʡ 

ʩʝʨʚʽʩ, ʽ ʧʦʤ'ʷʢʰʝʥʥʷ ʨʠʟʠʢʽʚ, ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, 

ʟʘʣʝʞʠʪʴ ʧʦʚʥʽʩʪʶ ʚʽʜ ʭʤʘʨʥʦʛʦ ʧʨʦʚʘʡʜʝʨʘ ʽ 

ʚʠʭʦʜʠʪʴ ʟ-ʧʽʜ ʢʦʥʪʨʦʣʶ ʚʣʘʩʥʠʢʘ ʜʘʥʠʭ. ɿ ʪʦʯʢʠ ʟʦʨʫ 

ʚʣʘʩʥʠʢʽʚ ʜʘʥʠʭ, ʭʤʘʨʥʝ ʩʝʨʝʜʦʚʠʱʝ ʥʝʚʠʜʠʤʝ ʽ 

ʚʣʘʩʥʠʢ ʜʘʥʠʭ ʥʝ ʚʧʝʚʥʝʥʠʡ ʚ ʪʦʤʫ, ʷʢ ʡʦʛʦ/ʾʾ ʜʘʥʽ 

ʟʘʭʠʱʝʥʽ ʚʽʜ ʨʠʟʠʢʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʙʝʟʧʝʢʦʶ [4]. ʆʪʞʝ, 

ʚʣʘʩʥʠʢʠ ʜʘʥʠʭ ʩʪʫʨʙʦʚʘʥʽ ʙʝʟʧʝʢʦʶ ʪʘ ʧʨʠʚʘʪʥʽʩʪʶ 

ʾʭ ʜʘʥʠʭ ʽ ʤʘʶʪʴ ʙʘʞʘʥʥʷ ʟʙʝʨʝʛʪʠ ʩʚʦʾ ʜʘʥʽ ʚ ʙʝʟʧʝʮʽ, 

ʥʘʚʽʪʴ ʚʽʜ ʩʝʨʚʽʩ ʧʨʦʚʘʡʜʝʨʘ ʭʤʘʨʥʠʭ ʧʦʩʣʫʛ. ʂʨʽʤ 

ʪʦʛʦ, ʚʦʥʠ ʥʘʜʘʶʪʴ ʧʝʨʝʚʘʛʫ ʚʣʘʩʥʦʨʫʯ ʫʧʨʘʚʣʷʪʠ 

ʧʦʣʽʪʠʢʦʶ ʙʝʟʧʝʢʠ ʩʚʦʾʭ ʜʘʥʠʭ ʚ ʙʝʟʧʝʯʥʦʤʫ ʨʝʞʠʤʽ, 

ʷʢ ʥʽʙʠ ʮʽ ʜʘʥʽ ʟʙʝʨʽʛʘʣʠʩʷ ʥʘ ʾʭ ʇʂ. 

ʂʆʅʎɽʇʎɯʗ ʆʈɯɭʅʊʆɺɸʅʆɻʆ ʅɸ ɹɽɿʇɽʂʋ ɼɸʅʀʍ 

ʇɯɼʍʆɼʋ 

ɺ ʜʘʥʦʤʫ ʧʫʥʢʪʽ ʚʠʟʥʘʯʝʥʘ ʢʦʥʮʝʧʮʽʷ 

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘ ʙʝʟʧʝʢʫ ʜʘʥʠʭ ʚʽʜʭʦʜʫ (care data).  ʎʷ 

ʢʦʥʮʝʧʮʽʷ ʙʝʨʝ ʟʘ ʦʩʥʦʚʫ ʦʛʣʷʜ ʧʦʧʝʨʝʜʥʽʭ 

ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ ʧʦ ʢʦʥʮʝʧʮʽʷʤ ʦʨʽʻʥʪʘʮʽʾ ʥʘ 

ʙʝʟʧʝʢʫ ʜʘʥʠʭ (ʆɹɼ) ʩʪʦʩʦʚʥʦ ʤʦʜʝʣʽ ʭʤʘʨʠ [5, 6]. ɺ 

ʜʘʥʽʡ ʢʦʥʮʝʧʮʽʾ ʙʝʟʧʝʢʘ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʝʥʘ ʧʝʨʰ, ʥʽʞ 

ʧʦʢʠʥʫʪʠ ʜʦʚʽʨʝʥʠʡ ʜʦʤʝʥ ʚʣʘʩʥʠʢʘ ʜʘʥʠʭ. ɸ 

ʧʘʨʘʤʝʪʨʠ ʙʝʟʧʝʢʠ ʧʨʠʻʜʥʘʥʽ ʜʦ ʜʘʥʠʭ ʷʢ ʯʘʩʪʠʥʘ ʾʭ 

ʤʝʪʘʜʘʥʠʭ. ɺ ʽʜʝʘʣʴʥʽʡ ʩʠʪʫʘʮʽʾ, ʣʠʰʝ ʦʙʣʽʢʦʚʽ ʜʘʥʽ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʽʜʤʽʥʠ ʘʙʦ ʜʦʩʪʫʧʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʭʠʩʪʫ, ʟʘʣʠʰʘʶʪʴʩʷ ʧʦʟʘ ʜʘʥʠʤʠ ʽ 

ʚʣʘʩʥʠʢʦʤ ʜʘʥʠʭ ʪʘ ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭ ʧʨʘʚ ʜʦʩʪʫʧʫ. ɹʫʜʴ-ʷʢʽ ʽʥʰʽ ʥʝʦʙʭʽʜʥʽ 

ʧʘʨʘʤʝʪʨʠ ʙʝʟʧʝʢʠ ʤʘʶʪʴ ʙʫʪʠ ʜʦʜʘʥʽ ʜʦ ʜʘʥʠʭ. 

 ʅʘʩʪʫʧʥʠʡ ʩʧʠʩʦʢ ʚʠʜʽʣʷʻ ʢʨʠʪʝʨʽʾ, ʷʢʠʤ ʤʘʻ 

ʚʽʜʧʦʚʽʜʘʪʠ ʟʘʙʝʟʧʝʯʝʥʝ ʨʽʰʝʥʥʷ ʙʝʟʧʝʢʠ, ʥʘ ʦʩʥʦʚʽ 

ʆɹɼ ʧʽʜʭʦʜʫ: 

1. ʂʦʞʝʥ ʥʘʙʽʨ ʜʘʥʠʭ ï ʮʝ ʘʚʪʦʥʦʤʥʠʡ ʢʦʥʪʝʡʥʝʨ, 

ʱʦ ʟʜʘʪʝʥ ʩʘʤʦʩʪʽʡʥʦ ʦʧʠʩʫʚʘʪʠ ʩʝʙʝ ʪʘ ʟʘʭʠʱʘʪʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʤʦʛʠ ʙʝʟʧʝʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʙʦʨʫ 

ʜʘʥʠʭ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ 

ʥʴʦʛʦ ʪʘ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʙ'ʻʢʪʽʚ ʟʘ ʤʝʞʘʤʠ ʥʘʙʦʨʫ 

ʜʘʥʠʭ, ʟʘ ʚʠʥʷʪʢʦʤ ʜʝʷʢʠʭ ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ. 

2. ɿʘʭʠʩʪ ʜʘʥʠʭ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʝʨʚʽʩ-ʧʨʦʚʘʡʜʝʨʫ 

ʘʙʦ ʜʦʚʽʨʝʥʦʾ ʪʨʝʪʴʦʾ ʦʩʦʙʠ. 

3. ʃʠʰʝ ʚʣʘʩʥʠʢ ʜʘʥʠʭ ʥʝʩʝ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ 
ʩʪʚʦʨʝʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʚʠʤʦʛʘʤʠ ʙʝʟʧʝʢʠ ʪʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʟ ʤʦʤʝʥʪʫ 

ʡʦʛʦ ʩʪʚʦʨʝʥʥʷ ʜʦ ʢʽʥʝʮʴ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʥʘʙʦʨʫ 

ʜʘʥʠʭ. 

4. ɺʩʽ ʦʧʝʨʘʮʽʾ, ʧʦʚ'ʷʟʘʥʽ ʟ ʜʦʩʪʫʧʦʤ ʜʦ ʟʘʭʠʱʝʥʠʭ 
ʜʘʥʠʭ, ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʫʧʦʚʥʦʚʘʞʝʥʠʤʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʜʦʪʨʠʤʘʥʥʷʤ 

ʧʦʣʽʪʠʢʠ ʙʝʟʧʝʢʠ ʜʘʥʠʭ ʪʘ ʚʠʢʦʥʫʶʪʴʩʷ ʙʝʟ 

ʢʦʤʧʨʦʤʝʪʘʮʽʾ ʧʨʠʚʘʪʥʦʩʪʽ ʘʙʦ ʧʦʨʫʰʝʥʥʷ 

ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ  ʢʦʨʠʩʪʫʚʘʯʘ. 

DATA-ʆʈɯɭʅʊʆɺɸʅɽ ʈɯʐɽʅʅʗ 

Data-ʦʨʽʻʥʪʦʚʘʥʝ ʨʽʰʝʥʥʷ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʝʣʽʢʫ ʙʘʞʘʥʠʭ ʚʠʤʦʛ ʜʦ 

ʟʘʩʪʦʩʫʥʢʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ [7]: 

- ʜʘʥʽ ʟʘʰʠʬʨʦʚʘʥʽ ʪʘ ʜʦʩʪʫʧʥʽ ʣʠʰʝ ʜʣʷ 

ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

- ʜʘʥʽ ʜʦʩʪʫʧʥʽ ʜʣʷ ʧʦʰʫʢʫ ʙʝʟ ʟʘʛʨʦʟʠ ʜʣʷ ʾʭ 
ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ; 

- ʜʘʥʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʩʘʤʦʟʘʭʠʩʪʫ ʪʘ 

ʥʝʦʙʭʽʜʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ʙʝʟʧʝʢʠ; 

- ʧʘʨʘʤʝʪʨʠ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʧʨʠʭʦʚʘʥʽ ʚʽʜ 

ʧʨʦʚʘʡʜʝʨʽʚ ʭʤʘʨʥʠʭ ʩʝʨʚʝʨʽʚ ʪʘ ʽʥʰʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

- ʧʨʦʚʘʡʜʝʨ ʩʝʨʚʝʨʫ ʥʝ ʟʥʘʻ ʢʽʣʴʢʦʩʪʽ ʘʙʦ 

ʦʩʦʙʠʩʪʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʘʚʪʦʨʠʟʦʚʘʥʽ ʪʘ ʤʘʶʪʴ 

ʧʨʘʚʦ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ; 
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- ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʽ ʩʫʙôʻʢʪʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʧʦʩʣʫʛ, ʥʝ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ 

ʜʘʥʠʭ ʘʙʦ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʽʾ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘ 

ʜʘʥʠʭ ʘʚʪʦʨʠʟʦʚʘʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ; 

- ʜʘʥʽ ʤʽʩʪʷʪʴ ʚʩʶ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ 
ʧʝʨʝʚʽʨʢʠ ʾʭ ʮʽʣʽʩʥʦʩʪʽ ʜʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʣʷ 

ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

- ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʚʣʘʩʥʠʢʘʤʠ ʜʘʥʠʭ ʪʘ 

ʘʚʪʦʨʠʟʦʚʘʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʤʘʻ ʙʫʪʠ 

ʤʽʥʽʤʘʣʴʥʦʶ, ʦʩʦʙʣʠʚʦ ʱʦʜʦ ʢʣʶʯʦʚʠʭ ʮʽʣʝʡ 

ʫʧʨʘʚʣʽʥʥʷ. 

ʎʽ ʚʠʤʦʛʠ ʚʠʟʥʘʯʝʥʽ ʥʘʙʦʨʦʤ ʤʦʜʫʣʽʚ, ʢʦʞʝʥ ʟ 

ʷʢʠʭ ʪʦʯʥʦ ʨʝʘʣʽʟʫʻ ʧʨʠʥʘʡʤʥʽ ʦʜʥʫ ʽʟ ʟʘʟʥʘʯʝʥʠʭ 

ʚʠʱʝ ʚʠʤʦʛ. ɺʩʽ ʧʘʨʘʤʝʪʨʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 

ʬʫʥʢʮʽʡ ʙʝʟʧʝʢʠ, ʧʨʠʢʨʽʧʣʶʶʪʴʩʷ ʜʦ ʬʘʡʣʫ ʜʘʥʠʭ ʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʬʦʨʤʫʶʪʴ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʙʝʟʧʝʢʫ ʜʘʥʠʭ 

ʬʘʡʣ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʥʘʟʚʦʶ.  

ʂʆʅʊʈʆʃʔ ɼʆʉʊʋʇʋ 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʠʪʘʡʩʴʢʫ ʪʝʦʨʝʤʫ ʦ ʟʘʣʠʰʢʘʭ [8] ʽ 

ʨʝʘʣʽʟʫʻ ʢʨʠʧʪʦʩʠʩʪʝʤʫ ʟ ʧʫʙʣʽʯʥʠʤ ʢʣʶʯʝʤ ʜʣʷ 

ʙʝʟʧʝʯʥʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʩʝʨʝʜ ʘʚʪʦʨʠʟʦʚʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ʎʽ ʜʘʥʽ, ʷʢʽ ʽʥʦʜʽ ʟʛʘʜʫʶʪʴʩʷ ʷʢ ʨʝʩʫʨʩʠ, 

ʘʙʦ ʬʘʡʣʠ, ʟʘʭʠʱʝʥʽ ʩʠʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ 

ʰʠʬʨʫʚʘʥʥʷ ʽʟ ʩʝʢʨʝʪʥʠʤ ʢʣʶʯʦʤ ʂs. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ, 

ʨʝʩʫʨʩʦʤ ʤʦʞʝ ʙʫʪʠ ʥʘʙʽʨ ʜʘʥʠʭ ʘʙʦ ʬʘʡʣ, ʷʢʠʡ 

ʤʽʩʪʠʪʴ ʜʘʥʽ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʪʝʢʩʪ, ʘʫʜʽʦ, 

ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ ʚʽʜʝʦ. ɼʣʷ ʧʦʰʠʨʝʥʥʷ ʩʝʢʨʝʪʥʦʛʦ 

ʢʣʶʯʫ ʜʣʷ ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʡʦʛʦ 

ʟʘʰʠʬʨʦʚʘʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʧʫʙʣʽʯʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ ʚʽʜʢʨʠʪʦʛʦ ʢʣʶʯʘ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʐʠʬʨʫʚʘʥʥʷ ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʽʥʰʝ ʟʥʘʯʝʥʥʷ Cr, 

ʷʢʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʷʢʦʩʪʽ ʚʽʜʧʦʚʽʜʽ ʥʘ ʟʘʧʠʪ 

ʩʝʨʚʝʨʘ, ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʨʦʙʠʪʴ ʟʘʧʠʪ ʱʦʜʦ ʜʦʩʪʫʧʫ 

ʜʦ ʨʝʩʫʨʩʫ. ʃʠʰʝ ʘʚʪʦʨʠʟʦʚʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽ, ʷʢʽ ʤʘʶʪʴ 

ʚʽʜʧʦʚʽʜʥʠʡ ʧʨʠʚʘʪʥʠʡ ʢʣʶʯ, ʤʦʞʫʪʴ ʨʦʟʰʠʬʨʫʚʘʪʠ 

ʰʠʬʨʦʪʝʢʩʪ Cr ʪʘ Kr ʜʣʷ ʦʪʨʠʤʘʥʥʷ Cr, ʱʦʙ ʦʪʨʠʤʘʪʠ 

ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʫ r. ʇʘʨʘʤʝʪʨʠ Cr ʪʘ Ks ʟʯʝʧʣʝʥʽ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ Cr||Ks ʪʘ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʻʜʠʥʝ ʟʥʘʯʝʥʥʷ 

[9]. ʎʝ ʟʥʘʯʝʥʥʷ ʰʠʬʨʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʫʙʣʽʯʥʦʛʦ 

ʢʣʶʯʘ  EKpubi  ʜʣʷ ʢʦʞʥʦʛʦ ʘʚʪʦʨʠʟʦʚʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ 

ui . ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ ʰʠʬʨʦʪʝʢʩʪ (EKpubi (Cr||Ks)) 

ʜʣʷ ʮʴʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ui, ʜʝ i=1, 2, 3, é, k, ʪʘ k - 

ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʤʘʶʪʴ 

ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʫ r. 

ʉʝʢʨʝʪʥʠʡ ʢʣʶʯ ʂS, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ Cr ʻ 

ʫʥʽʢʘʣʴʥʠʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʬʘʡʣʫ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʽʥ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʥʠʤ ʢʦʨʠʩʪʫʚʘʯʝʤ ʜʣʷ ʨʽʟʥʠʭ 

ʬʘʡʣʽʚ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʜʥʦʛʦ ʬʘʡʣʫ ʙʫʣʦ 

ʩʢʦʤʧʨʦʤʝʪʦʚʘʥʦ, ʽʥʰʽ ʬʘʡʣʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʙʝʟʧʝʮʽ. 

ʉʝʢʨʝʪʥʝ ʟʥʘʯʝʥʥʷ Cr ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʘʚʪʦʨʠʟʦʚʘʥʠʤ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʱʦʙ ʧʦʢʘʟʘʪʠ ʩʝʨʚʝʨʫ, 

ʱʦ ʚʽʥ ʘʙʦ ʚʦʥʘ ʤʘʻ ʧʨʘʚʦ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʨʝʩʫʨʩʫ 

r (ʪʦʙʪʦ ʬʘʡʣʫ). ɺʣʘʩʥʠʢ ʜʘʥʠʭ ʥʘʜʽʡʥʦ ʧʨʠʢʨʽʧʣʶʻ 

ʩʝʢʨʝʪʥʝ ʟʥʘʯʝʥʥʷ Cr ʜʦ ʬʘʡʣʫ, ʘ ʪʘʢʦʞ ʥʘʜʩʠʣʘʻ 

ʚʩʝʨʝʜʠʥʽ ʥʴʦʛʦ ʰʠʬʨʦʪʝʢʩʪ Xr ʜʦ ʩʝʨʚʝʨʘ. ʃʠʰʝ 

ʘʚʪʦʨʠʟʦʚʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʨʦʟʨʘʭʫʚʘʪʠ 

ʩʝʢʨʝʪʥʝ ʟʥʘʯʝʥʥʷ Cr ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʽʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ Xr. ʊʘʢʠʤ ʯʠʥʦʤ, ʣʠʰʝ ʚʦʥʠ ʤʦʞʫʪʴ ʟʥʘʪʠ ʽ 

ʚʽʜʢʨʠʪʠ Cr ʩʝʨʚʝʨʫ ʽ ʜʦʚʝʩʪʠ ʩʚʦʻ ʧʨʘʚʦ ʜʦʩʪʫʧʫ ʜʦ 

ʮʴʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʬʘʡʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ ʦʜʠʥ Cr 

ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʬʘʡʣʫ ʩʢʦʤʧʨʦʤʝʪʦʚʘʥʠʡ, ʥʽʷʢʽ ʽʥʰʽ 

ʬʘʡʣʠ ʥʝ ʙʫʜʫʪʴ ʧʽʜ ʟʘʛʨʦʟʦʶ. ʂʨʽʤ ʪʦʛʦ, ʮʷ ʬʫʥʢʮʽʷ 

ʢʦʨʠʩʥʘ, ʷʢʱʦ ʚʣʘʩʥʠʢ ʜʘʥʠʭ ʭʦʯʝ ʟʤʽʥʠʪʠ ʜʝʪʘʣʽ 

ʱʦʜʦ ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʣʷ ʬʘʡʣʫ. 

ʅʘʧʨʠʢʣʘʜ, ʱʦʙ ʜʦʜʘʪʠ ʥʦʚʦʛʦ ʘʚʪʦʨʠʟʦʚʘʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʚʣʘʩʥʠʢʫ ʜʘʥʠʭ ʣʠʰʝ ʥʝʦʙʭʽʜʥʦ ʟʤʽʥʠʪʠ 

Xr ʜʣʷ ʮʴʦʛʦ ʬʘʡʣʫ. ʆʩʢʽʣʴʢʠ ʧʘʨʘʤʝʪʨ Cr ʤʦʞʝ 

ʟʘʣʠʰʘʪʠʩʷ ʪʘʢʠʤ ʞʝ ʩʘʤʠʤ, ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʣʷ 

ʧʦʚʪʦʨʥʦʛʦ ʥʘʜʩʠʣʘʥʥʷ ʥʦʚʦʛʦ Cr ʜʦ ʩʝʨʚʝʨʫ. ʎʝ, ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ 

ʢʦʤʧʨʦʤʝʪʘʮʽʾ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʧʽʜʪʨʠʤʢʠ 

ʜʠʥʘʤʽʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʦʥʦʚʣʝʥʥʷ ʩʧʠʩʢʫ 

ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʇʨʦʪʝ, ʧʨʠ ʟʘʙʦʨʦʥʽ 

ʢʦʨʠʩʪʫʚʘʯʫ ʜʦʩʪʫʧʫ ʜʦ ʬʘʡʣʫ, ʜʦ ʷʢʦʛʦ ʚʽʥ ʯʠ ʚʦʥʘ 

ʚʞʝ ʤʘʶʪʴ ʜʦʩʪʫʧ, ʟʥʘʯʝʥʥʷ Cr ʤʘʻ ʙʫʪʠ ʟʤʽʥʝʥʝ ʟ 

ʤʽʨʢʫʚʘʥʴ ʙʝʟʧʝʢʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʢʦʥʪʨʦʣʴ 

ʜʦʩʪʫʧʫ ʪʘ ʩʧʽʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʶʯʘ ʚ ʦʜʥʦʤʫ 

ʤʝʭʘʥʽʟʤʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʠʪʘʡʩʴʢʦʾ ʪʝʦʨʝʤʠ ʦ 

ʟʘʣʠʰʢʘʭ. ʍʤʘʨʥʠʡ ʩʝʨʚʝʨ ʟʙʝʨʽʛʘʻ ʟʘʰʠʬʨʦʚʘʥʽ ʜʘʥʽ 

ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʩʝʢʨʝʪʥʠʤ Cr ʽ ʩʝʢʨʝʪʥʠʤ ʟʥʘʯʝʥʥʷʤ ʍr, 

ʱʦ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʣʘʩʥʠʢʦʤ ʜʘʥʠʭ. ʇʨʦʚʘʡʜʝʨ ʤʦʞʝ 

ʧʨʦʯʠʪʘʪʠ ʩʝʢʨʝʪʥʝ ʟʥʘʯʝʥʥʷ ʍr, ʘʣʝ ʥʝ ʤʦʞʝ ʜʽʟʥʘʪʠʩʷ 

KS, ʷʢʠʡ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ. 

ʃʠʰʝ ʘʚʪʦʨʠʟʦʚʘʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʚʠʷʚʠʪʠ KS ʚʽʜ 

ʍr. ʇʨʦʚʘʡʜʝʨ ʪʘʢʦʞ ʤʦʞʝ ʟʯʠʪʫʚʘʪʠ ʩʝʢʨʝʪʥʝ 

ʟʥʘʯʝʥʥʷ Cr ʜʣʷ ʢʦʞʥʦʛʦ ʬʘʡʣʫ. ʇʨʦʪʝ, ʯʠʩʣʦ ʘʙʦ 

ʽʜʝʥʪʠʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ 

ʜʦʩʪʫʧ ʜʦ ʬʘʡʣʫ, ʥʘʚʽʪʴ ʷʢʱʦ ʚʦʥʠ ʚʞʝ ʦʪʨʠʤʘʣʠ 

ʜʦʩʪʫʧ ʜʦ ʬʘʡʣʫ, ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʠʭʦʚʘʥʠʤʠ ʚʽʜ 

ʧʨʦʚʘʡʜʝʨʘ. 

ɺʀʉʅʆɺʂʀ 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʥʘʥʠʡ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʙʝʟʧʝʢʫ 

ʜʘʥʠʭ ʧʽʜʭʽʜ ʜʣʷ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʝ ʨʽʰʝʥʥʷ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ 

ʜʦʟʚʦʣʠʣʦ ʚʠʨʽʰʠʪʠ ʧʦʩʪʘʚʣʝʥʽ ʟʘʜʘʯʽ, ʘ ʩʘʤʝ: 

- ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʥʘʜʘʥʥʷ ʜʦʩʪʫʧʫ ʣʠʰʝ ʜʣʷ 
ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

- ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʜʘʥʠʭ ʚʠʤʦʛʘʤ ʙʝʟʧʝʢʠ; 

- ʧʨʠʭʦʚʘʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ ʪʘ 
ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʘʥʠʭ ʚʽʜ ʧʨʦʚʘʡʜʝʨʽʚ ʭʤʘʨʥʠʭ 

ʩʝʨʚʝʨʽʚ ʪʘ ʽʥʰʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʧʝʨʝʚʽʨʢʠ  ʮʽʣʽʩʥʦʩʪʽ ʜʘ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʜʘʥʠʭ ʜʣʷ 

ʘʚʪʦʨʠʟʦʚʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʷʛʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʨʦʡʩʪʚ 

ʥʘ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʘʭ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ 

ʨʘʩʯʝʪʘʤ ʩʠʣʳ ʪʷʛʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʦʩʬʝʨʳ, 

ʩʦʟʜʘʚʘʝʤʦʡ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ ʩ ʧʦʪʦʢʦʤ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠʦʥʦʩʬʝʨʳ ʠ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ.    

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʧʦʩʪʦʷʥʥʳʝ 

ʤʘʛʥʠʪʳ, ʪʷʛʘ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ, ʧʦʪʦʢ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. 

ɺɺɽɼɽʅʀɽ 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʘʟʚʠʪʠʠ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ ʜʚʠʛʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʤʠʥʠʤʠʟʘʮʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʪʦʧʣʠʚʘ ʠ ʙʦʨʪʦʚʦʡ 

ʵʥʝʨʛʠʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʣʠ ʫʚʝʣʠʯʝʥʠʝʤ ʦʩʥʦʚʥʳʭ 

ʪʷʛʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʚʠʛʘʪʝʣʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ 

(ʇʄ) ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʷʛʠ ʩ ʮʝʣʴʶ 

ʫʧʨʘʚʣʝʥʠʷ ʦʨʙʠʪʘʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ (ʂɸ). ɿʘ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʨʠʥʷʪʘ 

ʢʦʥʮʝʧʮʠʷ çʤʘʛʥʠʪʥʦʛʦ ʧʘʨʫʩʘè ʗʧʦʥʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʂʠʦʪʦ[1]. ʇʨʠ ʘʥʘʣʠʟʝ ʤʘʪʝʨʠʘʣʦʚ 

ʦʧʠʩʘʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʠ ʨʘʩʯʸʪʦʚ ʫʯʝʥʥʳʤʠ 

ʗʧʦʥʩʢʦʛʦ ɸʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ɸʛʝʥʪʩʪʚʘ ʀʢʦʭʦʤ ʌʫʥʘʢʠ ʠ ʍʠʨʦʰʠ ʗʤʘʢʘʚʦʡ ʧʦ 

ʧʨʠʤʝʥʝʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʘʨʫʩʘ ʚ 

ʤʝʞʧʣʘʥʝʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʦʙʦʩʥʦʚʘʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇʄ ʩ ʮʝʣʴʶ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʟʘʪʨʘʪ ʙʦʨʪʦʚʦʡ 

ʵʥʝʨʛʠʠ[2]. ʊʘʢ, ʙʳʣʦ ʚʳʯʠʩʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʘʨʫʩʘ, ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʷʛʠ ʚ 1 ʅ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʪʘʪʴ 

ʪʦʢʦʧʨʦʚʦʜʷʱʝʝ ʢʦʣʴʮʦ ʠʟ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ ʨʘʜʠʫʩʦʤ 

1 ʢʤ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʝʢʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʘʨʫʩʘ 

ʩʦʩʪʘʚʠʣʘ ʧʦʨʷʜʢʘ ʄɺʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʯʪʦ, ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʜʝʣʘʝʪ ʜʘʥʥʫʶ ʟʘʜʘʯʫ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʚʳʧʦʣʥʠʤʦʡ.  

ʇʈʀʅʎʀʇ ɼɽʁʉʊɺʀʗ ʋʉʊʈʆʁʉʊɺɸ 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʫʩʪʨʦʡʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʇʄ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʨʝʧʣʝʥʠʠ ʩʧʝʮʠʘʣʴʥʦ 

ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʩʦ ʩʪʚʦʨʘʤʠ ʢʦʥʪʝʡʥʝʨʦʚ ʥʘ ʂɸ ʠ 

ʧʦʤʝʱʝʥʠʝ ʚ ʥʠʭ ʇʄ. ʆʪʢʨʳʚʘʷ ʠ ʟʘʢʨʳʚʘʷ ʩʪʚʦʨʳ 

ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʤʦʞʥʦ ʚ ʥʫʞʥʳʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʛʝʥʝʨʠʨʦʚʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʫʶ 

ʤʘʛʥʠʪʦʩʬʝʨʫ ʠ ʩʦʟʜʘʚʘʪʴ ʪʷʛʫ. ʂʦʥʪʝʡʥʝʨʳ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʝʣʘʪʴ ʠʟ ʩʧʝʮʠʘʣʴʥʳʭ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʋʧʨʘʚʣʷʪʴ ʩʪʚʦʨʘʤʠ 

ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʰʘʛʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʐɼ). ʀʤʧʫʣʴʩʥʳʝ 

ʐɼ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʦʪʨʝʙʣʷʶʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 

ʥʝʞʝʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ 

ʨʘʩʭʦʜ ʙʦʨʪʦʚʦʡ ʵʥʝʨʛʠʠ.       

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʦʥʮʝʧʮʠʷ çʤʘʛʥʠʪʥʦʛʦ ʧʘʨʫʩʘè 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʦʟʜʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʷʛʠ, ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʦʪʦʢʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʚʘʝʤʦʡ 

ʤʘʛʥʠʪʦʩʬʝʨʦʡ ʚʦʢʨʫʛ ʂɸ. ʉʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʚ 

ʢʦʥʮʝʧʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʷʧʦʥʮʘʤʠ, ʨʘʜʠʫʩ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʛʝʥʝʨʠʨʫʝʤʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʦʣʴʮʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

72 ʢʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʸʪʦʚ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʇʄ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʩʨʝʜʥʠʭ ʠ ʤʘʣʳʭ ʂɸ, ʨʘʜʠʫʩ 

ʛʝʥʝʨʠʨʫʝʤʦʡ ʤʘʛʥʠʪʦʩʬʝʨʳ ʚ ʤʝʞʧʣʘʥʝʪʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʘʚʠʣ ʚʩʝʛʦ ʥʘ ʚʩʝʛʦ ʜʝʩʷʪʢʠ ʤ, ʘ 

ʧʦʣʫʯʝʥʥʘʷ ʪʷʛʘ ʦʢʦʣʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʧʅ.  

ʇʆʃʋʏɽʅʅʓɽ ʈɽɿʋʃʔʊɸʊʓ 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʥʥʳʭ ʨʘʩʯʸʪʦʚ, 

ʧʨʠʤʝʥʝʥʠʝ ʇʄ ʚ ʤʝʞʧʣʘʥʝʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʣʷ 

ʂɸ, ʢʣʘʩʩʘ çʩʨʝʜʥʠʝè ʠ ʤʝʥʴʰʝ, ʷʚʣʷʝʪʩʷ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʂɸ ʪʷʛʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʧʣʦʱʘʜʠ ʤʘʛʥʠʪʦʩʬʝʨʳ, ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʇʄ ʚ ʤʝʞʧʣʘʥʝʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʠʟ ʤʥʦʞʝʩʪʚʘ 

ʇʄ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

ʨʘʜʠʫʩʦʚ ʛʝʥʝʨʠʨʫʝʤʳʭ ʠʤʠ ʤʘʛʥʠʪʦʩʬʝʨ. ʊʦʛʜʘ, ʩ 

ʫʯʝʪʦʤ ʧʨʠʥʮʠʧʘ ʩʫʧʝʨʧʦʟʠʮʠʠ ʧʦʣʝʡ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʤʘʛʥʠʪʦʩʬʝʨʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ 

ʪʷʛʠ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʘʙʝʛʘʶʱʠʤ ʧʦʪʦʢʦʤ 
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ʯʘʩʪʠʮ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʥʫʞʜʘʝʪʩʷ ʚ ʩʙʦʨʢʝ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʬʝʨʤ ʜʣʷ 

ʢʨʝʧʣʝʥʠʷ ʇʄ ʥʘ ʦʨʙʠʪʝ ʠʣʠ ʚ ʦʪʢʨʳʪʦʤ ʢʦʩʤʦʩʝ, ʯʪʦ 

ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʠʝ ʟʘʪʨʫʜʥʝʥʠʷ ʧʨʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

ʆʜʥʘʢʦ, ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʠʠ çʣʫʥʥʦʡ ʜʝʨʝʚʥʠè, 

ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʦʢʦʣʦʣʫʥʥʦʡ ʤʥʦʛʦʵʣʝʤʝʥʪʥʦʡ ʩʪʘʥʮʠʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʥʝ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʙʦʨʪʦʚʦʡ 

ʵʥʝʨʛʠʠ[3].  

ʅʦ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʫʩʪʨʦʡʩʪʚʦ ʩ ʇʄ ʥʘ ʥʠʟʢʠʭ ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʭ ʚ 

ʩʣʦʷʭ ʠʦʥʦʩʬʝʨʳ, ʚʳʩʦʪʦʡ 600 ï 1000 ʢʤ, ʛʜʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʧʦʨʷʜʢʦʚ ʚʳʰʝ ʯʝʤ ʫ ʧʦʪʦʢʘ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʠʦʥʦʩʬʝʨʳ ʥʝ ʠʤʝʶʪ 

ʛʣʘʚʥʦʛʦ ʚʝʢʪʦʨʘ ʜʚʠʞʝʥʠʷ, ʚ ʦʪʣʠʯʠʠ ʦʪ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʦʨʘ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ. ʇʦʵʪʦʤʫ, 

ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʚʠʞʝʥʠʷ ʂɸ ʚ ʩʣʦʷʭ ʠʦʥʦʩʬʝʨʳ 

ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʙʫʜʫʪ ʚʳʩʪʫʧʘʪʴ, ʢʘʢ 

ʥʘʙʝʛʘʶʱʠʡ ʧʦʪʦʢ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʡ 

ʛʣʘʚʥʦʤʫ ʚʝʢʪʦʨʫ ʜʚʠʞʝʥʠʷ ʂɸ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʥʘʙʝʛʘʶʱʠʡ ʧʦʪʦʢ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʙʫʜʝʪ 

ʩʦʟʜʘʚʘʪʴ ʪʦʨʤʦʟʷʱʠʡ ʵʬʬʝʢʪ. ʊʘʢʞʝ, ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, 

ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʂɸ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɿʝʤʣʠ (ʄʇɿ), ʩʦʛʣʘʩʥʦ ʜʠʧʦʣʴʥʦʡ ʧʨʠʨʦʜʳ ʇʄ, ʥʘ 

ʇʄ ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʩʠʣʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚ ʩʪʦʨʦʥʫ 

ʫʚʝʣʠʯʝʥʠʷ ʛʨʘʜʠʝʥʪʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ, 

ʢʦʪʦʨʳʤ ʚʳʩʪʫʧʘʝʪ ʄʇɿ[4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ 

ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʇʄ ʦʢʘʟʳʚʘʝʪ 

ʜʚʦʡʥʦʡ ʵʬʬʝʢʪ: ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʪʷʛʘ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʘʙʝʛʘʶʱʠʤ ʧʦʪʦʢʦʤ ʟʘʨʷʞʝʥʥʳʭ 

ʯʘʩʪʠʮ ʠ ʪʷʛʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʄʇɿ. ʉ ʧʦʤʦʱʴʶ 

ʨʘʩʯʸʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʪʷʛʠ ʜʣʷ 

çʩʨʝʜʥʠʭè ʠ çʤʘʣʳʭè ʂɸ, ʧʨʠ ʤʘʩʩʝ ʇʄ ʚ ʥʝʩʢʦʣʴʢʦ 

ʢʛ ʠ ʦʩʪʘʪʦʯʥʦʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʚ 1,4 ʊʣ, ʥʘ 

ʥʠʟʢʠʭ ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʭ, ʩʦʩʪʘʚʠʣʦ ʦʪ 16 ʤʅ ʥʘ 

ʚʳʩʦʪʝ 600 ʢʤ, ʜʦ 2 ʤʅ ʥʘ ʚʳʩʦʪʝ 1000 ʢʤ. ʀʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʪʷʛʠ, ʧʦʣʫʯʘʝʤʦʡ ʩ ʧʦʤʦʱʴʶ ʇʄ 

ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʪʷʛʦʡ, ʢʦʪʦʨʫʶ ʜʘʶʪ ʤʠʢʨʦ ʨʝʘʢʪʠʚʥʳʝ 

ʜʚʠʛʘʪʝʣʠ (ʄʈɼ), ʠ ʝʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʝʡ ʧʦʣʝʪʘ ʂɸ. ʊʘʢʞʝ, ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʩ ʇʄ ʠ ʢʘʢ ʩʠʩʪʝʤʫ ʫʚʦʜʘ ʩ 

ʦʨʙʠʪʳ ʦʪʨʘʙʦʪʘʥʥʳʭ ʂɸ ʙʝʟ ʟʘʪʨʘʪ ʙʦʨʪʦʚʦʡ 

ʵʥʝʨʛʠʠ, ʯʪʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɺʓɺʆɼʓ 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʩʪʨʦʡʩʪʚ ʩ ʇʄ ʜʣʷ ʫʧʨʘʚʣʝʥʠʝ ʦʨʙʠʪʘʣʴʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʂɸ ʥʘ ʚʳʩʦʪʘʭ ʦʪ 600 ʜʦ 1000 ʢʤ ʷʚʣʷʝʪʩʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪʘʭ 

ʙʦʨʪʦʚʦʡ ʵʥʝʨʛʠʠ. ʊʘʢʞʝ, ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʪʝʨʤʠʥʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʂɸ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʜʝʥ ʩ ʦʨʙʠʪʳ ʚ 

ʩʣʫʯʘʝ ʜʝʡʩʪʚʠʷ ʧʦʩʪʦʷʥʥʳʭ ʪʦʨʤʦʟʷʱʠʭ ʩʠʣ, 

ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʝʤ ʧʫʪʝʤ ʧʦʣʥʦʛʦ ʦʪʢʨʳʪʠʷ 

ʵʢʨʘʥʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʇʄ ʩ 

ʥʘʙʝʛʘʶʱʠʤ ʧʦʪʦʢʦʤ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠʦʥʦʩʬʝʨʳ 

ʠ ʄʇɿ.  
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ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ 

ʚʽʜʝʦʢʘʜʨʽʚ ʤʥʝʤʦʩʭʝʤ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʪʘ  ʨʝʢʦʤʝʥʜʘʮʽʡ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʩʪʘʥʜʘʨʪʫ  ANSI/ISA-101.01-2015 - Human Machine 

Interfaces for  Process Automation Systems 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʶʜʠʥʦ-ʤʘʰʠʥʥʠʡ ʽʥʪʝʨʬʝʡʩ, ʚʽʜʝʦʢʘʜʨ, 

ʜʠʩʧʣʝʡ, ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ, ʝʨʛʦʥʦʤʽʢʘ 

ɸʥʘʣʽʟ ʧʨʠʯʠʥ ʙʘʛʘʪʴʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʘʚʘʨʽʡ ʫ 

ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʚʠʟʥʘʯʘʻ ʥʝʜʦʩʪʘʪʥʶ ʷʢʽʩʪʴ ʣʶʜʠʥʦ-

ʤʘʰʠʥʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʽʰʠʭ ʡʦʛʦ 

ʝʣʝʤʝʥʪʽʚ ʻ ʚʽʟʫʘʣʴʥʽ ʟʘʩʦʙʠ  ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʷʢʽ ʨʘʥʽʰʝ ʙʫʣʠ ʧʨʠʣʘʜʦʚʠʤʠ ʧʘʥʝʣʷʤʠ, ʘ ʩʴʦʛʦʜʥʽ 

ʤʥʝʤʦʩʭʝʤʘʤʠ ʥʘ ʝʢʨʘʥʘʭ ʤʦʥʽʪʦʨʽʚ ʯʠ ʽʥʰʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʟʘʩʦʙʽʚ.  ʄʽʞʥʘʨʦʜʥʘ ʩʧʽʣʴʥʦʪʘ ʬʘʭʽʚʮʽʚ 

ʟ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʠʜʽʣʷʻ ʙʘʛʘʪʦ ʫʚʘʛʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ ʦʧʝʨʘʪʦʨʽʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʚʠʧʫʩʢʘʶʯʽ 

ʨʽʟʥʽ ʤʘʪʝʨʽʘʣʠ [1]. ʋ 2015 ʨʦʮʽ ʙʫʚ ʚʠʧʫʱʝʥʠʡ 

ʯʝʨʛʦʚʠʡ ʨʝʣʽʟ ʩʪʘʥʜʘʨʪʫ ANSI/ISA-101.01-2015 - 

Human Machine Interfaces for Process Automation 

Systems [2], ʷʢʠʡ ʚ ʜʝʷʢʽʡ ʯʘʩʪʠʥʽ ʧʨʦʛʦʣʦʰʫʻʪʴʩʷ ʷʢ 

ʦʙʦʚôʷʟʢʦʚʠʡ. 

ʅʘ ʞʘʣʴ ʚ ʋʢʨʘʾʥʽ ʚʽʜʩʫʪʥʽ ʘʥʘʣʦʛʽʯʥʽ ʩʪʘʥʜʘʨʪʠ ʽ ʚ 

ʫʤʦʚʘʭ, ʢʦʣʠ ʤʠ ʡʜʝʤʦ ʚ ʥʘʧʨʷʤʢʫ ʤʽʞʥʘʨʦʜʥʦʛʦ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʚʽʜʧʦʚʽʜʥʫ 

ʥʦʨʤʘʪʠʚʥʫ ʙʘʟʫ. 

ʋ ʨʦʙʦʪʽ [3] ʨʦʟʛʣʷʥʫʪʘ ʟʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ 

ʩʪʘʥʜʘʨʪʫ, ʪʝʨʤʽʥʦʣʦʛʽʷ, ʝʪʘʧʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʎʷ 

ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʛʣʷʜʫ ʧʠʪʘʥʴ ʫʨʘʭʫʚʘʥʥʷ 

ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʚʽʜʝʦʢʘʜʨʽʚ 

ʤʥʝʤʦʩʭʝʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʨʦʟʜʽʣʫ 5 ʩʪʘʥʜʘʨʪʫ ï 

çʃʶʜʩʴʢʠʡ ʬʘʢʪʦʨ - ʽʥʞʠʥʽʨʠʥʛ ʽ ʝʨʛʦʥʦʤʽʢʘ (Human 

Factors Engineering & Ergonomics)è 

ʗʢ ʜʝʢʣʘʨʫʶʪʴ ʨʦʟʨʦʙʥʠʢʠ ʩʪʘʥʜʘʨʪʫ ʤʝʪʘ ʨʦʟʜʽʣʫ 

5 ʧʦʣʷʛʘʻ ʫ ʬʦʨʤʫʚʘʥʥʽ ʥʘʙʦʨʫ ʧʨʠʥʮʠʧʽʚ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʥʠʢʫ ʃʄɯ ʟʨʦʟʫʤʽʪʠ ʦʩʥʦʚʥʽ ʟʘʩʘʜʠ 

ʢʣʶʯʦʚʠʭ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ. 

ɽʬʝʢʪʠʚʥʠʡ ʃʄɯ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʝʢʪʦʚʘʥʦ 

ʪʽʣʴʢʠ ʥʘ ʦʩʥʦʚʽ ʚʨʘʭʫʚʘʥʥʷ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ  (ʃʌ 

- Human Factors Engineering  - HFE)  - ʢʦʛʥʽʪʠʚʥʠʭ ʽ 

ʩʝʥʩʦʨʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʦʙʤʝʞʝʥʴ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʃMI. ʂʦʥʩʪʨʫʢʮʽʷ ʃMI ʤʘʻ ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʚʧʣʠʚ 

ʜʨʫʛʦʨʷʜʥʠʭ ʟʘʚʜʘʥʴ (ʥʘʧʨʠʢʣʘʜ, ʥʘʚʽʛʘʮʽʶ ʧʦ 

ʚʽʜʝʦʢʘʜʨʘʤ (ʤʥʝʤʦʩʭʝʤʘʤ, ʜʠʩʧʣʝʷʤ) ʚ ʃMI), ʷʢʽ 

ʤʦʞʫʪʴ ʚʽʜʚʦʣʽʢʘʪʠ ʦʧʝʨʘʪʦʨʘ ʃMI ʚʽʜ ʚʠʢʦʥʘʥʥʷ 

ʩʚʦʾʭ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ. 

ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʃMI ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠʩʷ 

ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ:  

- ʩʧʦʩʽʙ ʬʫʥʢʮʽʶʚʘʥʥʷ ʃMI ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʤ ʢʦʨʠʩʪʫʚʘʯʝʚʽ; 

- ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʽ 
ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ; 

- ʜʦʧʦʤʘʛʘʪʠ ʦʧʝʨʘʪʦʨʘʤ ʚʠʟʥʘʯʘʪʠ ʧʨʽʦʨʠʪʝʪʠ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʥʽ ʘʙʦ ʜʝʢʽʣʴʢʘ ʦʜʥʦʯʘʩʥʠʭ 

ʩʠʩʪʝʤʥʠʭ ʟʙʦʾʚ; 

- HMI ʧʦʚʠʥʝʥ ʙʫʪʠ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʜʣʷ ʧʽʜʪʨʠʤʢʠ 

ʟʘʚʜʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʫʩʽʤʘ ʟʘʟʚʠʯʘʡ ʦʯʽʢʫʚʘʥʠʤʠ 

ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ ʘʥʦʤʘʣʴʥʠʭ 

ʫʤʦʚʘʭ (ʥʘʧʨʠʢʣʘʜ, ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ ʪʨʠʚʦʛʠ); 

- ʜʦʧʦʤʘʛʘʪʠ ʚ ʨʘʥʥʴʦʤʫ ʚʠʷʚʣʝʥʥʽ, ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ 
ʧʨʘʚʠʣʴʥʽʡ ʨʝʘʢʮʽʾ ʥʘ ʥʝʰʪʘʪʥʽ ʩʠʪʫʘʮʽʾ; 

- ʧʦʚʠʥʝʥ ʥʘʜʘʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʘʙʦ ʟʘʩʦʙʠ 

ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʚʜʘʥʥʶ; 

- ʽʥʬʦʨʤʘʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʬʦʨʤʘʭ 

ʘʙʦ ʬʦʨʤʘʪʘʭ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʽʣʷʤ ʢʦʨʠʩʪʫʚʘʯʘ 

(ʥʘʧʨʠʢʣʘʜ., ʷʢʱʦ ʦʧʝʨʘʪʦʨ ʢʦʨʠʩʪʫʻʪʴʩʷ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʫ ʤʝʪʨʘʭ, 

ʩʘʥʪʠʤʝʪʨʘʭ, ʬʫʪʘʭ ʘʙʦ ʜʶʡʤʘʭ, ʪʦ HMI ʧʦʚʠʥʝʥ 

ʚʽʜʦʙʨʘʞʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʚ ʮʴʦʤʫ ʞ ʬʦʨʤʘʪʽ, ʘ ʥʝ 

ʫ ʚʽʜʩʦʪʢʘʭ ʘʙʦ ʯʘʩʪʠʥʘʭ). 

- ʜʦʧʦʤʽʞʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʣʝʛʢʦ 

ʜʦʩʪʫʧʥʘ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ (ʥʘʧʨʠʢʣʘʜ, ʧʨʦʮʝʜʫʨʠ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʧʫʩʢʫ ʯʘʩʪʠʥʠ 

ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʨʦʮʝʜʫʨʠ 

ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʩʠʛʥʘʣʠ ʪʨʠʚʦʛʠ ʘʙʦ ʢʝʨʽʚʥʠʮʪʚ 

ʢʦʨʠʩʪʫʚʘʯʘ ʃMI ʪʘ ʽʥ.). 

- ʚʽʜʤʦʚʘ ʚʽʜʝʦʢʘʜʨʫ (ʜʠʩʧʣʝʷ) ʘʙʦ ʝʣʝʤʝʥʪʽʚ ʥʘ 

ʥʴʦʤʫ ʚʽʜʨʘʟʫ ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʯʝʚʠʜʥʽ ʜʣʷ 

ʦʧʝʨʘʪʦʨʘ; 

- ʧʦʪʨʝʙʠ ʦʧʝʨʘʪʦʨʘ ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʤʦʛʘʭ ʟʘʚʜʘʥʴ 
ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʨʽʦʨʠʪʝʪ ʥʘʜ ʽʥʪʝʨʝʩʘʤʠ ʚʩʽʭ ʽʥʰʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

- ʪʝʨʤʽʥʦʣʦʛʽʷ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʚʽʜʝʦʢʘʜʨʘʭ 
(ʜʠʩʧʣʝʷʭ) HMI ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʫʤʽʩʥʘ ʟ 

ʟʘʛʘʣʴʥʠʤʠ ʦʧʠʩʘʤʠ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʆʩʢʽʣʴʢʠ ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʃʄɯ, ʱʦ 

ʤʘʶʪʴ ʨʽʟʥʽ ʦʩʦʙʠʩʪʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʦʪʨʝʙʠ, ʪʦ 

ʢʦʞʥʫ ʟ ʾʭʥʽʭ ʧʦʪʨʝʙ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ.  
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ɺʨʘʭʫʚʘʥʥʷ ʃʌ ʧʦʚʠʥʥʦ ʙʫʪʠ ʟʘʢʣʘʜʝʥʦ ʱʝ ʥʘ 

ʨʽʚʥʽ ʨʦʟʨʦʙʢʠ ʢʦʥʮʝʧʮʽʾ (ʬʽʣʦʩʦʬʽʾ), ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʤʦʛ, ʢʝʨʽʚʥʠʮʪʚʘ ʧʦ ʩʪʠʣʶ, 

ʧʨʦʝʢʪʥʽʡ ʜʦʢʫʤʝʥʪʘʮʽʾ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʦʧʝʨʘʪʦʨ 

ʧʦʚʠʥʝʥ ʫʩʚʽʜʦʤʣʶʚʘʪʠ ʩʠʪʫʘʮʽʶ ʪʦʙʪʦ: 

ʘ) ʙʫʪʠ ʚ ʢʫʨʩʽ ʪʦʛʦ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ 

ʚʟʘʛʘʣʽ; 

ʙ) ʨʦʟʫʤʽʥʥʷ ʩʪʘʥʫ ʧʨʦʮʝʩʫ ʚ ʜʘʥʠʡ ʯʘʩ; 

ʚ) ʨʦʟʫʤʽʥʥʷ ʡʤʦʚʽʨʥʦʛʦ ʩʪʘʥʫ ʧʨʦʮʝʩʫ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ. 

ʂʦʣʠ ʧʨʦʮʝʩ ʧʨʘʮʶʻ, ʷʢ ʽ ʦʯʽʢʫʚʘʣʦʩʷ, ʚʽʜʝʦʢʘʜʨ 

ʧʦʚʠʥʝʥ ʤʘʪʠ ʤʽʥʽʤʫʤ  ʩʝʥʩʦʨʥʠʭ ʩʪʠʤʫʣʽʚ. ʂʦʣʠ 

ʧʨʦʮʝʩ ʚʽʜʭʠʣʷʻʪʴʩʷ ʚʽʜ ʦʯʽʢʫʚʘʥʴ, ʪʦ ʃMI ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʽʟʫʘʣʴʥʽ ʪʘ/ʘʙʦ ʟʚʫʢʦʚʽ ʩʠʛʥʘʣʠ ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʘʞʣʠʚʦʩʪʽ ʩʠʪʫʘʮʽʾ. 

ʅʝʜʦʩʪʘʪʥʷ ʽʥʬʦʨʤʦʚʘʥʽʩʪʴ ʩʠʪʫʘʮʽʾ ʙʫʣʘ 

ʚʠʟʥʘʯʝʥʘ ʚ ʷʢʦʩʪʽ ʦʜʥʦʛʦ ʟ ʛʦʣʦʚʥʠʭ ʯʠʥʥʠʢʽʚ 

ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ, ʧʨʠʧʠʩʫʚʘʥʠʭ ʣʶʜʩʴʢʠʤ 

ʧʦʤʠʣʢʘʤ. ɿʘʢʨʽʧʣʝʥʥʷ ʥʘ ʯʘʩʪʠʥʽ ʽʥʬʦʨʤʘʮʽʾ, 

ʚʠʢʣʶʯʝʥʥʷ ʽʥʰʦʾ ʤʦʞʝ ʦʙʤʝʞʠʪʠ ʨʦʟʫʤʽʥʥʷ ʩʠʪʫʘʮʽʾ. 

ʌʽʢʩʫʚʘʥʥʷ  ʬʦʢʫʩʘ ʫʚʘʛʠ  ʦʧʝʨʘʪʦʨʘ ʥʘ ʦʜʥʦʤʫ 

ʟʘʚʜʘʥʥʽ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʚʠʢʣʶʯʝʥʥʷ ʽʥʰʦʾ 

ʧʦʪʝʥʮʽʡʥʦ ʙʽʣʴʰ ʚʘʞʣʠʚʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʯʘʩʪʦ 

ʚʪʨʘʯʘʻʪʴʩʷ ʚ ʦʙʩʷʟʽ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʘʥʠʭ), 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʫʩʚʽʜʦʤʣʝʥʥʷ ʩʠʪʫʘʮʽʾ. 

ʇʨʦʝʢʪ ʃMI ʧʦʚʠʥʝʥ ʚʢʣʶʯʘʪʠ ʚ ʩʝʙʝ ʧʨʠʥʮʠʧʠ 

ʝʨʛʦʥʦʤʽʢʠ, ʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʝʥʩʦʨʥʠʭ ʦʙʤʝʞʝʥʥʷʭ 

ʢʦʨʠʩʪʫʚʘʯʘ (ʥʘʧʨʠʢʣʘʜ, ʟʦʨʦʚʠʭ, ʩʣʫʭʦʚʠʭ) ʽ 

ʨʦʟʫʤʽʥʥʷ ʦʯʽʢʫʚʘʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʤʦʛ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. ɺʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʦʨʦʛʠ ʽ ʚʝʨʭʥʽ 

ʤʝʞʽ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ ʢʦʨʠʩʪʫʚʘʯʘ,  ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽ  

ʟʘʛʘʣʴʥʽ ʥʝʜʦʣʽʢʠ ʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ (ʥʘʧʨʠʢʣʘʜ, 

ʢʦʣʽʨʥʘ ʩʣʽʧʦʪʘ, ʚʪʨʘʪʘ ʩʣʫʭʫ, ʚʽʢʦʚʝ ʟʥʝʮʽʥʝʥʥʷ ʟʦʨʫ).  

ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʦʙʦʯʽ ʫʤʦʚʠ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ   ʃMI, ʷʢʠʡ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʚ ʨʘʤʢʘʭ 

ʜʝʢʽʣʴʢʦʭ ʫʤʦʚ ʦʩʚʽʪʣʝʥʥʷ, ʩʠʩʪʝʤʘ ʽ ʚʽʜʝʦʢʘʜʨʠ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʽ ʥʘ ʧʨʠʡʥʷʪʥʦʤʫ ʨʽʚʥʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʣʷ ʚʩʽʭ ʦʯʽʢʫʚʘʥʠʭ ʫʤʦʚ. ʗʩʢʨʘʚʽʩʪʴ 

ʝʢʨʘʥʽʚ  ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʫʤʦʚʘʤ ʟʦʚʥʽʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʟ ʤʝʪʦʶ ʟʘʧʦʙʽʛʘʥʥʷ ʩʪʦʤʣʝʥʥʷ ʦʯʝʡ 

ʦʧʝʨʘʪʦʨʽʚ, ʫʥʠʢʘʶʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʜʤʽʨʥʦʛʦ 

ʢʦʥʪʨʘʩʪʫ.  

ʇʨʠʙʣʠʟʥʦ 10 % ʯʦʣʦʚʽʢʽʚ ʽ 1 % ʞʽʥʦʢ ʤʘʶʪʴ 

ʧʨʦʙʣʝʤʠ ʟ ʩʧʨʠʡʥʷʪʪʷʤ ʢʦʣʴʦʨʽʚ. ʗʢʱʦ ʤʦʞʣʠʚʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ʟ ʚʘʜʘʤʠ ʟʦʨʫ, ʪʦ ʥʝʦʙʭʽʜʥʦ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʮʝ ʚʨʘʭʦʚʫʚʘʪʠ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ 

ʪʠʧʠ ʢʦʣʽʨʥʦʾ ʩʣʽʧʦʪʠ ʚʢʣʶʯʘʶʪʴ ʯʝʨʚʦʥʠʡ-ʟʝʣʝʥʠʡ, 

ʟʝʣʝʥʦ-ʞʦʚʪʠʡ ʽ ʙʽʣʦ-ʙʣʘʢʠʪʥʠʡ. ʂʦʥʪʨʘʩʪʥʽʩʪʴ ʪʘ 

ʷʩʢʨʘʚʽʩʪʴ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʢʦʥʪʝʢʩʪʽ 

ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʢʦʣʽʨʥʦʾ 

ʩʣʽʧʦʪʠ. 

ʅʝʜʦʣʽʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʽʢʦʤ, ʚʢʣʶʯʘʶʪʴ: 

- ʪʨʫʜʥʦʱʽ ʟ ʩʧʨʠʡʥʷʪʪʷʤ  ʽʥʬʦʨʤʘʮʽʾ ʥʘ  

ʙʣʠʞʥʴʦʤʫ ʧʦʣʽ; 

- ʟʥʠʞʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ʰʚʠʜʢʦ ʧʝʨʝʦʨʽʻʥʪʫʚʘʪʠ ʤʽʞ 
ʙʣʠʞʥʽʤ ʽ ʜʘʣʴʥʽʤ ʦʙ'ʻʢʪʘʤʠ; 

- ʭʨʦʤʘʪʠʯʥʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʱʦ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ 
ʟʤʽʥʠ ʩʧʨʠʡʥʷʪʪʷ ʢʦʣʴʦʨʽʚ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʬʽʣʦʩʦʬʽʾ ʩʠʛʥʘʣʽʟʘʮʽʾ ʥʘ ʦʙ'ʻʢʪʽ ʽ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʩʪʘʥʜʘʨʪʫ ANSI/ISA-18.2-2009, 

ʢʦʣɹʦʨʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʩʠʛʥʘʣʽʟʘʮʽʾ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʘʨʝʟʝʨʚʦʚʘʥʽ ʽ ʥʝ ʧʦʚʠʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʮʽʣʝʡ, ʟ ʪʠʤ 

ʱʦʙ ʧʦʩʠʣʠʪʠ ʾʭ ʧʽʟʥʘʚʘʣʴʥʠʡ ʩʝʥʩ ʽ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ 

ʦʧʝʨʘʪʦʨʘ ʥʘ ʩʠʛʥʘʣʠ ʪʨʠʚʦʛʠ.  

ʅʝ  ʩʣʽʜ ʧʦʢʣʘʜʘʪʠʩʷ ʥʘ ʢʦʣʽʨ  ʷʢ ʻʜʠʥʦʛʦ ʥʘ 

ʧʦʢʘʟʥʠʢʘ ʚʘʞʣʠʚʦʩʪʽ. ʂʦʣʴʦʨʦʚʝ ʢʦʜʫʚʘʥʥʷ ʧʦʚʠʥʥʝ 

ʙʫʪʠ ʜʦʜʘʪʢʦʚʠʤ  ʜʣʷ ʽʥʰʠʭ ʟʘʩʦʙʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ, ʚʢʣʶʯʘʶʯʠ, ʘʣʝ ʥʝ ʦʙʤʝʞʫʶʯʠʩʴ ʥʠʤʠ, ʫ 

ʬʦʨʤʽ, ʪʝʢʩʪʽ, ʷʩʢʨʘʚʦʩʪʽ, ʨʦʟʤʽʨʽ ʽ ʪʝʢʩʪʫʨʽ. ɻʘʤʤʘ 

ʢʦʣʴʦʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʽʜʝʦʢʘʜʨʽ ʧʦʚʠʥʥʘ 

ʚʽʜʦʙʨʘʞʘʪʠ ʚʘʞʣʠʚʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ. ʅʘʡʙʽʣʴʰ ʧʦʤʽʪʥʽ ʢʦʣʴʦʨʠ ʧʦʚʠʥʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʻ ʥʘʡʙʽʣʴʰ 

ʚʘʞʣʠʚʦʶ.  

ʂʦʣʴʦʨʦʚʽ ʛʨʘʜʽʻʥʪʠ ʥʝ ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʜʣʷ ʩʪʘʪʠʯʥʠʭ ʘʙʦ ʥʝ ʜʠʥʘʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ 

ʚʽʜʝʦʢʘʜʨʽ, ʘʣʝ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ, ʱʦʙ ʚʠʜʽʣʠʪʠ 

ʜʠʥʘʤʽʯʥʠʡ ʝʣʝʤʝʥʪ. 

ʂʦʣʽʨ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʥʩʝʨʚʘʪʠʚʥʦ ʽ 

ʧʦʩʣʽʜʦʚʥʦ  ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʚʩʴʦʤʫ 

HMI.  

ʌʦʥ ʚʽʜʝʦʢʘʜʨʫ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝʥʘʩʠʯʝʥʠʤ ʘʙʦ 

ʤʘʪʠ ʥʝʡʪʨʘʣʴʥʠʡ ʢʦʣʽʨ (ʥʘʧʨʠʢʣʘʜ., ʩʚʽʪʣʦ-ʩʽʨʠʡ), ʟ 

ʪʠʤ ʱʦʙ ʦʙʤʝʞʠʪʠ ʭʨʦʤʘʪʠʯʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʩʧʨʠʡʥʷʪʪʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ. ʉʣʽʜ  ʫʥʠʢʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʣʴʦʨʽʚ 

ʬʦʥʫ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʚʝʩʪʠ ʜʦ ʥʘʜʤʽʨʥʦʾ ʢʦʥʪʨʘʩʪʥʦʩʪʽ 

(ʥʘʧʨʠʢʣʘʜ, ʯʦʨʥʠʡ). 

ʆʙʨʘʥʠʡ ʢʦʣʽʨ ʬʦʥʫ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʨʠʡʥʷʪʥʠʡ ʽ ʜʦʩʪʘʪʥʽʡ ʢʦʥʪʨʘʩʪ ʚ ʦʯʽʢʫʚʘʥʠʭ ʫʤʦʚʘʭ 

ʦʩʚʽʪʣʝʥʦʩʪʽ. ʂʦʨʠʩʥʦ ʧʝʨʝʚʽʨʠʪʠ ʢʦʣʴʦʨʦʚʝ 

ʟʦʙʨʘʞʝʥʥʷ, ʨʦʙʣʷʯʠ ʡʦʛʦ ʚ ʚʽʜʪʽʥʢʠ ʩʽʨʦʛʦ, ʱʦʙ 

ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʚʩʽ ʢʦʤʙʽʥʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʤʘʶʪʴ 

ʜʦʩʪʘʪʥʽʡ ʢʦʥʪʨʘʩʪ, ʱʦʙ ʙʫʪʠ ʚʠʷʚʣʝʥʽ ʢʦʨʠʩʪʫʚʘʯʝʤ ʟ 

ʜʝʬʽʮʠʪʦʤ ʢʦʣʴʦʨʫ. 

ʑʽʣʴʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʚʽʜʝʦʢʘʜʨʽ (ʜʠʩʧʣʝʾ) 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʩʥʦʚʘʥʘ ʥʘ ʬʫʥʢʮʽʾ ʘʙʦ ʤʝʪʽ 

ʚʽʜʝʦʢʘʜʨʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ  ʤʝʞ ʩʧʨʠʡʥʷʪʪʷ ʣʶʜʠʥʠ. 

ʅʘ ʚʽʜʝʦʢʘʜʨʘʭ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʟʘʚʜʘʥʴ, ʷʢʽ ʧʦʚʠʥʥʽ  

ʙʫʪʠ ʰʚʠʜʢʦ ʦʙʨʦʙʣʝʥʽ ʦʧʝʨʘʪʦʨʦʤ, ʩʣʽʜ ʫʥʠʢʘʪʠ 

ʥʝʧʦʪʨʽʙʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɽʣʝʤʝʥʪʠ ʽʥʜʠʢʘʮʽʾ ʧʦʚʠʥʥʽ 

ʙʫʪʠ ʨʦʟʤʽʱʝʥʽ ʧʦʩʣʽʜʦʚʥʦ ʽ ʚʠʨʽʚʥʶʚʘʪʠʩʷ ʚ 

ʧʨʦʩʪʦʨʽ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʣʫʪʘʥʠʥʠ. 

ɯʟ-ʟʘ ʤʝʞ ʩʧʨʠʡʥʷʪʪʷ ʣʠʰʝ ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ 

ʢʦʣʴʦʨʽʚ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʘ ʥʘ 

ʚʽʜʝʦʢʘʜʨʘʭ. ʊʦʤʫ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚʽʟʫʘʣʴʥʽ 

ʜʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ ʢʦʜʫʚʘʥʥʷ, ʪʘʢʽ ʷʢ ʨʫʭ, ʙʣʠʤʘʥʥʷ, 

ʫʤʦʚʥʘ ʚʠʜʠʤʽʩʪʴ ʱʦʙ ʧʨʠʚʝʨʥʫʪʠ ʫʚʘʛʫ ʦʧʝʨʘʪʦʨʘ ʜʦ 

ʢʦʥʢʨʝʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʅʘʜʤʽʨʥʠʡ ʘʙʦ ʧʦʩʪʽʡʥʠʡ ʨʫʭ, ʙʣʠʤʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʚʽʜʚʦʣʽʢʘʶʯʠʤ. ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʫʧʨʘʚʣʽʥʥʷ 

ʘʥʽʤʘʮʽʻʶ: 
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- ʤʦʨʛʘʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʟʘʨʝʟʝʨʚʦʚʘʥʦ ʜʣʷ 

ʝʣʝʤʝʥʪʽʚ ʪʘʢʠʭ ʷʢ ʩʠʤʚʦʣʠ ʘʙʦ ʤʝʞʽ ʜʣʷ 

ʥʝʚʠʟʥʘʥʠʭ ʦʧʝʨʘʪʦʨʦʤ  ʩʠʛʥʘʣʽʚ ʪʨʠʚʦʛʠ; 

- ʪʝʢʩʪ ʽ ʮʠʬʨʠ ʩʘʤʽ ʧʦ ʩʦʙʽ ʥʝ ʤʘʶʪʴ ʨʫʭʘʪʠʩʷ ʘʙʦ 
ʙʣʠʤʘʪʠ, ʪʦʤʫ ʱʦ  ʟʤʽʥʥʘ ʧʦʷʚʘ ʽ ʟʥʠʢʥʝʥʥʷ ʪʝʢʩʪʫ 

ʘʙʦ ʮʠʬʨ ʟʨʦʙʠʪʴ ʯʠʪʘʥʥʷ ʾʭ ʚʘʞʢʠʤ; 

- ʞʦʜʥʘ ʯʘʩʪʠʥʘ ʚʽʜʝʦʢʘʜʨʫ ʥʝ ʧʦʚʠʥʥʘ ʤʠʛʘʪʠ ʘʙʦ 

ʙʣʠʤʘʪʠ, ʷʢʱʦ ʮʷ ʜʽʷ ʥʝ ʧʦʪʨʽʙʥʦ ʦʧʝʨʘʪʦʨʫ;  

- ʟʘʩʦʙʠ ʟʫʧʠʥʢʠ ʤʠʛʦʪʽʥʥʷ ʘʙʦ ʙʣʠʤʘʥʥʷ ʧʦʚʠʥʥʽ 
ʙʫʪʠ ʜʦʩʪʫʧʥʽ ʜʣʷ ʦʧʝʨʘʪʦʨʘ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʜʠʥʘʤʽʢʠ ʧʦʚʠʥʥʦ ʙʫʪʠ 

ʟʘʨʝʟʝʨʚʦʚʘʥʦ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʘʥʦʤʘʣʴʥʠʭ ʩʠʪʫʘʮʽʡ ʘʙʦ 

ʩʠʪʫʘʮʽʡ, ʱʦ ʚʠʤʘʛʘʶʪʴ ʫʚʘʛʠ ʦʧʝʨʘʪʦʨʘ (ʥʘʧʨʠʢʣʘʜ, 

ʩʠʛʥʘʣʫ ʪʨʠʚʦʛʠ). 

ʉʣʫʭʦʚʽ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʦʚʠʥʥʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʘʜʣʠʰʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʚʽʟʫʘʣʴʥʠʤʠ 

ʧʦʧʝʨʝʜʞʝʥʥʷʤʠ. 

ʉʣʫʭʦʚʽ ʩʠʛʥʘʣʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʪʘʢʠʤʠ, ʱʦʙ ʚʦʥʠ 

ʥʝ ʟʣʷʢʘʣʠ ʩʣʫʭʘʯʽʚ, ʟʥʘʯʥʦ ʧʝʨʝʙʽʣʴʰʫʶʯʠ ʟʘʛʘʣʴʥʠʡ 

ʨʽʚʝʥʴ ʰʫʤʫ, ʘʙʦ ʟʘʚʘʞʘʣʠ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ. ʄʽʩʮʝ ʜʞʝʨʝʣʘ ʩʠʛʥʘʣʫ, ʡʦʛʦ  

ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʪʨʠʚʘʣʽʩʪʴ  ʧʦʚʠʥʝʥʽ ʙʫʪʠ ʩʫʤʽʩʥʠʤʠ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʦʙʣʘʩʪʽ 

ʩʠʛʥʘʣʫ. ɿʥʘʯʝʥʥʷ ʢʦʞʥʦʛʦ ʩʣʫʭʦʚʦʛʦ ʩʠʛʥʘʣʫ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʯʽʪʢʠʤʠ ʡ ʦʜʥʦʟʥʘʯʥʠʤʠ. 

ʇʦʚʠʥʝʥ  ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʠʡ ʤʝʪʦʜ ʚʽʜʢʣʶʯʝʥʥʷ 

ʟʚʫʢʦʚʦʾ ʽʥʜʠʢʘʮʽʾ, ʢʦʣʠ ʚʽʥʘ ʙʫʜʝ ʚʠʟʥʘʯʝʥʘ 

ʦʧʝʨʘʪʦʨʦʤ. 
ʂʦʛʥʽʪʠʚʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʪʨʘʥʩʬʦʨʤʫʶʪʴ, 

ʟʤʝʥʰʫʶʪʴ, ʟʙʝʨʽʛʘʶʪʴ, ʚʽʜʥʦʚʣʶʶʪʴ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʝʥʩʦʨʥʽ ʜʘʥʥʽ  ʚʚʝʜʝʥʥʷ ʤʘʶʪʴ 

ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʢʦʛʥʽʪʠʚʥʽ ʧʨʦʮʝʩʠ, ʱʦ 

ʣʝʞʘʪʴ ʚ ʾʾ ʦʩʥʦʚʽ,  ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʽʚʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʫʩʚʽʜʦʤʣʝʥʥʷ ʩʠʪʫʘʮʽʾ ʽ ʩʢʣʘʜʥʦʩʪʽ ʟʘʚʜʘʥʴ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʧʪʠʤʽʟʦʚʘʥʽ ʟʘ ʨʘʭʫʥʦʢ ʢʦʥʩʪʨʫʢʮʽʾ ʃMI. 

ʃɯʊɽʈɸʊʋʈɸ 

1. Hollifield, B. The High Performance HMI 

Handbook./ Hollifield, B.  Oliver, D., Habibi, E., & 

Nimmo, I. // ï PAS,2008 ï 218 p.  

2. ʉʪʘʥʜʘʨʪ ANSI/ISA-101.01-2015 Human 

Machine Interfaces for Process Automation Systems 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 2015. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʫ: https://www.isa.org/store/ansi/isa-10101-2015,-

human-machine-interfaces-for-process-automation-

systems/41921133 

3. ʖʨʯʫʢ ʃ.ʖ. ʄʽʞʥʘʨʦʜʥʽ ʥʦʨʤʘʪʠʚʥʽ ʟʘʩʘʜʠ 

ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. - Summer InfoCom 2017: 

ʄʘʪʝʨʽʘʣʠ IV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ, ʤ. ʂʠʾʚ, 1-2 ʯʝʨʚʥʷ 2017 ʨ ï ʂ.: ɺʠʜ-ʚʦ 

ñɯʥʞʠʥʽʨʠʥʛò, 2017. ïc. 66-68 
 

 

 

https://www.isa.org/store/ansi/isa-10101-2015,-human-machine-interfaces-for-process-automation-systems/41921133
https://www.isa.org/store/ansi/isa-10101-2015,-human-machine-interfaces-for-process-automation-systems/41921133
https://www.isa.org/store/ansi/isa-10101-2015,-human-machine-interfaces-for-process-automation-systems/41921133


 



 

 

 

 

 

 

 

ȾȱɁȹȺȷȺȯȣȤ 

ȻȼȺȯȼȬȸȿȮȬȹȹɋ 

 

PROGRAMMING 

TECHNOLOGIES  

  



 

 



Ⱦɑɡəɚɗɚɏɱɲ ɛɜɚɏɜɌɘɟɎɌəəɫ 41  

 

 

ɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʤʘʪʨʠʮ ʧʦʩʨʝʜʩʪʚʦʤ Android NDK ʠ JNI

ɸʰʫʨ ʀ.ɿ. 

ʂʇʀ ʠʤ. ʀʛʦʨʷ ʉʠʢʦʨʩʢʦʛʦ 
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ɼʦʨʦʰʝʥʢʦ ɸ.ʖ. 

ʂʇʀ ʠʤ. ʀʛʦʨʷ ʉʠʢʦʨʩʢʦʛʦ 

ʂʠʝʚ, ʋʢʨʘʠʥʘ 

a-y-doroshenko@ukr.net 

ɸʥʥʦʪʘʮʠʷ. ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʠʩʘʥʠʝ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʤʘʪʨʠʮ ʧʦʩʨʝʜʩʪʚʦʤ Android NDK ʠ JNI. ɹʳʣʘ 

ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʜʭʦʜʘ ʠ ʝʛʦ 

ʘʣʴʪʝʨʥʘʪʠʚ, ʨʘʩʩʤʦʪʨʝʥʳ ʚʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʝʭʥʠʢʠ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: Android NDK, JNI, ʘʬʬʳʠʥʳʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, OpenGL ES, Java 

ɺɺɽɼɽʅʀɽ 
ʕʬʬʝʢʪʠʚʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʘʪʨʠʮ ï ʦʜʥʘ ʠʟ 

ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ 
ʤʦʙʠʣʴʥʳʭ ʧʣʘʪʬʦʨʤ, ʠʩʧʦʣʴʟʫʶʱʠʭ 
ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ ʜʚʫʤʝʨʥʫʶ ʢʦʤʧʴʶʪʝʨʥʫʶ 
ʛʨʘʬʠʢʫ.  
ʊʘʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʜʣʷ ʠʛʨʦʚʦʡ 

ʠʥʜʫʩʪʨʠʠ, ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ, 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʯʘʩʪʠ ʨʝʥʜʝʨʠʥʛʘ ʚʠʟʫʘʣʴʥʳʭ 
ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʝʡ, ʚʠʟʫʘʣʴʥʦʛʦ 
ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  
ʆʜʥʠʤ ʠʟ ʘʩʧʝʢʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʘʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʘʪʨʠʮ 
ʚʠʜʘ, ʤʦʜʝʣʠ ʠ ʧʨʦʝʢʮʠʠ.  
ʄʘʪʨʠʯʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʟʘʧʠʩʠ ʘʬʬʠʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʝ. 

ɸʅɸʃʀɿ ʇʈɽɼʄɽʊʅʆʁ ʆɹʃɸʉʊʀ 

ʄʘʪʨʠʮʘ ʚʠʜʘ ʦʧʠʩʳʚʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʘʬʬʠʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʩʞʘʪʠʝ, 

ʨʘʩʪʷʞʝʥʠʝ, ʧʦʚʦʨʦʪ, ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʝʨʝʥʦʩ, 

ʦʪʨʘʞʝʥʠʝ ʠ ʜʨʫʛʠʝ ʯʘʩʪʥʳʝ ʠ ʦʙʱʠʝ ʩʣʫʯʘʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ.  

ʇʨʦʩʪʨʘʥʩʪʚʦ ʚʠʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʟʫʣʴʪʘʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʠʨʦʚʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʢʦʦʨʜʠʥʘʪʳ 

ʚʠʜʠʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺʠʜʠʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʜʚʠʛʦʚ ʠ ʚʨʘʱʝʥʠʡ ʩʮʝʥʳ. ʕʪʠ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 

ʤʘʪʨʠʮʝʡ ʚʠʜʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʨʝʥʜʝʨʠʥʛʘ ʜʚʫʤʝʨʥʦʡ 

ʛʨʘʬʠʢʠ ʪʘʢʞʝ ʦʧʝʨʠʨʫʶʪ ʧʦʥʷʪʠʝʤ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʦʪʩʝʯʝʥʠʷ. ʇʨʦʩʪʨʘʥʩʪʚʦ ʦʪʩʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪ 

ʚʠʜʠʤʳʝ ʦʙʣʘʩʪʠ ʩʮʝʥʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʨʰʠʥʳ. 

ʆʙʱʠʡ ʧʨʦʮʝʩʩ ʧʨʠʤʝʥʝʥʠʡ ʜʘʥʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 1 [1]. 
ɼʝʪʘʣʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠʭ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʝ ʷʚʣʷʝʪʩʷ 
ʧʨʝʜʤʝʪʦʤ ʦʙʩʫʞʜʝʥʠʷ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʠ ʫʧʦʤʷʥʫʪʳ ʩ 
ʮʝʣʴʶ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʦʙʱʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 
ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ. 
ʇʨʦʚʦʜʠʤʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʮʝʣʝʥʦ ʥʘ ʨʘʟʨʘʙʦʪʢʫ, 

ʩʦʟʜʘʥʠʝ ʠ ʘʥʘʣʠʟ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʜʭʦʜʘ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʘʪʨʠʮ ʧʦʩʨʝʜʩʪʚʦʤ Android NDK ʠ 
JNI. 

ɸʅɸʃʀɿ ʀ ʈɽɸʃʀɿɸʎʀʗ ʈɽʐɽʅʀʁ 
ʆʪʪʘʣʢʠʚʘʷʩʴ ʦʪ ʚʚʝʜʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʤʘʪʨʠʮ ʘʬʬʠʥʥʳʭ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʦʧʝʨʠʨʦʚʘʪʴ 
ʤʘʪʨʠʮʘʤʠ ʨʘʟʤʝʨʦʤ 4Ĭ4. 
ʂʣʘʩʩʠʯʝʩʢʘʷ, ʥʘʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʤʘʪʨʠʮ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʩʪʚ JDK ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʜʚʫʭ ʚʣʦʞʝʥʥʳʭ ʮʠʢʣʦʚ. 
ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʜʭʦʜʘ ʠ ʝʛʦ 

ʥʘʠʚʥʳʭ ʘʥʘʣʦʛʦʚ ʙʳʣʠ ʩʦʟʜʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ 
ʧʨʦʛʨʘʤʤʳ-ʙʝʥʯʤʘʨʢʠ ʩ ʫʯʝʪʦʤ ʚʩʝʭ çbest practicesè. 
ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʦʧʪʠʤʠʟʘʮʠʡ, ʢʦʪʦʨʳʝ JVM 
ʠʣʠ ʘʧʧʘʨʘʪʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʦʛʫʪ ʧʨʠʤʝʥʠʪʴ ʢ 
ʢʦʥʢʨʝʪʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʚʦ ʚʨʝʤʷ ʝʛʦ 
ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʅʝʧʨʦʜʫʤʘʥʥʳʝ ʪʝʩʪʳ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʛʫʪ ʜʘʪʴ ʦʧʪʠʤʠʩʪʠʯʥʳʝ 
ʨʝʟʫʣʴʪʘʪʳ, ʦʪʥʶʜʴ ʥʝ ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʨʝʘʣʴʥʳʤʠ. 
ʀʤʝʥʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 
ʩʦʩʪʘʚʝ ʨʘʙʦʯʝʛʦ, ʧʨʘʢʪʠʯʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢʠʭ ʪʝʭʥʠʢ, ʢʘʢ JVM warm up 
(çʨʘʟʦʛʨʝʚè ʚʠʨʪʫʘʣʴʥʦʡ ʤʘʰʠʥʳ) ʤʦʞʝʪ ʜʘʪʴ 
ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [2]. 
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ɼʘʣʝʝ ʙʫʜʫʪ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʠʪʝʨʘʮʠʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 
ʧʦʜʭʦʜʘ ʠ ʝʛʦ ʥʘʠʚʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ c ʨʘʟʣʠʯʘʶʱʠʤʩʷ 
ʩʪʝʢʦʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʠʢ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʠʭ 
ʩʨʘʚʥʝʥʠʝ. ʇʦʜ ʤʝʪʨʠʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 
ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʧʨʦʮʝʩʩʦʨʦʤ ʥʘ 
ʚʳʧʦʣʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʪʨʠʯʥʳʭ 
ʧʨʦʠʟʚʝʜʝʥʠʡ.  
ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʝ ʟʘʪʨʘʪ ʧʨʦʮʝʩʩʦʨʥʦʛʦ 

ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝ 1 ʤʠʣʣʠʦʥʘ ʤʘʪʨʠʮ 4Ĭ4 ʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʜʥʦʤʝʨʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ 16 ʵʣʝʤʝʥʪʦʚ 

ʪʠʧʘ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʣʘʩʩʠʯʝʩʢʦʡ, ʥʘʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʨʝʜʩʪʚʘʤʠ JDK ʥʘ 

ʫʩʪʨʦʡʩʪʚʝ Google Pixel XL ʚ 10 ʠʪʝʨʘʮʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1 ʠ ʨʠʩ. 2.  

ʊʘʙʣʠʮʘ 1 

ʀʪʝʨʘʮʠʷ, ˉ ɿʘʪʨʘʪʳ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ, ʤʩ 

1 3121 

2 3141 

3 3132 

4 3155 

5 3137 

6 3127 

7 3133 

8 3115 

9 3111 

10 3116 

ʋʩʨʝʜʥʝʥʥʳʡ 

ʨʝʟʫʣʴʪʘʪ 
3129 

 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚ ʜʣʷ ʨʘʟʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʪʨʠʮ, 

ʨʘʟʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʪʝʨʘʮʠʡ, ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ 

ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʤʘʪʨʠʮ ʦʧʫʩʢʘʶʪʩʷ ʧʦ ʧʨʠʯʠʥʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʧʨʠʚʝʜʝʥʥʳʤʠ ʤʝʪʨʠʢʘʤʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 

ʚʳʯʠʩʣʝʥʠʡ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʥʘ 

ʫʩʪʨʦʡʩʪʚʝ ʩ ʧʨʦʮʝʩʩʦʨʦʤ Qualcomm MSM8996 

Snapdragon 821 Quad-core (2x2.15 GHz Kryo & 2x1.6 

GHz Kryo) [3]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʩʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʩʙʦʨʢʘʭ ʧʨʠʣʦʞʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʛʨʝʩʩʠʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʦʙʬʫʩʢʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʢʦʜʘ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʩʪʨʫʤʝʥʪʘ 

ProGuard ʩ ʩʝʤʴʶ ʧʨʦʭʦʜʘʤʠ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʧʨʠʤʝʥʷʶʱʠʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʬʠʥʘʣʠʟʘʮʠʶ ʢʣʘʩʩʦʚ, ʠʭ ʯʣʝʥʦʚ, 

ʚʝʨʪʠʢʘʣʴʥʦʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʩʢʣʝʠʚʘʥʠʝ ʢʣʘʩʩʦʚ, 

ʧʨʠʚʘʪʠʟʘʮʠʠ ʧʦʣʝʡ, ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʩʪʘʪʠʯʥʳʭ 

ʤʝʪʦʜʦʚ, ʦʧʪʠʤʠʟʘʮʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ 

ʤʝʪʦʜʦʚ, ʚʩʪʨʘʠʚʘʥʠʝ ʢʦʥʩʪʘʥʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʚʩʪʨʘʠʚʘʥʠʝ ʢʦʥʩʪʘʥʪ ʚʦʟʚʨʘʪʘ ʤʝʪʦʜʦʚ, ʚʩʪʨʘʠʚʘʥʠʝ 

ʚʳʟʦʚʦʚ ʢʦʨʦʪʢʠʭ ʤʝʪʦʜʦʚ, ʚʩʪʨʘʠʚʘʥʠʝ ʫʥʠʢʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ, ʥʘʙʦʨ ʤʝʪʦʜʠʢ çpeephole optimizationè ʜʣʷ 

ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʜʣʷ ʚʝʪʚʣʝʥʠʷ ʢʦʜʘ, ʜʣʷ 

ʩʪʨʦʢ, ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʚʝʜʝʥʠʷ ʪʠʧʦʚ, ʯʠʩʪʢʘ 

ʠʟʙʳʪʦʯʥʳʭ ʠʥʩʪʨʫʢʮʠʡ, ʠʩʢʣʶʯʝʥʠʡ, ʙʣʦʢʦʚ ʢʦʜʘ 

[4]. ʊʝʤʘ ʦʧʪʠʤʠʟʘʮʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Java-ʢʦʜʘ 

ʥʘ ʵʪʘʧʝ ʢʦʤʧʠʣʷʮʠʠ ʧʨʦʝʢʪʘ ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ 

ʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʘ ʠ ʛʣʫʙʦʢʦ ʨʘʟʨʘʙʦʪʘʥʘ, 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʘ ʠʟʚʝʩʪʥʳʤʠ ʘʚʪʦʨʠʪʝʪʥʳʤʠ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʠ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʤ 

ʨʘʩʩʤʦʪʨʝʥʠʠ. ɼʘʥʥʳʝ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠʤʝʥʷʣʠʩʴ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ çʙʦʝʚʳʭè ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ɺ ʩʦʩʪʘʚʝ Android SDK ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʥʘʙʦʨ 

ʢʣʘʩʩʦʚ-ʫʪʠʣʠʪ ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʘʪʨʠʮʘʤʠ. ʀʭ 

ʨʝʘʣʠʟʘʮʠʷ, ʧʦʜʦʙʥʦ ʜʘʣʝʝ ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʧʦʜʭʦʜʫ, 

ʪʘʢʞʝ ʠʤʧʣʝʤʝʥʪʠʨʦʚʘʥʘ ʥʘ ʫʨʦʚʥʝ NDK [5]. ɺ ʮʝʣʦʤ, 

ʦʥʘ ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʝʪ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚʳʰʝ 

ʧʦʜʭʦʜ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʘʣʠʯʠʷ ʮʝʣʦʛʦ ʨʷʜʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʱʠʪ ʠ ʧʨʦʚʝʨʦʢ, ʠʥʩʪʨʫʢʮʠʡ ʜʣʷ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʧʘʤʷʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʚʩʪʨʦʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʦʪʨʘʙʦʪʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʠʜʝʥʪʠʯʥʦʤ ʥʘʙʦʨʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʠ ʧʨʠ ʠʜʝʥʪʠʯʥʦʤ ʦʢʨʫʞʝʥʠʠ ʘʧʧʘʨʘʪʥʦʡ ʠ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʪʘʙʣ. 2 ʠ ʨʠʩ. 3: 

ʊʘʙʣʠʮʘ 2 

ʀʪʝʨʘʮʠʷ, ˉ ɿʘʪʨʘʪʳ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʤʩ 

1 6075 

2 5997 

3 5987 

4 6008 

5 6037 

 
ʈʠʩ. 1. ʆʙʱʘʷ ʩʭʝʤʘ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʨʠʮ 

 
ʈʠʩ. 2. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʪʨʘʪ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪ 

ʠʪʝʨʘʮʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʥʘʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 
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6 6023 

7 6005 

8 5994 

9 5973 

10 6053 

ʋʩʨʝʜʥʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 6015 

 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʪʠʚʥʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʧʦʩʪʘʚʣʷʝʤʘʷ ʚ ʩʦʩʪʘʚʝ 

ʧʘʢʝʪʘ ʨʘʟʨʘʙʦʪʢʠ Android, ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʚ 

ʩʨʝʜʥʝʤ ʚ 1,9 ʨʘʟ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʥʘʠʚʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʪʦʛʦ ʞʝ ʘʣʛʦʨʠʪʤʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ JDK. 

ɺʦʟʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʪʘʢʦʡ 

ʥʠʟʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʘʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

ʇʝʨʚʘʷ ï ʥʘʢʣʘʜʥʳʝ ʟʘʪʨʘʪʳ ʚʳʟʦʚʘ ʥʘʪʠʚʥʳʭ 

ʬʫʥʢʮʠʡ ʧʦʩʨʝʜʩʪʚʦʤ JNI, ʪ.ʥ. çoverheadè. ɺʪʦʨʘʷ ï 

ʥʘʣʠʯʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʚʝʨʦʢ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ 

ʚʦ ʚʨʝʤʝʥʥʳʝ ʙʫʬʝʨʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʩʪʦʚ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ 

ʦʮʝʥʢʫ ʟʘʪʨʘʪ ʚʳʟʦʚʘ JNI ʬʫʥʢʮʠʡ ʧʦʩʨʝʜʩʪʚʦʤ 

Google Caliper [6] (ʨʠʩ. 4), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʥʘ ʮʝʣʝʚʦʤ ʘʧʧʘʨʘʪʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʚʳʟʦʚ JNI 

ʬʫʥʢʮʠʠ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦ ʚʨʝʤʷ 

ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʚʳʧʦʣʥʝʥʠʶ 5-30 java ʦʧʝʨʘʮʠʡ ʥʘʜ 

ʧʨʠʤʠʪʠʚʥʳʤʠ ʪʠʧʘʤʠ. 

 

 
ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʥʘʢʣʘʜʥʳʭ ʟʘʪʨʘʪ ʥʘ ʚʳʟʦʚ JNI ʬʫʥʢʮʠʡ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʨʝʰʝʥʠʝ 

ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʫʙʨʘʚ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʟʙʳʪʦʯʥʳʭ ʧʨʦʚʝʨʦʢ ʠ ʚʩʪʨʦʝʥʥʳʭ ʟʘʱʠʪ ʥʘʪʠʚʥʦʡ 

ʠʤʧʣʝʤʝʥʪʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪʝʣʴʥʦ ʥʘ ʪʘʢʦʤ ʥʠʟʢʦʤ 

ʫʨʦʚʥʝ ʚʳʧʦʣʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʙʦʝʚʳʭ, ʦʪʣʘʞʝʥʥʳʭ ʠ 

ʩʪʘʙʠʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʜʦʧʫʩʪʠʤʦ 

ʧʦʩʪʫʧʣʝʥʠʝ ʥʝ ʚʘʣʠʜʥʳʭ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʪʘʢʠʝ 

ʧʨʦʚʝʨʢʠ ʠ ʧʨʝʧʨʦʮʝʩʩʠʥʛ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʥʝʩʫʪ 

ʚʝʨʭʥʠʝ ʩʣʦʠ ʘʙʩʪʨʘʢʮʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘʠʚʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʦʠʟʚʝʜʝʥʠʷ 

ʤʘʪʨʠʮ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʮʠʢʣʦʚ, ʚʚʝʜʝʥʠʷ 

ʨʷʜʘ ʢʦʥʩʪʘʥʪʥʳʭ ʠʥʜʝʢʩʦʚ, ʧʘʢʝʪʥʳʭ ʙʫʬʝʨʦʚ 

ʤʘʪʨʠʮ, ʫʢʘʟʘʪʝʣʝʡ, ʦʧʝʨʘʮʠʡ, ʧʨʠʤʝʥʝʥʠʷ 

ʘʛʨʝʩʩʠʚʥʳʭ ʫʨʦʚʥʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʤʧʠʣʷʪʦʨʘ 

ʥʘʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʝʜʝʥʠʷ (ʪʘʙʣ. 3, ʨʠʩ. 4): 

ʊʘʙʣʠʮʘ 3 

ʀʪʝʨʘʮʠʷ, ˉ ɿʘʪʨʘʪʳ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ, 

ʤʩ 

1 2488 

2 2382 

3 2326 

4 2339 

5 2292 

6 2319 

7 2352 

8 2317 

9 2410 

10 2455 

ʋʩʨʝʜʥʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 2368 

 

 
ʈʠʩ. 4. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʪʨʘʪ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪ 
ʠʪʝʨʘʮʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ɺʓɺʆɼʓ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʦʝ ʧʨʦʧʨʠʝʪʘʨʥʦʝ 

ʨʝʰʝʥʠʝ ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʚ ʩʨʝʜʥʝʤ ʚ 1,3 ʨʘʟʘ 

ʣʫʯʰʠʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʠʚʥʳʤ Java-ʨʝʰʝʥʠʝʤ ʠ ʚ 2,5 

ʨʘʟʘ ʣʫʯʰʠʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʘʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʠʟ 

ʩʦʩʪʘʚʘ SDK. 

ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʫʣʫʯʰʠʪʴ 

ʧʨʝʜʣʦʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʣʠʟʘʮʠʠ 

ʧʦʣʥʦʮʝʥʥʦʛʦ ʧʘʢʝʪʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʙʫʬʝʨʦʚ 

ʤʘʪʨʠʮ, ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʢʨʘʪʠʚ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʥʘʢʣʘʜʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʥʘʪʠʚʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ. 

ʃʀʊɽʈɸʊʋʈɸ 
 

1. Article - World, View and Projection Transformation 

Matrices [ɽʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʫ: 

1900

2000

2100

2200

2300

2400

2500

2600

2700

0 1 2 3 4 5 6 7 8 9 10 11˭
͊
ͭ
ͪ
͊
ͭ
·
 
ͨ
ͪ
ͦ
ͼ
͔
ͫ
ͫ
ͦ
ͪ
ͤ
ͦ
͎
ͦ
 
͍
ͪ
͔
ͣ
͔
ͤ
͙
Σ
 

ͣ
ͫ

ˮ͔ͭͪ͊ͼ͙ΎΣ Ѕ

 
ʈʠʩ. 3. ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʪʨʘʪ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪ 

ʠʪʝʨʘʮʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʚʩʪʨʦʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 
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http://www.codinglabs.net/article_world_view_project

ion_matrix.aspx. 

2. Donôt Get Caught In the Cold, Warm-up Your JVM 

[ɽʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / [D. Lion, A. Chiu, H. Sun ʪʘ 

ʽʥ.]. ï 2016. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

http://www.eecg.toronto.edu/~yuan/papers/osdi16-

hottub.pdf. 

3. Tech Specs [ɽʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: https://store.google.com/us/ 

product/pixel_phone_specs?hl=en-US. 

4. Optimizations [ɽʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: https://www.guardsquare.com/ 

en/proguard/manual/optimizations. 

5. xref: /frameworks/base/core/jni/android/ 

opengl/util.cpp [ɽʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: http://androidxref.com/ 

8.0.0_r4/xref/frameworks/base/core/jni/android/opengl

/util.cpp. 

6. ProjectHome [ɽʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: https://github.com/google/ 

caliper/wiki/ProjectHome

.
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ʄʝʪʦʜ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʜʣʷ ʘʥʘʣʽʟʫ 

ʢʦʛʥʽʪʠʚʥʠʭ ʢʘʨʪ

ɼʤʠʪʨʝʥʢʦ ʆʣʝʛ ʆʣʝʢʩʘʥʜʨʦʚʠʯ 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

ʂʠʾʚ, ʋʢʨʘʾʥʘ 

dmytrenko.o@gmail.com 

ʃʘʥʜʝ ɼʤʠʪʨʦ ɺʦʣʦʜʠʤʠʨʦʚʠʯ 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

ʂʠʾʚ, ʋʢʨʘʾʥʘ 

dwlande@gmail.com 

ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʦʚʠʡ ʤʝʪʦʜ 

ʘʥʘʣʽʟʫ ʢʦʛʥʽʪʠʚʥʠʭ ʢʘʨʪ, ʪʘʢ ʟʚʘʥʠʡ, ʤʝʪʦʜ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʽʥ 

ʧʦʟʙʘʚʣʝʥʠʡ ʥʝʜʦʣʽʢʽʚ, ʷʢʽ ʤʽʩʪʠʪʴ, ʥʘʧʨʠʢʣʘʜ, ʦʜʠʥ ʟ 

ʤʝʪʦʜʽʚ, ʱʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʘʰ ʯʘʩ, ï 

ʽʤʧʫʣʴʩʥʠʡ ʤʝʪʦʜ, ʘ ʩʘʤʝ: ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ, ʟʘʚʞʜʠ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʨʝʟʫʣʴʪʫʶʯʝ ʟʥʘʯʝʥʥʷ, ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʻ ʩʪʽʡʢʠʤ 

ʽʤʧʫʣʴʩʥʠʡ ʧʨʦʮʝʩ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʤʧʫʣʴʩʥʦʛʦ ʤʝʪʦʜʫ, 

ʤʝʪʦʜ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʥʝ ʧʦʨʫʰʫʻ ʤʘʩʰʪʘʙʥʦʾ 

ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ. ɺ ʨʦʙʦʪʽ ʪʘʢʦʞ ʥʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ 

ʘʥʘʣʽʟʫ ʢʦʛʥʽʪʠʚʥʠʭ ʢʘʨʪ, ʥʘ ʷʢʠʭ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ 

ʧʝʨʝʚʘʛʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ.    

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʛʥʽʪʠʚʥʘ ʢʘʨʪʘ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ, 
ʟʚʘʞʝʥʠʡ ʦʨʛʨʘʬ, ʤʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ, ʤʘʪʨʠʮʷ ʚʧʣʠʚʫ, 

ʽʤʧʫʣʴʩʥʠʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ. 

ɺʉʊʋʇ 

ʂʦʛʥʽʪʠʚʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʦʜʥʠʤ ʽʟ ʥʦʚʠʭ 

ʥʘʧʨʷʤʢʽʚ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʧʽʜʪʨʠʤʢʠ ʪʘ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ [1].   

ʂʦʛʥʽʪʠʚʥʘ ʢʘʨʪʘ ï ʮʝ ʦʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ, ʨʝʙʨʘʤ (ʘ 

ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʽ ʚʫʟʣʘʤ) ʷʢʦʛʦ ʤʦʞʫʪʴ 

ʧʨʠʧʠʩʫʚʘʪʠʩʴ ʧʝʚʥʽ ʚʘʛʦʚʽ ʟʥʘʯʝʥʥʷ. ʂʦʛʥʽʪʠʚʥʘ 

ʢʘʨʪʘ, ʷʢ ʽ ʙʫʜʴ-ʷʢʠʡ ʛʨʘʬ, ʦʧʠʩʫʻʪʴʩʷ ʤʘʪʨʠʮʝʶ 

ʩʫʤʽʞʥʦʩʪʽ W, ʝʣʝʤʝʥʪʘʤʠ ʷʢʦʾ ʻ ijw  ï ʚʘʛʦʚʽ 

ʟʥʘʯʝʥʥʷ ʨʝʙʝʨ, ʱʦ ʟôʻʜʥʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʚʝʨʰʠʥʠ 

1, 2
,...,

n
u u u . ɺʝʨʰʠʥʘʤ ʢʦʛʥʽʪʠʚʥʦʾ ʢʘʨʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʝʚʥʽ ʧʦʥʷʪʪʷ (ʢʦʥʮʝʧʪʠ), ʘ ʨʝʙʨʘʤ (ʟʚôʷʟʢʘʤ) ï 

ʢʘʟʫʘʣʴʥʽ (ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ) ʟʚôʷʟʢʠ ʤʽʞ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʦʥʮʝʧʪʘʤʠ.  

ɺʚʝʜʝʥʥʷ ʚʘʛ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʠʣʫ ʚʧʣʠʚʫ, 

ʚʠʷʚʠʣʦʩʷ ʦʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ 

ʢʦʛʥʽʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʘʥʘʣʽʟʫ ʩʠʪʫʘʮʽʡ. ɼʣʷ ʘʥʘʣʽʟʫ 

ʜʦʙʨʝ ʩʪʨʫʢʪʫʨʦʚʘʥʠʭ ʩʠʪʫʘʮʽʡ ʟ ʢʽʣʴʢʽʩʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʘʛʦʚʽ ʟʥʘʯʝʥʥʷ, ʘ 

ʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʟʘ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ ʤʽʞ ʜʚʦʤʘ 

ʚʝʨʰʠʥʘʤʠ ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ. 

ɼʣʷ ʘʥʘʣʽʟʫ ʥʝʯʽʪʢʠʭ ʢʦʛʥʽʪʠʚʥʠʭ ʢʘʨʪ (ʅʂʂ) 

ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤ ʻ ʧʽʜʭʽʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ɹ. ʂʦʩʢʦ 

[2], ʷʢʠʡ ʪʘʢʦʞ ʚʚʽʚ ʧʦʥʷʪʪʷ ʅʂʂ (ʘʥʛʣ. FCM ï fuzzy 

cognitive maps). ɿʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʪʠʧʫ ʟʘʜʘʯ, 

ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʨʽʟʥʽ ʤʦʜʠʬʽʢʘʮʽʾ 

ʅʂʂ. ʆʩʥʦʚʦʶ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʅʂʂ ʻ ʦʧʝʨʘʮʽʾ 

ʥʝʯʽʪʢʦʾ ʤʘʪʝʤʘʪʠʢʠ [3]. 

ɯʄʇʋʃʔʉʅʀʁ ʄɽʊʆɼ 

ʆʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʢʦʛʥʽʪʠʚʥʠʭ 

ʢʘʨʪ, ʱʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʘʰ ʯʘʩ, ʻ 

ʽʤʧʫʣʴʩʥʠʡ ʤʝʪʦʜ [4, 5]. ɺ ʮʴʦʤʫ ʤʝʪʦʜʽ ʚʚʘʞʘʻʪʴʩʷ, 

ʱʦ ʢʦʞʥʘ ʚʝʨʰʠʥʘ 
i

u  ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ( )
i

v t , ʚ 

ʜʠʩʢʨʝʪʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ0,1,2,...t= . ɺʘʛʘ ʨʝʙʨʘ ʤʘʻ 

ʜʦʜʘʪʥʻ ʟʥʘʯʝʥʥʷ 0
ij

w > , ʷʢʱʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʛʦʚʦʛʦ 

ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʧʪʘ-ʧʨʠʯʠʥʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʚʘʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʧʪʘ-ʥʘʩʣʽʜʢʘ, ʽ 

0
ij

w <  ï ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ. ʗʢʱʦ ʟʚôʷʟʦʢ ʤʽʞ 

ʚʝʨʰʠʥʘʤʠ i  ʪʘ j  ʚʽʜʩʫʪʥʽʡ, ʪʦ 0
ij

w = . 

ɿʥʘʯʝʥʥʷ ʚʝʨʰʠʥ ʚ ʟʚʘʞʝʥʦʤʫ ʦʨʛʨʘʬʽ 

ʟʤʽʥʶʶʪʴʩʷ ʟ ʯʘʩʦʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʦʨʤʫʣʠ: 

 
1

( 1) ( ) ( )
n

i i ji j

j

v t v t w p t
=

+ = +ä  (1) 

ʜʝ nï ʢʽʣʴʢʽʩʪʴ ʚʝʨʰʠʥ ʫ ʛʨʘʬʽ. 

ɿʤʽʥʘ ʽʤʧʫʣʴʩʫ ( )jp t ʟʘʜʘʻʪʴʩʷ ʨʽʟʥʠʮʝʶ 

( ) ( ) ( 1)
j i i

p t v t v t= - - ʧʨʠ 1,2,  ...t= . 

 ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʧʨʠ 

0 :t = (0)
j

p  ʪʘ (0)
i

v . 

ʅɽɼʆʃɯʂʀ ɯʄʇʋʃʔʉʅʆɻʆ ʄɽʊʆɼʋ 

ʆʩʥʦʚʥʠʤ ʽ ʥʘʡʚʘʛʦʤʽʰʠʤ ʥʝʜʦʣʽʢʦʤ ʽʤʧʫʣʴʩʥʦʛʦ 

ʤʝʪʦʜʫ ʻ ʨʦʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʚʠʧʘʜʢʫ ʥʝʩʪʽʡʢʦʛʦ 

ʽʤʧʫʣʴʩʥʦʛʦ ʦʨʛʨʘʬʫ. ʗʢʱʦ ʚʩʽ ʥʝʥʫʣʴʦʚʽ ʚʣʘʩʥʽ 

ʟʥʘʯʝʥʥʷ ʟʚʘʞʝʥʦʛʦ ʦʨʛʨʘʬʘ, ʷʢʦʤʫ ʚʽʜʧʦʚʽʜʘʻ 

ʤʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ W, ʨʽʟʥʽ ʽ ʟʘ ʘʙʩʦʣʶʪʥʦʶ 

ʚʝʣʠʯʠʥʦʶ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʦʜʠʥʠʮʶ, ʪʦ ʦʨʛʨʘʬ ï 

ʽʤʧʫʣʴʩʥʦ-ʩʪʽʡʢʠʡ ʜʣʷ ʚʩʽʭ ʧʨʦʩʪʠʭ ʽʤʧʫʣʴʩʥʠʭ 

ʧʨʦʮʝʩʽʚ. ɯʥʘʢʰʝ, ʦʨʛʨʘʬ ï ʽʤʧʫʣʴʩʥʦ-ʥʝʩʪʽʡʢʠʡ ʜʣʷ 

ʜʝʷʢʦʛʦ ʧʨʦʩʪʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ʧʨʦʮʝʩʫ [4]. ʊʦʙʪʦ 

ʟʥʘʡʜʝʪʴʩʷ ʪʘʢʘ ʚʝʨʰʠʥʘ, ʷʢʽʡ ʧʝʨʝʜʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʡ 

ʽʤʧʫʣʴʩ, ʱʦ ʚ ʜʝʷʢʽʡ (ʤʦʞʣʠʚʦ, ʽʥʰʽʡ) ʚʝʨʰʠʥʽ 

ʽʤʧʫʣʴʩ ʩʪʘʥʝ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʠʤ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚ 

ʽʤʧʫʣʴʩʥʦʤʫ ʤʝʪʦʜʽ ʟʥʘʯʝʥʥʷ ( )
i

v t  ʧʨʠ t­¤ 

ʚʠʟʥʘʯʠʪʠ ʙʫʜʝ ʥʝʤʦʞʣʠʚʦ. ʊʦʤʫ ʽʩʥʫʶʪʴ ʤʝʪʦʜʠ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʥʝʩʪʽʡʢʠʭ ʦʨʛʨʘʬʽʚ [6]. 
ʊʘʢʦʞ ʫ ʨʦʙʦʪʽ [7] ʧʨʦʚʝʜʝʥʠʡ ʢʨʠʪʠʯʥʠʡ ʘʥʘʣʽʟ 

ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʛʥʽʪʠʚʥʠʭ ʢʘʨʪ ʽ 
ʥʘʚʝʜʝʥʦ ʨʷʜ ʥʝʜʦʣʽʢʽʚ ʪʘ ʧʨʦʪʠʨʽʯ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 
ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʤʧʫʣʴʩʥʦʛʦ ʤʝʪʦʜʫ: 

1) ʨʦʟʙʽʞʥʽʩʪʴ ( )
i

v t  ʧʨʠ t­¤, ʷʢʱʦ ʨʷʜ ʚ (1) 

ʨʦʟʙʽʞʥʠʡ; 

2) ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʫ ï ( )
i

v t  ʟʘʣʝʞʠʪʴ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ (1), ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ (0)
j

p ; 

3) ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ (0)
i

v  ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʟʘʣʝʞʥʽʩʪʴ   ʚʽʜ t(ʚʭʦʜʠʪʴ ʫ ʚʠʨʘʟ ʜʣʷ ( )
i

v t  ʷʢ 

ʜʦʜʘʥʦʢ); 
4) ʧʦʨʫʰʝʥʥʷ ʤʘʩʰʪʘʙʥʦʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʧʨʠ 
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ʟʙʽʣʴʰʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʘʪʨʠʮʽ W  ʚ h ʨʘʟʽʚ. ɺ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʙʽʞʥʦʩʪʽ ʨʷʜʫ ʚ (1). 

ʄɽʊʆɼ ʅɸʂʆʇʀʏʋɺɸʃʔʅʆɻʆ ɺʇʃʀɺʋ 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʛʥʽʪʠʚʥʠʭ ʢʘʨʪ ï ʤʝʪʦʜ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ. ɯʜʝʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ 

ʫ ʪʦʤʫ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʦʧʘʨʥʦ ʚʩʽ ʚʝʨʰʠʥʠ 

ʟʚʘʞʝʥʦʛʦ ʦʨʛʘʬʘ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ijz  ʚʧʣʠʚʫ 

ʚʝʨʰʠʥʠ 
i

u  ʥʘ 
ju (ʜʝ , 1,  2,  ...,i j n= ). ɺ ʨʝʟʫʣʴʪʘʪʽ, 

ʙʫʜʝ ʦʪʨʠʤʘʥʘ ʤʘʪʨʠʮʷ ʚʧʣʠʚʫ ï Z , ʱʦ 

ʩʢʨʘʜʘʪʠʤʝʪʴʩʷ ʟ ʝʣʝʤʝʥʪʽʚ 
ijz .  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ 
ijz   ï ʟʘʛʘʣʴʥʠʡ ʚʧʣʠʚ 

ʚʝʨʰʠʥʠ 
i

u  ʥʘ 
ju , ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʝ: 

1) ʙʫʜʫʶʪʴʩʷ ʚʩʽ ʤʦʞʣʠʚʽ ʧʨʦʩʪʽ ʰʣʷʭʠ ʟ ʚʝʨʰʠʥʠ 

i
u  ʚ 

ju .  

2) ʥʘ ʢʦʞʥʦʤʫ ʰʣʷʭʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ 
i

u  ʥʘ 

ju , ʚʨʘʭʦʚʫʶʯʠ ʟʥʘʢʠ ʚʘʛʦʚʠʭ ʟʥʘʯʝʥʴ, ʱʦ ʧʨʠʧʠʩʘʥʽ 

ʨʝʙʨʘʤ: ʚʝʨʰʠʥʽ 
i

u  ʥʘʜʘʻʪʴʩʷ ʦʜʠʥʠʯʥʠʡ ʽʤʧʫʣʴʩ, 

ʷʢʠʡ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ ʧʦ ʣʘʥʮʶʛʫ ʚʽʜ 
i

u  ʜʦ 
ju  

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʘʚʠʣ a) ï d): 

a) 
i k j

u u u+ -½½­ ½½­  

ʗʢʱʦ ʚʝʨʰʠʥʘ 
i

u  ʚʧʣʠʚʘʻ ʧʦʟʠʪʠʚʥʦ ʥʘ ʚʝʨʰʠʥʫ 

k
u , ʘ 

k
u  ʚʧʣʠʚʘʻ ʥʘ 

ju  ʥʝʛʘʪʠʚʥʦ, ʪʦ ʚʝʨʰʠʥʘ 
i

u  

ʧʽʜʩʠʣʶʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʚʝʨʰʠʥʠ 
k

u  ʥʘ ju . ʆʪʞʝ, 

ʚ ʨʝʟʫʣʴʪʘʪʽ, ʚʝʨʰʠʥʘ i
u  ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ju . 

b) i k j
u u u- -½½­ ½½­  

ʗʢʱʦ ʚʝʨʰʠʥʘ i
u  ʧʦʩʣʘʙʣʶʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ 

ʚʝʨʰʠʥʠ 
k

u  ʥʘ 
ju , ʪʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʝʨʰʠʥʘ i

u  

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ju . 

c) 
i k j

u u u+ +½½­ ½½­  

ʊʫʪ ʚʝʨʰʠʥʘ 
i

u  ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ju , 

ʧʽʜʩʠʣʶʶʯʠ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʚʝʨʰʠʥʠ k
u  ʥʘ ju . 

d) i k j
u u u- +½½­ ½½­  

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʩʣʘʙʣʝʥʥʷ 

ʧʦʟʠʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʚʝʨʰʠʥʠ k
u  ʥʘ ju  ʟʘ ʨʘʭʫʥʦʢ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ i
u  ʥʘ ku . ʗʢ ʥʘʩʣʽʜʦʢ, ʚʝʨʰʠʥʘ i

u  

ʟʜʽʡʩʥʶʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ju . 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʯʘʩʪʢʦʚʠʡ ʚʧʣʠʚ ʥʘ ʢʽʥʮʝʚʫ 

ʚʝʨʰʠʥʫ ju  ʷʢʠʡ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ 

ʚʝʨʰʠʥʠ i
u  ʥʘ k -ʤʫ ʧʨʦʩʪʦʤʫ ʰʣʷʭʫ, ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʨʘʭʫʚʘʪʠ ʟʘʛʘʣʴʥʠʡ ʚʧʣʠʚ k

ij
z  ʥʘ ʚʝʨʰʠʥʫ ju , 

ʥʘʢʦʧʠʯʝʥʠʡ  ʚʽʜ ʚʩʽʭ ʚʝʨʰʠʥ k

t
q , ʱʦ ʚʭʦʜʷʪʴ ʫ k -ʡ 

ʰʣʷʭ (ʚʨʘʭʦʚʫʶʯʠ ʧʨʘʚʠʣʘ a)ïd) ); ʧʦʪʽʤ ï ʚʽʜʥʷʪʠ ʚʽʜ 
k

ij
z  ʚʣʠʚ ʥʘ ʚʝʨʰʠʥʫ ju , ʷʢʠʡ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚʽʜ ʚʩʽʭ 

ʚʝʨʰʠʥ k

t
q  ʥʘ ʮʴʦʤʫ ʞ ʰʣʷʭʫ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʧʦʯʘʪʢʦʚʦʾ ʚʝʨʰʠʥʠ 0 i
q u= , ʪʦʙʪʦ ï k

ij
z . 

k

ij
z  ʪʘ k

ij
z  ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʽʪʝʨʘʪʠʚʥʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʬʦʨʤʫʣ: 

 
1

( )
( 1) 1 sign( ( )) * ( , )

k

ijk k k k

ij ij t t

z t
z t z t w q qa

m
+

å õå õ
æ öæ ö+ = + *

æ öæ ö
ç ÷ç ÷

 (2) 

 
1

( )
( 1) 1 sign( ( )) * ( , )

k

ijk k k k

ij ij r r

z r
z r z r w q qa

m
+

å õå õ
æ öæ ö+ = + *

æ öæ ö
ç ÷ç ÷

 (3) 

ʜʝ k
t

q   ï  ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʝʨʰʠʥ ʫ k -ʤʫ ʰʣʷʭʫ 

0( iq u= ,
1m jq u- = ); 

0,1,..., 2t m= -, ʘ 1,..., 2r m= - ( m ï ʢʽʣʴʢʽʩʪʴ 

ʚʝʨʰʠʥ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ k -ʛʦ ʰʣʷʭʫ). 

ʅʝʦʙʭʽʜʥʽ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ: (0) 0k

ij
z = , (1) 0k

ij
z = . 

max ijwm= ,  

ʜʝ 0,1,...,i n= , 0,1,...,j n=  ( n  - ʨʦʟʤʽʨʥʽʩʪʴ 

ʢʦʛʥʽʪʠʚʥʦʾ ʢʘʨʪʠ). 

ɿʘʛʘʣʴʥʠʡ  ʚʧʣʠʚ 
ijz  ʥʘ ʚʝʨʰʠʥʫ 

ju , ʷʢʠʡ 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚʽʜ ʚʝʨʰʠʥʠ 
i

u , ï ʮʝ ʩʫʤʘ ʧʦ ʚʩʽʭ 

ʧʨʦʩʪʠʭ ʰʣʷʭʘʭ (ʱʦ ʩʧʦʣʫʯʘʶʪʴ 
i

u  ʪʘ 
ju ) ʚʩʽʭ 

ʯʘʩʪʢʦʚʠʭ ʚʧʣʠʚʽʚ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʷʢ ʨʽʟʥʠʮʷ ʤʽʞ (2) ʪʘ 

(3) 

1

( )
s

k k

ij ij ij

k

z z z
=

= -ä  

ʜʝ s  ï ʢʽʣʴʢʽʩʪʴ ʧʨʦʩʪʠʭ ʰʣʷʭʽʚ ʽʟ ʚʝʨʰʠʥʠ i
u  ʚ ju

. 

 ʗʢʱʦ ju  ʥʝʜʦʩʷʞʥʘ ʽʟ ʚʝʨʰʠʥʠ i
u , ʪʦ 0ijz = . 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʤʘʻ ʝʢʩʧʦʥʝʥʮʽʡʥʫ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ 2
( )

n
O e , ʜʝ n  ï ʢʽʣʴʢʽʩʪʴ 

ʚʝʨʰʠʥ ʢʦʛʥʽʪʠʚʥʦʾ ʢʘʨʪʠ. 

ʊʦʞ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡʥʠʭ 

ʢʨʦʢʽʚ (ʘ ʦʪʞʝ, ʽ ʟʤʝʥʰʠʪʠ ʦʩʥʦʚʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʩʢʣʘʜʥʽʩʪʴ ʤʝʪʦʜʫ), ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʟʨʦʙʠʪʠ ʥʫʣʴʦʚʠʡ ʢʨʦʢ, ʽʜʝʷ ʷʢʦʛʦ: 
a) ʧʦʙʫʜʫʚʘʪʠ ʤʘʪʨʠʮʶ ʜʦʩʷʞʥʦʩʪʽ A  ʜʣʷ 

ʧʦʯʘʪʢʦʚʦʾ ʤʘʪʨʠʮʽ W ; 

b) ʢʦʞʝʥ ʝʣʝʤʝʥʪ ijw  ʧʦʯʘʪʢʦʚʦʾ ʤʘʪʨʠʮʽ W

ʜʦʤʥʦʞʠʪʠ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʝʣʝʤʝʥʪ ija  ʤʘʪʨʠʮʽ A . 

ʇɽʈɽɺɸɻʀ ʊɸ ʇʈʀʂʃɸɼʀ ʈʆɹʆʊʀ ʄɽʊʆɼʋ 

ʅɸʂʆʇʀʏʋɺɸʃʔʅʆɻʆ ɺʇʃʀɺʋ 

ʆʜʥʽʻʶ ʽʟ ʧʝʨʝʚʘʛ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʽʤʧʫʣʴʩʥʦʛʦ, ʻ ʪʝ, ʱʦ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ 

ʩʢʽʥʯʝʥʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ n  ʪʘ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ijw  ʟʚʘʞʝʥʦʛʦ ʦʨʛʨʘʬʘ, ʤʝʪʦʜ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʤʘʻ ʦʙʤʝʞʝʥʠʡ ʟʘ ʯʠʩʣʦʚʠʤ 

ʟʥʘʯʝʥʥʷʤ ʨʝʟʫʣʴʪʘʪ ʨʦʟʨʘʭʫʥʢʫ ï ijz : 

2* * 2* *
ij

s z sm m- < <  ʜʣʷ 0s" >  (ʜʝ s  ï ʢʽʣʴʢʽʩʪʴ 

ʧʨʦʩʪʠʭ ʰʣʷʭʽʚ ʽʟ ʚʝʨʰʠʥʠ i
u  ʚ ju ). 
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ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [8] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʦʛʥʽʪʠʚʥʘ 

ʢʘʨʪʘ ʚʟʘʻʤʦʚʧʣʠʚʫ ʤʦʜʝʣʽ ʩʘʥʽʪʘʨʥʦʛʦ ʩʪʘʥʫ (ʨʠʩ. 1). 

ɼʣʷ ʟʥʘʢʦʚʦʛʦ ʦʛʨʘʬʫ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩ. 1, 

ʤʘʪʨʠʮʷ ʩʫʤʽʞʥʦʩʪʽ ʤʘʻ ʚʠʛʣʷʜ 

 

0 0 0,6 0,9 0 0 0

0,1 0 0 0 0 0 0

0 0,7 0 0 0,9 0 0

= 0 0 0 0 0 0 0,9

0 0 0 0 0 0,9 0,9

0,3 0 0 0 0 0 0

0 0 0 0 0 0,8 0

W

å õ
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö- -
æ ö
-æ ö
æ ö
ç ÷

 (4) 
ʆʨʛʨʘʬ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ (4) ï ʽʤʧʫʣʴʩʥʦ-ʩʪʽʡʢʠʡ ʜʣʷ 

ʚʩʽʭ ʧʨʦʩʪʠʭ ʽʤʧʫʣʴʩʥʠʭ ʧʨʦʮʝʩʽʚ. ʁʦʛʦ ʥʝʥʫʣʴʦʚʽ 

ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʟʘ ʘʙʩʦʣʶʪʥʦʶ ʚʝʣʠʯʠʥʦʶ ʨʽʚʥʽ: 

0,686; 0,686; 0,634; 0,625; 0,625; 9,22e-17. 

ʉʫʤʘʨʥʠʡ ʘʙʩʦʣʶʪʥʠʡ ʚʧʣʠʚ ʢʦʞʥʦʾ ʽʟ ʚʝʨʰʠʥ ʪʘ 

ʾʭ ʨʘʥʞʫʚʘʥʥʷ ʜʣʷ ʤʘʪʨʠʮʽ (4), ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʽʤʧʫʣʴʩʥʦʛʦ ʤʝʪʦʜʫ ʪʘ ʤʝʪʦʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ 

ʚʧʣʠʚʫ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʷ 1 
ɺʝʨʰʠʥʘ 

(ˉ) 

ɯʤʧʫʣʴʩʥʠʡ 

ʤʝʪʦʜ 

ɺʝʨʰʠʥʘ 

(ˉ) 

ʄʝʪʦʜ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ 

ʚʧʣʠʚʫ 

5 5,44 3 3,816 

3 4,06 5 3,599 

1 3,38 1 3,371 

4 2,21 4 1,683 

7 1,79 7 1,65 

6 1,27 6 1,598 

2 0,4 2 0,493 

ʈʘʥʞʫʚʘʥʥʷ ʚʝʨʰʠʥ (ʪʘʙʣ. 1), ʚʥʘʩʣʽʜʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ, 

ʙʣʠʟʴʢʝ ʟʘ ʟʤʽʩʪʦʤ ʜʦ ʨʘʥʞʫʚʘʥʥʷ, ʷʢʝ ʜʘʻ ʽʤʧʫʣʴʩʥʠʡ 

ʤʝʪʦʜ. ʅʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʘʥʞʫʚʘʥʥʷ ʚʠʢʣʠʢʘʥʘ 

ʩʧʝʮʠʬʽʢʦʶ ʥʦʚʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. 

ɺʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ ʤʘʪʨʠʮʽ 

ʩʫʤʽʞʥʦʩʪʽ W  ʫ h ʨʘʟʽʚ, ʦʛʨʘʬ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʦʚʽʡ 

Whʩʪʘʥʝ ʽʤʧʫʣʴʩʥʦ-ʥʝʩʪʽʡʢʠʤ ʜʣʷ ʜʝʷʢʦʛʦ ʧʨʦʩʪʦʛʦ 

ʽʤʧʫʣʴʩʥʦʛʦ ʧʨʦʮʝʩʫ. ʊʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʛʦ 

ʤʝʪʦʜʫ ʻ ʥʝʤʦʞʣʠʚʠʤ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʫ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʝ ʣʠʰʝ 

ʤʘʩʰʪʘʙʥʘ ʽʥʚʘʨʽʘʥʪʥʽʩʪʴ, ʘ ʡ ʧʨʦʧʦʨʮʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʟʘʛʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʜʣʷ ʢʦʞʥʦʾ ʽʟ ʚʝʨʰʠʥ ʚ h ʨʘʟʽʚ 

(ʪʘʙʣ. 2). ɸ ʦʪʞʝ, ʟʙʝʨʽʛʘʻʪʴʩʷ ʽ ʨʘʥʞʫʚʘʥʥʷ ʚʝʨʰʠʥ, ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʘʥʞʫʚʘʥʥʷʤ ʜʣʷ ʤʘʪʨʠʮʽ W . 

ʊʘʙʣʠʮʷ 2 
ɺʝʨʰʠʥʘ (ˉ) ɿʘʛʘʣʴʥʠʡ ʚʧʣʠʚ

W  

ɿʘʛʘʣʴʥʠʡ ʚʧʣʠʚ 

ʜʣʷ 
2

W  

5 3,816 7,632 

3 3,599 7,198 

1 3,371 6,742 

4 1,683 3,336 

7 1,65 3,299 

6 1,598 3,197 

2 0,493 0,986 

ɺʀʉʅʆɺʂʀ 

ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʮʽʡ ʨʦʙʦʪʽ ʤʝʪʦʜ 

ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʜʦʟʚʦʣʷʻ ʧʦʜʦʣʘʪʠ ʥʝʜʦʣʽʢʠ 

ʪʘ ʧʨʦʪʠʨʽʯʯʷ ʽʤʧʫʣʴʩʥʦʛʦ ʤʝʪʦʜʫ. ʅʘʧʨʠʢʣʘʜ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʽʤʧʫʣʴʩʥʦʛʦ ʤʝʪʦʜʫ, ʜʣʷ ʙʫʜʴ-ʷʢʦʾ 

ʩʢʽʥʯʝʥʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʝʨʰʠʥ ʪʘ ʧʨʠ ʙʫʜʴ-ʷʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʟʚʘʞʝʥʦʛʦ ʦʨʛʨʘʬʘ, ʨʝʟʫʣʴʪʘʪ ijz  ʚʥʘʩʣʽʜʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ, ʽʩʥʫʻ 

ʡ ʦʙʤʝʞʝʥʠʡ ʟʘ ʯʠʩʣʦʚʠʤ ʟʥʘʯʝʥʥʷʤ. ʇʦʯʘʪʢʦʚʽ 

ʟʥʘʯʝʥʥʷ (0)k

ij
z  ʪʘ (0)k

ij
z  ʫ ʥʦʚʦʤʫ ʤʝʪʦʜʽ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʟʘʣʝʞʥʽʩʪʴ ( )k

ij
z t  ʪʘ ( )k

ij
z t  ʚʽʜ t  (ʪʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, 

ʱʦ (0) 0k

ij
z =  ʪʘ (1) 0k

ij
z = ). ( )k

ij
z t  ʪʘ ( )k

ij
z t  ʥʝ ʟʘʣʝʞʠʪʴ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ (2) ʪʘ (3), ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ 

ʽʤʧʫʣʴʩʫ. ʊʘʢʦʞ, ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʤʘʪʨʠʮʽ W  ʚ h ʨʘʟʽʚ, ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʨʘʥʞʫʚʘʥʥʷ 

ʚʝʨʰʠʥ ʟʘ ʩʪʫʧʝʥʝʤ ʾʭ ʚʧʣʠʚʫ, ʘ ʟʘʛʘʣʴʥʘ ʚʝʣʠʯʠʥʘ 

ʚʧʣʠʚʫ ʢʦʞʥʦʾ ʽʟ ʚʝʨʰʠʥ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʚ 

h ʨʘʟʽʚ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʤʘʻ ʽ ʩʚʽʡ ʥʝʜʦʣʽʢ, 

ʧʦʚôʷʟʘʥʠʡ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʦʰʫʢʫ ʚʩʽʭ ʤʦʞʣʠʚʠʭ 

ʧʨʦʩʪʠʭ ʰʣʷʭʽʚ ʤʽʞ ʢʦʞʥʦʶ ʧʘʨʦʶ ʪʦʯʦʢ ʢʦʛʥʽʪʠʚʥʦʾ 

ʢʘʨʪʠ. ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʤʘʻ ʝʢʩʧʦʥʝʥʮʽʡʥʫ 

ʘʣʛʦʨʠʪʤʽʯʥʫ ʩʢʣʘʜʥʽʩʪʴ ï 2
( )

n
O e . ʇʨʦʪʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʽʜʞʝʥʠʭ ʤʘʪʨʠʮʴ ʜʘʻ ʟʤʦʛʫ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜ ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʛʦ ʚʧʣʠʚʫ ʜʣʷ 

ʘʥʘʣʽʟʫ ʢʦʛʥʽʪʠʚʥʠʭ ʢʘʨʪ ʚʝʣʠʢʦʛʦ ʨʦʟʤʽʨʫ. 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʫʶʪʩʷ ʤʝʪʦʜʳ ʤʝʞʧʨʦʮʝʩʩʦʨʥʦʛʦ 
ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʚ ʩʠʩʪʝʤʘʭ ʩ ʦʙʱʝʡ ʰʠʥʦʡ ʠ 

ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʜʦʩʪʫʧʘ ʢ ʧʘʤʷʪʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨ 

ʦʙʤʝʥʘ ʧʦ ʰʠʥʝ ʜʘʥʥʳʭ ʠ ʰʠʥʝ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʫʩʢʦʨʝʥʠʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʚ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʜʦʩʪʫʧʝ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʢ ʯʘʩʪʠ 

ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ ʜʨʫʛʠʭ 

ʧʨʦʮʝʩʩʦʨʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʥʳʝ ʩʠʩʪʝʤʳ, 

ʦʨʛʘʥʠʟʘʮʠʷ ʧʘʤʷʪʠ, ʦʙʤʝʥ ʜʘʥʥʳʤʠ. 

ɺɺɽɼɽʅʀɽ 

ʅʝʧʨʝʨʳʚʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ. ɺ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʵʪʦ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ [1, 2]. 

ɼʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʚʝʪʚʝʡ ʘʣʛʦʨʠʪʤʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʚ ʨʘʟʥʳʭ 

ʧʨʦʮʝʩʩʦʨʘʭ ʨʘʟʣʠʯʥʳʭ ʢʦʤʘʥʜ ʥʘʜ ʨʘʟʣʠʯʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʌʣʠʥʥʘ [3] ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʟʥʳʝ ʢʦʤʘʥʜʳ 

ʚ ʨʘʟʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ, ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ MIMD 

(Multiple Instruction, Multiple Data ï ʤʥʦʞʝʩʪʚʝʥʥʳʡ 

ʧʦʪʦʢ ʢʦʤʘʥʜ, ʤʥʦʞʝʩʪʚʝʥʥʳʡ ʧʦʪʦʢ ʜʘʥʥʳʭ). ɺ 

ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʥʳʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ (ʄɺʉ) ʩ ʦʙʱʝʡ ʰʠʥʦʡ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʦʙʱʝʡ ʰʠʥʳ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ 

ʩʪʦʠʤʦʩʪʴ, ʙʦʣʝʝ ʧʨʦʩʪʘʷ ʘʜʘʧʪʘʮʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜʣʷ ʦʜʥʦʧʨʦʮʝʩʩʦʨʥʳʭ 

ʩʠʩʪʝʤ, ʧʨʦʩʪʦʪʘ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʨʦʚ [2, 4].  

ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ RSoC (Reconfigurable 

System on Chip ï ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ ʥʘ 

ʢʨʠʩʪʘʣʣʝ) ʧʦʟʚʦʣʷʝʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʃʀʉ 

ʩʦʟʜʘʚʘʪʴ ʢʦʤʧʘʢʪʥʳʝ ʄɺʉ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ 

ʘʜʘʧʪʠʨʫʶʪʩʷ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ [5, 

6].  

ɺʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʄɺʉ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ 

ʫʯʝʪʦʤ ʥʝ ʪʦʣʴʢʦ ʤʠʥʠʤʠʟʘʮʠʠ ʚʨʝʤʝʥʠ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʦʨʘʭ, ʥʦ ʠ ʤʠʥʠʤʠʟʘʮʠʠ 

ʟʘʪʨʘʪ ʥʘ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʫʩʢʦʨʝʥʠʷ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʫʩʢʦʨʝʥʠʷ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ.  

ʆʈɻɸʅʀɿɸʎʀʗ ʆɹʄɽʅɸ ɼɸʅʅʓʄʀ  

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʝ 

ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʳ (symmetric multiprocessor) ʠʣʠ 

SMP-ʩʠʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʠʝ ʦʜʠʥʘʢʦʚʳʝ ʧʨʦʮʝʩʩʦʨʳ 

(ʧʨʦʮʝʩʩʦʨʥʳʝ ʷʜʨʘ) [1, 2, 7]. ɺʩʝ ʧʨʦʮʝʩʩʦʨʳ ʠʤʝʶʪ 

ʦʜʥʦ ʦʙʱʝʝ ʘʜʨʝʩʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦʩʪʫʧ ʢ ʦʙʱʝʤʫ ʩʠʩʪʝʤʥʦʤʫ ʨʝʩʫʨʩʫ 

(ʢ ʧʘʤʷʪʠ ʠ ʚʥʝʰʥʠʤ ʫʩʪʨʦʡʩʪʚʘʤ).  

ʆʙʱʘʷ ʧʘʤʷʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʩʠʩʪʝʤʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʦʨʘʤʠ, ʥʦ ʠ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʦʛʨʘʤʤ 

ʧʨʦʮʝʩʩʦʨʦʚ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʚʦʠʭ ʧʨʦʛʨʘʤʤ 

ʧʨʦʮʝʩʩʦʨʳ ʦʙʨʘʱʘʶʪʩʷ ʢ ʧʘʤʷʪʠ ʟʘ ʢʦʤʘʥʜʘʤʠ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʟʘʪʨʘʪʘʤ ʚʨʝʤʝʥʠ ʥʘ ʦʞʠʜʘʥʠʝ 

ʜʦʩʪʫʧʘ ʠ ʨʘʟʨʝʰʝʥʠʝ ʢʦʥʬʣʠʢʪʦʚ. ʅʘʣʠʯʠʝ ʚ ʢʘʞʜʦʤ 

ʧʨʦʮʝʩʩʦʨʥʦʤ ʤʦʜʫʣʝ ʢʵʰ-ʧʘʤʷʪʠ ʫʤʝʥʴʰʘʝʪ ʯʠʩʣʦ 

ʢʦʥʬʣʠʢʪʦʚ ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢ ʦʙʱʝʡ ʧʘʤʷʪʠ. ʆʜʥʘʢʦ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʜʘʥʥʳʭ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʨʦʮʝʩʩʦʨʦʚ.  

ʋʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʪʘʢʠʭ 

ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʨʦʮʝʩʩʦʨʦʚ 

(ʦʙʳʯʥʦ, ʥʝ ʙʦʣʝʝ 32), ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʉ ʮʝʣʴʶ ʫʩʢʦʨʝʥʠʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʳ ʧʨʠʤʝʥʷʶʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ 

ʦʨʛʘʥʠʟʘʮʠʶ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʩʠʩʪʝʤʳ, 

ʧʨʠʯʝʤ, ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ ʜʦʩʪʫʧʘ ʢ 

ʨʘʟʣʠʯʥʳʤ ʯʘʩʪʷʤ ʧʘʤʷʪʠ.  

ʋʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʢʦʥʬʣʠʢʪʥʳʭ ʩʠʪʫʘʮʠʡ ʤʦʞʝʪ 

ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʞʜʦʤ 

ʧʨʦʮʝʩʩʦʨʥʦʤ ʤʦʜʫʣʝ ʩʦʙʩʪʚʝʥʥʦʡ ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ, 

ʚ ʢʦʪʦʨʦʡ ʭʨʘʥʠʪʩʷ ʧʨʦʛʨʘʤʤʘ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ [2]. 

ʇʨʦʮʝʩʩʦʨ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʩʚʦʝʡ ʧʘʤʷʪʴʶ ʯʝʨʝʟ 

ʣʦʢʘʣʴʥʫʶ ʰʠʥʫ, ʘ ʩ ʦʙʱʝʡ ʧʘʤʷʪʴʶ ï ʯʝʨʝʟ ʦʙʱʫʶ 

(ʩʠʩʪʝʤʥʫʶ) ʰʠʥʫ.  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʪʨʝʙʫʝʪ ʦʙʨʘʱʝʥʠʷ ʧʨʦʮʝʩʩʦʨʦʚ ʢ 

ʦʙʱʝʡ ʰʠʥʝ ʟʘ ʢʦʤʘʥʜʘʤʠ, ʥʦ ʥʘ ʚʨʝʤʷ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ ʵʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʩʢʘʟʳʚʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʦʙʤʝʥ (ʢʘʢ ʠ ʚ ʩʠʩʪʝʤʘʭ ʩ 

ʦʜʥʦʨʦʜʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʧʘʤʷʪʠ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ 

ʦʙʱʫʶ ʧʘʤʷʪʴ (ʤʠʥʠʤʫʤ ʜʚʘ ʦʙʨʘʱʝʥʠʷ ʢ ʦʙʱʝʡ 

ʰʠʥʝ).   

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʦʨʘʤʠ ʚ ʩʠʩʪʝʤʘʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 
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ʣʦʢʘʣʴʥʦʡ ʧʘʤʷʪʠ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʨʦʚ, ʥʘʟʳʚʘʝʤʦʡ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʧʘʤʷʪʴʶ [2].  

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʱʝʥʠʡ ʧʨʦʮʝʩʩʦʨʦʚ ʢ 

ʩʠʩʪʝʤʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʧʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʜʣʷ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ [2], ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ  

M

NN
K DS+=ʉʄ ,                             (1) 

ʛʜʝ SN ï ʯʠʩʣʦ ʦʙʨʘʱʝʥʠʡ ʢ ʩʠʩʪʝʤʥʦʡ ʤʘʛʠʩʪʨʘʣʠ 

ʜʣʷ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨ ʦʙʤʝʥʘ 

(ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ); DN  ï ʯʠʩʣʦ 

ʦʙʨʘʱʝʥʠʡ ʢ ʩʠʩʪʝʤʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʘʥʥʳʭ;  M ï ʯʠʩʣʦ ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʩʣʦʚ.  

ɺ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʬʫʥʢʮʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚʦʟʣʘʛʘʶʪʩʷ 

ʥʘ ʫʧʨʘʚʣʷʶʱʠʡ (master) ʧʨʦʮʝʩʩʦʨ, ʢʦʪʦʨʳʡ 

ʦʨʛʘʥʠʟʫʝʪ ʨʘʙʦʪʫ ʧʦʜʯʠʥʝʥʥʳʭ (slave) ʧʨʦʮʝʩʩʦʨʦʚ. 

ɺ ʨʘʙʦʪʝ [2] ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʜʫʨʳ ʦʙʤʝʥʘ 

ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ ʜʣʷ ʩʣʫʯʘʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʦʙʤʝʥʘ ʢʘʢ ʧʦ ʰʠʥʝ ʜʘʥʥʳʭ, ʪʘʢ ʠ ʧʦ 

ʰʠʥʝ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʩʠʥʭʨʦʥʠʟʘʮʠʷ 

ʦʙʤʝʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʠʪʠʚʦʚ 

ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ (ʬʣʘʞʢʠ, ʩʝʤʘʬʦʨʳ), ʘ ʚʦ ʚʪʦʨʦʤ ï 

ʯʝʨʝʟ ʩʠʛʥʘʣʳ ʧʨʝʨʳʚʘʥʠʡ.  ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (1) 

ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʦʙʤʝʥʘ ʧʦ ʰʠʥʝ ʜʘʥʥʳʭ ʠ ʧʦ ʰʠʥʝ ʫʧʨʘʚʣʝʥʠʷ: 

MK /42ʉʄ += ,                    (2) 

MK /22ʉʄ += .                    (3) 

ʇʨʠ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʦ ʰʠʥʝ ʫʧʨʘʚʣʝʥʠʷ 

ʧʦʜʯʠʥʝʥʥʳʝ ʧʨʦʮʝʩʩʦʨʳ ʤʦʛʫʪ ʧʨʠ ʛʦʪʦʚʥʦʩʪʠ ʢ 

ʦʙʤʝʥʫ ʩʦʦʙʱʘʪʴ ʦʙ ʵʪʦʤ ʫʧʨʘʚʣʷʶʱʝʤʫ ʧʨʦʮʝʩʩʦʨʫ 

ʩʠʛʥʘʣʦʤ ʧʨʝʨʳʚʘʥʠʷ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʯʠʩʣʦ 

ʦʙʨʘʱʝʥʠʡ ʢ ʤʘʛʠʩʪʨʘʣʠ.  

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʚʳʨʘʞʝʥʠʡ (2) ʠ (3), ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʨʘʟʤʝʨʥʦʩʪʠ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ ʩʨʝʜʥʝʝ ʯʠʩʣʦ 

ʦʙʨʘʱʝʥʠʡ ʢ ʩʠʩʪʝʤʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʩʪʨʝʤʠʪʩʷ ʢ ʜʚʫʤ. 

ʄɽʊʆɼ ʋʉʂʆʈɽʅʀʗ ʆɹʄɽʅɸ ɼɸʅʅʓʄʀ  

ɺ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʫʧʨʘʚʣʷʶʱʠʡ ʧʨʦʮʝʩʩʦʨ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ 

ʧʦʜʯʠʥʝʥʥʳʤʠ ʧʫʪʝʤ ʧʝʨʝʜʘʯʠ ʠʤ ʢʦʤʘʥʜ ʧʦ ʰʠʥʝ 

ʜʘʥʥʳʭ. ʂʦʤʘʥʜʳ ʤʦʛʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʡ 

ʨʝʛʠʩʪʨ ʢʦʤʘʥʜ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʝʥ ʚ ʘʜʨʝʩʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʜʦʩʪʫʧʥʦʝ ʜʣʷ ʫʧʨʘʚʣʷʶʱʝʛʦ 

ʧʨʦʮʝʩʩʦʨʘ. ʈʘʙʦʪʘ ʧʦʜʯʠʥʝʥʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ 

ʩʚʦʜʠʪʩʷ ʢ ʚʳʧʦʣʥʝʥʠʶ ʢʦʤʘʥʜ, ʢʦʪʦʨʳʝ ʜʘʝʪ ʠʤ 

ʫʧʨʘʚʣʷʶʱʠʡ ʧʨʦʮʝʩʩʦʨ.  

ʋʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʦʙʨʘʱʝʥʠʡ ʢ ʩʠʩʪʝʤʥʦʡ 

ʤʘʛʠʩʪʨʘʣʠ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʩʳʣʢʠ ʜʘʥʥʳʭ ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʦʨʘʤʠ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʤʦʞʥʦ 

ʜʦʩʪʠʛʥʫʪʴ ʟʘ ʩʯʝʪ ʧʝʨʝʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʩʳʣʢʦʡ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʨʫ-

ʧʨʠʝʤʥʠʢʫ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʤʘʥʜʦʡ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʧʨʦʮʝʩʩʦʨʘ.  

ɺʦʟʤʦʞʥʳʡ ʚʘʨʠʘʥʪ ʦʨʛʘʥʠʟʘʮʠʠ ʘʨʭʠʪʝʢʪʫʨʳ 

ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1. ʉʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʚʠʜʝ MSBC-ʤʦʜʝʣʠ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʷʟʳʢʝ [8].  

ʉʠʩʪʝʤʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ 

ʫʨʦʚʥʝ, ʥʘ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʚʠʜʥʳ 

ʫʩʪʨʦʡʩʪʚʘ (ʧʨʦʮʝʩʩʦʨʳ, ʧʘʤʷʪʴ, ʫʩʪʨʦʡʩʪʚʘ ʚʚʦʜʘ-

ʚʳʚʦʜʘ, ʩʠʩʪʝʤʳ ʢʦʤʤʫʪʘʮʠʠ ʠ ʪ.ʜ.). ʆʙʲʝʢʪʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʥʘ ʫʨʦʚʥʝ ʧʨʦʪʦʢʦʣʦʚ ʦʙʤʝʥʘ 

ʠʥʬʦʨʤʘʮʠʝʡ.  

ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʚʫʤʷ ʢʦʤʧʦʥʝʥʪʘʤʠ: 

-ʛʨʘʬʠʯʝʩʢʠʤ ʦʧʠʩʘʥʠʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ;  

-ʢʘʨʪʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɻʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ 

ʛʨʘʬʦʤ, ʢʦʪʦʨʳʡ ʦʪʦʙʨʘʞʘʝʪ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʩʠʩʪʝʤ ʠ ʧʦʪʦʢʠ ʫʧʨʘʚʣʷʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪ ʩʧʦʩʦʙ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʫʛʠ ʛʨʘʬʘ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʘʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʠʥʠʮʠʘʪʦʨʦʤ ʜʝʡʩʪʚʠʷ, ʢ ʵʣʝʤʝʥʪʫ, 

ʩ ʢʦʪʦʨʳʤ ʵʪʦ ʜʝʡʩʪʚʠʝ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ. ʇʨʠ 

ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʦʞʝʪ ʥʝ 

ʩʦʚʧʘʜʘʪʴ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʜʫʛ.  

ʋʧʨʘʚʣʷʶʱʠʡ ʧʨʦʮʝʩʩʦʨ 1P  ʧʝʨʝʩʳʣʘʝʪ ʢʦʤʘʥʜʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʘʜʘʥʠʷʤ, ʚ ʨʝʛʠʩʪʨʳ 

iIR  ( ni ,2= ) ʧʦʜʯʠʥʝʥʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ iP. ɿʘʧʠʩʴ 

ʩʣʦʚʘ ʚ ʨʝʛʠʩʪʨ ʢʦʤʘʥʜ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʟʳʚʘʝʪ 

ʧʨʝʨʳʚʘʥʠʝ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʮʝʩʩʦʨ iP  ʧʝʨʝʭʦʜʠʪ ʥʘ 

ʧʦʜʧʨʦʛʨʘʤʤʫ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ (ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʧʨʝʨʳʚʘʥʠʷ). ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ 

ʧʦʜʯʠʥʝʥʥʳʡ ʧʨʦʮʝʩʩʦʨ iP  ʩʦʦʙʱʘʝʪ ʦʙ ʵʪʦʤ 

ʫʧʨʘʚʣʷʶʱʝʤʫ ʧʨʦʮʝʩʩʦʨʫ 1P  ʧʝʨʝʩʳʣʢʦʡ ʚ 1IR  

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʣʦʚʘ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʧʨʝʨʳʚʘʥʠʝ. ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʦʙʨʘʱʝʥʠʠ 

ʧʨʦʮʝʩʩʦʨʦʚ ʢ ʤʘʛʠʩʪʨʘʣʷʤ ʘʨʙʠʪʨʘʞ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʦʨʠʪʝʪʘʤʠ ʚʳʧʦʣʥʷʝʪʩʷ ʘʧʧʘʨʘʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ.  

ʇʝʨʝʩʳʣʢʘ ʤʘʩʩʠʚʘ ʠʟ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʤʦʜʫʣʷ iP  ʚ 

ʤʦʜʫʣʴ jP  ʪʨʝʙʫʝʪ ʯʝʪʳʨʝ ʦʙʨʘʱʝʥʠʷ ʢ ʩʠʩʪʝʤʥʦʡ 

ʤʘʛʠʩʪʨʘʣʠ (ʢ ʨʝʛʠʩʪʨʘʤ iIR , jIR ʠ ʜʚʘ ʨʘʟʘ ʢ 1IR ) 

ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʠ M  ʦʙʨʘʱʝʥʠʡ 

ʧʨʦʮʝʩʩʦʨʘ jP  ʜʣʷ ʧʝʨʝʩʳʣʢʠ ʤʘʩʩʠʚʘ. ʇʨʦʮʝʩʩʦʨ iP  

ʬʦʨʤʠʨʫʝʪ ʤʘʩʩʠʚ ʚ ʩʚʦʝʡ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʧʘʤʷʪʠ, 

ʢʦʪʦʨʘʷ ʜʦʩʪʫʧʥʘ jP . ʇʨʦʮʝʩʩʦʨ jP  ʧʝʨʝʩʳʣʘʝʪ 

ʤʘʩʩʠʚ ʚ ʩʚʦʶ ʣʦʢʘʣʴʥʫʶ ʧʘʤʷʪʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʛʠʩʪʨʘʣʠ ʠʤʝʝʪ ʚʠʜ 

MK /41ʉʄ += .                        (4) 

ʅʘ ʨʠʩ.1ʘ ʧʦʢʘʟʘʥʳ ʩʨʝʜʩʪʚʘ ʧʨʝʨʳʚʘʥʠʷ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʧʨʦʮʝʩʩʦʨʘ ʧʦʜʯʠʥʝʥʥʳʤʠ 

ʧʨʦʮʝʩʩʦʨʘʤʠ ʩʦ ʩʚʦʠʭ ʣʦʢʘʣʴʥʳʭ ʰʠʥ, ʯʪʦ ʥʝ ʪʨʝʙʫʝʪ 

ʜʚʫʭ ʦʙʨʘʱʝʥʠʡ ʢ ʩʠʩʪʝʤʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʜʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ. ʇʨʠ ʪʘʢʦʤ 

ʧʦʜʭʦʜʝ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʤʝʥʘ ʧʦʣʫʯʠʤ 

MK /21ʉʄ += .                          (5) 
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ʈʠʩ. 1. ʄʦʜʝʣʴ ʩʠʩʪʝʤʳ: ʘ ï ʛʨʘʬ ʫʧʨʘʚʣʷʶʱʠʭ ʧʦʪʦʢʦʚ; ʙ ï ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʜʨʝʩʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ;iPï ʧʨʦʮʝʩʩʦʨ; iLM ï ʣʦʢʘʣʴʥʘʷ 

ʧʘʤʷʪʴ; iCM ï ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʧʘʤʷʪʴ; iGM ï ʦʙʱʘʷ ʧʘʤʷʪʴ; iLB ï ʣʦʢʘʣʴʥʘʷ ʰʠʥʘ; GB ï ʦʙʱʘ̫ ʩʠʩʪʝʤʥʘʷ ʰʠʥʘ; iIR ï ʨʝʛʠʩʪʨ 

ʢʦʤʘʥʜ; IO  ï ʚʥʝʰʥʠʝ ʫʩʪʨʦʡʩʪʚʘ; U ï ʩʧʝʮʚʳʯʠʩʣʠʪʝʣʴ; C, I, L, G ï ʦʙʦʟʥʘʯʝʥʠʷ ʦʙʲʝʤʦʚ ʧʘʤʷʪʠ  

   

ʉʨʘʚʥʠʚʘʷ ʬʦʨʤʫʣʳ (2) ʠ (3) ʩ ʬʦʨʤʫʣʘʤʠ (4) ʠ (5) 

ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʫʤʝʥʴʰʘʝʪ ʯʠʩʣʦ ʦʙʨʘʱʝʥʠʡ ʢ 

ʩʠʩʪʝʤʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʧʨʠ ʧʝʨʝʩʳʣʢʝ ʤʘʩʩʠʚʦʚ. ʉ 

ʫʚʝʣʠʯʝʥʠʝʤ ʜʣʠʥʳ ʤʘʩʩʠʚʘ ʯʠʩʣʦ ʦʙʨʘʱʝʥʠʡ ʢ 

ʤʘʛʠʩʪʨʘʣʠ ʜʣʷ ʧʝʨʝʩʳʣʢʠ ʦʜʥʦʛʦ ʩʣʦʚʘ ʩʪʨʝʤʠʪʩʷ ʢ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʤʫ ʟʥʘʯʝʥʠʶ ï ʦʜʥʦʤʫ 

ʦʙʨʘʱʝʥʠʶ.  

ɼʣʷ ʫʩʢʦʨʝʥʠʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ 

ʤʦʞʝʪ ʙʳʪʴ ʚʚʝʜʝʥ ʩʧʝʮʚʳʯʠʩʣʠʪʝʣʴ U, ʨʝʘʣʠʟʫʶʱʠʡ 

ʚʳʯʠʩʣʝʥʠʷ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʧʦʪʦʢʘ ʜʘʥʥʳʭ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʘʣʛʦʨʠʪʤʦʚ [9]. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʯʘʩʪʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ 

ʘʣʛʦʨʠʪʤʳ ʠʥʪʝʨʧʦʣʷʮʠʠ ʬʫʥʢʮʠʡ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʦʚ 

ʢʦʤʘʥʜ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʚʳʯʠʩʣʝʥʠʷ [10].  

ɺ ʘʜʨʝʩʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʙʱʝʡ ʧʘʤʷʪʠ GM 

ʚʳʜʝʣʷʝʪʩʷ ʦʙʣʘʩʪʴ ʘʜʨʝʩʦʚ ʚʥʫʪʨʝʥʥʝʡ ʧʘʤʷʪʠ 

ʩʧʝʮʚʳʯʠʩʣʠʪʝʣʷ U ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʮʝʩʩʦʨʘ. 

ʇʨʦʮʝʩʩʦʨʳ ʧʝʨʝʜʘʶʪ ʚ ʩʧʝʮʚʳʯʠʩʣʠʪʝʣʴ ʜʘʥʥʳʝ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʡ ʧʦ ʚʳʜʝʣʝʥʥʳʤ ʜʣʷ ʥʠʭ ʘʜʨʝʩʘʤ. ʇʦʩʣʝ 

ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʩʧʝʮʚʳʯʠʩʣʠʪʝʣʴ ʩʦʦʙʱʘʝʪ ʦʙ 

ʵʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʨʦʮʝʩʩʦʨʫ ʩʠʛʥʘʣʦʤ 

ʧʨʝʨʳʚʘʥʠʷ. ʇʨʦʮʝʩʩʦʨ ʩʯʠʪʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʠʟ 

ʦʙʱʝʡ ʧʘʤʷʪʠ. 

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʘʨʭʠʪʝʢʪʫʨ 

ʤʫʣʴʪʠʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ ʩ ʦʜʥʦʨʦʜʥʳʤ ʠ 

ʥʝʦʜʥʦʨʦʜʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʧʘʤʷʪʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ 

ʩʨʝʜʳ ʩʠʩʪʝʤ. ʇʦʢʘʟʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ 

ʟʘʛʨʫʟʢʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʜʣʷ ʫʩʢʦʨʝʥʠʷ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʝʨʝʩʳʣʢʠ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʯʠʩʣʘ ʦʙʨʘʱʝʥʠʡ ʢ 

ʩʠʩʪʝʤʥʦʡ ʤʘʛʠʩʪʨʘʣʠ ʧʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʦʨʘʤʠ. ʋʤʝʥʴʰʝʥʠʝ ʟʘʛʨʫʞʝʥʥʦʩʪʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʧʨʠ ʧʝʨʝʩʳʣʢʝ ʜʘʥʥʳʭ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ ʧʨʦʮʝʩʩʦʨʥʳʭ ʤʦʜʫʣʝʡ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤ.  

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʢʦʨʝʥʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʟʘ 

ʩʯʝʪ ʧʘʨʘʣʣʝʣʴʥʦʡ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʦʨʦʚ ʠ 

ʩʧʝʮʚʳʯʠʩʣʠʪʝʣʷ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʪʦʢʦʤ ʜʘʥʥʳʭ. 

ɺʩʝ ʵʪʦ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ.  
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ʈʦʟʨʦʙʢʘ ʧʘʨʘʣʝʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʜʘʥʠʭ ʟʘʩʦʙʘʤʠ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ

ʇʨʠʭʽʜʴʢʦ ɺ.ʉ. 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɼʦʨʦʰʝʥʢʦ ɸ.ʖ. 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ʗʮʝʥʢʦ ʆ.ɸ. 
ɯʥʩʪʠʪʫʪ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ 

ʅɸʅʋ 

ʂʠʾʚ, ʋʢʨʘʾʥʘ 

ɸʥʦʪʘʮʽʷ. ʈʦʟʨʦʙʣʝʥʦ ʧʘʨʘʣʝʣʴʥʽ ʘʣʛʦʨʠʪʤʠ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʤʝʪʦʜʦʤ ʂ-

ʩʝʨʝʜʥʽʭ ʟ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʡ ʩʠʥʪʝʟʫ ʧʨʦʛʨʘʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʘʣʛʝʙʨʦ-ʘʣʛʦʨʠʪʤʽʯʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʬʦʨʤʘʣʴʥʠʭ ʩʧʝʮʠʬʽʢʘʮʽʡ ʘʣʛʦʨʠʪʤʽʚ ʫ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ. 

ɼʦʩʣʽʜʞʝʥʦ ʪʘ ʧʦʨʽʚʥʷʥʦ ʰʚʠʜʢʦʜʽʶ ʧʦʩʣʽʜʦʚʥʦʛʦ ʪʘ 

ʧʘʨʘʣʝʣʴʥʠʭ ʚʘʨʽʘʮʽʡ ʘʣʛʦʨʠʪʤʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʢʣʘʩʪʝʨ, ʚʝʣʠʢʽ 

ʦʙʩʷʛʠ ʜʘʥʠʭ, ʂ-ʩʝʨʝʜʥʽʭ, ʧʘʨʘʣʝʣʴʥʠʡ ʘʣʛʦʨʠʪʤ. 

ɺʉʊʋʇ 

ɿʨʦʩʪʘʥʥʷ ʪʝʤʧʽʚ ʥʘʢʦʧʠʯʝʥʥʷ ʢʦʨʠʩʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʦʨʦʜʞʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ 

ʜʘʥʠʭ. ɺ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʩʚʦʻ ʤʽʩʮʝ ʚʽʜʚʝʜʝʥʦ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʤʫ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʱʦ ʚʢʣʶʯʘʻ, ʟʦʢʨʝʤʘ, 

ʤʝʪʦʜʠ, ʦʩʥʦʚʘʥʽ ʥʘ ʤʦʜʝʣʶʚʘʥʥʽ, ʡʤʦʚʽʨʥʽʩʥʠʭ 

ʫʟʘʛʘʣʴʥʝʥʥʷʭ, ʘʩʦʮʽʶʚʘʥʥʽ ʪʘ ʧʦʰʫʢʘʭ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ. ʂʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʝ 

ʛʨʫʧʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʻ ʯʘʩʪʢʦʚʠʤ ʚʠʧʘʜʢʦʤ ʪʘʢʦʛʦ 

ʘʥʘʣʽʟʫ. ɺʝʣʠʢʦʶ ʤʽʨʦʶ ʨʦʟʚʠʪʢʫ ʮʽʻʾ ʜʠʩʮʠʧʣʽʥʠ 

ʩʧʨʠʷʣʦ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʩʬʝʨʫ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʽʜʝʡ, ʱʦ 

ʚʠʥʠʢʣʠ ʚ ʪʝʦʨʽʾ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʡ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʻ 

ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʨʦʟʚʠʪʢʫ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʛʘʣʫʟʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ɿʨʦʩʪʘʥʥʷ ʦʙʩʷʛʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʦʪʦʢʽʚ ʟʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʘʥʦʾ 

ʪʝʤʘʪʠʢʠ, ʦʩʢʽʣʴʢʠ ʚʠʥʠʢʘʶʪʴ ʥʦʚʽ ʟʘʜʘʯʽ ʪʘ 

ʧʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ ʦʙʨʦʙʢʦʶ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ 

ʨʽʟʥʦʾ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ. ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʜʘʥʠʭ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʦʙʨʦʙʢʠ, ʦʙʤʝʞʫʻ 

ʟʘʩʪʦʩʦʚʫʚʘʥʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʪʠʩʪʠʢʫ, ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʧʦʰʫʢ ʯʠ ʟʥʘʥʥʷ ʝʢʩʧʝʨʪʽʚ. ɿ ʮʴʦʛʦ ʽ ʚʠʧʣʠʚʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʥʘ ʥʦʚʠʡ ʨʽʚʝʥʴ ʚ ʘʥʘʣʽʟʽ ʜʘʥʠʭ, 

ʚ ʦʩʥʦʚʽ ʷʢʦʛʦ ʣʝʞʠʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʡ ʘʥʘʣʽʟ. 

ʂʃɸʉʊɽʈʅʀʁ ɸʅɸʃɯɿ 

ʂʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʯʠ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ð ʟʘʚʜʘʥʥʷ 

ʛʨʫʧʫʚʘʥʥʷ ʥʘʙʦʨʫ ʦʙô̒ ʢʪʽʚ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʦʙô̒ ʢʪʠ 

ʦʜʥʦʾ ʛʨʫʧʠ (ʥʘʟʠʚʘʶʪʴʩʷ ʢʣʘʩʪʝʨʦʤ) ʙʫʣʠ ʙʽʣʴʰ 

ʩʭʦʞʠʤʠ (ʚ ʪʦʤʫ ʯʠ ʽʥʰʦʤʫ ʩʝʥʩʽ) ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ, ʥʽʞ 

ʜʦ ʦʙô̒ ʢʪʽʚ ʚ ʽʥʰʽʡ ʛʨʫʧʽ. ʎʝ ʛʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ 

ʧʦʰʫʢʦʚʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʽ ʟʘʛʘʣʴʥʠʡ ʤʝʪʦʜ ʘʥʘʣʽʟʫ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ 

ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʶʯʠ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ, ʘʥʘʣʽʟ ʟʦʙʨʘʞʝʥʴ, ʧʦʰʫʢ 

ʽʥʬʦʨʤʘʮʽʾ, ʩʪʠʩʢʘʥʥʷ ʜʘʥʠʭ, ʢʦʤʧ'ʶʪʝʨʥʫ ʛʨʘʬʽʢʫ. 

ʂʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʩʘʤ ʧʦ ʩʦʙʽ ʮʝ ʥʝ ʦʜʠʥ ʩʧʝʮʠʬʽʯʥʠʡ 

ʘʣʛʦʨʠʪʤ, ʘʣʝ ʟʘʛʘʣʴʥʘ ʟʘʜʘʯʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ. ɺʦʥʘ 

ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʨʽʟʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʷʢʽ ʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʦ ʩʚʦʻʤʫ ʫʷʚʣʝʥʥʶ ʧʨʦ ʪʝ, ʱʦ ʩʦʙʦʶ 

ʷʚʣʷʻ ʢʣʘʩʪʝʨ ʽ ʷʢ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦ ʟʥʘʡʪʠ. 

 ʇʦʧʫʣʷʨʥʠʤ ʚʠʟʥʘʯʝʥʥʷʤʠ ʢʣʘʩʪʝʨʘ ʻ ʛʨʫʧʘ ʟ 

ʥʝʚʝʣʠʢʠʤʠ ʚʽʜʩʪʘʥʷʤʠ ʤʽʞ ʯʣʝʥʘʤʠ ʢʣʘʩʪʝʨʘ, ʛʫʩʪʽ 

ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʫ ʜʘʥʠʭ, ʽʥʪʝʨʚʘʣʠ ʯʠ ʢʦʥʢʨʝʪʥʽ 

ʩʪʘʪʠʩʪʠʯʥʽ ʨʦʟʧʦʜʽʣʠ. ʊʦʤʫ ʢʣʘʩʪʝʨʠʟʘʮʽʷ ʤʦʞʝ ʙʫʪʠ 

ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʷʢ ʟʘʜʘʯʘ ʙʘʛʘʪʦʮʽʣʴʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ. 

ɺʽʜʧʦʚʽʜʥʠʡ ʘʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʽ ʧʘʨʘʤʝʪʨʠ 

(ʬʫʥʢʮʽʷ ʩʭʦʞʦʩʪʽ (ʚʽʜʩʪʘʥʽ), ʧʦʨʽʛ ʛʫʩʪʦʪʠ, ʢʽʣʴʢʽʩʪʴ 

ʦʯʽʢʫʚʘʥʠʭ ʢʣʘʩʪʝʨʽʚ) ʟʘʣʝʞʘʪʴ ʚʽʜ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʥʘʙʦʨʫ ʜʘʥʠʭ ʽ ʩʧʦʩʦʙʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʂʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʩʘʤ ʧʦ ʩʦʙʽ ʥʝ ʻ ʘʚʪʦʤʘʪʠʯʥʦʶ 

ʟʘʜʘʯʝʶ, ʘ ʻ ʽʪʝʨʘʪʠʚʥʠʤ ʧʨʦʮʝʩʦʤ ʚʠʷʚʣʝʥʥʷ ʟʥʘʥʴ ʯʠ 

ʟʘʜʘʯʝʶ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʙʘʛʘʪʦʮʽʣʴʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢʘ 

ʧʨʘʮʶʻ ʩʧʦʩʦʙʦʤ ʩʧʨʦʙ ʽ ʧʦʤʠʣʦʢ[1,2]. 

ʇʆʉʊɸʅʆɺʂɸ ɿɸɼɸʏɯ 

ɹʽʣʴʰʽʩʪʴ ʟʘʚʜʘʥʴ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚʠʢʦʥʫʶʪʴ 

ʽʪʝʨʘʪʠʚʥʽ ʧʨʦʮʝʜʫʨʠ ʜʣʷ ʧʦʰʫʢʫ ʣʦʢʘʣʴʥʠʭ ʯʠ 

ʛʣʦʙʘʣʴʥʠʭ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ ʥʘ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ 

ʥʘʙʦʨʘʭ ʜʘʥʠʭ. ʈʝʘʣʴʥʽ ʜʘʥʽ ʜʫʞʝ ʚʘʞʢʦ 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʜʣʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ʊʦʤʫ ʢʣʘʩʪʝʨʠʟʘʮʽʷ 

ʚʠʤʘʛʘʻ ʙʘʛʘʪʦ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʨʽʟʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ 

ʘʙʦ ʟ ʨʽʟʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʜʣʷ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʥʘʙʦʨʫ 

ʜʘʥʠʭ, ʱʦ ʚʠʤʘʛʘʻ ʙʘʛʘʪʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʊʦʤʫ ʧʘʨʘʣʝʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʻ ʜʫʞʝ 

ʧʨʘʢʪʠʯʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙʯʠʩʣʝʥʴ. 

ɹʽʣʴʰʽʩʪʴ ʧʘʨʘʣʝʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʦʪʦʢʦʣ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ ʚ 

ʘʨʭʽʪʝʢʪʫʨʽ master-slave. ɺ ʽʻʨʘʨʭʽʯʥʠʭ ʘʣʛʦʨʠʪʤʘʭ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʚʥʫ ʩʪʨʫʢʪʫʨʫ 

ʜʘʥʠʭ, ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʯʘʩʫ ʦʥʦʚʣʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʛʽʧʝʨʢʫʙ ʘʙʦ ʤʝʨʝʞʝʚʘ ʙʘʟʘ 

ʜʘʥʠʭ. ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘ ʦʩʥʦʚʫ ʙʫʣʦ ʚʟʷʪʠ 

ʧʦʩʣʽʜʦʚʥʠʡ ʘʣʛʦʨʠʪʤ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʂ-ʩʝʨʝʜʥʽʭ ʪʘ ʟ 

ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʘʣʛʦʨʠʪʤʽʚ ʧʦʙʫʜʦʚʘʥʦ ʜʚʽ ʧʘʨʘʣʝʣʴʥʽ ʚʝʨʩʽʾ. 

ʉʀʉʊɽʄɸ ɯʇʉ 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʦʙʫʜʦʚʠ 

ʧʘʨʘʣʝʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʧʨʦʛʨʘʤʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʧʨʦʝʢʪʫʚʘʥʥʷ ʡ ʩʠʥʪʝʟʫ 
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ʧʨʦʛʨʘʤ (ʩʠʩʪʝʤʘ ɯʇʉ)[3],ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʛʝʙʨʦ-

ʘʣʛʦʨʠʪʤʽʯʥʠʡ ʧʽʜʭʽʜ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʦʨʤʘʣʴʥʠʭ 

ʩʧʝʮʠʬʽʢʘʮʽʡ ʘʣʛʦʨʠʪʤʽʚ ʫ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ. 

ɯʥʩʪʨʫʤʝʥʪʘʨʽʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʩʭʝʤ 

ʘʣʛʦʨʠʪʤʽʚ, ʧʦʜʘʥʠʭ ʚ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ 

ʘʣʛʦʨʠʪʤʽʯʥʠʭ ʘʣʛʝʙʨ ɺ.ʄ. ɻʣʫʰʢʦʚʘ (ʉɸɸ-ʄ), ʘ 

ʪʘʢʦʞ ʛʝʥʝʨʘʮʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʛʨʘʤ ʤʦʚʘʤʠ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ C++, C#, Java ʪʘ ʽʥ. ʉʠʩʪʝʤʘ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʽ ʜʽʘʣʦʛʦʚʦʛʦ ʢʦʥʩʪʨʫʶʚʘʥʥʷ 

ʩʠʥʪʘʢʩʠʯʥʦ ʧʨʘʚʠʣʴʥʠʭ ʧʨʦʛʨʘʤ (ɼʉʇ-ʤʝʪʦʜʽ), 

ʦʩʥʦʚʥʘ ʽʜʝʷ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʧʦʨʽʚʥʝʚʦʤʫ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʽʚ ʟʚʝʨʭʫ ʚʥʠʟ ʰʣʷʭʦʤ 

ʩʫʧʝʨʧʦʟʠʮʽʾ ʤʦʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʉɸɸ-ʄ, ʷʢʽ 

ʢʦʨʠʩʪʫʚʘʯ ʦʙʠʨʘʻ ʟʽ ʩʧʠʩʢʫ ʪʘ ʜʦʜʘʻ ʚ ʜʝʨʝʚʦ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ. ʅʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʘʥʦʛʦ 

ʜʝʨʝʚʘ ʪʘ ʰʘʙʣʦʥʽʚ ʧʨʦʛʨʘʤʥʠʭ ʨʝʘʣʽʟʘʮʽʡ 

ʢʦʥʩʪʨʫʢʮʽʡ ʉɸɸ-ʄ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʙʘʟʽ ʜʘʥʠʭ 

ʩʠʩʪʝʤʠ ɯʇʉ, ʚʠʢʦʥʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʘ ʛʝʥʝʨʘʮʽʷ 

ʪʝʢʩʪʫ ʧʨʦʛʨʘʤʠ ʮʽʣʴʦʚʦʶ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʻ ʽʥʪʝʛʨʘʮʽʷ ʪʨʴʦʭ ʬʦʨʤ 

ʧʦʜʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʫ ʧʨʦʮʝʩʽ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ: 

ʘʥʘʣʽʪʠʯʥʦʾ (ʨʝʛʫʣʷʨʥʽ ʩʭʝʤʠ), ʧʨʠʨʦʜʥʦ-

ʣʽʥʛʚʽʩʪʠʯʥʦʾ (ʉɸɸ-ʩʭʝʤʠ) ʪʘ ʛʨʘʬʦʚʦʾ (ʛʨʘʬ-ʩʭʝʤʠ). 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʘʨʘʣʝʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚ 

ʷʢʦʩʪʽ ʮʽʣʴʦʚʦʾ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʦʙʨʘʥʦ C#. 

ʈɽɿʋʃʔʊɸʊʀ ʈʆɹʆʊʀ ɸʃɻʆʈʀʊʄɯɺ 

ɿʘ ʦʩʥʦʚʫ  ʜʣʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʟʷʪʦ ʦʜʠʥ ʟ 

ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʂ-

ʩʝʨʝʜʥʽʭ. ʇʦʩʣʽʜʦʚʥʘ ʚʝʨʩʽʷ SA (Sequential Algorithm) 

ʘʣʛʦʨʠʪʤʫ ʧʦʰʠʨʝʥʘ ʫ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ. ɿ ʜʦʧʦʤʦʛʦʶ 

ʟʘʩʦʙʫ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 

ʜʚʽ ʧʘʨʘʣʝʣʴʥʽ ʚʝʨʩʽʾ ʘʣʛʦʨʠʪʤʫ PAM (Parallel 

Algorithm Manual) - ʟ ʨʫʯʥʠʤ ʨʦʟʢʣʘʜʘʥʥʷʤ ʟʘʜʘʯ ʧʦ 

ʧʦʪʦʢʘʤ ʪʘ PAB (Parallel Algorithm Built-in) - ʟ 

ʨʦʟʢʣʘʜʘʥʥʷʤ ʥʘ ʧʦʪʦʢʠ, ʱʦ ʧʨʦʧʦʥʫʻ ʩʝʨʝʜʦʚʠʱʝ 

CLR (Common Language Runtime Microsoft .NET 

Framework). ɼʘʣʽ ʚʩʽ ʘʣʛʦʨʠʪʤʠ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʥʘ 

ʥʝʚʝʣʠʢʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ ʽ ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʚ ʤʩ. 

 

ʊʘʙʣʠʮʷ 1. ʈʝʟʫʣʴʪʘʪʠ ʰʚʠʜʢʦʜʽʾ ʘʣʛʦʨʠʪʤʽʚ 
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ʈʦʟʨʘʭʫʻʤʦ ʩʝʨʝʜʥʽ ʧʦʢʘʟʥʠʢʠ. 

tSA = 368.8ʤʩ, tPAM = 31.9ʤʩ, tPAɺ  =  1.09ʤʩ. 

ɺʀʉʅʆɺʂʀ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ (ʩʝʨʝʜʥʽ ʧʦʢʘʟʥʠʢʠ) , 

ʧʦʜʘʥʠʤʠ ʫ ʪʘʙʣ.1 ʪʘ ʥʘ ʨʠʩ.1 ʚʠʜʥʦ, ʱʦ ʧʘʨʘʣʝʣʴʥʠʡ 

ʧʽʜʭʽʜ ʟʤʝʥʰʫʻ ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ 

ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ ʪʘ ʚʠʢʦʥʘʥʥʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ, 

ʘʣʝ ʪʘʢʦʞ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʨʝʟʫʣʴʪʘʪ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ 

ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʨʽʟʥʽ ʚʝʨʩʽʾ ʧʘʨʘʣʝʣʴʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʜʘʣʠ ʨʽʟʥʽ ʨʝʟʫʣʴʪʘʪʠ. 
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ʨʝʩʫʨʩʫ:https://www.users.cs.umn.edu/~kumar/dmbook

/ch8.pdf. 

3. ʄʝʪʦʜʳ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ: 

ʬʦʨʤʘʣʴʥʳʝ ʤʝʪʦʜʳ ʨʘʟʨʘʙʦʪʢʠ ʧʘʨʘʣʣʝʣʴʥʳʭ 
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Abstract. This paper describes the implementation of the 

proposed model for evaluating algorithms for controlling the 

load isoefficiency of a computer system using the example of 

two pipelining algorithms. The experimental researches of 

the model shows the possibility of using this approach for this 

task. In the paper is proposed the further modifications of the 

developed model, namely the synthesis of effective topologies 

and algorithms for a problem of a given dimension. 

Keywords: distributed computing, scheduling, 

isoefficiency. 

INTRODUCTION  
Efficiency of parallel processing. The efficiency of 

parallel processing is closely related to degree of 
parallelism. Existing formulas do not always accurately 
determine the real performance of the parallel processing 
acceleration. Formulas do not take into account the 
communication issues between processors. For fixed-size 
tasks, the efficiency of parallel computing with increasing 
number of processors N  usually decreases. In addition, it 

is necessary to evaluate the reasons for the decrease of 
efficiency due to the restrictions of parallelism and 
communication costs. 

Isoeffective systems. Systems that allows to select the 
needed efficiency level in advance to solve the problem and 
to maintain current level of efficiency, are usually called 
isoeffective systems [1]. The main idea of this work is 
research the isoefficiency of distributed systems, based on 
the model of calculations with service agents. This model 
has ability to control of the size of the input task. This 
model uses conveyor addition algorithms. Scheduling 
computing is a critical aspect of increasing the efficiency 
of distributed computing systems. Accordingly, the 
possibility of modeling different approaches and 
algorithms for the effective use of available resources in the 
decomposition of computations is an actual task for 
systems, whose computational capabilities increases over 
real time [2]. An example of an isoeffective system is 
architecture of a distributed supercomputer Blockchain. 
Blockchain is a global distributed supercomputer, that uses 
a distributed database of transactions, which allows to 
perform calculations with a change of task complexity. 
Task complexity depends on the total performance of the 
entire network blockchain. 

As a result, the proposed system for modeling will 
allow us to research the isoefficiency of different 
algorithms in the given topologies based on time 
parameters for use in distributed scheduling. 

MODEL OF ISOEFFECTIVE COMPUTING 
Our goal is to achieve a constant level of efficiency. The 

parallel computing research system consists of a central 
node on a separate server and agents. Agents are organized 

into a hierarchy and are designed to manage the 
isoefficiency Econst. Method to control of efficiency is 
proposed in article [3]. The states of the computing nodes 
are marked with the appropriate color for the active and 
inactive nodes. The Coordinator performs an efficiency 
audit and compares the current performance level in 
distributed systems (Fig. 1). 

Computing Coordinator

Node agent Node agent

Security Service
Computing  

service

Communication 

Service

Isoeffective 

Result

Fig. 1 Model of isoeffective computing 

If the efficiency lower than the , then the system 

reduces the size of the task to achieve the appropriate level 
of efficiency. If the level of efficiency is greater than 
necessary, the coordinator changes the current number of 
nodes or increases the size of the task. The proposed system 
will maintain a needed level of efficiency, which allows to 
change the size of the task with considering the 
performance of the nodes and network load. 

Description of the system for control the isoefficiency 
of distributed computing. Let's consider the simplest but 
rather typical example of conveyor addition. Consider two 
algorithms for performing this procedure. As a topological 
organization of the system, we select the hypercube of the 
second order. In alghoritms represent the sequence of steps, 
where determine the transfer of data from one processor to 
another, and of the sum is the addition of the value in the 
receiving processor with the value in the transfering 
processor. 

In algorithm 1, data transfer performed firstly, and then 
the addition performed. The algorithm 1 is obviously 
ineffective, as when using it, the acceleration of parallel 
processing turns out to be less than one. The isoefficiency 

formula for algorithm 1: , 

where  ï acceleration of algorithm.  

Formulas for efficiency E determine the ability to 
achieve the required efficiency of parallel computing 
systems. Such an opportunity is provided by varying the 
parameters n (size of task) and N (number of nodes). Based 
on this variation, it is possible to achieve linear increase of 
productivity with increasing number of processors. This 
means that when performing computational processes, it is 
possible to determine in advance the necessary efficiency 
of their implementation. 

The algorithm 2, in terms of acceleration and 
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