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˕˞˜˛˘˩˔˛ˏˍ˚˕˒ ˘˗ː-˝˒ːˠ˘ˬ˟˛˝ˍ˕ ˏ˒˗˟˛˝˚˛ː˛ ˠ˜˝ˍˏ˘˒˚˕ˬ 
 ˏ˪ ˘˒˗˟˝˛˙ˍː˚˕˟˚˛˙ ˏ˕ˎ˝ˍˣ˕˛˚˚˛˙ ˞˟˒˚ˑ˒ 

Using LQG-controller and vector control in the electromagnetic vibration stand  

ˍˎˍ˗ˠ˙˛ˏ ˍȢˍȢ 

˜̆̎̈̆̎̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

ˍ̂́̋̔̍̏̃ ˍȢˍȢ - ̒ ̓̔̅̆̎̓ ψ ̋̔̑̒́ ̜̋́̆̅̑̕ Ⱥˍ̃̓̏̍́̓̉̋́ ̉ ̖̓̆̌̆̍̆́̎̉̋́Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ɀ ̅ Ȣ̓Ȣ̎Ȣȟ ̐̑̏̆̒̒̏̑̕ ˞̧̆̍̎̏̃ ˍȢˑȢ 

 
ʇʨʝʜʣʘʛʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʚʠʙʨʘʮʠʦʥʥʦʛʦ ʩʪʝʥʜʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʃʂɻ-ʨʝʛʫʣʷʪʦʨʘ. 

 

ʇʦʚʳʰʝʥʠʝ ʥʘʜʸʞʥʦʩʪʠ ʪʝʭʥʠʢʠ ʚ ʫʩʣʦʚʠʷʭ ʠʥʪʝʥʩʠʚʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʚʠʙʨʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʚʠʙʨʦʧʨʦʯʥʦʩʪʴʶ 

ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʚʦʟʙʫʜʠʪʝʣʝʡ ʚʠʙʨʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷʚʠʙʨʦʩʪʝʥʜʳ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʠʧʘ. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ, ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʤʘʣʘʷ ʘʤʧʣʠʪʫʜʘ ʚʦʟʙʫʞʜʘʝʤʳʭ 

ʚʠʙʨʘʮʠʡ. ʕʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʣʠʰʝʥʳ ʚʠʙʨʦʩʪʝʥʜʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʪʠʧʘ. ʆʜʥʘʢʦ ʫ ʪʘʢʠʭ ʚʠʙʨʦʩʪʝʥʜʦʚ 

ʙʦʣʝʝ ʥʠʟʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ ʠʟ-ʟʘ ʙʦʣʴʰʝʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʦʙʤʦʪʦʢ ʚʦʟʙʫʞʜʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ 

ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʤʘʛʥʠʪʥʳʝ ʩʠʩʪʝʤʳ ʩ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʦʩʪʦʷʥʥʳʤʠ ʤʘʛʥʠʪʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʤʘʛʥʠʪʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʚʘʢʫʫʤʘ ɛ0=0.4ˊĀ10-6 ɻʥ/ʤ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫʞʝ ʪʦʣʴʢʦ ʟʘʤʝʥʘ ʦʙʣʘʩʪʠ ʬʝʨʨʠʤʘʛʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʮʝʧʠ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʭʦʜʠʪ 

ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʩʨʝʜʦʡ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʩ ʤʘʣʳʤ ɛʈʄ=(1.03Ā1.3)ɛ0 ʧʦʟʚʦʣʷʝʪ ʚ 2-3 ʨʘʟʘ ʫʤʝʥʴʰʠʪʴ 

ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʫʶ ʧʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ. ʋʣʫʯʰʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ, ʤʦʞʥʦ ʪʘʢʞʝ ʜʦʩʪʠʛʥʫʪʴ, ʠʩʧʦʣʴʟʫʷ ʚʝʢʪʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʉʫʪʴ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʬʦʨʤʠʨʫʶʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʪʦʢʠ (ʥʘʧʨʷʞʝʥʠʷ) ʬʘʟ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ 

ʤʘʛʥʠʪʥʳʤ ʧʦʪʦʢʦʤ ʨʦʪʦʨʘ. ʊʘʢ ʞʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʠʩʪʝʤʳ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʧʦʤʝʭʦʟʘʱʠʱʸʥʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʥʝʡʥʦ-ʢʚʘʜʨʘʪʠʯʥʳʡ ʛʘʫʩʩʦʚʩʢʠʡ ʨʝʛʫʣʷʪʦʨ, ʩʦʩʪʦʷʱʠʡ 

ʠʟ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʠ ʥʘʙʣʶʜʘʪʝʣʷ. ʈʘʟʨʘʙʦʪʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ 

ʚʝʢʪʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʃʂɻ-ʨʝʛʫʣʷʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʜʫʨʳ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʠʙʨʦʩʪʝʥʜʝ ʩ ʘʩʠʥʭʨʦʥʥʳʤ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʤʦʱʥʦʩʪʴʶ 186.5 ɺʪ ʯʘʩʪʦʪʥʳʡ ʜʠʘʧʘʟʦʥ ʨʘʩʰʠʨʝʥ ʜʦ 1ʢ ɻʮ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʄʝʜʚʝʜʝʚ ɺ.ʉ. ControlSystemToolboxMATLAB 5 ʜʣʷ ʩʪʫʜʝʥʪʦʚ. - ʄ.:ɼʀɸʃʆɻ-ʄʀʌʀ, 1999.-287ʩ. 
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˟˝˒ˎ˛ˏˍ˚˕ˬ ˗ ˗˛˙˜˘˒˗˞ˠ ˜˝˛ː˝ˍ˙˙˚˨ˢ ˞˝˒ˑ˞˟ˏ ˑ˘ˬ ˙˛ˑ˒˘˕˝˛ˏˍ˚˕ˬ 
˙˛ˎ˕˘˩˚˛ː˛ ˝˛ˎ˛˟ˍ ˏ ː˛˝˛ˑ˞˗˛˖ ˞˝˒ˑ˒ 

Software  for  mobile  robot in a city environment modeling requirements  

ˍ˘˒˗˞ˍ˚ˑ˝˛ˏˍ ˙ȢˍȢȟ ˍ˘˒˗˞ˍ˚ˑ˝˛ˏˍ ˝Ȣ˕Ȣ 

˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̖̑́̅̉̏̓̆̎̉̋̉ȟ  
̞̌̆̋̓̑̏̎̉̋̉ ̉ ́̃̓̏̍́̓̉̋̉ 

ˍ̌̆̋̒́̎̅̑̏̃́ ˙ȢˍȢ - ̒ ̓̔̅̆̎̓̋́ ̜̋́̆̅̑̕ Ⱥ˜̜̑̏̂̌̆̍ ̠̔̐̑́̃̌̆̎̉Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˝̏̍́̎̏̃ ˙Ȣ˜Ȣ 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʤʧʣʝʢʩʫ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ 

ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʤʝʛʘʧʦʣʠʩʘ. 

 

ɹʦʣʴʰʠʝ ʛʦʨʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʣʦʪʥʦʡ ʞʠʣʠʱʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʟʘʩʪʨʦʡʢʦʡ, ʩʣʦʞʥʳʤʠ 

ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʧʦʪʦʢʘʤʠ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʚ ʮʝʣʦʤ. ʇʨʦʙʣʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʚʳʧʦʣʥʝʥʠʝ ʧʨʘʚʠʣ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ ʜʚʠʞʝʥʠʷ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʤʥʦʛʦ ʧʨʦʯʠʭ ʧʨʦʙʣʝʤ 

ʩʪʘʥʦʚʷʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʜʣʷ ʤʥʦʛʠʭ ʫʯʘʩʪʥʠʢʦʚ ʜʚʠʞʝʥʠʷ ʚ ʤʝʛʘʧʦʣʠʩʝ ʧʨʘʢʪʠʯʝʩʢʠ ʝʞʝʜʥʝʚʥʦ. ʀʟ ʵʪʦʛʦ 

ʚʳʪʝʢʘʝʪ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʙʘʟʝ ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ.  

ʉʦʟʜʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ 

ʨʦʙʦʪʘ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ  ʪʝʭʥʠʢʦʡ ʧʦʜʦʙʥʦʛʦ 

ʢʣʘʩʩʘ. 

ʀʤʝʷ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʭʘʨʘʢʪʝʨʥʳʭ ʵʣʝʤʝʥʪʘʭ ʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʟʘʜʘʯʘʭ 

ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ, ʩʨʝʜʩʪʚʘʭ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʠ ʧʨ., ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʪʘʢʦʡ ʢʦʤʧʣʝʢʩ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʩʠʤʫʣʷʮʠʠ: 

- ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ;  

- ʜʠʥʘʤʠʢʠ ʵʣʝʢʪʨʦʤʦʙʠʣʷ, ʚʢʣʶʯʘʶʱʝʡ ʨʘʩʯʝʪ ʫʩʢʦʨʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʜʚʠʞʝʥʠʷ ʠ 

ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʘʭ ʠ ʜʨ.; 

- ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʦʚ, ʦʪʨʘʞʘʶʱʫʶ ʜʠʥʘʤʠʯʥʫʶ ʦʙʩʪʘʥʦʚʢʫ çʥʘ ʜʦʨʦʛʝè, ʯʪʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ 

ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʤʥʦʛʦʦʙʨʘʟʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʞʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʠ ʜʨ.; 

- ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʡ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʯʪʦ ʨʝʘʣʴʥʦ, ʪʘʢ ʢʘʢ ʠʤʝʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʜʦʨʦʞʥʘʷ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ; 

- ʩʝʥʩʦʨʥʦʛʦ ʦʩʥʘʱʝʥʠʷ ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʠ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ʫʨʦʚʥʷ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʝ ʥʘʣʠʯʠʝ ʥʘ ʙʦʨʪʫ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, 

ʩʠʩʪʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ, 

- ʘ ʪʘʢʞʝ ʠʤʝʪʴ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ  

- ʩʤʝʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʘʣʛʦʨʠʪʤʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤ ʨʦʙʦʪʦʤ, ʜʘʶʱʠʝ ʧʨʦʩʪʦʪʫ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʝʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʙʘʟʦʚʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʝʭʥʦʣʦʛʠʝʡ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ; 

- ʫʜʦʙʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʛʨʘʬʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʧʦʜʜʝʨʞʢʫ ʪʝʢʩʪʦʚʳʭ ʢʦʤʘʥʜ, ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ 

ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʚʳʧʦʣʥʝʥʠʷ ʪʠʧʦʚʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ. 
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˙˛ˑˠ˘˒˖ ˑ ˏ˕˓˒˚˕ˬ 

The recommendations for using intellectual mechatronic drive modules  

ˍ˘˒˗˞ˍ˚ˑ˝˛ˏˍ ˝Ȣ˕Ȣȟ ˎ˛ːˍˤ˒ˏ ˫Ȣ˜Ȣ 

˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̖̑́̅̉̏̓̆̎̉̋̉ȟ 
̞̌̆̋̓̑̏̎̉̋̉ ̉ ́̃̓̏̍́̓̉̋̉ ̊ ˕ˣ Ⱥ˚̖́̎̏̍̆́̓̑̏̎Ȼ ɉ˙̏̒̋̃́Ɋ 

 
ʉ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʩʦʟʜʘʚʘʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ, ʪʦʯʥʳʝ, ʛʠʙʢʠʝ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ. ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʩʪʘʥʢʦʩʪʨʦʝʥʠʷ. ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʤʝʭʘʪʨʦʥʥʳʭ ʤʦʜʫʣʝʡ ʜʚʠʞʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʘʰʠʥʘʭ, ʩʪʘʥʢʘʭ ʠ ʨʦʙʦʪʘʭ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʤʝʭʘʪʨʦʥʥʳʡ ʤʦʜʫʣʴ (ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ), ʷʚʣʷʷʩʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʩʪʘʥʦʯʥʳʤ ʫʟʣʦʤ 

ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʩʪʘʥʢʦʚ, ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʥʘ ʩʪʘʥʢʘʭ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʠ ʚʳʩʦʢʦʪʦʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ: 

- ʫʧʨʦʱʘʪʴ ʠ ʦʙʣʝʛʯʘʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʥʢʦʚ ʟʘ ʩʯʝʪ ʫʩʪʨʘʥʝʥʠʷ ʛʨʦʤʦʟʜʢʠʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʟʚʝʥʴʝʚ ʠ 
ʜʨʫʛʠʭ ʜʝʪʘʣʝʡ; 

- ʨʝʘʣʠʟʦʚʘʪʴ ʘʛʨʝʛʘʪʥʦ-ʤʦʜʫʣʴʥʳʡ ʧʨʠʥʮʠʧ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ; 

- ʩʦʟʜʘʚʘʪʴ ʥʘ ʠʭ ʙʘʟʝ ʩʪʘʥʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠ ʥʝʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʤʧʦʥʦʚʦʢ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʢʦʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ (ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʪʘʥʢʦʚ ʚ 2-3 ʨʘʟʘ). 

ʀʥʪʝʛʨʘʮʠʷ ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʨʘʙʦʯʠʭ ʤʘʰʠʥ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʠʩʢʣʶʯʠʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʟʚʝʥʴʷ ʠ ʧʦʚʳʩʠʪʴ  ʪʦʯʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʥʦ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʟʤʝʥʷʝʪ ʢʦʤʧʦʥʦʚʢʫ ʨʘʙʦʯʠʭ ʤʘʰʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʝʪʩʷ ʚ 1,5 -2 ʨʘʟʘ 

ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʠ ʛʘʙʘʨʠʪʳ ʩʪʘʥʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʘʥʘʣʦʛʘʤʠ (ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʥʝʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʤʧʦʥʦʚʢʝ), ʩʦʢʨʘʱʘʶʪʩʷ ʚ 2-2,5 ʨʘʟʘ ʪʨʝʙʫʝʤʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʣʦʱʘʜʠ. 

ʆʪʩʫʪʩʪʚʠʝ ʪʨʫʱʠʭʩʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʪʨʝʥʠʝ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʥʠʞʘʝʪʩʷ 

ʦʙʱʝʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʤʝʭʘʪʨʦʥʥʦʛʦ ʤʦʜʫʣʷ (ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ).  

ʅʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʢʦʤʧʘʢʪʥʳʭ ʧʨʝʮʠʟʠʦʥʥʳʭ ʩʠʩʪʝʤ ʨʝʘʣʠʟʘʮʠʠ ʜʚʠʞʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ, 

ʨʦʙʦʪʦʚ ʠ ʧʨʠʙʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʩʧʦʩʦʙʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʠʟʤʝʥʝʥʠʠ ʫʧʨʘʚʣʷʶʱʠʭ ʠ 

ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʨʝʜʝ. ʄʝʭʘʪʨʦʥʥʳʝ ʤʦʜʫʣʠ ʜʚʠʞʝʥʠʷ  ʩʣʝʜʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ: 

- ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʚʦʜʘ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʮʝʥʪʨʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʭ ʩʣʦʞʥʫʶ 

ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ; 

- ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʮʝʥʪʨʘʭ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ; 

- ʚ ʧʦʚʦʨʦʪʥʦ-ʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʜʣʷ ʧʦʜʘʯʠ ʜʝʪʘʣʝʡ ʥʘ ʧʦʟʠʮʠʠ ʦʙʨʘʙʦʪʢʠ, ʩʙʦʨʢʠ, ʢʦʥʪʨʦʣʷ ʠ 

ʩʦʨʪʠʨʦʚʢʠ; 

- ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʩʫʱʝʩʪʚʫʶʱʝʤ ʩʪʘʥʦʯʥʦʤ ʧʘʨʢʝ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʪʘʥʢʦʚ, ʧʦʚʳʰʝʥʠʷ ʠʭ ʪʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ.  

ʆʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʦʚʦʨʦʪʥʳʭ ʤʝʭʘʪʨʦʥʥʳʭ ʤʦʜʫʣʝʡ: 

1. ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʘʥʠʝʤ. 

2. ʃʘʟʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ. 

3. ʉʚʝʨʭʧʨʝʮʠʟʠʦʥʥʳʝ ʠ ʥʘʥʦʤʝʪʨʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ. 

4. ʉʪʘʥʢʠ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʠʥʝʤʘʪʠʢʦʡ ʢʣʘʩʩʘ ʛʝʢʩʘʧʦʜ. 
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ˣ˒˘˒˚ˍ˜˝ˍˏ˘˒˚˚˨˒ ˑ˒˖˞˟ˏ˕ˬ ˍˏ˟˛˚˛˙˚˛ː˛ ˝˛ˎ˛˟ˍ ˏ ˞˝˒ˑ˒ ˞ ˜˝˒˜ˬ˟˞˟ˏ˕ˬ˙˕ 

Intentional Action of the Autonomous Robot in Environment with Obstacles  

ˎ˨˗˛ˏ ˞Ȣ˞Ȣ 

˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓  
̖̑́̅̉̏̓̆̎̉̋̉ȟ ̞̌̆̋̓̑̏̎̉̋̉ ̉ ́̃̓̏̍́̓̉̋̉ 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʦʙʣʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʦʙʦʪʘ ʥʘ 

ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʢʘʤʝʨʳ ʠ ʥʘʙʦʨʘ ʘʧʨʠʦʨʥʳʭ ʟʥʘʥʠʡ ʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʦʙʲʝʢʪʘʭ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʷʭ ʠ 

ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʛʦ ʦʧʝʨʘʪʦʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʦʜʝʣʠ ʩʮʝʥʳ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʙʳ ʧʝʨʝʚʝʩʪʠ ʝʝ ʨʝʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʚ ʪʨʝʙʫʝʤʦʝ. 

 

ʇʨʦʙʣʝʤʘ, ʠʩʩʣʝʜʫʝʤʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʨʦʝʥʠʠ ʚʝʢʪʦʨʘ ʦʧʠʩʘʥʠʷ ʨʘʙʦʯʝʛʦ ʩʦʩʪʦʷʥʠʷ 

ʩʮʝʥʳ (ʚʢʣʶʯʘʷ ʨʦʙʦʪʘ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʝ ʦʙʲʝʢʪʳ), ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ ʚʠʜʝʦʨʷʜʘ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʙʦʨʘ ʘʧʨʠʦʨʥʳʭ ʟʥʘʥʠʡ ʦ ʥʝʡ, ʠ ʥʘʭʦʞʜʝʥʠʠ ʦʧʝʨʘʪʦʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʧʝʨʝʚʝʩʪʠ ʩʮʝʥʫ ʚ ʮʝʣʝʚʦʝ ʩʦʩʪʦʷʥʠʝ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʨʦʙʦʪʘ ʥʘʯʘʣʴʥʦʝ ʠ ʮʝʣʝʚʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʙʦʯʝʡ ʩʮʝʥʳ (Mʥʘʯ 

ʠ ʄʮʝʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʢʪʦʨʳ ʩ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʝʝ ʩ 

ʥʝʦʙʭʦʜʠʤʦʡ ʠ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʪʦʯʥʦʩʪʴʶ. ʇʘʨʘʤʝʪʨʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʦʩʪʦʷʥʠʝ ʨʦʙʦʪʘ, 

ʪʦʞʝ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʝʢʪʦʨʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʨʘʙʦʯʫʶ ʩʮʝʥʫ. 

ʉʜʝʣʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ MʥʘʯŸMʮʝʣ ʤʦʞʥʦ ʪʦʣʴʢʦ ʠʤʝʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʡ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ 

ʥʘʙʦʨ ʘʧʨʠʦʨʥʳʭ ʟʥʘʥʠʡ ʦʙʦ ʚʩʝʭ ʦʙʲʝʢʪʘʭ ʩʮʝʥʳ, ʠʭ ʩʚʦʡʩʪʚʘʭ, ʚʟʘʠʤʦʩʚʷʟʷʭ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʘʭ 

ʠ ʚʦʟʤʦʞʥʳʭ ʜʝʡʩʪʚʠʷʭ ʚ ʥʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʧʦʥʷʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʤʠ 

ʩʚʷʟʷʤʠ. ʉʪʨʫʢʪʫʨʘ ʵʪʠʭ ʟʥʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʴʶ: 
 

ʄ = <S
M
, O

M
, R

M
, L

M
, ʊ
ʄ
>, 

 

ʛʜʝ S
ʄ
 = < ʆʩʚʝʱʝʥʠʝ, ʃʘʥʜʰʘʬʪ, ʇʦʚʝʨʭʥʦʩʪʴ, ʇʨʝʧʷʪʩʪʚʠʷ > ð ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʮʝʥʳ; 

O
M
 = < ʐʠʨʠʥʘ, ɺʳʩʦʪʘ, ɼʣʠʥʘ, ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʉʚʦʡʩʪʚʘ, ʂʣʘʩʩ_ʦʙʲʝʢʪʘ, ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ_ʧʨʠʟʥʘʢ 

> ð ʥʘʙʦʨ ʦʙʲʝʢʪʦʚ ʩʮʝʥʳ; ʧʦʜ ʦʙʲʝʢʪʦʤ ʟʜʝʩʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʝʜʤʝʪʘ 

ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ, ʠʤʝʶʱʝʛʦ ʠʟʤʝʨʷʝʤʳʝ ʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʝʛʦ ʧʨʠʟʥʘʢʦʚ, ʩ ʢʦʪʦʨʳʤ 

ʨʦʙʦʪ ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʚ ʢʦʥʪʝʢʩʪʝ ʟʘʜʘʯʠ; 

R
M
 = < ɻʘʙʘʨʠʪʳ, ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ, ʊʠʧ, ʅʘʙʦʨ_ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ_ʚʦʟʤʦʞʥʦʩʪʝʡ > ð ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʦʙʦʪʘ ʠ ʝʛʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ; 

L
M
 = < &ʆʙʲʝʢʪ_1[ &ʆʙʲʝʢʪ_2, é, &ʆʙʲʝʢʪ_N], ʊʠʧ, ʂʦʥʬʠʛʫʨʘʮʠʷ > ð ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ; 

ʊ
ʄ
 ð ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʶʪʩʷ ʜʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ. 

Mʥʘʯ = { S
ʥ
, O
ʥ
1...N, R

ʥ
, L
ʥ
1...M, T

ʥ
 } ð ʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ; 

Mʮʝʣ = { S
ʮ
, O
ʮ
1...N, R

ʮ
, L
ʮ
1...M, T

ʮ
 } ð ʮʝʣʝʚʦʝ ʩʦʩʪʦʷʥʠʝ. 

 

Q : Mʮʝʣ = Q{ Mʥʘʯ , t }      (1) 
 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ MʥʘʯŸMʮʝʣ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʘʢʦʡ ʥʘʙʦʨ ʦʧʝʨʘʪʦʨʦʚ Q (1) 

(ʘʣʛʦʨʠʪʤ ʧʦʚʝʜʝʥʠʷ ʨʦʙʦʪʘ), ʧʨʠ ʢʦʪʦʨʦʤ ʩʮʝʥʫ ʠʟ ʥʘʯʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ Mʥʘʯ ʫʜʘʩʪʩʷ ʟʘ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ t 

ʧʝʨʝʚʝʩʪʠ ʚ ʞʝʣʘʝʤʦʝ ʩʦʩʪʦʷʥʠʝ Mʮʝʣ. 

Qʄʥʘʯ-ʄʮʝʣ = {Q
Sʮ

, Q
Oʮ{1...N}

, Q
Rʮ

, Q
Lʮ{1...M}

, t} ð ʦʧʝʨʘʪʦʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʙʲʝʢʪʦʚ 

ʩʮʝʥʳ ʄʥʘʯ ʚ ʄʮʝʣ. 

t = T
ʮ
 - T

ʥ
 ð ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦʝ ʥʘ ʦʧʝʨʘʮʠʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ Q. 
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ʈʠʩ.1. ʉʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʙʱʝʤ ʚʠʜʝ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝʜʫʶʱʝʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʮʝʥʫ, ʧʦʩʪʨʦʠʪʴ ʝʝ ʚʝʢʪʦʨ ʦʧʠʩʘʥʠʷ ʄʥʘʯ ʠ, ʩʦʧʦʩʪʘʚʠʚ 

ʝʛʦ ʩ ʚʝʢʪʦʨʦʤ ʮʝʣʝʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʄʮʝʣ, ʧʦʣʫʯʠʪʴ ʦʧʝʨʘʪʦʨ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʮʝʥʳ Q, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ 

ʩʦʙʦʡ ʚʝʢʪʦʨ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʝ ʜʝʡʩʪʚʠʷ 

ʨʦʙʦʪʘ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʝʨʘʪʦʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʮʝʥʳ ʧʦʢʘʟʘʣʦ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʨʦʙʦʪʘ ʚ ʩʨʝʜʝ ʩ 

ʧʨʝʧʷʪʩʪʚʠʷʤʠ. 

 

 

 
 

 

˝ˍ˔˝ˍˎ˛˟˗ˍ ˞˝˒ˑ˨ ˏ˨˜˛˘˚˒˚˕ˬ ˏ˒ˎ-˞˒ ˝ˏ˕˞˛ˏ ˚ˍ ˞˒˙ˍ˚˟˕ˤ˒˞˗˛˙ ˠ˝˛ˏ˚˒ 

Development runtime environment for web services at the semantic level  

ˏˍ˚˕˚ ˍȢˏȢȟ ˗˘˕˙˛ˏ ˏȢˏȢ 

˚̗̝̜́̉̏̎́̌̎̊ ̉ ̝̒̒̌̆̅̏̃́̓̆̌̒̋̉ ̠̜̅̆̑̎̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˕ˡ˕Ȼ 

˗́̆̅̑́̕ Ⱥ̋̉̂̆̑̎̆̓̉̋́Ȼȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ - ̅ Ȣ̓Ȣ̎Ȣȟ ̐̑̏̆̒̒̏̑̕ ˦̔̋̉̎ ˎȢˍȢ 

 
ʉʝʡʯʘʩ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʘʝʪ ʩʝʨʚʠʩ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ. ʂʦʥʮʝʧʮʠʷ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʚʝʙʘ ʧʨʝʜʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʠʩʢʘ 

ʠ ʚʳʧʦʣʥʝʥʠʷ ʩʝʨʚʠʩʦʚ. ɿʘʜʘʯʘ ʚʳʧʦʣʥʝʥʠʷ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʚʝʙ-ʩʝʨʚʠʩʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʟʜʘʥʠʝ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʚʝʙ-

ʩʝʨʚʠʩ ʦʙʤʝʥʠʚʘʝʪʩʷ ʩʝʤʘʥʪʠʯʝʩʢʠ ʨʘʟʤʝʯʝʥʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ʩ ʢʣʠʝʥʪʦʤ. 

 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʚʝʙ-ʩʝʨʚʠʩʘ ʩ ʧʦʤʦʱʴʶ ʩʪʝʢʘ 

ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʡ ʧʦ ʩʫʪʠ ʨʘʩʰʠʨʷʝʪ ʩʠʥʪʘʢʩʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʚʝʙ-ʩʝʨʚʠʩʘ WSDL. ɽʩʣʠ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʝʙ-ʩʝʨʚʠʩ ʢʘʢ çʯʝʨʥʳʡ ʷʱʠʢè, ʪʦ ʧʦʜ ʚʳʧʦʣʥʝʥʠʝʤ ʚʝʙ-ʩʝʨʚʠʩʘ ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʮʝʩʩ  

 



ζ˿˻ˤ˾˩˸˩˹˹̍˩́˩̆˹˻˶˻˥ˮˮ ˤ ˭ˢ˨ˢ̉ˢ̆ ̂˽˾ˢˤ˶˩˹ˮ̒Σ ˢˤ́˻˸ˢ́ˮ˴ˮ ˮ ˻ˣ˾ˢˣ˻́˴ˮ ˮ˹̅˻˾˸ˢ̇ˮˮη 
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ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʜʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʘ ʨʘʙʦʪʳ. ʊʘʢ ʢʘʢ ʚʝʙ-ʩʝʨʚʠʩ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ 

ʘʪʦʤʘʨʝʥ (ʢʦʤʧʦʟʠʮʠʷ ʚʝʙ-ʩʝʨʚʠʩʦʚ ï ʝʩʪʴ ʚʝʙ ʩʝʨʚʠʩ), ʩʨʝʜʘ ʚʳʧʦʣʥʝʥʠʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʝʭʘʥʠʟʤʳ 

ʩʦʚʤʝʩʪʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʙ-ʩʝʨʚʠʩʦʚ ʥʘ ʩʝʤʘʥʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. 

ɹʘʟʦʡ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʩʪʝʢʘ ʷʚʣʷʝʪʩʷ OWL ʦʥʪʦʣʦʛʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚʝʙ-ʩʝʨʚʠʩʘ. ɼʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʦʚ ʢ ʦʥʪʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʷʟʳʢ SPARQL (ʠʣʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ). ɼʣʷ ʦʧʠʩʘʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʳ ʚʝʙ-ʩʝʨʚʠʩʘ ʠʩʧʦʣʴʟʫʝʪʩʷ OWL-S ʦʥʪʦʣʦʛʠʷ[1]. 

ɼʣʷ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʨʘʟʤʝʪʢʠ ʚʝʙ-ʩʝʨʚʠʩʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚʟʘʠʤʥʦ ʦʜʥʦʟʥʘʯʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʵʣʝʤʝʥʪʦʚ WSDL ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘʤ ʦʥʪʦʣʦʛʠʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚʝʙ-ʩʝʨʚʠʩʘ. ʆʥʪʦʣʦʛʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʚ 

ʚʠʜʝ OWL/RDF. ʉʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʩʪʘʚʣʷʝʪʩʷ ʚ çGroundingè ʯʘʩʪʠ OWL-S ʦʧʠʩʘʥʠʷ.[2] ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ 

ʜʘʥʥʳʝ, ʧʦʜʘʚʘʝʤʳʝ ʥʘ ʚʭʦʜ ʚʝʙ-ʩʝʨʚʠʩʘʤ, ʪʘʢ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʦʥʪʦʣʦʛʠʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʥʘʜ ʵʪʠʤʠ ʦʙʲʝʢʪʘʤʠ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʣʦʛʠʯʝʩʢʠʡ ʚʳʚʦʜ ʚ ʨʘʤʢʘʭ 

ʜʝʩʢʨʠʧʪʠʚʥʦʡ ʣʦʛʠʢʠ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʛʨʫʧʧʳ ʚʝʙ-ʩʝʨʚʠʩʦʚ, ʚ ʨʘʤʢʘʭ ʩʨʝʜʳ ʚʳʧʦʣʥʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ 

ʤʝʭʘʥʠʟʤ ʩʨʘʚʥʝʥʠʷ çʧʝʨʝʩʝʢʘʶʱʠʭʩʷè ʢʣʘʩʩʦʚ ʦʥʪʦʣʦʛʠʡ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʚʝʙ-

ʩʝʨʚʠʩʦʚ. ʉʨʘʚʥʝʥʠʝ ʜʚʫʭ ʢʣʘʩʩʦʚ ʦʥʪʦʣʦʛʠʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʳʤ ʙʝʟ ʫʯʝʪʘ ʢʦʥʪʝʢʩʪʘ, ʚ ʢʦʪʦʨʦʤ 

ʦʧʠʩʘʥʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʣʘʩʩʳ. ʊ.ʝ. ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʢʣʘʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ 

ʫʩʪʘʥʦʚʠʪʴ ʦʪʥʦʰʝʥʠʷ ʧʦʜʦʙʠʷ ʤʝʞʜʫ ʢʣʘʩʩʘʤʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʤʠ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ.[3] 

ɺʦʦʙʱʝ, ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʩʨʘʚʥʝʥʠʷ ʦʥʪʦʣʦʛʠʡ ʥʦʩʷʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ ʭʘʨʘʢʪʝʨ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ 3 ʛʨʫʧʧʳ: ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ (ʣʝʢʩʠʯʝʩʢʠʝ), ʩʪʨʫʢʪʫʨʥʳʝ, ʣʦʛʠʯʝʩʢʠʝ (ʬʦʨʤʘʣʴʥʳʝ) ʤʝʪʦʜʳ. ʉʨʝʜʘ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʪʦʜʳ ʩʨʘʚʥʝʥʠʷ ʢʣʘʩʩʦʚ ʦʥʪʦʣʦʛʠʡ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʝʝ ʢʦʥʪʝʢʩʪʝ ʚʝʙ-

ʩʝʨʚʠʩʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ çʚʟʘʠʤʦʧʦʥʠʤʘʥʠʝè ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʚʝʙ-ʩʝʨʚʠʩʘʤʠ. 

ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʤʦʜʝʣʴ ʩʝʤʘʥʪʠʯʝʩʢʦʛʦ ʚʝʙ-ʩʝʨʚʠʩʘ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʦʥʪʦʣʦʛʠʡ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʝʙ-ʩʝʨʚʠʩʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʨʘʟʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ OWL-S. ʇʦʵʪʦʤʫ, ʩʨʝʜʘ 

ʚʳʧʦʣʥʝʥʠʷ ʚʝʙ-ʩʝʨʚʠʩʦʚ ʥʘ ʩʝʤʘʥʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʥʘʨʷʜʫ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʫʞʝ ʛʦʪʦʚʳʭ ʚʝʙ-ʩʝʨʚʠʩʦʚ 

ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴ ʨʦʣʴ ʩʨʝʜʩʪʚʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʩʨʝʜʩʪʚʘ ʛʝʥʝʨʘʮʠʠ ʚʝʙ-ʩʝʨʚʠʩʦʚ ʧʦ OWL-S)[4]. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʨʝʜʳ ʚʳʧʦʣʥʝʥʠʷ ʚʝʙ-ʩʝʨʚʠʩʦʚ ʥʘ ʩʝʤʘʥʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ:  

Sesame ï java ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʩʦʟʜʘʥʠʷ RDF ʭʨʘʥʠʣʠʱ ʦʥʪʦʣʦʛʠʡ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʚʝʙ-ʩʝʨʚʠʩʦʚ. 

ʌʨʝʡʤʚʦʨʢ ʧʦʜʜʝʨʞʠʚʘʝʪ ʬʫʥʢʮʠʦʥʘʣ SPARQL ʪʦʯʢʠ ʜʦʩʪʫʧʘ. 

Prot®g® ï ʨʝʜʘʢʪʦʨ ʦʥʪʦʣʦʛʠʡ ʩʦʚʤʝʩʪʠʤʳʡ ʩ ʷʜʨʦʤ Sesame. ʈʝʜʘʢʪʦʨ ʠʤʝʝʪ ʧʣʘʛʠʥ ʜʣʷ ʩʦʟʜʘʥʠʷ 

OWL-S ʦʧʠʩʘʥʠʡ ʚʝʙ-ʩʝʨʚʠʩʦʚ. 

OWL API ï java ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʨʘʙʦʪʳ ʩ ʩʫʱʥʦʩʪʷʤʠ ʦʥʪʦʣʦʛʠʠ ʚ ʦʙʲʝʢʪʥʦʡ ʥʦʪʘʮʠʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʧʦʨʷʜʢʝ ʩʩʳʣʦʢ ʧʦ ʪʝʢʩʪʫ. 
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˝ˍ˔ː˛˚ ˕ ˟˛˝˙˛˓˒˚˕˒ ˏ ˔ˍˑˍˤˍˢ ˠ˜˝ˍˏ˘˒˚˕ˬ ˙˒ˢˍ˟˝˛˚˚˨˙˕ ˞˕˞˟˒˙ˍ˙˕ ɉ˙˞Ɋ 

Acceleration and deceleration  in problems of  control of mechatronic systems  

ˏ˒˞˒˘˛ˏ˞˗˕˖ ˏȢˏȢȟ ˜˒˟˕˚ˍ ˚ȢˍȢ 

˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̖̑́̅̉̏̓̆̎̉̋̉ȟ 
̞̌̆̋̓̑̏̎̉̋̉ ̉ ́̃̓̏̍́̓̉̋̉ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʦʜʝʨʥʠʟʘʮʠʷ ʫʞʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʢʦʥʪʫʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʟʘʜʘʯʠ ʙʝʟ 

ʫʢʘʟʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʛʜʘ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʫʞʝ ʚʳʙʨʘʥʦ. 

 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʧʨʝʜʝʣʸʥ ʢʦʥʪʫʨʥʳʡ ʘʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʄʉ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚ 

ʦʙʦʙʱʸʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʀʟʚʝʩʪʥʦ ʨʝʰʝʥʠʝ ʜʠʩʢʨʝʪʥʦʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʧʦ ʧʦʣʦʞʝʥʠʶ (ʆɿʇ) ʠ 

ʨʝʰʝʥʠʡ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʧʦ ʩʢʦʨʦʩʪʠ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʠʥʝʡʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʩ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʩ ʪʨʸʭʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ ʤʝʪʦʜʦʤ ʧʨʦʛʦʥʢʠ. ʅʝʧʨʝʨʳʚʥʘʷ ʟʘʜʘʯʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʣʘʡʥʘʤʠ 3-ʛʦ ʧʦʨʷʜʢʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʣʫʯʠʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʩʚʦʝʡ 

ʥʘʛʣʷʜʥʦʩʪʠ ʠ ʧʨʦʩʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ [2] ʜʣʷ ʦʙʳʯʥʳʭ ʤʥʦʛʦʯʣʝʥʦʚ ʠ ʤʥʦʛʦʯʣʝʥʦʚ ʏʝʙʳʰʝʚʘ 3-ʛʦ 

ʧʦʨ̫ʜʢʘ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠʤʝʶʪ ʚʠʜ:  
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 - ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ, N  - ʯʠʩʣʦ ʨʘʟʙʠʝʥʠʡ ʠʥʪʝʨʚʘʣʘ T. ɼʣʷ ʤʥʦʛʦʯʣʝʥʦʚ 
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ʆʙʨʘʪʥʳʡ ʭʦʜ: .1,...,2,1,,.3 111 --=+== +++ NNif iiiiNN bqaqq ###  ʂʦʛʜʘ consthhi == , ʘʣʛʦʨʠʪʤ 

ʫʧʨʦʱʘʝʪʩʷ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʛʦʥʘ ʠ ʪʦʨʤʦʞʝʥʠʷ, ʫʨʘʚʥʝʥʠʝ (1) ʩʣʝʜʫʝʪ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʘʤʦʡ ʪʨʘʝʢʪʦʨʠʠ ʵʪʦʪ ʧʨʦʮʝʩʩ ʦʙʳʯʥʦ ʟʘʥʠʤʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

ʇʨʠʥʠʤʘʝʤ, ʯʪʦ ʚ ʵʪʦ ʩʘʤʦʝ ʚʨʝʤʷ ʜʠʩʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ )( itq  ʦʩʪʘʸʪʩʷ ʪʝʤ ʞʝ ʩʘʤʳʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʦ 

ʚʨʝʤʷ ʩʲʸʤʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʩʦʩʝʜʥʠʭ ʟʥʘʯʝʥʠʡ )( itq  ʢʘʢ ʙʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪ.ʝ. ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘ ʠʥʪʝʨʚʘʣʝ ʨʘʟʛʦʥʘ, ʥʘʧʨʠʤʝʨ 3,2,1=i , ʠ ʪʦʨʤʦʞʝʥʠʷ, 1,2,3 ---= NNNi , 

ʦʩʪʘʚʠʤ ʦʜʠʥʘʢʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʩʦʩʝʜʥʠʭ ʠʥʪʝʨʚʘʣʦʚ (ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ h) ,11 =-

i

i

h

h   

3,2,1=i , ʧʦ Khhi = ,  1,2,3 ---= NNNi . ɺ ʢʦʥʮʝ ʨʘʟʛʦʥʘ ʠ ʚ ʥʘʯʘʣʝ ʪʦʨʤʦʞʝʥʠʷ ,1 K
h

h

i

i =-   4=i ,  4-=Ni .  
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ɼʣʷ ʤʥʦʛʦʯʣʝʥʦʚ ʏʝʙʳʰʝʚʘ: 
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K  ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ 52·¢K . ɺ ʨʘʙʦʪʝ [1] ʨʘʩʩʤʦʪʨʝʥʳ ʚʳʨʘʞʝʥʠʷ (1) ʠ (2) ʜʣʷ ʩʣʫʯʘʷ ʢʨʘʝʚʳʭ 

ʫʩʣʦʚʠʡ ʧʦ ʫʩʢʦʨʝʥʠʶ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʤʝʪʦʜʠʢʘ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʨʘʚʥʝʥʠʡ ʦʩʪʘʥʝʪʩʷ ʧʨʠʝʤʣʝʤʦʡ ʠ ʚ ʪʦʤ 

ʩʣʫʯʘʝ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʇʨʦʩʪʝʡʰʠʝ ʯʠʩʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʘ ʪʨʘʝʢʪʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʝʭʘʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ, 
ɺʝʩʝʣʦʚʩʢʠʡ ɺ.ɺ./ ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ: 

ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ XXI ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʤʠʥʘʨʘ ʉʝʥʪʷʙʨʴ 2012 ʛ., ɸʣʫʰʪʘ.-ʄ.: ʀʟʜ-ʚʦ 

ɻʋʇ ɸʢʘʜʝʤʠʟʜʘʪ ʮʝʥʪʨ çʅʘʫʢʘè ʈɸʅ, 232 ʩ.,ʩ.7. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʯʣʝʥʦʚ ʏʝʙʳʰʝʚʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʨʘʝʢʪʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʝʭʘʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ 

(ʄʉ)è, ɺʝʩʝʣʦʚʩʢʠʡ ɺ.ɺ., /ʪʘʤ ʞʝ, ʩ.6. 

 

 

 
 

 

ˍ˜˜ˍ˝ˍ˟˚˛-˜˝˛ː˝ˍ˙˙˚˨˒ ̇ ˛ˑˠ˘˕ ˜˛˞˟˝˛˒˚˕ˬ ˗˛˚˟˝˛˘˩˚˛˖ ˍ˜˜ˍ˝ˍ˟ˠ˝˨ 
˞˕˞˟˒˙ ˠ˜˝ˍˏ˘˒˚˕ˬ ˑˏ˕˓ˠ˦˕ˢ˞ˬ ˛ˎ˧˒˗˟˛ˏ 

Hardware -software modules for building control equipment of moving objects  

ˏ˕˘˒˞˛ˏ ˍȢˏ. 

˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̖̑́̅̉̏̓̆̎̉̋̉ȟ 
̞̌̆̋̓̑̏̎̉̋̉ ̉ ́̃̓̏̍́̓̉̋̉ 

ˏ̉̌̆̒̏̃ ˍȢˏȢ ɂ ́ ̒̐̉̑́̎̓ ̜̋́̆̅̑̕ Ⱥˍ̘̃̓̏̍́̓̉̆̒̋̉̆ ̜̒̉̒̓̆̍Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˕̘̃̆̎̋̏ ˏȢˑȢ 

 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʧʫʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʩʪʨʦʝʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʢʦʥʪʨʦʣʷ ʠ ʢʦʥʪʨʦʣʴʥʦ-ʧʨʦʚʝʨʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ. 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ (ɸʉʂ) ʠʣʠ ʢʦʤʧʣʝʢʩʳ ʢʦʥʪʨʦʣʴʥʦ-

ʧʨʦʚʝʨʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ (ʂʇɸ) ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʥʠʬʠʢʘʮʠʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʩʪʨʦʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʩʣʦʞʥʦʩʪʠ 

ʜʚʠʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʢʦʥʪʨʦʣʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʪʦʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʂʇɸ ʠ ɸʉʂ. ʕʪʘ ʟʘʜʘʯʘ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʫʥʠʬʠʢʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʩʪʨʦʝʥʠʷ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʥʪʨʦʣʴʥʫʶ ʘʧʧʘʨʘʪʫʨʫ. 

ʋʥʠʬʠʢʘʮʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦʩʪʨʦʝʥʠʷ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ɸʉʂ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʧʦʜʭʦʜʘʭ: 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʴʥʦʛʦ ʧʨʠʥʮʠʧʘ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ, ʢʘʢ ʚ ʯʘʩʪʠ 
ʘʧʧʘʨʘʪʫʨʳ, ʪʘʢ ʠ ʚ ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʜʠʥʳʭ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʠʥʪʝʨʬʝʡʩʦʚ ʦʙʤʝʥʘ. 



˿ˣ˻˾˹ˮ˴ ́˾̂˨˻ˤ ˸˩ˬ˨̂˹ˢ˾˻˨˹˻˥˻ ˹ˢ̂̉˹˻-́˩̆˹ˮ̉˩˿˴˻˥˻ ˿˩˸ˮ˹ˢ˾ˢΣ ˢ˶̂̊́ˢ нлмо 
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ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʵʪʠ ʧʦʜʭʦʜʳ ʧʨʠʤʝʥʠʤʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚ ɸʉʂ. 

ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ ʢʦʥʪʨʦʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʝ, ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʟʘʜʘʯ: 

1. ʀʟʤʝʨʝʥʠʷ ï ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʟʥʘʯʝʥʠʡ ʘʥʘʣʦʛʦʚʳʭ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

2. ʂʦʥʪʨʦʣʷ ï ʦʧʨʝʜʝʣʷʝʪ ʩʦʩʪʦʷʥʠʝ ʣʠʥʠʡ ʨʘʟʦʚʳʭ ʢʦʤʘʥʜ ʠ ʧʨʝʨʳʚʘʥʠʡ. 

3. ʋʧʨʘʚʣʝʥʠʷ ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʤʫʪʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʚʳʜʘʯʠ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ ʧʦ ʮʠʢʣʦʛʨʘʤʤʘʤ ʢʦʥʪʨʦʣʷ. 

4. ʕʤʫʣʷʮʠʠ ï ʩʦʩʪʦʠʪ ʚ ʠʤʠʪʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʮʠʬʨʦʚʳʭ ʠʥʪʝʨʬʝʡʩʦʚ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʳ ʮʠʬʨʦʚʳʭ 

ʫʩʪʨʦʡʩʪʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʫʪʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʙʣʝʤʳ ʫʥʠʬʠʢʘʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʘʧʧʘʨʘʪʥʳʭ ʨʝʰʝʥʠʡ, ʨʝʘʣʠʟʫʝʤʳʭ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ. 

ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʦʚ 

ɸʉʂ ʠ ʂʇɸ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʩʨʦʢʦʚ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʪʨʦʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ 

ʵʢʦʥʦʤʠʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ. 
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ˏ˘˕ˬ˚˕˒ ˜˝˒˛ˎ˝ˍ˔˛ˏˍ˚˕ˬ , ˚ˍ ˝˒˔ˠ˘˩˟ˍ˟˨ ˍ˝˕ˡ˙˒˟˕ˤ˒˞˗˕ˢ ˛˜˒˝ˍˣ˕˖ 
˞ ˚˒ˤ˳˟˗˕˙˕ ,2-ˤ˕˞˘ˍ˙˕ 

Influence of L -transform on results of aryphmetical operations on fuzzy LR -numbers  

ˏ˛˝˛˚ˣ˛ˏ ˬȢˍȢ 

ˏ̏̑̏̎̆̇̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

ˏ̗̏̑̏̎̏̃ ˬȢˍȢ - ́ ̒̐̉̑́̎̓ ̜̋́̆̅̑̕ ˜̉˕˟ ˡ˗˚ȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˙́̓̃̆̆̃ ˙ȢːȢ 

 
ɺ ʨʘʤʢʘʭ ʜʦʢʣʘʜʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʙʦʙʱʸʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʜʭʦʜʘ (L-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ) ʢ ʨʝʰʝʥʠʶ 

ʥʝʯʸʪʢʠʭ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʯʝʪʢʠʭ a-ʫʨʦʚʥʝʚʳʭ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ a-

ʠʥʪʝʨʚʘʣʦʚ, ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʵʪʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʤʝʪʦʜʘʭ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʧʣʳʚʯʘʪʦʡ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ, ʠʛʨʘʶʪ ʦʧʝʨʘʮʠʠ ʥʘʜ ʥʝʯʸʪʢʠʤʠ LR-ʯʠʩʣʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʚʠʜʦʚ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʷ ʘʣʛʝʙʨʘ, ʘʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʦʜʥʘʢʦ ʚʩʝʛʜʘ ʦʙʣʘʜʘʶʱʘʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʥʝʜʦʩʪʘʪʢʘʤʠ [1]. ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ï ʨʘʩʩʤʦʪʨʝʥʠʝ ʠʩʭʦʜʥʦʡ ʥʝʯʸʪʢʦʡ ʟʘʜʘʯʠ 
( )= Y f X" "

 ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʯʸʪʢʠʭ ʟʘʜʘʯ ʥʘ ʢʘʞʜʦʤ ʠʟ ʚʳʙʨʘʥʥʳʭ a-ʠʥʪʝʨʚʘʣʦʚ. ʅʘ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʠʥʪʝʨʚʘʣʦʚ 

ʪʨʝʙʫʝʪʩʷ ʚʳʙʠʨʘʪʴ ʝʜʠʥʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 
( )x XaaÍ

, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʝʰʝʥʠʝ 
) ( (( ))f xya a=

. 



ζ˿˻ˤ˾˩˸˩˹˹̍˩́˩̆˹˻˶˻˥ˮˮ ˤ ˭ˢ˨ˢ̉ˢ̆ ̂˽˾ˢˤ˶˩˹ˮ̒Σ ˢˤ́˻˸ˢ́ˮ˴ˮ ˮ ˻ˣ˾ˢˣ˻́˴ˮ ˮ˹̅˻˾˸ˢ̇ˮˮη 
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ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 
{ }( ) ( )

Y
Y y ya m a= ="
"

 [2]. ʊʘʢʞʝ ʚ [2] ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʯʠʩʣʘ 
*A", ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢʦʪʦʨʦʛʦ 

( )*

1
( ) ( )

A
x xm a

-
=" . ɺʳʙʦʨ ʟʥʘʯʝʥʠʷ 

( )x a
 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ) ( ) ( ) ( ) (1 ( )) ( )( L RL X xx xaa l a a l a a= = + - , ʛʜʝ 

[ ] [ ]( ) : 0,1 0,1l a 
 ï ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ, ʠʛʨʘʶʱʘʷ ʨʦʣʴ ʚʝʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʚʦʡʩʪʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ L  ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʧʠʩʴ ʥʝʯʸʪʢʦʛʦ ʯʠʩʣʘ ʚ ʚʠʜʝ ʪʨʦʡʢʠ 
, ,

A A A
m d AS" " " ï 

ʤʦʜʘ, ʜʣʠʥʘ ʥʦʩʠʪʝʣʷ, ʩʪʝʧʝʥʴ ʘʩʠʤʤʝʪʨʠʠ [3]. 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ L  ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ [3]: 

1. *( ) :
A A

m ml a" =" " ; 

*

*

2
; [0,1] : 1A

A

AS
cons

d
tl l =" = Í

"

"  (ʩʚʦʡʩʪʚʦ ʩʦʭʨʘʥʝʥʠʷ ʤʦʜʳ). 

2. *[0,1 )] : ( ) (
A A

sign AS sign ASlÍ$ =" " ; *[0,1] :
A A

A AS SlÍ$ =" " (ʩʚʦʡʩʪʚʦ ʩʦʭʨʘʥʝʥʠʷ ʟʥʘʢʘ ʠʣʠ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ 

ʘʩʠʤʤʝʪʨʠʠ). 

3. *

*( ,) :
A A

d A Ad a al a" ² Ë" "  (ʩʚʦʡʩʪʚʦ ʫʤʝʥʴʰʝʥʠʷ ʜʣʠʥʳ ʥʦʩʠʪʝʣʷ ʠ a-ʠʥʪʝʨʚʘʣʦʚ). 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʠʷ ʙʠʥʘʨʥʳʭ ʦʧʝʨʘʮʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʝʙʨʳ LR- ʯʠʩʝʣ ʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʚʩʝʭ a-

ʩʝʯʝʥʠʷʭ ʙʫʜʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʚʳʨʘʞʝʥʠʷʤʠ: 
( ) ( )L A fL Ba a  ʠ 

( )L A fBa a  ʠʣʠ, ʚ ʪʝʨʤʠʥʘʭ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ, 
* *A fB" "
ʠ 

*( )AfB""
, ʛʜʝ 

f
 ï ʙʠʥʘʨʥʘʷ ʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ. 

ɼʣʷ ʩʣʦʞʝʥʠʷ ʠ ʚʳʯʠʪʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ LR-ʘʣʛʝʙʨʳ, ʧʦʣʫʯʘʝʤ, ʯʪʦ 
( ) ( ) ( )L A L B L A Baa aa ° = °

. 

ɼʣʷ ʫʤʥʦʞʝʥʠʷ ʠ ʜʝʣʝʥʠʷ ʩʪʨʦʛʦʝ ʨʘʚʝʥʩʪʚʦ ʩʧʨʘʚʝʜʣʠʚʦ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ 
1 2;B A

B A

bb

d d
l l= =

""

" ", ʦʜʥʘʢʦ ʧʨʠ 

ʵʪʠʭ ʟʥʘʯʝʥʠʷʭ ʫʤʥʦʞʝʥʠʝ ʩʚʦʜʠʪʩʷ ʢ ʧʝʨʝʤʥʦʞʝʥʠʶ ʤʦʜ ʥʝʯʸʪʢʠʭ ʯʠʩʝʣ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʙʠʨʘʷ ʟʥʘʯʝʥʠʝ l, ʚʦʟʤʦʞʥʦ, ʜʦʙʠʪʴʩʷ ʩʦʭʨʘʥʝʥʠʷ ʜʚʫʭ ʠʟ ʪʨʸʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʝʯʸʪʢʦʛʦ ʯʠʩʣʘ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʣʠʥʳ ʥʦʩʠʪʝʣʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʫʯʘʝʤʦʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ 
( )= Y f X" "

 ʷʚʣʷʝʪʩʷ ʜʦʧʫʩʪʠʤʳʤ, ʧʦʩʢʦʣʴʢʫ ʝʩʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʥʝʢʦʪʦʨʦʛʦ 

ʤʝʪʦʜʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩ ʥʝʯʸʪʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʧʘʜʘʝʪ ʚ çʰʠʨʦʢʦʝè ʨʝʰʝʥʠʝ ʧʦ ɿʘʜʝ, ʦʥʦ ʷʚʣʷʝʪʩʷ 

ʘʜʝʢʚʘʪʥʳʤ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ [1]. 
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˛ˎ ˛ˑ˚˛˖ ˔ˍˑˍˤ˒ ˗˛˙˜˘˒˗˞˕˝˛ˏˍ˚˛ː˛ ˠ˜˝ˍˏ˘˒˚˕ˬ ˘˒˟ˍ˟˒˘˩˚˨˙˕ ˍ˜˜ˍ˝ˍ˟ˍ˙˕ 
˜˝˕ ˑ˛˞˟˕˓˒˚˕˕ ˔ˍˑˍ˚˚˛˖ ˟˒˝˙˕˚ˍ˘˩˚˛˖ ˟˛ˤ˗˕ 

A problem of  the aggregation of  control aircraft in a achievement given end point  

ˏˠ ˞ˠˍ˚ ˢ˨˛˚ːȟ ˕ˏˍ˥˛ˏˍ ˚ȢˑȢ 

˙̏̒̋̏̃̒̋̉̊ ̗̜́̃̉́̉̏̎̎̊ ̉̎̒̓̉̓̔̓ ɉ̗̝̜̎́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ɋ 

ˏ̔ ˞̔́̎ ˢ̜̏̎̄ȟ ˕̙̃́̏̃́ ˚ȢˑȢ - ́ ̜̒̐̉̑́̎̓ ̜̋́̆̅̑̕ Ȱ˞̜̉̒̓̆̍ ̘́̃̓̏̍́̓̉̆̒̋̏̄̏ 
̉ ̝̉̎̓̆̌̌̆̋̓̔́̌̎̏̄̏ ̠̔̐̑́̃̌̆̎̉ȱȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ - ̐ ̑̏̆̒̒̏̑̕ ˘̆̂̆̅̆̃ ːȢ˚Ȣ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʯʘʣʠʚʘʥʠʝ ʩʫʜʦʚ ʠ ʜʨʫʛʠʭ ʧʣʘʚʫʯʠʭ ʩʨʝʜʩʪʚ ʧʨʠ ʨʫʯʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʦʙʣʘʜʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ï ʚʨʝʤʷ, ʧʦʪʨʘʯʝʥʥʦʝ ʥʘ ʦʩʪʘʥʦʚʢʫ ʩʫʜʥʘ ʚ ʥʫʞʥʦʤ ʤʝʩʪʝ ʧʨʠʩʪʘʥʠ, ʩʣʠʰʢʦʤ ʚʝʣʠʢʦ, 

ʣʠʙʦ ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ ʫʩʢʦʨʠʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʚʦʟʥʠʢʘʶʪ ʥʝʠʟʙʝʞʥʳʝ ʪʝʨʤʠʥʘʣʴʥʳʝ ʦʰʠʙʢʠ, ʪʨʝʙʫʶʱʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʫ ʧʨʠʩʪʘʥʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʟʘʜʘʥʥʦʡ ʪʝʨʤʠʥʘʣʴʥʦʡ ʪʦʯʢʠ ʩ ʥʫʣʝʚʦʡ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʇʨʝʜʣʦʞʝʥʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʧʨʦʜʦʣʴʥʳʤ ʠ ʙʦʢʦʚʳʤ ʜʚʠʞʝʥʠʷʤ ʩʫʜʥʘ ʩ ʧʦʤʦʱʴʶ ʢʦʦʨʜʠʥʠʨʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʠʥʝʡʥʳʭ ʠ ʨʝʣʝʡʥʳʭ 

ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘ ʢʦʥʝʯʥʦʤ ʫʯʘʩʪʢʝ ʚʳʩʦʢʫʶ ʪʝʨʤʠʥʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʧʦ 

ʧʦʣʦʞʝʥʠʶ ʠ ʩʢʦʨʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʨʠʞʘʙʣʴ ʚ ʨʝʞʠʤʝ ʧʨʠʯʘʣʠʚʘʥʠʷ ʠʣʠ 

ʩʘʤʦʣʝʪ ʧʨʠ ʧʦʩʘʜʢʝ ʥʘ ʰʘʩʩʠ ʩ ʫʯʝʪʦʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ. 

 

ʇʨʝʜʣʦʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʠʯʘʣʠʚʘʥʠʷ ʧʦʚʳʰʝʥʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, 

ʩʦʜʝʨʞʘʱʘʷ ʣʦʛʠʯʝʩʢʫʶ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʫʶ ʯʘʩʪʴ. 

ʃʦʛʠʯʝʩʢʘʷ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ ʙʣʦʢ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʧʦʣʝʪʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʙʦʢʦʚʦʤʫ ʠ ʧʨʦʜʦʣʴʥʦʤʫ ʢʘʥʘʣʘʤ, ʠ ʜʚʘ ʣʦʛʠʯʝʩʢʠʭ ʘʥʘʣʠʟʘʪʦʨʘ, ʩʣʝʜʷʱʠʭ ʟʘ ʩʦʚʧʘʜʝʥʠʝʤ 

ʧʦ ʟʥʘʢʫ ʦʪʢʣʦʥʝʥʠʡ ʧʦ ʧʦʣʦʞʝʥʠʶ ʠ ʩʢʦʨʦʩʪʠ. 

ʀʩʧʦʣʥʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʦʜʝʨʞʠʪ ʜʚʘ ʣʠʥʝʡʥʳʭ ʠ ʜʚʘ ʨʝʣʝʡʥʳʭ ʨʝʛʫʣʷʪʦʨʘ, ʠʟ ʢʦʪʦʨʳʭ ʧʝʨʚʘʷ ʧʘʨʘ ï 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʩʪʦʨʦʞʥʦʛʦ ʠ ʤʷʛʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʚʪʦʨʘʷ ʧʘʨʘ ï ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ 

ʦʪʨʘʙʦʪʢʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ. 
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˞˒ː˙˒˚˟ˍˣ˕ˬ ˙˛˚˛ˢ˝˛˙˚˨ˢ ˕˔˛ˎ˝ˍ˓˒˚˕˖ ˞ ˕˞˜˛˘˩˔˛ˏˍ˚˕˒˙ 
ˎ˕˛˘˛ː˕ˤ˒˞˗˛˖ ˚˒˖˝˛˚˚˛˖ ˞˒˟˕ ː˕˞˟˒˝˒˔˕˞˚˛˖ ˜˝˕˝˛ˑ˨ 

Segmentation of gray scaled images by biological neural networks with hysteresis  

ː˝ˍˤ˕˗˛ˏ ˑȢˏȢȟ ˞˒˙˒˚˛ˏ ˙Ȣ˒Ȣȟ ˗ˍ˚˕˦˒ˏˍ ˛Ȣ˕Ȣ 

ˏ̏̑̏̎̆̇̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

ː̘̑́̉̋̏̃ ˑȢˏȢ ɀ ́ ̒̐̉̑́̎̓ȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̅Ȣ ̕Ȣ-̍Ȣ ̎́̔̋ȟ ̐̑̏̆̒̒̏̑̕ ˞̆̍̆̎̏̃ ˙Ȣ˒Ȣ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ï ʨʘʟʜʝʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʯʘʩʪʝʡ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ  ʩ ʛʠʩʪʝʨʝʟʠʩʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 

ʉʝʛʤʝʥʪʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʚ ʠʟʦʙʨʘʞʝʥʠʠ ʠ, ʪʝʤ ʩʘʤʳʤ, ʦʙʣʝʛʯʠʪʴ ʝʛʦ 

ʘʥʘʣʠʟ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

ɸʣʛʦʨʠʪʤʳ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʦʧʫʭʦʣʝʡ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʣʝʯʝʥʠʷ, ʚ ʢʨʠʤʠʥʘʣʠʩʪʠʢʝ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʠ ʦʪʧʝʯʘʪʢʦʚ ʧʘʣʴʮʝʚ, ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʘʭ ʠ ʪ.ʜ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʤʫ ʠʥʪʝʨʝʩʫ ʢ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ 

ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʩʝʛʤʝʥʪʘʮʠʠ. 

ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʘʜʘʯ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʩʝʛʤʝʥʪʘʮʠʷ 

ʠʟʦʙʨʘʞʝʥʠʡ. ʅʘʧʠʩʘʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʢ ʨʝʰʝʥʠʶ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʫʩʧʝʰʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʷʚʣʷʝʪʩʷ LEGION, 

ʠʩʧʦʣʴʟʫʶʱʠʡ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʥʝʡʨʦʥʘ, ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʈʠʯʘʨʜʦʤ ʌʠʪʮʭʴʶ ʠ ʅʘʛʫʤʦ.  

ʇʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʧʨʦʙʣʝʤʦʡ ʦʙʫʯʝʥʠʷ. ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʝʝ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʩʪʨʦʡʢʘ ʩʠʥʘʧʪʠʯʝʩʢʠʭ 

ʚʝʩʦʚ ʠ ʠʭ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʦʙʫʯʘʶʱʝʤʫ ʧʨʘʚʠʣʫ. ʅʝʠʟʚʝʩʪʥʦ, ʚʝʨʝʥ ʣʠ ʜʘʥʥʳʡ 

ʩʧʦʩʦʙ ʦʙʫʯʝʥʠʷ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ, ʪ.ʢ. ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ ʦʛʨʦʤʥʦ. ɺʦʟʤʦʞʥʦʡ 

ʨʘʟʛʘʜʢʦʡ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʪʢʨʳʪʳʡ ɸ.ʅ. ʈʘʜʯʝʥʢʦ ʠ ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ [1] ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʳ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʧʘʤʷʪʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʠ ʩʦʩʪʦʷʥʠʷʭ ʠʦʥʦʪʨʦʧʪʥʳʭ (ʀʈʂ) ʠ 

ʤʝʪʘʙʦʪʨʦʧʥʳʭ ʨʝʮʝʧʪʠʚʥʳʭ ʢʣʘʩʪʝʨʦʚ (ʄʈʂ).  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʘʥʩʘʤʙʣʝʡ ʩ 

ʥʘʣʠʯʠʝʤ ʄʈʂ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʘ ʠʟʤʝʥʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʜʝʣʴʥʦʛʦ ʥʝʡʨʦʥʘ ʙʳʣʘ 

ʚʟʷʪʘ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ [2]: 

ʌʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ʥʝʡʨʦʥʘ ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʦʟʤʫʱʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʩ 

ʟʘʧʘʟʜʳʚʘʥʠʝʤ: 
 

( 1 ( ( 1)) ( )) ,cu fK u t fNa u ul= - + - -#
     (1) 

 

ʛʜʝ 

( )
,

h b a

c
l

-
=

 h ï ʚʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʢʘʣʠʝʚʳʭ ʪʦʢʦʚ ʦʪ ʥʘʪʨʠʝʚʳʭ, fK(u) ʠ fNa(u) ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʢʘʣʠʝʚʳʡ ʠ ʥʘʪʨʠʝʚʳʡ ʪʦʢʠ. ʅʘ fK(u) ʠ fNa(u) ʥʘʣʦʞʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ: 
 

( ) 0, ( ) 0, 1 (0) (0) 0,

1 1
( ) , ( ) ,

fK u fNa u fNa fK

fK u Cu fNa u Cu
e e

> > - - + >

- - - -
< <

     (2) 
 

ʛʜʝ 0.e>  

ʅʝʡʨʦʥ ʤʦʞʝʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʫʶ, ʪʘʢ ʠ ʭʠʤʠʯʝʩʢʫʶ ʩʪʠʤʫʣʷʮʠʶ. ɺ ʩʣʫʯʘʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʬʫʥʢʮʠʷ ʘʢʪʠʚʘʮʠʠ ʥʝʡʨʦʥʘ (1) ʙʫʜʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʘ: 
 

( 1 ( ( 1)) ( )) ,cu fK u t fNa u u gl= - + - - +#
     (3) 

 

ʘ ʚ ʩʣʫʯʘʝ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ: 
 



˿ˣ˻˾˹ˮ˴ ́˾̂˨˻ˤ ˸˩ˬ˨̂˹ˢ˾˻˨˹˻˥˻ ˹ˢ̂̉˹˻-́˩̆˹ˮ̉˩˿˴˻˥˻ ˿˩˸ˮ˹ˢ˾ˢΣ ˢ˶̂̊́ˢ нлмо 
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( 1 ( ( 1)) ( ) ) ,cu fK u t fNa u y ul= - + - - +#
     (4) 

 

1 2
ln ,

k
y By Ay u

y k

-
= - -

-
#

     (5) 
 

ʛʜʝ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ A, B, k ʦʙʫʩʣʦʚʣʝʥʦ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ [1]. 

ʋʨʘʚʥʝʥʠʝ (5) ʦʙʫʩʣʘʚʣʠʝʪ ʛʠʩʪʝʨʝʟʠʩʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ [1], ʩʤ. ʨʠʩ. 1. 
 

 
 

ʈʠʩ.1. ɻʠʩʪʝʨʝʟʠʩʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʩʩʪʦʷʥʠʷ ʟʘʨʷʜʦʚ ʚ ʄʈʂ ʦʪ ʩʠʣʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʡʨʦʥ 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʝʨʝʭʦʜʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʛʠʩʪʝʨʝʟʠʩʦʤ, 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʢʦʣʝʙʘʥʠʡ ʛʨʫʧʧʳ ʥʝʡʨʦʥʦʚ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʟʤʘ ʟʘʧʫʩʢʘ 

ʵʥʜʦʛʝʥʥʳʭ ʩʧʘʡʢʦʚ, ʧʨʠʯʝʤ ʪʘʢʠʭ ʛʨʫʧʧ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ ʠ ʦʥʠ ʪʦʞʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʛʫʪ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ʋʩʪʦʡʯʠʚʘʷ ʩʠʥʭʨʦʥʥʘʷ ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʛʨʫʧʧʘʭ (ʚʦʣʥʦʚʳʭ 

ʧʘʢʝʪʘʭ) ʦʟʥʘʯʘʝʪ ʜʦʣʛʦʚʨʝʤʝʥʥʫʶ ʧʘʤʷʪʴ. ʉʘʤ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ ʤʦʞʥʦ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʦʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ ʫʧʨʘʚʣʷʪʴ ʠʤ ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ. 

ʆʙʫʯʘʝʤʦʩʪʴ ʠ ʟʘʧʦʤʠʥʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʫʶ 

ʤʦʜʝʣʴ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʟʘʜʘʯ ʢʘʢ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʢʘʪʝʛʦʨʠʟʘʮʠʶ ʦʙʨʘʟʦʚ. 
 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʈʌʌʀ: 11-08-00032-ʘ, 12-07-00252-ʘ, 13-08-00532-ʘ. 
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˔ˍˑˍˤˍ ˛˜˟˕˙ˍ˘˩˚˛ː˛ ˠ˜˝ˍˏ˘˒˚˕ˬ ˗˛˚˞˟˝ˠ˗˟˛˝˞˗˕˙ ˔ˏ˒˚˛˙ ˜˝˒ˑ˜˝˕ˬ˟˕ˬ 
˜˝˕ ˞˛˔ˑˍ˚˕˕ ˚˛ˏ˛˖ ˍˏ˕ˍˣ˕˛˚˚˛˖ ˟˒ˢ˚˕˗˕ ˏ ˗˝˕˔˕˞˚˨ˢ ˞˕˟ˠˍˣ˕ˬˢ 

4ÈÅ ÐÒÏÂÌÅÍ ÏÆ ÏÐÔÉÍÁÌ ÃÏÎÔÒÏÌ ÉÎ ÔÈÅ ÕÎÉÔ ÏÆ ÆÁÃÔÏÒÙȭÓ ÄÅÓÉÇÎÉÎÇ ÉÎ ÍÁÎÕÆÁÃÔure  
new aviation technical products in the crisis situation  

ˑˍ˛ ˚ː˛˗ ˟ˢˍ˖ 

˙̏̒̋̏̃̒̋̉̊ ̗̜́̃̉́̉̏̎̎̊ ̉̎̒̓̉̓̔̓ ɉ˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔ ̎̉̃̆̑̒̉̓̆̓Ɋ 

ˑ́̏ ˚̄̏̋ ˟̖́̊ - ́ ̒̐̉̑́̎̓ ̜̋́̆̅̑̕ Ȱ˞̜̉̒̓̆̍ ̘́̃̓̏̍́̓̉̆̒̋̏̄̏ ̉ ̝̉̎̓̆̌̌̆̋̓̔́̌̎̏̄̏ ̠̔̐̑́̃̌̆̎̉ȱȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ - ̐ ̑̏̆̒̒̏̑̕ ˘̆̂̆̅̆̃ ːȢ˚Ȣ 

 

ʈʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ 

ʥʦʚʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʩ ʫʯʸʪʦʤ ʧʦʚʳʰʝʥʥʦʛʦ ʩʧʨʦʩʘ ʧʨʠ ʫʣʫʯʰʝʥʠʠ ʝʸ ʢʘʯʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʪʩʷ, 

ʯʪʦ ʜʣʷ ʚʳʧʫʩʢʘ ʥʦʚʦʡ ʠ ʩʪʘʨʦʡ ʧʨʦʜʫʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʚʝʥʘ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʟʚʝʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʥʘʡʜʝʥʦ ʝʸ ʨʝʰʝʥʠʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʦʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʢʨʠʟʠʩʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʪʦ, ʯʪʦ ʜʦʣʷ ʜʦʭʦʜʘ, ʦʪʚʦʜʠʤʦʛʦ ʥʘ ʦʧʳʪʥʫʶ ʢʦʥʩʪʨʫʢʪʦʨʩʢʫʶ 

ʨʘʙʦʪʫ, ʚ ʢʚʘʟʠʣʠʥʝʡʥʦʡ ʬʦʨʤʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʢʫʱʝʡ ʧʨʠʙʳʣʠ ʠ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʠ ʩʧʨʦʩʘ 

ʥʘ ʥʦʚʫʶ ʧʨʦʜʫʢʮʠʶ. ʇʝʨʝʜʘʪʦʯʥʳʝ ʯʠʩʣʘ ʩʫʙʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʳʭ 

ʬʦʨʤʫʣ ʚ ʢʚʘʜʨʘʪʫʨʘʭ, ʦʜʥʘʢʦ ʜʣʷ ʠʭ ʫʪʦʯʥʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʥʝʣʠʥʝʡʥʳʭ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʕɺʄ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʙʦʪ 

ʩ ʫʯʝʪʦʤ ʜʠʥʘʤʠʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʧʨʦʩʘ ʠ ʪʝʤʧʘ ʧʨʦʜʘʞ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. 
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˜ˠ˟˕ ˛˝ːˍ˚˕˔ˍˣ˕˕ ˤ˒˘˛ˏ˒˗˛-˙ˍ˥˕˚˚˛ː˛ ̞ ˚˟˒˝ˡ˒˖˞ˍ 
ˏ ˙ˠ˘˩˟˕ˍː˒˚˟˚˨ˢ ˝˛ˎ˛˟˛˟˒ˢ˚˕ˤ˒˞˗˕ˢ ˞˕˞˟˒˙ˍˢ ɉ˙ˍ˝˞Ɋ 

Approaches to human interface design of multirobot systems  

ˑ˕ˍ˚˒ ˞ȢˍȢ˗Ȣ 

˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̖̑́̅̉̏̓̆̎̉̋̉ȟ 
̞̌̆̋̓̑̏̎̉̋̉ ̉ ́̃̓̏̍́̓̉̋̉ 

 
ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʫʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʤʫʣʴʪʠʘʛʝʥʪʥʳʤʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʨʝʰʘʝʤʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʩʧʝʢʪʳ ʧʦʩʪʘʥʦʚʢʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʠ ʧʘʨʘʤʝʪʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʤʠ ʘʛʝʥʪʘʤʠ ʠ ʧʫʣʴʪʦʤ ʦʧʝʨʘʪʦʨʘ.  

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʫʣʴʪʠʘʛʝʥʪʥʳʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʄɸʈʉ) ʦʙʣʘʜʘʶʪ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ 

ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ, ʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩ ʵʪʦʡ ʮʝʣʴʶ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ɺʘʞʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʛʨʫʧʧʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ 1) ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʄɸʈʉ; 2) ʧʣʘʥʠʨʦʚʘʥʠʝ ʜʝʡʩʪʚʠʡ ʄɸʈʉ; 3) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʜʘʥʠʡ ʤʝʞʜʫ ʘʛʝʥʪʘʤʠ; 4) ʚʦʧʨʦʩʳ 

ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʨʘʟʥʦʨʦʜʥʦʡ ʩʝʥʩʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 5) ʦʨʛʘʥʠʟʘʮʠʷ ʯʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʄɸʈʉ. ʇʦʩʣʝʜʥʠʡ ʧʫʥʢʪ ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʤʫʣʴʪʠʘʛʝʥʪʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝʟʘʩʣʫʞʝʥʥʦ ʦʪʦʜʚʠʛʘʶʪʩʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ.  

ʏʝʣʦʚʝʢʦ-ʤʘʰʠʥʥʳʡ ʠʥʪʝʨʬʝʡʩ ʚ ʄɸʈʉ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʥʳʭ 

ʟʘʜʘʯ: 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʘʥʜ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʥʘ ʙʦʨʪ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ; 

- ʩʣʝʞʝʥʠʝ ʟʘ ʪʝʢʫʱʠʤ ʩʦʩʪʦʷʥʠʝʤ ʄɸʈʉ ʠ ʭʦʜʦʤ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ; 

- ʦʙʦʙʱʝʥʠʝ ʨʘʟʥʦʨʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʫʯʘʝʤʦʡ ʦʪ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʄɸʈʉ ʠʥʪʝʨʬʝʡʩʳ ʤʦʛʫʪ ʨʘʟʣʠʯʘʪʴʩʷ ʧʦ ʩʧʦʩʦʙʘʤ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʉʮʝʥʘʨʥʳʝ ʠʥʪʝʨʬʝʡʩʳ. ʉʫʱʝʩʪʚʫʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ 

ʜʦʣʞʥʦ ʧʦʜʯʠʥʷʪʴʩʷ ʘʧʨʠʦʨʥʦ-ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʮʝʥʘʨʠʷʤ. ʂ ʵʪʦʤʫ ʢʣʘʩʩʫ ʦʪʥʦʩʷʪʩʷ ʟʘʜʘʯʠ ʧʨʦʚʝʜʝʥʠʷ 

ʚʦʝʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʠʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ, ʤʦʥʪʘʞʥʳʭ ʠ ʜʨʫʛʠʭ ʪʠʧʦʚ ʨʘʙʦʪ. ʇʣʘʥʠʨʦʚʘʥʠʝ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʜʝʡʩʪʚʠʡ ʄɸʈʉ ʚ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʦ ʥʘ ʘʥʘʣʠʟʝ ʩʮʝʥʘʨʠʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ ʩ ʢʦʥʪʨʦʣʝʤ ʝʛʦ ʧʦʵʪʘʧʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʇʨʘʢʪʠʯʝʩʢʦʝ 

ʚʦʧʣʦʱʝʥʠʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚʦʟʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʪʠ ʢʦʥʝʯʥʳʭ ʘʚʪʦʤʘʪʦʚ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʦʷʥʠʶ ʚʳʧʦʣʥʝʥʠʷ ʦʪʜʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ.  

ʀʥʪʝʨʬʝʡʩʳ ʨʦʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʉʮʝʥʘʨʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʄɸʈʉ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʙʦʣʴʰʘʷ ʜʦʣʷ ʟʘʜʘʯ ʛʨʫʧʧʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝ ʧʦʜʜʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʪʨʝʙʫʝʪ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʂ ʪʘʢʠʤ ʟʘʜʘʯʘʤ ʦʪʥʦʩʷʪʩʷ ʦʧʝʨʘʮʠʠ ʧʦ 

ʧʝʨʝʜʠʩʣʦʮʠʨʦʚʘʥʠʶ ʛʨʫʧʧʠʨʦʚʦʢ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʤʝʩʪʥʦʩʪʠ ʩʦ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ, ʠʣʠ ʞʝ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʨʫʧʧʦʡ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ ʧʨʝʜʤʝʪʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʭ ʨʘʟʤʝʨʳ ʦʪʜʝʣʴʥʦʛʦ 

ʘʛʝʥʪʘ. ʈʘʙʦʪʘ ʩʮʝʥʘʨʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʚʝʜʝʥʠʠ ʦʙʦʙʱʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʨʦʷ ʨʦʙʦʪʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʧʦʣʦʞʝʥʠʝ, ʦʨʠʝʥʪʘʮʠʷ, ʬʦʨʤʘ ʠ ʪ.ʜ. 

ʀʥʪʝʨʬʝʡʩʳ ʫʧʨʘʚʣʝʥʠʷ ʤʥʦʛʦʤʦʜʫʣʴʥʳʤʠ ʤʝʭʘʪʨʦʥʥʳʤʠ ʨʦʙʦʪʘʤʠ. ʄʥʦʛʦʤʦʜʫʣʴʥʳʝ 

ʤʝʭʘʪʨʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʣʘʜʘʶʪ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ, ʤʦʙʠʣʴʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ ʧʨʠ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʩʧʝʮʠʘʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʚʝʜʢʦʡ, ʠʥʩʧʝʢʮʠʝʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʚʳʧʦʣʥʝʥʠʝʤ ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʪ.ʜ. ʂ 

ʧʦʜʦʙʥʳʤ ʩʠʩʪʝʤʘʤ ʚ ʨʘʚʥʦʡ ʤʝʨʝ ʧʨʠʤʝʥʠʤʳ ʧʦʜʭʦʜʳ ʩʚʷʟʘʥʥʳʝ ʢʘʢ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʢʣʘʩʪʝʨʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʩʦ ʩʮʝʥʘʨʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʛʨʫʧʧʦʡ ʨʦʙʦʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ ʄɸʈ  
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ʪʨʝʙʫʝʪ ʩʝʨʴʝʟʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʨʦʙʦʪʘʤʠ ʠ ʧʫʣʴʪʦʤ ʦʧʝʨʘʪʦʨʘ: 

ʚʳʙʦʨʘ ʪʦʧʦʣʦʛʠʠ ʩʝʪʠ, ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʦʢʦʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʚʳʙʦʨʘ ʘʧʧʘʨʘʪʥʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ. 
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˚˒˔ˍˏ˕˞˕˙˛˒ ˛ˣ˒˚˕ˏˍ˚˕˒ ˚˒˗˛˟˛˝˨ˢ ˑ˕˚ˍ˙˕ˤ˒˞˗˕ˢ ˗˛˪ˡˡ˕ˣ˕˒˚˟˛ˏ ˞ˍ˙˛˘˒˟ˍ 

Independent evaluation of some dynamic coefficients of the plane  

˒˘˕˞˒˒ˏ ˏȢˑȢ, ˎ ˒˘˛ˏˍ ˒Ȣ˞Ȣȟ ˗˛˟˒˘˩˚˕˗˛ˏˍ ˍȢˏȢȟ ˤ˒˙˛ˑˍ˚˛ˏ ˏȢˎȢ 

˙̏̒̋̏̃̒̋̉̊ ̗̜́̃̉́̉̏̎̎̊ ̉̎̒̓̉̓̔̓ ɉ̗̝̜̎́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓) 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʦʮʝʥʠʚʘʥʠʷ (ʠʜʝʥʪʠʬʠʢʘʮʠʠ) ʧʨʦʠʟʚʦʜʥʳʭ ʥʦʨʤʘʣʴʥʦʡ ʠ  ʧʦʧʝʨʝʯʥʦʡ 

ʧʝʨʝʛʨʫʟʦʢ ʩʘʤʦʣʝʪʘ ʧʦ ʫʛʣʘʤ ʘʪʘʢʠ ʠ ʦʪʢʣʦʥʝʥʠʷ ʨʫʣʝʡ ʚʳʩʦʪʳ ʠ ʧʦ ʫʛʣʘʤ ʩʢʦʣʴʞʝʥʠʷ ʠ ʦʪʢʣʦʥʝʥʠʷ ʨʫʣʷ 

ʥʘʧʨʘʚʣʝʥʠʷ. 

 

ʅʦʨʤʘʣʴʥʘʷ ʧʝʨʝʛʨʫʟʢʘ ʩʘʤʦʣʝʪʘ ny ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʤ ʚʠʜʝ, ʢʘʢ ʬʫʥʢʮʠʷ 

ʜʚʫʭ ʘʨʛʫʤʝʥʪʦʚ ï ʫʛʣʘ ʘʪʘʢʠ ʠ ʫʛʣʘ ʦʪʢʣʦʥʝʥʠʷ ʨʫʣʝʡ ʚʳʩʦʪʳ 
 

ny =  nyo +  ayn Ŭ +dyn ŭʚ,      (1) 
 

ʛʜʝ ʧʨʦʠʟʚʦʜʥʳʝa
yn , d

yn - ʥʝʠʟʚʝʩʪʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʘʤʦʣʝʪʘ, ʧʦʜʣʝʞʘʱʠʝ ʦʮʝʥʠʚʘʥʠʶ.  

ʕʪʠ ʦʮʝʥʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʘʣʛʦʨʠʪʤʘʭ ʩʠʩʪʝʤʳ ʫʣʫʯʰʝʥʠʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩʘʤʦʣʝʪʘ. 

ʋʨʘʚʥʝʥʠʝ (1) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʪʠʯʝʩʢʦʤʫ ʦʙʲʝʢʪʫ ʠʜʝʥʪʠʬʠʢʘʮʠʠ [1]. 

ɸʥʘʣʦʛʠʯʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʫʱʝʩʪʚʫʝʪ ʜʣʷ ʧʦʧʝʨʝʯʥʦʡ ʧʝʨʝʛʨʫʟʢʠ  
 

nz  =   nzo +
b
zn ɓ    + dzn ŭʥ, 
 

ʛʜʝ ɓ - ʫʛʦʣ ʩʢʦʣʴʞʝʥʠʷ, ŭʥ ï ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʨʫʣʷ ʥʘʧʨʘʚʣʝʥʠʷ, 
b
zn , dzn - ʦʮʝʥʠʚʘʝʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ.  

ɼʘʣʝʝ ʙʫʜʝʤ ʦʮʝʥʠʚʘʪʴ ʪʦʣʴʢʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ (1) ʧʦ ʩʧʦʩʦʙʫ [2] ʧʦʣʘʛʘʷ, ʯʪʦ ʦʮʝʥʠʚʘʝʤʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʳ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʮʝʥʠʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 

ʧʦʤʝʭ ʚʩʝʭ ʜʘʪʯʠʢʦʚ. ɼʣʷ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʧʦʩʦʙʘ ʥʝʦʙʭʦʜʠʤʳ ʦʜʠʥʘʢʦʚʳʝ ʬʠʣʴʪʨʳ ʜʣʷ ʚʩʝʭ ʜʘʪʯʠʢʦʚ. ɽʩʣʠ 

ʦʮʝʥʠʚʘʪʴ ʪʦʣʴʢʦ ʢʦʵʬʬʠʮʠʝʥʪʳ a
yn , d

yn , ʪʦ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʥʝʠʟʚʝʩʪʥʦʡ nyo ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʧʫʩʪʠʪʴ 

ʩʠʛʥʘʣʳ ʚʩʝʭ ʜʘʪʯʠʢʦʚ ʯʝʨʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʠʣʴʪʨʳ ʚ ʚʠʜʝ ʨʝʘʣʴʥʳʭ ʜʠʬʬʝʨʝʥʮʠʨʫʶʱʠʭ ʟʚʝʥʴʝʚ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʧʨʦʧʫʩʪʠʤ ʩʠʛʥʘʣʳ ʚʩʝʭ ʜʘʪʯʠʢʦʚ ʯʝʨʝʟ ʟʚʝʥʦ ʟʘʧʘʟʜʳʚʘʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʜʚʘ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʫʭ ʥʝʠʟʚʝʩʪʥʳʭ 



˿ˣ˻˾˹ˮ˴ ́˾̂˨˻ˤ ˸˩ˬ˨̂˹ˢ˾˻˨˹˻˥˻ ˹ˢ̂̉˹˻-́˩̆˹ˮ̉˩˿˴˻˥˻ ˿˩˸ˮ˹ˢ˾ˢΣ ˢ˶̂̊́ˢ нлмо 
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ny(t)  = ayn Ŭ (t)+ d
yn ŭʚ(t), 

 

nyŰ(t) = ayn ŬŰ(t) +
d
yn ŭʚŰ (t). 

 

ʀʩʧʦʣʴʟʫʷ ʦʧʨʝʜʝʣʠʪʝʣʠ ʬʦʨʤʫʣ ʂʨʘʤʝʨʘ, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʥʝʟʘʚʠʩʠʤʦʛʦ ʦʮʝʥʠʚʘʥʠʷ ʢʘʞʜʦʛʦ 

ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ȹ(t) a
yn  = ȹŬ(t), ȹ(t) d

yn = ȹŭ(t). 

ɼʣʷ ʦʮʝʥʠʚʘʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʩʬʦʨʤʠʨʫʝʤ ʥʝʚʷʟʢʠ 
 

ŮŬ(t) = ȹŬ(t) - ȹ(t)
a
yn ʝ,       Ůŭ(t) = ȹŭ(t).- ȹ(t) 

d
yn ʝ, 

 

ʛʜʝ ayn ʝ, 
d
yn ʝ ï ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. 

ʉʢʦʨʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʦʮʝʥʦʢ ʤʦʞʥʦ ʚʟʷʪʴ ʚ ʚʠʜʝ 
 

d a
yn ʝ,/dt  = kŬ ŮŬ(t)sign ȹ(t),        d d

yn ʝ/dt  = kŭ Ůŭ(t)sign ȹ(t). 
 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʨʦʪʢʦʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʩʘʤʦʣʝʪʘ ʠ  ʧʨʦʮʝʩʩʦʚ ʦʮʝʥʠʚʘʥʠʷ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ 

ʨʫʣʝʡ ʚʳʩʦʪʳ ʧʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʩ ʧʦʤʝʭʦʡ ʜʘʪʯʠʢʘ ʧʝʨʝʛʨʫʟʦʢ ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʮʝʥʠʚʘʥʠʷ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʟʘ ʚʨʝʤʷ ʧʦʨʷʜʢʘ 5 ʩʝʢʫʥʜ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʝ 

ʦʮʝʥʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʧʝʨʝʜʘʪʦʯʥʳʭ ʯʠʩʝʣ ʚ ʩʠʩʪʝʤʝ ʫʣʫʯʰʝʥʠʷ ʫʧʨʘʚʣʷʝʤʦʩʪʠ 

ʩʘʤʦʣʝʪʘ [3]. 
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˞˕˞˟˒˙ˍ ˍˏ˟˛˙ˍ˟˕ˤ˒˞˗˛˖ ˛˝ːˍ˚˕˔ˍˣ˕˕ ˑˏ˕˓˒˚˕ˬ ˎ˒˞˜˕˘˛˟˚˛ː˛ ˘˒˟ˍ˟˒˘˩˚˛ː˛ 
ˍ˜˜ˍ˝ˍ˟ˍ ˚ˍ ˛˞˚˛ˏ˒ ˛˜˝˒ˑ˒˘˒˚˕ˬ ˑˍ˘˩˚˛˞˟˕ ˑ˛ ˛ˎ˧˒˗˟˛ˏ 

The automated traffic control system of unmanned aerial vehicles  
based on object distance ranging  

˓ˠ˝ˎ˒˚˗˛ ˞ȢˏȢ 

ˡːˎ˛ˠ ˏ˜˛ ˟̝̔̌̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓  

˓̔̑̂̆̎̋̏ ˞ȢˏȢ ɀ ̍ ́̄̉̒̓̑́̎̓ ̜̋́̆̅̑̕ Ⱥ˜̜̑̉̂̏̑ ̠̔̐̑́̃̌̆̎̉Ȼ, 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ɀ ̅ Ȣ̓Ȣ̎Ȣȟ ̐̑̏̆̒̒̏̑̕ ˝́̒̐̏̐̏̃ ˏȢˬȢ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ɹʇʃɸ), ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʣʴʥʦʩʪʠ ʜʦ ʦʙʲʝʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʦʚ ʠ ʩʦʩʪʘʚʣʝʥʠʷ ʠʭ ʦʧʠʩʘʥʠʷ. 
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ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʙʘʟʝ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, 

ʩʧʦʩʦʙʥʦʛʦ ʧʝʨʝʤʝʱʘʪʴʩʷ ʙʝʟ ʧʦʤʦʱʠ ʦʧʝʨʘʪʦʨʘ. 

ʉʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ɹʇʃɸ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʘ 

ʚʩʪʨʝʯʘ ʩʦ ʩʪʦʨʦʥʥʠʤʠ ʦʙʲʝʢʪʘʤʠ.  

ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ɹʇʃɸ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʦʙʲʝʢʪʘ. 

2. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʦʙʲʝʢʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ. 

4. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ. 

5. ʆʩʫʱʝʩʪʚʣʷʪʴ ʨʘʙʦʪʫ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʃʶʙʦʡ ʦʙʲʝʢʪ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʥʪʫʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʨʘʚʥʦʫʜʘʣʝʥʥʳʝ ʦʪ ʢʘʢʦʡ-ʣʠʙʦ ʪʦʯʢʠ ʦʪʩʯʝʪʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʦʧʠʩʘʥʠʝ 

ʦʙʲʝʢʪʘ. 

ɿʘʜʘʯʫ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʙʝʩʧʨʦʚʦʜʥʦʡ ʚʠʜʝʦʢʘʤʝʨʳ, ʨʘʟʤʝʱʝʥʥʦʡ 

ʥʘ ʩʝʨʝʜʠʥʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʢ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʢʨʝʧʠʪʩʷ ʣʘʟʝʨʥʘʷ ʫʢʘʟʢʘ. 

ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʚʠʜʝʦʢʘʤʝʨʳ ʠ ʦʩʠ ʩʚʝʪʦʚʦʛʦ ʣʫʯʘ, 

ʧʨʦʝʮʠʨʫʝʤʦʛʦ ʣʘʟʝʨʥʦʡ ʫʢʘʟʢʦʡ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʢʚʘʜʨʦʢʦʧʪʝʨ ʧʦʤʝʱʘʝʪʩʷ ʚ ʠʩʩʣʝʜʫʝʤʦʝ ʧʦʤʝʱʝʥʠʝ. 

ɺʢʣʶʯʘʶʪʩʷ ʢʘʤʝʨʘ. ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʃʘʟʝʨʥʳʡ ʣʫʯ 

ʧʨʦʝʮʠʨʫʝʪʩʷ ʥʘ ʦʙʲʝʢʪ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʢʘʤʝʨʳ. ʊʦʯʢʘ ʦʪ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ 

ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʢʘʤʝʨʦʡ ʚʤʝʩʪʝ ʩ ʯʘʩʪʴʶ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɼʘʣʝʝ ʧʨʦʛʨʘʤʤʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʠʩʢ ʷʨʢʠʭ ʧʠʢʩʝʣʝʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʦʯʢʘ ʦʪ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʷʨʢʦʡ 

ʪʦʯʢʦʡ ʠʟʦʙʨʘʞʝʥʠʷ. ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ. ɼʣʷ ʵʪʦʛʦ ʠʟʦʙʨʘʞʝʥʠʝ 

ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʧʠʢʩʝʣʠ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ ʦʪ ʮʝʥʪʨʘ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʦ ʤʝʩʪʘ 

ʦʙʥʘʨʫʞʝʥʠʷ ʪʦʯʢʠ. 

ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 
 

Ὀ=
Ὤ

ὸὥὲ—
 ,  

 

ʛʜʝ D ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ; h ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʦ ʦʩʠ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ; — ï 
ʫʛʦʣ ʤʝʞʜʫ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ ʢʘʤʝʨʳ ʠ ʣʠʥʠʝʡ, ʩʦʝʜʠʥʷʶʱʝʡ ʬʦʢʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ ʩ ʣʘʟʝʨʥʦʡ ʪʦʯʢʦʡ. 

ʋʛʦʣ — ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

—= ὲ , 
 

ʛʜʝ ὲ  ʯʠʩʣʦ ʧʠʢʩʝʣʝʡ ʦʪ ʮʝʥʪʨʘ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʦ ʣʘʟʝʨʥʦʡ ʪʦʯʢʠ;  

.ʴʣʝʩʢʠʧ ʥʠʜʦ ʘʥ ʷʩʡʠʱʷʜʦʭʠʨʧ ,ʷʠʥʝʥʦʣʢʪʦ ʣʦʛʫ ï 

ɼʘʣʝʝ ʚʳʜʝʣʷʝʤ ʤʥʦʞʝʩʪʚʘ ʪʦʯʝʢ ʩ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʠʟʤʝʨʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʯʝʨʪʘʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʪʘʢʞʝ ʧʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ ʥʠʤʠ. 

ɿʥʘʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʠ ʛʘʙʘʨʠʪʥʳʝ ʨʘʟʤʝʨʳ ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʤʘʥʝʚʨʠʨʦʚʘʥʠʝ ʤʝʞʜʫ ʥʠʤʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Todd Danko. Webcam Based DIY Laser Rangefinder [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ].- ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://sites.google.com/site/todddanko/home/webcam_laser_ranger. 

2. ʅʘʢʘʥʦ ʕ. ɺʚʝʜʝʥʠʝ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʫ: ʇʝʨʝʚʦʜ ʩ ʷʧʦʥʩʢʦʛʦ. ï ʄ.: ʄʠʨ, 1988. ï 334 ʩ., ʠʣ. 

3. ʂʘʪʳʩ ɻ.ʇ. ʆʧʪʠʯʝʩʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʨʦʙʦʪʦʚ-ʤʘʥʠʧʫʣʷʪʦʨʦʚ. ʄ., çʄʘʰʠʥʦʩʪʨʦʝʥʠʝè, 1977, 

272ʩ. 

4. ʌʫ ʂ., ɻʦʥʩʘʣʝʩ ʈ., ʃʠ ʂ. ʈʦʙʦʪʦʪʝʭʥʠʢʘ: ʇʝʨ. ʩ ʘʥʛʣ. ï ʄ.: ʄʠʨ, 1989. ï 624 ʩ., ʠʣ. 
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ˡ˛˝˙ˍ˘˕˔ˍˣ˕ˬ ˗˝˕˟˒˝˕˒ˏ ˛ˣ˒˚˗˕ ˪ˡˡ˒˗˟˕ˏ˚˛˞˟˕ ˜˝˕˙˒˚˒˚˕ˬ ˎ˛˝˟˛ˏ˛˖ 
˕˚˟˒ː˝˕˝˛ˏˍ˚˚˛˖ ˞˕˞˟˒˙˨ ˠ˜˝ˍˏ˘˒˚˕ˬ ˗˛˞˙˕ˤ˒˞˗˕˙ ˍ˜˜ˍ˝ˍ˟˛˙ 

˚ˍ ː˒˛˞˟ˍˣ˕˛˚ˍ˝˚˨ˢ ˕ ˏ˨˞˛˗˕ˢ ˛˝ˎ˕˟ˍˢ 

Formalisation of Criteria of Effectiveness Integrational  Onboard Spacecraft  
Control System Implementation on Geostational and High Orbits  

˔ˍˏ˒ˑ˒˒ˏ ˍȢ˕Ȣ 

˙̏̒̋̏̃̒̋̉̊ ̗̜́̃̉́̉̏̎̎̊ ̉̎̒̓̉̓̔̓ ɉ̗̝̜̎́̉̏̎́̌̎̊ ̉ ̝̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ɋ 

 
ʇʨʝʜʣʦʞʝʥʳ ʚʦʟʤʦʞʥʳʝ ʢʦʥʮʝʧʮʠʠ ʧʦʩʪʨʦʝʥʠʷ, ʚʳʙʦʨʘ ʧʨʠʙʦʨʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ (ɹʉʋ) ʩʦʚʨʝʤʝʥʥʳʤʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʦʩʤʠʯʝʩʢʠʤʠ ʘʧʧʘʨʘʪʘʤʠ (ʂɸ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʥʳʭ, 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʂɸ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʘʣʠʟʘʮʠʝʡ ʢʦʥʮʝʧʪʫʘʣʴʥʳʭ 

ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ɹʉʋ ʂɸ ʢʣʘʩʩʘ ɼɿɿ 

(ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ) ʠ ʥʘʫʯʥʳʭ ʩʪʘʥʮʠʡ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʚʳʩʦʢʦʵʣʣʠʧʪʠʯʝʩʢʠʭ 

ʦʨʙʠʪʘʭ. ʈʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʧʨʝʮʠʟʠʦʥʥʳʭ, ʚʳʩʦʢʦʜʠʥʘʤʠʯʥʳʭ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʦʨʠʝʥʪʘʮʠʝʡ (ʉʋʆ) ʂɸ ʧʦʩʚʷʱʝʥʳ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʥʘ ʢʘʬʝʜʨʝ ñʉʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷò ʄʦʩʢʦʚʩʢʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʌɻʋʇ ʅʇʆ ʠʤ. ʉ.ɸ. ʃʘʚʦʯʢʠʥʘ ʠ ʌɻʋʇ ʄʆʂɹ çʄʘʨʩè [1,2]. 

ɸʧʧʘʨʘʪʥʳʡ ʩʦʩʪʘʚ ɹʉʋ ʂɸ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʧʝʮʠʬʠʢʦʡ ʨʝʰʘʝʤʳʭ 

ʟʘʜʘʯ. ʆʪʩʫʪʩʪʚʠʝ ʧʦʩʪʦʷʥʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʩ ʥʘʟʝʤʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʨʝʤʦʥʪʥʳʭ ʨʘʙʦʪ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʦʩʦʙʦʚ ʦʧʝʨʘʪʠʚʥʦʡ ʦʮʝʥʢʠ 

ʩʦʩʪʦʷʥʠʷ ʂɸ ʠ ʣʠʢʚʠʜʘʮʠʠ ʦʪʢʘʟʦʚ ʥʘ ʙʦʨʪʫ. ʂʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʧʦʜʩʠʩʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʙʦʨʪʫ 

ʘʧʧʘʨʘʪʥʳʤʠ, ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʤʠ ʠ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʝʩʧʣʘʪʬʦʨʤʝʥʥʳʭ ʘʩʪʨʦʠʥʝʨʮʠʘʣʴʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ɹʉʋ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʢʨʠʪʝʨʠʝʚ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ ʦ ʛʣʘʚʝʥʩʪʚʝ ʧʨʠʥʮʠʧʘ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʚʳʰʝʥʥʦʡ ʞʠʚʫʯʝʩʪʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʠ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʪʦʣʝʨʘʥʪʥʦʩʪʠ 

ʧʨʠ ʦʪʢʘʟʘʭ. ɺʘʞʥʘʷ ʨʦʣʴ ʚ ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ ʉʋʆ ʦʪʚʦʜʠʪʩʷ ʣʠʥʝʡʥʳʤ ʠ ʥʝʣʠʥʝʡʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ, ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤʳ 

ʠʟʤʝʨʝʥʠʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ, ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʳʭ ʉʋʆ ʂɸ, ʦʮʝʥʠʪʴ ʪʨʝʙʫʝʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʚ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʦʪʜʝʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʩ ʫʯʝʪʦʤ ʘʧʧʘʨʘʪʥʳʭ 

ʨʝʟʝʨʚʦʚ ʚʳʷʚʣʷʝʪʩʷ ʨʘʥʞʠʨʦʚʘʥʥʳʡ ʩʧʠʩʦʢ ʢʨʠʪʠʯʝʩʢʠʭ ʦʪʢʘʟʦʚ, ʩʪʨʦʷʪʩʷ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ, 

ʚʨʝʤʝʥʥʳʝ ʮʠʢʣʦʛʨʘʤʤʳ ʨʝʞʠʤʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʤʦʜʝʣʠʨʫʶʪʩʷ ʪʠʧʦʚʳʝ ʦʪʢʘʟʳ. ʋʯʠʪʳʚʘʷ ʦʧʳʪ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʂɸ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʠ ʥʘʙʦʨʳ ʦʮʝʥʦʢ ʚʘʞʥʦʩʪʠ 

ʦʪʢʘʟʦʚ, ʦʧʨʝʜʝʣʷʶʪ ʨʝʟʝʨʚʳ ʜʣʷ ʟʘʛʨʫʟʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ). ʇʦ ʬʘʢʪʫ ʠ 

ʚʠʜʫ ʦʪʢʘʟʘ ʧʨʦʠʟʚʦʜʷʪ ʨʝʢʦʥʬʠʛʫʨʘʮʠʶ ʩʠʩʪʝʤʳ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʝʸ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʚʝʜʝʥʠʝʤ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʨʝʟʝʨʚʘ. 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʙʦʨʪʫ ʘʣʛʦʨʠʪʤʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʠʤʠʪʘʪʦʨʦʚ ʥʝʠʩʧʨʘʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠʣʠ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʞʝʩʪʢʠʝ ʮʠʢʣʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʙʝʟ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʨʠ ʠʩʧʨʘʚʥʦʡ ʨʘʙʦʪʝ ʫʩʪʨʦʡʩʪʚ ʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʩʙʦʷʭ ʚ ʣʠʥʠʷʭ ʩʚʷʟʠ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʘʣʛʦʨʠʪʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʂɸ ʧʨʠ ʦʪʢʘʟʘʭ ʠ ʧʦʚʳʰʘʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ʂɸ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʦʜʭʦʜ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʜʘʧʪʠʚʥʦʡ ʣʦʛʠʢʠ ʚ ʘʣʛʦʨʠʪʤʘʭ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ [3]. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʠʘʛʥʦʩʪʠʢʠ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʩʦʩʪʘʚʝ ʇʆ ɹʉʋ ʂɸ ʠ ʫʩʧʝʰʥʦ ʧʨʦʰʣʠ ʣʝʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʚʷʟʥʦʤ ʂɸ çʕʢʩʧʨʝʩʩ-ʄɼ1è ʠ ʂɸ ʥʘʫʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩʝʨʠʠ çʉʧʝʢʪʨ-ʈè. 
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˜˝˕ ˛ː˝ˍ˚˕ˤ˒˚˕˖ ˛ˤ˒˝˒ˑ˒˖ 

The problems of air traffic control of civil aircrafts when they are landing  to the airport and 
service of the passengers at the airport after arrival during in the limited condition  

˔˛ ˙˕˚ ˟ˍ˖˗ȟ ˟˕˚ ˜ˢ˛˚ ˤ˓˛ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ɉ˙̏̒̋̏̃̒̋̉̊ ̗̜́̃̉́̉̏̎̎̊ ̉̎̒̓̉̓̔̓Ɋ 

˔̏ ˙̉̎ ˟́̊̋ - ́ ̒̐̉̑́̎̓ȟ ˟̉̎ ˜̖̏̎ ˤ̇̏ ɀ ̅ ̏̋̓̏̑́̎̓ȟ ̜̋́̆̅̑̕ Ⱥ˞̜̉̒̓̆̍ ̘́̃̓̏̍́̓̉̆̒̋̏̄̏ ̉ 
̝̉̎̓̆̌̌̆̋̓̔́̌̎̏̄̏ ̠̔̐̑́̃̌̆̎̉Ȼȟ ̘̜̎́̔̎̊  ̝̑̔̋̏̃̏̅̉̓̆̌ ɀ ̐ ̑̏̆̒̒̏̑̕ ˘̆̂̆̅̆̃ ːȢ˚Ȣ 

 
ʈʘʩʩʤʦʪʨʝʥʘ ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʘʤʦʣʝʪʦʚ ʧʨʠ ʟʘʭʦʜʝ ʥʘ ʧʦʩʘʜʢʫ ʚ ʨʘʟʥʳʝ ʘʵʨʦʜʨʦʤʳ 

ʄʦʩʢʦʚʩʢʦʛʦ ʘʵʨʦʫʟʣʘ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʨʠ 

ʤʘʣʳʭ ʟʘʧʘʩʘʭ ʪʦʧʣʠʚʘ ʥʘ ʙʦʨʪʫ. ʇʦʣʫʯʝʥʳ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʣʷ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ ʧʨʠʦʨʠʪʝʪʥʦʡ ʉʄʆ 

ʩ ʦʞʠʜʘʥʠʝʤ, ʢʦʛʜʘ ʚ ʩʠʩʪʝʤʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʦʜʥʘ ʧʨʠʦʨʠʪʝʪʥʘʷ ʟʘʷʚʢʘ (ʦʜʠʥ 

ʩʘʤʦʣʝʪ ʩ ʘʚʘʨʠʡʥʳʤ ʟʘʧʘʩʦʤ ʪʦʧʣʠʚʘ). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʙʝʩʧʨʠʦʨʠʪʝʪʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʩʘʤʦʣʝʪʦʚ ʙʝʟ ʫʯʝʪʘ, 

ʦʩʪʘʚʰʝʛʦʩʷ ʥʘ ʙʦʨʪʫ ʪʦʧʣʠʚʘ, ʥʫʞʥʘʷ ʤʘʣʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʢʘʟʘ ʧʨʠ ʟʘʭʦʜʝ ʚ ʟʘʜʘʥʥʳʡ ʵʰʝʣʦʥ ʪʨʝʙʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʨʦʤʙʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ, ʢʦʪʦʨʳʡ ʦʛʨʘʥʠʯʝʥ ʜʨʫʛʠʤʠ ʧʨʠʯʠʥʘʤʠ.  

 

ʊʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʘ ʤʥʦʛʦʢʘʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʚ ʘʵʨʦʧʦʨʪʫ 

ʧʦʩʣʝ ʧʦʩʘʜʢʠ ʩʘʤʦʣʝʪʦʚ. ʇʨʠʥʷʪʦ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʣʠʙʦ ʚ ʦʯʝʨʝʜʠ, ʣʠʙʦ ʚ ʢʘʥʘʣʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʣʠʰʴ ʦʜʥʘ ʛʨʫʧʧʘ ʧʘʩʩʘʞʠʨʦʚ, ʧʨʠʣʝʪʝʚʰʠʭ ʥʘ ʘʚʘʨʠʡʥʦʤ ʩʘʤʦʣʝʪʝ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ 

ʚʥʝ ʦʯʝʨʝʜʠ ʚ ʧʝʨʚʳʡ ʦʩʚʦʙʦʜʠʚʰʠʡʩʷ ʢʘʥʘʣ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʚʝʨʦʷʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ 

ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʬʦʨʤʫʣ ʕʨʣʘʥʛʘ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʦʪʜʝʣʴʥʦ 

ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʢʘʟʘ ʚ ʙʝʩʧʨʠʦʨʠʪʝʪʥʦʤ ʠ ʧʨʠʦʨʠʪʝʪʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ. ʇʦʢʘʟʘʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʳʠʛʨʳʰ ʚʦ 

ʚʨʝʤʝʥʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʧʦʩʣʝ ʘʚʘʨʠʡʥʦʛʦ ʧʨʠʣʝʪʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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˕˚˟˒˘˘˒˗˟ˠˍ˘˩˚ˍˬ ˝˛ˎ˛˟˛˟˒ˢ˚˕ˤ˒˞˗ˍˬ ˞˕˞˟˒˙ˍ ˜˛ˑˏ˒˞˗˕ ː˝ˠ˔˛ˏ ˚ˍ ˘ˍ 

Intelligent robotic system loading cargos on aircraft  

˗ˍˑ˨˝˛ˏ ˬȢ˝Ȣȟ ˚˒˞˟˒˝˛ˏ ˏȢˍȢȟ ˜˛˘ˬ˚˞˗˕˖ ˏȢˏȢ 

˙̏̒̋̏̃̒̋̉̊ ˍ̗̜̃̉́̉̏̎̎̊ ˕̎̒̓̉̓̔̓ ɉ̗̝̜̎́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ɋ 

˗̜́̅̑̏̃ ˬȢ˝Ȣ ɀ ́ ̒̐̉̑́̎̓ ̜̋́̆̅̑̕ ϋτυȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˚̆̒̓̆̑̏̃ ˏȢˍȢ 

 
ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʦʠʩʢʫ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʘʵʨʦʜʨʦʤʥʦʡ ʪʝʣʝʞʢʠ ʩ 

ʤʥʦʛʦʩʪʝʧʝʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦʜʲʝʤʘ ʠ ʬʠʢʩʘʮʠʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʛʨʫʟʦʚ ʚ ʫʟʣʘʭ ʧʦʜʚʝʩʢʠ ʃɸ. 

 

ʊʝʭʥʦʣʦʛʠʷʤ ʥʘʟʝʤʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʃɸ ʚʩʝʛʜʘ ʫʜʝʣʷʣʦʩʴ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ. ʅʘʩʢʦʣʴʢʦ ʙʳʩʪʨʦ 

ʤʦʞʥʦ ʧʦʜʛʦʪʦʚʠʪʴ ʃɸ ʢ ʚʳʧʦʣʥʝʥʠʶ ʟʘʜʘʥʠʷ, ʩʥʘʨʷʜʠʪʴ ʠ ʫʢʦʤʧʣʝʢʪʦʚʘʪʴ ʝʛʦ, ʥʘʩʪʦʣʴʢʦ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ 

ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɿʘʜʘʯʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ: 

- ʧʦʠʩʢ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʝʰʘʶʱʠʭ ʟʘʜʘʯʠ ʧʦʜʚʝʩʢʠ ʛʨʫʟʦʚ ʥʘ ʃɸ, ʚʳʷʚʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʝʰʝʥʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʠ ʩʢʦʨʦʩʪʠ, ʠʭ ʧʨʦʨʘʙʦʪʢʘ ʚʳʷʚʣʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚ ʠ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʚʳʙʦʨ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

- ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʡ ʩʠʣʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦʜʲʝʤʘ ʛʨʫʟʘ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʫʥʠʬʠʢʘʮʠʠ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʩ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ 
ʥʦʤʝʥʢʣʘʪʫʨʳ ʧʦʜʚʝʰʠʚʘʝʤʳʭ ʛʨʫʟʦʚ; 

- ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʧʦʜʚʝʩʢʠ ʛʨʫʟʦʚ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 
ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʨʦʮʝʩʩʘ ʦʩʥʘʱʝʥʠʷ ʃɸ. 

ʇʦʜ ʧʦʜʚʝʩʢʦʡ ʛʨʫʟʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʚʘ ʪʠʧʦʚʳʭ ʜʝʡʩʪʚʠʷ: 

1. ɼʦʩʪʘʚʢʘ ʛʨʫʟʘ ʩʦ ʩʢʣʘʜʘ. 

2. ʇʦʜʚʝʩʢʘ ʛʨʫʟʘ ʥʘ ʃɸ. 

3. ʉʥʷʪʠʝ ʛʨʫʟʘ ʩ ʃɸ. 

- ʩʦʟʜʘʥʠʝ ʦʨʠʛʠʥʘʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ[1] ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 
ʘʵʨʦʜʨʦʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʃɸ ʚ ʮʝʣʦʤ; 

- ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ[2] ʜʣʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʣʝʞʢʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʧʦʜʚʝʩʢʠ ʃɸ (ʛʨʫʙʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ); 

- ʧʨʠʤʝʥʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ-ʠʟʤʝʨʠʪʝʣʷ[3] ʜʣʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ 

ʪʝʣʝʞʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʣʘ ʢʨʝʧʣʝʥʠʷ ʛʨʫʟʘ (ʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ), ʘ ʪʘʢʞʝ ʜʣʷ ʤʦʥʪʘʞʘ-

ʜʝʤʦʥʪʘʞʘ ʛʨʫʟʘ ʩ ʃɸ.  

ʄʘʥʠʧʫʣʷʪʦʨ-ʠʟʤʝʨʠʪʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʫʶ ʨʫʢʫ ʩ ʰʝʩʪʴʶ ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ, ʚ ʰʘʨʥʠʨʘʭ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʳ ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ. ʕʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʨʫʢʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʫʶ ʪʝʣʝʞʢʫ ʠ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʮʝʩʩʘ ʧʦʜʚʝʩʢʠ ʛʨʫʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʠʩʢ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ 

ʫʟʣʦʚ ʧʦʜʚʝʩʢʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʵʨʦʜʨʦʤʥʦʡ ʪʝʣʝʞʢʠ ʠ 

ʝʛʦ ʛʝʦʤʝʪʨʠʷ ʠʟʚʝʩʪʥʳ. ʇʦ ʧʦʢʘʟʘʥʠʷʤ ʜʘʪʯʠʢʦʚ ʧʦʣʦʞʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ-ʠʟʤʝʨʠʪʝʣʷ ʙʦʨʪʦʚʦʡ ʤʘʰʠʥʦʡ 

ʚʳʯʠʩʣʷʝʪʩʷ ʪʝʢʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʣʝʞʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʣʘ ʧʦʜʚʝʩʢʠ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʢʘʣʠʙʨʦʚʢʘ ʧʦʣʦʞʝʥʠʷ ʧʦʩʣʝʜʥʝʡ ʠ ʟʘʧʫʩʢʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʧʦʜʚʝʩʢʠ ʛʨʫʟʘ. ʇʦʩʣʝ ʧʦʜʚʝʩʢʠ ʛʨʫʟʘ 

ʤʘʥʠʧʫʣʷʪʦʨ ʧʨʦʠʟʚʦʜʠʪ ʢʦʤʤʫʪʘʮʠʶ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʛʨʫʟʘ ʩ 

ʙʦʨʪʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ ʃɸ, ʝʩʣʠ ʵʪʦ ʧʨʝʜʫʩʤʦʪʨʝʥʦ.  

ʇʦʜʦʙʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʛʨʫʟʳ ʥʘ ʃɸ ʙʳʩʪʨʝʝ, ʯʝʤ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʠʩʪʝʤʳ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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˕˚˟˒˘˘˒˗˟ˠˍ˘˩˚˛˒ ˠ˜˝ˍˏ˘˒˚˕˒ ˜˛˘˒˟˛˙ ˑ˕˝˕˓ˍˎ˘ˬ ˚ˍ ˟ˍ˗˟˕ˤ˒˞˗˛˙ ˕ 
˕˞˜˛˘˚˕˟˒˘˩˚˨ˢ ˠ˝˛ˏ˚ˬˢ 

Intelligent control of Airship flights at tactical and executive level.  

˗ˍ˔ˍˤ˒˗ ˚ȢˍȢȟ ˗ˍ˘ˍˤ ːȢːȢȟ ˘˛ˢ˕˚ ˏȢ˙Ȣ 

˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̖̑́̅̉̏̓̆̎̉̋̉ȟ 
̞̌̆̋̓̑̏̎̉̋̉ ̉ ́̃̓̏̍́̓̉̋̉  

˗̘́̈́̆̋ ˚ȢˍȢ -́̒̐̉̑́̎̓̋́ ̋́̕ Ⱥ˜̜̑̏̂̌̆̍ ̠̔̐̑́̃̌̆̎̉Ȼȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˘̖̏̉̎ ˏȢ˙Ȣȟ 
˗̘́̌́ ːȢːȢ ɀ ́ ̒̐̉̑́̎̓ ̋́̕ Ⱥ˜̜̑̏̂̌̆̍ ̠̔̐̑́̃̌̆̎̉Ȼȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̗̅̏̆̎̓ ˟̝̑̉̐̏̌̒̋̉̊ ˜Ȣ˪Ȣȟ 

˘̖̏̉̎ ˏȢ˙Ȣ ɀ ̐ ̑̏̆̒̕ ̒̏̑ ̋́̕ Ⱥ˜̜̑̏̂̌̆̍ ̠̔̐̑́̃̌̆̎̉Ȼ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦʣʝʪʦʤ ʚʦʟʜʫʭʦʧʣʘʚʘʪʝʣʴʥʦʛʦ ʩʫʜʥʘ ʥʘ ʨʘʟʥʳʭ 

ʫʨʦʚʥʷʭ ʢʦʥʪʨʦʣʷ. ʅʘ ʪʘʢʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʠʩʩʣʝʜʫʝʪʩʷ ʨʘʙʦʪʘ ʩʨʝʜʩʪʚ ʛʠʙʨʠʜʥʦʡ-ʠʥʝʨʮʠʘʣʴʥʦʡ ʥʘʚʠʛʘʮʠʠ. ʅʘ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʝʛʫʣʷʪʦʨ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʫʯʠʪʳʚʘʷ ʩʪʝʧʝʥʴ 

ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʦʙʲʝʢʪʘ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʥʘʚʠʛʘʮʠʦʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ ʠ ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʨʘʚʥʠʚʘʶʱʠʡ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤʳ ʧʨʠ ʢʣʘʩʩʠʯʝʩʢʦʤ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤ ʫʧʨʘʚʣʝʥʠʷʭ.  

 

ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʥʘ ʙʘʟʝ ʜʠʨʠʞʘʙʣʝʡ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ 

ʨʘʟʚʠʪʠʷ ʚʦʟʜʫʭʦʧʣʘʚʘʥʠʷ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ: ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʤʦʥʠʪʦʨʠʥʛ ʠ 

ʥʘʙʣʶʜʝʥʠʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʙʝʩʧʠʣʦʪʥʳʝ ʠ ʘʚʪʦʥʦʤʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʥʝʢʣʘʩʩʠʯʝʩʢʦʡ ʬʦʨʤ ʠ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʉʣʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚʥʝʰʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʜʘʥʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʜʣʷ ʩʣʦʞʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ 

ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʢʦʛʜʘ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʝʥʷʶʪʩʷ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ 

ʦʙʨʘʟʦʤ. 

ɺ ʨʘʙʦʪʝ, ʜʠʥʘʤʠʢʘ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦ ʫʨʦʚʥʷʤ ʫʧʨʘʚʣʝʥʠʷ: ʪʘʢʪʠʯʝʩʢʦʤʫ ʠ 

ʠʩʧʦʣʥʠʪʝʣʴʥʦʤʫ. ɼʘʝʪʩʷ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʟʘʜʘʯ, ʚʳʧʦʣʥʷʝʤʳʭ ʥʘ ʢʘʞʜʦʤ ʠʟ ʥʠʭ. ʀʩʩʣʝʜʫʝʪʩʷ 

ʧʨʦʙʣʝʤʘʪʠʢʘ ʢʘʞʜʦʛʦ ʠʟ ʫʨʦʚʥʝʡ ʠ ʧʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜʠʢʘ ʝʝ ʨʝʰʝʥʠʷ. ʊʘʢ, ʥʘ ʪʘʢʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʩ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʜʘʪʯʠʢʦʚ. 

ʍʘʨʘʢʪʝʨ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʵʪʘʧʦʚ: ʧʝʨʚʳʡ ʧʨʠʢʣʘʜʥʦʡ ʥʘ ʙʘʟʝ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ ʠʥʝʨʮʠʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ, ʘ ʚʪʦʨʦʡ ʥʘ ʵʪʘʧʝ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦʣʫʯʝʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʅʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʥʷʪʠʝ ʩʪʝʧʝʥʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʦʙʲʝʢʪʘ, 

ʧʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜʠʢʘ ʝʝ ʨʘʩʯʝʪʘ ʠ ʬʠʟʠʯʝʩʢʦʝ ʦʙʲʷʩʥʝʥʠʝ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʠ ʧʦʣʫʯʝʥʥʳʭ ʩ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʘʥʥʳʭ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʨʝʛʫʣʷʪʦʨ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʝ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʦʙʝʩʧʝʯʠʪʴ ʠ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʡ ʨʘʙʦʪʳ ʦʙʲʝʢʪʘ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʩʝʡ ʩʠʩʪʝʤʳ ʚ 

ʮʝʣʦʤ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʦʢʘʟʳʚʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ 

ʟʘʨʫʙʝʞʥʳʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ, ʨʝʘʣʠʟʘʮʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 
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ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʦʮʝʩʩʘ ʫʧʨʘʚʣʝʥʠʷ, ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʦʟʤʫʱʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʫʣʫʯʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʠʩʪʝʤʳ ʠ ʪ.ʜ.  
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ˑ˕l ˡ˒˝˒˚ˣ˕ˍ˘˩˚˛-˕ː˝˛ˏ˨˒ ˜˛ˑˢ˛ˑ˨ ˗ ˝˒˥˒˚˕˫ ˔ˍˑˍˤ ˞˕˚˟˒˔ˍ 
˞˕˞ ˟˒˙ ˍˏ˟˛˙ˍ˟˕ˤ˒˞˗˛ː˛ ˠ˜˝ˍˏ˘˒˚˕ˬ 

Differential -game approach to solving problems synthesis of automatic control system  

˗˛˔˨˝˩ ˍȢˏȢ 

ˡːˎ˛ˠ ˏ˜˛ Ⱥ˟̝̔̌̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓Ȼ 

˗̜̝̏̈̑ ˍȢˏȢ ɀ ̒ ̓̔̅̆̎̓ȟ ̋́̆̅̑́̕ Ⱥ˞ˍˠȻȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ɀ ̐ ̑̏̆̒̒̏̑̕ ̋́̕Ȣ ˞ˍˠ ˡ̆̏̉̌̏̃̕ ˞ȢˏȢ 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʪʝʦʨʠʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʝʪʦʜʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠʛʨ. 

 

ʊʝʦʨʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠʛʨ ʚʦʟʥʠʢʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʠʜʝʘʣʠʟʘʮʠʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʚ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʤʝʥʝʝ ʜʚʫʭ ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʠʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ çʠʛʨʦʢʦʚè. 

ʎʝʣʠ ʠʛʨʦʢʦʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʠ ʢʘʞʜʳʡ ʜʦʣʞʝʥ ʧʨʠʥʠʤʘʪʴ ʥʘʠʣʫʯʰʝʝ ʚʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ, ʧʦʥʠʤʘʷ ʠ 

ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʝʛʦ çʧʨʦʪʠʚʥʠʢè ʩʜʝʣʘʝʪ ʪʦ ʞʝ ʩʘʤʦʝ.  

ʂʦʛʜʘ ʢʦʥʢʨʝʪʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʠʛʨʘ ʨʝʰʝʥʘ, ʨʝʟʫʣʴʪʘʪ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ. 

1. ʎʝʥʘ ʠʛʨʳ: ʬʫʥʢʮʠʷ V(ʭ), ʦʧʨʝʜʝʣʝʥʥʘʷ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʛʨʳ. ʎʝʥʘ ʠʛʨʳ ʝʩʪʴ ʤʠʥʠʤʘʢʩ ʧʣʘʪʳ ʧʦ ʚʩʝʤ 

ʩʪʨʘʪʝʛʠʷʤ ʦʙʦʠʭ ʠʛʨʦʢʦʚ •ὼ ʠ  (ὼ). ʇʦʜ ʪʝʨʤʠʥʦʤ ʧʣʘʪʘ ʚ ʪʝʦʨʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠʛʨ 

ʧʦʥʠʤʘʶʪ ʯʠʩʣʝʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʢʦʪʦʨʫʶ ʠʛʨʦʢʠ ʩʪʘʨʘʶʪʩʷ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʣʠ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ. 

2. ʆʧʪʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ: ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ •ὼ ʠ (ὼ), ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʛʨʳ.  

3. ʆʧʪʠʤʘʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʠʛʨʦʢʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʳʤʠ ʩʪʨʘʪʝʛʠʷʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠʛʨ ʢ ʟʘʜʘʯʘʤ ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʚ 

ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʫʧʨʘʚʣʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʠʛʨʦʢʦʚ ʨʘʚʥʦ ʥʫʣʶ. ɹʫʜʝʤ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ 

ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʋʧʨʦʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ 

ʨʠʩ.1. 
 

 
 

ʈʠʩ.1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ 
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ʉʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʙʲʝʢʪʘ ʧʦ ʦʰʠʙʢʝ ʠʤʝʝʪ ʚʠʜ:  

Ὠὼ1

Ὠὸ
= ὼ2

Ὕὓ
Ὠὼ2

Ὠὸ
+ ὼ2 = ὑὟ

 . 

ɼʣʷ ʪʘʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʠʛʨʳ ʩ ʦʜʥʠʤ ʠʛʨʦʢʦʤ ʫʨʘʚʥʝʥʠʝ ɹʝʣʣʤʘʥʘ-ɸʡʟʝʢʩʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: άὭὲ•(ὼ)
ὠ1

ὼ1
ὼ2

ὠ2

ὼ2
ὼ2Ὧ

1

Ὕ

ὠ2

ὼ2
•Ὧ

1

Ὕ
+ 1 = 0 . ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʧʨʠʤʝʥʸʥ 

ʤʝʪʦʜ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (ʤʝʪʦʜ ʈ.ɸʡʟʝʢʩʘ)[1]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 

ʩʠʩʪʝʤʝ MatLab, ʙʳʣ ʧʦʣʫʯʝʥʳ ʦʧʪʠʤʘʣʴʥʳʡ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ ʩʠʩʪʝʤʳ ʨʠʩ.2. ʠ ʧʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʩʠʩʪʝʤʳ 

ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ. ʉʚʦʙʦʜʥʦʝ ʜʚʠʞʝʥʠʝ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.3. 
 

   
 

ʈʠʩ.2. ʆʧʪʠʤʘʣʴʥʳʡ ʬʘʟʦʚʳʡ ʧʦʨʪʨʝʪ                               ʈʠʩ.3. ɺʳʭʦʜʥʘʷ ʢʦʦʨʜʠʥʘʪʘ 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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˔ˍˑˍˤˍ ˏ˨ˎ˛˝ˍ ˜ˍ˝ˍ˙˒˟˝˛ˏ ˏ˕˚˟˛˙˛˟˛˝˚˛˖ ː˝ˠ˜˜˨ ˎ˘ˍ ˞˝˒ˑ˚˒ː˛ ˗˘ˍ˞˞ˍ 

The task of choosing  the parameters  of the engine propeller unit for  medium altitude,  
long endurance UAV 

˗ˠ˝˙ˍ˗˛ˏ ˑȢˏȢ 

˙̏̒̋̏̃̒̋̉̊ ̗̜́̃̉́̉̏̎̎̊ ̉̎̒̓̉̓̔̓ ɉ˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ɋ 

˗̔̑̍́̋̏̃ ˑȢ ˏȢ- ́ ̒̐̉̑́̎̓ ̜̋́̆̅̑̕ Ȱ˞̜̉̒̓̆̍ ̘́̃̓̏̍́̓̉̆̒̋̏̄̏ ̉ ̝̉̎̓̆̌̌̆̋̓̔́̌̎̏̄̏ ̠̔̐̑́̃̌̆̎̉ȱȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ - ̐ ̑̏̆̒̒̏̑̕ ˘̆̂̆̅̆̃ ːȢ˚Ȣ 

 
ʇʨʠ ʚʳʙʦʨʝ ʚʠʥʪʦʤʦʪʦʨʥʦʡ ʛʨʫʧʧʳ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʨʝʜʥʝʛʦ ʢʣʘʩʩʘ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʝʛʦ ʦʙʣʠʢʘ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ. ʅʫʞʥʦ ʠʤʝʪʴ ʚʚʠʜʫ ʤʥʦʞʝʩʪʚʦ ʦʛʨʘʥʠʯʝʥʠʡ 

ʧʦ ʚʝʩʫ, ʪʨʝʙʫʝʤʦʡ ʩʢʦʨʦʩʪʠ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʦʣʝʪʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

 

ʅʘ ʚʟʣʝʪʝ ʚʳʙʦʨ ʥʝʦʙʭʦʜʠʤʦʡ ʪʷʛʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʜʣʠʥʝ ɺʇʇ. ʇʨʠ ʵʪʦʤ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʷʛʠ ʦʪ ʩʢʦʨʦʩʪʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ 

ɹʃɸ ʥʘ ʟʝʤʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʪʨʝʙʥʘʷ ʩʪʘʪʠʯʝʩʢʘʷ ʪʷʛʘ, ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʠ 

ʦʪ ʩʢʦʨʦʩʪʠ.  



˿ˣ˻˾˹ˮ˴ ́˾̂˨˻ˤ ˸˩ˬ˨̂˹ˢ˾˻˨˹˻˥˻ ˹ˢ̂̉˹˻-́˩̆˹ˮ̉˩˿˴˻˥˻ ˿˩˸ˮ˹ˢ˾ˢΣ ˢ˶̂̊́ˢ нлмо 
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ɺ ʥʘʙʦʨʝ ʚʳʩʦʪʳ ʛʣʘʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʧʦʜʲʝʤʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ 

ʠʟ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʪʷʛʘ ʧʨʠ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ ʚ ʨʝʞʠʤʝ ʥʦʤʠʥʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ. 

ɺ ʢʨʝʡʩʝʨʩʢʦʤ ʧʦʣʝʪʝ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʪʨʝʙʥʘʷ ʪʷʛʘ, ʠ ʩʢʦʨʦʩʪʴ ʥʘ ʢʨʝʡʩʝʨʩʢʦʤ ʧʦʣʝʪʝ. 

ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʜʘʥʥʦʡ ʪʷʛʠ ʠ ʩʢʦʨʦʩʪʠ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʥʪʘ: ʯʠʩʣʘ ʣʦʧʘʩʪʝʡ, ʜʠʘʤʝʪʨʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʦʣʱʠʥʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʛʝʦʤʝʪʨʠʷ ʚʠʥʪʘ 

ʧʦʜʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʙʳʣ ʤʠʥʠʤʘʣʴʥʳʤ. ʇʨʠ ʥʘʣʠʯʠʠ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʝ ʢʨʝʡʩʝʨʩʢʦʛʦ ʧʦʣʝʪʘ, ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʳʩʦʪʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ.   

ʅʘ ʩʥʠʞʝʥʠʠ ʠ ʧʦʩʘʜʢʝ ʥʝʦʙʭʦʜʠʤʦ, ʚʦ ʧʝʨʚʳʭ, ʥʝ ʜʦʧʫʩʪʠʪʴ ʨʦʩʪʘ ʩʢʦʨʦʩʪʠ ɹʃɸ ʥʘ ʧʠʢʠʨʦʚʘʥʠʠ, ʚʦ 

ʚʪʦʨʳʭ ʥʝ ʜʦʧʫʩʪʠʪʴ ʨʘʩʢʨʫʪʢʠ ʚʠʥʪʘ ʠ ʝʛʦ ʧʝʨʝʭʦʜʘ ʚ ʨʝʞʠʤ ʚʝʪʨʷʢʘ. ɼʣʷ ʵʪʦʛʦ ʥʘ ʵʪʠʭ ʨʝʞʠʤʘʭ ʚʠʥʪ 

ʜʦʣʞʝʥ ʚʳʜʘʚʘʪʴ ʥʫʣʝʚʫʶ ʣʠʙʦ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʪʷʛʫ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʜʣʷ ɹʃɸ ʩ ʚʳʩʦʢʠʤ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʦʤ. ɽʩʣʠ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʤʝʥʴʰʠʪʴ ʜʣʠʥʫ ʧʨʦʙʝʛʘ ʧʦ ɺʇʇ ʥʘ ʧʦʩʘʜʢʝ, ʚʠʥʪ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʨʝʞʠʤ ʬʣʶʛʠʨʦʚʘʥʠʷ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʃʝʙʝʜʝʚ ɻ.ʅ. ʀ ʜʨ. ʊʝʦʨʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʩʠʩʪʝʤ. ï ʄ., ʄɸʀ. 1999 ʛ. 
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˙ˍ˘˕˚˕˚ ˑ.ˑ Ȣȟ ˞˘ˍ˟˕˙˛ˏ ˍ.ˏ Ȣȟ ˥ˍ˝ˍ˘ˍ˜˛ˏ ˍ.˒ Ȣ 

˜̆̎̈̆̎̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

˙́̌̉̎̉̎ ˑȢˑȢ ɀ ̍ ́̄̉̒̓̑ ̋́̕Ȣ Ⱥˍ̃̓̏̍́̓̉̋́ ̉ ̖̓̆̌̆̍̆́̎̉̋́Ȼȟ ˞ ̌́̓̉̍̏̃ ˍȢˏȢ ɀ ̍ ́̄̉̒̓̑ ̋́̕Ȣ 
Ⱥˍ̃̓̏̍́̓̉̋́ ̉ ̖̓̆̌̆̍̆́̎̉̋́Ȼȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̋Ȣ̓Ȣ̎Ȣȟ ̗̅̏̆̎̓ ˥́̑́̌́̐̏̃ ˍȢ˒Ȣ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 

ʦʜʥʦʧʣʘʪʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ RaspberryPi, ʩ ʧʝʨʝʜʘʯʝʡ ʧʦʪʦʢʦʚʦʛʦ ʚʠʜʝʦ ʧʦ ʙʝʩʧʨʦʚʦʜʥʳʤ ʢʘʥʘʣʘʤ Wi-fi. 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴ 

ʫʧʨʘʚʣʝʥʠʷ. ʄʦʜʫʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʫʶ ʩʠʩʪʝʤʫ ʩ ʥʠʟʢʦʫʨʦʚʥʝʚʳʤ ʚʳʚʦʜʦʤ ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʜʨʘʡʚʝʨʘ (H-ʤʦʩʪ) ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ, ʩʝʨʚʦʧʨʠʚʦʜ). ʄʦʜʫʣʴ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʫʧʨʘʚʣʝʥʠʝ ʧʦ ʙʝʩʧʨʦʚʦʜʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʦ 

ʠʟʚʝʩʪʥʳʤ ʘʣʛʦʨʠʪʤʘʤ ʦʨʠʝʥʪʘʮʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʘʢʞʝ ʚʦʟʤʦʞʝʥ ʩʤʝʰʘʥʥʳʡ ʨʝʞʠʤ, ʢʦʛʜʘ 

ʘʣʛʦʨʠʪʤʠʟʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʫʜʘʣʝʥʥʦ. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʚ 

ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʩʧʦʣʴʟʫʶʪ ʫʜʘʣʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʯʪʦ ʚʣʝʯʝʪ 

ʟʘ ʩʦʙʦʶ ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʤʦʱʥʦʩʪʠ ʩʠʩʪʝʤʳ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʥʘʩʪʦʷʱʠʭ ʤʦʜʫʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʴʢʦ ʧʦʜ 

ʢʦʥʢʨʝʪʥʫʶ ʤʦʙʠʣʴʥʫʶ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʪ.ʝ. ʦʪʩʫʪʩʪʚʫʝʪ ʬʫʥʢʮʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ. ʊʘʢʞʝ ʢ 

ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʣʦʞʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʤʦʜʫʣʝʡ.  
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ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʦʜʫʣʴ ʥʘ ʢʘʬʝʜʨʝ çɸʚʪʦʤʘʪʠʢʘ ʠ ʪʝʣʝʤʝʭʘʥʠʢʘè ʫʩʪʨʘʥʷʝʪ ʫʢʘʟʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. 

ʄʦʜʫʣʴ ʨʝʘʣʠʟʫʝʪ ʫʜʘʣʝʥʥʦʝ ʙʝʩʧʨʦʚʦʜʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦ Wi-fi ʢʘʥʘʣʫ ʠ ʧʝʨʝʜʘʯʫ ʧʦʪʦʢʦʚʦʛʦ ʚʠʜʝʦ. 

ʋʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʥʝʥʦʩ ʧʦʤʦʱʴʶ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʡ 

ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʥʘ ʩʪʦʨʦʥʝ ʦʧʝʨʘʪʦʨʘ. 

ʄʦʜʫʣʴ ʦʩʥʦʚʘʥ ʥʘ ʦʜʥʦʧʣʘʪʥʦʤ ʢʦʤʧʴʶʪʝʨʝ Raspberry Pi. Raspberry Pi ʚʳʧʫʩʢʘʝʪʩʷ ʚ ʜʚʫʭ 

ʢʦʤʧʣʝʢʪʘʮʠʷʭ: ʤʦʜʝʣʴ çAè ʠ ʤʦʜʝʣʴ çBè. ʆʙʝ ʚʝʨʩʠʠ ʦʩʥʘʱʝʥʳ ARM11 ʧʨʦʮʝʩʩʦʨʦʤ Broadcom BCM2835 

ʩ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʦʡ 700 ʄɻʮ ʠ ʤʦʜʫʣʝʤ ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʥʘ 256ʄɹ/512ʄɹ, ʨʘʟʤʝʱʝʥʥʳʤʠ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ çpackage-on-packageè ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʨʦʮʝʩʩʦʨʝ. ʄʦʜʝʣʴ çAè ʦʩʥʘʱʘʝʪʩʷ ʦʜʥʠʤ USB 2.0 

ʧʦʨʪʦʤ, ʪʦʛʜʘ ʢʘʢ ʤʦʜʝʣʴ çBè ð ʜʚʫʤʷ, ʪʘʢʞʝ ʫ ʤʦʜʝʣʠ çBè ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʦʨʪ Ethernet. ʇʦʤʠʤʦ ʦʩʥʦʚʥʦʛʦ 

ʷʜʨʘ, BCM2835 ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʨʘʬʠʯʝʩʢʦʝ ʷʜʨʦ ʩ ʧʦʜʜʝʨʞʢʦʡ OpenGL ES 2.0, ʘʧʧʘʨʘʪʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʠ 

FullHD-ʚʠʜʝʦ ʠ ʷʜʨʦ ʦʙʨʘʙʦʪʯʠʢʘ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ. ɺʳʚʦʜ ʚʠʜʝʦʩʠʛʥʘʣʘ ʚʦʟʤʦʞʝʥ ʯʝʨʝʟ ʢʦʤʧʦʟʠʪʥʳʡ 

ʨʘʟʲʸʤ RCA ʠʣʠ ʯʝʨʝʟ ʮʠʬʨʦʚʦʡ HDMI-ʠʥʪʝʨʬʝʡʩ. ʂʦʨʥʝʚʘʷ ʬʘʡʣʦʚʘʷ ʩʠʩʪʝʤʘ, ʦʙʨʘʟ ʷʜʨʘ ʠ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʬʘʡʣʳ ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʢʘʨʪʝ ʧʘʤʷʪʠ SD, MMC ʠʣʠ SDIO. 

RaspberryPi ʠʤʝʝʪ ʥʠʟʢʦʫʨʦʚʥʝʚʳʡ ʠʥʪʝʨʬʝʡʩ GPIO ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʨʘʡʚʝʨʘʤʠ ʜʚʠʛʘʪʝʣʝʡ. ɼʦʩʪʫʧ 

ʧʦ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʨʘʟʚʝʨʪʳʚʘʥʠʷ HTTP-ʩʝʨʚʝʨʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʜʥʦʧʣʘʪʥʦʤ 

ʢʦʤʧʴʶʪʝʨʝ.ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʨʘʫʟʝʨʘ ʠ ʦʜʥʦʧʣʘʪʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʧʦʩʪʨʦʝʥʦ ʧʦ ʩʭʝʤʝ ʨʘʩʧʨʝʜʝʣʝʥʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ, ʯʪʦ ʨʝʘʣʠʟʫʝʪ ʧʨʦʪʦʢʦʣ çʟʘʧʨʦʩ-ʦʪʚʝʪè.   

ʋʧʨʘʚʣʝʥʠʝ ʤʦʜʫʣʝʤ ʨʝʘʣʠʟʦʚʘʥʦ ʧʦ ʙʝʩʧʨʦʚʦʜʥʦʤʫ ʢʘʥʘʣʫ Wi-fi ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ ASUS-n13. Wi-fi 

ʤʦʜʫʣʴ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʦʜʥʦʧʣʘʪʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ ʧʦ 

ʩʪʘʥʜʘʨʪʫ 802.11n ʩ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ Windows, MacOS, UNIX. 

ʇʝʨʝʜʘʯʘ ʧʦʪʦʢʦʚʦʛʦ ʚʠʜʝʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʧʦʢʘʜʨʦʚʦʛʦ ʩʞʘʪʠʷ MJPEG, ʦʩʥʦʚʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʦʙʨʘʙʦʪʢʘ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʢʘʜʨʘ ʚʠʜʝʦʧʦʪʦʢʘ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ 

ʩʞʘʪʠʷ ʠʟʦʙʨʘʞʝʥʠʡ JPEG. 

ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʤʦʜʫʣʷ ʚʝʜʝʪʩʷ ʥʘ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʤ ʷʟʳʢʝ Python, ʢʦʪʦʨʳʡ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʯʠʪʘʝʤʦʩʪʠ ʢʦʜʘ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʠʟʢʦʫʨʦʚʥʝʚʦʛʦ ʠʥʪʝʨʬʝʡʩʘ GPIO ʨʝʘʣʠʟʦʚʘʥʦ ʩ 

ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢ WebiOpi. WebiOpiʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʣʦʛʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʧʠʥʦʚ ʠʥʪʝʨʬʝʡʩʘ 

GPIO, ʪʘʢʞʝ ʨʝʘʣʠʟʫʝʪ ʬʫʥʢʮʠʠ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ. ʀʤʝʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʜʘʪʯʠʢʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʦʜʫʣʴ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʫʝʪ ʬʫʥʢʮʠʶ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʟʘ ʩʯʝʪ ʧʨʦʮʝʜʫʨʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷPython, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʣʶʙʦʡ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ. ʄʦʜʫʣʴ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʥʘʣʳ Wi-fi 

ʩʦʝʜʠʥʝʥʠʷ, ʥʦ ʠ ʜʨʫʛʠʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪʘʢʠʝ ʢʘʢ 3G, GPS. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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˕˞˞˘˒ˑ˛ˏˍ˚˕˒ ˞˕˞˟˒˙ ˟˒ˢ˚˕ˤ˒˞˗˛ː˛ ˔˝˒˚˕ˬȟ ˜˛˞˟˝˛˒˚˚˨ˢ ˞ ˕˞˜˛˘˩˔˛ˏˍ˚˕˒˙ 
ˎ˒˞˜˝˛ˏ˛ˑ˚˛˖ ˟˒ˢ˚˛˘˛ː˕˕ 7)-FI 

Analysis of robot vision systems based on Wi -Fi wireless tech nology  

˙ˍ˚ˍ˝˛ˏ ˔Ȣ˙Ȣ 

˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̖̑́̅̉̏̓̆̎̉̋̉ȟ 
̞̌̆̋̓̑̏̎̉̋̉ ̉ ́̃̓̏̍́̓̉̋̉ 

˙́̎́̑̏̃ ˔Ȣ˙Ȣ ɂ ́ ̒̐̉̑́̎̓ ̜̋́̆̅̑̕ Ⱥˍ̘̃̓̏̍́̓̉̆̒̋̉̆ ̜̒̉̒̓̆̍Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˕̘̃̆̎̋̏ ˏȢˑȢ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʠʧʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ ʩ ʧʦʜʚʠʞʥʳʤʠ ʨʦʙʦʪʘʤʠ ʥʘ 

ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ Wi-Fi, ʧʨʦʚʦʜʠʪʩʷ ʠʭ ʘʥʘʣʠʟ, ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚ ʦʙʣʘʩʪʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʧʦʜʚʠʞʥʳʭ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʠʭ ʯʘʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ 

ʠʩʧʦʣʴʟʫʝʪ ʪʠʧʦʚʳʝ ʩʠʩʪʝʤʳ ʰʠʨʦʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ Wi-Fi (IEEE 802.11), ʯʪʦ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʫʩʣʦʚʣʝʥʦ ʝʸ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʫʜʦʙʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ. 

ʅʘʨʷʜʫ ʩ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʘʢʦʡ ʧʦʜʭʦʜ ʠʤʝʝʪ ʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ. 

ʂʘʢ ʠ ʣʶʙʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʚʷʟʠ, ʪʝʭʥʣʦʛʠʷ Wi-Fi ʩʦʟʜʘʚʘʣʘʩʴ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʘ ʠʤʝʥʥʦ: ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ʕʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʧʨʝʜʝʣʠʣʦ ʝʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʠ ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʠʢʣʘʜʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʪʝʭʥʦʣʦʛʠʠ Wi-Fi ʚ ʢʦʥʪʝʢʩʪʝ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʷʚʣʷʶʪʩʷ: 

1. ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ. ʊʦ ʝʩʪʴ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʚʠʜʝʦ-ʩʠʛʥʘʣʘ ʚʳʩʦʢʦʛʦ 

ʢʘʯʝʩʪʚʘ. ʏʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʪʝʭʥʣʦʛʠʷʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʨʘʙʦʪʫ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. 

2. ʄʥʦʞʝʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʝʜʠʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʝʪʴ ʤʝʞʜʫ 
ʛʨʫʧʧʦʡ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʚ. 

3. ɼʦʩʪʫʧʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʠʩʪʝʤʳ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʧʨʦʠʟʚʦʜʷʪʩʷ ʤʥʦʞʝʩʪʚʦʤ 

ʢʦʤʧʘʥʠʡ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʠ ʠʤʝʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʮʝʥʫ. 

4. ʋʥʠʬʠʢʘʮʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʦ ʩʪʘʥʜʘʨʪʘ ʜʣʷ ʚʩʝʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ɻʘʨʘʥʪʠʨʫʝʪʩʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʣʘʛʦʜʘʨʷ ʦʙʷʟʘʪʝʣʴʥʦʡ ʩʝʨʪʠʬʠʢʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʣʦʛʦʪʠʧʦʤ Wi-Fi. 

5. ʃʠʮʝʥʟʠʨʦʚʘʥʥʳʡ ʯʘʩʪʦʪʥʳʡ ʨʝʩʫʨʩ. ɺ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ ʦʙʦʨʫʜʦʚʘʥʠʝ Wi-Fi ʥʝ 

ʪʨʝʙʫʝʪ ʨʝʛʠʩʪʨʘʮʠʠ, ʠ, ʟʘ ʥʝʙʦʣʴʰʠʤ ʠʩʢʣʶʯʝʥʠʝʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʛʨʘʥʠʯʝʥʦ ʚ ʧʨʠʤʝʥʝʥʠʠ. 

ʕʪʦ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ Wi-Fi, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʣʠ ʙʦʣʴʰʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʨʦʙʦʪʦʪʝʭʥʠʢʝ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ Wi-Fi ʪʝʭʥʦʣʦʛʠ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. 

ʊʝʭʥʦʣʦʛʠʷ Wi-Fi ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʳʤ ʠ ʧʨʦʩʪʳʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʨʝʜʩʪʚʦʤ ʩʚʷʟʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʥʘ 

ʥʝ ʣʠʰʝʥʘ ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ, ʚʳʙʦʨʝ ʚʠʜʝʦ-ʢʦʜʝʢʦʚ ʠ ʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʇʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʩʧʨʦʚʦʜʥʦʡ ʪʝʭʥʦʣʦʛʠʠ Wi-
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˜˝˛ː˚˛˔˕˝˛ˏˍ˚˕˒ ˡ˛˚ˑ˛ˏ˨ˢ ˝˨˚˗˛ˏ ˞ ˜˛˙˛˦˩˫ ˙˛ˑ˒˘˕ ˏ˒ː˒-˕˔˕˚ːˍ 

Forecasting stock markets using Vege -Ising model  

˜˛˟ˍ˜˛ˏˍ ˏȢˍȢȟ ˚˕˗˛˚˛ˏˍ ˙ȢˍȢȟ ˘ˍˏ˝˒˚˟˩˒ˏˍ ˑȢ˒Ȣ 

ˏ̏̑̏̎̆̇̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

˜̏̓́̐̏̃́ ˏȢˍȢȟ ˚̉̋̏̎̏̃́ ˙ȢˍȢȟ ˘̝́̃̑̆̎̓̆̃́ ˑȢ˒Ȣ ɀ ̒ ̜̓̔̅̆̎̓ ̋ ̜́̆̅̑̕ Ⱥˣ̜̉̑̏̃̆̕ ̖̓̆̎̏̌̏̄̉̉Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˞̆̍̆̎̏̃ ˙Ȣ˒Ȣ 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʢʦʪʠʨʦʚʦʢ ʥʘ ʬʠʥʘʥʩʦʚʳʭ ʠ 

ʬʦʥʜʦʚʳʭ ʨʳʥʢʘʭ. 

 

ʄʦʜʝʣʴ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʊʦʥʠʩʦʤ ɺʝʛʝ ʚ 1990 ʛʦʜʫ [1]. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʤʦʜʝʣʴ ɺʝʛʝ-ʀʟʠʥʛʘ ʙʳʣʘ 

ʧʨʠʟʚʘʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʚʥʝʰʥʝʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʚ ʥʘʰʝʡ ʤʦʜʝʣʠ ʦʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʥʦʨʦʜʥʳʤ ʛʨʫʧʧʘʤ ʪʨʝʡʜʝʨʦʚ. 

ʉʥʘʯʘʣʘ ʤʳ ʩʪʨʦʠʤ ʛʠʩʪʦʛʨʘʤʤʫ ʠʟ ʢʦʪʠʨʦʚʦʢ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʥʜʝʢʩʘ ʬʠʥʘʥʩʦʚʦʛʦ ʨʳʥʢʘ. ɿʘʪʝʤ, 

ʦʧʨʝʜʝʣʷʝʤ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʳʥʦʯʥʳʭ ʜʦʭʦʜʥʦʩʪʝʡ: 
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ʛʜʝ q ï ʧʝʨʝʤʝʥʥʘʷ, ʦʧʠʩʳʚʘʶʱʘʷ ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʪʝʥʜʝʥʮʠʠ ʥʘ ʨʳʥʢʝ (ʧʦʟʠʪʠʚʥʳʝ ʠʣʠ ʥʝʛʘʪʠʚʥʳʝ),  

q [᷾-1/2, 1/2], ʩ ï ʵʪʦ ʥʦʨʤʠʨʫʶʱʘʷ ʢʦʥʩʪʘʥʪʘ, )(qK - ʢʦʵʬʬʠʮʠʝʥʪ ʜʨʝʡʬʘ, ʢʦʪʦʨʘʷ ʟʘʜʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʦʡ:  
 

,    (2) 
 

)(qQ  - ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ: 
 

.    (3) 
 

ʌʫʥʢʮʠʷ (1) ʤʝʥʷʝʪ ʩʚʦʶ ʬʦʨʤʫ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʝ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ k, h ʠ N. ɿʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʧʦʢʘʟʘʪʝʣʷ ʪʦʣʧʳ k ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʦʢʘʟʘʪʝʣʷ ʍʝʨʩʪʘ [2-4]. ʈʘʩʯʝʪ ʩʪʝʧʝʥʝʡ 

ʩʚʦʙʦʜʳ N ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ h ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʧʦʜʛʦʥʢʠ ʫʨʘʚʥʝʥʠʷ (1). 

ʆʪ ʟʥʘʯʝʥʠʡ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʚʠʩʠʪ, ʚ ʢʘʢʦʤ ʨʳʥʦʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ 

ʨʳʥʦʢ: 1. ʕʬʬʝʢʪʠʚʥʳʡ ʨʳʥʦʢ (kå1.8, hå0, N=186); 2. ʇʝʨʝʭʦʜʥʳʝ ʩʦʩʪʦʷʥʠʷ ʨʳʥʢʘ (kå2.0, hå0, N=186);  

3. ʍʘʦʪʠʯʝʩʢʠʡ ʨʳʥʦʢ (kå2.2, hå0, N=186); 4. ʂʦʛʝʨʝʥʪʥʳʝ ʨʳʥʢʠ: ʘ) ʢʦʛʝʨʝʥʪʥʳʡ ʤʝʜʚʝʞʠʡ ʨʳʥʦʢ (kå2.2, 

hå-2.2, N=186); ʙ) ʢʦʛʝʨʝʥʪʥʳʡ ʙʳʯʠʡ ʨʳʥʦʢ (kå2.2, hå2.2, N=186). 

ɺ ʠʪʦʛʝ ʤʳ ʩʨʘʚʥʠʚʘʝʤ ʧʦʣʫʯʠʚʰʫʶʩʷ ʛʠʩʪʦʛʨʘʤʤʫ ʩ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ 

ʚʳʙʠʨʘʝʤ ʪʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʨʘʟʥʠʮʘ ʤʠʥʠʤʘʣʴʥʘ. 
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Construction of an diagnostics algorithm of the state biotechnology systems  
(on the example of classification flour)  

˞ˍˏˏ˕˚ˍ ˒ȢˍȢ, ˎ ˕˟˫˗˛ˏ ˏȢ˗Ȣ 

ˡːˎ˛ˠˏ˜˛ ˏ̏̑̏̎̆̇̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆ ̑̒̉̓̆̓ ̜̖̉̎̇̆̎̆̑̎ ̖̓̆̎̏̌̏̄̉̊ 
ˡːˎ˛ˠˏ˜˛ ˏ̏̑̏̎̆̇̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

˞́̃̃̉̎́ ˒ȢˍȢ ɀ ́ ̒̐̉̑́̎̓ ̜̋́̆̅̑̕ Ⱥ˕̗̜̖̎̏̑̍́̉̏̎̎̕ ̉ ̠̟̖̔̐̑́̃̌̉̚ ̒̉̒̓̆̍Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˎ̟̉̓̋̏̃ ˏȢ˗Ȣ 

 
ɺ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʢʣʘʩʪʝʨʥʦʛʦ, ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʠ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʢʘʯʝʩʪʚʘ ʤʫʢʠ. ɼʘʥʥʳʡ ʚʳʙʦʨ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʧʨʦʜʫʢʮʠʠ ʩ ʫʩʪʦʡʯʠʚʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩʦʨʪʘ ʤʫʢʠ. ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʢʘʯʝʩʪʚʘ ʤʫʢʠ. 

 

ʂʘʯʝʩʪʚʦ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʨʝʮʝʧʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠ ʪʦʯʥʦʩʪʠ ʩʦʙʣʶʜʝʥʠʷ ʥʦʨʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʪʝʢʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʭʣʝʙʘ ʨʘʟʣʠʯʥʦʛʦ ʢʘʯʝʩʪʚʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʯʝʩʪʚʘ 

ʠʥʛʨʝʜʠʝʥʪʦʚ, ʦʩʥʦʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʤʫʢʘ [1]. ʇʦʵʪʦʤʫ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʤʫʢʠ 

ʘʢʪʫʘʣʴʥʦ. 

ʇʨʝʜʣʦʞʝʥʘ ʜʚʫʭʵʪʘʧʥʘʷ ʤʝʪʦʜʠʢʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʯʝʩʪʚʘ ʤʫʢʠ, ʛʜʝ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʷʚʣʷʣʠʩʴ 

ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʧʨʠʟʥʘʢʠ ʤʝʪʦʜʦʤ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ, ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ: ʜʚʫʭʵʪʘʧʥʳʤ ʢʣʘʩʪʝʨʥʳʤ ʘʥʘʣʠʟʦʤ, ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʤ ʤʝʪʦʜʦʤ, ʥʝʡʨʦʩʝʪʝʚʳʤ ʤʝʪʦʜʦʤ [2]. 

ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʠ ʧʨʠʟʥʘʢʦʚ ʧʨʠʥʷʪ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʤʝʞʜʫ 

ʧʨʠʟʥʘʢʦʤ ʠ ʢʣʘʩʩʦʤ ʢʘʯʝʩʪʚʘ ʤʫʢʠ. ɼʣʷ ʧʝʨʚʦʛʦ ʢʣʘʩʩʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 2 ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʘ: ʮʚʝʪ 

ʤʫʢʠ ʙʝʣʳʡ ʍ10 ʠ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʫʛʣʝʚʦʜʦʚ ʍ28, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʢʦʪʦʨʳʭ 

ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0,755 ʜʦ 0,819, ʪʦ ʝʩʪʴ ʪʝʩʥʦʪʘ ʩʚʷʟʠ ʩʠʣʴʥʘʷ. ɼʣʷ ʚʪʦʨʦʛʦ ʢʣʘʩʩʘ ʚʳʷʚʣʝʥ 1 ʩʧʝʮʠʬʠʯʝʩʢʠʡ 

ʧʨʠʟʥʘʢ: ʮʚʝʪ ʤʫʢʠ ʩ ʞʝʣʪʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ ʍ12, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʢʦʪʦʨʦʛʦ 0,826, ʪʦ ʝʩʪʴ ʪʝʩʥʦʪʘ 

ʩʚʷʟʠ ʩʠʣʴʥʘʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʨʝʪʠʡ ʢʣʘʩʩ ʠʤʝʝʪ 1 ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ: ʮʚʝʪ ʤʫʢʠ ʩʝʨʳʡ ʍ11, 

ʟʥʘʯʝʥʠʝ r ʨʘʚʥʦ 0,748. ɼʣʷ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʩʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 7 ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ: ʪʠʪʨʫʝʤʘʷ 

ʢʠʩʣʦʪʥʦʩʪʴ ʍ2, ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʢʣʝʡʢʦʚʠʥʳ ʍ4, ʯʠʩʣʦ ʧʘʜʝʥʠʷ ʍ7, ʢʨʫʧʥʦʩʪʴ ʧʦʤʦʣʘ ʍ9, ʚʢʫʩ ʧʣʝʩʥʝʚʝʣʳʡ 

ʍ17, ʟʦʣʴʥʦʩʪʴ ʍ27, ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,717 ʜʦ 0,952.  

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʯʝʩʪʚʘ ʤʝʪʦʜʦʤ ʜʚʫʭʵʪʘʧʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠʟʥʘʢʠ, ʦʪʦʙʨʘʥʥʳʝ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ. ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠʟʥʘʢʦʚ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ: ʮʚʝʪ ʤʫʢʠ ʙʝʣʳʡ X10, ʮʚʝʪ ʤʫʢʠ ʩʝʨʳʡ X11, ʮʚʝʪ ʤʫʢʠ ʩ ʞʝʣʪʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ X12, ʚʢʫʩ ʧʣʝʩʥʝʚʝʣʳʡ 

X17, ʪʠʪʨʫʝʤʘʷ ʢʠʩʣʦʪʥʦʩʪʴ X2, ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʢʣʝʡʢʦʚʠʥʳ X4, ʯʠʩʣʦ ʧʘʜʝʥʠʷ X7, ʮʚʝʪ ʤʫʢʠ X8, ʢʨʫʧʥʦʩʪʴ 

ʧʦʤʦʣʘ X9, ʟʦʣʴʥʦʩʪʴ X27, ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʫʛʣʝʚʦʜʦʚ X28. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʳʣʦ ʜʦʧʫʱʝʥʦ 41 (6,9 %) ʦʰʠʙʦʢ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʨʦʜʘ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 32 (5,4 %) ʥʘʙʣʶʜʝʥʠʷ ʦʰʠʙʦʯʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʢʘʢ ʦʯʝʥʴ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ 

ʚʤʝʩʪʦ ʭʦʨʦʰʝʛʦ, 2 (0,3 %) ʩʣʫʯʘʷ ʦʯʝʥʴ ʧʣʦʭʦʛʦ ʢʘʯʝʩʪʚʘ ʦʪʥʝʩʝʥʳ ʢ ʧʣʦʭʦʤʫ. 7(1,2%) ʣʦʞʥʳʭ ʪʨʝʚʦʛ ï 

ʦʪʥʝʩʝʥʠʝ ʧʣʦʭʦʛʦ ʢʘʯʝʩʪʚʘ ʢ ʦʯʝʥʴ ʧʣʦʭʦʤʫ. ʂʣʘʩʩ 1 ʙʳʣ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ 140 (100,0 %). 

ɺʦ ʚʪʦʨʦʤ ʚʝʨʥʦ ʨʘʩʧʦʟʥʘʥʦ 163 (83,6 %) ʥʘʙʣʶʜʝʥʠʷ, ʚ ʪʨʝʪʴʝʤ ï 133 (93,5 %), ʚ ʯʝʪʚʝʨʪʦʤ ï 118 (98,3 %). 

ɺʩʝʛʦ ʧʦ ʚʳʙʦʨʢʝ ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʦ 554 (93,9 %) ʠʟ 595 ʥʘʙʣʶʜʝʥʠʡ. 

ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʯʠʩʣʦ ʩʣʫʯʘʝʚ ʣʦʞʥʦʡ ʪʨʝʚʦʛʠ 

ʩʦʩʪʘʚʠʣʦ 7 (5,0 %) - ʵʪʦ ʦʪʥʝʩʝʥʠʝ ʧʣʦʭʦʛʦ ʢʘʯʝʩʪʚʘ ʢ ʭʫʜʰʝʤʫ. ɺʳʷʚʣʝʥʦ 3 ʩʣʫʯʘʷ (2,3 %) ʧʨʦʧʫʩʢʘ 

ʩʠʛʥʘʣʘ, ʠʟ ʥʠʭ ʚ 1 ʥʘʙʣʶʜʝʥʠʠ (0,5%) ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʙʳʣʦ ʥʝʚʝʨʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʦ ʢʘʢ ʦʯʝʥʴ 

ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ, ʚ 2 ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ (1,7 %) ʦʯʝʥʴ ʧʣʦʭʦʝ ʢʘʯʝʩʪʚʦ ʨʘʩʮʝʥʝʥʦ ʢʘʢ ʧʣʦʭʦʝ ʢʘʯʝʩʪʚʦ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʢʣʘʩʩʝ ʙʳʣʦ ʚʝʨʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʦ 140 (100 %) ʥʘʙʣʶʜʝʥʠʡ, ʚʦ ʚʪʦʨʦʤ ʢʣʘʩʩʝ ï 

194 (99,5 %), ʚ ʪʨʝʪʴʝʤ ï 124 (94,3 %), ʚ ʯʝʪʚʝʨʪʦʤ ï 118 (98,3 %). ʊʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʝʪʦʜʦʤ 

ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʠʣʘ 576 (98,02%).  
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ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʡʨʦʩʝʪʝʚʳʤ ʤʝʪʦʜʦʤ ʚʳʷʚʠʣ, ʯʪʦ ʯʠʩʣʦ ʣʦʞʥʳʭ ʪʨʝʚʦʛ ʠ ʧʨʦʧʫʩʢʘ ʩʠʛʥʘʣʘ 

ʩʦʢʨʘʪʠʣʦʩʴ ʜʦ 0 (0%) ʠ 1 (1,06 %) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʚ ʧʝʨʚʦʤ 140 (100%), 

ʚ ʪʨʝʪʴʝʤ 140 (100%) ʠ ʯʝʪʚʝʨʪʦʤ 120 (100%) ʢʣʘʩʩʘʭ ʢʘʯʝʩʪʚʘ. ɺ ʛʨʫʧʧʝ ʩ ʭʦʨʦʰʠʤ ʢʘʯʝʩʪʚʦʤ 1 (1,06%) 

ʥʘʙʣʶʜʝʥʠʝ ʥʝʧʨʘʚʠʣʴʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʦ ʢʘʢ ʦʯʝʥʴ ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ, ʪ.ʝ. ʪʦʯʥʦʩʪʴ - 194 (98,94 %). 

ʊʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚʩʝʡ ʚʳʙʦʨʢʠ ʤʝʪʦʜʦʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩʦʩʪʘʚʠʣʘ 594 (99,73 %). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜʠʢʘ ʜʚʫʭʵʪʘʧʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʛʜʝ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʨʛʘʥʠʟʫʝʪʩʷ ʩʠʩʪʝʤʘ 

ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʢʘʯʝʩʪʚʦ ʤʫʢʠ ʤʝʪʦʜʦʤ 

ʜʚʫʭʵʪʘʧʥʦʛʦ ʢʣʘʩʪʝʨʥʦʛʦ, ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʛʦ ʠ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʘʥʘʣʠʟʘ.  
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Research of statistical properties of factors correlation estimates in presence of random errors 
in factor values observations  

˞˕˝̨˟˕˚ ˑȢ˕Ȣȟ ˡ˛˙˕˚ ːȢˍȢ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

˞̉̑̏̓̉̎ ˑȢ˕Ȣ - ́ ̒̐̉̑́̎̓ ̋́̕Ȣ ̠̔̐̑́̃̌̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˡ̏̍̉̎ ːȢˍȢ 

 
ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣʳ ʤʝʞʬʘʢʪʦʨʥʦʡ ʩʚʷʟʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʴʶ, ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ  ʠ ʦʪ ʯʠʩʣʘ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ. 

 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʚʝʣʠʯʠʥʳ ʜʠʩʧʝʨʩʠʡ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʘʢʪʦʨʦʚ ʚ ʥʘʙʣʶʜʝʥʠʷʭ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʳ ʤʝʞʬʘʢʪʦʨʥʦʡ ʩʚʷʟʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʣʳ ʤʝʞʬʘʢʪʦʨʥʦʡ ʩʚʷʟʠ ʙʳʣ ʚʳʙʨʘʥ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ, ʧʨʠʥʠʤʘʶʱʠʡ 

ʟʥʘʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 (ʥʝʪ ʩʚʷʟʠ) ʜʦ 1 (ʩʠʣʴʥʘʷ ʩʚʷʟʴ). ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʮʝʥʦʢ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʩʩʣʝʜʫʝʤʦʡ ʤʦʜʝʣʠ ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ, ʩʦʜʝʨʞʘʱʠʤ 

ʩʣʫʯʘʡʥʳʝ ʦʰʠʙʢʠ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ, ʧʨʠʚʝʜʝʥʥʦʛʦ ʚ [ʃ]. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʦʮʝʥʦʢ ʠ ʠʭ ʘʩʠʤʧʪʦʪʠʯʝʩʢʫʶ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ. ɺ ʘʣʛʦʨʠʪʤʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʦʩʪʘʥʦʚʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɺʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʝʪʝʨʤʠʥʘʮʠʠ: 

1. ʜʠʩʧʝʨʩʠʠ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʦʨʦʚ; 

2. ʯʠʩʣʦ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ; 

3. ʜʠʩʧʝʨʩʠʷ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʦʰʠʙʢʠ. 
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ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ.  ʇʨʠ ʵʪʦʤ ʜʣʷ ʢʘʞʜʦʛʦ 

ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʩʣʫʯʘʡʥʦʡ ʦʰʠʙʢʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚʳʙʦʨʢʠ ʧʦ 1000 ʥʘʙʣʶʜʝʥʠʡ. ʇʦ ʢʘʞʜʦʡ ʚʳʙʦʨʢʝ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠ ʨʘʩʯʝʪ ʦʮʝʥʢʠ ʩʠʣʳ ʤʝʞʬʘʢʪʦʨʥʦʡ ʩʚʷʟʠ. ɼʣʷ ʘʥʘʣʠʟʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ ʦʮʝʥʦʢ ʧʨʠ ʢʘʞʜʦʤ ʟʥʘʯʝʥʠʠ ʜʠʩʧʝʨʩʠʠ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʠ ʦʙʨʘʙʘʪʳʚʘʣʦʩʴ ʧʦ 200 

ʚʳʙʦʨʦʢ. ʆʮʝʥʢʠ  ʩʠʣʳ ʩʚʷʟʠ ʫʩʨʝʜʥʷʣʠʩʴ ʧʦ ʤʥʦʞʝʩʪʚʫ ʦʜʥʦʨʦʜʥʳʭ ʚʳʙʦʨʦʢ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʨʘʩʯʝʪʦʤ 

ʠʥʪʝʨʚʘʣʴʥʦʡ ʦʮʝʥʢʠ. ʊʘʢʠʝ ʨʘʩʯʝʪʳ ʧʦʚʪʦʨʷʣʠʩʴ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʜʠʩʧʝʨʩʠʠ. 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʩʥʠʞʝʥʠʠ ʪʦʯʥʦʩʪʠ ʦʮʝʥʦʢ ʩʠʣʳ ʤʝʞʬʘʢʪʦʨʥʦʡ ʩʚʷʟʠ 

ʩ ʨʦʩʪʦʤ ʜʠʩʧʝʨʩʠʠ ʩʣʫʯʘʡʥʳʭ ʦʰʠʙʦʢ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʚ ʫʤʝʥʴʰʝʥʠʠ ʦʮʝʥʢʠ ʩʠʣʳ ʩʚʷʟʠ 

(ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ), ʪʘʢ ʠ ʚ ʫʚʝʣʠʯʝʥʠʠ ʰʠʨʠʥʳ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʮʝʥʦʢ (ʫʚʝʣʠʯʝʥʠʝ 

ʜʠʩʧʝʨʩʠʠ ʦʮʝʥʦʢ).  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʦʮʝʥʦʢ ʩʠʣʳ ʤʝʞʬʘʢʪʦʨʥʦʡ ʩʚʷʟʠ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʚʭʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʜʠʩʧʝʨʩʠʠ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʦʰʠʙʢʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʳʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʘ ʦʮʝʥʦʢ ʩʠʣʳ ʤʝʞʬʘʢʪʦʨʥʦʡ ʩʚʷʟʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɻʨʝʰʠʣʦʚ ɸ.ɸ., ʉʪʘʢʫʥ ɺ.ɸ., ʉʪʘʢʫʥ ɸ.ɸ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʟʦʚ. ï ʄ.: ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 

1997 ï 112 ʩ. 

 

 

 
 

 

ˍ˘ː˛˝˕˟˙ ̨ ˜˟˕˙ˍ˘˩˚˛ː˛ ɣ ˜˝ˍˏ˘˒˚˕ˬ ̞ ˚ˡ˝ˍ˗˝ˍ˞˚˨˙ ̊ ˍː˝˒ˏˍ˟˒˘˒˙ 

Algorithm of optimum turning on of the infrared heater  

˞ˠˢ˛ˏ ˍȢˍȢ 

˜̆̎̈̆̎̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

˞̖̔̏̃ˍȢˍȢ - ̒ ̓̔̅̆̎̓ φ ̋̔̑̒́ ̜̋́̆̅̑̕ Ⱥˍ̃̓̏̍́̓̉̋́ ̉ ̖̓̆̌̆̍̆́̎̉̋́Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ɀ ̅ Ȣ̓Ȣ̎Ȣȟ ̐̑̏̆̒̒̏̑̕ ˞̧̆̍̎̏̃ ˍȢˑȢ 

 
ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʥʘʡʜʝʥ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ  

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʫʤʘ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʪʦʢʘ ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ. 

 

ʀʟʚʝʩʪʥʦ,ʯʪʦ ʚ ʭʦʣʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ (ʀʂʅ) ʠʣʠ ʣʘʤʧʳ 

ʥʘʢʘʣʠʚʘʥʠʷ (ʃʅ) ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʥʘʛʨʝʪʦʛʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʙʨʦʩʢʘʤ ʪʦʢʘ ʚ ʤʦʤʝʥʪ 

ʚʢʣʶʯʝʥʠʷ ʠ ʩʥʠʞʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ ʙʨʦʩʢʦʚ ʪʦʢʘ ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ʟʘ ʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ 

ʚʢʣʶʯʝʥʠʷ ʀʂʅ. 

ʀʩʭʦʜʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘʡʪʠ 

ʪʘʢʦʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʢʣʶʯʝʥʠʷ [0, ʊʚ] 

ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʳʤ 
 

min
0

-=ñ
ʚT

IdtJ .      (1) 

 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘʪʝʣʷ ʚ ʤʦʤʝʥʪ ʚʢʣʶʯʝʥʠʷ ʟʘʜʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 



ζ˿˻ˤ˾˩˸˩˹˹̍˩́˩̆˹˻˶˻˥ˮˮ ˤ ˭ˢ˨ˢ̉ˢ̆ ̂˽˾ˢˤ˶˩˹ˮ̒Σ ˢˤ́˻˸ˢ́ˮ˴ˮ ˮ ˻ˣ˾ˢˣ˻́˴ˮ ˮ˹̅˻˾˸ˢ̇ˮˮη 
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2aRI
dt

d
T =Q+
Q

,      (2) 

 

ʛʜʝ ʊ ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʥʘʛʨʝʚʘ, Q- ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʛʨʝʚʘʪʝʣʷ, a - ʧʦʩʪʦʷʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ, R ï ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘʛʨʝʚʘʪʝʣʷ, I ï ʪʦʢ, ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʥʘʛʨʝʚʘʪʝʣʴ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʛʨʝʚʘʪʝʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʥʘʛʨʝʚʘʪʝʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ: 
 

Q=kR ,      (3) 
 

ʛʜʝ k ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. 

ʇʦʜʩʪʘʚʣʷʷ (3) ʚ (2) ʥʘʡʜʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʪʦʢʘ  
 

R

RRT

a

k
I

+
=

#
.      (4) 

 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ (4) ʚ (1) ʧʦʣʫʯʠʤ ʚʘʨʠʘʮʠʦʥʥʫʶ ʟʘʜʘʯʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʢʣʶʯʝʥʠʷ. 

ɽʸ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ: 
 

cteRR 0= ,      (5) 
 

ʛʜʝ 0R - ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʭʦʣʦʜʥʦʤ ʥʘʛʨʝʚʘʪʝʣʝ, ʩ ï ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʫʶ 

ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ 

ʇʦʜʩʪʘʚʣʷʷ (5) ʚ (2) ʩ ʫʯʝʪʦʤ (3) ʧʦʣʫʯʘʝʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʩʪʦʷʥʥʳʤ ʠ ʨʘʚʥʳʤ 

ʥʦʤʠʥʘʣʴʥʦʤʫ. 

 

 

 
 

 

˞˕˞˟˒˙ˍ ˠ˜˝ˍˏ˘˒˚˕ˬ ˕˞˜˛˘˚˕˟˒˘˩˚˛ː˛ ˠ˝˛ˏ˚ˬ ˙˛ˎ˕˘˩˚˨ˢ 
˝˛ˎ˛˟˛˟˒ˢ˚˕ˤ˒˞˗˕ˢ ˗˛˙˜˘˒˗˞˛ˏ ˞ ˕˞˜˛˘˩˔˛ˏˍ˚˕˒˙ ˟˒ˢ˚˛˘˛ː˕˖ 

˪˗˞˜˒˝˟˚˨ˢ ˞˕˞˟˒˙ 

Mobile robotic system executive control level based on the use of expert system technologies  

˟˒˜˘˛ˏ ˙ȢˍȢȟ ˟ˬːˠ˚˛ˏ ˛ȢˍȢ 

˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̖̑́̅̉̏̓̆̎̉̋̉ȟ 
̞̌̆̋̓̑̏̎̉̋̉ ̉ ́̃̓̏̍́̓̉̋̉ ɉ˙ː˟ɣ  ˙˕˝˪ˍɊ 

˟̆̐̌̏̃ ˙ȢˍȢ ɀ ̍ ́̄̉̒̓̑́̎̓ ̜̋́̆̅̑̕ Ⱥ˜̜̑̏̂̌̆̍ ̠̔̐̑́̃̌̆̎̉Ȼ ˙ː˟ˠ ˙˕˝˪ˍ, 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ɀ ̐ ̑̏̆̒̒̏̑̕ ˟̠̄̔̎̏̃ ˛ȢˍȢ 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʫʨʦʚʥʝʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʫʯʘʩʪʢʦʚ ʘʚʪʦʥʦʤʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʦʙʠʣʴʥʳʭ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 

 

ʄʦʙʠʣʴʥʳʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ (ʄʈʊʂ) ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʭʦʜʷʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯʘʭ ʛʨʘʞʜʘʥʩʢʦʛʦ ʠ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʟʘʨʫʙʝʞʥʳʭ ʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʄʈʊʂ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʧʨʠʥʮʠʧ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʄʈʊʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ 

ʢʦʤʘʥʜʥʦʛʦ ʧʫʥʢʪʘ ʩʧʝʮʠʘʣʴʥʦ ʦʙʫʯʝʥʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ (ʢʘʙʝʣʴʥʳʤ ʠʣʠ ʙʝʩʧʨʦʚʦʜʥʳʤ). 



˿ˣ˻˾˹ˮ˴ ́˾̂˨˻ˤ ˸˩ˬ˨̂˹ˢ˾˻˨˹˻˥˻ ˹ˢ̂̉˹˻-́˩̆˹ˮ̉˩˿˴˻˥˻ ˿˩˸ˮ˹ˢ˾ˢΣ ˢ˶̂̊́ˢ нлмо 
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ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʫʧʨʘʚʣʝʥʠʷ ʄʈʊʂ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʫʶ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʶ ʧʨʠ ʫʩʣʦʚʠʷʭ ʥʘʜʝʞʥʦʩʪʠ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʠ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʦʧʝʨʘʪʦʨʦʚ. ʀʟ ʥʝʜʦʩʪʘʪʢʦʚ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʨʘʜʠʫʩʘ ʜʝʡʩʪʚʠʷ ʈʊʂ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʧʦ 

ʨʘʜʠʦ ʠʣʠ ʢʘʙʝʣʴʥʳʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʯʘʩʪʠʷ ʦʧʝʨʘʪʦʨʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʢ ʈʊʂ ʚ ʮʝʣʦʤ, ʪʘʢ ʠ ʝʛʦ ʦʪʜʝʣʴʥʳʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ. 

ʇʦʵʪʦʤʫ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ ʚʦ ʚʩʝʤ ʤʠʨʝ ʧʨʦʷʚʣʷʝʪʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ 

ʄʈʊʂ ʧʨʠʥʮʠʧʘ ʘʚʪʦʥʦʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʬʫʥʢʮʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ 

ʦʧʝʨʘʪʦʨʦʤ, ʧʝʨʝʜʘʝʪʩʷ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʦʜʩʠʩʪʝʤʘʤ ʙʦʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʥʦʤʥʳʭ ʄʈʊʂ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʄʈʊʂ ʧʨʦʠʩʭʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʙʦʣʴʰʠʥʩʪʚʦ 

ʧʘʨʘʤʝʪʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ ʠʣʠ ʥʝʪʦʯʥʦ ʟʘʜʘʥʥʳʤ.  

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʫʨʦʚʥʝʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʯʘʩʪʢʦʚ ʘʚʪʦʥʦʤʥʦʛʦ ʜʚʠʞʝʥʠʷ ʄʈʊʂ. ʇʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ 

ʜʝʡʩʪʚʠʡ ʦʧʝʨʘʪʦʨʘ (ʚʦʜʠʪʝʣʷ), ʫʧʨʘʚʣʷʶʱʝʛʦ ʜʚʠʞʝʥʠʝʤ ʄʈʊʂ ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ 

ʧʨʦʠʟʚʦʣʴʥʦʤ ʨʝʣʴʝʬʝ ʤʝʩʪʥʦʩʪʠ ʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʥʪʘʭ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʧʝʨʘʪʦʨʘ ï ʚʦʜʠʪʝʣʷ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘ ʦʩʥʦʚʝ 

ʩʫʝɦʩʪʚʫʶʱʠʭ ʥʘʩʪʘʚʣʝʥʠʡ ʠ ʠʥʩʪʨʫʢʮʠʡ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ï ʚʦʜʠʪʝʣʷ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʝʤ ʄʈʊʂ 

ʩʪʨʦʠʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ ʚ ʚʝʨʙʘʣʴʥʦʡ ʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʫʶ ʬʦʨʤʫ, ʫʜʦʙʥʫʶ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʄʈʊʂ. 

ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʄʈʊʂ, ʚʳʧʦʣʥʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ çʋʥʠʚʝʨʩʘʣʴʥʳʡ 

ʤʝʭʘʥʠʟʤè [1]. 
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˟˕˟˛ˏ ˫Ȣ˜Ȣ 

˙̏̒̋̏̃̒̋̉̊ ̗̜́̃̉́̉̏̎̎̊ ̉̎̒̓̉̓̔̓ 
ɉ̗̝̜̎́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ɋ Ⱥ˙ˍ˕Ȼ  

˟̉̓̏̃ ˫Ȣ˜Ȣ ɀ ́ ̒̐̉̑́̎̓ ̋́̕ Τχτφ Ⱥˍ̜̃̓̏̍́̓̉̈̉̑̏̃́̎̎̆ ̜̒̉̒̓̆̍ ̏̂̑́̂̏̓̋̉ ̗̉̎̏̑̍́̉̉̕ 
̉ ̠̔̐̑́̃̌̆̎̉Ȼ, ̎ ̘̜́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˢ̖́̔̌̉̎ ːȢˡȢ 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʤʫʨʘʚʴʠʥʳʭ ʢʦʣʦʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʛʨʫʧʧʳ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʧʫʪʝʚʦʤ ʛʨʘʬʝ. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʟʘʜʘʯʘ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʤʥʦʞʝʩʪʚʘ 

ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩʪʨʦʠʪʩʷ ʧʦʣʥʳʡ ʛʨʘʬ, ʚʝʨʰʠʥʳ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʪʦʯʢʘʤ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʨʘʟʙʠʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʚʝʨʰʠʥ ʛʨʘʬʘ 

ʥʘ ʛʨʫʧʧʳ, ʚʥʫʪʨʠ ʢʦʪʦʨʳʭ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʨʘʟʣʠʯʥʳʤʠ 

http://www.umlab.ru/


ζ˿˻ˤ˾˩˸˩˹˹̍˩́˩̆˹˻˶˻˥ˮˮ ˤ ˭ˢ˨ˢ̉ˢ̆ ̂˽˾ˢˤ˶˩˹ˮ̒Σ ˢˤ́˻˸ˢ́ˮ˴ˮ ˮ ˻ˣ˾ˢˣ˻́˴ˮ ˮ˹̅˻˾˸ˢ̇ˮˮη 

 

 

 
 

36  

ʘʣʛʦʨʠʪʤʘʤʠ, ʥʘʧʨʠʤʝʨ ɸ*. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ 

ʤʫʨʘʚʴʠʥʳʭ ʢʦʣʦʥʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʥʝ ʪʨʝʙʫʝʪ ʨʘʟʙʠʝʥʠʷ ʚʝʨʰʠʥ ʛʨʘʬʘ ʥʘ ʛʨʫʧʧʳ. 

ʄʝʪʦʜ ʤʫʨʘʚʴʠʥʳʭ ʢʦʣʦʥʠʡ (ʘʥʛʣ. ant colony optimization, ACO) ʧʨʝʜʣʦʞʝʥ ʠʪʘʣʴʷʥʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʄʘʨʢʦ ɼʦʨʠʛʦ (Marco Dorigo) ʚ 1992 ʛʦʜʫ [1] ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ. ʕʪʦʪ 

ʠʪʝʨʘʪʠʚʥʳʡ ʤʝʪʦʜ ʦʪʥʦʩʠʪʩʷ ʢ ʢʣʘʩʩʫ ʤʝʪʘʵʚʨʠʩʪʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʳʭ ʧʦʣʦʞʝʥʳ 

ʧʨʦʮʝʜʫʨʳ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʭʦʜʠʪʴ ʨʝʰʝʥʠʷ ʙʣʠʟʢʠʝ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ. ɿʘ ʩʯʝʪ ʧʨʦʩʪʦʪʳ 

ʨʝʘʣʠʟʘʮʠʠ, ʘ ʪʘʢ ʞʝ ʨʘʟʜʝʣʝʥʠʶ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʜʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʣʝʛʢʦ ʤʦʜʠʬʠʮʠʨʫʝʪʩʷ 

ʜʣʷ ʨʝʰʝʥʠʷ ʜʨʫʛʠʭ ʟʘʜʘʯ ʥʘ ʛʨʘʬʘʭ, ʥʘʧʨʠʤʝʨ ï ʟʘʜʘʯʠ ʩʙʦʨʘ ʨʝʩʫʨʩʦʚ[2,3]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʫʩʢʘʪʴ ʥʘ 

ʛʨʘʬ ʥʝ ʦʜʥʦʛʦ ʘʛʝʥʪʘ (ʤʫʨʘʚʴʷ), ʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʛʨʫʧʧʫ ʘʛʝʥʪʦʚ. ʏʠʩʣʦ ʘʛʝʥʪʦʚ ʚ ʛʨʫʧʧʝ ʙʫʜʝʪ ʨʘʚʥʦ ʯʠʩʣʫ 

ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ʏʪʦʙʳ ʘʛʝʥʪʳ ʥʝ ʧʦʩʝʱʘʣʠ ʦʜʠʥʘʢʦʚʳʝ ʚʝʨʰʠʥʳ, ʩʦʟʜʘʜʠʤ ʦʙʱʠʡ ʜʣʷ ʛʨʫʧʧʳ 

ʩʧʠʩʦʢ ʧʨʦʡʜʝʥʥʳʭ ʚʝʨʰʠʥ. ʅʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʦʡʜʝʥʥʳʡ ʧʫʪʴ ʠ ʠʟʤʝʥʠʪʴ ʮʝʣʝʚʫʶ 

ʬʫʥʢʮʠʶ, ʢʦʪʦʨʘʷ ʦʪʚʝʯʘʝʪ ʟʘ ʟʘʥʝʩʝʥʥʫʶ ʤʫʨʘʚʴʷʤʠ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʛʨʘʬ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʛʨʫʧʧʳ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 

ʚʳʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʘʣʛʦʨʠʪʤʘ. ʉʦʟʜʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʚ ʩʨʝʜʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi 7.0. ʠ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʪʝʩʪʦʚ ʥʘ ʟʘʜʘʯʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʛʨʫʧʧʳ ʠʥʢʘʩʩʘʪʦʨʦʚ ʧʦ 

ʛʦʨʦʜʫ ʄʦʩʢʚʘ. 
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Solution of problems routing air assets for a graph with  replenishing dynamic resources  

˟˕˟˛ˏ ˫Ȣ˜Ȣ 

˙̏̒̋̏̃̒̋̉̊ ̗̜́̃̉́̉̏̎̎̊ ̉̎̒̓̉̓̔̓ 
ɉ̗̝̜̎́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ɋ Ⱥ˙ˍ˕Ȼ 

˟̉̓̏̃ ˫Ȣ˜Ȣ ɀ ́ ̒̐̉̑́̎̓ ̋́̕ Τχτφ Ⱥˍ̜̃̓̏̍́̓̉̈̉̑̏̃́̎̎̆ ̜̒̉̒̓̆̍ ̏̂̑́̂̏̓̋̉ ̗̉̎̏̑̍́̉̉̕ 
̉ ̠̔̐̑́̃̌̆̎̉Ȼ, ̎ ̘̜́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˢ̖́̔̌̉̎ ːȢˡȢ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʙʦʨʘ ʨʝʩʫʨʩʦʚ ʥʘ ʧʦʣʥʦʤ ʛʨʘʬʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʙʦʨʘ ʨʝʩʫʨʩʦʚ 

ʧʨʝʜʣʦʞʝʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʫʨʘʚʴʠʥʳʭ ʢʦʣʦʥʠʡ. 

 

ʇʫʩʪʴ ʠʤʝʝʪʩʷ ʧʦʣʥʳʡ ʛʨʘʬ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʦʡ ʚʝʨʰʠʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʵʨʦʧʦʨʪ, ʘ ʢʘʞʜʘʷ ʜʫʛʘ 

ʥʘʛʨʫʞʝʥʘ ʢʦʣʠʯʝʩʪʚʦʤ ʪʦʧʣʠʚʘ, ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ ʧʝʨʝʣʝʪʘ ʧʦ ʥʝʡ. ʂʘʞʜʘʷ ʚʝʨʰʠʥʘ ʥʘʛʨʫʞʝʥʘ ʨʝʩʫʨʩʦʤ, 

ʢʦʪʦʨʦʝ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʤʦʞʝʪ ʩʦʙʨʘʪʴ ʧʨʠ ʧʦʩʝʱʝʥʠʠ ʜʘʥʥʦʡ ʚʝʨʰʠʥʳ. ʂʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ ʚ 

ʚʝʨʰʠʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʘʚʠʘʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ ʧʦʩʝʪʠʣʦ ʜʘʥʥʫʶ ʚʝʨʰʠʥʫ. ʊʘʢʞʝ 

http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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ʩʫʱʝʩʪʚʫʶʪ ʚʝʨʰʠʥʳ, ʢʦʪʦʨʳʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʜʦʟʘʧʨʘʚʢʫ ʘʚʠʘʮʠʦʥʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʫʚʝʣʠʯʠʚʘʷ ʢʦʣʠʯʝʩʪʚʦ 

ʪʦʧʣʠʚʘ. ʎʝʣʴʶ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʨʘʥʥʳʭ ʨʝʩʫʨʩʦʚ[1]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʜʠʬʠʮʠʨʫʝʤ ʘʣʛʦʨʠʪʤ ʤʫʨʘʚʴʠʥʳʭ ʢʦʣʦʥʠʡ[2]. ʇʫʩʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʬʝʨʦʤʦʥʘ, ʟʘʥʦʩʠʤʦʛʦ ʘʛʝʥʪʦʤ ʥʘ ʛʨʘʬ, ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʦʙʨʘʥʥʦʛʦ ʨʝʩʫʨʩʘ ʘʛʝʥʪʦʤ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʚʘ ʙʫʜʝʤ ʫʜʘʣʷʪʴ ʪʝ ʜʫʛʠ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʦʛʨʘʥʠʯʝʥʠʶ. 

ɿʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʘʛʝʥʪ (ʤʫʨʘʚʝʡ) ʠʤʝʝʪ ʠʥʬʦʨʤʘʮʠʶ ʥʝ ʦʙʦ ʚʩʝʤ ʛʨʘʬʝ, ʘ ʪʦʣʴʢʦ ʦ ʪʦʡ ʯʘʩʪʠ, ʛʜʝ ʦʥ 

ʥʘʭʦʜʠʪʩʷ, ʘʣʛʦʨʠʪʤ ʣʝʛʢʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʤʫʨʘʚʴʠʥʳʭ ʢʦʣʦʥʠʡ, ʚʳʨʘʙʦʪʘʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʘʣʛʦʨʠʪʤʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʩʦʟʜʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ 

ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi 7.0. ʇʨʠ ʚʳʙʦʨʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʤʘʨʰʨʫʪʘ ʘʛʝʥʪʳ ʩʪʘʨʘʶʪʩʷ ʢʘʢ ʤʦʞʥʦ 

ʙʳʩʪʨʝʝ ʧʦʩʝʪʠʪʴ ʚʝʨʰʠʥʳ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʝʩʫʨʩʦʚ, ʘ ʪʦʣʴʢʦ ʧʦʪʦʤ ʚʝʨʰʠʥʳ ʩ ʜʦʟʘʧʨʘʚʢʦʡ.  
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˝ˍ˔˝ˍˎ˛˟˗ˍ ˙˒ˢˍ˚˕˔˙ˍ ˜˝˒˛ˎ˝ˍ˔˛ˏˍ˚˕ˬ ˡˍ˖˘˛ˏ ˞˕˞˟˒˙˨ ˠ˜˝ˍˏ˘˒˚˕ˬ 
˞˟˝ˠ˗˟ˠ˝˛˖ ˝˒˘ˬˣ˕˛˚˚˛˖ ˎˍ˔˨ ˑˍ˚˚˨ˢ ˏ ˚ˍˎ˛˝ 31,-˕˚˞˟˝ˠ˗ˣ˕ ̟

Development of the file conversion mechanism in the relational database structure 
management system to the set of SQL instructions  

ˍ˗˕˥˕˚ˍ ˍȢ˞Ȣȟ ˏˍˢ˝˛˙˒˒ˏ ˜ȢˏȢȟ ˑ˝˛˚˛ˏ ˍȢ˚Ȣ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̠̜̅̆̑̎̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˕ˡ˕Ȼ 

ˍ̙̋̉̉̎́ ˍȢ˞Ȣ - ̒ ̓̔̅̆̎̓̋́ ̜̋́̆̅̑̕ Ⱥ˙̘́̓̆̍́̓̉̆̒̋̏̆ ̘̏̂̆̒̐̆̆̎̉̆ ̒̉̒̓̆̍Ȼȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ 
̘̝̎́́̌̎̉̋ ̒̆̋̓̏̑́ ˛ˍ˛ ΅˗̗̏̎̆̑̎ ΅˞̉̒̓̆̍̐̑̏̍΅ ˏ̖́̑̏̍̆̆̃ ˜ȢˏȢȟ ̝̋̏̎̒̔̌̓́̎̓ ̙̒̓́̑̉̊ ̝̐̑̆̐̏̅́̃́̓̆̌ 

̜̋́̆̅̑̕ Ⱥ˙̘́̓̆̍́̓̉̆̒̋̏̆ ̘̏̂̆̒̐̆̆̎̉̆ ̒̉̒̓̆̍Ȼ ˑ̑̏̎̏̃ ˍȢ˚Ȣ 

 
ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʦʡ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʬʘʡʣʘ ʩʪʨʫʢʪʫʨʳ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʥʘ ʷʟʳʢʝ XML ʠ ʬʘʡʣʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʷʟʳʢʘ XSLT. 

 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʩ ʨʝʣʷʮʠʦʥʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʈɹɼ) ʥʝʦʙʭʦʜʠʤ ʠʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ ʚʝʨʩʠʡ ʩʪʨʫʢʪʫʨʳ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ɼʘʥʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʤʧʣʝʢʩ 

ʧʨʦʛʨʘʤʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʙʦʪʘʪʴ ʥʘʜ ʩʪʨʫʢʪʫʨʦʡ ʈɹɼ, ʘ ʠʤʝʥʥʦ ʜʦʙʘʚʣʷʪʴ, ʠʟʤʝʥʷʪʴ ʠ ʫʜʘʣʷʪʴ ʵʣʝʤʝʥʪʳ 

ʈɹɼ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʚʳʛʨʫʟʢʠ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ), ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʝ-

ʭʦʜ ʦʪ ʦʜʥʦʡ ʚʝʨʩʠʠ ʩʪʨʫʢʪʫʨʳ ʢ ʜʨʫʛʦʡ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʨʝʣʷʮʠʦʥʥʳʭ ʉʋɹɼ ʠʩʧʦʣʴʟʫʝʪʩʷ 

Structured Query Language ï çʷʟʳʢ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʟʘʧʨʦʩʦʚè (SQL), ʢʦʪʦʨʳʡ ʪʷʞʝʣʦ ʯʠʪʘʝʤ ʠ ʩʣʦʞʝʥ ʚ 

ʦʙʨʘʙʦʪʢʝ ʤʘʰʠʥʦʡ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʧʦʣʫʯʠʪʴ ʧʦ ʬʘʡʣʫ ʩʪʨʫʢʪʫʨʳ ʈɹɼ SQL-

ʟʘʧʨʦʩʳ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ ʚ ʉʋɹɼ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʭʘʥʠʟʤʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʘʡʣʘ ʩʪʨʫʢʪʫʨʳ ʈɹɼ ʚ ʥʘʙʦʨ SQL-ʠʥʩʪʨʫʢʮʠʡ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʦʡ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ (ʉʋʉʈɹɼ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʉʋʉʈɹɼ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʩ ʬʦʨʤʘʪʦʤ 

ʩʪʨʫʢʪʫʨʳ, ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʜʣʷ ʯʪʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ, ʘ ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʘʪʴ SQL-ʟʘʧʨʦʩʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚ ʉʋɹɼ. 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʬʘʡʣ ʩʪʨʫʢʪʫʨʳ ʈɹɼ. 

2. ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʩʧʦʩʦʙʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ XML-ʬʘʡʣʘ ʚ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʠ ʚʳʙʨʘʥ ʥʘʠʙʦʣʝʝ ʧʦʜ-

ʭʦʜʷʱʠʡ. 

3. ʈʝʘʣʠʟʦʚʘʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʬʘʡʣʘ ʩʪʨʫʢʪʫʨʳ ʈɹɼ ʚ ʥʘʙʦʨ SQL ʠʥʩʪʨʫʢʮʠʡ ʜʣʷ ʚʝʨʩʠʠ PostgreSQL 9.1 

ʥʘ ʷʟʳʢʝ XSLT. 

ɼʣʷ ʭʨʘʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʈɹɼ ʠʩʧʦʣʴʟʫʝʪʩʷ ʷʟʳʢ eXtensible Markup Language ï ʨʘʩʰʠʨʷʝʤʳʡ ʷʟʳʢ 

ʨʘʟʤʝʪʢʠ (XML). ɺ ʬʘʡʣʘʭ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʷʟʳʢʝ XML, ʤʦʞʥʦ ʭʨʘʥʠʪʴ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʜʦʧʦʣ-

ʥʝʥʥʳʝ ʩʚʦʡʩʪʚʘʤʠ ʠ ʢʦʤʤʝʥʪʘʨʠʷʤʠ [1]. ɺ ʬʘʡʣʝ XML ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦ 

ʩʭʝʤʘʭ, ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʶʪʩʷ ʪʘʙʣʠʮʳ ʩ ʢʦʣʦʥʢʘʤʠ, ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʠ ʪʨʠʛʛʝʨʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ, ʪʨʠʛʛʝʨʥʳʝ ʬʫʥʢʮʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʤʝʝʪ ʜʨʝʚʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʛʜʝ 

˿͔͟ͼ͙Ύ н 
ˮ˹̅˻˾˸ˢ̇ˮ˻˹˹̍˩ ́˩̆˹˻˶˻˥ˮˮ ˽˾ˮ 
˽˻˿́˾˻˩˹ˮˮ ˿˾˩˨˿́ˤ ˻ˣ˾ˢˣ˻́˴ˮ 

ˮ˹̅˻˾˸ˢ̇ˮˮΣ ̏˴˿˽˩˾́˹̍̆ ˿ˮ˿́˩˸ ˮ 
ˮ˹́˩˶˶˩˴́̂ˢ˶̎˹˻˯ ˽˻˨˨˩˾ˬ˴ˮ ˤ ˻ˣ˶ˢ˿́ˮ 

ˢ˨˸ˮ˹ˮ˿́˾ˢ́ˮˤ˹˻˥˻ ̂˽˾ˢˤ˶˩˹ˮ̒ 
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ʢʦʨʥʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪ <schemas> (ʩʭʝʤʳ). ɼʘʥʥʳʡ XML-ʬʘʡʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʢʦʥ-

ʢʨʝʪʥʦʡ ʈɹɼ. ʇʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʩʦ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʩʭʝʤʝ ʜʦʢʫʤʝʥʪʘ XML (XML Schema). ʇʦ ʜʘʥʥʦʡ ʩʭʝʤʝ ʩʦʟʜʘʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʧʦʜʭʦʜʷʱʝʝ ʜʣʷ ʨʘʟʣʠʯ-

ʥʳʭ ʩʪʨʫʢʪʫʨ ʈɹɼ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʘ XML ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʨʩʝʨʳ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʦʚʘʥʳ 

ʜʣʷ ʚʩʝʭ ʩʦʚʨʝʤʝʥʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʷʟʳʢ eXtensible Stylesheet Language 

Transformations (XSLT) [2]. XSLT ï ʵʪʦ ʜʝʢʣʘʨʘʪʠʚʥʳʡ ʷʟʳʢ ʠ ʚ ʦʪʣʠʯʠʠ ʦʪ ʧʨʦʮʝʜʫʨʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ ʦʧʝʨʘʮʠʠ ʧʨʦʭʦʜʘ ʧʦ ʚʩʝʤ ʫʟʣʘʤ ʜʦʢʫʤʝʥʪʘ, ʠʭ ʬʠʣʴʪʨʘʮʠʷ ʠ ʩʦʨʪʠʨʦʚʢʘ ʚʳʧʦʣʥʷʶʪʩʷ ʛʦʨʘʟʜʦ 

ʧʨʦʱʝ. ʂʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʈɹɼ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʤʝʥʦʚʘʥʥʳʡ ʰʘʙʣʦʥ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ <xsl:template>. ɼʣʷ 

ʚʳʟʦʚʘ ʰʘʙʣʦʥʦʚ ʚ ʥʫʞʥʦʤ ʧʦʨʷʜʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʤʝʥʪ <xsl:call-template>. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʦʨʥʝʚʦʤ 

ʵʣʝʤʝʥʪʝ <schemas> (ʩʭʝʤʳ) ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʫʱʥʦʩʪʝʡ ʈɹɼ: ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʩʪʠ, ʪʘʙʣʠʮʳ, ʪʨʠʛʛʝʨʥʳʝ ʬʫʥʢʮʠʠ, ʪʨʠʛʛʝʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʠʥʜʝʢʩʳ. ʐʘʙʣʦʥʳ ʜʣʷ ʚʥʝʰʥʠʭ ʢʣʶʯʝʡ ʠ 

ʥʘʩʣʝʜʦʚʘʥʠʷ ʚʳʟʳʚʘʶʪʩʷ ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʩʝʭ ʩʭʝʤ, ʪʘʢ ʢʘʢ ʤʦʛʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʥʠʤʠ. ʊʘʢʞʝ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʪʘʙʣʠʮʳ ʢ ʢʦʥʢʨʝʪʥʦʡ ʩʭʝʤʝ, ʥʘʟʚʘʥʠʝ ʢʦʪʦʨʦʡ ʫʢʘʟʳʚʘʝʪʩʷ ʚ 

ʥʘʟʚʘʥʠʠ ʪʘʙʣʠʮʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʦʭʨʘʥʷʝʪ ʩʪʨʫʢʪʫʨʫ ʈɹɼ ʬʘʡʣʘ XML ʚ SQL-

ʟʘʧʨʦʩʝ, ʪʘʢ ʢʘʢ ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʷʟʳʢʘ SQL ʠ XSLT ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʯʪʦ ʧʦʢʘʟʘʣʦ ʚʳʧʦʣʥʝʥʠʝ SQL-

ʠʥʩʪʨʫʢʮʠʡ ʚ ʧʨʦʛʨʘʤʤʝ pgAdmin. ʊʘʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʦʙʣʘʜʘʝʪ ʛʠʙʢʦʩʪʴʶ: ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʭʝʤʳ ʜʦʢʫ-

ʤʝʥʪʘ, ʜʦʩʪʘʪʦʯʥʦ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʰʘʙʣʦʥ ʬʘʡʣʘ XSL. 

ɺ ʠʪʦʛʝ ʧʦʣʫʯʝʥ ʬʘʡʣ XSL, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ  ʚ ʉʋʉʈɹɼ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʘʡʣʘ 

ʩʪʨʫʢʪʫʨʳ ʈɹɼ ʚ ʬʦʨʤʘʪʝ XML ʚ ʥʘʙʦʨ SQL-ʠʥʩʪʨʫʢʮʠʡ ʜʣʷ ʚʳʛʨʫʟʢʠ ʚ ʉʋɹɼ PostgreSQL 9.1.  
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Models of an assessment and increase of competition ability of the organization  

ˍ˗ˤˠ˝˕˚ ˝Ȣ˙Ȣ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

 
ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʤʦʜʝʣʠ ʦʮʝʥʢʠ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ  ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʲʝʢʪʠʚʥʦ 

ʦʮʝʥʠʚʘʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʦʜʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʝʛʦ ʧʦʚʳʰʝʥʠʶ. 

ʂ ʦʮʝʥʢʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʩʪʴ, ʘʢʪʫʘʣʴʥʦʩʪʴ, ʧʦʣʥʦʪʘ, (ʦʭʚʘʪ ʚʩʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ), 

ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʨʘʩʯʝʪʘ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʮʝʥʦʢ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

- ʚʝʢʪʦʨʥʘʷ ʦʮʝʥʢʘ (ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʤʝʶʪ ʨʘʟʥʫʶ 

ʨʘʟʤʝʨʥʦʩʪʴ, ʠ ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʚʝʩʪʠ ʠʭ ʢ ʦʜʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʩʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ); 

- ʠʥʪʝʛʨʘʣʴʥʘʷ ʦʮʝʥʢʘ (ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘʨʥʘʷ ʦʮʝʥʢʘ ʨʘʟʣʠʯʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ); 
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- ʧʦʢʘʟʘʪʝʣʴ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʡ ʩ ʫʯʝʪʦʤ ʠʥʪʝʨʚʘʣʴʥʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʇʦʢʘʟʘʪʝʣʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʛʨʫʧʧʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ:  

- ʫʨʦʚʝʥʴ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ; 

- ʫʨʦʚʝʥʴ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʧʨʘʚʣʝʥʠʷ;  

- ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ;  

- ʬʠʥʘʥʩʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʝʛʦ ʨʘʟʚʠʪʠʷ [ʃ];  

- ʫʨʦʚʝʥʴ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʠ ʛʫʜʚʠʣʣ ʪʦʧ - ʤʝʥʝʜʞʤʝʥʪʘ ʧʨʝʜʧʨʠʷʪʠʷ; 

- ʛʫʜʚʠʣʣ ʠ ʙʨʝʥʜ ʦʨʛʘʥʠʟʘʮʠʠ; 

- ʫʨʦʚʝʥʴ ʧʨʦʚʝʜʝʥʠʷ ʙʝʥʯʤʘʨʢʠʥʛʘ; 

- ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ; 

- ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʧʨʠʷʪʠʷ; 

- ʩʠʩʪʝʤʘ ʤʝʥʝʜʞʤʝʥʪʘ ʢʘʯʝʩʪʚʘ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʤʦʜʝʣʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʟʘʜʘʯʫ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʚʳʙʦʨʘ: 
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xi , 

 

ʛʜʝ L ï ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ; l
iC - ʫʣʫʯʰʝʥʠʝ l ï ʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʚʥʝʜʨʝʥʠʠ i-ʛʦ ʤʝʨʦʧʨʠʷʪʠʷ; iSS - ʬʠʥʘʥʩʦʚʳʝ ʩʨʝʜʩʪʚʘ, ʚʳʜʝʣʝʥʥʳʝ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ i ï ʛʦ ʤʝʨʦʧʨʠʷʪʠʷ, SS ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʨʝʜʩʪʚ, ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʘʛʘʝʪ 

ʧʨʝʜʧʨʠʷʪʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʇʦʢʘʟʘʪʝʣʠ ʦʮʝʥʢʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʠ ʠʤʝʪʴ 

ʠʥʪʝʨʚʘʣʴʥʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʡ ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɼʨʘʥʢʦ ʆ.ʀ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʬʠʥʘʥʩʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʙʘʟʝ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʝʪʥʦʩʪʠ 

//ʋʧʨʘʚʣʝʥʯʝʩʢʠʡ ʫʯʝʪè.ī ˉ3.ī 2010 ʛ.ī 15-22 ʩ. 
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ˍ˚ˍ˘˕˔ ˝ˍ˔˘˕ˤ˚˨ˢ ˜˛ˑˢ˛ˑ˛ˏ ˗ ˝˒˥˒˚˕˫ ˔ˍˑˍˤ˕ 
˛˜˟˕˙ˍ˘˩˚˛ː˛ ˝ˍ˞˜˝˒ˑ˒˘˒˚˕ˬ ˝˒˞ˠ˝˞˛ˏ ˜˝˛˒˗˟ˍ 

!ÎÁÌÙÓÉÓ ÏÆ ÄÉÆÆÅÒÅÎÔ ÁÐÐÒÏÁÃÈÅÓ ÔÏ ÔÈÅ ÐÒÏÂÌÅÍ ÏÆ ÏÐÔÉÍÁÌ ÁÌÌÏÃÁÔÉÏÎ ÏÆ ÐÒÏÊÅÃÔȭÓ ÒÅÓÏÕÒÃes 

ˍ˝˟˒˙˛ˏ ˙ȢˍȢȟ ˞˟ˍ˝˛ˑˠˎˣ˒ˏ ˕Ȣ˫Ȣȟ ˞˟ˍ˝˛ˑˠˎˣ˒ˏˍ ˚ȢˍȢ 

ˏ̏̑̏̎̆̇̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

˞̗̓́̑̏̅̔̂̆̃́ ˚ȢˍȢ ɀ ̒ ̓̔̅̆̎̓̋́ ̋́̕Ȣ Ⱥ˙̘̖́̓̆̍́̓̉̆̒̋̉ ̍̆̓̏̅̏̃ ̠̉̒̒̌̆̅̏̃́̎̉ ̗̏̐̆̑́̉̊Ȼȟ ̘̜̎́̔̎̊ 
̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̆̐Ȣ ˞̗̓́̑̏̅̔̂̆̃ ˕Ȣ˫Ȣȟ ̐̑̏̆̒̒̏̑̕ ˍ̑̓̆̍̏̃ ˙ȢˍȢ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ 

ʧʨʦʝʢʪʘ ʩ ʥʝʯʝʪʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʳʡ ʤʝʪʦʜ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʯʝʪʢʠʝ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʧʨʠ ʥʝʯʝʪʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. 

 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʝʩʫʨʩʦʚ ʧʨʦʝʢʪʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʘ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʧʨʠʥʷʪʠʝʤ ʨʝʰʝʥʠʡ ʠ ʫʧʨʘʚʣʝʥʠʝʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʧʨʠʭʦʜʠʪʩʷ 

ʨʝʰʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʦʣʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ [1]. ʂ ʧʦʜʦʙʥʳʤ ʟʘʜʘʯʘʤ ʦʪʥʦʩʠʪʩʷ ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ ʧʨʦʝʢʪʘ.  

ɸʚʪʦʨʳ ʜʦʢʣʘʜʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʜʚʘ ʛʣʘʚʥʳʭ ʚʠʜʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ: ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʠ ʥʝʯʝʪʢʫʶ. 

ɺʳʧʦʣʥʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʩʣʫʯʘʝ ʜʘʥʥʳʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ. ʆʪʤʝʯʘʶʪʩʷ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʘʚʪʦʨ ʜʦʢʣʘʜʘ ʧʨʝʜʣʘʛʘʝʪ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʫʯʝʪʫ ʥʝʯʝʪʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ 

ʜʝʬʘʟʟʠʬʠʢʘʮʠʠ ʥʝʯʝʪʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪ.ʝ. ʧʝʨʝʭʦʜʝ ʦʪ ʥʝʯʝʪʢʠʭ ʯʠʩʝʣ ʢ ʦʙʳʯʥʳʤ ʯʠʩʣʘʤ, ʯʝʪʢʠʤ, ʪʘʢ 

ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʭʨʘʥʠʪʴ ʠʩʭʦʜʥʫʶ ʵʢʩʧʝʨʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʆʙʦʩʥʦʚʳʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɹʘʣʘʰʦʚ ɺ.ɻ., ɿʘʣʦʞʥʝʚ ɸ.ʖ., ʀʚʘʱʝʥʢʦ ɸ.ɸ., ʅʦʚʠʢʦʚ ɼ.ɸ. ʄʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ 

ʧʨʦʝʢʪʘʤʠ. ï ʄ.: ʀʇʋ ʈɸʅ (ʥʘʫʯʥʦʝ ʠʟʜʘʥʠʝ). 2003. 

 

 

 
 

 

˛˜˟˕˙˕˔ˍˣ˕ˬ ˜˝˛˕˔ˏ˛ˑ˕˟˒˘˩˚˛˞˟˕ ˗ˍ˚ˍ̆˛ˏ ˗˛˙˙ˠ˚˕˗ˍˣ˕˛˚˚˛˖ ˞˕˞˟˒˙˨ 

Perfomance optimization of communication sistem channels  

ː˝˕˥˕˚ ˏȢ˙Ȣ 

˙̏̒̋̏̃̒̋̉̊ ̗̜́̃̉́̉̏̎̎̊ ̉̎̒̓̉̓̔̓ ɉ̗̝̜̎́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ɋ 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʫʪʝʤ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʥʘʣʦʚ. 

 

ɺʘʞʥʝʡʰʠʤ ʚʦʧʨʦʩʦʤ ʨʘʟʚʠʪʠʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ʂʉ), ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ ʢʦʤʤʫʪʘʮʠʠ 

ʮʠʬʨʦʚʳʭ ʧʘʢʝʪʦʚ, ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʠʭ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʠʙʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 



ζ˿˻ˤ˾˩˸˩˹˹̍˩́˩̆˹˻˶˻˥ˮˮ ˤ ˭ˢ˨ˢ̉ˢ̆ ̂˽˾ˢˤ˶˩˹ˮ̒Σ ˢˤ́˻˸ˢ́ˮ˴ˮ ˮ ˻ˣ˾ˢˣ˻́˴ˮ ˮ˹̅˻˾˸ˢ̇ˮˮη 
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ʦʙʩʣʫʞʠʚʘʝʤʳʭ ʠʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʘʙʦʥʝʥʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʢʦʥʢʫʨʝʥʪʥʦʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʥʘ ʨʳʥʢʝ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. ʆʜʥʠʤ ʠʟ ʨʝʟʝʨʚʦʚ ʧʦʚʳʰʝʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʂʉ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʠʟʘʮʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʞʜʫ ʪʨʝʤʷ ʚʠʜʘʤʠ ʢʘʥʘʣʦʚ: 

- ʢʘʥʘʣʦʚ ʤʝʞʜʫ ʘʙʦʥʝʥʪʘʤʠ ʠ ʦʙʲʝʢʪʘʤʠ ʂʉ (çɸ-ʆè); 

- ʨʝʪʨʘʥʩʣʷʮʠʷ ʢʘʥʘʣʦʚ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʂʉ (çʆ-ʆè); 

- ʢʘʥʘʣʦʚ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʂʉ ʠ ʘʙʦʥʝʥʪʘʤʠ (çʆ-ɸè). 

ʇʨʠ ʨʘʩʯʝʪʘʭ ʨʘʟʤʝʨ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʧʨʠʥʠʤʘʣʩʷ ʨʘʚʥʳʤ 1 ʢʙ. ʇʨʠ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʥʘʣʦʚ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ 

ʧʨʠʥʠʤʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ, ʨʘʚʥʦʡ 25 ʤʛʙʠʪ/ʩʝʢ, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʥʘʣʦʚ çɸ-ʆè ʠ çʆ-ɸè 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ [ʅʝʚʜ.]. ʉʪʨʫʢʪʫʨʘ ʩʚʷʟʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʂʉ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʢʨʝʩʪʦʦʙʨʘʟʥʦʤʫ 

ʩʦʝʜʠʥʝʥʠʶ, ʢʦʛʜʘ ʢʘʞʜʳʡ ʦʙʲʝʢʪ ʩʦʝʜʠʥʸʥ ʩ ʯʝʪʳʨʴʤʷ ʩʦʩʝʜʥʠʤʠ ʦʙʲʝʢʪʘʤʠ ʜʫʧʣʝʢʩʥʳʤʠ ʢʘʥʘʣʘʤʠ. ʇʨʠ 

ʦʙʨʘʙʦʪʢʝ ʦʯʝʨʝʜʝʡ ʮʠʬʨʦʚʳʭ ʧʘʢʝʪʦʚ ʥʘ ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʦʙʲʝʢʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʠʩʮʠʧʣʠʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʷ çʧʝʨʚʳʡ ʧʨʠʰʸʣ-ʧʝʨʚʳʡ ʚʳʰʝʣè. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʧʨʦʩʦʚ ʥʘ ʧʝʨʝʜʘʯʫ ʮʠʬʨʦʚʳʭ ʧʘʢʝʪʦʚ ʦʪ 

ʘʙʦʥʝʥʪʦʚ ʧʨʠʥʠʤʘʣʦʩʴ ʩʣʫʯʘʡʥʳʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʥʘ ʟʘʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʂʉ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩʨʝʜʥʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʜʦʩʪʘʚʣʷʝʤʦʡ ʜʦ 

ʘʙʦʥʝʥʪʦʚ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʆʥʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʥʘ ʤʦʤʝʥʪ ʪʘʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʂʉ, ʢʦʛʜʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ʮʠʬʨʦʚʳʭ ʧʘʢʝʪʦʚ ʦʪʩʪʘʚʘʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʳʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ʥʝ 

ʧʨʝʚʳʰʘʣʘ 5% ʦʪ ʚʭʦʜʥʦʛʦ ʚ ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʥʘʣʦʚ çɸ-ʆè, çʆ-ʆè, çʆ-ɸè 

ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ 1:1:1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤʳ ʜʦʩʪʠʛʘʣʘ 195 ʤʛʙ/ʩʝʢ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʥʘʣʦʚ çɸ-ʆè, çʆ-ʆè, 

çʆ-ɸè ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ 6:1:5 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʥʤʠ, ʧʨʠ ʜʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʝ ʩʚʷʟʠ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʥʘʣʦʚ çɸ-ʆè ʠ çʆ-ɸè ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 5 ʠ ʚ 6 ʨʘʟ ʚʳʰʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ çʆ-ʆè ʂʉ. ʇʨʠ ʵʪʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʂʉ ʜʦʩʪʠʛʘʣʘ 1,42-1,46 ɻʙ/ʩʝʢ. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʩ 

[3] ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʝʞʦʙʲʝʢʪʦʚʳʭ ʩʚʷʟʝʡ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʙʦʥʝʥʪʦʚ ʧʦ ʟʝʣʝʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
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Some ways to use the software for merge XML documents  

ˑ˔˫ˎˍ ˙ȢˏȢ 

˙̏̒̋̏̃̒̋̉̊ ̉̈̉̋̏̕-̖̘̓̆̎̉̆̒̋̉̊ ̉̎̒̓̉̓̔̓ ɉːˠɊ 

ˑ̟̈̂́ ˙ȢˏȢ - ̒ ̓̔̅̆̎̓ ̜̋́̆̅̑̕ Ⱥ˗̜̏̑̐̏̑́̓̉̃̎̆ ̗̜̉̎̏̑̍́̉̏̎̎̆̕ ̜̒̉̒̓̆̍Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ˒̃̓̉̆̆̃̕ ˎȢȟ ˙̏̒̋̃́ȟ ̉̑̍́̕ ΅υ˞΅ 

 
ɺ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʙʲʝʜʠʥʝʥʠʷ xml ʜʦʢʫʤʝʥʪʦʚ ʢ 

ʚʳʛʨʫʟʢʘʤ ʢʦʥʬʠʛʫʨʘʮʠʡ ʧʣʘʪʬʦʨʤʳ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʷ 8.3è. 

 

ɿʘʜʘʯʘ ʦʙʲʝʜʠʥʝʥʠʝ xml ʬʘʡʣʦʚ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʝʱʝ ʚ ʥʘʯʘʣʝ ʥʦʚʦʛʦ ʪʳʩʷʯʝʣʝʪʠʷ, ʧʦʵʪʦʤʫ ʥʝ 

ʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʤʝʝʪʩʷ ʧʦʨʷʜʢʘ ʜʝʩʷʪʢʘ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪ 

ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ (çAltova DiffDogè, çDeltaXmlè ʠ ʜʨʫʛʠʝ). ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦʝ ʯʠʩʣʦ ʥʘʩʪʨʦʝʢ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ, ʙʝʟ ʟʘʜʘʥʠʷ xml ʩʭʝʤ ʦʙʲʝʜʠʥʷʝʤʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʠʟʤʝʥʷʪʴ ʨʝʟʫʣʴʪʘʪ ʦʙʲʝʜʠʥʝʥʠʷ. ɼʘʥʥʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʜʠʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʳʛʨʫʟʢʘʤʠ ʢʦʥʬʠʛʫʨʘʮʠʡ ʠʟ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʷ 8è.  

ʉ ʚʝʨʩʠʠ 8.3 ʚ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝè ʩʪʘʣʘ ʜʦʩʪʫʧʥʘ ʦʧʮʠʷ ʚʳʛʨʫʟʢʠ ʚʩʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ xml ʬʘʡʣʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʪʘʚʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ xml 

ʜʦʢʫʤʝʥʪʦʚ, ʩ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʵʪʦʤ ʵʣʝʤʝʥʪʝ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʭʘʥʠʟʤ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʜʚʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ï ʢʘʢ ʩ ʦʪʜʝʣʴʥʳʤʠ ʬʘʡʣʘʤʠ, ʧʦʟʚʦʣʷʷ ʦʙʲʝʜʠʥʷʪʴ ʜʚʘ ʠʣʠ ʪʨʠ ʦʙʲʝʢʪʘ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, ʪʘʢ ʠ ʩ ʮʝʣʳʤʠ ʜʠʨʝʢʪʦʨʠʷʤʠ, ʪʦ ʝʩʪʴ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʷʪʴ ʩʨʘʟʫ ʜʚʝ ʠʣʠ ʪʨʠ ʮʝʣʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʷʪʩʷ ʦʧʝʨʘʮʠʠ ʥʘ 3-ʭ ʜʦʢʫʤʝʥʪʘʭ, ʦʜʠʥ ʜʦʢʫʤʝʥʪ 

ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʙʘʟʦʚʳʡ, ʘ ʜʚʘ ʜʨʫʛʠʭ, ʢʘʢ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ.  

ʇʫʩʪʴ ʥʫʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʜʚʘ ʦʙʲʝʢʪʘ ʪʠʧʘ çɼʦʢʫʤʝʥʪè  ʠʟ ʢʦʥʬʠʛʫʨʘʮʠʠ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʷè. ʇʝʨʚʦʝ, 

ʯʪʦ ʤʳ ʤʦʞʝʪ ʥʘʩʪʨʦʠʪʴ, ʵʪʦ ʩʣʝʜʫʝʪ ʣʠ ʦʪʤʝʯʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʅʘʧʨʠʤʝʨ, 

ʩʯʠʪʘʪʴ ʣʠ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʢʦʤʤʝʥʪʘʨʠʡ ʢ ʨʝʢʚʠʟʠʪʫ ʜʦʢʫʤʝʥʪʘ 2-ʛʦ ʪʠʧʘ çʕʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʨʝʢʚʠʟʠʪ 2-

ʛʦ ʜʦʢʫʤʝʥʪʘè, ʢʘʢ ʤʘʣʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʤʤʝʥʪʘʨʠʷ ʢ ʨʝʢʚʠʟʠʪʫ ʜʦʢʫʤʝʥʪʘ 1-ʛʦ ʪʠʧʘ çʕʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʨʝʢʚʠʟʠʪ 1-ʛʦ ʜʦʢʫʤʝʥʪʘè, ʠʣʠ ʵʪʦ ʜʚʘ ʘʙʩʦʣʶʪʥʦ ʨʘʟʥʳʭ ʢʦʤʤʝʥʪʘʨʠʷ. ɺʪʦʨʘʷ ʚʦʟʤʦʞʥʘʷ ʥʘʩʪʨʦʡʢʘ ï ʵʪʦ 

ʩʧʦʩʦʙʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʨʷʜʢʘ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʦʚ ʚ xml ʜʦʢʫʤʝʥʪʘʭ. ʇʫʩʪʴ ʚ 1-ʦʤ ʦʙʲʝʢʪʝ 

ʪʠʧʘ çɼʦʢʫʤʝʥʪè ʝʩʪʴ 2 ʨʝʢʚʠʟʠʪʘ. ɸ ʚʦ 2-ʦʤ ʦʙʲʝʢʪʝ ʪʠʧʘ çɼʦʢʫʤʝʥʪè ʫʞʝ 3 ʨʝʢʚʠʟʠʪʘ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʚʧʘʜʘʶʪ ʩ ʦʙʲʝʢʪʦʤ 1, ʥʦ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʚ ʜʨʫʛʦʤ ʧʦʨʷʜʢʝ. ɽʩʣʠ ʥʘʩʪʨʦʡʢʘ ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʘʢʠʭ 

ʩʠʪʫʘʮʠʡ ʚʢʣʶʯʝʥʘ, ʪʦ ʥʘ ʦʙʱʝʤ ʨʝʢʚʠʟʠʪʝ ʩ ʠʤʝʥʝʤ çʆʙʱʠʡ ʨʝʢʚʠʟʠʪ 2è ʙʫʜʝʪ ʟʘʬʠʢʩʠʨʦʚʘʥ ʢʦʥʬʣʠʢʪ 

ʧʝʨʝʤʝʱʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʲʝʢʪʦʚ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʚʘʞʝʥ ʧʦʨʷʜʦʢ 

ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʦʚ (ʢʨʦʤʝ ʦʙʲʝʢʪʦʚ ʪʠʧʘ çʆʙʱʠʝ ʢʦʤʘʥʜʳè), ʧʦʵʪʦʤʫ, ʩʯʠʪʘʝʪʩʷ ʣʫʯʰʠʤ ʥʝ ʬʠʢʩʠʨʦʚʘʪʴ 

ʢʦʥʬʣʠʢʪʳ ʜʘʥʥʦʛʦ ʪʠʧʘ.  

ɽʱʝ ʦʜʥʦʡ ʧʦʣʝʟʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʚʥʫʪʨʝʥʥʠʭ ʦʙʲʝʢʪʦʚ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝè. ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ: ʧʫʩʪʴ ʝʩʪʴ ʜʚʘ ʦʙʲʝʢʪʘ ʪʠʧʘ çɼʦʢʫʤʝʥʪè, ʚ 

ʧʝʨʚʦʤ ʦʙʲʝʢʪʝ ʝʩʪʴ ʨʝʢʚʠʟʠʪ ʩ ʠʤʝʥʝʤ çʈʝʢʚʠʟʠʪè, ʘ ʚʦ ʚʪʦʨʦʤ ʦʙʲʝʢʪʝ ʝʩʪʴ ʪʘʙʣʠʯʥʘʷ ʯʘʩʪʴ ʩ ʦʜʥʠʤ 

ʨʝʢʚʠʟʠʪʦʤ, ʠʤʝʶʱʠʤ ʪʘʢʞʝ ʠʤʷ çʈʝʢʚʠʟʠʪè. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ - ʩʯʠʪʘʪʴ, ʯʪʦ ʵʪʦ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʨʝʢʚʠʟʠʪ 

ʠʣʠ ʥʝʪ. ɺʚʝʜʝʥʥʘʷ ʚ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʦʤ ʘʣʛʦʨʠʪʤ ʥʘʩʪʨʦʡʢʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʵʪʫ ʢʦʣʣʠʟʠʶ. ʉʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʧʠʩʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʤʳ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʪʦ ʜʚʘ ʨʘʟʥʳʭ ʨʝʢʚʠʟʠʪʘ. ɽʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦʙ 

ʦʙʲʝʜʠʥʝʥʠʠ ʦʙʲʝʢʪʦʚ ʪʠʧʘ çʌʦʨʤʘè, ʪʦ ʚʝʨʦʷʪʥʝʝ, ʯʪʦ ʵʪʦ ʜʚʘ ʦʜʠʥʘʢʦʚʳʭ ʦʙʲʝʢʪʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Tancred Lindholm ñA 3-way Merging Algorithm for Synchronizing Ordered Trees the 3DM merging and differencing 

tool for XMLò - Helsinki, September 13, 2001. 
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˙ˍ˝˗˛ˏ˞˗˕ˢ ˜˝˛ˣ˒˞˞˛ˏ ˜˒˝ˏ˛ː˛ ˜˛˝ˬˑ˗ˍ 

Comparison of parameter estimation algorithms of first order Markovian random process  

ˑ˛˘˚ˍ˗˛ˏˍ ˍȢ˞Ȣȟ ˏˍ˞˕˘˩˒ˏ ˏȢˍȢȟ ˞˛˗˛˘˛ˏ ˍȢ˕Ȣȟ ˞˟˒˜ˍ˚˛ˏ ̨ ȢˍȢ 

˛ˍ˛ Ⱥ˗̗̏̎̆̑̎ Ⱥˣ˚˕˕ Ⱥ˪̌̆̋̓̑̏̐̑̉̂̏̑Ȼȟ ˞́̎̋̓-˜̆̓̆̑̂̔̑̄̒̋̉̊ ̗̝̜̎́̉̏̎́̌̎̊ 
̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̗̜̖̉̎̏̑̍́̉̏̎̎̕ ̓ ̖̆̎̏̌̏̄̉̊ȟ ̖̍̆́̎̉̋̉ ̉ ̏̐̓̉̋̉ 

̍́̄̉̒̓̑́̎̓ ̋́̕Ȣ Ⱥ˕̗̎̏̑̍́̉̏̎̎̏̕-̗̜̖̎́̃̉̄́̉̏̎̎ ̒̉̒̓̆̍Ȼȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̅Ȣ̓Ȣ̎Ȣ ˞̓̆̐́̎̏̃ ˛ȢˍȢ 

 
ʉʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʘʨʢʦʚʩʢʠʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʪʩʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʫʶ, ʚ ʨʘʤʢʘʭ 

ʪʝʦʨʠʠ ʥʝʣʠʥʝʡʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʪʦʯʥʦʩʪʴ ʠ ʥʠʞʥʶʶ ʝʝ ʛʨʘʥʠʮʫ, 

ʚʳʪʝʢʘʶʱʫʶ ʠʟ ʥʝʨʘʚʝʥʩʪʚʘ ʈʘʦ-ʂʨʘʤʝʨʘ. 

 

ɺ ʨʘʙʦʪʘʭ [1, 2] ʟʘʜʘʯʘ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʘʨʢʦʚʩʢʠʭ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʚ 

ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʥʝʣʠʥʝʡʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʪʦʯʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʦʯʥʦʩʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʵʪʦ ʩʦʟʜʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʘʣʛʦʨʠʪʤʦʚ, ʚʢʣʶʯʘʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʮʝʥʢʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ 

ʬʫʥʢʮʠʡ ʠ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʣʦʪʥʦʩʪʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ [3-5] ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʥʠʞʥʝʡ 

ʛʨʘʥʠʮʳ ʪʦʯʥʦʩʪʠ ʧʦ ʈʘʦ-ʂʨʘʤʝʨʘ, ʧʨʠʚʣʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ 

ʟʘʜʘʯʫ ʩʦʧʦʩʪʘʚʣʝʥʠʷ. ɺ ʨʘʙʦʪʝ [3-5] ʩ ʪʘʢʠʭ ʧʦʟʠʮʠʡ ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʜʘʯʘ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʤʘʨʢʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʚʳʪʝʢʘʶʱʘʷ ʠʟ ʟʘʜʘʯʠ ʦʮʝʥʠʚʘʥʠʷ ʩʜʚʠʛʘ ʯʘʩʪʦʪʳ ʚ 

ʜʦʧʣʝʨʦʚʩʢʦʤ ʠʟʤʝʨʠʪʝʣʝ ʩʢʦʨʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʠʶ ʧʦʜʣʝʞʠʪ ʟʘʜʘʯʘ ʦʮʝʥʠʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʤʘʨʢʦʚʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ɺ ʨʘʙʦʪʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʩʚʝʜʝʥʠʝ ʟʘʜʘʯʠ ʦʮʝʥʠʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʢ ʟʘʜʘʯʝ ʥʝʣʠʥʝʡʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦ, ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʢʦʥʢʨʝʪʥʳʡ 

ʭʘʨʘʢʪʝʨ ʟʘʜʘʯʠ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʬʦʨʤʠʨʫʶʱʝʛʦ ʬʠʣʴʪʨʘ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʯʘʩʪʥʦʩʪʠ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ. ɺ ʦʜʥʦʤ ʠʟ ʥʠʭ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʝʣʠʥʝʡʥʘʷ ʭʘʨʘʢʪʝʨ ʫʨʘʚʥʝʥʠʡ ʬʦʨʤʠʨʫʶʱʝʛʦ ʬʠʣʴʪʨʘ, ʚʢʣʶʯʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ 

ʧʦʨʦʞʜʘʶʱʠʭ ʰʫʤʦʚ ʦʪ ʦʮʝʥʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʣʠʥʝʡʥʦʤ ʭʘʨʘʢʪʝʨʝ ʠʟʤʝʨʝʥʠʡ, ʘ ʚʦ ʚʪʦʨʦʤ, 

ʫʨʦʚʝʥʴ ʧʦʨʦʞʜʘʶʱʠʭ ʰʫʤʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʟʚʝʩʪʥʳʤ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʩʪʴ ʚ 

ʠʟʤʝʨʝʥʠʷʭ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʥʦ 

ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʠ ʝʝ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʨʘʟʣʠʯʥʳʤ ʚʘʨʠʘʥʪʘʤ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʥʝʣʠʥʝʡʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 

ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʮʝʥʠʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ 

ʥʝʣʠʥʝʡʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʦʟʜʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʮʝʥʠʚʘʥʠʷ ʩʚʦʡʩʪʚ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʊʘʢʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʚ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʦʮʝʥʠʚʘʥʠʷ ʩʚʦʡʩʪʚ ʚʠʥʝʨʦʚʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. 
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Recurrent algorithm of allocation of lo ngitudinal  and cross components  
on signals of the sensor of weight of paper  

ˑ˛˚˞˗˛ˏˍ ˛Ȣ˚Ȣȟ ˚˕˗ˠ˘˕˚ ˞ȢˏȢ 

˜̆̎̈̆̎̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

ˑ̏̎̒̋̏̃́ ˛Ȣ˚Ȣ ɀ ̍ ́̄̉̒̓̑υ ̋̔̑̒́ȟ ̋ ̜́̆̅̑̕ Ⱥˍ̃̓̏̍́̓̉̋́ ̉ ̖̓̆̌̆̍̆́̎̉̋́Ȼȟ ̊ ̉̋̔̌̉̎ ˞ȢˏȢ - ́ ̒̐̉̑́̎̓ 
̜̋́̆̅̑̕ Ⱥˍ̃̓̏̍́̓̉̋́ ̉ ̖̓̆̌̆̍̆́̎̉̋́Ȼȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ɀ ̅ Ȣ̓Ȣ̎Ȣȟ ̐̑̏̆̒̒̏̑̕ ˞̆̍̆̎̏̃ ˍȢˑȢ 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʜʭʦʜ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʢʦʥʪʨʦʣʷ ʧʣʦʪʥʦʩʪʠ ʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ  ʚ ʙʫʤʘʞʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʦʞʝʥʠʷ ʥʘ ʝʛʦ ʧʦʧʝʨʝʯʥʫʶ ʠ ʧʨʦʜʦʣʴʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ   

 

ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʯʝʩʪʚʝʥʥʦʡ ʙʫʤʘʛʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʦʜʠʥʘʢʦʚʫʶ ʣʠʥʝʡʥʫʶ ʧʣʦʪʥʦʩʪʴ 

ʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ, ʢʘʢ ʚ ʧʨʦʜʦʣʴʥʦʤ, ʪʘʢ ʠ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [1]. 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʚʝʩʝ ʤʝʪʨʘ ʢʚʘʜʨʘʪʥʦʛʦ ʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ ʧʦʩʪʫʧʘʝʪ ʩʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʢʦʥʮʝ ʙʫʤʘʛʦʜʝʣʘʪʝʣʴʥʦʡ ʤʘʰʠʥʳ. ʉʢʘʥʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 

ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ ʠ ʩ ʫʯʝʪʦʤ ʝʛʦ ʜʚʠʞʝʥʠʷ ʠʟʤʝʨʷʝʪ ʚʝʩ ʤʝʪʨʘ ʢʚʘʜʨʘʪʥʦʛʦ ʧʦ 

ʜʠʘʛʦʥʘʣʠ, ʥʘʭʦʜʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʝʩʘ ʚ ʢʘʞʜʦʡ ʟʦʥʝ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ 

ʠ ʧʦʧʝʨʝʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʩʘ ʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ ʦʩʥʦʚʘʥʳ ʥʘ ʫʩʨʝʜʥʝʥʠʠ ʜʘʥʥʳʭ ʧʦʩʪʫʧʘʶʱʠʭ ʟʘ 

ʦʜʠʥ ʧʨʦʭʦʜ ʩʢʘʥʥʝʨʘ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠ ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʝʤʘ ʧʘʤʷʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʧʨʦʠʟʚʦʜʷʱʝʛʦ ʚʳʜʝʣʝʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʠ ʧʦʧʝʨʝʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʢʫʨʨʝʥʪʥʘʷ ʧʨʦʮʝʜʫʨʘ 

ʠʭ ʚʳʯʠʩʣʝʥʠʷ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

1. ʅʘ ʢʘʞʜʦʤ ʧʨʦʭʦʜʝ ʩʢʘʥʥʝʨʘ ʧʦ ʨʝʢʫʨʨʝʥʪʥʦʡ ʧʨʦʮʝʜʫʨʝ ʚʳʯʠʩʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʝʩʘ ʚ ʢʘʞʜʦʡ n 

-ʦʡ ʟʦʥʝ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

2. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʭʦʜʘ ʩʢʘʥʥʝʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʚʝʢʪʦʨ ʚʝʩʘ ʩʢʘʥʠʨʫʝʤʦʡ ʟʦʥʳ ʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ 

P(k)= [s1, s2,é, sn]T ʥʘ k ï ʦʤ ʧʨʦʭʦʜʝ ʩʢʘʥʥʝʨʘ ʜʣʷ ʢʘʞʜʦʡ ʠʟ n ʟʦʥ. ʇʨʠ ʧʨʦʭʦʜʝ ʩʢʘʥʥʝʨʘ ʩʧʨʘʚʘ 

ʥʘʣʝʚʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʪʥʘʷ ʧʝʨʝʩʪʘʥʦʚʢʘ ʵʣʝʤʝʥʪʦʚ ʚʝʢʪʦʨʘ ʚʝʩʘ. 

3. ʇʦʩʣʝ ʢʘʞʜʦʛʦ ʧʨʦʭʦʜʘ ʩʢʘʥʥʝʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʩʨʝʜʥʝʥʠʝ ʚʝʢʪʦʨʘ ʚʝʩʘ ʧʦ ʘʣʛʦʨʠʪʤʫ ʫʩʨʝʜʥʝʥʠʷ ʩ 

ʢʦʥʝʯʥʦʡ ʧʘʤʷʪʴʶ (ʩʢʦʣʴʟʷʱʝʛʦ ʩʨʝʜʥʝʛʦ) [2]. 

4. ʎʝʥʪʨʠʨʫʝʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʝʢʪʦʨʘ ʚʝʩʘ ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʚʝʢʪʦʨ Sc(k)=[sc1(k), 

sc2(k),é, scn(k)]T. 

5. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʨʨʝʢʮʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʝʩʘ ʚ ʢʘʞʜʦʡ ʟʦʥʝ ʪʝʢʫʱʝʛʦ ʚʝʢʪʦʨ ʚʝʩʘ ʩʢʘʥʠʨʫʝʤʦʡ 

ʟʦʥʳ ʙʫʤʘʞʥʦʛʦ ʧʦʣʦʪʥʘ. 

6. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʙʫʤʘʞʥʦʡ ʬʘʙʨʠʢʝ ʄɸʗʂ ʛ. ʇʝʥʟʘ. 
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˝ˍ˔˝ˍˎ˛˟˗ˍ ˝˒˥˒˚˕˖ ˑ˘ˬ ˠ˜˝ˍˏ˘˒˚˕ˬ ˞˗˘ˍˑ˛˙ ˕ ˜˝˛˒˗˟˕˝˛ˏˍ˚˕ˬ ˜˝˕˗˘ˍˑ˚˨ˢ 
˝˒˥˒˚˕˖ ˚ˍ ˎˍ˔˒ ˟˒ˢ˚˛˘˛ː˕ˤ˒˞˗˛˖ ˜˘ˍ˟ˡ˛˝˙˨ Ȱρ˞ȡ˜˝˒ˑ˜˝˕ˬ˟˕˒ ψȢςȱ 

Development of tools for warehouse management and design of applied technology  
solutions based on platform "1C:Enterprise 8.2"  

˒˘˕˔ˍ˝˛ˏ ˏȢ˕Ȣ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̠̜̅̆̑̎̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˕ˡ˕Ȼȟ ˙̏̒̋̃́ 

˒̌̉̈́̑̏̃ ˏȢ˕Ȣ ɀ ̒ ̓̔̅̆̎̓ ̜̋́̆̅̑̕ Ⱥ˗̉̂̆̑̎̆̓̉̋̉Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ˜̖̆̓̔̏̃́ ˒ȢˍȢȟ ˙̏̒̋̃́ȟ ̉̑̍́̕ Ⱥυ˞Ȼ 

 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʢʣʘʜʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʙʘʟʝ ʧʣʘʪʬʦʨʤʳ ç1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ 8.2è 

 

ʉʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤ "1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ" ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʫʯʝʪʘ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ, ʚʠʜʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʪʠʧʦʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʨʝʰʝʥʠʷ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʪʦʨʛʦʚʳʭ ʠ ʩʝʨʚʠʩʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʦʜʫʢʪʳ 

ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʬʠʥʘʥʩʘʤʠ ʭʦʣʜʠʥʛʦʚ ʠ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʚʝʜʝʥʠʷ ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ ʫʯʝʪʘ, ʨʘʩʯʝʪʘ 

ʟʘʨʧʣʘʪʳ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʜʨʘʤʠ, ʜʣʷ ʫʯʝʪʘ ʚ ʙʶʜʞʝʪʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ, ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʪʨʘʩʣʝʚʳʝ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʘʤʦʡ ʬʠʨʤʦʡ "1ʉ". ɿʘ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʘʢʪʠʚʥʘʷ 

ʨʘʟʨʘʙʦʪʢʘ ʚʝʜʝʪʩʷ ʚ ʨʘʤʢʘʭ ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʡ ç1ʉ: ʋʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʝʤ (ERP)è ʠ ç1ʉ: 

ʋʧʨʘʚʣʝʥʠʝ ʪʦʨʛʦʚʣʝʡ 11è.  

ɺ ʮʝʣʷʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʢʣʘʜʩʢʠʭ ʦʧʝʨʘʮʠʡ ʨʝʘʣʠʟʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʧʝʯʘʪʥʳʭ ʬʦʨʤ 

ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʩʠʩʪʝʤʳ, ʢʘʢ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ (ʀʅɺ-3, ʀʅɺ-19, ʊʆʈɻ-12 ʠ ʜʨʫʛʠʝ), ʪʘʢ ʠ 

ʥʝʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ (ʤʘʨʰʨʫʪʥʳʡ ʣʠʩʪ ʜʦʩʪʘʚʢʠ, ʟʘʜʘʥʠʝ ʥʘ ʦʪʙʦʨ ʠ ʨʘʟʤʝʱʝʥʠʝ ʠ ʜʨʫʛʠʝ). ʈʝʘʣʠʟʦʚʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʦʟʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʩʢʣʘʜʩʢʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. ʂ ʪʘʢʠʤ ʜʦʢʫʤʝʥʪʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʘʩʭʦʜʥʳʡ ʦʨʜʝʨ, ʟʘʜʘʥʠʝ ʥʘ ʧʦʜʧʠʪʢʫ. 

ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʦʪʛʨʫʟʢʠ ʟʘʢʘʟʦʚ ʩʦʟʜʘʝʪʩʷ ʤʝʭʘʥʠʟʤ ʨʘʩʯʝʪʘ ʩʪʘʪʫʩʦʚ 

ʜʦʢʫʤʝʥʪʦʚ ʦʪʛʨʫʟʢʠ. ɺ ʤʝʭʘʥʠʟʤʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʚʩʝʭ ʩʪʘʪʫʩʦʚ ʜʦʢʫʤʝʥʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ 

ʦʪʛʨʫʟʢʠ ʠ ʜʦʩʪʘʚʢʠ, ʦʩʪʘʪʢʦʚ ʪʦʚʘʨʦʚ ʥʘ ʩʢʣʘʜʝ, ʢʘʢ ʚ ʩʢʣʘʜʩʢʠʭ ʷʯʝʡʢʘʭ, ʪʘʢ ʠ ʚ ʟʦʥʘʭ ʦʪʛʨʫʞʝʥʥʦʛʦ 

ʪʦʚʘʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʥʝʜʞʝʨ ʧʦ ʧʨʦʜʘʞʘʤ ʩ ʣʝʛʢʦʩʪʴʶ ʤʦʞʝʪ ʫʟʥʘʪʴ, ʥʘ ʢʘʢʦʡ ʩʪʘʜʠʠ ʥʘʭʦʜʠʪʩʷ ʪʦʪ ʠʣʠ 

ʠʥʦʡ ʟʘʢʘʟ ʥʘ ʦʪʛʨʫʟʢʫ. 

ʅʘʨʷʜʫ ʩ ʟʘʜʘʯʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʢʣʘʜʩʢʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʪʠʧʦʚʳʭ ʧʨʠʢʣʘʜʥʳʭ 

ʨʝʰʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʠ ʩ ʠʥʪʝʨʬʝʡʩʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʥʘʧʨʠʤʝʨ - ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʝʘʣʠʟʘʮʠʷ 

ʢʘʨʪʦʯʢʠ ʦʨʛʘʥʠʟʘʮʠʠ. ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ: ʫʤʝʩʪʠʪʴ ʥʘ ʬʦʨʤʝ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʧʦʥʷʪʥʦʤ ʚʠʜʝ, ʚ ʩʣʫʯʘʝ ʥʘʜʦʙʥʦʩʪʠ ï ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ. ɹʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʬʦʨʤʝ: ʧʦʩʣʝ ʟʘʛʦʣʦʚʢʘ ʙʣʦʢʘ ʜʘʥʥʳʭ ʨʘʩʧʦʣʦʞʝʥʦ 

ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ, ʘ ʟʘʪʝʤ ʵʣʝʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ, ʦʪʢʨʳʚʘʶʱʠʡ ʥʦʚʫʶ ʬʦʨʤʫ ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ 

ʠʟʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʨʠ ʞʝʣʘʥʠʠ ʠʟʤʝʥʠʪʴ ʝʝ. ʇʨʦʝʢʪ ʫʩʧʝʰʥʦ ʧʨʦʰʝʣ ʶʟʘʙʠʣʠʪʠ-ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ 

ʚʥʝʜʨʝʥ ʢʘʢ ʚ ʧʨʠʢʣʘʜʥʦʝ ʨʝʰʝʥʠʝ ç1ʉ: ʋʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʝʤ (ERP)è, ʪʘʢ ʠ ç1ʉ: ʋʧʨʘʚʣʝʥʠʝ 

ʪʦʨʛʦʚʣʝʡ 11è. ɺʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚ ʨʘʤʢʘʭ ʥʦʚʦʛʦ ʧʨʠʢʣʘʜʥʦʛʦ ʨʝʰʝʥʠʷ ç1ʉ:ʉʇʇʈè. ʉʠʩʪʝʤʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʡ (ʉʇʇʈ) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʡ ʥʘ 

ʧʣʘʪʬʦʨʤʝ ç1ʉ: ʇʨʝʜʧʨʠʷʪʠʝè ʠ ʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʦʝʢʪʘ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ 

ʚ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʩʨʝʜʝ 

ç1ʉ:ʇʨʝʜʧʨʠʷʪʠʷ 8è, ʪʘʢ ʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ 

ʘʚʪʦʨʦʤ ʧʦʜʩʠʩʪʝʤʘ ʜʣʷ ʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʪʨʫʢʪʫʨʝ ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʟʠʪʴ ʚ 

ʚʠʜʝ ʜʝʨʝʚʘ ʦʙʱʠʝ ʦʙʲʝʢʪʳ ʤʝʪʘʜʘʥʥʳʭ (ʬʦʨʤʘʣʴʥʳʝ ʦʧʠʩʘʥʠʷ ʛʨʫʧʧ ʧʦʥʷʪʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩʦ 

ʩʭʦʜʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʦʜʠʥʘʢʦʚʳʤ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝʤ), ʟʘʧʦʣʥʷʪʴ ʚʩʶ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʥʠʭ. ʇʦʜʩʠʩʪʝʤʘ ʫʩʧʝʰʥʦ ʚʥʝʜʨʝʥʘ ʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʬʠʨʤʳ ç1ʉè ʠ ʢʦʤʧʘʥʠʷʤʠ-

ʧʘʨʪʥʝʨʘʤʠ. 
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ˑ˘ˬ ˝ˍ˔˝ˍˎ˛˟˗˕ ˑˏ˕ːˍ˟˒˘˩˚˨ˢ ˠ˞˟ˍ˚˛ˏ˛˗ ˚ˍ ˎˍ˔˒ ˟˒ˢ˚˕ˤ˒˞˗˛ː˛ ˡˍ˗ˠ˘˩˟˒˟ˍ 

Creation by means of CALS-technologies of design offic e for working out of propulsion  
systems on the basis of technical faculty  

˗˛˔˕˚˒˝ ˑȢ˫Ȣȟ ˗˛˞˟˕˗˛ˏ ˏȢ˞Ȣȟ ˙˛˥˗˛ˏ ˜ȢˍȢ 

˙̏̒̋̏̃̒̋̉̊ ̗̜́̃̉́̉̏̎̎̊ ̉̎̒̓̉̓̔̓ ɉ̗̝̜̎́̉̏̎́̌̎̊ ̉ ̝̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ɋ 

˗̏̈̉̎̆̑ ˑȢ˫Ȣ - ́ ̒̐̉̑́̎̓ ̋́̕Ȣφτωȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̗̅̏̆̎̓ ˕̃̋̉̎ ˒Ȣ˕Ȣȟ ˗̏̒̓̉̋̏̃ ˏȢ˞Ȣ - ́ ̒̐̉̑́̎̓ 
̋́̕Ȣότυȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˣ̉̐̆̎̋̏ ˍȢˏȢȟ ˙̙̏̋̏̃ ˜ȢˍȢ - ́ ̒̐̉̑́̎̓ ̋́̕Ȣφτυȟ ̘̜̎́̔̎̊ 

̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˞̖́̍̏̉̎ ˏȢˡȢ 

 
ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʙʶʨʦ ʠʟ ʯʠʩʣʘ ʩʪʫʜʝʥʪʦʚ ʩʪʘʨʰʠʭ ʢʫʨʩʦʚ ʠ 

ʘʩʧʠʨʘʥʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ, ʠʤʝʶʱʠʭ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ MCS/Nastran, 

Unigraphics, ADEM, Solidworks ʠ ʜʨ. ʥʘ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʩʣʦʞʥʳʭ ʠʟʜʝʣʠʡ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ. 

 

ɺ XXI ʚʝʢʝ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʠʟʜʝʣʠʡ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʦ ʤʦʤʝʥʪʘ ʦʢʦʥʯʘʥʠʷ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʝʨʝʭʦʜ ʢ CALS-ʪʝʭʥʦʣʦʛʠʷʤ ʧʨʦʠʩʭʦʜʠʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘ ʩʯʝʪ ʜʦʩʪʠʞʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ [1]. ʎʝʣʴʶ CALS-

ʪʝʭʥʦʣʦʛʠʡ [2] ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʦ ʩʦʟʜʘʥʠʶ ʠʟʜʝʣʠʷ, ʪʦ ʝʩʪʴ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʦʟʜʘʥʠʷ ʠʟʜʝʣʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʛʫʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʝʥʳ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʨʘʤʢʘʭ ʬʘʢʫʣʴʪʝʪʘ çɼʚʠʛʘʪʝʣʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚè ʄʦʩʢʦʚʩʢʦʛʦ 

ʘʚʠʘʮʠʦʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʨʦʠʩʭʦʜʠʪ ʰʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʉʪʫʜʝʥʪʳ ʦʙʫʯʘʶʪʩʷ ʥʘʚʳʢʘʤ ʨʘʙʦʪʳ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ MCS/Nastran, Unigraphics, 

ADEM, Solidworks ʠ ʜʨ., ʘ ʪʘʢʞʝ ʦʚʣʘʜʝʚʘʶʪ ʥʘʚʳʢʘʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʦʚʦʜʷ ʧʨʦʝʢʪʠʨʫʝʤʫʶ ʜʝʪʘʣʴ ʦʪ 3D-ʤʦʜʝʣʠ ʯʝʨʝʟ ʧʦʜʛʦʪʦʚʢʫ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ (ʏʇʋ) ʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʠʟʛʦʪʦʚʣʝʥʠʶ ʜʝʪʘʣʠ ʥʘ 

ʩʪʘʥʢʝ.  

ʐʠʨʦʢʦʝ ʚʥʝʜʨʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘ ʙʘʟʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ ʙʶʨʦ, ʩʧʦʩʦʙʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʝʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʣʦʞʥʳʭ ʜʝʪʘʣʝʡ, ʫʟʣʦʚ ʠ ʠʟʜʝʣʠʡ, ʪʘʢʠʭ ʢʘʢ ʜʚʫʭʪʘʢʪʥʳʝ ʜʚʠʛʘʪʝʣʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʘ ʪʘʢʞʝ ʘʛʨʝʛʘʪʳ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʜʨ. ʧʦ ʟʘʢʘʟʘʤ ʧʨʝʜʧʨʠʷʪʠʡ ʠ, ʚ ʧʝʨʩʧʝʢʪʠʚʝ, 

ʩʦʟʜʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ. 

ɺʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʧʦ ʫʧʦʨʷʜʦʯʝʥʠʶ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʢʘʬʝʜʨʘʭ ʬʘʢʫʣʴʪʝʪʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ 

ʨʦʣʴʶ ʚ ʩʪʨʫʢʪʫʨʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʟʜʝʣʠʷ, ʨʝʘʣʴʥʦʝ ʢʫʨʩʦʚʦʝ ʠ ʜʠʧʣʦʤʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʪʫʜʝʥʪʘʤʠ 

ʚ ʩʢʚʦʟʥʦʤ ʮʠʢʣʝ ï ʦʪ ʧʝʨʚʦʛʦ ʢʫʨʩʘ ʜʦ ʜʠʧʣʦʤʘ ï ʧʦʟʚʦʣʠʪ ʧʦʜʥʷʪʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʫʩʢʥʠʢʦʚ 

ʬʘʢʫʣʴʪʝʪʘ ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ ʠ ʜʘʪʴ ʩʦʚʨʝʤʝʥʥʦʤʫ ʘʚʠʘʮʠʦʥʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. CALS (Continuous Acquisition and Life cycle Support ï ʥʝʧʨʝʨʳʚʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʞʠʟʥʝʥʥʦʛʦ 
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ɺ.ɻ.ʄʠʪʨʦʬʘʥʦʚ, ɺ.ɺ.ʇʘʚʣʦʚ, ʃ.ɺ.ʈʳʙʘʢʦʚ - ʄ.: ʅʘʫʢʘ,2003, 292 ʩ. 

 

 



ζ˿˻ˤ˾˩˸˩˹˹̍˩́˩̆˹˻˶˻˥ˮˮ ˤ ˭ˢ˨ˢ̉ˢ̆ ̂˽˾ˢˤ˶˩˹ˮ̒Σ ˢˤ́˻˸ˢ́ˮ˴ˮ ˮ ˻ˣ˾ˢˣ˻́˴ˮ ˮ˹̅˻˾˸ˢ̇ˮˮη 

 

 

 
 

48  

˝ˍ˞˜˝˒ˑ˒˘˒˚˕˒ ˜ˍ˞˞ˍ˓˕˝˛˜˛˟˛˗ˍ ˜˛ ˗˘ˍ˞˞ˍ˙ ˛ˎ˞˘ˠ˓˕ˏˍ˚˕ˬ ˚ˍ ˍˏ˕ˍ˘˕˚˕˕ 

Distribution of passengers on airway by services classes  

˗ˠ˘ˬˎ˕ˤ˒ˏ ˫Ȣ˜Ȣȟ ˞ˍ˙ˍ˚ˤˠ˗ ˏȢ˚Ȣȟ ˗˛˚˛ˏˍ˘˛ˏ ˝ȢˏȢ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̠̜̅̆̑̎̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˕ˡ˕Ȼ 

 
ʆʧʠʩʳʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʟʙʠʝʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʧʦ ʢʣʘʩʩʘʤ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʟʘʜʘʥʥʳʭ ʧʨʦʮʝʥʪʦʚ 

ʟʘʛʨʫʟʢʠ ʢʨʝʩʝʣ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʩʩʘʞʠʨʦʚ. ʇʨʠʚʝʜʝʥʥʳʝ ʬʦʨʤʫʣʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʠʟʤʝʥʥʦʩʪʴ 

ʦʙʱʝʛʦ ʧʨʦʮʝʥʪʘ ʟʘʛʨʫʟʢʠ ʢʨʝʩʝʣ. 

 

ɺ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʧʝʨʝʚʦʟʢʘʤ ʧʘʩʩʘʞʠʨʦʚ ʚ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʧʨʠʚʦʜʷʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤʘʨʥʳʭ ʮʠʬʨ ʙʝʟ ʨʘʟʙʠʚʢʠ ʧʦ ʢʣʘʩʩʘʤ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʧʝʨʚʳʡ ʢʣʘʩʩ, 

ʙʠʟʥʝʩ-ʢʣʘʩʩ, ʵʢʦʥʦʤ). ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʘʚʠʘʢʦʤʧʘʥʠʠ ʪʘʢʞʝ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʧʣʘʥʠʨʫʶʪ ʦʙʱʫʶ ʩʫʤʤʘʨʥʫʶ ʮʠʬʨʫ ʧʦ ʧʘʩʩʘʞʠʨʘʤ ʥʘ ʘʚʠʘʣʠʥʠʠ, ʠ ʣʠʰʴ ʧʦʪʦʤ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʢʣʘʩʩʘʤ. 

ʅʘ ʘʚʠʘʣʠʥʠʠ (ʤʘʨʰʨʫʪ ʤʝʞʜʫ ʜʚʫʤʷ ʘʵʨʦʧʦʨʪʘʤʠ) ʧʝʨʝʚʦʟʢʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʨʝʡʩʘʤʠ 

ʨʘʟʣʠʯʥʳʭ ʘʚʠʘʢʦʤʧʘʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʣʠʯʥʦʡ ʝʤʢʦʩʪʴʶ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʘʣʦʥʘ. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʘʚʠʘʢʦʤʧʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʝʨʝʚʦʟʢʠ ʩ ʧʨʠʚʷʟʢʦʡ ʢ 

ʘʵʨʦʧʦʨʪʫ ʙʘʟʠʨʦʚʘʥʠʷ, ʫ ʨʝʡʩʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʦʩʘʜʢʠ. 

ʆʩʥʦʚʥʦʡ ʦʪʨʘʩʣʝʚʦʡ ʧʦʢʘʟʘʪʝʣʴ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʟʘʧʦʣʥʷʝʤʦʩʪʴ ʨʝʡʩʦʚ ʥʘ ʘʚʠʘʣʠʥʠʠ ð ʧʨʦʮʝʥʪ 

ʟʘʛʨʫʟʢʠ ʢʨʝʩʝʣ (ʠʣʠ ʧʨʦʮʝʥʪ ʢʦʤʤʝʨʯʝʩʢʦʡ ʟʘʛʨʫʟʢʠ) ð %ɿʂ, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʘʢ: 
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=ɿʂ ,      (1) 

 

ʛʜʝ iP  - ʢʦʣʠʯʝʩʪʚʦ ʧʘʩʩʘʞʠʨʦʚ ʥʘ i-ʦʤ ʫʯʘʩʪʢʝ ʧʝʨʝʚʦʟʢʠ ʥʝʢʦʪʦʨʦʛʦ ʨʝʡʩʘ, ʚʳʧʦʣʥʷʝʤʦʛʦ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʪʠʧʝ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ, iS  - ʢʨʝʩʣʘ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ, iʂʄ - ʨʘʩʩʪʦʷʥʠʝ ʵʪʦʛʦ ʫʯʘʩʪʢʘ. 

ɿʘʧʦʣʥʝʥʠʝ ʩʘʣʦʥʘ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʤʘʨʰʨʫʪʘ, ʧʦʵʪʦʤʫ ʚ 

ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʠ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʟʚʝʰʠʚʘʥʠʝ ʢʠʣʦʤʝʪʨʘʞʝʤ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʩʫʱʝʩʪʚʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʘʩʩʘʞʠʨʦʚ ʧʦ ʢʣʘʩʩʘʤ (ʥʘʧʨʠʤʝʨ, ʧʦ ʜʚʫʤ ð ʙʠʟʥʝʩ ʠ 

ʵʢʦʥʦʤ), ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʪʘʢʦʝ ʨʘʟʙʠʝʥʠʝ ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ ʧʝʨʝʣʝʪʘ, ʯʪʦʙʳ ʦʙʱʘʷ 

ʯʠʩʣʝʥʥʦʩʪʴ ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʘʚʠʘʣʠʥʠʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʝ ʧʨʦʮʝʥʪʦʚ ʟʘʛʨʫʟʢʠ ʢʨʝʩʝʣ 

ʢʣʘʩʩʦʚ ʦʪʚʝʯʘʣʦ ʟʘʜʘʥʥʦʡ ʧʨʦʧʦʨʮʠʠ:  
 

New
ɹʕ

New
ʕ

New
ɹ ʇ=ɿʂɿʂ /% .     (2) 

 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʝʨʝʩʯʝʪʝ ʦʪʜʝʣʴʥʳʭ ʧʨʦʮʝʥʪʦʚ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʟʘʛʨʫʟʦʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʘʩʩʘʞʠʨʦʢʠʣʦʤʝʪʨʘʤ: ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʥʠʪʴ ʟʘʛʨʫʟʢʫ ʩ ɿʂ%  

ʥʘ ʟʥʘʯʝʥʠʝ Newɿʂ% , ʪʦ ʧʝʨʝʩʯʝʪ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʬʦʨʤʫʣʳ (1) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ii ʂʄP* . ʇʨʠ ʵʪʦʤ ʧʘʩʩʘʞʠʨʳ ʥʘ i -ʦʤ ʫʯʘʩʪʢʝ ʧʝʨʝʣʝʪʘ ʙʫʜʫʪ ʧʝʨʝʩʯʠʪʘʥʳ ʧʦ ʬʦʨʤʫʣʝ:  
 

ù
ù
ù

ú

ø

é
é
é

ê

è

*

*

*
ä

ä

i
ii

i
ii

New
i

New
i

ʂʄP

ʂʄS

ɿʂ)(ɿɿ+P=P %-1 .    (3) 

 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ ääää
i

i
ʕ

i
i
ɹ

i
New
i
ʕ

i
New
i
ɹ

P+P=P+P , (2) ʠ (3) ʚʳʚʦʜʠʪʩʷ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʵʢʦʥʦʤ-

ʢʣʘʩʩʘ: 
ää

ää

*
*

i
i
ʕ

i
i
ɹ

New
ɹʕ

i
i
ʕ

i
i
ɹ

ʕ
New
ʕ

P+Pʇ

P+P

ɿʂ=ɿʂ . ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʩʯʝʪʘ 



˿ˣ˻˾˹ˮ˴ ́˾̂˨˻ˤ ˸˩ˬ˨̂˹ˢ˾˻˨˹˻˥˻ ˹ˢ̂̉˹˻-́˩̆˹ˮ̉˩˿˴˻˥˻ ˿˩˸ˮ˹ˢ˾ˢΣ ˢ˶̂̊́ˢ нлмо 
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ʦʙʱʠʡ ʧʨʦʮʝʥʪ ʟʘʛʨʫʟʢʠ ʢʨʝʩʝʣ ʜʣʷ ʚʩʝʭ ʧʘʩʩʘʞʠʨʦʚ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ 

ʧʨʠʤʝʥʠʤ ʜʣʷ ʣʶʙʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʣʘʩʩʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Adrianus D. Groenewege. Compendium of International Civil Aviation. Second Edition.É International Aviation 

Development Corporation. 1998/1999. 

2. ʂʫʣʷʙʠʯʝʚ ʖ.ʇ., ʂʦʥʦʚʘʣʦʚ ʈ.ɺ. ʇʦʚʳʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ 
ʩʧʠʩʢʦʚ ʧʘʩʩʘʞʠʨʦʚ. - ɹʝʟʦʧʘʩʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 2010. ˉ 2. ʉ. 28-34. 

 

 

 
 

 

˜˝˕˙˒˚˒˚˕˒ 1$ ɀ ̱ ˘ː˛˝˕˟˙ˍ ˑ˘ˬ ˡ˛˝˙˕˝˛ˏˍ˚˕ˬ ˑ˕ˍː˚˛˞˟˕ˤ˒˞˗˕ˢ ˜˝˕˔˚ˍ˗˛ˏ 

Application of QD - algorithm for formation of diagnostic signs  

˘ˍˏ˝˒˚˟˩˒ˏ ˝Ȣ˞Ȣ 

˜̆̎̈̆̎̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

˘̝́̃̑̆̎̓̆̃ ˝Ȣ˞Ȣ - ̒ ̓̔̅̆̎̓ ω ̋̔̑̒́ ̜̋́̆̅̑̕ Ⱥˍ̃̓̏̍́̓̉̋́ ̉ ̖̓̆̌̆̍̆́̎̉̋́Ȼ, 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ɀ ̅ Ȣ̓Ȣ̎Ȣȟ ̐̑̏̆̒̒̏̑̕ ˙̠̒̎̉̋̏̃́ ̊ ȢˏȢ 

 
ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʘʣʛʦʨʠʪʤʘ ʠ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʩʣʝʜʫʶʱʠʤ: ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʚʳʯʠʩʣʠʪʝʣʷʭ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ, ʧʨʠ 

ʵʪʦʤ ʚʨʝʤʷ ʘʥʘʣʠʟʘ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ ʟʘʜʘʥʥʦʛʦ, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʩʠʛʥʘʣʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʡ. 

 

ʈʘʩʩʤʦʪʨʝʥ çʢʘʥʜʠʜʘʪè ʚ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʩʠʩʪʝʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ï ʘʣʛʦʨʠʪʤ ʯʘʩʪʥʳʭ ʠ ʨʘʟʥʦʩʪʝʡ 

(QD ï ʘʣʛʦʨʠʪʤ). 

ʀʩʧʦʣʴʟʫʷ QD-ʘʣʛʦʨʠʪʤ  (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʦʛʨʝʩʩʠʚʥʫʶ ʬʦʨʤʫ ʘʣʛʦʨʠʪʤʘ) ʠ ʧʨʘʚʠʣʘ Q-ʨʦʤʙʘ ʠ E-

ʨʦʤʙʘ ʤʦʞʥʦ ʨʝʰʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ɸʚʪʦʨʳ ʫʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʧʨʠʤʝʥʝʥʠʝ 

ʘʣʛʦʨʠʪʤʘ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ [1, 2]. 

ɺ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʯʘʩʪʥʳʭ ʠ ʨʘʟʥʦʩʪʝʡ ʣʝʞʠʪ ʧʨʘʚʠʣʦ, ʛʣʘʩʷʱʝʝ, ʯʪʦ ʧʦʣʶʩʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʭʦʜʷʪʩʷ ʢ ʯʘʩʪʥʳʤ. ɽʩʣʠ ʢʦʨʥʠ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ, ʪʦ ʦʥʠ ʤʦʛʫʪ ʦʧʨʝʜʝʣʷʪʴ ʢʘʢ 

ʦʪʥʦʰʝʥʠʷʤʠ, ʪʘʢ ʠ ʯʘʩʪʥʳʤʠ, ʪ.ʝ. ʵʪʠ ʨʘʟʣʦʞʝʥʠʷ ʥʝʩʫʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʣʦʞʥʳʭ ʢʦʣʝʙʘʥʠʷʭ ʩʠʩʪʝʤʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʠʭ ʧʘʨʘʤʝʪʨʳ, 

ʥʘʧʨʠʤʝʨ, ï ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʢʦʣʠʯʝʩʪʚʦʤ ʵʢʩʪʨʝʤʫʤʦʚ, ʜʠʩʧʝʨʩʠʠ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʇʨʠ 

ʠʟʤʝʥʝʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʙʫʜʫʪ ʤʝʥʷʪʴʩʷ ʠ ʧʘʨʘʤʝʪʨʳ ʨʘʟʣʦʞʝʥʠʡ, ʧʦ ʢʦʪʦʨʳʤ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʥʦ ʩʫʜʠʪʴ 

ʦʙ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠè , 2012, ʩʪʨ. 290-293. 
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˜˛ˏ˨˥˒˚˕˒ ˟˛ˤ˚˛˞˟˕ ˏ˨ˑ˒˘˒˚˕ˬ ˟˝˒˚ˑ˛ˏ˛˖ ˕ ˜˒˝˕˛ˑ˕ˤ˒˞˗˛˖ ˞˛˞˟ˍˏ˘ˬ˫˦˒˖ 
ˏ˝˒˙˒˚˚˛ː˛ ˝ˬˑˍ ˞ ˕˞˜˛˘˩˔˛ˏˍ˚˕˒˙ ˞˕˚ːˠ˘ˬ˝˚˛ː˛ ˝ˍ˔˘˛˓˒˚˕ˬ 

Increase of accuracy of allocation of the trend and periodic component of a temporary row  with 
use of singular decomposition  

˘˨˞˛ˏˍ ̊ ȢˏȢȟ ˞ˍˠ˘ ˒Ȣ˚Ȣ 

˜̆̎̈̆̎̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

˘̜̒̏̃́ ˚ȢˏȢ- ̒ ̓̔̅̆̎̓̋́ χ ̋̔̑̒́ ̜̋́̆̅̑̕ Ⱥˍ̃̓̏̍́̓̉̋́ ̉ ̖̓̆̌̆̍̆́̎̉̋́Ȼȟ ˞́̔̌ ˒Ȣ˚Ȣ - ̈ ́̃Ȣ ̌́̂Ȣ ̜̋́̆̅̑̕ 
Ⱥˍ̃̓̏̍́̓̉̋́ ̉ ̖̓̆̌̆̍̆́̎̉̋́Ȼȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ - ̅ Ȣ̓Ȣ̎Ȣȟ ̐̑̏̆̒̒̏̑̕ ˞̧̆̍̎̏̃ ˍȢˑȢ 

 
ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʪʨʝʥʜʦʚʦʡ ʠ ʧʘʨʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʧʨʠ 

ʩʠʥʛʫʣʷʨʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ  ʚʳʙʠʨʘʪʴ ʜʣʠʥʫ ʦʢʥʘ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʫʤʘ ʜʠʩʧʝʨʩʠʠ ʪʨʝʥʜʦʚʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ 

 

ɺʳʜʝʣʝʥʠʝ ʪʨʝʥʜʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʘʥʘʣʠʟʝ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ [1]. ɺ 70ï80-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚʦʟʥʠʢʣʘ ʠʜʝʷ ʘʥʘʣʠʟʘ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʩʠʥʛʫʣʷʨʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʤʘʪʨʠʮʳ ʧʦʣʫʯʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʜʚʠʛʦʚʦʡ ʧʨʦʮʝʜʫʨʳ 

ʠʩʭʦʜʥʦʛʦ ʨʷʜʘ [2].  

ʆʜʥʦʡ ʠʟ ʪʨʫʜʥʦʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʪʘʢʦʤ ʨʘʟʣʦʞʝʥʠʠ, ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʜʣʠʥʳ ʦʢʥʘ L, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʠʩʭʦʜʥʘʷ ʤʘʪʨʠʮʘ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʜʣʠʥʳ ʦʢʥʘ 

ʧʨʠʚʦʜʷʪʩʷ ʚ [3].ɺ [4] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʚʳʜʝʣʝʥʠʷ ʪʨʝʥʜʦʚʦʡ ʠ ʧʘʨʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. 

ɽʩʣʠ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʜʦʧʫʱʝʥʠʷʭ ʦ ʨʘʟʜʝʣʠʤʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ, ʪʦ ʚʦʟʤʦʞʥʘ 

ʛʨʫʧʧʠʨʦʚʢʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʤʘʪʨʠʮ iX , ʧʦʣʫʯʘʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʥʛʫʣʷʨʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʠʩʭʦʜʥʦʡ 

ʤʘʪʨʠʮʳä= iXX , ʥʘ ʨʷʜ ʛʨʫʧʧ, ʦʙʨʘʟʫʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʫʩʨʝʜʥʝʥʠʷ, ʪʨʝʥʜʦʚʫʶ)(tfʊ , 

ʧʝʨʠʦʜʠʯʝʩʢʫʶ)(tfʇ  ʠ ʩʣʫʯʘʡʥʫʶ )(tfʉ  ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʩʭʦʜʥʦʛʦ ʨʷʜʘ. 
 

)()()()( tftftftf ʉʇʊ ++=  
 

ʇʨʠ ʵʪʦʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʝʩʣʠ ʪʨʝʥʜʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʝ ʩʦʜʝʨʞʠʪ ʜʨʫʛʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʪʦ ʝʸ 

ʜʠʩʧʝʨʩʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʘ min)( -tfʊ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʚʳʙʦʨʝ ʜʣʠʥʳ ʦʢʥʘ L ʥʫʞʥʦ ʩʪʨʝʤʠʪʴʩʷ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʜʠʩʧʝʨʩʠʶ ʪʨʝʥʜʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʥʦ ʚʳʜʝʣʝʥʠʝ ʪʨʝʥʜʦʚʦʡ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʦʙʲʝʢʪʘʭ ɾʂʍ.  
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˔ˍˑˍˤ˕ ˣ˒˚˟˝ˍ ˟˒ˢ˚˛˘˛ː˕ˤ˒˞˗˛˖ ˜˛ˑˑ˒˝˓˗˕ ˛ˎ˝ˍ˔˛ˏˍ˚˕ˬ Ⱥ˗˕ˎ˒˝-˞ˡ˒˝ˍȻ 

Tasks ÏÆ ÔÅÃÈÎÏÌÏÇÉÃÁÌ ÓÕÐÐÏÒÔ ÃÅÎÔÅÒ ÏÆ ÅÄÕÃÁÔÉÏÎ Ȱ#9"%2-!2%!ȱ 

˝˛˙ˍ˚˛ˏ ˙Ȣ˜Ȣ 

˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̖̑́̅̉̏̓̆̎̉̋̉ȟ 
̞̌̆̋̓̑̏̎̉̋̉ ̉ ́̃̓̏̍́̓̉̋̉ 

 
ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʫʪʠ ʨʘʟʚʠʪʠʷ  ʦʙʱʝʛʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʫʪʝʤ ʘʢʪʠʚʠʟʘʮʠʠ 

ʨʘʙʦʪʳ, ʫʚʝʣʠʯʝʥʠʷ ʧʝʨʝʯʥʷ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʫʩʣʫʛ  ʎʝʥʪʨʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ 

ʦʙʨʘʟʦʚʘʥʠʷ çʂʠʙʝʨ-ʩʬʝʨʘè ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʥʠʢʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʪʨʦʥʠʢʠ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, 

ʙʠʦʢʠʙʝʨʥʝʪʠʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʜʠʟʘʡʥʘ, ʪʝʭʥʦʣʦʛʠʡ ʩʦʭʨʘʥʝʥʠʷ ʤʠʨʦʚʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʩʫʨʩʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʪʚʦʨʯʝʩʪʚʘ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

 

ʅʘ ʙʘʟʝ ʢʘʬʝʜʨʳ çʇʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷè ʄɻʊʋ ʄʀʈʕɸ ʩʦʟʜʘʥ ʠ ʜʝʡʩʪʚʫʝʪ ʎʝʥʪʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʜʜʝʨʞʢʠ ʦʙʨʘʟʦʚʘʥʠʷ çʂʠʙʝʨ-ʩʬʝʨʘè, ʧʝʨʝʜ ʢʦʪʦʨʳʤ ʩʪʦʷʪ ʟʘʜʘʯʠ 

- ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʚ ʤʦʣʦʜʝʞʥʦʡ ʩʨʝʜʝ ʜʦʩʪʠʞʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʨʦʧʘʛʘʥʜʘ ʠʥʥʦʚʘʮʠʦʥʥʦʡ, ʥʘʫʯʥʦʡ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

- ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʪʙʦʨʘ ʠ ʧʦʜʜʝʨʞʢʠ ʦʜʘʨʝʥʥʳʭ ʜʝʪʝʡ ʠ ʪʘʣʘʥʪʣʠʚʦʡ ʤʦʣʦʜʝʞʠ ʧʦ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ; 

- ʩʦʟʜʘʥʠʷ ʫʯʝʙʥʳʭ ʛʨʫʧʧ ʫʯʘʱʠʭʩʷ ʜʣʷ ʧʨʝʜʧʨʦʬʠʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʦʬʠʣʴʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʵʣʝʢʪʨʦʥʠʢʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʪʨʦʥʠʢʠ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, 

ʙʠʦʢʠʙʝʨʥʝʪʠʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʜʠʟʘʡʥʘ, ʪʝʭʥʦʣʦʛʠʡ ʩʦʭʨʘʥʝʥʠʷ 

ʤʠʨʦʚʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ; 

- ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʜʣʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʚʦʨʯʝʩʪʚʘ ʫʯʘʱʠʭʩʷ, ʚʦʚʣʝʯʝʥʠʷ ʠʭ ʚ ʠʥʥʦʚʘʮʠʦʥʥʫʶ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ; 

- ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʩ ʫʯʘʱʠʤʠʩʷ ʧʦ ʨʘʙʦʯʠʤ ʠ ʠʥʞʝʥʝʨʥʳʤ 

ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʡ çʇʨʦʤʳʰʣʝʥʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘè, çɻʠʙʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʩʠʩʪʝʤʳè; 

- ʩʦʟʜʘʥʠʷ ʩʘʡʪʘ ʎʊʇʆ ʄɻʊʋ ʄʀʈʕɸ ʠ ʠʥʪʝʨʥʝʪ ʨʝʩʫʨʩʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʚʠʨʪʫʘʣʴʥʳʤʠ ʤʦʜʝʣʷʤʠ 
ʤʦʙʠʣʴʥʳʭ ʠ ʫʯʝʙʥʳʭ ʤʘʥʠʧʫʣʷʮʠʦʥʥʳʭ ʨʦʙʦʪʦʚ; 

- ʦʙʫʯʝʥʠʷ ʠ/ʠʣʠ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʜʘʛʦʛʦʚ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʵʣʝʢʪʨʦʥʠʢʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʪʨʦʥʠʢʠ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʜʠʟʘʡʥʘ, 

ʪʝʭʥʦʣʦʛʠʡ ʩʦʭʨʘʥʝʥʠʷ ʤʠʨʦʚʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ 

ʚʳʜʘʯʝʡ ʜʦʢʫʤʝʥʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʮʘ; 

- ʦʙʫʯʝʥʠʷ ʰʢʦʣʴʥʠʢʦʚ (ʩ ʚʳʜʘʯʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʦʢʫʤʝʥʪʦʚ ʦʙ ʦʩʚʦʝʥʠʠ ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ) ʨʘʙʦʪʝ ʩ 
ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ  ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ; 

- ʩʦʟʜʘʥʠʷ ʢʣʫʙʘ çʂʠʙʝʨ-ʩʬʝʨʘè ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʠʥʪʝʨʝʩʫʶʱʠʭʩʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʨʘʟʚʠʪʠʷ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʚʦʨʯʝʩʪʚʘ ʫʯʘʱʠʭʩʷ, ʚʦʚʣʝʯʝʥʠʷ ʠʭ ʚ 

ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʫʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʠ ʧʨʦʝʢʪʦʚ ʰʢʦʣʴʥʠʢʦʚ; 

- ʦʨʛʘʥʠʟʘʮʠʠ ʚʳʩʪʘʚʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʚʦʨʯʝʩʪʚʘ çʄʠʨ ʢʠʙʝʨʥʝʪʠʢʠè. 
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˝ˍ˔˝ˍˎ˛˟˗ˍ ˑ˒˙˛˚˞˟˝ˍˣ˕˛˚˚˛˖ ˎˍ˔˨ 
Ⱥρ˞ȡˎ˕ˎ˘˕˛˟˒˗ˍ ˜˛ˑ˗˘˫ˤˍ˒˙˛ː˛ ˛ˎ˛˝ˠˑ˛ˏˍ˚˕ˬȻ 

$ÅÖÅÌÏÐÍÅÎÔ ÄÅÍÏ ÆÏÒ Ȱρ#ȡ#ÏÎÎÅÃÔÅÄ ÅÑÕÉÐÍÅÎÔ ÌÉÂÒÁÒÙ ψȢςȱ 

˞˒˝ˍ˘˕˒ˏ ˛ȢˏȢ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̠̜̅̆̑̎̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˕ˡ˕Ȼȟ ˙̏̒̋̃́ 

˞̆̑́̌̉̆̃ ˛ȢˏȢ ɀ ̒ ̓̔̅̆̎̓ ̜̋́̆̅̑̕ Ⱥˠ̠̟̐̑́̃̌̉̆̚ ̝̜̉̎̓̆̌̌̆̋̓̔́̌̎̆ ̜̒̉̒̓̆̍Ȼȟ 
̘̜̎́̔̎̆ ̑̔̋̏̃̏̅̉̓̆̌̉ȡ ˞́̌̉̍̏̃́ ˛Ȣ˜Ȣȟ ˜̖̆̓̔̏̃́ ˒ȢˍȢȟ ˙̏̒̋̃́ȟ ̉̑̍́̕ Ⱥυ˞Ȼ 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ  

ç1ʉ:ɹʠʙʣʠʦʪʝʢʘ ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ɹʇʆ)è. 

 

ʌʠʨʤʘ ç1ʉè ʚʳʧʫʩʢʘʝʪ ʩʪʘʥʜʘʨʪʥʳʝ ʙʠʙʣʠʦʪʝʢʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʨʘʟʨʘʙʦʪʯʠʢʫ ʧʨʠʢʣʘʜʥʳʭ 

ʨʝʰʝʥʠʡ ʥʘʙʦʨ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ ʧʣʘʪʬʦʨʤʝ ç1ʉ: 

ʇʨʝʜʧʨʠʷʪʠʝ 8.2è. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʥʜʘʨʪʥʳʭ ʙʠʙʣʠʦʪʝʢ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʢʦʥʬʠʛʫʨʘʮʠʡ, ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʥʘ ʠʟʫʯʝʥʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʪʠʧʦʚʳʭ ʨʝʰʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʫʩʢʦʨʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʡ. 

ç1ʉ: ɹʠʙʣʠʦʪʝʢʘ ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 8.2è (ɹʇʆ) ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʘʙʦʨ ʤʝʭʘʥʠʟʤʦʚ ʜʣʷ 

ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʘʙʦʪʳ ʩ ʧʦʜʢʣʶʯʘʝʤʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʪʝʭʥʦʣʦʛʠʶ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʢʣʘʜʥʳʭ ʨʝʰʝʥʠʡ, 

ʠʩʧʦʣʴʟʫʶʱʠʭ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʧʦʟʚʦʣʷʝʪ ʫʩʢʦʨʠʪʴ ʨʝʘʣʠʟʘʮʠʶ ʧʦʜʜʝʨʞʢʠ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ  ʤʦʜʝʣʝʡ ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʢʦʥʬʠʛʫʨʘʮʠʷʭ, ʘ ʪʘʢʞʝ 

ʜʦʙʘʚʠʪʴ ʛʦʪʦʚʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ ʚ ʫʞʝ ʨʘʙʦʪʘʶʱʠʝ ʧʨʠʢʣʘʜʥʳʝ ʨʝʰʝʥʠʷ. ɹʠʙʣʠʦʪʝʢʘ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʩʢʘʥʝʨ ʰʪʨʠʭ-ʢʦʜʘ, ʩʯʠʪʳʚʘʪʝʣʴ ʤʘʛʥʠʪʥʳʭ ʢʘʨʪ, 

ʪʝʨʤʠʥʘʣ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʬʠʩʢʘʣʴʥʳʡ ʨʝʛʠʩʪʨʘʪʦʨ, ʜʠʩʧʣʝʡ ʧʦʢʫʧʘʪʝʣʷ, ʵʢʚʘʡʨʠʥʛʦʚʳʡ ʪʝʨʤʠʥʘʣ, 

ʵʣʝʢʪʨʦʥʥʳʝ ʚʝʩʳ, ʚʝʩʳ ʩ ʧʝʯʘʪʴʶ ʵʪʠʢʝʪʦʢ, ʂʂʄ ʦʬʣʘʡʥ. ʉʦʜʝʨʞʠʤʦʝ ɹʇʆ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ 

ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʢʘʞʜʳʤ ʪʠʧʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʨʝʞʠʤʝ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʜʢʣʶʯʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ ʝʛʦ ʨʘʙʦʪʫ. ɺʥʝʜʨʝʥʠʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʥʦʩʝ ʤʦʜʫʣʝʡ ʙʠʙʣʠʦʪʝʢʠ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠ ʚʳʟʦʚʝ ʤʝʪʦʜʦʚ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʧʦʜʢʣʶʯʘʝʤʳʤ  ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ɺʥʝʜʨʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʙʣʠʦʪʝʯʥʳʭ ʤʝʪʦʜʦʚ ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʘʥʳ ʚ ʧʦʩʪʘʚʣʷʝʤʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʆʜʥʘʢʦ ʧʨʦʮʝʩʩ ʧʨʠʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ɹʇʆ ʦʩʪʘʝʪʩʷ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. ʉʦʧʨʦʚʦʜʠʪʝʣʴʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʙʠʙʣʠʦʪʝʢʠ ʦʪʩʳʣʘʝʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʢ ʪʠʧʦʚʳʤ 

ʨʝʰʝʥʠʷʤ ç1ʉ: ʈʦʟʥʠʮʘè ʠ ç1ʉ: ʋʧʨʘʚʣʝʥʠʝ ʪʦʨʛʦʚʣʝʡè, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʝʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ. ɼʘʥʥʳʝ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʚ ʚʠʜʫ ʩʠʣʴʥʦʡ ʥʘʛʨʫʞʝʥʥʦʩʪʠ ʙʠʟʥʝʩ-ʣʦʛʠʢʦʡ ʥʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʥʘʛʣʷʜʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʧʨʠʤʝʨʘ. 

ɿʘʜʘʯʝʡ ʘʚʪʦʨʘ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʜʝʤʦ-ʙʘʟʳ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʬʫʥʢʮʠʦʥʘʣ ɹʇʆ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. 

ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʘʢʣʶʯʘʣʦʩʴ ʚ ʥʘʛʣʷʜʥʦʡ ʜʝʤʦʥʩʪʨʘʮʠʠ ʤʝʪʦʜʦʚ ʨʘʙʦʪʳ ʩ ʢʘʞʜʳʤ 

ʪʠʧʦʤ ʧʦʜʜʝʨʞʠʚʘʝʤʦʛʦ ʪʦʨʛʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ ʩʣʠʰʢʦʤ 

ʥʘʛʨʫʞʝʥʘ ʦʧʝʨʘʮʠʷʤʠ ʫʯʝʪʘ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɸʚʪʦʨʦʤ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʩʣʝʜʫʶʱʘʷ ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʝʤʦ-ʢʦʥʬʠʛʫʨʘʮʠʠ: ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʜʘʞ; ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʚʘʨʝ (ʥʘʠʤʝʥʦʚʘʥʠʝ, ʮʝʥʘ, ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ) ʭʨʘʥʠʪʩʷ ʚ 

ʩʧʨʘʚʦʯʥʠʢʝ ʅʦʤʝʥʢʣʘʪʫʨʘ; ʠʥʬʦʨʤʘʮʠʷ ʦ ʰʪʨʠʭ-ʢʦʜʘʭ ʪʦʚʘʨʦʚ ʭʨʘʥʠʪʩʷ ʚ ʨʝʛʠʩʪʨʝ ʩʚʝʜʝʥʠʡ ʐʪʨʠʭ-

ʢʦʜʳ; ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʣʠʝʥʪʘʭ (ʌʀʆ, ʩʪʘʪʫʩ, ʥʦʤʝʨ ʤʘʛʥʠʪʥʦʡ ʢʘʨʪʳ) ʭʨʘʥʠʪʩʷ ʚ ʩʧʨʘʚʦʯʥʠʢʝ ʂʣʠʝʥʪʳ; 

ʬʘʢʪʳ ʧʨʦʜʘʞ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʜʦʢʫʤʝʥʪʦʤ ɼʝʤʦʏʝʢ; ʬʘʢʪʳ ʦʪʢʨʳʪʠʷ-ʟʘʢʨʳʪʠʷ ʢʘʩʩʦʚʦʡ ʩʤʝʥʳ ʟʘʥʦʩʷʪʩʷ 

ʚ ʨʝʛʠʩʪʨ ʩʚʝʜʝʥʠʡ ʂʘʩʩʦʚʘʷ ʉʤʝʥʘ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʜʝʤʦ-ʙʘʟʘ ʙʳʣʘ ʩʦʚʤʝʱʝʥʘ ʩ ʫʞʝ ʠʤʝʚʰʠʤʠʩʷ ʤʦʜʫʣʷʤʠ 

ʠ ʦʙʲʝʢʪʘʤʠ ʙʠʙʣʠʦʪʝʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʥʪʝʨʬʝʡʩ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʳʣ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʘ ʨʝʞʠʤʘ: 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ, ʚ ʢʦʪʦʨʦʤ ʥʘʛʣʷʜʥʦ ʚʠʜʝʥ ʨʝʟʫʣʴʪʘʪ ʧʨʠʤʝʥʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ɹʇʆ, ʠ ʨʝʞʠʤ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ, ʢʦʪʦʨʳʡ ʢʘʢ ʠ ʨʘʥʝʝ ʩʣʫʞʠʪ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʧʦʜʢʣʶʯʘʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ˏ˝˒˙˒˚˚˨ˢ ˝ˬˑ˛ˏ 

Prerequisites of the software module for impleme ntation of special mathematical  
algorithm for time series prediction  

˞ˠ˞˛ˏ˕ˤ ˍȢ˘Ȣȟ ˘˛ːː˒˝˗Ȣ˙Ȣ 

˜̆̎̈̆̎̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

˞̘̔̒̏̃̉ ˍȢ˘ȟ ˘̏̄̄̆̑ ˗Ȣ˙Ȣ ɀ ́ ̜̒̐̉̑́̎̓ ̋́̕Ȣ Ⱥˍ̃̓̏̍́̓̉̋́ ̉ ̖̓̆̌̆̍̆́̎̉̋́Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ɀ ̈ ́̃Ȣ ̋́̕Ȣ ˦̆̑̂́̋̏̃ ˙ȢˍȢ 

 
ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ MATLABʚ 

ʩʪʦʨʦʥʥʠʝ .NETʧʨʠʣʦʞʝʥʠʷ. 

 

ʈʦʩʩʠʷ ʨʘʩʧʦʣʘʛʘʝʪ ʤʘʩʰʪʘʙʥʳʤ ʥʝʜʦʠʩʧʦʣʴʟʫʝʤʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʫ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʩʪʨʘʥʳ ʩʦʧʦʩʪʘʚʠʤ ʩ ʧʨʠʨʦʩʪʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʩʝʭ ʧʝʨʚʠʯʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʚ ʦʙʣʘʩʪʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʝʢʪʦʨʘʭ ʠ ʩʬʝʨʘʭ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ ʥʘʯʘʣʘʩʴ ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʈʌ ʦʪ 

23.11.2009 ˉ 261-ʌɿ çʆʙ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʠ ʦ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦ ʚʥʝʩʝʥʠʠ 

ʠʟʤʝʥʝʥʠʡ ʚ ʦʪʜʝʣʴʥʳʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʘʢʪʳ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠè. 

ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʟʥʘʥʦ ʩʦʟʜʘʥʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʩʙʦʨʘ, ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦʙ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʱʥʦʩʪʴ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʦʣʥʦʪʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʥʷʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʲʝʢʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʦʥʠ 

ʚʥʝʜʨʷʶʪʩʷ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʩʠʩʪʝʤʳ ʫʯʸʪʘ ʨʝʩʫʨʩʦʚ ʚ ʨʘʤʢʘʭ ʛʦʨʦʜʘ, ʧʦʩʸʣʢʘ, ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʪ.ʜ. ɺ ʫʯʸʪ 

ʤʦʛʫʪ ʙʳʪʴ ʚʦʚʣʝʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʨʝʩʫʨʩʦʚ: ʛʘʟ, ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʪʝʧʣʦ, ʚʦʜʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʢ 

ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʨʘʩʰʠʨʷʝʤʦʩʪʠ, ʦʪʢʨʳʪʦʩʪʠ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ. 

ʀʥʪʝʛʨʘʮʠʷ ʟʘʜʘʯ ʫʯʸʪʘ ʩ ʟʘʜʘʯʘʤʠ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʙʳʩʪʨʦʛʦ 

ʫʩʪʨʘʥʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ), ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʟʘʜʘʯʘʤʠ (ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, 

ʚʳʷʚʣʝʥʠʷ ʥʝʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ) ʧʦʜ ʩʠʣʫ ʪʦʣʴʢʦ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʤ 

ʢʦʤʧʣʝʢʩʘʤ ʥʘ ʙʘʟʝ ʧʨʦʤʳʰʣʝʥʥʳʭ SCADA, MES ʠ ERP ʨʝʰʝʥʠʡ. ɺ ʪʦʞʝ ʚʨʝʤʷ, ñʧʝʨʝʪʷʛʠʚʘʥʠʝò 

ʠʟʙʳʪʦʯʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦ 

ʤʥʦʛʦʤ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʜʝʥʝʞʥʳʤ ʨʘʩʭʦʜʘʤ, ʘ ʪʘʢʞʝ ʢ ʧʦʪʝʨʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ʤʘʣʦ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʠʩʪʝʤ ʫʯʸʪʘ 

ʨʝʩʫʨʩʦʚ ʚ ʨʘʤʢʘʭ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʉʪʦʠʤʦʩʪʴ ʚʢʣʶʯʝʥʠʷ ʦʜʥʦʡ ʪʦʯʢʠ (ʩʪʦʠʤʦʩʪʴ ʇʆ ʠ ʝʛʦ 

ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ) ʫʯʸʪʘ ʚ ʪʘʢʠʝ ʧʨʦʝʢʪʳ ʥʝ ʦʧʨʘʚʜʘʥʦ ʚʳʩʦʢʘ. ʆʧʪʠʤʘʣʴʥʳʤ ʚʳʭʦʜʦʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʥʘ ʙʘʟʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʜʘʯʠ ʠ ʬʫʥʢʮʠʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 

(ʛʦʨʦʜ, ʩʝʣʦ, ʢʦʪʪʝʜʞʥʳʡ ʧʦʩʸʣʦʢ, ʧʨʝʜʧʨʠʷʪʠʝ). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʣʘʪʬʦʨʤʳ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ: çBaseGroupLabsè, çʉʦʟʚʝʟʜʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡè ʠ 

ʪ.ʜ.ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʵʪʠʭ ʩʠʩʪʝʤ ʦʙʣʘʜʘʶʪ ʜʚʫʤʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ.ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥʠ ʥʝ 

ʠʤʝʶʪʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʘ ʩ ʜʨʫʛʦʡ ï ʠʭ ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʩʪʦʨʦʥʥʠʝ 

ʩʠʩʪʝʤʳ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʚʩʝ ʦʥʠ ʨʘʙʦʪʘʶʪ ʩ ʫʞʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤʠ, ʩʧʝʮʠʘʣʴʥʳʤ 

ʦʙʨʘʟʦʤ, ʤʘʩʩʠʚʘʤʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʞʝ ʨʘʟʨʘʙʦʪʘʥ 

ʤʦʱʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʤʥʦʛʠʝ ʘʣʛʦʨʠʪʤʳ ʢʦʪʦʨʦʛʦ ʝʱʝ ʥʝ ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʘʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʠʭ ʘʣʛʦʨʠʪʤʘʭ ʥʘ ʷʟʳʢʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʪʘʢʠʭ ʢʘʢ C#, ʦʯʝʥʴ 

ʪʨʫʜʦʝʤʢʘʷ ʠ ʥʝ ʚʩʝʛʜʘ ʚʳʧʦʣʥʠʤʘʷ ʟʘʜʘʯʘ. ʂʦʛʜʘ ʧʝʨʝʜ ʧʨʦʛʨʘʤʤʠʩʪʦʤ ʚʩʪʘʝʪ ʟʘʜʘʯʘ ʚʳʯʠʩʣʝʥʠʷ ʩʣʦʞʥʦʡ 
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ʤʘʪʝʤʘʪʠʢʠ, ʛʦʨʘʟʜʦ ʫʜʦʙʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʘʢʝʪʳ, ʪʘʢʠʝ ʢʘʢ MATLAB. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʢʘʢ ʚ ʧʨʦʯʝʤ, ʠ ʜʨʫʛʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, 

ʦʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʙʠʙʣʠʦʪʝʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʠ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʣʝʛʢʦ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʩʪʦʨʦʥʥʠʝ .NET ʧʨʠʣʦʞʝʥʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʂʦʛʘʥ ʖ.ʄ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ // ʄʘʪʝʨʠʘʣʳ ʟʘʩʝʜʘʥʠʷ 
ˉ59 ʩʝʤʠʥʘʨʘ çʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘè. ʄ.: ʀʅʇ, 2006. 

2. ʉʤʦʣʝʥʮʝʚʅ. ʂ. MATLAB. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʥʘ Visual ʉ#, BorlandJBuilder, VBA // ɼʄʂ ʇʨʝʩʩ, ʇʠʪʝʨ, 2009. 
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Development of the mechanism for loadi ng and unloading the relational  
database structure into the set of C++ classes  

ˠː˝˫˙˛ˏ ˒Ȣ˞Ȣȟ ˗˛˗ˠ˒ˏ ˍȢˍȢȟ ˞ˠˢˍ˚˛ˏ ˍȢˍȢ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̠̜̅̆̑̎̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˕ˡ˕Ȼ 

ˠ̟̄̑̍̏̃ ˒Ȣ˞Ȣ Ͼ ̒̓̔̅̆̎̓ ̜̋́̆̅̑̕ Ⱥ˙̘́̓̆̍́̓̉̆̒̋̏̆ ̘̏̂̆̒̐̆̆̎̉̆ ̒̉̒̓̆̍Ȼȟ ̘̜̎́̔̎̆ ̑̔̋̏̃̏̅̉̓̆̌̉ ɀ
́̒̒̉̒̓̆̎̓ ̜̋́̆̅̑̕ Ⱥ˙̘́̓̆̍́̓̉̆̒̋̏̆ ̘̏̂̆̒̐̆̆̎̉̆ ̒̉̒̓̆̍Ȼ˗̏̋̔̆̃ ˍȢˍȢȟ ̗̅̏̆̎̓ȟ ̋Ȣ̓Ȣ̎Ȣ ˞̖̔́̎̏̃ ˍȢˍȢ 

 
ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʦʡ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ 

(ʈɹɼ).ʇʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʬʘʡʣʘ ʩʪʨʫʢʪʫʨʳ ʈɹɼ ʥʘ ʷʟʳʢʝ XML ʠ ʩʭʝʤʘ ʵʪʦʛʦ ʬʘʡʣʘ (XSD), ʘ ʪʘʢ ʞʝ ʬʘʡʣ 

ʩʪʨʫʢʪʫʨʳ ʈɹɼʚ ʚʠʜʝ ʥʘʙʦʨʘ ʠʥʪʝʨʬʝʡʩʥʳʭ ʢʣʘʩʩʦʚ. 

 

ʉʪʨʫʢʪʫʨʘ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ (ʈɹɼ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʠʩʘʥʠʷ ʪʘʙʣʠʮ, ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʪʘʙʣʠʮʘʤʠ, ʦʛʨʘʥʠʯʝʥʠʡ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʧʨ. ʅʝʨʝʜʢʦ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʤʝʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʈɹɼ. ʏʪʦʙʳ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʘ ʩʧʝʮʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʝʜʘʢʪʠʨʦʚʘʪʴ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʠ ʩʦʟʜʘʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ɹɼ - 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʦʡ ʨʝʣʷʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ (ʉʋʉʈɹɼ).ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʭʘʥʠʟʤʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʘʡʣʘ ʩʪʨʫʢʪʫʨʳ ʈɹɼ ʚ ʥʘʙʦʨ ʠʥʪʝʨʬʝʡʩʥʳʭ ʢʣʘʩʩʦʚ ʉ++, ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʉʋʉʈɹɼ.  

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

1. ʈʘʟʨʘʙʦʪʘʥ ʬʦʨʤʘʪ XML-ʬʘʡʣʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʈɹɼ (XSD-ʩʭʝʤʘ). 

2. ʈʘʟʨʘʙʦʪʘʥ ʬʦʨʤʘʪ XML-ʬʘʡʣʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʈɹɼ (XSD-ʩʭʝʤʘ). 

3. ʈʝʘʣʠʟʦʚʘʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʬʘʡʣʘ ʩʪʨʫʢʪʫʨʳ ʈɹɼ ʚ ʥʘʙʦʨ ʠʥʪʝʨʬʝʡʩʥʳʭ ʢʣʘʩʩʦʚ ʉ++. 

ɼʣʷ ʭʨʘʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʈɹɼ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʰʠʨʷʝʤʳʡ ʷʟʳʢ ʨʘʟʤʝʪʢʠ eXtensible Markup Language 

(XML ), ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʧʠʩʘʥʠʷ ʚ ʪʝʢʩʪʦʚʦʤ ʬʦʨʤʘʪʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ [1].ʉʪʨʫʢʪʫʨʘ ʈɹɼ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʨʝʚʦ, ʛʜʝ ʢʦʨʥʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ çrootè. ɼʣʷ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦʯʝʨʥʠʤʠ 

ʷʚʣʷʶʪʩʷ çschemasè (ʩʭʝʤʳ), çdatatypesè (ʪʠʧʳ ʜʘʥʥʳʭ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, çschemasè ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʚ ʩʝʙʝ 

ʥʝʩʢʦʣʴʢʦ ʵʣʝʤʝʥʪʦʚ çschemaè, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ, ʜʦʯʝʨʥʠʤʠ ʷʚʣʷʶʪʩʷ çtablesè, çsequenceè ʠ ʧʨ. 

ʇʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʙʘʟʳ ʜʘʥʥʳʭ ʩʦ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʭʝʤʝ ʜʦʢʫʤʝʥʪʘ 

XML (XMLSchema). ʇʦ ʜʘʥʥʦʡ ʩʭʝʤʝ ʩʦʟʜʘʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʧʦʜʭʦʜʷʱʝʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʈɹɼ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʘ XML ʚ ʥʘʙʦʨ ʢʣʘʩʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʷʟʳʢ Python [2]. 

Python ī ʵʪʦ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉʠʥʪʘʢʩʠʩ ʷʜʨʘ Pythonʤʠʥʠʤʘʣʠʩʪʠʯʝʥ. ɺ ʪʦ ʞʝ 
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ʚʨʝʤʷ ʩʪʘʥʜʘʨʪʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʚʢʣʶʯʘʝʪ ʙʦʣʴʰʦʡ ʦʙʲʸʤ ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʡ. Python ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʜʠʛʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʨʫʢʪʫʨʥʦʝ, ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠ ʧʨ. ʆʩʥʦʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʯʝʨʪʳ ð ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʠʧʠʟʘʮʠʷ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʧʘʤʷʪʴʶ, ʫʜʦʙʥʳʝ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʧʨ. ʂʦʜ ʚ Python ʦʨʛʘʥʠʟʦʚʳʚʘʝʪʩʷ ʚ 

ʬʫʥʢʮʠʠ ʠ ʢʣʘʩʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴʩʷ ʚ ʤʦʜʫʣʠ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʡ ʬʘʡʣ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ  ʚ ʉʋʉʈɹɼ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʘʡʣʘ 

ʩʪʨʫʢʪʫʨʳ ʈɹɼ ʚ ʬʦʨʤʘʪʝ XML ʚ ʥʘʙʦʨ ʠʥʪʝʨʬʝʡʩʥʳʭ ʢʣʘʩʩʦʚ ʜʣʷ ʚʳʛʨʫʟʢʠ ʚ ʉʋɹɼ PostgreSQL 9.1. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʆʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ XML, 2013 ī http://www.tabitacom.narod.ru/rasp_XML.htm . 

2. ʈʦʩʩʫʤ ɻ., ɼʨʝʡʢ ʌ.ʃ.ɼʞ., ʆʪʢʠʜʘʯ ɼ.ʉ. ʠ ʜʨ. ʗʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python, 2001 ʛ. ð 454 ʩ. 

3. ɼʦʢʫʤʝʥʪʘʮʠʷ ʧʦ Python, 2013 ī http://ru.wikipedia.org/wiki/Python. 
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ˡ˕˘˕˙˛˚˛ˏ ˍȢˎȢ 

˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ ̠̐̑̉̂̏̑̏̒̓̑̏̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ 

ˢˠˑ˓ˍ˟ˠ˘˘ˍˢ ˝. 

Ⱥ˙ˍ˟˕Ȼ - ̋ ̏̒̒̉̊̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̏̌̏̄̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ 
̉̍Ȣ ˗Ȣ˪Ȣˣ̉̏̌̋̏̃̒̋̏̄̏ 

ˢ̖̔̅̇́̓̔̌̌́ ˝̙́̉̅̉ - ́ ̒̐̉̑́̎̓ ̋́̕Ȣ Ⱥ˗̉̂̆̑̎̆̓̉̋́Ȼȟ ̎ ̘̜́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˡ̉̌̉̍̏̎̏̃ ˍȢˎȢ  

 
ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʦʤ ʨʘʙʦʪ Workflow. ʆʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠʷ web-ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʦʮʝʩʩʦʚ web-

ʠʥʪʝʛʨʘʮʠʠ ʚ Workflow-ʩʠʩʪʝʤʘʭ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ Workflow-ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ Enterprise Semantic Web. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʬʝʨʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ 

ʧʨʦʮʝʩʩʥʳʡ ʧʦʜʭʦʜ, ʚʦʧʣʦʱʘʝʤʳʡ BPM-ʩʠʩʪʝʤʘʤʠ (Business Process Management). ɺ ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʥʦʛʦ 

ʧʦʜʭʦʜʘ ʣʶʙʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʙʠʟʥʝʩ-ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ (ɹʇ). ɹʇ - ʵʪʦ ʫʧʦʨʷʜʦʯʝʥʥʳʡ ʧʦ ʚʨʝʤʝʥʠ ʥʘʙʦʨ ʦʧʝʨʘʮʠʡ (ʨʘʙʦʪ), 

ʚʳʧʦʣʥʷʝʤʳʭ ʢʘʢ ʣʶʜʴʤʠ, ʪʘʢ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʜʦʩʪʠʞʝʥʠʝ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʙʠʟʥʝʩ-ʮʝʣʠ ʟʘ ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ ʠʩʭʦʜʷ ʠʟ ʠʤʝʶʱʠʭʩʷ ʨʝʩʫʨʩʦʚ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʪʝʭʥʦʣʦʛʠʝʡ ʫʧʨʘʚʣʝʥʠʷ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ ʩʯʠʪʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ Workflow. Workflow-ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ 

ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʰʘʛʦʚʦʝ ʠʩʧʦʣʥʝʥʠʝ ʚʩʝʭ ɹʇ ʧʨʝʜʧʨʠʷʪʠʷ, ʬʠʢʩʠʨʦʚʘʪʴ ʚʩʝ ʜʝʡʩʪʚʠʷ 

ʫʯʘʩʪʥʠʢʦʚ ɹʇ ʚʦ ʚʨʝʤʝʥʠ, ʦʪʩʣʝʞʠʚʘʪʴ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ɹʇ ʠ ʚʦʟʥʠʢʘʶʱʠʝ ʩʠʪʫʘʮʠʠ, ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ 

ʚʳʧʦʣʥʝʥʠʝ ʦʧʝʨʘʮʠʡ, ʬʦʨʤʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʦʧʝʨʘʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʫʧʨʘʚʣʷʪʴ ʵʣʝʢʪʨʦʥʥʳʤ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʦʤ. 

ɺʘʞʥʝʡʰʠʤ ʘʩʧʝʢʪʦʤ ʨʘʟʨʘʙʦʪʢʠ Workflow-ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʠ 

ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ, ʯʪʦ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʠʤ ʩʚʦʡʩʪʚʘ ʛʠʙʢʦʩʪʠ ʠ ʘʜʘʧʪʠʨʫʝʤʦʩʪʠ. 

http://www.tabitacom.narod.ru/rasp_XML.htm%20/��%2025.05.2013/
http://ru.wikipedia.org/wiki/Python
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ʅʘʠʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ web-ʠʥʪʝʛʨʘʮʠʷ, ʢʦʪʦʨʘʷ ʥʘʧʨʘʚʣʝʥʘ 

ʥʘ ʩʦʟʜʘʥʠʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʦʩʥʦʚʝ web-ʪʝʭʥʦʣʦʛʠʡ. 

ʄʘʛʠʩʪʨʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʠʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʷ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʶʪ ʧʨʦʮʝʩʩʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʥʘʥʠʡ ʠ ʠʭ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʥʦʩʠʪʩʷ ʢ 

ʧʨʦʙʣʝʤʘʪʠʢʝ ʨʘʟʨʘʙʦʪʢʠ Workflow-ʩʠʩʪʝʤ. ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ 

ʬʦʨʤʘʣʠʟʘʮʠʠ ʠ ʦʙʨʘʙʦʪʢʠ ʟʥʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. ʆʥʪʦʣʦʛʠʠ ʷʚʣʷʶʪʩʷ ʦʧʠʩʘʥʠʷʤʠ 

ʩʝʤʘʥʪʠʢʠ ʢʦʥʢʨʝʪʥʳʭ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʫʱʥʦʩʪʝʡ, ʠʭ ʘʪʨʠʙʫʪʦʚ, ʟʥʘʯʝʥʠʡ 

ʘʪʨʠʙʫʪʦʚ ʠ ʦʛʨʘʥʠʯʝʥʠʡ. ʆʥʪʦʣʦʛʠʷ ʚʢʣʶʯʘʝʪ ʤʘʰʠʥʥʦ-ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ ʬʦʨʤʫʣʠʨʦʚʢʠ ʦʩʥʦʚʥʳʭ 

ʧʦʥʷʪʠʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʆʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʜʦʣʞʥʘ 

ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚʥʫʪʨʠ Workflow-ʩʠʩʪʝʤ. 

ʆʜʥʘ ʠʟ ʮʝʣʝʡ ʜʦʢʣʘʜʘ - ʧʦʢʘʟʘʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ Workflow-ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ 

ʪʝʭʥʦʣʦʛʠʝʡ Enterprise Semantic Web (ESW). Semantic Web - ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ɺʩʝʤʠʨʥʦʡ ʧʘʫʪʠʥʳ 

WWW ʥʘ ʦʩʥʦʚʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʥʘʮʝʣʝʥʥʦʛʦ ʥʘ ʢʦʤʧʴʶʪʝʨʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʩʝʤʘʥʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ ʢʦʥʮʝʧʮʠʠ Semantic Web 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʩʦʨʮʠʫʤʦʤ W3C ʢʘʢ ʤʘʛʠʩʪʨʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ web-ʪʝʭʥʦʣʦʛʠʡ. ESW - ʵʪʦ 

ʨʝʘʣʠʟʘʮʠʷ Semantic Web ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʚ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʪʜʝʣʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠ ʟʥʘʥʠʷ ʦʪ ʘʣʛʦʨʠʪʤʦʚ ʨʘʙʦʪʳ ʧʨʠʣʦʞʝʥʠʡ ʚ ERP. ʌʫʥʜʘʤʝʥʪ ESW 

ʩʦʩʪʘʚʣʷʶʪ ʪʨʠ ʢʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ: XML, RDF ʠ OWL. 

ʗʟʳʢ XML ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʠʥʪʘʢʩʠʩ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʜʦʢʫʤʝʥʪʘ, ʧʦʜʣʝʞʘʱʝʛʦ ʤʘʰʠʥʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʢʘʢ ʝʜʠʥʳʡ ʬʦʨʤʘʪ ʦʙʤʝʥʘ ʜʘʥʥʳʭ ʤʝʞʜʫ ʧʨʠʣʦʞʝʥʠʷʤʠ. XML ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʪʨʝʙʦʚʘʥʠʶ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ (ʚʩʝ, ʜʣʷ ʯʝʛʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʤʤʘʪʠʢʫ, ʤʦʞʥʦ 

ʟʘʢʦʜʠʨʦʚʘʪʴ ʚ XML), ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʶ ʩʠʥʪʘʢʩʠʯʝʩʢʦʡ ʠʥʪʝʨʦʧʝʨʘʙʝʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ ʩʠʥʪʘʢʩʠʩ XML 

ʥʝ ʥʝʩʸʪ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. 

RDF (Resource Description Framework) - ʩʪʘʥʜʘʨʪ ʦʧʠʩʘʥʠʷ ʨʝʩʫʨʩʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, 

ʠʩʧʦʣʴʟʫʶʱʠʡ XML-ʩʠʥʪʘʢʩʠʩ. RDF ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʜʝʣʴ ʦʧʠʩʘʥʠʷ ʤʝʪʘʜʘʥʥʳʭ. ɹʘʟʦʚʳʝ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʙʣʦʢʠ ʚ RDF - ʪʨʠʧʣʝʪʳ çʦʙʲʝʢʪ-ʘʪʨʠʙʫʪ-ʟʥʘʯʝʥʠʝè. ʀʟ ʪʨʠʧʣʝʪʦʚ ʷʟʳʢʘ RDF ʬʦʨʤʠʨʫʶʪʩʷ 

ʩʝʤʘʥʪʠʯʝʩʢʠʝ ʩʝʪʠ. 

OWL (Web Ontology Language) - ʷʟʳʢ ʦʧʠʩʘʥʠʷ ʦʥʪʦʣʦʛʠʡ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ 

ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ RDF-ʪʨʠʧʣʝʪʦʚ. ɹʘʟʦʚʳʤ ʬʦʨʤʘʣʠʟʤʦʤ ʜʣʷ 

ʥʝʛʦ ʷʚʣʷʶʪʩʷ ʜʝʩʢʨʠʧʪʠʚʥʳʝ ʣʦʛʠʢʠ. ʆʥʪʦʣʦʛʠʠ OWL ʩʦʟʜʘʶʪʩʷ ʩʚʝʨʭʫ ʚʥʠʟ, ʠʩʭʦʜʷ ʠʟ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ 

ʘʚʪʦʤʘʪʠʟʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ. 
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ˡ˕˘˕˜˜˛ˏˍ ˒ȢˏȢ 
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̘̜̎́̔̎ ̊̑ ̔̋̏̃ ̝̏̅̉̓̆̌ ɀ ̋ Ȣ̓Ȣ̎Ȣ ˗̟̘̌́̑̆̃ ˍȢˍȢ 

 
ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʨʘʟʨʘʙʦʪʢʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ (ɸʀʉ) ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʳ ʢʘʬʝʜʨ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ɺʋɿʘ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ 

ʫʢʦʤʧʣʝʢʪʦʚʘʥʥʦʩʪʠ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʳ. ʇʨʦʚʦʜʠʤʘʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʬʦʨʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʜʦʢʫʤʝʥʪʦʚ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʠʭ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʦʟʜʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ(ɸʀʉ), ʧʦʟʚʦʣʷʶʱʠʭ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʥʘʢʘʧʣʠʚʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʢʘʢ 

ʚ ʦʩʥʦʚʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʘʭ, ʪʘʢ ʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʢʘʬʝʜʨʳ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ɸʀʉ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʬʝʜʝʨʘʣʴʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʫʯʝʙʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʦʥʢʨʝʪʥʳʤ ɺʋɿʦʤ ʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦʩʷ ʚ ʥʝʤ.[1] 

ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʧʨʝʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ, ʵʪʦ ʨʝʘʣʠʟʘʮʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʢʘʬʝʜʨʳ. ʂ ʭʨʘʥʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦʪʥʦʩʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʝʧʦʜʘʚʘʪʝʣʷʭ ʠ ʜʠʩʮʠʧʣʠʥʘʭ ʢʘʬʝʜʨʳ, ʘ ʧʦʜ ʦʙʨʘʙʦʪʢʦʡ ʧʦʜʨʘʟʫʤʝʚʘʶʪʩʷ 

ʟʘʜʘʯʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ (ʇʅ), ʚʝʜʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʣʘʥʦʚ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ 

(ʀʇʇ), ʢʦʥʪʨʦʣʴ ʨʘʙʦʯʠʭ ʧʨʦʛʨʘʤʤ ʜʠʩʮʠʧʣʠʥ (ʈʇɼ), ʘ ʪʘʢ ʞʝ ʩʦʟʜʘʥʠʝ ʧʣʘʥʘ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ 

ʨʘʙʦʪʳ ʜʣʷ ʢʘʬʝʜʨʳ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʵʪʠ 

ʧʨʦʮʝʩʩʳ.[2] 

ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ ʤʝʭʘʥʠʟʤ, 

ʦʧʠʩʘʥʥʳʡ, ʟʘʯʘʩʪʫʶ, ʨʫʪʠʥʥʳʤʠ ʜʝʡʩʪʚʠʷʤʠ ʠ  ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ɺ ʜʘʥʥʦʡ ɸʀʉ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʟʘʜʘʯʠ, ʨʘʟʙʠʪʳ ʥʘ ʣʦʛʠʯʝʩʢʠʝ ʧʦʜʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʧʨʦʩʪʳ ʚ ʩʚʦʝʤ 

ʨʝʰʝʥʠʠ ʠ ʥʝ ʪʨʝʙʫʶʪ ʙʦʣʴʰʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʯʝʤ ʫʞʝ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʠʩʪʝʤʝ. 

ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʧʦʜʟʘʜʘʯʠ ʦʧʨʝʜʝʣʠʣʦ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣ ʩʠʩʪʝʤʳ ʠ ʧʦʟʚʦʣʠʣʦ ʨʝʰʘʪʴ ʥʝ 

ʪʦʣʴʢʦ ʟʘʜʘʯʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʅ, ʚʝʜʝʥʠʷ ʀʀʇ ʠ ʢʦʥʪʨʦʣʴ ʈʇɼ, ʘ ʪʘʢʞʝ ʠ ʪʘʢʠʝ ʚʦʧʨʦʩʳ ʢʘʢ ʩʦʩʪʘʚʣʝʥʠʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʩʧʠʩʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʟʘʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, ʢʦʥʪʨʦʣʴ ʧʦʣʥʦʪʳ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʪʘ ʢʘʞʜʦʡ ʜʠʩʮʠʧʣʠʥʳ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʢʘʪʘʣʦʛʘ ʚʩʝʛʦ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʢʘʬʝʜʨʳ 

ʠ ʜʨʫʛʠʝ ʚʦʧʨʦʩʳ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʟʘʜʘʯ ɸʀʉ ʠʤʝʝʪ ʝʜʠʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ, ʨʝʰʘʶʱʠʝ 

ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʟʘʜʘʯʠ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʩʧʝʮʠʬʠʢʠ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʠʥʪʝʨʬʝʡʩ, ʥʘʩʪʨʦʝʥʥʳʡ 

ʜʣʷ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ ʧʦʣʥʦʤʦʯʠʷʤʠ ʠ ʨʝʰʘʝʤʳʤʠ ʟʘʜʘʯʘʤʠ, ʯʪʦ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʩʪ ʠʥʩʪʨʫʤʝʥʪ,ʧʦʟʚʦʣʷʶʱʠʡ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʡ ʨʘʙʦʪʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʟʜʘʚʘʝʤʦʡ ɸʀʉ ʫʧʨʦʩʪʠʪ ʠ ʧʦʚʳʩʠʪ ʢʘʯʝʩʪʚʦ ʢʦʥʪʨʦʣʷ, ʧʦʤʦʞʝʪ 

ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʥʘʛʨʫʟʢʫ ʢʘʬʝʜʨʳ ʤʝʞʜʫ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ, ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʚʳʜʝʣʷʷ ʟʘʜʘʯʠ ʜʣʷ 

ʢʘʞʜʦʛʦ, ʫʣʫʯʰʠʪ ʢʘʯʝʩʪʚʦ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢ ʞʝ ʩʵʢʦʥʦʤʠʪ ʚʨʝʤʷ ʥʘ ʵʪʘʧʝ ʨʫʪʠʥʥʦʡ ʨʘʙʦʪʳ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʦʢʫʤʝʥʪʘʮʠʠ. 
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˛ ˚˒˗˛˟˛˝˨ˢ ˏ˛˜˝˛˞ˍˢ ˛˜˟˕˙˕˔ˍˣ˕˕ ˢ˝ˍ˚˒˚˕ˬ ˕ ˛˟ː˝ˠ˔˗˕ ˟˛ˏˍ˝˛ˏ ˏ ˞˕˞˟˒˙ˍˢ 
ˠ˜˝ˍˏ˘˒˚˕˕ ˞˗˘ˍˑ˛˙ ˚ˍ ˜˝˕˙˒˝˒ ˜˝˕˗˘ˍˑ˚˛ː˛ ˝˒˥˒˚˕ˬ Ⱥˠ˜˝ˍˏ˘˒˚˕˒ 

˜˝˒ˑ˜˝˕ˬ˟˕˒˙ ɉ%20ɊȻ ˚ˍ ˎˍ˔˒ ˜˘ˍ˟ˡ˛˝˙˨ Ⱥρ˞ȡ ˜˝˒ˑ˜˝˕ˬ˟˕˒ ψȻ 

On some questions of optimization storage of goods in the warehouse management system as 
an example applied solutions "Enterprise Management (ERP)" on the basis of 1C: Enterprise 8  

˦˒˘˗ˠ˚˛ˏ ˛Ȣ˫Ȣ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̠̜̅̆̑̎̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˕ˡ˕Ȼȟ ˙̏̒̋̃́ 

˦̆̌̋̔̎̏̃ ˛Ȣ˫Ȣ ɀ ̒ ̓̔̅̆̎̓ ̜̋́̆̅̑̕ Ⱥ˗̉̂̆̑̎̆̓̉̋́Ȼȟ 
̘̜̎́̔̎̆ ̑̔̋̏̃̏̅̉̓̆̌̉ȡ ˜̏̑̓̎̏̃ ˑȢ˕Ȣȟ ˜̖̆̓̔̏̃́ ˒ȢˍȢȟ ˙̏̒̋̃́ȟ ̉̑̍́̕ Ⱥυ˞Ȼ 

 
ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʭʨʘʥʝʥʠʷ ʠ ʦʪʛʨʫʟʢʠ ʪʦʚʘʨʦʚ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʩʢʣʘʜʦʤ. ʆʧʠʩʳʚʘʶʪʩʷ 

ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʘ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ ʠ ʚʥʝʜʨʝʥʳ 

ʚ ʪʠʧʦʚʳʝ ʧʨʠʢʣʘʜʥʳʝ  ʨʝʰʝʥʠʷ ʬʠʨʤʳ ç1ʉè. 

 

ʕʬʬʝʢʪʠʚʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʪʦʚʘʨʦʚ ʧʦ ʤʝʩʪʘʤ ʭʨʘʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ: 

ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʱʝʥʠʡ ʨʘʙʦʪʥʠʢʦʚ ʩʢʣʘʜʘ; ʚʨʝʤʷ, ʟʘʪʨʘʯʝʥʥʦʝ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʩʢʣʘʜʩʢʠʭ ʦʧʝʨʘʮʠʡ; 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʢʣʘʜʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʢʣʘʜʩʢʠʭ 

ʧʣʦʱʘʜʝʡ ʠ ʦʙʲʝʤʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʟʤʝʱʝʥʠʷ ʪʦʚʘʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʪʴ ʪʦʧʦʣʦʛʠʶ ʩʢʣʘʜʘ. ʇʨʠ 

ʨʘʟʤʝʱʝʥʠʠ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦ ʧʦʜʭʦʜʷʱʝʡ ʷʯʝʡʢʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʧʨʠʦʨʠʪʝʪʘʤ, ʢʦʪʦʨʳʝ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʟʘʜʘʸʪ ʜʣʷ ʦʙʣʘʩʪʝʡ ʭʨʘʥʝʥʠʷ, ʩʪʨʘʪʝʛʠʠ ʨʘʟʤʝʱʝʥʠʷ ʚ ʤʦʥʦʪʦʚʘʨʥʳʝ, ʩʤʝʰʘʥʥʳʝ, ʧʫʩʪʳʝ ʠ ʷʯʝʡʢʠ ʩ 

ʜʨʫʛʠʤ ʪʦʚʘʨʦʤ, ʧʨʘʚʠʣʘʤ ʨʘʟʤʝʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʭʨʘʥʝʥʠʷ ʜʣʷ ʩʢʣʘʜʩʢʠʭ ʛʨʫʧʧ. ɼʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʪʦʯʥʦʤʫ ʨʘʟʤʝʱʝʥʠʶ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʳʭ ʩʭʝʤ ʨʘʟʤʝʱʝʥʠʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʨʘʟʤʝʱʝʥʠʷ  ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʨʘʩʰʠʨʝʥʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʥʦʪʦʚʘʨʥʦʩʪʠ 

ʷʯʝʡʢʠ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʪʝʣʣʘʞʠ ʧʦ ʩʭʝʤʝ FIFO (çʧʝʨʚʳʡ ʧʨʠʰʸʣ, ʧʝʨʚʳʡ ʫʰʸʣè). 

ʄʦʥʦʪʦʚʘʨʥʦʩʪʴ ʷʯʝʡʢʠ ʧʨʝʜʣʦʞʝʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʦ:  

- ʥʦʤʝʥʢʣʘʪʫʨʝ;  

- ʥʦʤʝʥʢʣʘʪʫʨʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ;  

- ʥʦʤʝʥʢʣʘʪʫʨʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʩʝʨʠʠ.  

ʂʦʛʜʘ ʪʦʚʘʨ ʧʦʧʘʜʘʝʪ ʪʦʣʴʢʦ ʚ ʤʦʥʦʪʦʚʘʨʥʫʶ ʠʣʠ ʩʚʦʙʦʜʥʫʶ ʷʯʝʡʢʫ, ʪʦ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʝʢ 

ʦʜʥʦʪʠʧʥʳʤʠ ʪʦʚʘʨʘʤʠ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʨʘʪʝʛʠʶ ʨʘʟʤʝʱʝʥʠʷ çʩʪʨʦʛʦʡ ʤʦʥʦʪʦʚʘʨʥʦʩʪʠè. ʅʦ ʜʘʞʝ 

ʝʩʣʠ ʪʦʚʘʨʳ ʨʘʟʤʝʱʝʥʳ ʵʬʬʝʢʪʠʚʥʦ, ʵʪʦ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʩʢʣʘʜʩʢʠʝ ʦʧʝʨʘʮʠʠ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʙʝʟ 

ʧʦʤʝʭ. ɺ ʟʦʥʝ ʙʳʩʪʨʦʛʦ ʦʪʙʦʨʘ ʤʦʞʝʪ ʥʝ ʭʚʘʪʘʪʴ ʪʦʚʘʨʦʚ ʚ ʘʢʪʫʘʣʴʥʳʭ ʫʧʘʢʦʚʢʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʩʢʣʘʜʝ 

ʪʦʚʘʨ ʝʩʪʴ, ʪʦʣʴʢʦ  ʚ ʛʨʫʧʧʦʚʳʭ ʫʧʘʢʦʚʢʘʭ (ʢʦʨʦʙʢʠ, ʧʘʣʣʝʪʳ). ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʟʦʥʳ ʙʳʩʪʨʦʛʦ ʦʪʙʦʨʘ ʚ 

ʘʢʪʫʘʣʴʥʳʭ ʫʧʘʢʦʚʢʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʫʯʨʝʞʜʘʶʱʝʡ ʧʦʜʧʠʪʢʠ. ɼʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʘʢʪʫʘʣʴʥʳʭ ʫʧʘʢʦʚʢʘʭ, ʧʦʤʠʤʦ ʫʧʘʢʦʚʦʢ ʠʟ ʨʘʩʧʦʨʷʞʝʥʠʡ ʥʘ ʦʪʛʨʫʟʢʫ, ʩʪʨʦʠʪʩʷ ʧʨʦʛʥʦʟ ʨʘʩʭʦʜʘ ʫʧʘʢʦʚʦʢ  

ʥʘ ʦʩʥʦʚʘʥʠʠ XYZ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʜʘʥʥʳʭ ʦ ʯʘʩʪʦʪʝ ʠ ʢʦʣʠʯʝʩʪʚʝ ʦʪʛʨʫʟʢʠ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʚʘʨʦʚ. 

ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʘʟʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʣʦʛʠʩʪʠʯʝʩʢʦʤ 

ʮʝʥʪʨʝ ʬʠʨʤʳ ç1ʉè. ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ ʥʘ ʙʦʣʴʰʦʤ ʠʩʪʦʯʥʠʢʝ 

ʜʘʥʥʳʭ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʦʪʦʪʠʧʳ ʚʥʝʜʨʝʥʳ ʚ ʪʠʧʦʚʳʝ ʧʨʠʢʣʘʜʥʳʝ ʨʝʰʝʥʠʷ çʋʧʨʘʚʣʝʥʠʝ ʪʦʨʛʦʚʣʝʡ 11.0è 

ʠ çʋʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʝʤ (ERP) 2.0è.  
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˦˒˝ˎˍ˗˛ˏ ˙ȢˍȢȟ ˙˨˘˩˚˕˗˛ˏ ˞ȢˏȢ 

˜̆̎̈̆̎̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

˙̜̝̌̎̉̋̏̃ ˞Ȣ ˏȢ ɀ ́ ̒̐̉̑́̎̓ ̋́̕Ȣ Ⱥˍ̃̓̏̍́̓̉̋́ ̉ ̖̓̆̌̆̍̆́̎̉̋́Ȼ, 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ɀ ̐ ̑̏̆̒̒̏̑̕ ˦̆̑̂́̋̏̃ ˙ȢˍȢ 

 
ʇʨʝʜʣʘʛʘʝʪʩʷ ʥʝʣʠʥʝʡʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʜʘʧʪʘʮʠʠ ʢ 

ʣʦʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠʟʦʙʨʘʞʝʥʠʡ. ɼʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʬʠʣʴʪʨʘʮʠʠ 

ʠʟʦʙʨʘʞʝʥʠʡ ʦʪ ʰʫʤʦʚ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ, ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʜʝʪʘʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʘʶʪʩʷ 

ʧʨʠʤʝʨʳ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʠʟʚʝʩʪʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. 

 

ɸʜʘʧʪʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʡ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʢʘʢ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʦʣʴʢʦ ʚʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ (ʙʝʟ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ), ʪʘʢ ʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ). ɺʳʙʦʨ ʩʧʦʩʦʙʘ ʘʜʘʧʪʠʚʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʧʝʮʠʬʠʢʦʡ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ, ʬʠʣʴʪʨʦʚ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ. ʇʦʩʪʨʦʝʥʠʝ ʬʠʣʴʪʨʦʚ ʩ ʘʜʘʧʪʘʮʠʝʡ ʧʦ ʚʭʦʜʥʦʤʫ ʩʠʛʥʘʣʫ ʦʩʥʦʚʘʥʦ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʪʨʝʙʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʬʠʣʴʪʨʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ɽʩʣʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʟʘʪʨʫʜʥʝʥʦ, ʪʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʬʠʣʴʪʨʘʮʠʷ ʩ ʘʜʘʧʪʘʮʠʝʡ ʧʦ ʚʳʭʦʜʥʦʤʫ ʩʠʛʥʘʣʫ. ɼʣʷ ʢʦʨʨʝʢʮʠʠ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʧʦʜʦʙʥʳʭ 

ʬʠʣʴʪʨʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʰʠʙʢʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʟʘʜʘʥʥʳʤ ʠ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʘʤʠ.  

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʚʳʜʝʣʝʥʠʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ s(n) ʠʟ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʠʛʥʘʣʘ x(n), ʠʩʢʘʞʝʥʥʦʛʦ 

ʘʜʜʠʪʠʚʥʳʤ ʰʫʤʦʤ x(n). ɽʩʣʠ ʧʦʤʝʭʘ x(n) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʣʳʡ ʰʫʤ, ʪʦ ʦʮʝʥʢʘ )(Ĕns , 

ʤʠʥʠʤʠʟʠʨʫʶʱʘʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʫʶ ʦʰʠʙʢʫ )}()(Ĕ{M nn ss - 2, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ [1]: 
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ʛʜʝ xDDx
Ĕ,Ĕ  - ʣʦʢʘʣʴʥʳʝ ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʡ ʩʠʛʥʘʣʘ x(n) ʠ ʰʫʤʘ x(n) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;xmĔ - ʣʦʢʘʣʴʥʘʷ ʦʮʝʥʢʘ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ x(n). 

ʇʨʦʮʝʜʫʨʫ ʚʳʯʠʩʣʝʥʠʷ ʜʘʥʥʦʡ ʦʮʝʥʢʠ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʘʜʘʧʪʠʚʥʫʶ ʬʠʣʴʪʨʘʮʠʶ, 

ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʣʦʢʘʣʴʥʳʭ ʩʪʘʪʠʩʪʠʢʘʭ ʩʠʛʥʘʣʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʘʚʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ s(n) ʦʮʝʥʢʠ ʜʠʩʧʝʨʩʠʡ ʩʠʛʥʘʣʘ x(n) ʠ ʰʫʤʘ x(n) ʙʫʜʫʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʳ, ʠ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ 1ĔĔ ºxDDx . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʠʣʴʪʨ ʚʳʯʠʩʣʷʝʪ ʦʮʝʥʢʫ xmĔ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʧʦʤʝʭʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʙʳʩʪʨʳʭ ʠʟʤʝʥʝʥʠʷʭ ʩʠʛʥʘʣʘ s(n), 

ʢʦʛʜʘ xDDx
ĔĔ>> , ʦʪʥʦʰʝʥʠʝ 0ĔĔ ºxDDx , ʠ ʬʠʣʴʪʨ ʙʫʜʝʪ ʧʨʦʧʫʩʢʘʪʴ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ x(n) ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟ 

ʠʟʤʝʥʝʥʠʷ. ʄʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʢʨʘʡʥʠʤʠ ʩʠʪʫʘʮʠʷʤʠ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʬʠʣʴʪʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ 

ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ x(n) ʩ ʝʛʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ xmĔ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʝʜʝʥʠʝ ʬʠʣʴʪʨʘ 

ʠʤʝʝʪ ʘʜʘʧʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʠʟʤʝʥʷʷʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʦʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ʅʘ ʦʩʥʦʚʝ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʮʠʬʨʦʚʳʭ ʥʝʣʠʥʝʡʥʳʭ 

ʬʠʣʴʪʨʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʚʠʜʦʤ ʦʮʝʥʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʣʦʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩʠʛʥʘʣʦʚ, ʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʘʜʘʧʪʘʮʠʠ. ɼʘʥʥʳʡ ʧʨʠʥʮʠʧ ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʦʪ 

ʰʫʤʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʦʜʯʝʨʢʠʚʘʥʠʝʤ ʛʨʘʥʠʮ ʜʝʪʘʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ  ʧʦʜʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ 

ʨʦʜʘ ʠʤʧʫʣʴʩʥʳʭ ʰʫʤʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ, ʥʘʧʨʠʤʝʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʰʠʙʦʢ ʜʝʢʦʜʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʧʝʨʝʜʘʯʠ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ.  

ʇʨʝʜʣʦʞʝʥʳe ʩʪʨʫʢʪʫʨʳ ʠ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʮʠʬʨʦʚʳʭ ʥʝʣʠʥʝʡʥʳʭ ʬʠʣʴʪʨʦʚ ʩ ʘʜʘʧʪʘʮʠʝʡ ʢ 

ʣʦʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʦʪʣʠʯʘʶʪʩʷ ʧʨʦʩʪʦʪʦʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ  
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ʥʝʣʠʥʝʡʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ 

ʥʘʛʣʷʜʥʳʭ ʧʨʝʜʩʢʘʟʫʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʬʠʣʴʪʨʘʮʠʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Pitas I., Venetsanopoulos A.N. Nonlinear digital filters: principles and applications. - Kluver Academic Publishers,  

1990. - 391 p. 

 

 

 
 

 

  



˿ˣ˻˾˹ˮ˴ ́˾̂˨˻ˤ ˸˩ˬ˨̂˹ˢ˾˻˨˹˻˥˻ ˹ˢ̂̉˹˻-́˩̆˹ˮ̉˩˿˴˻˥˻ ˿˩˸ˮ˹ˢ˾ˢΣ ˢ˶̂̊́ˢ нлмо 

 

 

 
 

61  

 

 

 

 

 

 

ˑˍ˟ˤ˕˗ ˚ˍ˜˝ˬ˓˳˚˚˛˞˟˕ ˪˘˒˗˟˝˛˞˟ˍ˟˕ˤ˒˞˗˛ː˛ ˜˛˘ˬ, 
˛˞˚˛ˏˍ˚˚˨˖ ˚ˍ ˪ˡˡ˒˗˟˒ ˪˘˒˗˟˝˛˞˟ˍ˟˕ˤ˒˞˗˛˖ ˪˙˕˞˞˕˕ 

Sensor of the electrostatic field based on field electron emission  

ˍ˘˒˗˞ˍ˚ˑ˝˛ˏ ˍ.̱ Ȣ 

˙̏̒̋̏̃̒̋̉̊ ̗̜́̃̉́̉̏̎̎̊ ̉̎̒̓̉̓̔̓ ɉ̗̝̜̎́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ɋ 

ˍ̌̆̋̒́̎̅̑̏̃ ˍȢ ˍȢȟ ́̒̐̉̑́̎̓ ̋́̕Ȣ χτύ Ⱥ˟̘̠̆̏̑̆̓̉̆̒̋́ ̞̖̌̆̋̓̑̏̓̆̎̉̋́Ȼȟ ̘̎́̔Ȣ ̑̔̋Ȣ ̗̅̏Ȣ ˡ́̃̏̑̒̋̉̊ ˗Ȣ ːȢ 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʜʘʪʯʠʢʘ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʘʥʘ ʥʘ 

ʷʚʣʝʥʠʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ. 

 

ʉʨʝʜʥʷʷ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʧʦʣʷ ʚ ʛʨʦʟʦʚʦʤ ʦʙʣʘʢʝ ï 100-200 ʢɺ/ʤ. ɺ ʨʘʜʠʫʩʝ 50 ʢʤ ʦʪ ʛʨʦʟʦʚʦʛʦ ʬʨʦʥʪʘ 

ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʧʦʣʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 ʢɺ/ʤ, ʯʪʦ ʚ 100 ʨʘʟ ʙʦʣʴʰʝ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʭʦʨʦʰʫʶ ʧʦʛʦʜʫ. 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪ (ʜʘʣʝʝ ï ʃɸ) ʨʘʚʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʩʢʦʣʴʢʦ ʩʦʪ ʤʝʪʨʦʚ ʚ 

ʩʝʢʫʥʜʫ. ʅʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʦʢʨʫʛ ʃɸ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʘʭ 

ʦʪ ʛʨʦʟʦʚʦʛʦ ʬʨʦʥʪʘ ʠ ʜʚʠʞʝʪʩʷ ʥʘ ʥʝʛʦ ʠʣʠ ʚʜʦʣʴ ʥʝʛʦ ʤʝʥʷʝʪʩʷ ʩ ʪʘʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ 

ʧʦʣʝ ʚʦʢʨʫʛ ʃɸ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʤ. ʇʦʵʪʦʤʫ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʙʣʶʜʘʪʴ ʟʘ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʧʦʣʝʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʜʦʩʪʘʪʦʯʥʦ ʣʠʰʴ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʪʴ 

ʪʘʢʠʝ ʠʟʤʝʨʝʥʠʷ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʜʘʪʯʠʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʰʪʳʨʷ, ʧʦʢʨʳʪʦʛʦ ʪʦʥʢʦʡ ʧʣʸʥʢʦʡ ʠʟ ʵʣʝʢʪʨʦʵʤʠʩʩʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ (ʥʘʧʨʠʤʝʨ, ʟʦʣʦʪʘ). ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʵʪʦʡ ʧʣʸʥʢʝ ʚʦʟʥʠʢʘʝʪ ʷʚʣʝʥʠʝ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ (ʢʚʘʥʪʦʚʦʝ ʷʚʣʝʥʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʠʩʧʫʩʢʘʥʠʠ ʵʣʝʢʪʨʦʥʦʚ ʪʝʣʦʤ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʙʝʟ ʚʦʟʙʫʞʜʝʥʠʷ ʵʪʠʭ ʵʣʝʢʪʨʦʥʦʚ). ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʵʤʠʩʩʠʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʦʡ ʌʘʫʣʝʨʘ-ʅʦʨʜʛʝʡʤʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʘ ʵʤʠʪʪʝʨʘ ʠ ʚʝʣʠʯʠʥʳ 

ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʊʘʢ, ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʷʚʣʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ, 

ʜʣʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʦʣʞʥʘ 

ʩʦʩʪʘʚʣʷʪʴ ʧʦʨʷʜʢʘ 107-108 ɺ/ʤ, ʘ ʜʣʷ ʵʣʝʢʪʨʦʜʘ ʨʘʟʤʝʨʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʤʝʪʨʦʚ, ʥʘʧʨʷʞʸʥʥʦʩʪʴ 

ʦʢʨʫʞʘʶʱʝʛʦ ʧʦʣʷ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʚʩʝʛʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ-ʩʦʪʝʥ ʚʦʣʴʪ ʥʘ ʤʝʪʨ [1]. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʣʘʙʳʭ ʪʦʢʦʚ ʵʤʠʩʩʠʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʪʦʢ-

ʥʘʧʨʷʞʝʥʠʝ. ʇʦʛʨʝʰʥʦʩʪʴ ʩʭʝʤʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʠ ʦʪʩʫʪʩʪʚʠʷ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʠʟʤʝʨʠʪʝʣʝ. ʐʪʳʨʴ ʩʦʝʜʠʥʸʥ ʩ ʠʥʚʝʨʪʠʨʫʶʱʠʤ ʚʭʦʜʦʤ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ (ʜʘʣʝʝ ï ʆʋ) ʠ 

ʠʟʦʣʠʨʦʚʘʥ ʦʪ ʢʦʨʧʫʩʘ ʃɸ. ʉʭʝʤʘ ʆʋ ʧʦʩʪʨʦʝʥʘ ʧʦ ʧʨʠʥʮʠʧʫ ʤʦʜʫʣʷʮʠʠ-ʜʝʤʦʜʫʣʷʮʠʠ. ʇʦʣʘʛʘʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʢʦʚ ʵʤʠʩʩʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʧʦʣʸʪʘ. ʋʤʝʥʴʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʜʦʣʞʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ 

ʫʚʝʣʠʯʝʥʠʠ ʪʦʢʘ ʵʤʠʩʩʠʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʚʪʦʵʣʝʢʪʨʦʥʥʘʷ ʵʤʠʩʩʠʷ, ʌʫʨʩʝʡ ɻ.ʅ., ʉʦʨʦʩʦʚʩʢʠʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʞʫʨʥʘʣ, ʪ. 6, ˉ11, 2000 ʛ. 
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˜˝˕ ˚ˍ˘˕ˤ˕˕ ˔ˏ˒˚˩˒ˏ ˔ˍ˜ˍ˔ˑ˨ˏˍ˚˕ˬ 

Development of approaches to dynamic objects identification  
in the presence of lagging elements  

ˍ˚˕˞˕˙˛ˏ ˑȢ˚Ȣȟ ˎˠ˝˙˕˞˟˝˛ˏ ˞Ȣ˞Ȣ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

ˎ̔̑̍̉̒̓̑̏̃ ˞Ȣ˞Ȣ- ̒ ̓̔̅̆̎̓ ̋́̕Ȣ ̠̔̐̑́̃̌̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̗̅̏̆̎̓ ˍ̎̉̒̉̍̏̃ ˑȢ˚Ȣ 

 
ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʨʘʟʚʠʪʠʶ ʤʝʪʦʜʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ ʜʣʷ ʦʙʲʝʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʟʚʝʥʴʷ 

ʟʘʧʘʟʜʳʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʧʦʜʭʦʜʘ ʢ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʩʣʫʯʘʡʥʳʭ 

ʧʦʤʝʭ, ʘʜʜʠʪʠʚʥʦ ʧʨʠʣʦʞʝʥʥʳʭ ʢ ʠʭ ʚʳʭʦʜʘʤ. 

 

ʄʝʪʦʜ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ (ʄʕʄ) ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʦʩʥʦʚʘʥ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʦʜʫʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ (ʄʌ), ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ 

ʟʘʪʫʭʘʶʱʠʝ ʵʢʩʧʦʥʝʥʪʳ, ʧʝʨʝʤʥʦʞʝʥʠʠ ʵʪʠʭ ʬʫʥʢʮʠʡ ʥʘ ʚʭʦʜʥʦʡ ʠ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣʳ ʠ ʚʳʯʠʩʣʝʥʠʠ 

ʧʣʦʱʘʜʝʡ ʧʦʜ ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʢʨʠʚʳʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʜʘʯʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ 

ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʄʝʪʦʜ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʳʤ ʠ ʥʝ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʠʛʥʘʣʦʚ [ʃ]. 

ɼʣʷ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʥʦʩʦʤ ʚʝʱʝʩʪʚʘ ʠʣʠ ʧʝʨʝʜʘʯʝʡ ʵʥʝʨʛʠʠ, ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ 

ʟʚʝʥʴʝʚ ʟʘʧʘʟʜʳʚʘʥʠʷ. ʅʘʣʠʯʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʧʘʟʜʳʚʘʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʦʙʲʝʢʪʘ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʦʩʪʘʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ. ʗʚʣʝʥʠʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʦʙʲʝʢʪʘʭ ʨʘʟʣʠʯʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ. ʆʥʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʪʝʭʥʠʢʝ, ʥʦ ʪʘʢʞʝ ʚ ʙʠʦʣʦʛʠʠ, ʵʢʦʥʦʤʠʢʝ ʠ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʟʘʧʘʟʜʳʚʘʥʠʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʘʷ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ, ʧʦʩʪʦʷʥʥʳʝ 

ʚʨʝʤʝʥʠ ʤʦʜʫʣʠʨʫʶʱʠʭ ʬʫʥʢʮʠʡ ʠ ʧʣʦʱʘʜʠ ʧʦʜ ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʢʨʠʚʳʤʠ, ʩʪʘʥʦʚʠʪʩʷ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʡ, ʠ 

ʝʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʩ 

ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ. 

1. ʇʨʦʚʦʜʠʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʦʙʲʝʢʪʘ ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ 
ʝʛʦ ʧʦʣʝʟʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘʯʠʥʘʝʪ ʠʟʤʝʥʷʪʴʩʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʜʝʣʘʝʪʩʷ ʩʫʞʜʝʥʠʝ ʦ ʚʨʝʤʝʥʠ 

ʟʘʧʘʟʜʳʚʘʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʜʚʠʛ ʧʨʦʮʝʩʩʘ ʧʦ ʚʨʝʤʝʥʥʦʡ ʦʩʠ ʠ ʦʮʝʥʠʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ. 

2. ʈʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʯʠʩʣʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ 
ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʭʦʜʠʪʩʷ ʝʝ ʨʝʰʝʥʠʝ ʤʝʪʦʜʦʤ ʠʪʝʨʘʮʠʡ. 

3. ɺʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʜʩʪʨʘʠʚʘʝʤʦʡ ʚʝʣʠʯʠʥʦʡ. ʆʥʦ ʥʝ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʪ.ʝ. 
ʩʠʩʪʝʤʘ ʦʩʪʘʝʪʩʷ ʣʠʥʝʡʥʦʡ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʜʚʠʛ ʧʨʦʮʝʩʩʘ ʧʦ ʚʨʝʤʝʥʥʦʡ ʦʩʠ, 

ʦʮʝʥʠʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ, ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ (ʉʂʆ) ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʚʳʭʦʜʘʭ ʦʙʲʝʢʪʘ ʠ ʤʦʜʝʣʠ. ɺʨʝʤʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʚʝʣʠʯʠʥʝ ʩʜʚʠʛʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʠʥʠʤʫʤʫ ʉʂʆ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʩʝ ʪʨʠ ʧʦʜʭʦʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʢʘʯʝʩʪʚʦ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ ʧʦʤʝʭ. 

ʇʝʨʚʳʡ ʧʦʜʭʦʜ, ʙʳʩʪʨʦ ʠ ʥʘʜʝʞʥʦ ʨʘʙʦʪʘʶʱʠʡ ʚ ʦʪʩʫʪʩʪʚʠʝ ʧʦʤʝʭ, ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʧʨʠ ʠʭ ʥʘʣʠʯʠʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʙʣʝʤʘʤʠ ʚʳʜʝʣʝʥʠʷ ʧʦʣʝʟʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʛʥʘʣʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʝʝ ʠʟʤʝʥʝʥʠʷ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʪʦʨʦʛʦ ʧʦʜʭʦʜʘ ʢʦʣʠʯʝʩʪʚʦ ʫʨʘʚʥʝʥʠʡ ʚ ʩʠʩʪʝʤʝ ʥʘ ʝʜʠʥʠʮʫ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ 

ʜʚʫʭ ʜʨʫʛʠʭ ʧʦʜʭʦʜʦʚ. ʕʪʦ ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʦʮʝʥʦʢ. ʅʦ ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʧʨʠ ʥʝʫʜʘʯʥʦʤ ʚʳʙʦʨʝ ʥʘʯʘʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʠʪʝʨʘʮʠʦʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʨʘʩʭʦʜʠʪʴʩʷ. ʕʪʫ 

ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ, ʚʚʝʜʷ ʥʝʢʦʪʦʨʫʶ ʧʨʦʮʝʜʫʨʫ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʩʭʦʜʠʤʦʩʪʠ ʠʪʝʨʘʮʠʦʥʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʠ ʠʟʤʝʥʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʇʨʠ ʵʪʦʤ, ʝʩʪʝʩʪʚʝʥʥʦ, 

ʫʚʝʣʠʯʠʪʩʷ ʦʙʲʝʤ ʚʳʯʠʩʣʝʥʠʡ.  
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ʊʨʝʪʠʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʣʫʯʰʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʮʝʥʦʢ. ʆʙʲʝʤ ʚʳʯʠʩʣʝʥʠʡ 

ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʝʥ, ʦʜʥʘʢʦ, ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʜʝʣʘʝʪ ʥʝ 

ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʪʫ ʧʨʦʙʣʝʤʫ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. 
 

ɼʦʢʣʘʜ ʧʦʜʛʦʪʦʚʣʝʥ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  

(ʧʨʦʝʢʪ 13-01-00082-ʘ). 
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ˎ˒˘˩˗˛ˏ ̃ Ȣ˞Ȣ 

ˡːˎ˛ˠ ˏ˜˛ ˟̝̔̌̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

ˎ̝̆̌̋̏̃ ˜Ȣ˞Ȣ ɀ ̍ ́̄̉̒̓̑́̎̓ ̜̋́̆̅̑̕ Ⱥ˜̜̑̉̂̏̑ ̠̔̐̑́̃̌̆̎̉Ȼ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ɀ ̋ Ȣ̓Ȣ̎Ȣȟ ̗̅̏̆̎̓ȟ ̇ ́̓̃̆̆̃ ˏȢˏȢ 

 
ʉʦʚʨʝʤʝʥʥʳʝ ʛʦʣʦʚʢʠ ʥʘʚʝʜʝʥʠʷ ʨʘʢʝʪ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʥʘ ʙʘʟʝ ʪʨʝʭʩʪʝʧʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ (ʊʕʄ). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʊʕʄ ʩ ʨʘʜʠʘʣʴʥʦ-ʥʘʤʘʛʠʯʝʥʥʳʤ ʨʦʪʦʨʦʤ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʛʠʨʦʩʢʦʧʠʯʝʩʢʠʭ ʛʦʣʦʚʦʢ ʩʘʤʦʥʘʚʝʜʝʥʠʷ (ɻʉʅ).  

 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ɻʉʅ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʠʥʮʠʧʝ ʨʘʙʦʪʳ ʢʣʘʩʩʠʯʝʩʢʠʭ ʪʨʝʭʩʪʝʧʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʤʘʰʠʥ [1]. ɺ ʨʘʙʦʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʊʕʄ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ 

ʰʝʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʊʨʠ ʫʨʘʚʥʝʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʶʪ ʜʠʥʘʤʠʢʫ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʯʘʩʪʠ ʊʕʄ ʩ ʫʯʝʪʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʢʦʨʨʝʢʮʠʠ. ɼʨʫʛʠʝ ʪʨʠ ʫʨʘʚʥʝʥʠʷ ʦʧʠʩʳʚʘʶʪ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʤʦʪʢʠ ʢʦʨʨʝʢʮʠʠ ʠ ʦʙʤʦʪʦʢ ʚʨʘʱʝʥʠʷ [2]. 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʧʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ, ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʊʕʄ. ʉ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ MatlabÈ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʜʣʷ ʪʦʢʘ ʫʧʨʘʚʣʝʥʠʷ 

ʊʕʄ, ʜʣʷ ʦʙʤʦʪʦʢ ʚʨʘʱʝʥʠʷ, ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʘ ï ʤʘʛʥʠʪʘ ʠ ʦʙʤʦʪʦʢ ʫʧʨʘʚʣʝʥʠʷ. ʂʘʞʜʳʡ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʤʦʜʝʣʠʨʦʚʘʥ, ʧʦʩʪʨʦʝʥʳ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʨʝʞʠʤʝ ʚʨʘʱʝʥʠʷ, ʘ ʚ ʨʝʞʠʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ ʦʪʢʣʦʥʝʥʠʷ ʫʛʣʦʚ ʧʦ ʦʩʷʤ ʢʘʨʜʘʥʦʚʘ ʧʦʜʚʝʩʘ, ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʩʠʛʥʘʣ ʫʧʨʘʚʣʝʥʠʷ ʊʕʄ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʊʕʄ: 

ʩʢʘʥʠʨʦʚʘʥʠʷ, ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʨʨʝʪʠʨʦʚʘʥʠʷ, ʘʚʪʦʩʦʧʨʦʚʦʞʜʝʥʠʷ ʮʝʣʠ (ʎ).  

ʈʝʞʠʤ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʦʠʩʢʘ ʮʝʣʠ, ʝʩʣʠ ʢʦʦʨʜʠʥʘʪʳ ʧʦʩʣʝʜʥʝʡ ʥʝ ʠʟʚʝʩʪʥʳ. ʇʨʠ 

ʧʦʧʘʜʘʥʠʠ ʮʝʣʠ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʊʕʄ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʝʝ ʚ 

ʨʝʞʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʣʝʞʝʥʠʷ ʟʘ ʮʝʣʴʶ.  ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʚʘʪʴ ʥʘ ʦʙʤʦʪʢʫ 

ʢʦʨʨʝʢʮʠʠ (ʆʂ) ʥʘʧʨʷʞʝʥʠʝ, ʠʟʤʝʥʷʝʤʦʝ ʧʦ ʟʘʢʦʥʫ: 
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ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʞʠʤʘ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʘʚʘʪʴ ʥʘ ʆʂ ʥʘʧʨʷʞʝʥʠʝ, ʠʟʤʝʥʷʝʤʦʝ ʧʦ 

ʟʘʢʦʥʫ: 
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ʇʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʊʕʄ ʠʤʝʝʪ ʤʝʩʪʦ ʟʘʜʘʯʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʦʚʤʝʱʝʥʠʷ ʦʩʠ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ï ʤʘʛʥʠʪʘ ʩ ʣʠʥʠʝʡ ʚʠʟʠʨʦʚʘʥʠʷ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʩʦʚʤʝʱʝʥʠʝ ʵʪʠʭ ʦʩʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʦʢ ʦʪ ʎ ʤʦʛ ʧʦʧʘʩʪʴ ʚ ʧʦʣʝ ʟʨʝʥʠʷ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʨʦʪʦʨʝ ʊʕʄ. ʂʘʢ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʚʤʝʱʝʥʠʷ ʦʩʝʡ ʚ ʧʦʣʝ 

ʟʨʝʥʠʷ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʧʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʘʷ ʯʘʩʪʴ ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʦʪ ʎ, ʪʦ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʤʘʥʜʝ 

ʨʦʪʦʨ ʊʕʄ ʩ ʧʨʠʝʤʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʨʝʞʠʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʣʝʞʝʥʠʷ ʟʘ ʎ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʪʘʢʘʷ ʬʠʢʩʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʝʢʪʦʨ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ʨʦʪʦʨʘ ï ʤʘʛʥʠʪʘ  

çʩʣʝʜʠʣè ʟʘ ʧʨʦʜʦʣʴʥʦʡ ʦʩʴʶ ʢʦʨʧʫʩʘ [3], ʯʪʦ ʠ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʘʨʨʝʪʠʨʦʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ɻʉʅ.  
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Network database on avi ation devices and sensors based  
on the modern information technology  

ˎ˒˘˛ˎ˓˒˞˗˕˖ ˘ȢˍȢȟ ˞˨˞˛˘ˬ˟˕˚ ˒Ȣ˗Ȣ 

˙̏̒̋̏̃̒̋̉̊ ̗̜́̃̉́̉̏̎̎̊ ̉̎̒̓̉̓̔̓ ɉ̗̝̜̎́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ɋ 

˞̜̠̒̏̌̓̉̎ ˒Ȣ˗Ȣ ɀ ̒ ̓̔̅̆̎̓ ̜̋́̆̅̑̕ Ⱥ˜̜̑̉̂̏̑ ̉ ̝̉̈̍̆̑̉̓̆̌̎̏-̜̘̝̜̃̉̒̌̉̓̆̌̎̆ ̜̋̏̍̐̌̆̋̒Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̗̅̏̆̎̓ ˎ̆̌̏̂̇̆̒̋̉̊ ˘ȢˍȢ 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʙʦʨʪʦʚʳʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ 

ʩʨʝʜʩʪʚʘʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʧʣʘʪʬʦʨʤʳ 

Microsoft .NET Framework. ʉʠʩʪʝʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʙʦʨʘ ʠ ʭʨʘʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʠʙʦʨʘʭ ʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. ʈʘʟʨʘʙʦʪʢʘ ʚʝʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʷʟʳʢʦʚ TSQL, 

C#, LINQ, XML ʠ XAML. 

 

ʀʥʞʝʥʝʨʘʤ-ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʙʦʨʪʦʚʳʭ ʠ ʥʘʟʝʤʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʨʘʡʥʝ 

ʚʘʞʥʦ ʠʤʝʪʴ ʦʧʝʨʘʪʠʚʥʳʡ ʜʦʩʪʫʧ ʢ ʭʦʨʦʰʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʘʨʘʤʝʪʨʘʭ ʘʚʠʘʮʠʦʥʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʜʘʪʯʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. ʇʦʜʦʙʥʘʷ ʞʝ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʥʘ ʵʪʘʧʝ 

ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ 

ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʘʚʠʘʮʠʦʥʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʜʦʢʣʘʜʝ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʘʚʠʘʮʠʦʥʥʳʤ ʧʨʠʙʦʨʘʤ ʠ 

ʜʘʪʯʠʢʘʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʙʦʪʫ, ʢʘʢ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʪʘʢ ʠ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ɺʋɿʝ. 

ʈʘʟʨʘʙʦʪʢʘ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʟʜʝʣʠʡ 
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ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʧʦ ʢʦʤʧʣʝʢʩʥʳʤ ʢʨʠʪʝʨʠʷʤ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʧʦʠʩʢʘ ʪʨʝʙʫʝʤʳʭ ʠʟʜʝʣʠʡ ʧʦ 

ʨʘʟʣʠʯʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. ʊʘʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʘʨʷʜʫ ʩ ʩʝʪʝʚʳʤ ʜʦʩʪʫʧʦʤ, ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʠʩʢʘ ʠ ʚʳʙʦʨʘ ʪʨʝʙʫʝʤʳʭ ʠʟʜʝʣʠʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʧʨʠʙʦʨʥʳʭ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʥʦʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʝ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ ɹɼ, ʥʘʧʠʩʘʥʥʳʝ ʣʠʙʦ ʮʝʣʠʢʦʤ ʥʘ MS Access, ʣʠʙʦ ʩ ʢʣʠʝʥʪʩʢʦʡ 

ʯʘʩʪʴʶ ʥʘ MS Access [2], ʠʤʝʶʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʜʝʞʥʦʩʪʴʶ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʨʘʙʦʪʳ ɹɼ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʝʪʝʚʳʝ ɹɼ, ʛʜʝ ʢʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʜʝʣʘʝʪʩʷ ʥʘ ʧʣʘʪʬʦʨʤʝ Microsoft .NET Framework, 

ʧʦʟʚʦʣʷʶʪ ʨʝʰʠʪʴ ʧʦʜʦʙʥʳʝ ʧʨʦʙʣʝʤʳ. 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʙʘʟʝ ʧʣʘʪʬʦʨʤʳ 

Microsoft .NET Framework, ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ Microsoft SQL Server 2012 ʠ Microsoft Visual Studio 2010. 

ʅʘ ʷʟʳʢʝ C# ʥʘʧʠʩʘʥ ʢʦʜ ʧʨʦʛʨʘʤʤʳ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ɹɼ, ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʝʛʦ ʩʨʝʜʩʪʚʘʤʠ 

ʨʝʘʣʠʟʦʚʘʥʘ ʣʦʛʠʢʘ ʧʨʠʣʦʞʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ LINQ ï ʷʟʳʢ ʩʠʥʪʘʢʩʠʩʘ ʟʘʧʨʦʩʦʚ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʝʥ ʧʨʦʩʤʦʪʨ, ʜʦʙʘʚʣʝʥʠʝ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ɹɼ. ʉʨʝʜʩʪʚʘʤʠ ʷʟʳʢʘ T-

SQL ʩʦʟʜʘʥʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʪʘʙʣʠʮ ɹɼ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʝʢʦʪʦʨʳʭ ʟʘʧʨʦʩʦʚ ʥʘ 

ʚʳʙʦʨʢʫ ʠʥʬʦʨʤʘʮʠʠ. ʉ ʧʦʤʦʱʴʶ XML ʨʝʘʣʠʟʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʣʶʙʦʤʫ ʩʝʨʚʝʨʫ, ʥʘ 

ʢʦʪʦʨʦʤ ʨʘʟʤʝʱʝʥʘ ɹɼ. ʅʘ ʷʟʳʢʝ XAML ʥʘʧʠʩʘʥ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʢʣʠʝʥʪʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʡ ʨʘʙʦʪʳ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ ʘʚʠʘʮʠʦʥʥʳʤ ʧʨʠʙʦʨʘʤ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʘʤ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʪʨʦʠʪʩʷ ʥʘ ʛʘʨʘʥʪʠʠ ʩʦʭʨʘʥʥʦʩʪʠ ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʙʘʟʝ ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ 

ʧʨʦʠʟʚʝʜʝʥʘ ʨʝʧʣʠʢʘʮʠʷ ï ʤʝʭʘʥʠʟʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩʦʜʝʨʞʠʤʦʛʦ ʥʝʩʢʦʣʴʢʠʭ ʢʦʧʠʡ ʦʙʲʝʢʪʘ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʧʦ ʨʝʟʝʨʚʠʨʦʚʘʥʠʶ ʜʘʥʥʳʭ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʨʝʧʣʠʢʘʮʠʷ ʤʦʤʝʥʪʘʣʴʥʳʭ 

ʩʥʠʤʢʦʚ, ʢʦʛʜʘ ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʧʦʜʧʠʩʯʠʢʝ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʧʝʨʝʟʘʧʠʩʳʚʘʝʪʩʷ 

ʠʥʬʦʨʤʘʮʠʝʡ ʩ ʠʟʜʘʪʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ ʨʘʟ, ʧʦʩʣʝ ʚʚʦʜʘ ʥʦʚʳʭ ʜʘʥʥʳʭ, ʩʦʜʝʨʞʠʤʦʝ ɹɼ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʜʨʫʛʠʭ ʢʦʤʧʴʶʪʝʨʘʭ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʣʦʢʘʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʴʶ (ʃɺʉ). 

ɽʱʝ ʦʜʥʠʤ ʤʝʭʘʥʠʟʤʦʤ ʟʘʱʠʪʳ ʙʘʟʳ ʦʪ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʩʙʦʝʚ ʷʚʣʷʝʪʩʷ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʘ 

ʩʝʨʚʝʨʘʭ ɹɼ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʛʦʩʪʷ ʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ. ʊʦʣʴʢʦ ʘʜʤʠʥʠʩʪʨʘʪʦʨ, ʚʚʝʜʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʧʘʨʦʣʴ, ʫʧʦʣʥʦʤʦʯʝʥ ʚʥʦʩʠʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʙʦʪʫ ʩʝʨʚʝʨʘ ʠ ʥʘʩʪʨʦʡʢʠ ʉʋɹɼ. 

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ɹɼ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʧʨʠʙʦʨʘʤ, ʜʘʪʯʠʢʘʤ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʫʜʝʥʪʘʤ ʠ ʨʘʟʨʘʙʦʪʯʠʢʘʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʪʨʘʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʥʘ ʧʦʠʩʢ ʪʦʯʥʦʡ 

ʠ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʠʥʪʝʨʝʩʫʶʱʝʤʫ ʠʭ ʠʟʜʝʣʠʶ. 
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EM log testbed development  results  

ˎ˒˘ˬ˒ˏ ˬ .ˏ ., ˞ ˛˗˛˘˛ˏ ̱ .̞ ., l ˕˝˞ˍ ̱ . .˞ 

 
ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʥʪʨʦʣʴ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʣʘʛʦʚ ʥʘ ʩʪʘʜʠʠ  ʠʟʛʦʪʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʨʘʙʘʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʠʭ ʜʘʪʯʠʢʦʚ,  ʟʥʘʥʠʝ ʢʦʪʦʨʳʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ  ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ ʚʪʦʨʠʯʥʦʡ ʶʩʪʠʨʦʚʢʝ ʣʘʛʘ.  

 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʪʦʨʦʡ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʘʙʩʦʣʶʪʥʳʝ, ʪʘʢ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʣʘʛʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʤʦʜʠʬʠʢʘʮʠʡ. ɿʥʘʯʝʥʠʝ 

ʠʟʤʝʨʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʠʥʝʨʮʠʘʣʴʥʳʭ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʨʘʜʠʦʣʦʢʘʪʦʨʘʭ, 

ʩʠʩʪʝʤʘʭ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʙʫʨʦʚʳʭ ʩʫʜʦʚ, ʘʚʪʦʧʨʦʢʣʘʜʯʠʢʘʭ, ʠʟʤʝʨʠʪʝʣʷʭ ʪʝʯʝʥʠʡ, ʛʠʨʦʢʦʤʧʘʩʘʭ, 

ʛʠʨʦʘʟʠʤʫʪʘʭ, ʩʠʩʪʝʤʘʭ ʦʙʝʩʧʝʯʝʥʠʷ ʰʚʘʨʪʦʚʢʠ ʠ ʜʨ. 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʣʘʛʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʙʩʦʣʶʪʥʳʤʠ, ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʢʨʳʪʥʦʩʪʴ ʦʙʲʝʢʪʘ, ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ ʜʣʷ ʚʦʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʣʘʛʦʚ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʣʘʛʠ, ʥʝ ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʪʝʡ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʷʚʣʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʦʡ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ-ʠʟʛʦʪʦʚʠʪʝʣʠ ʠʥʜʫʢʮʠʦʥʥʳʭ 

ʣʘʛʦʚ, ʩʫʜʦʨʝʤʦʥʪʥʳʝ ʠ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʟʘʚʦʜʳ ï ʵʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʥʪʨʦʣʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʶʩʪʠʨʦʚʢʘ. ɼʣʷ ʶʩʪʠʨʦʚʢʠ ʣʘʛʘ ʧʨʦʚʦʜʷʪ ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ (ʪʦʧʣʠʚʦ ʚʨʝʤʷ, ʧʦʣʠʛʦʥʳ ʠ ʪ.ʧ.), ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʚʨʝʤʝʥʥʳʤʠ ʠ ʬʠʥʘʥʩʦʚʳʤʠ ʟʘʪʨʘʪʘʤʠ. ʖʩʪʠʨʦʚʢʘ ʜʦʣʞʥʘ ʧʨʦʚʦʜʠʪʴʩʷ ʦʜʠʥ ʨʘʟ ʚ ʛʦʜ, ʣʠʙʦ ʧʦʩʣʝ ʢʘʞʜʦʛʦ 

ʜʦʢʦʚʘʥʠʷ ʦʙʲʝʢʪʘ. 

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ ʠʟʜʝʨʞʝʢ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ, ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʣʘʛʦʚ ʨʘʟʨʘʙʦʪʘʥ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ: 

- ʠʩʧʳʪʳʚʘʪʴ ʜʘʪʯʠʢʠ ʣʘʛʦʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʭʦʜʥʳʭ ʫʩʪʨʦʡʩʪʚ; 

- ʧʨʦʠʟʚʦʜʠʪʴ ʢʦʥʪʨʦʣʴ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʣʘʛʦʚ ʥʘ ʩʪʘʜʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ; 

- ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʭʦʜʥʦʡ ʢʦʥʪʨʦʣʴ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʜʫʢʮʠʦʥʥʳʭ ʣʘʛʦʚ ʥʘ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʠ 

ʩʫʜʦʨʝʤʦʥʪʥʳʭ ʟʘʚʦʜʘʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʩʧʫʩʢʦʤ ʦʙʲʝʢʪʦʚ ʥʘ ʚʦʜʫ; 

- ʚʳʨʘʙʘʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʜʘʪʯʠʢʦʚ ʣʘʛʘ, ʟʥʘʥʠʝ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ 

ʚʪʦʨʠʯʥʦʡ ʶʩʪʠʨʦʚʢʝ ʣʘʛʘ; 

- ʦʧʨʝʜʝʣʷʪʴ ʤʦʜʝʣʴ ʧʦʛʨʝʰʥʦʩʪʠ ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʣʘʛʘ, ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʩʦʩʪʘʚ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ, ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ 

ʩʪʝʥʜʘ, ʚʳʙʨʘʥʳ ʠ ʦʙʦʩʥʦʚʘʥʳ ʧʨʠʙʦʨʳ-ʵʪʘʣʦʥʳ, ʧʨʦʚʝʜʝʥʳ ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʪʦʪʠʧʘ ʩʪʝʥʜʘ. ɼʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʪʝʥʜʘ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʯʠʩʣʝʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʩʨʝʜʳ ʚʥʫʪʨʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɺ ʯʘʩʪʥʦʩʪʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʣʠʥʠʠ ʧʦʪʦʢʘ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʢʦʨʦʩʪʝʡ, ʜʘʚʣʝʥʠʡ ʠ ʜʨ. ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ, ʦʧʨʝʜʝʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ, ʚʳʙʨʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʠ ʪ.ʜ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʪʦʪʠʧʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʩʪʝʥʜ ʠʩʧʳʪʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠʥʜʫʢʮʠʦʥʥʳʭ ʣʘʛʦʚ, ʘ ʪʘʢʞʝ ʣʘʛʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʜʨʫʛʠʭ ʧʨʠʥʮʠʧʘʭ ʠʟʤʝʨʝʥʠʡ 

ʩʢʦʨʦʩʪʝʡ ʧʦʪʦʢʘ.  
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˝ˍ˔˝ˍˎ˛˟˗ˍ ˜˝˛ː˝ˍ˙˙˚˛ː˛ ˎ˘˛˗ˍ ˜˕ˑ-˝˒ːˠ˘ˬ˟˛˝ˍ 
˞˛ ˏ˞˟˝˛˒˚˚˛˖ ˡˠ˚˗ˣ˕˒˖ ˍˏ˟˛˚ˍ˞˟˝˛˖˗˕ 

Development of the PID program block of the  regulator with built -in function of autotune  

ˎ˘ˍː˛ˑˍ˝˛ˏ ˑȢˍȢȟ ˞ˍˡ˛˚˛ˏ ˫Ȣ˙Ȣ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

˗˛˜˒˞ˎˍ˒ˏˍ ˍȢˍȢ 

ˍ̌̍́̓̉̎̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̞̎̆̑̄̆̓̉̋̉ ̉ ̠̒̃̈̉ 

 
ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʙʣʦʢʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʩʦ ʚʩʪʨʦʝʥʥʦʡ ʬʫʥʢʮʠʝʡ 

ʘʚʪʦʥʘʩʪʨʦʡʢʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʘ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

 

ɺ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ ʩʠʩʪʝʤʘʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʪʦʯʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʝʛʫʣʷʪʦʨʦʚ ʩʦ ʚʩʪʨʦʝʥʥʦʡ 

ʬʫʥʢʮʠʝʡ ʘʚʪʦʥʘʩʪʨʦʡʢʠ ʩʪʘʥʦʚʠʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʚʠʜʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʩʪʨʦʡʢʠ ʠʩʧʦʣʴʟʫʶʪ ʪʨʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʭ ʵʪʘʧʘ: 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʨʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʪʦʨʘ ʠ ʥʘʩʪʨʦʡʢʘ ʨʝʛʫʣʷʪʦʨʘ. ʆʧʪʠʤʠʟʘʮʠʷ ʥʘʩʪʨʦʡʢʠ ʥʝʦʙʭʦʜʠʤʘ 

ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʪʦʨʘ ʧʦ ʬʦʨʤʫʣʘʤ ʷʚʣʷʶʪʩʷ ʫʧʨʦʱʝʥʥʳʤʠ, ʥʝ 

ʫʯʠʪʳʚʘʶʪ ʥʝʣʠʥʝʡʥʦʩʪʠ ʦʙʲʝʢʪʘ, ʘ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʥʝʢʦʪʦʨʦʡ 

ʧʦʛʨʝʰʥʦʩʪʴʶ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʣʛʦʨʠʪʤ ʘʚʪʦʥʘʩʪʨʦʡʢʠ ʨʝʛʫʣʷʪʦʨʘ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʤʝʪʦʜʝ çʊ-ʩʫʤʤʳè. ɼʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʪʨʝʙʫʝʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʛʫʣʷʪʦʨʘ ʩʣʫʞʠʪ ʭʘʨʘʢʪʝʨ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʥʝ ʧʨʦʚʦʜʠʪʩʷ. 

ʇʦʚʩʝʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʪʨʦʣʣʝʨʦʚ Simatic ʦʧʨʝʜʝʣʠʣʦ ʚʳʙʦʨ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɸʣʛʦʨʠʪʤ ʨʝʘʣʠʟʦʚʘʥ ʚ ʧʨʦʛʨʘʤʤʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ TIA Portal ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ STEP 

7. ɹʘʟʦʚʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ STEP 7 ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ ʩʦʩʪʘʚ ʩʪʘʥʜʘʨʪʥʫʶ ʙʠʙʣʠʦʪʝʢʫ (Standard 

Library), ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʙʠʙʣʠʦʪʝʯʥʳʝ ʙʣʦʢʠ ʧʨʦʛʨʘʤʤ: ʘ) ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʙʣʦʢʠ 

(Organization Blocks); ʙ) ʩʠʩʪʝʤʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʙʣʦʢʠ (System Function Blocks); ʚ) ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʙʣʦʢʠ IEC (IEC Function Blocks); ʛ) ʙʣʦʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ S5-S7 (S5-S7 Converting Blocks); ʜ) ʙʣʦʢʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ TI-S7 (TI-S7 Converting Blocks); ʝ) ʙʣʦʢʠ PID-ʫʧʨʘʚʣʝʥʠʷ (PID Control Blocks); ʞ) 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʙʣʦʢʠ (Communication Blocks). ʇʨʠʢʣʘʜʥʘʷ ʧʨʦʛʨʘʤʤʘ  ʚʳʧʦʣʥʝʥʘ ʚ ʩʨʝʜʝ WinCC v11, 

ʚʭʦʜʷʱʝʡ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ TIA Portal, ʨʘʟʨʘʙʦʪʘʥ ʫʜʦʙʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʀʥʪʝʨʬʝʡʩ, ʧʘʥʝʣʴ 

ʄʝʥʶ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʤʦʜʝʣʴʶ ʠ ʨʝʘʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʠ 

ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʘʥʘʣʦʛʦʚʳʤ ʠ ʮʠʬʨʦʚʳʤ ʨʝʛʫʣʷʪʦʨʦʤ, ʠʤʝʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʡ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʘʝʤʳʭ ʪʨʝʥʜʦʚ. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʠ ʟʘʧʫʩʢʝ ʬʫʥʢʮʠʠ ʘʚʪʦʥʘʩʪʨʦʡʢʠ (ʟʘʜʥʠʡ 

ʬʨʦʥʪ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ATUNE_RST), ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʧʨʦʮʝʩʩʘ ʧʦʜʘʚʘʝʤʦʡ ʥʘ ʚʭʦʜ PV_IN ʧʨʦʭʦʜʠʪ 

ʬʠʣʴʪʨʘʮʠʶ, ʟʘʪʝʤ ʟʘʜʘʥʠʝ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 10% ʠ ʧʦʜʘʝʪʩʷ ʚ ʚʠʜʝ ʩʢʘʯʢʘ όᾀ ʥʘ ʚʭʦʜ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ. ʉ 
ʤʦʤʝʥʪʘ ʟʘʧʫʩʢʘ ʬʫʥʢʮʠʠ ʘʚʪʦʥʘʩʪʨʦʡʢʠ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʝʨʝʤʝʥʥʦʡ ʧʨʦʮʝʩʩʘ 
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ɺʝʣʠʯʠʥʘ ɸ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʫʤʤʘʨʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ST , ʢʦʪʦʨʘʷ ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʘʩʪʨʦʡʢʠ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʤʝʪʦʜʘ ʂʫʥʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʰʫʤʦʚ ʩʫʤʤʘʨʥʘʷ 

ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ. ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʜʦ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ 

ʨʝʞʠʤʘ. ʋʩʪʘʥʦʚʠʚʰʠʤʩʷ ʩʯʠʪʘʝʪʩʷ ʧʨʦʮʝʩʩ, ʢʦʛʜʘ ʧʷʪʴ ʨʘʟ, ʧʦʜʨʷʜ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʨʘʟʥʦʩʪʴ 

ʤʝʞʜʫ ʪʝʢʫʱʠʤ ʠ ʧʨʝʜʳʜʫʱʠʤ ʟʥʘʯʝʥʠʝʤ ʧʝʨʝʤʝʥʥʦʡ ʧʨʦʮʝʩʩʘ ʤʝʥʴʰʝ 0,01. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ 
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ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʧʨʦʮʝʩʩ ʥʘʡʜʝʥ, ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʬʫʥʢʮʠʷ ʘʚʪʦʥʘʩʪʨʦʡʢʠ ʟʘʧʫʩʢʘʝʪʩʷ ʨʘʙʦʪʘ ʩʘʤʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʜʘʣʠ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʨʝʘʣʴʥʦʤ ʦʙʲʝʢʪʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚʳʩʪʫʧʘʝʪ 

ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ ʩ ʯʘʩʪʦʪʥʳʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʠ  ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʂʫʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ çʦʩʪʦʨʦʞʥʘʷ ʥʘʩʪʨʦʡʢʘ 

ʨʝʛʫʣʷʪʦʨʘè, ʧʘʨʘʤʝʪʨʳ ʨʝʛʫʣʷʪʦʨʘ, ʥʘʡʜʝʥʥʳʝ ʧʦ ʜʘʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʦʙʝʩʧʝʯʠʣʠ 

ʜʦʩʪʘʪʦʯʥʦ ʢʘʯʝʩʪʚʝʥʥʫʶ ʜʠʥʘʤʠʢʫ. 

 

 

 
 

 

˛ ˏ˨ˎ˛˝˒ ˜˒˝˒˙˒˚˚˨ˢ ˞˛˞˟˛ˬ˚˕ˬ ˑ˘ˬ ˍ˘ː˛˝˕˟˙ˍ ˙ˍ˗˞˕˙ˍ˘˩˚˛ː˛ 
ˎ˨˞˟˝˛ˑ˒˖˞˟ˏ˕ˬ ˚ˍ ˜˝˕˙˒˝˒ ˍ˞˝ ˚˒˖˟˝˛˚˚˛˖ ˙˛˦˚˛˞˟˕ ˝˒ˍ˗˟˛˝ˍ ˏˏ˪˝-1000  

About the state space realization choice for time -optimal algorithm on example of  
 WWPR-ρπππȭÓ ÎÅÕÔÒÏÎ ÄÅÎÓÉÔÙ ÃÏÎÔÒÏÌ ÓÙÓÔÅÍ 

ˎ˛˘ˑ˕˚˛ˏ ˕ȢˍȢȟ ˎ˛˖˗˛ ˍȢ˞Ȣȟ ˜˕˗˕˚ˍ ːȢˍ. 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

ˎ̏̌̅̉̎̏̃ ˕ȢˍȢȟ ˎ̏̊̋̏ ˍȢ˞Ȣ ɂ ̒ ̜̓̔̅̆̎̓ ̋́̕Ȣ ̜̖́̃̓̏̍́̓̉̈̉̑̏̃́̎̎ ̒̉̒̓̆̍ ̠̔̐̑́̃̌̆̎̉ ̜̓̆̐̌̏̃̍̉ 
̗̐̑̏̆̒̒́̍̉ȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˜̉̋̉̎́ ːȢˍȢ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝʡʪʨʦʥʥʦʡ ʤʦʱʥʦʩʪʴʶ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1000 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʢʠʥʝʪʠʢʠ. ʇʨʦʠʟʚʝʜʝʥ ʩʠʥʪʝʟ ʘʣʛʦʨʠʪʤʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʥʮʠʧʦʤ ʤʘʢʩʠʤʫʤʘ ʇʦʥʪʨʷʛʠʥʘ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ. ʇʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩ ʪʠʧʦʚʳʤ ʇʀɼ-ʘʣʛʦʨʠʪʤʦʤ. ɼʘʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʣʦʢʘ ʧʨʦʛʥʦʟʘ. 

 

ɺ ʩʠʩʪʝʤʘʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝʡʪʨʦʥʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʦʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʣʦʪʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʛʦ ʧʦʪʦʢʘ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʨʝʛʫʣʠʨʫʶʱʠʭ 

ʩʪʝʨʞʥʝʡ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʠʧʦʚʳʭ ʣʠʥʝʡʥʳʭ ʘʣʛʦʨʠʪʤʦʚ (ʇʀ, ʇʀɼ) ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʧʨʝʜʝʣʴʥʦ 

ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʠ ð ʩʢʦʨʦʩʪʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʠʥʝʡʥʳʭ ɸʉʈ ʩʠʩʪʝʤʳ ʩ 

ʨʝʛʫʣʷʪʦʨʦʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʚʩʝʛʜʘ ʨʘʙʦʪʘʶʪ ʥʘ ʧʨʝʜʝʣʴʥʳʭ ʩʢʦʨʦʩʪʷʭ, ʯʪʦ ʜʦʣʞʥʦ 

ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʧʦʚʳʰʝʥʠʝʤ ʪʦʯʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʥʪʝʟ ʨʝʛʫʣʷʪʦʨʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ (ʄɹ) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʤʘʢʩʠʤʫʤʘ ʇʦʥʪʨʷʛʠʥʘ [1] ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʢʠʥʝʪʠʢʠ ʨʝʘʢʪʦʨʘ ʩ ʦʜʥʦʡ 

ʫʩʨʝʜʥʝʥʥʦʡ ʛʨʫʧʧʦʡ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ: 
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ʛʜʝ 1c1.0 -=l  - ʫʩʨʝʜʥʝʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʘʜʘ ʷʜʝʨ ʠʟʣʫʯʘʪʝʣʝʡ; c1=t  - ʟʘʧʘʟʜʳʚʘʥʠʝ, ʵʢʚʠʚʘʣʝʥʪʥʦʝ 

ʜʝʡʩʪʚʠʶ ʰʘʛʘ ʜʠʩʢʨʝʪʥʦʩʪʠ ʧʦ ʫʨʦʚʥʶ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʟʦʥʳ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʣʶʬʪʦʚ ʚ 

ʩʦʯʣʝʥʝʥʠʷʭ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

ɼʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʨʝʛʫʣʠʨʫʶʱʠʭ ʩʪʝʨʞʥʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʥʝʡʥʳʝ ʰʘʛʦʚʳʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ 

ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʦ ʚʨʝʤʝʥʝʤ ʭʦʜʘ ʩ175ʠʤ=T . 



˿ˣ˻˾˹ˮ˴ ́˾̂˨˻ˤ ˸˩ˬ˨̂˹ˢ˾˻˨˹˻˥˻ ˹ˢ̂̉˹˻-́˩̆˹ˮ̉˩˿˴˻˥˻ ˿˩˸ˮ˹ˢ˾ˢΣ ˢ˶̂̊́ˢ нлмо 

 

 

 
 

69  

ʉʠʥʪʝʟ ʘʣʛʦʨʠʪʤʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʧʨʦʚʝʜʝʥ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʠ ʬʠʟʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʥʦʟʘ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ 

ʟʘʧʘʟʜʳʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʜʘʝʪ 

ʠʜʝʥʪʠʯʥʳʡ ʬʠʟʠʯʝʩʢʠʤ ʧʝʨʝʤʝʥʥʳʤ ʩʦʩʪʦʷʥʠʷ ʵʬʬʝʢʪ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʟʘʧʘʟʜʳʚʘʥʠʷ ʚ ʦʙʲʝʢʪʝ 

ʫʧʨʘʚʣʝʥʠʷ. ʆʜʥʘʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʟʘʧʘʟʜʳʚʘʥʠʷ, ʚ ʨʝʛʫʣʷʪʦʨʝ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷ 

ʠʤʝʶʪ ʤʝʩʪʦ ʩʢʘʯʢʠ ʧʨʦʠʟʚʦʜʥʦʡ ʨʝʛʫʣʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʳ, ʢʦʪʦʨʳʝ ʦʙʲʷʩʥʷʶʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʧʦʣʠʥʦʤʘ ʚ 

ʯʠʩʣʠʪʝʣʝ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʦʙʲʝʢʪʘ [2]. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʵʬʬʝʢʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ 

ʬʠʣʴʪʨʘʮʠʶ ʧʨʦʠʟʚʦʜʥʦʡ ʨʝʛʫʣʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʳ ʚ ʙʣʦʢʝ ʧʨʦʛʥʦʟʘ. ʉʨʘʚʥʝʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄɹ- ʠ ʇʀɼ- ʘʣʛʦʨʠʪʤʦʚ ʧʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʚʦʛʦ ʢʘʢ ʧʦ 

ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʦʪʢʣʦʥʝʥʠʶ, ʪʘʢ ʠ ʧʦ ʚʨʝʤʝʥʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʨʝʘʣʠʟʘʮʠʷ ʄɹ-ʘʣʛʦʨʠʪʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʨʤʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʦʙʲʝʢʪʦʚ ʩ 

ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʠ ʧʦʣʠʥʦʤʦʤ ʚ ʯʠʩʣʠʪʝʣʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʧʨʠ ʚʚʝʜʝʥʠʠ ʬʠʣʴʪʨʘ ʧʦ ʧʨʦʠʟʚʦʜʥʦʡ 

ʨʝʛʫʣʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʳ ʚ ʙʣʦʢ ʧʨʦʛʥʦʟʘ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʬʠʣʴʪʨʘ ʚ ʙʣʦʢ ʧʨʦʛʥʦʟʘ ʜʘʝʪ 
ʥʝʩʢʦʣʴʢʦ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʠʟʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ; 

- ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʬʠʟʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʫʣʫʯʰʝʥʠʶ ʨʝʘʢʮʠʠ ʥʘ ʥʝʢʦʪʦʨʳʝ ʚʥʝʰʥʠʝ ʚʦʟʤʫʱʝʥʠʷ. 
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ˍˏ˟˛˙ˍ˟˕˔ˍˣ˕ˬ ˜˝˛ˣ˒˞˞ˍ ˜˛ˏ˒˝˗˕ ˜˝˒˛ˎ˝ˍ˔˛ˏˍ˟˒˘˒˖ ˜˒˝˒˙˒˚˚˛ː˛ ˑˍˏ˘˒˚˕ˬ 
˚ˍ ˪˟ˍ˘˛˚˚˛˖ ˠ˞˟ˍ˚˛ˏ˗˒ ˕˙˜ˠ˘˩˞˚˛ː˛ ˑˍˏ˘˒˚˕ˬ ˠˎ˗-ς  ̇

Automatization of sensor changing pressure calibration process  on standard installation  
of ˠˎ-̠2  ̇pulse pressure  

ˎ˝˫˔ː˕˚ ˍȢ˒Ȣ 

˞́̎̋̓-˜̆̓̆̑̂̔̑̄̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ ̞̘́̑̏̋̏̒̍̉̆̒̋̏̄̏ ̠̐̑̉̂̏̑̏̒̓̑̏̆̎̉ 

ˎ̟̑̈̄̉̎ ˍȢ˒Ȣ ɀ ́ ̒̐̉̑́̎̓ ̜̋́̆̅̑̕ ̝̟̋̏̍̐̓̆̑̎̏̊ ̍ ́̓̆̍́̓̉̋̉ ̉ ̠̐̑̏̄̑́̍̍̉̑̏̃́̎̉ȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̅Ȣ̓Ȣ̎Ȣȟ ̐̑̏̕Ȣ ˢ̉̍̆̎̋̏ ˏȢ˕Ȣ 

 
ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʦʚʝʨʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʵʪʘʣʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʠʤʧʫʣʴʩʥʦʛʦ ʜʘʚʣʝʥʠʷ ʋɹʂ-2ʄ. ʋʩʪʘʥʦʚʢʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʧʨʠʤʝʥʷʪʩʷ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʦʚʝʨʢʠ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʦ ɺʅʀʀʄ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ, ʫʤʝʥʴʰʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʚʝʨʢʠ ʠ ʢʘʣʠʙʨʦʚʢʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʨʠʤʝʥʷʪʴʩʷ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʜʘʚʣʝʥʠʷ. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤ ʠʤʝʶʪ ʞʝʩʪʢʠʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʦʚʝʨʢʫ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʶʪ ʵʢʩʧʝʨʪʳ ʠ ʩʧʝʮʠʘʣʠʩʪʳ ʧʨʠ ʧʦʤʦʱʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʵʪʘʣʦʥʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʠ ʚʳʧʫʩʢʝ, ʪʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʠ ʝʸ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʵʪʘʣʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʪʠʧʘ ʋɻʇɼ-9, 

ʋɻʇɼ-14, ʋɹʂ-2ʄ, ʋʋʊ-4. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʪʘʣʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʠʤʧʫʣʴʩʥʦʛʦ ʜʘʚʣʝʥʠʷ 

ʋɹʂ-2ʄ. 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʘʣʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ: 

- ʘʤʧʣʠʪʫʜʥʳʡ ʜʠʘʧʘʟʦʥ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʭ ʠʤʧʫʣʴʩʥʳʭ ʜʘʚʣʝʥʠʡ ʚ ʞʠʜʢʦʩʪʠ 1Ŀ105 - 25Ŀ106 ʇʘ; 

- ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʨʦʥʪʘ ʠʤʧʫʣʴʩʥʦʛʦ ʜʘʚʣʝʥʠʷ; 

- ʚ ʜʠʘʧʘʟʦʥʝ ʘʤʧʣʠʪʫʜ 1Ŀ105 - 2,5Ŀ106 ʇʘ - ʥʝ ʙʦʣʝʝ 60,0 ʤʩ; 

- ʚ ʜʠʘʧʘʟʦʥʝ ʘʤʧʣʠʪʫʜ 2,5Ŀ106 - 25Ŀ106 ʇʘ - ʥʝ ʙʦʣʝʝ 5,0 ʤʩ; 

- ʧʦʛʨʝʰʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 3,0 %. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʟʤʝʨʝʥʠʡ ʥʘ ʵʪʘʣʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʋɹʂ-2ʄ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʘʥʘʣʦʛʦʚʳʝ 

ʤʘʥʦʤʝʪʨʳ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʤʘʥʦʤʝʪʨʘʤʠ ʩ ʮʠʬʨʦʚʳʤ ʚʳʭʦʜʦʤ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʘʧʧʘʨʘʪʫʨʝ. ʊʘʢ ʞʝ ʥʘʧʠʩʘʥʦ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʵʪʘʣʦʥʥʦʡ ʫʩʪʘʥʦʚʢʦʡ 

ʚ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʠʩʢʣʶʯʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʤʝʥʝʥʠʷ ʤʦʨʘʣʴʥʦ ʫʩʪʘʨʝʚʰʠʭ 

ʧʨʠʙʦʨʦʚ. ʋʧʨʘʚʣʝʥʠʝ ʫʩʪʘʥʦʚʢʦʡ ʚʦʟʣʦʞʝʥʦ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʵʢʩʧʝʨʪ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʪʦʨʦʤ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʇʨʠ ʚʳʧʫʩʢʝ ʠʟ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ 

ʜʘʚʣʝʥʠʷ, ʟʘʤʝʪʥʦ ʩʦʢʨʘʪʠʣʠʩʴ ʨʘʩʭʦʜʳ ʚʨʝʤʝʥʠ ʠ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ.  

ʉʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʥʝ ʪʦʣʴʢʦ ʟʘʜʘʚʘʪʴ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʵʪʘʣʦʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ, ʥʦ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ ʧʨʦʚʝʨʷʝʤʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʚʦʜʠʪʴ 

ʨʘʩʯʸʪʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ɸʏʍ ʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ɸʍ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʨʠ ʧʦʚʝʨʢʝ ʠ ʢʘʣʠʙʨʦʚʢʝ. ɸʚʪʦʨʦʤ ʨʘʙʦʪʳ 

ʨʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʪʘʣʦʥʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʩ ʜʘʣʴʥʝʡʰʠʤ ʚʥʝʜʨʝʥʠʝʤ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʠʟʛʦʪʦʚʠʪʝʣʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʥʘ ʵʪʘʣʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʋɹʂ-2ʄ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʫʤʝʥʴʰʠʣʘ ʪʨʫʜʦʟʘʪʨʘʪʳ ʧʨʠ ʢʘʣʠʙʨʦʚʢʝ ʠ ʧʦʚʝʨʢʝ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʦʜʠʪʴ 

ʠʟʤʝʨʝʥʠʷ ʥʠʟʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʧʝʨʩʦʥʘʣʫ ʧʨʝʜʧʨʠʷʪʠʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʤʝʥʴʰʠʣʦ ʩʪʦʠʤʦʩʪʴ 

ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ. ɸʚʪʦʨʦʤ ʨʘʙʦʪʳ ʠ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʝʜʧʨʠʷʪʠʷ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʚʥʝʜʨʝʥʠʶ 

ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʵʪʘʣʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ɺʅʀʀʄ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ. 
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The method of dynamic parameters estimation for MEMS -based devices and modules 

ˏ˒˘˕ˤ˗˛ ˛.̨ Ȣ 

˛ˍ˛ Ⱥ˗̗̏̎̆̑̎ Ⱥˣ˚˕˕ Ⱥ˪̌̆̋̓̑̏̐̑̉̂̏̑Ȼȟ ˞́̎̋̓-˜̆̓̆̑̂̔̑̄ 

˚̘̜́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̅Ȣ̓Ȣ̎Ȣ ː̠̑̈̉̎ ˑȢːȢ 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʩʪʝʥʜʳ ʜʣʷ ʦʮʝʥʢʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʠ ʤʦʜʫʣʝʡ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʪʯʠʢʦʚ ʧʫʪʝʤ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʩ ʟʘʜʘʥʥʳʤ ʩʧʝʢʪʨʦʤ 

ʯʘʩʪʦʪ. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʥʜʦʚ ʠ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʙʝʩʧʣʘʪʬʦʨʤʝʥʥʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ 

ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ɹʀʅʉ), ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʤʝʪʦʜʘ. 

 

ʄʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠʥʝʨʮʠʘʣʴʥʳʝ ʜʘʪʯʠʢʠ (ʄʄɼ) ʠ ʤʦʜʫʣʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʜʠʥʘʤʠʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʩʚʷʟʠ ʩ ʠʭ ʤʘʣʳʤʠ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʄʄɼ ʠʤʝʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, ʥʦ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʚʳʰʝʥʘ ʟʘ ʩʯʝʪ ʢʘʣʠʙʨʦʚʢʠ. ʂʘʣʠʙʨʦʚʢʘ ʠ ʦʮʝʥʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʄɼ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʜʥʘʢʦ, ʧʨʠʤʝʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʝʥʜʦʚ ʚ ʩʚʷʟʠ ʩ ʠʭ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤʠ, 

ʪʦʯʥʦʩʪʥʳʤʠ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜʳ ʦʮʝʥʢʠ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʪʯʠʢʦʚ ʠ ʤʦʜʫʣʝʡ ʥʝ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʚ ʆɸʆ çʂʦʥʮʝʨʥ çʎʅʀʀ çʕʣʝʢʪʨʦʧʨʠʙʦʨè ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʩʪʝʥʜʳ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʄʄɼ ʠ ʤʦʜʫʣʝʡ ʥʘ ʠʭ ʦʩʥʦʚʝ. ʉʪʝʥʜ [1] 

ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʫʛʣʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʜʦ 720Á/ʩ ʩ ʯʘʩʪʦʪʦʡ ʜʦ 120 ɻʮ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʦʮʝʥʢʫ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʄʄɼ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ. ɼʚʫʭʦʩʥʳʡ ʩʪʝʥʜ ʢʘʯʢʠ [2], 

ʨʘʙʦʪʘʶʱʠʡ ʚ ʨʘʩʰʠʨʝʥʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʜʦ 4 ɻʮ, ʧʨʠʤʝʥʠʤ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʤʦʜʫʣʝʡ ʜʣʷ 

ʚʳʩʦʢʦʜʠʥʘʤʠʯʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʢʘʣʠʙʨʦʚʢʠ ʄʄɼ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʩ 

ʟʘʜʘʥʥʳʤ ʩʧʝʢʪʨʦʤ ʯʘʩʪʦʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʮʝʥʠʪʴ ʜʠʩʧʝʨʩʠʶ ʧʦʛʨʝʰʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʜʘʪʯʠʢʘ ʚʦ ʚʩʝʤ 

ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʝʛʦ ʨʘʙʦʪʳ. ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩʧʝʢʪʨʦʚ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (ʧʦ ʰʪʘʪʥʳʤ 

ʜʘʪʯʠʢʘʤ ʫʛʣʘ ʩʪʝʥʜʘ) ʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʄʄɼ). ʄʝʪʦʜ ʙʳʣ ʦʧʨʦʙʦʚʘʥ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʩʪʝʥʜʘʭ, ʜʣʷ ʯʝʛʦ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʜʦʨʘʙʦʪʢʘ ʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʝʥʜʦʚ ʠ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ɹʀʅʉ, ʨʘʟʨʘʙʦʪʢʠ ʆɸʆ çʂʦʥʮʝʨʥ çʎʅʀʀ çʕʣʝʢʪʨʦʧʨʠʙʦʨè. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʜʘʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʩʧʝʢʪʨʳ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʬʦʨʤʦʡ 

(ʣʠʥʝʡʯʘʪʳʝ ʠ ʛʣʘʜʢʠʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ) ʠ ʯʘʩʪʦʪʥʳʤ ʜʠʘʧʘʟʦʥʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠ ʦʮʝʥʝʥʘ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʨʘʙʦʪʢʠ ʫʛʣʦʚ 

ʢʘʯʢʠ ɹʀʅʉ, ʢʦʪʦʨʘʷ ʥʝ ʧʨʝʚʳʰʘʝʪ ʥʦʨʤʠʨʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ.  

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʮʝʥʢʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʜʥʦʛʦ 

ʜʘʪʯʠʢʘ, ʯʪʦ ʩʥʠʟʠʪ ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʂʨʦʤʝ ʪʦʛʦ ʧʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʠʪ 

ʩʥʠʟʠʪʴ ʥʦʨʤʠʨʫʝʤʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ ʦʮʝʥʢʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʪʯʠʢʦʚ ʙʫʜʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ, ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 11-08-00108-ʘ. 
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The development of software on the research of a nonlinear automatic control system  

ː˛ˏ˛˝ˠˢˍ ˕Ȣ˞Ȣȟ ˝˛ˑ˕˛˚˛ˏˍ ˒ȢˍȢȟ ˢ˝˕˔˛˘˕˟˛ˏˍ ˞ȢˍȢ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

˝̏̅̉̏̎̏̃́ ˒ȢˍȢ ɀ ̒ ̓̔̅̆̎̓̋́ ̋́̕Ȣ ̠̔̐̑́̃̌̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̗̅̏̆̎̓ ˢ̑̉̈̏̌̉̓̏̃́ ˞ȢˍȢ 

 
ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʠʜʘ, ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʝʩʪʘ ʚʢʣʶʯʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝʣʠʥʝʡʥʦʡ ʉɸʋ. 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʪʠʧʦʚʳʭ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʉɸʋ, 

ʦʙʦʙʱʝʥʠʶ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʩʦʟʜʘʥʠʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ.  

ʅʘ ʧʨʘʢʪʠʢʝ ʚʩʝ ʨʝʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʜʝʨʞʘʪ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʥʝʣʠʥʝʡʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʂʦʣʠʯʝʩʪʚʦ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʯʝʨʝʜʦʚʘʥʠʝ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʩʪʦ 

ʚʢʣʶʯʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʢʘʟʳʚʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ [2]. 

 ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʠʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʝʪʦʜʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ 

(ɸʏʍ) ʠ ʬʘʟʦʚʳʭ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʌʏʍ). ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʦʡ ʧʨʦʩʪʦʪʦʡ ʠ 

ʥʘʛʣʷʜʥʦʩʪʴʶ. ɸ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʧʨʦʠʟʚʦʜʠʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʶ 

ʥʝʣʠʥʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʅʕ) ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʠʜʘ, ʧʘʨʘʤʝʪʨʦʚ ʠ ʤʝʩʪʘ ʚʢʣʶʯʝʥʠʷ ʚ ʉɸʋ ʧʨʠ ʟʘʜʘʥʥʦʡ 

ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʪʠʧʦʚʳʭ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʢʘʢ ʦʜʥʦʟʥʘʯʥʳʝ (ʥʘʩʳʱʝʥʠʝ, 

ʟʦʥʘ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʠʝ ʩ ʟʦʥʦʡ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ), ʪʘʢ ʠ ʥʝʦʜʥʦʟʥʘʯʥʳʝ (ʣʶʬʪ, ʫʧʦʨ) 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ Matlab/Simulink, ʧʨʦʜʝʣʘʚ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʥʘ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʝ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ. ɸʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝʣʠʥʝʡʥʦʡ 

ʉɸʋ ʧʨʠ ʟʘʜʘʥʥʦʡ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ, ʵʪʦ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Matlab. ɹʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʊʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʟʘʜʘʥʠʷ ʚʘʨʠʘʥʪʦʚ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʘʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʥʘ ʢʘʬʝʜʨʝ ʋʧʨʘʚʣʝʥʠʷ ʠ ʠʥʬʦʨʤʘʪʠʢʠ ʢʘʢ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʨʘʢʪʠʢʫʤʘ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʫ ʩʪʫʜʝʥʪʦʚ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʝʣʠʥʝʡʥʦʡ ʉɸʋ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
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Development of a continuous level sensor  

ː˛˚ˤˍ˝˛ˏ ˏȢˎȢ 

˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̖̑́̅̉̏̓̆̎̉̋̉ȟ 
̞̌̆̋̓̑̏̎̉̋̉ ̉ ́̃̓̏̍́̓̉̋̉ 

ː̘̏̎́̑̏̃ ˏȢˎȢ ɂ ́ ̒̐̉̑́̎̓ ̜̋́̆̅̑̕ Ⱥˍ̘̃̓̏̍́̓̉̆̒̋̉̆ ̜̒̉̒̓̆̍Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˕̘̃̆̎̋̏ ˏȢˑȢ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʝʡ ʞʠʜʢʦʩʪʠ, ʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʥʪ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʫʨʦʚʥʝʤʝʨʘ ʢʘʢ ʟʘʤʝʥʳ ʥʝʢʦʪʦʨʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ. 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʘʨʠʘʥʪ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 

ʨʘʟʨʘʙʦʪʢʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʜʘʪʯʠʢʘ ʫʨʦʚʥʷ. 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʚʩʝʭ ʧʨʠʤʝʥʷʝʤʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʝʡ ʞʠʜʢʦʩʪʝʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜʳ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʜʘʪʯʠʢʦʚ ʥʝʜʦʧʫʩʪʠʤʦ ʚ ʩʚʷʟʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʧʦʢʘʟʘʪʝʣʷʤ ʥʘʜʝʞʥʦʩʪʠ. ʇʦʧʣʘʚʢʦʚʳʝ ʜʘʪʯʠʢʠ ʥʝʜʦʧʫʩʪʠʤʳ ʪ.ʢ. ʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʶʪ ʥʘʜʝʞʥʦʩʪʴ. ɽʤʢʦʩʪʥʳʝ ʜʘʪʯʠʢʠ ʥʝ ʜʘʶʪ ʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʣʦʞʝʥʠʠ 

ʠʟʤʝʨʷʝʤʦʡ ʩʨʝʜʳ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ ʦʥʘ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, ʥʝʦʙʭʦʜʠʤ ʙʝʩʢʦʥʪʘʢʪʥʳʡ, ʥʝʧʨʝʨʳʚʥʳʡ, ʥʘʜʝʞʥʳʡ, ʚʳʩʦʢʦʪʦʯʥʳʡ, 

ʧʨʦʩʪʦʡ, ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʳʡ, ʧʦʞʘʨʦ- ʠ ʚʟʨʳʚʦʙʝʟʦʧʘʩʥʳʡ, ʠʤʝʶʱʠʡ ʙʦʣʴʰʫʶ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʫʶ 

ʧʨʦʯʥʦʩʪʴ, ʢʦʨʦʟʠʡʥʦʩʪʦʡʢʠʡ, ʣʝʛʢʠʡ, ʠʤʝʶʱʠʡ ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʜʣʷ ʤʦʥʪʘʞʘ ʚ ʨʝʟʝʨʚʫʘʨʘʭ, ʥʝ 

ʠʤʝʶʱʠʡ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʜʘʪʯʠʢ, ʩʧʦʩʦʙʥʳʡ ʢʦʨʨʝʢʪʥʦ ʠʟʤʝʨʷʪʴ ʫʨʦʚʝʥʴ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʦʟʤʫʱʘʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. ɺʦʟʤʫʱʘʶʱʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʙʳʪʴ: ʢʦʣʝʙʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʫʨʦʚʥʷ 

ʞʠʜʢʦʩʪʠ, ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʘʨʳ, ʚʳʩʦʢʦʝ ʜʘʚʣʝʥʠʝ ʠ ʪ.ʧ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʩʝʭ ʫʩʣʦʚʠʡ, ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʣʥʦʚʦʜʥʳʡ ʜʘʪʯʠʢ ʫʨʦʚʥʷ, ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʘʥʘ ʥʘ ʉɺʏ ʤʝʪʦʜʝ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʳʡ 

ʪʠʧ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ. 

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ - ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʛʝʥʝʨʘʪʦʨ ʜʘʪʯʠʢʘ ʫʨʦʚʥʷ ʬʦʨʤʠʨʫʝʪ ʨʘʜʠʦʩʠʛʥʘʣ, ʯʘʩʪʦʪʘ 

ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ (ʣʠʥʝʡʥʳʡ ʯʘʩʪʦʪʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ). ʕʪʦʪ 

ʩʠʛʥʘʣ ʠʟʣʫʯʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʠʟʤʝʨʷʝʤʦʡ ʩʨʝʜʳ, ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʥʝʝ ʠ ʯʘʩʪʴ ʩʠʛʥʘʣʘ, ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʚʨʝʤʷ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʚʦʟʚʨʘʱʘʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʧʨʠʙʦʨ. ʀʟʣʫʯʝʥʥʳʡ ʠ ʦʪʨʘʞʝʥʥʳʡ ʩʠʛʥʘʣ 

ʩʤʝʰʠʚʘʶʪʩʷ ʚ ʜʘʪʯʠʢʝ ʫʨʦʚʥʷ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʩʠʛʥʘʣ, ʯʘʩʪʦʪʘ ʢʦʪʦʨʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʠʥʝ ʚʦʣʥʦʚʦʜʘ. ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʨʝʦʙʨʘʟʫʝʪ ʚ ʟʥʘʯʝʥʠʝ ʫʨʦʚʥʷ 

ʥʘʧʦʣʥʝʥʠʷ ʨʝʟʝʨʚʫʘʨʘ. 

ʇʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʪʠʧʦʚ ʚʦʣʥʦʚʦʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ, ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʙʫʜʫʪ 

ʧʨʝʢʨʘʩʥʦ ʨʘʙʦʪʘʪʴ ʩʦ ʤʥʦʛʠʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʫ ʢʦʪʦʨʳʭ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʦʪʨʝʪʴ ʚʘʨʠʘʥʪʳ ʞʠʜʢʦʩʪʝʡ, ʫ ʢʦʪʦʨʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʯʝʥʴ ʤʘʣʘ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʩʨʝʜ ʩʠʛʥʘʣ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʘʙʳʤ ʜʣʷ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ 

ʦʙʨʘʙʦʪʢʠ. ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʜ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʨʦʚʥʷ ʦʪʨʘʞʝʥʥʦʛʦ 

ʩʠʛʥʘʣʘ ʧʨʠʝʤʣʝʤʦʛʦ ʜʣʷ ʝʛʦ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ. 
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˝ˍ˔˝ˍˎ˛˟˗ˍ ˙˛ˑ˒˘˕ ˙ˠ˘˩˟˕˜˘˕˗ˍ˟˕ˏ˚˛˖ ˞˕˞˟˒˙˨ ˞ ˔ˍˑˍ˚˚˨˙˕ ˞ˏ˛˖˞˟ˏˍ˙˕ 

Development models of  multiplicative systems  with specified properties  

ˑ˒˝˓ˍˏ˕˚ ˛Ȣ˙Ȣȟ ˎ˛˝˛ˑ˕˚ˍ ˍȢ˫Ȣ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

ˎ̏̑̏̅̉̎́ ˍȢ˫Ȣ - ́ ̒̐̉̑́̎̓ ̜̋́̆̅̑̕ ̠̔̐̑́̃̌̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ȟ  
̎́ ̘̜̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˑ ̆̑̇́̃̉̎ ˛Ȣ˙Ȣ 

 
ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʦʛʦ ʪʠʧʘ 

ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʫʝʤʳʤ ʩʚʦʡʩʪʚʘʤ. 

 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʨʦʚʝʨʢʠ ʠʭ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʯʘʩʪʦ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʠ 

ʵʪʦʤ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʩʪʨʦʝʥʠʠ ʦʙʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʜʣʷ ʩʠʩʪʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʣʘʩʩʘ, ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʝʝ ʧʨʦʮʝʩʩʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ 

ʦʙʱʝʛʦ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʩʪʨʦʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʩ ʘʧʨʠʦʨʥʦ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʦʮʝʩʩʦʚ ʩʪʘʥʦʚʠʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ, ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʨʝʰʝʥʠʝ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʣʘʩʩʫ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ 

ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ. 
 

ä ää +=-==+=¡
j m k

km
i
mkjiji nmknmnjixxbxax 222 1,11,1,, .   (1) 

 

ʉʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʢʣʘʩʩʘ ʤʦʜʝʣʝʡ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʦʤʫ ʪʠʧʫ, ʧʨʠ ʵʪʦʤ 

ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʨʷʜʫ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ: 

- ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩ ʟʘʜʘʥʥʦʡ ʦʙʣʘʩʪʴʶ ʚʦʟʤʫʱʝʥʠʡ; 

- ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʳʨʦʞʜʝʥʥʦʡ ʤʦʜʝʣʠ; 

- ʠʤʝʪʴ ʟʘʜʘʥʥʳʝ ʦʩʦʙʳʝ ʪʦʯʢʠ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʪʘʢʦʡ ʤʦʜʝʣʠ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʣʝʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ: 

1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ ʩ ʟʘʜʘʥʥʳʤ ʥʘʙʦʨʦʤ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ ʤʘʪʨʠʮʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ (1) ʚ ʪʨʠʚʠʘʣʴʥʦʡ ʦʩʦʙʦʡ ʪʦʯʢʝ xAx Ö=¡ , ʛʜʝ A  - ʤʘʪʨʠʮʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ija , ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʦʙʠʷ CMCA ÖÖ= -1 , ʛʜʝ M - 

ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ ï ʤʘʪʨʠʮʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ, Cʥʝʚʳʨʦʞʜʝʥʥʘʷ ʥʝ ʦʩʦʙʘʷ ʤʘʪʨʠʮʘ. ʇʨʠ ʵʪʦʤ 

nii 21, =l - ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ M , ʚʳʙʠʨʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ 0Re <il  ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʤʦʜʝʣʠ ʢ ʢʣʘʩʩʫ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʭ, ʪʦ ʝʩʪʴ ʠʤʝʶʱʠʭ 

ʚʳʨʘʞʝʥʥʳʝ ʜʦʤʠʥʠʨʫʶʱʠʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ ʤʘʪʨʠʮʳ :A
Re Rev l
l l

, ʛʜʝ nglg 22 1,1 +==n . 

ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʧʦʜʦʙʠʷ Cʚʳʙʠʨʘʶʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʜʦʧʫʩʪʠʤʳʭ 

ʟʥʘʯʝʥʠʡ. 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʡ ʥʝʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ.  

ʄʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪ ʠʟʤʝʥʝʥʠʷ ʝʝ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʜʣʷ ʩʠʩʪʝʤʳ (1) ʚʳʧʦʣʥʷʝʪʩʷ. ʌʦʨʤʠʨʫʝʪʩʷ 

ʤʘʪʨʠʮʘ B  ʢʦʵʬʬʠʮʠʝʥʪʦʚ i
mkb  ʧʨʠ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʦʜʝʣʠ (1) ʨʘʟʤʝʨʥʦʩʪʴʶ 

)1(5,0 -³ nnn . ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ B  ʚʳʙʠʨʘʶʪʩʷ ʪʘʢʞʝ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʟʘʜʘʥʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʝʝ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ.  

3. ʇʨʦʚʝʨʢʘ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʧʫʪʝʤ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʇʨʦʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʣʫʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʝʙʫʝʤʦʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ɼʦʩʪʠʞʝʥʠʝ ʪʨʝʙʫʝʤʦʡ  
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ʦʙʣʘʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ i
mkb  ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʛʨʘʥʠʮ 

ʜʠʘʧʘʟʦʥʘ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ. ɺ ʩʣʫʯʘʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚʝʣʠʯʠʥʳ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʦʞʝʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ ʟʘʜʘʥʥʦʡ,  ʠʟʣʦʞʝʥʥʘʷ ʚʳʰʝ ʧʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʝʪʩʷ ʩ ʥʦʚʦʡ ʤʘʪʨʠʮʝʡ C . 

ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʧʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʤʦʜʝʣʴ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʩ ʧʦʤʦʱʴʶ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʤʦʜʝʣʝʡ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʛʦ ʪʠʧʘ ʢʣʘʩʩʫ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʠʭ ʤʦʜʝʣʝʡ 

ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɺʦʨʦʥʦʚ ɸ.ɸ. ɺʚʝʜʝʥʠʝ ʚ ʜʠʥʘʤʠʢʫ ʩʣʦʞʥʳʭ ʫʧʨʘʚʣʷʝʤʳʭ ʩʠʩʪʝʤ.- ʄ.: ʅʘʫʢʘ. ɻʣʘʚʥʘʷ ʨʝʜʘʢʮʠʷ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ, 1985.- 352ʩ. 

 

 

 
 

 

˛ ˜˛ˑ˛ˎ˕˕ ˜˝˛ˣ˒˞˞˛ˏ ˏ ˚˒˘˕˚˒˖˚˨ˢ ˙ˠ˘˩˟˕˜˘˕˗ˍ˟˕ˏ˚˨ˢ ˞˕˞˟˒˙ˍˢ 

About similarity of nonlinear multiplicativ e systems dynamic 

ˑ˒˝˓ˍˏ˕˚ ˛Ȣ˙Ȣȟ ˟ˠ˥˕˚ ˍȢ˞Ȣ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

˟̙̔̉̎ ˍȢ˞Ȣ - ́ ̒̐̉̑́̎̓ ̋ ́̕Ȣ ̠̔̐̑́̃̌̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̕Ȣ ˑ̆̑̇́̃̉̎ ˛Ȣ˙Ȣ 

 
ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʫʨʘʚʥʝʥʠʷʭ 

ʩʠʩʪʝʤ ʩ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʤʠ ʩʚʷʟʷʤʠ ʧʝʨʝʤʝʥʥʳʭ. 

 

ʆʙʦʙʱʝʥʥʘʷ ʤʦʜʝʣʴ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʤʠ ʩʚʷʟʷʤʠ ʧʝʨʝʤʝʥʥʳʭ ʚ 

ʬʦʨʤʝ ʂʦʰʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [ʃ]: 
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1 1
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1,i n=      (1) 

 

ʛʜʝ ija
, 

i

kb constn - . 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ ʬʦʨʤ 

ʧʝʨʝʤʝʥʥʳʭ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ (1) ʥʘ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʝ. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʦʪʩʫʪʩʪʚʫʝʪ 

ʦʙʱʠʡ ʚʠʜ ʨʝʰʝʥʠʷ, ʪʦ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʤʘʩʰʪʘʙʦʚ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʘʞʜʦʡ ʠʟ ʫʢʘʟʘʥʥʳʭ ʬʦʨʤ. ʅʘʨʷʜʫ ʩ (1) ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʤʦʜʝʣʴ: 
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ii
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dt
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ʛʜʝ ij ijc ma=
, 

i i

k kd rbn n= . 

ɺ ʜʦʢʣʘʜʝ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩʠʩʪʝʤʘ (2) ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʘ ʢ ʚʠʜʫ: 
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ʛʜʝ ʧʨʦʮʝʩʩʳ iy ʠ iyʩʚʷʟʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

1

i iy h y-=
, 1,i n=       (4) 

 

ʛʜʝ

r
h

m
=

. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʥʝʯʥʳʭ ʚʳʚʦʜʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʘʭ (2) ʠ (1), ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʨʘʩʧʘʜʘʝʪʩʷ ʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦʤ ʧʣʘʥʝ ʥʘ 4 ʩʣʫʯʘʷ: 1) 0, 0m h> >; 2) 0, 0m h> <; 3) 0, 0m h< >;  

1) 0, 0m h< <. ʇʝʨʚʳʡ ʩʣʫʯʘʡ ʨʘʩʩʤʦʪʨʝʥ ʚ [ʃ]. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʨʠ 0m>  ʧʨʦʮʝʩʩʳ ʙʫʜʫʪ ʨʘʟʣʠʯʘʪʴʩʷ 

ʤʘʩʰʪʘʙʘʤʠ ʧʦ ʦʩʠ ʚʨʝʤʝʥʠ (ʚ m  ʨʘʟ) ʠ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ (ʚ h  ʨʘʟ). ʇʨʠ ʵʪʦʤ ʧʨʠ 0h< , ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

0r < ,ʚ (2), ʧʨʦʮʝʩʩʳ ʚ (2) ʠ (1) ʠʤʝʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʟʥʘʢʠ. ʂʦʣʠʯʝʩʪʚʦ ʨʘʚʥʦʚʝʩʥʳʭ ʧʦʣʦʞʝʥʠʡ ʚ 

ʩʠʩʪʝʤʘʭ (2) ʠ (1) ʩʦʚʧʘʜʘʶʪ, ʘ ʢʦʦʨʜʠʥʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʦʩʦʙʳʭ ʪʦʯʝʢ ʦʪʣʠʯʘʶʪʩʷ ʤʘʩʰʪʘʙʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ. ʍʘʨʘʢʪʝʨ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʞʝʥʠʡ ʨʘʚʥʦʚʝʩʠʷ ʚ (2) ʠ (1) ʩʦʚʧʘʜʘʝʪ ʢʘʢ 

ʚ ʤʘʣʦʤ, ʪʘʢ ʠ ʚ ʙʦʣʴʰʦʤ. ɽʩʪʝʩʪʚʝʥʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚ (2) ʟʘʜʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ 

(1), ʥʦ ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ h. ɺ ʩʣʫʯʘʷʭ 3 ʠ 4, ʧʨʠ 0m<  ʬʦʨʤʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚ (2) ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ, ʧʦʩʢʦʣʴʢʫ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʂʦʰʠ, ʚ ʢʣʘʩʩʝ ʦʙʳʯʥʳʭ 

ʬʫʥʢʮʠʡ ʦʧʨʝʜʝʣʝʥʳ ʜʣʷ 0t> . ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ 0m<  ʚ ʩʠʩʪʝʤʝ (2) ʩʦʭʨʘʥʷʶʪʩʷ ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ 

ʩʚʦʡʩʪʚʘ ʨʝʰʝʥʠʡ, ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʰʝʥʠʡ ( )ix t , ( 1,i n= ) ʩʠʩʪʝʤʳ ʚʠʜʘ (1), ʚ ʢʦʪʦʨʦʡ ʟʥʘʢʠ ʚʩʝʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟʤʝʥʝʥʳ ʥʘ ʦʙʨʘʪʥʳʝ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʘ ʚʨʝʤʝʥʠ ʨʘʚʥʦ ʘʙʩʦʣʶʪʥʦʤʫ 

ʟʥʘʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ m. ɺʩʝ ʩʣʫʯʘʠ 1) - 4) ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʧʨʠʤʝʨʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʬʘʟʦʚʳʭ 

ʧʦʨʪʨʝʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʚʳʚʦʜʳ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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ʩʝʨʠʡʥʳʭ ʠʟʜʝʣʠʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ-ʠʟʛʦʪʦʚʠʪʝʣʝ. 
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ɼʣʷ ʦʪʣʘʜʢʠ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʵʭʦʣʦʪʘ ʠ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʝʨʠʡʥʳʭ ʠʟʜʝʣʠʡ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ-ʠʟʛʦʪʦʚʠʪʝʣʷʭ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʩʧʦʣʴʟʫʶʪ ʛʝʥʝʨʘʪʦʨʳ ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. 

ʅʝʜʦʩʪʘʪʢʦʤ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦʣʥʦʮʝʥʥʦʡ ʦʪʣʘʜʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦ ʵʪʘʧʘ ʦʙʲʝʢʪʦʚʳʭ ʠʩʧʳʪʘʥʠʡ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʝʘʢʮʠʠ 

ʵʭʦʣʦʪʘ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʵʬʬʝʢʪʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʚʦʜʝ 

(çʧʝʨʝʦʪʨʘʞʝʥʠʝè, ʥʘʣʠʯʠʝ çʣʦʞʥʦʛʦè ʵʭʦʩʠʛʥʘʣʘ), ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʩʨʝʜʩʪʚ ʧʨʠ 

ʢʦʥʪʨʦʣʝ ʠʟʜʝʣʠʡ ʥʘ ʟʘʢʘʟʘʭ. 

ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʘʪʴ ʠʤʠʪʘʪʦʨ ʩʠʛʥʘʣʦʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ 

ʵʭʦʣʦʪʘ, ʬʦʨʤʠʨʫʶʱʠʡ ʵʭʦ-ʩʠʛʥʘʣ ʧʨʠʙʣʠʞʝʥʥʳʡ ʢ ʨʝʘʣʴʥʦʤʫ (ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʵʭʦʩʠʛʥʘʣʘ ʚ ʚʦʜʝ), ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʠʟʚʦʜʠʪʴ ʦʪʣʘʜʢʫ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʵʭʦʣʦʪʘ ʠ ʧʨʦʚʝʨʢʫ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʝʨʠʡʥʳʭ ʠʟʜʝʣʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ-ʠʟʛʦʪʦʚʠʪʝʣʝ ʠ ʥʘ ʦʙʲʝʢʪʘʭ ʟʘʢʘʟʯʠʢʘ.  

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʠʤʠʪʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʦ ʫʧʨʘʚʣʷʝʤʳʡ ʬʦʨʤʠʨʦʚʘʪʝʣʴ 

ʦʪʨʘʞʝʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʟʘʜʝʨʞʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʣʫʯʝʥʥʳʭ, ʥʘ ʚʝʣʠʯʠʥʫ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʟʘʜʘʥʥʦʡ 

ʠʤʠʪʠʨʫʝʤʦʡ ʛʣʫʙʠʥʝ. ʀʤʠʪʘʪʦʨ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʠʝʤʦʧʝʨʝʜʘʶʱʫʶ ʯʘʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʧʨʠʝʤ 

ʠʟʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʵʭʦʣʦʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ, ʘ ʪʘʢʞʝ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʯʘʩʪʴ, 

ʚʳʧʦʣʥʷʶʱʫʶ ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ. 

ʂ ʦʩʥʦʚʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠʤʠʪʘʪʦʨʘ ʦʪʥʦʩʷʪʩʷ:  

- - ʠʤʠʪʘʮʠʷ ʩʠʛʥʘʣʦʚ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ ʘʥʪʝʥʥʳ ʵʭʦʣʦʪʘ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 1 ʜʦ 2000 ʤʝʪʨʦʚ; 

- - ʠʥʜʠʢʘʮʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʠʤʠʪʠʨʫʝʤʦʡ ʛʣʫʙʠʥʳ ʥʘʧʨʷʤʫʶ ʩ ʧʘʥʝʣʠ ʠʤʠʪʘʪʦʨʘ; 

- - ʚʦʟʤʦʞʥʦʩʪʴ ʧʠʪʘʥʠʷ ʠʤʠʪʘʪʦʨʘ ʦʪ ʩʝʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʦʪ 9 ʜʦ 36 ɺ; 

- - ʠʟʤʝʥʝʥʠʝ ʦʩʣʘʙʣʝʥʠʷ ʠʟʣʫʯʝʥʥʦʛʦ ʵʭʦʣʦʪʦʤ ʩʠʛʥʘʣʘ ʚ ʛʨʘʥʠʮʘʭ ʦʪ 100 ʜʦ 140 ʜɹ; 

- - ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʠʤʠʪʘʪʦʨʘ ʩ ʢʦʤʧʴʶʪʝʨʘ. 

ʅʘʣʠʯʠʝ ʨʫʯʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʩʣʘʙʣʝʥʠʷ ʠʟʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʧʨʠʝʤʥʠʢʘ ʵʭʦʣʦʪʘ ʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʚʝʩʴ ʧʨʠʝʤʥʦ-ʫʩʠʣʠʪʝʣʴʥʳʡ ʪʨʘʢʪ. 

ʉʚʷʟʴ ʠʤʠʪʘʪʦʨʘ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʜʫʨʫ ʧʨʦʚʝʨʢʠ ʠ ʦʪʣʘʜʢʠ 

ʘʧʧʘʨʘʪʫʨʳ ʵʭʦʣʦʪʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʪʝʩʪʦʚʳʝ ʩʮʝʥʘʨʠʠ. 

ʀʤʠʪʘʪʦʨ ʠʤʝʝʪ ʢʦʤʧʘʢʪʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʠʘʛʥʦʩʪʠʢʫ ʵʭʦʣʦʪʦʚ ʢʘʢ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ-ʠʟʛʦʪʦʚʠʪʝʣʝ, ʪʘʢ ʠ ʥʘ ʦʙʲʝʢʪʘʭ ʟʘʢʘʟʯʠʢʘ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʠʤʠʪʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ çʧʝʨʝʦʪʨʘʞʝʥʥʦʛʦè ʠ 

çʣʦʞʥʦʛʦè ʵʭʦʩʠʛʥʘʣʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʦʙʲʝʤʘ ʥʝʦʙʭʦʜʠʤʳʭ ʦʙʲʝʢʪʦʚʳʭ ʠʩʧʳʪʘʥʠʡ 

ʠʟʜʝʣʠʡ, ʪʨʝʙʫʶʱʠʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʙʦʣʴʰʠʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪʳ ʪ.ʢ. ʠʭ ʧʨʦʚʝʜʝʥʠʝ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʥʘ 

ʦʪʢʨʳʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʥʘʣʠʯʠʠ ʩʫʜʥʘ ʠ ʚʦʜʦʝʤʘ ʩ ʙʦʣʴʰʠʤ ʜʠʘʧʘʟʦʥʦʤ ʛʣʫʙʠʥ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʨʘʙʦʪʘʥ ʠ ʠʟʛʦʪʦʚʣʝʥ ʤʘʢʝʪʥʳʡ ʦʙʨʘʟʝʮ ʠʤʠʪʘʪʦʨʘ, ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʦʠʟʚʝʜʝʥʦ ʝʛʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʪʣʘʜʢʘ. ʇʨʦʚʝʜʝʥʘ ʘʧʨʦʙʘʮʠʷ ʠʤʠʪʘʪʦʨʘ ʥʘ ʩʝʨʠʡʥʦ 

ʚʳʧʫʩʢʘʝʤʦʤ ʵʭʦʣʦʪʝ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ɺ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʧʨʝʜʩʪʦʠʪ ʜʦʨʘʙʦʪʘʪʴ ʧʨʠʝʤʥʫʶ ʯʘʩʪʴ ʠʤʠʪʘʪʦʨʘ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʩʧʠʩʢʘ 

ʩʦʚʤʝʩʪʠʤʳʭ ʩ ʥʠʤ ʵʭʦʣʦʪʦʚ, ʘ ʪʘʢʞʝ ʫʪʦʯʥʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʵʭʦ-ʩʠʛʥʘʣʘ, 

ʜʣʷ ʝʛʦ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ. 
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Research of the double  bond scheme for automation system regulation by the hot -water boiler  

˔ˏ˒˝˩˗˛ˏ ˏȢ˜Ȣȟ ˜˝˛˗˛ˡ˩˒ˏ ˚ȢˍȢȟ ˞ˍˏ˕˚ˍ ˏȢ˕Ȣ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʦʛʨʝʡʥʳʤ ʢʦʪʣʦʤ ʧʫʪʝʤ ʩʠʥʪʝʟʘ ʜʚʫʭʩʚʷʟʥʦʡ 

ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʷʤʦʡ ʩʝʪʝʚʦʡ ʚʦʜʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʫʭʦʜʷʱʠʭ ʛʘʟʘʭ. ɺʳʧʦʣʥʝʥʦ 

ʩʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʘʚʪʦʥʦʤʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʝʥʩʘʪʦʨʘ. ʇʨʦʚʝʜʝʥ ʚʳʙʦʨ 

ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

 

ʇʦʚʳʰʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʠʪʳʚʘʪʴ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʩʪʴ ʨʝʛʫʣʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʦʙʲʝʢʪʝ ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʥʝʝ 

ʩʯʠʪʘʚʰʠʭʩʷ ʥʝʟʘʚʠʩʠʤʳʤʠ. ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʚʳʧʦʣʥʷʶʪʩʷ ʤʥʦʛʦʢʦʥʪʫʨʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʙʘʚʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʚʝʜʝʥʠʠ ʦʙʲʝʢʪʘ. ʕʪʠ 

ʢʦʥʪʫʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʠ ʥʘʩʪʨʦʡʢʠ ʢʘʞʜʦʛʦ ʢʦʥʪʫʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʤʝʞʥʳʭ ʢʦʥʪʫʨʦʚ ʠ ʥʘʩʪʨʦʝʢ ʨʝʛʫʣʷʪʦʨʦʚ. ʀʭ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʥʦʛʦʩʚʷʟʥʳʝ 

ʩʠʩʪʝʤʳ  ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʜʦʛʨʝʡʥʳʡ ʢʦʪʝʣ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʞʠʣʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ. ʊʨʘʜʠʮʠʦʥʥʦʝ ʧʦʩʪʨʦʝʥʠʝ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʪʣʦʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʷʤʦʡ ʩʝʪʝʚʦʡ ʚʦʜʳ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʘ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʫʭʦʜʷʱʠʭ ʛʘʟʘʭ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʨʘʩʭʦʜʘ 

ʚʦʟʜʫʭʘ, ʧʨʠʯʝʤ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʉʠʥʪʝʟ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʨʘʙʦʪʝ, ʫʯʠʪʳʚʘʝʪ ʚʟʘʠʤʥʦʝ ʧʝʨʝʢʨʝʩʪʥʦʝ ʚʣʠʷʥʠʝ ʩʣʝʜʫʶʱʠʭ ʚʝʣʠʯʠʥ:  ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʫʭʦʜʷʱʠʭ ʛʘʟʘʭ ʠ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʨʷʤʦʡ ʩʝʪʝʚʦʡ ʚʦʜʳ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʜʚʫʭʩʚʷʟʥʳʤ. ɼʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʘʞʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʷʚʣʷʶʪʩʷ 

ʚʳʙʦʨ ʪʠʧʘ ʘʚʪʦʥʦʤʥʦʩʪʠ ʩʠʩʪʝʤ ʠ ʨʝʘʣʠʟʘʮʠʷ ʫʩʪʨʦʡʩʪʚ ʚʟʘʠʤʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʦʚ ʩʭʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʪʠʧʦʤ ʘʚʪʦʥʦʤʥʦʩʪʠ ʩʠʩʪʝʤ ʠ ʨʝʘʣʠʟʘʮʠʝʡ ʫʩʪʨʦʡʩʪʚ ʚʟʘʠʤʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ: 

1. ɼʚʫʭʩʚʷʟʥʦʡ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʥʝʟʘʚʠʩʠʤʳʭ ʢʘʩʢʘʜʥʳʭ ʩʭʝʤʘʭ ʨʝʛʫʣʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ. 

2. ɼʚʫʭʩʚʷʟʥʦʡ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʘʚʪʦʥʦʤʥʦʩʪʴʶ ʧʨʠ ʦʜʥʦʢʦʥʪʫʨʥʳʭ ʩʭʝʤʘʭ 

ʨʝʛʫʣʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ. 

3. ɼʚʫʭʩʚʷʟʥʦʡ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʘʚʪʦʥʦʤʥʦʩʪʴʶ ʧʨʠ ʢʘʩʢʘʜʥʳʭ ʩʭʝʤʘʭ ʨʝʛʫʣʠʨʫʝʤʳʭ 
ʚʝʣʠʯʠʥ. 

4. ɼʚʫʭʩʚʷʟʥʦʡ ʩʭʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʣʥʦʡ ʘʚʪʦʥʦʤʥʦʩʪʴʶ ʧʨʠ ʢʘʩʢʘʜʥʳʭ ʩʭʝʤʘʭ ʨʝʛʫʣʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʇʀ-ʟʘʢʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʪʩʫʪʩʪʚʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʳʭ ʚʝʣʠʯʠʥ ʦʪ ʠʭ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ. 

ʇʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʪʨʦʝʢ ʇʀ-ʨʝʛʫʣʷʪʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʤʠʥʠʤʠʟʘʮʠʝʡ 

ʤʦʜʫʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʩ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ [ʃ]. ʇʨʠ ʘʥʘʣʠʟʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʩʨʘʚʥʠʚʘʝʤʳʭ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʞʝ ʧʨʷʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʠ 

ʚʨʝʤʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ). 

ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʝʥʩʘʪʦʨʘ ʚʳʙʠʨʘʣʘʩʴ ʠʟ ʫʩʣʦʚʠʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʠʟʫʝʤʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʠʜʝʘʣʴʥʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ. ʇʦʣʫʯʝʥʳ 

ʜʚʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʝʥʩʘʪʦʨʘ, ʥʘʟʚʘʥʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʩʪʳʤ ʠ ʩʣʦʞʥʳʤ. ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʤʧʝʥʩʘʪʦʨʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʟ ʫʩʣʦʚʠʷ ʤʠʥʠʤʠʟʘʮʠʠ ʦʰʠʙʢʠ ʫʧʨʘʚʣʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʭʝʤʘ ʩ ʧʦʣʥʦʡ ʘʚʪʦʥʦʤʥʦʩʪʴʶ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʧʘʨʘʤʝʪʨʘʤ ʩʨʘʚʥʝʥʠʷ 

ʧʨʝʚʦʩʭʦʜʠʪ ʩʭʝʤʳ ʩ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʘʚʪʦʥʦʤʥʦʩʪʴʶ. ʆʜʥʘʢʦ, ʩʭʝʤʘ ʩ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʘʚʪʦʥʦʤʥʦʩʪʴʶ ʧʨʠ  
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ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʣʦʞʥʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʘ ʠʤʝʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʭʦʞʠʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʭʝʤʦʡ ʩ ʧʦʣʥʦʡ ʘʚʪʦʥʦʤʥʦʩʪʴʶ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʫʩʣʦʞʥʝʥʠʠ ʩʭʝʤʳ ʠ 

ʢʦʤʧʝʥʩʘʮʠʠ ʜʚʫʭ ʧʝʨʝʢʨʝʩʪʥʳʭ ʩʚʷʟʝʡ ʚ ʦʙʲʝʢʪʝ. 
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ˍ˚ˍ˘˕˔ ˪˚˒˝ː˒˟˕ˤ˒˞˗˛˖ ˪ˡˡ˒˗˟˕ˏ˚˛˞˟˕ ˠ˜˝ˍˏ˘˒˚˕ˬ ˜ˍ˝ˍ˘˘˒˘˩˚˛˖ ˝ˍˎ˛˟˛˖ 
ːˍ˔˛˜˒˝˒˗ˍˤ˕ˏˍ˫˦˕ˢ ˍː˝˒ːˍ˟˛ˏ 

Generating capacity of gascompressor units concurrent -operations control  

˗˛˘˛˞˛ˏ ˛Ȣ˞Ȣȟ ˘˒˜˒˥˗˕˚ ˞Ȣ˚Ȣ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

˔˕˙˕˚ ˏ ȢˍȢȟ ː˛˘˕˗˛ˏ ˞ȢˍȢ 

˛˛˛ Ⱥˏ̘̠̎̆̅̑̆̎̆̒̋́ ̉̑̍́̕ ˪˘˚ˍȻȟ ˙̏̒̋̃́ 

˘̙̆̐̆̋̉̎ ˞Ȣ˚Ȣ - ́ ̒̐̉̑́̎̓ ̋ ́̕Ȣ ̠̔̐̑́̃̌̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˗̏̌̏̒̏̃ ˛Ȣ˞Ȣ 

 
ɺ ʜʦʢʣʘʜʝ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʂʇɼ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

ʩʠʩʪʝʤʳ ʠʟ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʮʝʭʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʙʱʝʛʦ 

ʪʝʢʫʱʝʛʦ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ ʛʘʟʘ ʯʝʨʝʟ ʮʝʭ, ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʫʩʪʘʚʢʝ ʥʘ ʜʚʠʛʘʪʝʣʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʢʦʨʨʝʢʮʠʝʡ ʥʘ ʥʝʠʜʝʥʪʠʯʥʦʩʪʴ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

ɺ ʩʚʷʟʠ ʩ ʨʘʩʰʠʨʷʶʱʠʤʩʷ ʚʥʝʜʨʝʥʠʝʤ ʚ ʩʦʩʪʘʚ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʫʧʨʘʚʣʷʝʤʳʭ 

ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ (ɻʇɸ) ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʚʦʧʨʦʩʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʂʇɼ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʥʘ 

ʦʙʱʫʶ ʪʨʫʙʫ ɻʇɸ, ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ. ɺ ʜʦʢʣʘʜʝ ʚ ʦʙʱʝʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʂʇɼ ʩʠʩʪʝʤʳ ʠʟ ʨʷʜʘ ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ 

ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʩ ʣʠʥʝʡʥʳʤʠ ʩʪʘʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʩʚʷʟʳʚʘʶʱʠʤʠ ʧʨʠʚʝʜʝʥʥʳʡ 

ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʛʘʟʘ ʯʝʨʝʟ ʥʘʛʥʝʪʘʪʝʣʴ ʠ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ɻʇɸ, ʪʦ ʝʩʪʴ ʧʨʠ ʨʘʚʥʳʭ ʫʩʪʘʚʢʘʭ ʥʘ ʦʙʦʨʦʪʳ ʜʚʠʛʘʪʝʣʷ. ʇʦʜʦʙʥʳʡ ʩʧʦʩʦʙ ʫʧʨʘʚʣʝʥʠʷ, ʧʦ 

ʩʫʱʝʩʪʚʫ, ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʤʘʢʩʠʤʫʤ ʂʇɼ ʧʨʠ ʜʘʥʥʦʤ ʦʙʲʝʤʥʦʤ ʨʘʩʭʦʜʝ ʛʘʟʘ 

ʯʝʨʝʟ ʮʝʭ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʩʪʨʦʝʥʠʝ ʠ ʥʘʩʪʨʦʡʢʫ 

ʦʙʱʝʛʦ ʮʝʭʦʚʦʛʦ ʇʀ ʠʣʠ ʧʨʦʩʪʦʛʦ ʀ ï ʨʝʛʫʣʷʪʦʨʘ. ʆʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʪʘʢʦʤʫ ʨʝʛʫʣʷʪʦʨʫ ʷʚʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʠʝʤ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʥʘʣʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɺ ʜʦʢʣʘʜʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʂʇɼ ʜʣʷ ʜʚʫʭ ʩʠʩʪʝʤ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʱʝʡ ʥʘʛʨʫʟʢʠ: ʚ ʧʝʨʚʦʡ ʩʠʩʪʝʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ 

ʤʝʞʜʫ ʜʚʠʛʘʪʝʣʷʤʠ, ʘ ʚʦ ʚʪʦʨʦʡ ʚʩʝ ʜʚʠʛʘʪʝʣʠ ʢʨʦʤʝ ʦʜʥʦʛʦ ʨʘʙʦʪʘʶʪ ʥʘ ʤʘʢʩʠʤʫʤʝ ʩʚʦʝʛʦ ʂʇɼ, ʘ ʯʝʨʝʟ  
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ʧʦʩʣʝʜʥʠʡ ʧʨʦʧʫʩʢʘʝʪʩʷ ʦʩʪʘʚʰʘʷʩʷ ʥʘʛʨʫʟʢʘ, ʢʦʪʦʨʘʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʘʨʠʘʥʪʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ 

ʜʣʷ ʥʝʛʦ. ɺʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʦʙʱʝʡ ʥʘʛʨʫʟʢʠ (ʢʨʦʤʝ ʦʜʥʦʛʦ, ʢʦʛʜʘ ʦʥʘ ʧʦʨʦʚʥʫ ʜʝʣʠʣʘʩʴ ʤʝʞʜʫ 

ʜʚʠʛʘʪʝʣʷʤʠ) ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʦʙʝʩʧʝʯʠʚʘʣʦ ʙʦʣʴʰʠʡ ʂʇɼ. 

ʅʝʣʠʥʝʡʥʳʡ ʚʠʜ ʩʪʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠʚʦʜʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, 

ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʦʙʱʫʶ ʥʘʛʨʫʟʢʫ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ, ʥʝ ʚʥʦʩʠʪ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʣʠʥʝʡʥʳʤʠ ʩʪʘʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [1]. ʇʘʨʘʣʣʝʣʴʥʦ 

ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʦʙʱʫʶ ʥʘʛʨʫʟʢʫ ʜʚʠʛʘʪʝʣʠ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʠʩʪʝʤʘʭ, ʤʦʛʫʪ ʠʤʝʪʴ ʢʘʢ 

ʣʠʥʝʡʥʳʝ, ʪʘʢ ʠ ʥʝʣʠʥʝʡʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʘʢʪʠʯʝʩʢʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʣʠʥʝʡʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʯʘʩʪʦʪʥʳʤʠ ʧʨʠʚʦʜʘʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ɻʇɸ. ʆʜʥʘʢʦ ʠʭ ʨʘʙʦʪʘ 

ʩʦʚʤʝʩʪʥʦ ʩ ʮʝʥʪʨʦʙʝʞʥʳʤʠ ʥʘʛʥʝʪʘʪʝʣʷʤʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʣʠʥʝʡʥʦʤʫ ʚʠʜʫ ʩʪʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʨʝʩʩʦʨʦʚ [2]. ʊʦ ʞʝ ʩʘʤʦʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʩʠʥʭʨʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩ ʯʘʩʪʦʪʥʳʤ ʧʨʠʚʦʜʦʤ. ʆʜʥʘʢʦ, ʧʨʠ ʚʩʝʭ ʧʝʨʝʤʝʱʝʥʠʷʭ ʨʘʙʦʯʝʡ ʪʦʯʢʠ ʧʦ 

ʩʪʘʪʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʜʚʠʛʘʪʝʣʷ, ʦʙʳʯʥʦ ʥʝʩʢʦʣʴʢʦ ʤʝʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʜʚʠʛʘʪʝʣʷ, ʯʪʦ ʥʝ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʩʝʡ ʩʠʩʪʝʤʳ [3]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʜʦʢʣʘʜʝ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʂʇɼ ʩʠʩʪʝʤʳ 

ʦʢʘʟʳʚʘʝʪʩʷ ʙʣʠʟʢʠʤ ʢ ʩʚʦʝʤʫ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʜʣʷ ʣʶʙʦʛʦ ʫʯʘʩʪʢʘ ʥʝʣʠʥʝʡʥʦʡ ʩʪʘʪʠʯʝʩʢʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʝʩʣʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʡ ʥʘʛʨʫʟʢʠ ʤʝʞʜʫ ʦʜʥʦʪʠʧʥʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ. ɺ ʩʣʫʯʘʝ ʨʘʟʙʨʦʩʘ ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʪʠʧʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʦʚʳʰʝʥʠʶ ʂʇɼ ʩʠʩʪʝʤʳ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʨʝʞʠʤʝ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʩ ʣʠʥʝʡʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʝʜʠʥʦʡ ʫʩʪʘʚʢʠ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 
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̘̜̎́̔̎̆ ̑̔̋̏̃̏̅̉̓̆̌̉ ̒̓Ȣ̐̑̆̐̏̅́̃́̓̆̌̉ ˗́̎́̆̃ ˞ȢˍȢ ̉ ˙̏̒̋́̌̆̎̋̏ ˛ȢˏȢ 

 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʪʝʥʜʘ ʜʣʷ ʧʦʚʝʨʢʠ ʠ 

ʢʘʣʠʙʨʦʚʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʘʥʦʤʝʪʨʦʚ ʠ ʦʜʥʦʧʨʝʜʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ. 

 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʤʘʥʦʤʝʪʨʦʚ ʠ ʦʜʥʦʧʨʝʜʝʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ. ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʛʘʟʦʚʦʡ, ʭʠʤʠʯʝʩʢʦʡ, 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʵʥʝʨʛʝʪʠʢʝ, ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 
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ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʧʨʠʙʦʨʦʚ ʜʘʥʥʦʛʦ ʪʠʧʘ, ʩ ʤʝʞʧʦʚʝʨʦʯʥʳʤ ʠʥʪʝʨʚʘʣʦʤ ʦʪ ʦʜʥʦʛʦ ʜʦ ʪʨʝʭ 

ʣʝʪ. ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʧʦʚʝʨʢʘ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʷʚʣʷʝʪʩʷ ʦʙʲʝʤʥʦʡ, 

ʨʫʪʠʥʥʦʡ ʨʘʙʦʪʦʡ, ʢʦʪʦʨʘʷ ʩʣʦʞʥʦ ʧʦʜʜʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʪʨʫʜʥʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʧʦʚʝʨʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʩʯʠʪʳʚʘʥʠʝ ʧʦʢʘʟʘʥʠʡ ʢʦʪʦʨʳʭ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʧʝʨʘʪʦʨʦʤ. 

ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʦʚʝʨʢʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. 

ʅʘ ʢʘʬʝʜʨʝ ʇʈ-1 ʄɻʋʇʀ ʩʦʚʤʝʩʪʥʦ ʩ ɿɸʆ çʄʘʥʦʤʝʪʨ-ʉʝʨʚʠʩè ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʩʪʝʥʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʦʚʝʨʢʠ ʠ ʢʘʣʠʙʨʦʚʢʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʷ ʜʘʚʣʝʥʠʷ. ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʤ 

ʩʪʝʥʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʣʠʯʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʤʝʞʜʫ ʵʪʘʣʦʥʥʳʤ ʠ ʧʦʚʝʨʷʝʤʳʤ ʩʨʝʜʩʪʚʦʤ ʠʟʤʝʨʝʥʠʷ (ʉʀ). 

ɺ ʝʛʦ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ: ʟʘʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, ʦʙʨʘʟʮʦʚʳʡ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ, 

ʢʦʣʣʝʢʪʦʨ, ʮʠʬʨʦʚʦʡ ʚʦʣʴʪʤʝʪʨ, ʤʝʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʩʠʩʪʝʤʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʟʨʝʥʠʷ ʠ ʇʂ 

ʩ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʟʘʜʘʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʩʪʝʥʜʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʫʯʥʳʝ, ʛʨʫʟʦʧʦʨʰʥʝʚʳʝ ʠʣʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʟʘʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ 

ʧʦʚʝʨʷʝʤʳʭ ʧʨʠʙʦʨʦʚ. ɼʣʷ ʧʦʚʝʨʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʘʥʦʤʝʪʨʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʩʪʘʷ ʩʠʩʪʝʤʘ ʟʘʜʘʯʠ 

ʜʘʚʣʝʥʠʷ ʚ ʚʠʜʝ ʢʦʤʧʨʝʩʩʦʨʘ, ʨʝʩʠʚʝʨʘ, ʨʝʜʫʢʪʦʨʘ ʠ ʩʠʩʪʝʤʳ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʢʣʘʧʘʥʦʚ, ʫʧʨʘʚʣʷʝʤʳʭ ʩ ʇʂ. 

ʆʙʨʘʟʮʦʚʳʡ ʜʘʪʯʠʢ ʜʘʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʢʪʨʦʥʥʦʛʦ ʠ ʥʘʙʦʨʘ ʩʤʝʥʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʠʟʤʝʨʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʜʘʚʣʝʥʠʷ ʚ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʠʟʤʝʨʝʥʠʡ. ʀʟʤʝʨʠʪʝʣʴʥʳʝ 

ʙʣʦʢʠ ʧʦʩʪʨʦʝʥʳ ʥʘ ʙʘʟʝ ʪʝʥʟʦʤʦʜʫʣʝʡ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʢʨʝʤʥʠʡ ʥʘ ʩʘʧʬʠʨʝ (ʂʅʉ). ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʭʝʤʥʳʝ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʧʨʠʤʝʥʝʥʥʳʝ ʨʘʥʝʝ ʚ 

ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʭ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʄʉ3000 [ʃ]. ʇʦʩʢʦʣʴʢʫ ʞʝʩʪʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʢ 

ʧʦʪʨʝʙʣʷʝʤʦʤʫ ʪʦʢʫ ʚ ʦʙʨʘʟʮʦʚʳʭ ʧʨʠʙʦʨʘʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʠʙʦʨʘʤʠ (ʩ ʪʦʢʦʚʳʤ 

ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ 4 ï 20 ʤɸ) ʥʝʪ, ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʣʦʰʫʤʷʱʠʭ ʦʧʝʨʘʮʠʦʥʥʳʭ 

ʫʩʠʣʠʪʝʣʝʡ ʠ ʠʩʪʦʯʥʠʢʦʚ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ɸʎʇ ʥʘ ʙʘʟʝ ʩʠʛʤʘ-ʜʝʣʴʪʘ ʤʦʜʫʣʷʪʦʨʘ ʩ ʣʫʯʰʠʤʠ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʆʙʨʘʟʮʦʚʳʡ ʜʘʪʯʠʢ ʠʤʝʝʪ 

ʘʚʪʦʥʦʤʥʳʡ ʘʢʢʫʤʫʣʷʪʦʨʥʳʡ ʙʣʦʢ ʧʠʪʘʥʠʷ, ʩʚʷʟʴ ʩ ʇʂ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʘʣʴʚʘʥʠʯʝʩʢʠ 

ʨʘʟʚʷʟʘʥʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ USB ʠ RS-485 (ʧʨʦʪʦʢʦʣ Modbus-RTU). 

ɺ ʩʪʝʥʜʝ ʧʨʦʠʟʚʝʜʝʥʘ ʧʦʧʳʪʢʘ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʟʨʝʥʠʷ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ 

ʧʦʢʘʟʘʥʠʡ ʘʥʘʣʦʛʦʚʳʭ ʧʨʠʙʦʨʦʚ. ɼʣʷ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʚʠʜʝʦʢʘʤʝʨʘ, ʩ ʩʠʩʪʝʤʦʡ ʧʦʜʩʚʝʪʘ, ʟʘʢʨʝʧʣʷʝʪʩʷ ʥʘ 

ʢʦʣʣʝʢʪʦʨʝ, ʥʘʧʨʦʪʠʚ ʧʦʚʝʨʷʝʤʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʧʨʠʙʦʨʘ. ʀʟʦʙʨʘʞʝʥʠʝ ʬʦʪʦʛʨʘʬʠʨʫʝʪʩʷ ʠ ʧʝʨʝʜʘʝʪʩʷ ʚ 

ʫʧʨʘʚʣʷʶʱʠʡ ʇʂ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʢʫʱʝʝ ʧʦʢʘʟʘʥʠʝ ʘʥʘʣʦʛʦʚʦʛʦ 

ʧʨʠʙʦʨʘ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ ʵʪʘʧʦʤ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ (ʬʠʣʴʪʨʘʮʠʷ), ʩ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ çʙʣʠʢʦʚè, ʜʝʬʝʢʪʦʚ ʚʳʟʚʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʛʨʷʟʥʝʥʠʷʤʠ ʰʢʘʣʳ ʠ ʧʨʦʮʝʩʩ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʠʧʘ ʰʢʘʣʳ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʟʜʘʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʵʪʘʣʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʰʢʘʣ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʪʠʧʦʚ ʧʨʠʙʦʨʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʧʨʠʙʦʨʦʚ, ʥʘʧʨʠʤʝʨ ʚʠʙʨʦʫʩʪʦʡʯʠʚʳʭ 

ʤʘʥʦʤʝʪʨʦʚ, ʚʥʫʪʨʝʥʥʷʷ ʧʦʣʦʩʪʴ ʢʦʪʦʨʳʭ (ʚʢʣʶʯʘʷ ʰʢʘʣʫ) ʟʘʧʦʣʥʷʝʪʩʷ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʴʶ, 

ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ʇʦʵʪʦʤʫ ʩʠʩʪʝʤʫ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʟʨʝʥʠʷ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʚʥʝʜʨʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ. ʇʨʠ ʵʪʦʤ ʦʧʝʨʘʪʦʨ ʚ 

ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʨʝʞʠʤʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʣʠ ʢʦʨʨʝʢʪʠʨʫʝʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚʦʛʦ ʜʘʪʯʠʢʘ ʜʘʚʣʝʥʠʷ, ʘʣʛʦʨʠʪʤ 

ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʰʢʘʣ ʘʥʘʣʦʛʦʚʳʭ ʧʨʠʙʦʨʦʚ, ʚʦʧʨʦʩʳ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʘʪʪʝʩʪʘʮʠʠ ʩʠʩʪʝʤʳ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. ʌʦʨʤʫʣʠʨʫʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʨʠʤʝʥʷʝʤʦʡ ʚʠʜʝʦʢʘʤʝʨʳ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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Stability of nonlinear quasymultychannel electro -mechanical servo -systems 

˗ˍ˝˘˛ˏ ˍȢˍȢȟ ˢ˝˕˔˛˘˕˟˛ˏˍ ˞ȢˍȢ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

˗́̑̌̏̃ ˍȢˍȢɀ ̒ ̓̔̅̆̎̓ ̋ ́̕Ȣ ̠̔̐̑́̃̌̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̗̅̏̆̎̓ ˢ̑̉̈̏̌̉̓̏̃́ ˞ȢˍȢ 

 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ ʥʝʣʠʥʝʡʥʳʭ ʢʚʘʟʠʤʥʦʛʦʢʘʥʘʣʴʥʳʭ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʣʝʜʷʱʠʭ ʩʠʩʪʝʤ. ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʜʥʦʢʘʥʘʣʴʥʳʭ ʠ 

ʢʚʘʟʠʜʚʫʭʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ 

ʧʨʠʤʝʥʝʥʠʝ ʢʚʘʟʠʜʚʫʭʢʘʥʘʣʴʥʳʭ ʩʣʝʜʷʱʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ.  
 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʪʠʧʦʚʳʭ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ ʥʘ 

ʜʠʥʘʤʠʢʫ ʢʚʘʟʠʤʥʦʛʦʢʘʥʘʣʴʥʳʭ  ʩʣʝʜʷʱʠʭ ʩʠʩʪʝʤ. ʅʘʣʠʯʠʝ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʚ ʛʨʫʙʦʤ ʧʨʠʚʦʜʝ ʩʠʩʪʝʤʳ ʭʦʪʴ 

ʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ  ʯʘʩʪʦʪʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʨʘʙʦʪʦʡ 

ʪʦʯʥʦʛʦ ʧʨʠʚʦʜʘ. ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʥʝʣʠʥʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʩʠʩʪʝʤʳ ʥʝ ʤʦʞʝʪ ʥʝ ʩʢʘʟʳʚʘʪʴʩʷ 

ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʝʝ ʨʘʙʦʪʳ. ɼʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ 

ɻʦʣʴʜʬʘʨʙʘ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʣʠʥʝʡʥʦʡ ʦʜʥʦʢʘʥʘʣʴʥʦʡ ʩʣʝʜʷʱʝʡ ʩʠʩʪʝʤʳ ʨʘʩʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ ʩ 

çʢʣʶʚʦʦʙʨʘʟʥʦʡè ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʠ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʧʨʠ ʥʘʣʠʯʠʠ 

ʜʘʞʝ ʦʜʥʦʟʥʘʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɼʣʷ ʢʚʘʟʠʜʚʫʭʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʦʯʥʦʤ ʧʨʠʚʦʜʝ ʧʝʨʝʜʘʪʦʯʥʘʷ 

ʬʫʥʢʮʠʷ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʦʪʣʠʯʥʘ ʦʪ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʦʜʥʦʢʦʥʪʫʨʥʦʡ 

ʩʠʩʪʝʤʳ. ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʪʦʯʥʦʛʦ ʧʨʠʚʦʜʘ ʢʚʘʟʠʜʚʫʭʢʘʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʦʡ ʬʫʥʢʮʠʠ 

ʦʜʥʦʢʘʥʘʣʴʥʦʡ. ɺ ʩʣʫʯʘʝ ʢʚʘʟʠʜʚʫʭʢʘʥʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʨʷʜʦʢ ʘʩʪʘʪʠʟʤʘ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʧʦʥʠʞʘʝʪʩʷ ʠ ʦʥʘ 

ʩʪʘʥʦʚʠʪʩʷ ʩʪʘʪʠʯʝʩʢʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʩ ʦʜʥʦʟʥʘʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʥʝʚʦʟʤʦʞʥʦ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ ʥʝʦʜʥʦʟʥʘʯʥʳʭ 

ʥʝʣʠʥʝʡʥʦʩʪʝʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʜʥʦʟʥʘʯʥʳʭ ʥʝ ʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʢʚʘʟʠʜʫʭʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʥʝʦʜʥʦʟʥʘʯʥʳʭ ʥʝʣʠʥʝʡʥʦʩʪʝʡ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʚ ʧʨʠʥʮʠʧʝ ʚʦʟʤʦʞʥʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ ʩʠʩʪʝʤ, ʚʠʜʝ ʠ ʧʘʨʘʤʝʪʨʘʭ ʥʝʣʠʥʝʡʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʚʘʟʠʜʚʫʭʢʘʥʘʣʴʥʦʛʦ ʩʣʝʜʷʱʝʛʦ ʧʨʠʚʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ 

ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʚʘʟʠʤʥʦʛʦʢʘʥʘʣʴʥʳʝ ʩʣʝʜʷʱʠʝ ʩʠʩʪʝʤʳ ʦʪʚʝʯʘʶʪ ʮʝʣʦʤʫ ʨʷʜʫ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʫʧʨʘʚʣʝʥʠʷ. ʋʩʪʫʧʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ ʩ ʙʦʣʝʝ ʩʣʦʞʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, 

ʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʢʘʥʘʣʴʥʳʤʠ ʩʣʝʜʷʱʠʤʠ ʩʠʩʪʝʤʘʤʠ ʠʤʝʶʪ ʤʘʩʩʫ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ. ʇʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʢʚʘʟʠʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʚʣʠʷʥʠʝ ʥʘʣʠʯʠʷ ʚ ʢʦʥʪʫʨʝ ʫʧʨʘʚʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʩ ʥʝʣʠʥʝʡʥʳʤʠ ʩʪʘʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ. ɺ ʧʨʦʩʪʳʭ 

ʦʜʥʦʢʦʥʪʫʨʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʤʠʤʦ ʥʝʛʘʪʠʚʥʳʭ ʚʣʠʷʥʠʡ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʥʘ ʪʦʯʥʦʩʪʴ, ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʩ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʨʘʙʦʪʳ. ʂʚʘʟʠʜʚʫʭʢʘʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʣʠʰʝʥʳ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʩʥʠʞʝʥʠʝ ʚʣʠʷʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ. ʂʚʘʟʠʤʥʦʛʦʢʘʥʘʣʴʥʳʝ ʩʣʝʜʷʱʠʝ ʩʠʩʪʝʤʳ 

ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʩʪʦʪʦʡ ʨʝʘʣʠʟʘʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʨʘʙʦʪʳ ʠ ʥʝʩʨʘʚʥʠʤʦ ʙʦʣʴʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʦʜʥʦʢʘʥʘʣʴʥʳʤʠ ʩʣʝʜʷʱʠʤʠ ʩʠʩʪʝʤʘʤʠ. 
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Modeling of SSB Phase Noise and Settling Time in Wideband PLL Frequency Synthesizers  

˗ˠ˔˙˒˚˗˛ˏ ˍȢ˞Ȣ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

˗̔̈̍̆̎̋̏̃ ˍȢ˞Ȣ ɀ ́ ̒̐̉̑́̎̓ ̋́̕Ȣ ̜̖̑́̅̉̏̐̑̉̆̍̎ ̔̒̓̑̏̊̒̓̃ȟ  
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ɀ ̐ ̑̏̆̒̒̏̑̕ ː̑̆̂̆̎̋̏ ˫ȢˍȢ 

 
ʈʝʘʣʠʟʦʚʘʥʳ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʥʪʝʟʘʪʦʨʘ ʯʘʩʪʦʪ ʩ ʠʤʧʫʣʴʩʥʦʡ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʦʡ ʯʘʩʪʦʪʳ (ʀʌɸʇʏ). ʆʙʩʫʞʜʘʶʪʩʷ 

ʧʨʠʯʠʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ ʠ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʬʘʟʦʚʳʭ ʰʫʤʦʚ. ʈʝʟʫʣʴʪʘʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʠʟʤʝʨʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʠʥʪʝʟʘʪʦʨʘ ʯʘʩʪʦʪ ʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

ʉʠʩʪʝʤʘ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ (ʌɸʇʏ) ï ʵʪʦ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʚ 

ʢʦʪʦʨʦʡ ʧʘʨʘʤʝʪʨʦʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʬʘʟʘ ʩʠʛʥʘʣʘ. ʌɸʇʏ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʩʣʝʜʷʱʝʛʦ ʬʠʣʴʪʨʘ, ʢʦʪʦʨʳʡ ʦʪʩʣʝʞʠʚʘʝʪ ʪʨʝʙʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʚʭʦʜʥʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ, ʠʣʠ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ 

ʩʠʥʪʝʟʘʪʦʨʘ ʯʘʩʪʦʪ (ʉʏ). ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʠʟ ʢʦʣʝʙʘʥʠʷ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʦʧʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ (ʆɻ) ʩʦʟʜʘʝʪʩʷ 

ʤʥʦʞʝʩʪʚʦ ʩʪʘʙʠʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʘʟʥʳʭ ʯʘʩʪʦʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʉʏ ʥʘ ʦʩʥʦʚʝ 

ʠʤʧʫʣʴʩʥʦʡ ʌɸʇʏ (ʀʌɸʇʏ) ʩ ʯʘʩʪʦʪʥʦ-ʬʘʟʦʚʳʤ ʜʝʪʝʢʪʦʨʦʤ (ʏʌɼ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʪʘʙʠʣʴʥʳʡ ʟʘʭʚʘʪ 

ʬʘʟʳ ʆɻ. 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ ʠ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʉʏ ʩ ʀʌɸʇʏ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʦʢʪʘʚʥʳʡ ʜʠʘʧʘʟʦʥ ʚʳʭʦʜʥʳʭ ʯʘʩʪʦʪ 4-8 ɻɻʮ: ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʤʦʱʥʦʩʪʠ ʬʘʟʦʚʦʛʦ ʰʫʤʘ ʚ ʦʜʥʦʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʝ (ʉʇʄ ʌʐ ʚ ʆɹʇ) ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʉʏ ʠ 

ʧʨʦʮʝʩʩ ʫʩʪʘʥʦʚʣʝʥʠʷ ʯʘʩʪʦʪʳ. ʌʐ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʩʧʝʢʪʨʘʣʴʥʦʡ ʯʠʩʪʦʪʳ ʩʠʛʥʘʣʘ, ʘ ʚʨʝʤʷ 

ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ (ɺʇʏ) ʦʧʨʝʜʝʣʷʝʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʉʏ. ɿʘʜʘʯʘ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ, 

ʥʠʟʢʠʭ ʫʨʦʚʥʝʡ ʌʐ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʉʏ ʧʨʠ ʫʤʝʨʝʥʥʦʡ ʩʣʦʞʥʦʩʪʠ ʠ ʩʪʦʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦʡ ʚ ʩʚʷʟʠ ʩ ʥʘʯʘʣʦʤ ʩʝʨʠʡʥʦʛʦ ʚʳʧʫʩʢʘ ʠʤʧʦʨʪʦʟʘʤʝʱʘʶʱʝʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ ʚ ʈʦʩʩʠʠ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ ʠ ʉʇʄ ʌʐ ʚ ʆɹʇ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʉʏ, 

ʚʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʤʘʣʦʝ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʌʐ, ʩʠʥʪʝʟ ʩʪʨʫʢʪʫʨʥʦʡ 

ʩʭʝʤʳ ʙʳʩʪʨʦʛʦ ʠ ʤʘʣʦʰʫʤʷʱʝʛʦ ʉʏ. 

ʇʦʩʢʦʣʴʢʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʇʆ (PLL Design & Analysis Tool ʦʪ ʢʦʤʧʘʥʠʠ Hittite ʠ ADIsimPLL ʦʪ 

Analog Devices) ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʨʤʝʥʥʦʡ ʵʣʝʤʝʥʪʥʦʡ ʙʘʟʳ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʧʨʦʠʟʚʦʣʴʥʳʝ ʩʭʝʤʳ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʠʨʫʶʱʠʭ ʬʠʣʴʪʨʦʚ (ʇʀʌ), ʫʯʠʪʳʚʘʪʴ ʠʥʝʨʮʠʦʥʥʦʩʪʴ 

ʵʣʝʤʝʥʪʦʚ ʠ ʜʨ., ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ. ɼʣʷ 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʦʚʦʡ ʯʘʩʪʦʪʳ ʙʳʣ ʩʦʟʜʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʚ 

ʩʨʝʜʝ Advanced Design System (ADS), ʘ ʜʣʷ ʦʮʝʥʢʠ ʉʇʄ ʌʐ ʚ ʆɹʇ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘʧʠʩʘʥʘ 

ʧʨʦʛʨʘʤʤʘ ʚ MATLAB. ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʰʘʙʣʦʥʳ ADS ʠ ʠʟʚʝʩʪʥʳʝ 

ʤʝʪʦʜʠʢʠ [1-3]. ʀʟʤʝʥʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʳ ʀʌɸʇʏ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʉʇʄ ʌʐ ʷʚʣʷʶʪʩʷ 

ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʩʠ ʟʘʧʘʩ ʧʦ ʬʘʟʝ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʣʝʤʝʥʪʘʤʠ ʇʀʌ. ʌʐ ʵʣʝʤʝʥʪʦʚ, ʚʭʦʜʷʱʠʭ ʚ 

ʉʏ, ʙʳʣ ʦʧʠʩʘʥ ʧʦ ʧʨʠʣʘʛʘʝʤʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɻʨʘʬʠʢʠ ʉʇʄ ʌʐ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʩʭʝʤ ʩ 

ʘʢʪʠʚʥʳʤʠ ʇʀʌ, ʨʝʘʣʠʟʦʚʘʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ ʦʧʝʨʘʮʠʦʥʥʦʛʦ ʫʩʠʣʠʪʝʣʷ. ɺʇʏ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʜʣʷ ʜʚʫʭ 

ʩʣʫʯʘʝʚ: ʉʏ ʩ ʘʢʪʠʚʥʳʤ ʇʀʌ ʠ ʉʏ ʩ ʇʀʌ ʠ ʩʭʝʤʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʯʘʩʪʦʪʳ. ʇʘʨʘʤʝʪʨʘʤʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʘʢʪʠʚʥʦʛʦ ʇʀʌ ʠ ʘʤʧʣʠʪʫʜʘ ʠʤʧʫʣʴʩʦʚ ʪʦʢʘ, ʬʦʨʤʠʨʫʝʤʳʭ 

ʥʘ ʚʳʭʦʜʝ ʏʌɼ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʠʟʤʝʨʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʝʘʣʴʥʦʛʦ ʉʏ ʩ 

ʀʌɸʇʏ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʉʇʄ ʌʐ ʚ ʆɹʇ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʥʘʣʠʟʘʪʦʨ ʠʩʪʦʯʥʠʢʦʚ ʩʠʛʥʘʣʘ FSUP26, ʘ ʜʣʷ 

ʧʨʦʮʝʩʩʘ ʧʝʨʝʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ ï ʘʥʘʣʠʟʘʪʦʨ ʩʠʛʥʘʣʦʚ FSV (ʦʙʘ ʧʨʠʙʦʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ Rohde & Schwarz). 
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ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ: 

1. ʆʧʠʩʘʥʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʠʢʠ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʚʘʪʴ ʉʇʄ ʌʐ ʚ ʆɹʇ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ, ʧʨʠ 
ʵʪʦʤ ʦʰʠʙʢʘ ʩʦʩʪʘʚʣʷʝʪ 1-3 ʜɹ. 

2. ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʌʐ ʚ ʤʘʣʦʰʫʤʷʱʠʭ ʦʜʥʦʧʝʪʣʝʚʳʭ ʉʏ ʷʚʣʷʝʪʩʷ ʏʌɼ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʌʐ 
ʩʠʛʥʘʣʘ ʫʨʦʚʥʝʤ -122é-127 ʜɹʥ/ɻʮ ʥʘ ʯʘʩʪʦʪʝ ʦʪʩʪʨʦʡʢʠ 10 ʢɻʮ ʠ ʥʝʩʫʱʝʡ 1 ɻɻʮ. 

3. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʭʝʤʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʯʘʩʪʦʪʳ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʛʦ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʉʏ (ɺʇʏ ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ ʤʠʢʨʦʩʝʢʫʥʜ), ʫʨʦʚʥʠ ʌʐ ʧʨʠ ʵʪʦʤ ʥʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 

4. ʆʧʨʘʚʜʘʥʥʳʤ ʰʘʛʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʣʦʛʦ ʫʨʦʚʥʷ ʌʐ ʩʠʛʥʘʣʘ ʉʏ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭ 
ʩʚʷʟʘʥʥʳʭ ʧʦ ʬʘʟʝ ʀʌɸʇʏ (ʜʚʫʭʧʝʪʣʝʚʦʡ ʉʏ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʦʛʦ ʉʏ ʤʘʣʦ ʦʧʠʩʘʥʳ ʚ 

ʣʠʪʝʨʘʪʫʨʝ, ʦʜʥʘʢʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʂ ʥʠʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʝʨʝʡʪʠ ʚ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʙʦʪʝ. 
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Control system of protection the ethylene compressor from surge  

˞ˍˏˏ˕˚ ˞Ȣ˞Ȣ 

ˡːˎ˛ˠˏ˜˛ ˏ̏̑̏̎̆̇̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆ ̑̒̉̓̆̓ ̜̖̉̎̇̆̎̆̑̎ ̖̓̆̎̏̌̏̄̉̊ 
ˡːˎ˛ˠˏ˜˛ ̃̏̑̏̎̆̇̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

˞́̃̃̉̎ ˞Ȣ˞Ȣ ɀ ́ ̒̐̉̑́̎̓ ̜̋́̆̅̑̕ Ⱥ˕̗̜̖̎̏̑̍́̉̏̎̎̕ ̉ ̠̟̖̔̐̑́̃̌̉̚ ̒̉̒̓̆̍Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˟̖̉̏̍̉̑̏̃ ˞ȢːȢ 

 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʷ ʚ ʩʪʫʧʝʥʠ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʦʩʪʘʚʘ 

ʧʦʩʪʫʧʘʝʤʦʛʦ ʩʳʨʴʷ. ʇʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʪʦʯʝʢ ʧʦʤʧʘʞʘ ʦʪʥʦʩʠʪʝʣʴʥʦ, ʢʦʪʦʨʳʭ ʟʘʜʘʥ ʟʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ 

ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʚ ʩʪʫʧʝʥʠ ʢʦʤʧʨʝʩʩʦʨʘ. ʈʘʩʩʯʠʪʘʥʳ ʥʘʩʪʨʦʡʢʠ ʨʝʛʫʣʷʪʦʨʘ, ʚʳʨʘʙʘʪʳʚʘʶʱʝʛʦ ʫʧʨʘʚʣʷʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘ ʧʨʦʪʠʚʦʧʦʤʧʘʞʥʳʡ ʢʣʘʧʘʥ ʠ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʟʘʱʠʪʳ ʢʦʤʧʨʝʩʩʦʨʘ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʦʪ ʧʦʤʧʘʞʘ. 

 

ʇʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʢʦʤʧʨʝʩʩʦʨʘ ʦʪ ʧʦʤʧʘʞʘ, ʪʘʢ ʢʘʢ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʩʥʦʚʥʫʶ ʦʧʘʩʥʦʩʪʴ ʥʘ ʩʪʘʜʠʠ ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʷ. ʇʦʤʧʘʞ ï ʵʪʦ ʥʝʩʪʘʮʠʦʥʘʨʥʳʡ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʳʡ 

ʧʨʦʮʝʩʩ ʚ ʩʠʩʪʝʤʝ çʢʦʤʧʨʝʩʩʦʨ ï ʩʝʪʴè, ʧʨʠ ʢʦʪʦʨʦʤ ʜʘʚʣʝʥʠʝ ʥʘʛʥʝʪʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ, ʘ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʦʙʨʘʪʥʦʝ. ʇʦʤʧʘʞ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʳʩʪʨʳʤ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʘʟʘ, ʧʦʷʚʣʝʥʠʝʤ ʩʠʣʴʥʳʭ ʪʦʣʯʢʦʚ ʠ ʚʠʙʨʘʮʠʡ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʢʦʤʧʨʝʩʩʦʨʘ. 

ʎʝʣʴʶ ʤʦʜʝʣʠ ʢʦʤʧʨʠʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʥʘʛʥʝʪʘʥʠʷ ʦʪ ʨʘʩʭʦʜʘ ʛʘʟʘ ʠ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʥʘ ʚʩʘʩʝ ʦʜʥʦʡ ʠʟ 

ʩʪʫʧʝʥʝʡ ʧʷʪʠʩʪʫʧʝʥʯʘʪʦʛʦ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʧʝʥʠ 

ʩʞʘʪʠʷ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʘʙʩʦʣʶʪʥʳʭ ʜʘʚʣʝʥʠʡ ʥʘ ʥʘʛʥʝʪʘʥʠʠ ʠ ʚʩʘʩʝ, ʚ ʢʘʯʝʩʪʚʝ ʚʝʣʠʯʠʥʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʟʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʘ ʢ ʧʦʤʧʘʞʫ. 
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ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʪʩʥʷʪʦʡ ʧʘʩʧʦʨʪʥʦʡ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ ʦʧʨʝʜʝʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ  ʢʘʢ ʬʫʥʢʮʠʷ ʦʪ ʨʘʩʭʦʜʘ 

ʧʠʨʦʛʘʟʘ (Q) ʠ ʯʠʩʣʘ ʦʙʦʨʦʪʦʚ ʪʫʨʙʠʥʳ (N), ʠʤʝʶʱʘʷ ʚʠʜ: 
 

 (1) 
 

ʛʜʝ  - ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʮʝʥʠʚ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʡʪʠ ʟʥʘʯʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʨʘʩʭʦʜʘ 

ʧʠʨʦʛʘʟʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʷʚʣʝʥʠʝ ʧʦʤʧʘʞʘ. 

ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʧʦʤʧʘʞʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʫʪʝʤ ʧʨʠʨʘʚʥʠʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʧʦ 

ʨʘʩʭʦʜʫ ʢ ʥʫʣʶ: 
 

      (2) 
 

ʈʝʝhʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (2) ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʨʘʩʭʦʜʘ ʧʠʨʦʛʘʟʘ ʚ ʪʦʯʢʝ ʧʦʤʧʘʞʘ, ʧʦʜʩʪʘʥʦʚʢʦʡ ʢʦʪʦʨʦʛʦ 

ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ (1) ʧʦʣʫʯʘʶʪ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʚ ʪʦʯʢʝ ʧʦʤʧʘʞʘ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʟʘʜʘʥʥʳʡ ʟʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ (ɿɿʋ). ɿʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʚ ʪʦʯʢʝ ɿɿʋ ʷʚʣʷʝʪʩʷ 

ʟʘʜʘʥʠʝʤ ʜʣʷ ʨʝʛʫʣʷʪʦʨʘ, ʚʳʨʘʙʘʪʳʚʘʶʱʝʛʦ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʪʠʚʦʧʦʤʧʘʞʥʳʡ ʢʣʘʧʘʥ. 

ʊʝʢʫʱʘʷ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʦʪʥʦʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘʛʥʝʪʘʥʠʷ ʢ ʜʘʚʣʝʥʠʶ ʚʩʘʩʘ ʠ 

ʧʨʠʚʦʜʠʪʩʷ ʢ ʧʘʩʧʦʨʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʩʦʛʣʘʩʥʦ ʫʩʣʦʚʠʶ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ 

ʧʨʦʮʝʩʩʦʚ ʩʞʘʪʠʷ ʧʘʩʧʦʨʪʥʦʛʦ ʠ ʨʝʘʣʴʥʦʛʦ ʛʘʟʦʚ [1]: 
 

    (3) 
 

ʛʜʝ ,  - ʧʨʠʚʝʜʝʥʥʘʷ ʢ ʧʘʩʧʦʨʪʥʳʤ ʠ ʪʝʢʫʱʘʷ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ; , - ʧʘʩʧʦʨʪʥʦʝ ʠ ʪʝʢʫʱʝʝ 

ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʢʦʤʧʨʝʩʩʦʨʘ;,  - ʧʘʩʧʦʨʪʥʦʝ ʠ ʨʘʩʯʝʪʥʦʝ ʪʝʢʫʱʝʝ 

ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʠʟʦʵʥʪʨʦʧʳ ʛʘʟʘ;,  - ʧʘʩʧʦʨʪʥʦʝ ʠ ʨʘʩʯʝʪʥʦʝ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʛʘʟʦʚʦʡ 

ʧʦʩʪʦʷʥʥʦʡ; , - ʧʘʩʧʦʨʪʥʦʝ ʠ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ ʥʘ ʚʩʘʩʝ ʢʦʤʧʨʝʩʩʦʨʘ;  

, - ʧʘʩʧʦʨʪʥʦʝ ʠ ʨʘʩʯʝʪʥʦʝ ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʞʠʤʘʝʤʦʩʪʠ ʛʘʟʘ ʥʘ ʚʩʘʩʝ ʢʦʤʧʨʝʩʩʦʨʘ; 

- ʪʝʢʫʱʝʝ ʟʥʘʯʝʥʠʝ ʧʦʣʠʪʨʦʧʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʅʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʦʨʤʫʣʳ (3): k, zʚʩ, Лn ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ 

ʩʦʩʪʦʷʥʠʷ ʨʝʘʣʴʥʳʭ ʛʘʟʦʚ ɹʝʥʝʜʠʢʪʘ-ɺʝʙʙʘ-ʈʫʙʠʥʘ. 

ʇʨʠʚʝʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʪʝʧʝʥʠ ʩʞʘʪʠʷ ʧ́ʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʨʝʛʫʣʷʪʦʨʘ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʘʩʪʨʦʝʢ ʨʝʛʫʣʷʪʦʨʘ ʧʨʦʚʝʜʝʥʘ ʣʠʥʝʡʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʢʨʠʚʦʡ ʟʘʜʘʥʥʦʛʦ ʟʘʧʘʩʘ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ɼʣʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʥʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʥʘʩʪʨʦʡʢʠ ʮʠʬʨʦʚʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʚʳʙʨʘʥʘ ʠʥʪʝʛʨʘʣʴʥʦ-ʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʘʥʪʠʧʦʤʧʘʞʥʦʡ ʩʠʩʪʝʤʳ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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Singularly Perturbed Models of Nonlinear Control Systems with Small Parameters  
of Different Orders of Magnitude  

˞˕ˑ˛˝˛ˏˍ ˒Ȣ˫Ȣ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

 
ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʦʪʨʝʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʥʘ ʧʨʘʢʪʠʢʝ ʢʣʘʩʩ ʟʘʤʢʥʫʪʳʭ ʦʜʥʦʢʦʥʪʫʨʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʠʤʝʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ɻʘʤʤʝʨʰʪʝʡʥʘ ʠʣʠ ɺʠʥʝʨʘ. ɼʣʷ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʝʡ ʦʧʠʩʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʣʘʩʩʘ 

ʩʠʩʪʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʥʦʨʤʘʣʴʥʦʡ ʬʦʨʤʝ ʂʦʰʠ, ʨʝʰʘʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʩʠʥʛʫʣʷʨʥʦ 

ʚʦʟʤʫʱʝʥʥʳʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʣʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʨʘʟʥʳʭ ʫʨʘʚʥʝʥʠʷʭ. 

 

ʉʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʝ ʤʦʜʝʣʠ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʧʦʣʴʟʫʶʪʩʷ ʦʩʦʙʳʤ ʚʥʠʤʘʥʠʝʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʪʘʢ ʢʘʢ ʥʘʢʦʧʣʝʥʥʳʝ ʚ ʪʝʦʨʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʪʘʢʠʭ 

ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʷʶʪ ʦʙʦʩʥʦʚʘʥʥʦ ʧʨʦʠʟʚʝʩʪʠ ʠʭ ʫʧʨʦʱʝʥʠʝ. ʇʦʜ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʦʡ ʤʦʜʝʣʴʶ ʦʙʳʯʥʦ 

ʧʦʥʠʤʘʝʪʩʷ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʬʦʨʤʝ ʂʦʰʠ ʩ ʤʘʣʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʠ ʯʘʩʪʠ 

ʧʨʦʠʟʚʦʜʥʳʭ. ʇʨʠ ʦʙʨʘʱʝʥʠʠ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʥʫʣʴ ʧʦʨʷʜʦʢ ʤʦʜʝʣʠ ʧʦʥʠʞʘʝʪʩʷ (ʪ.ʝ. ʦʥʘ 

çʚʳʨʦʞʜʘʝʪʩʷè). ʊʨʘʜʠʮʠʦʥʥʳʤ ʩʨʝʜʩʪʚʦʤ ʦʙʦʩʥʦʚʘʥʠʷ ʪʘʢʦʛʦ ʫʧʨʦʱʝʥʠʷ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʩʠʥʛʫʣʷʨʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʦʛʦ ʧʨʠʥʘʜʣʝʞʘʪ ɸ.ʅ. ʊʠʭʦʥʦʚʫ. 

ʊʠʭʦʥʦʚʳʤ ʜʦʢʘʟʘʥʳ ʪʝʦʨʝʤʳ [1], ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʙʣʠʟʦʩʪʠ ʨʝʰʝʥʠʡ ʠʩʭʦʜʥʦʡ 

ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʦʡ ʠ ʚʳʨʦʞʜʝʥʥʦʡ ʩʠʩʪʝʤ ʢʘʢ ʜʣʷ ʩʣʫʯʘʷ ʦʜʥʦʛʦ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʪʘʢ ʠ ʜʣʷ ʩʣʫʯʘʷ 

ʨʘʟʣʠʯʥʳʭ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʣʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʟʥʳʭ ʫʨʘʚʥʝʥʠʷʭ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʪʝʦʨʝʤ ʥʘ 

ʧʨʘʢʪʠʢʝ ʥʘʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʨʷʜ ʪʨʫʜʥʦʩʪʝʡ. ʉʘʤʦʡ ʩʫʱʝʩʪʚʝʥʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʧʨʦʚʝʨʢʠ 

ʫʩʣʦʚʠʡ ʪʝʦʨʝʤ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ. ɺ ʨʘʙʦʪʝ [2] ʨʘʟʨʘʙʦʪʘʥ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʫʩʪʨʘʥʠʪʴ 

ʫʢʘʟʘʥʥʫʶ ʪʨʫʜʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʦʡ ʤʦʜʝʣʠ - ʩ 

ʦʜʠʥʘʢʦʚʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʣʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʊʝʦʨʝʤʘ ʊʠʭʦʥʦʚʘ ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʠʟʚʝʩʪʥʘ ʠ ʥʦʩʠʪ ʥʘʟʚʘʥʠʝ çʪʝʦʨʝʤʳ ʦ ʧʨʝʜʝʣʴʥʦʤ ʧʝʨʝʭʦʜʝè. 

ɺ ʥʘʩʪʦʷʱʝʤ ʜʦʢʣʘʜʝ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ [2] ʧʦʜʭʦʜʘ ʠʩʩʣʝʜʫʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʥʘ 

ʧʨʘʢʪʠʢʝ ʢʣʘʩʩ ʟʘʤʢʥʫʪʳʭ ʦʜʥʦʢʦʥʪʫʨʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʦʧʠʩʳʚʘʝʤʳʭ ʤʦʜʝʣʴʶ 

ɻʘʤʤʝʨʰʪʝʡʥʘ ʠʣʠ ɺʠʥʝʨʘ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʣʠʥʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ 

ʩʪʘʮʠʦʥʘʨʥʳʤ, ʙʝʟʳʥʝʨʮʠʦʥʥʳʤ ʠ ʠʤʝʝʪ ʧʨʦʠʟʚʦʣʴʥʫʶ ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

ʃʠʥʝʡʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʜʨʦʙʥʦ-ʨʘʮʠʦʥʘʣʴʥʦʡ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ W(p) ʦʙʱʝʛʦ ʚʠʜʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ (ʄʄ) ʚʳʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ ʩʠʩʪʝʤ: ʄʄ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʝ 

ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ, ʄʄ ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʠ ʄʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʟʚʝʥʴʝʚ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʣʠʥʝʡʥʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤʳ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʩʥʝʥʠʝ, ʩʫʱʝʩʪʚʫʶʪ ʣʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʣʘʩʩʘ ʩʠʩʪʝʤ ʩʠʪʫʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʩʪʘʚʠʪʴ ʠʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʭ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʣʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʨʘʟʥʳʭ ʫʨʘʚʥʝʥʠʷʭ. ʇʝʨʝʯʠʩʣʠʤ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: 

- ʄʄ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʚ ʩʠʣʫ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʳ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʘ ʢ 

ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʦʤʫ ʚʠʜʫ ʩ ʤʘʣʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʘʟʣʠʯʥʳʭ ʧʦʨʷʜʢʦʚ ʤʘʣʦʩʪʠ ʚ ʨʘʟʥʳʭ 

ʫʨʘʚʥʝʥʠʷʭ. ʆʜʥʘʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʧʦʨʷʜʢʦʚ ʯʠʩʣʠʪʝʣʷ (m) ʠ ʟʥʘʤʝʥʘʪʝʣʷ (n) W(p) ʠ 

ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʩʠʩʪʝʤʝ ʥʝʩʢʦʣʴʢʠʭ ʤʘʣʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʤʘʣʳʝ ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ 

ʟʥʘʤʝʥʘʪʝʣʷ W(p)) ʚʦʟʤʦʞʥʦ ʧʦʥʠʞʝʥʠʝ ʧʦʨʷʜʢʘ ʤʦʜʝʣʠ ʙʦʣʝʝ ʯʝʤ ʥʘ ʝʜʠʥʠʮʫ. ʊʘʢʦʝ  ʚʳʨʦʞʜʝʥʠʝ 

ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ çʤʥʦʛʦʪʝʤʧʦʚʦʩʪʠè ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʩʠʩʪʝʤʝ 

ʧʨʦʮʝʩʩʦʚ; 

- ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʄʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ ʚʳʭʦʜʥʳʭ 

ʩʠʛʥʘʣʦʚ ʟʚʝʥʴʝʚ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʚʠʜ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʦʡ ʤʦʜʝʣʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʣʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʨʘʟʥʳʭ ʫʨʘʚʥʝʥʠʷʭ; 
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- ʄʄ ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʘ ʢ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʦʤʫ 
ʚʠʜʫ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʣʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʝʩʣʠ ʟʥʘʤʝʥʘʪʝʣʴ W(p) ʩʦʜʝʨʞʠʪ, 

ʢʘʢ ʤʠʥʠʤʫʤ, ʜʚʝ ʧʦʩʪʦʷʥʥʳʝ ʚʨʝʤʝʥʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʦʨʷʜʦʢ ʤʘʣʦʩʪʠ, ʯʝʤ 

ʜʨʫʛʘʷ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ m ʠ n ʫʨʘʚʥʝʥʠʷ ʩ ʤʘʣʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʤʦʛʫʪ 

ʦʢʘʟʘʪʴʩʷ ʢʘʢ ʣʠʥʝʡʥʳʤʠ, ʪʘʢ ʠ ʥʝʣʠʥʝʡʥʳʤʠ. ɸʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʦʯʝʢ ʧʦʢʦʷ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʚ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʠ ʥʝʣʠʥʝʡʥʳ, ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʪʨʫʜʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʪʝʦʨʝʤ ɸ.ʅ. ʊʠʭʦʥʦʚʘ ʥʘ 

ʧʨʘʢʪʠʢʝ. ɽʩʪʴ ʚʩʝ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ [2] ʧʦʜʭʦʜʘ ʥʘ ʩʣʫʯʘʡ 

ʩʠʩʪʝʤ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʤʘʣʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʟʚʦʣʠʪ ʫʩʪʨʘʥʠʪʴ ʫʢʘʟʘʥʥʫʶ 

ʪʨʫʜʥʦʩʪʴ. 
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̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̈́̃Ȣ ̋́̆̅̑̏̊̕ ˞̏̌̅́̓̋̉̎ ˏȢ˙Ȣ 

 
ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʚʠʯʥʳʭ ʩʠʛʥʘʣʦʚ ʠ 

ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʜʘʪʯʠʢʘ. 

 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʠʞʝʥʠʷ ʤʝʥʴʰʠʭ ʧʦʪʝʨʴ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʚʳʜʝʣʝʥʠʠ, 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʠ ʦʙʨʘʙʦʪʢʝ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʝʨʚʠʯʥʳʭ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʩʠʛʥʘʣʦʚ, ʘ ʪʘʢʞʝ 

ʝʩʪʝʩʪʚʝʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ ʦʧʨʝʜʝʣʷʶʪ 

ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʜʦʟʚʫʢʦʚʳʭ ʃɸ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʚʠʭʨʝʚʦʛʦ ʜʘʪʯʠʢʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʛʣʘ 

ʠ ʠʩʪʠʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʢʦʨʦʩʪʠ [1]. 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʛʣʘ Ŭ ʠ ʠʩʪʠʥʥʦʡ ʚʦʟʜʫʰʥʦʡ 

ʩʢʦʨʦʩʪʠ ɺV  ʠʤʝʶʪ ʚʠʜ [2] 
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ʛʜʝ Sh ï ʯʠʩʣʦ ʉʪʨʫʭʘʣʷ (ʜʣʷ ʢʣʠʥʦʚʠʜʥʳʭ ʧʠʨʘʤʠʜ Sh = 0,165é0,18); l ï ʜʣʠʥʘ ʨʘʙʦʯʝʛʦ ʦʩʥʦʚʘʥʠʷ 

ʢʣʠʥʦʚʠʜʥʳʭ ʧʠʨʘʤʠʜ. 



ζ˿˻ˤ˾˩˸˩˹˹̍˩́˩̆˹˻˶˻˥ˮˮ ˤ ˭ˢ˨ˢ̉ˢ̆ ̂˽˾ˢˤ˶˩˹ˮ̒Σ ˢˤ́˻˸ˢ́ˮ˴ˮ ˮ ˻ˣ˾ˢˣ˻́˴ˮ ˮ˹̅˻˾˸ˢ̇ˮˮη 

 

 

 
 

88  

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [3], ʜʣʷ ʢʣʠʥʦʚʠʜʥʦʡ ʧʠʨʘʤʠʜʳ ʘʤʧʣʠʪʫʜʫ ʧʫʣʴʩʘʮʠʡ ʚʙʣʠʟʠ ʪʝʣʘ ʪʦʨʤʦʞʝʥʠʷ 

(ʛʝʥʝʨʘʪʦʨʦʚ ʚʠʭʨʝʡ) ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ,04,0 2Vʈm rº  ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ. 

ʇʦʛʨʝʰʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʜʘʪʯʠʢʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʛʣʘ ʠ ʚʦʟʜʫʰʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʠʯʠʥ ʠʭ ʚʳʟʳʚʘʶʱʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠ ʤʝʪʦʜʠʯʝʩʢʠʝ [3]. 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʜʘʪʯʠʢʘ ʚʳʟʳʚʘʶʪʩʷ: ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʙʨʦʩʦʤ lD  

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ l) ʛʝʥʝʨʘʪʦʨʦʚ ʚʠʭʨʝʡ, ʥʝʪʦʯʥʦʩʪʴʶ ʚʳʜʝʨʞʠʚʘʥʠʷ ʫʛʣʘ 

0j  ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʛʝʥʝʨʘʪʦʨʦʚ ʚʠʭʨʝʡ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʘʪʯʠʢʘ, ʧʦʛʨʝʰʥʦʩʪʴʶ 

ʫʩʪD  ʫʩʪʘʥʦʚʢʠ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʜʘʪʯʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝʤ lD  

ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʟʤʝʨʘ ʛʝʥʝʨʘʪʦʨʦʚ ʚʠʭʨʝʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʟʘ ʩʯʝʪ 

ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ (ʩʞʘʪʠʷ). ʂ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ ʧʦʛʨʝʰʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ ʪʘʢʞʝ 

ʧʦʛʨʝʰʥʦʩʪʴ ʨʝʛD  ʢʘʥʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʦʪ ʚʠʭʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʘ ʛʝʥʝʨʘʪʦʨʘʤʠ ʚʠʭʨʝʡ ʠ 

ʧʦʛʨʝʰʥʦʩʪʴ ʦʙʨD  ʫʩʪʨʦʡʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʧʦ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʤʫ ʫʛʣʫ ʠ ʚʦʟʜʫʰʥʦʡ ʩʢʦʨʦʩʪʠ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʤʝʪʦʜʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚʠʭʨʝʚʳʭ ʜʘʪʯʠʢʦʚ ʷʚʣʷʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʦʧD , 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʵʬʬʝʢʪʦʤ çʟʘʤʠʨʘʥʠʷè ʚʠʭʨʝʡ ʂʘʨʤʘʥʘ, ʪʦ ʝʩʪʴ ʚʨʝʤʝʥʥʦʛʦ ʧʨʦʧʘʜʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʜʘʚʣʝʥʠʷ 

ʟʘ ʛʝʥʝʨʘʪʦʨʘʤʠ ʚʠʭʨʝʡ. ʊʦʛʜʘ, ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʥʝ 

ʢʦʨʨʝʣʠʨʦʚʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʦʜʥʦʛʦ 

ʟʥʘʢʘ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʘ ʨʝʟʫʣʴʪʠʨʫʶʱʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʚʠʭʨʝʚʦʛʦ ʜʘʪʯʠʢʘ ʙʫʜʝʤ ʦʮʝʥʠʚʘʪʴ ʯʝʨʝʟ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʢʘʥʘʣʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʛʣʘ ʠ ʚʦʟʜʫʰʥʦʡ ʩʢʦʨʦʩʪʠ: 
 

2222
max ʧʨʦʧʦʙʨfV VVVV D+D+D+D= DDs ; 22222

max 0 ʧʨʦʧʦʙʨf aaaaas ja D+D+D+D+D= DD . 

 

ʇʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʜʚʫʤ ʧʘʨʘʤʝʪʨʘʤ ʚʝʢʪʦʨʘ ʠʩʪʠʥʥʦʡ ʚʦʟʜʫʰʥʦʡ ʩʢʦʨʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ, ʦʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʦʙʪʝʢʘʥʠʷ 

ʢʣʠʥʦʚʠʜʥʳʭ ʧʠʨʘʤʠʜ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʪʘʨʠʨʦʚʦʯʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʠ ʚʳʩʦʪ 

ʧʦʣʝʪʘ, ʦʪʩʫʪʩʪʚʠʝ ʧʦʜʚʠʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʥʝ ʥʘʙʝʛʘʶʱʝʛʦ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʠ ʚ ʜʘʪʯʠʢʝ ʚ ʮʝʣʦʤ 

ʦʧʨʝʜʝʣʷʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʚʠʭʨʝʚʦʛʦ ʜʘʪʯʠʢʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʛʣʘ ʠ ʠʩʪʠʥʥʦʡ ʚʦʟʜʫʰʥʦʡ 

ʩʢʦʨʦʩʪʠ ʥʘ ʨʘʟʣʠʯʥʳʭ ʜʦʟʚʫʢʦʚʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʘʭ. 
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˜˝˛ˎ˘˒˙ˍ ˙˚˛ː˛˙˛ˑˍ˘˩˚˛˞˟˕ ˜˝˕ ˛ˣ˒˚˗˒ ˜ˍ˝ˍ˙˒˟˝˛ˏ ˞˕ː˚ˍ˘ˍ ˘ˍ˔˒˝˚˛ː˛ 
ˑ˛˜˘˒˝˛ˏ˞˗˛ː˛ ˏ˕ˎ˝˛˙˒˟˝ˍ ˙˒˟˛ˑˍ˙˕ ˛˜˟˕˙ˍ˘˩˚˛˖ ˡ˕˘˩˟˝ˍˣ˕˕ 

The Problem of Multimodality in Evaluating the LDV Signal Parameters using Optimal Filtering  

˟˕˟˛ˏ ˑȢˍȢ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

 
ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʤʥʦʛʦʤʦʜʘʣʴʥʦʩʪʠ ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʦʮʝʥʢʠ ʠ ʬʠʣʴʪʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʃɼɺ, ʧʦʩʪʨʦʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʦʧʪʠʤʘʣʴʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩ ʛʘʫʩʩʦʚʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ. 

 

ɼʣʷ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʘʟʝʨʥʳʝ ʜʦʧʣʝʨʦʚʩʢʠʝ 

ʚʠʙʨʦʤʝʪʨʳ (ʃɼɺ), ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥ ʥʘ ʚʳʜʝʣʝʥʠʠ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʜʚʠʛʘ ʯʘʩʪʦʪ ʧʨʠ 

ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʧʦʣʷ ʜʚʫʭ ʣʘʟʝʨʥʳʭ ʧʫʯʢʦʚ. ʆʙʨʘʙʦʪʢʘ ʩʠʛʥʘʣʘ ʃɼɺ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ ʚʠʙʨʦʢʦʣʝʙʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʤʧʣʠʪʫʜʝ, ʯʘʩʪʦʪʝ ʠ ʬʘʟʝ 

ʢʦʣʝʙʘʥʠʡ. ʆʮʝʥʠʚʘʝʤʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʧʦʩʪʦʷʥʥʳʝ ʠʣʠ ʠʟʤʝʥʷʶʱʠʝʩʷ ʚʦ ʚʨʝʤʝʥʠ, 

ʧʦʜʚʝʨʞʝʥʳ ʩʣʫʯʘʡʥʳʤ ʬʣʫʢʪʫʘʮʠʷʤ. ɼʣʷ ʩʠʥʪʝʟʘ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʠʚʘʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʤʝʥʷʝʪʩʷ 

ʤʝʪʦʜ ʦʧʪʠʤʘʣʴʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 

ɺ ʛʝʪʝʨʦʜʠʥʥʦʡ ʩʭʝʤʝ ʃɼɺ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʚʠʙʨʦʜʘʪʯʠʢʘ ʠʤʝʝʪ ʚʠʜ: 
 

( )[ ] )()()(sin)(cos)()( 0 tnttttmttAtS ++F+W+= fw , 
 

ʛʜʝ )(),(),(),( tttmtA fF ʷʚʣʷʶʪʩʷ ʥʝʠʟʚʝʩʪʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʝʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʧʦʣʘʛʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʠ ʪʦʯʥʦ ʠʟʚʝʩʪʥʳʤʠ, ʘ )(tn  ï ʙʝʣʳʡ ʛʘʫʩʩʦʚ ʰʫʤ ʩ ʠʟʚʝʩʪʥʦʡ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ. 

ʀʟʤʝʥʷʶʱʠʝʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʤʥʦʛʦʤʝʨʥʳʡ 

ʤʘʨʢʦʚʩʢʠʡ ʧʨʦʮʝʩʩ, ʦʧʠʩʳʚʘʝʤʳʡ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 
 

( ) ( ) )(),(),(
d

d
ttt

t
ɕtɚgtɚf

ɚ
+= , 

 

ʛʜʝ f  ʠ g  - ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʝ ʚʝʢʪʦʨʥʘʷ ʠ ʤʘʪʨʠʯʥʘʷ ʬʫʥʢʮʠʠ, )(tɕ  ï ʙʝʣʳʡ ʛʘʫʩʩʦʚ ʰʫʤ ʩ ʥʫʣʝʚʳʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ʠ ʠʟʚʝʩʪʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʤʘʪʨʠʮʝʡ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʤʘʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚ ʛʘʫʩʩʦʚʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʘʧʦʩʪʝʨʠʦʨʥʘʷ ʩʦʚʤʝʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ (ɸʇɺ) ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʛʘʫʩʩʦʚʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʚʝʨʦʷʪʥʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ɸʇɺ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ ʉʪʨʘʪʦʥʦʚʠʯʘ. ɸʣʛʦʨʠʪʤ ʦʮʝʥʢʠ ʠʣʠ 

ʬʠʣʴʪʨʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʦʠʪʩʷ ʠʩʭʦʜʷ ʠʟ ʢʨʠʪʝʨʠʷ ʤʠʥʠʤʫʤʘ ʜʠʩʧʝʨʩʠʠ ʦʰʠʙʢʠ 

ʬʠʣʴʪʨʘʮʠʠ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ ʘʧʦʩʪʝʨʠʦʨʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʚʳʷʚʣʷʝʪ ʝʸ ʤʥʦʛʦʤʦʜʘʣʴʥʦʩʪʴ. ʇʦʩʢʦʣʴʢʫ ʘʣʛʦʨʠʪʤʳ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ 

ʦʩʥʦʚʝ ʛʘʫʩʩʦʚʩʢʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ɸʇɺ, ʧʦʟʚʦʣʷʶʪ ʥʘʡʪʠ ʣʠʰʴ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ, ʚʦʟʥʠʢʘʶʪ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʘʧʘʟʦʥʦʚ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʠʤʦ ʛʘʫʩʩʦʚʦ ʧʨʠʙʣʠʞʝʥʠʝ ɸʇɺ; 

- ʧʦʩʪʨʦʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ. 
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Synthesis of optimal time control regardless of time -independent disturbances  

ˡˍˏ˛˝˞˗˕˖ ˒Ȣ˗Ȣ 

˙̏̒̋̏̃̒̋̉̊ ̗̜́̃̉́̉̏̎̎̊ ̉̎̒̓̉̓̔̓ ɉ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ɋ 

ˡ́̃̏̑̒̋̉̊ ˒Ȣ˗Ȣ ̝̒̏̉̒̋́̓̆̌ ̋́̕Ȣ χτυ Ⱥ˞̜̉̒̓̆̍ ̘́̃̓̏̍́̓̉̆̒̋̏̄̏ ̉ ̝̉̎̓̆̌̌̆̋̓̔́̌̎̏̄̏ ̠̔̐̑́̃̌̆̎̉Ȼȟ 
̘̜̎́̔  ̊̑ ̔̋̏̃ ̝̏̅̉̓̆̌Ȣ ̐̑̏̕Ȣ ˘̆̂̆̅̆̃ ːȢ˚Ȣ 

 
ɿʘʜʘʯʘ ʩʠʥʪʝʟʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚʪʦʨʦʛʦ ʤʥʦʞʝʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʜʦʙʠʪʴʩʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ. 

 

ʄʥʦʞʝʩʪʚʦ ʜʣʷ ʚʪʦʨʠʯʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʀʟʚʝʩʪʥʳʡ ʘʣʛʦʨʠʪʤ ʩʠʥʪʝʟʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʧʝʨʝʚʦʜʝ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʠʟ ʪʦʯʢʠ ʚ ʪʦʯʢʫ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʧʨʦʠʟʚʦʣʴʥʫʶ ʚʘʨʠʘʮʠʶ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ [1]. ʇʨʠ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʠ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʝʤ 
 

( ) 0ʧ=-ä
i

iii xxM ,      (1) 

 

ʧʨʠ 
ab iii xxx << , ʛʜʝ ix  - ʧʝʨʝʤʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʧix  - ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʧʨʠʥʘʜʣʝʞʘʱʝʡ 

ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, iM  - ʢʦʦʨʜʠʥʘʪʘ ʚʝʢʪʦʨʘ, 

ʥʦʨʤʘʣʴʥʦʛʦ ʢ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ, 
bi

x , 
ai

x - ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʛʨʘʥʠʮʳ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ. 

ɼʣʷ 
0i

x  ʪʦʯʢʠ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ (ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʠʣʠ ʟʘʜʘʥʥʦʡ) ʧʨʝʜʣʘʛʘʝʪʩʷ ʟʘʤʝʥʠʪʴ 

ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ( )1-n ʛʠʧʝʨʧʣʦʩʢʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ ʜʣʷ j -ʦʛʦ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʟʘʧʠʩʘʪʴ 
 

( ) 0ʧ=-ä
i

ijiij xxN  ,      (2) 

 

ʛʜʝ ijN  ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʛʣʦʚʦʝ ʧʦʣʦʞʝʥʠʝ j -ʦʡ ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʘ ʧijx  - 

ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ j -ʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ɺ ʘʣʛʦʨʠʪʤʝ (2) ʚʝʣʠʯʠʥʳ ijN  ʩʦʩʪʘʚʣʷʶʪ ʚʪʦʨʠʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʥʦʞʝʩʪʚʫ 

ʫʧʨʘʚʣʝʥʠʡ ()tU , ʥʘ ʢʦʪʦʨʦʤ ʚʳʙʠʨʘʝʪʩʷ ()tU , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʢʨʠʪʝʨʠʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ. 

ɸʣʛʦʨʠʪʤ 2 ʜʣʷ ʦʙʲʝʢʪʘ 
 

CGBAx ++= Ux# , 
 

ʛʜʝ U  - ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, iG , ( )11 -·n -ʤʝʨʥʳʝ ʧʦʩʪʦʷʥʥʳʝ ʚʦʟʤʫʱʝʥʠʷ A , Bʠ C  ʤʘʪʨʠʮʳ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʌʠʢʩʠʨʫʝʤ ʪʦʯʢʫ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 
0i

x  ʠ ʦʧʨʝʜʝʣʷʝʤ ( )1-n  ʪʦʯʢʫ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʧʨʠ ʟʘʜʘʥʥʦʡ 

ʪʦʯʢʝ ʠʟ ʤʥʦʞʝʩʪʚʘ iG . ɺʘʨʴʠʨʫʷ ʪʦʯʢʠ ʚ ʤʥʦʞʝʩʪʚʝ iG  ʜʣʷ j -ʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʦʣʫʯʠʤ ( )1-n -ʤʝʨʥʦʝ 

ʤʥʦʞʝʩʪʚʦ, ʜʣʷ ʪʦʯʝʢ ʢʘʞʜʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴʶ. ʇʘʨʘʤʝʪʨʳ 

ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʶ (2), ʠʟ ʯʝʛʦ ʚʳʙʠʨʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ijN . 

ʀʝʨʘʨʭʠʷ ʧʝʨʝʢʣʶʯʝʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ ʛʠʧʝʨʧʣʦʩʢʦʩʪʝʡ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʨʘʚʥʦʝ ( )1-n , ʤʦʞʝʪ 

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ ʪʘʢ, ʯʪʦ ʚʤʝʩʪʦ 1-ʦʡ ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʥʘ ʧʫʪʠ 

ʪʨʘʝʢʪʦʨʠʠ ʚ ʥʘʯʘʣʝ ʦʢʘʞʝʪʩʷ j -ʘʷ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʧʦʦʯʝʨʝʜʥʦ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʩʪʦʷʥʠʡ ʩʪʘʚʠʪʴ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴ ʧʝʨʝʢʣʶʯʝʥʠʡ ʦʪ 1 ʧʝʨʚʦʛʦ ʜʦ j, ʦʙʥʫʣʷʷ ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ  
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ʧʝʨʝʢʣʶʯʝʥʠʡ, ʥʝ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʝʨʝʢʣʶʯʝʥʠʠ. ʆʙʥʫʣʝʥʠʝ j -ʦʡ ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ 

ʧʝʨʝʢʣʶʯʝʥʠʡ ʧʦʩʣʝ j -ʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʩʢʦʣʴʟʷʱʠʭ ʨʝʞʠʤʦʚ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʫʛʣʦʚʦʝ 

ʧʦʣʦʞʝʥʠʝ ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ ʧʝʨʝʢʣʶʯʝʥʠʡ ʧʦʧʘʜʘʝʪ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ x# ʧʨʠ 1+=U  ʠ ʧʨʠ 1-=U . 

ʇʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ. ʈʘʩʩʤʦʪʨʝʥ ʦʙʲʝʢʪ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ GUxp +=2 . ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ 

ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʘʣʛʦʨʠʪʤʫ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʠʥʪʝʟʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʧʨʘʚʣʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ 

ʨʘʙʦʪʝ [2] ʜʣʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʦʙʲʝʢʪʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨ:r 

1. ʌʝʣʴʜʙʘʫʤ ɸ.ɸ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʄ. ʅʘʫʢʘ 1966ʛ. 

2. ʇʘʚʣʦʚ ɸ. ɸ. ʉʠʥʪʝʟ ʨʝʣʝʡʥʳʭ ʩʠʩʪʝʤ, ʦʧʪʠʤʘʣʴʥʳʭ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ, ʄ. ʅʘʫʢʘ 1966ʛ.  
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Methods of time series fractal dimension estimation  

ˡ˕˘ˍ˝˒˟˛ˏ ːȢˡȢȟ ˤ˒˝ˏ˛ˏˍ ˍȢˍȢ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

ˤ̆̑̃̏̃́ ˍȢˍȢ - ́ ̒̐̉̑́̎̓ ̋ ́̕Ȣ ̠̔̐̑́̃̌̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̕Ȣ ˡ̉̌́̑̆̓̏̃ ːȢˡȢ 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʮʝʥʠʚʘʥʠʶ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʙʣʶʜʘʝʤʳʭ ʨʝʘʣʠʟʘʮʠʡ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʦʙʱʘʷ ʩʭʝʤʘ, ʣʝʞʘʱʘʷ ʚ ʦʩʥʦʚʝ 

ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʦʜʦʚ  ʦʮʝʥʢʠ ʬʨʘʢʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʮʝʥʠʚʘʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ D ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʤʦʞʥʦ 

ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʦʧʦʣʦʛʠʯʝʩʢʦʤ ʧʦʜʭʦʜʝ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ. 

ʊʦʧʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʧʨʝʜʣʦʞʝʥʠʠ ʄʘʥʜʝʣʴʙʨʦʪʘ ʥʘʟʳʚʘʪʴ ʬʨʘʢʪʘʣʴʥʳʤʠ ʦʙʲʝʢʪʳ, 

ʭʘʫʩʜʦʨʬʦʚʘ ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʪʨʦʛʦ ʙʦʣʴʰʝ ʠʭ ʪʦʧʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʨʘʟʨʘʙʦʪʘʥ ʮʝʣʳʡ ʨʷʜ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ: ʤʝʪʦʜ ʦʮʝʥʢʠ 

ʢʣʝʪʦʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʦʮʝʥʢʘ ʍʦʣʣʘ-ɺʫʜʘ, ʦʮʝʥʢʘ ʣʦʢʘʣʴʥʦʛʦ ʠʥʜʝʢʩʘ ʬʨʘʢʪʘʣʴʥʦʩʪʠ. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʬʨʘʢʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʨʷʜʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʥʠʤʘʥʠʠ ʠʭ, ʢʘʢ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩʘʤʦʧʦʜʦʙʥʳʭ ʦʙʲʝʢʪʦʚ. ʊʠʧʠʯʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʠʟʫʘʣʴʥʦ ʧʦʭʦʞʠ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʘʩʰʪʘʙʘ ʚʨʝʤʝʥʠ, ʥʘ ʢʦʪʦʨʦʤ ʦʥʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ.  

ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʜʝʡʩʪʚʠʪʝʣʴʥʦʟʥʘʯʥʳʡ ʧʨʦʮʝʩʩ )(tX ʷʚʣʷʝʪʩʷ ʩʘʤʦʧʦʜʦʙʥʳʤ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʅ > 0, 

ʝʩʣʠ ʜʣʷ ʚʩʝʭ ʘ >0 ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ 
 

{ }{ }ÁÍ=ÁÍ ttXatatX H
d

),(),( , 
 

ʛʜʝ d ʥʘʜ ʟʥʘʢʦʤ ʨʘʚʝʥʩʪʚʘ ʦʟʥʘʯʘʝʪ ʨʘʚʝʥʩʪʚʦ ʚ ʢʦʥʝʯʥʦʤʝʨʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ, ʧʦʢʘʟʘʪʝʣʴ ʅ ʥʘʟʳʚʘʝʪʩʷ 

ʧʦʢʘʟʘʪʝʣʝʤ ʍʝʨʩʪʘ [1]. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ  ʚʧʝʨʚʳʝ ʙʳʣ ʧʦʣʫʯʝʥ ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʮʝʜʫʨʳ, 

ʥʘʟʚʘʥʥʦʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʘʥʘʣʠʟʦʤ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʨʘʟʤʘʭʘ. ʆʥ ʩʚʷʟʘʥ ʩ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ D 

ʣʠʥʝʡʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ: D = 2 ï H. 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʨʦʜʠʣ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ 

ʧʦʢʘʟʘʪʝʣʷ ʍʝʨʩʪʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʢʦʪʦʨʳʤʠ ʦʙʣʘʜʘʶʪ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ 
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ʬʫʥʢʮʠʠ, ʜʠʩʧʝʨʩʠʠ, ʚʘʨʠʦʛʨʘʤʤʳ, ʤʦʤʝʥʪʳ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ ʠ ʬʫʥʢʮʠʠ ʩʧʝʢʪʨʘ ʬʨʘʢʪʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʝʨʝʯʠʩʣʠʤ ʵʪʠ ʩʚʦʡʩʪʚʘ, ʧʦʩʣʫʞʠʚʰʠʝ ʦʩʥʦʚʦʡ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʷ ʍʝʨʩʪʘ. 

1. ʉʘʤʦʧʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʦʙʣʘʜʘʶʪ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠ ʟʘʪʫʭʘʶʱʝʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʝʡ ʚʠʜʘ 

)(~)( 22 tLkkR H-  ʧʨʠ ¤k , ʛʜʝ L(t) ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʘʷʩʷ ʬʫʥʢʮʠʷ ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. 

2. ɺʳʙʦʨʦʯʥʘʷ ʜʠʩʧʝʨʩʠʷ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘʪʫʭʘʝʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚʝʣʠʯʠʥʘ ʦʙʨʘʪʥʘʷ ʨʘʟʤʝʨʫ 

ʚʳʙʦʨʢʠ: 22)(2 ~)( -Hm mXs  ʧʨʠ ¤m , ʛʜʝ { }kiX m
i ,,2,1;)( 2=  ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʧʫʪʝʤ 

ʫʩʨʝʜʥʝʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ { }kmNjX j == ,,2,1; 2  ʧʦ ʥʝʧʝʨʝʩʝʢʘʶʱʠʤʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʙʣʦʢʘʤ ʨʘʟʤʝʨʘ m. 

3. ʇʦʚʝʜʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʘʤʦʧʦʜʦʙʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʙʣʠʟʠ ʥʫʣʷ ʠʤʝʝʪ ʩʪʝʧʝʥʥʦʡ ʭʘʨʘʢʪʝʨ: 

)(~)( www gLS -  ʧʨʠ ¤w , ʛʜʝ 
2

1-
=
g

H , )(wL  - ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʘʷʩʷ ʚ ʥʫʣʝ ʬʫʥʢʮʠʷ. 

4. ɺʘʨʠʦʛʨʘʤʤʘ (ʠʣʠ ʩʪʨʫʢʪʫʨʥʘʷ ʬʫʥʢʮʠʷ) ʩʘʤʦʧʦʜʦʙʥʦʛʦ ʧʨʦʮʝʩʩʘ: 2
2 ))()(()21()( tuXuXMt +-Ö=g  

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʦʦʪʥʦʰʝʥʠʶ )|(|||)( 22
baag ++= tOtct  ʧʨʠ 0t , ʛʜʝ ]2,0(Ía , 

2

a
=H  , 0²b , 2c > 0. 

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ, ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʬʨʘʢʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʣʝʞʠʪ ʦʙʱʘʷ ʩʭʝʤʘ: 

1. ɺʳʯʠʩʣʷʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʯʠʩʣʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʨʝʤʝʥʥʦʛʦ ʨʷʜʘ P, ʢʘʢ ʬʫʥʢʮʠʷ ʤʘʩʰʪʘʙʘ e. 

2. ɼʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ )(eP  ʧʦʜʯʠʥʷʝʪʩʷ ʩʪʝʧʝʥʥʦʤʫ ʟʘʢʦʥʫ bP eeº)(  ʧʨʠ , ʧʨʠʯʝʤ ʠʥʜʝʢʩ b, ʯʘʩʪʦ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʳʚʘʝʤʳʡ ʩʢʝʡʣʠʥʛʦʚʦʡ ʵʢʩʧʦʥʝʥʪʦʡ, ʣʠʥʝʡʥʦ ʩʚʷʟʘʥ ʩ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ.  

3. ʌʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

)(log eP , .log e  

ʆʙʱʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʙʦʨʦʢ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ (N~103 ï 104). ʇʦʵʪʦʤʫ ʟʘʜʘʯʘ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʷ ʍʝʨʩʪʘ, ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ N, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʐʝʣʫʭʠʥ ʆ.ʀ., ʆʩʠʥ ɸ.ɺ., ʉʤʦʣʴʩʢʠʡ ʉ.ʄ. ʉʘʤʦʧʦʜʦʙʠʝ ʠ ʬʨʘʢʪʘʣʳ, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. ï 

ʄ.:ʌʀɿʄɸʊʃʀʊ, 2008. 
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Chaotic oscillations in deterministic systems with hysteresis nonlinearities  

ˡ˛˙˕˚ˍ ˒ ȢˍȢ 

˞̝̓́̑̏̏̒̋̏̌̒̋̉̊ ̉̌̉́̌̕ Ⱥˏ ̏̑̏̎̆̇̒̋̏̄̏ ̄̏̒̔̅́̑̒̓̃̆̎̎̏̄̏ ̔̎̉̃̆̑̒̉̓̆̓́Ȼ 

ˡ̏̍̉̎́ ˒ȢˍȢȟ ̒̓̔̅̆̎̓̋́ ˞ˡ ȺˏːˠȻȟ ̜̋́̆̅̑̕ ̐̑̉̋̌́̅̎̏̊ ̍́̓̆̍́̓̉̋̉ȟ ̉̎̏̑̍́̓̉̋̉̕ ̉ ̖̍̆́̎̉̋̉ȟ 
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ʛʠʩʪʝʨʝʟʠʩʥʳʤʠ ʥʝʣʠʥʝʡʥʦʩʪʷʤʠ, ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʘʩʧʝʢʪʳ ʭʘʦʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 
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93  

ʅʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʛʠʩʪʝʨʝʟʠʩʥʦʛʦ ʪʠʧʘ ʧʦʚʩʝʤʝʩʪʥʦ ʚʦʟʥʠʢʘʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʟʜʝʣʘʭ ʬʠʟʠʢʠ, 

ʤʝʭʘʥʠʢʠ, ʙʠʦʣʦʛʠʠ ʠ ʜʨ. ʥʘʫʢʘʭ. ʋʯʝʪ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʵʬʬʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤ ʚʦ ʤʥʦʛʠʭ ʧʨʝʜʤʝʪʥʳʭ 

ʦʙʣʘʩʪʷʭ: ʛʠʩʪʝʨʝʟʠʩ ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ ʠ ʙʠʦʣʦʛʠʠ, ʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ ʚ 

ʬʠʟʠʢʝ, ʧʣʘʩʪʠʯʝʩʢʠʡ ʛʠʩʪʝʨʝʟʠʩ ʚ ʤʝʭʘʥʠʢʝ ʠ ʪ.ʧ. [1] 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩ ʛʠʩʪʝʨʝʟʠʩʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʴʶ, ʚ ʢʦʪʦʨʦʡ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚʳʥʫʞʜʝʥʥʳʝ ʭʘʦʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. ʅʘʣʠʯʠʝ ʛʠʩʪʝʨʝʟʠʩʥʦʛʦ ʟʚʝʥʘ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, 

ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʝʤʢʦʩʪʴʶ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʝʛʦ ʦʙʢʣʘʜʢʘʭ 

ʠʤʝʝʪ ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʚʠʜ. ɻʠʩʪʝʨʝʟʠʩʥʦʝ ʟʚʝʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʦʩʴ ʢʦʥʝʯʥʦʡ ʩʠʩʪʝʤʦʡ ʥʝʠʜʝʘʣʴʥʳʭ ʨʝʣʝ.  

ɼʠʥʘʤʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ (1) ʩ ʥʘʯʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ (2): 
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Ö= ï ʛʠʩʪʝʨʝʟʠʩʥʦʝ ʟʚʝʥʦ, ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʦʝ ʢʦʥʝʯʥʦʡ ʩʠʩʪʝʤʦʡ ʥʝʠʜʝʘʣʴʥʳʭ ʨʝʣʝ, 

ʥʘ ʚʭʦʜ ʢʦʪʦʨʳʭ ʧʦʩʪʫʧʘʝʪ )(ty  - ʨʝʰʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ, ig-const, ii ba, -ʧʦʨʦʛʦʚʳʝ ʯʠʩʣʘ 

ʥʝʠʜʝʘʣʴʥʳʭ ʨʝʣʝ, A - ʘʤʧʣʠʪʫʜʘ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ, w- ʯʘʩʪʦʪʘ. 

ʈʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʠʥʜʫʢʮʠʝʡ ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ ʩ ʬʘʟʦʚʳʤ 

ʧʝʨʝʭʦʜʦʤ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʝʛʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚ ʚʠʜʝ: 
 

ñ=
)(

0

)()(
ty

tdytXG ,      (3) 

 

ʛʜʝ )(tX - ʚʳʭʦʜ ʨʝʣʝ, )(ty - ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1). ʇʦʪʝʥʮʠʘʣ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ ʠ ʩʪʨʫʢʪʫʨʘ ʛʠʩʪʝʨʝʟʠʩʥʦʛʦ 

ʟʚʝʥʘ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʘʩʧʝʢʪʦʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʘʦʩʘ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ. ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʘ ʟʘʜʘʯʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚ ʨʘʙʦʪʝ [2], 

ʦʜʥʘʢʦ ʚ ʥʝʡ ʛʠʩʪʝʨʝʟʠʩ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʴʶ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʥʝʣʠʥʝʡʥʦʡ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʩ ʛʠʩʪʝʨʝʟʠʩʥʦʡ 

ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʧʦʷʚʣʝʥʠʝ ʭʘʦʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʯʝʥʠʡ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ: 

ʘʤʧʣʠʪʫʜʳ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʠʩʪʝʨʝʟʠʩʥʦʛʦ ʟʚʝʥʘ: ʧʦʨʦʛʦʚʳʭ ʯʠʩʝʣ 

ʢʦʥʪʠʥʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʘʨʘʣʣʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʨʝʣʝ - ii ba, .  

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʭʘʦʪʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʨʠ 

ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʘʤʧʣʠʪʫʜʳ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʩʠʩʪʝʤʘ ʩʦʚʝʨʰʘʝʪ ʧʦʯʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʚ 

ʦʜʥʦʡ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʷʤ (ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʠʤʝʝʪ ʚʠʜ ʟʘʤʢʥʫʪʦʡ ʢʨʠʚʦʡ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʦ 

ʚʳʪʷʥʫʪʦʛʦ ʵʣʣʠʧʩʘ). ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʥʘʯʝʥʠʡ ʘʤʧʣʠʪʫʜʳ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʳ ʚʦʟʥʠʢʘʶʪ ʥʝʨʝʛʫʣʷʨʥʳʝ 

(ʭʘʦʪʠʯʝʩʢʠʝ) ʜʚʠʞʝʥʠʷ - ʜʚʠʞʝʥʠʷ ʚ ʦʜʥʦʡ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʷʤ ʟʘʭʚʘʪʳʚʘʝʪ ʜʨʫʛʫʶ ʷʤʫ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʪʨʫʢʪʫʨʳ ʛʠʩʪʝʨʝʟʠʩʥʦʛʦ ʟʚʝʥʘ, ʪʦ ʚ ʩʠʣʫ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʝʤʢʦʩʪʴʶ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠ ʥʘʧʨʷʞʝʥʠʝʤ ʥʘ ʝʛʦ ʦʙʢʣʘʜʢʘʭ, ʠʤʝʶʱʝʡ ʛʠʩʪʝʨʝʟʠʩʥʳʡ ʚʠʜ ʚ 

ʬʦʨʤʝ ʧʝʪʣʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʪʦ ʦʥʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ. ɸ 

ʠʤʝʥʥʦ: ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʪʷʛʠʚʘʶʪʩʷ ʢ ʥʫʣʶ, 

ʛʠʩʪʝʨʝʟʠʩ ʠʩʯʝʟʘʝʪ, ʪ.ʝ. ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʩʠʩʪʝʤʳ ʫʤʝʥʴʰʘʶʪʩʷ, ʢʦʣʠʯʝʩʪʚʦ çʷʤè -ʤʠʥʠʤʫʤʦʚ ʧʦʪʝʥʮʠʘʣʘ 

(3)  ʫʤʝʥʴʰʘʝʪʩʷ, ʪ.ʝ. ʜʚʠʞʝʥʠʝ ʩʠʩʪʝʤʳ (ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʘʤʧʣʠʪʫʜʳ) ʠʟ ʭʘʦʪʠʯʝʩʢʠʭ 

ʢʦʣʝʙʘʥʠʡ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʛʫʣʷʨʥʳʝ. ʀ, ʥʘʦʙʦʨʦʪ, ʧʨʠ ʙʦʣʴʰʦʡ ʚʳʥʫʞʜʘʶʱʝʡ ʩʠʣʝ ʠ  ʫʤʝʥʴʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʧʦʪʝʥʮʠʘʣ ʩʪʘʥʦʚʠʪʩʷ ʤʥʦʛʦʤʠʥʠʤʫʤʥʳʤ, ʠ ʩʪʘʥʦʚʠʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʭʘʦʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 
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ˠ˞˟˝˛˖˞˟ˏˍ ˍ˞˟˝˛˚˛˙˕ˤ˒˞˗˛ː˛ ˕˚˞˟˝ˠ˙˒˚˟ˍ 

Determination of the coordinates of the star image in the plane of the photodetector  
of astronomical instrument  

ˣ˛ˑ˛˗˛ˏˍ ˏȢˏȢ 

˛ˍ˛ Ⱥ˗̗̏̎̆̑̎ Ⱥˣ˚˕˕ Ⱥ˪̌̆̋̓̑̏̐̑̉̂̏̑Ȼ 

ˣ̏̅̏̋̏̃́ ˏȢˏȢ ɀ ́ ̒̐̉̑́̎̓, 
̘̜̎́̔̎̆ ̑̔̋̏̃̏̅̉̓̆̌̉ȡ ̅Ȣ̓Ȣ̎Ȣȟ ̜̈́̒̌̔̇̆̎̎̊ ̠̝̅̆̓̆̌ ̎́̔̋̉ ˝ˡȟ ̐̑̏̕Ȣ ˤ̆̌̐́̎̏̃ ˕ȢˎȢȠ ̋Ȣ̓Ȣ̎Ȣ ˗̝̔̈̍̉̎́ ˚ȢˏȢ 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʷʪʴ ʢʦʦʨʜʠʥʘʪʳ ʠʟʦʙʨʘʞʝʥʠʷ ʟʚʝʟʜʳ ʚ 

ʧʣʦʩʢʦʩʪʠ ʬʦʪʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩ ʩʫʙʧʠʢʩʝʣʴʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ. ʇʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʟʚʝʟʜʳ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ 

ʬʦʪʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

 

ʈʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʘʩʪʨʦʥʦʤʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩ ʚʠʟʫʘʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʝʡ ʧʦʣʦʞʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ, ʠʭ ʪʨʫʜʦʝʤʢʦʩʪʴ, ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʠʩʧʦʣʥʠʪʝʣʝʡ. ʇʨʠʤʝʥʝʥʠʝ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ (ʇɿʉ, ʂʄʆʇ), ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʥʘʙʣʶʜʝʥʠʷ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʩʢʣʶʯʠʪʴ ʣʠʯʥʳʝ ʦʰʠʙʢʠ ʥʘʙʣʶʜʘʪʝʣʷ ʠ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ. 

ɺ ʩʣʫʯʘʝ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʣʦʞʝʥʠʷ ʟʚʝʟʜʳ ʧʨʠ ʧʦʤʦʱʠ ʬʦʪʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʦʟʤʦʞʥʦ 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʩʦʪʳʭ ʜʦʣʝʡ ʵʣʝʤʝʥʪʘ ʨʘʟʣʦʞʝʥʠʷ ʬʦʪʦʧʨʠʝʤʥʠʢʘ [1] 

(ʩʫʙʧʠʢʩʝʣʴʥʦʝ ʨʘʟʨʝʰʝʥʠʝ), ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ 

ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ. 

ʇʦʣʦʞʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʝʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ. 

ʊʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʙʣʠʞʝʥʠʠ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʠʛʥʘʣʦʚ, 

ʩʥʠʤʘʝʤʳʭ ʩ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢ ʥʝʢʦʪʦʨʦʡ ʢʨʠʚʦʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʝʝ ʵʢʩʪʨʝʤʫʤʘ [1]. ʂʨʦʤʝ 

ʪʦʛʦ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʩ ʧʦʤʦʱʴʶ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ. 

ʊʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʟʦʙʨʘʞʝʥʠʷ ʟʚʝʟʜʳ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʪʘʢ ʠ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʘʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʦʪʥʦʰʝʥʠʝ, ʩʠʛʥʘʣ/ʰʫʤ, ʨʘʟʤʝʨʳ 

ʵʣʝʤʝʥʪʘ ʨʘʟʣʦʞʝʥʠʷ ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʠ ʧʷʪʥʘ ʨʘʩʩʝʷʥʠʷ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʚʥʫʪʨʠ ʧʷʪʥʘ [2, 3]. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ, ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠʟʦʙʨʘʞʝʥʠʷ ʟʚʝʟʜʳ ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʬʦʪʦʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʠ ʩʘʤʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 
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˕˞˜˛˘˩˔˛ˏˍ˚˕˒ ˝ˍ˔˘˕ˤ˚˨ˢ ˟˕˜˛ˏ ˚˒ˤ˒˟˗˕ˢ ˞˛˛˟ˏ˒˟˞˟ˏ˕˖ ˏ  
˚˒ˤ˒˟˗˕ˢ ˞˕˞˟˒˙ˍˢ ˠ˜˝ˍˏ˘˒˚˕ˬ ˚ˍ ˛˞˚˛ˏ˒ ˝˒˘ˬˣ˕˛˚˚˨ˢ ˙˛ˑ˒˘˒˖ 

Use of different  types of fuzzy correspondence in fuzzy systems based on relational models  

ˍ˚˕˞˕˙˛ˏ ˑȢ˚Ȣȟ ˑ˝˛˔ˑ˛ˏˍ ˒ȢˑȢȟ ˚˛ˏ˕˗˛ˏ ˏȢ˚Ȣ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

ˑ̑̏̈̅̏̃́ ˒ȢˑȢ- ̒ ̓̔̅̆̎̓̋́ ̋́̕Ȣ ̠̔̐̑́̃̌̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ȟ ˚̏̃̉̋̏̃ ˏȢ˚ȢϾ ́̒̐̉̑́̎̓ ̋́̕Ȣ ̠̔̐̑́̃̌̆̎̉ ̉ 
̉̎̏̑̍́̓̉̋̉̕ȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̗̅̏̆̎̓ ˍ̎̉̒̉̍̏̃ ˑȢ˚Ȣ 

 
ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʜʠʥʘʤʠʢʫ ʥʝʯʝʪʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʨʝʣʷʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ï ʭʘʨʘʢʪʝʨʘ ʥʝʯʝʪʢʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ. ʇʨʝʜʣʦʞʝʥʦ ʪʨʠ ʪʠʧʘ ʥʝʯʝʪʢʠʭ ʩʦʦʪʚʝʪʩʪʚʠʡ, 

ʦʪʨʘʞʘʶʱʠʭ ʤʦʜʝʣʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʯʝʪʢʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ (ʅʃʈ) ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʟʘʤʢʥʫʪʦʡ ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʜʣʷ ʵʪʠʭ ʪʠʧʦʚ ʩʦʦʪʚʝʪʩʪʚʠʡ. 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʘʣʛʦʨʠʪʤʦʚ ʥʝʯʝʪʢʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ, ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʥʘ ʧʨʘʢʪʠʢʝ. ɺ ʜʦʢʣʘʜʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ ʘʣʛʦʨʠʪʤ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʠʭ 

ʨʝʣʷʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ [ʃ]. ʇʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʭʦʜʥʳʝ ʥʝʯʝʪʢʠʝ ʧʝʨʝʤʝʥʥʳʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ 

ʚʳʭʦʜʥʳʝ ʩ ʧʦʤʦʱʴʶ ʥʝʯʝʪʢʠʭ ʩʦʦʪʚʝʪʩʪʚʠʡ. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʥʝ ʩʪʦʣʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʷʭ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʳ ʄʘʤʜʘʥʠ ʠʣʠ ʊʘʢʘʛʠ-ʉʫʛʵʥʦ, ʦʜʥʘʢʦ, ʝʛʦ ʥʝʩʦʤʥʝʥʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʚʷʟʢʠ ʢ ʢʘʢʦʡ-ʣʠʙʦ ʠʟ ʦʧʝʨʘʮʠʡ ʥʝʯʝʪʢʦʡ 

ʠʤʧʣʠʢʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ, ʠʟʤʝʥʷʷ ʥʝ ʪʦʣʴʢʦ 

ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʝʨʤʦʚ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʥʦ ʠ ʵʣʝʤʝʥʪʳ 

ʥʝʯʝʪʢʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʅʃʈ ʩ ʜʚʫʤʷ ʚʭʦʜʥʳʤʠ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ (çʈʘʩʩʦʛʣʘʩʦʚʘʥʠʝè ʠ 

çʇʨʦʠʟʚʦʜʥʘʷè) ʠ ʦʜʥʦʡ ʚʳʭʦʜʥʦʡ (çʋʧʨʘʚʣʝʥʠʝè). ʄʦʱʥʦʩʪʴ ʪʝʨʤ-ʤʥʦʞʝʩʪʚ ʢʘʞʜʦʡ ʠʟ ʧʝʨʝʤʝʥʥʳʭ  

ʨʘʚʥʘ 3. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʣʷʮʠʦʥʥʘʷ ʤʘʪʨʠʮʘ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ 39³. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʵʪʦʡ ʤʘʪʨʠʮʳ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ (ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ - 27), ʠ ʧʨʠ 

ʥʘʩʪʨʦʡʢʝ ʅʃʈ ʠʭ ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ ʧʨʠʚʝʜʝʪ ʢ ʥʝʦʧʨʘʚʜʘʥʥʦ ʙʦʣʴʰʠʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ. ʇʦʵʪʦʤʫ 

ʚʳʜʝʣʠʤ ʪʨʠ ʪʠʧʘ ʥʝʯʝʪʢʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ, ʢʦʪʦʨʳʝ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʥʦʚʥʳʝ ʤʦʜʝʣʠ 

ʜʝʡʩʪʚʠʡ ʣʠʮʘ, ʧʨʠʥʠʤʘʶʱʝʛʦ ʨʝʰʝʥʠʷ. ʇʫʩʪʴ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʪʨʠʮʘʤʠ 1R , 2R  ʠ 3R : 
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ʇʝʨʚʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʦʞʥʦ ʩʦʜʝʨʞʘʪʝʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ, ʢʘʢ çʨʝʰʠʪʝʣʴʥʫʶè ʤʦʜʝʣʴ ʜʝʡʩʪʚʠʡ, 

ʢʦʛʜʘ ʣʠʮʦ, ʧʨʠʥʠʤʘʶʱʝʝ ʨʝʰʝʥʠʝ, ʘʙʩʦʣʶʪʥʦ ʫʚʝʨʝʥʥʦ ʚʳʙʠʨʘʝʪ ʦʜʥʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʜʘʞʝ ʧʨʠ ʩʘʤʳʭ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʷʭ. ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʚʳʙʦʨʝ ʛʨʘʬʠʢʘ 

ʥʝʯʝʪʢʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠ ʤʘʢʩʤʠʥʥʦʤ ʣʦʛʠʯʝʩʢʦʤ ʙʘʟʠʩʝ ʘʣʛʦʨʠʪʤ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ ʩʪʘʥʦʚʠʪʩʷ 

ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʘʣʛʦʨʠʪʤʫ ʄʘʤʜʘʥʠ. ɺʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʙʫʜʝʤ ʫʩʣʦʚʥʦ ʥʘʟʳʚʘʪʴ çʥʝʫʚʝʨʝʥʥʦʡè ʤʦʜʝʣʴʶ 

ʜʝʡʩʪʚʠʡ. ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʭʘʨʘʢʪʝʨʥʘ ʦʯʝʥʴ ʙʦʣʴʰʘʷ ʦʩʪʦʨʦʞʥʦʩʪʴ ʚ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʷʭ, ʦʜʥʘʢʦ, ʥʝ 

ʚʳʭʦʜʷʱʘʷ ʟʘ ʧʨʝʜʝʣʳ ʟʜʨʘʚʦʛʦ ʩʤʳʩʣʘ. ʊʨʝʪʴʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ çʚʟʚʝʰʝʥʥʦʡè ʤʦʜʝʣʴʶ, ʢʦʛʜʘ 

ʧʨʠ ʦʯʝʚʠʜʥʳʭ ʧʨʝʜʧʦʯʪʝʥʠʷʭ ʫʚʝʨʝʥʥʦ ʚʳʙʠʨʘʶʪʩʷ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʠ ʥʝʦʯʝʚʠʜʥʳʭ - ʚʳʙʦʨ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʩʪʦʨʦʞʥʦ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʣʦʛʠʯʝʩʢʠʭ ʙʘʟʠʩʦʚ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʝʨʝʭʦʜʝ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʦʪ çʨʝʰʠʪʝʣʴʥʦʡè ʤʦʜʝʣʠ ʢ çʥʝʫʚʝʨʝʥʥʦʡè ʩʦʢʨʘʱʘʝʪʩʷ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʡ 

ʚʝʣʠʯʠʥʳ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʅʃʈ ʫʤʝʥʴʰʘʝʪʩʷ; ʜʣʷ çʨʝʰʠʪʝʣʴʥʦʡè ʤʦʜʝʣʠ 

ʩʪʘʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʜʝʨʞʘʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʟʦʥʫ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ. ɼʣʷ ʤʘʢʩʤʠʥʥʦʛʦ ʙʘʟʠʩʘ 

ʝʝ ʰʠʨʠʥʘ ʤʘʢʩʠʤʘʣʴʥʘ. 

 
ɼʦʢʣʘʜ ʧʦʜʛʦʪʦʚʣʝʥ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ 

13-01-00082-ʘ). 
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˛ ˏ˛˔˙˛˓˚˛˞˟˕ ˗˛˝˝˒˗ˣ˕˕ ˚˒ˤ˒˟˗˕ˢ ˞˕˞˟˒˙ ˠ˜˝ˍˏ˘˒˚˕ˬ  
˜˝˕ ˜˛˙˛˦˕ ˕˔˙˒˚˒˚˕ˬ ˟-˚˛˝ ̇

On a possibility of fuzzy control systems offset by change of T-norms  

ˍ˚˕˞˕˙˛ˏ ˑȢ˚Ȣȟ ˚˛ˏ˕˗˛ˏ ˏȢ˚Ȣ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

˚̏̃̉̋̏̃ ˏȢ˚ȢϾ ́̒̐̉̑́̎̓ ̋́̕Ȣ ̠̔̐̑́̃̌̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̗̅̏̆̎̓ ˍ̎̉̒̉̍̏̃ ˑȢ˚Ȣ 

 
ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʊ-ʥʦʨʤʳ (ʣʦʛʠʯʝʩʢʦʛʦ ʙʘʟʠʩʘ) ʥʘ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʯʝʪʢʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ (ʅʃʈ) ʠ ʦʮʝʥʢʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʣʦʛʠʯʝʩʢʦʛʦ ʙʘʟʠʩʘ. 

 

ʃʦʛʠʯʝʩʢʠʡ ʙʘʟʠʩ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʥʝʯʝʪʢʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ [ʃ] ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʙʦʨʦʤ ʪʦʡ ʠʣʠ ʠʥʦʡ T-ʥʦʨʤʳ ʠ ʩʦʧʨʷʞʝʥʥʦʡ c ʥʝʡ T-ʢʦʥʦʨʤʳ (S-ʥʦʨʤʳ), 

ʷʚʣʷʶʱʠʭʩʷ ʥʝʯʝʪʢʠʤʠ ʨʘʩʰʠʨʝʥʠʷʤʠ ʦʧʝʨʘʮʠʡ çʀè ʠ çʀʃʀè.  

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʊ-ʥʦʨʤʘ ɿʘʜʝ (ʤʘʢʩʤʠʥʥʳʡ ʙʘʟʠʩ), ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʊ-ʥʦʨʤʘ 

(ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ ʙʘʟʠʩ), ʊ-ʥʦʨʤʘ ʃʫʢʘʩʝʚʠʯʘ (ʦʛʨʘʥʠʯʝʥʥʳʡ ʙʘʟʠʩ) ʠ ʩʠʣʴʥʘʷ ʊ-ʥʦʨʤʘ (ʜʨʘʩʪʠʯʝʩʢʠʡ ʙʘʟʠʩ). 

ʈʘʩʰʠʨʝʥʠʷ ʦʧʝʨʘʮʠʡ çʀè ʠ çʀʃʀè ʜʣʷ ʵʪʠʭ ʙʘʟʠʩʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
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ʊʘʙʣʠʮʘ 
 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ T- ʠ S-ʥʦʨʤʳ 
 

ʃʦʛʠʯʝʩʢʠʡ ʙʘʟʠʩ ʅʝʯʝʪʢʦʝ ʨʘʩʰʠʨʝʥʠʝ çʀè 

(T-ʥʦʨʤʘ) 

ʅʝʯʝʪʢʦʝ ʨʘʩʰʠʨʝʥʠʝ çʀʃʀè 

(S-ʥʦʨʤʘ) 

 ʆʙʦʟʥ. ʌʦʨʤʫʣʘ ʆʙʦʟʥ. ʌʦʨʤʫʣʘ 

ʄʘʢʩʤʠʥʥʳʡ MT , 21 xx Ø  ),min( 21 xx  MS , 21 xx Ù  ),max( 21 xx  

ɸʣʛʝʙʨʘʠʯʝʩʢʠʡ PT , 21 xx ¶  21xx  
PS , 21 xx +

¶
 2121 xxxx -+  

ʆʛʨʘʥʠʯʝʥʥʳʡ LT , 21 xx Ã  0)1( 21 Ù-+xx  LS , 21 xx Ä  1)( 21 Ø+xx  

ʉʠʣʴʥʳʡ DT , 21 xxD  2x , ʝʩʣʠ 11=x  

1x , ʝʩʣʠ 12=x  

0 ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ 

DS , 21 xxÐ  2x , ʝʩʣʠ 01=x  

1x , ʝʩʣʠ 02=x  

1 ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ 

 

ɺ ʙʦʣʝʝ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʙʘʟʠʩʘ ʢ ʜʨʫʛʦʤʫ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʣʘʚʥʦ 

ʧʨʠ ʧʦʤʦʱʠ ʠʟʤʝʥʝʥʠʷ ʦʜʥʦʛʦ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʥʘʧʨʠʤʝʨ, ʩʝʤʝʡʩʪʚʘ T- ʠ S-ʥʦʨʤ ʍʘʤʘʭʝʨʘ, 

ɼʦʤʙʠ, ʗʛʝʨʘ, ʌʨʘʥʢʘ ʠ ʜʨ.). 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʝʤʝʡʩʪʚʘ ʊ- ʠ S-ʥʦʨʤ, ʟʘʜʘʚʘʝʤʳʭ ʬʦʨʤʫʣʘʤʠ ʌʨʘʥʢʘ: 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ 0l ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʤʘʢʩʤʠʥʥʦʤʫ ʙʘʟʠʩʫ, ʧʨʠ 1l  - 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʤʫ, ʧʨʠ ¤l - ʦʛʨʘʥʠʯʝʥʥʦʤʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ 

ʧʘʨʘʤʝʪʨʳ ʅʃʈ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʣʠʷʪʴ ʥʘ ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ, ʠʟʤʝʥʷʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʚʝʱʝʩʪʚʝʥʥʳʡ 

ʧʘʨʘʤʝʪʨ l. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʪʠʯʝʩʢʠʭ, ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

- ʚʠʜ ʩʪʘʪʠʯʝʩʢʠʭ ʠ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʭʘʨʘʢʪʝʨ ʥʝʣʠʥʝʡʥʦʩʪʠ ʠ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤʳ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʙʘʟʠʩʘ ʢ ʜʨʫʛʦʤʫ; 

- ʟʘʚʠʩʠʤʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ ʠ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ ʅʃʈ, ʚʨʝʤʝʥʠ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪ ʧʘʨʘʤʝʪʨʘ l ʠʤʝʶʪ 

ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʜʨʫʛʠʭ ʥʘʩʪʨʦʝʢ ʅʃʈ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʅʃʈ ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʙʘʟʠʩʘ ʢ ʜʨʫʛʦʤʫ, ʪʘʢʦʡ ʩʧʦʩʦʙ 

ʢʦʨʨʝʢʮʠʠ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʟ-ʟʘ ʧʣʦʭʦʡ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʢʠ 

ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʠ ʩʪʝʧʝʥʥʳʭ ʬʫʥʢʮʠʡ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʢʦʨʨʝʢʮʠʠ ʫʩʣʦʞʥʷʝʪ ʘʣʛʦʨʠʪʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʅʃʈ. 

 
ɼʦʢʣʘʜ ʧʦʜʛʦʪʦʚʣʝʥ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ 

13-01-00082-ʘ). 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʥʠʩʠʤʦʚ ɼ.ʅ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ // ʇʨʠʙʦʨʳ ʠ 

ʩʠʩʪʝʤʳ. - 2001.- ˉ 8.- ʉ. 39-42. 
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˕˞˞˘˒ˑ˛ˏˍ˚˕˒ ˏ˘˕ˬ˚˕ˬ ˞˟˒˜˒˚˒˖ ˔˚ˍˤ˕˙˛˞˟˕ ˜˛ˑˠ˞˘˛ˏ˕˖ ˚ˍ ˜ˍ˝ˍ˙˒˟˝˨ 
˘˕˚˒ˍ˝˕˔˛ˏˍ˚˚˛˖ ˙˛ˑ˒˘˕ ˚˒ˤ˒˟˗˛ː˛ ˘˛ː˕ˤ˒˞˗˛ː˛ ˝˒ːˠ˘ˬ˟˛˝ˍ  

Research of Sub-conditions Measure of Significance Influence on Parameters  
of Fuzzy Logic Regulators Linearized Model  

ˍ˚˕˞˕˙˛ˏ ˑȢ˚Ȣȟ ˞ˍˡ˕˚ˍ ˪ȢˍȢ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

˞́̉̎́̕ ˪ȢˍȢ - ̒ ̓̔̅̆̎̓̋́ ̋ ́̕Ȣ ̠̔̐̑́̃̌̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̗̅̏̆̎̓ ˍ̎̉̒̉̍̏̃ ˑȢ˚Ȣ 

 
ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʝʪʩʷ ʩʧʦʩʦʙ ʥʘʩʪʨʦʡʢʠ ʥʝʯʝʪʢʠʭ ʣʦʛʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ (ʅʃʈ) ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʚʚʝʜʝʥʠʠ ʩʪʝʧʝʥʝʡ ʟʥʘʯʠʤʦʩʪʠ ʧʦʜʫʩʣʦʚʠʡ ʧʨʠ ʠʭ ʘʛʨʝʛʠʨʦʚʘʥʠʠ ʚ ʧʨʘʚʠʣʘʭ ʥʝʯʝʪʢʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ 

ʚʳʚʦʜʘ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʵʪʠʭ ʩʪʝʧʝʥʝʡ ʟʥʘʯʠʤʦʩʪʠ ʥʘ ʧʘʨʘʤʝʪʨʳ ʇɼ-ʨʝʛʫʣʷʪʦʨʘ, 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʅʃʈ.  

 

ʄʦʜʠʬʠʢʘʮʠʷ ʧʨʘʚʠʣ ʥʝʯʝʪʢʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ [1, 2], ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ 

ʨʘʟʣʠʯʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʦʜʫʩʣʦʚʠʡ ʧʨʠ ʠʭ ʘʛʨʝʛʠʨʦʚʘʥʠʠ ʢʘʢ ʚ ʟʘʜʘʯʘʭ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚʦʦʙʱʝ, ʪʘʢ ʠ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚ ʯʘʩʪʥʦʩʪʠ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʪʝʧʝʥʴ ʠʩʪʠʥʥʦʩʪʠ 

ʟʘʢʣʶʯʝʥʠʷ ʚ ʥʝʢʦʪʦʨʦʤ ʧʨʘʚʠʣʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ 
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TT ,     (1) 

 

ʛʜʝ ix - ʚʭʦʜʥʳʝ ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ, iA
~
- ʠʭ ʥʝʯʝʪʢʠʝ ʟʥʘʯʝʥʠʷ, iF - ʩʪʝʧʝʥʠ ʟʥʘʯʠʤʦʩʪʠ 

ʧʦʜʫʩʣʦʚʠʡ [ ]( )1;0ÍiF , y- ʚʳʭʦʜʥʘʷ ʣʠʥʛʚʠʩʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ, B
~
- ʝʝ ʥʝʯʝʪʢʦʝ ʟʥʘʯʝʥʠʝ, )( iA x

i
m  - 

ʩʪʝʧʝʥʠ ʠʩʪʠʥʥʦʩʪʠ ʧʦʜʫʩʣʦʚʠʡ, )(yBm - ʩʪʝʧʝʥʴ ʠʩʪʠʥʥʦʩʪʠ ʟʘʢʣʶʯʝʥʠʷ, T- ʟʘʜʘʥʥʘʷ ʦʧʝʨʘʮʠʷ ʊ-ʥʦʨʤʳ,  

n  - ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʫʩʣʦʚʠʡ ʚ ʜʘʥʥʦʤ ʧʨʘʚʠʣʝ. ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʚʳʙʦʨʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʙʘʟʠʩʘ

( )abba =T  ʠ 2=n , ʚʳʨʘʞʝʥʠʝ (1) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
 

))](1(1[))](1(1[)( 2211 21
xFxFy AAB mmm --Ö--= .     (2) 

 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ. ʇʫʩʪʴ ʚ (2) ʧʝʨʝʤʝʥʥʳʝyxx ,, 21  ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʥʝʯʝʪʢʠʝ ʟʥʘʯʝʥʠʷ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ çʈʘʩʩʦʛʣʘʩʦʚʘʥʠʝè, çʇʨʦʠʟʚʦʜʥʘʷè ʠ çʋʧʨʘʚʣʝʥʠʝè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʦʛʜʘ, 

ʠʟʤʝʥʷʷ ʩʪʝʧʝʥʠ ʟʥʘʯʠʤʦʩʪʠ 1F  ʠ 2F , ʤʦʞʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʅʃʈ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ 

ʜʠʥʘʤʠʢʫ ʩʠʩʪʝʤʳ. 

ʉʧʝʮʠʬʠʯʝʩʢʦʡ ʯʝʨʪʦʡ ʅʃʈ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʣʠʥʝʡʥʳʡ ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʦʙʲʝʢʪ. ʇʨʠ ʵʪʦʤ ʪʘʢʠʝ ʠʟʚʝʩʪʥʳʝ ʢʣʘʩʩʳ ʤʦʜʝʣʝʡ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, 

ʨʷʜʳ ɺʦʣʴʪʝʨʨʘ, ʤʦʜʝʣʠ ɺʠʥʝʨʘ-ɻʘʤʤʝʨʰʪʝʡʥʘ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝ ʩʣʠʰʢʦʤ ʧʨʠʛʦʜʥʳ ʜʣʷ ʝʛʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘʣʠʯʠʝʤ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʦʢ ʤʝʞʜʫ 

ʧʝʨʝʤʝʥʥʳʤʠ ʚ ʘʣʛʦʨʠʪʤʝ ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʞʝʣʘʪʝʣʴʥʦ ʧʦʣʫʯʠʪʴ ʥʝʢʦʪʦʨʫʶ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʫʶ ʤʦʜʝʣʴ ʅʃʈ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʩʫʜʠʪʴ ʦ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʨʠ 

ʪʝʭ ʠʣʠ ʠʥʳʭ ʥʘʩʪʨʦʡʢʘʭ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʅʃʈ ʩ ʫʧʦʤʷʥʫʪʳʤʠ ʚʳʰʝ ʚʭʦʜʥʳʤʠ 

ʣʠʥʛʚʠʩʪʠʯʝʩʢʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʧʨʦʷʚʣʷʝʪ ʩʭʦʜʥʳʝ ʩʚʦʡʩʪʚʘ ʩ ʇɼ-ʨʝʛʫʣʷʪʦʨʦʤ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʇɼ-ʨʝʛʫʣʷʪʦʨʘ pK  ʠ dK  ʦʪ ʩʪʝʧʝʥʝʡ 

ʟʥʘʯʠʤʦʩʪʠ 1F  ʠ 2F  ʅʃʈ. 

ʇʘʨʘʤʝʪʨʳ ʣʠʥʝʘʨʠʟʦʚʘʥʥʦʛʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʨʝʛʫʣʷʪʦʨʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: ʧʦ 

ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʤ ʠ ʬʘʟʦʚʳʤ ʯʘʩʪʦʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʅʃʈ (ʧʦ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʝ) ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 
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ʦʙʲʝʢʪʘ. ʆʙʘ ʩʧʦʩʦʙʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ 

ʇɼ-ʨʝʛʫʣʷʪʦʨʘ ʤʦʥʦʪʦʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʝʧʝʥʝʡ ʟʥʘʯʠʤʦʩʪʠ ʅʃʈ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʅʃʈ. 

 
ɼʦʢʣʘʜ ʧʦʜʛʦʪʦʚʣʝʥ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ 13-01-00082-ʘ). 
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The electric drive with the Fuzzy regulator in systems with the variable moment of inertia and 
elastic communications  

ˎ˘ˍː˛ˑˍ˝˛ˏ ˑȢˍȢȟ ˗˛˞˟˕˚ ˍȢˍȢȟ ˛˔˒˝˛ˏ ˞ȢˏȢȟ ˞ˍˡ˛˚˛ˏ ˫Ȣ˙Ȣ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

˗̏̒̓̉̎ ˍȢˍȢȟ ˛̈̆̑̏̃ ˞ȢˏȢ ɀ ́ ̜̒̐̉̑́̎̓ ̋́̕Ȣ ́̃̓̏̍́̓̉̈̉̑̏̃́̎̎̏̄̏ ̞̌̆̋̓̑̏̐̑̉̃̏̅́ȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˞́̏̎̏̃̕ ˫Ȣ˙Ȣ 

 
ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʙʣʶʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʩ 

ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʧʨʠ ʥʘʣʠʯʠʠ ʧʝʨʝʤʝʥʥʦʛʦ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʠ ʫʧʨʫʛʠʭ ʩʚʷʟʝʡ. 

 

ʕʣʝʢʪʨʦʧʨʠʚʦʜ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʦʚ ʨʘʙʦʪʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʧʝʨʝʤʝʥʥʳʤ ʤʦʤʝʥʪʦʤ ʠʥʝʨʮʠʠ, 

ʢʦʪʦʨʳʡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦ ʩʣʦʞʥʦʤʫ ʠ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦʤʫ ʟʘʢʦʥʫ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʩ ʚʳʩʦʢʠʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʥʝ 

ʫʜʘʝʪʩʷ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ, ʛʜʝ ʧʘʨʘʤʝʪʨʳ ʦʙʲʝʢʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʝ ʧʦʩʪʦʷʥʥʳ, ʧʨʠʤʝʥʷʶʪʩʷ 

ʘʜʘʧʪʠʚʥʳʝ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʂ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʯʘʩʪʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ  ʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ. ʉʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ 

ʭʦʨʦʰʦ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʘʨʘʤʝʪʨʳ 

ʦʙʲʝʢʪʘ ʠʟʤʝʥʷʶʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦ ʥʝʠʟʚʝʩʪʥʦʤʫ ʟʘʢʦʥʫ. ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʧʘʢʝʪʝ Matlab  

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʠʩʪʝʤʘ ʩ ʥʝʯʝʪʢʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ 

ʠʟʤʝʥʝʥʠʷʤ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʧʨʠ ʵʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʥʦʝ ʢʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʉʪʨʝʤʣʝʥʠʝ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʢ ʩʥʠʞʝʥʠʶ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʣʠʷʥʠʷ ʫʧʨʫʛʠʭ ʩʚʷʟʝʡ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʮʝʧʠ ʥʘ ʜʠʥʘʤʠʢʫ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. ʂʘʢ ʧʦʢʘʟʘʣʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʧʨʠʝʤʣʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʥʥʦʛʦ 
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ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʣʠʰʴ ʚ ʩʠʩʪʝʤʘʭ ʩ ʞʝʩʪʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ. ʅʘʣʠʯʠʝ ʫʧʨʫʛʠʭ ʩʚʷʟʝʡ ʥʝʛʘʪʠʚʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʩʠʩʪʝʤʳ ʠ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʨʝʰʠʪʴ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʚʪʦʨʦʡ 

ʤʘʩʩʳ, ʦʜʥʘʢʦ ʚʦʟʥʠʢʘʝʪ ʩʣʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʝʨʝʤʝʥʥʳʭ, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʠʪʩʷ ʫʧʨʫʛʠʡ ʤʦʤʝʥʪ ʠ ʩʢʦʨʦʩʪʴ ʚʪʦʨʦʡ ʤʘʩʩʳ. ʉʚʷʟʘʥʦ ʵʪʦ ʩʦ ʩʣʦʞʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʪʯʠʢʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʩ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʦʡ ʧʨʠʤʝʥʠʪʴ ʥʘʙʣʶʜʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. 

ɺʳʯʠʩʣʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʥʘʙʣʶʜʘʪʝʣʷ ʦʮʝʥʢʠ ʥʝʜʦʩʪʘʶʱʠʭ ʚʝʣʠʯʠʥ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʝ 

ʫʧʨʘʚʣʝʥʠʷ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʲʝʢʪʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʤʦʤʝʥʪʘ ʠʥʝʨʮʠʠ ʟʘ ʩʯʝʪ ʫʩʣʦʞʥʝʥʠʷ ʩʭʝʤʳ ʥʝʯʝʪʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʚʠʣ ʚ ʥʝʤ.  
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ˏ˒˝˥˕˚˕˚ ˑȢˏȢ, ̠ ˛˘˛˞˛ˏ ˛Ȣ˞Ȣ, s ˝˕˜˗˛ˏ ˑȢˏȢ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

˔ˠ˒ˏˍ ˙ȢˏȢȟ ˣˍ˜˒˚˗˛ ˕ȢˏȢ 

˙̏̒̋̏̃̒̋̉̊ ̘̎́̔̎̏-̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̉̎̒̓̉̓̔̓ ̜̖̄̌́̈̎ ̂̏̌̆̈̎̆̊ ̉̍Ȣ ː̝̝̗̆̌̍̄̏̌́  

ˢ̑̉̐̋̏̃ ˑȢˏȢ - ́ ̒̐̉̑́̎̓ ̋ ́̕Ȣ ̠̔̐̑́̃̌̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˗̏̌̏̒̏̃ ˛Ȣ˞Ȣ 

 
ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ 

ʥʝʯʝʪʢʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʨʘʙʦʪʘʶʱʠʭ ʩʠʩʪʝʤʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʢ ʧʦʩʪʨʦʝʥʠʶ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʝʪʦʜʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

 

ʇʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʘʭ, ʘ ʪʘʢ ʞʝ ʜʠʘʛʥʦʩʪʠʢʘ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʧʘʪʦʣʦʛʠʡ ʚ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʘʭ ʷʚʣʷʝʪʩʷ, ʙʝʩʩʧʦʨʥʦ, 

ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʥʝʚʦʟʤʦʞʥʦ ʥʘʟʚʘʪʴ ʢʘʢʠʭ-ʣʠʙʦ ʝʜʠʥʳʭ 

ʧʨʠʥʮʠʧʦʚ ʠ ʤʝʪʦʜʠʢ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 

ʪʘʢʠʝ ʢʘʢ: ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ, ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʠ ʪ.ʜ., ʦʙʳʯʥʦ ʥʝ 

ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʨʘʭ. ɺ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʚʠʜʘʤ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, ʥʝʜʦʩʪʘʪʦʯʥʳʤ 

ʯʠʩʣʦʤ ʧʨʠʟʥʘʢʦʚ ʵʪʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʙʦʣʴʰʠʭ ʦʙʣʘʩʪʝʡ ʧʝʨʝʩʝʯʝʥʠʡ ʵʪʠʭ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʨʘʟʥʳʭ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʆʧʳʪ 

ʩʦʟʜʘʥʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʘʪʦʣʦʛʠʡ ʩʝʪʯʘʪʢʠ ʛʣʘʟʘ, ʧʨʦʚʦʜʠʤʳʡ ʅʀʋ çʄʕʀè ʚ ʩʦʜʨʫʞʝʩʪʚʝ 

ʄʅʀʀ ɻɹ ʠʤ. ɻʝʣʴʤʛʦʣʴʮʘ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʪʘʢʦʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʡ ʚʳʰʝ, 

ʚʳʚʦʜ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʧʨʠʟʥʘʢʦʚ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʟʘ ʩʯʝʪ ʫʯʝʪʘ ʠʟʤʝʥʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ, ʩʧʝʮʠʘʣʴʥʦ ʚʚʦʜʠʤʦʡ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [ʃ], ʥʝ ʜʣʷ ʚʩʷʢʦʛʦ ʦʙʲʝʢʪʘ ʫʜʘʝʪʩʷ ʨʝʘʣʠʟʦʚʘʪʴ. 
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ɺ ʜʦʢʣʘʜʝ ʠʟʣʘʛʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʨʘʙʦʪʳ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʦʛʦ ʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ. ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ 

ʜʚʫʭʫʨʦʚʥʝʚʘʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʥʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʦʜʩʠʩʪʝʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʚʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʧʦ ʩʦʢʨʘʱʝʥʥʦʤʫ 

ʯʠʩʣʫ ʧʨʠʟʥʘʢʦʚ. ʅʘ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʚʠʜʦʚ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ (1-2 ʚʠʜʘ) 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʥʩʘʤʙʣʝʡ ʠʟ ʯʘʩʪʥʳʭ ʧʦʜʩʠʩʪʝʤ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ, ʨʝʟʫʣʴʪʘʪʳ, ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ 

ʦʙʦʙʱʘʶʪʩʷ, ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʨʘʙʦʪʢʠ ʧʦ ʜʨʫʛʠʤ ʘʥʩʘʤʙʣʷʤ ʠ ʜʘʣʝʝ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ 

ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦ ʥʘʣʠʯʠʠ ʠ ʚʠʜʝ ʚʦʟʤʦʞʥʦʡ ʥʝʠʩʧʨʘʚʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ ʦʙʳʯʥʦʡ ʩʠʩʪʝʤʳ ʚʳʩʦʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʶʪʩʷ ʚʩʝ 

ʠʤʝʶʱʠʝʩʷ ʧʨʠʟʥʘʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʜʩʠʩʪʝʤʳ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ ʪʨʠ ʧʨʠʟʥʘʢʘ ʩ ʬʫʥʢʮʠʷʤʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ ʥʘ 2-3 ʪʝʨʤʘ 

ʪʨʝʫʛʦʣʴʥʦʡ ʬʦʨʤʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʥʥʦ ʪʨʝʫʛʦʣʴʥʦʡ 

ʬʦʨʤʳ ʪʝʨʤʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ. ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʫʥʢʮʠʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʨʠʟʥʘʢʦʚ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʚʠʜʦʚ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʦ ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʠʩʧʳʪʘʥʠʡ ʦʙʲʝʢʪʘ. 

ʊʝʩʪʦʚʘʷ ʧʨʦʚʝʨʢʘ ʨʘʙʦʪʳ ʜʚʫʭʫʨʦʚʥʝʚʦʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ 7 ʧʘʪʦʣʦʛʠʡ ʩʝʪʯʘʪʢʠ ʛʣʘʟʘ ʧʦ 8 

ʧʨʠʟʥʘʢʘʤ ʧʦʢʘʟʘʣʘ ʜʦ 95% ʧʨʘʚʠʣʴʥʳʭ ʦʪʚʝʪʦʚ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʩʣʝʜʦʚʘʥʠʡ 160 ʧʘʮʠʝʥʪʦʚ. 

ʅʘ ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʦʪʙʦʨ ʧʦʨʷʜʢʘ 50 ʧʦʜʩʠʩʪʝʤ ʥʘ 3 ʧʨʠʟʥʘʢʘ ʢʘʞʜʘʷ (ʠʟ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʧʦʜʩʠʩʪʝʤ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʯʠʩʣʦʤ ʩʦʯʝʪʘʥʠʡ ʠʟ 8 ʧʨʠʟʥʘʢʦʚ ʧʦ 3). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʴ ʧʦʜʩʠʩʪʝʤ 

ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʧʨʠʥʮʠʧʝ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʅʘ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ 

ʦʙʨʘʟʦʚʘʥʦ 4 ʘʥʩʘʤʙʣʷ ʠʟ ʨʘʟʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʜʩʠʩʪʝʤ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ. ʂʘʞʜʳʡ ʠʟ ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʘʥʩʘʤʙʣʝʡ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʦ (ʥʘ ʬʦʥʝ ʦʩʪʘʣʴʥʳʭ ʘʥʩʘʤʙʣʝʡ) ʜʠʘʛʥʦʩʪʠʨʫʝʪ ʦʪ ʦʜʥʦʡ ʜʦ ʪʨʝʭ ʢʦʥʢʨʝʪʥʳʭ 

ʧʘʪʦʣʦʛʠʡ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʠ ʜʘʶʪʩʷ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʷʚʣʝʥʠʶ ʥʝʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʩʠʩʪʝʤ ʜʠʘʛʥʦʩʪʠʢʠ ʥʠʞʥʝʛʦ ʫʨʦʚʥʷ. 
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Comparison of PI and Neural Network Controllers on Parametric Stability Evaluation  
in Control System Loop with Linear Plant  

˒˘˕˞˒˒ˏ ˏȢ˘Ȣȟ ˙˛˕˞˒˒˚˗˛ˏ ˙ȢˍȢ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

˙̏̉̒̆̆̎̋̏̃ ˙ȢˍȢ - ̒ ̓̔̅̆̎̓ ̜̋́̆̅̑̕ ̠̔̐̑́̃̌̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ȟ  
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ɀ ̒ ̙̓́̑̉̊ ̝̐̑̆̐̏̅́̃́̓̆̌ ˒̌̉̒̆̆̃ ˏȢ˘Ȣ 

 
ɺ ʜʦʢʣʘʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʤʠʪʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʣʠʥʝʡʥʦʛʦ ʦʙʲʝʢʪʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʪʫʨʘ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʥʝʡʨʦʩʝʪʝʚʳʤ ʠ ʇʀ-ʨʝʛʫʣʷʪʦʨʘʤʠ. ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʧʨʠ ʵʪʦʤ ʙʳʣʦ ʚʳʷʚʣʝʥʠʝ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ 

ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʣʠʥʝʡʥʳʤ ʇʀ-ʨʝʛʫʣʷʪʦʨʦʤ. 

 

ʂ ʦʙʲʝʢʪʠʚʥʳʤ ʦʪʣʠʯʠʷʤ ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʦʪ ʤʦʜʝʣʴʥʳʭ ʦʪʥʦʩʷʪʩʷ ʠʩʭʦʜʥʘʷ ʥʝʪʦʯʥʦʩʪʴ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʨʝʡʬʘ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʩʦ ʚʨʝʤʝʥʝʤ ʠʟ-ʟʘ ʠʟʥʦʩʘ, ʥʝʰʪʘʪʥʳʭ 

ʩʠʪʫʘʮʠʡ ʠ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʞʝʣʘʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʦʤ ʨʝʛʫʣʷʪʦʨʘ ʷʚʣʷʝʪʩʷ 

ʤʘʣʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʩʭʦʜʥʳʤ ʠ ʥʘʢʘʧʣʠʚʘʶʱʠʤʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʥʝʪʦʯʥʦʩʪʷʤ ʚ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ. ɸʥʘʣʠʟ ʨʦʙʘʩʪʥʦʩʪʠ ʣʠʥʝʡʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʣʠʥʝʡʥʳʤ ʦʙʲʝʢʪʦʤ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʨʫʜʥʦʩʪʠ, ʦʜʥʘʢʦ ʜʣʷ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʥʝʧʨʠʤʝʥʠʤʳ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʯʠʪʳʚʘʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʩʝʪʝʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʟʘʜʘʯʘʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʤʠʪʘʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʨʦʙʘʩʪʥʦʩʪʠ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ [1]. ʊʘʢʦʡ ʘʥʘʣʠʟ ʚʘʞʝʥ ʪʘʢʞʝ ʠ 

ʜʣʷ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʜʘʧʪʠʚʥʳʭ ʩʠʩʪʝʤ [2], ʪʘʢ ʢʘʢ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʘʜʘʧʪʘʮʠʠ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʢ 

ʠʟʤʝʥʠʚʰʠʤʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʫʧʨʘʚʣʷʝʤʦʛʦ ʦʙʲʝʢʪʘ ʪʦʣʴʢʦ ʨʦʙʘʩʪʥʦʩʪʴ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʤʦʞʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʠ ʩ ʮʝʣʴʶ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʮʝʥʢʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʣʦʛʠʯʥʦ ʧʨʦʚʝʩʪʠ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʜʣʷ ʇʀ-

ʨʝʛʫʣʷʪʦʨʘ, ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ. 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʦʙʲʝʢʪʘ ʚ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʚʨʝʤʝʥʠ ʙʳʣʘ 

ʟʘʜʘʥʘ ʫʨʘʚʥʝʥʠʝʤ: 
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ɹʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʥʝʡʨʦʩʝʪʝʚʦʡ ʦʧʪʠʤʘʣʴʥʳʡ ʠ ʇʀ ʨʝʛʫʣʷʪʦʨʳ ʚ ʫʩʣʦʚʠʷʭ ʥʦʤʠʥʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʠ ʩʥʷʪʳ ʧʘʨʘʤʝʪʨʳ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ: ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʘʷ ʦʰʠʙʢʘ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʧʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʩʫʱʝʩʪʚʣʝʥʥʳʭ ʩ 

ʧʦʤʦʱʴʶ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [3], ʚʭʦʜʠʣʦ ʠʟʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʠʟ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ K , 1T  ʠʣʠ 2T  ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʦʩʪʘʣʴʥʳʭ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʥʦʤʠʥʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʷʭ. ʇʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʩʪʫʧʝʥʯʘʪʦʡ ʫʩʪʘʚʢʝ ʠ ʥʘ ʩʣʫʯʘʡʥʦʡ ʫʩʪʘʚʢʝ ʪʠʧʘ çʩʪʘʮʠʦʥʘʨʥʳʡ 

ʮʚʝʪʥʦʡ ʰʫʤè, ʧʦʩʣʝ ʯʝʛʦ ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʜʦʩʪʠʛʥʫʪʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ. ʆʪʤʝʯʘʣʦʩʴ 

ʪʘʢʞʝ, ʝʩʣʠ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʨʷʣʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʨʝʤʝʥʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʠ ʦʪʤʝʪʢʠ ʦ ʧʦʪʝʨʝ 

ʢʦʥʪʫʨʦʤ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦ ʨʦʙʘʩʪʥʦʩʪʠ ʦʙʦʠʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʝʛʫʣʷʪʦʨʦʚ, ʘ 

ʪʘʢʞʝ ʦʙ ʠʭ ʧʦʚʝʜʝʥʠʠ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʢ ʛʨʘʥʠʮʝ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʉʦʙʨʘʥʥʳʝ ʚ 

ʪʘʙʣʠʮʳ ʜʘʥʥʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʦʙʘʩʪʥʦʩʪʴ 

ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʟʥʘʯʥʦ 

ʩʫʜʠʪʴ ʦ ʙʦʣʴʰʝʡ ʨʦʙʘʩʪʥʦʩʪʠ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʀ-ʨʝʛʫʣʷʪʦʨʦʤ 

ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ K  ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. 



ζ˿˻ˤ˾˩˸˩˹˹̍˩́˩̆˹˻˶˻˥ˮˮ ˤ ˭ˢ˨ˢ̉ˢ̆ ̂˽˾ˢˤ˶˩˹ˮ̒Σ ˢˤ́˻˸ˢ́ˮ˴ˮ ˮ ˻ˣ˾ˢˣ˻́˴ˮ ˮ˹̅˻˾˸ˢ̇ˮˮη 

 

 

 
 

104  

ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ [3] ʤʦʛʫʪ 

ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʣʠʥʝʡʥʳʝ ʠ ʥʝʣʠʥʝʡʥʳʝ. ʇʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʟʦʥʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʩ ʥʝʡʨʦʩʝʪʝʚʳʤ ʨʝʛʫʣʷʪʦʨʦʤ ʵʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ʪʘʢʦʡ ʟʦʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 
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Training stochastic artificial neural networks using graphics processing units  

˓˕˚˗˕˚ ˡȢ˗Ȣ 

 

˞́̎̋̓-˜̆̓̆̑̂̔̑̄̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ ̞̘́̑̏̋̏̒̍̉̆̒̋̏̄̏ ̠̐̑̉̂̏̑̏̒̓̑̏̆̎̉ 

˓̉̎̋̉̎ ˡȢ˗Ȣ ɀ ̒ ̓̔̅̆̎̓ ̜̋́̆̅̑̕ Ⱥ˗̝̟̏̍̐̓̆̑̎̏̊ ̍́̓̆̍́̓̉̋̉ ̉ ̠̐̑̏̄̑́̍̍̉̑̏̃́̎̉Ȼȟ  
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ́̒̒̉̒̓̆̎̓ ˜̠̏̌̋ ˙ȢˑȢ 

 
ʈʘʩʩʤʦʪʨʝʥʦ ʦʙʫʯʝʥʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ ʥʘ ʧʨʠʤʝʨʝ ʦʙʫʯʝʥʠʷ ʛʣʫʙʦʢʠʭ ʩʝʪʝʡ ʜʦʚʝʨʠʷ. ʇʨʠʚʦʜʠʪʴʩʷ ʩʨʘʚʥʝʥʠʝ ʚʨʝʤʝʥʠ ʦʙʫʯʝʥʠʷ ʛʣʫʙʦʢʠʭ ʩʝʪʝʡ 

ʜʦʚʝʨʠʷ, ʘ ʪʘʢ ʞʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʘʰʠʥ ɹʦʣʴʮʤʘʥʘ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʦʨʘ ʠ ʨʘʟʣʠʯʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ. 

 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʦʚ ʜʣʷ ʦʙʫʯʝʥʠʷ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʘ ʪʘʢ ʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʙʳʣʘ ʚʳʙʨʘʥʘ ʛʣʫʙʦʢʘʷ ʩʝʪʴ ʜʦʚʝʨʠʷ. 

ʆʜʥʠʤ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ ʪʘʢʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʢʘʞʜʦʛʦ ʩʣʦʷ ʦʪʜʝʣʴʥʦ. ʕʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʦʙʫʯʝʥʠʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦʛʦ ʩʣʦʷ ʩ ʧʦʤʦʱʴʶ ʤʘʰʠʥʳ ɹʦʣʴʮʤʘʥʘ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ [1]. 

ʇʨʦʮʝʩʩ ʦʙʫʯʝʥʠʝ ʤʘʰʠʥʳ ɹʦʣʴʮʤʘʥʘ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʩʚʦʜʠʪʴʩʷ ʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ 

ʩʣʝʜʫʶʱʠʭ ʫʨʘʚʥʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʡʪʠ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʥʝʡʨʦʥʘ ʚ ʦʜʥʦʤ ʠʟ ʩʦʩʪʦʷʥʠʡ: 
 

ä+==
i

jiijj wvbvhp )()|1( ,s ,      (1) 

 

ä+==
j

jijii whahvp )()|1( ,s ,      (2) 

 

ʛʜʝ iv , jh  ï ʩʦʩʪʦʷʥʠʷ ʚʠʜʠʤʳʭ ʠ ʩʢʨʳʪʳʭ ʥʝʡʨʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ia , jb  ï ʩʤʝʱʝʥʠʷ ʚʠʜʠʤʦʛʦ ʠ 

ʩʢʨʳʪʦʛʦ ʩʣʦʝʚ, jiw ,  ï ʚʝʩ ʩʚʷʟʠ ʤʝʞʜʫ ʚʠʜʠʤʳʤ ʥʝʡʨʦʥʦʤ ʠ ʩʢʨʳʪʳʤ ʥʝʡʨʦʥʦʤ, ʘ s ï ʣʦʛʠʩʪʠʯʝʩʢʘʷ 

ʬʫʥʢʮʠʷ. 
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ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʘʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʡ (1) ʠ (2), ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʚʝʩʦʚ ʩʚʷʟʝʡ 

ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ [2]: 
 

10
, jijiji hvhvw -=D . 

 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʚʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʦʧʝʨʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʜʝʥʳ ʢ ʦʧʝʨʘʮʠʷʤ ʥʘʜ 

ʤʘʪʨʠʮʘʤʠ, ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʫʝʤʳʤ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʨʘʭ [3]. 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ 

ʙʠʙʣʠʦʪʝʢʫ Numpy ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤ ʧʨʦʮʝʩʩʦʨʝ ʠ ʜʦʨʘʙʦʪʘʥʥʫʶ ʚʝʨʩʠʶ ʙʠʙʣʠʦʪʝʢʠ 

CUDAMat [4] ʜʣʷ ʦʙʫʯʝʥʠʷ ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʦʨʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʧʦʟʚʦʣʠʣʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʛʣʫʙʦʢʦʡ ʩʝʪʠ 

ʜʦʚʝʨʠʷ ʚ 18 ʨʘʟ, ʠ ʚ 30 ʨʘʟ ʫʩʢʦʨʠʪʴ ʦʙʫʯʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʩʝʪʠ. 
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˗˛˘˛˞˛ˏ ˛Ȣ˞Ȣ, ̠ ˝˫˗˛ˏˍ ˏȢˏȢ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

˔ˠ˒ˏˍ ˙ȢˏȢȟ ˣˍ˜˒˚˗˛ ˕ȢˏȢ 

˙̏̒̋̏̃̒̋̉̊ ̘̎́̔̎̏-̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̉̎̒̓̉̓̔̓ ̜̖̄̌́̈̎ ̂̏̌̆̈̎̆̊ ̉̍Ȣ ː̝̝̗̆̌̍̄̏̌́  

˗̟̑̋̏̃́ ˏȢˏȢ - ̒ ̓̔̅̆̎̓̋́ ̋́̕Ȣ ̠̔̐̑́̃̌̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˗̏̌̏̒̏̃ ˛Ȣ˞Ȣ 

 
ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʯʘʩʪʦʪʥʳʭ ʩʚʦʡʩʪʚ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʙʨʘʙʦʪʢʠ ʦʪʢʣʠʢʘ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʭʦʜʥʳʝ ʪʝʩʪʦʚʳʝ ʠʤʧʫʣʴʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ 

ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʪʝʩʪʠʨʫʶʱʠʭ 

ʠʤʧʫʣʴʩʦʚ ʠ ʯʘʩʪʦʪʦʡ ʠʭ ʩʣʝʜʦʚʘʥʠʷ. 

 

ʆʮʝʥʢʘ ʯʘʩʪʦʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʥʘ ʧʨʘʢʪʠʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʜʝʥʪʠʬʠʢʘʮʠʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ. ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʝʩʪʦʚʳʤ ʩʠʛʥʘʣʦʤ ʷʚʣʷʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʠʡ, ʫ ʢʦʪʦʨʦʛʦ ʚʘʨʴʠʨʫʶʪʩʷ 

ʢʘʢ ʘʤʧʣʠʪʫʜʘ, ʪʘʢ ʠ ʯʘʩʪʦʪʘ. ʆʜʥʘʢʦ ʜʘʣʝʢʦ ʥʝ ʚʩʝ ʨʝʘʣʴʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʤʦʞʥʦ 
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ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ɿʘʯʘʩʪʫʶ ʥʘ ʚʭʦʜ ʦʙʲʝʢʪʘ ʧʦʜʘʶʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʦʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʳ. ʇʨʠ ʵʪʦʤ ʩʘʤ ʥʘʙʦʨ 

ʯʘʩʪʦʪ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ. ʇʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʦʙʲʝʢʪʘ ʷʚʣʷʝʪʩʷ ʩʝʪʯʘʪʢʘ ʛʣʘʟʘ 

[1], ʢʦʪʦʨʘʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʯʝʪʳʨʝʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʟʚʝʥʴʝʚ. 

ɺ ʜʦʢʣʘʜʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʠ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ ʪʝʩʪʦʚʳʤʠ ʧʨʦʚʝʨʢʘʤʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 

ʧʫʪʝʤ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʦʪʢʣʠʢʘ ʦʙʲʝʢʪʘ ʥʘ ʪʝʩʪʦʚʳʝ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʠʤʧʫʣʴʩʦʚ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʳ. ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʦʮʝʥʠʚʘʝʤʳʡ ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʙʦʨʦʤ ʪʝʩʪʦʚʳʭ ʯʘʩʪʦʪ ʩʣʝʜʦʚʘʥʠʷ ʚʭʦʜʥʳʭ ʠʤʧʫʣʴʩʦʚ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʘʤʦʛʦ 

ʪʝʩʪʠʨʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʯʠʩʣʘ ʧʝʨʚʳʭ ʛʘʨʤʦʥʠʢ, 

ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʩʠʛʥʘʣʦʚ ʦʪʢʣʠʢʘ ʦʙʲʝʢʪʘ ʚ ʨʷʜ ʌʫʨʴʝ. 

ʇʦʣʫʯʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʥʳʭ ʩʚʦʡʩʪʚ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʦʮʝʥʢʠ ʯʘʩʪʦʪʥʳʭ ʩʚʦʡʩʪʚ ʩʝʪʯʘʪʢʠ ʛʣʘʟʘ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʩʪʘʥʜʘʨʪʥʳʤ ʥʘʙʦʨʦʤ ʯʘʩʪʦʪ 

ʪʝʩʪʠʨʫʶʱʠʭ ʩʚʝʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ. ɺʦʧʨʦʩʳ ʨʘʟʣʦʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʦʪʢʣʠʢʘ ʩʝʪʯʘʪʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʤʧʣʠʪʫʜ ʧʝʨʚʳʭ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʩ ʣʶʙʳʤ ʟʘʜʘʚʘʝʤʳʤ ʥʦʤʝʨʦʤ ʛʘʨʤʦʥʠʢ ʚ ʩʠʛʥʘʣʘʭ ʨʠʪʤʠʯʝʩʢʠʭ 

ʵʣʝʢʪʨʦʨʝʪʠʥʦʛʨʘʤʤ (ʈʕʈɻ) ʦʪʨʘʞʝʥʳ ʚ [2]. ʇʦʜʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʝʩʣʝʜʫʝʪ ʜʚʝ ʮʝʣʠ: ʧʝʨʚʘʷ ï ʵʪʦ 

ʚʳʷʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʨʠʩʫʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʘʪʦʣʦʛʠʷʤ, ʧʦ ʚʠʜʘʤ ʧʦʣʫʯʘʝʤʳʭ 

ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʚʪʦʨʘʷ ï ʧʦʠʩʢ ʘʜʝʢʚʘʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʝʪʯʘʪʢʠ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʝʡ 

ʈʕʈɻ ʠ ʩʨʘʚʥʝʥʠʝ ʝʝ ʩ ʵʤʧʠʨʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ [1], ʦʪʨʘʞʘʶʱʝʡ ʨʝʘʢʮʠʶ ʩʝʪʯʘʪʢʠ ʦʪ ʜʝʡʩʪʚʠʷ ʦʜʠʥʦʯʥʦʛʦ 

ʩʚʝʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʡ ʨʘʙʦʪʳ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʩʦʟʜʘʚʘʝʤʳʭ 

ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʦʡ ʣʦʛʠʢʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʜʠʘʛʥʦʩʪʠʢʫ ʨʘʥʥʠʭ ʩʪʘʜʠʡ 

ʧʘʪʦʣʦʛʠʡ ʩʝʪʯʘʪʢʠ ʠ ʟʨʠʪʝʣʴʥʦʛʦ ʥʝʨʚʘ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʈʕʈɻ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʜʠʘʛʥʦʩʪʠʢʝ ʧʘʮʠʝʥʪʦʚ ʥʘ ʘʧʧʘʨʘʪʝ TOMEY 

EP-1000. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʨʷʜʘ ʈʕʈɻ ʜʣʷ ʥʦʨʤʳ ʠ ʯʝʪʳʨʝʭ ʚʠʜʦʚ ʧʘʪʦʣʦʛʠʡ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʚ ʚʠʜʝ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʭʘʨʘʢʪʝʨʥʳʭ ʠʟʣʦʤʦʚ ʥʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʜʘʯʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ 

ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʮʝʥʢʦʡ ʯʘʩʪʦʪʥʳʭ ʩʚʦʡʩʪʚ ʢʘʞʜʦʡ ʠʟ ʯʝʪʳʨʝʭ 

ʢʦʤʧʦʥʝʥʪ ʦʙʱʝʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʝʪʯʘʪʢʠ [1], ʪʘʢ ʢʘʢ ʧʦʣʫʯʘʝʤʘʷ ʯʘʩʪʴ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʝʪʯʘʪʢʠ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʈʕʈɻ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʦʞʠʪʴ ʝʝ ʥʘ ʯʝʪʳʨʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ. 
 

ɼʦʢʣʘʜ ʧʦʜʛʦʪʦʚʣʝʥ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ 13-01-00082ʘ). 
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Fuzzy P-Controller  of motor  driver  

˗ˍ˔ˍˤ˒˗ ˚ȢˍȢȟ ˝ˬˎˣ˛ˏ ˏȢˍȢ 

˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̖̑́̅̉̏̓̆̎̉̋̉ȟ 
̞̌̆̋̓̑̏̎̉̋̉ ̉ ́̃̓̏̍́̓̉̋̉ 

˗̘́̈́̆̋ ˚ȢˍȢ -́̒̐̉̑́̎̓̋́ ̋́̕ Ⱥ˜̜̑̏̂̌̆̍ ̠̔̐̑́̃̌̆̎̉Ȼȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˘̖̏̉̎ ˏȢ˙Ȣȟ 
˝̠̗̂̏̃ ˏȢˍȢ ɀ ̒ ̓̔̅̆̎̓ ̋́̕ Ⱥ˜̜̑̏̂̌̆̍ ̠̔̐̑́̃̌̆̎̉Ȼȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˘̖̏̉̎ ˏȢ˙Ȣ 

 
ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʯʝʪʢʦʛʦ ʇ ï ʨʝʛʫʣʷʪʦʨʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ, ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʨʦʙʦʪʘ ʈʄ-01. 

 

ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ ʧʨʝʜʲʷʚʣʷʝʪ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʢʘʯʝʩʪʚʫ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ (ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ). ʊʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʝ 

ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʠʩʪʝʤʫ. ʂ ʪʘʢʠʤ ʬʘʢʪʦʨʦʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʦʪʥʦʩʷʪʩʷ: 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʣʶʬʪʘ ʠ ʟʘʟʦʨʘ ʚ 

ʧʝʨʝʜʘʪʦʯʥʳʭ ʵʣʝʤʝʥʪʘʭ ʧʨʠʚʦʜʘ, ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʚʦʟʤʫʱʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʢ ʚʘʣʫ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ, ʪʘʢ ʠ ʢ ʝʛʦ ʚʭʦʜʫ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʯʝʪʢʘʷ ʣʦʛʠʢʘ. 

ʅʘʩʪʨʘʠʚʘʝʪʩʷ ʨʝʛʫʣʷʪʦʨ ʧʦ ʩʭʝʤʝ ʄʘʤʜʘʤʠ, ʪ.ʢ. ʵʪʘ ʤʦʜʝʣʴ( ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʴʶ ʉʫʛʝʥʦ) ʠʤʝʝʪ ʙʦʣʝʝ 

ʝʩʪʝʩʪʚʝʥʥʫʶ ʣʠʥʛʚʠʩʪʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʢʨʘʪʢʘʷ ʤʝʪʦʜʠʢʘ ʧʦ ʧʦʩʪʨʦʝʥʠʶ 

ʥʝʣʠʥʝʡʥʦʩʪʝʡ. ʊ.ʢ. ʩʠʩʪʝʤʘ ʦʪʩʣʝʞʠʚʘʝʪ ʧʦʣʦʞʝʥʠʝ, ʪʦ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʠʥʷʪʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʝʯʝʪʢʠʡ ʇ- 

ʨʝʛʫʣʷʪʦʨ ʠ ʩʨʘʚʥʠʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʦʪʦʨʳʝ ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ, ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʫʧʨʘʚʣʝʥʠʝʤ 

(ʇ -, ʇʀ -, ʇʀɼ - ʨʝʛʫʣʷʪʦʨʘʤʠ).  

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ 

ʧʦ ʤʝʪʦʜʫ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʠʥʘʤʠʢʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʰʠʙʦʢ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʇʨʠʥʠʤʘʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʫʩʠʣʝʥʠʷ ʨʘʚʥʳʡ 0,8 ʦʪ ʧʨʝʜʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ (ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ 

ʦʰʠʙʢʫ ʦʪ ʚʥʝʰʥʝʛʦ ʚʦʟʤʫʱʝʥʠʷ), ʩʪʨʦʠʪʩʷ ʥʝʯʝʪʢʠʡ ʇ-ʨʝʛʫʣʷʪʦʨ. ʆʥ ʨʝʘʣʠʟʫʝʪ ʥʝʣʠʥʝʡʥʦʩʪʴ, ʧʨʠʯʝʤ 

ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʥʝʯʝʪʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ çʠʟʣʦʤʘè ʵʪʦʡ 

ʥʝʣʠʥʝʡʥʦʩʪʠ, ʪ.ʝ. ʨʘʟʙʠʝʥʠʝ ʝʝ ʥʘ 2 ʠ ʙʦʣʝʝ ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ, ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ 

ʦʙʱʝʤ ʫʛʣʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʘʥʥʦʝ ʨʘʟʙʠʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʠʣʝʥʠʷ (ʫʛʣʦʚ ʥʘʢʣʦʥʘ) ʥʠʛʠʣʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʢʦʥʢʨʝʪʥʦʤ 

ʫʯʘʩʪʢʝ. ʅʘʭʦʞʜʝʥʠʝ ʪʦʯʝʢ çʠʟʣʦʤʘè, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʚʳʚʝʜʝʥʠʝ ʧʨʘʚʠʣ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ 

ʦʧʨʝʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʩʬʝʨʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʶʪ ʧʨʝʚʦʩʭʦʜʩʪʚʦ (ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ) ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ ʥʘʜ ʢʣʘʩʩʠʯʝʩʢʠʤʠ (ʇ, ʇʀ, ʇʀɼ) ʠ 

ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʠ ʧʦ ʪʦʯʥʦʩʪʠ. ɽʱʝ ʦʜʥʦ ʚʘʞʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʩʠʩʪʝʤʳ, ʨʝʰʘʷ ʰʠʨʦʢʠʡ ʢʣʘʩʩ ʟʘʜʘʯ ʘʜʘʧʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʤʝʶʪ ʙʦʣʝʝ ʧʨʦʩʪʫʶ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ. 
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Application of Fuzzy Controller as a Correction device for inertial MEMS sensors.  

˗ˍ˘ˍˤ ːȢːȢ 

˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̖̘̓̆̎̉̆̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ ̖̑́̅̉̏̓̆̎̉̋̉ȟ 
̞̌̆̋̓̑̏̎̉̋̉ ̉ ́̃̓̏̍́̓̉̋̉ 

˗̘́̌́ ːȢːȢ -́̒̐̉̑ ́̎̓ ̋́̕ Ⱥ˜̑̏̂̌̆̍ ̠̔̐̑́̃̌̆̎̉Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̗̅̏̆̎̓ ˟̝̑̉̐̏̌̒̋̉̊ ˜Ȣ˪Ȣ 

 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʯʝʪʢʠʡ ʨʝʛʫʣʷʪʦʨ (ʅʈ) ʚ ʢʘʯʝʩʪʚʝ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʠʥʝʨʮʠʘʣʴʥʳʭ MEMS ʜʘʪʯʠʢʦʚ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʩʦʩʪʘʚʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʘʪʯʠʢʘ ʩʝʥʩʦʨʘ ʠ ʧʨʦʚʝʜʝʥʳ 

ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʨʘʚʥʠʚʘʶʱʠʝ ʚʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

 

ɹʫʨʥʦʝ ʨʘʟʚʠʪʠʝ MEMS ʪʝʭʥʦʣʦʛʠʡ, ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʵʧʦʭʘ ʩʪʘʚʠʪ ʥʦʚʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʧʫʩʢʘʝʤʳʤ ʧʨʠʙʦʨʘʤ ʠ ʜʘʪʯʠʢʘʤ. ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ 

ʢʘʢ ʣʠʥʝʡʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ, ʧʦʛʨʝʰʥʦʩʪʴ, ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʰʫʤ, ʩʢʦʨʦʩʪʴ, ʧʝʨʝʭʦʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ 

ʪ.ʜ. ʅʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦ ʘʜʝʢʚʘʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʘʪʯʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʱʝ ʨʝʰʘʪʴ ʟʘʜʘʯʫ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʚʳʙʨʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʢʘʯʝʩʪʚʘ.  

ɺ ʨʘʙʦʪʝ [1] ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʘʪʯʠʢʘ. ʇʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ 

ʷʚʣʷʝʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʳʤ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ, ʟʘʪʫʭʘʶʱʠʤ ʩ ʙʦʣʴʰʠʤ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝʤ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʅʈ ʢʘʢ ʢʦʨʨʝʢʪʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʠ ʅʈ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʩʠʩʪʝʤʳ ʧʦ ʩʨʘʚʥʝʥʠʶ  ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʥʘʩʪʨʦʝʥʥʳʤʠ ʧʦ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ 

ʜʠʥʘʤʠʢʠ, ʘ ʪʘʢʞʝ ʅʈ ʧʦʚʳʰʘʶʪ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʩʠʩʪʝʤʳ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʇʨʠ ʥʘʩʪʨʦʡʢʠ ʅʈ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ, ʚ ʩʠʣʫ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʪʯʠʢʘ, ʥʦ ʚʦʟʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ [2]. ʅʘʩʪʨʦʡʢʘ ʅʈ ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʆʋ 

ʧʨʦʭʦʜʠʪ ʧʦ ʩʭʝʤʝ ʄʘʤʜʘʤʠ [3]. ʀ ʧʦʩʣʝ ʧʨʦʮʝʩʩʦʚ ʩʙʦʨʘ ʵʢʩʧʝʨʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʬʘʟʠʬʠʢʘʮʠʠ, 

ʜʝʬʘʟʠʬʠʢʘʬʠʠ ʠ ʪ.ʜ. ʠʤʝʝʤ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʙʝʟ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʷ, 

ʚʨʝʤʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 2,0Ŀ10-7,  ʯʪʦ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʙʳʩʪʨʝʝ ʙʝʟ ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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˗ˍ˟˒˘˗˕˚ ˍȢˍȢȟ ˞ˍˠ˘ ˍȢˍȢ 

˜̆̎̈̆̎̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

˗́̓̆̌̋̉̎ˍȢ̱Ȣ -̒̓̔̅̆̎̓ ̜̋́̆̅̑̕ Ⱥˍ̃̓̏̍́̓̉̋́ ̉ ̖̓̆̌̆̍̆́̎̉̋́Ȼȟ ˞ ́̔̌ ˍȢˍȢ - ́ ̒̐̉̑́̎̓ ̜̋́̆̅̑̕ 
Ⱥˍ̃̓̏̍́̓̉̋́ ̉ ̖̓̆̌̆̍̆́̎̉̋́Ȼȟ ̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ - ̅ Ȣ̓Ȣ̎Ȣȟ ̐̑̏̆̒̒̏̑̕ ˞̧̆̍̎̏̃ ˍȢˑȢ 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʤ ʧʫʥʢʪʦʤʧʦʩʪʨʦʝʥʥʦʛʦ 

ʥʘ ʙʘʟʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʚʝʨʩʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ,  ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʝʛʦ ʚʭʦʜʥʳʤ ʠ 

ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʘʤ ʚ ʨʝʞʠʤʝ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

ɻʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʧʫʥʢʪ (ɻʈʇ) ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʛʘʟʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ ʊʕʎ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʜʫʮʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ, ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʶʯʝʥʠʷ ʛʘʟʘ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʠʣʠ ʧʦʥʠʞʝʥʠʠ ʚʳʭʦʜʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʧʫʥʢʪʘ ʠ ʦʯʠʩʪʢʠ ʛʘʟʘ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʥʘ ʚʳʭʦʜʝ ɻʈʇ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʦʜʥʦʢʘʥʘʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʧʫʪʸʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘ ʦʜʥʦʡ ʠʟ ʣʠʥʠʡ ʫʟʣʘ ʨʝʜʫʮʠʨʦʚʘʥʠʷ. ʇʨʠ 

ʠʟʤʝʥʝʥʠʠ ʥʘʛʨʫʟʢʠ ʠ ʧʝʨʝʧʘʜʘʭ ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ɻʈʇ ʦʜʥʦʢʘʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʦʞʝʪ 

ʧʦʪʝʨʷʪʴ ʫʧʨʘʚʣʝʥʠʝ ʠʟ-ʟʘ ʧʦʣʥʦʛʦ ʦʪʢʨʳʪʠʷ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʢʣʘʧʘʥʘ. ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦʢʘʥʘʣʴʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʣʠʥʠʷʭ ʫʟʣʘ ʨʝʜʫʮʠʨʦʚʘʥʠʷ, ʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʧʝʨʝʧʘʜʦʚ 

ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ɻʈʇ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʧʦ ʧʝʨʝʧʘʜʘʤ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʘʚʣʝʥʠʷ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʡʨʦʥʥʳʡ ʨʝʛʫʣʷʪʦʨ,ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ 

ʙʘʟʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʚʝʨʩʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ. 

ʀʥʚʝʨʩʥʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʧʦʣʫʯʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʦ ʚʭʦʜʥʦʤʫ ʠ ʚʳʭʦʜʥʦʤʫ 

ʩʠʛʥʘʣʘʤ ɻʈʇ ʚ ʨʝʞʠʤʝ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʋʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʧʦʣʫʯʝʥʳ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʧʝʨʚʦʤ ʩʣʦʝ ʪʨʸʭ ʥʝʡʨʦʥʦʚ ʩ ʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʘʢʪʠʚʘʮʠʠ, ʚʦ ʚʪʦʨʦʤ ʩʣʦʝ ð 

ʦʜʥʦʛʦ ʥʝʡʨʦʥʘ ʩ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ. ʆʙʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʃʝʚʝʥʙʝʨʛʘï

ʄʘʨʢʚʘʨʜʪʘʨʝʛʫʣʷʨʠʟʦʚʘʥʥʦʛʦ ʧʦ ɹʘʡʝʩʫ. ʉʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ʥʝʡʨʦʥʥʳʡ ʨʝʛʫʣʷʪʦʨ ʚ ʢʘʩʢʘʜʥʦʡ ʩʠʩʪʝʤʝ ʚ 

1,5 ʨʘʟʘ ʧʦʚʳʰʘʝʪ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʩʠʩʪʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʚʣʝʥʠʷ. 
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Imodelling of cardiograms of heart with use of dynamic neural networks  

˗˛˞˟˕˚ ˍȢˏȢ 

˜̆̎̈̆̎̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

˗̏̒̓̉̎ ˍȢˏȢ ɀ ̒ ̓̔̅̆̎̓ χ ̋̔̑̒́ ̜̋́̆̅̑̕ Ⱥˍ̃̓̏̍́̓̉̋́ ̉  ̖̓̆̌̆̍̆́̎̉̋́Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ɀ ̅ Ȣ̓Ȣ̎Ȣȟ ̐̑̏̆̒̒̏̑̕ ˞̧̆̍̎̏̃ ˍȢˑȢ 

 
ʈʘʟʨʘʙʦʪʘʥʘ ʥʝʡʨʦʩʝʪʝʚʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʶʱʘʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ  ʚʠʜʳ ʢʘʨʜʠʦʛʨʘʤʤ, ʤʦʜʝʣʠʨʫʷ 

ʥʦʨʤʘʣʴʥʫʶ ʨʘʙʦʪʫ ʩʝʨʜʮʘ ʠ ʨʘʟʣʠʯʥʳʝ ʥʘʨʫʰʝʥʠʷ ʚ ʝʛʦ ʨʘʙʦʪʝ. 

 

ʆʙʳʯʥʘʷ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʘ (ʕʂɻ) ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 12 ʦʪʚʝʜʝʥʠʡ (ʦʩʮʠʣʣʦʛʨʘʤʤ). ʀʭ ʦʙʲʝʜʠʥʷʶʪ 

ʚ ʜʚʝ ʛʨʫʧʧʳ: ʰʝʩʪʴ ʦʪʚʝʜʝʥʠʡ ʦʪ ʢʦʥʝʯʥʦʩʪʝʡ (ʠʭ ʦʩʠ ʣʝʞʘʪ ʚʦ ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ) ʠ ʰʝʩʪʴ ʛʨʫʜʥʳʭ 

ʦʪʚʝʜʝʥʠʡ (ʦʩʠ - ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ). ʆʪʚʝʜʝʥʠʷ ʦʪ ʢʦʥʝʯʥʦʩʪʝʡ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʪʨʠ 

ʜʚʫʭʧʦʣʶʩʥʳʭ (ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʚʝʜʝʥʠʷ I, II ʠ III) ʠ ʪʨʠ ʦʜʥʦʧʦʣʶʩʥʳʭ (ʫʩʠʣʝʥʥʳʝ ʦʪʚʝʜʝʥʠʷ aVR, aVL ʠ 

aVF). ɻʨʫʜʥʳʝ ʦʜʥʦʧʦʣʶʩʥʳʝ ʦʪʚʝʜʝʥʠʷ ʦʙʦʟʥʘʯʘʶʪ ʠʥʜʝʢʩʘʤʠ V1-V6. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʩʠʥʫʩʦʚʦʤ ʨʠʪʤʝ 

ʩʝʨʜʮʘ ʚʩʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʢʘʨʜʠʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʚʨʝʤʝʥʥʦʡ ʨʷʜ, 

ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʪʨʝʥʜʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʇʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʦʩʪʦʷʥʠʠ ʩʝʨʜʮʘ ʥʝʩʸʪ 

ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ [1], ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʜʝʣʷʪʴ ʠʟ ʕʂɻ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʠ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʝʸ ʩ ʧʦʤʦʱʴʶ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʧʘʨʦʜʠʯʝʩʢʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʤʦʜʝʣʠʨʫʝʤʘʷ ʢʘʨʜʠʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʝʩʘ 

ʠʩʢʦʤʦʡ ʤʦʜʝʣʠ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝʤʳʭ ʢʘʨʜʠʦʛʨʘʤʤ ʚ ʩʨʝʜʝ MATLAB ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʩʝʪʢʝ ʢʘʨʜʠʦʛʨʘʤʤʳ, ʠʤʝʶʱʝʡ ʚʨʝʤʝʥʥʫʶ ʠ ʘʤʧʣʠʪʫʜʥʫʶ ʢʘʣʠʙʨʦʚʢʫ ʚ  25 ʤʤ/ʩ ʠ 10 

ʤʤ/ʤɺ, ʚʨʫʯʥʫʶ ʟʘʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʢʘʨʜʠʦʛʨʘʤʤ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʭ ʨʘʟʣʠʯʥʳʝ ʥʘʨʫʰʝʥʠʷ ʚ ʨʘʙʦʪʝ 

ʩʝʨʜʮʘ. 

ʇʦ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ ʢʘʨʜʠʦʛʨʘʤʤʘʤ ʧʨʦʚʦʜʠʣʦʩʴ ʦʙʫʯʝʥʠʝ ʤʥʦʛʦʤʝʨʥʦʡ 

ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʍʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳʦʙʫʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʧʝʨʚʦʤ ʩʣʦʝ 

ʜʚʫʭ ʥʝʡʨʦʥʦʚ ʩ ʣʠʥʝʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʘʢʪʠʚʘʮʠʠ, ʚʦ ʚʪʦʨʦʤ ʩʣʦʝ ð ʦʜʥʦʛʦ ʥʝʡʨʦʥʘ ʩ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ 

ʘʢʪʠʚʘʮʠʠ. ʆʙʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʃʝʚʝʥʙʝʨʛʘïʄʘʨʢʚʘʨʜʪʘʨʝʛʫʣʷʨʠʟʦʚʘʥʥʦʛʦ ʧʦ ɹʘʡʝʩʫ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʰʠʙʢʘ ʦʙʫʯʝʥʠʷ ʜʣʷ ʚʩʝʭ ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ ʥʝ ʧʨʝʚʳʩʠʣʘ 1ʤʢɺ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʫʯʝʥʠʷ ʧʦʣʫʯʝʥʳ ʠ ʥʘ ʨʝʘʣʴʥʳʭ ʢʘʨʜʠʦʛʨʘʤʤʘʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʠʟʤʝʥʝʥʠʶ ʢʘʨʜʠʦʛʨʘʤʤʳ ʠ ʪʘʢʠʭ ʝʸ ʚʘʞʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʘʢ ʠʟʤʝʥʝʥʠʷ ʟʫʙʮʘ ʊ (ʠʰʝʤʠʷ), ʵʣʝʚʘʮʠʷ 

ʩʝʛʤʝʥʪʘ ST (ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʡ ʠʥʬʘʨʢʪ) ʠ ʢʦʤʧʣʝʢʩʘ QRS (ʠʥʬʘʨʢʪ). 
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Processing aerospace images wit h stochastic artificial neural networks  

˜˛˘ˬ˗ ˙ȢˑȢ 

˞́̎̋̓-˜̆̓̆̑̂̔̑̄̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ ̞̘́̑̏̋̏̒̍̉̆̒̋̏̄̏ ̠̐̑̉̂̏̑̏̒̓̑̏̆̎̉ 

˜̠̏̌̋ ̇ ȢˑȢ ɂ ́ ̒̐̉̑́̎̓ ̜̋́̆̅̑̕ Ⱥ˗̝̟̏̍̐̓̆̑̎̏̊ ̍́̓̆̍́̓̉̋̉ ̉ ̠̐̑̏̄̑́̍̍̉̑̏̃́̎̉Ȼȟ  
̘̜̎́̔̎̊ ̑ ̝̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˢ̉̍̆̎̋̏ ˏȢ˕Ȣ 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʣʴ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʟʝʤʣʠ (ɼɿɿ), ʧʦʩʪʨʦʝʥʥʘʷ ʩ 

ʧʦʤʦʱʴʶ ʤʘʰʠʥʳ ɹʦʣʴʮʤʘʥʘ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ʇʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʜʣʷ ʥʘʙʦʨʘ 

ʠʟʦʙʨʘʞʝʥʠʡ ʨʫʢʦʧʠʩʥʳʭ ʮʠʬʨ ʠʟ ʙʘʟʳ MNIST. 

 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʝ ʤʦʛʫʪ ʩʨʘʚʥʠʪʴʩʷ ʩ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ ʧʨʠ ʨʝʰʝʥʠʠ ʩʣʦʞʥʦʡ ʟʘʜʘʯʠ ʚʳʜʝʣʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʦʙʲʝʢʪʦʚ ʩ ʟʘʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʢʦʩʤʦʩʘ. ʇʦʜ ʦʙʲʝʢʪʘʤʠ ʩ ʟʘʜʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʛʫʪ ʧʦʥʠʤʘʪʴʩʷ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ, ʟʜʘʥʠʷ, 

ʩʦʦʨʫʞʝʥʠʷ, ʜʦʨʦʛʠ, ʧʦʣʷ, ʣʝʩʘ, ʚʦʜʦʝʤʳ ʠ ʪ.ʧ. ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʦʟʚʦʣʷʶʪ ʘʣʛʦʨʠʪʤʘʤ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʦʚ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ. ʅʝʡʨʦʩʝʪʝʚʦʡ ʧʦʜʭʦʜ 

ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʚʳʜʝʣʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʟ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʡ ʫʨʦʚʝʥʴ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʦʧʠʩʘʥʠʷ 

ʜʠʥʘʤʠʢʠ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ.  

ʀʩʢʫʩʩʪʚʝʥʥʫʶ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ: ʝʩʣʠ ʝʝ ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ, ʧʨʠʥʠʤʘʶʪ ʩʣʫʯʘʡʥʳʝ ʟʥʘʯʝʥʠʷ; ʣʠʙʦ, ʝʩʣʠ 

ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʥʝʡʨʦʥʘ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʝʡ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʪʘʢʞʝ 

ʥʘʟʳʚʘʶʪ ʤʘʰʠʥʦʡ ɹʦʣʴʮʤʘʥʘ [1, 2]. ʄʘʰʠʥʘ ɹʦʣʴʮʤʘʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʥʦʩʚʷʟʥʳʡ ʛʨʘʬ. ɺʩʝ 

ʥʝʡʨʦʥʳ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ ʢʣʘʩʩʘ: çʚʠʜʠʤʳʝè ʠ çʩʢʨʳʪʳʝè. ɺʠʜʠʤʳʝ ʥʝʡʨʦʥʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʛʫʪ 

ʧʦʜʨʘʟʜʝʣʷʪʴʩʷ ʥʘ çʚʭʦʜʳè ʠ çʚʳʭʦʜʳè ʩʝʪʠ. ʉʢʨʳʪʳʝ ʥʝʡʨʦʥʳ ʠʣʠ, ʢʘʢ ʠʭ ʝʱʝ ʥʘʟʳʚʘʶʪ, ʩʢʨʳʪʳʝ 

ʧʝʨʝʤʝʥʥʳʝ, ʧʦʟʚʦʣʷʶʪ ʤʘʰʠʥʝ ɹʦʣʴʮʤʘʥʘ ʫʩʧʝʰʥʦ ʥʘʭʦʜʠʪʴ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ 

ʤʝʞʜʫ ʧʨʠʟʥʘʢʘʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʥʘ ʚʭʦʜ ʩʝʪʠ. 

ʄʘʰʠʥʘ ɹʦʣʴʮʤʘʥʘ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ (ʄɹʆ) ï ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʜʚʫʭʩʣʦʡʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʦʡ. ɺ ʄɹʆ ʟʘʧʨʝʱʝʥʳ ʚʩʝ ʩʚʷʟʠ ʚʠʜʠʤʳʡ-ʚʠʜʠʤʳʡ ʠ ʩʢʨʳʪʳʡ-ʩʢʨʳʪʳʡ ʤʝʞʜʫ ʥʝʡʨʦʥʘʤʠ 

ʦʜʥʦʛʦ ʩʣʦʷ. ɺ ʪʘʢʦʡ ʩʝʪʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʩʚʷʟʠ ʚʠʜʠʤʳʡ-ʩʢʨʳʪʳʡ.  

ʄɹʆ ʪʘʢʞʝ ʠʥʦʛʜʘ ʥʘʟʳʚʘʶʪ ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʦʡ ʵʢʩʧʝʨʪʥʦʡ ʤʦʜʝʣʴʶ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʩʦʚʤʝʱʘʝʪ ʚ 

ʩʝʙʝ ʤʥʦʞʝʩʪʚʦ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʥʳʭ ʤʦʜʝʣʝʡ (ʵʢʩʧʝʨʪʦʚ), ʧʝʨʝʤʥʦʞʘʷ ʠʭ ʨʝʟʫʣʴʪʘʪʳ. ʊʘʢʠʤʠ ʵʢʩʧʝʨʪʘʤʠ 

ʷʚʣʷʶʪʩʷ ʜʚʦʠʯʥʳʝ ʩʢʨʳʪʳʝ ʥʝʡʨʦʥʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʝʪʝʢʪʦʨʳ ʧʨʠʟʥʘʢʦʚ. ʅʝʡʨʦʥ-

ʵʢʩʧʝʨʪ (ʜʝʪʝʢʪʦʨ ʧʨʠʟʥʘʢʘ) ʚʳʜʘʝʪ +1 ʥʘ ʩʚʦʝʤ ʚʳʭʦʜʝ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 
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ʛʜʝ jj sh =  ï ʩʦʩʪʦʷʥʠʝ ʩʢʨʳʪʦʛʦ ʥʝʡʨʦʥʘ j , { }1,0Íjh ; v  ï ʜʚʦʠʯʥʳʡ ʚʝʢʪʦʨ, ʦʧʠʩʳʚʘʶʱʠʡ ʩʦʩʪʦʷʥʠʝ ʚʩʝʭ 

ʚʠʜʠʤʳʭ ʥʝʡʨʦʥʦʚ; ii sv =  ï ʩʦʩʪʦʷʥʠʝ ʚʠʜʠʤʦʛʦ ʥʝʡʨʦʥʘ i , ʪ.ʝ. i -ʷ ʢʦʦʨʜʠʥʘʪʘ ʚʝʢʪʦʨʘ v , { }1,0Íiv ; ja  ï 

ʩʤʝʱʝʥʠʝ ʩʢʨʳʪʦʛʦ ʥʝʡʨʦʥʘ j . 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʩ ʧʦʤʦʱʴʶ ʤʘʰʠʥʳ ɹʦʣʴʮʤʘʥʘ ʚʚʦʜʠʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʘʷ 

ʤʦʜʝʣʴ 
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ʛʜʝ S  ï ʩʧʫʪʥʠʢʦʚʳʡ ʩʥʠʤʦʢ; M  ï ʜʘʥʥʳʝ ʧʦʜʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ; ( )wjiIN ),,(  ï ʬʨʘʛʤʝʥʪ ʨʘʟʤʝʨʦʤ 

ww³  ʧʠʢʩʝʣʝʡ ʠʟʦʙʨʘʞʝʥʠʷ I  ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ ),( ji . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʩʪʨʦʠʪʩʷ 

ʤʦʜʝʣʴ, ʩʪʘʚʷʱʘʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʬʨʘʛʤʝʥʪʫ ʩʧʫʪʥʠʢʦʚʦʛʦ ʩʥʠʤʢʘ ʨʘʟʤʝʨʦʤ ss ww ³  ʬʨʘʛʤʝʥʪ ʤʘʪʨʠʮʳ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʥʘʯʠʤʦʩʪʠ ʨʘʟʤʝʨʦʤ mm ww ³ . ʂʦʵʬʬʠʮʠʝʥʪ ʟʥʘʯʠʤʦʩʪʠ ï ʯʠʩʣʦ ʚ ʜʠʘʧʘʟʦʥʝ [ ]1;0 , ʯʝʤ ʦʥʦ 

ʙʦʣʴʰʝ, ʪʝʤ ʚʳʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʦʧʦʟʥʘʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ ʚ ʪʦʯʢʝ, ʢʦʪʦʨʦʡ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ. 
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Development of algorithm for training of artificial neural network  
in the presence of a priori information  

˜˛˚˛˙ˍ˝˒ˏ ˍȢˍȢȟ ˡ˕˘ˍ˝˒˟˛ˏ ːȢˡȢ 

˚̗̝̜́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓ Ⱥ˙˪˕Ȼ 

˜̏̎̏̍́̑̆̃ ˍȢˍȢ - ̒ ̓̔̅̆̎̓ ̋́̕Ȣ ̠̔̐̑́̃̌̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̐̑̏̆̒̒̏̑̕ ˡ̉̌́̑̆̓̏̃ ːȢˡȢ 

 
ʈʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ ʩʪʘʪʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʱʝʤ ʚʠʜʝ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʝʜʣʦʞʝʥ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʫʯʝʩʪʴ ʠʤʝʶʱʫʶʩʷ ʘʧʨʠʦʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ 

ʠʟʙʝʞʘʪʴ ʷʚʣʝʥʠʷ ʧʝʨʝʦʙʫʯʝʥʠʷ. 

 

ʇʫʩʪʴ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʦʡ ʦʜʥʦʤʝʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ )(xz . ɼʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ  ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (ʀʅʉ) ʪʠʧʘ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʩʝʧʪʨʦʥʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʝʛʦ ʥʘʩʪʨʦʡʢʘ ʚʩʝʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʧʦʤʦʱʴʶ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʦʙʲʝʤʘ N. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ 

ʧʝʨʝʦʙʫʯʝʥʠʷ ʥʝʡʨʦʩʝʪʠ, ʢʦʛʜʘ ʩʝʪʴ ʩʣʠʰʢʦʤ ʭʦʨʦʰʦ ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʪʩʷ ʢ ʵʣʝʤʝʥʪʘʤ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʝʸ ʦʙʦʙʱʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʥʦʚʷʪʩʷ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʤʠ. ɺ ʮʝʣʷʭ ʫʩʪʨʘʥʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʧʝʨʝʦʙʫʯʝʥʠʷ ʩʝʪʠ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʵʤʧʠʨʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ, ʢʦʪʦʨʳʝ ʦʜʥʘʢʦ, ʫʭʫʜʰʘʶʪ ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ N. 

ɺ [1] ʧʨʝʜʣʦʞʝʥ ʠ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʦʙʫʯʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʡ ʘʧʨʠʦʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʩʘʤʦʛʦ 

ʦʙʱʝʛʦ ʚʠʜʘ ʦ ʪʠʧʝ ʟʘʚʠʩʠʤʦʩʪʠ )(xz  (çʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʶʱʘʷ ʬʫʥʢʮʠʷè, çʚʳʧʫʢʣʘʷ ʬʫʥʢʮʠʷ, 

çʦʜʥʦʵʢʩʪʨʝʤʘʣʴʥʘʷè ʠ ʪ.ʜ.). ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤ ʵʣʝʤʝʥʪʘʤ ʦʙʫʯʘʶʱʝʡ 

ʚʳʙʦʨʢʠ Ngzx gg ,1),,( =  ʜʦʙʘʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʙʥʳʝ ʪʦʯʢʠ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʨʘʩʯʝʪʥʳʤ 

ʧʫʪʝʤ ʧʦ ʪʝʢʫʱʝʡ (ʪ.ʝ. ʠʤʝʶʱʝʡ ʤʝʩʪʦ ʥʘ ʜʘʥʥʦʤ ʰʘʛʝ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ) ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ. ʕʪʠ ʪʦʯʢʠ 

ʚʤʝʩʪʝ ʩ ʵʣʝʤʝʥʪʘʤʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʮʝʜʫʨʝ ʦʙʫʯʝʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 
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ʧʦʣʫʯʘʝʤʦʡ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʆʙʳʯʥʦ ʧʨʦʙʥʳʝ ʪʦʯʢʠ ʨʘʟʤʝʱʘʶʪʩʷ ʨʘʚʥʦʤʝʨʥʦ ʚ 

ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʚ ʢʦʣʠʯʝʩʪʚʝ L  ʪʦʯʝʢ. ʀʭ ʦʙʱʝʝ ʯʠʩʣʦ M  ʚ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʦʯʝʚʠʜʥʦ, ʨʘʚʥʦ: LNM )1( -= . ʆʙʫʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʥʦʚʦʛʦ ʢʨʠʪʝʨʠʷ ʚʠʜʘ: 
 

[ ]ä
=

=+-
N

g w
gg dxyz

1

2
min)( Ch ,     (1) 

 

ɿʜʝʩʴ )(xy  ï ʬʫʥʢʮʠʷ, ʨʝʘʣʠʟʫʝʤʘʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʠʩʢʦʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

)(xz ; W
C

 - ʤʘʪʨʠʮʘ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʀʅʉ, h - ʥʝʢʦʪʦʨʘʷ ʢʦʥʩʪʘʥʪʘ )0( >h  ; d  - ʯʠʩʣʦ ʥʘʨʫʰʝʥʠʡ 

ʫʩʣʦʚʠʷ, ʟʘʜʘʚʘʝʤʦʛʦ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʥʘ ʤʥʦʞʝʩʪʚʝ ʚʩʝʭ )( MN+  ʪʦʯʝʢ.  

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ [ʃ] ʘʣʛʦʨʠʪʤ, ʨʝʘʣʠʟʫʶʱʠʡ ʜʘʥʥʳʡ ʤʝʪʦʜ, ʦʢʘʟʘʣʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʤ, ʥʦ, ʢʘʢ 

ʧʦʢʘʟʘʣʠ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʝ ʦʧʪʠʤʘʣʴʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʭʦʜʠʤʦʩʪʠ ʢ ʢʦʥʝʯʥʦʤʫ 

ʨʝʟʫʣʴʪʘʪʫ. ʇʦʵʪʦʤʫ ʚ ʨʘʟʚʠʪʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʚʘʨʠʘʥʪ 

ʧʨʦʮʝʜʫʨʳ ʦʙʫʯʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʫʩʪʨʘʥʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʠʩʭʦʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. ʄʦʜʠʬʠʢʘʮʠʷ  ʢʘʩʘʝʪʩʷ: 

- ʩʧʦʩʦʙʘ ʟʘʜʘʥʠʷ ʧʦʨʷʜʢʘ ʚʳʙʦʨʘ ʦʯʝʨʝʜʥʦʛʦ ʚʝʩʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʙʳʪʴ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥ ʥʘ n-ʦʤ ʰʘʛʝ ʧʨʦʮʝʜʫʨʳ ʦʙʫʯʝʥʠʷ; 

- ʨʘʩʯʝʪʥʦʡ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʧʨʠʨʘʱʝʥʠʷ ʚʝʩʘ )(, nw kpqD  ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʢʦʨʦʩʪʠ ʦʙʫʯʝʥʠʷ r, ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʚʝʩʘ )(, nw kpq  ʠʣʠ ʪʦʯʥʝʝ ï 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʤʦʜʫʣʶ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ; 

- ʩʧʦʩʦʙʘ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʨʠ ʚʥʝʩʝʥʠʠ ʢʦʨʨʝʢʮʠʠ ʚ ʟʥʘʯʝʥʠʷ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ;  

- ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʚʪʦʨʥʦʛʦ ʨʘʩʯʝʪʘ ʧʨʠʨʘʱʝʥʠʷ ʚʝʩʘ )(, nw kpqD ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʝʛʦ ʧʨʝʜʳʜʫʱʝʝ ʨʘʩʯʝʪʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʥʝʫʜʘʯʥʳʤ. 

ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ ʩʦʟʜʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ 

ʧʨʦʛʨʘʤʤʥʘʷ ʩʠʩʪʝʤʘ ʩ ʫʜʦʙʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʉ ʝʝ ʧʦʤʦʱʴʶ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ  

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʙʫʯʝʥʠʶ ʀʅʉ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʟʘʜʘʥʠʷ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɺʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʠʩʢʦʤʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʣʘ ʟʘʜʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ; ʷʚʣʝʥʠʷ ʧʝʨʝʦʙʫʯʝʥʠʷ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ʍʨʦʙʦʩʪʦʚ ɼ.ɸ. ʈʘʟʨʘʙʦʪʢʘ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʜʫʠʨʦʚʦʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʥʩʦʨʦʚ ʠ 

ʩʝʥʩʦʨʥʳʭ ʩʠʩʪʝʤ: ɼʠʩ... ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ï ʄ., 2001. 
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Artificial neural network with hysteresis activation function   

˞˛˘˛ˏ˩˒ˏ ˍȢ˙Ȣȟ ˗ˍˎˠ˘˛ˏˍ ˒ȢːȢȟ ˙˕˥˕˚ ˙Ȣ˫Ȣ 

ˏ̏̑̏̎̆̇̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ 

˞̝̏̌̏̃̆̃ ˍȢ˙Ȣ, ̇ ̙̉̉̎ ˙Ȣ˫Ȣȟ ˗́̂̔̌̏̃́ ˒ȢːȢ-́̒ ̜̐̉̑́̎̓, 
̘̜̎́̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ - ̅ Ȣ̕Ȣ-̍Ȣ̎Ȣȟ ̐̑̏̕Ȣ ˞̆̍̆̎̏̃ ˙Ȣ˒Ȣ 

 
ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʦʜʥʦʩʣʦʡʥʦʡ ʠ ʜʚʫʭʩʣʦʡʥʦʡ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ 

ʛʠʩʪʝʨʝʟʠʩʥʦʡ ʬʫʥʢʮʠʝʡ ʘʢʪʠʚʘʮʠʠ ʥʝʡʨʦʥʦʚ. ʇʨʝʜʣʦʞʝʥʳ ʘʣʛʦʨʠʪʤʳ ʠʭ ʦʙʫʯʝʥʠʷ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʨʘʙʦʪʳ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʥʝʡʨʦʩʝʪʝʡ ʥʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʨʘʟʦʚ.  
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ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (ʀʅʉ) ʩʪʨʦʷʪʩʷ ʧʦ ʧʨʠʥʮʠʧʘʤ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ, ʥʝʡʨʦʥʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʀʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʀʅʉ ʩʚʷʟʘʥ ʩ ʪʝʤ, ʯʪʦ ʩʧʦʩʦʙ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʯʝʣʦʚʝʯʝʩʢʠʤ ʤʦʟʛʦʤ ʚ ʢʦʨʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʝʪʦʜʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʦʙʳʯʥʳʤʠ 

ʮʠʬʨʦʚʳʤʠ ʢʦʤʧʴʶʪʝʨʘʤʠ. ʀʅʉ ʩʧʦʩʦʙʥʳ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʟʘʜʘʯ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʨʘʟʦʚ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʪʝʢʩʪʦʚ, 

ʬʠʣʴʪʨʘʮʠʠ ʩʧʘʤʘ ʠ ʜʨ.  ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʀʅʉ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʨʭʠʪʝʢʪʫʨʘ 

ʩʝʪʠ, ʤʝʪʦʜʳ ʝʝ ʨʝʘʣʠʟʘʮʠʠ, ʘʣʛʦʨʠʪʤʳ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢ ʞʝ ʩʚʦʡʩʪʚʘ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʦʪ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʥʝʡʨʦʥʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ. ʊʘʢ, ʟʘʠʤʩʪʚʦʚʘʥʥʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ 

ʩʘʤʦʦʙʫʯʘʶʱʫʶʩʷ ʀʅʉ. ɽʱʝ ʦʜʥʠʤ ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ ʷʚʣʷʝʪʩʷ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʧʘʤʷʪʴ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ʀʅʉ, ʜʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʟʘʠʤʩʪʚʦʚʘʥʦ 

ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʝʡʨʦʥʘʭ ʩʝʪʠ ʛʠʩʪʝʨʝʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʘʢʪʠʚʘʮʠʠ (ɻʌɸ) [1,2,3]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʦʜʥʦʩʣʦʡʥʦʡ ʠ ʜʚʫʭʩʣʦʡʥʦʡ 

ʀʅʉ ʩ ʥʘʣʠʯʠʝʤ ʛʠʩʪʝʨʝʟʠʩʘ ʚ ʬʫʥʢʮʠʠ ʘʢʪʠʚʘʮʠʠ ʥʝʡʨʦʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ɻʌɸ ʙʳʣʘ ʚʟʷʪʘ ʬʫʥʢʮʠʷ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʚʭʦʜʦ-ʚʳʭʦʜʥʳʭ ʩʦʦʪʚʝʪʩʪʚʠʡ, ʬʦʨʤʘʣʠʟʫʝʤʳʭ ʩʣʝʜʫʶʱʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ [4]: 
 

xkxu
dt

dx
Ö+-= 3 .      (1) 

 

ɼʣʷ ʦʙʫʯʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʀʅʉ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʥʝʡʨʦʩʝʪʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʨʘʟʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʀʅʉ ʩ ɻʌɸ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʜʦʙʥʳʤʠ ʀʅʉ ʧʦʩʪʨʦʝʥʥʳʤʠ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʝ ʠ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʨʘʟʦʚ ʩ ʙʦʣʴʰʠʤ ʫʨʦʚʥʝʤ ʰʫʤʦʚ ʠ ʥʘʣʠʯʠʝʤ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʧʦʤʝʭ. ʊʘʢʞʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʜʥʦʩʣʦʡʥʦʡ ʀʅʉ ʩ ɻʌɸ, ʤʥʦʛʦʩʣʦʡʥʘʷ ʥʝʡʨʦʩʝʪʴ ʦʙʣʘʜʘʝʪ ʥʝ ʪʦʣʴʢʦ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʘʩʧʦʟʥʘʚʘʥʠʶ (ʢʣʘʩʩʠʬʠʢʘʮʠʠ) ʦʙʨʘʟʦʚ, ʥʦ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʚʳʜʝʣʝʥʠʶ ʠʟ ʥʘʙʦʨʘ 

ʧʦʜʘʚʘʝʤʳʭ ʥʘ ʥʝʝ ʦʙʨʘʟʦʚ, ʠʩʢʦʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʚʫʭʩʣʦʡʥʘʷ ʩʝʪʴ ʦʙʣʘʜʘʝʪ 

ʩʚʦʡʩʪʚʦʤ ʘʩʩʦʮʠʘʪʠʚʥʦʡ ʧʘʤʷʪʠ. 
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Distance information -inquiry system for sensors based on MS SQL Server and ASP.NET 

ˎ˒˘˛ˎ˓˒˞˗˕˖ ˘ȢˍȢȟ ˟ˍ˝ˍ˞˛ˏ ˏȢˍȢ 

˙̏̒̋̏̃̒̋̉̊ ̗̜́̃̉́̉̏̎̎̊ ̉̎̒̓̉̓̔̓ ɉ̗̝̜̎́̉̏̎́̌̎̊ ̝̉̒̒̌̆̅̏̃́̓̆̌̒̋̉̊ ̔̎̉̃̆̑̒̉̓̆̓Ɋ 

˟́̑́̒̏̃ ˏȢˍȢ- ̒ ̓̔̅̆̎̓ ̜̋́̆̅̑̕ Ⱥ˜̜̑̉̂̏̑ ̉ ̝̉̈̍̆̑̉̓̆̌̎̏-̜̘̝̜̃̉̒̌̉̓̆̌̎̆ ̜̋̏̍̐̌̆̋̒Ȼȟ 
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̗̅̏̆̎̓ ˎ̆̌̏̂̇̆̒̋̉̊ ˘ȢˍȢ 

 
ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʦʡ ʩʠʩʪʝʤʳ ʧʦ ʜʘʪʯʠʢʘʤ ʥʘ ʦʩʥʦʚʝ WEB - 

ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʪʬʦʨʤʳ Microsoft .NET 

Framework. ʉʦʟʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ 

ʜʣʷ ʩʙʦʨʘ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʘʪʯʠʢʘʭ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚr ʯʠʩʣʠʪʝʣʴʥʳʭ 

ʩʠʩʪʝʤ, ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʜʦʩʪʫʧʦʤ ʯʝʨʝʟ ʫʜʦʙʥʦʝ ʢʣʠʝʥʪʩʢʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʠʠ ʩʝʪʝʚʳʭ ʙʘʟ ʜʘʥʥʳʭ ʠ ʧʣʘʪʬʦʨʤʘ Microsoft .NET Framework, 

ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʩʨʝʜʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʦʛʫʪ ʙʳʪʴ ʩ ʫʩʧʝʭʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ (ʀɺʉ). ʅʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ 

ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʩʧʨʘʚʦʯʥʦʡ ʩʠʩʪʝʤʳ (ʀʉʉ), ʜʦʩʪʫʧ, ʢ ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʣʶʙʦʡ 

ʧʦʣʴʟʦʚʘʪʝʣʴ, ʠʤʝʶʱʠʡ ʧʦʜ ʨʫʢʦʡ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʠʥʪʝʨʥʝʪ, ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʥʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʜʣʷ ʩʙʦʨʘ ʠ ʭʨʘʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ, ʪʦʯʥʳʭ ʠ ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʳʭ ʩʚʝʜʝʥʠʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʜʘʪʯʠʢʘʤ, ʚ ʢʦʪʦʨʳʭ ʥʫʞʜʘʶʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʠ ʀɺʉ ʠ ʩʪʫʜʝʥʪʳ 

ʧʨʠʙʦʨʦʩʪʨʦʠʪʝʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. ʊʘʢʘʷ ʀʉʉ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʜʘʪʯʠʢʘʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʫʜʦʙʥʦʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʠʜʝ, 

ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʀʉʉ, ʜʦʩʪʫʧ ʢ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʣʶʙʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ 

ʠʥʪʝʨʥʝʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʪʨʝʙʫʝʪʩʷ ʤʦʱʥʳʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʝʨʚʝʨʘ. 

ʅʘʠʙʦʣʝʝ ʫʜʦʙʝʥ ʩʝʨʚʝʨ ʩ ʥʝʦʛʨʘʥʠʯʝʥʥʳʤ ʪʨʘʬʠʢʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʆʉ) ʩʝʨʚʝʨʘ 

ʚʳʙʨʘʣʠ Microsoft Windows Server 2008, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʨʦʚʝʨʝʥʥʫʶ ʚʨʝʤʝʥʝʤ, ʩ ʧʦʜʢʣʶʯʝʥʥʳʤ ʚʝʙ-

ʩʝʨʚʝʨʦʤ Internet Information Server (IIS) ʚʝʨʩʠʠ 7.5, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʠ ʥʘʩʪʨʦʝʥʥʳʤ MS SQL 

SERVER WEB 2008. ɺʩʷ ʧʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ ʨʝʘʣʠʟʦʚʘʥʘ ʩʨʝʜʩʪʚʘʤʠ APS.NET ï ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʦʪ Microsoft  

ʠʤʝʝʪ ʘʙʩʦʣʶʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʩʢʦʨʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʨʠʧʪʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʪʘʢ ʢʘʢ ʧʨʠ 

ʧʝʨʚʦʤ ʦʙʨʘʱʝʥʠʠ ʢʦʜ ʢʦʤʧʠʣʠʨʫʝʪʩʷ ʠ ʧʦʤʝʱʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʫʶ ʢʵʰ ʧʘʤʷʪʴ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʢʦʜ ʪʦʣʴʢʦ 

ʠʩʧʦʣʥʷʝʪʩʷ, ʥʝ ʪʨʝʙʫʷ ʟʘʪʨʘʪ ʥʘ ʧʘʨʩʠʥʛ ʠ ʦʧʪʠʤʠʟʘʮʠʶ. ʂʦʜ ʜʣʷ ASP.NET ʥʘʧʠʩʘʥ ʥʘ C# ʠ Jscript. 

ʇʦʣʴʟʦʚʘʪʝʣʴʩʢʦʝ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ, ʜʦʙʘʚʠʪʴ ʠʣʠ ʧʦʩʤʦʪʨʝʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʢʨʝʪʥʦʤ 

ʜʘʪʯʠʢʝ. ɺʩʝ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʩʭʦʞʠ ʩ ʵʣʝʤʝʥʪʘʤʠ ʫʧʨʘʚʣʝʥʠʷ Windows, ʧʨʠ ʥʘʚʝʜʝʥʠʠ ʢʫʨʩʦʨʘ ʤʳʰʠ 

ʥʘ ʢʦʪʦʨʳʝ, ʦʪʦʙʨʘʞʘʶʪʩʷ ʧʦʜʩʢʘʟʢʠ, ʤʘʢʩʠʤʘʣʴʥʦ ʫʧʨʦʱʘʶʱʠʝ ʨʘʙʦʪʫ ʩ ʀʉʉ. ɺʩʝ ʵʣʝʤʝʥʪʳ ʥʘʚʠʛʘʮʠʠ 

ʚʳʧʦʣʥʝʥʳ ʩʨʝʜʩʪʚʘʤʠ ʷʟʳʢʘ ʨʘʟʤʝʪʢʠ ʛʠʧʝʨʪʝʢʩʪʘ HTML, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʨʘʙʦʪʘʪʴ ʩ ʚʝʙ-

ʧʨʠʣʦʞʝʥʠʝʤ ʢʘʢ ʩ ʦʙʳʯʥʳʤ ʚʝʙ-ʩʘʡʪʦʤ. ɺ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʠ ʀʉʉ ʨʝʘʣʠʟʦʚʘʥ ʤʦʜʫʣʴ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʪʚʝʯʘʪʴ ʥʘ ʦʙʨʘʱʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʯʝʨʝʟ ʵʣʝʢʪʨʦʥʥʫʶ ʬʦʨʤʫ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʨʝʘʣʠʟʘʮʠʠ ʀʉʉ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʧʦʠʩʢ ʥʫʞʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʜʘʪʯʠʢʘʤ, ʥʝ ʧʨʠʙʝʛʘʷ ʢ ʫʩʪʘʥʦʚʢʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

˿͔͟ͼ͙Ύ р 
ˮ˹́˩˶˶˩˴́̂ˢ˶̎˹̍˩ ˿ˮ˿́˩˸̍ ˻ˣ̂̉˩˹ˮ̒ ˮ 

˿ˢ˸˻˻ˣ̂̉˩˹ˮ̒ 
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ˏ˕˝˟ˠˍ˘˩˚˨˖ ˛˞ˣ˕˘˘˛ː˝ˍˡ ˚ˍ ˎˍ˔˒ ˙˛ˑˠ˘ˬ ,#!2$ %ςπ-10 

Take a virtual oscilloscope based on the module LCARD E20 -10 

ˎ˨˗˛ˏ˞˗˕˖ ˞Ȣ˞Ȣȟ ˗˛˚˛˚˛ˏ ˙ȢˍȢȟ ˝˨ˏ˗˕˚ ˞ȢˍȢȟ ˞˙˕˝˚˛ˏ ˍȢ˞Ȣ 

˙̏̒̋̏̃̒̋̉̊ ̜̄̏̒̔̅́̑̒̓̃̆̎̎̊ ̔̎̉̃̆̑̒̉̓̆̓ ̠̐̑̉̂̏̑̏̒̓̑̏̆̎̉ ̉ ̉̎̏̑̍́̓̉̋̉̕ 

˝̜̃̋̉̎ ˞ȢˍȢ ɀ ̒ ̓̔̅̆̎̓ ̜̋́̆̅̑̕ ˜˝-υ Ȱ ˜̜̑̉̂̏̑ ̉ ̗̉̎̏̑̍́̉̏̎̎̏̕-̝̜̉̈̍̆̑̉̓̆̌̎̆ ̜̒̉̒̓̆̍ȱ,  
˞̍̉̑̎̏̃ ˍȢ˞Ȣ ɀ ̒ ̓̔̅̆̎̓ ̜̋́̆̅̑̕ ˕˟-ψ Ȱ˜̝̜̆̑̒̏̎́̌̎̆ ̝̟̜̋̏̍̐̓̆̑ ̉ ̒̆̓̉ȱ, ˎ ̜̋̏̃̒̋̉̊ ˞Ȣ˞Ȣ ɀ ̒ ̙̓́̑̉̊ 

̝̐̑̆̐̏̅́̃́̓̆̌ ̜̋́̆̅̑̕ ˕˟ψ Ȱ˜̝̜̆̑̒̏̎́̌̎̆ ̝̟̜̋̏̍̐̓̆̑ ̉ ̒̆̓̉ȱ,  
̘̜̎́̔̎̊ ̝̑̔̋̏̃̏̅̉̓̆̌ ̋Ȣ̓Ȣ̎Ȣȟ ̗̅̏̆̎̓ ̜̋́̆̅̑̕ ˜˝-1, ̠ ̏̎̏̎̏̃ ˙ȢˍȢ 

 
ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʜʦʨʘʙʦʪʢʦʡ ʜʨʘʡʚʝʨʦʚ ʫʩʪʨʦʡʩʪʚʘ LCARD E20-

10, ʘʜʘʧʪʠʨʫʶʱʠʭ ʜʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦ ʩʨʝʜʦʡ ʨʘʟʨʘʙʦʪʢʠ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ NI LabVIEW. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ LCARD E20-10 ʩ ʇʕɺʄ ʨʝʘʣʠʟʫʝʪʩʷ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ ʟʘʧʦʤʠʥʘʶʱʠʡ 

ʦʩʮʠʣʣʦʛʨʘʬ.  

 

ʇʝʨʩʦʥʘʣʴʥʳʝ ʕɺʄ ʥʘʜʝʞʥʦ ʚʥʝʜʨʠʣʠʩʴ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʣʶʜʝʡ. ʉʝʛʦʜʥʷ ʠʥʞʝʥʝʨʫ-

ʨʘʟʨʘʙʦʪʯʠʢʫ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʧʨʦʝʢʪʘ ʠ ʩʨʝʜʩʪʚ ʥʘ ʝʛʦ ʨʝʘʣʠʟʘʮʠʶ ʚʳʜʝʣʷʝʪʩʷ ʚʩʝ ʤʝʥʴʰʝ, ʘ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʝʛʦ ʧʨʦʜʫʢʮʠʠ ʩʦ ʩʪʦʨʦʥʳ ʟʘʢʘʟʯʠʢʦʚ ʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʩʝ ʚʦʟʨʘʩʪʘʶʪ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʝʡʯʘʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ, ʯʪʦʙʳ ʨʘʙʦʪʘ ʠʥʞʝʥʝʨʘ ʦʙʭʦʜʠʣʘʩʴ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʘʣʛʦʨʠʪʤʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ, ʠ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʤʘʢʝʪʠʨʦʚʘʥʠʠ ʫʟʣʦʚ ʩʠʩʪʝʤ ʠʣʠ ʮʝʣʠʢʦʤ 

ʫʩʪʨʦʡʩʪʚ, ʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʠ ʜʘʞʝ ʧʨʠ ʥʘʩʪʨʦʡʢʝ ʠ ʨʝʛʫʣʠʨʦʚʢʠ ʫʩʪʨʦʡʩʪʚ. ɺ ʧʦʩʣʝʜʥʝʤ 

ʧʨʠʣʦʞʝʥʠʠ ʠʥʞʝʥʝʨ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʩʧʦʩʦʙʝʥ ʨʝʘʣʠʟʦʚʘʪʴ ʚʝʩʴ ʥʝʦʙʭʦʜʠʤʳʡ 

ʝʤʫ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʧʨʠʙʦʨʳ (VI), ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʛʝʥʝʨʘʪʦʨʳ 

ʩʠʛʥʘʣʦʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ, ʠ ʟʘʧʦʤʠʥʘʶʱʠʝ ʦʩʮʠʣʣʦʛʨʘʬʳ ʠ ʘʥʘʣʠʟʘʪʦʨʳ ʩʧʝʢʪʨʘ. 

ʋʩʪʨʦʡʩʪʚʘ ʥʘ ʦʩʥʦʚʝ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʘʢʪʠʚʥʦ ʠ ʧʦʚʩʝʤʝʩʪʥʦ ʟʘʤʝʥʷʶʪ ʩʪʘʥʜʘʨʪʥʳʝ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ (ʚʦʣʴʪʤʝʪʨʳ, ʩʘʤʦʧʠʩʮʳ, ʦʩʮʠʣʣʦʛʨʘʬʳ, ʤʘʛʥʠʪʦʛʨʘʬʳ, ʩʧʝʢʪʨʦʘʥʘʣʠʟʘʪʦʨʳ ʠ ʜʨ.) 

ʩʠʩʪʝʤʦʡ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ [1, 2]. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʢʦʤʧʴʶʪʝʨʘ ʠ ʦʜʥʦʡ-ʜʚʫʭ ʧʣʘʪ 

ʩʙʦʨʘ ʜʘʥʥʳʭ (ʇʉɼ), ʧʨʠʯʝʤ ʧʨʦʛʨʘʤʤʥʘʷ ʯʘʩʪʴ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʤʦʞʝʪ ʵʤʫʣʠʨʦʚʘʪʴ ʧʝʨʝʜʥʶʶ 

ʫʧʨʘʚʣʷʶʱʫʶ ʧʘʥʝʣʴ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʉʘʤʘ ʧʘʥʝʣʴ, ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʵʢʨʘʥʝ 

ʜʠʩʧʣʝʷ, ʩʪʘʥʦʚʠʪʩʷ ʧʘʥʝʣʴʶ ʫʧʨʘʚʣʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʝʘʣʴʥʦʡ ʧʘʥʝʣʠ ʫʧʨʘʚʣʝʥʠʷ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʨʠʙʦʨʘ ʪʘʢʘʷ ʚʠʨʪʫʘʣʴʥʘʷ ʧʘʥʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʛʦʢʨʘʪʥʦ ʨʝʢʦʥʬʠʛʫʨʠʨʦʚʘʥʘ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ʘʢʪʠʚʠʟʠʨʫʝʪ ʦʙʲʝʢʪ ʛʨʘʬʠʯʝʩʢʦʡ ʧʘʥʝʣʠ ʩ ʧʦʤʦʱʴʶ 

http://msdn.microsoft.com/library/ms123401
http://asp.net/
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ʤʘʥʠʧʫʣʷʪʦʨʘ ñʤʳʰʴò, ʢʣʘʚʠʘʪʫʨʳ ʠʣʠ ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʠʙʦʨʦʚ ʩʪʘʨʘʣʠʩʴ ʦʩʥʘʩʪʠʪʴ ʠʭ ʩʨʝʜʩʪʚʘʤʠ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʘʨʭʠʚʘʮʠʠ ʜʘʥʥʳʭ 

(ʜʠʩʢʦʚʦʜʘʤʠ, ʩʯʠʪʳʚʘʪʝʣʷʤʠ ʢʘʨʪ, ʠʥʪʝʨʬʝʡʩʘʤʠ RS-232, USB ʠ ʪ.ʜ.), ʫʣʫʯʰʝʥʥʳʤʠ ʜʠʩʧʣʝʷʤʠ ʠ ʪ.ʧ., 

ʧʦʣʫʯʠʪʴ ʥʘ ʥʠʭ ʪʝ ʞʝ ʨʝʟʫʣʴʪʘʪʳ, ʯʪʦ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʕɺʄ, ʦʢʘʟʘʣʦʩʴ ʥʝʚʦʟʤʦʞʥʳʤ. ʅʝ ʣʠʰʥʠʤ 

ʙʫʜʝʪ ʝʱʝ ʫʧʦʤʷʥʫʪʴ ʦ ʢʦʣʦʩʩʘʣʴʥʦʡ ʵʢʦʥʦʤʠʠ ʩʚʦʙʦʜʥʦʛʦ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʟʘ ʩʯʝʪ ʚʠʨʪʫʘʣʴʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʨʠʯʝʤ ʙʝʟ ʧʦʪʝʨʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ñʬʠʟʠʯʝʩʢʠʭò ʧʨʠʙʦʨʦʚ. 

ʆʜʥʘʢʦ ʦʪʤʝʪʠʤ ʝʱʝ ʪʦ, ʯʪʦ ʥʝ ʚʩʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʇʉɼ, ʦʩʦʙʝʥʥʦ ʦʪʝʯʝʩʪʚʝʥʥʳʝ, ʚʦʚʨʝʤʷ 

ʦʪʨʝʘʛʠʨʦʚʘʣʠ ʥʘ ʧʦʷʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. ɺʩʷʯʝʩʢʠ ʧʦʜʜʝʨʞʠʚʘʷ 

ñʥʘ ʧʣʘʚʫò ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝ ʇʉɼ, ʪʘʢʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʦʪʢʘʟʳʚʘʣʠʩʴ ʢʦʤʧʣʝʢʪʦʚʘʪʴ ʩʚʦʶ ʧʨʦʜʫʢʮʠʶ ʙʠʙʣʠʦʪʝʢʘʤʠ ʜʨʘʡʚʝʨʦʚ ʩʦʚʤʝʩʪʠʤʳʭ ʩ NI LabVIEW. 

ʆʙʨʘʱʝʥʠʷ ʚ ʩʝʨʚʠʩʥʳʝ ʩʣʫʞʙʳ ʧʦʜʜʝʨʞʢʠ ʩ ʧʨʦʩʴʙʦʡ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʨʦʡʩʪʚʘ ʜʨʘʡʚʝʨʘʤʠ ʜʣʷ NI LabVIEW 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʦʪʢʘʟʘʤʠ, ʥʘʚʷʟʳʚʘʥʠʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʣʠ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʤʠ 

ʦʪʚʝʪʘʤʠ: ñʅʘʰʘ ʧʨʦʜʫʢʮʠʷ ʨʘʩʩʯʠʪʘʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʧʨʦʜʚʠʥʫʪʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ 

ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʪʝʤʠ ʜʨʘʡʚʝʨʘʤʠ, ʯʪʦ ʫʞʝ ʚ ʢʦʤʧʣʝʢʪʝ ʝʩʪʴ ʩ ʫʩʪʨʦʡʩʪʚʦʤò. ɽʱʝ ʥʝ ʪʘʢ ʜʘʚʥʦ RUNET 

ʨʘʟʨʳʚʘʣʩʷ ʧʨʦʩʴʙʘʤʠ ʤʥʦʞʝʩʪʚʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʦʤʦʯʴ ʧʦʜʢʣʶʯʠʪʴ ʧʣʘʪʳ LCARD ʢ LabVIEW. 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʜʨʘʡʚʝʨʘ ʫʩʪʨʦʡʩʪʚʘ LCARD E20-10 ʩ 

ʩʦʟʜʘʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ ʚʠʨʪʫʘʣʴʥʳʭ 

ʧʨʠʙʦʨʦʚ NI LabVIEW. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʇʉɼ ʩʦʟʜʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ï 

ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʟʘʧʦʤʠʥʘʶʱʠʡ ʚʠʨʪʫʘʣʴʥʳʡ ʦʩʮʠʣʣʦʛʨʘʬ. ɼʘʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ VI ʥʘ ʙʘʟʝ 

ʇʉɼ ʩʪʦʨʦʥʥʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʚ ñʫʤʝʣʳʭ ʨʫʢʘʭò ʤʦʛʫʪ ʩʝʨʴʝʟʥʦ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ DAQ-MX ʫʩʪʨʦʡʩʪʚʘʤʠ 

ï ʇʉɼ ʢʦʤʧʘʥʠʠ National Instruments (NI). ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʙʦʯʠʝ ʵʢʨʘʥʳ ʚʠʨʪʫʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʩʨʘʚʥʝʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʧʨʠʙʦʨʘʤʠ. 

ʅʘ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʘʭ ʨʘʙʦʪʳ ʩʦ ʩʪʝʥʜʘʤʠ ʙʫʜʝʪ ʧʨʦʨʘʙʘʪʳʚʘʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʠ 

ʚʥʝʜʨʝʥʠʷ ʧʨʘʢʪʠʢʫʤʦʚ ʚ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ ʫʜʘʣʝʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 
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ʠʩʩʣʝʜʦʚʘʥʠʷ ʄʕʄʉ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ. 
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ɺʩʝ ʯʘʱʝ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

(ʄʕʄʉ). ʄʕʄʉ-ʪʝʭʥʦʣʦʛʠʠ ʦʙʲʝʜʠʥʷʶʪ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʝ ʠ ʤʠʢʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚʥʫʪʨʠ 

ʦʜʥʦʡ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʩʭʝʤʳ, ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʠʥʠʘʪʶʨʥʳʭ ʜʘʪʯʠʢʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʘʢʩʝʣʝʨʦʤʝʪʨʳ, ʜʘʪʯʠʢʠ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ, ʛʠʨʦʩʢʦʧʳ, ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, 

ʙʘʨʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʘʥʘʣʠʟʘʪʦʨʳ ʩʨʝʜʳ ʠ ʪ.ʜ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʩʥʘʙʞʘʝʪʩʷ ʄʕʄʉ ʘʢʩʝʣʝʨʦʤʝʪʨʘʤʠ (ʜʘʪʯʠʢʘʤʠ ʫʩʢʦʨʝʥʠʷ). ʊʘʢʠʝ ʘʢʩʝʣʝʨʦʤʝʪʨʳ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʫʩʢʦʨʝʥʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʚʠʙʨʘʮʠʠ. 

ʉʧʝʮʠʘʣʠʩʪ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʄʕʄʉ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʷʭ ʩʭʝʤ ʠʭ ʧʦʜʢʣʶʯʝʥʠʷ. ʆʙʫʯʝʥʠʝ ʪʘʢʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʥʘ ʢʘʬʝʜʨʝ ʇʈ-1 çʇʨʠʙʦʨʳ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳè ʄɻʋʇʀ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪ ʧʦʣʫʯʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ ʚ ʦʩʥʦʚʥʦʤ ʩ 

ʧʦʤʦʱʴʶ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ 

ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʨʘʙʦʪʦʡ ʄʕʄʉ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʃʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʄʕʄʉ ʘʢʩʝʣʝʨʦʤʝʪʨʦʚ, ʢʘʢ ʩ ʘʥʘʣʦʛʦʚʳʤ, ʪʘʢ 

ʠ ʩ ʮʠʬʨʦʚʳʤ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʦʩʪʘʚʝ ʩʪʝʥʜʘ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʪʨʠ ʢʘʥʘʣʘ ʘʥʘʣʦʛʦ-

ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʩ ʷʜʨʦʤ AVR ʬʠʨʤʳ ATMEL, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ 

ʩʪʘʥʜʘʨʪʥʳʡ SPI/I2C ʮʠʬʨʦʚʦʡ ʠʥʪʝʨʬʝʡʩ. ʉʪʝʥʜ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʇʂ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʚʝʨʩʠʡ ʠʥʪʝʨʬʝʡʩʦʚ USB ʠ RS-232. ʉʪʝʥʜ ʧʨʝʜʥʘʟʥʘʯʝʥ, ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ "ʇʨʠʙʦʨʦʩʪʨʦʝʥʠʝ", ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʧʨʘʢʪʠʢʫʤʝ ʧʦ 

ʜʠʩʮʠʧʣʠʥʘʤ: "ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ", "ʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ", 

"ʂʦʤʧʴʶʪʝʨʠʟʘʮʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ" ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ. 

ʊʘʢʦʡ ʩʪʝʥʜ ʤʦʞʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʠ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʫʯʝʙʥʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦ ʢʫʨʩʫ "ʆʙʱʘʷ 

ʬʠʟʠʢʘ", ʢʦʪʦʨʳʡ ʨʘʟʨʘʙʦʪʘʣʠ ʆɸʆ "ʇʝʨʩʧʝʢʪʠʚʘ", ʩʦʚʤʝʩʪʥʦ ʩ ʄɻʋʇʀ [ʃ]. ɺ ʢʦʤʧʣʝʢʪ ʚʭʦʜʷʪ ʫʩʪʘʥʦʚʢʠ 

ʜʣʷ ʠʟʫʯʝʥʠʷ: ʤʘʷʪʥʠʢʘ ʆʙʝʨʙʝʢʘ, ʤʘʰʠʥʳ ɸʪʚʫʜʘ, ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʘʷʪʥʠʢʘ, ʫʥʠʧʦʣʷʨʥʦʛʦ ʧʦʜʚʝʩʘ, 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ, ʤʘʷʪʥʠʢʘ ʄʘʢʩʚʝʣʣʘ, ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ, ʥʘʢʣʦʥʥʦʛʦ ʤʘʷʪʥʠʢʘ ʠ 

ʜʨʫʛʠʝ. ʊʘʢ ʢʘʢ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʇʂ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʨʬʝʡʩʦʚ USB ʠ RS-232, ʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʘʨʠʘʪʠʚʥʦʩʪʴ ʟʘʜʘʥʠʡ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪʘʭ. 

ʉʭʝʤʘ ʩʪʝʥʜʘ, ʪʦʧʦʣʦʛʠʷ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ, ʙʠʙʣʠʦʪʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʉɸʇʈ ʧʝʯʘʪʥʳʭ ʧʣʘʪ, ʠʩʭʦʜʥʳʝ 

ʪʝʢʩʪʳ ʪʠʧʦʚʳʭ ʟʘʜʘʥʠʡ ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʢʨʳʪʦʤ ʜʦʩʪʫʧʝ, ʪ.ʝ. ʩʪʝʥʜ ʠʤʝʝʪ ʦʪʢʨʳʪʫʶ ʘʨʭʠʪʝʢʪʫʨʫ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʩʪʝʥʜʘ, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʩʣʝʜʫʶʱʝʛʦ ʪʠʨʘʞʠʨʦʚʘʥʠʷ, ʘ 

ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. 

ɺ ʜʦʢʣʘʜʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʪʝʥʜʘ, ʦʪʤʝʯʝʥʥʳʝ ʚ 

ʭʦʜʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʨʳ ʪʠʧʦʚʳʭ ʟʘʜʘʥʠʡ ʠ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɸʣʬʝʨʦʚ ɸ.ɺ., ɹʘʨʢʦʚʘ ɽ.ɺ., ʂʘʥʘʝʚ ʉ.ɸ., ʄʦʩʢʘʣʝʥʢʦ ʆ.ɺ., ñʄʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʜʣʷ 
ʢʦʤʧʣʝʢʪʘ ʫʯʝʙʥʳʭ ʫʩʪʘʥʦʚʦʢò // ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʢʠ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ: ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ XII ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʤʠʥʘʨʘ, - ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ ʄʕʀ, 2003 ʛ. 

 

 

 
 

 

http://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D1%81%D1%85%D0%B5%D0%BC%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B0%D1%82%D1%87%D0%B8%D0%BA
http://ru.wikipedia.org/wiki/%D0%90%D0%BA%D1%81%D0%B5%D0%BB%D0%B5%D1%80%D0%BE%D0%BC%D0%B5%D1%82%D1%80
http://ru.wikipedia.org/wiki/%D0%94%D0%B0%D1%82%D1%87%D0%B8%D0%BA_%D1%83%D0%B3%D0%BB%D0%BE%D0%B2%D0%BE%D0%B9_%D1%81%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D0%B8
http://ru.wikipedia.org/wiki/%D0%93%D0%B8%D1%80%D0%BE%D1%81%D0%BA%D0%BE%D0%BF
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B8%D1%82%D0%BE%D0%BC%D0%B5%D1%82%D1%80



