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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ ɩɪɢ ɦɨɧɬɚɠɟ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ» ɫɨɞɟɪɠɢɬ 101 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 50 ɢɥɥɸɫɬɪɚɰɢɢ, 1 
ɩɪɢɥɨɠɟɧɢɟ ɢ 39 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɋɌɊɈɂɌȿɅɖɇɕɃ ɊɈȻɈɌ, ɊɈȻɈɌɂɁȺɐɂə, ɊȺȻɈɑɂɃ ɉɊɈɐȿɋɋ, 
ɆɈȾȿɅɂɊɈȼȺɇɂȿ, ȾɂɇȺɆɂɄȺ ɋɅȿȾəɓɂɏ ɉɊɂȼɈȾɈȼ, ȾȼɂȽȺɌȿɅɖ 
ɉɈɋɌɈəɇɇɈȽɈ ɌɈɄȺ, ɋɂɇɌȿɁ ɊȿȽɍɅəɌɈɊȺ, ARDUINO, SIMULINK. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɩɪɢɜɨɞɵ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɨɛɨɬɨɜ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɩɪɢɜɨɞɟ 
ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɨɛɨɬɨɜ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɫɩɨɫɨɛɨɜ 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɨɛɨɬɨɜ ɫ ɭɱɟɬɨɦ 
ɞɢɧɚɦɢɤɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ, ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɢɯ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  
 ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɧɚɭɱɧɵɯ ɪɚɛɨɬ ɩɨ 

ɬɟɦɚɦ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɨɛɨɬɨɜ, ɨɛɨɫɧɨɜɚɧɵ ɜɚɪɢɚɧɬɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ; 
 ɩɨɥɭɱɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɢɧɚɦɢɤɢ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ-

ɦɨɧɬɚɠɧɢɤɚ; 
 ɪɚɡɪɚɛɨɬɚɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ-ɦɨɧɬɚɠɧɢɤɚ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɵ MATLAB/Simulink; 
 ɩɨɞɝɨɬɨɜɥɟɧɚ ɦɟɬɨɞɢɤɚ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɴɟɤɬɚ; 
 ɜɵɩɨɥɧɟɧɨ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬ ɫ ɨɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ; 
 ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɜ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢ 

ɩɪɟɞɥɨɠɟɧɵ ɜɚɪɢɚɧɬɵ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ-ɦɨɧɬɚɠɧɢɤɚ. 
ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɞɯɨɞɚɯ ɤ ɢɡɭɱɟɧɢɸ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɚɤɬɭɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɢ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. 
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ȼȼȿȾȿɇɂȿ 

 

ɋɬɪɨɢɬɟɥɶɧɚɹ ɨɬɪɚɫɥɶ – ɨɞɧɚ ɢɡ ɫɚɦɵɯ ɤɨɧɫɟɪɜɚɬɢɜɧɵɯ, ɫɥɨɠɧɨ 

ɜɨɫɩɪɢɧɢɦɚɸɳɢɯ ɢɧɧɨɜɚɰɢɢ, ɧɨ ɜ ɬɨɠɟ ɜɪɟɦɹ ɨɞɧɚ ɢɡ ɜɟɞɭɳɢɯ ɫɮɟɪ 

ɫɨɜɪɟɦɟɧɧɨɣ ɷɤɨɧɨɦɢɤɢ. ɋ ɤɚɠɞɵɦ ɝɨɞɨɦ ɧɨɜɵɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɩɪɨɟɤɬɵ 

ɫɬɚɧɨɜɹɬɫɹ ɟɳɟ ɦɚɫɲɬɚɛɧɟɟ ɢ ɫɥɨɠɧɟɟ. ɋɚɦɢ ɫɬɪɨɢɬɟɥɶɧɵɟ ɪɚɛɨɬɵ ɨɬɥɢɱɚɸɬɫɹ 

ɩɨɜɵɲɟɧɧɨɣ ɫɥɨɠɧɨɫɬɶɸ, ɨɩɚɫɧɨɫɬɶɸ ɢ ɦɨɧɨɬɨɧɧɨɫɬɶɸ, ɱɬɨ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ 

ɭɫɥɨɠɧɹɟɬ ɡɚɞɚɱɭ ɪɚɛɨɱɢɯ. ɉɪɢ ɷɬɨɦ ɭɫɩɟɯ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɨɟɤɬɚ ɡɚɜɢɫɢɬ ɨɬ 

ɬɪɟɯ ɮɚɤɬɨɪɨɜ – ɫɬɨɢɦɨɫɬɶ, ɫɪɨɤɢ, ɤɚɱɟɫɬɜɨ. Ⱦɥɹ ɭɫɩɟɲɧɨɣ ɪɟɚɥɢɡɚɰɢɢ 

ɩɪɨɟɤɬɨɜ ɧɭɠɧɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɬɟɯɧɨɥɨɝɢɢ ɢ ɨɪɝɚɧɢɡɚɰɢɸ ɫɬɪɨɢɬɟɥɶɧɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɫ ɩɨɦɨɳɶɸ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢ ɡɚɪɭɛɟɠɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ.  

ɇɚ ɞɚɧɧɨɟ ɜɪɟɦɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɩɪɨɝɪɟɫɫɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɹɜɥɹɟɬɫɹ 

ɪɨɛɨɬɢɡɚɰɢɹ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɭɫɤɨɪɢɬɶ ɫɪɨɤɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɩɨɜɵɫɢɬɶ 

ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɭɦɟɧɶɲɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɪɭɱɧɨɝɨ ɬɪɭɞɚ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɨɩɵɬ ɩɪɢɦɟɧɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɨɛɨɬɨɜ ɢ ɨɛɡɨɪ ɢɯ 

ɫɨɜɪɟɦɟɧɧɵɯ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ. ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɪɨɥɶ 

ɱɟɥɨɜɟɤɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɞɝɨɬɨɜɤɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɜɵɛɨɪɟ ɚɥɝɨɪɢɬɦɚ 

ɪɚɛɨɬɵ ɢ ɜ ɚɧɚɥɢɡɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɒɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɯɧɢɤɟ ɩɨɥɭɱɢɥɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ ɢ ɫɬɪɨɢɬɟɥɶɧɵɟ 

ɪɨɛɨɬɵ. Ɋɚɡɜɢɬɢɟ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɢ ɨɩɵɬɧɨ - ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɪɚɛɨɬ 

ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɨɜɨɞɹɬɫɹ ɜ ɫɬɨɪɨɧɭ ɫɨɡɞɚɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨ ɧɨɜɵɯ 

ɪɨɛɨɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɧɚɩɪɢɦɟɪ, ɪɨɛɨɬɨɜ ɫ ɜɵɫɨɤɢɦ ɢɫɤɭɫɫɬɜɟɧɧɵɦ 

ɢɧɬɟɥɥɟɤɬɨɦ ɢ ɦɨɛɢɥɶɧɵɯ ɪɨɛɨɬɨɜ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. 

ɋ ɫɟɪɟɞɢɧɵ 80-ɯ ɝɨɞɨɜ ɏɏ-ɝɨ ɫɬɨɥɟɬɢɹ ɡɚɞɚɱɢ ɪɨɛɨɬɢɡɚɰɢɢ ɢ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɫɬɚɧɨɜɹɬɫɹ ɜ ɰɟɧɬɪɟ ɜɧɢɦɚɧɢɹ ɭɱɟɧɵɯ ɢ 

ɫɩɟɰɢɚɥɢɫɬɨɜ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ. ɋɪɟɞɢ 

ɧɢɯ ɜɟɞɭɳɭɸ ɪɨɥɶ ɡɚɧɢɦɚɸɬ ɐɇɂɂɈɆɌɉ, ȼɇɂɂɫɬɪɨɣɞɨɪɦɚɲ. Ɇɂɋɂ. 

ɘɊȽɌɍ (ɇɉɂ), ɋɩɟɰɠɟɥɫɡɨɛɟɬɨɧɫɬɪɨɣ, Ɇɸɧɯɟɧɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
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ɭɧɢɜɟɪɫɢɬɟɬ. Ɋɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɪɨɛɨɬɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɨɩɟɪɚɰɢɣ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɬɪɭɞɚɯ ɭɱɟɧɵɯ Ɇɚɤɚɪɨɜɚ ɂ.Ɇ., Ɏɪɨɥɨɜɚ Ʉ.ȼ., ɉɨɩɨɜɚ 

ȿɅ., ɘɪɟɜɢɱɚ ȿ.ɂ., Ʉɭɥɟɲɨɜɚ Ⱥ.ɂ.. Ʌɨɤɨɬɵ ɇ.Ⱥ., ɘɳɟɧɤɨ Ⱥ.ɋ, Ʉɪɭɬɶɤɨ ɉ.Ⱦ., 

Ɇɟɞɜɟɞɟɜɚ B.C., ɉɨɞɭɪɚɟɜɚ ɘ.ȼ., Ɂɟɧɤɟɜɢɱ ɋ.Ⱥ., Ʌɨɯɢɧɚ ȼ.Ɇ.. Ȼɭɪɞɚɤɨɜɚ ɋ.Ɏ., 

Ʉɨɪɟɢɞɹɫɟɜɚ Ⱥ.ɂ., Ɍɭɝɟɧɝɨɥɶɞɚ Ⱥ.Ʉ., ɀɚɜɩɟɪ ȼ.Ʌ., Ʉɚɥɹɟɜɚ ɂ.Ⱥ., ɉɟɬɪɚɤɨɜɚ 

ȼ.Ⱥ. ɢ ɞɪ., ɜɧɟɫɲɢɯ ɡɧɚɱɢɬɟɥɶɧɵɣ ɜɤɥɚɞ ɜ ɫɬɚɧɨɜɥɟɧɢɟ ɢ ɪɚɡɜɢɬɢɟ ɫɨɜɪɟɦɟɧɧɵɯ 

ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɫɧɨɜ ɪɨɛɨɬɨɬɟɯɧɢɤɢ ɢ ɦɟɯɚɬɪɨɧɢɤɢ. 

ɋɭɳɟɫɬɜɟɧɧɵɣ ɜɤɥɚɞ ɜ ɪɟɲɟɧɢɟ ɡɚɞɚɱ ɪɨɛɨɬɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɨɩɟɪɚɰɢɣ ɜɧɟɫɥɢ ɭɱɟɧɵɟ ȿɜɞɨɤɢɦɨɜ ȼ.Ⱥ., ȼɢɥɶɦɚɧ ɘ.Ⱥ., ȼɨɪɨɛɶɟɜ ȼ.Ⱥ., 

Ɂɚɝɨɪɨɞɧɸɤ ȼ.Ɍ., Ȼɭɥɝɚɤɨɜ Ⱥ.Ƚ., Ɇɚɤɫɢɦɵɱɟɜ Ɉ.ɂ., Ɏɪɟɧɤɟɥɶ Ƚ.ɘ., Ƚɭɞɢɤɨɜ 

Ƚ.Ƚ., Ȼɨɤ Ɍ. ɢ ɞɪ. Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɧɚɭɱɧɵɯ ɢ ɩɪɨɟɤɬɧɵɯ 

ɪɚɡɪɚɛɨɬɨɤ ɜ ɨɛɥɚɫɬɢ ɫɬɪɨɢɬɟɥɶɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɤɢ ɭɪɨɜɟɧɶ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ 

ɪɨɛɨɬɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ ɨɫɬɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɢɦ. ɗɬɨ ɫɜɹɡɚɧɨ 

ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɫɢɫɬɟɦɚɬɢɡɚɰɢɢ ɜɵɩɨɥɧɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɪɚɡɪɚɛɨɬɨɤ, 

ɩɪɨɜɟɞɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɢ ɨɩɵɬɧɨ-

ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɪɚɡɪɚɛɨɬɨɤ. ɇɟɨɛɯɨɞɢɦɨ ɪɟɲɚɬɶ ɡɚɞɚɱɢ ɫɬɪɭɤɬɭɪɧɨɣ 

ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɨɛɨɬɨɜ ɢ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ, ɢɫɤɚɬɶ 

ɨɩɬɢɦɚɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɤɢɧɟɦɚɬɢɤɢ ɢ ɞɢɧɚɦɢɤɢ 

ɦɚɧɢɩɭɥɹɬɨɪɨɜ, ɡɚɧɢɦɚɬɶɫɹ ɪɚɡɪɚɛɨɬɤɨɣ ɦɟɬɨɞɨɜ ɩɥɚɧɢɪɨɜɚɧɢɟɦ ɬɪɚɟɤɬɨɪɢɣ 

ɞɜɢɠɟɧɢɹ ɪɨɛɨɬɨɜ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ, 

ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɚɥɝɨɪɢɬɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɨɛɨɬɨɜ ɜ ɭɫɥɨɜɢɹɯ ɫɬɨɯɚɫɬɢɱɟɫɤɨɣ ɢ ɧɟɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɣ 

ɫɪɟɞɵ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɢɧɚɦɢɤɢ ɪɨɛɨɬɨɜ-ɦɨɧɬɚɠɧɢɤɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ 

ɫɥɨɠɧɵɯ ɡɚɞɚɱ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɩɪɨɛɥɟɦɨɣ ɫɨɫɬɚɜɥɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ 

ɞɥɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɚ ɬɚɤɠɟ ɢɯ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ. ɋ ɩɨɹɜɥɟɧɢɟɦ 

ɫɢɫɬɟɦ ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɥɝɟɛɪɵ ɭɩɪɨɫɬɢɥɫɹ ɩɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɭɪɚɜɧɟɧɢɣ, ɢ 

ɩɨɹɜɢɥɢɫɶ ɷɮɮɟɤɬɢɜɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ ɞɥɹ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɢ 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɬɚɤɢɯ ɫɢɫɬɟɦ.  
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ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ 

ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ ɩɪɢ ɦɨɧɬɚɠɟ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɱɟɫɤɨɝɨ 

ɢɧɫɬɪɭɦɟɧɬɚɪɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɱёɬɚ ɪɚɛɨɱɢɯ ɪɟɠɢɦɨɜ 

ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ ɞɥɹ ɟɝɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ. 

ɂɫɩɨɥɶɡɭɹ ɨɩɵɬ ɜɧɟɞɪɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɨɛɨɬɨɜ ɜ 

ɫɬɪɨɣɢɧɞɭɫɬɪɢɢ, ɚɧɚɥɢɡɢɪɭɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɷɬɨɣ 

ɨɬɪɚɫɥɢ, ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɡɚɞɚɱɢ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɪɨɛɨɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ: 

 ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɧɚɭɱɧɵɯ ɪɚɛɨɬ ɩɨ ɬɟɦɚɦ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɨɛɨɬɨɜ, ɨɛɨɫɧɨɜɚɬɶ ɜɚɪɢɚɧɬ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ; 

 ɩɨɥɭɱɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɞɢɧɚɦɢɤɢ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ; 

 ɪɚɡɪɚɛɨɬɚɬɶ ɢɦɢɬɚɰɢɨɧɧɭɸ ɦɨɞɟɥɶ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɵ MATLAB/Simulink; 

 ɩɨɞɝɨɬɨɜɢɬɶ ɦɟɬɨɞɢɤɭ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɴɟɤɬɚ; 

 ɜɵɩɨɥɧɢɬɶ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬ ɫ ɨɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ; 

 ɩɪɟɞɥɨɠɢɬɶ ɜɚɪɢɚɧɬɵ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ. 

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ ɫɢɫɬɟɦɧɨɦ ɩɨɞɯɨɞɟ, 

ɡɚɤɨɧɚɯ ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ, ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɫɧɨɜɚɯ ɪɨɛɨɬɨɬɟɯɧɢɤɢ ɢ 

ɦɟɯɚɬɪɨɧɢɤɢ, ɦɟɬɨɞɚɯ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɤɥɚɫɫɢɱɟɫɤɨɣ ɢ ɫɨɜɪɟɦɟɧɧɨɣ 

ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ, ɦɟɬɨɞɚɯ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɬɟɨɪɢɢ 

ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɪɹɥɢɫɶ 

ɤɨɦɩɶɸɬɟɪɧɵɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ. 

Ɉɛɨɫɧɨɜɚɧɢɟ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɧɚɭɱɧɵɯ ɩɨɥɨɠɟɧɢɣ ɜɵɜɨɞɨɜ ɢ ɪɟɡɭɥɶɬɚɬɨɜ 

ɨɛɭɫɥɨɜɥɟɧɚ ɤɨɪɪɟɤɬɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɡɚɤɨɧɨɜ ɮɢɡɢɤɢ, 

ɦɟɯɚɧɢɤɢ, ɪɨɛɨɬɨɬɟɯɧɢɤɢ, ɦɟɯɚɬɪɨɧɢɤɢ, ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ, 

ɬɟɨɪɢɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɤɨɪɪɟɤɬɧɵɦɢ ɞɨɩɭɳɟɧɢɹɦɢ ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ 
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ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɫɯɨɞɢɦɨɫɬɶɸ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ 

ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɚɹ ɨɲɢɛɤɚ ɨɬɤɥɨɧɟɧɢɹ 

ɪɚɫɱɟɬɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɧɟ ɩɪɟɜɵɲɚɟɬ 7,8%. 

ɇɚɭɱɧɨɟ ɡɧɚɱɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɋɨɜɨɤɭɩɧɨɫɬɶ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɞɢɫɫɟɪɬɚɰɢɢ ɫɬɪɭɤɬɭɪ, ɦɨɞɟɥɟɣ, ɦɟɬɨɞɨɜ ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ 

ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɢɟ ɨɫɧɨɜɵ 

ɩɨɫɬɪɨɟɧɢɹ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɢ ɦɟɯɚɬɪɨɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 

ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ ɩɪɢ ɦɨɧɬɚɠɟ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ, ɤɨɬɨɪɵɟ ɪɚɫɲɢɪɹɸɬ ɬɟɨɪɢɸ ɪɨɛɨɬɨɬɟɯɧɢɤɢ ɢ ɦɟɯɚɬɪɨɧɢɤɢ ɢ 

ɦɨɝɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɧɨɜɨɟ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɢɤɥɚɞɧɨɣ 

ɪɨɛɨɬɨɬɟɯɧɢɤɢ. Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɧɚɭɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, 

ɱɬɨ ɩɪɟɞɥɨɠɟɧɵ, ɨɛɨɫɧɨɜɚɧɵ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɞɬɜɟɪɠɞɟɧɵ ɦɟɬɨɞɵ 

ɫɬɪɭɤɬɭɪɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɢ ɚɧɚɥɢɡɚ, ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɢ ɭɩɪɚɜɥɟɧɢɹ 

ɞɜɢɠɟɧɢɟɦ ɞɥɹ ɧɨɜɨɝɨ ɤɥɚɫɫɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɨɛɨɬɨɜ, ɨɬɥɢɱɚɸɳɢɯɫɹ 

ɫɬɪɭɤɬɭɪɨɣ, ɬɟɯɧɨɥɨɝɢɟɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɪɚɛɨɱɟɣ ɫɪɟɞɨɣ, ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ 

ɭɩɪɚɜɥɟɧɢɸ. 

Ⱥɩɪɨɛɚɰɢɹ ɪɚɛɨɬɵ.  

ɉɭɛɥɢɤɚɰɢɢ. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɞɢɫɫɟɪɬɚɰɢɢ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ 5 

ɧɚɭɱɧɵɯ ɬɪɭɞɚɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɨ ɦɚɬɟɪɢɚɥ ɪɚɛɨɬɵ ɨɩɭɛɥɢɤɨɜɚɧɨ 4 ɫɬɚɬɶɢ, 

ɩɨɥɭɱɟɧɨ 1 ɚɜɬɨɪɫɤɨɟ ɫɜɢɞɟɬɟɥɶɫɬɜɨ ɧɚ ɢɡɨɛɪɟɬɟɧɢɟ. 
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1 Ⱥɧɚɥɢɡ ɪɨɛɨɬɢɡɚɰɢɢ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ  

 

ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɧɞɟɧɰɢɢ ɪɚɡɜɢɬɢɹ ɨɬɪɚɫɥɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɞɢɤɬɭɸɬ ɫɜɨɢ 

ɭɫɥɨɜɢɹ: ɫɪɨɤɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɞɨɥɠɧɵ ɫɨɤɪɚɳɚɬɶɫɹ, ɚ ɩɪɢɛɵɥɶ 

ɭɜɟɥɢɱɢɜɚɬɶɫɹ. ɉɨɷɬɨɦɭ ɫɨɜɪɟɦɟɧɧɵɦ ɫɬɪɨɢɬɟɥɶɧɵɦ ɩɪɟɞɩɪɢɹɬɢɹɦ, ɤɨɬɨɪɵɟ 

ɯɨɬɹɬ ɨɫɬɚɜɚɬɶɫɹ ɤɨɧɤɭɪɟɧɬɧɨ ɫɩɨɫɨɛɧɵɦɢ ɧɚ ɦɢɪɨɜɨɦ ɪɵɧɤɟ, ɧɟɨɛɯɨɞɢɦ 

ɩɟɪɟɯɨɞ ɤ ɧɨɜɵɦ ɬɟɯɧɨɥɨɝɢɹɦ. Ɉɞɧɨɣ ɢɡ ɩɟɪɟɞɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɹɜɥɹɟɬɫɹ 

ɩɪɢɦɟɧɟɧɢɟ ɪɨɛɨɬɨɜ-ɦɚɧɢɩɭɥɹɬɨɪɨɜ. 

Ɇɚɧɢɩɭɥɹɬɨɪ – ɭɩɪɚɜɥɹɟɦɚɹ ɦɚɲɢɧɚ, ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɞɜɢɝɚɬɟɥɶɧɵɯ 

ɮɭɧɤɰɢɣ, ɚɧɚɥɨɝɢɱɧɨ ɞɜɢɠɟɧɢɹɦ ɪɭɤɢ ɱɟɥɨɜɟɤɚ. ɋɯɟɦɚ ɦɚɧɢɩɭɥɹɬɨɪɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 
 

 

Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 
 

ɇɚ ɪɵɧɤɟ ɫɬɪɨɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɜ Ɋɨɫɫɢɢ, ɩɨɹɜɢɥɫɹ ɧɨɜɵɣ ɜɢɞ ɦɚɲɢɧ – 

ɫɬɪɨɢɬɟɥɶɧɵɟ ɪɨɛɨɬɵ. ɉɨ ɩɪɨɝɧɨɡɚɦ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɭɠɟ ɜ ɫɤɨɪɨɦ ɛɭɞɭɳɟɦ 

ɞɢɫɬɚɧɰɢɨɧɧɨ ɭɩɪɚɜɥɹɟɦɚɹ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɬɟɯɧɢɤɚ ɡɚɣɦɟɬ ɦɟɫɬɨ ɨɛɵɱɧɨɣ 

ɫɬɪɨɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ. Ɇɚɥɵɟ ɝɚɛɚɪɢɬɵ ɢ ɜɟɫɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɞɨɛɧɨɣ 

ɬɟɯɧɢɤɢ ɞɟɥɚɸɬ ɭɞɨɛɧɨɣ ɢ ɟɟ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɭ. Ɋɨɛɨɬɨɦ ɩɪɢ ɩɨɦɨɳɢ ɩɭɥɶɬɚ 

ɦɨɠɟɬ ɭɩɪɚɜɥɹɬɶ ɜɫɟɝɨ ɨɞɢɧ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɣ ɨɩɟɪɚɬɨɪ. ɉɨɷɬɨɦɭ ɩɨɞɨɛɧɚɹ 

ɬɟɯɧɨɥɨɝɢɹ ɭɦɟɫɬɧɚ ɜ ɫɢɬɭɚɰɢɹɯ, ɩɨɬɟɧɰɢɚɥɶɧɨ ɨɩɚɫɧɵɯ ɞɥɹ ɡɞɨɪɨɜɶɹ ɪɚɛɨɱɢɯ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɜɫɟ ɦɧɨɝɨɨɛɪɚɡɢɟ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɢ ɪɨɛɨɬɨɜ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɫɟɣɱɚɫ ɧɚ ɪɵɧɤɟ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ, 
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ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɢ ɫɬɪɭɤɬɭɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɧɟɫɤɨɥɶɤɨ 

ɝɪɭɩɩ.  

ɉɟɪɜɚɹ ɝɪɭɩɩɚ – ɦɚɧɢɩɭɥɹɬɨɪɵ, ɪɨɛɨɬɵ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɦɨɧɬɚɠɧɵɯ 

ɪɚɛɨɬ. ɋɪɟɞɫɬɜɚ ɪɨɛɨɬɢɡɚɰɢɢ ɷɬɨɣ ɝɪɭɩɩɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɲɢɪɨɤɢɦ 

ɞɢɚɩɚɡɨɧɨɦ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ, ɦɨɛɢɥɶɧɨɫɬɢ, ɩɨɜɵɲɟɧɧɨɣ ɬɨɱɧɨɫɬɶɸ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. ȼ ɫɨɫɬɚɜ ɷɬɨɣ ɝɪɭɩɩɵ ɜɤɥɸɱɚɸɬɫɹ ɦɚɧɢɩɭɥɹɬɨɪɵ ɢ ɪɨɛɨɬɵ 

ɞɥɹ ɦɨɧɬɚɠɚ ɷɥɟɦɟɧɬɨɜ ɡɞɚɧɢɣ, ɩɟɪɟɝɨɪɨɞɨɤ, ɦɨɧɬɚɠɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɥɟɫɨɜ.  

ȼɬɨɪɚɹ ɝɪɭɩɩɚ – ɨɛɪɚɡɭɸɬɫɹ ɢɡ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɢ ɪɨɛɨɬɨɜ 

ɞɥɹ ɛɟɬɨɧɧɵɯ ɪɚɛɨɬ. ɗɬɚ ɝɪɭɩɩɚ ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɬɪɢ ɩɨɞɝɪɭɩɩɵ: 

ɦɚɧɢɩɭɥɹɬɨɪɵ ɢ ɪɨɛɨɬɵ ɞɥɹ ɭɤɥɚɞɤɢ ɢ ɭɩɥɨɬɧɟɧɢɹ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ, ɫɪɟɞɫɬɜɚ 

ɪɨɛɨɬɢɡɚɰɢɢ ɚɪɦɚɬɭɪɧɵɯ ɪɚɛɨɬ ɧɚ ɨɛɴɟɤɬɟ, ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

ɞɥɹ ɦɨɧɬɚɠɚ ɢ ɞɟɦɨɧɬɚɠɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɨɩɚɥɭɛɨɤ.  

Ɍɪɟɬɶɹ ɝɪɭɩɩɚ – ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɢ ɪɨɛɨɬɨɜ ɫɨɫɬɚɜɥɹɸɬ 

ɫɪɟɞɫɬɜɚ ɪɨɛɨɬɢɡɚɰɢɢ ɨɬɞɟɥɨɱɧɵɯ ɪɚɛɨɬ. ȼ ɫɨɫɬɚɜ ɷɬɨɣ ɝɪɭɩɩɵ ɜɤɥɸɱɚɸɬɫɹ 

ɦɚɧɢɩɭɥɹɬɨɪɵ ɢ ɪɨɛɨɬɵ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɦɚɥɹɪɧɵɯ, ɲɬɭɤɚɬɭɪɧɵɯ, 

ɨɛɥɢɰɨɜɨɱɧɵɯ ɪɚɛɨɬ, ɧɚɧɟɫɟɧɢɹ ɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɫɬɢɤ ɧɚ ɤɪɨɜɥɢ, ɚ ɬɚɤɠɟ ɞɥɹ 

ɭɫɬɪɨɣɫɬɜɚ ɦɨɧɨɥɢɬɧɵɯ ɩɨɥɨɜ. ɗɬɚ ɝɪɭɩɩɚ ɨɬɥɢɱɚɟɬɫɹ ɧɟɛɨɥɶɲɨɣ 

ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ ɦɟɯɚɧɢɡɦɨɜ, ɦɨɛɢɥɶɧɨɫɬɶɸ ɤɨɧɫɬɪɭɤɰɢɣ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɫɟɧɫɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜ. 

ɑɟɬɜɟɪɬɭɸ ɝɪɭɩɩɭ – ɫɨɫɬɚɜɥɹɸɬ ɦɚɧɢɩɭɥɹɬɨɪɵ ɢ ɪɨɛɨɬɵ ɞɥɹ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ. ȼ ɧɟɟ ɜɯɨɞɹɬ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɟ 

ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɭɫɬɪɨɣɫɬɜɚ ɤɨɬɥɨɜɚɧɨɜ, 

ɡɚɫɵɩɤɢ ɢ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ, ɩɪɨɤɥɚɞɤɢ ɤɨɦɦɭɧɢɤɚɰɢɣ. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɷɬɨɣ 

ɝɪɭɩɩɵ ɫɧɚɛɠɚɟɬɫɹ ɞɢɫɬɚɧɰɢɨɧɧɵɦ, ɩɪɨɝɪɚɦɦɧɵɦ ɢɥɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ 

ɭɩɪɚɜɥɟɧɢɟɦ.  

ɉɹɬɚɹ ɝɪɭɩɩɚ – ɷɬɨ ɦɚɧɢɩɭɥɹɬɨɪɵ ɢ ɪɨɛɨɬɵ ɞɥɹ ɩɨɝɪɭɡɨɱɧɨ-ɪɚɡɝɪɭɡɨɱɧɵɯ 

ɪɚɛɨɬ. ȼ ɫɨɫɬɚɜɟ ɷɬɨɣ ɝɪɭɩɩɵ ɦɚɧɢɩɭɥɹɬɨɪɵ ɢ ɪɨɛɨɬɵ ɪɚɡɥɢɱɧɨɣ 

ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɞɥɹ ɩɨɝɪɭɡɤɢ ɢ ɪɚɡɝɪɭɡɤɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ 

ɷɥɟɦɟɧɬɨɜ, ɤɨɧɬɟɣɧɟɪɨɜ ɢ ɩɚɤɟɬɨɜ, ɚ ɬɚɤɠɟ ɦɟɥɤɨɲɬɭɱɧɵɯ ɝɪɭɡɨɜ. Ɍɚɤɢɟ 
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ɦɚɧɢɩɭɥɹɬɨɪɵ ɦɨɝɭɬ ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɧɚ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜɚɯ, ɫɚɦɨɯɨɞɧɵɯ 

ɲɚɫɫɢ. ɇɚ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɪɵɧɤɟ ɪɨɛɨɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɨ ɞɨɫɬɚɬɨɱɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɦɨɞɟɥɟɣ, ɜɵɩɨɥɧɹɸɳɢɯ ɦɧɨɠɟɫɬɜɨ ɨɩɟɪɚɰɢɣ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ, 

ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. ɗɬɢ ɩɪɨɦɵɲɥɟɧɧɵɟ ɨɛɪɚɡɰɵ ɫɩɨɫɨɛɧɵ 

ɡɚɦɟɧɢɬɶ ɪɭɱɧɨɣ ɬɪɭɞ ɧɚ ɨɩɚɫɧɵɯ ɭɬɨɦɢɬɟɥɶɧɵɯ ɪɚɛɨɬɚɯ. 

 

1.1 ɋɬɪɨɢɬɟɥɶɧɵɟ ɩɪɨɰɟɫɫɵ ɢ ɡɚɞɚɱɢ ɪɨɛɨɬɢɡɚɰɢɢ 

 

ɋɬɪɨɢɬɟɥɶɧɵɟ ɪɚɛɨɬɵ – ɷɬɨ ɫɨɜɨɤɭɩɧɨɫɬɶ ɫɥɨɠɧɵɯ ɢ ɩɪɨɫɬɵɯ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɜɢɠɟɧɢɹ, ɤɨɬɨɪɵɯ ɜɨ ɜɪɟɦɟɧɢ ɢ 

ɩɪɨɫɬɪɚɧɫɬɜɟ, ɫɨɡɞɚёɬɫɹ ɫɬɪɨɢɬɟɥɶɧɚɹ ɩɪɨɞɭɤɰɢɹ. ɋɬɪɨɢɬɟɥɶɧɵɟ ɪɚɛɨɬɵ ɦɨɠɧɨ 

ɪɚɡɞɟɥɢɬɶ ɧɚ ɨɛɳɟɫɬɪɨɢɬɟɥɶɧɵɟ ɢ ɫɩɟɰɢɚɥɶɧɵɟ.  

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɰɟɫɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɨɛɳɟɫɬɪɨɢɬɟɥɶɧɵɦɢ ɪɚɛɨɬɚɦɢ.  

ɉɨ ɧɚɡɜɚɧɢɹɦ ɨɫɧɨɜɧɵɯ ɜɢɞɨɜ ɪɚɛɨɬ, ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ: 

1) ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɡɟɦɥɹɧɵɯ ɢ ɫɜɚɣɧɵɯ 

ɪɚɛɨɬ; 

2) ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɛɟɬɨɧɢɪɨɜɚɧɢɢ, ɦɨɧɬɚɠɟ, ɤɚɦɟɧɧɨɣ 

ɤɥɚɞɤɟ; 

3) ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ ɡɚɳɢɬɧɵɯ ɢ ɨɬɞɟɥɨɱɧɵɯ 

ɩɨɤɪɵɬɢɣ. 

ȼ ɫɜɹɡɢ ɫ ɜɨɡɪɚɫɬɚɸɳɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɩɨɬɪɟɛɢɬɟɥɹ 

ɩɪɨɞɭɤɰɢɢ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɫɟɤɬɨɪɚ ɜɨɡɪɚɫɬɚɟɬ ɫɥɨɠɧɨɫɬɶ ɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ 

ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɪɨɤɚɦ ɢ ɤɚɱɟɫɬɜɭ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɩɟɪɚɰɢɨɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɢ ɭɫɩɟɲɧɨɣ ɤɨɧɤɭɪɟɧɰɢɢ.  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɢ, ɩɨɡɜɨɥɢɬ ɭɫɤɨɪɢɬɶ 

ɩɪɨɰɟɫɫ ɜɨɡɜɟɞɟɧɢɹ ɡɞɚɧɢɣ, ɭɥɭɱɲɢɬɶ ɤɚɱɟɫɬɜɨ ɜɵɩɨɥɧɹɟɦɵɯ ɨɩɟɪɚɰɢɣ ɢ 

ɫɧɢɡɢɬɶ ɡɚɬɪɚɬɵ ɧɚ ɪɚɛɨɱɭɸ ɫɢɥɭ. 

Ɂɚ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɭɫɩɟɲɧɨ ɜɧɟɞɪɹɟɬɫɹ ɜ ɫɬɪɨɢɬɟɥɶɧɭɸ 

ɢɧɞɭɫɬɪɢɸ ɢ ɡɚ ɱɟɥɨɜɟɤɨɦ ɨɫɬɚɟɬɫɹ ɬɨɥɶɤɨ ɧɚɛɥɸɞɟɧɢɟ ɡɚ ɩɪɚɜɢɥɶɧɨɫɬɶɸ 

ɪɚɛɨɬɵ ɫɩɟɰɢɚɥɶɧɵɯ ɩɪɢɛɨɪɨɜ.  
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ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɨɛɨɬɨɜ ɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɦɚɲɢɧ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɫɬɪɨɢɬɟɥɶɧɨɦ ɞɟɥɟ ɢ ɩɨɥɭɱɚɟɦɵɟ 

ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɚɫɩɟɤɬɵ ɨɬ ɢɯ ɞɟɹɬɟɥɶɧɨɫɬɢ. 

Ʉ ɨɛɳɟɫɬɪɨɢɬɟɥɶɧɵɦ ɪɚɛɨɬɚɦ, ɚ ɷɬɨ ɡɟɦɥɹɧɵɟ, ɦɨɧɬɚɠɧɵɟ, 

ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɢ ɬ. ɞ. ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ. Ɉɧɢ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɨɬɥɢɱɚɸɬɫɹ ɩɨɜɵɲɟɧɧɨɣ ɫɥɨɠɧɨɫɬɶɸ ɢ ɦɨɧɨɬɨɧɧɨɫɬɶɸ, ɱɬɨ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɫɨɛɭɸ ɬɪɭɞɧɨɫɬɶ ɞɥɹ ɪɚɛɨɱɟɝɨ ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɩɪɢɛɵɥɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɜ ɦɢɧɢɦɚɥɶɧɵɟ ɫɪɨɤɢ 

ɛɟɡ ɩɨɬɟɪɢ ɜ ɤɚɱɟɫɬɜɟ. Ʉ ɩɪɢɦɟɪɭ, ɫɧɨɫ ɡɞɚɧɢɣ, ɢɯ ɩɨɞɪɵɜ, ɭɛɨɪɤɚ ɬɟɪɪɢɬɨɪɢɢ 

ɨɬ ɦɭɫɨɪɚ – ɜɫɟ ɷɬɢ ɨɩɟɪɚɰɢɢ ɜɩɨɥɧɟ ɞɨɫɬɭɩɧɵ ɞɥɹ ɚɜɬɨɦɚɬɢɤɢ. ɂ ɩɪɢ ɷɬɨɦ, 

ɥɸɞɹɦ ɧɟ ɩɪɢɯɨɞɢɬɶɫɹ ɪɚɛɨɬɚɬɶ ɧɚ ɨɩɚɫɧɵɯ ɭɱɚɫɬɤɚɯ, ɱɬɨ ɫɜɨɞɢɬ ɤ ɦɢɧɢɦɭɦɭ 

ɬɪɚɜɦɚɬɢɡɦ. 

Ɂɟɦɥɹɧɵɟ ɪɚɛɨɬɵ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ ɫɚɦɵɯ ɫɥɨɠɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɪɚɛɨɬ, ɝɞɟ ɨɛɨɣɬɢɫɶ ɛɟɡ ɫɩɟɰɢɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɋɨɛɨɬɵ ɜ ɷɬɨɣ ɫɮɟɪɟ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɛɵɱɧɵɟ ɷɤɫɤɚɜɚɬɨɪɵ, ɭɩɪɚɜɥɟɧɢɟ ɤɨɬɨɪɵɦɢ ɨɛɯɨɞɢɬɫɹ 

ɛɟɡ ɭɱɚɫɬɢɹ ɱɟɥɨɜɟɤɚ. ɂɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɛɵɫɬɪɨɣ ɫɦɟɧɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɷɬɨ 

ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ - ɭɫɬɪɨɣɫɬɜɨ 

ɥɨɦɚɟɬ ɨɝɧɟɭɩɨɪɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɠɟɥɟɡɨɛɟɬɨɧɧɵɟ ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɟ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɜɵɝɪɟɛɚɟɬ ɦɭɫɨɪ, ɩɪɨɜɨɞɢɬ ɩɨɝɪɭɡɨɱɧɵɟ ɢ ɚɜɚɪɢɣɧɨ-

ɫɩɚɫɚɬɟɥɶɧɵɟ ɪɚɛɨɬɵ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɱɟɥɨɜɟɱɟɫɤɨɣ ɠɢɡɧɢ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɚɧɢɩɭɥɹɰɢɨɧɧɵɟ ɪɨɛɨɬɵ (ɆɊ). ɂɯ ɩɪɢɦɟɧɟɧɢɟ ɩɨɡɜɨɥɹɟɬ 

ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɭɫɬɪɚɧɢɬɶ 

ɩɪɢɫɭɬɫɬɜɢɟ ɥɸɞɟɣ ɧɚ ɨɩɚɫɧɵɯ ɭɱɚɫɬɤɚɯ, ɩɪɨɜɨɞɢɬɶ ɨɩɟɪɚɰɢɢ ɜ ɚɝɪɟɫɫɢɜɧɵɯ 

ɫɪɟɞɚɯ. 

ɇɚɞɨ ɩɪɢɡɧɚɬɶ, ɱɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɦɧɨɠɟɫɬɜɨ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ ɨɛɥɚɫɬɢ 

ɫɬɪɨɢɬɟɥɶɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɤɢ, ɩɨɤɚ ɧɚɤɨɩɥɟɧ ɧɟɛɨɥɶɲɨɣ ɨɩɵɬ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 

ɩɪɢɦɟɧɟɧɢɹ ɪɨɛɨɬɨɜ ɜ ɫɬɪɨɢɬɟɥɶɧɨɦ ɫɟɤɬɨɪɟ, ɫɞɟɪɠɢɜɚɸɳɢɦɢ ɮɚɤɬɨɪɚɦɢ 

ɪɨɛɨɬɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɹɜɥɹɸɬɫɹ: 
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 ɤɚɠɞɵɣ ɩɪɨɟɤɬ ɭɧɢɤɚɥɟɧ ɢ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ ɫɬɚɧɞɚɪɬɧɵɯ ɢ 

ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɯ ɪɟɲɟɧɢɣ; 

 ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɨɛɨɬɨɜ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɫɨɡɞɚɧɢɢ ɛɟɬɨɧɧɵɯ ɤɚɪɤɚɫɨɜ 

ɫɜɹɡɚɧɨ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɞɨɪɨɝɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɫɦɟɫɟɣ ɫ 

ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɬɜɟɪɞɟɧɢɹ, ɛɟɡɨɩɚɥɭɛɨɱɧɵɯ ɢ ɛɟɡɚɪɦɚɬɭɪɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ, ɢɧɚɱɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɥɨɠɧɨɣ ɬɟɯɧɢɤɢ ɛɭɞɟɬ 

ɭɬɟɪɹɧɚ; 

 ɫɬɨɢɦɨɫɬɶ ɪɨɛɨɬɨɜ ɩɨɤɚ ɨɱɟɧɶ ɜɵɫɨɤɚ.  

ɋɩɟɰɢɚɥɢɫɬɵ ɭɜɟɪɟɧɵ, ɱɬɨ ɜ ɛɭɞɭɳɟɦ ɪɨɛɨɬɵ ɛɭɞɭɬ ɚɤɬɢɜɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɦɚɥɨɷɬɚɠɧɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ. ɉɪɢɦɟɧɟɧɢɟ ɩɨɞɨɛɧɨɣ ɬɟɯɧɢɤɢ 

ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɟɧɧɵɟ ɢ ɞɟɧɟɠɧɵɟ ɡɚɬɪɚɬɵ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ, ɚ ɬɚɤɠɟ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɇɚɩɪɢɦɟɪ, ɜɨɡɜɟɞɟɧɢɟ 

ɤɨɬɬɟɞɠɟɣ ɩɨ ɦɨɧɨɥɢɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɭɠɟ ɪɨɛɨɬɢɡɢɪɨɜɚɧɨ. Ɍɚɤɢɟ ɨɩɟɪɚɰɢɢ, 

ɤɚɤ ɨɛɭɫɬɪɨɣɫɬɜɨ ɮɭɧɞɚɦɟɧɬɚ, ɩɨɞɝɨɬɨɜɤɚ ɛɟɬɨɧɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɟɝɨ ɩɨɞɚɱɚ ɢ 

ɭɤɥɚɞɤɚ ɜ ɫɬɟɧɵ ɢ ɩɟɪɟɤɪɵɬɢɹ ɛɭɞɭɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɛɟɡ ɭɱɚɫɬɢɹ ɱɟɥɨɜɟɤɚ, 

ɝɥɚɜɧɨɣ ɡɚɞɚɱɟɣ ɤɨɬɨɪɨɝɨ ɫɬɚɧɟɬ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɩɨɞɚɱɢ 

ɤɨɦɩɨɧɟɧɬɨɜ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ. 

ɋɚɦɵɟ ɪɨɛɨɬɢɡɢɪɭɟɦɵɟ ɫɬɪɚɧɵ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ 

International Federation of Robotics ɘɠɧɚɹ Ʉɨɪɟɹ, ɱɢɫɥɨ ɪɨɛɨɬɨɜ ɧɚ 10 ɬɵɫ. 

ɪɚɛɨɱɢɯ: 631; ɋɢɧɝɚɩɭɪ, ɱɢɫɥɨ ɪɨɛɨɬɨɜ ɧɚ 10 ɬɵɫ. ɪɚɛɨɱɢɯ: 488 ɢ Ƚɟɪɦɚɧɢɹ, 

ɱɢɫɥɨ ɪɨɛɨɬɨɜ ɧɚ 10 ɬɵɫ. ɪɚɛɨɱɢɯ: 309. 

ȼ 2015 ɝ. ɜ ɦɢɪɟ ɛɵɥɨ 66 ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ ɧɚ 10 

ɬɵɫ. ɪɚɛɨɱɢɯ. ȼ 2016 ɝ. ɢɯ ɱɢɫɥɨ ɞɨɫɬɢɝɥɨ 74 ɧɚ 10 ɬɵɫ. ɪɚɛɨɱɢɯ. 

ɉɪɢ ɷɬɨɦ ɜ Ⱥɦɟɪɢɤɟ ɢ Ⱥɡɢɢ ɢɯ ɱɢɫɥɨ ɛɵɥɨ 84 ɢ 63 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɜ 

ȿɜɪɨɩɟ – 99. 

Ƚɥɚɜɧɵɟ ɡɚɞɚɱɢ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɫɨɡɞɚɧɢɢ ɢ ɜɧɟɞɪɟɧɢɢ ɜ ɫɬɪɨɢɬɟɥɶɧɭɸ 

ɨɬɪɚɫɥɶ ɪɚɡɧɨɝɨ ɪɨɞɚ ɪɨɛɨɬɨɜ ɢ ɦɚɧɢɩɭɥɹɬɨɪɨɜ, ɰɟɥɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɤɨɦɩɥɟɤɫɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜ ɬɨɦ ɱɢɫɥɟ ɚɧɚɥɢɡ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ 

ɩɪɨɛɥɟɦ ɫɜɹɡɚɧɧɵɯ ɫ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ.  
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ɍɱɟɧɵɟ ɦɧɨɝɢɯ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧ ɦɢɪɚ, ɨɫɭɳɟɫɬɜɥɹɸɬ ɪɚɛɨɬɵ ɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɧɵ ɫ ɜɧɟɞɪɟɧɢɟɦ ɫɪɟɞɫɬɜ ɪɨɛɨɬɨɬɟɯɧɢɤɢ ɜ 

ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɪɚɡɧɨɝɨ ɪɨɞɚ ɨɛɴɟɤɬɨɜ ɢ ɜɵɜɨɞɨɦ ɟɟ ɧɚ ɩɟɪɟɞɨɜɵɟ ɬɟɯɧɢɱɟɫɤɢɟ 

ɩɨɡɢɰɢɢ. ɗɬɢ ɪɚɛɨɬɵ, ɫɩɨɫɨɛɫɬɜɭɸɬ ɮɨɪɦɢɪɨɜɚɧɢɸ ɫɬɪɨɢɬɟɥɶɧɨɣ 

ɪɨɛɨɬɨɬɟɯɧɢɤɢ. 

ȼɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɱɬɨ ɦɧɨɝɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɰɟɥɢ ɪɨɛɨɬɢɡɚɰɢɢ 

ɫɬɪɨɢɬɟɥɶɧɨɣ ɨɬɪɚɫɥɢ ɹɜɥɹɸɬɫɹ ɨɛɳɢɦɢ ɞɥɹ ɜɫɟɣ ɩɪɢɤɥɚɞɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɤɢ, 

ɢɯ ɪɟɲɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɩɟɰɢɮɢɤɨɣ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ 

ɨɬɥɢɱɚɸɬɫɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨɫɬɶɸ ɢ ɧɟɩɨɜɬɨɪɢɦɨɫɬɶɸ. 

ɋɟɝɨɞɧɹ ɢɫɫɥɟɞɭɟɬɫɹ ɢ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɪɨɛɨɬɨɬɟɯɧɢɤɚ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ 

ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ ɜɢɞɟ ɫɨɜɟɪɲɟɧɧɨ ɧɨɜɨɝɨ 

ɤɥɚɫɫɚ ɦɚɲɢɧ ɢ ɚɜɬɨɦɚɬɨɜ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɨɛɥɚɞɚɬɶ ɨɝɪɨɦɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɞɟɣɫɬɜɢɣ ɢ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶɸ ɜɵɩɨɥɧɹɟɦɵɯ ɨɩɟɪɚɰɢɣ. Ɍɚɤɚɹ 

ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɬɟɯɧɢɤɚ, ɭ ɤɨɬɨɪɨɣ ɢɫɤɭɫɫɬɜɟɧɧɵɣ ɢɧɬɟɥɥɟɤɬ ɢ ɤɨɬɨɪɚɹ ɜ 

ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɡɧɨɝɨ ɪɨɞɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɜ ɫɨɫɬɨɹɧɢɢ 

ɜɨɫɩɪɨɢɡɜɨɞɢɬɶ, ɱɬɨ-ɬɨ ɩɨɯɨɠɟɟ ɧɚ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɢɥɢ ɞɜɢɝɚɬɟɥɶɧɵɟ 

ɮɭɧɤɰɢɢ ɱɟɥɨɜɟɤɚ, ɧɚɡɵɜɚɟɬɫɹ ɪɨɛɨɬɚɦɢ. ɋɟɝɨɞɧɹ, ɫɚɦɨɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ 

ɩɪɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɩɟɪɚɰɢɣ ɩɨɥɭɱɢɥɢ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ 

ɩɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ. 

Ɉɛɨɛɳɚɹ ɜɵɲɟɢɡɥɨɠɟɧɧɨɟ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ 

ɩɪɨɝɪɟɫɫ ɜ ɨɛɥɚɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɟ ɫɬɨɢɬ ɧɚ ɦɟɫɬɟ. Ɋɨɛɨɬɵ ɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɦɚɲɢɧɵ ɜɧɟɞɪɹɸɬɫɹ ɜ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɫɬɪɨɢɬɟɥɶɧɵɟ 

ɩɪɨɰɟɫɫɵ. 

  

1.2 Ⱥɧɚɥɢɡ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɧɢɩɭɥяɬɨɪɨɜ 

 

ɋɬɪɨɢɬɟɥɶɧɵɣ ɦɚɧɢɩɭɥɹɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ 

ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɦɚɧɢɩɭɥɹɬɨɪ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 

ɨɩɪɟɞɟɥɟɧɧɵɯ, ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɦɚɬɟɪɢɚɥɨɜ, ɞɟɬɚɥɟɣ, 

ɢɧɫɬɪɭɦɟɧɬɨɜ ɢɥɢ ɫɩɟɰɢɚɥɶɧɵɯ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ ɫ ɰɟɥɶɸ ɜɵɩɨɥɧɟɧɢɹ 
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ɪɚɡɥɢɱɧɵɯ ɪɚɛɨɬ. ȼɚɠɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɋɆ ɹɜɥɹɟɬɫɹ ɫɚɦ ɦɚɧɢɩɭɥɹɬɨɪ – 

ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɞɜɢɝɚɬɟɥɶɧɵɯ ɮɭɧɤɰɢɣ, ɚɧɚɥɨɝɢɱɧɵɯ ɮɭɧɤɰɢɹɦ 

ɪɭɤɢ ɱɟɥɨɜɟɤɚ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɨɛɴɟɤɬɨɜ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɨɫɧɚɳёɧɧɨɟ ɪɚɛɨɱɢɦ 

ɨɪɝɚɧɨɦ [19]. 

ɉɨ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɋɆ – ɦɧɨɝɨɡɜɟɧɧɚɹ ɦɚɲɢɧɚ, ɦɟɠɞɭ ɨɬɞɟɥɶɧɵɦɢ 

ɷɥɟɦɟɧɬɚɦɢ ɤɨɬɨɪɨɣ ɫɭɳɟɫɬɜɭɸɬ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɹɡɢ. Ȼɨɥɶɲɢɧɫɬɜɨ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɋɆ ɢɫɩɨɥɶɡɭɸɬ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɞɜɢɝɚɬɟɥɢ 

ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɣ. Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ ɦɨɝɭɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɧɟɜɦɚɬɢɱɟɫɤɢɟ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɪɢɜɨɞɵ. 

ȼɫɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ ɢɦɟɸɬ ɞɜɚ ɮɢɡɢɱɟɫɤɢ ɨɬɞɟɥɶɧɵɯ ɛɚɡɨɜɵɯ 

ɷɥɟɦɟɧɬɚ - ɦɚɧɢɩɭɥɹɬɨɪ ɢ ɤɨɧɬɪɨɥɥɟɪ. Ɉɫɧɨɜɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɪɨɛɨɬɨɜ-

ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɫɨɫɬɨɹɬ ɢɡ ɰɢɮɪɨɜɵɯ ɫɟɪɜɨɭɩɪɚɜɥɹɟɦɵɯ ɷɥɟɤɬɪɨɦɨɬɨɪɧɵɯ 

ɩɪɢɜɨɞɨɜ ɧɚ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɦɚɲɢɧɚɯ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɩɨɞɤɥɸɱɟɧɢɟɦ, 

ɨɛɵɱɧɨ ɫ ɧɟ ɛɨɥɟɟ ɱɟɦ ɲɟɫɬɶɸ ɨɫɹɦɢ (ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ). ȼɫɟ ɩɨɫɬɚɜɥɹɸɬɫɹ ɫ 

ɫɨɛɫɬɜɟɧɧɵɦ ɤɨɧɬɪɨɥɥɟɪɨɦ. 

ɉɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɩɪɢɥɨɠɟɧɢɹ ɪɨɛɨɬɨɜ ɬɪɟɛɭɸɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɭɫɢɥɢɹ 

ɢɧɠɟɧɟɪɨɜ ɢ ɬɟɯɧɢɤɨɜ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɪɟɚɥɢɡɚɰɢɢ. ɍɧɢɤɚɥɶɧɨɫɬɶ 

ɤɚɠɞɨɝɨ ɪɨɛɨɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɤɚɤ ɤɨɦɩɨɧɟɧɬɵ ɫɨɛɢɪɚɸɬɫɹ ɜɦɟɫɬɟ, ɱɬɨɛɵ 

ɞɨɫɬɢɱɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɞɚɫɬ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɣ ɩɪɨɞɭɤɬ.  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɪɚɡɥɢɱɧɵɟ 

ɫɯɟɦɵ ɩɨɫɬɪɨɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɦɚɧɢɩɭɥɹɬɨɪɚ. ɋɥɟɞɭɟɬ ɪɚɡɞɟɥɹɬɶ 

ɫɬɪɭɤɬɭɪɭ ɟɝɨ «ɪɭɤɢ» ɢ «ɡɚɩɹɫɬɶɹ».  

Ɉɫɧɨɜɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ «ɪɭɤɢ» ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

ɡɜɟɧɶɟɜ, ɫɨɟɞɢɧёɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɜɪɚɳɚɬɟɥɶɧɵɦɢ ɢ ɩɨɫɬɭɩɚɬɟɥɶɧɵɦɢ 

ɫɜɹɡɹɦɢ. ɉɨ ɯɚɪɚɤɬɟɪɭ ɢ ɤɨɥɢɱɟɫɬɜɭ ɫɜɹɡɟɣ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ 

ɤɚɬɟɝɨɪɢɢ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ [20, 21]: 

 ɦɚɧɢɩɭɥɹɬɨɪɵ ɫ ɞɟɤɚɪɬɨɜɨɣ (ɩɪɹɦɨɭɝɨɥɶɧɨɣ) ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ 

(ɪɢɫɭɧɨɤ 2); 

 ɦɚɧɢɩɭɥɹɬɨɪɵ ɫ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ (ɪɢɫɭɧɨɤ 3); 
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 ɦɚɧɢɩɭɥɹɬɨɪɵ ɫɨ ɫɮɟɪɢɱɟɫɤɨɣ (ɩɨɥɹɪɧɨɣ) ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ 

(ɪɢɫɭɧɨɤ 4); 

 ɦɚɧɢɩɭɥɹɬɨɪɵ ɫ ɜɪɚɳɚɬɟɥɶɧɨɣ (ɲɚɪɧɢɪɧɨɣ) ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ 

(ɪɢɫɭɧɨɤ 5). 
 

 

Ɋɢɫɭɧɨɤ 2 – Ɇɚɧɢɩɭɥɹɬɨɪ ɫ ɞɟɤɚɪɬɨɜɨɣ (ɩɪɹɦɨɭɝɨɥɶɧɨɣ) ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ 
 

  

Ɋɢɫɭɧɨɤ 3 – Ɇɚɧɢɩɭɥɹɬɨɪɵ ɫ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ   
 

 

Ɋɢɫɭɧɨɤ 4 – Ɇɚɧɢɩɭɥɹɬɨɪɵ ɫɨ ɫɮɟɪɢɱɟɫɤɨɣ (ɩɨɥɹɪɧɨɣ) ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ  
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Ɋɢɫɭɧɨɤ 5 – Ɇɚɧɢɩɭɥɹɬɨɪɵ ɫ ɜɪɚɳɚɬɟɥɶɧɨɣ (ɲɚɪɧɢɪɧɨɣ) ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ 
 

Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɜɢɜɚɸɬɫɹ ɦɚɧɢɩɭɥɹɬɨɪɵ, 

ɢɫɩɨɥɶɡɭɸɳɢɟ ɩɚɪɚɥɥɟɥɶɧɵɟ ɫɜɹɡɢ (ɪɢɫɭɧɨɤ 6), ɢ SCARA-ɦɚɧɢɩɭɥɹɬɨɪɵ 

(Selective Compliant Assembly Robot Arm) (ɪɢɫɭɧɨɤ 7) [22]. 

 

 
Ɋɢɫɭɧɨɤ 6 – Ʉɨɧɫɬɪɭɤɰɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ ɫ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɫɜɹɡɹɦɢ  

 

 

Ɋɢɫɭɧɨɤ 7 – Ɇɚɧɢɩɭɥɹɬɨɪ ɬɢɩɚ SCARA 
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ɒɚɪɧɢɪ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɪɨɦ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɩɚɪɵ ɜ ɦɚɧɢɩɭɥɹɬɨɪɟ. 

Ʉɢɧɟɦɚɬɢɱɟɫɤɢɟ ɩɚɪɵ – ɷɬɨ ɞɜɚ ɫɨɟɞɢɧɟɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɡɜɟɧɚ, 

ɞɨɩɭɫɤɚɸɳɢɟ ɤɚɤɨɟ-ɥɢɛɨ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ. Ʉɢɧɟɦɚɬɢɱɟɫɤɢɟ ɩɚɪɵ 

ɨɛɪɚɡɭɸɬ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɰɟɩɢ, ɤɨɬɨɪɵɟ ɛɵɜɚɸɬ ɡɚɦɤɧɭɬɵɦɢ ɢ ɪɚɡɨɦɤɧɭɬɵɦɢ 

(ɪɢɫɭɧɨɤ 8). Ɂɚɦɤɧɭɬɨɣ ɰɟɩɶɸ ɧɚɡɵɜɚɸɬ ɬɭ, ɜɫɟ ɡɜɟɧɶɹ ɤɨɬɨɪɨɣ ɜɯɨɞɹɬ ɜ ɫɨɫɬɚɜ 

ɤɚɤ ɦɢɧɢɦɭɦ ɞɜɭɯ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪ. Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɰɟɩɶ, ɜ ɤɨɬɨɪɨɣ ɟɫɬɶ 

ɡɜɟɧɶɹ, ɜɯɨɞɹɳɢɟ ɥɢɲɶ ɜ ɨɞɧɭ ɩɚɪɭ, ɧɚɡɵɜɚɟɬɫɹ ɪɚɡɨɦɤɧɭɬɨɣ [2]. 

 

 

ɚ) ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɲɚɪɧɢɪ; ɛ) – ɫɮɟɪɢɱɟɫɤɢɣ ɲɚɪɧɢɪ; ɜ) – ɲɚɪɧɢɪ 
ɭɝɥɨɜɵɯ ɨɫɟɣ 

Ɋɢɫɭɧɨɤ 8 – ɉɪɢɦɟɪɵ ɡɚɦɤɧɭɬɵɯ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪ 
 

 
ɚ – ɩɪɢɦɟɪ ɪɚɡɨɦɤɧɭɬɨɣ ɢ ɡɚɦɤɧɭɬɨɣ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪ; ɛ – ɡɚɦɤɧɭɬɵɟ 

ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɩɚɪɵ ɧɚɲɟɝɨ ɦɚɧɢɩɭɥɹɬɨɪɚ 
Ɋɢɫɭɧɨɤ 9 – ɋɯɟɦɧɵɟ ɪɟɲɟɧɢɹ ɪɨɛɨɬɚ 

 

Ɉɞɧɚɤɨ, ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɰɟɩɢ, ɟɟ ɡɚɦɵɤɚɟɬ ɨɞɧɨ 

ɭɫɥɨɜɧɨɟ ɧɟɩɨɞɜɢɠɧɨɟ ɡɜɟɧɨ. Ɉɞɢɧ ɟɝɨ ɤɨɧɟɰ ɧɟɩɨɞɜɢɠɧɨ ɤɪɟɩɢɬɫɹ ɤ 

ɨɫɧɨɜɚɧɢɸ ɪɨɛɨɬɚ, ɚ ɟɝɨ ɜɬɨɪɚɹ ɩɨɥɨɜɢɧɚ ɫɨɟɞɢɧɟɧɚ ɫɨ ɫɥɟɞɭɸɳɢɦ ɡɜɟɧɨɦ, ɨɬ 

ɛ 
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ɤɨɬɨɪɨɝɨ ɢɞɟɬ ɟɳɟ ɨɞɧɨ, ɢ ɬɚɤ ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɫɚɦɨɝɨ «ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ» 

ɦɚɧɢɩɭɥɹɬɨɪɚ – ɟɝɨ ɤɥɸɱɟɜɨɣ ɱɚɫɬɢ. 

Ɋɚɛɨɱɢɣ ɨɪɝɚɧ – ɷɬɨ ɢɫɩɨɥɧɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ ɦɚɧɢɩɭɥɹɬɨɪɚ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɞɟɣɫɬɜɢɣ. Ɉɧɚ ɦɨɠɟɬ 

ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɫɜɟɪɥɨ, ɫɯɜɚɬ, ɮɪɟɡɭ, ɱɬɨ ɭɝɨɞɧɨ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɰɟɥɟɜɨɝɨ 

ɧɚɡɧɚɱɟɧɢɹ ɪɨɛɨɬɚ. ȼ ɧɚɲɟɦ ɩɪɨɟɤɬɟ – ɷɬɨ ɫɯɜɚɬ, ɤɨɬɨɪɵɣ ɫɠɢɦɚɟɬɫɹ, 

ɡɚɯɜɚɬɵɜɚɹ ɩɪɟɞɦɟɬ, ɩɨɜɨɪɚɱɢɜɚɹɫɶ, ɩɟɪɟɧɨɫɢɬ ɟɝɨ ɧɚ ɞɪɭɝɨɟ ɦɟɫɬɨ ɢ 

ɪɚɡɠɢɦɚɟɬɫɹ (ɪɢɫɭɧɨɤ 10). 

 

 

 

Ɋɢɫɭɧɨɤ 10 – ɉɪɢɦɟɪ ɪɚɛɨɬɵ ɦɚɧɢɩɭɥɹɬɨɪɚ 
 

Ɋɚɛɨɱɚɹ ɡɨɧɚ ɦɚɧɢɩɭɥɹɬɨɪɚ ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ, ɧɨ 

ɤɚɠɞɵɣ ɪɨɛɨɬ ɢɦɟɟɬ ɝɪɚɧɢɰɵ, ɩɪɟɞɟɥ ɜɨɡɦɨɠɧɨɫɬɟɣ. ɗɬɨ ɫɜɨɟɨɛɪɚɡɧɵɣ ɤɨɧɬɭɪ, 

ɡɚ ɩɪɟɞɟɥɚɦɢ ɤɨɬɨɪɨɝɨ ɨɧ ɧɟ ɫɦɨɠɟɬ ɪɚɛɨɬɚɬɶ, ɬɚɤ ɤɚɤ ɩɨɩɪɨɫɬɭ ɬɭɞɚ ɧɟ 

ɞɨɬɹɝɢɜɚɟɬɫɹ. ɉɪɨɫɬɪɚɧɫɬɜɨ, ɧɚɯɨɞɹɳɟɟɫɹ ɜɧɭɬɪɢ ɷɬɨɝɨ ɤɨɧɬɭɪɚ ɧɚɡɵɜɚɟɬɫɹ 

ɪɚɛɨɱɟɣ ɡɨɧɨɣ ɦɚɧɢɩɭɥɹɬɨɪɚ [3]. ɇɚ ɪɢɫɭɧɤɟ 11 ɷɬɨ ɡɚɲɬɪɢɯɨɜɚɧɧɚɹ ɨɛɥɚɫɬɶ, ɚ 

ɥɢɧɢɹ, ɨɝɪɚɧɢɱɢɜɚɸɳɚɹ ɟɟ – ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, ɤɨɝɞɚ ɭɝɨɥ 

ɦɟɠɞɭ ɜɫɟɦɢ ɡɜɟɧɶɹɦɢ ɪɚɜɟɧ 180°. 

Ɋɚɛɨɱɟɣ ɡɨɧɵ ɧɟ ɛɵɥɨ ɛɵ, ɧɟ ɛɭɞɶ ɦɚɧɢɩɭɥɹɬɨɪ ɩɨɞɜɢɠɟɧ. Ⱦɜɢɠɟɧɢɟ 

ɪɨɛɨɬɭ ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɩɟɰɢɚɥɶɧɵɟ ɩɪɢɜɨɞɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜɧɭɬɪɢ ɧɟɝɨ ɢɥɢ, 

ɢɧɨɝɞɚ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. Ȼɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɪɢɜɨɞɚ – ɞɜɢɝɚɬɟɥɶ ɢ ɭɫɬɪɨɣɫɬɜɨ 

ɭɩɪɚɜɥɟɧɢɹ ɞɚɧɧɵɦ ɩɪɢɜɨɞɨɦ. Ƚɥɚɜɧɨɟ ɤɚɱɟɫɬɜɨ ɱɚɫɬɟɣ ɩɪɢɜɨɞɚ – ɥɟɝɤɨɫɬɶ. ȼ 

ɞɜɢɠɟɧɢɟ ɢɫɩɨɥɧɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɢ ɡɜɟɧɶɹ ɩɪɢɜɨɞɹɬ ɞɜɢɝɚɬɟɥɢ. ɂɯ ɦɨɠɟɬ ɛɵɬɶ 
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ɧɟɫɤɨɥɶɤɨ ɢ ɪɚɫɩɨɥɨɠɟɧɵ ɨɧɢ ɜ ɪɚɡɧɵɯ ɦɟɫɬɚɯ, ɬɚɤ ɤɚɤ ɪɚɫɩɨɥɨɠɟɧɢɟ 

ɞɜɢɝɚɬɟɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɰɢɨɧɚɥɶɧɨɫɬɶɸ ɟɝɨ ɧɚɯɨɠɞɟɧɢɹ ɜ ɞɚɧɧɨɣ ɱɚɫɬɢ 

ɪɨɛɨɬɚ. 

Ɋɚɡɥɢɱɚɸɬ ɩɧɟɜɦɚɬɢɱɟɫɤɢɟ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɪɢɜɨɞɵ. 

Ɉɧɢ ɪɚɡɥɢɱɚɸɬɫɹ ɦɨɳɧɨɫɬɶɸ ɢ ɫɬɨɢɦɨɫɬɶɸ, ɡɚɜɢɫɹɳɟɣ ɨɬ ɫɥɨɠɧɨɫɬɢ ɪɚɛɨɱɟɝɨ 

ɩɪɢɧɰɢɩɚ. Ȼɨɥɶɲɢɧɫɬɜɨ ɩɪɨɢɡɜɨɞɢɦɵɯ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɚɧɢɩɭɥɹɬɨɪɨɜ 

ɨɬɧɨɫɢɬɫɹ ɤ ɱɢɫɥɭ ɪɨɛɨɬɨɜ ɫ ɜɪɚɳɚɬɟɥɶɧɨɣ ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ. 

 
 

ɚ – ɫɯɟɦɚ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ; ɛ – ɫɯɟɦɚ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ ɧɚɲɟɝɨ ɦɚɧɢɩɭɥɹɬɨɪɚ 
Ɋɢɫɭɧɨɤ 11 – ɋɯɟɦɚ ɪɨɛɨɬɚ 

 

Ɉɧɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɚɢɛɨɥɶɲɢɣ ɨɛɴёɦ ɪɚɛɨɱɟɣ ɡɨɧɵ, ɜ ɤɨɬɨɪɨɣ ɦɨɠɟɬ 

ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɞɜɢɠɟɧɢɟ. ɂɯ ɫɬɪɭɤɬɭɪɚ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɢɝɚɬɶ ɡɚɞɚɧɧɨɝɨ 

ɩɨɥɨɠɟɧɢɹ ɢ ɨɪɢɟɧɬɚɰɢɢ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɪɢ ɧɚɥɨɠɟɧɢɢ 

ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɜɨɡɦɨɠɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɧɚɥɢɱɢɢ 

ɩɪɟɩɹɬɫɬɜɢɣ ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ ɢɥɢ ɬɪɟɛɭɟɦɵɯ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ȼɵɛɨɪ ɤɨɧɤɪɟɬɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɆɊ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɩɪɟɠɞɟ 

ɜɫɟɝɨ, ɨɛɥɚɫɬɶɸ ɟɝɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. Ɉɫɧɨɜɧɵɦɢ 

ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɸɬɫɹ: 

 ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ;  

 ɫɟɥɶɫɤɨɟ ɯɨɡɹɣɫɬɜɨ;  

 ɤɨɫɦɢɱɟɫɤɚɹ ɬɟɯɧɢɤɚ;  

ɛ 
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 ɦɟɞɢɰɢɧɚ. 

ɂɡ ɭɤɚɡɚɧɧɵɯ ɨɛɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 

ɩɨɥɭɱɢɥɚ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ. 

ȼ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɦɵ ɧɟ ɭɤɚɡɚɥɢ ɫɬɪɨɢɬɟɥɶɫɬɜɨ, ɬɚɤ 

ɤɚɤ ɩɪɢɦɟɧɟɧɢɟ ɆɊ ɜ ɧɟɦ, ɫɨɫɬɚɜɥɹɟɬ ɨɱɟɧɶ ɧɢɡɤɢɣ ɩɪɨɰɟɧɬ.  

Ɏɚɤɬɨɪɚɦɢ, ɫɞɟɪɠɢɜɚɸɳɢɦɢ ɩɪɢɦɟɧɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ, 

ɹɜɥɹɸɬɫɹ: 

 ɨɬɫɭɬɫɬɜɢɟ ɭ ɩɪɟɞɩɪɢɹɬɢɣ ɧɟ ɬɨɥɶɤɨ ɫɨɛɫɬɜɟɧɧɨɝɨ ɨɩɵɬɚ ɩɪɢɦɟɧɟɧɢɹ 

ɪɨɛɨɬɨɜ, ɧɨ ɞɚɠɟ ɨɛɳɟɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɯ 

ɨɫɧɨɜɚɯ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ; 

 ɨɬɫɭɬɫɬɜɢɟ ɭ ɩɪɟɞɩɪɢɹɬɢɣ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɯ ɤɚɞɪɨɜ, ɫɩɨɫɨɛɧɵɯ 

ɨɛɟɫɩɟɱɢɬɶ ɷɤɫɩɥɭɚɬɚɰɢɸ ɪɨɛɨɬɨɜ; 

Ɋɨɛɨɬɨɬɟɯɧɢɤɚ, ɧɚɯɨɞɹɳɚɹɫɹ ɧɵɧɟ ɧɚ ɩɟɪɟɞɨɜɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɩɪɨɝɪɟɫɫɚ – ɷɬɨ ɩɪɢɤɥɚɞɧɚɹ ɧɚɭɤɚ, ɡɚɧɢɦɚɸɳɚɹɫɹ ɪɚɡɪɚɛɨɬɤɨɣ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ ɹɜɥɹɸɳɚɹɫɹ ɜɚɠɧɟɣɲɟɣ ɨɫɧɨɜɨɣ 

ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɨɛɨɬɨɜ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ 

ɩɨɜɵɫɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɪɭɞɚ, ɭɥɭɱɲɢɬɶ ɤɚɱɟɫɬɜɨ ɩɪɨɞɭɤɰɢɢ, 

ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫɵ ɭɩɪɚɜɥɟɧɢɹ, ɨɬɫɬɪɚɧɢɬɶ ɱɟɥɨɜɟɤɚ ɨɬ ɨɩɚɫɧɵɯ ɞɥɹ 

ɡɞɨɪɨɜɶɹ ɩɪɨɢɡɜɨɞɫɬɜ. 

 

1.3 Ɉɫɧɨɜɧɵɟ ɬɟɧɞɟɧɰɢɢ ɪɚɡɜɢɬɢя ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɧɢɩɭɥяɬɨɪɨɜ 

 

ɋɢɫɬɟɦɧɵɣ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɨɤɚɡɵɜɚɟɬ, 

ɱɬɨ ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɧɢɩɭɥɹɬɨɪɵ ɞɨɥɠɧɵ ɛɵɬɶ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɵ ɩɨ ɜɢɞɭ 

ɪɚɛɨɬ ɢ ɢɦɟɬɶ ɞɨɫɬɚɬɨɱɧɵɣ ɭɪɨɜɟɧɶ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 

ɝɪɭɩɩɵ ɨɩɟɪɚɰɢɣ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɢɞɚ [4; 5; 21]. ɉɪɢ ɷɬɨɦ ɤ ɧɢɦ ɩɪɟɞɴɹɜɥɹɸɬɫɹ 

ɬɪɟɛɨɜɚɧɢɹ ɪɚɫɲɢɪɟɧɧɨɣ ɡɨɧɵ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɩɨɜɵɲɟɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ 

ɪɚɛɨɬɵ, ɩɨɞɜɢɠɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ. ɉɨɫɬɨɹɧɧɨɟ 

ɩɟɪɟɦɟɳɟɧɢɟ ɫɬɪɨɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɤɢ ɩɪɟɞɴɹɜɥɹɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ 

ɦɨɛɢɥɶɧɨɫɬɢ ɢ ɤɨɦɩɚɤɬɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɧɢɩɭɥɹɬɨɪɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ 
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ɪɨɛɨɬɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶɫɹ ɨɝɪɚɧɢɱɟɧɧɵɟ ɪɚɛɨɱɢɟ 

ɡɨɧɵ.  

ɇɚɪɹɞɭ ɫ ɩɟɪɟɱɢɫɥɟɧɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɧɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ 

ɪɚɡɧɨɨɛɪɚɡɢɟ ɨɩɟɪɚɰɢɣ, ɜɵɩɨɥɧɹɟɦɵɯ ɧɚ ɨɞɧɨɦ ɪɚɛɨɱɟɦ ɦɟɫɬɟ, 

ɧɟɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɫɬɶ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɟɟ ɜɵɫɨɤɭɸ ɜɚɪɢɚɬɢɜɧɨɫɬɶ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɪɚɛɨɬɵ ɦɚɧɢɩɭɥɹɬɨɪɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɫɬɪɨɢɬɟɥɶɧɵɯ ɩɥɨɳɚɞɤɚɯ, ɜɵɛɢɪɚɟɬɫɹ ɨɬ – 40 °ɋ ɞɨ + 40 °ɋ 

ɩɪɢ ɜɥɚɠɧɨɫɬɢ ɞɨ 90 %. ȼ ɧɟɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɣ ɫɪɟɞɟ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɚɜɬɨɧɨɦɧɵɯ 

ɦɚɧɢɩɭɥɹɰɢɨɧɧɵɯ ɪɨɛɨɬɨɜ ɞɚɠɟ ɫ ɜɵɫɨɤɨɨɪɝɚɧɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɭɱɚɫɬɢɹ ɱɟɥɨɜɟɤɚ. ɉɨɷɬɨɦɭ 

ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɱɟɬɚɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚɦɢ ɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɷɬɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɤ 

ɢɡɦɟɧɹɸɳɟɣɫɹ ɫɪɟɞɟ.  

Ȼɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɰɟɩɢ 

ɦɚɧɢɩɭɥɹɬɨɪɨɜ [1]. ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɹɜɥɹɟɬɫɹ 

ɭɥɭɱɲɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɬɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ.  

ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɚɥɝɨɪɢɬɦɨɜ 

ɭɩɪɚɜɥɟɧɢɹ ɢɝɪɚɟɬ ɪɟɲɚɸɳɭɸ ɪɨɥɶ ɜ ɩɪɢɞɚɧɢɢ ɫɬɪɨɢɬɟɥɶɧɵɦ ɦɚɧɢɩɭɥɹɬɨɪɚɦ 

ɧɟɨɛɯɨɞɢɦɵɯ ɤɚɱɟɫɬɜ. ɂɦɟɧɧɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɩɨɫɬɪɨɟɧɢɟɦ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɚɛɨɱɢɯ ɩɪɨɝɪɚɦɦ ɦɨɠɧɨ ɞɨɛɢɜɚɬɶɫɹ ɭɫɬɪɚɧɟɧɢɹ ɜɥɢɹɧɢɹ 

ɩɨɝɪɟɲɧɨɫɬɟɣ ɦɟɯɚɧɢɡɦɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ, ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɩɥɚɜɧɨɫɬɢ ɞɜɢɠɟɧɢɣ, ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ, ɨɬɫɭɬɫɬɜɢɹ 

ɤɨɥɟɛɚɧɢɣ ɢ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢ ɨɫɬɚɧɨɜɤɚɯ.  

ȼɫɟ ɩɟɪɟɱɢɫɥɟɧɧɨɟ ɩɨɡɜɨɥɹɟɬ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɨɫɧɨɜɧɵɟ ɬɟɧɞɟɧɰɢɢ 

ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɧɢɩɭɥɹɬɨɪɨɜ: 

 ɩɨɜɵɲɟɧɢɟ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ;  

 ɪɚɫɲɢɪɟɧɢɟ ɪɚɛɨɱɟɣ ɡɨɧɵ;  

 ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɤɢɧɟɦɚɬɢɤɢ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ;  
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 ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɚɥɝɨɪɢɬɦɨɜ 

ɭɩɪɚɜɥɟɧɢɹ;  

 ɨɛɟɫɩɟɱɟɧɢɟ ɩɥɚɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ ɜɞɨɥɶ ɜɫɟɣ ɬɪɚɟɤɬɨɪɢɢ. 

 

2 Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢя 

 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɟɯɚɧɢɤɢ, ɫɨɜɪɟɦɟɧɧɵɣ ɪɨɛɨɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɭɩɪɚɜɥɹɟɦɭɸ ɫɢɫɬɟɦɭ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɣ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ 

ɦɧɨɠɟɫɬɜɚ ɡɜɟɧɶɟɜ, ɫɨɩɪɹɠɟɧɧɵɯ ɩɨɫɪɟɞɫɬɜɨɦ ɥɢɧɟɣɧɨ ɢɥɢ/ɢ ɜɪɚɳɚɬɟɥɶɧɨ 

ɩɨɞɜɢɠɧɵɯ ɫɨɱɥɟɧɟɧɢɣ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɫ ɨɤɪɭɠɚɸɳɢɦɢ 

ɨɛɴɟɤɬɚɦɢ, ɩɪɢɜɨɞɢɦɭɸ ɜ ɞɜɢɠɟɧɢɟɦ ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ 

ɚɤɬɸɚɬɨɪɨɜ ɢ ɩɟɪɟɦɟɳɚɸɳɢɟɫɹ ɩɨ ɩɪɨɢɡɜɨɥɶɧɵɦ ɬɪɚɟɤɬɨɪɢɹɦ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɜɧɟɲɧɢɯ, ɤɨɧɫɟɪɜɚɬɢɜɧɵɯ ɢ ɞɢɫɫɢɩɚɬɢɜɧɵɯ ɫɢɥ, ɜɤɥɸɱɚɹ ɢɧɟɪɰɢɨɧɧɵɟ, 

ɤɨɪɢɨɥɢɫɨɜɵ ɢ ɰɟɧɬɪɨɛɟɠɧɵɟ, ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ ɫɢɥɵ, ɫɢɥɵ ɬɪɟɧɢɹ, ɭɩɪɭɝɨɣ ɢ 

ɧɟɭɩɪɭɝɨɣ ɞɟɮɨɪɦɚɰɢɣ, ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɪɟɞɵ ɢ ɬ.ɞ. 

ɋɭɬɶ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɞɜɢɠɟɧɢɹ 

ɦɚɧɢɩɭɥɹɬɨɪɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɫɬɚɬɢɱɟɫɤɢɯ 

ɧɚɝɪɭɡɨɤ, ɞɟɣɫɬɜɭɸɳɢɯ ɜ ɤɚɠɞɨɣ ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ, ɞɜɢɠɟɧɢɟ 

ɦɚɧɢɩɭɥɹɬɨɪɚ ɜɫɟɝɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɤɚɤɨɣ-ɧɢɛɭɞɶ ɰɟɥɶɸ, ɧɚɩɪɢɦɟɪ, 

ɩɪɢɜɟɫɬɢ ɫɯɜɚɬ ɜ ɡɚɞɚɧɧɭɸ ɬɨɱɤɭ ɢɥɢ ɨɬɪɚɛɨɬɚɬɶ ɡɚɞɚɧɧɭɸ ɬɪɚɟɤɬɨɪɢɸ ɜ ɡɨɧɟ 

ɟɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɬ.ɞ.  

ȼɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɨɫɬɪɨɟɧɢɟɦ ɞɜɢɠɟɧɢɣ ɢ ɫ ɨɰɟɧɤɨɣ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɩɨɜɟɞɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ ɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɵɦɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ, 

ɩɨɫɤɨɥɶɤɭ ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɨɪɝɚɧ ɫɨɫɬɨɢɬ ɧɟ ɬɨɥɶɤɨ ɢɡ ɨɞɧɨɝɨ ɦɟɯɚɧɢɡɦɚ, ɧɨ ɢ 

ɫɢɥɨɜɵɯ ɩɪɢɜɨɞɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɫɨɜɦɟɫɬɧɨ ɫ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ. ɉɨɷɬɨɦɭ 

ɩɨɥɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɪɝɚɧɚ ɦɚɧɢɩɭɥɹɬɨɪɚ ɹɜɥɹɟɬɫɹ ɬɪɭɞɧɨɣ 

ɡɚɞɚɱɟɣ ɞɚɠɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɨɛɵɱɧɨ ɨɬ ɪɟɚɥɶɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɟɪɟɯɨɞɹɬ ɤ ɧɟɤɨɬɨɪɨɣ ɟɟ 

ɭɩɪɨɳɟɧɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɟɣ ɝɥɚɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ 
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ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɢ ɩɪɟɧɟɛɪɟɝɚɸɳɟɣ ɦɟɧɟɟ ɫɭɳɟɫɬɜɟɧɧɵɦɢ ɮɚɤɬɨɪɚɦɢ. 

Ɍɚɤɚɹ ɦɨɞɟɥɶ, ɜɨ-ɩɟɪɜɵɯ, ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɫɬɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɨɩɢɫɚɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɢɫɬɟɦɵ, ɚ ɜɨ - ɜɬɨɪɵɯ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɛɨɥɟɟ 

ɧɚɝɥɹɞɧɨ ɢɫɫɥɟɞɨɜɚɬɶ ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ, ɟɟ ɨɫɨɛɟɧɧɨɫɬɢ.  

Ɇɟɬɨɞɵ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɦɚɧɢɩɭɥɹɬɨɪɨɜ 

ɢɡɥɚɝɚɸɬɫɹ ɜ ɪɚɛɨɬɚɯ [1, 9], ɧɨ ɷɬɢ ɦɟɬɨɞɵ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɭɩɪɨɳɟɧɧɵɯ 

ɥɢɧɟɣɧɵɯ ɦɨɞɟɥɟɣ.  

Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɧɢɩɭɥɹɬɨɪɨɜ [10] ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɬɶ ɞɢɧɚɦɢɤɭ ɢ 

ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫɥɟɞɹɳɟɝɨ 

ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ. Ɇɟɬɨɞɢɤɚ ɡɚɤɥɸɱɚɥɚɫɶ, ɜ ɨɫɧɨɜɧɨɦ, ɜ 

ɧɚɯɨɠɞɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɚ ɬɚɤɠɟ 

ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɩɨɫɬɪɨɟɧɢɢ (ɚɩɩɪɨɤɫɢɦɚɰɢɢ) ɩɟɪɟɯɨɞɧɨɣ ɮɭɧɤɰɢɢ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɚɧɧɨɝɨ ɩɪɢɜɨɞɚ 

ɦɚɧɢɩɭɥɹɬɨɪɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɚɧɚɥɢɡɚ ɟɝɨ ɪɚɛɨɬɵ.  

ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ [11], ɤɨɬɨɪɚɹ ɚɜɬɨɦɚɬɢɡɢɪɭɟɬ ɷɬɨɬ ɩɪɨɰɟɫɫ. ɋɥɟɞɭɟɬ 

ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɨɫɧɨɜɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɦɧɨɝɨɡɜɟɧɧɵɯ ɨɪɝɚɧɨɜ 

ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɟɫɶɦɚ ɝɪɨɦɨɡɞɤɢɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ 

ɫɥɨɠɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ. Ɉɛɳɟɩɪɢɡɧɚɧɧɵɦ ɩɨɞɯɨɞɨɦ ɩɪɢ ɷɬɨɦ 

ɹɜɥɹɟɬɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɜɫɟɯ ɭɪɚɜɧɟɧɢɣ ɢ ɩɚɪɚɦɟɬɪɨɜ ɜ ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ [12, 

13], ɤɨɬɨɪɵɣ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɨɛɳɟɣ ɬɟɨɪɢɢ ɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱ 

ɭɩɪɚɜɥɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚɦɢ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɱɢɫɥɚ ɡɜɟɧɶɟɜ. Ɉɞɧɚɤɨ ɩɪɢɦɟɧɟɧɢɟ 

ɬɚɤɨɝɨ ɚɩɩɚɪɚɬɚ ɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɨɛɴɟɦɚ ɩɚɦɹɬɢ ɞɥɹ ɯɪɚɧɟɧɢɹ 

ɧɟɨɛɯɨɞɢɦɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɨɩɟɪɚɬɢɜɧɨɦ ɡɚɩɨɦɢɧɚɸɳɟɦ ɭɫɬɪɨɣɫɬɜɟ ɉɗȼɆ. ȼ 

ɪɚɛɨɬɟ [11] ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɭɩɪɨɳɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫ ɰɟɥɶɸ 

ɦɢɧɢɦɢɡɚɰɢɢ ɜɪɟɦɟɧɢ ɫɱɟɬɚ ɧɚ ɉɗȼɆ. Ⱦɥɹ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɫ ɧɟɛɨɥɶɲɢɦ 

ɱɢɫɥɨɦ ɡɜɟɧɶɟɜ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɯ 

ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɫɨɨɬɧɨɲɟɧɢɣ, ɫɜɹɡɵɜɚɸɳɢɯ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ 

ɩɚɪɚɦɟɬɪɵ.  
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ɑɢɫɥɟɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ 

ɩɪɟɞɥɚɝɚɸɬɫɹ ɜ ɪɚɛɨɬɚɯ [14] ɬɚɤɠɟ ɡɞɟɫɶ ɢɡɥɚɝɚɸɬɫɹ ɫɢɫɬɟɦɵ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 

ɜɵɱɢɫɥɟɧɢɣ (ɤɨɦɩɶɸɬɟɪɧɨɣ ɚɥɝɟɛɪɵ) ɤ ɩɨɥɭɱɟɧɢɸ ɢ ɚɧɚɥɢɡɭ ɭɪɚɜɧɟɧɢɣ 

ɞɜɢɠɟɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɱɢɫɥɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɢ ɩɪɨɝɪɚɦɦ.  

ȼɨɩɪɨɫɚɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɧɚ ɛɚɡɟ ɆȼɄ 

ɩɨɫɜɹɳɟɧɵ ɪɚɛɨɬɵ [6, 7, 8]. Ɋɟɲɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ 

ɆȼɄ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɨɜɦɟɫɬɧɨ ɫ ɫɢɫɬɟɦɨɣ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ 

ɤɢɧɟɦɚɬɢɤɢ.  

ȼ ɪɚɛɨɬɚɯ [7] ɩɪɟɞɥɨɠɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɞɢɧɚɦɢɤɢ 

ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɧɚ ɛɚɡɟ ɆȼɄ ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɭɪɚɜɧɟɧɢɹɯ Ⱦɚɥɚɦɛɟɪɚ - Ʌɚɝɪɚɧɠɚ 

ɢ Ʌɚɝɪɚɧɠɚ 2-ɝɨ ɪɨɞɚ, ɩɨɡɜɨɥɹɸɳɢɟ ɭɱɢɬɵɜɚɬɶ ɞɢɧɚɦɢɤɭ ɩɪɢɜɨɞɚ ɩɪɨɫɬɵɦ 

ɩɪɢɫɨɟɞɢɧɟɧɢɟɦ ɟɝɨ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɤ ɭɪɚɜɧɟɧɢɹɦ ɞɜɢɠɟɧɢɹ 

ɦɚɧɢɩɭɥɹɬɨɪɚ. Ɇɟɬɨɞɵ ɬɚɤɠɟ ɩɨɡɜɨɥɹɸɬ ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɟɟ ɪɟɲɟɧɢɹ ɱɢɫɥɟɧɧɵɟ 

ɦɟɬɨɞɵ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɨɛɨɣɬɢ ɬɪɭɞɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɛɥɟɦɨɣ 

«ɠɟɫɬɤɨɫɬɢ» ɢ ɫ ɧɟ ɟɞɢɧɫɬɜɟɧɧɨɫɬɶɸ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɯ 

ɭɪɚɜɧɟɧɢɣ ɩɪɢ ɚɧɚɥɢɡɟ ɞɢɧɚɦɢɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɧɚ ɉɗȼɆ.  

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɢɧɚɦɢɤɢ ɦɚɧɢɩɭɥɹɬɨɪɨɜ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɬɨɛɪɚɠɟɧɢɹ ɫɢɫɬɟɦ ɨɛɵɤɧɨɜɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɜ ɜɢɞɟ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪɧɵɯ ɫɯɟɦ [5, 2, 3] ɢ ɩɟɪɟɞɚɬɨɱɧɵɯ ɮɭɧɤɰɢɣ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞɵ ɬɟɨɪɢɢ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɪɚɡɧɵɟ ɦɟɬɨɞɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɩɪɢɦɟɧɟɧɢɢ 

ɰɢɮɪɨɜɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɚɲɢɧ [4, 11, 13], ɚɧɚɥɨɝɨɜɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 

ɦɚɲɢɧ [15, 16], ɚ ɬɚɤɠɟ ɝɢɛɪɢɞɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ [13], ɫɨɫɬɨɹɳɢɯ ɢɡ 

ɚɧɚɥɨɝɨɜɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɚɲɢɧ, ɉɗȼɆ ɫɨ ɫɪɟɞɫɬɜɚɦɢ ɫɨɩɪɹɠɟɧɢɹ.  

ɉɨɦɢɦɨ ɜɵɲɟɧɚɡɜɚɧɧɵɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɦɚɧɢɩɭɥɹɬɨɪɨɜ 

ɩɪɢɦɟɧɹɟɬɫɹ ɦɟɬɨɞ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ [4, 17], ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ 

ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨ ɭɱɟɫɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɜɨɡɞɟɣɫɬɜɢɹɯ. Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɜɹɡɚɧɨ ɫ ɦɟɬɨɞɚɦɢ ɱɢɫɥɟɧɧɨɝɨ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɧɚ ɉɗȼɆ, ɬɚɤ ɤɚɤ ɞɢɧɚɦɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɬɪɭɞɧɨ ɩɨɞɞɚɸɬɫɹ 
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ɚɧɚɥɢɬɢɱɟɫɤɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɸ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ 

ɦɟɬɨɞ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨ ɭɱɟɫɬɶ 

ɨɫɨɛɟɧɧɨɫɬɢ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ.  

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɤ ɤɨɬɨɪɵɦ 

ɨɬɧɨɫɢɬɫɹ ɫɢɫɬɟɦɚ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɉɗȼɆ. ɋɭɳɟɫɬɜɭɟɬ 

ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɯ ɹɡɵɤɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ 

ɜɵɩɨɥɧɟɧɨ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ. ȼɵɛɨɪ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɭɫɥɨɜɢɣ. ɑɚɫɬɨ ɪɟɲɚɸɳɭɸ ɪɨɥɶ ɨɤɚɡɵɜɚɟɬ ɭɞɨɛɫɬɜɨ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɧɚɥɢɱɢɟ ɩɪɨɜɟɪɟɧɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɥɟɝɤɨɫɬɶ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɍɚɤɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɨɛɥɚɞɚɟɬ 

ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ MATLAB, ɫɨɞɟɪɠɚɳɢɣ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɢɧɫɬɪɭɦɟɧɬ 

ɜɢɡɭɚɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ Simulink [18].  

Simulink ɫɨɱɟɬɚɟɬ ɜ ɫɟɛɟ ɧɚɝɥɹɞɧɨɫɬɶ ɚɧɚɥɨɝɨɜɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɚɲɢɧ 

ɢ ɬɨɱɧɨɫɬɶ ɉɗȼɆ. Ɉɧ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɞɨɫɬɭɩ ɤɨ ɜɫɟɦ 

ɜɨɡɦɨɠɧɨɫɬɹɦ ɩɚɤɟɬɚ MATLAB, ɜ ɬɨɦ ɱɢɫɥɟ ɤ ɛɨɥɶɲɨɣ ɛɢɛɥɢɨɬɟɤɟ ɱɢɫɥɟɧɧɵɯ 

ɦɟɬɨɞɨɜ.  

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Simulink ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢɧɰɢɩ 

ɜɢɡɭɚɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦ, ɩɨɥɶɡɨɜɚɬɟɥɶ ɧɚ 

ɷɤɪɚɧɟ ɢɡ ɛɢɛɥɢɨɬɟɤɢ ɫɬɚɧɞɚɪɬɧɵɯ ɛɥɨɤɨɜ ɫɨɡɞɚɟɬ ɦɨɞɟɥɶ ɭɫɬɪɨɣɫɬɜɚ ɢ 

ɨɫɭɳɟɫɬɜɥɹɟɬ ɪɚɫɱɟɬɵ.  

ɇɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɦɟɬɨɞɨɦ ɚɧɚɥɢɡɚ ɞɢɧɚɦɢɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɫ 

ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦɢ ɪɟɝɭɥɹɬɨɪɚɦɢ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɫɨɫɬɚɜɥɟɧɢɢ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɢɣ 

ɨɫɨɛɟɧɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɟɟ ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɨɝɨɜɵɯ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɚɲɢɧ ɢ ɉɗȼɆ (ɜ ɱɚɫɬɧɨɫɬɢ ɩɟɪɫɨɧɚɥɶɧɵɯ ɤɨɦɩɶɸɬɟɪɨɜ 

(ɉɄ)). ɂɦɟɧɧɨ ɷɬɢɦ ɦɟɬɨɞɨɦ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɪɚɛɨɬɵ, ɧɚɩɪɚɜɥɟɧɧɨɣ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɢɧɚɦɢɤɢ ɦɚɧɢɩɭɥɹɬɨɪɨɜ.  

ɉɪɢɜɟɞɟɧɧɵɣ ɜɵɲɟ ɨɛɡɨɪ ɪɚɛɨɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɤ ɫɭɳɟɫɬɜɭɸɳɢɦ 

ɫɨɜɪɟɦɟɧɧɵɦ ɦɚɧɢɩɭɥɹɬɨɪɚɦ ɢ ɫɢɫɬɟɦɚɦ ɩɪɢɜɨɞɨɜ ɢɯ ɜɟɞɭɳɢɯ ɡɜɟɧɶɟɜ 

ɩɪɟɞɴɹɜɥɹɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɟɛɨɜɚɧɢɣ. ɇɨ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ 
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ɬɪɟɛɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɡɚɞɚɧɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɦɚɧɢɩɭɥɹɬɨɪɚ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, 

ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɢ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 

ɩɪɢɦɟɧɟɧɢɟ ɦɚɧɢɩɭɥɹɬɨɪɨɜ, ɫɨɡɞɚɧɧɵɯ ɧɚ ɛɚɡɟ ɡɚɦɤɧɭɬɵɯ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ 

ɰɟɩɟɣ. ȼɫɟ ɜɵɲɟɢɡɥɨɠɟɧɧɵɟ ɪɚɛɨɬɵ, ɩɨɫɜɹɳɟɧɧɵɟ ɤɚɤ ɦɚɧɢɩɭɥɹɬɨɪɚɦ ɧɚ ɛɚɡɟ 

ɡɚɦɤɧɭɬɵɯ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɰɟɩɟɣ, ɬɚɤ ɢ ɦɚɧɢɩɭɥɹɬɨɪɚɦ ɧɚ ɛɚɡɟ ɧɟɡɚɦɤɧɭɬɵɯ 

ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɰɟɩɟɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɪɟɢɦɭɳɟɫɬɜɟ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɩɪɢɦɟɧɟɧɢɹ ɩɟɪɜɨɝɨ ɢɡ ɧɢɯ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɜɬɨɪɵɦ. ɇɨ ɢɯ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 

ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɦɟɠɞɭ ɫɨɛɨɣ, ɚɧɚɥɢɡɚ, ɤɚɤ ɜ ɱɚɫɬɧɨɫɬɢ ɢɯ ɞɢɧɚɦɢɤɢ, ɞɨ ɫɢɯ ɩɨɪ 

ɧɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ.  

ɋɭɳɟɫɬɜɭɸɳɢɟ ɧɵɧɟ ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɧɟ 

ɨɬɜɟɱɚɸɬ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɢɯ ɞɢɧɚɦɢɤɟ. ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ 

ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɪɢɧɰɢɩ ɩɪɢɦɟɧɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ 

ɪɟɝɭɥɹɬɨɪɚ (ɉɊ), ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɫɬɚɛɢɥɶɧɨɫɬɶ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɟɝɨ ɤɨɧɮɢɝɭɪɚɰɢɢ. ɋɢɫɬɟɦɭ, ɜ ɤɨɬɨɪɨɣ ɧɚɪɹɞɭ ɫ 

ɤɨɨɪɞɢɧɚɬɧɵɦ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ, 

ɧɚɡɨɜɟɦ ɫɢɫɬɟɦɨɣ ɫ ɤɨɨɪɞɢɧɚɬɧɨ-ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ (ɄɉɊ). 

 

2.1 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɢɧɚɦɢɤɢ ɫɥɟɞяɳɢɯ ɩɪɢɜɨɞɨɜ 

 

ȼ ɰɟɥɹɯ ɭɫɬɪɚɧɟɧɢɹ ɧɟɞɨɫɬɚɬɤɨɜ ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɛɵɥɚ 

ɩɪɨɜɟɞɟɧɚ ɪɚɛɨɬɚ, ɧɚɩɪɚɜɥɟɧɧɚɹ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɣ 

ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɵɯ 

ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɫɢɫɬɟɦ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬ ɨɛɪɚɬɧɵɟ, 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɢ ɩɚɪɚɥɥɟɥɶɧɵɟ ɤɨɪɪɟɤɬɢɪɭɸɳɢɟ ɫɜɹɡɢ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɷɬɢɦ, ɡɚɞɚɱɚ ɫɢɧɬɟɡɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɛɨɪɟ ɩɚɪɚɦɟɬɪɨɜ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɭɫɢɥɟɧɢɹ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɝɨ ɩɪɢɜɨɞɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɫɬɨɹɳɢɣ ɩɚɪɚɝɪɚɮ 

ɩɨɫɜɹɳɟɧ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɨɩɢɫɚɧɧɨɝɨ ɜ ɪɚɛɨɬɟ [8] ɩɪɢɧɰɢɩɚ 

ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɢɫɫɥɟɞɨɜɚɧɢɸ ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ 
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ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɩɪɨɬɟɤɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɢɫɬɟɦɟ ɫɥɟɞɹɳɢɯ 

ɩɪɢɜɨɞɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ, ɪɢɫɭɧɨɤ 12. 

 

 

Ɋɢɫɭɧɨɤ 12 – Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɚɧɢɩɭɥɹɬɨɪɚ 
 

Ɍɚɤ ɡɚɞɚɱɭ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɫɦɨɬɪɢɦ ɧɚ ɩɪɢɦɟɪɟ ɩɥɨɫɤɨɝɨ 

ɦɚɧɢɩɭɥɹɬɨɪɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɩɨɥɹɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ (ɪɢɫɭɧɨɤ 13).  

 

 

m2 – ɦɚɫɫɚ 2-ɝɨ ɡɜɟɧɚ; l – ɞɥɢɧɚ ɪɭɤɢ; r – ɥɢɧɟɣɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɪɭɤɢ; φ – 
ɭɝɥɨɜɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɪɭɤɢ; K0, L0, Ɇ0 – ɯɚɪɚɤɬɟɪɧɵɟ ɬɨɱɤɢ ɩɟɪɟɦɟɳɟɧɢɹ ɫɯɜɚɬɚ 

Ɋɢɫɭɧɨɤ 13 – Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɚɧɢɩɭɥɹɬɨɪɚ 
 

Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɜɥɢɹɧɢɟ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɫɬɟɩɟɧɟɣ ɩɨɞɜɢɠɧɨɫɬɢ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɢɜɟɞɟɧɧɵɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ 
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ɡɜɟɧɶɟɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɹɜɥɹɟɬɫɹ ɩɟɪɟɦɟɧɧɨɣ ɜɟɥɢɱɢɧɨɣ ɢ ɡɚɜɢɫɢɬ ɨɬ 

ɥɢɧɟɣɧɨɝɨ ɜɵɞɜɢɠɟɧɢɹ r ɪɭɤɢ: 

𝜑˒ܬ  = 𝜑ሺ௥ሻ˒ܬ = ଵܬ + ଶ௖ܬ + ݉ଶ ቀ௟ଶ −  ቁଶ,                                                            (1)ݎ

 

ɝɞɟ   1ܬ – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɡɜɟɧɚ I ɦɚɧɢɩɭɥɹɬɨɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɜɪɚɳɟɧɢɹ (1ܬ 

= const); 2ܬɫ – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɡɜɟɧɚ 2 ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚɥɶɧɨɣ ɨɫɢ, 

ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɫɢ ɜɪɚɳɟɧɢɹ; ݉2 – ɦɚɫɫɚ ɡɜɟɧɚ 2; 

 l – ɞɥɢɧɚ ɪɭɤɢ; 

 r – ɥɢɧɟɣɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɪɭɤɢ.  

 

Ɍɨɝɞɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ 

ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɪɢɦɟɬ ɜɢɞ: 

𝜑˓˒ܬ  = 𝜑ˇܬ + 𝜑˓ܬ =  ௃భ+௃మ𝑐+௠మሺ೗మ−௥ሻమ௭𝜑మ𝜑 ,                                                              (2) 

 

ɝɞɟ     ܬɞ𝜑 – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɪɨɬɨɪɚ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ; ܬɪ𝜑 = (0,05÷ 0,25) ×ܬɞ𝜑 – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɪɟɞɭɤɬɨɪɚ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɜɚɥɭ 

ɞɜɢɝɚɬɟɥɹ.  

 

Ɉɛɵɱɧɨ, ɩɪɢ ɪɟɲɟɧɢɢ ɬɟɯɧɢɱɟɫɤɢɯ ɡɚɞɚɱ, ɜɵɛɢɪɚɟɬɫɹ ɬɚ ɫɨɜɨɤɭɩɧɨɫɬɶ 

ɩɪɢɟɦɨɜ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɰɟɥɢ ɧɚɢɛɨɥɟɟ 

ɩɪɨɫɬɵɦɢ ɫɪɟɞɫɬɜɚɦɢ. ɂɦɟɧɧɨ ɬɚɤɨɣ ɩɨɞɯɨɞ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɨɣ 

ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚɦɢ. Ɍɚɤ ɤɚɤ ݇ɭ = ݇ɨɫ, ɬɨ ɦɨɠɧɨ ɢɯ 

ɤɨɦɛɢɧɢɪɨɜɚɬɶ ɜ ɨɞɢɧ ɛɥɨɤ, ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɭɫɢɥɟɧɢɹ ݇ɭ = ݇𝜑, ɧɚ ɜɵɯɨɞɟ 

ɤɨɬɨɪɨɝɨ ɩɨɥɭɱɚɟɦ: 

 



29 

𝜀𝜑ݑ =  ݇௬𝜑଴ − ݇ˑ˔𝜑 = ݇𝜑ሺ𝜑଴ − 𝜑ሻ.                                                            (3) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɰɢɩɨɦ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɪɚɛɨɬɟ [2], ɢ 

ɫ ɭɱɟɬɨɦ (2) ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɜ 

ɩɪɹɦɨɣ ɰɟɩɢ ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɪɭɤɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɟɟ ɥɢɧɟɣɧɨɝɨ ɜɵɞɜɢɠɟɧɢɹ r, ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ:  

 ݇𝜑˒ˑ ˕ሺݎሻ = ଷܧ√ܥ] + ஽√ா]ଶ
,                                                                                 (4) 

ɝɞɟ ܧ = ܣ + ܤ ቀ௟ଶ − ቁଶݎ , ܣ = 𝜑ˇܬ + 𝜑˓ܬ + ௃భ+௃మ𝑐௭𝜑మ𝜑 , ܤ = ௠మ௭𝜑మ𝜑, 

 ʠ = ଶ𝛼భ˔𝑒𝜑𝛼మ√ 𝑅я𝜑ˊ 𝑧𝜑𝑐ˏ𝜑ˊ ೖ˖ˏ𝜑
ܦ   , = ˔𝑒𝜑ଶ √ ௖ˏ𝜑௭𝜑ோя𝜑௞˖ˏ𝜑.  

 

Ɍɚɤ ɤɚɤ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɞɥɹ ɫɥɟɞɹɳɟɝɨ 

ɩɪɢɜɨɞɚ ɫ ɥɢɧɟɣɧɵɦ ɩɟɪɟɦɟɳɟɧɢɟɦ r ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ, ɬ.ɟ.: 

௥˓˒ܬ  = ௥˅ˇܬ + ௥˓ܬ + ௠మ௭ೝమೝ                                                                                    (5) 

 

ɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɫɪɚɡɭ 

ɜɵɱɢɫɥɟɧɨ ɩɨ ɮɨɪɦɭɥɟ  

 ݇௥ˑ˒˕ = [ʠ√ܬ˒˓௥ଷ + ஽√௃˒˓ೝ]ଶ,                                                                                 (6) 

 

ȼɵɛɨɪ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɱɢɫɥɚ 

ɪɟɞɭɤɬɨɪɚ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɫɨɝɥɚɫɧɨ ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɬɨɞɢɤɚɦ (ɫɦ. ɧɚɩɪɢɦɟɪ, [3]).  



30 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɢɡɦɟɧɟɧɢɹ r ɜ ɢɧɬɟɪɜɚɥɟ [0; 0,9] ɨɩɪɟɞɟɥɹɟɦ ɡɧɚɱɟɧɢɹ 

ɩɪɢɜɟɞɟɧɧɨɝɨ ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ ܬɩɪ𝜑 ɩɨ ɜɵɪɚɠɟɧɢɸ (1) ɢ ɨɩɬɢɦɚɥɶɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɩɨ (3) ɢ ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ܬɩɪ𝜑(ݎ) ɢ ݇𝜑˒ˑ ˕ሺݎሻ (ɪɢɫɭɧɨɤ 14).  

 

 

 
ɚ) ܬɩɪ𝜑(ݎ); ɛ) ݇𝜑˒ˑ ˕ሺݎሻ 

Ɋɢɫɭɧɨɤ 14 – Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɟɣ 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ݇𝜑˒ˑ ˕ሺݎሻ, ɤɨɬɨɪɵɟ 

ɪɟɚɥɢɡɭɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɛɥɨɤɚ ɉɊ, ɤɨɬɨɪɵɣ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ 

ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɧɟ ɜ ɰɟɩɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɩɨɥɨɠɟɧɢɸ (ɫ ɨɞɧɨɜɪɟɦɟɧɧɨɣ 

ɫɬɚɛɢɥɢɡɚɰɢɟɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɫɢɫɬɟɦɵ), ɚ ɩɭɬɟɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ 

ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɟɪɟɞɚɱɢ ɪɟɝɭɥɹɬɨɪɚ ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ, ɱɬɨ 

ɜɵɡɵɜɚɟɬ ɭɩɪɨɳɟɧɢɟ ɫɢɫɬɟɦɵ ɫ ɉɊ ɢ ɟɟ ɬɟɯɧɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ [4].  

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɫɥɟɞɹɳɟɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫ ɉɊ 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɨɤ 15. 
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Ɋɢɫɭɧɨɤ 15 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ 
ɫ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ 

 
ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ ɞɥɹ ɫɥɟɞɹɳɟɝɨ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɭɝɥɨɜɨɣ ɤɨɨɪɞɢɧɚɬɟ φ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ 

ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ:  

 𝜑 = 𝜔ˇ𝜑௭𝜑𝑝, 

ωˇ˅ሺ𝑝ሻ௨яሺ𝑝ሻ = ௞ˇ˅ʡˏሺ௥ሻ𝑝+ଵ,                                                                                              (7) 𝜔ˇ𝜑 = ௞ˇ˅𝜑ʡˏ𝜑𝑝+ଵ я𝜑ݑ ,я𝜑ݑ = ݇˖ˏ𝜑ݑ𝜀𝜑, ݑ𝜀𝜑 = ݇𝜑𝜀𝜑, 𝜀𝜑 = 𝜑଴ − 𝜑, 

 

ɝɞɟ  𝜔ˇ𝜑  – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ;  ݇𝜑 – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɪɟɝɭɥɹɬɨɪɚ; 

 𝜑0 – ɜɯɨɞɧɨɟ (ɪɟɝɭɥɢɪɭɸɳɟɟ) ɜɨɡɞɟɣɫɬɜɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɬɪɟɛɭɟɦɨɦɭ 

ɭɝɥɨɜɨɦɭ ɩɨɥɨɠɟɧɢɸ ɦɚɧɢɩɭɥɹɬɨɪɚ; 

 𝜑 – ɪɟɝɭɥɢɪɭɟɦɚɹ ɜɟɥɢɱɢɧɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɭɝɥɨɜɨɦɭ ɩɨɥɨɠɟɧɢɸ 

ɡɜɟɧɚ ɦɚɧɢɩɭɥɹɬɨɪɚ.  

ɍɪɚɜɧɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɥɟɦɟɧɬɚɦ ɫɯɟɦɵ ɩɨ ɥɢɧɟɣɧɨɣ ɤɨɨɪɞɢɧɚɬɟ r 

ɡɚɩɢɫɵɜɚɸɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ:  
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ݎ  = 𝜔ˇ˅ೝ௭ೝ𝑝, 𝜔ˇ˅௥ = ௞ˇ˅ೝʡˏೝ𝑝+ଵ я௥ݑ я௥,                                                                                            (8)ݑ = ݇˖ˏ௥ݑ𝜀௥, ݑ𝜀௥ = ݇௥𝜀௥, 𝜀௥ = ଴ݎ −  .ݎ

 

Ɉɛɳɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɟɝɨ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɢɫɤɥɸɱɟɧɢɟɦ ɩɪɨɦɟɠɭɬɨɱɧɵɯ 

ɩɟɪɟɦɟɧɧɵɯ ɢɡ ɫɢɫɬɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ (7) ɢ (8):  

 ௭𝜑ோя𝜑௃˒˓𝜑௖ˏ𝜑௞˖ˏ𝜑௞𝜑˒ˑ ˕ 𝜑ሷ + ௖𝑒௭𝜑௞˖ˏ𝜑௞𝜑˒ˑ ˕ 𝜑ሶ + 𝜑 = 𝜑଴, ௭ೝோяೝ௃˒˓ೝ௖ˏೝ௞˖ˏೝ௞ೝˑ˒˕ ሷݎ + ௖𝑒௭ೝ௞˖ˏೝ௞ೝˑ˒˕ ሶݎ + ݎ =  ଴,                                                                  (9)ݎ

 

ɢɥɢ  

 𝑇𝜑ଶ𝜑ሷ + ʹ𝑇𝜑𝜑𝜑ሶ + 𝜑 = 𝜑଴, 𝑇௥ଶݎሷ + ʹ𝑇௥௥ݎሶ + ݎ =  ଴,                                                                               (10)ݎ

ɝɞɟ 𝑇𝜑 = √ ௭𝜑ோя𝜑௃˒˓𝜑௖ˏ𝜑௞˖ˏ𝜑௞𝜑˒ˑ ˕,            𝜑 = ˔ଶ̍ √ ௖ˏ𝜑௭𝜑ோя𝜑௃˒˓𝜑௞𝜑˒ˑ ˕௞˖ˏ𝜑 , 
𝑇௥ = √ ௭ೝோяೝ௃˒˓ೝ௖ˏೝ௞˖ˏೝ௞ೝˑ˒˕ ,  ௥ = ˔ଶ̍ √ ௖ˏೝ௭ೝோяೝ௃˒˓ೝ௞ೝˑ˒˕௞˖ˏೝ  .                                                   (11) 

 

ɉɨ ɮɨɪɦɭɥɚɦ (11) ɢ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ݇𝜑˒ˑ ˕ሺݎሻ ɩɨ (4) ɞɥɹ ɤɚɠɞɨɝɨ 

ɩɨɥɨɠɟɧɢɹ r ɜ ɢɧɬɟɪɜɚɥɟ [0; 0,9] ɨɩɪɟɞɟɥɢɦ 𝑇𝜑(ݎ) ɢ  𝜑(ݎ). ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɪɚɫɱɟɬɚ ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ (ɪɢɫɭɧɤɢ 16 ɢ 17, ɝɞɟ ɤɪɢɜɚɹ ɚ – ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤ 

ɄɊ, ɚ ɤɪɢɜɚɹ ɛ – ɤ ɉɊ). ɂɡ ɷɬɢɯ ɝɪɚɮɢɤɨɜ ɜɢɞɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 
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ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɩɬɢɦɚɥɶɧɵɣ ɞɢɧɚɦɢɱɟɫɤɢɣ ɪɟɠɢɦ ɩɪɢ 

ɭɩɪɚɜɥɟɧɢɢ ɦɚɧɢɩɭɥɹɬɨɪɨɦ.  

 

 
 

Ɋɢɫɭɧɨɤ 16 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ 𝑇𝜑(ݎ) 
 

 

 
Ɋɢɫɭɧɨɤ 17 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ 𝜉𝜑(ݎ) 

 

ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɨ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɫɢɫɬɟɦɚɯ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɩɪɢ ɟɝɨ ɥɢɧɟɣɧɨɦ ɢɡɦɟɧɟɧɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ r. ɉɪɨɢɡɜɟɞɟɦ 

ɥɢɧɟɚɪɢɡɚɰɢɸ ɜɵɪɚɠɟɧɢɹ (4) ɩɨ ɦɟɬɨɞɭ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. ɂɫɩɨɥɶɡɭɹ ɷɬɨɬ 

ɦɟɬɨɞ, ɩɨɥɭɱɟɧɚ ɫɥɟɞɭɸɳɚɹ ɥɢɧɟɚɪɢɡɨɜɚɧɧɚɹ ɮɭɧɤɰɢɹ [4]:  

 ݇𝜑ˎሺݎሻ = ݎܽ + ܾ                                                                                              (12) 

 

ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɥɢɧɟɚɪɢɡɚɰɢɢ a ɢ b ɨɩɪɟɞɟɥɹɸɬɫɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ j-ɯ 

ɥɢɧɟɣɧɵɯ ɩɨɥɨɠɟɧɢɣ ݆ݎ. ɪɭɤɢ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ 
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ܽ = ∑ ௥ೕ ∑ ௞𝜑ೕˑ˒˕−ே ∑ ௥ೕ௞𝜑ೕˑ˒˕೙ೕೕೀಿ [∑ ௥ೕೕಿ ]మ−ே ∑ ௥ೕమೕಿ , 

ܾ = ଵே [∑ ݇𝜑௝ˑ˒˕ே௝ − ܽ ∑ ௝ே௝ݎ ],                                                                             (13) 

 

ɝɞɟ     ݇𝜑௝ˑ˒˕ (r) – ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɞɥɹ ɡɧɚɱɟɧɢɹ ݆ݎ; 
 N – ɱɢɫɥɨ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ݆ݎ.  

 

 
Ɋɢɫɭɧɨɤ 18 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ kφˎሺrሻ  

 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɢɧɚɦɢɤɢ ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ 

ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɜ ɟɝɨ ɡɨɧɟ ɨɛɫɥɭɠɢɜɚɧɢɹ ɬɪɟɛɨɜɚɥɨɫɶ ɪɟɲɢɬɶ ɡɚɞɚɱɭ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɫɯɜɚɬɚ ɢɡ ɨɞɧɨɣ ɡɚɞɚɧɧɨɣ ɬɨɱɤɢ ɜ ɞɪɭɝɭɸ, ɝɞɟ ɧɚɱɚɥɶɧɨɟ ɢ 

ɤɨɧɟɱɧɨɟ ɩɨɥɨɠɟɧɢɹ ɫɯɜɚɬɚ ɨɩɪɟɞɟɥɹɥɢɫɶ ɢɡ ɭɪɚɜɧɟɧɢɹ ɤɢɧɟɦɚɬɢɤɢ. 

௖ݔ  = ሺ݈ − ሻݎ cos 𝜑, 

௖ݕ (14)                                                                                                                         = ሺ݈ − ሻݎ sin 𝜑. 

 

ɉɭɬɟɦ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ ɨɩɪɟɞɟɥɹɥɢɫɶ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɡɧɚɱɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɭɝɥɨɜɨɝɨ ɢ ɥɢɧɟɣɧɨɝɨ ɩɨɥɨɠɟɧɢɹ. 

ݎ  = ݈ − ௖ଶݔ√ +   ௖ଶݕ
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                                                                                                                        (15) 𝜑 = 𝑔ݐܿݎܽ ௫𝑐௬𝑐. 
 

ɉɨɫɬɪɨɟɧɢɟ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɱɢɫɥɟɧɧɨɦ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ. ɇɨ ɩɪɟɠɞɟ ɜɫɟɝɨ ɫɢɫɬɟɦɭ (10) ɩɪɢɜɟɞɟɦ ɤ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɟ: 

 φሶ = ሶݎ       ,ଵݍ = ଶ, 𝑇𝜑ଶ𝜑ሷݍ + ʹ𝑇𝜑𝜑𝜑ሶ + 𝜑 = 𝜑଴, 𝑇௥ଶݎሷ + ʹ𝑇௥௥ݎሶ + ݎ = ଵሶݍ  ଴ݎ = ଶೝೝ் ଵݍ − ௥்ೝమ − ௞ೝ௥బೝ்మ ଵሶݍ   = ଶ𝜑𝜑் ଵݍ − 𝜑்𝜑మ − ௞𝜑𝜑బ𝜑்మ .                                                                                (16) 

 

ɂɫɩɨɥɶɡɭɹ ɦɟɬɨɞ Ɋɭɧɝɟ-Ʉɭɬɬɚ 4-ɝɨ ɩɨɪɹɞɤɚ, ɩɪɨɢɧɬɟɝɪɢɪɭɟɦ ɫɢɫɬɟɦɭ, 

ɪɟɲɟɧɢɟɦ ɤɨɬɨɪɨɣ ɹɜɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɭɝɥɨɜɵɯ ɢ ɥɢɧɟɣɧɵɯ ɤɨɨɪɞɢɧɚɬ φ ɢ r. 

Ʉɨɝɞɚ ɷɬɢ ɨɛɨɛɳɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɩɪɢɦɭɬ ɭɫɬɚɧɨɜɢɜɲɢɟɫɹ ɡɧɚɱɟɧɢɹ ɤɨɧɟɱɧɨɣ 

ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ, ɩɪɨɰɟɫɫ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɨɫɬɚɧɨɜɢɬɫɹ. 

ȼ ɩɪɨɰɟɫɫɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ (10) ɩɨ ɬɟɤɭɳɢɦ ɡɧɚɱɟɧɢɹɦ 

ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ φ ɢ r ɩɭɬɟɦ ɪɟɲɟɧɢɹ (14) ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɡɧɚɱɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɫɯɜɚɬɚ ɦɚɧɢɩɭɥɹɬɨɪɚ (ݔ௖, ݕ௖). Ⱦɥɹ 

ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɛɥɨɤɚ ɉɊ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɝɨ ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ ɧɚ 

ɤɚɱɟɫɬɜɨ ɩɪɨɬɟɤɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɦɚɧɢɩɭɥɹɬɨɪɨɦ 

ɨɩɟɪɚɰɢɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɫɢɫɬɟɦɚ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɫ ɉɊ 

ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɬɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɟɦɨɣ ɫɢɫɬɟɦɨɣ ɫ ɤɨɨɪɞɢɧɚɬɧɵɦ 

ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɄɊ. 

ȼ ɰɟɥɨɦ ɠɟ ɚɧɚɥɢɡ ɪɚɫɱɟɬɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɫɢɫɬɟɦɵ ɫ ɉɊ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢɦɟɪɧɨ ɧɚ 20-30% ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɢɫɬɟɦɨɣ ɫ ɄɊ. ȼɵɩɨɥɧɟɧɵ 

ɚɧɚɥɨɝɢɱɧɵɟ ɩɪɨɰɟɞɭɪɵ ɞɥɹ ɫɥɭɱɚɟɜ ɫ ɄɉɊ ɢ ɫ ɄɊ ɫɢɫɬɟɦ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɫ 

ɭɱɟɬɨɦ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ݇𝜑ˎሺݎሻ. 
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Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɢɧɚɦɢɤɢ ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɫ ɉɊ 

ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɧɚ ɛɚɡɟ ɧɟɡɚɦɤɧɭɬɵɯ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɰɟɩɟɣ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɞɢɧɚɦɢɤɨɣ ɨɛɵɱɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɩɪɢɜɨɞɚ, 

ɡɞɟɫɶ ɩɪɨɢɫɯɨɞɢɬ ɭɥɭɱɲɟɧɢɟ ɯɚɪɚɤɬɟɪɚ ɩɪɨɬɟɤɚɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɞɢɧɚɦɢɤɢ ɫɢɫɬɟɦ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɧɚ 

ɛɚɡɟ ɦɟɯɚɧɢɡɦɨɜ ɫ ɡɚɦɤɧɭɬɵɦɢ ɢ ɧɟɡɚɦɤɧɭɬɵɦɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦɢ ɰɟɩɹɦɢ ɫ ɉɊ 

ɢ ɄɊ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɟɪɜɵɣ ɢɡ ɧɢɯ ɢɦɟɟɬ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɨ 

ɩɨɤɚɡɚɬɟɥɹɦ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɤɚɤ ɩɪɢ ɉɊ, ɬɚɤ ɢ ɩɪɢ ɄɊ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫɨ ɜɬɨɪɵɦ ɩɪɢ ɉɊ. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ 

ɦɚɧɢɩɭɥɹɬɨɪɚ I ɢɦɟɟɬ ɦɚɥɭɸ ɜɟɥɢɱɢɧɭ ɉɈ ɫɪɚɜɧɟɧɢɸ ɫ ɜɟɥɢɱɢɧɨɣ ɦɨɦɟɧɬɚ 

ɢɧɟɪɰɢɢ ɦɚɧɢɩɭɥɹɬɨɪɚ II. 

 

2.2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢя ɫɥɟɞяɳɢɦ 

ɩɪɢɜɨɞɨɦ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɪɨɛɨɬɚ 

 

ɐɟɥɶɸ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɟɪɟɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ ɩɪɢ ɧɨɦɢɧɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ 

ɩɚɪɚɦɟɬɪɨɜ ɟɟ ɷɥɟɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɩɨɥɨɠɟɧɢɹ 

ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 2-ɝɨ ɤɚɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ (ɥɢɧɟɣɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 

ɦɟɯɚɧɢɡɦɚ ɦɚɧɢɩɭɥɹɬɨɪɚ) ɧɚ ɤɚɱɟɫɬɜɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɵɯɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɵ 1-

ɝɨ ɤɚɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ (ɭɝɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ ɦɟɯɚɧɢɡɦɚ ɦɚɧɢɩɭɥɹɬɨɪɚ). ɉɪɢ 

ɷɬɨɦ ɜ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɟɜ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ 2-ɝɨ ɤɚɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɫɜɨɣɫɬɜɚ 

1-ɝɨ ɤɚɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɜɟɥɢɱɢɧɭ 

ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ.  

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɤɚɱɟɫɬɜɚ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɨɩɢɫɚɧɢɟ ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ ɛɭɞɟɦ ɨɫɭɳɟɫɬɜɥɹɬɶ ɜ 

ɮɨɪɦɟ ɫɬɪɭɤɬɭɪɧɵɯ ɫɯɟɦ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɋȺɍ). ɗɬɢ 

ɫɯɟɦɵ ɧɚɝɥɹɞɧɨ ɢ ɩɨɥɧɨ ɨɬɪɚɠɚɸɬ ɨɫɧɨɜɧɵɟ ɱɚɫɬɢ ɫɢɫɬɟɦɵ, ɢɯ ɜɡɚɢɦɨɫɜɹɡɶ, 

ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɚ ɬɚɤɠɟ ɩɪɨɯɨɠɞɟɧɢɟ ɫɢɝɧɚɥɨɜ ɭɩɪɚɜɥɟɧɢɹ. ɉɪɢ ɷɬɨɦ, 

ɤɚɤ ɢɡɜɟɫɬɧɨ, ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɞɥɹ ɨɩɢɫɚɧɢɹ ɋȺɍ ɩɨɥɭɱɢɥɢ ɫɯɟɦɵ, 
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ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɢɫɬɟɦɭ ɜ ɜɢɞɟ ɫɨɟɞɢɧɟɧɢɹ ɡɜɟɧɶɟɜ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɞɟɣɫɬɜɢɹ, 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ «ɜɯɨɞ-ɜɵɯɨɞ» ɤɨɬɨɪɵɯ ɡɚɞɚɧɵ ɩɟɪɟɞɚɬɨɱɧɵɦɢ ɮɭɧɤɰɢɹɦɢ 

ɋȺɍ. 

ȼ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ ɫɢɫɬɟɦ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ ɞɥɹ 

ɭɱɟɬɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɜɥɢɹɧɢɹ ɩɪɢɜɨɞɨɜ ɞɨɫɬɚɬɨɱɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 

ɭɩɪɨɳɟɧɧɵɟ ɩɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤɰɢɢ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɩɪɢɜɨɞɨɜ, 

ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɚɩɟɪɢɨɞɢɱɟɫɤɢɟ ɡɜɟɧɶɹ ɋȺɍ [6,7], ɬ.ɤ. ɜ ɤɚɱɟɫɬɜɟ 

ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɢɝɚɬɟɥɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 

ɧɟɡɚɜɢɫɢɦɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ (ȾɉɌ ɇȼ).  

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ȾɉɌ ɇȼ ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ ɭɝɥɨɜɨɝɨ 

ɩɟɪɟɦɟɳɟɧɢɹ ɪɭɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɫ ɩɟɪɟɦɟɧɧɵɦ ɦɨɦɟɧɬɨɦ ɢɧɟɪɰɢɢ ɧɚɝɪɭɡɤɢ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɡɜɟɧɚ ɫ 

ɢɡɦɟɧɹɸɳɟɣɫɹ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ:  

 𝜔ˇ˅ሺ𝑝ሻ௨яሺ𝑝ሻ = ௞ˇ˅ʡˏሺ௥ሻ𝑝+ଵ.                                                                                            (17) 

 

ɝɞɟ  ݑɹ(݌), 𝜔ɞɜ(݌) – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɩɟɪɚɬɨɪɧɵɟ ɜɵɪɚɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɧɚ 

ɹɤɨɪɧɨɣ ɨɛɦɨɬɤɟ ɞɜɢɝɚɬɟɥɹ ɢ ɫɤɨɪɨɫɬɢ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ; 

 Tɦ(ݎ) – ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ȾɉɌ ɇȼ ɫɥɟɞɹɳɟɝɨ 

ɩɪɢɜɨɞɚ ɭɝɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ ɪɭɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ. 

 𝑇 ሺݎሻ = ቀ௃ˇ˅+௃ 𝑝+಻˒ሺ𝑝ሻ𝑧మ ቁோЯ˔ˈ˔ˏ                                                                                   (18) 

 

ɋ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɹ (18) ɩɨɥɭɱɢɦ ɜ ɨɛɳɟɦ ɜɢɞɟ ɜɵɪɚɠɟɧɢɟ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟ ɞɢɧɚɦɢɱɟɫɤɨɟ ɜɥɢɹɧɢɟ ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ ɥɢɧɟɣɧɨɝɨ 

ɩɟɪɟɦɟɳɟɧɢɹ ɧɚ ɫɥɟɞɹɳɢɣ ɩɪɢɜɨɞ ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ: 

 𝑇 ሺݎሻ = ଶݎߙ + ݎߚ +  (19)                                                                                 , ߛ
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ɝɞɟ    ߙ = ௠మோЯ௭మ˔ˈ˔ˏ ߚ   , = ଶ௟௠మோЯ௭మ˔ˈ˔ˏ,    ߛ =  (௃ˇ˅+௃ 𝑝+௃ భ+௃ మ𝑐)˔ˈ˔ˏ௭మ . 

 

Ɉɧɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɞɢɧɚɦɢɱɟɫɤɨɟ ɜɥɢɹɧɢɟ ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ ɥɢɧɟɣɧɨɝɨ 

ɩɟɪɟɦɟɳɟɧɢɹ ɧɚ ɫɥɟɞɹɳɢɣ ɩɪɢɜɨɞ ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɪɭɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ. 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ ɦɚɧɢɩɭɥɹɬɨɪɚ, ɫ ɭɱɟɬɨɦ 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ ɥɢɧɟɣɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɧɚ 

ɫɥɟɞɹɳɢɣ ɩɪɢɜɨɞ ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɪɭɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 19.  

 

 

 

Ɋɢɫɭɧɨɤ 19 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ ɫ 
ɉɊ 

 

ɇɚ ɫɯɟɦɟ ɭɱɢɬɵɜɚɟɬɫɹ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɡɧɚɱɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɫɢɥɟɧɢɹ ɝɥɚɜɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ ɭɝɥɨɜɨɝɨ 

ɩɟɪɟɦɟɳɟɧɢɹ ɪɭɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ. ɍɫɢɥɢɬɟɥɶɧɨ-ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ 

ɩɪɢɜɨɞɨɜ ɡɞɟɫɶ ɨɩɢɫɵɜɚɥɢɫɶ ɤɚɤ ɛɟɡɵɧɟɪɰɢɨɧɧɵɟ ɡɜɟɧɶɹ, ɢɫɩɨɥɧɢɬɟɥɶɧɵɟ 

ɞɜɢɝɚɬɟɥɢ (ȾɉɌ ɇȼ) – ɤɚɤ ɚɩɟɪɢɨɞɢɱɟɫɤɢɟ ɡɜɟɧɶɹ ɋȺɍ. Ɇɟɯɚɧɢɱɟɫɤɢɟ 

ɩɟɪɟɞɚɱɢ ɫɱɢɬɚɸɬɫɹ ɚɛɫɨɥɸɬɧɨ ɠɟɫɬɤɢɦɢ.  



39 

ȼ ɷɬɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɟ ɜɜɟɞɟɧɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ:  

φ0 – ɜɯɨɞɧɨɟ (ɪɟɝɭɥɢɪɭɸɳɟɟ) ɜɨɡɞɟɣɫɬɜɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɬɪɟɛɭɟɦɨɦɭ 

ɭɝɥɨɜɨɦɭ ɩɨɥɨɠɟɧɢɸ ɦɚɧɢɩɭɥɹɬɨɪɚ;  

φ – ɪɟɝɭɥɢɪɭɟɦɚɹ ɜɟɥɢɱɢɧɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɭɝɥɨɜɨɦɭ ɩɨɥɨɠɟɧɢɸ 

ɦɚɧɢɩɭɥɹɬɨɪɚ,  

r0 – ɜɯɨɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɬɪɟɛɭɟɦɨɦɭ ɥɢɧɟɣɧɨɦɭ 

ɩɨɥɨɠɟɧɢɸ ɪɭɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ,  

r – ɪɟɝɭɥɢɪɭɟɦɚɹ ɜɟɥɢɱɢɧɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɥɢɧɟɣɧɨɦɭ ɩɨɥɨɠɟɧɢɸ 

ɪɭɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ;  

υ – ɫɤɨɪɨɫɬɶ ɥɢɧɟɣɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɪɭɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ. 

 

ɇɚ ɪɢɫɭɧɤɟ 19 ɜ ɱɚɫɬɢ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ ɭɝɥɨɜɨɝɨ 

ɩɟɪɟɦɟɳɟɧɢɹ ɫ ɭɱɟɬɨɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɧɟɝɨ ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ 

ɥɢɧɟɣɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɪɭɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ 𝑇ɦ(ݎ) ɩɪɢ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ 

ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɪɟɝɭɥɹɬɨɪɚ ݇ɪɨɩɬ(ݎ), ɧɟ ɪɚɫɤɪɵɜɚɸɬɫɹ 

ɩɨɥɧɨɫɬɶɸ ɜɧɭɬɪɟɧɧɢɟ ɫɜɹɡɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɡɜɟɧɶɟɜ ɫ ɢɡɦɟɧɹɸɳɢɦɢɫɹ 

ɩɚɪɚɦɟɬɪɚɦɢ, ɧɚɩɪɢɦɟɪ, ɚɩɟɪɢɨɞɢɱɟɫɤɨɟ ɡɜɟɧɨ ɫ ɢɡɦɟɧɹɸɳɟɣɫɹ ɩɨɫɬɨɹɧɧɨɣ 

ɜɪɟɦɟɧɢ. ɗɬɨ ɡɚɬɪɭɞɧɹɟɬ ɫɨɫɬɚɜɥɟɧɢɟ ɫɯɟɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɷɬɨɣ ɱɚɫɬɢ 

ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ ɫɩɨɫɨɛɨɦ 

ɫɬɪɭɤɬɭɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɉɨɷɬɨɦɭ ɩɨ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɟ (ɪɢɫɭɧɨɤ 19) 

ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ ɞɥɹ ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ ɭɝɥɨɜɨɝɨ 

ɩɨɥɨɠɟɧɢɹ ɪɭɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɫɨɫɬɚɜɢɦ ɞɟɬɚɥɢɡɢɪɨɜɚɧɧɭɸ ɫɬɪɭɤɬɭɪɧɭɸ 

ɫɯɟɦɭ, ɬ. ɟ. ɫɯɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɬɨɥɶɤɨ ɢɡ ɢɧɬɟɝɪɢɪɭɸɳɢɯ, ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɢɯ ɢ 

ɛɟɡɵɧɟɪɰɢɨɧɧɵɯ (ɜ ɬɨɦ ɱɢɫɥɟ ɧɟɥɢɧɟɣɧɵɯ) ɡɜɟɧɶɟɜ ɫ ɩɨɥɧɨɫɬɶɸ ɜɫɤɪɵɬɵɦɢ 

ɫɜɹɡɹɦɢ ɦɟɠɞɭ ɧɢɦɢ. Ⱦɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɞɟɬɚɥɢɡɢɪɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ 

ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɡɜɟɧɚ ɫ ɢɡɦɟɧɹɸɳɟɣɫɹ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ ɩɟɪɟɣɞɟɦ ɨɬ ɟɟ 

ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɤ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦɭ ɭɪɚɜɧɟɧɢɸ, ɪɚɡɪɟɲɟɧɧɨɦɭ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɪɲɟɣ ɩɪɨɢɡɜɨɞɧɨɣ, ɫ ɜɵɞɟɥɟɧɢɟɦ (ɜɵɧɟɫɟɧɢɟɦ ɡɚ ɫɤɨɛɤɭ) 

ɢɡɦɟɧɹɸɳɟɣɫɹ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ 𝑇ɦ(ݎ). ɂɫɩɨɥɶɡɭɹ ɨɩɟɪɚɬɨɪ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ p=d/dt, ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ: 
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ሻ݌𝜔ˇ˅ሺ݌  =  ଵ்ˏ ሺ௥ሻ ሻ݌яሺݑ˅ˇ݇) − 𝜔ˇ˅ሺ݌ሻ).                                                         (20) 

 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɧɚ ɪɢɫɭɧɤɟ 20, ɫɨɫɬɚɜɥɟɧɧɚɹ ɩɨ ɩɨɥɭɱɟɧɧɨɦɭ 

ɜɵɪɚɠɟɧɢɸ (20), ɹɜɥɹɟɬɫɹ ɞɟɬɚɥɢɡɢɪɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɨɣ ɢ ɩɨɡɜɨɥɹɟɬ 

ɩɨɥɭɱɢɬɶ ɫɯɟɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɡɜɟɧɚ ɫ ɢɡɦɟɧɹɸɳɟɣɫɹ 

ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ ɫɩɨɫɨɛɨɦ ɫɬɪɭɤɬɭɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

 

 

 

Ɋɢɫɭɧɨɤ 20 – Ⱦɟɬɚɥɢɡɢɪɨɜɚɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ 
 

 

Ɋɢɫɭɧɨɤ 21 – Ⱦɟɬɚɥɢɡɢɪɨɜɚɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ 
ɦɚɧɢɩɭɥɹɬɨɪɚ ɫ ɉɊ 
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ȼɵɱɢɫɥɟɧɧɵɟ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɢɫɫɥɟɞɭɟɦɨɣ 

ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ ɩɪɢ ɩɪɢɧɹɬɵɯ ɡɧɚɱɟɧɢɹɯ, ɹɜɥɹɸɬɫɹ 

ɫɥɟɞɭɸɳɢɦɢ: 

 ݇௥ = ͳ [ ˅˓˃ˇ] , ݇𝜑ሺݎሻ = ݎܽ + ܾ, ˆˇˈ ܽ = Ͳ,ʹͲͷ [˅×˓˃ˇˏ ], ܾ = Ͳ,ͶͶ [ ˅˓˃ˇ],       ݇˖௥ˏ = ݇˖𝜑 = ͳͲ,      ݇ˇ˅௥ = ʹ,ʹͲ9 [˓˃ˇ×˔˅ ], ݇ˇ𝜑 = ͳ,Ͳ9 [˓˃ˇ×˔˅ 𝜑ݖ      ,[ = ʹͶͲ,   ݖ௥ = ͸Ͳ, 𝑇ெ = Ͳ,Ͳ͵ [ܿ] , ߙ = Ͳ,ͲͶͳʹ [ ˔ˏమ],     ߚ = −Ͳ,ͲͶͳʹ [ ߛ      ,[ˏ˔ = Ͳ,Ͳ͵ͳͳ [˔], 
 

ɝɞɟ     ݇ɭɦ−  ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɭɫɢɥɢɬɟɥɹ ɦɨɳɧɨɫɬɢ; 

 ݇ɞɜ−  ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɞɜɢɝɚɬɟɥɹ; 

 ݇𝜑 − ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ; 

 a ɢ b − ɤɨɷɮɮɢɰɢɟɧɬɵ ɥɢɧɟɚɪɢɡɚɰɢɢ; 

 φ(t) − ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ;  

 r(t) − ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɥɢɧɟɣɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ;  

 Tɦ(ݎ) − ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ȾɉɌ ɇȼ ɫɥɟɞɹɳɟɝɨ 

ɩɪɢɜɨɞɚ ɭɝɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ ɪɭɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ. 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɚɱɟɫɬɜɚ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɨɦ ɩɪɨɢɡɜɟɞɟɦ 

ɫ ɩɨɦɨɳɶɸ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɜ ɫɪɟɞɟ 

MATLAB (Simulink), ɤɨɬɨɪɵɣ ɫɨɱɟɬɚɟɬ ɜ ɫɟɛɟ ɧɚɝɥɹɞɧɨɫɬɶ ɚɧɚɥɨɝɨɜɨɣ ̆

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ̆ ɦɚɲɢɧɵ ɢ ɬɨɱɧɨɫɬɶ ɉɄ.  

ɉɪɨɰɟɫɫ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ Simulink ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɤɨɦɩɨɧɨɜɤɭ 

ɦɨɞɟɥɢ ɢ ɡɚɞɚɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ. Ʉɨɦɩɨɧɨɜɤɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɛɨɪɟ 

ɢɡ ɛɢɛɥɢɨɬɟɤ Simulink ɧɟɨɛɯɨɞɢɦɵɯ ɛɥɨɤɨɜ, ɢɯ ɪɚɡɦɟɳɟɧɢɟ ɜ ɨɬɤɪɵɜɲɟɦɫɹ 

ɨɤɧɟ ɢ ɫɨɟɞɢɧɟɧɢɟ ɦɟɠɞɭ ɫɨɛɨɣ̆. Ⱦɚɥɟɟ ɞɥɹ ɤɚɠɞɨɝɨ ɛɥɨɤɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ, ɨɬɜɟɱɚɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹɦ ɦɨɞɟɥɢɪɭɟɦɨɣ 

ɫɢɫɬɟɦɵ.  
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ɋɯɟɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ Simulink ɫɨɫɬɚɜɢɦ ɫɨɝɥɚɫɧɨ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɟ 

ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɧɢɩɭɥɹɬɨɪɚ. ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ 

ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɦɨɞɟɥɶ ɫɢɫɬɟɦ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ ɫ ɉɊ ɜ 

ɫɪɚɜɧɟɧɢɢ ɫ ɦɨɞɟɥɶɸ ɬɪɚɞɢɰɢɨɧɧɨɣ̆ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

(ɄɊ) ɞɥɹ ɦɚɧɢɩɭɥɹɬɨɪɚ ɫ ɜɡɚɢɦɨɜɥɢɹɧɢɟɦ ɫɬɟɩɟɧɟɣ ɩɨɞɜɢɠɧɨɫɬɢ. ɋɬɪɭɤɬɭɪɧɚɹ 

ɫɯɟɦɚ, ɧɚɛɪɚɧɧɚɹ ɜ ɫɢɫɬɟɦɟ MATLAB (Simulink), ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 22.  

 

 

 
Ɋɢɫɭɧɨɤ 22 – ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ 

 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚɝɥɹɞɧɨɫɬɢ ɦɨɞɟɥɢ ɫɥɨɠɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ 

ɡɚɜɢɫɢɦɨɫɬɢ ɛɵɥɢ ɨɛɴɟɞɢɧɟɧɵ ɜ ɨɬɞɟɥɶɧɵɟ ɩɨɞɫɢɫɬɟɦɵ (Subsystems):  

 ɩɨɞɫɢɫɬɟɦɚ ɤɚɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɭɝɥɨɜɨɦɭ ɩɟɪɟɦɟɳɟɧɢɸ 

ɦɚɧɢɩɭɥɹɬɨɪɚ (ɪɢɫɭɧɨɤ 23);  

 ɩɨɞɫɢɫɬɟɦɚ ɤɚɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɥɢɧɟɣɧɨɦɭ ɩɟɪɟɦɟɳɟɧɢɸ 

ɦɚɧɢɩɭɥɹɬɨɪɚ (ɪɢɫɭɧɨɤ 24);  
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 ɩɨɞɫɢɫɬɟɦɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɞɢɧɚɦɢɱɟɫɤɨɟ ɜɥɢɹɧɢɟ ɫɥɟɞɹɳɟɝɨ 

ɩɪɢɜɨɞɚ ɥɢɧɟɣɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɧɚ ɫɥɟɞɹɳɢɣ̆ ɩɪɢɜɨɞ ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 

(ɪɢɫɭɧɨɤ 25);  

 ɩɨɞɫɢɫɬɟɦɚ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɭɫɢɥɟɧɢɹ ɝɥɚɜɧɨɣ̆ ɨɛɪɚɬɧɨɣ̆ ɫɜɹɡɢ ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 

ɦɚɧɢɩɭɥɹɬɨɪɚ (ɪɢɫɭɧɨɤ 26).  

  

 

Ɋɢɫɭɧɨɤ 23 – ɉɨɞɫɢɫɬɟɦɚ ɤɚɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɭɝɥɨɜɨɦɭ ɩɟɪɟɦɟɳɟɧɢɸ 
ɦɚɧɢɩɭɥɹɬɨɪɚ ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ 

 
 

 

Ɋɢɫɭɧɨɤ 24 – ɉɨɞɫɢɫɬɟɦɚ ɤɚɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɥɢɧɟɣɧɨɦɭ ɩɟɪɟɦɟɳɟɧɢɸ 
ɦɚɧɢɩɭɥɹɬɨɪɚ ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ 

 
 

 

Ɋɢɫɭɧɨɤ 25 – ɉɨɞɫɢɫɬɟɦɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɞɢɧɚɦɢɱɟɫɤɨɟ ɜɥɢɹɧɢɟ ɫɥɟɞɹɳɟɝɨ 
ɩɪɢɜɨɞɚ ɥɢɧɟɣɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɧɚ ɫɥɟɞɹɳɢɣ ɩɪɢɜɨɞ ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 

ɦɚɧɢɩɭɥɹɬɨɪɚ 
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Ɋɢɫɭɧɨɤ 26 – ɉɨɞɫɢɫɬɟɦɚ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɡɧɚɱɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɝɥɚɜɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ ɭɝɥɨɜɨɝɨ 

ɩɟɪɟɦɟɳɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ 
 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ 

ɦɚɧɢɩɭɥɹɬɨɪɚ ɫ ɉɊ (ɪɢɫɭɧɨɤ 22, ɩɨɥɨɠɟɧɢɟ ɉɊ) ɫ ɜɡɚɢɦɨɜɥɢɹɧɢɟɦ ɫɬɟɩɟɧɟɣ 

ɩɨɞɜɢɠɧɨɫɬɢ.  

ɇɚ ɜɵɯɨɞɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɢɦɟɸɬɫɹ ɞɜɚ ɫɢɝɧɚɥɚ: 

 ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ φ(t); 

 ɩɟɪɟɯɨɞɧɨɣ̆ ɩɪɨɰɟɫɫ ɥɢɧɟɣɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ r(t); 

Ⱦɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɝɪɚɮɢɤɨɜ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɨɜɚɧ 

ɜɢɪɬɭɚɥɶɧɵɣ̆ ɨɫɰɢɥɥɨɝɪɚɮ (Scope). ɉɨɥɭɱɟɧɵ ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɩɟɪɟɯɨɞɧɵɯ 

ɩɪɨɰɟɫɫɨɜ (ɪɢɫɭɧɨɤ 27, ɪɢɫɭɧɨɤ 28) ɩɪɢ ɨɬɪɚɛɨɬɤɟ ɫɢɫɬɟɦɚɦɢ ɫɥɟɞɹɳɢɯ 

ɩɪɢɜɨɞɨɜ ɫ ɉɊ ɢ ɫ ɉɊ ɜ ɨɤɪɟɫɬɧɨɫɬɹɯ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ ɪɚɛɨɱɟɣ ɩɥɨɫɤɨɫɬɢ 

ɦɚɧɢɩɭɥɹɬɨɪɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɟɜ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɉɊ ɧɚ ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɫɢɫɬɟɦɵ ɩɪɢɧɢɦɚɥɢɫɶ ɜɟɥɢɱɢɧɚ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ σ ɢ ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ 

ɩɪɨɰɟɫɫɚ tɩ.  
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Ɋɢɫɭɧɨɤ 27 – Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 
 

 

Ɋɢɫɭɧɨɤ 28 – Ɉɫɰɢɥɥɨɝɪɚɦɦɵ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɥɢɧɟɣɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 
 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɨɫɰɢɥɥɨɝɪɚɦɦ, ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɫɥɟɞɹɳɟɦ ɩɪɢɜɨɞɟ 

ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ φ ɫ ɉɊ ɛɟɡ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ 

ɫɥɟɞɹɳɢɦ ɩɪɢɜɨɞɨɦ ɫ ɄɊ (ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ 6,4%). ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɥɟɞɹɳɟɦ ɩɪɢɜɨɞɟ ɥɢɧɟɣɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ r ɪɭɤɢ 

ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɚɧɚɥɨɝɢɱɧɵ. 
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2.3 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɦɨɞɟɥɢ ɞɜɢɝɚɬɟɥя ɩɨɫɬɨяɧɧɨɝɨ ɬɨɤɚ 

 

ȼ ɫɢɫɬɟɦɚɯ ɩɪɢɜɨɞɚ ɪɨɛɨɬɨɜ ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɞɜɢɝɚɬɟɥɢ 

ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ ɧɟɡɚɜɢɫɢɦɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ ɢɥɢ ɦɚɝɧɢɬɨɷɥɟɤɬɪɢɱɟɫɤɢɟ. 

ɍɩɪɚɜɥɟɧɢɟ ɷɬɢɦɢ ɞɜɢɝɚɬɟɥɹɦɢ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɰɟɩɢ ɹɤɨɪɹ. 

ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɞɜɢɝɚɬɟɥɟ ɩɨɫɬɨɹɧɧɨɝɨ 

ɬɨɤɚ ɫ ɧɟɡɚɜɢɫɢɦɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ ɦɨɝɭɬ ɛɵɬɶ ɨɩɢɫɚɧɵ ɫɥɟɞɭɸɳɢɦɢ 

ɭɪɚɜɧɟɧɢɹɦɢ: 

яݑ  = 𝑅Я ቀʡЯ ௗ௜яௗ௧ + ݅яቁ + ˈя,  ܬ ௗ𝜔೘ௗ௧ = ܯ − ʜ, 𝜔௠ܯ = ௗ𝜃೘ௗ௧ ,                                                                                                       (21)  ˈя = ݇ா𝜔௠, 

ܯ  = ݇ெ݅Я. 

 

ɝɞɟ    ݑя, ݅я,  ˈя – ɧɚɩɪɹɠɟɧɢɟ, ɬɨɤ ɢ ɩɪɨɬɢɜɨ-ɗȾɋ ɹɤɨɪɹ;             ܮЯ, 𝑅Я,  ʡЯ = ௅ЯோЯ – ɢɧɞɭɤɬɢɜɧɨɫɬɶ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ 

ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɹɤɨɪɹ;              𝜔௠, ܯ ,ܯʜ, 𝜃௠ – ɦɟɯɚɧɢɱɟɫɤɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ 

ɦɨɦɟɧɬ, ɦɨɦɟɧɬ ɧɚɝɪɭɡɤɢ ɢ ɦɟɯɚɧɢɱɟɫɤɢɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɜɚɥɚ; 

  ;ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɪɨɬɨɪɚ – ܬ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ݇ா , ݇ெ ɹɜɥɹɸɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɩɨɫɬɨɹɧɧɵɦɢ. 

 

ɉɚɪɚɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ, ɜɯɨɞɹɳɢɟ ɜ ɭɪɚɜɧɟɧɢɹ (21) ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɧɚ 

ɨɫɧɨɜɟ ɩɚɫɩɨɪɬɧɵɯ ɞɚɧɧɵɯ, ɩɨɦɟɳɟɧɧɵɯ ɜ ɫɩɪɚɜɨɱɧɵɯ ɦɚɬɟɪɢɚɥɚɯ. ȼ ɬɚɛɥɢɰɟ 

1 ɩɪɢɜɟɞɟɧɵ ɩɚɪɚɦɟɬɪɵ ɦɚɥɨɢɧɟɪɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɞɥɹ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɢɯ 

ɤɨɦɩɥɟɤɫɨɜ. 
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Ɍɚɛɥɢɰɚ 1 – ɉɚɪɚɦɟɬɪɵ ɦɚɥɨɢɧɟɪɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ. 

ɇP , ɤВɬ  ə ВU U , В  ɇn , 1/ ɦɢɧ  əI , A əR , Ɉɦ  ВR , Ɉɦ  J , ɤɝɦ2 

0,12 110 3000 1.53 1.48 642 0.06 
0.20 110 3000 2.46 0.762 560 0.08 
0.25 110 3000 3.05 0.945 827 0.14 
0.37 110 3000 4.40 0.546 934 0.16 
0.45 110 3000 5.60 0.585 400 0.36 
1.00 110 3000 9.96 0.561 500 0.80 

 

ȼ ɬɚɛɥɢɰɟ 1 ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ:  

ɇP  – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, ɤВɬ;  

əU  – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ ɹɤɨɪɹ, В;  

ВU  – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɨɡɛɭɠɞɟɧɢɹ, В;  

əI  – ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɹɤɨɪɹ, A;  

ɇn  – ɧɨɦɢɧɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɹɤɨɪɹ, 1/ɦɢɧ;  

əR  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ ɹɤɨɪɹ, Ɉɦ;  

ВR  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ, Ɉɦ. 

 

ɇɨɦɢɧɚɥɶɧɵɣ ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ ɜ (ɇ ɦ), ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɨɡɛɭɠɞɟɧɢɹ ɜ 

(А), ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɨɫɬɨɹɧɧɵɟ ɢ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɹɤɨɪɹ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɢɡ 

ɭɪɚɜɧɟɧɢɣ 

    ʛு = ʟಹ𝜔ಹ = ଷ଴ʟಹ𝜋௡ಹ , 

஻ܫ     = ௎ಳோಳ,    

   ݇ ெ = ெಹூЯ ,                                                                                                      (22) 

    ݇ ா = ଷ଴ሺ௎Я−ோЯூЯሻ𝜋௡ಹ , 

Яܮ     ≈ ଷ଴𝜋 × ௎Я௖𝑋௡ಹூЯ.  
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ɝɞɟ      ܿ𝑋 = 0,3-0,4 – ɷɦɩɢɪɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ. 

 

ɉɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤɰɢɢ ɫɤɨɪɨɫɬɧɨɣ ɱɚɫɬɢ ȾɉɌ ɩɨ ɭɩɪɚɜɥɹɸɳɟɦɭ ɢ 

ɜɨɡɦɭɳɚɸɳɟɦɭ ɜɨɡɞɟɣɫɬɜɢɹɦ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɜɵɪɚɠɟɧɢɹɦɢ: 

 𝑊ሺݏሻ =  𝜔೘ሺ௦ሻ௨яሺ௦ሻ =  ଵ ௞ಶ⁄𝑇Я಼భ಼మೖಶ௦మ+ భ಼భ಼మೖಶ௦+ଵ,                                                            (23) 

𝑊`ሺݏሻ =  𝜔೘ሺ௦ሻெಹሺ௦ሻ =  (𝑇Яೞ+భ)ೖಾೖಶ𝑇Я಼భ಼మೖಶ௦మ+ భ಼భ಼మೖಶ௦+ଵ .                                                          (24) 

 

ȼ ɜɵɪɚɠɟɧɢɹɯ (23), (24) ɜɜɟɞɟɧɵ ɨɛɨɡɧɚɱɟɧɢɹ: 

ଵܭ  =  ଵோя , ଶܭ       = ௞ಾ௃ .                                                                                    (25) 

Ʉɨɪɧɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

ଵ,ଶݏ  = − ଵଶ Я் ± ଵଶ Я் √ͳ − Ͷ𝑇Яܭଵܭଶ݇ா.                                                             (26) 

 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 𝑇Яܭଵܭଶ ˋ ݇ா ɤɨɪɧɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɥɢɛɨ ɜɟɳɟɫɬɜɟɧɧɵɦɢ, ɥɢɛɨ 

ɤɨɦɩɥɟɤɫɧɨ-ɫɨɩɪɹɠɟɧɧɵɦɢ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ Ͷ𝑇Яܭଵܭଶ ݇ா ≤ ͳ ɤɨɪɧɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɹɜɥɹɸɬɫɹ ɜɟɳɟɫɬɜɟɧɧɵɦɢ, ɷɤɜɢɜɚɥɟɧɬɧɚɹ 

ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ȾɉɌ ɩɨ ɭɩɪɚɜɥɹɸɳɟɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɞɜɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɯ ɚɩɟɪɢɨɞɢɱɟɫɤɢɯ 

ɡɜɟɧɶɟɜ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ ɩɨɫɬɨɹɧɧɵɦɢ 𝑇ଵ,𝑇ଶ  ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɟɪɟɞɚɱɢ ͳ ݇ா⁄ . 

 𝑊ሺݏሻ =  ௫ሺ௦ሻ௨яሺ௦ሻ =  ଵ ௞ಶ⁄ሺ భ்௦+ଵሻ+ሺ మ்௦+ଵሻ,                                                                    (27) 
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ɝɞɟ       𝑇ଵ = −ͳ ⁄ଵݏ , 𝑇ଶ = −ͳ ⁄ଶݏ , 

 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɪɚɫɫɦɨɬɪɢɦ ɞɜɢɝɚɬɟɥɶ ɦɨɳɧɨɫɬɶɸ 0,45 

ɤВɬ (ɬɚɛɥɢɰɚ 1) ɩɚɪɚɦɟɬɪɵ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɜɵɪɚɠɟɧɢɹɦ 

(8), ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 

 

Ɍɚɛɥɢɰɚ 2 – ɉɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ ɪɨɛɨɬɚ 

1Ʉ , 1/Ɉɦ 2Ʉ , 1/Аɦɫ2 kM, ɇɦ/A kЕ, Вɫ əT , ɫ T1, ɫ T2, ɫ 

1.72 0.72 0.26 0.34 0.043 0.044 2.15 
 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɟɦ (7) ɢ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦɵ Simulink 

ɩɨɥɭɱɟɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɪɢɫɭɧɨɤ 29.  

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɩɨɥɶɡɨɜɚɧ ɩɚɤɟɬ 

ɪɚɫɲɢɪɟɧɢɹ ɩɪɨɝɪɚɦɦɵ Simulink – ɋontrol System ɫ ɟɝɨ ɝɪɚɮɢɱɟɫɤɢɦ 

ɢɧɬɟɪɮɟɣɫɨɦ. ɗɬɚɥɨɧɧɵɦ (ɡɚɞɚɸɳɢɦ) ɜɯɨɞɧɵɦ ɫɢɝɧɚɥɨɦ ɹɜɥɹɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ 

1 В. Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨ ɭɩɪɚɜɥɟɧɢɸ ɢ ɩɨ ɜɨɡɦɭɳɟɧɢɸ ɩɨɤɚɡɚɧɵ 

ɧɚ ɪɢɫɭɧɤɚɯ 30 ɢ 31. 

 

 

Ɋɢɫɭɧɨɤ 29 – ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɞɜɢɝɚɬɟɥɹ 
 

ɂɡ ɝɪɚɮɢɤɨɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɪɢɫɭɧɤɢ 30, 31) ɜɢɞɧɨ, ɱɬɨ ɩɨ 

ɭɩɪɚɜɥɟɧɢɸ ɢ ɜɨɡɦɭɳɟɧɢɸ ȾɉɌ ɫ ɞɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɹɟɬ 
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ɫɨɛɨɣ ɚɩɟɪɢɨɞɢɱɟɫɤɨɟ ɡɜɟɧɨ. Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɩɨ ɜɨɡɦɭɳɟɧɢɸ ɛɨɥɟɟ ɱɟɦ 

ɜ 2 ɪɚɡɚ ɛɨɥɶɲɟ, ɱɟɦ ɩɨ ɭɩɪɚɜɥɟɧɢɸ. 

 

Ɋɢɫɭɧɨɤ 30 – Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ȾɉɌ ɩɨ ɭɩɪɚɜɥɟɧɢɸ 
 

 

Ɋɢɫɭɧɨɤ 31 – Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ȾɉɌ ɩɨ ɜɨɡɦɭɳɟɧɢɸ 
 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɵɯ ɫɜɨɣɫɬɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɨɛɴɟɤɬɚ 

ɭɩɪɚɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ (ɫɢɧɬɟɡ) ɪɟɝɭɥɹɬɨɪɚ, ɫɬɪɭɤɬɭɪɚ ɢ 

ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɹɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɢ 

ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɨɧɬɭɪɭ ɫɤɨɪɨɫɬɢ. 

 

2.4 ɋɢɧɬɟɡ ɪɟɝɭɥяɬɨɪɚ ɜ ɫɥɟɞяɳɟɣ ɫɢɫɬɟɦɟ ɩɨɫɬɨяɧɧɨɝɨ ɬɨɤɚ ɪɨɛɨɬɚ 

 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɩɪɢɜɨɞɚ ɡɜɟɧɚ ɡɚɯɜɚɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɪɨɛɨɬɚ 

ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ. 
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ܬ  ௗ𝜔೘ௗ௧ + ଵ𝜔௠ܥ + ଶܥ sin 𝜃௠ = ݇ெ݅я,                                                               (28) 

 

ɝɞɟ      ܬ – ɫɭɦɦɚɪɧɵɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɹɤɨɪɹ ɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɡɜɟɧɚ ɪɨɛɨɬɚ;  ݅я – ɬɨɤ ɹɤɨɪɹ;  𝜃௠ =  ∫ 𝜔௠   .ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɡɜɟɧɚ ɪɨɛɨɬɚ – ݐ݀ 

 

Ɍɨɤ ɹɤɨɪɹ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ 

 

 𝑇Я ௗ೔яௗ௧ + ݅я + ௞ಶோЯ 𝜔௠ = ௨ЯோЯ.                                                                            (29) 

 

ɉɨ ɭɪɚɜɧɟɧɢɹɦ (28) ɢ (29) ɩɨɫɬɪɨɟɧɚ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, 

ɫɨɫɬɨɹɳɚɹ ɢɡ ɞɜɢɝɚɬɟɥɹ ɦɨɳɧɨɫɬɶɸ 0,45 ɤВɬ ɢ ɡɜɟɧɚ ɪɨɛɨɬɚ, ɪɢɫɭɧɨɤ 32. 

 

 

Ɋɢɫɭɧɨɤ 32 – Ɇɨɞɟɥɶ ɩɪɢɜɨɞɚ ɡɜɟɧɚ ɪɨɛɨɬɚ 
 

ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɜ ɫɢɫɬɟɦɟ ɩɪɢ ܥଵ = Ͳ,ͳ,  ܥଶ = ͵,ʹ  ɢ ɦɚɥɵɯ ɭɝɥɚɯ 

ɩɨɜɨɪɨɬɚ ɡɜɟɧɚ ɪɨɛɨɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 33. 
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Ɋɢɫɭɧɨɤ 33 – ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɜ ɩɪɢɜɨɞɟ ɡɜɟɧɚ ɪɨɛɨɬɚ ɩɨ ɭɩɪɚɜɥɟɧɢɸ 
 

ɉɪɢɜɟɞɟɧɧɵɣ ɫɥɭɱɚɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɜɢɝɚɬɟɥɶ ɫ ɭɱɟɬɨɦ ɧɚɝɪɭɡɤɢ ɧɚ ɟɝɨ 

ɜɚɥɭ ɦɨɠɟɬ ɛɵɬɶ ɤɨɥɟɛɚɬɟɥɶɧɵɦ ɞɢɧɚɦɢɱɟɫɤɢɦ ɡɜɟɧɨɦ. Ɍɪɟɛɭɟɬɫɹ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɪɟɝɭɥɹɬɨɪɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɪɟɝɭɥɹɬɨɪɚ ɜ ɫɥɟɞɹɳɟɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ 

ɪɟɚɥɢɡɭɟɬɫɹ ɨɝɪɚɧɢɱɢɬɟɥɶ ɞɢɚɩɚɡɨɧɚ ɞɥɹ ɬɨɤɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɨɧɬɭɪɟ 

ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɪɟɥɟɣɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ. ɉɪɢ ɷɬɨɦ ɤɨɧɬɭɪ ɬɨɤɚ 

ɫɱɢɬɚɟɬɫɹ ɛɟɡɢɧɟɪɰɢɨɧɧɵɦ, ɚ ɫɢɥɨɜɨɣ ɪɟɝɭɥɹɬɨɪ – ɢɫɬɨɱɧɢɤɨɦ ɬɨɤɚ. Ɍɨɝɞɚ 

ɡɜɟɧɨ ɪɨɛɨɬɚ ɜɦɟɫɬɟ ɫ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ (30) 

ɢɡ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɢɦ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ: 

 𝑊ˑ˄ሺݏሻ = ௞ಾ஼మ × ଵ்మ௦మ+ଶ்ௌ+ଵ ,                                                                        (30) 

 

ɝɞɟ    𝑇ଶ = ௃஼మ , ʹ𝑇 = ௖భ௖మ  , ɩɪɢ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ܥଵ = Ͳ,ͳ,  ܥଶ = ͵,ʹ  
ɩɚɪɚɦɟɬɪɵ ɡɜɟɧɚ ɪɨɛɨɬɚ ɪɚɜɧɵ:  𝑇 = Ͳ,͵͵ ܿ,  = Ͳ,ͲͶ͹,   ɬ.ɟ. ɩɪɢɜɨɞ ɪɨɛɨɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɤɨɥɟɛɚɬɟɥɶɧɨɟ ɡɜɟɧɨ. 

 



53 

Ⱦɥɹ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɫ ɪɟɚɥɶɧɵɦ 

ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɢɦ ɡɜɟɧɨɦ, ɩɚɪɚɦɟɬɪɵ ɬɚɤɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɩɪɢ ɧɚɫɬɪɨɣɤɟ 

ɫɢɫɬɟɦɵ ɧɚ ɨɩɬɢɦɭɦ ɩɨ ɦɨɞɭɥɸ ɧɚɯɨɞɹɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɣ 

 𝑇஽ < ʹ𝑇, ݇ଵ = ஼మଶ ವ்௞ೀ಴௞ಾ, ௞ವ+ ವ்௞𝑝௞಺ = 𝑇ଶ,
௞𝑝+ ವ்௞భ௞భ = ʹ𝑇.                                                                        (31) 

 

Ɇɨɞɟɥɶ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɧɚ ɪɢɫɭɧɤɟ 34. 

 

 
 

Ɋɢɫɭɧɨɤ 34 – Ɇɨɞɟɥɶ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 
 

Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɩɪɢ 𝑇஽ = Ͳ,Ͳͳ ܿ, ݇𝑝 =ͳ9,ʹͷ, ݇ ଵ = ͸ͳͷ, ݇ ஽ = ͸9,ͷ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 35. 
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Ɋɢɫɭɧɨɤ 35 – ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɟ 

 
ɂɡ ɤɪɢɜɵɯ (ɪɢɫɭɧɨɤ 35) ɜɢɞɧɨ, ɱɬɨ ɜ ɬɚɤɨɣ ɫɢɫɬɟɦɟ ɤɨɥɟɛɚɧɢɣ ɜɵɯɨɞɧɨɣ 

ɤɨɨɪɞɢɧɚɬɵ (ɭɝɥɚ) ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. ɉɨɷɬɨɦɭ ɬɚɤɨɣ ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɦɨɠɧɨ 

ɫɱɢɬɚɬɶ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɫɢɫɬɟɦɵ ɩɨɥɭɱɟɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɡɜɟɧɚ ɪɨɛɨɬɚ, ɪɢɫɭɧɨɤ 36. Ɇɨɞɟɥɢɪɭɟɬɫɹ ɢɡɦɟɧɟɧɢɟ 

ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0,001 ɪɚɞ ɞɨ 0,003 ɪɚɞ. 

 

Ɋɢɫɭɧɨɤ 36 – Ɇɨɞɟɥɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɞɜɭɯɤɨɧɬɭɪɧɨɣ 
ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

 

ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɦɨɞɟɥɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɩɨɤɚɡɚɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 37. 
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Ɋɢɫɭɧɨɤ 37 – ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɜ 

ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ 
 

ɂɡ ɤɪɢɜɵɯ (ɪɢɫɭɧɨɤ 37), ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, ɜɢɞɧɨ, 

ɱɬɨ ɜ ɬɚɤɨɣ ɫɢɫɬɟɦɟ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɢ ɛɨɥɶɲɢɯ ɜɯɨɞɧɵɯ ɫɢɝɧɚɥɚɯ (ɩɪɢ ɜɵɯɨɞɟ 

ɫɢɫɬɟɦɵ ɜ ɧɚɫɵɳɟɧɢɟ) ɤɨɥɟɛɚɧɢɣ ɜɵɯɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɵ (ɭɝɥɚ) ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. 

ɉɨɷɬɨɦɭ ɬɚɤɨɣ ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɦɨɠɟɬ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



56 

 

3 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢя 

 

3.1 Ɇɟɬɨɞɢɤɚ 

 

Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɫɢɫɬɟɦɵ ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɨɝɨɜɨɣ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɚɲɢɧɵ, ɤɨɬɨɪɚɹ ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɵɜɚɟɬ ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, 

ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ. Ɍɚɤɠɟ, ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 

ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɜ ɫɪɟɞɟ MATLAB (Simulink).  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɩɪɢɦɟɪɟ ɩɥɨɫɤɨɝɨ ɦɚɧɢɩɭɥɹɬɨɪɚ, 

ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɩɨɥɹɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. [9].  

ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɚɜɥɟɧɚ ɩɪɨɝɪɚɦɦɚ ɩɪɨɜɟɞɟɧɢɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɚɹ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

 ɨɩɪɟɞɟɥɟɧɢɟ ɰɟɥɢ ɢ ɡɚɞɚɱɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ;  

 ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɧɢɩɭɥɹɬɨɪɚ ɫ ɄɉɊ;  

 ɪɚɫɱɟɬ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɞɥɹ ɫɯɟɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ;  

 ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɫɯɟɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ;  

  ɤɨɧɬɪɨɥɶ ɫɨɨɬɜɟɬɫɬɜɢɹ ɫɨɟɞɢɧɟɧɢɣ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɫɯɟɦɵ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɛɧɵɯ ɪɟɲɟɧɢɣ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɯ 

ɩɪɚɜɢɥɶɧɨɫɬɶ ɜɵɛɨɪɚ ɦɚɫɲɬɚɛɨɜ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɟɪɟɞɚɱɢ;  

 ɩɪɨɜɟɞɟɧɢɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 

ɷɥɟɦɟɧɬɚɪɧɵɯ ɡɧɚɱɟɧɢɣ ɜɯɨɞɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ φ ɢ r ɞɥɹ ɫɢɫɬɟɦɵ ɫɥɟɞɹɳɢɯ 

ɩɪɢɜɨɞɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ ɫ ɄɉɊ ɢ ɄɊ;  

 ɩɪɨɫɦɨɬɪ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɨɫɰɢɥɥɨɝɪɚɮɟ 

ɢ ɪɟɝɢɫɬɪɚɰɢɹ ɢɯ ɧɚ ɫɜɟɬɨɥɭɱɟɜɨɦ ɨɫɰɢɥɥɨɝɪɚɮɟ;  

 ɨɛɪɚɛɨɬɤɚ ɨɫɰɢɥɥɨɝɪɚɦɦ ɢ ɨɰɟɧɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ: 

ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɫɢɫɬɟɦɟ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ 

ɦɚɧɢɩɭɥɹɬɨɪɚ.  

Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ 

ɢɡɭɱɟɧɢɹ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ. Ʉɨɦɩɶɸɬɟɪɧɵɟ ɦɨɞɟɥɢ ɩɪɨɳɟ ɢ ɭɞɨɛɧɟɟ 
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ɢɫɫɥɟɞɨɜɚɬɶ, ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɪɟɚɥɶɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɡɚɬɪɭɞɧɟɧɵ ɢɡ-ɡɚ 

ɮɢɧɚɧɫɨɜɵɯ ɢɥɢ ɮɢɡɢɱɟɫɤɢɯ ɩɪɟɩɹɬɫɬɜɢɣ ɢɥɢ ɦɨɝɭɬ ɞɚɬɶ ɧɟɩɪɟɞɫɤɚɡɭɟɦɵɣ 

ɪɟɡɭɥɶɬɚɬ. Ʌɨɝɢɱɧɨɫɬɶ ɢ ɮɨɪɦɚɥɢɡɨɜɚɧɧɨɫɬɶ ɤɨɦɩɶɸɬɟɪɧɵɯ ɦɨɞɟɥɟɣ ɩɨɡɜɨɥɹɟɬ 

ɜɵɹɜɢɬɶ ɨɫɧɨɜɧɵɟ ɮɚɤɬɨɪɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɫɜɨɣɫɬɜɚ ɢɡɭɱɚɟɦɨɝɨ ɨɛɴɟɤɬɚ. [ɏ] 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɢɝɪɚɟɬ ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɜ ɨɛɥɚɫɬɢ ɪɨɛɨɬɨɫɬɪɨɟɧɢɹ, ɩɨɬɨɦɭ 

ɱɬɨ ɨɧɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬɵ, ɤɨɬɨɪɵɟ ɜ ɢɧɨɦ ɫɥɭɱɚɟ ɛɵɥɢ ɛɵ 

ɞɨɪɨɝɢɦɢ ɢ / ɢɥɢ ɬɪɟɛɨɜɚɥɢ ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ ɜɪɟɦɟɧɢ [ɏ]. 

ɋ ɩɨɦɨɳɶɸ ɤɨɦɩɶɸɬɟɪɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɞɢɚɩɚɡɨɧ ɭɝɥɨɜ ɩɨɜɨɪɨɬɨɜ ɡɜɟɧɶɟɜ ɢ ɪɚɛɨɱɭɸ ɡɨɧɭ ɪɨɛɨɬɚ ɫ 

ɭɱёɬɨɦ ɨɝɪɚɧɢɱɟɧɢɣ ɟɝɨ ɤɨɧɫɬɪɭɤɰɢɢ, ɚ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ ɪɚɡɥɢɱɧɵɟ 

ɜɨɡɧɢɤɚɸɳɢɟ ɦɨɦɟɧɬɵ ɢ ɫɢɥɵ ɜ ɭɡɥɚɯ ɤɨɧɫɬɪɭɤɰɢɢ. Ɋɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɢ ɪɨɛɨɬɚ 

ɢɝɪɚɟɬ ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɩɪɢ ɟɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ. 

ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɩɨɞɯɨɞɵ ɤ ɪɚɡɪɚɛɨɬɤɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ. ȿɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɢ ɤɨɦɩɶɸɬɟɪɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɟ 

ɦɨɞɟɥɢ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɦɚɧɢɩɭɥɹɬɨɪɚ ɦɨɠɟɬ ɛɵɬɶ 

ɩɨɫɬɪɨɟɧɚ ɧɚ ɨɫɧɨɜɟ ɢɡɜɟɫɬɧɵɯ ɡɚɤɨɧɨɜ ɧɶɸɬɨɧɨɜɫɤɨɣ ɢɥɢ ɥɚɝɪɚɧɠɟɜɨɣ 

ɦɟɯɚɧɢɤɢ. Ɋɟɡɭɥɶɬɚɬɨɦ ɩɪɢɦɟɧɟɧɢɹ ɷɬɢɯ ɡɚɤɨɧɨɜ ɹɜɥɹɸɬɫɹ ɭɪɚɜɧɟɧɢɹ, 

ɫɜɹɡɵɜɚɸɳɢɟ ɞɟɣɫɬɜɭɸɳɢɟ ɜ ɫɨɱɥɟɧɟɧɢɹɯ ɫɢɥɵ ɢ ɦɨɦɟɧɬɵ ɫ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɜɢɠɟɧɢɹ ɡɜɟɧɶɟɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɪɚɜɧɟɧɢɹ 

ɞɢɧɚɦɢɤɢ ɞɜɢɠɟɧɢɹ ɪɟɚɥɶɧɨɝɨ ɦɚɧɢɩɭɥɹɬɨɪɚ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ 

ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ Ʌɚɝɪɚɧɠɚ-ɗɣɥɟɪɚ ɢɥɢ ɇɶɸɬɨɧɚ-ɗɣɥɟɪɚ. 

ȼɵɜɨɞ ɭɪɚɜɧɟɧɢɣ ɞɢɧɚɦɢɤɢ ɞɜɢɠɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ ɦɟɬɨɞɨɦ Ʌɚɝɪɚɧɠɚ-

ɗɣɥɟɪɚ ɨɬɥɢɱɚɟɬɫɹ ɩɪɨɫɬɨɬɨɣ ɢ ɟɞɢɧɫɬɜɨɦ ɩɨɞɯɨɞɚ ɢ ɨɫɧɨɜɚɧ ɧɚ ɫɥɟɞɭɸɳɟɦ: 

1) ɇɚ ɨɩɢɫɚɧɢɢ ɜɡɚɢɦɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɢɫɬɟɦ 

ɤɨɨɪɞɢɧɚɬ i-ɝɨ ɢ (i-1) – ɝɨ ɡɜɟɧɶɟɜ ɫ ɩɨɦɨɳɶɸ ɦɚɬɪɢɰɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɨɞɧɨɪɨɞɧɵɯ ɤɨɨɪɞɢɧɚɬ. 

2) ɇɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɪɚɜɧɟɧɢɹ Ʌɚɝɪɚɧɠɚ-ɗɣɥɟɪɚ 

ɋ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɫ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ 

ɚɥɝɨɪɢɬɦɨɜ ɪɚɫɱɟɬɚ ɨɛɨɛɳɟɧɧɵɯ ɫɢɥ ɢ ɦɨɦɟɧɬɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɪɚɜɧɟɧɢɹ 
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ɇɶɸɬɨɧɚ-ɗɣɥɟɪɚ. ȼɵɜɨɞ ɭɪɚɜɧɟɧɢɣ ɇɶɸɬɨɧɚ-ɗɣɥɟɪɚ ɩɪɨɫɬ ɩɨ ɫɨɞɟɪɠɚɧɢɸ, ɧɨ 

ɜɟɫɶɦɚ ɬɪɭɞɨёɦɨɤ. Ɋɟɡɭɥɶɬɚɬɨɦ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɩɪɹɦɵɯ ɢ ɨɛɪɚɬɧɵɯ 

ɪɟɤɭɪɪɟɧɬɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢɦɟɧɹɟɦɵɯ ɤ ɡɜɟɧɶɹɦ 

ɦɚɧɢɩɭɥɹɬɨɪɚ. 

ɍɪɚɜɧɟɧɢɹ Ʌɚɝɪɚɧɠɚ-ɗɣɥɟɪɚ ɨɛɥɚɞɚɸɬ ɧɢɡɤɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ, ɷɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɰɟɩɢ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɚɬɪɢɰɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɞɧɨɪɨɞɧɵɯ ɤɨɨɪɞɢɧɚɬ. ɍɪɚɜɧɟɧɢɹ 

ɇɶɸɬɨɧɚ-ɗɣɥɟɪɚ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɟɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ, ɱɬɨ 

ɫɜɹɡɚɧɨ ɫ ɢɯ ɜɟɤɬɨɪɢɚɥɶɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɢ ɢɯ ɪɟɤɭɪɪɟɧɬɧɨɣ ɩɪɢɪɨɞɨɣ. [12] 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɨɦɩɶɸɬɟɪɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɨɛɨɬɚ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɨɝɪɚɦɦɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɢ 

ɤɢɧɟɦɚɬɢɤɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɧɚɩɪɢɦɟɪ: MSC.ADAMS 

[17]; UM [17]; Unigraphics NX [17]; CATIA [ 17]; SolidWorks [17], MATLAB [ 17]. 

ɋɨɡɞɚɧɢɟ ɦɨɞɟɥɢ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɨɩɢɫɚɧɢɟ ɜɫɟɯ ɟɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ: 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ, ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɫɩɨɫɨɛɨɜ ɫɨɟɞɢɧɟɧɢɹ 

ɩɨɞɜɢɠɧɵɯ ɢ ɧɟɩɨɞɜɢɠɧɵɯ ɱɚɫɬɟɣ, ɡɚɞɚɧɢɟ ɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ ɢ ɦɨɦɟɧɬɨɜ, 

ɧɚɱɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɦɨɞɟɥɢ ɢ ɢɯ ɫɤɨɪɨɫɬɟɣ.  

ɗɬɚɩ ɬɟɫɬɢɪɨɜɚɧɢɹ ɦɨɞɟɥɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɜɟɞɟɧɢɹ 

ɱɚɫɬɟɣ ɦɨɞɟɥɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɪɢɥɨɠɟɧɧɵɯ ɫɢɥ ɢ ɡɚɞɚɧɧɵɯ ɞɜɢɠɟɧɢɣ ɢ 

ɜɵɹɜɥɟɧɢɟ ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɚɢɛɨɥɟɟ ɫɢɥɶɧɨ ɜɥɢɹɸɳɢɯ ɧɚ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɦɨɞɟɥɢ ɜ ɰɟɥɨɦ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɛɭɞɟɬ 

ɫɬɪɨɢɬɶɫɹ ɜ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɟ MATLAB, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɜɢɪɬɭɚɥɶɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɥɨɠɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. ɒɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɩɚɤɟɬɚ, ɜɵɫɨɤɚɹ ɧɚɞёɠɧɨɫɬɶ ɢ ɦɚɥɚɹ ɬɪɭɞɨёɦɤɨɫɬɶ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɩɨɡɜɨɥɹɸɬ ɢɫɫɥɟɞɨɜɚɬɶ ɦɧɨɠɟɫɬɜɨ ɜɚɪɢɚɧɬɨɜ ɦɟɯɚɧɢɡɦɨɜ, ɦɨɞɟɥɢɪɭɹ ɧɚ 

ɤɨɦɩɶɸɬɟɪɟ ɪɟɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɢɯ ɪɚɛɨɬɵ, ɫɪɚɜɧɢɜɚɬɶ ɢ ɜɵɛɢɪɚɬɶ ɥɭɱɲɢɣ 

ɜɚɪɢɚɧɬ [17]. 
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3.2 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɫɬɟɧɞ 

 

ɉɟɪɟɞ ɪɚɡɪɚɛɨɬɤɨɣ ɬɪёɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɧɢɩɭɥɹɬɨɪɚ 

ɧɟɨɛɯɨɞɢɦɨ ɫɨɫɬɚɜɢɬɶ ɟɝɨ ɫɬɪɭɤɬɭɪɧɭɸ ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ ɫɯɟɦɭ. Ⱦɥɹ ɧɚɱɚɥɚ 

ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɬɢɩ ɦɚɧɢɩɭɥɹɬɨɪɚ. Ȼɵɥɨ ɪɟɲɟɧɨ ɪɚɡɪɚɛɨɬɚɬɶ 

ɦɚɧɢɩɭɥɹɬɨɪ ɚɧɝɭɥɹɪɧɨɝɨ ɬɢɩɚ ɬ.ɤ. ɜɪɚɳɚɬɟɥɶɧɵɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɩɚɪɵ 

ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɥɟɝɤɨ ɪɟɚɥɢɡɭɟɦɵ, ɬɚɤɠɟ ɬɚɤɚɹ ɤɨɧɫɬɪɭɤɰɢɹ 

ɢɦɟɟɬ ɞɨɜɨɥɶɧɨ ɨɛɲɢɪɧɭɸ ɪɚɛɨɱɭɸ ɡɨɧɭ ɢ ɫɜɨɟɣ ɝɢɛɤɨɫɬɶɸ ɩɨɡɜɨɥɹɟɬ 

ɨɛɯɨɞɢɬɶ ɧɟɤɨɬɨɪɵɟ ɩɪɟɩɹɬɫɬɜɢɹ. Ɍɚɤɠɟ ɩɨ ɡɚɞɚɧɢɸ ɦɚɧɢɩɭɥɹɬɨɪ ɞɨɥɠɟɧ 

ɢɦɟɬɶ ɜɫɟɝɨ 3 ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ: ɩɨɜɨɪɨɬ ɨɫɧɨɜɚɧɢɹ ɜɨɤɪɭɝ ɫɜɨɟɣ ɨɫɢ ɢ 

ɩɨɜɨɪɨɬɵ 1-ɝɨ ɢ 2-ɝɨ ɡɜɟɧɶɟɜ. ɑɬɨɛɵ ɫɯɜɚɬ ɡɚɯɜɚɬɵɜɚɥ ɨɛɴɟɤɬɵ ɩɪɚɜɢɥɶɧɨ, ɨɧ 

ɞɨɥɠɟɧ ɛɵɬɶ ɧɚɩɪɚɜɥɟɧ ɜ ɨɩɪɟɞɟɥёɧɧɨɣ ɨɪɢɟɧɬɚɰɢɢ, ɞɥɹ ɷɬɨɝɨ ɜ 

ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ ɫɯɟɦɭ ɞɨɛɚɜɥɟɧ ɫɩɟɰɢɚɥɶɧɵɣ ɦɟɯɚɧɢɡɦ ɞɥɹ ɭɞɟɪɠɚɧɢɹ ɫɯɜɚɬɚ 

ɜ ɧɟɢɡɦɟɧɧɨɣ ɨɪɢɟɧɬɚɰɢɢ. 

Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɚɬɵɜɚɥɚɫɶ ɧɚ ɨɫɧɨɜɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ 

Fanuc M-410iB/450 [39] (Ɋɢɫɭɧɨɤ 38), ɤɨɬɨɪɵɣ ɢɦɟɟɬ 4 ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ ɢ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɟɪɟɧɨɫɤɢ ɝɪɭɡɚ. 

 

 

 

Ɋɢɫɭɧɨɤ 38 – Ɇɚɧɢɩɭɥɹɬɨɪ Fanuc M-410iB/450 ɢ ɟɝɨ ɪɚɛɨɱɚɹ ɡɨɧɚ 

 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɬɪёɯɫɬɟɩɟɧɧɨɝɨ ɦɚɧɢɩɭɥɹɬɨɪɚ 

ɭɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 39. ɇɚ ɫɯɟɦɟ ɭɤɚɡɚɧɵ 1-ɨɟ ɢ 2-ɨɟ ɡɜɟɧɶɹ, ɤɨɬɨɪɵɟ 
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ɩɨɜɨɪɚɱɢɜɚɸɬɫɹ ɧɚ ɭɝɥɵ q1 ɢ q2, ɨɫɧɨɜɚɧɢɟ, ɜɨɤɪɭɝ ɤɨɬɨɪɨɝɨ ɦɚɧɢɩɭɥɹɬɨɪ 

ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɧɚ ɭɝɨɥ q0, ɢ ɫɯɜɚɬ, ɚ ɬɚɤɠɟ ɩɪɨɫɬɚɜɥɟɧɵ ɞɥɢɧɵ ɜɫɟɯ ɱɚɫɬɟɣ 

ɦɚɧɢɩɭɥɹɬɨɪɚ. 

 

 

Ɋɢɫɭɧɨɤ 39 – Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɚɧɢɩɭɥɹɬɨɪɚ 

 

ȼ ɷɬɨɣ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɯɟɦɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɟɤɨɬɨɪɵɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 

ɡɜɟɧɶɹ ɢ ɷɥɟɦɟɧɬɵ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ ɩɚɪɚɥɥɟɥɶɧɵɣ ɦɟɯɚɧɢɡɦ, ɤɨɬɨɪɵɣ 

ɩɨɡɜɨɥɹɟɬ ɫɯɜɚɬɭ ɦɚɧɢɩɭɥɹɬɨɪɚ ɨɫɬɚɜɚɬɶɫɹ ɜɫɟɝɞɚ ɩɚɪɚɥɥɟɥɶɧɨ ɨɫɧɨɜɚɧɢɸ 

ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɧɚ ɤɚɤɢɟ ɭɝɥɵ q1 ɢ q2 ɩɨɜɟɪɧɭɬɶɫɹ ɡɜɟɧɶɹ ɦɚɧɢɩɭɥɹɬɨɪɚ ɇɚ 

ɪɢɫɭɧɤɟ 40 (ɚ, ɛ, ɜ, ɝ) ɩɨɤɚɡɚɧ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ, ɧɚ 

ɤɨɬɨɪɨɦ ɜɢɞɧɨ ɱɬɨ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ ɡɜɟɧɶɟɜ, ɫɯɜɚɬ ɪɨɛɨɬɚ 

ɫɨɯɪɚɧɹɟɬ ɩɚɪɚɥɥɟɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɧɨɜɚɧɢɟ. Ⱦɚɧɧɨɟ ɫɜɨɣɫɬɜɨ 

ɭɞɨɛɧɨ ɞɥɹ ɡɚɯɜɚɬɚ, ɩɟɪɟɦɟɳɟɧɢɹ ɢ ɭɫɬɚɧɨɜɥɟɧɢɹ ɨɛɴɟɤɬɚ ɜ ɧɨɜɨɟ ɩɨɥɨɠɟɧɢɟ, 

ɩɪɢ ɷɬɨɦ ɫɨɯɪɚɧɢɬɶɫɹ ɟɝɨ ɜɟɪɬɢɤɚɥɶɧɚɹ ɨɪɢɟɧɬɚɰɢɹ. Ɍɚɤ ɠɟ ɨɬɩɚɞɚɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɬɚɜɢɬɶ 3ɟ ɭɩɪɚɜɥɹɟɦɨɟ ɡɜɟɧɨ. ɇɟɫɦɨɬɪɹ ɧɚ ɦɧɨɠɟɫɬɜɨ 

ɲɚɪɧɢɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɞɚɧɧɨɣ ɫɯɟɦɟ ɞɥɹ ɨɪɢɟɧɬɚɰɢɢ ɦɚɧɢɩɭɥɹɬɨɪɚ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɫɟɝɨ 3 ɫɟɪɜɨɩɪɢɜɨɞɚ, ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɬɨɱɤɚɯ ɭɝɥɨɜ 

ɩɨɜɨɪɨɬɨɜ ɡɜɟɧɶɟɜ q0, q1, q2, ɟɳё ɨɞɢɧ ɫɟɪɜɨɩɪɢɜɨɞ ɧɭɠɟɧ ɞɥɹ ɫɠɚɬɢɹ / ɪɚɡɠɚɬɢɹ 

ɫɯɜɚɬɚ. 
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Ɋɢɫɭɧɨɤ 40 –ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ 

 

3.3 Ɍɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɪɟɚɥɢɡɚɰɢɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ ɡɚɯɜɚɬɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɛɚɡɟ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Arduino. ȼ ɫɨɫɬɚɜ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɜɯɨɞɹɬ: 

 ɡɚɯɜɚɬɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɪɢɫɭɧɨɤ 41; 

 ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ, ɪɢɫɭɧɨɤ 42; 

 ɤɨɧɬɪɨɥɥɟɪ Arduino Uno, ɪɢɫɭɧɨɤ 43. 

 

 
 

Ɋɢɫɭɧɨɤ 41 – Ɇɨɞɟɥɶ ɡɚɯɜɚɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɫ ɫɟɪɜɨɞɜɢɝɚɬɟɥɟɦ 
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Ɋɢɫɭɧɨɤ 42 – Ɇɨɞɟɥɶ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ 
 

 

Ɋɢɫɭɧɨɤ 43 – Ɉɛɳɢɣ ɜɢɞ ɥɢɰɟɜɨɣ ɱɚɫɬɢ ɤɨɧɬɪɨɥɥɟɪɚ Arduino UNO R3 
 

ɋɟɪɜɨɩɪɢɜɨɞ Arduino ɭɫɬɪɨɣɫɬɜɨ ɫ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɦɨɬɨɪɨɦ, ɤɨɬɨɪɨɟ 

ɦɨɠɧɨ ɩɨɜɟɪɧɭɬɶ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɭɝɨɥ ɢ ɨɫɬɚɜɢɬɶ ɜ ɷɬɨɦ ɩɨɥɨɠɟɧɢɢ ɧɚ 

ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɪɟɦɹ. 

ɋɟɪɜɨɦɨɬɨɪɵ Arduino – ɭɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɜɨɪɚɱɢɜɚɬɶɫɹ ɜ 

ɭɤɚɡɚɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɢ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɪɚɡɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜɚɯ. 

Ɇɚɫɫɨɜɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɪɨɛɨɬɨɬɟɯɧɢɤɟ. ɍ ɫɟɪɜɨɩɪɢɜɨɞɚ ɟɫɬɶ ɜɵɯɨɞɧɨɣ ɜɚɥ, 

ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɨɜɨɪɚɱɢɜɚɬɶɫɹ ɧɚ 180 ɝɪɚɞɭɫɨɜ. ɂɫɩɨɥɶɡɭɹ Arduino ɦɨɠɧɨ 

ɡɚɞɚɬɶ ɫɟɪɜɨɦɨɬɨɪɭ ɨɩɪɟɞɟɥɟɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɜ ɤɨɬɨɪɨɟ ɨɧ ɩɟɪɟɣɞɟɬ. 
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Ʉɨɧɫɬɪɭɤɰɢɹ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 44. 

 

 

Ɋɢɫɭɧɨɤ 44 – ɍɫɬɪɨɣɫɬɜɨ ɫɟɪɜɨɩɪɢɜɨɞɚ 
 

ɋɟɪɜɨɩɪɢɜɨɞ ɫɨɫɬɨɢɬ ɢɡ ɞɚɬɱɢɤɚ (ɫɤɨɪɨɫɬɢ, ɩɨɥɨɠɟɧɢɹ ɢ ɬ.ɩ.), ɛɥɨɤɚ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɢ ɷɥɟɤɬɪɨɧɧɨɣ ɫɯɟɦɵ. Ɋɟɞɭɤɬɨɪɵ 

ɜɵɩɨɥɧɹɸɬ ɢɡ ɦɟɬɚɥɥɚ, ɤɚɪɛɨɧɚ ɢɥɢ ɩɥɚɫɬɢɤɚ. ɋɟɪɜɨɦɨɬɨɪ ɢɦɟɟɬ ɜɫɬɪɨɟɧɧɵɣ 

ɩɨɬɟɧɰɢɨɦɟɬɪ, ɤɨɬɨɪɵɣ ɫɨɟɞɢɧɟɧ ɫ ɜɵɯɨɞɧɵɦ ɜɚɥɨɦ. ɉɨɜɨɪɨɬɨɦ ɜɚɥɚ, 

ɫɟɪɜɨɩɪɢɜɨɞ ɦɟɧɹɟɬ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɩɨɬɟɧɰɢɨɦɟɬɪɟ (ɫɦ. ɪɢɫɭɧɨɤ 40). 

ɉɥɚɬɚ ɚɧɚɥɢɡɢɪɭɟɬ ɧɚɩɪɹɠɟɧɢɟ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɫɪɚɜɧɢɜɚɟɬ ɟɝɨ ɫ 

ɧɚɩɪɹɠɟɧɢɟɦ ɧɚ ɩɨɬɟɧɰɢɨɦɟɬɪɟ, ɢɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɨɣ ɪɚɡɧɢɰɵ, ɦɨɬɨɪ ɛɭɞɟɬ 

ɜɪɚɳɚɬɶɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɜɵɪɨɜɧɹɟɬ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢ ɧɚ 

ɩɨɬɟɧɰɢɨɦɟɬɪɟ. 

ɋɟɪɜɨɩɪɢɜɨɞɵ Arduino – ɷɬɨ ɦɟɯɚɬɪɨɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. ɂɫɩɨɥɶɡɭɹ ɬɨɥɶɤɨ 

ɨɞɢɧ ɜɯɨɞɧɨɣ ɩɢɧ, ɨɧɢ ɩɨɥɭɱɚɸɬ ɡɧɚɱɟɧɢɹ ɞɥɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɨɬ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɢ ɩɟɪɟɯɨɞɹɬ ɜ ɷɬɨ ɩɨɥɨɠɟɧɢɟ. ɇɚ ɪɢɫɭɧɤɟ 44 ɫɟɪɜɨɩɪɢɜɨɞ 

ɢɦɟɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɞɜɢɝɚɬɟɥɶ ɢ ɰɟɩɶ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɤɨɬɨɪɚɹ ɝɚɪɚɧɬɢɪɭɟɬ, 

ɱɬɨ ɜɚɥ ɫɟɪɜɨɩɪɢɜɨɞɚ ɞɨɫɬɢɝɧɟɬ ɠɟɥɚɟɦɨɝɨ ɩɨɥɨɠɟɧɢɹ. 

ɇɚ ɜɯɨɞɟ ɫɟɪɜɨɞɜɢɝɚɬɟɥɢ ɩɨɥɭɱɚɸɬ ɫɢɝɧɚɥ «ɩɪɹɦɨɭɝɨɥɶɧɚɹ ɜɨɥɧɚ». 

Ʉɚɠɞɵɣ ɰɢɤɥ ɜ ɫɢɝɧɚɥɟ ɞɥɢɬɫɹ 20 ɦɫ, ɢ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɜɪɟɦɟɧɢ ɜ ɡɧɚɱɟɧɢɢ 

LOW. ȼ ɧɚɱɚɥɟ ɤɚɠɞɨɝɨ ɰɢɤɥɚ ɡɧɚɱɟɧɢɟ ɫɢɝɧɚɥɚ ɫɬɚɧɨɜɢɬɫɹ HIGH ɧɚ ɜɪɟɦɹ ɨɬ 1 
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ɞɨ 2 ɦɥɫ. ɉɪɢ 1 ɦɫ ɫɨɫɬɚɜɥɹɟɬ 0 ɝɪɚɞɭɫɨɜ, ɚ ɩɪɢ 2 ɦɫ – 180 ɝɪɚɞɭɫɨɜ, ɚ ɜ 

ɩɪɨɦɟɠɭɬɤɟ ɡɧɚɱɟɧɢɟ ɨɬ 0 ɞɨ 180, ɪɢɫɭɧɨɤ 45. 

 

 

Ɋɢɫɭɧɨɤ 45 – ɋɢɝɧɚɥɵ ɧɚ ɜɯɨɞɟ ɫɟɪɜɨɩɪɢɜɨɞɚ 

 

Arduino – ɬɨɪɝɨɜɚɹ ɦɚɪɤɚ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ ɞɥɹ 

ɩɨɫɬɪɨɟɧɢɹ ɧɟɫɥɨɠɧɵɯ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɪɨɛɨɬɨɬɟɯɧɢɤɢ. ȼ 

ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ ɫɨɜɪɟɦɟɧɧɨɣ ɩɥɚɬɵ Arduino UNO R3, ɜɵɩɨɥɧɟɧɧɚɹ 

ɧɚ ɛɚɡɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ATmega328. ȼɧɟɲɧɢɣ ɜɢɞ ɤɨɧɬɪɨɥɥɟɪɚ ɩɪɢɜɟɞёɧ ɧɚ 

ɪɢɫɭɧɤɟ 43. 

Ʉɪɨɦɟ ɷɬɨɣ ɩɥɚɬɵ Arduino ɜɵɩɭɫɤɚɟɬ ɧɟɫɤɨɥɶɤɨ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɩɥɚɬ ɞɥɹ 

ɤɨɧɤɪɟɬɧɵɯ ɩɪɨɟɤɬɨɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. ȼɵɛɨɪ ɤɨɧɤɪɟɬɧɨɣ ɦɨɞɟɥɢ ɤɨɧɬɪɨɥɥɟɪɚ 

ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɪɟɲɚɟɦɵɯ ɡɚɞɚɱ, ɞɨɫɬɭɩɧɨɫɬɢ, ɫɬɨɢɦɨɫɬɢ, ɢ ɞɪɭɝɢɯ 

ɤɪɢɬɟɪɢɟɜ, ɩɨ ɤɨɬɨɪɵɦ Arduino UNO R3 ɩɪɟɜɨɫɯɨɞɢɬ ɞɪɭɝɢɟ ɜɚɪɢɚɧɬɵ.  

Arduino Uno ɤɨɧɬɪɨɥɥɟɪ ɩɨɫɬɪɨɟɧ ɧɚ ATmega328. ɉɥɚɬɮɨɪɦɚ ɢɦɟɟɬ 14 

ɰɢɮɪɨɜɵɯ ɜɯɨɞ/ɜɵɯɨɞɨɜ (6 ɢɡ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɜɵɯɨɞɵ 

ɒɂɆ), 6 ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɨɜ, ɤɜɚɪɰɟɜɵɣ ɝɟɧɟɪɚɬɨɪ 16 ɆȽɰ, ɪɚɡɴɟɦ USB, 

ɫɢɥɨɜɨɣ ɪɚɡɴɟɦ, ɪɚɡɴɟɦ ICSP ɢ ɤɧɨɩɤɭ ɩɟɪɟɡɚɝɪɭɡɤɢ. Ⱦɥɹ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ 

ɩɨɞɤɥɸɱɢɬɶ ɩɥɚɬɮɨɪɦɭ ɤ ɤɨɦɩɶɸɬɟɪɭ ɩɨɫɪɟɞɫɬɜɨɦ ɤɚɛɟɥɹ USB, ɥɢɛɨ ɩɨɞɚɬɶ 

ɩɢɬɚɧɢɟ ɩɪɢ ɩɨɦɨɳɢ ɚɞɚɩɬɟɪɚ AC/DC ɢɥɢ ɛɚɬɚɪɟɢ. 



65 

Ɍɚɛɥɢɰɚ 3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Arduino Uno 

ɉɨɤɚɡɚɬɟɥɶ ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATmega328 

Ɋɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ 5 ȼ 

 

ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɪɟɤɨɦɟɧɞɭɟɦɨɟ) 7-12 ȼ 

ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɩɪɟɞɟɥɶɧɨɟ) 6-20 ȼ 

ɐɢɮɪɨɜɵɟ ȼɯɨɞɵ/ȼɵɯɨɞɵ 
14 (6 ɢɡ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ 

ɜɵɯɨɞɵ ɒɂɆ) 

Ⱥɧɚɥɨɝɨɜɵɟ ɜɯɨɞɵ 6 

ɉɨɫɬɨɹɧɧɵɣ ɬɨɤ ɱɟɪɟɡ ɜɯɨɞ/ɜɵɯɨɞ 40 ɦȺ 

ɉɨɫɬɨɹɧɧɵɣ ɬɨɤ ɞɥɹ ɜɵɜɨɞɚ 3.3 ȼ 50 ɦȺ 

Ɏɥɟɲ-ɩɚɦɹɬɶ 
32 Ʉɛ (ATmega328) ɢɡ ɤɨɬɨɪɵɯ 0.5 Ʉɛ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɡɚɝɪɭɡɱɢɤɚ 

ɈɁɍ 2 Ʉɛ (ATmega328) 

EEPROM 1 Ʉɛ (ATmega328) 

Ɍɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ 16 ɆȽɰ 

 

Arduino Uno ɦɨɠɟɬ ɩɨɥɭɱɚɬɶ ɩɢɬɚɧɢɟ ɱɟɪɟɡ ɩɨɞɤɥɸɱɟɧɢɟ USB ɢɥɢ ɨɬ 

ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ. ɂɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ. 

ȼɧɟɲɧɟɟ ɩɢɬɚɧɢɟ (ɧɟ USB) ɦɨɠɟɬ ɩɨɞɚɜɚɬɶɫɹ ɱɟɪɟɡ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

ɧɚɩɪɹɠɟɧɢɹ AC/DC (ɛɥɨɤ ɩɢɬɚɧɢɹ) ɢɥɢ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɟɣ. 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɧɚɩɪɹɠɟɧɢɹ ɩɨɞɤɥɸɱɚɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɡɴɟɦɚ 2.1 ɦɦ ɫ 

ɰɟɧɬɪɚɥɶɧɵɦ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɩɨɥɸɫɨɦ. ɉɪɨɜɨɞɚ ɨɬ ɛɚɬɚɪɟɢ ɩɨɞɤɥɸɱɚɸɬɫɹ ɤ 

ɜɵɜɨɞɚɦ Gnd ɢ Vin ɪɚɡɴɟɦɚ ɩɢɬɚɧɢɹ. 

ɉɥɚɬɮɨɪɦɚ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɩɪɢ ɜɧɟɲɧɟɦ ɩɢɬɚɧɢɢ ɨɬ 6 ȼ ɞɨ 20 ȼ. ɉɪɢ 

ɧɚɩɪɹɠɟɧɢɢ ɩɢɬɚɧɢɹ ɧɢɠɟ 7 ȼ, ɜɵɜɨɞ 5V ɦɨɠɟɬ ɜɵɞɚɜɚɬɶ ɦɟɧɟɟ 5 ȼ, ɩɪɢ ɷɬɨɦ 

ɩɥɚɬɮɨɪɦɚ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɧɟɫɬɚɛɢɥɶɧɨ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɜɵɲɟ 

12 ȼ ɪɟɝɭɥɹɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɦɨɠɟɬ ɩɟɪɟɝɪɟɬɶɫɹ ɢ ɩɨɜɪɟɞɢɬɶ ɩɥɚɬɭ. 

Ɋɟɤɨɦɟɧɞɭɟɦɵɣ ɞɢɚɩɚɡɨɧ ɨɬ 7 ȼ ɞɨ 12 ȼ. 
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VIN. ȼɯɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɞɚɱɢ ɩɢɬɚɧɢɹ ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ (ɜ 

ɨɬɫɭɬɫɬɜɢɟ 5 ȼ ɨɬ ɪɚɡɴɟɦɚ USB ɢɥɢ ɞɪɭɝɨɝɨ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ). 

ɉɨɞɚɱɚ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ ɞɚɧɧɵɣ ɜɵɜɨɞ. 

5V. Ɋɟɝɭɥɢɪɭɟɦɵɣ ɢɫɬɨɱɧɢɤ ɧɚɩɪɹɠɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɩɢɬɚɧɢɹ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɢ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɩɥɚɬɟ. ɉɢɬɚɧɢɟ ɦɨɠɟɬ ɩɨɞɚɜɚɬɶɫɹ ɨɬ 

ɜɵɜɨɞɚ VIN ɱɟɪɟɡ ɪɟɝɭɥɹɬɨɪ ɧɚɩɪɹɠɟɧɢɹ, ɢɥɢ ɨɬ ɪɚɡɴɟɦɚ USB, ɢɥɢ ɞɪɭɝɨɝɨ 

ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɢɫɬɨɱɧɢɤɚ ɧɚɩɪɹɠɟɧɢɹ 5 ȼ. 

3V3. ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɜɨɞɟ 3.3 ȼ ɝɟɧɟɪɢɪɭɟɦɨɟ ɜɫɬɪɨɟɧɧɵɦ ɪɟɝɭɥɹɬɨɪɨɦ 

ɧɚ ɩɥɚɬɟ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɨɤɚ 50 ɦȺ. 

GND. ȼɵɜɨɞɵ ɡɚɡɟɦɥɟɧɢɹ. 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATmega328 ɪɚɫɩɨɥɚɝɚɟɬ 32 ɤȻ ɮɥɷɲ ɩɚɦɹɬɢ, ɢɡ 

ɤɨɬɨɪɵɯ 0.5 ɤȻ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɯɪɚɧɟɧɢɹ ɡɚɝɪɭɡɱɢɤɚ, ɚ ɬɚɤɠɟ 2 ɤȻ ɈɁɍ 

(SRAM) ɢ 1 Ʉɛ EEPROM. 

 

3.4 Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

ɉɥɚɬɮɨɪɦɚ ɩɪɨɝɪɚɦɦɢɪɭɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɉɈ Arduino. Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ 

ATmega328 ɩɨɫɬɚɜɥɹɟɬɫɹ ɫ ɡɚɩɢɫɚɧɧɵɦ ɡɚɝɪɭɡɱɢɤɨɦ, ɨɛɥɟɝɱɚɸɳɢɦ ɡɚɩɢɫɶ 

ɧɨɜɵɯ ɩɪɨɝɪɚɦɦ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɧɟɲɧɢɯ ɩɪɨɝɪɚɦɦɚɬɨɪɨɜ. ɋɜɹɡɶ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɪɢɝɢɧɚɥɶɧɵɦ ɩɪɨɬɨɤɨɥɨɦ STK500. 

ȼ ɨɫɧɨɜɭ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɩɪɨɟɤɬɚɯ Arduino, 

ɩɨɥɨɠɟɧ C++ – ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɹɡɵɤɨɜ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɩɨɞɞɟɪɠɢɜɚɸɳɢɣ ɤɚɤ ɪɚɛɨɬɭ ɫ ɧɢɡɤɨɭɪɨɜɧɟɜɵɦɢ 

ɤɨɦɚɧɞɚɦɢ, ɬɚɤ ɢ ɩɨɫɬɪɨɟɧɢɟ ɫɥɨɠɧɵɯ ɨɛɴɟɤɬɨɜ. ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ 

ɤɨɧɬɪɨɥɥɟɪɨɜ Arduino ɭɞɨɛɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɜ ɫɩɟɰɢɚɥɶɧɨɣ ɫɪɟɞɟ Arduino IDE, 

ɩɨɫɤɨɥɶɤɭ ɜ ɧɟɟ ɜɤɥɸɱɟɧ ɨɫɧɨɜɧɨɣ ɮɭɧɤɰɢɨɧɚɥ ɞɥɹ ɪɚɛɨɬɵ ɫ ɧɢɦɢ. 

Arduino IDE ɦɨɠɧɨ ɫɤɚɱɚɬɶ ɜ ɂɧɬɟɪɧɟɬɟ ɩɨ ɚɞɪɟɫɭ ɨɫɧɨɜɧɨɝɨ ɫɚɣɬɚ 

ɩɪɨɟɤɬɚ: www.arduino.cc/en/Main/Software, ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɫɜɨɛɨɞɧɨ 

ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ. 
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Ⱦɨ ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɧɚ ɤɨɦɩɶɸɬɟɪ ɧɟɨɛɯɨɞɢɦɨ ɢɧɫɬɚɥɥɢɪɨɜɚɬɶ ɩɪɨɝɪɚɦɦɭ 

Arduino IDE. ȿɝɨ ɧɚɞɨ ɡɚɩɭɫɬɢɬɶ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɫ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɦɢ 

ɩɨɥɧɨɦɨɱɢɹɦɢ, ɩɪɢɧɹɬɶ ɭɫɥɨɜɢɹ ɥɢɰɟɧɡɢɢ GNU LESSER GENERAL PUBLIC 

LICENSE ɢ ɫɨɝɥɚɫɢɬɶɫɹ ɫ ɩɪɟɞɥɨɠɟɧɧɵɦ ɜɚɪɢɚɧɬɨɦ ɭɫɬɚɧɨɜɤɢ. ɇɚ ɜɫɟ 

ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ Windows ɜ ɩɪɨɰɟɫɫɟ ɭɫɬɚɧɨɜɤɢ ɫɥɟɞɭɟɬ ɨɬɜɟɱɚɬɶ 

ɭɬɜɟɪɞɢɬɟɥɶɧɨ (ɩɪɨɞɨɥɠɚɬɶ ɭɫɬɚɧɨɜɤɭ). Ʉɨɝɞɚ ɭɫɬɚɧɨɜɳɢɤ ɩɪɟɞɥɨɠɢɬ 

ɭɫɬɚɧɨɜɢɬɶ ɞɪɚɣɜɟɪɵ ɩɨɪɬɚ, ɬɚɤɠɟ ɨɬɜɟɬɢɬɶ ɭɬɜɟɪɞɢɬɟɥɶɧɨ. 

ɋɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ ɢɦɟɟɬ ɢɧɬɭɢɬɢɜɧɨ ɩɨɧɹɬɧɵɣ ɪɭɫɫɤɨɹɡɵɱɧɵɣ 

ɢɧɬɟɪɮɟɣɫ. ɉɪɢ ɡɚɩɭɫɤɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ Arduino IDE ɨɬɤɪɨɟɬɫɹ ɨɤɧɨ (ɪɢɫɭɧɨɤ 

46), ɜ ɤɨɬɨɪɨɦ ɭɠɟ ɫɨɞɟɪɠɢɬɫɹ ɡɚɝɨɬɨɜɤɚ ɩɪɨɝɪɚɦɦɵ. Ɉɧɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 

ɮɭɧɤɰɢɣ: setup ɢ loop. Ɏɭɧɤɰɢɹ setup ɫɨɞɟɪɠɢɬ ɤɨɦɚɧɞɵ, ɜɵɩɨɥɧɹɟɦɵɟ ɨɞɧɢ 

ɪɚɡ ɩɪɢ ɜɤɥɸɱɟɧɢɢ Arduino, – ɷɬɨ ɭɫɬɚɧɨɜɤɚ ɧɨɦɟɪɨɜ ɩɨɪɬɨɜ ɜɜɨɞɚ/ɜɵɜɨɞɚ ɞɥɹ 

ɭɩɪɚɜɥɟɧɢɹ ɦɨɧɢɬɨɪɚɦɢ ɢ ɭɫɬɚɧɨɜɤɢ ɫɤɨɪɨɫɬɢ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɦɟɠɞɭ Arduino 

ɢ ɤɨɦɩɶɸɬɟɪɨɦ.  

 

 

 

Ɋɢɫɭɧɨɤ 46 – Ɉɤɧɨ Arduino IDE 

 

Ɏɭɧɤɰɢɹ loop ɜɵɩɨɥɧɹɟɬɫɹ ɛɟɫɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɪɚɡ – ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɦɵ 

ɧɟ ɨɬɤɥɸɱɢɦ ɩɢɬɚɧɢɟ. 

ɉɨɞɤɥɸɱɟɧɢɟ ɤɨɧɬɪɨɥɥɟɪɚ Arduino ɤ ɤɨɦɩɶɸɬɟɪɭ. 



68 

ɉɪɨɝɪɚɦɦɧɚɹ ɫɪɟɞɚ ɩɨɡɜɨɥɹɟɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɤɨɧɬɪɨɥɥɟɪɚ Arduino 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɧɵɟ USB-ɤɚɛɟɥɢ. 

Ʉɨɧɬɪɨɥɥɟɪ Arduino UNO ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɤɨɦɩɶɸɬɟɪɭ ɱɟɪɟɡ USB 

ɢɧɬɟɪɮɟɣɫ ɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɫɜɹɡɢ ɦɟɠɞɭ ɧɢɦ ɢ ɨɛɨɥɨɱɤɨɣ Arduino IDE. Ⱦɥɹ 

ɷɬɨɝɨ ɧɭɠɧɨ ɡɚɞɚɬɶ ɧɨɦɟɪ ɩɨɪɬɚ, ɤ ɤɨɬɨɪɨɦɭ ɩɨɞɤɥɸɱɟɧ ɤɨɧɬɪɨɥɥɟɪ (ɪɢɫɭɧɨɤ 

47). 

 

Ɋɢɫɭɧɨɤ 47 – ȼɵɛɨɪ ɧɭɠɧɨɝɨ ɩɨɪɬɚ 

 

Ɂɚɬɟɦ ɜɵɛɢɪɚɸɬ ɬɢɩ ɤɨɧɬɪɨɥɥɟɪɚ Arduino. ɇɚ ɪɢɫɭɧɤɟ 48 ɩɨɤɚɡɚɧ ɜɵɛɨɪ 

Arduino/Genuino Uno. ȿɫɥɢ ɤɨɧɬɪɨɥɥɟɪ ɜɵɛɪɚɧ ɫɢɫɬɟɦɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢ, 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɩɪɚɜɢɥɶɧɨɫɬɶ ɷɬɨɝɨ ɜɵɛɨɪɚ. Ⱦɥɹ ɧɟɤɨɬɨɪɵɯ 

ɤɨɧɬɪɨɥɥɟɪɨɜ ɧɟɨɛɯɨɞɢɦɨ ɟɳɟ ɜɵɛɪɚɬɶ ɩɨɞɜɢɞ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ, ɧɚ ɤɨɬɨɪɨɦ 

ɪɟɚɥɢɡɨɜɚɧɚ ɩɥɚɬɚ Arduino. 

 

Ɋɢɫɭɧɨɤ 48 – ȼɵɛɨɪ ɬɢɩɚ ɤɨɧɬɪɨɥɥɟɪɚ Arduino 
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ɇɚɩɢɫɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɜ Arduino IDE ɡɚɝɪɭɠɚɟɬɫɹ ɜ ɤɨɧɬɪɨɥɥɟɪ ɧɚɠɚɬɢɟɦ 

ɤɧɨɩɤɢ ɫɨ ɫɬɪɟɥɤɨɣ ɜɩɪɚɜɨ, ɪɢɫɭɧɨɤ 48. Ɉɛɨɥɨɱɤɚ ɩɪɨɜɟɪɢɬ ɩɪɨɝɪɚɦɦɭ ɧɚ 

ɧɚɥɢɱɢɟ ɨɲɢɛɨɤ, ɚ ɡɚɬɟɦ ɩɟɪɟɜɟɞɟɬ ɟɟ ɜ ɞɜɨɢɱɧɵɣ ɤɨɞ ɞɚɧɧɵɯ ɢ ɤɨɦɚɧɞ 

ɜɵɛɪɚɧɧɨɝɨ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɢ ɡɚɩɢɲɟɬ ɜ Arduino. 

ȿɫɥɢ ɩɨɫɥɟ ɩɨɹɜɥɟɧɢɹ ɫɥɨɜɚ Ɂɚɝɪɭɡɤɚ ɜ ɧɢɠɧɟɣ ɫɬɪɨɤɟ ɨɤɧɚ Arduino IDE 

ɡɚɦɢɝɚɥɢ ɫɜɟɬɨɞɢɨɞɵ TX ɢ RX ɧɚ ɩɥɚɬɟ Arduino, ɬɨ ɡɚɝɪɭɡɤɚ ɩɪɨɝɪɚɦɦɵ ɜ ɩɥɚɬɭ 

ɧɚɱɚɥɚɫɶ ɭɫɩɟɲɧɨ. 

Ɏɭɧɤɰɢɢ ɹɜɥɹɸɬɫɹ ɩɨɢɦɟɧɨɜɚɧɧɵɦɢ ɛɥɨɤɚɦɢ ɤɨɦɚɧɞ, ɤɨɬɨɪɵɟ ɩɨ ɢɯ 

ɢɦɟɧɢ ɦɨɠɧɨ ɜɵɡɜɚɬɶ ɢɡ ɥɸɛɨɝɨ ɦɟɫɬɚ ɩɪɨɝɪɚɦɦɵ. Ɏɭɧɤɰɢɹ — ɷɬɨ ɛɥɨɤ ɤɨɞɨɜ 

ɩɪɨɝɪɚɦɦɵ, ɭ ɤɨɬɨɪɵɯ ɟɫɬɶ ɢɦɹ ɢ ɪɹɞ ɤɨɦɚɧɞ, ɤɨɬɨɪɵɟ ɡɚɩɭɫɤɚɸɬɫɹ ɩɪɢ ɜɵɡɨɜɟ 

ɮɭɧɤɰɢɢ. ɇɚɩɪɢɦɟɪ, ɮɭɧɤɰɢɢ void setup ɢ void loop. ɋɭɳɟɫɬɜɭɸɬ ɜɫɬɪɨɟɧɧɵɟ 

ɮɭɧɤɰɢɢ – ɨɧɢ ɭɠɟ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɛɢɛɥɢɨɬɟɤɟ ɮɭɧɤɰɢɣ Arduino IDE – ɢ 

ɮɭɧɤɰɢɢ, ɫɨɡɞɚɧɧɵɟ ɜ ɪɚɦɤɚɯ ɬɟɤɭɳɟɣ ɩɪɨɝɪɚɦɦɵ. Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ 

ɛɢɛɥɢɨɬɟɤɢ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɩɨɞɤɥɸɱɚɬɶ ɤ ɬɟɤɭɳɟɣ ɩɪɨɝɪɚɦɦɟ ɢ ɩɨɥɶɡɨɜɚɬɶɫɹ 

ɢɦɟɸɳɢɦɢɫɹ ɜ ɧɢɯ ɮɭɧɤɰɢɹɦɢ. ɉɨɞɤɥɸɱɚɸɬɫɹ ɛɢɛɥɢɨɬɟɤɢ ɢɡ ɩɭɧɤɬɚ ɨɛɨɥɨɱɤɢ 

ɋɤɟɬɱ | ɉɨɞɤɥɸɱɢɬɶ ɛɢɛɥɢɨɬɟɤɭ. ɉɨɫɥɟ ɩɨɞɤɥɸɱɟɧɢɹ ɬɨɣ ɢɥɢ ɢɧɨɣ ɛɢɛɥɢɨɬɟɤɢ, 

ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɧɟɣ ɝɨɬɨɜɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɪɟɲɟɧɢɹ, 

ɧɚɩɢɫɚɧɧɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɣ ɭɫɬɪɨɣɫɬɜ ɢ ɞɚɬɱɢɤɨɜ. 
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4 Ɋɟɚɥɢɡɚɰɢя ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ 

 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ, ɧɚ ɪɵɧɤɟ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɦɢɤɪɨɫɯɟɦ, ɫ 

ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɪɟɚɥɢɡɭɟɬɫɹ ɤɨɧɰɟɩɰɢɹ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɦɧɨɸ ɜ ɪɚɡɞɟɥɟ 

ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ Arduino - ɷɬɨ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ, ɚ ɧɟ ɩɨɥɧɨɰɟɧɧɵɟ 

ɤɨɦɩɶɸɬɟɪɵ. ɇɚ ɧɢɯ ɧɟɬ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɤɚɤ ɬɚɤɨɜɨɣ, Arduino ɩɪɨɫɬɨ 

ɜɵɩɨɥɧɹɟɬ ɤɨɞ, ɢɧɬɟɪɩɪɟɬɢɪɭɟɦɵɣ ɩɪɨɲɢɜɤɨɣ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɵ ɧɟ ɢɦɟɟɬɟ ɜ 

ɪɚɫɩɨɪɹɠɟɧɢɢ ɛɚɡɨɜɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ, ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɨɩɟɪɚɰɢɨɧɧɨɣ 

ɫɢɫɬɟɦɨɣ, ɧɨ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɬɚɤɨɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɵɩɨɥɧɟɧɢɟ 

ɧɟɫɥɨɠɧɨɝɨ ɤɨɞɚ ɩɪɨɬɟɤɚɟɬ ɩɪɨɳɟ, ɚ ɩɪɢ ɪɚɛɨɬɟ ɧɟ ɜɨɡɧɢɤɚɟɬ ɧɢɤɚɤɢɯ 

ɢɡɞɟɪɠɟɤ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɨɣ. Ɉɫɧɨɜɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɩɥɚɬɵ 

Arduino – ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɫɟɧɫɨɪɚɦɢ ɢ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɩɨɷɬɨɦɭ Arduino 

ɨɬɥɢɱɧɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɚɩɩɚɪɚɬɧɵɯ ɩɪɨɟɤɬɨɜ, ɝɞɟ ɬɪɟɛɭɟɬɫɹ ɩɪɨɫɬɨ ɪɟɚɝɢɪɨɜɚɬɶ 

ɧɚ ɪɚɡɥɢɱɧɵɟ ɫɢɝɧɚɥɵ ɫɟɧɫɨɪɨɜ ɢ ɪɭɱɧɨɣ ɜɜɨɞ. Ɇɨɠɟɬ ɩɨɤɚɡɚɬɶɫɹ, ɱɬɨ ɜ ɷɬɨɦ 

ɧɟɬ ɧɢɱɟɝɨ ɨɫɨɛɟɧɧɨɝɨ, ɨɞɧɚɤɨ ɧɚ ɞɟɥɟ Arduino – ɫɥɨɠɧɚɹ ɜɵɜɟɪɟɧɧɚɹ ɫɢɫɬɟɦɚ, 

ɡɧɚɱɢɬɟɥɶɧɨ ɨɛɥɟɝɱɚɸɳɚɹ ɭɩɪɚɜɥɟɧɢɟ ɭɫɬɪɨɣɫɬɜɚɦɢ. Ɉɧɚ ɨɬɥɢɱɧɨ ɩɨɞɯɨɞɢɬ 

ɢɦɟɧɧɨ ɞɥɹ ɫɨɱɥɟɧɟɧɢɹ ɞɪɭɝɢɯ ɭɫɬɪɨɣɫɬɜ ɢ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɝɞɟ 

ɩɨɥɧɨɜɟɫɧɚɹ ɨɩɟɪɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɩɪɨɫɬɨ ɧɟ ɬɪɟɛɭɟɬɫɹ, ɬɚɤ ɤɚɤ ɪɟɱɶ ɢɞɟɬ 

ɩɪɨɫɬɨ ɨ ɪɟɝɢɫɬɪɚɰɢɢ ɞɟɣɫɬɜɢɣ ɢ ɪɟɚɝɢɪɨɜɚɧɢɢ ɧɚ ɧɢɯ. 

 

4.1 Ɋɟɚɥɢɡɚɰɢя ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢя ɩɪɢɜɨɞɨɦ ɡɚɯɜɚɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɧɚ ɛɚɡɟ Arduino 

 

ɋɟɪɜɨɞɜɢɝɚɬɟɥɶ ɩɨɞɤɥɸɱɚɟɬɫɹ ɩɪɨɝɪɚɦɦɧɨ. ɋɧɚɱɚɥɚ ɩɨɞɤɥɸɱɚɟɬɫɹ 

ɛɢɛɥɢɨɬɟɤɚ (#include <Servo.h>), ɚ ɡɚɬɟɦ ɫɨɡɞɚɟɬɫɹ ɨɛɴɟɤɬ servomotor. 

Ʉɨɧɬɚɤɬ ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ ɞɨɥɠɟɧ ɛɵɬɶ ɮɢɡɢɱɟɫɤɢ ɩɨɞɤɥɸɱɟɧ ɤ ɩɨɪɬɭ 

Arduino UNO R3, ɢ ɧɚ ɦɨɬɨɪ ɩɨɞɚɧɨ ɷɥɟɤɬɪɨɩɢɬɚɧɢɟ. ɋɟɪɜɨɞɜɢɝɚɬɟɥɶ ɦɨɠɧɨ 

ɩɨɞɤɥɸɱɢɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɩɥɚɬɟ (ɪɢɫɭɧɨɤ 49), ɢɥɢ ɱɟɪɟɡ ɦɚɤɟɬɧɭɸ ɩɥɚɬɭ 

(ɪɢɫɭɧɨɤ 50). 
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Ɋɢɫɭɧɨɤ 49 – ɉɨɞɤɥɸɱɟɧɢɟ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ ɤ ɤɨɧɬɪɨɥɥɟɪɭ Arduino 
 

 

 

Ɋɢɫɭɧɨɤ 50 – ɉɨɞɤɥɸɱɟɧɢɟ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ ɤ ɤɨɧɬɪɨɥɥɟɪɭ Arduino ɱɟɪɟɡ 
ɦɚɤɟɬɧɭɸ ɩɥɚɬɭ 

 

ɉɥɚɧ ɮɢɡɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɢ ɩɪɨɝɪɚɦɦɧɚɹ 

ɪɟɚɥɢɡɚɰɢɹ – ɜɚɪɢɚɧɬ 1: 

#include <Servo.h>  // ɉɨɞɤɥɸɱɚɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɛɢɛɥɢɨɬɟɤɭ 

Servo servo1;  // Ɉɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɫɟɪɜɨɩɪɢɜɨɞɨɦ 

void setup() 

{ 
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  servo1.attach(9);  // ɇɚɡɧɚɱɚɟɬɫɹ ɩɢɧ 9 ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ 

} 

void loop() 

{ 

  int position; 

  servo1.write(90);    // Ʉɨɦɚɧɞɚ ɫɟɪɜɟ ɩɨɜɟɪɧɭɬɶɫɹ ɧɚ ɩɨɡɢɰɢɸ 90 ɝɪɚɞɭɫɨɜ 

  delay(1000);           // ɉɚɭɡɚ 1 ɦɤɫ, ɱɬɨɛɵ ɞɚɬɶ ɜɪɟɦɹ ɩɨɜɟɪɧɭɬɶɫɹ 

  servo1.write(180);  // Ʉɨɦɚɧɞɚ ɫɟɪɜɟ ɩɨɜɟɪɧɭɬɶɫɹ ɧɚ ɩɨɡɢɰɢɸ 180 ɝɪɚɞɭɫɨɜ 

  delay(1000);           // ɉɚɭɡɚ 1 ɦɤɫ 

  servo1.write(0);      // Ʉɨɦɚɧɞɚ ɫɟɪɜɟ ɩɨɜɟɪɧɭɬɶɫɹ ɧɚ ɩɨɡɢɰɢɸ 0 ɝɪɚɞɭɫɨɜ 

  delay(1000);           // ɉɚɭɡɚ 1 ɦɤɫ 

  // Ɏɨɪɦɢɪɭɟɬɫɹ ɤɨɦɚɧɞɚ ɫɟɪɜɨɩɪɢɜɨɞɭ ɩɨɜɟɪɧɭɬɶɫɹ ɧɚ ɩɨɡɢɰɢɸ 180 ɝɪɚɞɭɫɨɜ, 

  // ɫ ɲɚɝɨɦ ɜ ɞɜɚ ɝɪɚɞɭɫɚ: 

  for(position = 0; position < 180; position += 2) 

  { 

    servo1.write(position);   // Ʉɨɦɚɧɞɚ ɩɟɪɟɦɟɳɟɧɢɹ ɧɚ ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 

    delay(20);             // Ʉɨɪɨɬɤɚɹ ɩɚɭɡɚ 

  } 

  // Ɏɨɪɦɢɪɭɟɬɫɹ ɤɨɦɚɧɞɚ ɫɟɪɜɨɩɪɢɜɨɞɭ ɩɨɜɟɪɧɭɬɶɫɹ ɧɚ ɩɨɡɢɰɢɸ 0 ɝɪɚɞɭɫɨɜ, 

  // ɫ ɲɚɝɨɦ ɜ 1 ɝɪɚɞɭɫ: 

  for(position = 180; position >= 0; position -= 1) 

  { 

  servo1.write(position);  // Ʉɨɦɚɧɞɚ ɫɟɪɜɨɩɪɢɜɨɞɭ ɩɟɪɟɦɟɫɬɢɬɶɫɹ ɧɚ 

  // ɫɥɟɞɭɸɳɭɸ ɩɨɡɢɰɢɸ 

  delay(20);             // Ʉɨɪɨɬɤɚɹ ɩɚɭɡɚ 

  } 

ɉɥɚɧ ɮɢɡɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɢ ɩɪɨɝɪɚɦɦɧɚɹ 

ɪɟɚɥɢɡɚɰɢɹ – ɜɚɪɢɚɧɬ 2: 

 

int servopin=9;// select digital pin 9 for servomotor signal line 
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int myangle;// initialize angle variable 

int pulsewidth;// initialize width variable 

int val; 

void servopulse(int servopin,int myangle)// define a servo pulse function 

{ 

pulsewidth=(myangle*11)+500;// convert angle to 500-2480 pulse width 

digitalWrite(servopin,HIGH);// set the level of servo pin as “high” 

delayMicroseconds(pulsewidth);// delay microsecond of pulse width 

digitalWrite(servopin,LOW);// set the level of servo pin as “low” 

delay(20-pulsewidth/1000); 

} 

void setup() 

{ 

pinMode(servopin,OUTPUT);// set servo pin as “output” 

Serial.begin(9600);// connect to serial port, set baud rate at “9600” 

Serial.println("servo=o_seral_simple ready" ) ; 

} 

void loop()// convert number 0 to 9 to corresponding 0-180 degree angle, LED blinks 

corresponding number of time 

{ 

val=Serial.read();// read serial port value 

if(val>='0'&&val<='9') 

{ 

val=val-'0';// convert characteristic quantity to numerical variable 

val=val*(180/9);// convert number to angle 

Serial.print("moving servo to "); 

Serial.print(val,DEC); 

Serial.println(); 

for(int i=0;i<=50;i++) // giving the servo time to rotate to commanded position 

{ 
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servopulse(servopin,val);// use the pulse function 

} 

} 

} 

 

Ɋɢɫɭɧɨɤ 51 – Ɋɟɚɥɢɡɚɰɢɹ ɜɚɪɢɚɧɬɚ 2 ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɫɟɪɜɨɞɜɢɝɚɬɟɥɟɦ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɨɬɪɚɛɨɬɤɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 52. 

 

 

Ɋɢɫɭɧɨɤ 48 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɫɟɪɜɨɩɪɢɜɨɞɨɦ 
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4.2 ɗɥɟɦɟɧɬɵ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢя  

 

əɡɵɤ C++, ɫɨɫɬɚɜɥɹɸɳɢɣ ɨɫɧɨɜɭ ɞɥɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜ ɩɪɨɟɤɬɟ 

Arduino, ɹɜɥɹɟɬɫɹ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦ. Ɉɛɴɟɤɬɵ – ɷɬɨ ɫɥɨɠɧɵɟ 

ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɨɪɢɝɢɧɚɥɶɧɨɟ ɧɚɡɜɚɧɢɟ, ɦɨɝɭɬ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ ɤɚɤ 

ɩɟɪɟɦɟɧɧɵɟ, ɬɚɤ ɢ ɮɭɧɤɰɢɢ. Ɏɚɤɬɢɱɟɫɤɢ, ɨɛɴɟɤɬɵ ɫɨɡɞɚɧɵ ɞɥɹ ɭɞɨɛɧɨɝɨ 

ɨɛɪɚɳɟɧɢɹ ɤ ɫɥɨɠɧɵɦ ɫɬɪɭɤɬɭɪɚɦ. 

 

4.3 Ɂɚɩɭɫɤ ɦɨɞɟɥɟɣ Simulink ɧɚ Arduino 

 

ɉɨɞɤɥɸɱɟɧɢɟ Arduino ɤ SIMULINK ɨɮɢɰɢɚɥɶɧɚɹ ɫɬɪɚɧɢɰɚ: 

http://www.mathworks.com/academia/arduino-software/arduino-simulink.html  

Ɍɪɟɛɭɸɬɫɹ: MATLAB (R2010a ɢɥɢ ɩɨɡɠɟ) Simulink. 

ɋɤɚɱɢɜɚɟɬɫɹ ɩɚɤɟɬ Simulink Support Package for Arduino 

http://www.mathworks.com/matlabcentral/fileexchange/30277 ɢ ɪɚɫɩɚɤɨɜɵɜɚɟɬɫɹ 

ɟɝɨ ɧɚ ɞɢɫɤɟ ɤɨɦɩɶɸɬɟɪɚ, ɧɚɩɪɢɦɟɪ ɜ c:\arduino_simulink. Ɍɚɤɠɟ ɫɤɚɱɢɜɚɟɬɫɹ 

ɫɪɟɞɚ Arduino IDE ɢ ɪɚɫɩɚɤɨɜɵɜɚɟɬɫɹ, ɤ ɩɪɢɦɟɪɭ, ɜ c:\ArduinoTarget.  

ȼɵɩɨɥɧɹɸɬɫɹ ɤɨɦɚɧɞɵ ɞɥɹ ɞɨɛɚɜɥɟɧɢɹ ɩɭɬɟɣ:  

>> cd c:\arduino_simulink 

>> addpath(fullfile(pwd,'arduino'),fullfile(pwd,'blocks'),fullfile(pwd,'demos')) 

>> savepath. 

 

Ⱦɚɥɟɟ, ɨɛɧɨɜɥɹɸɬɫɹ ɤɚɫɬɨɦɢɡɚɰɢɢ: 

 

>> sl_refresh_customizations. 

 

ɉɨɞɤɥɸɱɚɟɬɫɹ ɩɥɚɬɚ Arduino ɤ ɤɨɦɩɶɸɬɟɪɭ. ɉɪɨɲɢɜɚɟɬɫɹ. ɍɤɚɡɵɜɚɟɬɫɹ 

ɩɭɬɶ ɤ ɫɪɟɞɟ Arduino: 

 

>>arduino.Prefs.setArduinoPath('c:\ArduinoTarget') 
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Ɉɩɪɟɞɟɥɹɟɬɫɹ ɬɟɤɭɳɚɹ ɩɥɚɬɮɨɪɦɚ ɤɨɦɚɧɞɨɣ 

>> arduino.Prefs.setBoard('mega') 

ɋɩɢɫɨɤ ɜɫɟɯ ɞɨɫɬɭɩɧɵɯ ɩɥɚɬɮɨɪɦ ɜɵɜɨɞɢɬɫɹ ɤɨɦɚɧɞɨɣ  

>> arduino.Prefs.setBoard  

Specify one of the following board labels: 

'uno' (Arduino Uno) 

'atmega328' (Arduino Duemilanove or Nano w/ ATmega328) 

'diecimila' (Arduino Diecimila, Duemilanove, or Nano w/ ATmega168) 

'mega2560' (Arduino Mega 2560) 

'mega' (Arduino Mega (ATmega1280)) 

'mini' (Arduino Mini) 

'fio' (Arduino Fio) 

'bt328' (Arduino BT w/ ATmega328) 

'bt' (Arduino BT w/ ATmega168) 

'lilypad328' (LilyPad Arduino w/ ATmega328) 

'lilypad' (LilyPad Arduino w/ ATmega168) 

'pro5v328' (Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmega328) 

'pro5v' (Arduino Pro or Pro Mini (5V, 16 MHz) w/ ATmega168) 

'pro328' (Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega328) 

'pro' (Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega168) 

'atmega168' (Arduino NG or older w/ ATmega168) 

'atmega8' (Arduino NG or older w/ Atmega8) 

ɉɪɨɜɟɪɹɸɬɫɹ ɞɨɫɬɭɩɧɵɟ ɩɨɪɬɵ:  

>> comPorts=arduino.Prefs.searchForComPort  

comPorts = 

'COM3'  

 

ɂ ɩɨɞɤɥɸɱɚɟɦɫɹ ɤ ɧɟɦɭ:  

 

>> arduino.Prefs.setComPort('COM3'); 
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Ȼɢɛɥɢɨɬɟɤɚ ɛɥɨɤɨɜ Simulink ɢɧɫɬɚɥɥɢɪɨɜɚɧɧɚɹ ɫ ɨɮɢɰɢɚɥɶɧɨɝɨ ɫɚɣɬɚ 

ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 53. 

 

Ɋɢɫɭɧɨɤ 53 – Ȼɥɨɤɢ Simulink/Arduino 
 

Ɂɚɩɭɫɤ ɩɪɨɟɤɬɚ Simulink Servo Control ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 54: 

>> arduino_servocontrol_sweep 

 

 

Ɋɢɫɭɧɨɤ 54 – ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɭɩɪɚɜɥɟɧɢɹ ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɧɚ ɹɡɵɤɟ 
Simulink 

 

Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ MATLAB/Simulink ɢ Arduino ɹɜɥɹɟɬɫɹ 

ɫɨɩɪɹɠɟɧɢɟ ɤɨɦɩɶɸɬɟɪɧɵɯ ɦɨɞɟɥɟɣ ɫ ɪɟɚɥɶɧɵɦɢ ɫɬɟɧɞɚɦɢ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ 

ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɮɢɡɢɱɟɫɤɨɝɨ, ɫɬɪɭɤɬɭɪɧɨɝɨ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ 

ɧɟɡɚɜɢɫɢɦɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ ɩɪɢ ɩɨɦɨɳɢ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦɦ MATLAB . Ⱦɥɹ ɷɬɨɝɨ 

ɛɵɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: ɪɚɡɪɚɛɨɬɚɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ; 

ɪɚɫɫɱɢɬɚɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, 

ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ; ɪɚɡɪɚɛɨɬɚɧɵ ɮɢɡɢɱɟɫɤɚɹ, ɫɬɪɭɤɬɭɪɧɚɹ ɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɢ ɫ ɩɨɦɨɳɶɸ ɛɢɛɥɢɨɬɟɤ ɛɥɨɤɨɜ Simulink, ɚ ɬɚɤɠɟ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɨɤɧɟ Command Window ɫɪɟɞɵ MATLAB ; ɩɨɥɭɱɟɧɧɵɟ 

ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɩɨɫɬɚɜɥɟɧɵ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɦɢɬɚɰɢɨɧɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ; ɨɩɪɟɞɟɥɟɧɵ ɚɛɫɨɥɸɬɧɚɹ ɢ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɢ ɜ 

ɪɟɡɭɥɶɬɚɬɚɯ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɛɵɥ ɫɞɟɥɚɧ ɜɵɛɨɪ ɜ ɩɨɥɶɡɭ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ, ɤɚɤ 

ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɨɛɴɟɤɬɚ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɮɢɡɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ 

ɫɥɨɠɧɵɦ ɤɚɤ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɨɞɟɥɢ, ɬɚɤ ɢ ɩɪɢ ɚɧɚɥɢɡɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɪɭɤɬɭɪɧɵɦ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ. ɇɨ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɮɢɡɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ 

ɩɨɥɭɱɢɬɶ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɧɚɦɧɨɝɨ ɛɨɥɶɲɟ ɮɢɡɢɱɟɫɤɢɯ (ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ) ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɜɚɠɧɵ ɞɥɹ ɨɰɟɧɤɢ ɪɚɛɨɬɵ 

ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. ɋɬɪɭɤɬɭɪɧɚɹ ɦɨɞɟɥɶ ɜ ɩɨɫɬɪɨɟɧɢɢ ɩɪɨɳɟ 

ɮɢɡɢɱɟɫɤɨɣ, ɧɨ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɩɨɫɬɨɹɧɧɵɯ ɜɪɟɦɟɧɢ ɢ 

ɤɨɧɫɬɚɧɬ ɞɜɢɝɚɬɟɥɹ ɞɥɹ ɚɞɟɤɜɚɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɉɪɟɢɦɭɳɟɫɬɜɨ 

ɫɬɪɭɤɬɭɪɧɨɣ ɦɨɞɟɥɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɛɥɨɤ ɢɡɦɟɪɢɬɟɥɹ (ɨɫɰɢɥɥɨɝɪɚɮ) 

ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɤɥɸɱɟɧ ɤ ɥɸɛɨɣ ɬɨɱɤɢ ɦɨɞɟɥɢ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɮɢɡɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ, ɝɞɟ ɢɡɦɟɪɢɬɟɥɢ ɩɨɞɤɥɸɱɚɸɬɫɹ ɬɨɥɶɤɨ ɤ ɫɩɟɰɢɚɥɶɧɵɦ ɛɥɨɤɚɦ. ɂɫɯɨɞɹ 

ɢɡ ɜɫɟɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɦɨɠɧɨ ɫɦɟɥɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɥɹ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 
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ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ, ɛɥɚɝɨɞɚɪɹ ɦɚɥɵɦ ɩɨɝɪɟɲɧɨɫɬɹɦ ɢ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ 

ɪɟɡɭɥɶɬɚɬɨɜ. Ɍɚɤɠɟ ɩɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɥɟɝɤɨ ɩɪɨɢɡɜɟɫɬɢ 

ɨɰɟɧɤɭ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɧɟ ɩɪɢɛɟɝɚɹ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ 

ɪɚɫɱɟɬɚɦ. 

ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɢɫɩɨɥɶɡɭɸɳɢɯ ɦɚɧɢɩɭɥɹɰɢɨɧɧɵɟ ɪɨɛɨɬɵ. 

ȼɵɞɟɥɟɧɵ ɜɚɠɧɵɟ ɢɫɬɨɪɢɱɟɫɤɢɟ ɰɢɤɥɵ ɪɚɡɜɢɬɢɹ ɪɨɛɨɬɢɡɚɰɢɢ.  

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɦɚɧɢɩɭɥɹɬɨɪɨɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɪɨɛɨɬɨɦ ɩɨɧɢɦɚɸɬ ɤɨɦɩɥɟɤɫ ɡɚɞɚɱ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɜɵɛɨɪɨɦ ɪɨɛɨɬɚ, ɟɝɨ ɚɞɚɩɬɚɰɢɟɣ ɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɩɪɨɰɟɫɫɭ, 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟɦ ɞɜɢɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɫɢɧɬɟɡɨɦ ɢ 

ɦɨɞɢɮɢɤɚɰɢɟɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɢ ɟɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. Ⱦɥɹ 

ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɛɭɞɟɦ ɩɨɥɶɡɨɜɚɬɶɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɚɩɩɚɪɚɬɨɦ, 

ɢɫɩɨɥɶɡɭɟɦɵɦ ɞɥɹ ɚɧɚɥɢɡɚ ɤɢɧɟɦɚɬɢɤɢ ɢ ɞɢɧɚɦɢɤɢ ɦɚɧɢɩɭɥɹɬɨɪɨɜ.  
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ɇɚɡɜɚɧɢɟ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɗȼɆ: ɉɪɨɝɪɚɦɦɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ 

ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ.  

Ɋɟɮɟɪɚɬ: ɉɪɨɝɪɚɦɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ 

ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ 

ɨɫɧɨɜɟ ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ ɢ ɫɥɟɞɹɳɟɝɨ 

ɩɪɢɜɨɞɚ. Ɉɛɟɫɩɟɱɢɜɚɟɬɫɹ ɭɞɨɛɫɬɜɨ ɧɚɫɬɪɨɣɤɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɨɬɨɛɪɚɠɟɧɢɹ 

ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɉɪɨɝɪɚɦɦɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɧɚɭɱɧɵɯ ɢ 

ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɪɚɛɨɬɧɢɤɨɜ, ɡɚɧɢɦɚɸɳɢɯɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ, 

ɪɚɡɪɚɛɨɬɤɨɣ ɢ ɫɨɡɞɚɧɢɟɦ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɥɹ ɚɫɩɢɪɚɧɬɨɜ ɢ 

ɫɬɭɞɟɧɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ.  

Ɍɢɩ ɗȼɆ: IBM PC-ɫɨɜɦɟɫɬ. ɉɄ. Ɉɋ: Windows 7/8/8.1/10.  

əɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ: MATLAB/Simulink. 

Ɉɛɴɟɦ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɗȼɆ: 76 Ʉɛ. 

 

Ʌɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ MAG яɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢя ɋ/ɋ++ 

 

File: ert_main.cpp 

1 // 

2 // File: ert_main.cpp 

3 // 

4 // Code generated for Simulink model 'mag2'. 

5 // 

6 // Model version : 1.8 

7 // Simulink Coder version : 8.13 (R2017b) 24-Jul-2017 

8 // C/C++ source code generated on : Wed Oct 16 20:56:56 2019 

9 // 

10 // Target selection: ert.tlc 

11 // Embedded hardware selection: Intel->x86-64 (Windows64) 

12 // Code generation objectives: 

13 // 1. Execution efficiency 

14 // 2. RAM efficiency 

15 // Validation result: Not run 

matlab:coder.internal.editUrlTextFile('file:///D:/%D0%A3%D0%A7%D0%95%D0%91%D0%9D%D0%90%D0%AF_%D0%A0%D0%90%D0%91%D0%9E%D0%A2%D0%90_2016-2017/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_2016/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_%D0%9A%D0%9C%D0%B8%D0%90%D0%A1_2016/%D0%92%D0%9A%D0%A0_%D0%9C%D0%B0%D0%B3_2018-2019_%D1%80%D1%83%D0%BA_%D0%9F%D1%80%D0%BE%D0%BA%D0%BE%D0%BF%D1%8C%D0%B5%D0%B2%D0%90%D0%9F/%D0%90%D0%9D%D0%94%D0%A0%D0%95%D0%95%D0%92_%D0%9D%D0%B8%D0%BA_%D0%AE%D1%80%D1%8C%D0%B5%D0%B2%D0%B8%D1%87_%D0%9C%D0%90%D0%93_2018_%D0%A4%D0%90%D0%99%D0%9B%D0%AB/mag2_ert_rtw/ert_main.cpp')
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16 // 

17 #include <stddef.h> 
18 #include <stdio.h> // This ert_main.c example uses printf/fflush  

19 #include "mag2.h" // Model's header file 

20 #include "rtwtypes.h" 
21  

22 static mag2ModelClass rtObj; // Instance of model class 

23  

24 // 

25 // Associating rt_OneStep with a real-time clock or interrupt service routine 

26 // is what makes the generated code "real-time". The function rt_OneStep is 

27 // always associated with the base rate of the model. Subrates are managed 

28 // by the base rate from inside the generated code. Enabling/disabling 

29 // interrupts and floating point context switches are target specific. This 

30 // example code indicates where these should take place relative to executing 

31 // the generated code step function. Overrun behavior should be tailored to 

32 // your application needs. This example simply sets an error status in the 

33 // real-time model and returns from rt_OneStep. 

34 // 

35 void rt_OneStep(void); 

36 void rt_OneStep(void) 

37 { 
38 static boolean_T OverrunFlag = false; 

39  

40 // Disable interrupts here 

41  

42 // Check for overrun 

43 if (OverrunFlag) { 
44 rtmSetErrorStatus(rtObj.getRTM(), "Overrun"); 

45 return; 

46 } 
47  

48 OverrunFlag = true; 

49  

50 // Save FPU context here (if necessary) 

51 // Re-enable timer or interrupt here 

52 // Set model inputs here 

53  

54 // Step the model for base rate 

55 rtObj.step(); 

56  

57 // Get model outputs here 

58  
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59 // Indicate task complete 

60 OverrunFlag = false; 

61  

62 // Disable interrupts here 

63 // Restore FPU context here (if necessary) 

64 // Enable interrupts here 

65 } 
66  

67 // 

68 // The example "main" function illustrates what is required by your 

69 // application code to initialize, execute, and terminate the generated code. 

70 // Attaching rt_OneStep to a real-time clock is target specific. This example 

71 // illustrates how you do this relative to initializing the model. 

72 // 

73 int_T main(int_T argc, const char *argv[]) 

74 { 
75 // Unused arguments 

76 (void)(argc); 

77 (void)(argv); 

78  

79 // Initialize model 

80 rtObj.initialize(); 

81  

82 // Simulating the model step behavior (in non real-time) to 

83 // simulate model behavior at stop time. 

84  

85 while ((rtmGetErrorStatus(rtObj.getRTM()) == (NULL)) && !rtmGetStopRequested 

86 (rtObj.getRTM())) { 
87 rt_OneStep(); 

88 } 
89  

90 // Disable rt_OneStep() here 

91 return 0; 

92 } 
93  

94 // 

95 // File trailer for generated code. 

96 // 

97 // [EOF]  

98 // 

99  
 

/D:/%D0%A3%D0%A7%D0%95%D0%91%D0%9D%D0%90%D0%AF_%D0%A0%D0%90%D0%91%D0%9E%D0%A2%D0%90_2016-2017/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_2016/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_%D0%9A%D0%9C%D0%B8%D0%90%D0%A1_2016/%D0%92%D0%9A%D0%A0_%D0%9C%D0%B0%D0%B3_2018-2019_%D1%80%D1%83%D0%BA_%D0%9F%D1%80%D0%BE%D0%BA%D0%BE%D0%BF%D1%8C%D0%B5%D0%B2%D0%90%D0%9F/%D0%90%D0%9D%D0%94%D0%A0%D0%95%D0%95%D0%92_%D0%9D%D0%B8%D0%BA_%D0%AE%D1%80%D1%8C%D0%B5%D0%B2%D0%B8%D1%87_%D0%9C%D0%90%D0%93_2018_%D0%A4%D0%90%D0%99%D0%9B%D0%AB/mag2_ert_rtw/html/rtwtypes_h.html#67
/D:/%D0%A3%D0%A7%D0%95%D0%91%D0%9D%D0%90%D0%AF_%D0%A0%D0%90%D0%91%D0%9E%D0%A2%D0%90_2016-2017/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_2016/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_%D0%9A%D0%9C%D0%B8%D0%90%D0%A1_2016/%D0%92%D0%9A%D0%A0_%D0%9C%D0%B0%D0%B3_2018-2019_%D1%80%D1%83%D0%BA_%D0%9F%D1%80%D0%BE%D0%BA%D0%BE%D0%BF%D1%8C%D0%B5%D0%B2%D0%90%D0%9F/%D0%90%D0%9D%D0%94%D0%A0%D0%95%D0%95%D0%92_%D0%9D%D0%B8%D0%BA_%D0%AE%D1%80%D1%8C%D0%B5%D0%B2%D0%B8%D1%87_%D0%9C%D0%90%D0%93_2018_%D0%A4%D0%90%D0%99%D0%9B%D0%AB/mag2_ert_rtw/html/ert_main_cpp.html#73
/D:/%D0%A3%D0%A7%D0%95%D0%91%D0%9D%D0%90%D0%AF_%D0%A0%D0%90%D0%91%D0%9E%D0%A2%D0%90_2016-2017/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_2016/%D0%9C%D0%90%D0%93%D0%98%D0%A1%D0%A2%D0%A0%D0%90%D0%A2%D0%A3%D0%A0%D0%90_%D0%9A%D0%9C%D0%B8%D0%90%D0%A1_2016/%D0%92%D0%9A%D0%A0_%D0%9C%D0%B0%D0%B3_2018-2019_%D1%80%D1%83%D0%BA_%D0%9F%D1%80%D0%BE%D0%BA%D0%BE%D0%BF%D1%8C%D0%B5%D0%B2%D0%90%D0%9F/%D0%90%D0%9D%D0%94%D0%A0%D0%95%D0%95%D0%92_%D0%9D%D0%B8%D0%BA_%D0%AE%D1%80%D1%8C%D0%B5%D0%B2%D0%B8%D1%87_%D0%9C%D0%90%D0%93_2018_%D0%A4%D0%90%D0%99%D0%9B%D0%AB/mag2_ert_rtw/html/rtwtypes_h.html#67
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File: mag2.cpp 

1 // 

2 // File: mag2.cpp 

3 // 

4 // Code generated for Simulink model 'mag2'. 

5 // 

6 // Model version : 1.8 

7 // Simulink Coder version : 8.13 (R2017b) 24-Jul-2017 

8 // C/C++ source code generated on : Wed Oct 16 20:56:56 2019 

9 // 

10 // Target selection: ert.tlc 

11 // Embedded hardware selection: Intel->x86-64 (Windows64) 

12 // Code generation objectives: 

13 // 1. Execution efficiency 

14 // 2. RAM efficiency 

15 // Validation result: Not run 

16 // 

17 #include "mag2.h" 
18  

19 // Private macros used by the generated code to access rtModel 

20 #ifndef rtmIsMajorTimeStep 

21 # define rtmIsMajorTimeStep(rtm) (((rtm)->Timing.simTimeStep) == 
MAJOR_TIME_STEP) 

22 #endif 
23  

24 #ifndef rtmIsMinorTimeStep 

25 # define rtmIsMinorTimeStep(rtm) (((rtm)->Timing.simTimeStep) == 
MINOR_TIME_STEP) 

26 #endif 
27  

28 #ifndef rtmGetTPtr 

29 # define rtmGetTPtr(rtm) ((rtm)->Timing.t) 

30 #endif 
31  

32 #ifndef rtmSetTPtr 

33 # define rtmSetTPtr(rtm, val) ((rtm)->Timing.t = (val)) 

34 #endif 
35  

36 // private model entry point functions 

37 extern void mag2_derivatives(); 

38  

39 // 

40 // This function updates continuous states using the ODE3 fixed-step 
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41 // solver algorithm 

42 // 

43 void mag2ModelClass::rt_ertODEUpdateContinuousStates(RTWSolverInfo *si ) 

44 { 
45 // Solver Matrices 

46 static const real_T rt_ODE3_A[3] = { 
47 1.0/2.0, 3.0/4.0, 1.0 

48 }; 
49  

50 static const real_T rt_ODE3_B[3][3] = { 
51 { 1.0/2.0, 0.0, 0.0 }, 
52  

53 { 0.0, 3.0/4.0, 0.0 }, 
54  

55 { 2.0/9.0, 1.0/3.0, 4.0/9.0 } 
56 }; 
57  

58 time_T t = rtsiGetT(si); 

59 time_T tnew = rtsiGetSolverStopTime(si); 

60 time_T h = rtsiGetStepSize(si); 

61 real_T *x = rtsiGetContStates(si); 

62 ODE3_IntgData *id = (ODE3_IntgData *)rtsiGetSolverData(si); 

63 real_T *y = id->y; 

64 real_T *f0 = id->f[0]; 

65 real_T *f1 = id->f[1]; 

66 real_T *f2 = id->f[2]; 

67 real_T hB[3]; 

68 int_T i; 

69 int_T nXc = 4; 

70 rtsiSetSimTimeStep(si,MINOR_TIME_STEP); 

71  

72 // Save the state values at time t in y, we'll use x as ynew. 

73 (void) memcpy(y, x, 

74 (uint_T)nXc*sizeof(real_T)); 

75  

76 // Assumes that rtsiSetT and ModelOutputs are up-to-date 

77 // f0 = f(t,y) 

78 rtsiSetdX(si, f0); 

79 mag2_derivatives(); 

80  

81 // f(:,2) = feval(odefile, t + hA(1), y + f*hB(:,1), args(:)(*)); 

82 hB[0] = h * rt_ODE3_B[0][0]; 

83 for (i = 0; i < nXc; i++) { 
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84 x[i] = y[i] + (f0[i]*hB[0]); 

85 } 
86  

87 rtsiSetT(si, t + h*rt_ODE3_A[0]); 

88 rtsiSetdX(si, f1); 

89 this->step(); 

90 mag2_derivatives(); 

91  

92 // f(:,3) = feval(odefile, t + hA(2), y + f*hB(:,2), args(:)(*)); 

93 for (i = 0; i <= 1; i++) { 
94 hB[i] = h * rt_ODE3_B[1][i]; 

95 } 
96  

97 for (i = 0; i < nXc; i++) { 
98 x[i] = y[i] + (f0[i]*hB[0] + f1[i]*hB[1]); 

99 } 
100  

101 rtsiSetT(si, t + h*rt_ODE3_A[1]); 

102 rtsiSetdX(si, f2); 

103 this->step(); 

104 mag2_derivatives(); 

105  

106 // tnew = t + hA(3); 

107 // ynew = y + f*hB(:,3); 

108 for (i = 0; i <= 2; i++) { 
109 hB[i] = h * rt_ODE3_B[2][i]; 

110 } 
111  

112 for (i = 0; i < nXc; i++) { 
113 x[i] = y[i] + (f0[i]*hB[0] + f1[i]*hB[1] + f2[i]*hB[2]); 

114 } 
115  

116 rtsiSetT(si, tnew); 

117 rtsiSetSimTimeStep(si,MAJOR_TIME_STEP); 

118 } 
119  

120 // Model step function 

121 void mag2ModelClass::step() 

122 { 
123 if (rtmIsMajorTimeStep((&rtM))) { 
124 // set solver stop time 

125 rtsiSetSolverStopTime(&(&rtM)->solverInfo,(((&rtM)->Timing.clockTick0+1)* 

126 (&rtM)->Timing.stepSize0)); 
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127 } // end MajorTimeStep 

128  

129 // Update absolute time of base rate at minor time step 

130 if (rtmIsMinorTimeStep((&rtM))) { 
131 (&rtM)->Timing.t[0] = rtsiGetT(&(&rtM)->solverInfo); 

132 } 
133  

134 // Integrator: '<S1>/dfi' 

135 rtDW.dfi = rtX.dfi_CSTATE; 

136  

137 // Product: '<S1>/1//Ɍɦ' incorporates: 

138 // Constant: '<Root>/Зɚɞɚɧɧɨɟ ɭɝɥɨɜɨɟ ɩɟɪɟɦɟщɟɧɢɟ' 

139 // Constant: '<S4>/alfa, betta' 

140 // Constant: '<S4>/gamma' 

141 // Integrator: '<S1>/fi' 

142 // Integrator: '<S2>/r' 

143 // Product: '<S4>/r**2' 

144 // Product: '<S4>/ɍɦɧɨɠɢɬɟɥɶ3' 

145 // Sum: '<Root>/Sum' 

146 // Sum: '<S1>/Sum' 

147 // Sum: '<S4>/Sum' 

148 // Sum: '<S4>/Sum1' 

149  

150 rtDW.u = ((1.14 - rtX.fi_CSTATE) - rtDW.dfi) / ((rtX.r_CSTATE - rtX.r_CSTATE * 

151 rtX.r_CSTATE) * 0.0412 + 0.0311); 

152  

153 // Integrator: '<S2>/dr' 

154 rtDW.dr = rtX.dr_CSTATE; 

155  

156 // Sum: '<S2>/Sum1' incorporates: 

157 // Constant: '<Root>/Зɚɞɚɧɧɨɟ ɥɢɧɟɣɧɨɟ ɩɟɪɟɦɟщɟɧɢɟ' 

158 // Integrator: '<S2>/r' 

159 // Sum: '<S2>/Sum' 

160  

161 rtDW.Sum1 = (0.52 - rtX.r_CSTATE) - rtDW.dr; 

162 if (rtmIsMajorTimeStep((&rtM))) { 
163 rt_ertODEUpdateContinuousStates(&(&rtM)->solverInfo); 

164  

165 // Update absolute time for base rate 

166 // The "clockTick0" counts the number of times the code of this task has 

167 // been executed. The absolute time is the multiplication of "clockTick0" 

168 // and "Timing.stepSize0". Size of "clockTick0" ensures timer will not 

169 // overflow during the application lifespan selected. 
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170  

171 ++(&rtM)->Timing.clockTick0; 

172 (&rtM)->Timing.t[0] = rtsiGetSolverStopTime(&(&rtM)->solverInfo); 

173  

174 { 
175 // Update absolute timer for sample time: [0.3s, 0.0s] 

176 // The "clockTick1" counts the number of times the code of this task has 

177 // been executed. The resolution of this integer timer is 0.3, which is the step size 

178 // of the task. Size of "clockTick1" ensures timer will not overflow during the 

179 // application lifespan selected. 

180  

181 (&rtM)->Timing.clockTick1++; 

182 } 
183 } // end MajorTimeStep 

184 } 
185  

186 // Derivatives for root system: '<Root>' 

187 void mag2ModelClass::mag2_derivatives() 

188 { 
189 XDot *_rtXdot; 

190 _rtXdot = ((XDot *) (&rtM)->derivs); 

191  

192 // Derivatives for Integrator: '<S1>/fi' 

193 _rtXdot->fi_CSTATE = rtDW.dfi; 

194  

195 // Derivatives for Integrator: '<S1>/dfi' 

196 _rtXdot->dfi_CSTATE = rtDW.u; 

197  

198 // Derivatives for Integrator: '<S2>/r' 

199 _rtXdot->r_CSTATE = rtDW.dr; 

200  

201 // Derivatives for Integrator: '<S2>/dr' 

202 _rtXdot->dr_CSTATE = rtDW.Sum1; 

203 } 
204  

205 // Model initialize function 

206 void mag2ModelClass::initialize() 

207 { 
208 // Registration code 

209 { 
210 // Setup solver object 

211 rtsiSetSimTimeStepPtr(&(&rtM)->solverInfo, &(&rtM)->Timing.simTimeStep); 

212 rtsiSetTPtr(&(&rtM)->solverInfo, &rtmGetTPtr((&rtM))); 

matlab:coder.internal.code2model('mag2');
matlab:coder.internal.code2model('mag2:65');
matlab:rtw.report.code2model('mag2','mag2.cpp','193')
matlab:coder.internal.code2model('mag2:64');
matlab:rtw.report.code2model('mag2','mag2.cpp','196')
matlab:coder.internal.code2model('mag2:91');
matlab:rtw.report.code2model('mag2','mag2.cpp','199')
matlab:coder.internal.code2model('mag2:69');
matlab:rtw.report.code2model('mag2','mag2.cpp','202')


93 

213 rtsiSetStepSizePtr(&(&rtM)->solverInfo, &(&rtM)->Timing.stepSize0); 

214 rtsiSetdXPtr(&(&rtM)->solverInfo, &(&rtM)->derivs); 

215 rtsiSetContStatesPtr(&(&rtM)->solverInfo, (real_T **) &(&rtM)->contStates); 

216 rtsiSetNumContStatesPtr(&(&rtM)->solverInfo, &(&rtM)->Sizes.numContStates); 

217 rtsiSetNumPeriodicContStatesPtr(&(&rtM)->solverInfo, &(&rtM) 

218 ->Sizes.numPeriodicContStates); 

219 rtsiSetPeriodicContStateIndicesPtr(&(&rtM)->solverInfo, &(&rtM) 

220 ->periodicContStateIndices); 

221 rtsiSetPeriodicContStateRangesPtr(&(&rtM)->solverInfo, &(&rtM) 

222 ->periodicContStateRanges); 

223 rtsiSetErrorStatusPtr(&(&rtM)->solverInfo, (&rtmGetErrorStatus((&rtM)))); 

224 rtsiSetRTModelPtr(&(&rtM)->solverInfo, (&rtM)); 

225 } 
226  

227 rtsiSetSimTimeStep(&(&rtM)->solverInfo, MAJOR_TIME_STEP); 

228 (&rtM)->intgData.y = (&rtM)->odeY; 

229 (&rtM)->intgData.f[0] = (&rtM)->odeF[0]; 

230 (&rtM)->intgData.f[1] = (&rtM)->odeF[1]; 

231 (&rtM)->intgData.f[2] = (&rtM)->odeF[2]; 

232 getRTM()->contStates = ((X *) &rtX); 

233 rtsiSetSolverData(&(&rtM)->solverInfo, (void *)&(&rtM)->intgData); 

234 rtsiSetSolverName(&(&rtM)->solverInfo,"ode3"); 

235 rtmSetTPtr(getRTM(), &(&rtM)->Timing.tArray[0]); 

236 (&rtM)->Timing.stepSize0 = 0.3; 

237  

238 // InitializeConditions for Integrator: '<S1>/fi' 

239 rtX.fi_CSTATE = 0.0; 

240  

241 // InitializeConditions for Integrator: '<S1>/dfi' 

242 rtX.dfi_CSTATE = 0.0; 

243  

244 // InitializeConditions for Integrator: '<S2>/r' 

245 rtX.r_CSTATE = 0.0; 

246  

247 // InitializeConditions for Integrator: '<S2>/dr' 

248 rtX.dr_CSTATE = 0.0; 

249 } 
250  

251 // Constructor 

252 mag2ModelClass::mag2ModelClass() 

253 { 
254 } 
255  
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256 // Destructor 

257 mag2ModelClass::~mag2ModelClass() 

258 { 
259 // Currently there is no destructor body generated. 

260 } 
261  

262 // Real-Time Model get method 

263 RT_MODEL * mag2ModelClass::getRTM() 

264 { 
265 return (&rtM); 

266 } 
267  

268 // 

269 // File trailer for generated code. 

270 // 

271 // [EOF]  

272 // 

273  
 

 

File: mag2.h 

1 // 

2 // File: mag2.h 

3 // 

4 // Code generated for Simulink model 'mag2'. 

5 // 

6 // Model version : 1.8 

7 // Simulink Coder version : 8.13 (R2017b) 24-Jul-2017 

8 // C/C++ source code generated on : Wed Oct 16 20:56:56 2019 

9 // 

10 // Target selection: ert.tlc 

11 // Embedded hardware selection: Intel->x86-64 (Windows64) 

12 // Code generation objectives: 

13 // 1. Execution efficiency 

14 // 2. RAM efficiency 

15 // Validation result: Not run 

16 // 

17 #ifndef RTW_HEADER_mag2_h_ 

18 #define RTW_HEADER_mag2_h_ 

19 #include <string.h> 
20 #ifndef mag2_COMMON_INCLUDES_ 

21 # define mag2_COMMON_INCLUDES_ 
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22 #include "rtwtypes.h" 
23 #include "rtw_continuous.h" 
24 #include "rtw_solver.h" 
25 #endif // mag2_COMMON_INCLUDES_ 

26  

27 // Macros for accessing real-time model data structure 

28 #ifndef rtmGetErrorStatus 

29 # define rtmGetErrorStatus(rtm) ((rtm)->errorStatus) 

30 #endif 
31  

32 #ifndef rtmSetErrorStatus 

33 # define rtmSetErrorStatus(rtm, val) ((rtm)->errorStatus = (val)) 

34 #endif 
35  

36 #ifndef rtmGetStopRequested 

37 # define rtmGetStopRequested(rtm) ((rtm)->Timing.stopRequestedFlag) 

38 #endif 
39  

40 #ifndef rtmSetStopRequested 

41 # define rtmSetStopRequested(rtm, val) ((rtm)->Timing.stopRequestedFlag = (val)) 

42 #endif 
43  

44 #ifndef rtmGetStopRequestedPtr 

45 # define rtmGetStopRequestedPtr(rtm) (&((rtm)->Timing.stopRequestedFlag)) 

46 #endif 
47  

48 #ifndef rtmGetT 

49 # define rtmGetT(rtm) (rtmGetTPtr((rtm))[0]) 

50 #endif 
51  

52 // Forward declaration for rtModel 

53 typedef struct tag_RTM RT_MODEL; 

54  

55 // Block signals and states (auto storage) for system '<Root>' 

56 typedef struct { 
57 real_T dfi; // '<S1>/dfi' 

58 real_T u; // '<S1>/1//Ɍɦ' 

59 real_T dr; // '<S2>/dr' 

60 real_T Sum1; // '<S2>/Sum1' 

61 } DW; 

62  

63 // Continuous states (auto storage) 

64 typedef struct { 
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65 real_T fi_CSTATE; // '<S1>/fi' 

66 real_T dfi_CSTATE; // '<S1>/dfi' 

67 real_T r_CSTATE; // '<S2>/r' 

68 real_T dr_CSTATE; // '<S2>/dr' 

69 } X; 

70  

71 // State derivatives (auto storage) 

72 typedef struct { 
73 real_T fi_CSTATE; // '<S1>/fi' 

74 real_T dfi_CSTATE; // '<S1>/dfi' 

75 real_T r_CSTATE; // '<S2>/r' 

76 real_T dr_CSTATE; // '<S2>/dr' 

77 } XDot; 

78  

79 // State disabled 

80 typedef struct { 
81 boolean_T fi_CSTATE; // '<S1>/fi' 

82 boolean_T dfi_CSTATE; // '<S1>/dfi' 

83 boolean_T r_CSTATE; // '<S2>/r' 

84 boolean_T dr_CSTATE; // '<S2>/dr' 

85 } XDis; 

86  

87 #ifndef ODE3_INTG 

88 #define ODE3_INTG 

89  

90 // ODE3 Integration Data 

91 typedef struct { 
92 real_T *y; // output 

93 real_T *f[3]; // derivatives 

94 } ODE3_IntgData; 

95  

96 #endif 
97  

98 // Real-time Model Data Structure 

99 struct tag_RTM { 
100 const char_T *errorStatus; 

101 RTWSolverInfo solverInfo; 

102 X *contStates; 

103 int_T *periodicContStateIndices; 

104 real_T *periodicContStateRanges; 

105 real_T *derivs; 

106 boolean_T *contStateDisabled; 

107 boolean_T zCCacheNeedsReset; 
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108 boolean_T derivCacheNeedsReset; 

109 boolean_T CTOutputIncnstWithState; 

110 real_T odeY[4]; 

111 real_T odeF[3][4]; 

112 ODE3_IntgData intgData; 

113  

114 // 

115 // Sizes: 

116 // The following substructure contains sizes information 

117 // for many of the model attributes such as inputs, outputs, 

118 // dwork, sample times, etc. 

119  

120 struct { 
121 int_T numContStates; 

122 int_T numPeriodicContStates; 

123 int_T numSampTimes; 

124 } Sizes; 

125  

126 // 

127 // Timing: 

128 // The following substructure contains information regarding 

129 // the timing information for the model. 

130  

131 struct { 
132 uint32_T clockTick0; 

133 time_T stepSize0; 

134 uint32_T clockTick1; 

135 SimTimeStep simTimeStep; 

136 boolean_T stopRequestedFlag; 

137 time_T *t; 

138 time_T tArray[2]; 

139 } Timing; 

140 }; 
141  

142 // Class declaration for model mag2 

143 class mag2ModelClass { 
144 // public data and function members 

145 public: 

146 // model initialize function 

147 void initialize(); 

148  

149 // model step function 

150 void step(); 
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151  

152 // Constructor 

153 mag2ModelClass(); 

154  

155 // Destructor 

156 ~mag2ModelClass(); 

157  

158 // Real-Time Model get method 

159 RT_MODEL * getRTM(); 

160  

161 // private data and function members 

162 private: 

163 // Block signals and states 

164 DW rtDW; 

165 X rtX; // Block continuous states 

166  

167 // Real-Time Model 

168 RT_MODEL rtM; 

169  

170 // Continuous states update member function 

171 void rt_ertODEUpdateContinuousStates(RTWSolverInfo *si ); 

172  

173 // Derivatives member function 

174 void mag2_derivatives(); 

175 }; 
176  

177 //- 

178 // These blocks were eliminated from the model due to optimizations: 

179 // 

180 // Block '<Root>/Ʉɨɷɮɮɢцɢɟɧɬ ɭɫɢɥɟɧɢɣ' : Unused code path elimination 

181 // Block '<Root>/Ʌɢɧɟɣɧɨɟ ɩɟɪɟɦɟщɟɧɢɟ' : Unused code path elimination 

182 // Block '<Root>/Ɉɫцɢɥɨɝɪɚɮ' : Unused code path elimination 

183 // Block '<Root>/ɍɝɥɨɜɨɟ ɩɟɪɟɦɟщɟɧɢɟ' : Unused code path elimination 

184 // Block '<S2>/1//Ɍɦ' : Eliminated nontunable gain of 1 

185 // Block '<Root>/ɄɉɊ' : Eliminated due to constant selection input 

186 // Block '<Root>/a' : Unused code path elimination 

187 // Block '<Root>/b' : Unused code path elimination 

188 // Block '<S3>/Sum' : Unused code path elimination 

189 // Block '<S3>/Sum1' : Unused code path elimination 

190 // Block '<S3>/ar' : Unused code path elimination 

191 // Block '<S3>/ɍɦɧɨɠɢɬɟɥɶ1' : Unused code path elimination 

192 // Block '<S3>/ɍɦɧɨɠɢɬɟɥɶ2' : Unused code path elimination 

193 // Block '<S3>/ɍɫɢɥɢɬɟɥɶ2' : Unused code path elimination 
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194  

195  

196 //- 

197 // The generated code includes comments that allow you to trace directly 

198 // back to the appropriate location in the model. The basic format 

199 // is <system>/block_name, where system is the system number (uniquely 

200 // assigned by Simulink) and block_name is the name of the block. 

201 // 

202 // Use the MATLAB hilite_system command to trace the generated code back 

203 // to the model. For example, 

204 // 

205 // hilite_system('<S3>') - opens system 3 

206 // hilite_system('<S3>/Kp') - opens and selects block Kp which resides in S3 

207 // 

208 // Here is the system hierarchy for this model 

209 // 

210 // '<Root>' : 'mag2' 

211 // '<S1>' : 'mag2/1-ɣ ɤɚɧɚɥ ɭɩɪɚɜɥɟɧɢɣ' 
212 // '<S2>' : 'mag2/2-ɣ ɤɚɧɚɥ ɭɩɪɚɜɥɟɧɢɣ' 
213 // '<S3>' : 'mag2/Ʉɨɩɬ' 

214 // '<S4>' : 'mag2/Ɍɦ' 

215  

216 #endif // RTW_HEADER_mag2_h_ 

217  

218 // 

219 // File trailer for generated code. 

220 // 

221 // [EOF]  

222 // 

223  
 

File: rtwtypes.h 

1 // 

2 // File: rtwtypes.h 

3 // 

4 // Code generated for Simulink model 'mag2'. 

5 // 

6 // Model version : 1.8 

7 // Simulink Coder version : 8.13 (R2017b) 24-Jul-2017 

8 // C/C++ source code generated on : Wed Oct 16 20:56:56 2019 

9 // 
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10 // Target selection: ert.tlc 

11 // Embedded hardware selection: Intel->x86-64 (Windows64) 

12 // Code generation objectives: 

13 // 1. Execution efficiency 

14 // 2. RAM efficiency 

15 // Validation result: Not run 

16 // 

17  

18 #ifndef RTWTYPES_H 

19 #define RTWTYPES_H 

20  

21 // Logical type definitions 

22 #if (!defined(__cplusplus)) 

23 # ifndef false 

24 # define false (0U) 

25 # endif 
26  

27 # ifndef true 

28 # define true (1U) 

29 # endif 
30 #endif 
31  

32 //================================================== =====
================*  

33 // Target hardware information 

34 // Device type: Intel->x86-64 (Windows64) 

35 // Number of bits: char: 8 short: 16 int: 32 

36 // long: 32 long long: 64 

37 // native word size: 64 

38 // Byte ordering: LittleEndian 

39 // Signed integer division rounds to: Zero 

40 // Shift right on a signed integer as arithmetic shift: on 

41 // 
=================================================== =====
===============  

42  

43 //================================================== =====
================*  

44 // Fixed width word size data types: * 

45 // int8_T, int16_T, int32_T - signed 8, 16, or 32 bit integers * 

46 // uint8_T, uint16_T, uint32_T - unsigned 8, 16, or 32 bit integers * 

47 // real32_T, real64_T - 32 and 64 bit floating point numbers * 

48 // 
=================================================== =====
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===============  

49 typedef signed char int8_T; 

50 typedef unsigned char uint8_T; 

51 typedef short int16_T; 

52 typedef unsigned short uint16_T; 

53 typedef int int32_T; 

54 typedef unsigned int uint32_T; 

55 typedef long long int64_T; 

56 typedef unsigned long long uint64_T; 

57 typedef float real32_T; 

58 typedef double real64_T; 

59  

60 //================================================== =====
====================*  

61 // Generic type definitions: boolean_T, char_T, byte_T, int_T, uint_T, * 

62 // real_T, time_T, ulong_T, ulonglong_T. * 

63 // 
=================================================== =====
===================  

64 typedef double real_T; 

65 typedef double time_T; 

66 typedef unsigned char boolean_T; 

67 typedef int int_T; 

68 typedef unsigned int uint_T; 

69 typedef unsigned long ulong_T; 

70 typedef unsigned long long ulonglong_T; 

71 typedef char char_T; 

72 typedef unsigned char uchar_T; 

73 typedef char_T byte_T; 

74  

75 //================================================== =====
================*  

76 // Min and Max: * 

77 // int8_T, int16_T, int32_T - signed 8, 16, or 32 bit integers * 

78 // uint8_T, uint16_T, uint32_T - unsigned 8, 16, or 32 bit integers * 

79 // 
=================================================== =====
===============  

80 #define MAX_int8_T ((int8_T)(127)) 

81 #define MIN_int8_T ((int8_T)(-128)) 

82 #define MAX_uint8_T ((uint8_T)(255U)) 

83 #define MAX_int16_T ((int16_T)(32767)) 

84 #define MIN_int16_T ((int16_T)(-32768)) 

85 #define MAX_uint16_T ((uint16_T)(65535U)) 
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86 #define MAX_int32_T ((int32_T)(2147483647)) 

87 #define MIN_int32_T ((int32_T)(-2147483647-1)) 

88 #define MAX_uint32_T ((uint32_T)(0xFFFFFFFFU)) 

89 #define MAX_int64_T ((int64_T)(9223372036854775807LL)) 

90 #define MIN_int64_T ((int64_T)(-9223372036854775807LL-1LL)) 

91 #define MAX_uint64_T ((uint64_T)(0xFFFFFFFFFFFFFFFFULL)) 

92  

93 // Block D-Work pointer type 

94 typedef void * pointer_T; 

95  

96 #endif // RTWTYPES_H 

97  

98 // 

99 // File trailer for generated code. 

10
0 

// 

10
1 

// [EOF]  

10
2 

// 

10
3 

 
 

 




