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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɧɚ ɬɟɦɭ «ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɨɰɟɫɫɨɦ ɨɪɢɟɧɬɚɰɢɢ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ ɧɚ ɨɫɧɨɜɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ» 

ɫɨɞɟɪɠɢɬ 54 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 1 ɩɪɢɥɨɠɟɧɢɟ, 21 ɢɫɩɨɥɶɡɭɟɦɵɣ 

ɢɫɬɨɱɧɢɤ, 34 ɢɥɥɸɫɬɪɚɰɢɢ.  

ɆɈȾȿɅɂɊɈȼȺɇɂȿ, SIMINTECH, ARDUINO, ɆɂɄɊɈɄɈɇɌɊɈɅɅȿɊɕ, 

ɉɈȾɄɅɘɑȿɇɂȿ ȼɇȿɒɇɂɏ ɍɋɌɊɈɃɋɌȼ, ɋɈɅɇȿɑɇȺə ɗɇȿɊȽȿɌɂɄȺ, 

ɋɈɅɇȿɑɇɕȿ ɉȺɇȿɅɂ, ɋɅȿȾəɓɂȿ ɋɂɋɌȿɆɕ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ, ɞɥɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɦɚɤɟɬɧɨɣ ɦɨɞɟɥɢ ɜ ɨɩɬɢɦɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ, 

ɪɟɚɥɢɡɚɰɢɹ ɦɚɤɟɬɧɨɣ ɦɨɞɟɥɢ.  

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɫɬɚɜɹɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɟɪɟɱɧɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɨɩɪɟɞɟɥɟɧɢɟ ɬɢɩɚ ɫɢɫɬɟɦɵ ɫɥɟɠɟɧɢɹ. 

ȼ ɜɵɩɭɫɤɧɭɸ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ ɜɯɨɞɢɬ ɜɜɟɞɟɧɢɟ, 3 ɝɥɚɜɵ, 

ɡɚɤɥɸɱɟɧɢɟ ɢ ɩɪɢɥɨɠɟɧɢɟ Ⱥ.  

ȼɨ ɜɜɟɞɟɧɢɢ ɪɚɫɤɪɵɜɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ, ɫɬɚɜɢɬɫɹ ɰɟɥɶ ɢ 

ɨɫɜɟɳɚɸɬɫɹ ɨɫɧɨɜɧɵɟ ɡɚɞɚɱɢ. 

ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɨɩɢɫɚɧ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ. ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɩɪɨɜɟɞɟɧ 

ɚɧɚɥɢɡ ɜɵɛɪɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ 

ɨɩɢɫɚɧɵ ɩɪɨɰɟɫɫ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦɵ, ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɩɨɥɶɡɨɜɚɬɟɥɟɦ.  

ȼ ɡɚɤɥɸɱɟɧɢɢ ɩɨɞɜɨɞɹɬɫɹ ɢɬɨɝɢ ɩɨ ɜɵɩɨɥɧɟɧɧɨɣ ɪɚɛɨɬɟ. 

ȼ ɩɪɢɥɨɠɟɧɢɢ Ⱥ ɨɩɢɫɚɧ ɤɨɞ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ Arduino. 
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ȼȼȿȾȿɇɂȿ 
 

ɋɨɥɧɟɱɧɚɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ – ɢɧɠɟɧɟɪɧɨɟ ɫɨɨɪɭɠɟɧɢɟ, ɩɪɟɨɛɪɚɡɭɸɳɟɟ 

ɷɧɟɪɝɢɸ ɫɨɥɧɰɚ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ, ɫ ɩɨɦɨɳɶɸ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ – 

ɩɚɧɟɥɟɣ ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ, ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɩɨɞɚɱɟɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ ɫɟɬɶ ɢɥɢ 

ɟё ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ. ɂɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ 

ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɜ ɬɟɱɟɧɢɢ ɞɧɹ; ɫɟɡɨɧɧɵɟ ɢɡɦɟɧɟɧɢɹ, ɚ ɬɚɤɠɟ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ 

ɩɨɤɚɡɚɧɢɹ – ɩɪɢɜɨɞɹɬ ɤ ɫɧɢɠɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ 

ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɭɜɟɥɢɱɟɧɢɸ ɫɪɨɤɨɜ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɨɟɤɬɚ. ɋɨɜɨɤɭɩɧɨɫɬɶ 

ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɮɚɤɬɨɪɨɜ - ɞɟɥɚɟɬ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɩɪɢɦɟɧɟɧɢɟ ɫɥɟɞɹɳɢɯ 

ɫɢɫɬɟɦ: ɞɥɹ ɤɨɪɪɟɤɬɢɪɨɜɚɧɢɹ ɩɨɥɨɠɟɧɢɹ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ.  

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɨɛɭɫɥɨɜɥɟɧɚ ɪɟɚɥɢɡɚɰɢɟɣ ɞɜɭɫɬɨɪɨɧɧɟɣ 

ɫɜɹɡɢ ɫɪɟɞɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ, ɜɵɫɨɤɢɦɢ ɬɟɦɩɚɦɢ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ, ɢ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ 

ɤɚɤ ɨɞɢɧ ɢɡ ɩɪɢɦɟɪɨɜ ɩɪɢɦɟɧɟɧɢɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɦɨɞɭɥɶɧɵɯ ɩɚɧɟɥɟɣ 

ɫɨɥɧɟɱɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ.  

ɐɟɥɶɸ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɟɚɥɢɡɚɰɢɹ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ, ɩɨɡɜɨɥɹɸɳɟɣ ɪɟɝɭɥɢɪɨɜɚɬɶ ɩɨɥɨɠɟɧɢɟ ɫɨɥɧɟɱɧɵɯ 

ɩɚɧɟɥɟɣ ɜ ɧɟɫɤɨɥɶɤɢɯ ɪɟɠɢɦɚɯ, ɢɡɝɨɬɨɜɥɟɧɢɟ ɦɚɤɟɬɧɨɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ 

ɫɥɟɠɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɜɭɯɫɬɨɪɨɧɧɟɣ ɫɜɹɡɢ ɫ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ Arduino. 

ɋɪɟɞɚ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ – SimInTech, Fusion360, Arduino IDE 

ɥɢɰɟɧɡɢɹ ɧɚ ɞɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɪɟɞɨɫɬɚɜɥɟɧɚ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɧɚɥɢɱɢɹ ɫɬɚɬɭɫɚ - «ɫɬɭɞɟɧɬ».  
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1 ɋɨɥɧɟɱɧыɟ ɩɚɧɟɥɢ  

 

ɋɨɜɪɟɦɟɧɧɵɟ ɫɨɥɧɟɱɧɵɟ ɩɚɧɟɥɢ ɪɚɛɨɬɚɸɬ ɩɨ ɩɪɢɧɰɢɩɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɤɜɚɧɬɨɜ ɫɜɟɬɚ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ, ɜ ɤɚɠɞɨɦ, ɢɡ ɫɨɬɟɧ ɬɵɫɹɱ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɨɛɴɟɞɢɧɟɧɧɵɯ ɜ ɩɚɧɟɥɶ ɪɚɡɥɢɱɧɵɯ 

ɝɚɛɚɪɢɬɨɜ. 

 

1.1 ɉɚɧɟɥɢ ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɢɹ 

 

ɋɚɦɵɦ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɨɥɧɟɱɧɵɯ 

ɩɚɧɟɥɟɣ ɧɚ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɹɜɥɹɟɬɫɹ ɤɪɟɦɧɢɣ Si, ɡɚɧɢɦɚɸɳɢɣ ɩɪɢɦɟɪɧɨ 80% 

ɨɛɴɟɦɚ ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼɵɞɟɥɹɸɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɜɢɞɚ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ, 

ɩɪɨɢɡɜɨɞɢɦɵɯ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɢɹ: 

− Ɇɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ (crystalline-Si), ɧɚ ɨɫɧɨɜɟ 

ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɤɪɢɫɬɚɥɥɚ, ɜɵɪɚɳɟɧɧɨɝɨ ɩɨ ɦɟɬɨɞɭ ɑɨɯɪɚɥɶɫɤɨɝɨ. 

ɏɚɪɚɤɬɟɪɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɞɚɧɧɨɝɨ ɬɢɩɚ ɤɪɢɫɬɚɥɥɨɜ ɹɜɥɹɸɬɫɹ: ɜɵɫɨɤɢɣ 

ɄɉȾ, ɩɨɪɹɞɤɚ 18-20%, ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɦ ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɡɧɚɱɟɧɢɢ 

30%; ɞɥɢɬɟɥɶɧɵɣ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ – ɞɨ 25 ɥɟɬ; ɬɪɟɛɨɜɚɧɢɟ ɤ ɪɚɜɧɨɦɟɪɧɨɫɬɢ 

ɨɫɜɟɳɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɡɚɳɢɬɵ ɨɬ ɨɫɚɞɤɨɜ ɢ ɝɪɹɡɢ [5]. 

− ɉɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ (multicrystalline-Si), ɩɪɨɢɡɜɟɞɟɧɧɵɯ ɜ ɬɢɝɥɹɯ 

ɦɟɬɨɞɨɦ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɋɨɫɬɨɹɬ ɢɡ ɦɧɨɠɟɫɬɜɚ 

ɪɚɡɧɨɧɚɩɪɚɜɥɟɧɧɵɯ ɤɪɢɫɬɚɥɥɢɬɨɜ. ɏɚɪɚɤɬɟɪɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɞɚɧɧɨɝɨ ɬɢɩɚ 

ɤɪɢɫɬɚɥɥɨɜ ɹɜɥɹɸɬɫɹ: ɛɨɥɟɟ ɧɢɡɤɢɣ ɄɉȾ, ɱɟɦ ɭ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ – 10-15%; 

ɫɧɢɠɟɧɧɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɜ 

ɫɪɟɞɧɟɦ ɜ 1.5 ɪɚɡɚ; ɧɢɡɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ ɤ ɧɚɝɪɟɜɭ [5]. 

 

1.2 ɉɚɧɟɥɢ ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ ɧɚ ɨɫɧɨɜɟ ɩɪɹɦɨɡɨɧɧɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ 

 

Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɄɉȾ ɫɨɥɧɟɱɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɬɚɤɠɟ ɩɪɢɦɟɧɹɸɬɫɹ 

ɬɨɧɤɨɩɥɟɧɨɱɧɵɟ ɫɨɥɧɟɱɧɵɟ ɩɚɧɟɥɢ – ɫɨɡɞɚɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɩɪɹɦɨɡɨɧɧɵɯ 
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ɩɪɨɜɨɞɧɢɤɨɜ, ɧɚɩɪɢɦɟɪ: ɬɟɥɥɭɪɢɞɚ ɤɚɞɦɢɹ (CdTe). ɏɚɪɚɤɬɟɪɧɵɦɢ 

ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɬɨɧɤɨɩɥɟɧɨɱɧɵɯ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ ɧɚ ɨɫɧɨɜɟ CdTe ɹɜɥɹɟɬɫɹ 

ɧɚɩɵɥɟɧɢɟ ɬɨɧɤɢɯ ɫɥɨɟɜ p-n ɬɢɩɚ ɬɨɥɳɢɧɨɣ 6ɦɤɦ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɨɦ 

ɩɟɪɟɞ ɤɪɟɦɧɢɟɜɵɦɢ ɩɥɚɫɬɢɧɚɦɢ ɬɨɥɳɢɧɨɣ 100-400ɦɤɦ; ɄɉȾ ~ 17%. 

ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɬɢɩɚ ɬɨɧɤɨɩɥɟɧɨɱɧɵɯ ɩɚɧɟɥɟɣ ɹɜɥɹɟɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɚɹ 

ɜɪɟɞɧɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɧɢɯ ɤɚɞɦɢɹ, ɬɪɟɛɭɸɳɢɣ ɨɫɨɛɨɣ ɬɟɯɧɨɥɨɝɢɢ 

ɨɛɪɚɳɟɧɢɹ ɢ ɭɬɢɥɢɡɚɰɢɢ. Ɍɚɤɠɟ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɬɟɥɥɭɪɢɞɚ ɜ ɡɟɦɧɨɣ ɤɨɪɟ 

ɧɚɤɥɚɞɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɞɥɹ ɦɚɫɫɨɜɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 

Ʉɨɧɰɟɧɬɪɚɬɨɪɧɵɟ ɫɨɥɧɟɱɧɵɟ ɦɨɞɭɥɢ – ɹɜɥɹɸɬɫɹ ɫɚɦɵɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ 

ɫɨɜɟɪɲɟɧɧɵɦɢ, ɧɨ ɜ ɬɨ ɠɟ ɜɪɟɦɹ – ɫɚɦɵɦɢ ɞɨɪɨɝɢɦɢ ɫɢɫɬɟɦɚɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ. ɉɨɤɚɡɚɬɟɥɢ ɄɉȾ ɬɚɤɢɯ ɫɢɫɬɟɦ ɞɨɫɬɢɝɚɸɬ 

44%. Ⱦɚɧɧɵɟ ɦɨɞɭɥɢ ɫɨɫɬɨɹɬ ɢɡ ɦɧɨɝɨɫɥɨɣɧɨɣ ɫɬɪɭɤɬɭɪɵ ɪɚɡɥɢɱɧɵɯ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɵɪɚɳɟɧɧɵɯ ɫɥɨɣ ɡɚ ɫɥɨɟɦ. ɉɪɢ 

ɩɪɢɦɟɧɟɧɢɢ ɬɚɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ – ɤɚɠɞɵɣ ɢɡ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɷɮɮɟɤɬɢɜɧɨ 

ɩɨɝɥɨɳɚɟɬ ɫɜɨɣ ɞɢɚɩɚɡɨɧ ɢɡɥɭɱɟɧɢɹ. Ɂɚɱɚɫɬɭɸ – ɬɚɤɢɟ ɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɜɦɟɫɬɟ ɫ ɨɩɬɢɱɟɫɤɢɦɢ ɥɢɧɡɚɦɢ, ɮɨɤɭɫɢɪɭɸɳɢɦɢ ɫɨɥɧɟɱɧɵɣ ɫɜɟɬ ɧɚ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɩɥɨɳɚɞɢ. ɇɟɞɨɫɬɚɬɤɚɦɢ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɦɟɯɚɧɢɡɚɰɢɢ ɫɢɫɬɟɦɵ, ɢ ɨɛɹɡɚɬɟɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɥɟɞɹɳɢɯ ɫɢɫɬɟɦ. 

 

1.3 ɉɪɢɦɟɧɟɧɢɟ ɫɨɥɧɟɱɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ 

 

ɋɨɥɧɟɱɧɚɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ - ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ, ɩɪɢɦɟɧɹɟɦɚɹ ɞɥɹ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ. Ɉɫɧɨɜɭ 

ɫɨɥɧɟɱɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɫɨɫɬɚɜɥɹɸɬ ɩɚɧɟɥɢ ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ 

ɷɧɟɪɝɢɸ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. Ƚɨɬɨɜɚɹ ɭɫɬɚɧɨɜɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ 

ɦɨɞɭɥɶɧɵɯ ɩɚɧɟɥɟɣ, ɪɚɡɦɟɳɟɧɧɵɯ ɧɚ ɨɩɨɪɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ, ɤɨɧɬɪɨɥɥɟɪɨɜ 

ɡɚɪɹɞɚ, ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ. ȼɚɠɧɭɸ ɪɨɥɶ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɢɧɜɟɪɬɨɪ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɚɤɤɭɦɭɥɹɬɨɪɚ 

ɜ ɩɟɪɟɦɟɧɧɵɣ, ɢ ɩɟɪɟɞɚɱɟ ɟɟ ɜɨ ɜɧɭɬɪɟɧɧɸɸ ɫɟɬɶ ɩɨɬɪɟɛɢɬɟɥɹ [4]. 
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ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ, ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɟɬɫɹ ɤɨɧɰɟɩɰɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ 

ɫɨɥɧɟɱɧɚɹ ɷɧɟɪɝɢɹ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɩɟɪɟɦɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɨɣ 

ɱɚɫɬɨɬɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɧɚɹ ɫɨɥɧɟɱɧɚɹ ɷɧɟɪɝɢɹ ɩɨɞɚɟɬɫɹ ɜ 

ɨɛɳɭɸ ɥɢɧɢɸ ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɨɫɟɬɢ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɞɚɧɧɵɯ ɫɢɫɬɟɦ, 

ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɜ ɧɟɣ, ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ, ɫɚɦɨɝɨ ɧɟɧɚɞɟɠɧɨɝɨ ɡɜɟɧɚ 

ɜ ɚɜɬɨɧɨɦɧɨɣ ɫɢɫɬɟɦɟ ɫ ɫɨɥɧɟɱɧɵɦɢ ɦɨɞɭɥɹɦɢ [12].  

Ɋɚɫɱɟɬɧɵɣ ɫɪɨɤ ɫɥɭɠɛɵ ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ ɢ ɢɧɜɟɪɬɨɪɚ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 

50-ɬɢ ɥɟɬ. ȼɫɹ ɷɧɟɪɝɢɹ ɨɬ ɫɨɥɧɟɱɧɵɯ ɦɨɞɭɥɟɣ ɢɞɟɬ ɧɚ ɩɢɬɚɧɢɟ 

ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɨɛɴɟɤɬɟ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢɨɪɢɬɟɬɧɨ, ɜ ɫɥɭɱɚɟ ɟɫɥɢ 

ɜɵɪɚɛɨɬɤɚ ɨɬ ɫɨɥɧɟɱɧɵɯ ɦɨɞɭɥɟɣ ɩɪɟɜɵɲɚɟɬ ɩɨɬɪɟɛɥɟɧɢɟ – ɩɨɫɬɭɩɚɸɬ ɜ ɨɛɳɭɸ 

ɷɧɟɪɝɨɫɢɫɬɟɦɭ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɢɫɬɟɦ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɫɨɥɧɟɱɧɭɸ 

ɷɧɟɪɝɢɸ ɞɥɹ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɨɜ ɝɟɧɟɪɚɬɨɪɚ ɬɚɤɢɯ ɤɚɤ: ɛɚɲɟɧɧɵɟ ɫɨɥɧɟɱɧɵɟ 

ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɫɨɥɧɟɱɧɨ-ɜɚɤɭɭɦɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɞɜɢɝɚɬɟɥɟɣ ɋɬɢɪɥɢɧɝɚ; - 

ɧɚɛɢɪɚɸɬ ɩɨɩɭɥɹɪɧɨɫɬɶ ɦɨɛɢɥɶɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɞɥɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 

ɧɟɛɨɥɶɲɢɯ ɨɛɴɟɤɬɨɜ, ɱɚɫɬɧɵɯ ɞɨɦɨɜ. Ʌɨɤɚɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɩɨɞɨɛɧɨɝɨ ɬɢɩɚ 

ɩɨɡɜɨɥɹɸɬ ɨɛɟɫɩɟɱɢɬɶ ɷɥɟɤɬɪɢɱɟɫɬɜɨɦ ɭɞɚɥɟɧɧɵɟ ɨɛɴɟɤɬɵ, ɝɞɟ ɧɟɜɨɡɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɰɟɧɬɪɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ. 

 

1.4 Ɍɢɩɵ ɫɥɟɞɹɳɢɯ ɫɢɫɬɟɦ 

 

ɋɨɥɧɟɱɧɵɟ ɩɚɧɟɥɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɜɵɪɚɛɨɬɤɭ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɢ ɭɫɥɨɜɢɢ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɫɬɪɨɝɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 

ɫɨɥɧɟɱɧɵɦ ɥɭɱɚɦ. ȼ ɫɬɚɰɢɨɧɚɪɧɵɯ ɫɢɫɬɟɦɚɯ ɞɚɧɧɵɣ ɩɟɪɢɨɞ ɩɪɨɢɫɯɨɞɢɬ ɥɢɲɶ 

ɨɞɢɧ ɪɚɡ ɡɚ ɫɜɟɬɨɜɨɣ ɞɟɧɶ, ɨɫɬɚɥɶɧɨɟ ɜɪɟɦɹ ɫɨɥɧɟɱɧɵɟ ɩɚɧɟɥɢ ɜɵɪɚɛɚɬɵɜɚɸɬ 

ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɟɪɹɹ ɫɜɨɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

[9]. ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɨɥɨɠɟɧɢɹ ɫɨɥɧɟɱɧɵɯ 

ɩɚɧɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɦɨɠɧɨ ɩɨɜɵɫɢɬɶ ɞɨ 

40%.  
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ɋɥɟɞɹɳɚɹ ɫɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ – ɫɢɫɬɟɦɵ ɫɥɟɠɟɧɢɹ ɧɚ 

ɨɫɧɨɜɟ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ, ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɤɨɪɪɟɤɬɢɪɨɜɤɨɣ ɩɨɥɨɠɟɧɢɹ 

ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ ɫ ɩɨɦɨɳɶɸ ɞɜɢɝɚɬɟɥɟɣ, ɫɟɪɜɨɩɪɢɜɨɞɨɜ. 

Ɉɞɢɧ ɢɡ ɦɟɬɨɞɨɜ ɪɟɚɥɢɡɚɰɢɢ – ɷɤɜɚɬɨɪɢɚɥɶɧɚɹ ɫɥɟɞɹɳɚɹ ɫɢɫɬɟɦɚ, ɜ 

ɤɨɬɨɪɨɣ ɪɟɝɭɥɢɪɭɟɬɫɹ ɭɝɨɥ ɧɚɤɥɨɧɚ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɬɟɱɟɧɢɟ 

ɞɧɹ ɩɨɥɨɠɟɧɢɟ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɫ ɜɨɫɬɨɤɚ ɧɚ ɡɚɩɚɞ ɩɨɥɭɱɚɹ ɦɚɤɫɢɦɚɥɶɧɵɣ 

ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɫɜɟɬɥɨɝɨ ɜɪɟɦɟɧɢ ɫɭɬɨɤ. ȼ ɞɚɧɧɵɯ ɫɢɫɬɟɦɚɯ 

ɩɪɢɦɟɧɹɸɬɫɹ ɦɟɬɨɞɵ ɤɪɟɩɥɟɧɢɹ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ ɩɨɞ ɭɝɥɨɦ 45 ° ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɞɪɭɝ ɞɪɭɝɚ, ɨɞɧɚɤɨ ɜ ɬɚɤɨɣ ɫɯɟɦɟ ɨɞɧɚ ɢɡ ɩɚɧɟɥɟɣ ɧɟ ɛɭɞɟɬ ɨɫɜɟɳɚɬɶɫɹ ɜ ɬɟɱɟɧɢɢ 

ɩɨɥɨɜɢɧɵ ɫɜɟɬɨɜɨɝɨ ɞɧɹ. Ⱦɥɹ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɨɥɨɠɟɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɪɟɥɟ, 

ɫɪɚɜɧɢɜɚɸɳɟɟ ɩɪɨɬɟɤɚɸɳɢɣ ɱɟɪɟɡ ɧɟɝɨ ɬɨɤ ɫ ɥɟɜɨɣ ɢ ɩɪɚɜɨɣ ɩɚɧɟɥɢ. 

ɇɟɞɨɫɬɚɬɤɚɦɢ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɨ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ ɜɪɚɳɟɧɢɹ, ɱɬɨ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɭɫɥɨɜɢɹɯ ɨɛɥɚɱɧɨɫɬɢ, 

ɬɭɦɚɧɚ. 

ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɫɢɫɬɟɦɵ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɨɥɨɠɟɧɢɹ ɩɨ 

ɞɜɭɦ ɨɫɹɦ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɦɚɤɫɢɦɢɡɢɪɨɜɚɬɶ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɞɚɠɟ ɜ ɭɫɥɨɜɢɹɯ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ ɩɚɧɟɥɟɣ. Ɍɚɤɠɟ, ɞɚɧɧɵɣ ɬɢɩ 

ɫɢɫɬɟɦ ɩɨɡɜɨɥɢɬ ɪɚɫɩɨɥɨɠɢɬɶ ɫɨɥɧɟɱɧɵɟ ɩɚɧɟɥɢ ɧɚ ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ, 

ɤɨɪɪɟɤɬɢɪɭɟɦɨɣ ɞɜɢɝɚɬɟɥɟɦ, ɬɟɦ ɫɚɦɵɦ – ɢɡɛɟɠɚɜ ɩɪɨɫɬɨɹ ɨɞɧɨɣ ɢɡ ɫɬɨɪɨɧ 

ɫɢɫɬɟɦɵ.  Ɉɞɧɚɤɨ, ɩɪɢ ɬɚɤɨɣ ɫɯɟɦɟ ɤɨɦɩɨɧɨɜɤɢ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɫɪɚɜɧɟɧɢɹ ɩɨɤɚɡɚɧɢɣ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɢɡ ɛɨɥɶɲɟɝɨ ɱɢɫɥɚ ɬɨɱɟɤ, ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɭɫɬɚɧɨɜɤɢ. ȼ ɞɚɧɧɵɯ ɬɢɩɚɯ ɫɢɫɬɟɦ 

ɩɪɢɦɟɧɹɸɬɫɹ ɧɟɫɤɨɥɶɤɢɯ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ, ɪɚɡɧɟɫɟɧɧɵɯ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɛɟɡ 

ɩɟɪɟɤɪɵɬɢɹ ɫɦɟɠɧɵɯ ɨɛɥɚɫɬɟɣ. 

 

1.5 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 1 

 

Ɍɚɤ ɤɚɤ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɵɟ ɞɜɭɯɨɫɟɜɵɟ ɫɥɟɞɹɳɢɟ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɹɸɬ 

ɜɵɪɚɛɚɬɵɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ ɜ ɬɟɱɟɧɢɢ ɞɧɹ ɜ ɭɫɥɨɜɢɹɯ 

ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ ɩɚɧɟɥɟɣ, ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɪɟɚɥɢɡɨɜɚɬɶ ɦɚɤɟɬɧɭɸ 
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ɦɨɞɟɥɶ ɞɚɧɧɨɝɨ ɬɢɩɚ. ɉɥɚɧɢɪɭɟɬɫɹ ɪɟɚɥɢɡɚɰɢɹ ɦɚɤɟɬɧɨɣ ɦɨɞɟɥɢ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɨɞɭɥɟɣ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ ɜ ɜɢɞɭ ɢɯ 

ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɢ.  
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2. ɋɪɟɞɫɬвɚ ɚвɬɨɦɚɬɢɡɚɰɢɢ ɞɥя ɪɟɚɥɢɡɚɰɢɢ ɫɢɫɬɟɦы ɤɨɪɪɟɤɬɢɪɨвɤɢ 

ɩɨɥɨɠɟɧɢя ɫɨɥɧɟɱɧыɯ ɩɚɧɟɥɟɣ 

 

2.1 ɋɨɡɞɚɧɢɟ Ⱥɋɍ Ɍɉ ɢ ɟɝɨ ɫɨɫɬɚɜ, ɫɨɞɟɪɠɚɧɢɟ ɪɚɛɨɬ 

 

ɉɪɨɰɟɫɫ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɫɢɫɬɟɦɵ ɧɟ ɬɨɥɶɤɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɨɧɢɬɨɪɢɧɝ ɢ 

ɤɨɧɬɪɨɥɶ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, ɧɨ ɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ, 

ɤɨɬɨɪɚɹ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɩɨɥɨɠɟɧɢɟ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ, ɞɥɹ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ. 

Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ – ɷɬɨ ɩɪɢɦɟɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɢɥɢ 

ɭɫɬɪɨɣɫɬɜ ɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɧɚɡɧɚɱɚɸɬɫɹ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 

ɤɨɧɬɪɨɥɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ. ɉɪɢ ɦɨɧɢɬɨɪɢɧɝɟ 

ɩɪɢɦɟɧɹɟɬɫɹ ɤɨɦɩɶɸɬɟɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɨɫɪɟɞɫɬɜɨɦ ɉɈ (ɩɪɨɝɪɚɦɦɧɨɟ 

ɨɛɟɫɩɟɱɟɧɢɟ), ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɶ ɨɛɴɟɤɬɨɜ 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɨɛɢɥɶɧɨɣ ɫɢɫɬɟɦɵ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ 

ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵ: 

− Ƚɚɛɚɪɢɬɵ ɫɢɫɬɟɦɵ; 

− ɉɪɢɜɨɞɵ ɫɢɫɬɟɦɵ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɨɥɨɠɟɧɢɹ; 

− Ɍɢɩ ɫɢɫɬɟɦɵ ɫɥɟɠɟɧɢɹ; 

− ɍɩɪɚɜɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ; 

− Ɋɭɱɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɫɢɫɬɟɦɨɣ; 

− ɉɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

 

2.2. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ 
 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɵɛɪɚɧɚ ɦɚɤɟɬɧɚɹ ɦɨɞɟɥɶ ɧɟɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ ɞɥɹ 

ɭɞɨɛɫɬɜɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ⱦɚɧɧɵɣ ɮɨɪɦ-ɮɚɤɬɨɪ 

ɨɬɥɢɱɚɟɬɫɹ ɧɟɛɨɥɶɲɨɣ ɫɬɨɢɦɨɫɬɶɸ ɜɵɩɨɥɧɟɧɢɹ, ɞɨɫɬɭɩɧɨɫɬɶɸ ɤɥɸɱɟɜɵɯ 

ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ. 
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2.2.1 ɋɟɪɜɨɩɪɢɜɨɞ SG 90 

 

ɋɟɪɜɨɩɪɢɜɨɞ – ɜɢɞ ɩɪɢɜɨɞɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɬɨɱɧɨ ɭɩɪɚɜɥɹɬɶ 

ɩɚɪɚɦɟɬɪɚɦɢ ɞɜɢɠɟɧɢɹ, ɜɪɚɳɚɹ ɜɚɥ ɧɚ ɬɪɟɛɭɟɦɵɣ ɭɝɨɥ, ɫ ɬɪɟɛɭɟɦɨɣ ɫɤɨɪɨɫɬɶɸ. 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɫɟɪɜɨɩɪɢɜɨɞɚ ɨɫɧɨɜɚɧ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɝɞɟ 

ɫɢɝɧɚɥ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɫɢɫɬɟɦɵ ɧɟ ɫɨɝɥɚɫɨɜɚɧ. 

Ʉɨɧɫɬɪɭɤɰɢɹ ɫɟɪɜɨɩɪɢɜɨɞɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɢɝɚɬɟɥɹ, ɞɚɬɱɢɤɚ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, 

ɭɩɪɚɜɥɹɸɳɟɣ ɫɢɫɬɟɦɵ.  

ɉɪɟɢɦɭɳɟɫɬɜɟɧɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɫɟɪɜɨɩɪɢɜɨɞɨɜ ɹɜɥɹɸɬɫɹ: 

ɫɬɚɛɢɥɶɧɨɫɬɶ ɪɚɛɨɬɵ, ɜɵɫɨɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɩɨɦɟɯɚɦ, ɧɟɛɨɥɶɲɢɟ ɝɚɛɚɪɢɬɵ, 

ɨɛɟɫɩɟɱɟɧɢɟ ɨɛɪɚɬɧɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɜɹɡɢ.  

Ƚɥɚɜɧɵɦ ɡɧɚɱɟɧɢɟɦ ɜ ɭɩɪɚɜɥɟɧɢɢ ɫɟɪɜɨɩɪɢɜɨɞɨɦ ɹɜɥɹɟɬɫɹ ɭɩɪɚɜɥɹɸɳɢɣ 

ɫɢɝɧɚɥ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɦɩɭɥɶɫɵ ɩɨɫɬɨɹɧɧɨɣ ɱɚɫɬɨɬɵ ɢ 

ɩɟɪɟɦɟɧɧɨɣ ɲɢɪɢɧɵ. Ⱦɥɢɧɚ ɢɦɩɭɥɶɫɚ – ɨɞɢɧ ɢɡ ɜɚɠɧɟɣɲɢɯ ɩɚɪɚɦɟɬɪɨɜ, 

ɨɩɪɟɞɟɥɹɸɳɢɯ ɩɨɥɨɠɟɧɢɟ ɫɟɪɜɨɩɪɢɜɨɞɚ. ɉɪɢ ɩɨɩɚɞɚɧɢɢ ɫɢɝɧɚɥɚ ɜ ɫɢɫɬɟɦɭ, 

ɝɟɧɟɪɚɬɨɪ ɩɟɪɟɞɚɟɬ ɢɦɩɭɥɶɫ, ɩɪɨɢɫɯɨɞɢɬ ɫɪɚɜɧɟɧɢɟ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɨɞɚɧɧɨɝɨ 

ɫɢɝɧɚɥɚ ɫ ɤɨɧɬɪɨɥɥɟɪɚ ɢ ɝɟɧɟɪɚɬɨɪɚ. ȿɫɥɢ ɫɢɝɧɚɥɵ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, 

ɜɤɥɸɱɚɟɬɫɹ ɷɥɟɤɬɪɨɦɨɬɨɪ, ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦ, 

ɤɚɤɨɣ ɢɡ ɢɦɩɭɥɶɫɨɜ ɤɨɪɨɱɟ, ɩɪɢ ɪɚɜɟɧɫɬɜɟ ɢɦɩɭɥɶɫɨɜ ɦɨɬɨɪ ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ.  

ɉɨ ɜɧɭɬɪɟɧɧɟɦɭ ɢɧɬɟɪɮɟɣɫɭ ɭɩɪɚɜɥɟɧɢɹ ɪɚɡɥɢɱɚɸɬ ɚɧɚɥɨɝɨɜɵɟ ɢ 

ɰɢɮɪɨɜɵɟ ɫɟɪɜɨɩɪɢɜɨɞɵ. Ⱥɧɚɥɨɝɨɜɵɟ ɫɟɪɜɨɩɪɢɜɨɞɵ ɫɨɞɟɪɠɚɬ ɫɩɟɰɢɚɥɶɧɵɟ 

ɦɢɤɪɨɫɯɟɦɵ, ɰɢɮɪɨɜɵɟ – ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɵ ɩɪɢɧɢɦɚɸɳɢɟ ɢ ɚɧɚɥɢɡɢɪɭɸɳɢɟ 

ɢɦɩɭɥɶɫɵ. 

ɐɢɮɪɨɜɵɟ ɫɟɪɜɨɩɪɢɜɨɞɵ ɯɚɪɚɤɬɟɪɧɵ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɪɚɛɨɬɵ, 

ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɛɨɥɟɟ ɡɚɬɪɚɬɧɵ ɩɨ ɪɚɫɯɨɞɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫɟɛɟɫɬɨɢɦɨɫɬɢ. 
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Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɚɤɟɬɧɨɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɫɟɪɜɨɩɪɢɜɨɞɵ SG 90 ɨɛɥɚɞɚɸɳɢɟ ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɩɨɤɚɡɚɧɧɵɦɢ ɜ 

ɬɚɛɥɢɰɟ 1: 

 

Ɍɚɛɥɢɰɚ 1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɟɪɜɨɩɪɢɜɨɞɚ SG 90 

ɇɚɡɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 

ȼɟɫ 9 ɝɪɚɦɦ 

Ɋɚɡɦɟɪɵ 21.5 ×11.8×23ɦɦ 

Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ 1.8ɤɝ/ɫɦ, 4.8ȼ 

ɒɟɫɬɟɪɧɹ ɇɟɣɥɨɧɨɜɵɣ ɤɨɦɩɥɟɤɬ ɩɟɪɟɞɚɱ 

ɋɤɨɪɨɫɬɶ ɪɚɛɨɬɵ 0.1 ɫɟɤ/60 ɝɪɚɞ, 4.8ȼ 

Ɋɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ 4.8ȼ 

Ⱦɢɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪ -15 ℃ +55 ℃ 

Ⱦɥɢɧɚ ɫɟɪɜɨɩɪɢɜɨɞɚ 25 ɫɦ 

 

Ʉɥɸɱɟɜɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɫɟɪɜɨɩɪɢɜɨɞɨɜ ɹɜɥɹɸɬɫɹ 

ɭɞɨɛɫɬɜɨ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚɦ ɧɚ ɩɥɚɬɮɨɪɦɟ AVR, ɥɟɝɤɨɫɬɶ 

ɤɨɧɫɬɪɭɤɰɢɢ. 

 

 

 

Ɋɢɫɭɧɨɤ 1 – ɋɟɪɜɨɩɪɢɜɨɞ SG 90 
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2.2.2 ɋɜɟɬɨɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɞɚɬɱɢɤ DS06 

 

Ɇɨɞɭɥɢ ɞɚɬɱɢɤɨɜ ɨɫɜɟɳɟɧɧɨɫɬɢ – ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ, 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɝɨɬɨɜɵɟ ɫɯɟɦɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɥɵ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɜ 

ɰɢɮɪɨɜɵɟ ɢɥɢ ɚɧɚɥɨɝɨɜɵɟ ɫɢɝɧɚɥɵ. ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɮɨɬɨɪɟɡɢɫɬɨɪɚ ɨɫɧɨɜɚɧ ɧɚ 

ɢɡɦɟɧɟɧɢɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ – ɩɪɢ 

ɩɚɞɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɮɨɬɨɪɟɡɢɫɬɨɪɟ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɦɟɧɹɬɶ ɥɨɝɢɤɭ 

ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ. 

Ɏɨɬɨɪɟɡɢɫɬɨɪɵ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɫɢɫɬɟɦɚɯ, ɧɚɩɪɢɦɟɪ, 

ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɭɥɢɱɧɨɝɨ ɨɫɜɟɳɟɧɢɹ, ɨɯɪɚɧɧɵɟ ɦɨɞɭɥɢ, ɫɢɫɬɟɦɵ 

ɫɥɟɠɟɧɢɹ. 

Ɉɫɧɨɜɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ 

ɫɩɟɤɬɪɭ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɩɚɞɚɸɳɟɝɨ ɫɜɟɬɚ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɨɠɟɬ ɤɪɚɬɧɨ 

ɢɡɦɟɧɹɬɶɫɹ ɢ ɩɪɢɜɨɞɢɬɶ ɤ ɧɟɤɨɪɪɟɤɬɧɨɫɬɢ ɩɨɥɭɱɚɟɦɵɯ ɫɢɫɬɟɦɨɣ ɞɚɧɧɵɯ. Ɍɚɤɠɟ 

ɧɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɚɹ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɧɚ ɢɡɦɟɧɟɧɢɟ 

ɨɫɜɟɳɟɧɧɨɫɬɢ. Ɉɞɧɚɤɨ, ɞɚɧɧɵɣ ɮɚɤɬɨɪ ɧɟ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɜ ɫɢɫɬɟɦɟ ɫɥɟɠɟɧɢɹ 

ɡɚ ɋɨɥɧɰɟɦ. ɋɢɫɬɟɦɚ ɫɥɟɠɟɧɢɹ ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɨɫɧɨɜɟ 4 ɦɨɞɭɥɟɣ MH Sensor 

Series DS06. 

 

Ɍɚɛɥɢɰɚ 2 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ MH Sensor Series DS06 

ɇɚɡɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 

Ɋɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ 3.3ȼ – 5ȼ 

Ɋɚɡɦɟɪ 3.2ɫɦ × 1.4ɫɦ 

ɋɬɚɛɢɥɢɡɚɬɨɪ ɧɚɩɪɹɠɟɧɢɟ LM393 

ȼɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ Ⱥɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ 

ɐɢɮɪɨɜɵɟ ɜɵɯɨɞɵ ɋɢɝɧɚɥɵ 0, 1 
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Ɋɢɫɭɧɨɤ 2 – H Sensor Series DS06 

 

Ʉɥɸɱɟɜɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɨɬɚ 

ɩɨɞɤɥɸɱɟɧɢɹ, ɜɵɫɨɤɚɹ ɧɚɞɟɠɧɨɫɬɶ, ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɢɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɩɨɞɫɬɪɨɟɱɧɨɝɨ ɪɟɡɢɫɬɨɪɚ, ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɚɧɚɥɨɝɨɜɵɯ ɢ ɰɢɮɪɨɜɵɯ 

ɫɢɝɧɚɥɨɜ.  

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɞɚɬɱɢɤɨɜ ɨɫɜɟɳɟɧɧɨɫɬɢ ɜɨɡɧɢɤɚɟɬ 

ɩɪɨɛɥɟɦɚ, ɩɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɭɞɚɥɟɧɧɨɫɬɢ ɞɚɬɱɢɤɨɜ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɜ ɜɢɞɭ 

ɜɨɡɧɢɤɚɸɳɟɣ ɩɟɪɟɤɪɟɫɬɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɦɟɠɞɭ ɞɚɬɱɢɤɚɦɢ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ – 

ɧɟɨɛɯɨɞɢɦɨ ɬɨɱɧɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɬɶ ɫɜɟɬɨɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɦɨɞɭɥɢ, 

ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɢɯ ɩɨɥɨɠɟɧɢɟ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ. ȼ ɚɜɬɨɧɨɦɧɨɣ ɫɢɫɬɟɦɟ 

ɬɚɤɢɟ ɧɟɞɨɫɬɚɬɤɢ – ɧɟɞɨɩɭɫɬɢɦɵ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɤɨɦɩɨɧɨɜɤɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɤɚɠɞɵɣ ɢɡ ɦɨɞɭɥɟɣ ɮɢɡɢɱɟɫɤɢ ɡɚɤɪɵɬ ɨɬ ɫɨɫɟɞɧɢɯ. 

Ɍɚɤɚɹ ɫɢɫɬɟɦɚ ɤɨɦɩɨɧɨɜɤɢ - ɩɨɜɵɲɚɟɬ ɬɨɱɧɨɫɬɶ ɩɨɥɭɱɚɟɦɵɯ ɞɚɧɧɵɯ, ɩɨɦɨɝɚɟɬ 

ɢɡɛɟɠɚɬɶ ɩɨɝɪɟɲɧɨɫɬɟɣ ɨɬ ɩɟɪɟɤɪɟɫɬɧɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ. 
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Ɋɢɫɭɧɨɤ 3 – ɉɪɢɦɟɪ ɞɟɬɚɥɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɫɜɟɬɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɦɨɞɭɥɟɣ 

 

2.2.3 ɍɩɪɚɜɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɧɚ ɨɫɧɨɜɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ 

 

Arduino Mega ɩɨɫɬɪɨɟɧɚ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ ATmega2560 (ɬɟɯɧɢɱɟɫɤɨɟ 

ɨɩɢɫɚɧɢɟ). ɉɥɚɬɚ ɢɦɟɟɬ 54 ɰɢɮɪɨɜɵɯ ɜɯɨɞɚ/ɜɵɯɨɞɨɜ (14 ɢɡ ɤɨɬɨɪɵɯ ɦɨɝɭɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɜɵɯɨɞɵ ɒɂɆ), 16 ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɨɜ, 4 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 

ɩɨɪɬɚ UART, ɤɜɚɪɰɟɜɵɣ ɝɟɧɟɪɚɬɨɪ 16 ɆȽɰ, USB ɤɨɧɧɟɤɬɨɪ, ɪɚɡɴɟɦ ɩɢɬɚɧɢɹ, 

ɪɚɡɴɟɦ ICSP. 

 

Ɍɚɛɥɢɰɚ 3 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Arduino Mega 

ɇɚɡɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATmega2560 

Ɋɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ 5ȼ 

ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɪɟɤɨɦɟɧɞɭɟɦɨɟ) 7-12ȼ 

ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɩɪɟɞɟɥɶɧɨɟ) 6-20ȼ 

ɐɢɮɪɨɜɵɟ ȼɯɨɞɵ/ȼɵɯɨɞɵ 54  (14 ɢɡ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɪɚɛɨɬɚɟɬ ɬɚɤɠɟ ɤɚɤ 

ɜɵɯɨɞɵ ɒɂɆ) 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3 

ɇɚɡɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 

Ⱥɧɚɥɨɝɨɜɵɟ ɜɯɨɞɵ 16 

ɉɨɫɬɨɹɧɧɵɣ ɬɨɤ ɱɟɪɟɡ ɜɯɨɞ/ɜɵɯɨɞ 40 ɦȺ 

ɉɨɫɬɨɹɧɧɵɣ ɬɨɤ ɞɥɹ ɜɵɜɨɞɚ 3.3ȼ 50 ɦȺ 

Ɏɥɟɲ ɩɚɦɹɬɶ 256 KB  (ɢɡ ɤɨɬɨɪɵɯ 8 ɄB ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 

ɡɚɝɪɭɡɱɢɤɚ) 

ɈɁɍ 8 KB 

ɗɧɟɪɝɨɧɟɡɚɜɢɫɢɦɚɹ ɩɚɦɹɬɶ 4 KB 

Ɍɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ 16 ɆȽɰ 

 

ɇɚ ɞɚɧɧɨɣ ɩɥɚɬɟ 16 ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɨɜ. Ʉɚɠɞɵɣ ɢɡ ɧɢɯ ɫɨɟɞɢɧɟɧ ɫ 10-

ɪɚɡɪɚɞɧɵɦ Ⱥɐɉ, ɩɨɷɬɨɦɭ ɜ ɫɤɟɬɱɟ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 1024 ɭɪɨɜɧɟɣ ɡɧɚɱɟɧɢɣ. 

Ⱦɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɡɟɦɥɟ ɧɚ ɚɧɚɥɨɝɨɜɵɯ ɩɢɧɚɯ ɩɨ 

ɭɦɨɥɱɚɧɢɸ ɪɚɜɟɧ 0-5 ȼ. Ⱦɥɹ ɫɜɹɡɢ ɫ ɤɨɦɩɶɸɬɟɪɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɢɫɬɟɦɚ 

ɜɢɪɬɭɚɥɶɧɨɝɨ COM ɩɨɪɬɚ, ɱɟɪɟɡ ɤɨɬɨɪɵɣ ɜɨɡɦɨɠɟɧ ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɦɟɠɞɭ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ ɢ ɤɨɦɩɶɸɬɟɪɨɦ.  

ȼɵɛɨɪ ɞɚɧɧɨɝɨ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɨɛɭɫɥɨɜɥɟɧ ɲɢɪɨɤɨɣ ɞɨɫɬɭɩɧɨɫɬɶɸ, 

ɧɢɡɤɨɣ ɫɬɨɢɦɨɫɬɶɸ, ɨɬɤɪɵɬɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɤɨɞɨɦ. ȼɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

ɫɨɜɦɟɫɬɢɦɵɯ ɦɨɞɭɥɟɣ, ɩɨɡɜɨɥɹɟɬ ɭɩɪɨɫɬɢɬɶ ɩɪɨɰɟɫɫ ɪɟɚɥɢɡɚɰɢɢ ɦɚɤɟɬɧɨɣ 

ɦɨɞɟɥɢ. Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜɨɛɨɞɧɨ ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɵɯ ɛɢɛɥɢɨɬɟɤ ɪɚɫɲɢɪɹɟɬ 

ɫɩɢɫɨɤ ɜɨɡɦɨɠɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ȼ ɱɚɫɬɧɨɫɬɢ, 

ɛɢɛɥɢɨɬɟɤɚ ɞɥɹ ɪɚɛɨɬɵ ɫ ɫɟɪɜɨɩɪɢɜɨɞɚɦɢ ɨɛɥɚɞɚɟɬ ɝɢɛɤɨɣ ɧɚɫɬɪɨɣɤɨɣ. 

ȼɵɛɨɪ ɦɨɞɟɥɢ Mega ɨɛɭɫɥɨɜɥɟɧ ɛɨɥɟɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɦ ɩɪɨɰɟɫɫɨɪɨɦ, 

ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɚɧɚɥɨɝɨɜɵɯ ɜɵɯɨɞɨɜ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɛɚɡɨɜɵɦɢ ɦɨɞɟɥɹɦɢ. 
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Ɋɢɫɭɧɨɤ 4 – Arduino Mega 

 

2.2.3 Ɋɭɱɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɫɢɫɬɟɦɨɣ 

 

Ⱦɥɹ ɢɫɩɨɥɧɟɧɢɹ ɪɭɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫɢɫɬɟɦɨɣ ɛɵɥ ɜɵɛɪɚɧ ɚɧɚɥɨɝɨɜɵɣ 

ɞɜɭɯɩɥɨɫɤɨɫɬɧɨɣ ɞɠɨɣɫɬɢɤ. Ⱦɚɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɲɚɪɧɢɪ, 

ɡɚɤɪɟɩɥɟɧɧɵɣ ɧɚ ɞɜɭɯ ɩɨɬɟɧɰɢɨɦɟɬɪɚɯ ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɨɫɢ X ɢ Y 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋɦɟɧɚ ɩɨɥɨɠɟɧɢɹ ɪɭɱɤɢ ɜɪɚɳɚɟɬ ɩɨɞɜɢɠɧɵɣ ɤɨɧɬɚɤɬ, 

ɢɡɦɟɧɹɸɳɢɣ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ. ɍɫɬɪɨɣɫɬɜɨ ɨɫɧɚɳɟɧɨ ɩɪɭɠɢɧɨɣ, 

ɜɨɡɜɪɚɳɚɸɳɟɣ ɪɭɱɤɭ ɜ ɢɡɧɚɱɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɨɫɥɟ ɨɬɩɭɫɤɚɧɢɹ. 

ȼɵɛɪɚɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, 

ɩɨɤɚɡɚɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 4. 

 

Ɍɚɛɥɢɰɚ 4 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ HW 504 

ɇɚɡɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ 

Ʉɨɥɢɱɟɫɬɜɨ ɨɫɟɣ 2 X, Y 

ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 2.5-5ȼ 

ȼɵɯɨɞɧɨɣ ɫɢɝɧɚɥ Ɂɧɚɱɟɧɢɟ ɞɜɭɯɨɫɧɨɝɨ ɫɦɟɳɟɧɢɹ, 

ɰɟɧɬɪɚɥɶɧɚɹ ɤɧɨɩɤɚ 

ȼɧɭɬɪɟɧɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 10 ɄɈɦ 
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Ɋɢɫɭɧɨɤ 5 – Ⱦɠɨɣɫɬɢɤ HW504 

 

2.3 ɋɪɟɞɫɬɜɚ ɪɚɡɪɚɛɨɬɤɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 

 

2.3.1 ɋɪɟɞɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ SimInTech 

 

SimInTech (Simulation In Technic) — ɫɪɟɞɚ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɪɚɫɱёɬɧɨɣ ɩɪɨɜɟɪɤɢ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɫɥɨɠɧɵɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɨɛɴɟɤɬɚɦɢ. SimInTech ɨɫɭɳɟɫɬɜɥɹɟɬ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ 

ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɢ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ 

ɤɚɱɟɫɬɜɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɡɚ ɫɱɟɬ ɩɪɨɜɟɪɤɢ ɩɪɢɧɢɦɚɟɦɵɯ 

ɪɟɲɟɧɢɣ ɧɚ ɥɸɛɨɣ ɫɬɚɞɢɢ ɩɪɨɟɤɬɚ [7]. 

SimInTech ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɞɟɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ 

ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɹɞɟɪɧɵɯ ɢ ɬɟɩɥɨɜɵɯ ɷɧɟɪɝɨɭɫɬɚɧɨɜɤɚɯ, ɜ ɫɢɫɬɟɦɚɯ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɜ ɫɥɟɞɹɳɢɯ ɩɪɢɜɨɞɚɯ ɢ ɪɨɛɨɬɚɯ, ɢ ɜ ɥɸɛɵɯ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ, ɨɩɢɫɚɧɢɟ ɞɢɧɚɦɢɤɢ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ 

ɜɢɞɟ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɢ/ɢɥɢ ɪɟɚɥɢɡɨɜɚɧɨ 

ɦɟɬɨɞɚɦɢ ɫɬɪɭɤɬɭɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɉɫɧɨɜɧɵɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ SimInTech ɹɜɥɹɸɬɫɹ ɫɨɡɞɚɧɢɟ ɦɨɞɟɥɟɣ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 
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ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ, ɢɯ ɨɬɥɚɞɤɚ ɧɚ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ, ɝɟɧɟɪɚɰɢɹ ɢɫɯɨɞɧɨɝɨ 

ɤɨɞɚ ɧɚ ɹɡɵɤɟ ɋɢ ɞɥɹ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ ɤɨɧɬɪɨɥɥɟɪɨɜ. 

Ⱦɥɹ SimInTech ɫɨɡɞɚɧɵ ɢ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɦɨɞɭɥɢ ɪɚɫɲɢɪɟɧɢɹ, 

ɩɨɡɜɨɥɹɸɳɢɟ ɫɨɡɞɚɜɚɬɶ ɦɨɞɟɥɢ ɧɚ ɛɚɡɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɤɨɞɨɜ ɢ 

ɢɧɬɟɝɪɢɪɨɜɚɬɶ ɢɯ ɜ ɤɨɦɩɥɟɤɫɧɵɟ ɦɨɞɟɥɢ ɢ ɩɪɨɟɤɬɵ. 

Ⱦɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɦɨɠɟɬ: 

− ɂɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ 

ɮɢɡɢɤɟ, ɜ ɷɥɟɤɬɪɨɬɟɯɧɢɤɟ, ɜ ɞɢɧɚɦɢɤɟ ɦɚɲɢɧ ɢ ɦɟɯɚɧɢɡɦɨɜ, ɜ ɚɫɬɪɨɧɨɦɢɢ ɢ ɬ. ɞ., 

ɚ ɬɚɤɠɟ ɞɥɹ ɪɟɲɟɧɢɹ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɡɚɞɚɱ (ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɝɢɞɪɨɞɢɧɚɦɢɤɚ 

ɢ ɞɪ.); 

− Ɏɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɜ ɦɧɨɝɨɤɨɦɩɶɸɬɟɪɧɵɯ ɦɨɞɟɥɢɪɭɸɳɢɯ 

ɤɨɦɩɥɟɤɫɚɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜ ɫɢɫɬɟɦɚɯ ɭɞɚɥɟɧɧɨɝɨ ɞɨɫɬɭɩɚ ɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɢ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ ɪɟɫɭɪɫɚɦ; 

− ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɤɚɤ ɋȺɉɊ ɩɪɢ ɝɪɭɩɩɨɜɨɣ ɪɚɡɪɚɛɨɬɤɟ ɢ 

ɫɨɩɪɨɜɨɠɞɟɧɢɢ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɢɡɞɟɥɢɹ (ɩɪɨɟɤɬɚ) ɩɪɢ ɦɨɞɟɥɶɧɨ-

ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɦ ɩɨɞɯɨɞɟ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ. 

− SimInTech ɫɨɞɟɪɠɢɬ ɛɢɛɥɢɨɬɟɤɢ ɬɢɩɨɜɵɯ ɛɥɨɤɨɜ ɞɥɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ: 

−  Ɍɟɩɥɨ-ɝɢɞɪɚɜɥɢɤɢ/ɩɧɟɜɦɚɬɢɤɢ; 

−  ɗɥɟɤɬɪɨɰɟɩɟɣ, ɜ ɞɟɣɫɬɜɭɸɳɢɯ ɢ ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ; 

−  ɋɢɥɨɜɵɯ ɦɚɲɢɧ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ/ɩɧɟɜɦɚɬɢɱɟɫɤɢɯ; 

−  Ɇɟɯɚɧɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ; 

−  Ɍɨɱɟɱɧɨɣ ɤɢɧɟɬɢɤɢ ɧɟɣɬɪɨɧɨɜ; 

−  Ȼɚɥɥɢɫɬɢɤɢ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ; 

−  Ⱦɢɧɚɦɢɤɢ ɩɨɥɟɬɚ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɜ ɚɬɦɨɫɮɟɪɟ; 

−  ɗɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢɜɨɞɨɜ. 

Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ ɜ SimInTech ɟɫɬɶ ɨɛɳɟɬɟɯɧɢɱɟɫɤɢɟ 

ɛɢɛɥɢɨɬɟɤɢ ɛɥɨɤɨɜ ɚɜɬɨɦɚɬɢɤɢ, ɜɤɥɸɱɚɸɳɢɟ ɛɨɥɟɟ 300 ɛɥɨɤɨɜ. ɋɪɟɞɢ ɧɢɯ 

ɛɢɛɥɢɨɬɟɤɢ: 
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−  Ʉɨɧɟɱɧɵɯ ɚɜɬɨɦɚɬɨɜ; 

−  Ɋɟɥɟɣɧɨɣ ɚɜɬɨɦɚɬɢɤɢ; 

−  ɇɟɱɟɬɤɨɣ ɥɨɝɢɤɢ. 

 

2.3.2 ɋɪɟɞɚ 3D ɦɨɞɟɥɢɪɨɜɚɧɢɹ Fusion 360 

 

Autodesk Fusion 360 – ɂɧɫɬɪɭɦɟɧɬ 3D-ɋȺɉɊ, CAM-ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɢ 

ɤɨɦɩɨɧɨɜɤɢ ɩɟɱɚɬɧɵɯ ɩɥɚɬ ɧɚ ɨɫɧɨɜɟ ɨɛɥɚɱɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɣ 

ɞɥɹ ɧɚɫɬɨɥɶɧɵɯ ɤɨɦɩɶɸɬɟɪɨɜ ɢ ɧɨɭɬɛɭɤɨɜ[8]. Ⱦɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɩɥɚɧɢɪɭɟɬɫɹ ɤ 

ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɨɪɩɭɫɚ ɦɚɤɟɬɚ ɦɨɛɢɥɶɧɨɣ ɫɨɥɧɟɱɧɨɣ 

ɫɬɚɧɰɢɢ. ȼɵɛɨɪ ɞɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧ ɭɞɨɛɫɬɜɨɦ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɩɨɪɧɵɯ 

ɩɨɞɞɟɪɠɟɤ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 3D ɩɟɱɚɬɢ. Ɋɟɠɢɦ ɞɨɫɬɭɩɚ ɤ ɥɢɰɟɧɡɢɢ: ɫɬɭɞɟɧɬ. 

 

2.3.3 ɋɪɟɞɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɥɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ArduinoIDE 

 

Arduino IDE — ɢɧɬɟɝɪɢɪɨɜɚɧɧɚɹ ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ ɞɥɹ Windows, MacOS ɢ 

Linux, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɧɚ ɋ ɢ C++, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢ ɡɚɝɪɭɡɤɢ 

ɩɪɨɝɪɚɦɦ ɧɚ Arduino-ɫɨɜɦɟɫɬɢɦɵɟ ɩɥɚɬɵ, ɚ ɬɚɤɠɟ ɧɚ ɩɥɚɬɵ ɞɪɭɝɢɯ 

ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ [3]. Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɤɥɚɫɫɢɱɟɫɤɨɣ ɫɪɟɞɨɣ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɥɹ ɩɥɚɬ ɫɢɫɬɟɦɵ Arduino. ȼɨɡɦɨɠɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɢɛɥɢɨɬɟɤ ɩɨɜɵɲɚɟɬ ɤɚɱɟɫɬɜɨ ɪɚɛɨɬɵ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɜɦɟɫɬɢɦɵɦ 

ɨɛɨɪɭɞɨɜɚɧɢɟɦ.  

 

2.3.4 ɋɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɟɤɬɚ 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɞɚɱɚɦɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɫɨɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɟɤɬɚ. ȼ ɛɚɡɟ ɞɚɧɧɵɯ SimInTech ɫɨɛɪɚɧɵ ɨɫɧɨɜɧɵɟ ɫɢɝɧɚɥɵ, 

ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ. Ɉɛɪɚɛɨɬɤɚ ɨɫɧɨɜɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɢ 
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ɥɨɝɢɱɟɫɤɢɯ ɡɚɞɚɱ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɚɤɠɟ ɜ ɷɬɨɦ ɩɪɨɝɪɚɦɦɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ. ɋɜɹɡɶ ɫ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ Arduino ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ COM ɩɨɪɬ. 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɫ ɜɧɟɲɧɢɦɢ 

ɭɫɬɪɨɣɫɬɜɚɦɢ, ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɜ ɩɪɨɟɤɬɟ. ɇɚɥɢɱɢɟ ɞɜɭɫɬɨɪɨɧɧɟɣ ɫɜɹɡɢ 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɩɨɤɚɡɚɧɢɹ ɫ ɜɧɟɲɧɢɯ ɭɫɬɪɨɣɫɬɜ, ɬɚɤɠɟ ɩɨɥɭɱɚɬɶ ɩɨɤɚɡɚɬɟɥɢ 

ɫ ɫɟɪɜɨɩɪɢɜɨɞɨɜ. 

 

 

Ɋɢɫɭɧɨɤ 6 – Ɉɛɳɚɹ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

 

2.4 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 2 

 

ɂɡɭɱɟɧɵ ɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɦɚɤɟɬɧɨɣ 

ɦɨɞɟɥɢ. Ɉɩɪɟɞɟɥɟɧ ɩɟɪɟɱɟɧɶ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. Ɉɩɪɟɞɟɥɟɧɵ 

ɝɚɛɚɪɢɬɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɦɚɤɟɬɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɧɨɦ 

ɨɛɟɫɩɟɱɟɧɢɢ Fusion360 
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3 Ɋɟɚɥɢɡɚɰɢя ɦɚɤɟɬɧɨɣ ɦɨɞɟɥɢ 

 

Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɩɪɨɰɟɫɫɨɜ ɢ ɫɢɫɬɟɦ ɫ 

ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ, ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɢɯ ɩɨɜɟɞɟɧɢɹ ɢɥɢ ɩɨɢɫɤɚ 

ɧɚɢɥɭɱɲɢɯ ɭɫɥɨɜɢɣ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɜɨɞɢɬɫɹ ɤ ɪɚɫɱɟɬɭ ɚɧɚɥɢɡɢɪɭɟɦɵɯ 

ɩɨɤɚɡɚɬɟɥɟɣ ɩɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɢ ɬɟɯ ɢɥɢ ɢɧɵɯ ɡɧɚɱɟɧɢɹɯ (ɢɥɢ 

ɮɭɧɤɰɢɹɯ) ɜɯɨɞɧɵɯ ɜɟɥɢɱɢɧ. Ȼɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɷɬɨɦ ɩɪɢɨɛɪɟɬɚɸɬ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɪɢ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɟɲɟɧɢɟ ɤɨɧɤɪɟɬɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ. ȼ ɤɚɱɟɫɬɜɟ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ, 

ɛɵɥɚ ɜɵɛɪɚɧɚ ɫɥɟɞɹɳɚɹ ɫɢɫɬɟɦɚ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɨɥɨɠɟɧɢɹ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ. 

ɋɨɥɧɟɱɧɵɟ ɩɚɧɟɥɢ ɫɥɭɠɚɬ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɫɥɟɠɟɧɢɟ ɜ ɬɟɱɟɧɢɢ 

ɞɧɹ ɡɚ ɋɨɥɧɰɟɦ ɩɨɦɨɝɚɟɬ ɩɨɥɭɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ 

ɬɟɱɟɧɢɢ ɫɜɟɬɨɜɨɝɨ ɞɧɹ. 

 

3.1 Ɍɪɟɛɨɜɚɧɢɹ ɤ ɫɢɫɬɟɦɟ 

 

ɋɨɫɬɚɜ ɦɨɞɟɥɢ Ⱥɋɍ: 

−  Ȼɚɡɚ ɞɚɧɧɵɯ ɫɢɝɧɚɥɨɜ; 

−  ɋɯɟɦɚ SimInTech;  

−  Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ   

− ȼɧɟɲɧɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ; 

− Ȼɥɨɤ ɜɢɡɭɚɥɢɡɚɰɢɢ. 
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Ɋɢɫɭɧɨɤ 7 – ɋɨɫɬɚɜ ɦɨɞɟɥɢ Ⱥɋɍ 

 

Ⱦɚɧɧɵɣ ɩɪɨɟɤɬ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ ɧɟɫɤɨɥɶɤɨ ɪɟɠɢɦɨɜ ɭɩɪɚɜɥɟɧɢɹ: 

− Ɋɭɱɧɨɟ ɭɩɪɚɜɥɟɧɢɟ; 

− ɉɪɹɦɨɟ ɡɚɞɚɧɢɟ ɭɝɥɚ; 

− Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ; 

− ɂɦɩɨɪɬ ɜɧɟɲɧɢɯ ɞɚɧɧɵɯ ɞɥɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. 

 

3.2 Ɋɟɚɥɢɡɚɰɢɹ 

 

Ɉɫɧɨɜɧɵɟ ɢɫɩɨɥɶɡɭɟɦɵɟ ɫɪɟɞɫɬɜɚ SimInTech: 

− Ȼɥɨɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ; 

− Ȼɚɡɚ ɞɚɧɧɵɯ ɫɢɝɧɚɥɨɜ; 

− Ȼɥɨɤ ɤɨɧɫɬɚɧɬ; 

− Ȼɥɨɤɚ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ; 

− ɋɭɛɦɨɞɟɥɢ; 

− ɋɢɝɧɚɥɵ; 

− ȼɵɜɨɞ ɞɚɧɧɵɯ; 

 

3.3 ɋɭɛɦɨɞɟɥɢ 
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Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɱɬɟɧɢɹ ɫɯɟɦɵ, ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɪɚɡɛɢɬɶ ɟё ɧɚ 

ɧɟɫɤɨɥɶɤɨ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɭɛɦɨɞɟɥɟɣ. ȼ ɞɚɧɧɵɯ ɛɥɨɤɚɯ ɪɟɚɥɢɡɨɜɚɧɵ ɦɨɞɭɥɢ 

ɜɵɩɨɥɧɹɸɳɢɟ ɩɨɫɬɚɜɥɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɢɫɬɟɦɟ.  

 

 

 

Ɋɢɫɭɧɨɤ 8 – ɋɭɛɦɨɞɟɥɢ ɜ SimInTech 

 

ɍɫɥɨɜɧɚɹ ɫɯɟɦɚ ɫɜɹɡɢ ɦɟɠɞɭ ɛɥɨɤɚɦɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 10. 

ɉɟɪɜɢɱɧɵɟ ɞɚɧɧɵɟ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɛɥɨɤɟ ɨɛɦɟɧɚ ɫɢɝɧɚɥɨɜ, ɮɢɥɶɬɪɭɸɬɫɹ, 

ɮɢɤɫɢɪɭɸɬɫɹ ɜ ɛɚɡɟ ɞɚɧɧɵɯ SimInTech. Ɂɚɬɟɦ ɫɢɝɧɚɥɵ ɢɡ ɛɚɡɵ ɞɚɧɧɵɯ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɦɨɞɟɥɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɬɟɯɧɢɱɟɫɤɢɦ ɡɚɞɚɧɢɟɦ. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ 

ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɜ ɛɥɨɤɟ ɤɚɥɢɛɪɨɜɤɢ. Ʉɚɥɢɛɪɨɜɤɚ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɬɨɱɧɨɣ 

ɨɬɥɚɞɤɢ ɩɨɤɚɡɚɧɢɣ ɫ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ, ɭɫɬɪɚɧɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ. Ɉɛɪɚɛɨɬɚɧɧɵɟ 

ɡɧɚɱɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ «ɛɥɨɤɟ ɪɟɠɢɦɨɜ» ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ. 

ɂɬɨɝɨɜɵɟ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɜɨɞɹɬɫɹ ɜ ɛɥɨɤɟ ɝɪɚɮɢɤɨɜ, ɢ ɬɚɤɠɟ 

ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɛɥɨɤ ɨɛɦɟɧɚ ɫɢɝɧɚɥɨɜ ɞɥɹ ɨɬɩɪɚɜɤɢ ɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ. 
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Ɋɢɫɭɧɨɤ 9 – ɍɫɥɨɜɧɚɹ ɫɯɟɦɚ ɫɜɹɡɢ ɫɭɛɦɨɞɟɥɟɣ 

 

Ȼɚɡɚ ɞɚɧɧɵɯ ɪɚɡɞɟɥɟɧɚ ɧɚ ɬɪɢ ɝɪɭɩɩɵ ɫɢɝɧɚɥɨɜ, ɝɪɭɩɩɚ ɫɢɝɧɚɥɨɜ «Signals» 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 10, ɝɪɭɩɩɚ ɫɢɝɧɚɥɨɜ «tst» ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 11, 

ɝɪɭɩɩɚ ɫɢɝɧɚɥɨɜ «imp» ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 12. 
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Ɋɢɫɭɧɨɤ 10 – Ȼɚɡɚ ɞɚɧɧɵɯ, ɝɪɭɩɩɚ ɫɢɝɧɚɥɨɜ Signals 

 

 

 

Ɋɢɫɭɧɨɤ 11 – Ȼɚɡɚ ɞɚɧɧɵɯ, ɝɪɭɩɩɚ ɫɢɝɧɚɥɨɜ «tst» 

 

 

 

Ɋɢɫɭɧɨɤ 12 – Ȼɚɡɚ ɞɚɧɧɵɯ, ɝɪɭɩɩɚ ɫɢɝɧɚɥɨɜ «imp» 
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ɋɭɛɦɨɞɟɥɶ «ɨɛɦɟɧɚ ɫɢɝɧɚɥɨɜ» (ɪɢɫɭɧɨɤ 8) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɥɸɱɟɜɨɣ 

ɛɥɨɤ ɞɥɹ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɫ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ. Ɉɛɳɚɹ ɫɯɟɦɚ ɪɟɚɥɢɡɚɰɢɢ 

ɞɚɧɧɨɣ ɫɭɛɦɨɞɟɥɢ ɨɬɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 13.  

 

3.3.1 ɋɭɛɦɨɞɟɥɶ «Ȼɥɨɤ ɨɛɦɟɧɚ ɫɢɝɧɚɥɨɜ» 

 

 

 

Ɋɢɫɭɧɨɤ 13 – ɋɭɛɦɨɞɟɥɶ «Ȼɥɨɤ ɨɛɦɟɧɚ ɫɢɝɧɚɥɚɦɢ» 

 

ȼɚɠɧɟɣɲɢɦ ɷɥɟɦɟɧɬɨɦ ɹɜɥɹɸɬɫɹ ɛɥɨɤɢ RS, PL. ȼ ɛɥɨɤɟ RS, 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɧɚ ɪɢɫɭɧɤɟ 14, ɧɚɫɬɪɚɢɜɚɸɬɫɹ ɮɨɪɦɚɬɵ ɩɚɤɟɬɨɜ, ɢɯ ɬɢɩ, 

ɪɚɡɦɟɪɧɨɫɬɶ, ɫɤɨɪɨɫɬɶ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ, ɲɚɝ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ, ɧɨɦɟɪ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɨɪɬɚ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɫɜɹɡɢ. Ɉɬɩɪɚɜɥɹɟɦɵɟ ɢɡ ɞɚɧɧɨɝɨ ɛɥɨɤɚ 

ɫɢɝɧɚɥɵ – ɩɪɢɧɢɦɚɸɬɫɹ ɢɡ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ, ɢ ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ PL ɛɥɨɤ ɞɥɹ 

ɮɢɥɶɬɪɚɰɢɢ. ɉɪɢɧɢɦɚɟɦɵɦɢ ɫɢɝɧɚɥɚɦɢ ɞɥɹ ɞɚɧɧɨɝɨ ɛɥɨɤɚ ɹɜɥɹɸɬɫɹ ɬɪɟɛɭɟɦɵɟ 

ɡɧɚɱɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɫɟɪɜɨɩɪɢɜɨɞɨɜ, ɤɨɬɨɪɵɟ ɨɬɩɪɚɜɥɹɸɬɫɹ ɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ. 
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Ɋɢɫɭɧɨɤ 14 – RS ɛɥɨɤ, ɫɭɛɦɨɞɟɥɶ «ɛɥɨɤ ɨɛɦɟɧɚ ɫɢɝɧɚɥɚɦɢ» 

 

ȼ ɛɥɨɤɟ PL (ɪɢɫɭɧɨɤ 15), ɪɟɚɥɢɡɨɜɚɧɚ ɮɭɧɤɰɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɩɪɢɧɢɦɚɟɦɵɯ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ ɜ ɰɟɥɵɟ ɱɢɫɥɚ, ɩɪɢɫɜɨɟɧɢɟ ɩɨɫɬɭɩɚɸɳɢɦ 

ɫɢɝɧɚɥɚɦ ɫ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɛɚɡɟ ɞɚɧɧɵɯ SimInTech. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɤɨɞɚ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɧɟɤɨɪɪɟɤɬɧɵɯ  ɡɧɚɱɟɧɢɣ, 

ɩɨɥɭɱɚɟɦɵɯ ɢɡ ɩɨɪɬɚ. 

 

 

 

Ɋɢɫɭɧɨɤ 15 – PL ɛɥɨɤ, ɫɭɛɦɨɞɟɥɶ «ɛɥɨɤ ɨɛɦɟɧɚ ɫɢɝɧɚɥɚɦɢ» 

 

ȼɵɯɨɞɧɵɦɢ ɫɢɝɧɚɥɚɦɢ ɢɡ ɞɚɧɧɨɝɨ ɛɥɨɤɚ ɹɜɥɹɸɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɧɵɟ 

ɞɚɧɧɵɟ ɢɡ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ: 

− 4 ɩɚɤɟɬɚ ɞɚɧɧɵɯ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɢɫɩɨɥɶɡɭɟɦɵɯ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ; 
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− Ɍɟɤɭɳɢɟ ɡɧɚɱɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɫɟɪɜɨɩɪɢɜɨɞɚ; 

− ɇɚɩɪɹɠɟɧɢɟ ɫ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ; 

 

3.3.2 ɋɭɛɦɨɞɟɥɶ «Ȼɥɨɤ ɪɟɠɢɦɨɜ» 
 

Ⱦɚɧɧɚɹ ɫɭɛɦɨɞɟɥɶ ɫɨɞɟɪɠɢɬ ɬɪɢ ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɟɧɢɹ, ɞɜɚ ɢɡ ɤɨɬɨɪɵɯ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɱɬɟɧɢɹ ɫɯɟɦɵ, ɛɥɨɤɢ ɪɟɚɥɢɡɭɸɳɢɟ 

ɨɩɪɟɞɟɥɟɧɧɵɣ ɪɟɠɢɦ ɭɩɪɚɜɥɟɧɢɹ ɨɬɦɟɱɟɧɵ ɰɜɟɬɚɦɢ ɧɚ ɪɢɫɭɧɤɟ 16. 

Ɋɟɠɢɦ ɡɚɞɚɧɢɹ ɭɝɥɚ ɨɬɦɟɱɟɧ ɤɪɚɫɧɵɦ ɰɜɟɬɨɦ. ȼ ɷɬɨɦ ɪɟɠɢɦɟ ɡɧɚɱɟɧɢɹ, 

ɩɨɥɭɱɚɟɦɵɟ ɢɡ ɨɤɧɚ ɨɩɟɪɚɬɨɪɚ, ɩɟɪɟɞɚɸɬɫɹ ɜ ɛɚɡɭ ɞɚɧɧɵɯ ɫɢɝɧɚɥɨɜ. 

Ɋɟɠɢɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɞɚɧɧɵɦ ɫ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ ɫɨɫɬɨɢɬ 

ɢɡ ɦɨɞɭɥɟɣ ɫɪɚɜɧɟɧɢɣ ɩɨɤɚɡɚɧɢɣ ɪɚɡɥɢɱɧɵɯ ɫɬɨɪɨɧ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ, ɢ ɛɥɨɤɚ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɨɬɜɟɱɚɸɳɟɝɨ ɡɚ ɜɵɛɪɚɧɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ, ɩɨɞɪɨɛɧɟɟ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 19. 

Ɋɟɠɢɦ ɭɩɪɚɜɥɟɧɢɹ «ɞɚɬɚ» ɨɫɧɨɜɚɧ ɧɚ ɢɦɩɨɪɬɟ ɡɧɚɱɟɧɢɣ ɢɡ ɜɧɟɲɧɟɝɨ ɮɚɣɥɚ 

ɫ ɬɪɟɛɭɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɥɨɠɟɧɢɹ ɦɚɤɟɬɧɨɣ ɦɨɞɟɥɢ. 

ȼɵɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɫɭɛɦɨɞɟɥɢ ɹɜɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ, ɝɨɬɨɜɵɟ ɤ ɨɬɩɪɚɜɤɟ ɜ 

ɫɭɛɦɨɞɟɥɶ «ɛɥɨɤ ɨɛɦɟɧɚ ɫɢɝɧɚɥɚɦɢ», ɚ ɡɚɬɟɦ ɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ. 

 

 

 

Ɋɢɫɭɧɨɤ 16 – ɋɭɛɦɨɞɟɥɶ «Ȼɥɨɤ ɪɟɠɢɦɨɜ» 
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3.3.3 Ɋɟɠɢɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ  
 

ɇɚ ɪɢɫɭɧɤɟ 17 ɩɪɟɞɫɬɚɜɥɟɧ ɚɥɝɨɪɢɬɦ ɫɪɚɜɧɟɧɢɹ ɡɧɚɱɟɧɢɣ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ 

ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɭɦɦɚɬɨɪɨɜ. ɍɫɥɨɜɧɵɟ ɩɚɪɵ ɜɵɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɧɢɹ: 

− Ʌɟɜɵɟ ɮɨɬɨɪɟɡɢɫɬɨɪɵ; 

− ɉɪɚɜɵɟ ɮɨɬɨɪɟɡɢɫɬɨɪɵ; 

− ɇɢɠɧɢɟ ɮɨɬɨɪɟɡɢɫɬɨɪɵ; 

− ȼɟɪɯɧɢɟ ɮɨɬɨɪɟɡɢɫɬɨɪɵ. 

 

  

 

Ɋɢɫɭɧɨɤ 17 – ɋɪɚɜɧɟɧɢɟ ɩɨɤɚɡɚɧɢɣ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ 

 

Ɂɚɬɟɦ ɞɚɧɧɵɟ ɩɟɪɟɞɚɸɬɫɹ ɜ ɫɭɛɦɨɞɟɥɶ «ɛɥɨɤ ɤɚɥɢɛɪɨɜɤɢ», ɝɞɟ ɩɨɩɚɪɧɨ 

ɪɚɡɛɢɜɚɸɬɫɹ ɧɚ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 

ɩɥɨɫɤɨɫɬɢ (ɪɢɫɭɧɤɟ 18). 
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Ɋɢɫɭɧɨɤ 18 – ɫɭɛɦɨɞɟɥɶ «Ȼɥɨɤ ɤɚɥɢɛɪɨɜɤɢ», ɡɧɚɱɟɧɢɹ ɩɥɨɫɤɨɫɬɢ 

 

 

 

Ɋɢɫɭɧɨɤ 19 – Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ ɩɨ ɡɧɚɱɟɧɢɹɦ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ 

 

ɉɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɡɧɚɱɟɧɢɹ «1» ɢɡ ɨɤɧɚ ɨɩɟɪɚɬɨɪɚ ɜ ɛɥɨɤ Signals_Send2, 

ɢɧɢɰɢɚɥɢɡɢɪɭɟɬɫɹ ɪɟɠɢɦ ɪɚɛɨɬɵ ɢɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɣ ɮɨɬɨɪɟɡɢɫɬɨɪɚ. 

ȼ ɛɥɨɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɧɚ ɪɢɫɭɧɤɟ 20, ɩɪɨɜɨɞɢɬɫɹ ɫɪɚɜɧɟɧɢɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɧɢɰɵ 

ɦɟɠɞɭ ɩɨɤɚɡɚɬɟɥɹɦɢ, ɟɫɥɢ ɪɚɡɧɢɰɚ ɩɪɟɜɵɲɚɟɬ ɨɲɢɛɤɭ «error» ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɩɨɜɨɪɨɬ ɭɫɬɚɧɨɜɤɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɢɥɢ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. 
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Ɋɢɫɭɧɨɤ 20 – Ȼɥɨɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɫɭɛɦɨɞɟɥɶ «Ȼɥɨɤ ɪɟɠɢɦɨɜ», ɪɟɠɢɦ 

ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ 

 

ɉɨɥɭɱɟɧɧɵɟ ɜ ɛɥɨɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɡɧɚɱɟɧɢɹ ɩɟɪɟɞɚɸɬɫɹ ɜ ɛɥɨɤ 

ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ. 

 

3.3.4 Ɋɟɠɢɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ «ɞɚɬɚ» 
 

Ɋɟɠɢɦ ɨɫɧɨɜɚɧ ɧɚ ɢɦɩɨɪɬɟ ɞɚɧɧɵɯ ɢɡ ɬɚɛɥɢɰɵ ɮɨɪɦɚɬɚ .csv. 

Ɍɚɛɥɢɰɚ ɞɥɹ ɪɚɛɨɬɵ ɪɟɠɢɦɚ ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɫɥɟɞɭɸɳɟɦ 

ɮɨɪɦɚɬɟ: 

 

Ɍɚɛɥɢɰɚ 5 – ɡɧɚɱɟɧɢɹ ɞɥɹ ɮɚɣɥɚ ɢɦɩɨɪɬɚ 

ȼɨɫɯɨɞ 

ɑɚɫɨɜ 

ȼɨɫɯɨɞ 

Ɇɢɧɭɬ 

Ɂɚɤɚɬ 

ɑɚɫɨɜ 

Ɂɚɤɚɬ 

Ɇɢɧɭɬ 

Ɍɨɱɤɚ 

ɜɨɫɯɨɞɚ ɩɨ 

ɨɫɢ X 

Ɍɨɱɤɚ 

ɡɚɤɚɬɚ ɩɨ 

ɨɫɢ X 

Ɍɨɱɤɚ 

ɜɨɫɯɨɞɚ ɩɨ 

ɨɫɢ Y 

Ɍɨɱɤɚ 

ɡɟɧɢɬɚ ɩɨ 

ɨɫɢ Y 

 

ɇɚ ɪɢɫɭɧɤɟ 21, ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɞɥɹ ɨɬɥɚɞɤɢ ɫɢɫɬɟɦɵ ɜ ɬɚɛɥɢɱɧɨɦ 

ɮɨɪɦɚɬɟ. ɋɬɪɨɤɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɩɪɟɞɟɥɟɧɧɵɣ ɞɟɧɶ. 
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Ɋɢɫɭɧɨɤ 21 – Ɍɚɛɥɢɰɚ ɞɚɧɧɵɯ ɞɥɹ ɢɦɩɨɪɬɚ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ «ɞɚɬɚ». 

 

ȼ ɛɥɨɤɟ «ɬɚɛɥɢɰɚ ɞɚɧɧɵɯ ɢɡ ɮɚɣɥɚ» ɭɤɚɡɵɜɚɟɬɫɹ ɩɭɬɶ ɤ ɮɚɣɥɭ, ɤɨɥɢɱɟɫɬɜɨ 

ɢɦɩɨɪɬɢɪɭɟɦɵɯ ɫɬɨɥɛɰɨɜ ɢɡ ɮɚɣɥɚ. Ɉɛɳɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ ɞɚɧɧɨɝɨ ɪɟɠɢɦɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ  
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Ɋɢɫɭɧɨɤ 22 – Ɍɚɛɥɢɰɚ ɞɚɧɧɵɯ ɞɥɹ ɢɦɩɨɪɬɚ ɜ ɪɟɠɢɦɟ ɪɚɛɨɬɵ «ɞɚɬɚ». 

 

Ɂɚɬɟɦ, ɬɪɟɛɭɟɦɚɹ ɫɬɪɨɤɚ ɬɚɛɥɢɰɵ, ɩɨɥɭɱɚɟɦɚɹ ɢɡ ɨɤɧɚ ɨɩɟɪɚɬɨɪɚ, 

ɩɟɪɟɞɚɟɬɫɹ ɜ ɛɥɨɤɢ «ɜɵɛɨɪɤɚ ɢɡ ɜɟɤɬɨɪɚ», ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɥɭɱɚɸɬ 

ɬɪɟɛɭɟɦɵɟ ɡɧɚɱɟɧɢɹ. Ɂɧɚɱɟɧɢɹ ɩɟɪɟɞɚɸɬɫɹ ɜ ɛɥɨɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 

ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɩɪɨɢɫɯɨɞɢɬ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɬɪɟɛɭɟɦɨɝɨ 

ɩɨɥɨɠɟɧɢɹ ɭɫɬɚɧɨɜɤɢ (ɪɢɫ.24). Ⱦɚɧɧɵɣ ɪɟɠɢɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ ɩɨɡɜɨɥɹɟɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɬɟɤɭɳɢɟ ɞɚɧɧɵɟ ɫɢɫɬɟɦɵ ɢɡ ɛɥɨɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɧɢɠɟ (ɪɢɫ.23), ɬɚɤ ɢ ɞɚɧɧɵɟ ɞɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ, ɭɤɚɡɚɧɧɵɟ ɜ 

ɛɥɨɤɚɯ ɤɨɧɫɬɚɧɬ, ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɛɥɨɤɭ. Ⱦɥɹ ɢɡɦɟɧɟɧɢɹ ɬɢɩɚ ɪɚɛɨɬɵ, 

ɧɟɨɛɯɨɞɢɦɨ ɜɪɭɱɧɭɸ ɩɟɪɟɤɥɸɱɢɬɶ ɜɯɨɞɧɵɟ ɫɢɝɧɚɥɵ ɢɡ ɬɪɟɛɭɟɦɨɝɨ ɛɥɨɤɚ. 

 

 

 

Ɋɢɫɭɧɨɤ 23 – Ȼɥɨɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɫɭɛɦɨɞɟɥɶ «Ȼɥɨɤ ɪɟɠɢɦɨɜ», 

ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ «ɞɚɬɚ». 
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Ɋɢɫɭɧɨɤ 24 – Ȼɥɨɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɫɭɛɦɨɞɟɥɶ «Ȼɥɨɤ ɪɟɠɢɦɨɜ», 

ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɪɟɠɢɦ «ɞɚɬɚ». 

 

ɉɨɥɭɱɟɧɧɵɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɛɥɨɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɡɧɚɱɟɧɢɹ ɨɤɪɭɝɥɹɸɬɫɹ 

ɞɨ ɰɟɥɵɯ ɡɧɚɱɟɧɢɣ ɜ ɩɨɫɥɟɞɭɸɳɢɯ ɛɥɨɤɚɯ, ɢ ɩɟɪɟɞɚɸɬɫɹ ɧɚ ɨɬɩɪɚɜɤɭ ɜ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ. 

 

3.3.5 ɋɭɛɦɨɞɟɥɶ «Ȼɥɨɤ ɤɚɥɢɛɪɨɜɤɢ» 
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ȼ ɫɭɛɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɬɨɱɧɨɣ ɧɚɫɬɪɨɣɤɢ ɡɧɚɱɟɧɢɣ, 

ɩɨɥɭɱɚɟɦɵɯ ɫ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɱɬɟɧɢɹ ɫɯɟɦɵ – ɫɭɛɦɨɞɟɥɶ ɪɚɡɛɢɬɚ 

ɧɚ ɫɟɝɦɟɧɬɧɵɟ ɛɥɨɤɢ. ȼ ɤɚɠɞɨɦ ɢɡ ɫɟɝɦɟɧɬɧɵɯ ɛɥɨɤɨɜ ɫɜɟɪɯɭ ɧɚɯɨɞɢɬɫɹ ɛɥɨɤ 

ɤɨɧɫɬɚɧɬɚ, ɜ ɤɨɬɨɪɭɸ ɡɚɞɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɩɨɝɪɟɲɧɨɫɬɢ ɤɚɠɞɨɝɨ ɢɡ 

ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ. ȼ ɧɢɠɧɢɣ ɛɥɨɤ ɤɨɧɫɬɚɧɬɵ ɩɟɪɟɞɚɟɬɫɹ ɢɫɯɨɞɧɨɟ ɡɧɚɱɟɧɢɟ ɫ 

ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɫ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ.  

 

 

Ɋɢɫɭɧɨɤ 25 – ɋɭɛɦɨɞɟɥɶ «Ȼɥɨɤ ɤɚɥɢɛɪɨɜɤɢ» 

 

ȼɵɯɨɞɧɵɦ ɡɧɚɱɟɧɢɟɦ ɤɚɠɞɨɝɨ ɢɡ ɫɟɝɦɟɧɬɨɜ, ɹɜɥɹɟɬɫɹ ɨɬɤɚɥɢɛɪɨɜɚɧɧɨɟ ɢ 

ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɞɪɭɝɢɯ ɛɥɨɤɚɯ ɢ 

ɫɭɛɦɨɞɟɥɹɯ. 

 

3.3.6 ɋɭɛɦɨɞɟɥɶ «Ȼɥɨɤ ɝɪɚɮɢɤɨɜ» 
 

ɋɭɛɦɨɞɟɥɶ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɡɧɚɱɟɧɢɣ ɢ ɭɞɨɛɫɬɜɚ ɢɯ 

ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. ȼ ɜɟɪɯɧɟɦ ɫɟɝɦɟɧɬɧɨɦ ɛɥɨɤɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ 

ɩɪɹɦɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɩɨɥɭɱɚɟɦɨɝɨ ɫ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ, ɬɚɤ ɢ 

ɮɢɥɶɬɪɚɰɢɹ ɡɧɚɱɟɧɢɣ. ɋɪɟɞɧɢɣ ɛɥɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɨɛɪɚɠɟɧɢɟ ɧɚ 
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ɝɪɚɮɢɤɟ ɩɪɟɨɛɪɚɡɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɫ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ. ȼ ɧɢɠɧɟɦ ɛɥɨɤɟ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɪɚɜɧɟɧɢɟ ɢ ɨɬɨɛɪɚɠɟɧɢɟ ɩɨɤɚɡɚɧɢɣ ɩɨ ɩɥɨɫɤɨɫɬɹɦ.  

 

 

 

Ɋɢɫɭɧɨɤ 26 – ɋɭɛɦɨɞɟɥɶ «Ȼɥɨɤ ɝɪɚɮɢɤɨɜ» 

 

Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɪɚɛɨɬɵ ɝɪɚɮɢɤɨɜ ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɪɚɛɨɬɵ ɪɟɠɢɦɚ 

«Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ (ɮɨɬɨɪɟɡɢɫɬɨɪɵ)». ɍɫɬɚɧɨɜɢɜɲɢɟɫɹ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɨɫɜɟɳɟɧɧɨɫɬɢ ɧɟ ɩɪɟɜɵɲɚɸɬ 1 (ɪɢɫ.27), ɦɚɤɟɬɧɚɹ ɦɨɞɟɥɶ ɩɪɢɧɹɥɚ ɩɨɥɨɠɟɧɢɟ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɫɜɟɬɚ.  
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Ɋɢɫɭɧɨɤ 27 – Ƚɪɚɮɢɤ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɩɨɤɚɡɚɧɢɣ 

 

 

 

Ɋɢɫɭɧɨɤ 28 – Ƚɪɚɮɢɤ ɪɟɚɥɶɧɨɝɨ ɢ ɨɬɮɢɥɶɬɪɨɜɚɧɧɨɝɨ ɜɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
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Ɋɢɫɭɧɨɤ 29 – Ƚɪɚɮɢɤ ɨɫɜɟɳɟɧɧɨɫɬɢ ɞɚɬɱɢɤɨɜ 

 

3.4 Ɉɤɧɨ ɨɩɟɪɚɬɨɪɚ 
 

Ɉɤɧɨ ɨɩɟɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɢɫɬɟɦɟ, 

ɜɵɛɨɪ ɪɟɠɢɦɚ ɪɚɛɨɬɵ. ȼ ɥɟɜɨɣ ɱɚɫɬɢ ɢɧɬɟɪɮɟɣɫɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɤɚɡɚɧɢɹ ɫ 4 

ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɪɚɜɧɟɧɢɟ ɩɨɤɚɡɚɧɢɣ, ɞɜɚ ɢɧɞɢɤɚɬɨɪɚ ɫɢɥɵ 

ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɠɞɨɣ ɢɡ ɩɥɨɫɤɨɫɬɟɣ. ȼ ɩɪɚɜɨɣ ɱɚɫɬɢ ɨɤɧɚ 

ɪɚɫɩɨɥɨɠɟɧɵ ɞɜɚ ɢɧɞɢɤɚɬɨɪɚ ɬɟɤɭɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɩɨ ɞɚɧɧɵɦ ɫ 

ɫɟɪɜɨɩɪɢɜɨɞɨɜ, ɢɧɞɢɤɚɬɨɪ ɬɟɤɭɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ, ɪɟɠɢɦ 

ɜɵɛɨɪɚ ɭɩɪɚɜɥɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 30 – Ɉɤɧɨ ɨɩɟɪɚɬɨɪɚ 

 

Ⱦɥɹ ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɪɟɠɢɦɚ ɭɩɪɚɜɥɟɧɢɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɫ ɞɠɨɣɫɬɢɤɚ 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ 1 ɪɟɠɢɦ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ SimInTech ɧɟ ɛɭɞɟɬ ɜɥɢɹɬɶ ɧɚ 

ɪɚɛɨɬɭ ɭɫɬɚɧɨɜɤɢ. ɉɪɢ ɜɵɛɨɪɟ ɪɟɠɢɦɚ ɪɚɛɨɬɵ «ɡɚɞɚɧɢɟ ɭɝɥɚ ɧɚɩɪɹɦɭɸ» 

ɧɟɨɛɯɨɞɢɦɨ ɭɤɚɡɚɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɥɹ ɬɪɟɛɭɟɦɵɟ ɡɧɚɱɟɧɢɹ ɢ ɧɚɠɚɬɶ 

ɤɧɨɩɤɭ, ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɧɢɠɟ. ɉɪɢ ɪɟɠɢɦɟ ɭɩɪɚɜɥɟɧɢɹ «Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ 

(ɮɨɬɨɪɟɡɢɫɬɨɪɵ)» ɛɭɞɟɬ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɩɨɥɨɠɟɧɢɹ 

ɭɫɬɚɧɨɜɤɢ ɩɨ ɦɚɤɫɢɦɚɥɶɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ ɫ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ. Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɪɟɠɢɦɚ ɭɩɪɚɜɥɟɧɢɹ «Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ (ɞɚɬɚ)», ɧɟɨɛɯɨɞɢɦɨ ɫɧɚɱɚɥɚ ɭɤɚɡɚɬɶ 

ɬɪɟɛɭɟɦɨɟ ɡɧɚɱɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɞɧɸ ɜ ɬɚɛɥɢɰɟ, ɡɚɬɟɦ ɜɵɛɪɚɬɶ ɞɚɧɧɵɣ 

ɪɟɠɢɦ. 
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Ɋɢɫɭɧɨɤ 31 – ɋɤɪɢɩɬ ɨɤɧɚ ɨɩɟɪɚɬɨɪɚ 

 

3.5 ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɞ Arduino  

 

ɉɨɥɧɨɫɬɶɸ ɩɪɨɝɪɚɦɦɧɵɣ ɫɤɟɬɱ-ɤɨɞ ɞɥɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ Arduino 

MEGA, ɩɪɢɜɟɞɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ, Ⱥ.  

Ʉɥɸɱɟɜɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ, ɬɪɟɛɭɸɳɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɜɧɢɦɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɥɟɟ ɜ ɬɚɛɥɢɰɟ 6.  

 

Ɍɚɛɥɢɰɚ 6 – Ɏɭɧɤɰɢɢ Arduino IDE 

void send2byte(int num) 

{ 

  byte a, b;   
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 6 

a = byte(num >> 8); 

  b = byte(num); 

  Serial.write(a); 

  Serial.write(b); 

} 

void senddata() 

{ 

  send2byte(voltage); 

  send2byte(lightness1); 

  send2byte(lightness2); 

  send2byte(lightness3); 

  send2byte(lightness4); 

  Serial.write(round(angleX)); 

  Serial.write(round(angleY)); 

} 

void getdata() 

{ 

  if (Serial.available() > 0) 

  { 

int x = Serial.read(); 

    int y = Serial.read(); 

    else anglesX=angleX; 

    if (y > 0) anglesY = int(y); 

    else anglesY=angleY; 

  } 

} 

 

Ɏɭɧɤɰɢɹ «send2byte» ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɬɩɪɚɜɤɢ ɞɜɭɯɛɚɣɬɨɜɵɯ 

ɡɧɚɱɟɧɢɣ. Ⱦɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɩɨɥɭɱɟɧɢɹ ɨɬɩɪɚɜɥɹɟɦɵɯ ɡɧɚɱɟɧɢɣ, ɜ ɞɨɫɬɭɩɧɵɯ 

ɞɢɚɩɚɡɨɧɚɯ ɜɫɟɯ ɜɧɟɲɧɢɯ ɭɫɬɪɨɣɫɬɜ, ɜ SimInTech ɛɵɥɨ ɪɟɲɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɞɜɭɯɛɚɣɬɨɜɵɟ ɩɚɤɟɬɵ ɞɚɧɧɵɯ. Ɏɭɧɤɰɢɹ «senddata» ɨɬɩɪɚɜɥɹɟɬ ɜ ɩɨɪɬ ɩɚɤɟɬɵ 

ɞɚɧɧɵɯ. ȼ ɮɢɥɶɬɪɭɸɳɟɦ ɛɥɨɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫɭɛɦɨɞɟɥɢ «Ȼɥɨɤ ɨɛɦɟɧɚ 



44 

 

ɫɢɝɧɚɥɨɜ» ɜɯɨɞɧɵɟ ɫɢɝɧɚɥɵ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɜ ɫɬɪɨɝɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɨɬɩɪɚɜɥɟɧɧɵɯ ɩɚɤɟɬɧɵɯ ɞɚɧɧɵɯ. Ɏɭɧɤɰɢɹ «getdata» ɜ 

ɞɚɧɧɨɦ ɩɪɢɦɟɪɟ ɩɪɨɜɟɪɹɟɬ ɡɚɝɪɭɠɟɧɧɨɫɬɶ ɩɨɪɬɚ ɩɨɞɤɥɸɱɟɧɢɹ, ɡɚɬɟɦ ɩɪɢɧɢɦɚɟɬ 

ɞɚɧɧɵɟ ɨ ɬɪɟɛɭɟɦɨɦ ɩɨɥɨɠɟɧɢɢ ɫɟɪɜɨɩɪɢɜɨɞɨɜ. Ȼɟɡ ɟё ɢɫɩɨɥɶɡɨɜɚɧɢɹ – 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɧɟ ɫɦɨɠɟɬ ɤɨɪɪɟɤɬɧɨ ɩɟɪɟɞɚɜɚɬɶ ɢ ɩɨɥɭɱɚɬɶ ɡɧɚɱɟɧɢɹ ɩɨɪɬɚ. 

 

3.6 Ɇɚɤɟɬɧɚɹ ɦɨɞɟɥɶ  
 

Ⱦɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɩɟɱɚɬɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 

ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ Fusion360. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɡɦɟɪɚɦɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɦɢ 

ɜɵɛɨɪɨɦ ɤɨɦɩɨɧɟɧɬɨɜ, ɬɢɩɨɦ ɤɨɦɩɨɧɨɜɤɢ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ ɛɵɥɢ 

ɫɩɪɨɟɤɬɢɪɨɜɚɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ. Ʉɪɟɫɬɨɜɢɧɚ ɞɥɹ 

ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3. ɉɨɞɫɬɚɜɤɚ, ɷɥɟɦɟɧɬɵ ɤɪɟɩɥɟɧɢɹ ɞɥɹ 

ɨɫɟɜɵɯ ɫɟɪɜɨɩɪɢɜɨɞɨɜ, ɩɥɚɧɤɚ ɤɪɟɩɥɟɧɢɹ, ɧɚɜɟɫɧɵɯ ɦɨɞɭɥɟɣ ɢɡɨɛɪɚɠɟɧɵ ɧɚ 

ɪɢɫɭɧɤɚɯ 32, 33, 34. 

 

  

 

Ɋɢɫɭɧɨɤ 32 – ɉɪɨɮɢɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɦɚɤɟɬɚ 
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Ɋɢɫɭɧɨɤ 33 – Ɏɪɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɦɚɤɟɬɚ 

 

 

 

Ɋɢɫɭɧɨɤ 34 – Ɏɪɨɧɬɚɥɶɧɚɹ ɩɪɨɟɤɰɢɹ ɦɚɤɟɬɚ ɩɨɞ ɭɝɥɨɦ 
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3.7 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 3 

 

Ȼɵɥɚ ɫɨɡɞɚɧɚ ɦɚɤɟɬɧɚɹ ɦɨɞɟɥɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɚɜɥɟɧɧɵɦɢ 

ɬɪɟɛɨɜɚɧɢɹɦɢ. Ɋɟɚɥɢɡɨɜɚɧɵ 4 ɪɟɠɢɦɚ ɪɚɛɨɬɵ. ɉɨɤɚɡɚɬɟɥɢ ɦɨɞɟɥɢ ɢɧɮɨɪɦɚɬɢɜɧɨ 

ɢ ɧɚɝɥɹɞɧɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɨɤɧɟ ɨɩɟɪɚɬɨɪɚ. Ɋɟɚɥɢɡɨɜɚɧ ɮɭɧɤɰɢɨɧɚɥ ɨɬɥɚɞɤɢ ɢ 

ɤɚɥɢɛɪɨɜɤɢ.  
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ, ɨɫɭɳɟɫɬɜɥɟɧ ɨɛɡɨɪ 

ɩɪɢɦɟɧɹɟɦɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɨɛɥɚɫɬɢ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɭɬɟɦ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɨɥɧɟɱɧɨɝɨ ɫɜɟɬɚ. Ȼɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɦɨɞɟɥɶ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɨɠɟɧɢɟɦ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ. 

Ɋɟɚɥɢɡɨɜɚɧ ɮɭɧɤɰɢɨɧɚɥ ɨɬɥɚɞɤɢ ɢ ɬɨɱɧɨɣ ɩɪɨɝɪɚɦɦɧɨɣ ɧɚɫɬɪɨɣɤɢ ɜɧɟɲɧɢɯ 

ɦɨɞɭɥɟɣ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɫɨɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɨɛɥɚɞɚɸɳɢɯ 

ɧɟɫɤɨɥɶɤɢɦɢ ɪɟɠɢɦɚɦɢ ɭɩɪɚɜɥɟɧɢɹ: 

− ɉɪɹɦɨɟ ɭɩɪɚɜɥɟɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɧɟɲɧɟɝɨ ɭɫɬɪɨɣɫɬɜɚ; 

− Ɂɚɞɚɧɢɟ ɭɝɥɚ; 

− Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ ɩɨ ɩɨɤɚɡɚɧɢɹɦ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ; 

− Ⱥɜɬɨɦɚɬɢɱɟɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɨ ɬɪɟɛɭɟɦɨɣ ɞɚɬɟ. 

ɂɫɩɨɥɧɟɧɚ ɞɜɭɫɬɨɪɨɧɧɹɹ ɫɜɹɡɶ SimInTech ɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ Arduino. 

ȼɨɩɥɨɳɟɧɨ ɜɧɟɲɧɟɟ ɭɩɪɚɜɥɟɧɢɟ ɫɟɪɜɨɩɪɢɜɨɞɚɦɢ ɩɨɫɪɟɞɫɬɜɨɦ ɫɪɟɞɵ SimInTech. 

ɋɩɪɨɟɤɬɢɪɨɜɚɧɚ ɢ ɨɫɭɳɟɫɬɜɥɟɧɚ ɦɚɤɟɬɧɚɹ ɦɨɞɟɥɶ, ɧɚ ɛɚɡɟ ɤɨɬɨɪɨɣ ɩɪɨɜɨɞɢɥɨɫɶ 

ɬɟɫɬɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ.   

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɞɜɭɯɨɫɟɜɵɯ ɫɥɟɞɹɳɢɯ ɫɢɫɬɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɥɨɠɟɧɢɹ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ. 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɩɨɥɭɱɟɧɵ ɡɧɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɪɚɛɨɬɵ ɫɨ ɫɪɟɞɨɣ 

SimInTech, ɜ ɱɚɫɬɧɨɫɬɢ ɩɨɞɤɥɸɱɟɧɢɹ ɜɧɟɲɧɢɯ ɭɫɬɪɨɣɫɬɜ ɢ ɢɯ ɭɩɪɚɜɥɟɧɢɹ, 

ɩɨɞɤɥɸɱɟɧɢɹ ɜɧɟɲɧɢɯ ɮɚɣɥɨɜ, ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɨɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ. ɉɨɥɭɱɟɧɵ ɡɧɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ, ɜ 

ɱɚɫɬɨɬɧɨɫɬɢ Arduino. ɉɨɥɭɱɟɧɵ ɡɧɚɧɢɹ ɜ ɫɮɟɪɟ 3D ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 

ɩɨɫɥɟɞɭɸɳɟɣ ɩɟɱɚɬɢ ɨɛɴɟɤɬɚ.  
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɍȿɆɕɏ ɂɋɌɈɑɇɂɄɈȼ  
 

1 Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : 

Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ // ɋɩɪɚɜɨɱɧɚɹ ɫɢɫɬɟɦɚ «ɋɩɪɚɜɨɱɧɢɤ». 

– Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://spravochnick.ru/informacionnye_tehnologii/setevye_informacionnye_sistemy/

avtomatizirovannye_sistemy_upravleniya/. 

2 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ, ɭɫɬɚɧɨɜɤɚ, ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɨɥɧɟɱɧɵɯ ɩɚɧɟɥɟɣ 

[ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]: ɋɨɥɧɟɱɧɵɟ ɩɚɧɟɥɢ, ɷɤɫɩɥɭɚɬɚɰɢɹ // ɫɩɪɚɜɨɱɧɚɹ 

ɢɧɮɨɪɦɚɰɢɹ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.helios-house.ru/. 

3 Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɫɢɫɬɟɦɵ Arduino [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : Arduino 

// ɤɨɧɬɪɨɥɥɟɪɵ Arduino. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ http://arduino.ru/ 

4 ɋɟɬɟɜɚɹ ɫɨɥɧɟɱɧɚɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ. [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : 

Ⱥɥɶɬɟɪɧɚɬɢɜɧɚɹ ɷɤɨɥɨɝɢɹ // ɋɟɬɟɜɚɹ ɫɨɥɧɟɱɧɚɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ. ɉɪɢɧɰɢɩ 

ɩɨɫɬɪɨɟɧɢɹ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: https://www.altecology.ru/article/setevaya-

solnechnaya-elektrostanciya-princip-postroeniya-i-srok-okupaemosti/ 

5 Ƚɟɪɦɚɧɨɜɢɱ, ȼ. Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɟ ɢɫɬɨɱɧɢɤɢ ɷɧɟɪɝɢɢ ɢ 

ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ / ȼ. Ƚɟɪɦɚɧɨɜɢɱ, Ⱥ. Ɍɭɪɢɥɢɧ – ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ : ɇɚɭɤɚ ɢ 

Ɍɟɯɧɢɤɚ, 2014. – 320 ɫ. 

6 Ɇɚɤ-ȼɟɣɝ, Ⱦ. ɉɪɢɦɟɧɟɧɢɟ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ / Ⱦ. Ɇɚɤ-ȼɟɣɝ – 

Ɇɨɫɤɜɚ: ɗɧɟɪɝɨɢɡɞɚɬ, 1981. – 216 ɫ. 

7 ɋɩɪɚɜɨɱɧɚɹ ɫɢɫɬɟɦɚ SimInTech [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : 

Ɉɮɢɰɢɚɥɶɧɵɣ ɫɚɣɬ SimInTech. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://help.simintech.ru/#o_simintech/o_simintech.html 

8 Ɉɛɭɱɚɸɳɢɟ ɪɟɫɭɪɫɵ ɩɨ Fusion 360 [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ] : 

Ɉɮɢɰɢɚɥɶɧɵɣ ɫɚɣɬ Fusion 360. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://www.autodesk.com/products/fusion-360/overview 

9 ɏɚɪɱɟɧɤɨ, ɇ.ȼ. ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ ɫɨɥɧɟɱɧɵɟ ɭɫɬɚɧɨɜɤɢ / ɇ.ȼ. 

ɏɚɪɱɟɧɤɨ – Ɇɨɫɤɜɚ : ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1991. – 208 ɫ. 

https://spravochnick.ru/informacionnye_tehnologii/setevye_informacionnye_sistemy/avtomatizirovannye_sistemy_upravleniya/
https://spravochnick.ru/informacionnye_tehnologii/setevye_informacionnye_sistemy/avtomatizirovannye_sistemy_upravleniya/
https://www.helios-house.ru/
http://arduino.ru/
https://www.altecology.ru/article/setevaya-solnechnaya-elektrostanciya-princip-postroeniya-i-srok-okupaemosti/
https://www.altecology.ru/article/setevaya-solnechnaya-elektrostanciya-princip-postroeniya-i-srok-okupaemosti/
https://help.simintech.ru/#o_simintech/o_simintech.html
https://www.autodesk.com/products/fusion-360/overview
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

 

Ʉɨɞ Arduino IDE 

 

#include <Servo.h> 

//ɉɢɧɵ ɩɨɞɤɥɸɱɟɧɢɹ Ⱦɠɨɣɫɬɢɤɚ 

#define JOY_X_PIN A0 

#define JOY_Y_PIN A1 

//ɉɢɧɵ ɩɨɞɤɥɸɱɟɧɢɹ Ɏɨɬɨɪɟɡɢɫɬɨɪɚ 

// 2 - 4 

// 1 - 3 

#define LDR_1_PIN A2 //ɥɟɜɵɣ ɧɢɠɧɢɣ 

#define LDR_2_PIN A3 //ɥɟɜɵɣ ɜɟɪɯɧɢɣ 

#define LDR_3_PIN A4 //ɩɪɚɜɵɣ ɧɢɠɧɢɣ 

#define LDR_4_PIN A5 //ɩɪɚɜɵɣ ɜɟɪɯɧɢɣ 

#define VLT_0_PIN A6 

#define VLT_1_PIN A7 

// ɉɢɧɵ ɢ ɭɝɥɵ ɩɨɜɨɪɨɬɚ ɫɟɪɜɨɩɪɢɜɨɞɨɜ 

#define SERVO_X_PIN 9 

#define SERVO_Y_PIN 8 

#define SERVO_X_ANGLE 180.0 

#define SERVO_Y_ANGLE 180.0 

// ɩɟɪɟɦɟɧɧɚɹ ɯɪɚɧɟɧɢɹ ɜɪɟɦɟɧɢ 

uint32_t myTimer; 

int period = 100;  

const int speed =1; 

int joyX = 0, joyY = 0; 

int angleX = 90, angleY = 90; 

int anglesX = 90, anglesY = 90; 

int lightness1 = 0, lightness2 = 0, lightness3 = 0, lightness4 = 0; 

int voltage = 0; 

Servo myservoX; 

Servo myservoY; 

void setup() 
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{ 

  //ɡɚɞɚɧɢɟ ɩɢɧɨɜ ɫɟɪɜɨɩɪɢɜɨɞɚɦ 

  myservoX.attach(SERVO_X_PIN); 

  myservoY.attach(SERVO_Y_PIN); 

  angleX=myservoX.read(); 

  angleY=myservoY.read(); 

    Serial.begin(57600); 

  while (!Serial) { 

  } 

  myTimer = millis(); 

} 

 

// Ɏɭɧɤɰɢɹ ɞɥɹ ɨɬɩɪɚɜɤɢ ɞɜɭɯɛɚɣɬɨɜɵɯ ɡɧɚɱɟɧɢɣ 

void send2byte(int num) 

{ 

  byte a, b; 

  a = byte(num >> 8); 

  b = byte(num); 

  Serial.write(a); 

  Serial.write(b); 

} 

// Ɏɭɧɤɰɢɹ ɨɬɩɪɚɜɤɢ ɡɧɚɱɟɧɢɣ ɜ ɩɨɪɬ 

void senddata() 

{ 

  send2byte(voltage); 

  send2byte(lightness1); 

  send2byte(lightness2); 

  send2byte(lightness3); 

  send2byte(lightness4); 

  Serial.write(round(angleX)); 

  Serial.write(round(angleY)); 

} 

// Ɏɭɧɤɰɢɹ ɩɨɥɭɱɟɧɢɹ ɡɧɚɱɟɧɢɣ ɭɝɥɚ ɫ ɩɨɪɬɚ (ɪɚɡɦɟɪɧɨɫɬɶ 1 ɛɚɣɬ, ɭɝɨɥ ɞɨ 255) 

void getdata() 

{ 
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  if (Serial.available() > 0) 

  { 

    int x = Serial.read(); 

    int y = Serial.read(); 

    if (x > 0) anglesX = int(x); 

    else anglesX=angleX; 

    if (y > 0) anglesY = int(y); 

    else anglesY=angleY; 

  } 

} 

// Ɏɭɧɤɰɢɹ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɫ ɚɧɚɥɨɝɨɜɵɯ ɩɨɪɬɨɜ, ɮɨɬɨɪɟɡɢɫɬɨɪ+ɧɚɩɪɹɠɟɧɢɟ  

void readAdata() 

{ 

  lightness1 = 1023 - analogRead(LDR_1_PIN); 

  lightness2 = 1023 - analogRead(LDR_2_PIN); 

  lightness3 = 1023 - analogRead(LDR_3_PIN); 

  lightness4 = 1023 - analogRead(LDR_4_PIN); 

  // ɧɚɩɪɹɠɟɧɢɟ 

  int voltage_value0 = analogRead(VLT_0_PIN); 

  int voltage_value1 = analogRead(VLT_1_PIN); 

  voltage =abs(voltage_value0 - voltage_value1); 

} 

 

// Ɏɭɧɤɰɢɹ ɩɨɜɨɪɨɬɚ ɫɟɪɜɨɞɜɢɝɚɬɟɥɟɣ ɧɚ ɭɝɥɵ x ɢ y 

void setangle() 

{ 

  if (anglesX>angleX) angleX+=speed; 

  if (anglesX<angleX) angleX-=speed; 

  if (anglesY>angleY) angleY+=speed; 

  if (anglesY<angleY) angleY-=speed; 

  angleX = constrain(angleX, 1, SERVO_X_ANGLE); 

  angleY = constrain(angleY, 20, SERVO_Y_ANGLE); 

  myservoX.write(round(angleX)); 

  myservoY.write(round(angleY)); 

} 
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void joystick() 

{ 

  //ɋɱɢɬɵɜɚɟɦ ɩɨɤɚɡɚɧɢɹ ɫ ɞɠɨɣɫɬɢɤɚ 

  joyX = (analogRead(JOY_X_PIN) / 64.0) - 8; 

  joyY = (analogRead(JOY_Y_PIN) / 64.0) - 8; 

   

  //Ɋɚɫɱɢɬɵɜɚɟɦ ɡɧɚɱɟɧɢɟ ɭɝɥɚ 

  angleX += int(joyX); 

  angleY += int(joyY); 

  angleX = constrain(angleX, 1, SERVO_X_ANGLE); 

  angleY = constrain(angleY, 20, SERVO_Y_ANGLE); 

} 

 

void loop() 

{ 

  if (millis() - myTimer >= period) { 

    myTimer += period; 

     

    getdata(); 

    joystick();  

    setangle(); 

    readAdata(); 

    senddata(); 

      

  } 

} 
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