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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɨɜɵɲɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɩɪɢɜɨɞɚ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ 
ɩɨɞɩɨɥɶɹ ɡɞɚɧɢɹ ɜ ɡɨɧɟ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ» ɫɨɞɟɪɠɢɬ 65 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 
ɞɨɤɭɦɟɧɬɚ, 22 ɢɥɥɸɫɬɪɚɰɢɢ, 21 ɮɨɪɦɭɥɭ, 49 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɉɪɨɟɤɬ ɨɬɧɨɫɢɬɫɹ ɤ ɨɛɥɚɫɬɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɜ ɱɚɫɬɧɨɫɬɢ ɦɨɠɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ ɨɝɪɚɠɞɟɧɢɹ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ ɩɨɞɩɨɥɶɹ ɡɞɚɧɢɹ 
ɢɥɢ ɫɨɨɪɭɠɟɧɢɹ, ɨɛɥɚɞɚɸɳɟɝɨ ɫɩɨɫɨɛɧɨɫɬɶɸ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɩɪɨɜɟɬɪɢɜɚɧɢɹ ɢ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɪɚɫɬɟɩɥɟɧɢɹ ɝɪɭɧɬɚ ɜ ɡɨɧɟ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ ɩɭɬɟɦ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɨɯɥɚɠɞɟɧɢɹ ɝɪɭɧɬɚ.  

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɡɚɞɚɱɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɫ ɭɱɟɬɨɦ ɞɨɥɝɨɫɪɨɱɧɵɯ ɩɪɨɝɧɨɡɨɜ ɢ ɭɩɪɚɜɥɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɪɟɠɢɦɨɦ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɣ, ɫɩɨɫɨɛɧɵɯ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ 
ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɬɟɩɥɨɩɪɢɬɨɤɨɜ ɞɥɹ ɫɭɳɟɫɬɜɭɸɳɢɯ, ɫɬɪɨɹɳɢɯɫɹ ɢ 
ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɫɨɨɪɭɠɟɧɢɣ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɨɞɟɥɢ ɩɪɢɜɨɞɚ 
ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɦɟɬɨɞɵ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɪɚɛɨɬɵ ɩɪɢɜɨɞɚ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɬɪɟɛɭɟɬɫɹ ɪɟɲɟɧɢɟ ɫɥɟɞɭɸɳɢɯ 
ɡɚɞɚɱ:  

1) Ⱥɧɚɥɢɡ ɦɟɬɨɞɨɜ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɩɪɢɜɨɞɚ 
ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ;  

2) ɉɨɫɬɪɨɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɚ ɬɚɤɠɟ 
ɩɨɫɬɪɨɟɧɢɟ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɫɪɟɞɟ 
MATLAB&Simulink , ɢ ɟɝɨ ɚɧɚɥɢɡ; 

3) Ɋɚɡɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɨɞɟɥɢ ɪɚɛɨɬɵ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 
ɩɪɢɜɨɞɚ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ; 

4) Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ. 
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ȼȼȿȾȿɇɂȿ 

 

Ⱥɤɬɭɚɥɶɧɨɣ ɢ ɨɫɬɪɨɣ ɩɪɨɛɥɟɦɨɣ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɹɜɥɹɸɬɫɹ ɫɥɨɠɧɵɟ 

ɭɫɥɨɜɢɹ ɋɟɜɟɪɧɵɯ ɪɟɝɢɨɧɨɜ ɧɚɲɟɣ ɫɬɪɚɧɵ. Ɉɧɢ ɨɩɪɟɞɟɥɹɸɬ ɫɩɟɰɢɚɥɶɧɵɟ 

ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ, ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɨɨɪɭɠɟɧɢɣ. 

ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɧɚ ɜɟɱɧɨɦɟɪɡɥɵɯ ɝɪɭɧɬɚɯ ɩɨɹɜɥɹɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɩɪɨɛɥɟɦ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ, ɩɨɫɤɨɥɶɤɭ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜ ɞɚɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɱɪɟɡɜɵɱɚɣɧɨ ɨɩɚɫɧɵ. 

ȼ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɝɪɚɠɞɚɧɫɤɢɯ ɡɞɚɧɢɣ ɜ ɋɟɜɟɪɧɵɯ ɪɟɝɢɨɧɨɜ ɛɨɥɶɲɢɟ 

ɡɚɬɪɚɬɵ ɧɟɫɭɬ ɜ ɫɟɛɟ ɜɨɡɜɟɞɟɧɢɟ ɮɭɧɞɚɦɟɧɬɨɜ. Ɉɧɢ ɫɨɫɬɚɜɥɹɸɬ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 30-40% ɨɬ ɨɛɳɟɣ ɫɬɨɢɦɨɫɬɢ ɡɞɚɧɢɹ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɪɟɝɢɨɧɚɦɢ, ɝɞɟ ɧɟ ɩɪɟɨɛɥɚɞɚɸɬ ɜɟɱɧɨɦɟɪɡɥɵɟ ɝɪɭɧɬɵ, 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬ ɩɨ ɜɨɡɜɟɞɟɧɢɸ ɮɭɧɞɚɦɟɧɬɨɜ ɞɨɫɬɢɝɚɟɬ 70% 

ɨɛɳɟɝɨ ɫɪɨɤɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɞɚɧɢɹ. 

Ⱦɥɹ ɪɟɝɢɨɧɨɜ, ɝɞɟ ɩɪɟɨɛɥɚɞɚɸɬ ɜɟɱɧɨɦɟɪɡɥɵɟ ɝɪɭɧɬɵ, 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɪɟɲɟɧɢɟɦ, ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɹɜɥɹɸɬɫɹ ɩɪɨɜɟɬɪɢɜɚɟɦɵɟ 

ɩɨɞɩɨɥɶɹ. ɇɨ ɞɚɧɧɨɟ ɪɟɲɟɧɢɟ ɧɟ ɜɫɟɝɞɚ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ, ɩɨɫɤɨɥɶɤɭ 

ɩɪɢ ɢɦɟɸɳɢɯɫɹ ɦɨɤɪɵɯ ɩɪɨɰɟɫɫɚɯ ɜɧɭɬɪɢ ɡɞɚɧɢɹ ɫɨɯɪɚɧɢɬɶ ɝɪɭɧɬ ɜ ɦɟɪɡɥɨɦ 

ɫɨɫɬɨɹɧɢɢ ɧɟ ɜɫɟɝɞɚ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. 

ɂɡ-ɡɚ ɷɬɨɝɨ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɫɨɜɪɟɦɟɧɧɵɯ 

ɦɟɬɨɞɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɬɚɤɢɯ ɡɚɬɪɭɞɧɟɧɧɵɯ ɭɫɥɨɜɢɹɯ, ɤɨɬɨɪɵɟ ɛɵ ɢɦɟɥɢ 

ɦɚɤɫɢɦɚɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢ ɦɢɧɢɦɚɥɶɧɵɯ ɪɟɫɭɪɫɧɵɯ ɢ ɜɪɟɦɟɧɧɵɯ 

ɡɚɬɪɚɬɚɯ.  

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɜɵɛɪɚɧɧɨɣ ɬɟɦɵ ɨɛɭɫɥɨɜɥɟɧɚ ɨɝɪɨɦɧɨɣ ɩɟɪɫɩɟɤɬɢɜɨɣ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɟɟ ɪɟɡɭɥɶɬɚɬɨɜ ɞɥɹ ɨɫɜɨɟɧɢɹ ɋɟɜɟɪɧɵɯ ɪɟɝɢɨɧɨɜ ɩɪɢ 

ɦɚɤɫɢɦɚɥɶɧɨɦ ɫɨɯɪɚɧɟɧɢɢ ɩɪɢɪɨɞɧɨɝɨ ɛɚɥɚɧɫɚ ɝɪɭɧɬɨɜ, ɢ ɦɢɧɢɦɢɡɚɰɢɢ 

ɨɛɴɟɦɨɜ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ. 

Ɍɟɯɧɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɨɣ, ɪɟɲɚɟɦɨɣ ɩɪɨɟɤɬɨɦ, ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɨɯɥɚɠɞɟɧɢɹ ɜɟɱɧɨɦɟɪɡɥɵɯ ɝɪɭɧɬɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ 



5 
 

ɜɨɡɞɭɯɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɧɚɝɪɟɬɵɯ ɩɨɬɨɤɨɜ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɝɨɞɚ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɨ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ ɩɨɞɩɨɥɶɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 
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1 ɋɈɋɌɈəɇɂȿ ȼɈɉɊɈɋȺ 

 

1.1 Ⱥɧɚɥɢɡ ɫɨɫɬɨɹɧɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɡɨɧɟ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ 

 

Ɇɚɫɲɬɚɛɧɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɚ ɋɟɜɟɪɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ ɢɞɟɬ ɭɠɟ ɦɧɨɝɢɟ 

ɞɟɫɹɬɢɥɟɬɢɹ. Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɨɩɵɬ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɝɪɚɠɞɚɧɫɤɢɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ ɞɨɤɚɡɚɥɢ, ɱɬɨ ɫɜɚɣɧɵɟ ɮɭɧɞɚɦɟɧɬɵ 

ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɢɧɞɭɫɬɪɢɚɥɶɧɵɦɢ, ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɧɚɞɟɠɧɵɦɢ ɢ 

ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦɢ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɧɚ ɞɚɥɶɧɟɦ ɫɟɜɟɪɟ. 

ɉɪɢ ɨɬɬɚɢɜɚɧɢɢ ɜɟɱɧɨɦɟɪɡɥɵɯ ɝɪɭɧɬɨɜ ɢɡɦɟɧɹɸɬɫɹ ɢɯ ɮɢɡɢɤɨ–

ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɡɪɭɲɟɧɢɸ 

ɮɭɧɞɚɦɟɧɬɨɜ, ɚ ɩɨɫɥɟ, ɜɨɡɦɨɠɧɨ, ɢ ɤ ɪɚɡɪɭɲɟɧɢɸ ɡɞɚɧɢɹ. 

 Ⱦɨɦɢɧɢɪɭɸɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɨɨɪɭɠɟɧɢɣ ɜ ɋɟɜɟɪɧɵɯ ɪɟɝɢɨɧɚɯ ɛɵɥɢ 

ɩɨɫɬɪɨɟɧɵ ɩɨ ɩɪɢɧɰɢɩɭ ɫɨɯɪɚɧɟɧɢɹ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɣ ɜ ɜɟɱɧɨɦɟɪɡɥɨɦ 

ɫɨɫɬɨɹɧɢɢ. ɉɪɨɛɥɟɦɵ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɩɨɜɪɟɠɞɟɧɢɢ, ɥɢɛɨ 

ɩɨɥɧɨɦ ɪɚɡɪɭɲɟɧɢɢ, ɮɭɧɞɚɦɟɧɬɨɜ, ɱɬɨ ɩɨɫɥɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɢ ɤ 

ɪɚɡɪɭɲɟɧɢɸ ɫɚɦɨɝɨ ɡɞɚɧɢɹ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɬɨɤɚ ɜ 

ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɫɬɨɪɨɧɭ ɝɪɚɧɢɰɚ ɨɬɬɚɢɜɚɧɢɹ ɨɩɭɫɤɚɟɬɫɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɫɧɢɠɟɧɢɸ ɩɪɨɱɧɨɫɬɢ ɮɭɧɞɚɦɟɧɬɨɜ.  Ɋɟɲɟɧɢɟɦ, ɤɨɬɨɪɨɟ ɩɪɟɨɛɥɚɞɚɟɬ ɜ 

ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɹɜɥɹɟɬɫɹ ɜɟɧɬɢɥɢɪɭɟɦɵɟ ɩɨɞɩɨɥɶɹ 

(ɪɢɫɭɧɨɤ 1.1, ɪɢɫɭɧɨɤ 1.2). 

ɇɨ ɞɚɧɧɨɟ ɪɟɲɟɧɢɟ ɧɟ ɜɫɟɝɞɚ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ 

ɦɨɤɪɵɯ ɩɪɨɰɟɫɫɚɯ ɜɧɭɬɪɢ ɡɞɚɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɢ ɜɥɢɹɧɢɢ ɤɚɤɢ-ɥɢɛɨ ɜɵɫɨɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪ, ɫɨɯɪɚɧɢɬɶ ɝɪɭɧɬ ɜ ɦɟɪɡɥɨɦ ɫɨɫɬɨɹɧɢɢ ɧɟ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. 
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Ɋɢɫɭɧɨɤ 1.1 – ȼɟɧɬɢɥɢɪɭɟɦɨɟ ɩɨɞɩɨɥɶɟ 

 

 

 

 

Ɋɢɫɭɧɨɤ 1.2 – Ʉɨɧɫɬɪɭɤɰɢɹ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ ɩɨɞɩɨɥɶɹ 
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ȼɟɱɧɨɦɟɪɡɥɵɦɢ ɫɱɢɬɚɸɬɫɹ ɝɪɭɧɬɵ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɦɟɪɡɥɨɦ 

ɫɨɫɬɨɹɧɢɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɦɧɨɝɢɯ ɥɟɬ (ɨɛɵɱɧɨ ɫɬɨɥɟɬɢɣ ɢ ɞɚɠɟ ɫɨɬɟɧ ɬɵɫɹɱ 

ɥɟɬ). ɗɬɨ ɨɬɥɢɱɚɟɬ ɢɯ ɨɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɩɟɪɟɥɟɬɤɨɜ (ɪɢɫɭɧɨɤ 1.3, ɚ) – ɫɥɨɟɜ 

ɦɟɪɡɥɨɝɨ ɝɪɭɧɬɚ ɧɟɛɨɥɶɲɨɣ ɬɨɥɳɢɧɵ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɜ ɩɟɪɢɨɞɵ ɫ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɢɠɟ ɫɪɟɞɧɟɝɨɞɨɜɵɯ ɢɥɢ ɜɫɥɟɞɫɬɜɢɟ ɜɪɟɦɟɧɧɨɝɨ ɢɡɦɟɧɟɧɢɹ 

ɦɟɫɬɧɵɯ ɭɫɥɨɜɢɣ ɩɪɨɦɟɪɡɚɧɢɹ. ȼ ɬɟɩɥɵɟ ɝɨɞɵ ɩɟɪɟɥɟɬɨɤ ɨɬɬɚɢɜɚɟɬ. Ʉ 

ɦɟɫɬɧɵɦ ɭɫɥɨɜɢɹɦ ɩɪɨɦɟɪɡɚɧɢɹ ɨɬɧɨɫɹɬ: 

− ɧɚɥɢɱɢɟ ɢ ɯɚɪɚɤɬɟɪ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ;  

− ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ;  

− ɧɚɩɪɚɜɥɟɧɢɟ ɫɤɥɨɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɪɚɧ ɫɜɟɬɚ;  

− ɬɨɥɳɢɧɭ ɢ ɜɪɟɦɹ ɨɛɪɚɡɨɜɚɧɢɹ ɫɧɟɠɧɨɝɨ ɩɨɤɪɨɜɚ;  

− ɡɚɛɨɥɨɱɟɧɧɨɫɬɶ ɦɟɫɬɧɨɫɬɢ ɢ ɞɪ. 

Ⱦɟɹɬɟɥɶɧɵɣ ɫɥɨɣ (ɩɨɜɟɪɯɧɨɫɬɧɵɣ) – ɫɥɨɣ ɝɪɭɧɬɚ, ɟɠɟɝɨɞɧɨ 

ɩɪɨɦɟɪɡɚɸɳɢɣ ɢ ɨɬɬɚɢɜɚɸɳɢɣ. ȿɝɨ ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ ɫɥɨɟɦ ɫɟɡɨɧɧɨɝɨ 

ɩɪɨɦɟɪɡɚɧɢɹ ɢ ɨɬɬɚɢɜɚɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɜ ɧɟɦ ɩɪɨɢɫɯɨɞɹɬ ɢɧɬɟɧɫɢɜɧɵɟ 

ɩɪɨɰɟɫɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɦɟɪɡɚɧɢɟɦ ɢ ɨɬɬɚɢɜɚɧɢɟɦ ɝɪɭɧɬɚ. Ɋɚɡɥɢɱɚɸɬ 

ɫɥɢɜɚɸɳɢɣɫɹ (ɪɢɫɭɧɨɤ 1.3, ɛ) ɢ ɧɟɫɥɢɜɚɸɳɢɣɫɹ (ɪɢɫɭɧɨɤ 1.3, ɜ) ɞɟɹɬɟɥɶɧɵɣ 

ɫɥɨɣ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɝɪɭɧɬ ɩɪɨɦɟɪɡɚɟɬ ɞɨ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɵ ɫɥɨɹ 

ɜɟɱɧɨɦɟɪɡɥɨɝɨ ɝɪɭɧɬɚ. ɉɪɢ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɝɪɭɧɬ ɧɟ ɩɪɨɦɟɪɡɚɟɬ ɞɨ ɭɤɚɡɚɧɧɨɣ 

ɝɪɚɧɢɰɵ. 

ɉɥɨɳɚɞɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɦɧɨɝɨɥɟɬɧɟɦɟɪɡɥɵɯ ɩɨɪɨɞ ɜ ɩɪɟɞɟɥɚɯ 

Ɋɨɫɫɢɢ ɫɨɫɬɚɜɥɹɟɬ ɩɨ ɪɚɡɧɵɦ ɞɚɧɧɵɦ ɨɬ 55 % ɞɨ 65 % ɬɟɪɪɢɬɨɪɢɢ (ɪɢɫɭɧɨɤ 

1.4). Ƚɥɚɜɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ ɹɜɥɹɸɬɫɹ: ɦɨɳɧɨɫɬɶ, 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ, ɬɟɦɩɟɪɚɬɭɪɚ, ɥɶɞɢɫɬɨɫɬɶ ɢ ɤɪɢɨɝɟɧɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ 

(ɮɨɪɦɵ ɪɟɥɶɟɮɚ). Ɉɧɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ 

ɨɫɧɨɜɧɵɦɢ ɝɟɨɝɪɚɮɢɱɟɫɤɢɦɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦɢ: ɲɢɪɨɬɧɨɣ ɡɨɧɚɥɶɧɨɫɬɶɸ, 

ɜɵɫɨɬɧɨɣ ɩɨɹɫɧɨɫɬɶɸ ɢ ɫɟɤɬɨɪɧɨɫɬɶɸ. 
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Ɋɢɫɭɧɨɤ 1.3 – ɋɯɟɦɵ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɥɨɟɜ ɝɪɭɧɬɚ: ɚ) ɩɟɪɟɥɟɬɤɢ; ɛ) 

ɫɥɢɜɚɸɳɢɣɫɹ ɝɪɭɧɬ; ɜ) ɧɟɫɥɢɜɚɸɳɢɣɫɹ ɝɪɭɧɬ; 

1 – ɞɟɹɬɟɥɶɧɵɣ ɫɥɨɣ (ɫɥɨɣ ɫɟɡɨɧɧɨɝɨ ɩɪɨɦɟɪɡɚɧɢɹ ɢ ɨɬɬɚɢɜɚɧɢɹ); 

2 – ɩɟɪɟɥɟɬɨɤ; 3 – ɬɚɥɵɣ ɝɪɭɧɬ; 4 – ɜɟɱɧɨɦɟɪɡɥɵɣ ɝɪɭɧɬ; 

5 – ɫɥɨɣ ɬɚɥɨɝɨ ɝɪɭɧɬɚ, ɧɟ ɩɪɨɦɟɪɡɚɸɳɟɝɨ ɡɢɦɨɣ 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɦɟɪɡɥɵɯ ɝɪɭɧɬɨɜ ɢɡɦɟɧɱɢɜɚ ɩɨ ɝɥɭɛɢɧɟ. Ɇɢɧɢɦɚɥɶɧɚɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɨɬɦɟɱɚɟɬɫɹ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɬɨɥɳɢ, ɚ ɧɚ ɩɨɞɨɲɜɟ ɭɠɟ 

ɩɨɜɵɲɚɟɬɫɹ ɞɨ 0° C. ɇɚ ɛɨɥɶɲɨɣ ɝɥɭɛɢɧɟ ɬɟɦɩɟɪɚɬɭɪɚ ɜɟɱɧɨɦɟɪɡɥɵɯ ɝɪɭɧɬɨɜ 

ɬɚɤɠɟ ɢɡɦɟɧɱɢɜɚ. ɇɨ ɷɬɨɬ ɩɪɨɰɟɫɫ ɡɚɧɢɦɚɟɬ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ, ɜɫɥɟɞ 

ɡɚ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɤɥɢɦɚɬɚ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɲɢɪɨɬɵ ɫɪɟɞɧɟɝɨɞɨɜɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɱɧɨɣ 

ɦɟɪɡɥɨɬɵ ɦɨɝɭɬ ɤɨɥɟɛɚɬɶɫɹ ɨɬ 0 ɞɨ –15 ɋ. ɇɚ ɫɟɜɟɪɟ ɧɚɯɨɞɢɬɫɹ ɡɨɧɚ 

ɫɩɥɨɲɧɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹɫɹ 

ɦɢɧɢɦɚɥɶɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɝɪɭɧɬɚ. Ʉ ɸɝɭ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ 

ɩɨɫɬɟɩɟɧɧɨ ɫɬɚɧɨɜɹɬɫɹ ɜɵɲɟ ɢ ɧɚ ɸɠɧɨɣ ɝɪɚɧɢɰɟ ɪɚɜɧɚ 0 ɋ. 

Ɇɨɳɧɨɫɬɶ ɫɥɨɹ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɸɝɚ ɧɚ ɫɟɜɟɪ – ɨɬ 3 – 

4 ɞɨ ɦɧɨɝɢɯ ɫɨɬɟɧ ɦɟɬɪɨɜ. Ɉɞɧɚɤɨ ɧɚ ɬɨɥɳɢɧɭ ɦɟɪɡɥɨɬɵ ɜɥɢɹɟɬ ɬɚɤɠɟ 

ɝɟɨɥɨɝɢɱɟɫɤɨɟ ɫɬɪɨɟɧɢɟ ɡɟɦɧɨɣ ɤɨɪɵ, ɜɨɞɨɧɚɫɵɳɟɧɧɨɫɬɶ ɩɪɨɦёɪɡɲɢɯ ɬɨɥɳ, 

ɪɟɥɶɟɮ, ɝɥɭɛɢɧɧɵɟ ɩɨɬɨɤɢ ɬɟɩɥɚ ɢ ɬ. ɞ. ȼ ɝɨɪɚɯ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɩɪɟɞɟɥɚɯ 
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ɚɪɟɚɥɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ, ɟё ɦɨɳɧɨɫɬɶ ɨɛɵɱɧɨ ɪɟɡɤɨ 

ɜɨɡɪɚɫɬɚɟɬ.  

 

 

 

Ɋɢɫɭɧɨɤ 1.4 – Ʉɚɪɬɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ 

 

Ȼɥɚɝɨɞɚɪɹ ɫɟɡɨɧɧɨɦɭ ɨɬɬɚɢɜɚɧɢɸ ɜ ɡɨɧɟ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ, ɜɨɡɦɨɠɧɨ, 

ɩɪɨɢɡɪɚɫɬɚɧɢɹ ɜɵɫɲɢɯ ɪɚɫɬɟɧɢɣ: ɡɥɚɤɨɜ, ɤɭɫɬɚɪɧɢɤɨɜ ɬɪɚɜ, ɢ ɞɚɠɟ ɞɟɪɟɜɶɟɜ. 

ȼ ɥɟɬɧɢɟ ɦɟɫɹɰɵ ɬɟɦɩɟɪɚɬɭɪɚ ɨɬɬɚɹɜɲɟɝɨ ɫɥɨɹ ɞɨɫɬɢɝɚɟɬ 10 – 15 ɋ. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɝɥɭɛɢɧɚ ɨɬɬɚɢɜɚɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɩɟɫɤɚɯ, 

ɝɪɚɜɢɣɧɨɝɚɥɢɱɧɵɯ ɢ ɳɟɛɧɢɫɬɵɯ ɝɪɭɧɬɚɯ (ɛɨɥɟɟ 2 – 2,5 ɦɟɬɪɚ), ɧɚ ɦɟɧɶɲɭɸ 

ɝɥɭɛɢɧɭ ɨɬɬɚɢɜɚɸɬ ɫɭɝɥɢɧɢɫɬɵɟ ɩɨɱɜɵ (1 – 1,5 ɦɟɬɪɚ), ɦɟɧɶɲɟ ɜɫɟɝɨ 
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ɩɨɞɜɟɪɠɟɧɵ ɨɬɬɚɢɜɚɧɢɸ ɬɨɪɮɹɧɢɤɢ ɢ ɝɪɭɧɬɵ ɩɨɞ ɦɨɯɨɜɵɦ ɩɨɤɪɨɜɨɦ (0,2 – 

0,3 ɦɟɬɪɚ). 

ȼ Ɋɨɫɫɢɢ, ɚ ɢɦɟɧɧɨ ɜ əɤɭɬɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹɫɹ ɨɫɨɛɵɦɢ 

ɤɥɢɦɚɬɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ (ɯɨɥɨɞɧɵɣ, ɫɭɯɨɣ ɜɨɡɞɭɯ ɢ ɧɟɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɫɧɟɝɚ) ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɪɟɤɨɪɞɧɵɟ ɝɥɭɛɢɧɵ ɩɪɨɧɢɤɧɨɜɟɧɢɹ 

ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ – 1450 ɦ. ɇɟɫɦɨɬɪɹ ɧɚ ɧɢɡɤɭɸ ɧɚɫɟɥёɧɧɨɫɬɶ ɷɬɢ 

ɬɟɪɪɢɬɨɪɢɢ ɞɥɹ Ɋɨɫɫɢɢ ɫɬɪɚɬɟɝɢɱɟɫɤɢ ɜɚɠɧɵ. ɇɚ ɧɢɯ ɡɚɥɟɝɚɸɬ ɛɨɥɟɟ 30 % 

ɪɚɡɜɟɞɚɧɧɵɯ ɡɚɩɚɫɨɜ ɧɟɮɬɢ, ɩɪɢɦɟɪɧɨ 60 % ɡɚɩɚɫɨɜ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ, ɚ ɬɚɤɠɟ 

ɤɚɦɟɧɧɵɣ ɭɝɨɥɶ ɢ ɬɨɪɮ, ɛɨɝɚɬɵɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ, ɡɨɥɨɬɚ ɢ 

ɚɥɦɚɡɨɜ. 

ȼɟɱɧɨɦɟɪɡɥɵɟ ɝɪɭɧɬɵ ɜ ɟɫɬɟɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɹɜɥɹɸɬɫɹ ɩɪɨɱɧɵɦɢ 

ɝɪɭɧɬɨɜɵɦɢ ɨɫɧɨɜɚɧɢɹɦɢ. Ɉɞɧɚɤɨ ɩɪɢ ɨɬɬɚɢɜɚɧɢɢ ɩɨ ɦɟɪɟ ɡɚɫɬɪɨɣɤɢ 

ɬɟɪɪɢɬɨɪɢɣ ɫɬɪɭɤɬɭɪɧɵɟ ɥɶɞɨ–ɰɟɦɟɧɬɧɵɟ ɫɜɹɡɢ ɪɚɡɪɭɲɚɸɬɫɹ, ɞɟɥɚɹ ɝɪɭɧɬ, 

ɩɟɪɟɭɜɥɚɠɧɟɧɧɵɣ ɬɚɥɨɣ ɜɨɞɨɣ, ɪɚɡɠɢɠɟɧɧɨɣ ɦɚɫɫɨɣ, ɧɟ ɫɩɨɫɨɛɧɨɣ 

ɨɛɟɫɩɟɱɢɬɶ ɝɟɨɫɬɨɣɤɨɫɬɶ ɩɨɫɬɪɨɟɧɧɵɯ ɡɞɚɧɢɣ, ɫɨɨɪɭɠɟɧɢɣ. ɗɬɨ ɜɟɞɟɬ ɤ 

ɩɪɨɫɚɞɤɟ ɛɵɜɲɢɯ ɜɟɱɧɨɦёɪɡɥɵɯ ɝɪɭɧɬɨɜ. 

ɍɩɚɞɨɤ ɦɧɨɝɨɥɟɬɧɟɦёɪɡɥɵɯ ɩɨɪɨɞ ɜ ɋɟɜɟɪɧɵɯ ɪɟɝɢɨɧɚɯ ɹɜɥɹɟɬɫɹ 

ɪɟɡɭɥɶɬɚɬɨɦ ɞɥɢɬɟɥɶɧɵɯ ɬɟɯɧɨɝɟɧɧɵɯ ɜɥɢɹɧɢɣ. Ⱥɧɬɪɨɩɨɝɟɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 

ɜɵɡɜɚɥɨ ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɡɚɦɟɪɡɚɧɢɹ ɝɪɭɧɬɨɜ. 

Ⱦɥɹ ɜɵɯɨɞɚ ɢɡ ɫɥɨɠɢɜɲɟɣɫɹ ɤɪɢɡɢɫɧɨɣ ɫɢɬɭɚɰɢɢ ɧɟɨɛɯɨɞɢɦ 

ɩɨɫɬɨɹɧɧɵɣ ɝɟɨɷɤɨɥɨɝɢɱɟɫɤɢɣ ɦɨɧɢɬɨɪɢɧɝ ɬɟɪɪɢɬɨɪɢɣ ɝɨɪɨɞɨɜ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɡɨɧɟ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ. Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɝɪɭɧɬɵ ɫɬɨɢɬ ɪɚɫɫɦɨɬɪɟɬɶ ɭɥɭɱɲɟɧɢɟ ɬɟɩɥɨɢɡɨɥɢɪɭɸɳɢɯ 

ɤɨɧɫɬɪɭɤɰɢɣ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. 

ɉɪɢ ɤɚɩɢɬɚɥɶɧɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 

ɩɪɨɬɚɢɜɚɧɢɹ ɦɟɪɡɥɨɬɵ ɢ ɜɫɩɭɱɢɜɚɧɢɹ ɝɪɭɧɬɨɜ ɩɨɞ ɫɬɪɨɢɬɟɥɶɧɵɦɢ ɨɛɴɟɤɬɚɦɢ 

ɢ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ ɜ ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɧɵɯ ɪɚɛɨɬ. 

Ɉɫɨɛɟɧɧɨ ɨɩɚɫɧɵ ɞɥɹ ɫɨɨɪɭɠɟɧɢɣ ɧɟɪɚɜɧɨɦɟɪɧɵɟ ɨɫɚɞɤɢ ɢ ɩɭɱɟɧɢɟ 

ɦɟɪɡɥɨɝɨ ɨɫɧɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬ ɤ ɞɟɮɨɪɦɚɰɢɹɦ ɢ ɪɚɡɪɭɲɟɧɢɹɦ 

ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. ɉɪɢɱɢɧɨɣ ɬɚɤɢɯ ɹɜɥɟɧɢɣ ɹɜɥɹɟɬɫɹ ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ 
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ɫɜɨɣɫɬɜ ɦɟɪɡɥɨɣ ɬɨɥɳɢ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɪɡɥɵɯ ɝɪɭɧɬɨɜ 

ɢɡɦɟɧɹɸɬɫɹ ɢɯ ɮɢɡɢɤɨ–ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɪɭɲɟɧɢɸ 

ɮɭɧɞɚɦɟɧɬɨɜ. 

Ɉɫɧɨɜɧɵɦɢ ɤɪɢɨɝɟɧɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ əɤɭɬɫɤɚ ɹɜɥɹɸɬɫɹ 

ɩɪɨɫɚɞɤɢ ɢɡ–ɡɚ ɬɟɪɦɨɤɚɪɫɬɚ, ɦɨɪɨɡɨɛɨɣɧɨɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ, ɦɨɪɨɡɧɨɟ 

ɩɭɱɟɧɢɟ, ɡɚɛɨɥɚɱɢɜɚɧɢɟ ɢ ɩɨɞɬɨɩɥɟɧɢɟ. Ⱥɤɬɢɜɢɡɚɰɢɹ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɝɨɪɨɞɫɤɨɣ 

ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ. 

Ɂɚ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɨɬɦɟɱɚɟɬɫɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 

ɪɚɡɪɭɲɚɸɳɢɯ ɤɪɢɨɝɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɗɬɨ ɜɢɞɧɨ ɢɡ-ɡɚ ɪɚɡɪɭɲɚɸɳɢɯɫɹ 

ɮɭɧɞɚɦɟɧɬɨɜ, ɫɨɨɪɭɠɟɧɢɣ, ɞɨɪɨɠɧɵɯ ɩɨɤɪɵɬɢɣ, ɤɚɤɢɯ-ɥɢɛɨ ɞɟɮɨɪɦɚɰɢɣ. ɂ 

ɢɦɟɧɧɨ ɨɛɜɨɞɧɟɧɢɟ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɮɚɤɬɨɪɨɦ, ɤɨɬɨɪɵɣ 

ɩɪɹɦɨ ɜɥɢɹɟɬ ɧɚ ɫɨɫɬɨɹɧɢɟ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɣ, ɢ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɧɚ ɫɚɦɢ 

ɤɨɧɫɬɪɭɤɰɢɢ. 

Ɉɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɜ ɨɫɨɛɵɯ ɝɪɭɧɬɨɜɵɯ ɭɫɥɨɜɢɹɯ 

ɹɜɥɹɟɬɫɹ ɞɨɫɬɢɠɟɧɢɟ ɦɢɧɢɦɚɥɶɧɵɯ ɨɫɚɞɨɤ ɢ ɩɨɜɵɲɟɧɢɟ ɧɟɫɭɳɟɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɝɪɭɧɬɚ ɦɟɬɨɞɚɦɢ ɢɡɨɥɹɰɢɢ ɟɝɨ ɨɬ ɬɟɩɥɵɯ ɩɨɞɩɨɥɢɣ ɢ ɰɨɤɨɥɟɣ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢɥɢ ɬɟɯɧɨɥɨɝɢɣ ɫ ɭɱɟɬɨɦ ɞɨɥɝɨɫɪɨɱɧɵɯ ɩɪɨɝɧɨɡɨɜ ɢ 

ɭɩɪɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɪɟɠɢɦɨɦ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɣ, ɫɩɨɫɨɛɧɵɯ 

ɫɨɯɪɚɧɢɬɶ ɝɪɭɧɬ ɜ ɦɟɪɡɥɨɦ ɫɨɫɬɨɹɧɢɢ, ɬɟɦ ɫɚɦɵɦ, ɫɨɯɪɚɧɢɬɶ ɮɭɧɞɚɦɟɧɬ ɢ 

ɫɚɦɨ ɡɞɚɧɢɟ ɨɬ ɛɭɞɭɳɢɯ ɩɨɜɪɟɠɞɟɧɢɣ. 

 

1.2 Ⱥɧɚɥɢɡ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

Ɋɚɛɨɬɵ ɩɪɟɞɵɞɭɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɫɫɦɨɬɪɟɧɵ ɫɬɚɬɶɢ ɜ ɠɭɪɧɚɥɚɯ 

«Ɉɫɧɨɜɚɧɢɹ, ɮɭɧɞɚɦɟɧɬɵ ɢ ɦɟɯɚɧɢɤɚ ɝɪɭɧɬɨɜ» ɡɚ 1997–2012 ɝ., 

«ɉɪɨɦɵɲɥɟɧɧɨɟ ɢ ɝɪɚɠɞɚɧɫɤɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ» ɡɚ 1998–2012 ɝ., 

«ɋɬɪɨɢɬɟɥɶɫɬɜɨ» ɡɚ 2000–2012ɝ., ɧɚɭɱɧɚɹ ɢ ɭɱɟɛɧɚɹ ɥɢɬɟɪɚɬɭɪɚ ɡɚ 1980–2012 

ɝ. 
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ȼ ɠɭɪɧɚɥɚɯ «Ɉɫɧɨɜɚɧɢɹ, ɮɭɧɞɚɦɟɧɬɵ ɢ ɦɟɯɚɧɢɤɚ ɝɪɭɧɬɨɜ» ɟɫɬɶ ɫɬɚɬɶɢ 

ɩɨ: 

 ɍɫɬɪɚɧɟɧɢɸ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɚɜɚɪɢɣ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɨɬ ɡɚɦɚɱɢɜɚɧɢɹ, 

ɦɨɪɨɡɧɨɝɨ ɩɭɱɟɧɢɹ [7], [9], [13]; 

 ɍɤɪɟɩɥɟɧɢɸ ɝɪɭɧɬɨɜ – ɦɧɨɝɨɹɪɭɫɧɵɟ ɩɨɞɜɚɥɵ, ɬɪɚɦɛɨɜɤɚ ɨɫɧɨɜɚɧɢɹ 

[2], [8], [9], [13]; 

 ɂɫɩɨɥɶɡɨɜɚɧɢɸ ɞɥɹ ɨɫɨɛɵɯ ɭɫɥɨɜɢɣ ɪɚɡɥɢɱɧɵɯ ɫɜɚɣɧɵɯ ɮɭɧɞɚɦɟɧɬɨɜ 

ɢ ɭɥɭɱɲɟɧɢɸ ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɜɨɡɜɟɞɟɧɢɹ [15];  

 ɗɤɨɧɨɦɢɱɟɫɤɢɦ ɨɰɟɧɤɚɦ ɬɟɯɧɨɥɨɝɢɢ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ, ɨɞɧɚɤɨ ɧɟ 

ɢɫɯɨɞɹ ɢɡ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɡɞɚɧɢɹ ɜ ɰɟɥɨɦ [2];  

 ɂɫɩɨɥɶɡɨɜɚɧɢɸ ɮɭɧɞɚɦɟɧɬɨɜ ɨɛɵɱɧɨɝɨ ɬɢɩɚ, ɩɪɢɱɟɦ ɜ ɫɥɨɠɧɵɯ 

ɝɪɭɧɬɨɜɵɯ ɭɫɥɨɜɢɹɯ ɩɪɟɞɥɚɝɚɟɬɫɹ ɥɢɛɨ ɭɫɢɥɟɧɢɟ ɝɪɭɧɬɚ, ɥɢɛɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɜɚɣ, ɬ. ɟ. ɩɪɟɞɥɚɝɚɸɬɫɹ ɬɪɚɞɢɰɢɨɧɧɵɟ ɪɟɲɟɧɢɹ [2], [8], 

[9], [13], [15]. 

ȼ ɷɬɢɯ ɪɚɛɨɬɚɯ, ɧɟɬ ɨɬɜɟɬɚ ɧɚ ɜɨɩɪɨɫ: ɬɨɥɶɤɨ ɥɢ ɩɭɬɟɦ ɭɤɪɟɩɥɟɧɢɹ 

ɝɪɭɧɬɚ ɦɨɠɧɨ ɪɟɲɢɬɶ ɷɬɭ ɩɪɨɛɥɟɦɭ? Ɉɛɹɡɚɬɟɥɶɧɨ ɥɢ ɧɚɞɨ ɭɤɪɟɩɥɹɬɶ ɝɪɭɧɬ? 

ɂ ɬ.ɞ. ȼɨɡɦɨɠɧɨ, ɷɬɭ ɩɪɨɛɥɟɦɭ ɦɨɠɧɨ ɪɟɲɢɬɶ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɫɨɜɦɟɫɬɧɨ 

ɪɚɛɨɬɭ ɨɫɧɨɜɚɧɢɹ ɢ ɢɧɵɯ ɮɨɪɦ ɮɭɧɞɚɦɟɧɬɚ. 

ȼ ɠɭɪɧɚɥɚɯ ɠɟ ɜɫɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 

ɨɬɞɟɥɶɧɨ.  

ɇɭɠɧɨ ɢɫɯɨɞɢɬɶ ɢɡ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ ɜɫɟɝɨ ɫɨɨɪɭɠɟɧɢɹ ɜ 

ɰɟɥɨɦ, ɧɨ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɜ ɷɬɢɯ ɫɬɚɬɶɹɯ ɧɟɬ. 

ȼ ɠɭɪɧɚɥɚɯ «ɉɪɨɦɵɲɥɟɧɧɨɟ ɢ ɝɪɚɠɞɚɧɫɤɨɟ ɫɬɪɨɢɬɟɥɶɫɬɜɨ» ɡɚ 1996- 

2003 ɝɨɞɵ ɬɟɦɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɨɫɨɛɵɯ ɝɪɭɧɬɨɜɵɯ ɭɫɥɨɜɢɹɯ ɩɨɫɜɹɳɟɧɵ 

ɜɫɟɝɨ ɩɨ ɧɟɫɤɨɥɶɤɨ ɫɬɚɬɟɣ ɡɚ ɤɚɠɞɵɣ ɝɨɞ. ȼ ɨɞɧɢɯ ɢɡ ɧɢɯ ɪɚɫɫɤɚɡɵɜɚɟɬɫɹ ɨɛ 

ɭɫɬɪɨɣɫɬɜɟ ɩɨɞɫɵɩɤɢ ɩɨɞ ɡɞɚɧɢɟ, ɜ ɞɪɭɝɢɯ – ɨɛ ɭɥɭɱɲɟɧɢɢ ɤɨɧɫɬɪɭɤɰɢɢ 

ɫɜɚɣ, ɬ. ɟ. ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɪɚɞɢɰɢɨɧɧɵɟ ɩɨɞɯɨɞɵ. 

ȼ ɠɭɪɧɚɥɚɯ «ɋɬɪɨɢɬɟɥɶɫɬɜɨ» ɡɚ 2000-2002 ɝɨɞɵ ɬɚɤɠɟ ɧɟɦɧɨɝɨ ɦɟɫɬɚ 

ɡɚɧɢɦɚɸɬ ɫɬɚɬɶɢ, ɩɨɫɜɹɳɟɧɧɵɟ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɜ ɨɫɨɛɵɯ ɭɫɥɨɜɢɹɯ. 
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ɉɪɟɞɥɚɝɚɸɬɫɹ ɬɪɚɞɢɰɢɨɧɧɵɟ ɦɟɪɵ – ɭɤɪɟɩɥɟɧɢɟ ɝɪɭɧɬɚ [15], [16]. ȿɫɬɶ 

ɢɧɬɟɪɟɫɧɚɹ ɫɬɚɬɶɹ ɨ ɮɭɧɞɚɦɟɧɬɚɯ-ɨɛɨɥɨɱɤɚɯ [14], ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 

ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɪɚɫɯɨɞ ɠɟɥɟɡɨɛɟɬɨɧɚ ɢ ɭɥɭɱɲɢɬɶ ɫɜɨɣɫɬɜɚ ɨɫɧɨɜɚɧɢɣ. 

ɇɨ ɨɧɢ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɣ ɮɨɪɦɵ. ɋɨɜɦɟɫɬɧɚɹ ɪɚɛɨɬɚ ɢɯ ɫ ɜɟɪɯɧɢɦ 

ɫɬɪɨɟɧɢɟɦ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ. 

Ɇɟɪɵ, ɩɪɟɞɥɚɝɚɟɦɵɟ ɜ ɭɱɟɛɧɢɤɚɯ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚ ɜɟɱɧɨɦɟɪɡɥɵɯ 

ɝɪɭɧɬɚɯ:  

 ɍɫɬɪɨɣɫɬɜɨ ɩɨɞɫɵɩɤɢ [15];  

 ɉɪɢɦɟɧɟɧɢɟ ɫɜɚɣɧɵɯ ɮɭɧɞɚɦɟɧɬɨɜ [16]. 

ȼ ɭɱɟɛɧɢɤɚɯ ɟɫɬɶ ɪɚɡɞɟɥɵ ɩɨ ɭɫɬɪɨɣɫɬɜɭ ɮɭɧɞɚɦɟɧɬɨɜ ɜ 

ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ, ɧɨ ɨɧɢ ɡɚɧɢɦɚɸɬ ɧɟɛɨɥɶɲɨɣ ɨɛɴɟɦ – ɩɪɢɦɟɪɧɨ 

20- 30 ɫɬɪɚɧɢɰ ɢɡ 300-400, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɪɟɚɥɶɧɨɣ ɠɢɡɧɢ ɨɧɢ ɜɫɬɪɟɱɚɸɬɫɹ 

ɜ 80 % ɫɥɭɱɚɟɜ. 

Ɉɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɭɱɟɛɧɢɤɨɜ ɩɨɫɜɹɳɟɧɨ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɜ 

ɢɞɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ: ɫɤɚɥɶɧɵɟ, ɤɪɭɩɧɨɨɛɥɨɦɨɱɧɵɟ, ɫɥɚɛɨɫɠɢɦɚɟɦɵɟ 

ɝɪɭɧɬɵ. Ɍɪɟɛɭɟɬɫɹ, ɱɬɨɛɵ ɮɭɧɞɚɦɟɧɬɵ ɨɛɹɡɚɬɟɥɶɧɨ ɛɵɥɢ ɡɚɝɥɭɛɥɟɧɵ ɜ ɝɪɭɧɬ 

ɧɢɠɟ ɝɥɭɛɢɧɵ ɩɪɨɦɟɪɡɚɧɢɹ, ɧɨ ɜɵɲɟ ɭɪɨɜɧɹ ɝɪɭɧɬɨɜɵɯ ɜɨɞ. ɗɬɨ ɬɚɤɠɟ 

ɢɞɟɚɥɶɧɵɣ ɫɥɭɱɚɣ. 

ȿɫɥɢ ɬɚɤɢɯ ɭɫɥɨɜɢɣ ɧɟɬ, ɧɚɞɨ ɥɢɛɨ ɭɤɪɟɩɥɹɬɶ ɝɪɭɧɬ (ɪɚɡɥɢɱɧɵɦɢ 

ɫɩɨɫɨɛɚɦɢ), ɥɢɛɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɜɚɣɧɵɟ ɮɭɧɞɚɦɟɧɬɵ. ɗɬɢ ɠɟ ɦɟɪɵ 

ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɧɚ ɫɥɚɛɵɟ ɝɪɭɧɬɵ. ȼɫɟ ɦɟɪɵ ɬɪɚɞɢɰɢɨɧɧɵɟ ɢ ɜ ɨɫɧɨɜɧɨɦ 

ɨɞɢɧɚɤɨɜɵɟ ɞɚɠɟ ɞɥɹ ɪɚɡɧɵɯ ɫɥɭɱɚɟɜ, ɧɢɤɚɤɢɟ ɞɪɭɝɢɟ ɦɟɪɵ ɧɟ ɨɛɫɭɠɞɚɸɬɫɹ. 

Ɍɚɤɠɟ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɩɪɨɫ ɨ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɟ ɡɞɚɧɢɹ, ɮɭɧɞɚɦɟɧɬɚ ɢ 

ɨɫɧɨɜɚɧɢɹ. 

ȿɫɬɶ ɥɢ ɞɪɭɝɢɟ ɩɪɢɧɰɢɩɵ ɢ ɩɨɞɯɨɞɵ? ȼ ɞɜɭɯ ɢɫɬɨɱɧɢɤɚɯ [15], [16] ɩɨ 2 

ɫɬɪɚɧɢɰɵ ɩɨɫɜɹɳɟɧɵ ɦɨɧɨɥɢɬɧɵɦ ɩɥɢɬɧɵɦ ɮɭɧɞɚɦɟɧɬɚɦ. ɗɬɨɬ ɮɭɧɞɚɦɟɧɬ 

ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɪɚɡɜɢɬɢɹ ɧɟɪɚɜɧɨɦɟɪɧɵɯ ɨɫɚɞɨɤ, ɢɫɤɥɸɱɢɬɶ 

ɤɨɬɨɪɵɟ ɧɟ ɜɫɟɝɞɚ ɭɞɚɟɬɫɹ. ɋɩɥɨɲɧɵɟ ɦɨɧɨɥɢɬɧɵɟ ɮɭɧɞɚɦɟɧɬɵ ɦɨɝɭɬ ɛɵɬɶ 

ɝɥɚɞɤɢɦɢ, ɪɟɛɪɢɫɬɵɦɢ, ɤɨɪɨɛɱɚɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ; ɩɪɢɜɟɞɟɧɵ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɢ 
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ɩɪɢɦɟɪ ɚɪɦɢɪɨɜɚɧɢɹ. ɇɨ ɜ ɰɟɥɨɦ ɷɬɨɬ ɜɨɩɪɨɫ ɧɟɞɨɫɬɚɬɨɱɧɨ ɪɚɡɪɚɛɨɬɚɧ: ɧɟɬ 

ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ, ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɠɟɫɬɤɨɫɬɟɣ, ɧɟ ɨɛɨɡɧɚɱɟɧɵ ɜɫɟ 

ɭɫɥɨɜɢɹ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ. 

ȼɵɫɤɚɡɵɜɚɟɬɫɹ ɢɞɟɹ ɭɫɬɪɨɣɫɬɜɚ ɩɥɚɜɚɸɳɢɯ ɮɭɧɞɚɦɟɧɬɨɜ [15]. Ɉɧɚ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɢ ɫɨɡɞɚɧɢɢ ɮɭɧɞɚɦɟɧɬɚ ɜɵɛɢɪɚɟɬɫɹ ɫɬɨɥɶɤɨ ɝɪɭɧɬɚ, 

ɫɤɨɥɶɤɨ ɡɚɬɟɦ ɛɭɞɟɬ ɜɟɫɢɬɶ ɜɫɟ ɫɨɨɪɭɠɟɧɢɟ, ɬ. ɟ. ɜɟɫ ɫɨɨɪɭɠɟɧɢɹ ɢ ɜɵɧɭɬɨɝɨ 

ɝɪɭɧɬɚ ɪɚɜɧɵ, ɢ ɝɪɭɧɬ ɩɨɫɥɟ ɩɨɫɬɪɨɣɤɢ ɡɞɚɧɢɹ ɧɚɯɨɞɢɬɫɹ ɤɚɤ ɛɵ ɜ 

ɟɫɬɟɫɬɜɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

ȼ ɤɧɢɝɟ «ɇ. ȼ. ɇɢɤɢɬɢɧ. ɀɢɡɧɶ ɢ ɬɜɨɪɱɟɫɬɜɨ» ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 

ɩɥɢɬɧɵɟ ɮɭɧɞɚɦɟɧɬɵ, ɩɪɢɦɟɧɹɜɲɢɟɫɹ ɜ 60-80-ɟ ɝ. Ɉɫɜɟɳɟɧɵ ɪɚɡɥɢɱɧɵɟ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɟɲɟɧɢɹ ɦɨɧɨɥɢɬɧɵɯ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɩɥɢɬ (ɤɨɪɨɛɱɚɬɵɟ, 

ɪɟɛɪɢɫɬɵɟ, ɩɥɨɫɤɢɟ (ɛɟɡɛɚɥɨɱɧɵɟ). ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ 

ɪɚɫɱɟɬɚ ɩɥɢɬɧɵɯ ɮɭɧɞɚɦɟɧɬɨɜ. Ɂɚɹɜɥɟɧɨ, ɱɬɨ ɬɨɥɳɢɧɚ ɩɥɢɬ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ 

ɦɟɧɶɲɟ 1,4 ɦ. 

ɋɨɝɥɚɫɧɨ ɋɇɢɉ 2.02.01-83* «Ɉɫɧɨɜɚɧɢɹ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» [41] 

ɨɫɧɨɜɧɵɦɢ ɜɢɞɚɦɢ ɮɭɧɞɚɦɟɧɬɨɜ ɞɥɹ ɨɫɨɛɵɯ ɝɪɭɧɬɨɜɵɯ ɭɫɥɨɜɢɣ ɹɜɥɹɸɬɫɹ 

ɫɜɚɣɧɵɟ ɢ ɮɭɧɞɚɦɟɧɬɵ ɫɬɚɤɚɧɧɨɝɨ ɬɢɩɚ.  

ɉɪɢɜɟɞɟɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɢɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɪɚɫɱɟɬɭ. ɉɪɢ 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɧɚ ɩɪɨɫɚɞɨɱɧɵɯ ɝɪɭɧɬɚɯ ɪɟɤɨɦɟɧɞɭɟɬɫɹ: 

 ɍɫɬɪɚɧɹɬɶ ɩɪɨɫɚɞɨɱɧɵɟ ɫɜɨɣɫɬɜɚ ɝɪɭɧɬɨɜ ɜ ɩɪɟɞɟɥɚɯ ɜɫɟɣ ɩɪɨɫɚɞɨɱɧɨɣ 

ɬɨɥɳɢ;  

 ɉɪɨɪɟɡɚɬɶ ɩɪɨɫɚɞɨɱɧɭɸ ɬɨɥɳɭ ɝɥɭɛɨɤɢɦɢ ɮɭɧɞɚɦɟɧɬɚɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ 

ɫɜɚɣɧɵɦɢ ɢ ɦɚɫɫɢɜɧɵɦɢ ɢɡ ɡɚɤɪɟɩɥɟɧɧɨɝɨ ɝɪɭɧɬɚ». 

ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɧɚ ɩɭɱɢɧɢɫɬɵɯ ɝɪɭɧɬɚɯ ɪɟɤɨɦɟɧɞɭɟɬɫɹ: 

 ɉɪɢɦɟɧɹɬɶ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɩɟɫɱɚɧɵɯ ɩɨɞɭɲɟɤ;  

 ɉɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ ɡɚɦɟɧɹɬɶ ɫɥɨɣ ɧɚɛɭɯɚɸɳɟɝɨ ɝɪɭɧɬɚ 

ɧɟɧɚɛɭɯɚɸɳɢɦ;  

 ɉɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ ɩɪɨɪɟɡɚɬɶ ɮɭɧɞɚɦɟɧɬɚɦɢ ɫɥɨɹ ɧɚɛɭɯɚɸɳɟɝɨ 

ɝɪɭɧɬɚ». 
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 ɉɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɧɚ ɡɚɫɨɥɟɧɧɵɯ ɝɪɭɧɬɚɯ ɪɟɤɨɦɟɧɞɭɟɬɫɹ: 

 ɑɚɫɬɢɱɧɨ ɢɥɢ ɩɨɥɧɨɫɬɶɸ ɫɪɟɡɚɬɶ ɡɚɫɨɥɟɧɧɵɟ ɝɪɭɧɬɵ ɫ ɭɫɬɪɨɣɫɬɜɨɦ 

ɩɨɞɭɲɤɢ ɢɡ ɩɵɥɟɜɚɬɨ-ɝɥɢɧɢɫɬɵɯ ɝɪɭɧɬɨɜ;  

 ɉɪɨɪɟɡɚɬɶ ɬɨɥɳɭ ɡɚɫɨɥɟɧɧɵɯ ɝɪɭɧɬɨɜ ɝɥɭɛɨɤɢɦɢ ɮɭɧɞɚɦɟɧɬɚɦɢ;  

 Ɂɚɤɪɟɩɥɹɬɶ ɢɥɢ ɭɩɥɨɬɧɹɬɶ ɝɪɭɧɬɵ;  

 ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɫɫɨɥɢɬɶ ɝɪɭɧɬɵ. 

Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ 

ɪɟɤɨɦɟɧɞɭɸɬ ɥɢɛɨ ɩɪɨɪɟɡɚɬɶ ɬɨɥɳɭ «ɩɥɨɯɨɝɨ» ɝɪɭɧɬɚ ɫɜɚɹɦɢ, ɥɢɛɨ 

ɭɤɪɟɩɥɹɬɶ, ɡɚɫɵɩɚɬɶ ɢɥɢ ɜɨɨɛɳɟ ɭɞɚɥɹɬɶ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɣ ɝɪɭɧɬ. ȼ ɋɇɢɉ 

ɧɟɬ ɫɜɟɞɟɧɢɣ ɨ ɫɩɥɨɲɧɵɯ ɢɥɢ ɩɥɢɬɧɵɯ ɮɭɧɞɚɦɟɧɬɚɯ, ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ ɢɯ 

ɩɪɢɦɟɧɟɧɢɸ, ɧɨ ɭɩɨɦɢɧɚɧɢɟ ɨ ɧɢɯ ɟɫɬɶ ɜ «ɉɨɫɨɛɢɢ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ 

ɨɫɧɨɜɚɧɢɣ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ». 

ɋɇɢɉ «Ɉɫɧɨɜɚɧɢɹ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ» ɪɟɤɨɦɟɧɞɭɟɬ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ 

ɭɦɟɧɶɲɟɧɢɸ ɞɟɮɨɪɦɚɰɢɣ ɨɫɧɨɜɚɧɢɣ [41]. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ 

ɩɪɟɞɨɯɪɚɧɟɧɢɸ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɣ ɨɬ ɭɯɭɞɲɟɧɢɹ ɢɯ ɫɜɨɣɫɬɜ, ɧɚɩɪɢɦɟɪ, 

ɜɨɞɨɡɚɳɢɬɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ (ɭɫɬɪɨɣɫɬɜɨ ɞɪɟɧɚɠɟɣ, ɩɪɨɬɢɜɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ 

ɡɚɜɟɫ ɢ ɷɤɪɚɧɨɜ, ɤɨɧɬɪɨɥɶ ɡɚ ɜɨɡɦɨɠɧɵɦɢ ɭɬɟɱɤɚɦɢ ɜɨɞɵ ɢ ɞɪ.), ɡɚɳɢɬɚ ɨɬ 

ɯɢɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ, ɨɝɪɚɧɢɱɟɧɢɟ ɢɫɬɨɱɧɢɤɨɜ ɜɧɟɲɧɢɯ 

ɜɨɡɞɟɣɫɬɜɢɣ, ɫɨɯɪɚɧɟɧɢɟ ɩɪɢɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɜɥɚɠɧɨɫɬɢ ɝɪɭɧɬɨɜ ɜ 

ɩɪɨɰɟɫɫɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɞɟɮɨɪɦɚɰɢɣ ɝɪɭɧɬ ɫɬɪɟɦɹɬɫɹ 

ɡɚɳɢɬɢɬɶ ɨɬ ɜɧɟɲɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ (ɜɥɚɝɚ, ɧɚɝɪɭɡɤɢ ɢ ɬ. ɞ.) ɢ ɫɨɯɪɚɧɢɬɶ ɟɝɨ ɜ 

ɟɫɬɟɫɬɜɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

Ɍɚɤɠɟ ɋɇɢɉ ɪɟɝɥɚɦɟɧɬɢɪɭɟɬ ɩɪɚɜɢɥɚ ɪɚɫɱɟɬɚ ɝɥɭɛɢɧɵ ɡɚɥɨɠɟɧɢɹ 

ɮɭɧɞɚɦɟɧɬɚ, ɩɪɢɱɟɦ ɷɬɢ ɭɫɥɨɜɢɹ ɪɚɡɥɢɱɧɵ ɞɥɹ ɨɬɚɩɥɢɜɚɟɦɵɯ ɢ 

ɧɟɨɬɚɩɥɢɜɚɟɦɵɯ ɫɨɨɪɭɠɟɧɢɣ. ɋɨɝɥɚɫɧɨ ɧɨɪɦɚɦ, ɝɥɭɛɢɧɭ ɡɚɥɨɠɟɧɢɹ 

ɮɭɧɞɚɦɟɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɧɢɠɟ ɭɪɨɜɧɹ ɩɪɨɦɟɪɡɚɧɢɹ. «ȼ 

ɪɚɣɨɧɚɯ ɫ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɫɱɟɬɧɚɹ ɝɥɭɛɢɧɚ 

ɩɪɨɦɟɪɡɚɧɢɹ ɝɪɭɧɬɚ ɞɥɹ ɧɟɨɬɚɩɥɢɜɚɟɦɵɯ ɫɨɨɪɭɠɟɧɢɣ ɞɨɥɠɧɚ ɨɩɪɟɞɟɥɹɬɶɫɹ 
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ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɦ ɪɚɫɱɟɬɨɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɋɇɢɉ ɩɨ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɨɫɧɨɜɚɧɢɣ ɢ ɮɭɧɞɚɦɟɧɬɨɜ ɧɚ ɜɟɱɧɨɦɟɪɡɥɵɯ ɝɪɭɧɬɚɯ. ɂɫɯɨɞɹ 

ɢɡ ɷɬɨɝɨ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɫɩɨɫɨɛɵ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɝɪɭɧɬɚ. ȼ 

ɋɇɢɉɟ ɧɟɬ ɭɤɚɡɚɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɮɭɧɞɚɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɜɨɨɛɳɟ ɧɟ 

ɡɚɝɥɭɛɥɹɸɬɫɹ ɜ ɝɪɭɧɬ (ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɮɭɧɞɚɦɟɧɬɵ). ɉɥɢɬɧɵɟ ɮɭɧɞɚɦɟɧɬɵ ɫ 

ɤɨɧɫɨɥɹɦɢ ɭɩɨɦɹɧɭɬɵ ɤɚɤ ɜɚɪɢɚɧɬ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɚ ɩɨɞɪɚɛɚɬɵɜɚɟɦɵɯ 

ɬɟɪɪɢɬɨɪɢɹɯ. 

ȼ ɩɨɫɨɛɢɢ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɨɫɧɨɜɚɧɢɣ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ (ɤ 

ɋɇɢɉ 2.02.01-83) [41] ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ, ɬɨɥɶɤɨ ɜɨɩɪɨɫɵ, 

ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ ɨɫɧɨɜɚɧɢɣ. ȼ ɬɟɤɫɬɟ ɨɩɢɫɚɧɵ ɢ ɪɟɤɨɦɟɧɞɭɟɦɵɟ 

ɤɨɧɫɬɪɭɤɰɢɢ ɮɭɧɞɚɦɟɧɬɨɜ ɢ ɞɚɠɟ ɢɯ ɪɚɫɱɟɬ ɢ ɢɧɨɝɞɚ ɤɨɧɫɬɪɭɤɰɢɢ ɜɟɪɯɧɟɝɨ 

ɫɬɪɨɟɧɢɹ, ɯɨɬɹ ɨɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɨɫɜɹɳɟɧɨ ɜɫɟ ɠɟ ɨɫɧɨɜɚɧɢɹɦ. 

ɋɬɪɨɢɬɟɥɶɫɬɜɭ ɜ ɨɫɨɛɵɯ ɝɪɭɧɬɨɜɵɯ ɭɫɥɨɜɢɹɯ ɩɨɫɜɹɳɟɧɚ ɬɪɟɬɶ ɫɬɪɚɧɢɰ. 

Ɍɪɚɞɢɰɢɨɧɧɵɦ ɪɟɲɟɧɢɟɦ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɨɫɨɛɵɯ ɝɪɭɧɬɨɜɵɯ 

ɭɫɥɨɜɢɹɯ ɹɜɥɹɟɬɫɹ ɭɤɪɟɩɥɟɧɢɟ ɝɪɭɧɬɚ ɢɥɢ ɩɪɟɨɞɨɥɟɧɢɟ ɟɝɨ ɧɟɝɚɬɢɜɧɵɯ 

ɫɜɨɣɫɬɜ ɢ ɭɫɬɪɨɣɫɬɜɚɦ ɮɭɧɞɚɦɟɧɬɨɜ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ (ɟɝɨ ɫɪɟɡɤɚ 

ɢɥɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɜɚɣ-ɫɬɨɟɤ). Ɍɚɤɠɟ ɢɡɜɟɫɬɟɧ ɩɨɞɯɨɞ ɭɫɬɪɚɧɟɧɢɹ ɩɪɢɱɢɧ, 

ɧɚɪɭɲɚɸɳɢɯ ɟɫɬɟɫɬɜɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɝɪɭɧɬɚ: ɜɨɞɨɡɚɳɢɬɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ: 

ɭɫɬɪɨɣɫɬɜɨ ɞɪɟɧɚɠɟɣ, ɡɚɳɢɬɧɵɯ ɷɤɪɚɧɨɜ, ɜɨɞɨɨɬɜɨɞɹɳɢɯ ɤɚɧɚɥɨɜ, 

ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɢ ɞɪ.). ɇɨ ɷɬɢ ɦɟɬɨɞɵ ɧɟɞɨɫɬɚɬɨɱɧɨ 

ɷɮɮɟɤɬɢɜɧɵ. ɂɫɩɨɥɶɡɭɟɦɵɟ ɬɢɩɵ ɮɭɧɞɚɦɟɧɬɨɜ (ɜ ɨɫɧɨɜɧɨɦ ɷɬɨ ɫɜɚɣɧɵɟ 

ɮɭɧɞɚɦɟɧɬɵ) ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɪɟɞɨɬɜɪɚɳɚɸɬ ɧɟɝɚɬɢɜɧɵɟ ɜɨɡɞɟɣɫɬɜɢɹ ɫɥɚɛɨɝɨ 

ɨɫɧɨɜɚɧɢɹ ɧɚ ɜɟɪɯɧɟɟ ɫɬɪɨɟɧɢɟ ɢɥɢ ɢɦɟɸɬ ɩɨɜɵɲɟɧɧɭɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 

ɮɭɧɞɚɦɟɧɬɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɜɫɟɝɨ ɫɨɨɪɭɠɟɧɢɹ ɜ ɰɟɥɨɦ ɤ ɧɟɪɚɜɧɨɦɟɪɧɵɦ 

ɨɫɚɞɤɚɦ ɢ ɩɪɨɫɚɞɤɚɦ ɝɪɭɧɬɚ ɨɫɧɨɜɚɧɢɹ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ 

ɫɭɳɟɫɬɜɭɸɳɟɣ ɭɱɟɛɧɨɣ ɢ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɨ ɫɬɪɨɢɬɟɥɶɫɬɜɭ ɨɫɨɛɵɦ 

ɝɪɭɧɬɨɜɵɦ ɭɫɥɨɜɢɹɦ ɭɞɟɥɟɧɨ ɨɱɟɧɶ ɦɚɥɨ ɜɧɢɦɚɧɢɹ, ɧɟɫɦɨɬɪɹ ɧɚ ɟɟ ɜɚɠɧɨɫɬɶ, 

ɨɫɨɛɟɧɧɨ ɞɥɹ ɋɟɜɟɪɧɵɯ ɪɟɝɢɨɧɨɜ, ɜ ɤɨɬɨɪɵɯ ɫɥɚɛɵɟ ɝɪɭɧɬɵ ɲɢɪɨɤɨ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ 
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1.3 Ɋɚɛɨɱɚɹ ɝɢɩɨɬɟɡɚ 

 

Ɍɟɯɧɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɨɣ, ɪɟɲɚɟɦɨɣ ɞɚɧɧɨɣ ɪɚɛɨɬɨɣ, ɹɜɥɹɟɬɫɹ 

ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɨɯɥɚɠɞɟɧɢɹ ɜɟɱɧɨɦɟɪɡɥɵɯ ɝɪɭɧɬɨɜ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ 

ɜɨɡɞɭɯɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɧɚɝɪɟɬɵɯ ɩɨɬɨɤɨɜ ɜ ɬɟɩɥɵɣ ɩɟɪɢɨɞ ɝɨɞɚ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɨ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ ɩɨɞɩɨɥɶɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

ɍɫɬɪɨɣɫɬɜɨ ɞɥɹ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ ɩɨɞɩɨɥɶɹ, 

ɫɨɞɟɪɠɚɳɟɟ ɫɛɨɪɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɜɵɩɨɥɧɟɧɧɨɣ ɢɡ ɞɟɪɟɜɹɧɧɵɯ ɤɥɟɟɧɵɯ 

ɩɚɧɟɥɟɣ ɜ ɜɢɞɟ ɦɨɞɭɥɹ, ɫɨɞɟɪɠɚɳɭɸ ɥɢɰɟɜɭɸ, ɡɚɞɧɸɸ ɢ ɫɜɹɡɵɜɚɸɳɢɟ ɢɯ ɩɨ 

ɩɟɪɢɦɟɬɪɭ ɩɚɧɟɥɢ ɫ ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɦɟɠɞɭ ɧɢɦɢ ɫɢɫɬɟɦɨɣ ɩɟɪɟɤɪɟɫɬɧɵɯ 

ɪɟɛɟɪ, ɨɛɪɚɡɭɸɳɢɯ ɫɨɜɦɟɫɬɧɨ ɫ ɭɤɚɡɚɧɧɵɦɢ ɩɚɧɟɥɹɦɢ ɡɚɦɤɧɭɬɵɟ ɩɨɥɨɫɬɢ, 

ɫɧɚɛɠɟɧɧɵɟ ɜɨɡɞɭɯɨɧɟɩɪɨɧɢɰɚɟɦɵɦɢ ɷɥɚɫɬɢɱɧɵɦɢ ɩɨɥɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɫ 

ɜɯɨɞɧɵɦɢ ɤɚɧɚɥɚɦɢ, ɨɫɧɚɳɟɧɧɵɦɢ ɨɞɧɨɧɚɩɪɚɜɥɟɧɧɵɦ ɤɥɚɩɚɧɨɦ. ȼ ɥɢɰɟɜɨɣ 

ɢ ɡɚɞɧɟɣ ɞɟɪɟɜɹɧɧɵɯ ɤɥɟɟɧɵɯ ɩɚɧɟɥɹɯ ɤɨɧɫɬɪɭɤɰɢɢ ɜɫɬɪɨɟɧɵ ɪɟɝɭɥɢɪɭɟɦɵɟ 

ɠɚɥɸɡɢɣɧɵɟ ɪɟɲɟɬɤɢ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ, ɤɪɨɦɟ ɬɨɝɨ, ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ 

ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ ɩɨɞɩɨɥɶɹ ɫɨɞɟɪɠɢɬ ɫɢɫɬɟɦɭ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɨɯɥɚɠɞɟɧɢɹ ɜɟɱɧɨɦɟɪɡɥɵɯ ɝɪɭɧɬɨɜ ɢ 

ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɨɡɞɭɯɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɧɚɝɪɟɬɵɯ ɩɨɬɨɤɨɜ, ɜɤɥɸɱɚɸɳɭɸ 

ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ 

ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ ɩɨɞɩɨɥɶɹ, ɫɜɹɡɚɧɧɨɟ ɫ ɞɚɬɱɢɤɨɦ 

ɭɫɬɪɨɣɫɬɜɨ ɜɜɨɞɚ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ ɜ ɰɢɮɪɨɜɨɣ, 

ɤɨɧɬɪɨɥɥɟɪ, ɫɜɹɡɚɧɧɵɣ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɜɜɨɞɚ ɢ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɜɵɜɨɞɚ ɞɥɹ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɰɢɮɪɨɜɨɝɨ ɫɢɝɧɚɥɚ ɜ ɚɧɚɥɨɝɨɜɵɣ. ɍɫɬɪɨɣɫɬɜɨ ɜɵɜɨɞɚ 

ɫɜɹɡɚɧɨ ɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɪɟɝɭɥɢɪɭɟɦɵɯ ɠɚɥɸɡɢɣɧɵɯ ɪɟɲɟɬɨɤ. 

ɍɫɬɪɨɣɫɬɜɨ ɞɥɹ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ ɩɨɞɩɨɥɶɹ 

ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (ɪɢɫɭɧɨɤ 1.5).  
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Ɋɢɫɭɧɨɤ 1.5 – ɍɫɬɪɨɣɫɬɜɨ ɞɥɹ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ 

ɩɨɞɩɨɥɶɹ: 1 – ɠɚɥɸɡɢɣɧɵɟ ɪɟɲɟɬɤɢ; 2 – ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ; 3 – 

ɭɫɬɪɨɣɫɬɜɨ ɜɜɨɞɚ; 4 – ɤɨɧɬɪɨɥɥɟɪ; 5 – ɷɥɟɤɬɪɨɩɪɢɜɨɞ 

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜɵɲɟ +1°ɋ 

ɫɢɝɧɚɥɢɡɢɪɭɟɬ ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ 2, ɤɨɬɨɪɵɣ ɩɨɞɚɟɬ ɫɢɝɧɚɥ ɧɚ ɭɫɬɪɨɣɫɬɜɨ 

ɜɜɨɞɚ 3, ɩɪɟɨɛɪɚɡɭɸɳɟɟ ɫɢɝɧɚɥ ɢɡ ɚɧɚɥɨɝɨɜɨɝɨ ɜ ɰɢɮɪɨɜɨɣ, ɞɚɥɟɟ ɜ 

ɤɨɧɬɪɨɥɥɟɪ 4. Ʉɨɧɬɪɨɥɥɟɪ 4 ɜɵɩɨɥɧɹɟɬ ɪɚɫɱɟɬɧɵɟ ɨɩɟɪɚɰɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɚɥɝɨɪɢɬɦɨɦ, ɚ ɢɦɟɧɧɨ ɫɪɚɜɧɢɜɚɟɬ ɩɨɫɬɭɩɢɜɲɢɟ ɰɢɮɪɨɜɵɟ ɫɢɝɧɚɥɵ ɢɡ 

ɭɫɬɪɨɣɫɬɜɚ ɜɜɨɞɚ 3 ɫ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɵɦɢ ɜ ɤɨɧɬɪɨɥɥɟɪɟ 4 ɨɩɬɢɦɚɥɶɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɡɞɭɯɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɉɪɢ ɧɟɫɨɨɬɜɟɬɫɬɜɢɢ ɨɩɬɢɦɚɥɶɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɤɨɧɬɪɨɥɥɟɪ 4 ɩɨɞɚɟɬ ɫɢɝɧɚɥ 
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ɷɥɟɤɬɪɨɩɪɢɜɨɞɭ 5 ɨ ɡɚɤɪɵɬɢɢ ɪɟɝɭɥɢɪɭɟɦɵɯ ɠɚɥɸɡɢɣɧɵɯ ɪɟɲɟɬɨɤ 1 ɞɥɹ 

ɫɨɡɞɚɧɢɹ ɡɚɦɤɧɭɬɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɫɨɯɪɚɧɟɧɢɹ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɧɭɬɪɢ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ ɩɨɞɩɨɥɶɹ ɡɞɚɧɢɹ. ɇɚ ɮɢɝ. 1 ɫɯɟɦɚɬɢɱɧɨ ɩɨɤɚɡɚɧ 

ɮɪɚɝɦɟɧɬ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ 

ɩɨɞɩɨɥɶɹ, ɜɢɞ ɫɩɟɪɟɞɢ; ɧɚ ɮɢɝ. 2 - ɬɨ ɠɟ, ɜɢɞ ɫɡɚɞɢ; ɧɚ ɮɢɝ. 3 - ɬɨ ɠɟ, ɪɚɡɪɟɡ 

Ⱥ-Ⱥ ɧɚ ɮɢɝ. 1; ɧɚ ɮɢɝ. 4 ɩɪɢɜɟɞɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɨɯɥɚɠɞɟɧɢɹ ɜɟɱɧɨɦɟɪɡɥɵɯ ɝɪɭɧɬɨɜ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɬɪɟɛɭɟɬɫɹ ɪɟɲɟɧɢɟ ɫɥɟɞɭɸɳɢɯ 

ɡɚɞɚɱ:  

1) Ⱥɧɚɥɢɡ ɦɟɬɨɞɨɜ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɩɪɢɜɨɞɚ 

ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ;  

2) ɉɨɫɬɪɨɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɚ ɬɚɤɠɟ 

ɩɨɫɬɪɨɟɧɢɟ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɫɪɟɞɟ 

MATLAB&Simulink , ɢ ɟɝɨ ɚɧɚɥɢɡ; 

3) Ɋɚɡɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɨɞɟɥɢ ɪɚɛɨɬɵ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɩɪɢɜɨɞɚ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ; 

4) Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ. 
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2 ɌȿɈɊȿɌɂɑȿɋɄɂȿ ɂɋɋɅȿȾɈȼȺɇɂə ɉɊɂȼɈȾȺ 

ɈȽɊȺɀȾȿɇɂɃ ȼȿɇɌɂɅɂɊɍȿɆɈȽɈ ɉɈȾɉɈɅɖə 

 

2.1 Ɉɩɢɫɚɧɢɟ ɩɪɢɜɨɞɨɜ ɞɥɹ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 

 

ɉɪɢɜɨɞɨɦ ɦɟɯɚɧɢɡɦɨɜ ɧɚɡɵɜɚɸɬ ɫɨɜɨɤɭɩɧɨɫɬɶ ɭɫɬɪɨɣɫɬɜ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɢɜɨɞɢɬɶ ɤɚɤɢɟ-ɥɢɛɨ ɦɚɲɢɧɵ/ɦɟɯɚɧɢɡɦɵ 

ɜ ɞɟɣɫɬɜɢɟ. ɉɪɢɜɨɞ ɜɵɩɨɥɧɹɟɬ ɪɨɥɶ «ɢɧɫɬɪɭɦɟɧɬɚ», ɤɨɬɨɪɵɣ ɩɪɟɜɪɚɳɚɟɬ 

ɨɞɢɧ ɬɢɩ ɷɧɟɪɝɢɢ ɜ ɞɪɭɝɨɣ ɢ ɩɟɪɟɞɚɟɬ ɷɬɭ ɷɧɟɪɝɢɸ ɢɫɩɨɥɧɢɬɟɥɶɧɨɦɭ 

ɦɟɯɚɧɢɡɦɭ, ɬɨ ɟɫɬɶ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ, ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɜɢɞɨɜ ɩɪɢɜɨɞɨɜ: 

1) ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɩɪɢɜɨɞ; 

2) Ƚɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɪɢɜɨɞ; 

3) ɉɧɟɜɦɚɬɢɱɟɫɤɢɣ ɩɪɢɜɨɞ; 

4) Ɇɭɫɤɭɥɶɧɵɣ ɩɪɢɜɨɞ. 

Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɪɟɠɢɦɨɦ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɩɪɢɜɨɞ. Ɉɧ ɩɨɡɜɨɥɢɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɡɚɞɚɧɧɭɸ 

ɬɟɦɩɟɪɚɬɭɪɭ ɜɧɭɬɪɢ ɩɨɞɩɨɥɶɹ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɫɤɨɥɶɤɨ ɜɪɟɦɟɧɢ 

ɧɟɨɛɯɨɞɢɦɨ ɛɭɞɟɬ ɞɟɪɠɚɬɶ ɩɨɞɩɨɥɶɟ ɜ ɡɚɤɪɵɬɨɦ, ɥɢɛɨ ɠɟ ɨɬɤɪɵɬɨɦ, 

ɫɨɫɬɨɹɧɢɢ. Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɩɪɢɜɨɞ ɩɨɡɜɨɥɢɬ ɛɟɡɨɲɢɛɨɱɧɨ 

ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɜɟɫɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ. 

ȼ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɜɵɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɡɚɞɚɧɧɵɯ ɞɢɚɩɚɡɨɧɚɯ: 

1)  ɉɨɞɞɟɪɠɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɬɨ ɟɫɬɶ ɫɨɯɪɚɧɟɧɢɟ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ, 

ɛɟɡ ɩɨɫɥɟɞɭɸɳɢɯ ɢɡɦɟɧɟɧɢɣ.  

2)  Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɩɪɟɞɟɥɟɧɧɨ-ɡɚɞɚɧɧɵɯ ɞɢɚɩɚɡɨɧɚɯ, ɬɨ 

ɟɫɬɶ ɜɟɫɶ ɩɪɨɰɟɫɫ ɛɭɞɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶɫɹ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɚɥɝɨɪɢɬɦɭ, 

ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɡɚɥɨɠɟɧ ɜ ɫɢɫɬɟɦɟ.  

ɋɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɨɡɜɨɥɹɸɬ ɧɟ ɬɨɥɶɤɨ ɩɨɞɞɟɪɠɢɜɚɬɶ 

ɬɪɟɛɭɟɦɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ, ɧɨ ɬɚɤɠɟ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫɛɨɪ ɢ ɯɪɚɧɟɧɢɟ 
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ɞɚɧɧɵɯ. ɗɮɮɟɤɬɢɜɧɵɣ ɤɨɧɬɪɨɥɶ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɤɨɧɨɦɢɸ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɡɚ ɫɱёɬ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɧɚɝɪɟɜɚɧɢɹ ɢ 

ɨɯɥɚɠɞɟɧɢɹ.  ɇɟɦɚɥɨɜɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɹɜɥɹɟɬɫɹ ɩɨɥɧɨɟ ɢɫɤɥɸɱɟɧɢɟ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ ɢɡ 

ɩɪɨɰɟɫɫɚ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɜ ɰɟɥɨɦ ɢ ɤɚɱɟɫɬɜɨ 

ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ. 

ȼ ɜɟɧɬɢɥɢɪɭɟɦɵɯ ɩɨɞɜɚɥɚɯ ɬɟɦɩɟɪɚɬɭɪɚ, ɢ ɥɸɛɨɟ ɟɟ ɢɡɦɟɧɟɧɢɟ, 

ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɮɚɤɬɨɪɨɜ, ɩɨɫɤɨɥɶɤɭ ɜɫɹ ɪɚɛɨɬɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 

ɩɪɢɜɨɞɚ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɞɚɧɧɨɦ ɦɟɯɚɧɢɡɦɟ, ɛɭɞɟɬ 

ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɟɬɶ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɚɤɢɯ-ɥɢɛɨ ɟɟ ɢɡɦɟɧɟɧɢɣ. ȼ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ (ɜɫɹ ɪɚɛɨɬɚ ɛɭɞɟɬ ɩɨɫɬɪɨɟɧɚ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɞɢɚɩɚɡɨɧɚɯ ɬɟɦɩɟɪɚɬɭɪɵ) ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɛɭɞɟɬ ɚɤɬɢɜɢɪɨɜɚɬɶɫɹ, ɱɬɨ ɩɪɢɜɟɞɟɬ 

ɡɚ ɫɨɛɨɣ ɨɬɤɪɵɬɢɟ, ɥɢɛɨ ɠɟ ɡɚɤɪɵɬɢɟ, ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ.  

 

2.2 Ɇɟɬɨɞ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

 

Ƚɨɜɨɪɹ ɨ ɩɪɹɦɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɛɨɬɵ ɩɪɢɜɨɞɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɬɨɢɬ 

ɨɬɞɟɥɶɧɨ ɨɬɦɟɬɢɬɶ ɫɚɦɨ ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɢ ɛɭɞɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 

ɬɟɦɩɟɪɚɬɭɪɭ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɢ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɩɟɪɜɨɢɫɬɨɱɧɢɤɨɦ ɞɥɹ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ. Ɋɟɱɶ ɢɞɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 

ɞɚɬɱɢɤɟ, ɤɨɬɨɪɵɣ ɢ ɛɭɞɟɬ ɧɚɩɪɹɦɭɸ ɩɟɪɟɞɚɜɚɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɢɧɮɨɪɦɚɰɢɸ 

ɷɥɟɤɬɪɢɱɟɫɤɨɦɭ ɩɪɢɜɨɞɭ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɞɚɬɱɢɤ, ɩɪɢɦɟɧɹɟɦɵɣ ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ, 

ɢɫɩɨɥɶɡɭɟɬ ɩɪɢɧɰɢɩ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɭɸ ɢɡɦɟɪɹɸɬ, ɜ 

ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɫɢɝɧɚɥ. Ɍɚɤɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɩɟɪɟɞɚɱɟ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɫ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɶɸ ɧɚ ɨɝɪɨɦɧɵɟ ɪɚɫɫɬɨɹɧɢɹ. 

Ɍɚɤɠɟ ɥɸɛɵɟ ɮɢɡɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɵ ɛɥɚɝɨɞɚɪɹ 

ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɢɝɧɚɥɚɦ. ɗɬɢ ɫɢɝɧɚɥɵ, ɩɪɟɨɛɪɚɡɨɜɚɧɧɵɟ ɜ ɰɢɮɪɨɜɨɣ ɤɨɞ, 

ɛɭɞɭɬ ɩɟɪɟɞɚɜɚɬɶɫɹ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ.  
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ɉɨ ɬɢɩɭ ɫɢɝɧɚɥɚ ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɚɧɚɥɨɝɨɜɵɟ 

ɢ ɰɢɮɪɨɜɵɟ. ȼ ɤɚɱɟɫɬɜɟ ɚɧɚɥɨɝɨɜɨɝɨ ɩɪɢɛɨɪɚ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ 

ɬɟɪɦɨɪɟɡɢɫɬɨɪɵ, ɬɟɪɦɨɩɚɪɵ, ɬɟɪɦɢɫɬɨɪɵ, ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ ɢ ɬ.ɞ. Ⱦɥɹ 

ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɵ ɫɢɝɧɚɥ ɩɨɞɚɟɬɫɹ ɧɚ ɜɡɜɟɲɢɜɚɸɳɟɟ 

ɭɫɬɪɨɣɫɬɜɨ ɩɨɞ ɧɚɡɜɚɧɢɟɦ Ⱥɐɉ. ɉɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɚ ɜ ɰɢɮɪɨɜɨɣ 

ɤɨɞ, ɧɚɞ ɦɚɫɫɢɜɨɦ ɩɪɨɢɫɯɨɞɢɬ ɨɩɟɪɚɰɢɹ ɲɤɚɥɢɪɨɜɚɧɢɹ ɢ ɩɟɪɟɜɨɞ ɞɚɧɧɵɯ ɜ 

ɧɟɨɛɯɨɞɢɦɭɸ ɫɢɫɬɟɦɭ ɫɱɢɫɥɟɧɢɹ. Ʉ ɩɪɢɦɟɪɭ, ɩɪɢ ɪɚɛɨɬɟ ɫ ɬɟɪɦɨɩɚɪɨɣ PT100 

ɩɨɞɤɥɸɱɟɧɢɟ ɞɚɬɱɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɢɫɯɨɞɢɬ ɤ ɚɧɚɥɨɝɨɜɨɦɭ ɦɨɞɭɥɸ 

ɜɜɨɞɚ-ɜɵɜɨɞɚ PLC ɢɥɢ ɩɨɪɬɚ ɜɜɨɞɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ. 

Ɉɞɧɚɤɨ ɚɧɚɥɨɝɨɜɵɟ ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟ ɜɫɟɝɞɚ ɭɞɨɛɧɵ ɜ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢ ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ ɧɢɯ ɨɛɥɚɞɚɸɬ ɫɥɚɛɨɣ 

ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶɸ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢɯɨɞɹɬ ɧɚ ɩɨɦɨɳɶ ɰɢɮɪɨɜɵɟ 

ɩɪɢɛɨɪɵ, ɧɚɩɪɢɦɟɪ – DS18B20. 

 Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɭɩɪɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɪɟɠɢɦɨɦ 

ɩɪɨɜɟɬɪɢɜɚɟɦɵɯ ɩɨɞɜɚɥɨɜ ɡɞɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɫ ɥɢɧɟɣɧɵɦ 

ɞɜɢɝɚɬɟɥɟɦ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɧɨɫɬɶɸ ɢ, ɫɚɦɨɟ ɝɥɚɜɧɨɟ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, 

ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɜɟɫɶ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ (ɪɢɫɭɧɨɤ 2.1). 

 

 

Ɋɢɫɭɧɨɤ 2.1 – ɗɥɟɤɬɪɨɩɪɢɜɨɞ ɫ ɥɢɧɟɣɧɵɦ ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ 

ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 
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Ʌɢɧɟɣɧɵɣ ɞɜɢɝɚɬɟɥɶ – ɷɬɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ, ɭ ɤɨɬɨɪɨɝɨ ɨɞɢɧ ɢɡ 

ɷɥɟɦɟɧɬɨɜ ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ ɪɚɡɨɦɤɧɭɬ ɢ ɢɦɟɟɬ ɪɚɡɜёɪɧɭɬɭɸ ɨɛɦɨɬɤɭ, 

ɫɨɡɞɚɸɳɭɸ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɚ ɞɪɭɝɨɣ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɧɢɦ ɢ ɜɵɩɨɥɧɟɧ ɜ 

ɜɢɞɟ ɧɚɩɪɚɜɥɹɸɳɟɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɥɢɧɟɣɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɩɨɞɜɢɠɧɨɣ 

ɱɚɫɬɢ ɞɜɢɝɚɬɟɥɹ. ȼɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɹɜɥɹɟɬɫɹ, ɜ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ, ɩɨɜɬɨɪɹɸɳɢɦɫɹ ɜɜɟɪɯ ɢ ɜɧɢɡ ɥɢɧɟɣɧɵɦ ɞɜɢɠɟɧɢɟɦ. Ɍɚɤɠɟ ɦɨɠɟɬ 

ɹɜɥɹɬɶɫɹ ɩɨɜɬɨɪɹɸɳɢɦ ɧɚɡɚɞ ɢ ɜɩɟɪɟɞ ɥɢɧɟɣɧɵɦ ɞɜɢɠɟɧɢɟɦ.  

Ⱥɫɢɧɯɪɨɧɧɵɣ ɥɢɧɟɣɧɵɣ ɞɜɢɝɚɬɟɥɶ – ɷɬɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ, ɱɚɫɬɨɬɚ 

ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɤɨɬɨɪɨɝɨ ɧɟ ɪɚɜɧɚ (ɜ ɞɜɢɝɚɬɟɥɶɧɨɦ ɪɟɠɢɦɟ ɦɟɧɶɲɟ) ɱɚɫɬɨɬɟ 

ɜɪɚɳɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɬɨɤɨɦ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ. 

ɇɚ ɪɢɫɭɧɤɟ 2.2 ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɥɢɧɟɣɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɫ ɩɥɨɫɤɢɦ 

ɪɨɬɨɪɨɦ. 

 

Ɋɢɫɭɧɨɤ 2.2 – ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɫ ɩɥɨɫɤɢɦ ɪɨɬɨɪɨɦ 

 

ɋ ɭɱɟɬɨɦ ɩɪɨɬɢɜɨɗȾɋ, ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɦɨɠɧɨ 

ɨɩɢɫɚɬɶ ɫɥɟɞɭɸɳɟɣ ɫɢɫɬɟɦɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ: 
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J ୢ2γୢ୲2 = ʹМ − ʹМтр; ʹМ = ʹiሺuሻBlr = iKi;                                                                                         ሺʹ.ͳሻ u = L didt + iR + Кୣ dγdt , 
 

ɝɞɟ Ȗ – ɭɝɨɥ;  

J – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ;  

M – ɦɨɦɟɧɬ, ɫɨɡɞɚɜɚɟɦɵɣ ɢɫɩɨɥɧɢɬɟɥɶɧɵɦ ɞɜɢɝɚɬɟɥɟɦ;  

Mɬɪ – ɦɨɦɟɧɬ ɬɪɟɧɢɹ;  

B – ɢɧɞɭɤɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ;  

i – ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɜ ɤɚɬɭɲɤɚɯ ɞɜɢɝɚɬɟɥɹ;  

u – ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɨɛɦɨɬɤɚɯ ɞɜɢɝɚɬɟɥɹ (ɭɩɪɚɜɥɟɧɢɟ);  

R, L – ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɤɚɬɭɲɤɢ;  

l – ɨɛɳɚɹ ɞɥɢɧɚ ɜɢɬɤɨɜ ɤɚɬɭɲɤɢ;  

r – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ ɞɜɢɝɚɬɟɥɟɣ ɢ ɨɫɶɸ ɜɪɚɳɟɧɢɹ ɡɟɪɤɚɥɚ;  

Ʉi – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɦɟɠɞɭ ɬɨɤɨɦ ɜ ɨɛɦɨɬɤɚɯ 

ɞɜɢɝɚɬɟɥɟɣ ɢ ɦɨɦɟɧɬɨɦ;  

Ʉɟ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɬɢɜɨɗȾɋ. 

 

ɉɟɪɟɣɞɟɦ ɨɬ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (2.1) ɤ ɭɪɚɜɧɟɧɢɸ «ɜɯɨɞ-ɜɵɯɨɞ» 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɭɱɬɟɦ, ɱɬɨ ɞɥɹ 

ɨɩɢɫɵɜɚɟɦɨɝɨ ɞɜɢɝɚɬɟɥɹ ɦɨɦɟɧɬ ɬɪɟɧɢɹ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥ, ɬ.ɟ. Ɇɬɪ ≈ 0, ɢɡ 

ɬɪɟɬɶɟɝɨ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ (2.1), ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɬɨɤɚ i: 

 u = ͳR u − LR didt + КRୣ dγdt .                                                                                     ሺʹ.ʹሻ 
 

ɉɨɞɫɬɚɜɥɹɹ ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɜ ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ (2.1), 

ɩɨɥɭɱɚɟɦ: 
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J dଶγdtଶ = КiR u − Кi LR didt + КiКୣR dγdt .                                                                    ሺʹ.͵ሻ 

 

Ɍɚɤ ɤɚɤ 2M = iKi, ɬɨ ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ (2.1) ɦɨɠɧɨ 

ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ:  

 iКi = J dଶγdtଶ .                                                                                                            ሺʹ.Ͷሻ 
 

Ⱦɢɮɮɟɪɟɧɰɢɪɭɹ ɥɟɜɭɸ ɢ ɩɪɚɜɭɸ ɱɚɫɬɢ ɪɚɜɟɧɫɬɜɚ (2.4) ɩɨ ɜɪɟɦɟɧɢ, 

ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɩɪɨɢɡɜɨɞɧɨɣ ɬɨɤɚ di/dt: 

 didt = JКi dଷγdtଷ .                                                                                                          ሺʹ.ͷሻ 

 

ɇɚɤɨɧɟɰ, ɩɨɞɫɬɚɜɥɹɹ ɜɵɪɚɠɟɧɢɟ (2.5) ɜ ɜɵɪɚɠɟɧɢɟ (2.3), ɩɨɥɭɱɚɟɦ 

ɢɫɤɨɦɨɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ «ɜɯɨɞ-ɜɵɯɨɞ» ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 

 Tk JК୳ Кୣ dଷγdtଷ + JК୳ Кୣ dଶγdtଶ + dγdt = ͳКୣ u,                                                      ሺʹ.͸ሻ 

 

ɝɞɟ  Ʉu = Ʉi/R – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɦɟɠɞɭ ɭɩɪɚɜɥɹɸɳɢɦ 

ɧɚɩɪɹɠɟɧɢɟɦ ɧɚ ɨɛɦɨɬɤɚɯ ɞɜɢɝɚɬɟɥɟɣ ɢ ɦɨɦɟɧɬɨɦ M ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ 

ɪɟɠɢɦɟ;  

Tɤ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɫɬɚɬɨɪɧɵɯ ɤɚɬɭɲɟɤ, ɨɩɪɟɞɟɥɹɟɦɚɹ 

ɜɵɪɚɠɟɧɢɟɦ Tɤ = L/R. 

 

ȼɜɟɞɹ ɨɩɟɪɚɬɨɪ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ p = d/dt ɜ ɜɵɪɚɠɟɧɢɟ (2.6), 

ɩɨɥɭɱɢɦ ɨɩɟɪɚɬɨɪɧɭɸ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ: 
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Wмэ ሺрሻ = γሺtሻuሺtሻ = ͳКୣ JК୳ Кୣ Tkpଷ + JК୳ Кୣ pଶ + р .                                         ሺʹ.͹ሻ 
 

ɉɪɨɜɟɞɹ ɪɹɞ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ ɜɵɪɚɠɟɧɢɢ (2.7), ɩɪɟɞɫɬɚɜɢɦ 

ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 

Wмэ ሺрሻ = γሺtሻuሺtሻ = К୳ ሺTкp + ͳሻ ͳJpͳ + К୳ ሺTкp + ͳሻ ͳJp Кୣ 
ͳp.                                                     ሺʹ.ͺሻ 

 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɜɵɪɚɠɟɧɢɸ 

(2.8), ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.1. 

 

 

 

Ɋɢɫɭɧɨɤ 2.1 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ: Ʉu – ɤɨɷɮɮɢɰɢɟɧɬ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɦɟɠɞɭ ɭɩɪɚɜɥɹɸɳɢɦ ɧɚɩɪɹɠɟɧɢɟɦ ɧɚ ɨɛɦɨɬɤɚɯ 

ɞɜɢɝɚɬɟɥɟɣ ɢ ɦɨɦɟɧɬɨɦ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ; Tɤ – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ 

ɫɬɚɬɨɪɧɵɯ ɤɚɬɭɲɟɤ; J – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ; p – ɨɩɟɪɚɬɨɪ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ; 

Ʉɟ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɬɢɜɨɗȾɋ; U(t) – ɜɟɥɢɱɢɧɚ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ; 

Ȗ(t) – ɭɝɨɥ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ 

 

ɉɪɢɦɟɦ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɭɞɨɜɥɟɬɜɨɪɹɸɬ 

ɭɫɥɨɜɢɸ: 
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ͶKୣK୳𝑇кJ < ͳ.                                                                                                        ሺʹ.ͻሻ 

 

Ɍɨɝɞɚ ɡɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ (2.7) ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 Wмэ ሺрሻ = Kмэ 𝑝ሺTଵp + ͳሻሺTଶp + ͳሻ,                                                                 ሺʹ.ͳͲሻ 

 

ɝɞɟ  Ʉɦɷ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɩɨ ɫɤɨɪɨɫɬɢ; 

T1 – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ; 

T2 – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ.  

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɩɨ ɫɤɨɪɨɫɬɢ, Ʉɦɷ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  

 Kмэ  = ͳ Кୣ .                                                                                                          ሺʹ.ͳͳሻ 

 

ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, T1, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 Tଵ = ͳͳʹr + √ ͳͶTкଶ − Кୣ К୳ JTк 
.                                                                              ሺʹ.ͳʹሻ 

 

ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, T2, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 Tଶ = ͳͳʹr + √ ͳͶTкଶ − Кୣ К୳ JTк 
.                                                                              ሺʹ.ͳ͵ሻ 

 

ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ T1 ɨɩɪɟɞɟɥɹɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ (2.12), ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɫɨɱɟɬɚɧɢɹ 
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ɩɚɪɚɦɟɬɪɨɜ ɢɫɩɨɥɶɡɭɟɦɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ T1 ≈ Tɤ. ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ T2 

ɨɩɪɟɞɟɥɹɟɬ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. ɇɚ ɩɪɚɤɬɢɤɟ, 

ɨɛɵɱɧɨ, T2 >> T1. 

ɋ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɹ (2.10), ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢɦɟɟɬ 

ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 2.2. 

 

 

 

Ɋɢɫɭɧɨɤ 2.2 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫ ɧɟɥɢɧɟɣɧɨɫɬɶɸ ɬɢɩɚ 

ɧɚɫɵɳɟɧɢɹ: Ʉɦɷ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɩɨ ɫɤɨɪɨɫɬɢ; T1 – ɩɨɫɬɨɹɧɧɚɹ 

ɜɪɟɦɟɧɢ 1; T2 – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ 2; p – ɨɩɟɪɚɬɨɪ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ; 

Uɪɟɝ(t) – ɜɟɥɢɱɢɧɚ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ; Ȗ(t) – ɭɝɨɥ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ 

 

ɇɟɥɢɧɟɣɧɨɫɬɶ ɫ ɧɚɫɵɳɟɧɢɟɦ, ɩɨɤɚɡɚɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 2.2, ɭɱɢɬɵɜɚɟɬ 

ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɜɟɥɢɱɢɧɭ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ Uɪɟɝ(t) ɫ ɜɵɯɨɞɚ 

ɪɟɝɭɥɹɬɨɪɚ. 

Ⱦɥɹ ɫɢɧɬɟɡɚ ɰɢɮɪɨɜɵɯ ɪɟɝɭɥɹɬɨɪɨɜ, ɪɟɚɥɢɡɭɟɦɵɯ ɧɚ ɫɨɜɪɟɦɟɧɧɵɯ 

ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚɯ ɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɗȼɆ, ɧɟɨɛɯɨɞɢɦɵ ɞɢɫɤɪɟɬɧɵɟ 

ɦɨɞɟɥɢ ɨɛɴɟɤɬɨɜ ɭɩɪɚɜɥɟɧɢɹ. Ⱦɢɫɤɪɟɬɧɵɟ ɦɨɞɟɥɢ ɧɟɩɪɟɪɵɜɧɵɯ ɨɛɴɟɤɬɨɜ 

ɩɨɥɭɱɚɸɬ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɧɟɩɪɟɪɵɜɧɵɟ ɪɟɚɤɰɢɢ ɜ ɞɢɫɤɪɟɬɧɵɟ (ɬɚɤɬɨɜɵɟ) 

ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ kT, k = 0, 1, 2. 

Ɉɝɪɚɧɢɱɢɦɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɷɤɫɬɪɚɩɨɥɹɬɨɪɚ ɧɭɥɟɜɨɝɨ ɩɨɪɹɞɤɚ, 

ɡɚɩɨɦɢɧɚɸɳɟɝɨ ɡɧɚɱɟɧɢɟ ɩɨɫɬɭɩɚɸɳɟɝɨ ɧɚ ɜɯɨɞ ɫɢɝɧɚɥɚ ɧɚ ɩɟɪɢɨɞ T. Ɍɚɤɨɣ 

ɷɤɫɬɪɚɩɨɥɹɬɨɪ ɨɩɢɫɵɜɚɟɬɫɹ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ: 

 Wэ଴ = ͳ − e−pTp .                                                                                                ሺʹ.ͳͶሻ 
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Ⱦɢɫɤɪɟɬɧɚɹ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɥɢɧɟɣɧɨɝɨ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ɫ 

ɭɱɟɬɨɦ ɷɤɫɬɪɚɩɨɥɹɬɨɪɚ ɧɭɥɟɜɨɝɨ ɩɨɪɹɞɤɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 

 Wмэሺzሻ = ሺͳ − z−ଵሻZT {Wሺpሻp },                                                                    ሺʹ.ͳͷሻ 
 

ɝɞɟ  ZɌ{ ⋅} – ɨɛɨɡɧɚɱɟɧɨ Z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜɵɪɚɠɟɧɢɹ ɜ ɮɢɝɭɪɧɵɯ ɫɤɨɛɤɚɯ; 

W(p) – ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɧɟɩɪɟɪɵɜɧɨɝɨ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. 

 

ɉɨɞɫɬɚɜɢɦ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ (2.11) ɜ ɜɵɪɚɠɟɧɢɟ 

(2.15): 

 Wмэ ሺ𝑧ሻ = ሺͳ − z−ଵሻZT { Kмэ 𝑝ଶሺTଵp + ͳሻሺTଶp + ͳሻ}.                                    ሺʹ.ͳ͸ሻ 

 

ɉɪɢɜɟɞɟɦ ɜɵɪɚɠɟɧɢɟ ɜ ɮɢɝɭɪɧɵɯ ɫɤɨɛɤɚɯ ɤ ɬɚɛɥɢɱɧɨɦɭ ɜɢɞɭ ɢ 

ɜɵɩɨɥɧɢɦ z-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ: 

 Wмэ ሺzሻ = Kмэ ȽȾ (z − ͳ z ) ZT { ȽଶȾଶpଶሺp + Ƚሻሺp + Ⱦሻ} = 

= Kмэ ȽȾ (z − ͳ z ) ቆzTȽȾ − zଶሺȽ + Ⱦሻ + zሺȽ + Ⱦ ሻሺz − ͳሻଶ +ቇ 

ቆ+ zଶሺȾଶ − Ƚଶሻ + zሺȽଶd − ȾଶcሻሺȾ − Ƚሻሺz − dሻሺz − cሻ ቇ,                                                           ሺʹ.ͳ͹ሻ 
 

ɝɞɟ  T – ɩɟɪɢɨɞ ɞɢɫɤɪɟɬɢɡɚɰɢɢ;  

α = 1/T1; ȕ = 1/T2; c = e-ȕT; d = e-αT – ɤɨɧɫɬɚɧɬɵ, ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 

ɤɨɬɨɪɵɯ ɡɚɜɢɫɹɬ ɨɬ ɩɨɫɬɨɹɧɧɵɯ ɜɪɟɦɟɧɢ T1, T2 ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢ 

ɩɟɪɢɨɞɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ T. 
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ɂɬɚɤ, ɞɢɫɤɪɟɬɧɚɹ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢɦɟɟɬ ɜɢɞ 

 Wмэ ሺzሻ = Kмэ ȽȾ (TȽȾ − ሺ𝑧 − ͳሻሺȽ + Ⱦሻሺz − ͳሻ + ሺz − ͳሻ) = 

= ቆzሺȾଶ − Ƚଶ ሻ + ሺȽଶd − ȾଶcሺȾ − Ƚሻሺz − dሻሺz − cሻ ቇ.                                                                    ሺʹ.ͳͺሻ 

 

2.3 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɫɢɫɬɟɦɟ MATLAB&Simulink 

 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɨɣ ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ 

ɫɢɫɬɟɦɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ MATLAB&Simulink . ɐɟɥɶɸ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɚ ɩɪɨɜɟɪɤɚ ɢɞɟɧɬɢɱɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɚɧɚɥɨɝɨɜɨɣ ɢ 

ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɟɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɚɧɚɥɨɝɨɜɨɣ ɢ ɞɢɫɤɪɟɬɧɨɣ ɦɨɞɟɥɶɸ 

ɩɪɢɜɨɞɚ, ɫɨɡɞɚɧɧɚɹ ɜ ɩɚɤɟɬɟ MATLAB&Simulink, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 

2.3. 

 

 

 

Ɋɢɫɭɧɨɤ 2.3 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɚɧɚɥɨɝɨɜɨɣ ɢ ɞɢɫɤɪɟɬɧɨɣ 

ɦɨɞɟɥɶɸ ɩɪɢɜɨɞɚ 
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Ɋɟɚɤɰɢɹ ɨɛɨɢɯ ɦɨɞɟɥɟɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɧɚ ɫɤɚɱɨɤ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.4.  

 

 

 

Ɋɢɫɭɧɨɤ 2.4 – Ɋɟɚɤɰɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɧɚ ɫɤɚɱɨɤ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ: 

ɨɫɶ ɚɛɫɰɢɫɫ – ɜɪɟɦɹ, ɫ; ɨɫɶ ɨɪɞɢɧɚɬ – ɭɝɥɨɜɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɪɨɬɨɪɚ ɩɪɢɜɨɞɚ, 

ɪɚɞɢɚɧ 

 

ɂɡ ɫɨɜɩɚɞɟɧɢɹ ɝɪɚɮɢɤɨɜ ɩɨ ɜɪɟɦɟɧɢ ɢ ɩɨ ɭɝɥɨɜɨɦɭ ɩɟɪɟɦɟɳɟɧɢɸ 

ɪɨɬɨɪɚ ɩɪɢɜɨɞɚ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨɛ ɢɞɟɧɬɢɱɧɨɫɬɢ ɚɧɚɥɨɝɨɜɨɣ ɢ 

ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. 

 

Ʌɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ MATLAB&Simulink ɫɨɞɟɪɠɢɬ: 

 

function lab5 

% 

clear all; close all; clc; 

s2 = 10;  

%%  

for i=0:s2-1 

p = imread(strcat(int2str(i),'.jpg')); 

p = im2bw(p); 



33 
 

P(:,i+1) = p(:); 

end 

%%  

P = 1-P; 

s1 = size(P,1); 

rho = 1; 

psi = 2; 

w21 = ones(s1,s2); 

w12 = zeros(s2,s1); 

for k=1:s2 

w12(k,:) = psi*w21(:,k)'/(psi+sum(w21(:,k))-1); 

end 

%%  

for i = 1:s2 

[w12, w21] = present(P, w12, w21, rho, psi, i); 

end 

%% Recognition 

P = []; R = []; 

files = ['\44.jpg'; '\88.jpg']; 

for i=1:size(files,1) 

[p, r, k(i)] = recognition(files(i,:), w12); 

P = [P, p] 

R = [R, r] 

end; 

figure('Name', 'Digits recognition', 'NumberTitle', 'off'); 

subplot(2, 1, 1);imshow(P); title('Pattern image') 

subplot(2, 1, 2);imshow(R); title('Recognized image') 

%% 
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function [pat, r, k] = recognition(file, w12) 

pat = imread(file); 

p = im2bw(pat); 

p = p(:); 

p = 1 - p; 

n1 = w12*p; 

[mxn1,k] = max(n1); 

r = imread(strcat(int2str(k-1),'.jpg')); 

%% 

function [w12, w21] = present(P, w12, w21, rho, psi, i) 

[s2,s1] = size(w12); 

ind_x = []; 

res_flag = 0; 

while(res_flag==0) 

% ɒɚɝ 1 

p = P(:,i); 

a1 = p; 

% ɒɚɝ 2 

n1 = w12*a1; 

n1(ind_x) = -inf*ones(size(ind_x)); 

[mxn1,k] = max(n1); % 

 a2 = zeros(s2,1); % 

a2(k) = 1; % 

% ɒɚɝ 3 

expect = w21(:,k); 

% ɒɚɝ 4 

a1 = p&expect; 

% ɒɚɝ 5 
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if ((sum(a1)/sum(p))<rho) 

a0 = 1; 

else 

a0 = 0; 

end 

% ɒɚɝ 6 

if (a0) 

ind_x = [ind_x; k]; 

%  

if(length(ind_x)==s2) 

if (s2==10) 

error('More than four prototypes needed') 

else 

w21 = [w21 ones(s1,1)]; 

w12 = [w12; psi*ones(1,s1)/(psi+s1-1)]; 

s2 = s2+1; 

end 

end 

else 

%  

res_flag = 1; 

% ɒɚɝ 7 

w12(k,:) = psi*a1'/(psi+sum(a1)-1); 

% ɒɚɝ 8 

w21(:,k) = a1; 

end % if a0 

end % while res_flag 
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3 ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɕȿ ɂɋɋɅȿȾɈȼȺɇɂə ɉɊɂȼɈȾȺ 

ɈȽɊȺɀȾȺɘЩɂɏ ɄɈɇɋɌɊɍɄɐɂɃ 

 

3.1 Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɢɜɨɞɚ ɨɝɪɚɠɞɚɸɳɢɯ 

ɤɨɧɫɬɪɭɤɰɢɣ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɟɱɚɬɧɚɹ ɩɥɚɬɚ Arduino Uno. Arduino – 

ɚɩɩɚɪɚɬɧɚɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɩɥɚɬɮɨɪɦɚ, ɨɫɧɨɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɨɬɨɪɨɣ 

ɹɜɥɹɸɬɫɹ ɩɪɨɫɬɚɹ ɩɥɚɬɚ ɜɜɨɞɚ-ɜɵɜɨɞɚ ɢ ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ ɧɚ ɹɡɵɤɟ 

Processing/Wiring. ɇɚ ɩɥɚɬɮɨɪɦɟ Arduino Uno (ɪɢɫɭɧɨɤ 3.1), ɢɦɟɟɬɫɹ 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. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɟɱɚɬɧɨɣ 

ɩɥɚɬɵ Arduino Uno ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 3.1. 

 

Ɍɚɛɥɢɰɚ 3.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɬɵ Arduino Uno 

ɉɚɪɚɦɟɬɪɵ Ɂɧɚɱɟɧɢɹ 
Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATmega 328 
Ɋɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ 5 ȼ 
ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɪɟɤɨɦɟɧɞɭɟɦɨɟ) 7-12 ȼ 
ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ (ɩɪɟɞɟɥɶɧɨɟ) 6-20 ȼ 

ɐɢɮɪɨɜɵɟ ɜɯɨɞɵ/ɜɵɯɨɞɵ 
14 (ɲɟɫɬɶ ɢɡ ɤɨɬɨɪɵɯ ɦɨɝɭɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɜɵɯɨɞɵ 

ɒɂɆ) 
Ⱥɧɚɥɨɝɨɜɵɟ ɜɯɨɞɵ 6 
ɉɨɫɬɨɹɧɧɵɣ ɬɨɤ ɞɥɹ ɜɵɜɨɞɚ 3.3 ȼ 50 ɦȺ 

Ɏɥɷɲ-ɩɚɦɹɬɶ 
32 Ʉɛ (ATmega328) ɢɡ ɤɨɬɨɪɵɯ 0,5 

Ʉɛ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɡɚɝɪɭɡɱɢɤɚ 
ɈɁɍ 2Ʉɛ (ATmega328) 
EEPROM 1 Ʉɛ (ATmega328) 
Ɍɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ 16 ɆȽɰ 
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Ɋɢɫɭɧɨɤ 3.1 – ɉɥɚɬɮɨɪɦɚ Arduino Uno: 1 – ɫɜɟɬɨɞɢɨɞɧɚɹ ɢɧɞɢɤɚɰɢɹ;  

2 – ɱɟɬɵɪɧɚɞɰɚɬɶ ɰɢɮɪɨɜɵɯ ɜɯɨɞ/ɜɵɯɨɞɨɜ; 3 – ICSP-ɪɚɡɴɟɦ ɞɥɹ ATmega328P; 

4 – ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATmega328P; 5 – ɲɟɫɬɶ ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɨɜ;  

6 – ɪɟɝɭɥɹɬɨɪ ɧɚɩɪɹɠɟɧɢɹ 5 ȼ; 7 – ɪɚɡɴɟɦ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɩɢɬɚɧɢɹ;  

8 – ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATmega16Uz; 9 – ɪɚɡɴɟɦ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɤɚɛɟɥɹ USB; 

10 – ICSP-ɪɚɡɴɟɦ ɞɥɹ ATmega16Uz 

ɇɚ ɤɨɧɰɟɩɬɭɚɥɶɧɨɦ ɭɪɨɜɧɟ ɜɫɟ ɩɥɚɬɵ ɩɪɨɝɪɚɦɦɢɪɭɸɬɫɹ ɱɟɪɟɡ RS-232 

(ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ), ɧɨ ɪɟɚɥɢɡɚɰɢɹ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 

ɜɟɪɫɢɢ ɤ ɜɟɪɫɢɢ. ɉɥɚɬɚ Serial Arduino ɫɨɞɟɪɠɢɬ ɩɪɨɫɬɭɸ ɢɧɜɟɪɬɢɪɭɸɳɭɸ 

ɫɯɟɦɭ ɞɥɹ ɤɨɧɜɟɪɬɢɪɨɜɚɧɢɹ ɭɪɨɜɧɟɣ ɫɢɝɧɚɥɨɜ RS-232 ɜ ɭɪɨɜɧɢ ɌɌɅ, ɢ 

ɧɚɨɛɨɪɨɬ. Ɍɟɤɭɳɢɟ ɪɚɫɫɵɥɚɟɦɵɟ ɩɥɚɬɵ ɩɪɨɝɪɚɦɦɢɪɭɸɬɫɹ ɱɟɪɟɡ USB, ɱɬɨ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɦɢɤɪɨɫɯɟɦɟ ɤɨɧɜɟɪɬɟɪɚ USB-to-Serial FTDI 

FT232R. ȼ ɜɟɪɫɢɢ ɩɥɚɬɮɨɪɦɵ Arduino Uno ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɜɟɪɬɟɪɚ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ Atmega8 ɜ SMD-ɤɨɪɩɭɫɟ. Ⱦɚɧɧɨɟ ɪɟɲɟɧɢɟ 

ɩɨɡɜɨɥɹɟɬ ɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶ ɤɨɧɜɟɪɬɟɪ ɬɚɤ, ɱɬɨɛɵ ɩɥɚɬɮɨɪɦɚ ɫɪɚɡɭ 

ɨɩɪɟɞɟɥɹɥɚɫɶ ɤɚɤ ɦɵɲɶ, ɞɠɨɣɫɬɢɤ ɢɥɢ ɢɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨ ɭɫɦɨɬɪɟɧɢɸ 
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ɪɚɡɪɚɛɨɬɱɢɤɚ ɫɨ ɜɫɟɦɢ ɧɟɨɛɯɨɞɢɦɵɦɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɫɢɝɧɚɥɚɦɢ 

ɭɩɪɚɜɥɟɧɢɹ. ȼ ɧɟɤɨɬɨɪɵɯ ɜɚɪɢɚɧɬɚɯ, ɬɚɤɢɯ ɤɚɤ Arduino Mini ɢɥɢ 

ɧɟɨɮɢɰɢɚɥɶɧɨɣ Boarduino, ɞɥɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɬɪɟɛɭɟɬɫɹ ɩɨɞɤɥɸɱɟɧɢɟ 

ɨɬɞɟɥɶɧɨɣ ɩɥɚɬɵ USB-to-Serial ɢɥɢ ɤɚɛɟɥɹ. 

ɂɧɬɟɝɪɢɪɨɜɚɧɧɚɹ ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ Arduino — ɷɬɨ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɟ 

ɩɪɢɥɨɠɟɧɢɟ ɧɚ Java, ɜɤɥɸɱɚɸɳɟɟ ɜ ɫɟɛɹ ɪɟɞɚɤɬɨɪ ɤɨɞɚ, ɤɨɦɩɢɥɹɬɨɪ ɢ ɦɨɞɭɥɶ 

ɩɟɪɟɞɚɱɢ ɩɪɨɲɢɜɤɢ ɜ ɩɥɚɬɭ. 

ɋɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ ɨɫɧɨɜɚɧɚ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Processing ɢ 

ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɞɥɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɧɨɜɢɱɤɚɦɢ, ɧɟ ɡɧɚɤɨɦɵɦɢ ɛɥɢɡɤɨ ɫ 

ɪɚɡɪɚɛɨɬɤɨɣ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. əɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɚɧɚɥɨɝɢɱɟɧ 

ɢɫɩɨɥɶɡɭɟɦɨɦɭ ɜ ɩɪɨɟɤɬɟ Wiring. ɋɬɪɨɝɨ ɝɨɜɨɪɹ, ɷɬɨ C++, ɞɨɩɨɥɧɟɧɧɵɣ 

ɧɟɤɨɬɨɪɵɦɢ ɛɢɛɥɢɨɬɟɤɚɦɢ. ɉɪɨɝɪɚɦɦɵ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɩɪɟɩɪɨɰɟɫɫɨɪɚ, ɚ ɡɚɬɟɦ ɤɨɦɩɢɥɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ AVR-GCC. 

Ɉɪɢɝɢɧɚɥɶɧɵɟ ɩɥɚɬɵ Arduino ɩɪɨɢɡɜɨɞɢɬ Smart Projects. ɇɚ ɞɚɧɧɵɣ 

ɦɨɦɟɧɬ ɞɨɫɬɭɩɧɵ 15 ɜɟɪɫɢɣ ɩɥɚɬ. 

ɉɨɞ ɬɨɪɝɨɜɨɣ ɦɚɪɤɨɣ Arduino ɜɵɩɭɫɤɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɩɥɚɬ ɫ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ ɢ ɩɥɚɬɵ ɪɚɫɲɢɪɟɧɢɹ. Ȼɨɥɶɲɢɧɫɬɜɨ ɩɥɚɬ ɫ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ ɫɧɚɛɠɟɧɵ ɦɢɧɢɦɚɥɶɧɨ ɧɟɨɛɯɨɞɢɦɵɦ ɧɚɛɨɪɨɦ ɨɛɜɹɡɤɢ 

ɞɥɹ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ.  

ȼ ɤɨɧɰɟɩɰɢɸ Arduino ɧɟ ɜɯɨɞɢɬ ɤɨɪɩɭɫɧɨɣ ɢɥɢ ɦɨɧɬɚɠɧɵɣ 

ɤɨɧɫɬɪɭɤɬɢɜ. Ɋɚɡɪɚɛɨɬɱɢɤ ɜɵɛɢɪɚɟɬ ɦɟɬɨɞ ɭɫɬɚɧɨɜɤɢ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɡɚɳɢɬɵ 

ɩɥɚɬ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɥɢɛɨ ɫ ɩɨɦɨɳɶɸ ɫɬɨɪɨɧɧɢɯ ɤɨɦɩɚɧɢɣ. ɋɬɨɪɨɧɧɢɦɢ 

ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɬɚɤɠɟ ɜɵɩɭɫɤɚɸɬɫɹ ɧɚɛɨɪɵ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ 

ɷɥɟɤɬɪɨɦɟɯɚɧɢɤɢ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɧɚ ɪɚɛɨɬɭ ɫɨɜɦɟɫɬɧɨ ɫ ɩɥɚɬɚɦɢ Arduino. 

ɇɟɡɚɜɢɫɢɦɵɦɢ ɩɪɨɢɡɜɨɞɢɬɟɥɹɦɢ ɬɚɤɠɟ ɜɵɩɭɫɤɚɟɬɫɹ ɛɨɥɶɲɚɹ ɝɚɦɦɚ 

ɜɫɟɜɨɡɦɨɠɧɵɯ ɞɚɬɱɢɤɨɜ ɢ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ 

ɫɬɟɩɟɧɢ ɫɨɜɦɟɫɬɢɦɵɯ ɫ Arduino. 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ ɞɥɹ Arduino ɨɬɥɢɱɚɸɬɫɹ ɧɚɥɢɱɢɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɩɪɨɲɢɬɨɝɨ ɜ ɧɢɯ ɡɚɝɪɭɡɱɢɤɚ. ɋ ɩɨɦɨɳɶɸ ɷɬɨɝɨ ɡɚɝɪɭɡɱɢɤɚ ɩɨɥɶɡɨɜɚɬɟɥɶ 

ɡɚɝɪɭɠɚɟɬ ɫɜɨɸ ɩɪɨɝɪɚɦɦɭ ɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
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ɬɪɚɞɢɰɢɨɧɧɵɯ ɨɬɞɟɥɶɧɵɯ ɚɩɩɚɪɚɬɧɵɯ ɩɪɨɝɪɚɦɦɚɬɨɪɨɜ. Ɂɚɝɪɭɡɱɢɤ 

ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɤɨɦɩɶɸɬɟɪɨɦ ɱɟɪɟɡ ɢɧɬɟɪɮɟɣɫ USB (ɟɫɥɢ ɨɧ ɟɫɬɶ ɧɚ ɩɥɚɬɟ) ɢɥɢ 

ɫ ɩɨɦɨɳɶɸ ɨɬɞɟɥɶɧɨɝɨ ɩɟɪɟɯɨɞɧɢɤɚ UART-USB. ɉɨɞɞɟɪɠɤɚ ɡɚɝɪɭɡɱɢɤɚ 

ɜɫɬɪɨɟɧɚ ɜ Arduino IDE ɢ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɨɞɢɧ ɳɟɥɱɨɤ ɦɵɲɢ. 

ɉɨɪɬɵ ɜɜɨɞɚ-ɜɵɜɨɞɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɨɮɨɪɦɥɟɧɵ ɜ ɜɢɞɟ ɲɬɵɪɟɜɵɯ 

ɥɢɧɟɟɤ. ɇɢɤɚɤɨɝɨ ɛɭɮɟɪɢɡɢɪɨɜɚɧɢɹ, ɡɚɳɢɬɵ, ɤɨɧɜɟɪɬɚɰɢɢ ɭɪɨɜɧɟɣ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɧɟɬ. Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ ɩɢɬɚɸɬɫɹ ɨɬ 5ȼ ɢɥɢ 3,3ȼ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɦɨɞɟɥɢ ɩɥɚɬɵ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɪɬɵ ɢɦɟɸɬ ɬɚɤɨɣ ɠɟ ɪɚɡɦɚɯ ɞɨɩɭɫɬɢɦɵɯ 

ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. ɉɪɨɝɪɚɦɦɢɫɬɭ ɞɨɫɬɭɩɧɵ ɧɟɤɨɬɨɪɵɟ 

ɫɩɟɰɢɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɪɬɨɜ ɜɜɨɞɚ-ɜɵɜɨɞɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ, 

ɧɚɩɪɢɦɟɪ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɚɹ ɦɨɞɭɥɹɰɢɹ (ɒɂɆ), ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɣ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ (Ⱥɐɉ), ɢɧɬɟɪɮɟɣɫɵ UART, SPI, I2C. Ʉɨɥɢɱɟɫɬɜɨ ɢ 

ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɪɬɨɜ ɜɜɨɞɚ-ɜɵɜɨɞɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨɧɤɪɟɬɧɵɦ ɜɚɪɢɚɧɬɨɦ 

ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɩɥɚɬɵ. 

ɋɬɨɪɨɧɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɜɵɩɭɫɤɚɸɬ ɲɢɪɨɤɭɸ ɝɚɦɦɭ ɞɚɬɱɢɤɨɜ ɢ 

ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɩɨɞɤɥɸɱɚɟɦɵɯ ɤ Arduino. ɇɚɩɪɢɦɟɪ, ɝɢɪɨɫɤɨɩɵ, 

ɤɨɦɩɚɫɵ, ɦɚɧɨɦɟɬɪɵ, ɝɢɝɪɨɦɟɬɪɵ, ɬɟɪɦɨɦɟɬɪɵ, ɪɟɥɟɣɧɵɟ ɦɨɞɭɥɢ, 

ɢɧɞɢɤɚɬɨɪɵ, ɤɥɚɜɢɚɬɭɪɵ ɢ ɬ. ɩ. 

ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɜɟɞɟɬɫɹ ɰɟɥɢɤɨɦ ɱɟɪɟɡ ɫɨɛɫɬɜɟɧɧɭɸ ɩɪɨɝɪɚɦɦɧɭɸ 

ɨɛɨɥɨɱɤɭ (IDE), ɛɟɫɩɥɚɬɧɨ ɞɨɫɬɭɩɧɭɸ ɧɚ ɫɚɣɬɟ Arduino. ȼ ɷɬɨɣ ɨɛɨɥɨɱɤɟ 

ɢɦɟɟɬɫɹ ɬɟɤɫɬɨɜɵɣ ɪɟɞɚɤɬɨɪ, ɦɟɧɟɞɠɟɪ ɩɪɨɟɤɬɨɜ, ɩɪɟɩɪɨɰɟɫɫɨɪ, ɤɨɦɩɢɥɹɬɨɪ 

ɢ ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ ɡɚɝɪɭɡɤɢ ɩɪɨɝɪɚɦɦɵ ɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ. Ɉɛɨɥɨɱɤɚ 

ɧɚɩɢɫɚɧɚ ɧɚ Java ɧɚ ɨɫɧɨɜɟ ɩɪɨɟɤɬɚ Processing, ɪɚɛɨɬɚɟɬ ɩɨɞ Windows, Mac 

OS X ɢ Linux.  

əɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Arduino ɹɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ C++ ɫ 

ɧɟɤɨɬɨɪɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ, ɨɛɥɟɝɱɚɸɳɢɦɢ ɧɨɜɢɱɤɚɦ ɧɚɩɢɫɚɧɢɟ ɩɟɪɜɨɣ 

ɪɚɛɨɬɚɸɳɟɣ ɩɪɨɝɪɚɦɦɵ. 
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3.2 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɦɨɞɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɛɨɬɵ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɢɜɨɞɚ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ 

ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ ɩɨɞɩɨɥɶɹ ɡɞɚɧɢɹ ɜ ɡɨɧɟ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ ɧɚ ɛɚɡɟ 

Arduino 

 

Ɇɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɪɚɫɫɤɚɡɵɜɚɬɶɫɹ ɜ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ, 

ɢɧɬɟɪɩɪɟɬɢɪɭɟɬ ɬɟɦɭ: «ɉɪɢɜɨɞ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ 

ɩɨɞɩɨɥɶɹ ɡɞɚɧɢɹ ɜ ɡɨɧɟ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ». 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɭɩɪɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɪɟɠɢɦɨɦ ɝɪɭɧɬɨɜ 

ɨɫɧɨɜɚɧɢɣ, ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢɜɨɞ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɧɨɫɬɶɸ ɢ, ɫɚɦɨɟ ɝɥɚɜɧɨɟ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, 

ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɜɟɫɶ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ.  

ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɦɢɧɭɫ 35°C ɢ ɧɢɠɟ ɞɚɧɧɵɣ ɩɪɢɜɨɞ 

ɩɨɡɜɨɥɢɬ ɨɬɤɪɵɬɶ ɨɝɪɚɠɞɚɸɳɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɜɫɟ ɨɫɚɞɤɢ 

ɛɭɞɭɬ ɩɨɫɬɭɩɚɬɶ ɜ ɜɟɧɬɢɥɢɪɭɟɦɨɟ ɩɨɞɩɨɥɶɹ. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 

ɜɵɲɟ ɦɢɧɭɫ 35°C ɞɚɧɧɵɣ ɩɪɢɜɨɞ ɜɧɨɜɶ ɛɭɞɟɬ ɫɪɚɛɚɬɵɜɚɬɶ, ɧɨ ɭɠɟ ɞɥɹ 

ɡɚɤɪɵɬɢɹ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɜ ɫɜɹɡɢ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɫɨɯɪɚɧɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ ɩɨɞɩɨɥɶɹ, ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɬɚɹɧɢɹ 

ɝɪɭɧɬɨɜ, ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɪɚɡɪɭɲɟɧɢɹ ɮɭɧɞɚɦɟɧɬɚ. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɚɧɧɚɹ ɩɪɨɝɪɚɦɦɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɢɬ ɩɨɤɚɡɚɬɶ 

ɧɚɝɥɹɞɧɨ ɪɚɛɨɬɭ ɞɚɧɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɫ ɩɨɦɨɳɶɸ ɫɥɟɞɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ: 

1) ARDUINO UNO (ɪɢɫɭɧɨɤ 3.2) – ɷɬɨ ɚɩɩɚɪɚɬɧɚɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ 

ɩɥɚɬɮɨɪɦɚ, ɧɚ ɨɫɧɨɜɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ATmega328 (datasheet). Ⱦɥɹ 

ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɫ ɭcɬɪɨɣɫɬɜɨɦ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨ ɩɨɞɚɬɶ ɩɢɬɚɧɢɟ ɨɬ 

AC/DC-ɚɞɚɩɬɟɪɚ ɢɥɢ ɛɚɬɚɪɟɣɤɢ, ɥɢɛɨ ɩɨɞɤɥɸɱɢɬɶ ɟɝɨ ɤ ɤɨɦɩɶɸɬɟɪɭ 

ɩɨɫɪɟɞɫɬɜɨɦ USB-ɤɚɛɟɥɹ;  

2) Ɇɚɤɟɬɧɚɹ ɩɥɚɬɚ (ɪɢɫɭɧɨɤ 3.3) – ɷɬɨ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɩɟɱɚɬɧɚɹ ɩɥɚɬɚ ɞɥɹ 

ɫɛɨɪɤɢ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɬɨɬɢɩɨɜ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ.  
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Ɋɢɫɭɧɨɤ 3.2 – ARDUINO UNO 

 

 

 

Ɋɢɫɭɧɨɤ 3.3 – Ɇɚɤɟɬɧɚɹ ɩɥɚɬɚ 

 

3) Ɋɟɡɢɫɬɨɪɵ (ɪɢɫɭɧɨɤ 3.4) – ɞɚɠɟ ɜ ɩɪɨɫɬɟɣɲɢɯ ɭɫɬɪɨɣɫɬɜɚɯ ɧɟɨɛɯɨɞɢɦɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɞɬɹɝɢɜɚɸɳɟɟ ɢɥɢ ɩɪɢɬɹɝɢɜɚɸɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. 

Ɋɟɡɢɫɬɨɪɵ ɩɨɦɨɝɭɬ ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɩɨɦɟɯ ɜ ɫɢɝɧɚɥɟ ɫ ɞɚɬɱɢɤɨɜ ɢ ɨɬ 

ɥɨɠɧɵɯ ɫɪɚɛɚɬɵɜɚɧɢɣ ɤɧɨɩɨɤ. Ɍɚɤɠɟ ɪɟɡɢɫɬɨɪɵ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ 

ɩɨɞɛɨɪɚ ɬɨɤɨɨɝɪɚɧɢɱɢɜɚɸɳɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɥɹ ɫɜɟɬɨɞɢɨɞɨɜ ɢ 
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ɞɚɬɱɢɤɨɜ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɫɜɟɬɨɞɢɨɞɵ ɛɭɞɭɬ ɫɥɭɠɢɬɶ ɞɨɥɶɲɟ, 

ɩɨɬɪɟɛɥɹɬɶ ɦɟɧɶɲɟ ɬɨɤɚ ɢ ɦɟɧɶɲɟ ɝɪɟɬɶɫɹ; 

 

 

 

Ɋɢɫɭɧɨɤ 3.4 – Ɋɟɡɢɫɬɨɪɵ 

 

4) Ɇɢɤɪɨɫɟɪɜɨɩɪɢɜɨɞ FS90 (ɪɢɫɭɧɨɤ 3.5) – ɦɚɥɟɧɶɤɢɣ ɫɟɪɜɨɩɪɢɜɨɞ ɫ 

ɞɢɚɩɚɡɨɧɨɦ 180°, ɦɨɦɟɧɬɨɦ 1,3 ɤɝ·ɫɦ ɢ ɫɤɨɪɨɫɬɶɸ 60° ɡɚ 0,12 ɫɟɤ. ɗɬɨɬ 

ɫɟɪɜɨɩɪɢɜɨɞ ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɢ ɭɞɟɪɠɢɜɚɬɶ ɭɝɨɥ ɩɨɜɨɪɨɬɚ. Ɉɧ 

ɩɨɞɞɟɪɠɢɜɚɟɬ ɡɚɞɚɧɧɭɸ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɜ ɥɸɛɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 

ɢ ɛɟɡ ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɭɝɥɭ ɩɨɜɨɪɨɬɚ; 

5) Ⱦɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ DS18B20 (ɪɢɫɭɧɨɤ 3.6) – ɷɬɨ ɰɢɮɪɨɜɨɣ 

ɢɡɦɟɪɢɬɟɥɶ ɬɟɦɩɟɪɚɬɭɪɵ, ɫ ɞɢɚɩɚɡɨɧɨɦ ɢɡɦɟɪɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɨɬ -55 ɞɨ 

+125 °C. Ⱦɥɹ ɞɢɚɩɚɡɨɧɚ ɨɬ -10 ɞɨ +85 °C ɩɨɝɪɟɲɧɨɫɬɶ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,5 

°C; 
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Ɋɢɫɭɧɨɤ 3.5 – Ɇɢɤɪɨɫɟɪɜɨɩɪɢɜɨɞ FS90 

 

 

 

Ɋɢɫɭɧɨɤ 3.6 – Ⱦɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ DS18B20 

 

6) Ʉɪɚɫɧɵɣ ɢ ɡɟɥɟɧɵɣ ɫɜɟɬɨɞɢɨɞ (ɪɢɫɭɧɨɤ 3.7) – ɷɬɨ ɭɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɛɭɞɟɬ ɝɨɪɟɬɶ ɤɪɚɫɧɵɦɢ ɢ 

ɡɟɥɟɧɵɦɢ ɰɜɟɬɚɦɢ. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɦɢɧɭɫ 35°C ɢ ɧɢɠɟ 
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ɛɭɞɟɬ ɜɤɥɸɱɚɬɶɫɹ ɡɟɥɟɧɵɣ ɫɜɟɬɨɞɢɨɞ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɪɚɫɧɵɣ ɛɭɞɟɬ 

ɜɤɥɸɱɚɬɶɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜɵɲɟ ɦɢɧɭɫ 35°C. 

 

Ɋɢɫɭɧɨɤ 3.7 – Ʉɪɚɫɧɵɣ ɢ ɡɟɥɟɧɵɣ ɫɜɟɬɨɞɢɨɞ 

7) ɉɪɨɜɨɞɚ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ (ɪɢɫɭɧɨɤ 3.8) – ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɩɪɨɜɨɥɨɤɢ, 

ɫɥɭɠɚɳɢɟ ɞɥɹ ɩɟɪɟɞɚɱɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ. 

 

Ɋɢɫɭɧɨɤ 3.8 – ɉɪɨɜɨɞɚ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ 
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ɇɚ ɪɢɫɭɧɤɟ 3.9 ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɩɨɥɧɨɟ ɩɨɞɤɥɸɱɟɧɢɟ ɜɫɟɯ 

ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɚɧɧɨɣ ɦɨɞɟɥɢ, ɤɨɬɨɪɚɹ ɩɨɥɧɨɰɟɧɧɨ ɮɭɧɤɰɢɨɧɢɪɭɟɬ. 

 

Ɋɢɫɭɧɨɤ 3.9 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɦɨɞɟɥɶ ɪɚɛɨɬɵ ɩɪɢɜɨɞɚ ɨɝɪɚɠɞɚɸɳɟɣ 

ɤɨɧɫɬɪɭɤɰɢɢ 

 

Ɍɚɤ ɤɚɤ ɧɟɨɛɯɨɞɢɦɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɭɫɥɨɜɢɹ, ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚ, ɤɪɚɣɧɟ ɡɚɬɪɚɬɧɨ ɢ ɫɥɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ, ɬɨ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɫɟ 

ɧɟɨɛɯɨɞɢɦɵɟ ɭɫɥɨɜɢɹ ɛɵɥɢ ɫɨɡɞɚɧɵ ɢɫɤɭɫɫɬɜɟɧɧɨ, ɬɨ ɟɫɬɶ ɫ ɩɨɦɨɳɶɸ 

ɯɨɥɨɞɧɨɣ ɢ ɝɨɪɹɱɟɣ ɜɨɞɵ. ɉɨɷɬɨɦɭ, ɜɫɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɧɚɱɟɧɢɹ, ɤɨɬɨɪɵɟ 

ɜɵɞɚɜɚɥɚ ɩɪɨɝɪɚɦɦɚ, ɹɜɥɹɥɢɫɶ ɭɫɥɨɜɧɵɦɢ, ɩɨɬɨɦɭ ɱɬɨ ɹɜɥɹɥɢɫɶ 

ɩɨɥɨɠɢɬɟɥɶɧɵɦɢ. Ɍɚɤ ɤɚɤ ɞɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ 

ɋɟɜɟɪɧɵɯ ɪɟɝɢɨɧɚɯ ɜ ɨɬɪɢɰɚɬɟɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, ɬɨ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 

ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɤɨɬɨɪɭɸ ɜɵɞɚɜɚɥɚ ɩɪɨɝɪɚɦɦɚ, ɩɪɢɪɚɜɧɟɧɚ ɤ 

ɨɬɪɢɰɚɬɟɥɶɧɨɣ. 

ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.10. ɋɭɬɶ ɞɚɧɧɨɣ ɫɯɟɦɵ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɭɩɪɚɜɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɪɟɠɢɦɨɦ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɣ 
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ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ ɩɨɞɩɨɥɶɹ ɡɞɚɧɢɹ ɜ ɡɨɧɟ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ. ȼ ɤɚɱɟɫɬɜɟ 

ɭɩɪɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɛɭɞɟɬ ɜɵɫɬɭɩɚɬɶ ɨɝɪɚɠɞɚɸɳɚɹ 

ɤɨɧɫɬɪɭɤɰɢɹ, ɤɨɬɨɪɚɹ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɛɭɞɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶɫɹ, ɜ ɞɚɧɧɨɣ 

ɦɨɞɟɥɢ, ɫ ɩɨɦɨɳɶɸ ɦɢɤɪɨɫɟɪɜɨɩɪɢɜɨɞɚ FS90 (ɧɚ ɪɢɫɭɧɤɟ 3.10 ɩɨɞ ɰɢɮɪɨɣ 

3). 

 

Ɋɢɫɭɧɨɤ 3.10 – ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ 

 

Ⱦɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ DS18B20 (ɧɚ ɪɢɫɭɧɤɟ 3.10 ɩɨɞ ɰɢɮɪɨɣ 4), ɜ 

ɞɚɧɧɨɣ ɦɨɞɟɥɢ, ɩɨɡɜɨɥɢɬ ɨɩɪɟɞɟɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɜ 

ɞɢɚɩɚɡɨɧɟ ɨɬ -55°C ɞɨ +125°C. Ⱦɚɧɧɵɟ ɭɫɥɨɜɢɹ, ɤɚɤ ɧɚɩɢɫɚɧɨ ɜɵɲɟ, ɛɭɞɭɬ 

ɫɨɡɞɚɧɵ ɢɫɤɭɫɫɬɜɟɧɧɨ, ɫ ɩɨɦɨɳɶɸ ɯɨɥɨɞɧɨɣ ɢ ɝɨɪɹɱɟɣ ɜɨɞɵ. 

ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɦɢɧɭɫ 35°C ɢ ɧɢɠɟ (ɪɢɫ. 3.11) ɞɚɧɧɵɣ 

ɩɪɢɜɨɞ ɩɨɡɜɨɥɢɬ ɨɬɤɪɵɬɶ ɨɝɪɚɠɞɚɸɳɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɜɫɟ 

ɨɫɚɞɤɢ ɛɭɞɭɬ ɩɨɫɬɭɩɚɬɶ ɜ ɜɟɧɬɢɥɢɪɭɟɦɨɟ ɩɨɞɩɨɥɶɹ. ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ 
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ɭɤɚɡɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɛɭɞɟɬ ɜɤɥɸɱɚɬɶɫɹ ɡɟɥɟɧɵɣ ɫɜɟɬɨɞɢɨɞ (ɧɚ ɪɢɫ. 3.10 

ɩɨɞ ɰɢɮɪɨɣ 5ɡ; ɪɢɫ. 3.12). 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɨɛɪɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɦɢɧɭɫ 34°C ɢ 

ɛɨɥɶɲɟ (ɪɢɫ. 3.13), ɛɭɞɟɬ ɡɚɝɨɪɚɬɶɫɹ ɤɪɚɫɧɵɣ ɫɜɟɬɨɞɢɨɞ (ɧɚ ɪɢɫ. 3.10 ɩɨɞ 

ɰɢɮɪɨɣ 5ɤ; ɪɢɫɭɧɨɤ 3.14), ɱɬɨ ɛɭɞɟɬ ɫɢɦɜɨɥɢɡɢɪɨɜɚɬɶ ɬɨ, ɱɬɨ ɩɪɢɜɨɞ 

ɩɪɢɜɨɞɢɬ ɜ ɞɟɣɫɬɜɢɟ ɨɝɪɚɠɞɚɸɳɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɜ ɜɢɞɟ ɪɟɝɭɥɢɪɭɟɦɵɯ 

ɠɚɥɸɡɢɣɧɵɯ ɪɟɲɟɬɨɤ, ɞɥɹ ɫɨɡɞɚɧɢɹ ɡɚɦɤɧɭɬɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɫɨɯɪɚɧɟɧɢɹ 

ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ ɩɨɞɩɨɥɶɹ ɡɞɚɧɢɹ.  

 

 

Ɋɢɫɭɧɨɤ 3.11 – Ⱦɚɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢɡ ɩɪɨɝɪɚɦɦɵ ARDUINO 

 

 

Ɋɢɫɭɧɨɤ 3.12 – Ⱦɨɫɬɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɦɢɧɭɫ 35°C ɢ ɧɢɠɟ (ɡɚɝɨɪɚɟɬɫɹ 

ɡɟɥɟɧɵɣ ɫɜɟɬɨɞɢɨɞ) 
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Ɋɢɫɭɧɨɤ 3.13 – Ⱦɚɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢɡ ɩɪɨɝɪɚɦɦɵ ARDUINO 

 

 

 

Ɋɢɫɭɧɨɤ 3.14 – Ⱦɨɫɬɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɦɢɧɭɫ 34°C ɢ ɜɵɲɟ (ɡɚɝɨɪɚɟɬɫɹ 

ɤɪɚɫɧɵɣ ɫɜɟɬɨɞɢɨɞ) 
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ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɨɞɟɥɢ, ɛɵɥɢ ɜɡɹɬɵ ɭɫɥɨɜɧɨ, ɢ ɧɟ ɧɟɫɭɬ ɜ ɫɟɛɟ ɬɨɱɧɨɣ 

ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɢ, ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɭɫɬɪɨɣɫɬɜɟ ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɝɢɨɧɚ, ɩɪɟɨɛɥɚɞɚɸɬ ɪɚɡɥɢɱɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɨɫɚɞɤɢ. 

ɉɨɷɬɨɦɭ, ɞɥɹ ɤɚɠɞɨɝɨ ɪɟɝɢɨɧɚ, ɨɝɪɚɠɞɚɸɳɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɛɭɞɟɬ 

ɪɟɝɭɥɢɪɨɜɚɬɶɫɹ ɜ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɢɚɩɚɡɨɧɚɯ.  

ɉɪɢɛɥɢɠɟɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɧɚɱɟɧɢɹ, ɞɥɹ ɪɟɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, 

ɭɤɚɡɚɧɵ ɜ ɝɥɚɜɟ «1.4 ɉɨɥɨɠɟɧɢɹ ɧɚ ɡɚɳɢɬɭ». 

Ⱥ ɞɚɧɧɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɦɨɞɟɥɶ ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɵɜɚɟɬ, ɤɚɤɢɦ 

ɨɛɪɚɡɨɦ ɛɭɞɟɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɜɫɹ ɤɨɧɫɬɪɭɤɰɢɹ. 
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4 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɩɪɢɜɨɞɚ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɟɧɬɢɥɢɪɭɟɦɨɝɨ ɩɨɞɩɨɥɶɹ ɡɞɚɧɢɹ ɜ 

ɡɨɧɟ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ 

 

4.1 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 

 

ɗɤɨɧɨɦɢɱɟɫɤɢɦ ɜɨɩɪɨɫɚɦ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɭɩɪɚɜɥɟɧɢɹ ɫɢɫɬɟɦ 

ɭɞɟɥɹɟɬɫɹ ɫɟɪɶɟɡɧɨɟ ɜɧɢɦɚɧɢɟ. ɇɟɪɟɞɤɨ ɫɨɜɫɟɦ ɛɟɡ ɜɧɢɦɚɧɢɹ ɨɫɬɚɟɬɫɹ ɬɨɬ 

ɮɚɤɬ, ɱɬɨ ɥɸɛɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢ ɫɨɱɟɬɚɟɬ ɜ ɫɟɛɟ ɧɚɪɹɞɭ ɫ 

ɭɩɪɚɜɥɹɸɳɢɦ ɨɛɴɟɤɬɨɦ ɢ ɢɫɩɨɥɧɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ. ɇɚɩɪɢɦɟɪ, ɜ ɤɚɱɟɫɬɜɟ 

ɬɚɤɨɝɨ, ɞɥɹ ɩɨɞɚɜɥɹɸɳɟɝɨ ɱɢɫɥɚ ɩɪɨɰɟɫɫɨɜ, ɜɵɫɬɭɩɚɟɬ ɬɨɬ ɢɥɢ ɢɧɨɣ ɬɢɩ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. ȼ ɫɜɹɡɢ ɫ ɚɤɬɭɚɥɶɧɨɫɬɶɸ ɪɚɡɪɚɛɨɬɤɢ ɢ ɜɧɟɞɪɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɜ ɩɪɨɰɟɫɫ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɋɟɜɟɪɧɵɯ ɪɟɝɢɨɧɚɯ ɧɚɲɟɣ 

ɫɬɪɚɧɵ, ɜɨɡɧɢɤɚɟɬ ɨɝɪɨɦɧɚɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɚɞɟɤɜɚɬɧɨɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 

ɨɰɟɧɤɢ ɜɧɟɞɪɟɧɢɹ ɷɮɮɟɤɬɢɜɧɵɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɜ 

ɩɪɨɟɤɬɢɪɭɟɦɵɟ ɫɢɫɬɟɦɵ, ɫɩɨɫɨɛɧɵɟ ɩɨɜɥɢɹɬɶ ɧɚ ɜɟɫɶ ɫɬɪɨɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ 

ɫ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɫɬɨɪɨɧɵ. 

Ɉɬ ɬɪɚɞɢɰɢɨɧɧɵɯ «ɤɥɚɫɫɢɱɟɫɤɢɯ» ɬɢɩɨɜ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɨɬɥɢɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɥɚɜɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɤɚɤ ɫɤɨɪɨɫɬɶ 

ɜɪɚɳɟɧɢɹ. Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɪɚɡɜɢɜɚɟɦɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ. Ɍɨ ɟɫɬɶ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɭ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɩɨɹɜɥɹɸɬɫɹ ɫɨɜɟɪɲɟɧɧɨ ɧɨɜɵɟ 

ɫɜɨɣɫɬɜɚ, ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɸɳɢɟ ɟɝɨ ɩɨɬɪɟɛɢɬɟɥɶɧɭɸ ɫɬɨɢɦɨɫɬɶ. ɉɪɢ 

ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɨɞɧɨ ɱɪɟɡɜɵɱɚɣɧɨ ɜɚɠɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, 

ɡɚɤɥɸɱɚɸɳɟɟɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɧɟ ɦɨɝɭɬ ɜ 

ɩɨɥɧɨɣ ɦɟɪɟ ɨɰɟɧɢɬɶ ɜɫɟɣ ɡɧɚɱɢɦɨɫɬɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɢɯ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. 

ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɜɧɟɞɪɟɧɢɟ ɞɨɫɬɢɠɟɧɢɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɩɪɨɝɪɟɫɫɚ ɞɥɹ ɧɟɝɨ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɫɜɹɡɚɧɨ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ 

ɬɪɭɞɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɭɜɟɥɢɱɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɢɡɞɟɥɢɹ ɫ 

ɧɨɜɵɦɢ ɩɨɥɟɡɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɫɩɨɫɨɛɧɵ ɥɢɲɶ ɨɰɟɧɢɬɶ 



51 
 

ɩɨɬɪɟɛɢɬɟɥɢ ɩɪɨɞɭɤɰɢɢ. ɋɤɚɡɚɧɧɨɟ ɭɛɟɠɞɚɟɬ ɜ ɬɨɦ, ɱɬɨ ɨɰɟɧɤɚ ɷɮɮɟɤɬɚ ɨɬ 

ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɜɨɨɛɳɟ ɞɨɥɠɧɚ ɩɪɨɜɨɞɢɬɶɫɹ ɫ ɩɨɡɢɰɢɢ 

ɬɪɭɞɨɜɨɣ ɬɟɨɪɢɢ ɩɨɬɪɟɛɢɬɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ. Ƚɥɚɜɧɨɟ ɭɫɥɨɜɢɟ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ 

ɫɮɨɪɦɭɥɢɪɨɜɚɧɨ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɜɟɥɢɱɢɧɚ ɫɷɤɨɧɨɦɥɟɧɧɨɝɨ ɬɪɭɞɚ 

ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ɜɟɥɢɱɢɧɭ ɡɚɬɪɚɱɟɧɧɨɝɨ ɬɪɭɞɚ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɷɬɨ ɭɫɥɨɜɢɟ 

ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 ∑ ЭТ୬  > ∑ ЗТ୫  ,                                                                                           ሺͶ.ͳሻ 

 

ɝɞɟ  ЭТ୬ – ɷɤɨɧɨɦɢɹ ɬɪɭɞɚ, ɜɨɡɧɢɤɚɸɳɚɹ ɡɚ ɫɱɟɬ n-ɝɨ ɫɜɨɣɫɬɜɚ ɩɪɨɞɭɤɰɢɢ; ЗТ୫ – ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɬɪɭɞɚ m-ɝɨ ɜɢɞɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. 

 

 Ɉɰɟɧɤɚ ɷɮɮɟɤɬɚ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 

ɜɨɡɦɨɠɧɚ ɥɢɲɶ ɩɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɦɟɠɞɭ ɫɨɛɨɣ ɡɚɬɪɚɬ ɢ ɷɤɨɧɨɦɢɢ ɬɪɭɞɚ, 

ɜɨɡɧɢɤɚɸɳɢɯ ɤɚɤ ɭ ɫɨɜɨɤɭɩɧɨɫɬɢ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɬɚɤ ɢ ɭ ɩɪɨɢɡɜɨɞɢɬɟɥɹ 

ɪɟɝɭɥɢɪɭɟɦɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ. 

 ȼɨ-ɩɟɪɜɵɯ, ɭɩɪɚɜɥɹɟɦɨɫɬɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫɚɦɚ ɩɨ ɫɟɛɟ ɜ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɩɟɧɢ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɩɨɤɚɡɚɬɟɥɟɦ ɟɝɨ ɷɤɨɧɨɦɢɱɧɨɫɬɢ, 

ɩɨɬɨɦɭ ɱɬɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɟɞɟɬ ɤ ɷɤɨɧɨɦɢɢ ɬɪɭɞɚ ɧɚ ɫɬɨɪɨɧɟ ɩɨɬɪɟɛɢɬɟɥɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɚɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɧɚ ɧɚɲɟɣ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɤɨɬɨɪɚɹ 

ɧɚɩɪɹɦɭɸ ɪɟɝɭɥɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. 

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɢɥɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɫɢɝɧɚɥɢɡɢɪɭɟɬ ɞɚɬɱɢɤ 

ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɵɣ ɩɨɞɚɟɬ ɫɢɝɧɚɥ ɧɚ ɭɫɬɪɨɣɫɬɜɨ ɜɜɨɞɚ, ɩɨɫɥɟ ɱɟɝɨ ɭɠɟ 

ɫɢɝɧɚɥ ɩɨɞɚɟɬɫɹ ɤɨɧɬɪɨɥɥɟɪɭ. ɉɨ ɡɚɞɚɧɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɨɧɬɪɨɥɥɟɪ 

ɜɵɩɨɥɧɹɟɬ ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɫɱɟɬɵ. ɉɨɫɥɟ ɷɬɢɯ ɪɚɫɱɟɬɨɜ ɤɨɧɬɪɨɥɥɟɪ ɩɟɪɟɞɚɟɬ 

ɫɢɝɧɚɥ ɷɥɟɤɬɪɨɩɪɢɜɨɞɭ ɨ ɡɚɤɪɵɬɢɢ, ɥɢɛɨ ɠɟ ɨɬɤɪɵɬɢɢ, ɨɝɪɚɠɞɚɸɳɟɣ 

ɤɨɧɫɬɪɭɤɰɢɢ. Ɉɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɤɪɢɬɟɪɢɟɜ ɹɜɥɹɟɬɫɹ ɢɫɤɥɸɱɟɧɢɟ 
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ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɩɪɨɰɟɫɫ ɫɨɯɪɚɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ 

ɩɨɞɩɨɥɶɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ, ɜ ɱɚɫɬɧɨɫɬɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦɭ ɷɥɟɤɬɪɨɩɪɢɜɨɞɭ, ɤɨɬɨɪɵɣ ɩɨɥɧɨɫɬɶɸ ɨɬɜɟɱɚɟɬ ɡɚ 

ɫɨɯɪɚɧɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɨɞɩɨɥɶɟ, ɢɫɤɥɸɱɢɬɶ ɤɚɤɢɟ-ɥɢɛɨ 

ɧɟɬɨɱɧɨɫɬɢ ɜ ɪɚɛɨɬɟ ɜɫɟɣ ɫɢɫɬɟɦɵ. Ʉɨɧɟɱɧɨ ɠɟ, ɥɸɛɚɹ ɫɢɫɬɟɦɚ ɬɪɟɛɭɟɬ 

ɪɟɦɨɧɬɚ, ɩɨ ɢɫɬɟɱɟɧɢɸ ɫɪɨɤɚ ɫɥɭɠɛɵ ɦɟɯɚɧɢɡɦɵ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɤɚɠɞɵɣ 

ɷɥɟɦɟɧɬ ɤɚɠɞɵɦ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɨɬɞɟɥɶɧɨ. ɇɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

ɜɫɟɝɨ ɷɬɨɝɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɵɦ ɮɚɤɬɨɪɨɦ, 

ɤɨɬɨɪɵɣ ɞɨɤɚɡɵɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ. ȼɟɞɶ ɩɪɢ ɧɟɫɨɛɥɸɞɟɧɢɢ 

ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ ɡɚɞɚɱ ɩɨ ɫɨɯɪɚɧɟɧɢɸ ɧɟɨɛɯɨɞɢɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɩɨɞɩɨɥɶɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɫɬɟɩɥɟɧɢɸ ɝɪɭɧɬɚ ɜ ɡɨɧɟ ɜɟɱɧɨɣ ɦɟɪɡɥɨɬɵ, ɱɬɨ 

ɩɪɢɜɟɞɟɬ ɤ ɪɚɡɪɭɲɟɧɢɸ ɮɭɧɞɚɦɟɧɬɚ, ɢ, ɜ ɩɨɫɥɟɞɫɬɜɢɢ, ɤ ɪɚɡɪɭɲɟɧɢɸ ɜɫɟɝɨ 

ɡɞɚɧɢɹ. ɉɨɷɬɨɦɭ, ɝɨɜɨɪɹ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɧɟɞɪɟɧɢɹ ɞɚɧɧɨɣ ɪɚɡɪɚɛɨɬɤɢ, 

ɦɨɠɧɨ ɬɚɤ ɠɟ ɫɦɟɥɨ ɭɬɜɟɪɠɞɚɬɶ ɨɛ ɷɤɨɧɨɦɢɢ, ɜɟɞɶ ɧɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɜɨɡɜɪɚɬɢɦɵɦ 

ɩɨɫɥɟɞɫɬɜɢɹɦ, ɤɨɬɨɪɵɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢɧɟɫɭɬ ɛɨɥɶɲɢɟ ɷɤɨɧɨɦɢɱɟɫɤɢɟ 

ɡɚɬɪɚɬɵ. Ɍɚɤɠɟ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɩɪɢɜɨɞ ɫɨɛɥɸɞɚɟɬ 

ɡɚɞɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɢ ɬɟɦ ɫɚɦɵɦ 

ɜɟɞɟɬ ɤ ɷɤɨɧɨɦɢɢ ɧɚ ɫɬɨɢɦɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɗɌ1). Ʉɪɨɦɟ ɬɨɝɨ, 

ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɢɜɨɞɚ ɩɨɞ 

ɚɛɫɨɥɸɬɧɨ ɞɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɪɟɫɭɪɫ ɩɪɹɦɨɣ ɷɤɨɧɨɦɢɢ ɧɚ 

ɫɬɨɪɨɧɟ ɩɨɬɪɟɛɢɬɟɥɹ (ɗɌ2). 

ȼɨ-ɜɬɨɪɵɯ, ɫɨɜɪɟɦɟɧɧɵɟ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɨɛɥɚɞɚɸɬ 

ɬɚɤɨɣ ɜɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ, ɤɚɤ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ 

ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɧɢɯ ɷɧɟɪɝɨɩɪɨɰɟɫɫɨɜ. Ɉɧɢ ɷɮɮɟɤɬɢɜɧɨ ɭɩɪɚɜɥɹɸɬ ɬɚɤɢɦɢ 

ɩɨɤɚɡɚɬɟɥɹɦɢ ɤɚɱɟɫɬɜɚ ɩɨɬɪɟɛɥɹɟɦɨɣ ɷɧɟɪɝɢɢ, ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬ ɫɞɜɢɝɚ ɮɚɡ. 

ȼɨɡɦɨɠɧɨɫɬɶ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫ cos φ = 1, ɚ ɬɚɤɠɟ ɜ ɪɟɠɢɦɟ 

ɤɨɦɩɟɧɫɚɬɨɪɚ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ ɜɚɠɧɵɦ ɫ 

ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɟɢɦɭɳɟɫɬɜɨɦ. Ɉɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɫɤɥɸɱɟɧɢɟ 
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ɛɟɫɩɨɥɟɡɧɵɯ ɩɨɬɟɪɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. ɂɫɤɥɸɱɟɧɢɟ ɷɬɢɯ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ 

ɷɤɜɢɜɚɥɟɧɬɧɨ ɷɤɨɧɨɦɢɢ (ɗɌ3), ɜɨɡɧɢɤɚɸɳɟɣ ɭ ɩɨɬɪɟɛɢɬɟɥɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ȼ-ɬɪɟɬɶɢɯ, ɩɪɢɦɟɧɟɧɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɜɟɞɟɬ ɤ 

ɷɤɨɧɨɦɢɢ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬɚɯ (ɗɌ4). Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɛɨɥɶɲɢɧɫɬɜɨ 

«ɤɥɚɫɫɢɱɟɫɤɢɯ» ɩɪɢɜɨɞɨɜ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɥɚɜɧɨɝɨ ɩɭɫɤɚ ɢ ɪɟɜɟɪɫɚ ɪɚɛɨɱɟɣ 

ɦɚɲɢɧɵ. ȼɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɷɬɨɦ ɪɵɜɤɢ ɢ ɩɟɪɟɝɪɭɡɤɢ ɩɪɢɜɨɞɹɬ ɤ 

ɭɫɤɨɪɟɧɧɨɦɭ ɢɡɧɨɫɭ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɤ ɱɚɫɬɨɦɭ ɜɵɯɨɞɭ ɢɯ ɢɡ ɫɬɪɨɹ. Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɫɩɨɫɨɛɧɵ ɨɛɟɫɩɟɱɢɬɶ ɩɥɚɜɧɵɣ ɩɭɫɤ, ɱɬɨ ɫɧɢɠɚɟɬ 

ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɡɚɬɪɚɬɵ ɧɚ 

ɪɟɦɨɧɬ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ.  

ȼ-ɱɟɬɜɟɪɬɵɯ, ɢɦɟɧɧɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɧɚɢɛɨɥɟɟ 

ɫɩɨɫɨɛɧɵ ɨɛɟɫɩɟɱɢɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɭɩɪɚɜɥɹɸɳɢɦ ɗȼɆ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ 

ɩɪɢɦɟɧɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɫɨɝɥɚɫɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ. Ɍɟɦ ɫɚɦɵɦ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ 

ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɷɤɨɧɨɦɢɢ ɬɪɭɞɚ ɩɨɬɪɟɛɢɬɟɥɹ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɢɜɨɞɚ (ɗɌ5). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɥɟɜɭɸ ɱɚɫɬɶ (4.1) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 ∑ ЭТ୬ = ЭТଵ + ЭТଶ + ЭТଷ + ЭТସ + ЭТହ ,                                                  ሺͶ.ʹሻ 

 

ɝɞɟ  ЭТ୬ – ɷɤɨɧɨɦɢɹ ɬɪɭɞɚ, ɜɨɡɧɢɤɚɸɳɚɹ ɡɚ ɫɱɟɬ n-ɝɨ ɫɜɨɣɫɬɜɚ ɩɪɨɞɭɤɰɢɢ; ЭТଵ – ɷɤɨɧɨɦɢɹ ɧɚ ɫɬɨɢɦɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɡɚ ɫɱɟɬ ɨɬɤɚɡɚ ɨɬ ɞɨɩɨɥɧɢ 

ɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ; ЭТଶ – ɪɟɫɭɪɫ ɩɪɹɦɨɣ ɷɤɨɧɨɦɢɢ, ɡɚ ɫɱɟɬ ɜɨɡɦɨɠɧɨɫɬɢ 

ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɢɜɨɞɚ; ЭТଷ – ɷɤɨɧɨɦɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɭ ɩɨɬɪɟɛɢɬɟɥɹ, ɡɚ ɫɱɟɬ ɢɫɤɥɸɱɟɧɢɹ 

ɛɟɫɩɨɥɟɡɧɵɯ ɩɨɬɟɪɶ; ЭТସ – ɷɤɨɧɨɦɢɹ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬɚɯ, ɡɚ ɫɱɟɬ ɩɥɚɜɧɨɝɨ ɩɭɫɤɚ 

ɢ ɩɪɨɱɢɯ ɮɚɤɬɨɪɨɜ; 
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ЭТହ – ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɷɤɨɧɨɦɢɹ ɬɪɭɞɚ ɩɨɬɪɟɛɢɬɟɥɹ, ɡɚ ɫɱɟɬ ɨɬɤɚɡɚ ɜ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫɨɝɥɚɫɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ. 

 

 Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɨɛɨɫɧɨɜɚɧɢɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɡɚɬɪɚɬɧɭɸ ɫɬɨɪɨɧɭ ɩɪɨɰɟɫɫɚ. 

ɇɚɩɪɢɦɟɪ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɫɨɜɨɤɭɩɧɨɫɬɶ ɡɚɬɪɚɬ ɬɪɭɞɚ ɨɬ ɦɟɪɨɩɪɢɹɬɢɣ 

ɩɨ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ (ɁɌ1). 

 Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɬɪɭɞɚ (ɁɌ2), 

ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɧɭɬ ɭ ɩɨɬɪɟɛɢɬɟɥɟɣ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. 

ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɛɨɥɟɟ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɬɪɭɞɚ 

ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɨɛɫɥɭɠɢɜɚɧɢɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ.  

 ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜ ɜɵɪɚɠɟɧɢɢ (4.1), ɫɭɦɦɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ, ɁɌm, 

ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɩɢɫɚɧɚ ɜ ɫɥɟɞɭɸɳɢɟ ɜɢɞɟ: 

  ∑ ЗТ୫ = ЗТଵ + ЗТଶ ,                                                                                       ሺͶ.͵ሻ 

 

ɝɞɟ  ЗТ୫ – ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɬɪɭɞɚ m-ɝɨ ɜɢɞɚ, ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɚɜɬɨɦɚɬɢɡɚɰɢɢ; ЗТଵ – ɫɨɜɨɤɭɩɧɨɫɬɶ ɡɚɬɪɚɬ ɬɪɭɞɚ ɨɬ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ; ЗТଶ – ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɬɪɭɞɚ, ɜɨɡɧɢɤɲɢɟ ɭ ɩɨɬɪɟɛɢɬɟɥɟɣ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɢɜɨɞɚ. 

 

 ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɩɨ ɜɵɪɚɠɟɧɢɸ (4.1) ɮɚɤɬɨɪɨɜ ɷɤɨɧɨɦɢɢ ɢ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɬɪɭɞɚ ɨɬ ɜɧɟɞɪɟɧɢɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɩɪɢɜɨɞɨɜ ɜ 

ɰɟɥɨɦ ɩɨɡɜɨɥɹɟɬ ɤɨɪɪɟɤɬɧɨ ɨɰɟɧɢɬɶ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɢɯ ɩɪɢɦɟɧɟɧɢɹ. 
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 4.2 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɜ ɋɟɜɟɪɧɵɯ ɪɟɝɢɨɧɚɯ 

 

ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ, ɜ ɋɟɜɟɪɧɵɯ ɪɟɝɢɨɧɚɯ ɧɚɲɟɣ ɫɬɪɚɧɵ, 

ɪɚɡɜɢɜɚɥɚɫɶ ɛɥɚɝɨɞɚɪɹ ɞɨɛɵɜɚɸɳɢɦ ɨɬɪɚɫɥɹɦ, ɤɨɬɨɪɵɟ ɬɭɬ ɩɪɟɨɛɥɚɞɚɸɬ. ɂɡ-

ɡɚ ɫɥɚɛɨ ɪɚɡɜɢɬɨɣ ɨɛɳɟɫɬɜɟɧɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɩɨɤɚɡɚɬɟɥɢ ɠɢɡɧɢ ɜ 

ɋɟɜɟɪɧɵɯ ɪɟɝɢɨɧɚɯ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɞɪɭɝɢɦɢ ɪɟɝɢɨɧɚɦɢ 

ɧɚɲɟɣ ɫɬɪɚɧɵ. 

Ɋɟɲɟɧɢɟ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ ɋɟɜɟɪɚ ɧɟɪɚɡɪɵɜɧɨ 

ɫɜɹɡɚɧɨ ɫ ɪɚɡɜɢɬɢɟɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɪɟɲɚɟɬ ɧɟ ɬɨɥɶɤɨ 

ɨɛɳɟɫɬɜɟɧɧɵɟ ɡɚɞɚɱɢ, ɧɨ ɢ ɜɥɢɹɟɬ ɧɚ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɨɫɬ ɢ ɫɬɚɛɢɥɢɡɢɪɭɟɬ 

ɷɤɨɧɨɦɢɤɭ. ɇɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɚ ɋɟɜɟɪɟ ɨɛɥɚɞɚɟɬ ɫɜɨɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ. 

ɉɪɨɛɥɟɦ ɦɧɨɠɟɫɬɜɨ. Ɉɞɧɚ ɢɡ ɧɢɯ – ɷɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɚ ɜɟɱɧɨɦɟɪɡɥɵɯ 

ɝɪɭɧɬɚɯ. ȼɚɠɧɨɫɬɶ ɩɨɢɫɤɨɜ ɷɤɨɧɨɦɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɵɯ ɩɭɬɟɣ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

ɧɚ ɦɟɪɡɥɵɯ ɝɪɭɧɬɚɯ ɨɝɪɨɦɧɚ. 

Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɨɩɵɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɪɚɠɞɚɧɫɤɢɯ ɢ 

ɩɪɨɦɵɲɥɟɧɧɵɯ ɡɞɚɧɢɣ ɞɨɤɚɡɚɥɢ, ɱɬɨ ɫɜɚɣɧɵɟ ɮɭɧɞɚɦɟɧɬɵ ɹɜɥɹɸɬɫɹ 

ɧɚɢɛɨɥɟɟ ɢɧɞɭɫɬɪɢɚɥɶɧɵɦɢ, ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɧɚɞɟɠɧɵɦɢ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ 

ɰɟɥɟɫɨɨɛɪɚɡɧɵɦɢ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɧɚ ɞɚɥɶɧɟɦ ɫɟɜɟɪɟ. 

Ɉɞɧɚɤɨ ɫɜɚɢ ɬɚɤɠɟ ɩɨɞɜɟɪɠɟɧɵ ɪɚɡɪɭɲɚɸɳɟɦɭ ɜɨɡɞɟɣɫɬɜɢɸ 

ɦɟɪɡɥɨɬɵ: ɧɚɩɨɪɧɨɦɭ ɞɚɜɥɟɧɢɸ ɧɚɦёɪɡɥɵɯ ɜɨɞ ɩɪɢ ɩɪɨɦɟɪɡɚɧɢɢ ɝɪɭɧɬɚ; 

ɯɢɦɢɱɟɫɤɨɣ ɚɝɪɟɫɫɢɜɧɨɫɬɢ ɜɨɞɵ ɩɪɨɬɚɢɜɚɸɳɟɝɨ ɫɥɨɹ ɝɪɭɧɬɚ; ɨɛɪɚɡɨɜɚɧɢɸ 

ɬɪɟɳɢɧ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɢ ɬ.ɞ.  

ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜ ɋɟɜɟɪɧɵɯ ɪɟɝɢɨɧɚɯ 

ɹɜɥɹɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ ɩɪɨɜɟɬɪɢɜɚɟɦɵɯ ɩɨɞɩɨɥɶɟɜ. Ɇɨɹ ɪɚɛɨɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜɨ 

ɜɧɟɞɪɟɧɢɢ ɧɨɜɨɣ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɭɩɪɚɜɥɹɬɶ ɢ 

ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɜɟɫɶ ɩɪɢɪɨɞɧɵɣ ɩɪɨɰɟɫɫ. ɉɪɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɭɱɢɬɵɜɚɸɬ 

ɩɪɟɠɞɟ ɜɫɟɝɨ ɟё ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɜ 

ɭɫɥɨɜɢɹɯ ɤɨɧɤɪɟɬɧɨɝɨ ɪɟɝɢɨɧɚ. Ⱦɥɹ ɋɟɜɟɪɧɵɯ ɪɟɝɢɨɧɨɜ ɜɧɟɞɪɟɧɢɟ ɞɚɧɧɨɣ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɪɚɛɨɬɵ ɩɪɢɜɨɞɚ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ 
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ɜɵɫɨɤɨ ɩɨɜɥɢɹɟɬ ɧɚ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ. Ʉɚɤ ɹ ɨɛɴɹɫɧɢɥ ɜ ɝɥɚɜɟ 

«4.1 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ» ɞɨɥɠɧɨ 

ɜɵɩɨɥɧɹɬɶɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɹ (4.1). ɉɨɞɛɨɪ ɷɮɮɟɤɬɢɜɧɵɯ 

ɦɟɯɚɧɢɡɦɨɜ ɫɢɫɬɟɦɵ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ ɛɟɡɨɲɢɛɨɱɧɨ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɢ ɢɫɤɥɸɱɟɧɢɟ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɪɚɛɨɬɭ ɩɪɨɰɟɫɫɨɜ 

ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɨɡɜɨɥɹɬ ɫɨɯɪɚɧɢɬɶ ɡɞɚɧɢɹ ɜ ɧɚɞɥɟɠɚɳɟɦ ɫɨɫɬɨɹɧɢɢ, ɬɨ 

ɟɫɬɶ ɛɟɡ ɪɚɡɪɭɲɟɧɢɹ ɮɭɧɞɚɦɟɧɬɨɜ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ 

ɤɚɩɢɬɚɥɶɧɨɦ ɪɟɦɨɧɬɟ ɛɭɞɟɬ ɪɚɫɬɹɝɢɜɚɬɶɫɹ ɧɚ ɞɨɥɝɢɟ ɝɨɞɵ, ɱɬɨ ɛɥɚɝɨɩɨɥɭɱɧɨ 

ɩɨɜɥɢɹɟɬ ɧɚ ɷɤɨɧɨɦɢɤɭ ɜ ɰɟɥɨɦ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɛɵɥɢ 

ɞɨɫɬɢɝɧɭɬɵ ɫɥɟɞɭɸɳɢɟ ɰɟɥɢ: 

1) ȼɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɩɪɢɜɨɞɚ 

ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ;  

2) Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɚ ɬɚɤɠɟ 

ɩɨɫɬɪɨɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɫɪɟɞɟ 

MATLAB&Simulink, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɟɝɨ ɚɧɚɥɢɡɨɦ; 

3) ɋɨɡɞɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɦɨɞɟɥɶ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɢɜɨɞɚ 

ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ; 

4) Ⱦɚɧɚ ɨɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɍȿɆɈɃ ɅɂɌȿɊȺɌɍɊɕ 
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