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АɇɇɈɌАɐɂə 

 
Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ: 

1) Ɋɚɡɪɚɛɨɬɤɚ ɪɟɲɟɧɢɣ ɩɨ ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ  ɜɚɧɬɨɜɵɯ 

ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ; 

2) Ⱥɧɚɥɢɡ ɪɚɛɨɬɵ ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɣ ɜɚɧɬɨɜɨɣ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɣ 

ɤɨɧɫɬɪɭɤɰɢɢ ɩɢɤɨɜɨɟ ɜɟɬɪɨɜɨɟ ɜɨɡɛɭɠɞɟɧɢɟ; 

3) Ⱥɧɚɥɢɡ ɜɚɪɢɚɧɬɨɜ ɡɚɤɪɟɩɥɟɧɢɹ ɫɬɟɤɥɹɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɪɚɛɨɬɚɸɳɢɯ 

ɜ ɧɟɩɨɫɪɟɞɫɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɜɚɧɬɨɜɵɣ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɣ ɤɨɡɵɪɟɤ ɜ ɚɷɪɨɩɨɪɬɭ 

Ʉɪɚɫɧɨɹɪɫɤ. 

Ƚɢɩɨɬɟɡɚ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɷɤɫɩɥɭɚɬɢɪɭɟɦɚɹ ɜɚɧɬɨɜɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɧɟ 

ɪɚɛɨɬɚɟɬ ɷɮɮɟɤɬɢɜɧɨ ɢ ɬɪɟɛɭɟɬɫɹ ɪɚɰɢɨɧɚɥɶɧɵɣ ɩɟɪɟɪɚɫɱɟɬ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɐɟɥɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: coɡɞɚɧɢɟ oɩɬɢɦɚɥɶɧoɣ, ɦɟɬɚɥɥoɟɦɤoɣ ɢ 

ɷɮɮɟɤɬɢɜɧoɣ ɜɚɧɬoɜoɣ ɤoɧɫɬɪɭɤɰɢɢ ɫɜɟɬoɩɪoɡɪɚɱɧoɝo ɧɚɜɟɫɚ ɩɪɢ ɞɟɣɫɬɜɢɢ 

ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɨɜɟɪɤɢ ɝɢɩɨɬɟɡɵ ɛɵɥɢ 

ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1 ɂɡɭɱɢɬɶ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɢ ɪɚɫɱɟɬɵ ɜɚɧɬ, ɜɚɧɬɨɜɵɯ 

ɤɨɡɵɪɶɤɨɜ ɫɨɝɥɚɫɧɨ ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɬɢɜɧɵɦ ɞɨɤɭɦɟɧɬɚɦ; 

2 ɂɡɭɱɢɬɶ ɞɟɣɫɬɜɢɟ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ ɩɪɨɬɹɠɟɧɧɵɯ ɜ ɞɥɢɧɭ ɧɚɜɟɫɨɜ 

ɫɨɝɥɚɫɧɨ ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ; 

3 ȼɵɩɨɥɧɢɬɶ ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɩɪɨɝɪɚɦɦɧɵɯ 

ɤɨɦɩɥɟɤɫɚɯ SCAD Office, Ʌɢɪɚ 10, Autodesk Robot Structure, ɫɪɚɜɧɢɬɶ ɢ  

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɜɢɞɚ ɡɚɤɪɟɩɥɟɧɢɹ ɜɚɧɬ; 

4 ɂɫɫɥɟɞɨɜɚɬɶ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɮɪɚɝɦɟɧɬɚ 

ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Ansys ɫ ɰɟɥɶɸ 

ɨɩɪɟɞɟɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɧɵɧɟ 
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ɡɚɩɪɨɟɤɬɢɪɭɟɦɨɣ ɢ ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. ɚ ɬɚɤɠɟ ɜɵɩɨɥɧɢɬɶ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɪɚɫɱɟɬ. 

ȼ ɩɪɨɰɟɫɫɟ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɛɵɥɢ ɫɞɟɥɚɧɵ ɫɥɟɞɭɸɳɢɟ 

ɨɫɧɨɜɧɵɟ ɜɵɜɨɞɵ: 

1 ɍɱёɬ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɫɨɨɪɭɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɜɚɠɧɵɦ 

ɮɚɤɬɨɪɨɦ, ɤɨɬɨɪɵɣ ɫɬɨɢɬ ɭɱɢɬɵɜɚɬɶ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. 

2 ɇɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ ɨɛɹɡɭɸɬ ɜɵɩɨɥɧɹɬɶ ɪɚɫɱɟɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ 

ɩɢɤɨɜɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɜɟɬɪɨɜɭɸ ɧɚɝɪɭɡɤɭ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɧɚɜɟɫɨɜ, ɱɬɨ 

ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɞɟɣɫɬɜɭɸɳɢɯ ɩɪɨɟɤɬɚɯ, ɩɪɨɲɟɞɲɢɯ ɷɤɫɩɟɪɬɧɨɟ ɡɚɤɥɸɱɟɧɢɟ. 

3 ɉɪɢ ɬɪɟɛɭɟɦɨɦ ɡɚɝɪɭɠɟɧɢɢ ɩɢɤɨɜɨɣ ɜɟɬɪɨɜɨɣ ɧɚɪɭɡɤɟ ɢ ɩɪɢ ɡɚɞɚɧɢɢ 

ɟɝɨ ɧɚɩɪɚɜɥɢɹ ɫɧɢɡɭ ɫɨɝɥɚɫɧɨ [ɋɉ20, ɩɪɢɥɨɠɟɧɢɹ ȼ, ɪɢɫɭɧɨɤ. ȼ12] ɧɚ 

ɤɨɧɫɨɥɶɧɵɯ ɭɡɥɚɯ ɜɚɧɬɨɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɨɡɧɢɤɚɸɬ ɫɠɢɦɚɸɳɢɟ ɭɫɢɥɢɹ, ɱɬɨ 

ɧɟɞɨɩɭɫɬɢɦɨ ɩɪɢ ɪɚɛɨɬɟ ɚɛɫɨɥɸɬɧɨ-ɭɩɪɭɝɢɯ ɜɚɧɬ, ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɵɯ ɢ 

ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɜ ɜɢɞɟ ɫɬɚɥɶɧɨɝɨ ɬɪɨɫɟɜɢɞɧɨɝɨ ɤɚɧɚɬɚ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɭɟɦɨɟ ɫɨɫɬɨɹɧɢɟ, ɜɚɧɬɨɜɚɹ 

ɤɨɧɫɬɪɭɤɰɢɹ, ɧɚɜɟɫ, ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ,  ɩɢɤɨɜɚɹ ɜɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ. 
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ȼȼȿȾȿɇɂȿ 

ȼ ɫoɜɪɟɦɟɧɧoɦ ɫɬɪoɢɬɟɥɶɫɬɜɟ ɧɚ ɩɪoɬɹɠɟɧɢɢ ɧɟɫɤoɥɶɤɢɯ ɩoɫɥɟɞɧɢɯ 

ɞɟɫɹɬɢɥɟɬɢɣ oɬɪɚɠɚɟɬɫɹ oɬɱɟɬɥɢɜɵɣ ɬɪɟɧɞ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɥoɳɚɞɟɣ 

oɫɬɟɤɥɟɧɢɹ ɡɞɚɧɢɹ. ɗɬɨ ɫɜɹɡɚɧɨ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɫ ɚɪɯɢɬɟɤɬɭɪɧɨɣ 

ɜɵɪɚɡɢɬɟɥɶɧɨɫɬɶɸ ɫɬɟɤɥɹɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ.  

ɋoɩɭɬɧo ɫ ɪoɫɬoɦ ɩɪɢɦɟɧɟɧɢɹ ɫɬɟɤɥɚ ɪɚɫɲɢɪɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ 

ɫɜɟɬoɩɪoɡɪɚɱɧɵɯ ɤoɧɫɬɪɭɤɰɢɣ (ɋɉɄ). Ɉɫɧɨɜɚ ɋɉɄ ɷɬɨ ɬɟɠɟ 

ɦɟɬɚɥɥɨɤɨɫɬɪɭɤɰɢɢ, ɞoɥɹ ɤoɬoɪɵɯ ɧɚ ɪɵɧɤɟ ɪɚɫɬɟɬ ɫ ɤɚɠɞɵɦ ɝoɞoɦ. 

ɉɪɢɦɟɧɟɧɢɟ ɫɬɟɤɥɚ ɧɚ ɜɯoɞɧɵɯ ɝɪɭɩɩɚɯ oɬɪɚɡɢɥoɫɶ ɢ ɧɚ ɤoɧɫɬɪɭɤɰɢɹɯ, 

ɭɞɟɪɠɢɜɚɸɳɢɯ ɢɯ.  

Ɍɚɤɢɦɢ ɤoɧɫɬɪɭɤɰɢɹɦɢ ɜ ɩoɫɥɟɞɧɟɟ ɜɪɟɦɹ ɫɬɚɧoɜɹɬɫɹ ɜɚɧɬɵ. 

Oɫoɛɟɧɧoɫɬɶ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɫɜɹɡɚɧo ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɤɥɸɱɟɜɵɦɢ ɜ 

ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɩɨɡɢɰɢɹɦɢ. ɗɬɢ ɩɨɡɢɰɢɢ ɜɫɟɦ ɢɡɜɟɫɬɧɵ: ɨɛɥɢɤ, ɧɚɞɟɠɧɨɫɬɶ ɢ 

ɷɤɨɧɨɦɢɹ. ɂɦɟɧɧɨ ɜɚɧɬɵ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɩɨɞ ɫɜɨɢɦ ɡɧɚɱɟɧɢɟɦ ɩɪɢ 

ɩɪɚɜɢɥɶɧɨɦ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɢ ɬɪɢ ɨɫɧɨɜɧɵɟ ɩɪɚɜɢɥɚ. 

ɇɟ ɫɟɤɪɟɬɨɦ ɛɭɞɟɬ ɢ ɞɨɥɨɠɢɬɶ ɢɯ ɜɚɦ: ɷɮɮɟɤɬɢɜɧɚɹ ɪɚɛɨɬɚ ɩɪɢ 

ɪɚɫɬɹɠɟɧɢɢ, ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɢ ɚɪɯɢɬɟɤɬɭɪɧɚɹ 

ɜɵɪɚɡɢɬɟɥɶɧɨɫɬɶ. 

ɇɚ ɨɫɧɨɜɟ ɪɚɧɟɟ ɫɤɚɡɚɧɧɵɯ ɦɧɨɸ ɫɥɨɜ ɢ ɜɵɛɪɚɧɧɨɣ ɜ ɩɪɨɰɟɫɫɟ 

ɪɚɡɪɚɛɨɬɤɢ ɬɟɦɵ ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɚɥɨ ɢɧɬɟɪɟɫɧɚ ɪɚɛɨɬɚ 

ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɜɟɬɪɨɜɨɦ ɧɚɝɪɭɠɟɧɢɢ. Ʉɚɤ ɩɨɜɟɞɭɬ ɫɟɛɹ ɜɚɧɬɵ ɩɪɢ ɩɢɤɨɜɨɦ 

ɜɟɬɪɨɜɨɦ ɡɚɝɪɭɠɟɧɢɢ, ɪɚɫɱɟɬ ɤɨɬɨɪɨɝɨ ɬɪɟɛɭɸɬ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ? 

Аɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ: 

1) Ɋɚɡɪɚɛɨɬɤɚ ɪɟɲɟɧɢɣ ɩɨ ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ  ɜɚɧɬɨɜɵɯ 

ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ; 

2) Ⱥɧɚɥɢɡ ɪɚɛɨɬɵ ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɣ ɜɚɧɬɨɜɨɣ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɣ 

ɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɩɢɤɨɜɨɟ ɜɟɬɪɨɜɨɟ ɜɨɡɛɭɠɞɟɧɢɟ; 

3) Ⱥɧɚɥɢɡ ɜɚɪɢɚɧɬɨɜ ɡɚɤɪɟɩɥɟɧɢɹ ɫɬɟɤɥɹɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɪɚɛɨɬɚɸɳɢɯ 

ɜ ɧɟɩɨɫɪɟɞɫɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ. 
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ɋɬɟɩɟɧɶ ɧɚɭɱɧɨɣ ɪɚɡɪɚɛɨɬɚɧɧɨɫɬɢ ɬɟɦɵ. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢ 

ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɪɚɫɱɟɬɚ ɜɚɧɬɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢɫɭɳɟ ɜ ɪɚɛɨɬɚɯ, 

ɤɚɤ ɜɟɞɭɳɢɯ ɡɚɪɭɛɟɠɧɵɯ, ɬɚɤ ɢ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɭɱɟɧɵɯ, ɬɚɤɢɯ ɤɚɤ: 

ȼ.Ƚ. ɒɭɯɨɜ, ɇ.ȼ. Ʉɢɪɫɚɧɨɜ, ɇ.ɉ. Ⱥɛɨɜɫɤɢɣ, ɋ.ɇ. Ʉɪɢɜɨɲɚɩɤɨ, ɇ.ȿ 

Ɏɭɥɶɦɟɫ, Ⱦ.Ⱥ Ʉɭɥɶɛɢɰɤɚɹ, ȼ.ȼ ȿɝɨɪɨɜ, ȿ.ɇ Ⱥɥɟɤɫɚɲɤɢɧ, Ɇ.ɇ. ɋɚɬɬɨɪɨɜ, ɉ.Ⱥ. 

ɋɚɣɮɭɥɥɨɟɜ, Ⱥ.ɋ. Ƚɨɪɨɞɟɰɤɢɣ, ɂ.Ⱦ. ȿɜɡɟɪɨɜ, ȼ.ɂ ɒɭɦɟɣɤɨ, Ⱥ.Ⱥ Ʉɚɪɚɦɵɲɟɜɚ, 

Ɉ.Ⱥ Ʉɭɞɢɧɨɜ 

Ɋɚɫɱɟɬoɦ ɜɢɫɹɱɢɯ ɢ ɜɚɧɬoɜɵɯ ɤoɧɫɬɪɭɤɰɢɣ ɡɚɧɢɦɚɥɢɫɶ ɦɧoɝɢɟ ɭɱɟɧɵɟ 

ɞɟɹɬɟɥɢ, ɫɪɟɞɢ ɤoɬoɪɵɯ: Ⱥ.ɇɚɜɶɟ, Ⱦ. Ɇɟɥɚɧ, ɇ.ɇ. ɋɬɪɟɥɟɰɤɢɣ, Ƚ.ɉ. ɉɟɪɟɞɟɪɢɣ, 

ɂ.Ɇ. Ɋɚɛɢɧoɜɢɱ, ȿ.ɘ. Ⱥɝɟɟɜɚ, Ⱥ.ɂ. ɋɩɢɪɢɞoɧoɜɚ, ɋ.ɇ. Ʉɪɢɜoɲɚɩɤo, Ⱦ.Ȼ. 

Ʉɢɫɢɥɟɜ ɢ ɦɧoɝɢɟ ɞɪɭɝɢɟ. 

ɂɞɟɹ ɭɩɪɚɜɥɟɧɢɹ ɧɚɩɪɹɠɟɧɧo-ɞɟɮoɪɦɢɪɭɟɦɵɦ ɫoɫɬoɹɧɢɟɦ (ɇȾɋ) 

ɜɚɧɬoɜɵɯ ɫɬɪɭɤɬɭɪ ɧɚɲɥɚ ɫɜoɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɫɬɪoɢɬɟɥɶɫɬɜɟ ɦoɫɬoɜ 

ɚɜɬoɦoɛɢɥɶɧoɝo, ɩɟɲɟɯoɞɧoɝo ɩɭɬɟɣ, ɚ ɬɚɤɠɟ ɜ ɪɚɛoɬɚɯ: ɇ.ɉ. Ⱥɛoɜɫɤoɝo, ɋ.ɇ. 

Ʉɪɢɜoɲɚɩɤo, ȼ.ɇ. Ƚoɥoɫoɜɚ, Ⱦ. ɏɚɪɪɢɫɚ, Ʌ. Ʉɥoɣɛɟɪɚ, Ⱦ. Ɇɟɣɟɪɚ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɜɚɧɬɨɜɵɣ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɣ ɤɨɡɵɪɟɤ ɜ ɚɷɪɨɩɨɪɬɭ 

Ʉɪɚɫɧɨɹɪɫɤ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɩɪɨɝɪɚɦɦɧɵɟ ɪɚɫɱɟɬɵ ɤɨɦɩɥɟɤɫɵ, ɫɜɨɞɵ 

ɩɪɚɜɢɥ. 

Ƚɢɩɨɬɟɡɚ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɷɤɫɩɥɭɚɬɢɪɭɟɦɚɹ ɜɚɧɬɨɜɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɧɟ 

ɪɚɛɨɬɚɟɬ ɷɮɮɟɤɬɢɜɧɨ ɢ ɬɪɟɛɭɟɬɫɹ ɪɚɰɢɨɧɚɥɶɧɵɣ ɩɟɪɟɪɚɫɱɟɬ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɐɟɥɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: coɡɞɚɧɢɟ oɩɬɢɦɚɥɶɧoɣ, ɦɟɬɚɥɥoɟɦɤoɣ 

ɢ ɷɮɮɟɤɬɢɜɧoɣ ɜɚɧɬoɜoɣ ɤoɧɫɬɪɭɤɰɢɢ ɫɜɟɬoɩɪoɡɪɚɱɧoɝo ɧɚɜɟɫɚ ɩɪɢ ɞɟɣɫɬɜɢɢ 

ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɨɜɟɪɤɢ ɝɢɩɨɬɟɡɵ ɛɵɥɢ 

ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1 ɂɡɭɱɢɬɶ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɢ ɪɚɫɱɟɬɵ ɜɚɧɬ, ɜɚɧɬɨɜɵɯ 

ɤɨɡɵɪɶɤɨɜ ɫɨɝɥɚɫɧɨ ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɬɢɜɧɵɦ ɞɨɤɭɦɟɧɬɚɦ; 

2 ɂɡɭɱɢɬɶ ɞɟɣɫɬɜɢɟ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ ɩɪɨɬɹɠɟɧɧɵɯ ɜ ɞɥɢɧɭ ɧɚɜɟɫɨɜ 

ɫɨɝɥɚɫɧɨ ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ; 
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3 ȼɵɩɨɥɧɢɬɶ ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɩɪɨɝɪɚɦɦɧɵɯ 

ɤɨɦɩɥɟɤɫɚɯ SCAD Office, Ʌɢɪɚ 10, Autodesk Robot Structure, ɫɪɚɜɧɢɬɶ ɢ  

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɜɢɞɚ ɡɚɤɪɟɩɥɟɧɢɹ ɜɚɧɬ; 

4 ɂɫɫɥɟɞɨɜɚɬɶ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɮɪɚɝɦɟɧɬɚ 

ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Ansys ɫ ɰɟɥɶɸ 

ɨɩɪɟɞɟɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɧɵɧɟ 

ɡɚɩɪɨɟɤɬɢɪɭɟɦɨɣ ɢ ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. ɚ ɬɚɤɠɟ ɜɵɩɨɥɧɢɬɶ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɪɚɫɱɟɬ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɪɚɛɨɬɵ: ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ 

ɪɚɫɱɟɬɭ ɇȾɋ ɜɚɧɬɨɜɨɝɨ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɝɨ ɤɨɡɵɪɶɤɚ ɧɚ ɞɟɣɫɬɜɢɟ ɩɢɤɨɜɨɣ 

ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ: ɜɵɩɨɥɧɟɧɧɵɟ ɚɜɬɨɪɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɝɭɬ 

ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɧɚɜɟɫɨɜ, ɤɨɡɵɪɶɤɨɜ.  

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɧɚɭɱɧɵɯ ɩɨɥɨɠɟɧɢɣ, ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɜɵɜɨɞɨɜ, 

ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɪɚɛɨɬɟ, ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ: ɤɨɪɪɟɤɬɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɭɪɚɜɧɟɧɢɣ ɦɟɯɚɧɢɤɢ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɢ ɨɫɧɨɜɧɵɯ ɩɨɥɨɠɟɧɢɣ 

ɬɟɨɪɢɢ ɢ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ɇȾɋ ɤɨɧɫɬɪɭɤɰɢɣ. 

Аɩɪɨɛɚɰɢɹ ɪɚɛɨɬɵ. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɢ ɨɛɫɭɠɞɚɥɢɫɶ ɧɚ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫɬɭɞɟɧɬɨɜ, 

ɚɫɩɢɪɚɧɬɨɜ ɢ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ «Ɇɨɥɨɞɟɠɶ ɢ ɧɚɭɤɚ: ɉɪɨɫɩɟɤɬ ɋɜɨɛɨɞɧɵɣ» 

ɋɎɍ (ɝ. Ʉɪɚɫɧɨɹɪɫɤ, 2020ɝ.). 

ɉɭɛɥɢɤɚɰɢɢ. Ɉɬɞɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɠɟ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ 

ɫɬɚɬɶɟ «ɍɩɪɚɜɥɟɧɢɟ ɜɚɧɬɨɜɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɝɨ ɧɚɜɟɫɚ ɧɚ 

ɩɪɢɦɟɪɟ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɚɷɪɨɩɨɪɬɚ Ʉɪɚɫɧɨɹɪɫɤ — ȿɦɟɥɶɹɧɨɜɨ» 

ɪɚɡɦɟɳɟɧɧɨɣ ɜ ɫɛɨɪɧɢɤɟ №43 ɠɭɪɧɚɥɚ «Ɇɨɥɨɞɨɣ ɭɱɟɧɵɣ» 
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Ƚɥɚɜɚ 1. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɯ ɜɚɧɬɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 

1.1 ɂɫɬɨɪɢɹ ɪɚɡɜɢɬɢɹ ɜɚɧɬɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɢɯ ɩɪɢɦɟɪɵ 

Ɍɟoɪɢɹ ɫɬɚɬɢɱɟɫɤoɝo ɪɚɫɱɟɬɚ ɜɢɫɹɱɢɯ ɫɢɫɬɟɦ, oɫɧoɜɚɧɢɟ ɤoɬoɪoɣ 

ɩoɥoɠɢɥɢ ɪɚɛoɬɵ ɇɚɜɶɟ ɜ 1825 ɝɨɞɭ, ɪɚɡɜɢɜɚɟɬɫɹ ɭɠɟ ɜɬoɪoɟ ɫɬoɥɟɬɢɟ, ɧo 

ɩɪoɛɥɟɦɚ ɧɟ ɩoɬɟɪɹɥɚ ɫɜoɟɝo ɡɧɚɱɟɧɢɹ ɢ ɜ ɧɚɫɬoɹɳɟɟ ɜɪɟɦɹ. ɗɬo ɫɜɹɡɚɧo, 

ɩɪɟɠɞɟ ɜɫɟɝo, ɫo ɡɧɚɱɢɬɟɥɶɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɩɪoɥɟɬoɜ ɢ ɧɚɝɪɭɡoɤ ɫɬɪoɹɳɢɯɫɹ 

ɜɢɫɹɱɢɯ ɫooɪɭɠɟɧɢɣ, ɚ ɬɚɤɠɟ ɩoɹɜɥɟɧɢɟɦ ɧoɜɵɯ ɫɜɟɪɯɩɪoɱɧɵɯ ɦɚɬɟɪɢɚɥoɜ, 

ɢɫɩoɥɶɡɭɟɦɵɯ ɞɥɹ oɫɧoɜɧɵɯ ɤoɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬoɜ (ɩɪɟɠɞɟ ɜɫɟɝo ɤɚɛɟɥɹ 

ɢɥɢ ɬɪɨɫɚ), ɫoɜɟɪɲɟɧɫɬɜoɜɚɧɢɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬoɞoɜ ɢ ɜɵɱɢɫɥɢɬɟɥɶɧoɣ 

ɬɟɯɧɢɤɢ, ɱɬo ɩoɡɜoɥɹɟɬ ɪɟɲɚɬɶ ɧoɜɵɟ ɡɚɞɚɱɢ ɩɪɢ ɩɪoɟɤɬɢɪoɜɚɧɢɢ ɜɢɫɹɱɢɯ 

ɫɢɫɬɟɦ ɢ ɩɨɞɫɢɫɬɟɦ.  

ȼ ɜɢɫɹɱɢɯ ɤoɧɫɬɪɭɤɰɢɹɯ ɜɧɟɲɧɸɸ ɧɚɝɪɭɡɤɭ ɜoɫɩɪɢɧɢɦɚɸɬ ɪɚɫɬɹɧɭɬɵɟ 

ɷɥɟɦɟɧɬɵ: ɫɬɚɥɶɧɵɟ ɤɚɧɚɬɵ, ɤɚɛɟɥɢ, ɰɟɩɢ, ɩɪoɤɚɬɧɵɣ ɦɟɬɚɥɥ ɢ ɥɢɫɬoɜɵɟ 

ɦɟɦɛɪɚɧɵ, ɪɚɛoɬɚɸɳɢɟ ɬoɥɶɤo ɧɚ ɪɚɫɬɹɠɟɧɢɟ. ȼ ɜɢɫɹɱɢɯ ɜɚɧɬoɜɵɯ ɫɢɫɬɟɦɚɯ 

ɜɚɧɬɵ, ɢɧɵɦɢ ɫɥɨɜɚɦɢ ɧɢɬɢ, ɢɥɢ ɬɪoɫoɜɵɟ ɩɥoɫɤɢɟ, ɢɥɢ ɩɪoɫɬɪɚɧɫɬɜɟɧɧɵɟ 

ɮɟɪɦɵ ɩoɞɞɟɪɠɢɜɚɸɬ ɠɟɫɬɤɢɟ ɷɥɟɦɟɧɬɵ, ɬɚɤɢɟ ɤɚɤ: ɛɚɥɤɢ, ɩɥɢɬɵ, ɚɪɤɢ, ɪɚɦɵ, 

ɪɚɛoɬɚɸɳɢɟ ɧɚ ɢɡɝɢɛ, ɜ ɩɪoɟɤɬɧoɦ ɩoɥoɠɟɧɢɢ, ɚ ɭɠɟ ɧɚ ɷɬɢ ɠɟɫɬɤɢɟ ɷɥɟɦɟɧɬɵ, 

ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɭɤɥɚɞɵɜɚɸɬ oɝɪɚɠɞɚɸɳɢɟ ɤoɧɫɬɪɭɤɰɢɢ. Ʉ ɜɚɧɬoɜɵɦ 

ɫɬɪɭɤɬɭɪɚɦ, ɩoɦɢɦo ɜɢɫɹɱɢɯ ɜɚɧɬoɜɵɯ ɫɢɫɬɟɦ, ɨɬɧɨɫɹɬɫɹ ɬɚɤɠɟ ɤoɧɫɬɪɭɤɰɢɢ, 

ɜ ɤoɬoɪɵɯ ɜɚɧɬɵ ɹɜɥɹɸɬɫɹ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɢɥɢ ɭɱɚɫɬɜɭɸɬ ɜ 

ɫoɡɞɚɧɢɢ ɝɟoɦɟɬɪɢɱɟɫɤoɝo oɛɪɚɡɚ ɫooɪɭɠɟɧɢɹ. ɉɪoɫɬɟɣɲɟɣ ɜɚɧɬoɜoɣ 

ɫɬɪɭɤɬɭɪoɣ ɦoɠɧo ɛɵɥo ɛɵ ɫɱɢɬɚɬɶ ɢɞɟɚɥɶɧɭɸ ɧɢɬɶ, ɬ.ɟ. ɧɢɬɶ, ɤoɬoɪɚɹ ɧɟ 

oɤɚɡɵɜɚɟɬ ɫoɩɪoɬɢɜɥɟɧɢɹ ɢɡɝɢɛɭ ɢ ɤɪɭɱɟɧɢɸ. Oɞɧɚɤo ɭ ɚɪɯɢɬɟɤɬɨɪɨɜ 

ɫɭɳɟɫɬɜɭɟɬ ɦɧɟɧɢɟ, ɱɬo oɫɬɚɜɚɹɫɶ ɜɫɟɝɞɚ ɢ ɬɨɥɶɤɨ ɜɫɟɝɞɚ ɩɪɹɦoɥɢɧɟɣɧɵɦɢ, 

ɜɚɧɬɵ ɧɟ ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɫɟɦɟɣɫɬɜɭ ɝɢɛɤɢɯ ɧɢɬɟɣ. 

ɍɱɢɬɵɜɚɹ, ɱɬo ɜɚɧɬɵ – ɷɬo oɬɤɪɵɬɵɟ ɬɪoɫɵ, ɜ ɡɚɜɢɫɢɦoɫɬɢ oɬ ɢɯ 

ɤoɧɫɬɪɭɤɬɢɜɧɵɯ oɫoɛɟɧɧoɫɬɟɣ ɢ ɧɚɡɧɚɱɟɧɢɹ ɫɥɟɞɭɟɬ ɩɪɟɞɥoɠɢɬɶ ɫɥɟɞɭɸɳɭɸ 

ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɜɚɧɬoɜɵɯ ɫɬɪɭɤɬɭɪ:  
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- ɜɢɫɹɱɢɟ ɜɚɧɬoɜɵɟ ɫɬɪɭɤɬɭɪɵ, ɩoɞɞɟɪɠɢɜɚɸɳɢɟ ɜ oɬɞɟɥɶɧɵɯ ɬoɱɤɚɯ 

ɬɟɧɬoɜɵɟ ɩoɤɪɵɬɢɹ;  

- ɜɚɧɬoɜɵɟ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɟ ɭɩɪɭɝɢɟ ɪɚɫɬɹɠɤɢ ɞɥɹ ɤoɧɬɭɪɧɵɯ oɩoɪɧɵɯ 

ɷɥɟɦɟɧɬoɜ ɬɟɧɬoɜɵɯ ɩoɤɪɵɬɢɣ; 

- ɩoɞɜɟɫɧɵɟ ɥɢɛɨ ɜɢɫɹɱɢɟ ɜɚɧɬoɜɵɟ ɩoɤɪɵɬɢɹ ɫ oɞɧoɣ ɧɟɫɭɳɟɣ ɫɬoɣɤoɣ 

ɢɥɢ ɩɢɥoɧoɦ; 

- ɩoɞɜɟɫɧɵɟ ɜɚɧɬoɜo-ɫɬɟɪɠɧɟɜɵɟ ɩoɤɪɵɬɢɹ ɫ ɧɟɫɭɳɢɦɢ ɫɬoɣɤɚɦɢ ɜ oɞɢɧ 

ɢɥɢ ɧɟɫɤoɥɶɤo ɪɹɞoɜ,  

- ɜɢɫɹɱɢɟ ɜɚɧɬoɜo-ɚɪoɱɧɵɟ (ɚɪoɱɧo-ɜɚɧɬoɜɵɟ) ɩoɤɪɵɬɢɹ,  

- ɤoɧɫoɥɶɧɵɟ ɜɚɧɬoɜɵɟ ɫɢɫɬɟɦɵ,  

- ɜɚɧɬoɜɵɟ ɤoɧɫɬɪɭɤɰɢɢ ɛɚɲɟɧɧoɝo ɬɢɩɚ ɜ ɮoɪɦɟ oɞɧoɩoɥoɫɬɧoɝo 

ɝɢɩɟɪɛoɥoɢɞɚ, ɫ ɜɚɧɬɚɦɢ, ɫoɜɩɚɞɚɸɳɢɦɢ ɫ ɩɪɹɦɵɦɢ oɛɪɚɡɭɸɳɢɦɢ 

oɞɧoɩoɥoɫɬɧoɝo ɝɢɩɟɪɛoɥoɢɞɚ,  

- ɬɪoɫoɜɵɟ oɬɬɹɠɤɢ ɜɵɫoɤɢɯ ɦɚɱɬ,  

- ɜɢɫɹɱɢɟ ɦoɫɬɵ. 

Ʉɚɤ ɜɢɞɧo ɢɡ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɜɢɫɹɱɢɟ ɬɪoɫoɜɵɟ ɤoɧɫɬɪɭɤɰɢɢ ɢ ɩoɤɪɵɬɢɹ 

ɫooɪɭɠɟɧɢɣ, ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɭɸ ɝɪɭɩɩɭ ɫooɪɭɠɟɧɢɣ ɧɟ ɜɤɥɸɱɟɧɵ, ɯoɬɹ 

ɜɦɟɫɬɟ ɫ ɦɟɦɛɪɚɧɧɵɦɢ ɩoɤɪɵɬɢɹɦɢ oɧɢ ɫoɫɬɚɜɥɹɸɬ ɛoɥɟɟ ɲɢɪoɤɢɣ ɤɥɚɫɫ 

ɜɢɫɹɱɢɯ ɤoɧɫɬɪɭɤɰɢɣ. ȼɵɞɚɸɳɢɣɫɹ ɧɚɭɱɧɵɣ ɞɟɹɬɟɥɶ ȼ.ȼ. ȿɪɦoɥoɜ ɩɪɢɜɟɥ ɜ 

ɬɚɛɥɢɱɧoɣ ɮoɪɦɟ oɫɧoɜɧɵɟ ɫɯɟɦɵ ɭɫɬɚɧoɜɤɢ ɫɬoɟɤ ɢ ɪɚɫɩoɥoɠɟɧɢɹ ɜɚɧɬ ɜ 

ɩoɞɜɟɫɧɵɯ ɜɚɧɬoɜo-ɫɬɟɪɠɧɟɜɵɯ ɢ ɜɢɫɹɱɢɯ ɜɚɧɬoɜo-ɚɪoɱɧɵɯ ɩoɤɪɵɬɢɹɯ. ɗɬɚ 

ɬɚɛɥɢɱɧɚɹ ɮɨɪɦɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.1. 
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Ɋɢɫɭɧoɤ 1.1 – ɋɯɟɦɵ ɭɫɬɚɧoɜɤɢ ɫɬoɟɤ ɢ ɪɚɫɩoɥoɠɟɧɢɹ ɜɚɧɬ ɜ ɩoɞɜɟɫɧɵɯ ɜɚɧɬoɜo-

ɫɬɟɪɠɧɟɜɵɯ ɢ ɜɢɫɹɱɢɯ ɜɚɧɬoɜo-ɚɪoɱɧɵɯ ɩoɤɪɵɬɢɹɯ 

Ɋɚɫɫɦɨɬɪɢɦ ɬɢɩɵ ɜɚɧɬɨɜɵɯ ɫɬɪɭɤɬɭɪ: 

1 ȼɢɫɹɱɢɟ ɜɚɧɬoɜɵɟ ɫɬɪɭɤɬɭɪɵ, ɩoɞɞɟɪɠɢɜɚɸɳɢɟ ɜ oɬɞɟɥɶɧɵɯ ɬoɱɤɚɯ 

ɬɟɧɬoɜoɝo ɩoɤɪɵɬɢɹ. 

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɢɥɥɸɫɬɪɚɰɢɢ ɫooɪɭɠɟɧɢɣ ɷɬoɝo ɬɢɩɚ ɦoɠɧo ɩɪɢɜɟɫɬɢ 

ɤɭɩoɥooɛɪɚɡɧɭɸ ɤɪɵɲɭ ɇɚɰɢoɧɚɥɶɧoɝo ɬɟɧɧɢɫɧoɝo ɰɟɧɬɪɚ ɜ Ʌoɧɞoɧɟ, 

ȼɟɥɢɤoɛɪɢɬɚɧɢɹ. ɉoɤɪɵɬɢɟ ɩɟɪɟɤɪɵɜɚɟɬ ɨɤɨɥɨ 11500 ɦ2 ɩɥɚɧɚ. ɉoɞ ɧɢɦ 

ɪɚɫɩoɥoɠɟɧɵɦ ɫɥɟɞɭɸɳɟɟ oɛɴɟɦɧɵɟ ɫɬɪɭɤɬɭɪɵ ɪɚɡɥɢɱɧoɝo ɧɚɡɧɚɱɟɧɢɹ: 6 

ɤoɪɬoɜ ɞɥɹ ɢɝɪɵ ɜ ɬɟɧɧɢɫ, ɫɩɟɰɢɚɥɢɡɢɪoɜɚɧɧɚɹ ɝɢɦɧɚɡɢɹ, ɫɩoɪɬɢɜɧɚɹ ɤɥɢɧɢɤɚ, 

ɩoɦɟɳɟɧɢɹ ɞɥɹ ɬɪɟɧɟɪoɜ ɢ ɬ.ɞ. Oɞɧɚ ɢɡ oɛɴɟɦɧɵɯ ɫɬɪɭɤɬɭɪ ɩɟɪɟɤɪɵɬɚ 

ɬɟɧɬoɜoɣ ɤoɧɫɬɪɭɤɰɢɟɣ, ɤoɬoɪɚɹ ɩoɞɞɟɪɠɢɜɚɟɬɫɹ ɫɢɫɬɟɦoɣ ɜɚɧɬ ɫ ɞɜɭɦɹ 

ɬɪɭɛɱɚɬɵɦɢ oɩoɪɚɦɢ. ɂɡɨɛɪɚɠɟɧɢɟ ɜɢɞɚ ɤɨɧɫɬɪɭɤɰɢɢ ɨɬɨɛɪɚɠɟɧɨ ɧɚ 

ɪɢɫɭɧoɤɟ 1.2. 
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Ɋɢɫɭɧoɤ 1.2 – ɇɚɰɢoɧɚɥɶɧɵɣ ɬɟɧɧɢɫɧɵɣ ɰɟɧɬ ɜ Ʌoɧɞoɧɟ 

 

2 ȼɚɧɬoɜɵɟ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɟ ɭɩɪɭɝɢɟ ɪɚɫɬɹɠɤɢ ɞɥɹ ɤoɧɬɭɪɧɵɯ 

oɩoɪɧɵɯ ɷɥɟɦɟɧɬoɜ ɬɟɧɬoɜɵɯ ɩoɤɪɵɬɢɣ. 

Ⱦɚɧɧɵɣ ɜɢɞ ɜɚɧɬoɜɵɯ ɤoɧɫɬɪɭɤɰɢɣ ɹɜɥɹɸɬɫɹ ɤoɦɛɢɧɢɪoɜɚɧɧoɣ 

ɫɬɪɭɤɬɭɪoɣ, ɤoɬoɪɚɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɢɫɹɱɟɟ ɬɪoɫoɜoɟ ɩoɤɪɵɬɢɟ, ɢ ɢɦɟɟɬ ɜ 

ɫɜoɟɦ ɫoɫɬɚɜɟ ɧɟɫɤoɥɶɤo ɜɚɧɬ, ɤoɬoɪɵɟ ɹɜɥɹɸɬɫɹ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɦɢ. Ɉɛɳɢɣ 

ɜɢɞ ɬɚɤɨɣ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧoɤɟ 1.3. 

Ʉoɧɫɬɪɭɤɰɢɢ ɬɚɤoɝo ɬɢɩɚ ɦoɝɭɬ ɛɵɬɶ ɩɪɢɱɢɫɥɟɧɵ, ɤɚɤ ɤ ɬɪoɫoɜɵɦ ɜɢɫɹɱɢɦ 

ɫɬɪɭɤɬɭɪɚɦ, ɬɚɤ ɢ ɤ ɜɢɫɹɱɢɦ ɜɚɧɬoɜɵɦ ɫɬɪɭɤɬɭɪɚɦ. ɉɪɢ ɤoɧɫɬɪɭɢɪoɜɚɧɢɢ 

ɫooɪɭɠɟɧɢɣ ɷɬoɝo ɬɢɩɚ oɫoɛo ɜɧɢɦɚɧɢɟ ɧɟoɛɯoɞɢɦo ɭɞɟɥɢɬɶ ɚɧɤɟɪɚɦ 

ɭɫɬɪoɣɫɬɜɚɦ, ɫɥɭɠɚɳɢɦ ɞɥɹ ɩɟɪɟɞɚɱɢ ɭɫɢɥɢɣ oɬ oɫɧoɜɧoɣ ɤoɧɫɬɪɭɤɰɢɢ ɧɚ 

ɝɪɭɧɬoɜɭɸ oɫɧoɜɭ. ɋɜɹɡɚɧɨ ɷɬɨ ɫ ɬɟɦ, ɱɬɨ ɩɨɫɪɟɞɫɬɜɨɦ ɞɟɣɫɬɜɢɹ ɜɟɬɪɚ ɧɚ 

ɩɨɞɨɛɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ  ɜɨɡɧɢɤɚɟɬ ɭɫɢɥɢɟ ɫɨ ɫɬɨɪɨɧɵ ɝɪɭɧɬɨɜɨɣ ɨɫɧɨɜɵ. 

ɉɨɷɬɨɦɭ ɷɬɢ ɚɧɤɟɪɚ ɞɨɥɠɧɵ ɢɦɟɬɶ ɞɨɫɬɚɬɨɱɧɭɸ ɛɨɥɶɲɭɸ ɩɪɨɱɧɨɫɬɶ ɧɚ 

ɜɵɪɵɜ. 
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Ɋɢɫɭɧoɤ 1.3 – Ɍɪoɫoɜo-ɜɚɧɬoɜɚɹ ɫɬɪɭɤɬɭɪɚ 
 

3 ɉoɞɜɟɫɧɵɟ ɥɢɛɨ ɜɢɫɹɱɢɟ ɜɚɧɬoɜɵɟ ɩoɤɪɵɬɢɹ ɫ oɞɧoɣ ɧɟɫɭɳɟɣ ɫɬoɣɤoɣ 

ɢɥɢ ɩɢɥoɧoɦ. 

əɪɤɢɦ ɩɪɢɦɟɪɨɦ ɬɚɤɨɝɨ ɬɢɩɚ ɫɥɭɠɢɬ ɤɪɵɬɵɣ ɤoɧɶɤoɛɟɠɧɵɣ ɰɟɧɬɪ 

«Ʉɪɵɥɚɬɫɤoɟ» (ɥɟɞoɜɵɣ ɞɜoɪɟɰ ɜ Ʉɪɵɥɚɬɫɤoɦ), ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 1.4 

- ɤɪɭɩɧɟɣɲɟɟ ɜ ȿɜɪoɩɟ ɫooɪɭɠɟɧɢɟ ɷɬoɝo ɬɢɩɚ, ɤɨɬɨɪɨɟ ɛɵɥɨ oɬɤɪɵɬɨ ɟɳɟ ɜ 

2006 ɝoɞɭ. Ɂɞɟɫɶ ɩoɤɪɵɬɢɟ ɫ ɩoɦoɳɶɸ ɜɚɧɬ ɩoɞɜɟɲɟɧo ɤ oɞɧoɣ Ʌ-oɛɪɚɡɧoɣ 

oɩoɪɟ, ɭɫɬɚɧoɜɥɟɧɧoɣ ɧɚ oɫɢɫɢɦɦɟɬɪɢɢ ɫooɪɭɠɟɧɢɹ ɫo ɫɦɟɳɟɧɢɟɦ ɜɞoɥɶ ɷɬoɣ 

ɠɟ oɫɢ. Ⱦɜɟ ɭɩɪɭɝɢɟ oɬɬɹɠɤɢ oɩoɪɵ oɛɟɫɩɟɱɢɜɚɸɬ ɪɚɜɧoɜɟɫɢɟ ɜɫɟɣ ɜɚɧɬoɜoɣ 

ɫɢɫɬɟɦɵ, ɜ ɫɜɨɸ ɪɨɞɭ ɫɥɭɠɚɳɢɟ «ɹɤɨɪɹɦɢ ɤɨɧɫɬɪɭɤɰɢɢ». 
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Ɋɢɫɭɧoɤ 1.4 - Ʌɟɞoɜɵɣ ɞɜoɪɟɰ ɜ Ʉɪɵɥɚɬɫɤoɦ, Ɇoɫɤɜɚ 

 

4 ɉoɞɜɟɫɧɵɟ ɜɚɧɬoɜo-ɫɬɟɪɠɧɟɜɵɟ ɩoɤɪɵɬɢɹ ɫ ɧɟɫɭɳɢɦɢ ɫɬoɣɤɚɦɢ ɜ 

oɞɢɧ ɢɥɢ ɧɟɫɤoɥɶɤo ɪɹɞoɜ. 

ɗɬoɬ ɬɢɩ ɜɚɧɬoɜɵɯ ɩoɤɪɵɬɢɣ ɫɱɢɬɚɟɬɫɹ ɧɚɢɛoɥɟɟ ɩɪoɫɬɵɦ ɢ 

ɪɚɫɩɪoɫɬɪɚɧɟɧɧɵɦ, ɱɚɫɬo ɷɬɢ ɩoɤɪɵɬɢɹ ɧɚɡɵɜɚɸɬ ɜɚɧɬoɜo-ɛɚɥoɱɧɵɦ. ȼ ɫɜɹɡɢ 

ɫ ɬɟɦ, ɱɬɨ ɛɚɥɤɚ ɠɟɫɬɤoɫɬɢ ɩoɞɞɟɪɠɢɜɚɟɬɫɹ ɜɚɧɬɚɦɢ ɜ oɞɧoɣ ɢɥɢ ɧɟɫɤoɥɶɤɢɯ 

ɬoɱɤɚɯ. ȼɚɧɬɵ ɡɚɤɪɟɩɥɹɸɬɫɹ ɧɚ ɫɬoɣɤɚɯ, ɤoɬoɪɵɟ ɪɚɫɱɚɥɟɧɵ ɜ ɩoɩɟɪɟɱɧoɦ ɢ 

ɩɪoɞoɥɶɧoɦ ɧɚɩɪɚɜɥɟɧɢɢ. ɉɚɜɢɥɶoɧ ȼɟɥɢɤoɛɪɢɬɚɧɢɢ ɧɚ ɗɄɋɉO-70 ɜ Oɫɚɤɟ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫoɛoɣ oɞɧoɪɹɞɧɭɸ ɫɢɫɬɟɦɭ ɢɡ 4-ɯ ɫɬɚɥɶɧɵɯ ɪɚɦ ɜɵɫoɬoɣ 34 ɦ, ɤ 

ɤoɬoɪɵɦ ɫ ɩoɦoɳɶɸ ɜɚɧɬ ɩoɞɜɟɲɟɧɚ ɧɟɫɭɳɚɹ ɤoɧɫɬɪɭɤɰɢɹ ɤɪɵɲɢ ɢ 

ɩɪɢɦɵɤɚɸɳɭɸ ɤ ɧɟɣ ɫɬɟɧoɜoɟ oɝɪɚɠɞɟɧɢɟ. ɉɚɜɢɥɶɨɧ ɫ ɧɟɫɭɳɢɦ ɜɚɧɬɨɜɵɦ 

ɩɨɤɪɵɬɢɟɦ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.5). 
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Ɋɢɫɭɧoɤ 1.5 - ɉɚɜɢɥɶoɧ ȼɟɥɢɤoɛɪɢɬɚɧɢɢ ɧɚ ɗɄɋɉO-70 ɜ Oɫɚɤɟ, əɩoɧɢɹ 

 

5 ȼɢɫɹɱɢɟ ɜɚɧɬoɜo-ɚɪoɱɧɵɟ (ɚɪoɱɧo-ɜɚɧɬoɜɵɟ) ɩoɤɪɵɬɢɹ. 

ȼɨɡɦɨɠɧɨɫɬɢ ɜɚɧɬɨɜɵɯ ɫɬɪɭɤɬɭɪ ɫɥɨɠɧɨ ɨɰɟɧɢɬɶ ɢ ɪɚɫɤɪɵɬɶ ɢɯ 

ɩɨɬɟɧɰɢɚɥ. ɇɨ ɬɚɤ ɢɥɢ ɢɧɚɱɟ ɡɧɚɦɟɧɢɬɵɦ ɚɪɯɢɬɟɤɬoɪɚɦ ɇoɪɦɚɧɭ Ɏoɫɬɟɪɭ ɢ 

ɋɚɧɬɶɹɝɟ Ʉɚɥɚɬɪɚɜɚ ɭɞɚɥɨɫɶ  ɢɯ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨ ɜɫɟɣ ɫɜɨɟɣ ɤɪɚɫɨɬɵ ɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ɇɚ ɪɢɫɭɧɤɟ 1.6 ɢɡɨɛɪɚɠɟɧ ɫɬɚɞɢɨɧ «ɍɷɦɛɥɢ», 

ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɵɣ ɇɨɪɦɚɧɨɦ Ɏɨɫɬɟɪɨɦ. 
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Ɋɢɫɭɧoɤ 1.6 - ɋɬɚɞɢoɧ «ɍɷɦɛɥɢ», ɜɢɫɹɱɟɟɜɚɧɬoɜoɟ ɩoɤɪɵɬɢɟ, Ʌoɧɞoɧ 

 

ɇɚ ɪɢɫɭɧɤɟ 1.7 ɢɡɨɛɪɚɠɟɧ ɫɬɚɞɢɨɧ «ɋɩɢɪoɫ Ʌɭɢɫ», ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɵɣ 

ɋɚɧɬɶɹɝɟ Ʉɚɥɚɬɪɚɜɚ. 

 

 
Ɋɢɫɭɧoɤ 1.7 - ɋɬɚɞɢoɧ «ɋɩɢɪoɫ Ʌɭɢɫ», ɜɢɫɹɱɟɟ ɜɚɧɬoɜoɟ ɩoɤɪɵɬɢɟ, Ⱥɮɢɧɵ 
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ɂɯ ɫooɪɭɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫoɛoɣ oɬɞɟɥɶɧɭɸ ɝɪɭɩɩɭ ɜɢɫɹɱɢɯ 

ɩoɤɪɵɬɢɣ, ɢɧɚɱɟ, ɩɢɥoɧɧɵɟ ɚɪoɱɧo-ɜɚɧɬoɜɵɟ ɩoɤɪɵɬɢɹ. Ɍɚɤ ɧɚɡɵɜɚɸɬ 

ɜɢɫɹɱɭɸ ɫɢɫɬɟɦɭ, ɤoɬoɪɚɹ ɩoɞɞɟɪɠɢɜɚɟɬɫɹ ɜɚɧɬɚɦɢ, ɩoɞɜɟɲɟɧɧɵɦɢ ɤ ɫɢɫɬɟɦɟ 

ɩɢɥoɧoɜ – ɚɪoɤ. ɉɪɢ ɷɬoɦ ɤɚɤ ɩɢɥoɧɵ, ɬɚɤ ɢ ɜɚɧɬɵ, ɩoɞɞɟɪɠɢɜɚɸɳɢɟ 

ɩoɤɪɵɬɢɟ, ɪɚɫɩoɥoɠɟɧɵ ɜɵɲɟ ɧɟɝo, ɬ. ɟ. ɧɚ ɜɚɧɬɵ ɧɟ ɭɤɥɚɞɵɜɚɸɬɫɹ 

oɝɪɚɠɞɚɸɳɢɟ ɷɥɟɦɟɧɬɵ ɩoɤɪɵɬɢɹ, ɧɨ ɨɧɨ ɟɝɨ ɭɞɟɪɠɢɜɚɟɬ. 

ɋɬɚɞɢoɧ «ɍɷɦɛɥɢ» (Wembley Stadium) – ɫɚɦɚɹ ɞɥɢɧɧɚɹ oɞɧoɩɪoɥɟɬɧɚɹ 

ɚɪoɱɧo-ɜɚɧɬoɜɚɹ ɫɬɪɭɤɬɭɪɚ ɜ ɦɢɪɟ. ɇɟɫɭɳɚɹ ɚɪɤɚ ɞɟɪɠɢɬ ɤɪɚɣ ɫɟɜɟɪɧoɣ 

ɫɟɤɰɢɢ ɤɪɵɲɢ ɫɬɚɞɢoɧɚ. ȼɫɟɝɨ ɥɢɲɶ ɡɚ 15 ɦɢɧɭɬ ɦoɠɧo ɩoɥɧoɫɬɶɸ oɬɤɪɵɬɶ 

ɫɬɚɞɢoɧ, ɩɪɨɫɬɨ ɭɛɢɪɚɹ ɩoɞɜɢɠɧɵɟ ɩɚɧɟɥɢ ɜ ɸɠɧɭɸ ɧɟɩoɞɜɢɠɧɭɸ ɫɟɤɰɢɸ 

ɤɪɵɲɢ. 

6 Ʉoɧɫoɥɶɧo-ɜɚɧɬoɜɵɟ ɫɢɫɬɟɦɵ. 

Ʉoɧɫoɥɶɧo-ɜɚɧɬoɜɵɟ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫoɛoɣ ɩɪɨɫɬɭɸ ɫɯɟɦɭ: 

ɛɚɥɤɢ ɠɟɫɬɤoɫɬɢ, ɩoɞɞɟɪɠɢɜɚɟɦɵɟ ɡɚ oɞɢɧ ɤoɧɟɰ ɜɚɧɬɚɦɢ, ɚ ɞɪɭɝɢɦ ɤoɧɰoɦ 

oɩɢɪɚɸɳɢɟɫɹ ɧɟɩoɫɪɟɞɫɬɜɟɧɧo ɧɚ ɫooɪɭɠɟɧɢɟ. ɉɪoɫɬɟɣɲɢɦ ɩɪɢɦɟɪoɦ ɬɚɤoɣ 

oɞɧoɤoɧɫoɥɶɧoɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɜɚɧɬoɜɵɣ ɤoɧɫoɥɶɧɵɣ ɤoɡɵɪɟɤ, ɤoɬoɪɵɣ 

ɤɪɟɩɢɬɫɹ ɤ ɧɟɫɭɳɟɣ ɫɬɟɧɟ ɫ ɩoɦoɳɶɸ ɫɩɟɰɢɚɥɶɧɵɯ ɪɚɫɬɹɠɟɤ ɜ ɜɢɞɟ ɜɚɧɬ, 

ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɜ ɜɢɞɟ ɬɹɝɢ, ɪɚɫɬɹɠɤɢ. Ɍɹɝɢ ɦɨɝɭɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶɫɹ ɢɡ 

ɩɪɭɬɤoɜ, ɬɪɭɛ ɢɥɢ ɬɪoɫoɜ. Ʉoɡɵɪɶɤɢ ɤoɧɫoɥɶɧo-ɜɚɧɬoɜoɝo ɬɢɩɚ ɩo ɠɟɥɚɧɢɸ 

ɚɪɯɢɬɟɤɬoɪɚ ɦoɝɭɬ ɢɦɟɬɶ ɛoɥɶɲɭɸ ɡoɧɭ ɩoɤɪɵɬɢɹ, ɬɚɤ ɤɚɤ ɜɬoɪoɣ ɤoɧɟɰ 

ɤoɧɫɬɪɭɤɰɢɢ ɩoɞɞɟɪɠɢɜɚɟɬɫɹ ɜɚɧɬɚɦɢ, ɱɟɪɟɡ ɤoɬoɪɭɸ ɧɚɝɪɭɡɤɚ oɬ ɤoɡɵɪɶɤɚ 

ɩɟɪɟɞɚɟɬɫɹ oɩɹɬɶ ɠɟ ɧɚ oɫɧoɜɧoɟ ɫooɪɭɠɟɧɢɟ, ɬɭɠɟ ɧɟɫɭɳɭɸ ɫɬɟɧɭ ɢɥɢ 

ɤɨɥɨɧɧɭɸ. ɇɚ ɪɢɫɭɧɤɟ 1.8 ɢɡɨɛɪɚɠɟɧ ɤoɡɵɪɟɤ ɤoɧɫoɥɶɧo-ɜɚɧɬoɜoɝo ɬɢɩɚ 

ɞɥɢɧoɣ 6,5 ɦ. 
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Ɋɢɫɭɧoɤ 1.8 – Ʉoɡɵɪɟɤ ɤoɧɫoɥɶɧo-ɜɚɧɬoɜoɝo ɬɢɩɚ ɞɥɢɧoɣ 6,5 ɦ 

1.2 Ɇɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ ɜɚɧɬɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ 
ɫɨɜɪɟɦɟɧɧɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 

1.2.1 Ɋɭɱɧɨɣ ɫɩɨɫɨɛ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ 

Ɉɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɜɚɧɬɨɜɵɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ «ɝɢɛɤɚɹ» (ɜ ɨɬɞɟɥɶɧɵɯ 

ɪɟɞɤɢɯ ɫɥɭɱɚɹɯ «ɠɟɫɬɤɚɹ») ɧɢɬɶ. Ⱦɥɹ ɪɭɱɧɨɝɨ ɪɚɫɱɟɬɚ ɩɪɨɫɬɟɣɲɢɯ ɜɚɧɬɨɜɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɩɪɹɦɨɭɝɨɥɶɧɨɦ ɢɥɢ ɠɟ ɧɚ ɤɪɭɝɥɨɦ ɩɥɚɧɚɯ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ 

ɞɨɫɬɚɬɨɱɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɨɬɞɟɥɶɧɵɟ ɜɚɧɬɵ ɫ ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ ɧɢɯ ɧɚɝɪɭɡɤɨɣ. 

ɇɚɱɚɥɶɧɭɸ ɮɨɪɦɭ ɧɢɬɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɛɢɪɚɬɶ ɩɨɞɨɛɧɨɣ ɜɟɪɟɜɨɱɧɨɣ 

ɤɪɢɜɨɣ ɨɬ ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɧɚɝɪɭɡɤɢ ɧɚ ɩɨɤɪɵɬɢɟ. Ɍɚɤɢɦɢ ɧɚɝɪɭɡɤɚɦɢ ɜ 

ɛɨɥɶɲɢɧɫɬɜɟ ɫɜɨɟɦ ɹɜɥɹɸɬɫɹ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɧɚɝɪɭɡɤɢ ɨɬ 

ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ ɤɨɧɫɬɪɭɤɰɢɢ. ȿɫɥɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɧɚ ɜɚɧɬɵ ɛɭɞɟɬ 

ɩɪɢɥɨɠɟɧɚ ɬɚɤɠɟ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɜɪɟɦɟɧɧɚɹ ɧɚɝɪɭɡɤɚ, ɬɨ ɨɧɚ 

ɛɭɞɟɬ ɪɚɜɧɨɜɟɫɧɨɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɵɛɪɚɧɧɨɣ ɮɨɪɦɟ ɧɢɬɢ, ɚ ɞɟɮɨɪɦɚɰɢɢ 

ɜɚɧɬɵ ɛɭɞɭɬ ɫɜɹɡɚɧɵ ɥɢɲɶ ɫ ɟɟ ɭɩɪɭɝɢɦɢ ɭɞɥɢɧɟɧɢɹɦɢ. ȿɫɥɢ ɠɟ 

ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɮɨɪɦɚ ɧɟ ɨɬɜɟɱɚɟɬ ɩɨ ɫɜɨɢɦ ɩɚɪɚɦɟɬɪɚɦ ɮɨɪɦɟ ɪɚɜɧɨɜɟɫɢɹ ɨɬ 

ɨɫɧɨɜɧɵɯ ɧɚɝɪɭɡɨɤ, ɬɨ ɜɚɧɬɵ ɛɭɞɭɬ ɢɫɩɵɬɵɜɚɬɶ ɛɨɥɶɲɢɟ ɩɪɨɝɢɛɵ. ɉɪɢ ɷɬɨɦ 

ɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢɛɥɢɠɟɧɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ ɪɚɜɧɨɜɟɫɢɹ ɧɟɥɶɡɹ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ 

ɨɫɧɨɜɵɜɚɸɬɫɹ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɦɚɥɨɫɬɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɫɦɟɳɟɧɢɣ ɬɨɱɟɤ 

ɜɚɧɬɵ. 
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Ɋɢɫɭɧoɤ 1.9 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜɚɧɬɵ ɫ ɨɩɨɪɚɦɢ ɧɚ ɨɞɧɨɦ ɭɪɨɜɧɟ 

 

ȼɚɧɬɵ ɢɦɟɸɬ ɞɜɟ ɨɫɧɨɜɧɵɟ ɨɬɩɪɚɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ – ɮɨɪɦɚ ɢ 

ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɞɥɢɧɚ ɉɪɢ ɷɬɨɦ ɞɥɹ ɪɚɫɱɟɬɚ ɱɚɳɟ ɜɫɟɝɨ ɡɚɞɚɸɬɫɹ ɡɧɚɱɟɧɢɟɦ 

ɫɬɪɟɥɵ ɩɪɨɜɢɫɚɧɢɹ ɜɚɧɬɵ –  ɧɚɢɛɨɥɶɲɟɣ ɩɨ ɜɟɥɢɱɢɧɟ ɨɪɞɢɧɚɬɵ ɧɢɬɢ. ɇɚ 

ɪɢɫɭɧɤɟ 1.9 ɢɡɨɛɪɚɠɟɧɚ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜɚɧɬɵ ɫ ɨɩɨɪɚɦɢ ɧɚ ɨɞɧɨɦ ɭɪɨɜɧɟ, ɧɚ 

ɤɨɬɨɪɨɦ ɢ ɢɡɨɛɪɚɠɟɧɚ ɫɬɪɟɥɚ ɩɪɨɜɢɫɚɧɢɹ ɜɚɧɬɵ. ȼɟɥɢɱɢɧɚ ɫɬɪɟɥɤɢ ɜ 

ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɜɥɢɹɟɬ ɧɚ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɜɚɧɬɨɜɵɯ ɩɨɤɪɵɬɢɣ. 

ɋɭɳɟɫɬɜɭɟɬ ɩɪɚɜɢɥɨ: ɱɟɦ ɛɨɥɶɲɟ ɫɬɪɟɥɤɚ, ɬɟɦ ɦɟɧɶɲɟ ɭɫɢɥɢɹ ɜ ɷɥɟɦɟɧɬɚɯ 

ɤɨɧɫɬɪɭɤɰɢɢ. Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɬɪɨɢɬɟɥɶɧɚɹ ɜɵɫɨɬɚ ɩɨɤɪɵɬɢɹ 

ɢ ɤ ɬɨɦɭ ɠɟ ɜɨɡɪɚɫɬɚɟɬ ɞɟɮɨɪɦɚɬɢɜɧɨɫɬɶ ɜɚɧɬ ɩɪɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɚɝɪɭɡɤɚɯ. 

Ɉɩɬɢɦɚɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɫɬɪɟɥɤɢ ɤ ɩɪɨɥɟɬɭ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 1/10...1/25.  

Ɂɚɞɚɜɲɢɫɶ ɜɟɥɢɱɢɧɨɣ ɫɬɪɟɥɤɢ, ɧɚɯɨɞɹɬ ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɮɨɪɦɭ 

ɜɟɪɟɜɨɱɧɨɣ ɤɪɢɜɨɣ ɢɡ ɭɪɚɜɧɟɧɢɹ 

 𝑧𝑥 = 𝑀𝑥ு ,                (1.1) 

 

ɝɞɟ  𝑧𝑥 –  ɨɪɞɢɧɚɬɵ ɧɢɬɢ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ , ɬ.ɟ ɛɟɡ ɧɚɝɪɭɡɤɢ;  ܯ𝑥 –  «ɛɚɥɨɱɧɵɣ» ɦɨɦɟɧɬ;  ܪ = /௠𝑎𝑥ܯ ଴݂ –  ɪɚɫɩɨɪ ɜ ɜɚɧɬɟ, ɬ.ɟ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 

ɨɩɨɪɧɨɣ ɪɟɚɤɰɢɢ;  ܯ௠𝑎𝑥 –  ɦɚɤɫɢɦɚɥɶɧɵɣ «ɛɚɥɨɱɧɵɣ» ɦɨɦɟɧɬ;  ଴݂ –  ɫɬɪɟɥɤɚ ɜɚɧɬɵ ɜ ɦɟɫɬɟ ɧɚɢɛɨɥɶɲɟɝɨ «ɛɚɥɨɱɧɨɝɨ» ɦɨɦɟɧɬɚ. 
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Ɂɧɚɹ ɭɪɚɜɧɟɧɢɟ ɤɪɢɜɨɣ ɧɢɬɢ, ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɟɟ ɞɥɢɧɭ L ɩɨ 

ɩɪɢɛɥɢɠɟɧɧɨɣ ɮɨɪɦɭɥɟ 

ܮ  ∫ √ͳ + ሺௗ𝑧ௗ𝑥ሻଶଵ଴ ݔ݀ = ݈ + ଵଶ ∫ √ሺௗ𝑧ௗ𝑥ሻଶଵ଴  (1.2)         ,ݔ݀

 

Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɜɚɧɬɵ, ɨɱɟɪɱɟɧɧɨɣ ɩɨ ɤɜɚɞɪɚɬɧɨɣ ɩɚɪɚɛɨɥɟ, ɬ.ɟ 

ɮɨɪɦɟ, ɩɪɢɨɛɪɟɬɚɟɦɨɣ ɩɨɞ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɨɣ, ɫ ɨɩɨɪɚɦɢ, 

ɥɟɠɚɳɢɦɢ ɧɚ ɨɞɧɨɦ ɭɪɨɜɧɟ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɢɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 1.9 ɟɟ 

ɞɥɢɧɚ ɛɭɞɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ  

ܮ  = ݈ + 8ଷ ∙ ௙మ௟ ,              (1.3) 

 

ɝɞɟ ݈ –  ɩɪɨɥɟɬ ɜɚɧɬɵ; 

 ݂ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.1). 

 

ȼ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ Ⱥ, ɪɚɜɧɵɣ 

ɭɞɜɨɟɧɧɨɣ ɪɚɡɧɨɫɬɢ ɞɥɢɧɵ ɧɢɬɢ ɢ ɟɟ ɩɪɨɥɟɬɚ, ɧɚɯɨɞɹɳɢɣɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 𝐴 = ʹሺܮ − ݈ሻ,              (1.4) 

 

Ⱦɥɹ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɯ ɜɢɞɨɜ ɡɚɝɪɭɠɟɧɢɹ ɡɧɚɱɟɧɢɹ Ⱥ ɢɡɨɛɪɚɠɟɧɵ  

ɧɚ ɪɢɫɭɧɤɟ 1.10 
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Ɋɢɫɭɧoɤ 1.10 – Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ Ⱥ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɡɚɝɪɭɠɟɧɢɹ 
 

Ⱦɥɹ ɜɚɧɬ ɫ ɨɩɨɪɚɦɢ, ɥɟɠɚɳɢɦɢ ɧɚ ɪɚɡɧɵɯ ɭɪɨɜɧɹɯ ɮɨɪɦɭɥɚ ɫɥɟɞɭɸɳɚɹ 

 𝑧𝑥 = 𝑀𝑥ு +  𝑡݃𝛽,               (1.5)ݔ

 

ɝɞɟ  𝑧𝑥 –  ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.1);  ܯ𝑥 –  «ɛɚɥɨɱɧɵɣ» ɦɨɦɟɧɬ;  ܪ = /௖ܯ ௖݂ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.1);  ௖݂ – ɨɪɞɢɧɚɬɚ ɬɨɱɤɢ «ɋ», ɤɨɬɨɪɚɹ ɡɚɞɚɟɬɫɹ 
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ɇɚ ɪɢɫɭɧɤɟ 1.11 ɢɡɨɛɪɚɠɟɧɚ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜɚɧɬɵ ɫ ɨɩɨɪɚɦɢ ɧɚ ɪɚɡɧɵɯ 

ɭɪɨɜɧɹɯ ɩɪɢ ɞɟɣɫɬɜɢɢ ɪɚɜɧɨɦɟɪɧɨɣ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ  

 
 

Ɋɢɫɭɧoɤ 1.11 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜɚɧɬɵ ɫ ɨɩɨɪɚɦɢ ɧɚ ɪɚɡɧɵɯ ɭɪɨɜɧɹɯ ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɪɚɜɧɨɦɟɪɧɨɣ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ 

 
Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɪɚɫɩɨɪɚ ɜɚɧɬ ɫ ɨɩɨɪɚɦɢ ɧɚ ɪɚɡɧɵɯ ɭɪɨɜɧɹɯ ɢɫɩɨɥɶɡɭɸɬ 

ɫɥɟɞɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ 

ଷܪ  ∙ ௟𝑅 + ଵଶ ∙ 𝐴 ∙ ଶܪ = ଵଶ ∙  (1.6)            ,ܦ

 

ɝɞɟ ܪ = /௖ܯ ௖݂ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.1); ݈ –  ɩɪɨɥɟɬ;  ܴ –  ɠɟɫɬɤɨɫɬɶ ɧɢɬɢ ɧɚ ɪɚɫɬɹɠɟɧɢɟ;  𝐴 – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.4); ܦ = f ܳ𝑥 dx – ɮɭɧɤɰɢɹ ɨɩɢɫɵɜɚɸɳɚɹ ɩɟɪɟɪɟɡɵɜɚɸɳɭɸ ɫɢɥɭ ɜ ɜɚɧɬɟ; ܳ𝑥 –  ɛɚɥɨɱɧɚɹ ɩɟɪɟɪɟɡɵɜɚɸɳɚɹ ɫɢɥɚ. 

 

Ⱦɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɭɫɢɥɢɹ ɧɢɬɶ ɦɨɠɧɨ ɩɪɢɧɹɬɶ 

ɧɟɪɚɫɬɹɠɢɦɨɣ, ɬɨɝɞɚ ɭɫɢɥɢɟ H ɛɭɞɟɬ ɧɚɯɨɞɢɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ 

ܪ  =  𝐴,              (1.7)/ܦ√

 

ɝɞɟ 𝐴 – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.4); 
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 ;ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6) –ܦ

 

Ɂɧɚɱɟɧɢɹ D ɞɥɹ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɯ ɜɢɞɨɜ ɡɚɝɪɭɠɟɧɢɹ ɨɬɨɛɪɚɠɟɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 1.12 
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Ɋɢɫɭɧoɤ 1.12 – Ɂɧɚɱɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ D ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɡɚɝɪɭɠɟɧɢɹ 
 

 

ɑɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɩɪɨɜɢɫɚɸɳɟɣ ɝɢɛɤɨɣ ɧɢɬɢ ɹɜɥɹɟɬɫɹ ɫɥɭɱɚɣ, ɤɨɝɞɚ L = 

l, ɬ. ɟ. A = 0 (ɧɢɬɶ-ɫɬɪɭɧɚ).  

Ɍɨɝɞɚ ɪɚɫɩɨɪ ɛɭɞɟɬ ɧɚɯɨɞɢɬɫɹ ɢɡ ɮɨɪɦɭɥɵ 

ܪ  = ሺʹ݈ሻయ/ܴܦ√ ,             (1.8) 

 

ɝɞɟ ܦ– ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6); ܴ– ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6). 

 

ȿɫɥɢ L ɦɟɧɶɲɟ l, ɬ. ɟ. ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɡɚɝɨɬɨɜɤɚ ɜɚɧɬɵ ɩɨɥɭɱɚɟɬɫɹ 

ɤɨɪɨɱɟ ɩɪɨɥɟɬɚ, ɬɨɝɞɚ ɭɫɢɥɢɟ ɜ ɫɬɪɭɧɟ ɧɚɯɨɞɢɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ 

ଷܪ  − ଵଶ ∙ 𝐴 ∙ 𝑅௟ ∙ ଶܪ = 𝑅ଶ∙௟ ∙  (1.9)            ,ܦ

 

ɝɞɟ ܪ– ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.1); ݈ –  ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6);  ܴ –  ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6); 𝐴 – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.4); ܦ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6). 
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ȿɫɥɢ ɨɩɨɪɵ ɧɢɬɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ ɪɚɡɧɵɯ ɭɪɨɜɧɹɯ, ɤɚɤ ɧɚ ɪɢɫɭɧɤɟ 1.11, 

ɬɨ ɭɫɢɥɢɟ ɪɚɫɩɨɪɚ ɧɚɯɨɞɢɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ 

ଷܪ  ∙ ௟భ𝑅 + ଵଶ ∙ 𝐴ଵ ∙ ଶܪ = ଵଶ ∙  (1.10)          ,ܦ

 

ɝɞɟ ܪ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.1); ܴ –  ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6); ܦ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6); ݈ଵ – ɞɥɢɧɚ ɩɪɹɦɨɣ, ɫɨɟɞɢɧɹɸɳɟɣ ɬɨɱɤɢ ɨɩɨɪɵ; 𝐴ଵ = ʹሺ௟భ௟ ሻଷ ∙ ሺܮ − ݈ଵሻ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɢɧɵ ܮ – ɞɥɢɧɚ ɧɢɬɢ. 

 

ȼ ɪɚɫɱɟɬɚɯ ɩɪɢ ɩɨɞɚɬɥɢɜɵɯ ɨɩɨɪɚɯ ɭɫɢɥɢɟ ɜ ɜɚɧɬɟ ɧɚɯɨɞɢɬɫɹ ɢɡ 

ɭɪɚɜɧɟɧɢɹ 

ଷܪ  = [ ௟𝑅 + ሺ𝜌ଵ + 𝜌ଶሻ] + ଵଶ ∙ 𝐴 ∙ ଶܪ = ଵଶ ∙  (1.11)        ,ܦ

 

ɝɞɟ ܪ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.1); ܴ –  ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6); ܦ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6); ݈ –  ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6);  𝐴 – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.4); 𝜌ଵ, 𝜌ଶ – ɩɨɞɚɬɥɢɜɨɫɬɶ ɨɩɨɪ, (ɟɞ.ɞɥɢɧɵ/ɟɞ. ɫɢɥɵ). 

 

ȼ ɫɥɭɱɚɟ ɢɡɦɟɧɟɧɢɹ ɞɥɢɧɵ ɜɚɧɬɵ ɨɬ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ ɭɪɚɜɧɟɧɢɟ 

ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 

ଷܪ  ∙ ௟𝑅 + ቀ𝐴ଶ + ∆𝑡ቁ ∙ ଶܪ = ଵଶ ∙  (1.12)         ,ܦ
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ɝɞɟ ܪ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.1); ܴ –  ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6); ܦ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6); ݈ –  ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6);  𝐴 – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.4); ∆𝑡 – ɭɞɥɢɧɟɧɢɟ ɧɢɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɟɪɟɩɚɞɚ. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ ɩɨɞɚɬɥɢɜɵɯ ɨɩɨɪɚɯ, ɥɟɠɚɳɢɯ ɧɚ ɪɚɡɧɨɦ ɭɪɨɜɧɟ 

ɭɪɚɜɧɟɧɢɟ ɫɥɟɞɭɸɳɟɟ 

ଷܪ  = [௟భ𝑅 + ሺ𝜌ଵ + 𝜌ଶሻ] + ଵଶ ∙ 𝐴ଵ ∙ ଶܪ = ଵଶ ∙  (1.13)       ,ܦ

 

ɝɞɟ ܪ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.1); ܴ –  ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6); ܦ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6); ݈ଵ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.10); 𝐴ଵ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.10); 𝜌ଵ, 𝜌ଶ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.11). 

 

ɂ ɪɚɡɭɦɟɟɬɫɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɞɥɢɧɵ ɜɚɧɬɵ ɨɬ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɥɟɠɚɳɟɣ ɧɚ ɪɚɡɧɨɦ ɭɪɨɜɧɟ ɭɪɚɜɧɟɧɢɟ ɫɥɟɞɭɸɳɟɟ 

ଷܪ  ∙ ௟భ𝑅 + ቀ𝐴భଶ + ∆𝑡ቁ ∙ ଶܪ = ଵଶ ∙  (1.12)         ,ܦ

 

ɝɞɟ ܪ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.1); ܴ –  ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6); ܦ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6); ݈ଵ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.10); 
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𝐴ଵ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.10); ∆𝑡 – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.12). 

 

 «ɀɟɫɬɤɢɟ» ɜɚɧɬɵ ɢɦɟɸɬ ɨɫɨɛɟɧɧɨɫɬɶ, ɨɧɢ ɪɚɛɨɬɚɸɬ ɪɚɛɨɬɚɸɬ ɤɚɤ ɧɚ 

ɪɚɫɬɹɠɟɧɢɟ, ɬɚɤ ɢ ɧɚ ɢɡɝɢɛ. Ɍ.ɟ ɱɟɦ ɡɧɚɱɢɬɟɥɶɧɟɟ ɠɟɫɬɤɨɫɬɶ ɜɚɧɬ, ɬɟɦ ɛɨɥɶɲɟ 

ɜ ɧɢɯ ɞɨɥɹ ɢɡɝɢɛɧɵɯ ɧɚɩɪɹɠɟɧɢɣ. Ⱦɟɮɨɪɦɚɬɢɜɧɨɟ ɫɨɫɬɨɹɧɢɟ ɠɟɫɬɤɨɣ ɧɢɬɢ 

ɨɩɢɫɵɜɚɟɬɫɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɟɦ 

 

′′ݓܫܧ  − ሺ𝑧ܪ + ሻݓ + 𝑥ܯ = Ͳ,          (1.13) 

 

ɝɞɟ ܫܧ – ɢɡɝɢɛɧɚɹ ɠɟɫɬɤɨɫɬɶ ɜɚɧɬɵ; ݓ –  ɩɪɨɝɢɛ; ܪ – ɪɚɫɩɨɪ ɜ ɧɢɬɢ; 𝑧 – ɨɪɞɢɧɚɬɵ «ɠɟɫɬɤɨɣ» ɧɢɬɢ ɜ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ ܯ𝑥 – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.5). 

 

Ɋɟɲɟɧɢɟ ɬɚɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ, ɬɚɤ ɤɚɤ ɜ ɧɟɦ 

ɩɪɢɫɭɬɫɬɜɭɸɬ ɞɜɟ ɧɟɢɡɜɟɫɬɧɵɟ ɩɪɨɝɢɛ ɢ ɪɚɫɩɨɪ. 

 

Ɇɨɦɟɧɬ ɨɬ ɪɚɜɧɨɜɟɫɧɨɣ ɧɚɝɪɭɡɤɢ, ɞɟɣɫɬɜɭɸɳɢɣ ɜ ɜɚɧɬɟ, ɩɭɬɟɦ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (2.11.17) ɦɨɠɧɨ ɧɚɣɬɢ ɢɡ ɜɵɪɚɠɟɧɢɹ 

вܯ  = ଷଵ6 ∙ ቀଵ+ ∆𝑙∆ಽቁ∙௟𝐸ூ ∙ ቆͳ − ௖ℎ𝐾𝑥𝑐ℎ಼𝑙మ ቇ ∙  𝑥,         (1.14)ܯ

 

ɝɞɟ ܯ𝑥 – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.5); ܭ =  H/ሺEIሻ;  –  ɤɨɷɮɮɢɰɢɟɧɬ; ܪ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.13); 
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  .𝑥 – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.5); ݈ –  ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.6)ܯ ;ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (1.13) – ܫܧ

 

ȼ ɜɵɲɟɪɚɫɫɦɨɬɪɟɧɧɨɦ ɫɥɭɱɚɟ ɪɚɫɩɨɪ ɜ ɜɚɧɬɟ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɚɤ ɜ ɝɢɛɤɨɣ 

ɧɢɬɢ. 

1.2.2 ɋɩɨɫɨɛ ɪɟɲɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɪɚɫɱɟɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ «Ʌɢɪɚ» 

Ⱦɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɯɨɞɚ ɪɚɛɨɬɵ ɩɪɢɜɟɞɟɦ ɩɪɢɦɟɪ ɫɨɝɥɚɫɧɨ [15] 

ȼɚɧɬ ɫ ɢɡɨɝɧɭɬɨɣ ɨɫɶɸ (ɬɪɨɫ) ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɢ 

ɧɟɥɢɧɟɣɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ 

ɤɨɦɩɥɟɤɫɨɜ ɅɂɊȺ. 

ɂɫɯɨɞɧɚɹ ɡɚɞɚɱɚ: 

ɉɭɫɬɶ ɧɚ ɜɚɧɬ ɩɨ ɜɫɟɣ ɞɥɢɧɟ ɞɟɣɫɬɜɭɟɬ ɪɚɜɧɨɦɟɪɧɨ – ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ 

ɩɨɫɬɨɹɧɧɚɹ ɧɚɝɪɭɡɤɚ q (ɇ/ɦ) ɢ ɜɪɟɦɟɧɧɚɹ ɧɚɝɪɭɡɤɚ p. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜɚɧɬɚ ɫ 

ɨɬɨɛɪɚɠɟɧɢɟɦ ɧɚɝɪɭɠɟɧɢɟ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.13.  

 
Ɋɢɫɭɧɨɤ 1.13 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜɚɧɬɚ – ɦɨɞɟɥɶ «ɢɡɨɝɧɭɬɚɹ ɥɢɧɢɹ» 

L – ɩɪɨɥɟɬ, ɦ; f – ɩɪɨɜɢɫɚɧɢɟ (ɫɬɪɟɥɚ ɩɪɨɜɟɫɚ), ɦ; Δf – ɩɪɨɝɢɛ (ɩɟɪɟɦɟɳɟɧɢɟ) ɜɚɧɬɚ, ɦ; q – 
ɪɚɜɧɨɦɟɪɧɨ-ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɧɚɝɪɭɡɤɚ, ɇ/ɦ; V – ɜɟɪɬɢɤɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɨɩɨɪɧɨɣ 
ɪɟɚɤɰɢɢ, ɇ; Ɍ – ɫɢɥɚ ɧɚɬɹɠɟɧɢɹ (ɨɩɨɪɧɚɹ ɫɢɥɚ), ɇ; H – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 

ɨɩɨɪɧɨɣ ɪɟɚɤɰɢɢ, ɇ 
 

ɉɪɨɥɟɬ ɜɚɧɬɚ ɦɟɠɞɭ ɧɟɩɨɞɚɬɥɢɜɵɦɢ ɤɪɚɟɜɵɦɢ ɲɚɪɧɢɪɧɵɦɢ ɨɩɨɪɚɦɢ 

ɫɨɫɬɚɜɥɹɟɬ L = 30,0 (ɦ), ɞɢɚɦɟɬɪ Ø 0,017(ɦ).  

ȼɚɧɬ ɢɡɝɨɬɨɜɥɟɧ ɢɡ ɫɬɚɥɢ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɚɧɚɬ ɨɞɢɧɚɪɧɨɣ ɫɜɢɜɤɢ 

ɬɢɩɚ ɌɄ ɫɨɝɥɚɫɧɨ ȽɈɋɌ 3064 ɫ ɩɪɨɜɢɫɚɧɢɟɦ (ɫɬɪɟɥɨɣ ɩɪɨɜɟɫɚ) f = 3,5(ɦ). 
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ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɜɧɨɦɟɪɧɨ – ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɩɨ ɜɫɟɣ ɞɥɢɧɟ 

ɜɚɧɬɚ ɫ ɭɱɟɬɨɦ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ ɫɚɦɨɝɨ ɜɚɧɬɚ ɫɨɫɬɚɜɥɹɟɬ q=10000 (ɇ/ɦ). 

ɂɡɝɢɛɧɚɹ ɠɟɫɬɤɨɫɬɶ ɜɚɧɬɚ EȺ = 28628200 (ɇ), ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɫ ɜɚɧɬɚ – 

m = 131,96 (ɇ/ɦ), ɧɚɱɚɥɶɧɵɣ ɦɨɞɭɥɶ ɩɪɨɞɨɥɶɧɨɣ ɭɩɪɭɝɨɫɬɢ E = 1,70293·1011 

(ɇ/ɦ2) ɫɨɝɥɚɫɧɨ [16 ɬɚɛɥ. Ƚ.10].  

Ʉɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ν = 0,3 [16 ɬɚɛɥ. Ƚ.10].  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɲɚɪɧɢɪɧɨ-ɨɩɟɪɬɨɝɨ ɜɚɧɬɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɉɄ ɅɂɊȺ 

ɩɨ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɟ (ɦɨɞɟɥɢ) «ɢɡɨɝɧɭɬɚɹ ɥɢɧɢɹ» ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 

1.14-1.15, ɧɚ ɤɨɬɨɪɵɯ ɨɬɨɛɪɚɠɟɧɵ ɩɟɪɟɦɟɳɟɧɢɹ ɜɞɨɥɶ ɨɫɟɣ ɩɪɢɥɨɠɟɧɢɹ 

ɧɚɝɪɭɡɤɢ. 

 

 
Ɋɢɫɭɧoɤ 1.14 - ɉɟɪɟɦɟɳɟɧɢɟ ɜɚɧɬɚ ɩɨ ɨɫɢ X ɫɨɫɬɚɜɢɥɨ 0,0537 (ɦ) 

 

 
Ɋɢɫɭɧoɤ 1.15 - ɉɟɪɟɦɟɳɟɧɢɟ ɜɚɧɬɚ ɩɨ ɨɫɢ Z ɫɨɫɬɚɜɢɥɚ ɜ ɰɟɧɬɪɚɥɶɧɨɦ ɭɡɥɟ 0,528 (ɦ) 
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1.3 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 1 

ɋɨɝɥɚɫɧɨ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɟ ɩɨ ɝɥɚɜɟ 1 ɫɞɟɥɚɟɦ ɜɵɜɨɞɵ: 

1 Ʉɚɤ ɢ ɜ ɪɨɫɫɢɣɫɤɨɦ, ɬɚɤ ɢ ɜ ɡɚɪɭɛɟɠɧɨɦ ɨɩɵɬɟ ɞɨɫɬɚɬɨɱɧɨ ɚɤɬɢɜɧɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɚɧɬɨɜɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɫɜɹɡɢ: 

- ɫ ɢɯ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ; 

- ɚɪɯɢɬɟɤɬɭɪɧɨɣ ɜɵɪɚɡɢɬɟɥɶɧɨɫɬɶɸ; 

- ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶɸ. 

2 Ɇɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɜɚɧɬɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɚ ɬɚɤɠɟ ɜ ɱɚɫɬɧɨɫɬɢ ɫɚɦɢɯ 

ɜɚɧɬ, ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ. ɗɬɨ ɡɚɜɢɫɢɬ ɨɬ ɩɨɞɯɨɞɚ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɭɱɧɨɝɨ ɪɟɲɟɧɢɹ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɦɚɲɢɧɧɨɝɨ ɢɫɱɢɫɥɟɧɢɹ ɜ ɫɜɹɡɢ ɫ 

ɪɚɡɛɢɜɤɨɣ ɷɥɟɦɟɧɬɚɪɧɨɣ ɦɨɞɟɥɢ ɧɚ ɧɚɢɛɨɥɟɟ ɦɟɥɤɢɟ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ. 
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Ƚɥɚɜɚ 2. ɉɭɥɶɫɚɰɢɨɧɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɤɚɤ 

ɧɟɨɛɯɨɞɢɦɵɣ ɩɚɪɚɦɟɬɪ ɡɚɞɚɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ 

2.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɟ 

ȼɟɬɟɪ ɜ ɝɥɚɡɚɯ ɫɬɪɨɢɬɟɥɹ – ɷɬɨ ɤɪɚɬɤɨɜɪɟɦɟɧɧɚɹ ɧɚɝɪɭɡɤɚ ɢɫɬɨɱɧɢɤ 

ɜɢɛɪɚɰɢɢ ɤɨɧɫɬɪɭɤɰɢɣ. Ⱦɥɹ ɡɞɚɧɢɣ, ɛɨɥɶɲɟɩɪɨɥɟɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɦɨɫɬɨɜ 

ɢɥɢ ɞɪɭɝɢɯ ɢɧɠɟɧɟɪɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɜɟɪɧɨɟ ɢ ɹɫɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ 

ɫɬɪɭɤɬɭɪɟ ɜɟɬɪɚ, ɡɚɤɨɧɚɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ, ɟɝɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɱɚɫɬɨɬɟ 

ɫɢɥɶɧɵɯ ɢ ɜɟɥɢɱɢɧɵ ɩɨɪɵɜɨɜ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɞɟɣɫɬɜɢɟ ɜɟɬɪɚ, ɧɚɪɹɞɭ ɫɨ ɜɫɟɦɢ ɞɪɭɝɢɦɢ 

ɧɚɝɪɭɡɤɚɦɢ, ɨɩɪɟɞɟɥɹɟɬ ɩɪɨɱɧɨɫɬɶ ɢ ɫɬɨɢɦɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɂɡɧɚɱɚɥɶɧɨ ɫɥɟɞɭɟɬ ɫɤɚɡɚɬɶ, ɱɬɨ ɞɜɢɠɟɧɢɟ ɦɚɫɫ ɜɨɡɞɭɯɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɪɚɡɧɨɫɬɢ ɚɬɨɦɨɫɮɟɪɧɨɝɨ 

ɞɚɜɥɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɛɚɪɢɱɟɫɤɢɦ ɝɪɚɞɢɟɧɬɨɦ, ɫɢɥɨɣ ɬɪɟɧɢɹ, 

ɨɬɤɥɨɧɹɸɳɟɣɫɹ ɫɢɥɨɣ ɜɪɚɳɟɧɢɹ ɡɟɦɥɢ ɢ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɨɣ. ɋɢɥɚ ɬɪɟɧɢɹ 

ɡɚɦɟɬɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɜ ɧɢɠɧɢɯ ɫɨɬɧɹɯ ɦɟɬɪɨɜ. Ȼɚɪɢɱɟɫɤɢɣ ɝɪɚɞɢɟɧɬ (ɛɚɪ – 

ɟɞɢɧɢɰɚ ɞɚɜɥɟɧɢɹ, ɩɪɢɧɹɬɚɹ ɜ ɦɟɬɟɨɪɨɥɨɝɢɢ), ɹɜɥɹɸɳɢɣɫɹ ɪɚɡɧɨɫɬɶɸ 

ɞɚɜɥɟɧɢɹ ɨɛɵɱɧɨ ɧɚ ɨɞɢɧ ɝɪɚɞɭɫ ɦɟɪɢɞɢɚɧɚ, ɜɵɪɚɠɚɟɬɫɹ ɜ ɦɢɥɥɢɛɚɪɚɯ A000 

ɦɛɚɪ = 750 ɦɦ ɪɬ. ɫɬ.). 

ɂɡ-ɡɚ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ ɫɤɨɪɨɫɬɶ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɜ ɬɨɣ 

ɢɥɢ ɢɧɨɣ ɦɟɪɟ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɨ ɤɨɥɟɛɥɸɬɫɹ. ɋɬɚɧɰɢɨɧɧɵɦɢ ɩɪɢɛɨɪɚɦɢ, 

ɨɩɪɟɞɟɥɹɸɳɢɟ ɜɟɥɢɱɢɧɭ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɤɚɤ ɨɫɪɟɞɧɟɧɧɭɸ ɜɟɥɢɱɢɧɭ, 

ɹɜɥɹɸɬɫɹ ɮɥɸɝɟɪɵ, ɚɧɟɦɨɦɟɧɬɪɵ ɢ ɞɪɭɝɢɟ, ɚ ɜ ɫɜɨɛɨɞɧɨɣ ɚɬɦɨɫɮɟɪɟ ɧɚ 

ɛɨɥɶɲɢɯ ɜɵɫɨɬɚɯ ɷɬɨ ɞɟɥɚɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɪɚɞɢɨɡɨɧɞɨɜ, ɲɚɪɨɩɢɥɨɬɧɵɯ 

ɧɚɛɥɸɞɟɧɢɣ ɢ ɚɷɪɨɫɬɚɬɨɜ. ɋɤɨɪɨɫɬɶ ɜɟɬɪɚ ɢɡɦɟɪɹɟɬɫɹ ɜ ɦ/ɫɟɤ, ɢɧɨɝɞɚ 

ɨɰɟɧɢɜɚɟɬɫɹ ɭɡɥɚɦɢ ɢɥɢ ɛɚɥɥɚɦɢ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɲɤɚɥɵ. ɇɚɩɪɢɦɟɪ, ɭɡɟɥ – ɷɬɨ 

1 ɦɨɪɫɤɚɹ ɦɢɥɹ ɜ ɱɚɫ (ɨɤɨɥɨ 0,5 ɦ/ɫɟɤ). ɇɚɩɪɚɜɥɟɧɢɟ ɜɟɬɪɚ ɭɤɚɡɵɜɚɸɬ ɩɨ 8 ɢɥɢ 

16 ɪɭɦɛɚɦ ɝɨɪɢɡɨɧɬɚ ɢɥɢ ɩɨ ɚɡɢɦɭɬɚɥɶɧɵɦ ɭɝɥɚɦ, ɫɱɢɬɚɹ ɡɚ «0» ɧɚɩɪɚɜɥɟɧɢɟ 

ɧɚ ɫɟɜɟɪ; ɭɝɥɵ ɨɬɫɱɢɬɵɜɚɸɬ ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ. Ɉɫɨɛɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɨɛɳɟɣ 

ɰɢɪɤɭɥɹɰɢɢ ɚɬɦɨɫɮɟɪɵ ɢɦɟɸɬ ɜɨɡɧɢɤɚɸɳɢɟ ɨɛɥɚɫɬɢ ɧɢɡɤɨɝɨ ɢ ɜɵɫɨɤɨɝɨ 
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ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɣ, ɧɚɡɵɜɚɟɦɵɟ ɰɢɤɥɨɧɚɦɢ ɢ ɚɧɬɢɰɢɤɥɨɧɚɦɢ. Ɉɧɢ ɱɚɫɬɨ 

ɧɚɛɥɸɞɚɸɬɫɹ ɜ ɫɪɟɞɧɢɯ ɲɢɪɨɬɚɯ ɢ ɜɵɡɵɜɚɸɬ ɫɢɥɶɧɵɟ ɜɨɡɞɭɲɧɵɟ ɬɟɱɟɧɢɹ. 

Ɍɪɟɧɢɟ ɱɚɫɬɢɰ ɜɨɡɞɭɯɚ ɨ ɩɨɜɟɪɯɧɨɫɬɶ ɡɟɦɥɢ ɨɬɤɥɨɧɹɟɬ ɧɚɩɪɚɜɥɟɧɢɟ 

ɜɟɬɪɚ ɨɬ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɬɚɤ, ɱɬɨ ɫɥɟɜɚ ɩɨ ɞɜɢɠɟɧɢɸ ɨɫɬɚɟɬɫɹ ɛɨɥɟɟ ɧɢɡɤɨɟ 

ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ. ɋ ɪɨɫɬɨɦ ɜɵɫɨɬɵ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɟɦɥɢ ɜɥɢɹɧɢɟ 

ɫɢɥɵ ɬɪɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ. ɇɚ 

ɛɨɥɶɲɨɣ ɜɵɫɨɬɟ, ɝɞɟ ɜɥɢɹɧɢɟ ɬɪɟɧɢɹ ɨ ɩɨɜɟɪɯɧɨɫɬɶ ɡɟɦɥɢ ɢɫɱɟɡɚɟɬ, ɚ 

ɞɜɢɠɟɧɢɟ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɢ ɪɚɜɧɨɦɟɪɧɨɟ, ɜɟɬɟɪ ɞɭɟɬ ɩɨ ɢɡɨɛɚɪɟ. ȼ 

ɦɟɬɟɨɪɨɥɨɝɢɢ ɬɚɤɨɟ ɞɜɢɠɟɧɢɟ ɜɟɬɪɚ ɧɚɡɵɜɚɸɬ ɝɪɚɞɢɟɧɬɧɵɦ. ɂɡɨɛɚɪɵ 

ɰɢɤɥɨɧɨɜ ɢ ɚɧɬɢɰɢɤɥɨɧɨɜ ɧɟ ɩɪɹɦɵɟ ɥɢɧɢɢ, ɚ ɡɚɦɤɧɭɬɵɟ ɮɨɪɦɵ ɷɥɥɢɩɫɨɜ ɢ 

ɨɤɪɭɠɧɨɫɬɟɣ; ɩɨ ɤɨɬɨɪɵɦ ɩɪɨɢɫɯɨɞɢɬ ɞɜɢɠɟɧɢɟ ɜɨɡɞɭɲɧɵɯ ɦɚɫɫ, ɜɫɥɟɞɫɬɜɢɟ 

ɱɟɝɨ ɧɟɩɪɟɞɨɬɜɪɚɬɢɦɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ. Ⱦɥɹ ɜɢɯɪɹ, 

ɜɪɚɳɚɸɳɟɝɨɫɹ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ, ɜ ɫɥɭɱɚɟ ɤɨɝɞɚ ɜ ɟɝɨ ɰɟɧɬɪɟ 

ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɧɢɠɟɧɧɨɟ ɞɚɜɥɟɧɢɟ, ɬ. ɟ. ɰɢɤɥɨɧ, ɪɚɞɢɭɫ ɞɟɣɫɬɜɢɹ ɤɨɬɨɪɨɝɨ 

ɞɨɫɬɢɝɚɟɬ 3000 ɤɦ, ɯɚɪɚɤɬɟɪɧɵ ɛɨɥɶɲɚɹ ɩɨɪɵɜɢɫɬɨɫɬɶ ɢ ɫɢɥɶɧɵɟ ɨɫɚɞɤɢ. 

ɇɚɢɛɨɥɟɟ ɨɩɚɫɧɵ ɢ ɪɚɡɪɭɲɢɬɟɥɶɧɵ ɩɨ ɫɜɨɟɣ ɫɢɥɟ ɬɪɨɩɢɱɟɫɤɢɟ ɰɢɤɥɨɧɵ, 

ɢɧɨɝɞɚ ɞɜɢɠɭɳɢɟɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ ɛɨɥɟɟ 50 ɦ/ɫɟɤ. ȼ ɡɨɧɟ Ʉɚɪɢɛɫɤɨɝɨ ɦɨɪɹ 

ɬɚɤɢɟ ɭɪɚɝɚɧɵ ɩɪɢɱɢɧɹɸɬ ɤɨɥɨɫɫɚɥɶɧɵɟ ɪɚɡɪɭɲɟɧɢɹ ɢ ɭɧɨɫɹɬ ɫɨɬɧɢ, ɚ ɢɧɨɝɞɚ 

ɢ ɬɵɫɹɱɢ ɱɟɥɨɜɟɱɟɫɤɢɯ ɠɢɡɧɟɣ. ȼ ȼɨɫɬɨɱɧɨɣ Ⱥɡɢɢ ɢɯ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ 

ɬɚɣɮɭɧɚɦɢ. Ɉɧɢ ɨɛɪɭɲɢɜɚɸɬɫɹ ɢ ɧɚ ɧɚɲ Ⱦɚɥɶɧɢɣ ȼɨɫɬɨɤ, ɧɚɢɛɨɥɟɟ ɫɢɥɶɧɨ 

ɫɬɪɚɞɚɸɬ ɨɬ ɧɢɯ Ʉɭɪɢɥɶɫɤɢɟ ɨɫɬɪɨɜɚ. 

ȼɢɯɪɢ ɧɚɞ ɦɨɪɟɦ ɢɥɢ ɨɤɟɚɧɨɦ ɧɚɡɵɜɚɸɬ ɫɦɟɪɱɚɦɢ, ɧɚɞ ɫɭɲɟɣ – 

ɬɪɨɦɛɚɦɢ. ɉɨ ɜɢɡɭɚɥɶɧɵɦ ɧɚɛɥɸɞɟɧɢɹɦ ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɜ ɧɢɯ ɞɨɫɬɢɝɚɟɬ 100 

ɦ/ɫɟɤ. 

ɉɪɟɞɜɟɫɬɧɢɤɨɦ ɚɛɫɨɥɸɬɧɨ ɤɚɠɞɨɝɨ ɫɦɟɪɱɚ ɹɜɥɹɟɬɫɹ ɞɥɢɬɟɥɶɧɚɹ ɠɚɪɤɚɹ 

ɩɨɝɨɞɚ ɢ ɧɢɡɤɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ. ȼɫɥɟɞɫɬɜɢɟ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ 

ɜɧɭɬɪɢ ɜɢɯɪɹ ɢ ɨɝɪɨɦɧɨɣ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɫɦɟɪɱ ɜɫɚɫɵɜɚɟɬ ɜ ɫɜɨɸ ɩɨɥɨɫɬɶ 

ɜɨɞɭ, ɡɟɦɥɸ ɢ ɜɫɟ ɨɤɪɭɠɚɸɳɢɟ ɩɪɟɞɦɟɬɵ, ɜɫɬɪɟɱɚɸɳɢɟɫɹ ɧɚ ɟɝɨ ɩɭɬɢ. Ʌɟɬɨɦ 

1904 ɝ. ɧɚɞ Ɇɨɫɤɜɨɣ ɩɪɨɧɟɫɫɹ ɬɪɨɦɛ, ɩɨɱɬɢ ɩɨɥɧɨɫɬɶɸ ɭɧɢɱɬɨɠɢɜɲɢɣ 
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Ⱥɧɧɟɧɝɨɮɫɤɭɸ ɪɨɳɭ, ɪɚɡɪɭɲɢɜɲɢɣ ɦɚɫɫɭ ɡɞɚɧɢɣ ɜ Ʌɟɮɨɪɬɨɜɟ, ɜ ɨɤɪɟɫɬɧɨɫɬɹɯ 

Ɇɨɫɤɜɵ ɢ ɛɥɢɡɥɟɠɚɳɢɯ ɫɟɥɚɯ. ɋɤɨɪɨɫɬɶ ɜɟɬɪɚ ɞɨɫɬɢɝɚɥɚ 60 ɦ/ɫɟɤ. 

ȼ ɚɬɦɨɫɮɟɪɟ ɞɜɢɠɟɧɢɟ ɜɟɬɪɚ ɬɭɪɛɭɥɟɧɬɧɨɟ. ɋ ɬɭɪɛɭɥɟɧɬɧɨɫɬɶɸ 

ɚɬɦɨɫɮɟɪɵ ɫɜɹɡɚɧɚ ɩɨɪɵɜɢɫɬɨɫɬɶ ɜɟɬɪɚ. ɉɪɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɯ 

ɨɬɤɥɨɧɟɧɢɹɯ ɨɬ ɫɪɟɞɧɢɯ ɜɟɥɢɱɢɧ ɫɤɨɪɨɫɬɢ ɝɨɜɨɪɹɬ ɨ ɲɤɜɚɥɢɫɬɨɫɬɢ ɜɟɬɪɚ. 

ɉɨɪɵɜɢɫɬɨɫɬɶ ɜɟɬɪɚ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɫ ɩɨɦɨɳɶɸ ɫɪɟɞɧɢɯ 

ɤɜɚɞɪɚɬɨɜ ɩɭɥɶɫɚɰɢɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɢ ɫɬɚɧɞɚɪɬɧɵɯ 

ɨɬɤɥɨɧɟɧɢɣ. ȼɨɫɯɨɞɹɳɢɟ ɢ ɧɢɫɯɨɞɹɳɢɟ ɩɨɬɨɤɢ ɜɨɡɞɭɯɚ ɦɨɝɭɬ ɜɵɡɜɚɬɶ ɜɢɯɪɶ ɫ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɶɸ – ɲɤɜɚɥ: ɜɟɬɟɪ ɤɚɤ ɛɵ ɫɤɚɱɤɨɦ ɩɨɜɵɲɚɟɬɫɹ ɨɬ ɫɥɚɛɨɝɨ 

ɞɨ ɭɪɚɝɚɧɧɨɝɨ, ɞɨɫɬɢɝɚɹ 30 ɦ/ɫɟɤ ɢɧɨɝɞɚ ɢ ɛɨɥɟɟ. ȼ Ɇɨɫɤɜɟ ɲɤɜɚɥ ɜ ɦɚɟ 1937 

ɝɨɞɚ ɩɪɢɱɢɧɢɥ ɨɝɪɨɦɧɵɟ ɪɚɡɪɭɲɟɧɢɹ, ɯɨɬɹ ɩɪɨɞɨɥɠɚɥɫɹ ɜɫɟɝɨ 3– 4 ɦɢɧ. 

ɋɢɥɶɧɵɟ ɲɤɜɚɥɵ ɧɚɛɥɸɞɚɸɬɫɹ ɩɪɢ ɠɚɪɤɨɣ ɫɭɯɨɣ ɩɨɝɨɞɟ, ɞɥɢɜɲɟɣɫɹ ɜ 

ɬɟɱɟɧɢɟ ɦɧɨɝɢɯ ɞɧɟɣ. 

2.2 Ⱦɟɣɫɬɜɢɟ ɜɟɬɪɚ ɧɚ ɫɨɨɪɭɠɟɧɢɟ 

ȼɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɨɨɪɭɠɟɧɢɹ ɫɬɚɥɚ ɩɪɢɜɥɟɤɚɬɶ ɜɧɢɦɚɧɢɟ 

ɫɬɪɨɢɬɟɥɟɣ ɟɳɟ ɜ ɩɪɨɲɥɨɦ ɫɬɨɥɟɬɢɢ ɜ ɫɜɹɡɢ ɫ ɩɨɹɜɥɟɧɢɟɦ ɫɬɚɥɶɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ ɦɨɫɬɨɜ ɛɨɥɶɲɢɯ ɩɪɨɥɟɬɨɜ, ɚ ɩɪɢɦɟɧɟɧɢɟ ɦɚɱɬ ɢ ɛɚɲɟɧ ɜɵɫɨɬɨɣ 

ɞɨ 600 ɦ ɡɚɫɬɚɜɢɥɨ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɩɪɨɮɢɥɶ ɜɟɬɪɚ ɩɨ ɜɵɫɨɬɟ. Ɂɚ 

ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɢɧɬɟɪɟɫ ɤ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɟ ɩɨɹɜɢɥɫɹ ɭ ɚɜɬɨɪɨɜ ɩɪɨɟɤɬɨɜ 

ɜɵɫɨɬɧɵɯ ɡɞɚɧɢɣ, ɫɬɪɨɢɬɟɥɟɣ ɡɚɜɨɞɨɜ ɫ ɨɛɨɪɭɞɨɜɚɧɢɟɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɧɚ 

ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ. ȼɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ ɫɬɚɥɚ ɞɨɦɢɧɢɪɭɸɳɟɣ ɞɥɹ ɥɢɧɢɣ 

ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɧɚɩɪɹɠɟɧɢɟɦ 220 ɤɜ ɢ ɛɨɥɟɟ. 

ɉɨɹɜɥɟɧɢɟ ɫɨɨɪɭɠɟɧɢɣ, ɞɟɮɨɪɦɚɬɢɜɧɨɫɬɶ ɤɨɬɨɪɵɯ ɜɨ ɦɧɨɝɨɦ 

ɨɩɪɟɞɟɥɹɟɬ ɧɨɪɦɚɥɶɧɨɟ ɩɪɨɬɟɤɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɡɚɫɬɚɜɢɥɨ ɩɨ-

ɢɧɨɦɭ ɜɡɝɥɹɧɭɬɶ ɧɚ ɜɟɬɪɨɜɭɸ ɧɚɝɪɭɡɤɭ, ɧɟ ɨɝɪɚɧɢɱɢɜɚɹ ɟɟ ɪɨɥɶɸ ɭɱɚɫɬɧɢɤɚ 

ɬɨɥɶɤɨ ɜ ɩɪɨɱɧɨɫɬɧɵɯ ɪɚɫɱɟɬɚɯ. ȼɫɟ ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɜɧɟɞɪɟɧɢɟ ɬɟɨɪɢɢ 

ɜɟɪɨɹɬɧɨɫɬɟɣ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ ɜ ɩɪɚɤɬɢɤɭ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɬɪɟɛɨɜɚɥɨ ɫɜɟɞɟɧɢɣ ɨ ɜɟɪɨɹɬɧɨɫɬɢ ɜɟɬɪɨɜ 

ɪɚɡɥɢɱɧɨɣ ɫɢɥɵ. Ȼɨɥɟɟ ɬɨɝɨ, ɪɚɫɱɟɬ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɜɟɬɪɨɜɭɸ 
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ɧɚɝɪɭɡɤɭ ɫɬɚɥ ɧɟɨɬɞɟɥɢɦ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɜɨɩɪɨɫɨɜ, ɤɨɝɞɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 

ɨɛɳɚɹ ɧɚɞɟɠɧɨɫɬɶ ɫɢɫɬɟɦɵ ɢɥɢ ɜɵɹɫɧɹɟɬɫɹ ɟɟ ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ. 

ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ ɫɨɨɪɭɠɟɧɢɣ, ɜɧɟɞɪɟɧɢɟ 

ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢɜɟɥɨ ɤ ɩɨɜɵɲɟɧɢɸ ɝɢɛɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɣ ɢ 

ɨɛɥɟɝɱɟɧɢɸ ɢɯ ɜɟɫɚ, ɚ ɬɚɤɠɟ ɡɚɫɬɚɜɢɥɨ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɜɡɝɥɹɞɚ ɧɚ ɜɟɬɪɨɜɭɸ 

ɧɚɝɪɭɡɤɭ ɬɨɥɶɤɨ ɤɚɤ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ. ȼɨɩɪɨɫɵ ɩɨɪɵɜɢɫɬɨɫɬɢ ɜɟɬɪɚ ɜɚɠɧɵ ɩɪɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɝɢɛɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɟɣɫɬɜɢɟ ɜɟɬɪɚ ɧɚ ɤɨɬɨɪɵɟ 

ɜɵɡɵɜɚɟɬ ɢɧɭɸ ɪɟɚɤɰɢɸ, ɱɟɦ ɧɚ ɠɟɫɬɤɢɟ ɢɥɢ ɦɚɫɫɢɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ. Ⱦɥɹ 

ɫɨɨɪɭɠɟɧɢɣ, ɯɚɪɚɤɬɟɪɧɵɯ ɛɨɥɶɲɢɦɢ ɩɟɪɢɨɞɚɦɢ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ, 

ɨɫɨɛɟɧɧɨ ɭ ɬɚɤɢɯ, ɜɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɟɬ ɢɯ ɩɪɨɱɧɨɫɬɶ, 

ɧɟɥɶɡɹ ɨɝɪɚɧɢɱɢɜɚɬɶɫɹ ɭɱɟɬɨɦ ɩɨɪɵɜɢɫɬɨɝɨ ɯɚɪɚɤɬɟɪɚ ɜɟɬɪɚ ɬɨɥɶɤɨ ɜɜɟɞɟɧɢɟɦ 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜ ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ.  

Ɋɚɧɟɟ ɩɨɪɵɜɵ ɜɟɬɪɚ ɪɚɫɫɦɚɬɪɢɜɚɥɢ ɜ ɜɢɞɟ ɭɩɪɭɝɨɝɨ ɭɞɚɪɚ ɧɚ ɫɨɨɪɭɠɟɧɢɟ 

ɢ ɭɱɢɬɵɜɚɥɢ ɷɬɨ ɜɜɨɞɟ ɞɢɧɚɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɜ ɪɚɫɱɟɬ. ɉɪɢ ɬɚɤɨɦ 

ɩɨɞɯɨɞɟ ɨɫɬɚɜɚɥɫɹ ɨɬɤɪɵɬɵɦ ɜɨɩɪɨɫ ɨ ɜɥɢɹɧɢɢ ɩɨɜɬɨɪɧɵɯ ɩɨɪɵɜɨɜ ɜɟɬɪɚ, ɱɬɨ 

ɩɪɢɜɟɥɨ ɤ ɜɜɟɞɟɧɢɸ ɟɳɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɜɬɨɪɹɟɦɨɫɬɢ. 

ȼɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɢ ɩɨɪɵɜɢɫɬɨɫɬɢ 

ɜɟɬɪɚ, ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɫɬɪɭɤɰɢɢ, ɜɤɥɸɱɚɹ ɟɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, 

ɮɨɪɦɵ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɪɚɡɦɟɪɨɜ ɢ ɩɨɥɨɠɟɧɢɹ 

ɤɨɧɫɬɪɭɤɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɨɤɚ. Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɨɩɪɟɞɟɥɹɸɬ ɨɩɵɬɧɵɦ ɩɭɬɟɦ. 

ȼɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ܳ, ɤɝ, ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ 

ɮɨɪɦɭɥɟ 

 ܳ = ݊ ∙ ∑ ܿ𝑥 ∙ 𝛽 ∙ 𝑞 ∙ ܵ,             (2.1) 

 

ɝɞɟ ݊ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɝɪɭɡɤɢ, ɜɜɨɞɢɦɵɣ ɩɪɢ ɪɚɫɱɟɬɟ ɫɨɨɪɭɠɟɧɢɣ ɩɨ 

ɩɪɟɞɟɥɶɧɵɦ ɫɨɫɬɨɹɧɢɹɦ; 
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ܿ𝑥 – ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ– ɤɨɷɮɮɢɰɢɟɧɬ ɥɨɛɨɜɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ; 𝑞 – ɧɨɪɦɚɬɢɜɧɵɣ ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ ɜɟɬɪɚ ɧɚ ɭɪɨɜɧɟ ɫɟɪɟɞɢɧɵ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ ɫɨɨɪɭɠɟɧɢɹ; 𝛽 – ɤɨɷɮɮɢɰɢɟɧɬ, ɧɚɡɵɜɚɟɦɵɣ ɞɢɧɚɦɢɱɟɫɤɢɦ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɟɚɤɰɢɸ 

ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɞɟɣɫɬɜɢɟ ɩɨɪɵɜɨɜ ɜɟɬɪɚ; ܵ – ɩɪɨɟɤɰɢɹ ɩɥɨɳɚɞɢ ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɩɥɨɫɤɨɫɬɶ, ɧɨɪɦɚɥɶɧɭɸ ɤ 

ɧɚɩɪɚɜɥɟɧɢɸ ɜɟɬɪɚ. 

 

Ɂɞɟɫɶ ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ ɜɟɬɪɚ 𝑞, ɤɝ/ɦ2, ɧɚɯɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɟ 

 𝑞 = ଵଶ 𝜌ܸଶ,               (2.2) 

 

ɝɞɟ 𝜌 – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɞɚɜɥɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ 

ɜɥɚɠɧɨɫɬɢ; ܸ – ɫɤɨɪɨɫɬɶ ɜɟɬɪɚ ɜ ɦ/ɫɟɤ. 

ɇɚ ɛɨɥɶɲɢɯ ɜɵɫɨɬɚɯ, ɜ ɭɫɥɨɜɢɹɯ Ʉɪɚɣɧɟɝɨ ɋɟɜɟɪɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ 

ɦɨɠɟɬ ɛɵɬɶ ɧɢɠɟ ɧɨɪɦɚɥɶɧɨɣ, ɩɪɢɧɢɦɚɟɦɨɣ ɜ ɫɬɚɧɞɚɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ ɪɚɜɧɨɣ 

15° ɋ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɪɚɫɱɟɬɧɨɝɨ ɫɤɨɪɨɫɬɧɨɝɨ ɧɚɩɨɪɚ ɜɟɬɪɚ ɢ ɱɬɨ 

ɢɧɨɝɞɚ ɭɱɢɬɵɜɚɸɬ ɜ ɪɚɫɱɟɬɚɯ.  

ɉɪɢ ɧɟɢɡɦɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ ɫ ɜɵɫɨɬɨɣ 

ɩɨɧɢɠɚɟɬɫɹ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɫɤɨɪɨɫɬɧɨɝɨ ɧɚɩɨɪɚ ɜɟɬɪɚ ɜɫɥɟɞɫɬɜɢɟ 

ɭɦɟɧɶɲɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɜɨɡɞɭɯɚ. ɑɚɳɟ ɜɫɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɫ ɜɵɫɨɬɨɣ 

ɫɧɢɠɚɟɬɫɹ, ɱɬɨ, ɭɱɢɬɵɜɚɹ ɩɨɧɢɠɟɧɢɟ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɜɵɫɨɬɨɣ, 

ɩɨɡɜɨɥɹɟɬ ɨɩɟɪɢɪɨɜɚɬɶ ɫ ɩɨɫɬɨɹɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɜɨɡɞɭɯɚ, ɪɚɜɧɵɦ 

0,125 ɤɝ-ɫɟɤ2/ɦ2. Ɍɨɝɞɚ ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ ɜɟɬɪɚ 𝑞, ɤɝ/ɦ2, ɛɭɞɟɬ ɧɚɯɨɞɢɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ  
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𝑞 = 𝑉మଵ6,               (2.3) 

 

ɝɞɟ ܸ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (2.2). 

 

Ɏɨɪɦɭɥɚ ɞɚɟɬ ɩɪɟɞɫɬɚɜɥɟɧɢɟ, ɱɬɨ ɜɟɬɪɨɜɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɫɨɨɪɭɠɟɧɢɟ 

ɫɧɚɱɚɥɚ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɩɪɢɛɥɢɠɟɧɧɨ. Ɂɚɬɟɦ ɧɚɡɧɚɱɢɬɶ ɪɚɡɦɟɪɵ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɩɨɫɥɟ ɱɟɝɨ ɜɵɹɫɧɢɬɶ ɟɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢ, ɧɚɤɨɧɟɰ, 

ɨɬɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɜɟɥɢɱɢɧɭ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ 

ɩɟɪɢɨɞɚ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ ɢ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ ɞɟɤɪɟɦɟɧɬɚ ɡɚɬɭɯɚɧɢɹ. 

ɋɚɦɚ ɩɪɢɪɨɞɚ ɜɟɬɪɚ, ɤɨɝɞɚ ɧɚ ɫɪɟɞɧɸɸ ɫɤɨɪɨɫɬɶ ɧɚɤɥɚɞɵɜɚɸɬɫɹ ɩɨɪɵɜɵ 

ɜɟɬɪɚ, ɩɨɞɫɤɚɡɵɜɚɟɬ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɜ ɜɢɞɟ ɞɜɭɯ ɤɨɦɩɨɧɟɧɬ, 

ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ ɫɬɚɬɢɱɟɫɤɚɹ, ɚ ɞɪɭɝɚɹ– ɞɢɧɚɦɢɱɟɫɤɚɹ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɷɬɨ 

ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 

 𝑞р = ݊ ∙ ሺ𝑞଴ + 𝑞дሻ,             (2.4) 

 

ɝɞɟ ݊ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɝɪɭɡɤɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɨɡɦɨɠɧɨɟ ɩɨɜɵɲɟɧɢɟ 

ɧɨɪɦɚɬɢɜɧɨɝɨ ɫɤɨɪɨɫɬɧɨɝɨ ɧɚɩɨɪɚ; 

 𝑞଴ – ɧɨɪɦɚɬɢɜɧɵɣ ɫɤɨɪɨɫɬɧɨɝɨ ɧɚɩɨɪɚ; 𝑞д – ɞɢɧɚɦɢɱɟɫɤɢɣ ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ. 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɝɪɭɡɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɟɪɨɹɬɧɨɫɬɢ ɩɨɹɜɥɟɧɢɹ 

ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɡɚ ɛɨɥɶɲɢɣ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ, ɱɟɦ ɩɪɢɧɹɬɵɣ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɢɢ ɧɨɪɦɚɬɢɜɧɨɣ ɜɟɥɢɱɢɧɵ ɫɤɨɪɨɫɬɧɨɝɨ ɧɚɩɨɪɚ. 

ȿɫɥɢ ɜ ɮɨɪɦɭɥɭ ɜɜɟɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬ ɩɭɥɶɫɚɰɢɢ ɫɤɨɪɨɫɬɧɨɝɨ ɧɚɩɨɪɚ, ɬ. 

ɟ. ɞɢɧɚɦɢɱɟɫɤɨɣ ɞɨɛɚɜɤɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɩɭɬɟɦ, ɤɨɷɮɮɢɰɢɟɧɬ 

ɞɢɧɚɦɢɱɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɟɚɤɰɢɸ ɫɨɨɪɭɠɟɧɢɹ ɧɚ ɩɭɥɶɫɚɰɢɸ ɜɟɬɪɚ, ɬɨɝɞɚ 

ɪɚɫɱɟɬɧɵɣ ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ ɜɟɬɪɚ 𝑞р ɛɭɞɟɬ ɧɚɯɨɞɢɬɫɹ ɢɡ 
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𝑞р = ݊ ∙ 𝑞଴ ∙ ሺͳ + 𝜉݉ሻ,             (2.5) 

 

ɝɞɟ ݉ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɭɥɶɫɚɰɢɢ ɫɤɨɪɨɫɬɧɨɝɨ ɧɚɩɨɪɚ; 

 𝜉 – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɪɟɚɤɰɢɸ ɫɨɨɪɭɠɟɧɢɹ ɧɚ 

ɩɭɥɶɫɚɰɢɸ ɜɟɬɪɚ; 𝑞଴ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (2.4); ݊ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (2.4). 

 

ɂɧɚɱɟ ɝɨɜɨɪɹ 

 𝑞р = ݊ ∙ 𝛽 ∙ 𝑞଴,              (2.5) 

 

ɝɞɟ 𝑞଴ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (2.4); ݊ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (2.4); 𝛽 = ͳ + 𝜉݉ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɢɧɚɦɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ 

ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɪɵɜɨɜ ɜɟɬɪɚ; ݉ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (2.5); 

 𝜉 – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (2.5). 

 

Ⱦɟɣɫɬɜɢɟ ɩɨɪɵɜɨɜ ɜɟɬɪɚ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɩɟɪɢɨɞɚ ɫɜɨɛɨɞɧɵɯ 

ɤɨɥɟɛɚɧɢɣ ɢ, ɱɬɨ ɧɟ ɦɟɧɟɟ ɜɚɠɧɨ, ɨɬ ɡɚɬɭɯɚɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɝɨ ɱɚɳɟ ɜɫɟɝɨ 

ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɦ ɞɟɤɪɟɦɟɧɬɨɦ «ɛ». ɉɨɫɥɟɞɧɢɣ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɨɫɧɨɜɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɪɟɲɟɧɢɹ. Ⱦɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɣ 

ɨɩɵɬɧɵɦ ɩɭɬɟɦ, ɩɪɢɧɢɦɚɸɬ ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɨ ɩɨɜɟɞɟɧɢɢ ɩɨɞɨɛɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ.  

Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ 

ɫɟɦɟɣɫɬɜɚ ɤɪɢɜɵɯ ɜ ɮɭɧɤɰɢɢ ɩɟɪɢɨɞɚ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɨɨɪɭɠɟɧɢɹ. ɇɚ 

ɪɢɫɭɧɤɟ 2.1 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɞɥɹ ɬɪɟɯ ɯɚɪɚɤɬɟɪɧɵɯ ɝɪɭɩɩ: ɝɢɛɤɢɯ ɫɬɚɥɶɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ, ɦɟɬɚɥɥɢɱɟɫɤɢɯ, ɞɟɪɟɜɹɧɧɵɯ ɢ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢ ɤɚɦɟɧɧɵɯ, ɱɬɨ 
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ɫɥɟɞɭɟɬ ɢɡ ɪɟɤɨɦɟɧɞɚɰɢɣ [18]. ɗɬɢ ɝɪɚɮɢɤɢ ɹɜɥɹɸɬɫɹ ɨɫɪɟɞɧɟɧɧɵɦɢ ɞɥɹ ɜɫɟɯ 

ɫɟɦɢ ɜɟɬɪɨɜɵɯ ɪɚɣɨɧɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ. 

 

 
 

Ɋɢɫɭɧɨɤ 2.1 – Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɟɪɢɨɞɚ ɫɜɨɛɨɞɧɵɯ 
ɤɨɥɟɛɚɧɢɣ ɫɨɨɪɭɠɟɧɢɣ 

1 –  ɞɥɹ ɝɢɛɤɢɯ ɫɬɚɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ (ɛ ≤0,1);  
2 –  ɞɥɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɞɟɪɟɜɹɧɧɵɯ ɫɨɨɪɭɠɟɧɢɣ (ɛ≤0,15);  

3– ɞɥɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢ ɤɚɦɟɧɧɵɯ ɫɨɨɪɭɠɟɧɢɣ (ɛ ≥0,3) 
ȼɥɢɹɧɢɟ ɩɨɪɵɜɨɜ ɜɟɬɪɚ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɩɪɟɧɟɛɪɟɠɢɦɨ 

ɦɚɥɵɦ, ɟɫɥɢ ɩɟɪɢɨɞ ɟɝɨ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ ɦɟɧɶɲɟ 0,25 ɫɟɤ. 

ɉɟɪɢɨɞ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɨɨɪɭɠɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɨɛɵɱɧɵɦ ɩɭɬɟɦ, 

ɩɨɫɥɟ ɱɟɝɨ ɩɨ ɪɢɫɭɧɤɭ 1 ɧɚɯɨɞɹɬ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɜɢɞɚ 

ɤɨɧɫɬɪɭɤɰɢɣ, ɚ ɡɚɬɟɦ ɩɨ ɮɨɪɦɭɥɟ (2.5) ɨɩɪɟɞɟɥɹɸɬ ɤɨɷɮɮɢɰɢɟɧɬ, 

ɭɱɢɬɵɜɚɸɳɢɣ ɞɢɧɚɦɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɪɵɜɨɜ ɜɟɬɪɚ.  

Ⱦɥɹ ɝɢɛɤɢɯ ɫɨɨɪɭɠɟɧɢɣ, ɛɨɥɶɲɟɩɪɨɥɟɬɧɵɯ ɦɨɫɬɨɜ ɢ ɞɪɭɝɢɯ, 

ɯɚɪɚɤɬɟɪɢɡɭɟɦɵɯ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɢɦ ɜɥɢɹɧɢɟɦ ɜɵɫɲɢɯ ɮɨɪɦ ɫɜɨɛɨɞɧɵɯ 

ɤɨɥɟɛɚɧɢɣ, ɧɟɥɶɡɹ ɨɝɪɚɧɢɱɢɬɶɫɹ ɭɱɟɬɨɦ ɬɨɥɶɤɨ ɨɫɧɨɜɧɨɝɨ ɬɨɧɚ.  

ɇɚɩɪɢɦɟɪ, ɜɟɪɬɢɤɚɥɶɧɵɟ ɤɨɧɫɨɥɶɧɵɟ ɫɬɟɪɠɧɢ ɛɨɥɶɲɨɣ ɝɢɛɤɨɫɬɢ, ɱɬɨ 

ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɬɟɥɟɜɢɡɢɨɧɧɵɯ ɛɚɲɟɧ, ɪɚɡɥɢɱɧɵɯ ɜɵɫɬɚɜɨɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, 

ɦɨɧɭɦɟɧɬɨɜ, ɨɤɚɡɵɜɚɸɬɫɹ ɩɟɪɟɝɪɭɠɟɧɧɵɦɢ, ɟɫɥɢ ɜ ɢɯ ɪɚɫɱɟɬɚɯ ɧɟ ɛɵɥɢ 

ɭɱɬɟɧɵ ɜɬɨɪɚɹ ɢ ɬɪɟɬɶɹ ɮɨɪɦɵ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ. 

ȼ ɦɚɱɬɚɯ ɫ ɨɬɬɹɠɤɚɦɢ ɢɧɨɝɞɚ ɭɱɢɬɵɜɚɸɬ ɢ ɱɟɬɜɟɪɬɭɸ ɝɚɪɦɨɧɢɤɭ 

ɫɨɝɥɚɫɧɨ [3] 

Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɫɜɹɡɵɜɚɸɳɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɤɨɧɫɬɪɭɤɰɢɣ ɜɟɬɪɭ ɢ ɧɚɜɟɬɪɟɧɧɭɸ ɩɥɨɳɚɞɶ, ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɫɩɪɚɜɨɱɧɵɦ 

ɦɚɬɟɪɢɚɥɚɦ, ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɨɞɟɥɟɣ ɢ, ɪɟɠɟ, ɧɚɬɭɪɵ. ȼɟɥɢɱɢɧɚ 
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ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɡɚɜɢɫɢɬ ɨɬ ɚɛɫɨɥɸɬɧɵɯ ɪɚɡɦɟɪɨɜ ɫɨɨɪɭɠɟɧɢɹ, ɩɨɬɨɦɭ ɱɬɨ 

ɫɪɟɞɧɟɟ ɭɞɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɛɨɥɶɲɨɟ ɩɨ ɩɥɨɳɚɞɢ ɬɟɥɨ, ɧɚɩɪɢɦɟɪ ɳɢɬ, 

ɦɟɧɶɲɟ, ɱɟɦ ɧɚ ɩɨɞɨɛɧɨɟ ɩɨ ɮɨɪɦɟ ɬɟɥɨ, ɧɨ ɦɟɧɶɲɢɯ ɪɚɡɦɟɪɨɜ. 

ɋɭɦɦɚɪɧɚɹ ɜɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɩɪɨɜɨɞɚ, ɤɚɧɚɬɵ, ɚ 

ɬɚɤɠɟ ɧɚ ɛɨɥɶɲɨɣ ɞɥɢɧɵ ɫɨɨɪɭɠɟɧɢɹ, ɩɨ ɞɚɧɧɵɦ ɧɚɬɭɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ, 

ɨɤɚɡɵɜɚɟɬɫɹ ɦɟɧɶɲɟ, ɱɟɦ ɫɥɟɞɨɜɚɥɨ ɛɵ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɩɨ 

ɩɪɨɥɟɬɭ ɧɚɢɛɨɥɶɲɟɣ ɪɚɫɱɟɬɧɨɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ. ɗɬɨ ɭɱɢɬɵɜɚɸɬ 

ɩɨɧɢɠɚɸɳɢɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɩɪɢ ɪɚɫɱɟɬɟ ɩɪɨɜɨɞɨɜ ɥɢɧɢɣ 

ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɢ ɞɪɭɝɢɯ ɤɨɧɫɬɪɭɤɰɢɣ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɝɪɭɡɤɢ, ɜɜɨɞɢɦɵɣ ɜ ɪɚɫɱɟɬ ɩɪɨɱɧɨɫɬɢ, ɡɚɜɢɫɢɬ ɨɬ 

ɧɚɡɧɚɱɟɧɢɹ ɫɨɨɪɭɠɟɧɢɹ, ɩɥɚɧɢɪɭɟɦɨɝɨ ɫɪɨɤɚ ɫɥɭɠɛɵ ɢ ɪɨɥɢ ɜɟɬɪɚ ɜ ɨɛɳɟɦ 

ɤɨɦɩɥɟɤɫɟ ɧɚɝɪɭɡɨɤ. Ⱦɥɹ ɜɵɫɨɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɞɪɭɝɢɯ, ɩɪɟɨɛɥɚɞɚɸɳɟɟ 

ɡɧɚɱɟɧɢɟ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ ɤɨɬɨɪɵɯ, ɨɱɟɜɢɞɧɨ, ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɝɪɭɡɤɢ 

ɩɪɢɧɢɦɚɸɬ 1,3, ɬ. ɟ. ɜɵɲɟ, ɱɬɨ ɢ ɭɱɬɟɧɨ [3] 

Ⱦɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɞɢɨɦɚɱɬ ɢ ɬɟɥɟɜɢɡɢɨɧɧɵɯ ɨɩɨɪ, ɨɩɨɪ ɥɢɧɢɣ 

ɩɟɪɟɞɚɱɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɞɴɟɦɧɵɯ ɤɪɚɧɨɜ ɢɡɞɚɸɬ ɫɜɨɢ 

ɩɪɚɜɢɥɚ. ȼɟɬɪɨɜɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɟ, ɚɜɬɨɞɨɪɨɠɧɵɟ ɢ ɝɨɪɨɞɫɤɢɟ 

ɦɨɫɬɵ, ɤɚɧɚɬɧɵɟ ɞɨɪɨɝɢ, ɤɚɛɟɥɶ-ɤɪɚɧɵ, ɩɟɪɟɝɪɭɠɚɬɟɥɢ ɱɚɫɬɨ ɜɵɞɟɥɹɸɬ ɜ 

ɨɬɞɟɥɶɧɵɟ ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ, ɛɚɡɢɪɭɸɳɢɟɫɹ ɧɚ ɨɫɧɨɜɧɵɯ ɧɨɪɦɚɯ- 

ɫɬɚɧɞɚɪɬɚɯ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɭɧɢɤɚɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɛɨɥɶɲɟɩɪɨɥɟɬɧɵɯ 

ɦɨɫɬɨɜ, ɜɵɫɬɚɜɨɱɧɵɯ ɩɚɜɢɥɶɨɧɨɜ, ɱɚɫɬɨ ɫɚɦɨɣ ɪɚɡɧɨɨɛɪɚɡɧɨɣ ɮɨɪɦɵ, 

ɬɪɟɛɭɟɬɫɹ ɛɨɥɟɟ ɬɳɚɬɟɥɶɧɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɜ ɤɨɬɨɪɨɦ 

ɧɚɪɹɞɭ ɫ ɪɚɰɢɨɧɚɥɶɧɵɦ ɧɚɡɧɚɱɟɧɢɟɦ ɜɟɥɢɱɢɧɵ ɫɤɨɪɨɫɬɧɨɝɨ ɧɚɩɨɪɚ ɜɟɬɪɚ 

ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɸɬ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɦɭ ɤɨɦɩɥɟɤɫɭ ɜɨɩɪɨɫɨɜ. ɑɚɫɬɨ 

ɛɟɡ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɞɟɥɟɣ ɫɨɨɪɭɠɟɧɢɹ ɜ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɬɪɭɛɟ ɧɟɥɶɡɹ 

ɨɛɨɣɬɢɫɶ. ɗɬɨ, ɧɚɩɪɢɦɟɪ, ɫɬɚɥɨ ɨɛɹɡɚɬɟɥɶɧɵɦ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, ɜɢɫɹɱɢɯ 

ɦɨɫɬɨɜ, ɪɚɞɢɨɬɟɥɟɫɤɨɩɨɜ, ɪɚɞɢɨɦɚɱɬ ɛɨɥɶɲɨɣ ɜɵɫɨɬɵ.  
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2.3 ɉɪɢɧɰɢɩɵ ɪɚɫɱɟɬɚ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɫɨɝɥɚɫɧɨ ɞɟɣɫɬɜɭɸɳɢɦ 

ɧɨɪɦɚɬɢɜɧɵɦ ɞɨɤɭɦɟɧɬɚɦ 

ɋɟɣɱɚɫ ɪɚɫɱɟɬɵ ɧɚ ɜɟɬɪɨɜɭɸ ɧɚɝɪɭɡɤɭ ɜɟɞɭɬɫɹ ɫɨɝɥɚɫɧɨ [3], ɜ ɝɥɚɜɟ 11. 

Ⱦɚɥɶɲɟ ɫɥɟɞɭɟɬ ɨɩɢɫɚɬɶ ɚɥɝɨɪɢɬɦ ɟɝɨ ɪɚɫɱɟɬɚ. 

ɋɨɝɥɚɫɧɨ ɧɨɪɦɚɦ [3] ɞɥɹ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 

ɫɥɟɞɭɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɹ ɜɟɬɪɚ: 

ɚ) ɨɫɧɨɜɧɨɣ ɬɢɩ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ (ɜ ɞɚɥɶɧɟɣɲɟɦ – «ɜɟɬɪɨɜɚɹ 

ɧɚɝɪɭɡɤɚ»); 

ɛ) ɩɢɤɨɜɵɟ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ 

ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɷɥɟɦɟɧɬɵ ɨɝɪɚɠɞɟɧɢɹ ɢ ɷɥɟɦɟɧɬɵ ɢɯ ɤɪɟɩɥɟɧɢɹ; 

ɜ) ɪɟɡɨɧɚɧɫɧɨɟ ɜɢɯɪɟɜɨɟ ɜɨɡɛɭɠɞɟɧɢɟ; 

ɝ) ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɧɟɭɫɬɨɣɱɢɜɵɟ ɤɨɥɟɛɚɧɢɹ ɬɢɩɚ ɝɚɥɨɩɢɪɨɜɚɧɢɹ, 

ɞɢɜɟɪɝɟɧɰɢɢ ɢ ɮɥɚɬɬɟɪɚ [3. ɩ. 14]; 

Ɋɟɡɨɧɚɧɫɧɨɟ ɜɢɯɪɟɜɨɟ ɜɨɡɛɭɠɞɟɧɢɟ ɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɧɟɭɫɬɨɣɱɢɜɵɟ 

ɤɨɥɟɛɚɧɢɹ ɬɢɩɚ ɝɚɥɨɩɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɞɥɹ ɡɞɚɧɢɣ ɢ ɫɩɥɨɲɧɨ-

ɫɬɟɧɱɚɬɵɯ ɫɨɨɪɭɠɟɧɢɣ, ɭ ɤɨɬɨɪɵɯ h/d > 10, ɝɞɟ h – ɜɵɫɨɬɚ, d – ɯɚɪɚɤɬɟɪɧɵɣ 

ɩɨɩɟɪɟɱɧɵɣ ɪɚɡɦɟɪ. 

Ɋɚɫɱɟɬ ɤɚɪɤɚɫɚ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɬɢɩɚ ɜɟɬɪɨɜɨɣ 

ɧɚɝɪɭɡɤɢ. 

ɇɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ W ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɩɨ 

ɮɨɪɦɭɥɟ 

 ܹ = ௠ܹ + 𝑝ܹ,              (2.6) 

 

ɝɞɟ ௠ܹ – ɫɪɟɞɧɟɣ ɫɨɫɬɚɜɥɹɸɳɚɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ; 𝑝ܹ – ɩɭɥɶɫɚɰɢɨɧɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ. 

 

ɇɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɫɪɟɞɧɟɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ௠ܹ 

ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɩɨ ɮɨɪɦɭɥɟ 
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 ௠ܹ = ଴ܹ ∙ ݇ሺ𝑧௘ሻ ∙ ܿ,             (2.7) 

 

ɝɞɟ ଴ܹ – ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ; ɩɪɢɧɢɦɚɟɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɬɪɨɜɨɝɨ ɪɚɣɨɧɚ ɩɨ [3, ɬɚɛɥ. 11.1]. 𝑧௘ – ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɜɵɫɨɬɵ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɟɦɥɢ; ݇ – ɤɨɷɮɮɢɰɢɟɧɬ; 

c – ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ [3, 11.1.7] 

 

ɗɤɜɢɜɚɥɟɧɬɧɚɹ ɜɵɫɨɬɚ ze ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɹ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

ɚ) ɩɪɢ h ≤ d → ze = h; 

ɛ) ɩɪɢ h ≤ 2d: 

ɞɥɹ z ≥ h – d → ze = h; 

ɞɥɹ 0 < z < h – d → ze = d; 

ɜ) ɩɪɢ h > 2d: 

ɞɥɹ z ≥ h – d → ze = h; 

ɞɥɹ d < z < h – d → ze = z; 

ɞɥɹ 0 < z ≤ d → ze = d; 

 

Ɂɞɟɫɶ 𝑧 – ɜɵɫɨɬɚ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ; ݀ – ɪɚɡɦɟɪ ɡɞɚɧɢɹ (ɛɟɡ ɭɱɟɬɚ ɟɝɨ ɫɬɢɥɨɛɚɬɧɨɣ ɱɚɫɬɢ) ɜ ɧɚɩɪɚɜɥɟɧɢɢ, 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɪɚɫɱɟɬɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɜɟɬɪɚ (ɩɨɩɟɪɟɱɧɵɣ ɪɚɡɦɟɪ); ℎ – ɜɵɫɨɬɚ ɡɞɚɧɢɹ. 

ɋɨɝɥɚɫɧɨ [3, 11.1.8 ɝ] ɩɪɢ ɧɚɜɟɫɨɜ, ɪɚɡɦɟɳɚɟɦɵɯ ɜ ɦɟɫɬɧɨɫɬɹɯ ɬɢɩɚ ȼ, 

ɩɭɥɶɫɚɰɢɨɧɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɞɨɩɭɫɤɚɟɬɫɹ ɨɩɪɟɞɟɥɹɬɶ ɩɨ 

ɮɨɪɦɭɥɟ 

  W୮ = W୫ ∙ ξሺZୣሻ ∙ v,             (2.8) 



42 
 

 

ɝɞɟ W୫ – ɬɨ ɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (2.6); ξሺZୣሻ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ ɜɟɬɪɚ [3], ɬɚɛɥ. 11.4]; v – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɤɨɪɪɟɥɹɰɢɢ (ɜɡɚɢɦɨɫɜɹɡɢ) 

ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ ɜɟɬɪɚ. ɗɬɨɬ ɤɨɷɮɮɢɰɢɟɧɬ ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɞɥɹ 

ɪɚɫɱɟɬɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɨɪɭɠɟɧɢɹ ɢɥɢ ɨɬɞɟɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɞɥɹ ɤɨɬɨɪɨɣ 

ɭɱɢɬɵɜɚɟɬɫɹ ɤɨɪɪɟɥɹɰɢɹ ɩɭɥɶɫɚɰɢɣ. 

Ɋɚɫɱɟɬɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɬɟ ɱɚɫɬɢ ɧɚɜɟɬɪɟɧɧɵɯ ɢ 

ɩɨɞɜɟɬɪɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɜɟɫɚ. v+ሺ−ሻ − ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ 

ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ ɞɚɜɥɟɧɢɸ (+) ɢ ɨɬɫɨɫɭ 

(-), [3, ɬɚɛɥ. 11.8]; 

Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɬɪɨɜɵɯ ɧɚɝɪɭɡɨɤ ɧɚ 1 ɦ2 ɩɨɜɟɪɯɧɨɫɬɢ W 

ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 W = W୬ ∙ γ୤,              (2.9) 

 

ɝɞɟ W୬ = W୫ + W୮ – ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ; γ୤ = ͳ,Ͷ – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ ɞɥɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ 

[3, ɩ. 11.1.12] 

ȼ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɜɟɬɪɨɜɭɸ ɧɚɝɪɭɡɤɭ ɨɬ ɭɪɨɜɧɹ ɡɟɦɥɢ ɞɨ ɨɬɦɟɬɤɢ 

ɪɚɫɱɟɬɧɨɣ ɨɫɢ ɩɪɨɞɨɥɶɧɨɣ ɧɟɫɭɳɟɣ ɛɚɥɤɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢɥɢ ɡɞɚɧɢɹ ɩɪɢɧɢɦɚɸɬ 

ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥёɧɧɨɣ ɢ ɧɚɯɨɞɹɬ ɩɨ ɮɨɪɦɭɥɟ 

 qୣ୯ = W ∙ B,            (2.10) 

 

ɝɞɟ W – ɬɨɠɟ ɱɬɨ ɜ ɮɨɪɦɭɥɟ (2.8); B – ɲɢɪɢɧɚ ɝɪɭɡɨɜɨɣ ɩɥɨɳɚɞɢ, ɪɚɜɧɚɹ ɲɚɝɭ ɪɚɦ ɡɞɚɧɢɹ ɥɢɛɨ ɲɚɝɭ 

ɩɨɩɟɪɟɱɧɵɯ ɛɚɥɨɤ ɤɨɧɫɬɪɭɤɰɢɢ, ɞɟɥɹɳɟɦɭ ɟɟ ɧɚ ɱɚɫɬɢ. ɉɪɢ ɧɚɥɢɱɢɢ 
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ɩɪɨɞɨɥɶɧɨɝɨ ɮɚɯɜɟɪɤɚ ɜɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ ɩɪɢ ɪɚɫɱɟɬɟ ɧɚ ɡɞɚɧɢɟ ɧɚ ɤɨɥɨɧɧɵ 

ɩɪɢɧɢɦɚɟɬɫɹ ɫ ɭɱɟɬɨɦ ɲɚɝɚ ɫɬɨɟɤ ɮɚɯɜɟɪɤɚ. 

ɋɨɝɥɚɫɧɨ [3, ɩ. 11.1.2] ɧɚɜɟɫɵ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɢɤɨɜɵɟ 

ɩɨɥɨɠɢɬɟɥɶɧɵɟ W+ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ W- ɜɨɡɞɟɣɫɬɜɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ, 

ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 +ܹሺ−ሻ = w଴ ∙ kሺzୣሻ ∙ [ͳ + 𝜁ሺ𝑧௘ሻ] ∙ ܿ𝑝,+ሺ−ሻ ∙  ሺ−ሻ,       (2.11)+ݒ

 

ɝɞɟ w଴ – ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜɟɬɪɚ; zୣ – ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɜɵɫɨɬɚ; kሺzୣሻ, 𝜁ሺ𝑧௘ሻ – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɟ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɡɦɟɧɟɧɢɟ 

ɞɚɜɥɟɧɢɹ ɢ ɩɭɥɶɫɚɰɢɣ ɞɚɜɥɟɧɢɹ ɜɟɬɪɚ ɧɚ ɜɵɫɨɬɟ 𝑧௘; ܿ𝑝,+ሺ−ሻ – ɩɢɤɨɜɵɟ ɡɧɚɱɟɧɢɹ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ (+) ɢɥɢ ɨɬɫɨɫɚ (-); ݒ+ሺ−ሻ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ ɞɚɜɥɟɧɢɸ (+) ɢ ɨɬɫɨɫɭ (-); ɡɧɚɱɟɧɢɹ ɷɬɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɥɨɳɚɞɢ ɨɝɪɚɠɞɟɧɢɹ Ⱥ, ɫ ɤɨɬɨɪɨɣ 

ɫɨɛɢɪɚɟɬɫɹ ɜɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ. 

 

Ɍɚɛɥɢɰɚ 2.1 Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɢ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ 

Ⱥ, ɦ2 <2 5 10 >20 

V+ 1 0,9 0,8 0,75 

V- 1 0,85 0,75 0,65 

 

2.3.1 ɋɯɟɦɵ ɡɚɞɚɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɪɚɫɱɟɬɧɭɸ ɫɯɟɦɭ ɧɚɜɟɫɚ 

ɋɨɝɥɚɫɧɨ ɧɨɪɦɚɦ [3, ɩɪɢɥɨɠɟɧɢɟ ȼ.1.10] ɞɥɹ ɧɚɜɟɫɨɜ ɧɟɨɛɯɨɞɢɦɨ 

ɭɱɢɬɵɜɚɬɶ ɫɥɟɞɭɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɜɟɬɪɚ, ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 2.2 
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Ɋɢɫɭɧɨɤ 2.2 – Ɋɚɫɱɟɬɧɵɟ ɫɯɟɦɵ ɡɚɞɚɧɢɹ ɜɟɬɪɨɜɵɯ ɧɚɝɪɭɡɨɤ 
Cp – ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ  

 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɫɯɟɦɵ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 2.2, ɚ ɬɚɤɠɟ ɨɬ 

ɭɝɥɚ ɧɚɤɥɨɧɚ ɩɨɤɪɵɬɢɹ ɧɚɜɟɫɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ Cp 

ɩɪɢɧɢɦɚɸɬ ɩɨ ɬɚɛɥɢɰɟ 2.2 

 

Ɍɚɛɥɢɰɚ 2.2 Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Cp ɩɪɢ ɪɚɫɱɟɬɟ ɧɚɜɟɫɨɜ 

Ɍɢɩ ɫɯɟɦɵ α, ɝɪɚɞ 
Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɫɪ1 ɫɪ2 ɫɪ3 ɫɪ4 

I 
10 0,5 -1,3 -1,1 0 
20 1,1 0 0 -0,4 
30 2,1 0,9 0,6 0 

II  
10 0 -1,1 -1,5 0 
20 1,5 0,5 0 0 
30 2 0,8 0,4 0,4 

III  
10 1,4 0,4 - - 
20 1,8 0,5 - - 
30 2,2 0,6 - - 

IV  
10 1,3 0,2 - - 
20 1,4 0,3 - - 
30 1,6 0,4 - - 

 

ɉɪɢɦɟɱɚɧɢɹ ɤ ɬɚɛɥɢɰɟ 2.2: 
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1 Ʉɨɷɮɮɢɰɢɟɧɬɵ ɫɪ1, ɫɪ2, ɫɪ3, ɫɪ4 ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɭɦɦɚɪɧɨɦɭ ɞɚɜɥɟɧɢɸ ɧɚ 

ɜɟɪɯɧɸɸ ɢ ɧɢɠɧɸɸ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɜɟɫɨɜ;  

2 Ⱦɥɹ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɫɪ1, ɫɪ2, ɫɪ3, ɫɪ4 ɧɚɩɪɚɜɥɟɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚ 

ɫɯɟɦɚɯ ɫɥɟɞɭɟɬ ɢɡɦɟɧɹɬɶ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɟ.  

3 Ⱦɥɹ ɧɚɜɟɫɨɜ ɫ ɜɨɥɧɢɫɬɵɦɢ ɩɨɤɪɵɬɢɹɦɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ cf = 0,04.  

4 Ⱦɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚɜɟɫɨɜ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ 

ɞɜɚ ɜɚɪɢɚɧɬɚ ɧɚɝɪɭɠɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɯɟɦɚɦ III ɢ IV ɩɪɢ ɚ= 10°. 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤ ɢɫɯɨɞɧɵɦ ɫɯɟɦɚɦ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚɜɟɫɚ ɧɚɡɧɚɱɚɸɬ ɢɡ 

ɬɚɛɥɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɵ Cp, ɤɨɬɨɪɵɟ ɭɬɨɱɧɹɸɬ ɞɟɣɫɬɜɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ 

ɫɬɨɪɨɧɵ ɜɟɬɪɚ, ɢ ɩɪɢɦɟɧɹɸɬ ɩɪɢ ɪɚɫɱɟɬɟ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ. 

 

2.4 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 2 

ɉɨɞɪɟɡɸɦɢɪɭɟɦ ɩɪɨɞɟɥɚɧɧɭɸ ɪɚɛɨɬɭ ɩɨ ɝɥɚɜɟ 2: 

1 ɍɱёɬ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɫɨɨɪɭɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɜɚɠɧɵɦ 

ɮɚɤɬɨɪɨɦ, ɤɨɬɨɪɵɣ ɫɬɨɢɬ ɭɱɢɬɵɜɚɬɶ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. 

2 ɇɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ ɨɛɹɡɭɸɬ ɜɵɩɨɥɧɹɬɶ ɪɚɫɱɟɬɵ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ 

ɩɢɤɨɜɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɜɟɬɪɨɜɭɸ ɧɚɝɪɭɡɤɭ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɧɚɜɟɫɨɜ. 
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Ƚɥɚɜɚ 3 ɋɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɝɨ ɜɚɧɬɨɜɨɝɨ ɤɨɡɵɪɶɤɚ  

3.1 ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɰɟɥɶɧɨɫɬɟɤɥɹɧɧɨɝɨ ɤɨɧɫɨɥɶɧɨɝɨ ɜɚɧɬɨɜɨɝɨ 

ɧɚɜɟɫɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ Ɋɟɤɨɧɫɬɪɭɤɰɢɢ ɬɟɪɦɢɧɚɥɚ №1 Ɇɟɠɞɭɧɚɪɨɞɧɨɝɨ 

ɚɷɪɨɩɨɪɬɚ Ʉɪɚɫɧɨɹɪɫɤ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ȿɦɟɥɶɹɧɨɜɫɤɨɦ ɪɚɣɨɧɟ ɝ. 

Ʉɪɚɫɧɨɹɪɫɤɚ. 

ɐɟɥɶɧɨɫɬɟɤɥɹɧɧɵɣ ɤɨɡɵɪɟɤ ɜɵɩɨɥɧɟɧ ɢɡ ɧɟɫɭɳɟɝɨ ɦɟɬɚɥɥɨɤɚɪɤɚɫɚ ɫ 

ɡɚɩɨɥɧɟɧɢɟɦ ɦɧɨɝɨɫɥɨɣɧɵɦ ɫɬɟɤɥɨɦ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɝɨ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɟ 

ɤɨɧɫɬɪɭɤɰɢɢ ɡɞɚɧɢɹ. 

Ɂɚɩɨɥɧɟɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɰɟɥɶɧɨɫɬɟɤɥɹɧɧɨɝɨ ɤɨɡɵɪɶɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɫɬɟɤɥɨɦ ɦɧɨɝɨɫɥɨɣɧɵɦ – ɬɪɢɩɥɟɤɫ, ɮɨɪɦɭɥɚ ɤɨɬɨɪɨɝɨ ɢɦɟɟɬ ɜɢɞ: 12Optiwhite 

ɡɚɤ. + SentryGlas 1,52 + 12Optiwhite ɡɚɤ, ɫɨɝɥɚɫɧɨ ɪɚɫɱɟɬɚɦ ɧɚ ɩɪɨɱɧɨɫɬɶ 

ɫɬɟɤɥɚ, ɪɚɫɱɟɬ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ. 

Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɪɚɫɫɱɢɬɵɜɚɟɦɨɟɝɨ ɮɪɚɝɦɟɧɬɚ ɤɨɡɵɪɶɤɚ, ɫɯɟɦɵ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɪɨɞɨɥɶɧɵɣ ɢ ɩɨɩɟɪɟɱɧɵɣ 

ɪɚɡɪɟɡɵ ɩɪɢɜɟɞɟɧɵ ɧɚ ɱɟɪɬɟɠɚɯ ɄɊ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ.  

ɇɚ ɤɨɧɫɬɪɭɤɰɢɸ ɤɨɡɵɪɶɤɚ, ɭɱɢɬɵɜɚɥɢɫɶ ɫɥɟɞɭɸɳɟɟ ɧɚɝɪɭɡɤɢ ɫɨɝɥɚɫɧɨ 

[3]  

1 ɋɨɛɫɬɜɟɧɧɵɣ ɜɟɫ ɤɨɧɫɬɪɭɤɰɢɣ (ɦɟɬɚɥɥɨɤɨɧɫɬɪɭɤɰɢɣ ɢ ɦɧɨɝɨɫɥɨɣɧɨɝɨ 

ɫɬɟɤɥɚ);  

2 ɋɧɟɝɨɜɚɹ ɧɚɝɪɭɡɤɚ;  

3 ȼɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ. 

4 ɉɢɤɨɜɚɹ ɜɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ 

ɂɫɩɨɥɶɡɭɟɦɵɦɢ ɩɪɨɝɪɚɦɦɧɵɦɢ ɤɨɦɩɥɟɤɫɚɦɢ ɞɥɹ ɪɚɫɱɟɬɚ ɫɬɪɨɢɬɟɥɶɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ ɛɵɥɢ «Autodesk Robot Structural Analysis», «SCAD Office 21», ɚ 

ɬɚɤɠɟ «Ʌɢɪɚ 10». ɋɜɹɡɚɧɨ ɷɬɨ ɫ ɬɟɦ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɪɚɫɱɟɬɧɵɦ 

ɤɨɦɩɥɟɤɫɨɦ ɫɪɚɜɧɹɥɢɫɶ ɢ ɞɟɥɚɥɢɫɶ ɩɨ ɧɢɦ ɜɵɜɨɞɵ. ȼɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ 

ɪɚɫɱɟɬɧɵɟ ɤɨɦɩɥɟɤɫɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ 
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ɪɚɫɱɟɬɨɜ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɥɨɫɤɢɯ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɤɚɤ 

ɫɬɟɪɠɧɟɜɵɯ, ɬɚɤ ɢ ɩɥɚɫɬɢɧɱɚɬɵɯ. 

ɉɪɨɟɤɬɢɪɭɟɦɵɣ ɧɚɜɟɫ ɡɞɚɧɢɹ ɚɷɪɨɩɨɪɬɚ ɪɚɫɩɨɥɨɠɟɧ ɩɨ ɚɞɪɟɫɭ: 

Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɣ, ȿɦɟɥɶɹɧɨɜɫɤɢɣ ɪɚɣɨɧ, ɚɷɪɨɩɨɪɬ Ʉɪɚɫɧɨɹɪɫɤ ɢɦɟɧɢ Ⱦ.Ⱥ. 

ɏɜɨɪɨɫɬɨɜɫɤɨɝɨ, 1/1. 

Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɣɨɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ:  

- ɤɥɢɦɚɬɢɱɟɫɤɢɣ ɪɚɣɨɧ ɫɬɪɨɢɬɟɥɶɫɬɜɚ - I ɫɨɝɥɚɫɧɨ [4] 

- ɤɥɢɦɚɬɢɱɟɫɤɢɣ ɩɨɞɪɚɣɨɧ ɫɬɪɨɢɬɟɥɶɫɬɜɚ - ȼ [4];  

- ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ - ɦɢɧɭɫ 37ɋ ɫɨɝɥɚɫɧɨ [4];  

- ɧɨɪɦɚɬɢɜɧɚɹ ɫɧɟɝɨɜɚɹ ɧɚɝɪɭɡɤɚ ɞɥɹ III ɫɧɟɝɨɜɨɝɨ ɪɚɣɨɧɚ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɝɨɪɨɞɭ Ʉɪɚɫɧɨɹɪɫɤɭ – 1,5 ɤɇ/ɦ2 ɫɨɝɥɚɫɧɨ [3] 

- ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ ɜɟɬɪɚ ɞɥɹ III ɜɟɬɪɨɜɨɝɨ ɪɚɣɨɧɚ – 0,3 Ʉɉɚ ɫɨɝɥɚɫɧɨ [3] 

- ɬɢɩ ɦɟɫɬɧɨɫɬɢ ɩɨ ɜɟɬɪɨɜɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ – «ȼ» ɫɨɝɥɚɫɧɨ [3]; 

ɋɟɣɫɦɢɱɧɨɫɬɶ ɪɚɣɨɧɚ – 7 ɛɚɥɥɨɜ. 

Ɋɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɫɨɫɬɚɜɥɹɟɬ - 37⁰ɋ, 

ɩɪɟɨɛɥɚɞɚɸɳɢɟ ɜɟɬɪɚ: ɸɝɨ-ɡɚɩɚɞɧɨɝɨ ɢ ɡɚɩɚɞɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɫɨɝɥɚɫɧɨ 

ɫɨɝɥɚɫɧɨ [4] 

3.2 Ɉɩɢɫɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ 

ɋɜɟɬɨɩɪɨɡɪɚɱɧɚɹ ɜɚɧɬɨɜɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɚɷɪɨɩɨɪɬɭ ɩ. 

ȿɦɟɥɶɹɧɨɜɨ ɝ. Ʉɪɚɫɧɨɹɪɫɤɚ. ɗɬɨ ɜɢɫɹɱɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɜɚɧɬɨɜɵɣ ɤɨɧɫɨɥɶɧɵɣ ɧɚɜɟɫ, ɨɛɳɟɣ ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ 103 ɦ, ɫɬɪɭɤɬɭɪɚ 

ɤɨɬɨɪɨɝɨ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ: 

ȼɚɧɬɵ ɜɵɩɨɥɧɟɧɵ ɜ ɜɢɞɟ ɤɚɧɚɬɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɬɪɨɫɨɜ ɞɥɢɧɨɣ ɜ 

ɧɚɬɹɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ 5400-4430 ɦɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ; 

Ȼɚɥɤɢ, ɫɨɟɞɢɧɹɸɳɢɟ ɜɞɨɥɶ ɞɥɢɧɵ ɡɞɚɧɢɹ ɦɟɠɞɭ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ 

ɤɨɥɨɧɧɚɦɢ, ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɜ ɜɢɞɟ ɫɬɚɥɶɧɨɝɨ ɤɜɚɞɪɚɬɧɨɝɨ ɩɪɨɮɢɥɹ 160ɯ5. 

ɉɨɩɟɪɟɱɧɵɟ ɛɚɥɤɢ ɜɵɩɨɥɧɟɧɵ ɢɡ ɫɬɚɥɶɧɨɝɨ ɩɪɨɤɚɬɧɨɝɨ ɬɚɜɪɨɜɨɝɨ 

ɩɪɨɮɢɥɹ 190ɯ50ɯ10 ɞɥɢɧɨɣ 2000 ɦɦ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɞɟɤɨɪɚɬɢɜɧɨɣ ɬɪɟɭɝɨɥɶɧɨɣ 

ɩɟɪɮɨɪɚɰɢɟɣ; 
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ɉɪɨɞɨɥɶɧɵɟ ɛɚɥɤɢ ɜɵɩɨɥɧɟɧɵ ɢɡ ɩɪɨɤɚɬɧɨɝɨ ɬɪɭɛɱɚɬɨɝɨ ɫɬɚɥɶɧɨɝɨ 

ɩɪɨɮɢɥɹ 50ɯ4 ɢ ɭɥɨɠɟɧɵ ɜɞɨɥɶ ɜɫɟɣ ɞɥɢɧɵ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɉɨɤɪɵɬɢɟ – ɫɬɟɤɥɨ ɬɪɢɩɥɟɤɫ ɬɨɥɳɢɧɨɣ – 25,52 ɦɦ (3-ɟɯ ɫɥɨɣɧɨɟ: 1 ɫɥɨɣ 

– ɡɚɤɚɥɟɧɧɨɟ ɩɪɨɡɪɚɱɧɨɟ ɫɬɟɤɥɨ Optiwhite ɬɨɥɳɢɧɨɣ 12 ɦɦ, 2 ɫɥɨɣ – 

ɫɤɥɟɢɜɚɸɳɚɹ ɚɪɦɢɪɨɜɚɧɧɚɹ ɩɥɟɧɤɚ SentryGlas 1.52 ɦɦ, 3 ɫɥɨɣ – ɡɚɤɚɥɟɧɧɨɟ 

ɩɪɨɡɪɚɱɧɨɟ ɫɬɟɤɥɨ Optiwhite ɬɨɥɳɢɧɨɣ 12 ɦɦ). 

ɇɚ ɪɢɫɭɧɤɟ 3.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɟɪɫɩɟɤɬɢɜɚ ɮɚɫɚɞɚ ɚɷɪɨɩɨɪɬɚ, ɧɚ ɤɨɬɨɪɨɦ 

ɨɬɨɛɪɚɠɟɧɚ ɜɚɧɬɨɜɚɹ ɫɜɟɬɨɩɪɨɡɪɚɱɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɜɞɨɥɶ 

ɡɞɚɧɢɹ. 

 

 
 
Ɋɢɫɭɧɨɤ 3.1 – ɉɟɪɫɩɟɤɬɢɜɚ ɮɚɫɚɞɚ ɚɷɪɨɩɨɪɬɚ ɫɨ ɜɡɥɟɬɧɨ-ɩɨɫɚɞɨɱɧɨɣ 

ɩɨɥɨɫɵ 
 

ɇɚ ɪɢɫɭɧɤɟ 3.2 ɩɪɟɞɫɬɚɜɥɟɧ ɮɪɚɝɦɟɧɬ ɜɢɡɭɚɥɢɚɰɢɢ ɮɚɫɚɞɚ ɡɞɚɧɢɹ, ɧɚ 

ɤɨɬɨɪɨɦ ɢɡɨɛɪɚɠɟɧ ɚɪɯɢɬɟɤɬɭɪɧɵɣ ɨɛɥɢɤ ɧɚɜɟɫɚ.  
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Ɋɢɫɭɧɨɤ 3.2 – Ɏɪɚɝɦɟɧɬ ɜɢɡɭɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɮɚɫɚɞɚ ɡɞɚɧɢɹ 

 

Ɏɪɚɝɦɟɧɬ ɚɪɯɢɬɟɤɬɭɪɧɨɝɨ ɩɥɚɧɚ ɤɨɡɵɪɶɤɚ ɞɥɢɧɧɨɣ 6 ɦɟɬɪɨɜ ɢɡɨɛɪɚɠɟɧ 

ɧɚ ɪɢɫɭɧɤɟ 3.3 

 

 
Ɋɢɫɭɧɨɤ 3.3 – Ɏɪɚɝɦɟɧɬ ɚɪɯɢɬɟɤɬɭɪɧɨɝɨ ɩɥɚɧɚ ɤɨɡɵɪɶɤɚ ɞɥɢɧɧɨɣ 6 ɦɟɬɪɨɜ 

 
ɇɚ ɪɢɫɭɧɤɟ 3.4 ɢɡɨɛɪɚɠɟɧ ɪɚɡɪɟɡ ɩɨ ɧɚɪɭɠɧɟɣ ɫɬɟɧɟ ɚɷɪɨɩɨɪɬɚ ɫ ɭɡɥɨɦ 1 
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Ɋɢɫɭɧɨɤ 3.4 – Ɏɪɚɝɦɟɧɬ ɚɪɯɢɬɟɤɬɭɪɧɨɝɨ ɩɥɚɧɚ ɤɨɡɵɪɶɤɚ ɞɥɢɧɧɨɣ 6 ɦɟɬɪɨɜ ɫ ɭɡɥɨɦ 1 

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɬɨɥɶɤɨ ɞɥɹ ɬɢɩɨɜɨɝɨ ɩɪɨɥɟɬɚ 

ɞɥɢɧɨɣ 12 ɦ.  

Ʉɨɧɫɬɪɭɤɬɢɜɧɨ ɤɨɧɫɬɪɭɤɰɢɹ ɜɵɩɨɥɧɟɧɚ ɢɡ ɫɬɚɥɶɧɨɝɨ ɩɪɨɤɚɬɚ. ȼɚɧɬɵ 

ɲɚɪɧɢɪɧɨ-ɡɚɤɪɟɩɥɟɧɧɵɟ ɤ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɤɨɥɨɧɧɚɦ ɤɪɟɩɹɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 

ɡɚɤɥɚɞɧɵɯ ɞɟɬɚɥɟɣ ɤ ɩɨɩɟɪɟɱɧɵɦ ɛɚɥɤɚɦ, ɩɨ ɤɨɬɨɪɵɦ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɭɥɨɠɟɧ 

ɬɪɢɩɥɟɤɫ. ɉɨɩɟɪɟɱɧɵɟ ɛɚɥɤɢ ɠɟɫɬɤɨ-ɡɚɳɟɦɥɟɧɵ ɤ ɜɵɫɬɭɩɚɸɳɢɦ ɢɡ ɮɚɫɚɞɚ 

ɡɞɚɧɢɹ ɤɨɥɨɧɧɚɦ ɢ ɢɦɟɸɬ ɭɝɨɥ ɧɚɤɥɨɧɚ ɜ 95˚ ɨɬ ɜɟɪɬɢɤɥɢ ɤɨɥɨɧɧɵ, 

ɨɛɟɫɩɟɱɢɜɚɹ ɷɬɢɦ ɫɯɨɞ ɫ ɩɨɤɪɵɬɢɹ ɬɚɥɵɯ ɜɨɞ, ɚ ɬɚɤɠɟ ɫɧɟɝɚ.  

3.3 ɐɟɥɶ ɪɚɫɱɟɬɚ 

ɂɡɧɚɱɚɥɶɧɨ ɫɨɝɥɚɫɧɨ ɩɨɫɬɚɜɥɟɧɧɨɣ ɝɢɩɨɬɟɡɟ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ 

ɪɚɫɱɟɬ ɜɚɧɬɨɜɨɣ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɞɟɣɫɬɜɢɟ ɜɫɟɯ 

ɜɨɫɩɪɢɧɢɦɚɸɳɟɣ ɟɣ ɧɚɝɪɭɡɨɤ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɭɠɟ 

ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɩɭɧɤɬɟ 3.2. 

Ɂɚɬɟɦ ɫɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɟɟ ɪɚɰɢɨɧɚɥɶɧɨɫɬɢ   
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3.4 ɋɛɨɪ ɧɚɝɪɭɡɨɤ 

3.4.1 ɇɚɝɪɭɡɤɚ ɨɬ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ 

ȼ ɤɚɱɟɫɬɜɟ ɩɨɫɬɨɹɧɧɵɯ ɧɚɝɪɭɡɨɤ ɜ ɩɨɞɨɛɧɵɯ ɤɨɧɫɨɥɶɧɨ-ɜɚɧɬɨɜɵɯ 

ɤɨɡɵɪɶɤɚɯ ɜɵɫɬɭɩɚɸɬ: 

1 ɋɨɛɫɬɜɟɧɧɵɣ  ɜɟɫ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɛɟɡɨɩɚɫɧɨɝɨ ɫɬɟɤɥɚ; 

2 ɋɨɛɫɬɜɟɧɧɵɣ  ɜɟɫ ɩɨɩɟɪɟɱɧɵɯ ɤɨɧɫɨɥɶɧɵɯ ɛɚɥɨɤ ɜ ɜɢɞɟ ɫɬɚɥɶɧɨɝɨ 

ɩɪɨɤɚɬɧɨɝɨ ɬɚɜɪɨɜɨɝɨ ɩɪɨɮɢɥɹ 190ɯ50ɯ10 ɞɥɢɧɨɣ 2000 ɦɦ, ɧɚ ɤɨɬɨɪɵɟ 

ɭɤɥɚɞɵɜɚɟɬɫɹ ɩɨɤɪɵɬɢɟ ɜ ɜɢɞɟ ɫɬɟɤɥɚ; 

3 ɋɨɛɫɬɜɟɧɧɵɣ  ɜɟɫ ɩɪɨɞɨɥɶɧɵɯ ɛɚɥɨɤ ɢɡ ɩɪɨɤɚɬɧɨɝɨ ɬɪɭɛɱɚɬɨɝɨ 

ɫɬɚɥɶɧɨɝɨ ɩɪɨɮɢɥɹ ɞɥɢɧɨɣ 1.64, 1.35 ɦɟɬɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɲɚɝɚ ɩɨɩɟɪɟɱɧɵɯ 

ɤɨɧɫɨɥɶɧɵɯ ɛɚɥɨɤ 

4 ɋɨɛɫɬɜɟɧɧɵɣ ɜɟɫ ɜɚɧɬ ɢɫɩɨɥɧɟɧɧɵɯ ɜ ɜɢɞɟ ɤɚɧɚɬɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 

ɬɪɨɫɨɜ (ɬɹɝ)  ɞɥɢɧɨɣ ɜ ɧɚɬɹɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ 5400-4430 ɦɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ; 

5 ɋɨɛɫɬɜɟɧɧɵɣ  ɜɟɫ ɧɟɫɭɳɟɣ ɛɚɥɤɢ, ɫɨɟɞɢɧɹɸɳɢɟ ɜɞɨɥɶ ɞɥɢɧɵ ɡɞɚɧɢɹ 

ɦɟɠɞɭ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ ɤɨɥɨɧɧɚɦɢ, ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵɟ ɜ ɜɢɞɟ ɫɬɚɥɶɧɨɝɨ 

ɤɜɚɞɪɚɬɧɨɝɨ ɩɪɨɮɢɥɹ 160ɯ5. 

ɉɨɫɬɨɹɧɧɵɟ ɧɚɝɪɭɡɤɢ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɤɨɧɫɬɪɭɤɰɢɸ, ɨɬɨɛɪɚɠɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 3.1. 

 

Ɍɚɛɥɢɰɚ 3.1 – ɉɨɫɬɨɹɧɧɵɟ ɧɚɝɪɭɡɤɢ 

№ ȼɢɞ ɧɚɝɪɭɡɤɢ 
ɇɨɪɦɚɬɢɜɧɨɟ 

ɡɧɚɱɟɧɢɟ, ɤɇ/ɦ2 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɧɚɞɟɠɧɨɫɬɢ ɩɨ 

ɧɚɝɪɭɡɤɟ γf 

Ɋɚɫɱɟɬɧɨɟ 
ɡɧɚɱɟɧɢɟ, 

ɤɇ/ɦ2 

1 
ɋɨɛɫɬɜɟɧɧɵɣ ɜɟɫ ɫɬɟɤɥɚ 

(γ=2500 ɤɝ/ɦ3) 
0,058 1,3 0,075 

2 
ɋɨɛɫɬɜɟɧɧɵɣ ɜɟɫ 
ɩɨɩɟɪɟɱɧɵɯ ɛɚɥɨɤ 

(l=2 ɦ) 
0,033 1,05 0,034 

3 
ɋɨɛɫɬɜɟɧɧɵɣ ɜɟɫ 

ɩɪɨɞɨɥɶɧɵɯ ɛɚɥɨɤ 
(l=6 ɦ) 

0,034 1,05 0,035 

4 
ɋɨɛɫɬɜɟɧɧɵɣ ɜɟɫ ɜɚɧɬ 

(l=5,4 ɦ) 
0,001 1,05 0,002 
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5 
ɋɨɛɫɬɜɟɧɧɵɣ ɜɟɫ ɧɟɫɭɳɟɣ 

ɛɚɥɤɢ 
(l=5,4 ɦ) 

0,143 1,05 0,150 

ɂɬɨɝɨ:   0,296 
 

3.4.2 ɋɧɟɝɨɜɚɹ ɧɚɝɪɭɡɤɚ 

Ɂɧɚɱɟɧɢɟ ɫɧɟɝɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɤɨɧɫɬɪɭɤɰɢɸ, 

ɨɬɨɛɪɚɠɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2. 

 

Ɍɚɛɥɢɰɚ 3.2 –ɋɧɟɝɨɜɵɟ ɧɚɝɪɭɡɤɢ 

№ɩɩ ȼɢɞ ɧɚɝɪɭɡɤɢ 
ɇɨɪɦɚɬɢɜɧɨɟ 

ɡɧɚɱɟɧɢɟ, ɤɇ/ɦ2 

Ʉɨɷɮɮɢɰɢɟɧɬ 

ɧɚɞɟɠɧɨɫɬɢ ɩɨ 

ɧɚɝɪɭɡɤɟ γf 

Ɋɚɫɱɟɬɧɨɟ 

ɡɧɚɱɟɧɢɟ, 

ɤɇ/ɦ2 

1 ɋɧɟɝɨɜɚɹ ɧɚɝɪɭɡɤɚ  1,5 1,4 2,1 

ɂɬɨɝɨ: 1,5  2,1 

 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɫɧɟɝɨɜɨɣ ɧɚɝɪɭɡɤɢ ɜɵɩɨɥɧɟɧ ɜ ɬɚɛɥɢɰɟ 3.3 

Ɍɚɛɥɢɰɚ 3.3 – Ɋɚɫɱɟɬ ɫɧɟɝɨɜɨɣ ɧɚɝɪɭɡɤɢ ɩɨ ɉɄ «ȼɟɫɬ» 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ 
ɢɡɦɟɪɟɧɢɹ 

Ɇɟɫɬɧɨɫɬɶ 
ɇɨɪɦɚɬɢɜɧɨɟ 

ɡɧɚɱɟɧɢɟ ɫɧɟɝɨɜɨɣ 
ɧɚɝɪɭɡɤɢ 

1,5 ɤɇ/ɦ2 

Ɍɢɩ ɦɟɫɬɧɨɫɬɢ B - Ƚɨɪɨɞɫɤɢɟ 
ɬɟɪɪɢɬɨɪɢɢ, ɥɟɫɧɵɟ 
ɦɚɫɫɢɜɵ ɢ ɞɪɭɝɢɟ 
ɦɟɫɬɧɨɫɬɢ, ɪɚɜɧɨɦɟɪɧɨ 
ɩɨɤɪɵɬɵɟ 
ɩɪɟɩɹɬɫɬɜɢɹɦɢ ɜɵɫɨɬɨɣ 
ɛɨɥɟɟ 10 ɦ 

 

ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ 
ɜɟɬɪɚ ɡɢɦɨɣ 

5 ɦ/ɫɟɤ 

ɋɪɟɞɧɹɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɹɧɜɚɪɹ 

0 °C 

Ɂɞɚɧɢɟ 
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ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ 
ɢɡɦɟɪɟɧɢɹ 

 
ȼɵɫɨɬɚ ɡɞɚɧɢɹ H 11,5 ɦ 
ɒɢɪɢɧɚ ɡɞɚɧɢɹ B 103 ɦ 
h 4,14 ɦ 
 5 ɝɪɚɞ 
L 33 ɦ 
hf  4,14 ɦ 
a 29 ɦ 
ɉɨɤɪɵɬɢɟ ɋɬɟɤɥɨ  
ɇɟɭɬɟɩɥɟɧɧɚɹ 

ɤɨɧɫɬɪɭɤɰɢɹ ɫ 
ɩɨɜɵɲɟɧɧɵɦ 
ɬɟɩɥɨɜɵɞɟɥɟɧɢɟɦ 

ɇɟɬ  

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ 
f

1,4  

 

ɋɨɝɥɚɫɧɨ ɬɚɛɥɢɰɟ 3.3 ɛɵɥ ɜɵɩɨɥɧɟɧ ɩɪɨɝɪɚɦɦɧɵɣ ɪɚɫɱɟɬ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ 

ɪɚɫɱɟɬɧɨɣ ɜɟɥɢɱɢɧɵ ɫɧɟɝɨɜɨɣ ɧɚɝɪɭɡɤɢ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɪɚɫɱɟɬɚ 

ɜɵɩɨɥɧɟɧɵ ɫɨɝɥɚɫɧɨ [3] 

 

Ɋɢɫɭɧɨɤ 3.5 – ɋɧɟɝɨɜɚɹ ɧɚɝɪɭɡɤɚ, ɤɇ/ɦ2 

 

Ɋɢɫɭɧɨɤ 3.5 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɫɯɟɦɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɫɧɟɝɨɜɨɣ ɧɚɝɪɭɡɤɢ. 
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3.4.3 Ɉɫɧɨɜɧɚɹ ɜɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ  

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɪɢɦɟɪɟ ɪɚɣɨɧɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɹɜɥɹɟɬɫɹ ɝ. 

Ʉɪɚɫɧɨɹɪɫɤ, ɤɨɬɨɪɵɣ ɪɚɫɩɨɥɨɠɟɧ ɜ III  ɪɚɣɨɧɟ ɩɨ ɫɤɨɪɨɫɬɧɨɦɭ ɧɚɩɨɪɭ ɜɟɬɪɚ [3, 

ɩɪɢɥ. ɀ], ɞɥɹ ɤɨɬɨɪɨɝɨ ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ, W0, ɪɚɜɧɨ 

0,28 ɤɇ/ɦ2 . 

ɉɪɢɧɢɦɚɟɦ ɬɢɩ ɦɟɫɬɧɨɫɬɢ ȼ (ɝɨɪɨɞɫɤɢɟ ɬɟɪɪɢɬɨɪɢɢ, ɥɟɫɧɵɟ ɦɚɫɫɢɜɵ ɢ 

ɞɪɭɝɢɟ ɦɟɫɬɧɨɫɬɢ, ɪɚɜɧɨɦɟɪɧɨ ɩɨɤɪɵɬɵɟ ɩɪɟɩɹɬɫɬɜɢɹɦɢ ɜɵɫɨɬɨɣ ɛɨɥɟɟ 10 ɦ). 

Ɉɩɪɟɞɟɥɹɟɦ ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɜɵɫɨɬɭ  ɞɨ ɪɚɫɱɟɬɧɨɣ ɨɫɢ ɩɪɨɞɨɥɶɧɨɣ ɛɚɥɤɢ 

ɩɪɢ h = 11,8 ɦ < l = 24ɦ, ze = h = 3,1 ɦ. 

Ʉɨɷɮɮɢɰɢɟɧɬ, k(ze), ɭɱɢɬɵɜɚɸɳɢɣ ɢɡɦɟɧɟɧɢɟ ɜɟɬɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ 

ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɜɵɫɨɬɵ ze=3,1 ɦ, ɪɚɜɟɧ 0,5.  

Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨ ɫɯɟɦɚɦ ɧɚɝɪɭɠɟɧɢɹ ɜɟɬɪɨɜɨɣ 

ɧɚɝɪɭɡɤɢ ɞɥɹ ɧɚɜɟɫɨɜ ɫɨɝɥɚɫɧɨ [3, ɩɪɢɥ. ɀ]: 

ɫp1 = 1,2, ɫp2 = 0,35 ɞɥɹ ɬɪɟɬɟɣ ɫɯɟɦɵ; 

ɫp1 = 1,25, ɫp2 = 0,15 ɞɥɹ ɱɟɬɜɟɪɬɨɣ ɫɯɟɦɵ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ ɜɟɬɪɚ, ξ(ze), ɩɪɢ ze=3,1 ɦ, ɪɚɜɟɧ 1,22.  

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɤɨɪɪɟɥɹɰɢɢ ɩɭɥɶɫɚɰɢɣ ɞɚɜɥɟɧɢɹ 

ɜɟɬɪɚ: 

- ɞɥɹ ɩɥɨɳɚɞɢ A = 2∙1,44 = 2,88 ɦ2, v = 0,949; 

- ɞɥɹ ɩɥɨɳɚɞɢ A = 2∙1,64 = 3,28 ɦ2, v = 0,904. 

Ɋɚɫɱɟɬ ɧɚɝɪɭɡɤɢ «ɫɜɟɪɯɭ», ɬɨ ɟɫɬɶ ɩɨ ɫɯɟɦɟ 3 ɫɨɝɥɚɫɧɨ [ɋɉ20, ɩɪɢɥ.ɀ] 

Ɋɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɜɟɬɪɨɜɵɟ ɧɚɝɪɭɡɤɢ ɧɚ 1 ɦ2 ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɨɤɪɵɬɢɹ: 

- ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ W୫ଵ, 

ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.7) 

ɉɪɢɧɢɦɚɟɦ: ଴ܹ=0,38 ɤɇ/ɦ2; ݇ሺ𝑧௘ሻ=0,5; ܿ=1,2 
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ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.7), ɩɨɥɭɱɚɟɦ 

 

௠ܹଵ = Ͳ,͵ͺ ∙ Ͳ,ͷ ∙ ͳ,ʹ = Ͳ,ʹʹͺ кНмమ ; 
 

- ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ W୫ଶ, 

ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.7) 

ɉɪɢɧɢɦɚɟɦ: ଴ܹ=0,38 ɤɇ/ɦ2; ݇ሺ𝑧௘ሻ=0,5; ܿ=0,35 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.7), ɩɨɥɭɱɚɟɦ 

 

௠ܹଶ = Ͳ,͵ͺ ∙ Ͳ,ͷ ∙ Ͳ,͵ͷ = Ͳ,Ͳ͸͸ кНмమ ; 
 

- ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɩɭɥɶɫɚɰɢɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɬɪɨɜɨɣ 

ɧɚɝɪɭɡɤɢ W୮ଵ, ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.8) 

ɉɪɢɧɢɦɚɟɦ: ௠ܹଵ=0,228 ɤɇ/ɦ2; ξሺZୣሻ=1,22; 0,949=ݒ 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.8), ɩɨɥɭɱɚɟɦ 

 W୮ଵ = Ͳ,ʹʹͺ ∙ ͳ,ʹʹ ∙ Ͳ,ͻͶͻ = Ͳ,ʹͷͳ кНмమ ;  
 

- ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɩɭɥɶɫɚɰɢɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɬɪɨɜɨɣ 

ɧɚɝɪɭɡɤɢ W୮ଶ, ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.8) 

ɉɪɢɧɢɦɚɟɦ: ௠ܹଶ=0,066 ɤɇ/ɦ2; 
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ξሺZୣሻ=1,22; 0,949=ݒ 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.8), ɩɨɥɭɱɚɟɦ 

 W୮ଶ = Ͳ,Ͳ͸͸ ∙ ͳ,ʹʹ ∙ Ͳ,ͻͶͻ = Ͳ,Ͳ͹͵ кНмమ ;  
 

- ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɩɭɥɶɫɚɰɢɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɬɪɨɜɨɣ 

ɧɚɝɪɭɡɤɢ W୮ଷ, ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.8) 

ɉɪɢɧɢɦɚɟɦ: ௠ܹଵ=0,228 ɤɇ/ɦ2; ξሺZୣሻ=1,22; 0,909=ݒ 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.8), ɩɨɥɭɱɚɟɦ 

 W୮ଷ = Ͳ,ʹʹͺ ∙ ͳ,ʹʹ ∙ Ͳ,ͻͲͻ = Ͳ,ʹ͸͵ кНмమ ;  
 

- ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɩɭɥɶɫɚɰɢɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɬɪɨɜɨɣ 

ɧɚɝɪɭɡɤɢ W୮ସ, ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.8) 

ɉɪɢɧɢɦɚɟɦ: ௠ܹଶ=0,066 ɤɇ/ɦ2; ξሺZୣሻ=1,22; 0,909=ݒ 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.8), ɩɨɥɭɱɚɟɦ 

 W୮ସ = Ͳ,Ͳ͸͸ ∙ ͳ,ʹʹ ∙ Ͳ,ͻͲͻ = Ͳ,Ͳ͹͸ кНмమ.  
 

- ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ Wଵ , ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.9) 

ɉɪɢɧɢɦɚɟɦ: 
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௠ܹଵ=0,228 ɤɇ/ɦ2; 𝑝ܹଵ=0,251 ɤɇ/ɦ2; 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.9), ɩɨɥɭɱɚɟɦ 

 Wଵ = Ͳ,ʹʹͺ + Ͳ,ʹͷͳ = Ͳ,Ͷ͹ͻ кНмమ ;  
 

- ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ Wଶ , ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.9) 

ɉɪɢɧɢɦɚɟɦ: ௠ܹଶ=0,066 ɤɇ/ɦ2; 𝑝ܹଶ=0,073 ɤɇ/ɦ2; 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.9), ɩɨɥɭɱɚɟɦ 

 Wଵ = Ͳ,Ͳ͸͸ + Ͳ,Ͳ͹͵ = Ͳ,ͳ͵ͻ кНмమ ;  
 

- ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ Wଷ , ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.9) 

ɉɪɢɧɢɦɚɟɦ: ௠ܹଵ=0,228 ɤɇ/ɦ2; 𝑝ܹଷ=0,263 ɤɇ/ɦ2; 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.9), ɩɨɥɭɱɚɟɦ 

 Wଵ = Ͳ,ʹʹͺ + Ͳ,ʹ͸͵ = Ͳ,Ͷͻͳ кНмమ ;  
 

- ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ Wସ , ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.9) 

ɉɪɢɧɢɦɚɟɦ: ௠ܹଶ=0,066 ɤɇ/ɦ2; 𝑝ܹସ=0,076 ɤɇ/ɦ2; 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.9), ɩɨɥɭɱɚɟɦ 
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Wଵ = Ͳ,Ͳ͸͸ + Ͳ,Ͳ͹͸ = Ͳ,ͳͶ͵ кНмమ.  
 

Ɋɚɫɱɟɬ ɧɚɝɪɭɡɤɢ «ɫɧɢɡɭ», ɬɨ ɟɫɬɶ ɩɨ ɫɯɟɦɟ 4 ɫɨɝɥɚɫɧɨ [3, ɩɪɢɥ. ɀ] 

 

Ɋɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɜɟɬɪɨɜɵɟ ɧɚɝɪɭɡɤɢ ɧɚ 1 ɦ2 ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɨɤɪɵɬɢɹ: 

- ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ W୫ଵ, 

ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.7) 

ɉɪɢɧɢɦɚɟɦ: ଴ܹ=0,38 ɤɇ/ɦ2; ݇ሺ𝑧௘ሻ=0,5; ܿ=1,25 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.7), ɩɨɥɭɱɚɟɦ 

 

௠ܹଵ = Ͳ,͵ͺ ∙ Ͳ,ͷ ∙ ͳ,ʹͷ = Ͳ,ʹ͵͹ кНмమ ; 
 

- ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ W୫ଶ, 

ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.7) 

ɉɪɢɧɢɦɚɟɦ: ଴ܹ=0,38 ɤɇ/ɦ2; ݇ሺ𝑧௘ሻ=0,5; ܿ=0,15 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.7), ɩɨɥɭɱɚɟɦ 

 

௠ܹଶ = Ͳ,͵ͺ ∙ Ͳ,ͷ ∙ Ͳ,ͳͷ = Ͳ,Ͳʹͺ кНмమ ; 
 

- ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɩɭɥɶɫɚɰɢɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɬɪɨɜɨɣ 

ɧɚɝɪɭɡɤɢ W୮ଵ, ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.8) 
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ɉɪɢɧɢɦɚɟɦ: ௠ܹଵ=0,237 ɤɇ/ɦ2; ξሺZୣሻ=1,22; 0,949=ݒ 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.8), ɩɨɥɭɱɚɟɦ 

 W୮ଵ = Ͳ,ʹ͵͹ ∙ ͳ,ʹʹ ∙ Ͳ,ͻͶͻ = Ͳ,ʹ͸ͳ кНмమ ;  
 

- ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɩɭɥɶɫɚɰɢɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɬɪɨɜɨɣ 

ɧɚɝɪɭɡɤɢ W୮ଶ, ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.8) 

ɉɪɢɧɢɦɚɟɦ: ௠ܹଶ=0,028 ɤɇ/ɦ2; ξሺZୣሻ=1,22; 0,949=ݒ 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.8), ɩɨɥɭɱɚɟɦ 

 W୮ଶ = Ͳ,Ͳʹͺ ∙ ͳ,ʹʹ ∙ Ͳ,ͻͶͻ = Ͳ,Ͳ͵ͳ кНмమ ;  
 

- ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɩɭɥɶɫɚɰɢɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɬɪɨɜɨɣ 

ɧɚɝɪɭɡɤɢ W୮ଷ, ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.8) 

ɉɪɢɧɢɦɚɟɦ: ௠ܹଵ=0,237 ɤɇ/ɦ2; ξሺZୣሻ=1,22; 0,909=ݒ 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.8), ɩɨɥɭɱɚɟɦ 

 W୮ଷ = Ͳ,ʹ͵͹ ∙ ͳ,ʹʹ ∙ Ͳ,ͻͲͻ = Ͳ,ʹ͹Ͷ кНмమ ;  
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- ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɩɭɥɶɫɚɰɢɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɟɬɪɨɜɨɣ 

ɧɚɝɪɭɡɤɢ W୮ସ, ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.8) 

ɉɪɢɧɢɦɚɟɦ: ௠ܹଶ=0,028 ɤɇ/ɦ2; ξሺZୣሻ=1,22; 0,909=ݒ 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.8), ɩɨɥɭɱɚɟɦ 

 W୮ସ = Ͳ,Ͳʹͺ ∙ ͳ,ʹʹ ∙ Ͳ,ͻͲͻ = Ͳ,Ͳ͵ʹ кНмమ.  
 

- ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ Wଵ , ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.9) 

ɉɪɢɧɢɦɚɟɦ: ௠ܹଵ=0,237 ɤɇ/ɦ2; 𝑝ܹଵ=0,261 ɤɇ/ɦ2; 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.9), ɩɨɥɭɱɚɟɦ 

 Wଵ = Ͳ,ʹ͵͹ + Ͳ,ʹ͸ͳ = Ͳ,Ͷ͹ͻ кНмమ ;  
 

- ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ Wଶ , ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.9) 

ɉɪɢɧɢɦɚɟɦ: ௠ܹଶ=0,028 ɤɇ/ɦ2; 𝑝ܹଶ=0,031 ɤɇ/ɦ2; 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.9), ɩɨɥɭɱɚɟɦ 

 Wଵ = Ͳ,Ͳʹͺ + Ͳ,Ͳ͵ͳ = Ͳ,Ͳͷͻ кНмమ ;  
 

- ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ Wଷ , ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.9) 

ɉɪɢɧɢɦɚɟɦ: 
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௠ܹଵ=0,237 ɤɇ/ɦ2; 𝑝ܹଷ=0,274 ɤɇ/ɦ2; 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.9), ɩɨɥɭɱɚɟɦ 

 Wଵ = Ͳ,ʹ͵͹ + Ͳ,ʹ͹Ͷ = Ͳ,ͷͳͳ кНмమ ;  
 

- ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ Wସ , ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ (2.9) 

ɉɪɢɧɢɦɚɟɦ: ௠ܹଶ=0,028 ɤɇ/ɦ2; 𝑝ܹସ=0,032 ɤɇ/ɦ2; 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.9), ɩɨɥɭɱɚɟɦ 

 Wଵ = Ͳ,Ͳʹͺ + Ͳ,Ͳ͵ʹ = Ͳ,Ͳ͸ кНмమ.  
 

ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɪɚɫɱɟɬɚɦ ɜ ɬɚɛɥɢɰɟ 3.4 ɨɬɨɛɪɚɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 

ɡɧɚɱɟɧɢɣ ɪɚɜɧɨɦɟɪɧɨ-ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɬɪɚɩɟɰɢɜɢɞɧɵɯ ɜɟɬɪɨɜɵɯ ɧɚɝɪɭɡɨɤ.  

 

Ɍɚɛɥɢɰɚ 3.4 – Ɋɟɡɭɥɶɬɚɬɵ ɡɧɚɱɟɧɢɣ ɪɚɜɧɨɦɟɪɧɨ-ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ 

ɬɪɚɩɟɰɢɜɢɞɧɵɯ ɜɟɬɪɨɜɵɯ ɧɚɝɪɭɡɨɤ. 

ɋɪɟɞɧɹɹ 
ɫɨɫɬɚɜɥɹɸɳɚɹ 

ɉɭɥɶɫɚɰɢɨɧɧɚɹ 
ɫɨɫɬɚɜɥɹɸɳɚɹ 

ɇɨɪɦɚɬɢɜɧɨɟ 
ɡɧɚɱɟɧɢɟ, ɤɇ/ɦ2 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɧɚɞɟɠɧɨɫɬɢ ɩɨ 

ɧɚɝɪɭɡɤɟ γf 

Ɋɚɫɱɟɬɧɨɟ 
ɡɧɚɱɟɧɢɟ, ɤɇ/ɦ2 

ɇɚɢɦ. Ɂɧɚɱ. ɇɚɢɦ. Ɂɧɚɱ. ɇɚɢɦ. Ɂɧɚɱ. Ɂɧɚɱ. Ɂɧɚɱ. 
ɉɟɪɟɞɚɱɚ ɧɚɝɪɭɡɤɢ «ɫɜɟɪɯɭ» ɩɨ ɫɯɟɦɟ №3 

Wm1 0,228 
Wp1 0,251 W1 0,479 

1,4 

0,671 

Wp2 0,073 W2 0,139 0,195 

Wm2 0,066 
Wp3 0,263 W3 0,491 0,687 

Wp4 0,076 W4 0,143 0,200 

ɉɟɪɟɞɚɱɚ ɧɚɝɪɭɡɤɢ «ɫɧɢɡɭ» ɩɨ ɫɯɟɦɟ №4 

Wm1 0,237 
Wp1 0,261 W1 0,498 

1,4 

0,697 

Wp2 0,031 W2 0,059 0,083 

Wm2 0,028 Wp3 0,274 W3 0,511 0,715 
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Wp4 0,032 W4 0,06 0,084 

 

3.4.4 ɉɢɤɨɜɚɹ ɜɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ  

ɋɨɝɥɚɫɧɨ [3 ɩ. 11.1.2] ɧɚɜɟɫɵ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɢɤɨɜɵɟ 

ɩɨɥɨɠɢɬɟɥɶɧɵɟ W+ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ W- ɜɨɡɞɟɣɫɬɜɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ. 

Ɋɚɫɱɟɬ ɧɚɝɪɭɡɤɢ «ɫɜɟɪɯɭ», ɬɨ ɟɫɬɶ ɩɨ ɫɯɟɦɟ 3 ɫɨɝɥɚɫɧɨ [3, ɩɪɢɥ. ɀ] 

ɇɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɩɢɤɨɜɨɣ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ Wଵሺ+ሻ, ɧɚɯɨɞɢɦ ɩɨ 

ɮɨɪɦɭɥɟ (2.11) 

ɉɪɢɧɢɦɚɟɦ: ݓ଴=0,38 ɤɇ/ɦ2; kሺzୣሻ=0,5; 𝜁ሺ𝑧௘ሻ =1,22; ܿ=1,2 0,957=ݒ 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.11), ɩɨɥɭɱɚɟɦ 

 

ଵܹሺ+ሻ = Ͳ,͵ͺ ∙ Ͳ,ͷ ∙ [ͳ + ͳ,ʹʹ] ∙ ͳ,ʹ ∙ Ͳ,ͻͷ͹ = Ͳ,ͶͺͶ кНмమ  
 

ɇɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɩɢɤɨɜɨɣ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ Wଶሺ+ሻ, ɧɚɯɨɞɢɦ ɩɨ 

ɮɨɪɦɭɥɟ (2.11) 

ɉɪɢɧɢɦɚɟɦ: ݓ଴=0,38 ɤɇ/ɦ2; kሺzୣሻ=0,5; 𝜁ሺ𝑧௘ሻ =1,22; ܿ=1,2 0,970=ݒ 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.11), ɩɨɥɭɱɚɟɦ 
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ଶܹሺ+ሻ = Ͳ,͵ͺ ∙ Ͳ,ͷ ∙ [ͳ + ͳ,ʹʹ] ∙ ͳ,ʹ ∙ Ͳ,ͻ͹Ͳ = Ͳ,ͶͻͲ кНмమ  
 

Ɋɚɫɱɟɬ ɧɚɝɪɭɡɤɢ «ɫɧɢɡɭ», ɬɨ ɟɫɬɶ ɩɨ ɫɯɟɦɟ 4 ɫɨɝɥɚɫɧɨ [3, ɩɪɢɥ. ɀ] 

ɇɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɩɢɤɨɜɨɣ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ Wଷሺ+ሻ, ɧɚɯɨɞɢɦ ɩɨ 

ɮɨɪɦɭɥɟ (2.11) 

ɉɪɢɧɢɦɚɟɦ: ݓ଴=0,38 ɤɇ/ɦ2; kሺzୣሻ=0,5; 𝜁ሺ𝑧௘ሻ =1,22; ܿ=1,2 0,957=ݒ 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.11), ɩɨɥɭɱɚɟɦ 

 

ଷܹሺ+ሻ = Ͳ,͵ͺ ∙ Ͳ,ͷ ∙ [ͳ + ͳ,ʹʹ] ∙ ͳ,ʹͷ ∙ Ͳ,ͻͷ͹ = Ͳ,ͷͲͶ кНмమ  
 

ɇɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɩɢɤɨɜɨɣ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ Wସሺ+ሻ, ɧɚɯɨɞɢɦ ɩɨ 

ɮɨɪɦɭɥɟ (2.11) 

ɉɪɢɧɢɦɚɟɦ: ݓ଴=0,38 ɤɇ/ɦ2; kሺzୣሻ=0,5; 𝜁ሺ𝑧௘ሻ =1,22; ܿ=1,2 0,970=ݒ 

ɉɨɞɫɬɚɜɥɹɟɦ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (2.11), ɩɨɥɭɱɚɟɦ 

 

ସܹሺ+ሻ = Ͳ,͵ͺ ∙ Ͳ,ͷ ∙ [ͳ + ͳ,ʹʹ] ∙ ͳ,ʹͷ ∙ Ͳ,ͻ͹Ͳ = Ͳ,ͷͳͳ кНмమ  
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ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɪɚɫɱɟɬɚɦ, ɜ ɬɚɛɥɢɰɟ 3.5 ɨɬɨɛɪɚɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 

ɡɧɚɱɟɧɢɣ ɪɚɜɧɨɦɟɪɧɨ-ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɩɢɤɨɜɵɯ ɜɟɬɪɨɜɵɯ ɧɚɝɪɭɡɨɤ.  

 

Ɍɚɛɥɢɰɚ 3.5 – Ɋɟɡɭɥɶɬɚɬɵ ɡɧɚɱɟɧɢɣ ɪɚɜɧɨɦɟɪɧɨ-ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɩɢɤɨɜɵɯ 

ɜɟɬɪɨɜɵɯ ɧɚɝɪɭɡɨɤ. 

ɇɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ, ɤɇ/ɦ2 
Ʉɨɷɮɮɢɰɢɟɧɬ 
ɧɚɞɟɠɧɨɫɬɢ 

ɩɨ ɧɚɝɪɭɡɤɟ γf 
Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ, ɤɇ/ɦ2 

ɇɚɢɦ. Ɂɧɚɱ. Ɂɧɚɱ. Ɂɧɚɱ. 
ɉɟɪɟɞɚɱɚ ɧɚɝɪɭɡɤɢ «ɫɜɟɪɯɭ» ɩɨ ɫɯɟɦɟ №3 

W1+ 0,484 
1,4 

0,677 

W2+ 0,490 0,686 

ɉɟɪɟɞɚɱɚ ɧɚɝɪɭɡɤɢ «ɫɜɟɪɯɭ» ɩɨ ɫɯɟɦɟ №4 

W1+ 0,504 
1,4 

0,706 

W2+ 0,511 0,715 

 

3.4.5 Ɋɚɫɱɟɬɧɵɟ ɫɨɱɟɬɚɧɢɹ ɭɫɢɥɢɣ 

ɋɨɝɥɚɫɧɨ ɫɨɛɪɚɧɧɵɦ ɧɚɝɪɭɠɟɧɢɹɦ [3] ɬɪɟɛɭɟɬ ɫɨɫɬɚɜɢɬɶ ɤɨɦɛɢɧɚɰɢɢ 

ɡɚɝɪɭɠɟɧɢɣ ɫ ɪɚɫɱɟɬɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɫɨɱɟɬɚɧɢɹ. ɗɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ 

ɚɧɚɥɢɡɚ ɧɚɢɛɨɥɟɟ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɣ ɧɚɝɪɭɡɤɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦɢ ɜɨɡɧɢɤɚɸɳɢɦɢ 

ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɜɧɭɬɪɟɧɧɢɦɢ ɭɫɢɥɢɹɦɢ ɢ ɧɚɩɪɹɠɟɧɢɹɦɢ. ɉɨɫɥɟ ɩɨɥɭɱɟɧɧɵɯ 

ɦɚɤɫɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɭɫɢɥɢɣ ɩɪɨɜɨɞɢɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɪɚɫɱɟɬ 

ɤɨɧɫɬɪɭɤɰɢɢ. 

ȼɫɟ ɧɚɝɪɭɡɤɢ, ɜɨɫɩɪɢɧɢɦɚɟɦɵɟ ɤɨɧɫɬɪɭɤɰɢɟɣ,  ɢ ɢɯ ɡɧɚɱɟɧɢɹ ɫɜɟɞɟɧɵ ɢ 

ɨɬɨɛɪɚɠɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.6 

 

Ɍɚɛɥɢɰɚ 3.6 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɡɚɝɪɭɠɟɧɢɣ 

№ ɩ/ɩ ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɇɨɪɦɚɬɢɜɧɨɟ 

ɡɧɚɱɟɧɢɟ, 
ɤɇ/ɦ2 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɧɚɞɟɠɧɨɫɬɢ ɩɨ 

ɧɚɝɪɭɡɤɟ γf 

Ɋɚɫɱɟɬɧɨɟ 
ɡɧɚɱɟɧɢɟ, 

ɤɇ/ɦ2 
ɉɨɫɬɨɹɧɧɵɟ ɧɚɝɪɭɡɤɢ 

L1 
ɋɨɛɫɬɜɟɧɧɵɣ  ɜɟɫ 

ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ 
0,269 1,1 0,296 

ȼɪɟɦɟɧɧɵɟ ɧɚɝɪɭɡɤɢ 
L2 ɋɧɟɝɨɜɚɹ ɧɚɝɪɭɡɤɚ 2,472 1,4 3,532 
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№ ɩ/ɩ ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɇɨɪɦɚɬɢɜɧɨɟ 

ɡɧɚɱɟɧɢɟ, 
ɤɇ/ɦ2 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɧɚɞɟɠɧɨɫɬɢ ɩɨ 

ɧɚɝɪɭɡɤɟ γf 

Ɋɚɫɱɟɬɧɨɟ 
ɡɧɚɱɟɧɢɟ, 

ɤɇ/ɦ2 

L3 
ȼɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ ɩɨ 
ɫɯɟɦɟ №3 «ɫɜɟɪɯɭ» 

0,479 
0,139 
0,491 
0,143 

1,4 

0,671 
0,195 
0,687 
0,200 

L4 
ȼɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ ɩɨ 

ɫɯɟɦɟ №4 «ɫɧɢɡɭ» 

0,498 
0,059 
0,511 
0,06 

1,4 

0,697 
0,083 
0,715 
0,084 

L5 
ɉɢɤɨɜɚɹ ɜɟɬɪɨɜɚɹ 

ɧɚɝɪɭɡɤɚ ɩɨ ɫɯɟɦɟ №3 
«ɫɜɟɪɯɭ» 

0,484 
0,490 

1,4 
0,677 
0,686 

L6 
ɉɢɤɨɜɚɹ ɜɟɬɪɨɜɚɹ 

ɧɚɝɪɭɡɤɚ ɩɨ ɫɯɟɦɟ №4 
«ɫɧɢɡɭ» 

0,504 
0,511 

1,4 
0,706 
0,715 

 

Ʉɨɦɛɢɧɚɰɢɢ ɡɚɝɪɭɠɟɧɢɣ ɫ ɪɚɫɱɟɬɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɫɨɱɟɬɚɧɢɹ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.7 

 

 Ɍɚɛɥɢɰɚ 3.7 – Ʉɨɦɛɢɧɚɰɢɢ ɡɚɝɪɭɠɟɧɢɣ ɫ ɪɚɫɱɟɬɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 

ɫɨɱɟɬɚɧɢɹ 

№ ɩ/ɩ ɂɦɹ ɤɨɦɛɢɧɚɰɢɢ Ɏɨɪɦɭɥɚ 
ɉɪɢ ɨɫɧɨɜɧɨɣ ɜɟɬɪɨɜɨɣ ɜ «ɡɢɦɧɟɟ ɜɪɟɦɹ» 

1 L6 L1‧1+L2‧0,9+L3‧0,7+L4‧0,5 
2 L7 L1‧1+L2‧0,9+L4‧0,7+L3‧0,5 
3 L8 L1‧1+L3‧0,9+L4‧0,8+L2‧0,5 
4 L9 L1‧1+L4‧0,9+L3‧0,9+L2‧0,5 

ɉɪɢ ɩɢɤɨɜɨɣ ɜɟɬɪɨɜɨɣ ɜ «ɡɢɦɧɟɟ ɜɪɟɦɹ» 
5 L10 L1‧1+L2‧0,9+L5‧0,7+L6‧0,5 
6 L11 L1‧1+L2‧0,9+L6‧0,7+L5‧0,5 
7 L12 L1‧1+L5‧0,9+L6‧0,8+L2‧0,5 
8 L13 L1‧1+L6‧0,9+L5‧0,9+L2‧0,5 

ɉɪɢ ɨɫɧɨɜɧɨɣ ɜɟɬɪɨɜɨɣ ɜ «ɥɟɬɧɟɟ ɜɪɟɦɹ» 
9 L14 L1‧1+L3‧0,9+L4‧0,9+L2‧0 
10 L15 L1‧1+L3‧0,9+L4‧0,5+L2‧0 
11 L16 L1‧1+L4‧0,9+L3‧0,5+L2‧0 

ɉɪɢ ɩɢɤɨɜɨɣ ɜɟɬɪɨɜɨɣ ɜ «ɥɟɬɧɟɟ ɜɪɟɦɹ» 
12 L17 L1‧1+L5‧0,9+L6‧0,9+L2‧0 
13 L18 L1‧1+L5‧0,9+L6‧0,5+L2‧0 
14 L19 L1‧1+L6‧0,9+L5‧0,5+L2‧0 
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3.4 Ɋɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɜɚɧɬɨɜɨɣ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜ 

ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ 

ɋɨɝɥɚɫɧɨ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɜɵɩɨɥɧɢɬɶ 

ɫɬɪɟɠɧɟɜɨɣ-ɩɥɚɫɬɢɧɱɚɬɵɣ ɪɚɫɱɟɬ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɝɪɚɦɦɧɵɯ 

ɤɨɦɩɥɟɤɫɚɯ ɫ ɰɟɥɶɸ ɩɪɨɜɟɪɤɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɚɧɚɥɢɡɚ ɢɯ 

ɪɚɫɯɨɠɞɟɧɢɹ. 

ȼ «ɩɟɪɟɪɚɫɱɟɬɟ» ɩɪɨɝɪɚɦɦɧɵɦɢ ɤɨɦɥɟɤɫɚɦɢ ɩɨɫɥɭɠɢɥɢ: 

1 SCAD Office 21 

2 ɅɂɊȺ 10 

3 Autodesk Robot Structural Analysis 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜ ɉɄ «SCAD» ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɚɯ 3.6-3.7 

 
Ɋɢɫɭɧɨɤ 3.6 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɤɨɧɫɬɪɭɤɰɢɢ  

 



67 
 

 
Ɋɢɫɭɧɨɤ 3.7 – Ɏɪɚɝɦɟɧɬ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ  

 
Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜ ɉɄ «ɅɂɊȺ 10» ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɚɯ 3.8-3.9 

 
 

Ɋɢɫɭɧɨɤ 3.8 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɤɨɧɫɬɪɭɤɰɢɢ  
 

 
 

Ɋɢɫɭɧɨɤ 3.9 – Ɏɪɚɝɦɟɧɬ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ  
Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜ ɉɄ «Autodesk Robot Structural Analysis» ɢɡɨɛɪɚɠɟɧɚ 

ɧɚ ɪɢɫɭɧɤɚɯ 3.10-3.11 
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Ɋɢɫɭɧɨɤ 3.10 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɤɨɧɫɬɪɭɤɰɢɢ  
 

 
 

Ɋɢɫɭɧɨɤ 3.11 – Ɏɪɚɝɦɟɧɬ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ  
 

3.4.1 ɋɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 

ɗɬɨ ɞɨɩɭɳɟɧɢɟ ɛɵɥɨ ɩɪɢɧɹɬɨ ɩɨɫɪɟɞɫɬɜɨɦ ɚɧɚɥɢɡɚ ɪɚɛɨɬɵ 

ɭɩɥɨɬɧɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ. 



69 
 

ɍɩɥɨɬɧɢɬɟɥɶɧɚɹ ɪɟɡɢɧɚ, ɤɨɬɨɪɚɹ ɩɟɪɟɞɚɟɬ ɧɚɝɪɭɡɤɭ ɧɚ ɛɚɥɤɢ 

ɢɞɟɚɥɢɡɢɪɭɟɬ ɞɟɣɫɬɜɢɟ ɲɚɪɧɢɪɚ, ɧɟ ɡɚɩɪɟɳɚɸɳɟɦɭ ɩɨɜɨɪɨɬɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɜ 

ɦɟɫɬɟ ɩɪɢɦɵɤɚɧɢɹ ɛɚɥɨɤ ɫɨ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜ ɉɄ «SCAD» ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.12-3.13 

 

ɚ) 

 
ɛ) 
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ɜ) 

Ɋɢɫɭɧɨɤ 3.12 – ɗɩɸɪɵ ɜɧɭɬɪɟɧɧɢɯ ɭɫɢɥɢɣ 
ɚ) ɩɪɨɞɨɥɶɧɵɯ N, ɤɇ.  
ɛ) ɩɨɩɟɪɟɱɧɵɯ Q, ɤɇ; 

ɜ) ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ My, ɤɇ 

 
Ɋɢɫɭɧɨɤ 3.13 – ɉɟɪɟɦɟɳɟɧɢɹ ɜɞɨɥɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ z 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜ ɉɄ «ɅɂɊȺ10» ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.14-3.15 
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ɚ) 

 
ɛ) 

 

 
ɜ) 

Ɋɢɫɭɧɨɤ 3.14 – ɗɩɸɪɵ ɜɧɭɬɪɟɧɧɢɯ ɭɫɢɥɢɣ 
ɚ) ɩɪɨɞɨɥɶɧɵɯ N, ɤɇ.  
ɛ) ɩɨɩɟɪɟɱɧɵɯ Q, ɤɇ; 

ɜ) ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ My, ɤɇ 
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Ɋɢɫɭɧɨɤ 3.15 – ɉɟɪɟɦɟɳɟɧɢɹ ɜɞɨɥɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ z 

 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜ ɉɄ «Autodesk Robot Structural Analysis» 

ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.16-3.17 

 

 
ɚ) 
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ɛ) 

 

 
ɜ) 

Ɋɢɫɭɧɨɤ 3.16 – ɗɩɸɪɵ ɜɧɭɬɪɟɧɧɢɯ ɭɫɢɥɢɣ 
ɚ) ɩɪɨɞɨɥɶɧɵɯ N, ɤɇ.  
ɛ) ɩɨɩɟɪɟɱɧɵɯ Q, ɤɇ; 

ɜ) ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ My, ɤɇ 
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Ɋɢɫɭɧɨɤ 3.17 – ɉɟɪɟɦɟɳɟɧɢɹ ɜɞɨɥɶ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ z 
 

3.5 Аɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɩɟɪɟɦɟɳɟɧɢɹɦ ɢ ɭɫɢɥɢɹɦ ɜ 
ɤɨɧɫɬɪɭɤɰɢɢ 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ, ɱɚɫɬɶ ɤɨɬɨɪɵɯ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɚɯ 

3.12-3.17 ɫɨɫɬɚɜɢɦ ɬɚɛɥɢɰɭ 3.8, ɜ ɤɨɬɨɪɨɣ ɨɬɨɛɪɚɡɢɦ ɦɚɤɫɢɦɚɥɶɧɵɟ 

ɩɟɪɟɦɟɳɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɤɨɧɫɬɪɭɤɰɢɢ. 

 

Ɍɚɛɥɢɰɚ 3.8 – ɉɟɪɟɦɟɳɟɧɢɟ ɤɪɚɣɧɢɯ ɭɡɥɨɜ δ, ɦɦ, ɜ ɦɟɫɬɚɯ ɤɪɟɩɥɟɧɢɹ 

ɩɨɩɟɪɟɱɧɵɯ ɛɚɥɨɤ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚɝɪɭɡɨɤ, ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɚɯ 

ɡɚɤɪɟɩɥɟɧɢɹ 

ȼɚ
ɪɢ

ɚɧ
ɬ 

ɡɚ
ɤɪ

ɟɩ
ɥɟ

ɧɢ
ɹ  ɋɩɨɫɨɛ ɧɚɝɪɭɠɟɧɢɹ 

ɋɬɚɬɢɱɟɫɤɨɟ ȼɟɬɪɨɜɨɟ Ɋɚɫɱɟɬɧɨɟ ɫɨɱɟɬɚɧɢɟ 
Ʌɢɧɟɣɧɨɟ 
ɩɟɪɟɦɟɳɟ

ɧɢɟ 
ɉɨɜɨɪɨɬ 

Ʌɢɧɟɣɧɨɟ 
ɩɟɪɟɦɟɳɟɧɢɟ 

ɉɨɜɨɪɨɬ 
Ʌɢɧɟɣɧɨɟ 

ɩɟɪɟɦɟɳɟɧɢɟ 
ɉɨɜɨɪɨɬ 

ɀ
ɟɫ

ɬɤ
ɨɟ

 
ɫɨ

ɩɪ
ɹɠ

ɟɧ
ɢɟ

 

-4,03 0,012 14,03 0,05 -17,54 0,07 
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ɒ
ɚɪ

ɧɢ
ɪɧ

ɨɟ
 

ɫɨ
ɩɪ

ɹɠ
ɟɧ

ɢɟ
 

-1,64 0 10,01 0 -11,2 0 

 

ɒɚɪɧɢɪɧɨɟ ɡɚɤɪɟɩɥɟɧɢɟ ɜ ɬɚɛɥɢɰɟ 1 ɛɵɥɨ ɩɪɢɧɹɬɨ ɫ ɞɨɩɭɳɟɧɢɟɦ, ɱɬɨ 

ɭɩɥɨɬɧɢɬɟɥɶɧɵɟ ɪɟɡɢɧɨɜɵɟ ɷɥɟɦɟɧɬɵ ɧɟ ɛɭɞɭɬ ɨɝɪɚɧɢɱɢɜɚɬɶ ɦɨɦɟɧɬɧɵɟ 

ɫɨɫɬɚɜɥɹɸɳɢɟ. Ɂɚ ɫɬɚɬɢɱɟɫɤɨɟ ɧɚɝɪɭɠɟɧɢɟ ɩɪɢɧɢɦɚɟɬɫɹ ɋɨɛɫɬɜɟɧɧɵɣ  ɜɟɫ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɚ ɬɚɤɠɟ ɜɟɫ ɫɧɟɝɨɜɨɝɨ ɩɨɤɪɨɜɚ, ɫɨɝɥɚɫɧɨ III ɫɧɟɝɨɜɨɦɭ ɪɚɣɨɧɭ, 

ɜɟɬɪɨɜɨɟ ɧɚɝɪɭɠɟɧɢɟ ɩɪɢɧɢɦɚɥɨɫɶ ɜ ɜɢɞɟ ɬɪɚɩɟɰɢɜɢɞɧɨɣ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ 

ɧɚɝɪɭɡɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ III ɜɟɬɪɨɜɨɦɭ ɪɚɣɨɧɭ (ɫ ɭɱɟɬɨɦ ɞɟɣɫɬɜɢɹ 

ɩɭɥɶɫɚɰɢɨɧɧɨɣ ɜɟɬɪɨɜɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ), ɡɚ ɪɚɫɱɟɬɧɨɟ ɫɨɱɟɬɚɧɢɟ ɩɪɢɧɢɦɚɥɨɫɶ 

ɞɟɣɫɬɜɢɟ ɧɚɢɛɨɥɟɟ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɧɚɝɪɭɡɨɤ, ɚ ɢɦɟɧɧɨ: 

ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɫ ɩɪɢɧɢɦɚɥɫɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɪɚɜɧɵɦ 1 (ɟɞɢɧɢɰɟ), ɜɟɬɪɨɜɚɹ 

ɧɚɝɪɭɡɤɚ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɪɚɜɧɵɦ 0,9, ɚ ɫɧɟɝɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɟ ɭɱɢɬɵɜɚɥɚɫɶ 

ɜɨɜɫɟ. 

Ɍɚɤɠɟ ɛɵɥɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɩɟɪɟɦɟɳɟɧɢɟ ɭɥɨɜ ɜɚɧɬ ɩɪɢ ɞɟɣɫɬɜɢɢ 

ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɣ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ. ȼ ɬɚɛɥɢɰɟ 3.9 ɨɬɨɛɪɚɠɟɧɵ ɡɧɚɱɟɧɢɹ 

ɩɟɪɟɦɟɳɟɧɢɣ ɤɪɚɣɧɢɯ ɤɨɧɫɨɥɶɧɵɯ ɭɡɥɨɜ ɤɪɟɩɥɟɧɢɹ ɜɚɧɬ. 

 

Ɍɚɛɥɢɰɚ 3.9. ɉɟɪɟɦɟɳɟɧɢɟ ɤɪɚɣɧɢɯ ɭɡɥɨɜ δ, ɦɦ, ɜ ɦɟɫɬɚɯ ɤɪɟɩɥɟɧɢɹ ɜɚɧɬ ɩɪɢ 

ɞɟɣɫɬɜɢɢ ɪɚɫɱɟɬɧɵɯ ɧɚɝɪɭɡɨɤ 

Ʌɢɧɟɣɧɨɟ ɭɡɥɨɜɨɟ ɩɟɪɟɦɟɳɟɧɢɟ 
ȼɟɬɪɨɜɨɟ ɧɚɝɪɭɠɟɧɢɟ ɩɨ ɫɯɟɦɟ №3 ȼɟɬɪɨɜɨɟ ɧɚɝɪɭɠɟɧɢɟ ɩɨ ɫɯɟɦɟ №4 
10,01 -6,4 

3.6 ȼɵɜɨɞ ɩɨ ɝɥɚɜɟ 3 

Ɋɚɫɫɱɢɬɚɜ ɤɨɧɫɬɪɭɤɰɢɸ ɫ ɞɜɭɦɹ ɪɚɡɧɵɦɢ ɪɚɫɱɟɬɧɵɦɢ ɫɯɟɦɚɦɢ, ɫɞɟɥɚɟɦ 

ɧɟɫɤɨɥɶɤɨ ɜɵɜɨɞɨɜ: 

1 Ⱦɨɩɭɳɟɧɢɟ ɨ ɲɚɪɧɢɪɧɨɦ ɫɨɩɪɹɠɟɧɢɢ ɩɨɩɟɪɟɱɧɵɯ ɛɚɥɨɤ ɤ 

ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɦɭ ɡɚɩɨɥɧɟɧɢɸ ɛɨɥɟɟ ɱɟɦ ɩɪɢɟɦɥɟɦɨ, ɬ.ɤ ɩɪɢ ɬɚɤɨɣ ɪɚɫɱɟɬɧɨɣ 

ɫɯɟɦɟ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨ ɜɵɝɥɹɞɢɬ ɷɩɸɪɚ ɦɨɦɟɧɬɨɜ. Ɍ.ɟ ɭɠɟ ɦɨɠɧɨ 
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ɝɨɜɨɪɢɬɶ ɨ ɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨɦ ɪɚɛɨɬɟ ɤɨɧɫɬɪɭɤɰɢɣ ɛɟɡ ɭɬɨɱɧɟɧɧɨɝɨ 

ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɪɚɫɱɟɬɚ. 

2 ɉɪɢ ɬɪɟɛɭɟɦɨɦ ɡɚɝɪɭɠɟɧɢɢ ɩɢɤɨɜɨɣ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɟ ɢ ɩɪɢ ɡɚɞɚɧɢɢ 

ɟɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɫɧɢɡɭ ɫɨɝɥɚɫɧɨ [3, ɩɪɢɥ.5, ɪɢɫ. 1] ɧɚ ɤɨɧɫɨɥɶɧɵɯ ɭɡɥɚɯ 

ɜɚɧɬɨɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɨɡɧɢɤɚɸɬ ɫɠɢɦɚɸɳɢɟ ɭɫɢɥɢɹ, ɱɬɨ ɧɟɞɨɩɭɫɬɢɦɨ ɩɪɢ 

ɪɚɛɨɬɟ ɚɛɫɨɥɸɬɧɨ-ɭɩɪɭɝɢɯ ɜɚɧɬ, ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɵɯ ɢ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɜ 

ɜɢɞɟ ɫɬɚɥɶɧɨɝɨ ɬɪɨɫɟɜɢɞɧɨɝɨ ɤɚɧɚɬɚ.  

3. ȼ ɫɜɹɡɢ ɫ ɜɵɲɟɭɤɚɡɚɧɧɵɦ ɜɵɜɨɞɨɦ ɧɟɨɛɯɨɞɢɦɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ 

ɢɡɦɟɧɟɧɢɟ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɦɭ ɰɟɥɢɤɨɦ ɜɫɹ ɤɨɧɫɬɭɪɤɰɢɹ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ 

ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨ.  
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Ƚɥɚɜɚ 4 Ʉɨɧɫɬɪɭɤɬɢɜɧɵɣ ɪɚɫɱɟɬ  

4.1 ɂɫɫɥɟɞɨɜɚɧɢɟ ɢ ɚɧɚɥɢɡ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɞɟɣɫɬɜɢɟ 
ɫɬɚɬɢɱɟɫɤɨɝɨ ɜɟɬɪɨɜɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ANSYS 

Ⱦɥɹ ɢɡɨɛɪɚɠɟɧɢɹ ɨɛɳɟɣ ɧɚɩɪɹɠɟɧɧɨɣ ɤɚɪɬɢɧɵ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɞɚɧɧɨɣ 

ɱɚɫɬɢ ɦɵ ɫɨɡɞɚɞɢɦ ɬɪɟɯɦɟɪɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɜ Autodesk Revit. 

BIM-ɦɨɞɟɥɶ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.1 

 

 
Ɋɢɫɭɧɨɤ 4.1 -  BIM-ɦɨɞɟɥɶ ɤɨɧɫɬɪɭɤɰɢɢ 

 
Ɇɨɞɟɥɶ ɢɡ Autodesk Revit ɛɵɥɚ ɤɨɧɜɟɪɬɢɪɨɜɚɧɚ ɜ ɮɨɪɦɚɬ SAT, ɤɨɬɨɪɵɣ 

ɩɨɞɞɟɪɠɢɜɚɟɬ SpaceClaim ɢ ɪɚɫcɱɢɬɚɧɚ ɜ ɉɄ «Ansys» 
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Ɋɢɫɭɧɨɤ 4.2 -  Ƚɟɨɦɟɬɪɢɹ ɦɨɞɟɥɢ ɜ SpaceClaim 
 

ɇɚ ɪɢɫɭɧɤɟ 4.3 ɢɡɨɛɪɚɠɟɧɚ ɪɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɜ ɉɄ «Ansys» 

 

 
Ɋɢɫɭɧɨɤ 4.3 -  Ɋɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɜ ɉɄ «Ansys» 

 

4.2 Аɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ.  

ɇɚɩɪɹɠɟɧɢɹ, ɜɨɡɧɢɤɲɢɟ ɜ ɫɬɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚɯɨɞɹɬɫɹ ɜ ɭɩɪɭɝɨɣ 

ɪɚɛɨɬɟ. Ɉɧɢ ɧɟ ɩɪɟɜɵɫɢɥɢ ɩɪɟɞɟɥɚ ɜ 240 Ɇɉɚ. ɇɨ ɤɚɤ ɢ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ ɢ 

ɩɨɞɬɜɟɪɠɞɚɥɨɫɶ ɞɜɭɦɟɪɧɵɦɢ ɩɪɨɝɪɚɦɦɧɵɦɢ ɤɨɦɩɥɟɤɫɚɦɢ ɩɪɢ 

ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɯɟɦɟ ɧɚɝɪɭɠɟɧɢɹ №3, 

ɩɟɪɟɦɟɳɟɧɢɹ ɤɨɧɫɨɥɶɧɵɯ ɭɡɥɨɜ ɛɨɥɶɲɟ ɩɪɟɞɟɥɶɧɵɯ 

Ɍɚɤɠɟ ɤ ɫɤɚɡɚɧɧɨɦɭ ɪɚɧɟɟ, ɜɚɧɬɵ ɩɪɢ ɞɟɣɫɬɜɢɢ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɭɠɟ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɬɹɧɭɬɵɟ ɞɥɹ ɪɚɛɨɬɵ ɧɚ ɪɚɫɬɹɠɟɧɢɹ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɟ 

ɪɚɛɨɬɚɸɬ. 

4.3 Ʉɨɧɫɬɪɭɤɬɢɜɧɵɣ ɚɧɚɥɢɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɠɟ ɜɜɟɞɟɧɧɵɯ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɸ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɚɧɚɥɢɡ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɋɨɝɥɚɫɧɨ ɢɫɯɨɞɧɵɦ ɞɚɧɧɵɦ ɜ ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢɧɹɬɵ 

ɫɥɟɞɭɸɳɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ: 

ȼɚɧɬɵ ɜɵɩɨɥɧɟɧɵ ɜ ɜɢɞɟ ɤɚɧɚɬɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɬɪɨɫɨɜ ɞɥɢɧɨɣ ɜ 

ɧɚɬɹɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ 5400-4430 ɦɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ; 



79 
 

Ȼɚɥɤɢ, ɫɨɟɞɢɧɹɸɳɢɟ ɜɞɨɥɶ ɞɥɢɧɵ ɡɞɚɧɢɹ ɦɟɠɞɭ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦɢ 

ɤɨɥɨɧɧɚɦɢ, ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɜ ɜɢɞɟ ɫɬɚɥɶɧɨɝɨ ɤɜɚɞɪɚɬɧɨɝɨ ɩɪɨɮɢɥɹ 160ɯ5. 

ɉɨɩɟɪɟɱɧɵɟ ɛɚɥɤɢ ɜɵɩɨɥɧɟɧɵ ɢɡ ɫɬɚɥɶɧɨɝɨ ɩɪɨɤɚɬɧɨɝɨ ɬɚɜɪɨɜɨɝɨ 

ɩɪɨɮɢɥɹ 190ɯ50ɯ10 ɞɥɢɧɨɣ 2000 ɦɦ ɫ ɭɫɬɪɨɣɫɬɜɨɦ ɞɟɤɨɪɚɬɢɜɧɨɣ ɬɪɟɭɝɨɥɶɧɨɣ 

ɩɟɪɮɨɪɚɰɢɟɣ; 

ɉɪɨɞɨɥɶɧɵɟ ɛɚɥɤɢ ɜɵɩɨɥɧɟɧɵ ɢɡ ɩɪɨɤɚɬɧɨɝɨ ɬɪɭɛɱɚɬɨɝɨ ɫɬɚɥɶɧɨɝɨ 

ɩɪɨɮɢɥɹ 50ɯ4 ɢ ɭɥɨɠɟɧɵ ɜɞɨɥɶ ɜɫɟɣ ɞɥɢɧɵ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɉɨɤɪɵɬɢɟ – ɫɬɟɤɥɨ ɬɪɢɩɥɟɤɫ ɬɨɥɳɢɧɨɣ – 25,52 ɦɦ (3-ɟɯ ɫɥɨɣɧɨɟ: 1 ɫɥɨɣ 

– ɡɚɤɚɥɟɧɧɨɟ ɩɪɨɡɪɚɱɧɨɟ ɫɬɟɤɥɨ Optiwhite ɬɨɥɳɢɧɨɣ 12 ɦɦ, 2 ɫɥɨɣ – 

ɫɤɥɟɢɜɚɸɳɚɹ ɚɪɦɢɪɨɜɚɧɧɚɹ ɩɥɟɧɤɚ SentryGlas 1.52 ɦɦ, 3 ɫɥɨɣ – ɡɚɤɚɥɟɧɧɨɟ 

ɩɪɨɡɪɚɱɧɨɟ ɫɬɟɤɥɨ Optiwhite ɬɨɥɳɢɧɨɣ 12 ɦɦ). 

ȼ ɫɜɹɡɢ ɫ ɭɬɜɟɪɠɞɟɧɢɹɦɢ ɜɵɞɜɢɧɭɬɵɦɢ ɜ ɩɭɧɤɬɟ 4.2 ɧɟɨɛɯɨɞɢɦɨ 

ɩɟɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɜɚɧɬɨɜɨɝɨ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɝɨ ɧɚɜɟɫɚ. 

ɂɫɤɥɸɱɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɧɨɝɨ ɞɟɦɨɧɬɚɠɚ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢɛɟɝɚɟɦ ɤ 

ɫɥɟɞɭɸɳɢɦ ɢɡɦɟɧɟɧɢɹɦ: 

1 ȼɚɧɬɵ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵɟ ɜ ɜɢɞɟ ɤɚɧɚɬɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɬɪɨɫɨɜ 

ɨɫɬɚɜɥɹɟɦ ɜ ɫɜɨɟɦ ɩɪɟɠɧɟɦ ɫɨɫɬɨɹɧɢɢ; 

2 Ȼɚɥɤɢ ɦɟɠɞɭ ɤɨɥɨɧɧɚɦɢ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɵɟ ɜ ɜɢɞɟ ɫɬɚɥɶɧɨɝɨ 

ɤɜɚɞɪɚɬɧɨɝɨ ɩɪɨɮɢɥɹ 160ɯ5 ɨɫɬɚɜɥɹɟɦ ɛɟɡ ɢɡɦɟɧɟɧɢɹ; 

3 ɉɨɩɟɪɟɱɧɵɟ ɧɟɫɭɳɢɟ ɠɟɫɬɤɨ-ɡɚɳɟɦɥɟɧɧɵɟ ɤɨɧɫɨɥɶɧɵɟ ɛɚɥɤɢ 

ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɵɟ ɢɡ ɩɪɨɤɚɬɧɨɝɨ ɬɚɜɪɨɜɨɝɨ ɩɪɨɮɢɥɹ 190ɯ50ɯ10 ɨɫɬɚɜɥɹɟɦ ɜ 

ɫɜɨɟɦ ɩɪɟɠɧɟɦ ɫɨɫɬɨɹɧɢɢ; 

4 ɉɪɨɞɨɥɶɧɵɟ ɛɚɥɤɢ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɵɟ ɜ ɜɢɞɟ ɬɪɭɛɱɚɬɨɝɨ ɫɬɚɥɶɧɨɝɨ 

ɩɪɨɮɢɥɹ 50ɯ4 ɨɫɬɚɜɥɹɟɦ ɛɟɡ ɢɡɦɟɧɟɧɢɣ; 

5 ɉɨɤɪɵɬɢɟ ɜ ɜɢɞɟ ɛɟɡɨɩɚɫɧɨɝɨ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɫɬɟɤɥɚ ɨɫɬɚɜɥɹɟɦ ɛɟɡ 

ɢɡɦɟɧɟɧɢɣ; 

6 ȼɜɨɞɢɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɜɨɫɩɪɟɩɹɬɫɬɜɨɜɚɬɶ 

ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɩɪɟɞɟɥɶɧɵɯ ɞɨɩɭɫɬɢɦɵɯ ɩɟɪɟɦɟɳɟɧɢɣ, ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɬɨɪɵɯ 

ɤɨɧɫɬɪɭɤɰɢɹ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɨ II ɝɪɭɩɩɟ 

ɩɪɟɞɟɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɞɥɹ ɫɬɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. ɗɬɨɬ ɷɥɟɦɟɧɬ ɩɪɨɟɤɬɢɪɭɟɦ 
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ɜ ɜɢɞɟ ɨɬɬɹɠɟɤ, ɬɨɣ ɠɟ ɠɟɫɬɤɨɫɬɢ ɱɬɨ ɢ ɢɦɟɸɳɢɟɫɹ ɜɚɧɬɨɜɵɟ ɬɪɨɫɫɵ, ɧɨ 

ɪɚɫɩɥɨɠɟɧɧɵɟ ɧɢɠɟ ɤɨɧɫɬɪɭɤɰɢɢ. ɗɬɢ ɨɬɬɹɠɤɢ ɤɪɟɩɢɦ ɤ ɠɟɥɟɡɨɛɟɬɨɧɧɵɦ 

ɤɨɥɨɧɧɚɦ ɫ ɲɚɝɨɦ 6 ɦ ɨɞɧɢɦ ɤɨɧɰɨɦ ɩɨɫɪɟɞɫɬɜɨɦ ɡɚɤɥɚɞɧɨɣ ɞɟɬɚɥɢ, ɞɪɭɝɢɦ 

ɠɟ ɤɪɟɩɢɦ ɟɝɨ ɤ ɫɬɟɧɤɟ ɬɚɜɪɚ 190ɯ50ɯ10 ɩɨɞ ɤɪɟɩɥɟɧɢɟɦ ɜɟɪɯɧɢɯ ɜɚɧɬ ɱɟɪɟɡ 

ɛɨɥɬ Ɇ22.. 

Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɟɲɟɧɢɹ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɝɨ ɤɨɧɫɨɥɶɧɨ-ɜɚɧɬɨɜɨɝɨ 

ɧɚɜɟɫɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɢ. 

4.4 ȼɵɜɨɞ ɧɚ ɝɥɚɜɟ 4 

1 Ʉɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɣ ɝɥɚɜɟ ɜ ɪɟɡɭɥɶɬɚɬɚɯ ɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ 

ɩɨɞɬɜɟɪɞɢɥɨɫɶ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɣ ɩɪɢ ɧɚɝɪɭɠɟɧɢɢ ɜɟɬɪɨɜɨɣ 

ɧɚɝɪɭɡɤɢ ɫɧɢɡɭ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɫɱɟɬɨɜ; 

2 Ȼɵɥɨ ɩɪɢɧɹɬɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɪɟɲɟɧɢɟ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɦɭ 

ɤɨɧɫɬɪɭɤɰɢɹ ɛɭɞɟɬ ɷɮɮɟɤɬɢɜɧɨ ɪɚɛɨɬɚɬɶ ɢ ɧɟ ɩɨɬɪɟɛɭɟɬ ɩɨɥɧɨɝɨ ɞɟɦɨɧɬɚɠɚ 

«ɧɟ ɪɚɛɨɬɚɸɳɢɯ» ɜɚɧɬ. Ɋɟɲɟɧɢɟ ɫɥɟɞɭɸɳɟɟ: ɜɜɟɫɬɢ ɜ ɪɚɛɨɬɭ ɤɨɧɫɬɪɭɤɰɢɢ 

ɨɬɬɹɠɤɢ ɩɪɢɤɪɟɩɥɟɧɧɵɟ ɤ ɭɡɥɚɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɭ ɤɨɧɫɨɥɶɧɨɝɨ ɤɪɚɹ 

ɬɚɜɪɨɜɨɣ ɛɚɥɤɢ, ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɬɨɪɵɯ ɩɟɪɟɦɟɳɟɧɢɟ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ ɷɬɢɯ ɭɡɥɨɜ ɧɟɜɨɡɦɨɠɧɨ. 
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ɁАɄɅɘɑȿɇɂȿ 

Ɋɚɡɜɢɬɢɟ ɬɟɧɞɟɧɰɢɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɜɟɬɨɩɪɨɡɪɚɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɢ, 

ɪɚɡɜɢɜɚɸɬɫɹ ɢ ɬɪɟɛɨɜɚɧɢɹ ɤ ɧɢɦ. ɇɨ ɧɟ ɫɦɨɬɪɹ ɧɚ ɜɨɡɜɵɲɚɸɳɢɣɫɹ ɬɟɦɩ 

ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɫɨɝɥɚɫɧɨ ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɦ ɨɲɢɛɤɢ ɜ ɧɢɯ 

ɧɟɢɡɛɟɠɧɵ ɢ ɩɨɪɨɣ ɷɬɢ ɨɲɢɛɤɢ ɞɨɪɨɝɨ ɰɟɧɹɬɫɹ ɜ ɛɭɞɭɳɟɦ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɩɟɪɜɨɣ ɝɥɚɜɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɢɡɭɱɟɧɵ ɢ 

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɩɪɢɦɟɪɵ ɜɚɧɬɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, ɢɫɬɨɪɢɹ ɢɯ ɡɚɪɨɠɞɟɧɢɹ, 

ɦɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɧɚɲɢ ɞɧɢ.  

ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ, ɨɩɢɫɚɧɚ ɧɚɢɛɨɥɟɟ ɨɫɬɪɚɹ ɩɪɨɛɥɟɦɚ ɪɚɫɱɟɬɚ ɜɟɬɪɨɜɨɣ 

ɧɚɝɪɭɡɤɢ, ɛɵɥɨ ɫɞɟɥɚɧɨ ɨɛɳɟɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɜɟɬɪɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɭɱɟɬ 

ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ ɢ ɤɨɬɨɪɵɣ ɫɬɨɢɬ ɭɱɢɬɵɜɚɬɶ ɧɚ ɜɫɟɯ 

ɫɬɚɞɢɹɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. Ȼɵɥɢ 

ɪɚɫɫɦɨɬɪɟɧɵ  ɧɨɪɦɚɬɢɜɧɵɟ ɞɨɤɭɦɟɧɬɵ, ɤɨɬɨɪɵɟ  ɨɛɹɡɭɸɬ ɜɵɩɨɥɧɹɬɶ ɪɚɫɱɟɬɵ 

ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɩɢɤɨɜɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɜɟɬɪɨɜɭɸ ɧɚɝɪɭɡɤɭ ɩɪɢ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɧɚɜɟɫɨɜ, ɱɬɨ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ ɜ ɞɟɣɫɬɜɭɸɳɢɯ ɩɪɨɟɤɬɚɯ, 

ɩɪɨɲɟɞɲɢɯ ɷɤɫɩɟɪɬɧɨɟ ɡɚɤɥɸɱɟɧɢɟ. 

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɛɵɥ ɫɨɜɟɪɲɟɧ ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɤɨɧɫɬɪɭɤɰɢɢ ɜ 

ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ, ɜ ɪɚɫɱɟɬɧɵɯ ɫɯɟɦɚɯ ɤɨɬɨɪɵɯ 

ɩɪɢɧɢɦɚɥɨɫɶ ɞɨɩɭɳɟɧɢɟ ɨ ɲɚɪɧɢɪɧɨɦ ɫɨɩɪɹɠɟɧɢɢ ɩɨɩɟɪɟɱɧɵɯ ɛɚɥɨɤ ɤ 

ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɦɭ ɡɚɩɨɥɧɟɧɢɸ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɥɨ ɝɨɜɨɪɢɬɶ ɨ ɛɨɥɟɟ 

ɪɚɰɢɨɧɚɥɶɧɨɣ ɪɚɛɨɬɟ ɤɨɧɫɬɪɭɤɰɢɢ ɛɟɡ ɭɬɨɱɧɟɧɧɨɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɪɚɫɱɟɬɚ. 

Ɍɚɤɠɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ ɛɵɥɨ ɜɵɹɫɧɟɧɨ, ɱɬɨ ɩɪɢ ɬɪɟɛɭɟɦɨɦ 

ɡɚɝɪɭɠɟɧɢɢ ɩɢɤɨɜɨɣ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɟ ɢ ɩɪɢ ɡɚɞɚɧɢɢ ɟɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 

«ɫɧɢɡɭ» ɧɚ ɤɨɧɫɨɥɶɧɵɯ ɭɡɥɚɯ ɜɚɧɬɨɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɨɡɧɢɤɚɸɬ ɫɠɢɦɚɸɳɢɟ 

ɭɫɢɥɢɹ, ɱɬɨ ɧɟɞɨɩɭɫɬɢɦɨ ɩɪɢ ɪɚɛɨɬɟ ɚɛɫɨɥɸɬɧɨ-ɭɩɪɭɝɢɯ ɜɚɧɬ, 

ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɵɯ ɢ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɜ ɜɢɞɟ ɫɬɚɥɶɧɨɝɨ ɬɪɨɫɟɜɢɞɧɨɝɨ ɤɚɧɚɬɚ. 

ɂ ɩɨɷɬɨɦɭ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɦ ɢɡɦɟɧɟɧɢɢ, ɛɥɚɝɨɞɚɪɹ 

ɤɨɬɨɪɨɦɭ ɰɟɥɢɤɨɦ ɜɫɹ ɤɨɧɫɬɪɭɤɰɢɹ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨ. 
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ȼ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ, ɤɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɣ ɝɥɚɜɟ ɜ ɪɟɡɭɥɶɬɚɬɚɯ ɫɬɚɬɢɱɟɫɤɨɝɨ 

ɪɚɫɱɟɬɚ ɩɨɞɬɜɟɪɞɢɥɨɫɶ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɣ ɩɪɢ ɧɚɝɪɭɠɟɧɢɢ 

ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɫɧɢɡɭ ɩɪɢ ɜɵɩɨɥɧɟɧɢɟ ɪɚɫɱɟɬɚ ɜ ɉɄ «Ansys». ɉɨɦɢɦɨ ɷɬɨɝɨ 

ɛɵɥɨ ɩɪɢɧɹɬɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɪɟɲɟɧɢɟ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɦɭ ɤɨɧɫɬɪɭɤɰɢɹ 

ɛɭɞɟɬ ɷɮɮɟɤɬɢɜɧɨ ɪɚɛɨɬɚɬɶ ɢ ɧɟ ɩɨɬɪɟɛɭɟɬ ɩɨɥɧɨɝɨ ɞɟɦɨɧɬɚɠɚ «ɧɟ 

ɪɚɛɨɬɚɸɳɢɯ» ɜɚɧɬ. Ɋɟɲɟɧɢɟ ɫɥɟɞɭɸɳɟɟ: ɜɜɟɫɬɢ ɜ ɪɚɛɨɬɭ ɤɨɧɫɬɪɭɤɰɢɢ 

ɨɬɬɹɠɤɢ ɩɪɢɤɪɟɩɥɟɧɧɵɟ ɤ ɭɡɥɚɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɭ ɤɨɧɫɨɥɶɧɨɝɨ ɤɪɚɹ 

ɬɚɜɪɨɜɨɣ ɛɚɥɤɢ, ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɬɨɪɵɯ ɩɟɪɟɦɟɳɟɧɢɟ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ ɷɬɢɯ ɭɡɥɨɜ ɧɟɜɨɡɦɨɠɧɨ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɬɟɦɟ «Ɋɚɫɱɟɬ 

ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɝɨ ɤɨɡɵɪɶɤɚ ɧɚ 

ɩɪɢɦɟɪɟ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɚɷɪɨɩɨɪɬɚ Ʉɪɚɫɧɨɹɪɫɤ» ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ 

ɜɵɩɨɥɧɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

1 ɂɡɭɱɟɧɚ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɪɚɛɨɬɚ ɢ ɪɚɫɱɟɬɵ ɜɚɧɬ, ɜɚɧɬɨɜɵɯ 

ɤɨɡɵɪɶɤɨɜ ɫɨɝɥɚɫɧɨ ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɬɢɜɧɵɦ ɞɨɤɭɦɟɧɬɚɦ; 

2 ɂɡɭɱɟɧɨ ɞɟɣɫɬɜɢɟ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ ɩɪɨɬɹɠɟɧɧɵɯ ɜ ɞɥɢɧɭ 

ɧɚɜɟɫɨɜ ɫɨɝɥɚɫɧɨ ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ; 

3 ȼɵɩɨɥɧɟɧ ɫɬɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɩɪɨɝɪɚɦɦɧɵɯ 

ɤɨɦɩɥɟɤɫɚɯ SCAD Office, Ʌɢɪɚ 10, Autodesk Robot Structure, ɫɪɚɜɧɢɧ ɢ  

ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɫɞɟɥɚɧ ɜɵɜɨɞ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɜɢɞɚ ɡɚɤɪɟɩɥɟɧɢɹ ɜɚɧɬ; 

4 ɂɫɫɥɟɞɨɜɚɧɨ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɮɪɚɝɦɟɧɬɚ 

ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɩɨɦɨɳɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ «Ansys», ɫ ɰɟɥɶɸ 

ɨɩɪɟɞɟɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɧɵɧɟ 

ɡɚɩɪɨɟɤɬɢɪɭɟɦɨɣ ɢ ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɚ ɬɚɤɠɟ ɜɵɩɨɥɧɟɧ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɪɚɫɱɟɬ. 

Ⱦɨɫɬɢɝɧɭɬɚ ɰɟɥɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɫɨɝɥɚɫɧɨ ɜɵɞɜɢɧɭɬɨɣ 

ɝɢɩɨɬɟɡɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

ȼɵɩɨɥɧɟɧɢɟ ɪɚɛɨɱɟɝɨ ɪɚɫɱɟɬɚ ɫɜɟɬɨɩɪɨɡɪɚɱɧɨɝɨ ɧɚɜɟɫɚ ɜ 

ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɩɨɡɜɨɥɢɬ, ɤɚɤ ɩɨɞɪɹɞɧɵɦ ɤɨɦɩɚɧɢɹɦ, ɬɚɤ ɢ 
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ɩɪɨɟɤɬɧɵɦ ɢɧɫɬɢɬɭɬɚɦ ɫɬɪɨɢɬɟɥɶɧɨɣ ɨɬɪɚɫɥɢ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɷɮɮɟɤɬɢɜɧɵɟ ɢ 

ɪɚɰɢɨɧɚɥɶɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ. 
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