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ȼȼȿȾȿɇɂȿ 

 

ȺɄɌɍȺɅɖɇɈɋɌɖ 

 

Ⱦɪɟɜɟɫɢɧɚ ɫɪɟɞɢ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɫɬɚɥɶ, ɛɟɬɨɧ, 

ɞɪɟɜɟɫɢɧɚ, ɤɚɦɟɧɶ, ɤɢɪɩɢɱ) ɡɚɧɢɦɚɟɬ ɨɫɨɛɨɟ ɩɨɥɨɠɟɧɢɟ ɤɚɤ ɜɨɡɨɛɧɨɜɥɹɟɦɵɣ 

ɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɣ ɦɚɬɟɪɢɚɥ ɫ ɜɵɫɨɤɢɦɢ ɭɞɟɥɶɧɵɦɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟ-

ɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ Ɋɨɫɫɢɢ ɩɪɨɞɨɥɠɚɸɬ ɪɟɚɥɢɡɨɜɵɜɚɬɶɫɹ ɩɪɨɝɪɚɦɦɵ, 

ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɪɟɜɟɫɢɧɵ ɞɥɹ ɩɪɨɦɵɲ-

ɥɟɧɧɨɝɨ ɢ ɝɪɚɠɞɚɧɫɤɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɞɥɹ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɰɟɥɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚ-

ɧɢɹ ɦɚɬɟɪɢɚɥɚ ɹɜɥɹɟɬɫɹ ɞɨɫɬɢɠɟɧɢɟ ɪɚɰɢɨɧɚɥɶɧɵɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ 

ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɢ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɢ ɢ ɩɪɨɱɧɨɫɬɢ ɭɡɥɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

ɇɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɦɢ, ɚ ɩɨɬɨɦɭ ɢ ɧɚɢɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ ɹɜɥɹ-

ɸɬɫɹ ɨɩɨɪɧɵɟ ɭɡɥɵ ɛɥɨɤ-ɫɜɨɞɨɜ, ɜ ɤɨɬɨɪɵɯ ɫɨɟɞɢɧɹɸɬɫɹ ɫɜɨɞ ɫ ɛɚɥɤɚɦɢ-ɡɚ-

ɬɹɠɤɚɦɢ ɢ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɦ ɥɢɫɬɨɦ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɢɫɫɥɟ-

ɞɨɜɚɧɢɹ ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɭɡɥɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɬɚɥɶɧɵɯ 

ɷɥɟɦɟɧɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɩɥɚɫɬɢɧɵ, ɫɬɟɪɠɧɢ, ɧɚɝɟɥɢ, ɞɸɛɟɥɢ, ɜɢɧɬɵ ɢ ɬ.ɞ. 

 

ɐɟɥɶ ɪɚɛɨɬɵ: ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɨɩɨɪɧɵɯ ɭɡɥɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɤɨɦ-

ɛɢɧɢɪɨɜɚɧɧɨɦ ɛɥɨɤ-ɫɜɨɞɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɛɨɪɬɨɜɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɜɢɞɟ ɭɝɨɥɤɚ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɦɟɬɢɡɨɜ ɢ ɫɬɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɬɚɤɢɯ, ɤɚɤ ɩɥɚɫɬɢɧɵ. 

ɐɟɥɶ ɞɨɫɬɢɝɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ ɬɨɪɰɟɜɨɣ ɱɚɫɬɢ ɫɜɨɞɵ ɦɟɠɞɭ ɫɨɛɨɣ ɤɪɟɩɹɬɫɹ 

ɫ ɩɨɦɨɳɶɸ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɛɨɪɬɨɜɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɜɢɞɟ ɭɝɨɥɤɚ ɫ ɦɟɬɚɥɥɢɱɟ-

ɫɤɢɦɢ ɧɚɤɥɚɞɤɚɦɢ. 

 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɨɩɪɟɞɟɥɟɧɵ ɡɚɞɚɱɢ: 
1. Ɉɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɟɲɟɧɢɣ ɭɡɥɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɤɨɦɛɢɧɢɪɨ-

ɜɚɧɧɨɦ ɛɥɨɤ-ɫɜɨɞɟ; 
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2. ɑɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɇȾɋ ɨɩɨɪɧɵɯ ɭɡɥɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ, 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤ-ɫɜɨɞɚ; 

3. ȼɵɩɨɥɧɢɬɶ ɧɚɬɭɪɧɵɟ ɢɫɩɵɬɚɧɢɹ ɦɨɞɟɥɟɣ; 

4. Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ, ɱɢɫɥɟɧɧɵɯ ɢ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɹ. 

 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ: 
-  ɋɨɡɞɚɧɢɢ ɮɨɪɦɭɥɵ ɞɥɹ ɩɨɞɛɨɪɚ ɤɨɧɫɬɪɭɤɰɢɣ ɨɩɨɪɧɵɯ ɭɡɥɨɜ ɜ ɩɪɨ-

ɫɬɪɚɧɫɬɜɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɢɡ ɞɟɪɟɜɚ ɢ ɦɟɬɚɥɥɚ; 

- Ɋɚɡɪɚɛɨɬɤɚ ɧɨɜɨɝɨ ɨɩɨɪɧɨɝɨ ɭɡɥɚ, ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤ-ɫɜɨɞɚ ɫ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɟ ɭɝɨɥɤɚ; 

- ɑɢɫɥɟɧɧɵɟ ɢ ɧɚɬɭɪɧɵɟ ɢɫɩɵɬɚɧɢɹ ɨɩɨɪɧɨɝɨ ɭɡɥɚ, ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ 

ɛɥɨɤ-ɫɜɨɞɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɭɝɨɥɤɚ. 

 

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɛɚɡɚ ɢɫɫɥɟɞɨɜɚɧɢɹ: 
Ɍɟɨɪɟɬɢɱɟɫɤɢɦɢ ɨɫɧɨɜɚɦɢ ɪɚɛɨɬɵ ɫɬɚɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɨɫɫɢɣɫɤɢɯ ɚɜɬɨ-

ɪɨɜ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɟɣ, ɩɨɫɜɹɳɟɧɧɵɟ ɬɚɤɢɦ ɜɨɩɪɨɫɚɦ ɤɚɤ ɪɚɡɪɚɛɨɬɤɚ ɤɨɧ-

ɫɬɪɭɤɰɢɣ ɛɥɨɤ-ɫɜɨɞɨɜ ɢ ɨɩɨɪɧɵɯ ɭɡɥɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: Ɉɩɨɪɧɨɟ ɭɡɥɨɜɨɟ ɫɨɟɞɢɧɟɧɢɟ ɛɥɨɤ-ɫɜɨɞɚ ɫ ɛɚɥ-

ɤɚɦɢ-ɡɚɬɹɠɤɚɦɢ ɢ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɦ ɥɢɫɬɨɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɫɬɚɥɶ-

ɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɩɥɚɫɬɢɧɵ, ɫɬɟɪɠɧɢ, ɧɚɝɟɥɢ, ɞɸɛɟɥɢ, ɜɢɧɬɵ ɢ ɬ.ɞ. 

 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɧɚɩɪɹɠёɧɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ 

(ɇȾɋ) ɭɡɥɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɨɩɨɪɧɨɦ ɫɬɵɤɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤ-ɫɜɨɞɚ ɫ 

ɨɰɟɧɤɨɣ ɩɪɨɱɧɨɫɬɢ, ɠɟɫɬɤɨɫɬɢ ɢ ɫɞɜɢɝɨɭɫɬɨɣɱɢɜɨɫɬɢ. 

 

Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ: 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ-ɬɟɨɪɟɬɢɱɟɫɤɚɹ: ɜ ɪɚɛɨɬɟ ɪɟɚɥɢɡɨɜɚɧ ɤɨɦɩɥɟɤɫɧɵɣ 

ɩɨɞɯɨɞ ɤ ɩɪɨɛɥɟɦɟ, ɜɤɥɸɱɚɸɳɢɣ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɪɨɪɚɛɨɬɤɢ, ɦɚɬɟɦɚɬɢɱɟ-

ɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɢɫɫɥɟɞɨɜɚɧɢɹ, ɚɧɚɥɢɡ ɢ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ. 
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ɉɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɪɚɛɨɬɵ: 
– Ɋɚɡɪɚɛɨɬɤɚ ɭɡɥɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫ ɛɨɪɬɨɜɵɦ ɷɥɟɦɟɧɬɨɦ ɜ ɜɢɞɟ ɭɝɨɥɤɚ 

ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɧɚɤɥɚɞɤɚɦɢ; 

– Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɭɡɥɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɹɯ 6 ɢ 12ɦ; 

– Ɋɚɡɪɚɛɨɬɤɚ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɧɚ 

ɭɦɟɧɶɲɟɧɧɨɣ ɦɨɞɟɥɢ ɛɥɨɤ-ɫɜɨɞɚ ɩɨɤɪɵɬɢɹ ɩɪɨɥɟɬɨɦ 6 ɦ. 

 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɨɛɭɫɥɨɜɥɟɧɚ ɫɨɨɬɜɟɬɫɬɜɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɵɯ ɪɟ-

ɲɟɧɢɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

 

ɇɚ ɡɚɳɢɬɭ ɜɵɧɨɫɹɬɫɹ: 
1. Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɟɲɟɧɢɹ ɭɡɥɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɨɩɨɪɧɨɝɨ ɭɡɥɚ ɤɨɦɛɢ-

ɧɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤ-ɫɜɨɞɚ ɫ ɛɨɪɬɨɜɵɦ ɷɥɟɦɟɧɬɨɦ ɜ ɜɢɞɟ ɭɝɨɥɤɚ ɫ ɧɚɤɥɚɞɤɚɦɢ; 

2. Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɜ ɉɄ ANSYS; 

3. Ɋɟɡɭɥɶɬɚɬɵ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɦɨɞɟɥɢ ɩɪɨɥɟɬɨɦ 6ɦ. 

 

ɋɬɪɭɤɬɭɪɚ ɪɚɛɨɬɵ. Ɋɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ ɬɟɤɫɬɨɜɨɣ ɢ ɢɥɥɸɫɬɪɚɬɢɜɧɨɣ ɱɚ-

ɫɬɟɣ. ɋɨɞɟɪɠɚɧɢɟ ɞɢɫɫɟɪɬɚɰɢɢ ɢɡɥɨɠɟɧɨ ɜɨ ɜɜɟɞɟɧɢɢ, ɱɟɬɵɪɟɯ ɝɥɚɜɚɯ, ɡɚɤɥɸ-

ɱɟɧɢɢ ɢ ɫɩɢɫɤɟ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 
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ɗɌȺɉɕ ɂɋɋɅȿȾɈȼȺɇɂə: 
ɉɟɪɜɵɣ ɷɬɚɩ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɬɟɨɪɟɬɢɱɟɫɤɢɣ. ɉɪɨɜɟɞɟɧ ɨɛɡɨɪ ɫɨɜɪɟɦɟɧ-

ɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɤɨɧɫɬɪɭɤɰɢɣ ɛɥɨɤ-ɫɜɨɞɨɜ ɩɨɤɪɵɬɢɹ ɢ ɨɛɡɨɪ 

ɭɡɥɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɨɩɨɪɧɨɦ ɫɬɵɤɟ, ɨɩɪɟɞɟɥɟɧɚ ɬɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɰɟɥɶ, 

ɡɚɞɚɱɢ, ɨɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

ȼɬɨɪɨɣ ɷɬɚɩ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɚɧɚɥɢɬɢɱɟɫɤɢɣ. ɂɡɭɱɟɧ ɚɥɝɨɪɢɬɦ ɤɨɧɫɬɪɭɤ-

ɰɢɢ ɛɥɨɤ-ɫɜɨɞɨɜ ɩɨɤɪɵɬɢɹ ɫ ɛɨɪɬɨɜɵɦ ɷɥɟɦɟɧɬɨɜ ɜ ɜɢɞɟ ɲɜɟɥɥɟɪɨɜ, ɫɨɡɞɚɧɚ ɢ 

ɡɚɦɨɞɟɥɢɪɨɜɚɧɚ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ANSYS ɬɪɟɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ɛɥɨɤ-

ɫɜɨɞɚ. 

Ɍɪɟɬɢɣ ɷɬɚɩ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ. ɉɪɨɜɟɞɟɧɵ ɱɢɫɥɟɧɧɵɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɬɪɟɯɦɟɪɧɵɦ ɦɨɞɟɥɹɦ ɛɥɨɤ-ɫɜɨɞɨɜ. 

ɑɟɬɜɟɪɬɵɣ ɷɬɚɩ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ. ɋɨɡɞɚɧɚ ɦɨɞɟɥɶ ɢ ɩɪɨɜɟɞɟɧɵ ɢɫ-

ɩɵɬɚɧɢɹ ɛɥɨɤ-ɫɜɨɞɚ ɩɨɤɪɵɬɢɹ ɩɪɨɥɟɬɨɦ 6 ɦ. 

ɉɹɬɵɣ ɷɬɚɩ ɪɚɛɨɬɵ – ɨɛɨɛɳɚɸɳɢɣ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɨɛ-

ɳɟɧɵ, ɫɞɟɥɚɧɵ ɜɵɜɨɞɵ, ɧɚɩɢɫɚɧɨ ɡɚɤɥɸɱɟɧɢɟ, ɨɮɨɪɦɥɟɧ ɬɟɤɫɬ ɦɚɝɢɫɬɟɪɫɤɨɣ 

ɞɢɫɫɟɪɬɚɰɢɢ. 
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ȽɅȺȼȺ 1 ɋɈȼɊȿɆȿɇɇɈȿ ɋɈɋɌɈəɇɂȿ ɉɊɈȿɄɌɂɊɈȼȺɇɂə 

ȻɅɈɄ-ɋȼɈȾɈȼ ɉɈɄɊɕɌɂə 

 

1.1 ɉɪɟɞɧɚɡɧɚɱɟɧɢɟ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɛɥɨɤ-ɫɜɨɞɨɜ ɩɨɤɪɵɬɢɹ 

 

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɦɚɬɟɪɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɧɚɢɛɨɥɶɲɟɟ ɩɪɢ-

ɦɟɧɟɧɢɟ ɢɦɟɸɬ ɤɨɧɫɬɪɭɤɰɢɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɪɚɛɨɬɚɸɳɢɟ ɩɨ ɛɚɥɨɱɧɨɣ 

ɫɯɟɦɟ. Ⱥɧɚɥɢɡ ɩɨɫɥɟɞɧɢɯ ɞɨɫɬɢɠɟɧɢɣ ɜ ɫɬɪɨɢɬɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨɤɚɡɚɥ, ɱɬɨ 

ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ ɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵ, ɬɚɤ ɤɚɤ ɪɚɡɥɢɱɧɵɟ ɦɚɬɟ-

ɪɢɚɥɵ ɩɪɢ ɪɚɡɧɵɯ ɡɚɝɪɭɠɟɧɢɹɯ ɜɟɞɭɬ ɫɟɛɹ ɩɨ-ɪɚɡɧɨɦɭ. Ⱦɥɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚ-

ɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɷɤɨɧɨɦɢɢ ɬɪɭɞɨɡɚɬɪɚɬ ɢ ɦɚɬɟɪɢɚɥɨɟɦɤɨɫɬɢ ɬɪɟɛɭɟɬɫɹ ɭɫɨ-

ɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨɤɪɵɬɢɹ, ɩɭɬɟɦ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ (ɞɟɪɟɜɨ, ɛɟɬɨɧ, ɦɟɬɚɥɥ, ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɥɚɫɬɦɚɫɫɵ). 

Ⱦɟɪɟɜɹɧɧɵɟ ɫɛɨɪɧɵɟ ɷɥɟɦɟɧɬɵ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚɧɢɦɚɸɬ ɨɫɨɛɨɟ ɦɟɫɬɨ, 

ɩɨɫɤɨɥɶɤɭ ɜ ɫɬɪɚɧɟ ɢɦɟɟɬɫɹ ɛɨɝɚɬɚɹ ɫɵɪɶɟɜɚɹ ɛɚɡɚ, ɢ ɞɪɟɜɟɫɢɧɚ ɹɜɥɹɟɬɫɹ ɩɪɚɤ-

ɬɢɱɟɫɤɢ ɟɞɢɧɫɬɜɟɧɧɵɦ ɫɚɦɨɜɨɡɨɛɧɨɜɥɹɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ. ɗɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 

ɡɧɚɱɢɦɨɫɬɶ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɧɨɜɵɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦ ɢɡ ɞɪɟɜɟɫɢɧɵ ɫ ɢɯ ɜɧɟɞɪɟ-

ɧɢɟɦ ɜ ɩɪɚɤɬɢɤɭ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

Ɋɚɡɪɚɛɨɬɤɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɛɥɨɤɨɜ ɩɨɤɪɵɬɢɹ ɜ Ɋɨɫɫɢɢ ɡɚɧɢɦɚɥɢɫɶ 

ɬɚɤɢɟ ɭɱɟɧɵɟ ɤɚɤ ɂ.ɂ. Ʉɪɵɥɨɜ, Ⱥ.ɇ. Ʉɪɟɬɢɧɢɧ, Ʌ.ȼ. ȿɧɞɠɢɟɜɫɤɢɣ, Ⱥ.ȼ. Ɍɟ-

ɪɟɲɤɨɜɚ, Ɇ.Ⱥ. Ʉɨɥɟɫɧɢɤɨɜɚ, ɋ.ȼ. Ⱦɟɨɪɞɢɟɜ, ɋ.ȼ. Ƚɪɢɝɨɪɶɟɜ ɢ ɞɪ. 

Ȼɥɨɤ-ɫɜɨɞ – ɷɬɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɨɤɪɵɬɢɹ ɜ ɜɢɞɟ ɫɜɨɞɚ ɫ 

ɞɟɪɟɜɹɧɧɵɦɢ ɛɚɥɤɚɦɢ-ɡɚɬɹɠɤɚɦɢ, ɨɛɴɟɞɢɧёɧɧɵɦɢ ɜ ɛɥɨɤ ɛɨɪɬɨɜɵɦɢ ɷɥɟɦɟɧ-

ɬɚɦɢ, ɫɬɨɣɤɚɦɢ ɢ ɩɨɤɪɵɬɢɟɦ ɢɡ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɥɢɫɬɚ. ɋɟɱɟɧɢɟ ɛɚɥɨɤ-ɡɚɬɹ-

ɠɟɤ ɢ ɫɬɨɟɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɥɟɬɚ ɡɞɚɧɢɹ ɢ ɧɚɝɪɭɡɤɢ ɞɟɣɫɬɜɭ-

ɸɳɟɣ ɧɚ ɛɥɨɤ-ɫɜɨɞ [ͳ]. 
ɉɪɢɦɟɧɟɧɢɟ ɛɥɨɤ-ɫɜɨɞɨɜ ɚɤɬɭɚɥɶɧɨ ɜ ɚɪɯɢɬɟɤɬɭɪɟ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ, 

ɬɚɤ ɤɚɤ ɩɪɟɠɞɟ ɜɫɟɝɨ ɫɜɹɡɚɧɧɨ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ. 
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Ȼɥɨɤ-ɫɜɨɞɵ ɩɨɤɪɵɬɢɹ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɜ ɨɬɚɩɥɢɜɚɟɦɵɯ ɡɞɚ-

ɧɢɹɯ, ɬɚɤ ɢ ɜ ɧɟɨɬɚɩɥɢɜɚɟɦɵɯ. 

 

1.2 Ʉɨɧɫɬɪɭɤɰɢɢ ɢɡ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɞɪɟɜɟɫɢɧɵ 

 

Ȼɥɚɝɨɞɚɪɹ ɜɵɫɨɤɢɦ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɦ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢ-

ɤɚɦ ɞɪɟɜɟɫɢɧɚ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɤɚɤ ɠɢɥɵɯ ɢ ɨɛɳɟɫɬɜɟɧɧɵɯ ɡɞɚ-

ɧɢɣ, ɬɚɤ ɢ ɞɥɹ ɜɨɡɜɟɞɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɬɪɨɟɧɢɣ. Ɂɞɚɧɢɹ ɢɡ ɞɟɪɟɜɹɧɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ ɦɨɝɭɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɜ ɜɢɞɟ ɞɟɪɟɜɹɧɧɵɯ ɤɚɪɤɚɫɨɜ, ɩɚɧɟɥɶɧɵɯ, 

ɨɛɴɟɦɧɨ-ɦɨɞɭɥɶɧɵɯ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɞɨɦɨɜ. 

Ɋɢɝɟɥɢ ɢ ɫɬɨɣɤɢ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɨɩɟɪɟɱɧɨɣ ɤɨɧɫɬɪɭɤ-

ɰɢɢ ɞɜɭɯ- ɢ ɬɪɟɯ-ɲɚɪɧɢɪɧɵɯ ɪɚɦ ɤɚɪɤɚɫɧɵɯ ɡɞɚɧɢɣ. 

Ʉɨɧɫɬɪɭɤɰɢɹɦɢ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɜ ɞɟɪɟɜɹɧɧɨɦ ɞɨɦɨɫɬɪɨɟɧɢɢ 

ɹɜɥɹɸɬɫɹ ɛɚɥɨɱɧɵɟ ɷɥɟɦɟɧɬɵ, ɪɚɦɵ, ɚɪɤɢ, ɮɟɪɦɵ ɢ ɞɪ. Ɋɚɫɫɦɨɬɪɢɦ ɫɬɪɨɩɢɥɶ-

ɧɵɟ ɫɬɟɪɠɧɟɜɵɟ ɫɢɫɬɟɦɵ ɜ ɩɨɤɪɵɬɢɹɯ ɡɞɚɧɢɣ. Ɍɚɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɫɨɫɬɨɹɬ ɢɡ 

ɨɬɞɟɥɶɧɵɯ ɫɬɟɪɠɧɟɣ, ɫɨɟɞɢɧɟɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɜ ɭɡɥɚɯ ɢ ɪɚɛɨɬɚɸɳɢɯ ɩɪɟ-

ɢɦɭɳɟɫɬɜɟɧɧɨ ɧɚ ɩɪɨɞɨɥɶɧɵɟ ɭɫɢɥɢɹ. ȼɟɥɢɱɢɧɚ ɭɫɢɥɢɹ ɜ ɷɥɟɦɟɧɬɚɯ ɮɟɪɦɵ 

ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɩɨɹɫɚɦɢ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɪɟɲɟɬɤɢ, ɤɨ-

ɬɨɪɵɟ ɫɨɟɞɢɧɹɸɬ ɷɬɢ ɩɨɹɫɚ [ʹ]. 
Ɋɚɰɢɨɧɚɥɶɧɨ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɚɹ ɮɟɪɦɚ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɷɤɨɧɨ-

ɦɢɬɶ ɢɫɩɨɥɶɡɭɟɦɵɣ ɦɚɬɟɪɢɚɥ (ɞɪɟɜɟɫɢɧɭ ɢɥɢ ɞɟɪɟɜɨɤɨɦɩɨɡɢɬɧɵɟ ɦɚɬɟɪɢɚɥɵ). 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɫɩɥɨɲɧɨɣ ɫɬɟɧɤɢ ɩɥɨɫɤɨɫɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɛɚɥɨɤ 

ɢ ɪɚɦ, ɷɥɟɦɟɧɬɵ ɪɟɲɟɬɤɢ ɹɜɥɹɸɬɫɹ ɨɬɞɟɥɶɧɵɦɢ ɫɬɟɪɠɧɹɦɢ, ɱɬɨ ɬɚɤɠɟ ɩɪɢɜɨ-

ɞɢɬ ɤ ɷɤɨɧɨɦɢɢ. Ɉɞɧɚɤɨ ɫɤɜɨɡɧɵɟ ɫɢɫɬɟɦɵ ɬɪɟɛɭɸɬ ɭɫɬɪɨɣɫɬɜɚ ɭɡɥɨɜɵɯ ɫɨ-

ɟɞɢɧɟɧɢɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɯɭɞɲɟɧɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢ ɷɫɬɟɬɢɱɟɫɤɢɯ ɤɚ-

ɱɟɫɬɜ, ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɬɪɭɞɨɜɵɦ ɢ ɦɚɬɟɪɢɚɥɶɧɵɦ ɡɚɬɪɚɬɚɦ. 

ɉɪɢɦɟɧɟɧɢɟ ɮɟɪɦ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɵɦ ɪɟɲɟɧɢɟɦ ɩɪɢ ɩɪɨɟɤ-

ɬɢɪɨɜɚɧɢɢ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɨɛɴɟɤɬɨɜ ɫ ɩɪɨɥɟɬɚɦɢ ɛɨɥɟɟ 24 ɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɛɚɥɨɱɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ. ɉɪɢ ɷɬɨɦ ɩɪɢɦɟɧɟɧɢɟ ɤɪɭɩɧɨɩɚɧɟɥɶɧɵɯ ɮɟɪɦ ɫ 
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ɤɥɟɟɧɵɦ ɜɟɪɯɧɢɦ ɩɨɹɫɨɦ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɡɚ ɫɱɟɬ ɨɬɫɭɬɫɬɜɢɹ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɫɬɪɨɣɫɬɜɚ ɦɧɨɠɟɫɬɜɚ ɭɡɥɨ-

ɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɩɪɨɱɧɨɫɬɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɤɥɟɟɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

Ɏɟɪɦɵ ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɨɱɟɪɬɚɧɢɸ ɩɨɹɫɨɜ ɦɨɝɭɬ ɛɵɬɶ: ɬɪɟɭɝɨɥɶɧɵɟ , ɫ 

ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɩɨɹɫɚɦɢ, ɦɧɨɝɨɭɝɨɥɶɧɵɟ, ɬɪɚɩɟɰɢɟɜɢɞɧɵɟ, ɫɟɝɦɟɧɬɧɵɟ, ɫ ɤɪɢ-

ɜɨɥɢɧɟɣɧɵɦɢ ɩɨɹɫɚɦɢ [͵]. 
Ɋɟɲɟɬɤɢ ɦɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶ ɩɪɨɫɬɵɟ ɢɥɢ ɫɥɨɠɧɵɟ ɫɢɫɬɟɦɵ, ɧɚɩɪɢɦɟɪ, 

ɞɥɹ ɫɬɪɨɩɢɥɶɧɵɯ ɮɟɪɦ ɯɚɪɚɤɬɟɪɧɚ ɩɪɨɫɬɚɹ ɪɟɲɟɬɤɚ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɢ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɫɤɨɫɨɜ ɪɚɡɥɢɱɚɸɬ ɫɥɟ-

ɞɭɸɳɢɟ ɜɢɞɵ ɪɟɲɟɬɨɤ: 

- ɪɚɫɤɨɫɧɚɹ, ɩɪɢ ɱɟɪɟɞɨɜɚɧɢɢ ɫɬɨɟɤ ɢ ɪɚɫɤɨɫɨɜ (ɪɢɫɭɧɨɤ 1 ɚ); 

- ɬɪɟɭɝɨɥɶɧɚɹ, ɩɪɢ ɱɟɪɟɞɨɜɚɧɢɢ ɪɚɫɤɨɫɨɜ ɪɚɡɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ  

(ɪɢɫɭɧɨɤ 1 ɛ); 

- ɬɪɟɭɝɨɥɶɧɚɹ ɫɨ ɫɬɨɣɤɚɦɢ, ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɫɬɨɟɤ ɦɟɠɞɭ ɫɯɨɞɹɳɢɦɢɫɹ 

ɪɚɫɤɨɫɚɦɢ (ɪɢɫɭɧɨɤ 1 ɜ). 

Ⱦɪɭɝɢɟ ɬɢɩɵ ɪɟɲɟɬɨɤ ɜ ɞɟɪɟɜɹɧɧɵɯ ɮɟɪɦɚɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɩɪɢɦɟɧɹ-

ɸɬɫɹ. 

Ɋɚɡɥɢɱɚɸɬ ɧɢɫɯɨɞɹɳɢɟ (ɪɚɛɨɬɚɸɳɢɟ ɧɚ ɪɚɫɬɹɠɟɧɢɹ) ɢ ɜɨɫɯɨɞɹɳɢɟ (ɪɚ-

ɛɨɬɚɸɳɢɟ ɧɚ ɫɠɚɬɢɟ) ɪɚɫɤɨɫɵ. ɉɪɟɞɩɨɱɬɟɧɢɟ ɫɬɨɢɬ ɨɬɞɚɜɚɬɶ ɬɢɩɭ ɪɟɲɟɬɤɢ ɫ 

ɧɚɢɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɫɬɟɪɠɧɟɣ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɫɠɚɬɢɟ, ɬɚɤ ɤɚɤ ɤɪɟɩɥɟ-

ɧɢɟ ɬɚɤɢɯ ɫɬɟɪɠɧɟɣ ɤ ɭɡɥɚɦ ɮɟɪɦɵ ɧɚɢɛɨɥɟɟ ɭɞɨɛɧɨ ɢ ɧɚɞɟɠɧɨ. 

Ɏɟɪɦɵ ɦɨɝɭɬ ɛɵɬɶ ɰɟɥɶɧɨɞɟɪɟɜɹɧɧɵɦɢ (ɜɵɩɨɥɧɟɧɧɵɟ ɢɡ ɞɨɫɨɤ, 

ɛɪɭɫɶɟɜ, ɤɥɟɟɧɨɣ ɞɪɟɜɟɫɢɧɵ, ɤɪɭɝɥɨɝɨ ɥɟɫɚ), ɦɟɬɚɥɥɨɞɟɪɟɜɹɧɧɵɦɢ. 

ɉɨ ɬɢɩɭ ɭɡɥɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɪɚɡɥɢɱɚɸɬ ɮɟɪɦɵ ɧɚ ɤɨɥɶɰɟɜɵɯ ɢ ɡɭɛɱɚ-

ɬɵɯ ɲɩɨɧɤɚɯ, ɧɚ ɝɜɨɡɞɹɯ, ɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɫɬɚɥɶɧɵɯ ɧɚɝɟɥɹɯ ɢ ɛɨɥɬɚɯ, ɧɚ 

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɡɭɛɱɚɬɵɯ ɩɥɚɫɬɢɧɚɯ, ɧɚ ɤɥɟɟɫɬɚɥɶɧɵɯ ɲɚɣɛɚɯ, ɧɚ ɥɨɛɨɜɵɯ 

ɜɪɭɛɤɚɯ ɢ ɧɚ ɞɪɭɝɢɯ ɜɢɞɚɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɹɡɟɣ [Ͷ].. 
ɉɨ ɜɟɥɢɱɢɧɟ ɩɟɪɟɤɪɵɜɚɟɦɵɯ ɩɪɨɥɟɬɨɜ ɮɟɪɦɵ ɦɨɠɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨ-

ɜɚɬɶ: ɦɚɥɨɝɨ (9-15 ɦ), ɫɪɟɞɧɟɝɨ (18-24 ɦ) ɢ ɛɨɥɶɲɨɝɨ (ɛɨɥɟɟ 24 ɦ) ɩɪɨɥɟɬɚ. ɉɨ 
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ɫɩɨɫɨɛɚɦ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɚɡɥɢɱɚɸɬ ɮɟɪɦɵ ɢɧɞɭɫɬɪɢɚɥɶɧɨɝɨ ɢ ɩɨɫɬɪɨɟɱɧɨɝɨ ɢɡ-

ɝɨɬɨɜɥɟɧɢɹ. 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 1 – Ɋɚɡɧɨɜɢɞɧɨɫɬɢ ɪɟɲɟɬɨɤ 

 

ȼ ɫɥɟɞɫɬɜɢɢ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɬɪɟɭɝɨɥɶɧɨɣ ɮɟɪɦɵ ɢɯ ɜ ɨɫɧɨɜɧɨɦ 

ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɤɪɨɜɟɥɶ, ɬɚɤ ɤɚɤ ɧɟ ɬɪɟɛɭɟɬɫɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɭɤɥɨɧ ɢɡ  

ɚ) 

ɛ) 

ɜ) 
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ɬɟɩɥɨ- ɢ ɝɢɞɪɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ȼɟɪɯɧɢɣ ɩɨɹɫ ɬɚɤɢɯ ɮɟɪɦ ɦɨɠɟɬ ɜɵ-

ɩɨɥɧɹɬɫɹ ɢɡ: ɛɪɭɫɶɟɜ, ɤɥɟɟɧɵɯ ɛɥɨɤɨɜ, ɩɥɚɫɬɢɧɱɚɬɵɯ ɧɚɝɟɥɹɯ. ɇɢɠɧɢɣ ɩɨɹɫ 

ɤɚɤ ɩɪɚɜɢɥɨ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɢɡ ɤɪɭɝɥɨɣ ɢɥɢ ɩɪɨɮɢɥɶɧɨɣ ɫɬɚɥɢ. Ɋɟɠɟ ɧɢɠɧɢɣ 

ɩɨɹɫ ɜɵɩɨɥɧɹɸɬ ɢɡ ɛɪɭɫɚ ɢɥɢ ɤɥɟɟɧɨɣ ɞɪɟɜɟɫɢɧɵ. ɉɨɜɵɲɟɧɢɟ ɫɬɟɩɟɧɢ ɢɧɞɭ-

ɫɬɪɢɚɥɢɡɚɰɢɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɬɪɟɭɝɨɥɶɧɵɯ ɮɟɪɦ ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɡɚ ɫɱɟɬ 

ɪɟɲɟɬɤɢ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɱɢɫɥɨɦ ɷɥɟɦɟɧɬɨɜ. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɜɨɩɪɨɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ ɞɟ-

ɪɟɜɹɧɧɵɯ ɫɬɨɟɤ ɢ ɮɟɪɦ, ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɠɟɫɬɤɨɫɬɢ, ɩɪɨɱɧɨɫɬɢ ɢ ɧɟɫɭ-

ɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɭɡɥɨɜɵɯ ɫɨɩɪɹɠɟɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɡɥɚ ɫɨɩɪɹɠɟɧɢɹ ɫɬɨɣɤɢ ɫ 

ɮɭɧɞɚɦɟɧɬɨɦ (ɨɩɨɪɧɨɝɨ ɭɡɥɚ). Ɉɞɧɚɤɨ, ɜɨɩɪɨɫɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɪɚɫɱɟɬɚ, ɭɡ-

ɥɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɞɟɪɟɜɹɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡɭɱɟɧɵ ɧɟ ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɨɝɪɚɧɢɱɟɧɢɸ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ɇɢɠɟ ɪɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɧɵɟ ɤɨɧ-

ɫɬɪɭɤɬɢɜɧɵɟ ɪɟɲɟɧɢɹ ɭɡɥɨɜ ɞɥɹ ɫɬɟɪɠɧɟɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ. 

 

1.3 Ɉɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɛɥɨɤɨɜ ɩɨɤɪɵɬɢɹ 

 

ɋ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ, ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ ɩɪɢɟɦɨɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɛɥɨɤɨɜ ɩɨɤɪɵɬɢɹ ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɡɞɚɧɢɣ ɛɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚ-

ɥɢɡ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɨɩɵɬɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɞɚ-

ɧɢɣ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ. 

Ʉ ɤɨɧɫɬɪɭɤɰɢɹɦ ɫ ɧɚɢɦɟɧɶɲɟɣ ɦɟɬɚɥɥɨёɦɤɨɫɬɶɸ, ɨɬɧɨɫɹɬɫɹ ɬɟ ɤɨɧ-

ɫɬɪɭɤɰɢɢ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɣ ɥɢɫɬ ɫɨɜɦɟɳɚɟɬ ɤɚɤ ɨɝɪɚɠɞɚɸɳɭɸ, 

ɬɚɤ ɢ ɧɟɫɭɳɭɸ ɮɭɧɤɰɢɸ. 

ɇɚ ɪɢɫɭɧɤɟ 1.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɲɩɪɟɧɝɟɥɶɧɚɹ ɩɥɢɬɚ ɩɨɤɪɵɬɢɹ, ɪɚɡɪɚɛɨɬɚɧ-

ɧɚɹ ɩɨɥɶɫɤɢɦɢ ɫɩɟɰɢɚɥɢɫɬɚɦɢ. ɉɥɢɬɚ ɫɨɫɬɨɢɬ ɢɡ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɥɢɫɬɚ ɢ 

ɲɩɪɟɧɝɟɥɶɧɨɣ ɫɢɫɬɟɦɵ, ɩɨɡɜɨɥɹɸɳɟɣ ɩɪɢɞɚɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɦɭ ɥɢɫɬɭ ɢ ɩɨɜɵɫɢɬɶ ɠɟɫɬɤɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ. ȼ ɫɨɜɦɟɫɬɧɭɸ 

ɪɚɛɨɬɭ ɫ ɩɪɨɮɧɚɫɬɢɥɨɦ ɜɤɥɸɱёɧ ɭɬɟɩɥɢɬɟɥɶ – ɩɨɥɢɫɬɢɪɨɥɛɟɬɨɧ. 
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Ɋɢɫɭɧɨɤ 1.1 – ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧɧɵɟ ɫɨɫɬɚɜɧɵɟ ɲɩɪɟɧɝɟɥɶɧɵɟ ɩɚɧɟɥɢ ɢɡ ɫɬɚɥɶɧɵɯ 

ɩɪɨɮɢɥɟɣ ɢ ɥёɝɤɨɝɨ ɛɟɬɨɧɚ 

 

ȼ ɇɨɜɨɫɢɛɢɪɫɤɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɚɪɯɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬɟɥɶɧɨɦ ɭɧɢ-

ɜɟɪɫɢɬɟɬɟ ɢɦ. ȼ.ȼ.Ʉɭɣɛɵɲɟɜɚ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɢɫɫɥɟɞɨɜɚɧɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ 

ɛɥɨɤɢ ɩɨɤɪɵɬɢɹ ɫɤɥɚɞɵɜɚɸɳɟɝɨɫɹ ɬɢɩɚ ɧɚ ɩɪɨɥɟɬɵ 9, 12 ɢ 18 ɦ, ɜ ɤɨɬɨɪɵɯ 

ɪɨɥɶ ɜɟɪɯɧɟɝɨ ɩɨɹɫɚ ɢɝɪɚɟɬ ɫɬɚɥɶɧɨɣ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɣ ɧɚɫɬɢɥ [ͷ,͸]. 
ȼɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɡɚɜɨɞɫɤɨɣ ɝɨɬɨɜɧɨɫɬɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɨɩɟ-

ɪɚɰɢɣ ɩɨ ɫɛɨɪɤɟ ɢ ɤɪɟɩɥɟɧɢɸ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɧɚɫɬɢɥɚ ɜ ɡɚɜɨɞɫɤɢɯ ɭɫɥɨ-

ɜɢɹɯ ɛɨɥɬɚɦɢ Ɇ10, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɬɶ ɢɯ ɜ ɩɥɨɫɤɢɟ ɨɬ-

ɩɪɚɜɨɱɧɵɟ ɷɥɟɦɟɧɬɵ ɩɨɥɧɨɣ ɡɚɜɨɞɫɤɨɣ ɝɨɬɨɜɧɨɫɬɢ ɞɥɢɧɨɣ 9 ɢɥɢ 12 ɦ (ɪɢɫɭɧɨɤ 

1.2). 

 

Ɋɢɫɭɧɨɤ 1.2 – ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɫɛɨɪɧɨ-ɪɚɡɛɨɪɧɵɣ ɛɥɨɤ ɩɨɤɪɵɬɢɹ 
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ɋɤɥɚɞɵɜɚɬɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɛɥɨɤ ɜ ɩɥɨɫɤɢɟ ɩɚɤɟɬɵ ɩɨɡɜɨɥɹɟɬ ɬɨ, ɱɬɨ 

ɜɟɪɯɧɢɟ ɤɨɧɰɵ ɪɚɫɤɨɫɨɜ ɮɟɪɦ ɩɪɢɦɵɤɚɸɬ ɤ ɩɨɩɟɪɟɱɧɵɦ ɷɥɟɦɟɧɬɚɦ ɱɟɪɟɡ ɩɨ-

ɜɨɪɨɬɧɵɟ ɧɚɤɥɚɞɤɢ ɫ ɮɚɫɨɧɤɚɦɢ, ɚ ɩɨɩɟɪɟɱɧɵɟ ɷɥɟɦɟɧɬɵ ɨɛɴɟɞɢɧɹɸɬɫɹ ɩɨ 

ɤɪɚɹɦ ɢ ɜ ɫɟɪɟɞɢɧɟ ɨɬɩɪɚɜɨɱɧɨɝɨ ɷɥɟɦɟɧɬɚ ɫ ɩɨɦɨɳɶɸ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɥɚ-

ɧɨɤ. 

ɂɫɩɵɬɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɷɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɣ ɧɚɫɬɢɥ 

ɪɚɛɨɬɚɟɬ ɤɚɤ ɫɠɚɬɨ-ɢɡɨɝɧɭɬɚɹ ɩɥɢɬɚ ɫ ɧɟɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɧɨɪ-

ɦɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɩɨ ɲɢɪɢɧɟ ɜɟɪɯɧɟɝɨ ɩɨɹɫɚ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɢɯ ɡɧɚɱɟ-

ɧɢɟɦ ɩɨ ɥɢɧɢɢ ɩɪɢɤɪɟɩɥɟɧɢɹ ɪɚɫɤɨɫɨɜ ɢ ɫɬɨɟɤ. Ɇɚɤɫɢɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ 

ɧɚɫɬɢɥɟ ɜ ɩɪɨɥɟɬɟ ɛɥɨɤɚ ɧɟ ɩɪɟɜɨɫɯɨɞɢɥɢ 90…100 Ɇɉɚ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 

ɨ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɩɪɨɮɧɚɫɬɢɥɚ. ɉɪɢ ɷɬɨɦ 

ɪɚɡɪɭɲɟɧɢɟ ɛɥɨɤɚ ɧɚ ɩɪɨɥɟɬ 9 ɦ ɩɪɨɢɡɨɲɥɨ ɢɡ-ɡɚ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɧɚɫɬɢɥɚ, ɧɚ ɩɪɨɥɟɬ 12, 18 ɦ ɪɚɡ ɢɡ-ɡɚ ɩɨɬɟɪɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɠɚɬɵɯ ɫɬɨɟɤ ɮɟɪɦ. 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɯ ɥɢɫɬɨɜ ɛɵɥɨ 

ɩɪɢɧɹɬɨ ɩɪɢɞɚɜɚɬɶ ɩɪɨɮɥɢɫɬɭ ɤɪɢɜɨɥɢɧɟɣɧɭɸ ɮɨɪɦɭ ɞɥɹ ɫɨɡɞɚɧɢɹ ɜ ɧɟɦ 

ɩɪɟɞɧɚɩɪɹɠɟɧɢɹ. ɇɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶ-

ɧɨɝɨ ɭɩɪɭɝɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɟɝɨ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɨɮɧɚɫɬɢɥɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɭɬёɦ 

ɩɪɢɞɚɧɢɹ ɟɦɭ ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɨɱɟɪɬɚɧɢɹ (ɪɢɫɭɧɨɤ 1.3). ɇɚɫɬɢɥ ɤɪɟɩɢɬɫɹ ɤ 

ɩɪɨɝɨɧɚɦ ɢɡ ɨɞɢɧɨɱɧɵɯ ɩɪɨɮɢɥɟɣ-ɲɜɟɥɥɟɪɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɫɬɟɧɤɨɣ ɜɜɟɪɯ 

ɢ ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɢ ɜɟɪɯɧɟɝɨ ɫɠɚɬɨɝɨ ɩɨɹɫɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɟɤɰɢɢ. 

 

 

Ɋɢɫɭɧɨɤ 1.3 – ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɫɟɤɰɢɢ ɩɨɤɪɵɬɢɹ ɫ ɜɟɪɯɧɢɦ ɩɨɹ-

ɫɨɦ ɢɡ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɥɢɫɬɚ 
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ɉɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɩɪɹɠёɧɧɵɯ ɰɢ-

ɥɢɧɞɪɢɱɟɫɤɢɯ ɩɚɧɟɥɟɣ-ɨɛɨɥɨɱɟɤ ɢɡ ɫɬɚɥɶɧɨɝɨ ɩɪɨɮɧɚɫɬɢɥɚ, ɩɪɨɜɨɞɢɦɵɟ ɜ Ȼɟ-

ɥɨɪɭɫɫɤɨɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɣ ɚɤɚɞɟɦɢɢ [7] (ɪɢɫɭɧɨɤ 1.4). 

 

 

 

Ɋɢɫɭɧɨɤ 1.4 – ɐɢɥɢɧɞɪɢɱɟɫɤɚɹ ɩɚɧɟɥɶ-ɨɛɨɥɨɱɤɚ: 

1 – ɩɪɨɮɥɢɫɬ, 2 – ɡɚɬɹɠɤɢ, 3 – ɩɨɩɟɪɟɱɧɵɟ ɷɥɟɦɟɧɬɵ 

 

ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɫɩɨɫɨɛɚ ɩɪɢɞɚɧɢɹ ɩɪɨɮɧɚɫɬɢɥɭ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɮɨɪɦɵ: 

1) ɨɩɨɪɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɤ ɩɪɨɮɥɢɫɬɭ ɡɚɤɪɟɩɥɹɸɬɫɹ ɫ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɨɦ  ɩɨɫɥɟ 

ɤɪɟɩɹɬɫɹ ɩɨɩɟɪɟɱɧɵɟ ɷɥɟɦɟɧɬɵ ɢ ɡɚɬɹɠɤɢ, ɤɨɬɨɪɵɟ ɜɩɨɫɥɟɞɫɬɜɢɢ ɧɚɬɹɝɢɜɚ-

ɸɬɫɹ, ɜɵɡɵɜɚɹ ɢɫɤɪɢɜɥɟɧɢɟ ɩɪɨɮɥɢɫɬɚ; 2) ɥɢɫɬɵ ɩɪɨɮɧɚɫɬɢɥɚ ɭɤɥɚɞɵɜɚɸɬɫɹ 

ɭɡɤɢɦɢ ɝɨɮɪɚɦɢ ɜɜɟɪɯ ɧɚ ɞɜɟ ɨɩɨɪɵ, ɡɚɝɪɭɠɚɸɬɫɹ ɞɨ ɩɨɥɭɱɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɜɟ-

ɥɢɱɢɧɵ ɩɪɨɜɢɫɚɧɢɹ, ɢ ɡɚɬɟɦ ɥɢɫɬ ɮɢɤɫɢɪɭɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɡɚɬɹɠɤɢ ɢ ɫɬɨɟɤ. 

ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɚɹ ɜɟɥɢɱɢɧɚ ɜɵɝɢɛɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɢɟɦ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɫɠɚɬɵɯ ɝɪɚɧɟɣ ɥɢɫɬɨɜ. 

ɍɱɟɧɵɟ Ʉɪɚɫɧɨɹɪɫɤɨɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɚɪɯɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬɟɥɶɧɨɣ 

ɚɤɚɞɟɦɢɢ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɞ.ɬ.ɧ. ȿɧɞɠɢɟɜɫɤɨɝɨ Ʌ.ȼ. ɧɚɱɚɥɢ ɷɮɮɟɤɬɢɜɧɨ ɢɫ-

ɩɨɥɶɡɨɜɚɬɶ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɟ ɥɢɫɬɵ ɜ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɩɪɹ-

ɠёɧɧɵɯ ɥɢɧɡɨɨɛɪɚɡɧɵɯ ɛɥɨɤɚɯ ɩɨɤɪɵɬɢɹ [8,9]. 
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Ȼɥɨɤ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɜɚ ɧɟɫɭɳɢɯ ɩɨɹɫɚ, ɜɵɩɨɥɧɟɧɧɵɯ ɢɡ ɩɪɨɮɥɢɫɬɨɜ, 

ɢɡɨɝɧɭɬɵɯ ɩɨ ɮɨɪɦɟ ɤɜɚɞɪɚɬɧɨɣ ɩɚɪɚɛɨɥɵ. ɉɨɹɫɚ ɨɛɴɟɞɢɧɟɧɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧ-

ɧɨɣ ɫɬɟɪɠɧɟɜɨɣ ɪɟɲёɬɤɨɣ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɠёɫɬɤɢɯ ɪɚɦɨɤ-ɫɬɨɟɤ ɢ ɪɚɫɤɨɫɨɜ ɢɡ 

ɝɧɭɬɵɯ (ɩɪɨɤɚɬɧɵɯ) ɭɝɨɥɤɨɜ. ɉɪɢ ɷɬɨɦ ɩɨɹɫɧɵɟ ɥɢɫɬɵ ɩɨ ɤɨɧɰɚɦ ɫɨɟɞɢɧɹɸɬɫɹ 

ɤɨɧɬɚɤɬɧɨɣ ɬɨɱɟɱɧɨɣ ɫɜɚɪɤɨɣ (ɪɢɫɭɧɨɤ 1.5). 
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1 – ɩɨɹɫɚ ɢɡ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɯ ɥɢɫɬɨɜ, 2 –  ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɷɥɟɦɟɧɬ 

Ɋɢɫɭɧɨɤ 1.5 –Ʌɢɧɡɨɨɛɪɚɡɧɵɣ ɛɥɨɤ ɩɨɤɪɵɬɢɹ (Ʉɪɚɫɧɨɹɪɫɤɢɣ ɂɋɂ) 

 

Ɉɞɧɨɣ ɢɡ ɩɨɫɥɟɞɧɢɯ ɪɚɡɪɚɛɨɬɨɤ ɛɥɨɤɚ ɫɜɨɞɱɚɬɨɝɨ ɬɢɩɚ ɹɜɥɹɟɬɫɹ ɩɪɨ-

ɫɬɪɚɧɫɬɜɟɧɧɚɹ ɫɢɫɬɟɦɚ ɞɜɭɯɩɨɹɫɧɨɝɨ ɚɪɨɱɧɨɝɨ ɩɨɤɪɵɬɢɹ (ɪɢɫɭɧɨɤ 1.6) ɫ ɫɨɜ-

ɦɟɳɟɧɢɟɦ ɜ ɫɬɚɥɶɧɵɯ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɯ ɥɢɫɬɚɯ, ɮɨɪɦɢɪɭɸɳɢɯ ɜɟɪɯɧɢɣ ɢ 

ɧɢɠɧɢɣ ɩɨɹɫɚ, ɧɟɫɭɳɢɯ ɢ ɨɝɪɚɠɞɚɸɳɢɯ ɮɭɧɤɰɢɣ [10]. 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 1.6 – ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɩɟɪɟɧɚɩɪɹɠёɧɧɨɟ ɞɜɭɯɩɨɹɫɧɨɟ ɚɪɨɱɧɨɟ ɩɨɤɪɵɬɢɟ 
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Ʉɨɧɫɬɪɭɤɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɛɥɨɤ ɩɨɤɪɵɬɢɹ, ɜɟɪɯɧɢɣ ɢ ɧɢɠɧɢɣ ɩɨ-

ɹɫɚ ɜɵɩɨɥɧɟɧɵ ɢɡ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɯ ɥɢɫɬɨɜ, ɫɨɟɞɢɧɟɧɧɵɯ ɤɨɧɬɚɤɬɧɨɣ ɬɨɱɟɱ-

ɧɨɣ ɫɜɚɪɤɨɣ. Ɋɚɦɵ-ɫɬɨɣɤɢ ɜɵɩɨɥɧɟɧɵ ɢɡ ɪɚɜɧɨɩɨɥɨɱɧɵɯ ɩɪɨɤɚɬɧɵɯ ɭɝɨɥɤɨɜ, 

ɫɨɟɞɢɧɟɧɧɵɯ ɩɨɥɭɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɨɣ. ɉɪɢɜɚɪɤɚ ɪɚɫɤɨɫɨɜ ɤ ɰɟɧɬɪɚɥɶɧɵɦ 

ɷɥɟɦɟɧɬɚɦ ɢ ɫɬɟɪɠɧɟɜɨɣ ɫɢɫɬɟɦɵ ɤ ɩɨɹɫɧɵɦ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɦ ɥɢɫɬɚɦ ɩɪɨ-

ɢɡɜɨɞɢɥɚɫɶ ɪɭɱɧɨɣ ɷɥɟɤɬɪɨɞɭɝɨɜɨɣ ɫɜɚɪɤɨɣ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɠɟɫɬɤɨɫɬɢ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɤɪɵɬɢɹ ɜ ɫɟ-

ɪɟɞɢɧɟ ɢ ɜ ɱɟɬɜɟɪɬɹɯ ɩɪɨɥɟɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɩɨɫɬɚɧɨɜɤɚ ɫɜɹɡɟ-

ɜɵɯ ɪɚɦ-ɫɬɨɟɤ. 

ɂɞɟɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɯ ɥɢɫɬɨɜ ɫɨɜɦɟɫɬɧɨ ɫ ɞɟɪɟɜɹɧɧɵɦ 

ɤɚɪɤɚɫɨɦ ɭɞɚɱɧɨ ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɇɨɜɨɫɢɛɢɪɫɤɨɦ ȽȺɋɍ Ⱦɦɢɬɪɢɟɜɵɦ ɉ.ɉ. [11]. 

ɉɥɢɬɚ ɨɛɪɚɡɨɜɚɧɚ ɩɪɨɞɨɥɶɧɵɦɢ ɝɧɭɬɨɤɥɟɟɧɵɦɢ, ɨɱɟɪɱɟɧɧɵɦɢ ɩɨ ɞɭɝɟ 

ɨɤɪɭɠɧɨɫɬɢ ɪɟɛɪɚɦɢ ɢ ɨɛɲɢɜɤɨɣ ɢɡ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɯ ɫɬɚɥɶɧɵɯ ɥɢɫɬɨɜ. 

ɉɥɢɬɚ ɱɟɪɟɡ 3 ɦ ɨɩɟɪɬɚ ɧɚ ɩɨɩɟɪɟɱɧɵɟ ɪɟɲɟɬɱɚɬɵɟ ɫɢɫɬɟɦɵ, ɨɛɪɚɡɭɟɦɵɟ ɝɨ-

ɪɢɡɨɧɬɚɥɶɧɵɦɢ ɪɢɝɟɥɹɦɢ ɢ ɧɚɤɥɨɧɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɫɬɨɣɤɚɦɢ, ɪɚɫɤɪɟɩɥɟɧ-

ɧɵɦɢ ɩɨ ɧɢɡɭ ɪɚɫɩɨɪɤɚɦɢ. 

ɂɦ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɟɪɟɜɨɦɟɬɚɥɥɢɱɟɫɤɢɯ ɛɥɨɤ-ɮɟɪɦ ɢ 

ɩɥɢɬ ɩɨɤɪɵɬɢɹ, ɜ ɤɨɬɨɪɵɯ ɨɛɲɢɜɤɚ ɢɡ ɩɪɨɮɢɥɶɬɪɨɜɚɧɧɵɯ ɥɢɫɬɨɜ ɜɤɥɸɱɟɧɚ ɜ 

ɨɛɳɭɸ ɪɚɛɨɬɭ ɩɪɨɞɨɥɶɧɵɯ ɞɟɪɟɜɹɧɧɵɯ ɩɨɹɫɧɵɯ ɪёɛɟɪ. Ȼɥɨɤ-ɮɟɪɦɚ ɩɪɨɥɟɬɨɦ 

24 ɦ ɢɦɟɟɬ «ɪɵɛɨɨɛɪɚɡɧɨɟ» ɨɱɟɪɬɚɧɢɟ (ɪɢɫɭɧɨɤ 1.7). Ʉɨɧɫɬɪɭɤɰɢɹ ɩɪɟɞɫɬɚɜ-

ɥɹɟɬ ɫɨɛɨɣ ɤɪɢɜɨɥɢɧɟɣɧɭɸ ɧɟɪɚɡɪɟɡɧɭɸ ɩɥɢɬɭ, ɭɫɢɥɟɧɧɭɸ ɞɜɭɦɹ ɲɩɪɟɧɝɟ-

ɥɹɦɢ. 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 1.7 – Ⱦɟɪɟɜɨɦɟɬɚɥɥɢɱɟɫɤɚɹ ɛɥɨɤ-ɮɟɪɦɚ «ɪɵɛɨɨɛɪɚɡɧɨɝɨ» ɨɱɟɪɬɚɧɢɹ 
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Ɋɟɛɪɚ ɤɪɢɜɨɥɢɧɟɣɧɵɯ ɩɥɢɬ ɩɨ ɞɥɢɧɟ ɧɟ ɢɦɟɸɬ ɫɬɵɤɨɜ, ɚ ɥɢɫɬɵ ɩɪɨɮ-

ɧɚɫɬɢɥɚ ɫɬɵɤɭɸɬɫɹ ɩɨ ɫɟɪɟɞɢɧɟ ɩɪɨɥɟɬɚ. ɉɪɢ ɷɬɨɦ ɤɨɧɫɬɪɭɤɰɢɹ ɫɬɵɤɚ ɧɚɫɬɢɥɚ 

ɧɟ ɪɚɫɫɱɢɬɚɧɚ ɧɚ ɩɟɪɟɞɚɱɭ ɫɠɢɦɚɸɳɢɯ ɭɫɢɥɢɣ (ɬ.ɟ. ɧɚ ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɢ 

ɩɪɨɞɨɥɶɧɵɟ ɫɢɥɵ ɜ ɦɟɫɬɟ ɫɬɵɤɚ ɪɚɛɨɬɚɸɬ ɬɨɥɶɤɨ ɤɥɟɟɧɵɟ ɪɟɛɪɚ). 

ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɚ [11] ɜ ɰɟɥɹɯ ɭɜɟɥɢɱɟɧɢɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɢɡ-

ɝɢɛɧɨɣ ɠɟɫɬɤɨɫɬɢ ɩɥɢɬ ɜɟɪɯɧɟɣ ɨɛɲɢɜɤɟ ɢɡ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɯ ɥɢɫɬɨɜ ɰɟɥɟɫɨ-

ɨɛɪɚɡɧɨ ɩɪɢɞɚɜɚɬɶ ɜɵɝɢɛ ɩɨ ɲɢɪɢɧɟ ɩɥɢɬɵ. 

ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɮɥɢ-

ɫɬɚ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

– ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɣ ɥɢɫɬ ɩɨɥɭɱɢɥ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɤɚɤ ɨɝɪɚɠ-

ɞɚɸɳɢɣ ɷɥɟɦɟɧɬ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɮɥɢɫɬɚ 

ɤɚɤ ɧɟɫɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɟɝɨ ɢɡɝɢɛɧɭɸ ɠɟɫɬɤɨɫɬɶ, ɱɬɨ 

ɜɨɡɦɨɠɧɨ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɩɪɨɮɧɚɫɬɢɥɨɜ ɜ ɨɛɳɭɸ ɪɚɛɨɬɭ, ɧɚɩɪɢɦɟɪ, ɫ ɷɥɟɦɟɧ-

ɬɚɦɢ ɪɟɲɟɬɤɢ ɢ ɧɢɠɧɢɦ ɩɨɹɫɨɦ ɜ ɛɟɡɪɚɫɤɨɫɧɵɯ ɪɟɲɟɬɱɚɬɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ. 

– ɩɪɢɦɟɧɟɧɢɟ ɧɚɫɬɢɥɨɜ ɩɨɡɜɨɥɹɟɬ ɢɫɤɥɸɱɢɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɫɬɪɨɣɫɬɜɚ 

ɤɪɨɜɟɥɶ, ɫɧɢɡɢɬɶ ɬɪɭɞɨɟɦɤɨɫɬɶ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɫɨɤɪɚɬɢɬɶ ɨɛɳɢɟ ɫɪɨɤɢ ɜɨɡ-

ɜɟɞɟɧɢɹ ɩɨɤɪɵɬɢɣ ɡɞɚɧɢɣ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɨɫɨɛɟɧɧɨɣ ɷɤɨɧɨɦɢɢ ɫɥɟɞɭɟɬ ɠɞɚɬɶ ɨɬ 

ɩɪɢɦɟɧɟɧɢɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɜ ɦɨɛɢɥɶɧɵɯ ɫɛɨɪɧɨ-ɪɚɡɛɨɪɧɵɯ 

ɡɞɚɧɢɹɯ, ɤɨɬɨɪɵɟ ɡɚ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɟɪɟɛɚɡɢɪɭɸɬɫɹ ɫ ɦɟɫɬɚ ɧɚ ɦɟɫɬɨ 

3…5 ɪɚɡ. 

– ɨɬɦɟɬɢɦ ɨɫɨɛɨ, ɱɬɨ ɜ ɪɹɞɟ ɢɡɜɟɫɬɧɵɯ ɫɤɜɨɡɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɧɚɫɬɢɥɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡ-

ɦɨɠɧɵɦ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɞɥɹ ɪɚɫɤɨɫɨɜ ɢ ɧɢɠɧɟɝɨ ɩɨɹɫɚ ɜɡɚɦɟɧ ɦɟɬɚɥɥɚ ɢɫ-

ɩɨɥɶɡɨɜɚɬɶ ɞɪɟɜɟɫɢɧɭ, ɢɦɟɸɳɭɸ ɧɟɛɨɥɶɲɭɸ ɦɚɫɫɭ. 

 

1.4 Ɉɩɨɪɧɵɟ ɭɡɥɨɜɵɟ ɫɨɟɞɢɧɟɧɢɹ ɞɟɪɟɜɹɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 

 

ɋɨɪɬɚɦɟɧɬɵ ɦɨɝɭɬ ɡɧɚɱɢɬɟɥɶɧɨ ɨɝɪɚɧɢɱɢɜɚɬɶ ɪɚɡɦɟɪɵ ɩɢɥɨɦɚɬɟɪɢɚɥɨɜ, 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ ɷɥɟɦɟɧɬɨɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɞɟɪɟɜɹɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, 
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ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɫɬɚɥɢ ɧɟɨɛɯɨɞɢɦɵɦɢ ɬɚɤɢɟ ɨɩɟɪɚɰɢɢ, ɤɚɤ ɫɩɥɚɱɢɜɚɧɢɟ ɢɥɢ 

ɫɪɚɳɢɜɚɧɢɟ. 

Ⱥɧɚɥɢɡ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 

ɬɢɩɚ ɲɚɬɪɨɜ, ɚɪɨɤ, ɤɭɩɨɥɨɜ (ɫɬɟɪɠɧɟɜɵɯ), ɮɟɪɦ, ɫɜɨɞɨɜ, ɪɚɦ ɩɨɤɚɡɚɥ ɧɚɥɢɱɢɟ 

ɦɧɨɠɟɫɬɜɚ ɭɡɥɨɜɵɯ ɢ ɫɬɵɤɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

ȼɵɛɨɪ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɬɢɩɚ ɫɨɟɞɢɧɟɧɢɹ ɞɟɪɟɜɹɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɨɩɪɟ-

ɞɟɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɨɦ ɪɚɛɨɬɵ ɷɥɟɦɟɧɬɨɜ ɫɨɟɞɢɧɟɧɢɹ, ɫɩɨɫɨɛɨɦ ɩɟɪɟɞɚɱɢ ɭɫɢ-

ɥɢɣ ɦɟɠɞɭ ɧɢɦɢ, ɬɨ ɟɫɬɶ ɡɚɜɢɫɹɬ ɨɬ ɜɢɞɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɹɡɟɣ [12]. 

Ⱦɥɹ ɷɥɟɦɟɧɬɨɜ, ɢɫɩɵɬɵɜɚɸɳɢɯ ɧɚɝɪɭɡɤɭ ɫɠɚɬɢɹ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜ ɤɚɱɟ-

ɫɬɜɟ ɫɩɨɫɨɛɚ ɫɨɟɞɢɧɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɨɛɨɜɵɟ ɭɩɨɪɵ ɢɥɢ ɜɪɭɛɤɢ ɫ ɭɫɬɚɧɨɜ-

ɥɟɧɧɵɦɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɧɚɤɥɚɞɤɚɦɢ, ɫɬɹɧɭɬɵɦɢ ɛɨɥɬɚɦɢ (ɫɨɟɞɢɧɟɧɧɵɦɢ 

ɝɜɨɡɞɹɦɢ), ɤɨɬɨɪɵɟ ɫɬɚɛɢɥɢɡɢɪɭɸɬ ɪɚɛɨɬɭ ɫɨɟɞɢɧɟɧɢɹ. 

Ⱦɥɹ ɷɥɟɦɟɧɬɨɜ ɢɥɢ ɫɬɵɤɨɜ, ɢɫɩɵɬɵɜɚɸɳɢɯ ɪɚɫɬɹɝɢɜɚɸɳɭɸ ɧɚɝɪɭɡɤɭ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨɞ ɭɝɥɨɦ ɞɪɭɝ ɤ ɞɪɭɝɭ, ɬɪɟɛɭɸɳɢɯ ɫɩɥɚɱɢɜɚɧɢɹ, ɰɟɥɟɫɨɨɛ-

ɪɚɡɧɨ ɜ ɤɚɱɟɫɬɜɟ ɫɩɨɫɨɛɚ ɫɨɟɞɢɧɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɨɟɞɢɧɟɧɢɹ ɧɚ ɦɟɯɚɧɢɱɟ-

ɫɤɢɯ ɫɜɹɡɹɯ. 

Ʉɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɬɚɤɢɟ ɫɜɹɡɢ ɦɨɠɧɨ, ɧɚɩɪɢɦɟɪ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɯɚ-

ɪɚɤɬɟɪɚ ɪɚɛɨɬɵ: 

– ɫɤɚɥɵɜɚɸɳɢɟ (ɧɚ ɫɦɹɬɢɟ); 

– ɫɞɜɢɝɨɜɵɟ; 

– ɢɡɝɢɛɚɸɳɢɟ; 

– ɪɚɫɬɹɝɢɜɚɸɳɢɟ. 

ɇɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɦɢ, ɚ ɩɨɬɨɦɭ ɢ ɧɚɢɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ 

ɨɩɨɪɧɵɟ ɭɡɥɵ ɛɥɨɤ-ɫɜɨɞɨɜ, ɜ ɤɨɬɨɪɵɯ ɫɨɟɞɢɧɹɸɬɫɹ ɫɜɨɞ ɫ ɛɚɥɤɚɦɢ-ɡɚɬɹɠɤɚɦɢ. 

Ȼɵɥ ɩɪɨɜɟɞɟɧ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɩɨɢɫɤ ɨɩɬɢɦɚɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ 

ɭɡɥɚ ɫɨɩɪɹɠɟɧɢɹ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɥɢɫɬɚ ɫ ɛɚɥɤɚɦɢ-ɡɚɬɹɠɤɚɦɢ [13]. 

Ɉɩɨɪɧɵɣ ɭɡɟɥ, ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫ. 1.9, ɡɚɩɪɨɟɤɬɢɪɨɜɚɧ ɫ ɢɫɩɨɥɶɡɨɜɚ-

ɧɢɟɦ ɞɟɪɟɜɹɧɧɨɣ ɩɨɞɭɲɤɢ. 
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1 – ɩɪɨɮɥɢɫɬ; 2 – ɞɟɪɟɜɹɧɧɚɹ ɩɨɞɭɲɤɚ; 3 – ɫɜɚɪɧɨɣ ɉ-ɨɛɪɚɡɧɵɣ ɭɡɥɨɜɨɣ ɷɥɟɦɟɧɬ;  

4 – ɛɚɥɤɚ-ɡɚɬɹɠɤɚ; 5 – ɞɸɛɟɥɢ-ɝɜɨɡɞɢ; 6 – ɛɨɪɬɨɜɨɣ ɷɥɟɦɟɧɬ ɢɡ ɞɟɪɟɜɹɧɧɨɝɨ ɛɪɭɫɚ 

Ɋɢɫɭɧɨɤ 1.9 -  ɍɡɟɥ ɫɨɩɪɹɠɟɧɢɹ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɥɢɫɬɚ ɫɜɨɞɚ ɢ ɛɚɥɤɢ-ɡɚɬɹɠɤɢ ɧɚ ɨɩɨɪɟ 

ɫ ɭɩɨɪɨɦ ɜ ɞɟɪɟɜɹɧɧɭɸ ɩɨɞɭɲɤɭ 

 

ɉɨɞɭɲɤɚ ɫ ɮɪɟɡɟɪɨɜɚɧɧɵɦɢ ɝɪɚɧɹɦɢ, ɢɦɟɸɳɚɹ ɬɪɚɩɟɰɢɟɜɢɞɧɨɟ ɩɨɩɟɪɟɱ-

ɧɨɟ ɫɟɱɟɧɢɟ, ɜɵɩɨɥɧɟɧɚ ɢɡ  ɞɪɟɜɟɫɢɧɵ, ɜɤɥɟɟɧɚ ɜ ɝɨɮɪ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɥɢ-

ɫɬɚ ɢ ɭɩɟɪɬɚ ɜ ɩɟɪɟɤɥɚɞɢɧɭ ɫɜɚɪɧɨɝɨ ɉ-ɨɛɪɚɡɧɨɝɨ ɭɡɥɨɜɨɝɨ ɷɥɟɦɟɧɬɚ. ɉɨɫɥɟɞ-

ɧɢɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɭɩɨɪ-ɲɜɟɥɥɟɪ ɢ ɫɬɚɥɶɧɵɟ ɧɚɤɥɚɞɤɢ. 

ɍɫɢɥɢɟ ɫ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɥɢɫɬɚ ɩɟɪɟɞɚɟɬɫɹ ɱɟɪɟɡ ɤɥɟɟɜɨɣ ɲɨɜ ɧɚ ɩɨ-

ɞɭɲɤɭ, ɞɚɥɟɟ ɧɚ ɫɜɚɪɧɨɣ ɉ-ɨɛɪɚɡɧɵɣ ɭɡɥɨɜɨɣ ɷɥɟɦɟɧɬ ɢ ɱɟɪɟɡ ɞɸɛɟɥɢ-ɝɜɨɡɞɢ 

ɧɚ ɛɚɥɤɭ-ɡɚɬɹɠɤɭ. 

ȼ ɰɟɥɹɯ ɭɦɟɧɶɲɟɧɢɹ ɪɚɫɯɨɞɚ ɫɬɚɥɢ, ɩɪɟɞɥɨɠɟɧ ɜɚɪɢɚɧɬ ɭɡɥɚ, ɜ ɤɨɬɨɪɨɦ 

ɮɭɧɤɰɢɢ ɭɩɨɪɚ-ɲɜɟɥɥɟɪɚ ɜɵɩɨɥɧɹɟɬ ɞɟɪɟɜɹɧɧɚɹ ɩɨɞɭɲɤɚ, ɩɪɢɤɥɟɟɧɧɚɹ ɤ 

ɛɚɥɤɟ-ɡɚɬɹɠɤɟ ɩɨɫɪɟɞɫɬɜɨɦ ɡɭɛɱɚɬɨɝɨ ɫɨɟɞɢɧɟɧɢɹ (ɪɢɫɭɧɨɤ 1.10). 

ɉɪɢ ɬɚɤɨɦ ɪɟɲɟɧɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ ɛɚɥɨɤ-ɡɚɬɹɠɟɤ ɫ 

ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɦ ɥɢɫɬɨɦ, ɱɬɨ ɛɥɚɝɨɩɪɢɹɬɧɨ ɜɥɢɹɟɬ ɧɚ ɩɟɪɟɞɚɱɭ ɭɫɢɥɢɣ ɫɨ 



21 
 

ɫɜɨɞɚ ɧɚ ɛɚɥɤɢ. Ⱦɥɹ ɜɨɫɩɪɢɹɬɢɹ ɜɨɡɦɨɠɧɵɯ ɭɫɢɥɢɣ ɨɬɪɵɜɚ ɫɜɨɞɚ ɨɬ ɛɚɥɨɤ-ɡɚ-

ɬɹɠɟɤ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɫɬɚɥɶɧɵɟ ɧɚɤɥɚɞɤɢ ɫ ɡɭɛɶɹɦɢ ɢɡ ɞɸɛɟ-

ɥɟɣ-ɝɜɨɡɞɟɣ. 

 

1 – ɩɪɨɮɥɢɫɬ; 2 – ɞɟɪɟɜɹɧɧɚɹ ɩɨɞɭɲɤɚ; 3 - ɭɩɨɪɧɚɹ  ɞɟɪɟɜɹɧɧɚɹ ɩɨɞɭɲɤɚ; 4 –ɦɟɬɚɥɥɢɱɟ-

ɫɤɚɹ ɧɚɤɥɚɞɤɚ ɧɚ ɞɸɛɟɥɹɯ-ɝɜɨɡɞɹɯ; 5 – ɛɚɥɤɚ-ɡɚɬɹɠɤɚ; 6 – ɫɨɟɞɢɧɢɬɟɥɶɧɚɹ ɦɟɬɚɥɥɢɱɟɫɤɚɹ 

ɧɚɤɥɚɞɤɚ; 7- ɛɨɪɬɨɜɨɣ ɷɥɟɦɟɧɬ ɢɡ ɞɟɪɟɜɹɧɧɨɝɨ ɛɪɭɫɚ 

Ɋɢɫɭɧɨɤ 1.10 - ɍɡɟɥ ɫɨɩɪɹɠɟɧɢɹ ɩɪɨɮɥɢɫɬɚ ɢ ɛɚɥɤɢ-ɡɚɬɹɠɤɢ ɧɚ ɨɩɨɪɟ ɫ ɭɩɨɪɨɧɨɣ ɜ ɞɟɪɟ-

ɜɹɧɧɨɣ ɩɨɞɭɲɤɨɣ 

 

ɇɟɫɨɦɧɟɧɧɨ, ɱɬɨ ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɜɵɲɟ ɪɟɲɟɧɢɹ ɭɡɥɨɜ ɩɪɟɞɩɨɥɚɝɚɸɬ ɜɵ-

ɫɨɤɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɤɭɥɶɬɭɪɭ ɢ ɞɢɫɰɢɩɥɢɧɭ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, ɚ ɩɨɬɨɦɭ ɢ 

ɢɦɟɸɬ ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɢ ɩɪɨɞɜɢɠɟɧɢɢ ɛɥɨɤ-ɫɜɨɞɨɜ ɧɚ ɫɬɪɨɢɬɟɥɶɧɨɦ ɪɵɧɤɟ. 

Ȼɨɥɶɲɟɣ ɠɢɜɭɱɟɫɬɶɸ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɨɝɪɟɲɧɨɫɬɹɦ 

ɨɛɥɚɞɚɟɬ ɬɪɟɬɢɣ ɜɚɪɢɚɧɬ ɨɩɨɪɧɨɝɨ ɭɡɥɚ, ɩɨɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 1.11. Ɂɞɟɫɶ ɫɨ-

ɩɪɹɠɟɧɢɟ ɩɪɨɮɥɢɫɬɚ ɫ ɛɚɥɤɨɣ-ɡɚɬɹɠɤɨɣ ɧɚ ɨɩɨɪɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 

ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɯɨɦɭɬɚ ɢɡ ɩɨɥɨɫɨɜɨɣ ɫɬɚɥɢ, ɩɪɢɤɪɟɩɥɟɧɧɨɝɨ ɤ ɛɪɭɫɭ  ɫɬɚɥɶ-

ɧɵɦɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ ɧɚɝɟɥɹɦɢ ɢ ɲɩɢɥɶɤɚɦɢ, ɚ ɤ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɦɭ ɥɢɫɬɭ 

– ɤɨɧɬɚɤɬɧɨɣ ɷɥɟɤɬɪɨɫɜɚɪɤɨɣ. 
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Ȼɚɥɤɢ-ɡɚɬɹɠɤɢ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɦɨɧɬɚɠɧɭɸ 

ɟɞɢɧɢɰɭ ɛɨɪɬɨɜɵɦ ɷɥɟɦɟɧɬɨɦ ɢɡ ɞɟɪɟɜɹɧɧɨɝɨ ɛɪɭɫɚ. 

Ⱦɥɹ ɭɫɢɥɟɧɢɹ ɨɩɨɪɧɨɝɨ ɭɡɥɚ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɩɨɫɬɚɧɨɜɤɚ ɩɨɥɨɫɨɜɨɣ 

ɧɚɤɥɚɞɤɢ ɢɡ ɩɪɨɮɥɢɫɬɚ, ɫɨɟɞɢɧɹɸɳɚɹɫɹ ɫɨ ɫɜɨɞɨɦ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦɢ ɡɚ-

ɤɥɟɩɤɚɦɢ. 

ɂɞɟɹ ɜɤɥɸɱɟɧɢɹ ɛɨɪɬɨɜɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɨɛɳɭɸ ɪɚɛɨɬɭ ɜ ɤɚɱɟɫɬɜɟ ɷɥɟ-

ɦɟɧɬɚ ɠɟɫɬɤɨɫɬɢ ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɱɟɬɜɟɪɬɨɦ ɜɚɪɢɚɧɬɟ ɨɩɨɪɧɨɝɨ ɭɡɥɚ (ɪɢɫɭɧɨɤ 

1.12), ɨɬɥɢɱɚɸɳɟɝɨɫɹ ɨɬ ɩɪɟɞɵɞɭɳɟɝɨ ɬɟɦ, ɱɬɨ ɛɚɥɤɢ-ɡɚɬɹɠɤɢ ɫɨɟɞɢɧɹɸɬɫɹ 

ɦɟɠɞɭ ɫɨɛɨɣ ɧɚ ɨɩɨɪɟ ɲɜɟɥɥɟɪɨɦ, ɤɨɬɨɪɵɣ ɨɩɢɪɚɟɬɫɹ ɧɚ ɛɪɭɫ ɱɟɪɟɡ ɦɟɬɚɥɥɢ-

ɱɟɫɤɭɸ ɧɚɤɥɚɞɤɭ. ɉɨɫɥɟɞɧɹɹ ɜɵɩɨɥɧɹɟɬ ɪɨɥɶ ɚɜɚɪɢɣɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɤɪɟɩɢɬɫɹ 

ɤ ɛɚɥɤɟ-ɡɚɬɹɠɤɟ ɧɚɝɟɥɹɦɢ. ɋɨɩɪɹɠɟɧɢɟ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɥɢɫɬɚ ɫɨ ɲɜɟɥɥɟ-

ɪɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɚɦɨɧɚɪɟɡɚɸɳɢɦɢ ɛɨɥɬɚɦɢ. 

 

 

1 – ɩɪɨɮɥɢɫɬ; 2 – ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɯɨɦɭɬ; 3 – ɛɚɥɤɚ-ɡɚɬɹɠɤɚ; 4 – ɛɨɪɬɨɜɨɣ ɷɥɟɦɟɧɬ ɢɡ ɞɟɪɟ-

ɜɹɧɧɨɝɨ ɛɪɭɫɚ; 5 – ɭɝɨɥɨɤ; 6 – ɲɩɢɥɶɤɢ ɢ ɫɬɚɥɶɧɵɟ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɧɚɝɟɥɢ 

Ɋɢɫɭɧɨɤ 1.11 - ɋɨɩɪɹɠɟɧɢɹ ɛɚɥɤɢ ɠɟɫɬɤɨɫɬɢ ɫ ɩɪɨɮɥɢɫɬɨɦ ɧɚ ɨɩɨɪɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɯɨɦɭɬɚ 
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1 – ɩɪɨɮɥɢɫɬ; 2 – ɲɜɟɥɥɟɪ; 3 – ɪɟɛɪɚ ɠɟɫɬɤɨɫɬɢ; 4 – ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɧɚɤɥɚɞɤɚ; 5 – ɛɚɥɤɚ-

ɡɚɬɹɠɤɚ; 6 – ɲɩɢɥɶɤɢ 

Ɋɢɫɭɧɨɤ 1.12 - ɋɨɩɪɹɠɟɧɢɹ ɛɚɥɤɢ-ɡɚɬɹɠɤɢ ɫ ɩɪɨɮɥɢɫɬɨɦ ɧɚ ɨɩɨɪɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɲɜɟɥɥɟɪɚ 

 

1.5 ɉɪɟɞɧɚɩɪɹɠɟɧɢɟ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɞɟɪɟɜɹɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ 

 

ɉɨɞ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɧɢ-

ɦɚɸɬ ɫɩɟɰɢɚɥɶɧɵɟ ɩɪɢɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɤɨɧ-

ɫɬɪɭɤɰɢɹɯ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɢɯ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ɋɨɡɞɚɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɧɚ ɪɚɡɧɵɯ ɫɬɚɞɢɹɯ: ɜɨ ɜɪɟɦɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɩɪɢ ɦɨɧɬɚɠɟ, ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɥɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. 

ɂɫɩɨɥɶɡɭɹ ɩɪɟɞɧɚɩɪɹɠɟɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ ɦɨɠɧɨ ɫɧɢɡɢɬɶ ɢɯ ɦɚɫɫɭ, ɫɬɨ-

ɢɦɨɫɬɶ, ɜɨɡɧɢɤɚɸɳɢɟ ɞɟɮɨɪɦɚɰɢɢ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɢɬɶ ɢɯ ɠɟɫɬɤɨɫɬɶ ɢ ɭɫɬɨɣ-

ɱɢɜɨɫɬɶ. Ɍɚɤɠɟ, ɩɪɟɞɧɚɩɪɹɠɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɩɪɢ ɭɫɢɥɟɧɢɢ ɤɨɧ-

ɫɬɪɭɤɰɢɣ [ͳͶ]. 
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Ⱦɥɹ ɩɪɟɞɧɚɩɪɹɠɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɷɥɟɦɟɧɬɨɜ ɢɡ ɞɪɟɜɟɫɢɧɵ ɜɚɠɧɭɸ 

ɪɨɥɶ ɢɝɪɚɸɬ ɫɥɟɞɭɸɳɢɟ ɩɨɬɟɪɢ ɩɪɟɞɧɚɩɪɹɠɟɧɢɹ: 

– ɩɨɬɟɪɢ ɨɬ ɪɟɥɚɤɫɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ ɜ ɚɪɦɚɬɭɪɟ ɩɪɢ ɧɚɬɹɠɟɧɢɢ - σ1; 

– ɩɨɬɟɪɢ ɨɬ ɞɟɮɨɪɦɚɰɢɢ ɞɪɟɜɟɫɢɧɵ ɩɨɞ ɲɚɣɛɚɦɢ, ɮɚɫɨɧɤɚɦɢ, ɫɦɟɳɟɧɢɹ 

ɫɬɟɪɠɧɟɣ ɜ ɡɚɠɢɦɚɯ, ɮɚɫɨɧɨɤ σ3; 

– ɩɨɬɟɪɢ ɨɬ ɬɪɟɧɢɹ ɚɪɦɚɬɭɪɵ ɨ ɞɪɟɜɟɫɢɧɭ ɢɥɢ ɨɛ ɨɝɢɛɚɸɳɢɟ ɷɥɟɦɟɧɬɵ 

σ4; 

– ɩɨɬɟɪɢ ɨɬ ɭɤɨɪɨɱɟɧɢɹ ɷɥɟɦɟɧɬɚ (ɞɟɮɨɪɦɚɰɢɣ ɜ ɭɡɥɚɯ); 

– ɩɨɬɟɪɢ ɨɬ ɩɨɥɡɭɱɟɫɬɢ ɞɪɟɜɟɫɢɧɵ; 

– ɩɨɬɟɪɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɯ ɩɟɪɟɩɚɞɨɜ. 

ɗɮɮɟɤɬɢɜɟɧ ɫɩɨɫɨɛ ɫɨɡɞɚɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɭɬɟɦ ɩɪɢ-

ɫɨɟɞɢɧɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɞɤɪɟɩɥɹɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɜɢɞɟ ɩɪɨɫɬɪɚɧ-

ɫɬɜɟɧɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɲɩɪɟɧɝɟɥɟɣ, ɬɪɨɫɨɜ ɫ ɩɨɞɜɟɫɤɚɦɢ, ɫɬɨɟɤ ɢ ɬ.ɩ. ɤ ɭɡ-

ɥɚɦ ɧɢɠɧɟɝɨ ɩɨɹɫɚ ɤɨɧɫɬɪɭɤɰɢɣ, ɫɧɚɛɠɟɧɧɵɯ ɧɚɬɹɠɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ. Ɋɚɫ-

ɱɟɬ ɩɪɟɞɧɚɩɪɹɠɟɧɢɹ ɜ ɧɚɬɹɠɧɵɯ ɷɥɟɦɟɧɬɚɯ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɜ ɦɟ-

ɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɹɯ, ɢ ɪɚɫɫɦɨɬɪɟɧ ɧɢɠɟ. 

ɉɪɢɦɟɧɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤ-

ɰɢɹɯ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɨɝɪɟɫɫɚ, ɨɛɟɫɩɟɱɢɜɚɸ-

ɳɢɦ ɤɚɱɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ ɤɨɧɫɬɪɭɤɰɢɣ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɟɫɥɢ ɷɮɮɟɤɬ, ɩɨɥɭɱɚɟɦɵɣ 

ɨɬ ɧɟɝɨ, ɩɨɥɧɨɫɬɶɸ ɨɤɭɩɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ. Ɉɫɧɨɜɧɨɣ ɢɞɟɟɣ ɩɪɟɞɜɚ-

ɪɢɬɟɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɢɫɤɭɫɫɬɜɟɧɧɵɦ ɩɭɬɟɦ ɜ ɤɨɧɫɬɪɭɤ-

ɰɢɢ, ɫɬɟɪɠɧɟ ɢɥɢ ɧɚɢɛɨɥɟɟ ɧɚɩɪɹɠɟɧɧɨɦ ɫɟɱɟɧɢɢ ɫɬɟɪɠɧɹ ɧɚɩɪɹɠɟɧɢɹ ɨɛɪɚɬ-

ɧɨɝɨ ɡɧɚɤɚ ɬɟɦ ɧɚɩɪɹɠɟɧɢɹɦ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɞɟɣɫɬɜɢɢ ɷɤɫɩɥɭɚɬɚɰɢ-

ɨɧɧɨɣ ɧɚɝɪɭɡɤɢ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɨɡɞɚɟɬɫɹ 

ɪɚɡɥɢɱɧɵɦɢ ɩɪɢɟɦɚɦɢ: 

– ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɭɪɨɜɧɹ ɨɩɨɪ (ɫɭɬɶ ɩɪɢ-

ɟɦɚ – ɩɨɞɞɨɦɤɪɚɱɢɜɚɧɢɟ, ɩɨɞɤɥɢɧɤɚ ɢɥɢ ɭɫɬɪɨɣɫɬɜɨ ɨɩɨɪ ɧɚ ɪɚɡɧɨɦ ɭɪɨɜɧɟ 
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ɞɥɹ ɜɢɞɨɢɡɦɟɧɟɧɢɹ ɜɧɟɲɧɢɯ ɷɩɸɪ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɜ ɧɟɪɚɡɪɟɡɧɵɯ ɤɨɧ-

ɫɬɪɭɤɰɢɹɯ); 

– ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɩɸɪɵ ɧɚɩɪɹɠɟɧɢɣ ɩɭɬɟɦ ɫɜɚɪɤɢ ɞɜɭɯ ɛɚɥɨɤ. 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɝɧɭɬɵɯ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɨɛɪɚɬɧɨɦ ɢɡɝɢɛɭ ɨɬ ɩɪɨɟɤɬɧɨɣ 

ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ; 

– ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɬɚɥɶɧɵɯ ɝɢɛɤɢɯ ɫɬɟɪɠɧɟɣ; 

– ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɭɫɢɥɢɣ ɜ ɩɪɨɰɟɫɫɟ ɫɛɨɪɤɢ ɫɨɨɪɭɠɟɧɢɹ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ 

ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ (ɜɜɟɞɟɧɢɟ ɲɚɪɧɢɪɚ ɢɥɢ, ɧɚɨɛɨɪɨɬ, ɠɟɫɬɤɨɝɨ ɭɡɥɚ ɜ ɩɪɨɰɟɫɫɟ 

ɜɨɡɜɟɞɟɧɢɹ ɥɢɛɨ ɩɨɫɬɚɧɨɜɤɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ); 

– ɢ ɧɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɭɸɳɢɦ ɧɚɫ ɫɩɨɫɨɛɨɦ - ɫɨɡɞɚɧɢɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶ-

ɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɡɚɬɹɠɟɤ ɢɡ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɡɚɬɹɠɤɚɦɢ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɛɚɥɤɚɯ ɢ ɮɟɪ-

ɦɚɯ. 

ɋɭɬɶ ɪɚɫɱɟɬɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɛɚɥɤɚɯ ɫɜɨɞɢɬɫɹ ɤ ɬɨɦɭ, 

ɱɬɨɛɵ ɧɚɣɬɢ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɟ ɭɫɢɥɢɟ ɧɚɱɚɥɶɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɡɚɬɹɠɤɢ, 

ɩɪɢ ɤɨɬɨɪɨɦ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨɹɫɚ ɨɛɟɫɩɟɱɟɧɚ: 

 

N0 = R·φ·A·W/(W+c·A)γ1, 

 

ɝɞɟ N0 - ɭɫɢɥɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɡɚɬɹɠɤɢ; 

R – ɪɚɫɱɟɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɫɬɹɠɟɧɢɸ; 

φ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɞɨɥɶɧɨɝɨ ɢɡɝɢɛɚ ɩɨɹɫɚ (ɤɚɤ ɨɬɞɟɥɶɧɨɝɨ ɫɬɟɪɠɧɹ) 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɛɚɥɤɢ ɩɪɢ ɫɜɨɛɨɞɧɨɣ ɞɥɢɧɟ, ɪɚɜɧɨɣ ɪɚɫɫɬɨɹ-

ɧɢɸ ɦɟɠɞɭ ɦɟɫɬɚɦɢ ɫɨɟɞɢɧɟɧɢɹ ɩɨɹɫɚ ɫ ɡɚɬɹɠɤɨɣ; 

ɫ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɬɹɠɟɫɬɢ ɫɟɱɟɧɢɹ ɡɚɬɹɠɤɢ ɢ ɠɟɫɬɤɨɣ ɱɚ-

ɫɬɢ ɛɚɥɤɢ; 

W, A – ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɠɟɫɬɤɨɣ ɱɚɫɬɢ ɛɚɥɤɢ. 
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ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ 

ɢɡ ɞɪɟɜɟɫɢɧɵ ɦɨɠɧɨ ɪɟɲɢɬɶ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɩɪɭɠɢɧɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɫ ɩɨɦɨ-

ɳɶɸ ɩɨɫɬɚɧɨɜɤɢ ɪɚɡɥɢɱɧɵɯ ɧɚɬɹɠɧɵɯ, ɞɟɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ. ȼ ɰɟɥɹɯ 

ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɫɨɡɞɚɜɚɟɦɵɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɩɪɹɠɟɧɧɵɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ ɢɯ ɪɚɫɱɟɬ ɧɚɞɥɟɠɢɬ ɩɪɨɢɡɜɨɞɢɬɶ ɫ ɭɱɟɬɨɦ ɩɨɥɡɭɱɟɫɬɢ, ɩɨɞɚɬɥɢɜɨɫɬɢ 

ɫɨɟɞɢɧɟɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɞɟɪɟɜɹɧɧɵɯ ɷɥɟɦɟɧ-

ɬɨɜ. ȼ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ ɫɜɟɞɟɧɢɹ ɨɛ 

ɢɫɫɥɟɞɨɜɚɧɢɢ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ-

ɧɚɩɪɹɠɟɧɧɵɯ ɞɟɪɟɜɹɧɧɵɯ ɷɥɟɦɟɧɬɨɜ [ͳͷ]. 
 

1.6  ȼɵɜɨɞɵ ɩɨ  ɩɟɪɜɨɣ ɝɥɚɜɟ 

 

1. ȼɵɩɨɥɧɢɜ ɨɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ ɢ ɩɚɬɟɧɬɨɜ, ɜ ɤɨɬɨɪɨɦ ɛɵɥ ɨɬɪɚɠɟɧ Ɋɨɫ-

ɫɢɣɫɤɢɣ ɨɩɵɬ ɫɨɡɞɚɧɢɹ ɛɥɨɤɨɜ ɩɨɤɪɵɬɢɹ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

1) Ȼɥɨɤɢ ɩɨɤɪɵɬɢɹ – ɷɬɨ ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɸɳɚɹɫɹ ɤɨɧɫɬɪɭɤɰɢɹ, ɛɥɚɝɨɞɚɪɹ 

ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢ 

ɡɞɚɧɢɹ ɜ ɰɟɥɨɦ; 

2) ɂɫɩɨɥɶɡɭɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɛɥɨɤɢ, ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɩɨɜɵɲɟɧɢɹ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɢ ɡɞɚɧɢɹ ɡɚ ɫɱɟɬ, ɭɦɟɧɶɲɟɧɢɹ ɦɚɬɟɪɢɚɥɨɟɦɤɨɫɬɢ ɢ ɜɤɥɸɱɟɧɢɹ ɜ ɪɚ-

ɛɨɬɭ ɷɥɟɦɟɧɬɨɜ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɬɚɤɢɯ ɤɚɤ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɟ ɥɢ-

ɫɬɵ; 

3) ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɛɥɨɤɢ ɩɨɤɪɵɬɢɹ ɦɨɝɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɫ ɭɬɟɩ-

ɥɟɧɢɟɦ ɷɬɨɝɨ ɛɥɨɤɚ, ɬɚɤ ɢ ɛɟɡ ɭɬɟɩɥɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɭ-

ɟɦɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɩɨɦɟɳɟɧɢɣ; 

4) ȼ ɤɚɱɟɫɬɜɟ ɛɨɪɬɨɜɨɝɨ ɷɥɟɦɟɧɬɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɛɥɨɤ-ɫɜɨɞɚ ɦɨɝɭɬ 

ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɲɜɟɥɥɟɪɵ, ɭɝɨɥɤɢ ɢ ɞɟɪɟɜɹɧɧɵɟ ɛɪɭɫɤɢ. 
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ȽɅȺȼȺ 2 ɂɋɋɅȿȾɈȼȺɇɂȿ ɈɉɈɊɇɈȽɈ ɍɁɅȺ ɄɈɆȻɂɇɂɊɈ-

ȼȺɇɇɈȽɈ ȻɅɈɄ-ɋȼɈȾȺ 

 

2.1 Ɉɩɢɫɚɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɧɚɩɪɹɠɟɧɧɨ ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɛɨɪɬɨɜɨɝɨ ɷɥɟ-

ɦɟɧɬɚ ɪɚɫɫɦɨɬɪɟɧɚ ɧɚ ɨɫɧɨɜɟ ɫɭɳɟɫɬɜɭɸɳɟɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤ-ɫɜɨɞɚ ɫ ɪɚɡɦɟɪɚɦɢ ɛɥɨɤɚ 18ɯ1,5ɦ ɢ ɜɵɫɨɬɨɣ 1,03ɦ. 

 

Ɉɩɨɪɧɵɣ ɭɡɟɥ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫɨɞɟɪɠɢɬ: 

– ɛɚɥɤɭ ɡɚɬɹɠɤɭ 1; 

– ɧɟɫɭɳɢɣ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɣ ɥɢɫɬ 2 ɤɪɢɜɨɥɢɧɟɣɧɨɝɨ ɨɱɟɪɬɚɧɢɹ, ɢɡɨɝɧɭ-

ɬɨɝɨ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ; 

– ɛɨɪɬɨɜɨɣ ɷɥɟɦɟɧɬ ɜ ɜɢɞɟ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɭɝɨɥɤɚ 3 ɫ ɪɟɛɪɚɦɢ ɠɟɫɬɤɨɫɬɢ 

4; 

– ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɧɚɤɥɚɞɤɭ 5. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɠɟɫɬɤɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɩɥɚɫɬɢɧɵ (ɪɟɛɪɚ ɠɟɫɬɤɨɫɬɢ) 

ɩɪɢɜɚɪɢɜɚɸɬɫɹ ɤ ɛɨɪɬɨɜɨɦɭ ɷɥɟɦɟɧɬɭ ɫ ɲɚɝɨɦ a. 

 а = ʹ ∙ ℎ𝑤,                                                                                                   (2.1) 

 

ɝɞɟ ℎ𝑤 – ɜɵɫɨɬɚ ɫɟɱɟɧɢɹ ɛɨɪɬɨɜɨɝɨ ɷɥɟɦɟɧɬɚ. 

Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɹ ɛɚɥɤɢ ɡɚɬɹɠɤɢ ɫ ɛɨɪɬɨɜɵɦ ɷɥɟɦɟɧɬɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟ-

ɬɚɥɥɢɱɟɫɤɚɹ ɧɚɤɥɚɞɤɚ. ȼ ɦɟɫɬɚɯ ɤɪɟɩɥɟɧɢɹ ɧɚɤɥɚɞɤɢ ɤ ɛɚɥɤɟ-ɡɚɬɹɠɤɟ ɩɪɟɞɭ-

ɫɦɨɬɪɟɧɵ ɨɬɜɟɪɫɬɢɹ ɩɨɞ ɲɩɢɥɶɤɢ. Ʉ ɛɨɪɬɨɜɨɦɭ ɷɥɟɦɟɧɬɭ ɧɚɤɥɚɞɤɚ ɤɪɟɩɢɬɫɹ ɫ 

ɩɨɦɨɳɶɸ ɫɜɚɪɤɢ. 

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɧɚɤɥɚɞɨɤ ɩɪɢɦɟɧɟɧɚ ɦɚɥɨɭɝɥɟɪɨɞɢ-

ɫɬɚɹ ɮɚɫɨɧɧɚɹ ɢ ɥɢɫɬɨɜɚɹ ɫɬɚɥɶ ɩɨ ȽɈɋɌ 27772-2021 [18] ɦɚɪɨɤ ɋ235 ɢ ɋ245. 

Ȼɥɨɤ-ɫɜɨɞ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧ ɢɡ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɫɬɚɥɶɧɵɯ ɩɪɨɮɢɥɢɪɨɜɚɧ-

ɧɵɯ ɥɢɫɬɨɜ ɩɨ ȽɈɋɌ 24045-2016 [19]. ɉɪɢ ɜɵɛɨɪɟ ɦɚɪɤɢ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ 
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ɥɢɫɬɚ ɩɪɟɞɩɨɱɬɟɧɢɟ ɨɬɞɚɜɚɥɨɫɶ ɩɪɨɮɢɥɹɦ, ɢɦɟɸɳɢɦ ɧɟɛɨɥɶɲɭɸ ɜɵɫɨɬɭ ɝɨɮɪ 

(35…75 ɦɦ) ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɡɤɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɩɨɥɤɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɩɨɡɞɧɟɣ ɩɨɬɟɪɢ ɢɯ ɦɟɫɬɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɨɛɭɫɥɨɜɥɢɜɚɟɬ 

ɧɟɜɵɫɨɤɢɟ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɜɵɝɢɛɚ ɩɪɨɮɥɢ-

ɫɬɚ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɲɢɪɢɧɚ ɡɚɝɨɬɨɜɤɢ ɥɢɫɬɚ ɩɪɢ ɬɨɥɳɢɧɟ ɥɢɫɬɚ 0,55-1,5 ɦɦ ɫɨ-

ɫɬɚɜɥɹɟɬ 1250 ɦɦ. 

ɉɪɢ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɢ ɫɜɨɞɚ ɢɡ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɩɪɨɮɥɢɫɬɨɜ ɨɩɪɟɞɟɥɹ-

ɸɳɢɦ ɤɪɢɬɟɪɢɟɦ ɞɥɹ ɧɚɡɧɚɱɟɧɢɹ ɪɚɞɢɭɫɚ ɹɜɥɹɟɬɫɹ ɩɪɟɞɟɥɶɧɵɣ ɤɨɧɫɬɪɭɤɬɢɜ-

ɧɵɣ ɜɵɝɢɛ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɩɪɢɞɚɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. 

ȼ [1] Ɇɚɪɵɲɟɜɵɦ Ⱥ.ɘ. ɩɪɟɞɥɨɠɟɧɚ ɮɨɪɦɭɥɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɦɚɤɫɢ-

ɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜɵɝɢɛɚ: 

 
 

  nm
EI

Wl
f шуз

шуз
ɩɪ

384

40 2
 , 











2
cos1


f

r ,                                                             (2.2) 

 

ɝɞɟ ɩɪ – ɩɪɟɞɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɩɨɥɤɚɯ ɩɪɨɮɥɢɫɬɚ; 

l – ɞɥɢɧɚ ɩɪɨɮɥɢɫɬɚ; 

Wуз(ш), Iуз(ш) – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ 

ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɨɮɢɥɹ ɩɪɢ ɫɠɚɬɢɢ ɭɡɤɢɯ ɢɥɢ 2 ɜ ɜɢɞɟ ɲɜɟɥɥɟɪɚ. 

 

Ɋɢɫɭɧɨɤ 2.1 - ɋɨɩɪɹɠɟɧɢɹ ɛɚɥɤɢ-ɡɚɬɹɠɤɢ ɫ ɩɪɨɮɥɢɫɬɨɦ ɧɚ ɨɩɨɪɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚ-

ɧɢɢ ɲɜɟɥɥɟɪɚ ɜ ɪɚɫɩɨɥɨɠɟɧɢɢ «ɉ» 
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Ɋɢɫɭɧɨɤ 2.2 - ɋɨɩɪɹɠɟɧɢɹ ɛɚɥɤɢ-ɡɚɬɹɠɤɢ ɫ ɩɪɨɮɥɢɫɬɨɦ ɧɚ ɨɩɨɪɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɲɜɟɥɥɟɪɚ 

 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɜɵɲɟ ɭɡɥɨɜɨɦ ɫɨɟɞɢɧɟɧɢɟ ɧɟɨɛɨɫɧɨɜɚɧɧɨ ɜɵɫɨɤɚɹ 

ɦɚɬɟɪɢɚɥɨɟɦɤɨɫɬɶ ɢ ɬɪɭɞɨɟɦɤɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɚɧɧɨɣ ɞɟɪɟɜɹɧɧɨɣ ɛɚɥɤɢ-ɡɚ-

ɬɹɠɤɢ. 

ȿɳɟ ɨɞɧɢɦ ɦɢɧɭɫɨɦ ɞɚɧɧɨɝɨ ɭɡɥɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɧɟɬ 

ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɟɪɟɬɶ ɩɪɟɞɩɨɥɚɝɚɟɦɵɣ ɛɥɨɤ-ɫɜɨɞ ɧɚ ɧɟɫɭɳɢɟ ɷɥɟɦɟɧɬɵ ɡɞɚɧɢɹ 

(ɨɛɜɹɡɨɱɧɵɣ ɛɪɭɫ, ɧɟɫɭɳɢɟ ɫɬɟɧɵ, ɤɨɥɨɧɧɵ). 

ȼ ɫɥɟɞɫɬɜɢɢ ɜɵɹɜɥɟɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɭɡɟɥ ɫ ɨɩɨɪɧɵɦ 

ɷɥɟɦɟɧɬɨɦ ɜ ɜɢɞɟ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɭɝɨɥɤɚ ɢ ɧɚɤɥɚɞɤɢ. 

ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɨɩɨɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫ ɨɩɨɪɧɵɦ ɷɥɟɦɟɧɬɨɦ ɜ ɜɢɞɟ 

ɭɝɨɥɤɨɜɨɝɨ ɷɥɟɦɟɧɬɚ ɹɜɥɹɟɬɫɹ ɦɟɧɶɲɚɹ ɦɟɬɚɥɥɨɟɦɤɨɫɬɶ, ɜ ɫɥɟɞɫɬɜɢɢ ɦɟɧɶɲɢɣ 

ɜɟɫ ɢ ɪɨɜɧɚɹ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɧɢɠɧɟɝɨ ɩɨɹɫɚ ɞɥɹ ɨɩɟɪɚɧɢɹ ɧɚ ɤɨ-

ɥɨɧɧɵ (ɨɛɜɹɡɨɱɧɵɣ ɛɪɭɫ, ɧɟɫɭɳɢɟ ɫɬɟɧɵ) ɡɞɚɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 2.3 – ɉɪɟɞɩɨɥɚɝɚɟɦɨɟ ɨɩɢɪɚɧɢɟ ɛɥɨɤ-ɫɜɨɞɚ ɧɚ ɨɛɜɹɡɨɱɧɵɣ ɛɪɭɫ ɱɟɪɟɡ ɦɟɬɚɥɥɢɱɟ-

ɫɤɭɸ ɧɚɤɥɚɞɤɭ 
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Ɋɢɫɭɧɨɤ 2.4 - ɋɨɩɪɹɠɟɧɢɹ ɛɚɥɤɢ-ɡɚɬɹɠɤɢ ɫ ɩɪɨɮɥɢɫɬɨɦ ɧɚ ɨɩɨɪɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɝɨɥ-

ɤɨɜɨɝɨ ɩɪɨɮɢɥɹ 

 

 

2.2 ȼɵɜɨɞɵ ɩɨ ɜɬɨɪɨɣ ɝɥɚɜɟ 

 

Ɉɩɢɫɚɧɧɨɟ ɭɡɥɨɜɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɦɚɝɢɫɬɟɪɫɤɨɣ 

ɞɢɫɫɟɪɬɚɰɢɢ, ɦɨɠɟɬ ɛɵɬɶ ɫɨɡɞɚɧɨ ɫ ɪɚɡɥɢɱɧɵɦɢ ɛɨɪɬɨɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɬɚ-

ɤɢɦɢ ɤɚɤ ɲɜɟɥɥɟɪ, ɭɝɨɥɨɤ ɢ ɬɚɤ ɞɚɥɟɟ. Ⱦɥɹ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɜɵɛɨɪɚ ɛɨɪɬɨɜɨɝɨ 

ɷɥɟɦɟɧɬɚ ɫɥɟɞɭɟɬ ɫɨɩɨɫɬɚɜɥɹɬɶ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜɨɡ-

ɧɢɤɚɸɳɟɟ ɜ ɷɬɢɯ ɷɥɟɦɟɧɬɚɯ, ɦɟɬɚɥɥɨɟɦɤɨɫɬɶ ɢ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɰɟɥɟɫɨɨɛɪɚɡ-

ɧɨɫɬɶ. 
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ȽɅȺȼȺ 3 ɑɂɋɅȿɇɇɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ ɇȺɉɊəɀȿɇɇɈ-Ⱦȿ-

ɎɈɊɆɂɊɈȼȺɇɇɈȽɈ ɋɈɋɌɈəɇɂə ɈɉɈɊɇɈȽɈ ɍɁɅɈȼɈȽɈ ɋɈ-
ȿȾɂɇȿɇɂə ɄɈɆȻɂɇɂɊɈȼȺɇɇɈȽɈ ȻɅɈɄ-ɋȼɈȾȺ 

 

3.1 Ɉɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ 
ɞɥɹ ɪɚɫɱɟɬɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 

 

ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɩɪɨɝɪɚɦɦ, ɩɨɡɜɨɥɹɸɳɢɯ ɜɵɩɨɥɧɢɬɶ ɪɚɫɱɟɬɵ ɢ 

ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɢɯ ɪɟɡɭɥɶɬɚɬɵ. ɉɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɫɬɚɥɨɫɶ ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɪɚɫ-

ɱɟɬɭ ɫɨɨɪɭɠɟɧɢɣ ɥɸɛɨɣ ɫɥɨɠɧɨɫɬɢ - ɜ ɫɬɚɬɢɤɟ ɢ ɞɢɧɚɦɢɤɟ, ɜ ɭɩɪɭɝɨɣ ɢ ɧɟ-

ɭɩɪɭɝɨɣ ɫɬɚɞɢɹɯ ɪɚɛɨɬɵ, ɫ ɭɱɟɬɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ ɬɟɯɧɨɥɨɝɢɢ ɜɨɡɜɟɞɟ-

ɧɢɹ, ɜɤɥɸɱɚɹ ɢɡɦɟɧɟɧɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɫɯɟɦɵ ɢ ɩɨɹɜɥɟɧɢɟ ɧɨɜɵɯ ɧɚɝɪɭɡɨɤ 

ɩɪɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɫɨɨɪɭɠɟɧɢɣ 

ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɪɟɚɥɢɡɭɸɳɢɟ ɦɟ-

ɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɩɨɡɜɨɥɹɸɳɢɟ ɫ ɩɨɥɧɵɦ ɫɨɨɬɜɟɬɫɬɜɢɟɦ ɪɟɚɥɶɧɵɦ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɪɚɡɦɟɪɚɦ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɦɨɞɟɥɢɪɭɟɦɨɝɨ 

ɨɛɴɟɤɬɚ ɨɰɟɧɢɬɶ ɟɝɨ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɢ ɫɩɪɨɝɧɨɡɢɪɨ-

ɜɚɬɶ ɟɝɨ ɩɨɜɟɞɟɧɢɟ. ɋɪɟɞɢ ɧɢɯ ɦɨɠɧɨ ɨɬɦɟɬɶ ɬɚɤɢɟ ɫɨɩɪɨɜɨɠɞɚɸɳɢɟ ɫɬɪɨɢ-

ɬɟɥɶɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɪɨɝɪɚɦɦɧɵɟ ɩɪɨɞɭɤɬɵ, ɤɚɤ: Ɇɨɧɨɦɚɯ, ANSYS, 

SCAD, Ʌɢɪɚ-ɋɈɎɌ, Autodesk Robot Structural Analysis Professional, ɆɈɇɈ-

ɆȺɏ, APM Civil Engineering, ɉɄ STARK ES. 

Autodesk Robot Structural Analysis Professional - ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɡɞɚɧɢɣ 

ɢ ɫɨɨɪɭɠɟɧɢɣ ɧɚ ɩɪɨɱɧɨɫɬɶ, ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ ɜɨɡɞɟɣɫɬɜɢɹ [23]. 

ɉɄ ɅɂɊȺ - ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɢ ɪɚɫɱɟɬɚ ɩɪɨɱɧɨɫɬɢ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ 

ɤɨɧɫɬɪɭɤɰɢɣ [24]. 
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ɉɄ ɆɈɇɈɆȺɏ - ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ, ɩɨɡɜɨɥɹɸ-

ɳɢɣ ɪɟɲɚɬɶ ɛɨɥɶɲɨɣ ɤɥɚɫɫ ɡɚɞɚɱ ɪɚɫɱɟɬɚ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ, 

ɤɚɦɟɧɧɵɯ ɢ ɚɪɦɨɤɚɦɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ [25]. 

SCAD Office - ɷɬɨ ɫɢɫɬɟɦɚ, ɤɨɬɨɪɚɹ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɦɟɬɨɞɟ ɤɨɧɟɱɧɵɯ ɷɥɟ-

ɦɟɧɬɨɜ (ɆɄɗ) ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ (ɇȾɋ), ɭɫɬɨɣɱɢɜɨɫɬɢ, ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬ ɢ ɮɨɪɦ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨ-

ɥɟɛɚɧɢɣ, ɚɧɚɥɢɡɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɫɬɚɬɢɤɢ ɢ ɞɢɧɚ-

ɦɢɤɢ ɜ ɥɢɧɟɣɧɨɣ ɢɥɢ ɧɟɥɢɧɟɣɧɨɣ ɩɨɫɬɚɧɨɜɤɟ, ɚ ɬɚɤɠɟ ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ ɫɬɪɨ-

ɢɬɟɥɶɧɵɯ, ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɞɪɭɝɢɯ ɡɚɞɚɱ [26]. 

ɉɄ STARK ES - ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɧɫɬɪɭɤɰɢɣ ɡɞɚ-

ɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɧɚ ɩɪɨɱɧɨɫɬɶ, ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɤɨɥɟɛɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɦɟɬɨɞɚ 

ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ [27]. 

APM Civil Engineering ɫɢɫɬɟɦɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɚɧɚɥɢɡɚ ɦɟɬɚɥɥɢɱɟ-

ɫɤɢɯ, ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɢ ɞɟɪɟɜɹɧɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ [28]. 

ANSYS - ɫɚɦɚɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɚɹ ɜ ɦɢɪɟ, ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɢ-

ɫɬɟɦɚ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɵɯ ɪɚɫɱɟɬɨɜ [29]. əɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ ɩɨɩɭɥɹɪɧɨɣ ɭ 

ɫɩɟɰɢɚɥɢɫɬɨɜ ɜ ɨɛɥɚɫɬɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɢɧɠɢɧɢɪɢɧɝɚ ɢ Ʉɗ ɪɟɲɟɧɢɹ ɥɢɧɟɣ-

ɧɵɯ ɢ ɧɟɥɢɧɟɣɧɵɯ, ɫɬɚɰɢɨɧɚɪɧɵɯ ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɡɚɞɚɱ 

ɦɟɯɚɧɢɤɢ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɬɜёɪɞɨɝɨ ɬɟɥɚ ɢ ɦɟɯɚɧɢɤɢ ɤɨɧɫɬɪɭɤɰɢɣ (ɜɤɥɸɱɚɹ 

ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɢ ɮɢɡɢɱɟɫɤɢ ɧɟɥɢɧɟɣɧɵɟ ɡɚɞɚɱɢ ɤɨɧɬɚɤɬɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ), ɡɚɞɚɱ ɦɟɯɚɧɢɤɢ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ, 

ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɢ ɬɟɩɥɨɨɛɦɟɧɚ, ɷɥɟɤɬɪɨɞɢɧɚɦɢɤɢ, ɚɤɭɫɬɢɤɢ, ɚ ɬɚɤɠɟ ɦɟɯɚɧɢɤɢ 

ɫɜɹɡɚɧɧɵɯ ɩɨɥɟɣ. ɉɄ ANSYS – ɷɬɨ ɦɧɨɝɨɰɟɥɟɜɨɣ ɩɚɤɟɬ ɩɪɨɝɪɚɦɦ ɞɥɹ ɱɢɫɥɟɧ-

ɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɹɜɥɟɧɢɣ. Ɉɞɧɨɣ ɢɡ ɤɥɸɱɟɜɵɯ ɨɛ-

ɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ANSYS ɹɜɥɹɟɬɫɹ ɦɟɯɚɧɢɤɚ ɞɟ-

ɮɨɪɦɢɪɭɟɦɨɝɨ ɬɜɟɪɞɨɝɨ ɬɟɥɚ (ɆȾɌɌ). 

ȼ ɩɪɨɝɪɚɦɦɟ ANSYS ɥɟɝɤɨ ɡɚɞɚɬɶ ɥɸɛɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɞɥɹ ɢɡɨɬɪɨɩ-

ɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɨɝɨ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ɉɞɧɚɤɨ ɛɨɥɶ-
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ɲɢɧɫɬɜɨ ɦɚɬɟɪɢɚɥɨɜ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɨɪɬɨɬɪɨɩɧɵɦɢ, ɫɨ ɫɜɨɣɫɬɜɚɦɢ, ɡɚɜɢɫɹ-

ɳɢɦɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɜɨɣɫɬɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɟɬ ɛɵɬɶ ɡɚ-

ɞɚɧɚ ɨɞɧɢɦ ɢɡ ɞɜɭɯ ɫɥɟɞɭɸɳɢɯ ɫɩɨɫɨɛɨɜ. 

ɉɟɪɜɵɣ ɫɩɨɫɨɛ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɚɛɥɢɱɧɨɟ ɡɚɞɚɧɢɟ. ȼɯɨɞɧɵɦɢ ɜɟɥɢ-

ɱɢɧɚɦɢ ɹɜɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɦɚɬɟɪɢɚɥɚ. Ɂɧɚɱɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɧɟɱɧɨɝɨ ɷɥɟ-

ɦɟɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɧɬɟɪɩɨɥɹɰɢɟɣ ɬɚɛɥɢɱɧɵɯ ɜɟɥɢɱɢɧ. 

ȼɬɨɪɨɣ ɫɩɨɫɨɛ ɡɚɞɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɫɬɨɢɬ ɜ ɨɩɪɟɞɟɥɟ-

ɧɢɢ ɡɧɚɱɟɧɢɹ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɤɚɤ ɩɨɥɢɧɨɦɚ ɱɟɬɜɟɪɬɨɣ ɫɬɟɩɟɧɢ: 

 

(T) = A + B(T) + C(T)2 + D(T)3 +E(T)4 ,                                                   (3.1) 

 

ɝɞɟ T - ɬɟɦɩɟɪɚɬɭɪɚ; A, B, C, D, E - ɜɯɨɞɧɵɟ ɜɟɥɢɱɢɧɵ, ɹɜɥɹɸɳɢɟɫɹ ɤɨɷɮɮɢ-

ɰɢɟɧɬɚɦɢ ɩɨɥɢɧɨɦɚ. 

Ɂɚɞɚɜɚɬɶ ɜɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɟɨɛɹɡɚɬɟɥɶɧɨ; ɞɥɹ ɫɜɨɣɫɬɜ, ɧɟ ɡɚɜɢɫɹɳɢɯ 

ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɷɮɮɢɰɢɟɧɬɵ B, C, D, E ɪɚɜɧɵ ɧɭɥɸ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɷɬɨɣ ɮɨɪɦɵ ɜɜɨɞɚ ɞɚɧɧɵɯ, ɡɚɞɚɧɧɚɹ ɤɪɢɜɚɹ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɩɪɨɝɪɚɦɦɨɣ 

ANSYS ɜ ɬɚɛɥɢɰɭ, ɩɨɞɨɛɧɭɸ ɬɨɣ, ɱɬɨ ɜɜɨɞɢɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢ ɩɟɪɜɨɦ 

ɫɩɨɫɨɛɟ. 

ȼ ɞɚɧɧɨɣ ɦɚɝɢɫɬɟɪɫɤɨɣ ɪɚɛɨɬɟ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɉɄ ANSYS, ɬ. ɤ. ɨɧ ɲɢ-

ɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɭɱɟɛɧɨɦ ɩɪɨɰɟɫɫɟ ɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɋɉ ɢ ȽɈɋɌ. 

 

 

3.2 Ɂɚɞɚɧɢɟ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɢ ɫɛɨɪ ɧɚɝɪɭɡɨɤ ɜ ɉɄ «ANSYS» 

 

1 Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ 

 

ɍɡɥɨɜɨɟ ɫɨɟɞɢɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɜɹɡɶ ɛɥɨɤ-ɫɜɨɞɚ, ɜ ɤɨɬɨɪɨɦ 

ɧɢɠɧɢɣ ɩɨɹɫ ɜɵɩɨɥɧɟɧ ɢɡ ɞɪɟɜɟɫɢɧɵ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ (4), ɢ ɜɟɪɯɧɟɝɨ 

ɩɨɹɫɚ ɜ ɜɢɞɟ ɢɡɨɝɧɭɬɨɝɨ ɧɟɫɭɳɟɝɨ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɧɚɫɬɢɥɚ (1), ɢ ɛɨɪɬɨɜɨɝɨ 
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ɷɥɟɦɟɧɬɚ ɜ ɜɢɞɟ ɭɝɨɥɤɨɜɨɝɨ ɩɪɨɤɚɬɚ(2), ɤɨɬɨɪɵɣ ɤɪɟɩɢɬɫɹ ɜ ɬɨɪɰɟɜɨɣ ɱɚɫɬɢ 

ɛɥɨɤɚ ɱɟɪɟɡ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɧɚɤɥɚɞɤɭ(3). ɇɚɤɥɚɞɤɚ ɤ ɞɟɪɟɜɹɧɧɨɦɭ ɩɨɹɫɭ ɤɪɟ-

ɩɢɬɫɹ ɩɨ ɫɪɟɞɫɬɜɚɦ ɛɨɥɬɨɜ(5), ɚ ɭɝɨɥɨɤ ɤ ɧɚɤɥɚɞɤɟ ɫ ɩɨɦɨɳɶɸ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢ-

ɧɟɧɢɹ. 

 
Ɋɢɫɭɧɨɤ 3.1 – Ɉɩɨɪɧɵɣ ɭɡɟɥ 

 

2 Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɜ ɉɄ «ANSYS» 

Ɋɟɲɟɧɢɟ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɞɚɥɟɟ ɆɄɗ) ɩɨɫɬɚɜɥɟɧɧɨɣ ɤɪɚɟ-

ɜɨɣ ɡɚɞɚɱɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɝɪɚɦɦɨɣ ANSYS ɜ ɬɪɢ ɷɬɚɩɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɥɨɝɢɤɟ ɦɟɬɨɞɚ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ (ɩɪɟɩɪɨɰɟɫɫɢɧɝɟ) ɫɨɡɞɚɟɬɫɹ ɨɫɧɨɜɚ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬ-

ɧɨɣ ɦɨɞɟɥɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. ɗɬɨɬ ɷɬɚɩ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɨɫɧɨɜɧɵɯ 

ɩɪɨɰɟɞɭɪ: 

1. ɍɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɮɢɡɢɱɟɫɤɢɣ ɬɢɩ ɡɚɞɚɱɢ (ɦɟɯɚɧɢɤɚ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ 

ɬɜёɪɞɨɝɨ ɬɟɥɚ, ɬɟɩɥɨɩɟɪɟɞɚɱɚ, ɝɢɞɪɨɞɢɧɚɦɧɤɚ ɢ ɬ.ɞ.), ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɨɨɬɜɟɬ-

ɫɬɜɭɸɳɚɹ ɧɚɫɬɪɨɣɤɚ ɩɪɨɝɪɚɦɦɵ. 

2. ȼɵɛɢɪɚɟɬɫɹ ɬɢɩ ɤɨɧɟɱɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɦɟɪɧɨɫɬɢ 

ɨɛɴɟɤɬɚ ɢ ɞɪɭɝɢɯ ɟɝɨ ɫɜɨɣɫɬɜ. Ɇɨɝɭɬ ɛɵɬɶ ɡɚɞɚɧɵ ɧɟɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɷɥɟɦɟɧɬɚ. 

3. ȼɵɛɢɪɚɟɬɫɹ ɦɚɬɟɪɢɚɥ ɨɛɴɟɤɬɚ ɢ ɭɤɚɡɵɜɚɸɬɫɹ ɜɫɟ ɟɝɨ ɧɟɨɛɯɨɞɢɦɵɟ 

ɫɜɨɣɫɬɜɚ. ɋɜɨɣɫɬɜɚ ɦɨɠɧɨ ɡɚɞɚɬɶ ɫ ɤɥɚɜɢɚɬɭɪɵ ɢɥɢ ɢɦɩɨɪɬɢɪɨɜɚɬɶ ɢɡ ɛɢɛɥɢɨ-
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ɬɟɤɢ ɦɚɬɟɪɢɚɥɨɜ ANSYS. Ɂɚɞɚɧɢɟ ɫɜɨɣɫɬɜ ɨɩɪɟɞɟɥɹɟɬ ɦɨɞɟɥɶ ɦɚɬɟɪɢɚɥɚ (ɥɢ-

ɧɟɣɧɨ-ɭɩɪɭɝɢɣ. ɭɩɪɭɝɨ-ɩɥɚɫɬɢɱɧɵɣ, ɛɢɥɢɧɟɣɧɵɣ ɢ ɬ.ɞ.), ɱɬɨ ɜɥɢɹɟɬ ɧɚ ɜɵɛɨɪ 

ɨɩɪɟɞɟɥɹɸɳɢɯ ɭɪɚɜɧɟɧɢɣ ɆɄɗ. 

4. ɋɬɪɨɢɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɬɜɟɪɞɨɬɟɥɶɧɚɹ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ. ȼ ɤɥɚɫɫɢɱɟ-

ɫɤɨɦ ANSYS ɞɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɨɝɪɚɦɦɧɵɣ ɦɨɞɭɥɶ. ȼ Workbench ɢɫ-

ɩɨɥɶɡɭɟɬɫɹ ɦɨɞɭɥɶ Design Modeler. Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɦɨɠɟɬ ɛɵɬɶ ɷɤɫ-

ɩɨɪɬɢɪɨɜɚɧɚ ɢɡ ɤɚɤɨɝɨ-ɥɢɛɨ CAD-ɩɚɤɟɬɚ. 

5. Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ. ɉɪɢ ɪɚɡ-

ɛɢɜɤɟ ɦɨɝɭɬ ɛɵɬɶ ɡɚɞɚɧɵ ɪɚɡɥɢɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɟɬɤɢ. 

6. ȼ ɫɥɭɱɚɟ ɤɨɧɬɚɤɬɧɨɣ ɡɚɞɚɱɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɤɨɧɬɚɤɬɧɵɟ ɩɚɪɵ, ɨɩɪɟ-

ɞɟɥɹɟɬɫɹ ɦɨɞɟɥɶ ɤɨɧɬɚɤɬɚ ɢ ɟё ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ ɧɚɥɨɠɟɧɢɟ ɧɚ ɦɨɞɟɥɶ ɧɟɨɛɯɨɞɢɦɵɯ ɮɢɡɢ-

ɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɢ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ. ɗɬɚɩ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɩɪɨɰɟɞɭɪ: 

1. Ɂɚɞɚɧɢɟ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ – ɫɢɥɵ, ɩɟɪɟɦɟɳɟɧɢɹ (ɫɜɹɡɢ) ɢ ɩɪɨɱɟɟ. 

2. ȼɵɛɨɪ ɬɢɩɚ ɚɧɚɥɢɡɚ (ɫɬɚɬɢɱɟɫɤɢɣ, ɞɢɧɚɦɢɱɟɫɤɢɣ, ɦɨɞɚɥɶɧɵɣ ɢ ɬ.ɞ.). 

ȼɨɡɦɨɠɟɧ ɜɵɛɨɪ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɆɄɗ ɢ ɡɚɞɚɧɢɟ ɩɚɪɚɦɟɬ-

ɪɨɜ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɞɭɪ (ɱɢɫɥɚ ɲɚɝɨɜ ɧɚɝɪɭɠɟɧɢɹ, ɱɢɫɥɚ ɢɬɟɪɚɰɢɣ ɢ 

ɞɪ.). 

3. Ɋɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ, ɩɨɥɭɱɟɧɧɨɣ ɆɄɗ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɮɨɪɦɢ-

ɪɭɟɬɫɹ ɮɚɣɥ ɪɟɡɭɥɶɬɚɬɨɜ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɜɟɤɬɨɪ ɧɚɣɞɟɧɧɵɯ ɫɬɟɩɟɧɟɣ ɫɜɨ-

ɛɨɞɵ (ɭɡɥɨɜɵɯ ɩɟɪɟɦɟɳɟɧɢɣ, ɭɡɥɨɜɵɯ ɬɟɦɩɟɪɚɬɭɪ). 

Ɍɪɟɬɢɣ ɷɬɚɩ (ɩɨɫɬɩɪɨɰɟɫɫɢɧɝ) ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɚɧɚɥɢɡɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫ-

ɱёɬɚ ɢ ɩɨɥɭɱɟɧɢɢ ɤɚɪɬɵ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɜɢɞɟ ɢɡɨɥɢɧɢɣ. 

Ɋɚɫɫɱɢɬɚɧɧɵɟ ɆɄɗ ɮɢɡɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ (ɩɟɪɟɦɟɳɟɧɢɹ, ɞɟɮɨɪɦɚɰɢɢ, 

ɧɚɩɪɹɠɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɪ.) ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɨɤɧɟ ANSYS 

ɜ ɜɢɞɟ ɤɚɪɬɢɧɨɤ, ɬɚɛɥɢɰ, ɝɪɚɮɢɤɨɜ, ɚɧɢɦɚɰɢɣ. ȼɫɟ ɷɬɢ ɪɟɡɭɥɶɬɚɬɵ ɦɨɠɧɨ ɡɚ-

ɩɢɫɚɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɚɣɥɵ. 

 



36 
 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɛɥɨɤ-ɫɜɨɞ ɩɨɤɪɵɬɢɹ ɤɥɚɫɫɢɮɢɰɢɪɭɟɬɫɹ ɤɚɤ ɩɪɨɫɬɪɚɧ-

ɫɬɜɟɧɧɚɹ ɧɟɩɪɟɪɵɜɧɨ-ɫɬɟɪɠɧɟɜɚɹ ɫɢɫɬɟɦɚ. Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɩɪɨɝɪɚɦɦ-

ɧɨɦ ɤɨɦɩɥɟɤɫɟ «ANSYS». 

Ɋɚɫɱɟɬ ɜ ɉɄ «ANSYS» 

ɉɪɟɞɥɚɝɚɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɚɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɭɡɥɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. 

ȼ ɉɄ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɦɨɞɟɥɶ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤ 

ɫɜɨɞɚ. ɉɟɪɜɵɦ ɲɚɝɨɦ ɫɨɡɞɚёɬɫɹ ɝɟɨɦɟɬɪɢɹ. ȼɟɪɯɧɢɣ ɩɨɹɫ ȼɢɡ ɩɪɨɮɢɥɢɪɨɜɚɧ-

ɧɨɝɨ ɥɢɫɬɚ ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɤɚɤ ɬɜɟɪɞɨɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ ɜɵɞɚɜɥɢɜɚɧɢɹ ɩɨ ɞɭɝɟ. 

ɉɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɜɟɪɯɧɟɝɨ ɩɨɹɫɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɋɌɈ ɢ ɢɦɟɟɬ ɡɚɞɚɧɧɵɟ ɪɟ-

ɛɪɚ ɠɟɫɬɤɨɫɬɢ ɢ ɤɚɩɢɥɥɹɪɧɵɟ ɤɚɧɚɜɤɢ. 

ȼɫɟ ɨɫɬɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɛɥɨɤ-ɫɜɨɞɚ ɬɚɤɢɟ ɤɚɤ ɛɚɥɤɚ-ɡɚɬɹɠɤɚ, ɫɜɹɡɢ, ɩɥɚ-

ɫɬɢɧɵ, ɭɝɨɥɤɢ, ɛɨɥɬɵ, ɝɚɣɤɢ ɢ ɬ.ɞ ɫɦɨɞɟɥɢɪɨɜɚɧɵ ɷɥɟɦɟɧɬɚɦɢ ɜɵɞɚɜɥɢɜɚɧɢɹ. 

Ⱦɚɥɟɟ ɜɫɟɦ ɷɥɟɦɟɧɬɚɦ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢɫɜɚɢɜɚɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɦɚɬɟɪɢɚɥɵ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ ɩɨɞɝɪɭɠɚɸɬɫɹ ɢɡ ɛɢɛɥɢɨ-

ɬɟɤɢ ɦɚɬɟɪɢɚɥɨɜ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɚ ɫɜɨɣɫɬɜɚ ɞɟɪɟɜɹɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 

ɜɜɨɞɹɬɫɹ ɜɪɭɱɧɭɸ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɞɟɪɟɜɹɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɡɚɞɚɟɬɫɹ ɥɨɤɚɥɶɧɚɹ ɫɢ-

ɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ. 

Ɂɚɬɟɦ ɫɨɡɞɚɸɬɫɹ ɫɟɬɤɢ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 

3.1. 

 

 

Ɋɢɫɭɧɨɤ 3.1 – Ɂɚɞɚɧɧɵɟ ɫɟɬɤɢ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ 

 

ɉɨɫɥɟ ɡɚɞɚɸɬɫɹ ɤɨɧɬɚɤɬɧɵɟ ɩɚɪɵ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɫɟ ɤɨɧɬɚɤɬɵ ɡɚɞɚɧɵ 

ɠɟɫɬɤɢɦɢ, ɬɨɥɶɤɨ ɤɨɧɬɚɤɬ ɩɥɚɫɬɢɧɚ-ɬɟɥɨ ɛɨɥɬɚ, ɬɟɥɨ ɛɨɥɬɚ-ɞɟɪɟɜɹɧɧɚɹ ɛɚɥɤɚ, 
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ɲɥɹɩɤɚ ɛɨɥɬɚ-ɩɥɚɫɬɢɧɚ ɡɚɞɚɧɵ, ɤɚɤ ɤɨɧɬɚɤɬ ɫ ɬɪɟɧɢɟɦ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ 

ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ. Ⱦɥɹ ɤɨɧɬɚɤɬɚ ɞɟɪɟɜɨ-ɦɟɬɚɥ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɪɚɜɟɧ 0,20-

0,50; ɦɟɬɚɥ-ɦɟɬɚɥ 0,15-0,20. 

ȼɬɨɪɵɦ ɷɬɚɩɨɦ ɡɚɞɚɸɬɫɹ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɧɚɝɪɭɠɟɧɢɹ. ɋɨɛɫɬɜɟɧɧɵɣ 

ɜɟɫ ɡɚɞɚɟɬɫɹ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ. ɋɧɟɝɨɜɚɹ ɧɚɝɪɭɡɤɚ ɡɚ-

ɞɚɟɬɫɹ ɤɚɤ ɞɚɜɥɟɧɢɟ ɧɚ ɜɟɪɯɧɢɣ ɩɨɹɫ ɛɥɨɤ-ɫɜɨɞɚ. 

ȼɟɥɢɱɢɧɵ ɧɚɩɪɹɠɟɧɢɣ ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɛɥɨɤ-ɫɜɨɞɟ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɪɚɫɱɟɬɚ ɨɬ ɞɟɣɫɬɜɢɹ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ. 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.2. 

 

 

Ɋɢɫɭɧɨɤ 3.2 – Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ; 

 

Ⱦɟɪɟɜɹɧɧɵɟ ɛɚɥɤɢ-ɡɚɬɹɠɤɢ, ɨɛɴɟɞɢɧɟɧɵ ɜ ɛɥɨɤ ɛɨɪɬɨɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. 

Ɋɚɛɨɬɚɹ ɧɚ ɜɨɫɩɪɢɹɬɢɟ ɢɡɝɢɛɚɸɳɢɯ ɭɫɢɥɢɣ ɫɨɜɦɟɫɬɧɨ ɫɨ ɫɜɨɞɨɦ, ɨɧɢ ɨɞɧɨ-

ɜɪɟɦɟɧɧɨ ɢɝɪɚɸɬ ɪɨɥɶ ɡɚɬɹɠɟɤ, ɩɪɟɜɪɚɳɚɹ ɛɥɨɤ-ɫɜɨɞ ɜ ɛɟɡɪɚɫɩɨɪɧɭɸ ɫɢɫɬɟɦɭ. 

ɋɬɵɤ ɩɨ ɞɥɢɧɟ ɛɚɥɨɤ-ɡɚɬɹɠɟɤ ɜ ɫɟɪɟɞɢɧɟ ɩɪɨɥɟɬɚ ɨɫɭɳɟɫɬɜɥɟɧ ɫ ɩɨɦɨɳɶɸ ɦɟ-

ɬɚɥɥɢɱɟɫɤɢɯ ɩɥɚɫɬɢɧ ɢ ɫɬɚɥɶɧɵɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɧɚɝɟɥɟɣ. 

ɋɨɩɪɹɠɟɧɢɟ ɛɚɥɨɤ-ɡɚɬɹɠɟɤ ɫ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɦ ɥɢɫɬɨɦ ɜ ɨɩɨɪɧɨɦ ɭɡɥɟ 

ɪɟɲɟɧɨ ɫ ɩɨɦɨɳɶɸ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɧɚɤɥɚɞɤɢ. 

ɉɪɨɮɢɥɢɪɨɜɚɧɧɵɣ ɥɢɫɬ ɢ ɛɚɥɤɢ-ɡɚɬɹɠɤɢ  ɨɛɴɟɞɢɧɟɧɵ ɜ ɛɥɨɤ ɫɬɨɣɤɚɦɢ 

ɪɚɦɧɨɝɨ ɬɢɩɚ. Ɉɧɢ ɨɛɪɚɡɨɜɚɧɵ ɞɜɭɦɹ ɫɠɚɬɵɦɢ ɞɟɪɟɜɹɧɧɵɦɢ ɛɪɭɫɶɹɦɢ, ɩɪɢ-

ɫɨɟɞɢɧɟɧɧɵɦɢ ɤ ɩɨɩɟɪɟɱɧɵɦ ɩɟɪɟɤɥɚɞɢɧɚɦ ɫ ɩɨɦɨɳɶɸ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɧɚɤɥɚ-

ɞɨɤ ɢ ɞɸɛɟɥɟɣ-ɝɜɨɡɞɟɣ ɢ ɪɚɫɤɪɟɩɥɟɧɧɵɦɢ ɞɨɳɚɬɵɦɢ ɫɜɹɡɹɦɢ. ɉɪɢɦɵɤɚɧɢɟ 
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ɫɬɨɟɤ ɤ ɛɚɥɤɚɦ-ɡɚɬɹɠɤɚɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɧɚɤɥɚɞɤɚɯ, ɩɪɢ-

ɤɪɟɩɥɟɧɧɵɯ ɞɸɛɟɥɹɦɢ-ɝɜɨɡɞɹɦɢ. 

Ƚɥɚɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɪɚɛɨɬɵ ɛɥɨɤɚ ɹɜɥɹɟɬɫɹ ɜɨɫɩɪɢɹɬɢɟ ɢɡɝɢɛɚɸɳɟɝɨ 

ɦɨɦɟɧɬɚ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɦ ɥɢɫɬɨɦ ɫɜɨɞɚ ɫɨɜɦɟɫɬɧɨ ɫ ɞɟɪɟɜɹɧɧɵɦɢ ɛɚɥɤɚɦɢ. 

ɉɪɢ ɷɬɨɦ ɛɚɥɤɢ ɫɨɜɦɟɳɚɸɬ ɮɭɧɤɰɢɢ ɡɚɬɹɠɟɤ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

Ɋɚɣɨɧ ɫɬɪɨɢɬɟɥɶɫɬɜɚ – ɝ. Ʉɪɚɫɧɨɹɪɫɤ; 

Ⱦɥɢɧɚ ɩɥɢɬɵ ɩɨɤɪɵɬɢɹ – 12 ɦ; 

ɒɢɪɢɧɚ ɩɥɢɬɵ ɩɨɤɪɵɬɢɹ – 2 ɦ; 

Ʉɨɧɫɬɪɭɤɬɢɜɧɚɹ ɜɵɫɨɬɚ ɩɥɢɬɵ ɇ = 1,03 ɦ; 

ɒɚɝ ɩɨɩɟɪɟɱɧɵɯ ɪɚɦ – 2 ɦ (ɤɨɥɢɱɟɫɬɜɨ 5 ɲɬ.); 

ɋɨɟɞɢɧɟɧɢɟ ɛɥɨɤ ɫɜɨɞɚ ɫ ɧɟɫɭɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɡɞɚɧɢɹ – ɲɚɪɧɢɪɧɨɟ. 

 

ɋɛɨɪ ɧɚɝɪɭɡɨɤ 

 

Нɚɝɪɭɡɤɚ ɨɬ ɫɨɛɫɬɜеɧɧɨɝɨ ɜеɫɚ ɤɨɧɫɬɪɭɤɰɢɣ 

 

Ɂɚɞɚɟɦ ɜ ɉɄ SCAD ɚɜɬɨɦɚɬɢɱɟɫɤɢ, ɧɚɝɪɭɡɤɭ ɨɬ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ ɤɨɧ-

ɫɬɪɭɤɰɢɣ ɛɥɨɤ-ɫɜɨɞɚ ɡɚɞɚɟɦ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɧɚɞɟɠɧɨɫɬɢ ɩɨ ɧɚɝɪɭɡɤɟ ɪɚɜ-

ɧɵɦ 1.05 ɫɨɝɥɚɫɧɨ. 

Ɍɚɤ ɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɧɚɱɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ 

ɧɚɱɚɥɶɧɨɦ ɢɡɝɢɛɟ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɥɢɫɬɚ 

 ƒ =  ହଷ8ସ ቀ𝑙𝑛ర𝑞𝐸𝐽 ቁ,                                                                                            (3.2) 

 

ɝɞɟ    ݈𝑛 – ɞɥɢɧɚ ɩɥɢɬɵ, ɦɦ; 

q – ɪɚɜɧɨɦɟɪɧɨ-ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɧɚɝɪɭɡɤɚ, ɇ/ɦɦ; 

E – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ, ɇ/ɦɦ2; 

J – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɫɟɱɟɧɢɹ, ɦɦ4. 
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ɂɡ ɮɨɪɦɭɥɵ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɭɸ ɧɚɝɪɭɡɤɭ q, ɇ/ɦɦ: 

 𝑞 =  ଷ8ସ ∙ƒ∙𝐸∙𝐽ହ𝑙𝑛ర ,                                                                                                                          (3.3) 

 

Ⱦɥɹ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɥɢɫɬɚ ɇ57-750-0,7 ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ J = 54,3 ɫɦ4, 

ɬɪɟɛɭɟɦɵɣ ɩɪɨɝɢɛ ƒ  ɪɚɜɟɧ 1,03 ɦ, ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ȿ =2,06*105 Ɇɉɚ, ɞɥɢɧɧɚ 

ɩɥɢɬɵ ɩɨɤɪɵɬɢɹ ݈𝑛 ɪɚɜɧɚ 12 ɦ. 

 𝑞 =  ଷ8ସ ∙ƒ∙𝐸∙𝐽ହ𝑙𝑛ర = ଷ8ସ∙ଵ,଴ଷ∙ଵ଴−య∙ଶ,଴଺∙ଵ଴8∙ହସ,ଷ∙ଵ଴−8ହ∙ଵଶర = Ͳ,Ͷʹ͹ кН/м,                   (3.4) 

 

ɉɪɨɜɟɪɤɚ ɡɧɚɱɟɧɢɹ ɦɨɞɭɥɹ ɧɚɝɪɭɡɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɪɟɞɧɚɩɪɹɠɟ-

ɧɢɸ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɥɢɫɬɚ ɩɨ ɉɄ «Ansys» 

 

 

Ɋɢɫɭɧɨɤ 3.3 – ɉɪɨɝɢɛ ɜ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɦ ɥɢɫɬɟ ɨɬ ɡɚɞɚɧɧɨɣ ɧɚɝɪɭɡɤɢ q 

 

Ɋɚɫɱɟɬ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ɩɨɞɬɜɟɪɞɢɥ ɧɚɝɪɭɡɤɭ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɭɸ ɩɪɟɞɧɚɩɪɹɠɟɧɢɸ ɜ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɦ ɥɢɫɬɟ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɦɭ ɫɨɡɞɚ-

ɟɬɫɹ ɜɵɝɢɛ ɜɟɪɯɧɟɝɨ ɩɨɹɫɚ, ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɩɪɨɝɢɛɨɦ 1,027 ɦ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟ-

ɪɟɞɶ ɩɪɢɦɟɪɧɨ ɪɚɜɧɨ 1,03 ɦ (ɡɚɞɚɧɧɨɣ ɜɵɫɨɬɟ ɛɥɨɤ-ɫɜɨɞɚ). 

 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɬɟɪɢɚɥɚ ɞɪɟɜɟɫɢɧɵ 
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ȼ ɪɚɛɨɬɟ ɞɟɮɨɪɦɚɰɢɢ ɜ ɭɡɥɨɜɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ ɧɚ ɨɫɧɨɜɟ ɞɪɟɜɟɫɢɧɵ ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɱɢɬɵɜɚɬɶ ɪɚɫɱɟɬɨɦ ɩɨ ɞɟɮɨɪɦɢ-

ɪɭɟɦɨɣ ɫɯɟɦɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɫɥɨɜɧɨɝɨ ɦɨɞɭɥɹ ɞɟɮɨɪɦɚɬɢɜɧɨɫɬɢ Ey. 

ɍɫɥɨɜɧɵɣ ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɬɢɜɧɨɫɬɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜɵɱɢɫɥɹɬɶ ɩɨ ɮɨɪ-

ɦɭɥɟ: 

 

 lN/АE

E
E y 


01 

,                                                                          (3.5) 

 

ɝɞɟ    Е – ɢɫɯɨɞɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɞɟɪɟɜɹɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɛɥɨɤɚ (Е=10000 

Ɇɉɚ); 

δ0 – ɪɚɫɱɟɬɧɨɟ ɩɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɞɟɮɨɪɦɚɰɢɣ ɩɨɞɚɬɥɢɜɨɫɬɢ, ɩɪɢɧɢ-

ɦɚɟɦɨɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɟɞɟɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɭɡɥɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ (ɧɚ ɥɨ-

ɛɨɜɵɯ ɜɪɭɛɤɚɯ ɢ ɬɨɪɟɰ ɜ ɬɨɪɟɰ - 1,5 ɦɦ; ɧɚ ɧɚɝɟɥɹɯ ɜɫɟɯ ɜɢɞɨɜ - 2,0 ɦɦ; ɜ ɩɪɢ-

ɦɵɤɚɧɢɹɯ ɩɨɩɟɪɟɤ ɜɨɥɨɤɨɧ - 3,0 ɦɦ) ɢ ɫɬɟɩɟɧɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɫɭɳɟɣ ɫɩɨ-

ɫɨɛɧɨɫɬɢ; 

А – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɫɬɟɪɠɧɹ, ɦ2; 

N – ɭɫɢɥɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɜ ɫɬɟɪɠɧɟ, ɤɇ; 

l – ɞɥɢɧɚ ɫɬɟɪɠɧɹ, ɦ. 

 

ɋɧеɝɨɜɚя ɪɚɜɧɨɦеɪɧɚя ɧɚɝɪɭɡɤɚ 

 S଴ = ce ∙ ct ∙ Ɋ ∙ Sg,                                                                                          (3.6) 

 

ɝɞɟ  ce – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɧɨɫ ɫɧɟɝɚ ɫ ɩɨɤɪɵɬɢɣ ɡɞɚɧɢɣ ɩɨɞ ɞɟɣ-

ɫɬɜɢɟɦ ɜɟɬɪɚ ɢɥɢ ɢɧɵɯ ɮɚɤɬɨɪɨɜ, ɪɚɜɟɧ 1; ct – ɬɟɪɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɪɚɜɟɧ 1; Ɋ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɟɪɟɯɨɞ ɨɬ ɜɟɫɚ ɫɧɟɝɨɜɨɝɨ ɩɨ-

ɤɪɨɜɚ ɡɟɦɥɢ ɤ ɫɧɟɝɨɜɨɣ ɧɚɝɪɭɡɤɟ ɧɚ ɩɨɤɪɵɬɢɟ, ɪɚɜɟɧ 
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Sg – ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɫɚ ɫɧɟɝɨɜɨɝɨ ɩɨɤɪɨɜɚ ɧɚ 1 ɦ  ɝɨɪɢɡɨɧɬɚɥɶ-

ɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ, ɪɚɜɟɧ 1,5 ɤɇ/ɦ2. 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɟɪɟɯɨɞ ɨɬ ɜɟɫɚ ɫɧɟɝɨɜɨɝɨ ɩɨɤɪɨɜɚ 

ɡɟɦɥɢ ɤ ɫɧɟɝɨɜɨɣ ɧɚɝɪɭɡɤɟ ɧɚ ɩɨɤɪɵɬɢɟ, ɞɥɹ ɡɞɚɧɢɣ ɫɨ ɫɜɨɞɱɚɬɵɦɢ ɢ ɛɥɢɡɤɢɦɢ 

ɤ ɧɢɦ ɩɨ ɨɱɟɪɬɚɧɢɸ ɩɨɤɪɵɬɢɣ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 

 𝜇ଵ = cosሺͳ,ͷ𝛼ሻ.                                                                                               (3.7) 

 

ɝɞɟ 𝛼  –ɭɤɥɨɧ ɩɨɤɪɵɬɢɹ, ɝɪɚɞ; 

 

ɩɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɹ  𝜇ଵ ɜɵɱɢɫɥɹɸɬɫɹ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɩɨɤɪɵɬɢɹ. 

 

 

Ɋɢɫɭɧɨɤ 3.4 – Ɋɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɚ µ; 

 

 

Ɋɢɫɭɧɨɤ 3.5 – Ɂɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ µ ɜ ɪɚɡɥɢɱɧɵɯ ɬɨɱɤɚɯ ɛɥɨɤ-ɫɜɨɞɚ; 
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Ɋɢɫɭɧɨɤ 3.6 – Ɂɧɚɱɟɧɢɟ ɧɨɪɦɚɬɢɜɧɨɣ ɪɚɜɧɨɦɟɪɧɨɣ ɫɧɟɝɨɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɩɨɤɪɵɬɢɟ; 

 

ɉɪɨɜɟɪɤɭ ɫɛɨɪɚ ɫɧɟɝɨɜɨɣ ɧɚɝɪɭɡɤɢ ɩɪɨɢɡɜɟɞɟɦ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ȼȿɋɌ: 

 

 

Ɋɢɫɭɧɨɤ 3.7 – Ɂɧɚɱɟɧɢɟ ɪɚɜɧɨɦɟɪɧɨɣ ɫɧɟɝɨɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɩɨɤɪɵɬɢɟ ɩɨ ɉɄ «ȼɟɫɬ» 

Ɋɚɫɱеɬ ɜеɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ 
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Ɋɢɫɭɧɨɤ 3.8 – Ɋɚɫɱɟɬ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫ 

 ω = ωm + ωg;                                                                                               (3.1.8) ωm = ω଴kሺzeሻc;                                                                                      (3.1.9) ωg=ωmɌሺzeሻɋ;                                                                                        (3.1.10) 

 

ɉɭɥɶɫɚɰɢɨɧɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɜ ɞɚɧɧɨɦ ɜɢɞɟ ɪɚɛɨɬ 

ɧɟ ɭɱɢɬɜɚɟɬɫɹ. 

 𝜔଴ = Ͳ,͵ͺкПа; 𝑧𝑒= h = 4,03ɦ; 

Ⱦɥɹ ɬɢɩɚ ɦɟɫɬɧɨɫɬɢ ȼ ݇ሺ𝑧𝑒ሻ=0,5 
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ɉɪɢ h1=0 

 

 

Ɋɢɫɭɧɨɤ 3.9 – Ɂɧɚɱɟɧɢɟ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɩɨɤɪɵɬɢɟ; 

 

ɉɪɢ h1=3ɦ 

 

Ɋɢɫɭɧɨɤ 3.10 – Ɂɧɚɱɟɧɢɟ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɩɨɤɪɵɬɢɟ 

 

Ɍɚɤ ɤɚɤ ɡɧɚɱɟɧɢɹ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɦɚɥɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɛɫɬɜɟɧɧɵɦ 

ɜɟɫɨɦ ɢ ɫɧɟɝɨɜɨɣ ɧɚɝɪɭɡɤɨɣ ɢ ɧɚɩɪɚɜɥɟɧɢɟ ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ ɜ ɨɫɧɨɜɧɨɦ 

ɩɪɢɥɨɠɟɧɨ ɬɚɤ, ɱɬɨ ɨɧɚ ɞɟɣɫɬɜɭɟɬ ɧɚ ɨɬɪɵɜ ɤɪɨɜɥɢ ɛɵɥɨ ɩɪɢɧɹɬɨ  ɜ ɞɚɧɧɨɣ 

ɪɚɛɨɬɟ ɩɪɟɧɟɛɪɟɱɶ ɷɬɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɢ ɫɱɢɬɚɬɶ ɛɥɨɤ ɧɚ ɦɚɤɫɢɦɚɥɶɧɭɸ 

ɧɚɝɪɭɡɤɭ. 

Ȼɥɨɤ-ɫɜɨɞ ɪɚɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɭɸ ɧɚɝɪɭɡɤɭ ɜ ɜɢɞɟ 

ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ ɢ ɜɟɫɚ ɫɧɟɝɨɜɨɝɨ ɩɨɤɪɨɜɚ (ɪɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɪɚɜɧɚ 

2,1ɤɇ/ɦ2. 
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3.3 ɑɢɫɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɫɧɨɜɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ 

ɉɄ «Ansys» 

 

– ɉɨɤɪɵɬɢɟ 12ɦ 

 

Ɋɢɫɭɧɨɤ 3.11 – ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɦɨɞɟɥɶ ɜ ɉɄ 

 

Ɋɢɫɭɧɨɤ 3.12 – Ɋɟɡɭɥɶɬɚɬɵ ɩɟɪɟɦɟɳɟɧɢɣ 

 

Ɋɢɫɭɧɨɤ 3.13 – Ɋɟɡɭɥɶɬɚɬɵ ɧɚɩɪɹɠɟɧɢɣ 
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– Ɇɨɞɟɥɶ ɩɨɤɪɵɬɢɹ 6 ɦ 

 

Ɋɢɫɭɧɨɤ 3.14 – Ɋɟɡɭɥɶɬɚɬɵ ɧɚɩɪɹɠɟɧɢɣ 

 

Ɋɢɫɭɧɨɤ 3.15 – Ɋɟɡɭɥɶɬɚɬɵ ɩɟɪɟɦɟɳɟɧɢɣ 
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Ɋɢɫɭɧɨɤ 3.15 – Ɋɟɡɭɥɶɬɚɬɵ ɩɟɪɟɦɟɳɟɧɢɣ ɜ ɛɨɪɬɨɜɨɦ ɷɥɟɦɟɧɬɟ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



48 
 

ȽɅȺȼȺ 4 ɆȿɌɈȾɂɄȺ ɂɋɋɅȿȾɈȼȺɇɂə ɈɋɇɈȼɇɕɏ ɄɈɇ-

ɋɌɊɍɄɌɂȼɇɕɏ ɗɅȿɆȿɇɌɈȼ ȻɅɈɄȺ ɉɈɄɊɕɌɂə 

 

4.1 ɐɟɥɢ ɢ ɫɨɞɟɪɠɚɧɢɟ ɢɫɩɵɬɚɧɢɹ 

 

Ȼɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɰɟɥɢ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɭɦɟɧɶɲɟɧɧɨɣ 

ɦɨɞɟɥɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɛɥɨɤ-ɫɜɨɞɚ ɩɨɤɪɵɬɢɹ ɫ ɬɨɪɰɟɜɵɦ ɭɝɨɥɤɨɜɵɦ ɷɥɟ-

ɦɟɧɬɨɦ: 

 ɭɫɬɚɧɨɜɢɬɶ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɱɢɫɥɟɧɧɵɦɢ ɪɚɫɱɟɬɚɦɢ ɢ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɪɢɬɟɪɢɹ ɩɨɞɨɛɢɹ; 

 ɜɵɹɜɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢɧɹɬɨɝɨ ɬɨɪɰɟɜɨɝɨ ɷɥɟɦɟɧɬɚ 

ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɪɵɬɢɹ; 

 ɨɩɪɟɞɟɥɢɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɫɬɚɬɢ-

ɱɟɫɤɨɣ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɟ; 

 ɢɡɭɱɢɬɶ ɯɚɪɚɤɬɟɪ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɨɪɦɚɥɶɧɵɯ ɧɚɩɪɹɠɟ-

ɧɢɣ ɜ ɪɚɡɥɢɱɧɵɯ ɫɟɱɟɧɢɹɯ ɬɨɪɰɟɜɵɯ ɷɥɟɦɟɧɬɨɜ; 

 ɭɫɬɚɧɨɜɢɬɶ ɩɪɟɞɟɥɶɧɭɸ ɧɟɫɭɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ. 

 

Ɉɩɪɟɞɟɥɟɧɵ ɡɚɞɚɱɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɞɟɥɢ ɛɥɨɤ-

ɫɜɨɞɚ ɩɨɤɪɵɬɢɹ. 

1. ɂɡɝɨɬɨɜɢɬɶ ɦɨɞɟɥɶ ɤɨɧɫɬɪɭɤɰɢɢ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚ-

ɧɢɣ, ɨɬɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɸ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɩɪɨɜɟɪɢɬɶ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ 

ɤɨɧɫɬɪɭɤɰɢɢ; 

2. Ɉɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɢɦɟɸɳɢɯɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɧɟɫɨɜɟɪɲɟɧɫɬɜ ɧɚ ɪɚ-

ɛɨɬɭ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɫɩɨɫɨɛɵ ɢɯ ɭɫɬɪɚɧɟɧɢɹ; 

3. Ɉɩɪɟɞɟɥɢɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɫɬɚɬɢ-

ɱɟɫɤɨɣ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɟ; 

4. ɂɡɭɱɢɬɶ ɯɚɪɚɤɬɟɪ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɨɪɦɚɥɶɧɵɯ ɧɚɩɪɹɠɟ-

ɧɢɣ 
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Ȼɵɥɨ ɜɵɩɨɥɧɟɧɨ ɢɫɩɵɬɚɧɢɟ ɛɥɨɤ-ɫɜɨɞɚ ɫ ɞɜɭɦɹ ɜɚɪɢɚɧɬɚɦɢ ɬɨɪɰɟɜɨɝɨ 

ɷɥɟɦɟɧɬɚ (ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɭɝɨɥɨɤ ɢ ɞɟɪɟɜɹɧɧɵɣ ɛɪɭɫ). 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɇȾɋ ɦɨɞɟɥɢ ɜ ɩɪɨɰɟɫɫɟ ɢɫɩɵɬɚɧɢɹ ɨɩɪɟɞɟɥɹɥɢ: 

 

 Ʌɢɧɢɸ ɩɪɨɝɢɛɨɜ ɬɨɪɰɟɜɨɝɨ ɷɥɟɦɟɧɬɚ; 

 Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ, ɚ ɩɨ ɧɢɦ ɧɚɩɪɹɠɟɧɢɹ ɜ ɯɚɪɚɤɬɟɪɧɨɦ ɫɟ-

ɱɟɧɢɢ ɷɥɟɦɟɧɬɨɜ ɦɨɞɟɥɢ. 

Ʌɢɧɢɹ ɩɪɨɝɢɛɨɜ ɫɬɪɨɢɥɚɫɶ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɡɦɟɪɟɧɢɣ ɩɪɨɝɢɛɨɦɟɪɨɜ 

Ⱥɢɫɬɨɜɚ ɉȺɈ-6 ɫ ɰɟɧɨɣ ɞɟɥɟɧɢɹ 0,01 ɦɦ. 

ɋɯɟɦɚ ɪɚɫɫɬɚɧɨɜɤɢ ɩɪɢɛɨɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.1. 

Ɇɨɞɟɥɶ ɢɫɩɵɬɵɜɚɥɚɫɶ ɧɚ ɞɟɣɫɬɜɢɟ ɧɚɝɪɭɡɤɢ ɨɬ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɟɫɚ ɢ ɜɟɫɚ 

ɫɧɟɝɨɜɨɝɨ ɩɨɤɪɨɜɚ. 

ɇɚɝɪɭɠɟɧɢɟ ɫɨɡɞɚɜɚɥɨɫɶ ɲɬɭɱɧɵɦ ɩɥɢɬɧɵɦ ɦɚɬɟɪɢɚɥɨɦ – ɛɟɬɨɧɧɵɦɢ 

ɛɥɨɤɚɦɢ ɦɚɫɫɨɣ 38 ɤɝ. Ȼɥɨɤɢ ɜɵɤɥɚɞɵɜɚɥɢɫɶ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɫɚɦɨɣ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɬɟɦ ɫɚɦɵɦ ɧɚɝɪɭɡɤɚ ɪɚɫɩɪɟɞɟɥɹɥɚɫɶ ɩɨɥɧɨɫɬɶɸ ɧɚ ɧɟɫɭɳɢɣ ɩɪɨ-

ɮɢɥɢɪɨɜɚɧɧɵɣ ɥɢɫɬ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɩɵɬɚɧɢɣ ɫɨɛɥɸɞɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: 

 ɋɯɟɦɚ ɧɚɝɪɭɡɤɢ ɨɫɬɚɜɚɥɚɫɶ ɧɟɢɡɦɟɧɧɨɣ ɜɩɥɨɬɶ ɞɨ ɦɨɦɟɧɬɚ ɟɟ ɪɚɡɪɭɲɟ-

ɧɢɹ; 

 ɇɚɝɪɭɡɤɚ ɩɪɢɤɥɚɞɵɜɚɥɚɫɶ ɨɞɢɧɚɤɨɜɵɦɢ ɫɬɭɩɟɧɹɦɢ ɜ ɪɚɜɧɵɟ ɩɪɨɦɟ-

ɠɭɬɤɢ ɜɪɟɦɟɧɢ (1-2 ɦɢɧ); 

 ɂɫɩɵɬɚɬɟɥɶɧɚɹ ɦɨɞɟɥɶ ɜɵɞɟɪɠɢɜɚɥɚɫɶ ɩɨɫɥɟ ɧɚɝɪɭɠɟɧɢɹ ɤɚɠɞɨɣ ɫɬɭ-

ɩɟɧɶɸ ɧɚɝɪɭɡɤɢ ɨɞɢɧɚɤɨɜɨɟ ɜɪɟɦɹ, ɩɪɟɜɵɲɚɸɳɟɟ ɜɪɟɦɹ ɩɪɢɥɨɠɟɧɢɹ ɫɬɭɩɟɧɢ 

ɧɚɝɪɭɡɤɢ (20 ɦɢɧ), ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɞɟɮɨɪɦɚɰɢɣ ɢ ɡɚɬɭɯɚɧɢɹ ɜɫɟɯ ɥɨɤɚɥɶɧɵɯ 

ɷɮɮɟɤɬɨɜ, ɩɨɫɥɟ ɱɟɝɨ ɫɧɢɦɚɥɢɫɶ ɩɨɤɚɡɚɧɢɹ ɜɫɟɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ; 

 ɉɪɢ ɧɚɝɪɭɡɤɟ, ɛɥɢɡɤɨɣ ɤ ɧɨɪɦɚɬɢɜɧɨɣ, ɢɫɩɵɬɚɬɟɥɶɧɚɹ ɦɨɞɟɥɶ ɜɵɞɟɪ-

ɠɢɜɚɥɚɫɶ ɜ ɬɟɱɟɧɢɟ 25 ɦɢɧɭɬ ; 
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 ɉɪɢ ɧɚɝɪɭɡɤɟ, ɛɥɢɡɤɨɣ ɤ ɪɚɫɱɟɬɧɨɣ, ɢɫɩɵɬɚɬɟɥɶɧɚɹ ɦɨɞɟɥɶ ɜɵɞɟɪɠɢ-

ɜɚɥɚɫɶ ɜ ɬɟɱɟɧɢɟ 25 ɦɢɧɭɬ; 

 

ɚ) 

 

ɛ) 

ɜ) 

 

ɚ) ɪɚɫɫɬɚɧɨɜɤɚ ɩɪɨɝɢɛɨɦɟɬɪɨɜ; ɛ) ɪɚɫɫɬɚɧɨɜɤɚ ɩɪɨɝɢɛɨɦɟɬɪɨɜ, ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɣ ɥɢɫɬ 

ɭɫɥɨɜɧɨ ɧɟ ɩɨɤɚɡɚɧ; ɜ) ɪɚɫɩɨɥɨɠɟɧɢɟ ɬɟɧɡɨɞɚɬɱɢɤɨɜ ɧɚ ɛɨɪɬɨɜɨɦ ɷɥɟɦɟɧɬɟ ɢ ɢɯ ɧɚɢɦɟɧɨ-

ɜɚɧɢɟ 

Ɋɢɫɭɧɨɤ 4.1 – ɋɯɟɦɚ ɪɚɫɫɬɚɧɨɜɤɢ ɩɪɢɛɨɪɨɜ 

 

ɇɚ ɩɪɨɬɹɠɟɧɢɢ ɢɫɩɵɬɚɧɢɣ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɧɚɛɥɸɞɟɧɢɟ ɡɚ ɫɨɫɬɨɹɧɢɟɦ 

ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɦɨɞɟɥɢ ɢ ɮɢɤɫɢɪɨɜɚɥɢɫɶ ɜɫɟ ɜɨɡɧɢɤɚɸɳɢɟ ɞɟɮɟɤɬɵ, ɩɟɪɜɢɱ-

ɧɵɟ ɢ ɜɬɨɪɢɱɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɪɚɡɪɭɲɟɧɢɹ ɢ ɞɪɭɝɢɟ ɩɨɜɪɟɠɞɟɧɢɹ. 
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ɇɚɝɪɭɠɟɧɢɟ ɪɚɜɧɨɫɬɨɪɨɧɧɟɣ ɧɚɝɪɭɡɤɨɣ ɧɚ 1-ɨɦ ɷɬɚɩɟ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ 

ɫɬɭɩɟɧɱɚɬɨ ɫɨ ɫɬɭɩɟɧɶɸ ɧɚɝɪɭɡɤɢ, ɪɚɜɧɨɣ 33% ɨɬ ɧɨɪɦɚɬɢɜɧɨɣ, ɬɨ ɟɫɬɶ ɜ 3 ɫɬɭ-

ɩɟɧɢ. ɋɧɢɦɚɥɢɫɶ ɩɨɤɚɡɚɧɢɹ ɩɪɢɛɨɪɨɜ. Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɥɨ ɧɚɝɪɭɠɟɧɢɟ ɫ ɜɨɡ-

ɪɚɫɬɚɧɢɟɦ ɧɚɝɪɭɡɤɢ ɞɨ ɪɚɫɱɟɬɧɨɣ (2 ɷɬɚɩ) ɜ 2 ɫɬɭɩɟɧɢ. ɉɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɪɚɫ-

ɱɟɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɪɚɜɧɨɫɬɨɪɨɧɧɟɣ ɧɚɝɪɭɡɤɢ ɫɧɢɦɚɥɢɫɶ ɩɨɤɚɡɚɧɢɹ ɩɪɢɛɨɪɨɜ ɢ 

ɩɪɨɢɫɯɨɞɢɥɨ ɪɚɡɝɪɭɠɟɧɢɟ ɦɨɞɟɥɢ. 

ɂɡɦɟɪɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɩɪɨɢɡɜɨɞɢɥɨɫɶ: 

 ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɤɚɠɞɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɫɥɟɞɭɸɳɟɣ ɫɬɭ-

ɩɟɧɢ; 

 ɋɪɚɡɭ ɩɨɫɥɟ ɧɚɝɪɭɠɟɧɢɹ. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɧɹɬɢɹ ɨɬɫɱɟɬɨɜ ɩɨ ɩɪɨɝɢɛɨɦɟɪɚɦ ɫɨɫɬɚɜɥɹɥɚ ɩɪɢ-

ɦɟɪɧɨ 1 ɦɢɧ. ɋɧɹɬɢɟ ɩɨɤɚɡɚɧɢɣ ɩɨ ɬɟɧɡɨɪɟɡɢɫɬɨɪɚɦ ɩɪɨɢɫɯɨɞɢɥɨ ɧɟɩɪɟɪɵɜɧɨ 

ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɢɫɩɵɬɚɧɢɣ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɨɛɪɚɛɨɬɤɚ ɦɚɫɫɢɜɚ 

ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɩɨɤɚɡɚɧɢɣ ɬɟɧɡɨɪɟɡɢɫɬɨɪɨɜ. 

 

4.2 Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ 

 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɥɚɠɧɨɫɬ-

ɧɵɯ ɭɫɥɨɜɢɹɯ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ: ɬɟɦɩɟɪɚɬɭɪɚ t=20±2 ºC, ɨɬɧɨɫɢɬɟɥɶɧɚɹ 

ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ W=65±5 %. 

ɍɡɥɨɜɨɟ ɫɨɟɞɢɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɜɹɡɶ ɛɥɨɤ-ɫɜɨɞɚ, ɜ ɤɨɬɨɪɨɦ 

ɧɢɠɧɢɣ ɩɨɹɫ ɜɵɩɨɥɧɟɧ ɢɡ ɞɪɟɜɟɫɢɧɵ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ (4), ɢ ɜɟɪɯɧɟɝɨ 

ɩɨɹɫɚ ɜ ɜɢɞɟ ɢɡɨɝɧɭɬɨɝɨ ɧɟɫɭɳɟɝɨ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɝɨ ɥɢɫɬɚ (1), ɢ ɛɨɪɬɨɜɨɝɨ 

ɷɥɟɦɟɧɬɚ ɜ ɜɢɞɟ ɭɝɨɥɤɨɜɨɝɨ ɩɪɨɤɚɬɚ (2), ɤɨɬɨɪɵɣ ɤɪɟɩɢɬɫɹ ɜ ɬɨɪɰɟɜɨɣ ɱɚɫɬɢ 

ɛɥɨɤɚ ɱɟɪɟɡ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɧɚɤɥɚɞɤɭ (3). ɇɚɤɥɚɞɤɚ ɤ ɞɟɪɟɜɹɧɧɨɦɭ ɩɨɹɫɭ ɤɪɟ-

ɩɢɬɫɹ ɩɨ ɫɪɟɞɫɬɜɚɦ ɛɨɥɬɨɜ (5), ɚ ɭɝɨɥɨɤ ɤ ɧɚɤɥɚɞɤɟ ɫ ɩɨɦɨɳɶɸ ɫɜɚɪɧɨɝɨ ɫɨ-

ɟɞɢɧɟɧɢɹ 
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1 – ɝɪɭɧɵɣ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɣ ɥɢɫɬ; 2 – ɛɨɪɬɨɜɨɣ ɷɥɟɦɟɧɬ; 3 – ɫɨɟɞɢɧɢɬɟɥɶɧɚɹ ɩɥɚ-

ɫɬɢɧɚ; 4 – ɛɚɥɤɚ-ɡɚɬɹɠɤɚ ɧɢɠɧɟɝɨ ɩɨɹɫɚ; 5 – ɲɩɢɥɶɤɚ ɫ ɝɚɣɤɚɦɢ. 

Ɋɢɫɭɧɨɤ 4.2 – Ɉɩɨɪɧɵɣ ɭɡɟɥ 

 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɛɵɥ ɜɵɩɨɥɧɟɧ 

ɪɚɫɱɟɬ ɦɨɞɟɥɢ ɛɥɨɤɚ ɩɪɨɥɟɬɨɦ 6 ɦ. 

ɋ ɩɨɡɢɰɢɢ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɛɥɨɤ ɩɨɤɪɵɬɢɹ 

ɤɥɚɫɫɢɮɢɰɢɪɭɟɬɫɹ ɤɚɤ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɫɬɟɪɠɧɟɜɚɹ ɫɢɫɬɟɦɚ. Ɋɚɫɱɟɬ ɜɟɞɟɬɫɹ 

ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ ANSYS. ɉɪɢɧɢɦɚɟɦ, ɱɬɨ ɤɨɧɫɬɪɭɤɰɢɹ ɧɚ ɬɨɪɰɚɯ 

ɩɨɥɧɨɫɬɶɸ ɨɩɢɪɚɟɬɫɹ ɧɚ ɨɛɜɹɡɨɱɧɵɣ ɛɪɭɫ ɥɢɛɨ ɫɬɟɧɵ. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɟɪɟɜɹɧɧɵɣ ɛɪɭɫ 170ɯ90, ɩɪɨɮɢɥɢ-

ɪɨɜɚɧɧɵɣ ɥɢɫɬ ɇɋ35-1000 ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɣ  ɪɚɜɧɨɩɨɥɨɱɧɵɣ ɭɝɨɥɨɤ ɫ ɪɚɡɦɟ-

ɪɨɦ ɩɨɥɤɢ 50 ɦɦ ɢ ɬɨɥɳɢɧɨɣ 5 ɦɦ. Ⱦɥɢɧɚ ɛɪɭɫɚ 6 ɦ, ɤɨɧɫɬɪɭɤɰɢɹ ɲɢɪɢɧɨɣ 

ɦɨɞɟɥɢ 950 ɦɦ. 

ȼ ɨɩɨɪɧɨɣ ɱɚɫɬɢ ɛɚɥɤɢ ɡɚɬɹɠɤɢ ɫɨɟɞɢɧɹɸɬɫɹ ɛɨɪɬɨɜɵɦ ɷɥɟɦɟɧɬɨɦ – 

ɭɝɨɥɤɨɦ ɩɨ ɫɪɟɞɫɬɜɨɦ ɫɜɚɪɢɜɚɧɢɹ ɭɝɨɥɤɚ ɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɧɚɤɥɚɞɤɢ ɧɚ ɞɟɪɟ-

ɜɹɧɧɨɦ ɛɪɭɫɟ. ȼ ɤɚɱɟɫɬɜɟ ɫɬɨɟɤ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɟɪɟɜɹɧɧɵɟ ɛɪɭɫɤɢ ɢ ɞɨɫɤɢ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɇȾɋ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɨɜɨɞɹɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨ-

ɜɚɧɢɹ ɦɨɞɟɥɢ ɛɥɨɤ-ɫɜɨɞɚ, ɜ ɩɪɨɰɟɫɫɟ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɸɬ: 

– ɥɢɧɢɸ ɩɪɨɝɢɛɨɜ ɧɢɠɧɟɝɨ ɩɨɹɫɚ ɢ ɬɨɪɰɟɜɨɝɨ ɷɥɟɦɟɧɬɚ; 
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– ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ, ɚ ɩɨ ɧɢɦ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɟɱɟɧɢɹɯ ɷɥɟɦɟɧ-

ɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ. 

Ɇɨɞɟɥɶ ɛɥɨɤ-ɫɜɨɞɚ ɩɨɤɪɵɬɢɹ ɨɩɢɪɚɥɚɫɶ ɧɚ ɨɛɜɹɡɨɱɧɵɣ ɛɪɭɫ ɢ ɡɚɤɪɟɩɥɹ-

ɥɚɫɶ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɲɚɪɧɢɪɧɨ-ɩɨɞɜɢɠɧɨɣ, ɚ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɲɚɪɧɢɪɧɨ-

ɧɟɩɨɞɜɢɠɧɨɣ ɫɜɹɡɶɸ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɨ ɨɛɟɫɩɟɱɟɧɨ ɜɡɜɵɲɟɧɧɨɟ ɩɨɥɨɠɟ-

ɧɢɟ ɦɨɞɟɥɢ: ɦɨɞɟɥɶ ɧɚɯɨɞɢɥɚɫɶ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1,2 ɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ. 

Ȼɥɨɤ-ɫɜɨɞ ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɬɪɭɛɵ ɫ ɨɛɟɢɯ ɫɬɨɪɨɧ, ɫ ɨɞɧɨɣ 

ɫɬɨɪɨɧɵ ɧɚ ɬɪɭɛɭ ɛɵɥɢ ɧɚɜɚɪɟɧɵ ɩɥɚɫɬɢɧɵ, ɬɚɤ ɛɵɥɨ ɫɨɡɞɚɧɨ ɧɟɨɛɯɨɞɢɦɨɟ 

ɲɚɪɧɢɪɧɨ-ɩɨɞɜɢɠɧɨɟ ɢ ɲɚɪɧɢɪɧɨ-ɧɟɩɨɞɜɢɠɧɨɟ ɨɩɢɪɚɧɢɟ. 

ɉɟɪɟɦɟɳɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɦɟɪɹɸɬ ɩɪɨɝɢɛɨɦɟ-

ɪɚɦɢ Ⱥɢɫɬɨɜɚ ɉȺɈ-6 (Ɋɢɫɭɧɨɤ 4.3) ɢ ɢɧɞɢɤɚɬɨɪɚɦɢ ɱɚɫɨɜɨɝɨ ɬɢɩɚ ɫ ɰɟɧɨɣ ɞɟ-

ɥɟɧɢɹ 0,01 ɦɦ. 

 

 
Ɋɢɫɭɧɨɤ 4.3 – ɉɪɨɝɢɛɨɦɟɪ 6-ɉȺɈ 

1 – ɩɪɢɜɨɞɧɨɣ ɲɤɢɜ; 2 – ɛɨɥɶɲɚɹ ɲɟɫɬɟɪɧɹ (ɠɟɫɬɤɨ ɫɨɟɞɢɧɟɧɚ ɫɨ ɲɤɢɜɨɦ ɢ ɫɬɪɟɥɤɨɣ 

3 ɢ ɜɯɨɞɢɬ ɜ ɡɚɰɟɩɥɟɧɢɟ ɫ ɡɭɛɶɹɦɢ ɬɪɢɛɤɢ 4); 

3, 6, 8 - ɫɬɪɟɥɤɢ ɩɪɨɝɢɛɨɦɟɪɚ; 4 - ɬɪɢɛɤɚ ɫ ɡɭɛɶɹɦɢ; 

5 - ɲɟɫɬɟɪɧɹ (ɫɨɟɞɢɧɟɧɚ ɡɭɛɶɹɦɢ ɫ ɬɪɢɛɤɨɣ 7); 7- ɬɪɢɛɤɚ (ɧɚ ɨɫɢ ɝɪɢɛɤɢ ɪɚɫɩɨɥɨɠɟɧɚ 

ɫɬɪɟɥɤɚ 8) 
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ɉɪɨɝɢɛɨɦɟɪɵ ɜ ɤɨɥɢɱɟɫɬɜɟ 2 ɲɬ. ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɧɚ ɫɬɭɥɶɹ ɜ ɰɟɧɬɪɟ 

ɛɨɪɬɨɜɨɝɨ ɷɥɟɦɟɧɬɚ. ɋɬɚɥɶɧɚɹ ɩɪɨɜɨɥɨɤɚ ɫ ɝɪɭɡɨɦ ɧɚ ɤɨɧɰɟ ɛɵɥɚ ɩɪɨɞɟɬɚ ɱɟɪɟɡ 

ɛɨɪɬɨɜɨɣ ɷɥɟɦɟɧɬ ɦɨɞɟɥɢ. ɋɬɚɥɶɧɚɹ ɩɪɨɜɨɥɨɤɚ ɫ ɝɪɭɡɨɦ ɛɵɥɚ ɡɚɮɢɤɫɢɪɨɜɚɧɚ 

ɬɚɤ, ɱɬɨɛɵ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɩɪɨɝɢɛɨɦɟɪɵ. 

Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɞɟɮɨɪɦɚɰɢɢ ɜ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɦɟɪɹɸɬɫɹ ɬɟɧ-

ɡɨɪɟɡɢɫɬɨɪɧɵɦɢ ɞɚɬɱɢɤɚɦɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɰɢɮɪɨɜɨɝɨ ɢɡɦɟɪɢɬɟɥɹ ɞɟɮɨɪ-

ɦɚɰɢɣ ɂȾɐ-1 ɜ ɤɨɦɩɥɟɤɬɟ ɫ ɤɨɦɦɭɬɢɪɭɸɳɢɦ ɭɫɬɪɨɣɫɬɜɨɦ. ɇɨɦɢɧɚɥɶɧɨɟ ɫɨ-

ɩɪɨɬɢɜɥɟɧɢɟ ɬɟɧɡɨɪɟɡɢɫɬɨɪɨɜ R=10 Ɉɦ ɫ ɪɚɡɦɟɪɨɦ ɛɚɡɵ 20ɦɦ. 

Ɍɟɧɡɨɪɟɡɢɫɬɨɪɵ ɜ ɤɨɥɢɱɟɫɬɜɟ 6 ɲɬ. ɛɵɥɢ ɪɚɫɩɨɥɨɠɟɧɵ ɫɨɝɥɚɫɧɨ ɪɢɫɭɧɤɭ 

4.4. 

 

Ɋɢɫɭɧɨɤ 4.4 – ɋɯɟɦɚ ɪɚɫɫɬɚɧɨɜɤɢ ɬɟɧɡɨɞɚɬɱɢɤɨɜ 

 

Ʉɚɛɟɥɶ ɫ ɩɪɨɜɨɞɚɦɢ, ɩɪɢɩɚɹɧɧɵɦɢ ɤ ɬɟɧɡɨɪɟɡɢɫɬɨɪɚɦ, ɜɨ ɜɪɟɦɹ ɢɫɩɵɬɚ-

ɧɢɣ ɧɚɯɨɞɢɥɫɹ ɜ ɩɨɞɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɜɨ ɢɡɛɟɠɚɧɢɟ ɡɚɡɟɦɥɟɧɢɹ ɢ ɩɨɹɜɥɟ-

ɧɢɹ ɩɨɦɟɯ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɩɨɤɚɡɚɧɢɣ ɬɟɧɡɨɪɟɡɢɫɬɨɪɨɜ. Ɂɚɡɟɦɥɟɧɢɟ ɛɵɥɨ ɫɨ-

ɡɞɚɧɨ ɫɩɟɰɢɚɥɶɧɨ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɲɬɵɪɹ, ɩɨɞɜɟɲɟɧɧɨɝɨ ɤ ɤɚ-

ɛɟɥɸ ɡɚ ɩɪɨɜɨɥɨɤɭ ɢ ɧɚɯɨɞɹɳɟɝɨɫɹ ɧɚ ɡɟɦɥɟ. 
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Ȼɥɨɤɢ ɢɫɩɵɬɵɜɚɸɬɫɹ ɧɚ ɞɟɣɫɬɜɢɟ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɇȾɋ ɛɨɪɬɨɜɨɝɨ ɷɥɟɦɟɧɬɚ ɫ ɧɚɤɥɚɞɤɚɦɢ ɜɟɥɢɱɢɧɵ ɧɨɪɦɚɥɶ-

ɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɚɯ ɜɵɱɢɫɥɹɸɬ ɢɡ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ 

ɩɨɤɚɡɚɧɢɣ ɬɟɧɡɨɪɟɡɢɫɬɨɪɨɜ. 

ȼ ɩɪɨɰɟɫɫɟ ɢɫɩɵɬɚɧɢɣ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɮɚɤɬɚɦ ɩɨɹɜɥɟɧɢɹ 

ɩɪɢɡɧɚɤɨɜ ɩɨɬɟɪɢ ɦɟɫɬɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɩɨɪ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɩɪɨɮɢɥɢɪɨɜɚɧ-

ɧɨɝɨ ɥɢɫɬɚ. ɉɨɫɥɟ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ ɧɚɝɪɭɠɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɫɦɨɬɪ ɞɚɧɧɨɣ 

ɤɨɧɫɬɪɭɤɰɢɢ. 

ȼ ɬɚɛɥɢɰɟ 4.2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚɝɪɭɡɤɚ, ɤɝ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɧɚɝɪɭɠɟɧɢɹ 

ɦɨɞɟɥɢ ɤɚɠɞɨɣ ɫɬɭɩɟɧɶɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɟɬɨɧɧɵɯ ɛɥɨɤɨɜ ɫɪɟɞɧɟɣ ɦɚɫɫɨɣ 

38 ɤɝ ɢ ɝɥɢɧɹɧɵɯ ɤɢɪɩɢɱɟɣ ɦɚɫɫɨɣ 3,3 ɤɝ. 

ɇɚ ɪɢɫɭɧɤɟ 4.5 ɭɤɚɡɚɧɚ ɫɯɟɦɚ ɡɚɝɪɭɠɟɧɢɹ ɦɨɞɟɥɢ. 

 

 

Ɋɢɫɭɧɨɤ 4.5 – ɋɯɟɦɚ ɡɚɝɪɭɠɟɧɢɹ ɢɫɩɵɬɭɟɦɨɣ ɦɨɞɟɥɢ 
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Ɍɚɛɥɢɰɚ 4.2 – Ɋɚɫɱɟɬ ɧɚɝɪɭɡɤɢ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɫɬɭɩɟɧɱɚɬɨɝɨ ɡɚɝɪɭɠɟ-

ɧɢɹ ɦɨɞɟɥɢ 

№ 

ɷɬɚɩɚ 

Ɍɢɩ 

ɧɚɝɪɭɠɟɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɷɬɚɩɚ 

ɡɚɝɪɭɠɟɧɢɹ 

Ɂɧɚɱɟɧɢɟ 

ɧɚɝɪɭɡɤɢ,  

ɧɟɨɛɯɨɞɢɦɨɣ 

ɞɥɹ  

ɡɚɝɪɭɠɟɧɢɹ, 

ɤɝ/ɦ2 

Ɂɚɝɪɭɠɚɟɦɚɹ 

ɩɥɨɳɚɞɶ, ɦ2 

ɇɟɨɛɯɨɞɢ-

ɦɨɟ ɤɨɥɢɱɟ-

ɫɬɜɚ ɛɥɨɤɨɜ 

ɧɚ ɜɫɸ ɦɨ-

ɞɟɥɶ ɩɪɢ m 

ɛɥɨɤɚ=38 ɤɝ 

1 Ɋɚɜɧɨɦɟɪɧɨ ɪɚɫ-

ɩɪɟɞɟɥɟɧɧɚɹ 

30% qɧɨɪɦ 38 1 6 

60% qɧɨɪɦ 72 12 

100% qɧɨɪɦ 120 18 

2 Ɋɚɜɧɨɦɟɪɧɨ ɪɚɫ-

ɩɪɟɞɟɥɟɧɧɚɹ 

qɧɨɪɦ + 50% ∙ 

(qɪɚɫɱ  - qɧɨɪɦ) 

158 24 

qɪɚɫɱ 190 30 

 

 

4.3 ɇɚɝɪɭɠɟɧɢɟ ɦɨɞɟɥɢ ɛɥɨɤ-ɫɜɨɞɚ ɩɨɤɪɵɬɢɹ 

 

 

 

Ɋɢɫɭɧɨɤ 4.6 – ɂɫɩɵɬɭɟɦɚɹ ɦɨɞɟɥɶ ɛɥɨɤ-ɫɜɨɞɚ; 
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Ɋɢɫɭɧɨɤ 4.7 – Ɇɨɞɟɥɶ ɛɥɨɤ-ɫɜɨɞɚ ɫ ɩɨɞɤɥɸɱɟɧɧɵɦɢ ɬɟɧɡɨɪɟɡɢɫɬɨɪɚɦɢ; 

 

 

Ɋɢɫɭɧɨɤ 4.8 – ɉɨɤɚɡɚɧɢɟ ɩɪɨɝɢɛɨɦɟɪɚ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɢɫɩɵɬɚɧɢɹ; 
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Ɋɢɫɭɧɨɤ 4.9 – 1 ɷɬɚɩ ɧɚɝɪɭɠɟɧɢɹ (38 ɤɝ/ɦ2); 
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Ɋɢɫɭɧɨɤ 4.10 – 2 ɷɬɚɩ ɧɚɝɪɭɠɟɧɢɹ (76 ɤɝ/ɦ2); 

 

Ɋɢɫɭɧɨɤ 4.11 – ɉɨɤɚɡɚɧɢɹ ɩɪɨɝɢɛɨɦɟɪɚ ɩɨɫɥɟ 2 ɷɬɚɩɚ ɡɚɝɪɭɠɟɧɢɹ; 
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Ɋɢɫɭɧɨɤ 4.12 – 3 ɷɬɚɩ ɧɚɝɪɭɠɟɧɢɹ (114 ɤɝ/ɦ2); 

 

 

Ɋɢɫɭɧɨɤ 4.13 – 4 ɷɬɚɩ ɧɚɝɪɭɠɟɧɢɹ (152 ɤɝ/ɦ2); 
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Ɋɢɫɭɧɨɤ 4.14 – 4 ɷɬɚɩ ɧɚɝɪɭɠɟɧɢɹ (152 ɤɝ/ɦ2); 
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Ɋɢɫɭɧɨɤ 4.15 – ɉɨɤɚɡɚɧɢɹ ɩɪɨɝɢɛɨɦɟɪɚ ɩɨɫɥɟ 4 ɷɬɚɩɚ ɡɚɝɪɭɠɟɧɢɹ; 
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Ɋɢɫɭɧɨɤ 4.15 – 5 ɷɬɚɩ ɧɚɝɪɭɠɟɧɢɹ (190 ɤɝ/ɦ2); 
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Ɋɢɫɭɧɨɤ 4.16 – Ⱦɟɮɨɪɦɚɰɢɢ ɜɨɡɧɢɤɲɢɟ ɜ ɤɨɧɫɬɪɭɤɰɢɢ; 
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Ɋɢɫɭɧɨɤ 4.17 – ɉɨɤɚɡɚɧɢɹ ɩɪɨɝɢɛɨɦɟɪɚ ɩɨɫɥɟ 5 ɷɬɚɩɚ ɡɚɝɪɭɠɟɧɢɹ; 
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Ɋɢɫɭɧɨɤ 4.18 – Ⱦɟɮɨɪɦɚɰɢɢ ɜɨɡɧɢɤɲɢɟ ɜ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɦ ɥɢɫɬɟ; 

 

 

4.4 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ 

 

ɂɫɩɵɬɚɧɢɹ ɩɪɨɯɨɞɢɥɢ 06.06.2022 ɝ. ɜ ɥɚɛɨɪɚɬɨɪɧɨɦ ɤɨɪɩɭɫɟ ɋɎɍ. 

ɉɨɤɚɡɚɧɢɹ ɩɪɨɝɢɛɨɦɟɪɨɜ ɧɟ ɞɨɜɨɞɢɥɨɫɶ ɞɨ ɩɨɥɨɠɟɧɢɹ ɧɭɥɹ, ɨɬɧɨɫɢɬɟɥɶ-

ɧɵɟ ɩɪɨɝɢɛɵ ɜɵɱɢɫɥɹɥɢɫɶ ɪɚɡɧɨɫɬɶɸ ɧɚɱɚɥɶɧɨɝɨ ɢ ɤɨɧɟɱɧɨɝɨ ɩɨɤɚɡɚɧɢɣ ɩɪɢ-

ɛɨɪɚ. 

ɉɨ ɩɨɤɚɡɚɧɢɹɦ ɬɟɧɡɨɪɟɡɢɫɬɨɪɨɜ ɜɵɱɢɫɥɹɥɢɫɶ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ 

ɧɚɩɪɹɠɟɧɢɣ ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɡɧɨɫɬɢ ɧɚɱɚɥɶɧɨɝɨ ɢ ɤɨɧɟɱɧɨɝɨ ɡɧɚɱɟɧɢɣ. 

ɉɨɤɚɡɚɧɢɹ ɩɪɨɝɢɛɨɦɟɪɚ ɢɡɦɟɧɢɥɢɫɶ ɫɨ ɡɧɚɱɟɧɢɹ 7,18 ɦɦ ɞɨ 11,51 ɦɦ, 

ɩɪɨɝɢɛ ɛɨɪɬɨɜɨɝɨ ɷɥɟɦɟɧɬɚ ɫɨɫɬɚɜɢɥ 4,33ɦɦ. 
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Ɋɢɫɭɧɨɤ 4.19 – ɋɯɟɦɚ ɪɚɫɫɬɚɧɨɜɤɢ ɬɟɧɡɨɞɚɬɱɢɤɨɜ; 

 

ɉɨ ɩɨɤɚɡɚɧɢɹɦ ɬɟɧɡɨɪɟɡɢɫɬɨɪɨɜ ɦɚɤɫɢɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɧɢɤɚɥɢ ɜ 

ɪɟɡɢɫɬɨɪɟ Ⱥ 15, ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ ɜ ɷɬɨɣ ɬɨɱɤɟ ɪɨɜɧɹɥɨɫɶ 23,21 ɤɝɫ/ɦɦ2, 

ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɪɨɜɧɹɟɬɫɹ 232,1Ɇɉɚ. 

 

Ɋɢɫɭɧɨɤ 4.20 – ɉɨɤɚɡɚɧɢɹ ɬɟɧɡɨɪɟɡɢɫɬɨɪɨɜ; 
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4.4 Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ 

 

Ⱥɧɚɥɢɡɢɪɭɹ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɪɟɡɭɥɶ-

ɬɚɬɵ ɧɚɬɭɪɧɨɝɨ ɢɫɩɵɬɚɧɢɹ ɦɨɞɟɥɢ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ ɧɚɝɪɭɡ-

ɤɚɯ ɛɨɥɶɲɢɯ, ɱɟɦ ɩɪɨɟɤɬɧɵɟ, ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɣ ɥɢɫɬ ɫɜɨɞɚ ɬɟɪɹɟɬ ɦɟɫɬɧɭɸ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɜ ɡɨɧɟ ɟɝɨ ɤɪɟɩɥɟɧɢɹ ɫ ɛɚɥɤɨɣ-ɡɚɬɹɠɤɨɣ ɧɚ ɨɩɨɪɟ. 

ɋɨɩɨɫɬɚɜɢɦ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 4.4. 

 

Ɍɚɛɥɢɰɚ 4.4 – Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɩɨɤɚɡɚɬɟɥɹ 

Ɋɟɡɭɥɶɬɚɬ ɱɢɫɥɟɧɧɨɝɨ 

ɷɤɫɩɟɪɢɦɟɧɬɚ 

Ɋɟɡɭɥɶɬɚɬ 

ɢɫɩɵɬɚɧɢɹ 

Ɋɚɡɧɢɰɚ 

ɪɟɡɭɥɶɬɚɬɨɜ, % 

σ (Ⱥ9), Ɇɉɚ 12,06 11,14 8 

σ (Ⱥ10), Ɇɉɚ 13,89 12,92 7 

σ (Ⱥ12), Ɇɉɚ 46,69 41,93 10 

σ (Ⱥ13), Ɇɉɚ 8,75 8,48 3 

σ (Ⱥ14), Ɇɉɚ 5,92 5,35 9 

σ (Ⱥ15), Ɇɉɚ 235,04 232,10 2 

ƒ ɧɨɪɦ, ɦɦ 4,7035 4,33 8 
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4.5 ȼɵɜɨɞɵ ɩɨ 4 ɝɥɚɜɟ 

 

ȼ ɯɨɞɟ ɢɫɩɵɬɚɧɢɹ ɦɨɞɟɥɢ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɧɚɝɪɭɠɟɧɢɢ ɦɨɞɟɥɢ 

ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɨɣ ɜ ɩɪɨɮɢɥɢɪɨɜɚɧɧɨɦ ɥɢɫɬɟ ɜɨɡɧɢɤɚɸɬ ɞɟɮɨɪɦɚɰɢɢ ɢ ɩɪɨ-

ɮɢɥɢɪɨɜɚɧɧɵɣ ɥɢɫɬ ɬɟɪɹɟɬ ɦɟɫɬɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ. Ɋɚɡɧɢɰɭ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫ-

ɥɟɧɧɨɝɨ ɢ ɧɚɬɭɪɧɨɝɨ ɢɫɩɵɬɚɧɢɹ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɩɨɝɪɟɲɧɨɫɬɹɦ ɫɛɨɪɤɢ ɢɫɩɵ-

ɬɚɬɟɥɶɧɨɣ ɦɨɞɟɥɢ ɢ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ. 

ɀɟɫɬɤɨɫɬɶ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɦɨɞɟɥɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɨɣ ɜ 

ɉɄ Ansys ɨɤɚɡɚɥɨɫɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ (ɜɟɪɨɹɬɧɨ, ɪɚɫɯɨɠɞɟɧɢɟ ɡɧɚɱɟɧɢɣ 

ɜɨɡɧɢɤɥɨ ɢɡ-ɡɚ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɫɛɨɪɤɟ ɤɨɧɫɬɪɭɤɰɢɢ). 

ɋɯɨɞɢɦɨɫɬɶ ɱɢɫɥɟɧɧɵɯ ɢ ɷɤɫɩɟɪɟɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶ-

ɧɚɹ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɪɨɰɟɧɬ ɪɚɫɯɨɠɞɟɧɢɹ ɪɚɜɟɧ – 10% . 
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Ɂɚɤɥɸɱɟɧɢɟ 

 

ȼ ɯɨɞɟ ɞɚɧɧɨɣ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɨɝɨ ɜɚɪɢɚɧɬɚ ɨɩɨɪɧɨɝɨ ɭɡɥɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɛɥɨɤ-ɫɜɨɞɚ ɩɨɤɪɵɬɢɹ ɫ ɛɨɪɬɨɜɵɦ ɷɥɟɦɟɧɬɨɦ ɜ ɜɢɞɟ ɦɟɬɚɥ-

ɥɢɱɟɫɤɨɝɨ ɭɝɨɥɤɚ. ɉɪɨɜɟɞɟɧɨ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢɫɫɥɟɞɭɟɦɨɣ ɤɨɧ-

ɫɬɪɭɤɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ANSYS. Ⱦɥɹ ɩɨɞɬɜɟɪ-

ɠɞɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɛɵɥɚ ɫɨɡɞɚɧɚ ɭɦɟɧɶɲɟɧɧɚɹ ɦɨɞɟɥɶ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦ-

ɩɥɟɤɫɟ ɫ ɚɛɫɨɥɸɬɧɨ ɬɚɤɢɦɢ ɠɟ ɦɚɬɟɪɢɚɥɚɦɢ, ɫɟɬɤɚɦɢ ɢ ɜɚɪɢɚɧɬɚɦɢ ɤɨɧɬɚɤɬɨɜ 

ɜ ɦɟɫɬɚɯ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ. 

ɉɨɫɥɟ ɱɢɫɥɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɭɦɟɧɶɲɟɧɧɨɣ ɦɨɞɟɥɢ ɛɵɥɚ ɫɨɛɪɚɧɚ ɢ ɢɫɩɵ-

ɬɚɧɚ ɦɨɞɟɥɶ ɩɨɤɪɵɬɢɹ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ 

ɜɵɜɨɞ, ɱɬɨ ɢɫɫɥɟɞɭɟɦɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɚ ɢ ɜɵɞɟɪɠɢɜɚɟɬ ɪɚɫɱɟɬ-

ɧɵɟ ɧɚɝɪɭɡɤɢ. ɉɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɦ ɜɟɫɟ ɛɥɨɤ ɩɨɤɪɵɬɢɹ ɨɛɥɚɞɚɟɬ ɦɢ-

ɧɢɦɚɥɶɧɨɣ ɦɚɬɟɪɢɚɥɨɟɦɤɨɫɬɶɸ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɷɤɨɧɨɦɢɱ-

ɧɨɣ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɚɧɚɥɨɝɚɦɢ. 

ɇɟɨɛɯɨɞɢɦɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɨɢɡɜɟɫɬɢ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-

ɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɜ ɇȾɋ ɛɥɨɤ-ɫɜɨɞɚ ɜ ɡɚ-

ɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɫɨɟɞɢɧɟɧɢɣ ɨɩɨɪɧɵɯ ɭɡɥɨɜ ɤɨɧɫɬɪɭɤɰɢɢ. 
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