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ȼɜɟɞɟɧɢɟ 

Ƚɢɞɪɚɜɥɢɤɚ (ɬɟɯɧɢɱɟɫɤɚɹ ɦɟɯɚɧɢɤɚ ɠɢɞɤɨɫɬɢ) ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ 

ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɮɭɧɞɚɦɟɧɬ ɢɧɠɟɧɟɪɧɵɯ ɡɧɚɧɢɣ. 

ɉɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɝɢɞɪɚɜɥɢɤɢ ɜɨɡɪɚɫɬɚɟɬ ɜ ɫɜɹɡɢ ɫ ɩɨɬɪɟɛɧɨɫɬɹɦɢ 

ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɯɧɢɤɢ ɜ ɫɨɡɞɚɧɢɢ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜ 

ɦɟɯɚɧɢɡɚɰɢɢ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɝɢɞɪɨɩɪɢɜɨɞɚ, ɜ ɪɟɲɟɧɢɢ ɜɨɩɪɨɫɨɜ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɨɪɭɠɟɧɢɣ ɢ ɬ.ɞ. 

Ɉɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɨɛɥɟɦ ɝɢɞɪɚɜɥɢɤɢ - ɩɪɚɜɢɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ 

ɫɭɦɦɚɪɧɵɯ ɩɨɬɟɪɶ ɧɚɩɨɪɚ, ɤɨɬɨɪɵɟ ɫɤɥɚɞɵɜɚɸɬɫɹ ɢɡ ɩɨɬɟɪɶ ɩɨ ɞɥɢɧɟ ɢ 

ɦɟɫɬɧɵɯ ɩɨɬɟɪɶ. 

Ɇɟɫɬɧɵɦɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦɢ ɧɚɡɵɜɚɸɬɫɹ ɤɨɪɨɬɤɢɟ 

ɭɱɚɫɬɤɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢɥɢ ɤɚɧɚɥɨɜ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ 

ɫɤɨɪɨɫɬɟɣ ɩɨ ɜɟɥɢɱɢɧɟ ɢɥɢ ɧɚɩɪɚɜɥɟɧɢɸ, ɢɥɢ ɩɨ ɜɟɥɢɱɢɧɟ ɢ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ 

ɨɞɧɨɜɪɟɦɟɧɧɨ. 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ (ɷɧɟɪɝɢɢ) ɜ ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ 

ɧɚɡɵɜɚɸɬɫɹ ɦɟɫɬɧɵɦɢ ɩɨɬɟɪɹɦɢ ɢ ɨɛɭɫɥɨɜɥɟɧɵ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɩɨɬɟɪɢ ɩɨ 

ɞɥɢɧɟ, ɪɚɛɨɬɨɣ ɫɢɥ ɬɪɟɧɢɹ. Ɇɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɭɱɚɫɬɤɢ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ 

ɢ ɫɢɥɵ ɬɪɟɧɢɹ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɜ ɩɨɬɨɤɟ, ɩɪɨɯɨɞɹɳɟɦ ɱɟɪɟɡ ɦɟɫɬɧɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɜɟɫɶɦɚ ɧɟɪɚɜɧɨɦɟɪɧɨ. ɉɨɫɤɨɥɶɤɭ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɦɟɫɬɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɟɫɶɦɚ ɦɚɥɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɳɟɣ ɞɥɢɧɨɣ 

ɬɪɭɛɨɩɪɨɜɨɞɚ, ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɚɦɢɯ ɫɢɥ ɬɪɟɧɢɹ ɜ ɦɟɫɬɧɨɦ 

ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɧɟɜɟɥɢɤɢ, ɨɞɧɚɤɨ ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɬɪɟɧɢɟɦ ɨɫɨɛɟɧɧɨɫɬɢ 

ɫɬɪɭɤɬɭɪɵ ɩɨɬɨɤɚ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɶɲɢɦ ɩɨɬɟɪɹɦ ɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ. 

ɉɪɨɬɟɤɚɹ ɱɟɪɟɡ ɦɟɫɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɩɨɬɨɤ ɞɟɮɨɪɦɢɪɭɟɬɫɹ, ɜɨɡɧɢɤɚɸɬ 

ɩɭɥɶɫɚɰɢɢ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɣ, ɨɛɪɚɡɭɸɬɫɹ ɜɢɯɪɟɜɵɟ ɡɨɧɵ ɫ ɨɛɪɚɬɧɵɦɢ 

ɬɨɤɚɦɢ ɜɫɥɟɞɫɬɜɢɟ ɨɬɪɵɜɚ ɩɨɬɨɤɚ ɨɬ ɫɬɟɧɨɤ ɬɪɭɛɨɩɪɨɜɨɞɚ. ɇɚ ɷɬɢ ɩɪɨɰɟɫɫɵ 

ɫɦɟɲɟɧɢɹ ɢ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ ɬɪɚɬɢɬɫɹ ɱɚɫɬɶ ɩɨɥɧɨɣ ɷɧɟɪɝɢɢ ɩɨɬɨɤɚ, 

ɤɨɬɨɪɚɹ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɟɩɥɨ ɢ ɪɚɫɫɟɢɜɚɟɬɫɹ ɜ ɨɤɪɭɠɚɸɳɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ. 
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ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɦɨɞɟɪɧɢɡɚɰɢɹ ɫɬɟɧɞɚ ɩɨ 

ɨɩɪɟɞɟɥɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, 

ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ 

ɜɢɞɚ. Ɍɚɤ ɠɟ ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ ɜɵɩɨɥɧɟɧɢɹ ɢ ɦɟɬɨɞɢɱɟɫɤɢɟ ɨɛɟɫɩɟɱɟɧɢɹ 

ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɵ ɫɬɭɞɟɧɬɚɦɢ. 
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1. ɀɢɞɤɨɫɬɶ ɢ ɟё ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ 

1.1. Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɠɢɞɤɨɫɬɢ 

ɀɢɞɤɨɫɬɶ – ɮɢɡɢɱɟɫɤɨɟ ɬɟɥɨ, ɨɛɥɚɞɚɸɳɟɟ ɫɜɨɣɫɬɜɨɦ ɬɟɤɭɱɟɫɬɢ ɢ ɩɨɱɬɢ 

ɩɨɥɧɵɦ ɨɬɫɭɬɫɬɜɢɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɚɡɪɵɜɚ [1]. 

Ɍɟɤɭɱɟɫɬɶ ɠɢɞɤɨɫɬɢ – ɷɬɨ ɨɬɫɭɬɫɬɜɢɟ ɫɨɛɫɬɜɟɧɧɨɣ ɮɨɪɦɵ, ɬ.ɟ. 

ɫɩɨɫɨɛɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɩɪɢɧɢɦɚɬɶ ɮɨɪɦɭ ɫɨɫɭɞɚ, ɜ ɤɨɬɨɪɵɣ ɨɧɚ ɩɨɦɟɳɟɧɚ 

[1]. 

ɀɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɦɟɯɚɧɢɤɟ ɞɟɥɹɬ ɧɚ ɞɜɚ ɜɢɞɚ: ɤɚɩɟɥɶɧɵɟ ɢ 

ɝɚɡɨɨɛɪɚɡɧɵɟ. Ʉ ɤɚɩɟɥɶɧɵɦ ɠɢɞɤɨɫɬɹɦ ɨɬɧɨɫɹɬɫɹ ɜɨɞɚ, ɧɟɮɬɶ, ɛɟɧɡɢɧ, ɪɬɭɬɶ, 

ɫɩɢɪɬ, ɦɚɫɥɨ ɢ ɞɪ. 

ɗɬɢ ɠɢɞɤɨɫɬɢ ɜ ɦɚɥɵɯ ɨɛɴɟɦɚɯ ɩɪɢɧɢɦɚɸɬ ɮɨɪɦɭ ɤɚɩɥɢ, ɚ ɜ ɛɨɥɶɲɢɯ 

ɞɥɹ ɧɢɯ ɯɚɪɚɤɬɟɪɧɨ ɧɚɥɢɱɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɫ ɝɚɡɨɦ – ɫɜɨɛɨɞɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ [1]. 

Ʉɚɩɟɥɶɧɵɟ ɠɢɞɤɨɫɬɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ: 

 ɛɨɥɶɲɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɫɠɚɬɢɸ (ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɫɠɢɦɚɟɦɵ); 

 ɦɚɥɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɪɚɫɬɹɝɢɜɚɸɳɢɦ ɢ ɤɚɫɚɬɟɥɶɧɵɦ ɭɫɢɥɢɹɦ 

(ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ ɫɢɥɵ ɫɰɟɩɥɟɧɢɹ ɢ ɬɪɟɧɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ 

ɠɢɞɤɨɫɬɢ); 

 ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɪɚɫɲɢɪɹɟɦɨɫɬɶɸ; 

 ɧɚɥɢɱɢɟɦ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ – ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɦɟɠɞɭ 

ɝɚɡɨɨɛɪɚɡɧɨɣ ɫɪɟɞɨɣ ɢ ɠɢɞɤɨɫɬɶɸ. 

Ƚɚɡɨɨɛɪɚɡɧɵɟ ɠɢɞɤɨɫɬɢ – ɷɬɨ ɥɟɝɤɨ ɫɠɢɦɚɟɦɵɟ ɝɚɡɵ (ɜɨɡɞɭɯ, ɚɡɨɬ, 

ɤɢɫɥɨɪɨɞ ɢ ɞɪ.) [1]. 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɨɞ ɬɟɪɦɢɧɨɦ «ɠɢɞɤɨɫɬɶ» ɛɭɞɟɦ ɩɨɧɢɦɚɬɶ ɬɨɥɶɤɨ 

ɤɚɩɟɥɶɧɭɸ ɠɢɞɤɨɫɬɶ [1]. 

ɋɭɳɟɫɬɜɭɸɬ ɞɜɚ ɩɨɧɹɬɢɹ: ɪɟɚɥɶɧɚɹ ɠɢɞɤɨɫɬɶ ɢ ɢɞɟɚɥɶɧɚɹ ɠɢɞɤɨɫɬɶ [1]. 
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Ɋɟɚɥɶɧɚɹ ɠɢɞɤɨɫɬɶ – ɷɬɨ ɠɢɞɤɨɫɬɶ, ɫɭɳɟɫɬɜɭɸɳɚɹ ɜ ɩɪɢɪɨɞɟ [1]. 

ɂɞɟɚɥɶɧɚɹ ɠɢɞɤɨɫɬɶ – ɷɬɨ ɧɟɫɠɢɦɚɸɳɚɹɫɹ, ɧɟɪɚɫɲɢɪɹɸɳɚɹɫɹ, 

ɨɛɥɚɞɚɸɳɚɹ ɚɛɫɨɥɸɬɧɨɣ ɩɨɞɜɢɠɧɨɫɬɶɸ ɱɚɫɬɢɰ, ɨɬɫɭɬɫɬɜɢɟɦ ɫɢɥ 

ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ [1]. 

ɗɬɨ ɩɨɧɹɬɢɟ ɜɜɟɞɟɧɨ ɞɥɹ ɨɛɥɟɝɱɟɧɢɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɝɢɞɪɨɦɟɯɚɧɢɤɢ [1]. 

1.2. Ɉɫɧɨɜɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɠɢɞɤɨɫɬɟɣ, ɟɞɢɧɢɰɵ 
ɢɡɦɟɪɟɧɢɹ 

1.2.1. ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ 

ɂɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɫɢɫɬɟɦɵ ɢɡɦɟɪɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ: ɋɂ 

(ɦɟɠɞɭɧɚɪɨɞɧɚɹ), ɋȽɋ (ɮɢɡɢɱɟɫɤɚɹ) ɢ ɆɄȽɋɋ (ɬɟɯɧɢɱɟɫɤɚɹ) [1]. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɜɟɥɢɱɢɧɵ ɢ ɢɯ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ. 

Ɍɚɛɥɢɰɚ 1 – Ɉɫɧɨɜɧɵɟ ɜɟɥɢɱɢɧɵ ɢ ɢɯ ɟɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɜɟɥɢɱɢɧɵ 
ɋɂ ɋȽɋ ɆɄȽɋɋ 

Ⱦɥɢɧɚ ɦ ɫɦ ɦ 
Ɇɚɫɫɚ ɤɝ ɝ ɤɝɫ ɫ2 /ɦ 
ȼɪɟɦɹ ɫ ɫ ɫ 
ɉɥɨɬɧɨɫɬɶ ɤɝ/ɦ3 ɝ/ɫɦ3 ɤɝɫ ɫ2 /ɦ4 
ɋɢɥɚ ɇ (ɧɶɸɬɨɧ) ɞɢɧ (ɞɢɧɚ) ɤɝɫ 
ɍɞɟɥɶɧɵɣ ɜɟɫ ɇ/ɦ3 ɞɢɧ/ɫɦ3 ɤɝɫ/ɦ3 
Ɋɚɛɨɬɚ, ɷɧɟɪɝɢɹ Ⱦɠ (ɞɠɨɭɥɶ) ɷɪɝ ɤɝɫ ɦ 
Ɇɨɳɧɨɫɬɶ ȼɬ (ɜɚɬɬ) ɷɪɝ/ɫ ɤɝɫ⋅ɦ/ɫ 
Ⱦɚɜɥɟɧɢɟ ɉɚ = ɇ/ɦ2 

(ɩɚɫɤɚɥɶ) 
ɞɢɧ/ɫɦ2 ɤɝɫ/ɦ2 

Ⱦɢɧɚɦɢɱɟɫɤɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬ 
ɜɹɡɤɨɫɬɢ 

ɇ⋅ɫ/ɦ2 ɉ=ɞɢɧ⋅ɫ/ɫɦ2 
(ɩɭɚɡ) 

ɤɝɫ⋅ɫ/ɦ2 

Ʉɢɧɟɦɚɬɢɱɟɫɤɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬ 
ɜɹɡɤɨɫɬɢ 

ɦ2/ɫ ɋɬ=ɫɦ2/ɫ (ɫɬɨɤɫ) ɦ2/ɫ 
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1.2.2. ɉɥɨɬɧɨɫɬɶ ɢ ɭɞɟɥɶɧɵɣ ɜɟɫ 

Ɉɫɧɨɜɧɵɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɠɢɞɤɨɫɬɟɣ ɹɜɥɹɸɬɫɹ: ɩɥɨɬɧɨɫɬɶ, 

ɭɞɟɥɶɧɵɣ ɜɟɫ, ɫɠɢɦɚɟɦɨɫɬɶ, ɜɹɡɤɨɫɬɶ. Ⱥ ɞɥɹ ɠɢɞɤɨɫɬɟɣ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ 

ɝɢɞɪɨɩɪɢɜɨɞɚɯ, ɟɳɟ ɢ ɫɦɚɡɵɜɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɮɢɡɢɱɟɫɤɚɹ, ɦɟɯɚɧɢɱɟɫɤɚɹ, 

ɯɢɦɢɱɟɫɤɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ [1]. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɠɢɞɤɨɫɬɢ ɩɨ ɨɛɴɟɦɭ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɥɨɬɧɨɫɬɶɸ ɢ 

ɭɞɟɥɶɧɵɦ ɜɟɫɨɦ [1]. 

ɉɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ρ – ɷɬɨ ɨɬɧɨɲɟɧɢɟ ɦɚɫɫɵ ɨɞɧɨɪɨɞɧɨɣ ɠɢɞɤɨɫɬɢ ɤ 

ɟɟ ɨɛɴɟɦɭ [1]: 

                                                           ɏ = ୫V  ,                                               (1) 

ɝɞɟ m – ɦɚɫɫɚ ɠɢɞɤɨɫɬɢ; V– ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ. 

ɉɨɧɹɬɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɝɢɞɪɚɜɥɢɤɟ 

[1]. 

Ɉɬɧɨɫɢɬɟɥɶɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɠɢɞɤɨɫɬɢ ρ0 ɧɚɡɵɜɚɟɬɫɹ ɨɬɧɨɲɟɧɢɟ 

ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɤ ɩɥɨɬɧɨɫɬɢ ɜɨɞɵ ρȼ , ɜɡɹɬɨɣ ɩɪɢ t = 3,98°ɋ, ɬ.ɟ. [1]: 

                                                          ɏ଴ = ρρ˅                                                (2) 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ – ɜɟɥɢɱɢɧɚ ɛɟɡɪɚɡɦɟɪɧɚɹ. 

ɍɞɟɥɶɧɵɣ ɜɟɫ ɠɢɞɤɨɫɬɢ Ȗ– ɷɬɨ ɨɬɧɨɲɟɧɢɟ ɜɟɫɚ ɠɢɞɤɨɫɬɢ G ɤ ɟɟ ɨɛɴɟɦɭ 

[1]: 

                                                          ɀ = ୋV                                                   (3) 

Ɇɟɠɞɭ ɭɞɟɥɶɧɵɦ ɜɟɫɨɦ ɢ ɩɥɨɬɧɨɫɬɶɸ ɫɭɳɟɫɬɜɭɟɬ ɫɥɟɞɭɸɳɚɹ ɫɜɹɡɶ: 

ɬ.ɤ. ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɭ ɇɶɸɬɨɧɚ ɦɚɫɫɚ ɢ ɜɟɫ ɫɜɹɡɚɧɵ ɫɨɨɬɧɨɲɟɧɢɟɦ G = mg, ɝɞɟ 

g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɬɨ [1]: 

                                                  ɀ = ୋV = ୫୥V = ɏg                                        (4) 
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Ɉɬɧɨɫɢɬɟɥɶɧɵɣ ɭɞɟɥɶɧɵɣ ɜɟɫ ɠɢɞɤɨɫɬɢ Ȗ0 ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɷɬɨɣ ɠɢɞɤɨɫɬɢ ɦɨɠɧɨ ɧɚɣɬɢ ɢɡ ɪɚɜɟɧɫɬɜɚ [1]: 

                                                      ɀ଴ = ஓtஓ˅ ,                                                  (5) 

ɝɞɟ Ȗt – ɭɞɟɥɶɧɵɣ ɜɟɫ ɠɢɞɤɨɫɬɢ, ɜɡɹɬɵɣ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ;       

Ȗɜ – ɭɞɟɥɶɧɵɣ ɜɟɫ ɜɨɞɵ, ɜɡɹɬɵɣ ɩɪɢ t = 3,98°ɋ. 

ɉɥɨɬɧɨɫɬɶ, ɬɚɤ ɠɟ, ɤɚɤ ɢ ɭɞɟɥɶɧɵɣ ɜɟɫ, ɡɚɜɢɫɢɬ ɨɬ ɞɚɜɥɟɧɢɹ ɢ 

ɬɟɦɩɟɪɚɬɭɪɵ. ɉɥɨɬɧɨɫɬɶ ɢ ɭɞɟɥɶɧɵɣ ɜɟɫ ɠɢɞɤɨɫɬɟɣ ɭɦɟɧɶɲɚɸɬɫɹ ɫ 

ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɭɦɟɧɶɲɟɧɢɟɦ ɞɚɜɥɟɧɢɹ. ȼɨɞɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0 

ɞɨ 3,98°ɋ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɫɤɥɸɱɟɧɢɟ: ɩɪɢ t = 3,98°ɋ ɜɨɞɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɧɚɢɛɨɥɶɲɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ρ ɢ Ȗ [1]. 

ɋɥɟɞɭɸɳɟɟ ɫɜɨɣɫɬɜɨ: ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ. 

ɍɞɟɥɶɧɵɣ ɨɛɴɟɦ – ɷɬɨ ɜɟɥɢɱɢɧɚ, ɨɛɪɚɬɧɚɹ ɩɥɨɬɧɨɫɬɢ [1]: 

                                                v = ଵρ = V୫                                                      (6) 

 

1.2.3. ɋɠɢɦɚɟɦɨɫɬɶ ɠɢɞɤɨɫɬɢ 

ɋɠɢɦɚɟɦɨɫɬɶ ɠɢɞɤɨɫɬɢ – ɷɬɨ ɫɜɨɣɫɬɜɨ ɠɢɞɤɨɫɬɢ ɢɡɦɟɧɹɬɶ ɫɜɨɣ ɨɛɴɟɦ 

(ɩɥɨɬɧɨɫɬɶ) ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ [2]. 

ȼɟɥɢɱɢɧɚ ɫɠɚɬɢɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɞɚɜɥɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɨɛɴɟɦɧɨɝɨ ɫɠɚɬɢɹ ȕV (ȕp) [2]. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɛɴɟɦɧɨɝɨ ɫɠɚɬɢɹ ɩɨɤɚɡɵɜɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ 

ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ, ɩɪɢɯɨɞɹɳɟɟɫɹ ɧɚ ɟɞɢɧɢɰɭ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ [2]: 

                                                          Ⱦv = − ∆VVబ ∙ ଵ∆p ,                                              (7) 

ɝɞɟ V0 – ɧɚɱɚɥɶɧɵɣ ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ (ɩɪɢ ɧɚɱɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ p0);  
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               ∆V = Vp − V0 – ɢɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɞɚɜɥɟɧɢɹ 

ɧɚ ɜɟɥɢɱɢɧɭ ∆p = p – p0. 

Ɂɧɚɤ «–» ɜ ɮɨɪɦɭɥɟ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ ɩɪɢɪɚɳɟɧɢɸ 

ɞɚɜɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɩɪɢɪɚɳɟɧɢɟ (ɭɦɟɧɶɲɟɧɢɟ) ɨɛɴɟɦɚ [2].  

ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ȕV: ɋɂ – ɦ2/ɇ, ɋȽɋ – ɫɦ2/ɞɢɧ, ɆɄȽɋɋ – ɦ2/ɤɝɫ. 

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɦɢɧɟɪɚɥɶɧɵɯ ɦɚɫɟɥ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɝɢɞɪɨɩɪɢɜɨɞɚɯ, 

ɡɧɚɱɟɧɢɹ ȕV (ɩɪɢ t = 20 °C) ɪɚɜɧɵ: ȕV = 60,4 ⋅ 10-11 ɦ2/ɇ ɩɪɢ 7 Ɇɉɚ, ȕV = 

44⋅10-11 ɦ2/ɇ ɩɪɢ 70 Ɇɉɚ. ȼɟɥɢɱɢɧɚ ȕV ɜɟɫɶɦɚ ɦɚɥɚ [4]. ȼ ɩɪɚɤɬɢɱɟɫɤɢɯ 

ɡɚɞɚɱɚɯ ɢɡɦɟɧɟɧɢɟɦ ɨɛɴɟɦɚ (ɩɥɨɬɧɨɫɬɢ) ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɞɚɜɥɟɧɢɹ 

ɩɪɟɧɟɛɪɟɝɚɸɬ. Ɉɞɧɚɤɨ ɨɛɹɡɚɬɟɥɶɧɨ ɭɱɢɬɵɜɚɸɬ ɩɪɢ ɝɢɞɪɨɭɞɚɪɟ, ɤɨɥɟɛɚɧɢɹɯ 

ɠɢɞɤɨɫɬɢ [2].  

ɋɥɟɞɭɸɳɢɦ ɩɚɪɚɦɟɬɪɨɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ ɫɠɢɦɚɟɦɨɫɬɶ, ɹɜɥɹɟɬɫɹ 

ɨɛɴɟɦɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ [2].  

Ɉɛɴɟɦɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ȿ – ɷɬɨ ɜɟɥɢɱɢɧɚ ɨɛɪɚɬɧɚɹ ɤɨɷɮɮɢɰɢɟɧɬɭ 

ɨɛɴɟɦɧɨɝɨ ɫɠɚɬɢɹ ɠɢɞɤɨɫɬɢ [2]: 

                                                  E = ଵஒv                                                         (8) 

ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ȿ: ɜ ɫɢɫɬɟɦɟ ɋɂ – ɇ/ɦ2, ɋȽɋ – ɞɢɧ/ɫɦ2, ɆɄȽɋɋ – 

ɤɝɫ/ɦ2.  

Ɂɧɚɱɟɧɢɹ ȕV ɢ ȿ ɡɚɜɢɫɹɬ ɨɬ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɬ.ɟ. ȕV = f (p, t), ȿ = 

f(p,t). Ɉɛɵɱɧɨ ɫ ɪɨɫɬɨɦ ɞɚɜɥɟɧɢɹ ɡɧɚɱɟɧɢɟ ȿ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɫ ɪɨɫɬɨɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɡɧɚɱɟɧɢɟ ȿ ɭɦɟɧɶɲɚɟɬɫɹ [2].  

Ɋɚɡɥɢɱɚɸɬ ɚɞɢɚɛɚɬɢɱɟɫɤɢɣ ɢ ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ ɦɨɞɭɥɢ ɨɛɴɟɦɧɨɣ 

ɭɩɪɭɝɨɫɬɢ ɠɢɞɤɨɫɬɢ. Ⱥɞɢɚɛɚɬɢɱɟɫɤɢɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɨ ɜɟɥɢɱɢɧɟ ɛɨɥɶɲɟ 

ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɢ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɛɵɫɬɪɨ – ɩɪɨɬɟɤɚɸɳɢɯ 

(ɞɢɧɚɦɢɱɟɫɤɢɯ) ɩɪɨɰɟɫɫɨɜ, ɬ.ɟ. ɤɨɝɞɚ ɨɬɫɭɬɫɬɜɭɟɬ ɬɟɩɥɨɨɛɦɟɧ ɢɡ-ɡɚ 

ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɬɟɩɥɨɜɵɯ ɫɜɨɣɫɬɜ ɠɢɞɤɨɫɬɢ [3]. ɂɡɨɬɟɪɦɢɱɟɫɤɢɣ ɦɨɞɭɥɶ 
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ɭɩɪɭɝɨɫɬɢ ɹɜɥɹɟɬɫɹ ɫɬɚɬɢɱɟɫɤɢɦ ɩɨɤɚɡɚɬɟɥɟɦ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɢɡɭɱɟɧɢɢ 

ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɤɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ 

ɠɢɞɤɨɫɬɢ ɨɱɟɧɶ ɦɟɞɥɟɧɧɨ ɢɡɦɟɧɹɟɬɫɹ ɩɪɢ ɦɟɞɥɟɧɧɨɦ ɫɠɚɬɢɢ ɠɢɞɤɨɫɬɢ ɢɥɢ 

ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ: ȿɚɞ ≅ 1,5ȿɢɡ [4]. 

Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɦɢɧɟɪɚɥɶɧɵɯ ɦɚɫɟɥ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɝɢɞɪɨɩɪɢɜɨɞɚɯ, 

ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 1350…1750 Ɇɉɚ, ɚ ɜɨɞɵ ∼ 2000 Ɇɩɚ [4].  

ɋɥɟɞɭɸɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɤɨɬɨɪɵɣ ɪɚɫɫɦɨɬɪɢɦ, ɧɚɡɵɜɚɟɬɫɹ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ ɩɨɤɚɡɵɜɚɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ, 

ɩɪɢɯɨɞɹɳɟɟɫɹ ɧɚ ɟɞɢɧɢɰɭ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ [4]: 

                                           Ⱦ୲ = ∆VVబ ∙ ଵ∆୲ ,                                                       (9) 

ɝɞɟ ∆V = Vt − V0 – ɢɡɦɟɧɟɧɢɟ ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ, ɜɵɡɜɚɧɧɨɟ ɢɡɦɟɧɟɧɢɟɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɟɥɢɱɢɧɭ ∆t = t – t0. 

Ɉɛɴɟɦ ɠɢɞɤɨɫɬɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ t ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ [4]: 

                          V୲ = V଴ሺͳ + Ⱦ୲∆୲ሻ = V଴[ͳ + Ⱦ୲ሺt − t଴ሻ]                         (10) 

Ⱦɥɹ ɦɢɧɟɪɚɥɶɧɵɯ ɦɚɫɟɥ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɝɢɞɪɨɩɪɢɜɨɞɚɯ, ȕt ≈ 

0,00006…0,00085 1/ °ɋ [4]. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɞɥɹ ɠɢɞɤɨɫɬɟɣ 

ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɛɴɟɦɧɨɝɨ ɫɠɚɬɢɹ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɨɧɢ 

ɬɚɤɠɟ ɨɱɟɧɶ ɦɚɥɵ. ɉɨɷɬɨɦɭ ɧɚ ɩɪɚɤɬɢɤɟ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɢɧɠɟɧɟɪɧɵɯ 

ɪɚɫɱɟɬɨɜ ɢɯ ɧɟ ɭɱɢɬɵɜɚɸɬ [6]. 

1.2.4. ȼɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɢ 

ȼɹɡɤɨɫɬɶ – ɷɬɨ ɫɜɨɣɫɬɜɨ ɪɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɨɤɚɡɵɜɚɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɨɬɧɨɫɢɬɟɥɶɧɨɦɭ ɩɟɪɟɦɟɳɟɧɢɸ (ɫɞɜɢɝɭ) ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɢɰ ɢɥɢ ɫɥɨɟɜ 
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ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ ɜɧɟɲɧɢɯ ɫɢɥ. ȼɹɡɤɨɫɬɶ ɩɪɨɹɜɥɹɟɬɫɹ ɥɢɲɶ ɩɪɢ 

ɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ [5]. 

ɉɪɢ ɬɟɱɟɧɢɢ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɟ ɦɟɠɞɭ 

ɫɥɨɹɦɢ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɨɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɤɚɫɚɬɟɥɶɧɵɯ 

ɧɚɩɪɹɠɟɧɢɣ (ɧɚɩɪɹɠɟɧɢɣ ɬɪɟɧɢɹ) [5].  

ɍɞɟɥɶɧɚɹ ɫɢɥɚ ɬɪɟɧɢɹ – ɷɬɨ ɫɢɥɚ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɦɟɠɞɭ ɫɥɨɹɦɢ 

ɠɢɞɤɨɫɬɢ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɟɞɢɧɢɰɭ ɩɨɜɟɪɯɧɨɫɬɢ [5].  

ɋɨɝɥɚɫɧɨ ɝɢɩɨɬɟɡɟ, ɜɵɫɤɚɡɚɧɧɨɣ ɂ. ɇɶɸɬɨɧɨɦ ɜ 1686 ɝɨɞɭ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɛɨɫɧɨɜɚɧɧɨɣ ɩɪɨɮ. ɇ.ɉ. ɉɟɬɪɨɜɵɦ ɜ 1883 ɝɨɞɭ, ɭɞɟɥɶɧɚɹ 

ɫɢɥɚ ɬɪɟɧɢɹ (ɤɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɠɢɞɤɨɫɬɢ τ) ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 

ɩɨɩɟɪɟɱɧɨɦɭ ɝɪɚɞɢɟɧɬɭ ɫɤɨɪɨɫɬɢ ɢ ɡɚɜɢɫɢɬ ɨɬ ɪɨɞɚ ɠɢɞɤɨɫɬɢ [5].  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, τ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (ɡɚɤɨɧ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ 

ɇɶɸɬɨɧɚ) [5]: 

                                                   ɒ = Ɋ ∆V∆୷ ,                                                  (11) 

ɝɞɟ µ – ɞɢɧɚɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ; ∆V / ∆y – ɩɨɩɟɪɟɱɧɵɣ 

ɝɪɚɞɢɟɧɬ ɫɤɨɪɨɫɬɢ. Ƚɪɚɞɢɟɧɬ ɫɤɨɪɨɫɬɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ, 

ɩɪɢɯɨɞɹɳɟɟɫɹ ɧɚ ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɦɟɠɞɭ ɫɥɨɹɦɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ y. 

Ƚɪɚɞɢɟɧɬ ɫɤɨɪɨɫɬɢ ɩɨɤɚɡɵɜɚɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɞɜɢɝɚ ɫɥɨɟɜ ɠɢɞɤɨɫɬɢ ɜ 

ɞɚɧɧɨɣ ɬɨɱɤɟ [6]. 

ɋɢɥɚ ɬɪɟɧɢɹ ɦɟɠɞɭ ɫɥɨɹɦɢ ɠɢɞɤɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [6]: 

                                              T = Sɒ = SɊ ∆V∆୷ ,                                           (12) 

ɝɞɟ S – ɩɥɨɳɚɞɶ ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɫɥɨɜ.  

ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ µ: ɋɂ – ɇ⋅ɫ/ɦ2, ɋȽɋ – ɉ = ɞɢɧ⋅ɫ/ɫɦ2, ɆɄȽɋɋ – 

ɤɝ⋅ɫ/ɦ2. ɇɚ ɩɪɚɤɬɢɤɟ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɨɥɶɡɭɸɬɫɹ ɧɟ ɞɢɧɚɦɢɱɟɫɤɢɦ 
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ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɜɹɡɤɨɫɬɢ, ɚ ɟɝɨ ɨɬɧɨɲɟɧɢɟɦ ɤ ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɨɫɬɢ, 

ɧɚɡɵɜɚɟɦɵɦ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɜɹɡɤɨɫɬɢ [6].  

Ʉɢɧɟɦɚɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ Ȟ – ɷɬɨ ɨɬɧɨɲɟɧɢɟ 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɹɡɤɨɫɬɢ ɤ ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɨɫɬɢ [6]: 

                                                       v = ஜρ                                                    (13) 

ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɹɡɤɨɫɬɢ Ȟ: ɋɂ – 

ɦ2/ɫ, ɋȽɋ – ɫɦ2/ɫ = 1 ɋɬ (ɫɬɨɤɫ) [6].  

ɋɬɨɤɫ – ɛɨɥɶɲɚɹ ɜɟɥɢɱɢɧɚ. ɇɚ ɩɪɚɤɬɢɤɟ ɩɨɥɶɡɭɸɬɫɹ ɫɨɬɵɦɢ ɞɨɥɹɦɢ – 

ɫɚɧɬɢɫɬɨɤɫɚɦɢ: 1 ɫɋɬ = 10-2 ɋɬ [6].  

Ɂɧɚɱɟɧɢɹ ɜɹɡɤɨɫɬɢ ɩɪɢɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɚɯ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɠɢɞɤɨɫɬɢ (ɨɛɵɱɧɨ ɩɪɢ + 50 °ɋ). ȼɹɡɤɨɫɬɶ ɤɚɩɟɥɶɧɵɯ ɠɢɞɤɨɫɬɟɣ 

ɡɚɜɢɫɢɬ ɨɬ ɪɨɞɚ ɠɢɞɤɨɫɬɢ, ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ. Ɉɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜɹɡɤɨɫɬɶ 

ɡɚɜɢɫɢɬ ɜ ɫɢɥɶɧɨɣ ɫɬɟɩɟɧɢ: ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɹɡɤɨɫɬɶ 

ɭɦɟɧɶɲɚɟɬɫɹ [7].  

Ɂɚɜɢɫɢɦɨɫɬɶ ɜɹɡɤɨɫɬɢ ɨɬ ɞɚɜɥɟɧɢɹ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɨɹɜɥɹɟɬɫɹ ɥɢɲɶ ɩɪɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɢɯ ɢɡɦɟɧɟɧɢɹɯ ɞɚɜɥɟɧɢɹ: ɜɹɡɤɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 

ɪɨɫɬɨɦ ɞɚɜɥɟɧɢɹ [7].  

ɂɧɞɟɤɫ ɜɹɡɤɨɫɬɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɬɟɩɟɧɶ ɩɨɫɬɨɹɧɫɬɜɚ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ 

ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. ɑɟɦ ɜɵɲɟ ɢɧɞɟɤɫ ɜɹɡɤɨɫɬɢ, ɬɟɦ ɛɨɥɟɟ ɩɨɥɨɝɨɣ 

ɹɜɥɹɟɬɫɹ ɤɪɢɜɚɹ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ɇɚɢɥɭɱɲɟɣ 

ɠɢɞɤɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɠɢɞɤɨɫɬɶ ɫɨ ɫɬɚɛɢɥɶɧɨɣ ɜɹɡɤɨɫɬɶɸ ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ 

ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ [7].  

ɂɧɞɟɤɫ ɜɹɡɤɨɫɬɢ (ɂȼ) ɨɩɪɟɞɟɥɹɸɬ, ɫɪɚɜɧɢɜɚɹ ɤɪɢɜɭɸ Ȟ = Ȟ(t) 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɫɥɚ ɫ ɤɪɢɜɵɦɢ (t) Ȟ1 = Ȟ1 , (t) Ȟ2 = Ȟ2 ɞɜɭɯ ɷɬɚɥɨɧɧɵɯ ɦɚɫɟɥ ɫ 

ɨɞɢɧɚɤɨɜɨɣ ɜɹɡɤɨɫɬɶɸ Ȟ100 ɩɪɢ t = 100°ɋ . ɉɟɪɜɨɟ ɢɯ ɷɬɢɯ ɦɚɫɟɥ ɢɦɟɟɬ 

ɩɨɥɨɝɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɢ ɭɫɥɨɜɧɨ ɢɦɟɟɬ ɂȼ= = 100, ɚ ɜɬɨɪɨɟ ɢɦɟɟɬ ɤɪɭɬɭɸ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɢ ɭɫɥɨɜɧɨ ɢɦɟɟɬ ɂȼ = 0. Ɉɛɵɱɧɨ ɞɥɹ ɢɧɞɭɫɬɪɢɚɥɶɧɵɯ ɦɚɫɟɥ 
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ɂȼ = 70…100, ɞɥɹ ɡɚɝɭɳɟɧɧɵɯ ɂȼ = 120…180. ɉɪɚɤɬɢɱɟɫɤɢ ɂȼ ɨɩɪɟɞɟɥɹɸɬ 

ɩɨ ɧɨɦɨɝɪɚɦɦɚɦ [7]. 

ȼɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɟɣ ɢɡɦɟɪɹɸɬ ɨɩɵɬɧɵɦ ɩɭɬɟɦ ɩɪɢ ɩɨɦɨɳɢ 

ɜɢɫɤɨɡɢɦɟɬɪɨɜ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɹɜɥɹɟɬɫɹ ɜɢɫɤɨɡɢɦɟɬɪ ɗɧɝɥɟɪɚ, 

ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɫɨɫɭɞ ∅ 106 ɦɦ ɫ ɤɨɪɨɬɤɨɣ ɬɪɭɛɤɨɣ ∅ 

2,8 ɦɦ, ɜɫɬɪɨɟɧɧɨɣ ɜ ɞɧɨ [7]. 

Ⱦɥɹ ɩɟɪɟɫɱɟɬɚ ɝɪɚɞɭɫɨɜ ɗɧɝɥɟɪɚ ɜ ɫɬɨɤɫɵ ɜ ɫɥɭɱɚɟ ɦɢɧɟɪɚɥɶɧɵɯ ɦɚɫɟɥ 

ɩɪɢɦɟɧɹɸɬ ɮɨɪɦɭɥɭ ɍɛɛɟɥɨɞɟ [7]: 

                                       v = ቀͲ,Ͳ͹͵ͳ°E − ଴,଴଺ଷଵ°୉ ቁ ˔ˏమ˔                                 (14) 

1.3. Ɉɫɨɛɵɟ ɫɨɫɬɨɹɧɢɹ ɠɢɞɤɨɫɬɢ  

1.3.1. Ɋɚɫɬɜɨɪɟɧɢɟ ɝɚɡɨɜ ɜ ɠɢɞɤɨɫɬɢ  

ȼɫɟ ɠɢɞɤɨɫɬɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɪɚɛɨɱɢɟ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦ ɨɛɥɚɞɚɸɬ 

ɫɩɨɫɨɛɧɨɫɬɶɸ ɪɚɫɬɜɨɪɹɬɶ ɝɚɡ, ɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɜɵɞɟɥɹɬɶ ɟɝɨ ɜ 

ɜɢɞɟ ɩɭɡɵɪɶɤɨɜ [8].  

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɚ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɪɚɫɬɜɨɪɢɬɶɫɹ ɜ 

ɠɢɞɤɨɫɬɢ ɞɨ ɟɟ ɧɚɫɵɳɟɧɢɹ, ɩɨ ɡɚɤɨɧɭ Ƚɟɧɪɢ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 

ɞɚɜɥɟɧɢɸ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ, ɬ.ɟ. [8]: 

                                                 
VˆVˉ = k ppబ ,                                                  (15) 

ɝɞɟ Vɝ – ɨɛɴɟɦ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɝɚɡɚ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɧɨɪɦɚɥɶɧɵɦ 

ɭɫɥɨɜɢɹɦ p0, T0; Vɠ – ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ; p – ɞɚɜɥɟɧɢɟ; k – ɤɨɷɮɮɢɰɢɟɧɬ 

ɪɚɫɬɜɨɪɢɦɨɫɬɢ.  

Ⱦɥɹ ɜɨɞɵ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɨɡɞɭɯɚ k = 0,016, ɞɥɹ ɤɟɪɨɫɢɧɚ 

k = 0,127, ɞɥɹ ɦɢɧɟɪɚɥɶɧɵɯ ɦɚɫɟɥ k = 0,07…0,11 [8].  

ɇɚɥɢɱɢɟ ɝɚɡɚ ɜ ɠɢɞɤɨɫɬɢ ɭɯɭɞɲɚɟɬ ɢɥɢ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɚɟɬ 

ɧɨɪɦɚɥɶɧɭɸ ɪɚɛɨɬɭ ɝɢɞɪɨɩɪɢɜɨɞɚ, ɜ ɱɚɫɬɧɨɫɬɢ, ɧɚɪɭɲɚɟɬɫɹ ɩɥɚɜɧɨɫɬɶ 
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ɞɜɢɠɟɧɢɹ ɩɪɢɜɨɞɢɦɵɯ ɭɡɥɨɜ, ɩɨɧɢɠɚɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚɫɨɫɨɜ, 

ɩɨɹɜɥɹɟɬɫɹ ɡɚɩɚɡɞɵɜɚɧɢɟ ɞɟɣɫɬɜɢɹ ɝɢɞɪɨɩɪɢɜɨɞɚ ɢ ɞɪ. [8] 
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2 Ƚɢɞɪɨɫɬɚɬɢɤɚ 

2.1 Ɉɛɳɢɟ ɩɨɧɹɬɢɹ ɨ ɝɢɞɪɨɫɬɚɬɢɤɟ 

Ƚɢɞɪɨɫɬɚɬɢɤɚ – ɷɬɨ ɪɚɡɞɟɥ ɝɢɞɪɚɜɥɢɤɢ, ɜ ɤɨɬɨɪɨɦ ɢɡɭɱɚɸɬɫɹ ɡɚɤɨɧɵ 

ɪɚɜɧɨɜɟɫɢɹ ɠɢɞɤɨɫɬɟɣ ɢ ɢɯ ɩɪɚɤɬɢɱɟɫɤɢɟ ɩɪɢɥɨɠɟɧɢɹ (ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɷɬɨɣ 

ɠɢɞɤɨɫɬɢ ɫ ɨɝɪɚɧɢɱɢɜɚɸɳɢɦɢ ɟɟ ɩɨɜɟɪɯɧɨɫɬɹɦɢ, ɪɚɜɧɨɜɟɫɢɟ ɬɜɟɪɞɵɯ ɬɟɥ 

ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ ɩɨɝɪɭɠɟɧɧɵɯ ɜ ɠɢɞɤɨɫɬɶ) [9]. 

Ʉɨɝɞɚ ɠɢɞɤɨɫɬɶ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ, ɬ.ɟ. ɜ ɫɨɫɬɨɹɧɢɢ ɩɨɤɨɹ, ɬɨ ɨɧɚ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɜɨɣɫɬɜɚɦɢ, ɨɱɟɧɶ ɛɥɢɡɤɢɦɢ ɤ ɫɜɨɣɫɬɜɚɦ ɢɞɟɚɥɶɧɨɣ 

ɠɢɞɤɨɫɬɢ [9]. 

ȼɫɟ ɡɚɞɚɱɢ ɝɢɞɪɨɫɬɚɬɢɤɢ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɧɹɬɢɹ 

ɨɛ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ, ɪɟɲɚɸɬɫɹ ɫ ɛɨɥɶɲɨɣ ɬɨɱɧɨɫɬɶɸ [9]. 

2.2 ɋɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɠɢɞɤɨɫɬɶ, ɞɚɜɥɟɧɢɟ ɜ ɠɢɞɤɨɫɬɢ  

ȼɫɥɟɞɫɬɜɢɟ ɬɟɤɭɱɟɫɬɢ ɠɢɞɤɨɫɬɢ (ɩɨɞɜɢɠɧɨɫɬɢ ɟɟ ɱɚɫɬɢɰ), ɜ ɧɟɣ ɧɟ 

ɦɨɝɭɬ ɞɟɣɫɬɜɨɜɚɬɶ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɟ ɫɢɥɵ, ɚ ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɞɟɣɫɬɜɢɟ ɫɢɥ 

ɧɟɩɪɟɪɵɜɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɩɨ ɟɟ ɨɛɴɟɦɭ (ɦɚɫɫɟ) ɢɥɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ [9].  

ɀɢɞɤɨɫɬɶ, ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɩɨɤɨɟ, ɩɨɞɜɟɪɝɚɟɬɫɹ ɞɟɣɫɬɜɢɸ ɜɧɟɲɧɢɯ ɫɢɥ 

ɞɜɭɯ ɤɚɬɟɝɨɪɢɣ: ɦɚɫɫɨɜɵɯ ɫɢɥ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɢɥ. Ɇɚɫɫɨɜɵɟ ɫɢɥɵ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɦɚɫɫɟ ɠɢɞɤɨɫɬɢ (ɚ ɞɥɹ ɨɞɧɨɪɨɞɧɵɯ ɠɢɞɤɨɫɬɟɣ ɢ ɟɟ 

ɨɛɴɟɦɭ). ɗɬɨ ɫɢɥɵ ɬɹɠɟɫɬɢ ɢ ɫɢɥɵ ɢɧɟɪɰɢɢ [9].  

ɉɨɜɟɪɯɧɨɫɬɧɵɟ ɫɢɥɵ – ɷɬɨ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɛɴɟɦɨɜ ɠɢɞɤɨɫɬɢ. ɗɬɢ ɫɢɥɵ ɨɛɭɫɥɨɜɥɟɧɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ 

ɫɨɫɟɞɧɢɯ ɨɛɴɟɦɨɜ ɠɢɞɤɨɫɬɢ ɧɚ ɞɚɧɧɵɣ ɨɛɴɟɦ ɢɥɢ ɠɟ ɜɨɡɞɟɣɫɬɜɢɟɦ ɞɪɭɝɢɯ 

ɬɟɥ, ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ ɫ ɞɚɧɧɨɣ ɠɢɞɤɨɫɬɶɸ. ɇɚɩɪɢɦɟɪ, ɞɚɜɥɟɧɢɟ ɚɬɦɨɫɮɟɪɵ 

ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɜ ɨɬɤɪɵɬɨɦ ɫɨɫɭɞɟ [10].  

Ʉɚɤ ɦɚɫɫɨɜɵɟ, ɬɚɤ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɫɢɥɵ ɨɛɵɱɧɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɜ ɜɢɞɟ 

ɟɞɢɧɢɱɧɵɯ ɫɢɥ. Ɇɚɫɫɨɜɵɟ ɫɢɥɵ ɨɬɧɨɫɹɬ ɤ ɟɞɢɧɢɰɟ ɦɚɫɫɵ, ɚ ɩɨɜɟɪɯɧɨɫɬɧɵɟ – 

ɤ ɟɞɢɧɢɰɟ ɩɥɨɳɚɞɢ [10].  
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Ɍɚɤ ɤɚɤ ɦɚɫɫɨɜɚɹ ɫɢɥɚ ɪɚɜɧɚ ɩɪɨɢɡɜɟɞɟɧɢɸ ɦɚɫɫɵ ɧɚ ɭɫɤɨɪɟɧɢɟ, ɬɨ 

ɟɞɢɧɢɱɧɚɹ ɦɚɫɫɨɜɚɹ ɫɢɥɚ ɱɢɫɥɟɧɧɨ ɪɚɜɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɭɫɤɨɪɟɧɢɸ [9]. 

ɇɚɩɪɢɦɟɪ, ɫɢɥɚ ɬɹɠɟɫɬɢ ɪɚɜɧɚ G = mg, ɟɞɢɧɢɱɧɚɹ ɦɚɫɫɨɜɚɹ ɫɢɥɚ ɪɚɜɧɚ 

[10]: 

                                         m୥ = ୋ୫ = ୫୥୫ = g                                              (16) 

ȼɵɩɨɥɧɢɦ ɪɢɫɭɧɨɤ, ɤɨɬɨɪɵɣ ɩɨɦɨɠɟɬ ɪɚɡɨɛɪɚɬɶɫɹ ɜ ɬɨɦ, ɱɬɨ ɬɚɤɨɟ 

ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ.  

Ɋɚɫɫɦɨɬɪɢɦ ɧɟɤɨɬɨɪɵɣ ɨɛɴɟɦ ɩɨɤɨɹɳɟɣɫɹ ɠɢɞɤɨɫɬɢ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ 

ɫɨɫɭɞɟ ɩɪɨɢɡɜɨɥɶɧɨɣ ɮɨɪɦɵ. Ɇɵɫɥɟɧɧɨ ɪɚɡɞɟɥɢɦ ɷɬɨɬ ɨɛɴɟɦ ɧɚ ɞɜɟ ɱɚɫɬɢ 

ɩɪɨɢɡɜɨɥɶɧɨɣ ɩɥɨɫɤɨɫɬɶɸ ɈɈ ɢ ɭɛɟɪɟɦ I ɱɚɫɬɶ. Ⱦɥɹ ɫɨɯɪɚɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ II 

ɱɚɫɬɢ ɤ ɧɟɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɥɨɠɢɬɶ ɫɢɥɭ R, ɞɟɣɫɬɜɭɸɳɭɸ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɨɳɚɞɶɸ S ɩɨɞ ɧɟɤɨɬɨɪɵɦ ɭɝɥɨɦ ɤ ɧɟɣ. ɋɢɥɭ R ɦɨɠɧɨ 

ɪɚɡɥɨɠɢɬɶ ɧɚ ɧɨɪɦɚɥɶɧɭɸ F ɢ ɬɚɧɝɟɧɰɢɚɥɶɧɭɸ T ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɢɥɵ. 

 

Ɋɢɫɭɧɨɤ 1 - ɋɯɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ 

ɇɨɪɦɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ – ɫɢɥɚ F – ɧɚɡɵɜɚɟɬɫɹ ɫɢɥɨɣ ɞɚɜɥɟɧɢɹ. 

Ɉɬɧɨɲɟɧɢɟ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɤ ɩɥɨɳɚɞɢ ɨɛɨɡɧɚɱɚɟɬɫɹ ɫɪ p ɢ ɧɚɡɵɜɚɟɬɫɹ 

ɫɪɟɞɧɢɦ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɢɦ ɞɚɜɥɟɧɢɟɦ, ɢɥɢ ɞɚɜɥɟɧɢɟɦ, ɬ.ɟ. [10]. 

                                                     ˓˔˓ = ୊ୗ                                                   (17) 

Ⱦɚɜɥɟɧɢɟ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɪɚɜɧɨ ɩɪɟɞɟɥɭ ɨɬɧɨɲɟɧɢɹ ∆𝐹∆𝑆 ɩɪɢ ∆S→0 ɢ 

ɨɛɨɡɧɚɱɚɟɬɫɹ p , ɬ.ɟ. [10]. 
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                                                    p = lim ∆୊∆ୗ                                               (18) 

Ʉɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɠɢɞɤɨɫɬɢ, ɬ.ɟ. ɧɚɩɪɹɠɟɧɢɹ ɫɢɥɵ ɬɪɟɧɢɹ 

ɨɛɨɡɧɚɱɚɸɬɫɹ τ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ [10]: 

                                                     ɒ˔˓ = ୘ୗ                                                   (19) 

                                                  ɒ = lim ∆୘∆ୗ                                                 (20) 

Ʉɨɝɞɚ ɠɢɞɤɨɫɬɶ ɧɚɯɨɞɢɬɫɹ ɜ ɩɨɤɨɟ, ɬɨ ɤɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ 

ɨɬɫɭɬɫɬɜɭɸɬ ɢ ɢɦɟɟɬ ɦɟɫɬɨ ɬɨɥɶɤɨ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ 

ɧɚɡɵɜɚɟɬɫɹ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɦ ɞɚɜɥɟɧɢɟɦ [10]. 

2.3 ɋɜɨɣɫɬɜɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ  

ɋɜɨɣɫɬɜɨ 1. Ƚɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜɫɟɝɞɚ ɧɚɩɪɚɜɥɟɧɨ ɩɨ 

ɜɧɭɬɪɟɧɧɟɣ ɧɨɪɦɚɥɢ ɤ ɩɥɨɳɚɞɤɟ, ɧɚ ɤɨɬɨɪɭɸ ɨɧɨ ɞɟɣɫɬɜɭɟɬ. ɗɬɨ ɫɥɟɞɭɟɬ ɢɡ 

ɨɩɪɟɞɟɥɟɧɢɹ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɚɤ ɟɞɢɧɢɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ 

ɫɢɥɵ ɞɚɜɥɟɧɢɹ [11].  

ɋɜɨɣɫɬɜɨ 2. ȼ ɥɸɛɨɣ ɬɨɱɤɟ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɩɨ 

ɜɫɟɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɨɞɢɧɚɤɨɜɨ, ɨɧɨ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɨɪɢɟɧɬɚɰɢɢ ɩɥɨɳɚɞɤɢ, ɧɚ 

ɤɨɬɨɪɭɸ ɞɟɣɫɬɜɭɟɬ [11].  

Ⱦɥɹ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɷɬɨɝɨ ɫɜɨɣɫɬɜɚ ɜɵɞɟɥɢɦ ɜ ɧɟɩɨɞɜɢɠɧɨɣ ɠɢɞɤɨɫɬɢ 

ɧɟɤɨɬɨɪɵɣ ɷɥɟɦɟɧɬɚɪɧɵɣ ɨɛɴɟɦ ɜ ɮɨɪɦɟ ɬɟɬɪɚɷɞɪɚ ɫ ɪɟɛɪɚɦɢ dx , dy, dz (ɪɢɫ. 

2). Ɍɪɢ ɝɪɚɧɢ ɬɟɬɪɚɷɞɪɚ ɥɟɠɚɬ ɜ ɤɨɨɪɞɢɧɚɬɧɵɯ ɩɥɨɫɤɨɫɬɹɯ, ɚ ɧɚɤɥɨɧɧɚɹ ɝɪɚɧɶ 

ɹɜɥɹɟɬɫɹ ɡɚɦɵɤɚɸɳɟɣ. Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ px ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, 

ɞɟɣɫɬɜɭɸɳɟɟ ɧɚ ɝɪɚɧɶ, ɧɨɪɦɚɥɶɧɭɸ ɤ ɨɫɢ ɯ, ɚɧɚɥɨɝɢɱɧɨ ɨɛɨɡɧɚɱɢɦ ɞɚɜɥɟɧɢɹ 

py, pz. Ƚɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɧɚ ɧɚɤɥɨɧɧɭɸ ɝɪɚɧɶ, 

ɨɛɨɡɧɚɱɢɦ pn , ɚ ɩɥɨɳɚɞɶ ɷɬɨɣ ɝɪɚɧɢ ɱɟɪɟɡ Sn [11].  

ɉɨɦɢɦɨ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɢɥ ɧɚ ɜɵɞɟɥɟɧɧɵɣ ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ ɞɟɣɫɬɜɭɟɬ 

ɦɚɫɫɨɜɚɹ ɫɢɥɚ. ɉɪɨɟɤɰɢɢ ɟɞɢɧɢɱɧɨɣ ɦɚɫɫɨɜɨɣ ɫɢɥɵ (ɬ.ɟ. ɭɫɤɨɪɟɧɢɣ) ɧɚ ɨɫɢ 

ɤɨɨɪɞɢɧɚɬ ɨɛɨɡɧɚɱɢɦ gx, gy, gz. 
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Ɋɢɫɭɧɨɤ 2 - ɋɯɟɦɚ, ɢɥɥɸɫɬɪɢɪɭɸɳɚɹ ɫɜɨɣɫɬɜɚ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ 

ɞɚɜɥɟɧɢɹ 

2.4 ɍɪɚɜɧɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɜɧɨɝɨ ɞɚɜɥɟɧɢɹ  

ɉɨɜɟɪɯɧɨɫɬɶ ɪɚɜɧɨɝɨ ɞɚɜɥɟɧɢɹ – ɷɬɨ ɩɨɜɟɪɯɧɨɫɬɶ, ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ 

ɤɨɬɨɪɨɣ ɞɚɜɥɟɧɢɹ ɪɚɜɧɵ, ɬ.ɟ. ɟɫɥɢ p = cɨnst , ɬɨ dp = 0 [11].  

ɍɪɚɜɧɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɜɧɨɝɨ ɞɚɜɥɟɧɢɹ ɢɦɟɟɬ ɜɢɞ [11]: 

                                     g୶dx + g୷dy + g୸dz = Ͳ                                      (21) 

ɑɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɬɚɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɫɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ – 

ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɞɟɥɚ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɨɨɛɪɚɡɧɨɣ ɫɪɟɞɵ [11]. 

2.5 Ɉɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ ɝɢɞɪɨɫɬɚɬɢɤɢ  

ȼɵɜɟɞɟɦ ɨɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ ɝɢɞɪɨɫɬɚɬɢɤɢ, ɢɫɩɨɥɶɡɭɹ ɩɪɢɜɟɞɟɧɧɨɟ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɠɢɞɤɨɫɬɢ, ɪɚɫɫɦɨɬɪɟɜ ɱɚɫɬɧɵɣ 

ɫɥɭɱɚɣ ɪɚɜɧɨɜɟɫɢɹ, ɤɨɝɞɚ ɠɢɞɤɨɫɬɶ ɧɚɯɨɞɢɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɬɨɥɶɤɨ ɫɢɥ 

ɬɹɠɟɫɬɢ [12].  

ȼ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɪɚɫɫɦɨɬɪɢɦ ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ ɜ 

ɜɢɞɟ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ (ɪɢɫ.3). ɇɚ ɫɜɨɛɨɞɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɞɟɣɫɬɜɭɟɬ ɜɧɟɲɧɟɟ 

ɞɚɜɥɟɧɢɟ p0. ɇɚ ɤɚɤɨɦ-ɬɨ ɪɚɫɫɬɨɹɧɢɢ z ɨɬ ɨɫɧɨɜɚɧɢɹ ɪɚɫɫɦɨɬɪɢɦ ɫɟɱɟɧɢɟ 

ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ɩɥɨɫɤɨɫɬɶɸ, ɩɚɪɚɥɥɟɥɶɧɨɣ ɨɫɧɨɜɚɧɢɸ. ȼ ɰɟɧɬɪɟ ɫɟɱɟɧɢɹ 
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ɜɨɡɶɦɟɦ ɬɨɱɤɭ Ⱥ ɢ ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɞɟɣɫɬɜɭɟɬ ɜ ɷɬɨɣ ɬɨɱɤɟ, ɨɛɨɡɧɚɱɢɦ p 

[12]. 

 

Ɋɢɫɭɧɨɤ 3 - ɋɯɟɦɚ ɤ ɜɵɜɨɞɭ ɨɫɧɨɜɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɝɢɞɪɨɫɬɚɬɢɤɢ 

ɀɢɞɤɨɫɬɶ ɜ ɧɟɩɨɞɜɢɠɧɨɦ ɫɨɫɭɞɟ ɧɚɯɨɞɢɬɫɹ ɜ ɩɨɥɟ ɞɟɣɫɬɜɢɹ ɫɢɥ 

ɬɹɠɟɫɬɢ. Ⱥɧɚɥɢɬɢɱɟɫɤɢ ɷɬɨ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ [12]:  g୶ = Ͳ; g୷ = Ͳ; g୸ = Ͳ 

ɝɞɟ gx, gy, gz – ɩɪɨɟɤɰɢɢ ɭɫɤɨɪɟɧɢɣ ɧɚ ɨɫɢ ɤɨɨɪɞɢɧɚɬ; g – ɭɫɤɨɪɟɧɢɟ 

ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ. ɉɨɞɫɬɚɜɢɦ ɡɧɚɱɟɧɢɹ ɭɫɤɨɪɟɧɢɣ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ 

ɭɪɚɜɧɟɧɢɟ ɠɢɞɤɨɫɬɢ, ɩɨɥɭɱɢɦ [12]: 

                                              dp = −ɏgdz                                                  (22) 

ɉɪɨɢɧɬɟɝɪɢɪɭɟɦ ɩɨɥɭɱɟɧɧɨɟ ɜɵɪɚɠɟɧɢɟ, ɩɨɥɭɱɢɦ [12]: 

                                              p = −ɏgz + c ,                                             (23) 

ɝɞɟ ɫ – ɩɨɫɬɨɹɧɧɚɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ.  

ɉɨɫɬɨɹɧɧɭɸ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɧɚɣɞɟɦ ɢɡ ɭɫɥɨɜɢɹ, ɡɚɩɢɫɚɧɧɨɝɨ ɞɥɹ 

ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɬ.ɟ. ɩɪɢ z0 = z; p0 = p: 

                                                        p଴ = −ɏgz଴ + c                                            (24) 

ɨɬɫɸɞɚ 
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                                               c = p଴ + ɏgz଴                                              (25) 

ɉɪɟɨɛɪɚɡɭɟɦ ɭɪɚɜɧɟɧɢɹ 

                                         p = −ɏgz + p଴ + ɏgz                                        (26) 

ɉɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɢɦ 

                                       z + pρ୥ = z଴ + pబρ୥ = cˑnst                                    (27) 

ɋɭɦɦɚ z + p୥ ɧɚɡɵɜɚɟɬɫɹ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɦ ɧɚɩɨɪɨɦ. 

Ʉɨɨɪɞɢɧɚɬɚ z – ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ (ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɜɵɫɨɬɚ). 

ȼɟɥɢɱɢɧɚ pρ୥ = pஓ – ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ (ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɚɹ ɜɵɫɨɬɚ).  

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɭɪɚɜɧɟɧɢɹ, ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɣ ɧɚɩɨɪ ɟɫɬɶ ɜɟɥɢɱɢɧɚ 

ɩɨɫɬɨɹɧɧɚɹ ɞɥɹ ɜɫɟɝɨ ɨɛɴɟɦɚ ɧɟɩɨɞɜɢɠɧɨɣ ɠɢɞɤɨɫɬɢ. ɉɨɥɭɱɢɦ ɨɫɧɨɜɧɨɟ 

ɭɪɚɜɧɟɧɢɟ ɝɢɞɪɨɫɬɚɬɢɤɢ [12]: 

                                                p = p଴ + ɏgh                                              (28) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɜɥɟɧɢɟ ɜ ɬɨɱɤɟ ɩɨɤɨɹɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ 

ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ρ, ɪɚɫɫɬɨɹɧɢɹ ɬɨɱɤɢ ɨɬ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ h ɢ 

ɞɚɜɥɟɧɢɹ p0, ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɫɜɨɛɨɞɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢ [12]. 
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3 Ʉɢɧɟɦɚɬɢɤɚ ɢ ɞɢɧɚɦɢɤɚ ɠɢɞɤɨɫɬɢ 

3.1 Ɉɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ  

Ʉɢɧɟɦɚɬɢɤɚ ɠɢɞɤɨɫɬɢ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɤɢɧɟɦɚɬɢɤɢ ɬɜɟɪɞɨɝɨ 

ɬɟɥɚ. ȿɫɥɢ ɨɬɞɟɥɶɧɵɟ ɱɚɫɬɢɰɵ ɚɛɫɨɥɸɬɧɨ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɠɟɫɬɤɨ ɫɜɹɡɚɧɵ 

ɦɟɠɞɭ ɫɨɛɨɣ, ɬɨ ɜ ɞɜɢɠɭɳɟɣɫɹ ɠɢɞɤɨɣ ɫɪɟɞɟ ɬɚɤɢɟ ɫɜɹɡɢ ɨɬɫɭɬɫɬɜɭɸɬ; ɷɬɚ 

ɫɪɟɞɚ ɫɨɫɬɨɢɬ ɢɡ ɦɧɨɠɟɫɬɜɚ ɱɚɫɬɢɰ, ɞɜɢɠɭɳɢɯɫɹ ɨɞɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɨɣ 

[13].  

ɋɤɨɪɨɫɬɶ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɡɚɧɹɬɨɝɨ ɞɜɢɠɭɳɟɣɫɹ 

ɠɢɞɤɨɫɬɶɸ, ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɤɨɨɪɞɢɧɚɬ ɷɬɨɣ ɬɨɱɤɢ, ɚ ɢɧɨɝɞɚ ɢ ɜɪɟɦɟɧɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɟɣ ɤɢɧɟɦɚɬɢɤɢ ɠɢɞɤɨɫɬɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 

ɫɤɨɪɨɫɬɢ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɠɢɞɤɨɣ ɫɪɟɞɵ, ɬ. ɟ. ɧɚɯɨɠɞɟɧɢɟ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ [13].  

ɋɧɚɱɚɥɚ ɪɚɫɫɦɨɬɪɢɦ ɞɜɢɠɟɧɢɟ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ, ɬ. 

ɟ. ɬɚɤɨɣ ɜɨɨɛɪɚɠɚɟɦɨɣ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɚɹ ɫɨɜɟɪɲɟɧɧɨ ɥɢɲɟɧɚ ɜɹɡɤɨɫɬɢ, ɚ 

ɡɚɬɟɦ ɩɟɪɟɣɞɟɦ ɤ ɢɡɭɱɟɧɢɸ ɪɟɚɥɶɧɵɯ ɩɨɬɨɤɨɜ. ȼ ɬɚɤɨɣ ɧɟɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ, 

ɬɚɤ ɠɟ ɤɚɤ ɢ ɜ ɧɟɩɨɞɜɢɠɧɵɯ ɪɟɚɥɶɧɵɯ ɠɢɞɤɨɫɬɹɯ, ɜɨɡɦɨɠɟɧ ɥɢɲɶ ɨɞɢɧ ɜɢɞ 

ɧɚɩɪɹɠɟɧɢɣ — ɧɨɪɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɫɠɚɬɢɹ, ɬ. ɟ. ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɨɟ 

ɞɚɜɥɟɧɢɟ, ɢɥɢ ɩɪɨɫɬɨ ɞɚɜɥɟɧɢɟ [13].  

Ⱦɚɜɥɟɧɢɟ ɜ ɞɜɢɠɭɳɟɣɫɹ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɨɛɥɚɞɚɟɬ ɬɟɦɢ ɠɟ 

ɫɜɨɣɫɬɜɚɦɢ, ɱɬɨ ɢ ɜ ɧɟɩɨɞɜɢɠɧɨɣ ɠɢɞɤɨɫɬɢ, ɬ. ɟ. ɧɚ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɠɢɞɤɨɫɬɢ ɨɧɨ ɧɚɩɪɚɜɥɟɧɨ ɩɨ ɜɧɭɬɪɟɧɧɟɣ ɧɨɪɦɚɥɢ, ɚ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɜɧɭɬɪɢ 

ɠɢɞɤɨɫɬɢ — ɩɨ ɜɫɟɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɨɞɢɧɚɤɨɜɨ [14].  

Ɍɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɢɜɲɢɦɫɹ (ɫɬɚɰɢɨɧɚɪɧɵɦ) ɢɥɢ 

ɧɟɭɫɬɚɧɨɜɢɜɲɢɦɫɹ (ɧɟɫɬɚɰɢɨɧɚɪɧɵɦ) [14].  

ɍɫɬɚɧɨɜɢɜɲɢɦɫɹ ɧɚɡɵɜɚɟɬɫɹ ɬɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ, ɧɟɢɡɦɟɧɧɨɟ ɩɨ 

ɜɪɟɦɟɧɢ, ɩɪɢ ɤɨɬɨɪɨɦ ɞɚɜɥɟɧɢɟ ɢ ɫɤɨɪɨɫɬɶ ɹɜɥɹɸɬɫɹ ɮɭɧɤɰɢɹɦɢ ɬɨɥɶɤɨ 

ɤɨɨɪɞɢɧɚɬ, ɧɨ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɜɪɟɦɟɧɢ. Ⱦɚɜɥɟɧɢɟ ɢ ɫɤɨɪɨɫɬɶ ɦɨɝɭɬ ɢɡɦɟɧɹɬɶɫɹ 

ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɱɚɫɬɢɰɵ ɠɢɞɤɨɫɬɢ ɢɡ ɨɞɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɜ ɞɪɭɝɨɟ, ɧɨ ɜ 
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ɞɚɧɧɨɣ ɧɟɩɨɞɜɢɠɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɭɫɥɚ ɬɨɱɤɟ ɞɚɜɥɟɧɢɟ ɢ ɫɤɨɪɨɫɬɶ ɩɪɢ 

ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ ɧɟ ɢɡɦɟɧɹɸɬɫɹ ɩɨ ɜɪɟɦɟɧɢ, ɬ. ɟ. [14] p = fଵሺx, y, zሻ   v̅ = fଶሺx, y, zሻ dp/dt = Ͳ dv୶/dt = Ͳ dv୷/dt = Ͳ dv୸/dt = Ͳ, 

ɝɞɟ ɢɧɞɟɤɫɵ ɭ ɫɤɨɪɨɫɬɢ ɨɡɧɚɱɚɸɬ ɟɟ ɩɪɨɟɤɰɢɢ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɫɢ, 

ɠɟɫɬɤɨ ɫɜɹɡɚɧɧɵɟ ɫ ɪɭɫɥɨɦ.  

ȼ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɬɟɱɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɪɚɜɧɨɦɟɪɧɵɦ, 

ɤɨɝɞɚ ɫɤɨɪɨɫɬɶ ɤɚɠɞɨɣ ɱɚɫɬɢɰɵ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɫ ɢɡɦɟɧɟɧɢɟɦ ɟɟ ɤɨɨɪɞɢɧɚɬ, ɢ 

ɩɨɥɟ ɫɤɨɪɨɫɬɟɣ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ ɜɞɨɥɶ ɩɨɬɨɤɚ [14].  

ɇɟɭɫɬɚɧɨɜɢɜɲɢɦɫɹ ɧɚɡɵɜɚɟɬɫɹ ɬɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ, ɜɫɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɤɨɬɨɪɨɝɨ (ɢɥɢ ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ) ɢɡɦɟɧɹɸɬɫɹ ɩɨ ɜɪɟɦɟɧɢ ɜ ɬɨɱɤɚɯ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ [14].  

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɧɟɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɬɟɱɟɧɢɹ ɞɚɜɥɟɧɢɟ ɢ ɫɤɨɪɨɫɬɶ 

ɡɚɜɢɫɹɬ ɤɚɤ ɨɬ ɤɨɨɪɞɢɧɚɬ, ɬɚɤ ɢ ɨɬ ɜɪɟɦɟɧɢ [14]: p = Fଵሺx, y, z, tሻ   
                                           v̅ = Fଶሺx, y, z, tሻ 

ɉɪɢɦɟɪɚɦɢ ɧɟɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɦɨɝɭɬ ɫɥɭɠɢɬɶ 

ɛɵɫɬɪɨɟ ɨɩɨɪɨɠɧɟɧɢɟ ɫɨɫɭɞɚ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ ɜ ɞɧɟ ɢɥɢ ɞɜɢɠɟɧɢɟ ɜɨ 

ɜɫɚɫɵɜɚɸɳɟɣ ɢɥɢ ɧɚɩɨɪɧɨɣ ɬɪɭɛɟ ɩɨɪɲɧɟɜɨɝɨ ɧɚɫɨɫɚ, ɩɨɪɲɟɧɶ ɤɨɬɨɪɨɝɨ 

ɫɨɜɟɪɲɚɟɬ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ. ɉɪɢɦɟɪɨɦ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ 

ɬɟɱɟɧɢɹ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɢɫɬɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɢɡ ɫɨɫɭɞɚ, ɜ ɤɨɬɨɪɨɦ 

ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɣ ɭɪɨɜɟɧɶ, ɢɥɢ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ 

ɬɪɭɛɨɩɪɨɜɨɞɟ, ɫɨɡɞɚɜɚɟɦɨɟ ɰɟɧɬɪɨɛɟɠɧɵɦ ɧɚɫɨɫɨɦ ɫ ɩɨɫɬɨɹɧɧɨɣ ɱɚɫɬɨɬɨɣ 

ɜɪɚɳɟɧɢɹ ɜɚɥɚ [14].  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɬɟɱɟɧɢɣ ɝɨɪɚɡɞɨ ɩɪɨɳɟ, ɱɟɦ 

ɧɟɭɫɬɚɧɨɜɢɜɲɢɯɫɹ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, 
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ɭɫɬɚɧɨɜɢɜɲɢɟɫɹ ɬɟɱɟɧɢɹ ɢ ɥɢɲɶ ɧɟɤɨɬɨɪɵɟ ɱɚɫɬɧɵɟ ɫɥɭɱɚɢ 

ɧɟɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ, ɬɟɱɟɧɢɹ [15].  

Ɍɪɚɟɤɬɨɪɢɢ ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢ ɩɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɬɟɱɟɧɢɢ ɹɜɥɹɸɬɫɹ 

ɧɟɢɡɦɟɧɧɵɦɢ ɩɨ ɜɪɟɦɟɧɢ [15].  

ɉɪɢ ɧɟɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɬɟɱɟɧɢɢ ɬɪɚɟɤɬɨɪɢɢ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɢɰ, 

ɩɪɨɯɨɞɹɳɢɯ ɱɟɪɟɡ ɞɚɧɧɭɸ ɬɨɱɤɭ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɦɨɝɭɬ ɢɦɟɬɶ ɪɚɡɧɭɸ ɮɨɪɦɭ. 

ɉɨɷɬɨɦɭ ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɤɚɪɬɢɧɵ ɬɟɱɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɟɣ ɜ ɤɚɠɞɵɣ ɞɚɧɧɵɣ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɜɜɨɞɢɬɫɹ ɩɨɧɹɬɢɟ ɥɢɧɢɢ ɬɨɤɚ [15].  

Ʌɢɧɢɟɣ ɬɨɤɚ ɧɚɡɵɜɚɟɬɫɹ ɤɪɢɜɚɹ, ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɤɨɬɨɪɨɣ ɜɟɤɬɨɪ 

ɫɤɨɪɨɫɬɢ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɧɚɩɪɚɜɥɟɧ ɩɨ ɤɚɫɚɬɟɥɶɧɨɣ (ɪɢɫ.4) [10].  

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɬɟɱɟɧɢɹ ɥɢɧɢɹ ɬɨɤɚ 

ɫɨɜɩɚɞɚɟɬ ɫ ɬɪɚɟɤɬɨɪɢɟɣ ɱɚɫɬɢɰɵ ɢ ɧɟ ɢɡɦɟɧɹɟɬ ɫɜɨɟɣ ɮɨɪɦɵ ɫ ɬɟɱɟɧɢɟɦ 

ɜɪɟɦɟɧɢ [10].  

ȿɫɥɢ ɜ ɞɜɢɠɭɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɜɡɹɬɶ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɣ ɡɚɦɤɧɭɬɵɣ 

ɤɨɧɬɭɪ ɢ ɱɟɪɟɡ ɜɫɟ ɟɝɨ ɬɨɱɤɢ ɩɪɨɜɟɫɬɢ ɥɢɧɢɢ ɬɨɤɚ, ɬɨ ɨɛɪɚɡɭɟɬɫɹ ɬɪɭɛɱɚɬɚɹ 

ɩɨɜɟɪɯɧɨɫɬɶ, ɧɚɡɵɜɚɟɦɚɹ ɬɪɭɛɤɨɣ ɬɨɤɚ. ɑɚɫɬɶ ɩɨɬɨɤɚ, ɡɚɤɥɸɱɟɧɧɚɹ ɜɧɭɬɪɢ 

ɬɪɭɛɤɢ ɬɨɤɚ, ɧɚɡɵɜɚɟɬɫɹ ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɣɤɨɣ (ɪɢɫ.5). ɉɪɢ ɫɬɪɟɦɥɟɧɢɢ 

ɩɨɩɟɪɟɱɧɵɯ ɪɚɡɦɟɪɨɜ ɫɬɪɭɣɤɢ ɤ ɧɭɥɸ ɨɧɚ ɜ ɩɪɟɞɟɥɟ ɫɬɹɝɢɜɚɟɬɫɹ ɜ ɥɢɧɢɸ 

ɬɨɤɚ [14]. 

ȼ ɥɸɛɨɣ ɬɨɱɤɟ ɬɪɭɛɤɢ ɬɨɤɚ, ɬ. ɟ. ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɪɭɣɤɢ, 

ɜɟɤɬɨɪɵ ɫɤɨɪɨɫɬɢ ɧɚɩɪɚɜɥɟɧɵ ɩɨ ɤɚɫɚɬɟɥɶɧɨɣ, ɚ ɧɨɪɦɚɥɶɧɵɟ ɤ ɷɬɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɤɨɪɨɫɬɢ ɨɬɫɭɬɫɬɜɭɸɬ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ 

ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ ɩɢ ɨɞɧɚ ɱɚɫɬɢɰɚ ɠɢɞɤɨɫɬɢ ɧɢ ɜ ɨɞɧɨɣ ɬɨɱɤɟ 

ɬɪɭɛɤɢ ɬɨɤɚ ɧɟ ɦɨɠɟɬ ɩɪɨɧɢɤɧɭɬɶ ɜɧɭɬɪɶ ɫɬɪɭɣɤɢ ɢɥɢ ɜɵɣɬɢ ɧɚɪɭɠɭ. Ɍɪɭɛɤɚ 

ɬɨɤɚ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɹɜɥɹɟɬɫɹ ɤɚɤ ɛɵ ɧɟɩɪɨɧɢɰɚɟɦɨɣ ɫɬɟɧɤɨɣ, ɚ 

ɷɥɟɦɟɧɬɚɪɧɚɹ ɫɬɪɭɣɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬɚɪɧɵɣ 

ɩɨɬɨɤ [14].  



27 
 

ɉɨɬɨɤɢ ɤɨɧɟɱɧɵɯ ɪɚɡɦɟɪɨɜ ɛɭɞɟɦ ɫɧɚɱɚɥɚ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 

ɫɨɜɨɤɭɩɧɨɫɬɶ ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɬɪɭɟɤ, ɬ.ɟ. ɛɭɞɟɦ ɩɪɟɞɩɨɥɚɝɚɬɶ ɬɟɱɟɧɢɟ 

ɫɬɪɭɣɧɵɦ. ɂɡ-ɡɚ ɪɚɡɥɢɱɢɹ ɫɤɨɪɨɫɬɟɣ ɫɨɫɟɞɧɢɟ ɫɬɪɭɣɤɢ ɛɭɞɭɬ ɫɤɨɥɶɡɢɬɶ ɨɞɧɚ 

ɩɨ ɞɪɭɝɨɣ, ɧɨ ɧɟ ɛɭɞɭɬ ɩɟɪɟɦɟɲɢɜɚɬɶɫɹ ɨɞɧɚ ɫ ɞɪɭɝɨɣ [15]. 

 

Ɋɢɫɭɧɨɤ 4 – Ʌɢɧɢɹ ɬɨɤɚ 

 

Ɋɢɫɭɧɨɤ 5 - ɋɬɪɭɣɤɚ 

ɀɢɜɵɦ ɫɟɱɟɧɢɟɦ, ɢɥɢ ɩɪɨɫɬɨ ɫɟɱɟɧɢɟɦ ɩɨɬɨɤɚ, ɧɚɡɵɜɚɟɬɫɹ ɜ ɨɛɳɟɦ 

ɫɥɭɱɚɟ ɩɨɜɟɪɯɧɨɫɬɶ ɜ ɩɪɟɞɟɥɚɯ ɩɨɬɨɤɚ, ɩɪɨɜɟɞɟɧɧɚɹ ɧɨɪɦɚɥɶɧɨ ɤ ɥɢɧɢɹɦ 

ɬɨɤɚ. Ⱦɚɥɟɟ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ ɩɨɬɨɤɚɯ ɬɚɤɢɟ ɭɱɚɫɬɤɢ, ɜ ɤɨɬɨɪɵɯ ɫɬɪɭɣɤɢ 

ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɠɢɜɵɟ ɫɟɱɟɧɢɹ — ɩɥɨɫɤɢɦɢ 

[13].  

Ɋɚɡɥɢɱɚɸɬ ɧɚɩɨɪɧɵɟ ɢ ɛɟɡɧɚɩɨɪɧɵɟ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ. ɇɚɩɨɪɧɵɦɢ 

ɧɚɡɵɜɚɸɬ ɬɟɱɟɧɢɹ ɜ ɡɚɤɪɵɬɵɯ ɪɭɫɥɚɯ ɛɟɡ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ 

ɛɟɡɧɚɩɨɪɧɵɦɢ — ɬɟɱɟɧɢɹ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ɉɪɢ ɧɚɩɨɪɧɵɯ 

ɬɟɱɟɧɢɹɯ ɞɚɜɥɟɧɢɟ ɜɞɨɥɶ ɩɨɬɨɤɚ ɨɛɵɱɧɨ ɩɟɪɟɦɟɧɧɨɟ, ɩɪɢ ɛɟɡɧɚɩɨɪɧɨɦ — 

ɩɨɫɬɨɹɧɧɨɟ (ɧɚ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ) ɢ ɱɚɳɟ ɜɫɟɝɨ ɚɬɦɨɫɮɟɪɧɨɟ. 

ɉɪɢɦɟɪɚɦɢ ɧɚɩɨɪɧɨɝɨ ɬɟɱɟɧɢɹ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɬɟɱɟɧɢɹ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɫ 

ɩɨɜɵɲɟɧɧɵɦ (ɢɥɢ ɩɨɧɢɠɟɧɧɵɦ) ɞɚɜɥɟɧɢɟɦ, ɜ ɝɢɞɪɨɦɚɲɢɧɚɯ ɢɥɢ ɞɪɭɝɢɯ 
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ɝɢɞɪɨɚɝɪɟɝɚɬɚɯ. Ȼɟɡɧɚɩɨɪɧɵɦɢ ɹɜɥɹɸɬɫɹ ɬɟɱɟɧɢɹ ɜ ɪɟɤɚɯ, ɨɬɤɪɵɬɵɯ ɤɚɧɚɥɚɯ 

ɢ ɥɨɬɤɚɯ. ȼ ɞɚɧɧɨɦ ɤɭɪɫɟ ɪɚɫɫɦɨɬɪɟɧɵ ɧɚɩɨɪɧɵɟ ɬɟɱɟɧɢɹ [15]. 

3.2 Ɋɚɫɯɨɞ. ɍɪɚɜɧɟɧɢɟ ɪɚɫɯɨɞɚ 

Ɋɚɫɯɨɞɨɦ ɧɚɡɵɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɫɬɢ, ɩɪɨɬɟɤɚɸɳɟɟ ɱɟɪɟɡ ɠɢɜɨɟ 

ɬɟɱɟɧɢɟ ɩɨɬɨɤɚ (ɫɬɪɭɣɤɢ) ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. ɗɬɨ ɤɨɥɢɱɟɫɬɜɨ ɦɨɠɧɨ 

ɢɡɦɟɪɢɬɶ ɜ ɟɞɢɧɢɰɚɯ ɨɛɴɟɦɚ, ɜ ɜɟɫɨɜɵɯ ɟɞɢɧɢɰɚɯ ɢɥɢ ɜ ɟɞɢɧɢɰɚɯ ɦɚɫɫɵ, ɜ 

ɫɜɹɡɢ ɫ ɱɟɦ ɪɚɡɥɢɱɚɸɬ ɨɛɴɟɦɧɵɣ Q, ɜɟɫɨɜɨɣ QG ɢ ɦɚɫɫɨɜɵɣ Qm ɪɚɫɯɨɞɵ. Ⱦɥɹ 

ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɣɤɢ, ɢɦɟɸɳɟɣ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɟ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɣ, ɦɨɠɧɨ 

ɫɱɢɬɚɬɶ ɢɫɬɢɧɧɭɸ ɫɤɨɪɨɫɬɶ V ɨɞɢɧɚɤɨɜɨɣ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ ɤɚɠɞɨɝɨ ɫɟɱɟɧɢɹ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɷɬɨɣ ɫɬɪɭɣɤɢ ɨɛɴɟɦɧɵɣ (ɦ3/ɫ), ɜɟɫɨɜɨɣ (ɇ/ɫ) ɢ ɦɚɫɫɨɜɵɣ 

(ɤɝ/ɫ) ɪɚɫɯɨɞɵ [1, 24]: dQ = vdS; dQୋ = ɏgdQ; dQ୫ = ɏdQ = ɏvdS 

ɝɞɟ dS  — ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɫɬɪɭɣɤɢ. 

Ⱦɥɹ ɩɨɬɨɤɚ ɤɨɧɟɱɧɵɯ ɪɚɡɦɟɪɨɜ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɫɤɨɪɨɫɬɶ ɢɦɟɟɬ 

ɪɚɡɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɢ ɪɚɡɧɵɯ ɬɨɱɤɚɯ ɫɟɱɟɧɢɹ, ɩɨɷɬɨɦɭ ɪɚɫɯɨɞ ɧɚɞɨ 

ɨɩɪɟɞɟɥɹɬɶ ɤɚɤ ɫɭɦɦɭ ɷɥɟɦɟɧɬɚɪɧɵɯ ɪɚɫɯɨɞɨɜ ɫɬɪɭɟɤ [16]: 

                                                   Q = ∫ v ୗ dS                                               (29) 

Ɉɛɵɱɧɨ ɜ ɪɚɫɫɦɨɬɪɟɧɢɟ ɜɜɨɞɹɬ ɫɪɟɞɧɸɸ ɩɨ ɫɟɱɟɧɢɸ ɫɤɨɪɨɫɬɶ [16]: 

                                                    v˔˓ = Q/S                                                (30)  

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɡɚɤɨɧɟ ɫɨɯɪɚɧɟɧɢɹ ɜɟɳɟɫɬɜɚ, ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ 

ɫɩɥɨɲɧɨɫɬɢ (ɧɟɪɚɡɪɵɜɧɨɫɬɢ) ɬɟɱɟɧɢɹ ɢ ɧɚ ɭɤɚɡɚɧɧɨɦ ɜɵɲɟ ɫɜɨɣɫɬɜɟ ɬɪɭɛɤɢ 

ɬɨɤɚ, ɡɚɤɥɸɱɚɸɳɟɦɫɹ ɜ ɟɟ «ɧɟɩɪɨɧɢɰɚɟɦɨɫɬɢ», ɞɥɹ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɬɟɱɟɧɢɹ 

ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɜɨ ɜɫɟɯ 

ɫɟɱɟɧɢɹɯ ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɣɤɢ (ɪɢɫ.5) ɨɞɢɧ ɢ ɬɨɬ ɠɟ [1,24]: 

                         dQ = vଵdSଵ = vଶdSଶ = cˑnst (ɜɞɨɥɶ ɫɬɪɭɣɤɢ)              (31) 
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ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɨɛɴɟɦɧɨɝɨ ɪɚɫɯɨɞɚ ɞɥɹ 

ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɣɤɢ. Ⱥɧɚɥɨɝɢɱɧɨɟ ɭɪɚɜɧɟɧɢɟ ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ ɢ ɞɥɹ 

ɩɨɬɨɤɚ ɤɨɧɟɱɧɵɯ ɪɚɡɦɟɪɨɜ, ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɧɟɩɪɨɧɢɰɚɟɦɵɦɢ ɫɬɟɧɤɚɦɢ, 

ɬɨɥɶɤɨ ɜɦɟɫɬɨ ɢɫɬɢɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɫɥɟɞɭɟɬ ɜɜɟɫɬɢ ɫɪɟɞɧɢɟ ɫɤɨɪɨɫɬɢ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ [2, 24]: 

                     dQ = v˔˓ଵdSଵ = v˔˓ଶdSଶ = cˑnst (ɜɞɨɥɶ ɩɨɬɨɤɚ)              (32) 

ɂɡ ɩɨɫɥɟɞɧɟɝɨ ɭɪɚɜɧɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɪɟɞɧɢɟ ɫɤɨɪɨɫɬɢ ɜ ɩɨɬɨɤɟ 

ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɩɥɨɳɚɞɹɦ ɫɟɱɟɧɢɣ [16]: 

                                             v˔˓ଵ/v˔˓ଶ = Sଶ/Sଵ                                         (33) 

ɍɪɚɜɧɟɧɢɟ ɪɚɫɯɨɞɚ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɨɛɳɟɝɨ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ 

ɜɟɳɟɫɬɜɚ ɞɥɹ ɱɚɫɬɧɵɯ ɭɫɥɨɜɢɣ, ɜ ɱɚɫɬɧɨɫɬɢ ɞɥɹ ɭɫɥɨɜɢɣ ɫɩɥɨɲɧɨɫɬɢ 

(ɧɟɪɚɡɪɵɜɧɨɫɬɢ) ɬɟɱɟɧɢɹ [16]. 

3.3 ɍɪɚɜɧɟɧɢɟ Ȼɟɪɧɭɥɥɢ ɞɥɹ ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɣɤɢ ɢɞɟɚɥɶɧɨɣ 
ɠɢɞɤɨɫɬɢ 

Ɋɚɫɫɦɨɬɪɢɦ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɬɟɱɟɧɢɟ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ, 

ɧɚɯɨɞɹɳɟɣɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɥɢɲɶ ɨɞɧɨɣ ɦɚɫɫɨɜɨɣ ɫɢɥɵ — ɫɢɥɵ ɬɹɠɟɫɬɢ, ɢ 

ɜɵɜɟɞɟɦ ɞɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ ɨɫɧɨɜɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɫɜɹɡɵɜɚɸɳɟɟ ɦɟɠɞɭ ɫɨɛɨɣ 

ɞɚɜɥɟɧɢɟ ɜ ɠɢɞɤɨɫɬɢ ɢ ɫɤɨɪɨɫɬɶ ɟɟ ɞɜɢɠɟɧɢɹ [14]. 

ȼɨɡɶɦɟɦ ɨɞɧɭ ɢɡ ɷɥɟɦɟɧɬɚɪɧɵɯ ɫɬɪɭɟɤ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɬɨɤ, ɢ 

ɜɵɞɟɥɢɦ ɫɟɱɟɧɢɹɦɢ 1 ɢ 2 ɭɱɚɫɬɨɤ ɷɬɨɣ ɫɬɪɭɣɤɢ ɩɪɨɢɡɜɨɥɶɧɨɣ ɞɥɢɧɵ (ɪɢɫ.6). 

ɉɭɫɬɶ ɩɥɨɳɚɞɶ ɩɟɪɜɨɝɨ ɫɟɱɟɧɢɹ ɪɚɜɧɚ dS1 ɫɤɨɪɨɫɬɶ ɜ ɧɟɦ v1, ɞɚɜɥɟɧɢɟ ɪ1, ɚ 

ɜɵɫɨɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɫɟɱɟɧɢɹ, ɨɬɫɱɢɬɚɧɧɚɹ ɨɬ ɩɪɨɢɡɜɨɥɶɧɨɣ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫɪɚɜɧɟɧɢɹ, z1. ȼɨ ɜɬɨɪɨɦ ɫɟɱɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

dS1, v2, p2 ɢ z2 [14]. 

Ɂɚ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɣ ɨɬɪɟɡɨɤ ɜɪɟɦɟɧɢ dt ɜɵɞɟɥɟɧɧɵɣ ɭɱɚɫɬɨɤ ɫɬɪɭɣɤɢ 

ɩɟɪɟɦɟɫɬɢɬɫɹ ɜ ɩɨɥɨɠɟɧɢɟ 1' —2'.  
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ɉɪɢɦɟɧɢɦ ɤ ɦɚɫɫɟ ɠɢɞɤɨɫɬɢ ɜ ɨɛɴɟɦɟ ɭɱɚɫɬɤɚ ɫɬɪɭɣɤɢ ɬɟɨɪɟɦɭ 

ɦɟɯɚɧɢɤɢ ɨ ɬɨɦ, ɱɬɨ ɪɚɛɨɬɚ ɫɢɥ, ɩɪɢɥɨɠɟɧɧɵɯ ɤ ɬɟɥɭ, ɪɚɜɧɚ ɩɪɢɪɚɳɟɧɢɸ 

ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɷɬɨɝɨ ɬɟɥɚ. Ɍɚɤɢɦɢ ɫɢɥɚɦɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɹɜɥɹɸɬɫɹ 

ɫɢɥɵ ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɨɪɦɚɥɶɧɨ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 

ɭɱɚɫɬɤɚ ɫɬɪɭɣɤɢ, ɩ ɫɢɥɚ ɬɹɠɟɫɬɢ. ɉɨɞɫɱɢɬɚɟɦ ɪɚɛɨɬɭ ɫɢɥ ɞɚɜɥɟɧɢɹ, ɫɢɥɵ 

ɬɹɠɟɫɬɢ ɢ ɢɡɦɟɧɟɧɢɟ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɭɱɚɫɬɤɚ ɫɬɪɭɣɤɢ ɡɚ ɜɪɟɦɹ dt [14].  

Ɋɚɛɨɬɚ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɜ ɩɟɪɜɨɦ ɫɟɱɟɧɢɢ ɩɨɥɨɠɢɬɟɥɶɧɚ, ɬɚɤ ɤɚɤ 

ɧɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɟɪɟɦɟɳɟɧɢɹ, ɢ ɜɵɪɚɠɚɟɬɫɹ ɤɚɤ 

ɩɪɨɢɡɜɟɞɟɧɢɟ ɫɢɥɵ p1dS ɧɚ ɩɭɬɶ vldt [14]. 

 

Ɋɢɫɭɧɨɤ 6 – ɋɯɟɦɚ ɞɥɹ ɜɵɜɨɞɚ ɭɪɚɜɧɟɧɢɹ Ȼɟɪɧɭɥɥɢ 

Ɋɚɛɨɬɚ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɜɨ ɜɬɨɪɨɦ ɫɟɱɟɧɢɢ ɢɦɟɟɬ ɡɧɚɤ ɦɢɧɭɫ, ɬɚɤ ɤɚɤ 

ɧɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ ɩɪɹɦɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɧɚɩɪɚɜɥɟɧɢɸ ɩɟɪɟɦɟɳɟɧɢɹ [14].  

ɋɢɥɵ ɞɚɜɥɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɟ ɩɨ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɪɟɡɤɚ 

ɫɬɪɭɣɤɢ, ɪɚɛɨɬɵ ɧɟ ɩɪɨɢɡɜɨɞɹɬ, ɬɚɤ ɤɚɤ ɨɧɢ ɧɨɪɦɚɥɶɧɵ ɤ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɨɪɦɚɥɶɧɵ ɢ ɤ ɩɟɪɟɦɟɳɟɧɢɹɦ [14].  

ɂɬɚɤ, ɪɚɛɨɬɚ ɫɢɥ ɞɚɜɥɟɧɢɹ ɛɭɞɟɬ ɪɚɜɧɚ: 

                                               p1dS1vldt - p2dS2v2dt                                    (34) 

Ɋɚɛɨɬɚ ɫɢɥɵ ɬɹɠɟɫɬɢ ɪɚɜɧɚ ɢɡɦɟɧɟɧɢɸ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ 

ɩɨɥɨɠɟɧɢɹ ɭɱɚɫɬɤɚ ɫɬɪɭɣɤɢ, ɩɨɷɬɨɦɭ ɧɚɞɨ ɢɡ ɷɧɟɪɝɢɢ ɩɨɥɨɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ 

ɨɛɴɟɦɟ 1 — 2 ɜɵɱɟɫɬɶ ɷɧɟɪɝɢɸ ɩɨɥɨɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɨɛɴɟɦɟ 1' — 2'. ɉɪɢ 
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ɷɬɨɦ ɷɧɟɪɝɢɹ ɩɨɥɨɠɟɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɨɛɴɟɦɚ 1' — 2 ɫɨɤɪɚɬɢɬɫɹ, ɢ 

ɨɫɬɚɧɟɬɫɹ ɥɢɲɶ ɪɚɡɧɨɫɬɶ ɷɧɟɪɝɢɣ ɷɥɟɦɟɧɬɨɜ 1 — 1', 2 — 2'. ȿɫɥɢ ɭɱɟɫɬɶ 

ɭɪɚɜɧɟɧɢɟ ɪɚɫɯɨɞɚ, ɬɨ ɧɟɬɪɭɞɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɨɛɴɟɦɵ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ 

ɫɢɥɵ ɬɹɠɟɫɬɢ ɡɚɲɬɪɢɯɨɜɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 1 — 1' ɢ 2 — 2' ɪɚɜɧɵ ɦɟɠɞɭ ɫɨɛɨɣ 

[2,24]: 

                                    dG = ɏgvଵdSଵdt = ɏgvଶdSଶdt                              (35) 

Ɍɨɝɞɚ ɪɚɛɨɬɚ ɫɢɥɵ ɬɹɠɟɫɬɢ ɜɵɪɚɡɢɬɫɹ ɤɚɤ ɩɪɨɢɡɜɟɞɟɧɢɟ ɪɚɡɧɨɫɬɢ ɜɵɫɨɬ 

ɧɚ ɫɢɥɭ ɬɹɠɟɫɬɢ dG: 

                                                ሺzଵ − zଶሻdG                                                (36) 

ɍɪɚɜɧɟɧɢɟ Ȼɟɪɧɭɥɥɢ ɡɚɩɢɫɚɧɨ ɞɥɹ ɞɜɭɯ ɩɪɨɢɡɜɨɥɶɧɨ ɜɡɹɬɵɯ ɫɟɱɟɧɢɣ 

ɫɬɪɭɣɤɢ ɢ ɜɵɪɚɠɚɟɬ ɪɚɜɟɧɫɬɜɨ ɩɨɥɧɵɯ ɧɚɩɨɪɨɜ ɇ ɜ ɷɬɢɯ ɫɟɱɟɧɢɹɯ. Ɍɚɤ ɤɚɤ 

ɫɟɱɟɧɢɹ ɜɡɹɬɵ ɩɪɨɢɡɜɨɥɶɧɨ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɞɥɹ ɥɸɛɨɝɨ ɞɪɭɝɨɝɨ ɫɟɱɟɧɢɹ 

ɷɬɨɣ ɠɟ ɫɬɪɭɣɤɢ ɩɨɥɧɵɣ ɧɚɩɨɪ ɛɭɞɟɬ ɢɦɟɬɶ ɬɨ ɠɟ ɡɧɚɱɟɧɢɟ [18]: 

                           z + pρ୥ + vమଶ୥ = H = cˑnst ሺ˅ˇˑˎ˟ ˔˕˓˖ˌˍˋሻ                  (37) 

ɂɬɚɤ, ɞɥɹ ɢɞɟɚɥɶɧɨɣ ɞɜɢɠɭɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɫɭɦɦɚ ɬɪɟɯ ɧɚɩɨɪɨɜ 

(ɜɵɫɨɬ): ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ, ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɢ ɫɤɨɪɨɫɬɧɨɝɨ ɟɫɬɶ ɜɟɥɢɱɢɧɚ 

ɩɨɫɬɨɹɧɧɚɹ ɜɞɨɥɶ ɫɬɪɭɣɤɢ [17]. 

ɗɬɨ ɩɨɥɨɠɟɧɢɟ ɢɥɥɸɫɬɪɢɪɭɟɬɫɹ ɝɪɚɮɢɤɨɦ (ɪɢɫ.7), ɝɞɟ ɩɨɤɚɡɚɧɨ 

ɢɡɦɟɧɟɧɢɟ ɜɫɟɯ ɬɪɟɯ ɜɵɫɨɬ ɜɞɨɥɶ ɫɬɪɭɣɤɢ. Ʌɢɧɢɹ ɢɡɦɟɧɟɧɢɹ 

ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɯ ɜɵɫɨɬ ɧɚɡɵɜɚɟɬɫɹ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɣ ɥɢɧɢɟɣ, ɟɟ ɦɨɠɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɦɟɫɬɨ ɭɪɨɜɧɟɣ ɜ ɩɶɟɡɨɦɟɬɪɚɯ, 

ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜɞɨɥɶ ɫɬɪɭɣɤɢ [17].  

Ⱦɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɫɬɪɭɣɤɢ ɢɡ ɭɪɚɜɧɟɧɢɹ Ȼɟɪɧɭɥɥɢ ɢ 

ɭɪɚɜɧɟɧɢɹ ɪɚɫɯɨɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɟɫɥɢ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɬɪɭɣɤɢ 

ɭɦɟɧɶɲɚɟɬɫɹ, ɬ. ɟ. ɫɬɪɭɣɤɚ ɫɭɠɚɟɬɫɹ, ɬɨ ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ 
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ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɞɚɜɥɟɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ, ɢ ɧɚɨɛɨɪɨɬ, ɟɫɥɢ ɫɬɪɭɣɤɚ 

ɪɚɫɲɢɪɹɟɬɫɹ, ɬɨ ɫɤɨɪɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɞɚɜɥɟɧɢɟ ɜɨɡɪɚɫɬɚɟɬ [17]. 

 

Ɋɢɫɭɧɨɤ 7 – ɂɡɦɟɧɟɧɢɟ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɝɨ ɢ ɫɤɨɪɨɫɬɧɨɝɨ ɧɚɩɨɪɨɜ 

ɜɞɨɥɶ ɫɬɪɭɣɤɢ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ 

ɇɚ ɪɢɫ.7 ɜ ɜɢɞɟ ɩɪɢɦɟɪɚ ɩɨɤɚɡɚɧɚ ɫɬɪɭɣɤɚ, ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ 

ɫɟɱɟɧɢɹ ɤɨɬɨɪɨɣ ɨɬ ɫɟɱɟɧɢɹ 1 — 1 ɤ ɫɟɱɟɧɢɸ 2 — 2 ɭɦɟɧɶɲɚɟɬɫɹ ɜ 4 ɪɚɡɚ, ɜ 

ɫɜɹɡɢ ɫ ɱɟɦ ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 16 ɪɚɡ, ɚ ɫɟɱɟɧɢɟ 3 — 3 ɢɦɟɟɬ 

ɬɭ ɠɟ ɩɥɨɳɚɞɶ, ɱɬɨ ɢ ɫɟɱɟɧɢɟ 1 — 1. ɒɬɪɢɯɨɜɨɣ ɥɢɧɢɟɣ ɩɨɤɚɡɚɧɚ 

ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɚɹ ɥɢɧɢɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɫɯɨɞɚ ɜ √ʹ ɪɚɡ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ 

ɫɤɨɪɨɫɬɧɵɟ ɜɵɫɨɬɵ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɜ 2 ɪɚɡɚ, ɚ ɜ ɭɡɤɨɣ ɱɚɫɬɢ ɫɬɪɭɣɤɢ 

ɞɚɜɥɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɦɟɧɶɲɟ ɚɬɦɨɫɮɟɪɧɨɝɨ [17]. 

Ɋɚɫɫɦɨɬɪɢɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɫɦɵɫɥ ɭɪɚɜɧɟɧɢɹ Ȼɟɪɧɭɥɥɢ. ɍɫɥɨɜɢɦɫɹ 

ɧɚɡɵɜɚɬɶ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɟɣ ɠɢɞɤɨɫɬɢ ɷɧɟɪɝɢɸ, ɨɬɧɟɫɟɧɧɭɸ ɤ ɟɞɢɧɢɰɟ 

ɦɚɫɫɵ. 

ɇɟɬɪɭɞɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɱɥɟɧɵ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɹɜɥɹɸɬɫɹ ɪɚɡɥɢɱɧɵɦɢ 

ɮɨɪɦɚɦɢ ɭɞɟɥɶɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɠɢɞɤɨɫɬɢ, ɚ ɢɦɟɧɧɨ: qz — 

ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɩɨɥɨɠɟɧɢɹ, ɬɚɤ ɤɚɤ ɱɚɫɬɢɰɚ ɠɢɞɤɨɫɬɢ ɦɚɫɫɨɣ ∆m, ɧɚɯɨɞɹɫɶ 

ɧɚ ɜɵɫɨɬɟ z, ɨɛɥɚɞɚɟɬ ɷɧɟɪɝɢɟɣ ɩɨɥɨɠɟɧɢɹ, ɪɚɜɧɨɣ ∆mgz, ɚ ɧɚ ɟɞɢɧɢɰɭ ɦɚɫɫɵ 

ɩɪɢɯɨɞɢɬɫɹ ɷɧɟɪɝɢɹ g∆mz/∆m = gz; p/ɏ— ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɞɚɜɥɟɧɢɹ 

ɞɜɢɠɭɳɟɣɫɹ ɠɢɞɤɨɫɬɢ, ɬɚɤ ɤɚɤ ɱɚɫɬɢɰɚ ɠɢɞɤɨɫɬɢ ɦɚɫɫɨɣ ∆m ɩɪɢ ɞɚɜɥɟɧɢɢ ɪ 



33 
 

ɨɛɥɚɞɚɟɬ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɨɞɧɹɬɶɫɹ ɧɚ ɜɵɫɨɬɭ ɪ/pg ɢ ɩɪɢɨɛɪɟɫɬɢ ɷɧɟɪɝɢɸ 

ɩɨɥɨɠɟɧɢɹ ∆mgp/ሺɏgሻ(ɩɨɫɥɟ ɞɟɥɟɧɢɹ ɧɚ ∆m ɩɨɥɭɱɚɟɦ ሺp/ɏ); gz + ɪ/ɏ — 

ɭɞɟɥɶɧɚɹ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɠɢɞɤɨɫɬɢ; vଶ/ʹ— ɭɞɟɥɶɧɚɹ ɤɢɧɟɬɢɱɟɫɤɚɹ 

ɷɧɟɪɝɢɹ ɠɢɞɤɨɫɬɢ, ɬɚɤ ɤɚɤ ɞɥɹ ɬɨɣ ɠɟ ɱɚɫɬɢɰɵ ∆𝑚 ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ, 

ɨɬɧɟɫɟɧɧɚɹ ɤ ɟɞɢɧɢɰɟ ɦɚɫɫɵ, Hg = zg + p/ɏ + vଶ/ʹ— ɩɨɥɧɚɹ ɭɞɟɥɶɧɚɹ 

ɦɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɞɜɢɠɭɳɟɣɫɹ ɠɢɞɤɨɫɬɢ [17]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɫɦɵɫɥ ɭɪɚɜɧɟɧɢɹ Ȼɟɪɧɭɥɥɢ ɞɥɹ 

ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɣɤɢ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɫɬɨɹɧɫɬɜɟ ɜɞɨɥɶ 

ɫɬɪɭɣɤɢ ɩɨɥɧɨɣ ɭɞɟɥɶɧɨɣ f ɷɧɟɪɝɢɢ ɠɢɞɤɨɫɬɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɪɚɜɧɟɧɢɟ 

Ȼɟɪɧɭɥɥɢ ɜɵɪɚɠɚɟɬ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɢɞɟɚɥɶɧɨɣ 

ɠɢɞɤɨɫɬɢ. Ɇɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɞɜɢɠɭɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɦɨɠɟɬ ɢɦɟɬɶ ɬɪɢ 

ɮɨɪɦɵ; ɷɧɟɪɝɢɹ ɩɨɥɨɠɟɧɢɹ, ɞɚɜɥɟɧɢɹ ɢ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ. ɉɟɪɜɚɹ ɢ 

ɬɪɟɬɶɹ ɮɨɪɦɵ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢɡɜɟɫɬɧɵ ɢɡ ɦɟɯɚɧɢɤɢ ɢ ɨɧɢ ɜ ɪɚɜɧɨɣ 

ɫɬɟɩɟɧɢ ɫɜɨɣɫɬɜɟɧɧɵ ɬɜɟɪɞɵɦ ɢ ɠɢɞɤɢɦ ɬɟɥɚɦ [17]. ɗɧɟɪɝɢɹ ɞɚɜɥɟɧɢɹ 

ɹɜɥɹɟɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɨɣ ɞɥɹ ɞɜɢɠɭɳɢɯɫɹ ɠɢɞɤɨɫɬɟɣ. ȼ ɩɪɨɰɟɫɫɟ ɞɜɢɠɟɧɢɹ 

ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɨɞɧɚ ɮɨɪɦɚ ɷɧɟɪɝɢɢ ɦɨɠɟɬ ɩɪɟɜɪɚɳɚɬɶɫɹ ɜ ɞɪɭɝɭɸ, 

ɨɞɧɚɤɨ ɩɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɩɪɢ ɷɬɨɦ, ɤɚɤ ɫɥɟɞɭɟɬ ɢɡ ɭɪɚɜɧɟɧɢɹ 

Ȼɟɪɧɭɥɥɢ, ɨɫɬɚɟɬɫɹ ɛɟɡ ɢɡɦɟɧɟɧɢɣ [14]. 

ɗɧɟɪɝɢɸ ɞɚɜɥɟɧɢɹ ɥɟɝɤɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ ɪɚɛɨɬɭ. 

ɉɪɨɫɬɟɣɲɢɦ ɭɫɬɪɨɣɫɬɜɨɦ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɨɫɭɳɟɫɬɜɥɹɸɬ ɬɚɤɨɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɹɜɥɹɟɬɫɹ ɰɢɥɢɧɞɪ ɫ ɩɨɪɲɧɟɦ (ɪɢɫ.8). 

 

Ɋɢɫɭɧɨɤ 8 – ɐɢɥɢɧɞɪ ɫ ɩɨɪɲɧɟɦ ɢ ɲɬɨɤɨɦ 
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3.4 ɍɪɚɜɧɟɧɢɟ Ȼɟɪɧɭɥɥɢ ɞɥɹ ɩɨɬɨɤɚ ɪɟɚɥɶɧɨɣ (ɜɹɡɤɨɣ) ɠɢɞɤɨɫɬɢ 

ɉɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɣɤɢ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɤ ɩɨɬɨɤɭ 

ɪɟɚɥɶɧɨɣ (ɜɹɡɤɨɣ) ɠɢɞɤɨɫɬɢ, ɢɦɟɸɳɟɦɭ ɤɨɧɟɱɧɵɟ ɪɚɡɦɟɪɵ ɢ ɨɝɪɚɧɢɱɟɧɧɨɦɭ 

ɫɬɟɧɤɚɦɢ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɩɨ 

ɫɟɱɟɧɢɸ, ɚ ɬɚɤɠɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ (ɧɚɩɨɪɚ). Ɍɨ ɢ ɞɪɭɝɨɟ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 

ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ [17].  

ɉɪɢ ɞɜɢɠɟɧɢɢ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ ɜɞɨɥɶ ɬɜɟɪɞɨɣ ɫɬɟɧɤɢ, ɧɚɩɪɢɦɟɪ, ɜ 

ɬɪɭɛɟ, ɩɪɨɢɫɯɨɞɢɬ ɬɨɪɦɨɠɟɧɢɟ ɩɨɬɨɤɚ ɜɫɥɟɞɫɬɜɢɟ ɜɥɢɹɧɢɹ ɜɹɡɤɨɫɬɢ, ɚ ɬɚɤɠɟ 

ɢɡ-ɡɚ ɞɟɣɫɬɜɢɹ ɫɢɥ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɰɟɩɥɟɧɢɹ ɦɟɠɞɭ ɠɢɞɤɨɫɬɶɸ ɢ ɫɬɟɧɤɨɣ. 

ɉɨɷɬɨɦɭ ɧɚɢɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɶ ɞɨɫɬɢɝɚɟɬ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ 

ɩɨɬɨɤɚ, ɚ ɩɨ ɦɟɪɟ ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɫɬɟɧɤɟ ɨɧɚ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɞɨ 

ɧɭɥɹ. ɉɨɥɭɱɚɟɬɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ, ɩɨɞɨɛɧɨɟ ɬɨɦɭ, ɤɨɬɨɪɨɟ ɩɨɤɚɡɚɧɨ 

ɧɚ ɪɢɫ.9 [17].   

 

Ɋɢɫɭɧɨɤ 9 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɜ ɪɟɚɥɶɧɨɦ ɩɨɬɨɤɟ 

ɇɟɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɨɡɧɚɱɚɟɬ ɫɤɨɥɶɠɟɧɢɟ (ɫɞɜɢɝ) 

ɨɞɧɢɯ ɫɥɨɟɜ ɢɥɢ ɱɚɫɬɟɣ ɠɢɞɤɨɫɬɢ ɩɨ ɞɪɭɝɢɦ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɜɨɡɧɢɤɚɸɬ 

ɤɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ (ɧɚɩɪɹɠɟɧɢɹ ɬɪɟɧɢɹ). Ʉɪɨɦɟ ɬɨɝɨ, ɞɜɢɠɟɧɢɟ ɜɹɡɤɨɣ 

ɠɢɞɤɨɫɬɢ ɱɚɫɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɪɚɳɟɧɢɟɦ ɱɚɫɬɢɰ, ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɢ 

ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ [17]. ȼɫɟ ɷɬɨ ɬɪɟɛɭɟɬ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ, ɩɨɷɬɨɦɭ ɭɞɟɥɶɧɚɹ 

ɷɧɟɪɝɢɹ ɞɜɢɠɭɳɟɣɫɹ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ ɧɟ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ, ɤɚɤ ɜ ɫɥɭɱɚɟ 

ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ, ɚ ɩɨɫɬɟɩɟɧɧɨ ɪɚɫɯɨɞɭɟɬɫɹ ɩɚ ɩɪɟɨɞɨɥɟɧɢɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɦɟɧɶɲɚɟɬɫɹ ɜɞɨɥɶ ɩɨɬɨɤɚ [16].  
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ɂɡ-ɡɚ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɩɪɢɯɨɞɢɬɫɹ ɜɜɨɞɢɬɶ ɜ 

ɪɚɫɫɦɨɬɪɟɧɢɟ ɫɪɟɞɧɸɸ ɩɨ ɫɟɱɟɧɢɸ ɫɤɨɪɨɫɬɶ v˔˓, ɚ ɬɚɤɠɟ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 

ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ ɠɢɞɤɨɫɬɢ ɜ ɞɚɧɧɨɦ ɫɟɱɟɧɢɢ [16]. 

ɍɪɚɜɧɟɧɢɟ Ȼɟɪɧɭɥɥɢ ɞɥɹ ɩɨɬɨɤɚ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ. Ɉɬ ɚɧɚɥɨɝɢɱɧɨɝɨ 

ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɣɤɢ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɩɨɥɭɱɟɧɧɨɟ 

ɭɪɚɜɧɟɧɢɟ ɨɬɥɢɱɚɟɬɫɹ ɱɥɟɧɨɦ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɦ ɫɨɛɨɣ ɩɨɬɟɪɸ ɩɨɥɧɨɝɨ 

ɧɚɩɨɪɚ, ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ, ɭɱɢɬɵɜɚɸɳɢɦ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɫɤɨɪɨɫɬɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɤɨɪɨɫɬɢ, ɜɯɨɞɹɳɢɟ ɜ ɷɬɨ ɭɪɚɜɧɟɧɢɟ, ɹɜɥɹɸɬɫɹ 

ɫɪɟɞɧɢɦɢ ɩɨ ɫɟɱɟɧɢɹɦ [19]. 

                            zଵ + pభρ୥ + Ƚଵ v˔˓భమଶ୥ = zଶ + pమρ୥ + Ƚଵ v˔˓మమଶ୥ + ∑ h˒                  (38) 

Ƚɪɚɮɢɱɟɫɤɢ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɞɢɚɝɪɚɦɦɨɣ ɩɨɞɨɛɧɨ 

ɬɨɦɭ, ɤɚɤ ɷɬɨ ɞɟɥɚɥɢ ɞɥɹ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ, ɧɨ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɢ ɧɚɩɨɪɚ. 

ɉɨɫɥɟɞɧɹɹ ɹɜɥɹɟɬɫɹ ɧɟɤɨɬɨɪɨɣ ɜɵɫɨɬɨɣ, ɤɨɬɨɪɚɹ ɧɟɭɤɥɨɧɧɨ ɜɨɡɪɚɫɬɚɟɬ ɜɞɨɥɶ 

ɩɨɬɨɤɚ (ɪɢɫ.10) [19].  

 

Ɋɢɫɭɧɨɤ 10 – Ƚɪɚɮɢɱɟɫɤɚɹ ɢɥɥɸɫɬɪɚɰɢɹ ɭɪɚɜɧɟɧɢɹ Ȼɟɪɧɭɥɥɢ ɞɥɹ 

ɪɟɚɥɶɧɨɝɨ ɩɨɬɨɤɚ 

ȿɫɥɢ ɞɥɹ ɫɬɪɭɣɤɢ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɭɪɚɜɧɟɧɢɟ. Ȼɟɪɧɭɥɥɢ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɬɨ ɞɥɹ ɩɨɬɨɤɚ 

ɪɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɨɧɨ ɹɜɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ ɫ ɭɱɟɬɨɦ 
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ɩɨɬɟɪɶ. ɗɧɟɪɝɢɹ, ɬɟɪɹɟɦɚɹ ɠɢɞɤɨɫɬɶɸ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɭɱɚɫɬɤɟ ɬɟɱɟɧɢɹ, 

ɪɚɡɭɦɟɟɬɫɹ, ɧɟ ɢɫɱɟɡɚɟɬ ɛɟɫɫɥɟɞɧɨ, ɚ ɥɢɲɶ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɞɪɭɝɭɸ ɮɨɪɦɭ — 

ɬɟɩɥɨɜɭɸ. Ɍɚɤ ɤɚɤ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɠɢɞɤɨɫɬɟɣ ɨɛɵɱɧɨ ɜɟɥɢɤɚ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɬɟɪɹɦɢ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ, ɚ ɬɚɤɠɟ ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɬɟɩɥɨɜɚɹ 

ɷɧɟɪɝɢɹ ɧɟɩɪɟɪɵɜɧɨ ɪɚɫɫɟɢɜɚɟɬɫɹ, ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɱɚɫɬɨ ɛɵɜɚɟɬ 

ɩɪɚɤɬɢɱɟɫɤɢ ɦɚɥɨɡɚɦɟɬɧɵɦ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ 

ɷɧɟɪɝɢɢ ɜ ɬɟɩɥɨɜɭɸ ɹɜɥɹɟɬɫɹ ɧɟɨɛɪɚɬɢɦɵɦ, ɬ. ɟ. ɬɚɤɢɦ, ɨɛɪɚɬɧɨɟ ɬɟɱɟɧɢɟ 

ɤɨɬɨɪɨɝɨ (ɩɪɟɜɪɚɳɟɧɢɟ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ) ɧɟɜɨɡɦɨɠɧɨ. 

ɍɦɟɧɶɲɟɧɢɟ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɩɨɥɧɨɣ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɢɢ ɠɢɞɤɨɫɬɢ ɜɞɨɥɶ 

ɩɨɬɨɤɚ, ɨɬɧɟɫɟɧɧɨɟ ɤ ɟɞɢɧɢɰɟ ɟɝɨ ɞɥɢɧɵ, ɧɚɡɵɜɚɟɬɫɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ 

ɭɤɥɨɧɨɦ. ɂɡɦɟɧɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɠɢɞɤɨɫɬɢ, ɨɬɧɟɫɟɧɧɨɟ 

ɤ ɟɞɢɧɢɰɟ ɞɥɢɧɵ, ɧɚɡɵɜɚɟɬɫɹ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɦ ɭɤɥɨɧɨɦ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜ 

ɬɪɭɛɟ ɩɨɫɬɨɹɧɧɨɝɨ ɞɢɚɦɟɬɪɚ ɫ ɧɟɢɡɦɟɧɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɫɤɨɪɨɫɬɟɣ 

ɭɤɚɡɚɧɧɵɟ ɭɤɥɨɧɵ ɨɞɢɧɚɤɨɜɵ [19]. 
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4 Ƚɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɩɨɞɨɛɢɟ ɢ ɪɟɠɢɦɵ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ 
ɬɪɭɛɚɯ 

4.1 Ɉɫɧɨɜɵ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ 

ɉɪɢ ɢɡɭɱɟɧɢɢ ɞɜɢɠɟɧɢɹ ɪɟɚɥɶɧɵɯ ɠɢɞɤɨɫɬɟɣ ɜɫɬɪɟɱɚɟɬɫɹ ɦɧɨɝɨ 

ɬɪɭɞɧɨɫɬɟɣ ɩɨɬɨɦɭ, ɱɬɨ ɧɚ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɢ ɩɪɨɢɫɯɨɞɹɳɢɟ ɩɪɢ ɷɬɨɦ 

ɩɪɨɰɟɫɫɵ ɜɥɢɹɸɬ ɦɧɨɝɢɟ ɮɚɤɬɨɪɵ. ȼɚɠɧɵɣ ɷɬɚɩ ɷɬɨɝɨ ɢɡɭɱɟɧɢɹ — ɨɬɛɨɪ ɬɟɯ 

ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɞɥɹ ɢɡɭɱɚɟɦɨɝɨ ɩɪɨɰɟɫɫɚ. Ɉɞɧɢ 

ɢɡ ɧɢɯ ɜɥɢɹɸɬ ɛɨɥɶɲɟ, ɞɪɭɝɢɟ ɦɟɧɶɲɟ, ɚ ɟɫɬɶ ɢ ɬɚɤɢɟ, ɜɥɢɹɧɢɟ ɤɨɬɨɪɵɯ ɜ 

ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨ [18].  

ɋɥɟɞɭɸɳɢɣ ɷɬɚɩ ɢɡɭɱɟɧɢɹ — ɷɬɨ ɭɫɬɚɧɨɜɥɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ 

ɢɧɬɟɪɟɫɭɸɳɟɣ ɜɟɥɢɱɢɧɵ ɨɬ ɫɢɫɬɟɦɵ ɜɵɛɪɚɧɧɵɯ ɨɩɪɟɞɟɥɹɸɳɢɯ ɮɚɤɬɨɪɨɜ. 

ɗɬɨɬ ɷɬɚɩ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɞɜɭɦɹ ɩɭɬɹɦɢ: ɚɧɚɥɢɬɢɱɟɫɤɢɦ, ɨɫɧɨɜɚɧɧɵɦ ɧɚ 

ɡɚɤɨɧɚɯ ɦɟɯɚɧɢɤɢ ɢ ɮɢɡɢɤɢ, ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ. ɉɟɪɜɵɣ ɩɭɬɶ ɩɪɢɦɟɧɢɦ 

ɥɢɲɶ ɞɥɹ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɱɢɫɥɚ ɡɚɞɚɱ ɢ ɩɪɢ ɬɨɦ ɨɛɵɱɧɨ ɥɢɲɶ ɞɥɹ 

ɭɩɪɨɳɟɧɧɵɯ ɦɨɞɟɥɟɣ ɹɜɥɟɧɢɣ [18].  

Ⱦɪɭɝɨɣ ɩɭɬɶ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ, ɜ ɩɪɢɧɰɢɩɟ ɦɨɠɟɬ ɭɱɟɫɬɶ ɦɧɨɝɢɟ 

ɮɚɤɬɨɪɵ, ɧɨ ɬɪɟɛɭɟɬ ɧɚɭɱɧɨ ɨɛɨɫɧɨɜɚɧɧɨɣ ɩɨɫɬɚɧɨɜɤɢ ɨɩɵɬɨɜ, ɩɥɚɧɢɪɨɜɚɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚ, ɨɝɪɚɧɢɱɟɧɢɹ ɟɝɨ ɨɛɴɟɦɚ ɧɟɨɛɯɨɞɢɦɵɦ ɦɢɧɢɦɭɦɨɦ ɢ 

ɫɢɫɬɟɦɚɬɢɡɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɵɬɨɜ. ɉɪɢ ɷɬɨɦ ɞɨɥɠɧɨ ɛɵɬɶ ɨɛɨɫɧɨɜɚɧɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɹɜɥɟɧɢɣ [18].  

ɗɬɢ ɡɚɞɚɱɢ ɩɨɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɬɟɨɪɢɹ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ, ɬ. ɟ. ɩɨɞɨɛɢɹ ɩɨɬɨɤɨɜ ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ.  

Ƚɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɩɨɞɨɛɢɟ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɬɪɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ: 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ, ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ [18].  

Ƚɟɨɦɟɬɪɢɱɟɫɤɨɟ ɩɨɞɨɛɢɟ, ɤɚɤ ɢɡɜɟɫɬɧɨ ɢɡ ɝɟɨɦɟɬɪɢɢ, ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɶ ɫɯɨɞɫɬɜɟɧɧɵɯ ɪɚɡɦɟɪɨɜ ɢ ɪɚɜɟɧɫɬɜɨ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɝɥɨɜ. ȼ ɝɢɞɪɚɜɥɢɤɟ ɩɨɞ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɩɨɞɨɛɢɟɦ 
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ɩɨɧɢɦɚɸɬ ɩɨɞɨɛɢɟ ɬɟɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɨɝɪɚɧɢɱɢɜɚɸɬ ɩɨɬɨɤɢ, ɬ. ɟ. 

ɩɨɞɨɛɢɟ ɪɭɫɟɥ (ɢɥɢ ɤɚɧɚɥɨɜ) [14]. 

Ɉɬɧɨɲɟɧɢɟ ɞɜɭɯ ɫɯɨɞɫɬɜɟɧɧɵɯ ɪɚɡɦɟɪɨɜ ɩɨɞɨɛɧɵɯ ɪɭɫɟɥ ɧɚɡɨɜɟɦ 

ɥɢɧɟɣɧɵɦ ɦɚɫɲɬɚɛɨɦ ɢ ɨɛɨɡɧɚɱɢɦ ɱɟɪɟɡ kL. ɗɬɚ ɜɟɥɢɱɢɧɚ ɨɞɢɧɚɤɨɜɚ (idem) 

ɞɥɹ ɩɨɞɨɛɧɵɯ ɪɭɫɟɥ I ɢ II, ɬ. ɟ. 

                                         kL = LI/LII, = idem                                           (39) 

Ʉɢɧɟɦɚɬɢɱɟɫɤɨɟ ɩɨɞɨɛɢɟ ɨɡɧɚɱɚɟɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɶ ɦɟɫɬɧɵɯ 

ɫɤɨɪɨɫɬɟɣ ɜ ɫɯɨɞɫɬɜɟɧɧɵɯ ɬɨɱɤɚɯ ɢ ɪɚɜɟɧɫɬɜɨ ɭɝɥɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ 

ɧɚɩɪɚɜɥɟɧɢɟ ɷɬɢɯ ɫɤɨɪɨɫɬɟɣ: 

                                 
vIvII = v౮Iv౮II = v౯Iv౯II = v౰Iv౰II = kv = idem,                         (40) 

ɝɞɟ kv - ɦɚɫɲɬɚɛ ɫɤɨɪɨɫɬɟɣ, ɨɞɢɧɚɤɨɜɵɣ ɩɪɢ ɤɢɧɟɦɚɬɢɱɟɫɤɨɦ ɩɨɞɨɛɢɢ. 

ɂɡ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ ɜɵɬɟɤɚɟɬ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɩɨɞɨɛɢɟ ɥɢɧɢɣ 

ɬɨɤɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ ɬɪɟɛɭɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ 

ɩɨɞɨɛɢɟ ɪɭɫɟɥ.  

Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɩɨɞɨɛɢɟ — ɷɬɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɶ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ 

ɧɚ ɫɯɨɞɫɬɜɟɧɧɵɟ ɨɛɴɟɦɵ ɜ ɤɢɧɟɦɚɬɢɱɟɫɤɢ ɩɨɞɨɛɧɵɯ ɩɨɬɨɤɚɯ ɢ ɪɚɜɟɧɫɬɜɨ 

ɭɝɥɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɧɚɩɪɚɜɥɟɧɢɟ ɷɬɢɯ ɫɢɥ [19].  

ȼ ɩɨɬɨɤɚɯ ɠɢɞɤɨɫɬɟɣ ɨɛɵɱɧɨ ɞɟɣɫɬɜɭɸɬ ɪɚɡɧɵɟ ɫɢɥɵ: ɫɢɥɵ ɞɚɜɥɟɧɢɹ, 

ɜɹɡɤɨɫɬɢ (ɬɪɟɧɢɹ), ɬɹɠɟɫɬɢ ɢ ɞɪ. ɋɨɛɥɸɞɟɧɢɟ ɢɯ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ 

ɨɡɧɚɱɚɟɬ ɩɨɥɧɨɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɩɨɞɨɛɢɟ. Ɉɫɭɳɟɫɬɜɥɟɧɢɟ ɧɚ ɩɪɚɤɬɢɤɟ 

ɩɨɥɧɨɝɨ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ ɨɤɚɡɵɜɚɟɬɫɹ ɜɟɫɶɦɚ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ, 

ɩɨɷɬɨɦɭ ɨɛɵɱɧɨ ɢɦɟɸɬ ɞɟɥɨ ɫ ɱɚɫɬɢɱɧɵɦ (ɧɟɩɨɥɧɵɦ) ɩɨɞɨɛɢɟɦ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɫɨɛɥɸɞɚɟɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɶ ɥɢɲɶ ɨɫɧɨɜɧɵɯ, ɝɥɚɜɧɵɯ ɫɢɥ [17].  

Ⱦɥɹ ɧɚɩɨɪɧɵɯ ɬɟɱɟɧɢɣ ɜ ɡɚɤɪɵɬɵɯ ɪɭɫɥɚɯ, ɬ. ɟ. ɞɥɹ ɩɨɬɨɤɨɜ ɜ ɬɪɭɛɚɯ, ɜ 

ɝɢɞɪɨɦɚɲɢɧɚɯ ɢ ɬɨɦɭ ɩɨɞɨɛɧɵɯ, ɬɚɤɢɦɢ ɫɢɥɚɦɢ, ɤɚɤ ɩɨɤɚɡɵɜɚɟɬ ɚɧɚɥɢɡ, 

ɹɜɥɹɸɬɫɹ ɫɢɥɵ ɞɚɜɥɟɧɢɹ, ɜɹɡɤɨɫɬɢ ɢ ɫɢɥɵ ɢɧɟɪɰɢɢ. ɇɚ ɠɢɞɤɨɫɬɶ ɞɟɣɫɬɜɭɟɬ 
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ɬɚɤɠɟ ɫɢɥɚ ɬɹɠɟɫɬɢ, ɧɨ ɜ ɧɚɩɨɪɧɵɯ ɩɨɬɨɤɚɯ ɟɟ ɞɟɣɫɬɜɢɟ ɩɪɨɹɜɥɹɟɬɫɹ ɱɟɪɟɡ 

ɞɚɜɥɟɧɢɟ, ɬ. ɟ. ɨɧɨ ɫɜɨɞɢɬɫɹ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɢɡɦɟɧɟɧɢɸ ɞɚɜɥɟɧɢɹ. 

ɉɨɷɬɨɦɭ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɩɪɢɜɟɞɟɧɧɨɟ ɞɚɜɥɟɧɢɟ ˓˒˓ = ˓ + 𝜌𝑔𝑧, 

ɬɟɦ ɫɚɦɵɦ ɭɱɢɬɵɜɚɟɦ ɫɢɥɭ ɬɹɠɟɫɬɢ [17]. 

4.2 Ɋɟɠɢɦɵ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɬɪɭɛɚɯ 

Ɉɩɵɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜɨɡɦɨɠɧɵ ɞɜɚ ɪɟɠɢɦɚ ɢɥɢ ɞɜɚ ɜɢɞɚ ɬɟɱɟɧɢɹ 

ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ ɜ ɬɪɭɛɚɯ: ɥɚɦɢɧɚɪɧɵɣ ɢ ɬɭɪɛɭɥɟɧɬɧɵɣ [20].  

ɍɤɚɡɚɧɧɵɟ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɧɚ ɩɪɢɛɨɪɟ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɧɚ ɪɢɫ.11. Ɉɧ ɫɨɫɬɨɢɬ ɢɡ ɪɟɡɟɪɜɭɚɪɚ Ⱥ ɫ ɜɨɞɨɣ, ɨɬ ɤɨɬɨɪɨɝɨ 

ɨɬɯɨɞɢɬ ɫɬɟɤɥɹɧɧɚɹ ɬɪɭɛɚ ȼ ɫ ɤɪɚɧɨɦ ɋ ɧɚ ɤɨɧɰɟ, ɢ ɫɨɫɭɞɚ D ɫ ɜɨɞɧɵɦ 

ɪɚɫɬɜɨɪɨɦ ɬɨɣ ɢɥɢ ɢɧɨɣ ɤɪɚɫɤɢ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɩɨ ɬɪɭɛɤɟ ɜɜɨɞɢɬɶɫɹ ɬɨɧɤɨɣ 

ɫɬɪɭɣɤɨɣ ɜɧɭɬɪɶ ɫɬɟɤɥɹɧɧɨɣ ɬɪɭɛɵ ȼ. ȿɫɥɢ ɧɟɫɤɨɥɶɤɨ ɩɪɢɨɬɤɪɵɬɶ ɤɪɚɧ ɋ ɢ 

ɞɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɞɟ ɩɪɨɬɟɤɚɬɶ ɜ ɬɪɭɛɟ ɫ ɧɟɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɶɸ, ɚ ɡɚɬɟɦ ɫ 

ɩɨɦɨɳɶɸ ɤɪɚɧɚ ȿ ɜɩɭɫɬɢɬɶ ɤɪɚɫɤɭ ɜ ɩɨɬɨɤ ɜɨɞɵ, ɬɨ ɭɜɢɞɢɦ, ɱɬɨ ɜɜɟɞɟɧɧɚɹ ɜ 

ɬɪɭɛɭ ɤɪɚɫɤɚ ɧɟ ɛɭɞɟɬ ɩɟɪɟɦɟɲɢɜɚɬɶɫɹ ɫ ɩɨɬɨɤɨɦ ɜɨɞɵ. ɋɬɪɭɣɤɚ ɤɪɚɫɤɢ 

ɛɭɞɟɬ ɨɬɱɟɬɥɢɜɨ ɜɢɞɢɦɨɣ ɜɞɨɥɶ ɜɫɟɣ ɫɬɟɤɥɹɧɧɨɣ ɬɪɭɛɵ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ 

ɫɥɨɢɫɬɵɣ ɯɚɪɚɤɬɟɪ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɢ ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɩɟɪɟɦɟɲɢɜɚɧɢɹ. 

ɉɶɟɡɨɦɟɬɪ ɢɥɢ ɬɪɭɛɤɚ ɉɢɬɨ, ɩɪɢɫɨɟɞɢɧɟɧɧɵɟ ɤ ɬɪɭɛɟ, ɩɨɤɚɡɵɜɚɸɬ 

ɧɟɢɡɦɟɧɧɨɫɬɶ ɞɚɜɥɟɧɢɹ ɢ ɫɤɨɪɨɫɬɢ ɩɨ ɜɪɟɦɟɧɢ, ɨɬɫɭɬɫɬɜɢɟ ɤɨɥɟɛɚɧɢɣ 

(ɩɭɥɶɫɚɰɢɣ). ɗɬɨ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɥɚɦɢɧɚɪɧɨɟ (ɫɥɨɢɫɬɨɟ) ɬɟɱɟɧɢɟ [20]. 

ɉɪɢ ɩɨɫɬɟɩɟɧɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɫɤɨɪɨɫɬɢ ɬɟɱɟɧɢɹ ɜɨɞɵ ɜ ɬɪɭɛɟ ɩɭɬɟɦ 

ɨɬɤɪɵɬɢɹ ɤɪɚɧɚ ɋ ɤɚɪɬɢɧɚ ɬɟɱɟɧɢɹ ɜɧɚɱɚɥɟ ɧɟ ɦɟɧɹɟɬɫɹ, ɧɨ ɡɚɬɟɦ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɬɟɱɟɧɢɹ ɧɚɫɬɭɩɚɟɬ ɛɵɫɬɪɨɟ ɟɟ ɢɡɦɟɧɟɧɢɟ. ɋɬɪɭɣɤɚ 

ɤɪɚɫɤɢ ɩɨ ɜɵɯɨɞɟ ɢɡ ɬɪɭɛɤɢ ɧɚɱɢɧɚɟɬ ɤɨɥɟɛɚɬɶɫɹ, ɡɚɬɟɦ ɪɚɡɦɵɜɚɬɶɫɹ ɩ 

ɩɟɪɟɦɟɲɢɜɚɬɶɫɹ ɫ ɩɨɬɨɤɨɦ ɜɨɞɵ, ɩɪɢɱɟɦ ɫɬɚɧɨɜɹɬɫɹ ɡɚɦɟɬɧɵɦɢ 

ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɜɪɚɳɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ. ɉɶɟɡɨɦɟɬɪ ɢ ɬɪɭɛɤɚ 

ɉɢɬɨ ɩɨɤɚɡɵɜɚɸɬ ɧɟɩɪɟɪɵɜɧɵɟ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ ɢ ɫɤɨɪɨɫɬɟɣ ɜ ɩɨɬɨɤɟ 
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ɜɨɞɵ. Ɍɟɱɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ, ɤɚɤ ɟɝɨ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ, ɬɭɪɛɭɥɟɧɬɧɵɦ (ɫɦ. ɪɢɫ. 

11, ɜɜɟɪɯɭ) [20]. 

ȿɫɥɢ ɭɦɟɧɶɲɢɬɶ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ, ɬɨ ɜɨɫɫɬɚɧɨɜɢɬɫɹ ɥɚɦɢɧɚɪɧɨɟ 

ɬɟɱɟɧɢɟ. 

 

Ɋɢɫɭɧɨɤ 11 – ɋɯɟɦɚ ɩɪɢɛɨɪɚ ɞɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɪɟɠɢɦɨɜ ɬɟɱɟɧɢɹ 

ɂɬɚɤ, ɥɚɦɢɧɚɪɧɵɦ ɧɚɡɵɜɚɟɬɫɹ ɫɥɨɢɫɬɨɟ ɬɟɱɟɧɢɟ ɛɟɡ ɩɟɪɟɦɟɲɢɜɚɧɢɹ 

ɱɚɫɬɢɰ ɠɢɞɤɨɫɬɢ ɢ ɛɟɡ ɩɭɥɶɫɚɰɢɣ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɹ. ɉɪɢ ɬɚɤɨɦ ɬɟɱɟɧɢɢ 

ɜɫɟ ɥɢɧɢɢ ɬɨɤɚ ɜɩɨɥɧɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɮɨɪɦɨɣ ɪɭɫɥɚ, ɩɨ ɤɨɬɨɪɨɦɭ ɬɟɱɟɬ 

ɠɢɞɤɨɫɬɶ. ɉɪɢ ɥɚɦɢɧɚɪɧɨɦ ɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ ɜ ɩɪɹɦɨɣ ɬɪɭɛɟ ɩɨɫɬɨɹɧɧɨɝɨ 

ɫɟɱɟɧɢɹ ɜɫɟ ɥɢɧɢɢ ɬɨɤɚ ɧɚɩɪɚɜɥɟɧɵ ɩɚɪɚɥɥɟɥɶɧɨ ɨɫɢ ɬɪɭɛɵ, ɬ. ɟ. 

ɩɪɹɦɨɥɢɧɟɣɧɨ; ɨɬɫɭɬɫɬɜɭɸɬ ɩɨɩɟɪɟɱɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɠɢɞɤɨɫɬɢ. 

Ʌɚɦɢɧɚɪɧɨɟ ɬɟɱɟɧɢɟ ɹɜɥɹɟɬɫɹ ɜɩɨɥɧɟ ɭɩɨɪɹɞɨɱɟɧɧɵɦ ɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ 

ɧɚɩɨɪɟ ɫɬɪɨɝɨ ɭɫɬɚɧɨɜɢɜɲɢɦɫɹ ɬɟɱɟɧɢɟɦ (ɯɨɬɹ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɦɨɠɟɬ ɛɵɬɶ ɢ 

ɧɟɭɫɬɚɧɨɜɢɜɲɢɦɫɹ). Ɉɞɧɚɤɨ ɟɝɨ ɧɟɥɶɡɹ ɫɱɢɬɚɬɶ ɛɟɡɜɢɯɪɟɜɵɦ, ɬɚɤ ɤɚɤ ɜ ɧɟɦ 

ɯɨɬɹ ɢ ɧɟɬ ɜɢɞɢɦɵɯ ɜɢɯɪɟɣ, ɧɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɩɨɫɬɭɩɚɬɟɥɶɧɵɦ ɞɜɢɠɟɧɢɟɦ 

ɢɦɟɟɬ ɦɟɫɬɨ ɭɩɨɪɹɞɨɱɟɧɧɨɟ ɜɪɚɳɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɢɰ 

ɠɢɞɤɨɫɬɢ ɜɨɤɪɭɝ ɫɜɨɢɯ ɦɝɧɨɜɟɧɧɵɯ ɰɟɧɬɪɨɜ ɫ ɧɟɤɨɬɨɪɵɦɢ ɭɝɥɨɜɵɦɢ 

ɫɤɨɪɨɫɬɹɦɢ [20]. 

Ɍɭɪɛɭɥɟɧɬɧɵɦ ɧɚɡɵɜɚɟɬɫɹ ɬɟɱɟɧɢɟ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ ɢɧɬɟɧɫɢɜɧɵɦ 

ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ ɠɢɞɤɨɫɬɢ ɢ ɩɭɥɶɫɚɰɢɹɦɢ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɣ. Ⱦɜɢɠɟɧɢɟ 

ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɢɰ ɨɤɚɡɵɜɚɟɬɫɹ ɩɨɞɨɛɧɵɦ ɯɚɨɬɢɱɟɫɤɨɦɭ, ɛɟɫɩɨɪɹɞɨɱɧɨɦɭ 

ɞɜɢɠɟɧɢɸ ɦɨɥɟɤɭɥ ɝɚɡɚ. ɉɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ ɜɟɤɬɨɪɵ ɫɤɨɪɨɫɬɟɣ 
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ɢɦɟɸɬ ɧɟ ɬɨɥɶɤɨ ɨɫɟɜɵɟ, ɧɨ ɢ ɧɨɪɦɚɥɶɧɵɟ ɤ ɨɫɢ ɪɭɫɥɚ ɫɨɫɬɚɜɥɹɸɳɢɟ, 

ɩɨɷɬɨɦɭ ɧɚɪɹɞɭ ɫ ɨɫɧɨɜɧɵɦ ɩɪɨɞɨɥɶɧɵɦ ɩɟɪɟɦɟɳɟɧɢɟɦ ɠɢɞɤɨɫɬɢ ɜɞɨɥɶ 

ɪɭɫɥɚ ɩɪɨɢɫɯɨɞɹɬ ɩɨɩɟɪɟɱɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ (ɩɟɪɟɦɟɲɢɜɚɧɢɟ) ɢ 

ɜɪɚɳɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɨɛɴɟɦɨɜ ɠɢɞɤɨɫɬɢ. ɗɬɢɦ ɢ ɨɛɴɹɫɧɹɸɬɫɹ 

ɩɭɥɶɫɚɰɢɢ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɹ [20]. 

Ɋɟɠɢɦ ɬɟɱɟɧɢɹ ɞɚɧɧɨɣ ɠɢɞɤɨɫɬɢ ɜ ɞɚɧɧɨɣ ɬɪɭɛɟ ɢɡɦɟɧɹɟɬɫɹ ɩɪɢɦɟɪɧɨ 

ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɪɟɞɧɟɣ ɩɨ ɫɟɱɟɧɢɸ ɫɤɨɪɨɫɬɢ ɬɟɱɟɧɢɹ vɤɪ, ɤɨɬɨɪɭɸ 

ɧɚɡɵɜɚɸɬ ɤɪɢɬɢɱɟɫɤɨɣ. Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɨɩɵɬɵ, ɡɧɚɱɟɧɢɟ ɷɬɨɣ ɫɤɨɪɨɫɬɢ 

ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ߥ ɢ ɨɛɪɚɬɧɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɞɢɚɦɟɬɪɭ d ɬɪɭɛɵ, ɬ. ɟ. [20]: 

                                                 vˍ˓ = kɋ/d                                                 (41) 

ȼɯɨɞɹɳɢɣ ɜ ɷɬɭ ɮɨɪɦɭɥɭ ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ k ɨɞɢɧɚɤɨɜ ɞɥɹ ɜɫɟɯ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ 

ɥɸɛɵɯ ɞɢɚɦɟɬɪɨɜ ɬɪɭɛ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ 

ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɦɟɠɞɭ ɫɤɨɪɨɫɬɶɸ, ɞɢɚɦɟɬɪɨɦ ɢ 

ɜɹɡɤɨɫɬɶɸ ɋ [20]: 

                                                     k = vˍ˓/ɋ                                               (42) 

ɉɨɥɭɱɟɧɧɨɟ ɛɟɡɪɚɡɦɟɪɧɨɟ ɱɢɫɥɨ ɧɚɡɵɜɚɟɬɫɹ ɤɪɢɬɢɱɟɫɤɢɦ ɱɢɫɥɨɦ 

Ɋɟɣɧɨɥɶɞɫɚ ɢ ɨɛɨɡɧɚɱɚɟɬɫɹ [20]: 

                                                   Reˍ˓ = vˍ˓d/ɋ                                         (43) 

ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɢɡɥɨɠɟɧɧɨɣ ɜɵɲɟ ɬɟɨɪɢɟɣ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ, ɢ ɜɩɨɥɧɟ ɡɚɤɨɧɨɦɟɪɧɨ, ɱɬɨ ɢɦɟɧɧɨ ɱɢɫɥɨ 

Ɋɟɣɧɨɥɶɞɫɚ ɹɜɥɹɟɬɫɹ ɤɪɢɬɟɪɢɟɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɪɟɠɢɦ ɬɟɱɟɧɢɹ ɜ ɬɪɭɛɚɯ [20]. 

Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɨɩɵɬɵ, ɞɥɹ ɬɪɭɛ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ Reˍ˓ ≈2300. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɤɪɢɬɟɪɢɣ ɩɨɞɨɛɢɹ Ɋɟɣɧɨɥɶɞɫɚ ɩɨɡɜɨɥɹɟɬ ɫɭɞɢɬɶ ɨ ɪɟɠɢɦɟ ɬɟɱɟɧɢɹ 

ɠɢɞɤɨɫɬɢ ɜ ɬɪɭɛɟ. ɉɪɢ 𝑅e < Reˍ˓ɬɟɱɟɧɢɟ ɹɜɥɹɟɬɫɹ ɥɚɦɢɧɚɪɧɵɦ, ɩɪɢ 𝑅e <
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Reˍ˓ ɬɭɪɛɭɥɟɧɬɧɵɦ. Ɍɨɱɧɟɟ ɝɨɜɨɪɹ, ɜɩɨɥɧɟ ɪɚɡɜɢɬɨɟ ɬɭɪɛɭɥɟɧɬɧɨɟ ɬɟɱɟɧɢɟ ɜ 

ɬɪɭɛɚɯ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɥɢɲɶ ɩɪɢ Re ≈ ͶͲͲͲ, ɚ ɩɪɢ Re = ʹ͵ͲͲ ÷ ͶͲͲͲ ɢɦɟɟɬ 

ɦɟɫɬɨ ɩɟɪɟɯɨɞɧɚɹ, ɤɪɢɬɢɱɟɫɤɚɹ ɨɛɥɚɫɬɶ [17]. 

Ɂɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ, ɟɟ ɜɹɡɤɨɫɬɶ ɢ ɞɢɚɦɟɬɪ ɬɪɭɛɵ, ɦɨɠɧɨ 

ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɧɚɣɬɢ ɱɢɫɥɨ Re ɢ, ɫɪɚɜɧɢɜ ɟɝɨ ɫ Reɤɪ, ɨɩɪɟɞɟɥɢɬɶ ɪɟɠɢɦ 

ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ.  

ɇɚ ɩɪɚɤɬɢɤɟ ɢɦɟɸɬ ɦɟɫɬɨ ɤɚɤ ɥɚɦɢɧɚɪɧɨɟ, ɬɚɤ ɢ ɬɭɪɛɭɥɟɧɬɧɨɟ ɬɟɱɟɧɢɹ, 

ɩɪɢɱɟɦ ɩɟɪɜɨɟ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɩɨ ɬɪɭɛɚɦ 

ɞɜɢɠɭɬɫɹ ɜɟɫɶɦɚ ɜɹɡɤɢɟ ɠɢɞɤɨɫɬɢ, ɧɚɩɪɢɦɟɪ ɫɦɚɡɨɱɧɵɟ ɦɚɫɥɚ, ɜɬɨɪɨɟ 

ɨɛɵɱɧɨ ɩɪɨɢɫɯɨɞɢɬ ɜ ɜɨɞɨɩɪɨɜɨɞɚɯ, ɚ ɬɚɤɠɟ ɜ ɬɪɭɛɚɯ, ɩɨ ɤɨɬɨɪɵɦ 

ɩɟɪɟɬɟɤɚɸɬ ɛɟɧɡɢɧ, ɤɟɪɨɫɢɧ, ɫɩɢɪɬɵ, ɤɢɫɥɨɬɵ ɢ ɞɪɭɝɢɟ ɦɚɥɨɜɹɡɤɢɟ ɠɢɞɤɨɫɬɢ 

[10]. 

ɋɦɟɧɚ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ Reɤɪ ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɨɞɧɨ 

ɬɟɱɟɧɢɟ ɬɟɪɹɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɚ ɞɪɭɝɨɟ — ɩɪɢɨɛɪɟɬɚɟɬ. ɉɪɢ Re < Reˍ˓ 

ɥɚɦɢɧɚɪɧɨɟ ɬɟɱɟɧɢɟ ɹɜɥɹɟɬɫɹ ɜɩɨɥɧɟ ɭɫɬɨɣɱɢɜɵɦ: ɜɫɹɤɨɝɨ ɪɨɞɚ 

ɢɫɤɭɫɫɬɜɟɧɧɚɹ ɬɭɪɛɭɥɢɡɚɰɢɹ ɩɨɬɨɤɚ ɢ ɟɝɨ ɜɨɡɦɭɳɟɧɢɹ (ɫɨɬɪɹɫɟɧɢɹ ɬɪɭɛɵ, 

ɜɜɟɞɟɧɢɟ ɜ ɩɨɬɨɤ ɤɨɥɟɛɥɸɳɟɝɨɫɹ ɬɟɥɚ ɢ ɩɪ.) ɩɨɝɚɲɚɸɬɫɹ ɜɥɢɹɧɢɟɦ ɜɹɡɤɨɫɬɢ 

ɢ ɥɚɦɢɧɚɪɧɨɟ ɬɟɱɟɧɢɟ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ. Ɍɭɪɛɭɥɟɧɬɧɨɟ ɬɟɱɟɧɢɟ ɩɪɢ ɷɬɨɦ 

ɧɟɭɫɬɨɣɱɢɜɨ. ɉɪɢ Re > Reˍ˓, ɧɚɨɛɨɪɨɬ, ɬɭɪɛɭɥɟɧɬɧɨɟ ɬɟɱɟɧɢɟ ɭɫɬɨɣɱɢɜɨ, ɚ 

ɥɚɦɢɧɚɪɧɨɟ — ɧɟɭɫɬɨɣɱɢɜɨ [20]. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɱɢɫɥɨ Reɤɪ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɟɪɟɯɨɞɭ ɨɬ ɥɚɦɢɧɚɪɧɨɝɨ 

ɬɟɱɟɧɢɹ ɤ ɬɭɪɛɭɥɟɧɬɧɨɦɭ, ɦɨɠɟɬ ɩɨɥɭɱɢɬɶɫɹ ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɟ, ɱɟɦ Reɤɪ ɞɥɹ 

ɨɛɪɚɬɧɨɝɨ ɩɟɪɟɯɨɞɚ. ȼ ɨɫɨɛɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɩɨɥɧɨɦ 

ɨɬɫɭɬɫɬɜɢɢ ɮɚɤɬɨɪɨɜ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɬɭɪɛɭɥɢɡɚɰɢɢ ɩɨɬɨɤɚ, ɦɨɠɧɨ 

ɩɨɥɭɱɢɬɶ ɥɚɦɢɧɚɪɧɨɟ ɬɟɱɟɧɢɟ ɩɪɢ Re, ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɸɳɟɦ Reɤɪ. 

Ɉɞɧɚɤɨ ɜ ɷɬɢɯ ɫɥɭɱɚɹɯ ɥɚɦɢɧɚɪɧɨɟ ɬɟɱɟɧɢɟ ɨɤɚɡɵɜɚɟɬɫɹ ɧɚɫɬɨɥɶɤɨ 

ɧɟɭɫɬɨɣɱɢɜɵɦ, ɱɬɨ ɞɨɫɬɚɬɨɱɧɨ ɧɟɛɨɥɶɲɨɝɨ ɜɨɡɦɭɳɟɧɢɹ (ɬɨɥɱɤɚ), ɱɬɨɛɵ ɨɧɨ 

ɩɟɪɟɲɥɨ ɜ ɬɭɪɛɭɥɟɧɬɧɨɟ. ɇɚ ɩɪɚɤɬɢɤɟ ɨɛɵɱɧɨ ɢɦɟɸɬɫɹ ɭɫɥɨɜɢɹ, 
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ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ ɬɭɪɛɭɥɢɡɚɰɢɢ, — ɜɢɛɪɚɰɢɹ ɬɪɭɛ, ɦɟɫɬɧɵɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ (ɩɭɥɶɫɚɰɢɹ) ɪɚɫɯɨɞɚ ɢ ɩɪɨɱɟɟ, ɚ ɩɨɬɨɦɭ 

ɭɤɚɡɚɧɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɢɦɟɟɬ ɜ ɝɢɞɪɚɜɥɢɤɟ ɫɤɨɪɟɟ ɩɪɢɧɰɢɩɢɚɥɶɧɨɟ, ɱɟɦ 

ɩɪɚɤɬɢɱɟɫɤɨɟ, ɡɧɚɱɟɧɢɟ [20]. 

4.3 Ʉɚɜɢɬɚɰɢɹ 

ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɩɪɢ ɞɜɢɠɟɧɢɢ ɠɢɞɤɨɫɬɢ ɜ ɡɚɤɪɵɬɵɯ ɪɭɫɥɚɯ 

ɩɪɨɢɫɯɨɞɹɬ ɹɜɥɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɚɝɪɟɝɚɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɠɢɞɤɨɫɬɢ, ɬ. ɟ. ɫ ɩɪɟɜɪɚɳɟɧɢɟɦ ɟɟ ɜ ɩɚɪ, ɚ ɬɚɤɠɟ ɫ ɜɵɞɟɥɟɧɢɟɦ ɢɡ ɠɢɞɤɨɫɬɢ 

ɪɚɫɬɜɨɪɟɧɧɵɯ ɜ ɧɟɣ ɝɚɡɨɜ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɦɟɫɬɧɨɟ 

ɫɭɠɟɧɢɟ ɬɪɭɛɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɤɨɪɨɫɬɶ ɢ ɩɚɞɚɟɬ ɞɚɜɥɟɧɢɟ. ȿɫɥɢ ɚɛɫɨɥɸɬɧɨɟ 

ɞɚɜɥɟɧɢɟ ɩɪɢ ɷɬɨɦ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɹ, ɪɚɜɧɨɝɨ ɞɚɜɥɟɧɢɸ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ 

ɷɬɨɣ ɠɢɞɤɨɫɬɢ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɢɥɢ ɞɚɜɥɟɧɢɸ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɧɚɱɢɧɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟ ɢɡ ɧɟɟ ɪɚɫɬɜɨɪɟɧɧɵɯ ɝɚɡɨɜ, ɬɨ ɜ ɞɚɧɧɨɦ ɦɟɫɬɟ ɩɨɬɨɤɚ 

ɧɚɱɢɧɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɨɟ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɟ (ɤɢɩɟɧɢɟ) ɢ ɜɵɞɟɥɟɧɢɟ ɝɚɡɨɜ. ȼ 

ɪɚɫɲɢɪɹɸɳɟɣɫɹ ɱɚɫɬɢ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɞɚɜɥɟɧɢɟ ɜɨɡɪɚɫɬɚɟɬ, 

ɢ ɜɵɞɟɥɟɧɢɟ ɩɚɪɨɜ ɢ ɝɚɡɨɜ ɩɪɟɤɪɚɳɚɟɬɫɹ; ɜɵɞɟɥɢɜɲɢɟɫɹ ɩɚɪɵ 

ɤɨɧɞɟɧɫɢɪɭɸɬɫɹ, ɚ ɝɚɡɵ ɩɨɫɬɟɩɟɧɧɨ ɜɧɨɜɶ ɪɚɫɬɜɨɪɹɸɬɫɹ [21].  

ɗɬɨ ɦɟɫɬɧɨɟ ɧɚɪɭɲɟɧɢɟ ɫɩɥɨɲɧɨɫɬɢ ɬɟɱɟɧɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɚɪɨɜɵɯ ɢ 

ɝɚɡɨɜɵɯ ɩɭɡɵɪɟɣ (ɤɚɜɟɪɧ), ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɦɟɫɬɧɵɦ ɩɚɞɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɜ 

ɩɨɬɨɤɟ, ɧɚɡɵɜɚɟɬɫɹ ɤɚɜɢɬɚɰɢɟɣ [21].  

ɇɚɝɥɹɞɧɨ ɷɬɨ ɹɜɥɟɧɢɟ ɦɨɠɧɨ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ ɧɚ ɩɪɨɫɬɨɦ 

ɭɫɬɪɨɣɫɬɜɟ (ɪɢɫ.12). ȼɨɞɚ ɢɥɢ ɢɧɚɹ ɠɢɞɤɨɫɬɶ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɜ ɧɟɫɤɨɥɶɤɨ 

ɚɬɦɨɫɮɟɪ ɩɨɞɜɨɞɢɬɫɹ ɤ ɪɟɝɭɥɢɪɨɜɨɱɧɨɦɭ ɤɪɚɧɭ (ɜɟɧɬɢɥɸ) Ⱥ ɢ ɞɚɥɟɟ 

ɩɪɨɬɟɤɚɟɬ ɱɟɪɟɡ ɩɪɨɡɪɚɱɧɭɸ ɬɪɭɛɤɭ ȼɟɧɬɭɪɢ, ɤɨɬɨɪɚɹ ɫɧɚɱɚɥɚ ɩɥɚɜɧɨ ɫɭɠɚɟɬ 

ɩɨɬɨɤ, ɡɚɬɟɦ ɟɳɟ ɛɨɥɟɟ ɩɥɚɜɧɨ ɪɚɫɲɢɪɹɟɬ ɢ ɱɟɪɟɡ ɤɪɚɧ Ȼ ɜɵɜɨɞɢɬ ɜ 

ɚɬɦɨɫɮɟɪɭ [21].  
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Ɋɢɫɭɧɨɤ 12 – ɋɯɟɦɚ ɬɪɭɛɤɢ ɞɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɤɚɜɢɬɚɰɢɢ 

ɉɪɢ ɧɟɛɨɥɶɲɨɦ ɨɬɤɪɵɬɢɢ ɪɟɝɭɥɢɪɨɜɨɱɧɨɝɨ ɤɪɚɧɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɩɪɢ ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ ɪɚɫɯɨɞɚ ɢ ɫɤɨɪɨɫɬɢ ɠɢɞɤɨɫɬɢ ɩɚɞɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɭɡɤɨɦ 

ɦɟɫɬɟ ɬɪɭɛɤɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɩɨɬɨɤ ɜɩɨɥɧɟ ɩɪɨɡɪɚɱɟɧ, ɢ ɤɚɜɢɬɚɰɢɹ 

ɨɬɫɭɬɫɬɜɭɟɬ. ɉɪɢ ɩɨɫɬɟɩɟɧɧɨɦ ɨɬɤɪɵɬɢɢ ɤɪɚɧɚ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ 

ɫɤɨɪɨɫɬɢ ɠɢɞɤɨɫɬɢ ɜ ɬɪɭɛɤɟ ɢ ɩɚɞɟɧɢɟ ɚɛɫɨɥɸɬɧɨɝɨ ɞɚɜɥɟɧɢɹ [21]. 

ɉɪɢ ɧɟɤɨɬɨɪɨɦ ɡɧɚɱɟɧɢɢ ɷɬɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 

ɪɚɜɧɵɦ ɞɚɜɥɟɧɢɸ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ (˓˃˄ˈˊ = ˓ˋ.˒), ɜ ɭɡɤɨɦ ɦɟɫɬɟ ɬɪɭɛɤɢ 

ɩɨɹɜɥɹɟɬɫɹ ɨɬɱɟɬɥɢɜɨ ɜɢɞɢɦɚɹ ɡɨɧɚ ɤɚɜɢɬɚɰɢɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ 

ɨɛɥɚɫɬɶ ɦɟɫɬɧɨɝɨ ɤɢɩɟɧɢɹ ɠɢɞɤɨɫɬɢ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɨɜ. 

Ɋɚɡɦɟɪɵ ɡɨɧɵ ɤɚɜɢɬɚɰɢɢ ɜɨɡɪɚɫɬɚɸɬ ɩɨ ɦɟɪɟ ɞɚɥɶɧɟɣɲɟɝɨ ɨɬɤɪɵɬɢɹ ɤɪɚɧɚ, ɬ. 

ɟ. ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɚɜɥɟɧɢɹ ɜ ɫɟɱɟɧɢɢ 1—1, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɪɚɫɯɨɞɚ. 

Ɉɞɧɚɤɨ, ɤɚɤ ɛɵ ɩɪɢ ɷɬɨɦ ɧɢ ɜɨɡɪɚɫɬɚɥ ɪɚɫɯɨɞ, ɞɚɜɥɟɧɢɟ ɜ ɭɡɤɨɦ ɫɟɱɟɧɢɢ 2—2 

ɫɨɯɪɚɧɹɟɬɫɹ ɫɬɪɨɝɨ ɩɨɫɬɨɹɧɧɵɦ ɩɨɬɨɦɭ, ɱɬɨ ɩɨɫɬɨɹɧɧɨ ɞɚɜɥɟɧɢɟ 

ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ [21].  

Ʉɚɜɢɬɚɰɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɯɚɪɚɤɬɟɪɧɵɦ ɲɭɦɨɦ, ɚ ɩɪɢ ɞɥɢɬɟɥɶɧɨɦ ɟɟ 

ɜɨɡɞɟɣɫɬɜɢɢ ɬɚɤɠɟ ɷɪɨɡɢɨɧɧɵɦ ɪɚɡɪɭɲɟɧɢɟɦ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɬɟɧɨɤ. 

ɉɨɫɥɟɞɧɟɟ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɤɨɧɞɟɧɫɚɰɢɹ ɩɭɡɵɪɶɤɨɜ ɩɚɪɚ (ɢ ɫɠɚɬɢɟ 

ɩɭɡɵɪɶɤɨɜ ɝɚɡɚ) ɩɪɨɢɫɯɨɞɢɬ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɱɚɫɬɢɰɵ ɠɢɞɤɨɫɬɢ, 

ɡɚɩɨɥɧɹɸɳɢɟ ɩɨɥɨɫɬɶ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨɫɹ ɩɭɡɵɪɶɤɚ, ɭɫɬɪɟɦɥɹɸɬɫɹ ɤ ɟɝɨ 

ɰɟɧɬɪɭ ɢ ɜ ɦɨɦɟɧɬ ɡɚɜɟɪɲɟɧɢɹ ɤɨɧɞɟɧɫɚɰɢɢ (ɫɯɥɨɩɵɜɚɧɢɹ ɩɭɡɵɪɶɤɚ) 

ɜɵɡɵɜɚɸɬ ɦɟɫɬɧɵɟ ɭɞɚɪɵ, ɬ. ɟ. ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ 

ɨɬɞɟɥɶɧɵɯ ɬɨɱɤɚɯ. Ɇɚɬɟɪɢɚɥ ɩɪɢ ɤɚɜɢɬɚɰɢɢ ɪɚɡɪɭɲɚɟɬɫɹ ɧɟ ɬɚɦ, ɝɞɟ 

ɜɵɞɟɥɹɸɬɫɹ ɩɭɡɵɪɶɤɢ, ɚ ɬɚɦ, ɝɞɟ ɨɧɢ ɤɨɧɞɟɧɫɢɪɭɸɬɫɹ [10].  
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ɉɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɤɚɜɢɬɚɰɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɦɟɧɶɲɚɟɬɫɹ ɢɯ ɩɪɨɩɭɫɤɧɚɹ 

ɫɩɨɫɨɛɧɨɫɬɶ, ɩɨɬɨɦɭ ɱɬɨ ɤɚɜɟɪɧɵ ɭɦɟɧɶɲɚɸɬ ɠɢɜɵɟ ɫɟɱɟɧɢɹ ɩɨɬɨɤɨɜ, 

ɫɤɨɪɨɫɬɶ ɜ ɤɨɬɨɪɵɯ ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ [21].  

Ʉɚɜɢɬɚɰɢɹ ɜ ɨɛɵɱɧɵɯ ɫɥɭɱɚɹɯ ɹɜɥɹɟɬɫɹ ɧɟɠɟɥɚɬɟɥɶɧɵɦ ɹɜɥɟɧɢɟɦ, ɢ ɟɟ 

ɧɟ ɫɥɟɞɭɟɬ ɞɨɩɭɫɤɚɬɶ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɢ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɚɯ ɝɢɞɪɨɫɢɫɬɟɦ. Ɉɧɚ 

ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɜɨ ɜɫɟɯ ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ, ɝɞɟ ɩɨɬɨɤ 

ɩɪɟɬɟɪɩɟɜɚɟɬ ɦɟɫɬɧɨɟ ɫɭɠɟɧɢɟ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɫɲɢɪɟɧɢɟɦ, ɧɚɩɪɢɦɟɪ ɜ 

ɤɪɚɧɚɯ, ɜɟɧɬɢɥɹɯ, ɡɚɞɜɢɠɤɚɯ, ɞɢɚɮɪɚɝɦɚɯ, ɠɢɤɥɟɪɚɯ ɢ ɞɪ. ȼ ɨɬɞɟɥɶɧɵɯ 

ɫɥɭɱɚɹɯ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɤɚɜɢɬɚɰɢɢ ɜɨɡɦɨɠɧɨ ɬɚɤɠɟ ɢ ɛɟɡ ɪɚɫɲɢɪɟɧɢɹ ɩɨɬɨɤɚ 

ɜɫɥɟɞ ɡɚ ɟɝɨ ɫɭɠɟɧɢɟɦ, ɚ ɬɚɤɠɟ ɜ ɬɪɭɛɚɯ ɩɨɫɬɨɹɧɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 

ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɜɵɫɨɬɵ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɬɟɪɶ [10].  

Ʉɚɜɢɬɚɰɢɹ ɦɨɠɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɜ ɝɢɞɪɨɦɚɲɢɧɚɯ (ɧɚɫɨɫɚɯ ɢ 

ɝɢɞɪɨɬɭɪɛɢɧɚɯ), ɚ ɬɚɤɠɟ ɧɚ ɥɨɩɚɫɬɹɯ ɛɵɫɬɪɨ ɜɪɚɳɚɸɳɢɯɫɹ ɝɪɟɛɧɵɯ ɜɢɧɬɨɜ. 

ȼ ɷɬɢɯ ɫɥɭɱɚɹɯ ɫɥɟɞɫɬɜɢɟɦ ɤɚɜɢɬɚɰɢɢ ɹɜɥɹɟɬɫɹ ɪɟɡɤɨɟ ɫɧɢɠɟɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɦɚɲɢɧɵ ɢ ɡɚɬɟɦ ɩɨɫɬɟɩɟɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ 

ɟɟ ɞɟɬɚɥɟɣ, ɩɨɞɜɟɪɠɟɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɸ ɤɚɜɢɬɚɰɢɢ [21].  

ȼ ɝɢɞɪɨɫɢɫɬɟɦɚɯ ɤɚɜɢɬɚɰɢɹ ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɧɢɡɤɨɝɨ 

ɞɚɜɥɟɧɢɹ — ɜɨ ɜɫɚɫɵɜɚɸɳɢɯ ɬɪɭɛɨɩɪɨɜɨɞɚɯ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɟɟ ɨɛɥɚɫɬɶ 

ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɜɫɚɫɵɜɚɸɳɟɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ ɢɥɢ 

ɞɚɠɟ ɧɚ ɜɫɸ ɟɝɨ ɞɥɢɧɭ. ɉɨɬɨɤ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ ɩɪɢ ɷɬɨɦ ɞɟɥɚɟɬɫɹ 

ɞɜɭɯɮɚɡɧɵɦ, ɫɨɫɬɨɹɳɢɦ ɢɡ ɠɢɞɤɨɣ ɢ ɩɚɪɨɜɨɣ ɮɚɡ [21]. 

ȼ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɩɚɪɨɜɵɞɟɥɟɧɢɹ ɩɚɪɨɜɚɹ ɮɚɡɚ ɦɨɠɟɬ ɛɵɬɶ ɜ ɜɢɞɟ 

ɦɟɥɤɢɯ ɩɭɡɵɪɶɤɨɜ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɩɨ ɨɛɴɟɦɭ 

ɞɜɢɠɭɳɟɣɫɹ ɠɢɞɤɨɫɬɢ (ɪɢɫ.13,ɚ). ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɚɪɨɝɚɡɨɜɵɞɟɥɟɧɢɢ 

ɩɪɨɢɫɯɨɞɢɬ ɭɤɪɭɩɧɟɧɢɟ ɩɭɡɵɪɶɤɨɜ, ɤɨɬɨɪɵɟ ɩɪɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ 

ɪɚɫɩɨɥɨɠɟɧɢɢ ɬɪɭɛɵ ɞɜɢɠɭɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɟɟ ɫɟɱɟɧɢɹ 

(ɪɢɫ.13,ɛ) [21]. 
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Ɋɢɫɭɧɨɤ 13 – ɋɯɟɦɵ ɞɜɭɯɮɚɡɧɵɯ ɩɨɬɨɤɨɜ 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɫɬɨɥɶ ɡɧɚɱɢɬɟɥɶɧɨɣ ɩɚɪɨɝɚɡɨɜɨɣ ɮɚɡɟ ɧɨɪɦɚɥɶɧɚɹ 

ɩɨɞɚɱɚ ɠɢɞɤɨɫɬɢ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ ɧɚɪɭɲɚɟɬɫɹ. Ʉɨɧɞɟɧɫɚɰɢɹ ɜɵɞɟɥɢɜɲɢɯɫɹ 

ɩɚɪɨɜ (ɱɚɫɬɢɱɧɚɹ ɢɥɢ ɩɨɥɧɚɹ) ɢ ɪɚɫɬɜɨɪɟɧɢɟ ɝɚɡɚ ɩɪɨɢɫɯɨɞɹɬ ɜ ɧɚɫɨɫɟ, ɝɞɟ 

ɞɚɜɥɟɧɢɟ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬɫɹ, ɢ ɜ ɧɚɩɨɪɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ, ɩɨ ɤɨɬɨɪɨɦɭ 

ɠɢɞɤɨɫɬɶ ɞɜɢɠɟɬɫɹ ɩɨɞ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ ɨɬ ɧɚɫɨɫɚ ɤ ɩɨɬɪɟɛɢɬɟɥɸ [21].  

Ʉɚɜɢɬɚɰɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɜɵɞɟɥɟɧɢɟɦ ɩɚɪɨɜ ɠɢɞɤɨɫɬɢ, ɩɪɨɢɫɯɨɞɢɬ 

ɩɨ-ɪɚɡɧɨɦɭ ɜ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɯ (ɩɪɨɫɬɵɯ) ɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ (ɫɥɨɠɧɵɯ) 

ɠɢɞɤɨɫɬɹɯ. Ⱦɥɹ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɠɢɞɤɨɫɬɢ ɞɚɜɥɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 

ɧɚɱɚɥɭ ɤɚɜɢɬɚɰɢɢ, ɜɩɨɥɧɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɚɜɥɟɧɢɟɦ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ, 

ɡɚɜɢɫɹɳɢɦ ɬɨɥɶɤɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɜ ɤɚɜɢɬɚɰɢɹ ɩɪɨɬɟɤɚɟɬ ɬɚɤ, ɤɚɤ ɛɵɥɨ 

ɨɩɢɫɚɧɨ ɜɵɲɟ. Ɇɧɨɝɨɤɨɦɩɨɧɟɧɬɧɚɹ ɠɢɞɤɨɫɬɶ ɫɨɫɬɨɢɬ ɢɡ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ 

ɥɟɝɤɢɯ ɢ ɬɹɠɟɥɵɯ ɮɪɚɤɰɢɣ. ɉɟɪɜɵɟ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɟɣ ɭɩɪɭɝɨɫɬɶɸ ɩɚɪɨɜ, 

ɱɟɦ ɜɬɨɪɵɟ, ɩɨɷɬɨɦɭ ɩɪɢ ɤɚɜɢɬɚɰɢɢ ɫɧɚɱɚɥɚ ɜɫɤɢɩɚɸɬ ɥɟɝɤɢɟ ɮɪɚɤɰɢɢ, ɚ 

ɡɚɬɟɦ ɬɹɠɟɥɵɟ. Ʉɨɧɞɟɧɫɚɰɢɹ ɠɟ ɩɚɪɨɜ ɩɪɨɢɫɯɨɞɢɬ ɜ ɨɛɪɚɬɧɨɦ ɩɨɪɹɞɤɟ — 

ɫɧɚɱɚɥɚ ɜɵɩɚɞɚɸɬ ɬɹɠɟɥɵɟ ɮɪɚɤɰɢɢ, ɡɚɬɟɦ — ɥɟɝɤɢɟ. ɉɚɪɨɜɚɹ ɮɚɡɚ ɜ 

ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɠɢɞɤɨɫɬɹɯ ɭɞɟɪɠɢɜɚɟɬɫɹ ɞɨɥɶɲɟ, ɢ ɩɪɨɰɟɫɫ ɤɚɜɢɬɚɰɢɢ 

ɜɵɪɚɠɟɧ ɦɟɧɟɟ ɪɟɡɤɨ, ɱɟɦ ɜ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɯ ɠɢɞɤɨɫɬɹɯ [21]. 

Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɜ 

ɨɬɧɨɲɟɧɢɢ ɤɚɜɢɬɚɰɢɢ ɩɪɢɦɟɧɹɟɬɫɹ ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɪɢɬɟɪɢɣ, ɧɚɡɵɜɚɟɦɵɣ 

ɱɢɫɥɨɦ ɤɚɜɢɬɚɰɢɢ [21]: 

                                                  χ = pభ −pː.˒ρvభమ/ଶ ,                                               (45) 
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ɝɞɟ pଵ ɢ vଵ— ɚɛɫɨɥɸɬɧɨɟ ɞɚɜɥɟɧɢɟ ɢ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜ ɫɟɱɟɧɢɢ ɬɪɭɛɵ 

ɩɟɪɟɞ ɦɟɫɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɨ ɫɜɨɟɦɭ ɫɦɵɫɥɭ ɱɢɫɥɨ ɤɚɜɢɬɚɰɢɢ ɚɧɚɥɨɝɢɱɧɨ ɱɢɫɥɭ 

ɗɣɥɟɪɚ Eu, ɨɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɤɪɢɬɟɪɢɣ ɩɨɞɨɛɢɹ ɬɟɱɟɧɢɣ ɫ ɤɚɜɢɬɚɰɢɟɣ. 

Ɂɧɚɱɟɧɢɟ χ, ɩɪɢ ɤɨɬɨɪɨɦ ɜ ɦɟɫɬɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɧɚɱɢɧɚɟɬɫɹ ɤɚɜɢɬɚɰɢɹ, 

ɧɚɡɵɜɚɟɬɫɹ ɤɪɢɬɢɱɟɫɤɢɦ ɱɢɫɥɨɦ ɤɚɜɢɬɚɰɢɢ χˍ˓ [21]. 

ɑɢɫɥɨ χˍ˓ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɮɨɪɦɨɣ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, 

ɯɨɬɹ ɜ ɧɟɤɨɬɨɪɨɣ ɫɬɟɩɟɧɢ ɧɚ ɧɟɝɨ ɦɨɠɟɬ ɜɥɢɹɬɶ ɢ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ. Ⱦɥɹ 

ɬɚɤɨɝɨ ɩɪɨɫɬɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɤɚɤ ɩɨɤɚɡɚɧɧɚɹ ɜɵɲɟ ɬɪɭɛɤɚ ȼɟɧɬɭɪɢ, ɡɧɚɱɟɧɢɟ 𝜒 ɩɪɢɛɥɢɠɟɧɧɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɪɨɫɬɵɦ ɪɚɫɱɟɬɨɦ. Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ 

Ȼɟɪɧɭɥɥɢ ɞɥɹ ɫɟɱɟɧɢɣ 1—1 ɢ 2—2 ɫɱɢɬɚɹ, ɱɬɨ Ƚଵ = Ƚଶ = ͳ ɢ Ɍ = Ͳ (ɩɨɬɟɪɹ 

ɷɧɟɪɝɢɢ  ɧɟɡɧɚɱɢɬɟɥɶɧɚ) [21]: 

                                   pଵ/ɏ + vଵଶ/ʹ = pଶ/ɏ + vଶଶ/ʹ                                  (46) 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɤɚɜɢɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɫɬɧɵɯ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɩɨɥɭɱɚɸɬ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɪɚɫɯɨɞɟ ɢ 

ɩɨɫɬɟɩɟɧɧɨɦ ɭɦɟɧɶɲɟɧɢɢ ɞɚɜɥɟɧɢɹ, ɚ ɡɚɬɟɦ ɩɪɟɞɫɬɚɜɥɹɸɬ ɜ ɛɟɡɪɚɡɦɟɪɧɨɦ 

ɜɢɞɟ Ɍ = fሺxሻ. ɉɪɢ χ < χˍ˓ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ Ɍ ɨɬ χ ɧɟ ɡɚɜɢɫɢɬ, ɚ ɩɪɢ χ <χˍ˓ — ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ. ɇɚ ɪɢɫ.14 ɩɨɤɚɡɚɧɵ ɤɪɢɜɵɟ ɞɥɹ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 1 ɢ 2 

ɩɪɢ Ɍଵ > Ɍଶ ɢ χˍ˓ଵ > χˍ˓ଶ. ɗɬɢ ɤɪɢɜɵɟ ɫɩɪɚɜɟɞɥɢɜɵ ɥɢɲɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɱɢɫɥɚ Re ɢɥɢ ɞɥɹ ɬɨɣ ɨɛɥɚɫɬɢ ɱɢɫɟɥ Re, ɝɞɟ Ɍ ɨɬ Re ɧɟ ɡɚɜɢɫɢɬ [21]. 

 

Ɋɢɫɭɧɨɤ 14 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɬɟɪɶ ɨɬ ɱɢɫɥɚ ɤɚɜɢɬɚɰɢɢ 
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Ɉɛɵɱɧɨ ɫɬɪɟɦɹɬɫɹ ɤ ɬɨɦɭ, ɱɬɨɛɵ ɤɚɜɢɬɚɰɢɸ ɜ ɝɢɞɪɨɫɢɫɬɟɦɚɯ ɧɟ 

ɞɨɩɭɫɤɚɬɶ. ɇɨ ɢɧɨɝɞɚ ɷɬɨ ɹɜɥɟɧɢɟ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɩɨɥɟɡɧɵɦ. ɇɚɩɪɢɦɟɪ, ɨɧɨ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɜɢɬɚɰɢɨɧɧɨɦ ɪɟɝɭɥɹɬɨɪɟ ɪɚɫɯɨɞɚ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ 

ɞɚɜɥɟɧɢɟ ɜ ɫɟɱɟɧɢɢ 1—1 (pଵ=p˅˘) ɹɜɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ (ɫɬɟɩɟɧɶ ɨɬɤɪɵɬɢɹ 

ɤɪɚɧɚ Ⱥ ɧɟɢɡɦɟɧɧɚɹ), ɚ ɞɚɜɥɟɧɢɟ ɜ ɫɟɱɟɧɢɢ 3—3 (pଷ=p˅˞˘) ɩɨɫɬɟɩɟɧɧɨ 

ɭɦɟɧɶɲɚɟɦ, ɭɜɟɥɢɱɢɜɚɹ ɫɬɟɩɟɧɶ ɨɬɤɪɵɬɢɹ ɤɪɚɧɚ Ȼ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɯɨɞ ɱɟɪɟɡ 

ɬɪɭɛɤɭ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɞɚɜɥɟɧɢɟ ɪ2 ɜ ɭɡɤɨɦ ɫɟɱɟɧɢɢ 2—2 ɭɦɟɧɶɲɚɟɬɫɹ [21].  

Ɍɚɤ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɞɚɜɥɟɧɢɟ pଶ˃˄˔ ɧɟ ɫɬɚɧɟɬ 

ɪɚɜɧɵɦ ɡɧɚɱɟɧɢɸ pː.˒, ɩɪɢ ɤɨɬɨɪɨɦ ɜ ɫɟɱɟɧɢɢ 2—2 ɜɨɡɧɢɤɧɟɬ ɤɚɜɢɬɚɰɢɹ. 

ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ ɫɬɟɩɟɧɢ ɨɬɤɪɵɬɢɹ ɤɪɚɧɚ Ȼ ɨɛɥɚɫɬɶ ɤɚɜɢɬɚɰɢɢ ɜ 

ɭɡɤɨɦ ɦɟɫɬɟ ɬɪɭɛɤɢ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ, ɚ ɞɚɜɥɟɧɢɟ pଶ˃˄˔ ɛɭɞɟɬ ɨɫɬɚɜɚɬɶɫɹ 

ɪɚɜɧɵɦ pː.˒. Ɋɚɫɯɨɞ ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɫɨɯɪɚɧɹɬɶɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɵɦ, 

ɧɟɫɦɨɬɪɹ ɧɚ ɩɚɞɟɧɢɟ ɞɚɜɥɟɧɢɹ ɪ3 [21].  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɭɞɚɟɬɫɹ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɪɚɫɯɨɞ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ 

ɪɟɝɭɥɹɬɨɪ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟ ɪ3 ɢɡɦɟɧɹɟɬɫɹ ɨɬ ɤɪɢɬɢɱɟɫɤɨɝɨ 

ɪɁɤɪ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɧɚɱɚɥɭ ɤɚɜɢɬɚɰɢɢ, ɞɨ ɧɭɥɹ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ 

ɩɨɞɨɛɧɨɝɨ ɤɚɜɢɬɚɰɢɨɧɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɪɚɫɯɨɞɚ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɬɨɱɧɨɫɬɶ 

ɫɬɚɛɢɥɢɡɚɰɢɢ ɪɚɫɯɨɞɚ ɩɨɥɭɱɚɟɬɫɹ ɨɱɟɧɶ ɜɵɫɨɤɨɣ (ɪɢɫ.15) [22]. 

 

 

Ɋɢɫɭɧɨɤ 15 – Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɤɚɜɢɬɚɰɢɨɧɧɭɸ 

ɬɪɭɛɤɭ ɨɬ ɞɚɜɥɟɧɢɣ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ 
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ɂɡ ɝɪɚɮɢɤɨɜ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫ.15, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɞɜɚ ɜɵɜɨɞɚ. ȼɨ-

ɩɟɪɜɵɯ, ɨɧɢ ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɵɜɚɸɬ ɩɪɟɢɦɭɳɟɫɬɜɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɛɟɡɪɚɡɦɟɪɧɵɯ ɜɟɥɢɱɢɧ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɡɦɟɪɧɵɦɢ: ɧɟɫɤɨɥɶɤɨ ɤɪɢɜɵɯ ɧɚ 

ɪɢɫ.15 (ɚ) ɡɚɦɟɧɹɸɬɫɹ ɟɞɢɧɨɣ ɤɪɢɜɨɣ ɧɚ ɪɢɫ.15 (ɛ). ȼɨ-ɜɬɨɪɵɯ, ɤɪɢɬɟɪɢɣ p˅˞˘/p˅˘ = pଷ/pଵ ɬɚɤ ɠɟ, ɤɚɤ ɢ χ, ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɤɪɢɬɟɪɢɟɦ ɤɚɜɢɬɚɰɢɢ [22].  

 

4.4 Ʌɚɦɢɧɚɪɧɨɟ ɬɟɱɟɧɢɟ 

4.4.1  Ɍɟɨɪɢɹ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ ɜ ɤɪɭɝɥɵɯ ɬɪɭɛɚɯ 

Ʌɚɦɢɧɚɪɧɨɟ ɬɟɱɟɧɢɟ ɹɜɥɹɟɬɫɹ ɫɬɪɨɝɨ ɭɩɨɪɹɞɨɱɟɧɧɵɦ, ɫɥɨɢɫɬɵɦ 

ɬɟɱɟɧɢɟɦ ɛɟɡ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɠɢɞɤɨɫɬɢ. Ɍɟɨɪɢɹ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ 

ɠɢɞɤɨɫɬɢ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɡɚɤɨɧɟ ɬɪɟɧɢɹ ɇɶɸɬɨɧɚ. ɗɬɨ ɬɪɟɧɢɟ ɦɟɠɞɭ ɫɥɨɹɦɢ 

ɞɜɢɠɭɳɟɣɫɹ ɠɢɞɤɨɫɬɢ ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɜ 

ɞɚɧɧɨɦ ɫɥɭɱɚɟ . Ɋɚɫɫɦɨɬɪɢɦ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɥɚɦɢɧɚɪɧɨɟ ɬɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ 

ɩɪɹɦɨɣ ɤɪɭɝɥɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɬɪɭɛɟ ɫ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ d = ʹr଴.  

ɑɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɜɥɢɹɧɢɟ ɫɢɥɵ ɬɹɠɟɫɬɢ ɢ ɷɬɢɦ ɭɩɪɨɫɬɢɬɶ ɜɵɜɨɞ, ɞɨɩɭɫɬɢɦ, 

ɱɬɨ ɬɪɭɛɚ ɪɚɫɩɨɥɨɠɟɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨ. Ⱦɨɫɬɚɬɨɱɧɨ ɞɚɥɟɤɨ ɨɬ ɜɯɨɞɚ ɜ ɧɟё, ɝɞɟ 

ɩɨɬɨɤ ɭɠɟ ɜɩɨɥɧɟ ɫɮɨɪɦɢɪɨɜɚɥɫɹ (ɫɬɚɛɢɥɢɡɢɪɨɜɚɥɫɹ), ɜɵɞɟɥɢɦ ɨɬɪɟɡɨɤ 

ɞɥɢɧɨɣ l ɦɟɠɞɭ ɫɟɱɟɧɢɹɦɢ 1—1 ɢ 2—2 (ɪɢɫ.16) [20]. 

 

Ɋɢɫɭɧɨɤ 16 – ɋɯɟɦɚ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɬɪɭɛɟ 

ɉɭɫɬɶ ɜ ɫɟɱɟɧɢɢ 1—1 ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ ɪ1 , ɚ ɜ ɫɟɱɟɧɢɢ 2—2 — ɪ2. ȼɜɢɞɭ 

ɩɨɫɬɨɹɧɫɬɜɚ ɞɢɚɦɟɬɪɚ ɬɪɭɛɵ, ɫɤɨɪɨɫɬɶ ɠɢɞɤɨɫɬɢ ɛɭɞɟɬ ɩɨɫɬɨɹɧɧɨɣ, ɚ 

ɤɨɷɮɮɢɰɢɟɧɬ Ƚ ɛɭɞɟɬ ɧɟɢɡɦɟɧɧɵɦ ɜɞɨɥɶ ɩɨɬɨɤɚ ɜɫɥɟɞɫɬɜɢɟ ɟɝɨ 
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ɫɬɚɛɢɥɶɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɭɪɚɜɧɟɧɢɟ Ȼɟɪɧɭɥɥɢ ɞɥɹ ɜɵɛɪɚɧɧɵɯ ɫɟɱɟɧɢɣ ɩɪɢɦɟɬ 

ɜɢɞ [20]: 

                                       pଵ/ሺɏgሻ = pଶ/ሺɏgሻ + h˕˓,                                  (47) 

ɝɞɟ h˕˓ — ɩɨɬɟɪɹ ɧɚɩɨɪɚ ɧɚ ɬɪɟɧɢɟ ɩɨ ɞɥɢɧɟ, ɱɬɨ ɢ ɩɨɤɚɡɵɜɚɸɬ 

ɩɶɟɡɨɦɟɬɪɵ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɜ ɷɬɢɯ ɫɟɱɟɧɢɹɯ. 

ȼ ɩɨɬɨɤɟ ɠɢɞɤɨɫɬɢ ɜɵɞɟɥɢɦ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɨɛɴɟɦ ɪɚɞɢɭɫɨɦ ɝ, 

ɫɨɨɫɧɵɣ ɫ ɬɪɭɛɨɣ ɢ ɢɦɟɸɳɢɣ ɨɫɧɨɜɚɧɢɹ ɜ ɜɵɛɪɚɧɧɵɯ ɫɟɱɟɧɢɹɯ. Ɂɚɩɢɲɟɦ 

ɭɪɚɜɧɟɧɢɟ ɪɚɜɧɨɦɟɪɧɨɝɨ ɞɜɢɠɟɧɢɹ ɜɵɞɟɥɟɧɧɨɝɨ ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ ɜ ɬɪɭɛɟ, ɬ. 

ɟ. ɪɚɜɟɧɫɬɜɨ ɧɭɥɸ ɫɭɦɦɵ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɩɚ ɨɛɴɟɦ: ɫɢɥ ɞɚɜɥɟɧɢɹ ɢ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ɉɛɨɡɧɚɱɚɹ ɤɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɰɢɥɢɧɞɪɚ ɱɟɪɟɡ ɒ, ɩɨɥɭɱɢɦ [20]: 

                                       ሺpଵ − pଶሻɎrଶ − ʹɎrlɒ = Ͳ                                  (48) 

ɨɬɤɭɞɚ: 

                                                  ɒ = pτpr/ሺʹlሻ                                           (49) 

ɂɡ ɮɨɪɦɭɥɵ (49) ɫɥɟɞɭɟɬ, ɱɬɨ ɤɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɨɩɟɪɟɱɧɨɦ 

ɫɟɱɟɧɢɢ ɬɪɭɛɵ ɢɡɦɟɧɹɸɬɫɹ ɩɨ ɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ ɜ ɮɭɧɤɰɢɢ ɪɚɞɢɭɫɚ. ɗɩɸɪɚ 

ɤɚɫɚɬɟɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ.16 ɫɥɟɜɚ (ɷɬɚ ɷɩɸɪɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ 

ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ). 

ɂɬɚɤ, ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɥɚɦɢɧɚɪɧɨɝɨ ɩɨɬɨɤɚ ɫ 

ɩɚɪɚɛɨɥɢɱɟɫɤɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɫɤɨɪɨɫɬɟɣ ɜ 2 ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ 

ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɬɨɝɨ ɠ ɟ ɩɨɬɨɤɚ, ɧɨ ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ 

ɫɤɨɪɨɫɬɟɣ [20].  

Ɍɚɤɢɦ ɠɟ ɩɭɬɟɦ ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɫɟɤɭɧɞɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɜɢɠɟɧɢɹ 

ɥɚɦɢɧɚɪɧɨɝɨ ɩɨɬɨɤɚ ɫ ɩɚɪɚɛɨɥɢɱɟɫɤɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɫɤɨɪɨɫɬɟɣ ɜ ɪ ɪɚɡ 

ɛɨɥɶɲɟ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ ɬɨɝɨ ɠ ɟ ɩɨɬɨɤɚ, ɧɨ ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ 
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ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɫɤɨɪɨɫɬɟɣ, ɩɪɢɱɟɦ ɤɨɷɮɮɢɰɢɟɧɬ Ⱦ ɧɚɡɵɜɚɟɦɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ Ȼɭɫɫɢɧɟɫɤɚ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɪɚɜɟɧ 4/8 [20].  

ɂɡɥɨɠɟɧɧɚɹ ɬɟɨɪɢɹ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɤɪɭɝɥɨɣ ɬɪɭɛɟ 

ɯɨɪɨɲɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɨɩɵɬɨɦ, ɢ ɜɵɜɟɞɟɧɧɵɣ ɡɚɤɨɧ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɛɵɱɧɨ 

ɧɟ ɧɭɠɞɚɟɬɫɹ ɜ ɤɚɤɢɯ-ɥɢɛɨ ɩɨɩɪɚɜɤɚɯ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɫɥɟɞɭɸɳɢɯ ɫɥɭɱɚɟɜ 

[20]:  

1) ɩɪɢ ɬɟɱɟɧɢɢ ɜ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɬɪɭɛɵ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ 

ɩɨɫɬɟɩɟɧɧɨɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɚɪɚɛɨɥɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ ɫɤɨɪɨɫɬɟɣ; 

2) ɩɪɢ ɬɟɱɟɧɢɢ ɫ ɬɟɩɥɨɨɛɦɟɧɨɦ;  

3) ɩɪɢ ɬɟɱɟɧɢɢ ɜ ɤɚɩɢɥɥɹɪɚɯ ɢ ɡɚɡɨɪɚɯ ɫ ɨɛɥɢɬɟɪɚɰɢɟɣ;  

4) ɩɪɢ ɬɟɱɟɧɢɢ ɫ ɛɨɥɶɲɢɦɢ ɩɟɪɟɩɚɞɚɦɢ ɞɚɜɥɟɧɢɹ 

4.4.2 ɇɚɱɚɥɶɧɵɣ ɭɱɚɫɬɨɤ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ 

ȿɫɥɢ ɠɢɞɤɨɫɬɶ ɢɡ ɤɚɤɨɝɨ-ɥɢɛɨ ɪɟɡɟɪɜɭɚɪɚ ɩɨɫɬɭɩɚɟɬ ɥ ɩɪɹɦɭɸ ɬɪɭɛɭ 

ɩɨɫɬɨɹɧɧɨɝɨ ɞɢɚɦɟɬɪɚ ɢ ɞɜɢɠɟɬɫɹ ɩɨ ɧɟɣ ɥɚɦɢɧɚɪɧɵɦ ɩɨɬɨɤɨɦ, ɬɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɩɨ ɫɟɱɟɧɢɸ ɬɪɭɛɵ ɜɛɥɢɡɢ ɜɯɨɞɚ ɩɨɥɭɱɚɟɬɫɹ 

ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɧɨɦɟɪɧɵɦ, ɨɫɨɛɟɧɧɨ, ɟɫɥɢ ɜɯɨɞ ɜɵɩɨɥɧɟɧ ɫ ɡɚɤɪɭɝɥɟɧɢɟɦ 

(ɪɢɫ.17). ɇɨ ɡɚɬɟɦ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥ ɜɹɡɤɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ 

ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɩɨ ɫɟɱɟɧɢɹɦ: ɫɥɨɢ ɠɢɞɤɨɫɬɢ, ɩɪɢɥɟɠɚɳɢɟ ɤ 

ɫɬɟɧɤɟ, ɬɨɪɦɨɡɹɬɫɹ, ɚ ɰɟɧɬɪɚɥɶɧɚɹ ɱɚɫɬɶ ɩɨɬɨɤɚ (ɹɞɪɨ), ɝɞɟ ɟɳɟ ɫɨɯɪɚɧɹɟɬɫɹ 

ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ, ɞɜɢɠɟɬɫɹ ɭɫɤɨɪɟɧɧɨ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɪɨɯɨɞɚ ɱɟɪɟɡ ɧɟɢɡɦɟɧɧɭɸ ɩɥɨɳɚɞɶ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɪɚɫɯɨɞɚ 

ɠɢɞɤɨɫɬɢ [23]. 

ɉɪɢ ɷɬɨɦ ɬɨɥɳɢɧɚ ɫɥɨɟɜ ɡɚɬɨɪɦɨɠɟɧɧɨɣ ɠɢɞɤɨɫɬɢ ɩɨɫɬɟɩɟɧɧɨ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɩɨɤɚ ɧɟ ɫɬɚɧɟɬ ɪɚɜɧɨɣ ɪɚɞɢɭɫɭ ɬɪɭɛɵ, ɬ. ɟ. ɩɨɤɚ ɫɥɨɢ, 

ɩɪɢɥɟɝɚɸɳɢɟ ɤ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɫɬɟɧɤɚɦ, ɧɟ ɫɨɦɤɧɭɬɫɹ ɧɚ ɨɫɢ ɬɪɭɛɵ. 

ɉɨɫɥɟ ɷɬɨɝɨ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ 

ɩɚɪɚɛɨɥɢɱɟɫɤɢɣ ɩɪɨɮɢɥɶ ɫɤɨɪɨɫɬɟɣ [23].  
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ɍɱɚɫɬɨɤ ɨɬ ɧɚɱɚɥɚ ɬɪɭɛɵ, ɧɚ ɤɨɬɨɪɨɦ ɮɨɪɦɢɪɭɟɬɫɹ (ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ) 

ɩɚɪɚɛɨɥɢɱɟɫɤɢɣ ɩɪɨɮɢɥɶ ɫɤɨɪɨɫɬɟɣ, ɧɚɡɵɜɚɟɬɫɹ ɧɚɱɚɥɶɧɵɦ ɭɱɚɫɬɤɨɦ ɬɟɱɟɧɢɹ 

(lɧɚɱ). Ɂɚ ɩɪɟɞɟɥɚɦɢ ɷɬɨɝɨ ɭɱɚɫɬɤɚ ɢɦɟɟɦ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɟ ɥɚɦɢɧɚɪɧɨɟ 

ɬɟɱɟɧɢɟ, ɩɚɪɚɛɨɥɢɱɟɫɤɢɣ ɩɪɨɮɢɥɶ ɫɤɨɪɨɫɬɟɣ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ, ɤɚɤ ɛɵ ɧɢ 

ɛɵɥɚ ɞɥɢɧɧɚ ɬɪɭɛɚ, ɩɪɢ ɭɫɥɨɜɢɢ ɫɨɯɪɚɧɟɧɢɹ ɟɟ ɩɪɹɦɨɥɢɧɟɣɧɨɫɬɢ ɢ 

ɩɨɫɬɨɹɧɫɬɜɚ ɫɟɱɟɧɢɹ. ɂɡɥɨɠɟɧɧɚɹ ɜɵɲɟ ɬɟɨɪɢɹ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ 

ɫɩɪɚɜɟɞɥɢɜɚ ɢɦɟɧɧɨ ɞɥɹ ɷɬɨɝɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ ɢ 

ɧɟɩɪɢɦɟɧɢɦɚ ɜ ɩɪɟɞɟɥɚɯ ɧɚɱɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ [23]. 

 

Ɋɢɫɭɧɨɤ 17 – Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɪɨɮɢɥɹ ɫɤɨɪɨɫɬɟɣ ɧɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɢɧɵ ɧɚɱɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɦɨɠɧɨ ɩɨɥɶɡɨɜɚɬɶɫɹ 

ɩɪɢɛɥɢɠɟɧɧɨɣ ɮɨɪɦɭɥɨɣ ɒɢɥɥɟɪɚ, ɜɵɪɚɠɚɸɳɟɣ ɷɬɭ ɞɥɢɧɭ, ɨɬɧɟɫɟɧɧɭɸ ɤ 

ɞɢɚɦɟɬɪɭ ɬɪɭɛɵ, ɤɚɤ ɮɭɧɤɰɢɸ ɱɢɫɥɚ Re [23]: 

                                              lː˃˚/d = Ͳ,ͲʹͻRe                                         (50) 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɬɪɭɛɵ ɩɨɥɭɱɚɟɬɫɹ ɛɨɥɶɲɟ, ɱɟɦ ɧɚ 

ɩɨɫɥɟɞɭɸɳɢɯ ɭɱɚɫɬɤɚɯ. Ɉɛɴɹɫɧɹɟɬɫɹ ɷɬɨ ɬɟɦ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɨɞɧɨɣ dv/d୷ ɭ ɫɬɟɧɤɢ ɬɪɭɛɵ ɧɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɛɨɥɶɲɟ, ɱɟɦ ɧɚ ɭɱɚɫɬɤɚɯ 

ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɬɟɱɟɧɢɹ, ɚ ɩɨɬɨɦɭ ɛɨɥɶɲɟ ɢ ɤɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, 

ɨɩɪɟɞɟɥɹɟɦɨɟ ɡɚɤɨɧɨɦ ɇɶɸɬɨɧɚ, ɢ ɩɪɢɬɨɦ ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ ɛɥɢɠɟ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɟ ɫɟɱɟɧɢɟ ɤ ɧɚɱɚɥɭ ɬɪɭɛɵ, ɬ. ɟ. ɱɟɦ ɦɟɧɶɲɟ ɤɨɨɪɞɢɧɚɬɚ ɯ [23]. 

Ɂɧɚɱɟɧɢɹ ɩɨɩɪɚɜɨɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɨɝɭɬ ɛɵɬɶ ɧɚɣɞɟɧɵ ɩɨ ɝɪɚɮɢɤɭ 

(ɪɢɫ.18), ɧɚ ɤɨɬɨɪɨɦ ɨɧ ɢɡɨɛɪɚɠɟɧ ɤɚɤ ɮɭɧɤɰɢɹ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɩɚɪɚɦɟɬɪɚ x ∙
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ͳͲଷ/ሺdReሻ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɤɨɷɮɮɢɰɢɟɧɬ k ɭɦɟɧɶɲɚɟɬɫɹ ɢ 

ɩɪɢ ɡɧɚɱɟɧɢɢ [23]: 

                           x/ሺdReሻ = lː˃˚/ሺdReሻ = Ͳ,Ͳʹͻ                                      (51) 

ɬ.ɟ. ɩɪɢ x = lː˃˚, ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɵɦ 1,09. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɜɫɟɝɨ ɧɚɱɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɬɪɭɛɵ ɧɚ 9% ɛɨɥɶɲɟ, ɱɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɚɤɨɝɨ ɠɟ 

ɭɱɚɫɬɤɚ ɬɪɭɛɵ, ɜɡɹɬɨɝɨ ɜ ɨɛɥɚɫɬɢ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ 

[23].  

Ⱦɥɹ ɤɨɪɨɬɤɢɯ ɬɪɭɛ ɡɧɚɱɟɧɢɹ ɩɨɩɪɚɜɨɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ k ɤɚɤ ɜɢɞɧɨ 

ɢɡ ɝɪɚɮɢɤɚ, ɜɟɫɶɦɚ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɟɞɢɧɢɰɵ. 

 

Ɋɢɫɭɧɨɤ 18 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ k ɢ Ƚ ɨɬ ɩɚɪɚɦɟɬɪɚ 

 x ∙ ͳͲଷ/ሺdReሻ 
4.4.3 Ɉɫɨɛɵɟ ɫɥɭɱɚɢ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ 

Ɍɟɱɟɧɢɟ ɫ ɬɟɩɥɨɨɛɦɟɧɨɦ. ȼ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɵɲɟ ɫɥɭɱɚɹɯ ɥɚɦɢɧɚɪɧɨɝɨ 

ɬɟɱɟɧɢɹ ɧɟ ɭɱɢɬɵɜɚɥɨɫɶ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɡɦɟɧɟɧɢɟ 

ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ ɤɚɤ ɜ ɩɪɟɞɟɥɚɯ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ, ɬɚɤ ɢ ɜɞɨɥɶ ɩɨɬɨɤɚ, 

ɬ. ɟ. ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ ɩɨɫɬɨɹɧɫɬɜɨ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɨɬɨɤɚ. 

ɉɨɞɨɛɧɨɟ ɬɟɱɟɧɢɟ ɜ ɨɬɥɢɱɢɟ ɨɬ ɬɟɱɟɧɢɣ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɢɡɦɟɧɟɧɢɟɦ 

ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɫɬɢ, ɧɚɡɵɜɚɸɬ ɢɡɨɬɟɪɦɢɱɟɫɤɢɦ [24].  
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ȿɫɥɢ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ ɞɜɢɠɟɬɫɹ ɠɢɞɤɨɫɬɶ, ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɬɨɪɨɣ 

ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɬɨ ɬɚɤɨɟ ɬɟɱɟɧɢɟ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɬɟɩɥɨɨɬɞɚɱɟɣ ɱɟɪɟɡ ɫɬɟɧɤɭ ɬɪɭɛɵ ɜɨ ɜɧɟɲɧɸɸ ɫɪɟɞɭ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɯɥɚɠɞɟɧɢɟɦ ɠɢɞɤɨɫɬɢ. Ʉɨɝɞɚ ɠɟ ɬɟɦɩɟɪɚɬɭɪɚ ɞɜɢɠɭɳɟɣɫɹ 

ɠɢɞɤɨɫɬɢ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢɬɨɤ 

ɬɟɩɥɚ ɱɟɪɟɡ ɫɬɟɧɤɭ ɬɪɭɛɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɠɢɞɤɨɫɬɶ ɜ ɩɪɨɰɟɫɫɟ ɬɟɱɟɧɢɹ 

ɧɚɝɪɟɜɚɟɬɫɹ [24].  

ȼ ɨɛɨɢɯ ɭɤɚɡɚɧɧɵɯ ɫɥɭɱɚɹɯ ɩɪɢ ɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ 

ɬɟɩɥɨɨɛɦɟɧ ɫ ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɦɩɟɪɚɬɭɪɚ ɠɢɞɤɨɫɬɢ, ɚ 

ɬɚɤɠɟ ɟɟ ɜɹɡɤɨɫɬɶ ɧɟ ɫɨɯɪɚɧɹɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ, ɢ ɬɟɱɟɧɢɟ ɧɟ ɹɜɥɹɟɬɫɹ 

ɢɡɨɬɟɪɦɢɱɟɫɤɢɦ [24].  

ɉɪɢ ɬɟɱɟɧɢɢ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɦɫɹ ɨɯɥɚɠɞɟɧɢɟɦ ɠɢɞɤɨɫɬɢ, ɟɟ ɫɥɨɢ, 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢɥɟɝɚɸɳɢɟ ɤ ɫɬɟɣɤɟ, ɢɦɟɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɛɨɥɟɟ ɧɢɡɤɭɸ, ɚ 

ɜɹɡɤɨɫɬɶ ɛɨɥɟɟ ɜɵɫɨɤɭɸ, ɱɟɦ ɜ ɨɫɧɨɜɧɨɦ ɹɞɪɟ ɩɨɬɨɤɚ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ 

ɩɪɨɢɫɯɨɞɢɬ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɟ ɬɨɪɦɨɠɟɧɢɟ ɩɪɢɫɬɟɧɧɵɯ ɫɥɨɟɜ ɠɢɞɤɨɫɬɢ ɢ 

ɫɧɢɠɟɧɢɟ ɝɪɚɞɢɟɧɬɚ ɫɤɨɪɨɫɬɢ ɭ ɫɬɟɧɤɢ. ɉɪɢ ɬɟɱɟɧɢɢ, ɫɨɩɪɨɜɨɠɞɚɸɳɟɦɫɹ 

ɧɚɝɪɟɜɚɧɢɟɦ ɠɢɞɤɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɦ ɩɪɢɬɨɤɨɦ ɬɟɩɥɚ ɱɟɪɟɡ ɫɬɟɧɤɭ, 

ɩɪɢɫɬɟɧɧɵɟ ɫɥɨɢ ɠɢɞɤɨɫɬɢ ɢɦɟɸɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɢ 

ɩɨɧɢɠɟɧɧɭɸ ɜɹɡɤɨɫɬɶ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɝɪɚɞɢɟɧɬ ɫɤɨɪɨɫɬɢ ɭ ɫɬɟɧɤɢ ɛɨɥɟɟ 

ɜɵɫɨɤɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɥɟɞɫɬɜɢɟ ɬɟɩɥɨɨɛɦɟɧɚ ɱɟɪɟɡ ɫɬɟɧɤɭ ɬɪɭɛɵ ɦɟɠɞɭ 

ɠɢɞɤɨɫɬɶɸ ɢ ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ ɧɚɪɭɲɚɟɬɫɹ ɪɚɫɫɦɨɬɪɟɧɧɵɣ ɜɵɲɟ 

ɩɚɪɚɛɨɥɢɱɟɫɤɢɣ ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ [25]. 

ɇɚ ɪɢɫ.19 ɩɨɤɚɡɚɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɝɪɚɮɢɤɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ: 

ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɬɟɱɟɧɢɢ (1), ɩɪɢ ɬɟɱɟɧɢɢ ɫ ɨɯɥɚɠɞɟɧɢɟɦ (2) ɢ ɫ 

ɧɚɝɪɟɜɚɧɢɟɦ (3) ɠɢɞɤɨɫɬɢ, ɧɨ ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ ɪɚɫɯɨɞɟ ɧ ɩɪɢɦɟɪɧɨ 

ɨɞɢɧɚɤɨɜɨɣ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ ɜ ɹɞɪɟ ɩɨɬɨɤɚ. ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ 

ɨɯɥɚɠɞɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜɥɟɱɟɬ 8ɚ ɫɨɛɨɣ ɭɜɟɥɢɱɟɧɢɟ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ (Ƚ > ʹ), ɚ ɧɚɝɪɟɜɚɧɢɟ — ɭɦɟɧɶɲɟɧɢɟ ɷɬɨɣ 
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ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ (Ƚ < ʹ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɵɱɧɵɦ ɩɚɪɚɛɨɥɢɱɟɫɤɢɦ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɫɤɨɪɨɫɬɟɣ (Ƚ = ʹ) [25].  

 

Ɋɢɫɭɧɨɤ 19 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ (1) ɢ 

ɧɟɢɡɨɬɟɪɦɢɱɟɫɤɨɦ (2 ɢ 3) ɬɟɱɟɧɢɢ 

ɂɡɦɟɧɟɧɢɟ ɩɪɨɮɢɥɹ ɫɤɨɪɨɫɬɟɣ ɩɪɢ ɨɬɤɥɨɧɟɧɢɢ ɨɬ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ 

ɬɟɱɟɧɢɹ ɜɵɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɡɚɤɨɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɉɪɢ ɥɚɦɢɧɚɪɧɨɦ 

ɬɟɱɟɧɢɢ ɜɹɡɤɢɯ ɠɢɞɤɨɫɬɟɣ ɜ ɬɪɭɛɚɯ ɫ ɬɟɩɥɨɨɬɞɚɱɟɣ (ɨɯɥɚɠɞɟɧɢɟɦ) 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɥɭɱɚɟɬɫɹ ɛɨɥɶɲɟ, ɚ ɩɪɢ ɬɟɱɟɧɢɢ ɫ ɩɪɢɬɨɤɨɦ ɬɟɩɥɨɬɵ 

(ɧɚɝɪɟɜɚɧɢɟɦ) — ɦɟɧɶɲɟ, ɱɟɦ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɬɟɱɟɧɢɢ [25]. 

ȼɜɢɞɭ ɬɨɝɨ ɱɬɨ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨ ɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ ɫ 

ɬɟɩɥɨɨɛɦɟɧɨɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɛɨɥɶɲɭɸ ɫɥɨɠɧɨɫɬɶ, ɬɚɤ ɤɚɤ ɩɪɢɯɨɞɢɬɫɹ 

ɭɱɢɬɵɜɚɬɶ ɩɟɪɟɦɟɧɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ ɩɨ ɩɨɩɟɪɟɱɧɨɦɭ 

ɫɟɱɟɧɢɸ ɩ ɜɞɨɥɶ ɬɪɭɛɵ, ɚ ɬɚɤɠɟ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɟɩɥɨɜɵɟ ɩɨɬɨɤɢ ɜ ɪɚɡɧɵɯ 

ɫɟɱɟɧɢɹɯ ɬɪɭɛɵ, ɩɨɥɶɡɭɸɬɫɹ ɩɪɢɛɥɢɠɟɧɧɨɣ ɮɨɪɦɭɥɨɣ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 𝜆ˎ, 

ɩɪɟɞɥɨɠɟɧɧɨɣ ɚɤɚɞɟɦɢɤɨɦ Ɇ. Ⱥ. Ɇɢɯɟɟɜɵɦ [25]: 

                                             ɉˎ = ଺ସୖୣˉ √஝˔˕஝ˉయ  ,                                               (52) 

Ƚɞɟ Reˉ — ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ, ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɫɪɟɞɧɟɣ ɜɹɡɤɨɫɬɢ 

ɠɢɞɤɨɫɬɢ; ɋ˔˕ — ɜɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 

ɫɬɟɧɤɢ; ɋˉ — ɫɪɟɞɧɹɹ ɜɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɢ. 

Ɍɟɱɟɧɢɟ ɩɪɢ ɛɨɥɶɲɢɯ ɩɟɪɟɩɚɞɚɯ ɞɚɜɥɟɧɢɹ. Ɉɩɵɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ 

ɥɚɦɢɧɚɪɧɨɦ ɬɟɱɟɧɢɢ ɜ ɡɚɡɨɪɚɯ ɢ ɬɪɭɛɚɯ, ɩɪɨɢɫɯɨɞɹɳɟɦ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
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ɛɨɥɶɲɢɯ ɩɟɪɟɩɚɞɨɜ ɞɚɜɥɟɧɢɹ (ɨɤɨɥɨ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɦɟɝɚɩɚɫɤɚɥɟɣ), 

ɩɚɞɟɧɢɟ ɧɚɩɨɪɚ ɜɞɨɥɶ ɩɨɬɨɤɚ ɨɤɚɡɵɜɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟɥɢɧɟɣɧɵɦ, ɬ. ɟ. 

ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɚɹ ɥɢɧɢɹ ɞɥɹ ɩɨɬɨɤɚ ɩɨɫɬɨɹɧɧɨɝɨ ɫɟɱɟɧɢɹ ɡɚɦɟɬɧɨ 

ɢɫɤɪɢɜɥɹɟɬɫɹ, ɚ ɡɚɤɨɧ ɉɭɚɡɟɣɥɹ ɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ. 

Ɉɛɴɹɫɧɹɟɬɫɹ ɷɬɨ ɬɟɦ, ɱɬɨ ɩɪɢ ɥɸɛɨɦ ɪɟɠɢɦɟ ɩɨɬɟɪɹ ɷɧɟɪɝɢɢ ɧɚ ɟɞɢɧɢɰɭ 

ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ ɪɚɫɬɟɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɩɟɪɟɩɚɞɭ ɞɚɜɥɟɧɢɹ, ɱɬɨ ɜɥɟɱɟɬ ɡɚ 

ɫɨɛɨɣ ɧɚɝɪɟɜɚɧɢɟ ɠɢɞɤɨɫɬɢ ɩɪɢ ɛɨɥɶɲɢɯ ɩɟɪɟɩɚɞɚɯ ɞɚɜɥɟɧɢɹ ɢ ɭɦɟɧɶɲɟɧɢɟ 

ɟɟ ɜɹɡɤɨɫɬɢ [25].  

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɬɚɤ ɤɚɤ ɜɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɢ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɞɚɜɥɟɧɢɹ, ɜ ɧɚɱɚɥɟ ɩɨɬɨɤɚ ɨɧɚ ɛɭɞɟɬ ɩɨɜɵɲɟɧɧɨɣ, ɚ ɜɞɨɥɶ ɩɨɬɨɤɚ ɛɭɞɟɬ 

ɭɦɟɧɶɲɚɬɶɫɹ ɜɫɥɟɞɫɬɜɢɟ ɩɚɞɟɧɢɹ ɞɚɜɥɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɹɡɤɨɫɬɶ 

ɩɟɪɟɦɟɧɧɚ ɜɞɨɥɶ ɩɨɬɨɤɚ, ɢ, ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚ ɧɟɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ, ɩɪɨɞɨɥɶɧɵɣ ɝɪɚɞɢɟɧɬ ɞɚɜɥɟɧɢɹ dp/dx, 

ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɬɪɟɧɢɟɦ, ɨɤɚɡɵɜɚɟɬɫɹ ɜ ɧɚɱɚɥɟ ɩɨɬɨɤɚ ɛɨɥɶɲɟ, ɚ ɜ ɤɨɧɰɟ 

ɩɨɬɨɤɚ ɦɟɧɶɲɟ, ɱɬɨ ɫɥɟɞɭɟɬ ɢɡ ɡɚɤɨɧɚ ɉɭɚɡɟɣɥɹ [25]. 

 ɑɬɨ ɤɚɫɚɟɬɫɹ ɪɚɫɯɨɞɚ, ɬɨ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɭɦɟɧɶɲɚɟɬ ɜɹɡɤɨɫɬɶ 

ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɪɚɫɯɨɞɚ, ɚ ɜɵɫɨɤɨɟ ɞɚɜɥɟɧɢɟ ɜ 

ɠɢɞɤɨɫɬɢ ɩɨɜɵɲɚɟɬ ɜɹɡɤɨɫɬɶ ɢ ɭɦɟɧɶɲɚɟɬ ɪɚɫɯɨɞ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ 

ɡɧɚɱɟɧɢɟɦ ɩɨ ɉɭɚɡɟɣɥɸ ɩɪɢ ɬɨɦ ɠɟ ɩɟɪɟɩɚɞɟ ɞɚɜɥɟɧɢɹ, ɬ. ɟ. ɜɥɢɹɧɢɟ ɷɬɢɯ 

ɞɜɭɯ ɮɚɤɬɨɪɨɜ ɩɚ ɪɚɫɯɨɞ ɹɜɥɹɟɬɫɹ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ [26].  

ɋ ɨɩɢɫɚɧɧɵɦ ɜɢɞɨɦ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ ɩɪɢɯɨɞɢɬɫɹ ɫɬɚɥɤɢɜɚɬɶɫɹ 

ɨɫɨɛɟɧɧɨ ɱɚɫɬɨ ɜ ɜɵɫɨɤɨɧɚɩɨɪɧɵɯ ɝɢɞɪɨɦɚɲɢɧɚɯ, ɝɞɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 

ɛɨɥɶɲɢɯ ɩɟɪɟɩɚɞɨɜ ɞɚɜɥɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɬɟɤɚɧɢɟ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ 

ɦɚɥɵɟ ɡɚɡɨɪɵ [26]. 

Ɍɟɱɟɧɢɟ ɫ ɨɛɥɢɬɟɪɚɰɢɟɣ. ɂɧɨɝɞɚ ɩɪɢ ɬɟɱɟɧɢɢ ɱɟɪɟɡ ɤɚɩɢɥɥɹɪɵ ɢ ɦɚɥɵɟ 

ɡɚɡɨɪɵ ɧɚɛɥɸɞɚɟɬɫɹ ɹɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɡɚɤɨɧɚɦɢ 

ɝɢɞɪɚɜɥɢɤɢ. Ɉɧɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɪɚɫɯɨɞ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɤɚɩɢɥɥɹɪ ɢɥɢ 

ɡɚɡɨɪ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɭɦɟɧɶɲɚɟɬɫɹ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɩɟɪɟɩɚɞ 
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ɞɚɜɥɟɧɢɹ, ɩɨɞ ɤɨɬɨɪɵɦ ɩɪɨɢɫɯɨɞɢɬ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ, ɢ ɟɟ ɮɢɡɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ ɨɫɬɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦɢ. ȼ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ 

ɩɨ ɢɫɬɟɱɟɧɢɢ ɧɟɤɨɬɨɪɨɝɨ ɜɪɟɦɟɧɢ ɦɨɠɟɬ ɩɪɟɤɪɚɬɢɬɶɫɹ ɩɨɥɧɨɫɬɶɸ. ɗɬɨ 

ɹɜɥɟɧɢɟ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɨɛɥɢɬɟɪɚɰɢɢ, ɢ ɟɝɨ ɩɪɢɱɢɧɚ ɤɪɨɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɭɦɟɧɶɲɚɟɬɫɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɤɚɧɚɥɚ 

(ɡɚɡɨɪɚ, ɤɚɩɢɥɥɹɪɚ) ɜɫɥɟɞɫɬɜɢɟ ɚɞɫɨɪɛɰɢɢ (ɨɬɥɨɠɟɧɢɹ) ɩɨɥɹɪɧɨɚɤɬɢɜɩɵɯ 

ɦɨɥɟɤɭɥ ɠɢɞɤɨɫɬɢ ɧɚ ɟɝɨ ɫɬɟɧɤɚɯ. Ɍɨɥɳɢɧɚ ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɫɥɨɹ ɞɥɹ ɦɚɫɟɥ 

ɫɨɫɬɚɜɥɹɟɬ ɧɟɫɤɨɥɶɤɨ ɦɢɤɪɨɦɟɬɪɨɜ, ɩɨɷɬɨɦɭ ɩɪɢ ɬɟɱɟɧɢɢ ɱɟɪɟɡ ɤɚɩɢɥɥɹɪɵ ɢ 

ɦɚɥɵɟ ɡɚɡɨɪɵ ɷɬɨɬ ɫɥɨɣ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɢɬɶ ɩɥɨɳɚɞɶ 

ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɢɥɢ ɞɚɠɟ ɩɨɥɧɨɫɬɶɸ ɩɟɪɟɤɪɵɬɶ ɟɝɨ [26]. 

 

4.5 Ɍɭɪɛɭɥɟɧɬɧɨɟ ɬɟɱɟɧɢɟ 

4.5.1 Ɉɫɧɨɜɧɵɟ ɫɜɟɞɟɧɢɹ 

Ⱦɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɟɱɟɧɢɹ ɯɚɪɚɤɬɟɪɧɨ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɠɢɞɤɨɫɬɢ, 

ɩɭɥɶɫɚɰɢɢ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɣ. ȿɫɥɢ ɫ ɩɨɦɨɳɶɸ ɨɫɨɛɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ 

ɩɪɢɛɨɪɚ-ɫɚɦɨɩɢɫɰɚ ɢɡɦɟɪɢɬɶ ɢ ɡɚɩɢɫɚɬɶ ɩɭɥɶɫɚɰɢɢ, ɧɚɩɪɢɦɟɪ, ɫɤɨɪɨɫɬɢ ɩɨ 

ɜɪɟɦɟɧɢ ɜ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɬɨɱɤɟ ɩɨɬɨɤɚ, ɬɨ ɩɨɥɭɱɢɦ ɤɚɪɬɢɧɭ, ɩɨɞɨɛɧɭɸ 

ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫ.20. ɋɤɨɪɨɫɬɶ ɛɟɫɩɨɪɹɞɨɱɧɨ ɤɨɥɟɛɥɟɬɫɹ ɨɤɨɥɨ ɧɟɤɨɬɨɪɨɝɨ 

ɨɫɪɟɞɧɟɧɧɨɝɨ ߥ𝑜˔˓ ɩɨ ɜɪɟɦɟɧɢ ɡɧɚɱɟɧɢɹ, ɤɨɬɨɪɨɟ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɫɬɚɟɬɫɹ 

ɩɨɫɬɨɹɧɧɵɦ [27]. 

 

Ɋɢɫɭɧɨɤ 20 – ɉɭɥɶɫɚɰɢɹ ɫɤɨɪɨɫɬɢ ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ 
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Ɍɪɚɟɤɬɨɪɢɢ ɱɚɫɬɢɰ, ɩɪɨɯɨɞɹɳɢɯ ɱɟɪɟɡ ɞɚɧɧɭɸ ɧɟɩɨɞɜɢɠɧɭɸ ɬɨɱɤɭ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɜ ɪɚɡɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɪɢɜɵɟ ɥɢɧɢɢ 

ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɵ, ɧɟɫɦɨɬɪɹ ɧɚ ɩɪɹɦɨɥɢɧɟɣɧɨɫɬɶ ɬɪɭɛɵ. ɏɚɪɚɤɬɟɪ ɥɢɧɢɣ 

ɬɨɤɚ ɜ ɬɪɭɛɟ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɬɚɤɠɟ ɨɬɥɢɱɚɟɬɫɹ ɛɨɥɶɲɢɦ 

ɪɚɡɧɨɨɛɪɚɡɢɟɦ (ɪɢɫ.21). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɪɨɝɨ ɝɨɜɨɪɹ, ɬɭɪɛɭɥɟɧɬɧɨɟ ɬɟɱɟɧɢɟ 

ɜɫɟɝɞɚ ɹɜɥɹɟɬɫɹ ɧɟɭɫɬɚɧɨɜɢɜɲɢɦɫɹ, ɬɚɤ ɤɚɤ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɣ, ɚ 

ɬɚɤɠɟ ɬɪɚɟɤɬɨɪɢɢ ɱɚɫɬɢɰ, ɢɡɦɟɧɹɸɬɫɹ ɩɨ ɜɪɟɦɟɧɢ. Ɉɞɧɚɤɨ ɟɝɨ ɦɨɠɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɬɟɱɟɧɢɟ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɨɫɪɟɞɧɟɧɧɵɟ ɩɨ 

ɜɪɟɦɟɧɢ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɣ, ɚ ɬɚɤɠɟ ɩɨɥɧɵɣ ɪɚɫɯɨɞ ɩɨɬɨɤɚ ɧɟ 

ɢɡɦɟɧɹɸɬɫɹ ɫɨ ɜɪɟɦɟɧɟɦ. Ɍɚɤɨɟ ɬɟɱɟɧɢɟ ɜɫɬɪɟɱɚɟɬɫɹ ɧɚ ɩɪɚɤɬɢɤɟ ɞɨɫɬɚɬɨɱɧɨ 

ɱɚɫɬɨ [27]. 

 

Ɋɢɫɭɧɨɤ 21 – ɏɚɪɚɤɬɟɪ ɥɢɧɢɣ ɬɨɤɚ ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ (ɨɫɪɟɞɧɟɧɧɵɯ ɩɨ ɜɪɟɦɟɧɢ) ɜ ɩɨɩɟɪɟɱɧɨɦ 

ɫɟɱɟɧɢɢ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɨɬɨɤɚ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɨɝɨ, ɤɨɬɨɪɨɟ 

ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɥɚɦɢɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ. ȿɫɥɢ ɫɪɚɜɧɢɦ ɤɪɢɜɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɫɤɨɪɨɫɬɟɣ ɜ ɥɚɦɢɧɚɪɧɨɦ ɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɚɯ ɜ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɬɪɭɛɟ ɢ 

ɩɪɢ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɪɚɫɯɨɞɟ (ɨɞɢɧɚɤɨɜɨɣ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ), ɬɨ ɨɛɧɚɪɭɠɢɦ 

ɫɭɳɟɫɬɜɟɧɧɨɟ ɪɚɡɥɢɱɢɟ (ɪɢɫ.22). Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ 

ɬɟɱɟɧɢɢ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɨɟ, ɚ ɧɚɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɭ ɫɬɟɧɤɢ ɛɨɥɟɟ ɤɪɭɬɨɟ, 

ɱɟɦ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɬɟɱɟɧɢɢ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɯɚɪɚɤɬɟɪɟɧ ɩɚɪɚɛɨɥɢɱɟɫɤɢɣ ɡɚɤɨɧ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ [27]. 
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Ɋɢɫɭɧɨɤ 22 – ɉɪɨɮɢɥɢ ɫɤɨɪɨɫɬɟɣ ɜ ɥɚɦɢɧɚɪɧɨɦ ɢ ɬɭɪɛɭɥɟɧɬɧɨɦ 

ɩɨɬɨɤɚɯ 

Ɍɚɤ ɤɚɤ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ ɨɬɫɭɬɫɬɜɭɟɬ ɫɥɨɢɫɬɨɫɬɶ ɩɨɬɨɤɚ ɢ 

ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɠɢɞɤɨɫɬɢ, ɡɚɤɨɧ ɬɪɟɧɢɹ ɇɶɸɬɨɧɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

ɜɵɪɚɠɚɟɬ ɥɢɲɶ ɦɚɥɭɸ ɱɚɫɬɶ ɩɨɥɧɨɝɨ ɤɚɫɚɬɟɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. Ȼɥɚɝɨɞɚɪɹ 

ɩɟɪɟɦɟɲɢɜɚɧɢɸ ɠɢɞɤɨɫɬɢ ɢ ɧɟɩɪɟɪɵɜɧɨɦɭ ɩɟɪɟɧɨɫɭ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ ɜ 

ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɤɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɒ଴ ɧɚ ɫɬɟɧɤɟ ɬɪɭɛɵ ɜ 

ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɥɚɦɢɧɚɪɧɨɦ, ɩɪɢ ɬɟɯ ɠɟ 

ɡɧɚɱɟɧɢɹɯ ɱɢɫɥɚ Re ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɏvଶ/ʹ, ɩɨɞɫɱɢɬɚɧɧɵɯ ɩɨ 

ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ [28]. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ ɜ 

ɬɪɭɛɚɯ ɬɚɤɠɟ ɩɨɥɭɱɚɸɬɫɹ ɢɧɵɦɢ, ɧɟɠɟɥɢ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ. ȼ ɬɭɪɛɭɥɟɧɬɧɨɦ 

ɩɨɬɨɤɟ ɩɪɢ Re > Reˍ˓ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɬɪɟɧɢɟ ɩɨ ɞɥɢɧɟ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ, 

ɱɟɦ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɬɟɱɟɧɢɢ ɩɪɢ ɬɟɯ ɠɟ ɪɚɡɦɟɪɚɯ ɬɪɭɛɵ, ɪɚɫɯɨɞɟ ɢ ɜɹɡɤɨɫɬɢ 

ɠɢɞɤɨɫɬɢ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɱɢɫɥɚɯ Re (ɥɚɦɢɧɚɪɧɵɣ ɪɟɠɢɦ 

ɩɪɢ ɷɬɨɦ ɧɟɭɫɬɨɣɱɢɜ) [28].  

ȿɫɥɢ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɬɟɱɟɧɢɢ ɩɨɬɟɪɹ ɧɚɩɨɪɚ ɧɚ ɬɪɟɧɢɟ ɜɨɡɪɚɫɬɚɟɬ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɫɤɨɪɨɫɬɢ (ɪɚɫɯɨɞɭ) ɜ ɩɟɪɜɨɣ ɫɬɟɩɟɧɢ, ɬɨ ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ 

ɬɭɪɛɭɥɟɧɬɧɨɦɭ ɬɟɱɟɧɢɸ ɡɚɦɟɬɧɵ ɧɟɤɨɬɨɪɵɣ ɫɤɚɱɨɤ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɡɚɬɟɦ 

ɛɨɥɟɟ ɤɪɭɬɨɟ ɧɚɪɚɫɬɚɧɢɟ ɜɟɥɢɱɢɧɵ hɬɪ ɩɨ ɤɪɢɜɨɣ, ɛɥɢɡɤɨɣ ɤ ɩɚɪɚɛɨɥɟ ɜɬɨɪɨɣ 

ɫɬɟɩɟɧɢ (ɪɢɫ. 23) [28].  
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ȼɜɢɞɭ ɫɥɨɠɧɨɫɬɢ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɟɱɟɧɢɹ ɢ ɬɪɭɞɧɨɫɬɟɣ ɟɝɨ 

ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɞɥɹ ɧɟɝɨ ɧɟ ɢɦɟɟɬɫɹ 

ɞɨɫɬɚɬɨɱɧɨ ɫɬɪɨɝɨɣ ɢ ɬɨɱɧɨɣ ɬɟɨɪɢɢ. ɋɭɳɟɫɬɜɭɸɬ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɟ, 

ɩɪɢɛɥɢɠɟɧɧɵɟ ɬɟɨɪɢɢ, ɧɚɩɪɢɦɟɪ ɬɟɨɪɢɹ ɉɪɚɧɞɬɥɹ ɢ ɞɪɭɝɢɟ, ɤɨɬɨɪɵɟ ɡɞɟɫɶ 

ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ [28]. 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ 

ɬɭɪɛɭɥɟɧɬɧɵɦ ɬɟɱɟɧɢɟɦ ɠɢɞɤɨɫɬɟɣ ɜ ɬɪɭɛɚɯ, ɩɨɥɶɡɭɸɬɫɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ, ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɧɵɦɢ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɢɢ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ [28]. 

 

 

Ɋɢɫɭɧɨɤ 23 – Ɂɚɜɢɫɢɦɨɫɬɶ hɬɪ ɨɬ v ɢ Q 

Ɉɫɧɨɜɧɨɣ ɪɚɫɱɟɬɧɨɣ ɮɨɪɦɭɥɨɣ ɞɥɹ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ 

ɬɟɱɟɧɢɢ ɜ ɤɪɭɝɥɵɯ ɬɪɭɛɚɯ ɹɜɥɹɟɬɫɹ ɷɦɩɢɪɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ, ɧɚɡɵɜɚɟɦɚɹ 

ɮɨɪɦɭɥɨɣ ȼɟɣɫɛɚɯɚ— Ⱦɚɪɫɢ ɢ ɢɦɟɸɳɚɹ ɫɥɟɞɭɸɳɢɣ ɜɢɞ [15]: 

                                            h˕˓ = ɉ˕ ୪ୢ ∙ vమଶ୥,                                                 (53) 

ɝɞɟ ɉ˕ — ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɟ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ, 

ɢɥɢ ɤɨɷɮɮɢɰɢɟɧɬ Ⱦɚɪɫɢ. 

ɗɬɚ ɨɫɧɨɜɧɚɹ ɮɨɪɦɭɥɚ ɩɪɢɦɟɧɢɦɚ ɤɚɤ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ, ɬɚɤ ɢ ɩɪɢ 

ɥɚɦɢɧɚɪɧɨɦ ɬɟɱɟɧɢɢ  ɪɚɡɥɢɱɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɥɢɲɶ ɜ ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɉ. Ɍɚɤ ɤɚɤ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ ɩɨɬɟɪɹ ɧɚɩɨɪɚ ɧɚ ɬɪɟɧɢɟ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɫɤɨɪɨɫɬɢ (ɢ ɪɚɫɯɨɞɭ) ɜɨ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ, 
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ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɟ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɥɹ ɞɚɧɧɨɣ ɬɪɭɛɵ 

ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɜɟɥɢɱɢɧɨɣ ɩɨɫɬɨɹɧɧɨɣ [28]. 

Ʉɨɝɞɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɬɪɭɛɵ ɧɟ ɜɥɢɹɟɬ ɧɚ ɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ (ɧɚ ɉ˕), 

ɬɪɭɛɭ ɧɚɡɵɜɚɸɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢ ɝɥɚɞɤɨɣ. Ⱦɥɹ ɷɬɢɯ ɫɥɭɱɚɟɜ ɤɨɷɮɮɢɰɢɟɧɬ ɉ˕ 

ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɥɢɲɶ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ: ɉ˕ = fଵሺReሻ. ɋɭɳɟɫɬɜɭɟɬ ɪɹɞ 

ɷɦɩɢɪɢɱɟɫɤɢɯ ɢ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɯ ɮɨɪɦɭɥ, ɜɵɪɚɠɚɸɳɢɯ ɷɬɭ ɮɭɧɤɰɢɸ ɞɥɹ 

ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɟɱɟɧɢɹ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢ ɝɥɚɞɤɢɯ ɬɪɭɛɚɯ. Ɉɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ 

ɭɞɨɛɧɵɯ ɢ ɭɩɨɬɪɟɛɢɬɟɥɶɧɵɯ ɹɜɥɹɟɬɫɹ ɮɨɪɦɭɥɚ ɉ. Ʉ. Ʉɨɧɚɤɨɜɚ ɩɪɢɦɟɧɢɦɚɹ 

ɩɪɢ ɱɢɫɥɟ Re ɨɬ Reɩɪ ɞɨ Re, ɪɚɜɧɨɝɨ ɧɟɫɤɨɥɶɤɢɦ ɦɢɥɥɢɨɧɚɦ [28]. 

                                   ɉ˕ = ͳ/ሺͳ,ͺͳlgRe − ͳ,ͷሻଶ                                      (54) 

ɉɪɢ 2300 < Re < 105 ɦɨɠɧɨ ɩɨɥɶɡɨɜɚɬɶɫɹ ɬɚɤɠɟ ɮɨɪɦɭɥɨɣ Ȼɥɚɡɢɭɫɚ 

                                          ɉ˕ = Ͳ,͵ͳ͸/√Reభ                                               (55) 

Ɉɬɫɸɞɚ ɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ Re ɤɨɷɮɮɢɰɢɟɧɬ ɉ˕, ɭɦɟɧɶɲɚɟɬɫɹ, 

ɨɞɧɚɤɨ ɷɬɨ ɭɦɟɧɶɲɟɧɢɟ ɝɨɪɚɡɞɨ ɦɟɧɟɟ ɡɧɚɱɢɬɟɥɶɧɨ, ɱɟɦ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ 

ɬɟɱɟɧɢɢ (ɪɢɫ.24). ɗɬɨ ɪɚɡɥɢɱɢɟ ɜ ɡɚɤɨɧɚɯ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɉ ɫɜɹɡɚɧɨ 

ɫ ɬɟɦ, ɱɬɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜ 

ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ ɝɨɪɚɡɞɨ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɥɚɦɢɧɚɪɧɨɦ [28].   

ȿɫɥɢ ɜ ɩɨɫɥɟɞɧɟɦ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɬɪɟɧɢɟ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ 

ɜɹɡɤɨɫɬɢ, ɬɨ ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨɬɨɤɟ, ɨɧɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɜɹɡɤɨɫɬɢ ɜ 

ɫɬɟɩɟɧɢ 1/4. Ɉɫɧɨɜɧɭɸ ɪɨɥɶ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ 

ɬɟɱɟɧɢɢ ɢɝɪɚɸɬ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɢ ɪɚɫɫɟɢɜɚɧɢɟ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 

ɡɚɜɢɯɪɟɧɧɵɯ ɱɚɫɬɢɰ [28]. 
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Ɋɢɫɭɧɨɤ 24 – Ɂɚɜɢɫɢɦɨɫɬɶ ɉˎ ɢ ɉ˕ ɨɬ ɱɢɫɥɚ Re 

Ʉ ɱɢɫɥɭ ɝɢɞɪɚɜɥɢɱɟɫɤɢ ɝɥɚɞɤɢɯ ɬɪɭɛ ɦɨɠɧɨ ɛɟɡ ɛɨɥɶɲɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 

ɨɬɧɟɫɬɢ ɰɟɥɶɧɨɬɹɧɭɬɵɟ ɬɪɭɛɵ ɢɡ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ (ɜɤɥɸɱɚɹ ɢ ɚɥɸɦɢɧɢɟɜɵɟ 

ɫɩɥɚɜɵ), ɚ ɬɚɤɠɟ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ ɛɟɫɲɨɜɧɵɟ ɫɬɚɥɶɧɵɟ ɬɪɭɛɵ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɬɪɭɛɵ, ɭɩɨɬɪɟɛɥɹɟɦɵɟ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɨɩɪɨɜɨɞɨɜ ɢ ɝɢɞɪɨɫɢɫɬɟɦ, 

ɜ ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɝɢɞɪɚɜɥɢɱɟɫɤɢ ɝɥɚɞɤɢɦɢ ɢ ɞɥɹ ɢɯ 

ɪɚɫɱɟɬɚ ɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢɜɟɞɟɧɧɵɦɢ ɮɨɪɦɭɥɚɦɢ. ȼɨɞɨɩɪɨɜɨɞɧɵɟ ɫɬɚɥɶɧɵɟ ɢ 

ɱɭɝɭɧɧɵɟ ɬɪɭɛɵ ɝɥɚɞɤɢɦɢ ɧɟɥɶɡɹ ɫɱɢɬɚɬɶ, ɬɚɤ ɤɚɤ ɨɧɢ ɨɛɵɱɧɨ ɞɚɸɬ 

ɩɨɜɵɲɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ [28]. 

 

Ɋɢɫɭɧɨɤ 25 – Ʌɚɦɢɧɚɪɧɵɣ ɩɪɢɫɬɟɧɧɵɣ ɫɥɨɣ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ 

ɜ ɬɪɭɛɟ 

Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɨɩɵɬɵ ɪɹɞɚ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ (ɂ. ɂ. ɇɢɤɭɪɚɞɡɟ, Ƚ. Ƚ. 

Ƚɭɪɠɢɟɧɤɨ, Ɋɟɣɯɚɪɞɬɚ ɢ ɞɪ.), ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɫɬɟɧɤɟ ɬɪɭɛɵ ɨɛɵɱɧɨ ɢɦɟɟɬɫɹ ɥɚɦɢɧɚɪɧɵɣ ɫɥɨɣ (ɪɢɫ.25). 

ɗɬɨ ɨɱɟɧɶ ɬɨɧɤɢɣ ɫɥɨɣ ɠɢɞɤɨɫɬɢ, ɞɜɢɠɟɧɢɟ ɜ ɤɨɬɨɪɨɦ ɹɜɥɹɟɬɫɹ ɫɥɨɢɫɬɵɦ ɩ 
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ɩɪɨɢɫɯɨɞɢɬ ɛɟɡ ɩɟɪɟɦɟɲɢɜɚɧɢɹ. ȼ ɟɝɨ ɩɪɟɞɟɥɚɯ ɫɤɨɪɨɫɬɶ ɤɪɭɬɨ ɧɚɪɚɫɬɚɟɬ ɨɬ 

ɧɭɥɹ ɧɚ ɫɬɟɧɤɟ ɞɨ ɧɟɤɨɬɨɪɨɣ ɤɨɧɟɱɧɨɣ ɜɟɥɢɱɢɧɵ vˎɧɚ ɝɪɚɧɢɰɟ ɫɥɨɹ. Ɍɨɥɳɢɧɚ Ɂˎɥɚɦɢɧɚɪɧɨɝɨ ɫɥɨɹ ɤɪɚɣɧɟ ɧɟɜɟɥɢɤɚ, ɩɪɢɱɟɦ ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɱɢɫɥɨ Re, 

ɩɨɞɫɱɢɬɚɧɧɨɟ ɩɨ ɬɨɥɳɢɧɟ Ɂˎ, ɫɤɨɪɨɫɬɢ vn ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ vˎ, 

ɟɫɬɶ ɜɟɥɢɱɢɧɚ ɩɨɫɬɨɹɧɧɚɹ, ɬ. ɟ. [28]: 

                                            vˎɁˎ/ɋ = cˑnst                                              (56) 

ɗɬɚ ɜɟɥɢɱɢɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɢɟɣ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ 

ɢɦɟɟɬ ɭɧɢɜɟɪɫɚɥɶɧɨɟ ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɞɨɛɧɨ ɬɨɦɭ, ɤɚɤ ɩɨɫɬɨɹɧɧɨ Reɤp 

ɞɥɹ ɬɟɱɟɧɢɹ ɜ ɬɪɭɛɚɯ. ɉɨɷɬɨɦɭ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, Re ɪɚɫɬɟɬ ɬɚɤɠɟ ɫɤɨɪɨɫɬɶ vˎ, ɚ ɬɨɥɳɢɧɚ Ɂˎ ɥɚɦɢɧɚɪɧɨɝɨ ɫɥɨɹ 

ɭɦɟɧɶɲɚɟɬɫɹ [28]. 

4.5.2 Ɍɭɪɛɭɥɟɧɬɧɨɟ ɬɟɱɟɧɢɟ ɜ ɲɟɪɨɯɨɜɚɬɵɯ ɢ ɧɟɤɪɭɝɥɵɯ ɬɪɭɛɚɯ 

ȿɫɥɢ ɞɥɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢ ɝɥɚɞɤɢɯ ɬɪɭɛ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɟ 

ɜɩɨɥɧɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɢɫɥɨɦ Re, ɬɨ ɞɥɹ ɲɟɪɨɯɨɜɚɬɵɯ ɬɪɭɛ ɉ˕ ɡɚɜɢɫɢɬ ɟɳɟ ɢ 

ɨɬ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɵ. ɉɪɢ ɷɬɨɦ ɜɚɠɟɧ ɧɟ 

ɚɛɫɨɥɸɬɧɵɣ ɪɚɡɦɟɪ Δ ɛɭɝɨɪɤɨɜ ɲɟɪɨɯɨɜɚɬɨɫɬɢ, ɚ ɨɬɧɨɲɟɧɢɟ ɷɬɨɝɨ ɪɚɡɦɟɪɚ ɤ 

ɪɚɞɢɭɫɭ (ɢɥɢ ɞɢɚɦɟɬɪɭ) ɬɪɭɛɵ, ɬ. ɟ. ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ 

ɲɟɪɨɯɨɜɚɬɨɫɬɶ Δ/d. Ɉɞɧɚ ɢ ɬɚ ɠɟ ɚɛɫɨɥɸɬɧɚɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɦɨɠɟɬ 

ɫɨɜɟɪɲɟɧɧɨ ɧɟ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɹ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɭɛɵ ɛɨɥɶɲɨɝɨ 

ɞɢɚɦɟɬɪɚ, ɧɨ ɫɩɨɫɨɛɧɚ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɭɛɵ ɦɚɥɨɝɨ 

ɞɢɚɦɟɬɪɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɥɢɹɟɬ ɯɚɪɚɤɬɟɪ ɲɟɪɨɯɨɜɚɬɨɫɬɢ. 

ɉɪɨɫɬɟɣɲɢɦ ɫɥɭɱɚɟɦ ɛɭɞɟɬ ɬɨɬ, ɤɨɝɞɚ ɜɫɟ ɛɭɝɨɪɤɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢɦɟɸɬ 

ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɪɚɡɦɟɪ Δ ɢ ɨɞɢɧɚɤɨɜɭɸ ɮɨɪɦɭ, ɬ. ɟ. ɩɪɢ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ 

ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɡɟɪɧɢɫɬɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ [29]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɤɨɷɮɮɢɰɢɟɧɬ ɉ˕ ɡɚɜɢɫɢɬ ɤɚɤ ɨɬ Re, ɬɚɤ ɢ 

ɨɬ ɨɬɧɨɲɟɧɢɹ Δ/d (ɢɥɢ ∆/r଴) [29]: 

                                             ɉ˕ = fሺRe, Δ/dሻ                                              (57) 
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ɏɚɪɚɤɬɟɪ ɜɥɢɹɧɢɹ ɷɬɢɯ ɞɜɭɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɭɛ 

ɨɬɱɟɬɥɢɜɨ ɜɢɞɟɧ ɢɡ ɝɪɚɮɢɤɚ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɨɩɵɬɨɜ ɂ. ɂ. 

ɇɢɤɭɪɚɞɡɟ.  

ɂ. ɂ. ɇɢɤɭɪɚɞɡɟ ɢɫɩɵɬɚɥ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɹɞ ɬɪɭɛ ɫ ɢɫɤɭɫɫɬɜɟɧɧɨ 

ɫɨɡɞɚɧɧɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ ɧɚ ɢɯ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɒɟɪɨɯɨɜɚɬɨɫɬɶ 

ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɩɭɬɟɦ ɩɪɢɤɥɟɣɤɢ ɩɟɫɱɢɧɨɤ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɪɚɡɦɟɪɚ, 

ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɨɫɟɢɜɚɧɢɟɦ ɩɟɫɤɚ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɫɢɬɚ. Ɍɟɦ ɫɚɦɵɦ ɛɵɥɚ 

ɩɨɥɭɱɟɧɚ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɡɟɪɧɢɫɬɚɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ. ɂɫɩɵɬɚɧɢɹ 

ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɩɪɢ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɲɟɪɨɯɨɜɚɬɨɫɬɟɣ ቀ ∆୰బ = ଵହ଴଴ ÷ ଵଵହቁ, ɚ ɬɚɤ ɠɟ ɱɢɫɟɥ Re (Re= ͷͲͲ ÷ ͳͲ8ሻ. Ɋɟɡɭɥɶɬɚɬɵ ɷɬɢɯ 

ɢɫɩɵɬɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.26, ɝɞɟ ɩɨɫɬɪɨɟɧɵ ɤɪɢɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ lg 

(1000ɉ,) ɨɬ lg Re ɞɥɹ ɪɹɞɚ ɡɧɚɱɟɧɢɣ ∆/r଴ [29]. 

 

Ɋɢɫɭɧɨɤ 26 – Ɂɚɜɢɫɢɦɨɫɬɶ lg (1000ɉ,) ɨɬ lg Re ɞɥɹ ɬɪɭɛ ɫ ɢɫɤɭɫɫɬɜɟɧɧɨɣ 

ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ 

ɇɚɤɥɨɧɧɵɟ ɩɪɹɦɵɟ Ⱥ ɢ ȼ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɚɤɨɧɚɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɝɥɚɞɤɢɯ ɬɪɭɛ. ɉɨɫɥɟ ɭɦɧɨɠɟɧɢɹ ɧɚ 1000 ɢ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɢɹ ɩɨɥɭɱɢɦ 

ɭɪɚɜɧɟɧɢɹ ɩɪɹɦɵɯ [29]: 

                                       lgሺͳͲͲͲɉˎሻ = lg͸ͶͲͲͲ − lgRe                           (58) 

                                       lgሺͳͲͲͲɉ˕ሻ = lg͵ͳ͸ − ଵସ lgRe                             (59) 
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ɒɬɪɢɯɨɜɵɦɢ ɥɢɧɢɹɦɢ ɩɨɤɚɡɚɧɵ ɤɪɢɜɵɟ ɞɥɹ ɬɪɭɛ ɫ ɪɚɡɥɢɱɧɨɣ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ ∆/r଴ [29].  

ɂɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɝɪɚɮɢɤɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɜɵɜɨɞɵ:  

1. ɉɪɢ ɥɚɦɢɧɚɪɧɨɦ ɬɟɱɟɧɢɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɟ 

ɜɥɢɹɟɬ; ɲɬɪɢɯɨɜɵɟ ɤɪɢɜɵɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɚɡɥɢɱɧɵɦ ɲɟɪɨɯɨɜɚɬɨɫɬɹɦ, 

ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɬ ɫ ɩɪɹɦɨɣ Ⱥ. 

2. Ʉɪɢɬɢɱɟɫɤɨɟ ɱɢɫɥɨ Re ɨɬ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ; 

ɲɬɪɢɯɨɜɵɟ ɤɪɢɜɵɟ ɨɬɤɥɨɧɹɸɬɫɹ ɨɬ ɩɪɹɦɨɣ Ⱥ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɩɪɢ ɨɞɧɨɦ ɢ 

ɬɨɦ ɠɟ Reɤɪ.  

3. ȼ ɨɛɥɚɫɬɢ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɟɱɟɧɢɹ, ɧɨ ɩɪɢ ɧɟɛɨɥɶɲɢɯ Re ɢ ∆/r଴ 

ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɟ ɜɥɢɹɟɬ; ɲɬɪɢɯɨɜɵɟ ɥɢɧɢɢ ɧɚ ɧɟɤɨɬɨɪɵɯ 

ɭɱɚɫɬɤɚɯ ɫɨɜɩɚɞɚɸɬ ɫ ɩɪɹɦɨɣ ȼ. Ɉɞɧɚɤɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ Re ɷɬɨ ɜɥɢɹɧɢɟ 

ɧɚɱɢɧɚɟɬ ɫɤɚɡɵɜɚɬɶɫɹ, ɢ ɤɪɢɜɵɟ ɞɥɹ ɲɟɪɨɯɨɜɚɬɵɯ ɬɪɭɛ ɧɚɱɢɧɚɸɬ 

ɨɬɤɥɨɧɹɬɶɫɹ ɨɬ ɩɪɹɦɨɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɡɚɤɨɧɭ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɥɚɞɤɢɯ 

ɬɪɭɛ.  

4. ɉɪɢ ɛɨɥɶɲɢɯ Re ɢ ɛɨɥɶɲɢɯ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɲɟɪɨɯɨɜɚɬɨɫɬɹɯ 

ɤɨɷɮɮɢɰɢɟɧɬ ɉ˕ ɩɟɪɟɫɬɚɟɬ ɡɚɜɢɫɟɬɶ ɨɬ Rɟ ɢ ɫɬɚɧɨɜɢɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɞɥɹ 

ɞɚɧɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ. ɗɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɦ ɭɱɚɫɬɤɚɦ 

ɲɬɪɢɯɨɜɵɯ ɤɪɢɜɵɯ, ɝɞɟ ɨɧɢ ɩɨɫɥɟ ɧɟɤɨɬɨɪɨɝɨ ɩɨɞɴɟɦɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ 

ɩɚɪɚɥɥɟɥɶɧɨ ɨɫɢ ɚɛɫɰɢɫɫ.  

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɤɚɠɞɨɣ ɢɡ ɤɪɢɜɵɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɲɟɪɨɯɨɜɚɬɵɦ ɬɪɭɛɚɦ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ 

ɫɥɟɞɭɸɳɢɟ ɬɪɢ ɨɛɥɚɫɬɢ ɡɧɚɱɟɧɢɣ Re ɢ ∆/r଴, ɨɬɥɢɱɚɸɳɢɟɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ 

ɯɚɪɚɤɬɟɪɨɦ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɉ˕ [29]. 

ɉɟɪɜɚɹ ɨɛɥɚɫɬɶ — ɨɛɥɚɫɬɶ ɦɚɥɵɯ Re ɢ ∆/r଴, ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬ ɉ˕ ɨɬ 

ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɧɟ ɡɚɜɢɫɢɬ, ɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɥɢɲɶ ɱɢɫɥɨɦ ɂɟ; ɷɬɨ ɨɛɥɚɫɬɶ 
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ɝɢɞɪɚɜɥɢɱɟɫɤɢ ɝɥɚɞɤɢɯ ɬɪɭɛ. Ɉɧɚ ɧɟ ɢɦɟɟɬ ɦɟɫɬɚ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ 

ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩ ɨɩɵɬɚɯ ɂ. ɂ. ɇɢɤɭɪɚɞɡɟ [29].  

ȼɨ ɜɬɨɪɨɣ ɨɛɥɚɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬ ɉ˕ ɡɚɜɢɫɢɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɬ ɞɜɭɯ 

ɩɚɪɚɦɟɬɪɨɜ — ɱɢɫɥɚ Re ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ [29].  

Ɍɪɟɬɶɹ ɨɛɥɚɫɬɶ — ɨɛɥɚɫɬɶ ɛɨɥɶɲɢɯ Re ɢ ∆/r଴, ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬ ɉ˕ ɧɟ 

ɡɚɜɢɫɢɬ ɨɬ Re, ɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɥɢɲɶ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ. ɗɬɭ 

ɨɛɥɚɫɬɶ ɧɚɡɵɜɚɸɬ ɨɛɥɚɫɬɶɸ ɚɜɬɨɦɨɞɟɥɶɧɨɫɬɢ ɢɥɢ ɪɟɠɢɦɨɦ ɤɜɚɞɪɚɬɢɱɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɬɚɤ ɤɚɤ ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɉ˕ ɨɬ Re ɨɡɧɚɱɚɟɬ, ɱɬɨ 

ɩɨɬɟɪɹ ɧɚɩɨɪɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɫɤɨɪɨɫɬɢ ɜɨ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ [29]. 

ɑɬɨɛɵ ɥɭɱɲɟ ɭɹɫɧɢɬɶ ɷɬɢ ɨɫɨɛɟɧɧɨɫɬɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɲɟɪɨɯɨɜɚɬɵɯ 

ɬɪɭɛ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɧɚɥɢɱɢɟ ɥɚɦɢɧɚɪɧɨɝɨ ɫɥɨɹ. 

Ʉɚɤ ɭɤɚɡɵɜɚɥɨɫɶ ɜɵɲɟ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ Re ɬɨɥɳɢɧɚ ɥɚɦɢɧɚɪɧɨɝɨ ɫɥɨɹ Ɂˎ ɭɦɟɧɶɲɚɟɬɫɹ, ɩɨɷɬɨɦɭ ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɦɚɥɵɯ Re ɬɨɥɳɢɧɚ 

ɥɚɦɢɧɚɪɧɨɝɨ ɫɥɨɹ ɛɨɥɶɲɟ ɜɵɫɨɬɵ ɛɭɝɨɪɤɨɜ ɲɟɪɨɯɨɜɚɬɨɫɬɢ, ɩɨɫɥɟɞɧɢɟ 

ɧɚɯɨɞɹɬɫɹ ɜɧɭɬɪɢ ɥɚɦɢɧɚɪɧɨɝɨ ɫɥɨɹ, ɨɛɬɟɤɚɸɬɫɹ ɩɥɚɜɧɨ (ɛɟɡɨɬɪɵɜɧɨ) ɢ ɧɚ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɟ ɜɥɢɹɸɬ. ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ Re ɬɨɥɳɢɧɚ Ɂˎ ɭɦɟɧɶɲɚɟɬɫɹ, 

ɛɭɝɨɪɤɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɧɚɱɢɧɚɸɬ ɜɵɫɬɭɩɚɬɶ ɡɚ ɩɪɟɞɟɥɵ ɫɥɨɹ ɢ ɜɥɢɹɬɶ ɧɚ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ. ɉɪɢ ɛɨɥɶɲɢɯ Re ɬɨɥɳɢɧɚ ɥɚɦɢɧɚɪɧɨɝɨ ɫɥɨɹ ɫɬɚɧɨɜɢɬɫɹ 

ɜɟɫɶɦɚ ɦɚɥɨɣ, ɚ ɛɭɝɨɪɤɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɨɛɬɟɤɚɸɬɫɹ ɬɭɪɛɭɥɟɧɬɧɵɦ ɩɨɬɨɤɨɦ ɫ 

ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ ɡɚ ɤɚɠɞɵɦ ɛɭɝɨɪɤɨɦ; ɷɬɢɦ ɢ ɨɛɴɹɫɧɹɟɬɫɹ ɤɜɚɞɪɚɬɢɱɧɵɣ 

ɡɚɤɨɧ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɯɚɪɚɤɬɟɪɧɵɣ ɞɥɹ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ [29].  

Ƚɪɚɮɢɤ ɂ. ɂ. ɇɢɤɭɪɚɞɡɟ ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ ɩɪɢɦɟɪɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ 

ɨɬ Ȼɟ ɞɨɩɭɫɬɢɦɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ, ɬ. ɟ. ɬɚɤɨɝɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɬɪɭɛɵ ɟɳɟ ɧɟ ɜɥɢɹɟɬ ɧɚ ɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. Ⱦɥɹ ɷɬɨɝɨ 

ɫɥɟɞɭɟɬ ɜɡɹɬɶ ɬɟ ɬɨɱɤɢ ɧɚ ɝɪɚɮɢɤɟ (ɫɦ. ɪɢɫ.26), ɜ ɤɨɬɨɪɵɯ ɤɪɢɜɵɟ ɞɥɹ 

ɲɟɪɨɯɨɜɚɬɵɯ ɬɪɭɛ ɧɚɱɢɧɚɸɬ ɨɬɤɥɨɧɹɬɶɫɹ ɨɬ ɩɪɹɦɨɣ ȼ ɞɥɹ ɝɥɚɞɤɢɯ ɬɪɭɛ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ Re ɡɧɚɱɟɧɢɟ ɞɨɩɭɫɬɢɦɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ 

ɭɦɟɧɶɲɚɟɬɫɹ [29].  
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Ɉɩɵɬɵ ɇɢɤɭɪɚɞɡɟ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɬɪɭɛɚɯ, ɫɧɚɛɠɟɧɧɵɯ ɢɫɤɭɫɫɬɜɟɧɧɨɣ, 

ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɡɟɪɧɢɫɬɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ. Ⱦɥɹ ɧɚɬɭɪɚɥɶɧɵɯ 

ɲɟɪɨɯɨɜɚɬɵɯ ɬɪɭɛ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɉ˕  ɨɬ Re ɩɨɥɭɱɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɢɧɵɦ, ɛɟɡ 

ɩɨɞɴɟɦɚ ɤɪɢɜɵɯ ɩɨɫɥɟ ɨɬɤɥɨɧɟɧɢɹ ɢɯ ɨɬ ɡɚɤɨɧɚ ɞɥɹ ɝɥɚɞɤɢɯ ɬɪɭɛ. ɇɚ ɪɢɫ. 27 

ɜ ɩɨɥɭɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯ ɞɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɩɵɬɨɜ, ɩɨɫɬɚɜɥɟɧɧɵɯ 

ɜɨ ȼɫɟɫɨɸɡɧɨɦ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɦ ɢɧɫɬɢɬɭɬɟ Ƚ. Ⱥ. Ɇɭɪɢɧɵɦ. Ʉɨɷɮɮɢɰɢɟɧɬ ɉ˕  ɞɥɹ ɧɚɬɭɪɚɥɶɧɵɯ ɲɟɪɨɯɨɜɚɬɵɯ ɬɪɭɛ ɧɚ ɝɪɚɮɢɤɟ ɭɤɚɡɚɧ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

Re ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ d/∆ˠ, ɝɞɟ ∆ˠ — ɚɛɫɨɥɸɬɧɚɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ, 

ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɩɨ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɡɟɪɧɢɫɬɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɜ ɨɩɵɬɚɯ ɂ. ɂ. 

ɇɢɤɭɪɚɞɡɟ. Ⱦɥɹ ɧɨɜɵɯ ɫɬɚɥɶɧɵɯ ɛɟɫɲɨɜɧɵɯ ɬɪɭɛ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɧɢɦɚɬɶ 

ɩɪɢ ɪɚɫɱɟɬɚɯ ɡɧɚɱɟɧɢɟ ∆ˠ = 0,1 ɦɦ; ɞɥɹ ɬɪɭɛ, ɛɵɜɲɢɯ ɜ ɭɩɨɬɪɟɛɥɟɧɢɢ, ∆ˠ = 

0,2 ɦɦ [29].  

Ɋɚɡɥɢɱɢɟ ɜ ɯɚɪɚɤɬɟɪɟ ɤɪɢɜɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ.26 ɢ 27, 

ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ ɧɚɬɭɪɧɨɣ ɬɪɭɛɟ (ɫɦ. ɪɢɫ.27) ɛɭɝɨɪɤɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ 

ɢɦɟɸɬ ɪɚɡɥɢɱɧɭɸ ɜɵɫɨɬɭ ɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɱɢɫɥɚ Re ɧɚɱɢɧɚɸɬ ɜɵɫɬɭɩɚɬɶ ɡɚ 

ɩɪɟɞɟɥɵ ɥɚɦɢɧɚɪɧɨɝɨ ɫɥɨɹ ɧɟ ɨɞɧɨɜɪɟɦɟɧɧɨ, ɚ ɩɪɢ ɪɚɡɧɵɯ Re. ȼɜɢɞɭ ɷɬɨɝɨ 

ɩɟɪɟɯɨɞ ɨɬ ɥɢɧɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɨɩɪɨɬɢɜɥɟɧɢɸ ɝɥɚɞɤɢɯ ɬɪɭɛ, ɤ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ ɩɪɹɦɵɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɤɜɚɞɪɚɬɢɱɧɨɦɭ ɡɚɤɨɧɭ, 

ɩɪɨɢɫɯɨɞɢɬ ɞɥɹ ɧɚɬɭɪɧɵɯ ɬɪɭɛ ɛɨɥɟɟ ɩɥɚɜɧɨ, ɛɟɡ ɩɪɨɜɚɥɚ ɤɪɢɜɵɯ, 

ɯɚɪɚɤɬɟɪɧɨɝɨ ɞɥɹ ɝɪɚɮɢɤɚ ɂ. ɂ. ɇɢɤɭɪɚɞɡɟ [29]. 
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Ɋɢɫɭɧɨɤ 27 – Ɂɚɜɢɫɢɦɨɫɬɶ ɉ˕ ɨɬ Re ɞɥɹ ɬɪɭɛ ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ 

ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɱɢɫɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɨɬɧɨɲɟɧɢɹ ɉ˕ ɫ 

ɱɢɫɥɨɦ Rɟ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɝɪɚɧɢɰɵ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɨɛɥɚɫɬɟɣ (ɪɟɠɢɦɨɜ) 

ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɟɱɟɧɢɹ ɜ ɲɟɪɨɯɨɜɚɬɵɯ ɬɪɭɛɚɯ [29].  

ɇɚ ɩɪɚɤɬɢɤɟ ɱɚɫɬɨ ɩɪɢɯɨɞɢɬɫɹ ɢɦɟɬɶ ɞɟɥɨ ɫ ɬɭɪɛɭɥɟɧɬɧɵɦ ɬɟɱɟɧɢɟɦ ɜ 

ɧɟɤɪɭɝɥɵɯ ɬɪɭɛɚɯ, ɩɪɢɦɟɧɹɟɦɵɯ, ɧɚɩɪɢɦɟɪ, ɜ ɨɯɥɚɠɞɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜɚɯ 

(ɪɚɞɢɚɬɨɪɚɯ, ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ, ɨɯɥɚɠɞɚɸɳɢɯ ɬɪɚɤɬɚɯ ɞɜɢɝɚɬɟɥɟɣ ɢ ɞɪ.). 

Ɋɚɫɫɦɨɬɪɢɦ ɪɚɫɱɟɬ ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɟ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ ɜ ɬɪɭɛɟ ɫ 

ɩɨɧɟɪɟɱɧɢɦ ɫɟɱɟɧɢɟɦ ɩɪɨɢɡɜɨɥɶɧɨɣ ɮɨɪɦɵ. ɋɭɦɦɚɪɧɚɹ ɫɢɥɚ ɬɪɟɧɢɹ, 

ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɜɧɟɲɧɸɸ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɬɨɤɚ ɞɥɢɧɨɣ l [30]: 

                                                    T = П/ɒ଴,                                               (60) 

ɝɞɟ ɉ — ɩɟɪɢɦɟɬɪ ɫɟɱɟɧɢɹ; ɒ଴ — ɤɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɫɬɟɧɤɟ, 

ɡɚɜɢɫɹɳɟɟ ɜ ɨɫɧɨɜɧɨɦ ɨɬ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɬ. ɟ. ɨɬ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ 

ɬɟɱɟɧɢɹ ɢ ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɨɫɬɢ. 



69 
 

ɂɬɚɤ, ɩɪɢ ɡɚɞɚɧɧɨɣ ɩɥɨɳɚɞɢ ɫɟɱɟɧɢɹ S ɢ ɞɚɧɧɨɦ ɪɚɫɯɨɞɟ ɠɢɞɤɨɫɬɢ, ɚ 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɩɪɢ ɞɚɧɧɨɣ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɫɢɥɚ ɬɪɟɧɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 

ɩɟɪɢɦɟɬɪɭ ɫɟɱɟɧɢɹ. ɉɨɷɬɨɦɭ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɫɢɥɵ ɬɪɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɨɬɟɪɶ 

ɷɧɟɪɝɢɢ ɧɚ ɬɪɟɧɢɟ ɫɥɟɞɭɟɬ ɭɦɟɧɶɲɚɬɶ ɩɟɪɢɦɟɬɪ ɫɟɱɟɧɢɹ. ɇɚɢɦɟɧɶɲɢɣ 

ɩɟɪɢɦɟɬɪ ɩɪɢ ɡɚɞɚɧɧɨɣ ɩɥɨɳɚɞɢ ɢɦɟɟɬ ɤɪɭɝɥɨɟ ɫɟɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɷɬɨɦɭ 

ɹɜɥɹɟɬɫɹ ɧɚɢɜɵɝɨɞɧɟɣɲɢɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɥɭɱɟɧɢɹ ɦɢɧɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ 

ɷɧɟɪɝɢɢ (ɧɚɩɨɪɚ) ɧɚ ɬɪɟɧɢɟ ɜ ɬɪɭɛɟ [30].  

Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɮɨɪɦɵ ɫɟɱɟɧɢɹ ɧɚ ɩɨɬɟɪɸ ɧɚɩɨɪɚ 

ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ, ɜ ɪɚɫɱɟɬ ɜɜɨɞɹɬ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɪɚɞɢɭɫ Rɝ ɢɥɢ ɞɢɚɦɟɬɪ Dɝ. 

Ɇɨɠɧɨ ɩɨɥɶɡɨɜɚɬɶɫɹ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɪɟɠɢɦɟ, 

ɨɛɨɛɳɟɧɧɨɣ ɮɨɪɦɭɥɨɣ ȼɟɣɫɛɚɯɚ—Ⱦɚɪɫɢ, ɩɪɢɱɟɦ ɜ ɨɬɥɢɱɢɟ ɨɬ ɥɚɦɢɧɚɪɧɨɝɨ 

ɪɟɠɢɦɚ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ k ɩɪɢɧɢɦɚɸɬ 

ɪɚɜɧɵɦ ɟɞɢɧɢɰɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɥɸɛɨɣ ɮɨɪɦɵ ɫɟɱɟɧɢɹ [30]: 

                                      h˕˓ = ɉ˕ ଵସୖˆ vమଶ୥ = ɉ˕ ୪ୈˆ vమଶ୥                                      (61) 
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5 Ɇɟɫɬɧɵɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

5.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ 

ɉɪɨɫɬɟɣɲɢɟ ɦɟɫɬɧɵɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ 

ɧɚ ɪɚɫɲɢɪɟɧɢɹ, ɫɭɠɟɧɢɹ ɢ ɩɨɜɨɪɨɬɵ ɪɭɫɥɚ, ɤɚɠɞɨɟ ɢɡ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ 

ɜɧɟɡɚɩɧɵɦ ɢɥɢ ɩɨɫɬɟɩɟɧɧɵɦ. Ȼɨɥɟɟ ɫɥɨɠɧɵɟ ɫɥɭɱɚɢ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɨɟɞɢɧɟɧɢɹ ɢɥɢ ɤɨɦɛɢɧɚɰɢɢ ɩɟɪɟɱɢɫɥɟɧɧɵɯ 

ɩɪɨɫɬɟɣɲɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ 

ɜɟɧɬɢɥɶ  ɩɨɬɨɤ ɢɫɤɪɢɜɥɹɟɬɫɹ, ɦɟɧɹɟɬ ɫɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ, ɫɭɠɚɟɬɫɹ ɢ, ɧɚɤɨɧɟɰ, 

ɪɚɫɲɢɪɹɟɬɫɹ ɞɨ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ; ɩɪɢ ɷɬɨɦ ɜɨɡɧɢɤɚɸɬ ɢɧɬɟɧɫɢɜɧɵɟ 

ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ [31].  

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɫɬɟɣɲɢɟ ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ 

ɪɟɠɢɦɟ ɬɟɱɟɧɢɹ ɜ ɬɪɭɛɟ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɨɬɟɪɶ ߦ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɮɨɪɦɨɣ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɢ ɨɱɟɧɶ ɦɚɥɨ 

ɢɡɦɟɧɹɸɬɫɹ ɫ ɢɡɦɟɧɟɧɢɟɦ ɚɛɫɨɥɸɬɧɵɯ ɪɚɡɦɟɪɨɜ ɪɭɫɥɚ, ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɢ 

ɜɹɡɤɨɫɬɢ ߥ ɠɢɞɤɨɫɬɢ, ɬ. ɟ. ɫ ɢɡɦɟɧɟɧɢɟɦ ɱɢɫɥɚ Re, ɩɨɷɬɨɦɭ ɨɛɵɱɧɨ 

ɩɪɢɧɢɦɚɸɬ, ɱɬɨ ɨɧɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ Re, ɱɬɨ ɨɡɧɚɱɚɟɬ ɤɜɚɞɪɚɬɢɱɧɵɣ ɡɚɤɨɧ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɢɥɢ ɚɜɬɨɦɨɞɟɥɶɧɨɫɬɶ [31].  

5.2 ȼɧɟɡɚɩɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɪɭɫɥɚ 

Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɩɨɬɟɪɶ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ 

ɩɨɥɭɱɚɸɬ ɢɡ ɨɩɵɬɨɜ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɜɵɜɨɞɹɬ ɷɦɩɢɪɢɱɟɫɤɢɟ ɮɨɪɦɭɥɵ 

ɢɥɢ ɫɬɪɨɹɬ ɝɪɚɮɢɤɢ. Ɉɞɧɚɤɨ ɞɥɹ ɜɧɟɡɚɩɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɪɭɫɥɚ ɩɪɢ 

ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ ɩɨɬɟɪɸ ɧɚɩɨɪɚ ɦɨɠɧɨ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɧɚɣɬɢ 

ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɩɭɬɟɦ [31].  

ɉɪɢ ɜɧɟɡɚɩɧɨɦ ɪɚɫɲɢɪɟɧɢɢ ɪɭɫɥɚ (ɬɪɭɛɵ) (ɪɢɫ.28) ɩɨɬɨɤ ɫɪɵɜɚɟɬɫɹ ɫ 

ɭɝɥɚ ɢ ɪɚɫɲɢɪɹɟɬɫɹ ɧɟ ɜɧɟɡɚɩɧɨ, ɤɚɤ ɪɭɫɥɨ, ɚ ɩɨɫɬɟɩɟɧɧɨ, ɩɪɢɱɟɦ ɜ 

ɤɨɥɶɰɟɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɟɠɞɭ ɩɨɬɨɤɨɦ ɢ ɫɬɟɧɤɨɣ ɬɪɭɛɵ ɨɛɪɚɡɭɸɬɫɹ ɜɢɯɪɢ, 

ɤɨɬɨɪɵɟ ɢ ɹɜɥɹɸɬɫɹ ɩɪɢɱɢɧɨɣ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ. ɉɪɢ ɷɬɨɦ, ɤɚɤ ɩɨɤɚɡɵɜɚɸɬ 

ɧɚɛɥɸɞɟɧɢɹ, ɩɪɨɢɫɯɨɞɢɬ ɧɟɩɪɟɪɵɜɧɵɣ ɨɛɦɟɧ ɱɚɫɬɢɰɚɦɢ ɠɢɞɤɨɫɬɢ ɦɟɠɞɭ 
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ɨɫɧɨɜɧɵɦ ɩɨɬɨɤɨɦ ɢ ɡɚɜɢɯɪɟɧɧɨɣ ɟɝɨ ɱɚɫɬɶɸ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɫɧɨɜɧɨɣ ɜɢɯɪɶ 

ɩɨɪɨɠɞɚɟɬ ɞɪɭɝɢɟ, ɛɨɥɟɟ ɦɟɥɤɢɟ ɜɢɯɪɢ, ɤɨɬɨɪɵɟ ɭɧɨɫɹɬɫɹ ɩɨɬɨɤɨɦ ɢ ɩɪɢ 

ɷɬɨɦ ɪɚɫɩɚɞɚɸɬɫɹ ɧɚ ɟɳɟ ɛɨɥɟɟ ɦɟɥɤɢɟ ɜɢɯɪɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɬɟɪɹ 

ɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɬɨɥɶɤɨ ɜ ɨɫɧɨɜɧɨɦ ɜɢɯɪɟ, ɧɨ ɢ ɩɨ ɞɥɢɧɟ ɫɥɟɞɭɸɳɟɝɨ 

ɡɚ ɧɢɦ ɭɱɚɫɬɤɚ ɩɨɬɨɤɚ [31].  

 

Ɋɢɫɭɧɨɤ 28 – ȼɧɟɡɚɩɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɬɪɭɛɵ 

Ɋɚɫɫɦɨɬɪɢɦ ɞɜɚ ɫɟɱɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɨɬɨɤɚ: 1 — 1 — ɜ ɩɥɨɫɤɨɫɬɢ 

ɪɚɫɲɢɪɟɧɢɹ ɬɪɭɛɵ ɢ 2 — 2 — ɜ ɬɨɦ ɦɟɫɬɟ, ɝɞɟ ɩɨɬɨɤ, ɪɚɫɲɢɪɢɜɲɢɫɶ, 

ɡɚɩɨɥɧɢɥ ɜɫɟ ɫɟɱɟɧɢɟ ɲɢɪɨɤɨɣ ɬɪɭɛɵ. Ɍɚɤ ɤɚɤ ɩɨɬɨɤ ɦɟɠɞɭ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦɢ ɫɟɱɟɧɢɹɦɢ ɪɚɫɲɢɪɹɟɬɫɹ, ɬɨ ɫɤɨɪɨɫɬɶ ɟɝɨ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ 

ɞɚɜɥɟɧɢɟ ɜɨɡɪɚɫɬɚɟɬ. ɉɨɷɬɨɦɭ ɜɬɨɪɨɣ ɩɶɟɡɨɦɟɬɪ ɩɨɤɚɡɵɜɚɟɬ ɜɵɫɨɬɭ ɧɚ ΔH 

ɛɨɥɶɲɭɸ, ɱɟɦ ɩɟɪɜɵɣ; ɧɨ ɟɫɥɢ ɛɵ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɜ ɞɚɧɧɨɦ ɦɟɫɬɟ ɧɟ ɛɵɥɨ, ɬɨ 

ɜɬɨɪɨɣ ɩɶɟɡɨɦɟɬɪ ɩɨɤɚɡɚɥ ɛɵ ɜɵɫɨɬɭ ɛɨɥɶɲɭɸ ɟɳɟ ɧɚ h˓˃˔˛. ɗɬɚ ɜɵɫɨɬɚ ɢ 

ɟɫɬɶ ɦɟɫɬɧɚɹ ɩɨɬɟɪɹ ɧɚɩɨɪɚ ɧɚ ɪɚɫɲɢɪɟɧɢɟ [31].  

Ɉɛɨɡɧɚɱɢɦ ɞɚɜɥɟɧɢɟ, ɫɤɨɪɨɫɬɶ ɩ ɩɥɨɳɚɞɶ ɩɨɬɨɤɚ ɜ ɫɟɱɟɧɢɢ 1 — 1 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɱɟɪɟɡ pଵ, vଵɢ Sଵ, ɚ ɜ ɫɟɱɟɧɢɢ 2 — 2 — ɱɟɪɟɡ pଶ, vଶɢ Sଶ.  

ɉɪɟɠɞɟ ɱɟɦ ɫɨɫɬɚɜɥɹɬɶ ɢɫɯɨɞɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɫɞɟɥɚɟɦ ɬɪɢ ɞɨɩɭɳɟɧɢɹ:  

1) ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɜ ɫɟɱɟɧɢɹɯ 1 — 1 ɢ 2 — 2 ɪɚɜɧɨɦɟɪɧɨɟ; ɬ. 

ɟ. Ƚଵ = Ƚଶ = ͳ, ɱɬɨ ɨɛɵɱɧɨ ɢ ɩɪɢɧɢɦɚɟɬɫɹ ɩɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɪɟɠɢɦɟ;  
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2) ɤɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɫɬɟɧɤɟ ɬɪɭɛɵ ɦɟɠɞɭ ɫɟɱɟɧɢɹɦɢ 1 — 1 ɢ 2 

— 2 ɪɚɜɧɨ ɧɭɥɸ, ɬ. ɟ. ɩɪɟɧɟɛɪɟɝɚɟɦ ɫɢɥɨɣ ɬɪɟɧɢɹ, ɦɚɥɨɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɫɢɥɚɦɢ ɞɚɜɥɟɧɢɹ;  

3) ɞɚɜɥɟɧɢɟ ɜ ɫɟɱɟɧɢɢ 1 — 1 ɞɟɣɫɬɜɭɟɬ ɩɨ ɜɫɟɣ ɩɥɨɳɚɞɢ Sଶ ɩɨɬɨɦɭ, ɱɬɨ, 

ɯɨɬɹ ɬɪɭɛɚ ɢ ɪɚɫɲɢɪɢɥɚɫɶ, ɩɨɬɨɤ ɜ ɫɟɱɟɧɢɢ 1 — 1 ɟɳɟ ɫɨɯɪɚɧɢɥ ɫɜɨɣ 

ɩɨɩɟɪɟɱɧɵɣ ɪɚɡɦɟɪ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɢ ɫɤɨɪɨɫɬɶ, ɧɢ ɞɚɜɥɟɧɢɟ ɟɳɟ ɧɟ 

ɢɡɦɟɧɢɥɢɫɶ.  

Ɂɚɩɢɲɟɦ ɞɥɹ ɫɟɱɟɧɢɣ 1 — 1 ɢ 2 — 2 ɭɪɚɜɧɟɧɢɟ Ȼɟɪɧɭɥɥɢ ɫ ɭɱɟɬɨɦ 

ɩɨɬɟɪɢ ɧɚɩɨɪɚ h˓˃˔˛ ɪɚɫɲɢɪɟɧɢɟ, ɢ ɩɪɢɧɢɦɚɹ zଵ = zଶ = Ͳ, ɩɨɥɭɱɢɦ [31]: 

                                         
pభρ୥ + vభమଶ୥ = pమρ୥ + vమమଶ୥ + h˓˃˔˛                                  (62) 

Ʉɨɝɞɚ ɩɥɨɳɚɞɶ ɜɟɫɶɦɚ ɜɟɥɢɤɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɥɨɳɚɞɶɸ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɤɨɪɨɫɬɶ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɪɚɜɧɨɣ ɧɭɥɸ, ɩɨɬɟɪɹ ɧɚ ɪɚɫɲɢɪɟɧɢɟ:    

                                              h˓˃˔˛ = vଵଶ/ʹg                                              (63) 

ɬ. ɟ. ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɬɟɪɹɟɬɫɹ ɜɟɫɶ ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ (ɜɫɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ, 

ɤɨɬɨɪɨɣ ɨɛɥɚɞɚɟɬ ɠɢɞɤɨɫɬɶ); ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ Ɍ = 1. Ɍɚɤɨɦɭ ɫɥɭɱɚɸ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ, ɧɚɩɪɢɦɟɪ, ɩɨɞɜɨɞ ɠɢɞɤɨɫɬɢ ɧɨ ɬɪɭɛɟ ɤ ɪɟɡɟɪɜɭɚɪɭ ɞɨɫɬɚɬɨɱɧɨ 

ɛɨɥɶɲɢɯ ɪɚɡɦɟɪɨɜ.  

Ɋɚɫɫɦɨɬɪɟɧɧɚɹ ɩɨɬɟɪɹ ɧɚɩɨɪɚ (ɷɧɟɪɝɢɢ) ɩɪɢ ɜɧɟɡɚɩɧɨɦ ɪɚɫɲɢɪɟɧɢɢ 

ɪɭɫɥɚ ɪɚɫɯɨɞɭɟɬɫɹ, ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ, 

ɫɜɹɡɚɧɧɨɟ ɫ ɨɬɪɵɜɨɦ ɩɨɬɨɤɚ ɨɬ ɫɬɟɧɨɤ, ɬ. ɟ. ɧɚ ɩɨɞɞɟɪɠɚɧɢɟ ɧɟɩɪɟɪɵɜɧɨɝɨ 

ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɠɢɞɤɢɯ ɦɚɫɫ ɫ ɩɨɫɬɨɹɧɧɵɦ ɢɯ ɨɛɧɨɜɥɟɧɢɟɦ 

(ɨɛɦɟɧɨɦ). ɉɨɷɬɨɦɭ ɷɬɨɬ ɜɢɞ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɯ ɫɤɨɪɨɫɬɢ 

(ɪɚɫɯɨɞɭ) ɜɨ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ, ɧɚɡɵɜɚɸɬ ɩɨɬɟɪɹɦɢ ɩɚ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ. ȼ 

ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ ɨɧɢ ɪɚɫɯɨɞɭɸɬɫɹ ɧɚ ɪɚɛɨɬɭ ɫɢɥ ɬɪɟɧɢɹ, ɧɨ ɧɟ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɤɚɤ ɜ ɩɪɹɦɵɯ ɬɪɭɛɚɯ ɩɨɫɬɨɹɧɧɨɝɨ ɫɟɱɟɧɢɹ, ɚ ɱɟɪɟɡ 

ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ [31]. 
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5.3 ɉɨɫɬɟɩɟɧɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɪɭɫɥɚ 

ɉɨɫɬɟɩɟɧɧɨ ɪɚɫɲɢɪɹɸɳɚɹɫɹ ɬɪɭɛɚ ɧɚɡɵɜɚɟɬɫɹ ɞɢɮɮɭɡɨɪɨɦ. Ɍɟɱɟɧɢɟ 

ɠɢɞɤɨɫɬɢ ɜ ɞɢɮɮɭɡɨɪɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɢ 

ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɜɥɟɧɢɹ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɤɢɧɟɬɢɱɟɫɤɨɣ 

ɷɧɟɪɝɢɢ ɠɢɞɤɨɫɬɢ ɜ ɷɧɟɪɝɢɸ ɞɚɜɥɟɧɢɹ. ɑɚɫɬɢɰɵ ɞɜɢɠɭɳɟɣɫɹ ɠɢɞɤɨɫɬɢ 

ɩɪɟɨɞɨɥɟɜɚɸɬ ɧɚɪɚɫɬɚɸɳɟɟ ɞɚɜɥɟɧɢɟ ɡɚ ɫɱɟɬ ɫɜɨɟɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, 

ɤɨɬɨɪɚɹ ɭɦɟɧɶɲɚɟɬɫɹ ɜɞɨɥɶ ɞɢɮɮɭɡɨɪɚ ɢ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ, ɜ ɧɚɩɪɚɜɥɟɧɢɢ 

ɨɬ ɨɫɢ ɤ ɫɬɟɧɤɟ. ɋɥɨɢ ɠɢɞɤɨɫɬɢ, ɩɪɢɥɟɠɚɳɢɟ ɤ ɫɬɟɧɤɚɦ, ɨɛɥɚɞɚɸɬ ɫɬɨɥɶ 

ɦɚɥɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ, ɱɬɨ ɢɧɨɝɞɚ ɨɤɚɡɵɜɚɸɬɫɹ ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ 

ɩɪɟɨɞɨɥɟɜɚɬɶ ɩɨɜɵɲɟɧɧɨɟ ɞɚɜɥɟɧɢɟ, ɨɧɢ ɨɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɢɥɢ ɞɚɠɟ 

ɧɚɱɢɧɚɸɬ ɞɜɢɝɚɬɶɫɹ ɨɛɪɚɬɧɨ. Ɉɛɪɚɬɧɨɟ ɞɜɢɠɟɧɢɟ (ɩɪɨɬɢɜɨɬɨɤ) ɜɵɡɵɜɚɟɬ 

ɨɬɪɵɜ ɨɫɧɨɜɧɨɝɨ ɩɨɬɨɤɚ ɨɬ ɫɬɟɧɤɢ ɢ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ (ɪɢɫ.29). 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɷɬɢɯ ɹɜɥɟɧɢɣ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɭɝɥɚ ɪɚɫɲɢɪɟɧɢɹ 

ɞɢɮɮɭɡɨɪɚ, ɚ ɜɦɟɫɬɟ ɫ ɷɬɢɦ ɪɚɫɬɭɬ ɢ ɩɨɬɟɪɢ ɩɚ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɧɟɦ [30]. 

 

Ɋɢɫɭɧɨɤ 29 – ȼɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ ɞɢɮɮɭɡɨɪɟ 

Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɞɢɮɮɭɡɨɪɟ ɢɦɟɸɬɫɹ ɨɛɵɱɧɵɟ ɩɨɬɟɪɢ ɩɚ ɬɪɟɧɢɟ, 

ɩɨɞɨɛɧɵɟ ɬɟɦ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɜ ɬɪɭɛɚɯ ɩɨɫɬɨɹɧɧɨɝɨ ɫɟɱɟɧɢɹ.  

ɉɨɥɧɭɸ ɩɨɬɟɪɸ ɧɚɩɨɪɚ hˇˋ˗ ɜ ɞɢɮɮɭɡɨɪɟ ɭɫɥɨɜɧɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɤɚɤ 

ɫɭɦɦɭ ɞɜɭɯ ɫɥɚɝɚɟɦɵɯ: 

                                           hˇˋ˗ = h˕˓ + h˓˃˔˛,                                        (64) 
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ɝɞɟ h˕˓ ɢ h˓˃˔˛ — ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɬɪɟɧɢɟ ɢ ɪɚɫɲɢɪɟɧɢɟ (ɧɚ 

ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ). 

5.4 ɋɭɠɟɧɢɟ ɪɭɫɥɚ 

ȼɧɟɡɚɩɧɨɟ ɫɭɠɟɧɢɟ ɪɭɫɥɚ (ɬɪɭɛɵ) (ɪɢɫ.30) ɜɫɟɝɞɚ ɜɵɡɵɜɚɟɬ ɦɟɧɶɲɭɸ 

ɩɨɬɟɪɸ ɷɧɟɪɝɢɢ, ɱɟɦ ɜɧɟɡɚɩɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɫ ɬɚɤɢɦ ɠɟ ɫɨɨɬɧɨɲɟɧɢɟɦ 

ɩɥɨɳɚɞɟɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɬɟɪɹ ɨɛɭɫɥɨɜɥɟɧɚ, ɜɨ-ɩɟɪɜɵɯ, ɬɪɟɧɢɟɦ ɩɨɬɨɤɚ ɩɪɢ 

ɜɯɨɞɟ ɜ ɭɡɤɭɸ ɬɪɭɛɭ ɢ, ɜɨ-ɜɬɨɪɵɯ, ɩɨɬɟɪɹɦɢ ɧɚ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ. ɉɨɫɥɟɞɧɢɟ 

ɜɵɡɵɜɚɸɬɫɹ ɬɟɦ, ɱɬɨ ɩɨɬɨɤ ɧɟ ɨɛɬɟɤɚɟɬ ɜɯɨɞɧɨɣ ɭɝɨɥ, ɚ ɫɪɵɜɚɟɬɫɹ ɫ ɧɟɝɨ ɢ 

ɫɭɠɚɟɬɫɹ; ɤɨɥɶɰɟɜɨɟ ɠɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɜɨɤɪɭɝ ɫɭɠɟɧɧɨɣ ɱɚɫɬɢ ɩɨɬɨɤɚ 

ɡɚɩɨɥɧɹɟɬɫɹ ɡɚɜɢɯɪɟɧɧɨɣ ɠɢɞɤɨɫɬɶɸ [32].  

 

Ɋɢɫɭɧɨɤ 30 – ȼɧɟɡɚɩɧɨɟ ɫɭɠɟɧɢɟ ɬɪɭɛɵ 

ȼ ɩɪɨɰɟɫɫɟ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɫɲɢɪɟɧɢɹ ɩɨɬɨɤɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨɬɟɪɹ 

ɧɚɩɨɪɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɥɧɚɹ ɩɨɬɟɪɹ ɧɚɩɨɪɚ: 

                                h˔˖ˉ = Ɍ଴ v౮భଶ୥ + ሺv౮−vమሻమଶ୥ = Ɍ˔˖ˉ vమభଶ୥ ,                              (65) 

ɝɞɟ Ɍ଴ — ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɬɪɟɧɢɟɦ ɩɨɬɨɤɚ ɩɪɢ 

ɜɯɨɞɟ ɜ ɭɡɤɭɸ ɬɪɭɛɭ ɢ ɡɚɜɢɫɹɳɢɣ ɨɬ Sଵ/Sଶ ɢ Re; v୶— ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜ 

ɫɭɠɟɧɧɨɦ ɦɟɫɬɟ; Ɍ˔˖ˉ — ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɧɟɡɚɩɧɨɝɨ ɫɭɠɟɧɢɹ, 

ɡɚɜɢɫɹɳɢɣ ɨɬ ɫɬɟɩɟɧɢ ɫɭɠɟɧɢɹ. 

Ɂɚɤɪɭɝɥɟɧɢɟɦ ɜɯɨɞɧɨɝɨ ɭɝɥɚ (ɜɯɨɞɧɨɣ ɤɪɨɦɤɢ) ɦɨɠɧɨ ɡɧɚɱɢɬɟɥɶɧɨ 

ɭɦɟɧɶɲɢɬɶ ɩɨɬɟɪɸ ɧɚɩɨɪɚ ɩɪɢ ɜɯɨɞɟ ɜ ɬɪɭɛɭ.  
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ɉɨɫɬɟɩɟɧɧɨɟ ɫɭɠɟɧɢɟ ɬɪɭɛɵ, ɬ. ɟ. ɤɨɧɢɱɟɫɤɚɹ ɫɯɨɞɹɳɚɹɫɹ ɬɪɭɛɚ, 

ɧɚɡɵɜɚɟɬɫɹ ɤɨɧɮɭɡɨɪɨɦ (ɪɢɫ.31). Ɍɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɤɨɧɮɭɡɨɪɟ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɢ ɩɚɞɟɧɢɟɦ ɞɚɜɥɟɧɢɹ; ɬɚɤ ɤɚɤ 

ɞɚɜɥɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɧɚɱɚɥɟ ɤɨɧɮɭɡɨɪɚ ɜɵɲɟ, ɱɟɦ ɜ ɤɨɧɰɟ, ɩɪɢɱɢɧ ɤ 

ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢ ɫɪɵɜɨɜ ɩɨɬɨɤɚ (ɤɚɤ ɜ ɞɢɮɮɭɡɨɪɟ) ɧɟɬ. ȼ 

ɤɨɧɮɭɡɨɪɟ ɢɦɟɸɬɫɹ ɥɢɲɶ ɩɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 

ɤɨɧɮɭɡɨɪɚ ɜɫɟɝɞɚ ɦɟɧɶɲɟ, ɱɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɚɤɨɝɨ ɠɟ ɞɢɮɮɭɡɨɪɚ [32]. 

 

Ɋɢɫɭɧɨɤ 31 - Ʉɨɧɮɭɡɨɪ 

ɉɨɬɟɪɸ ɧɚɩɨɪɚ ɧɚ ɬɪɟɧɢɟ ɜ ɤɨɧɮɭɡɨɪɟ ɦɨɠɧɨ ɩɨɞɫɱɢɬɚɬɶ ɬɚɤ ɠɟ, ɤɚɤ 

ɷɬɨ ɞɟɥɚɥɢ ɞɥɹ ɞɢɮɮɭɡɨɪɚ, ɬ. ɟ. ɫɧɚɱɚɥɚ ɜɵɪɚɡɢɬɶ ɩɨɬɟɪɸ ɞɥɹ ɷɥɟɦɟɧɬɚɪɧɨɝɨ 

ɨɬɪɟɡɤɚ, ɚ ɡɚɬɟɦ ɜɵɩɨɥɧɢɬɶ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɦ 

ɫɥɟɞɭɸɳɭɸ ɮɨɪɦɭɥɭ [32]: 

                                    h˕˓ = ஛˕8ୱ୧୬ ሺ஑/ଶሻ ቀͳ − ଵ୬మቁ vమమଶ୥                                     (66) 

ɇɟɛɨɥɶɲɨɟ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢ ɨɬɪɵɜ ɩɨ- ɬɨɤɚ ɨɬ ɫɬɟɧɤɢ ɫ 

ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɫɠɚɬɢɟɦ ɩɨɬɨɤɚ ɜɨɡɧɢɤɚɟɬ ɥɢɲɶ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɧɮɭɡɨɪɚ ɜ 

ɦɟɫɬɟ ɫɨɟɞɢɧɟɧɢɹ ɤɨɧɢɱɟɫɤɨɣ ɬɪɭɛɵ ɫ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ. Ⱦɥɹ ɥɢɤɜɢɞɚɰɢɢ 

ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦ ɩɨɬɟɪɶ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɤɨɧɢɱɟɫɤɭɸ 

ɱɚɫɬɶ  ɩɥɚɜɧɨ ɫɨɩɪɹɝɚɬɶ ɫ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɢɥɢ ɤɨɧɢɱɟɫɤɭɸ ɱɚɫɬɶ ɡɚɦɟɧɹɬɶ 

ɤɪɢɜɨɥɢɧɟɣɧɨɣ, ɩɥɚɜɧɨ ɩɟɪɟɯɨɞɹɳɟɣ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ. ɉɪɢ ɷɬɨɦ ɦɨɠɧɨ 

ɞɨɩɭɫɬɢɬɶ ɡɧɚɱɢɬɟɥɶɧɭɸ ɫɬɟɩɟɧɶ ɫɭɠɟɧɢɹ ɩ ɩɪɢ ɧɟɛɨɥɶɲɨɣ ɞɥɢɧɟ ɜɞɨɥɶ ɨɫɢ 

ɢ ɧɟɛɨɥɶɲɢɯ ɩɨɬɟɪɹɯ [32]. 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɬɚɤɨɝɨ ɩɥɚɜɧɨɝɨ ɫɭɠɟɧɢɹ, ɧɚɡɵɜɚɟɦɨɝɨ 

ɫɨɩɥɨɦ, ɢɡɦɟɧɹɟɬɫɹ ɩɪɢɦɟɪɧɨ ɜ ɩɪɟɞɟɥɚɯ Ɍ = Ͳ,Ͳ͵ ÷ Ͳ,ͳ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɫɬɟɩɟɧɢ ɢ ɩɥɚɜɧɨɫɬɢ ɫɭɠɟɧɢɹ ɢ Re (ɛɨɥɶɲɢɦ Re ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɚɥɵɟ 

ɡɧɚɱɟɧɢɹ Ɍ ɢ ɧɚɨɛɨɪɨɬ) [32]. 

5.5 ɉɨɜɨɪɨɬ ɪɭɫɥɚ 

ȼɧɟɡɚɩɧɵɣ ɩɨɜɨɪɨɬ ɬɪɭɛɵ, ɢɥɢ ɤɨɥɟɧɨ ɛɟɡ ɡɚɤɪɭɝɥɟɧɢɹ (ɪɢɫ.32), 

ɨɛɵɱɧɨ ɜɵɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ, ɬɚɤ ɤɚɤ ɜ ɧɟɦ ɩɪɨɢɫɯɨɞɹɬ 

ɨɬɪɵɜ ɩɨɬɨɤɚ ɢ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɩɪɢɱɟɦ ɷɬɢ ɩɨɬɟɪɢ ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ 

ɛɨɥɶɲɟ ɭɝɨɥ Ɂ. ɉɨɬɟɪɸ ɧɚɩɨɪɚ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟ [33]: 

                                             h = Ɍˍˑˎvଶ/ሺʹgሻ                                            (67) 

 

Ɋɢɫɭɧɨɤ 32 - Ʉɨɥɟɧɨ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɥɟɧɚ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ £ɤɨɥ ɜɨɡɪɚɫɬɚɟɬ 

ɫ ɭɜɟɥɢɱɟɧɢɟɦ Ɂ ɨɱɟɧɶ ɤɪɭɬɨ (ɪɢɫ.33)  ɢ ɩɪɢ Ɂ = 90° ɞɨɫɬɢɝɚɟɬ ɟɞɢɧɢɰɵ [33]. 

 

Ɋɢɫɭɧɨɤ 33 – Ɂɚɜɢɫɢɦɨɫɬɶ Ɍˍˑˎ ɨɬ ɭɝɥɚ Ɂ 
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ɉɨɫɬɟɩɟɧɧɵɣ ɩɨɜɨɪɨɬ ɬɪɭɛɵ, ɢɥɢ ɡɚɤɪɭɝɥɟɧɧɨɟ ɤɨɥɟɧɨ (ɪɢɫ.34), 

ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɠɟ ɨɬɜɨɞɨɦ. ɉɥɚɜɧɨɫɬɶ ɩɨɜɨɪɨɬɚ ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɟɬ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɜɨɞɚ 

ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɥɟɧɨɦ. ɗɬɨ ɭɦɟɧɶɲɟɧɢɟ ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ ɛɨɥɶɲɟ 

ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɞɢɭɫ ɤɪɢɜɢɡɧɵ ɨɬɜɨɞɚ R/d, ɢ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɦ ɟɝɨ 

ɡɧɚɱɟɧɢɢ ɫɪɵɜ ɩɨɬɨɤɚ ɢ ɫɜɹɡɚɧɧɨɟ ɫ ɧɢɦ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ ɭɫɬɪɚɧɹɟɬɫɹ 

ɩɨɥɧɨɫɬɶɸ. Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬɜɨɞɚ Ɍˑ˕˅ ɡɚɜɢɫɢɬ ɨɬ ɨɬɧɨɲɟɧɢɹ R/d, ɭɝɥɚ Ɂ, ɚ ɬɚɤɠɟ ɮɨɪɦɵ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɬɪɭɛɵ [33]. 

 

Ɋɢɫɭɧɨɤ 34 – Ɂɚɤɪɭɝɥɟɧɧɨɟ ɤɨɥɟɧɨ 

ɉɨɬɟɪɹ ɧɚɩɨɪɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɪɢɜɟɞɟɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ Ɍˑ˕˅  

ɭɱɢɬɵɜɚɟɬ ɥɢɲɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɤɪɢɜɢɡɧɨɣ 

ɪɭɫɥɚ, ɩɨɷɬɨɦɭ ɩɪɢ ɪɚɫɱɟɬɟ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɨɬɜɨɞɵ, ɫɥɟɞɭɟɬ 

ɞɥɢɧɵ ɷɬɢɯ ɨɬɜɨɞɨɜ ɜɤɥɸɱɚɬɶ ɜ ɨɛɳɭɸ ɞɥɢɧɭ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɩɨ ɤɨɬɨɪɨɣ 

ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɩɨɬɟɪɹ ɧɚ ɬɪɟɧɢɟ, ɚ ɡɚɬɟɦ ɤ ɷɬɨɣ ɩɨɬɟɪɟ ɧɚ ɬɪɟɧɢɟ ɧɭɠɧɨ 

ɞɨɛɚɜɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɩɨɬɟɪɸ ɨɬ ɤɪɢɜɢɡɧɵ, ɨɩɪɟɞɟɥɹɟɦɭɸ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ Ɍˑ˕˅ [33]. 
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6 ɂɫɬɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ ɢ ɧɚɫɚɞɤɢ 

6.1 ɂɫɬɟɱɟɧɢɟ ɱɟɪɟɡ ɦɚɥɵɟ ɨɬɜɟɪɫɬɢɹ ɜ ɬɨɧɤɨɣ ɫɬɟɧɤɟ ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɦ ɧɚɩɨɪɟ 

Ɋɚɫɫɦɨɬɪɢɦ ɪɚɡɥɢɱɧɵɟ ɫɥɭɱɚɢ ɢɫɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɢɡ ɪɟɡɟɪɜɭɚɪɨɜ, 

ɛɚɤɨɜ, ɤɨɬɥɨɜ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ ɢ ɧɚɫɚɞɤɢ (ɤɨɪɨɬɤɢɟ ɬɪɭɛɤɢ ɪɚɡɧɨɣ ɮɨɪɦɵ) ɜ 

ɚɬɦɨɫɮɟɪɭ ɢɥɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɡɚɩɨɥɧɟɧɧɨɟ ɝɚɡɨɦ ɢɥɢ ɬɨɣ ɠɟ ɠɢɞɤɨɫɬɶɸ. 

ɗɬɨɬ ɫɥɭɱɚɣ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɯɚɪɚɤɬɟɪɟɧ ɬɟɦ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɢɫɬɟɱɟɧɢɹ 

ɡɚɩɚɫ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɵɦ ɨɛɥɚɞɚɟɬ ɠɢɞɤɨɫɬɶ ɜ ɪɟɡɟɪɜɭɚɪɟ, 

ɩɪɟɜɪɚɳɚɟɬɫɹ ɫ ɛɨɥɶɲɢɦɢ ɢɥɢ ɦɟɧɶɲɢɦɢ ɩɨɬɟɪɹɦɢ ɜ ɤɢɧɟɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ 

ɫɜɨɛɨɞɧɨɣ ɫɬɪɭɢ ɢɥɢ ɤɚɩɟɥɶ [34].  

Ɉɫɧɨɜɧɵɦ ɜɨɩɪɨɫɨɦ, ɤɨɬɨɪɵɣ ɢɧɬɟɪɟɫɭɟɬ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɹɜɥɹɟɬɫɹ 

ɨɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɢ ɢɫɬɟɱɟɧɢɹ ɢ ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ 

ɨɬɜɟɪɫɬɢɣ ɢ ɧɚɫɚɞɤɨɜ [34].  

Ɋɚɫɫɦɨɬɪɢɦ ɛɨɥɶɲɨɣ ɪɟɡɟɪɜɭɚɪ ɫ ɠɢɞɤɨɫɬɶɸ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɪ0, 

ɢɦɟɸɳɢɣ ɦɚɥɨɟ ɤɪɭɝɥɨɟ ɨɬɜɟɪɫɬɢɟ ɜ ɫɬɟɧɤɟ ɧɚ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɝɥɭɛɢɧɟ 

ɇ0 ɨɬ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫ.35). ɑɟɪɟɡ ɷɬɨ ɨɬɜɟɪɫɬɢɟ ɠɢɞɤɨɫɬɶ 

ɜɵɬɟɤɚɟɬ ɜ ɜɨɡɞɭɲɧɨɟ (ɝɚɡɨɜɨɟ) ɩɪɨɫɬɪɚɧɫɬɜɨ ɫ ɞɚɜɥɟɧɢɟɦ ɪ1 [34]. 

 

Ɋɢɫɭɧɨɤ 35 – ɂɫɬɟɱɟɧɢɟ ɢɡ ɪɟɡɟɪɜɭɚɪɚ ɱɟɪɟɡ ɦɚɥɨɟ ɨɬɜɟɪɫɬɢɟ 

ɉɭɫɬɶ ɨɬɜɟɪɫɬɢɟ ɢɦɟɟɬ ɮɨɪɦɭ, ɩɨɤɚɡɚɧɧɭɸ ɧɚ ɪɢɫ. 36 (ɚ), ɬ. ɟ. 

ɜɵɩɨɥɧɟɧɨ ɜ ɜɢɞɟ ɫɜɟɪɥɟɧɢɹ ɜ ɬɨɧɤɨɣ ɫɬɟɧɤɟ ɛɟɡ ɨɛɪɚɛɨɬɤɢ ɜɯɨɞɧɨɣ ɤɪɨɦɤɢ 

ɢɥɢ ɢɦɟɟɬ ɮɨɪɦɭ, ɩɨɤɚɡɚɧɧɭɸ ɧɚ ɪɢɫ.36 (ɛ), ɬ. ɟ. ɜɵɩɨɥɧɟɧɨ ɜ ɬɨɥɫɬɨɣ ɫɬɟɧɤɟ, 
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ɧɨ ɫ ɡɚɨɫɬɪɟɧɢɟɦ ɜɯɨɞɧɨɣ ɤɪɨɦɤɢ ɫ ɜɧɟɲɧɟɣ ɫɬɨɪɨɧɵ. ɍɫɥɨɜɢɹ ɢɫɬɟɱɟɧɢɹ 

ɠɢɞɤɨɫɬɢ ɜ ɷɬɢɯ ɞɜɭɯ ɫɥɭɱɚɹɯ ɛɭɞɭɬ ɫɨɜɟɪɲɟɧɧɨ ɨɞɢɧɚɤɨɜɵɦɢ: ɱɚɫɬɢɰɵ 

ɠɢɞɤɨɫɬɢ ɩɪɢɛɥɢɠɚɸɬɫɹ ɤ ɨɬɜɟɪɫɬɢɸ ɢɡ ɜɫɟɝɨ ɩɪɢɥɟɠɚɳɟɝɨ ɨɛɴɟɦɚ, 

ɞɜɢɝɚɹɫɶ ɭɫɤɨɪɟɧɧɨ ɩɨ ɪɚɡɥɢɱɧɵɦ ɩɥɚɜɧɵɦ ɬɪɚɟɤɬɨɪɢɹɦ (ɫɦ. ɪɢɫ.36 (ɚ). 

ɋɬɪɭɹ ɨɬɪɵɜɚɟɬɫɹ ɨɬ ɫɬɟɧɤɢ ɭ ɤɪɨɦɤɢ ɨɬɜɟɪɫɬɢɹ ɢ ɡɚɬɟɦ ɧɟɫɤɨɥɶɤɨ 

ɫɠɢɦɚɟɬɫɹ. ɐɢɥɢɧɞɪɢɱɟɫɤɭɸ ɮɨɪɦɭ ɫɬɪɭɹ ɩɪɢɧɢɦɚɟɬ ɧɚ ɪɚɫɫɬɨɹɧɢɢ, ɪɚɜɧɨɦ 

ɩɪɢɦɟɪɧɨ ɨɞɧɨɦɭ ɞɢɚɦɟɬɪɭ ɨɬɜɟɪɫɬɢɹ. ɋɠɚɬɢɟ ɫɬɪɭɢ ɨɛɭɫɥɨɜɥɟɧɨ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɥɚɜɧɨɝɨ ɩɟɪɟɯɨɞɚ ɨɬ ɪɚɡɥɢɱɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɜɢɠɟɧɢɹ 

ɠɢɞɤɨɫɬɢ ɜ ɪɟɡɟɪɜɭɚɪɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɬ ɪɚɞɢɚɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɨ ɫɬɟɧɤɟ, ɤ 

ɨɫɟɜɨɦɭ ɞɜɢɠɟɧɢɸ ɜ ɫɬɪɭɟ [34].  

Ɍɚɤ ɤɚɤ ɪɚɡɦɟɪ ɨɬɜɟɪɫɬɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɦɚɥɵɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɧɚɩɨɪɨɦ ɇ0 ɢ ɪɚɡɦɟɪɚɦɢ ɪɟɡɟɪɜɭɚɪɚ, ɢ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɝɨ ɛɨɤɨɜɵɟ ɫɬɟɧɤɢ ɢ 

ɫɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɧɟ ɜɥɢɹɸɬ ɧɚ ɩɪɢɬɨɤ ɠɢɞɤɨɫɬɢ ɤ 

ɨɬɜɟɪɫɬɢɸ, ɬɨ ɧɚɛɥɸɞɚɟɬɫɹ ɫɨɜɟɪɲɟɧɧɨɟ ɫɠɚɬɢɟ ɫɬɪɭɢ, ɬ. ɟ. ɧɚɢɛɨɥɶɲɟɟ 

ɫɠɚɬɢɟ ɜ ɨɬɥɢɱɢɟ ɨɬ ɧɟɫɨɜɟɪɲɟɧɧɨɝɨ ɫɠɚɬɢɹ [34].  

 

Ɋɢɫɭɧɨɤ 36 – ɂɫɬɟɱɟɧɢɟ ɱɟɪɟɡ ɤɪɭɝɥɨɟ ɨɬɜɟɪɫɬɢɟ 

ɋɬɟɩɟɧɶ ɫɠɚɬɢɹ ɨɰɟɧɢɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɫɠɚɬɢɹ ɂ, ɪɚɜɧɵɦ 

ɨɬɧɨɲɟɧɢɸ ɩɥɨɳɚɞɢ ɫɠɚɬɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɬɪɭɢ ɤ ɩɥɨɳɚɞɢ 

ɨɬɜɟɪɫɬɢɹ [34]: 

                                      ɂ = Sୡ/S଴ = ሺdୡ/d଴ሻଶ                                          (68) 
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ɇɚ ɪɢɫ.37 ɩɨɤɚɡɚɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɂ, ɔ ɢ Ɋ. ɞɥɹ ɤɪɭɝɥɨɝɨ 

ɨɬɜɟɪɫɬɢɹ ɨɬ Reɢ, ɩɨɞɫɱɢɬɚɧɧɨɝɨ ɩɨ ɢɞɟɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɢɫɬɟɱɟɧɢɹ, ɬ. ɟ. 

                                      Reˋ = ɓˋd/ɋ = d√ʹgH/ɋ                                    (69) 

 

Ɋɢɫɭɧɨɤ 37 – Ɂɚɜɢɫɢɦɨɫɬɶ ɂ, ɔ ɢ Ɋ ɨɬ Reˋ ɞɥɹ ɤɪɭɝɥɨɝɨ ɨɬɜɟɪɫɬɢɹ ɜ 

ɬɨɧɤɨɣ ɫɬɟɧɤɟ 

ɂɡ ɝɪɚɮɢɤɚ ɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ Reˋ, ɬ. ɟ. ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɜɥɢɹɧɢɹ 

ɫɢɥ ɜɹɡɤɨɫɬɢ, ɤɨɷɮɮɢɰɢɟɧɬ ɔ ɜɨɡɪɚɫɬɚɟɬ ɜ ɫɜɹɡɢ ɫ ɭɦɟɧɶɲɟɧɢɟɦ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Ɍ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɟ ɭɦɟɧɶɲɚɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ 

ɭɦɟɧɶɲɟɧɢɹ ɬɨɪɦɨɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɭ ɤɪɨɦɤɢ ɨɬɜɟɪɫɬɢɹ ɢ ɭɜɟɥɢɱɟɧɢɹ 

ɪɚɞɢɭɫɨɜ ɤɪɢɜɢɡɧɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɪɭɢ ɧɚ ɟɟ ɭɱɚɫɬɤɟ ɨɬ ɤɪɨɦɤɢ ɞɨ ɧɚɱɚɥɚ 

ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ. Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɔ ɢ ɂ ɩɪɢ ɷɬɨɦ 

ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ ɩɪɢɛɥɢɠɚɸɬɫɹ ɤ ɢɯ ɡɧɚɱɟɧɢɹɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɢɫɬɟɱɟɧɢɸ 

ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ, ɬ. ɟ. ɩɪɢ Reˋ → ∞ ɡɧɚɱɟɧɢɹ ɔ → ͳ ɢ ɂ → Ͳ,͸. ɗɬɨ ɛɥɢɡɤɨ 

ɤ ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɚɣɞɟɧɧɨɦɭ Ʉɢɪɯɝɨɮɨɦ ɡɧɚɱɟɧɢɸ ɟ ɩɪɢ ɢɫɬɟɱɟɧɢɢ ɢɞɟɚɥɶɧɨɣ 

ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɩɥɨɫɤɭɸ ɳɟɥɶ [34]. 

                                              ɂ˒ = Ɏ/ሺʹ + Ɏሻ                                             (70) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ Ɋ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɂ ɧɚ ɔ, ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ Re ɫɧɚɱɚɥɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɤɪɭɬɵɦ 

ɜɨɡɪɚɫɬɚɧɢɟɦ ɔ, ɚ ɡɚɬɟɦ, ɞɨɫɬɢɝɧɭɜ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ (Ɋ୫a୶= 0,69 ɩɪɢ 
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Reˋ = 350), ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɫɜɹɡɢ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦ ɩɚɞɟɧɢɟɦ ɂ ɢ ɩɪɢ ɛɨɥɶɲɢɯ Reˋ  ɩɪɚɤɬɢɱɟɫɤɢ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɧɚ ɡɧɚɱɟɧɢɢ, ɪɚɜɧɨɦ Ɋ = 0,60÷0,61 [34]. 

Ⱦɥɹ ɦɚɥɨɜɹɡɤɢɯ ɠɢɞɤɨɫɬɟɣ (ɜɨɞɵ, ɛɟɧɡɢɧɚ, ɤɟɪɨɫɢɧɚ ɢ ɞɪ.), ɢɫɬɟɱɟɧɢɟ 

ɤɨɬɨɪɵɯ ɨɛɵɱɧɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɯ ɱɢɫɥɚɯ Re, 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɫɬɟɱɟɧɢɹ ɢɡɦɟɧɹɸɬɫɹ ɜ ɧɟɛɨɥɶɲɢɯ ɩɪɟɞɟɥɚɯ. ȼ ɪɚɫɱɟɬɚɯ 

ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ ɫɥɟɞɭɸɳɢɟ ɢɯ ɨɫɪɟɞɧɟɧɧɵɟ ɡɧɚɱɟɧɢɹ: ɂ = 0,64; ɔ = 0,97; Ɋ = 0,62; Ɍ = 0,065. 

ɉɪɢ ɢɫɬɟɱɟɧɢɢ ɦɚɥɨɜɹɡɤɢɯ ɠɢɞɤɨɫɬɟɣ ɱɟɪɟɡ ɤɪɭɝɥɨɟ ɨɬɜɟɪɫɬɢɟ ɜ 

ɬɨɧɤɨɣ ɫɬɟɧɤɟ ɢɦɟɟɬ ɦɟɫɬɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɠɚɬɢɟ ɫɬɪɭɢ ɢ ɜɟɫɶɦɚ ɧɟɛɨɥɶɲɨɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɩɨɷɬɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ Ɋ ɩɨɥɭɱɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ 

ɦɟɧɶɲɟ ɟɞɢɧɢɰɵ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɡɚ ɫɱɟɬ ɜɥɢɹɧɢɹ ɫɠɚɬɢɹ ɫɬɪɭɢ [34]. 

6.2 ɂɫɬɟɱɟɧɢɟ ɩɪɢ ɧɟɫɨɜɟɪɲɟɧɧɨɦ ɫɠɚɬɢɢ 

ɇɟɫɨɜɟɪɲɟɧɧɨɟ ɫɠɚɬɢɟ ɫɬɪɭɩ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɧɚ 

ɢɫɬɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ ɢ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɬɪɭɢ ɨɤɚɡɵɜɚɟɬ 

ɜɥɢɹɧɢɟ ɛɥɢɡɨɫɬɶ ɛɨɤɨɜɵɯ ɫɬɟɧɨɤ ɪɟɡɟɪɜɭɚɪɚ. Ɉɝɪɚɧɢɱɢɦɫɹ ɪɚɫɫɦɨɬɪɟɧɢɟɦ 

ɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɨɬɜɟɪɫɬɢɟ ɪɚɫɩɨɥɨɠɟɧɨ ɩɚ ɨɞɢɧɚɤɨɜɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ 

ɷɬɢɯ ɫɬɟɧɨɤ, ɬ. ɟ. ɧɚ ɨɫɢ ɫɢɦɦɟɬɪɢɢ ɪɟɡɟɪɜɭɚɪɚ (ɪɢɫ.38). Ɍɚɤ ɤɚɤ ɛɨɤɨɜɵɟ 

ɫɬɟɧɤɢ ɱɚɫɬɢɱɧɨ ɧɚɩɪɚɜɥɹɸɬ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɨɞɯɨɞɟ ɤ ɨɬɜɟɪɫɬɢɸ, 

ɫɬɪɭɹ ɩɨ ɜɵɯɨɞɟ ɢɡ ɨɬɜɟɪɫɬɢɹ ɫɠɢɦɚɟɬɫɹ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ, ɱɟɦ ɩɪɢ 

ɢɫɬɟɱɟɧɢɢ ɢɡ ɪɟɡɟɪɜɭɚɪɚ ɧɟɨɝɪɚɧɢɱɟɧɧɵɯ ɪɚɡɦɟɪɨɜ, ɤɚɤ ɷɬɨ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ 

ɜɵɲɟ ɞɥɹ ɫɨɜɟɪɲɟɧɧɨɝɨ ɫɠɚɬɢɹ. ȼɫɥɟɞɫɬɜɢɟ ɭɦɟɧɶɲɟɧɢɹ ɫɠɚɬɢɹ ɫɬɪɭɢ 

ɜɨɡɪɚɫɬɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɫɠɚɬɢɹ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ 

[35]. 
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Ɋɢɫɭɧɨɤ 38 – ɋɯɟɦɚ ɧɟɫɨɜɟɪɲɟɧɧɨɝɨ ɫɠɚɬɢɹ ɫɬɪɭɢ 

ɉɪɢ ɢɫɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɟɣ ɢɡ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɪɟɡɟɪɜɭɚɪɚ ɤɪɭɝɥɨɝɨ 

ɫɟɱɟɧɢɹ ɱɟɪɟɡ ɤɪɭɝɥɨɟ ɨɬɜɟɪɫɬɢɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɟ ɜ ɰɟɧɬɪɟ ɬɨɪɰɨɜɨɣ ɫɬɟɧɤɢ, 

ɩɪɢ ɛɨɥɶɲɢɯ ɱɢɫɥɚɯ Re ɤɨɷɮɮɢɰɢɟɧɬ ɫɠɚɬɢɹ ɂଵ ɦɨɠɧɨ ɧɚɯɨɞɢɬɶ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɨɪɟɬɢɱɟɫɤɨɦɭ ɪɟɲɟɧɢɸ ɞɚɧɧɨɣ 

ɡɚɞɚɱɢ ɇ. ȿ . ɀɭɤɨɜɫɤɢɦ ɞɥɹ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ [35]: 

                                 ɂଵ = Ͳ,ͷ͹ + Ͳ,ͲͶ͵/ሺͳ,ͳ − nሻ,                                  (71) 

ɝɞɟ n = S଴/Sଵ— ɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɢ ɨɬɜɟɪɫɬɢɹ ɤ ɩɥɨɳɚɞɢ ɩɨɩɟɪɟɱɧɨɝɨ 

ɫɟɱɟɧɢɹ ɪɟɡɟɪɜɭɚɪɚ. Ʉɨɷɮɮɢɰɢɟɧɬ Ɍ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬɜɟɪɫɬɢɹ, ɚ ɬɚɤɠɟ 

ɤɨɷɮɮɢɰɢɟɧɬ ɔ ɫɤɨɪɨɫɬɢ ɩɪɢ ɧɟɫɨɜɟɪɲɟɧɧɨɦ ɫɠɚɬɢɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɧɟ 

ɡɚɜɢɫɹɳɢɦɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ n ɩɥɨɳɚɞɟɣ (ɟɫɥɢ n ɧɟ ɫɥɢɲɤɨɦ ɛɥɢɡɤɨ ɤ 

ɟɞɢɧɢɰɟ) ɢ ɩɪɢɛɥɢɠɟɧɧɨ ɪɚɜɧɵɦɢ ɢɯ ɡɧɚɱɟɧɢɹɦ ɩɨ ɝɪɚɮɢɤɭ ɧɚ ɪɢɫ.37. 

ɉɨɷɬɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ Ɋଵ = ɂଵɔ, ɚ ɪɚɫɯɨɞ Q = ɊଵS଴√ʹgH, ɝɞɟ ɧɚɩɨɪ 

H ɧɭɠɧɨ ɧɚɯɨɞɢɬɶ ɫ ɭɱɟɬɨɦ ɫɤɨɪɨɫɬɧɨɸ ɧɚɩɨɪɚ ɜ ɪɟɡɟɪɜɭɚɪɟ [35]:       

                                            H = pభ−pమρ୥ + vభమଶ୥                                                (72) 

 

6.3 ɂɫɬɟɱɟɧɢɟ ɩɨɞ ɭɪɨɜɟɧɶ 

ɑɚɫɬɨ ɩɪɢɯɨɞɢɬɫɹ ɢɦɟɬɶ ɞɟɥɨ ɫ ɢɫɬɟɱɟɧɢɟɦ ɠɢɞɤɨɫɬɢ ɧɟ ɜ ɚɬɦɨɫɮɟɪɭ ɢ 

ɧɟ ɜ ɝɚɡɨɜɭɸ ɫɪɟɞɭ, ɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɡɚɩɨɥɧɟɧɧɨɟ ɷɬɨɣ ɠɟ ɠɢɞɤɨɫɬɶɸ (ɪɢɫ. 

39). Ɍɚɤɨɣ ɫɥɭɱɚɣ ɧɚɡɵɜɚɸɬ ɢɫɬɟɱɟɧɢɟɦ ɩɨɞ ɭɪɨɜɟɧɶ, ɢɥɢ ɢɫɬɟɱɟɧɢɟɦ ɱɟɪɟɡ 

ɡɚɬɨɩɥɟɧɧɨɟ ɨɬɜɟɪɫɬɢɟ [35].  
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Ɋɢɫɭɧɨɤ 39 – ɂɫɬɟɱɟɧɢɟ ɩɨɞ ɭɪɨɜɟɧɶ 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɫɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɫɬɪɭɢ ɬɟɪɹɟɬɫɹ ɧɚ 

ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɤɚɤ ɩɪɢ ɜɧɟɡɚɩɧɨɦ ɪɚɫɲɢɪɟɧɢɢ. ɉɨɷɬɨɦɭ ɭɪɚɜɧɟɧɢɟ 

Ȼɟɪɧɭɥɥɢ ɞɥɹ ɫɟɱɟɧɢɣ Ɉ — Ɉ ɢ 2 — 2, ɝɞɟ ɫɤɨɪɨɫɬɢ ɫɱɢɬɚɟɦ ɪɚɜɧɵɦɢ ɧɭɥɸ, 

ɡɚɩɢɲɟɦ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ (ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ α) [35]: 

                                   H = H଴ + pబ−pభρ୥ = ሺɌ + Ƚሻ vమଶ୥                                  (73) 

6.4 ɂɫɬɟɱɟɧɢɟ ɱɟɪɟɡ ɧɚɫɚɞɤɢ ɩɪɨ ɩɨɫɬɨɹɧɧɨɦ ɧɚɩɨɪɟ 

ȼɧɟɲɧɢɦ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɧɚɫɚɞɤɨɦ ɧɚɡɵɜɚɟɬɫɹ ɤɨɪɨɬɤɚɹ ɬɪɭɛɤɚ 

ɞɥɢɧɨɣ, ɪɚɜɧɨɣ ɧɟɫɤɨɥɶɤɢɦ ɞɢɚɦɟɬɪɚɦ ɛɟɡ ɡɚɤɪɭɝɥɟɧɢɹ- ɜɯɨɞɧɨɣ ɤɪɨɦɤɢ 

(ɪɢɫ.40 (ɚ)). ɇɚ ɩɪɚɤɬɢɤɟ ɬɚɤɨɣ ɧɚɫɚɞɨɤ ɱɚɫɬɨ ɩɨɥɭɱɚɟɬɫɹ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ 

ɜɵɩɨɥɧɹɸɬ ɫɜɟɪɥɟɧɢɟ ɜ ɬɨɥɫɬɨɣ ɫɬɟɧɤɟ ɢ ɧɟ ɨɛɪɚɛɚɬɵɜɚɸɬ ɜɯɨɞɧɭɸ ɤɪɨɦɤɭ 

(ɪɢɫ.40 (ɛ)). ɂɫɬɟɱɟɧɢɟ ɱɟɪɟɡ ɬɚɤɨɣ ɧɚɫɚɞɨɤ ɜ ɝɚɡɨɜɭɸ ɫɪɟɞɭ ɦɨɠɟɬ 

ɩɪɨɢɫɯɨɞɢɬɶ ɞɜɨɹɤɨ. ɋɯɟɦɚ ɬɟɱɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɩɟɪɜɨɦɭ ɪɟɠɢɦɭ, 

ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 40 (ɚ) ɢ (ɛ). ɋɬɪɭɹ ɩɨɫɥɟ ɜɯɨɞɚ ɜ ɧɚɫɚɞɨɤ ɫɠɢɦɚɟɬɫɹ 

ɩɪɢɦɟɪɧɨ ɬɚɤ ɠ ɟ, ɤɚɤ ɢ ɩɪɢ ɢɫɬɟɱɟɧɢɢ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ ɜ ɬɨɧɤɨɣ ɫɬɟɧɤɟ. 

Ɂɚɬɟɦ ɜɫɥɟɞɫɬɜɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɠɚɬɨɣ ɱɚɫɬɢ ɫɬɪɭɢ ɫ ɨɤɪɭɠɚɸɳɟɣ ɟɟ 

ɡɚɜɢɯɪɟɧɧɨɣ ɠɢɞɤɨɫɬɶɸ, ɫɬɪɭɹ ɩɨɫɬɟɩɟɧɧɨ ɪɚɫɲɢɪɹɟɬɫɹ ɞɨ ɪɚɡɦɟɪɨɜ 

ɨɬɜɟɪɫɬɢɹ ɢ ɢɡ ɧɚɫɚɞɤɚ ɜɵɯɨɞɢɬ ɩɨɥɧɵɦ ɫɟɱɟɧɢɟɦ. ɗɬɨɬ ɪɟɠɢɦ ɢɫɬɟɱɟɧɢɹ 

ɧɚɡɵɜɚɸɬ ɛɟɡɨɬɪɵɜɧɵɦ [35]. 
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Ɋɢɫɭɧɨɤ 40 – ɂɫɬɟɱɟɧɢɟ ɱɟɪɟɡ ɜɧɟɲɧɢɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɧɚɫɚɞɨɤ 

Ɍɚɤ ɤɚɤ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɚɫɚɞɤɚ ɞɢɚɦɟɬɪ ɫɬɪɭɢ ɪɚɜɟɧ ɞɢɚɦɟɬɪɭ ɨɬɜɟɪɫɬɢɹ, 

ɬɨ ɂ= 1 ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, Ɋ = ɔ 

 

Ɋɢɫɭɧɨɤ 41 – ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɫɯɨɞɚ ɜɧɟɲɧɟɝɨ 

ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɧɚɫɚɞɤɚ ɨɬ Re 

ɋɪɚɜɧɟɧɢɟ ɫ ɨɬɜɟɪɫɬɢɟɦ ɜ ɬɨɩɤɨɣ ɫɬɟɧɤɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ 

ɛɟɡɨɬɪɵɜɧɨɦ ɢɫɬɟɱɟɧɢɢ ɱɟɪɟɡ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɧɚɫɚɞɨɤ (ɩɟɪɜɵɣ ɪɟɠɢɦ) 

ɪɚɫɯɨɞ ɩɨɥɭɱɚɟɬɫɹ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ ɢɫɬɟɱɟɧɢɢ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɟ ɢɡ-ɡɚ 

ɨɬɫɭɬɫɬɜɢɹ ɫɠɚɬɢɹ ɫɬɪɭɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɚɫɚɞɤɚ. ɋɤɨɪɨɫɬɶ ɠɟ ɨɤɚɡɵɜɚɟɬɫɹ 

ɦɟɧɶɲɟ ɜɫɥɟɞɫɬɜɢɟ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ [35].  

Ʉɨɷɮɮɢɰɢɟɧɬ Ɋ, ɪɚɫɯɨɞɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɧɚɫɚɞɤɚ ɩɪɢ ɨɩɢɫɚɧɧɨɦ 

(ɩɟɪɜɨɦ) ɪɟɠɢɦɟ ɢɫɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɝɚɡɨɜɭɸ ɫɪɟɞɭ ɡɚɜɢɫɢɬ ɨɬ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɥɢɧɵ ɧɚɫɚɞɤɚ l/d, ɢ ɱɢɫɥɚ Re. ɇɚ ɪɢɫ.41 ɩɪɢɜɟɞɟɧɵ ɨɩɵɬɧɵɟ 
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ɤɪɢɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ Ɋ, ɨɬ Re ɞɥɹ ɪɚɡɧɵɯ l/d, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɦɨɠɟɬ 

ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧɚ ɷɦɩɢɪɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ Ɋ ɩɪɢ ɩɟɪɜɨɦ 

ɪɟɠɢɦɟ ɢɫɬɟɱɟɧɢɹ [35]: 

                                               Ɋ = ଵଵ,ଶଷ+58R౛ lౚ                                               (74) 

Ɇɢɧɢɦɚɥɶɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɞɥɢɧɚ ɧɚɫɚɞɤɚ l/d, ɩɪɢ ɤɨɬɨɪɨɣ ɦɨɠɟɬ 

ɪɟɚɥɢɡɨɜɚɬɶɫɹ ɩɟɪɜɵɣ ɪɟɠɢɦ ɢɫɬɟɱɟɧɢɹ, ɪɚɜɧɚ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɟɞɢɧɢɰɟ. 

Ɉɞɧɚɤɨ ɢ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨɦ ɡɧɚɱɟɧɢɢ l/d, ɧɟ ɜɫɟɝɞɚ ɜɨɡɦɨɠɟɧ ɷɬɨɬ ɪɟɠɢɦ. 

ȼɬɨɪɨɣ ɪɟɠɢɦ ɢɫɬɟɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɟɦ, ɱɬɨ ɫɬɪɭɹ ɩɨɫɥɟ ɫɠɚɬɢɹ 

ɭɠɟ ɧɟ ɪɚɫɲɢɪɹɟɬɫɹ, ɚ ɫɨɯɪɚɧɹɟɬ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɮɨɪɦɭ ɢ ɩɟɪɟɦɟɳɚɟɬɫɹ 

ɜɧɭɬɪɢ ɧɚɫɚɞɤɚ, ɧɟ ɫɨɩɪɢɤɚɫɚɹɫɶ ɫ ɟɝɨ ɫɬɟɧɤɚɦɢ. ɂɫɬɟɱɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɬɨɱɧɨ 

ɬɚɤɢɦ ɠɟ, ɤɚɤ ɢ ɢɡ ɨɬɜɟɪɫɬɢɹ ɜ ɬɨɧɤɨɣ ɫɬɟɧɤɟ, ɫ ɬɟɦɢ ɠɟ ɡɧɚɱɟɧɢɹɦɢ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɩɟɪɜɨɝɨ ɪɟɠɢɦɚ ɤɨ ɜɬɨɪɨɦɭ 

ɫɤɨɪɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ, ɚ ɪɚɫɯɨɞ ɭɦɟɧɶɲɚɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɫɠɚɬɢɸ ɫɬɪɭɢ [35]. 

ȿɫɥɢ ɩɨɫɥɟ ɩɟɪɟɯɨɞɚ ɨɬ ɩɟɪɜɨɝɨ ɪɟɠɢɦɚ ɢɫɬɟɱɟɧɢɹ ɤɨ ɜɬɨɪɨɦɭ 

ɭɦɟɧɶɲɢɬɶ ɧɚɩɨɪ ɇ, ɬɨ ɜɬɨɪɨɣ ɪɟɠɢɦ ɛɭɞɟɬ ɫɨɯɪɚɧɹɬɶɫɹ ɜɩɥɨɬɶ ɞɨ ɫɚɦɵɯ 

ɦɚɥɵɯ ɇ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɜɬɨɪɨɣ ɪɟɠɢɦ ɢɫɬɟɱɟɧɢɹ ɜɨɡɦɨɠɟɧ ɩɪɢ ɥɸɛɵɯ 

ɧɚɩɨɪɚɯ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɇ < ɇɤɪ ɜɨɡɦɨɠɧɵ ɨɛɚ ɪɟɠɢɦɚ [35].  

ɉɪɢ ɢɫɬɟɱɟɧɢɢ ɱɟɪɟɡ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɧɚɫɚɞɨɤ ɩɨɞ ɭɪɨɜɟɧɶ ɩɟɪɜɵɣ 

ɪɟɠɢɦ ɢɫɬɟɱɟɧɢɹ ɧɟ ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɨɩɢɫɚɧɧɨɝɨ ɜɵɲɟ. ɇɨ ɤɨɝɞɚ 

ɚɛɫɨɥɸɬɧɨɟ ɞɚɜɥɟɧɢɟ ɜɧɭɬɪɢ ɧɚɫɚɞɤɚ ɛɥɚɝɨɞɚɪɹ ɭɜɟɥɢɱɟɧɢɸ ɇ ɩɚɞɚɟɬ ɞɨ 

ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ, ɩɟɪɟɯɨɞɚ ɤɨ ɜɬɨɪɨɦɭ ɪɟɠɢɦɭ ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɚ 

ɧɚɱɢɧɚɟɬɫɹ ɤɚɜɢɬɚɰɢɨɧɧɵɣ ɪɟɠɢɦ, ɩɪɢ ɤɨɬɨɪɨɦ ɪɚɫɯɨɞ ɩɟɪɟɫɬɚɟɬ ɡɚɜɢɫɟɬɶ ɨɬ 

ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ ɪ2, ɬ. ɟ. ɩɨɥɭɱɚɟɬɫɹ ɷɮɮɟɤɬ ɫɬɚɛɢɥɢɡɚɰɢɢ. ɉɪɢ ɷɬɨɦ ɱɟɦ 

ɦɟɧɶɲɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟ pଶ/p଴ = p˅˞˘/p˅˘ = p, ɤɨɬɨɪɨɟ 

ɹɜɥɹɟɬɫɹ ɤɪɢɬɟɪɢɟɦ ɤɚɜɢɬɚɰɢɢ, ɬɟɦ ɲɢɪɟ ɨɛɥɚɫɬɶ ɤɚɜɢɬɚɰɢɢ ɜɧɭɬɪɢ ɧɚɫɚɞɤɚ ɢ 

ɬɟɦ ɦɟɧɶɲɟ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ Ɋ [35].  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɢɫɬɟɱɟɧɢɢ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɜɧɟɲɧɢɣ 

ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɧɚɫɚɞɨɤ ɩɨɞ ɭɪɨɜɟɧɶ ɤɨɷɮɮɢɰɢɟɧɬ ɰ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ 

ɬɪɟɯ ɛɟɡɪɚɡɦɟɪɧɵɯ ɤɪɢɬɟɪɢɟɜ, ɚ ɢɦɟɧɧɨ: 

                                             Ɋ = fሺl/d, Re, p̅ሻ                                            (75) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɧɟɲɩɢɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɧɚɫɚɞɨɤ ɢɦɟɟɬ ɫɭɳ 

ɟɫɬɜɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ: ɧɚ ɩɟɪɜɨɦ ɪɟɠɢɦɟ — ɛɨɥɶɲɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ 

ɧɟɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɚ ɧɚ ɜɬɨɪɨɦ — ɨɱɟɧɶ ɧɢɡɤɢɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ. ɇɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɞɜɨɣɫɬɜɟɧɧɨɫɬɶ ɪɟɠɢɦɚ 

ɢɫɬɟɱɟɧɢɹ ɜ ɝɚɡɨɜɭɸ ɫɪɟɞɭ ɩɪɢ ɇ < ɇɤɪ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɜɭɡɧɚɱɧɨɫɬɶ 

ɪɚɫɯɨɞɚ ɩɪɢ ɞɚɧɧɨɦ ɇ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɤɚɜɢɬɚɰɢɢ ɩɪɢ ɢɫɬɟɱɟɧɢɢ ɩɨɞ ɭɪɨɜɟɧɶ 

[35].  

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɧɚɫɚɞɤɚ (ɫɜɟɪɥɟɧɢɹ ɜ ɬɨɥɫɬɨɣ 

ɫɬɟɧɤɟ), ɧɚɩɪɢɦɟɪ, ɜ ɤɚɱɟɫɬɜɟ ɠɢɤɥɟɪɨɜ, ɞɪɨɫɫɟɥɟɣ ɢɥɢ ɮɨɪɫɭɧɨɤ ɷɬɢ 

ɧɟɞɨɫɬɚɬɤɢ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɢɥɢ ɭɥɭɱɲɚɬɶ ɧɚɫɚɞɨɤ [36]. 

Ʉɨɧɨɢɞɚɥɶɧɵɣ ɧɚɫɚɞɨɤ, ɢɥɢ ɫɨɩɥɨ, (ɪɢɫ.42) ɨɱɟɪɱɢɜɚɟɬɫɹ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɩɨ ɮɨɪɦɟ ɟɫɬɟɫɬɜɟɧɧɨ ɫɠɢɦɚɸɳɟɣɫɹ ɫɬɪɭɢ ɢ ɛɥɚɝɨɞɚɪɹ 

ɷɬɨɦɭ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɡɨɬɪɵɜɧɨɫɬɶ ɬɟɱɟɧɢɹ ɜɧɭɬɪɢ ɧɚɫɚɞɤɚ ɢ 

ɩɚɪɚɥɥɟɥɶɧɨɫɬɪɭɣɧɨɫɬɶ ɜ ɜɵɯɨɞɧɨɦ ɫɟɱɟɧɢɢ. ɗɬɨ ɜɟɫɶɦɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɣ 

ɧɚɫɚɞɨɤ, ɬɚɤ ɤɚɤ ɨɧ ɢɦɟɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ, ɛɥɢɡɤɢɣ ɤ ɟɞɢɧɢɰɟ, ɢ ɨɱɟɧɶ 

ɦɚɥɵɟ ɩɨɬɟɪɢ (ɤɨɷɮɮɢɰɢɟɧɬ ɫɠɚɬɢɹ ɂ=1), ɚ ɬɚɤɠɟ ɭɫɬɨɣɱɢɜɵɣ ɪɟɠɢɦ ɬɟɱɟɧɢɹ 

ɛɟɡ ɤɚɜɢɬɚɰɢɢ [36]. 
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Ɋɢɫɭɧɨɤ 42 - ɋɨɩɥɨ 

Ⱦɢɮɮɭɡɨɪɧɵɣ ɧɚɫɚɞɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɛɢɧɚɰɢɸ ɫɨɩɥɚ ɢ 

ɞɢɮɮɭɡɨɪɚ (ɪɢɫ.43). ɉɪɢɫɬɚɜɤɚ ɞɢɮɮɭɡɨɪɚ ɤ ɫɨɩɥɭ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɫɧɢɠɟɧɢɟ 

ɞɚɜɥɟɧɢɹ ɜ ɭɡɤɨɦ ɦɟɫɬɟ ɧɚɫɚɞɤɚ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɢ 

ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɩɟɝɨ. ɉɪɢ ɬɨɦ ɠɟ ɞɢɚɦɟɬɪɟ ɭɡɤɨɝɨ ɫɟɱɟɧɢɹ, ɱɬɨ ɢ ɭ 

ɫɨɩɥɚ, ɢ ɬɨɦ ɠɟ ɧɚɩɨɪɟ ɞɢɮɮɭɡɨɪɧɵɣ ɧɚɫɚɞɨɤ ɦɨɠɟɬ ɞɚɬɶ ɡɧɚɱɢɬɟɥɶɧɨ 

ɛɨɥɶɲɢɣ ɪɚɫɯɨɞ (ɭɜɟɥɢɱɟɧɢɟ ɞɨ 2,5 ɪɚɡɚ), ɱɟɦ ɫɨɩɥɨ [36]. 

 

Ɋɢɫɭɧɨɤ 43 – Ⱦɢɮɮɭɡɨɪɧɵɣ ɧɚɫɚɞɨɤ 

6.5 ɂɫɬɟɱɟɧɢɟ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ ɢ ɧɚɫɚɞɤɢ ɩɪɢ ɩɟɪɟɦɟɧɧɨɦ ɧɚɩɨɪɟ 
(ɨɩɨɪɨɠɧɟɧɢɟ ɫɨɫɭɞɨɜ) 

Ɋɚɫɫɦɨɬɪɢɦ ɨɩɨɪɨɠɧɟɧɢɟ ɨɬɤɪɵɬɨɝɨ ɜ ɚɬɦɨɫɮɟɪɭ ɫɨɫɭɞɚ ɩɪɨɢɡɜɨɥɶɧɨɣ 

ɮɨɪɦɵ ɱɟɪɟɡ ɞɨɧɧɨɟ ɨɬɜɟɪɫɬɢɟ ɢɥɢ ɧɚɫɚɞɨɤ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ Ɋ (ɪɢɫ.44). ȼ 

ɷɬɨɦ ɫɥɭɱɚɟ ɢɫɬɟɱɟɧɢɟ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɩɪɢ ɩɟɪɟɦɟɧɧɨɦ, ɩɨɫɬɟɩɟɧɧɨ 
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ɭɦɟɧɶɲɚɸɳɟɦɫɹ ɧɚɩɨɪɟ, ɬ.ɟ., ɫɬɪɨɝɨ ɝɨɜɨɪɹ, ɬɟɱɟɧɢɟ ɹɜɥɹɟɬɫɹ 

ɧɟɭɫɬɚɧɨɜɢɜɲɢɦɫɹ [37]. 

 

Ɋɢɫɭɧɨɤ 44 - ɋɯɟɦɚ ɨɩɨɪɨɠɧɟɧɢɹ ɪɟɡɟɪɜɭɚɪɚ 

Ɉɞɧɚɤɨ ɟɫɥɢ ɧɚɩɨɪ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɫɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ ɢɡɦɟɧɹɸɬɫɹ 

ɦɟɞɥɟɧɧɨ, ɬɨ ɞɜɢɠɟɧɢɟ ɜ ɤɚɠɞɵɣ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɦɨɠɩɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ, ɢ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɢɦɟɧɢɬɶ 

ɭɪɚɜɧɟɧɢɟ Ȼɟɪɧɭɥɥɢ (ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɟ ɬɟɱɟɧɢɟ). Ɉɛɨɡɧɚɱɢɜ ɩɟɪɟɦɟɧɧɭɸ 

ɜɵɫɨɬɭ ɭɪɨɜɧɹ ɠɢɞɤɨɫɬɢ ɜ ɫɨɫɭɞɟ, ɨɬɫɱɢɬɵɜɚɟɦɭɸ ɨɬ ɞɧɚ, ɱɟɪɟɡ h, ɩɥɨɳɚɞɶ 

ɫɟɱɟɧɢɹ ɪɟɡɟɪɜɭɚɪɚ ɧɚ ɷɬɨɦ ɭɪɨɜɧɟ S, ɚ ɩɥɨɳɚɞɶ ɨɬɜɟɪɫɬɢɹ S0 ɢ ɜɡɹɜ 

ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɣ ɨɬɪɟɡɨɤ ɜɪɟɦɟɧɢ dt ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɫɥɟɞɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ 

ɨɛɴɟɦɨɜ [37]: 

                                                 S dh = −Qdt,                                             (76) 

ɝɞɟ dh — ɢɡɦɟɧɟɧɢɟ ɭɪɨɜɧɹ ɠɢɞɤɨɫɬɢ ɜ ɫɨɫɭɞɟ ɡɚ ɜɪɟɦɹ dt. 

Ɂɧɚɤ ɦɢɧɭɫ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ ɩɪɢɪɚɳɟɧɢɸ dt 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɩɪɢɪɚɳɟɧɢɟ dh [37]. 

Ɉɬɫɸɞɚ ɜɪɟɦɹ ɩɨɥɧɨɝɨ ɨɩɨɪɨɠɧɟɧɢɹ ɫɨɫɭɞɚ ɜɵɫɨɬɨɣ ɇ ɧɚɣɞɟɦ 

ɫɥɟɞɭɸɳɢɦ ɩɭɬɟɦ (ɫɱɢɬɚɹ Ɋ = cˑnst) [37]: 

                                           t = − ଵஜୗబ√ଶ୥ ∫ S ୢ୦√୦୦=଴୦=ୌ                                      (77) 
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7 Ɋɚɡɪɚɛɨɬɤɚ ɮɚɫɨɧɧɨɝɨ ɭɱɚɫɬɤɚ ɬɪɭɛɨɩɪɨɜɨɞɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

7.1 Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɫɜɟɞɟɧɢɹ 

ɐɟɥɶ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɵ - ɨɩɵɬɧɵɦ ɩɭɬёɦ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɬɪɭɛɨɩɪɨɜɨɞɚ. 

Ɉɜɥɚɞɟɬɶ ɦɟɬɨɞɢɤɨɣ ɩɨɞɨɛɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ ɞɪɭɝɢɯ ɜɢɞɨɜ ɦɟɫɬɧɵɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ. 

ɉɪɢ ɞɜɢɠɟɧɢɢ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɜ ɡɚɤɪɵɬɵɯ ɪɭɫɥɚɯ ɢ ɤɚɧɚɥɚɯ 

(ɬɪɭɛɨɩɪɨɜɨɞɚɯ) ɩɨɥɧɵɣ ɧɚɩɨɪ ɜɞɨɥɶ ɩɨɬɨɤɚ ɨɫɬɚɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɩɨɫɬɨɹɧɧɨɣ. 

Иɞɟɚɥɶɧɚя ɠɢɞɤɨɫɬɶ – ɝɢɩɨɬɟɬɢɱɟɫɤɚɹ ɧɟɫɠɢɦɚɟɦɚɹ ɠɢɞɤɨɫɬɶ, ɨɛɥɚɞɚɸɳɚɹ 

ɚɛɫɨɥɸɬɧɨɣ ɩɨɞɜɢɠɧɨɫɬɶɸ ɱɚɫɬɢɰ ɢ ɨɬɫɭɬɫɬɜɢɟɦ ɫɢɥ ɫɰɟɩɥɟɧɢɹ ɦɟɠɞɭ ɧɢɦɢ. 

ɋɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ Ȼɟɪɧɭɥɥɢ ɷɬɨ ɜɵɪɚɠɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
2

,
2 П

p
z H const

g g




     

ɝɞɟ    z – ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɦ; 

/ɪ g – ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɣ ɧɚɩɨɪ, ɦ;  
2 / 2g  – ɫɤɨɪɨɫɬɧɨɣ ɧɚɩɨɪ, ɦ; 

ПH – ɩɨɥɧɵɣ ɧɚɩɨɪ, ɦ. 

Ɋɟɚɥɶɧɚɹ ɠɢɞɤɨɫɬɶ ɨɛɥɚɞɚɟɬ ɜɹɡɤɨɫɬɶɸ. ɉɨɷɬɨɦɭ ɩɪɢ ɟɟ ɞɜɢɠɟɧɢɢ ɜ 

ɡɚɤɪɵɬɵɯ ɤɚɧɚɥɚɯ ɜɨɡɧɢɤɚɸɬ ɤɚɫɚɬɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɬɪɟɧɢɹ 

ɫɥɨɟɜ ɠɢɞɤɨɫɬɢ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɨ ɫɬɟɧɤɢ ɤɚɧɚɥɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɜɢɠɟɧɢɟ ɜɹɡɤɨɣ 

ɠɢɞɤɨɫɬɢ ɱɚɫɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɪɚɳɟɧɢɟɦ ɱɚɫɬɢɰ, ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɢ 

ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ, ɨɫɨɛɟɧɧɨ ɜ ɦɟɫɬɚɯ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɠɢɜɨɝɨ 

ɫɟɱɟɧɢɹ ɢɥɢ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ.  

ȼɫɟ ɷɬɨ ɬɪɟɛɭɟɬ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ, ɩɨɷɬɨɦɭ ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɩɪɢ 

ɞɜɢɠɟɧɢɢ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ ɧɟ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ. ɋ ɭɱɟɬɨɦ 

ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɩɨ ɫɟɱɟɧɢɸ ɩɨɬɨɤɚ ɢ ɩɨɬɟɪɶ 
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ɷɧɟɪɝɢɢ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɪɚɜɧɟɧɢɟ Ȼɟɪɧɭɥɥɢ ɞɥя ɪɟɚɥɶɧɨɣ 

(ɜяɡɤɨɣ) ɠɢɞɤɨɫɬɢ ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ:  

               
2 2

1 1 2 2
1 1 2 2 ,

2 2

p p
z z ɇ

g g g g

  
 

        

ɝɞɟ   – ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɩɨ ɫɟɱɟɧɢɸ; 

ɇ  – ɫɭɦɦɚɪɧɵɟ ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɭɱɚɫɬɤɟ, ɦ. 

ɉɨɬɟɪɢ ɧɚɩɨɪɚ (ɷɧɟɪɝɢɢ) ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɢɥɢ ɤɚɤ ɢɯ ɱɚɫɬɨ ɧɚɡɵɜɚɸɬ ɝɢɞɪɚɜɥɢчɟɫɤɢɟ ɩɨɬɟɪɢ, ɡɚɜɢɫɹɬ 

ɨɬ ɮɨɪɦɵ, ɪɚɡɦɟɪɨɜ ɪɭɫɥɚ, ɫɤɨɪɨɫɬɢ ɬɟɱɟɧɢɹ ɢ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ. ɉɪɢ ɷɬɨɦ 

ɜɹɡɤɨɫɬɶ ɠɢɞɤɨɫɬɢ ɯɨɬɹ ɢ ɹɜɥɹɟɬɫɹ ɩɟɪɜɨɩɪɢɱɢɧɨɣ ɜɫɟɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 

ɩɨɬɟɪɶ, ɧɨ ɞɚɥɟɤɨ ɧɟ ɜɫɟɝɞɚ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɢɯ ɜɟɥɢɱɢɧɭ. 

Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɬɟɪɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɬɧɨɲɟɧɢɢ 

ɩɨɬɟɪɹɧɧɨɝɨ ɧɚɩɨɪɚ ɤ ɫɤɨɪɨɫɬɧɨɦɭ. 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɨɛɵɱɧɨ ɪɚɡɞɟɥɹɸɬ ɧɚ ɦɟɫɬɧɵɟ ɩɨɬɟɪɢ ɢ 

ɩɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ ɩɨ ɞɥɢɧɟ: 

ɦlɇ ɇ ɇ      

Ɇɟɫɬɧɵɟ ɩɨɬɟɪɢ ɦɇ  ɨɛɭɫɥɨɜɥɟɧɵ ɬɚɤ ɧɚɡɵɜɚɟɦɵɦɢ ɦɟɫɬɧɵɦɢ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɦɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦɢ, ɬ.ɟ. ɦɟɫɬɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɮɨɪɦɵ, 

ɪɚɡɦɟɪɨɜ ɢɥɢ ɧɚɩɪɚɜɥɟɧɢɹ ɪɭɫɥɚ, ɜɵɡɵɜɚɸɳɢɦɢ ɞɟɮɨɪɦɚɰɢɸ ɩɨɬɨɤɚ. 

ɉɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ lɇ  ɨɛɭɫɥɨɜɥɟɧɵ ɜяɡɤɨɫɬɧɵɦ ɬɪɟɧɢɟɦ ɫɥɨɟɜ 

ɠɢɞɤɨɫɬɢ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɨ ɫɬɟɧɤɢ ɤɚɧɚɥɚ. Ɉɧɢ ɜɨɡɧɢɤɚɸɬ ɜ ɩɪɹɦɵɯ ɬɪɭɛɚɯ 

ɩɨɫɬɨɹɧɧɨɝɨ ɫɟɱɟɧɢɹ, ɬ.ɟ. ɩɪɢ ɪɚɜɧɨɦɟɪɧɨɦ ɬɟɱɟɧɢɢ, ɢ ɜɨɡɪɚɫɬɚɸɬ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɞɥɢɧɟ ɬɪɭɛɵ. 

Ɇɟɫɬɧɵɦɢ ɝɢɞɪɚɜɥɢчɟɫɤɢɦɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦɢ ɧɚɡɵɜɚɸɬɫɹ ɷɥɟɦɟɧɬɵ 

(ɭɱɚɫɬɤɢ) ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɩɨɬɨɤɚ 

ɜɫɥɟɞɫɬɜɢɟ ɢɡɦɟɧɟɧɢɹ ɪɚɡɦɟɪɨɜ, ɮɨɪɦɵ ɫɟɱɟɧɢɹ ɢɥɢ ɧɚɩɪɚɜɥɟɧɢɹ ɪɭɫɥɚ, ɜ 
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ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɧɚɪɭɲɚɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɬɟɱɟɧɢɹ. ɉɪɨɬɟɤɚɧɢɟ 

ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ 

ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ, ɨɬɪɵɜɨɦ ɩɨɬɨɤɚ ɨɬ ɫɬɟɧɨɤ ɤɚɧɚɥɚ, ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟɦ.  

ȼɢɯɪɢ ɨɛɪɚɡɭɸɬɫɹ ɡɚ ɦɟɫɬɨɦ ɨɬɪɵɜɚ ɩɨɬɨɤɚ ɨɬ ɫɬɟɧɨɤ ɢ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɨɛɥɚɫɬɢ, ɜ ɤɨɬɨɪɵɯ ɱɚɫɬɢɰɵ ɠɢɞɤɨɫɬɢ ɞɜɢɠɭɬɫɹ ɩɨ ɡɚɦɤɧɭɬɵɦ ɢɥɢ 

ɛɥɢɡɤɢɦ ɤ ɧɢɦ ɬɪɚɟɤɬɨɪɢɹɦ. 

ɉɪɨɫɬɟɣɲɢɟ ɦɟɫɬɧɵɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ 

ɧɚ ɪɚɫɲɢɪɟɧɢɹ, ɫɭɠɟɧɢɹ ɢ ɩɨɜɨɪɨɬɵ ɪɭɫɥɚ, ɤɚɠɞɨɟ ɢɡ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ 

ɜɧɟɡɚɩɧɵɦ ɢɥɢ ɩɨɫɬɟɩɟɧɧɵɦ. ɇɨ ɛɨɥɶɲɢɧɫɬɜɨ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

ɹɜɥɹɸɬɫɹ ɤɨɦɛɢɧɚɰɢɹɦɢ ɭɤɚɡɚɧɧɵɯ ɫɥɭɱɚɟɜ, ɬɚɤ ɤɚɤ ɩɨɜɨɪɨɬ ɩɨɬɨɤɚ ɦɨɠɟɬ 

ɩɪɢɜɟɫɬɢ ɤ ɢɡɦɟɧɟɧɢɸ ɟɝɨ ɫɟɱɟɧɢɹ, ɚ ɪɚɫɲɢɪɟɧɢɟ (ɫɭɠɟɧɢɟ) ɩɨɬɨɤɚ – ɤ 

ɨɬɤɥɨɧɟɧɢɸ ɨɬ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɡɥɢɱɧɚɹ 

ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɚɪɦɚɬɭɪɚ (ɤɪɚɧɵ, ɜɟɧɬɢɥɢ, ɤɥɚɩɚɧɵ ɢ ɬ.ɞ.) ɩɪɚɤɬɢɱɟɫɤɢ 

ɜɫɟɝɞɚ ɹɜɥɹɟɬɫɹ ɤɨɦɛɢɧɚɰɢɟɣ ɩɪɨɫɬɟɣɲɢɯ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ. Ʉ 

ɦɟɫɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹɦ ɬɚɤɠɟ ɨɬɧɨɫɹɬ ɭɱɚɫɬɤɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫ 

ɪɚɡɞɟɥɟɧɢɟɦ ɢɥɢ ɫɥɢɹɧɢɟɦ ɩɨɬɨɤɨɜ ɠɢɞɤɨɫɬɢ. ɉɪɢɦɟɪɚɦɢ ɦɟɫɬɧɵɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɭɫɬɪɨɣɫɬɜɚ, ɢɡɨɛɪɚɠɟɧɧɵɟ ɧɚ ɪɢɫ. 45. 
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1 – ɩɥɚɜɧɨɟ ɪɚɫɲɢɪɟɧɢɟ; 2 – ɩɥɚɜɧɨɟ ɫɭɠɟɧɢɟ; 3 – ɜɧɟɡɚɩɧɨɟ 

ɪɚɫɲɢɪɟɧɢɟ; 4 – ɜɧɟɡɚɩɧɨɟ ɫɭɠɟɧɢɟ; 5 – ɤɨɥɟɧɨ ɛɟɡ ɡɚɤɪɭɝɥɟɧɢɹ; 6 – ɤɨɥɟɧɨ ɫ 

ɡɚɤɪɭɝɥɟɧɢɟɦ; 7 – ɤɪɚɧ; 8 – ɜɟɧɬɢɥɶ; d1, d2 – ɞɢɚɦɟɬɪ ɬɪɭɛɨɩɪɨɜɨɞɚ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɨ ɢ ɩɨɫɥɟ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; R – ɪɚɞɢɭɫ ɡɚɤɪɭɝɥɟɧɢɹ   

Ɋɢɫɭɧɨɤ 45 - ɋɯɟɦɵ ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

 

ɉɥɚɜɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ ɞɢɮɮɭɡɨɪɨɦ (ɪɢɫ. 45, 1). Ɍɟɱɟɧɢɟ 

ɫɤɨɪɨɫɬɢ ɜ ɞɢɮɮɭɡɨɪɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɟɟ ɭɦɟɧɶɲɟɧɢɟɦ ɢ ɭɜɟɥɢɱɟɧɢɟɦ 

ɞɚɜɥɟɧɢɹ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɠɢɞɤɨɫɬɢ 

ɜ ɷɧɟɪɝɢɸ ɞɚɜɥɟɧɢɹ. ȼ ɞɢɮɮɭɡɨɪɟ ɩɪɨɢɫɯɨɞɢɬ ɨɬɪɵɜ ɨɫɧɨɜɧɨɝɨ ɩɨɬɨɤɚ ɨɬ 

ɫɬɟɧɤɢ ɢ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɷɬɢɯ ɹɜɥɟɧɢɣ ɜɨɡɪɚɫɬɚɟɬ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɭɝɥɚ ɪɚɫɲɢɪɟɧɢɹ ɞɢɮɮɭɡɨɪɚ. 
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ɉɥɚɜɧɨɟ ɫɭɠɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɧɢɱɟɫɤɭɸ ɫɯɨɞɹɳɭɸɫɹ ɬɪɭɛɭ, 

ɤɨɬɨɪɚɹ ɧɚɡɵɜɚɟɬɫɹ ɤɨɧɮɭɡɨɪɨɦ (ɪɢɫ. 45, 2), ɬɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɤɨɬɨɪɨɦ 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɢ ɩɚɞɟɧɢɟɦ ɞɚɜɥɟɧɢɹ. ȼ ɤɨɧɮɭɡɨɪɟ 

ɢɦɟɸɬɫɹ ɥɢɲɶ ɩɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ. 

ɉɨɬɟɪɹ ɧɚɩɨɪɚ (ɷɧɟɪɝɢɢ) ɩɪɢ ɜɧɟɡɚɩɧɨɦ ɪɚɫɲɢɪɟɧɢɢ (ɪɢɫ. 45, 3) 

ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɫɜɹɡɚɧɧɨɟ ɫ ɨɬɪɵɜɨɦ ɩɨɬɨɤɚ ɨɬ ɫɬɟɧɨɤ, ɬ.ɟ. 

ɧɚ ɩɨɞɞɟɪɠɚɧɢɟ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɠɢɞɤɢɯ ɦɚɫɫ ɫ 

ɩɨɫɬɨɹɧɧɵɦ ɢɯ ɨɛɧɨɜɥɟɧɢɟɦ. ɉɪɢ ɜɧɟɡɚɩɧɨɦ ɪɚɫɲɢɪɟɧɢɢ ɪɭɫɥɚ (ɬɪɭɛɵ) 

ɩɨɬɨɤ ɫɪɵɜɚɟɬɫɹ ɫ ɭɝɥɚ ɢ ɪɚɫɲɢɪɹɟɬɫɹ ɧɟ ɜɧɟɡɚɩɧɨ, ɤɚɤ ɪɭɫɥɨ, ɚ ɩɨɫɬɟɩɟɧɧɨ, 

ɩɪɢɱɟɦ ɜ ɤɨɥɶɰɟɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɟɠɞɭ ɩɨɬɨɤɨɦ ɢ ɫɬɟɧɤɨɣ ɬɪɭɛɵ 

ɨɛɪɚɡɭɸɬɫɹ ɜɢɯɪɢ, ɤɨɬɨɪɵɟ ɢ ɹɜɥɹɸɬɫɹ ɩɪɢɱɢɧɨɣ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ.   

ɉɪɢ ɜɧɟɡɚɩɧɨɦ ɫɭɠɟɧɢɢ (ɪɢɫ. 45, 4) ɩɨɬɟɪɹ ɧɚɩɨɪɚ ɨɛɭɫɥɨɜɥɟɧɚ 

ɬɪɟɧɢɟɦ ɩɨɬɨɤɚ ɩɪɢ ɜɯɨɞɟ ɜ ɛɨɥɟɟ ɭɡɤɭɸ ɬɪɭɛɭ ɢ ɩɨɬɟɪɹɦɢ ɧɚ 

ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɜ ɤɨɥɶɰɟɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜɨɤɪɭɝ 

ɫɭɠɟɧɨɣ ɱɚɫɬɢ ɩɨɬɨɤɚ. 

ɉɥɚɜɧɨɫɬɶ ɩɨɜɨɪɨɬɚ ɬɪɭɛɵ (ɪɢɫ. 45, 6) ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ 

ɭɦɟɧɶɲɢɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬɜɨɞɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɹɦɵɦ ɤɨɥɟɧɨɦ (ɪɢɫ. 45, 5). ɗɬɨ 

ɭɦɟɧɶɲɟɧɢɟ ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ ɛɨɥɶɲɟ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɪɚɞɢɭɫ ɤɪɢɜɢɡɧɵ 

ɨɬɜɨɞɚ /R d . 

ɉɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɫɥɨɠɧɵɟ ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ: 

ɤɪɚɧɵ (ɪɢɫ. 45, 7), ɜɟɧɬɢɥɢ (ɪɢɫ. 45, 8), ɢ ɬ.ɩ. ɨɛɪɚɡɭɸɬɫɹ ɛɨɥɶɲɢɟ ɡɨɧɵ ɫ 

ɡɚɜɢɯɪɟɧɢɹɦɢ, ɱɬɨ ɜ ɢɬɨɝɟ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɩɨɬɟɪɹɦ ɧɚɩɨɪɚ 

(ɷɧɟɪɝɢɢ).  

ɉɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ ɧɚɡɵɜɚɸɬɫɹ 

ɦɟɫɬɧɵɦɢ ɩɨɬɟɪɹɦɢ. Ɉɧɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ȼɟɣɫɛɚɯɚ: 
2

ɦ ξ
2

vɇ
g

   

ɝɞɟ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ξ
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ɑɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ  ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ 

ɬɭɪɛɭɥɟɧɬɧɨɦ ɪɟɠɢɦɟ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ (ɜɢɞɚ) ɦɟɫɬɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɧɨ ɦɚɥɨ ɢɡɦɟɧɹɟɬɫɹ (ɞɥɹ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɜɢɞɚ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ) ɫ ɢɡɦɟɧɟɧɢɟɦ ɟɝɨ ɚɛɫɨɥɸɬɧɵɯ ɪɚɡɦɟɪɨɜ, ɚ ɬɚɤɠɟ ɫ 

ɢɡɦɟɧɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ, ɩɥɨɬɧɨɫɬɢ ɢ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ, ɬɨ ɟɫɬɶ ɫ 

ɢɡɦɟɧɟɧɢɟɦ ɱɢɫɥɚ Ɋɟɣɧɨɥɶɞɫɚ. ɇɚɩɪɨɬɢɜ, ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ ɪɟɠɢɦɟ ɡɧɚɱɟɧɢɹ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɦɟɧɹɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɫ ɢɡɦɟɧɟɧɢɟɦ 

ɮɨɪɦɵ ɢ ɚɛɫɨɥɸɬɧɵɯ ɪɚɡɦɟɪɨɜ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɧɨ ɢ ɡɚɜɢɫɹɬ ɨɬ ɱɢɫɥɚ 

Ɋɟɣɧɨɥɶɞɫɚ. ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɩɨ ɮɨɪɦɭɥɟ ȼɟɣɫɛɚɯɚ 

ɧɚɢɛɨɥɶɲɟɣ ɬɪɭɞɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ . ɂɡ-ɡɚ ɫɥɨɠɧɨɫɬɢ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ 

ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ, ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɚɣɬɢ  ɭɞɚɟɬɫɹ 

ɬɨɥɶɤɨ ɜ ɨɬɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ, ɩɨɷɬɨɦɭ ɛɨɥɶɲɢɧɫɬɜɨ ɡɧɚɱɟɧɢɣ ɷɬɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɭɱɟɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɫɩɪɚɜɨɱɧɵɯ ɦɚɬɟɪɢɚɥɚɯ.  

ɉɨɬɟɪɢ ɷɧɟɪɝɢɢ ɩɨɬɨɤɚ ɜɫɟɝɞɚ ɫɨɩɪɹɠɟɧɵ ɫ ɩɨɬɟɪɟɣ (ɩɚɞɟɧɢɟɦ) 

ɞɚɜɥɟɧɢɹ. ȼɟɥɢɱɢɧɚ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜ ɦɟɫɬɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ 
2

1 2

ρ
ρ ξ

2
ɫɪɪ ɪ ɪ gh


     , 

ɝɞɟ    ρ – ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, ɤɝ/ɦ3. 

 

7.2 Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɨɩɵɬɧɚɹ ɭɫɬɚɧɨɜɤɚ 

ɍɫɬɚɧɨɜɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɦɟɫɬɧɵɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ: ɤɪɚɧɚ 1, ɤɨɥɟɧɚ ɛɟɡ ɡɚɤɪɭɝɥɟɧɢɹ 2, ɜɟɧɬɢɥɹ 3, ɜɧɟɡɚɩɧɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ 4, ɜɧɟɡɚɩɧɨɝɨ ɫɭɠɟɧɢɹ 5, ɩɥɚɜɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɞɢɮɮɭɡɨɪ) 6, 

ɩɥɚɜɧɨɝɨ ɫɭɠɟɧɢɹ (ɤɨɧɮɭɡɨɪ) 7, ɤɨɥɟɧɚ ɫ ɡɚɤɪɭɝɥɟɧɢɹɦɢ 8. ȼɫɟ ɨɧɢ 

ɜɵɩɨɥɧɟɧɵ ɢɡ ɫɬɚɥɶɧɵɯ ɬɪɭɛ ɢ ɨɛɴɟɞɢɧɟɧɵ ɜ ɟɞɢɧɵɣ ɠёɫɬɤɢɣ ɬɪɭɛɨɩɪɨɜɨɞ 

(ɪɢɫ.46).  

ξ

ξ

ξ



95 
 

 

 

1 – ɤɪɚɧ; 2 – ɤɨɥɟɧɨ ɛɟɡ ɡɚɤɪɭɝɥɟɧɢɹ; 3 – ɜɟɧɬɢɥɶ; 4 – ɜɧɟɡɚɩɧɨɟ ɪɚɫɲɢɪɟɧɢɟ; 

5 – ɜɧɟɡɚɩɧɨɟ ɫɭɠɟɧɢɟ; 6 – ɩɥɚɜɧɨɟ ɪɚɫɲɢɪɟɧɢɟ; 7 – ɩɥɚɜɧɨɟ ɫɭɠɟɧɢɟ;  

8 – ɤɨɥɟɧɨ ɫ ɡɚɤɪɭɝɥɟɧɢɟɦ; 9 – ɪɚɫɯɨɞɨɦɟɪ; 10 – ɩɶɟɡɨɦɟɬɪ  

Ɋɢɫɭɧɨɤ 46 - ɋɯɟɦɚ ɨɩɵɬɧɨɣ ɭɫɬɚɧɨɜɤɢ  

ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɭɫɬɚɧɨɜɤɢ ɫɨɫɬɨɢɬ ɢɡ ɫɟɤɭɧɞɨɦɟɪɚ, ɪɚɫɯɨɞɨɦɟɪɚ 

(ɜɨɞɨɫɱёɬɱɢɤɚ) 9 ɢ ɞɟɫɹɬɢ ɩɶɟɡɨɦɟɬɪɨɜ 10, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɫ ɩɨɦɨɳɶɸ 

ɫɢɥɢɤɨɧɨɜɵɯ ɲɥɚɧɝɨɜ ɢ ɲɬɭɰɟɪɨɜ ɩɨɞɤɥɸɱёɧ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɦɟɫɬɧɨɦɭ 

ɫɨɩɪɨɬɢɜɥɟɧɢɸ.  

ɉɪɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɯɨɞɹɬ ɢɡ ɮɨɪɦɭɥɵ ȼɟɣɫɛɚɯɚ: 
2

ɦ 2ξ 2 /g ɇ v   

ɝɞɟ 2v  – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɡɚ ɦɟɫɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ, ɦ/ɫ. 

Δɇɦ – ɩɨɬɟɪɢ ɧɚɩɨɪɚ ɜ ɦɟɫɬɧɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɟ 

ɨɩɵɬɧɵɦ ɩɭɬёɦ ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ Ȼɟɪɧɭɥɥɢ ɞɥɹ ɞɜɭɯ ɫɟɱɟɧɢɣ (ɞɨ ɢ 

ɩɨɫɥɟ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ) 
2 2
1 2

ɦ 2

v v
H h

g

 
     

 
  

ɝɞɟ Δh – ɪɚɡɧɨɫɬɶ ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɢɯ ɧɚɩɨɪɨɜ, ɦ; 
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2 2
1 2

2

v v

g

 
 
 

– ɪɚɡɧɨɫɬɶ ɫɤɨɪɨɫɬɧɵɯ ɧɚɩɨɪɨɜ, ɦ ( 1v  ɢ 2v  – ɫɪɟɞɧɢɟ ɫɤɨɪɨɫɬɢ 

ɩɨɬɨɤɚ ɜ ɭɤɚɡɚɧɧɵɯ ɫɟɱɟɧɢɹɯ, ɦ/ɫ) 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɫɬɟɧɞ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɭɱɟɛɧɨɦ ɩɪɨɰɟɫɫɟ 

ɫɬɭɞɟɧɬɚɦɢ ɂȽȾȽɢȽ ɋɎɍ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬ ɩɨ 

ɨɩɪɟɞɟɥɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ. 

ɋɬɟɧɞ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɥɚɛɨɪɚɬɨɪɧɨɦ ɤɨɪɩɭɫɟ ɂȽȾȽɢȽ ɋɎɍ ɜ ɚɭɞɢɬɨɪɢɢ 154, 

ɤɚɮɟɞɪɚ “Ƚɨɪɧɵɯ Ɇɚɲɢɧ ɢ Ʉɨɦɩɥɟɤɫɨɜ”. 

 

7.3 Ɋɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɜɵɩɨɥɧɟɧɢɸ ɨɩɵɬɨɜ 

 

ɚ) Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɪɚɫɯɨɞɚ ɜɨɞɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɪɚɧɨɦ 5.1. ɉɨɥɧɨɫɬɶɸ 

ɨɬɤɪɵɬɶ ɜɟɧɬɢɥɶ 5.3, ɤɪɚɧ 5.2 (ɩɨɥɨɠɟɧɢɟ – ɝɨɪɢɡɨɧɬɚɥɶɧɨ) ɢ ɱɚɫɬɢɱɧɨ ɤɪɚɧ 

5.1 – ɱɬɨɛɵ ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɩɶɟɡɨɦɟɬɪɚɯ ɧɟ ɩɪɟɜɵɲɚɥ ɞɨɩɭɫɬɢɦɨɝɨ. ɉɪɢ ɷɬɨɦ 

ɜɨ ɜɫɟɯ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ 

ɜɨɞɵ.  

ȿɫɥɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɩɶɟɡɨɦɟɬɪɚɯ ɧɚɛɥɸɞɚɟɬɫɹ 

ɫɤɨɩɥɟɧɢɟ ɜɨɡɞɭɲɧɵɯ ɩɪɨɛɨɤ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɤɪɵɬɶ ɤɪɚɧ 5.2 ɢ 

ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɶ ɤɪɚɧ 5.1. ɉɨɫɥɟ ɷɬɨɝɨ ɫɧɨɜɚ ɨɬɤɪɵɬɶ ɤɪɚɧ 5.2 ɢ 

ɩɪɨɞɨɥɠɢɬɶ ɡɚɦɟɪɵ.  

ɛ) Ɉɩɵɬ №1  

ɋ ɩɨɦɨɳɶɸ ɪɚɫɯɨɞɨɦɟɪɚ 9 ɢ ɫɟɤɭɧɞɨɦɟɪɚ ɨɩɪɟɞɟɥɹɸɬ ɜɪɟɦɹ 

ɩɪɨɬɟɤɚɧɢɹ ɨɛɴɟɦɚ ɜɨɞɵ W = 0,03 ɦ3. ɉɨɫɥɟ ɷɬɨɝɨ ɫɧɢɦɚɸɬ ɩɨɤɚɡɚɧɢɹ 

ɩɶɟɡɨɦɟɬɪɨɜ 10 ɩɨ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɲɤɚɥɟ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɟɱɟɧɢɹɯ 

ɬɪɭɛɨɩɪɨɜɨɞɚ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ 

ɡɚɧɨɫɹɬ ɜ ɬɚɛɥ. 2 ɞɥɹ ɩɟɪɜɨɝɨ ɨɩɵɬɚ.  

ɜ) Ɉɩɵɬ №2 

ɉɪɢɤɪɵɬɢɟɦ ɤɪɚɧɚ 5.1 ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɸɬ ɪɚɫɯɨɞ ɜɨɞɵ ɜ 

ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ ɢ ɜɵɩɨɥɧɹɸɬ ɢɡɦɟɪɟɧɢɹ ɚɧɚɥɨɝɢɱɧɨ ɩɟɪɜɨɦɭ 

ɨɩɵɬɭ. 



97 
 

ɝ) Ɉɩɵɬ №3 

ɉɪɢɤɪɵɬɢɟɦ ɤɪɚɧɚ 5.1 ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɸɬ ɪɚɫɯɨɞ ɜɨɞɵ ɜ 

ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ ɢ ɜɵɩɨɥɧɹɸɬ ɢɡɦɟɪɟɧɢɹ ɚɧɚɥɨɝɢɱɧɨ ɩɟɪɜɨɦɭ 

ɨɩɵɬɭ. 

Ɍɚɛɥɢɰɚ 2 - Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɢ ɨɛɪɚɛɨɬɤɢ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ 

№
 ɨ

ɩɵ
ɬɚ

 

№ ɦɟɫɬɧɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɂɡɦɟɪɟɧɧɵɟ  
ɜɟɥɢɱɢɧɵ 

Ɋɚɫɱɟɬɧɵɟ 
ɜɟɥɢɱɢɧɵ 

h1, 
ɦ 
 

h2, 
ɦ 
 

W, 
ɦ3 

t, 
ɫ 

Ɍ, 
ɨɋ 

Q, 
ɦ3/ɫ 

v1, 
ɦ/ɫ 

v 2, 
ɦ/ɫ 

Δh, 
ɦ 

ΔHɦ, 
ɦ 

ȟɨ Re 

1 

Ʉɨɥɟɧɨ ɛɟɡ ɡɚɤɪɭɝɥɟɧɢɹ             

Ʉɨɥɟɧɨ ɛɟɡ ɡɚɤɪɭɝɥɟɧɢɹ         

ȼɟɧɬɢɥɶ         

ȼɧɟɡɚɩɧɨɟ ɪɚɫɲɢɪɟɧɢɟ         

ȼɧɟɡɚɩɧɨɟ ɫɭɠɟɧɢɟ         

ɉɥɚɜɧɨɟ ɪɚɫɲɢɪɟɧɢɟ         

ɉɥɚɜɧɨɟ ɫɭɠɟɧɢɟ         

Ʉɨɥɟɧɨ ɫ ɡɚɤɪɭɝɥɟɧɢɟɦ         

Ʉɨɥɟɧɨ ɫ ɡɚɤɪɭɝɥɟɧɢɟɦ         

2 

Ʉɨɥɟɧɨ ɛɟɡ ɡɚɤɪɭɝɥɟɧɢɹ             
Ʉɨɥɟɧɨ ɛɟɡ ɡɚɤɪɭɝɥɟɧɢɹ         

ȼɟɧɬɢɥɶ         
ȼɧɟɡɚɩɧɨɟ ɪɚɫɲɢɪɟɧɢɟ         

ȼɧɟɡɚɩɧɨɟ ɫɭɠɟɧɢɟ         
ɉɥɚɜɧɨɟ ɪɚɫɲɢɪɟɧɢɟ         

ɉɥɚɜɧɨɟ ɫɭɠɟɧɢɟ         
Ʉɨɥɟɧɨ ɫ ɡɚɤɪɭɝɥɟɧɢɟɦ         
Ʉɨɥɟɧɨ ɫ ɡɚɤɪɭɝɥɟɧɢɟɦ         

3 

Ʉɨɥɟɧɨ ɛɟɡ ɡɚɤɪɭɝɥɟɧɢɹ             
Ʉɨɥɟɧɨ ɛɟɡ ɡɚɤɪɭɝɥɟɧɢɹ         

ȼɟɧɬɢɥɶ         
ȼɧɟɡɚɩɧɨɟ ɪɚɫɲɢɪɟɧɢɟ         

ȼɧɟɡɚɩɧɨɟ ɫɭɠɟɧɢɟ         
ɉɥɚɜɧɨɟ ɪɚɫɲɢɪɟɧɢɟ         

ɉɥɚɜɧɨɟ ɫɭɠɟɧɢɟ         
Ʉɨɥɟɧɨ ɫ ɡɚɤɪɭɝɥɟɧɢɟɦ         
Ʉɨɥɟɧɨ ɫ ɡɚɤɪɭɝɥɟɧɢɟɦ         
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7.4 Ɉɛɪɚɛɨɬɤɚ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ 

 

1. Ɉɩɪɟɞɟɥɹɸɬ ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ ɜɨɞɵ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ Q, ɦ3/ɫ: 

/Q W t  

ɝɞɟ W – ɨɛɴɟɦ ɜɨɞɵ, ɦ3; 

t  – ɜɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɡɚɞɚɧɧɨɝɨ ɨɛɴɟɦɚ ɜɨɞɵ, ɫ.  

2. ɇɚɯɨɞɹɬ ɫɪɟɞɧɸɸ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɜ ɤɚɠɞɨɦ ɢɡ ɞɜɭɯ ɫɟɱɟɧɢɣ 

ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ (ɞɨ ɢ ɩɨɫɥɟ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ), ɦ/ɫ: 
2

1 1 1

2
2 2 2

/ ω 4 /
/ ω 4 /

v Q Q d

v Q Q d





 

 
 

ɝɞɟ 1ω ɢ 2ω – ɩɥɨɳɚɞɢ ɠɢɜɵɯ ɫɟɱɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɨ ɢ ɩɨɫɥɟ 

ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɦ2; 

1d  ɢ 2d  – ɞɢɚɦɟɬɪɵ ɬɪɭɛ ɞɨ ɢ ɩɨɫɥɟ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ                     

( 1 16 ɦɦ,d  2 39 ɦɦd  ), ɦ. 

3. Ɋɚɫɫɱɢɬɵɜɚɸɬ ɪɚɡɧɨɫɬɶ ɩɨɤɚɡɚɧɢɣ ɩɶɟɡɨɦɟɬɪɚ ɞɨ ɢ ɩɨɫɥɟ ɦɟɫɬɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɦ: 

1 2h h h     

1h  ɢ 2h  – ɩɨɤɚɡɚɧɢɹ ɩɶɟɡɨɦɟɬɪɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɨ ɢ ɩɨɫɥɟ ɦɟɫɬɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɦ. 

4. Ɉɩɪɟɞɟɥɹɸɬ ɩɨɬɟɪɢ ɩɨɥɧɨɝɨ ɧɚɩɨɪɚ ɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ, ɦ: 
2 2
1 2

ɦ 2

v v
H h

g

 
     

 
 

5. ɇɚɯɨɞɹɬ ɜɟɥɢɱɢɧɵ ɨɩɵɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ: 
2

ɨ ɦ 2ξ 2 /g ɇ v   

6. Ɋɚɫɫɱɢɬɵɜɚɸɬ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ: 

2 2Re
v d


  
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ɝɞɟ   - ɤɢɧɟɦɚɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ ɜɨɞɵ, ɦ2/ɫ.   

7. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɱɢɫɥɟɧɢɣ ɫɬɪɨɹɬ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɨξ (Re)f  

ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɨɜ ɡɚɧɨɫɹɬ ɜ ɬɚɛɥɢɰɭ, ɜɵɩɨɥɧɹɸɬ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ 

ɞɚɧɧɵɯ ɢ ɞɟɥɚɸɬ ɜɵɜɨɞ ɨɛ ɢɯ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɩɪɚɜɨɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ. 

 

7.5 ȼɨɩɪɨɫɵ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ 

 

1. ɉɪɢɜɟɞɢɬɟ ɭɪɚɜɧɟɧɢɟ Ȼɟɪɧɭɥɥɢ ɞɥɹ ɢɞɟɚɥɶɧɨɣ ɢ ɪɟɚɥɶɧɨɣ 

ɠɢɞɤɨɫɬɟɣ. 

2. ɑɬɨ ɧɚɡɵɜɚɟɬɫɹ ɦɟɫɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ? ȼɢɞɵ ɦɟɫɬɧɵɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ. 

3. Ʉɚɤɨɜɚ ɮɢɡɢɱɟɫɤɚɹ ɩɪɢɪɨɞɚ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɜ ɪɚɡɥɢɱɧɵɯ ɦɟɫɬɧɵɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ? 

4. Ɉɬ ɱɟɝɨ ɡɚɜɢɫɢɬ ɜɟɥɢɱɢɧɚ ɩɨɬɟɪɶ ɧɚɩɨɪɚ ɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ? 

5. ɑɬɨ ɧɚɡɵɜɚɸɬ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ? 

6. Ɉɬ ɱɟɝɨ ɡɚɜɢɫɢɬ ɱɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 

ɩɨɬɟɪɶ ɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹɯ? 

7. Ɇɨɠɧɨ ɥɢ ɢɡɦɟɪɢɬɶ ɩɨɬɟɪɢ ɧɚɩɨɪɚ, ɟɫɥɢ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ 

ɫɟɱɟɧɢɹ ɞɨ ɢ ɩɨɫɥɟ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɟ ɨɞɢɧɚɤɨɜɚ? 

8. ɑɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɷɮɮɢɰɢɟɧɬ Ʉɨɪɢɨɥɢɫɚ? Ɂɚɜɢɫɢɬ ɥɢ 

ɱɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ Ʉɨɪɢɨɥɢɫɚ ɨɬ ɪɟɠɢɦɚ ɞɜɢɠɟɧɢɹ 

ɠɢɞɤɨɫɬɢ? 
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7.6 Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɇɚ ɪɚɡɪɚɛɨɬɚɧɧɨɦ ɫɬɟɧɞɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɦɧɨɠɟɫɬɜɨ ɨɩɵɬɨɜ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɵɯ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɜɟɥɢɱɢɧ 

(ɬɚɛɥ. 3). 

Ɍɚɛɥɢɰɚ 3 – ɉɨɥɭɱɟɧɧɵɟ ɪɚɫɱɟɬɧɵɟ ɜɟɥɢɱɢɧɵ 

№ ɦɟɫɬɧɨɝɨ 
ɫɨɩɪɨɬɢɜ- 

ɥɟɧɢɹ 

ɂɡɦɟɪɟɧɧɵɟ  
ɜɟɥɢɱɢɧɵ 

Ɋɚɫɱɟɬɧɵɟ 
ɜɟɥɢɱɢɧɵ 

h1, 
ɦ 
 

h2, 
ɦ 
 

W, 
ɦ3 

t, 
ɫ 

Ɍ, 
ɨɋ 

Q, 
ɦ3/ɫ 

v1, 
ɦ/ɫ 

v 2, 
ɦ/ɫ 

Δh, 
 ɦ 

ΔHɦ, 
ɦ 

ȟɨ ȟɫɩ Re 

Ʉɨɥɟɧɨ ɛɟɡ 
ɡɚɤɪɭɝɥɟɧɢɹ 

0,49 0,48 

0
,0

3 

4
1

2 

1
0 

7,
28

·1
0-5

 

0,36 0,36 0,01 0,01 1,5 1,2 4459,6 

Ʉɨɥɟɧɨ ɛɟɡ 
ɡɚɤɪɭɝɥɟɧɢɹ 

0,48 0,47 0,36 0,36 0,01 0,01 1,5 1,2 4459,6 

ȼɟɧɬɢɥɶ 0,47 0,445 0,36 0,36 0,025 0,025 3,7 3 4459,6 
ȼɧɟɡɚɩɧɨɟ 

ɪɚɫɲɢɪɟɧɢɟ 
0,445 0,44 0,36 0,06 0,005 0,012 1,7 0,7 1829,6 

ȼɧɟɡɚɩɧɨɟ ɫɭɠɟɧɢɟ 0,44 0,43 0,06 0,36 0,01 0,003 0,52 0,42 4459,6 
ɉɥɚɜɧɨɟ 

ɪɚɫɲɢɪɟɧɢɟ 
0,43 0,42 0,36 0,06 0,01 0,017 2,5 2,8 1829,6 

ɉɥɚɜɧɨɟ ɫɭɠɟɧɢɟ 0,42 0,415 0,06 0,36 0,005 0,002 0,22 0,2 4459,6 
Ʉɨɥɟɧɨ ɫ 

ɡɚɤɪɭɝɥɟɧɢɟɦ 
0,415 0,41 0,36 0,36 0,005 0,005 0,75 0,6 4459,6 

Ʉɨɥɟɧɨ ɫ 
ɡɚɤɪɭɝɥɟɧɢɟɦ 

0,41 0,4 0,36 0,36 0,015 0,015 1,4 0,6 4459,6 

 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

ɫɪɚɜɧɢɜɚɸɬɫɹ ɫɨ ɫɩɪɚɜɨɱɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ߦ˔˒. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɨɩɵɬɧɵɟ ɡɧɚɱɟɧɢɹ ߦ଴ ɛɥɢɡɤɢ ɤ ɬɟɨɪɟɬɢɱɟɫɤɢɦ. 
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8 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 

 
         8.1 Ɉɪɝɚɧɢɡɚɰɢɹ ɪɚɛɨɬɵ ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ 

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɦɨɞɟɪɧɢɡɚɰɢɹ ɫɬɟɧɞɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ 

ɜɵɩɨɥɧɟɧɢɹ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɜɢɞɚ. Ɍɚɤ ɠɟ ɜ 

ɪɚɦɤɚɯ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ, ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 

ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɵ ɫɬɭɞɟɧɬɚɦɢ ɩɨ ɞɢɫɰɢɩɥɢɧɟ «Ƚɢɞɪɚɜɥɢɤɚ». 

ȼ ɪɚɦɤɚɯ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɚɭɱɧɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɢ 

ɨɩɵɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɟ ɪɚɛɨɬɵ ɩɨ ɞɚɧɧɨɦɭ ɩɪɨɟɤɬɭ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ 

ɫɢɥɚɦɢ ɚɜɬɨɪɨɜ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ. Ⱦɚɧɧɵɣ ɮɚɤɬ ɩɨɡɜɨɥɹɟɬ ɧɟ ɭɱɢɬɵɜɚɬɶ 

ɡɚɬɪɚɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɞɚɧɧɵɦ ɜɢɞɨɦ ɪɚɛɨɬ, ɬɚɤ ɤɚɤ ɪɚɛɨɬɚ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɜ 

ɪɚɦɤɚɯ ɩɨɞɝɨɬɨɜɤɢ ɤ ɫɞɚɱɟ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ.  

Ɇɨɞɟɪɧɢɡɚɰɢɹ ɫɬɟɧɞɚ, ɨɩɢɫɚɧɧɚɹ ɜ ɪɚɡɞɟɥɟ 7 ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ, 

ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɨɛɭɱɟɧɢɹ ɫɬɭɞɟɧɬɨɜ ɧɚɩɪɚɜɥɟɧɢɹ «Ƚɨɪɧɵɟ 

ɦɚɲɢɧɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ» ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬ ɩɨ 

ɞɢɫɰɢɩɥɢɧɟ «Ƚɢɞɪɚɜɥɢɤɚ». 

Ƚɥɚɜɧɚɹ ɡɚɞɚɱɚ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ - ɫɨɫɬɚɜɢɬɶ ɢ ɪɟɚɥɢɡɨɜɚɬɶ ɩɥɚɧ 

ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɬɟɧɞɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 

ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɜɢɞɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ: 

- ɫɨɫɬɚɜɢɬɶ ɩɥɚɧ ɩɪɨɜɟɞɟɧɢɹ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɬɟɧɞɚ; 

- ɫɨɫɬɚɜɢɬɶ ɩɟɪɟɱɟɧɶ ɪɟɦɨɧɬɧɵɯ ɢ ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ; 

- ɫɨɫɬɚɜɢɬɶ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢɧɫɬɪɭɤɰɢɢ, ɩɪɨɢɡɜɟɫɬɢ ɡɚɤɭɩɤɭ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɤɨɦɩɥɟɤɬɭɸɳɢɯ; 

- ɫɨɫɬɚɜɢɬɶ ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɩɪɚɜɢɥɚɦ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

- ɫɨɫɬɚɜɢɬɶ ɫɦɟɬɭ ɩɪɨɟɤɬɚ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɬɟɧɞɚ; 

- ɩɪɨɜɟɫɬɢ ɫɨɝɥɚɫɨɜɚɧɢɹ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫ ɪɭɤɨɜɨɞɢɬɟɥɟɦ ɞɢɩɥɨɦɧɨɣ 

ɪɚɛɨɬɵ. 
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɹɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɟɬɟɜɨɝɨ ɝɪɚɮɢɤɚ (ɦɟɬɨɞ 

ɤɪɢɬɢɱɟɫɤɨɝɨ ɩɭɬɢ) ɢ ɞɢɚɝɪɚɦɦɵ Ƚɚɧɬɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɝɨ 

ɢɧɫɬɪɭɦɟɧɬɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɩɪɨɟɤɬɧɵɯ ɪɚɛɨɬ ɩɨɡɜɨɥɢɥɨ: 

- ɪɚɰɢɨɧɚɥɶɧɨ ɪɚɫɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ ɩɨ ɜɢɞɚɦ ɜɵɩɨɥɧɟɧɧɵɯ ɜ ɯɨɞɟ 

ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ ɡɚɞɚɱ; 

- ɧɚɝɥɹɞɧɨ ɨɬɨɛɪɚɡɢɬɶ ɩɥɚɧ-ɝɪɚɮɢɤ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɜ ɭɞɨɛɧɨɦ 

ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɨɪɦɚɬɟ; 

- ɜɵɩɨɥɧɢɬɶ ɞɢɩɥɨɦɧɭɸ ɪɚɛɨɬɭ ɜ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɫɪɨɤɢ. 

ȼ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɢɹ ɩɥɚɧ-ɝɪɚɮɢɤɚ ɩɪɨɟɤɬɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɞɢɚɝɪɚɦɦɵ Ƚɚɧɬɚ, ɤɚɤ ɨɫɧɨɜɧɨɣ ɢɧɫɬɪɭɦɟɧɬɚɪɢɹ, ɥɟɠɢɬ ɩɪɢɧɰɢɩ 

ɩɨɫɬɪɨɟɧɢɹ ɥɢɧɟɣɧɵɯ ɞɢɚɝɪɚɦɦ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 

ɢɥɥɸɫɬɪɚɰɢɢ ɩɥɚɧɚ-ɝɪɚɮɢɤɚ ɪɚɛɨɬ ɩɨ ɤɚɤɨɦɭ-ɥɢɛɨ ɩɪɨɟɤɬɭ. 

ɉɨ ɫɭɬɢ, ɞɢɚɝɪɚɦɦɚ Ƚɚɧɬɚ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ: 

- ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɨɬɪɟɡɤɨɜ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɜɞɨɥɶ ɨɫɢ ɜɪɟɦɟɧɢ, 

ɤɚɠɞɵɣ ɨɬɪɟɡɨɤ ɧɚ ɞɢɚɝɪɚɦɦɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɬɞɟɥɶɧɭɸ ɡɚɞɚɱɭ ɜ ɫɨɫɬɚɜɟ 

ɩɪɨɟɤɬɚ (ɜɢɞ ɪɚɛɨɬɵ),  

- ɤɨɧɰɵ ɩɨɥɨɫ - ɷɬɨ ɦɨɦɟɧɬɵ ɧɚɱɚɥɚ ɢ ɡɚɜɟɪɲɟɧɢɹ ɪɚɛɨɬɵ; 

- ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɩɨɥɨɫ - ɞɥɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ; 

- ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɶɸ ɞɢɚɝɪɚɦɦɵ ɫɥɭɠɢɬ ɩɟɪɟɱɟɧɶ ɡɚɞɚɱ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɞɢɚɝɪɚɦɦɟ ɦɨɝɭɬ ɛɵɬɶ ɨɬɦɟɱɟɧɵ ɫɨɜɨɤɭɩɧɵɟ 

ɡɚɞɚɱɢ, ɩɪɨɰɟɧɬ ɜɵɩɨɥɧɟɧɢɹ, ɭɤɚɡɚɬɟɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢ 

ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɛɨɬ, ɦɟɬɤɢ ɤɥɸɱɟɜɵɯ ɦɨɦɟɧɬɨɜ (ɜɟɯɢ), ɦɟɬɤɚ ɬɟɤɭɳɟɝɨ 

ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ «ɋɟɝɨɞɧɹ» ɢ ɞɪ.  

Ⱦɢɚɝɪɚɦɦɚ Ƚɚɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ ɪɚɛɨɬɟ ɪɚɡɪɚɛɨɬɚɧɚ ɫ 

ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ «MS Prɨject». 

https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%B0%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B5%D0%BA%D1%82_(%D0%B2_%D1%83%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B9_%D0%B4%D0%B5%D1%8F%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D0%B8)


103 
 

8.2 ɉɥɚɧɢɪɨɜɚɧɢɟ ɪɚɛɨɬ ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɬɟɧɞɚ 

 

Ɇɨɞɟɪɧɢɡɚɰɢɹ ɫɬɟɧɞɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɜɤɥɸɱɚɟɬ ɩɟɪɟɱɟɧɶ ɧɟɨɛɯɨɞɢɦɵɯ ɪɚɛɨɬ ɞɥɹ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɟɬɟɜɨɝɨ ɝɪɚɮɢɤɚ ɩɨ ɜɵɩɨɥɧɟɧɢɸ ɞɚɧɧɨɝɨ ɩɪɨɟɤɬɚ. 

ɋɩɢɫɨɤ ɪɚɛɨɬ, ɫɪɨɤɢ ɩɪɨɜɟɞɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4. 

 

Ɍɚɛɥɢɰɚ 4 – ɋɩɢɫɨɤ ɪɚɛɨɬ ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɬɟɧɞɚ 

ɇɚɡɜɚɧɢɟ ɡɚɞɚɱɢ Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɇɚɱɚɥɨ Ɉɤɨɧɱɚɧɢɟ 
1. ɉɨɞɝɨɬɨɜɤɚ ɩɥɚɧɚ ɦɨɞɟɪɧɢɡɚɰɢɢ 
ɫɬɟɧɞɚ 26 ɞɧɟɣ ɉɬ 19.11.21 ɉɬ 24.12.21 

 1.1 ɋɨɫɬɚɜɥɟɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ 2 ɞɧɟɣ ɉɬ 19.11.21 ɉɧ 22.11.21 
1.2 ɂɡɭɱɟɧɢɟ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 5 ɞɧɟɣ ȼɬ 23.11.21 ɉɧ 29.11.21 
1.3 Ɉɩɢɫɚɧɢɟ ɩɪɢɧɰɢɩɨɜ ɪɚɛɨɬɵ 
ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɝɨ ɫɬɟɧɞɚ 

3 ɞɧɟɣ ȼɬ 30.11.21 ɑɬ 02.12.21 

1.4 ɋɨɡɞɚɧɢɟ ɷɫɤɢɡɚ ɩɪɨɟɤɬɚ 4 ɞɧɟɣ ɉɬ 03.12.21 ɋɪ 08.12.21 
1.5 ȼɵɛɨɪ ɦɚɬɟɪɢɚɥɨɜ ɢ ɤɨɦɩɥɟɤɬɭɸɳɢɯ 4 ɞɧɟɣ ɑɬ 09.12.21 ȼɬ 14.12.21 
1.6 ɉɨɢɫɤ ɩɨɫɬɚɜɳɢɤɨɜ 4 ɞɧɟɣ ɋɪ 15.12.21 ɉɧ 20.12.21 
1.7 ɋɨɫɬɚɜɥɟɧɢɟ ɫɦɟɬɵ ɩɪɨɟɤɬɚ 3 ɞɧɟɣ ȼɬ 21.12.21 ɑɬ 23.12.21 
1.8 ɋɨɝɥɚɫɨɜɚɧɢɟ ɩɥɚɧɚ ɦɨɞɟɪɧɢɡɚɰɢɢ 1 ɞɟɧɶ ɉɬ 24.12.21 ɉɬ 24.12.21 
2. Ɇɨɞɟɪɧɢɡɚɰɢɹ ɫɬɟɧɞɚ 23 ɞɧɟɣ ɉɧ 27.12.21 ɋɪ 26.01.22 
2.1 Ɂɚɤɭɩɤɚ ɦɚɬɟɪɢɚɥɨɜ 2 ɞɧɟɣ ɉɧ 27.12.21 ȼɬ 28.12.21 
2.2 Ɉɛɪɚɛɨɬɤɚ ɦɚɬɟɪɢɚɥɨɜ 5 ɞɧɟɣ ɋɪ 29.12.21 ȼɬ 04.01.22 
2.3 ɂɡɝɨɬɨɜɥɟɧɢɟ ɭɡɥɨɜ 5 ɞɧɟɣ ɋɪ 05.01.22 ȼɬ 11.01.22 
2.4 ɋɨɟɞɢɧɟɧɢɟ ɭɡɥɨɜ 4 ɞɧɟɣ ɋɪ 12.01.22 ɉɧ 17.01.22 
2.5 ɋɛɨɪɤɚ ɭɫɬɚɧɨɜɤɢ 2 ɞɧɟɣ ȼɬ 18.01.22 ɋɪ 19.01.22 
2.6 Ɇɨɧɬɚɠ ɢ ɧɚɥɚɞɤɚ ɦɚɤɟɬɚ 2 ɞɧɟɣ ɑɬ 20.01.22 ɉɬ 21.01.22 
2.7 Ɉɤɪɚɫɤɚ ɦɚɤɟɬɚ 2 ɞɧɟɣ ɉɧ 24.01.22 ȼɬ 25.01.22 
2.8 ɉɪɨɛɧɨɟ ɬɟɫɬɢɪɨɜɚɧɢɟ 1 ɞɟɧɶ ɋɪ 26.01.22 ɋɪ 26.01.22 
3. ɉɨɞɝɨɬɨɜɤɚ ɨɬɱёɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ 26 ɞɧɟɣ ɉɧ 27.12.21 ɉɧ 31.01.22 
3.1 ɇɚɩɢɫɚɧɢɟ ɩɨɹɫɧɢɬɟɥɶɧɨɣ ɡɚɩɢɫɤɢ 23 ɞɧɟɣ ɉɧ 27.12.21 ɋɪ 26.01.22 
3.2 ɉɨɞɝɨɬɨɜɤɚ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɡɚɳɢɬɵ 
ɞɢɩɥɨɦɚ 

3 ɞɧɟɣ ɑɬ 27.01.22 ɉɧ 31.01.22 

4. Ɂɚɳɢɬɚ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ 1 ȼɬ 01.02.22 ȼɬ 01.02.22 
 

ɋɪɨɤ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɬɟɧɞɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ 53 ɞɧɹ.  

Ⱦɚɬɚ ɧɚɱɚɥɚ ɪɚɛɨɬ ɩɨ ɩɪɨɟɤɬɭ - ɉɬ. 19.11.21. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɞɚɬɚ ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬ - ȼɬ 01.02.22. 
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ɇɚ ɪɢɫɭɧɤɟ 47 ɢɡɨɛɪɚɠɟɧ ɫɟɬɟɜɨɣ ɝɪɚɮɢɤ ɪɚɛɨɬ, ɤɨɬɨɪɵɣ ɛɵɥ ɩɨɫɬɪɨɟɧ, 

ɪɭɤɨɜɨɞɫɬɜɭɹɫɶ ɬɚɛɥɢɰɟɣ 4. 

 

 

Ɋɢɫɭɧɨɤ 47 – ɋɟɬɟɜɨɣ ɝɪɚɮɢɤ ɪɚɛɨɬ 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɫɱёɬɨɜ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ 

ɩɚɪɚɦɟɬɪɵ: 

- ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ = 76 ɞɧɟɣ. 

ȼ ɬɨɦ ɱɢɫɥɟ ɩɨ ɨɫɧɨɜɧɵɦ ɷɬɚɩɚɦ: 

- ɩɨɞɝɨɬɨɜɤɚ ɩɥɚɧɚ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɬɟɧɞɚ = 26 ɞɧɟɣ; 

- ɦɨɞɟɪɧɢɡɚɰɢɹ ɫɬɟɧɞɚ = 23 ɞɧɹ; 

- ɩɨɞɝɨɬɨɜɤɚ ɨɬɱɟɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ = 26 ɞɧɟɣ. 

ɇɚ ɪɢɫɭɧɤɟ 48 ɩɪɟɞɫɬɚɜɥɟɧ ɩɥɚɧ-ɝɪɚɮɢɤ ɩɪɨɟɤɬɚ ɜ ɜɢɞɟ ɞɢɚɝɪɚɦɦɵ 

Ƚɚɧɬɚ. 
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Ɋɢɫɭɧɨɤ 48 – ɉɥɚɧ-ɝɪɚɮɢɤ ɩɪɨɟɤɬɚ ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɬɟɧɞɚ



106 
 

8.3 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɫɬɟɧɞɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

 
ɋɦɟɬɚ ɡɚɬɪɚɬ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɬ ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɬɟɧɞɚ – 

ɞɨɤɭɦɟɧɬ, ɫɨɞɟɪɠɢɬ ɫɩɢɫɨɤ ɡɚɬɪɚɬ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɬ, ɬɪɟɛɭɟɦɵɯ 

ɪɟɫɭɪɫɨɜ ɢ ɰɟɧ, ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɣ ɩɨ ɫɬɚɬɶɹɦ. 

Ɋɚɫɱɟɬ ɨɬɞɟɥɶɧɵɯ ɫɬɚɬɟɣ ɫɦɟɬɵ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɚɯ 5-6.  

ȼ ɬɚɛɥɢɰɟ 5, ɩɪɢɜɟɞɟɧ ɪɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ 

ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɫɨɡɞɚɧɢɹ ɫɬɟɧɞɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ . 

Ɍɚɛɥɢɰɚ 5 – Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɫɬɟɧɞɚ, ɪɭɛ. 

ɇɚɢɦɟɧɨɜɚɧɢɟ  Ʉɨɥɢɱɟɫɬɜɨ ɐɟɧɚ ɡɚ ɟɞɢɧɢɰɭ ɋɬɨɢɦɨɫɬɶ 

ɉɟɪɟɯɨɞ ɤɨɧɭɫɧɵɣ ɧɟɪɠ.  
42,4.ɯ21.3 ɦɦ, ɲɬ. 2 351 702 

ɉɚɬɪɭɛɤɢ ɫ ɪɟɡɶɛɨɣ 21.3 ɦɦ (1/2), ɲɬ. 2 90 180 

Ɍɪɭɛɤɚ ɧɟɪɠɚɜɟɸɳɚɹ ɮ20 ɦɦ 
ɬɨɥɳ ɫɬɟɧɤɢ 2 ɦɦ, ɦ. 0,5 1300 650 

Ɍɪɭɛɤɚ ɧɟɪɠ ɮ42,4 ɦɦ ɬɨɥɳ ɫɬɟɧɤɢ 
1.5ɦɦ, ɦ 

0,5 1150 575 

Ɉɬɜɨɞ ɩɪɢɜɚɪɧɨɣ ɧɟɪɠ 21,3 
ɦɦ 90 ɝɪɚɞɭɫɨɜ, ɲɬ. 2 212 424 

Ɂɚɞɜɢɠɤɚ ɥɚɬɭɧɶ (1/2), ɲɬ. 1 549 549 

Ɍɪɭɛɤɚ ɧɟɪɠ ɮ6ɦɦ ɬɨɥɳ ɫɬɟɧɤɢ 1ɦɦ, ɦ 1,5 230 345 

ɒɥɚɧɝ ɫɢɥɢɤɨɧɨɜɵɣ 6ɯ1.5ɦɦ,ɦ. 25 127 3175 

Ʉɪɚɫɤɚ Tikkurila Eurɨ Pɨwer-7 
 ɰɜɟɬ ɛɟɥɵɣ ɛɚɡɚ Ⱥ 0.9 ɥ., ɲɬ. 1 637 637 

Ʉɪɚɫɤɚ Tikkurila Eurɨ Pɨwer-7  
ɰɜɟɬ ɦɟɬɚɥɢɤ Ⱥ 0.9 ɥ., ɲɬ. 1 637 637 

Ʉɪɚɫɤɚ Tikkurila Eurɨ Pɨwer-7 
 ɰɜɟɬ ɱɟɪɧɵɣ Ⱥ 0.9 ɥ., ɲɬ. 1 637 637 

Ʉɢɫɬɶ ɋɬɚɧɞɚɪɬ Dexter 50 ɦɦ.,ɲɬ. 3 84 252 

Ƚɪɭɧɬɨɜɤɚ-ɚɧɬɢɩɥɟɫɟɧɶ  
Kleɨ ɤɨɧɰɟɧɬɪɚɬɪɢɪɨɜɚɧɧɚɹ 1 ɥ.,ɲɬ 

1 490 490 

ɂɬɨɝɨ ɏ ɏ 9253 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɳɚɹ ɫɭɦɦɚ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ 

ɫɨɡɞɚɧɢɹ ɫɬɟɧɞɚ ɫɨɫɬɚɜɢɬ 9253 ɪɭɛ. 

ȼ ɬɚɛɥɢɰɟ 6 ɩɪɢɜɟɞɟɧ ɪɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɪɚɛɨɬ, ɨɫɭɳɟɫɬɜɥɹɟɦɵɯ ɜ ɯɨɞɟ 

ɫɨɡɞɚɧɢɹ ɦɚɤɟɬɚ, ɡɚɞɟɣɫɬɜɨɜɚɧɧɨɝɨ ɜ ɩɪɨɟɤɬɟ. 

 
Ɍɚɛɥɢɰɚ 6 – Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ ɪɚɛɨɬ ɩɨ ɫɨɡɞɚɧɢɸ ɫɬɟɧɞɚ, ɪɭɛ. 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɪɚɛɨɬ 

ɂɫɩɨɥɧɢɬɟ
ɥɶ 

Ɍɪɭɞɨɡ
ɚɬɪɚɬɵ, 

ɱ. 

ɋɬɚɧɞɚɪɬɧɚ
ɹ ɫɬɚɜɤɚ, 

ɪɭɛ. 

ɋɟɜɟɪɧɚ
ɹ 

ɧɚɞɛɚɜɤɚ 

Ɋɚɣɨɧɧɵɣ 
ɤɨɷɮɮɢɰɢɟ

ɧɬ 

ɋɬɨɢɦɨ
ɫɬɶ 

ɪɚɛɨɬ 
ɋɜɚɪɤɚ ɩɨ 
ɧɟɪɠɚɜɟɣɤɟ 

ɋɜɚɪɳɢɤ 4 
ɪɚɡɪɹɞ 

4 500 0,3 0,2 3000 

Ʉɨɧɫɭɥɶɬɚɰɢɢ 
ɧɚɭɱɧɨɝɨ  
ɪɭɤɨɜɨɞɢɬɟɥɹ 

Ⱦɨɰɟɧɬ 
ɤ.ɬ.ɧ. 16 
ɪɚɡɪɹɞ 

18 550 0,3 0,2 14850 

Ʉɨɧɫɭɥɶɬɚɰɢɢ ɩɨ 
ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɱɚɫɬɢ 

Ⱦɨɰɟɧɬ 
ɤ.ɷ.ɧ. 13 
ɪɚɡɪɹɞ  

4 550 0,3 0,2 3300 

Ʉɨɧɫɭɥɶɬɚɰɢɹ ɩɨ 
ȻɀȾ 

Ⱦɨɰɟɧɬ 
ɤ.ɬ.ɧ. 13 
ɪɚɡɪɹɞ  

4 550 0,3 0,2 3300 

ɋɨɡɞɚɧɢɟ 
ɩɪɨɟɤɬɧɨɣ ɪɚɛɨɬɵ 

Ⱥɜɬɨɪ 
ɪɚɛɨɬɵ 

250 93 0,3 0,2 34875 

ɂɬɨɝɨ ɏ ɏ ɏ ɏ ɏ 59325 

 
ɋɦɟɬɚ ɩɪɨɟɤɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 6. 

Ɍɚɛɥɢɰɚ 7 – ɋɦɟɬɚ ɡɚɬɪɚɬ ɧɚ ɦɨɞɟɪɧɢɡɚɰɢɸ ɫɬɟɧɞɚ, ɪɭɛ. 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɡɚɬɪɚɬ ɋɭɦɦɚ 

Ɇɚɬɟɪɢɚɥɵ ɢ ɤɨɦɩɥɟɤɬɭɸɳɢɟ 9253 

ɋɬɨɢɦɨɫɬɶ ɪɚɛɨɬ 59325 

Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ    17916 

Ɍɪɚɧɫɩɨɪɬɧɵɟ ɪɚɫɯɨɞɵ 2000 

ɂɬɨɝɨ 88494 

 

ɉɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 7, ɞɟɥɚɟɦ ɜɵɜɨɞ ɱɬɨ ɫɭɦɦɚ ɡɚɬɪɚɬ ɪɟɚɥɢɡɚɰɢɸ 

ɩɪɨɟɤɬɚ ɫɨɫɬɚɜɢɬ 88494 ɪɭɛ. 

ɇɚ ɪɵɧɤɟ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɭɱɟɛɧɵɯ ɡɚɜɟɞɟɧɢɣ 

ɩɪɟɞɥɨɠɟɧ ɪɹɞ ɫɬɟɧɞɨɜ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬ. 

ɇɚ ɪɢɫɭɧɤɟ 49 ɢɡɨɛɪɚɠɟɧ ɫɬɟɧɞ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɮɢɪɦɵ «Measlab». 
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Ɋɢɫɭɧɨɤ 49 – ɋɬɟɧɞ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ  

ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɮɢɪɦɵ «Measlab» 

ȼ ɫɪɟɞɧɟɦ ɫɬɨɢɦɨɫɬɶ ɫɬɟɧɞɚ ɫɨɫɬɚɜɥɹɟɬ 150000 ɪɭɛɥɟɣ. 

Ⱦɚɧɧɵɣ ɫɬɟɧɞ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɞɨɫɬɨɢɧɫɬɜ ɢ ɧɟɞɨɫɬɚɬɤɨɜ. 

Ⱦɨɫɬɨɢɧɫɬɜɚ: 

          - ɋɬɟɧɞ ɨɫɧɚɳɟɧ ɦɧɨɝɨɤɚɧɚɥɶɧɨɣ ɩɥɚɬɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɫɛɨɪɚ 

ɞɚɧɧɵɯ ɢ ɩɪɨɝɪɚɦɦɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɦɢ, ɩɨɞɤɥɸɱɚɟɦɵɦ ɤ 

ɤɨɦɩɶɸɬɟɪɭ; 

          - ɋɬɟɧɞ ɨɫɧɚɳɟɧ ɩɭɥɶɬɨɦ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɭɩɪɚɜɥɟɧɢɹ. 

ɇɟɞɨɫɬɚɬɤɢ: 

          - ɇɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ; 

          - ɋɬɟɧɞ ɧɟ ɨɫɧɚɳɟɧ ɩɶɟɡɨɦɟɬɪɨɦ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɹɬɶ 

ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɢɥɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɹ ɧɶɸɬɨɧɨɜɫɤɢɯ 

ɠɢɞɤɨɫɬɟɣ. 

          ɉɪɟɞɥɚɝɚɟɦɵɣ ɧɚɦɢ ɫɬɟɧɞ ɩɨɡɜɨɥɹɟɬ ɨɩɵɬɧɵɦ ɩɭɬёɦ ɨɩɪɟɞɟɥɢɬɶ 

ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ 

ɬɪɭɛɨɩɪɨɜɨɞɚ. 

          Ʉɪɨɦɟ ɷɬɨɝɨ, ɧɚɦɢ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɜɵɩɨɥɧɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɪɚɛɨɬ, ɤɨɬɨɪɚɹ ɭɱɢɬɵɜɚɟɬ ɫɩɟɰɢɚɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɞɢɫɰɢɩɥɢɧɟ 

Ƚɢɞɪɚɜɥɢɤɚ. 
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9 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ 

Ʌɚɛɨɪɚɬɨɪɧɵɣ ɫɬɟɧɞ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɤɚɮɟɞɪɵ «Ƚɨɪɧɵɟ 

Ɇɚɲɢɧɵ ɢ Ʉɨɦɩɥɟɤɫɵ» ɋɢɛɢɪɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 

Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɨɫɬɚɧɨɜɥɟɧɢɟɦ ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɣ 

Ɏɟɞɟɪɚɰɢɢ ɨɬ 23 ɦɚɹ 2002ɝ. № 399 «Ɉ ɧɨɪɦɚɬɢɜɧɵɯ ɚɤɬɚɯ, ɫɨɞɟɪɠɚɳɢɯ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɧɨɪɦɚɬɢɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɨɯɪɚɧɵ ɬɪɭɞɚ» ɤ ɧɨɪɦɚɬɢɜɧɵɦ 

ɚɤɬɚɦ ɨɬɧɨɫɹɬɫɹ ɢɧɫɬɪɭɤɰɢɢ ɩɨ ɨɯɪɚɧɟ.  

ɉɨɪɹɞɨɤ ɪɚɡɪɚɛɨɬɤɢ, ɫɨɝɥɚɫɨɜɚɧɢɹ, ɭɬɜɟɪɠɞɟɧɢɹ ɢ ɭɱɟɬɚ ɢɧɫɬɪɭɤɰɢɣ ɩɨ 

ɨɯɪɚɧɟ ɭɫɬɚɧɨɜɥɟɧ ɉɨɫɬɚɧɨɜɥɟɧɢɟɦ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɬɪɭɞɚ ɢ ɫɨɰɢɚɥɶɧɨɝɨ 

ɪɚɡɜɢɬɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 27 ɞɟɤɚɛɪɹ 2002 ɝ. № 80 «Ɉɛ 

ɭɬɜɟɪɠɞɟɧɢɢ ɦɟɬɨɞɢɱɟɫɤɢɯ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ 

ɧɨɪɦɚɬɢɜɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɨɯɪɚɧɵ ɬɪɭɞɚ». 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɬɶɟɣ 212 Ɍɪɭɞɨɜɨɝɨ Ʉɨɞɟɤɫɚ Ɋɨɫɫɢɣɫɤɨɣ 

ɮɟɞɟɪɚɰɢɢ ɪɟɤɬɨɪ ɭɧɢɜɟɪɫɢɬɟɬɚ ɨɛɹɡɚɧ ɨɛɟɫɩɟɱɢɬɶ ɪɚɡɪɚɛɨɬɤɭ ɢ ɭɬɜɟɪɠɞɟɧɢɟ 

ɢɧɫɬɪɭɤɰɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɡɞɨɪɨɜɶɹ ɨɛɭɱɚɸɳɢɯɫɹ ɫ ɭɱɟɬɨɦ ɦɧɟɧɢɹ 

ɜɵɛɨɪɧɨɝɨ ɨɪɝɚɧɚ ɩɟɪɜɢɱɧɨɣ ɩɪɨɮɫɨɸɡɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɜ ɩɨɪɹɞɤɟ, 

ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɫɬɚɬɶɟɣ 372 ɌɄ ɊɎ ɞɥɹ ɩɪɢɧɹɬɢɹ ɥɨɤɚɥɶɧɵɯ ɧɨɪɦɚɬɢɜɧɵɯ 

ɚɤɬɨɜ.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɨɠɟɧɢɹ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɭɧɢɜɟɪɫɢɬɟɬɚ ɨɪɝɚɧɢɡɚɰɢɹ 

ɪɚɡɪɚɛɨɬɤɢ ɢɧɫɬɪɭɤɰɢɣ ɞɥɹ ɭɱɟɛɧɵɯ ɤɚɛɢɧɟɬɨɜ, ɥɚɛɨɪɚɬɨɪɢɣ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ 

ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɫɬɪɭɤɬɭɪɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɭɧɢɜɟɪɫɢɬɟɬɚ.  

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦɢ ɫɨɫɬɚɜɢɬɟɥɹɦɢ ɢɧɫɬɪɭɤɰɢɣ ɹɜɥɹɸɬɫɹ ɡɚɜɟɞɭɸɳɢɟ 

ɤɚɛɢɧɟɬɚɦɢ ɢ ɥɚɛɨɪɚɬɨɪɢɹɦɢ. 

ɂɧɫɬɪɭɤɰɢɹ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɫɬɟɧɞɟ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ  
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9.1 Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɨɯɪɚɧɵ ɬɪɭɞɚ  

- ɇɚɫɬɨɹɳɚɹ ɢɧɫɬɪɭɤɰɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɬɪɟɛɨɜɚɧɢɹ, ɨɛɹɡɚɬɟɥɶɧɵɟ ɞɥɹ 

ɢɫɩɨɥɧɟɧɢɹ ɫɬɭɞɟɧɬɚɦɢ ɜ ɭɱɟɛɧɨ-ɧɚɭɱɧɨɣ ɥɚɛɨɪɚɬɨɪɢɢ (ɞɚɥɟɟ - 

ɥɚɛɨɪɚɬɨɪɢɢ).  

- ɇɚɪɭɲɟɧɢɹ (ɧɟɜɵɩɨɥɧɟɧɢɟ, ɧɟɧɚɞɥɟɠɚɳɟɟ ɜɵɩɨɥɧɟɧɢɟ ɢɥɢ 

ɭɤɥɨɧɟɧɢɟ ɨɬ ɜɵɩɨɥɧɟɧɢɹ) ɬɪɟɛɨɜɚɧɢɣ ɞɚɧɧɨɣ ɢɧɫɬɪɭɤɰɢɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɧɚɫɬɭɩɢɜɲɢɯ ɩɨɫɥɟɞɫɬɜɢɣ, ɜɥɟɱɟɬ ɭɝɨɥɨɜɧɭɸ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɭɸ, 

ɞɢɫɰɢɩɥɢɧɚɪɧɭɸ ɢɥɢ ɢɧɭɸ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ 

ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ ɊɎ.  

- Ʉ ɪɚɛɨɬɟ ɜ ɥɚɛɨɪɚɬɨɪɢɹɯ ɤɚɮɟɞɪɵ ɞɨɩɭɫɤɚɸɬɫɹ ɫɬɭɞɟɧɬɵ, ɩɪɨɲɟɞɲɢɟ 

ɢɧɫɬɪɭɤɬɚɠ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɢ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ.  

- ȼ ɥɚɛɨɪɚɬɨɪɢɢ ɡɚɩɪɟɳɚɟɬɫɹ ɤɭɪɢɬɶ, ɩɪɢɧɢɦɚɬɶ ɩɢɳɭ ɢ ɧɚɩɢɬɤɢ.  

- Ɂɚɩɪɟɳɚɟɬɫɹ ɪɚɛɨɬɚɬɶ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɜ ɨɬɫɭɬɫɬɜɢɟ ɩɪɟɩɨɞɚɜɚɬɟɥɹ ɢɥɢ 

ɥɚɛɨɪɚɧɬɚ, ɚ ɬɚɤɠɟ ɜɵɩɨɥɧɹɬɶ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɚɛɨɬɵ, ɧɟ 

ɫɜɹɡɚɧɧɵɟ ɫ ɜɵɩɨɥɧɟɧɢɟɦ ɭɱɟɛɧɨɝɨ ɩɪɚɤɬɢɤɭɦɚ.  

- ȼɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ ɱɢɫɬɨɬɭ, 

ɬɢɲɢɧɭ ɢ ɩɨɪɹɞɨɤ. ɉɪɢ ɜɫɟɯ ɪɚɛɨɬɚɯ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ 

ɨɫɬɨɪɨɠɧɨɫɬɶ, ɩɨɦɧɹ, ɱɬɨ ɧɟɚɤɤɭɪɚɬɧɨɫɬɶ, ɧɟɜɧɢɦɚɬɟɥɶɧɨɫɬɶ, ɧɟɞɨɫɬɚɬɨɱɧɨɟ 

ɡɧɚɤɨɦɫɬɜɨ ɫ ɩɪɢɛɨɪɚɦɢ ɦɨɝɭɬ ɩɨɜɥɟɱɶ ɡɚ ɫɨɛɨɣ ɧɟɫɱɚɫɬɧɵɣ ɫɥɭɱɚɣ.  

- Ɂɚɩɪɟɳɚɟɬɫɹ ɩɨɞɤɥɸɱɚɬɶ ɧɟɢɡɜɟɫɬɧɵɟ ɩɪɢɛɨɪɵ ɤ ɥɚɛɨɪɚɬɨɪɧɵɦ 

ɪɨɡɟɬɤɚɦ.  

- Ɂɚɩɪɟɳɚɟɬɫɹ ɩɟɪɟɧɨɫɢɬɶ ɜɤɥɸɱɟɧɧɵɟ ɩɪɢɛɨɪɵ.  

- ȼɫɟ ɜɨɩɪɨɫɵ ɩɨ ɜɵɩɨɥɧɟɧɢɸ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɩɪɨɰɟɫɫɟ 

ɪɚɛɨɬɵ, ɫɥɟɞɭɟɬ ɧɟɦɟɞɥɟɧɧɨ ɜɵɹɫɧɢɬɶ ɭ ɩɪɟɩɨɞɚɜɚɬɟɥɹ.  



111 
 

- ȼɨɡɦɨɠɧɵɟ ɨɩɚɫɧɨɫɬɢ ɩɪɢ ɪɚɛɨɬɟ ɜ ɥɚɛɨɪɚɬɨɪɢɢ: - ɩɨɪɚɠɟɧɢɟ 

ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ: - ɬɪɚɜɦɢɪɨɜɚɧɢɟ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ɩɪɢ ɪɚɛɨɬɟ ɫ ɩɪɢɛɨɪɚɦɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟɦ.  

9.2 Ɍɪɟɛɨɜɚɧɢɹ ɨɯɪɚɧɵ ɬɪɭɞɚ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɛɨɬɵ  

- ɋɬɭɞɟɧɬ ɞɨɥɠɟɧ ɛɵɬɶ ɢɧɮɨɪɦɢɪɨɜɚɧ ɨ ɫɨɞɟɪɠɚɧɢɢ ɩɪɟɞɫɬɨɹɳɟɣ 

ɪɚɛɨɬɵ ɢ ɡɧɚɬɶ ɟɟ ɦɟɬɨɞɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨ ɭɱɟɛɧɨɦɭ ɩɪɚɤɬɢɤɭɦɭ.  

- Ɉɡɧɚɤɨɦɢɬɶɫɹ ɫ ɧɚɫɬɨɹɳɟɣ ɢɧɫɬɪɭɤɰɢɟɣ ɢ ɪɚɫɩɢɫɚɬɶɫɹ ɜ ɠɭɪɧɚɥɟ ɩɨ 

ɬɟɯɧɢɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ.  

- Ɋɚɛɨɬɚ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɞɨɥɠɧɚ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɧɚ ɢɫɩɪɚɜɧɨɦ ɫɬɟɧɞɟ.  

- ɉɪɢɫɬɭɩɚɬɶ ɤ ɜɵɩɨɥɧɟɧɢɸ ɪɚɛɨɬɵ ɫɬɭɞɟɧɬɵ ɦɨɝɭɬ ɬɨɥɶɤɨ ɫ 

ɪɚɡɪɟɲɟɧɢɹ ɩɪɟɩɨɞɚɜɚɬɟɥɹ.  

- ɋɬɭɞɟɧɬɚɦ ɡɚɩɪɟɳɚɟɬɫɹ ɞɨɫɬɭɩ ɤ ɞɪɭɝɢɦ ɫɬɟɧɞɚɦ ɢ ɭɫɬɚɧɨɜɤɚɦ, ɧɟ 

ɨɬɧɨɫɹɳɢɦɫɹ ɤ ɜɵɩɨɥɧɹɟɦɨɣ ɢɦɢ ɪɚɛɨɬɵ.  

- Ⱦɨ ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɜɫɟ ɟɟ ɭɱɚɫɬɧɢɤɢ ɞɨɥɠɧɵ ɧɚ ɦɟɫɬɟ ɩɨɞɪɨɛɧɨ 

ɨɡɧɚɤɨɦɢɬɶɫɹ ɫɨ ɫɯɟɦɨɣ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ.  

9.3 Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɨɯɪɚɧɵ ɬɪɭɞɚ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ 

- ɉɪɨɛɧɵɣ ɩɭɫɤ ɝɢɞɪɨɩɪɢɜɨɞɨɜ, ɝɢɞɪɨɫɢɫɬɟɦ ɢɥɢ ɝɢɞɪɨɭɫɬɪɨɣɫɬɜ 

ɫɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ ɫ ɜɵɩɨɥɧɟɧɢɟɦ ɨɩɟɪɚɰɢɣ ɩɨ ɭɞɚɥɟɧɢɸ ɜɨɡɞɭɯɚ, ɩɪɨɜɟɪɤɢ 

ɨɬɫɭɬɫɬɜɢɹ ɬɟɱɢ ɢ ɫɨɛɥɸɞɟɧɢɢ ɦɟɪ ɩɪɟɞɨɫɬɨɪɨɠɧɨɫɬɢ ɩɪɢ ɜɨɡɦɨɠɧɨɦ 

ɩɨɹɜɥɟɧɢɢ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ. 

- ɉɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɩɟɪɢɨɞ ɩɭɫɤɚ ɝɢɞɪɨɩɪɢɜɨɞ 

(ɝɢɞɪɨɫɢɫɬɟɦɭ) ɨɬɤɥɸɱɢɬɶ. ɉɨɜɬɨɪɧɵɣ ɩɭɫɤ ɪɚɡɪɟɲɚɟɬɫɹ ɩɪɨɜɨɞɢɬɶ ɬɨɥɶɤɨ 

ɩɨɫɥɟ ɭɫɬɪɚɧɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, ɩɪɢɜɟɞɲɢɯ ɤ ɩɪɟɪɵɜɚɧɢɸ ɩɭɫɤɚ. 

- ɉɨɜɬɨɪɧɵɣ ɩɭɫɤ ɝɢɞɪɨɩɪɢɜɨɞɚ (ɝɢɞɪɨɫɢɫɬɟɦɵ) ɩɨɫɥɟ ɨɩɚɫɧɨɣ 

ɫɢɬɭɚɰɢɢ ɧɟ ɞɨɥɠɟɧ ɩɪɟɞɫɬɚɜɥɹɬɶ ɨɩɚɫɧɨɫɬɢ ɞɥɹ ɫɬɭɞɟɧɬɨɜ. 

 - ɇɟ ɞɨɩɭɫɤɚɟɬɫɹ ɷɤɫɩɥɭɚɬɚɰɢɹ ɝɢɞɪɨɩɪɢɜɨɞɨɜ ɢɥɢ ɝɢɞɪɨɫɢɫɬɟɦ ɩɪɢ 

ɩɨɹɜɥɟɧɢɢ ɤɚɤɨɣ-ɥɢɛɨ ɧɟɢɫɩɪɚɜɧɨɫɬɢ. 
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- ȼɫɟ ɝɢɞɪɨɭɫɬɪɨɣɫɬɜɚ ɫɥɟɞɭɟɬ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶ ɩɪɢ ɞɚɜɥɟɧɢɢ ɧɟ 

ɛɨɥɟɟ pmax (ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ), ɭɤɚɡɚɧɧɨɝɨ ɜ ɞɨɤɭɦɟɧɬɚɰɢɢ ɧɚ ɷɬɢ 

ɝɢɞɪɨɭɫɬɪɨɣɫɬɜɚ. 

 - ɉɪɨɜɨɞɢɬɶ ɩɨɞɬɹɝɢɜɚɧɢɟ ɛɨɥɬɨɜ, ɝɚɟɤ ɢ ɞɪɭɝɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ 

ɝɢɞɪɨɩɪɢɜɨɞɟ (ɝɢɞɪɨɫɢɫɬɟɦɟ), ɧɚɯɨɞɹɳɟɦɫɹ ɩɨɞ ɞɚɜɥɟɧɢɟɦ, ɢ ɜɨ ɜɪɟɦɹ ɟɝɨ 

ɪɚɛɨɬɵ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ. 

 - Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɩɪɢɜɨɞɚ, ɝɢɞɪɨɫɢɫɬɟɦɵ 

ɢ ɝɢɞɪɨɭɫɬɪɨɣɫɬɜ ɧɟ ɞɨɥɠɟɧ ɜɵɯɨɞɢɬɶ ɡɚ ɨɝɨɜɨɪɟɧɧɵɟ ɪɚɡɪɚɛɨɬɱɢɤɨɦ 

ɩɪɟɞɟɥɵ. 

 - ɗɥɟɦɟɧɬɵ ɪɟɝɭɥɢɪɭɸɳɢɯ ɝɢɞɪɨɭɫɬɪɨɣɫɬɜ, ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɤɨɬɨɪɵɯ 

ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɚɜɚɪɢɣɧɨɦɭ ɫɨɫɬɨɹɧɢɸ, ɞɨɥɠɧɵ ɛɵɬɶ ɜɨ ɜɪɟɦɹ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɩɥɨɦɛɢɪɨɜɚɧɵ ɢɥɢ ɡɚɤɪɵɬɵ ɜɫɬɪɨɟɧɧɵɦ ɡɚɦɤɨɦ. 

-  ȿɫɥɢ ɩɨ ɯɨɞɭ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɭ ɬɪɟɛɭɟɬɫɹ ɧɟɨɞɧɨɤɪɚɬɧɨ ɜɤɥɸɱɚɬɶ 

ɢɥɢ ɜɵɤɥɸɱɚɬɶ, ɬɨ ɷɬɢ ɨɩɟɪɚɰɢɢ ɞɨɥɠɟɧ ɩɪɨɢɡɜɨɞɢɬɶ ɨɞɢɧ ɱɟɥɨɜɟɤ.  

- Ɂɚɩɪɟɳɚɟɬɫɹ ɪɚɛɨɬɚɬɶ ɜ ɲɚɪɮɚɯ, ɤɨɫɵɧɤɚɯ (ɧɚ ɩɥɟɱɚɯ), ɫ 

ɪɚɫɩɭɳɟɧɧɵɦɢ ɜɨɥɨɫɚɦɢ.   

- ɇɟ ɨɫɬɚɜɥɹɬɶ ɜɤɥɸɱɟɧɧɭɸ ɭɫɬɚɧɨɜɤɭ ɛɟɡ ɩɪɢɫɦɨɬɪɚ.  

9.4 Ɍɪɟɛɨɜɚɧɢɹ ɨɯɪɚɧɵ ɬɪɭɞɚ ɜ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɹɯ  

- Ɉ ɥɸɛɨɦ ɧɟɫɱɚɫɬɧɨɦ ɫɥɭɱɚɟ ɩɨɫɬɪɚɞɚɜɲɢɣ ɢɥɢ ɨɱɟɜɢɞɰɵ ɨɛɹɡɚɧɵ 

ɧɟɡɚɦɟɞɥɢɬɟɥɶɧɨ ɫɨɨɛɳɢɬɶ ɪɭɤɨɜɨɞɢɬɟɥɸ.  

- ɉɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɧɟɫɱɚɫɬɧɨɝɨ ɫɥɭɱɚɹ ɩɪɟɩɨɞɚɜɚɬɟɥɶ ɢɥɢ ɥɚɛɨɪɚɧɬ 

ɨɛɹɡɚɧɵ ɩɪɢɧɹɬɶ ɦɟɪɵ ɩɨ ɩɪɟɞɨɬɜɪɚɳɟɧɢɸ ɜɨɡɞɟɣɫɬɜɢɹ ɬɪɚɜɦɢɪɭɸɳɟɝɨ 

ɮɚɤɬɨɪɚ ɧɚ ɩɨɬɟɪɩɟɜɲɟɝɨ ɢ ɨɤɚɡɚɬɶ ɩɟɪɜɭɸ ɩɨɦɨɳɶ ɥɢɛɨ ɨɛɪɚɬɢɬɶɫɹ ɜ 

ɦɟɞɩɭɧɤɬ, ɥɢɛɨ ɜɵɡɜɚɬɶ «ɋɤɨɪɭɸ ɩɨɦɨɳɶ» (ɜɵɡɨɜ ɫɨ ɫɬɚɰɢɨɧɚɪɧɨɝɨ 

ɬɟɥɟɮɨɧɚ – 03; ɫ ɫɨɬɨɜɨɝɨ ɬɟɥɟɮɨɧɚ – 112), ɥɢɛɨ ɞɨɫɬɚɜɢɬɶ ɩɨɬɟɪɩɟɜɲɟɝɨ ɜ 

ɨɪɝɚɧɢɡɚɰɢɸ ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɹ.  
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- ɉɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɩɨɠɚɪɚ ɢɥɢ ɩɪɢɡɧɚɤɨɜ ɝɨɪɟɧɢɹ (ɡɚɞɵɦɥɟɧɢɟ, ɡɚɩɚɯ 

ɝɚɪɢ, ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɬ.ɩ.) ɧɟɦɟɞɥɟɧɧɨ ɫɨɨɛɳɢɬɶ ɩɪɟɩɨɞɚɜɚɬɟɥɸ 

(ɥɚɛɨɪɚɧɬɭ) ɢ ɫɥɟɞɨɜɚɬɶ ɟɝɨ ɭɤɚɡɚɧɢɹɦ.  

9.5 Ɍɪɟɛɨɜɚɧɢɹ ɨɯɪɚɧɵ ɬɪɭɞɚ ɩɨ ɨɤɨɧɱɚɧɢɢ ɪɚɛɨɬɵ  

- ɉɨ ɨɤɨɧɱɚɧɢɸ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɨɬɤɥɸɱɢɬɶ ɜɫɟ ɢɫɬɨɱɧɢɤɢ ɩɨɞɚɱɢ 

ɠɢɞɤɨɫɬɢ.  

- ɋɧɹɬɶ ɫɪɟɞɫɬɜɚ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɡɚɳɢɬɵ (ɟɫɥɢ ɟɫɬɶ).  

- ɉɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɫɬɭɞɟɧɬɵ ɞɨɥɠɧɵ ɩɪɢɛɪɚɬɶ ɫɜɨɟ ɪɚɛɨɱɟɟ 

ɦɟɫɬɨ ɢ ɫɞɚɬɶ ɥɚɛɨɪɚɧɬɭ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦɢ ɫɚɧɢɬɚɪɧɵɦɢ 

ɧɨɪɦɚɦɢ ɜɫɟ ɤɚɛɢɧɟɬɵ ɢ ɥɚɛɨɪɚɬɨɪɢɢ ɭɧɢɜɟɪɫɢɬɟɬɚ ɨɛɨɪɭɞɨɜɚɧɵ 

ɨɫɜɟɳɟɧɢɟɦ, ɨɬɨɩɥɟɧɢɟɦ ɢ ɜɟɧɬɢɥɹɰɢɟɣ. Ʉɚɠɞɵɣ ɤɚɛɢɧɟɬ ɢ ɥɚɛɨɪɚɬɨɪɢɹ 

ɭɤɨɦɩɥɟɤɬɨɜɚɧɵ ɫɚɧɢɬɚɪɧɨɣ ɚɩɬɟɱɤɨɣ ɢ ɫɪɟɞɫɬɜɚɦɢ ɩɨɠɚɪɨɬɭɲɟɧɢɹ (Ⱥɉɋ, 

ɨɝɧɟɬɭɲɢɬɟɥɢ ɦɚɪɤɢ Ɉɉ-4Ƚ). 
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Ɂɚɤɥɸɱɟɧɢɟ 

Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɦɨɞɟɪɧɢɡɚɰɢɹ ɫɬɟɧɞɚ, 

ɩɨɡɜɨɥɹɸɳɟɝɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ.  

ȼ ɩɟɪɜɨɦ ɪɚɡɞɟɥɟ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ ɠɢɞɤɨɫɬɶ, ɤɚɤ 

ɰɟɥɨɫɬɧɨɟ ɩɨɧɹɬɢɟ, ɟё ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɟɞɢɧɢɰɵ  ɟё ɢɡɦɟɪɟɧɢɹ. Ɍɚɤ ɠɟ 

ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɨɛɵɟ ɫɨɫɬɨɹɧɢɹ ɠɢɞɤɨɫɬɢ. 

ȼɨ ɜɬɨɪɨɦ ɪɚɡɞɟɥɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɩɨɧɹɬɢɹ ɝɢɞɪɨɫɬɚɬɢɤɢ. 

ɂɡɭɱɟɧɵ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɠɢɞɤɨɫɬɶ. Ɍɚɤ ɠɟ ɛɵɥɨ ɜɵɹɜɥɟɧɨ ɨɫɧɨɜɧɨɟ 

ɭɪɚɜɧɟɧɢɟ ɝɢɞɪɨɫɬɚɬɢɤɢ.  

ȼ ɬɪɟɬɶɟɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɨɬɪɟɧɚ ɤɢɧɟɦɚɬɢɤɚ ɢ ɞɢɧɚɦɢɤɚ ɠɢɞɤɨɫɬɢ. Ɍɚɤ 

ɠɟ ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɟɧɨ ɭɪɚɜɧɟɧɢɟ Ȼɟɪɧɭɥɥɢ ɞɥɹ ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɬɪɭɣɤɢ 

ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ. 

ȼ ɱɟɬɜёɪɬɨɦ ɪɚɡɞɟɥɟ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɵ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ. Ɍɚɤ ɠɟ ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɵ ɪɟɠɢɦɵ ɬɟɱɟɧɢɹ 

ɠɢɞɤɨɫɬɢ ɜ ɬɪɭɛɚɯ. 

ȼ ɩɹɬɨɦ ɪɚɡɞɟɥɟ ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɟɧɵ ɦɟɫɬɧɵɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɢɯ ɜɢɞɵ. 

ȼ ɲɟɫɬɨɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɨɬɪɟɧɨ ɢɫɬɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ ɢ 

ɧɚɫɚɞɤɢ. 

ȼ ɫɟɞɶɦɨɦ ɪɚɡɞɟɥɟ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɡɪɚɛɨɬɚɧɧɵɟ 

ɦɟɬɨɞɢɱɟɫɤɢɟ ɭɤɚɡɚɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ ɫɬɭɞɟɧɬɚɦ ɭɫɩɟɲɧɨ 

ɜɵɩɨɥɧɢɬɶ ɥɚɛɨɪɚɬɨɪɧɭɸ ɪɚɛɨɬɭ, ɪɭɤɨɜɨɞɫɬɜɭɹɫɶ ɦɟɬɨɞɢɱɟɫɤɢɦɢ 

ɭɤɚɡɚɧɢɹɦɢ. 

ȼ ɜɨɫɶɦɨɦ ɪɚɡɞɟɥɟ ɨɩɢɫɚɧɚ ɨɪɝɚɧɢɡɚɰɢɹ ɪɚɛɨɬɵ ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ 

ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ. Ɍɚɤ ɠɟ ɩɪɨɢɡɜɟɞёɧ ɪɚɫɱёɬ ɡɚɬɪɚɬ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ 
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ɫɬɟɧɞɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫɱёɬɨɜ, ɨɩɢɫɚɧɧɵɯ ɜ ɜɨɫɶɦɨɦ ɪɚɡɞɟɥɟ 

ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɚɛɨɪɚɬɨɪɧɨɝɨ 

ɫɬɟɧɞɚ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ. 

ȼ ɞɟɜɹɬɨɦ ɪɚɡɞɟɥɟ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ ɪɚɫɫɦɨɬɪɟɧɵ ɩɪɚɜɢɥɚ 

ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɫɬɟɧɞɟ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɫɬɧɵɯ 

ɫɨɩɪɨɬɢɜɥɟɧɢɣ; ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɨɯɪɚɧɵ ɬɪɭɞɚ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɬɟɧɞɚ; 

ɬɪɟɛɨɜɚɧɢɹ ɨɯɪɚɧɵ ɬɪɭɞɚ ɜ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɹɯ; ɬɪɟɛɨɜɚɧɢɹ ɨɯɪɚɧɵ ɬɪɭɞɚ 

ɩɨ ɨɤɨɧɱɚɧɢɢ ɪɚɛɨɬɵ. 
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