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Ȼɭɥɶɞɨɡɟɪɵ, ɫɤɪɟɩɟɪɵ ɢ ɚɜɬɨɝɪɟɣɞɟɪɵ ɹɜɥɹ-
ɸɬɫɹ ɧɚɢɛɨɥɟɟ ɦɚɫɫɨɜɵɦɢ ɡɟɦɥɟɪɨɣɧɨ-
ɬɪɚɧɫɩɨɪɬɧɵɦɢ ɦɚɲɢɧɚɦɢ, ɢ ɜɫɟ ɨɧɢ ɢɦɟɸɬ 
ɲɢɪɨɤɨɡɚɯɜɚɬɧɵɟ ɪɚɛɨɱɢɟ ɨɪɝɚɧɵ. ɗɬɢɦɢ 

ɦɚɲɢɧɚɦɢ ɜɵɩɨɥɧɹɸɬɫɹ ɜ ɦɢɪɟ ɞɨ 16 % ɜɫɟɯ 
ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ, ɩɨɷɬɨɦɭ ɜɨɩɪɨɫɚɦ ɫɧɢɠɟɧɢɹ 
ɷɧɟɪɝɨɟɦɤɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɝɪɭɧɬɚ ɷɬɢɦɢ ɦɚ-
ɲɢɧɚɦɢ ɭɞɟɥɹɥɨɫɶ ɢ ɛɭɞɟɬ ɭɞɟɥɹɬɶɫɹ ɛɨɥɶ-
ɲɨɟ ɜɧɢɦɚɧɢɟ. 

 

 

  

 

Ɉɫɧɨɜɚɦ ɬɟɨɪɢɢ ɪɚɡɪɚɛɨɬɤɢ ɝɪɭɧɬɚ ɢ ɫɨɜɟɪ-
ɲɟɧɫɬɜɨɜɚɧɢɸ ɤɨɧɫɬɪɭɤɰɢɢ ɲɢɪɨɤɨɡɚɯɜɚɬ-
ɧɵɯ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ ɩɨɫɜɹɬɢɥɢ ɫɜɨɢ ɪɚɛɨɬɵ 

ɬɚɤɢɟ ɭɱɟɧɵɟ ɤɚɤ: Ȼɚɥɨɜɧɟɜ ȼ.ɂ., Ȼɚɥɚɞɢɧ-

ɫɤɢɣ ȼ.ɂ., ȼɟɬɪɨɜ ɘ.Ⱥ., Ɂɟɥɟɧɢɧ Ⱥ.ɇ., Ʉɪɚ-
ɜɟɰ ȼ.ȼ, ɇɚɡɚɪɨɜ Ʌ.ȼ., ɇɢɱɤɟ ȼ.ȼ., ɉɟɥɟ- 
ɜɢɧ Ʌ.ȿ., ɉɟɧɱɭɤ ȼ.Ⱥ., Ɏɟɞɨɪɨɜ Ⱦ.ɂ., ɏɦɚ- 
ɪɚ Ʌ.Ⱥ., ɏɨɥɨɞɨɜ Ⱥ.Ɇ. ɢ ɞɪ. [1–16]. ɂɦɟɧɧɨ 

ɷɬɢɦɢ ɭɱɟɧɵɦɢ ɞɟɬɚɥɶɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ 

ɩɪɨɰɟɫɫɵ ɪɟɡɚɧɢɹ ɢ ɤɨɩɚɧɢɹ ɬɪɚɞɢɰɢɨɧɧɵɦɢ  
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ɲɢɪɨɤɨɡɚɯɜɚɬɧɵɦɢ ɪɚɛɨɱɢɦɢ ɨɪɝɚɧɚɦɢ, ɭ 
ɤɨɬɨɪɵɯ ɨɬɜɚɥ ɠɟɫɬɤɨ ɡɚɤɪɟɩɥɟɧ ɤ ɬɨɥɤɚɸ-

ɳɟɣ ɪɚɦɟ. 
 

ȼɩɟɪɜɵɟ ɜ ɪɚɛɨɬɚɯ [1–7] ɩɪɟɞɥɚɝɚɸɬɫɹ ɤɨɧ-

ɫɬɪɭɤɰɢɢ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ, ɜ ɤɨɬɨɪɵɯ ɲɢɪɨ-
ɤɨɡɚɯɜɚɬɧɵɣ ɨɬɜɚɥ ɢɦɟɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟ-
ɧɹɬɶ ɫɜɨɟ ɩɨɥɨɠɟɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɋɜɹɡɶ 
ɨɬɜɚɥɚ ɫ ɬɨɥɤɚɸɳɢɦɢ ɛɪɭɫɶɹɦɢ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɫ ɩɨɦɨɳɶɸ ɧɢɠɧɢɯ ɝɨɪɢɡɨɧ-

ɬɚɥɶɧɵɯ ɲɚɪɧɢɪɨɜ ɢ ɪɚɫɤɨɫɨɜ ɫ ɭɩɪɭɝɢɦɢ 

ɢɥɢ ɷɤɫɰɟɧɬɪɢɤɨɜɵɦɢ ɭɡɥɚɦɢ. ɍɫɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ ɡɚ ɫɱɟɬ ɫɚɦɨɪɟɝɭɥɢɪɭɸɳɢɯ ɫɜɹɡɟɣ ɨɬɜɚɥɚ 
ɫ ɬɨɥɤɚɸɳɢɦɢ ɛɪɭɫɶɹɦɢ ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ 
ɫɧɢɠɟɧɢɟ ɷɧɟɪɝɨɟɦɤɨɫɬɢ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬ-
ɤɢ ɝɪɭɧɬɚ. 

 

    

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ 
ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɪɟɚɥɶɧɨɝɨ ɫɧɢɠɟɧɢɹ ɷɧɟɪɝɨ-
ɟɦɤɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɫɜɹɡɧɨɝɨ ɝɪɭɧɬɚ 20–25 % 

ɲɢɪɨɤɨɡɚɯɜɚɬɧɵɦ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ ɡɚ ɫɱɟɬ 
ɟɝɨ ɫɚɦɨɪɟɝɭɥɢɪɭɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɦɚɫ-
ɫɢɜ ɝɪɭɧɬɚ.  

 

  

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɬɟɨɪɟɬɢ-

ɱɟɫɤɨɣ ɝɢɩɨɬɟɡɵ ɨ ɬɨɦ, ɱɬɨ ɡɚ ɫɱɟɬ ɚɞɚɩɬɚɰɢɢ 

ɲɢɪɨɤɨɡɚɯɜɚɬɧɨɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɤ ɫɢɥɚɦ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɫɫɢɜɚ ɝɪɭɧɬɚ ɦɨɠɧɨ ɫɧɢ-

ɡɢɬɶ ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɝɪɭɧɬɚ, ɩɨ-
ɬɪɟɛɨɜɚɥɨ ɨɫɨɛɨɝɨ ɜɧɢɦɚɧɢɹ ɤ ɞɨɫɬɨɜɟɪɧɨɫɬɢ 

ɨɩɵɬɨɜ. 
 

ɉɨɷɬɨɦɭ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥ ɫɨɡɞɚɧ ɫɬɟɧɞ ɮɢɡɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɡɟɦɥɟɪɨɣɧɨ-
ɬɪɚɧɫɩɨɪɬɧɵɯ ɦɚɲɢɧ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɫɭ-

ɳɟɫɬɜɥɹɬɶ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ 
ɬɪɚɜɟɪɫɵ ɫ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 
0,1 ɦɦ. Ɍɚɤɚɹ ɬɨɱɧɨɫɬɶ ɛɵɥɚ ɞɨɫɬɢɝɧɭɬɚ ɤɨɧ-

ɫɬɪɭɤɬɢɜɧɵɦ ɢɫɩɨɥɧɟɧɢɟɦ ɯɨɞɨɜɨɣ ɱɚɫɬɢ 

ɬɪɚɜɟɪɫɵ, ɤɨɬɨɪɚɹ ɨɛɨɪɭɞɨɜɚɧɚ 12 ɩɨɞɲɢɩ-

ɧɢɤɨɜɵɦɢ ɭɡɥɚɦɢ, ɨɯɜɚɬɵɜɚɸɳɢɦɢ ɜ ɩɟɪ-
ɩɟɧɞɢɤɭɥɹɪɧɵɯ ɩɥɨɫɤɨɫɬɹɯ ɚɛɫɨɥɸɬɧɨ ɠɟɫɬ-
ɤɭɸ ɧɚɩɪɚɜɥɹɸɳɭɸ ɛɚɥɤɭ (ɪɢɫ. 1). ȼ 

ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɢ ɝɪɭɧɬɚ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɫɦɟɫɶ: 85 % ɪɟɱɧɨɝɨ  ɩɟɫɤɚ, 1% ɝɥɢɧɵ ɢ 5–

10 % ɜɨɞɵ [8, 9].  

 
 

Ɋɢɫ. 1. Ɉɛɳɢɣ ɜɢɞ ɫɬɟɧɞɚ ɮɢɡɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɪɟɡɚɧɢɹ ɝɪɭɧɬɚ: 1 – 

ɠɟɫɬɤɚɹ ɨɩɨɪɚ;  2 – ɛɚɥɤɚ; 3 – ɧɚɩɪɚɜɥɹɸɳɢɟ ɛɚɥɤɢ; 4 – ɧɚɜɟɫɧɚɹ ɬɟɥɟɠɤɚ; 5 – ɫɬɚɧɢɧɚ; 6 – 

ɦɨɞɟɥɶ ɛɭɥɶɞɨɡɟɪɚ; 7 – ɦɨɞɟɥɶ ɝɪɭɧɬɚ; 8 – ɭɞɚɪɧɢɤ Ⱦɨɪɇɂɂ; 9 – ɤɨɧɬɟɣɧɟɪ ɫ ɝɪɭɧɬɨɦ;  

10 – ɭɩɥɨɬɧɢɬɟɥɶɧɵɣ ɤɚɬɨɤ; 11 – ɩɪɢɜɨɞ 
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ɍɩɥɨɬɧɟɧɢɟ ɝɪɭɧɬɨɜɨɝɨ ɦɚɫɫɢɜɚ ɩɪɨɢɡɜɨɞɢɬ-
ɫɹ ɫɩɟɰɢɚɥɶɧɵɦ ɤɚɬɤɨɦ. Ɂɚ ɫɱɟɬ ɨɩɪɟɞɟɥɟɧ-

ɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɯɨɞɨɜ ɤɚɬɤɚ ɨɛɟɫɩɟɱɢɜɚ-
ɥɚɫɶ ɬɪɟɛɭɟɦɚɹ ɤɚɬɟɝɨɪɢɹ ɝɪɭɧɬɚ, ɤɨɬɨɪɚɹ 
ɤɨɧɬɪɨɥɢɪɨɜɚɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɦɨɞɟɥɢ ɭɞɚɪ-
ɧɢɤɚ Ⱦɨɪɇɂɂ (1:10), ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨ-
ɦɟɧɞɚɰɢɹɦɢ [8]. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɞɟɬɚɥɶɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɰɟɫɫɚ 
ɪɚɡɪɚɛɨɬɤɢ ɝɪɭɧɬɚ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɦɨɞɟɥɢ 

ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ (ɪɢɫ. 2 ɢ 3).  

 

  
 

ɚ 

 
ɛ 

 
ɜ 

 

Ɋɢɫ. 2. Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɫɯɟɦɵ ɲɢɪɨɤɨɡɚ-
ɯɜɚɬɧɵɯ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ (ɜɢɞ ɫɛɨɤɭ ɢ 

ɜɢɞ ɫɜɟɪɯɭ): ɚ – ɬɪɚɞɢɰɢɨɧɧɵɣ ɨɬɜɚɥ ɫ 
ɠɟɫɬɤɢɦ ɡɚɤɪɟɩɥɟɧɢɟɦ ɤ ɬɨɥɤɚɸɳɢɦ 

ɛɪɭɫɶɹɦ; ɛ – ɨɬɜɚɥ ɫ ɭɩɪɭɝɢɦ ɡɚɤɪɟɩɥɟ-
ɧɢɟɦ ɤ ɬɨɥɤɚɸɳɢɦ ɛɪɭɫɶɹɦ; ɜ – ɨɬɜɚɥ ɫɨ 
ɫɜɨɛɨɞɧɨ-ɨɝɪɚɧɢɱɟɧɧɵɦ ɡɚɤɪɟɩɥɟɧɢɟɦ ɤ 
ɬɨɥɤɚɸɳɢɦ ɛɪɭɫɶɹɦɢ; 1 – ɨɬɜɚɥ; 2 – 

ɰɟɧɬɪɚɥɶɧɵɣ ɩɨɜɨɪɨɬɧɵɣ ɲɚɪɧɢɪ; 3 – 

ɪɚɦɚ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ;  4 – ɬɨɥ-
ɤɚɸɳɢɟ ɛɪɭɫɶɹ; 5 – ɝɢɞɪɨɰɢɥɢɧɞɪɵ 

ɩɨɞɴɟɦɚ ɪɚɦɵ; 6 – ɲɚɪɧɢɪ; 7 – ɝɭɫɟɧɢɱ-
ɧɨɟ ɯɨɞɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ; 8 – ɭɩɪɭɝɢɣ 

ɷɥɟɦɟɧɬ ɫ ɩɟɪɟɦɟɧɧɨɣ ɠɟɫɬɤɨɫɬɶɸ; 9 – 

ɠɟɫɬɤɢɣ ɭɩɨɪ; 10 – ɜɨɡɜɪɚɬɧɨ-
ɩɨɫɬɭɩɚɬɟɥɶɧɵɣ ɲɚɪɧɢɪ 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢ-

ɥɢɫɶ ɩɨ ɩɥɚɧɭ-ɦɚɬɪɢɰɟ ɰɟɧɬɪɚɥɶɧɨɝɨ, ɤɨɦɩɨ-
ɡɢɰɢɨɧɧɨɝɨ, ɪɨɬɚɬɚɛɟɥɶɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ 
ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ [17]. ɉɪɢ ɞɨɜɟɪɢɬɟɥɶɧɨɣ 

ɜɟɪɨɹɬɧɨɫɬɢ ɩɨ ɤɪɢɬɟɪɢɸ ɋɬɶɸɞɟɧɬɚ, ɪɚɜɧɨɣ 

95 %, ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɩɪɨɜɨɞɢɥɨɫɶ ɩɹɬɶ ɩɨ-
ɜɬɨɪɹɟɦɵɯ ɨɩɵɬɨɜ.  Ɏɢɤɫɢɪɨɜɚɥɢɫɶ ɫɥɟɞɭɸ-

ɳɢɟ ɩɚɪɚɦɟɬɪɵ: ɨɛɳɟɟ ɭɫɢɥɢɟ ɤɨɩɚɧɢɹ ɝɪɭɧ-

ɬɚ, ɭɫɢɥɢɟ ɢ ɩɟɪɟɦɟɳɟɧɢɟ ɛɨɤɨɜɵɯ ɪɵɱɚɝɨɜ, 
ɭɝɥɨɜɨɟ ɜɪɚɳɟɧɢɟ ɨɬɜɚɥɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧ-

ɬɪɚɥɶɧɨɝɨ  ɲɚɪɧɢɪɚ,  ɦɚɫɫɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ  
ɝɪɭɧɬɚ.   
 

Ɂɚɩɢɫɶ ɢ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
PowerGraph Professional. Ɏɪɚɝɦɟɧɬɵ ɡɚɩɢɫɢ 

ɭɫɢɥɢɣ ɢ ɩɟɪɟɦɟɳɟɧɢɣ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 4. 
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Ɋɢɫ. 3. Ɏɨɬɨɝɪɚɮɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɨɞɟɥɢ ɛɭɥɶɞɨɡɟɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ: ɚ – ɜɢɞ ɫɛɨɤɭ, ɛ – 

ɜɢɞ ɫɜɟɪɯɭ, 1 – ɥɨɛɨɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ; 2 – ɧɨɠ; 3 – ɞɚɬɱɢɤ ɭɫɢɥɢɹ; 4 – ɥɨɧɠɟɪɨɧ; 5 – ɛɨɤɨ-
ɜɵɟ ɪɵɱɚɝɢ; 6 – ɛɨɤɨɜɵɟ ɲɚɪɧɢɪɵ; 7 – ɞɚɬɱɢɤɢ ɭɫɢɥɢɹ; 8 – ɜɟɪɬɢɤɚɥɶɧɵɣ ɲɚɪɧɢɪ; 9 – ɞɚɬ-
ɱɢɤ ɭɝɥɚ ɩɨɜɨɪɨɬɚ; 10 – ɞɚɬɱɢɤɢ ɩɟɪɟɦɟɳɟɧɢɹ; 11 – ɬɨɥɤɚɸɳɚɹ ɪɚɦɚ 

 

 
 

Ɋɢɫ. 4. Ɉɫɰɢɥɥɨɝɪɚɦɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɪɚɡɪɚɛɨɬɤɢ ɝɪɭɧɬɚ ɛɭɥɶɞɨɡɟɪɧɵɦ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ ɩɪɢ 

ɫɤɨɪɨɫɬɢ V = 20 ɦ/ɦɢɧ; ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ h = 30 ɦɦ; ɩɥɨɬɧɨɫɬɶ ɝɪɭɧɬɚ n = 16 ɭɞɚɪɨɜ ɦɨɞɟɥɢ 

ɭɞɚɪɧɢɤɚ Ⱦɨɪɇɂɂ ɢ ɩɨ ɫɯɟɦɟ (ɪɢɫ. 2, ɛ): ɚ – ɭɫɢɥɢɟ ɜ ɬɨɥɤɚɸɳɟɣ ɪɚɦɟ; ɛ – ɭɝɨɥ ɩɨɜɨɪɨɬɚ 
ɨɬɜɚɥɚ; ȼ1 – ɭɫɢɥɢɟ ɜ ɥɟɜɨɦ ɛɨɤɨɜɨɦ ɪɵɱɚɝɟ; ȼ2 – ɭɫɢɥɢɟ ɜ ɩɪɚɜɨɦ ɛɨɤɨɜɨɦ ɪɵɱɚɝɟ;  
Ƚ1 – ɩɟɪɟɦɟɳɟɧɢɟ ɜ ɥɟɜɨɦ ɛɨɤɨɜɨɦ ɪɵɱɚɝɟ; Ƚ2 – ɩɟɪɟɦɟɳɟɧɢɟ ɜ ɩɪɚɜɨɦ ɛɨɤɨɜɨɦ ɪɵɱɚɝɟ 

 
ɋɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ (ɛɨɥɟɟ 150 ɨɩɵɬɨɜ) 
ɩɨɡɜɨɥɢɥ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɨɛɨɛɳɟɧɢɹ: 
– ɩɪɨɱɧɨɫɬɶ ɝɪɭɧɬɚ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɚ 
ɭɫɢɥɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɟɝɨ ɪɚɡɪɚɛɨɬɤɢ, ɩɪɢ 

ɷɬɨɦ ɯɚɪɚɤɬɟɪ ɟɝɨ ɢɡɦɟɧɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ 

ɨɞɢɧɚɤɨɜ ɞɥɹ ɜɫɟɯ ɫɯɟɦ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ 
(ɪɢɫ. 5, 6 ɢ 7); 

– ɦɢɧɢɦɚɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɧɬɚ ɪɚɡɪɚ-
ɛɨɬɤɢ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ  

ɪɢɫ. 2, ɜ, ɜ ɤɨɬɨɪɨɣ ɨɬɜɚɥ ɢɦɟɟɬ ɰɟɧɬɪɚɥɶɧɵɣ 

ɲɚɪɧɢɪ ɢ ɫɜɨɛɨɞɧɨ-ɨɝɪɚɧɢɱɟɧɧɵɟ ɫɜɹɡɢ ɫ 
ɬɨɥɤɚɸɳɟɣ ɪɚɦɨɣ (ɪɢɫ. 6).  

 

Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɡɜɨɥɢɥɚ ɭɫɬɚɧɨɜɢɬɶ ɪɟɝɪɟɫ-
ɫɢɨɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ, ɚ ɬɚɤɠɟ ɨɰɟɧɢɬɶ ɜɥɢɹ-
ɧɢɟ ɨɬɞɟɥɶɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɭɫɢɥɢɟ ɪɚɡɪɚɛɨɬ-
ɤɢ  ɝɪɭɧɬɚ (ɪɢɫ. 8).  
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Ɋɟɝɪɟɫɫɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɝɪɭɧɬɚ ɪɟɡɚɧɢɸ F ɨɬ ɮɚɤɬɨɪɨɜ ɋ, V, h ɢ n.  

 

2

       45,1688 0,350567·  

 9,42217· 0,594167·  

15,9557· 0,00693033·  

F C

V h

n C

  
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       (1) 

 

2

2 2
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Ɋɢɫ. 5. Ɏɨɬɨɝɪɚɦɦɚ ɩɪɨɰɟɫɫɚ ɤɨɩɚɧɢɹ ɝɪɭɧɬɚ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ ɩɨ ɫɯɟɦɟ  (ɪɢɫ. 2, ɜ): ɚ – ɩɪɨɰɟɫɫ 
ɜɧɟɞɪɟɧɢɹ; ɛ – ɩɪɨɰɟɫɫ ɨɬɞɟɥɟɧɢɹ ɫɬɪɭɠɤɢ ɝɪɭɧɬɚ; ɜ – ɧɚɱɚɥɶɧɵɣ ɩɪɨɰɟɫɫ ɧɚɤɨɩɥɟɧɢɹ 
ɩɪɢɡɦɵ ɜɨɥɨɱɟɧɢɹ;  ɝ – ɤɨɧɟɱɧɵɣ ɩɪɨɰɟɫɫ ɧɚɤɨɩɥɟɧɢɹ ɩɪɢɡɦɵ ɜɨɥɨɱɟɧɢɹ 
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Ɋɢɫ. 6. Ɂɚɜɢɫɢɦɨɫɬɢ ɭɫɢɥɢɣ ɪɚɡɪɚɛɨɬɤɢ ɝɪɭɧɬɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɫɯɟɦ ɛɭɥɶɞɨɡɟɪ-
ɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ: ɚ – ɞɥɹ ɪɢɫ. 2, ɜ; ɛ – ɞɥɹ ɪɢɫ. 2, ɛ; ɜ – ɞɥɹ ɪɢɫ. 2, ɚ 
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 ɜ ɋɤɨɪɨɫɬɶ V = 20ɦ/ɦɢɧ;  

ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ h = 30ɦɦ; 

ɩɥɨɬɧɨɫɬɶ ɝɪɭɧɬɚ                   
n = 16 ɭɞɚɪɨɜ ɦɨɞɟɥɢ 

ɭɞɚɪɧɢɤɚ Ⱦɨɪɇɂɂ. 

Ɋɢɫ. 7. ɉɨɜɟɪɯɧɨɫɬɢ ɨɬɤɥɢɤɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɚ ɪɟɡɚɧɢɸ F ɨɬ ɮɚɤɬɨɪɨɜ ɋ, V, h ɢ n 
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Ɋɢɫ. 8. Ƚɢɫɬɨɝɪɚɦɦɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɩɚɧɢɸ ɝɪɭɧɬɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɚɬɟɝɨɪɢɣ ɝɪɭɧɬɚ ɢ ɫɯɟɦ 

ɡɚɤɪɟɩɥɟɧɢɹ ɨɬɜɚɥɚ ɩɪɢ V = 20 ɦ/ɦɢɧ, h = 20 ɦɦ: ɚ – ɫɜɨɛɨɞɧɨ-ɨɝɪɚɧɢɱɟɧɧɵɣ ɨɬɜɚɥ;  ɛ – 

ɭɩɪɭɝɢɣ ɨɬɜɚɥ; ɜ – ɠɟɫɬɤɢɣ ɨɬɜɚɥ (ɬɪɚɞɢɰɢɨɧɧɵɣ) 

 

 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, 

ɱɬɨ ɛɭɥɶɞɨɡɟɪɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɭ ɤɨɬɨɪɨɝɨ 
ɨɬɜɚɥ ɡɚɤɪɟɩɥɟɧ ɤ ɬɹɝɨɜɨɣ ɪɚɦɟ ɩɪɢ ɩɨɦɨɳɢ 

ɰɟɧɬɪɚɥɶɧɨɝɨ ɲɚɪɧɢɪɚ ɢ ɛɨɤɨɜɵɯ ɫɜɹɡɟɣ, 

ɠɟɫɬɤɢɯ, ɭɩɪɭɝɢɯ ɢ ɫɜɨɛɨɞɧɵɯ ɫ ɪɟɝɭɥɢɪɨ-
ɜɚɧɧɵɦ ɡɚɡɨɪɨɦ, ɪɚɛɨɬɨɫɩɨɫɨɛɧɨ. 
 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɝɪɭɧɬɚ ɪɚɛɨɱɢɦɢ ɨɪ-
ɝɚɧɚɦɢ ɫɨ ɫɜɨɛɨɞɧɵɦ ɢ ɭɩɪɭɝɢɦ ɤɪɟɩɥɟɧɢɟɦ 

ɤ ɬɹɝɨɜɨɣ ɪɚɦɟ ɨɬɜɚɥɵ ɫɨɜɟɪɲɚɸɬ ɜɨɡɜɪɚɬɧɨ-
ɜɪɚɳɚɬɟɥɶɧɵɟ ɞɜɢɠɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧ-

ɬɪɚɥɶɧɨɝɨ ɲɚɪɧɢɪɚ. ɗɬɢ ɞɜɢɠɟɧɢɹ ɨɬɜɚɥɚ 
ɨɛɟɫɩɟɱɢɜɚɸɬ  ɩɨɢɫɤ ɧɚɢɦɟɧɟɟ ɷɧɟɪɝɨɟɦɤɨɝɨ 
ɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɦɚɫɫɢɜɨɦ ɝɪɭɧɬɚ. 
 

Ɉɬɜɚɥ ɫɨ ɫɜɨɛɨɞɧɨ-ɨɝɪɚɧɢɱɟɧɧɵɦ ɲɚɪɧɢɪɚ-
ɦɢ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦ ɪɚɛɨɱɢɦ 

ɨɪɝɚɧɨɦ (ɠɟɫɬɤɢɦ) ɭɫɢɥɢɟ ɪɚɡɪɚɛɨɬɤɢ ɝɪɭɧɬɚ 
ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ 20–30 %. 
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