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ɇɚɫɬɨɹɳɚɹ ɫɬɚɬɶɹ ɢɦɟɟɬ ɰɟɥɶ ɧɚɤɨɩɥɟɧɢɹ ɡɧɚɧɢɣ ɨ ɩɪɢɪɨɞɟ ɜɢɯɪɟɜɵɯ ɬɟɱɟɧɢɣ ɢ ɨɫɨɛɟɧɧɨɫɬɹɯ 
ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ, ɦɚɫɫɵ ɢ ɢɦɩɭɥɶɫɚ, ɚ ɬɚɤɠɟ ɢ ɫɩɨɫɨɛɚɯ ɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɍɚɤɢɟ ɫɜɟɞɟɧɢɹ ɩɨɥɟɡɧɵ ɜ ɪɟɲɟɧɢɢ ɩɪɨɛɥɟɦ ɪɚɡɪɚɛɨɬɤɢ ɝɚɡɨɤɨɧɞɟɧɫɚɬɧɵɯ 
ɦɟɫɬɨɪɨɠɞɟɧɢɣ, ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɦɟɬɚɥɥɨɟɦɤɨɝɨ ɢ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɫɵɪɶɹ, ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɹ ɢ ɬɟɩɥɨɨɬɞɚɱɭ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬ ɚɤɬɭɚɥɶɧɨɫɬɶ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɡɚɞɚɱ ɨ ɤɨɦɩɥɟɤɫɧɨɦ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɜɢɛɪɨ-ɚɤɭɫɬɢɱɟɫɤɢɯ 
ɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ, ɨ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɜɢɠɟɧɢɹ ɧɟɧɶɸɬɨɧɨɜɫɤɢɯ 
ɠɢɞɤɨɫɬɟɣ ɢ ɞɜɢɠɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɫɪɟɞɵ ɜ ɤɪɭɝɥɵɯ ɤɚɧɚɥɚɯ ɫɥɨɠɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 
ɤɨɧɮɢɝɭɪɚɰɢɢ. 

ȼ ɫɢɥɭ ɜɵɲɟɭɩɨɦɹɧɭɬɨɝɨ, ɞɨɫɬɢɠɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɫɜɨɞɢɬɫɹ ɤ ɪɟɲɟɧɢɸ ɫɥɟɞɭɸɳɢɯ 
ɡɚɞɚɱ: 

1. Ⱦɟɬɚɥɶɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɢɦɟɸɳɢɣɫɹ ɛɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɣ ɨɩɵɬ ɩɨ ɤɨɧɤɪɟɬɧɨɣ 
ɬɟɦɚɬɢɤɟ; 

2. ɂɫɩɨɥɶɡɨɜɚɬɶ ɫɬɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɞɥɹ ɩɪɟɞɫɤɚɡɚɧɢɹ ɢɥɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɞɜɢɠɟɧɢɹ ɧɟɧɶɸɬɨɧɨɜɫɤɢɯ ɠɢɞɤɨɫɬɟɣ, ɞɜɢɠɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɪɟɞ ɜ 
ɤɪɭɝɥɵɯ ɤɚɧɚɥɚɯ ɫɥɨɠɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɢ ɤɨɦɩɥɟɤɫɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜɢɛɪɨɚɤɭɫɬɢɤɢ 
ɢ ɝɢɞɪɚɜɥɢɤɢ; 

3. Ɉɩɪɟɞɟɥɢɬɶ ɞɨɫɬɨɢɧɫɬɜɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ “ɧɚɩɪɹɠɟɧɢɹ-ɩɨɬɨɤɢ”. 
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Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ [1,2], ɨɫɨɛɟɧɧɨɫɬɶ ɧɟɧɶɸɬɨɧɨɜɫɤɢɯ ɬɟɱɟɧɢɣ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɨɦ ɢɡɦɟɧɟɧɢɹ ɩɨɥɹ ɫɤɨɪɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɜɫɟɣ ɞɥɢɧɟ 
ɬɪɭɛɨɩɪɨɜɨɞɚ. ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɬɟɱɟɧɢɟ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟɢɡɨɬɟɪɦɢɱɧɨ, ɞɥɹ ɞɨɫɬɚɬɨɱɧɨɝɨ ɟɝɨ ɨɩɢɫɚɧɢɹ 
ɬɪɟɛɭɸɬɫɹ ɷɮɮɟɤɬɢɜɧɵɟ ɦɟɬɨɞɵ ɱɢɫɥɨɜɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ 
ɢɦɩɭɥɶɫɚ ɢ ɬɟɩɥɚ [3,4]. ɍɱɢɬɵɜɚɹ ɷɬɢ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ, ɚ ɬɚɤɠɟ ɡɚɬɪɚɬɵ ɧɚ ɪɟɚɥɢɡɚɰɢɸ ɦɨɞɟɥɢ, 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɡɚɦɵɤɚɧɢɹ ɫɢɫɬɟɦ 
ɨɩɪɟɞɟɥɹɸɳɢɯ ɭɪɚɜɧɟɧɢɣ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɢ ɬɟɩɥɨɨɛɦɟɧɚ. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɬɭɪɛɭɥɟɧɬɧɵɟ ɧɟɢɡɨɬɟɪɦɢɱɟɫɤɢɟ ɬɟɱɟɧɢɹ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ. 
Ⱦɥɹ ɢɥɥɸɫɬɪɚɰɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɧɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɢɫɬɟɦɚ ɨɩɪɟɞɟɥɹɸɳɢɯ ɭɪɚɜɧɟɧɢɣ ɤ 
ɨɩɢɫɚɧɢɸ ɭɫɪɟɞɧɟɧɧɵɯ ɢ ɩɭɥɶɫɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɬɭɪɛɭɥɟɧɬɧɵɯ ɩɪɨɰɟɫɫɨɜ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɨɜɪɟɦɟɧɧɵɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ «ɧɚɩɪɹɠɟɧɢɹ-ɩɨɬɨɤɢ». Ⱦɟɬɚɥɢ ɱɢɫɥɟɧɧɨɝɨ 
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ɪɟɲɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨ ɩɪɟɞɫɬɚɜɥɟɧɵ [3], ɩɪɢɱɟɦ ɞɥɹ ɩɪɨɫɬɨɬɵ ɡɚɩɢɫɢ ɭɪɚɜɧɟɧɢɣ ɞɥɹ 
ɧɚɩɪɹɠɟɧɢɣ 岾憲沈嫗憲珍嫗峇, ɩɨɬɨɤɨɜ ɬɟɩɥɚ 岾憲沈嫗建嫗 峇, ɤɢɧɟɬɢɱɟɫɤɢɣ ɷɧɟɪɝɢɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ (k), ɜɪɟɦɟɧɢ 
ɩɭɥɶɫɚɰɢɣ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɥɹ (Ĳ) ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɧɞɟɤɫɧɚɹ ɮɨɪɦɚ (1-4). 
Ɂɞɟɫɶ ɨɛɳɟɩɪɢɧɹɬɵɟ ɨɛɨɡɧɚɱɟɧɢɹ (ɩɨɥɧɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ [3]).  
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ɑɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɬɚɤɨɣ ɡɚɞɚɱɢ ɫɬɪɨɢɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɹɜɧɵɯ ɤɨɧɟɱɧɨ-ɪɚɡɧɨɫɬɧɵɯ 
ɫɯɟɦ, ɫɯɟɦ ɪɚɫɳɟɩɥɟɧɢɹ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɩɟɪɟɦɟɧɧɵɦ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɚ 
ɩɪɨɝɨɧɤɢ. Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɩɪɨɢɡɜɨɞɧɵɯ 2-ɝɨ ɩɨɪɹɞɤɚ ɬɨɱɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɲɚɝɨɜ ǻx, ǻr. ȼ 
ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɥɹ ɞɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɛɨɛɳɺɧɧɵɣ ɦɟɬɨɞ ɋɢɦɭɧɢ Ʌ.Ɇ. [5], ɩɨɡɜɨɥɹɸɳɢɣ 
ɭɫɩɟɲɧɨ ɪɚɫɫɱɢɬɵɜɚɬɶ ɜɧɭɬɪɟɧɧɢɟ ɧɶɸɬɨɧɨɜɫɤɢɟ ɢ ɧɟɧɶɸɬɨɧɨɜɫɤɢɟ ɩɨɬɨɤɢ. Ɋɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɢ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɚɹ 
ɦɨɞɟɥɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɦɨɠɟɬ ɭɫɩɟɲɧɨ ɩɪɟɞɫɤɚɡɵɜɚɬɶ ɢɡɦɟɧɟɧɢɹ ɜ ɬɟɩɥɨɜɨɣ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɫɬɪɭɤɬɭɪɚɯ ɩɨɬɨɤɚ [6]. 

ごïï¿ñÑÜçíÖóñ Öñ¿óÖñúÖ▲ê ç£íó½ÜÑñúïöçóú í¡Üïöóôñï¡óê ó ÇóÑëÜÑóÖí½óôñï¡óê  
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ɋɨɡɞɚɧɢɟ ɧɨɜɨɝɨ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɧɟɮɬɟɝɚɡɨɜɨɣ ɨɬɪɚɫɥɢ ɬɪɟɛɭɟɬ 
ɭɜɟɥɢɱɟɧɢɹ ɪɟɫɭɪɫɚ ɟɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɜɟɞɟɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɢ 
ɧɚɞɺɠɧɨɫɬɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. ȼ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɫɬɨɢɬ ɡɚɞɚɱɚ ɤɨɦɩɥɟɤɫɧɨɝɨ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɫɥɨɠɧɨɣ 
ɮɨɪɦɵ ɜ ɭɫɥɨɜɢɹɯ ɫɢɥɶɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɩɭɥɶɫɚɰɢɹɦɢ ɬɟɱɟɧɢɹ ɜɹɡɤɨɣ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɠɢɞɤɨɫɬɢ, 
ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɩɪɢɜɟɞɺɬ ɤ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɱɟɬɚ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 
ɤɨɪɪɟɤɬɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɥɢɧɟɣɧɨɣ ɱɚɫɬɢ ɧɟɮɬɟɝɚɡɨɩɪɨɜɨɞɨɜ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɚɜɚɪɢɣɧɵɯ 
ɫɢɬɭɚɰɢɣ. 

ɋɬɚɪɟɧɢɟ ɫɢɫɬɟɦɵ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɧɟɮɬɟɩɪɨɜɨɞɨɜ ɬɪɟɛɭɟɬ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ 
ɢɡɦɟɧɟɧɢɹ “ɬɨɧɤɢɯ” ɩɚɪɚɦɟɬɪɨɜ ɫɪɟɞɵ ɧɚ ɜɨɡɛɭɠɞɟɧɢɟ ɬɪɭɛɨɩɪɨɜɨɞɚ. ȼɨɩɪɨɫɵ ɬɚɤɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ 
ɞɥɹ ɬɪɭɛɨɩɪɨɜɨɞɧɨɣ ɫɢɫɬɟɦɵ ɪɚɫɫɦɨɬɪɟɧɵ ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨ, ɞɟɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɩɪɟɞɫɬɚɜɥɟɧ ɜ [7] 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɜ [8] ɩɪɟɞɫɬɚɜɥɟɧɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɩɪɨɝɢɛɨɜ ɨɫɢ ɬɪɭɛɨɩɪɨɜɨɞɚ ɩɪɢ 
ɩɨɩɟɪɟɱɧɵɯ ɜɢɛɪɚɰɢɹɯ: 



17 
 
 

2

2
2

2

2

4

4

x

N
y

x

y

x

N

x

y
NP

x

y
EI























,     (5) 

ɝɞɟ E - ɷɬɨ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ, I– ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɫɟɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɣɬɪɚɥɶɧɨɣ ɨɫɢ, y – 
ɩɪɨɝɢɛ ɬɪɭɛɨɩɪɨɜɨɞɚ, M– ɢɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ, N - ɩɪɨɞɨɥɶɧɨɣ ɫɠɢɦɚɸɳɟɣ ɫɢɥɵ, P – ɧɚɝɪɭɡɤɚ ɧɚ 
ɟɞɢɧɢɰɭ ɞɥɢɧɵ.  

ȼ ɪɚɦɤɚɯ ɞɨɩɭɳɟɧɢɣ ɨɛ ɨɞɧɨɦɟɪɧɨɦ ɯɚɪɚɤɬɟɪɟ ɬɟɱɟɧɢɹ ɜɹɡɤɨɣ ɫɪɟɞɵ, ɞɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ 
ɫɜɨɞɢɬɫɹ ɤ ɜɢɞɭ, ɝɨɬɨɜɨɦɭ ɞɥɹ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ [8]: 
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ɝɞɟ ɜɵɪɚɠɟɧɢɹ ai0– ɢɡɜɟɫɬɧɵɟ ɮɭɧɤɰɢɢ ɪɹɞɚ ɨɩɪɟɞɟɥɹɸɳɢɯ ɩɪɨɰɟɫɫ ɩɚɪɚɦɟɬɪɨɜ. ɋɬɨɢɬ 
ɡɚɦɟɬɢɬɶ, ɱɬɨ ɪɚɫɱɟɬ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɜɢɞɟ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɫɥɨɠɟɧ ɢ ɧɟɩɟɪɫɩɟɤɬɢɜɟɧ ɞɥɹ ɢɧɠɟɧɟɪɧɵɯ 
ɩɪɢɥɨɠɟɧɢɣ [Ⱦɟɞɟɟɜ, ɏɚɪɥɚɦɨɜ]. 

ɇɚ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɜɵɩɨɥɧɟɧɨ ɨɛɨɛɳɟɧɢɟ (6) ɧɚ ɭɱɟɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɯɚɪɚɤɬɟɪɚ 
ɢɡɦɟɧɟɧɢɹ ɩɨɥɹ ɫɤɨɪɨɫɬɢ, ɩɨɥɭɱɟɧɧɨɝɨ ɢɡ ɪɟɲɟɧɢɹ ɦɧɨɝɨɦɟɪɧɨɣ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɨ ɫɥɨɠɧɨɦ 
ɫɞɜɢɝɨɜɨɦ ɬɟɱɟɧɢɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɫɪɟɞɵ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ. ɉɪɢɱɟɦ ɜ ɬɭɪɛɭɥɟɧɬɧɨɦ ɪɟɠɢɦɟ 
ɫɬɪɭɤɬɭɪɚ ɩɨɬɨɤɚ ɩɪɟɞɫɤɚɡɵɜɚɥɚɫɶ ɧɚ ɛɚɡɟ k-L ɢ k-の ɞɜɭɯ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ Ƚɥɭɲɤɨ-
ɍɢɥɤɨɤɫɚ [9]. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɬɟɱɟɧɢɣ ɤɨɧɜɟɤɬɢɜɧɨ-
ɞɢɮɮɭɡɢɨɧɧɵɟ ɦɟɯɚɧɢɡɦɵ ɢɡɦɟɧɟɧɢɹ ɩɨɥɹ ɫɤɨɪɨɫɬɢ ɜɵɡɵɜɚɸɬ ɢɧɬɟɧɫɢɮɢɤɚɰɢɸ ɚɤɭɫɬɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ. Ɉɛ ɷɬɨɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬ ɜɟɤɬɨɪɚ ɫɤɨɪɨɫɬɢ ɧɚ 
ɭɱɚɫɬɤɚɯ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɩɪɨɰɟɫɫɨɜ. Ɍɚɤɠɟ ɜ ɪɚɛɨɬɟ ɜɵɹɫɧɹɸɬɫɹ ɞɟɬɚɥɢ ɢɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɨɬɨɤɚ  
ɜ ɡɨɧɚɯ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɫɬɟɧɤɢ. 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɱɢɫɥɟɧɧɵɯ ɪɟɲɟɧɢɣ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɸɳɢɯ ɭɪɚɜɧɟɧɢɣ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɤɭɫɬɢɱɟɫɤɢɯ ɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ 
ɪɚɡɧɨɫɬɟɣ ɫ ɚɩɩɪɨɤɫɢɦɚɰɢɟɣ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ ɫɨ ɜɬɨɪɨɣ ɫɬɟɩɟɧɶɸ 
ɬɨɱɧɨɫɬɢ. ȼ ɨɩɪɟɞɟɥɟɧɢɢ ɩɨɥɹ ɞɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɛɨɛɳɟɧɧɵɣ ɚɥɝɨɪɢɬɦ Ʌ.Ɇ. ɋɢɦɭɧɢ [3]. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɨɫɧɨɜɨɣ ɞɥɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɨɞɟɥɢ ɧɚɩɪɹɠɟɧɢɣ 
RSS (Reynolds Shear Stresses) [3] ɜ ɪɚɫɱɟɬɚɯ ɧɟɥɢɧɟɣɧɵɯ ɚɤɭɫɬɢɱɟɫɤɢɯ ɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɫɜɟɞɟɧɚ ɤ ɚɥɝɟɛɪɚɢɱɟɫɤɨɣ ɦɨɞɟɥɢ  ɫ ɭɱɺɬɨɦ ɷɮɮɟɤɬɨɜ ɫɨɩɪɹɠɟɧɢɹ 
ɬɟɩɥɨɨɛɦɟɧɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɤɚɡɵɜɚɸɬ ɧɚ  ɭɫɩɟɲɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɭɩɨɦɹɧɭɬɵɯ ɜɵɲɟ ɡɚɞɚɱ: 
ɩɪɨɜɟɞɟɧɢɟ ɞɟɬɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɢɦɟɸɳɟɝɨɫɹ ɛɢɛɥɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɨɩɵɬɚ; ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɬɚɬɢɱɟɫɤɢɯ 
ɦɨɞɟɥɟɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɞɥɹ ɩɪɟɞɫɤɚɡɚɧɢɹ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɞɜɢɠɟɧɢɹ ɧɟɧɶɸɬɨɧɨɜɫɤɢɯ 
ɠɢɞɤɨɫɬɟɣ, ɞɜɢɠɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɪɟɞ ɜ ɤɪɭɝɥɵɯ ɤɚɧɚɥɚɯ ɫɥɨɠɧɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɢ ɤɨɦɩɥɟɤɫɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜɢɛɪɨɚɤɭɫɬɢɤɢ ɢ ɝɢɞɪɚɜɥɢɤɢ; ɨɩɪɟɞɟɥɟɧɢɟ ɞɨɫɬɨɢɧɫɬɜ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ “ɧɚɩɪɹɠɟɧɢɹ-ɩɨɬɨɤɢ”.  

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ 
ɥɚɦɢɧɚɪɧɨɦ ɢɥɢ ɬɭɪɛɭɥɟɧɬɧɨɦ ɬɟɱɟɧɢɹɯ ɞɥɹ ɫɨɩɪɹɠɟɧɢɹ ɫ ɭɠɟ ɜɵɩɨɥɧɟɧɧɵɦɢ ɪɚɫɱɟɬɚɦɢ. 
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ɜ ɩɥɨɫɤɨɣ ɬɪɭɛɟ// ɂɧɠɟɧɟɪɧɨ – ɮɢɡɢɱɟɫɤɢɢ� ɠɭɪɧɚɥ 1966. Ɍ10. No1, ɫ. 86- 91. 

6. ɏɚɪɥɚɦɨɜ ɋ.ɇ., Ɍɟɪɟɳɟɧɤɨ Ɋ.ȿ., Ʉɭɞɟɥɢɧ ɇ.ɋ. Ƚɢɞɪɨɞɢɧɚɦɢɤɚ ɢ ɬɟɩɥɨɨɛɦɟɧ ɜ ɭɫɥɨɜɢɹɯ 
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ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɫɬɭɞɟɧɬɨɜ, ɚɫɩɢɪɚɧɬɨɜ, ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ, 
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ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɩɨɫɜɹɳɟɧɧɨɣ 50-ɥɟɬɢɸ ɫɨɡɞɚɧɢɹ Ɍɸɦɟɧɫɤɨɝɨ ɢɧɞɭɫɬɪɢɚɥɶɧɨɝɨ 
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Ɋɚɡɜɢɬɢɟ ɤɥɢɦɚɬɨɥɨɝɢɢ ɜɨ ɜɬɨɪɨɣ ɩɨɥɨɜɢɧɟ ɏɏ ɜ. ɩɨɤɚɡɚɥɨ, ɱɬɨ ɤɥɢɦɚɬ ɧɟ ɩɨɫɬɨɹɧɟɧ. 

ɂɡɦɟɧɟɧɢɹ ɤɥɢɦɚɬɚ ɩɪɨɢɫɯɨɞɹɬ ɤɚɤ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɟɫɬɟɫɬɜɟɧɧɵɯ ɩɪɢɱɢɧ, ɬɚɤ ɢ ɜɫɥɟɞɫɬɜɢɟ 
ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɤɥɢɦɚɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ. ɇɚɛɥɸɞɚɟɦɚɹ ɢɡɦɟɧɱɢɜɨɫɬɶ 
ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɚɧɨɦɚɥɢɹɦɢ ɩɨɝɨɞɵ, ɬ. ɟ. ɧɟɧɚɩɪɚɜɥɟɧɧɵɦɢ 
ɨɬɤɥɨɧɟɧɢɹɦɢ ɨɬ ɩɨɫɬɨɹɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɣ. 

ん¡öÜí¿áÖÜïöá: ȼ ɫɜɹɡɢ ɫ ɝɥɨɛɚɥɶɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɤɥɢɦɚɬɚ, ɤɨɬɨɪɵɣ ɨɬɦɟɱɟɧ ɢ ɜ Ɂɚɩɚɞɧɨɣ 
ɋɢɛɢɪɢ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɫɬɚɧɨɜɢɬɶ, ɧɚɫɤɨɥɶɤɨ ɩɪɨɹɜɢɥɢɫɶ ɢɡɦɟɧɟɧɢɹ ɤɥɢɦɚɬɚ ɜ ɪɚɣɨɧɟ 
ɫ. Ȼɚɤɱɚɪ ɢ ɤɚɤ ɷɬɨ ɫɤɚɠɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɟ ɜɨɞɧɨɝɨ ɫɬɨɤɚ.  

げíÑíôó: 
 ɜɵɱɢɫɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɜɵɹɜɥɟɧɢɟ ɢɡɦɟɧɟɧɢɣ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɫ 

ɩɨɦɨɳɶɸ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
 ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɣ ɤɥɢɦɚɬɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɜɨɞɧɵɣ ɫɬɨɤ. 
ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɞɚɧɧɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɫ 

ɩɨɦɨɳɶɸ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɨɞɧɨɝɨ ɫɬɨɤɚ ɜɵɞɟɥɟɧɵ ɩɪɟɞɩɨɥɚɝɚɟɦɵɟ 
ɢɡɦɟɧɟɧɢɹ ɝɢɞɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɪɚɣɨɧɟ. 

Ɇɚɬɟɪɢɚɥɨɦ ɩɨɫɥɭɠɢɥɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɦɚɫɫɢɜɵ, ɤɚɤ ɦɟɫɹɱɧɵɯ, ɬɚɤ ɢ ɫɪɨɱɧɵɯ ɞɚɧɧɵɯ 
[5] ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ, ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɨɥɢɱɟɫɬɜɚ ɚɬɦɨɫɮɟɪɧɵɯ ɨɫɚɞɤɨɜ, ɭɩɪɭɝɨɫɬɢ 
ɜɨɞɹɧɨɝɨ ɩɚɪɚ, ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɨɥɧɟɱɧɨɝɨ ɫɢɹɧɢɹ ɦɟɬɟɨɫɬɚɧɰɢɢ ɫ. 
Ȼɚɤɱɚɪ ɡɚ ɩɟɪɢɨɞ ɫ 1972 ɩɨ 2008 ɝɝ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɜɵɹɜɥɟɧɨ ɩɨɜɵɲɟɧɢɟ 
ɫɪɟɞɧɟɝɨɞɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɧɚ 1,8°ɋ ɜ ɩɟɪɢɨɞ ɫ 1970 ɩɨ 2008 ɝɝ (Ɋɢɫ. 1) ɢ ɭɜɟɥɢɱɟɧɢɟ 
ɭɩɪɭɝɨɫɬɢ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɫɪɟɞɧɟɝɨɞɨɜɵɯ ɡɧɚɱɟɧɢɣ ɧɚ 0,67 ɝɉɚ (Ɋɢɫ. 2), ɨɫɨɛɟɧɧɨ ɜ ɡɢɦɧɢɟ (0,53 ɝɉɚ ) 
ɢ ɥɟɬɧɢɟ (1,39 ɝɉɚ) ɜɪɟɦɟɧɚ ɝɨɞɚ. 


