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Аɧɧɨɬɚɰиɹ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɟɞɥɨɠɟɧɚ ɤɨɧɫɬɪɭɤɰɢɹ ɪɟɞɭɤɬɨɪɚ ɫ ɩɟɪɟɦɟɧɧɵɦ 
ɩɟɪɟɞɚɬɨɱɧɵɦ ɱɢɫɥɨɦ. Ɂɚ ɩɪɨɬɨɬɢɩ ɩɪɢɧɹɬɚ ɤɨɪɨɛɤɚ ɩɟɪɟɦɟɧɵ ɩɟɪɟɞɚɱ (Кɉɉ) 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ. Ɉɬɦɟɱɟɧɚ ɫɥɨɠɧɨɫɬɶ ɦɟɯɚɧɢɡɦɨɜ ɩɟɪɟɤɥɸɱɟɧɢɹ ɩɟɪɟɞɚɱ. 
Ɉɛɨɫɧɨɜɚɧ ɦɟɯɚɧɢɡɦ ɩɟɪɟɤɥɸɱɟɧɢɹ, ɞɟɣɫɬɜɭɸɳɢɣ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ ɜɪɚɳɟ-
ɧɢɹ ɜɟɞɭɳɟɝɨ ɤɨɥɟɫɚ. Мɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɜ Кɉɉ ɜɡɚɦɟɧ ɞɢɫɤɨɜɵɯ ɮɪɢɤɰɢɨɧɧɵɯ 
ɦɭɮɬ ɢ ɬɨɪɦɨɡɨɜ. Ⱦɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɪɚɫɱɟɬɭ. 

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɪɟɞɭɤɬɨɪ, ɩɟɪɟɤɥɸɱɟɧɢɟ ɩɟɪɟɞɚɱ, ɩɟɪɟɦɟɧɧɨɟ ɩɟɪɟɞɚɬɨɱɧɨɟ 
ɱɢɫɥɨ. 
 

ȼɜɟɞɟɧɢɟ 
ɇɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɜɫɟɯ ɤɪɚɧɨɜɵɯ ɦɟ-

ɯɚɧɢɡɦɨɜ ɹɜɥɹɟɬɫɹ ɪɟɞɭɤɬɨɪ. ȼ ɨɫɧɨɜɧɨɦ ɷɬɨ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɡɭɛɱɚɬɵɟ ɪɟɞɭɤɬɨɪɵ ɫ ɩɨɫɬɨ-
ɹɧɧɵɦ ɩɟɪɟɞɚɬɨɱɧɵɦ ɱɢɫɥɨɦ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ 
Ɋɚɡɧɨɜɢɞɧɨɫɬɶɸ ɪɟɞɭɤɬɨɪɨɜ ɦɨɠɧɨ ɫɱɢ-

ɬɚɬɶ Ʉɉɉ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ (Ɍɋ), ɜ ɬɨɦ 
ɱɢɫɥɟ, ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ. ȼ ɞɚɧɧɵɯ Ʉɉɉ ɢɫ-
ɩɨɥɶɡɭɸɬ ɩɥɚɧɟɬɚɪɧɵɟ ɩɟɪɟɞɚɱɢ ɫ ɞɜɭɯɤɚɫ-
ɤɚɞɧɨɣ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ 
ɭɩɪɚɜɥɟɧɢɹ Д1,2]. Ⱦɥɹ ɩɟɪɟɤɥɸɱɟɧɢɹ ɩɟɪɟɞɚɱ 
ɢɫɩɨɥɶɡɭɸɬ ɮɪɢɤɰɢɨɧɧɵɟ ɷɥɟɦɟɧɬɵ: ɦɭɮɬɵ ɢ 
ɬɨɪɦɨɡɵ. ɇɚ ɤɚɠɞɨɣ ɩɟɪɟɞɚɱɟ ɦɨɠɟɬ ɛɵɬɶ 
ɜɤɥɸɱɟɧɨ ɪɚɡɥɢɱɧɨɟ ɫɨɱɟɬɚɧɢɟ ɮɪɢɤɰɢɨɧɧɵɯ 
ɷɥɟɦɟɧɬɨɜ: ɞɜɟ ɦɭɮɬɵ ɢ ɬɨɪɦɨɡ; ɞɜɚ ɬɨɪɦɨɡɚ 
ɢ ɦɭɮɬɚ ɢ ɬ.ɞ.  Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɦɭɮɬɚɦɢ ɢ 
ɬɨɪɦɨɡɚɦɢ ɜ ɤɚɱɟɫɬɜɟ ɫɢɥɨɜɨɝɨ ɩɪɢɜɨɞɚ ɢɫ-
ɩɨɥɶɡɭɸɬ ɤɨɥɶɰɟɜɵɟ ɝɢɞɪɨɰɢɥɢɧɞɪɵ. ȼ ɚɜɬɨ-
ɦɚɬɢɱɟɫɤɢɯ Ʉɉɉ ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɟɣ ɢɫ-
ɩɨɥɶɡɭɸɬ ɪɨɥɢɤɨɜɵɟ ɨɛɝɨɧɧɵɟ ɦɭɮɬɵ, ɤɨɬɨ-
ɪɵɟ ɨɛɥɚɞɚɸɬ ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɞɟɣɫɬɜɢɟɦ. 

Ɍɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ ɫ ɩɪɢɜɨɞɨɦ ɨɬ 
ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ (Ⱦȼɋ) ɢɦɟɸɬ 
4…8 ɫɤɨɪɨɫɬɟɣ ɜɩɟɪɟɞ ɢ ɨɞɧɭ ɫɤɨɪɨɫɬɶ ɡɚɞɧɟ-
ɝɨ ɯɨɞɚ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ 
Ⱦȼɋ. ȼ ɤɪɚɧɨɜɵɯ ɦɟɯɚɧɢɡɦɚɯ ɩɪɢ ɜɫɟɯ ɪɚɛɨ-
ɱɢɯ ɨɩɟɪɚɰɢɹɯ ɞɨɥɠɧɨ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɨ ɜɨɡ-
ɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɫ ɨɞɢɧɚɤɨ-
ɜɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɫɤɨɪɨɫɬɹɦɢ ɡɚ ɫɱɟɬ ɪɟɜɟɪ-
ɫɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 

Иɡ ɢɡɥɨɠɟɧɧɨɝɨ ɫɥɟɞɭɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, 
ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ Ʉɉɉ Ɍɋ ɞɥɹ ɤɪɚɧɨɜɵɯ ɦɟɯɚ-
ɧɢɡɦɨɜ ɧɟɜɨɡɦɨɠɧɨ. 

Иɡɜɟɫɬɧɵ ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ ɪɟɞɭɤɬɨɪɭ ɫ 
ɩɟɪɟɦɟɧɧɵɦ ɩɟɪɟɞɚɬɨɱɧɵɦ ɱɢɫɥɨɦ ɞɥɹ ɤɪɚ-
ɧɨɜɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɟɪɟɞɜɢɠɟɧɢɹ Д3]. 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱ 
Цɟɥɶ ɞɚɧɧɨɣ ɩɭɛɥɢɤɚɰɢɢ – ɨɛɨɫɧɨɜɚɬɶ 

ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ɩɟɪɟɤɥɸ-
ɱɟɧɢɹ ɩɟɪɟɞɚɱ ɪɟɞɭɤɬɨɪɚ ɜ ɜɢɞɟ ɮɪɢɤɰɢɨɧɧɨ-
ɝɨ ɭɫɬɪɨɣɫɬɜɚ ɬɢɩɚ ɪɨɥɢɤɨɜɨɣ ɨɛɝɨɧɧɨɣ ɦɭɮ-

ɬɵ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɩɪɢ ɥɸɛɨɦ ɢɡ ɞɜɭɯ ɧɚɩɪɚɜ-
ɥɟɧɢɣ ɜɪɚɳɟɧɢɹ ɜɟɞɭɳɟɝɨ ɜɚɥɚ ɢ ɨɛɟɫɩɟɱɢ-
ɜɚɸɳɟɝɨ ɜɤɥɸɱɟɧɢɟ (ɜɵɤɥɸɱɟɧɢɟ) ɩɟɪɟɞɚɱɢ, 
ɚ ɬɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ ɬɨɪɦɨɡɚ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɢɡɨɛɪɚɠɟɧ ɮɪɚɝɦɟɧɬ ɤɢɧɟ-
ɦɚɬɢɱɟɫɤɨɣ ɫɯɟɦɵ ɪɟɞɭɤɬɨɪɚ. Шɟɫɬɟɪɧɹ 1 
ɩɟɪɟɞɚɟɬ ɜɪɚɳɟɧɢɟ ɧɚ ɤɨɥɟɫɨ 2, ɡɚɤɪɟɩɥɟɧ-
ɧɨɟ ɧɚ ɲɥɢɰɟɜɨɦ ɜɚɥɭ 3. ȼ ɤɨɥɟɫɨ 2 ɜɫɬɪɨɟɧ 
ɦɟɯɚɧɢɡɦ ɩɟɪɟɤɥɸɱɟɧɢɹ 4. Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ 
ɦɟɯɚɧɢɡɦɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ ɫɨ-
ɫɬɨɹɳɟɟ ɢɡ ɩɨɥɡɭɧɚ 5, ɩɟɪɟɦɟɳɚɟɦɨɝɨ ɩɨ ɜɚ-
ɥɭ 3 ɜɢɥɤɨɣ 6. ȼɢɥɤɚ 6 ɬɹɝɨɣ 7 ɫɨɟɞɢɧɟɧɚ ɫ 
ɲɚɪɢɤɨ-ɜɢɧɬɨɜɨɣ ɩɟɪɟɞɚɱɟɣ (Шȼɉ) 8, ɩɪɢɜɨ-
ɞɢɦɨɣ ɜɨ ɜɪɚɳɟɧɢɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ 10 
ɱɟɪɟɡ ɦɭɮɬɭ 9. Шȼɉ ɡɚɤɪɟɩɥɟɧɚ ɜ ɫɬɟɧɤɟ 11 
ɪɟɞɭɤɬɨɪɚ. Ʉɨɧɰɟɜɵɟ ɜɵɤɥɸɱɚɬɟɥɢ 12 ɨɝɪɚ-
ɧɢɱɢɜɚɸɬ ɯɨɞ ɩɨɥɡɭɧɚ 5 ɜ ɧɟɨɛɯɨɞɢɦɵɯ ɩɪɟ-
ɞɟɥɚɯ. 

ɋɨɛɫɬɜɟɧɧɨ ɦɟɯɚɧɢɡɦ ɩɟɪɟɤɥɸɱɟɧɢɹ ɢɡɨ-
ɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2. Ɉɧ ɫɨɞɟɪɠɢɬ ɜɬɭɥɤɭ 4, ɜ 
ɪɚɫɬɨɱɤɢ ɤɨɬɨɪɨɣ ɢ ɤɨɥɟɫɚ 2 ɩɨɦɟɳɟɧɵ ɤɨɧɢ-
ɱɟɫɤɢɟ ɪɨɥɢɤɢ 13 ɫɨɟɞɢɧɟɧɧɵɟ ɫɟɩɚɪɚɬɨɪɨɦ 
(ɧɟ ɩɨɤɚɡɚɧ). ȼɬɭɥɤɚ 4 ɫɨɟɞɢɧɟɧɚ ɫ ɩɨɥɡɭɧɨɦ 
5 ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɜɹɡɶɸ 14. 

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɨɤɚɡɚɧ ɜɚɪɢɚɧɬ ɜɵɩɨɥɧɟɧɢɹ 
ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɜɹɡɢ 14. ȼɨ ɜɬɭɥɤɭ 4 ɭɫɬɚ-
ɧɨɜɥɟɧɨ ɧɚɪɭɠɧɨɟ ɤɨɥɶɰɨ 15 ɪɚɞɢɚɥɶɧɨ-
ɭɩɨɪɧɨɝɨ ɲɚɪɢɤɨɩɨɞɲɢɩɧɢɤɚ, ɡɚɮɢɤɫɢɪɨɜɚɧ-
ɧɨɟ ɩɪɭɠɢɧɧɵɦ ɫɬɨɩɨɪɧɵɦ ɤɨɥɶɰɨɦ 16. ȼ 
ɩɨɥɡɭɧɟ 5 ɭɫɬɚɧɨɜɥɟɧɨ ɜɧɭɬɪɟɧɧɟɟ ɤɨɥɶɰɨ 17 
ɩɨɞɲɢɩɧɢɤɚ ɢ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɤɨɥɶɰɨɦ 18. 
Ɍɟɦ ɫɚɦɵɦ ɨɛɟɫɩɟɱɟɧɚ ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɜɪɚ-
ɳɟɧɢɹ ɞɟɬɚɥɟɣ 4, 5 ɢ ɩɟɪɟɞɚɱɚ ɫɢɥɨɜɨɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɩɪɢ ɜɤɥɸɱɟɧɢɢ (ɜɵɤɥɸɱɟɧɢɢ) ɦɟɯɚ-
ɧɢɡɦɚ. Ɋɚɛɨɬɚɟɬ ɦɟɯɚɧɢɡɦ ɩɟɪɟɤɥɸɱɟɧɢɹ ɩɟ-
ɪɟɞɚɱ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ȼ ɢɫɯɨɞɧɨɦ ɩɨ-
ɥɨɠɟɧɢɢ ɜɬɭɥɤɚ 4 ɧɚɯɨɞɢɬɫɹ ɜ ɥɟɜɨɦ ɩɨɥɨɠɟ-
ɧɢɢ. Ɋɨɥɢɤɢ 13 ɡɚɤɥɢɧɟɧɵ ɢ ɩɪɨɢɫɯɨɞɢɬ ɩɟ-
ɪɟɞɚɱɚ ɜɪɚɳɚɸɳɟɝɨ ɦɨɦɟɧɬɚ Т  ɨɬ ɲɟɫɬɟɪɧɢ 
1 ɧɚ ɤɨɥɟɫɨ 2 ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɧɚɩɪɚɜɥɟɧɢɹ 
ɜɪɚɳɟɧɢɹ (ɩɨ ɢɥɢ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ). 
Ⱦɥɹ ɜɵɤɥɸɱɟɧɢɹ ɩɟɪɟɞɚɱɢ ɜɤɥɸɱɚɸɬ ɷɥɟɤ-
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ɬɪɨɞɜɢɝɚɬɟɥɶ 10. ȼ Шȼɉ 8 ɜɪɚɳɚɬɟɥɶɧɨɟ 
ɞɜɢɠɟɧɢɟ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɢ 
ɬɹɝɚ 7 ɱɟɪɟɡ ɜɢɥɤɭ 6 ɨɬɜɨɞɢɬ ɩɨɥɡɭɧ 5, ɚ ɬɟɦ 
ɫɚɦɵɦ ɢ ɜɬɭɥɤɭ 4 ɱɟɪɟɡ ɫɜɹɡɶ 14, ɜɩɪɚɜɨ. 
ȼɡɚɦɟɧ ɧɚɬɹɝɚ ɦɟɠɞɭ ɪɨɥɢɤɚɦɢ 13 ɢ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɦɢ ɤɨɧɢɱɟɫɤɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɜɬɭɥ-
ɤɢ 4 ɢ ɤɨɥɟɫɚ 2 ɩɨɹɜɥɹɟɬɫɹ ɡɚɡɨɪ. ȼɬɭɥɤɚ 4 
ɜɪɚɳɚɟɬɫɹ; ɤɨɥɟɫɨ 2 ɧɟɩɨɞɜɢɠɧɨ. ɉɟɪɟɞɚɱɚ 
ɦɨɦɟɧɬɚ Т  ɧɟɜɨɡɦɨɠɧɚ. 

 

 
 

Ɋɢɫ. 1. Ɏɪɚɝɦɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ  
ɫɯɟɦɵ ɪɟɞɭɤɬɨɪɚ 

 

 
 

Ɋɢɫ. 2. ɋɯɟɦɚ ɦɟɯɚɧɢɡɦɚ ɩɟɪɟɤɥɸɱɟɧɢɹ ɩɟɪɟɞɚɱ 
 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɡɭɛɱɚɬɵɟ ɩɟɪɟɞɚɱɢ ɛɵɜɚɸɬ 
ɩɪɹɦɨɡɭɛɵɟ, ɤɨɫɨɡɭɛɵɟ ɢ ɲɟɜɪɨɧɧɵɟ Д4,5]. ȼ 
ɡɚɰɟɩɥɟɧɢɢ ɩɪɢ ɩɟɪɟɞɚɱɟ ɜɪɚɳɚɸɳɟɝɨ ɦɨ-
ɦɟɧɬɚ ɜɨɡɧɢɤɚɸɬ ɫɢɥɵ: ɨɤɪɭɠɧɚɹ ɢ ɪɚɞɢɚɥɶ-
ɧɚɹ – ɜ ɩɪɹɦɨɡɭɛɵɯ ɢ ɲɟɜɪɨɧɧɵɯ; ɨɤɪɭɠɧɚɹ, 
ɪɚɞɢɚɥɶɧɚɹ ɢ ɨɫɟɜɚɹ – ɜ ɤɨɫɨɡɭɛɵɯ. Ⱦɥɹ ɢɯ 
ɨɩɪɟɞɟɥɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɫɥɟɞɭɸɳɢɟ ɮɨɪɦɭ-
ɥɵ: 

wt dT2F  ;  wtwr dTtg2F  ;

wa dTtg2F  , 

ɝɞɟ tF , rF , aF  – ɫɢɥɵ ɨɤɪɭɠɧɚɹ, ɪɚɞɢ-

ɚɥɶɧɚɹ ɢ ɨɫɟɜɚɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; wd  – ɧɚ-

ɱɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɡɭɛɱɚɬɵɯ ɤɨɥɟɫ; tw – ɭɝɨɥ 

ɡɚɰɟɩɥɟɧɢɹ;  – ɭɝɨɥ ɧɚɤɥɨɧɚ ɥɢɧɢɢ ɡɭɛɚ. 
 

 
 

Ɋɢɫ. 3. ɋɯɟɦɚ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɜɹɡɢ 
 

Иɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟ-
ɦɵɦ ɞɥɹ ɞɚɧɧɨɝɨ ɫɥɭɱɚɹ ɩɟɪɟɤɥɸɱɟɧɢɹ ɩɟɪɟ-
ɞɚɱ ɹɜɥɹɟɬɫɹ ɲɟɜɪɨɧɧɨɟ ɡɚɰɟɩɥɟɧɢɟ, ɜ ɤɨɬɨ-
ɪɨɦ ɨɫɟɜɵɟ ɫɢɥɵ ɭɪɚɜɧɨɜɟɲɟɧɵ (ɲɟɫɬɟɪɧɹ 1 
ɡɚɤɪɟɩɥɟɧɚ ɧɚ ɜɚɥɭ ɧɟɩɨɞɜɢɠɧɨ ɜ ɨɫɟɜɨɦ ɧɚ-
ɩɪɚɜɥɟɧɢɢ). 

ȼ ɨɫɧɨɜɭ ɪɚɫɱɟɬɚ ɞɚɧɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɦɨ-
ɠɟɬ ɛɵɬɶ ɩɪɢɧɹɬɚ ɞɨɥɝɨɜɟɱɧɨɫɬɶ hL  ɜ ɱɚɫɚɯ 
Д4] 

  pe
5

h FCn610L  , 

ɝɞɟ n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɦɢɧ-1; p  = 
3,33; C  – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɪɚɛɨ-
ɬɨɫɩɨɫɨɛɧɨɫɬɢ H ; eF  – ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɧɚ-
ɝɪɭɡɤɚ. ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ 
ɮɨɪɦɭɥɟ 

  ɬarve KKyFFхKF  , 
ɝɞɟ ɭ,х  – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɞɢɚɥɶɧɨɣ ɢ 

ɨɫɟɜɨɣ ( 0Fa  ) ɫɢɥ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ( 4,0х 
); vK  – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɟɬɚ ɜɪɚɳɟɧɢɹ ɞɟɬɚ-

ɥɟɣ 2 ɢɥɢ 4; K  – ɤɨɷɮɮɢɰɢɟɧɬ ɛɟɡɨɩɚɫɧɨ-

ɫɬɢ (ɞɥɹ ɪɟɞɭɤɬɨɪɨɜ 5,1...3,1K  ); ɬK  – 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ( 25,1K ɬ   ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 2000ɋ) Д4,6]. 
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Ɋɢɫ. 4. Ɉɩɪɟɞɟɥɟɧɢɟ ɬɨɱɟɤ ɩɪɢɥɨɠɟɧɢɹ ɫɢɥ 
 

ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɪɚɞɢɚɥɶɧɨɣ ɫɢɥɵ rF  ɜ ɦɟ-
ɯɚɧɢɡɦɟ ɜɨɡɧɢɤɚɟɬ ɜɧɭɬɪɟɧɧɹɹ ɨɫɟɜɚɹ ɫɢɥɚ 

sF  (ɫɦ. ɪɢɫ. 4), ɤɨɬɨɪɭɸ ɫɥɟɞɭɟɬ ɩɪɢɥɨɠɢɬɶ ɤ 
ɩɨɥɡɭɧɭ 5. ɉɨɹɫɧɟɧɢɹ ɤ ɨɛɨɡɧɚɱɟɧɢɹɦ ɪɚɡɦɟ-
ɪɨɜ ɢ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɪɢɫɭɧɤɟ 4 – ɫɦ. Д7,8]. 

Ⱦɥɹ ɭɬɨɱɧɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɟɪɢɸ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

ȼыɜɨɞы 
ɉɪɟɞɥɨɠɟɧɚ ɢ ɨɛɨɫɧɨɜɚɧɚ ɩɪɨɫɬɚɹ ɢ ɧɚ-

ɞɟɠɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɦɟɯɚɧɢɡɦɚ ɩɟɪɟɤɥɸɱɟɧɢɹ 
ɩɟɪɟɞɚɱ ɜ ɪɟɞɭɤɬɨɪɟ. Ɍɟɦ ɫɚɦɵɦ, ɩɨɹɜɥɹɟɬɫɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɬɶ ɪɟɞɭɤɬɨɪ ɫ ɩɟɪɟɦɟɧ-
ɧɵɦ ɩɟɪɟɞɚɬɨɱɧɵɦ ɱɢɫɥɨɦ ɢ ɫ ɟɝɨ ɩɨɦɨɳɶɸ 
ɭɩɪɚɜɥɹɬɶ ɫɤɨɪɨɫɬɹɦɢ ɪɚɛɨɱɢɯ ɨɩɟɪɚɰɢɣ: ɫɤɨ-
ɪɨɫɬɢ ɤɪɚɧɚ, ɤɪɚɧɨɜɨɣ ɬɟɥɟɠɤɢ ɢ ɞɪ.  
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