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ȼɜɟɞɟɧɢɟ. ɇɟɨɫɩɨɪɢɦɨ, ɱɬɨ ɫ ɰɟɥɶɸ ɷɤɨɧɨɦɢɢ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨɥɟɡɧɨ ɭɜɟɥɢɱɢɜɚɬɶ ɄɉȾ ɷɥɟɤ-
ɬɪɨɭɫɬɚɧɨɜɤɢ ɢɥɢ ɭɥɭɱɲɚɬɶ ɭɞɟɥɶɧɵɟ ɦɚɫɫɨɝɚɛɚ-
ɪɢɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. ȼɦɟɫɬɟ ɫ ɬɟɦ 
ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɝɨ 
ɭɫɥɨɜɢɹ ɜɡɝɥɹɞ ɧɚ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɱɟɧɶ ɭɫɥɨɠɧɹ-
ɟɬɫɹ. ȼɨɡɦɨɠɧɵ ɪɚɡɥɢɱɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɜɚɪɢɚɧɬɵ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɢɩɨɜ ɞɜɢɝɚɬɟɥɟɣ, ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟ-
ɧɢɹ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɦɨɳɧɨɫɬɢ ɢ ɬ. ɞ. Ʉɚɠɞɨɟ 
ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɞɨɤɚɡɚɧɨ ɫ ɬɨɱ-
ɤɢ ɡɪɟɧɢɹ ɜɟɥɢɱɢɧɵ ɫɬɨɢɦɨɫɬɢ ɢ ɩɨɞɱɢɧɹɬɶɫɹ ɧɟ-
ɤɨɬɨɪɵɦ ɧɨɜɵɦ ɫɬɚɧɞɚɪɬɚɦ Д1– 4]. 

КɉȾ ɢ ɭɞɟɥɶɧɵɣ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ. 
ɉɪɟɠɞɟ ɱɟɦ ɨɛɫɭɞɢɬɶ ɤɚɠɞɨɟ ɤɨɧɤɪɟɬɧɨɟ ɪɟɲɟɧɢɟ, 
ɫɮɨɪɦɭɥɢɪɭɟɦ ɧɟɤɨɬɨɪɵɟ ɨɛɳɢɟ ɦɨɦɟɧɬɵ Д5–8]. 
ɄɉȾ ɞɜɢɝɚɬɟɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ ɜɵɯɨɞ-
ɧɨɣ (ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ) ɤ ɜɯɨɞɧɨɣ ɷɥɟɤɬɪɢ-
ɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ Д5]: 

η = ωȼ

ωȼ + ܲ ൗܯ ܯ      ; =  ሺωȼሻ.                                ሺͳሻܯ
ȼ ɭɪɚɜɧɟɧɢɢ (1) ɄɉȾ η ɩɪɟɞɫɬɚɜɥɟɧ ɤɚɤ 

ɮɭɧɤɰɢɹ ɫɤɨɪɨɫɬɢ ɜɚɥɚ ωȼ, ɜɪɚɳɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ܯ ɢ ɫɭɦɦɚɪɧɵɯ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ܲ. ȼɪɚɳɚɸɳɢɣ 
ɦɨɦɟɧɬ ܯ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ 
ωȼ, ɭɦɟɧɶɲɚɹɫɶ, ɤɨɝɞɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɤɨɪɨɫɬɶ. 
ɉɨɷɬɨɦɭ ɩɪɟɠɞɟ ɱɟɦ ɫɪɚɜɧɢɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɞɜɭɯ ɬɢɩɨɜ ɞɜɢɝɚɬɟɥɟɣ, ɧɚɞɨ ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɫɤɨ-

ɪɨɫɬɶ ɜɚɥɚ. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɩɨɦɧɢɬɶ ɧɚ ɩɪɚɤɬɢɤɟ, 
ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɫɢɫɬɟɦɭ ɜ ɰɟɥɨɦ, 
ɚ ɧɟ ɬɨɥɶɤɨ ɞɜɢɝɚɬɟɥɶ, ɩɨɷɬɨɦɭ ɩɟɪɜɵɦ ɲɚɝɨɦ ɜ 
ɭɥɭɱɲɟɧɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɨɧɤɪɟɬɧɨɣ ɫɢɫɬɟɦɵ 
ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɩɪɚɜɢɥɶɧɨɫɬɶ ɩɪɢɧɹɬɨɣ ɫɤɨɪɨɫɬɢ 
ɜɚɥɚ. 

ȼ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɧɨɦɢɧɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ 
ɫɤɨɪɨɫɬɢ ωɇ ɡɚɞɚɧɚ ɬɟɯɧɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ, ɦɚɤ-
ɫɢɦɭɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, 
ɨɰɟɧɢɜɚɟɦɨɣ ɜɟɥɢɱɢɧɨɣ ɄɉȾ, ɷɤɜɢɜɚɥɟɧɬɟɧ ɦɚɤ-
ɫɢɦɭɦɭ ɜɪɚɳɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ܯ ɩɪɢ ɞɨɩɭɫɬɢɦɨɣ 
ɜɟɥɢɱɢɧɟ ɪɚɫɫɟɢɜɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ܯ ܲൗ . Ɋɚɫɫɟɢɜɚ-
ɧɢɟ ɦɨɳɧɨɫɬɢ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚ-
ɠɟɧɨ ɜɟɥɢɱɢɧɨɣ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɜɧɟɲɧɟɣ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ ʹ ∙ ߨ ∙ ܴ ∙ ݈, ɝɞɟ ݈ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɚɤɬɢɜɧɭɸ ɞɥɢɧɭ ɞɜɢɝɚɬɟɥɹ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ݇௜ ɫɨ-
ɨɬɜɟɬɫɬɜɭɟɬ ɭɞɟɥɶɧɨɦɭ ɪɚɫɫɟɢɜɚɧɢɸ ɦɨɳɧɨɫɬɢ 
(ȼɚɬɬ/ɦ2), ɱɬɨ ɨɬɪɚɠɟɧɨ ɜ ɭɪɚɜɧɟɧɢɢ: ܲ = ݇௜ ∙ ʹ ∙ ߨ ∙ ܴ ∙ ݈ .                        ሺʹሻ 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɧɹɬɨɝɨ ɫɩɨɫɨɛɚ ɨɯɥɚɠ-
ɞɟɧɢɹ (ɟɫɬɟɫɬɜɟɧɧɨɟ, ɨɛɞɭɜ, ɜɨɞɹɧɨɟ ɢ ɬ.ɞ.) ɦɚɤɫɢ-
ɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ݇௜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɞɨɩɭɫɬɢ-
ɦɨɟ ɩɪɟɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ. Ʉɚɤ ɬɨɥɶɤɨ ܴ ɢ ݈ 
ɭɫɬɚɧɨɜɥɟɧɵ, ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɚɤɬɢɜɧɵɣ 
ɨɛɴɟɦ ɞɜɢɝɚɬɟɥɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɛɨɪ ݇௜ ɢɦɟɟɬ 
ɨɬɧɨɲɟɧɢɟ ɤɚɤ ɤ ɚɤɬɢɜɧɨɦɭ ɨɛɴɟɦɭ ɞɜɢɝɚɬɟɥɹ ߨ ∙ ܴଶ ∙ ݈, ɬɚɤ ɢ ɤ ɞɨɩɭɫɬɢɦɨɦɭ ɪɚɫɫɟɢɜɚɧɢɸ ܲ, ɧɚ 
ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɫɥɟɞɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ: 

ɍȾɄ 62-83::621.313.3   
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ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɭɞɟɥɶɧɵɟ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɪɚɡɧɵɯ ɬɢɩɨɜ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɢ 
ɩɭɬɢ ɢɯ ɭɥɭɱɲɟɧɢɹ. Ⱦɥɹ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɭɞɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫ ɜɨɡɛɭɠɞɟɧɢɟɦ 
ɨɬ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ ɛɵɥ ɜɵɛɪɚɧ ɤɪɢɬɟɪɢɣ ɦɢɧɢɦɭɦɚ ɫɭɦɦɚɪɧɵɯ ɩɨɬɟɪɶ, ɤɨɬɨɪɵɣ ɪɚɧɟɟ ɩɪɟɞɥɚɝɚɥ-
ɫɹ ɩɪɨɮɟɫɫɨɪɨɦ ȼɚɝɚɬɢ. ɍɞɨɛɫɬɜɨ ɷɬɨɝɨ ɤɪɢɬɟɪɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɨɧ ɩɨɡɜɨɥɹɟɬ, ɧɟ ɩɪɢɛɟɝɚɹ ɤ ɫɥɨɠ-
ɧɵɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɪɚɫɱɟɬɚɦ, ɜɵɛɢɪɚɬɶ ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɨɦɢɧɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ. Ⱦɥɹ ɫɨɩɨɫ-
ɬɚɜɥɟɧɢɹ ɭɞɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɚɫɢɧɯɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɛɵɥɨ ɜɵɛɪɚɧɨ ɜɵɪɚɠɟɧɢɟ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ, ɩɪɟɞɥɨɠɟɧɧɨɟ ɩɪɨɮɟɫɫɨɪɨɦ Ʉɨɩɵɥɨɜɵɦ ɞɥɹ ɤɥɚɫɫɢɱɟɫɤɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɦɚɲɢɧ. ɍɪɚɜɧɟɧɢɟ, ɭɫɬɚɧɚɜɥɢɜɚɸɳɟɟ ɫɜɹɡɶ ɦɟɠɞɭ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɦɨɦɟɧɬɨɦ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɚ-
ɪɚɦɟɬɪɚɦɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ, ɩɨɡɜɨɥɢɥɨ ɜɵɞɟɥɢɬɶ «ɫɥɚɛɵɟ» ɡɜɟɧɶɹ ɜ ɚɫɢɧɯɪɨɧɧɨɦ ɞɜɢɝɚɬɟɥɟ ɢ 
ɨɛɴɹɫɧɢɬɶ ɟɝɨ ɩɪɟɞɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ. ȼ ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ ɫ ɫɢɧɯɪɨɧɧɵɦ ɪɟɚɤɬɢɜɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɧɟɡɚɜɢ-
ɫɢɦɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɨɛɪɚɳɚɟɬɫɹ ɜɧɢɦɚɧɢɟ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɜɵɫ-
ɲɢɦɢ ɝɚɪɦɨɧɢɤɚɦɢ ɬɨɤɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɨɟɤɬɢɪɭɹ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɦɚɲɢɧɵ ɫ ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɨ-
ɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢ ɞɜɢɝɚɬɟɥɹ, ɦɨɠɧɨ ɭɥɭɱɲɢɬɶ ɭɞɟɥɶɧɵɟ ɩɨɤɚɡɚ-
ɬɟɥɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɞɨ 30 %. ȼ ɪɚɛɨɬɟ ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɧɨɜɵɯ ɩɨɞɯɨɞɨɜ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɪɚɫɲɢɪɟɧɢɸ ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɝɨ ɩɪɢɦɟɧɟɧɢɸ ɧɚ ɨɛɴɟɤɬɚɯ 
ɫ ɬɹɠɟɥɵɦɢ ɢ ɫɜɟɪɯɬɹɠɟɥɵɦɢ ɭɫɥɨɜɢɹɦɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɭɞɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ; ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɫ ɫɢɧɯɪɨɧɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɚɲɢɧɨɣ ɧɟɡɚɜɢ-
ɫɢɦɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ; ɚɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ; ɩɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ. 
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* Ɋɚɛɨɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ ɊɎ (ɋɨɝɥɚɲɟɧɢɟ № 16.120.11.6780-ɆɄ

ɨɬ 01 ɮɟɜɪɚɥɹ 2012). 
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ܸܲ = ʹ ∙ ݇௜ܴ .                                ሺ͵ሻ 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ܴ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɭɜɟ-
ɥɢɱɢɜɚɟɬɫɹ ɨɱɟɧɶ ɛɵɫɬɪɨ Д8]. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨ-
ɬɨɬɢɩɨɦ, ɤɨɬɨɪɵɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɫɯɨɞɧɵɦ ɩɚɪɚ-
ɦɟɬɪɚɦ (݇௜଴, ܴ଴, ଴ܲ, -ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɨɦ ݇௜ (ɧɚ ܯ ଴), ɬɨɬ ɠɟ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬܯ
ɩɪɢɦɟɪ, Ͳ,ͷ ∙ ݇௜଴), ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɧɟɛɨɥɶɲɢɦ ɩɪɢ-
ɪɚɳɟɧɢɟɦ ɜɧɟɲɧɟɝɨ ɪɚɞɢɭɫɚ (ɧɚɩɪɢɦɟɪ, ͳ,ͳͷ ∙ ܴ଴). 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɫɧɢɠɚɸɬɫɹ ɩɨɱ-
ɬɢ ɧɚ 60 %, ɬɨɝɞɚ ɤɚɤ ɄɉȾ ɩɨɜɵɲɚɟɬɫɹ ɫɨɝɥɚɫɧɨ 
ɭɪɚɜɧɟɧɢɸ (1). ɉɪɢ ɷɬɨɦ ɭɞɟɥɶɧɵɣ ɦɨɦɟɧɬ (ɜɪɚ-
ɳɚɸɳɢɣ ɦɨɦɟɧɬ/ɨɛɴɟɦ) ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɷɬɨɦ ɫɥɭ-
ɱɚɟ ɩɨɱɬɢ ɧɚ 75 %. ȼ ɢɬɨɝɟ ɩɪɢ ɡɚɞɚɧɧɨɦ ɜɪɚɳɚɸ-
ɳɟɦ ɦɨɦɟɧɬɟ ɢ ɫɤɨɪɨɫɬɢ ɥɭɱɲɢɣ ɄɉȾ ɦɨɠɟɬ ɩɨ-
ɥɭɱɚɬɶɫɹ ɩɪɨɫɬɵɦ ɫɧɢɠɟɧɢɟɦ ɭɞɟɥɶɧɨɝɨ 
ɜɪɚɳɚɸɳɟɝɨ ɦɨɦɟɧɬɚ. ɇɚ ɩɪɚɤɬɢɤɟ ɬɚɤɢɦ ɩɭɬɟɦ 
(ɭɜɟɥɢɱɟɧɧɵɦɢ ɡɚɬɪɚɬɚɦɢ ɧɚ ɦɟɞɶ ɢ ɠɟɥɟɡɨ) ɢɞɬɢ 
ɧɟɷɤɨɧɨɦɢɱɧɨ: ɫɥɟɞɭɟɬ ɩɨɦɧɢɬɶ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɛɨɥɶɲɟ ɷɧɟɪɝɢɢ ɡɚɬɪɚɱɟɧɨ, ɧɚɩɪɢɦɟɪ, ɜ ɩɪɨɢɡɜɨɞ-
ɫɬɜɟɧɧɨɦ ɩɪɨɰɟɫɫɟ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɩɪɟɧɟɛɪɟɝɚɬɶ 
ɜɟɥɢɱɢɧɨɣ ɭɞɟɥɶɧɨɝɨ ɜɪɚɳɚɸɳɟɝɨ ɦɨɦɟɧɬɚ ɧɟ 
ɫɥɟɞɭɟɬ, ɧɚɞɨ ɰɟɧɢɬɶ ɷɬɨɬ ɩɨɤɚɡɚɬɟɥɶ. 

ȼɬɨɪɨɟ ɜɚɠɧɨɟ ɫɥɟɞɫɬɜɢɟ – ɫɪɚɜɧɟɧɢɟ ɪɚɡɧɵɯ 
ɞɜɢɝɚɬɟɥɟɣ ɩɨ ɄɉȾ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɩɪɢ ɪɚɜ-
ɧɵɯ ɜɧɟɲɧɢɯ ɪɚɡɦɟɪɚɯ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɦɨɝɭɬ 
ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɧɟɩɪɚɜɢɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. ɋ ɞɪɭ-
ɝɨɣ ɫɬɨɪɨɧɵ, ɬɨɥɶɤɨ ɜɵɛɨɪɨɦ ܯ ܲൗ  ɦɨɠɧɨ ɭɥɭɱ-
ɲɢɬɶ ɤɚɤ ɜɪɚɳɚɸɳɢɣɫɹ ɦɨɦɟɧɬ, ɬɚɤ ɢ ɄɉȾ. 

Ȼɟɫɤɨɧɬɚɤɬɧɵɣ ɫɢɧхɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɫ 
ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ. ɗɬɨɬ ɬɢɩ ɞɜɢɝɚɬɟɥɹ 
ɩɨɹɜɢɥɫɹ ɜ ɧɚɱɚɥɟ 80-ɯ ɧɚ ɪɵɧɤɟ ɫɟɪɜɨɩɪɢɜɨɞɨɜ. ȼ 
ɨɬɥɢɱɢɟ ɨɬ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɨɧ ɨɛɵɱɧɨ 
ɢɦɟɧɨɜɚɥɫɹ ɛɟɫɤɨɧɬɚɤɬɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɩɨɫɬɨɹɧɧɨ-
ɝɨ ɬɨɤɚ. ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɹ 
ɞɜɢɝɚɬɟɥɹ, ɤɨɝɞɚ ɩɨɫɬɨɹɧɧɵɟ ɦɚɝɧɢɬɵ ɪɚɡɦɟɳɚɸɬ-
ɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɨɬɨɪɚ.  

ȼ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɯ ɧɚɢ-
ɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ ɫɩɨɫɨɛɚ ɭɩɪɚɜɥɟɧɢɹ: 
ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɫ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɗȾɋ ɢ 
ɫɤɚɥɹɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɫ ɬɪɚɩɟɰɢɟɜɢɞɧɨɣ ɗȾɋ. ȼ 
ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɬɪɟɛɭɟɬɫɹ ɤɨɦɦɭɬɢɪɭɟɦɵɣ ɢɧɜɟɪ-
ɬɨɪ. ɇɚɢɛɨɥɟɟ ɡɚɦɟɬɧɨ ɩɪɟɢɦɭɳɟɫɬɜɚ ɛɟɫɳɟɬɨɱɧɨ-
ɝɨ ɞɜɢɝɚɬɟɥɹ ɩɪɨɹɜɥɹɸɬɫɹ ɩɪɢ ɢɞɟɚɥɶɧɨɦ ɩɢɬɚɧɢɢ, 
ɤɚɤɢɦ ɹɜɥɹɟɬɫɹ ɜɟɤɬɨɪɧɨɟ ɬɨɤɨɜɨɟ ɭɩɪɚɜɥɟɧɢɟ. 
Ʉɪɚɬɧɵɟ ɬɪɟɦ ɝɚɪɦɨɧɢɤɢ ɞɨɩɭɫɤɚɸɬɫɹ ɜ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɢ ɮɚɡɨɜɵɯ ɨɛɦɨɬɨɤ ɢ ɜ ɤɪɢɜɨɣ ɢɧɞɭɤɰɢɢ ɜ 
ɜɨɡɞɭɲɧɨɦ ɡɚɡɨɪɟ. Иɯ ɩɪɢɫɭɬɫɬɜɢɟ ɭɜɟɥɢɱɢɜɚɟɬ 
ɩɟɪɜɭɸ ɝɚɪɦɨɧɢɤɭ ɜ ɤɪɢɜɨɣ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ. 
Ɋɟɚɥɢɡɚɰɢɹ ɧɭɠɧɨɣ ɮɨɪɦɵ ɮɚɡɧɨɝɨ ɬɨɤɚ ɦɨɠɟɬ 
ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɟɨɛɪɚɡɨ-
ɜɚɬɟɥɹɯ, ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ Д9–11]. 

Ɇɚɝɧɢɬɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɨɬɨɪɚ ɪɚɡɦɟɳɟɧɵ, 
ɤɚɤ ɩɨɤɚɡɚɧɨ ɫɯɟɦɚɬɢɱɟɫɤɢ ɧɚ ɪɢɫ. 1. Ɉɬɫɭɬɫɬɜɢɟ 
ɩɨɬɟɪɶ ɧɚ ɜɨɡɛɭɠɞɟɧɢɟ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɜɨɛɨɞɚ ɢɯ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɧɚ ɪɨɬɨɪɟ ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɨɜɵɲɟ-
ɧɢɸ ɨɬɧɨɲɟɧɢɹ ܯ ܲൗ  . 

 
 

Ɋɢɫ. 1. ɋхɟɦɚɬɢчɟɫɤɢɣ ɪɚɡɪɟɡ 
 ɛɟɫɤɨɧɬɚɤɬɧɨɝɨ ɫɢɧхɪɨɧɧɨɝɨ 

 ɞɜɢɝɚɬɟɥя ɫ ɩɨɫɬɨяɧɧɵɦɢ 
 ɦɚɝɧɢɬɚɦɢ (ɫɦ. Д5]) 

 
Ⱥɧɚɥɢɡ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɨɫɬɨɹɧɢɹ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ ɞɜɢɝɚɬɟɥɹ ɫ ɰɟɥɶɸ ɞɨɫ-
ɬɢɠɟɧɢɹ ɨɩɬɢɦɭɦɚ ɄɉȾ ɢ ɭɞɟɥɶɧɨɝɨ ɦɨɦɟɧɬɚ 
ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ, ɩɨɥɶɡɭɹɫɶ ɫɥɟɞɭɸɳɢɦɢ ɫɨɨɬ-
ɧɨɲɟɧɢɹɦɢ Д5]:  

Ψ௠ௗ = ߨ ∙ ݎ ∙ ݈ ∙ ܰ√͵ ∙ ݌ ∙ ௣௟ܤ ௣௟ܤ          ; = √ʹ͵ ∙ ; ௣ܤ                             ሺͶሻ ܯ = ͵ʹ ∙ ݌ ∙ Ψ௠ௗ ∙ ݅௦௤ ,                        ሺͷሻ 
ɝɞɟ Ψ௠ௗ   – ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɜɨɡɞɭɲɧɨɝɨ 
ɡɚɡɨɪɚ ܤ௣௟  (ɩɟɪɜɨɣ ɝɚɪɦɨɧɢɤɢ); ܰ – ɱɢɫɥɨ ɜɢɬɤɨɜ ɧɚ ɮɚɡɭ; ݎ – ɪɚɞɢɭɫ ɡɚɡɨɪɚ; ݌ – ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ. 

ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧ ɫɯɟɦɚɬɢɱɟɫɤɢɣ ɪɚɡɪɟɡ ɛɟɫ-
ɤɨɧɬɚɤɬɧɨɝɨ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫ ɩɨɫɬɨɹɧɧɵ-
ɦɢ ɦɚɝɧɢɬɚɦɢ. Ɇɚɝɧɢɬɧɚɹ ɢɧɞɭɤɰɢɹ ɜɨɡɞɭɲɧɨɝɨ 
ɡɚɡɨɪɚ ܤ௣ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ܤ௥  ɢ ɞɥɢɧɵ ɦɚɝɧɢɬɨɜ ݈௠ 
(ɢɡɦɟɧɟɧɢɟ ɆȾɋ ɜ ɠɟɥɟɡɟ ɭɱɬɟɧɨ). 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɬɚɤ ɤɚɤ ɪɟɞɤɨɡɟɦɟɥɶɧɵɟ 
ɦɚɝɧɢɬɵ ɨɱɟɧɶ ɞɨɪɨɝɢɟ, ɢɯ ɨɛɴɟɦ ɞɨɥɠɟɧ ɛɵɬɶ 
ɨɝɪɚɧɢɱɟɧ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɨɛɴ-
ɟɦɟ ɦɚɝɧɢɬɚ ɞɥɢɧɚ ɦɚɝɧɢɬɚ ݈௠ ɫɬɚɧɨɜɢɬɫɹ ɮɭɧɤɰɢ-
ɟɣ ɪɚɞɢɭɫɚ ɪɨɬɨɪɚ ݎ. Ɉɬɧɨɲɟɧɢɟ ɜɧɭɬɪɟɧɧɟɝɨ ɞɢɚ-
ɦɟɬɪɚ ɤ ɜɧɟɲɧɟɦɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ  ݔ = ݎܴ . 

ɉɨɬɨɤɨɫɰɟɩɥɟɧɢɟ Ψ௠ௗ  ɛɭɞɟɬ ɮɭɧɤɰɢɟɣ ݔ 
 Ψ௠ௗሺݔሻ = ݔ ∙  ሻ.                      ሺ͸ሻݔ௣ሺܤ

Ɇɨɳɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ܲ ɜɤɥɸɱɚɟɬ ɬɟɩɥɨɜɵɟ 
ɩɨɬɟɪɢ ɢ ɩɨɬɟɪɢ ɜ ɫɬɚɥɢ ɫɟɪɞɟɱɧɢɤɚ ܲ − ௙ܲ௘ = ͵ʹ ∙ ܴ௦ ∙ ݅௦௤ଶ ;       ܴ௦ = ௦ିܣ ଵሺݔሻ.                                 ሺ͹ሻ 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɮɚɡɵ ܴ௦ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɨ ɩɥɨɳɚɞɢ ɩɚɡɚ ܵ.  



Ƚɪɢɝɨɪɶɟɜ М.А.                                              Уɞɟɥɶɧɵɟ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 
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ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɨɬɟɪɢ ɜ ɫɬɚɥɢ ɫɟɪɞɟɱɧɢɤɚ  ௙ܲ௘  ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɩɨ ɮɨɪɦɭɥɟ: ௙ܲ௘ሺxሻ = ℎሺωሻ ∙ ୷ଶܤ ∙ ௦ܸ(б),                   (8) 
ɝɞɟ ℎሺωሻ – ɤɨɷɮɮɢɰɢɟɧɬ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ «ɩɨɬɟɪɢ/ɨɛɴɟɦ» ɩɪɢ ɢɧɞɭɤɰɢɢ 1 Ɍɥ ɢ ɡɚɜɢ-
ɫɢɬ ɨɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ ω = ݌ ∙ ωȼ. ɇɨɦɢ-
ɧɚɥɶɧɵɣ ɬɨɤ ݅௦௚ ɡɚɜɢɫɢɬ ɨɬ ݔ ɱɟɪɟɡ ɩɨɬɟɪɢ ɜ ɫɟɪ-
ɞɟɱɧɢɤɟ ɢ ɩɥɨɳɚɞɶ ɩɚɡɚ: ݅௦௚ = ටP − ௙ܲ௘ሺxሻ ∙ ඥܣ௦ሺݔሻ .               ሺ9ሻ 

Иɡ (6) ɢ (9) ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɹɜɥɹɟɬɫɹ 
ɮɭɧɤɰɢɟɣ б, ɨɩɬɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɞɚɟɬ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɪɚɳɚɸɳɢɣɫɹ ɦɨɦɟɧɬ ɢ, ɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ, ɄɉȾ. 

ȼ Д5] ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɱɢɬɚɧɵ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɚ б ɜɟɥɢɱɢɧɵ ɦɨɦɟɧɬɚ ɞɜɢɝɚɬɟɥɹ 
ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ: ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɚɥɚ 
ωȼ = ʹͲͲͲ ɨɛ ɦɢɧ⁄ , ɱɚɫɬɨɬɟ ɧɚ ɫɬɚɬɨɪɟ 50 Ƚɰ, ɩɨ-
ɬɟɪɹɯ ɜ ɠɟɥɟɡɟ 2,5 ȼɚɬɬ/ɤɝ, ɭɞɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ 
ɪɚɫɫɟɢɜɚɧɢɹ ݇௜ = ͶͲͲͲ ȼɚɬɬ ɦଶ⁄  ɩɪɢ ɬɟɦɩɟɪɚɬɭɪ-
ɧɨɦ ɩɟɪɟɝɪɟɜɟ 100 °ɋ, ɟɫɬɟɫɬɜɟɧɧɨɦ ɨɯɥɚɠɞɟɧɢɢ 
ɞɜɢɝɚɬɟɥɹ, ɦɚɬɟɪɢɚɥɟ ɦɚɝɧɢɬɨɜ NНFОB. ɗɬɢ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2. Ʉɪɢɜɵɟ ɪɢɫ. 2 
ɢɦɟɸɬ ɦɚɤɫɢɦɭɦɵ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɱɢɫɥɚ ɩɚɪ 
ɩɨɥɸɫɨɜ. Ʌɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɭ ɚɜɬɨɪɚ ɞɨɫɬɢɝɧɭɬɵ 
ɩɪɢ ݌ = ͵ ɢ ݌ = Ͷ. 

 

 
 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢчɢɧɵ ɦɨɦɟɧɬɚ 
 ɞɜɢɝɚɬɟɥя  ɨɬ б ɩɪɢ ૑ȼ = ૛૙૙૙ ɨɛ ɦɢɧ⁄ ,  

ɦɚɬɟɪɢɚɥ ɦɚɝɧɢɬɨɜ NdFeB 
 
Ⱥɫɢɧхɪɨɧɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ. ɋɨɜɪɟɦɟɧɧɵɣ 

ɚɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞ – ɷɬɨ ɫɢɫɬɟɦɚ, ɩɨ-
ɫɬɪɨɟɧɧɚɹ ɩɨ ɫɯɟɦɟ «ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ 
ɢɧɜɟɪɬɨɪɧɨɝɨ ɬɢɩɚ – ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ». Ⱦɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɲɢɪɨɤɨɝɨ ɞɢɚɩɚɡɨɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬɚɦɢ. 
ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɯ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨ-
ɦɟɧɬɚ ɨɬ ɬɨɤɚ ɫɬɚɬɨɪɚ ɹɜɥɹɟɬɫɹ ɩɪɢɛɥɢɠёɧɧɨ ɨɞɢ-
ɧɚɤɨɜɨɣ ɜɨ ɜɫёɦ ɞɢɚɩɚɡɨɧɟ ɭɫɬɚɜɨɤ ɡɚɞɚɧɢɹ ɫɤɨɪɨ-
ɫɬɢ. ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɚɫɢɧɯɪɨɧ-
ɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ ɢɞёɬ ɩɨ ɩɭɬɢ ɚɞɚɩɬɚɰɢɢ 
ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɤ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɸ ɱɚɫ-
ɬɨɬɵ Д4]. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɭɥɭɱɲɚɬɶ ɭɞɟɥɶɧɵɟ 
ɩɨɤɚɡɚɬɟɥɢ ɚɫɢɧɯɪɨɧɧɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɫɬɚɧɨ-
ɜɢɬɫɹ ɫɥɨɠɧɟɟ. ɗɬɢ ɩɨɤɚɡɚɬɟɥɢ ɞɨɫɬɢɝɚɸɬɫɹ ɡɚ 
ɫɱɟɬ ɭɥɭɱɲɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɥɟɤɬɪɨɢɡɨɥɹɰɢ-
ɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ɋɚɫɫɦɨɬɪɢɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨ-
ɝɨ ɦɨɦɟɧɬɚ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɪɚɛɨɬɚɸɳɟɝɨ 
ɜ ɨɩɬɢɦɚɥɶɧɨɣ ɬɨɱɤɟ (ɩɪɢ ɧɨɦɢɧɚɥɶɧɵɯ ɧɚɩɪɹɠɟ-
ɧɢɢ, ɱɚɫɬɨɬɟ ɢ ɧɚɝɪɭɡɤɟ) Д8]: 

2
δ δ δ ɜ ɨɛM Кl D A B Ф Ф , 

ɝɞɟ l, DК – ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɚɤɬɢɜɧɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ; A, B – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɧɚɝɪɭɡɤɢ;  
Фȼ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɩɨɥɹ. 

ȼ ɷɬɨɦ ɭɪɚɜɧɟɧɢɢ ɨɛɦɨɬɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
Фɨɛ ɜɜɨɞɢɬɫɹ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɱɟɫɬɶ ɭɤɨɪɨɱɟɧɢɟ 
ɲɚɝɚ ɨɛɦɨɬɤɢ ɢ ɟё ɪɚɫɩɪɟɞɟɥɟɧɢɟ. ɍɤɨɪɨɱɟɧɢɟ 
ɲɚɝɚ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɦɨɬɤɢ ɩɨɡɜɨɥɹɸɬ ɫɧɢɡɢɬɶ 
ɜɥɢɹɧɢɟ ɜɵɫɲɢɯ ɝɚɪɦɨɧɢɤ, ɤɨɬɨɪɵɟ, ɤɚɤ ɢɡɜɟɫɬɧɨ, 
ɜ ɬɪёɯɮɚɡɧɨɣ ɦɚɲɢɧɟ ɫ ɫɢɧɭɫɨɢɞɚɥɶɧɵɦ ɜɨɡɛɭɠ-
ɞɟɧɢɟɦ ɧɟ ɫɨɡɞɚɸɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ. ɋ 
ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɭɤɨɪɨɱɟɧɢɟ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛ-
ɦɨɬɤɢ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɤɢ, 
ɱɬɨ ɢ ɭɱɢɬɵɜɚɟɬɫɹ ɨɛɦɨɬɨɱɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ. ȼ 
ɫɟɪɢɣɧɵɯ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɹɯ ɨɧ ɥɟɠɢɬ ɜ 
ɞɢɚɩɚɡɨɧɟ 0,9…0,95. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɦɨɬɨɱɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɤɚɡɵɜɚɟɬ, ɧɚɫɤɨɥɶɤɨ ɫɧɢɠɚɟɬɫɹ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ Ц-
ɮɚɡɧɨɣ ɦɚɲɢɧɨɣ, ɜ ɤɨɬɨɪɨɣ ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ 
ɨɛɦɨɬɤɚɦ, ɛɵɥ ɛɵ ɧɟɫɢɧɭɫɨɢɞɚɥɶɧɵɦ, ɚ ɱɢɫɥɨ ɮɚɡ 
ɫɬɪɟɦɢɥɨɫɶ ɛɵ ɤ ɛɟɫɤɨɧɟɱɧɨɫɬɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɨɛɦɨɬɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ – ɷɬɨ ɩɥɚɬɚ ɡɚ «ɫɢɧɭ-
ɫɨɢɞɚɥɶɧɨɟ ɜɨɡɛɭɠɞɟɧɢɟ» Д1–3, 8]. 

Ⱦɚɥɶɧɟɣɲɟɟ ɭɥɭɱɲɟɧɢɟ ɩɪɟɞɟɥɶɧɵɯ ɜɨɡɦɨɠ-
ɧɨɫɬɟɣ ɚɫɢɧɯɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫɜɹɡɚɧɨ ɫ 
ɭɥɭɱɲɟɧɢɟɦ ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɲɢɧɵ, ɩɨɡɜɨɥɹɸɳɢɦ 
ɟɳё ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɫɧɢɡɢɬɶ ɜɥɢɹɧɢɟ ɜɵɫɲɢɯ 
ɝɚɪɦɨɧɢɤ ɡɚ ɫɱёɬ ɭɜɟɥɢɱɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ 
ɧɚɝɪɭɡɨɤ. 

ɋɢɧхɪɨɧɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɚɲɢɧɚ ɧɟɡɚɜɢ-
ɫɢɦɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ (ɋɊɆɇȼ). Ⱦɥɹ ɚɧɚɥɢɡɚ ɩɪɟ-
ɞɟɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫ ɋɊɆɇȼ 
Д12–16] ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɦɚɲɢɧɚ 
ɢɦɟɟɬ ɛɟɫɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɮɚɡ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɋɊɆɇȼ ɚɧɚɥɨɝɢɱɧɚ ɨɛɪɚɳёɧɧɨɣ ɦɚɲɢɧɟ ɩɨɫɬɨɹɧ-
ɧɨɝɨ ɬɨɤɚ. Ɍɚɤ ɠɟ, ɤɚɤ ɢ ɜ ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ ɩɨɫɬɨ-
ɹɧɧɨɝɨ ɬɨɤɚ, ɩɨ ɨɛɦɨɬɤɚɦ ɫɬɚɬɨɪɚ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨ-
ɫɬɢ ɩɪɨɩɭɫɤɚɬɶ ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ ɬɨɤ. ȼ ɨɬɥɢɱɢɟ ɨɬ 
ɦɚɲɢɧ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɫ ɫɢɧɭɫɨɢɞɚɥɶɧɵɦ ɜɨɡ-
ɛɭɠɞɟɧɢɟɦ, ɜ ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ ɫ ɋɊɆɇȼ ɝɚɪɦɨɧɢ-
ɱɟɫɤɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨɥɹ ɜɨɡɛɭɠɞɟɧɢɹ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɭɸɬ ɢ ɫɨɡɞɚɸɬ ɩɨɥɟɡɧɵɣ ɦɨɦɟɧɬ. ɉɪɢɱɢɧɚ 
ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɫɬɨɹɧɫɬɜɟ ɭɝɥɚ ɦɨ-
ɦɟɧɬɚ. ɉɨ ɨɰɟɧɤɚɦ Д8, 17], ɜɵɫɲɢɟ ɝɚɪɦɨɧɢɤɢ ɭɜɟ-
ɥɢɱɢɜɚɸɬ ɪɚɡɜɢɜɚɟɦɵɣ ɦɨɦɟɧɬ ɩɪɢɦɟɪɧɨ ɧɚ 23 %. 
ɗɬɚ ɰɢɮɪɚ ɩɨɤɚɡɵɜɚɟɬ ɪɟɚɥɶɧɵɟ ɪɟɡɟɪɜɧɵɟ ɜɨɡ-
ɦɨɠɧɨɫɬɢ ɧɨɜɨɝɨ ɬɢɩɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. 

ɉɨɥɟɡɧɨ ɞɚɬɶ ɮɢɡɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɮɚɤɬɭ 
ɛɨɥɶɲɢɯ ɩɟɪɟɝɪɭɡɨɱɧɵɯ ɦɨɦɟɧɬɨɜ ɪɚɫɫɦɚɬɪɢɜɚɟ-
ɦɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɪɚɫɫɦɨɬɪɢɦ 
ɤɚɪɬɢɧɭ ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɜ ɦɚɲɢɧɟ ɩɨɫɬɨɹɧɧɨɝɨ 
ɬɨɤɚ ɢ ɋɊɆɇȼ.  

ȼɨɡɦɨɠɧɨɫɬɶ ɧɟɡɚɜɢɫɢɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɨɬɨ-
ɤɨɦ ɜɨɡɛɭɠɞɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɜ ɷɥɟɤɬɪɨ-
ɩɪɢɜɨɞɟ ɩɪɟɞɟɥɶɧɵɟ ɩɟɪɟɝɪɭɡɨɱɧɵɟ ɦɨɦɟɧɬɵ, 
ɩɪɟɜɵɲɚɸɳɢɟ ɡɧɚɱɟɧɢɹ 5–6 ɧɨɦɢɧɚɥɨɜ Д16]. 
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Ȼɟɫɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɮɚɡ ɞɜɢɝɚɬɟɥɹ ɩɨɬɪɟɛɭɟɬ 
ɭɫɥɨɠɧɟɧɢɹ ɫɯɟɦɵ ɫɢɥɨɜɵɯ ɰɟɩɟɣ ɩɨɥɭɩɪɨɜɨɞɧɢ-
ɤɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. ɉɟɪɟɯɨɞ ɤ ɤɨɧɟɱɧɨɦɭ 
ɱɢɫɥɭ ɮɚɡ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ ɩɪɢɜɨɞɢɬ ɤ 
ɩɭɥɶɫɚɰɢɹɦ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ. Чɬɨɛɵ 
ɭɱɟɫɬɶ ɜɥɢɹɧɢɟ ɩɭɥɶɫɚɰɢɣ ɧɚ ɜɟɥɢɱɢɧɭ ɦɨɦɟɧɬɚ, ɜ 
Д1, 3] ɭɫɬɚɧɨɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɯɟɦ ɫɢɥɨɜɵɯ ɰɟ-
ɩɟɣ ɨɬ ɱɢɫɥɚ ɮɚɡ. 

ɉɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɨɩɬɢɦɢɡɚɰɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨ-
ɞɨɜ ɫ ɫɢɧɯɪɨɧɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɚɲɢɧɨɣ ɧɟɡɚɜɢɫɢ-
ɦɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ ɜɵɛɨɪ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡ-
ɦɟɪɨɜ ɦɚɲɢɧɵ, ɫɯɟɦ ɫɢɥɨɜɵɯ ɰɟɩɟɣ Д2], ɩɨɡɜɨɥɹɟɬ 
ɭɥɭɱɲɢɬɶ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɧɚ 10–
15 %. 

ɉɪɢ ɫɢɧɬɟɡɟ ɡɚɤɨɧɨɜ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɯɨɞɢɬɫɹ 
ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɨɩɬɢɦɚɥɶɧɚɹ ɮɨɪɦɚ ɥɢɧɟɣɧɨɣ 
ɩɥɨɬɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɬɨɤɚ ɢɦɟɟɬ ɩɪɹɦɨ-
ɭɝɨɥɶɧɭɸ ɮɨɪɦɭ. ȼ ɫɥɭɱɚɟ ɦɧɨɝɨɮɚɡɧɨɣ ɫɯɟɦɵ 
ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɦɨɠɟɬ ɪɚɫ-
ɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɦɧɨɝɨɤɚɧɚɥɶɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜ-
ɥɟɧɢɹ, ɚɧɚɥɨɝɢɱɧɚɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɭ ɩɨɫɬɨɹɧɧɨɝɨ 
ɬɨɤɚ Д19–23]. 

Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɦɨɝɭɬ ɛɵɬɶ ɩɨ-
ɥɭɱɟɧɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɫɢɫɬɟɦ 
ɚɜɬɨɦɚɬɢɤɢ, ɤɨɬɨɪɵɟ ɞɨɫɬɢɝɧɭɬɵ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟ-
ɦɹ Д24–27]. 

Зɚɤɥɸɱɟɧɢɟ. Ɉɛɡɨɪ ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ 
ɩɨɤɚɡɚɥ, ɱɬɨ ɡɚ ɫɱɟɬ ɭɱɟɬɚ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɩɨ-
ɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɣ ɦɚɲɢɧɵ ɭɞɚɟɬɫɹ ɭɥɭɱɲɢɬɶ ɭɞɟɥɶɧɵɟ ɦɚɫɫɨ-
ɝɚɛɚɪɢɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɧɚ (10–20) %.  

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɟɫɥɢ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɷɥɟɤ-
ɬɪɢɱɟɫɤɭɸ ɦɚɲɢɧɭ ɫɨɜɦɟɫɬɧɨ ɫ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨ-
ɜɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɢ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɫɢɧɭɫɨɢ-
ɞɚɥɶɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ, ɦɨɠɧɨ ɬɚɤɠɟ ɭɥɭɱɲɢɬɶ 
ɭɞɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ. ɇɚɩɪɢɦɟɪ, ɜ ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ 
ɫ ɫɢɧɯɪɨɧɧɨɣ ɪɟɚɤɬɢɜɧɨɣ ɦɚɲɢɧɨɣ ɧɟɡɚɜɢɫɢɦɨɝɨ 
ɜɨɡɛɭɠɞɟɧɢɹ ɜ ɦɧɨɝɨɮɚɡɧɨɣ ɫɯɟɦɟ ɨɩɬɢɦɚɥɶɧɨɣ 
ɨɤɚɡɵɜɚɟɬɫɹ ɩɪɹɦɨɭɝɨɥɶɧɚɹ ɮɨɪɦɚ ɬɨɤɚ.  

Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɜ ɫɬɚɬɶɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɦɨ-
ɝɭɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɞɥɹ ɨɛɴɟɤɬɨɜ ɫ ɬɹɠɟɥɵɦɢ 
ɫ ɫɜɟɪɯɬɹɠɟɥɵɦɢ ɭɫɥɨɜɢɹɦɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɝɞɟ 
ɚɤɬɭɚɥɶɧɵ ɜɵɫɨɤɢɟ ɩɟɪɟɝɪɭɡɨɱɧɵɟ ɦɨɦɟɧɬɵ ɢ 
ɭɥɭɱɲɟɧɧɵɟ ɭɞɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ Д21]. 

ɋɭɳɟɫɬɜɭɸɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ ɩɪɨɢɡ-
ɜɨɞɫɬɜɟɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɫ ɭɦɟɪɟɧɧɵɦɢ ɩɨɤɚɡɚɬɟ-
ɥɹɦɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɝɞɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɫ ɋɊɆɇȼ 
ɦɨɝɭɬ ɭɫɩɟɲɧɨ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶɫɹ Д28, 29]. 
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SpОМТПТМ АОТРСЭ-DТmОnЬТon FКМЭoЫЬ oП ЭСО ElОМЭЫТМ DЫТvОЬ 
M.A. Grigorev, South Ural State University, Chelyabinsk, Russian Federation 
 
 

TСО SpОМТПТМ аОТРСЭ-НТmОnsТon ПКМЭors oП ЭСО НТППОrОnЭ ЭвpОs oП ОlОМЭrТМ НrТvОs КnН ЭСО аКвs Эo ТmprovО 
ЭСОm КrО МonsТНОrОН. To МompКrО ЭСО spОМТПТМ pКrКmОЭОrs oП sвnМСronoЮs moЭors аТЭС pОrmКnОnЭ mКРnОЭs ЭСО 
mТnТmЮm ЭoЭКl lossОs МrТЭОrТon, prОvТoЮslв proposОН Лв ProПОssor VКРКЭТ, аКs МСosОn. TСО МonvОnТОnМО oП ЭСТs 
mОЭСoН Тs ЭСКЭ ТЭ Кlloаs вoЮ, аТЭСoЮЭ rОsorЭТnР Эo МomplТМКЭОН ОlОМЭromКРnОЭТМ МКlМЮlКЭТons Эo МСoosО ЭСО opЭТ-
mЮm vКlЮО oП ЭСО rКЭОН spООН. To МompКrО ЭСО spОМТПТМ pКrКmОЭОrs oП ЭСО МlКssТМКl КsвnМСronoЮs НrТvОs ЭСО ОlОМ-
ЭromКРnОЭТМ ЭorqЮО ОбprОssТon, proposОН Лв ProПОssor Kopвlov Пor МlКssТМКl ОlОМЭrТМКl mКМСТnОs, аКs sОlОМЭОН. 
TСО ОqЮКЭТon, аСТМС sСoаs ЭСО rОlКЭТons ЛОЭаООn ЭСО ОlОМЭromКРnОЭТМ ЭorqЮО КnН ЭСО РОomОЭrТМ pКrКmОЭОrs oП 
ЭСО moЭor, Кlloаs ТНОnЭТПвТnР «аОКФ» lТnФs Тn ЭСО ТnНЮМЭТon moЭor КnН ОбplКТn ТЭs lТmТЭ vКlЮОs. TСО КЮЭСor sСoаs 
ЭСО КЛТlТЭв oП МrОКЭТon ЭСО ЭorqЮО Тn ЭСО ПТОlН rОРЮlКЭОН rОlЮМЭКnМО mКМСТnО Лв ЭСО СТРСОr СКrmonТМ oП ЭСО МЮrrОnЭ. 
IЭ Тs sСoаn ЭСКЭ НОsТРnТnР ОlОМЭrТМКl mКМСТnОs аТЭС МonsТНОrТnР ЭСО pОМЮlТКrТЭТОs oП ЭСО sОmТМonНЮМЭor ТnvОrЭОr 
КnН moЭor МoopОrКЭТon ТЭ Тs possТЛlО Эo ТmprovО ЭСО spОМТПТМ ТnНТМКЭors Юp Эo 30%. TСО pКpОr noЭОs ЭСКЭ КpplвТnР 
nОа КpproКМСОs МКn ТnМrОКsО ЭСО ovОrloКН МКpКМТЭв oП ЭСО НrТvО, КnН СОnМО ТЭs ЮsО КЭ sТЭОs аТЭС СОКvв КnН ОбЭrК-
СОКvв opОrКЭТnР МonНТЭТons 

KОваШrНs: spОМТПТМ ТЧНТМКЭШrs, ОlОМЭrТМ НrТvО аТЭС ЭСО ПТОlН rОРЮlКЭОН rОlЮМЭКЧМО ЦКМСТЧО, КsвЧМСrШЧШЮs 
НrТvОs, ШvОrlШКН МКpКМТЭв.  
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