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ȺɇȺɅɂɁ ɍȻɕɌɄɈȼ ɉɊɂ ɗɄɋɉɅɍȺɌȺɐɂɂ ɌȿɉɅɈȼɕɏ ɋȿɌȿɃ ȼ 
ɍɋɅɈȼɂəɏ ɁȺɌɈɉɅȿɇɂə 

 
Ɉ.ɇ. Ʉɪɢɜɢɰɤɚɹ, ɦɚɝɢɫɬɪɚɧɬ 

ȼ.ɘ. ɉɨɥɨɜɧɢɤɨɜ, ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ 
Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɋɨɫɫɢɹ 

 
ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢ ɨɬɫɭɬɫɬɜɢɟ 

ɬɨɱɧɨɣ ɦɟɬɨɞɢɤɢ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ Д1, 2, 3] ɩɪɢɜɟɥɢ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɩɪɨɛɥɟɦɵ ɞɨɫɬɨɜɟɪɧɨɣ ɢ 
ɤɚɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɦɚɫɲɬɚɛɨɜ ɬɟɩɥɨɩɨɬɟɪɶ. Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɜɵɡɵɜɚɟɬ ɪɚɫɱɟɬ ɬɟɩɥɨɩɨɬɟɪɶ 
ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ ɡɚɬɨɩɥɟɧɢɹ. ɉɪɟɞɥɨɠɟɧɧɚɹ ɜ Д1Ж ɦɟɬɨɞɢɤɚ ɢɯ 
ɨɰɟɧɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɨɣ. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɟɬɨɞɢɤɚ ɢɧɠɟɧɟɪɧɨɣ ɨɰɟɧɤɢ ɦɚɫɲɬɚɛɨɜ ɬɟɩɥɨɜɵɯ 
ɩɨɬɟɪɶ ɜ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɚɯ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ ɡɚɬɨɩɥɟɧɢɹ. 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɥɢɧɟɣɧɵɯ ɬɟɩɥɨɩɨɬɟɪɶ    ɢɫɩɨɥɶɡɭɟɦ ɩɪɨɫɬɨɟ ɚɧɚɥɢɬɢɱɟɫɤɨɟ 
ɜɵɪɚɠɟɧɢɟ Д4]:   ൌ ɒ െ   ˋ െ  ˒ ǡ                                                                   ሺͳሻ 

ɝɞɟ ɒ — ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ; t0  — ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɪɟɞɵ, 
ɨɤɪɭɠɚɸɳɟɣ ɬɪɭɛɨɩɪɨɜɨɞ; Rɢ ɢ Rä — ɬɟɪɦɢɱɟɫɤɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɥɨɹ ɬɟɩɥɨɜɨɣ ɢɡɨɥɹɰɢɢ ɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɬɪɭɛɨɩɪɨɜɨɞɚ. 

Ɍɟɪɦɢɱɟɫɤɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɢɡɜɟɫɬɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ:  ˋ ൌ ͳʹɎɉˋ   ሺ ଶȀ ଵሻǢ  ˋ ൌ ͳɎȽ ଶǡ 
ɝɞɟ d1  ɢ d2 — ɧɚɪɭɠɧɵɣ ɢ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪɵ ɢɡɨɥɹɰɢɢ; Į — ɤɨɷɮɮɢɰɢɟɧɬ 

ɬɟɩɥɨɨɬɞɚɱɢ; ɉˋ — ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢɡɨɥɹɰɢɢ. 
Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜ Д2Ж, ɝɥɚɜɧɵɣ ɮɚɤɬɨɪ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɨɬɟɪɶ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɩɪɢ 

ɡɚɬɨɩɥɟɧɢɢ ɬɟɩɥɨɬɪɭɛɨɩɪɨɜɨɞɨɜ — ɪɟɡɤɨɟ ɩɨɜɵɲɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɡɨɥɹɰɢɢ ɉˋ ɩɪɢ 
ɧɚɫɵɳɟɧɢɢ ɟɟ ɜɥɚɝɨɣ ɞɨ ɡɧɚɱɟɧɢɹ ɉ˅.  ɍɱɬɟɦ ɷɬɨɬ ɮɚɤɬɨɪ ɫ ɩɨɦɨɳɶɸ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮ-
ɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ Д5Ж: ɉˠ˗ ൌ ɉˋɔˋ  ɉ˅ɔ˅ǡ 

ɝɞɟ ɔ — ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɤɨɦɩɨɧɟɧɬɵ. 
ɉɪɨɜɟɞɟɦ ɨɰɟɧɤɭ ɬɟɩɥɨɩɨɬɟɪɶ ɬɪɭɛɨɩɪɨɜɨɞɚ ɞɢɚɦɟɬɪɨɦ ɭɫɥɨɜɧɨɝɨ ɩɪɨɯɨɞɚ 600 ɦɦ ɫ 

ɬɟɩɥɨɜɨɣ ɢɡɨɥɹɰɢɟɣ ɢɡ ɫɬɟɤɥɹɧɧɨɣ ɜɚɬɵ ɬɨɥɳɢɧɨɣ 70 ɦɦ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ ɭɫɥɨɜɢɹɯ 
ɡɚɬɨɩɥɟɧɢɹ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɧɵɦ ɢɥɢ ɱɚɫɬɢɱɧɵɦ. Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ Д6Ж, ɩɪɢ ɚɧɚɥɢɡɟ 
ɭɫɥɨɜɢɣ ɱɚɫɬɢɱɧɨɝɨ ɩɨɝɪɭɠɟɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɚ ɜ ɜɨɞɭ ɧɟ ɜɨɡɧɢɤɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɪɨɛɥɟɦ 
ɫ ɨɰɟɧɤɨɣ ɬɟɩɥɨɩɨɬɟɪɶ ɢɡ-ɡɚ ɩɟɪɟɬɟɤɚɧɢɹ ɬɟɩɥɨɬɵ ɩɨ ɭɝɥɨɜɨɣ ɤɨɨɪɞɢɧɚɬɟ. ɇɟɫɦɨɬɪɹ ɧɚ 
ɤɪɚɬɧɭɸ ɢɧɬɟɧɫɢɮɢɤɚɰɢɸ ɩɨɬɟɪɶ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɫ ɭɜɥɚɠɧɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɟɪɟɩɚɞ 
ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɨɤɪɭɠɧɨɣ ɤɨɨɪɞɢɧɚɬɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɟɥɢɤ (ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ 
ɚɧɚɥɨɝɢɱɧɨɝɨ ɩɟɪɟɩɚɞɚ ɩɨ ɪɚɞɢɚɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɟ). ɉɨɷɬɨɦɭ ɪɚɫɱɟɬ ɩɨɬɟɪɶ ɩɪɢ ɱɚɫɬɢɱɧɨɦ 
ɡɚɬɨɩɥɟɧɢɢ ɦɨɠɟɬ ɩɪɨɜɨɞɢɬɶɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɞɧɨɦɟɪɧɵɯ ɦɨɞɟɥɟɣ Д6Ж ɫ ɭɱɟɬɨɦ ɩɥɨɳɚɞɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɨɥɹɰɢɢ, ɩɨɤɪɵɬɨɣ ɜɨɞɨɣ. 
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ɉɪɢɦɟɦ ɫɪɟɞɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɤɚɧɚɥɟ ݐ ൌ ʹͻǡ͵ ʙ (ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Д4Ж), ɚ ɬɟɦɩɟɪɚɬɭɪɭ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ߬ ൌ ͵͵ ʙ. Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɡɨɥɹɰɢɢ ɢ 
ɜɨɞɵ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: ɉˋ ൌ ͲǡͲͷͻ ʑ˕ ሺˏ ή ʙሻൗ ǡ ɉ˅ ൌ ͲǡͲͷ ʑ˕ ሺˏ ή ʙሻൗ . 

Ɇɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɚɹ ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɜɥɚɝɢ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɩɨɪɢɫɬɨɫɬɶɸ ɫɬɟɤɥɹɧɧɨɣ ɜɚɬɵ 
[7Ж, ɢɦɟɸɬ ɡɧɚɱɟɧɢɟ ߮˅ ൌ ͲǡͻͲͷǤ 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ [3], ɱɬɨ ɜɫɟ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɨɛɥɚɞɚɸɬ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɶɸ ɜɥɚɝɨɩɨɝɥɨɳɟɧɢɸ ɞɚɠɟ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ ɩɟɪɟɩɚɞɨɜ ɞɚɜɥɟɧɢɹ. ȼ 
ɪɟɚɥɶɧɨɫɬɢ ɩɟɪɟɩɚɞɵ ɞɚɜɥɟɧɢɹ ɩɨ ɬɨɥɳɢɧɟ ɫɥɨɹ ɢɡɨɥɹɰɢɢ ɧɟ ɩɪɟɜɵɲɚɸɬ 10-15 ɉɚ. ɉɨɷɬɨɦɭ 
ɩɪɨɰɟɫɫ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɥɚɝɢ ɞɚɠɟ ɩɨ ɫɬɪɭɤɬɭɪɟ ɫɬɟɤɥɹɧɧɨɣ ɜɚɬɵ ɬɨɥɳɢɧɨɣ 70 ɦɦ 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɟɱɟɧɢɟ ɧɟɤɨɬɨɪɨɝɨ ɩɪɨɦɟɠɭɬɤɚ ɜɪɟɦɟɧɢ. ȿɝɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɬɟɩɥɨɢɡɨɥɹɰɢɢ (ɞɪɭɝɢɟ ɮɚɤɬɨɪɵ ɦɟɧɟɟ ɡɧɚɱɢɦɵ). 
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɰɟɫɫ ɜɥɚɝɨɩɨɝɥɨɳɟɧɢɹ ɦɨɠɟɬ ɩɪɨɞɨɥɠɚɬɶɫɹ ɧɟɫɤɨɥɶɤɨ ɱɚɫɨɜ ɢɥɢ ɞɚɠɟ 
ɞɟɫɹɬɤɢ ɱɚɫɨɜ (ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɢɡɨɥɹɰɢɢ). ɇɨ ɪɚɫɱɟɬ ɩɪɨɰɟɫɫɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɥɚɝɢ ɜ 
ɩɨɪɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɟɫɶɦɚ ɫɥɨɠɟɧ. ɉɨɷɬɨɦɭ ɜ ɞɚɧɧɨɣ ɫɬɚɬɶɟ 
ɚɧɚɥɢɡɢɪɭɟɬɫɹ ɜɚɪɢɚɧɬ ɩɨɥɧɨɝɨ ɧɚɫɵɳɟɧɢɹ ɜɥɚɝɨɣ ɢɡɨɥɹɰɢɢ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɬ. ɟ. ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɨɞɵ ɜ ɩɨɪɵ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɬɨɝɨ ɩɟɪɢɨɞɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɦɧɨɝɨ 
ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɚ ɜ ɡɚɬɨɩɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɦɨɠɧɨ ɫ ɞɨɫɬɨɜɟɪɧɨɣ 
ɞɥɹ ɩɪɚɤɬɢɤɢ ɬɨɱɧɨɫɬɶɸ ɩɪɟɧɟɛɪɟɱɶ ɩɟɪɟɯɨɞɧɵɦ ɩɪɨɰɟɫɫɨɦ ɢ ɫɱɢɬɚɬɶ, ɱɬɨ ɜɥɚɝɚ ɦɝɧɨɜɟɧɧɨ 
ɡɚɩɨɥɧɢɥɚ ɜɫɟ ɩɨɪɵ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ȼ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɡɚɬɨɩɥɟɧɢɟ ɤɚɧɚɥɨɜ ɬɟɩɥɨɬɪɚɫɫ ɜɨɞɨɣ ɦɨɠɟɬ ɛɵɬɶ ɜɵɡɜɚɧɨ 
ɪɚɡɥɢɱɧɵɦɢ ɩɪɢɱɢɧɚɦɢ. ȼɨɡɦɨɠɧɵ ɜɚɪɢɚɧɬɵ ɞɜɢɠɟɧɢɹ ɜɧɟɲɧɟɣ ɫɪɟɞɵ (ɜɨɞɵ) ɜ ɤɚɧɚɥɟ ɢɥɢ 
ɨɬɫɭɬɫɬɜɢɹ ɬɚɤɨɝɨ ɞɜɢɠɟɧɢɹ. ɇɨ ɜ ɥɸɛɨɦ ɫɥɭɱɚɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɬɜɨɞɚ ɬɟɩɥɨɬɵ ɫ ɜɧɟɲɧɟɝɨ 
ɤɨɧɬɭɪɚ ɬɪɭɛɨɩɪɨɜɨɞɚ ɦɨɠɧɨ ɞɨɫɬɚɬɨɱɧɨ ɞɨɫɬɨɜɟɪɧɨ ɨɰɟɧɢɬɶ ɫ ɩɨɦɨɳɶɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɷɦɩɢɪɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɫɜɹɡɵɜɚɸɳɢɯ ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɫ ɤɪɢ-
ɬɟɪɢɹɦɢ ɜɵɧɭɠɞɟɧɧɨɣ ɢɥɢ ɟɫɬɟɫɬɜɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ. 

ɋɪɟɞɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɨɬɞɚɱɢ Ƚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɤɪɢɬɟɪɢɚɥɶɧɵɦ ɭɪɚɜɧɟ-
ɧɢɹɦ Д8Ж: 

ɜ ɪɟɠɢɦɚɯ ɟɫɬɟɫɬɜɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ 

     ͳͲସ ൏ ݎܩ ή ݎܲ ൏ ͳͲଽǡ     ൌ ͲǡͶሺ  ή   ሻଵ ସൗ Ǣ   ή    ͳͲଽǡ     ൌ Ͳǡͳሺ  ή   ሻଵ ଷൗ Ǣ 
ɜ ɪɟɠɢɦɚɯ ɜɵɧɭɠɞɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ͷ ή ͳͲଷ ൏   ൏ ͷ ή ͳͲସǡ     ൌ ͲǡͳͶͺ ή   ǡଷଷǢ ͷ ή ͳͲସ ൏   ൏ ͷ ή ͳͲହǡ     ൌ ͲǡͶ͵  ͲǡͲʹͲͺ ή   ǡ଼ଵସ ή   ǡଷଵǡ 
ɝɞɟ Nu, Gr, Pr, Re — ɱɢɫɥɚ ɇɭɫɫɟɥɶɬɚ, Ƚɪɚɫɝɨɮɚ, ɉɪɚɧɞɬɥɹ ɢ Ɋɟɣɧɨɥɶɞɫɚ. 
Ɉɰɟɧɤɢ ɩɨɤɚɡɵɜɚɸɬ Д3Ж, ɱɬɨ ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɥɨɹ ɢɡɨɥɹɰɢɢ ɡɧɚɱɢɬɟɥɶɧɨ 

ɛɨɥɶɲɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɬɪɭɛɨɩɪɨɜɨɞɚ ሺ ˋ ب  ˒ሻ ɜ ɭɫɥɨɜɢɹɯ 
ɫɜɨɛɨɞɧɨɣ ɤɨɧɜɟɤɰɢɢ ɢ ɜ ɭɫɥɨɜɢɹɯ ɜɵɧɭɠɞɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɵɯ 
ɫɤɨɪɨɫɬɹɯ ɞɜɢɠɟɧɢɹ (ɞɨ 1 ɦ/ɫ) ɨɤɪɭɠɚɸɳɟɣ ɬɪɭɛɨɩɪɨɜɨɞ ɫɪɟɞɵ. ɉɨɷɬɨɦɭ ɬɟɪɦɢɱɟɫɤɢɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ  ˒ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ, ɚ ɷɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢɜɨɞɢɬ ɤ ɭɩɪɨɳɟɧɢɸ 
ɜɵɪɚɠɟɧɢɹ (1), ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɧɢɦɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɨɬɞɚɱɢ Ƚ, ɜɯɨɞɹɳɟɝɨ ɜ ɫɨɫɬɚɜ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɬɪɭɛɨɩɪɨɜɨɞɚ  ˒. ȼɵɪɚɠɟɧɢɟ (1) ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
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  ൌ ɒ െ  ͳʹɎɉˋ   ሺ ଶȀ ଵሻǤ 
ȼ (ɬɚɛɥ. 1) ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ Д3Ж ɩɨ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɦɟɬɨɞɢɤɟ, 

ɧɨɪɦɚɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɥɢɧɟɣɧɵɯ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɫɨɝɥɚɫɧɨ ɋɇɢɉ 2.04.14-88 Д9Ж, ɚ ɬɚɤɠɟ 
ɞɚɧɧɵɟ ɱɢɫɥɟɧɧɨɝɨ ɚɧɚɥɢɡɚ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ Д2Ж ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɬɪɟɬɶɟɝɨ ɪɨɞɚ. Ɉɧɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ 
ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɨɜ ɬɨɱɧɨɫɬɢ ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ (ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɱɢɫɥɟɧɧɨɝɨ ɪɚɫɱɟɬɚ 
– ɦɟɧɟɟ 4%). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ Д3Ж ɨ ɩɪɢɦɟɧɢɦɨɫɬɢ ɩɪɟɞɥɚɝɚɟɦɨɣ 
ɦɟɬɨɞɢɤɢ ɞɥɹ ɨɰɟɧɤɢ ɬɟɩɥɨɩɨɬɟɪɶ ɜ ɬɟɩɥɨɬɪɭɛɨɩɪɨɜɨɞɚɯ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ 
ɡɚɬɨɩɥɟɧɢɹ. 

 
Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ Д2] 

ȼɚɪɢɚɧɬ ɪɚɫɱɟɬɚ ݍǡ ʑ˕Ȁˏ 
Ɉɬɤɥɨɧɟɧɢɟ 
ɨɬ ɋɇɢɉ, % 

Ɉɬɤɥɨɧɟɧɢɟ ɨɬ ɱɢɫɥɟɧɧɨɝɨ 
ɪɚɫɱɟɬɚ, % 

ɋɇɢɉ 2.04.14-88 [9] 122,0 – 90,5 
ɑɢɫɥɟɧɧɵɣ ɪɚɫɱɟɬ 1280,0 90,5 – 

Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 1328,4 90,8 3,3 
ȼɨɡɜɪɚɳɚɹɫɶ ɤ ɚɧɚɥɢɡɭ ɩɨɝɪɟɲɧɨɫɬɢ, ɜɧɨɫɢɦɨɣ ɜ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ݍ ɧɟɭɱɟɬɨɦ 

ɩɟɪɟɯɨɞɧɨɝɨ ɪɟɠɢɦɚ ɡɚɩɨɥɧɟɧɢɹ ɜɥɚɝɨɣ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɢɡɨɥɹɰɢɢ, ɜ Д3Ж ɨɬɦɟɱɟɧɨ, ɱɬɨ 
ɨɫɭɲɟɧɢɟ ɩɨɪ ɬɚɤɠɟ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɦɝɧɨɜɟɧɧɨ. Ⱦɚɠɟ ɩɨɫɥɟ ɨɬɤɚɱɢɜɚɧɢɹ ɜɨɞɵ ɢɡ ɤɚɧɚɥɨɜ 
ɬɟɩɥɨɬɪɚɫɫ ɢɡɨɥɹɰɢɹ ɨɫɭɲɢɬɫɹ ɜ ɬɟɱɟɧɢɟ ɧɟɤɨɬɨɪɨɝɨ ɜɪɟɦɟɧɢ. ɉɨɷɬɨɦɭ ɩɨɝɪɟɲɧɨɫɬɶ ɜɬɨɪɨɝɨ 
ɩɟɪɟɯɨɞɧɨɝɨ ɩɟɪɢɨɞɚ (ɢɡ ɫɨɫɬɨɹɧɢɹ ɧɚɫɵɳɟɧɧɨɣ ɜɥɚɝɨɣ ɢɡɨɥɹɰɢɢ ɜ ɧɨɪɦɚɥɶɧɨɟ) ɫɤɨɪɟɟ ɜɫɟɝɨ 
ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɤɨɦɩɟɧɫɢɪɭɟɬ ɩɨɝɪɟɲɧɨɫɬɶ ɩɟɪɢɨɞɚ ɭɜɥɚɠɧɟɧɢɹ 
ɢɡɨɥɹɰɢɢ ɞɨ ɩɪɟɞɟɥɶɧɨ ɜɨɡɦɨɠɧɨɝɨ ɧɚɫɵɳɟɧɢɹ. 

Ɉɰɟɧɢɦ ɦɚɬɟɪɢɚɥɶɧɵɣ ɭɳɟɪɛ ɍ, ɪɭɛ., ɜɵɡɜɚɧɧɵɣ ɡɚɬɨɩɥɟɧɢɟɦ ɤɚɧɚɥɚ ɬɟɩɥɨɫɟɬɢ ɞɥɹ 
ɬɟɩɥɨɬɪɭɛɨɩɪɨɜɨɞɚ ɞɥɢɧɨɣ ܮ ൌ ʹͲͲ ˏ ɧɚ ɫɪɨɤ ܶ ൌ ͳ ˔˖˕. Ɋɚɫɱɟɬ ɩɪɨɜɨɞɢɬɫɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ: ʢ ൌ ʥ ή ܳ, 

ɝɞɟ  ʥ ൌ ͳʹͳʹǡͶͳ ˓˖˄Ȁʒˍ˃ˎ – ɬɢɩɢɱɧɵɣ ɬɚɪɢɮ ɧɚ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ ɞɥɹ ɧɚɫɟɥɟɧɢɹ 
ɝɨɪɨɞɨɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɜ 2014 ɝ. 

Ɍɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ܳ, Ƚɤɚɥ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
 
ɝɞɟ  – ɧɨɪɦɚɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɥɢɧɟɣɧɵɯ ɬɟɩɥɨɩɨɬɟɪɶ Д9Ж ɬɟɩɥɨɬɪɭɛɨɩɪɨɜɨɞɚ ɞɢɚɦɟɬɪɨɦ 

ɭɫɥɨɜɧɨɝɨ ɩɪɨɯɨɞɚ 600 ɦɦ; 4,187 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ (1 ɤɚɥ = 4,187 Ⱦɠ). 
Ɉɬɫɸɞɚ  ʢ ൌ ͳʹͳʹǡͶͳ ή ሺͳ͵ʹͺǡͶ െ ͳʹʹሻ ή ͺͶͲͲ ή ʹͲͲ ή Ͷǡͳͺ ή ͳͲିଽ ൌ ͳͲͷͺʹͶǡͺʹ ˓˖˄Ǥ 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɬɟɪɢɚɥɶɧɵɣ ɭɳɟɪɛ ɡɚ 1 ɫɭɬ. ɡɚɬɨɩɥɟɧɢɹ ɬɟɩɥɨɬɪɭɛɨɩɪɨɜɨɞɚ 

ɫɨɫɬɚɜɢɬ 106 ɬɵɫ.ɪɭɛ., ɡɚ 10 ɞɧɟɣ – 1060 ɬɵɫ.ɪɭɛ., ɚ ɡɚ 1 ɦɟɫ. – ɛɨɥɟɟ 3 ɦɥɧ.ɪɭɛ. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɭɤɚɡɚɧɧɨɝɨ, ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɡɚɳɢɬɚ ɤɚɧɚɥɨɜ 

ɬɟɩɥɨɬɪɭɛɨɩɪɨɜɨɞɨɜ ɨɬ ɡɚɬɨɩɥɟɧɢɹ ɜɨɞɨɣ ɹɜɥɹɟɬɫɹ, ɜɨɡɦɨɠɧɨ, ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɪ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɩɪɢ ɟɟ ɞɨɫɬɚɜɤɟ ɩɨɬɪɟɛɢɬɟɥɸ. 

 
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ: 
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