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В книге изложены теоретические основы использования
суб- и сверхкритических флюидов в экстракционных про-
цессах. Рассмотрена проблема растворимости веществ в
растворителях, находящихся в суб- и сверхкритическом
состояниях. Указаны требования, предъявляемые к тех-
нологическому оборудованию. Рассмотрены последние
достижения в части возможных применений суб- и сверх-
критических экстракционных процессов в области полу-
чения и переработки полимерных материалов. Проведен
анализ экономической эффективности процессов суб- и
сверхкритической экстракций.
Книга предназначена для научных работников, аспиран-
тов, инженеров и студентов старших курсов, занимаю-
щихся разработкой и внедрением перспективных энер-
госберегающих и экологически безопасных технологий
переработки полимерных материалов.
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ɉɊȿȾɂɋɅɈȼɂȿ 

 

ɇɚ ɮɨɧɟ ɫɭɳɟɫɬɜɨɜɚɜɲɟɝɨ ɩɪɨɝɧɨɡɚ ɨɛ ɭɜɟɥɢɱɟɧɢɢ ɤ ɤɨɧɰɭ ɬɵɫɹ-
ɱɟɥɟɬɢɹ ɜ 3-4 ɪɚɡɚ ɭɪɨɜɧɹ ɩɨɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɢɢ, ɨɱɟɜɢɞɧɨɣ ɨɝɪɚɧɢ-

ɱɟɧɧɨɫɬɢ ɧɟɞɪ ɡɚɩɚɫɚɦɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ, ɚ ɬɚɤɠɟ ɩɪɢɧɹɬɵɯ 
ɦɧɨɝɢɦɢ ɫɬɪɚɧɚɦɢ ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɯ ɚɤɬɨɜ ɩɨ ɡɚɳɢɬɟ ɨɤɪɭɠɚɸɳɟɣ 

ɫɪɟɞɵ, ɜ ɫɟɦɢɞɟɫɹɬɵɟ ɝɨɞɵ ɧɚɲɟɝɨ ɫɬɨɥɟɬɢɹ ɧɚɱɚɥɫɹ ɨɫɨɛɨ ɢɧɬɟɧɫɢɜ-
ɧɵɣ ɩɨɢɫɤ ɩɭɬɟɣ ɫɨɡɞɚɧɢɹ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɢ ɦɚɥɨɨɬɯɨɞɧɵɯ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ɂɦɟɧɧɨ ɜ ɫɟɦɢɞɟɫɹɬɵɟ ɝɨɞɵ ɜ ɤɚɱɟɫɬɜɟ ɨɞ-

ɧɨɝɨ ɢɡ ɬɚɤɨɜɵɯ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɜ ɪɨɥɢ ɷɤɫɬɪɚɝɟɧɬɨɜ ɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɜ ɩɪɨɰɟɫɫɚɯ 
ɜɵɞɟɥɟɧɢɹ, ɪɚɡɞɟɥɟɧɢɹ, ɨɱɢɫɬɤɢ ɢ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɷɬɨ ɛɵɫɬɪɨɪɚɡɜɢɜɚɸɳɟɟɫɹ ɦɧɨɝɨɨɛɟɳɚɸɳɟɟ ɧɚɭɱɧɨ-
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɞɨɫɬɢɝɥɨ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɪɚɡɜɢɬɢɹ. 
Ⱦɨɫɬɚɬɨɱɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɲɢɪɨɤɨɦɚɫɲɬɚɛɧɵɯ ɢɫɫɥɟɞɨ-
ɜɚɧɢɣ ɭɠɟ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ (ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɯ 
ɩɪɨɢɡɜɨɞɫɬɜɚɯ) ɜ ɩɢɳɟɜɨɣ, ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ, ɩɚɪɮɸɦɟɪɧɨɣ, ɯɢɦɢ-

ɱɟɫɤɨɣ, ɧɟɮɬɟɞɨɛɵɜɚɸɳɟɣ ɢ ɧɟɮɬɟ- ɢ ɭɝɥɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɣ ɨɬɪɚɫ-
ɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ; ɪɟɲɚɸɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ. ɗɬɨɬ ɩɨɞ-

ɯɨɞ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɬɥɢɱɚɸɬ ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ, 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɹɟɦɵɯ ɩɪɨ-
ɰɟɫɫɨɜ. 

ɋɨɜɩɚɞɟɧɢɟ ɩɨ ɜɪɟɦɟɧɢ ɩɟɪɢɨɞɚ ɪɟɮɨɪɦɢɪɨɜɚɧɢɹ ɷɤɨɧɨɦɢɤɢ 

Ɋɨɫɫɢɢ (ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɨɫɥɟɞɫɬɜɢɹɦɢ ɞɥɹ ɧɚɭɱɧɵɯ ɢɡɵɫɤɚɧɢɣ 

ɜ ɨɛɥɚɫɬɢ ɩɟɪɟɞɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ), ɚ ɬɚɤɠɟ ɷɬɚɩɚ ɢɧɬɟɧɫɢɜɧɵɯ ɢɫɫɥɟ-
ɞɨɜɚɧɢɣ ɜ ɪɚɡɜɢɬɵɯ ɫɬɪɚɧɚɯ, ɹɜɢɥɨɫɶ ɩɪɢɱɢɧɨɣ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɨɬɫɬɚ-
ɜɚɧɢɹ Ɋɨɫɫɢɢ, ɤɚɤ ɜ ɩɥɚɧɟ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɬɚɤ ɩɪɢɥɨɠɟɧɢɣ ɢ ɜɧɟɞɪɟ-
ɧɢɣ. ɉɨɷɬɨɦɭ, ɫɭɳɟɫɬɜɭɟɬ ɨɫɬɪɚɹ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɪɭɤɨɜɨɞɫɬɜɟ, ɜ ɤɨɬɨ-
ɪɨɦ ɛɵɥɢ ɛɵ ɢɡɥɨɠɟɧɵ ɜɚɠɧɟɣɲɢɟ ɩɨɥɨɠɟɧɢɹ ɢ ɤɨɬɨɪɨɟ ɹɜɢɥɨɫɶ ɛɵ 

ɮɭɧɞɚɦɟɧɬɨɦ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢɫɩɨɥɶɡɨɜɚ-
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ɧɢɹ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ ɜ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ. 

ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɩɪɟɞɥɨɠɟɧɧɵɣ ɬɪɭɞ ɛɵɥ ɡɚɞɭɦɚɧ ɜ ɜɢɞɟ ɧɟɛɨɥɶ-
ɲɨɝɨ ɨɛɡɨɪɚ ɩɨ ɩɪɢɥɨɠɟɧɢɹɦ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɷɤɫɬɪɚɤɰɢɨɧ-

ɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɨɛɥɚɫɬɢ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨɥɢɦɟɪɨɜ. Ɉɞɧɚɤɨ, ɜ ɢɬɨɝɟ 
ɷɬɨɬ ɦɚɬɟɪɢɚɥ ɩɟɪɟɪɨɫ ɜ ɤɧɢɝɭ, ɝɞɟ ɡɧɚɱɢɬɟɥɶɧɨɟ ɦɟɫɬɨ ɨɬɜɟɞɟɧɨ ɩɪɨ-
ɛɥɟɦɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɜ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ, 
ɛɟɡ ɪɟɲɟɧɢɹ ɤɨɬɨɪɨɣ ɩɨ ɫɭɳɟɫɬɜɭ ɧɟɜɨɡɦɨɠɧɨ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɨ 

ɢɫɫɥɟɞɨɜɚɬɶ ɜɵɲɟɨɬɦɟɱɟɧɧɵɟ ɩɪɨɰɟɫɫɵ. ɇɚɥɢɱɢɟ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɤɥɸɱɨɦ ɤ ɨɰɟɧɤɟ ɷɮɮɟɤɬɢɜɧɨ-

ɫɬɢ ɩɪɨɰɟɫɫɨɜ ɢ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɨɡɞɚɟɬ ɛɥɚɝɨɩɪɢɹɬɧɭɸ ɚɬɦɨɫɮɟɪɭ 
ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɧɜɟɫɬɢɰɢɣ ɢ ɜɧɟɞɪɟɧɢɣ. 

ȼɵɩɭɳɟɧɧɚɹ ɧɚɦɢ ɤɧɢɝɚ ɧɟ ɫɦɨɝɥɚ ɜɦɟɫɬɢɬɶ ɢ ɦɚɥɨɣ ɱɚɫɬɢ 

ɢɦɟɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɢ. Ɇɵ ɞɚɥɟɤɨ ɧɟ ɫɨɛɢɪɚɥɢɫɶ ɫɫɵɥɚɬɶɫɹ ɜ ɬɟɤ-
ɫɬɟ ɧɚ ɜɫɟ ɩɨɞɯɨɞɹɳɢɟ ɩɭɛɥɢɤɚɰɢɢ. ɉɪɢɜɟɞɟɧɧɵɟ ɫɫɵɥɤɢ, ɤɨɬɨɪɵɟ, 
ɤɚɤ ɦɵ ɧɚɞɟɟɦɫɹ, ɨɬɧɨɫɹɬɫɹ ɤ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦ ɪɚɛɨɬɚɦ, ɫɥɭɠɚɬ ɞɥɹ 
ɬɨɝɨ, ɱɬɨɛɵ ɩɨɦɨɱɶ ɱɢɬɚɬɟɥɸ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ. Ɉɬɫɭɬ-
ɫɬɜɢɟ ɫɫɵɥɤɢ ɧɚ ɤɚɤɭɸ-ɧɢɛɭɞɶ ɪɚɛɨɬɭ ɧɟ ɞɨɥɠɧɨ ɢɫɬɨɥɤɨɜɵɜɚɬɶɫɹ 
ɤɚɤ ɧɟɞɨɨɰɟɧɤɚ ɟɟ ɚɜɬɨɪɚɦɢ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɜ ɩɨɞɚɜɥɹɸ-

ɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɜɨɟɦ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ, ɧɟ ɨɬɪɚɠɟɧɧɭɸ ɜ 
ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɥɢɬɟɪɚɬɭɪɟ. 

ɉɟɪɜɚɹ ɝɥɚɜɚ ɤɧɢɝɢ ɩɨɫɜɹɳɟɧɚ ɜɨɩɪɨɫɭ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɜ 
ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ. ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɞɚɧ ɤɪɚɬɤɢɣ ɚɧɚ-
ɥɢɡ ɦɟɬɨɞɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟ-
ɳɟɫɬɜ, ɚ ɬɚɤɠɟ ɫɯɟɦ ɪɟɚɥɢɡɚɰɢɢ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɷɤɫɬɪɚɤɰɢ-

ɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɜɢɞɟ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜɚɪɢɚɧɬɨɜ ɢ 

ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɫɢɫɬɟɦɟ ɠɢɞɤɨɫɬɶ - ɫɭɛ- ɢɥɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ 

ɮɥɸɢɞ. 

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɞɚɟɬɫɹ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɹ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɜ ɨɛɥɚɫɬɢ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨ-
ɥɢɦɟɪɨɜ. ȼ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ 

ɪɟɚɥɢɡɚɰɢɢ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ 
ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

Ⱦɭɦɚɟɬɫɹ, ɱɬɨ ɞɚɧɧɚɹ ɤɧɢɝɚ ɛɭɞɟɬ ɩɨɥɟɡɧɚ ɞɥɹ ɧɚɭɱɧɵɯ ɫɨɬɪɭɞ-

ɧɢɤɨɜ ɢ ɚɫɩɢɪɚɧɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɪɨɮɢɥɹ, ɚ ɬɚɤɠɟ ɹɜɢɬɫɹ ɩɨɥ-
ɧɨɰɟɧɧɵɦ ɩɨɫɨɛɢɟɦ ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɫɬɚɪɲɢɯ ɤɭɪɫɨɜ, ɫɩɟɰɢɚɥɢɡɢɪɭɸ-
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ɳɢɯɫɹ ɜ ɨɛɥɚɫɬɹɯ ɯɢɦɢɢ ɢ ɬɟɯɧɨɥɨɝɢɢ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɫɨɟɞɢ-

ɧɟɧɢɣ, ɷɧɟɪɝɟɬɢɤɢ ɬɟɩɥɨɬɟɯɧɨɥɨɝɢɣ ɢ ɞɪɭɝɢɯ. 
ȼ ɡɚɤɥɸɱɟɧɢɟ ɫɱɢɬɚɟɦ ɫɜɨɢɦ ɩɪɢɹɬɧɵɦ ɞɨɥɝɨɦ ɩɨɛɥɚɝɨɞɚɪɢɬɶ 

ɩɪɨɮɟɫɫɨɪɨɜ Ȼ. Ʌɟ ɇɟɣɧɞɪɚ, Ⱥ. Ⱥ. Ɍɚɪɡɢɦɚɧɨɜɚ, Ⱥ. Ⱥ. ɉɟɬɭɯɨɜɚ ɡɚ 
ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɫɭɠɞɟɧɢɹ ɩɪɨɛɥɟɦɵ ɢ ɰɟɧɧɵɟ ɫɨɜɟɬɵ; Ƚ. Ɂ. ɋɚɯɚɧɨɜɚ, 
ɘ. ɂ. Ɋɹɡɚɧɨɜɚ, Ƚ. ɉ. Ⱥɲɢɯɦɢɧɚ, ȼ. Ƚ. ɒɚɦɫɭɬɞɢɧɨɜɚ, ɋ. ɇ. ɒɟɩɟɥɶ 
ɡɚ ɩɨɧɢɦɚɧɢɟ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɫɭɠɞɚɟɦɨɦ ɧɚɩɪɚɜ-
ɥɟɧɢɢ ɢ ɢɯ ɮɢɧɚɧɫɢɪɨɜɚɧɢɟ ɜ ɪɚɦɤɚɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɨɝɨɜɨɪɨɜ; 
ɞɨɰɟɧɬɨɜ Ɋ. ɇ. Ɇɚɤɫɭɞɨɜɚ, Ɏ. Ɋ. Ƚɚɛɢɬɨɜɚ - ɡɚ ɩɨɦɨɳɶ ɜ ɪɚɛɨɬɟ, Ⱥɯɭ-
ɧɨɜɚ Ⱥ. Ɋ. - ɡɚ ɬɟɯɧɢɱɟɫɤɨɟ ɨɮɨɪɦɥɟɧɢɟ ɪɭɤɨɩɢɫɢ. Ɉɫɨɛɭɸ ɩɪɢɡɧɚ-
ɬɟɥɶɧɨɫɬɶ ɯɨɬɟɥɨɫɶ ɛɵ ɜɵɪɚɡɢɬɶ ɪɟɰɟɧɡɟɧɬɚɦ ɞ.ɬ.ɧ., ɩɪɨɮ. ɋ. ɂ. 

ȼɨɥɶɮɫɨɧɭ, ɞ.ɬ.ɧ., ɩɪɨɮ. Ⱥ. Ⱥ. Ɍɚɪɡɢɦɚɧɨɜɭ ɢ ɞ.ɷ.ɧ., ɩɪɨɮ. Ɋ. Ⱥ. ɇɭ-
ɝɚɟɜɭ. 

ȼɫɟ ɤɪɢɬɢɱɟɫɤɢɟ ɡɚɦɟɱɚɧɢɹ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɤɧɢɝɢ ɛɭɞɭɬ ɩɪɢɧɹɬɵ 

ɫ ɛɥɚɝɨɞɚɪɧɨɫɬɶɸ ɢ ɜɧɢɦɚɬɟɥɶɧɨ ɪɚɫɫɦɨɬɪɟɧɵ. 
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ȼȼȿȾȿɇɂȿ 

 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɪɚɫ-
ɬɜɨɪɹɬɶ ɦɚɥɨɥɟɬɭɱɢɟ ɬɜɺɪɞɵɟ ɦɚɬɟɪɢɚɥɵ ɛɵɥɚ ɜɩɟɪɜɵɟ ɭɫɬɚɧɨɜɥɟɧɚ 
ɛɨɥɟɟ ɜɟɤɚ ɧɚɡɚɞ [1], ɢɧɬɟɪɟɫ ɤ ɟɺ ɩɪɨɦɵɲɥɟɧɧɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 

ɩɨɹɜɢɥɫɹ ɥɢɲɶ ɜ 70ɟ ɝɨɞɵ ɧɚɲɟɝɨ ɫɬɨɥɟɬɢɹ. ɂɦɟɧɧɨ ɜ ɷɬɢ ɝɨɞɵ ɛɵɥɨ 
ɜɵɫɤɚɡɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɢɯ ɮɥɸɢɞɨɜ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢ ɷɤɫɬɪɚɝɟɧɬɨɜ ɜ ɪɚɡɥɢɱɧɨɝɨ 
ɪɨɞɚ ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɚɯ (ɪɢɫ. 1) ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ 
ɨɞɢɧ ɢɡ ɩɭɬɟɣ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɢ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ 
ɜɫɺ ɜɨɡɪɚɫɬɚɸɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɷɤɨɥɨɝɢɱɧɨɫɬɢ ɩɪɨɞɭɤɬɨɜ ɩɢɬɚɧɢɹ, 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɰɟɥɨɦ. 

 

 

 
 

Ɋɢɫ. 1. P - T - ɮɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɱɢɫɬɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟ-
ɪɨɞɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɢɡɨɯɨɪ. ɉɭɧɤɬɢɪɧɵɦɢ ɥɢɧɢɹɦɢ ɨɝɪɚ- 

ɧɢɱɟɧɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɚɹ ɨɛɥɚɫɬɶ. 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɢɦɟɧɧɨ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ "ɠɢɞ-

ɤɨɫɬɶ-ɩɚɪ" ɧɚɛɥɸɞɚɟɬɫɹ ɚɧɨɦɚɥɶɧɵɣ ɪɨɫɬ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ 
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ɤ ɜɧɟɲɧɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ [2]. ȼ ɱɚɫɬɧɨɫɬɢ ɢɡɨɬɟɪɦɢɱɟɫɤɚɹ ɫɠɢɦɚɟ-
ɦɨɫɬɶ ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ (ɪɢɫ. 2) ɜ ɨɛɥɚɫɬɢ ɧɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧɨɣ ɫ ɬɨɱ-
ɤɢ ɡɪɟɧɢɹ ɩɪɢɦɟɧɟɧɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ (1<Ɍ/Ɍɤɪ<1,1 ɢ 

1<Ɋ/Ɋɤɪ<2). Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜɟ-
ɳɟɫɬɜɚ ɩɪɢɜɨɞɹɬ ɤ ɫɭɳɟɫɬɜɟɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɟɝɨ ɩɥɨɬɧɨɫɬɢ ɢ ɪɚɫ-
ɬɜɨɪɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ. ɉɨɞɨɛɧɵɟ ɚɧɨɦɚɥɢɢ ɯɚɪɚɤɬɟɪɧɵ ɩɪɚɤɬɢɱɟ-
ɫɤɢ ɜɫɟɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɢ ɬɪɚɧɫɩɨɪɬɧɵɦ ɫɜɨɣɫɬɜɚɦ ɜ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɧɨɫɹɬ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ, ɫɜɨɣɫɬɜɟɧɧɵɣ 

ɜɫɟɦ ɝɚɡɚɦ (ɪɢɫ. 3÷8) [3÷11]. ɉɨɫɥɟɞɧɟɟ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɧɟɤɨɬɨ-
ɪɨɣ ɨɛɟɡɥɢɱɟɧɧɨɫɬɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɫɬɢ ɜɟɳɟɫɬɜɚ ɩɨ ɦɟɪɟ ɩɪɢɛɥɢɠɟ-
ɧɢɹ ɤ ɤɪɢɬɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦ. ɋɨɱɟɬɚɧɢɟ ɜɵɲɟ ɧɚɡɜɚɧɵɯ ɨɫɨɛɟɧɧɨ-
ɫɬɟɣ ɢ ɫɨɡɞɚɟɬ ɭɧɢɤɚɥɶɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɛɟɡɪɟɚɝɟɧɬɧɵɯ ɢ 

ɛɟɡɨɬɯɨɞɧɵɯ ɩɭɬɟɣ ɩɟɪɟɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ [12]. 

 

 

 

 

 

 

 

 

 
 

 

Ɋɢɫ. 2. ɂɡɨɬɟɪɦɢɱɟɫɤɚɹ ɫɠɢɦɚɟɦɨɫɬɶ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟ-
ɪɨɞɚ, ɪɚɫɱɢɬɚɧɧɚɹ ɧɚ ɨɫɧɨɜɟ P, ρ, T 

ɞɚɧɧɵɯ [3]: 1 - Ɍ = 304,35 K; 2 - 

305,25 K; 3 - 307,95 K; 4 - 313,15  

K; 5- 323,15 K; 6-343,15 K. 

 

 

 

 

ɉɪɢ ɷɬɨɦ ɧɟɥɶɡɹ ɧɟ ɨɬɦɟɬɢɬɶ ɬɨɝɨ ɮɚɤɬɚ, ɱɬɨ ɨɤɪɟɫɬɧɨɫɬɶ ɤɪɢɬɢ-

ɱɟɫɤɨɣ ɬɨɱɤɢ, ɨɬɥɢɱɚɸɳɚɹɫɹ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɧɟɭɫɬɨɣɱɢɜɨ-
ɫɬɶɸ ɜɟɳɟɫɬɜɚ, ɧɚɥɢɱɢɟɦ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɷɮɮɟɤɬɚ ɢ ɤɪɢɬɢɱɟɫɤɨɣ 
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ɨɩɚɥɟɫɰɟɧɰɢɢ ɩɪɨɞɨɥɠɚɟɬ ɨɫɬɚɜɚɬɶɫɹ ɫɥɨɠɧɟɣɲɢɦ ɞɥɹ ɢɡɭɱɟɧɢɹ ɨɛɴ-

ɟɤɬɨɦ. ȼɨ ɦɧɨɝɨɦ, ɢɦɟɧɧɨ ɫɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɨ-
ɩɪɟɞɟɥɢɥɢ ɭɫɩɟɲɧɨɫɬɶ ɷɬɨɝɨ ɢɡɭɱɟɧɢɹ. ȼ ɱɚɫɬɧɨɫɬɢ, ɢɡɭɱɟɧɢɟ ɩɨɜɟ-
ɞɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜɟɳɟɫɬɜɚ ɜ ɨɤɨɥɨɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫ-
ɬɢ ɫɬɚɥɨ ɜɨɡɦɨɠɧɵɦ ɛɥɚɝɨɞɚɪɹ ɫɨɡɞɚɧɢɸ ɥɚɡɟɪɧɨɣ ɬɟɯɧɢɤɢ, ɩɨɹɜɥɟ-
ɧɢɸ ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɲɢɪɢɧɵ ɥɢɧɢɢ Ɋɟɥɟɹ ɜ 
ɫɩɟɤɬɪɟ ɪɚɫɫɟɹɧɧɨɝɨ ɫɜɟɬɚ [13], ɚ ɬɚɤɠɟ ɪɚɡɪɚɛɨɬɤɟ ɢɧɬɟɪɮɟɪɨɦɟɬɪɢ-

ɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ [14÷20]. 

 

Ɋɢɫ. 3. ɂɡɨɯɨɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨ-
ɞɚ ɩɨ ɞɚɧɧɵɦ [4]: 1- T = 304,15 K; 2 - 

305,15 K; 3 - 306,15 K; 4 - 307,15 K; 5 

- 308,15 K; 6 - 313,15 K; 7 - 318,15 K; 

8 - 333,15 K; 9 - 375,15 K. 

 

 

Ɋɢɫ. 4. ɂɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟ-
ɪɨɞɚ ɩɨ ɞɚɧɧɵɦ [5]: 1 - Ɋ = 8,826 

Ɇɉɚ; 2 - 9,856 Ɇɉɚ; 3 - 10,000 

Ɇɉɚ. 
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Ɋɢɫ. 5. ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ ɫɭɛ- ɢ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝ-
ɥɟɪɨɞɚ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɧɚ ɨɫɧɨɜɟ 
ɫɤɟɣɥɢɧɝɨɜɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹ-
ɧɢɹ [6]:- 1 -  T = 303,15 K;  

2 - 308,15 K; 3 - 313,15K; 4 - 

318,15 K. 

Ɋɢɫ. 6. Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (ο- [7]; 

∆ - [8]). 1 - 304,25 K; 2- 305,21 K; 

3- 307,92 K; 4- 313,13 K; 323,15 K; 

6- 348,15 K. 

 

 

 

 

 

 
 

Ɋɢɫ. 7. Ɍɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞ-

ɧɨɫɬɶ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ 
ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɩɨ ɞɚɧ-

ɧɵɦ [9]: 1 - T= 348,15 K; 2 - 

323,15 K; 3 - 313,15 K; 4 - 

307,95 K; 5 - 305,25 K; 6 - 

304,25 K; 7 - 307,95 K; 8 - 

305,25 K. 
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Ɋɢɫ. 8. Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ 
ɭɝɥɟɪɨɞɚ ɩɨ ɞɚɧɧɵɦ [10, 11]:  

1- T=307,75K; 2- 305,35 K;  

3- 304,25 K; 4- 313,15 K;  

5- 323,15 K; 6- 348,15 K. 

 

 

 

ɋɪɚɜɧɟɧɢɟ ɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɪɚɞɢɰɢɨɧɧɵɯ ɠɢɞɤɢɯ    
ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɝɨ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɟ 1 [21÷23]. 

 
Ɍɚɛɥɢɰɚ 1 

 

Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɟɤɨɬɨɪɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. 
 

Ɋɚɫɬɜɨɪɢɬɟɥɶ Ⱦɢɨɤɫɢɞ 

ɭɝɥɟɪɨɞɚ 
Ⱦɢɨɤɫɢɞ
ɭɝɥɟɪɨɞɚ

ɧ-Ƚɟɩɬɚɧ ɏɥɨɪɨɮɨɪɦ ɐɢɤɥɨɝɟɤɫɚɧ Ɍɨɥɭɨɥ

Ɍ/Ɍɤɪ 1,03 1,03 0,58 0,58 0,57 0,53 

Ɋ, ɛɚɪ 85 160 1 1 1 1 

ρ/ρɤɪ 0,96 1,7 2,87 2,90 2,78 2,90 

η, µɉ 320 700 3000 4600 7000 4700 

DȻ·10
5
, ɦ2

/ɫɟɤ 27 15 4,1 3,6 2,4 3,2 

δ,(ɤɚɥ/ɫɦ3
)

0,5
 5,5 6,8 7,4 9,3 8,2 8,9 

 

 
ɉɪɢɦɟɱɚɧɢɟ: δ – ɩɚɪɚɦɟɬɪ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢ DȻ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ 

ɛɟɧɡɨɥɚ ɜ ɩɪɢɜɟɞɟɧɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ. 
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ɂɡ ɬɚɛɥɢɰɵ 1 ɫɥɟɞɭɟɬ, ɱɬɨ ɪɚɫɬɜɨɪɢɬɟɥɢ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɫɨ-
ɫɬɨɹɧɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɟɟ ɜɹɡɤɢ, ɧɟɠɟɥɢ ɢɯ ɚɧɚɥɨɝɢ ɜ ɠɢɞɤɨɦ ɫɨ-
ɫɬɨɹɧɢɢ, ɢ ɷɬɨ ɹɜɥɹɟɬɫɹ ɛɟɫɫɩɨɪɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɜ ɩɥɚɧɟ ɭɥɭɱɲɟɧɢɹ ɦɚɫɫɨɨɛɦɟɧɧɵɯ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɰɟɫɫɚ. ɉɪɢ ɷɬɨɦ ɧɚɞɨ ɭɤɚɡɚɬɶ, ɱɬɨ ɚɧɚɥɢɡ ɷɬɨɝɨ ɮɚɤ-
ɬɨɪɚ ɛɵɥ ɛɵ ɧɟ ɩɨɥɧɵɦ, ɟɫɥɢ ɛɵ ɜɹɡɤɨɫɬɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɧɟ ɛɵɥɢ ɫɪɚɜɧɟɧɵ ɫ ɬɚɤɨɜɵɦɢ ɞɥɹ ɝɚɡɨɜ, ɬ.ɤ. ɢɦɟɧɧɨ 
ɝɚɡɨɩɨɞɨɛɧɵɟ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ (ɧɭ-
ɥɟɜɨɟ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɢ ɨɬɫɭɬɫɬɜɢɟ ɤɚɩɢɥɥɹɪɧɨɝɨ ɷɮɮɟɤɬɚ) 
ɹɜɢɥɢɫɶ ɨɫɧɨɜɨɣ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɜ ɩɨɫɥɟɞɧɢɟ 
ɝɨɞɵ ɩɪɨɰɟɫɫɚɯ ɩɪɨɩɢɬɤɢ ɢ ɨɱɢɫɬɤɢ ɬɜɟɪɞɵɯ ɦɚɬɪɢɰ. 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɦɟɧɟɟ, ɱɟɦ ɧɚ 
ɩɨɪɹɞɨɤ ɩɪɟɜɨɫɯɨɞɢɬ ɚɧɚɥɨɝɢɱɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɨɛɵɱɧɵɯ ɝɚɡɨɜ (∼ 100 

µɉ) ɢ ɷɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɩɥɨɬɧɨɫɬɶ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ 

ɮɥɸɢɞɨɜ    (∼ 300÷800 ɤɝ/ɦ3), ɤɚɤ ɦɢɧɢɦɭɦ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ ɩɪɟɜɵɲɚɟɬ 
ɩɥɨɬɧɨɫɬɶ ɩɨɫɥɟɞɧɢɯ (∼ 1 ɤɝ/ɦ3). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ 
ɮɥɸɢɞɵ ɨɛɥɚɞɚɸɬ ɫɚɦɵɦɢ ɧɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡ-
ɤɨɫɬɢ (ν=η/ρ). ɇɚɩɨɦɧɢɦ, ɱɬɨ ɢɦɟɧɧɨ ɤɜɚɞɪɚɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨ-
ɫɬɢ ɧɚɯɨɞɢɬɫɹ ɜ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɤ ɤɨɥɢɱɟɫɬ-
ɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ, ɨɩɪɟɞɟɥɹɸɳɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɨɛɨɞɧɨɝɨ 
ɞɜɢɠɟɧɢɹ. 

ȼ ɰɟɥɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ 
ɩɪɢ ɭɫɥɨɜɢɢ ɛɟɫɤɨɧɟɱɧɨɝɨ ɪɚɡɛɚɜɥɟɧɢɹ ɩɨ ɜɟɥɢɱɢɧɟ ɧɚ 1÷2 ɩɨɪɹɞɤɚ 
ɩɪɟɜɨɫɯɨɞɢɬ ɚɧɚɥɨɝɢɱɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɞɥɹ ɠɢɞɤɨɫɬɟɣ [24]. 

ɉɪɟɞɩɨɥɨɠɟɧɢɟ ɨɛ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɟɦ ɯɚɪɚɤɬɟɪɟ ɩɪɨɰɟɫɫɚ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɷɤɫɬɪɚɤɰɢɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ 
ɜɫɥɟɞɫɬɜɢɟ ɫɢɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɫɬɜɨɪɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ, ɩɨɥɧɭɸ ɪɟɝɟɧɟɪɚ-
ɰɢɸ ɷɤɫɬɪɚɝɟɧɬɚ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɭɬɺɦ ɢɡɦɟɧɟɧɢɹ ɥɢɲɶ ɬɟɦɩɟ-
ɪɚɬɭɪɵ (ɢɥɢ ɞɚɜɥɟɧɢɹ), ɧɟ ɩɪɢɛɟɝɚɹ ɤ ɪɟɚɝɟɧɬɧɵɦ ɦɟɬɨɞɚɦ ɢɥɢ ɞɢɫ-
ɬɢɥɥɹɰɢɢ [25]. 

ȼɵɛɨɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɝɚɡɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨ-
ɪɢɬɟɥɹ ɜ ɩɪɨɰɟɫɫɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɷɤɫɬɪɚɤɰɢɢ ɥɟɝɤɨ ɦɨɠɟɬ ɨɛɟɫɩɟ-
ɱɢɬɶ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɪɟɠɢɦɵ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɬɪɟɛɨɜɚɧɢɸ ɬɟɪɦɢ-

ɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. ȼ ɬɚɛɥɢɰɟ 2 ɩɪɢ-
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ɜɟɞɟɧɵ ɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɧɚɢɛɨɥɟɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɢɯ ɷɤɫɬɪɚɝɟɧɬɨɜ. 
Ɍɨɥɶɤɨ ɜ ɋɒȺ ɫ 1976 ɝ. ɩɨ 1997 ɝ. ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɛɨɥɟɟ 800 

ɩɚɬɟɧɬɨɜ ɧɚ ɩɪɨɰɟɫɫɵ ɢɥɢ ɭɫɬɪɨɣɫɬɜɚ, ɩɪɟɞɩɨɥɚɝɚɸɳɢɟ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟ ɫɭɛ- ɢɥɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɜ ɬɨɦ ɢɥɢ ɢɧɨɦ ɤɚɱɟɫɬɜɟ, 
ɜɤɥɸɱɚɸɳɢɯ ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɨɰɟɫɫɵ ɨɱɢɫɬɤɢ ɪɟɚɝɢɪɭɸɳɢɯ ɦɨɧɨɦɟ-
ɪɨɜ; ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ; ɭɩɪɚɜɥɟɧɢɹ ɤɢɧɟ-
ɬɢɤɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɫɪɟɞɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ; ɷɤɫɬɪɚɤ-
ɰɢɢ ɨɫɬɚɬɨɱɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɤɚɬɚɥɢɡɚɬɨɪɚ, ɦɨɧɨɦɟɪɨɜ ɢ ɨɥɢɝɨɦɟ-
ɪɨɜ; ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ; ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɨɥɢɦɟɪɨɜ ɩɨ ɦɟɬɨɞɭ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹ; ɦɢɤɪɨɧɢɡɚɰɢɢ ɩɨ ɩɪɢɧɰɢɩɭ 
RESS (Rapid expansion supercritical solution); ɩɪɨɩɢɬɤɢ ɩɨɥɢɦɟɪɨɜ 
ɪɚɡɥɢɱɧɵɦɢ ɦɨɞɢɮɢɤɚɬɨɪɚɦɢ ɢ ɞɨɛɚɜɤɚɦɢ [26] ɢ ɞɪɭɝɢɯ. 

Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɩɪɚɤɬɢɱɟɫɤɢɟ ɩɪɢɥɨɠɟɧɢɹ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɢɯ ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɢɳɟɜɨɣ, ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ, ɩɚɪ-
ɮɸɦɟɪɧɨɣ, ɯɢɦɢɱɟɫɤɨɣ, ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ ɢ ɞɪɭɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨ-
ɦɵɲɥɟɧɧɨɫɬɢ ɦɨɝɭɬ ɛɵɬɶ ɞɨɩɨɥɧɟɧɵ ɩɪɢɦɟɪɚɦɢ ɭɫɩɟɲɧɨɣ ɪɟɚɥɢɡɚ-
ɰɢɢ ɦɧɨɝɨɬɨɧɧɚɠɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɬɚɤɢɯ ɤɚɤ ɞɟɤɨɮɟɢɧɢɡɚɰɢɹ ɤɨɮɟ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ ɢ ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɹ ɬɹɠɟɥɵɯ 
ɮɪɚɤɰɢɣ ɧɟɮɬɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɩɟɧɬɚɧɨɦ [26]. 

 
Ɍɚɛɥɢɰɚ 2. 

Ʉɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɧɟɤɨɬɨɪɵɯ ɜɟɳɟɫɬɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɷɤɫɬɪɚɝɟɧɬɨɜ. 

 

ȼɟɳɟɫɬɜɨ Ʉɪɢɬɢɱɟɫɤɚɹ  
ɬɟɦɩɟɪɚɬɭɪɚ, 

Ɍɤɪ, Ʉ 

Ʉɪɢɬɢɱɟɫɤɨɟ 
ɞɚɜɥɟɧɢɟ, 
Ɋɤɪ, Ɇɉɚ 

Ʉɪɢɬɢɱɟɫɤɚɹ 
ɩɥɨɬɧɨɫɬɶ, 

ρɤɪ, ɤɝ/ɦ3
 

Ɇɟɬɚɧ 190,55 4,595 162,7 

Ʉɫɟɧɨɧ 289,74 5,84 1110 

ɗɬɢɥɟɧ 282,35 5,0404 214 

ɏɥɨɪɬɪɢɮɬɨɪɷɬɚɧ 302 3,87 578 

Ⱦɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ 304,14 7,378 467,8 

ɗɬɚɧ 305,33 4,872 206,5 

ɒɟɫɬɢɮɬɨɪɢɫɬɚɹ 
ɫɟɪɚ 

318,69 3,761 734 

Ȼɪɨɦɬɪɢɮɬɨɪɦɟɬɚɧ 340 3,98 745 

ɏɥɨɪɬɪɢɮɬɨɪɷɬɚɧ 353 3,16 613 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2 
 

ɉɪɨɩɢɥɟɧ 365 4,5 233 

ɉɪɨɩɚɧ 369,82 4,247 221 

Ⱥɦɦɢɚɤ 405,4 11,1 235 

ɧ-Ȼɭɬɚɧ 425,16 3,796 227,85 

Ⱦɢɷɬɢɥɨɜɵɣ ɫɩɢɪɬ 467 3,64 265 

ɧ-ɉɟɧɬɚɧ 470 3,37 237 

ɧ-Ƚɟɤɫɚɧ 507 2,9 233 

Ⱥɰɟɬɨɧ 509 4,70 278 

Ɇɟɬɚɧɨɥ 513 8,04 272 

ɗɬɚɧɨɥ 516 6,3 276 

Ȼɟɧɡɨɥ 562 4,84 302 

Ɍɨɥɭɨɥ 592 4,05 319 

ȼɨɞɚ 647,1 22,06 322,2 

 

Ʉɚɫɚɹɫɶ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɚɫɩɟɤɬɨɜ ɪɟɚɥɢɡɚɰɢɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ 

ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜɫɺ ɠɟ ɫɥɟɞɭɟɬ ɩɪɢɡɧɚɬɶ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɜ 
ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ [27] (ɞɚɠɟ ɭɱɢɬɵɜɚɹ ɛɟɫɫɩɨɪɧɨ ɛɨɥɟɟ ɜɵ-

ɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɚɟɦɵɯ ɜ ɢɬɨɝɟ ɩɪɨɞɭɤɬɨɜ) ɷɬɢ ɩɪɨɰɟɫɫɵ ɩɨɤɚ 
ɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɞɨɪɨɝɢɦɢ. 

ɉɨɷɬɨɦɭ ɭɫɢɥɢɹ, ɧɚɩɪɚɜɥɹɟɦɵɟ ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɩɭɬɟɣ ɢɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɨɩɬɢɦɢɡɚɰɢɢ, ɞɨɥɠɧɵ ɞɨɩɨɥɧɹɬɶɫɹ 
ɩɨɧɢɦɚɧɢɟɦ ɬɨɝɨ, ɱɬɨ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ 

ɮɥɸɢɞɨɜ, ɤɚɤ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɩɪɟɠɞɟ ɜɫɟɝɨ ɞɨɥɠɧɵ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ 
ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɬɪɚɞɢɰɢɨɧɧɵɟ ɩɨɞɯɨɞɵ ɧɟ ɩɨɡɜɨɥɹɸɬ ɭɞɨɜɥɟɬɜɨ-
ɪɢɬɶ ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. 
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ゎ¿íçí I  

 

づんでどゑだづごぜだでどぽ ゑぎべぎでどゑ 

 ゑ でゑぎづびとづごどごぶぎでとごび ぱずùごがんび 

 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɨɩɬɢɦɢɡɚɰɢɹ ɩɪɨɰɟɫɫɨɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ 

ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤɰɢɢ (ɋɄɎɗ) ɬɪɟɛɭɟɬ ɧɚɞɟɠɧɵɟ ɞɚɧɧɵɟ ɩɨ ɪɚɫɬɜɨ-
ɪɢɦɨɫɬɢ. ɉɨɫɤɨɥɶɤɭ ɪɚɫɬɜɨɪɵ ɜɟɳɟɫɬɜ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ 
(ɋɄɎ) ɹɜɥɹɸɬɫɹ ɪɚɡɛɚɜɥɟɧɧɵɦɢ, ɬɨ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜ-
ɥɹɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ ɢ 

ɩɥɨɬɧɨɫɬɢ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜɛɥɢɡɢ ɫɨɛɫɬɜɟɧɧɨɣ 

ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ [28,29] 

ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ ɩɨɜɟɞɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɪɚɡɥɢɱɧɨɣ 

ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ ɢɦɟɟɬ ɨɛɳɢɣ ɯɚ-
ɪɚɤɬɟɪ. ȼ ɪɚɛɨɬɟ [30] ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɫ ɩɪɢɛɥɢɠɟɧɢɟɦ ɤ ɤɪɢɬɢɱɟ-
ɫɤɨɣ ɬɨɱɤɟ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚ ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨɛ ɭɧɢɜɟɪɫɚɥɶɧɨɦ ɩɨɜɟɞɟɧɢɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 

ɜɟɳɟɫɬɜ, ɤɚɤ ɬɜɟɪɞɵɯ, ɬɚɤ ɢ ɠɢɞɤɢɯ. 
Ɉɞɧɚɤɨ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɨɩɢɫɚɧɢɹ ɢ ɨɛɨɛɳɟɧɢɹ ɪɚɫɬɜɨ-

ɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ ɨɫɬɚɜɥɹɸɬ ɨɬɤɪɵɬɵɦɢ 

ɜɨɩɪɨɫɵ ɧɚɞɟɠɧɨɣ ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ. ɉɨɷɬɨɦɭ, ɚɜ-
ɬɨɪɵ ɩɨɥɚɝɚɸɬ ɧɟɨɛɯɨɞɢɦɵɦ ɨɛɫɭɠɞɟɧɢɟ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɜ ɪɚɦɤɚɯ 
ɨɬɞɟɥɶɧɨɣ ɝɥɚɜɵ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɜɫɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɨɩɢɫɚɧɢɹ ɢ 

ɨɛɨɛɳɟɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɬɪɟɛɭɸɬ ɷɦɩɢɪɢɱɟɫɤɢɟ ɩɨɞɝɨɧɨɱɧɵɟ ɩɚ-
ɪɚɦɟɬɪɵ ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɝɥɚɫɨɜɚɧɢɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚ, ɢɯ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɩɨɥɧɨɫɬɶɸ ɷɦɩɢɪɢɱɟ-
ɫɤɢɟ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɤ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɦɟɬɨɞɵ, ɨɫɧɨ-
ɜɚɧɧɵɟ ɧɚ ɬɟɨɪɢɢ ɩɨɞɨɛɢɹ, ɦɨɥɟɤɭɥɹɪɧɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɚ 
ɬɚɤɠɟ ɩɪɢɛɥɢɠɟɧɧɵɟ ɦɨɞɟɥɢ ɪɚɫɬɜɨɪɨɜ. Ʉ ɩɨɥɧɨɫɬɶɸ ɷɦɩɢɪɢɱɟɫɤɢɦ, 
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ɧɚ ɧɚɲ ɜɡɝɥɹɞ, ɧɟɨɛɯɨɞɢɦɨ ɨɬɧɟɫɬɢ ɤɨɪɪɟɥɹɰɢɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɱɢɫɬɨɝɨ 
ɪɚɫɬɜɨɪɢɬɟɥɹ. 

 
1.1. Äぜぢごづごぶぎでとごぎ ぜぎどだがぼ だぢごでんぞごé づんでどゑだづごぜだでどご 

 

Ⱦɥɹ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ [31] 

ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɥɨɝɚɪɢɮɦ ɪɚɫɬɜɨɪɢɦɨɫɬɢ, ɜɵɪɚɠɟɧɧɵɣ ɜ 
ɦɨɥɶɧɵɯ ɞɨɥɹɯ, ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ ɩɥɨɬɧɨɫɬɢ ɱɢɫɬɨɝɨ ɪɚɫ-
ɬɜɨɪɢɬɟɥɹ ρ  : 

 

( ) ( ) ( )ρρ TbTaxln +=  , (1.1) 

 

ɝɞɟ x - ɦɨɥɶɧɚɹ ɞɨɥɹ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜɨ ɮɥɸɢɞɧɨɣ ɮɚɡɟ, 
( )Ɍa  ɢ ( )Tb - ɩɨɞɝɨɧɨɱɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɡɚɜɢɫɹɳɢɟ ɥɢɲɶ ɨɬ         

ɬɟɦɩɟɪɚɬɭɪɵ. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ ɦɟɠɞɭ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɨɣ 

ɢ ɟɟ ɧɚɫɵɳɟɧɧɵɦ ɩɚɪɨɦ ɧɚɪɭɲɚɟɬɫɹ ɜ ɫɥɭɱɚɟ ɧɚɥɨɠɟɧɢɹ ɜɧɟɲɧɟɝɨ 
ɞɚɜɥɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɫɧɢɠɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɥɟɤɭɥ ɠɢɞɤɨɫɬɢ ɜ ɩɚɪɨɜɨɣ ɮɚɡɟ. Ⱦɥɹ ɬɨ-
ɝɨ, ɱɬɨɛɵ ɜɟɪɧɭɬɶ ɫɢɫɬɟɦɭ ɜ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɧɟɨɛɯɨɞɢɦɨ, 
ɱɬɨɛɵ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɥɟɤɭɥ ɠɢɞɤɨɫɬɢ ɩɟɪɟɲɥɨ ɜ ɩɚɪɨɜɭɸ 

ɮɚɡɭ. ɗɬɨ ɨɡɧɚɱɚɟɬ ɪɨɫɬ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɤɨɧɞɟɧɫɢɪɨ-
ɜɚɧɧɨɣ ɮɚɡɵ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɱɬɨ ɩɨɥɧɨɫɬɶɸ ɨɬɜɟɱɚɟɬ ɩɪɚ-
ɜɢɥɭ ɮɚɡ Ƚɢɛɛɫɚ. ɉɪɢɪɚɳɟɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɤɨɧɞɟɧ-

ɫɢɪɨɜɚɧɧɵɯ ɫɪɟɞ ɜ ɭɫɥɨɜɢɹɯ ɧɚɥɨɠɟɧɧɨɝɨ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ ɢɡ-
ɜɟɫɬɧɨ ɤɚɤ ɷɮɮɟɤɬ ɉɨɣɧɬɢɧɝɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɚɥɶɧɟɣɲɢɣ ɪɨɫɬ 
ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢɜɟɞɟɬ ɤ ɩɟɪɟɯɨɞɭ ɨɱɟɪɟɞɧɨɣ ɩɨɪɰɢɢ ɦɨɥɟɤɭɥ 
ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɢɡ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ ɜ ɩɚɪɨɜɭɸ. Ⱦɥɹ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɷɬɨɝɨ ɷɮɮɟɤɬɚ ɜɜɨɞɢɬɫɹ ɩɚɪɚɦɟɬɪ ȿ, ɤɨɬɨɪɵɣ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɩɚɪɰɢɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɚɪɨɜ ɪɚɫɬɜɨ-
ɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɮɚɡɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ ɤ ɫɨɛɫɬɜɟɧɧɨɦɭ 

ɞɚɜɥɟɧɢɸ ɧɚɫɵɳɟɧɢɹ vP  ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɛɟɡ ɧɚɥɨɠɟɧɢɹ 
ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ P  

vP/xPE =  .                                          (1.2) 
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ȼ ɪɚɛɨɬɟ [29] ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɭɪɚɜɧɟɧɢɟɦ (1.1) ɩɚɪɚɦɟɬɪ ȿ ɛɵɥ 
ɨɩɢɫɚɧ ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ ɩɥɨɬɧɨɫɬɢ ɱɢɫɬɨɝɨ ɮɥɸɢɞɚ 

 

 ( ) ( ) ( )ρTdTcEln +=  ,  (1.3) 
 

ɝɞɟ ɩɨɞɝɨɧɨɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ( )Ɍc  ɢ ( )Td  ɬɚɤɠɟ ɡɚɜɢɫɹɬ ɥɢɲɶ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨɫɤɨɥɶɤɭ ɞɥɹ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɜɟɳɟɫɬɜ, ɨɫɨɛɟɧɧɨ 
ɬɜɟɪɞɵɯ, ɨɬɫɭɬɫɬɜɭɸɬ ɧɚɞɟɠɧɵɟ ɞɚɧɧɵɟ ɩɨ ɞɚɜɥɟɧɢɸ ɧɚɫɵɳɟɧɧɵɯ 
ɩɚɪɨɜ, ɜ ɪɚɛɨɬɟ [29] ɜɟɥɢɱɢɧɭ vP  ɡɚɦɟɧɢɥɢ ɧɚ ɞɚɜɥɟɧɢɟ ɨɬɧɟɫɟɧɢɹ 

0P : 

 ( ) ρBAP/xPln 0 +=  ,   (1.4) 

ɝɞɟ 
 ( ) ( )0P/PlnɌcȺ v+= ,                ( )TdB = .   (1.5) 
 

ɉɚɪɚɦɟɬɪɵ Ⱥ ɢ ȼ ɨɩɹɬɶ ɡɚɜɢɫɹɬ ɥɢɲɶ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ⱦɚɜɥɟɧɢɟ 
ɨɬɧɟɫɟɧɢɹ 0P  ɞɥɹ ɜɫɟɣ ɫɟɪɢɢ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɚɜɧɵɦ 

1 ɛɚɪ. ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɢɫɚɧɢɹ ɩɨ ɭɪɚɜɧɟɧɢɹɦ 

(1.1) ɢ (1.4) ɩɨɤɚɡɚɥ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɫɬɶ ɩɨɫɥɟɞɧɟɝɨ ɭɪɚɜɧɟɧɢɹ. Ɉɞ-

ɧɚɤɨ, ɚɜɬɨɪɵ [29] ɨɬɦɟɱɚɸɬ ɫɧɢɠɟɧɢɟ ɬɨɱɧɨɫɬɢ ɭɪɚɜɧɟɧɢɹ (1.4) ɩɪɢ 

ɞɚɜɥɟɧɢɹɯ ɧɢɠɟ 100 ɛɚɪ. ɉɨɷɬɨɦɭ ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ 

ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɹɯ ɛɵɥɢ ɢɫɤɥɸɱɟɧɵ ɩɪɢ ɭɬɨɱɧɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ Ⱥ ɢ ȼ. 

Ɍɚɤɨɟ ɫɢɥɶɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ ɩɨ ɞɢɨɤɫɢɞɭ ɭɝɥɟɪɨɞɚ, ɧɚ ɧɚɲ ɜɡɝɥɹɞ, ɞɟ-
ɥɚɟɬ ɭɪɚɜɧɟɧɢɟ (1.4) ɧɟɩɪɢɦɟɧɢɦɵɦ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɨɩɬɢɦɢ-

ɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɫɟɩɚɪɚɰɢɢ ɷɤɫɬɪɚɤɬɨɜ ɢ ɪɟɝɟɧɟɪɚɰɢɢ ɷɤɫɬɪɚɝɟɧɬɚ. 
ȼ ɪɚɛɨɬɟ [29] ɬɚɤɠɟ ɜɵɫɤɚɡɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɪɚɡɞɟɥɟɧɢɟ 

ɷɮɮɟɤɬɨɜ ɥɟɬɭɱɟɫɬɢ ɢ ɫɨɥɶɜɚɬɚɰɢɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɩɪɢ ɨɩ-

ɪɟɞɟɥɟɧɢɢ ɩɚɪɚɦɟɬɪɚ ȿ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɦɟɧɶɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪ-
ɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ( )Ɍc  ɢ ( )Td . ɍɦɟɧɶɲɟɧɢɟ ɨɞɧɨɝɨ ɢɡ 
ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɭɜɟɥɢɱɟɧɢɟɦ ɞɪɭɝɨɝɨ. 
Ⱦɥɹ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɣ ɜ ɪɚɛɨɬɟ [29] ɜɜɨɞɢɬɫɹ ɩɥɨɬɧɨɫɬɶ ɨɬɧɟ-
ɫɟɧɢɹ 0ρ , ɤɨɬɨɪɚɹ ɞɥɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ 700 

ɤɝ/ɦ3. Ɍɚɤɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 0ρ  ɩɪɢɧɹɬɨ ɩɨɬɨɦɭ, ɱɬɨ ɷɬɚ ɩɥɨɬɧɨɫɬɶ 
ɢɦɟɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ ɜɫɟɯ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɧɵɯ ɨɩɵɬɧɵɯ         

ɢɡɨɬɟɪɦɚɯ.  
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ɍɪɚɜɧɟɧɢɟ (1.3) ɩɪɢɧɢɦɚɟɬ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɥɟɞɭɸɳɢɣ ɜɢɞ 

( ) ( ) ( ) ( )0TdTcEln ρρ+′=  , (1.6) 

ɝɞɟ  
( ) ( ) ( ) 0TdɌcɌ'c ρ+=  . (1.7) 

ȿɫɥɢ ɨɬɫɭɬɫɬɜɭɸɬ ɧɚɞɟɠɧɵɟ ɞɚɧɧɵɟ ɩɨ ɞɚɜɥɟɧɢɸ ɧɚɫɵɳɟɧɧɵɯ
ɩɚɪɨɜ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ, ɬɨ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɨɞɢɮɢɰɢɪɨ-

ɜɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ (1.4), ɤɨɬɨɪɨɟ ɜ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɣ ɧɟɨɛɯɨ-
ɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ 

( ) ( ) 00 BAP/xPln ρρ −+′=  ,  (1.8) 

ɝɞɟ 
0BȺȺ ρ+=′  . (1.9) 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɚɪɚɦɟɬɪ Ⱥ′  ɢɦɟɟɬ ɧɚɦɧɨɝɨ ɛɨɥɟɟ ɫɬɪɨɝɭɸ ɬɟɦɩɟ-
ɪɚɬɭɪɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɚɪɚɦɟɬɪɨɦ Ⱥ (ɪɢɫ.1.1 ɢ 1.2). 

ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɧɚɞɟɠɧɨ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɲɢɪɨ-
ɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ. Ɉɬɤɥɨɧɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɨɬ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ ɭɪɚɜɧɟɧɢɹɦ (1.3), (1.4), (1.6) ɢ 

(1.8) ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 10 ɞɨ 30%. 

Ɋɢɫ.1.1. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɚɪɚɦɟɬɪɚ Ⱥ
ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɧɚɮɬɚɥɢɧɚ ɜ
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɋɈ2 

Ɋɢɫ.1.2. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Ⱥ′  
ɞɥɹ ɧɚɮɬɚɥɢɧɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɋɈ2 
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Ʉ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɦɟɬɨɞɵ, ɤɨɬɨɪɵɟ ɢɡɭɱɚɸɬ ɩɨ-
ɜɟɞɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɭɬɟɦ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɫɬɪɭɤɬɭɪɧɵɯ
ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɚ ɬɚɤɠɟ ɫɢɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɤɨɦ-

ɩɨɧɟɧɬɨɜ ɝɚɡɨɜɨɝɨ ɪɚɫɬɜɨɪɚ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɫɬɪɨɝɨ ɨɛɨɫɧɨ-
ɜɚɬɶ ɢɧɬɟɪɜɚɥɵ ɩɪɢɦɟɧɢɦɨɫɬɢ ɦɨɞɟɥɟɣ, ɚ ɬɚɤɠɟ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɪɚɫ-
ɬɜɨɪɢɦɨɫɬɶ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɟɢɡɭɱɟɧɧɵɯ ɫɢɫɬɟɦ.  

ɉɟɪɜɨɣ ɩɨɩɵɬɤɨɣ ɞɚɬɶ ɫɬɪɨɝɨɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɨɛɴɹɫɧɟɧɢɟ
ɪɨɫɬɭ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɢɹ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɫɪɟɞɵ ɜ ɩɪɢɫɭɬɫɬɜɢɢ
ɫɠɚɬɨɝɨ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɫɬɚɥɨ ɭɪɚɜɧɟɧɢɟ ɉɨɣɧɬɢɧɝɚ 

( )1P
RT

V

P

P
ln ɠ

v

−=
′ µv

 , (1.10) 

ɝɞɟ vP′ - ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɢɹ ɫɠɚɬɨɣ ɢɡɜɧɟ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɫɪɟɞɵ, 

ɠV - ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɫɪɟɞɵ, ɠVµ - ɦɨɥɶɧɵɣ ɨɛɴ-

ɟɦ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɫɪɟɞɵ, R - ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ɍ - ɚɛɫɨɥɸɬɧɚɹ
ɬɟɦɩɟɪɚɬɭɪɚ. ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɭɱɢɬɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨ-
ɬɟɧɰɢɚɥɚ ɧɟɫɠɢɦɚɟɦɨɣ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɫɪɟɞɵ, ɤɨɬɨɪɚɹ ɧɟ ɪɚɫɬɜɨ-
ɪɹɟɬ ɜ ɫɟɛɟ ɫɠɚɬɵɣ ɝɚɡ. ɍɪɚɜɧɟɧɢɟ (1.10) ɧɟ ɭɱɢɬɵɜɚɟɬ ɩɪɢɪɨɞɭ ɝɚɡɨ-
ɨɛɪɚɡɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. ɋɪɚɜɧɟɧɢɟ ɫ ɨɩɵɬɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨɤɚɡɚɥɨ 
[32], ɱɬɨ ɭɪɚɜɧɟɧɢɟ ɉɨɣɧɬɢɧɝɚ ɞɚɟɬ ɡɚɧɢɠɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɠVµ . ɗɬɨ 
ɪɚɫɯɨɠɞɟɧɢɟ ɡɚɜɢɫɢɬ ɤɚɤ ɨɬ ɩɪɢɪɨɞɵ ɩɨɫɬɨɪɨɧɧɟɝɨ ɝɚɡɚ, ɬɚɤ ɢ ɨɬ ɜɟ-
ɥɢɱɢɧɵ ɧɚɥɨɠɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ Ɋ. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɦɨɠɧɨ ɬɚɤɠɟ ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɟ
ɞɥɹ ɪɚɫɱɟɬɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɫɪɟɞɵ ɜ ɫɠɚɬɨɦ ɝɚɡɨ-
ɨɛɪɚɡɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ, ɜɵɪɚɠɟɧɧɨɣ ɜ ɦɨɥɶɧɵɯ ɞɨɥɹɯ. 

ɍɫɥɨɜɢɟ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɦɟɠɞɭ ɱɢɫɬɨɣ, ɧɟɫɠɢɦɚɟɦɨɣ ɤɨɧ-

ɞɟɧɫɢɪɨɜɚɧɧɨɣ ɫɪɟɞɨɣ ɢ ɪɚɡɛɚɜɥɟɧɧɵɦ ɝɚɡɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɦɨɠɟɬ
ɛɵɬɶ ɜɵɪɚɠɟɧɨ ɱɟɪɟɡ ɪɚɜɟɧɫɬɜɨ ɥɟɬɭɱɟɫɬɟɣ [32], ɥɢɛɨ ɯɢɦɢɱɟɫɤɢɯ
ɩɨɬɟɧɰɢɚɥɨɜ [30] ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɫɨɫɭɳɟɫɬɜɭɸɳɢɯ ɮɚɡɚɯ. 
Ⱥɧɚɥɢɡ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧ-

ɰɢɚɥɚ ɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɟɧ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɞɚɥɶɧɟɣɲɟɝɨ ɩɟɪɟɯɨɞɚ ɤ
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɪɚɫɬɜɨɪɢɬɟɥɹɦ. 

Ɂɚɩɢɲɟɦ ɭɫɥɨɜɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ ɪɚɫɫɦɚɬɪɢ-

ɜɚɟɦɨɣ ɫɢɫɬɟɦɟ ɱɟɪɟɡ ɪɚɜɟɧɫɬɜɨ ɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ 

1.2. どぎだづぎどごぶぎでとごぎ ぜぎどだがぼ だぢごでんぞごé づんでどゑだづごぜだでどご 
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 ( ) ( ) ( ) 0x,P,ɌP,Ɍx,P,Ɍ ɝ
2

ɠ
2 =−= µµµ∆  , (1.11) 

 

ɝɞɟ ɢɧɞɟɤɫ 2 ɨɬɧɨɫɢɬɫɹ ɤ ɪɚɫɬɜɨɪɹɟɦɨɦɭ ɜɟɳɟɫɬɜɭ, ɢɧɞɟɤɫɵ «ɠ» ɢ 

«ɝ» ɨɛɨɡɧɚɱɚɸɬ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɭɸ ɢ ɝɚɡɨɜɭɸ ɮɚɡɵ, 

ɯ - ɷɬɨ ɦɨɥɶɧɚɹ ɞɨɥɹ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ. ȼ ɤɨɧ-

ɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɟ, ɤɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɦɨɥɶɧɚɹ ɞɨɥɹ ɜɬɨɪɨɝɨ 
ɤɨɦɩɨɧɟɧɬɚ ɪɚɜɧɚ 1. Ⱦɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɹ (1.11) ɩɨ ɞɚɜɥɟ-
ɧɢɸ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸɳɟɦɭ ɪɟɡɭɥɶɬɚ-
ɬɭ 
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- ɦɨɥɶɧɵɣ ɨɛɴɟɦ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɤɨɧ-

ɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɟ, 
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- ɷɬɨ ɩɚɪɰɢɚɥɶɧɵɣ ɨɛɴɟɦ ɪɚɫ-

ɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɪɚɜɧɟɧɢɟ (1.12) 

ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ 
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ɝɞɟ ɢɧɞɟɤɫ σ  ɨɡɧɚɱɚɟɬ ɥɢɧɢɸ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. ȼɞɚɥɢ ɨɬ ɤɪɢɬɢ-

ɱɟɫɤɨɣ ɬɨɱɤɢ ɱɢɫɬɨɝɨ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
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ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɭɪɚɜɧɟɧɢɹ (1.14) ɜ ɭɪɚɜɧɟɧɢɟ (1.13) ɩɨɥɭɱɚɟɦ 
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Ɍɚɤ ɤɚɤ ɩɪɢ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɹɯ ɠ
2

ɝ
2 VV >>  , ɬɨ ɩɪɨɢɡɜɨɞɧɚɹ         

ɜ ɥɟɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ (1.15) ɩɪɢɧɢɦɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. 
ɗɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫ ɪɨɫɬɨɦ ɞɚɜɥɟɧɢɹ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɉɞɧɚɤɨ, ɩɨɜɵɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɛɵɫɬɪɨ 

ɭɦɟɧɶɲɚɟɬ ɪɚɡɧɨɫɬɶ ( )ɝ2ɠ
2 VV − . ȼ ɬɨɱɤɟ, ɝɞɟ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ 

ɝ
2

ɠ
2 VV = , ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɞɨɫɬɢɝɧɟɬ ɫɜɨɟɝɨ ɦɢɧɢɦɭɦɚ. Ⱦɚɥɶɧɟɣɲɢɣ 

ɪɨɫɬ ɞɚɜɥɟɧɢɹ ɭɠɟ ɛɭɞɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɭɜɟɥɢɱɟɧɢɟɦ         

ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜɚ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ. Ɍɚɤɨɟ         

ɩɨɜɟɞɟɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɫɢɥɶɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɜɟɥɢɱɢɧɵ 
ɝ

2V  ɨɬ 
ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɜɟɥɢɱɢɧɚ ɠ

2V  ɨɫɬɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ 

ɩɨɫɬɨɹɧɧɨɣ. 

ɋɪɚɜɧɟɧɢɟ ɫ ɨɩɵɬɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨɤɚɡɵɜɚɟɬ ɥɢɲɶ ɤɚɱɟɫɬɜɟɧɧɨɟ 
ɫɨɝɥɚɫɢɟ ɩɪɢ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɹɯ ɢ ɩɨɥɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɜ ɨɛɥɚɫɬɢ         

ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɣ. ɗɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ [32] ɬɟɦ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ 
(1.15) ɧɟ ɭɱɢɬɵɜɚɟɬ ɫɢɥɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ         

ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ. Ʉɪɨɦɟ ɷɬɨɝɨ ɩɪɢ ɩɨɥɭɱɟɧɢɢ         

ɫɨɨɬɧɨɲɟɧɢɹ (1.15) ɩɪɢɧɹɬɨ ɞɨɩɭɳɟɧɢɟ ɨ ɧɟɫɠɢɦɚɟɦɨɫɬɢ ɬɜɟɪɞɨɣ 

ɮɚɡɵ ɢ ɧɟɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ ɜ ɧɟɣ. ȼɦɟɫɬɟ ɫ 
ɬɟɦ ɬɚɛɥɢɰɚ 1.1 [33] ɢ ɪɢɫɭɧɨɤ 1.3 [33] ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ ɦɧɨɝɨɟ         

ɡɚɜɢɫɢɬ ɨɬ ɛɥɢɡɨɫɬɢ ɫɨɫɬɨɹɧɢɹ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ ɝɚɡ-ɩɨɥɢɦɟɪ         

ɤ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɫɨɫɬɨɹɧɢɹ ɩɨɥɢɦɟɪɚ ɢ ɪɨ-
ɞɚ ɝɚɡɚ [33, 34]. 

 

 
Ɍɚɛɥɢɰɚ 1.1 

 

づíçÖÜçñïÖ▲ñ ïÜïöíç▲ Ñ¿　 ïóïöñ½▲ ïçñëê¡ëóöóôñï¡óú  

â¿0óÑ – ëíïä¿íç¿ñÖÖ▲ú äÜ¿ó½ñë 

 
ɉɨɥɢɦɟɪ Ƚɚɡ t, °ɋ Ɋ, Ɇɉɚ Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɝɚɡɚ 

ɜ ɮɚɡɟ ɩɨɥɢɦɟɪɚ, %
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1.ɉɨɥɢɷɬɢɥɥɟɧ 

ɜɵɫɨɤɨɣ 

ɩɥɨɬɧɨɫɬɢ 

 

ɋɇ4 

140,03 

162,78 

188,31 

5,1÷23,8 

2,1÷31,7 

2,4÷25,3 

0,36÷4,1 

0,36÷4,1 

0,36÷3,3 

2.ɉɨɥɢɷɬɢɥɥɟɧ 

ɧɢɡɤɨɣ 

ɩɥɨɬɧɨɫɬɢ 

 

ɋ2ɇ4 

124-300 

143,2 

157,3 

200,5 

237,0 

>0,1 

6,94 

6,94 

6,94 

6,94 

0 

0 

0 

0 

0 

3.ɉɨɥɢɷɬɢɥɥɟɧ 

ɧɢɡɤɨɣ 

ɩɥɨɬɧɨɫɬɢ 

 

ɋɇ4 

125,4 

227,0 
6,0÷66,1 

6,9÷66,1 

0,8÷5,0 

1,0÷6,4 

4.ɉɨɥɢɷɬɢɥɥɟɧ 

ɧɢɡɤɨɣ 

ɩɥɨɬɧɨɫɬɢ 

 

N2 

125,0 

155,4 

188,4 

226,1 

0,069 

6,2÷54,0 

6,6÷66,9 

6,4÷54,7 

1,0÷1,25 

0,6÷3,9 

0,6÷3,9 

0,9÷4,5 

5.ɉɨɥɢɢɡɨɛɭɬɢɥɟɧ ɋɇ4 101,86 

126,85 

155,41 

188,46 

2,3÷34,1 

2,3÷34,1 

2,3÷34,1 

2,3÷34,1 

0,4÷2,4 

0,3÷2,7 

0,4÷3,0 

0,4÷3,1 

6.ɉɨɥɢɫɬɢɪɨɥ ɋɇ4 100,20 

125,42 

155,42 

188,40 

6,7÷32,0 

5,0÷6,68 

4,8÷24,1 

6,7÷31,2 

0,6÷1,6 

0,5÷2,0 

0,4÷1,6 

0,5÷2,2 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɭɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɦɟɬɨɞ ɚɧɚɥɢɡɚ, 
ɦɨɠɧɨ ɜɵɹɜɢɬɶ ɥɢɲɶ ɤɚɱɟɫɬɜɟɧɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜ ɩɨɜɟɞɟɧɢɢ ɪɚɫ-
ɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɜ ɫɠɚɬɵɯ ɝɚɡɨɨɛɪɚɡɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ. ɇɚɞɟɠ-

ɧɨɟ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ, ɨɱɟɜɢɞɧɨ, ɬɪɟɛɭɟɬ ɭɱɟɬɚ ɫɢɥ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ. 
 

1.2.1.  でó¿▲ ½ñ¢½Ü¿ñ¡Ü¿　ëÖÜÇÜ ç£íó½ÜÑñúïöçó　  

ç ëí£ßíç¿ñÖÖ▲ê  â¿0óÑÖ▲ê ëíïöçÜëíê 

 

ȿɫɥɢ ɮɥɸɢɞ-ɪɚɫɬɜɨɪɢɬɟɥɶ ɨɛɨɡɧɚɱɢɬɶ ɢɧɞɟɤɫɨɦ 1, ɚ ɪɚɫɬɜɨɪɹɟ-
ɦɨɟ ɜɟɳɟɫɬɜɨ ɢɧɞɟɤɫɨɦ 2, ɬɨ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɞɚɧɧɨɝɨ 
ɮɥɸɢɞɚ ɪɚɫɬɜɨɪɹɬɶ ɤɨɧɤɪɟɬɧɨɟ ɜɟɳɟɫɬɜɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɚɪɧɵɦɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦɢ ɦɨɥɟɤɭɥ ɬɢɩɚ 1-1, 1-2 ɢ 2-2. ȼɚɠɧɵɦ ɬɚɤɠɟ ɹɜɥɹ-
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ɟɬɫɹ ɪɚɡɥɢɱɢɟ ɫɜɨɛɨɞɧɵɯ ɨɛɴɟɦɨɜ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟ-
ɳɟɫɬɜɚ. Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɪɨɞɭ ɜɨɡɧɢɤɚɸɳɢɯ ɫɢɥ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɫɥɟɞɭɹ ɨɛɡɨɪɭ [35]. 

Ʉɚɠɞɚɹ ɦɨɥɟɤɭɥɚ ɨɛɥɚɞɚ-
ɟɬ ɦɝɧɨɜɟɧɧɵɦ ɞɢɩɨɥɟɦ, 

ɜɨɡɧɢɤɚɸɳɢɦ ɜɫɥɟɞɫɬɜɢɟ ɤɨ-
ɥɟɛɚɧɢɣ ɷɥɟɤɬɪɨɧɨɜ. ɗɬɨ, ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢɜɨɞɢɬ ɤ 
ɢɧɞɭɰɢɪɨɜɚɧɢɸ ɞɢɩɨɥɟɣ ɨɤ-
ɪɭɠɚɸɳɢɯ ɦɨɥɟɤɭɥ, ɱɬɨ ɩɪɢ-

ɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɫɢɥ 
ɜɡɚɢɦɧɨɝɨ ɩɪɢɬɹɠɟɧɢɹ. Ɍɚ-
ɤɨɣ ɯɚɪɚɤɬɟɪ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ 

ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɪɚɫɬɜɨɪɟ-
ɧɢɢ ɧɟɩɨɥɹɪɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ 
ɧɟɩɨɥɹɪɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ. 
ɏɚɨɬɢɱɟɫɤɨɟ ɢɡɦɟɧɟɧɢɟ ɜɟ-
ɥɢɱɢɧ ɢ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ 

ɦɝɧɨɜɟɧɧɵɯ ɞɢɩɨɥɟɣ ɩɪɢɜɨ-
ɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɭɫɪɟɞɧɺɧɧɵɣ 

ɩɨ ɜɫɟɦ   ɦɨɥɟɤɭɥɚɦ ɜ ɬɚɤɨɣ 

ɫɢɫɬɟɦɟ ɞɢɩɨɥɶ ɜɫɟɝɞɚ ɪɚɜɟɧ 

ɧɭɥɸ. ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪ-
ɝɢɹ ɞɢɩɨɥɶ – ɞɢɩɨɥɶɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚɡɵɜɚɟɬɫɹ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɷɧɟɪɝɢɟɣ ɢ ɦɨɠɟɬ ɛɵɬɶ 
ɜɵɪɚɠɟɧɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ  
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C
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Γ −≈  ,  (1.16) 

ɝɞɟ ijΓ  – ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ 

i-ɝɨ ɢ j-ɝɨ ɫɨɪɬɨɜ, α  - ɩɨɥɹɪɢɡɭɟɦɨɫɬɶ, r–ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɜɭɦɹ 
ɦɨɥɟɤɭɥɚɦɢ, ɋ1 – ɤɨɧɫɬɚɧɬɚ. Ɍɚɤ ɤɚɤ ɫɢɥɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɹɜɥɹɸɬɫɹ 
ɩɪɨɢɡɜɨɞɧɨɣ ɨɬ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɷɧɟɪɝɢɢ, ɬɨ ɚɧɚɥɢɡ ɭɪɚɜɧɟɧɢɹ (1.16) 

ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɨɡɧɢɤɚɸɳɢɟ ɜɫɥɟɞɫɬɜɢɟ ɞɢɫɩɟɪɫɢɢ ɫɢɥɵ ɜɡɚɢɦɧɨɝɨ 
ɩɪɢɬɹɠɟɧɢɹ ɦɨɥɟɤɭɥ ɹɜɥɹɸɬɫɹ ɛɥɢɡɤɨɞɟɣɫɬɜɭɸɳɢɦɢ (ɛɵɫɬɪɨ ɭɛɵ-

ɜɚɸɬ ɫ ɪɨɫɬɨɦ r) ɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɬɚɤɨɣ ɫɢɬɭɚɰɢɢ ɫɢɥɚ 

 

 
 

Ɋɢɫ. 1.3. Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɞɜɭɨɤɢɫɢ ɭɝɥɟ-
ɪɨɞɚ, ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɣ ɩɨɥɢɦɟɬɢɥɦɟ-
ɬɚɤɪɢɥɚɬɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ:     

1 – t = 41,8 °C; 2 – t = 58,1 °C; 3 – t = 

68,0 °C. 
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ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɡɚɜɢɫɢɬ ɨɬ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ ɦɨ-
ɥɟɤɭɥ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɦɟɪɨɜ ɦɨɥɟɤɭɥ ɬɚɤɠɟ ɜɨɡɪɚɫ-
ɬɚɟɬ ɢ ɢɯ ɩɨɥɹɪɢɡɭɟɦɨɫɬɶ ɜɫɥɟɞɫɬɜɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɟɣ ɫɜɨɛɨɞɵ 

ɜɧɟɲɧɢɯ ɷɥɟɤɬɪɨɧɨɜ. ɇɚɩɪɢɦɟɪ, ɜ ɪɹɞɭ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ ɩɨɥɹɪɢɡɭɟ-
ɦɨɫɬɶ ɨɬ 2·10-25 ɫɦ3 ɞɥɹ ɝɟɥɢɹ ɞɨ ɡɧɚɱɟɧɢɹ 40,1·10-25 ɫɦ3

 ɞɥɹ ɤɫɟɧɨɧɚ, 
ɢɦɟɸɳɟɝɨ ɦɨɥɟɤɭɥɵ ɦɚɤɫɢɦɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ. Ɉɬɫɸɞɚ ɜɢɞɧɨ, ɩɨɱɟɦɭ 
ɤɫɟɧɨɧ ɹɜɥɹɟɬɫɹ ɬɚɤɢɦ ɯɨɪɨɲɢɦ ɮɥɸɢɞɨɦ-ɪɚɫɬɜɨɪɢɬɟɥɟɦ. 

Ɇɨɥɟɤɭɥɵ ɩɨɥɹɪɧɵɯ ɜɟɳɟɫɬɜ ɨɛɥɚɞɚɸɬ ɞɢɩɨɥɹɦɢ, ɩɨɫɬɨɹɧɧɵɦɢ 

ɩɨ ɜɟɥɢɱɢɧɟ ɢ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɵɯ ɫɢɥ ɩɪɢɬɹɠɟɧɢɹ. ɍɩɪɨɳɺɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɪɚɫɱɺɬɚ 
ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɩɨɫɬɨɹɧɧɨɝɨ ɞɢɩɨɥɶ-ɞɢɩɨɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ 
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ɝɞɟ µ  - ɜɟɥɢɱɢɧɚ ɞɢɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɚ ɜ ɞɟɛɚɹɯ, Ɍ – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦ-

ɩɟɪɚɬɭɪɚ, k – ɤɨɧɫɬɚɧɬɚ Ȼɨɥɶɰɦɚɧɚ, ɋ2 – ɤɨɧɫɬɚɧɬɚ. ɍɫɢɥɟɧɢɟ ɞɢɩɨɥɶ-
ɞɢɩɨɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɭɫɥɨɜɥɟ-
ɧɨ ɬɟɦ, ɱɬɨ ɭɦɟɧɶɲɟɧɢɟ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɜɟɥɢɱɢɧɭ ɩɨɪɹɞɤɚ kɌ 

ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɞɢɩɨɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɞɜɭɯ ɦɨɥɟɤɭɥ. 
Ⱦɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ ɧɚɱɢɧɚɟɬ ɫɢɥɶɧɨ ɜɥɢɹɬɶ ɧɚ ɫɩɨɫɨɛɧɨɫɬɶ ɦɨɥɟɤɭ-
ɥɵ ɤ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɧɚɱɢɧɚɹ ɫɨ ɡɧɚɱɟɧɢɹ 1 ɞɟɛɚɣ ɢ ɜɵɲɟ. ȼɟɳɟɫɬɜɚ, 
ɫɢɥɶɧɨ ɩɨɥɹɪɧɵɟ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɨɛɵɱɧɨ ɢɦɟɸɬ ɜɵɫɨɤɢɟ 
ɤɪɢɬɢɱɟɫɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ (ɬɚɤ ɞɥɹ ɚɰɟɬɨɧɚ tɤɪ=234,9 °ɋ). ȼ ɷɬɨɦ ɫɥɭ-
ɱɚɟ ɢɫɩɚɪɟɧɢɟ ɜɟɳɟɫɬɜɚ ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɩɪɢ ɭɫɥɨɜɢɢ ɡɚɬɪɚɬɵ ɛɨɥɶ-
ɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɫɢɥ ɞɢɩɨɥɶ-
ɞɢɩɨɥɶɧɨɝɨ ɩɪɢɬɹɠɟɧɢɹ. ɉɨɥɹɪɧɵɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɮɥɸɢɞɵ–

ɪɚɫɬɜɨɪɢɬɟɥɢ (ɬɚɤɢɟ ɤɚɤ ɚɰɟɬɨɧ) ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɮɢɡɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹ-
ɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɛɥɚɝɨɞɚɪɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɟ ɢɦɟɸɬ ɧɟɤɨ-
ɬɨɪɵɣ ɞɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɦɭ ɜɡɚɢ-

ɦɨɞɟɣɫɬɜɢɸ ɤɨɬɨɪɵɟ ɜ ɫɥɭɱɚɟ ɧɟɩɨɥɹɪɧɵɯ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢ-

ɞɨɜ–ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɧɚɛɥɸɞɚɸɬɫɹ ɩɪɢ ɨɱɟɧɶ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 
Ɏɚɤɬɢɱɟɫɤɢ ɬɚɤɚɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɞɢɥɟɦɦɚ ɩɪɟɩɹɬɫɬɜɭɟɬ ɜɵɛɨɪɭ ɩɨ-
ɥɹɪɧɨɝɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ–ɪɚɫɬɜɨɪɢɬɟɥɹ, ɤɨɬɨɪɵɣ ɨɞɧɨ-
ɜɪɟɦɟɧɧɨ ɫɨɯɪɚɧɹɥ ɛɵ ɫɜɨɸ ɩɨɥɹɪɧɨɫɬɶ ɢ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ. Ɋɚɡ-
ɦɟɪɵ ɦɨɥɟɤɭɥ ɢ ɫɬɪɭɤɬɭɪɚ ɜɟɳɟɫɬɜɚ ɩɨɡɜɨɥɹɸɬ ɭɫɬɚɧɨɜɢɬɶ ɧɟɤɨɬɨ-
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ɪɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɞɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɛɨɥɟɟ ɫɥɨɠ-

ɧɵɯ ɦɨɥɟɤɭɥ ɯɚɪɚɤɬɟɪɧɨ ɭɦɟɧɶɲɟɧɢɟ ɞɢɩɨɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, 
ɩɨɫɤɨɥɶɤɭ ɞɢɩɨɥɶ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɪɚɫɩɪɟɞɟɥɺɧ ɜ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɦ 

ɨɛɴɺɦɟ. 
Ɇɨɥɟɤɭɥɵ ɦɨɝɭɬ ɬɚɤɠɟ ɨɛɥɚɞɚɬɶ ɩɨɥɹɪɧɵɦɢ ɦɨɦɟɧɬɚɦɢ ɜɵɫɨɤɢɯ 

ɩɨɪɹɞɤɨɜ, ɧɚɩɪɢɦɟɪ, ɤɜɚɞɪɭɩɨɥɶɧɵɦ ɦɨɦɟɧɬɨɦ. Ɍɚɤ ɧɚɢɛɨɥɟɟ ɲɢɪɨ-
ɤɨ ɩɪɢɦɟɧɹɟɦɵɣ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɢɦɟɟɬ ɞɨɜɨɥɶɧɨ 
ɛɨɥɶɲɨɣ ɤɜɚɞɪɭɩɨɥɶɧɵɣ ɦɨɦɟɧɬ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪ-
ɝɢɹ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɫɥɟ-
ɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 
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ɝɞɟ Q – ɤɜɚɞɪɭɩɨɥɶɧɵɣ ɦɨɦɟɧɬ. ɏɚɪɚɤɬɟɪ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ ɤɜɚɞɪɭɩɨɥɶɧɵɦ ɫɢɥɚɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɨɯɪɚɧɹɟɬ-
ɫɹ. Ɉɞɧɚɤɨ, ɜɢɞɧɨ, ɱɬɨ ɤɜɚɞɪɭɩɨɥɶɧɵɟ ɫɢɥɵ ɹɜɥɹɸɬɫɹ ɟɳɺ ɛɨɥɟɟ 
ɛɥɢɡɤɨɞɟɣɫɬɜɭɸɳɢɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɥɹɪɧɵɦɢ ɫɢɥɚɦɢ. ɉɨɷɬɨɦɭ, 
ɜɥɢɹɧɢɟ ɤɜɚɞɪɭɩɨɥɶɧɵɯ ɫɢɥ ɧɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɦɟɧɶɲɟ, ɱɟɦ ɜɥɢɹɧɢɟ ɞɢɩɨɥɶɧɨɝɨ ɦɨɦɟɧɬɚ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɞɢɩɨɥɟɣ ɢ ɤɜɚɞɪɭɩɨɥɟɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɨ ɫɥɟ-
ɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɟɦ 
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Ɇɨɥɟɤɭɥɵ, ɢɦɟɸɳɢɟ ɩɨɫɬɨɹɧɧɵɣ ɞɢɩɨɥɶɧɵɣ, ɥɢɛɨ ɤɜɚɞɪɭɩɨɥɶ-
ɧɵɣ ɦɨɦɟɧɬ ɝɟɧɟɪɢɪɭɸɬ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, ɤɨɬɨɪɨɟ ɩɨɥɹɪɢɡɭɟɬ ɧɟ-
ɩɨɥɹɪɧɵɟ ɦɨɥɟɤɭɥɵ, ɭ ɤɨɬɨɪɵɯ ɢɧɞɭɰɢɪɭɟɬɫɹ ɦɝɧɨɜɟɧɧɵɣ ɞɢɩɨɥɶ. 
ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɬɜɟɬɧɨɦɭ ɩɪɢɬɹɠɟɧɢɸ ɩɨɥɹɪɧɵɯ ɦɨɥɟɤɭɥ ɧɟɩɨɥɹɪ-
ɧɵɦɢ. ȼ ɛɥɢɡɤɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɩɨɥɹɪɧɨɣ ɦɨɥɟɤɭɥɵ, ɝɟɧɟɪɢɪɭɸɳɟɣ 

ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ, ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɞɢɩɨɥɶɧɵɣ ɦɨɦɟɧɬ ɢɧɞɭɰɢɪɭ-
ɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɭ ɧɟɩɨɥɹɪɧɵɯ, ɚ ɬɚɤɠɟ ɢ ɭ ɩɨɥɹɪɧɵɯ ɦɨɥɟɤɭɥ. ȼɵɪɚ-
ɠɟɧɢɟ ɞɥɹ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɬɚɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɡɚɩɢɫɵɜɚ-
ɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 
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Ʉɚɤ ɩɪɚɜɢɥɨ, ɢɧɞɭɰɢɪɨɜɚɧɧɵɟ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɟ ɩɨɬɟɧɰɢɚɥɵ 

ɫɥɚɛɟɟ ɩɨɬɟɧɰɢɚɥɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɩɨɫɬɨɹɧɧɵɦɢ ɞɢɩɨɥɶɧɵɦɢ ɦɨ-
ɦɟɧɬɚɦɢ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɬɜɨɪɟɧɢɹ ɞɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ 
ɤɨɧɤɪɟɬɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɛɚɥɚɧɫ ɦɟɠɦɨɥɟ-
ɤɭɥɹɪɧɵɯ ɫɢɥ ɩɪɢɬɹɠɟɧɢɹ ɜ ɩɚɪɚɯ 1-1, 1-2, 2-2, ɫɨɫɬɚɜɥɹɸɳɢɯ ɪɚɫ-
ɬɜɨɪ. Ɍɚɤɨɣ ɛɚɥɚɧɫ ɫɢɥ ɞɚɺɬɫɹ ɤɚɤ ɨɛɦɟɧɧɚɹ ɷɧɟɪɝɢɹ ȿ ɫɦɟɲɟɧɢɹ ɩɚ-
ɪɵ ɦɨɥɟɤɭɥ ɬɢɩɚ i ɢ j 
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ɝɞɟ z – ɷɬɨ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɚɪ ɫ ɭɱɚɫɬɢɟɦ ɦɨ-
ɥɟɤɭɥɵ ɪɚɫɬɜɨɪɢɬɟɥɹ. ɋɨɜɦɟɫɬɧɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɭɪɚɜɧɟɧɢɣ (1.16) – 

(1.21) ɩɨɡɜɨɥɹɟɬ ɤɚɱɟɫɬɜɟɧɧɨ ɨɬɜɟɬɢɬɶ ɧɚ ɜɨɩɪɨɫ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫ-
ɬɜɨɪɟɧɢɹ ɞɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɤɨɧɤɪɟɬɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ. ȿɫɥɢ ɫɢɥɵ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɩɚɪ ɨɞɢɧɚɤɨɜɵɯ ɦɨɥɟɤɭɥ iiΓ , ɥɢɛɨ jjΓ  ɧɚɦɧɨɝɨ 
ɛɨɥɶɲɟ ɫɢɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɡɧɨɢɦɺɧɧɵɯ ɦɨɥɟɤɭɥ ijΓ , ɬɨ ɦɚɥɨɜɟɪɨ-
ɹɬɧɨ, ɱɬɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ – ɪɚɫɬɜɨɪɢɬɟɥɶ ɪɚɫɬɜɨɪɢɬ ɞɪɭɝɨɟ 
ɜɟɳɟɫɬɜɨ. Ʉɨɧɟɱɧɨ, ɩɪɢ ɨɱɟɧɶ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ ɢ ɩɥɨɬɧɨɫɬɹɯ ɡɧɚ-
ɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɸɬ ɫɢɥɵ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɨɬɬɚɥɤɢɜɚɧɢɹ, ɤɨɬɨɪɵɟ 
ɧɚɦɧɨɝɨ ɩɪɟɜɨɫɯɨɞɹɬ ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɪɚɜɧɟɧɢɹ 
(1.16) – (1.21) ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ. ɂɦɟɧɧɨ ɜɨɡɪɚɫɬɚɧɢɟ ɫɢɥ 
ɨɬɬɚɥɤɢɜɚɧɢɹ ɩɪɢɜɨɞɹɬ, ɧɚɩɪɢɦɟɪ, ɤ ɧɟɤɨɬɨɪɨɦɭ ɫɧɢɠɟɧɢɸ ɪɚɫɬɜɨ-
ɪɢɦɨɫɬɢ ɬɜɺɪɞɵɯ ɜɟɳɟɫɬɜ ɩɪɢ ɨɱɟɧɶ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ. ɉɪɨɢɫɯɨɞɢɬ 
ɫɜɨɟɨɛɪɚɡɧɨɟ ɜɵɞɚɜɥɢɜɚɧɢɟ ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɢɡ ɪɚɫ-
ɬɜɨɪɚ ɜɫɥɟɞɫɬɜɢɟ ɝɟɧɟɪɢɪɭɟɦɨɝɨ ɦɨɥɟɤɭɥɚɦɢ ɫɠɚɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ 
ɩɨɥɹ ɫɢɥ ɨɬɬɚɥɤɢɜɚɧɢɹ. 

Ʉɪɨɦɟ ɫɢɥ ɩɪɢɬɹɠɟɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ 

ɮɥɸɢɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ, ɨɛɭɫɥɨɜ-
ɥɟɧɧɵɟ ɯɢɦɢɱɟɫɤɢɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ. ɗɬɨ ɩɪɟɠɞɟ ɜɫɟɝɨ ɜɨɞɨɪɨɞɧɵɟ 
ɫɜɹɡɢ, ɚ ɬɚɤɠɟ ɷɥɟɤɬɪɨɧɧɨɟ ɞɨɧɨɪɧɨ-ɚɤɰɟɩɬɨɪɧɨɟ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨ-

ɜɚɧɢɟ. ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɨɬɥɢɱɢɹ ɦɟɠɞɭ ɫɢɥɚɦɢ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɮɢɡɢɱɟɫɤɨɣ ɢ ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ. ɏɢɦɢɱɟɫɤɢɟ ɫɢɥɵ, ɜ ɨɬɥɢ-
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ɱɢɟ ɨɬ ɮɢɡɢɱɟɫɤɢɯ, ɫɬɚɧɨɜɹɬɫɹ ɧɚɫɵɳɟɧɧɵɦɢ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɯɢɦɢɱɟ-
ɫɤɢɟ ɫɢɥɵ ɭɦɟɧɶɲɚɸɬɫɹ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜɫɥɟɞɫɬɜɢɟ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ ɦɨɥɟɤɭɥ ɜ ɪɚɫɬɜɨɪɟ. Ɏɢɡɢɱɟɫɤɢɟ ɫɢɥɵ ɧɚ-
ɦɧɨɝɨ ɫɥɚɛɟɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ɍɚɤ ɤɚɠɞɚɹ ɦɨɥɟɤɭɥɚ ɢɦɟɟɬ 
ɮɢɤɫɢɪɨɜɚɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɞɨɪɨɞ-

ɧɵɯ ɫɜɹɡɟɣ. Ɉɛɪɚɡɨɜɚɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɞɚɧɧɨɣ 

ɦɨɥɟɤɭɥɨɣ ɩɪɨɫɬɨ ɧɟɜɨɡɦɨɠɧɨ. ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢɧɬɟɧɫɢ-

ɮɢɰɢɪɭɸɬ ɞɜɢɠɟɧɢɟ ɦɨɥɟɤɭɥ. ɗɬɨ ɡɚɬɪɭɞɧɹɟɬ ɜɡɚɢɦɧɭɸ ɨɪɢɟɧɬɚɰɢɸ 

ɦɨɥɟɤɭɥ, ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ. Ʉɨɥɢɱɟ-
ɫɬɜɨ ɜɨɡɦɨɠɧɨɫɬɟɣ ɨɛɪɚɡɨɜɚɬɶ ɞɚɧɧɨɣ ɦɨɥɟɤɭɥɟ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ 

ɫɧɢɠɚɟɬɫɹ. Ʉɨɥɢɱɟɫɬɜɟɧɧɨ ɨɰɟɧɢɬɶ ɯɢɦɢɱɟɫɤɢɟ ɫɢɥɵ ɬɪɭɞɧɟɟ, ɧɟɠɟ-
ɥɢ ɮɢɡɢɱɟɫɤɢɟ. 

ȼɥɢɹɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɫɢɥ ɧɚ ɜɟɥɢɱɢɧɭ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɦɨɠɧɨ ɪɚɫ-
ɫɦɨɬɪɟɬɶ ɧɚ ɩɪɢɦɟɪɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɥɟɤɭɥ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ, ɞɨ-
ɛɚɜɥɹɟɦɨɝɨ ɜ ɨɫɧɨɜɧɨɣ ɪɚɫɬɜɨɪɢɬɟɥɶ, ɫ ɦɨɥɟɤɭɥɚɦɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ 
ɜɟɳɟɫɬɜɚ. ȼ ɬɚɛɥɢɰɟ 1.1 ɩɨɤɚɡɚɧɵ ɪɚɡɥɢɱɧɵɟ ɬɜɺɪɞɵɟ ɜɟɳɟɫɬɜɚ, ɤɨ-
ɬɨɪɵɟ ɪɚɫɬɜɨɪɹɥɢɫɶ ɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɪɚɫɬɜɨ-
ɪɢɬɟɥɟ (95% ɦɚɫɫ. ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɋɈ2 ɢ 5% ɦɚɫɫ. ɦɟɬɚɧɨɥɚ). 

 

 

 

 

 

 

 

 

 

 
Ɍɚɛɥɢɰɚ 1.2 

びó½óôñï¡óñ ïöëÜ¡öÜë▲ çñàñïöç ëíïöçÜë　ñ½▲ê  

ç ½ÜÑóâóîóëÜçíÖÖÜ½ ïçñëê¡ëóöóôñï¡Ü½ でだ2. 

 

ȼɟɳɟɫɬɜɨ ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ 
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Ɏɥɸɨɪɟɧ 

 

 
 

 

 

Ɏɥɸɨɪɟɧɨɧ 

 
 

 

Ⱦɢɛɟɧɡɨɮɭɪɚɧ 

 

 
 

Ⱥɤɪɢɞɢɧ 

 

 
 

Ʌɢɲɶ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɚɤɪɢɞɢɧɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɋɈ2 ɭɜɟɥɢɱɢ-

ɥɚɫɶ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɦɟɬɚɧɨɥɚ. Ɍɚɤɠɟ ɛɵɥɚ ɢɫɫɥɟɞɨɜɚ-
ɧɚ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɮɟɧɚɧɬɪɟɧɚ ɢ ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɢɯ ɋɈ2 ɢ ɷɬɚɧɟ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɫɨɪɚɫɬɜɨɪɢɬɟɥɟɣ ɛɟɧɡɨɥɚ, 
ɰɢɤɥɨɝɟɤɫɚɧɚ, ɚɰɟɬɨɧɚ ɢ ɦɟɬɢɥɟɧɯɥɨɪɢɞɚ. ɇɚɛɥɸɞɚɥɫɹ ɫɢɥɶɧɵɣ ɪɨɫɬ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɷɬɚɧɟ, ɦɨɞɢ-

ɮɢɰɢɪɨɜɚɧɧɨɦ ɚɰɟɬɨɧɨɦ ɜ ɤɚɱɟɫɬɜɟ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ. Ⱦɥɹ ɜɫɟɯ ɨɫɬɚɥɶ-
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ɧɵɯ ɫɨɱɟɬɚɧɢɣ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ, ɮɥɸɢɞɚ–ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɫɨ-
ɪɚɫɬɜɨɪɢɬɟɥɹ ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ. ɇɚɛɥɸɞɚɟ-
ɦɨɟ ɜ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɞɜɭɯ ɫɥɭɱɚɹɯ ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɦɨɠɟɬ 
ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɥɢɛɨ ɨɛɪɚɡɨɜɚɧɢɟɦ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɦɨɥɟɤɭ-
ɥɚɦɢ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ, ɥɢɛɨ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɷɬɢɦɢ ɠɟ ɩɚɪɚɦɢ ɦɨɥɟɤɭɥ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɯ ɤɨɦɩɥɟɤɫɨɜ. Ⱦɥɹ ɩɪɨ-
ɜɟɪɤɢ ɬɚɤɨɝɨ ɨɛɴɹɫɧɟɧɢɹ ɪɨɫɬɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɪɨɜɟɞɟɧɵ ɫɩɟɤɬɪɨ-
ɫɤɨɩɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɡɥɢɱɧɵɯ ɪɚɫɬɜɨɪɹɟɦɵɯ 

ɜɟɳɟɫɬɜ ɢ ɫɨɪɚɫɬɜɨɪɢɬɟɥɟɣ ɜ ɠɢɞɤɢɯ ɚɰɟɬɨɧɟ ɢ ɝɟɤɫɚɧɟ. ȼ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ ɠɢɞɤɢɣ ɚɰɟɬɨɧ ɡɚɦɟɧɹɥ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɋɈ2, ɚ ɝɟɤɫɚɧ – 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɷɬɚɧ. ɋɩɟɤɬɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɪɚɫɬɜɨɪɺɧɧɵɯ ɜ 
ɚɰɟɬɨɧɟ ɮɟɧɚɧɬɪɟɧɚ, ɮɥɭɨɪɟɧɚ, ɮɥɭɨɪɟɧɨɧɚ ɢ ɞɢɛɟɧɡɨɮɭɪɚɧɚ ɫ ɞɨ-
ɛɚɜɥɟɧɢɟɦ 1% ɦɨɥɶɧ. ɦɟɬɚɧɨɥɚ, ɹɫɧɨ ɭɤɚɡɵɜɚɸɬ ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɨɛɪɚ-
ɡɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɨɜ. Ɉɞɧɚɤɨ, ɞɥɹ ɚɤɪɢɞɢɧɚ ɫɩɟɤɬɪɚɥɶɧɵɟ ɞɚɧɧɵɟ ɹɫ-
ɧɨ ɭɤɚɡɵɜɚɸɬ ɧɚ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɫ ɦɟɬɚɧɨɥɨɦ. ȼ ɫɥɭɱɚɟ ɫ ɝɟɤ-
ɫɚɧɨɦ ɨɬɦɟɱɚɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɤɨɦɩɥɟɤɫɨɜ ɜ ɫɢɫɬɟɦɚɯ ɛɟɧɡɨɣɧɚɹ ɤɢ-

ɫɥɨɬɚ – ɝɟɤɫɚɧ – ɛɟɧɡɨɥ, - ɰɢɤɥɨɝɟɤɫɚɧ, - ɦɟɬɢɥɟɧɯɥɨɪɢɞ. Ɉɞɧɚɤɨ ɜ 
ɫɢɫɬɟɦɟ ɛɟɧɡɨɣɧɚɹ ɤɢɫɥɨɬɚ – ɝɟɤɫɚɧ – ɚɰɟɬɨɧ ɨɛɧɚɪɭɠɟɧɵ ɤɨɦɩɥɟɤɫɵ, 

ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɨɫɬɨɦ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɜ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɨɦ ɷɬɚɧɟ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɚɰɟɬɨɧɚ. 

ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɭɱɢɬɵɜɚɬɶ ɨɩɪɟɞɟɥɹɸɳɭɸ ɪɨɥɶ ɫɚɦɨɝɨ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɩɨɜɟɞɟɧɢɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ. Ɍɚɤ, ɧɚɩɪɢ-

ɦɟɪ, ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɢɦɟɸɳɢɣ ɞɜɟ ɫɜɹɡɢ ɋ Ɉ, ɤɨɧɤɭɪɢɪɭɟɬ ɫ ɪɚɫ-
ɬɜɨɪɹɟɦɵɦ ɜɟɳɟɫɬɜɨɦ ɡɚ ɨɛɪɚɡɨɜɚɧɢɟ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɫ ɫɨɪɚɫɬɜɨ-
ɪɢɬɟɥɟɦ. ɗɬɚɧ ɧɟ ɤɨɧɤɭɪɢɪɭɟɬ ɡɚ ɨɛɪɚɡɨɜɚɧɢɟ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ. 

ɉɨɫɤɨɥɶɤɭ ɪɚɫɬɜɨɪɵ ɜɟɳɟɫɬɜ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ ɹɜɥɹɸɬɫɹ 
ɪɚɡɛɚɜɥɟɧɧɵɦɢ, ɬɨ ɜɨ ɮɥɸɢɞɧɨɣ ɮɚɡɟ ɦɵ ɢɦɟɟɦ ɢɡɛɵɬɨɤ ɦɨɥɟɤɭɥ ɨɫ-
ɧɨɜɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. ɉɨɷɬɨɦɭ, ɟɫɥɢ ɮɥɸɢɞ-ɪɚɫɬɜɨɪɢɬɟɥɶ ɫɩɨɫɨɛɟɧ 

ɤɨɧɤɭɪɢɪɨɜɚɬɶ ɫ ɪɚɫɬɜɨɪɹɟɦɵɦ ɜɟɳɟɫɬɜɨɦ ɡɚ ɨɛɪɚɡɨɜɚɧɢɟ ɜɨɞɨɪɨɞ-

ɧɵɯ ɫɜɹɡɟɣ ɫ ɫɨɪɚɫɬɜɨɪɢɬɟɥɟɦ, ɬɨ ɧɟɬ ɨɫɧɨɜɚɧɢɣ ɨɠɢɞɚɬɶ ɭɜɟɥɢɱɟɧɢɹ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ. Ɉɛɵɱɧɨ ɬɚɤ ɢ ɩɪɨɢɫ-
ɯɨɞɢɬ ɜ ɫɥɭɱɚɟ ɫɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɋɈ2. 

ɋɩɨɫɨɛɧɨɫɬɶ ɪɚɫɬɜɨɪɹɬɶ ɞɚɧɧɨɟ ɜɟɳɟɫɬɜɨ ɤɨɧɤɪɟɬɧɵɦ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɢɦ ɮɥɸɢɞɨɦ-ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɧɨ-
ɫɬɶɸ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɫɜɨɛɨɞɧɵɯ ɨɛɴɺɦɨɜ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ. ɋɜɨ-
ɛɨɞɧɵɣ ɨɛɴɺɦ ɨɩɪɟɞɟɥɹɟɬ ɫɩɨɫɨɛɧɨɫɬɶ ɤɨɦɩɨɧɟɧɬɚ ɤ ɪɚɫɲɢɪɟɧɢɸ, ɚ 
ɜ ɨɛɪɚɬɧɨɦ ɫɥɭɱɚɟ ɤ ɟɝɨ ɫɠɢɦɚɟɦɨɫɬɢ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɚɠɧɵɦ ɹɜ-
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ɥɹɟɬɫɹ ɬɨ, ɞɨɫɬɚɬɨɱɧɨ ɥɢ ɫɛɥɢɠɟɧɵ ɦɨɥɟɤɭɥɵ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɦɟɠɞɭ 
ɧɢɦɢ ɜɨɡɧɢɤɥɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ. Ɍɚɤ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɫɬɚɬɢ-

ɫɬɢɱɟɫɤɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɩɨɡɜɨɥɹɟɬ ɡɚɩɢɫɚɬɶ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɜɧɭɬ-
ɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɪɢɬɹɠɟɧɢɹ U ɞɥɹ ɝɨɦɨɝɟɧɧɨɣ 

ɢɡɨɬɪɨɩɧɨɣ ɠɢɞɤɨɫɬɢ 
 

 ∫+= drr)r(g)r(UAA
kT

U 2

10 ρ  , (1.22) 

 

ɝɞɟ U(r) – ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɩɚɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ii, jj ɢ ij; 

g(r) – ɪɚɞɢɚɥɶɧɚɹ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ; Ⱥ0 ɢ Ⱥ1 – ɷɬɨ ɤɨɧɫɬɚɧɬɵ, 

ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɫɜɨɣɫɬɜ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɪɚɫɬɜɨɪɟ; ρ  - ɩɥɨɬɧɨɫɬɶ 
ɪɚɫɬɜɨɪɚ. ɍɪɚɜɧɟɧɢɟ (1.22) ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɞɚɺɬ ɷɜɪɢɫɬɢɱɟ-
ɫɤɨɟ ɨɛɴɹɫɧɟɧɢɟ ɬɨɝɨ, ɱɬɨ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɟɳɟɫɬɜɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɨɦ ɮɥɸɢɞɟ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɩɥɨɬɧɨɫɬɢ ɪɚɫɬɜɨɪɢɬɟɥɹ. Ɍɨ 
ɟɫɬɶ, ɢɡɦɟɧɹɹ ɩɥɨɬɧɨɫɬɶ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɦɨɠɧɨ ɭɩɪɚɜɥɹɬɶ ɟɝɨ ɪɚɫɬɜɨ-
ɪɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. ȼɫɟ ɨɫɨɛɟɧɧɨɫɬɢ ɮɢɡɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬ-
ɜɢɹ ɦɨɥɟɤɭɥ ɜ ɹɜɧɨɦ ɢ ɧɟɹɜɧɨɦ ɜɢɞɚɯ ɜɯɨɞɹɬ ɜ ɱɥɟɧɵ U(r) ɢ g(r). 

 

1.2.2. ぜÜ¿ñ¡Ü¿　ëÖÜ-ïöíöóïöóôñï¡óñ óïï¿ñÑÜçíÖó　 

 ëí£ßíç¿ñÖÖ▲ê ëíïöçÜëÜç. 

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɦɨɥɟɤɭɥɹɪɧɨ-
ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɦɚɤɪɨɫɤɨɩɢɱɟ-
ɫɤɢɯ ɫɜɨɣɫɬɜ ɢɫɯɨɞɹ ɢɡ ɦɨɥɟɤɭɥɹɪɧɵɯ ɫɜɨɣɫɬɜ ɪɚɫɬɜɨɪɚ [36]. ɗɧɟɪɝɢɹ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɜɨɪɚ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɦɨɥɟɤɭɥ. Ⱦɥɹ ɩɪɨɫɬɵɯ ɫɢɫ-
ɬɟɦ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɧɟɩɨɥɹɪɧɵɯ, ɥɢɛɨ ɫɥɚɛɨɩɨɥɹɪɧɵɯ ɱɚɫɬɢɰ ɫɮɟɪɢɱɟ-
ɫɤɨɣ ɮɨɪɦɵ ɫɢɥɵ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɥɧɨɫɬɶɸ ɨɩ-

ɪɟɞɟɥɹɸɬɫɹ ɪɚɫɫɬɨɹɧɢɹɦɢ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ (ɰɟɧɬɪɚɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɟ). ȼ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦɚɯ, ɫɨɞɟɪɠɚɳɢɯ ɩɨɥɹɪɧɵɟ ɢ ɧɟɫɮɟ-
ɪɢɱɟɫɤɢɟ ɱɚɫɬɢɰɵ, ɧɚ ɫɢɥɵ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɥɢɹ-
ɟɬ ɜɡɚɢɦɧɚɹ ɨɪɢɟɧɬɚɰɢɹ ɦɨɥɟɤɭɥ. 

ȼɤɥɚɞ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɮɭɧɤɰɢɢ ɭɱɢɬɵɜɚɟɬɫɹ ɱɟɪɟɡ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɵɣ ɢɧɬɟɝɪɚɥ 
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ɝɞɟ k - ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ, ir
r

 - ɪɚɞɢɭɫ-ɜɟɤɬɨɪ i-ɨɣ ɱɚɫɬɢɰɵ (i = 

1,...,N). Ⱦɥɹ ɩɪɨɫɬɵɯ ɫɢɫɬɟɦ ɦɨɠɧɨ ɩɪɢɧɹɬɶ, ɱɬɨ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪ-
ɝɢɹ U ɚɞɞɢɬɢɜɧɨ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɷɧɟɪɝɢɣ ɩɚɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ 

 
( ) ( )
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=

ji
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 , (1.24) 

ɝɞɟ iju  - ɷɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɱɚɫɬɢɰ i ɢ j, ɭɞɚɥɟɧɧɵɯ ɞɪɭɝ ɨɬ ɞɪɭ-
ɝɚ ɧɚ ɪɚɫɫɬɨɹɧɢɟ ijr . 

Ɉɩɪɟɞɟɥɢɜ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɵɣ ɢɧɬɟɝɪɚɥ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɭɪɚɜɧɟ-
ɧɢɟ ɫɨɫɬɨɹɧɢɹ ɪɚɫɬɜɨɪɚ 
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ɝɞɟ 1N  ɢ 2N - ɷɬɨ ɤɨɥɢɱɟɫɬɜɨ ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ 
ɜɟɳɟɫɬɜɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ⱦɚɥɟɟ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɫɜɨɛɨɞɧɭɸ ɷɧɟɪɝɢɸ Ƚɟɥɶɦɝɨɥɶɰɚ 
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ɏɢɦɢɱɟɫɤɢɟ ɩɨɬɟɧɰɢɚɥɵ ɤɨɦɩɨɧɟɧɬɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɜɵɪɚɠɟɧɢɟɦ 
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                    (1.27) 
 

ɝɞɟ iµ - ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ, ɨɬɧɟɫɟɧɧɵɣ ɤ ɨɞɧɨɣ ɱɚɫɬɢɰɟ; 

Aii N/µµ = ; iµ  - ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ, ɨɬɧɟɫɟɧɧɵɣ ɤ ɨɞɧɨɦɭ ɦɨɥɸ 

ɤɨɦɩɨɧɟɧɬɚ; AN  - ɱɢɫɥɨ Ⱥɜɚɝɚɞɪɨ. 
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ɋɬɪɨɝɢɟ ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɚɫɬɜɨɪɚ, 
ɭɱɢɬɵɜɚɸɳɢɟ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɪɟɚɥɢɡɭɸɬɫɹ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɥɟɤɭɥɹɪɧɵɯ ɮɭɧɤɰɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɤɨɪɪɟɥɹɰɢɨɧ-

ɧɵɯ ɮɭɧɤɰɢɣ). Ⱦɥɹ ɫɢɫɬɟɦ ɫ ɩɚɪɧɨ-ɚɞɞɢɬɢɜɧɵɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦɢ 

ɡɧɚɧɢɟ ɞɜɭɯɱɚɫɬɢɱɧɵɯ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢ-

ɬɚɬɶ ɜɫɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ: 
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ɝɞɟ ɞɜɭɯɱɚɫɬɢɱɧɚɹ (ɪɚɞɢɚɥɶɧɚɹ) ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 12g  ɨɩɪɟɞɟ-
ɥɹɟɬ ɫɪɟɞɧɟɟ ɱɢɫɥɨ ɱɚɫɬɢɰ 2 ɜ ɫɮɟɪɢɱɟɫɤɨɦ ɫɥɨɟ dr ɧɚ ɪɚɫɫɬɨɹɧɢɢ r ɨɬ 
ɱɚɫɬɢɰɵ ɫɨɪɬɚ 1: 
 

 ( ) ( ) ( ) drr4rgrdN 2

12212 πρ=  . (1.30) 
 

Ɋɚɞɢɚɥɶɧɚɹ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɠɢɞɤɨɝɨ ɚɪɝɨɧɚ ɩɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ Ɍ = 148 Ʉ  [37] ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ.1.4. 
 

 

 

 

 

Ɋɢɫ.1.4. Ɋɚɞɢɚɥɶɧɚɹ ɮɭɧɤɰɢɹ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɹ ɩɪɢ Ɍ = 148 Ʉ  [37]. 

 
ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɢɧɬɟɝɪɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ, ɤɨ-

ɬɨɪɵɟ ɫɜɹɡɵɜɚɸɬ ɦɟɠɞɭ ɫɨɛɨɣ ɪɚɞɢɚɥɶɧɵɟ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ 

( )rg12  ɫ ɩɨɬɟɧɰɢɚɥɚɦɢ ɩɚɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ( )ru12  ɹɜɥɹɸɬɫɹ 
ɭɪɚɜɧɟɧɢɹ ɉɟɪɤɭɫɚ-Ƀɟɜɢɤɚ ɢ ɝɢɩɟɪɰɟɩɧɨɟ [37]. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɚɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɱɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɬɟɧɰɢɚɥ Ʌɟɧ-

ɧɚɪɞ-Ⱦɠɨɧɫɚ: 
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ɝɞɟ ijε  - ɝɥɭɛɢɧɚ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɹɦɵ; ijσ  - ɪɚɫɫɬɨɹɧɢɟ, ɧɚ ɤɨɬɨɪɨɦ 

0uij = ; 
∗

ijr  - ɨɩɪɟɞɟɥɹɟɬ ɩɨɥɨɠɟɧɢɟ ɦɢɧɢɦɭɦɚ ɧɚ ɤɪɢɜɨɣ ( )ruij .  

ɉɨɬɟɧɰɢɚɥ ɩɚɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɢɩɚ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ ɩɨɤɚ-
ɡɚɧ ɧɚ ɪɢɫ.1.5. 

 

 

 

 

 

 

Ɋɢɫ.1.5. ɉɨɬɟɧɰɢɚɥ 
ɩɚɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 
ɦɨɥɟɤɭɥɚɦɢ. 

 

 

 

Ⱦɥɹ ɩɟɪɟɤɪɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɬɟɧɰɢɚɥɚ ɩɚɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬ-
ɜɢɹ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɩɪɚɜɢɥɚ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ: 

 

221112 εεε = ,              2

2211
12

σσσ +
=     ɢ ɬ.ɞ. (1.32) 

Ⱦɥɹ ɥɭɱɲɟɝɨ ɫɨɝɥɚɫɢɹ ɫ ɨɩɵɬɧɵɦɢ ɞɚɧɧɵɦɢ ɜɜɨɞɢɬɫɹ ɷɦɩɢɪɢɱɟ-
ɫɤɚɹ ɩɨɩɪɚɜɤɚ ijk , ɤɨɬɨɪɚɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɧɢɦɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ, ɧɚɦɧɨɝɨ ɦɟɧɶɲɟ ɟɞɢɧɢɰɵ 

 

 
( )ε ε ε12 12 11 221= − k

 . (1.33) 
 

ȼ ɫɥɭɱɚɟ ɧɟɰɟɧɬɪɚɥɶɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 
ɡɚɜɢɫɢɦɨɫɬɶ ɷɧɟɪɝɢɢ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɢ ɦɨɥɟɤɭ-
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ɥɹɪɧɵɯ ɮɭɧɤɰɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɟ ɬɨɥɶɤɨ ɨɬ ɤɨɨɪɞɢɧɚɬ ɰɟɧɬɪɨɜ ɦɚɫɫ 
ɦɨɥɟɤɭɥ, ɧɨ ɢ ɨɬ ɭɝɥɨɜɵɯ ɩɟɪɟɦɟɧɧɵɯ. Ɉɞɧɚɤɨ ɩɨɫɥɟ ɭɫɪɟɞɧɟɧɢɹ ɩɨ 
ɭɝɥɨɜɵɦ ɩɟɪɟɦɟɧɧɵɦ ɮɭɧɤɰɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɜɫɟ 
ɩɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɢɬɨɝɨɜɵɟ ɜɵɪɚɠɟɧɢɹ ɫɨɯɪɚɧɹɸɬ ɫɜɨɸ ɫɢɥɭ. 

ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɫɬɪɨɝɢɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɜ 
ɨɛɳɟɦ ɫɥɭɱɚɟ ɭɫɬɚɧɨɜɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɪɦɨɞɢ-

ɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɪɚɫɬɜɨɪɚ ɢ ɩɨɥɭɱɢɬɶ ɪɚɡɥɨɠɟɧɢɹ ɞɥɹ ɷɬɢɯ 
ɮɭɧɤɰɢɣ ɩɨ ɫɬɟɩɟɧɹɦ ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. ɋ ɩɨ-
ɦɨɳɶɸ ɚɩɩɚɪɚɬɚ ɦɨɥɟɤɭɥɹɪɧɵɯ ɮɭɧɤɰɢɣ ɜ ɪɚɛɨɬɚɯ [38÷40] ɜɵɹɜɥɟɧɚ 
ɫɜɹɡɶ ɦɟɠɞɭ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɪɚɡɥɨɠɟɧɢɹ ɢ ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɚɦɢ ɫɢɫɬɟɦɵ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɞɥɹ ɨɬɤɪɵɬɨɣ ɫɢɫɬɟɦɵ ɫ 
ɩɟɪɟɦɟɧɧɵɦ ɱɢɫɥɨɦ ɱɚɫɬɢɰ. ɉɪɢ ɷɬɨɦ ɮɢɤɫɢɪɭɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ, 
ɨɛɴɟɦ ɢ ɯɢɦɢɱɟɫɤɢɟ ɩɨɬɟɧɰɢɚɥɵ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɜɨɪɚ. Ɋɚɞɢɚɥɶɧɚɹ 
ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɬɤɪɵɬɨɣ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 
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, (1.34) 

 

ɝɞɟ 21NN  ɢ  21 NN  - ɷɬɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɮɥɭɤɬɭɚɰɢɣ ɱɢɫɟɥ ɱɚɫɬɢɰ ɜ 
ɨɬɤɪɵɬɨɣ ɫɢɫɬɟɦɟ ɨɛɴɟɦɨɦ V. Ⱦɥɹ ɡɚɤɪɵɬɨɣ ɫɢɫɬɟɦɵ ɩɪɚɜɚɹ ɱɚɫɬɶ 
ɭɪɚɜɧɟɧɢɹ (1.34) ɪɚɜɧɚ 0. ȼ ɪɚɛɨɬɟ [38] ɭɫɥɨɜɢɹ ɨɫɦɨɬɢɱɟɫɤɨɝɨ ɪɚɜ-
ɧɨɜɟɫɢɹ, ɬ.ɟ. ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ Ɍ ɢ ɯɢɦɢɱɟɫɤɨɦ ɩɨɬɟɧɰɢɚɥɟ ɪɚɫɬɜɨɪɢ-

ɬɟɥɹ 1.µ  ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɜɚɠɧɨɟ ɪɚɡɥɨɠɟɧɢɟ  
 

( )[ ] ...b3b8b2~/a~ 3

23

2

2

2

22222 +−−−= ∗∗∗∞ ρρργ  ,                    (1.35)  

ɝɞɟ  2a~  -ɚɤɬɢɜɧɨɫɬɶ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ,  ∞
2

~γ  - ɤɨɷɮɮɢɰɢɟɧɬ ɥɟ-
ɬɭɱɟɫɬɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɩɪɢ ɛɟɫɤɨɧɟɱɧɨɦ ɪɚɡɛɚɜɥɟɧɢɢ. ȼɢ-

ɪɢɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 
∗
ib , ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɤɨɧɟɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɪɚɫɬɜɨɪɚ ɨɤɚɡɵɜɚɸɬɫɹ ɫɜɹɡɚɧɧɵɦɢ ɫ ɤɨɪɪɟɥɹɰɢɨɧɧɵɦɢ ɮɭɧɤɰɢɹɦɢ 

ɞɥɹ ɛɟɫɤɨɧɟɱɧɨ ɪɚɡɛɚɜɥɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ  ( ) ( )rg,rg 22222  ɢ ɬ.ɞ.: 
 

( )[ ]∫
∞

∗∗ −=
0

2

222 drr1rg2b π
 , (1.36) 
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ɜɟɥɢɱɢɧɚ ∗
3b  ɫɨɞɟɪɠɢɬ ɩɨɞ ɢɧɬɟɝɪɚɥɨɦ ɞɜɭɯɱɚɫɬɢɱɧɭɸ 

∗
22g  ɢ ɬɪɟɯ-

ɱɚɫɬɢɱɧɭɸ 
∗
222g  ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɮɭɧɤɰɢɢ ɢ ɬ.ɞ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ 

ɛɟɫɤɨɧɟɱɧɨ ɪɚɡɛɚɜɥɟɧɧɨɦ ɪɚɫɬɜɨɪɟ ɜɢɪɢɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɱɢ-

ɬɵɜɚɸɬ ɥɢɲɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟ-
ɳɟɫɬɜɚ. 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɭɱɢɬɵɜɚɟɬɫɹ ɥɢɲɶ ɤɨɫɜɟɧɧɵɦ ɨɛɪɚɡɨɦ. Ⱦɥɹ ɪɚɫɬɜɨɪɚ 
ɩɪɨɢɡɜɨɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢ-

ɚɥ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ 
 

 ( ) ( ) ( )2

ɝ.ɢɞ
2212 a~lnkT~,,Ɍ~ += ρµρρµ  , (1.37) 

 

ɝɞɟ ( )
ɝ.ɢɞ

2
~

ρµ  - ɫɬɚɧɞɚɪɬɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟ-
ɫɬɜɚ, ɪɚɜɧɵɣ ɯɢɦɢɱɟɫɤɨɦɭ ɩɨɬɟɧɰɢɚɥɭ ɝɢɩɨɬɟɬɢɱɟɫɤɨɝɨ ɢɞɟɚɥɶɧɨɝɨ 
ɝɚɡɚ, ɫɨɫɬɚɜɥɟɧɧɨɝɨ ɢɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɨɥɟɤɭɥ ɩɪɢ ɟɞɢɧɢɱɧɨɦ 

ɞɚɜɥɟɧɢɢ. 

ȼ ɪɚɛɨɬɟ [39] ɩɨɥɭɱɟɧɵ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɯɢɦɢɱɟ-
ɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɜɨɪɚ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɫɨɫɬɚɜɨɜ 
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ɝɞɟ ɢɧɬɟɝɪɚɥɵ ijG  ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ( )rg ij  ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 
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ɂɡɨɬɟɪɦɢɱɟɫɤɚɹ ɫɠɢɦɚɟɦɨɫɬɶ tβ  ɪɚɫɬɜɨɪɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 
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Ɋɚɡɥɨɠɟɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ i
~µ  

ɩɨ ɫɬɟɩɟɧɹɦ ɟɝɨ ɦɨɥɶɧɨɣ ɞɨɥɢ x2 ɜ ɪɚɫɬɜɨɪɟ ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ ɞɚɜɥɟ-
ɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɡɚɩɢɫɵɜɚɟɬɫɹ ɤɚɤ  
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ɝɞɟ 0

1V - ɨɛɴɟɦ, ɩɪɢɯɨɞɹɳɢɣɫɹ ɧɚ ɨɞɧɭ ɦɨɥɟɤɭɥɭ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟ-
ɥɹ. ȼɟɥɢɱɢɧɵ, ɩɨɦɟɱɟɧɧɵɟ ɡɜɟɡɞɨɱɤɨɣ, ɨɬɧɨɫɹɬɫɹ ɤ ɫɥɭɱɚɸ ɛɟɫɤɨ-
ɧɟɱɧɨɝɨ ɪɚɡɛɚɜɥɟɧɢɹ. 

Ɉɞɧɢɦ ɢɡ ɤɥɸɱɟɜɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɩɨɜɟɞɟɧɢɟ ɪɚɡ-
ɛɚɜɥɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɱɢɫɬɨɝɨ ɪɚɫ-

ɬɜɨɪɢɬɟɥɹ ɹɜɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪ Ʉɪɢɱɟɜɫɤɨɝɨ 

ɤɪ

T,Vx

P
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 [41]. ȼ ɪɚɛɨɬɟ 

[42] ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɪɚɫɫɦɨɬɪɟɧɧɵɦɢ ɜɵɲɟ ɪɚɛɨɬɚɦɢ ɩɪɟɞɥɨɠɟɧɨ ɪɚɡ-
ɥɨɠɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɪɹɞ ɩɨ ɫɬɟɩɟɧɹɦ ɩɥɨɬɧɨɫɬɢ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨ-
ɪɢɬɟɥɹ ɤɪρ  
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ɝɞɟ 1C  - ɤɨɧɫɬɚɧɬɚ, ɤɪρ - ɤɪɢɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟ-
ɥɹ. Ɂɞɟɫɶ ɯ - ɷɬɨ ɦɨɥɶɧɚɹ ɞɨɥɹ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɮɚɡɟ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɫ ɱɢɫɬɨɣ ɤɨɧ-

ɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɨɣ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ. ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɷɦɩɢ-

ɪɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɥɨɝɚ-
ɪɢɮɦɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɮɥɸɢɞɚ-ɪɚɫɬɜɨɪɢɬɟɥɹ. Ɉɬɥɢɱɢɟ 
ɨɬ ɷɦɩɢɪɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɡ-
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ɥɨɠɟɧɢɹ 
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 ɧɟ ɹɜɥɹɟɬɫɹ ɩɨɞɝɨɧɨɱɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɚ ɜɵɱɢɫɥɹ-

ɟɬɫɹ ɱɟɪɟɡ ɢɧɬɟɝɪɚɥɵ ijG  ɩɪɹɦɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ijC  
 

( )( ) ( ){ }22121211

T,V

GGxGGx1RT
›

P −−−−=





 ρ
∂
∂

 , (1.44) 

ɝɞɟ 

 
( )∫

∞

=
0

ijij drrCG
 . (1.45) 

 

ɉɪɹɦɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ijC  ɨɫɬɚɟɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɤɨ-

ɪɨɬɤɨɞɟɣɫɬɜɭɸɳɟɣ ɞɚɠɟ ɩɪɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɤɪɌ  ɱɢɫɬɨɝɨ 
ɪɚɫɬɜɨɪɢɬɟɥɹ. Ɋɚɞɢɭɫ ɟɟ ɞɟɣɫɬɜɢɹ ɫɪɚɜɧɢɦ ɫ ɪɚɞɢɭɫɨɦ ɞɟɣɫɬɜɢɹ ɩɨ-
ɬɟɧɰɢɚɥɚ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ( )rU . Ɉɛɳɢɟ ɫɜɨɣɫɬɜɚ 
ɢ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɮɭɧɤɰɢɢ ( )rCij  ɢɫɫɥɟɞɨɜɚɧɵ ɜ ɪɚɛɨɬɟ 
[43]. 

Ɉɞɧɚɤɨ ɜɨɡɦɨɠɧɨɫɬɢ ɫɬɪɨɝɢɯ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ɨɝɪɚɧɢɱɟɧɵ ɬɪɟɛɨ-
ɜɚɧɢɟɦ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨɣ ɫɮɟɪɢɱɧɨɫɬɢ ɦɨɥɟɤɭɥ [36]. ɇɚɥɢɱɢɟ ɫɩɟɰɢ-

ɮɢɱɟɫɤɢɯ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɫɥɚɛɵɯ 
ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɬɚɤɠɟ ɩɪɟɩɹɬɫɬɜɭɟɬ ɭɫɩɟɲɧɨɦɭ ɩɪɢɦɟɧɟɧɢɸ 

ɫɬɪɨɝɢɯ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ. ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɚɫɬɜɨɪɨɜ, ɜɤɥɸɱɚɸɳɢɯ 
ɥɢɧɟɣɧɵɟ ɦɨɥɟɤɭɥɵ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ ɢ ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɨɜ 
ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ ɨɤɚɡɵɜɚɸɬɫɹ ɩɪɢɛɥɢɠɟɧɧɵɟ ɦɨɞɟɥɢ. 

 

 

1.2.3. どñÜëó　 ëñÇÜ¿　ëÖ▲ê ëíïöçÜëÜç で¡ñöôíëÑí-ゎó¿áÑñßëíÖÑí. 

 

ɉɪɢɛɥɢɠɟɧɧɵɟ ɦɨɞɟɥɢ ɧɟ ɢɫɩɨɥɶɡɭɸɬ ɩɨɬɟɧɰɢɚɥɵ ɦɟɠɦɨɥɟɤɭ-
ɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɞɥɹ ɜɵɜɨɞɚ ɫɬɪɭɤɬɭɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɚ 
ɩɪɢɧɢɦɚɸɬ ɡɚɪɚɧɟɟ ɭɩɪɨɳɟɧɧɭɸ ɦɨɞɟɥɶ ɫɬɪɨɟɧɢɹ ɪɚɫɬɜɨɪɚ. 

Ɋɟɝɭɥɹɪɧɵɟ ɪɚɫɬɜɨɪɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɤ ɪɚɫɬɜɨɪɵ, ɞɥɹ ɤɨɬɨɪɵɯ 
ɩɪɢ ɫɦɟɲɟɧɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɜɧɵ ɧɭɥɸ ɢɡɛɵɬɨɱɧɵɟ ɷɧɬɪɨɩɢɹ ɢ ɨɛɴ-

ɟɦ ɫɦɟɲɟɧɢɹ [44]. ɇɭɥɟɜɚɹ ɷɧɬɪɨɩɢɹ ɫɦɟɲɟɧɢɹ ɨɡɧɚɱɚɟɬ ɩɨɥɧɨɫɬɶɸ 
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ɛɟɫɩɨɪɹɞɨɱɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɨɥɟɤɭɥ ɜ ɪɚɫɬɜɨɪɟ. Ɍɟɨɪɢɹ ɩɪɢɦɟɧɢ-

ɦɚ ɤ ɫɢɫɬɟɦɚɦ ɫ ɧɟɩɨɥɹɪɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ. Ⱦɨɩɭɫɤɚɟɬɫɹ ɪɚɡɥɢɱɢɟ 
ɦɨɥɶɧɵɯ ɨɛɴɟɦɨɜ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ. Ⱦɥɹ ɬɚɤɢɯ ɪɚɫɬɜɨɪɨɜ 
ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟ ɋɤɟɬɱɚɪɞɚ-Ƚɢɥɶɞɟɛɪɚɧɞɚ [45] 
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ɝɞɟ 1ϕ - ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɪɚɫɬɜɨɪɢɬɟɥɹ, 2,1δ - ɷɦɩɢɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 

ɪɚɫɬɜɨɪɢɦɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɤɚɤ [36] 
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ɝɞɟ iɤɨɝE - ɷɧɟɪɝɢɹ ɤɨɝɟɡɢɢ, ɪɚɜɧɚɹ ɪɚɡɧɨɫɬɢ ɦɨɥɶɧɵɯ ɷɧɟɪɝɢɣ ɩɪɟ-
ɞɟɥɶɧɨ ɪɚɡɪɟɠɟɧɧɨɝɨ ɝɚɡɚ ɢ ɠɢɞɤɨɫɬɢ; iV - ɦɨɥɶɧɵɣ ɨɛɴɟɦ ɤɨɦɩɨɧɟɧ-

ɬɚ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ; iiC - ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɤɨɝɟɡɢɢ. 

ȿɫɥɢ ɥɟɜɭɸ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ (1.46) ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ ɥɟɬɭɱɟɫɬɢ ɪɚɫ-
ɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɠɢɞɤɨɦ ɢ ɬɜɟɪɞɨɦ ɪɚɜɧɨɜɟɫɧɵɯ ɫɨɫɬɨɹɧɢɹɯ 
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ɬɨ ɭɪɚɜɧɟɧɢɟ (1.46) ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ 
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ɋɨɝɥɚɫɧɨ ɉɪɚɭɫɧɢɬɰɭ [44]  
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ɝɞɟ ɩɥH∆  - ɬɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ, ɩɥɌ  - ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ. 
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ȼ ɪɚɛɨɬɟ [44] ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɱɥɟɧɚɦɢ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ 
(1.50), ɫɨɞɟɪɠɚɳɢɦɢ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. Ʉɨɦɛɢɧɢɪɭɹ 
ɭɪɚɜɧɟɧɢɹ (1.49) ɢ (1.50), ɩɨɥɭɱɚɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
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ɉɪɢɦɟɧɟɧɢɟ ɦɨɞɟɥɢ (1.51) ɬɪɟɛɭɟɬ ɧɚɞɟɠɧɵɟ ɞɚɧɧɵɟ ɩɨ ɬɟɩɥɨɬɟ 
ɩɥɚɜɥɟɧɢɹ ɩɥH∆ , ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ ɩɥɌ , ɦɨɥɹɪɧɨɦɭ ɨɛɴɟɦɭ 

ɠɢɞɤɨɫɬɢ 
ɠ

2V . Ɇɨɞɟɥɶ (1.51) ɫɬɚɧɨɜɢɬɫɹ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɣ ɛɥɚɝɨɞɚ-
ɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɩɚɪɚɦɟɬɪɨɜ 1δ  ɢ 2δ . 

ɍɪɚɜɧɟɧɢɟ (1.47) ɧɟ ɟɞɢɧɫɬɜɟɧɧɨɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɚ ɪɚɫɬɜɨ-
ɪɢɦɨɫɬɢ δ . ȼ ɪɚɛɨɬɟ [45] ɱɟɪɟɡ ɤɨɦɛɢɧɢɪɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹ-
ɧɢɹ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ ɢ ɢɦɟɸɳɢɯɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɪɟɞɥɨɠɟɧɨ ɪɚɫɱɟɬɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɹ δ  

 

 ɤɪP25,1=δ , (1.52) 
 

ɝɞɟ ɤɪP - ɤɪɢɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜ ɚɬɦɨɫɮɟɪɚɯ. ȼ ɪɚɛɨɬɟ [46] ɧɚ ɨɫɧɨɜɟ 
ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨɛ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ ɝɚɡɨɜ ɢ ɠɢɞɤɨɫɬɟɣ ɩɪɢ ɨɞɢɧɚɤɨ-
ɜɨɣ ɩɥɨɬɧɨɫɬɢ ɬɚɤɠɟ ɩɪɟɞɥɨɠɟɧɨ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɚ 
δ   ɪɚɫɬɜɨɪɢɬɟɥɹ  
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ɝɞɟ ɠ
2ρ - ɩɪɢɜɟɞɟɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɢ ɧɨɪɦɚɥɶɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ ɤɢɩɟɧɢɹ, ɤɨɬɨɪɚɹ ɨɛɵɱɧɨ ɛɟɪɟɬɫɹ ɪɚɜɧɨɣ 2,66. Ɇɧɨɠɢ-

ɬɟɥɢ 1,25⋅Ɋɤɪ1/2 ɢ ρ2/ρ2
ɠ ɨɬɪɚɠɚɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷɮɮɟɤɬɵ ɯɢɦɢɱɟ-

ɫɤɨɣ ɩɪɢɪɨɞɵ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ. Ɉɛɪɚɳɚɟɬ ɧɚ ɫɟɛɹ 
ɜɧɢɦɚɧɢɟ ɩɪɹɦɚɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɚɪɚɦɟɬɪɚ ɪɚɫɬɜɨ-
ɪɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɯ ɩɥɨɬɧɨɫɬɟɣ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, 
ɩɚɪɚɦɟɬɪ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɞɜɭɨɤɢɫɢ ɭɝɥɟɪɨɞɚ ɩɪɢ 

ɩɥɨɬɧɨɫɬɢ ɛɥɢɡɤɨɣ ɤ ɩɥɨɬɧɨɫɬɹɦ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɩɪɢ-
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ɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1, ɩɪɢɧɢɦɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɟ ɡɧɚɱɟɧɢɟ ɩɨɪɹɞɤɚ 
10,7 [32]. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɪɚɫɬɜɨɪɟɧɢɹ ɩɨɥɢɦɟɪɨɜ ɜ ɫɠɚɬɵɯ ɝɚɡɚɯ ɩɨ-
ɫɥɟɞɧɢɟ ɞɨɥɠɧɵ ɢɦɟɬɶ ɩɚɪɚɦɟɬɪ ɪɚɫɬɜɨɪɢɦɨɫɬɢ δ, ɢɡɦɟɧɹɸɳɢɣɫɹ ɜ 
ɢɧɬɟɪɜɚɥɟ ɨɬ 6,0 ɞɨ 10,0 (ɤɚɥ/ɫɦ3)0,5. ɍɪɚɜɧɟɧɢɟ (1.53) ɩɪɢɦɟɧɢɦɨ ɞɥɹ 
ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɚ δ   ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ. 

ɇɚ ɪɢɫɭɧɤɟ 1.6 [23] ɩɪɟɞɫɬɚɜɥɟɧ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ, ɫɜɨɣɫɬɜɟɧɧɵɣ ɪɚɡɥɢɱɧɵɦ ɚɝɪɟɝɚɬɧɵɦ ɫɨɫɬɨɹɧɢɹɦ 

ɞɜɭɨɤɢɫɢ ɭɝɥɟɪɨɞɚ (ɠɢɞɤɨɦɭ, ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦɭ ɢ ɝɚɡɨɨɛɪɚɡɧɨɦɭ). 
 

ȼ ɪɚɛɨɬɟ [47] ɨɬɦɟɱɚɟɬ-
ɫɹ, ɱɬɨ ɫɨɪɛɰɢɹ ɞɜɭɨɤɢɫɢ 

ɭɝɥɟɪɨɞɚ ɭɫɢɥɢɜɚɟɬɫɹ ɫ ɭɜɟ-
ɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɤɚɪɛɨɧɢɥɶ-
ɧɵɯ ɢ ɧɢɬɪɢɥɶɧɵɯ ɝɪɭɩɩ ɜ 
ɩɨɥɢɦɟɪɟ. 

ȼ ɬɚɛɥɢɰɚɯ 1.3 ɢ 1.4 

[47] ɩɪɢɜɟɞɟɧ ɩɟɪɟɱɟɧɶ ɧɟ-
ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɪɚɫɬɜɨɪɢɦɵɯ ɢ ɧɟɪɚɫɬɜɨɪɢ-

ɦɵɯ ɜ ɞɜɭɨɤɢɫɢ ɭɝɥɟɪɨɞɚ 
ɩɨɥɢɦɟɪɨɜ. Ⱥɧɚɥɨɝɢɱɧɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɢɥɨɠɟ-
ɧɢɹɦ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɨɛɫɭ-
ɠɞɟɧɵ ɩɨɡɠɟ, ɬɚɛɥɢɰɵ ɨɯ-
ɜɚɬɵɜɚɸɬ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɋɈ2. 

Ⱦɟɥɚɹ ɧɟɤɨɬɨɪɵɟ ɜɵɜɨ-
ɞɵ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɬɚɛɥɢɰ 1.3 ɢ 1.4 ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɫɥɟɞɭɸɳɟɟ [47]: 

̈ ɤ ɪɚɫɬɜɨɪɢɦɵɦ ɜ ɞɜɭɨɤɢɫɢ ɭɝɥɟɪɨɞɚ ɩɨɥɢɦɟɪɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ 

ɩɨɥɢɞɢɦɟɬɢɥɫɢɥɨɤɫɚɧɵ, ɚɬɚɤɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɧɵɟ ɩɨɥɢɦɟɪɵ ɢ 

ɩɨɥɢɦɟɬɚɤɪɢɥɚɬɵ ɫ ɲɢɪɨɤɢɦɢ ɭɝɥɟɜɨɞɨɪɨɞɧɵɦɢ ɜɟɬɜɹɦɢ; 

̈ ɩɨɥɢɦɟɪɵ ɫ ɚɥɢɮɚɬɢɱɟɫɤɢɦɢ ɰɟɩɹɦɢ ɛɨɥɟɟ ɪɚɫɬɜɨɪɢɦɵ ɜ ɋɈ2 

ɧɟɠɟɥɢ ɩɨɥɢɦɟɪɵ ɫ ɚɪɨɦɚɬɢɱɟɫɤɢɦɢ ɰɟɩɹɦɢ; 

 
Ɍɚɛɥɢɰɚ 1.3. 

ぢÜ¿ó½ñë▲, ëíïöçÜëó½▲ñ ç ÑçÜÜ¡óïó ÜÇ¿ñëÜÑí. 

 

 
Ɋɢɫ. 1.6. ɉɚɪɚɦɟɬɪ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɞɜɭɨɤɢɫɢ 

ɭɝɥɟɪɨɞɚ (1 – t = -30 °C; 2 – t =   31 °C; 3 – t = 

70 °C) 

 



 

40 

 

ɉɨɥɢɦɟɪ Ɇɨɥɟɤɭɥɹɪɧɚɹ 
ɦɚɫɫɚ 

t, ɋ Ɋ, Ɇɉɚ ɉɥɨɬɧɨɫɬɶ 
ɋɈ2, ɤɝ/ɦ3

 

y2, ɝ/ɥ 

1.Ⱥɬɚɤɬɢɱɟɫɤɢɣ  

ɩɨɥɢɩɪɨɩɢɥɟɧ 

5916 

5916 

25,0 

32,0 

13,0 

13,0 

865 

820 

2,2 

1,2 

2.Ⱥɬɚɤɬɢɱɟɫɤɢɣ  

ɩɨɥɢɛɭɬɢɥɟɧ 

434 

1300 

33,0 

30,0 

17,5 

23,0 

855 

910 

8,0 

5,6 

3.ɉɨɥɢɞɟɰɟɧ  25,0 19,5 912 10,3 

4.ɉɨɥɢɢɡɨɛɭɬɢɥɟɧ 501 25,0 19,5 913 4,0 

5.ɉɨɥɢɛɭɬɚɞɢɟɧ 5095 25,0 19,0 910 2,5 

6.ɉɨɥɢ(1-ɜɢɧɢɥ 
ɧɚɮɬɚɥɢɧ) 

 25,0 21,5 925 2,2 

7.ɉɨɥɢɚɰɟɧɚɮɬɚɥɢɧ 216000 20,0 10,0 860 0,2 

8.ɉɨɥɢ(ɛɟɧɡɢɥɦɟɬɚɤɪ
ɢɥɚɬ) 

1993000 

1993000 

25,0 

58,0 

13,5 

17,0 

870 

690 

1,2 

<1,2 

9.Ⱥɬɚɤɬɢɱɟɫɤɢɣ  

ɩɨɥɢɷɬɢɥɬɢɪɚɧ 

 25,0 21,5 925 1,4 

10.ɉɨɥɢ(ɜɢɧɢɥɷɬɢɥɷ
ɮɢɪ) 

 25,0 17,0 898 5,5 

11.ɉɨɥɢɞɢɦɟɬɢɥɫɢ- 

ɥɨɤɫɚɧ 

135000 

135000 

25,0 

52,0 

18,5 

19,0 

907 

710 

0,3 

1,0 

12.ɉɨɥɢɦɟɬɢɥɨɤɫɢ- 

ɪɚɧ ɚɬɚɤɬɢɱɟɫɤɢɣ 

408 25,0 14,5 878 2,7 

13.ɉɨɥɢ(2-ɦɟɬɢɥɨɤ- 
ɫɚɰɢɤɥɨɛɭɬɚɧ) 

4200 25,0 14,0 872 1,7 

14.Ɍɟɪɩɟɧɨɜɚɹ ɫɦɨɥɚ 
(ɤɚɭɱɭɤ) 

 25,0 11,5 835 4,0 

15.ɉɨɥɢ (ɧ-ɞɟɰɢɥɚɤ-
ɪɢɥɚɬ) 

 25,0 16,0 890 2,4 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1.3 
 

16.ɉɨɥɢ(ɧ-ɛɭɬɢɥɦɟ- 
ɬɚɤɪɢɥɚɬ)-ɢɡɨɛɭɬɢɥ-
ɦɟɬɚɤɪɢɥɚɬ)50:50 

 20,0 15,0 805 0,6 

17.ɉɨɥɢ(ɧ-ɥɚɭɪɢɥɦɟ-
ɬɚɤɪɢɥɚɬ) 

 25,0 15,0 880 2,4 

 

̈ ɧɚɥɢɱɢɟ ɷɮɢɪɧɵɯ ɝɪɭɩɩ ɜ ɛɨɤɨɜɵɯ ɰɟɩɹɯ ɚɥɢɮɚɬɢɱɟɫɤɨɝɨ ɩɨɥɢɦɟɪɚ 
ɭɜɟɥɢɱɢɜɚɟɬ ɟɝɨ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɞɜɭɨɤɢɫɢ ɭɝɥɟɪɨɞɚ. ȼɦɟɫɬɟ ɫ ɬɟɦ 

ɩɪɢɫɭɬɫɬɜɢɟ ɷɮɢɪɧɵɯ ɝɪɭɩɩ ɜ ɨɫɧɨɜɧɨɣ ɰɟɩɢ ɩɨɥɢɦɟɪɚ ɫɧɢɠɚɟɬ ɪɚɫ-
ɬɜɨɪɢɦɨɫɬɶ ɩɨɫɥɟɞɧɟɝɨ ɜ ɋɈ2; 
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̈ ɜɵɫɨɤɚɹ ɩɨɥɹɪɧɨɫɬɶ ɢ ɷɮɮɟɤɬ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɫɨɟɞɢɧɟɧɢɣ ɫ 
ɦɧɨɝɨɱɢɫɥɟɧɧɵɦɢ ɤɚɪɛɨɤɫɢɥɶɧɵɦɢ ɢ ɝɢɞɪɨɤɫɢɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɜɟ-
ɞɟɬ ɤ ɢɯ ɩɥɨɯɨɣ ɢɥɢ ɩɪɚɤɬɢɱɟɫɤɨɣ ɧɟɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɞɜɭɨɤɢɫɢ ɭɝɥɟ-
ɪɨɞɚ; 
̈ ɜɨɞɧɨɪɚɫɬɜɨɪɢɦɵɟ ɩɨɥɢɦɟɪɵ ɩɨ ɫɭɳɟɫɬɜɭ ɧɟɪɚɫɬɜɨɪɢɦɵ ɜ ɋɈ2, ɡɚ 
ɢɫɤɥɸɱɟɧɢɟɦ ɢɯ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɣ ɮɪɚɤɰɢɢ (ɜ ɩɪɟɞɟɥɚɯ 0,5 ÷ 1,0 % 

ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɩɨɪɹɞɤɚ 20 Ɇɉɚ). 
 

Ɍɚɛɥɢɰɚ 1.4 

ぢÜ¿ó½ñë▲ ÖñëíïöçÜëó½▲ñ ç ÑçÜÜ¡óïó ÜÇ¿ñëÜÑí. 
 

ɉɨɥɢɦɟɪ Ɇɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫ-
ɫɚ 

t, °ɋ Ɋ, Ɇɉɚ 

1.ɂɡɨɬɚɤɬɢɱɟɫɤɢɣ ɩɨɥɢɛɭɬɢɥɟɧ  25,0 20,0 

2.ɉɨɥɢ (ɰɢɫɢɡɨɩɪɟɧ)  25,0 15,0 

3.ɉɨɥɢɧɨɪɛɨɪɧɟɧ 2 000 000 25,0 19,0 

4.ɉɨɥɢ (2-ɜɢɧɢɥɩɢɪɢɞɢɧ)  25,0 11,5 

5.ɉɨɥɢ(ɨɤɬɚɞɟɰɟɧɫɨɦɚɥɟɢɧɨɜɵɣ 

ɚɧɝɢɞɪɢɞ) 

50 000 

50 000 

30,0 

40,0 

17,0 

17,0 

6.ɉɨɥɢ(ɫɬɢɪɨɥ-ɫɨɦɚɥɟɢɧɨɜɵɣ 

ɚɧɝɢɞɪɢɞ) 

10 000 

10 000 

25,0 

50,0 

19,0 

19,0 

7.ɉɨɥɢɤɚɩɪɨɥɚɤɬɚɦ 10 000 

10 000 

25,0 

40,0 

19,5 

19,5 

8.ɉɨɥɢ(ɜɢɧɢɥɮɨɪɦɚɥɢɞ) 10 000 25,0 19,0 

9.ɉɨɥɢ(ɜɢɧɢɥɯɥɨɪɢɞ) 80 000 25,0 19,0 

10.ɉɨɥɢ(ɜɢɧɢɥɩɢɪɪɨɥɢɞɢɧ) 10 000 35,0 17,0 

11.ɉɨɥɢ(ɷɬɢɥɟɧɨɤɫɢɞ) 600 000 25,0 22,5 

12.ɂɡɨɬɚɤɬɢɱɟɫɤɢɣ ɩɨɥɢ  

(ɩɪɨɩɢɥɟɧɨɤɫɢɞ) 

66 162 25,0 24,0 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1.4 
 

13.ɉɨɥɢɚɤɪɢɥɥɨɧɢɬɪɢɥ 158 900 25,0 17,5 

14.ɉɨɥɢɦɟɬɢɥɬɢɪɚɧ 500 000 25,0 17,5 

15.ɇɟɣɥɨɧ-11  25,0 12,0 

16.ɉɨɥɢɫɬɢɪɨɥ 10940 25,0 15,0 

17.ɉɨɥɢɤɚɪɛɨɧɚɬ 36 000 25,0 19,0 

18.ɉɨɥɢɤɚɪɛɨɧɚɬ 36 000 40,0 19,0 

19.ɉɨɥɢɜɢɧɢɥɬɨɥɭɨɥ  25,0 17,0 

20.ɉɨɥɢɬɟɬɪɚɮɬɨɪɷɬɢɥɟɧ  25,0 17,0 
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Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɚ 2δ  ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɞɨɥɠɧɚ 
ɨɬɜɟɱɚɬɶ ɬɪɟɛɨɜɚɧɢɸ ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɪɨɞɵ ɪɚɫɬɜɨɪɢɬɟɥɹ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. Ɍɚɤ ɜ ɪɚɛɨɬɟ [48] ɩɪɟɞɥɨɠɟɧ ɦɟ-
ɬɨɞ ɝɪɭɩɩɨɜɵɯ ɜɤɥɚɞɨɜ ɞɥɹ ɪɚɫɱɟɬɚ 2δ . ɇɨɜɟɣɲɢɟ ɞɚɧɧɵɟ ɩɨ ɩɚɪɚ-
ɦɟɬɪɭ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɜɟɳɟɫɬɜ ɬɚɛɭɥɢɪɨɜɚɧɵ ɜ ɪɚɛɨ-
ɬɟ [49]. ȼ ɪɚɛɨɬɟ [50] ɫɞɟɥɚɧɚ ɩɨɩɵɬɤɚ ɨɬɨɣɬɢ ɨɬ ɤɨɧɰɟɩɰɢɢ ɩɨɫɬɨɹɧ-

ɫɬɜɚ ɩɚɪɚɦɟɬɪɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ. ɉɚɪɚɦɟɬɪ 2δ  

ɜɵɪɚɠɟɧ ɜ ɜɢɞɟ ɮɭɧɤɰɢɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɤɨɬɨɪɵɣ ɧɚɯɨ-
ɞɢɬɫɹ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ 

 

 ɫɤɮ2 BȺ ρδ +=  , (1.54) 

ɥɢɛɨ 
 

c

ɫɤɮ2 BȺ ρδ +=  . (1.55) 
 

ɋɪɚɜɧɟɧɢɟ ɫ ɨɩɵɬɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɬɪɟɯɩɚɪɚɦɟɬɪɢɱɟ-
ɫɤɚɹ ɫɬɟɩɟɧɧɚɹ ɤɨɪɪɟɥɹɰɢɹ (1.55) ɞɚɟɬ ɥɭɱɲɟɟ ɫɨɝɥɚɫɢɟ. Ɍɚɤ ɫɪɟɞɧɟ-
ɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɨɬ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ 
ɭɪɚɜɧɟɧɢɸ (1.54) ɫɨɫɬɚɜɢɥɨ 20%, ɚ ɩɨ ɭɪɚɜɧɟɧɢɸ (1.55) - 12%. Ɍɚɤɨɣ 

ɩɨɞɯɨɞ ɹɜɥɹɟɬɫɹ ɩɨɩɵɬɤɨɣ ɷɦɩɢɪɢɱɟɫɤɢ ɭɱɟɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨ-
ɥɟɤɭɥ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ. Ⱦɪɭɝɨɣ ɫɩɨɫɨɛ ɤɨɥɢ-

ɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɩɚɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɜ ɫɢɫɬɟɦɟ ɪɚɫɬɜɨɪɹɟɦɨɟ 
ɜɟɳɟɫɬɜɨ - ɪɚɫɬɜɨɪɢɬɟɥɶ ɹɜɥɹɟɬɫɹ ɜɜɟɞɟɧɢɟ ɩɟɪɟɤɪɟɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ 

 

 ( ) 12111212 CCk1C −=  , (1.56) 
 

ɩɨɫɥɟ ɱɟɝɨ ɭɪɚɜɧɟɧɢɟ (1.39) ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ 

  

 ( )[ ]21

2

21

2

1

ɠ
22 k2VlnRT δδδδϕγ −−=  , (1.57) 

 

ɝɞɟ 12k - ɦɚɥɚɹ ɷɦɩɢɪɢɱɟɫɤɚɹ ɩɨɩɪɚɜɤɚ, ɚɧɚɥɨɝɢɱɧɚɹ ɬɨɣ, ɤɨɬɨɪɚɹ ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ ɜ ɭɪɚɜɧɟɧɢɢ (1.33) ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɭɬɨɱɧɟɧɢɹ ɩɨɬɟɧ-

ɰɢɚɥɚ ɩɚɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 
 

1.2.4. ゎóäÜöñ£í äÜÑÜßó　 ëíïöçÜëó½Üïöó çñàñïöç  

ç ïçñëê¡ëóöóôñï¡óê â¿0óÑíê. 
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Ȼɨɥɶɲɢɟ ɭɫɩɟɯɢ, ɞɨɫɬɢɝɧɭɬɵɟ ɜ ɨɩɢɫɚɧɢɢ ɬɟɪɦɢɱɟɫɤɢɯ, ɤɚɥɨɪɢ-

ɱɟɫɤɢɯ ɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɵɯ ɢ ɛɢɧɚɪɧɵɯ ɫɢɫ-
ɬɟɦ ɜ ɨɤɨɥɨɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɜ ɪɚɦɤɚɯ ɫɬɚɬɢɱɟɫɤɨɣ ɢ ɞɢɧɚɦɢɱɟ-
ɫɤɨɣ ɝɢɩɨɬɟɡ ɩɨɞɨɛɢɹ [2] ɫɬɚɜɹɬ ɜɨɩɪɨɫ ɨ ɩɪɢɦɟɧɢɦɨɫɬɢ ɷɬɨɝɨ ɩɨɞɯɨ-
ɞɚ ɤ ɨɩɢɫɚɧɢɸ ɩɨɜɟɞɟɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ 

ɪɚɫɬɜɨɪɢɬɟɥɹɯ. 
Ɍɚɤɨɣ ɩɨɞɯɨɞ ɛɵɥ ɪɚɡɜɢɬ ɜ ɪɚɛɨɬɟ [30]. ɉɟɪɟɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ 

(1.13) ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ 
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ɉɚɪɰɢɚɥɶɧɵɣ ɦɨɥɶɧɵɣ ɨɛɴɟɦ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ V  ɫɜɹɡɚɧ 

ɫ ɦɨɥɶɧɵɦ ɨɛɴɟɦɨɦ ɪɚɫɬɜɨɪɚ V 
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ɡɞɟɫɶ ɩɪɨɢɡɜɨɞɧɚɹ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ 
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ȼ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɨɢɡɜɨɞɧɚɹ 
TV

P







∂
∂

 

ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɨɢɡɜɨɞɧɚɹ 
Ɍ,P

ɝ
2

x 







∂
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 ɫɬɪɟ-

ɦɢɬɫɹ ɤ ɧɭɥɸ ɧɚ ɤɪɢɬɢɱɟɫɤɨɣ ɥɢɧɢɢ ɠɢɞɤɨɫɬɶ - ɩɚɪ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟ-
ɦɵ, ɤɨɬɨɪɚɹ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ ɮɥɸɢɞɚ-
ɪɚɫɬɜɨɪɢɬɟɥɹ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɯɚɪɚɤɬɟɪɧɨɦɭ ɪɟɡɤɨɦɭ ɜɨɡɪɚɫɬɚɧɢɸ 

ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɭɡɤɨɦ ɢɧɬɟɪɜɚɥɟ ɞɚɜɥɟɧɢɣ ɩɪɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɫɠɚ-
ɬɢɢ ɮɥɸɢɞɚ-ɪɚɫɬɜɨɪɢɬɟɥɹ (ɪɢɫ.1.7). 

ȼɜɟɞɟɦ ɩɪɢɜɟɞɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɨɫɬɨɹɧɢɹ:  
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,                     (1.61) 

 

ɝɞɟ Ɍ, V, Ɋ - ɬɟɤɭɳɢɟ ɡɧɚɱɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɭɞɟɥɶɧɨɝɨ ɨɛɴɟɦɚ 
ɢ ɞɚɜɥɟɧɢɹ ɜ ɪɚɫɬɜɨɪɟ; 

ɤɪɤɪɤɪ P,V,Ɍ - ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɤɪɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɱɢɫɬɨɝɨ 
ɪɚɫɬɜɨɪɢɬɟɥɹ. Ʉɨɦɛɢɧɢɪɭɹ 
ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ 

ɩɪɨɢɡɜɨɞɧɨɣ 
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2
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∂µ

 ɜɞɨɥɶ 

ɬɪɚɟɤɬɨɪɢɣ 0=τ   ɢ 0x = , ɦɨɠ-

ɧɨ ɡɚɩɢɫɚɬɶ ɫɥɟɞɭɸɳɟɟ ɢɧɬɟɪ-
ɩɨɥɹɰɢɨɧɧɨɟ ɜɵɪɚɠɟɧɢɟ 
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 , (1.62) 

 

 

Ɋɢɫ. 1.7. ɏɚɪɚɤɬɟɪɧɵɟ ɢɡɨɬɟɪɦɵ 

ɪɚɫ-ɬɜɨɪɢɦɨɫɬɢ ɧɚɮɬɚɥɢɧɚ ɜ ɷɬɢ-

ɥɟɧɟ. 1 - t = 12 °ɋ, 2 -  t = 25 °ɋ, 3 - 

t = 35 °ɋ. 
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ɝɞɟ ɚ, b ɢ ɫ - ɷɬɨ ɤɨɧɫɬɚɧɬɵ, ɚ ɩɨɤɚɡɚɬɟɥɢ ɫɬɟɩɟɧɢ γ  ɢ δ  - ɷɬɨ ɭɧɢ-

ɜɟɪɫɚɥɶɧɵɟ ɤɪɢɬɢɱɟɫɤɢɟ ɢɧɞɟɤɫɵ. 

Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɧɨɣ ɜ ɥɟɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟ-
ɧɢɹ (1.59), ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɪɦɨ-
ɞɢɧɚɦɢɱɟɫɤɨɣ ɬɪɚɟɤɬɨɪɢɟɣ, ɩɨ ɤɨɬɨɪɨɣ ɫɢɫɬɟɦɚ ɫɬɪɟɦɢɬɫɹ ɜ ɤɪɢɬɢɱɟ-
ɫɤɭɸ ɬɨɱɤɭ. Ʉɪɢɬɢɱɟɫɤɢɣ ɢɧɞɟɤɫ γ  ɨɩɪɟɞɟɥɹɟɬ ɫɬɪɟɦɥɟɧɢɟ ɤ ɧɭɥɸ 

ɩɪɨɢɡɜɨɞɧɨɣ 
P,Ɍ
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2
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 ɜɞɨɥɶ ɬɪɚɟɤɬɨɪɢɢ, ɧɚ ɤɨɬɨɪɨɣ ɜɟɥɢɱɢɧɵ Ɋ ɢ ɯ 

ɨɫɬɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɢ ɪɚɜɧɵɦɢ ɫɜɨɢɦ ɤɪɢɬɢɱɟɫɤɢɦ ɡɧɚɱɟɧɢɹɦ. 

Ɉɞɧɚɤɨ ɜ ɪɟɚɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɯ ɢɡɦɟɧɹɟɬɫɹ. ɉɪɨɜɟɞɟɦ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɹ 
(1.62) ɩɨ ɯ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɦɨɧɨɬɨɧɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɡɚɜɢɫɢɦɨɫɬɢ ɯɢ-

ɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɨɬ 
ɞɚɜɥɟɧɢɹ: 
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++  , (1.62) 

 

ɝɞɟ 1b  ɢ  1c  - ɤɨɧɫɬɚɧɬɵ. Ⱦɥɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɬɪɚɟɤɬɨɪɢɢ 

const=π  ɨɫɬɚɥɶɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɢɦɟɸɬ ɜɢɞ 
δτ x~ .  ȿɫɥɢ ɩɪɟɧɟɛ-

ɪɟɱɶ ɜ ɭɪɚɜɧɟɧɢɢ (1.62) ɜɬɨɪɵɦ ɱɥɟɧɨɦ ɜ ɫɢɥɭ ɫɨɨɬɧɨɲɟɧɢɹ ɦɚɫ-

ɲɬɚɛɧɨɣ ɬɟɨɪɢɢ [51] ( ) γ
βδ
γδδ <







=−1 , ɬɨ ɞɥɹ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ 

ɨɛɥɚɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɫɨɯɪɚɧɢɬɶ ɱɥɟɧ ɫ ɧɚɢɦɟɧɶɲɟɣ ɫɬɟɩɟɧɶɸ τ  : 
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ȿɫɥɢ ɧɢɠɧɹɹ ɤɨɧɟɱɧɚɹ ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ ɪɚɫɬɜɨɪɚ (ɩɟɪɟɫɟɱɟɧɢɟ 
ɤɪɢɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ ɪɚɫɬɜɨɪɚ ɫ ɤɪɢɜɨɣ ɪɚɜɧɨɜɟɫɢɹ ɠɢɞɤɨɫɬɶ-
ɠɢɞɤɨɫɬɶ-ɩɚɪ) ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢ-

ɬɟɥɹ, ɬɨ ɨɠɢɞɚɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɫɢɧɝɭɥɹɪɧɨɫɬɶ ɧɚɤɥɨɧɚ ɪɚɫɬɜɨ-
ɪɢɦɨɫɬɢ. ɗɬɚ ɫɢɧɝɭɥɹɪɧɨɫɬɶ ɫɥɟɞɭɟɬ ɢɡ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɥɚɛɨɣ ɫɢɧɝɭ-
ɥɹɪɧɨɫɬɢ ɩɚɪɰɢɚɥɶɧɨɝɨ ɦɨɥɶɧɨɝɨ ɨɛɴɟɦɚ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ 
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ατ −~V  . (1.65) 

 

ɍɪɚɜɧɟɧɢɟ (1.62) ɫɥɟɞɭɟɬ ɢɡ ɬɨɝɨ, ɱɬɨ 
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P

x,T
. Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɩɚɪɰɢɚɥɶɧɨɝɨ ɦɨɥɶɧɨɝɨ ɨɛɴɟɦɚ 

ɩɨɞɬɜɟɪɠɞɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ [52]. ȼ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɣ ɛɥɢɡɨɫɬɢ ɤ 
ɤɪɢɬɢɱɟɫɤɨɦɭ ɫɨɫɬɨɹɧɢɸ, ɝɞɟ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɪɭɩ-

ɧɨɦɚɫɲɬɚɛɧɵɦɢ ɮɥɭɤɬɭɚɰɢɹɦɢ (ɨɛɥɚɫɬɶ Ƚɢɧɡɛɭɪɝɚ [53]) ɢɧɞɟɤɫɵ 

ɩɪɢɧɢɦɚɸɬ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ δ  = 5,0, α  = 0,12. Ɂɚ ɩɪɟɞɟɥɚɦɢ 

ɷɬɨɣ ɨɛɥɚɫɬɢ, ɧɨ ɩɨ-ɩɪɟɠɧɟɦɭ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɪɚɫ-
ɬɜɨɪɚ ɡɧɚɱɟɧɢɹ ɢɧɞɟɤɫɨɜ ɩɪɢɧɢɦɚɸɬ ɤɥɚɫɫɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ: δ  = 3, 
α  = 0. 

ȼ ɪɚɛɨɬɟ [30] ɬɚɤɠɟ ɩɪɢɜɟɞɟɧ ɚɧɚɥɢɡ ɩɨɜɟɞɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶ-

ɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
σ∂

∂
,ɌP

x








 ɜ ɲɢɪɨɤɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ 

ɬɨɱɤɢ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɞɢɚɩɚɡɨɧɨɜ ɤɨɧ-

ɰɟɧɬɪɚɰɢɣ φ<<x ,  ɚ ɬɚɤɠɟ φ>>x  ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɦɟɫɬɨ ɬɨɱɟɤ ɦɚɤ-

ɫɢɦɭɦɨɜ 
σ∂

∂
,ɌP

x








 ɹɜɥɹɟɬɫɹ ɩɪɹɦɨɣ ɥɢɧɢɟɣ ɜ ɤɨɨɪɞɢɧɚɬɚɯ τπ −  

(ɪɢɫ.1.8) 

 τπ B=  . (1.66) 
 

Ɉɩɵɬɧɵɟ ɞɚɧɧɵɟ [55÷57] ɩɨɞɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲ-

ɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɚɪɚɦɟɬɪ ȼ ɩɪɢɧɢɦɚɟɬ ɭɧɢɜɟɪɫɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɢ 

ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ 7÷8. ɇɚ ɪɢɫ.1.8 ɧɚɤɥɨɧ ɪɚɫɱɟɬɧɨɣ ɩɪɹɦɨɣ ɫɨ-
ɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɸ ȼ=7,6. 
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Ɋɢɫ.1.8. Ƚɟɨɦɟɬɪɢɱɟɫɤɨɟ ɦɟɫɬɨ ɬɨɱɟɤ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɪɚɫɬɜɨɪɢ-ɦɨɫɬɢ 

( ) σ∂∂ ,ɌP/x . 1 - ɧɚɮɬɚɥɢɧɚ ɜ ɷɬɢɥɟɧɟ 
[52], 2 - ɞɢɮɟɧɢɥɚɦɢɧɚ ɜ ɋɈ2 [31],   

3 - ɧɚɮɬɚɥɢɧɚ ɜ ɋɈ2 [54]. 

 

 
Ɋɢɫ.1.9. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ 
ɨɛɥɚɫɬɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɤɥɨɧɨɜ.  
1 - ɧɚɮɬɚɥɢɧ ɜ ɷɬɢɥɟɧɟ [54], 2 - ɧɚɮ-

ɬɚɥɢɧ ɜ ɋɈ2 [31], 3- ɧɚɮɬɚɥɢɧ ɜ ɷɬɢ-

ɥɟɧɟ (ɜɛɥɢɡɢ ȼɄɄɌ). 

 

 

 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɜ ɪɚɛɨɬɟ [30] ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ 

ɪɚɫɬɜɨɪɢɦɨɫɬɶ 
σ∂
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x








 ɜ ɨɛɥɚɫɬɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɤɥɨɧɨɜ ɦɨɠɟɬ 

ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɜ ɜɢɞɟ ɫɬɟɩɟɧɧɨɣ ɮɭɧɤɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ (ɪɢɫ.1.9). 

ɇɚɤɥɨɧ ɪɚɫɱɟɬɧɨɣ ɩɪɹɦɨɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɸ ~1,05. Ɍɟɨɪɟ-
ɬɢɱɟɫɤɢɟ ɨɰɟɧɤɢ ɜɧɭɬɪɢ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɨɛɥɚɫɬɢ ɞɚɸɬ ɩɪɹɦɵɟ ɥɢ-

ɧɢɢ ɫ ɧɚɤɥɨɧɨɦ 9,0~/ αβδγ +  ɜɛɥɢɡɢ ɧɢɠɧɟɣ ɤɨɧɟɱɧɨɣ ɤɪɢɬɢɱɟ-
ɫɤɨɣ ɬɨɱɤɢ ɪɚɫɬɜɨɪɚ (ɇɄɄɌ) ɢ  8,0~/ βδγ  ɜɛɥɢɡɢ ɜɟɪɯɧɟɣ ɤɨɧɟɱ-
ɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ȼɄɄɌ. Ɉɬɦɟɱɚɟɬɫɹ [30], ɱɬɨ ɞɥɹ ɨɤɨɧɱɚɬɟɥɶ-
ɧɨɣ ɩɪɨɜɟɪɤɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ ɧɚɤɥɨɧɨɜ ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟ-
ɧɢɟ ɧɨɜɵɯ ɛɨɥɟɟ ɩɪɟɰɢɡɢɨɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 
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1.2.5. ぢëó½ñÖñÖóñ £í¡ÜÖí ïÜÜöçñöïöçñÖÖ▲ê ïÜïöÜ　Öóú 

Ñ¿　 äëÜÇÖÜ£óëÜçíÖó　 ëíïöçÜëó½Üïöó 

 

Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɧɚ ɨɫɧɨɜɟ 
ɬɟɨɪɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ ɛɵɥɚ ɧɚɱɚɬɚ ɜ 1950-ɯ ɝɨɞɚɯ [58, 

59]. Ɍɚɤ ɞɥɹ ɨɩɢɫɚɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ ɜ ɫɠɚɬɵɯ ɝɚ-
ɡɚɯ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ [59] ɫɥɟɞɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
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     (1.67)  
 

ɝɞɟ 2x  - ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɬɜɟɪɞɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɫɠɚɬɨɦ 

ɪɚɫɬɜɨɪɢɬɟɥɟ, ɜɵɪɚɠɟɧɧɚɹ ɜ ɦɨɥɶɧɵɯ ɞɨɥɹɯ; 0

2x  - ɦɨɥɶɧɚɹ ɞɨɥɹ ɪɚɫ-
ɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɩɚɪɨɜɨɣ ɮɚɡɟ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ ɜ ɨɬ-
ɫɭɬɫɬɜɢɟ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ; ɬɜ

2V - ɦɨɥɶɧɵɣ ɨɛɴɟɦ ɬɜɟɪɞɨɝɨ 
ɬɟɥɚ; V - ɦɨɥɶɧɵɣ ɨɛɴɟɦ ɝɚɡɨɜɨɝɨ ɪɚɫɬɜɨɪɚ; 111211212 D,C,B - ɜɢɪɢɚɥɶ-
ɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɦɨɥɟɤɭɥɨɣ 

ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɨɞɧɨɣ, ɞɜɭɦɹ, ɬɪɟɦɹ ɢ ɬ.ɞ. ɦɨɥɟɤɭɥɚɦɢ ɝɚ-
ɡɚ. ɑɥɟɧɵ ɩɪɚɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ (1.67), ɫɨɞɟɪɠɚɳɢɟ ɦɧɨɠɢɬɟɥɶ 
ɬɜ

2V , ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɷɮɮɟɤɬ ɉɨɣɧɬɢɧɝɚ. ȼɫɟ ɨɧɢ, ɤɪɨɦɟ ɩɟɪɜɨɝɨ, 
ɢɫɱɟɡɚɸɬ, ɟɫɥɢ ɝɚɡ - ɪɚɫɬɜɨɪɢɬɟɥɶ ɹɜɥɹɟɬɫɹ ɢɞɟɚɥɶɧɵɦ. ɋɪɚɜɧɟɧɢɟ ɫ 

ɨɩɵɬɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɥɢɧɟɣɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 
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ɪɨɫɬɨɦ ɩɥɨɬɧɨɫɬɢ ɝɚɡɚ ɜ ɢɧɬɟɪɜɚɥɟ ɦɚɥɵɯ ɩɥɨɬɧɨɫɬɟɣ ɨɛɭɫɥɨɜɥɟɧɨ 
ɱɥɟɧɨɦ 12B , ɤɨɬɨɪɵɣ ɞɚɟɬ ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɤɥɚɞ ɜ ɤɨɧɰɟɧɬɪɚɰɢɸ 

ɬɜɟɪɞɨɝɨ ɜɟɳɟɫɬɜɚ 1 ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ 2. ɉɪɢ ɛɨɥɟɟ ɜɵɫɨ-
ɤɢɯ ɞɚɜɥɟɧɢɹɯ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ ɦɟɞɥɟɧɧɟɟ, ɱɟɦ ɩɥɨɬɧɨɫɬɶ 
ɝɚɡɚ [32]. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ (1.67) ɦɨɠɟɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨ-
ɜɚɧɨ ɜ ɢɧɬɟɪɜɚɥɟ ɩɥɨɬɧɨɫɬɟɣ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɞɨ 10 

ɦɨɥɶ/ɥ ɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɭɞɚɥɟɧɧɵɯ ɨɬ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɝɚɡɨɜɨɝɨ ɪɚɫɬɜɨɪɚ. 
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Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɠɢɞɤɨɫɬɟɣ ɜ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɦ ɝɚ-
ɡɨɨɛɪɚɡɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɭɪɚɜɧɟɧɢɟ [59], ɚɧɚɥɨ-
ɝɢɱɧɨɟ ɭɪɚɜɧɟɧɢɸ (1.67) 
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ɝɞɟ V ɦɨɥɶɧɵɣ ɨɛɴɟɦ ɱɢɫɬɨɝɨ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɪɚɫ-
ɬɜɨɪɢɬɟɥɹ, ɨɫɬɚɥɶɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɚɧɚɥɨɝɢɱɧɵ ɭɪɚɜɧɟɧɢɸ (1.67). 

Ⱥɜɬɨɪɵ [60] ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɨɝɥɚɫɢɟ ɫ ɨɩɵɬɧɵɦɢ ɞɚɧɧɵɦɢ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɤɨɥɢɱɟɫɬɜɨɦ ɱɥɟɧɨɜ ɜɢɪɢɚɥɶɧɨɝɨ ɪɹɞɚ, ɧɨ ɢ ɜɟɥɢ-

ɱɢɧɨɣ ɤɚɠɞɨɝɨ ɢɡ ɜɢɪɢɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. ȿɫɥɢ ɪɚɡɦɟɪɵ ɦɨɥɟ-
ɤɭɥ ɤɨɦɩɨɧɟɧɬɨɜ ɝɚɡɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ, ɬɨ ɜɟɥɢɱɢɧɵ 

ɜɢɪɢɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɱɟɧɶ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɩɪɚɜɢɥɚɦ ɤɨɦɛɢ-

ɧɢɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɬɜɨɪɚ, ɜɵɪɚɠɚɟɦɵɯ ɱɟɪɟɡ ɨɞɧɨɢɦɟɧɧɵɟ ɩɚ-
ɪɚɦɟɬɪɵ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. Ⱦɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɜɢɪɢɚɥɶɧɵɯ ɤɨ-
ɷɮɮɢɰɢɟɧɬɨɜ ɚɜɬɨɪɵ [60]  ɩɪɟɞɥɨɠɢɥɢ ɩɪɢɦɟɧɢɬɶ ɡɚɤɨɧ ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ 
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Ɂɞɟɫɶ ɩɪɢɜɟɞɟɧɧɵɟ ɜɢɪɢɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ 
∗∗∗ D,C,B  ɢ ɬ.ɞ. 

ɹɜɥɹɸɬɫɹ ɬɚɛɭɥɢɪɨɜɚɧɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɩɪɢɜɟɞɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɤɪij
r

T

TɌ =
,  ɝɞɟ Ɍ - ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɢɫɬɟɦɵ. ɉɚɪɚɦɟɬɪ ɚɰɟɧ-
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ɬɪɢɱɧɨɫɬɢ ω  ɛɵɥ ɜɜɟɞɟɧ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɤ ɤɪɌ  ɢ ɤɪP  ɞɥɹ ɧɟɩɨɥɹɪɧɵɯ 
ɢ ɫɥɚɛɨɩɨɥɹɪɧɵɯ ɜɟɳɟɫɬɜ ɞɥɹ ɪɚɫɱɟɬɚ ɨɛɴɟɦɧɵɯ ɫɜɨɣɫɬɜ ɝɚɡɨɜ ɢ ɩɚ-
ɪɨɜ ɫ ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɨɣ ɦɨɥɟɤɭɥ ɧɚ ɨɫɧɨɜɟ ɩɪɢɧɰɢɩɚ ɫɨɨɬɜɟɬɫɬɜɟɧ-

ɧɵɯ ɫɨɫɬɨɹɧɢɣ. Ɋɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɚ ɚɰɟɧɬɪɢɱɧɨɫɬɢ 

ɦɨɠɧɨ ɧɚɣɬɢ ɜ ɨɛɡɨɪɟ [22]. ɋɨɨɬɧɨɲɟɧɢɹ (1.69)÷(1.71) ɛɵɥɢ ɪɟɤɨ-
ɦɟɧɞɨɜɚɧɵ ɞɥɹ ɧɟɩɨɥɹɪɧɵɯ, ɫɥɚɛɨɩɨɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɞɥɹ ɫɦɟ-
ɫɟɣ, ɫɨɞɟɪɠɚɳɢɯ ɧɟ ɛɨɥɟɟ ɨɞɧɨɝɨ ɫɢɥɶɧɨɝɨ ɩɨɥɹɪɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ. 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɫɦɟɫɟɣ ɜ ɭɪɚɜɧɟɧɢɹɯ (1.69)÷(1.71) ɩɪɢɦɟɧɹ-
ɸɬ ɫɥɟɞɭɸɳɢɟ ɩɪɚɜɢɥɚ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ 
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     (1.72) 

ɝɞɟ iα  ɢ jα  - ɫɪɟɞɧɢɟ ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, 

ɤɪjɤɪiɤɪjɤɪi V,V,Ɍ,Ɍ  - ɤɪɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. 
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ɉɚɪɚɦɟɬɪɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɫɬɚɪɲɢɯ ɜɢɪɢɚɥɶɧɵɯ ɤɨ-
ɷɮɮɢɰɢɟɧɬɨɜ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɱɟɪɟɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ 
ɦɥɚɞɲɢɯ ɜɢɪɢɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

 

 ɤɪikɤɪjkɤɪijɤɪijk VVVV =  , (1.75) 
 

 ɤɪikɤɪjkɤɪijɤɪijk TTTɌ =  , (1.76) 
 

 ( )ikjkijijk
3

1 ωωωω ++=  , (1.77) 

 

 4
ɤɪilɤɪklɤɪjkɤɪijɤɪijkl VVVVV =  , (1.78) 

 

 4
ɤɪilɤɪklɤɪjkɤɪijɤɪijkl TTTTɌ =   ɢ ɬ.ɞ. (1.79) 

 

ɉɪɢɦɟɧɟɧɢɟ ɢɡɥɨɠɟɧɧɨɝɨ ɜɵɲɟ ɦɟɬɨɞɚ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɪɚɫ-
ɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ, ɤɨɬɨɪɵɟ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɚɫɫɨɰɢɢɪɨɜɚɧɵ, ɚ 
ɜ ɫɠɚɬɨɦ ɝɚɡɟ ɜɫɬɭɩɚɸɬ ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɦɨɥɟɤɭɥɚɦɢ ɝɚɡɚ ɤɚɤ ɦɨ-
ɧɨɦɟɪɵ, ɡɚɬɪɭɞɧɟɧɨ. 

ȿɫɥɢ ɛɢɧɚɪɧɚɹ ɫɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɛɨɥɟɟ ɩɨɥɹɪɧɵɯ ɤɨɦɩɨ-
ɧɟɧɬɨɜ, ɬɨ ɪɚɫɱɟɬɧɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɨɛɵɱɧɨ ɡɚɧɢɠɟɧɚ ɩɨ ɨɬɧɨɲɟɧɢɸ 

ɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ. 

 

1.2.6. ぢëó½ñÖñÖóñ ÜëíçÖñÖóú ïÜïöÜ　Öó　 Ñ¿　 ëíïôñöí  

ßóÖíëÖÜú ëíïöçÜëó½Üïöó. 

 

ȼɟɪɧɟɦɫɹ ɤ ɭɪɚɜɧɟɧɢɸ (1.15) 
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ɉɚɪɰɢɚɥɶɧɵɣ ɨɛɴɟɦ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɝ
2V  

ɫɜɹɡɚɧ ɫ ɩɚɪɰɢɚɥɶɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɥɟɬɭɱɟɫɬɢ 

∧
ɝ
2φ  
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ȼɟɥɢɱɢɧɚ 
ɢɞ

iV  ɹɜɥɹɟɬɫɹ ɭɫɥɨɜɧɨɣ, ɩɨɫɤɨɥɶɤɭ ɜɵɪɚɠɚɟɬ ɭɞɟɥɶɧɵɣ 

ɨɛɴɟɦ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɢɞɟɚɥɶɧɨɝɚɡɨɜɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɢ ɡɚ-
ɞɚɧɧɵɯ Ɋ ɢ Ɍ, ɩɪɢ ɤɨɬɨɪɵɯ ɪɚɫɬɜɨɪɹɟɦɨɟ ɜɟɳɟɫɬɜɨ ɧɚɯɨɞɢɬɫɹ ɜ ɤɨɧ-

ɞɟɧɫɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ʉɨɦɛɢɧɢɪɭɹ ɭɪɚɜɧɟɧɢɹ (1.80) ɢ (1.81) 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
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ɂɞɟɚɥɶɧɨɝɚɡɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ  ɜ ɝɚɡɨɜɨɣ 

ɮɚɡɟ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɨɬɫɭɬɫɬɜɢɟ ɷɮɮɟɤɬɚ ɉɨɣɧɬɢɧɝɚ, ɤɨɝɞɚ ɞɚɜɥɟɧɢɟ 
ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ Ɋ2ɧ ɩɪɢɧɢɦɚɟɬ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɞɚɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɭɪɚɜɧɟɧɢɟ (1.82) ɧɟɨɛɯɨɞɢɦɨ ɢɧɬɟɝɪɢ-

ɪɨɜɚɬɶ ɜ ɩɪɟɞɟɥɚɯ ɨɬ Ɋ2ɧ ɞɨ Ɋ. ɉɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨɥɭɱɚɟɦ 
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ɉɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɠ
2V  ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɞɚɜɥɟ-

ɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɧɟɫɠɢɦɚɟɦɨɫɬɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɤɨɧɞɟɧɫɢ-

ɪɨɜɚɧɧɨɣ ɮɚɡɟ. Ɍɟɦɩɟɪɚɬɭɪɚ Ɍ ɬɚɤɠɟ ɮɢɤɫɢɪɭɟɬɫɹ. ȼɟɥɢɱɢɧɚ ɢɞ
2V  = 

RT/P. ɉɨɫɥɟ ɩɨɱɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɟɪɜɨɝɨ ɫɥɚɝɚɟɦɨɝɨ ɩɪɚɜɨɣ 

ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ (1.83) ɩɨɥɭɱɚɟɦ 
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ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɧɢɡɤɨɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɜ ɫɠɚɬɵɯ ɮɥɸɢɞɚɯ ɦɨɠ-

ɧɨ ɩɪɢɧɹɬɶ Ɋ2ɧ<<P. Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɪɚɫɱɟɬɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɪɢ-

ɧɢɦɚɟɬ ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɜɢɞ, ɤɨɬɨɪɵɣ ɫɨɜɩɚɞɚɟɬ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɛɨ-
ɬɵ [61]  
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ɇɚɞɟɠɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɞɚɜɥɟɧɢɸ ɧɚɫɵɳɟɧɢɹ 
Ɋ2ɧ ɞɥɹ ɦɧɨɝɢɯ ɧɢɡɤɨɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɨɬɫɭɬɫɬɜɭɸɬ. Ɉɫɨɛɟɧɧɨ ɷɬɨ ɨɬ-
ɧɨɫɢɬɫɹ ɤ ɬɜɟɪɞɵɦ ɜɟɳɟɫɬɜɚɦ. ȼ ɷɬɢɯ ɫɥɭɱɚɹɯ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨ-
ɜɚɬɶ ɞɥɹ ɪɚɫɱɟɬɚ Ɋ2ɧ ɪɚɡɥɢɱɧɵɟ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɟ ɭɪɚɜɧɟɧɢɹ [22]. 

ɑɥɟɧ 

∧
ɝ
2lnφ  ɭɱɢɬɵɜɚɟɬ ɧɟɢɞɟɚɥɶɧɨɫɬɶ ɝɚɡɨɜɨɣ ɮɚɡɵ. Ⱦɥɹ ɪɚɫɱɟɬɚ ɜɟ-

ɥɢɱɢɧɵ 

∧
ɝ
2φ  ɫɭɳɟɫɬɜɭɟɬ ɲɢɪɨɤɢɣ ɜɵɛɨɪ ɪɚɡɥɢɱɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫɨ-

ɫɬɨɹɧɢɹ [62], ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɩɢɫɵɜɚɬɶ ɮɚɡɨɜɵɟ 
ɪɚɜɧɨɜɟɫɢɹ ɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦɚɯ. Ʉ ɱɢɫɥɭ ɧɚɢɛɨɥɟɟ ɪɚɫ-
ɩɪɨɫɬɪɚɧɟɧɧɵɯ ɨɬɧɨɫɹɬɫɹ ɤɭɛɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɋɨɚɜɚ, 
ɉɟɧɝɚ-Ɋɨɛɢɧɫɨɧɚ, ɭɪɚɜɧɟɧɢɹ ȼɢɥɶɫɨɧɚ, NRTL ɢ UNIQUAC. ȼ ɨɛɡɨɪɟ 
[62] ɨɛɫɭɠɞɚɸɬɫɹ ɞɨɫɬɨɢɧɫɬɜɚ, ɧɟɞɨɫɬɚɬɤɢ ɢ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ 
ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ. ȼ ɱɚɫɬɧɨɫɬɢ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɭɛɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ 
ɫɨɫɬɨɹɧɢɹ ɋɨɚɜɚ ɢ ɉɟɧɝɚ-Ɋɨɛɢɧɫɨɧɚ, ɨɛɥɚɞɚɹ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɪɨɫɬɨ-
ɬɨɣ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ, ɦɨɝɭɬ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɬɶɫɹ ɞɨ ɞɚɜ-
ɥɟɧɢɣ ɜ ɧɟɫɤɨɥɶɤɨ ɫɨɬɟɧ Ɇɉɚ ɢ ɨɯɜɚɬɵɜɚɬɶ ɲɢɪɨɤɢɣ ɤɥɚɫɫ ɦɟɠɦɨɥɟ-
ɤɭɥɹɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɜ ɫɦɟɫɹɯ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ. Ɉɫɨɛɟɧɧɨ 
ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɬɢ ɭɪɚɜɧɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɦɨɞɟɥɢɪɨɜɚɬɶ ɪɚɜɧɨ-
ɜɟɫɢɟ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɱɢɫɬɨɝɨ ɪɚɫ-
ɬɜɨɪɢɬɟɥɹ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ. 

Ɋɚɫɫɦɨɬɪɢɦ ɭɪɚɜɧɟɧɢɟ ɋɨɚɜɚ [63] 
 

 )bV(V/),Ɍ(a)bV/(RTP −−−= ω  , (1.86) 
 

ɝɞɟ V – ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɫɦɟɫɢ, ɚ ɢ b – ɩɚɪɚɦɟɬɪɵ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɫɦɟ-
ɫɢ, ɭɱɢɬɵɜɚɸɳɢɟ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ȼɵɞɟɥɹɟɬɫɹ, 
ɱɬɨ ɩɨɜɟɞɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɚ ),T( ω , ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨ ɞɨɦɢɧɢɪɭɸ-

ɳɢɟ ɜ ɫɢɫɬɟɦɟ ɫɢɥɵ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɪɢɬɹɠɟɧɢɹ ɛɨɥɟɟ ɞɚɥɶɧɨ-
ɞɟɣɫɬɜɭɸɳɢɟ, ɱɟɦ ɫɢɥɵ ɨɬɬɚɥɤɢɜɚɧɢɹ, ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ. ɇɚ ɷɬɨ ɭɤɚɡɵɜɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɩɚɪɚɦɟɬɪɚ ɚ ɨɬ 
ɮɚɤɬɨɪɚ ɚɰɟɧɬɪɢɱɧɨɫɬɢ ω , ɜɵɩɨɥɧɹɸɳɟɝɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɪɨɥɶ ɩɚ-
ɪɚɦɟɬɪɚ ɩɨɞɨɛɢɹ. ɉɚɪɚɦɟɬɪɵ ɫɦɟɫɢ ɚ ɢ b ɜɵɱɢɫɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ   



 

54 

 ∑∑=
i j

ijji axxa ,      ∑∑=
i j

ijji bxxb , (1.87) 

 

ɝɞɟ ix  ɢ jx - ɦɨɥɶɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɥɸɛɨɣ ɢɡ ɪɚɜɧɨɜɟɫɧɵɯ 

ɮɚɡ. ɉɚɪɚɦɟɬɪɵ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ija  ɢ ijb  ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟ-
ɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 
 

 ( ) ɤɪi
2

ɤɪiiij P/RT42748,0Ta ⋅=α  , (1.88) 

 

 ( ) ( )[ ]2ɤɪiii T/T1m1T −+=α  , (1.89) 

 

 
2

iii 176,0574,1480,0m ωω −+=  , (1.90) 

 

 ɤɪiɤɪiij P/RT086664,0b ⋅=  , (1.91) 
 

ɝɞɟ Ɋɤɪi ɢ Ɍɤɪi ɢ iω - ɤɪɢɬɢɱɟɫɤɢɟ ɞɚɜɥɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɮɚɤɬɨɪ 
ɚɰɟɧɬɪɢɱɧɨɫɬɢ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɫɦɟɫɢ. Ⱦɥɹ ɪɚɫɱɟɬɚ «ɩɟɪɟɤɪɟɫɬɧɵɯ» 

ɩɚɪɚɦɟɬɪɨɜ ɫɦɟɫɢ ɜɜɨɞɹɬɫɹ ɷɦɩɢɪɢɱɟɫɤɢɟ ɩɨɩɪɚɜɤɢ, ɧɚɡɵɜɚɟɦɵɟ ɩɚ-
ɪɚɦɟɬɪɚɦɢ ɛɢɧɚɪɧɨɝɨ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ijk  ɢ ijη  
 

 ( )
ijijijij aak1a −=  ,           ( )

ijijijij bb1b η−=  . (1.92) 
 

ɉɚɪɚɦɟɬɪɵ ijk  ɢ ijη  ɩɪɨɹɜɥɹɸɬ ɫɢɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɧɚɢɥɭɱɲɟɝɨ ɨɩɢɫɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. ȼ ɪɚɛɨɬɟ [64] ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɩɪɟɧɟɛɪɟɠɟɧɢɟ ɬɟɦ-

ɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɷɦɩɢɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɟɠɦɨɥɟɤɭɥɹɪ-

ɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɟɡɤɨ ɭɯɭɞɲɚɟɬ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ. 
ȿɫɥɢ ɜɜɟɫɬɢ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: 22TR/aPA = , 

RT/bPB = , RT/PVZ = , ɬɨ ɭɪɚɜɧɟɧɢɟ (1.86) ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ 
ɜɢɞɟ ɤɭɛɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ Z: 

 

 0ABZ)BBA(ZZ 223 =−−−+−  . (1.93) 
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Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɪɧɟɣ ɭɪɚɜɧɟɧɢɹ (1.93) ɢɫɩɨɥɶɡɭɸɬ ɢɬɟɪɚɰɢɨɧ-

ɧɭɸ ɩɪɨɰɟɞɭɪɭ ɇɶɸɬɨɧɚ-Ɋɚɮɫɨɧɚ [62]. ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɚɪ-
ɰɢɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɟɬɭɱɟɫɬɢ ɤɨɦɩɨɧɟɧɬɚ ɜ ɪɚɜɧɨɜɟɫɧɵɯ ɮɚɡɚɯ 
ɡɚɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 

( ) ( ) ( )[ ] B/Aa/ax2B/BZ/B1lnBZlnB/BBZln ijiiii ∑−++−−−=
∧
φ . 
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ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɨɜɦɟɫɬɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ   

(1.85) ÷ (1.94) ɩɨɡɜɨɥɹɟɬ ɨɩɢɫɵɜɚɬɶ ɛɢɧɚɪɧɭɸ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɲɢɪɨ-
ɤɨɦ ɢɧɬɟɪɜɚɥɟ ɞɚɜɥɟɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪ, ɜɤɥɸɱɚɹ ɨɤɪɟɫɬɧɨɫɬɶ ɤɪɢɬɢɱɟ-
ɫɤɨɣ ɬɨɱɤɢ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. ɉɪɢ ɷɬɨɦ ɨɩɢɫɚɧɢɟ ɜ ɨɛɥɚɫɬɢ ɧɢɡ-
ɤɢɯ ɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɣ, ɚ ɬɚɤɠɟ ɜ ɩɟɪɟɯɨɞɧɨɣ ɨɛɥɚɫɬɢ ɨɛɟɫɩɟɱɢɜɚ-
ɟɬɫɹ ɫ ɨɞɢɧɚɤɨɜɨɣ ɬɨɱɧɨɫɬɶɸ. ɗɬɨ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɞɚɧɧɨɣ ɦɨɞɟɥɢ ɤɚɤ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɮɥɸɢɞɧɨɣ ɷɤɫ-
ɬɪɚɤɰɢɢ, ɬɚɤ ɢ ɩɪɨɰɟɫɫɨɜ ɫɟɩɚɪɚɰɢɢ ɢ ɪɟɝɟɧɟɪɚɰɢɢ ɷɤɫɬɪɚɝɟɧɬɚ. 

Ⱥɜɬɨɪɵ ɩɪɢɦɟɧɢɥɢ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ (1.85) ÷ (1.94) ɞɥɹ ɪɚɫɱɟɬɚ 
ɛɢɧɚɪɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɜɵɫɨɤɨɧɚɝɪɭɠɟɧɧɨɣ ɭɝɥɟɜɨ-
ɞɨɪɨɞɚɦɢ ɫɬɨɱɧɨɣ ɜɨɞɵ, ɧɟɨɱɢɳɟɧɧɨɝɨ ɝɥɢɰɟɪɢɧɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ, ɤɨɦɩɨɧɟɧɬɨɜ ɤɭɛɨɜɨɣ ɨɫɬɚɬɨɱɧɨɣ ɫɦɟɫɢ 

ɬɪɢ- ɢ ɬɟɬɪɚɷɬɢɥɟɧɝɥɢɤɨɥɟɣ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɩɪɨɩɚɧɟ. Ɋɚɫɱɟɬɵ 

ɩɪɨɜɨɞɢɥɢɫɶ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪ, ɛɥɢɡɤɢɯ ɤ ɤɪɢɬɢɱɟɫɤɢɦ ɬɟɦɩɟɪɚɬɭɪɚɦ 

ɮɥɸɢɞɨɜ-ɷɤɫɬɪɚɝɟɧɬɨɜ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɞɚɜɥɟɧɢɣ. Ȼɵɥɚ ɜɵɹɜɥɟ-
ɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɱɢɫɬɤɢ ɫɬɨɱɧɨɣ ɜɨɞɵ [65], ɝɥɢɰɟ-
ɪɢɧɚ [66], ɪɚɡɞɟɥɟɧɢɹ ɠɢɪɧɵɯ ɤɢɫɥɨɬ [66, 67] ɢ ɤɨɦɩɨɧɟɧɬɨɜ ɤɭɛɨɜɨɣ 

ɫɦɟɫɢ [68, 69] ɦɟɬɨɞɨɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤɰɢɢ ɫ 
ɞɚɥɶɧɟɣɲɟɣ ɪɟɝɟɧɟɪɚɰɢɟɣ ɢ ɦɧɨɝɨɤɪɚɬɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɥɸɢ-

ɞɨɜ-ɷɤɫɬɪɚɝɟɧɬɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɛɵɥɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɞɬɜɟɪ-
ɠɞɟɧɵ ɨɩɵɬɧɵɦɢ ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɤɚɮɟɞɪɵ 

"Ɍɟɨɪɟɬɢɱɟɫɤɢɯ ɨɫɧɨɜ ɬɟɩɥɨɬɟɯɧɢɤɢ" Ʉɚɡɚɧɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 
 

1.2.7. ぢÜç▲üñÖóñ ëíïöçÜë　0àñú ïäÜïÜßÖÜïöó 

ïçñëê¡ëóöóôñï¡óê  â¿0óÑÜç äÜöñ½ ÑÜßíç¿ñÖó　 ïÜëíïöçÜëóöñ¿ñú. 
 

ɇɚɢɛɨɥɟɟ ɬɟɯɧɨɥɨɝɢɱɧɵɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ ɢ ɷɤɫɬɪɚɝɟɧɬɚɦɢ ɹɜ-
ɥɹɸɬɫɹ ɮɥɸɢɞɵ, ɤɪɢɬɢɱɟɫɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɬɨɪɵɯ ɧɚɯɨɞɹɬɫɹ ɜ ɢɧ-

ɬɟɪɜɚɥɟ ɨɬ 0 ɞɨ 100°ɋ. ɉɪɨɰɟɫɫ ɷɤɫɬɪɚɤɰɢɢ, ɩɪɨɜɨɞɢɦɵɣ ɜ ɷɬɨɦ ɢɧ-
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ɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ, ɤɚɤ ɩɪɚɜɢɥɨ, ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɚɡɥɨɠɟɧɢɹ ɪɚɫɬɜɨɪɹɟɦɵɯ ɜɟɳɟɫɬɜ, ɚ ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɟɬ 
ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɞɢɫɬɢɥ-
ɥɹɰɢɢ ɢ ɪɟɤɬɢɮɢɤɚɰɢɢ. Ɉɛɵɱɧɨ, ɧɚɢɛɨɥɟɟ ɬɟɯɧɨɥɨɝɢɱɧɵɟ ɮɥɸɢɞɵ-

ɪɚɫɬɜɨɪɢɬɟɥɢ ɹɜɥɹɸɬɫɹ ɧɟɩɨɥɹɪɧɵɦɢ (ɤɫɟɧɨɧ, ɷɬɢɥɟɧ, ɯɥɨɪɬɪɢɮɬɨɪ-
ɦɟɬɚɧ, ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɷɬɚɧ, ɩɪɨɩɢɥɟɧ, ɩɪɨɩɚɧ). ɇɟɩɨɥɹɪɧɵɟ 
ɮɥɸɢɞɵ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɦɚɫɲɬɚɛɚɯ ɤ ɬɚɤɢɦ 

ɪɚɫɬɜɨɪɹɟɦɵɦ ɜɟɳɟɫɬɜɚɦ, ɤɚɤ ɧɚɩɪɢɦɟɪ, ɧɚɮɬɚɥɢɧ ɢ ɚɧɬɪɚɰɟɧ [70]. 

Ɉɞɧɚɤɨ ɪɚɫɬɜɨɪɹɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɧɟɩɨɥɹɪɧɵɯ ɮɥɸɢɞɨɜ ɩɨ ɨɬɧɨɲɟ-
ɧɢɸ ɤ ɩɨɥɹɪɧɵɦ ɚɦɢɧɨɤɢɫɥɨɬɚɦ, ɥɢɛɨ ɫɬɢɪɨɥɚɦ ɹɜɥɹɟɬɫɹ ɧɢɡɤɨɣ 

[71], ɱɬɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɪɚɡɪɚɛɨɬɤɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ. ɂɡɜɟɫɬɧɨ [72], ɱɬɨ ɪɚɫɬɜɨɪɹɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɫɟɥɟɤ-
ɬɢɜɧɨɫɬɶ ɮɥɸɢɞɚ-ɪɚɫɬɜɨɪɢɬɟɥɹ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɚɜɥɟɧɢɟɦ 

ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ. ɉɟɪɜɨɧɚɱɚɥɶɧɨ [73] ɜ 
ɧɟɩɨɥɹɪɧɵɟ ɮɥɸɢɞɵ ɞɨɛɚɜɥɹɥɢ ɧɟɩɨɥɹɪɧɵɟ ɫɨɪɚɫɬɜɨɪɢɬɟɥɢ. ɍɫɥɨ-
ɜɢɟɦ ɪɨɫɬɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɩɪɢ ɷɬɨɦ ɹɜɥɹɥɨɫɶ ɬɨ, ɱɬɨ ɩɨɥɹɪɢ-

ɡɭɟɦɨɫɬɶ ɦɨɥɟɤɭɥ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɛɨɥɟɟ ɜɵɫɨɤɚɹ, ɱɟɦ ɭ ɦɨɥɟɤɭɥ 
ɮɥɸɢɞɚ- ɪɚɫɬɜɨɪɢɬɟɥɹ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɞɢɫɩɟɪɫɢɨɧɧɵɯ ɫɢɥ 
ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɪɚɫɬɜɨɪɟ. Ɉɞɧɚɤɨ ɞɢɫɩɟɪɫɢɨɧ-

ɧɵɟ ɫɢɥɵ ɧɟ ɹɜɥɹɸɬɫɹ ɫɟɥɟɤɬɢɜɧɵɦɢ, ɩɨɷɬɨɦɭ ɭɥɭɱɲɟɧɢɹ ɜ ɢɡɛɢɪɚ-
ɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. Ⱦɨɛɚɜɥɟɧɢɟ ɩɨɥɹɪɧɵɯ ɫɨɪɚɫɬɜɨ-
ɪɢɬɟɥɟɣ ɩɪɢɜɨɞɢɬ ɤ ɟɳɟ ɛɨɥɟɟ ɫɢɥɶɧɨɦɭ ɪɨɫɬɭ ɪɚɫɬɜɨɪɢɦɨɫɬɢ [74]. 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɫɢɥɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɫɨɪɚɫɬɜɨɪɢɬɟ-
ɥɹ ɢ ɪɚɫɬɜɨɪɹɟɦɵɯ ɜɟɳɟɫɬɜ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɫɩɟɰɢɮɢɱɧɵɦɢ. ɗɬɨ ɩɪɢ-

ɜɨɞɢɬ ɤ ɭɥɭɱɲɟɧɢɸ ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɷɤɫɬɪɚɤɰɢɢ [74]. Ȼɨɥɟɟ 
ɫɨɜɪɟɦɟɧɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ – ɷɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟ-
ɫɬɜɟ ɫɨɪɚɫɬɜɨɪɢɬɟɥɟɣ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ, ɤɨɬɨɪɵɟ ɨɛ-

ɪɚɡɭɸɬ ɨɛɪɚɬɢɦɵɟ ɦɢɰɟɥɥɵ ɬɢɩɚ «ɜɨɞɚ ɜ ɦɚɫɥɟ» ɢ ɦɢɤɪɨɷɦɭɥɶɫɢɢ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɷɬɚɧɟ ɢ ɫɠɚɬɨɦ ɠɢɞɤɨɦ ɩɪɨɩɚɧɟ [75]. ɉɨɜɟɞɟɧɢɟ 
ɦɢɤɪɨɷɦɭɥɶɫɢɣ ɥɟɝɤɨ ɪɟɝɭɥɢɪɭɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɞɚɜɥɟɧɢɹ. Ɍɚɤɨɣ ɦɟ-
ɯɚɧɢɡɦ ɦɨɞɢɮɢɤɚɰɢɢ ɮɥɸɢɞɚ-ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɨɡɜɨɥɹɟɬ ɪɚɫɬɜɨɪɹɬɶ 
ɝɢɞɪɨɮɢɥɶɧɵɟ ɚɦɢɧɨɤɢɫɥɨɬɵ [76]. ȼ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɩɪɨɢɫɯɨɞɢɬ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɜɨɤɪɭɝ ɪɚɫɬɜɨ-
ɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɛɨɥɶɲɢɦ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɡɧɚɱɟ-
ɧɢɟɦ ɩɚɪɰɢɚɥɶɧɨɝɨ ɦɨɥɶɧɨɝɨ ɨɛɴɟɦɚ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɩɪɢ 

ɛɟɫɤɨɧɟɱɧɨɦ ɪɚɡɛɚɜɥɟɧɢɢ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨ-
ɪɢɬɟɥɹ. ȼɨɡɧɢɤɚɸɳɢɟ ɜ ɦɢɤɪɨɷɦɭɥɶɫɢɹɯ ɥɨɤɚɥɶɧɵɟ ɭɩɥɨɬɧɟɧɢɹ ɢɡ 
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ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ (ɤɥɚɫɬɟɪɵ) ɧɚɛɥɸɞɚɥɢɫɶ ɜ 
ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ [77, 78]. ȼ ɨɛɴɟɦɟ ɜɨɡɧɢɤɚɸɳɢɯ 
ɤɥɚɫɬɟɪɨɜ ɦɨɥɟɤɭɥɵ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɭ-
ɸɬ ɫ ɦɨɥɟɤɭɥɨɣ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɧɟ ɜ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɦ ɫɨ-
ɨɬɧɨɲɟɧɢɢ [79]. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɫɢɥɶɧɨɩɨɥɹɪɧɵɟ ɫɨɪɚɫɬɜɨɪɢɬɟɥɢ ɩɪɢɡɜɚɧɵ ɨɛɟɫɩɟɱɢɬɶ ɨɛɪɚɬɢɦɨɟ 
ɯɢɦɢɱɟɫɤɨɟ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ 
ɜɟɳɟɫɬɜɚ ɢ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ. ɇɚɩɪɢɦɟɪ, ɢɡ ɨɩɵɬɚ ɷɤɫɬɪɚɤɰɢɢ ɜ ɫɢɫɬɟ-
ɦɚɯ ɠɢɞɤɨɫɬɶ – ɠɢɞɤɨɫɬɶ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɫɥɨɠɧɵɟ ɷɮɢɪɵ ɮɨɫɮɚɬɨɜ 
ɫɩɨɫɨɛɧɵ ɨɛɪɚɡɨɜɵɜɚɬɶ ɨɛɪɚɬɢɦɵɟ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ ɫɨ 
ɫɩɢɪɬɚɦɢ, ɤɚɪɛɨɤɫɢɥɶɧɵɦɢ ɤɢɫɥɨɬɚɦɢ ɢ ɮɟɧɨɥɚɦɢ [80÷84]. 

ȼ ɪɚɛɨɬɟ [79] ɩɪɨɜɟɞɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɢ-

ɦɟɧɟɧɢɹ ɬɪɢ-ɧ-ɛɭɬɢɥɮɨɫɮɚɬɚ (ɌȻɎ) ɜ ɤɚɱɟɫɬɜɟ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ ɞɥɹ ɭɥɭɱɲɟɧɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ 
ɤɢɫɥɵɯ ɫɪɟɞ.  

Ɉɛɵɱɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɢɫɬɟɦɚɯ ɠɢɞ-

ɤɨɫɬɶ–ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ ɩɪɟɞɩɨɥɚɝɚɟɬ ɨɬɫɭɬɫɬɜɢɟ ɯɢɦɢɱɟɫɤɢɯ 

ɪɟɚɤɰɢɣ ɜ ɫɢɫɬɟɦɟ. ɑɢɫɬɨ ɮɢɡɢɱɟɫɤɢɣ ɦɟɯɚɧɢɡɦ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɜɟɳɟɫɬɜɚ, 
ɫɨɫɬɚɜɥɹɸɳɢɟ ɨɛɪɚɛɚɬɵɜɚɟɦɭɸ ɫɦɟɫɶ. ɋɬɪɭɤɬɭɪɚ ɬɚɤɨɝɨ ɪɚɫɬɜɨɪɚ 
ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɦɨɞɟɥɶɸ ɥɨɤɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ, ɡɚɜɢɫɢɦɨɝɨ ɨɬ 
ɩɥɨɬɧɨɫɬɢ (ɅɋɁɉ) [85], ɤɨɬɨɪɚɹ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɨ-
ɜɟɞɟɧɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɧɵɯ ɪɚɫɬɜɨɪɨɜ. ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ 

ɜɵɱɢɫɥɹɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɷɥɟɤɬɪɨɧɧɵɯ ɫɬɪɭɤɬɭɪ, ɪɚɡɦɟɪɨɜ ɢ ɮɨɪɦɵ 

ɦɨɥɟɤɭɥ (ɩɨɥɹɪɢɡɭɟɦɨɫɬɢ), ɚ ɬɚɤɠɟ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬ-
ɜɢɣ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɢɫɬɟɦɟ. 

ɍɱɢɬɵɜɚɹ ɪɚɜɟɧɫɬɜɨ ɥɟɬɭɱɟɫɬɟɣ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɤɨɧ-

ɞɟɧɫɢɪɨɜɚɧɧɨɣ ɢ ɮɥɸɢɞɧɨɣ ɮɚɡɚɯ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 
ɪɚɫɱɟɬɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
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ɉɟɪɜɵɣ ɱɥɟɧ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɜɵɪɚɠɚɟɬ ɜɤɥɚɞ ɛɥɢɠɧɢɯ ɫɢɥ ɨɬ-
ɬɚɥɤɢɜɚɧɢɹ ɜ ɤɨɷɮɮɢɰɢɟɧɬ ɥɟɬɭɱɟɫɬɢ. Ɉɧ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ 

ɫɨɫɬɨɹɧɢɹ ɬɜɟɪɞɵɯ ɫɮɟɪ. ȼɬɨɪɨɣ ɱɥɟɧ ɜɵɪɚɠɚɟɬ ɜɤɥɚɞ ɞɚɥɶɧɨɞɟɣɫɬ-
ɜɭɸɳɢɯ ɫɢɥ ɩɪɢɬɹɠɟɧɢɹ. ȿɝɨ ɩɨɥɭɱɚɸɬ ɢɫɩɨɥɶɡɭɹ ɩɪɚɜɢɥɨ ɤɨɦɛɢɧɢ-

ɪɨɜɚɧɢɹ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ ɞɥɹ ɩɚɪɚɦɟɬɪɨɜ ɫɦɟɫɢ. ɉɪɚɜɢɥɨ ɤɨɦɛɢɧɢ-

ɪɨɜɚɧɢɹ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ ɩɨɡɜɨɥɹɟɬ ɭɱɟɫɬɶ ɧɟɫɩɟɰɢɮɢɱɟɫɤɢɟ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɹ ɦɨɥɟɤɭɥ. ɉɨɫɥɟɞɧɢɣ ɱɥɟɧ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɭɱɢɬɵɜɚɟɬ ɜɤɥɚɞ 

ɛɥɢɡɤɨɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ, ɜɨɡɧɢɤɚɸɳɢɯ ɜɫɥɟɞɫɬɜɢɟ ɦɧɨɝɨɱɚɫɬɢɱɧɵɯ 

ɫɬɨɥɤɧɨɜɟɧɢɣ. ȼɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚ ɪɚɫɬɜɨɪɢɦɨɫɬɶ 
ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɋɈ2, ɚ ɬɚɤɠɟ ɪɟɡɭɥɶɬɚɬ 
ɨɩɢɫɚɧɢɹ ɜ ɪɚɦɤɚɯ ɦɨɞɟɥɢ ɅɋɁɉ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 1.10. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɩɨɥɹɪɧɨɫɬɢ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɜɟɞɟɬ ɤ 
ɪɨɫɬɭ ɪɚɫɬɜɨɪɢɦɨɫɬɢ. ɉɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦ ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɚɫɫɨ-
ɰɢɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɨ   ɢɧɚɱɟ.   ɉɨ-ɩɪɟɠɧɟɦɭ,   ɫɢɥɵ    ɦɟɠɦɨ-
ɥɟɤɭɥɹɪɧɵɯ    ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ  
 

 

 

 

 

Ɋɢɫ. 1.10. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɛɟɧɡɨɣɧɨɣ 

ɤɢɫɥɨɬɵ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫ-ɤɨɦ ɋɈ2, 

ɦɨɞɢɮɢɰɢɪɨɜɚɧ-ɧɨɦ ɪɚɡɥɢɱɧɵɦɢ ɫɨ-
ɪɚɫɬ-ɜɨɪɢɬɟɥɹɦɢ ɩɪɢ ɬɟɦɩɟɪɚ-ɬɭɪɟ 
35°. 1 – ɱɢɫɬɵɣ ɋɈ2, 2 – 3,5 ɦɨɥɶɧ.% 

ɚɰɟɬɨɧɚ, 3– 3,5 ɦɨɥɶɧ.% ɦɟɬɚɧɨɥɚ, 4 – 

1,1 ɦɨɥɶɧ.% ɌɎȻ, 5 – ɪɚɫɱɟɬ ɩɨ ɦɨɞɟ-
ɥɢ ɅɋɁɉ. 

ɮɢɡɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ ɨɩɢɫɵɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɫɨɫɬɨɹɧɢɹ. ɉɪɢ ɷɬɨɦ 

ɧɚɤɥɚɞɵɜɚɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɫɥɨɜɢɹ ɪɚɜɧɨɜɟɫɢɹ ɯɢɦɢɱɟɫɤɢɯ 

ɪɟɚɤɰɢɣ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɬɟɤɚɧɢɹ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɸɬɫɹ ɞɢɦɟɪɵ, ɬɪɢ-
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ɦɟɪɵ ɢ ɬ.ɞ. Ɂɚɩɢɫɵɜɚɸɬɫɹ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɤɨɧɫɬɚɧɬ ɪɚɜɧɨɜɟɫɢɹ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɢɯ ɪɟɚɤɰɢɣ [86]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɨɝɭɬ ɛɵɬɶ ɨɩɢɫɚɧɵ ɤɚɤ 
ɩɪɨɰɟɫɫ ɚɫɫɨɰɢɚɰɢɢ (ɪɟɡɭɥɶɬɚɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɡɥɢɱɧɵɯ ɨɞɢɧɚɤɨ-
ɜɵɯ ɦɨɥɟɤɭɥ), ɬɚɤ ɢ ɩɪɨɰɟɫɫ ɫɨɥɶɜɚɬɚɰɢɢ (ɪɟɡɭɥɶɬɚɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɪɚɡɥɢɱɧɵɯ ɦɨɥɟɤɭɥ). ȿɫɥɢ ɜ ɤɚɠɞɨɦ ɫɥɭɱɚɟ ɩɪɢɧɹɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɭɸ ɫɬɟɯɢɨɦɟɬɪɢɸ, ɬɨ ɪɟɡɭɥɶɬɢɪɭɸɳɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ 
ɦɨɝɭɬ ɛɵɬɶ ɭɩɪɨɳɟɧɵ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɛɵɥ ɩɪɢɦɟɧɟɧ ɞɥɹ ɨɩɢɫɚɧɢɹ 
ɪɚɜɧɨɜɟɫɢɹ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɜ ɪɚɦɤɚɯ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ Ɋɟɞɥɢɯɚ-
Ʉɜɨɧɝɚ [87], ɚ ɬɚɤɠɟ ɞɥɹ ɨɛɴɹɫɧɟɧɢɹ ɷɮɮɟɤɬɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɞɨ-
ɛɚɜɥɟɧɢɢ ɫɨɪɚɫɬɜɨɪɢɬɟɥɟɣ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɮɥɸɢɞɵ [88]. ɗɮɮɟɤɬ 
ɫɨɪɚɫɬɜɨɪɟɧɢɹ ɛɵɥ ɢɫɫɥɟɞɨɜɚɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹ-
ɧɢɹ ɜ ɪɚɦɤɚɯ ɬɟɨɪɢɢ ɜɨɡɦɭɳɟɧɢɹ ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɣ ɚɧɢɡɨɬɪɨɩɧɨɣ ɰɟ-
ɩɢ (ɌȼȺȺɐ). 

ȼ ɪɚɛɨɬɟ [79] ɛɵɥɚ ɪɚɡɜɢɬɚ ɦɨɞɟɥɶ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɨɫ-
ɧɨɜɚɧɧɚɹ ɧɚ ɭɪɚɜɧɟɧɢɢ ɫɨɫɬɨɹɧɢɹ ɉɟɧɝɚ-Ɋɨɛɢɧɫɨɧɚ [89]. Ɇɨɞɟɥɶɧɚɹ 
ɫɢɫɬɟɦɚ ɫɨɞɟɪɠɢɬ ɬɪɢ ɤɨɦɩɨɧɟɧɬɚ: ɪɚɫɬɜɨɪɹɟɦɨɟ ɜɟɳɟɫɬɜɨ Q, ɫɨɪɚɫ-
ɬɜɨɪɢɬɟɥɶ R ɢ ɢɧɟɪɬɧɵɣ ɪɚɫɬɜɨɪɢɬɟɥɶ S. ɉɨɥɭɱɚɟɬɫɹ, ɱɬɨ ɜ ɫɢɫɬɟɦɟ 
ɩɪɨɬɟɤɚɟɬ ɥɢɲɶ ɪɟɚɤɰɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ 
ɦɨɥɟɤɭɥɚɦɢ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ. Ɂɚɩɢɲɟɦ 

ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 
 

CrRqQ ⇔+  ,    (1.97) 
 

ɝɞɟ ɋ ɨɬɧɨɫɢɬɫɹ ɤ ɤɨɦɩɥɟɤɫɭ QqRr. Ɂɞɟɫɶ q ɢ r ɹɜɥɹɸɬɫɹ ɫɬɟɯɢɨɦɟɬ-
ɪɢɱɟɫɤɢɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ. Ʉɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɬɚɤɨɣ ɪɟɚɤɰɢɢ 

ɜɵɪɚɠɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 
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ɝɞɟ zi ɜɵɪɚɠɚɟɬ «ɢɫɬɢɧɧɭɸ» ɦɨɥɶɧɭɸ ɞɨɥɸ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɪɚɫɬɜɨ-
ɪɟ, iφ  - ɷɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɥɟɬɭɱɟɫɬɢ. Ɂɚ ɫɬɚɧɞɚɪɬɧɨɟ ɩɪɢɧɢɦɚɟɬɫɹ ɫɨ-
ɫɬɨɹɧɢɟ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɫɨɫɬɚɜɟ ɫɢɫɬɟɦɵ. 

ɋɨɞɟɪɠɚɧɢɟ ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɪɚɫɬɜɨɪɟ ɦɨɠɟɬ 
ɛɵɬɶ ɜɵɪɚɠɟɧɨ ɱɟɪɟɡ ɦɨɥɶɧɭɸ ɞɨɥɸ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ 
zQ, ɚ ɬɚɤɠɟ  ɱɚɫɬɶ ɦɨɥɶɧɨɣ ɞɨɥɢ  ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ zɋ. Ɉɞɧɚɤɨ 
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ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɹɟɦɵɟ ɦɨɥɶɧɵɟ ɞɨɥɢ xi ɤɨɦɩɨɧɟɧɬɨɜ ɜ 
ɫɦɟɫɢ – ɷɬɨ ɤɚɠɭɳɢɟɫɹ ɦɨɥɶɧɵɟ ɞɨɥɢ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɜɟɥɢɱɢɧɚ ɯQ 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɦɨɥɟɤɭɥɵ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɧɟ ɬɨɥɶɤɨ ɜ ɱɢɫ-
ɬɨɦ ɜɢɞɟ, ɧɨ ɬɚɤɠɟ ɢ ɜ ɤɨɦɩɥɟɤɫɟ. Ɍɟɪɦɢɧɨɥɨɝɢɹ, ɧɚ ɧɚɲ ɜɡɝɥɹɞ, ɧɟ-
ɫɤɨɥɶɤɨ ɡɚɩɭɬɚɧɚ, ɧɨ ɫɨɯɪɚɧɟɧɚ ɫɨɝɥɚɫɧɨ ɛɨɥɟɟ ɪɚɧɧɢɦ ɪɚɛɨɬɚɦ ɜ 
ɷɬɨɣ ɨɛɥɚɫɬɢ. ȼ ɪɚɛɨɬɟ [79] ɩɪɟɞɥɨɠɟɧɨ ɡɚɦɟɧɢɬɶ ɬɟɪɦɢɧ ɤɚɠɭɳɟɣɫɹ 
ɦɨɥɶɧɨɣ ɞɨɥɢ ɧɚ ɨɛɴɟɦɧɭɸ. Ɉɛɚ ɬɢɩɚ ɦɨɥɶɧɵɯ ɞɨɥɟɣ ɦɨɝɭɬ ɛɵɬɶ ɢɫ-
ɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɩɨ ɫɨɪɚɫɬɜɨɪɟ-
ɧɢɸ ɢ ɪɚɫɬɜɨɪɹɟɦɨɦɭ ɜɟɳɟɫɬɜɭ 
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Q qnnn +=  , (1.99) 

 

 CR

0

R rnnn +=  .    (1.100) 
 

ɑɥɟɧɵ, ɫɬɨɹɳɢɟ ɜ ɥɟɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɣ (1.99), (1.100) ɜɵɪɚɠɚ-
ɸɬ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɥɟɣ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ (ɧɚɩɪɢɦɟɪ, ɪɚɫɬɜɨɪɹɟ-
ɦɨɝɨ ɜɟɳɟɫɬɜɚ Q ). ɑɥɟɧɵ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɜɵɪɚɠɚɸɬ ɱɢɫɥɨ ɦɨɥɟɣ i-ɝɨ 
ɤɨɦɩɨɧɟɧɬɚ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ j-ɦ ɤɨɦɩɥɟɤɫɟ. Ʉɚɠɭɳɢɟɫɹ ɦɨɥɶɧɵɟ ɞɨ-
ɥɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɤ 
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ȼɜɨɞɹ ɨɬɧɨɲɟɧɢɟ ɨɛɳɟɝɨ ɱɢɫɥɚ ɤɚɠɭɳɢɯɫɹ ɦɨɥɟɣ n0 ɤ ɨɛɳɟɦɭ 
ɱɢɫɥɭ ɢɫɬɢɧɧɵɯ ɦɨɥɟɣ CSQt nnnn ++= , ɦɨɠɧɨ ɤɚɠɭɳɢɟɫɹ ɦɨɥɶ-
ɧɵɟ ɞɨɥɢ ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ ɢɫɬɢɧɧɵɟ ɦɨɥɶɧɵɟ ɞɨɥɢ 
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ɝɞɟ 
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ɋɭɦɦɚ ɨɛɨɢɯ ɬɢɩɨɜ ɦɨɥɶɧɵɯ ɞɨɥɟɣ ɪɚɜɧɚ ɟɞɢɧɢɰɟ. Ɉɞɧɚɤɨ, ɭɫɥɨ-
ɜɢɟ ɧɨɪɦɢɪɨɜɤɢ ɞɥɹ ɦɨɥɶɧɵɯ ɞɨɥɟɣ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɪɚɫɬɜɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɥɢɲɶ ɜ ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɢɹ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚ-
ɧɢɹ (zɋ = 0). 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (1.98) ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢ-

ɰɢɟɧɬɨɜ ɥɟɬɭɱɟɫɬɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɜɨɪɚ. Ʉɨɷɮɮɢ-

ɰɢɟɧɬɵ ɥɟɬɭɱɟɫɬɢ ɹɜɥɹɸɬɫɹ ɫɥɨɠɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɫɨɫɬɚɜɚ ɫɦɟɫɢ. 

ɉɨɥɭɱɟɧɢɟ ɪɟɡɭɥɶɬɚɬɚ ɦɨɠɟɬ ɛɵɬɶ ɫɢɥɶɧɨ ɭɩɪɨɳɟɧɨ, ɟɫɥɢ ɡɚɞɚɬɶ ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɜɨɣɫɬɜɚ ɨɛɪɚɡɭɸɳɢɦɫɹ ɜ ɪɚɫɬɜɨɪɟ ɤɨɦɩɥɟɤɫɚɦ. Ɍɚɤ 
ɩɚɪɚɦɟɬɪɵ ɩɪɢɬɹɠɟɧɢɹ  (ai) ɢ ɨɬɬɚɥɤɢɜɚɧɢɟ  (bi) ɦɨɥɟɤɭɥ ɢɧɞɢɜɢɞɭ-
ɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɜɨɪɚ ɞɥɹ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɉɟɧɝɚ-
Ɋɨɛɢɧɫɨɧɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɛɵɱɧɵɦ ɫɩɨɫɨɛɨɦ. ɉɚɪɚɦɟɬɪɵ ɨɛɪɚɡɭɸ-

ɳɢɯɫɹ ɤɨɦɩɥɟɤɫɨɜ ɩɨɥɭɱɟɧɵ ɤɨɦɛɢɧɢɪɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
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 RQC rbqbb +=  .  (1.107) 

 

ɉɚɪɚɦɟɬɪɵ ɫɦɟɫɢ a ɢ b ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 
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ɗɦɩɢɪɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ ɛɢɧɚɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ kij ɧɟɨɛɯɨɞɢɦ 

ɞɥɹ ɩɨɞɝɨɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɦɧɨɝɨɱɚɫɬɢɱɧɨɝɨ ɩɪɢɬɹɠɟɧɢɹ ɢɡ ɝɟɨɦɟɬɪɢ-

ɱɟɫɤɨɝɨ ɫɪɟɞɧɟɝɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ. ɉɨɫɤɨɥɶɤɭ ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬ-
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ɜɢɣ ɩɪɢɧɢɦɚɸɬ ɪɚɡɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ, ɨɧɢ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɜɵɧɟɫɟɧɵ ɢɡ 
ɩɨɞ ɡɧɚɤɚ ɫɭɦɦɵ ɜ ɤɚɱɟɫɬɜɟ ɨɛɳɟɝɨ ɫɨɦɧɨɠɢɬɟɥɹ ɜ ɭɪɚɜɧɟɧɢɢ 

(1.108). ȿɫɥɢ ɜɫɟ ɩɚɪɚɦɟɬɪɵ Ki ɪɚɜɧɵ ɧɭɥɸ, ɭɪɚɜɧɟɧɢɹ (1.102) – 

(1.106) ɩɨ-ɩɪɟɠɧɟɦɭ ɨɫɬɚɸɬɫɹ ɜ ɫɢɥɟ. ɇɟɨɛɯɨɞɢɦɨ ɩɟɪɟɩɢɫɚɬɶ ɥɢɲɶ 
ɫɨɨɬɧɨɲɟɧɢɹ (1.108) ɢ (1.109). 

 

 
( )

2

2

1

k

kkk

2

t

0 bax
n

n

b

1
a























= ∑

∧

 ,    (1.110) 

 

 ∑







=

∧

k

kk

t

0 bx
n

n
b

 .  (1.111) 

 

ɉɨɫɥɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɣ (1.110) ɢ (1.111) ɩɨ nt ɢ 

ɩɨɞɫɬɚɧɨɜɤɢ ɩɨɥɭɱɟɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɜ ɨɛɳɟɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɥɟɬɭɱɟɫɬɢ ɩɨɥɭɱɚɟɦ 
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                 (1.112) 

ɝɞɟ Z - ɫɠɢɦɚɟɦɨɫɬɶ ɫɦɟɫɢ, Ⱥ ɢ ȼ ɩɚɪɚɦɟɬɪɵ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ 
ɉɟɧɝɚ-Ɋɨɛɢɧɫɨɧɚ. ɂɧɞɟɤɫɵ i ɢ j  ɨɛɨɡɧɚɱɚɸɬ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ («ɢɫ-
ɬɢɧɧɵɟ») ɤɨɦɩɨɧɟɧɬɵ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ ɪɚɫɬɜɨɪɟ. ɂɧɞɟɤɫ k ɩɪɟɞ-

ɫɬɚɜɥɹɟɬ ɤɚɠɭɳɢɟɫɹ ɤɨɦɩɨɧɟɧɬɵ ɫɦɟɫɢ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɡɚɩɢɫɚɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɪɚɫɱɟɬɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 

ɩɪɟɞɩɨɥɚɝɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɝɨ ɲɚɝɚ ɩɪɢɧɹɬɢɟ ɩɪɢɟɦɥɟɦɨɣ ɫɬɟɯɢɨ-
ɦɟɬɪɢɢ ɞɥɹ ɩɪɨɰɟɫɫɚ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ. ɉɨɫɥɟ ɷɬɨɝɨ ɪɟɲɟɧɢɟ 
ɭɪɚɜɧɟɧɢɹ (1.112) ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɥɟɬɭɱɟɫɬɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɞɚɟɬ ɧɚɱɚɥɶɧɭɸ ɨɰɟɧɤɭ  «ɢɫɬɢɧɧɨɝɨ» ɫɨɫɬɚɜɚ ɫɦɟɫɢ. 

Ⱦɥɹ ɩɟɪɜɨɣ ɢɬɟɪɚɰɢɢ ɩɪɢɧɢɦɚɟɬɫɹ  ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨɛ ɨɬɫɭɬɫɬɜɢɢ 

ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ (zɋ=0, n0/nt=1). ɉɪɢ ɷɬɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 
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ɧɚɛɥɸɞɚɟɦɵɣ ɫɨɫɬɚɜ ɩɪɢɧɢɦɚɟɬɫɹ ɡɚ ɢɫɬɢɧɧɵɣ ɫɨɫɬɚɜ ɪɚɫɬɜɨɪɚ. Ⱦɚ-
ɥɟɟ ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɢɫɬɢɧɧɵɟ ɦɨɥɶɧɵɟ ɞɨɥɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ 
ɜɟɳɟɫɬɜɚ. 
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ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ zQ ɩɨɞɫɬɚɜɥɹɟɬɫɹ ɜ ɭɪɚɜɧɟɧɢɟ (1.98). Ɋɟɲɚɹ 
ɫɨɜɦɟɫɬɧɨ ɭɪɚɜɧɟɧɢɹ (1.98) ɢ (1.104), ɩɨɥɭɱɚɟɦ zR ɢ zC. Ɍɚɤɨɟ ɪɟɲɟ-
ɧɢɟ ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɨɩɪɟɞɟɥɟɧɨ ɡɧɚɱɟɧɢɟ K. ɉɨɥɭ-
ɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ zC, ɩɨɞɫɬɚɜɥɹɟɬɫɹ ɜ ɭɪɚɜɧɟɧɢɟ (1.105) ɞɥɹ ɩɨɫɥɟ-
ɞɭɸɳɟɣ ɨɰɟɧɤɢ (n0/nt). ɂɬɟɪɚɰɢɢ ɩɨɜɬɨɪɹɸɬɫɹ ɞɥɹ  ɞɨɫɬɢɠɟɧɢɹ ɫɯɨ-
ɞɢɦɨɫɬɢ ɜɚɪɶɢɪɭɟɦɵɯ ɢɫɬɢɧɧɵɯ ɦɨɥɶɧɵɯ ɞɨɥɟɣ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɢɥɢ 

ɛɵ ɜɵɱɢɫɥɢɬɶ xQ ɩɨ ɭɪɚɜɧɟɧɢɸ (1.103). Ʉɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ K ɩɨ-
ɥɭɱɚɟɬɫɹ ɦɢɧɢɦɢɡɚɰɢɟɣ ɮɭɧɤɰɢɢ ɨɲɢɛɨɤ 
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Ⱦɨɫɬɨɢɧɫɬɜɨ ɦɨɞɟɥɢ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɧɟ 
ɬɨɥɶɤɨ ɜ ɬɨɱɧɨɣ ɨɰɟɧɤɟ ɜɟɥɢɱɢɧɵ K ɩɭɬɟɦ ɩɨɞɝɨɧɤɢ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢ-

ɹɦ ɧɟɫɤɨɥɶɤɢɯ ɪɚɡɥɢɱɧɵɯ ɫɨɪɚɫɬɜɨɪɢɬɟɥɟɣ. ȼɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ 
ɬɨ, ɱɬɨ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɩɨ ɪɚɡɥɢɱɧɵɦ ɫɬɟ-
ɯɢɨɦɟɬɪɢɹɦ ɜɨɡɦɨɠɧɵɯ ɪɟɚɤɰɢɣ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ. ɇɚ ɪɢɫɭɧɤɟ 
1.11, ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɌȻɎ ɜ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɨɦ ɋɈ2 ɧɚ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɝɢɞɪɨɯɢɧɨɧɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 35 

°ɋ. Ʉɪɨɦɟ ɷɬɨɝɨ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨ ɦɨɞɟɥɢ ɯɢɦɢɱɟ-
ɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɌȻɎ ɜ ɋɈ2 ɜɟɞɟɬ ɤ ɪɨɫ-
ɬɭ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɪɢ ɩɪɨɱɢɯ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ ɨɩɵɬɚ. 

ȼ ɡɚɤɥɸɱɟɧɢɟ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɨɥɹɪɧɵɟ ɪɚɫɬɜɨ-
ɪɹɟɦɵɟ ɜɟɳɟɫɬɜɚ ɨɛɵɱɧɨ ɢɦɟɸɬ ɨɝɪɚɧɢɱɟɧɧɭɸ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɧɟ-
ɩɨɥɹɪɧɵɯ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ. Ɉɞɧɚɤɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɥɹɪ-
ɧɵɯ ɫɨɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɨɛɪɚɡɭɸɳɢɯ ɯɢɦɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ ɫ ɦɨɥɟɤɭ-
ɥɚɦɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɫɩɨɫɨɛɧɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɜɟɥɢ-

ɱɢɧɭ ɪɚɫɬɜɨɪɢɦɨɫɬɢ. ȿɫɥɢ ɞɨɛɚɜɥɹɟɦɵɣ ɫɨɪɚɫɬɜɨɪɢɬɟɥɶ ɧɟ ɨɛɪɚɡɭɟɬ 
ɤɨɦɩɥɟɤɫɨɜ, ɬɨ ɪɨɫɬ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɧɚ ɩɨɪɹɞɨɤ ɦɟɧɶɲɟ. Ɇɧɨɝɢɟ ɢɡ 
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ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɢɯ ɪɟɚɝɟɧɬɨɜ ɧɟ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɜɨɞɧɵɯ ɫɪɟɞɚɯ. 
ȼɢɞɢɦɨ, ɬɚɤɢɟ ɪɟɚɝɟɧɬɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ 
ɰɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ ɢ ɮɟɪɦɟɧɬɧɵɯ ɠɢɞɤɨɫɬɟɣ. 

Ⱦɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɞɭɦɚɟɬɫɹ, ɧɟɨɛɯɨɞɢɦɨ ɧɚɩɪɚɜɢɬɶ ɧɚ ɨɩɪɟ-
ɞɟɥɟɧɢɟ ɭɫɥɨɜɢɣ, ɩɪɢ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɨɛɪɚɡɨɜɚɬɶɫɹ ɧɟɠɟɥɚɬɟɥɶɧɚɹ 
ɬɪɟɬɶɹ ɮɚɡɚ, ɨɛɨɝɚɳɟɧɧɚɹ ɫɨɪɚɫɬɜɨɪɢɬɟɥɟɦ. 

 
 

 

 

 

Ɋɢɫ.1.11. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɝɢɞɪɨɯɢ-

ɧɨɧɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɋɈ2, ɫɨ-
ɞɟɪɠɚɳɟɦ ɪɚɡɥɢɱ-ɧɵɟ ɤɨɧɰɟɧɬɪɚ-
ɰɢɢ ɌȻɎ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 35 °ɋ. 1– 

8,0 ×10
–4

 ɦɨɥɧ. %, 2 – 0,099 

ɦɨɥɶɧ.%, 3 – 0,62 ɦɨɥɶɧ. %, 4 – 2,0 

ɦɨɥɶɧ.%,  5 – ɪɚɫɱɟɬ ɩɨ ɦɨɞɟɥɢ ɯɢ-

ɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ (k12 = 0,167;  

K = 59850 ɛɚɪ-2
) 

 

ɇɟɨɛɯɨɞɢɦɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɦɨɞɟɥɶ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɨ-
ɡɜɨɥɹɟɬ ɭɱɟɫɬɶ ɤɚɤ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɟ, ɬɚɤ ɢ ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɟ 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɷɬɚ ɦɨɞɟɥɶ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɚ ɢ ɧɚ ɞɪɭɝɢɟ ɪɚɜɧɨɜɟɫɧɵɟ ɪɟɚɤɰɢɢ. Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɦɨɞɟɥɢ 

ɅɋɁɉ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɚɤɢɯ-ɥɢɛɨ ɩɨɞɝɨɧɨɱɧɵɯ  ɩɚɪɚɦɟɬ-
ɪɨɜ. ȼɵɛɨɪ ɦɟɠɞɭ ɦɨɞɟɥɶɸ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɢ ɮɢɡɢɱɟɫɤɨɣ 

ɦɨɞɟɥɶɸ ɅɋɁɉ ɨɫɧɨɜɚɧ ɧɚ ɬɨɦ, ɜ ɤɚɤɨɣ ɫɬɟɩɟɧɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɫ-
ɬɜɨɪɟɧɧɨɟ ɜɟɳɟɫɬɜɨ – ɫɨɪɚɫɬɜɨɪɢɬɟɥɶ ɹɜɥɹɸɬɫɹ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɦɢ. 

1.3. づんでぢづぎがぎずぎぞごぎ ゑぎべぎでどゑ ご でごぞÄづゎぎどごぶぎでとござ Äぱぱぎとど 

ゑ でごでどぎぜんび  ぐごがとだでどぽ-でゑぎづびとづごどごぶぎでとござ ぱずùごが 

 

Ʉɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɧɢɡɤɨɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɧɟ ɩɪɟɜɵɲɚɸɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɵɯ ɦɨɥɶ-
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ɧɵɯ ɞɨɥɟɣ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢɦɟɧɟɧɢɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɜ 
ɤɚɱɟɫɬɜɟ ɷɤɫɬɪɚɝɟɧɬɨɜ ɹɜɥɹɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ 
ɢɫɯɨɞɧɵɣ ɩɪɨɞɭɤɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɛɚɜɥɟɧɧɵɣ ɪɚɫɬɜɨɪ, ɫɨɞɟɪ-
ɠɚɳɢɣ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɰɟɥɟɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. Ɉɛɵɱɧɨ, 
ɢɫɯɨɞɧɵɣ ɩɪɨɞɭɤɬ ɹɜɥɹɟɬɫɹ ɪɚɫɬɜɨɪɨɦ ɧɟɫɤɨɥɶɤɢɯ ɜɟɳɟɫɬɜ, ɤɨɬɨɪɵɟ 
ɦɨɝɭɬ ɭɥɭɱɲɢɬɶ, ɥɢɛɨ ɭɯɭɞɲɢɬɶ ɢɡɜɥɟɤɚɟɦɨɫɬɶ ɰɟɥɟɜɨɣ ɤɨɦɩɨɧɟɧɬɵ 

ɢɡ ɢɫɯɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜ ɮɚɡɭ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ. Ɍɚɤɢɟ ɷɮ-

ɮɟɤɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɜɡɚɢɦɧɵɦ ɜɥɢɹɧɢɟɦ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ, ɩɪɢ-

ɧɹɬɨ ɧɚɡɵɜɚɬɶ ɫɢɧɷɪɝɟɬɢɱɟɫɤɢɦɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɨɱɢɫɬɤɢ, ɪɚɡɞɟɥɟɧɢɹ, ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɜ 
ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ, ɫɨɞɟɪɠɚɳɢɯ ɫɨɩɪɢɤɚɫɚɸɳɢɟɫɹ ɮɚɡɵ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɫɦɟɲɢɜɚɸɳɢɯɫɹ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɬɪɟɛɭɟɬ ɡɧɚɧɢɹ ɨɫ-
ɧɨɜɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ ɦɟɠ-

ɞɭ ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ, ɚ ɬɚɤɠɟ ɭɱɟɬɚ ɫɢɧɷɪɝɟɬɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ. ɗɬɨ ɧɟ-
ɨɛɯɨɞɢɦɨ ɞɥɹ ɛɨɥɟɟ ɭɝɥɭɛɥɟɧɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ, ɚ 
ɬɚɤɠɟ ɞɥɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɛɢɧɚɪɧɨɝɨ ɪɚɡɛɚɜɥɟɧɧɨɝɨ ɪɚɫɬɜɨ-
ɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ N ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ n ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɹɟɦɨɝɨ 
ɜɟɳɟɫɬɜɚ ɜɵɪɚɠɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [90]: 

 

 )T,P(n
Ne

n
lnnT)T,P(N 0 ψµΦ ⋅+
⋅

+⋅=  ,  (1.115) 

 

ɝɞɟ µ0(Ɋ,T)- ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɢ ɞɚɜɥɟ-
ɧɢɢ Ɋ ɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ, )T,P(ψ - ɮɭɧɤɰɢɹ ɫɨɫɬɨɹɧɢɹ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨ-
ɪɢɬɟɥɹ. ɍɪɚɜɧɟɧɢɟ (1.115) ɩɨɥɭɱɟɧɨ ɫ ɭɱɟɬɨɦ ɩɪɟɧɟɛɪɟɠɟɧɢɹ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɟɦ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ. ɂɡ ɭɪɚɜɧɟɧɢɹ 
(1.115) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ 
ɪɚɫɬɜɨɪɢɬɟɥɹ µ ɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ µ1 ɜ ɪɚɫɬɜɨɪɟ: 
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−=−== µµ

∂
∂φµ  ,  (1.116) 
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ɝɞɟ x1- ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɪɚɫɬɜɨɪɟ ɜ ɨɬɫɭɬɫɬɜɢɟ 
ɞɪɭɝɢɯ ɪɚɫɬɜɨɪɹɟɦɵɯ ɜɟɳɟɫɬɜ.  

Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɞɜɭɯ ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ 
ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɜɟɳɟɫɬɜɚ ɜ ɪɚɡɥɢɱɧɵɯ ɧɟ-
ɫɦɟɲɢɜɚɸɳɢɯɫɹ ɪɚɫɬɜɨɪɢɬɟɥɹɯ. ɍɫɥɨɜɢɟɦ ɪɚɜɧɨɜɟɫɢɹ ɬɚɤɨɣ ɫɢɫɬɟɦɵ 

ɹɜɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ ɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ 
ɜ ɨɛɨɢɯ ɪɚɫɬɜɨɪɚɯ: 

 

 ψψ ′′+′′=′+′ 11 xlnTxlnT  ,  (1.118) 

 

ɝɞɟ ɜɟɪɯɧɢɟ ɢɧɞɟɤɫɵ ′ ɢ ″ ɨɬɧɨɫɹɬɫɹ ɤ ɪɚɡɥɢɱɧɵɦ ɪɚɫɬɜɨɪɢɬɟɥɹɦ. Ɉɬ-
ɫɸɞɚ ɦɨɠɧɨ ɧɚɣɬɢ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟ-
ɫɬɜɚ ɦɟɠɞɭ ɞɜɭɦɹ ɫɨɩɪɢɤɚɫɚɸɳɢɦɢɫɹ ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ: 
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T

exp(
x

x
K

1
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=  ,  (1.119) 

 

ɋɨɝɥɚɫɧɨ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɫɬɜɨɪɟɧɧɨɟ ɜɟɳɟɫɬɜɨ ɪɚɫ-
ɩɪɟɞɟɥɹɟɬɫɹ ɦɟɠɞɭ ɞɜɭɦɹ ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ ɬɚɤ, ɱɬɨɛɵ ɨɬɧɨɲɟɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢ ɡɚɞɚɧɧɵɯ Ɍ ɢ Ɋ ɛɵɥɨ ɜɫɟɝɞɚ ɨɞɢɧɚɤɨɜɨ, ɧɟɡɚɜɢɫɢ-

ɦɨ ɨɬ ɩɨɥɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. 

ɍɪɚɜɧɟɧɢɟ (1.115) ɫ ɭɱɟɬɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɡɧɨɪɨɞɧɵɯ ɦɨɥɟ-
ɤɭɥ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ ɦɨɠɟɬ ɛɵɬɶ ɨɛɨɛɳɟɧɨ ɧɚ ɫɥɭɱɚɣ ɪɚɫɬɜɨɪɚ 
ɧɟɫɤɨɥɶɤɢɯ ɜɟɳɟɫɬɜ: 
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                                                    (1.120) 

ȿɫɥɢ ɪɚɫɬɜɨɪɹɟɬɫɹ ɞɜɚ ɜɟɳɟɫɬɜɚ, ɬɨ ɭɪɚɜɧɟɧɢɟ (1.120) ɩɟɪɟɩɢ-

ɲɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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Ɂɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ 
ɪɚɫɬɜɨɪɟ: 
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          (1.122) 

ȿɫɥɢ ɩɪɢɧɹɬɶ β12 = β21, ɬɨ ɭɪɚɜɧɟɧɢɟ (1.102) ɭɩɪɨɫɬɢɬɫɹ 
 

)xx(
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1
xx)xx(T 22
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11221210 βββµµ +−−+−=  .   (1.123) 

 

ɉɨɫɤɨɥɶɤɭ ɪɚɫɬɜɨɪ ɩɨ ɩɪɟɠɧɟɦɭ ɪɚɡɛɚɜɥɟɧɧɵɣ, ɬɨ ɜɵɩɨɥɧɹɸɬɫɹ 
ɧɟɪɚɜɟɧɫɬɜɚ x1 << 1, x2 << 1. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɬɚɤɠɟ ɜɵɩɨɥɧɹɸɬɫɹ 
ɢ ɞɪɭɝɢɟ ɧɟɪɚɜɟɧɫɬɜɚ: x1x2 << 1, x1

2 << 1, x2
2 << 1. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɯɢ-

ɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɪɚɫɬɜɨɪɟ ɧɟ ɩɪɟɬɟɪɩɟɜɚɟɬ ɫɭɳɟ-
ɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɫɥɭɱɚɟ ɞɨɛɚɜɥɟɧɢɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬ-
ɜɚ ɞɪɭɝɨɝɨ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ. ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɪɚɫɬɜɨɪ ɨɫɬɚɟɬɫɹ 
ɪɚɡɛɚɜɥɟɧɧɵɦ, ɷɬɨɬ ɜɵɜɨɞ ɦɨɠɧɨ ɪɚɫɩɪɨɫɬɪɚɧɢɬɶ ɧɚ ɫɢɫɬɟɦɵ ɫ 
ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɪɚɫɬɜɨɪɹɟɦɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. 

ɏɢɦɢɱɟɫɤɢɟ ɩɨɬɟɧɰɢɚɥɵ ɪɚɫɬɜɨɪɹɟɦɵɯ ɜɟɳɟɫɬɜ ɜɵɪɚɠɚɸɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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ȿɫɥɢ ɩɪɢɧɹɬɶ β12 = β21, ɬɨ ɭɪɚɜɧɟɧɢɟ (1.124) ɨɤɨɧɱɚɬɟɥɶɧɨ ɡɚɩɢ-

ɲɟɬɫɹ: 
 

122111111 xxxlnT ββψµ +++=  .  (1.125) 

Ⱦɥɹ ɜɬɨɪɨɝɨ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɚɧɚɥɨɝɢɱ-
ɧɨɟ ɜɵɪɚɠɟɧɢɟ: 

 

 121222222 xxxlnT ββψµ +++=  .  (1.126) 
 

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɫɬɜɨɪɹɟɦɵɯ ɜɟɳɟɫɬɜ ɦɟɠɞɭ 
ɞɜɭɦɹ ɫɨɩɪɢɤɚɫɚɸɳɢɦɢɫɹ ɢ ɧɟɫɦɟɲɢɜɚɸɳɢɦɢɫɹ ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ. 

ɍɫɥɨɜɢɟ ɪɚɜɧɨɜɟɫɢɹ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɡɚɩɢɲɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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1221111112211111 xxxlnTxxxlnT ββψββψ ′′′′+′′′′+′′+′′=′′+′′+′+′  , 

        (1.127) 

 

1212222212122222 xxxlnTxxxlnT ββψββψ ′′′′+′′′′+′′+′′=′′+′′+′+′  . 

                    (1.128) 
 

Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɚɪɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɥɟɤɭɥ ɪɚɫ-
ɬɜɨɪɹɟɦɵɯ ɜɟɳɟɫɬɜ ɬɢɩɚ i-i, j-j ɢ i-j ɦɚɥɨ ɡɚɜɢɫɹɬ ɨɬ ɩɪɢɪɨɞɵ ɪɚɫɬɜɨ-
ɪɢɬɟɥɟɣ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ 111111 βββ ≈′′≈′ , 222222 βββ ≈′′≈′ , 

121212 βββ ≈′′≈′ . ɉɪɟɨɛɪɚɡɭɟɦ ɭɪɚɜɧɟɧɢɹ (1.127) ɢ (1.128): 
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ȿɫɥɢ ɞɥɹ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɪɚɫɬɜɨɪɹɟɦɨɣ ɫɢɫɬɟɦɵ ɤɨɷɮɮɢɰɢɟɧɬ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɛɨɡɧɚɱɢɬɶ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Ʉ10 ɢ Ʉ20, ɬɨ ɭɪɚɜɧɟɧɢɟ 
(1.129) ɢ (1.130) ɨɤɨɧɱɚɬɟɥɶɧɨ ɡɚɩɢɲɭɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
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ɋɢɧɷɪɝɟɬɢɱɟɫɤɢɣ ɷɮɮɟɤɬ, ɜɨɡɧɢɤɚɸɳɢɣ ɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ 

ɪɚɫɬɜɨɪɹɟɦɨɣ ɫɢɫɬɟɦɟ, ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɨ: 

 

)]K1(
T

x
exp[)]K1(

T

x
exp[

K

K
2

212

1

111

10

1 −
′′

−
′′

=
ββ

 ,  (1.133) 
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ɉɪɨɜɟɞɟɦ ɚɧɚɥɢɡ ɭɪɚɜɧɟɧɢɣ (1.133) ɢ (1.134). ȼɨɡɦɨɠɧɨ 4 ɫɥɭɱɚɹ: 

1) Ʉ1 < 1, Ʉ2 <1, ɬɨɝɞɚ 1
K

K
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K

K
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1

10

1 >> ; 

 

2) K1> 1, K2 > 1, ɬɨɝɞɚ 1
K

K
,1

K

K

20

2

10

1 << ; 

3) K1< 1, K2 > 1; 

4) K1 > 1, K2 < 1. 

 

ȼ ɩɨɫɥɟɞɧɢɯ ɞɜɭɯ ɫɥɭɱɚɹɯ, ɩɨɫɤɨɥɶɤɭ ɫɤɨɛɤɢ (1- Ʉ1) ɢ (1- Ʉ2) 

ɜɯɨɞɹɬ ɜ ɨɛɚ ɭɪɚɜɧɟɧɢɹ (1.133) ɢ (1.134), ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɩɨɥɧɹɟɬɫɹ 
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K
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1 < ɢ 1
K

K

20

2 < . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɫɦɟɲɟ-

ɧɢɢ ɪɚɫɬɜɨɪɹɟɦɵɯ ɜɟɳɟɫɬɜ ɧɚɛɥɸɞɚɟɬɫɹ ɥɢɛɨ ɩɨɥɨɠɢɬɟɥɶɧɵɣ, ɥɢɛɨ 
ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɫɢɧɷɪɝɢɡɦ. ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ ɩɨɥɧɨɫɬɶɸ ɫɨɝɥɚɫɭɟɬɫɹ ɫ 
ɜɵɜɨɞɚɦɢ ɪɚɛɨɬɵ [91]. 

 
1.4. づんゐだどん, どぎぢずだどん ご ごげぜぎぞぎぞごé だゐぺぎぜん ゑ ぢづだぴぎででんび 

づんでどゑだづぎぞごé ご  ゑぼがぎずぎぞごé ゑぎべぎでどゑ 

 

ɉɪɨɰɟɫɫɵ ɪɚɫɬɜɨɪɟɧɢɹ ɢ ɜɵɞɟɥɟɧɢɹ ɜɟɳɟɫɬɜ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɩɨ-
ɝɥɨɳɟɧɢɟɦ, ɥɢɛɨ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɨɬɵ, ɚ ɬɚɤɠɟ ɩɪɨɢɡɜɨɞɫɬɜɨɦ, ɥɢɛɨ 
ɡɚɬɪɚɬɚɦɢ ɪɚɛɨɬɵ [90]. 

Ʉɨɥɢɱɟɫɬɜɟɧɧɵɣ ɭɱɟɬ ɬɚɤɨɝɨ ɪɨɞɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɷɮɮɟɤɬɨɜ ɧɟ-
ɨɛɯɨɞɢɦ ɞɥɹ ɷɧɟɪɝɨɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤɰɢɢ ɫ ɞɪɭɝɢɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɰɟɫɫ ɪɚɫɬɜɨɪɟɧɢɹ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɣ ɩɪɢɜɨɞɢɬ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ x0 ɜɨ ɮɥɸɢɞɧɨɣ 

ɮɚɡɟ, ɫɨɩɪɢɤɚɫɚɸɳɟɣɫɹ ɫ ɱɢɫɬɵɦ ɪɚɫɬɜɨɪɹɟɦɵɦ ɜɟɳɟɫɬɜɨɦ. ȼ ɧɚ-
ɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɜɫɟɣ ɫɢɫɬɟɦɵ ɪɚɜɟɧ 

ɫɭɦɦɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ Nµ0 ɢ 

ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ 0nµ ′  
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 001 nN µµΦ ′+=  ,  (1.135) 
 

ɝɞɟ 0µ ′  - ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ. 
Ɋɚɫɬɜɨɪɟɧɢɟ ɧɟɤɨɬɨɪɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɨɥɟɤɭɥ ɜɟɳɟɫɬɜɚ ɜɨ ɮɥɸɢɞɟ 
ɩɪɢɜɨɞɹɬ ɤ ɢɡɦɟɧɟɧɢɸ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɜɫɟɣ ɫɢɫɬɟ-
ɦɵ. ɋɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ (1.115) ɤɨɧɟɱɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟ-
ɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɜɫɟɣ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɜ ɫɥɟɞɭɸɳɟɦ 

ɜɢɞɟ: 

 ψµΦ n
eN

n
lnnTN 0 ++=  .  (1.136) 

 

Ɍɨɝɞɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɪɚɛɨɬɚ Ⱥmax, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɡɜɟ-
ɞɟɧɚ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɬɜɨɪɟɧɢɹ, ɛɭɞɟɬ ɪɚɜɧɚ  

 

x

ex
lnnT)(n

eN

n
lnnTA 0

021max =−′+−=−= ψµΦΦ  .  (1.137) 

 

Ɇɨɦɟɧɬ ɧɚɫɵɳɟɧɢɹ ɪɚɫɬɜɨɪɚ ɜɨ ɮɥɸɢɞɧɨɣ ɮɚɡɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɫɥɭɱɚɸ, ɤɨɝɞɚ x = x0, n = Nx = Nx0. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɨɛɪɚɡɨ-
ɜɚɧɢɢ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜɨ ɮɥɸɢɞɧɨɣ ɮɚɡɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɦɚɤ-
ɫɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɢɡɜɨɞɢɦɨɣ ɪɚɛɨɬɵ ɩɪɢɧɢɦɚɟɬ ɨɤɨɧɱɚ-
ɬɟɥɶɧɵɣ ɜɢɞ 

 

TNxnTA 0max ==  .                               (1.138) 

Ɉɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ ɜɵɞɟɥɟɧɢɹ ɪɚɫɬɜɨɪɢɦɨɝɨ ɜɟɳɟɫɬɜɚ ɢɡ ɤɨɧ-

ɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ ɮɥɸɢɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɬɪɟɛɭɟɬ ɭɠɟ ɡɚɬɪɚɬɵ ɧɟɤɨɬɨ-
ɪɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɛɨɬɵ. ȿɫɥɢ ɧɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɚ ɪɚɜ-
ɧɹɟɬɫɹ x1, ɬɨ ɟɝɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɜɵɪɚɠɚɟɬɫɹ ɫɥɟɞɭɸ-

ɳɢɦ ɨɛɪɚɡɨɦ  

 ψµΦ 1

1

101 Nx
e

x
lnTNxN ++=  .  (1.139) 

 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɤɨɧɟɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ x2 < x1 ɢɡ ɪɚɫɬɜɨɪɚ ɧɟɨɛ-

ɯɨɞɢɦɨ ɜɵɞɟɥɢɬɶ N(1-x1/x2) ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɢɬɟɥɹ. ɋɭɦɦɚ ɬɟɪɦɨɞɢ-

ɧɚɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɨɫɬɚɜɲɟɝɨɫɹ ɪɚɫɬɜɨɪɚ ɢ ɜɵɞɟɥɟɧɧɨɝɨ ɪɚɫ-
ɬɜɨɪɢɬɟɥɹ ɞɚɟɬ 
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 ψµΦ 1

2

102 Nx
e

x
lnTNɫN ++=  .  (1.140) 

 

Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɦɢɧɢɦɚɥɶɧɨɣ ɪɚɛɨɬɵ Ⱥmin, ɤɨɬɨ-
ɪɭɸ ɧɟɨɛɯɨɞɢɦɨ ɡɚɬɪɚɬɢɬɶ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ 

 

 
1

2

112min
x

x
lnTNx=−= ΦΦΑ  .  (1.141) 

 

Ⱥɧɚɥɢɡ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɩɪɨɰɟɫɫɚ ɪɚɫɬɜɨɪɟɧɢɹ ɧɚɱɧɟɦ ɫɨɝɥɚɫ-
ɧɨ [62] ɫ ɪɚɫɫɦɨɬɪɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ 
ɜɫɟɣ ɫɢɫɬɟɦɵ ɩɪɢ ɩɟɪɟɯɨɞɟ δn ɦɨɥɟɤɭɥ ɨɬ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟ-
ɳɟɫɬɜɚ ɜɨ ɮɥɸɢɞɧɭɸ ɮɚɡɭ 

 

)(n 0µµδΦδ ′−′=  ,                                        (1.142) 
 

ɝɞɟ ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɪɚɫɬɜɨɪɟ µ ′  

(ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɪɚɜɟɧ ɯɢɦɢɱɟɫɤɨɦɭ ɩɨɬɟɧɰɢɚɥɭ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟ-
ɫɬɜɚ ɜ ɧɚɫɵɳɟɧɧɨɦ ɪɚɫɬɜɨɪɟ) ɦɨɝɭɬ ɛɵɬɶ ɜɵɪɚɠɟɧɵ ɭɪɚɜɧɟɧɢɟɦ 

(1.97) 

 ψµ +=′ xlnT  , (1.143) 

 

 ψµ +=′ 00 xlnT  . (1.144) 

 

ɉɨɞɫɬɚɜɥɹɹ ɭɪɚɜɧɟɧɢɹ (1.143) ɢ (1.144) ɜ ɭɪɚɜɧɟɧɢɟ (1.142), ɩɨɥɭɱɢɦ  

 x

)T,P(x
lnnT 0δΦδ −=  .  (1.145) 

 

ɉɪɨɰɟɫɫ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤɰɢɢ ɩɪɨɬɟɤɚɟɬ 
ɨɛɵɱɧɨ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɝɥɨ-
ɳɚɟɦɨɣ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɬɜɨɪɟɧɢɹ ɬɟɩɥɨɬɵ ɪɚɜɧɹɟɬɫɹ ɢɡɦɟɧɟɧɢɸ ɷɧ-

ɬɚɥɶɩɢɢ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ 

ɩɨɬɟɧɰɢɚɥ 

 P

2 )
TT

(TH
∂
Φ∂

∂
∂−=  .  (1.146) 
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ɋ ɭɱɟɬɨɦ ɭɪɚɜɧɟɧɢɹ (1.145) ɞɥɹ ɬɟɩɥɨɬɵ ɦɨɝɥɨ ɡɚɩɢɫɚɬɶ 
 

 P

2

p )
TT

(TQ
Φδ

∂
∂δ −=  .  (1.147) 

 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɭɪɚɜɧɟɧɢɹ (1.145) ɜ ɭɪɚɜɧɟɧɢɟ (1.147) ɩɨɥɭɱɢɦ 

 

 T

xln
nTQ 02

p ∂
∂δδ =  .  (1.148) 

 

ɍɪɚɜɧɟɧɢɟ (1.148) ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɧɬɟɝɪɢɪɨɜɚɧɨ ɩɪɢ ɭɫɥɨɜɢɢ, 

ɱɬɨ ɪɚɫɬɜɨɪ ɩɨ ɩɪɟɠɧɟɦɭ ɨɫɬɚɟɬɫɹ ɪɚɡɛɚɜɥɟɧɧɵɦ 

 

 T

xln
nTQ 02

p ∂
∂

=  .  (1.149) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɩɪɨɰɟɫɫɚ ɪɚɫɬɜɨɪɟɧɢɹ ɨɩɪɟɞɟ-
ɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɪɚɫɬɜɨɪɢɦɨɫɬɢ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɡɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ ɫɢɫ-
ɬɟɦɵ 

 Φδ
∂
∂δ
P

V =  .  (1.150) 

 

ɉɨɞɫɬɚɜɥɹɹ ɭɪɚɜɧɟɧɢɟ (1.145) ɜ ɭɪɚɜɧɟɧɢɟ (1.150) ɩɨɥɭɱɢɦ 

 0xln
P

nTV
∂
∂δδ −=  .  (1.151) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɴɟɦɧɵɣ ɷɮɮɟɤɬ ɩɪɨɰɟɫɫɚ ɪɚɫɬɜɨɪɟɧɢɹ ɨɩɪɟɞɟ-
ɥɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶɸ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɨɬ ɞɚɜɥɟɧɢɹ. 

 
1.5. ぢづごぜぎぞぎぞごぎ げんとだぞん でだだどゑぎどでどゑぎぞぞぼび でだでどだéぞござ 

がずé だゐだゐべぎぞごé ご ぢづだゎぞだげごづだゑんぞごé づんでどゑだづごぜだでどご 

 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤ-
ɰɢɢ ɢ ɫɟɩɚɪɚɰɢɢ, ɚ ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɪɟɛɭɟɬ 



 

73

ɧɚɞɟɠɧɨɣ ɦɟɬɨɞɢɤɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ. ɇɚɞɟɠɧɨɟ ɩɪɨ-
ɝɧɨɡɢɪɨɜɚɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧɨ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɟɬɢɱɟɫɤɢ ɨɛɨɫɧɨ-
ɜɚɧɧɨɝɨ ɨɛɨɛɳɟɧɢɹ ɢɦɟɸɳɢɯɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. ɋɨɝɥɚɫ-
ɧɨ ɭɪɚɜɧɟɧɢɸ (1.2) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 

 

 P

P
Ex v=  .  (1.152) 

 

ɉɚɪɚɦɟɬɪ ȿ ɩɪɢɧɢɦɚɟɬ ɨɛɵɱɧɨ ɡɧɚɱɟɧɢɟ ɩɨɪɹɞɤɚ ɨɬ 104 ɞɨ 107 

[25, 92]. ɏɨɬɹ ɢɡɜɟɫɬɧɵ ɫɥɭɱɚɢ, ɤɨɝɞɚ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ȿ ɞɨɫɬɢɝɚɟɬ 
1010 ɢ ɜɵɲɟ, ɤɚɤ ɧɚɩɪɢɦɟɪ, ɜ ɫɥɭɱɚɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɤɜɚɥɚɧɚ ɜ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ [93], ɬɜɟɪɞɵɯ ɧ-ɚɥɤɚɧɨɜ ɜ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɨɦ ɷɬɚɧɟ [94] (ɬɚɛɥ. 1.5). 

Ɋɨɭɥɢɧɫɨɧ ɢ Ɋɢɱɚɪɞɫɨɧ [95] ɜɵɪɚɡɢɥɢ ɩɚɪɚɦɟɬɪ ȿ ɱɟɪɟɡ ɜɬɨɪɨɣ 

ɩɟɪɟɤɪɟɫɬɧɵɣ ɜɢɪɢɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ȼ12, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹ 1 ɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ 
ɜɟɳɟɫɬɜɚ 2: 
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Eln 12

ɠ
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=  .  (1.153) 

 

ɍɫɢɥɟɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɬɢɩɚ 1-2 ɜɟɞɟɬ ɤ ɪɨɫɬɭ ɩɚɪɚɦɟɬɪɚ ȿ ɜ 
ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ȼ12 ɩɪɢɧɢɦɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. 

 

 
Ɍɚɛɥɢɰɚ 1.5 

 

げÖíôñÖó　 âí¡öÜëí Üïó¿ñÖó　 ëíïöçÜëó½Üïöó ç ïçñëê¡ëóöóôñï¡Ü½ ~öíÖñ 
äëó ど=308,15 と Öñ¡ÜöÜë▲ê äëñÑïöíçóöñ¿ñú öçñëÑ▲ê Ö-í¿¡íÖÜç 

 

Ɋ, Ɇɉɚ ɧ-ɋ28ɇ58 ɧ-ɋ30ɇ62 ɧ-ɋ32ɇ66 

6,57 1,947⋅10
11

 9,977⋅10
11

 6,926⋅10
12

 

12,02 1,212⋅10
12

 4,821⋅10
12

 4,699⋅10
13

 

16,67 2,824⋅10
12

 1,037⋅10
13

 1,025⋅10
14

 

20,20 4,809⋅10
12

 1,788⋅10
13

 1,784⋅10
14
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ɉɢɬɰɟɪɨɦ ɢ Ʉɟɪɥɟɦ [96] ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɜɬɨɪɨɝɨ ɜɢ-

ɪɢɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɱɢɫɬɵɯ ɝɚɡɨɜ ɛɵɥ ɩɪɢɦɟɧɟɧ ɡɚɤɨɧ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ 
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 ,  (1.154) 

 

ɝɞɟ Ɍr= Ɍ/Ɍɤɪ -ɩɪɢɜɟɞɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. Ɍɚɛɭɥɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ 
ɮɚɤɬɨɪɚ ɚɰɟɧɬɪɢɱɧɨɫɬɢ ω , ɚ ɬɚɤɠɟ ɮɭɧɤɰɢɣ ƒ0 ɢ ƒ1 ɞɥɹ ɲɢɪɨɤɨɝɨ 
ɤɪɭɝɚ ɜɟɳɟɫɬɜ ɩɪɢɜɟɞɟɧɵ ɜ ɨɛɡɨɪɟ [22]. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɩɨ ɭɪɚɜɧɟɧɢɸ (1.154) ɩɟɪɟɤɪɟɫɬɧɨɝɨ ɜɢɪɢɚɥɶɧɨɝɨ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ ȼ12 ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫɦɟ-
ɫɢ. ɗɬɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɷɦɩɢɪɢɱɟɫɤɢɯ ɩɪɚɜɢɥ ɤɨɦɛɢɧɢɪɨ-
ɜɚɧɢɹ [97] ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. 
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ɝɞɟ Zɤɪ - ɤɪɢɬɢɱɟɫɤɢɣ ɮɚɤɬɨɪ ɫɠɢɦɚɟɦɨɫɬɢ, Vɤɪ - ɤɪɢɬɢɱɟɫɤɢɣ ɭɞɟɥɶ-
ɧɵɣ ɨɛɴɟɦ, k12 - ɷɦɩɢɪɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ ɛɢɧɚɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɢɬɟɥɹ ɫ ɦɨɥɟɤɭɥɚɦɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ. ȼ ɪɚ-
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ɛɨɬɟ [97] ɩɪɢɜɨɞɹɬɫɹ ɩɚɪɚɦɟɬɪɵ k12 ɞɥɹ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɛɢɧɚɪɧɵɯ 
ɫɢɫɬɟɦ. 

ȼ ɨɛɡɨɪɟ ɐɨɧɨɩɭɥɨɫɚ [98] ɩɪɢɜɟɞɟɧɵ ɧɟ ɫɬɪɨɝɢɟ ɦɟɬɨɞɵ ɨɰɟɧɤɢ 

k12, ɚ ɬɚɤɠɟ ɫɞɟɥɚɧɚ ɩɨɩɵɬɤɚ ɷɦɩɢɪɢɱɟɫɤɨɝɨ ɨɛɨɛɳɟɧɢɹ ɞɚɧɧɨɝɨ ɩɚ-
ɪɚɦɟɬɪɚ. Ɋɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɷɬɨɣ ɪɚɛɨɬɵ. 

ȿɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ ɪɚɜɟɧɫɬɜɨ ɷɧɟɪɝɢɢ ɞɢɫɩɟɪɫɢɨɧɧɵɯ ɦɟɠɦɨɥɟ-
ɤɭɥɹɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɢ ɱɥɟɧɚ ɜ ɩɨɬɟɧɰɢɚɥɟ Ʌɟɧɧɚɪɞɚ-Ⱦɠɨɧɫɚ, 
ɜɵɪɚɠɚɸɳɟɝɨ ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ, ɬɨ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɫɥɟɞɭɸɳɟɟ ɜɵ-

ɪɚɠɟɧɢɟ 
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ɝɞɟ I - ɷɬɨ ɩɨɬɟɧɰɢɚɥ ɢɨɧɢɡɚɰɢɢ ɦɨɥɟɤɭɥɵ, σ - ɷɮɮɟɤɬɢɜɧɵɣ ɞɢɚɦɟɬɪ. 
ɗɮɮɟɤɬɢɜɧɵɟ ɞɢɚɦɟɬɪɵ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɦɨɥɟɤɭɥ ɦɨɠɧɨ ɜɵɪɚ-
ɡɢɬɶ ɱɟɪɟɡ ɤɪɢɬɢɱɟɫɤɢɟ ɨɛɴɟɦɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. 
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ɉɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɞɥɹ ɜɬɨɪɨɣ ɫɤɨɛɤɢ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɞɪɭ-
ɝɢɟ (ɧɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ) ɡɧɚɱɟɧɢɹ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɚɢɥɭɱɲɟɦɭ 
ɫɨɝɥɚɫɢɸ ɫ ɨɩɵɬɧɵɦɢ ɞɚɧɧɵɦɢ. Ɍɚɤ ɞɥɹ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɩɚɪɚɮɢɧɨɜ 
ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ [99], ɱɬɨ ɜɟɥɢɱɢɧɚ, ɡɚɤɥɸɱɟɧɧɚɹ ɜ ɩɟɪɜɨɣ ɫɤɨɛɤɟ ≈
1, ɚ ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɞɥɹ ɜɬɨɪɨɣ ɫɤɨɛɤɢ ɪɚɜɟɧ 3. Ⱦɥɹ ɫɦɟɫɟɣ ɬɚɤɢɯ 
ɝɚɡɨɜ ɤɚɤ ɜɨɞɨɪɨɞ, ɝɟɥɢɣ ɢ ɧɟɨɧ ɫ ɥɟɝɤɢɦɢ ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ ɢ ɚɪɝɨɧɨɦ 

ɛɵɥɨ ɩɨɥɭɱɟɧɨ [100]: 
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ɝɞɟ ɢɧɞɟɤɫ i ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɦɩɨɧɟɧɬɭ ɫ ɧɚɢɛɨɥɶɲɢɦ ɩɨɬɟɧɰɢɚɥɨɦ 

ɢɨɧɢɡɚɰɢɢ. Ʉɪɨɦɟ ɭɤɚɡɚɧɧɵɯ ɫɢɫɬɟɦ, ɭɪɚɜɧɟɧɢɟ (1.97) ɜ ɩɪɟɞɟɥɚɯ ɩɨ-
ɝɪɟɲɧɨɫɬɢ ±0,04 ɩɨɡɜɨɥɢɥɨ ɨɩɢɫɚɬɶ ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ ɩɨ kij ɞɥɹ ɫɦɟɫɟɣ 

ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɝɚɡɨɜ (ɢɫɤɥɸɱɚɹ ɤɢɫɥɨɪɨɞ), ɦɟɬɚɧɚ, ɷɬɚɧɚ ɢ ɷɬɢɥɟɧɚ. 
Ɂɚɦɟɧɚ ɤɨɷɮɮɢɰɢɟɧɬɚ 0,17 ɧɚ 0,18 ɩɨɡɜɨɥɢɥɚ [101] ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶ-
ɧɨ ɨɩɢɫɚɬɶ ɫɦɟɫɢ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ. Ⱦɥɹ ɫɢɫɬɟɦɵ ɚɪɝɨɧ-ɤɪɢɩɬɨɧ ɭɞɚɱ-
ɧɵɦ ɨɤɚɡɚɥɨɫɶ ɫɥɟɞɭɸɳɟɟ ɫɨɨɬɧɨɲɟɧɢɟ [102]: 
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Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɛɨɛɳɟɧɢɹ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɧɟ-
ɫɤɨɥɶɤɨ ɩɨɥɧɨɫɬɶɸ ɷɦɩɢɪɢɱɟɫɤɢɯ ɤɨɪɪɟɥɹɰɢɣ ɞɥɹ kij. Ɍɚɤɢɟ ɤɨɪɪɟɥɹ-
ɰɢɢ ɨɯɜɚɬɵɜɚɸɬ ɨɝɪɚɧɢɱɟɧɧɵɣ ɤɥɚɫɫ ɫɢɫɬɟɦ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɤɨɧɤɪɟɬɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ. Ⱦɥɹ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɦɟɬɚɧɚ ɫ ɬɹɠɟɥɵɦɢ ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ 

ɜ ɪɚɛɨɬɟ [98] ɩɪɟɞɥɨɠɟɧɨ ɫɥɟɞɭɸɳɟɟ ɫɨɨɬɧɨɲɟɧɢɟ 
 

 [ ]2cjij )nln(0279,0k =  ,  (1.164) 

 

ɝɞɟ −cjn ɱɢɫɥɨ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɬɹɠɟɥɵɯ ɭɝɥɟɜɨɞɨɪɨɞɚɯ. Ⱦɥɹ 26 

ɫɢɫɬɟɦ ɩɚɪɚɦɟɬɪ kij ɭɞɚɥɨɫɶ ɨɛɨɛɳɢɬɶ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ  ±0,02 

(ɪɢɫ.1.12). 
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Ɋɢɫ.1.12. Ɉɛɨɛɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ kij ɞɥɹ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɦɟɬɚɧɚ 
ɫ ɬɹɠɟɥɵɦɢ ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ ɩɨ ɭɪɚɜɧɟɧɢɸ (1.164). ɋɩɥɨɲɧɚɹ 
ɥɢɧɢɹ - ɪɚɫɱɟɬ, ɫɢɦɜɨɥɵ-ɷɤɫɩɟɪɢɦɟɧɬ. 1 – [103], 2 –[104], 3 – 

[99], 4 –[105÷111]. 

 

 

ȼ ɪɚɛɨɬɟ [97] ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɵ kij ɞɥɹ ɫɦɟɫɟɣ ɬɹɠɟɥɵɯ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫ ɷɬɢɥɟɧɨɦ ɢ ɷɬɚɧɨɦ ɩɪɢɧɢɦɚɸɬ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ. 
Ⱥɧɚɥɨɝɢɱɧɨɟ ɫɯɨɞɫɬɜɨ ɜ ɡɧɚɱɟɧɢɹɯ kij ɨɛɧɚɪɭɠɟɧɨ ɞɥɹ ɫɦɟɫɟɣ ɬɹɠɟ-
ɥɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫ ɧ-ɝɟɤɫɚɧɨɦ ɢ ɛɟɧɡɨɥɨɦ. Ȼɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɫɨɨɬ-
ɧɨɲɟɧɢɟ, ɤɨɬɨɪɨɟ ɨɯɜɚɬɵɜɚɟɬ ɨɛɟ ɝɪɭɩɩɵ ɫɦɟɫɟɣ 

 

 [ ]2cicjij )1nnln(mk +−=  .  (1.165) 
 

ɉɨɫɤɨɥɶɤɭ, ɜ ɫɥɭɱɚɟ  ncj = nci ɜɟɥɢɱɢɧɚ kij ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɨɥɶ, ɬɨ 
ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ, ɱɬɨ ncj ≥ nci. Ɍɚɤ ɞɥɹ ɫɦɟɫɟɣ, ɫɨɞɟɪɠɚɳɢɯ ɷɬɢɥɟɧ ɢ 

ɷɬɚɧ  ɜɟɥɢɱɢɧɚ m = 0,0202, ɚ ɩɚɪɚɦɟɬɪ kij ɫɬɚɧɨɜɢɬɫɹ ɥɢɧɟɣɧɨɣ ɮɭɧɤ-
ɰɢɟɣ ɱɢɫɥɚ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ. 

 

 )1nn(mk cicjij −−= ,    ncj > nci .    (1.166) 
 

Ɋɟɡɭɥɶɬɚɬ ɨɛɨɛɳɟɧɢɹ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɫɦɟɫɟɣ ɬɹɠɟɥɵɯ ɭɝ-
ɥɟɜɨɞɨɪɨɞɨɜ ɫ ɷɬɢɥɟɧɨɦ ɢ ɷɬɚɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1.13. 

Ɋɟɡɭɥɶɬɚɬ ɨɛɨɛɳɟɧɢɹ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɫɦɟɫɟɣ ɭɝɥɟɜɨɞɨɪɨ-
ɞɨɜ ɫ ɚɡɨɬɨɦ, ɜɨɞɨɪɨɞɨɦ ɢ ɚɪɝɨɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ.1.14. 
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Ɋɢɫ.1.13. Ɉɛɨɛɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ kij ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɬɹɠɟɥɵɯ ɭɝɥɟɜɨ-
ɞɨɪɨɞɨɜ ɫ ɷɬɢɥɟɧɨɦ ɢ ɷɬɚɧɨɦ. ɋɩɥɨɲɧɚɹ ɥɢɧɢɹ - ɪɚɫɱɟɬ ɩɨ ɭɪɚɜɧɟɧɢɸ 

(1.165), ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ-ɪɚɫɱɟɬ ɩɨ ɭɪɚɜɧɟɧɢɸ (1.166) (m = 0,0202), 

ɫɢɦɜɨɥɵ-ɷɤɫɩɟɪɢɦɟɧɬ. 1 – [103], 2 – [103], 3 – [99], 4 – [105÷111]. 

 

 
 

Ɋɢɫ.1.14. Ɉɛɨɛɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ kij ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫ 
ɚɡɨɬɨɦ, ɜɨɞɨɪɨɞɨɦ ɢ ɚɪɝɨɧɨɦ. ɋɩɥɨɲɧɚɹ ɥɢɧɢɹ - ɪɚɫɱɟɬ ɩɨ ɭɪɚɜɧɟɧɢɸ 

(1.165) (m =0,0364), ɫɢɦɜɨɥɵ-ɷɤɫɩɟɪɢɦɟɧɬ. 1 – Ⱥr [99, 109÷111],           

2 – H2 [99, 109÷111], 3 –N2 [99, 104, 109÷111]. 
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Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɜɵɲɟ ɨɛɨɛɳɟɧɢɹ ɩɚɪɚɦɟɬɪɚ kij ɞɥɹ ɫɦɟɫɟɣ, ɫɨ-
ɞɟɪɠɚɳɢɯ ɥɢɲɶ ɧɟɩɨɥɹɪɧɵɟ ɤɨɦɩɨɧɟɧɬɵ, ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɱɢɫɥɨ 
ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɦɨɥɟɤɭɥɟ ɜɬɨɪɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɧɟ ɹɜɥɹɟɬɫɹ ɭɞɚɱ-
ɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɤɨɬɨɪɵɣ ɨɯɜɚɬɵɜɚɥ ɛɵ ɜɫɟ ɫɥɭɱɚɢ [98]. Ɉɬɦɟɱɚɟɬɫɹ, 
ɱɬɨ ɩɨɞɝɨɧɨɱɧɵɣ ɩɚɪɚɦɟɬɪ m ɜ ɭɪɚɜɧɟɧɢɢ (1.165) ɦɨɠɟɬ ɤɨɪɪɟɥɢɪɨ-
ɜɚɬɶ ɫ ɬɚɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɤɚɤ ɤɪɢɬɢɱɟɫɤɢɣ ɨɛɴ-

ɟɦ Vɤɪ, ɥɢɛɨ ɩɨɬɟɧɰɢɚɥ ɢɨɧɢɡɚɰɢɢ I. Ɉɞɧɢɦ ɢɡ ɩɭɬɟɣ ɭɬɨɱɧɟɧɢɹ 
ɨɛɨɛɳɟɧɢɹ ɩɚɪɚɦɟɬɪɚ kij ɹɜɥɹɟɬɫɹ ɜɜɟɞɟɧɢɟ ɜ ɦɨɞɟɥɶ ɜɬɨɪɨɝɨ ɷɦɩɢɪɢ-

ɱɟɫɤɨɝɨ ɩɚɪɚɦɟɬɪɚ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. Ɍɚɤɢɦ ɨɛɪɚ-
ɡɨɦ ɩɪɟɞɥɚɝɚɟɬɫɹ ɨɛɨɛɳɢɬɶ ɨɬɞɟɥɶɧɨ ɪɚɡɥɢɱɧɵɟ ɫɢɥɵ ɦɟɠɦɨɥɟɤɭ-
ɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɛɢɧɚɪɧɚɹ ɫɦɟɫɶ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɞɧɭ ɧɟɩɨɥɹɪ-
ɧɭɸ ɢ ɨɞɧɭ ɩɨɥɹɪɧɭɸ ɤɨɦɩɨɧɟɧɬɵ, ɜ ɤɚɱɟɫɬɜɟ ɨɛɨɛɳɚɸɳɟɝɨ ɩɚɪɚ-
ɦɟɬɪɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɧɹɬɶ ɤɪɢɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɧɟɩɨɥɹɪɧɨɝɨ ɤɨɦɩɨ-
ɧɟɧɬɚ Vɤɪj [98]. ɇɚ ɪɢɫ.1.15 ɩɨɤɚɡɚɧ ɪɟɡɭɥɶɬɚɬ ɨɛɨɛɳɟɧɢɹ ɞɥɹ ɫɦɟɫɟɣ 

ɧɟɩɨɥɹɪɧɵɯ ɜɟɳɟɫɬɜ ɫ ɩɨɥɹɪɧɵɦɢ ɫɩɢɪɬɚɦɢ ɢ ɜɨɞɨɣ. 

 

 
Ɋɢɫ.1.15. Ɉɛɨɛɳɟɧɢɟ ɩɚɪɚɦɟɬɪɚ kij ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɧɟɩɨɥɹɪɧɵɯ ɜɟɳɟɫɬɜ 
ɫɨ ɫɩɢɪɬɚɦɢ ɢ ɜɨɞɨɣ. 1 – ɦɟɬɚɧɨɥ, 2 – ɷɬɚɧɨɥ, 3-1 – ɛɭɬɚɧɨɥ, 4 – ɜɨɞɚ.   
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Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɬɤɥɨɧɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ kij ɨɬ ɨɛɨɛɳɚɸɳɢɯ ɤɪɢɜɵɯ ɧɚɦɧɨɝɨ ɩɪɟɜɵɲɚɟɬ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ. 

Ʉɪɨɦɟ ɷɬɨɝɨ ɩɪɟɞɥɚɝɚɟɬɫɹ [98] ɪɚɡɛɢɬɶ ɛɢɧɚɪɧɵɟ ɫɢɫɬɟɦɵ ɧɚ 
ɝɪɭɩɩɵ ɩɨɞɨɛɢɹ ɫ ɟɞɢɧɵɦ ɧɟɩɨɥɹɪɧɵɦ ɪɚɫɬɜɨɪɢɬɟɥɟɦ  ɢ ɩɨɥɹɪɧɵɦɢ 

ɪɚɫɬɜɨɪɹɟɦɵɦɢ ɜɟɳɟɫɬɜɚɦɢ ɢɡ ɟɞɢɧɨɝɨ ɝɨɦɨɥɨɝɢɱɟɫɤɨɝɨ ɪɹɞɚ. Ɋɚɡɥɢ-

ɱɢɟ ɦɟɠɞɭ ɨɛɨɛɳɚɸɳɢɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ ɭɫɬɪɚɧɹɟɬɫɹ ɜɜɟɞɟɧɢɟɦ ɩɨ-
ɩɪɚɜɤɢ ∆kij 

 

 ij

II

ij

I

ij kkk ∆−=  .  (1.167) 
 

Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɟɫɥɢ ɢɧɞɟɤɫ I ɨɬɧɟɫɬɢ ɤ ɝɪɭɩɩɟ ɫɢɫɬɟɦ ɫ ɞɢɨɤɫɢ-

ɞɨɦ ɭɝɥɟɪɨɞɚ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɚ ɢɧɞɟɤɫ II ɤ ɫɢɫɬɟɦɚɦ ɫ ɩɪɨ-
ɩɚɧɨɦ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɬɨ ɞɥɹ ɪɚɫɬɜɨɪɹɟɦɵɯ ɫɩɢɪɬɨɜ ɛɵɥɨ 
ɧɚɣɞɟɧɨ ∆kij = 0,14 ± 0,01, ɞɥɹ ɷɮɢɪɨɜ ∆kij ≥  0,20. Ⱦɭɦɚɟɬɫɹ, ɱɬɨ ɩɪɨɜɟ-
ɞɟɧɧɵɣ ɜ ɧɚɫɬɨɹɳɟɦ ɪɚɡɞɟɥɟ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɨɛɨɛɳɟɧɢɹ ɢ ɩɪɨɝɧɨɡɢ-

ɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ kij, ɭɤɚɡɵɜɚɟɬ 
ɧɚ ɤɪɚɣɧɸɸ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɜ ɩɪɢɦɟɧɟɧɢɦɨɫɬɢ ɭɪɚɜɧɟɧɢɣ (1.160) ÷ 

(1.167), ɤɨɬɨɪɵɟ ɧɟ ɦɨɝɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɛɚɡɚ  
ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤ-
ɰɢɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

 
1.6. Äぞどづだぢござぞぼざ ぜぎどだが だゐだゐべぎぞごé づんでどゑだづごぜだでどご 

ゑぎべぎでどゑ ゑ でゑぎづびとづごどごぶぎでとごび ぱずùごがんび 
 

ɒɢɪɨɤɨɟ ɩɪɨɦɵɲɥɟɧɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɮɥɸɢɞɧɵɯ ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ 
ɩɪɨɰɟɫɫɨɜ [112, 113]  ɬɪɟɛɭɟɬ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɚɞɟɠɧɵɯ ɞɚɧɧɵɯ 
ɩɨ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ. ȼ ɫɜɹɡɢ ɫ 
ɷɬɢɦ ɨɬɱɟɬɥɢɜɨ ɧɚɛɥɸɞɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɨɬɫɬɚɜɚɧɢɹ ɜ ɩɨɥɭɱɟɧɢɢ ɧɟ-
ɨɛɯɨɞɢɦɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɬ ɛɵɫɬɪɨ ɪɚɫɬɭɳɢɯ ɩɨɬɪɟɛ-

ɧɨɫɬɟɣ ɪɚɡɥɢɱɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɬɪɚɫɥɟɣ. Ⱦɥɹ ɩɨɩɨɥɧɟɧɢɹ ɛɚɧɤɚ 
ɞɚɧɧɵɯ ɬɪɟɛɭɸɬɫɹ ɧɚɞɟɠɧɵɟ ɦɟɬɨɞɵ ɨɛɨɛɳɟɧɢɹ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɛɢɧɚɪɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ. Ⱥɤ-
ɬɭɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɪɚɡɪɚɛɨɬɤɢ ɬɟɨɪɟɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɯ ɦɟ-
ɬɨɞɨɜ ɨɛɨɛɳɟɧɢɹ, ɤɨɬɨɪɵɟ ɛɵ ɚɞɟɤɜɚɬɧɨ ( ɜ ɩɪɟɞɟɥɚɯ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ) ɜɨɫɩɪɨɢɡɜɨɞɢɥɢ ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ. 
ȼ ɪɚɛɨɬɟ [114] ɍɫɦɚɧɨɜ ɜɜɟɥ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ ɩɨɞɨɛɢɹ 

ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ. ȼɦɟɫɬɟ ɫ ɫɨɬɪɭɞɧɢɤɚɦɢ ɍɫɦɚɧɨɜɭ 
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ɭɞɚɥɨɫɶ ɨɛɨɛɳɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɜɹɡɤɨɫɬɢ, ɞɢɮɮɭɡɢɢ ɝɚɡɨɜ ɢ ɠɢɞɤɨɫɬɟɣ [115÷118].  

Ɏɢɡɢɱɟɫɤɢɣ ɦɟɯɚɧɢɡɦ ɪɚɜɧɨɜɟɫɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɠɢɞɤɨɫɬɟɣ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɭɸ ɨɛɪɚ-
ɬɢɦɨɫɬɶ ɩɪɨɰɟɫɫɚ [12] ɩɨɫɥɟ ɪɟɝɟɧɟɪɚɰɢɢ ɷɤɫɬɪɚɝɟɧɬɚ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ 
ɫɢɫɬɟɦɵ, ɫɨɝɥɚɫɧɨ ɍɫɦɚɧɨɜɭ, ɪɚɡɨɛɴɟɦ ɟɟ ɧɚ ɪɹɞ ɷɥɟɦɟɧɬɚɪɧɵɯ ɦɚɤ-
ɪɨɫɤɨɩɢɱɟɫɤɢɯ ɩɨɞɫɢɫɬɟɦ. ɋɨɫɬɨɹɧɢɟ ɤɚɠɞɨɣ ɪɚɜɧɨɜɟɫɧɨɣ ɩɨɞɫɢɫɬɟ-
ɦɵ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɨ ɨɩɪɟɞɟɥɟɧɧɵɦ ɧɚɛɨɪɨɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɢ ɮɭɧɤɰɢɣ ɫɨɫɬɨɹɧɢɹ.  
ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɥɸɛɨɣ ɮɭɧɤɰɢɢ ɤɨɨɪɞɢɧɚɬ ɢ ɢɦɩɭɥɶɫɨɜ ɦɨɥɟ-

ɤɭɥ ɩɨɞɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ  
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 ,  (1.168) 

 

ɝɞɟ f(q,p) - ɡɧɚɱɟɧɢɟ ɧɟɤɨɬɨɪɨɣ ɮɭɧɤɰɢɢ ɤɨɨɪɞɢɧɚɬ q ɢ ɢɦɩɭɥɶɫɨɜ p 

ɦɨɥɟɤɭɥ ɩɨɞɫɢɫɬɟɦɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɦɢɤɪɨɫɨ-
ɫɬɨɹɧɢɸ; )p,q(f - ɡɧɚɱɟɧɢɟ ɷɬɨɣ ɠɟ ɮɭɧɤɰɢɢ, ɭɫɪɟɞɧɟɧɧɨɣ ɩɨ ɜɫɟɦ 

ɜɨɡɦɨɠɧɵɦ ɦɢɤɪɨɫɨɫɬɨɹɧɢɹɦ ɩɨɞɫɢɫɬɟɦɵ; ρ(q,p) - ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɫɢɫɬɟɦɵ ɜ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 

Ƚɟɨɦɟɬɪɢɱɟɫɤɨɟ ɩɨɞɨɛɢɟ ɩɨɞɫɢɫɬɟɦ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɨɧɢ ɫɨɞɟɪɠɚɬ 
ɨɞɢɧɚɤɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɥɟɤɭɥ ɫ ɪɚɜɧɵɦ ɱɢɫɥɨɦ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ. 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɚɡɨɜɵɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢɦɟɸɬ ɨɞɢɧɚ-
ɤɨɜɵɟ ɪɚɡɦɟɪɧɨɫɬɢ. ȿɫɥɢ ɫɨɫɬɨɹɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɩɨɞɫɢɫɬɟɦ ɹɜ-
ɥɹɸɬɫɹ ɩɨɞɨɛɧɵɦɢ, ɬɨ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
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ȼ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ 
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Ɏɭɧɤɰɢɸ ρ(q,p) ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɬɚɤ, ɱɬɨɛɵ ɡɧɚɦɟɧɚɬɟɥɶ ɭɪɚɜɧɟ-
ɧɢɹ (1.168) ɭɞɨɜɥɟɬɜɨɪɹɥ ɭɫɥɨɜɢɸ ɧɨɪɦɢɪɨɜɤɢ ɢ ɛɵɥ ɪɚɜɟɧ 1. Ɍɨɝɞɚ 
ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟ (1.169) ɞɥɹ ɭɫɪɟɞɧɟɧɧɵɯ ɮɭɧɤɰɢɣ 
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ɉɨɫɥɟ ɡɚɦɟɧɵ f′(q,p) ɢ ρ′(q,p) ɧɚ Cff′(q,p) ɢ Cρρ′(q,p) ɫ ɭɱɟɬɨɦ ɪɚ-
ɜɟɧɫɬɜɚ ɷɥɟɦɟɧɬɨɜ ɮɚɡɨɜɵɯ ɨɛɴɟɦɨɜ dq′dp′=dq′′dp′′  ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
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Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ 
 ɋρ = 1 .  (1.173) 

 

ɗɬɨ ɪɚɜɧɨɡɧɚɱɧɨ ɬɪɟɛɨɜɚɧɢɸ 
 

 ρ(q,p)=idem ,            idem)p,q( =ρ  .  (1.174) 

ɍɪɚɜɧɟɧɢɟ (1.174) ɜɵɪɚɠɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ ɩɨɞɨɛɢɹ 
ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ, ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ, 

ɧɨ ɧɟɞɨɫɬɚɬɨɱɧɵɦ. Ɉɧɨ ɧɟ ɜɤɥɸɱɚɟɬ ɧɢɤɚɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɭɫɥɨɜɢɹɦ 

ɨɞɧɨɡɧɚɱɧɨɫɬɢ, ɤɨɬɨɪɵɟ, ɜɢɞɢɦɨ, ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶ ɫɜɨɣɫɬɜɚ ɦɨɥɟ-
ɤɭɥ. 

ɂɡɦɟɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɩɨɞɫɢɫɬɟɦɵ ɩɪɢɜɨɞɢɬ ɤ ɨɩɢɫɚɧɢɸ ɮɚɡɨɜɨɣ 

ɬɨɱɤɨɣ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ. Ɂɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɮɚ-
ɡɨɜɨɣ ɬɨɱɤɢ ɜ ɹɜɧɨɦ ɜɢɞɟ ɧɟɜɨɡɦɨɠɧɨ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɨɬɧɨɫɢɬɟɥɶɧɚɹ 
ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɮɚɡɨɜɨɣ ɬɨɱɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ρ 

 

 Urel = ϕ(grad ρ) ,  (1.175) 
 

ɝɞɟ Urel - ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɮɚɡɨɜɨɣ ɬɨɱɤɢ; ρ  - 

ɡɧɚɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 
ɷɧɟɪɝɢɢ ɩɨɞɫɢɫɬɟɦɵ, ɭɫɪɟɞɧɟɧɧɨɣ ɩɨ ɤɚɧɨɧɢɱɟɫɤɨɦɭ ɚɧɫɚɦɛɥɸ. 

ȼɟɪɨɹɬɧɨ, ɫɪɟɞɧɹɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɮɚɡɨɜɨɣ 

ɬɨɱɤɢ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɟɬ ɫɪɟɞɧɸɸ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɦɨ-
ɥɟɤɭɥɹɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɟɪɟɧɨɫɚ 
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ɝɞɟ 
ρ∆

ρρ

U

U
U 12

rel
−=  - ɷɬɨ ɨɬɧɨɲɟɧɢɟ ɫɪɟɞɧɢɯ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɮɚ-

ɡɨɜɨɣ ɬɨɱɤɢ ɧɚ ɭɱɚɫɬɤɚɯ ɮɚɡɨɜɨɣ ɬɪɚɟɤɬɨɪɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɚɧ-

ɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɩɥɨɬɧɨɫɬɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ 12 ρρ −  ɢ 

ɦɚɫɲɬɚɛɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ρ∆ , ɨɬɫɱɢɬɚɧɧɨɦɭ ɨɬ 1ρ  ; l - ɨɬɧɨɫɢɬɟɥɶ-
ɧɵɣ ɥɢɧɟɣɧɵɣ ɪɚɡɦɟɪ, ɤɨɬɨɪɵɣ ɩɪɢɧɹɬ ɪɚɜɧɵɦ ɟɞɢɧɢɰɟ, ɬɚɤ ɤɚɤ ɩɨ-
ɬɨɤɢ ɪɚɫɱɢɬɵɜɚɸɬɫɹ ɬɨɥɶɤɨ ɱɟɪɟɡ ɟɞɢɧɢɰɭ ɬɨɥɳɢɧɵ ɝɚɡɨɜɨɝɨ ɫɥɨɹ. 

ɍɪɚɜɧɟɧɢɟ (1.175) ɢ (1.176) ɹɜɥɹɸɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ ɩɨɞɨɛɢɹ, ɬɚɤ 
ɤɚɤ ɩɨɞ ɡɧɚɤɨɦ ɮɭɧɤɰɢɢ ɫɬɨɹɬ ɬɨɥɶɤɨ ɤɪɢɬɟɪɢɢ ɩɨɞɨɛɢɹ. ɉɨɷɬɨɦɭ 
ɞɥɹ ɩɨɞɨɛɧɵɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ ɜɢɞ ɮɭɧɤɰɢɣ η ɢ Ψ 

ɞɨɥɠɟɧ ɛɵɬɶ ɨɞɢɧɚɤɨɜɵɦ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɨɞɧɨɣ ɝɪɭɩɩɵ ɩɨɞɨɛɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɤ ɞɪɭɝɨɣ ɜɢɞ ɷɬɢɯ ɮɭɧɤɰɢɣ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ. 

Ɂɚɩɢɲɟɦ ɤɚɧɨɧɢɱɟɫɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɟɣ 

Ƚɢɛɛɫɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɫɪɟɞɧɟɣ ɷɧɟɪɝɢɢ ɩɨɞɫɢɫɬɟɦɵ 
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ɡɞɟɫɶ F - ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ ɩɨɞɫɢɫɬɟɦɵ; E - ɷɧɟɪɝɢɹ ɩɨɞɫɢɫɬɟɦɵ, ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɚɹ ɤɚɤɨɦɭ-ɥɢɛɨ ɦɢɤɪɨɫɨɫɬɨɹɧɢɸ; E  - ɷɧɟɪɝɢɹ ɩɨɞɫɢɫ-
ɬɟɦɵ, ɭɫɪɟɞɧɟɧɧɚɹ ɩɨ ɤɚɧɨɧɢɱɟɫɤɨɦɭ ɚɧɫɚɦɛɥɸ; S - ɷɧɬɪɨɩɢɹ. 

Ɍɟɩɟɪɶ ɭɪɚɜɧɟɧɢɟ (1.176) ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ 
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ɝɞɟ R - ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ. ɇɚɱɚɥɨ ɨɬɫɱɟɬɚ 1ρ  ɫɨɨɬ-
ɜɟɬɫɬɜɭɟɬ ɷɧɬɪɨɩɢɢ S1, ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɨɛɨɛɳɟɧɢɢ ɨɩɵɬɧɵɯ ɞɚɧ-

ɧɵɯ ɦɧɨɠɢɬɟɥɶ 





−

R

S
exp 1

ɞɥɹ ɝɪɭɩɩɵ ɩɨɞɨɛɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫɨɯɪɚɧɹ-

ɟɬ ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ. Ɉɤɨɧɱɚɬɟɥɶɧɨ ɩɨɥɭɱɢɦ 
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ɝɞɟ (S1 - S2) - ɷɬɨ ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɧɚ ɝɪɚɧɢɰɚɯ ɝɚɡɨɜɨɝɨ ɫɥɨɹ ɟɞɢ-

ɧɢɱɧɨɣ ɬɨɥɳɢɧɵ. 

Ⱦɥɹ ɩɪɨɰɟɫɫɨɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤɰɢɢ ɩɪɚɤɬɢ-

ɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɫɫɦɨɬɪɟɧɢɟ ɛɟɫɤɨɧɟɱɧɨ ɪɚɡɛɚɜɥɟɧɧɵɯ 
ɪɚɫɬɜɨɪɨɜ. ɋɨɫɬɨɹɧɢɟ ɬɚɤɢɯ ɫɢɫɬɟɦ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɨɩɢɫɵɜɚɟɬ-
ɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɮɭɧɤɰɢɹɦɢ ɫɨɫɬɨɹɧɢɹ ɱɢɫɬɨ-
ɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. Ⱦɜɢɠɭɳɟɣ ɫɢɥɨɣ ɩɟɪɟɧɨɫɚ ɦɚɫɫɵ ɤɨɦɩɨɧɟɧɬɚ ɫɦɟɫɢ 

ɢɡ ɨɞɧɨɣ ɮɚɡɵ ɜ ɞɪɭɝɭɸ ɹɜɥɹɟɬɫɹ ɪɚɡɧɨɫɬɶ ɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ 
ɞɚɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɚɡɚɯ. ȿɫɥɢ ɧɚɥɨɠɢɬɶ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ ɩɨɫɬɨɹɧɫɬɜɚ ɬɟɦɩɟɪɚɬɭɪɵ, ɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɪɚɡɧɨɫɬɶ ɡɧɚɱɟɧɢɣ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɤɨɦɩɨɧɟɧɬɚ µ  ɜ ɞɜɭɯ ɟɝɨ 
ɫɨɫɬɨɹɧɢɹɯ ɪɚɜɧɚ ɫ ɨɛɪɚɬɧɵɦ ɡɧɚɤɨɦ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɪɚɛɨɬɟ ɨɛɪɚɬɢ-

ɦɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢ ɩɟɪɟɯɨɞɟ ɦɨɥɹ ɤɨɦɩɨɧɟɧɬɚ ɢɡ ɩɟɪɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɜɨ ɜɬɨɪɨɟ [12]. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɩɨɬɨɤɨɜ ɦɚɫɫɵ 

ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɨ ɮɥɸɢɞɟ ɜɟɳɟɫɬɜɚ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɢɡɨɬɟɪɦɢɱɟɫɤɢɦ ɢɡɦɟɧɟɧɢɟɦ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɱɢɫɬɨɝɨ ɪɚɫ-
ɬɜɨɪɢɬɟɥɹ. ɂɬɨɝɨɜɨɟ ɭɪɚɜɧɟɧɢɹ ɩɨɞɨɛɢɹ, ɨɛɨɛɳɚɸɳɟɟ ɪɚɫɬɜɨɪɢɦɨɫɬɶ 
ɠɢɞɤɨɫɬɟɣ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ ɩɪɢɧɢɦɚɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ 

[119, 120] 
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ɝɞɟ x∆µ - ɩɨɬɨɤ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɱɟɪɟɡ ɟɞɢɧɢɰɭ ɬɨɥɳɢɧɵ ɫɥɨɹ 
ɮɥɸɢɞɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɷɧɬɪɨɩɢɢ ɧɚ ɝɪɚɧɢɰɚɯ (S1 - S2); x∆S∆µ∆S - ɦɚɫ-
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ɲɬɚɛɧɵɣ ɩɨɬɨɤ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɱɟɪɟɡ ɟɞɢɧɢɰɭ ɬɨɥɳɢɧɵ 

ɫɥɨɹ ɮɥɸɢɞɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɷɧɬɪɨɩɢɢ ɧɚ ɝɪɚɧɢɰɚɯ ∆S. ȼɟɥɢɱɢɧɵ x ɢ 

x∆S ɹɜɥɹɸɬɫɹ ɫɪɟɞɧɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɠɢɞɤɨɫɬɟɣ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ ɜ ɢɧɬɟɪɜɚɥɟ ɢɡɦɟɧɟɧɢɹ ɷɧɬɪɨɩɢɢ ɱɢɫɬɨɝɨ 
ɪɚɫɬɜɨɪɢɬɟɥɹ (S1 - S2) ɢ ∆S. 

ɂɫɩɨɥɶɡɭɹ ɞɥɹ ɨɩɢɫɚɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɞɢɨɤɫɢɞɚ 
ɭɝɥɟɪɨɞɚ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ Ⱥɥɬɭɧɢɧɚ [121], ɚ ɜ ɫɥɭɱɚɟ ɩɪɨɩɚɧɚ 
ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɢɡ ɪɚɛɨɬɵ [122], ɚɜɬɨɪɚɦ ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ 
ɨɛɨɛɳɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ (1.181) ɞɥɹ ɛɢɧɚɪɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɡɚ-
ɝɪɹɡɧɢɬɟɥɟɣ ɝɥɢɰɟɪɢɧɚ, ɜɵɫɨɤɨɧɚɝɪɭɠɟɧɧɨɣ ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ ɫɬɨɱɧɨɣ 

ɜɨɞɵ [65, 123], ɷɬɢɥɟɧɝɥɢɤɨɥɹ, ɞɢɷɬɢɥɟɧɝɥɢɤɨɥɹ ɢ ɬɪɢɷɬɢɥɟɧɝɥɢɤɨɥɹ 
[124] ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɋɈ2, ɬɪɢɷɬɢɥɟɧɝɥɢɤɨɥɹ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɨɦ ɩɪɨɩɚɧɟ [124]. Ɋɟɡɭɥɶɬɚɬɵ ɨɛɨɛɳɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 
ɪɢɫ.1.16÷1.20. 
 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 1.16. Ɉɛɨɛɳɟɧɢɟ ɛɢɧɚɪ-
ɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɡɚɝɪɹɡɧɢ-

ɬɟɥɟɣ ɝɥɢɰɟɪɢɧɚ ɜ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɨɦ  ɋɈ2. 1-ɜɨɞɚ [115], 2-

ɩɚɥɶɦɢɬɢɧɨɜɚɹ ɤɢɫɥɨɬɚ [126], 

3-ɫɬɟɚɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ [126], 4-

ɨɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ [127].  
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Ɋɢɫ.1.17. Ɉɛɨɛɳɟɧɢɟ ɛɢɧɚɪɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɫɬɨɱɧɨɣ ɜɨɞɵ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɋɈ2. ɚ) ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɷɧɬɪɨɩɢɢ ɱɢɫɬɨɝɨ ɪɚɫ-
ɬɜɨɪɢɬɟɥɹ. 1 - ɫɬɢɪɨɥ [128], 2– ɷɬɢɥɟɧɛɟɧɡɨɥ [128], 3-ɚɰɟɬɨɮɟɧɨɧ [129]; 

ɛ) ɜ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɣ ɷɧɬɪɨɩɢɢ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. 1 - ɜɨɞɚ [125]., 

2 - ɮɟɧɨɥ [130]. 
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Ɋɢɫ.1.18. Ɉɛɨɛɳɟɧɢɟ ɛɢɧɚɪɧɨɣ ɪɚɫ-
ɬɜɨɪɢɦɨɫɬɢ ɷɬɢɥɟɧɝɥɢɤɨɥɹ (ɆɗȽ), ɞɢ-

ɷɬɢɥɟɧɝɥɢɤɨɥɹ (ȾɗȽ) ɢ ɬɪɢɷɬɢɥɟɧɝɥɢ-

ɤɨɥɹ (ɌɗȽ) [131] ɜ ɫɜɟɪɤɪɢɬɢɱɟɫɤɨɦ 

ɋɈ2. 1 – ɆɗȽ (Ɍ = 313 Ʉ), 2 – ɆɗȽ 

(Ɍ= 333 Ʉ), 3 – ȾɗȽ (Ɍ = 313 Ʉ), 

4 – ȾɗȽ (Ɍ = 333 Ʉ), 5 – ɌɗȽ 

(Ɍ = 313 Ʉ), 6 – ɌɗȽ (Ɍ = 333 Ʉ). 

Ɋɢɫ.1.19. Ɉɛɨɛɳɟɧɢɟ ɛɢɧɚɪɧɨɣ ɪɚɫ-
ɬɜɨɪɢɦɨɫɬɢ ɬɪɢɷɬɢɥɟɧɝɥɢɤɨɥɹ (ɌɗȽ) ɢ 

ɬɟɬɪɚɷɬɢɥɟɧɝɥɢɤɨɥɹ (ɌɌɗȽ) ɜ ɫɜɟɪ-
ɤɪɢɬɢɱɟɫɤɨɦ ɩɪɨɩɚɧɟ [124]. 1 – ɌɗȽ 

(Ɍ = 373 Ʉ), 2 – ɌɗȽ (Ɍ = 378 Ʉ),  

3 – ɌɗȽ (Ɍ = 383 Ʉ), 4 – ɌɌɗȽ  

(Ɍ = 373 Ʉ), 5 – ɌɌɗȽ (Ɍ = 378 Ʉ),  

6 – ɌɌɗȽ (Ɍ = 383 Ʉ). 
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Ɋɢɫ.1.20. Ɉɛɨɛɳɟɧɢɟ ɛɢɧɚɪɧɨɣ ɪɚɫ-
ɬɜɨɪɢɦɨɫɬɢ ɬɪɢɷɬɢɥɟɧɝɥɢɤɨɥɹ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ. 1 – ɜ ɋɈ2 

(Ɍ = 313 Ʉ) [131], 2 – ɜ ɋɈ2 (Ɍ = 333 Ʉ) 

[131], 3 – ɜ ɋ3ɇ8 (Ɍ = 373 Ʉ) [124],  

4 – ɜ ɋ3ɇ8 (Ɍ = 378 Ʉ) [124], 5 – ɜ ɋ3ɇ8 

(Ɍ = 383 Ʉ) [124]. 
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Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɤɚɠɞɚɹ ɢɡ ɨɛɨɛɳɚɸɳɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɨɠɟɬ ɛɵɬɶ 
ɨɩɢɫɚɧɚ ɟɞɢɧɵɦ ɭɪɚɜɧɟɧɢɟɦ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɛɨɛɳɟɧɵ 

ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɤ ɪɚɡɥɢɱɧɵɦ ɤɥɚɫɫɚɦ. ɗɬɨ 
ɭɤɚɡɵɜɚɟɬ, ɧɚ ɧɚɲ ɜɡɝɥɹɞ, ɧɚ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɮɢɡɢɱɟɫɤɢɣ ɦɟɯɚɧɢɡɦ 

ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, 
ɜɢɞɧɨ, ɱɬɨ ɜɫɟ ɞɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɛɢɬɵ ɧɚ ɞɜɟ ɨɬɞɟɥɶɧɵɟ ɝɪɭɩɩɵ 

ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ. Ɉɞɧɚ ɢɡ ɝɪɭɩɩ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɧɟɫɟɧɚ ɤ ɨɛɥɚɫɬɢ 

ɧɢɡɤɢɯ ɡɧɚɱɟɧɢɣ ɷɧɬɪɨɩɢɢ ɱɢɫɬɨɝɨ ɮɥɸɢɞɚ-ɪɚɫɬɜɨɪɢɬɟɥɹ (ɜɵɫɨɤɢɟ 
ɞɚɜɥɟɧɢɹ), ɞɪɭɝɚɹ ɝɪɭɩɩɚ – ɤ ɨɛɥɚɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ 

ɷɧɬɪɨɩɢɢ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɧɢɡɤɢɟ ɞɚɜɥɟɧɢɹ). Ʉɚɠɞɚɹ ɢɡ ɷɬɢɯ 
ɝɪɭɩɩ ɨɩɢɫɵɜɚɟɬɫɹ ɫɜɨɢɦ ɭɪɚɜɧɟɧɢɟɦ (1.181). Ɍɚɤɨɟ ɪɚɡɛɢɟɧɢɟ ɤɨɫ-
ɜɟɧɧɨ ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɬɜɟɪɠɞɟɧɨ ɬɟɦ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ ɬɢɩɚ (1.15) ɬɚɤ-
ɠɟ ɧɟ ɦɨɠɟɬ ɫ ɨɞɢɧɚɤɨɜɨɣ ɬɨɱɧɨɫɬɶɸ ɨɯɜɚɬɢɬɶ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɢ ɜɵ-

ɫɨɤɢɯ ɡɧɚɱɟɧɢɣ ɷɧɬɪɨɩɢɢ ɱɢɫɬɨɝɨ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. 
ɉɨɦɢɦɨ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ ɫ 

ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɪɚɣɧɟ ɜɚɠɧɵɦ ɩɪɟɞ-

ɫɬɚɜɥɹɟɬɫɹ ɬɚɤɠɟ ɧɚɞɟɠɧɨɟ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɚɦɢɯ 
ɝɚɡɨɨɛɪɚɡɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɜ ɠɢɞɤɨɣ ɮɚɡɟ. ɋɨɫɬɚɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɶ-
ɧɨɝɨ ɛɚɥɚɧɫɚ ɦɧɨɝɨɬɨɧɧɚɠɧɨɣ ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɩɪɨɦɵɲ-

ɥɟɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɧɚɞɟɠɧɵɯ ɞɚɧɧɵɯ ɩɨ ɪɚɫɬɜɨɪɢɦɨ-
ɫɬɢ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɮɚɡɟ ɢɫɯɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ. ɂɡɜɟɫɬɧɨ 
[132], ɱɬɨ ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɠɚɬɵɯ ɝɚ-
ɡɨɜ ɜ ɠɢɞɤɨɫɬɹɯ ɧɟ ɹɜɥɹɸɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɫɬɪɨɝɢɦɢ. Ɍɪɭɞɧɨ-
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ɫɬɢ ɟɳɟ ɛɨɥɟɟ ɜɨɡɪɚɫɬɚɸɬ, ɟɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɝɚɡɚ ɜɵ-

ɲɟ ɤɪɢɬɢɱɟɫɤɨɣ. 

ɇɚ ɫɬɚɬɢɱɟɫɤɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɨɩɢɫɚɧɧɨɣ ɜ ɪɚɡ-
ɞɟɥɟ 2.1.1 ɢ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɜ ɪɚɛɨɬɟ [133], ɚɜɬɨɪɵ ɩɨɥɭɱɢɥɢ ɨɩɵɬ-
ɧɵɟ ɞɚɧɧɵɟ ɩɨ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ 
ɭɝɥɟɪɨɞɚ ɜ ɜɨɞɟ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 25 ɞɨ 150 °ɋ ɢ ɞɚɜɥɟɧɢɣ 

ɨɬ 10 ɞɨ 80 Ɇɉɚ [134]. ɂɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɜɨɞɵ [135] 

ɞɥɹ ɨɩɢɫɚɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɚɜ-
ɬɨɪɵ ɩɨɥɭɱɢɥɢ ɡɚɜɢɫɢɦɨɫɬɶ (1.181), ɤɨɬɨɪɚɹ ɨɯɜɚɬɵɜɚɟɬ ɨɩɵɬɧɵɟ 
ɞɚɧɧɵɟ ɜɨ ɜɫɟɦ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ. Ɋɟ-
ɡɭɥɶɬɚɬ ɨɩɢɫɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ.1.21. 

Ⱦɭɦɚɟɬɫɹ, ɱɬɨ ɩɪɟɞɩɨ-
ɥɨɠɟɧɢɟ ɨ ɮɢɡɢɱɟɫɤɨɦ 

ɦɟɯɚɧɢɡɦɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 

ɫɠɚɬɵɯ ɝɚɡɨɜ ɜ ɠɢɞɤɨɫɬɹɯ 
ɬɚɤɠɟ ɫɩɪɚɜɟɞɥɢɜɨ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɨɛɧɚɞɟ-
ɠɢɜɚɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ, 

ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɚɦɤɚɯ ɷɧ-

ɬɪɨɩɢɣɧɨɝɨ ɦɟɬɨɞɚ ɬɟɨɪɢɢ 

ɩɨɞɨɛɢɹ, ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚ-
ɱɟɣ ɩɨ-ɩɪɟɠɧɟɦɭ ɨɫɬɚɟɬɫɹ 
ɧɚɤɨɩɥɟɧɢɟ ɧɚɞɟɠɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧ-

ɧɵɯ. Ɉɫɨɛɟɧɧɨ ɷɬɨ ɨɬɧɨ-
ɫɢɬɫɹ ɤ ɨɛɥɚɫɬɢ ɩɚɪɚɦɟɬ-
ɪɨɜ ɫɨɫɬɨɹɧɢɹ, ɧɟɩɨɫɪɟɞ-

ɫɬɜɟɧɧɨ ɩɪɢɥɟɝɚɸɳɟɣ ɤ 
ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ ɱɢɫɬɨ-
ɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɝɞɟ ɫɟ-
ɥɟɤɬɢɜɧɨɫɬɶ ɮɥɸɢɞɧɨɣ 

ɷɤɫɬɪɚɤɰɢɢ ɦɚɤɫɢɦɚɥɶɧɚ, ɚ ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɫɬɪɟɦɹɬɫɹ ɤ ɦɢɧɢɦɭɦɭ. 
Ɉɛɲɢɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɧɨɜɵɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ 

ɩɨɞɯɨɞɨɜ ɬɪɟɛɭɟɬ ɜɨɩɪɨɫ ɨ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢ-

ɞɨɜ ɜ ɠɢɞɤɨɫɬɹɯ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ. 

Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ, ɧɟɫɨɦɧɟɧɧɨ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ 
ɫ ɷɮɮɟɤɬɚɦɢ ɫɨɪɚɫɬɜɨɪɟɧɢɹ, ɫɢɧɷɪɝɢɡɦɚ ɜ ɨɤɨɥɨɤɪɢɬɢɱɟɫɤɢɯ ɪɚɫɬɜɨ-
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Ɋɢɫ.1.21. Ɉɩɢɫɚɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɭɛ- 

ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ 
ɜ ɜɨɞɟ [134]. 1 - 10 Ɇɉɚ, 2 - 20 Ɇɉɚ, 3 - 

40 Ɇɉɚ, 4 - 60 Ɇɉɚ, 5 - 80 Ɇɉɚ. 
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ɪɚɯ. Ɍɚɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɯɨɞɹɬɫɹ ɜ ɫɜɨɟɣ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ. Ɍɟɨɪɟ-
ɬɢɱɟɫɤɨɣ ɛɚɡɨɣ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɢɧɷɪɝɢɡɦɚ, ɤɨɧɟɱɧɨ, ɹɜɥɹɸɬɫɹ ɨɫ-
ɧɨɜɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɞɥɹ ɜɡɚɢɦɧɨɣ ɛɢɧɚɪɧɨɣ ɪɚɫ-
ɬɜɨɪɢɦɨɫɬɢ ɫɠɚɬɵɯ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɢ ɠɢɞɤɨɫɬɟɣ. 

 

1.7. とずんででごぱごとんぴごé ぱんげだゑぼび がごんゎづんぜぜ ゐごぞんづぞぼび でごでどぎぜ 
 

Ȼɟɡɭɫɥɨɜɧɨ, ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɛɚɡɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɷɤɫɬɪɚɤɰɢɨɧ-

ɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɧɟɩɨɥɧɨɣ ɛɟɡ ɪɚɫɫɦɨɬɪɟɧɢɹ ɮɚɡɨɜɨɝɨ 
ɩɨɜɟɞɟɧɢɹ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ, ɜɤɥɸɱɚɸɳɢɯ ɜ ɫɟɛɹ ɥɟɬɭɱɢɣ ɮɥɸɢɞ-

ɪɚɫɬɜɨɪɢɬɟɥɶ ɢ ɧɢɡɤɨɥɟɬɭɱɟɟ ɪɚɫɬɜɨɪɹɟɦɨɟ ɜɟɳɟɫɬɜɨ. ɂɧɬɟɪɟɫɧɵɣ ɫ 
ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɨɩɪɨɫ ɨ ɮɚɡɨɜɨɦ ɩɨɜɟɞɟɧɢɢ ɢɦɟɟɬ ɤ ɬɨ-
ɦɭ ɠɟ ɜɚɠɧɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ. ɍɫɬɚɧɨɜɥɟɧɨ [136], ɱɬɨ ɜ ɫɥɭ-
ɱɚɟ, ɤɨɝɞɚ ɤɪɢɬɢɱɟɫɤɚɹ ɥɢɧɢɹ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ ɢɦɟɟɬ ɩɪɟɪɵɜɧɵɣ 

ɯɚɪɚɤɬɟɪ, ɬɨ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ 
ɧɚ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɟ ɦɨɠɟɬ ɩɨɹɜɢɬɶɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɨɛɥɚɫɬɶ ɪɚɜ-
ɧɨɜɟɫɢɹ ɠɢɞɤɨɫɬɶ-ɩɚɪ. ɉɨɹɜɥɟɧɢɟ ɬɚɤɨɣ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɨ-
ɡɜɨɥɹɟɬ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɭɠɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟ ɫɜɟɪɯ-, ɚ ɫɭɛ-

ɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɜɨɡɧɢɤɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɡɧɚ-
ɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɷɤɫɬɪɚɤɰɢɢ, ɭɦɟɧɶɲɢɬɶ ɷɧɟɪɝɨɡɚ-
ɬɪɚɬɵ ɢ ɦɚɬɟɪɢɚɥɨɟɦɤɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɷɤɫɬɪɚɤɰɢɢ, ɤɨɧɟɱɧɨ, ɧɟ ɫɧɢɠɚɟɬɫɹ. 
Ɋɚɫɫɦɨɬɪɢɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɨɫɧɨɜɧɵɟ ɬɢɩɵ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ 

ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ ɫɨɝɥɚɫɧɨ ɨɛɡɨɪɭ ɍɢɥɶɹɦɫɚ [92]. ɉɪɨɫɬɟɣɲɢɣ ɫɥɭ-
ɱɚɣ (ɬɢɩ I ) ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ.1.22. 

 

Ɋɢɫ. 1.22. Ⱦɢɚɝɪɚɦɦɚ ɞɚɜɥɟɧɢɟ-ɬɟɦɩɟɪɚɬɭɪɚ (ɚ) ɢ ɟɟ ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ 
(Ɍ1 < Ɍɤɪ1) (ɛ) ɞɥɹ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ ɬɢɩɚ I. 1 – ɤɪɢɜɵɟ ɧɚɫɵɳɟɧɢɹ ɱɢɫɬɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ, 2 – ɤɪɢɬɢɱɟɫɤɚɹ ɤɪɢɜɚɹ. 

Ʌɟɬɭɱɟɦɭ ɪɚɫɬɜɨɪɢɬɟɥɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɧɞɟɤɫ 1, ɚ ɧɢɡɤɨɥɟɬɭɱɟɦɭ 
ɪɚɫɬɜɨɪɹɟɦɨɦɭ ɜɟɳɟɫɬɜɭ ɢɧɞɟɤɫ 2. Ʉɪɢɜɵɟ ɧɚɫɵɳɟɧɢɹ ɡɚɤɚɧɱɢɜɚɸɬ-
ɫɹ ɜ ɤɪɢɬɢɱɟɫɤɢɯ ɬɨɱɤɚɯ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɂɡɨɬɟɪɦɢɱɟɫɤɨɟ ɫɟɱɟ-
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ɧɢɟ Ɋ(ɯ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ1 < Ɍɤɪ1 ɢɦɟɟɬ ɮɨɪɦɭ ɜɵɬɹɧɭɬɨɣ ɩɟɬɥɢ 

(ɪɢɫ. 1.22ɛ), ɤɨɬɨɪɚɹ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɜ ɬɨɱɤɚɯ x2=0 ɢ x2=1, ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɢɯ ɱɢɫɬɵɦ ɤɨɦɩɨɧɟɧɬɚɦ. Ɍɚɤɚɹ ɩɟɬɥɹ ɨɝɪɚɧɢɱɢɜɚɟɬ ɝɟɬɟɪɨɝɟɧ-

ɧɭɸ ɨɛɥɚɫɬɶ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ. ɇɢɠɟ ɧɚɯɨɞɢɬɫɹ ɨɞɧɨɮɚɡɧɚɹ ɨɛɥɚɫɬɶ 
ɝɚɡɚ, ɜɵɲɟ – ɨɞɧɨɮɚɡɨɜɚɹ ɨɛɥɚɫɬɶ ɠɢɞɤɨɫɬɢ. Ɍɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɝɪɚ-
ɧɢɰ ɨɞɧɨɮɚɡɧɵɯ ɨɛɥɚɫɬɟɣ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɪɹɦɨɣ ɥɢɧɢɟɣ (ɤɨɧɨ-
ɞɨɣ) ɧɚ ɪɢɫ. 1.22ɛ ɨɩɪɟɞɟɥɹɟɬ ɫɨɫɬɚɜɵ ɫɨɫɭɳɟɫɬɜɭɸɳɢɯ ɮɚɡ. ɇɚ ɪɢɫ. 
1.22ɚ ɩɨɞ ɤɪɢɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ ɧɚɯɨɞɢɬɫɹ ɝɟɬɟɪɨɝɟɧɧɚɹ ɨɛɥɚɫɬɶ ɛɢ-

ɧɚɪɧɨɣ ɫɢɫɬɟɦɵ, ɚ ɧɚɞ ɤɪɢɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ – ɨɞɧɨɮɚɡɧɚɹ ɨɛɥɚɫɬɶ, ɜ 
ɤɨɬɨɪɨɣ ɤɨɦɩɨɧɟɧɬɵ ɦɨɝɭɬ ɫɦɟɲɢɜɚɬɶɫɹ ɜ ɩɪɨɢɡɜɨɥɶɧɵɯ ɩɪɨɩɨɪɰɢ-

ɹɯ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɜ ɨɛɥɚɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ, ɪɚɫɩɨɥɨɠɟɧ-

ɧɨɣ ɧɚɞ ɤɪɢɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ, ɧɢɡɤɨɥɟɬɭɱɟɟ ɜɟɳɟɫɬɜɨ ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɥɧɨɫɬɶɸ ɪɚɫɬɜɨɪɟɧɨ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɮɥɸɢɞɟ. Ʉɪɢɬɢɱɟɫɤɚɹ 
ɤɪɢɜɚɹ, ɩɨɤɚɡɚɧɧɚɹ ɧɚ ɪɢɫ. 1.22ɚ, ɢɦɟɟɬ ɯɚɪɚɤɬɟɪɧɵɣ ɦɚɤɫɢɦɭɦ ɩɨ 
ɞɚɜɥɟɧɢɸ, Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ ɧɚɛɥɸɞɚɟɬɫɹ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɞɥɹ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ ɫ ɫɢɥɶɧɨ ɪɚɡɥɢɱɚɸɳɢɦɢɫɹ ɤɪɢɬɢɱɟ-
ɫɤɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɤɨɦɩɨɧɟɧɬɨɜ. ȼ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ ɤɪɢɬɢɱɟɫɤɚɹ 
ɤɪɢɜɚɹ ɦɨɠɟɬ ɢɦɟɬɶ ɦɢɧɢɦɭɦ ɩɨ ɞɚɜɥɟɧɢɸ. ɗɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɫɦɟ-
ɫɟɣ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɫ ɩɨɥɹɪɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ. Ȼɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɩɪɢɦɟɪɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɨɬɧɟɫɟɧɵ ɤ ɩɟɪɜɨɦɭ ɬɢɩɭ ɮɚɡɨɜɵɯ 
ɞɢɚɝɪɚɦɦ, ɩɨɤɚɡɚɧɵ ɜ ɨɛɡɨɪɟ [137].  

Ⱦɢɚɝɪɚɦɦɚ ɜɬɨɪɨɝɨ ɬɢɩɚ, ɬɚɤɠɟ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɚɹ ɜ 
ɩɪɚɤɬɢɤɟ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ.1.23 

 

Ɋɢɫ. 1.23. Ⱦɢɚɝɪɚɦɦɚ ɞɚɜɥɟɧɢɟ-ɬɟɦɩɟɪɚɬɭɪɚ (ɚ) ɢ ɟɟ ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ 
(Ɍ2 > Ɍɤɪ1) (ɛ) ɞɥɹ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ ɬɢɩɚ II. 1 – ɤɪɢɜɵɟ ɧɚɫɵɳɟɧɢɹ ɱɢɫɬɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ, 2 – ɤɪɢɬɢɱɟɫɤɚɹ ɤɪɢɜɚɹ, 3 – ɤɪɢɜɚɹ ɬɪɟɯɮɚɡɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. 
ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɧɚɦɧɨɝɨ ɧɢɠɟ Ɍɤɪ1, ɧɚɛɥɸɞɚɟɬɫɹ ɪɚɫɫɥɨɟɧɢɟ 

ɠɢɞɤɨɫɬɶ-ɠɢɞɤɨɫɬɶ. Ʉɪɢɬɢɱɟɫɤɚɹ ɤɪɢɜɚɹ ɠɢɞɤɨɫɬɶ-ɠɢɞɤɨɫɬɶ ɧɚɱɢɧɚ-
ɟɬɫɹ ɜ ɤɨɧɟɱɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ Ⱥ, ɩɪɢɧɚɞɥɟɠɚɳɟɣ ɤɪɢɜɨɣ ɜɵɫ-
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ɲɢɯ ɬɟɦɩɟɪɚɬɭɪ ɤɪɢɬɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɨɜ (ȼɌɄɊ). ɇɚ ɪɢɫ.1.23ɛ ɩɨɤɚɡɚ-
ɧɚ ɛɢɧɨɞɚɥɶ-ɢɡɨɬɟɪɦɚ Ɋ(ɯ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɧɟɦɧɨɝɨ ɜɵɲɟ Ɍɤɪ1. ȼ 

ɨɞɧɨɮɚɡɧɨɣ ɨɛɥɚɫɬɢ (ɬɨɱɤɚ Ɇ ɧɚ ɪɢɫ. 1.23ɚ) ɤɨɦɩɨɧɟɧɬɵ ɩɨ-
ɩɪɟɠɧɟɦɭ ɫɦɟɲɢɜɚɸɬɫɹ ɜ ɩɪɨɢɡɜɨɥɶɧɵɯ ɩɪɨɩɨɪɰɢɹɯ. Ⱦɥɹ ɨɫɚɠɞɟɧɢɹ 
ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɨ ɮɥɸɢɞɟ ɜɟɳɟɫɬɜɚ ɧɟɨɛɯɨɞɢɦɨ ɛɢɧɚɪɧɭɸ ɫɦɟɫɶ ɩɟ-
ɪɟɜɟɫɬɢ ɢɡ ɨɞɧɨɮɚɡɧɨɣ ɨɛɥɚɫɬɢ ɜ ɝɟɬɟɪɨɝɟɧɧɭɸ ɩɭɬɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɟɝɨ ɢɡɦɟɧɟɧɢɹ Ɋ ɢ Ɍ. 

ɇɢɡɤɚɹ ɫɦɟɲɢɜɚɟɦɨɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢɜɨɞɢɬ 
ɤ ɫɦɟɳɟɧɢɸ ɤɪɢɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ ɠɢɞɤɨɫɬɶ-ɠɢɞɤɨɫɬɶ ɜ ɨɛɥɚɫɬɶ ɛɨɥɟɟ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. ȼ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɬɚɤɨɟ ɫɦɟɳɟɧɢɟ ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ ɤ ɬɨɦɭ, ɱɬɨ ɤɪɢɬɢɱɟɫɤɚɹ ɤɪɢɜɚɹ ɠɢɞɤɨɫɬɶ-ɠɢɞɤɨɫɬɶ ɛɭɞɟɬ 
ɧɚɯɨɞɢɬɶɫɹ ɜ ɨɛɥɚɫɬɢ ɤɪɢɬɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ ɠɢɞɤɨɫɬɶ-ɠɢɞɤɨɫɬɶ-ɩɚɪ. 
Ɍɚɤɨɟ ɮɚɡɨɜɨɟ ɩɨɜɟɞɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɢɚɝɪɚɦɦɟ ɬɢɩɚ III (ɪɢɫ.1.24). 

 

 
 

Ɋɢɫ. 1.24. Ⱦɢɚɝɪɚɦɦɚ ɞɚɜɥɟɧɢɟ-ɬɟɦɩɟɪɚɬɭɪɚ (ɚ) ɢ ɟɟ ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ 
(ɛ) ɞɥɹ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ ɬɢɩɚ III. 1 – ɤɪɢɜɵɟ ɧɚɫɵɳɟɧɢɹ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧ-

ɬɨɜ, 2 – ɤɪɢɬɢɱɟɫɤɚɹ ɤɪɢɜɚɹ, 3 – ɤɪɢɜɚɹ ɬɪɟɯɮɚɡɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. 
 

 

ȼɟɪɯɧɹɹ ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ Ⱥ ɹɜɥɹɟɬɫɹ ɩɟɪɟɫɟɱɟɧɢɟɦ ɤɪɢɬɢɱɟɫɤɨɣ 

ɤɪɢɜɨɣ ɠɢɞɤɨɫɬɶ-ɠɢɞɤɨɫɬɶ ȼɌɊɄ ɢ ɤɪɢɜɨɣ ɬɪɟɯɮɚɡɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ 
ɠɢɞɤɨɫɬɶ- ɠɢɞɤɨɫɬɶ-ɩɚɪ   (ɀɀɉ).   ɇɢɠɧɹɹ   ɤɨɧɟɱɧɚɹ   ɤɪɢɬɢɱɟɫɤɚɹ   
ɬɨɱɤɚ   ȼ   ɹɜɥɹɟɬɫɹ ɩɟɪɟɫɟɱɟɧɢɟɦ ɤɪɢɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ ɠɢɞɤɨɫɬɶ-
ɠɢɞɤɨɫɬɶ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɢɡɲɢɦ ɬɟɦɩɟɪɚɬɭɪɚɦ ɤɪɢɬɢɱɟɫɤɢɯ ɪɚɫ-
ɬɜɨɪɨɜ (ɇɌɊɄ) ɢ ɩɥɚɜɧɨ ɩɟɪɟɯɨɞɹɳɟɣ ɜ ɤɪɢɬɢɱɟɫɤɭɸ ɤɪɢɜɭɸ ɠɢɞ-

ɤɨɫɬɶ-ɩɚɪ, ɚ ɬɚɤɠɟ ɭɱɚɫɬɤɨɦ ȼɋ ɬɪɟɯɮɚɡɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɀɀɉ, ɪɚɫ-
ɩɨɥɨɠɟɧɧɵɦ ɜ ɭɡɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɜɛɥɢɡɢ Ɍɤɪ1. ȼɵɲɟ 
ɭɱɚɫɬɤɚ ȼɋ ɞɜɟ ɠɢɞɤɢɟ ɮɚɡɵ ɧɚɯɨɞɹɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɫ ɝɚɡɨɜɨɣ. ȼ 

ɬɨɱɤɟ ɋ ɢɫɱɟɡɚɟɬ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɠɢɞɤɨɣ ɢ ɝɚɡɨɜɨɣ ɮɚɡɚɦɢ. ɇɚ ɪɢɫ. 
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1.24ɛ ɩɨɤɚɡɚɧɨ ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ ɊɌ-ɞɢɚɝɪɚɦɦɵ ɩɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ Ɍ3, ɤɨɬɨɪɚɹ ɨɬɜɟɱɚɟɬ ɭɫɥɨɜɧɨ Ɍɤɪ1 < Ɍ3 < Ɍɫ. ȼ ɷɬɨɦ ɭɡɤɨɦ ɬɟɦɩɟ-
ɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɜɵɲɟ ɥɢɧɢɢ ȼɋ ɧɚɯɨɞɢɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɝɟɬɟ-
ɪɨɝɟɧɧɚɹ ɨɛɥɚɫɬɶ ɠɢɞɤɨɫɬɶ-ɩɚɪ (ɪɢɫ. 1.24ɛ), ɨ ɤɨɬɨɪɨɣ ɝɨɜɨɪɢɥɨɫɶ 
ɜɵɲɟ ɜ ɫɜɹɡɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɫɭɛɤɪɢɬɢɱɟɫɤɨɣ ɷɤɫɬɪɚɤɰɢɢ. 

ȿɳɟ ɛɨɥɟɟ ɧɢɡɤɚɹ ɫɦɟɲɢɜɚɟɦɨɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟ-
ɦɵ ɩɪɢɜɨɞɢɬ ɤ ɞɚɥɶɧɟɣɲɟɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ (ɪɢɫ. 
1.25). ɋɟɦɟɣɫɬɜɨ ɬɚɤɨɝɨ ɪɨɞɚ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ, ɧɟɫɨɦɧɟɧɧɨ, ɦɨɠɧɨ 
ɜɵɞɟɥɢɬɶ ɜ ɨɬɞɟɥɶɧɭɸ ɱɟɬɜɟɪɬɭɸ ɝɪɭɩɩɭ. 

 

 
 

Ɋɢɫ. 1.25. Ⱦɢɚɝɪɚɦɦɚ ɞɚɜɥɟɧɢɟ-ɬɟɦɩɟɪɚɬɭɪɚ (ɚ) ɢ ɟɟ ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ 
(ɛ) ɞɥɹ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ ɬɢɩɚ IV. 

 

 

Ʉɪɢɬɢɱɟɫɤɚɹ ɤɪɢɜɚɹ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ ɦɨɠɟɬ 
ɩɪɢɧɢɦɚɬɶ ɪɚɡɥɢɱɧɵɟ ɮɨɪɦɵ: ɜɨɡɦɨɠɧɨ ɟɟ ɩɪɨɞɨɥɠɟɧɢɟ ɜ ɨɛɥɚɫɬɶ 
ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɣ, ɥɢɛɨ ɩɨɫɥɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɦɢɧɢɦɭɦɚ ɜɨɡɜɪɚɳɟɧɢɟ ɜ ɨɛɥɚɫɬɶ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɣ ɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ (ɪɢɫ.1.23) ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɧɚɤɥɨɧɨɦ ɜ ɊɌ-ɤɨɨɪɞɢɧɚɬɚɯ. 

ȼ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɦɟɠɞɭ Ɍɤɪ1 ɢ Ɍɫ ɫɢɫɬɟɦɚ ɜɧɨɜɶ ɨɛɧɚ-
ɪɭɠɢɜɚɟɬ ɥɢɧɢɸ ɪɚɜɧɨɜɟɫɢɹ ɠɢɞɤɨɫɬɶ-ɠɢɞɤɨɫɬɶ (ɀɀ). ɉɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ Ɍ5, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɣ ɭɫɥɨɜɧɨ Ɍɫ < Ɍ5 < Ɍɤɪ2, ɢɡɨɬɟɪɦɚ ɞɜɚɠɞɵ 

ɩɟɪɟɫɟɤɚɟɬ ɤɪɢɬɢɱɟɫɤɭɸ ɤɪɢɜɭɸ ɠɢɞɤɨɫɬɶ-ɩɚɪ (ɪɢɫ. 1.25ɚ). ɂɡɨɬɟɪɦɚ 
Ɋ(ɯ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ5 (ɪɢɫ. 1.25ɛ) ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɜɟ ɨɬɞɟɥɟɧɧɵɯ 
ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɝɟɬɟɪɨɝɟɧɧɵɟ ɨɛɥɚɫɬɢ ɠɢɞɤɨɫɬɶ-ɩɚɪ. 

Ⱦɚɥɶɧɟɣɲɟɟ ɫɧɢɠɟɧɢɟ ɜɡɚɢɦɧɨɣ ɫɦɟɲɢɜɚɟɦɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ 
ɩɪɢɜɨɞɢɬ ɤ ɟɳɟ ɛɨɥɶɲɟɣ ɞɟɮɨɪɦɚɰɢɢ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ (ɪɢɫ. 1.26). 
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Ɋɢɫ. 1.26. Ⱦɢɚɝɪɚɦɦɚ ɞɚɜɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɚ (ɚ) ɢ ɟɟ ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ 
ɫɟɱɟɧɢɟ (ɛ) ɞɥɹ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ ɬɢɩɚ V. 

 

 

Ʉɪɢɬɢɱɟɫɤɚɹ ɤɪɢɜɚɹ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɧɚɱɢɧɚɟɬɫɹ ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱ-
ɤɟ ɦɟɧɟɟ ɥɟɬɭɱɟɝɨ ɤɨɦɩɨɧɟɧɬɚ. Ⱦɚɥɟɟ ɤɪɢɬɢɱɟɫɤɚɹ ɤɪɢɜɚɹ ɦɨɠɟɬ ɩɨɞ-

ɧɢɦɚɬɶɫɹ ɜɜɟɪɯ ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɧɚɤɥɨɧɨɦ ɢ ɫɬɚɧɨɜɢɬɶɫɹ ɤɪɭɱɟ ɫ 
ɪɨɫɬɨɦ ɞɚɜɥɟɧɢɹ, ɧɟ ɞɨɫɬɢɝɚɹ ɩɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɦɢɧɢɦɭɦɚ. 
Ɍɚɤɠɟ ɤɪɢɬɢɱɟɫɤɚɹ ɤɪɢɜɚɹ ɦɨɠɟɬ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɬɟɦɩɟɪɚɬɭɪɧɵɣ 

ɦɢɧɢɦɭɦ (ɪɚɜɧɨɜɟɫɢɟ ɝɚɡ-ɝɚɡ II ɪɨɞɚ), ɥɢɛɨ ɩɨɞɧɢɦɚɬɶɫɹ ɫ ɩɨɥɨɠɢ-

ɬɟɥɶɧɵɦ ɧɚɤɥɨɧɨɦ (ɪɢɫ.1.26ɚ) (ɪɚɜɧɨɜɟɫɢɟ ɝɚɡ-ɝɚɡ I ɪɨɞɚ). 
Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɜɵɲɟ ɞɢɚɝɪɚɦɦɵ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ ɠɢɞɤɨɫɬɶ-

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ ɭɤɚɡɵɜɚɸɬ ɧɚ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɢɣ ɜ ɪɚɡɦɟ-
ɪɚɯ, ɮɨɪɦɟ, ɫɬɪɭɤɬɭɪɟ (ɩɨɥɹɪɧɨɫɬɢ) ɦɨɥɟɤɭɥ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɮɚɡɨɜɨɟ 
ɩɨɜɟɞɟɧɢɟ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɞɢɚɝɪɚɦɦɵ ɬɚɤɠɟ ɩɨɤɚɡɵɜɚɸɬ ɧɟɩɪɟ-
ɪɵɜɧɵɣ ɯɚɪɚɤɬɟɪ ɜɡɚɢɦɧɵɯ ɩɟɪɟɯɨɞɨɜ ɪɚɜɧɨɜɟɫɢɣ ɠɢɞɤɨɫɬɶ-ɝɚɡ, 
ɠɢɞɤɨɫɬɶ-ɠɢɞɤɨɫɬɶ  ɢ ɝɚɡ-ɝɚɡ [138]. ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ [112] ɬɟɦ, ɱɬɨ 
ɦɨɥɟɤɭɥɵ ɮɥɸɢɞɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɨɫɬɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ, ɚ ɦɨɥɟɤɭɥɵ 

ɪɚɫɬɜɨɪɹɟɦɵɯ ɜɟɳɟɫɬɜ ɦɨɝɭɬ ɩɪɢ ɷɬɨɦ ɢɡɦɟɧɹɬɶ ɫɜɨɸ ɮɨɪɦɭ, ɪɚɡɦɟ-
ɪɵ, ɫɬɪɭɤɬɭɪɭ ɢ ɩɨɥɹɪɧɨɫɬɶ. 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɞɢɚɝɪɚɦɦ ɛɵɥɚ ɛɵ ɧɟɩɨɥɧɨɣ ɛɟɡ ɪɚɫɫɦɨɬɪɟɧɢɹ 
ɫɢɫɬɟɦ ɬɜɟɪɞɨɟ-ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ. ȿɫɥɢ ɬɜɟɪɞɨɟ ɜɟɳɟɫɬɜɨ 
ɩɥɚɜɢɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɛɨɥɟɟ ɜɵɫɨɤɨɣ, ɱɟɦ ɤɪɢɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚ-
ɬɭɪɚ ɛɨɥɟɟ ɥɟɬɭɱɟɝɨ ɤɨɦɩɨɧɟɧɬɚ Ɍɤɪ1, ɬɨ ɮɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɛɭɞɟɬ ɩɨ-
ɯɨɠɚ ɧɚ ɨɞɧɭ ɢɡ ɬɟɯ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɜɵɲɟ. ȼɵɞɟɥɢɬɶ 
ɦɨɠɧɨ ɞɜɚ ɨɫɧɨɜɧɵɯ ɬɢɩɚ ɞɢɚɝɪɚɦɦ. ȿɫɥɢ ɬɜɟɪɞɨɟ ɜɟɳɟɫɬɜɨ ɨɛɥɚɞɚɟɬ 
ɜɵɫɨɤɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ ɠɢɞɤɨɣ ɮɚɡɟ, ɬɨ ɊɌ-ɞɢɚɝɪɚɦɦɚ ɛɭɞɟɬ 
ɢɦɟɬɶ ɜɢɞ, ɤɚɤ ɧɚ ɪɢɫ. 1.27. 
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Ɋɢɫ. 1.27. Ⱦɢɚɝɪɚɦɦɚ ɞɚɜɥɟɧɢɟ-ɬɟɦɩɟɪɚɬɭɪɚ (ɚ) ɢ ɟɟ ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ 
(ɛ) ɞɥɹ  ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ ɬɢɩɚ VI. 

 

ɇɚ ɪɢɫ. 1.27ɛ ɩɨɤɚɡɚɧɨ ɫɟɱɟɧɢɟ ɊɌ-ɞɢɚɝɪɚɦɦɵ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɧɟɦɧɨɝɨ ɜɵɲɟ, ɱɟɦ Ɍɤɪ1. Ⱦɥɹ ɨɛɥɚɫɬɢ ɞɚɜɥɟɧɢɹ, ɜɵɲɟ ɤɪɢɜɨɣ ɬɪɟɯ-
ɮɚɡɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɥɢɧɢɹ J ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɬɜɟɪɞɨɝɨ 
ɜɟɳɟɫɬɜɚ (2) ɜɨ ɮɥɸɢɞɟ (1). 

ɋɥɟɞɭɸɳɢɣ ɬɢɩ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ.1.28. 
 

 

 

 

Ɋɢɫ. 1.28. Ⱦɢɚɝɪɚɦɦɚ ɞɚɜɥɟɧɢɟ-ɬɟɦɩɟɪɚɬɭɪɚ (ɚ) ɢ ɟɟ ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ 
(ɛ) ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ ɬɢɩɚ VII. 

 

Ʌɢɧɢɢ ɬɪɟɯɮɚɡɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ Ɍ-ɀ-Ƚ ɩɨɞɧɢɦɚɟɬɫɹ ɜ ɨɛɥɚɫɬɶ ɜɵ-

ɫɨɤɢɯ ɞɚɜɥɟɧɢɣ ɧɚɫɬɨɥɶɤɨ, ɱɬɨ ɩɟɪɟɫɟɤɚɟɬ ɞɜɚɠɞɵ ɤɪɢɬɢɱɟɫɤɭɸ ɥɢ-

ɧɢɸ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɜ ɬɨɱɤɚɯ D ɢ ȿ. Ɋɟɡɭɥɶɬɚɬ, ɚɧɚɥɨɝɢɱɧɵɣ ɬɪɟɬɶɟɦɭ 
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ɬɢɩɭ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ (ɪɢɫ. 1.24), ɤɨɝɞɚ ɤɨɦɩɨɧɟɧɬɵ ɪɚɡɥɢɱɚɸɬɫɹ 
ɧɚɫɬɨɥɶɤɨ, ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɫɦɟɲɢɜɚɸɬɫɹ ɜ ɠɢɞɤɨɣ ɮɚɡɟ. Ɍɚɤɨɟ 
ɩɨɜɟɞɟɧɢɟ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɦɟɧɟɟ ɥɟɬɭɱɟ-
ɝɨ ɤɨɦɩɨɧɟɧɬɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɭɟɬ ɩɥɚɜɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɨɛɨɢɯ 
ɭɱɚɫɬɤɨɜ ɤɪɢɬɢɱɟɫɤɨɣ ɥɢɧɢɢ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɩɪɢ ɢɯ ɷɤɫɬɪɚɩɨɥɹɰɢɢ. 

Ȼɢɧɨɞɚɥɶ-ɢɡɨɬɟɪɦɚ (ɫɟɱɟɧɢɟ Ɋ(ɯ)) ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ6 (Ɍɤɪ1 < Ɍ6 < ɌD)  

ɫɨɯɪɚɧɹɟɬ ɫɜɨɣ ɜɢɞ (ɪɢɫ. 1.27ɛ). Ȼɢɧɨɞɚɥɶ-ɢɡɨɬɟɪɦɚ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ 

Ɍ7 (ɌD < T7 < ɌE) ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1.28ɛ, ɝɞɟ ɥɢɧɢɹ K ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɬɜɟɪɞɨɝɨ ɜɟɳɟɫɬɜɚ (2) ɜɨ ɮɥɸɢɞɟ (1). 

Ⱦɥɹ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ, ɮɚɡɨɜɨɟ ɩɨɜɟɞɟɧɢɟ ɤɨɬɨɪɵɯ ɢɡɭɱɟɧɨ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɨ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɣ, ɜ ɬɚɛ-

ɥɢɰɟ 1.6. ɩɪɢɜɟɞɟɧɚ ɤɥɚɫɫɢɮɢɤɚɰɢɹ [92]. 

ȼ ɡɚɤɥɸɱɟɧɢɟ ɨɬɦɟɬɢɦ, ɱɬɨ ɪɚɫɫɥɨɟɧɢɟ ɮɚɡ ɜɨɡɦɨɠɧɨ ɜɫɟɝɞɚ ɩɪɢ 

ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɫɧɢɠɟɧɢɢ ɞɚɜɥɟɧɢɹ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɬɢɩɚ V. Ɋɚɫ-
ɫɥɨɟɧɢɟ ɮɚɡ ɩɭɬɟɦ ɢɡɨɛɚɪɧɨɝɨ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɦɨɠɧɨ 
ɥɢɲɶ ɜ ɧɟɤɨɬɨɪɵɯ ɨɛɥɚɫɬɹɯ ɞɢɚɝɪɚɦɦɵ ɬɢɩ (I-IV) ɢ ɫ ɛɨɥɶɲɟɣ ɜɟɪɨ-
ɹɬɧɨɫɬɶɸ ɜ ɫɥɭɱɚɟ ɩɨɜɟɞɟɧɢɹ VI, VII. 

Ⱦɭɦɚɟɬɫɹ, ɱɬɨ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɮɚɡɨɜɵɯ ɩɨɜɟɞɟɧɢɣ ɛɢɧɚɪɧɵɯ ɫɢɫ-
ɬɟɦ ɟɳɟ ɧɟ ɡɚɜɟɪɲɟɧɚ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɜɚɠɧɨɣ ɫ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɢ 

ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɟɤ ɡɪɟɧɢɹ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɟ ɨɛɲɢɪ-
ɧɨɣ ɩɪɨɝɪɚɦɦɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɥɹ 
ɫɢɫɬɟɦ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɤɨɦɩɨɧɟɧɬ ɛɨɥɶɲɟ ɞɜɭɯ. ȼ ɱɚɫɬɧɨɫɬɢ, ɲɢɪɨɤɢɣ 

ɩɟɪɟɱɟɧɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ ɩɨ ɢɡɭɱɟɧɢɸ ɮɚɡɨɜɨɝɨ ɩɨɜɟɞɟɧɢɹ 
ɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦɚɯ, ɫɨɞɟɪɠɚɳɢɯ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ 
ɮɥɸɢɞɵ, ɩɪɢɜɟɞɟɧ ɜ ɨɛɡɨɪɧɨɣ ɫɬɚɬɶɟ [139]. 

 

1.7.1. づíïôñö ¡ëóöóôñï¡óê äíëí½ñöëÜç  

½ÖÜÇÜ¡Ü½äÜÖñÖöÖ▲ê ïóïöñ½ 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɦɟɟɬɫɹ ɦɧɨɝɨ ɪɚɛɨɬ, ɜ ɤɨɬɨɪɵɯ ɩɪɟɞɥɚɝɚɸɬɫɹ 
ɪɚɡɥɢɱɧɵɟ ɚɥɝɨɪɢɬɦɵ ɪɚɫɱɟɬɚ ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɧɨɝɨɤɨɦɩɨ-
ɧɟɧɬɧɵɯ ɫɢɫɬɟɦ [140÷144]. Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɯɨɞ, ɪɟɚɥɢɡɨɜɚɧɧɵɣ ɜ ɪɚ 
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Ɍɚɛɥɢɰɚ 1.6.  

と¿íïïóâó¡íîó　 ßóÖíëÖ▲ê ïóïöñ½ [92] c  ëí£¿óôÖ▲½ âí£Üç▲½ äÜçñÑñÖóñ½ 

 

Ʌɟɬɭɱɢɣ ɤɨɦɩɨ-
ɧɟɧɬ 

Ɋɚɫɬɜɨɪɹɟɦɵɟ ɠɢɞɤɨɫɬɢ Ɋɚɫɬɜɨɪɹɟɦɵɟ ɬɜɟɪɞɵɟ 
ɜɟɳɟɫɬɜɚ 

 Ɍɢɩ I,II Ɍɢɩ III Ɍɢɩ IV Ɍɢɩ V Ɍɢɩ VI Ɍɢɩ VII 

1 2 3 4 5 6 7 

ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɧ-ɚɥɤɚɧɵ ɋ2-ɋ12, ɰɢɤ-
ɥɨɝɟɤɫɚɧ, ɛɟɧɡɨɥ, 
ɯɥɨɪɛɟɧɡɨɥ, ɫɩɢɪɬɵ 

ɋ1-ɋ8, ɭɤɫɭɫɧɚɹ ɤɢɫɥɨ-
ɬɚ 

ɧɢɬɪɨɛɟɧɡɨɥ, 2 –

ɧɢɬɪɨɮɟɧɨɥ, 1,4- ɞɢɯɥɨɪ-
ɛɟɧɡɨɥ 

ɧ-ɚɥɤɚɧɵ 

ɋ13-ɋ16, ɞɟ-
ɤɚɥɢɧ,  

ɬɟɬɪɚɥɢɧ 

ɜɨɞɚ  ɞɢɮɟɧɢ-

ɥɚɦɢɧ 

ɦɟɬɚɧ ɧ-ɚɥɤɚɧɵ ɋ2-ɋ5, ɢɡɨɚɥ-
ɤɚɧɵ ɋ2-ɋ5, ɞɢɨɤɫɢɞ 

ɭɝɥɟɪɨɞɚ 

ɧ-ɝɟɤɫɚɧ, ɢɡɨɚɥɤɚɧɵ ɋ7-

ɋ10, 1- ɝɟɤɫɟɧ 

ɦɟɬɢɥɰɢɤɥɨ-
ɪɟɧɬɚɧ 

ɚɥɤɚɧ ɋ30   

(ɫɤɜɚɥɚɧ), 

ɚɦɦɢɚɤ 

ɧ-ɚɥɤɚɧɵ 

ɋ7-ɋ10, ɬɨ-
ɥɭɨɥ, ɧɚɮ-

ɬɚɥɢɧ 

ɷɬɚɧ ɧ-ɚɥɤɚɧɵ ɋ3-ɋ18, ɢɡɨ-
ɚɥɤɚɧɵ ɋ2

-ɋ3, ɰɢɤɥɨ-
ɝɟɤɫɚɧ, ɛɟɧɡɨɥ, ɚɰɟɬɨɧ

ɧ-ɚɥɤɚɧɵ ɋ19-ɋ20, ɢɡɨɚɥ-
ɤɚɧɵ ɋ30-ɋ37, 1,3,5- ɬɪɢ-

ɯɥɨɪɛɟɧɡɨɥ, ɫɩɢɪɬɵ ɋ2-ɋ4 

ɦɟɬɚɧɨɥ ɧɢɬɪɨɦɟ-
ɬɚɧ, ɞɢɦɟ-
ɬɢɥɮɨɪ-
ɦɚɞɢɞ, 

ɜɨɞɚ 

1,4- ɞɢɯɥɨɪɛɟɧɡɨɥ 
ɚɥɤɚɧ ɋ28, ɧɚɮɬɚɥɢɧ 

ɷɬɢɥɟɧ ɧ-ɝɟɩɬɚɧ, ɰɢɤɥɨɝɟɤɫɚɧ, 

ɛɟɧɡɨɥ 
1,4- ɞɢɯɥɨɪɛɟɧɡɨɥ ɧɢɬɪɨɦɟɬɚɧ  ɧ-ɚɥɤɚɧɵ ɋ28-ɋ36, ɧɚɮ-

ɬɚɥɢɧ, ɚɧɬɪɚɰɟɧ 

ɩɪɨɩɚɧ ɧ-ɚɥɤɚɧɵ ɋ4-ɋ37, ɫɤɜɚ-
ɥɚɧ, ɛɟɧɡɨɥ 

ɩɨɥɢɢɡɨɛɭɬɟɧ     

ɧ-ɝɟɩɬɚɧ    ɜɨɞɚ   

1 2 3 4 5 6 7 
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ɰɢɤɥɨɝɟɤɫɚɧ  ɩɨɥɢɫɬɢɪɨɥ  ɜɨɞɚ   

ɛɟɧɡɨɥ ɬɨɥɭɨɥ, ɫɩɢɪɬɵ ɋ1-ɋ2 ɩɨɥɢɢɡɨɛɭɬɟɧ ɜɨɞɚ    

ɬɨɥɭɨɥ   ɜɨɞɚ    

ɨ-ɤɫɢɥɨɥ   ɜɨɞɚ    

1,3,5- ɬɪɢɦɟɬɢɥ-
ɛɟɧɡɨɥ 

  ɜɨɞɚ    

ɜɨɞɚ ɞɟɤɚɥɢɧ, ɬɟɬɪɚɥɢɧ, 

ɧɚɮɬɚɥɢɧ, ɞɢɮɟɧɢɥ 
   ɯɥɨɪɢɞ ɧɚ-

ɬɪɢɹ, ɫɨɥɢ 

ɛɨɪɧɨɣ ɤɢ-

ɫɥɨɬɵ 

ɨɤɫɢɞ 

ɤɪɟɦɧɢɹ 

ɚɦɦɢɚɤ ɧ-ɛɭɬɚɧ, ɢɡɨɨɤɬɚɧ, ɷɬɢ-

ɥɟɧ, ɩɪɨɩɢɥɟɧ, ɰɢɤɥɨ-
ɝɟɤɫɚɧ, ɛɟɧɡɨɥ,  ɨ-

ɤɫɢɥɨɥ, ɞɟɤɚɥɢɧ, ɜɨɞɚ 
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ɛɨɬɟ [144] ɢ ɩɨɡɜɨɥɹɸɳɢɣ   ɢɫɩɨɥɶɡɨɜɚɬɶ   ɤɭɛɢɱɟɫɤɨɟ    ɭɪɚɜɧɟɧɢɟ   
ɫɨɫɬɨɹɧɢɹ    ɋɨɚɜɚ   ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɫɢɫɬɟɦ ɫ ɩɪɨɢɡɜɨɥɶɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɤɨɦɩɨɧɟɧɬ. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɜ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɟ ɦɨɝɭɬ ɛɵɬɶ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸ-

ɳɢɦ ɨɛɪɚɡɨɦ. Ɋɚɫɫɦɨɬɪɢɦ ɜɨɡɦɨɠɧɭɸ ɩɨɬɟɪɸ ɫɬɚɛɢɥɶɧɨɫɬɢ ɝɨɦɨ-
ɝɟɧɧɨɣ ɮɚɡɨɣ. Ⱦɚɧɧɚɹ ɮɚɡɚ, ɧɚɯɨɞɹɳɚɹɫɹ ɩɪɢ ɭɫɥɨɜɢɹɯ Ɍ0, V0, n10, 

n20,..., nN0 ɛɭɞɟɬ ɫɬɚɛɢɥɶɧɨɣ, ɟɫɥɢ ɞɥɹ ɤɚɠɞɨɣ  ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ  ɜɚ-
ɪɢɚɰɢɢ  ɧɨɜɨɟ  ɫɨɫɬɨɹɧɢɟ  Ɍ0,  V,  n1,  n2,..., nN   ɛɭɞɟɬ ɭɞɨɜɥɟɬɜɨɪɹɬɶ 
ɫɥɟɞɭɸɳɟɦɭ ɧɟɪɚɜɟɧɫɬɜɭ 
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ɝɞɟ F - ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ Ƚɟɥɶɦɝɨɥɶɰɚ, Ɋ - ɞɚɜɥɟɧɢɟ, V - ɨɛɴɟɦ, µ - 

ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ, ni - ɱɢɫɥɨ ɦɨɥɟɣ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ. ɂɧɞɟɤɫ 0 

ɨɬɜɟɱɚɟɬ ɧɚɱɚɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ. Ɉɬɫɭɬɫɬɜɢɟ ɢɧɞɟɤɫɚ 0 ɨɡɧɚɱɚɟɬ ɩɪɨ-
ɢɡɜɨɥɶɧɨɟ ɢɡɦɟɧɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ. 

ȼɬɨɪɨɟ ɭɫɥɨɜɢɟ ɞɨɥɠɧɨ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɧɟɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɚɪɢɚ-
ɰɢɢ 

 0V)]TT(SFF[
jon,0000 >−+−  .  (1.183) 

 

ȼɬɨɪɨɟ ɭɫɥɨɜɢɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬɫɹ, ɩɨɫɤɨɥɶɤɭ ɢɡɨɯɨɪɧɚɹ ɬɟɩɥɨɟɦ-

ɤɨɫɬɶ ɹɜɥɹɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɨɣ. ȿɫɥɢ ɩɪɨɢɡɜɨɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɝɨɦɨ-
ɝɟɧɧɨɣ ɮɚɡɵ ɩɪɢɜɨɞɢɬ ɤ ɧɟɜɵɩɨɥɟɧɟɢɸ ɧɟɪɚɜɟɧɫɬɜ (1.182) ɢ (1.183), 

ɬɨ ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɫɦɟɫɢ ɢ ɟɟ ɪɚɡɞɟɥɟ-
ɧɢɟ ɧɚ ɞɜɟ, ɥɢɛɨ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɮɚɡ. 

ȼɚɪɢɚɰɢɢ ɬɢɩɚ  
 

∆V = kV0 , 
 

∆n = kni0 ,        i = 1, 2, ..., N                                   (1.184) 

 

ɧɟ ɩɪɢɜɨɞɹɬ ɤ ɢɡɦɟɧɟɧɢɹɦ ɦɨɥɶɧɵɯ ɞɨɥɟɣ ɢ ɩɥɨɬɧɨɫɬɢ,  ɚ ɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ, ɞɚɜɥɟɧɢɹ ɢ ɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ. ɉɨɷɬɨɦɭ ɩɪɢɧɢɦɚɟɦ  

∆V = 0, ɱɬɨ ɭɩɪɨɳɚɟɬ ɭɪɚɜɧɟɧɢɟ (1.182) 
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ȼ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ Ƚɟɥɶɦɝɨɥɶɰɚ ɦɨɠɟɬ ɛɵɬɶ 
ɪɚɡɥɨɠɟɧɚ ɜ ɪɹɞ Ɍɟɣɥɨɪɚ 
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ɍɫɥɨɜɢɟɦ ɫɬɚɛɢɥɶɧɨɫɬɢ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɟ ɹɜɥɹɟɬɫɹ ɩɨɥɨ-
ɠɢɬɟɥɶɧɨɫɬɶ ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɩɪɢ ɩɪɨɢɡɜɨɥɶɧɵɯ ɢɡɦɟɧɟɧɢɹɯ ∆n. ɋɬɚ-
ɛɢɥɶɧɨɫɬɶ ɫɨɯɪɚɧɹɟɬɫɹ, ɟɫɥɢ ɤɜɚɞɪɚɬɢɱɧɚɹ ɮɨɪɦɚ ɜ ɭɪɚɜɧɟɧɢɢ (1.186) 

ɹɜɥɹɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɨɣ. ȼ ɩɪɟɞɟɥɶɧɨɣ ɬɨɱɤɟ ɫɬɚɛɢɥɶ-
ɧɨɫɬɢ (Ɍ0, V0, n10, n20,..., nN0) ɤɜɚɞɪɚɬɢɱɧɚɹ ɮɨɪɦɚ ɹɜɥɹɟɬɫɹ ɩɨɥɨɠɢ-

ɬɟɥɶɧɨ ɩɨɥɭɨɩɪɟɞɟɥɟɧɧɨɣ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɬɚɛɢɥɶɧɨɫɬɶ ɜ ɷɬɨɦ 

ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɜɨɣɫɬɜɚɦɢ ɤɭɛɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢ ɱɥɟɧɚɦɢ ɪɚɡ-
ɥɨɠɟɧɢɹ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɩɨɪɹɞɤɨɜ. 

ɇɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɞɨɫɬɢɠɟɧɢɹ ɩɪɟɞɟɥɚ ɫɬɚɛɢɥɶɧɨɫɬɢ ɜ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɟ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɦɚɬɪɢɰɚ Q ɫ ɷɥɟɦɟɧɬɚɦɢ  

 

 )nn/F(q ij

2

ij ∂∂∂=    (1.187) 

 

ɢɦɟɟɬ ɞɟɬɟɪɦɢɧɚɧɬ, ɪɚɜɧɵɣ ɧɭɥɸ 

 

 0)Q(DetQ ==  .  (1.188) 

 

Ʌɢɛɨ ɷɤɜɢɜɚɥɟɧɬɧɨ, ɦɨɠɟɬ ɛɵɬɶ ɜɜɟɞɟɧ ɜɟɤɬɨɪ n∆  = (∆n1, ∆n2, ..., 

∆nN)T, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɣ ɫɥɟɞɭɸɳɟɦɭ ɭɫɥɨɜɢɸ 

 

 0nQ =⋅ ∆  .  (1.189) 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɤɚɤ ɩɪɟɞɟɥɶɧɨɝɨ ɫɬɚɛɢɥɶɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɬɪɟɛɭɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɩɨɥɭɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɤɜɚɞɪɚɬɢɱ-
ɧɨɣ ɮɨɪɦɵ, ɨɬɤɭɞɚ ɦɨɠɧɨ ɧɚɣɬɢ ɜɟɤɬɨɪ n∆ , ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɣ ɭɪɚɜ-
ɧɟɧɢɸ (1.189). ɉɨɞɫɬɚɧɨɜɤɚ ɷɬɨɝɨ ɜɟɤɬɨɪɚ ɜ ɭɪɚɜɧɟɧɢɟ (1.186) ɫɨɯɪɚ-
ɧɹɟɬ ɩɟɪɜɵɣ ɱɥɟɧ ɪɚɡɥɨɠɟɧɢɹ ɢ ɩɪɢɜɨɞɢɬ ɤ ɢɫɱɟɡɧɨɜɟɧɢɸ ɤɭɛɢɱɟɫɤɨ-
ɝɨ ɱɥɟɧɚ 

 

∑∑∑ =∂∂∂∂=
k j i
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3 0nnn)nnn/F(C ∆∆∆  .   (1.190) 

 

ɋɨɜɦɟɫɬɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ (1.188)-(1.190) ɨɩɪɟɞɟɥɹɟɬ ɤɪɢ-

ɬɢɱɟɫɤɭɸ ɬɨɱɤɭ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɪɚɫɬɜɨɪɚ. ɉɪɢ ɷɬɨɦ ɭɫɥɨɜɢɟ  ∆V 

= 0 ɩɪɢɜɨɞɢɬ ɤ ɫɢɦɦɟɬɪɢɡɚɰɢɢ ɤɜɚɞɪɚɬɢɱɧɨɣ ɢ ɤɭɛɢɱɟɫɤɨɣ ɮɨɪɦ. 

ɗɤɜɢɜɚɥɟɧɬɧɵɣ ɪɟɡɭɥɶɬɚɬ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɩɪɢɧɢɦɚɹ ∆nk = 0, ɝɞɟ      k 

- ɷɬɨ ɢɧɞɟɤɫ ɥɸɛɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɜɨɪɚ. ɇɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɤɜɚɞ-

ɪɚɬɢɱɧɚɹ ɢ ɤɭɛɢɱɟɫɤɚɹ ɮɨɪɦɵ ɛɭɞɭɬ ɫɨɞɟɪɠɚɬɶ ɩɪɨɢɡɜɨɞɧɵɟ ɩɨ ɞɚɜ-
ɥɟɧɢɸ ɢ ɢɯ ɫɢɦɦɟɬɪɢɱɧɨɫɬɶ ɛɭɞɟɬ ɭɬɪɚɱɟɧɚ.  

ɂɫɩɨɥɶɡɭɹ ɨɩɢɫɚɧɧɵɣ ɜɵɲɟ ɚɥɝɨɪɢɬɦ ɢ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ  
ɋɨɚɜɚ, ɧɚɦɢ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ [66] ɤɪɢɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɛɢ-

ɧɚɪɧɵɯ ɫɢɫɬɟɦ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɫ ɡɚɝɪɹɡɧɢɬɟɥɹɦɢ ɫɵɪɨɝɨ ɝɥɢɰɟɪɢ-

ɧɚ. Ȼɵɥ ɭɫɬɚɧɨɜɥɟɧ ɧɟɩɪɟɪɵɜɧɵɣ ɯɚɪɚɤɬɟɪ ɤɪɢɬɢɱɟɫɤɢɯ ɥɢɧɢɣ ɪɚɫ-
ɫɦɨɬɪɟɧɧɵɯ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ, ɱɬɨ ɭɤɚɡɵɜɚɥɨ ɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨ-
ɜɟɞɟɧɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤɰɢɢ. ɗɬɨɬ ɜɵɜɨɞ ɛɵɥ 
ɩɨɞɬɜɟɪɠɞɟɧ ɚɜɬɨɪɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ [66]. Ɍɚɤ ɨɛɪɚɛɨɬɤɚ ɫɵɪɨɝɨ 
ɝɥɢɰɟɪɢɧɚ ɩɨ ɫɬɚɬɢɱɟɫɤɨɣ ɫɯɟɦɟ ɨɞɧɨɣ ɩɨɪɰɢɟɣ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ 

ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 35 °ɋ, ɞɚɜɥɟɧɢɢ 10 Ɇɉɚ ɢ ɫɨɨɬ-
ɧɨɲɟɧɢɢ ɦɚɫɫ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ ɢ ɷɤɫɬɪɚɝɟɧɬɚ ɪɚɜɧɨɦ 1:92 ɩɨɡɜɨɥɢɥɚ 
ɩɨɜɵɫɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ɝɥɢɰɟɪɢɧɚ ɜ ɪɚɮɢɧɚɬɟ ɫ 84 ɞɨ 88,2 %. 
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Ƚɥɚɜɚ II  
 

ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɕȿ ɆȿɌɈȾɕ  

ɂɋɋɅȿȾɈȼȺɇɂə ɊȺɋɌȼɈɊɂɆɈɋɌɂ ȼȿɓȿɋɌȼ  

ȼ ɋȼȿɊɏɄɊɂɌɂɑȿɋɄɂɏ ɎɅɘɂȾȺɏ 

 

ɋɭɳɟɫɬɜɭɸɳɢɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɵ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ ɞɜɭɦɹ ɩɭɬɹɦɢ [29]. 

ɉɟɪɜɵɣ ɨɬɧɨɫɢɬɫɹ ɤ ɫɩɨɫɨɛɭ ɩɨɥɭɱɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ: ɫɬɚ-
ɬɢɱɟɫɤɢɣ (ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɡɚɦɤɧɭɬɨɣ ɹɱɟɣɤɟ ɩɨɫɬɨɹɧɧɨɝɨ, ɥɢɛɨ ɩɟɪɟ-
ɦɟɧɧɨɝɨ ɨɛɴɟɦɚ); ɞɢɧɚɦɢɱɟɫɤɢɣ (ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɩɪɨɬɨɱɧɨɣ ɫɢɫɬɟɦɟ); 
ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ (ɩɪɟɞɩɨɥɚɝɚɟɬ ɦɧɨɝɨɤɪɚɬɧɨɟ ɩɪɨɤɚɱɢɜɚɧɢɟ ɨɞɧɨɣ 

ɩɨɪɰɢɢ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɥɢɛɨ ɪɚɫɬɜɨɪɹɟɦɨɣ ɠɢɞɤɨɫɬɢ). 

ȼɬɨɪɨɣ ɩɭɬɶ ɤɥɚɫɫɢɮɢɰɢɪɭɟɬ ɫɩɨɫɨɛɵ ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɨɜ: ɜɟ-
ɫɨɜɨɣ, ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɣ, ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɣ, ɫɦɟɲɚɧɧɵɣ. ɋɩɨ-
ɫɨɛɵ ɚɧɚɥɢɡɚ ɩɟɪɟɱɢɫɥɟɧɵ ɜ ɩɨɪɹɞɤɟ ɢɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ. 

ɋɭɳɟɫɬɜɭɟɬ ɧɟɤɨɬɨɪɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɞɜɭɦɹ ɤɥɚɫɫɢɮɢɤɚ-
ɰɢɹɦ. Ɍɚɤ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɚɬɟɪɢɚɥɚ ɞɥɹ 
ɩɪɟɰɢɡɢɨɧɧɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɨɬɨɱɧɚɹ ɫɢɫɬɟ-
ɦɚ. ɉɪɨɬɨɱɧɚɹ ɫɢɫɬɟɦɚ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɞɚɥɶɧɟɣ-

ɲɢɯ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɯ ɢ ɫɦɟɲɚɧɧɵɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɨɜ. 
ɋɬɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɭɩɪɨɳɚɟɬ ɜɢɡɭɚɥɢɡɚɰɢɸ ɤɚɪɬɢɧɵ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨ-
ɜɟɫɢɹ ɜ ɫɢɫɬɟɦɟ ɠɢɞɤɨɫɬɶ-ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ. ɉɨɷɬɨɦɭ, ɬɚɤɚɹ 
ɫɯɟɦɚ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɫɨɱɟɬɚɧɢɢ ɫɨ ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɦ ɦɟ-
ɬɨɞɨɦ ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɨɜ. 

Ȼɨɥɟɟ ɩɨɞɪɨɛɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹ ɩɪɢɜɟɞɟɧɚ ɜ ɪɚɛɨɬɟ [139]. Ʉɚɠɞɵɣ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɦɟɟɬ ɫɜɨɢ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ. ɐɟɥɟɫɨɨɛɪɚɡ-
ɧɨɫɬɶ ɫɨɱɟɬɚɧɢɹ ɬɟɯ ɢɥɢ ɢɧɵɯ ɦɟɬɨɞɨɜ ɧɚɫɵɳɟɧɢɹ ɪɚɫɬɜɨɪɚ ɢ ɚɧɚɥɢɡɚ 
ɫɨɫɬɚɜɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɞɢɚɩɚɡɨɧɨɦ ɤɨɧɰɟɧ-

ɬɪɚɰɢɣ. 
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2.1. ɋɌȺɌɂɑȿɋɄɂɃ ɆȿɌɈȾ 

 

2.1.1. ɇɚɫɵɳɟɧɢɟ ɪɚɫɬɜɨɪɚ 
 

ȼ ɫɬɚɬɢɱɟɫɤɨɦ ɦɟɬɨɞɟ ɠɢɞɤɨɫɬɶ ɢ ɮɥɸɢɞ ɫɨɩɪɢɤɚɫɚɸɬɫɹ ɞɪɭɝ ɫ 
ɞɪɭɝɨɦ ɜ ɝɟɪɦɟɬɢɱɧɨɣ ɹɱɟɣɤɟ ɩɨɫɬɨɹɧɧɨɝɨ, ɥɢɛɨ ɩɟɪɟɦɟɧɧɨɝɨ ɨɛɴɟ-
ɦɚ. Ɉɛɵɱɧɨ ɜ ɨɩɵɬɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɨ-
ɨɛɪɚɡɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ  ɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɪɚɜɧɨɜɟɫɢɹ ɜ ɹɱɟɣɤɟ ɩɪɢ ɡɚɞɚɧɧɵɯ ɞɚɜɥɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɩɵɬɚ ɢ 

ɩɨɥɭɱɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɢɧɬɟɧɫɢɜ-
ɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɨɛɟɢɯ ɮɚɡ [32, 145]. ɉɟɪɟɦɟɲɢɜɚɧɢɟ ɩɪɨɢɡɜɨɞɹɬ 
ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ: ɦɟɯɚɧɢɱɟɫɤɨɣ, ɥɢɛɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɦɟ-
ɲɚɥɤɨɣ; ɤɚɱɚɧɢɟɦ ɚɜɬɨɤɥɚɜɚ ɢ ɬ.ɞ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɟ-
ɲɚɥɤɢ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ, ɩɨɫɤɨɥɶɤɭ ɜɨɡɦɨɠɧɵ 

ɭɬɟɱɤɢ ɱɟɪɟɡ ɫɚɥɶɧɢɤ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɩɚɞɚɧɢɟ ɫɦɚɡɤɢ ɫɚɥɶɧɢɤɚ ɜɧɭɬɪɶ 
ɨɛɴɟɦɚ ɹɱɟɣɤɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɡɚɝɪɹɡɧɟɧɢɸ ɢɡɭɱɚɟɦɨɝɨ ɨɛɴɟɤɬɚ. 
ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɦɟɲɚɥɤɢ ɜɵɩɨɥɧɹɸɬɫɹ ɩɨ ɬɢɩɭ ɫɟɪɞɟɱɧɢɤɚ ɷɥɟɤ-
ɬɪɨɦɚɝɧɢɬɧɨɣ ɤɚɬɭɲɤɢ. ɋɟɪɞɟɱɧɢɤ ɫɨɟɞɢɧɹɟɬɫɹ ɫɨ ɲɬɨɤɨɦ, ɧɚ ɤɨɬɨ-
ɪɨɦ ɧɚ ɧɟɤɨɬɨɪɨɦ ɪɚɫɫɬɨɹɧɢɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɜɧɭɬɪɢ ɹɱɟɣɤɢ ɪɚɫɩɨɥɚ-
ɝɚɸɬɫɹ ɥɨɩɚɫɬɢ. ɉɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɬɨɤɚ ɱɟɪɟɡ ɤɚɬɭɲɤɭ ɫɟɪɞɟɱɧɢɤ ɜɬɹ-
ɝɢɜɚɟɬɫɹ ɜ ɧɟɟ. ɉɪɢ ɜɵɤɥɸɱɟɧɢɢ ɬɨɤɚ ɦɟɲɚɥɤɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɨɛɫɬ-
ɜɟɧɧɨɝɨ ɜɟɫɚ ɩɚɞɚɟɬ ɧɚ ɞɧɨ ɹɱɟɣɤɢ. Ɍɚɤɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɬɪɟɛɭɟɬ 
ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɚɫɬɨɬɨɣ ɩɚɞɟɧɢɹ ɦɟɲɚɥɤɢ, ɮɨɪɦɨɣ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟɦ 

ɥɨɩɚɫɬɟɣ. ɇɟɞɨɫɬɚɬɤɨɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɥɹ ɬɚɤɨɝɨ ɫɩɨɫɨɛɚ ɩɟɪɟɦɟ-
ɲɢɜɚɧɢɹ ɬɪɟɛɭɸɬɫɹ ɢɫɬɨɱɧɢɤɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ 

ɢ ɫɩɟɰɢɚɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɢ ɜɵɤɥɸɱɟɧɢɹ ɫɨɥɟɧɨɢɞɨɜ. 
ɇɚ ɪɢɫ.2.1. ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɫɬɚɬɢɱɟɫɤɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫ-

ɬɚɧɨɜɤɢ.  

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɜɡɚɢɦɧɨɣ ɪɚɫɬɜɨ-
ɪɢɦɨɫɬɢ ɠɢɞɤɨɫɬɟɣ ɢ ɫɠɚɬɵɯ ɝɚɡɨɜ ɫɨɫɬɨɢɬ ɢɡ ɫɢɫɬɟɦɵ ɫɨɡɞɚɧɢɹ ɢ 

ɢɡɦɟɪɟɧɢɹ ɞɚɜɥɟɧɢɹ, ɫɢɫɬɟɦɵ ɢɡɦɟɪɟɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ  ɬɟɦɩɟɪɚ-
ɬɭɪɵ, ɫɨɫɭɞɚ ɪɚɜɧɨɜɟɫɢɹ, ɫɢɫɬɟɦɵ ɢɡɦɟɪɟɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟ-
ɪɚɬɭɪɵ, ɫɨɫɭɞɚ ɪɚɜɧɨɜɟɫɢɹ, ɭɡɥɚ ɤɚɱɚɧɢɹ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɱɚɫɬɢ. 
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Ɋɢɫ.2.1. ɋɯɟɦɚ ɫɬɚɬɢɱɟɫɤɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ [133, 134, 146]. 

 

 

ɋɯɟɦɚ ɫɨɡɞɚɧɢɹ ɢ ɢɡɦɟɪɟɧɢɹ ɞɚɜɥɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɝɪɭɡɨɩɨɪɲɧɟ-
ɜɨɝɨ ɦɚɧɨɦɟɬɪɚ Ɇɉ-2500 (1), ɪɬɭɬɧɵɯ ɪɚɡɞɟɥɢɬɟɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟ-
ɧɢɹ (2), ɛɚɥɥɨɧɚ ɫ ɢɫɫɥɟɞɭɟɦɵɦ ɝɚɡɨɦ (3), ɜɟɧɬɢɥɟɣ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟ-
ɧɢɹ (4, 5, 6 ɢ 10), ɩɪɭɠɢɧɧɨɝɨ ɦɚɧɨɦɟɬɪɚ (8) ɢ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɬɪɭ-
ɛɨɩɪɨɜɨɞɨɜ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɦɚɫɥɹɧɵɣ ɩɪɟɫɫ ɢ ɦɭɥɶɬɢɩɥɢɤɚɬɨɪ ɦɚɧɨɦɟɬɪɚ Ɇɉ-2500. Ɋɬɭɬɧɵɟ 
ɪɚɡɞɟɥɢɬɟɥɢ (2) ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɜɚ ɫɨɨɛɳɚɸɳɢɯɫɹ ɫɨɫɭɞɚ ɜɵ-

ɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɧɚɩɨɥɨɜɢɧɭ ɨɛɴɟɦɚ ɡɚɩɨɥɧɟɧɧɵɟ ɪɬɭɬɶɸ. ɉɪɨɫɬɪɚɧ-

ɫɬɜɨ ɧɚɞ ɪɬɭɬɶɸ ɜ ɩɪɚɜɨɦ ɤɨɥɟɧɟ ɫɨɨɛɳɚɸɳɢɯɫɹ ɫɨɫɭɞɨɜ ɡɚɩɨɥɧɟɧɨ 
ɤɚɫɬɨɪɨɜɵɦ ɦɚɫɥɨɦ ɢ ɫɨɟɞɢɧɟɧɨ ɫ ɝɪɭɡɨɩɨɪɲɧɟɜɵɦ ɦɚɧɨɦɟɬɪɨɦ. 

ɋɨɡɞɚɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

ɉɨɫɥɟ ɜɚɤɭɭɦɢɪɨɜɚɧɢɹ ɭɫɬɚɧɨɜɤɢ ɜɚɤɭɭɦɧɵɦ ɧɚɫɨɫɨɦ (12) ɞɨ ɞɚɜɥɟ-
ɧɢɹ 10-2 ɦɦ ɪɬ.ɫɬ. ɝɚɡ ɢɡ ɛɚɥɥɨɧɚ  (3) ɩɨɞɚɟɬɫɹ ɜ ɩɨɥɨɫɬɶ ɥɟɜɨɝɨ ɪɬɭɬ-
ɧɨɝɨ ɪɚɡɞɟɥɢɬɟɥɹ (2) ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɪɬɭɬɶɸ ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ. 
Ɂɚɬɟɦ ɜɟɧɬɢɥɟɦ (5)  ɛɚɥɥɨɧ ɫ ɝɚɡɨɦ ɨɬɫɟɤɚɟɬɫɹ ɨɬ ɫɢɫɬɟɦɵ. ɋɠɚɬɢɟ ɝɚ-
ɡɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɦɚɫɥɹɧɵɦ ɩɪɟɫɫɨɦ ɝɪɭɡɨɩɨɪɲɧɟɜɨɝɨ ɦɚɧɨɦɟɬɪɚ ɫ 
ɩɨɦɨɳɶɸ ɪɬɭɬɧɵɯ ɪɚɡɞɟɥɢɬɟɥɟɣ. ɉɨɫɥɟ ɡɚɤɪɵɬɢɹ ɜɟɪɯɧɟɝɨ ɜɟɧɬɢɥɹ 
(10) ɡɚɩɭɫɤɚɟɬɫɹ ɧɨɜɚɹ ɩɨɪɰɢɹ ɝɚɡɚ ɜ ɫɢɫɬɟɦɭ ɢ ɜɫɟ ɩɨɜɬɨɪɹɟɬɫɹ ɞɨ 
ɞɨɫɬɢɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɫɨɫɭɞɟ ɪɚɜɧɨɜɟɫɢɹ (9). ɂɡɦɟ-
ɪɟɧɢɟ ɞɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɝɪɭɡɨɩɨɪɲɧɟɜɵɦ ɦɚɧɨɦɟɬɪɨɦ Ɇɉ-2500 

ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ 0,02. 
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Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɫɨɫɭɞɟ ɪɚɜɧɨɜɟɫɢɹ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɪɢ ɧɢɯɪɨɦɨɜɵɯ ɧɚɝɪɟɜɚɬɟɥɹ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɧɚɩɪɹɠɟ-
ɧɢɹ ɜ ɰɟɩɢ ɧɚɝɪɟɜɚɬɟɥɟɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɥɚɛɨɪɚɬɨɪɧɵɯ 
ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɢɩɚ ɊɇɈ-250-2Ɇ. ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɪɨɜɨɞɢɬɫɹ ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɟɜɨɣ ɬɟɪɦɨɩɚɪɨɣ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɬɤɚ-
ɥɢɛɪɨɜɚɧɧɨɣ ɩɨ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɫɯɟɦɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɪɚɡɰɨɜɨɝɨ 
ɩɥɚɬɢɧɨɜɨɝɨ ɬɟɪɦɨɦɟɬɪɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɉɌɋ-10. 

Ʉɨɪɩɭɫ ɫɨɫɭɞɚ ɪɚɜɧɨɜɟɫɢɹ ɢɡɝɨɬɨɜɥɟɧ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ɢ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɰɢɥɢɧɞɪ ɫ ɪɚɛɨɱɢɦ ɜɧɭɬɪɟɧɧɢɦ ɨɛɴɟɦɨɦ 96 ɫɦ3. 

Ⱦɥɹ ɭɩɥɨɬɧɟɧɢɹ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɤɨɪɩɭɫɚ ɫɨɫɭɞɚ ɪɚɜɧɨɜɟɫɢɹ ɢɫɩɨɥɶɡɨ-
ɜɚɧɨ ɥɢɧɡɨɜɨɟ ɭɩɥɨɬɧɟɧɢɟ. Ʉ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɤɪɵɲɤɢ ɤɪɟɩɢɬɫɹ ɜɟɧ-

ɬɢɥɶ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (10), ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɨɬɫɟɱɟɧɢɹ ɫɨ-
ɫɭɞɚ ɪɚɜɧɨɜɟɫɢɹ ɨɬ ɭɡɥɨɜ ɭɫɬɚɧɨɜɤɢ ɜɨ ɜɪɟɦɹ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɢ ɭɫɬɚ-
ɧɨɜɥɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ. Ʉ ɧɢɠɧɟɣ ɱɚɫɬɢ ɤɨɪɩɭɫɚ ɬɚɤɠɟ ɤɪɟɩɢɬɫɹ ɜɟɧ-

ɬɢɥɶ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (10), ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɨɬɛɨɪɚ ɩɪɨɛɵ 

ɢɡ ɠɢɞɤɨɣ ɮɚɡɵ ɧɚ ɚɧɚɥɢɡ. ɋɨɫɭɞ ɪɚɜɧɨɜɟɫɢɹ ɜɦɟɫɬɟ ɫ ɜɟɧɬɢɥɹɦɢ ɜɵ-

ɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (10) ɩɨɤɪɵɬ ɬɟɩɥɨɜɨɣ ɢɡɨɥɹɰɢɟɣ (9) ɢ ɜɫɬɚɜɥɟɧ ɜ ɤɨ-
ɠɭɯ. ɉɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɦɟɬɨɞɟ ɢɡɦɟɪɟɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɠɢɞɤɨɫɬɟɣ ɜ 
ɫɠɚɬɵɯ  ɝɚɡɚɯ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɜɚɬɶ ɢɧɬɟɧɫɢɜɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ 
ɨɛɟɢɯ ɮɚɡ. ȼ ɧɚɫɬɨɹɳɟɣ ɭɫɬɚɧɨɜɤɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɤɚɱɚɧɢɟɦ ɫɨɫɭɞɚ ɪɚɜɧɨɜɟɫɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɩɪɟ-
ɢɦɭɳɟɫɬɜ ɫɬɚɬɢɱɟɫɤɨɝɨ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɟɬɨɞɨɜ, ɬɚɤ ɤɚɤ ɩɪɢ ɤɚɱɚ-
ɧɢɢ ɫɨɫɭɞɚ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɚɤɬɚ ɦɟɠɞɭ 
ɝɚɡɨɦ ɢ ɠɢɞɤɨɫɬɶɸ. Ʉɪɨɦɟ ɬɨɝɨ, ɝɚɡ ɛɚɪɛɨɬɢɪɭɟɬɫɹ ɱɟɪɟɡ ɫɥɨɣ ɠɢɞɤɨ-
ɫɬɢ. Ⱦɥɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɜ ɫɨɫɭɞ ɪɚɜɧɨɜɟɫɢɹ  ɩɨɦɟ-
ɳɚɟɬɫɹ ɲɚɪɢɤ ɫ ɨɬɜɟɪɫɬɢɹɦɢ (11). ɉɪɢ ɤɚɱɚɧɢɢ ɫɨɫɭɞ ɪɚɜɧɨɜɟɫɢɹ ɫɨ-
ɜɟɪɲɚɟɬ ɞɜɢɠɟɧɢɟ ɜɨɤɪɭɝ ɫɜɨɟɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ ɧɚ ɭɝɨɥ 160°. Ɂɚ 
1 ɦɢɧɭɬɭ ɫɨɫɭɞ ɫɨɜɟɪɲɚɟɬ 2 ɤɚɱɚɧɢɹ. ȼɪɟɦɹ ɩɟɪɟɦɟɲɢɜɚɧɢɹ, ɧɟɨɛɯɨ-
ɞɢɦɨɟ ɞɥɹ ɩɨɥɧɨɝɨ ɧɚɫɵɳɟɧɢɹ ɫɨɫɭɳɟɫɬɜɭɸɳɢɯ ɮɚɡ, ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɞɜɭɦɹ ɤɨɧɬɪɨɥɶɧɵɦɢ ɨɩɵɬɚɦɢ: ɫ ɩɨɦɨɳɶɸ ɨɬɛɨɪɚ ɩɪɨɛ ɧɚ ɚɧɚɥɢɡ ɢ 

ɩɨ ɢɡɦɟɧɟɧɢɸ ɞɚɜɥɟɧɢɹ ɜ ɫɨɫɭɞɟ ɪɚɜɧɨɜɟɫɢɹ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɢ ɨɩɵɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɝɚɡɚ ɜ ɠɢɞ-

ɤɨɫɬɢ ɱɟɪɟɡ ɤɚɠɞɵɟ 15 ɦɢɧɭɬ ɞɨ ɩɨɥɧɨɝɨ ɩɪɟɤɪɚɳɟɧɢɹ ɭɜɟɥɢɱɟɧɢɹ 
ɫɨɞɟɪɠɚɧɢɹ ɝɚɡɚ ɜ ɩɪɨɛɟ ɠɢɞɤɨɫɬɢ. ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɱɟɪɟɡ ɤɚɠɞɵɟ 
15 ɦɢɧɭɬ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɨɫɬɚɧɚɜɥɢɜɚɥɨɫɶ ɢ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɢɡɦɟɪɟ-
ɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɫɨɫɭɞɟ ɪɚɜɧɨɜɟɫɢɹ. ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɧɚɫɵɳɟɧɢɹ 
ɠɢɞɤɨɫɬɢ ɞɚɜɥɟɧɢɟ ɭɦɟɧɶɲɚɥɨɫɶ. Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ 
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ɞɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɧɚɝɧɟɬɚɧɢɟ ɧɨɜɵɯ ɩɨɪɰɢɣ ɝɚɡɚ ɢɡ ɪɬɭɬɧɵɯ 
ɪɚɡɞɟɥɢɬɟɥɟɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɧɚɫɵɳɟɧɢɹ ɠɢɞɤɨɫɬɢ ɪɚɫɬɜɨɪɹɟɦɵɦ ɝɚɡɨɦ ɩɪɢɧɢɦɚɥɨ ɨɞɢɧɚɤɨɜɨɟ 
ɡɧɚɱɟɧɢɟ ɞɥɹ ɨɛɨɢɯ ɦɟɬɨɞɨɜ ɤɨɧɬɪɨɥɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ. ɉɨɷɬɨɦɭ, ɜ 
ɞɚɥɶɧɟɣɲɟɦ ɨ ɧɚɫɬɭɩɥɟɧɢɢ ɧɚɫɵɳɟɧɢɹ ɠɢɞɤɨɫɬɢ ɝɚɡɨɦ ɫɭɞɢɥɢ ɩɨ 
ɢɡɦɟɧɟɧɢɸ ɞɚɜɥɟɧɢɹ ɜ ɫɨɫɭɞɟ ɪɚɜɧɨɜɟɫɢɹ. ɉɨɫɥɟ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫɨ-
ɫɭɞ ɪɚɜɧɨɜɟɫɢɹ ɡɚɤɪɟɩɥɹɟɬɫɹ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɞɥɹ ɨɬɫɬɨɹ ɜ 
ɬɟɱɟɧɢɟ 1- 1,5 ɱɚɫɚ ɢ ɨɬɛɨɪɚ ɩɪɨɛɵ ɧɚ ɚɧɚɥɢɡ ɱɟɪɟɡ ɤɚɩɢɥɥɹɪɧɭɸ 

ɬɪɭɛɤɭ. 
ɋɬɚɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɧɚɫɵɳɟɧɢɹ ɪɚɫɬɜɨɪɚ ɩɨɡɜɨɥɹɟɬ ɜɢɡɭɚɥɢɡɢɪɨ-

ɜɚɬɶ ɢɫɫɥɟɞɭɟɦɵɣ ɩɪɨɰɟɫɫ. ɒɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ  ɩɨɥɭɱɢɥ ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɣ ɦɟɬɨɞ ɬɨɱɤɢ ɪɨɫɵ. ɂɡɦɟɧɹɹ ɬɟɦɩɟɪɚɬɭɪɭ ɢ ɞɚɜɥɟɧɢɟ ɜ 
ɫɢɫɬɟɦɟ ɫ ɡɚɞɚɧɧɵɦ ɫɨɫɬɚɜɨɦ, ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɩɨɹɜɥɟɧɢɟ, ɥɢɛɨ ɢɫ-
ɱɟɡɧɨɜɟɧɢɟ ɨɞɧɨɣ ɢɡ ɫɨɫɭɳɟɫɬɜɭɸɳɢɯ ɮɚɡ. ɇɚɩɪɢɦɟɪ, ɞɜɢɝɚɹɫɶ ɢɡ 
ɝɚɡɨɜɨɣ ɮɚɡɵ ɢɡɜɟɫɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɭɬɟɦ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ (ɞɨɫɬɢ-

ɝɚɟɬɫɹ ɩɟɪɟɦɟɳɟɧɢɟɦ ɩɨɪɲɧɹ ɜ ɹɱɟɣɤɟ) ɜɞɨɥɶ ɢɡɨɬɟɪɦɵ, ɦɨɠɧɨ ɨɩ-

ɪɟɞɟɥɢɬɶ ɦɨɦɟɧɬ ɜɵɞɟɥɟɧɢɹ ɩɟɪɜɨɣ ɤɚɩɥɢ ɠɢɞɤɨɫɬɢ, ɬɨ ɟɫɬɶ ɬɨɱɤɭ 
ɪɨɫɵ. Ɉɛɪɚɬɧɨɟ ɩɨɜɵɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɩɪɢɜɟɞɟɬ ɜ ɧɟɤɨɬɨɪɵɣ ɦɨɦɟɧɬ, 
ɤɨɧɟɱɧɨ,  ɤ ɢɫɱɟɡɧɨɜɟɧɢɸ ɠɢɞɤɨɣ ɮɚɡɵ.  Ɉɩɵɬɵ ɩɪɨɜɨɞɹɬ  ɩɪɢ ɪɚɡ-
ɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ 
ɭɜɟɥɢɱɢɜɚɟɬ ɬɪɭɞɨɟɦɤɨɫɬɶ ɦɟɬɨɞɚ. Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɭɫɬɪɚɧɹɟɬɫɹ ɧɟ-
ɨɛɯɨɞɢɦɨɫɬɶ ɨɬɛɨɪɚ ɩɪɨɛ ɝɚɡɨɜɨɣ ɮɚɡɵ ɧɚ ɚɧɚɥɢɡ, ɱɬɨ ɩɨɥɧɨɫɬɶɸ ɢɫ-
ɤɥɸɱɚɟɬ ɧɚɪɭɲɟɧɢɟ ɭɫɥɨɜɢɣ ɪɚɜɧɨɜɟɫɢɹ ɜ ɹɱɟɣɤɟ. ɉɨɝɪɟɲɧɨɫɬɶ ɦɟ-
ɬɨɞɚ ɬɨɱɤɢ ɪɨɫɵ ɫɢɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ, ɟɫɥɢ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜɟɳɟɫɬɜɚ ɜɨ 
ɮɥɸɢɞɧɨɣ ɮɚɡɟ ɩɪɢɧɢɦɚɟɬ ɨɱɟɧɶ ɧɢɡɤɢɟ ɡɧɚɱɟɧɢɹ. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɹɜɥɹɟɬ-
ɫɹ ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɣ ɦɟɬɨɞ. ɇɚ ɪɢɫ.2.2. ɩɨɤɚɡɚɧɚ ɨɩɬɢɱɟɫɤɚɹ ɹɱɟɣ-

ɤɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɩɟɪɟɦɟɧɧɵɦ ɨɛɴɟɦɨɦ [124, 147] ɩɨɡɜɨɥɹɸ-

ɳɚɹ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɚɯ ɠɢɞɤɨɫɬɶ- ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ 

ɮɥɸɢɞ ɜ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ ɞɨ 200 Ɇɉɚ ɢ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɞɨ 
473 Ʉ. 
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Ⱦɥɹ ɩɪɨɩɭɫɤɚɧɢɹ ɩɚɞɚɸɳɟɝɨ 

ɧɚ ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɴɟɤɬ ɢɡɥɭɱɟɧɢɹ
ɹɱɟɣɤɚ ɫɧɚɛɠɟɧɚ ɫɚɩɮɢɪɨɜɵɦɢ
ɨɩɬɢɱɟɫɤɢɦɢ ɨɤɧɚɦɢ. ɉɪɟɞɭɫɦɨɬ-
ɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɨɩ-

ɬɢɱɟɫɤɨɣ ɞɥɢɧɵ ɩɭɬɢ ɥɭɱɚ ɨɬ 1 ɞɨ 
16 ɦɦ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡ-
ɥɢɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɨɤɨɧɧɵɯ ɩɪɨ-
ɤɥɚɞɨɤ. 

Ɋɢɫ.2.2. Ɉɩɬɢɱɟɫɤɚɹ ɹɱɟɣɤɚ ɜɵɫɨɤɨɝɨ
ɞɚɜɥɟɧɢɹ ɫ ɩɟɪɟɦɟɧɧɵɦ ɨɛɴɟɦɨɦ
[124], 1- ɞɚɬɱɢɤ ɞɚɜɥɟɧɢɹ, 2- ɜɟɧ-

ɬɢɥɶ, 3- ɨɩɬɢɱɟɫɤɚɹ ɩɪɨɤɥɚɞɤɚ, 4- 

ɫɚɩɮɢɪɨɜɵɟ ɨɤɧɚ, 5- ɩɨɪɲɟɧɶ, 6- 

ɫɚɥɶɧɢɤ. 

Ⱦɥɹ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɣ ɬɪɟɛɭɟɬɫɹ ɭɜɟɥɢɱɢɜɚɬɶ ɨɩɬɢɱɟɫɤɭɸ
ɞɥɢɧɭ ɩɭɬɢ ɥɭɱɚ, ɱɬɨɛɵ ɡɚɮɢɤɫɢɪɨɜɚɬɶ ɫɩɟɤɬɪ ɤɚɤ ɜ ɠɢɞɤɨɣ, ɬɚɤ ɢ ɜ
ɝɚɡɨɜɨɣ ɮɚɡɟ. ɂɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɢɡɦɟɧɟ-
ɧɢɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɨɛɴɟɦɚ ɹɱɟɣɤɢ ɩɭɬɟɦ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨɪɲɧɹ. ȼɧɭɬ-
ɪɟɧɧɢɣ ɨɛɴɟɦ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ 2,4 ɞɨ 9,3 ɫɦ3. ɇɚɬɹɝ ɩɨɪɲɧɹ ɨɛɟɫɩɟɱɢ-

ɜɚɟɬɫɹ ɫɟɦɶɸ ɭɩɥɨɬɧɢɬɟɥɶɧɵɦɢ ɤɨɥɶɰɚɦɢ, ɜɵɩɨɥɧɟɧɧɵɦɢ ɢɡ ɪɚɡɥɢɱ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɟɪɟɦɟɳɟɧɢɟ ɩɨɪɲɧɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɷɥɟɤɬɪɢɱɟ-
ɫɤɢɦ ɞɜɢɝɚɬɟɥɟɦ. ɂɡɦɟɪɹɟɦɵɣ ɨɛɴɟɦ ɩɨɤɚɡɵɜɚɟɬɫɹ ɰɢɮɪɨɜɵɦ ɩɪɢɛɨ-
ɪɨɦ, ɫɨɟɞɢɧɟɧɧɵɦ ɫ ɨɩɬɢɱɟɫɤɢɦ ɞɚɬɱɢɤɨɦ. Ɍɟɧɡɨɞɚɬɱɢɤ ɨɛɟɫɩɟɱɢɜɚ-
ɟɬ ɢɡɦɟɪɟɧɢɟ ɞɚɜɥɟɧɢɹ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ±0,2 %. ɉɨɞɞɟɪɠɚɧɢɟ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɨɩɵɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɬɟɪɦɨɫɬɚɬɢɪɭɸɳɟɣ ɩɟɱɶɸ, ɜ ɤɨɬɨɪɨɣ
ɪɚɡɦɟɳɚɟɬɫɹ ɹɱɟɣɤɚ. ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨ-
ɝɪɟɲɧɨɫɬɶɸ ±0,1 Ʉ. 

ɉɟɪɟɦɟɲɢɜɚɧɢɟ ɫɨɫɭɳɟɫɬɜɭɸɳɢɯ ɮɚɡ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɤɚɱɚɧɢɟɦ
ɹɱɟɣɤɢ ɧɚ ɭɝɨɥ 180°. Ʉɚɱɚɧɢɟ ɹɱɟɣɤɢ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɩɨɨɱɟɪɟɞɧɨ
ɨɩɪɟɞɟɥɹɬɶ ɫɨɫɬɚɜ  ɨɛɟɢɯ ɫɨɫɭɳɟɫɬɜɭɸɳɢɯ ɮɚɡ. 
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2.1.2.1. ȼɟɫɨɜɨɣ ɦɟɬɨɞ 

ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɜɟɫɨɜɨɝɨ ɦɟɬɨɞɚ ɪɟɲɚɸɳɭɸ ɪɨɥɶ ɜ ɩɨɥɭɱɟ-
ɧɢɢ ɤɨɪɪɟɤɬɧɨɝɨ  ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɚ ɢɝɪɚɟɬ ɫɩɨɫɨɛ ɨɬɛɨɪɚ ɩɪɨɛɵ. ɉɪɨ-
ɛɭ ɧɟɨɛɯɨɞɢɦɨ ɨɬɛɢɪɚɬɶ ɬɚɤ, ɱɬɨɛɵ ɩɪɢ ɷɬɨɦ ɧɟ ɧɚɪɭɲɚɥɨɫɶ ɪɚɜɧɨɜɟ-
ɫɢɟ ɤɚɤ ɜ ɩɪɨɛɟ, ɬɚɤ ɢ ɜ ɨɫɬɚɜɲɟɣɫɹ ɫɢɫɬɟɦɟ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ
ɭɫɬɚɧɨɜɤɟ, ɫɯɟɦɚ ɤɨɬɨɪɨɣ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ.2.1, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟɩɨ-
ɫɪɟɞɫɬɜɟɧɧɵɣ ɜɵɩɭɫɤ ɩɪɨɛɵ ɢɡ ɬɟɪɦɨɫɬɚɬɢɪɭɟɦɨɣ ɹɱɟɣɤɢ. ɉɨɫɬɨɹɧ-

ɫɬɜɨ ɞɚɜɥɟɧɢɹ ɜ ɹɱɟɣɤɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɨɞɚɱɟɣ ɝɚɡɚ ɢɡ ɪɬɭɬɧɵɯ ɪɚɡ-
ɞɟɥɢɬɟɥɟɣ. Ɉɬɨɛɪɚɧɧɚɹ ɧɚ ɚɧɚɥɢɡ ɩɪɨɛɚ ɩɨɩɚɞɚɟɬ ɜ ɚɧɚɥɢɬɢɱɟɫɤɭɸ
ɱɚɫɬɶ ɭɫɬɚɧɨɜɤɢ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɨɟɞɢɧɟɧ-

ɧɵɯ ɫɴɟɦɧɵɯ ɚɦɩɭɥ, ɤɚɥɢɛɪɨɜɚɧɧɨɣ ɤɨɥɛɵ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɦɚ-
ɧɨɦɟɬɪɚ. ȼɵɩɚɜɲɟɟ ɩɪɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ ɪɚɫɬɜɨɪɟɧɧɨɟ ɜɟɳɟɫɬɜɨ ɫɨ-
ɛɢɪɚɟɬɫɹ ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɡɜɟɲɟɧɧɵɯ ɚɦɩɭɥɚɯ. Ɉɬɞɟɥɟɧɧɵɣ ɝɚɡɨ-
ɨɛɪɚɡɧɵɣ ɪɚɫɬɜɨɪɢɬɟɥɶ ɩɨɩɚɞɚɟɬ ɜ ɤɚɥɢɛɪɨɜɚɧɧɵɟ ɤɨɥɛɵ, ɝɞɟ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɟɝɨ ɨɛɴɟɦ, ɤɨɬɨɪɵɣ ɡɚɬɟɦ ɩɪɢɜɨɞɢɬɫɹ ɤ ɧɨɪɦɚɥɶɧɵɦ ɭɫɥɨ-
ɜɢɹɦ (293,15 Ʉ ɢ 101325 ɉɚ). Ɉɛɴɟɦ ɝɚɡɚ ɜ ɨɩɵɬɚɯ ɨɛɵɱɧɨ ɤɨɥɟɛɥɟɬɫɹ
ɜ ɩɪɟɞɟɥɚɯ ɨɬ 200 ɞɨ 3000 ɫɦ3 ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 1ɫɦ3. 

ȼɵɩɚɜɲɟɟ ɪɚɫɬɜɨɪɟɧɧɨɟ ɜɟɳɟɫɬɜɨ ɜɡɜɟɲɢɜɚɟɬɫɹ ɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ
ɜɟɫɚɯ ȺȾȼ-200Ɇ ɫ ɬɨɱɧɨɫɬɶɸ 10-7 ɤɝ. ɋɭɦɦɚɪɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨ-
ɝɪɟɲɧɨɫɬɶ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɷɬɨɣ ɭɫɬɚɧɨɜɤɟ, ɫɨɫɬɚɜ-
ɥɹɟɬ 2÷3%. 

Ȼɨɥɟɟ ɲɢɪɨɤɨ ɜɟɫɨɜɨɣ ɦɟɬɨɞ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɞɢɧɚɦɢɱɟɫɤɨɦ ɦɟɬɨ-
ɞɟ, ɩɨɫɤɨɥɶɤɭ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɝɚ-
ɡɨɨɛɪɚɡɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɨɬɛɢɪɚɟɦɵɯ ɧɚ ɚɧɚɥɢɡ, ɧɟ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ
ɪɚɛɨɱɢɦ ɨɛɴɟɦɨɦ ɹɱɟɣɤɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɩɨɝɪɟɲɧɨɫɬɶ ɜ ɨɩ-

ɪɟɞɟɥɟɧɢɢ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɚɜɚ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ. ȼ ɩɪɨɬɨɱ-
ɧɵɯ ɫɯɟɦɚɯ ɭɥɚɜɥɢɜɚɧɢɟ ɜɵɩɚɞɚɸɳɟɝɨ ɩɪɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ ɪɚɫɬɜɨ-
ɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɥɨɜɭɲɤɚɯ. ɉɪɟɰɢɡɢɨɧ-

ɧɨɟ ɜɡɜɟɲɢɜɚɧɢɟ ɥɨɜɭɲɤɢ ɞɨ ɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɚ ɩɨɡɜɨɥɹɟɬ
ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɨ ɮɥɸɢɞɟ ɜɟɳɟɫɬɜɚ. 
Ʉɨɥɢɱɟɫɬɜɨ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɨɲɟɞɲɟɝɨ ɱɟɪɟɡ ɹɱɟɣɤɭ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɝɚɡɨɜɵɦ ɪɚɫɯɨɞɨɦɟɪɨɦ, ɤɨɬɨɪɵɣ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨɫɥɟ
ɥɨɜɭɲɤɢ. ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɜɟɫɨɜɨɝɨ ɦɟɬɨɞɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɪɚɫ-
ɬɜɨɪɢɦɨɫɬɢ ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ ɜɡɜɟɲɢɜɚɟɬɫɹ ɞɨ ɢ ɩɨɫɥɟ  ɨɩɵɬɨɜ ɥɢɛɨ  
ɷɤɫɬɪɚɤɰɢɨɧɧɚɹ ɹɱɟɣɤɚ ɰɟɥɢɤɨɦ, ɥɢɛɨ ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜɧɭɬɪɢ ɧɟɟ 

2.1.2. Анализ состава насыщенного раствора
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ɫɟɤɰɢɢ. ɉɨɫɤɨɥɶɤɭ ɪɚɫɬɜɨɪɵ ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ ɜɨ ɮɥɸɢɞɧɨɣ ɮɚɡɟ ɹɜ-
ɥɹɸɬɫɹ ɟɳɟ ɛɨɥɟɟ ɪɚɡɛɚɜɥɟɧɧɵɦɢ, ɬɨ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɚ ɬɪɟɛɭɟɬ-
ɫɹ ɧɚɦɧɨɝɨ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɠɚɬɨɝɨ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. 

Ɉɛɵɱɧɨ ɫɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɜɟɫɨɜɵɦ ɦɟɬɨɞɨɦ, ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟ-
ɥɚɯ 3÷5%. ɉɪɢ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɹɯ, ɤɨɝɞɚ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɫɬɜɨ-
ɪɢɦɨɫɬɢ ɫɢɥɶɧɨ ɫɧɢɠɚɟɬɫɹ, ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 
100 ɢ ɛɨɥɟɟ  ɩɪɨɰɟɧɬɨɜ. 

 

2.1.2.2. ɋɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɣ ɦɟɬɨɞ. 
 

Ⱦɥɹ ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɩɨɝɥɨɳɚɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɜ ɧɟɩɨ-
ɝɥɨɳɚɸɳɟɦ ɪɚɫɬɜɨɪɢɬɟɥɟ ɫɩɪɚɜɟɞɥɢɜ ɡɚɤɨɧ Ȼɭɝɟɪɚ-Ʌɚɦɛɟɪɬɚ-Ȼɟɪɚ, 
ɤɨɬɨɪɵɣ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɩɨɝɥɨɳɟɧɢɟɦ ɦɨɧɨɯɪɨ-
ɦɚɬɢɱɟɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜɟɳɟɫɬɜɨɦ ɢ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɜ ɝɨɦɨɝɟɧɧɨɣ 

ɫɪɟɞɟ ɡɚɞɚɧɧɨɣ ɬɨɥɳɢɧɵ 
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ɝɞɟ I0 - ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɚɞɚɸɳɟɝɨ, ɚ I - ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɲɟɞɲɟɝɨ 
ɱɟɪɟɡ ɨɛɪɚɡɟɰ ɢɡɥɭɱɟɧɢɹ;ν - ɱɚɫɬɨɬɚ ɢɡɥɭɱɟɧɢɹ:  c - ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫ-
ɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ;  )(να  - ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ; l - ɬɨɥɳɢɧɚ 
ɨɛɪɚɡɰɚ. 

ȼ ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɚɯ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ 
ɫɜɨɣɫɬɜ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɱɚɫɬɨɬɵ ɩɚɞɚɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ. 
ɉɪɢ ɛɨɥɶɲɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɭɪɚɜɧɟɧɢɟ (2.1) ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɬɚɤ ɤɚɤ 
ɢɡ-ɡɚ ɜɥɢɹɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɛɥɢɡɤɨ ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɦɨɥɟ-
ɤɭɥɚɦɢ  ɩɨɝɥɨɳɚɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɜɟɥɢɱɢɧɚ )(να  ɧɚɱɢɧɚɟɬ ɡɚɜɢɫɟɬɶ ɨɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ. ȼɟɥɢɱɢɧɭ  







)(I

)(I
ln o

ν
ν

 ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɨɩ-

ɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɶɸ Ⱥ [148]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ 
ɜ ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɚɯ ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ  (2.1) ɹɜɥɹɟɬɫɹ ɥɢɧɟɣ-

ɧɨɣ ɮɭɧɤɰɢɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. ɋ ɪɨɫɬɨɦ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɭɜɟɥɢɱɟɧɢɟ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɡɚɦɟɞɥɹɟɬɫɹ  ɢ ɥɢɧɟɣ-

ɧɵɣ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɪɭɲɚɟɬɫɹ. 
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ȼ ɪɚɛɨɬɟ [148] ɩɪɨɜɟɞɟɧ ɩɨɞɪɨɛɧɵɣ ɚɧɚɥɢɡ ɞɪɭɝɢɯ ɩɪɢɱɢɧ ɨɬɤɥɨ-
ɧɟɧɢɣ ɨɬ ɡɚɤɨɧɚ Ȼɭɝɟɪɚ-Ʌɚɦɛɟɪɬɚ-Ȼɟɪɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ 
ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ. ɗɬɨ ɫɨɜɦɟɫɬɧɨɟ ɞɟɣ-

ɫɬɜɢɟ ɲɢɪɢɧɵ ɳɟɥɢ ɢ ɚɩɩɚɪɚɬɧɨɣ ɮɭɧɤɰɢɢ ɫɩɟɤɬɪɨɦɟɬɪɚ, ɤɨɬɨɪɨɟ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɧɚ ɩɪɢɟɦɧɢɤ ɩɨɩɚɞɚɟɬ ɧɟ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɟ 
ɢɡɥɭɱɟɧɢɟ, ɚ ɫɤɨɪɟɟ ɧɟɤɨɬɨɪɵɣ ɢɧɬɟɪɜɚɥ ɞɥɢɧ ɜɨɥɧ. Ɉɛɵɱɧɨ ɞɥɹ 
ɫɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɲɭɦɚ ɳɟɥɢ ɪɚɫɤɪɵɜɚɸɬ, ɱɬɨ ɜɟɞɟɬ ɤ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɨɦɭ ɪɚɫɲɢɪɟɧɢɸ ɢɧɬɟɪɜɚɥɚ ɞɥɢɧ ɜɨɥɧ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɤ ɫɢɫɬɟɦɚɬɢɱɟ-
ɫɤɢɦ ɩɨɝɪɟɲɧɨɫɬɹɦ ɜɟɞɭɬ ɩɨɬɟɪɢ ɧɚ ɨɬɪɚɠɟɧɢɟ ɢ ɪɚɫɫɟɹɧɢɟ ɢɡɥɭɱɟ-
ɧɢɹ ɜ ɨɛɪɚɡɰɟ, ɷɮɮɟɤɬɵ ɨɬɪɚɠɟɧɢɹ ɥɭɱɚ ɢ ɨɲɢɛɤɢ ɜ ɭɫɬɚɧɨɜɤɟ ɧɭɥɟ-
ɜɨɣ ɥɢɧɢɢ ɫɩɟɤɬɪɨɦɟɬɪɚ. ɋɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɨɲɢɛɤɢ ɜɨɡɧɢɤɚɸɬ ɬɚɤɠɟ, 
ɟɫɥɢ ɩɨɝɥɨɳɚɸɳɢɟ ɱɚɫɬɢɰɵ ɧɟ ɫɨɯɪɚɧɹɸɬ ɫɜɨɸ ɢɞɟɧɬɢɱɧɨɫɬɶ ɜ ɝɨ-
ɦɨɝɟɧɧɨɦ ɪɚɫɬɜɨɪɟ. ɗɬɨɬ ɷɮɮɟɤɬ ɨɛɵɱɧɨ ɜɤɥɸɱɚɟɬ ɦɟɠɦɨɥɟɤɭɥɹɪ-

ɧɭɸ ɚɫɫɨɰɢɚɰɢɸ, ɨɫɨɛɟɧɧɨ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ ɢ ɦɢɰɟɥɥɨɨɛɪɚɡɨɜɚɧɢɟ.  
ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɦ ɪɚɫɬɜɨɪɟ ɢɦɟɟɬɫɹ ɧɟɤɨɬɨ-

ɪɨɟ ɩɟɪɟɤɪɵɜɚɧɢɟ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ. Ɉɞɧɚɤɨ ɨɱɟɧɶ 
ɪɟɞɤɨ ɷɬɨ ɩɟɪɟɤɪɵɜɚɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɜɟɫɶ ɞɢɚɩɚɡɨɧ ɞɥɢɧ 

ɜɨɥɧ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɛɢɪɚɬɶ ɩɨɥɨɫɵ ɫ 
ɦɢɧɢɦɚɥɶɧɵɦ ɩɟɪɟɤɪɵɜɚɧɢɟɦ. ȼ ɫɥɭɱɚɟ ɩɟɪɟɤɪɵɜɚɸɳɢɯɫɹ ɩɨɥɨɫ, 
ɤɨɝɞɚ ɚɫɫɨɰɢɚɰɢɹ ɜ ɪɚɫɬɜɨɪɟ ɨɬɫɭɬɫɬɜɭɟɬ ɢ ɜɵɩɨɥɧɹɟɬɫɹ ɡɚɤɨɧ Ȼɭɝɟ-
ɪɚ-Ʌɚɦɛɟɪɬɚ-Ȼɟɪɚ, ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ λ  ɹɜɥɹɟɬ-
ɫɹ ɫɭɦɦɨɣ ɨɩɬɢɱɟɫɤɢɯ ɩɥɨɬɧɨɫɬɟɣ ɩɨɝɥɨɳɟɧɢɹ ɤɚɠɞɨɝɨ ɢɡ  i-ɯ ɤɨɦ-

ɩɨɧɟɧɬɨɜ ɩɪɢ ɞɚɧɧɨɣ ɞɥɢɧɟ ɜɨɥɧɵ 
 

 lc...lclcA nn2211 αααλ +++= ,  (2.2) 
 

ɝɞɟ n - ɤɨɥɢɱɟɫɬɜɨ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɪɚɫɬɜɨɪɟ. ɍɪɚɜɧɟɧɢɟ (2.2) ɧɚɞɨ ɡɚ-
ɩɢɫɚɬɶ ɞɥɹ ɬɚɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɥɢɧ ɜɨɥɧ, ɤɨɬɨɪɨɟ ɛɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ 
ɤɨɥɢɱɟɫɬɜɭ ɤɨɦɩɨɧɟɧɬɨɜ 
 

 Ⱥ1 = ɫ1α 11l +c2α 21l +...+  cnα n1l, 
 

 Ⱥ2 = ɫ1α 12l +c2α 22l +...+  cnα n2l, ·  ·  · 

 

 Ⱥn = ɫ1α 1nl +c2α 2nl +...+  cnα nnl.   (2.3) 
 

ȿɫɥɢ ɞɥɹ ɪɚɫɱɟɬɚ ɜɵɛɪɚɬɶ ɫɢɥɶɧɵɟ ɩɨɥɨɫɵ ɫ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚ-
ɥɵɦ ɩɟɪɟɤɪɵɜɚɧɢɟɦ, ɬɨ ɞɢɚɝɨɧɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ (2.3) ɢɦɟɸɬ 
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ɧɟɤɨɬɨɪɭɸ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ, ɬɚɤ ɤɚɤ ɷɬɢ ɱɚɫɬɨɬɵ ɨɛɵɱɧɨ ɧɟ ɩɨɩɚ-
ɞɚɸɬ ɜ ɦɚɤɫɢɦɭɦ ɩɨɝɥɨɳɟɧɢɹ. ȿɫɥɢ ɨɞɢɧ, ɥɢɛɨ ɧɟɫɤɨɥɶɤɨ ɧɟɞɢɚɝɨ-
ɧɚɥɶɧɵɯ ɱɥɟɧɨɜ ɥɟɠɚɬ ɧɚ ɤɪɵɥɟ ɪɟɡɤɨɣ ɩɨɥɨɫɵ, ɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨ-
ɝɥɨɳɟɧɢɹ ɫɬɚɧɨɜɹɬɫɹ ɨɱɟɧɶ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɤ ɨɲɢɛɤɚɦ ɜ ɢɡɦɟɪɟɧɢɢ 

ɱɚɫɬɨɬ. Ⱦɥɹ ɛɢɧɚɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɢɡ ɭɪɚɜɧɟɧɢɣ (2.3) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɹɜɧɨɦ ɜɢɞɟ 

 

 c1 = l)(

ȺȺ

12211122

212221

αααα
αα

−
−

 ,    (2.4) 

 

 c2 = l)(

AȺ

12211122

212112

αααα
αα

−
−

 .    (2.5) 

 

Ⱦɥɹ ɪɚɫɬɜɨɪɨɜ ɫ ɱɢɫɥɨɦ ɤɨɦɩɨɧɟɧɬɨɜ i≥3 ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɚɬɶ 
ɦɚɬɪɢɰɭ, ɨɛɪɚɬɧɭɸ (2.3). 

 

c1=k11A1+k12A2 +...+k1nAn  , 

 

 c2=k21A1+k22A2 +...+k2nAn  , 

 ·  ·  · 

 cn=kn1A1+kn2A2 +...+knnAn  .    (2.6) 
 

ȼ ɫɥɭɱɚɟ i≥3 ɭɪɚɜɧɟɧɢɟ ɥɟɝɱɟ ɪɟɲɚɬɶ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ kii  ɜ 
ɱɢɫɥɟɧɧɨɦ ɜɢɞɟ, ɱɟɦ ɜ ɧɟɹɜɧɨɣ ɮɨɪɦɟ [148]. 

ɍɪɚɜɧɟɧɢɟ (2.3) ɬɚɤɠɟ ɦɨɠɧɨ ɪɟɲɢɬɶ ɩɪɢɛɥɢɠɟɧɧɨ. ȿɫɥɢ ɧɟɞɢɚ-
ɝɨɧɚɥɶɧɵɟ ɱɥɟɧɵ ɦɚɥɵ (ɦɚɥɨɟ ɩɟɪɟɤɪɵɜɚɧɢɟ) ɬɨ ɪɟɲɟɧɢɹ ɫɯɨɞɹɬɫɹ 
ɛɵɫɬɪɨ. ȼ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɟɪɟ-
ɤɪɵɜɚɧɢɟ ɦɚɥɨ, ɬɨ ɟɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ α 12,α 21,α 32,..., α nN  ɪɚɜɧɵ 

ɧɭɥɸ, ɝɞɟ n≠ N), ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɢ  c1,c2,...cn. 

ɇɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ  ci  ɜɧɨɜɶ ɩɨɞɫɬɚɜɥɹɸɬɫɹ ɜ ɭɪɚɜɧɟɧɢɹ (2.3), 

ɨɬɤɭɞɚ ɩɨɥɭɱɚɸɬ ɧɨɜɵɟ ɡɧɚɱɟɧɢɹ ci. ɂɬɟɪɚɰɢɹ  ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɞɨɫ-
ɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɢ. 

ɍɪɚɜɧɟɧɢɟ (2.2), ɜɵɪɚɠɚɸɳɟɟ ɩɪɚɜɢɥɨ ɚɞɞɢɬɢɜɧɨɫɬɢ ɩɨɝɥɨɳɟɧɢɹ 
ɩɚɞɚɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɤɨɦɩɨɧɟɧɬɚɦɢ ɪɚɫɬɜɨɪɚ, ɫɨɯɪɚɧɹɟɬɫɹ, ɤɚɤ ɩɪɚ-
ɜɢɥɨ, ɞɚɠɟ ɜ ɛɨɥɟɟ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɣ, ɤɨɝɞɚ ɭɠɟ ɡɚ-
ɤɨɧ Ȼɭɝɟɪɚ-Ʌɚɦɛɟɪɬɚ-Ȼɟɪɚ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ  ɢɧɬɟɪɜɚɥ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɭɱɚɫɬɤɢ, ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɵɯ ɦɨɠɧɨ 
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ɞɨɩɭɫɬɢɬɶ ɩɪɢɛɥɢɠɟɧɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (2.1). Ɍɚɤɨɣ ɩɨɞɯɨɞ 

ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɚ 
ɪɚɫɬɜɨɪɚ ɜɫɟ ɩɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɫɨɨɬɧɨɲɟɧɢɹ. Ⱦɥɹ ɛɨɥɟɟ ɲɢɪɨɤɢɯ 
ɢɧɬɟɪɜɚɥɨɜ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɜɨɞɹɬɫɹ ɱɥɟɧɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɟ ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. 
ɇɚɢɛɨɥɟɟ ɭɞɨɛɧɵɦ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɫ-

ɫɥɟɞɨɜɚɧɢɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ ɜ 
ɢɧɮɪɚɤɪɚɫɧɨɣ ɱɚɫɬɢ ɫɩɟɤɬɪɚ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɪɚɡɥɢɱɧɵɟ 
ɦɨɥɟɤɭɥɵ, ɫɨɞɟɪɠɚɳɢɟ ɨɞɧɭ ɢ ɬɭ ɠɟ ɫɜɹɡɶ ɢɥɢ ɨɞɧɭ ɢ ɬɭ ɠɟ ɝɪɭɩɩɭ 
ɚɬɨɦɨɜ, ɛɭɞɭɬ ɞɚɜɚɬɶ ɜ ɢɧɮɪɚɤɪɚɫɧɨɦ (ɂɄ) ɫɩɟɤɬɪɟ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟ-
ɧɢɹ ɜ ɨɛɥɚɫɬɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɣ ɱɚɫɬɨɬɵ [149]. ɏɚ-
ɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɱɚɫɬɨɬɵ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɫɬɚɧɨɜɢɬɶ ɩɨ ɫɩɟɤɬɪɭ 
ɩɨɝɥɨɳɟɧɢɹ ɧɚɥɢɱɢɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɝɪɭɩɩ ɚɬɨɦɨɜ ɜ ɦɨɥɟɤɭɥɟ ɢ ɬɟɦ 

ɫɚɦɵɦ ɩɨɡɜɨɥɹɸɬ ɫɭɞɢɬɶ ɨ ɫɬɪɨɟɧɢɢ ɦɨɥɟɤɭɥ, ɤɚɱɟɫɬɜɟɧɧɨɦ ɫɨɫɬɚɜɟ 
ɜɟɳɟɫɬɜɚ, ɥɢɛɨ ɪɚɫɬɜɨɪɚ. ɋ ɩɨɦɨɳɶɸ ɂɄ- ɫɩɟɤɬɪɨɜ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟ-
ɧɨ ɫɬɪɨɟɧɢɟ ɦɧɨɝɢɯ  ɨɥɟɮɢɧɨɜ, ɚɪɨɦɚɬɢɱɟɫɤɢɯ  ɫɨɟɞɢɧɟɧɢɣ, ɤɚɪɛɨ-
ɧɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɚɦɢɧɨɤɢɫɥɨɬ ɢ ɞɪɭɝɢɯ ɝɪɭɩɩ ɜɟɳɟɫɬɜ. 

Ɇɧɨɝɢɟ ɬɪɭɞɧɨɫɬɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɂɄ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɭɫɩɟɲɧɨ 
ɩɪɟɨɞɨɥɟɜɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɛɚɡɨɜɨɣ  ɥɢɧɢɢ [149]. Ȼɚɡɨɜɚɹ ɥɢ-

ɧɢɹ ɩɪɨɜɨɞɢɬɫɹ ɜ ɨɫɧɨɜɚɧɢɢ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ (ɢɡɨɛɪɚɠɟɧɚ ɩɭɧɤ-
ɬɢɪɚɦɢ ɧɚ ɪɢɫ. 2.3). 

 

 

 

 

 

 

 

 

Ɋɢɫ. 2.3. Ɇɟɬɨɞ ɛɚɡɨɜɨɣ ɥɢɧɢɢ. 

  
 

Ɂɞɟɫɶ k=2π/λ - ɷɬɨ ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ, ɝɞɟ λ - ɞɥɢɧɚ ɜɨɥɧɵ ɩɚɞɚɸ-

ɳɟɝɨ ɢɡɥɭɱɟɧɢɹ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɞɚɧɧɵɦ ɜɵɱɟɪɱɢɜɚɸɬ ɝɪɚɞɭɢɪɨɜɨɱɧɵɣ ɝɪɚɮɢɤ, ɧɚ ɤɨɬɨɪɨɦ ɨɬɤɥɚɞɵ-

ɜɚɸɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɝɪɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɨɬ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɱɚɫɬɨɬ. ȼ ɨɛɥɚɫɬɢ 
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ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɬɚɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɝɭɬ ɛɵɬɶ ɨɩɢɫɚɧɵ 

ɭɪɚɜɧɟɧɢɹɦɢ ɩɪɹɦɵɯ ɥɢɧɢɣ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɦɟɬɨɞɢɤɭ ɨɛɪɚɛɨɬɤɢ ɩɟɪɜɢɱɧɵɯ 
ɨɩɵɬɧɵɯ ɂɄ-ɫɩɟɤɬɪɨɝɪɚɦɦ, ɪɟɚɥɢɡɨɜɚɧɧɭɸ ɜ ɪɚɛɨɬɟ [147] ɞɥɹ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɣ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɜ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɟ ɦɟ-
ɬɚɧ (ɋɇ4) - 1-ɦɟɬɢɥɧɚɮɬɚɥɢɧ (ɋ10ɇ7ɋɇ3). ɇɚ ɪɢɫ. 2.4 ɩɨɤɚɡɚɧɵ ɬɢɩɨ-
ɜɵɟ ɫɩɟɤɬɪɵ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɢɯ ɫɦɟɫɟɣ.  

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ ɜɵɛɢɪɚɸɬɫɹ ɧɟɫɤɨɥɶɤɨ ɢɧɬɟɪɜɚɥɨɜ 
ɱɚɫɬɨɬ ɪɚɡɥɢɱɧɨɣ ɲɢɪɢɧɵ. ɗɬɢ ɢɧɬɟɪɜɚɥɵ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɜɫɟɦɭ 
ɫɩɟɤɬɪɭ ɢ ɨɯɜɚɬɵɜɚɸɬ ɜɫɟ ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɟ ɭɱɚɫɬɤɢ, ɧɟɨɛɯɨɞɢ-

ɦɵɟ ɞɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɱɚɫɬɨɬ-
ɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɫɩɟɤɬɪɚ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɭɪɚɜɧɟɧɢɟ (2.1) ɜ ɫɥɟ-
ɞɭɸɳɟɦ ɜɢɞɟ 
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ɑɚɫɬɨɬɧɵɣ ɢɧɬɟɪɜɚɥ D ɜɵɛɢɪɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɢɧɬɟɝɪɚɥ ɜ 
ɥɟɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ (2.7) ɧɟ ɡɚɜɢɫɟɥ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ. 
Ɍɨɝɞɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɚ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɧɬɟɝɪɚɥɶɧɨɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɢɡɥɭɱɟɧɢɹ, ɡɚɩɢɫɚɧɧɨɣ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ 
(2.7). Ȼɚɡɨɜɚɹ ɥɢɧɢɹ ɜ ɪɚɛɨɬɟ [147] ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɥɚɫɶ ɭɪɚɜɧɟɧɢɟɦ 

ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ δγνβν ++2
, ɝɞɟ β , γ  ɢ δ  - ɷɬɨ ɧɟɢɡɜɟɫɬɧɵɟ ɩɚ-

ɪɚɦɟɬɪɵ ɷɬɨɣ ɤɪɢɜɨɣ.  
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Ɋɢɫ. 2.4. Ɍɢɩɨɜɵɟ ɫɩɟɤɬɪɵ ɦɟɬɚɧɚ, ɦɟɬɢɥɧɚɮɬɚɥɢɧɚ ɢ ɢɯ ɫɦɟɫɢ [147]. 

 

ɇɟɢɡɜɟɫɬɧɵɦɢ ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ 
ɜɟɳɟɫɬɜɚ (1-ɦɟɬɢɥɧɚɮɬɚɥɢɧɚ) ɢ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɦɟɬɚɧɚ). Ɍɚɤɢɦ ɨɛɪɚ-
ɡɨɦ, ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɹɬɢ ɧɟɢɡɜɟɫɬɧɵɯ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɢɫɬɟɦɭ 
ɢɡ ɩɹɬɢ ɭɪɚɜɧɟɧɢɣ, ɤɚɠɞɨɟ ɢɡ ɤɨɬɨɪɵɯ ɡɚɩɢɫɵɜɚɟɬɫɹ ɞɥɹ ɧɟɤɨɬɨɪɨɝɨ 
ɢɧɬɟɪɜɚɥɚ ɱɚɫɬɨɬ 
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ɝɞɟ ɢɧɞɟɤɫ «ɪ» ɨɬɧɨɫɢɬɫɹ ɤ ɪɚɫɬɜɨɪɢɬɟɥɸ, «ɪɜ» - ɤ ɪɚɫɬɜɨɪɹɸɳɟɦɭ 
ɜɟɳɟɫɬɜɭ, «ɫɦ» - ɤ ɫɦɟɫɢ. Ɂɞɟɫɶ p

iA  ɢ 
ɪɜ

iA  - ɷɬɨ ɢɧɬɟɝɪɚɥɶɧɵɟ ɤɨɷɮ-

ɮɢɰɢɟɧɬɵ ɚɛɫɨɪɛɰɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɪɚɫɬɜɨɪɹɟɦɨɝɨ 
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ɜɟɳɟɫɬɜɚ. ȼɟɥɢɱɢɧɵ 
p

iA  ɢ 
ɪɜ

iA  ɨɩɪɟɞɟɥɹɸɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɪɚ-
ɞɭɢɪɨɜɨɱɧɵɯ ɫɩɟɤɬɪɨɜ ɞɥɹ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɭɪɚɜɧɟɧɢɹ (2.7) 
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Ʉɨɧɰɟɧɬɪɚɰɢɢ ɪɜ,ɪc  ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɡɧɚɱɟ-
ɧɢɹɦ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɸ. ɉɚɪɚɦɟɬɪɵ ɛɚɡɨɜɨɣ ɥɢɧɢɢ β , γ  ɢ 

δ  ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɟɲɟɧɢɟɦ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (2.8). ɉɪɢ ɷɬɨɦ ɚɜɬɨ-
ɦɚɬɢɱɟɫɤɢ ɭɱɢɬɵɜɚɸɬɫɹ ɫɭɳɟɫɬɜɭɸɳɢɟ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɜɤɥɚɞɚɦɢ 

ɪɚɡɧɨɪɨɞɧɵɯ ɦɨɥɟɤɭɥ ɜɨ ɜɫɟ ɩɹɬɶ ɱɚɫɬɨɬɧɵɯ ɢɧɬɟɪɜɚɥɚ ɫɩɟɤɬɪɚ. Ɉɫɨ-
ɛɟɧɧɨɫɬɶɸ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɞɥɹ ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɫɩɟɤɬɪɨɜ ɧɟ 
ɧɭɠɧɨ ɬɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɛɚɡɨɜɨɣ ɥɢɧɢɢ. Ȼɚɡɨɜɚɹ ɥɢɧɢɹ ɜ ɷɬɨɦ ɫɥɭ-
ɱɚɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɨɢɡɜɨɥɶɧɨɣ ɤɜɚɞɪɚɬɢɱɧɨɣ ɮɨɪɦɨɣ ɫ 
ɩɚɪɚɦɟɬɪɚɦɢ e, f ɢ g. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɨɩɪɟɞɟɥɟɧɢɸ ɢɧɬɟɝɪɚɥɶɧɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɛɫɨɪɛɰɢɢ 
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ɉɨɞɫɬɚɧɨɜɤɚ ɧɨɜɵɯ ɡɧɚɱɟɧɢɣ ɢɧɬɟɝɪɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɛ-

ɫɨɪɛɰɢɢ ɜ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ (2.8) ɧɟ ɢɡɦɟɧɹɟɬ ɡɧɚɱɟɧɢɣ ɤɨɧɰɟɧɬɪɚ-
ɰɢɣ ɪɜ,ɪc . ɗɬɨ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɦɭɥɶɬɢɥɢɧɟɣɧɵɯ ɫɜɨɣɫɬɜ ɞɟɬɟɪ-
ɦɢɧɚɧɬɨɜ, ɤɨɬɨɪɵɣ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɫɬɪɨɝɨɟ ɪɚɜɟɧɫɬɜɨ ɦɟɠɞɭ ɞɟɬɟɪ-
ɦɢɧɚɧɬɨɦ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (2.8) ɢ ɞɟɬɟɪɦɢɧɚɧɬɨɦ, ɩɨɥɭɱɚɟɦɵɦ 

ɩɨɫɥɟ ɩɟɪɟɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ 
ɪɜ,ɪ

iA  ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ (2.10) ɢ 

ɢɯ ɩɨɞɫɬɚɧɨɜɤɢ ɜ ɫɢɫɬɟɦɭ (2.8). ɉɨɞɫɬɚɧɨɜɤɚ ɧɨɜɵɯ ɡɧɚɱɟɧɢɣ 
ɪɜ,ɪ

iA  ɜ 
ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ (2.8) ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ β , γ  ɢ δ  

ɬɟɪɹɸɬ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɛɚɡɨɜɚɹ ɥɢɧɢɹ ɫɩɟɤɬɪɚ 
ɜɫɟɣ ɫɦɟɫɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ, ɟɫɥɢ ɧɟɢɡɜɟɫɬɧɵ ɛɚɡɨɜɵɟ ɥɢ-

ɧɢɢ ɝɪɚɞɭɢɪɨɜɨɱɧɵɯ ɫɩɟɤɬɪɨɜ. 
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ȼɵɛɨɪ ɱɚɫɬɨɬɧɵɯ ɢɧɬɟɪɜɚɥɨɜ D1,...,D5 ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɚɤɢɦ ɨɛɪɚ-
ɡɨɦ, ɱɬɨɛɵ ɜɵɩɨɥɧɹɥɨɫɶ ɥɢɧɟɣɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɢɧɬɟɝɪɚɥɶɧɵ-

ɦɢ ɢɧɬɟɧɫɢɜɧɨɫɬɹɦɢ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɦɨɥɟɤɭɥ. Ɍɚɤ ɧɚ ɪɢɫ. 2.5 ɩɨ-
ɤɚɡɚɧɵ ɝɪɚɞɭɢɪɨɜɨɱɧɵɟ ɝɪɚɮɢɤɢ ɢɧɬɟɝɪɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭ-
ɱɟɧɢɹ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɥɹ ɦɟɬɚɧɚ ɜ ɱɚɫɬɨɬɧɵɯ ɢɧɬɟɪɜɚɥɚɯ D2 ɢ D4 ɧɚ 
ɞɜɭɯ ɢɡɨɬɟɪɦɚɯ. 

ȼɫɟ ɝɪɚɞɭɢɪɨɜɨɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚ-
ɸɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ ɩɪɹɦɨɣ ɥɢɧɢɢ. ɗɤɫɬɪɚɩɨɥɹɰɢɹ ɷɬɢɯ ɩɪɹɦɵɯ ɜ ɬɨɱ-
ɤɭ ɫ ɧɭɥɟɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɧɢ ɧɟ ɫɯɨɞɹɬɫɹ ɜ ɧɚɱɚ-
ɥɟ ɤɨɨɪɞɢɧɚɬ. ɇɟɤɨɬɨɪɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɛɴɹɫɧɹɟɬɫɹ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣ 

ɩɨɝɪɟɲɧɨɫɬɶɸ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɛɚɡɨɜɵɯ ɥɢɧɢɣ ɤɚɠɞɨɝɨ ɢɡ ɷɬɢɯ ɫɩɟɤ-
ɬɪɨɜ. 

 

 
 

Ɋɢɫ. 2.5. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɝɪɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɨɬ ɤɨɧɰɟɧɬɪɚ-
ɰɢɢ ɧɚ ɢɡɨɬɟɪɦɚɯ 323 ɢ 398 Ʉ [147]. 

 

Ɇɢɧɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɩɟɤ-
ɬɪɨɫɤɨɩɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [149] 

 

 )l/(Ac minmin ε= ,  (2.11) 

 

ɝɞɟ ε  - ɦɨɥɹɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ, l - ɬɨɥɳɢɧɚ ɫɜɟɬɨɩɨ-
ɝɥɨɳɚɸɳɟɝɨ ɫɥɨɹ. ɉɨɪɹɞɨɤ ɜɟɥɢɱɢɧɵ minc  ɦɨɠɧɨ ɨɰɟɧɢɬɶ, ɟɫɥɢ ɩɪɢ-
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ɧɹɬɶ, ɱɬɨ =minA 10-2, l = 1 ɫɦ, =ε 103 (ɪɟɚɥɢɡɭɸɬɫɹ ɜ ɬɢɩɨɜɨɦ ɷɤɫɩɟ-
ɪɢɦɟɧɬɟ) 
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=  ɦɨɥɶ/ɥ .   (2.12) 

 

Ɉɛɵɱɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɯ ɦɟɬɨ-
ɞɨɜ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 2 % [149]. 

ɉɨɫɤɨɥɶɤɭ ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɩɪɢɦɟɧɟɧɢɢ 

ɡɚɤɨɧɚ Ȼɭɝɟɪɚ-Ʌɚɦɛɟɪɬɚ-Ȼɟɪɚ, ɬɨ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɩɪɚɜɞɚɧɨ ɜ ɫɥɭ-
ɱɚɟ ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ. ɗɬɨ ɨɱɟɧɶ ɜɚɠɧɨ, ɬɚɤ ɤɚɤ ɪɚɫɬɜɨɪɵ 

ɛɨɥɶɲɢɧɫɬɜɚ ɜɟɳɟɫɬɜ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ ɹɜɥɹɸɬɫɹ ɪɚɡɛɚɜ-
ɥɟɧɧɵɦɢ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɪɚɫɬɜɨɪɹɟɦɨɟ ɜɟɳɟɫɬɜɨ ɢɦɟɥɨ 
ɛɵ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɜ ɜɵɛɪɚɧɧɨɣ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ, ɚ ɮɥɸɢɞ-

ɪɚɫɬɜɨɪɢɬɟɥɶ ɜ ɬɨɣ ɠɟ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ ɛɵɥ ɛɵ ɩɪɨɡɪɚɱɧɵɦ. ɋɩɟɤɬɪɨ-
ɫɤɨɩɢɱɟɫɤɢɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɨɛɪɚɛɨɬɤɢ 

ɩɟɪɜɢɱɧɵɯ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɦɟɬɨɞɚ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ 

ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵ [29]: ɢɡɦɟɧɟɧɢɟ ɩɪɨɮɢɥɹ ɫɩɟɤɬɪɨɝɪɚɦɦɵ ɜɦɟɫɬɟ 
ɫ ɞɚɜɥɟɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ, ɢɡɦɟɧɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ  ɨɬ ɞɚɜɥɟɧɢɹ 
ɢ ɩɪɢɪɨɞɵ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɚɞɫɨɪɛɰɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɧɚ ɨɩ-

ɬɢɱɟɫɤɢɯ ɨɤɧɚɯ ɢɡ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ. 
 

2.2. ȾɂɇȺɆɂɑȿɋɄɂɃ ɆȿɌɈȾ 

 

2.2.1. ɇɚɫɵɳɟɧɢɟ ɪɚɫɬɜɨɪɚ 
 

ȼ ɞɢɧɚɦɢɱɟɫɤɨɦ ɦɟɬɨɞɟ ɫɠɚɬɵɣ ɞɨ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɚɜɥɟɧɢɹ, ɩɨ-
ɞɨɝɪɟɬɵɣ ɢ ɬɳɚɬɟɥɶɧɨ ɨɱɢɳɟɧɧɵɣ ɝɚɡ ɩɪɨɩɭɫɤɚɸɬ ɱɟɪɟɡ ɫɬɨɥɛ ɠɢɞ-

ɤɨɫɬɢ, ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɬɟɪɦɨɫɬɚɬɢɪɭɟɦɨɣ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɹɱɟɣɤɟ ɜɵ-

ɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. Ɇɟɞɥɟɧɧɨ ɩɪɨɩɭɫɤɚɟɦɵɣ ɝɚɡ ɩɟɪɟɦɟɲɢɜɚɟɬ ɠɢɞ-

ɤɨɫɬɶ, ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɧɟɣ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫɚɦ ɧɚɫɵɳɚɟɬɫɹ ɠɢɞɤɨ-
ɫɬɶɸ. Ɋɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɚ   ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɪɨɩɭɫɤɚɧɢɟ ɡɧɚɱɢɬɟɥɶɧɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɝɚɡɚ. Ɉɛ  ɭɫɬɚɧɨɜɥɟɧɢɢ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɢɫɬɟɦɟ ɫɭɞɹɬ ɩɨ ɪɟ-
ɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɠɢɞɤɨɣ ɮɚɡɵ. Ɋɚɜɧɨɜɟɫɧɨɟ ɧɚɫɵɳɟɧɢɟ ɪɚɫɬɜɨɪɚ 
ɞɨɫɬɢɝɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [145]. ɋɢɫɬɟɦɚ ɩɪɢɜɨɞɢɬɫɹ ɤ ɡɚɞɚɧ-

ɧɨɦɭ ɞɚɜɥɟɧɢɸ ɤɚɤ ɫɨ ɫɬɨɪɨɧɵ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɬɚɤ ɢ ɫɨ ɫɬɨɪɨɧɵ 
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ɞɚɜɥɟɧɢɹ ɛɨɥɶɲɟɝɨ, ɱɟɦ ɡɚɞɚɧɧɨɟ. ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ, ɫɧɢɠɚɹ ɞɚɜɥɟ-
ɧɢɟ ɞɨɛɢɜɚɸɬɫɹ ɜɵɞɟɥɟɧɢɹ ɢɡ ɠɢɞɤɨɫɬɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɧɟɣ ɝɚɡɚ. 
ɋɨɜɩɚɞɟɧɢɟ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɬɚɤɢɦ ɫɩɨɫɨɛɨɦ, ɫ ɞɚɧɧɵɦɢ ɩɪɹɦɨ-
ɝɨ ɧɚɫɵɳɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨɛ ɭɫɬɚɧɨɜɥɟɧɢɢ ɪɚɜɧɨɜɟɫɢɹ. 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɨɬɨɱɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

[29], ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɜ ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɩɪɨɜɨɞɢɬɶ ɧɚɫɵɳɟ-
ɧɢɟ ɪɚɫɬɜɨɪɚ  ɜɨ ɮɥɸɢɞɧɨɣ ɮɚɡɟ ɢ ɩɨɥɭɱɚɬɶ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɟɰɢɡɢɨɧɧɨɝɨ ɜɡɜɟɲɢɜɚ-
ɧɢɹ, ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ.2.6. 

ɋɠɚɬɵɣ ɪɚɫɬɜɨɪɢɬɟɥɶ ɧɚɯɨɞɢɬɫɹ ɜ ɛɚɥɥɨɧɟ (1) ɥɢɛɨ ɜ ɠɢɞɤɨɦ, 

ɥɢɛɨ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɨɷɬɨɦɭ, ɩɨɞɚɱɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɷɤɫ-
ɬɪɚɤɰɢɨɧɧɭɸ ɹɱɟɣɤɭ (3) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɥɢɛɨ ɧɚɫɨɫɨɦ, ɥɢɛɨ ɦɟɦ-

ɛɪɚɧɧɵɦ ɤɨɦɩɪɟɫɫɨɪɨɦ. ɉɪɢɦɟɧɟɧɢɟ ɢɦɟɧɧɨ ɦɟɦɛɪɚɧɧɨɝɨ ɤɨɦɩɪɟɫ-
ɫɨɪɚ ɨɛɭɫɥɨɜɥɟɧɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɡɚɝɪɹɡɧɟɧɢɟ ɪɚɫ-
ɬɜɨɪɢɬɟɥɹ ɦɚɫɥɨɦ. ɉɪɟɠɞɟ, ɱɟɦ ɩɨɩɚɫɬɶ ɜ ɷɤɫɬɪɚɤɰɢɨɧɧɭɸ ɹɱɟɣɤɭ, 
ɪɚɫɬɜɨɪɢɬɟɥɶ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɜ ɬɟɪɦɨɫɬɚɬɟ (4). 

 
Ɋɢɫ.2.6. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɨɬɨɱɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. 1- 

ɛɚɥɥɨɧ ɫ ɪɚɫɬɜɨɪɢɬɟɥɟɦ, 2- ɧɚɫɨɫ, ɥɢɛɨ ɦɟɦɛɪɚɧɧɵɣ ɤɨɦɩɪɟɫɫɨɪ, 3- ɷɤɫɬɪɚɤ-
ɰɢɨɧɧɚɹ ɹɱɟɣɤɚ, 4- ɬɟɪɦɨɫɬɚɬ, 5- ɞɪɨɫɫɟɥɶɧɵɣ ɜɟɧɬɢɥɶ, 6- ɥɨɜɭɲɤɚ, 7- ɝɚɡɨɜɵɣ 

ɪɚɫɯɨɞɨɦɟɪ. 
 

Ɋɚɡɜɢɬɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɩɪɟɞɜɚɪɢ-

ɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɨɬɨɤɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɞɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɬɟɦɩɟ-
ɪɚɬɭɪ. ȼ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɹɱɟɣɤɟ ɩɪɨɢɫɯɨɞɢɬ ɥɢɛɨ ɛɚɪɛɨɬɚɠ ɪɚɫɬɜɨ-
ɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɩɨɬɨɤɨɦ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɥɢɛɨ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɟ ɪɚɫ-
ɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɩɨɬɨɤɟ ɜ ɜɢɞɟ ɩɟɫɱɢɧɨɤ. ɇɚ ɜɵɯɨɞɟ ɢɡ ɹɱɟɣɤɢ 

ɭɫɬɚɧɨɜɥɟɧɵ ɮɢɥɶɬɪɵ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɭɧɨɫɚ ɧɟ-
ɪɚɫɬɜɨɪɟɧɧɵɯ ɱɚɫɬɢɰ. ɉɨɫɥɟ ɹɱɟɣɤɢ ɧɚɫɵɳɟɧɧɵɣ ɮɥɸɢɞɧɵɣ ɪɚɫɬɜɨɪ 
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ɩɪɨɩɭɫɤɚɟɬɫɹ ɱɟɪɟɡ ɨɛɨɝɪɟɜɚɟɦɵɣ ɞɪɨɫɫɟɥɶɧɵɣ ɜɟɧɬɢɥɶ (5) ɞɥɹ ɩɨ-
ɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɩɨɬɨɤɟ. ɋɧɢɠɟɧɢɟ ɞɚɜɥɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ 
ɭɦɟɧɶɲɟɧɢɸ ɪɚɫɬɜɨɪɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ. 
ɉɪɚɤɬɢɱɟɫɤɢ ɞɥɹ ɩɨɥɧɨɣ ɪɟɝɟɧɟɪɚɰɢɢ ɮɥɸɢɞɚ-ɪɚɫɬɜɨɪɢɬɟɥɹ ɞɨɫɬɚ-
ɬɨɱɧɨ ɫɧɢɡɢɬɶ ɞɚɜɥɟɧɢɟ ɞɨ ɡɧɚɱɟɧɢɹ ɩɨɪɹɞɤɚ Ɋ/Ɋɤɪ=0,5 [112]. Ɉɛɨɝɪɟɜ 
ɞɪɨɫɫɟɥɶɧɨɝɨ ɜɟɧɬɢɥɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɵɩɚɞɟɧɢɹ 
ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢɡ ɩɪɨɯɨɞɹɳɟɝɨ ɩɨɬɨɤɚ, ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ 

ɤ ɡɚɫɨɪɟɧɢɸ ɜɟɧɬɢɥɹ. ɉɨɫɥɟ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɨɬɨɤ ɩɪɨɩɭɫɤɚɟɬɫɹ ɱɟ-
ɪɟɡ ɥɨɜɭɲɤɭ (6), ɝɞɟ ɝɚɡ ɨɬɞɟɥɹɟɬɫɹ ɨɬ ɨɫɚɠɞɚɟɦɨɝɨ ɪɚɫɬɜɨɪɹɟɦɨɝɨ 
ɜɟɳɟɫɬɜɚ. Ʉɨɧɫɬɪɭɤɬɢɜɧɨ ɥɨɜɭɲɤɚ ɜɵɩɨɥɧɹɟɬɫɹ  ɱɚɳɟ ɜɫɟɝɨ ɜ ɜɢɞɟ 
U- ɨɛɪɚɡɧɨɣ ɬɪɭɛɤɢ, ɥɢɛɨ ɜ ɜɢɞɟ ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɤɨɥɨɧɤɢ. Ⱦɥɹ ɛɨɥɟɟ 
ɝɥɭɛɨɤɨɣ ɪɟɝɟɧɟɪɚɰɢɢ ɝɚɡɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɦɟɧɹɸɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɵɣ ɪɹɞ ɥɨɜɭɲɟɤ, ɤɨɬɨɪɵɟ ɤ ɬɨɦɭ ɠɟ ɦɨɝɭɬ ɨɯɥɚɠɞɚɬɶɫɹ. Ⱦɚɜɥɟɧɢɟ ɜ 
ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɹɱɟɣɤɟ ɡɚɞɚɟɬɫɹ ɧɚɫɨɫɨɦ (2), ɚ ɪɚɫɯɨɞ ɪɚɫɬɜɨɪɢɬɟɥɹ 
ɪɟɝɭɥɢɪɭɟɬɫɹ ɞɪɨɫɫɟɥɶɧɵɦ ɜɟɧɬɢɥɟɦ (5). 

 

2.2.2. Ⱥɧɚɥɢɡ ɫɨɫɬɚɜɚ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ 
 

2.2.2.1. ɏɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɣ ɦɟɬɨɞ 
 

Ȼɨɥɶɲɢɧɫɬɜɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢ-

ɡɚ  ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤɰɢɢ ɹɜɥɹ-
ɸɬɫɹ ɦɨɞɢɮɢɤɚɰɢɹɦɢ ɜɟɫɨɜɨɝɨ ɦɟɬɨɞɚ [29]. ȼ ɨɞɧɨɦ ɫɥɭɱɚɟ ɪɚɫɬɜɨ-
ɪɟɧɧɨɟ ɜɟɳɟɫɬɜɨ, ɫɨɞɟɪɠɚɳɟɟ ɜ ɫɟɛɟ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɢ-

ɬɟɥɹ, ɨɫɚɠɞɚɟɬɫɹ ɜ ɥɨɜɭɲɤɟ, ɨɬɤɭɞɚ ɡɚɬɟɦ ɢɡɜɥɟɤɚɟɬɫɹ ɢ ɚɧɚɥɢɡɢɪɭɟɬ-
ɫɹ ɧɚ ɯɪɨɦɚɬɨɝɪɚɮɟ. ȼ ɞɪɭɝɨɦ ɫɥɭɱɚɟ ɪɚɫɬɜɨɪɹɟɦɨɟ ɜɟɳɟɫɬɜɨ ɨɫɚɠɞɚ-
ɟɬɫɹ ɩɪɹɦɨ ɧɚ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ ɩɥɚɬɟ. ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶ-
ɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ: 

1. ɝɚɡɨɜɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ (Ƚɏ); 

2. ɬɨɧɤɨɫɥɨɣɧɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ (Ɍɋɏ), 

3. ɠɢɞɤɨɫɬɧɚɹ ɜɵɫɨɤɨɪɚɡɪɟɲɚɸɲɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ (ɀȼɊɏ), 

4. ɪɚɡɦɟɪɨɢɫɤɥɸɱɚɸɳɚɹ ɯɪɨɦɚɬɨɝɪɚɮɢɹ  (Ɋɂɏ). 

Ɋɚɡɧɨɜɢɞɧɨɫɬɶ ɝɚɡɨɜɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ, ɤɨɝɞɚ ɜ ɤɚɱɟɫɬɜɟ ɩɨɞɜɢɠ-

ɧɨɣ ɮɚɡɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ 

ɩɨɥɭɱɢɥɚ ɧɚɡɜɚɧɢɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɮɥɸɢɞɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ 

(ɋɎɏ). 

ɋ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ  ɨɫɧɨɜɚɦɢ ɪɚɡɥɢɱɧɵɯ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɯ ɦɟ-
ɬɨɞɨɜ ɢ ɨɫɧɨɜɧɵɦɢ ɩɪɚɜɢɥɚɦɢ ɚɩɩɚɪɚɬɭɪɧɨɝɨ ɨɮɨɪɦɥɟɧɢɹ ɦɨɠɧɨ ɨɡ-
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ɧɚɤɨɦɢɬɶɫɹ  ɜ ɪɚɛɨɬɟ [149]. ɇɟɫɨɦɧɟɧɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɯɪɨɦɚɬɨɝɪɚ-
ɮɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɹɜɥɹɟɬɫɹ ɢɯ ɜɵɫɨɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɦɢɧɢ-

ɦɚɥɶɧɵɯ ɪɚɡɦɟɪɚɯ ɨɛɪɚɡɰɨɜ, ɨɬɛɢɪɚɟɦɵɯ ɧɚ ɚɧɚɥɢɡ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɢɬɶ ɝɚɛɚɪɢɬɵ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɱɚɫɬɢ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. 

ȼ ɨɛɡɨɪɟ [150] ɩɪɢɜɟɞɟɧ ɚɧɚɥɢɡ ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ ɫɨɟɞɢɧɟɧɢɹ 
ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɢ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɟɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 

ɭɫɬɚɧɨɜɤɢ. ȼɫɟ ɜɨɡɦɨɠɧɵɟ ɫɩɨɫɨɛɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɝɪɭɩɩɵ: 

ɩɚɪɚɥɥɟɥɶɧɨɟ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ. ȼ ɫɥɭɱɚɟ ɩɚɪɚɥɥɟɥɶɧɨ-
ɝɨ ɫɨɟɞɢɧɟɧɢɹ ɷɤɫɬɪɚɤɰɢɨɧɧɚɹ ɢ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɚɹ ɱɚɫɬɢ ɮɭɧɤ-
ɰɢɨɧɢɪɭɸɬ ɨɬɞɟɥɶɧɨ. ɗɬɨ ɨɱɟɧɶ ɭɞɨɛɧɨ ɜ ɫɥɭɱɚɟ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɩɢ-

ɥɨɬɧɨɣ  ɭɫɬɚɧɨɜɤɨɣ, ɥɢɛɨ ɡɚ ɭɫɬɚɧɨɜɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɦɚɫɲɬɚɛɚ. 
Ɋɚɫɫɦɨɬɪɢɦ ɫɧɚɱɚɥɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɫɯɟɦɵ, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɟ 
ɜ ɪɚɡɥɢɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. Ɍɚɤ ɧɚ ɪɢɫ.2.7. ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɫɨɟɞɢɧɟ-
ɧɢɹ ɋɎɗ ɢ ɀȼɊɏ. 

ɇɟɩɪɟɪɵɜɧɚɹ ɪɚɛɨɬɚ ɱɚɫɬɟɣ ɋɎɗ ɢ ɀȼɊɏ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɬɪɢ 

ɷɬɚɩɚ: ɜɵɩɭɫɤ, ɡɚɝɪɭɡɤɚ ɢ ɢɧɠɟɤɰɢɹ. Ʉɚɠɞɵɣ ɢɡ ɷɬɚɩɨɜ ɨɫɭɳɟɫɬɜɥɹ-
ɟɬɫɹ ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɞɜɭɯ ɲɟɫɬɢɤɚɧɚɥɶɧɵɯ ɤɪɚɧɨɜ (4) ɢ (8). ȼ ɬɟɱɟɧɢɟ 
ɨɩɟɪɚɰɢɢ ɜɵɩɭɫɤɚ ɪɚɫɲɢɪɟɧɢɟ ɡɚɝɪɭɠɟɧɧɨɝɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ 

ɮɥɸɢɞɚ ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ ɤɨɥɨɧɤɭ ɫɛɪɨɫɚ (5), ɝɞɟ ɞɚɜɥɟɧɢɟ ɩɨɧɢɠɚ-
ɟɬɫɹ ɞɨ ɚɬɦɨɫɮɟɪɧɨɝɨ. Ɉɩɟɪɚɰɢɹ ɜɵɩɭɫɤɚ ɡɚɜɟɪɲɚɟɬɫɹ ɩɪɨɯɨɠɞɟɧɢɟɦ 

ɩɨɬɨɤɚ ɝɚɡɚ ɱɟɪɟɡ ɪɨɬɚɦɟɬɪ (6). 

ɋɤɨɪɨɫɬɶ ɷɤɫɬɪɚɤɰɢɢ ɢ ɪɚɡɞɟɥɟɧɢɹ ɜ ɷɬɨɣ ɱɚɫɬɢ ɪɟɝɭɥɢɪɭɟɬɫɹ 
ɞɥɢɧɨɣ  ɢ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ ɤɨɥɨɧɤɢ, ɚ ɬɚɤɠɟ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ 

ɬɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɤɨɬɨɪɵɦ ɡɚɩɨɥɧɹɟɬɫɹ ɤɨɥɨɧɤɚ. Ɉɩɟɪɚɰɢɹ ɡɚɝɪɭɡɤɢ 

ɧɚɱɢɧɚɟɬɫɹ ɩɨɫɥɟ ɩɟɪɟɤɥɸɱɟɧɢɹ ɤɪɚɧɚ (4). ɉɨɬɨɤ ɷɤɫɬɪɚɤɬɚ ɩɪɢ ɷɬɨɦ 

ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɨɛɟ ɦɢɤɪɨɤɚɩɟɥɥɹɪɧɵɟ ɤɨɥɨɧɤɢ (7), ɩɨɩɚɞɚɟɬ ɜ ɢɧ-

ɠɟɤɬɨɪ (8), ɩɨɫɥɟ ɱɟɝɨ ɱɟɪɟɡ ɪɨɬɚɦɟɬɪ (6) ɜɵɩɭɫɤɚɟɬɫɹ ɜ ɚɬɦɨɫɮɟɪɭ. 
Ɇɢɤɪɨɤɚɩɢɥɥɹɪɧɵɟ  ɤɨɥɨɧɤɢ ɫɥɭɠɚɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɥɹ ɨɬɛɨɪɚ ɩɪɨ-
ɛɵ, ɚ ɬɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ ɜɢɬɤɚ ɢɧɠɟɤɬɨɪɚ. ȼɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɡɚ-
ɝɪɭɡɤɢ ɷɤɫɬɪɚɤɬɚ, ɤɨɥɟɛɥɟɬɫɹ ɨɬ 10 ɞɨ 60 ɫɟɤɭɧɞ. 
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Ɋɢɫ.2.7. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɡɥɚ, ɫɨɟɞɢ-

ɧɹɸɳɟɝɨ ɋɎɗ ɢ ɀȼɊɏ [151]. 1- ɪɟɝɭɥɹ-
ɬɨɪ ɞɚɜɥɟɧɢɹ, 2- ɷɤɫɬɪɚɤɰɢɨɧɧɚɹ ɹɱɟɣɤɚ, 
3- ɬɪɟɯɯɨɞɨɜɵɣ ɤɪɚɧ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, 
4- ɲɟɫɬɢɤɚɧɚɥɶɧɵɣ ɜɟɧɬɢɥɶ, 5- ɡɚɩɨɥɧɟɧ-

ɧɚɹ ɦɢɤɪɨɤɚɩɢɥɥɹɪɧɚɹ  ɤɨɥɨɧɤɚ ɞɥɹ ɜɵ-

ɩɭɫɤɚ ɨɫɚɞɤɚ, 6- ɪɨɬɚɦɟɬɪɵ, 7- ɦɢɤɪɨɤɚ-
ɩɢɥɥɹɪɧɵɟ ɩɟɬɥɟɨɛɪɚɡɧɵɟ ɜɢɬɵɟ ɤɨɥɨɧɤɢ, 

ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɨɫɚɠɞɟɧɢɹ, 8- ɢɧɠɟɤ-
ɬɨɪ, 9- ɬɟɪɦɨɫɬɚɬ, 10- ɤɨɥɨɧɤɚ ɀȼɊɏ. 

 

 

Ɇɚɫɫɚ ɨɫɚɠɞɟɧɧɨɝɨ ɜ ɤɨɥɨɧɤɚɯ ɨɛɪɚɡɰɚ ɪɟɝɭɥɢɪɭɟɬɫɹ ɜɪɟɦɟɧɟɦ 

ɡɚɝɪɭɡɤɢ. Ɉɩɟɪɚɰɢɹ ɢɧɠɟɤɰɢɢ ɧɚɱɢɧɚɟɬɫɹ ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɤɪɚɧɚ (4) 

ɨɛɪɚɬɧɨ ɜ ɩɨɥɨɠɟɧɢɟ ɜɵɩɭɫɤɚ. ɉɨɫɥɟ ɷɬɨɝɨ ɩɟɪɟɤɥɸɱɚɟɬɫɹ ɢɧɠɟɤɬɨɪ 
(8), ɫɧɢɠɚɟɬɫɹ ɞɚɜɥɟɧɢɟ ɜ ɜɢɬɤɟ ɞɨ ɚɬɦɨɫɮɟɪɧɨɝɨ. ɗɤɫɬɪɚɤɬ, ɨɫɚɠ-

ɞɟɧɧɵɣ ɜ ɤɨɥɨɧɤɚɯ (7) ɷɥɸɢɪɭɟɬɫɹ ɢ ɜɜɨɞɢɬɫɹ ɜ ɤɨɥɨɧɤɭ ɀȼɊɏ 

(ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ 4 ɦɦ, ɞɥɢɧɚ 120 ɦɦ). 

ȼ ɪɚɛɨɬɟ [152] ɨɩɢɫɚɧɨ ɤɨɦɛɢɧɢɪɨɜɚɧɢɟ ɋɎɗ ɢ Ɍɋɏ. ɋɢɫɬɟɦɚ 
ɢɦɟɟɬ ɫɥɨɠɧɵɣ ɜɜɨɞ ɮɥɸɢɞɚ, ɷɤɫɬɪɚɤɰɢɨɧɧɵɣ ɦɢɤɪɨɚɜɬɨɤɥɚɜ ɢ ɫɩɟ-
ɰɢɚɥɶɧɵɣ ɜɫɬɪɨɟɧɧɵɣ ɬɨɧɤɨɫɥɨɣɧɵɣ ɯɪɨɦɚɬɨɝɪɚɮ. ɉɥɚɬɚ Ɍɋɏ ɪɚɡ-
ɦɟɳɚɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɷɤɫɬɪɚɤɬ ɱɟɪɟɡ ɨɱɟɧɶ ɬɨɧ-

ɤɭɸ ɤɚɩɢɥɥɹɪɧɭɸ ɬɪɭɛɤɭ. Ʉɪɨɦɟ ɷɬɨɝɨ ɩɥɚɬɚ ɦɨɠɟɬ ɩɟɪɟɦɟɳɚɬɶɫɹ 
ɜɩɟɪɟɞ ɢ ɧɚɡɚɞ, ɱɬɨɛɵ ɩɪɨɷɤɫɬɪɚɝɢɪɨɜɚɧɧɨɟ ɜɟɳɟɫɬɜɨ ɦɨɝɥɨ ɨɫɚɠ-

ɞɚɬɶɫɹ ɧɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɜ 2 ɫɦ. ɍɡɟɥ ɜɜɨɞɚ ɮɥɸɢɞɚ ɜɤɥɸɱɚɟɬ ɜ 
ɫɟɛɹ ɦɟɦɛɪɚɧɧɵɣ ɤɨɦɩɪɟɫɫɨɪ, ɡɦɟɟɜɢɤɨɜɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ, ɪɟɝɭɥɹ-
ɬɨɪ ɞɚɜɥɟɧɢɹ, ɨɛɪɚɡɰɨɜɵɣ ɦɚɧɨɦɟɬɪ  ɢ ɩɟɪɢɮɟɪɢɣɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. 
ɗɤɫɬɪɚɤɰɢɹ ɩɪɨɜɨɞɢɬɫɹ ɩɨɲɚɝɨɜɵɦ ɩɨɜɵɲɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɫ ɬɟɦ, 

ɱɬɨɛɵ ɪɚɡɥɢɱɧɵɟ ɮɪɚɤɰɢɢ ɷɤɫɬɪɚɤɬɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɩɚɞɚɥɢ ɧɚ 
ɩɥɚɬɭ. 

 

ɇɚ ɪɢɫ.2.8. ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɋɎɗ ɢ Ƚɏ. 
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Ɋɢɫ.2.8. ɋɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɋɎɗ ɢ Ƚɏ [153]. 1- ɲɩɪɢɰɟɜɨɣ ɧɚɫɨɫ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ, 2- ɞɚɬɱɢɤ ɞɚɜɥɟɧɢɹ, 3- ɪɟɝɭɥɹɬɨɪ ɞɚɜɥɟɧɢɹ, 4- ɨɛɨɝɪɟɜɚɟɦɚɹ ɷɤɫ-
ɬɪɚɤɰɢɨɧɧɚɹ ɹɱɟɣɤɚ, 5- ɨɛɨɝɪɟɜɚɟɦɵɣ ɦɧɨɝɨɯɨɞɨɜɵɣ ɜɟɧɬɢɥɶ, 6- ɩɪɨɛɨɫɛɨɪ-
ɧɢɤ, 7- ɪɟɫɬɪɢɤɬɨɪ, 8- ɩɟɱɶ ɝɚɡɨɜɨɝɨ ɯɪɨɦɚɬɨɝɪɚɮɚ, 9- ɨɛɨɝɪɟɜɚɬɟɥɶ, 10- ɚɧɚ-
ɥɢɬɢɱɟɫɤɚɹ ɤɨɥɨɧɤɚ, 11- ɩɥɚɦɟɧɧɨ-ɢɨɧɢɡɚɰɢɨɧɧɵɣ ɞɟɬɟɤɬɨɪ, 12- ɤɨɦɩɶɸɬɟɪ, 
13- ɝɚɡ-ɧɨɫɢɬɟɥɶ, 14- ɝɚɡ-ɧɨɫɢɬɟɥɶ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, 15- ɜɵɯɨɞ. 

 

 
Ɋɢɫ.2.9. ɉɚɪɚɥɥɟɥɶɧɚɹ ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɋɎɗ ɢ ɋɎɏ [154]. 1,2 -  ɛɚɥɥɨɧɵ ɫ 
CO2, 3 - ɷɤɫɬɪɚɤɰɢɨɧɧɚɹ ɹɱɟɣɤɚ, 4 - ɫɟɩɚɪɚɬɨɪ, 5 - ɮɨɬɨɞɢɨɞɧɵɣ ɦɧɨɝɨɜɨɥɧɨ-
ɜɵɣ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɵɣ ɞɟɬɟɤɬɨɪ, 6 - ɩɪɨɰɟɫɫɨɪ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, 7 - ɪɟ-
ɝɭɥɹɬɨɪ ɞɚɜɥɟɧɢɹ, 8 - ɪɚɫɯɨɞɨɦɟɪ, 9-11- ɧɚɫɨɫɵ. 

 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫɧɚɛɠɟɧɚ ɪɚɡɞɟɥɢ-

ɬɟɥɶɧɵɦ ɜɟɧɬɢɥɟɦ ɞɥɹ ɫɛɨɪɚ ɨɛɪɚɡɰɚ. 
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ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɋɎɗ ɢ ɋɎɏ ɦɨɠ-

ɧɨ ɩɪɢɜɟɫɬɢ ɫɯɟɦɭ ɭɫɬɚɧɨɜɤɢ (ɪɢɫ.2.9.), ɨɩɭɛɥɢɤɨɜɚɧɧɭɸ ɜ ɪɚɛɨɬɟ 
[154]. 

ɗɤɫɬɪɚɤɰɢɨɧɧɚɹ ɱɚɫɬɶ ɭɫɬɚɧɨɜɤɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɛɚɥɥɨɧ ɫ ɋɈ2 

(1), ɷɤɫɬɪɚɤɰɢɨɧɧɭɸ ɹɱɟɣɤɭ (3), ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɤɪɚɧ (12) ɫ ɜɧɭɬ-
ɪɟɧɧɢɦ ɜɢɬɤɨɦ ɨɛɴɟɦɨɦ 1 ɦɤɥ ɞɥɹ ɨɛɪɚɡɰɚ, ɧɚɫɨɫ (10). ɇɚɫɨɫ (11) 

ɩɨɞɞɟɪɠɢɜɚɟɬ ɞɚɜɥɟɧɢɟ ɜ ɡɚɦɤɧɭɬɨɦ ɜɢɬɤɟ ɧɚ ɥɢɧɢɢ, ɧɚ ɤɨɬɨɪɨɣ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɵ ɷɤɫɬɪɚɤɰɢɨɧɧɚɹ ɹɱɟɣɤɚ (3), ɪɚɫɩɪɟɞɟɥɢ-

ɬɟɥɶɧɵɣ ɤɪɚɧ (1) ɢ ɧɚɫɨɫ (10). ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɧɚɫɨɫɨɦ (11) ɫɨɡɞɚɟɬɫɹ 
ɢ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɜ ɫɢɫɬɟɦɟ, ɧɚɱɢɧɚ-
ɟɬɫɹ ɪɟɰɢɪɤɭɥɹɰɢɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɧɚɫɨɫɨɦ (10). ɉɨɬɨɤ ɞɢɨɤɫɢɞɚ 
ɭɝɥɟɪɨɞɚ, ɫɨɞɟɪɠɚɳɢɣ ɷɤɫɬɪɚɤɬ, ɧɟɩɪɟɪɵɜɧɨ ɩɪɨɬɟɤɚɟɬ ɱɟɪɟɡ ɜɢɬɨɤ, 
ɡɚɩɨɥɧɹɟɦɵɣ ɞɥɹ ɨɬɛɨɪɚ ɨɛɪɚɡɰɚ. ɗɬɨɬ ɩɨɬɨɤ ɦɨɠɟɬ ɛɵɬɶ ɧɚɩɪɚɜɥɟɧ ɜ 
ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɭɸ ɱɚɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɤɪɚɧɚ (12) ɜ 
ɥɸɛɨɣ ɦɨɦɟɧɬ ɩɨɫɥɟ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɷɤɫɬɪɚɤɰɢɢ Ɉɛɴɟɦ ɜɢɬɤɚ (1 

ɦɤɥ) ɞɥɹ ɡɚɩɨɥɧɟɧɢɹ ɨɛɪɚɡɰɨɦ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɨɛɴɟɦɨɦ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɹɱɟɣɤɢ (2 ɦɥ), ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɩɪɨɱɢɯ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ. 

ɏɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɚɹ ɱɚɫɬɶ ɭɫɬɚɧɨɜɤɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɧɚɫɨɫ (9), 

ɦɢɤɪɨɤɚɩɢɥɥɹɪɧɭɸ ɪɚɡɞɟɥɢɬɟɥɶɧɭɸ ɤɨɥɨɧɤɭ (4) ɜɧɭɬɪɟɧɧɢɦ  ɞɢɚ-
ɦɟɬɪɨɦ 0,8 ɦɦ ɢ ɞɥɢɧɨɣ 50 ɦɦ, ɫɢɫɬɟɦɭ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ (5,6), ɪɟɝɭɥɹ-
ɬɨɪ ɞɚɜɥɟɧɢɹ (7), ɪɚɫɯɨɞɨɦɟɪ (8). ɏɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɚɹ ɢ ɷɤɫɬɪɚɤɰɢ-

ɨɧɧɚɹ ɱɚɫɬɢ ɭɫɬɚɧɨɜɤɢ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɦ 

ɤɪɚɧɨɦ (12). ɉɨɞɞɟɪɠɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɹɱɟɣɤɟ, 
ɪɚɡɞɟɥɢɬɟɥɶɧɨɣ ɤɨɥɨɧɤɟ, ɪɟɝɭɥɹɬɨɪɟ ɞɚɜɥɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɬɟɪɦɨ-
ɫɬɚɬɢɪɭɸɳɟɣ ɩɟɱɶɸ. ɋɢɫɬɟɦɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɮɨɬɨ-
ɞɢɨɞɧɵɣ ɦɧɨɝɨɜɨɥɧɨɜɵɣ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɵɣ ɞɟɬɟɤɬɨɪ (5) ɫ ɹɱɟɣɤɨɣ 

ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (ɜɵɞɟɪɠɢɜɚɟɬ ɞɚɜɥɟɧɢɟ 300 ɤɝ/ɫɦ2)  ɩɪɨɰɟɫɫɨɪ 
ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ (ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɧɚɛɥɸɞɟɧɢɟ ɍɎ- ɫɩɟɤɬɪɨɜ ɜ 
ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ). 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɫɯɟɦɚ ɫɨɟɞɢɧɟɧɢɹ ɋɎɗ ɢ ɋɎɏ ɬɚɤɠɟ ɦɨɠɟɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɩɢɥɨɬɧɵɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ [155, 

156]. ɇɚ ɪɢɫ.2.10 ɩɨɤɚɡɚɧɚ ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɪɹɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 
ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɢ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ ɱɚɫɬɟɣ ɤɨɦɦɟɪɱɟɫɤɨɣ ɭɫɬɚ-
ɧɨɜɤɢ JASSO ɦɨɞɟɥɶ SUPER-100. 

ɗɬɚ ɫɢɫɬɟɦɚ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ ɧɚɩɪɹɦɭɸ ɫɨɟɞɢɧɟɧɧɵɟ ɋɎɗ ɢ 

ɋɎɏ, ɪɟɚɥɢɡɭɟɬ ɞɜɭɯɫɬɚɞɢɣɧɵɣ ɦɟɬɨɞ ɪɚɡɞɟɥɟɧɢɹ,. ȼ ɷɬɨɦ ɧɨɜɨɦ ɦɟ-
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ɬɨɞɟ ɋɎɗ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɝɨ ɲɚɝɚ, ɚɧɚɥɨɝɢɱɧɨ ɩɪɟɞɜɚ-
ɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ ɨɛɪɚɡɰɚ ɜ ɀȼɊɏ. Ɍɨɝɞɚ ɤɚɤ ɋɎɏ ɢɫɩɨɥɶɡɭɟɬɫɹ
ɤɚɤ ɜɬɨɪɨɣ ɷɬɚɩ ɪɚɡɞɟɥɟɧɢɹ. 

Ɋɢɫ.2.10. Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɪɹɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɋɎɗ ɢ ɋɎɏ. 1- ɛɚɥɥɨɧ ɫ
ɋɈ2, 2- ɧɚɝɧɟɬɚɬɟɥɶɧɵɣ ɠɢɞɤɨɫɬɧɵɣ ɧɚɫɨɫ, 3- ɰɢɪɤɭɥɹɰɢɨɧɧɚɹ ɜɚɧɧɚ ɫ ɯɥɚɞɚ-
ɝɟɧɬɨɦ, 4- ɧɚɫɨɫ, ɩɨɞɚɸɳɢɣ ɦɨɞɢɮɢɤɚɬɨɪ,  5- ɟɦɤɨɫɬɶ ɫ ɪɚɫɬɜɨɪɢɬɟɥɟɦ-

ɦɨɞɢɮɢɤɚɬɨɪɨɦ, 6- ɡɦɟɟɜɢɤɨɜɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ, 7- ɲɟɫɬɢɤɚɧɚɥɶɧɵɣ ɪɚɫɩɪɟ-
ɞɟɥɢɬɟɥɶɧɵɣ ɤɪɚɧ ɞɥɹ ɛɚɣɩɚɫɢɪɨɜɚɧɢɹ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɹɱɟɣɤɢ, 8- ɷɤɫɬɪɚɤɰɢ-

ɨɧɧɚɹ ɹɱɟɣɤɚ, 9- ɲɟɫɬɢɤɚɧɚɥɶɧɵɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɤɪɚɧ ɞɥɹ ɛɚɣɩɚɫɢɪɨɜɚ-
ɧɢɹ ɜɢɬɨɣ ɥɨɜɭɲɤɢ, 10- ɜɢɬɚɹ ɥɨɜɭɲɤɚ ɞɥɹ ɷɤɫɬɪɚɤɬɚ, 11- ɲɟɫɬɢɤɚɧɚɥɶɧɵɣ
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɤɪɚɧ ɞɥɹ ɛɚɣɩɚɫɢɪɨɜɚɧɢɹ ɢɧɠɟɤɬɨɪɚ ɢ ɪɚɡɞɟɥɢɬɟɥɶɧɨɣ
ɤɨɥɨɧɤɢ, 12- ɢɧɠɟɤɬɨɪ, 13- ɪɚɡɞɟɥɢɬɟɥɶɧɚɹ ɤɨɥɨɧɤɚ, 14- ɦɧɨɝɨɜɨɥɧɨɜɵɣ ɞɟ-
ɬɟɤɬɨɪ, 15- ɩɪɨɰɟɫɫɨɪ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, 16- ɤɨɥɨɧɤɚ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ
ɷɤɫɬɪɚɤɬɚ, 17- ɞɚɬɱɢɤ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ, 18- ɪɟɝɭɥɹɬɨɪ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ, 19- 

ɥɨɜɭɲɤɚ ɩɟɪɟɞ ɪɚɫɯɨɞɨɦɟɪɨɦ, 20- ɪɚɫɯɨɞɨɦɟɪ, 21- ɩɟɱɶ, 22- ɞɪɟɧɚɠɧɵɣ ɜɟɧ-

ɬɢɥɶ ɷɤɫɬɪɚɤɬɚ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ ɷɤɫɬɪɚɤɬɚ, 23- ɞɪɟɧɚɠɧɵɣ ɜɟɧɬɢɥɶ ɜɢɬɨɣ ɥɨ-
ɜɭɲɤɢ. 

Ɍɚɤɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɯɪɨɦɚɬɨɝɪɚɦɦɭ ɨɛɪɚɡɰɚ
ɷɤɫɬɪɚɤɬɚ, ɜɜɨɞɹ ɜ ɫɢɫɬɟɦɭ ɧɟɨɱɢɳɟɧɧɭɸ, ɥɢɛɨ ɬɜɟɪɞɭɸ ɩɪɨɛɭ. Ⱦɚɧ-

ɧɚɹ ɫɢɫɬɟɦɚ ɛɵɥɚ ɭɫɩɟɲɧɨ ɚɩɪɨɛɢɪɨɜɚɧɚ ɜ ɩɪɨɰɟɫɫɚɯ ɷɤɫɬɪɚɤɰɢɢ ɢ
ɚɧɚɥɢɡɚ ɷɤɫɬɪɚɤɬɚ ɠɚɪɟɧɧɵɯ ɤɨɮɟɣɧɵɯ ɡɟɪɟɧ [157], ɩɨɥɢɜɢɧɢɥɯɥɨɪɢ-

ɞɚ [158], ɜɢɬɚɦɢɧɨɜ Ʉ ɢɡ ɫɵɜɨɪɨɬɤɢ [159], ɬɨɤɨɮɟɪɨɥɚ [160], ɩɨɥɢ-

ɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡ ɧɟɮɬɹɧɨɝɨ ɩɟɤɚ [161]. 



124 

ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤɰɢɢ 

ɐɢɪɤɭɥɹɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɹɜɥɹɸɬɫɹ ɦɨɞɢɮɢɤɚɰɢɟɣ ɩɪɨɬɨɱɧɵɯ
ɦɟɬɨɞɨɜ, ɩɨɫɤɨɥɶɤɭ ɫɩɨɫɨɛ ɧɚɫɵɳɟɧɢɹ ɪɚɫɬɜɨɪɚ ɜɨ ɮɥɸɢɞɧɨɣ ɮɚɡɟ ɢ
ɚɧɚɥɢɡɚ ɫɨɫɬɚɜɨɜ ɨɫɬɚɸɬɫɹ ɩɪɟɠɧɢɦɢ. Ɉɬɥɢɱɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, 

ɱɬɨ ɨɞɧɚ ɩɨɪɰɢɹ ɫɠɚɬɨɝɨ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢɫɩɨɥɶɡɭɟɬɫɹ
ɦɧɨɝɨɤɪɚɬɧɨ. ɗɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ, ɟɫɥɢ ɮɥɸɢɞ-ɪɚɫɬɜɨɪɢɬɟɥɶ ɹɜɥɹɟɬ-
ɫɹ ɞɨɪɨɝɨɫɬɨɹɳɢɦ (ɧɚɩɪɢɦɟɪ, ɤɫɟɧɨɧ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɵ), ɩɨɠɚɪɨɜ-
ɡɪɵɜɨɨɩɚɫɧɵɦ (ɩɪɨɩɚɧ), ɥɢɛɨ ɬɨɤɫɢɱɧɵɦ (ɬɨɥɭɨɥ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ, 
ɤɨɧɟɱɧɨ, ɜɨɡɪɚɫɬɚɸɬ ɬɪɟɛɨɜɚɧɢɹ ɤ ɝɥɭɛɢɧɟ ɪɟɝɟɧɟɪɚɰɢɢ ɪɚɫɬɜɨɪɢɬɟɥɹ
ɩɟɪɟɞ ɟɝɨ ɞɚɥɶɧɟɣɲɟɣ ɩɨɞɚɱɟɣ ɧɚ ɞɨɠɢɦɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ. Ⱦɥɹ ɷɬɨ-
ɝɨ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɨɛɨɝɪɟɜɚɟɦɵɟ ɞɪɨɫɫɟɥɶɧɵɟ ɜɟɧɬɢɥɢ ɫɩɟɰɢ-

ɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɪɚɡɥɢɱɧɵɟ ɭɥɚɜɥɢɜɚɸɳɢɟ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɢ ɢ
ɨɯɥɚɠɞɟɧɢɟ ɞɥɹ ɨɬɞɟɥɟɧɢɹ ɷɤɫɬɪɚɤɬɚ ɨɬ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɫɟɩɚɪɚɬɨɪɟ, 
ɮɢɥɶɬɪɵ-ɨɫɭɲɢɬɟɥɢ, ɮɢɥɶɬɪɵ ɬɨɧɤɨɣ ɨɱɢɫɬɤɢ ɢ ɬ.ɞ. [161]. Ⱥɧɚɥɢɡ
ɫɨɫɬɚɜɨɜ ɪɚɮɢɧɚɬɚ ɢ ɮɥɸɢɞɧɨɣ ɮɚɡɵ ɩɪɨɜɨɞɢɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜɟɫɨ-
ɜɵɦ ɢ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. ɉɪɚɤɬɢɱɟɫɤɢ ɛɟɡɨɬɯɨɞɧɨɣ ɢ
ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɣ ɯɚɪɚɤɬɟɪ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɩɨɡɜɨ-
ɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɟɝɨ ɧɟ ɬɨɥɶɤɨ ɜ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ, ɧɨ ɢ ɞɥɹ ɧɚ-
ɪɚɛɨɬɤɢ ɨɛɪɚɡɰɨɜ ɜ ɩɨɥɭɩɪɨɦɵɲɥɟɧɧɵɯ ɦɚɫɲɬɚɛɚɯ. ȼ ɨɫɧɨɜɟ ɪɚɛɨɬɵ
ɩɨɞɨɛɧɵɯ ɭɫɬɚɧɨɜɨɤ ɥɟɠɢɬ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɷɤɫɬɪɚɤɰɢɨɧɧɵɣ ɰɢɤɥ
(ɋɗɐ) [162], ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧ ɭɠɟ
ɢɡɜɟɫɬɧɵɣ ɚɩɩɚɪɚɬ ɷɤɫɟɪɝɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ [163]. 

2.3.1. ɋɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɷɤɫɬɪɚɤɰɢɨɧɧɵɟ ɰɢɤɥɵ 

ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɪɚɫɬɜɨɪɹɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɟɝɨ ɩɥɨɬɧɨɫɬɢ. ȼ ɨɤɪɟ-
ɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɩɥɨɬɧɨɫɬɶ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɨɱɟɧɶ
ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɤ ɢɡɦɟɧɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɚɧɨ-
ɦɚɥɶɧɨ ɜɵɫɨɤɨɣ ɫɠɢɦɚɟɦɨɫɬɢ. ɍɞɚɥɟɧɢɟ ɨɬ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɩɨ
ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɸ ɫɧɢɠɚɟɬ ɫɟɥɟɤɬɢɜɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɮɥɸɢɞɚ-
ɪɚɫɬɜɨɪɢɬɟɥɹ. ɍɩɪɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɨɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɮɥɸɢɞɧɨɣ
ɷɤɫɬɪɚɤɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɥɢɛɨ ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɩɨ-
ɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɥɢɛɨ ɢɡɦɟɧɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦ-

ɩɟɪɚɬɭɪɟ (ɪɢɫ. 2.11, 2.12). 

2.3. Циркуляционные методы сверхкритической
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ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɪɚɫɬɜɨɪɢɬɟɥɶ ɩɪɟɬɟɪɩɟɜɚɟɬ ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ 

ɠɢɞɤɨɫɬɶ↔ɩɚɪ, ɞɥɹ ɱɟɝɨ ɜ ɫɯɟɦɟ ɭɫɬɚɧɨɜɤɢ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ. ɉɨɞɚɱɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɷɤɫɬɪɚɤɬɨɪ ɨɫɭ-
ɳɟɫɬɜɥɹɟɬɫɹ ɠɢɞɤɨɫɬɧɵɦ ɰɢɪɤɭɥɹɰɢɨɧɧɵɦ ɧɚɫɨɫɨɦ, ɨɛɟɫɩɟɱɢɜɚɸ-

ɳɢɦ ɩɨɫɬɨɹɧɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɧɚɝɧɟɬɚɬɟɥɶɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɚɯ. Ɍɟɦɩɟ-
ɪɚɬɭɪɚ Ɍ1, ɩɪɢ ɤɨɬɨɪɨɣ ɪɚɛɨɬɚɟɬ ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɧɚɫɨɫ, ɨɫɬɚɟɬɫɹ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɦɟɧɧɨɣ. ɉɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɜɨɞɢɦɨɣ 

ɬɟɩɥɨɬɵ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ (7) ɞɨɫɬɢɝɚɟɬɫɹ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɪɚɛɨɱɟɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɪɨɰɟɫɫɚ ɷɤɫɬɪɚɤɰɢɢ Ɍ2. ȿɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ 
ɤɨɥɢɱɟɫɬɜɚ ɩɨɞɜɨɞɢɦɨɣ ɬɟɩɥɨɬɵ ɞɨɥɠɧɨ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɨɬɜɨɞɢɦɨɣ ɬɟɩɥɨɬɵ ɜ ɬɟɩɥɨɨɛɦɟɧ-

ɧɢɤɟ (5). 

ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɪɚɫɬɜɨɪɢɬɟɥɶ ɧɟ ɩɪɟɬɟɪɩɟɜɚɟɬ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨ-
ɞɨɜ ɠɢɞɤɨɫɬɶ↔ɩɚɪ. ȼ ɤɚɱɟɫɬɜɟ ɞɨɠɢɦɚɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢɫɩɨɥɶɡɭ-
ɟɬɫɹ ɦɟɦɛɪɚɧɧɵɣ ɤɨɦɩɪɟɫɫɨɪ, ɤɨɬɨɪɵɣ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɚɟɬ ɩɨɩɚ-
ɞɚɧɢɟ ɪɚɛɨɱɟɝɨ ɦɚɫɥɚ ɜ ɫɠɚɬɵɣ ɝɚɡɨɨɛɪɚɡɧɵɣ ɪɚɫɬɜɨɪɢɬɟɥɶ. Ɍɚɤ ɤɚɤ 
ɤɨɦɩɪɟɫɫɨɪ ɢɦɟɟɬ ɩɨɫɬɨɹɧɧɭɸ ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ, ɬɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɪɚ-
ɛɨɱɢɦ ɞɚɜɥɟɧɢɟɦ ɷɤɫɬɪɚɤɰɢɢ Ɋ2 ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɢɡɦɟɧɹɹ ɞɚɜɥɟɧɢɟ ɧɚ 
ɜɯɨɞɟ ɜ ɤɨɦɩɪɟɫɫɨɪ Ɋ1. 

ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɧɨ ɫɪɚɜɧɢɬɶ ɷɧɟɪɝɨɡɚɬɪɚɬɵ, ɧɟɨɛɯɨ-
ɞɢɦɵɟ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɨɛɨɢɯ ɰɢɤɥɨɜ . Ɍɚɤ ɜ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ 
ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɨɝɨ) ɧɟɨɛɯɨɞɢɦɨ 
ɭɱɟɫɬɶ, ɱɬɨ ɪɚɛɨɬɚ ɫɠɚɬɢɹ ɨɬ Ɋ1=60 ɚɬɦ ɞɨ Ɋ2=600ɚɬɦ ɫɨɫɬɚɜɥɹɟɬ 98 

ɤȾɠ/ɤɝ, ɚ ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20°ɋ ɫɨɫɬɚɜɥɹɟɬ 
155,2 ɤȾɠ/ɤɝ. Ʉɨɧɟɱɧɨ, ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɜɵɜɨɞ ɨɛ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɢ ɰɢɤɥɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɧɚ ɨɫɧɨɜɟ ɷɤɫɟɪɝɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢ-

ɡɚ [164]. Ɉɞɧɚɤɨ ɩɪɢ ɜɵɛɨɪɟ ɰɢɤɥɚ ɩɪɟɠɞɟ ɜɫɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɢɡɛɟ-
ɝɚɬɶ ɜɨɡɦɨɠɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɢ ɟɝɨ ɮɪɚɤɰɢɣ, ɚ ɬɚɤɠɟ ɞɟɬɨɧɚɰɢɢ ɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɫɠɚɬɨɝɨ 
ɪɚɫɬɜɨɪɢɬɟɥɹ. 
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Ɋɢɫ.2.11. ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨ-
ɝɨ ɷɤɫɬɪɚɤɰɢɨɧɧɨɝɨ ɧɚɫɨɫɧɨɝɨ ɰɢɤɥɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ
ɬɟɦɩɟɪɚɬɭɪɟ. 1- ɷɤɫɬɪɚɤɬɨɪ; 2 - ɞɪɨɫɫɟɥɶɧɵɣ ɜɟɧɬɢɥɶ; 
3 - ɫɟɩɚɪɚɬɨɪ; 4 - ɪɟɝɭɥɢɪɭɸɳɢɣ ɜɟɧɬɢɥɶ; 5,7 - ɬɟɩɥɨ-
ɨɛɦɟɧɧɢɤɢ: 6 - ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɧɚɫɨɫ. 

Ɋɢɫ.2.12. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɤɰɢɨɧɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɧɨɝɨ
ɰɢɤɥɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 1 - ɷɤɫɬɪɚɤ-
ɬɨɪ; 2 - ɞɪɨɫɫɟɥɶɧɵɣ ɜɟɧɬɢɥɶ; 3 - ɫɟɩɚɪɚɬɨɪ; 4 - 

ɪɟɝɭɥɢɪɭɸɳɢɣ ɜɟɧɬɢɥɶ; 5 - ɤɨɦɩɪɟɫɫɨɪ. 
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ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ ɰɢɤɥɨɜ 

ɇɚɢɛɨɥɟɟ ɜɟɫɨɦɵɣ ɜɤɥɚɞ ɜ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ
ɰɢɤɥɚ ɜɧɨɫɹɬ ɩɪɹɦɵɟ ɷɧɟɪɝɨɡɚɬɪɚɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ
ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ
ɪɚɛɨɱɢɯ ɬɟɥ. ɉɪɨɜɟɞɟɦ ɚɧɚɥɢɡ ɰɢɤɥɨɜ ɫ ɩɪɨɰɟɫɫɚɦɢ ɢɡɨɛɚɪɧɨɣ ɢ  

ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɷɤɫɬɪɚɤɰɢɢ ɫɨɝɥɚɫɧɨ ɪɚɛɨɬɟ [163] ɜ ɤɨɬɨɪɨɣ ɭɫɬɚɧɨɜ-
ɥɟɧɨ, ɱɬɨ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɢɦɟɟɬɫɹ ɢɧɬɟɪɜɚɥ ɪɚɛɨɱɢɯ ɩɚɪɚɦɟɬɪɨɜ
ɩɪɨɰɟɫɫɚ ɷɤɫɬɪɚɤɰɢɢ, ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɨɝɨ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɦɨɝɭɬ ɛɵɬɶ
ɫɜɟɞɟɧɵ ɤ ɦɢɧɢɦɭɦɭ. 

ɇɚ ɪɢɫ.2.13 ɫɯɟɦɚɬɢɱɧɨ
ɩɪɟɞɫɬɚɜɥɟɧ ɨɛɨɛɳɟɧɧɵɣ
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɷɤɫɬɪɚɤɰɢɨɧ-

ɧɵɣ ɰɢɤɥ ɫ ɭɤɚɡɚɧɢɟɦ ɨɫɧɨɜɧɵɯ
ɩɨɬɨɤɨɜ ɷɧɟɪɝɢɢ ɜ ɮɨɪɦɟ  ɬɟɩ-

ɥɨɬɵ ɢ ɪɚɛɨɬɵ. ɂɧɞɟɤɫ ij  ɨɡɧɚ-
ɱɚɟɬ, ɱɬɨ ɞɥɹ ɩɟɪɟɜɨɞɚ ɪɚɛɨɱɟɝɨ
ɬɟɥɚ ɢɡ ɫɨɫɬɨɹɧɢɹ j ɜ ɫɨɫɬɨɹɧɢɟ i 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɜɟɫɬɢ, ɥɢɛɨ ɨɬ-
ɜɟɫɬɢ ɬɟɩɥɨɬɭ ɜ ɤɨɥɢɱɟɫɬɜɟ Qij , 

ɢɥɢ ɡɚɬɪɚɬɢɬɶ ɪɚɛɨɬɭ Aij. 

Ɂɞɟɫɶ Ⱥ21-ɷɬɨ ɦɟɯɚɧɢɱɟɫɤɚɹ
ɪɚɛɨɬɚ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɥɢɛɨ
ɰɢɪɤɭɥɹɰɢɨɧɧɵɦ ɧɚɫɨɫɨɦ (V) ɧɚ
ɩɨɞɚɱɭ ɱɢɫɬɨɝɨ ɠɢɞɤɨɝɨ ɷɤɫɬɪɚ-
ɝɟɧɬɚ (1) ɩɨɫɥɟ ɪɟɝɟɧɟɪɚɰɢɢ ɜ
ɧɚɝɧɟɬɚɬɟɥɶɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ 

(2), ɥɢɛɨ ɤɨɦɩɪɟɫɫɨɪɨɦ (V) ɧɚ
ɫɠɚɬɢɟ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ ɱɢɫɬɨ-
ɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. Ɍɟɩɥɨɬɚ Q32 ɡɚ-
ɬɪɚɱɢɜɚɟɬɫɹ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ (VI) ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ ɧɚ ɩɟɪɟɜɨɞ ɠɢɞ-

ɤɨɝɨ ɷɤɫɬɪɚɝɟɧɬɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ, ɜ ɞɪɭɝɨɦ - ɞɥɹ ɩɪɟɞ-

ɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɨɬɨɤɚ ɫɠɚɬɨɝɨ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ
ɫ ɰɟɥɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɷɤɫɬɪɚɤɬɨɪɟ (I). ɉɪɟɞɜɚ-
ɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɧɟɨɛɯɨɞɢɦ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɜɯɨɞɟ ɩɨɬɨɤɚ ɮɥɸɢɞɚ
ɜ ɷɤɫɬɪɚɤɬɨɪ ɩɪɨɢɫɯɨɞɢɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟ ɩɨɬɨɤɚ ɧɚ
ɜɫɟɜɨɡɦɨɠɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ  ɩɪɟɩɹɬɫɬɜɢɹɯ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɤɨ-

Ɋɢɫ. 2.13. Ɉɛɨɛɳɟɧɧɵɣ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɢɣ ɷɤɫɬɪɚɤɰɢɨɧɧɵɣ ɰɢɤɥ [163]. I-

ɷɤɫɬɪɚɤɬɨɪ; II- ɞɪɨɫɫɟɥɶɧɵɣ ɜɟɧɬɢɥɶ; 
III—ɫɟɩɚɪɚɬɨɪ; IV, VI- ɬɟɩɥɨɨɛɦɟɧɧɢ-

ɤɢ; V-ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɧɚɫɨɫ, ɥɢɛɨ
ɤɨɦɩɪɟɫɫɨɪ. 

2.3.2. Эксергетический анализ сверхкритических
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ɬɨɪɨɦɭ ɩɨɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ. Ɍɟɩɥɨɬɚ Q54 ɨɬɜɨɞɢɬɫɹ ɨɬ ɩɨɫɬɭ-
ɩɚɸɳɟɝɨ ɜ ɫɟɩɚɪɚɬɨɪ (III) ɧɚɫɵɳɟɧɧɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɨɬ-
ɞɟɥɟɧɢɹ ɷɤɫɬɪɚɤɬɚ (6). Ɍɟɩɥɨɬɚ Q15 ɨɬɜɨɞɢɬɫɹ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ (IV) 

ɨɬ ɨɱɢɳɟɧɧɨɝɨ ɷɤɫɬɪɚɝɟɧɬɚ ɞɥɹ ɟɝɨ ɩɟɪɟɜɨɞɚ ɜ ɠɢɞɤɨɟ ɫɨɫɬɨɹɧɢɟ ɫ 
ɰɟɥɶɸ ɞɚɥɶɧɟɣɲɟɣ ɩɨɞɚɱɢ ɧɚ ɜɯɨɞ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ. ȼ ɫɥɭɱɚɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɦɩɪɟɫɫɨɪɚ ɬɟɩɥɨɬɚ Q15 ɦɨɠɟɬ ɛɵɬɶ ɢɫɤɥɸɱɟɧɚ ɢɡ 
ɨɛɳɟɣ ɫɯɟɦɵ. 

ɍɪɚɜɧɟɧɢɟ ɛɚɥɚɧɫɚ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɩɨɬɨɤɨɜ ɷɧɟɪɝɢɢ ɞɥɹ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɤɰɢɨɧɧɨɝɨ ɰɢɤɥɚ ɡɚɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɨɛɪɚɡɨɦ: 
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ɝɞɟ Ɍ0, h0 ɢ S0 - ɷɬɨ ɬɟɦɩɟɪɚɬɭɪɚ, ɭɞɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ ɢ ɭɞɟɥɶɧɚɹ ɷɧ-

ɬɪɨɩɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ; Qr - ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɦɟɠɞɭ ɪɚɛɨɱɢɦ ɬɟ-
ɥɨɦ, ɧɚɯɨɞɹɳɢɦɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Tr ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ; ε- ɩɨɥ-
ɧɚɹ ɭɞɟɥɶɧɚɹ ɷɤɫɟɪɝɢɹ, ε0 - ɭɞɟɥɶɧɚɹ ɯɢɦɢɱɟɫɤɚɹ ɷɤɫɟɪɝɢɹ ɪɚɛɨɱɟɝɨ 
ɬɟɥɚ; W0

2/2 - ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ; gZ0 - ɩɨɬɟɧɰɢɚɥɶɧɚɹ 
ɷɧɟɪɝɢɹ ɪɚɛɨɱɟɝɨ ɬɟɥɚ, I - ɩɨɬɟɪɢ ɷɤɫɟɪɝɢɢ. ɉɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ Ɍ0 

=293,15 Ʉ, ɚ ɯɢɦɢɱɟɫɤɚɹ ɷɤɫɟɪɝɢɹ, ɤɢɧɟɬɢɱɟɫɤɚɹ ɢ ɩɨɬɟɧɰɢɚɥɶɧɚɹ 
ɷɧɟɪɝɢɢ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɵ. ɋɭɦɦɚ ɜɯɨɞɧɵɯ ɩɨɬɨɤɨɜ ɷɤɫɟɪɝɢɢ ɜɫɟ-
ɝɞɚ ɛɨɥɶɲɟ ɫɭɦɦɵ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ, ɤɨɬɨɪɵɟ ɨɛɭɫɥɨɜɥɟɧɵ ɧɟ-
ɨɛɪɚɬɢɦɨɫɬɶɸ ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɨɰɟɫɫɨɜ. ȼ ɪɚɛɨɬɟ [163] ɫɢɫɬɟɦɚ ɭɪɚɜ-
ɧɟɧɢɣ (2.13) - (2.17) ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɚɧɚɥɢɡɚ ɋɗɐ ɫ ɰɢɪɤɭɥɹ-
ɰɢɨɧɧɵɦ ɧɚɫɨɫɨɦ, ɝɞɟ ɜ ɤɚɱɟɫɬɜɟ ɷɤɫɬɪɚɝɟɧɬɚ ɛɵɥ ɜɡɹɬ ɫɜɟɪɯɤɪɢɬɢɱɟ-
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ɫɤɢɣ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ. Ȼɵɥɢ ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɷɤɫɬɪɚɤɰɢɢ Ɍɷɤɫɬ = 375,15 Ʉ ɢ ɞɚɜɥɟɧɢɟ ɫɟɩɚɪɚɰɢɢ Ɋɫɟɩ=7 Ɇɉɚ. Ɋɚɛɨ-
ɱɟɟ ɞɚɜɥɟɧɢɟ ɷɤɫɬɪɚɤɰɢɢ Ɋɷɤɫɬ ɜɚɪɶɢɪɨɜɚɥɨɫɶ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 8 ɞɨ 30 

Ɇɉɚ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɭɜɟɥɢɱɟɧɢɹ Ɋɷɤɫɬ ɜɨɡɪɚɫɬɚɟɬ ɡɚɬɪɚɱɢ-

ɜɚɟɦɚɹ ɪɚɛɨɬɚ -Ⱥ21, ɚ ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɜɨɞɢɦɨɣ Q32 ɢ ɨɬɜɨɞɢɦɨɣ Q54 ɬɟ-
ɩɥɨɬɵ ɭɦɟɧɶɲɚɸɬɫɹ. ɉɨɫɤɨɥɶɤɭ ɩɪɢɧɢɦɚɟɬɫɹ ɞɨɩɭɳɟɧɢɟ ɨ ɩɨɥɧɨɣ 

ɪɟɝɟɧɟɪɚɰɢɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɰɢɤɥɟ, ɬɨ ɜɟɥɢɱɢɧɚ Q15 ɹɜɥɹɟɬɫɹ ɩɨɫɬɨ-
ɹɧɧɨɣ ɢ ɪɚɜɧɨɣ ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɟ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɞɚɜɥɟɧɢɢ Ɋɫɟɩ. 
ɉɨɜɟɞɟɧɢɟ ɭɤɚɡɚɧɧɵɯ ɜɢɞɨɜ ɷɧɟɪɝɨɡɚɬɪɚɬ ɧɟ ɢɦɟɟɬ ɧɢɤɚɤɢɯ ɨɫɨɛɟɧ-

ɧɨɫɬɟɣ. Ȼɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɚɧɚɥɢɡ ɩɨɬɟɪɶ ɷɤɫɟɪɝɢɢ ɧɚ 
ɤɚɠɞɨɦ ɢɡ ɷɬɚɩɨɜ ɰɢɤɥɚ. ɇɚ ɪɢɫ. 2.14 ɩɨɤɚɡɚɧɨ ɨɛɳɟɟ ɩɨɜɟɞɟɧɢɟ 
ɷɧɟɪɝɨɡɚɬɪɚɬ ɢ ɩɨɬɟɪɶ ɷɤɫɟɪɝɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɧɢɦɚɟɦɵɯ ɡɧɚ-
ɱɟɧɢɣ Ɋɷɤɫɬ.  

ȼɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ -Ⱥ21 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɨɫɬɭ I12. ȿɫɥɢ 

ɭɦɟɧɶɲɢɬɶ ɩɨɞɜɨɞɢɦɭɸ ɬɟɩɥɨɬɭ Q32, ɬɨ ɩɪɨɢɡɨɣɞɟɬ ɫɧɢɠɟɧɢɟ Ɋɷɤɫɬ, 

ɱɬɨ ɩɪɢɜɟɞɟɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɟɥɢɱɢɧ I32 ɢ I54. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɨɬɟɪɢ 

ɷɤɫɟɪɝɢɢ ɜ ɩɪɨɰɟɫɫɟ ɤɨɧɞɟɧɫɚɰɢɢ I15 ɨɱɟɧɶ ɦɚɥɵ ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ 
ɜɟɥɢɱɢɧɚ Q15 ɩɪɢɧɢɦɚɟɬ ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɩɪɚɤɬɢ-

ɱɟɫɤɢ ɩɨɥɧɨɣ ɨɛɪɚɬɢɦɨɫɬɶɸ ɩɪɨɰɟɫɫɚ ɤɨɧɞɟɧɫɚɰɢɢ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ 
ɩɪɨɰɟɫɫ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ 34 ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟɨɛɪɚɬɢɦɵɦ 

ɛɥɚɝɨɞɚɪɹ ɡɧɚɱɢɬɟɥɶɧɨɣ ɞɢɫɫɢɩɚɰɢɢ ɷɧɟɪɝɢɢ ɜɫɥɟɞɫɬɜɢɟ ɜɨɡɧɢɤɚɸ-

ɳɟɣ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɜ ɩɨɬɨɤɟ. ɋ ɪɨɫɬɨɦ Ɋɷɤɫɬ ɧɟɨɛɪɚɬɢɦɨɫɬɶ ɩɪɨɰɟɫ-
ɫɚ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɭɫɢɥɢɜɚɟɬɫɹ. 

 ȼ ɨɛɥɚɫɬɢ ɞɚɜɥɟɧɢɣ Ɋɷɤɫɬ > 10,5 Ɇɉɚ ɩɨɬɟɪɢ ɷɤɫɟɪɝɢɢ, ɨɛɭɫɥɨɜ-
ɥɟɧɧɵɟ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟɦ, ɫɬɚɧɨɜɹɬɫɹ ɞɨɦɢɧɢɪɭɸɳɢɦɢ. Ɉɛɳɢɟ ɩɨ-
ɬɟɪɢ ɷɤɫɟɪɝɢɢ ɜɫɟɝɨ ɰɢɤɥɚ ɚɞɞɢɬɢɜɧɨ ɫɤɥɚɞɵɜɚɸɬɫɹ ɢɡ ɩɨɬɟɪɶ ɜ ɤɚɠ-

ɞɨɦ ɨɬɞɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ. ɇɚ ɪɢɫ. 2.14 ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɮɢɤɫɢɪɨɜɚɧɧɵɯ 

ɡɧɚɱɟɧɢɣ Ɍɷɤɫɬ ɢ Ɋɫɟɩ ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɨɟ ɡɧɚɱɟɧɢɟ Ɋɷɤɫɬ, ɤɨɬɨɪɨɟ ɫɨɨɬ-
ɜɟɬɫɬɜɭɟɬ ɦɢɧɢɦɭɦɭ ɩɨɬɟɪɶ ɷɤɫɟɪɝɢɢ. ȿɫɥɢ ɡɧɚɱɟɧɢɟ Ɋɫɟɩ ɛɥɢɡɤɨ ɤ 
ɤɪɢɬɢɱɟɫɤɨɦɭ ɞɚɜɥɟɧɢɸ ɱɢɫɬɨɝɨ ɷɤɫɬɪɚɝɟɧɬɚ, ɬɨ ɷɬɨɬ ɦɢɧɢɦɭɦ ɛɭɞɟɬ 
ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ. ɉɪɢ ɫɧɢɠɟɧɢɢ Ɋɫɟɩ ɦɢɧɢɦɭɦ ɩɨɬɟɪɶ ɷɤɫɟɪɝɢɢ ɫɬɚ-
ɧɨɜɢɬɫɹ ɛɨɥɟɟ ɨɫɬɪɵɦ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɦɟɫɬɨ ɬɨɱɟɤ ɫ 
ɦɢɧɢɦɚɥɶɧɵɦɢ ɩɨɬɟɪɹɦɢ ɷɤɫɟɪɝɢɢ ɨɛɪɚɡɭɟɬ ɩɨɜɟɪɯɧɨɫɬɶ, ɤɨɬɨɪɚɹ 
ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɭɪɚɜɧɟɧɢɟɦ ɬɢɩɚ Imin = f(Pɷɤɫɬ, Ɍɷɤɫɬ, Ɋɫɟɩ). Ⱦɥɹ 
ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɩɨɥɭɱɟɧɨ ɷɦɩɢɪɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ Imin, ɤɨɬɨ-
ɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟ-
ɧɢɣ ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɜ ɩɪɟɞɟɥɚɯ 1,48%: 
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Imin=38,8462+13,99Ɋɷɤɫɬ−0,058Ɋ2
ɷɤɫɬ−4,5117Ɍɷɤɫɬ−7,3814Ɋɫɟɩ+  

+0,0609Ɍɷɤɫɬ−1,0083ɊɷɤɫɬɊɫɟɩ+0,4224ɌɷɤɫɬɊɫɟɩ,  (2.18) 

 

ɝɞɟ ɬɟɦɩɟɪɚɬɭɪɚ Ɍɷɤɫɬ ɩɨɞ-

ɫɬɚɜɥɹɟɬɫɹ ɜ °ɋ, ɚ ɞɚɜɥɟɧɢɟ 
Ɋɷɤɫɬ ɢ Ɋɫɟɩ ɜ Ɇɉɚ. ɍɫɬɚɧɨɜ-
ɥɟɧɨ, ɱɬɨ ɧɚɢɦɟɧɶɲɢɦɢ ɩɨ-
ɬɟɪɢ ɷɤɫɟɪɝɢɢ ɹɜɥɹɸɬɫɹ ɜ 
ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɟɥɢɱɢɧɵ Ɋɷɤɫɬ, 

Ɍɷɤɫɬ ɢ Ɋɫɟɩ ɩɪɢɧɢɦɚɸɬ ɡɧɚ-
ɱɟɧɢɹ, ɛɥɢɡɤɢɟ ɤ ɤɪɢɬɢɱɟ-
ɫɤɢɦ  ɩɚɪɚɦɟɬɪɚɦ ɱɢɫɬɨɝɨ 
ɷɤɫɬɪɚɝɟɧɬɚ. ȼ ɤɚɱɟɫɬɜɟ ɧɟɡɚ-
ɜɢɫɢɦɨɝɨ ɩɚɪɚɦɟɬɪɚ ɜɦɟɫɬɨ 
Ɋɷɤɫɬ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨ-
ɜɚɧɚ ɩɥɨɬɧɨɫɬɶ ɷɤɫɬɪɚɝɟɧɬɚ 
ρɷɤɫɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜ-
ɥɟɧɢɢ ɜ ɷɤɫɬɪɚɤɬɨɪɟ. Ɍɚɤɚɹ 
ɡɚɦɟɧɚ ɧɟɫɤɨɥɶɤɨ ɭɜɟɥɢɱɢɜɚ-
ɟɬ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬ-
ɤɥɨɧɟɧɢɟ ɞɨ 1,70%: 

 

 

 

Imin=-

1565,17+1,8446ρɷɤɫɬ+253,802Ɋɫɟɩ−6,42878Ɋ2
ɫɟɩ+ 

 

+0,0061846ρɷɤɫɬ−0,24832ρɷɤɫɬɊɫɟɩ−0,11533ɌɷɤɫɬɊɫɟɩ− 
 

                        −0,003047ρɷɤɫɬɌɷɤɫɬɊɫɟɩ+0,001574Ɍ2
ɷɤɫɬ                    (2.19) 

 

ɝɞɟ ɩɥɨɬɧɨɫɬɶ ρɷɤɫɬ ɩɨɞɫɬɚɜɥɹɟɬɫɹ  ɜ ɤɝ/ɦ3, Ɍɷɤɫɬ - ɜ ɝɪɚɞɭɫɚɯ °ɋ, Ɋɫɟɩ - 
ɜ Ɇɉɚ. 

Ⱥɧɚɥɨɝɢɱɧɵɣ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɣ  ɚɧɚɥɢɡ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɞɥɹ ɋɗɐ 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɪɟɫɫɨɪɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ 

Ɋɷɤɫɬ ɧɟ ɞɚɟɬ ɹɫɧɨ ɜɵɪɚɠɟɧɧɨɝɨ ɦɢɧɢɦɭɦɚ ɜɫɥɟɞɫɬɜɢɟ ɛɨɥɶɲɢɯ ɩɨ-
ɬɟɪɶ ɷɤɫɟɪɝɢɢ ɜ ɤɨɦɩɪɟɫɫɨɪɟ. ɇɟɤɨɬɨɪɵɣ ɦɢɧɢɦɭɦ ɩɨɬɟɪɶ ɷɤɫɟɪɝɢɢ 

 
Ɋɢɫ. 2.14. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ ɢ ɩɨɬɟ-
ɪɢ  

ɷɤɫɟɪɝɢɢ ɜ ɋɗɐ ɫ ɰɢɪɤɭɥɹɰɢɨɧɧɵɦ ɧɚɫɨ-
ɫɨɦ [163]. 
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ɭɞɚɟɬɫɹ ɨɛɧɚɪɭɠɢɬɶ ɥɢɲɶ ɬɨɝɞɚ, ɤɨɝɞɚ ɪɚɛɨɱɢɟ  ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ 
ɷɤɫɬɪɚɤɰɢɢ ɧɚɯɨɞɹɬɫɹ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɷɤɫɬɪɚɝɟɧɬɚ. 

ɋɪɚɜɧɟɧɢɟ ɨɛɨɢɯ ɬɢɩɨɜ ɋɗɐ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɪɚɫɫɦɚɬɪɢ-

ɜɚɹ ɢɡɨɥɢɧɢɢ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ, 
ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ ɧɚɫɨɫɚ ɢ 

ɤɨɦɩɪɟɫɫɨɪɚ ɪɚɜɧɵ 80%, ɚ ɞɚɜɥɟɧɢɟ Ɋɫɟɩ ɩɪɢɧɹɬɶ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ 
ɪɚɜɧɵɦ 7 Ɇɉɚ, ɬɨ ɨɤɚɠɟɬɫɹ, ɱɬɨ ɩɪɢ ɞɚɜɥɟɧɢɢ ɷɤɫɬɪɚɤɰɢɢ Ɋɷɤɫɬ=12,55 

Ɇɉɚ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɰɢɤɥɨɜ ɛɭɞɭɬ ɨɞɢɧɚɤɨɜɵɦɢ. 

Ʉɨɧɟɱɧɨ, ɭɫɥɨɜɢɟ ɦɢɧɢɦɚɥɶɧɨɫɬɢ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɜ 
ɰɢɤɥɟ ɹɜɥɹɟɬɫɹ ɧɟ ɟɞɢɧɫɬɜɟɧɧɵɦ ɩɪɢ ɜɵɛɨɪɟ ɪɚɛɨɱɢɯ ɡɧɚɱɟɧɢɣ Ɍɷɤɫɬ 

ɢ Ɋɷɤɫɬ. ȼɚɠɧɵɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɬɚɤɠɟ ɹɜɥɹ-
ɸɬɫɹ ɩɪɨɰɟɧɬɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɢɡɜɥɟɤɚɟɦɨɣ ɤɨɦɩɨɧɟɧɬɵ ɜ ɢɫɯɨɞɧɨɣ 

ɫɦɟɫɢ, ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɞɚɧɧɨɦ ɮɥɸɢɞɟ, ɬɪɟɛɭɟɦɚɹ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟ-
ɧɢɹ, ɪɚɡɦɟɪ ɷɤɫɬɪɚɤɬɨɪɚ. ɉɟɪɜɵɟ ɬɪɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɨ ɦɧɨɝɨɦ ɨɩ-

ɪɟɞɟɥɹɸɬ ɬɪɟɛɭɟɦɨɟ ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɮɥɸɢɞɚ- ɷɤɫɬɪɚɝɟɧɬɚ ɤ 
ɤɨɥɢɱɟɫɬɜɭ ɢɫɯɨɞɧɨɣ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɫɦɟɫɢ. Ɋɚɡɦɟɪ ɷɤɫɬɪɚɤɬɨɪɚ ɨɩ-

ɪɟɞɟɥɹɟɬ ɤɨɥɢɱɟɫɬɜɨ ɷɤɫɬɪɚɝɟɧɬɚ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɚɬɶ ɜ ɷɤɫ-
ɬɪɚɤɬɨɪ ɡɚ ɨɞɢɧ ɰɢɤɥ ɩɪɢ Ɋɷɤɫɬ ɢ Ɍɷɤɫɬ. ȼɫɟ ɜɦɟɫɬɟ ɨɩɪɟɞɟɥɹɟɬ ɤɨɥɢɱɟ-
ɫɬɜɨ ɰɢɤɥɨɜ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɬɨɪɢɬɶ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɨɣ ɰɟɥɢ. ɗɤɫɟɪɝɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɡɜɨɥɹɟɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ 
ɫɚɦ ɦɧɨɝɨɤɪɚɬɧɨ ɩɨɜɬɨɪɹɸɳɢɣɫɹ ɰɢɤɥ. 

 

 

2.3.3. ɐɢɪɤɭɥɹɰɢɨɧɧɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ 
ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɠɢɞɤɨɫɬɟɣ 

ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ 
 

Ⱥɜɬɨɪɚɦɢ ɫɨɡɞɚɧɚ ɧɨɜɚɹ ɰɢɪɤɭɥɹɰɢɨɧɧɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫ-
ɬɚɧɨɜɤɚ [165] ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɠɢɞɤɨɫɬɟɣ ɜ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ. ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ, ɪɚɛɨɬɚɸɳɟɣ ɜ ɞɢɚɩɚɡɨɧɟ 
ɞɚɜɥɟɧɢɣ ɞɨ 35 Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪ 293÷423 Ʉ, ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 
2.15.  
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Ɋɢɫ.2.15. ɋɯɟɦɚ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. 
 

 

ɍɫɬɚɧɨɜɤɚ ɪɚɡɪɚɛɨɬɚɧɚ ɧɚ ɛɚɡɟ ɞɨɠɢɦɚɸɳɟɝɨ ɦɟɦɛɪɚɧɧɨɝɨ ɤɨɦ-

ɩɪɟɫɫɨɪɚ (3) (ɦɚɪɤɚ ɆɄ-80-3,5/350), ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɧɚ ȺɈ «Ʉɚɡɚɧɶ-
ɤɨɦɩɪɟɫɫɨɪɦɚɲ» ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɫɠɚɬɢɹ ɝɚɡɨɜ ɞɨ ɞɚɜɥɟɧɢɹ 
35 Ɇɉɚ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɪɚɫɯɨɞɚ ɫɠɚɬɨɝɨ ɝɚɡɨɨɛɪɚɡɧɨɝɨ 
ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɭɫɬɪɚɧɟɧɢɹ ɩɭɥɶɫɚɰɢɣ, ɜɵɡɜɚɧɧɵɯ ɯɨɞɨɦ ɦɟɦɛɪɚɧ, 

ɝɚɡ ɤɨɦɩɪɟɫɫɨɪɨɦ ɡɚɤɚɱɢɜɚɟɬɫɹ ɜ ɪɟɫɢɜɟɪ (4). Ɋɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɨɩɵɬɚ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫ ɬɨɱɧɨɫɬɶɸ ±0,1 Ɇɉɚ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɝɚɡɚ ɱɟɪɟɡ 
ɪɟɝɭɥɹɬɨɪ ɞɚɜɥɟɧɢɹ (5) (ɦɚɪɤɚ ȺȾɇ-0063Ɇ1), ɬɚɤɠɟ ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ 
ɧɚ ȺɈ «Ʉɚɡɚɧɶɤɨɦɩɪɟɫɫɨɪɦɚɲ». Ⱦɚɜɥɟɧɢɟ ɜ ɷɤɫɬɪɚɤɬɨɪɟ ɢ ɫɟɩɚɪɚɬɨ-
ɪɟ ɢɡɦɟɪɹɟɬɫɹ ɨɛɪɚɡɰɨɜɵɦɢ ɦɚɧɨɦɟɬɪɚɦɢ (13) ɢ (14). ɉɪɨɣɞɹ ɮɢɥɶɬɪ-
ɨɫɭɲɢɬɟɥɶ (6), ɝɚɡ ɩɨɫɬɭɩɚɟɬ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤ (7), ɜ ɤɨɬɨɪɨɦ ɞɨɫɬɢɝɚ-
ɟɬ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ>Ɍɤɪ. 
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Ⱦɚɥɟɟ ɮɥɸɢɞ ɩɨɫɬɭɩɚɟɬ ɜ ɷɤɫɬɪɚɤɰɢɨɧɧɭɸ ɹɱɟɣɤɭ (1) ɨɛɴɟɦɨɦ 

175 ɫɦ3 , ɜ ɤɨɬɨɪɨɦ ɛɚɪɛɨɬɢɪɭɟɬ ɱɟɪɟɡ ɩɨɪɰɢɸ (40 ɫɦ3) ɪɚɫɬɜɨɪɹɟɦɨɣ 

ɠɢɞɤɨɫɬɢ. Ɂɚɞɚɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɰɟɫɫɚ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɬɟɪɦɨɫɬɚ-
ɬɢɪɭɟɦɨɣ ɜɚɧɧɨɣ, ɜ ɤɨɬɨɪɭɸ ɩɨɝɪɭɠɟɧ ɤɨɪɩɭɫ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɹɱɟɣ-

ɤɢ. Ɍɨɱɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟ-
ɥɚɯ ±0,05 Ʉ. Ɍɟɦɩɟɪɚɬɭɪɚ ɮɥɸɢɞɚ ɜ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɹɱɟɣɤɟ ɢ ɝɚɡɚ ɜ 
ɫɟɩɚɪɚɬɨɪɟ ɢɡɦɟɪɹɟɬɫɹ ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɟɜɵɦɢ ɬɟɪɦɨɩɚɪɚɦɢ, ɜɜɟɞɟɧ-

ɧɵɦɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɢɡɦɟɪɹɟɦɭɸ ɫɪɟɞɭ ɱɟɪɟɡ ɤɨɪɩɭɫɚ ɚɩɩɚɪɚɬɨɜ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɰɢɚɥɶɧɵɯ ɭɩɥɨɬɧɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ. Ɍɨɱɧɨɫɬɶ 
ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɰɟɧɢɜɚɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ±0,1 Ʉ. Ⱦɥɹ ɢɧɬɟɧɫɢ-

ɮɢɤɚɰɢɢ ɦɚɫɫɨɨɛɦɟɧɚ ɜ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɹɱɟɣɤɟ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɧɟɪɟ-
ɝɭɥɹɪɧɚɹ ɧɚɫɚɞɤɚ ɢɡ ɧɟɪɠɚɜɟɸɳɢɯ ɤɨɥɟɰ ɞɢɚɦɟɬɪɨɦ 3 ɦɦ. Ⱦɥɹ ɩɪɟ-
ɞɨɬɜɪɚɳɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɭɧɨɫɚ ɠɢɞɤɨɫɬɢ ɩɨɬɨɤɨɦ ɮɥɸɢɞɚ-
ɪɚɫɬɜɨɪɢɬɟɥɹ, ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɹɱɟɣɤɢ ɪɚɡɦɟɳɺɧ ɠɚ-
ɥɸɡɢɣɧɵɣ ɢɧɟɪɰɢɨɧɧɵɣ ɤɚɩɥɟɭɥɨɜɢɬɟɥɶ (17). 

ȼ ɫɟɩɚɪɚɬɨɪɟ (2) ɩɪɨɢɫɯɨɞɢɬ ɜɵɞɟɥɟɧɢɟ ɪɚɫɬɜɨɪɟɧɧɨɣ ɜɨ ɮɥɸɢɞɟ 
ɠɢɞɤɨɫɬɢ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ 
ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɬɨɤɚ ɞɨ ɫɭɛɤɪɢɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ ɮɥɸɢɞɚ. ɋ ɷɬɨɣ 

ɰɟɥɶɸ ɮɥɸɢɞɧɵɣ ɪɚɫɬɜɨɪ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ 

ɞɪɨɫɫɟɥɶɧɵɣ ɜɟɧɬɢɥɶ (12), ɡɚɤɪɟɩɥɟɧɧɵɣ ɧɚ ɜɯɨɞɟ ɜ ɫɟɩɚɪɚɬɨɪ. Ʉɨɪ-
ɩɭɫ ɫɚɦɨɝɨ ɫɟɩɚɪɚɬɨɪɚ ɨɯɥɚɠɞɚɟɬɫɹ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ, ɩɨɫɬɭɩɚɸɳɢɦ 

ɢɡ ɬɟɪɦɨɫɬɚɬɚ (11), ɨɛɟɫɩɟɱɟɧɧɨɝɨ ɯɨɥɨɞɢɥɶɧɵɦ ɚɝɪɟɝɚɬɨɦ. Ʉɨɧɫɬ-
ɪɭɤɬɢɜɧɨɟ ɨɬɥɢɱɢɟ ɫɟɩɚɪɚɬɨɪɚ ɨɬ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɹɱɟɣɤɢ ɫɜɨɞɢɬɫɹ 
ɥɢɲɶ ɤ ɧɟɫɤɨɥɶɤɨ ɛɨɥɶɲɢɦ ɪɚɡɦɟɪɚɦ ɩɨɫɥɟɞɧɟɣ. Ⱦɥɹ ɛɨɥɟɟ ɝɥɭɛɨɤɨɣ 

ɫɟɩɚɪɚɰɢɢ ɮɥɸɢɞɚ ɨɬ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɫɟɩɚɪɚɬɨɪɟ ɩɪɢɦɟɧɹ-
ɟɬɫɹ ɭɥɚɜɥɢɜɚɸɳɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ. 

Ɉɫɜɨɛɨɠɞɟɧɧɵɣ ɨɬ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɝɚɡɨɨɛɪɚɡɧɵɣ ɪɚɫɬɜɨ-
ɪɢɬɟɥɶ ɱɟɪɟɡ ɮɢɥɶɬɪ-ɨɫɭɲɢɬɟɥɶ ɩɨɫɬɭɩɚɟɬ ɜ ɩɪɢɟɦɧɵɣ ɛɚɥɥɨɧ (8). 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɩɪɢɟɦɧɨɦ ɛɚɥɥɨɧɟ ɧɟ ɩɪɟɜɵɲɚɟɬ 1,5 Ɇɉɚ. 
ȼɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ ɤɨɦɩɪɟɫɫɨɪɚ ɪɚɜɧɚ 5, ɬɨ ɞɨɫɬɢɠɟɧɢɟ 
ɞɚɜɥɟɧɢɹ 35 Ɇɉɚ ɜ ɪɟɫɢɜɟɪɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɞɜɚ ɷɬɚɩɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɛɚɥɥɨɧɚ (19). ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɨɬɪɚɛɨɬɚɧɧɵɣ ɪɚɫɬɜɨ-
ɪɢɬɟɥɶ ɢɡ ɩɪɢɟɦɧɨɝɨ ɛɚɥɥɨɧɚ ɱɟɪɟɡ ɮɢɥɶɬɪ ɬɨɧɤɨɣ ɨɱɢɫɬɤɢ (9) ɩɟɪɟɤɚ-
ɱɢɜɚɟɬɫɹ ɤɨɦɩɪɟɫɫɨɪɨɦ ɜ ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɛɚɥɥɨɧ, ɜ ɤɨɬɨɪɨɦ ɞɨɫɬɢɝɚ-
ɟɬɫɹ ɞɚɜɥɟɧɢɟ ɩɨɪɹɞɤɚ 5,0-7,5 Ɇɉɚ. Ɍɨɥɶɤɨ ɩɨɫɥɟ ɷɬɨɝɨ ɩɪɨɢɫɯɨɞɢɬ 
ɧɚɩɨɥɧɟɧɢɟ ɪɟɫɢɜɟɪɚ (4) ɞɨ ɞɚɜɥɟɧɢɹ ɩɨɪɹɞɤɚ 25-35 Ɇɉɚ ɫɠɚɬɵɦ ɪɚɫ-
ɬɜɨɪɢɬɟɥɟɦ, ɩɟɪɟɤɚɱɢɜɚɟɦɵɦ ɢɡ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɛɚɥɥɨɧɚ. 
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Ʉɨɥɢɱɟɫɬɜɨ ɫɠɚɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɪɟɫɢɜɟɪɟ ɩɨɡɜɨɥɹɟɬ ɧɟɩɪɟ-
ɪɵɜɧɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɬɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ ɜ ɬɟɱɟɧɢɢ 3-ɯ ɢ ɛɨɥɟɟ ɱɚɫɨɜ. 
ȼɟɥɢɱɢɧɚ ɪɚɫɯɨɞɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɪɟɝɭɥɢɪɨɜɚɥɚɫɶ ɜɟɧɬɢɥɟɦ (12) ɜ ɩɪɟ-
ɞɟɥɚɯ 0,3-0,4 ɤɝ/ɱ. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɩɨɞɤɚɱɤɚ ɪɟɫɢɜɟɪɚ ɦɨɠɟɬ 
ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɚ ɛɟɡ ɜɦɟɲɚɬɟɥɶɫɬɜɚ ɜ ɩɪɨɰɟɫɫ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜɟɫɬɢ 

ɟɝɨ ɫɤɨɥɶ ɭɝɨɞɧɨ ɞɨɥɝɨ. Ɉɞɧɚɤɨ, ɜɪɟɦɹ ɨɩɵɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɪɟɛɭɟ-
ɦɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɚɫɫɵ ɪɚɫɬɜɨɪɢɬɟɥɹ ɤ ɦɚɫɫɟ ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟ-
ɫɬɜɚ. Ʉɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɩɪɨɩɭɳɟɧɧɨɝɨ ɱɟɪɟɡ ɪɚɫɬɜɨɪɹɟɦɭɸ 

ɠɢɞɤɨɫɬɶ, ɨɰɟɧɢɜɚɟɬɫɹ ɜɟɫɨɜɵɦ ɦɟɬɨɞɨɦ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɢɟɦɧɵɣ ɛɚɥ-
ɥɨɧ (8) ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɷɥɟɤɬɪɨɧɧɵɟ ɜɟɫɵ (18) (ɦɚɪɤɚ ȼɆ-150), ɢɡɝɨ-
ɬɨɜɥɟɧɧɵɟ ɜ ȺɈ «Ɇɚɫɫɚ-Ʉ» (ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ), ɩɨ ɤɨɬɨɪɵɦ ɨɩɪɟ-
ɞɟɥɹɟɬɫɹ ɜɟɫ ɛɚɥɥɨɧɚ ɞɨ ɢ ɩɨɫɥɟ ɨɩɵɬɚ ɫ ɬɨɱɧɨɫɬɶɸ ±0,05 ɤɝ. ɂɫɯɨɞ-

ɧɨɟ ɢ ɤɨɧɟɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɹɟɦɨɣ ɠɢɞɤɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɜɡɜɟɲɢɜɚɧɢɟɦ ɧɚ ɷɥɟɤɬɪɨɧɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɟɫɚɯ ɮɢɪɦɵ CAS ɫ 
ɩɨɝɪɟɲɧɨɫɬɶɸ ±10-5 ɤɝ. Ʉɨɥɢɱɟɫɬɜɨ ɠɢɞɤɨɫɬɢ, ɪɚɫɬɜɨɪɟɧɧɨɣ ɜɨ 
ɮɥɸɢɞɟ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɦɚ-
ɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ. Ɋɚɫɬɜɨ-
ɪɢɦɨɫɬɶ ɠɢɞɤɨɫɬɢ ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɜ ɦɨɥɶɧɵɯ ɞɨɥɹɯ. ɋɪɟɞ-

ɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲ-

ɧɨɫɬɶ ɦɟɬɨɞɚ ɢɡɦɟɪɟɧɢɹ ɪɚɫ-
ɬɜɨɪɢɦɨɫɬɢ ɧɚ ɫɨɡɞɚɧɧɨɣ 

ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɟ 
ɨɰɟɧɢɜɚɟɬɫɹ ɚɜɬɨɪɚɦɢ ɜ ɩɪɟ-
ɞɟɥɚɯ 7,2 %. 

ɇɚ ɞɚɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɜɵ-

ɩɨɥɧɟɧɵ ɩɪɨɛɧɵɟ ɨɩɵɬɵ ɩɨ 
ɢɡɦɟɪɟɧɢɸ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 

ɜɨɞɵ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɞɢ-

ɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ ɧɚ ɢɡɨɬɟɪɦɟ 
313 Ʉ ɜ ɢɧɬɟɪɜɚɥɟ ɞɚɜɥɟɧɢɣ 

ɨɬ 8 ɞɨ 20 Ɇɉɚ. ɇɚ ɪɢɫɭɧɤɟ 
2.16 ɩɨɤɚɡɚɧɨ ɫɪɚɜɧɟɧɢɟ ɪɟ-
ɡɭɥɶɬɚɬɨɜ ɧɚɲɢɯ ɩɪɨɛɧɵɯ ɢɡɦɟɪɟɧɢɣ ɫ ɢɦɟɸɳɢɦɢɫɹ ɞɚɧɧɵɦɢ [166], 

ɬɚɤɠɟ ɩɨɥɭɱɟɧɧɵɦɢ ɧɚ ɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɟ. ɇɚɛɥɸɞɚɟɬɫɹ ɫɨ-
ɝɥɚɫɢɟ ɜ ɩɪɟɞɟɥɚɯ 14 %. 

  
Ɋɢɫ.2.16. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɜɨɞɵ ɜ ɫɜɟɪɯɤɪɢ- 

ɬɢɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ. 1 - [166],  

2 - ɧɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ. 
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ɉɨɜɟɞɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
TP
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∂
∂

. ɜɨɞɵ ɜ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɩɪɟɞɫɤɚɡɚɧɢɹɦɢ 

ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɬɟɨɪɢɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ 

ɮɥɸɢɞɚɯ [30]. ɇɚɛɥɸɞɚɟɦɨɟ ɫɢɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɨɬ-
ɧɨɫɢɬɟɥɶɧɨ ɭɡɤɨɦ ɢɧɬɟɪɜɚɥɟ ɞɚɜɥɟɧɢɣ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɭɤɚɡɵɜɚɟɬ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɦɧɨɝɨɤɪɚɬɧɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɞɧɨɣ ɩɨɪɰɢɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ 
ɤɚɱɟɫɬɜɟ ɷɤɫɬɪɚɝɟɧɬɚ ɜ ɩɪɨɰɟɫɫɚɯ ɨɛɪɚɛɨɬɤɢ ɪɚɡɛɚɜɥɟɧɧɵɯ ɜɨɞɧɵɯ 
ɪɚɫɬɜɨɪɨɜ. 

 

2.3.4. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɨɰɟɫɫɨɜ 

 ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤɰɢɢ 

 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ 

ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤɰɢɢ ɧɚ  ɩɢɥɨɬɧɵɯ, ɩɨɥɭɩɪɨɦɵɲɥɟɧɧɵɯ ɢ ɩɪɨɦɵɲ-

ɥɟɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɬɪɟɛɭɟɬ ɩɨɞɜɨɞɚ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ  ɷɧɟɪɝɢɢ, ɚ 
ɬɚɤɠɟ ɭɫɬɚɧɨɜɤɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɋɸɞɚ ɦɨɠɧɨ ɨɬɧɟ-
ɫɬɢ ɯɨɥɨɞɧɭɸ ɢ ɝɨɪɹɱɭɸ ɜɨɞɭ, ɜɨɞɹɧɨɣ ɩɚɪ, ɫɠɚɬɵɣ ɜɨɡɞɭɯ, ɨɯɥɚɠ-

ɞɟɧɧɭɸ ɜɨɞɭ, ɫɢɫɬɟɦɭ ɩɨɞɨɝɪɟɜɚ, ɫɢɫɬɟɦɭ ɨɯɥɚɠɞɟɧɢɹ ɢ ɬ.ɞ. ȼɫɟ ɷɬɨ 
ɦɨɠɟɬ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɨ, ɧɚɩɪɢɦɟɪ, ɩɭɬɟɦ ɩɪɢɜɹɡɤɢ ɤ ɭɠɟ ɫɭɳɟɫɬ-
ɜɭɸɳɟɣ ɩɪɨɦɵɲɥɟɧɧɨɣ ɭɫɬɚɧɨɜɤɟ. ȿɫɥɢ ɦɨɳɧɨɫɬɢ ɢɦɟɸɳɟɣɫɹ ɭɫɬɚ-
ɧɨɜɤɢ ɧɟ ɩɨɡɜɨɥɹɸɬ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɢ ɤɚɱɟɫɬɜɟɧɧɨ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɩɨ-
ɬɪɟɛɧɨɫɬɢ ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɜ ɪɚɡɥɢɱɧɵɯ  ɜɢɞɚɯ 
ɷɧɟɪɝɢɢ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɨɳɧɨɫɬɢ.  

 

2.3.4.1. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɬɚɧɨɜɨɤ  
            ɢ ɬɪɟɛɨɜɚɧɢɹ ɤ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɸ 

 

ȼ ɪɚɛɨɬɟ [167] ɩɪɢɜɨɞɢɬɫɹ ɭɫɥɨɜɧɚɹ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɩɪɨɦɵɲ-

ɥɟɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɩɨ ɢɯ ɦɚɫɲɬɚɛɭ  ɢ ɞɚɸɬɫɹ ɪɟɤɨɦɟɧɞɚɰɢɢ ɨɩɬɢ-

ɦɚɥɶɧɨɝɨ ɦɨɧɬɚɠɚ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɍɚɤ ɞɥɹ ɦɟɥɤɨɦɚɫɲɬɚɛɧɵɯ ɭɫɬɚɧɨ-
ɜɨɤ ɫ ɪɚɛɨɱɢɦ ɨɛɴɟɦɨɦ ɷɤɫɬɪɚɤɬɨɪɚ Vɷɤɫɬ≤  0,2 ɦ3 ɨɛɨɪɭɞɨɜɚɧɢɟ ɪɟɤɨ-
ɦɟɧɞɭɟɬɫɹ ɦɨɧɬɢɪɨɜɚɬɶ ɜ ɜɢɞɟ ɟɞɢɧɨɝɨ ɦɨɞɭɥɹ. Ⱦɥɹ ɫɪɟɞɧɟɦɚɫɲɬɚɛ-

ɧɵɯ ɭɫɬɚɧɨɜɨɤ (0,2 ɦ3 ≤  Vɷɤɫɬ≤  2,5 ɦ3) ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɨɥɠɧɚ ɜɤɥɸ-

ɱɚɬɶ ɜ ɫɟɛɹ ɫɜɹɡɚɧɧɵɟ ɦɟɠɞɭ ɫɨɛɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɦɨɞɭɥɢ. Ɇɨɧ-
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ɬɚɠ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ ɭɫɬɚɧɨɜɨɤ (Vɷɤɫɬ≥2,5ɦ3) ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨ-
ɢɡɜɨɞɢɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɩɪɨɦɵɲɥɟɧɧɨɣ ɩɥɨɳɚɞɤɟ. ɗɬɨ ɛɨɥɟɟ 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ, ɧɟɠɟɥɢ ɫɨɟɞɢɧɹɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɡɝɨɬɨɜɥɟɧɧɵɟ 
ɦɨɞɭɥɢ. 

ɇɚ ɪɢɫ.2.17 ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɩɢɥɨɬɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɤɨɬɨɪɚɹ ɛɵɥɚ 
ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɞɟɤɨɮɟɢɧɟɡɚɰɢɢ  ɤɨɮɟ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɦɚɫɲɬɚ-
ɛɚɯ. 

 

 
Ɋɢɫ.2.17. ɋɯɟɦɚ ɩɢɥɨɬɧɨɣ ɭɫɬɚɧɨɜɤɢ [168]. 1,2 - ɷɤɫɬɪɚɤɬɨɪɵ, 3 -  

ɫɟɩɚɪɚɬɨɪ, 4 - ɪɟɫɢɜɟɪ, 5 - ɤɨɧɞɟɧɫɚɬɨɪ, 6 - ɟɦɤɨɫɬɶ ɫ ɋɈ2 , 7,8 - 

 ɩɨɞɨɝɪɟɜɚɬɟɥɢ, 9 - ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ, 10- ɫɢɫɬɟɦɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɋɈ2 , 

 11 - ɫɢɫɬɟɦɚ ɩɨɞɚɱɢ ɷɧɬɪɟɣɧɟɪɚ. 
 

Ɉɫɧɨɜɧɵɦɢ ɭɡɥɚɦɢ ɢ ɞɟɬɚɥɹɦɢ ɩɢɥɨɬɧɨɣ ɭɫɬɚɧɨɜɤɢ ɹɜɥɹɸɬɫɹ 
ɷɤɫɬɪɚɤɬɨɪɵ, ɫɟɩɚɪɚɬɨɪɵ, ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ, ɧɚɫɨɫɵ ɥɢɛɨ ɤɨɦɩɪɟɫɫɨ-
ɪɵ, ɫɨɟɞɢɧɢɬɟɥɶɧɵɟ ɬɪɭɛɨɩɪɨɜɨɞɵ, ɮɥɚɧɰɵ, ɭɩɥɨɬɧɟɧɢɹ, ɡɚɩɨɪɧɚɹ ɢ 

ɪɟɝɭɥɢɪɭɸɳɚɹ ɚɪɦɚɬɭɪɚ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. ɋɩɟɰɢɚɥɶɧɚɹ ɚɪ-
ɦɚɬɭɪɚ ɩɨɡɜɨɥɹɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɨɬɨɤɢ ɢ ɭɩɪɚɜɥɹɬɶ 
ɪɟɠɢɦɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɨɰɟɫɫɚ. Ɋɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜ-
ɧɨɫɬɶ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ ɩɨɜɵɲɚɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɜɬɨɦɚɬɢɡɢ-

ɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɫɛɨɪɚ ɢɧɮɨɪɦɚɰɢɢ ɢ ɪɟɝɢɫɬɪɚɰɢɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ  
ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɪɚɛɨɱɢɟ  ɩɪɨɰɟɫɫɵ ɢ ɷɮɮɟɤɬɢɜɧɨ ɢɦɢ ɭɩɪɚɜɥɹɬɶ. 

Ʉ ɭɫɬɚɧɨɜɤɟ ɜ ɰɟɥɨɦ, ɚ ɬɚɤɠɟ ɤ ɟɟ ɨɬɞɟɥɶɧɵɦ ɭɡɥɚɦ ɢ ɞɟɬɚɥɹɦ 

ɩɪɟɞɴɹɜɥɹɟɬɫɹ ɪɹɞ ɬɪɟɛɨɜɚɧɢɣ. Ɉɛɳɢɦ ɬɪɟɛɨɜɚɧɢɟɦ ɹɜɥɹɟɬɫɹ ɫɬɨɢ-

ɦɨɫɬɶ  ɤɚɩɢɬɚɥɶɧɵɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ  ɡɚɬɪɚɬ, ɩɪɨɫɬɨɬɚ ɨɛɫɥɭɠɢ-
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ɜɚɧɢɹ,  ɧɚɞɟɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ. ɍɫɬɚɧɨɜɤɢ, ɤɨɬɨɪɵɟ 
ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɜ ɩɢɳɟɜɨɣ, ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ, ɩɚɪɮɸɦɟɪɧɨɣ ɨɬ-
ɪɚɫɥɹɯ ɞɨɥɠɧɵ ɨɬɜɟɱɚɬɶ ɜɵɫɨɤɢɦ  ɫɚɧɢɬɚɪɧɵɦ ɫɬɚɧɞɚɪɬɚɦ.  ɗɬɨ ɞɨɫ-
ɬɢɝɚɟɬɫɹ ɜɵɛɨɪɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɷɤɫɬɪɚɤɬɨɪɨɜ, ɫɟɩɚɪɚɬɨɪɨɜ ɢ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. 

ȼɚɠɧɵɦɢ ɮɚɤɬɨɪɚɦɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɨɫɭɞɨɜ 
ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ( ɷɤɫɬɪɚɤɬɨɪɨɜ ɢ ɫɟɩɚɪɚɬɨɪɨɜ) ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸ-

ɳɢɟ: ɦɚɬɟɪɢɚɥ, ɫɩɨɫɨɛ ɫɛɨɪɤɢ ɢ ɫɨɨɪɭɠɟɧɢɹ, ɫɩɨɫɨɛɧɨɫɬɶ ɜɵɞɟɪɠɢ-

ɜɚɬɶ ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ (ɭɫɬɚɥɨɫɬɧɚɹ 
ɩɪɨɱɧɨɫɬɶ), ɦɟɯɚɧɢɡɦɵ ɡɚɝɪɭɡɤɢ ɢ ɜɵɝɪɭɡɤɢ, ɩɪɨɫɬɨɬɚ ɩɪɨɦɵɜɤɢ ɢ 

ɨɱɢɫɬɤɢ. Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɨɫɭɞɨɜ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟ-
ɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɞɢɧ ɢɡ  ɩɹɬɢ ɫɩɨɫɨɛɨɜ: ɤɨɜɤɚ, ɥɢɬɶɟ, 
ɩɪɨɤɚɬ, ɫɜɚɪɤɚ ɬɨɥɫɬɨɥɢɫɬɨɜɨɝɨ ɦɟɬɚɥɥɚ, ɦɨɧɬɚɠ ɦɧɨɝɨɫɥɨɣɧɨɣ ɤɨɧ-

ɫɬɪɭɤɰɢɢ  ɢɡ ɬɨɧɤɨɥɢɫɬɨɜɨɝɨ ɦɟɬɚɥɥɚ. ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɩɪɟɞɩɨɱɬɢ-

ɬɟɥɶɧɨɫɬɶ ɬɨɝɨ, ɢɥɢ ɞɪɭɝɨɝɨ ɦɟɬɨɞɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɢɚ-
ɦɟɬɪɨɦ ɢ ɜɵɫɨɬɨɣ ɫɨɫɭɞɚ, ɫɩɨɫɨɛɨɦ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɱɢɦ ɞɚɜɥɟɧɢɟɦ ɢ 

ɬɟɦɩɟɪɚɬɭɪɨɣ, ɜɵɛɨɪɨɦ ɦɚɬɟɪɢɚɥɚ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɦ ɫ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɦ ɩɨɬɨɤɨɦ, ɚ ɬɚɤɠɟ ɦɚɬɟɪɢɚɥɨɦ ɤɨɪɩɭɫɚ.  Ɍɚɤ ɤɨɜɤɚ ɢ ɥɢɬɶɟ ɪɟɤɨ-
ɦɟɧɞɭɸɬɫɹ ɞɥɹ ɫɨɫɭɞɨɜ ɦɟɧɶɲɟɝɨ ɞɢɚɦɟɬɪɚ (ɦɟɧɟɟ 0,5 ɦ), ɫɜɚɪɤɚ  
ɬɨɥɫɬɨɥɢɫɬɨɜɨɝɨ ɦɟɬɚɥɥɚ ɞɥɹ ɫɨɫɭɞɨɜ ɫɪɟɞɧɢɯ ɪɚɡɦɟɪɨɜ (ɞɢɚɦɟɬɪɨɦ 

ɞɨ 2 ɦ),  ɦɨɧɬɚɠ ɦɧɨɝɨɫɥɨɣɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ ɬɨɧɤɨɥɢɫɬɨɜɨɝɨ ɦɟ-
ɬɚɥɥɚ - ɞɥɹ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɯ ɫɨɫɭɞɨɜ (ɞɢɚɦɟɬɪɨɦ 1,5 ɦ ɢ ɛɨɥɟɟ). 
Ɍɪɟɛɭɟɬɫɹ ɨɛɟɫɩɟɱɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɛɵɫɬɪɨɝɨ ɨɬɤɪɵɬɢɹ ɡɚɬɜɨɪɨɜ ɧɚ 
ɜɟɥɢɱɢɧɭ ɩɨɥɧɨɝɨ ɞɢɚɦɟɬɪɚ. ɗɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɛɵɫɬɪɨɝɨ ɡɚɩɨɥɧɟ-
ɧɢɹ ɫɵɪɶɟɦ, ɥɢɛɨ ɜɵɝɪɭɡɤɢ  ɬɨɜɚɪɧɨɝɨ ɩɪɨɞɭɤɬɚ. ȼɵɛɨɪ ɬɢɩɚ ɡɚɬɜɨɪɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɢɚɦɟɬɪɨɦ ɫɨɫɭɞɚ [169]. ɉɨɜɟɪɯɧɨɫɬɢ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɟ 
ɫ ɮɥɸɢɞɚɦɢ ɢ ɨɛɪɚɛɚɬɵɜɚɟɦɵɦ ɫɵɪɶɟɦ, ɨɛɵɱɧɨ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɢɡ 
ɧɟɪɠɚɜɟɸɳɟɣ ɥɟɝɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ ɢ ɲɥɢɮɭɸɬɫɹ. ȼɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɢ 

ɦɟɫɬ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɜɚɪɨɱɧɵɯ ɲɜɨɜ, ɩɚɬɪɭɛɤɨɜ ɢ ɪɚɡɥɢɱɧɵɯ  ɜɜɨɞɨɜ 
ɞɨɥɠɟɧ ɬɳɚɬɟɥɶɧɨ ɩɪɨɞɭɦɵɜɚɬɶɫɹ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɷɬɨ ɧɟ ɞɨɥɠɧɨ 
ɭɯɭɞɲɚɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ. Ɇɚɬɟɪɢɚɥɵ 

ɩɪɨɤɥɚɞɨɤ ɢ ɭɩɥɨɬɧɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɛɢɪɚɬɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ-
ɛɵ ɨɧɢ ɛɵɥɢ ɫɨɜɦɟɫɬɢɦɵɦɢ ɫ ɮɥɸɢɞɚɦɢ- ɷɤɫɬɪɚɝɟɧɬɚɦɢ. Ɇɧɨɝɢɟ 
ɷɥɚɫɬɨɦɟɪɵ ɢ ɩɪɨɱɢɟ ɦɚɬɟɪɢɚɥɵ, ɩɪɢɦɟɧɹɟɦɵɟ ɨɛɵɱɧɨ ɞɥɹ ɢɡɝɨɬɨɜ-
ɥɟɧɢɹ ɭɩɥɨɬɧɟɧɢɣ, ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɜ ɭɫɥɨɜɢɹɯ ɢɡɦɟɧɹɸɳɢɯɫɹ ɞɚɜ-
ɥɟɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪ, ɚɛɫɨɥɸɬɧɨ ɧɟɩɪɢɝɨɞɧɵ ɞɥɹ ɭɫɥɨɜɢɣ ɩɪɨɰɟɫɫɚ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɮɥɸɢɞɧɨɣ ɷɤɫɬɪɚɤɰɢɢ. ɉɨɞɛɨɪ ɦɚɬɟɪɢɚɥɚ ɭɩɥɨɬ-
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ɧɟɧɢɣ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ. Ɂɞɟɫɶ ɦɨɠɧɨ ɪɟɤɨɦɟɧ-

ɞɨɜɚɬɶ  ɮɬɨɪɤɚɪɛɨɧɨɜɵɟ  ɩɨɥɢɦɟɪɵ, ɩɟɪɮɬɨɪɷɥɚɫɬɨɦɟɪɵ,  ɫɢɧɬɟɬɢɱɟ-
ɫɤɢɟ ɤɚɭɱɭɤɢ ɢ ɪɟɡɢɧɵ, ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɭɩɥɨɬɧɟɧɢɹ. Ɉɫɧɨɜɚɧɢɟ, ɥɢɛɨ 
ɮɭɧɞɚɦɟɧɬ ɫɨɫɭɞɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɞɨɥɠɧɵ ɜɵɞɟɪɠɢɜɚɬɶ ɜɢɛɪɚ-
ɰɢɸ, ɤɨɬɨɪɚɹ ɫɨɩɪɨɜɨɠɞɚɟɬ ɷɤɫɩɥɭɚɬɚɰɢɸ ɭɫɬɚɧɨɜɤɢ. 

Ɉɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ. ɩɪɟɞɴɹɜɥɹɟɦɵɦɢ ɤ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɦ 

ɹɜɥɹɸɬɫɹ: ɜɵɛɨɪ ɧɚɞɟɠɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɱɭɜɫɬɜɢ-

ɬɟɥɶɧɨɫɬɶ ɤ ɡɚɝɪɹɡɧɟɧɢɸ ɢ ɩɪɨɫɬɨɬɚ ɨɱɢɫɬɤɢ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɡɚɝɪɹɡɧɟɧɢɹ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɤɪɚɣɧɟ ɜɚɠɧɨ ɩɪɨɜɨɞɢɬɶ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɨɱɢɫɬɤɭ  ɩɨɞɚɜɚɟɦɨɝɨ ɢɫɯɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ. Ʉɨɧɟɱ-
ɧɨ ɦɨɠɧɨ ɫɧɢɡɢɬɶ ɡɚɝɪɹɡɧɟɧɢɟ ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ ɞɢɚɦɟɬɪɚ ɬɪɭɛ, ɱɬɨ 
ɭɦɟɧɶɲɚɟɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɬɨɤɭ ɩɨɞɚɜɚɟɦɨɝɨ ɩɪɨ-
ɞɭɤɬɚ. Ɉɞɧɚɤɨ, ɬɚɤɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵ-

ɫɨɤɢɦɢ ɪɚɛɨɱɢɦɢ ɞɚɜɥɟɧɢɹɦɢ ɜ ɩɨɬɨɤɟ. Ɉɛɵɱɧɨ ɫɬɚɧɞɚɪɬɧɵɟ ɬɟɩɥɨ-
ɨɛɦɟɧɧɢɤɢ ɤɨɧɫɬɪɭɢɪɭɸɬɫɹ ɧɚ ɞɚɜɥɟɧɢɹ, ɧɚɦɧɨɝɨ ɧɢɠɟ ɬɟɯ, ɤɨɬɨɪɵɟ 
ɞɨɫɬɢɝɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɚɯ ɋɎɗ. ɇɟɨɛɯɨɞɢɦɨ ɬɳɚɬɟɥɶɧɨ ɜɵɛɢɪɚɬɶ 
ɬɨɧɤɨɥɢɫɬɨɜɭɸ ɬɪɭɛɧɭɸ ɫɬɚɥɶ, ɦɚɬɟɪɢɚɥ ɭɩɥɨɬɧɟɧɢɣ, ɷɥɚɫɬɨɦɟɪɵ. 

Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɡɚɝɪɹɡɧɟɧɢɹ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɧɚɤɥɨɧɧɨɟ ɢ ɜɟɪɬɢ-

ɤɚɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ. ɑɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɞɜɚ ɜɢɞɚ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ: ɞɥɹ ɦɚɥɨɬɨɧɧɚɠɧɵɯ ɭɫɬɚɧɨɜɨɤ- ɷɬɨ ɬɟɩ-

ɥɨɨɛɦɟɧɧɢɤɢ ɬɢɩɚ «ɬɪɭɛɚ ɜ ɬɪɭɛɟ», ɞɥɹ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɯ – ɤɨɠɭ-
ɯɨɬɪɭɛɱɚɬɵɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɬɢ-

ɩɚ «ɬɪɭɛɚ ɜ ɬɪɭɛɟ» ɹɜɥɹɟɬɫɹ ɢɯ ɩɪɨɫɬɨɬɚ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɢɣ 

ɞɢɚɦɟɬɪ ɬɪɭɛ, ɱɬɨ ɨɛɥɟɝɱɚɟɬ ɨɱɢɫɬɤɭ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɢ 

ɩɨɫɥɟɞɭɸɳɢɣ ɤɨɧɬɪɨɥɶ. Ɋɚɡɥɢɱɢɟ ɜ ɬɟɪɦɢɱɟɫɤɨɦ ɪɚɫɲɢɪɟɧɢɢ ɜɧɭɬ-
ɪɟɧɧɟɣ ɢ ɧɚɪɭɠɧɨɣ ɬɪɭɛ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɪɚɧɟɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɟɧɫɚɬɨɪɚ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. Ɉɱɢɫɬɤɚ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɜɧɭɬɪɟɧɧɟɣ ɬɪɭɛɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɯɢɦɢɱɟɫɤɢɦɢ ɪɚɫɬɜɨɪɚ-
ɦɢ, ɥɢɛɨ ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɨɫɤɚɛɥɢɜɚɧɢɟɦ. Ʉɨɠɭɯɨɬɪɭɛɱɚɬɵɟ ɬɟɩɥɨɨɛ-

ɦɟɧɧɢɤɢ ɡɚ ɫɱɟɬ ɭɫɥɨɠɧɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɨɥɶɲɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɦɟɧɶɲɢɯ ɝɚɛɚɪɢɬɚɯ. Ⱦɢɚɦɟɬɪ ɬɪɭɛ ɩɪɢ 

ɷɬɨɦ  ɦɟɧɶɲɟ, ɱɟɦ ɜ ɫɥɭɱɚɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ «ɬɪɭɛɚ ɜ ɬɪɭɛɟ». Ɉɱɢɫɬ-
ɤɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɪɭɛ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɥɢɛɨ ɩɪɨɤɚɱɤɨɣ ɯɢɦɢɱɟɫɤɢɯ 

ɪɚɫɬɜɨɪɨɜ, ɥɢɛɨ ɦɟɯɚɧɢɱɟɫɤɢ. Ʉɨɦɩɟɧɫɚɬɨɪ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ 
ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɤɨɠɭɯɟ. ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɤɨɠɭɯɨɬɪɭɛɱɚɬɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɜɨɡɪɚɫɬɚɟɬ ɜɦɟɫɬɟ ɫ ɪɚɡɦɟɪɚɦɢ 
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ɫɚɦɨɣ ɭɫɬɚɧɨɜɤɢ. Ⱦɥɹ ɭɫɬɚɧɨɜɨɤ ɫɪɟɞɧɢɯ ɪɚɡɦɟɪɨɜ ɷɤɨɧɨɦɢɱɧɨɫɬɶ 
ɨɛɨɢɯ ɬɢɩɨɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɚ. 

Ⱦɥɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɮɥɸɢɞɚ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ  ɝɚɡɨ-
ɜɵɟ ɤɨɦɩɪɟɫɫɨɪɵ, ɥɢɛɨ ɠɢɞɤɨɫɬɧɵɟ ɧɚɫɨɫɵ.  Ɉɫɧɨɜɧɵɦɢ ɬɪɟɛɨɜɚ-
ɧɢɹɦɢ ɩɪɢ ɜɵɛɨɪɟ ɧɚɝɧɟɬɚɬɟɥɹ ɹɜɥɹɸɬɫɹ ɫɬɨɢɦɨɫɬɶ ɢ ɧɟɨɛɯɨɞɢɦɚɹ 
ɫɬɟɩɟɧɶ ɱɢɫɬɨɬɵ ɮɥɸɢɞɚ. ɇɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɢɫɩɨɥɶɡɭ-
ɸɬɫɹ ɞɜɚ ɬɢɩɚ ɤɨɦɩɪɟɫɫɨɪɨɜ: ɩɨɪɲɧɟɜɵɟ ɢ ɰɟɧɬɪɨɛɟɠɧɵɟ. Ɉɛɚ ɬɢɩɚ 
ɤɨɦɩɪɟɫɫɨɪɨɜ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ ɜ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɦ, ɬɚɤ ɢ 

ɜ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɦ ɜɚɪɢɚɧɬɚɯ. Ɇɧɨɝɨɫɬɭɩɟɧɱɚɬɵɟ ɤɨɦɩɪɟɫɫɨɪɵ 

ɨɛɵɱɧɨ ɫɧɚɛɠɚɸɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɦɢ ɫ ɜɨɡɞɭɲ-

ɧɵɦ, ɥɢɛɨ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɫɠɢɦɚɟɦɨɝɨ ɮɥɸɢɞɚ, ɚ  ɬɚɤɠɟ ɫɢɫ-
ɬɟɦɨɣ ɫɦɚɡɤɢ, ɩɚɧɟɥɶɸ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɧɬɪɨɥɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɚɜɚɪɢɣ-

ɧɨɝɨ ɨɬɤɥɸɱɟɧɢɹ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɧɧɚɠɧɨɫɬɢ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɭɫɬɚ-
ɧɨɜɤɢ ɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦɢ ɫɬɚɧɨɜɹɬɫɹ ɰɟɧɬɪɨɛɟɠɧɵɟ ɤɨɦɩɪɟɫɫɨɪɵ. 

Ⱦɥɹ  ɨɛɟɫɩɟɱɟɧɢɹ  ɰɢɪɤɭɥɹɰɢɢ ɠɢɞɤɨɝɨ ɷɤɫɬɪɚɤɬɚ ɨɛɵɱɧɨ ɢɫ-
ɩɨɥɶɡɭɸɬ ɨɞɢɧ ɢɡ ɞɜɭɯ ɬɢɩɨɜ ɧɚɫɨɫɨɜ: ɩɥɭɧɠɟɪɧɵɣ , ɥɢɛɨ ɦɧɨɝɨɫɬɭ-
ɩɟɧɱɚɬɵɣ ɰɟɧɬɪɨɛɟɠɧɵɣ. Ɉɫɧɨɜɧɵɦɢ ɤɪɢɬɟɪɢɹɦɢ ɜɵɛɨɪɚ ɧɚɫɨɫɚ ɹɜ-
ɥɹɸɬɫɹ ɢɯ ɫɬɨɢɦɨɫɬɶ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. Ɉɛɵɱɧɨ ɦɧɨɝɨɫɬɭɩɟɧɱɚ-
ɬɵɟ ɰɟɧɬɪɨɛɟɠɧɵɟ ɧɚɫɨɫɵ ɷɤɨɧɨɦɢɱɧɵ ɜ ɤɪɭɩɧɨɬɨɧɧɚɠɧɵɯ ɫɯɟɦɚɯ. 
Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɭɞɟɥɹɬɶ ɦɚɬɟɪɢɚɥɚɦ ɞɟɬɚɥɟɣ ɢ ɩɨɜɟɪɯ-
ɧɨɫɬɟɣ ɧɚɫɨɫɨɜ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɫ ɮɥɸɢɞɨɦ (ɩɪɨɤɥɚɞɤɢ, ɫɚɥɶɧɢɤɢ, 

ɫɦɚɡɤɚ ɢ ɬ.ɞ.). ɇɚɩɪɢɦɟɪ, ɧɚɞɟɠɧɨɫɬɶ ɢ ɫɪɨɤ ɫɥɭɠɛɵ ɧɚɫɨɫɚ ɦɨɝɭɬ 
ɛɵɬɶ ɭɜɟɥɢɱɟɧɵ ɩɭɬɟɦ ɩɨɥɢɪɨɜɤɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɭɧ-

ɠɟɪɚ, ɥɢɛɨ ɩɭɬɟɦ ɧɚɧɟɫɟɧɢɹ ɧɚ ɷɬɭ ɩɨɜɟɪɯɧɨɫɬɶ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɩɨ-
ɤɪɵɬɢɹ. 

Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɦɚɬɟɪɢɚɥɚɦ ɬɪɭɛɨɩɪɨɜɨ-
ɞɨɜ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɱɚɫɬɟɣ ɫɜɨɞɹɬɫɹ ɤ ɫɩɨɫɨɛɧɨɫɬɢ ɜɵɞɟɪɠɢɜɚɬɶ ɜɵ-

ɫɨɤɢɟ ɞɚɜɥɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɟɪɟɩɚɞɵ, ɚ ɬɚɤɠɟ ɨɛɥɚɞɚɬɶ ɢɧɟɪɬɧɨ-
ɫɬɶɸ ɤ ɮɥɸɢɞɭ ɢ ɨɫɬɚɥɶɧɵɦ ɤɨɦɩɨɧɟɧɬɚɦ ɢɫɯɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ. Ɍɨɥ-
ɳɢɧɵ ɫɬɟɧɨɤ ɩɪɢɦɟɧɹɟɦɵɯ ɬɪɭɛ, ɤɚɤ  ɩɪɚɜɢɥɨ, ɩɪɟɜɨɫɯɨɞɹɬ ɬɨɥɳɢɧɵ 

ɞɥɹ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɹɞɚ  ɬɪɭɛ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɢɚɦɟɬɪɨɜ. ɉɨɜɟɪɯɧɨ-
ɫɬɢ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɟ ɫ ɮɥɸɢɞɨɦ, ɞɨɥɠɧɵ ɛɵɬɶ ɯɨɪɨɲɨ ɨɛɪɚɛɨɬɚɧɵ 

ɦɟɯɚɧɢɱɟɫɤɢ. Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɥɢɧɡɨɜɨɟ ɭɩɥɨɬɧɟɧɢɟ. ȼɨɡɦɨɠɧɵ ɢ ɞɪɭɝɢɟ ɬɢɩɵ ɫɨɟɞɢɧɟɧɢɣ ɫɩɟɰɢ-

ɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ [167]. ȼɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɫɥɭɠɢ-

ɜɚɧɢɹ, ɪɟɦɨɧɬɚ ɢ ɨɱɢɫɬɤɢ ɫɢɫɬɟɦɵ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. 
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ɉɪɢɦɟɧɹɟɦɚɹ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ  ɭɫɬɚɧɨɜɤɚɯ ɚɪɦɚɬɭɪɚ ɞɨɥɠɧɚ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɤɨɧɬɪɨɥɶ ɡɚ ɩɪɨɬɟɤɚɸɳɢɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɞɢɫɬɚɧɰɢɨɧ-

ɧɨɟ ɭɩɪɚɜɥɟɧɢɟ. ȼɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɫɜɟɞɟɧɢɟ ɤ ɦɢɧɢɦɭɦɭ ɜɨɡɦɨɠɧɵɯ 
ɭɬɟɱɟɤ. ɒɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɲɚɪɨɜɵɟ ɤɥɚɩɚɧɵ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɦɢ-

ɧɢɦɚɥɶɧɵɟ ɭɬɟɱɤɢ, ɨɛɥɚɞɚɸɬ ɤɨɪɪɨɡɢɨɧɧɨɣ  ɭɫɬɨɣɱɢɜɨɫɬɶɸ,  ɭɫɬɨɣ-

ɱɢɜɨɫɬɶɸ ɤ ɚɛɪɚɡɢɜɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɢ  ɩɟɪɟɩɚɞɚɦ 

ɞɚɜɥɟɧɢɹ. Ⱦɪɨɫɫɟɥɶɧɵɟ ɜɟɧɬɢɥɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɢɪɚɬɶ ɬɚɤɢɟ, ɤɨɬɨ-
ɪɵɟ ɩɨɡɜɨɥɹɸɬ ɢɡɛɟɠɚɬɶ ɡɚɫɨɪɟɧɢɹ ɩɪɢ ɫɧɢɠɟɧɢɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟ-
ɧɢɹ. 

Ʉɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɞɨɥɠɧɵ ɨɬɜɟɱɚɬɶ ɫɥɟɞɭɸ-

ɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ: ɨɛɟɫɩɟɱɢɜɚɬɶ ɧɟɨɛɯɨɞɢɦɵɣ ɤɥɚɫɫ ɬɨɱɧɨɫɬɢ, ɝɢɛ-

ɤɨɫɬɶ ɪɚɛɨɬɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟ-
ɧɢɹɯ. Ɉɫɧɨɜɧɵɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ  ɷɥɟɦɟɧɬɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ  ɞɥɹ 
ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ, ɭɪɨɜɧɹ ɠɢɞɤɨɫɬɢ, ɪɚɫɯɨɞɚ ɞɨɥɠ-

ɧɵ ɜɵɛɢɪɚɬɶɫɹ ɩɪɟɠɞɟ ɜɫɟɝɨ ɩɨ ɩɪɢɧɰɢɩɭ ɢɫɤɥɸɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ 

ɢɯ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɪɚɛɨɱɢɯ ɩɚɪɚɦɟɬɪɚɯ ɩɪɨɰɟɫɫɚ ɢ 

ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɫ ɩɪɢɦɟɧɹɟɦɵɦɢ ɜ ɭɫɬɚɧɨɜɤɟ ɷɥɚɫɬɨɦɟɪɚɦɢ,  ɤɨɧɫɬ-
ɪɭɤɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɦɚɬɟɪɢɚɥɚɦɢ ɫɚɥɶɧɢɤɨɜ ɢ ɩɪɨɤɥɚɞɨɤ.  
ɇɟɤɨɬɨɪɵɟ  ɬɢɩɵ ɫɬɚɧɞɚɪɬɧɵɯ ɞɚɬɱɢɤɨɜ ɧɟ ɩɪɢɦɟɧɢɦɵ  ɩɪɢ ɬɟɯ ɞɚɜ-
ɥɟɧɢɹɯ  ɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɤɨɬɨɪɵɟ ɜɫɬɪɟɱɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɚɯ ɋɎɗ. Ɍɚɤ 
ɥɢɲɶ ɨɝɪɚɧɢɱɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɢɩɨɜ ɞɚɬɱɢɤɨɜ ɞɚɜɥɟɧɢɹ  ɢ ɪɚɫɯɨɞɨ-
ɦɟɪɨɜ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɩɪɨɰɟɫɫɚɯ ɋɎɗ. 

ɉɟɪɢɨɞɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɪɚɛɨɬɵ  ɩɪɨɦɵɲɥɟɧɧɵɯ ɋɎɗ ɭɫɬɚɧɨ-
ɜɨɤ ɞɟɥɚɟɬ ɧɟɨɛɯɨɞɢɦɵɦ ɩɪɢɦɟɧɟɧɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 

ɫɛɨɪɚ ɢ ɪɟɝɢɫɬɪɚɰɢɢ ɢɧɮɨɪɦɚɰɢɢ.  ȼ ɷɬɢɯ ɰɟɥɹɯ  ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶ-
ɡɨɜɚɧɵ: ɩɪɨɝɪɚɦɦɧɵɣ ɥɨɝɢɱɟɫɤɢɣ ɪɟɝɭɥɹɬɨɪ, ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸ-

ɬɟɪ, ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ ɪɟɝɭɥɹɬɨɪ. ȼ ɬɚɤɭɸ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɭɸ 

ɫɢɫɬɟɦɭ, ɤɪɨɦɟ ɩɪɨɱɟɝɨ, ɦɨɝɭɬ ɛɵɬɶ ɩɨɞɫɨɟɞɢɧɟɧɵ ɪɚɡɥɢɱɧɵɟ ɞɨɡɚ-
ɬɨɪɵ. Ƚɪɚɮɢɱɟɫɤɚɹ ɩɚɧɟɥɶ ɭɩɪɚɜɥɟɧɢɹ ɫ ɞɢɫɩɥɟɟɦ, ɰɢɮɪɨɜɨɣ ɢɧɞɢɤɚ-
ɰɢɟɣ ɢ ɫɚɦɨɩɢɫɰɟɦ ɩɨɡɜɨɥɹɟɬ ɨɩɟɪɚɬɢɜɧɨ ɭɩɪɚɜɥɹɬɶ ɪɚɛɨɬɨɣ ɭɫɬɚ-
ɧɨɜɤɢ. 

 

2.3.4.2. ɂɧɬɟɧɫɢɮɢɤɚɰɢɹ ɋɎɗ ɩɪɨɰɟɫɫɨɜ  
             ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ 

 

Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, ɪɚɫɬɜɨɪɵ ɧɢɡɤɨɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɚɯ ɹɜɥɹɸɬɫɹ ɪɚɡɛɚɜɥɟɧɧɵɦɢ.  ɗɬɨ ɨɡɧɚɱɚɟɬ, 
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ɱɬɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɝɥɭɛɢɧɵ ɩɟɪɟɪɚɛɨɬɤɢ ɢɫɯɨɞɧɨɝɨ 
ɩɪɨɞɭɤɬɚ ɬɪɟɛɭɟɬɫɹ ɨɫɭɳɟɫɬɜɢɬɶ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɷɤɫɬɪɚɤɰɢɨɧɧɵɣ 

ɰɢɤɥ ɦɧɨɝɨɤɪɚɬɧɨ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɷɧɟɪɝɨɡɚɬɪɚɬɚɦ, 

ɫɜɹɡɚɧɧɵɦ ɫ ɬɟɩɥɨɬɨɣ  ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ, ɥɢɛɨ ɪɚɛɨɬɨɣ ɫɠɚɬɢɹ 
ɮɥɸɢɞɚ – ɷɤɫɬɪɚɝɟɧɬɚ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɰɢɤɥɨɜ ɬɪɟɛɭɟɬɫɹ ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɋɎɗ. ɗɬɨɝɨ ɦɨɠɧɨ 
ɞɨɛɢɬɶɫɹ ɞɜɭɦɹ ɨɫɧɨɜɧɵɦɢ ɫɩɨɫɨɛɚɦɢ: ɩɨɜɵɲɟɧɢɟɦ ɪɚɫɬɜɨɪɹɸɳɟɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɮɥɸɢɞɚ- ɷɤɫɬɪɚɝɟɧɬɚ, ɚ ɬɚɤɠɟ ɫɨɡɞɚɧɢɟɦ ɭɥɭɱɲɟɧɧɵɯ 
ɭɫɥɨɜɢɣ ɞɥɹ ɦɚɫɫɨɨɛɦɟɧɚ ɦɟɠɞɭ  ɷɤɫɬɪɚɝɟɧɬɨɦ ɢ ɢɫɯɨɞɧɵɦ ɩɪɨɞɭɤ-
ɬɨɦ. ɇɚ ɪɢɫ.2.18 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɩɢɥɨɬɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɤɨɬɨɪɚɹ ɛɵɥɚ 
ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ  ɩɚɥɶɦɨɜɨɝɨ ɦɚɫɥɚ ɫ ɰɟɥɶɸ ɜɵɞɟɥɟɧɢɹ 
ɠɢɪɧɵɯ ɤɢɫɥɨɬ,  ɦɨɧɨ- ɢ ɞɢɝɥɢɰɟɪɢɞɨɜ. ɧɟɤɨɬɨɪɵɯ ɬɪɢɝɥɢɰɟɪɢɞɨɜ ɢ 

ɤɚɪɨɬɢɧɨɜ. 
Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɪɚɫɬɜɨɪɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ  

ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ ɧɟɝɨ ɞɨɛɚɜɥɹɥɫɹ ɷɬɚɧɨɥ ɜ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚ-
ɰɢɹɯ. 

ɂɧɬɟɧɫɢɮɢɤɚɰɢɹ ɦɚɫɫɨɨɛɦɟɧɚ ɦɟɠɞɭ ɷɤɫɬɪɚɝɟɧɬɨɦ ɢ ɩɚɥɶɦɨɜɵɦ 

ɦɚɫɥɨɦ ɞɨɫɬɢɝɚɥɚɫɶ ɩɪɨɬɢɜɨɬɨɱɧɨɣ ɫɯɟɦɨɣ ɢɯ ɞɜɢɠɟɧɢɹ ɜ ɷɤɫɬɪɚɤɬɨ-
ɪɟ. ɉɚɥɶɦɨɜɨɟ ɦɚɫɥɨ ɩɨɞɚɜɚɥɨɫɶ ɠɢɞɤɨɫɬɧɵɦ ɧɚɫɨɫɨɦ ɜɵɫɨɤɨɝɨ ɞɚɜ-
ɥɟɧɢɹ ɜ ɜɟɪɯɧɸɸ ɱɚɫɬɶ ɷɤɫɬɪɚɤɬɨɪɚ ɫ ɪɚɫɯɨɞɨɦ 60 ɝ/ɱɚɫ. ɀɢɞɤɢɣ ɞɢ-

ɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɩɢɬɚɬɟɥɶɧɵɦ ɧɚɫɨɫɨɦ  ɩɪɨɤɚɱɢɜɚɥɫɹ ɱɟɪɟɡ ɩɨɞɨɝɪɟɜɚ-
ɬɟɥɶ, ɜ ɤɨɬɨɪɨɦ  ɩɟɪɟɜɨɞɢɥɫɹ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ,  ɚ ɡɚɬɟɦ 

ɩɨɞɚɜɚɥɫɹ ɜ ɧɢɠɧɸɸ ɱɚɫɬɶ ɷɤɫɬɪɚɤɬɨɪɚ ɫ ɪɚɫɯɨɞɨɦ 2400 ɝ/ɱɚɫ.  
ɉɟɪɟɞ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɜ ɩɨɬɨɤ ɱɢɫɬɨɝɨ CO2 ɞɨɛɚɜɥɹɥɫɹ ɷɬɚɧɨɥ, 

ɤɨɬɨɪɵɣ ɜɵɩɨɥɧɹɥ ɪɨɥɶ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ. ɉɪɨɰɟɫɫ ɷɤɫɬɪɚɤɰɢɢ ɩɪɨɜɨ-
ɞɢɥɫɹ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɨɬ 50 ɞɨ 65 °ɋ, ɞɚɜɥɟɧɢɟ ɜɚɪɶɢɪɨ-
ɜɚɥɨɫɶ ɨɬ 10,3 ɞɨ 27,4 Ɇɉɚ, ɚ ɦɚɫɫɨɜɨɟ ɨɬɧɨɲɟɧɢɟ ɷɤɫɬɪɚɝɟɧɬɚ  ɤ  ɢɫ- 
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ɯɨɞɧɨɦɭ ɩɪɨɞɭɤɬɭ ɢɡɦɟɧɹɥɨɫɶ ɨɬ 10 ɞɨ 110. Ɋɚɮɢɧɚɬ ɫɨɛɢɪɚɥɫɹ ɜ 
ɞɨɧɧɨɣ ɱɚɫɬɢ ɷɤɫɬɪɚɤɬɨɪɚ, ɚ ɷɤɫɬɪɚɤɬ ɜɵɞɟɥɹɥɫɹ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɫɟɩɚɪɚɬɨɪɚɯ. Ɏɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ ɷɤɫɬɪɚɤɬɚ ɨɛɟɫɩɟ-
ɱɢɜɚɥɨɫɶ ɩɨɲɚɝɨɜɵɦ ɫɧɢɠɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɜ ɫɟɩɚɪɚɬɨɪɚɯ. ɋɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ ɜ ɩɟɪɜɨɦ ɫɟɩɚɪɚɬɨɪɟ ɩɨɞɞɟɪɠɢɜɚɥɨɫɶ ɞɚɜɥɟɧɢɟ 17,1 Ɇɉɚ, ɜɨ 
ɜɬɨɪɨɦ - 10,3 Ɇɉɚ, ɚ ɜ ɬɪɟɬɶɟɦ - 3,4 Ɇɉɚ. 

ȼ ɬɚɛɥɢɰɟ 2.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɱɢɫɬɤɢ ɩɚɥɶɦɨɜɨɝɨ 
ɦɚɫɥɚ ɨɬ ɠɢɪɧɵɯ ɤɢɫɥɨɬ.  

 

 

 
Ɍɚɛɥɢɰɚ 2.1 

 

Ɋɢɫ.2.18. ɋɯɟɦɚ ɩɢɥɨɬɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɩɚɥɶɦɨɜɨɝɨ 
ɦɚɫɥɚ [170]. 1- ɪɚɫɬɜɨɪ ɫ ɋɈ2, 2- ɠɢɞɤɨɫɬɧɨɣ ɭɝɥɟɤɢɫɥɨɬɧɵɣ ɧɚɫɨɫ, 
3-13-ɪɟɝɭɥɢɪɭɸɲɢɟ ɜɟɧɬɢɥɢ, 14- ɫɨɫɭɞ  ɫ ɫɨɪɚɫɬɜɨɪɢɬɟɥɟɦ, 15- ɫɨ-
ɫɭɞ ɫ ɢɫɯɨɞɧɵɦ ɩɪɨɞɭɤɬɨɦ, 16,17- ɨɛɪɚɬɧɵɟ ɤɥɚɩɚɧɵ, 18- ɠɢɞɤɨ-
ɫɬɧɨɣ ɧɚɫɨɫ ɞɥɹ ɩɨɞɚɱɢ ɢɫɯɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ, 19- ɬɟɩɥɨɨɛɦɟɧɧɢɤ 
ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɷɤɫɬɪɚɝɟɧɬɚ, 
20- ɩɪɨɬɢɜɨɬɨɱɧɵɣ ɷɤɫɬɪɚɤɬɨɪ, 21-23- ɫɟɩɚɪɚɬɨɪɵ, 24-26- ɞɪɨɫ-
ɫɟɥɶɧɵɟ ɜɟɧɬɢɥɢ. 
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ȼɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɦɚɫɫɨɜɨɝɨ ɨɬɧɨɲɟɧɢɹ  

ɷɤɫɬɪɚɝɟɧɬɚ ɤ ɢɫɯɨɞɧɨɦɭ ɩɪɨɞɭɤɬɭ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɠɢɪɧɵɯ ɤɢɫɥɨɬ 
 (ɦɨɥɶɧ. ɞɨɥɢ) ɜ ɪɚɮɢɧɚɬɟ 

 

Ⱦɚɜɥɟɧɢɟ Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ 

 ɜ ɷɤɫɬɪɚɤɬɨɪɟ, 50 50 50 65 65 

Ɇɉɚ ɋɨɞɟɪɠɚɧɢɟ ɷɬɚɧɨɥɚ ɜ ɷɤɫɬɪɚɝɟɧɬɟ, % ɦɨɥɶɧ.  

 - 3,7 6,3 4,6 8,0 

10,3 2.02
ɚ
 - - - - 

13,7 1,21
ɟ
 0,13

b
 - 0,44

ɚ
 0,29

ɚ
 

17,1 - 0,18
ɚ
 0,04

ɚ
 - - 

20,6 - 0,09
ɚ
 0,08

ɚ
 - - 

24,0 0,19
ɟ
 0,08

ɚ
 0,06

ɚ
 0,09

ɚ
 0,07

ɚ
 

27,4 0,25
d
 - - - 0,08

a
 

 

ɂɧɞɟɤɫɚɰɢɹ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɚɫɫɨɜɨɟ ɨɬɧɨɲɟɧɢɟ ɷɤɫɬɪɚɝɟɧɬɚ ɤ ɢɫ-
ɯɨɞɧɨɦɭ ɩɪɨɞɭɤɬɭ ɩɪɢɧɢɦɚɥɨ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: ɚ- 40; b- 54,7; c- 

58,2; d- 62,8; e- 88,7. 

ɉɨɫɤɨɥɶɤɭ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɹɜɥɹɸɬɫɹ ɩɨɥɹɪɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ, 

ɬɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɫɪɟɞɫɬɜɨɦ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɢɯ ɢɡɜɥɟɱɟɧɢɹ 
ɢɡ ɩɚɥɶɦɨɜɨɝɨ ɦɚɫɥɚ ɹɜɥɹɟɬɫɹ ɞɨɛɚɜɥɟɧɢɟ ɜ ɋɈ2 ɩɨɥɹɪɧɨɝɨ ɷɬɚɧɨɥɚ 
ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɨɥɹɪɧɨɫɬɢ ɷɤɫɬɪɚɝɟɧɬɚ ɜ ɰɟɥɨɦ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɧɚɢ-

ɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɨɱɢɫɬɤɢ, ɤɨɬɨɪɵɣ ɛɵɥ ɩɪɨɜɟ-
ɞɟɧ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 50 °ɋ, ɞɚɜɥɟɧɢɢ 17,1 Ɇɉɚ, ɞɨɛɚɜɥɟɧɢɢ ɷɬɚɧɨɥɚ ɜ 
ɋɈ2 ɜ ɤɨɥɢɱɟɫɬɜɟ 63% ɦɨɥɶɧ. ɢ ɦɚɫɫɨɜɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɷɤɫɬɪɚɝɟɧɬɚ ɤ 
ɢɫɯɨɞɧɨɦɭ ɩɪɨɞɭɤɬɭ ɪɚɜɧɨɦ 40. Ɍɚɤɨɟ ɫɨɱɟɬɚɧɢɟ ɩɨɡɜɨɥɢɥɨ ɫɧɢɡɢɬɶ 
ɫɨɞɟɪɠɚɧɢɟ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɜ ɪɚɮɢɧɚɬɟ ɞɨ 0,04%. 

ȼ ɬɚɛɥɢɰɚɯ 2.2- 2.4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɜɥɟɱɟɧɢɹ ɢ ɪɚɡ-
ɞɟɥɟɧɢɹ ɨɫɬɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɚɥɶɦɨɜɨɝɨ ɦɚɫɥɚ. 
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ɋɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɩɚɥɶɦɨɜɨɝɨ ɦɚɫɥɚ (ɦɨɥɶɧ. ɞɨɥɢ) ɩɨɫɥɟ  
ɩɟɪɟɪɚɛɨɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 50 °ɋ ɢ ɦɚɫɫɨɜɨɦ ɨɬɧɨɲɟɧɢɢ  

ɷɤɫɬɪɚɝɟɧɬɚ ɤ ɢɫɯɨɞɧɨɦɭ ɩɪɨɞɭɤɬɭ ɪɚɜɧɨɦ 58,2 

 

Ʉɨɦɩɨɧɟɧɬ ɂɫɯɨɞɧɵɣ 

ɩɪɨɞɭɤɬ 
Ɋɚɮɢɧɚɬ ɋɟɩɚɪɚɬɨɪ1 ɋɟɩɚɪɚɬɨɪ2 

 Ⱦɚɜɥɟɧɢɟ, Ɇɉɚ 
 - 24,0 17,1 6,9 

ɀɢɪɧɵɟ ɤɢɫɥɨɬɵ 22,35 0,19 2,41 9,46 

Ɇɨɧɨɝɥɢɰɟɪɢɞɵ 0,33 0,1 0,4 1,55 

Ⱦɢɝɥɢɰɟɪɢɞɵ 5,07 2,8 6,53 7,89 

Ɍɪɢɝɥɢɰɟɪɢɞɵ:     

ɋ48 9,18 9,17 10,41 11,65 

ɋ50 42,29 43,34 45,41 45,44 

ɋ52 39,19 38,73 36,71 35,64 

ɋ54 9,34 8,76 7,47 7,22 

Ʉɚɪɨɬɢɧ (ɪɪm) 540 690 196 147 

 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥɢɰɚɯ 2.2 ɢ 2.3 ɩɨɤɚ-
ɡɵɜɚɟɬ, ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ ɷɬɚɧɨɥɚ ɩɨɡɜɨɥɢɥɨ ɩɪɢ ɬɟɯ ɠɟ ɬɟɦɩɟɪɚɬɭɪɟ ɢ 

ɞɚɜɥɟɧɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɜ ɪɚɮɢɧɚɬɟ ɫɨɞɟɪɠɚɧɢɟ ɠɢɪɧɵɯ ɤɢ-

ɫɥɨɬ, ɦɨɧɨ- ɢ ɞɢɝɥɢɰɟɪɢɞɨɜ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɭɦɟɧɶɲɟɧɢɟɦ ɦɚɫɫɨ-
ɜɨɝɨ ɨɬɧɨɲɟɧɢɹ ɷɤɫɬɪɚɝɟɧɬɚ ɤ ɢɫɯɨɞɧɨɦɭ ɩɪɨɞɭɤɬɭ. ɋɪɚɜɧɢɬɟɥɶɧɵɣ 

ɚɧɚɥɢɡ ɬɚɛɥɢɰɵ 2.4 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɧɟ-
ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɞɨɛɚɜɥɹɟɦɨɝɨ ɷɬɚɧɨɥɚ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɜ 
ɪɚɮɢɧɚɬɟ ɫɨɞɟɪɠɚɧɢɟ ɬɪɢɝɥɢɰɟɪɢɞɨɜ ɋ48  ɢ ɋ50 ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɨ-
ɛɢɬɶɫɹ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɤɚɪɨɬɢɧɚ. 

 

2.3.4.3. Ʉɨɦɛɢɧɢɪɨɜɚɧɢɟ ɋɎɗ ɩɪɨɰɟɫɫɨɜ ɫ ɞɪɭɝɢɦɢ  
           ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ  

 

Ɋɚɧɟɟ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɱɬɨ ɞɥɹ ɪɚɛɨɬɵ ɩɪɨɦɵɲɥɟɧɧɨɣ ɋɎɗ ɭɫɬɚ-
ɧɨɜɤɢ ɬɪɟɛɭɸɬɫɹ ɜɧɟɲɧɢɟ ɢɫɬɨɱɧɢɤɢ ɷɧɟɪɝɢɢ ɢ ɪɚɡɥɢɱɧɨɟ ɜɫɩɨɦɨɝɚ-
ɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 
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Ɍɚɛɥɢɰɚ 2.3 
 

ɋɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɩɚɥɶɦɨɜɨɝɨ ɦɚɫɥɚ (ɦɨɥɶɧ. ɞɨɥɢ) ɩɨɫɥɟ 
 ɩɟɪɟɪɚɛɨɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 50 °ɋ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 6,1% ɦɨɥɶɧ. ɗɬɚɧɨɥɚ 

 ɢ ɦɚɫɫɨɜɨɦ ɨɬɧɨɲɟɧɢɢ ɷɤɫɬɪɚɝɟɧɬɚ ɤ ɢɫɯɨɞɧɨɦɭ ɩɪɨɞɭɤɬɭ ɪɚɜɧɨɦ 40 

 

Ʉɨɦɩɨɧɟɧɬ ɂɫɯɨɞɧɵɣ 

ɩɪɨɞɭɤɬ 
Ɋɚɮɢɧɚɬ ɋɟɩɚɪɚɬɨɪ1 ɋɟɩɚɪɚɬɨɪ2 

 Ⱦɚɜɥɟɧɢɟ, Ɇɉɚ 
 - 17,1 10,3 6,9 

ɀɢɪɧɵɟ ɤɢɫɥɨɬɵ 2,35 0,04 3,08 23,96 

Ɇɨɧɨɝɥɢɰɟɪɢɞɵ 0,33 0,03 0,65 2,75 

Ⱦɢɝɥɢɰɟɪɢɞɵ 5,07 2,35 9,29 3,42 

Ɍɪɢɝɥɢɰɟɪɢɞɵ:     

ɋ48 9,18 8,22 10,48 11,11 

ɋ50 42,29 42,94 45,64 44,04 

ɋ52 39,19 39,64 36,24 36,70 

ɋ54 9,34 9,40 7,24 8,15 

Ʉɚɪɨɬɢɧ (ppm) 540 674 185 123 

 
Ɍɚɛɥɢɰɚ 2.4 

 

ɋɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɩɚɥɶɦɨɜɨɝɨ ɦɚɫɥɚ (ɦɨɥɶɧ. ɞɨɥɢ) ɩɨɫɥɟ  
ɩɟɪɟɪɟɪɚɛɨɬɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 65 °ɋ ɫ ɞɨɛɚɜɥɟɧɢɟɦ 7,5% ɦɨɥɶɧ. ɷɬɚɧɨɥɚ 
ɢ ɦɚɫɫɨɜɨɦ ɨɬɧɨɲɟɧɢɢ ɷɤɫɬɪɚɝɟɧɬɚ ɤ ɢɫɯɨɞɧɨɦɭ ɩɪɨɞɭɤɬɭ ɪɚɜɧɨɦ 40 

 

Ʉɨɦɩɨɧɟɧɬ ɂɫɯɨɞɧɵɣ 

ɩɪɨɞɭɤɬ 
Ɋɚɮɢɧɚɬ ɋɟɩɚɪɚɬɨɪ1 ɋɟɩɚɪɚɬɨɪ2 

 Ⱦɚɜɥɟɧɢɟ, Ɇɉɚ 
 - 24,0 10,3 6,9 

ɀɢɪɧɵɟ ɤɢɫɥɨɬɵ 2,35 0,07 3,07 16,08 

Ɇɨɧɨɝɥɢɰɟɪɢɞɵ 0,33 0,02 0,34 1,21 

Ⱦɢɝɥɢɰɟɪɢɞɵ 5,07 0,66 5,79 5,88 

Ɍɪɢɝɥɢɰɟɪɢɞɵ:     

ɋ48 9,18 6,70 10,09 10,59 

ɋ50 42,29 39,60 44,53 43,73 

ɋ52 39,19 42,05 37,32 37,03 

ɋ54 9,34 11,66 8,06 8,66 

Ʉɚɪɨɬɢɧ (ppm) 540 1225 189 159 
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ȼɦɟɫɬɟ ɫ ɬɟɦ, ɨɱɟɜɢɞɧɨ, ɱɬɨ ɋɎɗ ɩɪɨɰɟɫɫɵ ɧɟ ɜɫɟɝɞɚ ɹɜɥɹɸɬɫɹ 
ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦɢ ɩɪɢ ɪɟɲɟɧɢɢ ɤɨɧɤɪɟɬɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɡɚɞɚɱ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɚɡɞɟɥɟɧɢɟɦ, ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟɦ, ɤɨɧɰɟɧɬɪɢɪɨ-
ɜɚɧɢɟɦ ɢɫɯɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɜɟɫɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɰɢɤɥ 
ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɫɬɚɞɢɢ. ɇɚ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɩɚɡɨ-
ɧɨɜ ɤɨɧɰɟɧɬɪɚɰɢɣ ɢ ɫɜɨɣɫɬɜ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɵɦ 

ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɬɨɬ ɢɥɢ ɢɧɨɣ ɦɟɬɨɞ. ɉɨɷɬɨɦɭ, ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜ-
ɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɤɨɦɛɢɧɢɪɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ, ɜ ɬɨɦ ɱɢɫ-
ɥɟ ɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɋɎɗ ɩɪɨɰɟɫɫɨɜ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɫɯɟɦɭ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɭɫɬɚɧɨɜ-
ɤɢ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɨɱɢɫɬɤɭ ɫɬɨɱɧɵɯ ɜɨɞ ɚɞɫɨɪɛɟɧɬɚ-
ɦɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɦɢ ɢɡ ɫɢɧɬɟɬɢɱɟɫɤɢɯ  ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ, ɫ 
ɞɚɥɶɧɟɣɲɟɣ ɪɟɝɟɧɟɪɚɰɢɟɣ ɷɬɢɯ ɚɞɫɨɪɛɟɧɬɨɜ ɦɟɬɨɞɨɦ ɋɎɗ (ɪɢɫ. 2.19). 

Ⱥɞɫɨɪɛɰɢɨɧɧɵɟ ɤɨɥɨɧɧɵ (1) ɢ (2) ɪɚɛɨɬɚɸɬ ɩɨɨɱɟɪɟɞɧɨ. ȼ ɨɞɧɨɣ 

ɢɡ ɧɢɯ ɩɪɨɬɟɤɚɟɬ ɚɞɫɨɪɛɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ ɨɱɢɫɬɤɢ ɫɬɨɱɧɨɣ ɜɨɞɵ. 

Ⱦɪɭɝɚɹ ɤɨɥɨɧɧɚ ɜ ɷɬɨ ɜɪɟɦɹ ɧɚɯɨɞɢɬɫɹ ɜ ɧɟɪɚɛɨɱɟɦ ɫɨɫɬɨɹɧɢɢ. ȼ ɨɛ-

ɳɟɦ ɫɥɭɱɚɟ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ ɦɨɠɟɬ ɛɵɬɶ ɜɤɥɸɱɟɧɨ ɩɪɨɢɡ-
ɜɨɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɚɤɢɯ ɤɨɥɨɧɧ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɫɨɟɞɢɧɟɧɵ 

ɩɚɪɚɥɥɟɥɶɧɨ, ɥɢɛɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ. 
ɋɬɨɱɧɚɹ ɜɨɞɚ ɞɥɹ ɨɱɢɫɬɤɢ ɩɨɫɬɭɩɚɟɬ ɩɨ ɥɢɧɢɢ (48) ɜ ɥɸɛɭɸ ɢɡ 

ɤɨɥɨɧɧ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɤɚɤɨɣ ɜɟɧɬɢɥɶ (16) ɢɥɢ (18) ɨɬɤɪɵɬ. 
ȿɫɥɢ ɜɟɧɬɢɥɶ (16) ɨɬɤɪɵɬ, ɚ ɜɟɧɬɢɥɶ (18) ɡɚɤɪɵɬ, ɬɨ ɫɬɨɱɧɚɹ ɜɨɞɚ ɩɨ-
ɫɬɭɩɚɟɬ ɜ ɤɨɥɨɧɧɭ (1) ɢ ɧɚɨɛɨɪɨɬ. ɉɨɫɥɟ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢɦɟɫɟɣ ɫɬɨɱ-
ɧɨɣ ɜɨɞɵ ɜ ɨɞɧɨɣ ɢɡ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɤɨɥɨɧɧ ɨɱɢɳɟɧɧɚɹ ɜɨɞɚ ɨɬɜɨ-
ɞɢɬɫɹ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ (30) ɱɟɪɟɡ ɜɟɧɬɢɥɶ (14). ȿɫɥɢ ɤɨɥɨɧɧɚ (2) ɧɚ-
ɯɨɞɢɬɫɹ ɧɚ ɪɟɝɟɧɟɪɚɰɢɢ, ɬɨ ɜɟɧɬɢɥɶ (15) ɜ ɥɢɧɢɢ ɨɬɜɨɞɚ ɜɨɞɵ ɡɚɤɪɵɬ. 
ɉɪɢ ɷɬɨɦ ɥɢɧɢɹ ɨɬɜɨɞɚ ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɚɞɫɨɪɛɟɧɬɚ (41) ɢɡ ɤɨɥɨɧɧɵ (1) 

ɩɟɪɟɤɪɵɬɚ ɜɟɧɬɢɥɟɦ (17). Ʉɨɝɞɚ ɥɢɧɢɹ ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɚɞɫɨɪɛɟɧɬɚ (49) 

ɤɨɥɨɧɧɵ (2) ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ ɨɬɤɪɵɬɨɦ ɜɟɧɬɢɥɟ (19), ɩɨ ɧɟɣ ɨɬɪɚɛɨ-
ɬɚɧɧɵɣ ɚɞɫɨɪɛɟɧɬ ɲɥɚɦɨɜɵɦ ɧɚɫɨɫɨɦ (11) ɩɟɪɟɜɨɞɢɬɫɹ ɜ ɧɚɤɨɩɢ-

ɬɟɥɶɧɵɣ ɪɟɡɟɪɜɭɚɪ (3), ɨɬɤɭɞɚ ɡɚɬɟɦ ɩɟɪɢɨɞɢɱɟɫɤɢ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɚɞ-

ɫɨɪɛɰɢɨɧɧɭɸ ɤɨɥɨɧɧɭ (4) ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ. Ɉɛɵɱɧɨ ɞɨ ɩɪɨɰɟɫɫɚ ɞɟ-
ɫɨɪɛɰɢɢ ɩɨɥɢɦɟɪɧɵɣ ɚɞɫɨɪɛɟɧɬ ɧɟ ɩɨɞɜɟɪɝɚɟɬɫɹ ɫɭɲɤɟ, ɬɚɤ ɤɚɤ ɜɨɞɚ   
ɭɞɚɥɹɟɬɫɹ   ɪɚɫɬɜɨɪɟɧɢɟɦ  ɜ  ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ  ɮɥɸɢɞɟ  ɩɭɬɟɦ  
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Ɋɢɫ. 2.19. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɢ ɪɟɝɟɧɟɪɚɰɢɢ ɩɨ-
ɥɢɦɟɪɧɨɝɨ ɚɞɫɨɪɛɟɧɬɚ [171] 
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ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ, ɥɢɛɨ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɧɟɤɨ-
ɬɨɪɵɯ ɫɥɭɱɚɹɯ ɭɞɚɥɹɬɶ ɨɫɬɚɬɨɱɧɭɸ ɜɨɞɭ ɢɡ ɚɞɫɨɪɛɟɧɬɚ ɩɪɟɞɩɨɱɬɢ-
ɬɟɥɶɧɨ ɞɨ ɟɝɨ ɪɟɝɟɧɟɪɚɰɢɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɮɥɸɢɞɨɦ. 

Ⱦɥɹ ɷɬɨɝɨ ɞɨ ɷɤɫɬɪɚɤɰɢɢ ɚɞɫɨɪɛɚɬɚ ɢɡ ɚɞɫɨɪɛɟɧɬɚ ɜ ɤɨɧɬɚɤɬɧɨɣ 

ɤɨɥɨɧɧɟ (4) ɜɟɧɬɢɥɢ (21) ɢ (28) ɡɚɤɪɵɬɵ, ɚ ɜɟɧɬɢɥɢ (22) ɢ (27) ɨɬɤɪɵ-

ɬɵ. ɉɪɨɩɭɫɤɚɹ ɨɱɢɳɚɸɳɢɣ ɝɚɡ (ɝɨɪɹɱɢɣ ɜɨɡɞɭɯ) ɱɟɪɟɡ ɨɬɪɚɛɨɬɚɧɧɵɣ 

ɚɞɫɨɪɛɟɧɬ, ɭɞɚɥɹɟɬɫɹ ɨɫɬɚɬɨɱɧɚɹ ɜɥɚɝɚ. Ɂɚɬɟɦ ɝɚɡɨɨɛɪɚɡɧɵɣ ɷɤɫɬɪɚ-
ɝɟɧɬ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɩɪɨɩɭɫɤɚɟɬɫɹ ɱɟɪɟɡ ɫɭɯɨɣ ɨɬɪɚɛɨ-
ɬɚɧɧɵɣ ɚɞɫɨɪɛɟɧɬ ɞɥɹ ɭɞɚɥɟɧɢɹ ɨɫɬɚɬɤɨɜ ɜɨɡɞɭɯɚ ɢɡ ɩɨɪ ɨɬɪɚɛɨɬɚɧ-

ɧɨɝɨ ɚɞɫɨɪɛɟɧɬɚ. ȼɟɧɬɢɥɢ (22) ɢ (27) ɡɚɤɪɵɜɚɸɬɫɹ, ɚ (21) ɢ (28) ɨɬ-
ɤɪɵɜɚɸɬɫɹ. ɉɨɫɥɟ ɷɬɨɝɨ ɪɟɝɟɧɟɪɚɰɢɹ ɩɨɜɬɨɪɹɟɬɫɹ. Ɂɚɬɟɦ ɩɪɢ ɡɚɤɪɵ-

ɬɵɯ ɜɟɧɬɢɥɹɯ (20), (22), (27), (28) ɨɬɤɪɵɜɚɟɬɫɹ ɜɟɧɬɢɥɶ (29) ɢ ɜɨɫɫɬɚ-
ɧɨɜɥɟɧɧɵɣ ɚɞɫɨɪɛɟɧɬ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ (43) ɜ ɤɨɥɨɧɧɭ 
(2). Ʉɨɝɞɚ ɤɨɥɨɧɧɚ (1) ɧɚɯɨɞɢɬɫɹ ɜ ɧɟɪɚɛɨɱɟɦ ɫɨɫɬɨɹɧɢɢ ɜɨɫɫɬɚɧɨɜ-
ɥɟɧɧɵɣ ɚɞɫɨɪɛɟɧɬ ɩɪɢɧɢɦɚɟɬɫɹ ɜ ɧɟɟ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ (42) ɱɟɪɟɡ ɪɟ-
ɝɭɥɢɪɭɸɳɢɣ ɜɟɧɬɢɥɶ (25).  

Ʉɨɧɬɚɤɬɧɚɹ ɤɨɥɨɧɧɚ (4) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɫɭɞ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɜ 
ɤɨɬɨɪɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɞɟɫɨɪɛɰɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɧɬɚɤɬɚ 
ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɩɨɥɢɦɟɪɧɨɝɨ ɚɞɫɨɪɛɟɧɬɚ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢ-

ɞɚ. ɉɨɞɚɱɚ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɚɞɫɨɪɛɟɧɬɚ ɜ ɤɨɥɨɧɧɭ (4) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ (45) ɢ ɪɟɝɭɥɢɪɭɟɬɫɹ ɪɟɥɟɣɧɵɦ ɤɥɚɩɚɧɨɦ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ (20). ɉɨɞɜɨɞ ɨɱɢɫɬɧɨɝɨ ɝɚɡɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɱɟɪɟɡ ɬɪɭɛɨɩɪɨ-
ɜɨɞ (49), ɚ ɪɚɫɯɨɞ ɪɟɝɭɥɢɪɭɟɬɫɹ ɜɟɧɬɢɥɟɦ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (27). 

ȼɨɫɫɬɚɧɨɜɥɟɧɧɵɣ ɚɞɫɨɪɛɟɧɬ ɨɬɜɨɞɢɬɫɹ ɱɟɪɟɡ ɜɵɩɭɫɤɧɨɣ ɬɪɭɛɨɩɪɨɜɨɞ 

(44) ɫ ɪɚɫɯɨɞɨɦ, ɪɟɝɭɥɢɪɭɟɦɵɦ  ɜɟɧɬɢɥɟɦ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (29). 

Ɉɱɢɫɬɧɨɣ ɝɚɡ ɨɬɜɨɞɢɬɫɹ ɱɟɪɟɡ ɬɪɭɛɨɩɪɨɜɨɞ (45) ɫ ɪɚɫɯɨɞɨɦ, ɤɨɬɨɪɵɣ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜɟɧɬɢɥɟɦ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (22). Ɏɥɸɢɞ-

ɷɤɫɬɪɚɝɟɧɬ ɯɪɚɧɢɬɫɹ ɜ ɪɟɫɢɜɟɪɟ (6) ɢ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɨɞɜɨɞɢɬɫɹ ɜ ɤɨ-
ɥɨɧɧɭ (4) ɱɟɪɟɡ ɬɪɭɛɨɩɪɨɜɨɞ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (43), ɢɦɟɸɳɢɣ ɪɚɫ-
ɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɜɟɧɬɢɥɶ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (18). ɉɨɫɥɟ ɤɨɧɬɚɤɬɚ ɫ 
ɩɨɥɢɦɟɪɧɵɦ ɚɞɫɨɪɛɟɧɬɨɦ ɧɚɫɵɳɟɧɧɵɣ ɚɞɫɨɪɛɚɬɨɦ ɷɤɫɬɪɚɝɟɧɬ ɩɨɤɢ-

ɞɚɟɬ ɤɨɥɨɧɧɭ (4) ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (47) ɫ ɪɚɫɯɨ-
ɞɨɦ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɦ ɜɟɧɬɢɥɟɦ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ (21). Ⱦɥɹ ɭɦɟɧɶ-
ɲɟɧɢɹ ɪɚɫɬɜɨɪɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɷɤɫɬɪɚɝɟɧɬɚ ɢ ɟɝɨ ɪɟɝɟɧɟɪɚɰɢɢ ɧɟ-
ɨɛɯɨɞɢɦɨ ɫɧɢɡɢɬɶ ɞɚɜɥɟɧɢɟ. ɉɨɷɬɨɦɭ ɩɨɬɨɤ ɷɤɫɬɪɚɝɟɧɬɚ ɩɪɨɩɭɫɤɚɟɬ-
ɫɹ ɱɟɪɟɡ ɬɭɪɛɨɪɚɫɲɢɪɢɬɟɥɶ (12) (ɥɢɛɨ ɞɪɨɫɫɟɥɶɧɵɣ ɜɟɧɬɢɥɶ).                         
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Ɋɢɫ. 2.20. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɭɫɬɚɧɨɜɤɢ  [36] ɞɥɹ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɢ ɪɟɝɟɧɟɪɚɰɢɢ  

ɩɨɥɢɦɟɪɧɵɯ ɚɞɫɨɪɛɟɧɬɨɜ. 
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Ɍɚɤɨɟ ɪɚɫɲɢɪɟɧɢɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɦɟɧɶɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ-
ɬɨɤɚ. ɋ ɰɟɥɶɸ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɬɨɤɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤ (8). Ɍɟɦɩɟɪɚɬɭɪɚ ɢ ɞɚɜɥɟɧɢɟ ɜ ɩɨɬɨɤɟ ɧɚɫɵɳɟɧɧɨɝɨ 
ɷɤɫɬɪɚɝɟɧɬɚ ɪɟɝɭɥɢɪɭɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɚɞɫɨɪɛɚɬ ɜɵɞɟɥɢɥɫɹ 
ɜ ɨɬɞɟɥɶɧɭɸ ɮɚɡɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ,  ɜ  ɫɟɩɚɪɚɬɨɪ (7)  ɩɨɫɬɭɩɚɟɬ  ɞɜɭɯ-
ɮɚɡɧɵɣ ɩɨɬɨɤ.  ɋɟɩɚɪɚɬɨɪ ɜɵɩɨɥɧɹɟɬɫɹ ɥɢɛɨ ɜ ɜɢɞɟ ɰɢɤɥɨɧɧɨɝɨ ɪɚɡ-
ɞɟɥɢɬɟɥɹ, ɥɢɛɨ ɭɥɚɜɥɢɜɚɸɳɟɝɨ ɪɟɡɟɪɜɭɚɪɚ. Ɉɬɞɟɥɟɧɧɵɣ ɚɞɫɨɪɛɚɬ ɢɡ-
ɜɥɟɤɚɟɬɫɹ ɢɡ ɫɟɩɚɪɚɬɨɪɚ ɱɟɪɟɡ ɨɬɜɨɞɹɳɭɸ ɥɢɧɢɸ (50), ɧɚ ɤɨɬɨɪɨɣ ɭɫ-
ɬɚɧɨɜɥɟɧ ɪɟɝɭɥɢɪɭɸɳɢɣ ɜɟɧɬɢɥɶ (23). Ɉɱɢɳɟɧɧɵɣ ɷɤɫɬɪɚɝɟɧɬ ɨɬɜɨ-
ɞɢɬɫɹ ɢɡ ɫɟɩɚɪɚɬɨɪɚ ɱɟɪɟɡ ɥɢɧɢɸ (51) ɢ ɪɟɝɭɥɢɪɭɸɳɢɣ ɜɟɧɬɢɥɶ (24) ɢ 

ɩɨɞɚɟɬɫɹ ɡɚɬɟɦ ɧɚ ɜɯɨɞ ɤɨɦɩɪɟɫɫɨɪɚ (13), ɝɞɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɠɚɬɢɟ 
ɞɨ ɪɚɛɨɱɢɯ ɡɧɚɱɟɧɢɣ ɞɚɜɥɟɧɢɹ. ɉɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ ɫɠɚɬɵɣ ɷɤɫɬɪɚ-
ɝɟɧɬ ɩɨɫɬɭɩɚɟɬ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤ (8), ɝɞɟ ɱɚɫɬɢɱɧɨ ɨɬɞɚɟɬ ɬɟɩɥɨɬɭ 
ɫɠɚɬɢɹ ɜɫɬɪɟɱɧɨɦɭ ɩɨɬɨɤɭ ɮɥɸɢɞɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤ 
ɩɨɫɥɟ ɬɭɪɛɨɪɚɫɲɢɪɢɬɟɥɹ (12). Ɉɤɨɧɱɚɬɟɥɶɧɨ ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɷɤɫɬɪɚɝɟɧɬɚ ɞɨɫɬɢɝɚɟɬɫɹ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ (9), ɝɞɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɨɬɜɨɞ ɬɟɩɥɨɬɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɨɣ. Ɂɚɬɟɦ ɝɨɬɨɜɵɣ ɤ ɪɟɰɢɪɤɭɥɹɰɢɢ 

ɷɤɫɬɪɚɝɟɧɬ ɩɨɫɬɭɩɚɟɬ ɜ ɪɟɡɟɪɜɭɚɪ (6). 

ɇɚ ɪɢɫ. 2.20 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɤɨɦɛɢɧɢɪɨɜɚɧ-

ɧɨɣ ɭɫɬɚɧɨɜɤɢ. ȼ ɤɨɦɩɨɧɨɜɤɟ ɧɚ ɷɬɨɦ ɪɢɫɭɧɤɟ ɭɞɚɥɟɧɵ ɤɨɧɬɚɤɬɧɚɹ 
ɤɨɥɨɧɧɚ (4) ɢ ɜɦɟɫɬɟ ɫ ɧɟɣ ɜɫɟ ɬɪɭɛɨɩɪɨɜɨɞɵ ɞɥɹ ɩɨɞɜɨɞɚ ɜ ɧɟɟ ɨɬɪɚ-
ɛɨɬɚɧɧɨɝɨ ɚɞɫɨɪɛɟɧɬɚ. ȼɦɟɫɬɨ ɷɬɨɝɨ, ɞɟɫɨɪɛɰɢɹ ɮɥɸɢɞɨɦ- ɷɤɫɬɪɚɝɟɧ-

ɬɨɦ ɜɵɩɨɥɧɹɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɤɨɥɨɧɧɚɯ, ɤɨɬɨ-
ɪɵɟ ɭɠɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɨɫɭɞɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. ɉɨɞɜɨɞɹ-
ɳɢɟ ɢ ɨɬɜɨɞɹɳɢɟ ɷɤɫɬɪɚɝɟɧɬ ɬɪɭɛɨɩɪɨɜɨɞɵ ɫɧɚɛɠɟɧɵ ɪɟɝɭɥɢɪɭɸɳɢ-

ɦɢ ɜɟɧɬɢɥɹɦɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɢɦɟɸɬ ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɡ-
ɜɟɬɜɥɟɧɢɹ ɞɥɹ ɩɨɨɱɟɪɟɞɧɨɣ ɪɚɛɨɬɵ ɩɚɪɚɥɥɟɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɚɞ-

ɫɨɪɛɰɢɨɧɧɵɯ ɤɨɥɨɧɧ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ ɞɥɹ ɜɵɞɟɥɟɧɢɹ 
ɚɞɫɨɪɛɚɬɨɜ ɢɡ ɩɨɥɢɦɟɪɧɨɝɨ ɚɞɫɨɪɛɟɧɬɚ ɢɫɤɥɸɱɚɟɬɫɹ ɤɚɤɨɟ-ɥɢɛɨ ɡɚ-
ɦɟɬɧɨɟ ɬɟɩɥɨɜɨɟ, ɥɢɛɨ ɯɢɦɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɦɚɬɟɪɢɚɥ ɚɞɫɨɪ-
ɛɟɧɬɚ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɨɞɥɢɬɶ ɫɪɨɤ ɫɥɭɠɛɵ ɚɞɫɨɪɛɟɧ-

ɬɨɜ. 
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Ƚɥɚɜɚ III  
 

 ɋɍȻ- ɂ ɋȼȿɊɏɄɊɂɌɂɑȿɋɄɂȿ ɎɅɘɂȾɕ  

ȼ ɉɊɈɐȿɋɋȺɏ ɉȿɊȿɊȺȻɈɌɄɂ ɉɈɅɂɆȿɊɈȼ 
 

ɇɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ, ɨɬɤɪɵɜɚɸɳɢɟɫɹ ɜ ɜɨɩɪɨɫɚɯ ɩɨɥɭɱɟɧɢɹ, ɩɟ-
ɪɟɪɚɛɨɬɤɢ ɢ ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɥɢɦɟɪɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɫɬɜɨɪɢɬɟ-
ɥɟɣ ɜ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɹɯ ɹɜɢɥɢɫɶ ɩɪɢɱɢɧɨɣ ɲɢɪɨ-
ɤɨɦɚɫɲɬɚɛɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɪɢɥɨɠɟɧɢɣ, ɢɦɟɜɲɢɯ ɦɟɫɬɨ ɜ ɩɨ-
ɫɥɟɞɧɢɟ ɬɪɢ ɞɟɫɹɬɢɥɟɬɢɹ. 

 

3.1. ɎȺɁɈȼɈȿ ɉɈȼȿȾȿɇɂȿ ȼ ɋɂɋɌȿɆȿ ɉɈɅɂɆȿɊ - 

ɋȼȿɊɏɄɊɂɌɂɑȿɋɄɂɃ ɎɅɘɂȾ 
 

ɇɚ ɪɢɫɭɧɤɟ 3.1 ɫɯɟɦɚɬɢɱɧɨ ɩɨɤɚɡɚɧɚ ɞɢɚɝɪɚɦɦɚ ɞɚɜɥɟɧɢɟ-
ɬɟɦɩɟɪɚɬɭɪɚ ɞɥɹ ɫɢɫɬɟɦɵ ɩɨɥɢɦɟɪ – ɪɚɫɬɜɨɪɢɬɟɥɶ [172].  

 
Ɋɢɫ. 3.1. ɋɯɟɦɚɬɢɱɧɚɹ ɞɢɚɝɪɚɦɦɚ ɞɚɜɥɟɧɢɟ-ɬɟɦɩɟɪɚɬɭ- 

ɪɚ ɞɥɹ ɫɦɟɫɟɣ ɩɨɥɢɦɟɪ-ɪɚɫɬɜɨɪɢɬɟɥɶ [172]. 
 

Ɂɞɟɫɶ ɄɌ1 – ɷɬɨ ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɄɌ2 – 

ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ ɱɢɫɬɨɝɨ ɩɨɥɢɦɟɪɚ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɭɫɥɨɜ-



 

 

152 

ɧɨɣ, ɬɚɤ ɤɚɤ ɩɨɥɢɦɟɪ ɬɟɪɦɢɱɟɫɤɢ ɪɚɡɥɚɝɚɟɬɫɹ ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɨɤɪɟɫɬ-
ɧɨɫɬɢ ɫɨɛɫɬɜɟɧɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ. ɉɭɧɤɬɢɪɧɵɟ ɥɢɧɢɢ ɨɛɨɡɧɚɱɚ-
ɸɬ ɤɪɢɬɢɱɟɫɤɢɟ ɥɢɧɢɢ ɫɦɟɫɟɣ. ȼɟɬɜɶ ɤɪɢɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ ɫɦɟɫɢ, ɧɚ-
ɱɢɧɚɸɳɚɹɫɹ ɜ ɬɨɱɤɟ ɄɌ1, ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɜ ɜɟɪɯɧɟɣ ɤɪɢɬɢɱɟɫɤɨɣ ɤɨ-
ɧɟɱɧɨɣ ɬɨɱɤɟ (ȼɄɄɌ). ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ ɄɌ1 ɩɨɹɜɥɹɟɬɫɹ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɚɹ ɨɛɥɚɫɬɶ ɀɀɉ, ɤɨɬɨɪɚɹ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɜ ȼɄɄɌ. Ƚɟɨɦɟɬ-
ɪɢɱɟɫɤɨɟ ɦɟɫɬɨ ɬɨɱɟɤ ɜɟɪɯɧɟɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɚ 
(ȼɄɌɊ) ɨɛɪɚɡɭɟɬ ɫɩɥɨɲɧɭɸ ɥɢɧɢɸ ɧɚ ɞɢɚɝɪɚɦɦɟ ɢ ɩɨɤɚɡɵɜɚɟɬ ɜɥɢɹ-
ɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚ ɩɟɪɟɯɨɞ ɢɡ ɞɜɭɯ ɠɢɞɤɢɯ ɮɚɡ ɜ ɨɞɧɭ ɠɢɞɤɭɸ ɮɚɡɭ ɩɪɢ 

ɢɡɨɛɚɪɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. Ʉɪɢɜɚɹ ɪɚɜɧɨɜɟɫɢɹ ɀɀɉ ɞɥɹ 
ɫɢɫɬɟɦɵ ɩɨɥɢɦɟɪ – ɪɚɫɬɜɨɪɢɬɟɥɶ ɩɪɚɤɬɢɱɟɫɤɢ ɫɥɢɜɚɟɬɫɹ ɫ ɤɪɢɜɨɣ ɧɚ-
ɫɵɳɟɧɢɹ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. ɉɟɪɟɫɟɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ 

ɫɦɟɫɢ ɫ ɤɪɢɜɨɣ ɪɚɜɧɨɜɟɫɢɹ ɀɀɉ ɨɩɪɟɞɟɥɹɟɬ ɧɢɠɧɸɸ ɤɪɢɬɢɱɟɫɤɭɸ 

ɤɨɧɟɱɧɭɸ ɬɨɱɤɭ (ɇɄɄɌ). ɍɱɚɫɬɨɤ ɤɪɢɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ ɫɦɟɫɢ ɜɛɥɢɡɢ 

ɄɌ1 ɨɬɧɨɫɢɬɫɹ ɤ ɧɢɠɧɟɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɫɬɜɨɪɚ (ɇɄɌɊ). 
 

3.1.1. Ɍɟɨɪɢɹ ɩɨɥɢɦɟɪɧɵɯ ɪɚɫɬɜɨɪɨɜ Ɏɥɨɪɢ - ɏɚɝɝɢɧɫɚ 
 

Ɍɟɨɪɢɹ Ɏɥɨɪɢ - ɏɚɝɝɢɧɫɚ [173, 174] ɹɜɢɥɚɫɶ ɩɟɪɜɨɣ ɪɟɲɟɬɨɱɧɨɣ 

ɦɨɞɟɥɶɸ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɞɥɹ ɨɩɢɫɚɧɢɹ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ 
ɜ ɩɨɥɢɦɟɪɧɵɯ ɪɚɫɬɜɨɪɚɯ. Ȼɵɥɚ ɩɪɨɜɟɞɟɧɚ ɮɢɡɢɱɟɫɤɚɹ ɚɧɚɥɨɝɢɹ ɜ 
ɫɬɪɨɟɧɢɢ ɩɨɥɢɦɟɪɧɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɬɜɟɪɞɵɯ ɬɟɥ. Ɉɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ, 
ɜɨɡɧɢɤɚɸɳɚɹ ɩɪɢ ɨɩɢɫɚɧɢɢ ɮɚɡɨɜɨɝɨ ɩɨɜɟɞɟɧɢɹ ɬɚɤɢɯ ɫɢɫɬɟɦ, ɡɚ-
ɤɥɸɱɚɟɬɫɹ ɜ ɫɭɳɟɫɬɜɟɧɧɨɦ ɪɚɡɥɢɱɢɢ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɚ ɦɨɥɟɤɭɥ ɩɨ-
ɥɢɦɟɪɚ ɢ ɪɚɫɬɜɨɪɢɬɟɥɹ. Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɢɫɚɧɢɹ ɩɨɥɟɣ ɫɢɥ 
ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɭɞɨɛɧɨ ɪɚɡɛɢɬɶ ɰɟɩɧɭɸ ɦɨɥɟɤɭɥɭ 
ɩɨɥɢɦɟɪɚ ɧɚ ɦɨɧɨɦɟɪɵ ɢ ɪɚɫɩɨɥɨɠɢɬɶ ɢɯ, ɤɚɤ ɢ ɦɨɥɟɤɭɥɵ ɪɚɫɬɜɨɪɢ-

ɬɟɥɹ ɜ ɭɡɥɚɯ ɪɟɲɟɬɤɢ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶɸ (ɪɢɫ. 3.2). ȼɫɟ 
ɜɢɞɵ ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɷɬɨɦ ɫɢɥ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, 
ɜɨɡɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɦɨɧɨɦɟɪ, ɦɨɠɧɨ ɡɚɦɟɧɢɬɶ ɷɮ-

ɮɟɤɬɢɜɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɟɣ ɫɪɟɞɧɟɝɨ ɩɨɥɹ. 
ɉɪɨɜɟɞɟɦ ɚɧɚɥɢɡ ɨɫɧɨɜɧɵɯ ɭɪɚɜɧɟɧɢɣ ɬɟɨɪɢɢ ɫɨɝɥɚɫɧɨ ɪɚɛɨɬɟ 

[175]. ɉɪɢɫɜɨɢɦ ɦɨɧɨɦɟɪɚɦ ɢɧɞɟɤɫ 1, ɚ ɦɨɥɟɤɭɥɚɦ ɪɚɫɬɜɨɪɢɬɟɥɹ - 

ɢɧɞɟɤɫ 2. ɉɚɪɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɧɨɦɟɪ-ɦɨɧɨɦɟɪ, ɦɨɧɨɦɟɪ-
ɪɚɫɬɜɨɪɢɬɟɥɶ, ɪɚɫɬɜɨɪɢɬɟɥɶ-ɪɚɫɬɜɨɪɢɬɟɥɶ ɫɜɨɞɹɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɤ  
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ɜɚɧɞɟɪɜɚɚɥɶɫɨɜɵɦ ɫɢɥɚɦ ɩɪɢɬɹɠɟ-
ɧɢɹ, ɤɨɬɨɪɵɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ 

ɩɪɨɢɡɜɟɞɟɧɢɸ ɷɥɟɤɬɪɨɧɧɵɯ ɩɨɥɹ-
ɪɢɡɭɟɦɨɫɬɟɣ α  ɜɡɚɢɦɨɞɟɣɫɬɜɭ-
ɸɳɢɯ ɦɨɥɟɤɭɥ. Ɍɨɝɞɚ ɩɚɪɚɦɟɬɪɵ 

ɩɚɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ijχ  ɦɨɝɭɬ 
ɛɵɬɶ ɜɵɪɚɠɟɧɵ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚ-
ɡɨɦ 

 
2

111 kαχ −= ,  (3.1) 
2

222 kαχ −= ,  (3.2) 

2112 k ααχ −= .  (3.3) 

 
 

ɉɨɫɤɨɥɶɤɭ ɜɚɧɞɟɪɜɚɚɥɶɫɨɜɵ ɫɢɥɵ ɹɜɥɹɸɬɫɹ ɩɪɢɬɹɝɢɜɚɸɳɢɦɢ, ɬɨ 
ɤɨɷɮɮɢɰɢɟɧɬ k  ɩɪɢɧɢɦɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ. ɗɮɮɟɤɬɢɜɧɵɣ 

ɫɪɟɞɧɟɩɨɥɟɜɨɣ ɩɚɪɚɦɟɬɪ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɵɪɚɠɚ-
ɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 
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ɉɚɪɚɦɟɬɪ Ɏɥɨɪɢ χ  ɹɜɥɹɟɬɫɹ ɛɟɡɪɚɡɦɟɪɧɵɦ ɢ ɡɚɜɢɫɹɳɢɦ ɨɬ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ. ȼ ɫɥɭɱɚɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɷɮ-

ɮɟɤɬɨɜ ɫɜɹɡɵɜɚɧɢɹ, ɫɬɟɪɢɱɟɫɤɢɯ ɢ ɞɪɭɝɢɯ ɩɨɩɪɚɜɨɤ, ɭɪɚɜɧɟɧɢɟ (3.4) 

ɬɪɟɛɭɟɬ ɭɬɨɱɧɟɧɢɹ. Ɉɞɧɚɤɨ ɜɟɥɢɱɢɧɚ χ  ɩɨ-ɩɪɟɠɧɟɦɭ ɨɫɬɚɟɬɫɹ ɩɨɥɨ-
ɠɢɬɟɥɶɧɨɣ. ɍɦɟɧɶɲɟɧɢɟ ɫɢɥɵ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜɟɞɟɬ ɤ ɪɨɫɬɭ ɜɟɥɢɱɢɧɵ 
χ . 

Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ ϕ  ɞɨɥɸ ɭɡɥɨɜ ɜ ɪɟɲɟɬɤɟ, ɡɚɧɹɬɵɯ ɦɨɧɨɦɟɪɚɦɢ 
 

            
3ca=ϕ ,                                             (3.5) 

 

ɝɞɟ ɫ - ɱɢɫɥɨ ɦɨɧɨɦɟɪɨɜ ɧɚ ɟɞɢɧɢɰɭ ɨɛɴɟɦɚ, ɚ3 - ɨɛɴɟɦ ɷɥɟɦɟɧɬɚɪɧɨɣ 

ɹɱɟɣɤɢ ɜ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ. Ⱦɥɹ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɦɨɞɟɥɢ ɫɜɨɛɨɞɧɚɹ 
ɷɧɟɪɝɢɹ ɫɦɟɲɟɧɢɹ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɫɪɟɞɧɟɝɨ ɩɨɥɹ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ 
ɭɡɟɥ ɪɟɲɟɬɤɢ, ɩɪɢɧɢɦɚɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ 

 
Ɋɢɫ. 3.2. ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ 
ɪɟɲɟɬɨɱɧɨɣ ɦɨɞɟɥɢ ɩɨɥɢɦɟɪɧɨɝɨ 
ɪɚɫɬɜɨɪɚ [175]. 
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,   (3.6) 

 

ɝɞɟ N - ɫɬɟɩɟɧɶ ɩɨɥɢɦɟɪɢɡɚɰɢɢ. 

ȼ ɫɥɭɱɚɟ ɪɚɡɛɚɜɥɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ )1( <<ϕ  ɜɵɪɚɠɟɧɢɟ ɞɥɹ Fɫɦ ɩɨ-
ɥɭɱɚɟɬɫɹ ɩɭɬɟɦ ɪɚɡɥɨɠɟɧɢɹ ɪɟɝɭɥɹɪɧɵɯ ɫɥɚɝɚɟɦɵɯ ɜ ɭɪɚɜɧɟɧɢɢ (3.6) 

ɩɨ ɫɬɟɩɟɧɢ ϕ  (ɩɪɢɛɥɢɠɟɧɢɟ Ɏɥɨɪɢ-ɏɚɝɝɢɧɫɚ) 
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.            (3.7) 

 

ɑɥɟɧ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ 22ϕ  ɦɨɠɟɬ ɛɵɬɶ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɧ ɤɚɤ 
ɷɮɮɟɤɬɢɜɧɵɣ ɜɤɥɚɞ ɜ ɫɜɨɛɨɞɧɭɸ ɷɧɟɪɝɢɸ ɨɬ ɩɚɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ 

ɜ ɪɚɡɛɚɜɥɟɧɧɨɦ ɪɚɫɬɜɨɪɟ ɦɨɧɨɦɟɪɨɜ. Ʉɨɷɮɮɢɰɢɟɧɬ )21( χ−  ɫɨɞɟɪɠɢɬ 
ɞɜɚ ɜɤɥɚɞɚ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɨɫɟɞɧɢɯ ɭɡɥɨɜ ɪɟɲɟɬɤɢ ɞɚɸɬ ɜɤɥɚɞ χ2− , 

ɚ ɫɬɟɪɢɱɟɫɤɨɟ ɨɬɬɚɥɤɢɜɚɧɢɟ ɦɟɠɞɭ ɦɨɧɨɦɟɪɚɦɢ ɧɚ ɛɥɢɡɤɢɯ ɪɚɫɫɬɨɹ-
ɧɢɹɯ ɞɚɟɬ ɜɤɥɚɞ 1 (ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɚɩɪɟɬɭ ɞɜɭɦ ɦɨɧɨɦɟɪɚɦ ɡɚɧɢɦɚɬɶ 
ɨɞɢɧ ɭɡɟɥ ɪɟɲɟɬɤɢ). ȼ ɪɚɡɥɨɠɟɧɢɢ (3.7) ɩɚɪɚɦɟɬɪ 3a=ω  ɮɢɤɫɢɪɭɟɬɫɹ. 
ȿɫɥɢ ɩɚɪɚɦɟɬɪ ω  ɫɞɟɥɚɬɶ ɫɜɨɛɨɞɧɵɦ, ɚ ɬɚɤɠɟ ɜɜɟɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ 

ɩɚɪɚɦɟɬɪ ɢɫɤɥɸɱɟɧɧɨɝɨ ɨɛɴɟɦɚ [176] 
 

 )21(a 3 χυ −= ,                      (3.8) 
 

ɬɨ ɪɚɡɥɨɠɟɧɢɟ (3.7) ɦɨɠɟɬ ɛɵɬɶ ɨɛɨɛɳɟɧɨ ɧɚ ɥɸɛɨɣ ɬɢɩ ɪɟɲɟ-
ɬɨɱɧɨɣ ɦɨɞɟɥɢ ɢ ɧɚ ɜɟɫɶ ɞɢɚɩɚɡɨɧ ϕ  
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ȼ ɪɚɛɨɬɟ [175] ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɩɪɢɛɥɢɠɟɧɢɟ ɫɪɟɞɧɟɝɨ ɩɨɥɹ ɩɪɟ-
ɧɟɛɪɟɝɚɟɬ ɧɟɤɨɬɨɪɵɦɢ ɤɨɪɪɟɥɹɰɢɹɦɢ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɢ ɛɨɥɟɟ ɭɞɚ-
ɥɟɧɧɵɦɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɦɨɧɨɦɟɪɚɦɢ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɦɨɧɨɦɟ-
ɪɚɦɢ ɡɚɦɟɧɹɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɚɦɨɫɨɝɥɚɫɨɜɚɧɧɵɦ ɩɨ-
ɬɟɧɰɢɚɥɨɦ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɩɪɟɞɩɨɥɨɠɟɧɢɟɦ ɨɛ ɢɞɟɚɥɶɧɨɫɬɢ ɩɨɥɢɦɟɪ-
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ɧɵɯ ɰɟɩɟɣ. ɍɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɬɚɤɨɣ ɩɨɞɯɨɞ ɧɟɩɪɢɟɦɥɟɦ ɩɪɢ ɧɢɡɤɢɯ 
ɤɨɧɰɟɧɬɪɚɰɢɹɯ. 

ɉɪɢɛɥɢɠɟɧɢɟ Ɏɥɨɪɢ - ɏɚɝɝɢɧɫɚ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɟɣɲɢɦ ɢ ɨɫɧɨɜɚɧɨ 
ɧɚ ɤɨɧɰɟɩɰɢɢ ɠɟɫɬɤɨɣ ɪɟɲɟɬɤɢ. ɗɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɬɨɱɧɨ ɨɩɢɫɚɬɶ 
ɇɄɄɌ, ɚ ɬɚɤɠɟ ɞɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɡɚɧɢɠɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɫɦɟɲɟɧɢɹ [176]. ɉɨɷɬɨɦɭ ɜ ɞɚɥɶɧɟɣɲɟɦ ɜ ɥɢɬɟɪɚɬɭɪɟ ɩɨɹɜɢɥɨɫɶ 
ɦɧɨɠɟɫɬɜɨ ɦɨɞɢɮɢɤɚɰɢɣ ɬɟɨɪɢɢ Ɏɥɨɪɢ - ɏɚɝɝɢɧɫɚ. ɋɸɞɚ ɦɨɠɧɨ ɨɬ-
ɧɟɫɬɢ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ Ɏɥɨɪɢ – Ɉɪɜɨɥɥɚ - ȼɪɢɹ [177, 178], ɞɵ-

ɪɨɱɧɭɸ ɬɟɨɪɢɸ ɋɢɦɯɢ ɢ ɋɨɦɫɭɧɫɤɢ [179, 180], ɹɱɟɟɱɧɭɸ ɬɟɨɪɢɸ Ⱦɢ 

ɢ ȼɚɥɶɲɚ [181, 182], ɦɨɞɟɥɶ ɫɪɟɞɧɟɩɨɥɟɜɨɝɨ ɪɟɲɟɬɨɱɧɨɝɨ ɝɚɡɚ 
Ʉɥɟɣɧɬɶɟɧɫɚ ɢ Ʉɨɧɢɧɝɫɜɟɥɞɚ [183, 184], ɬɟɨɪɢɹ ɪɟɲɟɬɨɱɧɨɝɨ ɮɥɸɢɞɚ 
ɋɚɧɱɢɫɚ - Ʌɹɤɨɦɛɚ [185÷187]. ɋɢɥɶɧɨɣ ɫɬɨɪɨɧɨɣ ɪɟɲɟɬɨɱɧɵɯ ɦɨɞɟ-
ɥɟɣ ɹɜɥɹɟɬɫɹ ɢɯ ɩɪɢɦɟɧɢɦɨɫɬɶ ɞɥɹ ɫɦɟɫɟɣ ɤɨɦɩɨɧɟɧɬɨɜ ɫ ɫɢɥɶɧɨ ɪɚɡ-
ɥɢɱɚɸɳɢɦɢɫɹ ɪɚɡɦɟɪɚɦɢ ɦɨɥɟɤɭɥ, ɱɬɨ ɞɟɥɚɟɬ ɢɯ ɨɫɨɛɟɧɧɨ ɷɮɮɟɤ-
ɬɢɜɧɵɦɢ ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɢɫɬɟɦ ɩɨɥɢɦɟɪ – ɪɚɫɬɜɨɪɢɬɟɥɶ. Ɉɬɥɢɱɢɟ ɭɤɚ-
ɡɚɧɧɵɯ ɦɨɞɟɥɟɣ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɤɚɤ ɨɧɢ ɨɩɢɫɵɜɚɸɬ ɫɠɢɦɚɟɦɨɫɬɶ 
ɢ ɬɟɪɦɢɱɟɫɤɨɟ ɪɚɫɲɢɪɟɧɢɟ. ɇɚɩɪɢɦɟɪ, ɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɦɨɞɟɥɢ 

Ɏɥɨɪɢ ɬɚɤɨɟ ɨɩɢɫɚɧɢɟ ɫɜɨɞɢɬɫɹ ɤ ɪɚɫɱɟɬɭ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ ɹɱɟɣɤɢ, 

ɡɚɩɨɥɧɟɧɧɨɣ ɦɨɧɨɦɟɪɨɦ. ȼ ɩɪɢɛɥɢɠɟɧɢɹɯ ɋɚɧɱɢɫɚ - Ʌɹɤɨɦɛɚ ɢ 

Ʉɥɟɣɬɶɟɧɫɚ ɢ Ʉɨɧɢɧɝɫɜɟɥɞɚ ɜɜɨɞɹɬɫɹ ɭɡɥɨɜɵɟ ɜɚɤɚɧɫɢɢ, ɚ ɋɢɦɯɚ ɢ 

ɋɨɦɫɭɧɫɤɢ ɭɱɢɬɵɜɚɸɬ ɢ ɬɨ, ɢ ɞɪɭɝɨɟ. ȼ ɦɟɬɨɞɚɯ ɬɟɨɪɢɢ ɜɨɡɦɭɳɟɧɢɹ 
ɜɜɨɞɢɬɫɹ ɧɟɤɨɬɨɪɚɹ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ, ɚ ɞɥɹ ɨɩɢɫɚɧɢɹ ɪɟ-
ɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɜɜɨɞɹɬɫɹ ɩɨɩɪɚɜɨɱɧɵɟ ɱɥɟɧɵ. ȼ ɬɟɨɪɢɢ ɜɨɡɦɭɳɚɟ-
ɦɨɣ ɠɟɫɬɤɨɣ ɰɟɩɢ ɧɟɜɨɡɦɭɳɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɠɟɫɬɤɢ-

ɦɢ ɫɮɟɪɚɦɢ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɨ 
ɩɨɬɟɧɰɢɚɥɨɦ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɹɦɵ. ȼ ɬɟɨɪɢɢ ɜɨɡɦɭɳɟɧɢɹ ɦɹɝɤɨɣ ɰɟɩɢ 

ɧɟɜɨɡɦɭɳɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜɜɨɞɢɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɩɨɬɟɧɰɢɚɥɚ ɬɢɩɚ 
Ʌɟɧɧɚɪɞɚ-Ⱦɠɨɧɫɚ. ɇɚɢɛɨɥɟɟ ɫɨɜɪɟɦɟɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɟɣ ɪɟɲɟɬɨɱ-
ɧɨɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɮɥɸɢ-

ɞɨɜ, ɜ ɤɨɬɨɪɨɣ ɧɟɜɨɡɦɭɳɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɭɱɢɬɵɜɚɟɬ ɧɟ ɬɨɥɶɤɨ ɪɚɡɦɟɪ 
ɢ ɮɨɪɦɭ, ɧɨ ɢ ɚɫɫɨɰɢɚɰɢɸ ɦɨɥɟɤɭɥ. 

 

3.1.2. Ɍɟɨɪɢɹ ɪɟɲɟɬɨɱɧɨɝɨ ɮɥɸɢɞɚ ɋɚɧɱɢɫɚ-Ʌɹɤɨɦɛɚ. 
 

ȼ ɪɚɛɨɬɟ [176] ɩɪɨɜɟɞɟɧɨ ɬɟɫɬɢɪɨɜɚɧɢɟ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɫɭɳɟɫɬ-
ɜɭɸɳɢɯ ɦɨɞɟɥɟɣ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɨɩɢɫɚɧɢɹ ɮɚɡɨɜɨɝɨ ɩɨɜɟɞɟɧɢɹ 
ɫɢɫɬɟɦ ɩɨɥɢɦɟɪ – ɪɚɫɬɜɨɪɢɬɟɥɶ. Ȼɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɦɟɬɨɞ ɋɚɧɱɢɫɚ - 
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Ʌɹɤɨɦɛɚ ɢɦɟɟɬ ɪɹɞ ɨɱɟɜɢɞɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɩɟɪɟɞ ɨɫɬɚɥɶɧɵɦɢ. ɉɪɨ-
ɫɬɨɬɚ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɫɦɟɫɢ 

ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɩɨ ɬɪɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɚɪɚɦɟɬɪɚ ɞɥɹ ɤɚɠɞɨɝɨ ɤɨɦ-

ɩɨɧɟɧɬɚ ɢ ɨɞɢɧ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɚɪɚɦɟɬɪ ɞɥɹ ɭɱɟɬɚ ɫɢɥ ɛɢɧɚɪɧɨɝɨ 
ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɫɦɟɫɢ. Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɚɫɶ, ɞɥɹ 
ɪɚɫɱɟɬɚ ɫɠɢɦɚɟɦɨɫɬɢ ɢ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɜɜɨɞɹɬɫɹ ɜɚɤɚɧɫɢɢ ɜ ɭɡ-
ɥɚɯ ɪɟɲɟɬɤɢ, ɱɬɨ ɨɱɟɧɶ ɜɚɠɧɨ ɞɥɹ ɫɢɫɬɟɦ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɨɞ ɞɚɜɥɟɧɢ-

ɟɦ, ɥɢɛɨ ɩɪɟɬɟɪɩɟɜɚɸɳɢɯ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ. ɂɦɟɟɬɫɹ ɦɧɨɝɨ ɪɚɛɨɬ, ɜ 
ɤɨɬɨɪɵɯ ɭɤɚɡɵɜɚɟɬɫɹ ɧɚ ɲɢɪɨɤɭɸ ɩɪɢɦɟɧɢɦɨɫɬɶ ɦɨɞɟɥɢ ɋɚɧɱɢɫɚ - 

Ʌɹɤɨɦɛɚ. ɇɚɩɪɢɦɟɪ, ɜ ɪɚɦɤɚɯ ɷɬɨɣ ɦɨɞɟɥɢ ɭɞɚɥɨɫɶ ɭɫɩɟɲɧɨ ɨɩɢɫɚɬɶ 
ɨɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɹ ɢ ɜɢɪɢɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ [188], ɪɚɜɧɨɜɟ-
ɫɢɟ ɠɢɞɤɨɫɬɶ-ɠɢɞɤɨɫɬɶ ɞɥɹ ɩɨɥɹɪɧɵɯ ɢ ɧɟɩɨɥɹɪɧɵɯ ɠɢɞɤɨɫɬɟɣ [189], 

ɚɞɫɨɪɛɰɢɸ ɝɚɡɨɜ ɜ ɩɨɥɢɦɟɪɚɯ ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ [190], ɩɨɜɟɞɟ-
ɧɢɟ ɩɨɥɢɦɟɪɧɵɯ ɫɦɟɫɟɣ [191], ɢ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɷɮɮɟɤɬɵ ɫɨɪɚɫ-
ɬɜɨɪɟɧɢɹ ɜ ɪɚɫɬɜɨɪɚɯ ɫɨɩɨɥɢɦɟɪɨɜ ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ [192÷194]. 

ɇɟɞɚɜɧɨ ɷɬɚ ɦɨɞɟɥɶ ɛɵɥɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɚ ɧɚ ɩɨɥɢɦɟɪɧɵɟ ɫɢɫɬɟɦɵ 

ɞɥɹ ɨɩɢɫɚɧɢɹ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɜ ɫɢɫɬɟɦɚɯ ɩɨɥɢɦɟɪ-ɪɚɫɬɜɨɪɢɬɟɥɶ 
[195]. 

ɇɟɫɦɨɬɪɹ ɧɚ ɨɬɥɢɱɢɟ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɪɚɡɧɨɪɨɞɧɵɯ ɦɨɥɟ-
ɤɭɥ ɫɨɩɨɫɬɚɜɢɦɵɯ ɪɚɡɦɟɪɨɜ ɢ ɫɢɫɬɟɦɵ ɩɨɥɢɦɟɪ – ɪɚɫɬɜɨɪɢɬɟɥɶ, ɞɥɹ 
ɨɩɢɫɚɧɢɹ ɢɯ ɮɚɡɨɜɨɝɨ ɩɨɜɟɞɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɟɞɢɧɵɟ ɮɭɧɞɚɦɟɧ-

ɬɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɢ ɪɚɫɱɟɬɧɵɟ ɦɟɬɨɞɵ. 

ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɋɚɧɱɢɫɚ - Ʌɹɤɨɦɛɚ ɪɟɚɥɢɡɭɟɬ ɦɨɞɟɥɶ ɪɟɲɟ-
ɬɨɱɧɨɝɨ ɮɥɸɢɞɚ, ɬɚɤ ɤɚɤ P-V-T ɫɜɨɣɫɬɜɚ ɤɨɦɩɨɧɟɧɬɚ ɫɦɟɫɢ ɜɵɱɢɫɥɹ-
ɸɬɫɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɣ ɤɨɦɩɨɧɟɧɬ ɪɚɡɞɟ-
ɥɟɧ ɧɚ ɦɨɧɨɦɟɪɵ, ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɭɡɥɚɯ ɪɟɲɟɬɤɢ. Ɇɟɠɦɨ-
ɥɟɤɭɥɹɪɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɬɟɧɰɢɚɥɨɦ ɫɪɟɞɧɟɝɨ 
ɩɨɥɹ. Ⱦɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɧɟɨɛ-

ɯɨɞɢɦɨ ɬɚɤɠɟ ɭɱɢɬɵɜɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɧɟɡɚɩɨɥɧɟɧɧɵɯ ɭɡɥɨɜ ɪɟɲɟɬɤɢ. 

ɍɪɚɜɧɟɧɢɟ ɋɚɧɱɢɫɚ - Ʌɹɤɨɦɛɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɨɩɢɫɚ-
ɧɢɹ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɣ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɢ ɠɢɞɤɨɫɬɶ – ɠɢɞɤɨɫɬɶ - ɩɚɪ ɜ 
ɫɢɫɬɟɦɟ ɩɨɥɢɦɟɪ – ɪɚɫɬɜɨɪɢɬɟɥɶ: 
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ɝɞɟ ρ~,P
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 – ɷɬɨ ɩɪɢɜɟɞɟɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ ɢ ɩɥɨɬɧɨɫɬɶ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, r – ɤɨɥɢɱɟɫɬɜɨ ɡɚɩɨɥɧɟɧɧɵɯ ɭɡɥɨɜ ɪɟɲɟɬɤɢ. ɉɪɢɜɟ-
ɞɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɱɢɫɬɵɯ ɜɟɳɟɫɬɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚ-
ɡɨɦ 

 

                  ;P/PP
~ *=                        ,/P *** υε=                         (3.11) 

                  ;T/TT
~ *=                        ,/** RT ε=                            (3.12) 

               
;/~ *ρρρ =                   ),r/(M ** υρ =                       (3.13) 

           ;/~ *υυυ =                 ɥɢɛɨ            ρυ ~/1~ = ,                         (3.14) 

 

ɝɞɟ −*ε  ɷɬɨ ɷɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɨɞɢɧ ɦɨɧɨ-

ɦɟɪ, −R ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, −*υ ɨɛɴɟɦ ɦɨɧɨɦɟɪɚ ɜ 
ɫɜɟɪɧɭɬɨɦ ɫɨɫɬɨɹɧɢɢ, −M ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ.  

Ⱦɥɹ ɫɢɫɬɟɦɵ, ɫɨɞɟɪɠɚɳɟɣ N  ɦɨɥɟɤɭɥ, ɨɛɳɢɣ ɨɛɴɟɦ ɜɵɪɚɠɚɟɬɫɹ 
ɤɚɤ )r(NV ** υ= . ɉɨɞɫɬɚɧɨɜɤɚ ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ P

~
 ɢ T

~
ɜ 

ɭɪɚɜɧɟɧɢɟ (3.10) ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɩɪɢɜɟɞɟɧɧɭɸ ɩɥɨɬɧɨɫɬɶ *ρ . Ɍɚɤɨɟ 
ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (3.10) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɥɨɜɢɸ ɦɢɧɢɦɭɦɚ ɫɜɨɛɨɞ-

ɧɨɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ. Ⱦɥɹ ɫɦɟɫɟɣ ɩɪɢɜɟɞɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɩɪɟɞɟɥɹ-
ɸɬɫɹ ɫɨɝɥɚɫɧɨ ɩɪɚɜɢɥɚɦ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɚɪɚɦɟɬ-
ɪɨɜ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. 

Ɍɚɤ ɩɪɚɜɢɥɨ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ ɞɥɹ *υ ɫɦɟɫɢ ɨɫɧɨɜɚɧɨ ɧɚ ɞɨɩɭɳɟ-
ɧɢɢ, ɱɬɨ ɨɛɴɟɦ ɫɜɟɪɧɭɬɨɣ ɦɨɥɟɤɭɥɵ ɤɚɠɞɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɫɨɯɪɚɧɹɟɬɫɹ 
ɧɟɢɡɦɟɧɧɵɦ. ɉɨɷɬɨɦɭ 
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ɡɞɟɫɶ 0

iϕ ɢ 0

jϕ ɩɪɟɞɫɬɚɜɥɹɸɬ ɞɨɥɢ ɨɛɴɟɦɨɜ, ɡɚɩɨɥɧɟɧɧɵɯ ɫɜɟɪɧɭɬɵɦɢ 

ɦɨɥɟɤɭɥɚɦɢ. Ɉɰɟɧɤɭ ɷɬɢɯ ɞɨɥɟɣ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬɶ ɧɚ ɨɫɧɨ-
ɜɟ ɭɱɟɬɚ ɤɨɥɢɱɟɫɬɜɚ ɡɚɩɨɥɧɟɧɧɵɯ ɭɡɥɨɜ ɞɥɹ ɤɨɦɩɨɧɟɧɬɚ ɜ ɱɢɫɬɨɦ ɫɨ-
ɫɬɨɹɧɢɢ, ɧɟɠɟɥɢ ɜ ɫɦɟɫɢ. ȼ ɹɜɧɨɦ ɜɢɞɟ ɞɨɥɢ 0

iϕ ɜɵɪɚɠɚɸɬɫɹ ɫɥɟɞɭɸ-

ɳɢɦ ɨɛɪɚɡɨɦ 
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ɥɢɛɨ 

 rN

Nr i

0

i0

i =ϕ ,                    (3.17) 

 

ɝɞɟ im  – ɦɚɫɫɨɜɚɹ ɞɨɥɹ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ, 0

ir – ɤɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ ɪɟɲɟɬ-
ɤɢ, ɡɚɩɨɥɧɹɟɦɵɯ i-ɦ ɤɨɦɩɨɧɟɧɬɨɦ ɜ ɱɢɫɬɨɦ ɫɨɫɬɨɹɧɢɢ. ȼɟɥɢɱɢɧɚ 

0

ir ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 
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ɉɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɫɦɟɫɢ *ɪ ɨɛɥɚɞɚɟɬ 
ɫɜɨɣɫɬɜɨɦ ɚɞɞɢɬɢɜɧɨɫɬɢ 
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* pp ϕϕ ,                     (3.19) 

 

ɜ ɷɬɨɦ ɫɥɭɱɚɟ iϕ  ɩɪɟɞɫɬɚɜɥɹɟɬ ɞɨɥɸ ɨɛɴɟɦɚ, ɡɚɩɨɥɧɹɟɦɨɝɨ ɫɜɟɪ-
ɧɭɬɵɦɢ ɦɨɥɟɤɭɥɚɦɢ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɫɦɟɫɢ 
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ɥɢɛɨ 
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i =ϕ ,                    (3.21)
 

ɝɞɟ ir  – ɤɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ, ɡɚɩɨɥɧɟɧɧɵɯ ɦɨɥɟɤɭɥɚɦɢ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ 
ɫɦɟɫɢ: 
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ɉɟɪɟɤɪɟɫɬɧɵɣ ɱɥɟɧ *

ijp ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
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ɝɞɟ ijδ – ɩɚɪɚɦɟɬɪ ɛɢɧɚɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɦɢɧɢ-

ɦɢɡɚɰɢɟɣ ɨɬɤɥɨɧɟɧɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɬ ɪɚɫɱɟɬɧɵɯ. Ʉɨ-
ɥɢɱɟɫɬɜɟɧɧɨ ɩɚɪɚɦɟɬɪ ijδ ɭɱɢɬɵɜɚɟɬ ɨɬɤɥɨɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ 

ɞɚɜɥɟɧɢɹ ɫɦɟɫɢ 
*

ijp
 ɨɬ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɪɟɞɧɟɝɨ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɫɦɟɫɢ ɩɨɥɭɱɚɸɬ ɢɡ ɪɚɫɫɦɨɬɪɟ-
ɧɢɹ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ( *** p υε = ) ɦɨɧɨɦɟɪ - ɦɨɧɨɦɟɪ ɜ ɫɦɟɫɢ: 
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Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɩɚɪ ɜ ɜɵɞɟɥɟɧɧɨɦ ɨɛɴɟɦɟ 
ɫɦɟɫɢ ɩɪɢɪɚɜɧɢɜɚɟɬɫɹ ɫɭɦɦɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɩɚɪ ɜ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɢɯ ɜɵɞɟɥɟɧɧɵɯ ɨɛɴɟɦɚɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɱɢɫɬɨɦ ɫɨɫɬɨɹɧɢɢ. ɋ 

ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɤɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ ɪɟɲɟɬɤɢ, ɡɚɩɨɥɧɟɧɧɵɯ r-

ɦɨɧɨɦɟɪɚɦɢ ɜ ɫɦɟɫɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɤ 
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ɝɞɟ 0

ir –ɤɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ ɪɟɲɟɬɤɢ, ɡɚɧɹɬɵɯ r-ɦɨɧɨɦɟɪɚɦɢ i-ɝɨ ɤɨɦɩɨ-
ɧɟɧɬɚ. ɂɫɯɨɞɧɨɟ ɭɪɚɜɧɟɧɢɟ ɋɚɧɱɢɫɚ - Ʌɹɤɨɦɛɚ (3.10) ɜɦɟɫɬɟ ɫ ɭɤɚ-
ɡɚɧɧɵɦɢ ɩɪɚɜɢɥɚɦɢ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɹɬ ɤ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚ-
ɠɟɧɢɸ ɞɥɹ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ 
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ɝɞɟ ɏ1 – ɷɬɨ ɡɧɚɱɟɧɢɟ ɏ ɩɪɢ ɭɫɥɨɜɢɢ 11 =ϕ , ɥɢɛɨ 
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ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɜɬɨɪɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ 
ɫɦɟɫɢ ɩɨɥɭɱɚɟɬɫɹ ɡɚɦɟɧɨɣ ɜ ɭɪɚɜɧɟɧɢɢ (3.28) ɢɧɞɟɤɫɚ 1 ɧɚ ɢɧɞɟɤɫ 2. 

 

3.1.2.1. Ɋɚɫɱɟɬ ɤɪɢɜɵɯ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ 
 

ɍɫɥɨɜɢɹ ɪɚɜɧɨɜɟɫɢɹ ɦɟɠɞɭ ɞɜɭɦɹ ɮɚɡɚɦɢ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ 

ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɱɟɪɟɡ ɪɚɜɟɧɫɬɜɨ ɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɤɨɦɩɨɧɟɧ-

ɬɨɜ ɜ ɨɛɟɢɯ ɮɚɡɚɯ: 
 

 
),P,T(),P,T( 1111 ϕµϕµ ′′=′ ,                     (3.30) 
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ɝɞɟ ɲɬɪɢɯ ɢ ɞɜɚ ɲɬɪɢɯɚ ɨɛɨɡɧɚɱɚɸɬ ɪɚɡɥɢɱɧɵɟ ɮɚɡɵ. ɏɢɦɢɱɟɫɤɢɣ 

ɩɨɬɟɧɰɢɚɥ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜɟɥɢɱɢɧɨɣ, ɡɚɜɢɫɹɳɟɣ ɥɢɲɶ ɨɬ ɩɥɨɬ-
ɧɨɫɬɢ ρ~ , ɤɨɬɨɪɚɹ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɡɚɜɢɫɢɬ ɨɬ Ɍ, Ɋ ɢ ϕ. ɉɥɨɬɧɨɫɬɶ ρ~  

ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɟɲɟɧɢɟɦ ɭɪɚɜɧɟɧɢɹ (3.10). ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɮɚɡɨɜɨ-
ɝɨ ɪɚɜɧɨɜɟɫɢɹ ɠɢɞɤɨɫɬɶ-ɠɢɞɤɨɫɬɶ ɞɥɹ ɪɚɫɱɟɬɚ ɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚ-
ɥɨɜ ɤɨɦɩɨɧɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɥɨɬɧɨɫɬɶ ρ~ , ɤɨɬɨɪɚɹ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɤɨɪɧɸ ɭɪɚɜɧɟɧɢɹ (3.10). ɉɥɨɬɧɨɫɬɢ, 

ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɭɫɥɨɜɢɹɦ (3.30) ɢ (3.31) ɨɛɪɚɡɭɸɬ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ 
ɦɟɫɬɨ ɬɨɱɟɤ ɩɨɝɪɚɧɢɱɧɨɣ ɤɪɢɜɨɣ (ɛɢɧɨɞɚɥɢ). Ƚɟɨɦɟɬɪɢɱɟɫɤɨɟ ɦɟɫɬɨ 
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ɬɨɱɟɤ ɝɪɚɧɢɰɵ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɢɫɬɟɦɵ (ɫɩɢɧɨɞɚɥɢ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟ-
ɲɟɧɢɸ ɫɥɟɞɭɸɳɟɝɨ ɭɪɚɜɧɟɧɢɹ 
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ɉɨɞɫɬɚɜɥɹɹ ɭɪɚɜɧɟɧɢɟ (3.28) ɜ ɭɪɚɜɧɟɧɢɟ (3.32) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɫɩɢɧɨɞɚɥɢ. ɇɚ ɩɪɚɤɬɢɤɟ ɞɥɹ ɨɛɯɨɞɚ ɫɢɧɝɭ-
ɥɹɪɧɨɫɬɟɣ, ɧɟɢɡɛɟɠɧɨ ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɫɩɢɧɨɞɚɥɢ, ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ ɞɪɭɝɨɣ ɦɟɬɨɞ, ɨɛɥɟɝɱɚɸɳɢɣ ɱɢɫɥɟɧɧɵɟ ɪɚɫɱɟɬɵ. Ɍɚɤɨɣ 

ɦɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɫɥɟɞɭɸɳɟɦ ɪɚɫɫɦɨɬɪɟɧɢɢ: ɟɫɥɢ ɩɪɢ ɧɟɤɨɬɨɪɵɯ ɭɫ-
ɥɨɜɢɹɯ (ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ) ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ (µ1 ɥɢɛɨ µ2) 

ɢɦɟɟɬ ɦɚɤɫɢɦɭɦ ɢ ɦɢɧɢɦɭɦ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɫɨɫɬɚɜɨɜ, ɬɨ ɷɬɢ ɷɤɫ-
ɬɪɟɦɭɦɵ ɨɬɨɠɞɟɫɬɜɥɹɸɬɫɹ ɫ ɬɨɱɤɚɦɢ, ɩɪɢɧɚɞɥɟɠɚɳɢɦɢ ɫɩɢɧɨɞɚɥɹ-
ɦɢ. ɍɪɚɜɧɟɧɢɹ (3.30) ɢ (3.31) ɮɚɤɬɢɱɟɫɤɢ ɹɜɥɹɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ-
ɥɢɧɟɣɧɵɦɢ, ɩɨɷɬɨɦɭ ɨɛɵɱɧɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɪɚɫɫɱɢɬɚɧɧɚɹ ɫɩɢɧɨɞɚɥɶ 
ɹɜɥɹɟɬɫɹ ɡɚɬɪɚɜɨɱɧɨɣ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ ɫ ɰɟɥɶɸ ɧɚɯɨɠɞɟ-
ɧɢɹ ɨɛɥɚɫɬɟɣ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɪɟɲɟɧɢɣ ɡɚ ɝɪɚɧɢɰɚɦɢ ɫɩɢɧɨɞɚɥɢ. 

ɑɢɫɥɟɧɧɵɟ ɪɚɫɱɟɬɵ ɧɚɱɢɧɚɸɬɫɹ ɫ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟ-
ɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɜɟɫɨɜ ɩɨ-
ɥɢɦɟɪɚ ɢ ɪɚɫɬɜɨɪɢɬɟɥɹ. Ɂɚɬɟɦ ɜɜɨɞɢɬɫɹ ɡɚɬɪɚɜɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚ-
ɦɟɬɪɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 12δ . ȼɵɱɢɫɥɹɸɬɫɹ ɢɡɨɬɟɪɦɵ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨ-
ɜɟɫɢɹ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɞɚɜɥɟɧɢɟ-ɫɨɫɬɚɜ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɢɧɢɦɚɟɬɫɹ ɡɚɬɪɚ-
ɜɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɞɚɜɥɟɧɢɹ ɪ0. Ɍɟɩɟɪɶ ɜɫɟ ɜɟɥɢɱɢɧɵ ɜ ɭɪɚɜɧɟɧɢɢ (3.28) 

ɦɨɝɭɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɵ, ɟɫɥɢ ɡɚɞɚɧɵ ɫɨɫɬɚɜɵ. Ⱦɥɹ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚ-
ɜɚɟɦɵɯ ɫɨɫɬɚɜɨɜ ɫɦɟɫɢ ɨɰɟɧɢɜɚɸɬɫɹ ɯɢɦɢɱɟɫɤɢɟ ɩɨɬɟɧɰɢɚɥɵ. ȿɫɥɢ 

ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɦɢɧɢɦɭɦ ɢ ɦɚɤɫɢɦɭɦ, ɬɨ ɷɬɢ ɷɤɫɬɪɟɦɭɦɵ ɩɪɟɞɫɬɚɜ-
ɥɹɸɬɫɹ ɤɚɤ ɮɭɧɤɰɢɢ ɫɨɫɬɚɜɚ. ȿɫɥɢ ɞɥɹ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɪ0 

ɷɤɫɬɪɟɦɭɦɵ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɧɟ ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ, ɬɨ ɩɪɢɧɢ-

ɦɚɟɬɫɹ ɧɨɜɨɟ ɡɧɚɱɟɧɢɟ ɞɚɜɥɟɧɢɹ ɢ ɩɨɢɫɤ ɷɤɫɬɪɟɦɭɦɚ ɜɨ ɜɫɟɦ ɞɢɚɩɚ-
ɡɨɧɟ ɫɨɫɬɚɜɨɜ ɩɨɜɬɨɪɹɟɬɫɹ. ɋɨɫɬɚɜɵ ɫɦɟɫɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɢ ɡɚ-
ɞɚɧɧɵɯ ɪ0 ɢ Ɍ0 ɦɢɧɢɦɭɦɚɦ ɢ ɦɚɤɫɢɦɭɦɚɦ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ 
ɨɛɪɚɡɭɸɬ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɦɟɫɬɨ ɬɨɱɟɤ ɫɩɢɧɨɞɚɥɢ. Ɋɚɫɱɟɬ ɩɪɨɞɨɥɠɚ-
ɟɬɫɹ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɫɛɥɢɠɟɧɢɹ ɫɨɫɬɚɜɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɢɧɢ-

ɦɭɦɭ ɢ ɦɚɤɫɢɦɭɦɭ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɮɨɪɦɢ-

ɪɭɟɬɫɹ ɫɩɢɧɨɞɚɥɶɧɚɹ ɤɪɢɜɚɹ ɜ ɞɢɚɝɪɚɦɦɟ ɞɚɜɥɟɧɢɟ-ɫɨɫɬɚɜ. Ɉɛɥɚɫɬɶ 
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ɞɚɜɥɟɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɟ, ɝɞɟ ɧɟ ɨɛɧɚɪɭɠɢɜɚɸɬ-
ɫɹ ɯɚɪɚɤɬɟɪɧɵɟ ɷɤɫɬɪɟɦɭɦɵ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɨɬɨɠɞɟɫɬɜɥɹɟɬ-
ɫɹ ɫ ɨɞɧɨɮɚɡɧɨɣ ɨɛɥɚɫɬɶɸ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɝɪɚɧɢɱɧɨɣ ɤɪɢɜɨɣ 

(ɛɢɧɨɞɚɥɢ) ɭɪɚɜɧɟɧɢɹ (3.30) ɢ (3.31) ɪɟɲɚɸɬɫɹ ɫɨɜɦɟɫɬɧɨ. ɉɪɢ ɡɚ-
ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ0 ɢ ɡɚɬɪɚɜɨɱɧɨɦ ɞɚɜɥɟɧɢɢ ɪ0 ɡɚ ɩɪɟɞɟɥɚɦɢ ɨɛ-

ɥɚɫɬɢ, ɨɝɪɚɧɢɱɢɜɚɟɦɨɣ ɫɩɢɧɨɞɚɥɶɸ, ɩɪɨɜɨɞɢɬɫɹ ɜɚɪɶɢɪɨɜɚɧɢɟ ɫɨɫɬɚ-
ɜɨɜ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɭɬ ɭɞɨɜɥɟɬɜɨɪɟɧɵ ɨɛɚ ɭɪɚɜɧɟɧɢɹ (3.30) ɢ 

(3.31). ɉɨɫɥɟ ɷɬɨɝɨ ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ0 ɢɡɦɟɧɹɟɬɫɹ ɞɚɜ-
ɥɟɧɢɟ ɪ1 = ɪ1+∆ɪ ɢ ɩɪɨɰɟɞɭɪɚ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ 

(3.30) ɢ (3.31) ɩɨɜɬɨɪɹɟɬɫɹ. ɉɨɥɭɱɟɧɧɵɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɪɟɲɟɧɢɹ ɨɛ-

ɪɚɡɭɸɬ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɦɟɫɬɨ ɬɨɱɟɤ ɛɢɧɨɞɚɥɢ. Ɍɚɤɨɣ ɚɥɝɨɪɢɬɦ ɪɚɫɱɟ-
ɬɚ ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ ɛɢɧɨɞɚɥɶ - ɢɡɨɬɟɪɦɭ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɞɚɜɥɟɧɢɟ-
ɫɨɫɬɚɜ. ɉɨɫɬɪɨɟɧɢɟ ɛɢɧɨɞɚɥɢ - ɢɡɨɛɚɪɵ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɬɟɦɩɟɪɚɬɭɪɚ-
ɫɨɫɬɚɜ ɚɧɚɥɨɝɢɱɧɨ ɪɚɫɫɦɨɬɪɟɧɧɨɦɭ ɪɚɧɟɟ ɫ ɬɨɣ ɥɢɲɶ ɪɚɡɧɢɰɟɣ, ɱɬɨ 
ɩɪɢ ɷɬɨɦ ɮɢɤɫɢɪɭɟɬɫɹ ɞɚɜɥɟɧɢɟ, ɚ ɜɚɪɶɢɪɭɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ. ɉɪɢ 

ɷɬɨɦ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ (ɭɜɟɥɢɱɟɧɢɟ, ɥɢɛɨ ɭɦɟɧɶɲɟ-
ɧɢɟ) ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦ, ɪɚɫɱɟɬ ɤɚɤɨɣ ɥɢɧɢɢ (ȼɄɄɌ, 

ɥɢɛɨ ɇɄɄɌ) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ. 
Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɥɢɧɢɣ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɞɚɜ-

ɥɟɧɢɟ-ɬɟɦɩɟɪɚɬɭɪɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɞɟɧɢɟ ɨɛɨɢɯ ɬɢɩɨɜ ɪɚɫɱɟɬɚ. Ɍɚ-
ɤɚɹ ɥɢɧɢɹ ɨɱɟɧɶ ɭɞɨɛɧɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɫɥɨɟɧɢɹ 
ɢɫɯɨɞɧɨɝɨ ɩɨɥɢɦɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɚ ɬɚɤɠɟ 
ɞɚɜɥɟɧɢɹ ɪɚɫɫɥɨɟɧɢɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 

ȼ ɪɚɛɨɬɟ [176] ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɩɨɦɨɳɶɸ  ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɩɨɞ-

ɝɨɧɨɱɧɨɝɨ ɩɚɪɚɦɟɬɪɚ 12δ
 ɧɟɥɶɡɹ ɞɨɛɢɬɶɫɹ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɝɨ ɨɩɢ-

ɫɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɋɚɧɱɢɫɚ - Ʌɹɤɨɦ-

ɛɚ. Ɉɩɬɢɦɢɡɚɰɢɹ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ ɫɜɨɞɢɬɫɹ ɤ ɧɚɯɨɠɞɟɧɢɸ ɩɨɞɝɨ-
ɧɨɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ Ɍ* ɢ 12δ . Ⱦɥɹ ɷɬɨɝɨ ɩɪɨɜɨɞɢɬɫɹ ɦɢɧɢɦɢɡɚɰɢɹ 
ɮɭɧɤɰɢɢ ɨɲɢɛɨɤ ɩɨ ɞɚɜɥɟɧɢɸ 
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ɝɞɟ N – ɤɨɥɢɱɟɫɬɜɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ. ɉɪɢ ɷɬɨɦ ɩɚɪɚɦɟɬɪɵ 

ɪ*, 
*ρ  ɢ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɩɨɥɢɦɟɪɚ wM  ɩɪɢɧɢɦɚɸɬ ɮɢɤɫɢɪɨɜɚɧ-

ɧɨɟ ɡɧɚɱɟɧɢɟ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɤ ɞɪɭɝɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɟ ɩɨɥɢɦɟɪɚ 
ɮɢɤɫɢɪɭɸɬɫɹ Ɋ*, Ɍ*, 

*ρ  ɢ wM , ɚ ɩɨɞɝɨɧɨɱɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɹɜɥɹɟɬɫɹ 

12δ . 

Ɋɟɡɭɥɶɬɚɬɵ ɨɞɧɨ- ɢ ɞɜɭɯɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɫɫɦɨɬ-
ɪɟɧɵ ɧɚ ɩɪɢɦɟɪɟ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ ɩɨɥɢɷɬɢɥɟɧ - ɧ-ɩɟɧɬɚɧ. ȼ ɨɛɨɢɯ 
ɫɥɭɱɚɹɯ ɞɥɹ ɩɟɧɬɚɧɚ ɛɵɥɢ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɩɪɢɜɟɞɟɧɧɵɟ ɩɚɪɚ-
ɦɟɬɪɵ: Ɋ*=310,1 Ɇɉɚ, Ɍ*= 441Ʉ, 

*ρ ==0,755 ɝ/ɫɦ3. ȼ ɫɥɭɱɚɟ ɨɞɧɨɩɚ-
ɪɚɦɟɬɪɢɱɟɫɤɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɞɥɹ ɩɨɥɢɷɬɢɥɟɧɚ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɮɢɤɫɢ-

ɪɨɜɚɥɢ Ɋ*=359 Ɇɉɚ, Ɍ*=650 Ʉ, 
*ρ ==0,895 ɝ/ɫɦ3. ȼɚɪɶɢɪɨɜɚɧɢɟ ɩɚɪɚ-

ɦɟɬɪɚ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 12δ  ɧɟ ɩɪɢɜɟɥɨ ɤ ɭɞɨɜɥɟ-
ɬɜɨɪɢɬɟɥɶɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ ɞɥɹ ɩɨɥɢɷɬɢɥɟɧɚ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 

wM =16 400 (ɪɢɫ.3.3) ɢ wM =108000 (ɪɢɫ.3.4).  

Ⱦɜɭɯɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɨɩɬɢɦɢɡɚɰɢɹ ɩɪɢ ɬɟɯ ɠɟ ɡɧɚɱɟɧɢɹɯ ɩɪɢɜɟ-
ɞɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ Ɋ* ɢ 

*ρ
 ɞɥɹ ɩɨɥɢɷɬɢɥɟɧɚ ɩɨɡɜɨɥɢɥɚ ɨɩɪɟɞɟɥɢɬɶ 

ɧɨɜɨɟ ɡɧɚɱɟɧɢɟ Ɍ*=521 Ʉ, ɚ ɬɚɤɠɟ ɩɚɪɚɦɟɬɪɚ 12δ  ɞɥɹ ɤɚɠɞɨɝɨ ɦɨɥɟ-
ɤɭɥɹɪɧɨɝɨ ɜɟɫɚ ɩɨɥɢɷɬɢɥɟɧɚ. 
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Ɋɢɫ. 3.3. ɋɪɚɜɧɟɧɢɟ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɪɚɫɱɟɬ-
ɧɵɯ ɡɧɚɱɟɧɢɣ ɞɚɜɥɟɧɢɹ ɪɚɫ-
ɫɥɨɟɧɢɹ ɧɚ ɢɡɨɬɟɪɦɟ 460 Ʉ ɜ 
ɪɚɫɬɜɨɪɚɯ ɩɨɥɢɷɬɢɥɟɧɚ 
( wM =16400, ɉM/M w =1,16, 

Ɋ*=359 Ɇɉɚ, *ρ =0,895 

ɝ/ɦɥ) ɜ ɧ-ɩɟɧɬɚɧɟ ɩɪɢ ɪɚɡ-
ɥɢɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ [176]. ɉɭɧɤ-
ɬɢɪɧɵɟ ɥɢɧɢɢ - Ɍ*=650 Ʉ, 

ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ - Ɍ*=521 Ʉ. 

1 - 12δ =0,005, 2 - 12δ =0, 3 - 12δ =-0,3, 4 - 12δ =-0,2, 5 - 12δ =0,013, 6 - ɷɤɫɩɟ-
ɪɢɦɟɧɬ. 
 

Ɋɢɫ. 3.4. ɋɪɚɜɧɟɧɢɟ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɪɚɫɱɟɬɧɵɯ 
ɡɧɚɱɟɧɢɣ ɞɚɜɥɟɧɢɹ ɪɚɫɫɥɨɟɧɢɹ 
ɧɚ ɢɡɨɬɟɪɦɟ 460 Ʉ ɜ ɪɚɫɬɜɨɪɚɯ 

ɩɨɥɢɷɬɢɥɟɧɚ ( wM =108000, 

ɉM/M w =1,32, Ɋ*=359 Ɇɉɚ, 
*ρ =0,895 ɝ/ɦɥ) ɜ ɧ-ɩɟɧɬɚɧɟ 

ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ [176]. 

ɉɭɧɤɬɢɪɧɵɟ ɥɢɧɢɢ - Ɍ*=650 Ʉ, 

ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ - Ɍ*=521 Ʉ. 1 - 

12δ =0,005, 2 - 12δ =0, 3 - 12δ =-0,3, 4 - 12δ =-0,2, 5 - 12δ =0,0172, 6 - ɷɤɫɩɟɪɢ-

ɦɟɧɬ. 
 

Ɋɚɫɱɟɬɧɵɟ ɛɢɧɨɞɚɥɢ - ɢɡɨɬɟɪɦɵ 460 Ʉ ɢ ɫɩɢɧɨɞɚɥɢ - ɢɡɨɛɚɪɵ 5 

Ɇɉɚ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɬɟɦɩɟɪɚɬɭɪɚ-ɫɨɫɬɚɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 3.5 ɢ 

3.6.  
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Ɋɢɫ. 3.5. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ 

ɞɚɜɥɟɧɢɹ ɪɚɫɫɥɨɟɧɢɹ ɨɬ ɤɨɧɰɟɧ-

ɬɪɚɰɢɢ ɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɩɨ-
ɥɢɦɟɪɚ ɧɚ ɢɡɨɬɟɪɦɟ 460 Ʉ ɜ ɪɚɫ-
ɬɜɨɪɚɯ ɩɨɥɢɷɬɢɥɟɧɚ (Ɋ*=359 Ɇɉɚ, 

*ρ =0,895 ɝ/ɦɥ) ɜ ɧ-ɩɟɧɬɚɧɟ [176]. 

ɋɩɥɨɲɧɵɟ ɥɢɧɢɢ - ɪɚɫɱɟɬɧɵɟ ɛɢ-

ɧɨɞɚɥɢ, ɩɭɧɤɬɢɪɧɵɟ ɥɢɧɢɢ - ɪɚɫ-
ɱɟɬɧɵɟ ɫɩɢɧɨɞɚɥɢ, ɫɢɦɜɨɥɵ - ɷɤɫ-
ɩɟɪɢɦɟɧɬ. 1 - wM =2150 (ɪɚɫɱɟɬ 

ɩɪɢ 12δ =0), 2 - wM =16400 

( 12δ =0,013), 3 - wM =108000 ( 12δ =0,0172), 4 - wM =420000 ( 12δ =0,0175). 

 

 

 

Ɋɢɫ. 3.6. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ 

ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɫɥɨɟɧɢɹ ɨɬ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ 

ɩɨɥɢɦɟɪɚ ɧɚ ɢɡɨɛɚɪɟ 5 Ɇɉɚ ɜ 
ɪɚɫɬɜɨɪɚɯ ɩɨɥɢɷɬɢɥɟɧɚ ɜ ɧ-

ɩɟɧɬɚɧɟ [176]. ɋɩɥɨɲɧɵɟ ɥɢɧɢɢ - 

ɪɚɫɱɟɬɧɵɟ ɛɢɧɨɞɚɥɢ (ɨɝɪɚɧɢ-

ɱɢɜɚɸɬ ɨɛɥɚɫɬɶ ɞɜɭɯɮɚɡɧɨɝɨ ɫɨ-
ɫɬɨɹɧɢɹ), ɩɭɧɤɬɢɪɧɵɟ ɥɢɧɢɢ - 

ɪɚɫɱɟɬɧɵɟ ɫɩɢɧɨɞɚɥɢ, ɫɢɦɜɨɥɵ - 

ɷɤɫɩɟɪɢɦɟɧɬ. 1 - wM =2150, 2 -   

wM =16400. 

 

 

 

 

Ʉɪɢɜɵɟ ɮɚɡɨɜɨɝɨ ɪɚɫɫɥɨɟɧɢɹ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɞɚɜɥɟɧɢɟ-
ɬɟɦɩɟɪɚɬɭɪɚ ɞɥɹ ɪɚɫɬɜɨɪɨɜ ɩɨɥɢɷɬɢɥɟɧɚ ɜ ɧ-ɩɟɧɬɚɧɟ ɜ ɞɢɚɩɚɡɨɧɟ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɬ 1 ɞɨ 15% ɦɚɫɫ. ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 3.7. ( wM =16 

400) ɢ ɪɢɫ. 3.8 ( wM =108000).  
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Ɋɢɫ. 3.7. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ 

ɞɚɜɥɟɧɢɹ ɪɚɫɫɥɨɟɧɢɹ ɨɬ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɥɢ-

ɦɟɪɚ ɜ ɪɚɫɬɜɨɪɚɯ ɩɨɥɢɷɬɢɥɟɧɚ 

( wM =16400, ɉM/M w =1,16) 

ɜ ɧ-ɩɟɧɬɚɧɟ [176]. ɋɩɥɨɲɧɵɟ 
ɥɢɧɢɢ - ɪɚɫɱɟɬ, ɫɢɦɜɨɥɵ - ɷɤɫ-
ɩɟɪɢɦɟɧɬ. 1 - 1%, 2 - 3%, 3 - 

5%, 4 - 10%, 5 - 15%. 

 

 

 

 

 

 

 

Ɋɢɫ. 3.8. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ 

ɞɚɜɥɟɧɢɹ ɪɚɫɫɥɨɟɧɢɹ ɨɬ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɥɢ-

ɦɟɪɚ ɜ ɪɚɫɬɜɨɪɚɯ ɩɨɥɢɷɬɢɥɟɧɚ 

( wM =1 0 8 0 0 0, 

ɉM/M w =1,32) ɜ ɧ-ɩɟɧɬɚɧɟ 
[176]. ɋɩɥɨɲɧɵɟ ɥɢɧɢɢ - ɪɚɫ-
ɱɟɬ, ɫɢɦɜɨɥɵ - ɷɤɫɩɟɪɢɦɟɧɬ. 1 - 

1%, 2 - 3%, 3 - 5%, 4 - 10%, 5 - 

15%. 

 
 

ɇɚ ɪɢɫ. 3.7 ɢ 3.8 ɨɬɱɟɬɥɢɜɨ ɜɢɞɟɧ ɦɨɧɨɬɨɧɧɵɣ ɪɨɫɬ ɞɚɜɥɟɧɢɹ ɮɚ-
ɡɨɜɨɝɨ ɪɚɫɫɥɨɟɧɢɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɫɥɨɟɧɢɹ. Ⱦɨɛɚɜɥɟ-
ɧɢɟ ɜ ɩɟɧɬɚɧ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶ ɯɚɪɚɤɬɟɪ ɷɬɨɣ ɡɚɜɢ-

ɫɢɦɨɫɬɢ. Ⱦɥɹ ɢɥɥɸɫɬɪɚɰɢɢ ɧɚ ɪɢɫ. 3.9 ɢ 3.10 ɩɪɢɜɟɞɟɧɵ ɤɪɢɜɵɟ ɪɚɫ-
ɫɥɨɟɧɢɹ 5 ɢ 10% ɦɚɫɫ. ɪɚɫɬɜɨɪɨɜ ɩɨɥɢɷɬɢɥɟɧɚ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 

wM =108000 ɜ ɫɦɟɫɢ ɧ-ɩɟɧɬɚɧɚ ɢ ɋɈ2.  
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Ɋɢɫ. 3.9. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ 

ɞɚɜɥɟɧɢɹ ɪɚɫɫɥɨɟɧɢɹ ɨɬ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɢ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ 
10% ɦɚɫɫ. ɪɚɫɬɜɨɪɚɯ ɩɨɥɢɷɬɢɥɟ-

ɧɚ ( wM =108000, 

ɉM/M w =1,32) ɜ ɛɢɧɚɪɧɵɯ 
ɪɚɫɬɜɨɪɢɬɟɥɹɯ (ɋɈ2-ɧ-ɩɟɧɬɚɧ) 

[176]. Ɇɚɫɫɨɜɨɟ ɫɨɞɟɪɠɚɧɢɟ ɋɈ2 

ɩɪɢɜɨɞɢɬɫɹ ɞɥɹ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɚ 
ɧɟ ɞɥɹ ɪɚɫɬɜɨɪɚ ɜ ɰɟɥɨɦ. ɋɩɥɨɲ-

ɧɵɟ ɥɢɧɢɢ - ɪɚɫɱɟɬ, ɫɢɦɜɨɥɵ - 

ɷɤɫɩɟɪɢɦɟɧɬ. 1 - 39% ɋɈ2 ( 12δ =0,026), 2 - 31% ɋɈ2 ( 12δ =0,0225), 3 - 21% ɋɈ2 

( 12δ =0,021). 

 

 

Ɋɢɫ. 3.10. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ 

ɞɚɜɥɟɧɢɹ ɪɚɫɫɥɨɟɧɢɹ ɨɬ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɢ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ 
5% ɦɚɫɫ. ɪɚɫɬɜɨɪɚɯ ɩɨɥɢɷɬɢɥɟɧɚ 

( wM =108000, ɉM/M w =1,32) 

ɜ ɛɢɧɚɪɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ 
(ɋɈ2-ɧ-ɩɟɧɬɚɧ) [176]. Ɇɚɫɫɨɜɨɟ 
ɫɨɞɟɪɠɚɧɢɟ ɋɈ2 ɩɪɢɜɨɞɢɬɫɹ ɞɥɹ 
ɪɚɫɬɜɨɪɢɬɟɥɹ, ɚ ɧɟ ɞɥɹ ɪɚɫɬɜɨɪɚ 
ɜ ɰɟɥɨɦ. ɋɩɥɨɲɧɵɟ ɥɢɧɢɢ - ɪɚɫ-
ɱɟɬ, ɫɢɦɜɨɥɵ - ɷɤɫɩɟɪɢɦɟɧɬ. 1 - 

41% ɋɈ2 ( 12δ =0,026), 2 - 30% 

ɋɈ2 ( 12δ =0,0225), 3 - 21% ɋɈ2 ( 12δ =0,021). 

 

 

Ɋɚɫɱɟɬ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ ɩɪɨɜɨɞɢɬɫɹ ɤɚɤ ɞɥɹ ɩɫɟɜɞɨɛɢɧɚɪɧɨɣ, ɩɨ-
ɫɤɨɥɶɤɭ ɫɦɟɫɶ ɧ-ɩɟɧɬɚɧɚ ɫ CO2 ɩɪɢɧɢɦɚɟɬɫɹ ɡɚ ɩɫɟɜɞɨɱɢɫɬɨɟ ɜɟɳɟɫɬ-
ɜɨ. ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɬɚɤɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜɵɱɢɫɥɹɸɬɫɹ 
ɩɨ ɭɪɚɜɧɟɧɢɹɦ (3.15)-(3.24) ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ 12δ =0. ɉɨɥɭɱɟɧɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɢɧɢɦɚɸɬ ɡɧɚɱɟɧɢɹ, ɩɪɨɦɟɠɭɬɨɱ-
ɧɵɟ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɱɢɫɬɵɯ ɧ-ɩɟɧɬɚɧɚ ɢ ɞɢɨɤɫɢɞɚ 
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ɭɝɥɟɪɨɞɚ. Ɋɚɫɱɟɬɧɵɟ ɛɢɧɨɞɚɥɢ - ɢɡɨɛɚɪɵ ɢ ɫɩɢɧɨɞɚɥɢ - ɢɡɨɛɚɪɵ ɜ 
ɞɢɚɝɪɚɦɦɟ ɬɟɦɩɟɪɚɬɭɪɚ-ɫɨɫɬɚɜ ɞɥɹ ɪɚɫɬɜɨɪɚ ɩɨɥɢɷɬɢɥɟɧɚ ɫ ɦɨɥɟɤɭ-
ɥɹɪɧɨɣ ɦɚɫɫɨɣ wM =108000 ɜ ɫɦɟɫɢ ɧ-ɩɟɧɬɚɧɚ ɢ ɋɈ2 ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɧɚ ɪɢɫ. 3.11 – 3.13.  

 
Ɋɢɫ. 3.11. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ 

ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɫɥɨɟɧɢɹ ɨɬ ɦɚɫ-
ɫɨɜɨɣ ɞɨɥɢ ɩɨɥɢɦɟɪɚ ɢ ɫɨɫɬɚɜɚ 
ɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚ ɢɡɨɛɚɪɟ 35 Ɇɉɚ 
ɜ ɪɚɫɬɜɨɪɚɯ ɩɨɥɢɷɬɢɥɟɧɚ 

( wM =108000) ɜ ɛɢɧɚɪɧɵɯ ɪɚɫ-
ɬɜɨɪɢɬɟɥɹɯ (ɋɈ2-ɧ-ɩɟɧɬɚɧ) [176]. 

ɋɩɥɨɲɧɵɟ ɥɢɧɢɢ - ɪɚɫɱɟɬɧɵɟ 
ɛɢɧɨɞɚɥɢ, ɢɧɞɟɤɫɵ ' ɢ " ɨɬɧɨɫɹɬ-
ɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤ ɪɚɡɥɢɱɧɵɦ 

ɜɟɬɜɹɦ ɪɚɫɱɟɬɧɵɯ ɫɩɢɧɨɞɚɥɟɣ, 

ɫɢɦɜɨɥɵ - ɷɤɫɩɟɪɢɦɟɧɬ. 1 - 40% 

ɋɈ2, 2 - 30% ɋɈ2, 3 - 20% ɋɈ2, 4 - 21% ɋɈ2. 

 

Ʉɨɧɟɱɧɨ, ɟɫɥɢ ɜ ɫɚɦɨɦ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ ɩɪɢ ɨɩ-

ɪɟɞɟɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɧɚɫɬɭɩɚɟɬ ɪɚɫɫɥɨɟɧɢɟ, ɬɨ ɮɚɡɨɜɨɟ ɩɨɜɟɞɟɧɢɟ 
ɬɚɤɨɣ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ ɭɠɟ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɨ ɤɚɤ ɩɫɟɜɞɨɛɢ-

ɧɚɪɧɨɟ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɜ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ ɩɨɥɢɷɬɢɥɟɧ- ɧ-ɩɟɧɬɚɧ - 

ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɢɦɟɸɬɫɹ ɨɞɧɨɮɚɡɧɵɟ ɨɛɥɚɫɬɢ (ɈɎ), ɞɜɭɯɮɚɡɧɵɟ 
ɬɢɩɚ ɠɢɞɤɨɫɶ - ɩɚɪ (ɀ-ɉ) ɢ ɠɢɞɤɨɫɬɶ-ɠɢɞɤɨɫɬɶ (ɀ-ɀ), ɬɪɟɯɮɚɡɧɵɟ 
ɬɢɩɚ ɠɢɞɤɨɫɬɶ – ɠɢɞɤɨɫɬɶ - ɩɚɪ (ɀ-ɀ-ɉ). Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨ ɦɨ-
ɞɟɥɢ ɋɚɧɱɢɫɚ - Ʌɹɤɨɦɛɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 3.14 – 3.16. 

ɇɚ ɪɢɫ 3.14 ɜɢɞɧɨ, ɱɬɨ ɨɞɧɨɮɚɡɧɚɹ ɨɛɥɚɫɬɶ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɝɨ 
ɪɚɫɬɜɨɪɚ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɋɈ2. ȼɟɟɪɨɨɛɪɚɡɧɵɟ 
ɪɚɫɯɨɞɹɳɢɟɫɹ ɥɢɧɢɢ ɜ ɞɜɭɯɮɚɡɧɵɯ ɨɛɥɚɫɬɹɯ ɬɢɩɚ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɢ 

ɠɢɞɤɨɫɬɶ-ɠɢɞɤɨɫɬɶ ɫɜɹɡɵɜɚɸɬ ɦɟɠɞɭ ɫɨɛɨɣ ɪɚɫɬɜɨɪɵ, ɨɛɨɝɚɳɟɧɧɵɟ 
ɢ ɨɛɟɞɧɟɧɧɵɟ ɩɨɥɢɦɟɪɨɦ. 
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Ɋɢɫ. 3.12. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢ-

ɱɢɧɵ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɫɥɨɟɧɢɹ 
ɨɬ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɩɨɥɢɦɟɪɚ ɢ 

ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚ ɢɡɨ-
ɛɚɪɟ 45 Ɇɉɚ ɜ ɪɚɫɬɜɨɪɚɯ ɩɨ-

ɥɢɷɬɢɥɟɧɚ ( wM =108000) ɜ 
ɛɢɧɚɪɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ 
(ɋɈ2-ɧ-ɩɟɧɬɚɧ) [176]. ɋɩɥɨɲ-

ɧɵɟ ɥɢɧɢɢ - ɪɚɫɱɟɬɧɵɟ ɛɢɧɨ-
ɞɚɥɢ, ɢɧɞɟɤɫɵ ' ɢ " ɨɬɧɨɫɹɬɫɹ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤ ɪɚɡɥɢɱɧɵɦ 

ɜɟɬɜɹɦ ɪɚɫɱɟɬɧɵɯ ɫɩɢɧɨɞɚɥɟɣ, 

ɫɢɦɜɨɥɵ - ɷɤɫɩɟɪɢɦɟɧɬ. 1 - 40% ɋɈ2, 2 - 30% ɋɈ2, 3 - 20% ɋɈ2, 4 - 21% ɋɈ2. 

 

 

Ɋɢɫ. 3.13. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢ-

ɱɢɧɵ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɫɥɨɟ-
ɧɢɹ ɨɬ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɩɨɥɢ-

ɦɟɪɚ ɢ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɢɬɟɥɹ 
ɧɚ ɢɡɨɛɚɪɟ 65 Ɇɉɚ ɜ ɪɚɫɬɜɨ-
ɪɚɯ ɩɨɥɢɷɬɢɥɟɧɚ 

( wM =108000) ɜ ɛɢɧɚɪɧɵɯ 
ɪɚɫɬɜɨɪɢɬɟɥɹɯ (ɋɈ2-ɧ-

ɩɟɧɬɚɧ) [176]. ɋɩɥɨɲɧɵɟ ɥɢ-

ɧɢɢ - ɪɚɫɱɟɬɧɵɟ ɛɢɧɨɞɚɥɢ, 

ɩɭɧɤɬɢɪɧɵɟ ɥɢɧɢɢ - ɪɚɫɱɟɬ-
ɧɵɟ ɫɩɢɧɨɞɚɥɢ. 1 - 40% ɋɈ2, 

2 - 30% ɋɈ2, 3 - 20% ɋɈ2. 

 

ɋ ɪɨɫɬɨɦ ɞɚɜɥɟɧɢɹ ɬɪɟɯɮɚɡɧɚɹ ɨɛɥɚɫɬɶ ɠɢɞɤɨɫɬɶ – ɠɢɞɤɨɫɬɶ - 

ɩɚɪ, ɚ ɬɚɤɠɟ ɞɜɭɯɮɚɡɧɚɹ ɨɛɥɚɫɬɶ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɭɦɟɧɶɲɚɸɬɫɹ ɜ ɪɚɡɦɟ-
ɪɚɯ ɞɨ ɩɨɥɧɨɝɨ ɢɫɱɟɡɧɨɜɟɧɢɹ, ɩɨɫɥɟ ɱɟɝɨ ɧɚɱɢɧɚɟɬɫɹ ɪɨɫɬ ɨɞɧɨɮɚɡ-
ɧɨɣ ɨɛɥɚɫɬɢ ɫɨɫɬɨɹɧɢɹ. Ⱦɨɛɚɜɥɟɧɢɟ ɜ ɪɚɫɬɜɨɪ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ 
ɩɪɢɜɨɞɢɬ ɤ ɦɨɧɨɬɨɧɧɨɦɭ ɩɟɪɟɯɨɞɭ (ɤɪɨɫɫɨɜɟɪɭ) ɜ ɩɨɜɟɞɟɧɢɢ ɫɢɫɬɟ-
ɦɵ ɨɬ ɇɄɄɌ ɤ ȼɄɄɌ. Ɍɚɤ ɧɚ ɪɢɫɭɧɤɟ 3.15 ɜɢɞɧɨ, ɱɬɨ 
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Ɋɢɫ. 3.14. Ɍɪɟɭɝɨɥɶɧɚɹ ɞɢɚ-
ɝɪɚɦɦɚ ɫɦɟɫɢ ɩɨɥɢɷɬɢɥɟɧ (1) 

( wM =1 0 8 0 0 0 , 

ɉM/M w =1,32) - ɧ-ɩɟɧɬɚɧ 

(2) - ɋɈ2 (3) ɩɪɢ ɞɚɜɥɟɧɢɢ 10 

Ɇɉɚ ( 12δ =0,0172, 13δ =0,04, 

23δ =0) [176]. 

 

 

 

 

 

 

 

 

 

Ɋɢɫ. 3.15. ɋɪɚɜɧɟɧɢɟ ɮɚɡɨ-
ɜɵɯ ɞɢɚɝɪɚɦɦ ɫɦɟɫɟɣ ɩɨɥɢ-

ɷɬɢɥɟɧ (1) ( wM =108000, 

ɉM/M w =1,32) - ɧ-ɩɟɧɬɚɧ 

(2) - ɋɈ2 (3) ɧɚ ɢɡɨɛɚɪɟ 30 

Ɇɉɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟ-
ɪɚɬɭɪɚɯ ( 12δ =0,0173, 

13δ =0,04, 23δ =0) [176]. 1 - 

400 Ʉ, 2 - 460 Ʉ. 

 

 

 

 

ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ ɩɪɢ ɞɚɜɥɟɧɢɢ 30 Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 400 Ʉ ɫɨɨɬ-
ɜɟɬɫɬɜɭɟɬ ɨɞɧɨɮɚɡɧɨɣ ɨɛɥɚɫɬɢ, ɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 460 Ʉ – ɞɜɭɯɮɚɡ-
ɧɨɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɩɨɜɟɞɟɧɢɟ ɬɢɩɚ ɇɄɄɌ. ɉɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɩɟ-
ɪɟɯɨɞ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɞɚɜɥɟɧɢɢ 100 Ɇɉɚ (ɪɢɫ. 3.16), ɬ.ɟ. ɬɨɱɤɚ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 460 Ʉ ɢɡ ɨɞɧɨɮɚɡɧɨɣ ɨɛɥɚɫɬɢ ɩɨɩɚɞɚɟɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
400 Ʉ ɜ ɞɜɭɯɮɚɡɧɭɸ ɨɛɥɚɫɬɶ. 
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Ɋɢɫ. 3.16. ɋɪɚɜɧɟɧɢɟ ɮɚɡɨ-
ɜɵɯ ɞɢɚɝɪɚɦɦ ɫɦɟɫɟɣ ɩɨɥɢ-

ɷɬɢɥɟɧ (1) ( wM =108000, 

ɉM/M w =1,32) - ɧ-ɩɟɧɬɚɧ 

(2) - ɋɈ2 (3) ɧɚ ɢɡɨɛɚɪɟ 100 

Ɇɉɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟ-
ɪɚɬɭɪɚɯ ( 12δ =0,0172, 

13δ =0,04, 23δ =0) [176]. 1 - 

400 Ʉ, 2 - 460 Ʉ. 

 

 

 

Ɉɩɢɫɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɧɟ ɩɪɨɝɧɨɡɢɪɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɟ-
ɫɦɟɲɢɜɚɟɦɨɫɬɢ ɋɈ2 ɢ ɧ-ɩɟɧɬɚɧɚ. Ɉɬɫɸɞɚ ɜɵɬɟɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɩɪɨɜɟɪɤɢ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɞɜɭɯɮɚɡɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɢ 

ɨɛɨɫɧɨɜɚɧɧɨɫɬɢ ɪɚɫɱɟɬɨɜ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɞɟɥɶ ɋɚɧɱɢɫɚ - Ʌɹɤɨɦɛɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɯɨɪɨɲɟɟ 

ɫɨɝɥɚɫɢɟ ɫ ɷɤɫɩɟɪɢɦɟɧɬɨɦ, ɤɨɪɪɟɤɬɧɨ ɭɱɢɬɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ, 
ɬɟɦɩɟɪɚɬɭɪɵ, ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɟɫɚ ɩɨɥɢɦɟɪɚ, ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɪɚɫ-
ɬɜɨɪɟ. Ɍɚɤɠɟ ɭɞɚɟɬɫɹ ɨɩɢɫɚɬɶ ɩɟɪɟɯɨɞ ɫɢɫɬɟɦɵ ɨɬ ɇɄɄɌ ɤ ȼɄɄɌ, ɱɬɨ 
ɨɯɜɚɬɵɜɚɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɸ ɨɛɥɚɫɬɶ ɫɨɫɬɨɹɧɢɣ, ɢɦɟɸɳɢɯ ɜɚɠɧɨɟ 
ɡɧɚɱɟɧɢɟ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. 

 
3.2. ɈɑɂɋɌɄȺ ɊȿȺȽɂɊɍɘɓɂɏ ɆɈɇɈɆȿɊɈȼ 

 
ɇɟɤɨɬɨɪɵɟ ɬɢɩɵ ɦɨɧɨɦɟɪɨɜ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɫ ɦɭɥɶɬɚɤɪɢɥɚɬɧɨɣ ɢ 

ɦɟɬɚɤɪɢɥɚɬɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶɸ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɬɪɭɞɧɨ ɨɱɢɳɚ-
ɸɬɫɹ ɫɜɵɲɟ 99% ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ [47]. ȼɦɟɫɬɟ ɫ ɬɟɦ ɞɥɹ 
ɛɨɥɶɲɢɧɫɬɜɚ ɩɪɨɦɵɲɥɟɧɧɨ ɩɪɢɦɟɧɹɟɦɵɯ ɦɨɧɨɦɟɪɨɜ ɩɪɢɫɭɬɫɬɜɢɟ 
∼ 1% ɨɫɬɚɬɨɱɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɥɢ ɩɨɛɨɱɧɵɯ 
ɩɪɨɞɭɤɬɨɜ ɛɟɡɜɪɟɞɧɨ ɢ ɨɧɢ ɧɟ ɧɭɠɞɚɸɬɫɹ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɟ. 
Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɭɸɬ ɢ ɫɥɭɱɚɢ, ɤɨɝɞɚ ɨɫɬɚɸɳɢɟɫɹ ɜ ɦɨɧɨɦɟɪɚɯ ɤɨɦ-

ɩɨɧɟɧɬɵ ɦɨɝɭɬ ɩɪɢɞɚɜɚɬɶ ɢɦ, ɢ ɜ ɩɨɫɥɟɞɫɬɜɢɢ ɩɨɥɢɦɟɪɚɦ, ɧɟɤɨɬɨɪɵɣ 

ɧɟɠɟɥɚɬɟɥɶɧɵɣ ɢ ɩɨɞɥɟɠɚɳɢɣ ɭɞɚɥɟɧɢɸ ɡɚɩɚɯ ɢɥɢ ɰɜɟɬ. 
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ɋɥɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞɚ ɞɢɫɬɢɥɥɹɰɢɢ ɜ ɷɬɨɦ 

ɫɥɭɱɚɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɷɬɢ ɦɨɧɨɦɟɪɵ ɢ ɧɟɱɢɫɬɨ-
ɬɵ ɢɦɟɸɬ ɧɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ. ɂ ɞɨɫɬɢɠɟ-
ɧɢɟ ɞɨɫɬɚɬɨɱɧɵɯ ɡɧɚɱɟɧɢɣ ɥɟɬɭɱɟɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨɫɪɟɞɫɬɜɨɦ ɢɯ 
ɧɚɝɪɟɜɚɧɢɹ ɧɚɬɚɥɤɢɜɚɟɬɫɹ ɧɚ ɩɪɨɛɥɟɦɭ ɬɟɪɦɨɥɨɛɢɥɶɧɨɫɬɢ ɦɨɧɨɦɟ-
ɪɨɜ, ɬɪɟɛɭɸɳɭɸ ɢɯ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɭɦɟɪɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢ-

ɦɚɯ. ȼɵɯɨɞ ɢɡ ɩɨɥɨɠɟɧɢɹ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ. 

ɋɩɪɚɜɟɞɥɢɜɨɫɬɢ ɪɚɞɢ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɚɹ 
ɮɥɸɢɞɧɚɹ ɷɤɫɬɪɚɤɰɢɹ ɧɟ ɹɜɥɹɟɬɫɹ ɩɚɧɚɰɟɟɣ ɢ ɞɨɥɠɧɚ ɩɪɢɦɟɧɹɬɫɹ ɨɬ 
ɫɥɭɱɚɹ ɤ ɫɥɭɱɚɸ, ɤ ɤɨɬɨɪɵɦ ɫɦɟɥɨ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɧɢɠɟɩɪɢɜɨɞɢɦɵɟ 
[47, 196]. Ⱥ ɢɦɟɧɧɨ ɜ ɪɚɛɨɬɟ [196] ɨɱɢɫɬɤɚ ɜɵɫɨɤɨɚɤɬɢɜɧɨɝɨ ɛɢɚɰɟɬɨɧ 

ɚɤɪɢɥɚɦɢɞɚ ɩɪɨɜɟɞɟɧɚ ɩɪɢ t = 40 °C ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɞɢɨɤɫɢɞɨɦ 

ɭɝɥɟɪɨɞɚ. ɋɬɨɥɶ ɠɟ ɭɫɩɟɲɧɨɣ ɨɤɚɡɚɥɚɫɶ ɨɱɢɫɬɤɚ ɨɩɢɫɚɧɧɚɹ ɜ ɪɚɛɨɬɟ 
[47] ɦɟɬɚɤɪɢɥɨɤɫɢɩɨɥɢɞɢɦɟɬɢɥɫɢɥɨɤɫɚɧɚ. 

 
3.3. ɉɈɅɂɆȿɊɂɁȺɐɂə ȼ ɋɍȻ- ɂ ɋȼȿɊɏɄɊɂɌɂɑȿɋɄɂɏ  

ɍɋɅɈȼɂəɏ 

 
Ⱦɨɫɬɚɬɨɱɧɨ ɞɚɜɧɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɮɥɸɢɞɵ ɫɬɚɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɜ ɤɚɱɟɫɬɜɟ ɫɪɟɞɵ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ [24, 47]. 

Ȼɨɥɟɟ 60-ɢ ɥɟɬ ɩɪɨɲɥɨ ɫɨ ɜɪɟɦɟɧɢ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɰɟɫɫɚ ɩɨɥɢɦɟɪɢɡɚ-
ɰɢɢ ɷɬɢɥɟɧɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. ɇɟɫɦɨɬɪɹ ɧɚ ɜɵɫɨɤɢɟ ɡɧɚ-
ɱɟɧɢɹ ɞɚɜɥɟɧɢɹ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ (150 ÷ 250 Ɇɉɚ),ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ, ɨɧ ɩɪɨɞɨɥɠɚɟɬ ɮɭɧɤɰɢɨ-
ɧɢɪɨɜɚɬɶ ɢ ɜ ɧɟɦɚɥɨɣ ɫɬɟɩɟɧɢ ɛɥɚɝɨɞɚɪɹ ɬɚɤɨɦɭ ɞɨɫɬɨɢɧɫɬɜɭ, ɤɚɤ 
ɢɦɟɸɳɟɦɭ ɦɟɫɬɨ ɪɚɫɬɜɨɪɟɧɢɸ ɩɨɥɭɱɚɟɦɨɝɨ ɩɨɥɢɷɬɢɥɟɧɚ ɜ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɨɦ ɷɬɢɥɟɧɟ ɢ ɥɟɝɤɨɦɭ ɢ ɧɟɩɪɟɪɵɜɧɨɦɭ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɸ ɟɝɨ 
ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɰɢɤɥɟ. ȼ ɷɬɨɦ ɩɪɨɰɟɫɫɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɷɬɢɥɟɧ 

ɜɵɩɨɥɧɹɟɬ ɞɜɟ ɮɭɧɤɰɢɢ: ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɷɬɨ ɪɟɚɝɟɧɬ, ɚ ɫ ɞɪɭɝɨɣ - 

ɪɚɫɬɜɨɪɢɬɟɥɶ. ɉɨɡɠɟ ɩɨɥɢɷɬɢɥɟɧ ɫ ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɟɦ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɦɚɫɫɵ Ɇn = 105 ɝ/ɦɨɥɶ ɛɵɥ ɩɨɥɭɱɟɧ ɜ ɩɪɨɰɟɫɫɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ  ɜ  
ɫɪɟɞɟ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (t = 20 ÷ 45 °C; P = 392 ɛɚɪ) [197]. ɉɨɫɤɨɥɶ-
ɤɭ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɢ ɨɛɫɭɠɞɟɧɢɢ ɩɪɨɛɥɟɦɵ, ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɤɚɤ 
ɪɚɫɬɜɨɪɢɬɟɥɶ ɢ ɫɪɟɞɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɛɭɞɟɬ ɜɫɬɪɟɱɚɬɶɫɹ ɜ ɩɨɞɚɜɥɹɸ-

ɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, ɜ ɨɱɟɪɟɞɧɨɣ ɪɚɡ ɩɨɜɬɨɪɢɦ ɜɵɜɨɞ ɨ ɬɨɦ, 
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ɱɬɨ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɹɜɥɹɟɬɫɹ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɣ ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɬɪɚ-
ɞɢɰɢɨɧɧɵɦ ɪɚɫɬɜɨɪɢɬɟɥɹɦ, ɢɫɩɨɥɶɡɭɟɦɵɦ ɜ ɩɪɨɰɟɫɫɚɯ ɫɢɧɬɟɡɚ ɢ ɩɟ-
ɪɟɪɚɛɨɬɤɢ ɜɚɠɧɵɯ ɜ ɩɪɨɦɵɲɥɟɧɧɨɦ ɨɬɧɨɲɟɧɢɢ ɩɨɥɢɦɟɪɨɜ ɢ ɩɪɟɠɞɟ 
ɜɫɟɝɨ ɩɨ ɬɨɣ ɩɪɢɱɢɧɟ, ɱɬɨ ɷɬɨ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɨ. ȼ ɫɥɭɱɚɟ ɩɨ-
ɥɢɦɟɪɨɜ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɜ ɫɭɛ- ɢɥɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ 
ɭɝɥɟɪɨɞɚ ɤ ɬɨɦɭ ɠɟ ɨɬɫɭɬɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɞɨɪɨɝɨɫɬɨɹɳɟɣ 

ɫɭɲɤɟ ɩɪɨɞɭɤɬɚ ɢ ɩɪɨɰɟɫɫɟ ɭɞɚɥɟɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ. 
ȼ ɪɚɛɨɬɟ [198] ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɩɨɥɢɦɟɪɢɡɚɰɢɢ α-ɨɥɟɮɢɧɨɜ, ɫɨ-

ɞɟɪɠɚɳɢɯ ɩɨ ɦɟɧɶɲɟɣ ɦɟɪɟ 3 ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ. ɋɨɝɥɚɫɧɨ ɧɟɝɨ ɜ ɫɥɭɱɚɟ 
α-ɨɥɟɮɢɧɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɨɬ 3-ɯ ɞɨ 8-ɢ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ, ɩɨɫɥɟ ɩɪɨ-
ɰɟɫɫɨɜ ɩɨɥɢɦɟɪɢɡɚɰɢɢ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɢ 

ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɚ ɬɚɤɠɟ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɨɬɨɤɚ ɪɟɚɝɟɧɬɚ 
ɢɦɟɟɬ ɦɟɫɬɨ ɨɫɚɠɞɟɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɩɨɥɢɦɟɪɚ ɢ ɟɝɨ ɜɵɞɟɥɟɧɢɟ. 
ɇɟɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɠɟ ɱɚɫɬɶ ɩɨɥɢɦɟɪɚ ɜɵɞɟɥɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɮɪɚɤ-
ɰɢɨɧɢɪɨɜɚɧɢɹ ɨɫɬɚɜɲɟɝɨɫɹ ɪɚɫɬɜɨɪɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫ-
ɬɜɨɪɢɬɟɥɹ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɢ ɩɪɟɞɥɚɝɚɸɬɫɹ ɷɬɢɥɟɧ, ɷɬɚɧ, ɩɪɨɩɢɥɟɧ, 

ɩɪɨɩɚɧ ɢ ɧ-ɛɭɬɚɧ. 

ȼ ɫɪɟɞɟ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɛɵɥɚ ɪɟɚɥɢ-

ɡɨɜɚɧɚ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɜɢɧɢɥɯɥɨɪɢɞɚ, ɫɬɢɪɨɥɚ, ɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬɚ, 
ɚɤɪɢɥɨɧɢɬɪɢɥɚ, ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɜɢɧɢɥɚɰɟɬɚɬɚ [199] ɫ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɢɧɢɰɢɚɬɨɪɨɜ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡ-
ɥɭɱɟɧɢɹ ɢ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɵɯ ɢɧɢɰɢɚɬɨɪɨɜ. ɉɨ-
ɫɤɨɥɶɤɭ ɩɨɥɭɱɟɧɧɵɟ ɩɨɥɢɦɟɪɵ ɨɤɚɡɚɥɢɫɶ ɧɟɪɚɫɬɜɨɪɢɦɵɦɢ ɜ ɞɢɨɤɫɢ-

ɞɟ ɭɝɥɟɪɨɞɚ, ɬɨ ɨɧɢ ɜ ɩɪɨɰɟɫɫɟ ɜɵɞɟɥɟɧɢɹ ɨɫɚɠɞɚɥɢɫɶ ɜ ɜɢɞɟ ɩɨɪɨɲ-

ɤɨɜ ɢɥɢ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ.  

Ⱥɧɚɥɨɝɢɱɧɚɹ ɡɚɞɚɱɚ (ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɜɢɧɢɥɨɜɵɯ ɦɨɧɨɦɟɪɨɜ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɨɬ -78 

°ɋ ɞɨ 100 °ɋ) ɛɵɥɚ ɪɟɲɟɧɚ ɢ ɨɩɢɫɚɧɚ ɜ ɩɚɬɟɧɬɟ [200]. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ ɩɪɢ 20 °ɋ ɡɚ 15 ɱɚɫɨɜ ɛɵɥ ɩɨɥɭ-
ɱɟɧ ɩɨɥɢɦɟɪ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 480000. 

Ʉɚɧɚɞɫɤɢɣ ɩɚɬɟɧɬ [201] ɩɪɟɞɫɬɚɜɢɥ ɩɪɨɰɟɫɫ ɩɨɥɢɦɟɪɢɡɚɰɢɢ (ɝɨ-
ɦɨɝɟɧɧɨɣ, ɤɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɢɯ ɫɥɭɱɚɹɯ) ɦɨɧɨɷɬɢɥɟɧ ɧɟɧɚɫɵɳɟɧɧɵɯ 
(ɋ3÷ɋ5) ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɤɢɫɥɨɬ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨ-
ɞɚ. ȼ ɧɟɦ ɭɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɩɨɜɵɲɟɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɪɨɰɟɫɫɟ 
(ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɡɧɚɱɟɧɢɟ 140 °ɋ; ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɟ - ɧɟ 
ɛɨɥɟɟ 85 °ɋ) ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɩɨɩɟɪɟɱɧɵɯ ɫɜɹɡɟɣ, 

ɧɟɤɨɬɨɪɨɣ ɞɟɫɬɪɭɤɰɢɢ ɩɨɥɢɦɟɪɚ ɢ ɩɟɪɟɯɨɞɭ ɟɝɨ ɜ  ɧɟɪɚɫɬɜɨɪɢɦɨɟ ɫɨ-
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ɫɬɨɹɧɢɟ. ɉɪɢ ɷɬɨɦ ɭɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɞɚɜɥɟɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɧɟ ɞɨɥɠɧɨ 
ɩɪɟɜɵɲɚɬɶ 300 ɛɚɪ. ɉɪɢɜɨɞɢɬɫɹ ɩɪɢɦɟɪ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɚɤɪɢɥɨɜɨɣ 

ɤɢɫɥɨɬɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80 °ɋ. Ɉɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɤɡɨ-
ɬɟɪɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɪɟɚɤɬɨɪɟ ɩɨɜɵ-

ɲɚɟɬɫɹ ɞɨ 146 °ɋ ɢ ɢɦɟɟɬ ɦɟɫɬɨ ɭɯɭɞɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɩɪɨɞɭɤɬɚ.  
ɉɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɩɨɩɟɪɟɱɧɨɫɲɢɬɵɯ ɚɤɪɢɥɨɜɵɯ ɩɨɥɢɦɟɪɨɜ ɜ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ ɨɩɢɫɚɧ ɜ ɩɪɢɥɨɠɟɧɢɢ ɤ ȿɜɪɨ-
ɩɟɣɫɤɨɦɭ ɩɚɬɟɧɬɭ [202]. ɉɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɦɟɪɨɜ ɞɥɢɬɫɹ ɨɬ 2-ɯ 
ɞɨ 24-ɯ ɱɚɫɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬ 25 °ɋ ɞɨ 125 °ɋ. 

ȼ ɪɚɛɨɬɟ [203] ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɨɰɟɫɫ ɩɨɥɢɦɟɪɢɡɚɰɢɢ, ɬɚɤɠɟ ɨɫɭ-
ɳɟɫɬɜɥɹɟɦɵɣ ɜ ɫɪɟɞɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (t 

=31,1÷150 °C). ɉɨ ɷɬɨɦɭ ɦɟɬɨɞɭ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɝɨɦɨɩɨɥɢɦɟɪɵ 

N-ɜɢɧɢɥɤɚɪɛɨɤɫɚɦɢɞɚ, ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɷɮɢɪɨɜ ɷɬɢɥɟɧ ɧɟɧɚɫɵɳɟɧ-

ɧɨɣ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɤɢɫɥɨɬɵ, N - ɜɢɧɢɥɚɤɬɚɦɚ, N-ɜɢɧɢɥɦɢɞɚɡɨɥɹ, N-

ɜɢɧɢɥɦɢɞɚɡɨɥɢɧɚ ɢɥɢ ɫɨɩɨɥɢɦɟɪɵ, N-ɜɢɧɢɥɮɨɪɦɚɦɢɞɚ ɫ N-

ɜɢɧɢɥɩɢɪɨɥɢɞɨɧɨɦ ɢɥɢ ɜɢɧɢɥɚɰɟɬɚɬɨɦ. 

Ɋɟɡɭɥɶɬɚɬɵ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɨɥɟɮɢɧɨɜ 
(ɭɫɩɟɲɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɷɬɢɥɟɧɚ ɢ 1-ɚɤɬɟɧɚ ɩɪɢ ɮɚɤɬɟ ɦɚɥɨɭɫɩɟɲ-

ɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɜ ɫɥɭɱɚɟ ɟɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɜ ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ) ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɜ [204]. 

Ʉ ɨɱɟɪɟɞɧɵɦ ɩɪɢɦɟɪɚɦ ɝɨɦɨɝɟɧɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ, ɪɟɚɥɢɡɨɜɚɧ-

ɧɵɦ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɩɪɨɰɟɫɫɵ ɩɨɥɭɱɟ-
ɧɢɹ ɩɨɥɢɫɬɢɪɨɥɚ ɜ ɫɪɟɞɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɬɚɧɚ [205]; ɩɨɥɢɦɟɪɢɡɚ-
ɰɢɣ ɦɨɧɨɦɟɪɨɜ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ [206], ɪɚɡɛɚɜɥɟɧɧɨɝɨ ɦɨɧɨɷɬɢɥɟ-
ɧɨɦ ɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɚ ɬɚɤɠɟ ɚɦɢɧɨɫɩɢɪɬɨɜ [207] ɜ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ. 
ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɪɨɢɡɜɨɞɫɬɜɨ ɩɨɥɢɦɟɪɨɜ ɫ ɧɢɡɤɢɦ  ɡɧɚɱɟɧɢɟɦ ɦɨ-

ɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɢɡ ɨɩɪɟɞɟɥɟɧɧɵɯ ɦɨɧɨɦɟɪɨɜ, ɬɚɤɢɯ ɤɚɤ ɚɤɪɢɥɨɜɚɹ 
ɤɢɫɥɨɬɚ, ɹɜɥɹɟɬɫɹ ɨɫɨɛɨ ɬɪɭɞɨɟɦɤɢɦ ɩɪɨɰɟɫɫɨɦ, ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɢɧ-

ɬɟɪɟɫɧɵɦɢ ɪɟɡɭɥɶɬɚɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɪɚɛɨɬɟ [208]. ɉɪɟɞɥɨɠɟɧ 

ɩɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɨɥɢɝɨɦɟɪɨɜ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ɦɟɧɶɲɟɣ 5000 

ɢ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɶɸ ɦɟɧɶɲɟɣ 2,5. ɉɪɨɰɟɫɫ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɫɪɟɞɟ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ. ɂɡɧɚɱɚɥɶɧɨ ɪɟɚɤɰɢɨɧɧɚɹ 
ɫɦɟɫɶ ɮɨɪɦɢɪɭɟɬɫɹ ɨɞɧɢɦ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ ɩɨɥɢɦɟɪɢɡɭɟɦɵɦɢ ɦɨ-
ɧɨɦɟɪɚɦɢ, ɫɜɨɛɨɞɧɨ-ɪɚɞɢɤɚɥɶɧɵɦ ɢɧɢɰɢɚɬɨɪɨɦ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ 

ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɦɟɧɶɲɟɣ 200 °ɋ ɢ ɞɚɜɥɟɧɢɢ 

ɦɟɧɶɲɟɦ 230 ɛɚɪ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɞɨɥɹ ɦɨɧɨɦɟɪɚ ɜ ɫɦɟɫɢ ɨɬɧɨ-
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ɫɢɬɟɥɶɧɨ ɤɨɥɢɱɟɫɬɜɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɛɵɥɚ 
ɦɟɧɶɲɟɣ 20%. Ɉɩɬɢɦɚɥɶɧɵɟ ɞɢɚɩɚɡɨɧɵ ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɣ, ɩɪɢ 

ɤɨɬɨɪɵɯ ɩɪɨɬɟɤɚɟɬ ɩɪɨɰɟɫɫ ɩɨɥɢɦɟɪɢɡɚɰɢɢ, ɨɯɚɪɚɤɬɟɪɢɡɨɜɵɜɚɸɬɫɹ 
ɡɧɚɱɟɧɢɹɦɢ 250÷450°ɋ ɢ 265÷670 ɛɚɪ. Ʉ ɦɨɧɨɦɟɪɚɦ, ɩɨɞɯɨɞɹɳɢɦ 

ɞɥɹ ɞɚɧɧɨɝɨ ɢɡɨɛɪɟɬɟɧɢɹ, ɨɬɧɨɫɹɬɫɹ ɦɨɧɨɷɬɢɥɟɧ ɧɟɧɚɫɵɳɟɧɧɵɟ (ɋ3 ÷ 

ɋ6) ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɤɢɫɥɨɬɵ, ɦɨɧɨɷɬɢɥɟɧ ɧɟɧɚɫɵɳɟɧɧɵɟ (ɋ4 ÷ ɋ6) ɞɢ-

ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɤɢɫɥɨɬɵ, ɚ ɬɚɤɠɟ ɦɨɧɨɷɬɢɥɟɧ ɧɟɧɚɫɵɳɟɧɧɵɟ ɤɚɪɛɨɤ-
ɫɢɥ-ɫɜɨɛɨɞɧɵɟ ɦɨɧɨɦɟɪɵ. Ʉɨɥɢɱɟɫɬɜɨ ɦɨɧɨɦɟɪɚ ɜ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ 
ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ ɜɟɥɢɱɢɧɵ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɩɪɟɞɟɥɨɦ ɟɝɨ ɪɚɫɬɜɨ-
ɪɢɦɨɫɬɢ ɜ ɋɈ2, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɷɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɜɟɥɢɱɟ-
ɧɢɸ ɡɧɚɱɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɩɨɥɢɦɟɪɚ ɢ ɜɵɫɨɤɨɣ ɩɨɥɢɞɢɫ-
ɩɟɪɫɧɨɫɬɢ. 

ɉɨɞɯɨɞɹɳɢɦɢ ɞɥɹ ɷɬɨɝɨ ɢɡɨɛɪɟɬɟɧɢɹ ɢɧɢɰɢɚɬɨɪɚɦɢ ɹɜɥɹɸɬɫɹ 
ɫɜɨɛɨɞɧɨ-ɪɚɞɢɤɚɥɶɧɵɟ ɢɧɢɰɢɚɬɨɪɵ ɫ ɩɟɪɢɨɞɨɦ ɩɨɥɭɪɚɫɩɚɞɚ ɦɟɧɶ-
ɲɢɦ 0,1 ɫɟɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ. Ʉ ɬɚɤɢɦ ɜɵɫɨɤɨɬɟɦɩɟ-
ɪɚɬɭɪɧɵɦ ɢɧɢɰɢɚɬɨɪɚɦ ɨɬɧɨɫɹɬɫɹ (ɧɨ ɷɬɢɦ ɧɟ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɢɯ ɩɟ-
ɪɟɱɟɧɶ) ɩɟɪɟɤɢɫɶ ɜɨɞɨɪɨɞɚ, ɧɟɤɨɬɨɪɵɟ ɚɥɤɢɥɝɢɞɪɨɩɟɪɟɤɢɫɢ, ɞɢɚɥɤɢɥ 
ɩɟɪɟɤɢɫɢ, ɩɟɪɷɮɢɪɵ, ɩɟɪɤɚɪɛɨɧɚɬɵ, ɤɟɬɨɧ ɩɟɪɟɤɢɫɢ. Ʉɨɥɢɱɟɫɬɜɨ 
ɢɧɢɰɢɚɬɨɪɚ ɞɨɥɠɧɨ ɫɨɫɬɚɜɥɹɬɶ ɨɬ 0,05 % ɞɨ 20 % ɨɬ ɦɚɫɫɵ ɩɨɥɢɦɟ-
ɪɢɡɭɟɦɨɝɨ ɦɨɧɨɦɟɪɚ. ɉɪɟɞɩɨɱɬɢɬɟɥɶɧɟɟ, ɤɨɝɞɚ ɢɧɢɰɢɚɬɨɪ ɧɚɯɨɞɢɬɫɹ 
ɜ ɠɢɞɤɨɦ ɢɥɢ ɝɚɡɨɨɛɪɚɡɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɬɚɤ ɤɚɤ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɛɥɟɝ-
ɱɚɟɬɫɹ ɩɪɨɰɟɞɭɪɚ ɟɝɨ ɭɞɚɥɟɧɢɹ ɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ. 

Ʉɚɤ ɨɬɦɟɱɚɸɬ ɚɜɬɨɪɵ ɢɫɫɥɟɞɨɜɚɧɢɹ [208], ɩɨɥɭɱɟɧɧɵɟ ɩɨɥɢɦɟɪɵ 

ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɱɢɫɬɨɬɭ, ɧɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɢ ɩɨ-
ɥɢɞɢɫɩɟɪɫɧɨɫɬɢ, ɚ ɩɪɟɞɥɚɝɚɟɦɵɣ ɩɪɨɰɟɫɫ ɩɨ ɫɜɨɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɩɪɟɜɨɫɯɨɞɢɬ ɜɫɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɚɧɨɥɨɝɢ. 

ȼɵɫɨɤɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɮɬɨɪɭɝɥɟɪɨɞɨɜ ɜ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ ɞɟ-
ɥɚɟɬ ɷɬɨɬ ɪɚɫɬɜɨɪɢɬɟɥɶ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɣ ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɢ ɞɥɹ ɫɢɧɬɟ-
ɡɚ, ɚ ɬɚɤɠɟ ɩɟɪɟɪɚɛɨɬɤɢ ɲɢɪɨɤɨɢɫɩɨɥɶɡɭɟɦɵɯ ɮɬɨɪɢɪɨɜɚɧɧɵɯ ɩɨɥɢ-

ɦɟɪɨɜ. ɇɚɩɪɢɦɟɪ [209, 210], 1,1- ɞɢɝɢɞɪɨɩɟɪɮɬɨɪɨɤɬɢɥɚɤɪɢɥɚɬ (FOA) 

ɛɵɥ ɝɨɦɨɝɟɧɧɨ ɩɨɥɢɦɟɪɢɡɨɜɚɧ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɢɧɢɰɢɚ-
ɬɨɪɚ 2,2-ɚɡɨɛɢɫɢɡɨɛɭɬɢɪɨɧɢɬɪɢɥɚ (AIBN) ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɪɟɚɤɰɢɨɧ-

ɧɵɯ ɩɚɪɚɦɟɬɪɚɯ: t = 59,4 °C; P = 207 ɛɚɪ; τ = 48 ɱɚɫ. ɉɨɥɭɱɟɧɧɵɣ ɜɵ-

ɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɣ ɩɨɥɢɦɟɪ ɨɤɚɡɚɥɫɹ ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɵɦ ɜ ɞɢɨɤ-
ɫɢɞɟ ɭɝɥɟɪɨɞɚ. Ⱥɧɚɥɨɝɢɱɧɵɦ ɩɭɬɟɦ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ [209÷211]:  

ɩɨɥɢ[2-(N-ɷɬɢɥɩɟɪɮɬɨɪ-ɨɤɬɚɧɫɭɥɶɮɚɦɢɞ) ɷɬɢɥ ɚɤɪɢɥɚɬ]; ɩɨɥɢ[2-(N-

ɷɬɢɥɩɟɪɮɬɨɪɨɤɬɚɧɫɭɥɶɮɚɦɢɞ) ɷɬɢɥ ɦɟɬɚɤɪɢɥɚɬ]; ɩɨɥɢ[2-(N-
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ɦɟɬɢɥɩɟɪɮɬɨɪɨɤɬɚɧɫɭɥɶɮɚɦɢɞ) ɷɬɢɥ ɚɤɪɢɥɚɬ]; ɩɨɥɢ[1,1-

ɞɢɝɢɞɪɨɩɟɪɮɬɨɪɨɤɬɢɥ ɦɟɬɚɤɪɢɥɚɬ); ɩɨɥɢ(n-ɩɟɪɮɬɨɪɷɬɢɥɟɧɨɤɫɢɦɟɬɢɥ 
ɫɬɢɪɨɥ); ɩɨɥɢ(FOA-ɫɨɫɬɢɪɨɥ); ɩɨɥɢ(FOA-ɫɨɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬ); ɩɨ-
ɥɢ(FOA-ɫɨɛɭɬɢɥ-ɚɤɪɢɥɚɬ); ɩɨɥɢ(FOA-ɫɨɷɬɢɥɟɧ). Ɋɚɫɬɜɨɪɢɦɵɟ ɜ ɞɢ-

ɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ ɚɦɢɞɧɵɟ ɩɨɥɢɦɟɪɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɨ-
ɩɨɥɢɦɟɪɢɡɚɰɢɢ FOA c 2-(ɞɢɷɬɢɥɚɦɢɧ) ɷɬɢɥ ɚɤɪɢɥɚɬɨɦ ɢɥɢ ɫ 4-

ɜɢɧɢɥɩɢɪɢɞɢɧɨɦ [209, 212]. 

Ⱦɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɨɤɚɡɚɥɚɫɶ ɯɨɪɨɲɟɣ ɫɪɟɞɨɣ ɢ ɞɥɹ ɤɚɬɢɨɧɧɨɣ ɩɨ-
ɥɢɦɟɪɢɡɚɰɢɢ [209, 213]. Ʉɚɬɢɨɧɧɚɹ ɝɨɦɨɝɟɧɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ N-

ɩɪɨɩɢɥɩɟɪɮɬɨɪɨɤɬɢɥɫɭɥɶɮɚɦɢɞ ɷɬɢɥ ɜɢɧɢɥ ɷɮɢɪɚ ɢ 1,1,2,3-

ɬɟɬɪɚɝɢɞɪɨɩɟɪɮɬɨɪɚɥɤɢɥ ɜɢɧɢɥ ɷɮɢɪɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ 
ɢɧɢɰɢɚɬɨɪɚ ɞɢɯɥɨɪɢɞ ɷɬɢɥ ɚɥɸɦɢɧɢɹ ɛɵɥɚ ɭɫɩɟɲɧɨ ɪɟɚɥɢɡɨɜɚɧɚ ɩɪɢ 

40 °ɋ. ɉɨɥɢɦɟɪɢɡɚɰɢɹ ɮɬɨɪɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɷɬɚɧɚ ɢ 3-ɦɟɬɢɥ-3-

(ɞɢɝɞɪɨɝɟɩɬɚɮɬɨɪɛɭɬɨɤɫɢɦɟɬɢɥ) ɨɤɫɢɷɬɚɧɚ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɩɪɢ 0 °ɋ 

ɢ 289 ɛɚɪ. 
ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ [214] ɩɪɨɰɟɫɫɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ, ɜ ɤɨɧ-

ɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɦɨɧɨɦɟɪɚ ɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ 

ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ, ɡɚɜɟɪɲɚɸɳɟɝɨɫɹ ɨɫɚɠɞɟɧɢɟɦ ɩɨɥɢɦɟɪɚ, ɢ ɬɟɦ 

ɫɚɦɵɦ ɩɨɥɭɱɢɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɥɟɤɭ-
ɥɹɪɧɨɣ ɦɚɫɫɵ ɩɪɨɞɭɤɬɚ. ȼ ɤɚɱɟɫɬɜɟ ɢɧɢɰɢɚɬɨɪɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢɫ-
ɩɨɥɶɡɨɜɚɧ "AIBN" ɢ ɩɨɥɭɱɟɧ ɛɨɥɟɟ, ɱɟɦ 90 % ɜɵɯɨɞ ɩɨɥɢɦɟɪɚ, ɜ ɜɢɞɟ 
ɩɭɲɢɫɬɨɝɨ ɛɟɥɨɝɨ ɩɨɪɨɲɤɚ. 

Ɉɫɚɠɞɟɧɢɟ ɩɨɥɢɦɟɪɢɡɚɬɚ ɢɦɟɥɨ ɦɟɫɬɨ ɢ ɜ ɫɥɭɱɚɟ ɫɨɩɨɥɢɦɟɪɢɡɚ-
ɰɢɢ ɬɟɬɪɚɮɬɨɪɷɬɢɥɟɧɚ ɫ ɩɟɪɮɬɨɪ(ɩɪɨɩɢɥɜɢɧɢɥ ɷɮɢɪɨɦ) ɢ ɝɟɤɫɚɮɬɨɪ-
ɩɪɨɩɢɥɟɧɨɦ ɜ ɫɪɟɞɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ [215, 216]. 

ȼ ɷɬɢɯ ɪɟɚɤɰɢɹɯ, ɢɫɩɨɥɶɡɨɜɚɜɲɢɯ ɜ ɤɚɱɟɫɬɜɟ ɢɧɢɰɢɚɬɨɪɚ ɩɨɥɢɦɟɪɢ-

ɡɚɰɢɢ (ɩɨ ɫɜɨɛɨɞɧɨ-ɪɚɞɢɤɚɥɶɧɨɦɭ ɦɟɯɚɧɢɡɦɭ) ɛɢɫ(ɩɟɪɮɬɨɪ-2-

ɩɪɨɩɨɤɫɢ ɩɪɨɩɢɨɧɢɥ) ɩɟɪɟɤɢɫɢ, ɬɚɤɠɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜɵɫɨɤɢɟ ɡɧɚ-
ɱɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɢ ɜɵɯɨɞɚ ɩɨɥɢɦɟɪɚ. 

ɉɪɟɢɦɭɳɟɫɬɜɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ ɪɟɚɤɰɢɹɯ 
ɨɫɚɠɞɟɧɢɹ ɩɨɥɢɦɟɪɢɡɚɬɚ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɨɞɵ) ɡɚ-
ɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɭɸɬ ɮɚɤɬɨɪɵ, ɫɩɨɫɨɛɫɬ-
ɜɭɸɳɢɟ ɨɛɪɚɡɨɜɚɧɢɸ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɤɨɧɰɟɜɵɯ ɝɪɭɩɩ ɤɚɪɛɨɤɫɢɥɶɧɨɣ 

ɤɢɫɥɨɬɵ ɢ ɤɢɫɥɨɬɧɨɝɨ ɮɬɨɪɢɞɚ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɹɜɥɹɸɳɢɯɫɹ ɨɫɧɨɜɨɣ 

ɩɪɨɛɥɟɦ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɢ ɩɟɪɟɪɚɛɨɬɤɢ [217]. Ɉɫɚ-
ɠɞɟɧɢɸ ɩɨɥɢɫɬɢɪɨɥɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɷɬɚɧɟ ɩɨɫɜɹɳɟɧɚ ɪɚɛɨɬɚ 
[218]. 
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ȼɨɡɦɨɠɧɨɫɬɢ ɢ ɞɨɫɬɨɢɧɫɬɜɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɜ ɩɥɚɧɟ 
ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɩɪɨɰɟɫɫɚɯ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɧɟ ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ 
ɥɢɲɶ ɨɛɥɚɫɬɶɸ ɝɨɦɨɝɟɧɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢɥɢ ɨɫɚɠɞɟɧɢɟɦ ɩɨɥɢɦɟ-
ɪɢɡɚɬɚ. 

Ƚɟɬɟɪɨɝɟɧɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɩɨ ɦɟɯɚɧɢɡɦɭ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ 
- ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɨɰɟɫɫ, ɜ ɤɨɬɨɪɨɦ ɦɨ-
ɧɨɦɟɪɵ ɩɨɥɢɦɟɪɢɡɭɸɬɫɹ ɜ ɮɨɪɦɟ ɷɦɭɥɶɫɢɣ ɢ ɥɚɬɟɤɫɨɜ. Ʉ ɩɨɥɢɦɟɪɚɦ, 

ɮɨɪɦɢɪɭɟɦɵɦ ɜ ɷɬɨɦ ɜɢɞɟ ɨɬɧɨɫɹɬɫɹ ɩɪɨɢɡɜɨɞɧɵɟ ɚɤɪɢɥɨɜɵɯ ɤɢɫɥɨɬ 
ɢ ɫɬɢɪɨɥɚ, ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞ, ɫɬɢɪɨɥ-ɛɭɬɚɞɢɟɧɨɜɵɣ ɤɚɭɱɭɤ, ɚɤɪɢɥɨ-
ɧɢɬɪɢɥɛɭɬɚɞɢɟɧ ɫɬɢɪɨɥɶɧɵɣ ɫɨɩɨɥɢɦɟɪ, ɧɟɨɩɪɟɧɨɜɵɣ ɤɚɭɱɭɤ ɢ ɞɪɭ-
ɝɢɟ. 

Ƚɟɬɟɪɨɝɟɧɧɨɣ ɪɟɚɤɰɢɢ ɫɜɨɣɫɬɜɟɧɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɞɜɭɯ ɮɚɡ: ɧɟɩɪɟ-
ɪɵɜɧɨɣ ɢ ɞɢɫɩɟɪɫɧɨɣ. ɉɨɞ ɬɟɪɦɢɧɨɦ "ɝɟɬɟɪɨɝɟɧɧɚɹ ɪɟɚɤɰɢɹ" ɩɨɧɢ-

ɦɚɟɬɫɹ ɫɭɫɩɟɧɡɢɨɧɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ, ɟɫɥɢ ɢɧɢɰɢɚɬɨɪ ɩɨɥɢɦɟɪɢɡɚ-
ɰɢɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɟ ɢ ɧɚɨɛɨɪɨɬ 
ɩɨɧɢɦɚɟɬɫɹ ɷɦɭɥɶɫɢɨɧɧɚɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ, ɟɫɥɢ ɢɧɢɰɢɚɬɨɪ ɩɪɟɢɦɭ-
ɳɟɫɬɜɟɧɧɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɧɟɩɪɟɪɵɜɧɨɣ ɮɚɡɟ. 

Ʉɥɚɫɫɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɷɦɭɥɶɫɢɨɧɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɜ ɜɨɞɧɨɣ 

ɫɢɫɬɟɦɟ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɬɚɤɢɟ ɪɟɚɝɟɧɬɵ, ɤɚɤ ɜɨɞɚ, ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɜ 
ɜɨɞɟ ɦɨɧɨɦɟɪɵ, ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɣ ɢɧɢɰɢɚɬɨɪ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢ 

ɷɦɭɥɶɝɚɬɨɪ. Ɍɚɤ ɤɚɤ ɦɨɧɨɦɟɪ ɧɟɪɚɫɬɜɨɪɢɦ ɜ ɧɟɩɪɟɪɵɜɧɨɣ ɮɚɡɟ, ɬɨ ɜ 
ɧɟɣ ɨɧ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɜ ɜɢɞɟ ɤɚɩɟɥɶ, ɤɨɬɨɪɵɟ ɫɬɚɛɢɥɢɡɢɪɭɸɬɫɹ ɫ ɩɨ-
ɦɨɳɶɸ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɨɝɨ ɷɦɭɥɶɝɚɬɨɪɚ ɱɟɪɟɡ ɩɪɨɰɟɫɫ ɫɨɥɸɛɢ-

ɥɢɡɚɰɢɢ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɦɢɰɟɥɥ. ȼ ɩɪɨɰɟɫɫɟ ɢɧɢɰɢɢɪɭɟɦɨɣ ɩɨɥɢɦɟɪɢ-

ɡɚɰɢɢ ɜ ɧɟɤɨɬɨɪɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɫ ɞɨɫɬɢɠɟɧɢɟɦ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɦɚɤɪɨɦɨɥɟɤɭɥɵ ɦɨɝɭɬ ɧɚɱɚɬɶ ɜɵɩɚ-
ɞɚɬɶ ɜ ɨɫɚɞɨɤ ɜ ɜɢɞɟ ɨɫɧɨɜɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɱɚɫɬɢɰ. Ɉɞɧɚɤɨ, ɜ ɪɟɡɭɥɶ-
ɬɚɬɟ ɢɯ ɫɬɚɛɢɥɢɡɚɰɢɢ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɦ ɜ ɪɚɫɬɜɨɪɟ ɩɨɜɟɪɯɧɨɫɬɧɨ-
ɚɤɬɢɜɧɵɦ ɷɦɭɥɶɝɚɬɨɪɨɦ, ɦɨɠɧɨ ɞɨɫɬɢɝɚɬɶ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɜɵɯɨɞɚ ɢ 

ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɫɬɟɩɟɧɟɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ, ɧɟɠɟɥɢ ɬɟ, ɱɬɨ ɢɦɟɸɬ ɦɟɫɬɨ 
ɜ ɩɪɨɰɟɫɫɟ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɜ ɨɬɫɭɬɫɬɜɢɟ ɉȺȼ. Ɂɚ ɡɚɜɟɪɲɟɧɢɟɦ ɩɪɨ-
ɰɟɫɫɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɫɥɟɞɭɟɬ ɩɪɨɰɟɞɭɪɚ ɤɨɚɝɭɥɹɰɢɢ ɩɨɥɢɦɟɪɚ ɢ ɟɝɨ 
ɭɞɚɥɟɧɢɹ ɢɡ ɜɨɞɧɨɣ ɮɚɡɵ ɜ ɰɟɥɹɯ ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ ɢ ɩɟɪɟɪɚ-
ɛɨɬɤɢ. 

Ȼɨɥɶɲɨɣ ɨɛɴɟɦ ɜɨɞɵ, ɨɫɬɚɸɳɟɣɫɹ ɩɨɫɥɟ ɭɞɚɥɟɧɢɹ ɩɨɥɢɦɟɪɚ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɨɤɚɡɵɜɚɟɬɫɹ ɡɚɝɪɹɡɧɟɧɧɵɦ ɨɫɬɚɬɨɱɧɵɦɢ ɦɨɧɨɦɟɪɚɦɢ, ɢɧɢ-

ɰɢɚɬɨɪɨɦ ɢ ɞɪɭɝɢɦɢ ɬɪɭɞɧɨɭɞɚɥɹɟɦɵɦɢ ɜɟɳɟɫɬɜɚɦɢ, ɱɬɨ ɩɪɟɞɫɬɚɜ-
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ɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɩɪɨɛɥɟɦɭ. ɉɨɷɬɨɦɭ, ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɜɨɡ-
ɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɪɭɝɨɣ ɫɪɟɞɵ, ɜɵɫɬɭɩɚɸɳɟɣ ɜ 
ɤɚɱɟɫɬɜɟ ɧɟɩɪɟɪɵɜɧɨɣ ɮɚɡɵ, ɢ ɥɟɝɤɨ ɩɨɞɜɟɪɝɚɸɳɟɣɫɹ ɨɱɢɫɬɤɟ ɨɬ 
ɩɪɢɦɟɫɟɣ. 

ȼ ɪɚɛɨɬɟ [219] ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧ ɩɪɨɰɟɫɫ ɝɟɬɟɪɨɝɟɧɧɨɣ ɩɨɥɢ-

ɦɟɪɢɡɚɰɢɢ ɝɢɞɪɨɮɨɛɧɵɯ ɦɨɧɨɦɟɪɨɜ ɜ ɧɟɩɪɟɪɵɜɧɨɣ ɮɚɡɟ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ ɤɚɱɟɫɬɜɟ 

ɫɪɟɞɵ ɧɟɩɪɟɪɵɜɧɨɣ ɮɚɡɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɨɞɨɣ ɜ ɚɧɚɥɨɝɢɱɧɨɦ ɤɚɱɟ-
ɫɬɜɟ, ɢɦɟɟɬ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɵɲɟɨɬɦɟɱɟɧɧɵɦ ɫɥɟɞɭɸɳɢɟ ɩɪɟɢɦɭɳɟ-
ɫɬɜɚ: ɫɧɢɦɚɟɬɫɹ ɜɨɩɪɨɫ ɡɚɝɪɹɡɧɟɧɢɹ ɜɨɞɵ ɜ ɧɟɩɪɟɪɵɜɧɨɣ ɮɚɡɟ, ɚ ɫɥɟ-
ɞɨɜɚɬɟɥɶɧɨ ɢ ɟɺ ɨɱɢɫɬɤɢ; ɥɺɝɤɨɫɬɶ ɭɞɚɥɟɧɢɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɡɧɚ-
ɱɢɬɟɥɶɧɨ ɨɛɥɟɝɱɚɟɬ ɜɨɩɪɨɫ ɢɡɨɥɢɪɨɜɚɧɢɹ ɩɨɥɢɦɟɪɚ ɜ ɧɟɩɪɟɪɵɜɧɨɣ 

ɮɚɡɟ ɢ, ɧɚɤɨɧɟɰ, ɥɺɝɤɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɥɨɬɧɨɫɬɢ ɢ ɜɹɡɤɨɫɬɢ ɞɢɨɤ-
ɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢɡɦɟɧɟɧɢɟɦ ɫɬɟɩɟɧɢ ɟɝɨ ɫɠɢɦɚɟɦɨɫɬɢ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɡɜɨɥɹɟɬ ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɜɥɢɹɬɶ ɧɚ ɪɚɡɦɟɪɵ 

ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɨɥɢɦɟɪɧɵɯ ɱɚɫɬɢɰ, ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢ ɞɪɭɝɢɟ ɚɫ-
ɩɟɤɬɵ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ. 

ɋɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɣ [219] ɤ ɨɫɭɳɟɫɬɜɥɟɧɢɸ ɩɪɨɰɟɫɫɚ ɝɟɬɟɪɨɝɟɧ-

ɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɝɢɞɪɨɮɨɛɧɨɝɨ ɦɨɧɨɦɟɪɚ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɨɟ 
ɜɟɳɟɫɬɜɨ, ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɟ ɦɨɧɨɦɟɪ ɢ ɩɨɥɢɦɟɪ ɜ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨ-
ɞɚ, ɞɨɥɠɧɨ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ ɝɢɞɪɨɮɨɛɧɵɣ ɫɟɝɦɟɧɬ ɤɨɜɚɥɟɧɬɧɨ ɫɜɹ-
ɡɚɧɧɵɣ ɫ ɋɈ2-ɮɢɥɶɧɵɦ (ɪɚɫɬɜɨɪɢɦɵɦ ɜ ɋɈ2) ɫɟɝɦɟɧɬɨɦ. Ɍɢɩɢɱɧɵɣ 

ɋɈ2-ɮɢɥɶɧɵɣ ɫɟɝɦɟɧɬ ɩɪɟɞɫɬɚɜɥɟɧ ɫɟɝɦɟɧɬɨɦ, ɫɨɞɟɪɠɚɳɢɦ ɩɨɥɢɫɬɢ-

ɪɨɥ. ɋɨɞɟɪɠɚɧɢɟ ɉȺȼ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɨɥɠɧɨ ɫɨɫɬɚɜɥɹɬɶ ɨɬ 
0,01 % ɞɨ 30,0 % ɦɚɫɫɨɜɵɯ. Ƚɟɬɟɪɨɝɟɧɧɚɹ ɪɟɚɤɰɢɹ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ 
ɞɨɥɠɧɚ ɢɦɟɬɶ ɜ ɫɨɫɬɚɜɟ ɫɜɨɛɨɞɧɨɪɚɞɢɤɚɥɶɧɵɣ ɢɧɢɰɢɚɬɨɪ ɩɨɥɢɦɟɪɢ-

ɡɚɰɢɢ ɢ ɬɟɦ ɧɟ ɦɟɧɟɟ ɩɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ ɟɝɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɤɥɸɱɚɬɶ 
ɜ ɰɟɥɹɯ ɭɫɤɨɪɟɧɢɹ ɩɪɨɰɟɫɫɚ. ȼ ɫɥɭɱɚɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɝɨ ɪɚɫɬɜɨɪɟ-
ɧɢɹ ɢɧɢɰɢɚɬɨɪɚ ɜ ɧɟɩɪɟɪɵɜɧɨɣ ɮɚɡɟ ɋɈ2 ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɋɈ2-

ɮɢɥɶɧɨɦɭ ɫɟɝɦɟɧɬɭ (ɫɨɞɟɪɠɚɳɟɦɭ ɮɬɨɪ ɢɥɢ ɫɢɥɨɤɫɚɧ) ɪɟɤɨɦɟɧɞɭɟɬ-
ɫɹ ɫɟɝɦɟɧɬ, ɮɨɪɦɢɪɭɸɳɢɣ ɫɜɨɛɨɞɧɵɟ ɪɚɞɢɤɚɥɵ, ɜ ɜɢɞɟ, ɫɨɞɟɪɠɚɳɟɝɨ 
ɚɡɨɛɢɫɢɡɨɛɭɬɢɪɨɧɢɬɪɢɥ. ɋɨɝɥɚɫɧɨ ɢɡɨɛɪɟɬɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɧɢ-

ɰɢɚɬɨɪɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 0,001 % 

ɞɨ 20,0%. 

ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ [219] ɤ ɦɨɧɨɦɟɪɚɦ, ɨɬɜɟɱɚɸɳɢɦ ɨɛɫɭɠɞɚɟ-
ɦɨɦɭ ɩɪɨɰɟɫɫɭ, ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɜɢɧɢɥɨɜɵɟ ɦɨɧɨɦɟɪɵ; ɷɬɢɥɟɧ; ɚɤɪɢ-
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ɥɨɧɢɬɪɢɥ; ɞɢɟɧɵ; ɫɬɢɪɨɥɵ; ɯɥɨɪɛɭɬɚɞɢɟɧ; ɚɤɪɢɥɨɜɵɟ ɦɨɧɨɦɟɪɵ; 

ɮɬɨɪɦɨɧɨɦɟɪɵ; ɦɚɥɟɢɧɨɜɵɣ ɚɧɝɢɞɪɢɞ. Ɉɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɷɬɨɬ ɦɟɬɨɞ 

ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɤɚɤ ɞɥɹ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɟɞɢɧɢɱɧɨɝɨ ɦɨɧɨɦɟɪɚ, ɬɚɤ 
ɢ ɞɥɹ ɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ ɝɢɞɪɨɮɨɛɧɵɯ ɦɨɧɨɦɟɪɨɜ ɢ ɧɚɤɨɧɟɰ ɫɨɩɨɥɢ-

ɦɟɪɢɡɚɰɢɢ ɝɢɞɪɨɮɨɛɧɵɯ ɢ ɝɢɞɪɨɮɢɥɶɧɵɯ ɦɨɧɨɦɟɪɨɜ. ɜ ɪɟɚɤɰɢɨɧɧɨɣ 

ɫɦɟɫɢ ɦɨɧɨɦɟɪɵ ɫɨɫɬɚɜɥɹɸɬ ɨɬ 1,0 ɞɨ 70,0 %. ɉɪɟɞɥɨɠɟɧɧɵɣ ɩɨɞɯɨɞ 

ɩɨɥɭɱɢɥ ɪɚɡɜɢɬɢɟ ɜ ɪɚɛɨɬɟ [220]. ɉɨɞɪɨɛɧɵɣ ɚɧɚɥɢɡ ɩɪɢɦɟɪɨɜ ɪɟɚɥɢ-

ɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɝɟɬɟɪɨɝɟɧɧɨɣ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɜ ɮɚɡɟ ɞɢɨɤɫɢɞɚ ɭɝɥɟ-
ɪɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɨɛɡɨɪɟ [209]. 

ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɚɧɚɥɢɡ ɜɨɡɦɨɠ-

ɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɧɟɩɪɟɪɵɜɧɨɣ ɮɚɡɵ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ 

ɝɢɛɪɢɞɧɵɯ ɫɢɫɬɟɦ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ ɪɚɛɨɬɚɯ [221, 222] ɞɥɹ ɩɨɥɢɦɟɪɢ-

ɡɚɰɢɢ ɦɨɧɨɦɟɪɨɜ ɜɢɧɢɥɚ ɬɢɩɚ ɬɟɬɪɚɮɬɨɪɷɬɢɥɟɧɚ ɧɟɩɪɟɪɵɜɧɚɹ ɮɚɡɚ 
ɝɟɬɟɪɨɝɟɧɧɨɣ ɪɟɚɤɰɢɢ ɛɵɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɦɟɫɶɸ ɜɨɞɵ ɢ ɞɢɨɤɫɢɞɚ 
ɭɝɥɟɪɨɞɚ. ɉɨɫɤɨɥɶɤɭ ɋɈ2 ɢ ɜɨɞɚ ɩɪɨɹɜɥɹɸɬ ɧɢɡɤɭɸ ɜɡɚɢɦɧɭɸ ɪɚɫ-
ɬɜɨɪɢɦɨɫɬɶ, ɬɨ, ɩɨ ɫɭɳɟɫɬɜɭ, ɢɦɟɟɬ ɦɟɫɬɨ ɤɨɦɛɢɧɚɰɢɹ ɫɬɚɧɞɚɪɬɧɨɝɨ 
ɜɨɞɧɨɝɨ ɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɝɟɬɟɪɨɝɟɧɧɵɯ ɩɪɨ-
ɰɟɫɫɨɜ, ɩɨɡɜɨɥɹɸɳɚɹ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɪɚɡɞɟɥɹɬɶ ɤɨɦɩɨɧɟɧɬɵ ɪɟɚɤ-
ɰɢɨɧɧɨɣ ɫɦɟɫɢ ɫɨɝɥɚɫɧɨ ɢɯ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɫɨɫɬɚɜɥɹɸɳɢɯ ɧɟɩɪɟ-
ɪɵɜɧɨɣ ɮɚɡɵ. Ⱦɪɭɝɨɟ ɞɨɫɬɨɢɧɫɬɜɨ ɬɚɤɨɣ ɝɢɛɪɢɞɧɨɣ ɫɢɫɬɟɦɵ ɡɚɤɥɸ-

ɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜɵɫɨɤɚɹ ɬɟɩɥɨɺɦɤɨɫɬɶ ɜɨɞɧɨɣ ɮɚɡɵ ɦɨɠɟɬ ɫɧɢɦɚɬɶ 
ɩɪɨɛɥɟɦɭ ɜɵɫɨɤɨɣ ɷɤɡɨɬɟɪɦɢɱɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ. 

ɉɨɥɢɬɟɬɪɚɮɬɨɪɷɬɢɥɟɧ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 106 ɩɪɢ ɜɵɯɨɞɟ 
ɨɰɟɧɢɜɚɟɦɨɦ ɜ 80 ÷ 90 % ɛɵɥ ɩɨɥɭɱɟɧ ɜ ɝɢɛɪɢɞɧɨɣ ɫɢɫɬɟɦɟ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɩɟɪɫɭɥɶɮɚɬɧɨɝɨ ɢɧɢɰɢɚɬɨɪɚ ɢ ɩɟɪɮɬɨɪɨɤɬɚɧɨɚɬɚ ɧɚɬɪɢɹ ɜ 
ɤɚɱɟɫɬɜɟ ɉȺȼ. 

ɋɢɫɬɟɦɚ ɋɈ2/ɜɨɞɚ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɢ ɜ ɩɪɨɰɟɫɫɟ ɝɟɬɟɪɨɝɟɧɧɨɣ 

(ɷɦɭɥɶɫɢɨɧɧɨɣ) ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬɚ [209]. ɉɪɢ ɷɬɨɦ 

ɩɨɥɢɦɟɪ ɛɵɥ ɩɨɥɭɱɟɧ ɜ ɜɢɞɟ ɭɫɬɨɣɱɢɜɨɝɨ ɥɚɬɟɤɫɚ ɢ ɱɚɫɬɢɰ ɫɭɛɦɢɤ-
ɪɨɧɧɨɝɨ ɪɚɡɦɟɪɚ. 

3.4. ɍɉɊȺȼɅȿɇɂȿ ɄɂɇȿɌɂɄɈɃ ɄɊɂɋɌȺɅɅɂɁȺɐɂɂ ɉɈɅɂɆȿɊȺ 

 ȼ ɋɊȿȾȿ ɋȼȿɊɏɄɊɂɌɂɑȿɋɄɈȽɈ ɎɅɘɂȾȺ 

 

Ɇɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɢɦɟɪɨɜ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ-
ɥɢɱɢɟ ɜ ɧɢɯ ɨɛɥɚɫɬɟɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɢ ɚɦɨɪɮɧɨɣ ɫɬɪɭɤɬɭɪɵ. Ɉɬɧɨ-
ɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɨɛɥɚɫɬɟɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨ-
ɜɢɹɦɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Ʉ ɩɪɢɦɟɪɭ ɩɪɢ 



180 

ɨɛɵɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ ɨɛɪɚɡɰɵ ɩɨɥɢɷɬɢɥɟɧɚ ɜɵɫɨɤɨɝɨ ɢ
ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɣ ɫɨɞɟɪɠɚɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 55÷70 % ɢ 80 ÷ 90 % ɤɪɢ-

ɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ. ɉɪɢ ɨɱɟɧɶ ɛɵɫɬɪɨɦ ɨɯɥɚɠɞɟɧɢɢ ɩɨɥɢɦɟɪɚ (ɡɚɤɚɥ-
ɤɚ) ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɨɣ ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɨɥɢɦɟɪ ɡɚɬɜɟɪ-
ɞɟɜɚɟɬ ɫ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɚɦɨɪɮɧɨɣ ɮɚɡɵ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ
ɬɟɦɩɟɪɚɬɭɪɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɚɦɨɪɮɧɵɟ ɥɢɧɢɢ ɫɬɚɧɨɜɹɬɫɹ ɜɫɟ ɛɨɥɟɟ ɜɵ-

ɪɚɠɟɧɧɵɦɢ, ɚ ɜɛɥɢɡɢ ɬɨɱɤɢ ɩɥɚɜɥɟɧɢɹ, ɤɨɝɞɚ ɜɟɫɶ ɩɨɥɢɦɟɪ ɫɬɚɧɨɜɢɬ-
ɫɹ ɦɹɝɤɢɦ ɢ ɩɪɨɡɪɚɱɧɵɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɮɚɡɚ ɩɨɥɧɨɫɬɶɸ ɢɫɱɟɡɚɟɬ. 

Ⱥɦɨɪɮɧɚɹ ɮɚɡɚ ɩɪɢɞɚɟɬ ɩɨɥɢɦɟɪɚɦ ɛɨɥɶɲɭɸ ɝɢɛɤɨɫɬɶ ɢ ɷɥɚɫɬɢɱ-
ɧɨɫɬɶ ɜɩɥɨɬɶ ɞɨ ɜɟɫɶɦɚ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɬɨɝɞɚ ɤɚɤ ɤɪɢɫɬɚɥɥɢɱɟ-
ɫɤɢɟ ɫɬɪɭɤɬɭɪɵ ɨɩɪɟɞɟɥɹɸɬ ɠɟɫɬɤɨɫɬɶ ɩɨɥɢɦɟɪɚ ɢ ɜ ɰɟɥɨɦ ɢɯ ɦɟɯɚ-
ɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

ɉɨɥɢɦɟɪɢɡɚɰɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ ɷɬɢɥɟɧɚ, ɩɪɢ ɫɜɟɪɯɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢ-

ɹɯ (500 ÷ 2000 Ɇɉɚ) ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɨɱɟɧɶ ɰɟɧɧɵɟ ɜɵɫɨɤɨɤɪɢ-

ɫɬɚɥɥɢɱɟɫɤɢɟ ɬɢɩɵ ɩɨɥɢɦɟɪɚ [223]. Ɉɞɧɚɤɨ, ɨɱɟɜɢɞɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ 

ɷɬɨɝɨ ɩɨɞɯɨɞɚ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɷɧɟɪɝɨɡɚɬɪɚɬɵ. 

ȼ ɪɚɛɨɬɟ [224] ɩɪɨɜɟɞɟɧɨ ɩɨɥɧɨɦɚɫɲɬɚɛɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɢɧɟ-
ɬɢɤɢ ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɩɥɟɧɤɚɯ ɩɨɥɢɷɬɢɥɟɧ ɬɟɪɟɮɬɚɥɚɬɚ ɜ 
ɫɪɟɞɟ ɫɠɚɬɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (t = 35 °C; Ɋ = 4,0 ÷ 6,0 Ɇɉɚ). 

Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɜɪɟɦɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɧɢɠɚɟɬɫɹ
ɧɚ ɩɨɪɹɞɨɤ ɜɟɥɢɱɢɧɵ ɧɚ ɤɚɠɞɭɸ 1 Ɇɉɚ ɪɨɫɬɚ ɞɚɜɥɟɧɢɹ. Ⱥɧɚɥɨɝɢɱ-

ɧɭɸ ɬɟɧɞɟɧɰɢɸ ɤ ɫɧɢɠɟɧɢɸ ɫ ɪɨɫɬɨɦ ɞɚɜɥɟɧɢɹ ɢɦɟɟɬ ɢ ɱɢɫɥɨ Ⱦɟɛɨ-
ɪɚɯɚ (Dȿ). ȿɝɨ ɡɧɚɱɟɧɢɹ 23,0; 4,2 ɢ 2,7 ɨɬɜɟɱɚɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɚɜ-
ɥɟɧɢɹɦ 4,0; 5,0 ɢ 6,0 Ɇɉɚ. ɉɪɨɫɬɚɹ ɷɤɫɬɪɚɩɨɥɹɰɢɹ ɷɬɢɯ ɡɧɚɱɟɧɢɣ ɜ
ɨɛɥɚɫɬɶ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɣ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɩɪɢ
ɧɟɤɨɬɨɪɨɦ ɡɧɚɱɟɧɢɢ ɞɚɜɥɟɧɢɹ ɜɪɟɦɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɛɭɞɟɬ ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɦɟɧɶɲɢɦ ɜɪɟɦɟɧɢ ɫɨɪɛɰɢɢ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɩɨɥɢɦɟɪɧɨɣ
ɩɥɟɧɤɨɣ (Dȿ << 1). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɪɟɚɥɢɡɭɟɬɫɹ ɫɨɜɟɪɲɟɧɧɨ ɢɧɨɟ ɩɨ
ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɤɢɧɟɬɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɫɨ ɫɜɨɣɫɬɜɟɧɧɨɣ ɟɣ ɨɫɨɛɨɣ
ɦɨɪɮɨɥɨɝɢɟɣ ɩɨɥɭɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɩɨɥɢɦɟɪɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɪɟɞɚ ɫɠɚɬɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫ-
ɩɨɥɶɡɨɜɚɧɚ ɜ ɰɟɥɹɯ ɭɩɪɚɜɥɟɧɢɹ ɤɢɧɟɬɢɤɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɚ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ ɢ ɦɨɪɮɨɥɨɝɢɟɣ ɬɨɧɤɢɯ ɩɨɥɢɦɟɪɧɵɯ ɩɥɟɧɨɤ. 
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Ȼɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɥɨɫɶ ɢ ɩɪɨɞɨɥɠɚɟɬ ɭɞɟɥɹɬɶɫɹ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹɦ ɜɨɡɦɨɠɧɨɫɬɟɣ ɨɱɢɫɬɤɢ ɩɨɥɢɦɟɪɨɜ ɨɬ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɧɢɯ ɦɨ-
ɧɨɦɟɪɨɜ, ɨɥɢɝɨɦɟɪɨɜ, ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɩɨɥɢɦɟɪɢɡɚɰɢɢ (ɩɪɨɞɭɤ-
ɬɨɜ ɞɟɫɬɪɭɤɰɢɢ ɢɧɢɰɢɚɬɨɪɨɜ ɩɨɥɢɦɟɪɢɡɚɰɢɢ), ɨɫɬɚɬɨɱɧɨɝɨ ɪɚɫɬɜɨɪɢ-

ɬɟɥɹ ɢ ɩɨɫɥɟɞɭɸɳɟɦɭ ɜɧɟɞɪɟɧɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɷɬɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

Ɉɛɴɟɤɬɨɦ ɢɡɭɱɟɧɢɹ ɹɜɢɥɨɫɶ ɦɧɨɠɟɫɬɜɨ ɩɨɥɢɦɟɪɨɜ [225÷248], ɦɵ ɠɟ
ɨɫɬɚɧɨɜɢɦɫɹ ɥɢɲɶ ɧɚ ɧɟɤɨɬɨɪɵɯ ɢɡ ɧɢɯ. 

Ƚɨɦɨ- ɢ ɫɨɩɨɥɢɦɟɪɵ ɬɟɬɪɚɝɢɞɪɨɮɭɪɚɧɚ ɢ ɚɥɤɢɥɟɧɨɤɫɢɞɚ ɢɡɜɟɫɬɧɵ
ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɩɪɨɰɟɫɫɟ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɭɪɟɬɚɧɨɜ. Ɉɞ-

ɧɚɤɨ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɤɚɤ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɩɨɥɢɦɟɪɢ-

ɡɚɰɢɢ, ɜ ɩɨɥɢɦɟɪɢɡɚɬɟ ɜ ɢɬɨɝɟ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶɫɹ ɨɬ 7 ɞɨ 15 % ɢ ɞɚɠɟ
ɛɨɥɟɟ (ɜ ɪɟɞɤɢɯ ɫɥɭɱɚɹɯ) ɨɥɢɝɨɦɟɪɧɵɯ ɰɢɤɥɢɱɟɫɤɢɯ ɷɮɢɪɨɜ ɢ ɞɪɭɝɢɯ
ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ. ɉɪɢɫɭɬɫɬɜɢɟ ɠɟ ɨɥɢɝɨɦɟɪɧɵɯ ɰɢɤɥɢɱɟɫɤɢɯ
ɷɮɢɪɨɜ ɜ ɩɨɥɢɦɟɪɢɡɚɬɟ ɧɟɠɟɥɚɬɟɥɶɧɨ, ɤɚɤ ɷɬɨ ɢɡɜɟɫɬɧɨ, ɩɨ ɫɥɟɞɭɸ-

ɳɢɦ ɩɪɢɱɢɧɚɦ: ɜɨ-ɩɟɪɜɵɯ, ɷɬɢ ɷɮɢɪɵ ɹɜɥɹɸɬɫɹ ɧɟɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ
ɩɪɢɦɟɫɹɦɢ ɢ ɤɨɝɞɚ ɤɨɥɢɱɟɫɬɜɨ ɷɬɢɯ ɧɟɪɟɚɝɢɪɭɸɳɢɯ ɝɢɞɪɨɤɫɢɥɶɧɵɯ
ɝɪɭɩɩ, ɛɟɫɩɨɥɟɡɧɵɯ ɞɥɹ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɰɟɥɟɣ, ɞɨɫɬɢɝɚɟɬ 7 - 15%, ɬɨ
ɷɬɨ ɦɨɠɟɬ ɹɜɢɬɶɫɹ ɨɫɧɨɜɚɧɢɟɦ ɞɥɹ ɧɚɥɨɠɟɧɢɹ ɲɬɪɚɮɚ ɜ ɪɟɡɭɥɶɬɚɬɟ
ɢɫɤɚ ɩɨɤɭɩɚɬɟɥɹ ɩɨɥɢɦɟɪɚ; ɜɨ-ɜɬɨɪɵɯ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɬɨɥɶ ɧɟɱɢɫɬɨɝɨ
ɩɨɥɢɦɟɪɢɡɚɬɚ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɢɭɪɟɬɟɧɨɜ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ
ɩɪɢɱɢɧɨɣ ɭɯɭɞɲɟɧɢɹ ɫɜɨɣɫɬɜ ɩɨɫɥɟɞɧɢɯ. ȼ ɱɚɫɬɧɨɫɬɢ, ɨɛɥɚɞɚɸɳɢɟ
ɧɢɡɤɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ, ɨɥɢɝɨɦɟɪɧɵɟ ɰɢɤɥɢɱɟɫɤɢɟ ɷɮɢɪɵ ɜ
ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɥɢɭɪɟɬɚɧɨɜ ɧɚɱɢɧɚɸɬ ɦɟɞɥɟɧɧɨ ɢɫɩɚɪɹɬɫɹ
ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɜɵɳɟɥɚɱɢɜɚɸɬɫɹ ɜɨɞɨɣ ɢ ɩɪɨɱɢɦɢ
ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɠɢɞɤɨɫɬɹɦɢ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɠɟɥɚɬɟɥɶɧɵɦ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɜ ɩɪɨɞɭɤɬɟ: ɩɨɬɟɪɟ ɦɚɫɫɵ ɢ ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ ɫɜɨɣɫɬɜ. ɉɨɷɬɨɦɭ ɫɭɳɟɫɬɜɭɟɬ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɭɞɚɥɟɧɢɢ ɨɥɢɝɨ-
ɦɟɪɧɵɯ ɰɢɤɥɢɱɟɫɤɢɯ ɷɮɢɪɨɜ ɢɡ ɩɨɥɢɦɟɪɢɡɚɬɚ ɬɟɬɪɚɝɢɞɪɨɮɭɪɚɧɚ ɢ ɚɥ-
ɤɢɥɟɧɨɤɫɢɞɚ.  

ȼɵɲɟɨɬɦɟɱɟɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɨɥɢɝɨɦɟɪɧɵɯ ɰɢɤ-
ɥɢɱɟɫɤɢɯ ɷɮɢɪɨɜ ɹɜɥɹɸɬɫɹ ɩɪɟɞɟɥɶɧɵɦɢ ɞɥɹ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɷɬɢɯ
ɰɟɥɹɯ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɛɵɱɧɨɣ ɩɟɪɟɝɨɧɤɢ. 

ȼ ɪɚɛɨɬɟ [227] ɩɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɞɥɹ ɫɧɢɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɨɥɢɝɨɦɟɪɧɵɯ
ɰɢɤɥɢɱɟɫɤɢɯ ɷɮɢɪɨɜ ɜ ɩɨɥɢɦɟɪɢɡɚɬɟ ɬɟɬɪɚɝɢɞɪɨɮɭɪɚɧɚ ɢ ɚɥɤɢɥɟɧɨɤ-
ɫɢɞɚ. ȼ ɤɚɱɟɫɬɜɟ ɷɤɫɬɪɚɝɟɧɬɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɠɚɬɵɟ ɝɚɡɵ 

3.5. ɈɑɂɋɌɄȺ ɉɈɅɂɆȿɊɈȼ ɈɌ ɈɋɌȺɌɈɑɇɕɏ ɆɈɇɈɆȿɊɈȼ,  

ɈɅɂȽɈɆȿɊɈȼ, ɄȺɌȺɅɂɁȺɌɈɊȺ ɂ ɊȺɋɌȼɈɊɂɌȿɅə 
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ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɢɧɬɟɪɜɚɥɟ 9 

- 155 °ɋ. ɉɪɟɞɩɨɱɬɟɧɢɟ ɩɪɢ ɷɬɨɦ ɨɬɞɚɟɬɫɹ ɷɬɢɥɟɧɭ ɢ ɩɪɨɩɢɥɟɧɭ. ɍɤɚ-
ɡɵɜɚɟɬɫɹ ɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɰɟɥɹɯ ɩɨ-
ɜɵɲɟɧɢɹ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɢ ɜ ɰɟɥɨɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ. ɉɪɢɜɨ-
ɞɢɬɫɹ ɩɟɪɟɱɟɧɶ ɫɨɪɚɫɬɜɨɪɢɬɟɥɟɣ. Ɉɬɦɟɱɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚ-
ɰɢɢ ɩɪɨɰɟɫɫɚ ɤɚɤ ɜ ɫɬɚɬɢɱɟɫɤɨɦ, ɬɚɤ ɢ ɜ ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɚɯ. ȼ 

ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɪɢɜɨɞɢɬɫɹ ɩɪɨɰɟɫɫ ɨɱɢɫɬɤɢ ɫ ɩɨɦɨɳɶɸ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɨɝɨ ɩɪɨɩɢɥɟɧɚ (t = 100 °ɋ; Ɋ = 82,74 ɛɚɪ). ȼ ɢɬɨɝɟ ɨɱɢɳɟɧɧɵɣ 

ɩɨɥɢɦɟɪɢɡɚɬ ɫɨɞɟɪɠɚɥ ∼  2 % ɨɥɢɝɨɦɟɪɧɵɯ ɰɢɤɥɢɱɟɫɤɢɯ ɷɮɢɪɨɜ. 
ɍɱɢɬɵɜɚɹ, ɱɬɨ ɨɥɢɝɨɦɟɪɧɵɟ ɰɢɤɥɢɱɟɫɤɢɟ ɷɮɢɪɵ – ɫɬɨɥɶ ɧɟɠɟɥɚ-

ɬɟɥɶɧɵɟ ɜ ɩɨɥɢɦɟɪɚɯ, ɹɜɥɹɸɬɫɹ ɩɨɥɟɡɧɵɦ ɩɪɨɞɭɤɬɨɦ ɜ ɢɯ ɫɨɛɫɬɜɟɧ-

ɧɨɦ ɱɢɫɬɨɦ ɜɢɞɟ ɢ ɱɬɨ ɩɪɨɰɟɫɫ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ, 
ɩɨɡɜɨɥɹɸɳɢɣ ɧɚ ɷɬɚɩɟ ɫɟɩɚɪɚɰɢɢ ɢɯ ɜɵɞɟɥɟɧɢɟ, ɦɨɠɟɬ ɛɵɬɶ ɤ ɬɨɦɭ 
ɠɟ ɪɚɫɫɦɨɬɪɟɧ ɤɚɤ ɩɨɫɥɟɞɧɹɹ ɫɬɚɞɢɹ ɢɥɢ ɫɬɭɩɟɧɶ ɢɯ ɨɱɢɫɬɤɢ, ɬɨ ɜɵ-

ɲɟɩɪɟɞɥɚɝɚɟɦɵɣ ɩɪɨɰɟɫɫ ɨɞɧɨɡɧɚɱɧɨ ɪɟɲɚɟɬ ɧɟ ɨɞɧɭ, ɚ ɫɪɚɡɭ ɞɜɟ ɡɚ-
ɞɚɱɢ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɞɥɹ 
ɫɧɢɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɫɜɨɛɨɞɧɵɯ ɫɬɢɪɨɥɚ ɢ ɚɤɪɢɥɨɧɢɬɪɚɬɚ, ɚ ɬɚɤɠɟ 
ɢɧɵɯ ɨɫɬɚɬɨɱɧɵɯ ɦɨɧɨɦɟɪɨɜ ɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɜ ɫɬɢɪɨɥɶɧɵɯ ɩɨɥɢɦɟ-
ɪɚɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɢ ɦɟɬɨɞɨɜ ɜɚɤɭɭɦɧɨɣ ɞɟɫɨɪɛɰɢɢ, 

ɠɢɞɤɨɫɬɧɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɢ ɞɪɭɝɢɯ, ɩɪɟɞɥɨɠɟɧɨ ɜ ɪɚɛɨɬɟ [235]. 

ɋɦɟɫɢ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ ɩɨɥɢɦɟɪɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɫɨɞɟɪɠɚɳɢɟ ɩɨ-
ɥɢɦɟɪɢɡɨɜɚɧɧɵɣ ɫɬɢɪɨɥ, ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɲɢ-

ɪɨɤɨɝɨ ɤɪɭɝɚ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɢɡɞɟɥɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɟɫɫɨɜɚɧɢɹ, 
ɷɤɫɬɪɭɡɢɢ, ɥɢɬɶɹ ɩɨɞ ɞɚɜɥɟɧɢɟɦ, ɩɧɟɜɦɨɮɨɪɦɨɜɚɧɢɹ ɢ ɬ.ɞ. ɉɪɢɫɭɬɫɬ-
ɜɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɦɨɠɟɬ ɩɪɢɞɚɜɚɬɶ ɢɡɞɟɥɢɹɦ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɢɟ ɫɜɨɣɫɬɜɚ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɶ ɧɢɡɤɨɬɟɦ-

ɩɟɪɚɬɭɪɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɩɨɜɟɪɯɧɨɫɬɹɦ ɝɥɹɧɟɰ ɢ ɬ.ɞ. ɉɪɢɫɭɬɫɬɜɢɟ ɜ 
ɩɨɥɢɦɟɪɚɯ ɜ ɤɚɱɟɫɬɜɟ ɫɨɩɨɥɢɦɟɪɚ ɚɤɪɢɥɨɧɢɬɪɢɥɚ ɩɪɢɞɚɟɬ ɢɦ ɯɨɪɨ-
ɲɭɸ ɫɬɨɣɤɨɫɬɶ ɤ ɞɟɣɫɬɜɢɸ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢ ɧɢɡɤɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ 
ɞɥɹ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ. ɗɬɨ ɨɬɤɪɵɜɚɟɬ ɛɨɥɶɲɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɬɚɤɨɝɨ ɪɨɞɚ ɫɨɫɬɚɜɨɜ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɭɩɚɤɨɜɨɤ, ɛɭɬɵ-

ɥɨɤ, ɩɥɟɧɨɤ, ɬɪɭɛɨɤ, ɱɚɲɟɤ, ɩɪɨɬɢɜɧɟɣ ɢ ɞɪɭɝɢɯ ɟɦɤɨɫɬɟɣ ɞɥɹ ɠɢɞɤɨ-
ɫɬɟɣ ɢ ɪɚɫɬɜɨɪɨɜ. 

Ɉɞɧɚɤɨ ɜ ɫɥɭɱɚɹɯ ɧɟ 100 % ɩɨɥɢɦɟɪɢɡɚɰɢɢ, ɤɚɤ ɷɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɛɵɜɚɟɬ, ɜ ɝɨɬɨɜɨɦ ɢɡɞɟɥɢɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɫɜɨɛɨɞɧɵɣ ɫɬɢɪɨɥ, ɚɛɫɨɪɛɢ-

ɪɨɜɚɧɵɣ ɩɨɥɢɦɟɪɧɨɣ ɱɚɫɬɶɸ. ɉɪɢɫɭɬɫɬɜɭɸɬ ɬɚɦ ɢ ɨɫɬɚɬɤɢ ɞɪɭɝɢɯ 
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ɦɨɧɨɦɟɪɨɜ, ɨɥɢɝɨɦɟɪɵ, ɪɚɫɬɜɨɪɢɬɟɥɢ ɢ ɬ.ɞ., ɬɚɤɢɟ ɤɚɤ ɚɤɪɢɥɨɧɢɬɪɢɥ, 
ɷɬɢɥɛɟɧɡɨɥ, ɬɨɥɭɨɥ ɢ ɞɪɭɝɢɟ. 

ȼ ɢɬɨɝɟ ɷɬɢ ɢɡɞɟɥɢɹ ɦɨɝɭɬ ɛɵɬɶ ɨɬɧɟɫɟɧɵ ɤ ɪɚɡɪɹɞɭ ɧɟɤɚɱɟɫɬɜɟɧ-

ɧɵɯ ɜɜɢɞɭ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨɝɨ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɩɨɥɢɦɟɪɚ (ɩɥɚ-
ɫɬɢɮɢɤɚɰɢɹ, ɞɟɩɨɥɢɦɟɪɢɡɚɰɢɹ, ɪɚɡɥɨɠɟɧɢɟ ɢ ɬ.ɞ.), ɛɵɬɶ ɜɪɟɞɧɵɦɢ ɩɨ 
ɩɪɢɱɢɧɚɦ ɬɨɤɫɢɱɧɨɫɬɢ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɟɝɨ 
ɩɪɨɬɟɫɬɢɪɨɜɚɬɶ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɷɬɢ ɦɚɬɟɪɢɚɥɵ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɬɪɟ-
ɛɨɜɚɧɢɹɦ ɩɨ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɦ ɤɨɧɰɟɧɬɪɚɰɢɹɦ ɦɨɧɨɦɟɪɨɜ, ɭɫ-
ɬɚɧɚɜɥɢɜɚɟɦɵɦ ɝɨɫɭɞɚɪɫɬɜɨɦ ɧɚ ɦɚɬɟɪɢɚɥɵ, ɢɡ ɤɨɬɨɪɵɯ ɢɡɝɨɬɚɜɥɢ-

ɜɚɸɬɫɹ ɭɩɚɤɨɜɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, ɧɚɩɢɬɤɨɜ, 
ɮɚɪɦɩɪɟɩɚɪɚɬɨɜ, ɤɨɫɦɟɬɢɤɢ ɢ ɬ.ɩ. 

ȼ ɩɪɟɞɥɨɠɟɧɧɨɦ ɜɚɪɢɚɧɬɟ ɨɱɢɫɬɤɢ ɫɬɢɪɨɥɶɧɵɯ ɩɨɥɢɦɟɪɨɜ ɤɚɤ 
ɷɤɫɬɪɚɝɟɧɬɭ ɨɬɞɚɧɨ ɩɪɟɞɩɨɱɬɟɧɢɟ ɞɢɨɤɫɢɞɭ ɭɝɥɟɪɨɞɚ ɪɚɡɞɟɥɶɧɨ ɢɥɢ ɜ 
ɫɦɟɫɢ ɫ ɝɟɤɫɚɮɬɨɪɢɞɨɦ ɫɟɪɵ. Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɷɤɫɬɪɚɝɢ-

ɪɨɜɚɧɢɹ ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɪɟɠɢɦɵ ɧɚ 10 ÷ 30 °ɋ ɜɵɲɟ 
ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɢɬɟɥɹ. ɍɫɥɨɜɢɹ ɩɨ ɞɚɜɥɟɧɢɸ ɜ ɩɪɨ-
ɰɟɫɫɟ ɫɨɫɬɚɜɥɹɸɬ 1,2 Ɋɤɪ ÷ 3,0 Ɋɤɪ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɜ ɫɥɭɱɚɟ ɷɤɫɬɪɚɝɢɪɨ-
ɜɚɧɢɹ ɜ ɫɢɫɬɟɦɟ “ɬɜɟɪɞɨɟ ɬɟɥɨ – ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ” ɪɟɤɨɦɟɧ-

ɞɭɟɬɫɹ ɜɟɫɬɢ ɩɪɨɰɟɫɫ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɤɪɢɬɢɱɟɫɤɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɬɨɪɨɝɨ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɤɥɨɜɚɧɢɹ ɩɨɥɢɦɟɪɚ. ȼ 

ɫɥɭɱɚɟ ɠɟ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ ɛɚɪɛɨɬɚɠɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨ-

ɝɨ ɮɥɸɢɞɚ ɱɟɪɟɡ ɪɚɫɩɥɚɜɥɟɧɧɵɣ ɩɨɥɢɦɟɪ ɩɨɞɯɨɞɹɳɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
(ɩɨɞɯɨɞɹɳɢɣ ɝɚɡ) ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɭɪɨɜɧɹ ɜɹɡɤɨɫɬɢ ɩɨɥɢɦɟɪɚ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɬɟɦɩɟɪɚɬɭɪɟ, ɟɝɨ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɢ ɢ ɨɩɬɢɦɚɥɶ-
ɧɵɯ ɨɩɟɪɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

ɉɪɨɰɟɫɫ ɪɟɚɥɢɡɨɜɚɧ ɜ ɜɢɞɟ ɩɪɨɯɨɠɞɟɧɢɹ ɷɤɫɬɪɚɝɟɧɬɚ ɱɟɪɟɡ ɛɚɬɚ-
ɪɟɸ ɷɤɫɬɪɚɤɬɨɪɨɜ. ɇɚ ɷɬɚɩɟ ɫɟɩɚɪɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɧ ɚɞɫɨɪɛɟɧɬ ɫ ɚɤɬɢ-

ɜɢɪɨɜɚɧɧɵɦ ɭɝɥɟɦ, ɩɪɟɞɩɨɥɚɝɚɸɳɢɣ ɬɟɪɦɢɱɟɫɤɭɸ ɞɟɫɨɪɛɰɢɸ ɫ ɤɨɧ-

ɞɟɧɫɚɰɢɟɣ ɷɤɫɬɪɚɤɬɚ ɜ ɯɨɥɨɞɢɥɶɧɢɤɟ. 
ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɜ ɪɚɛɨɬɟ [235] ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɱɢɫɬɤɢ 

ɫɬɢɪɨɥɶɧɨɝɨ ɫɨɩɨɥɢɦɟɪɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɜ ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɣ ɮɨɪɦɟ, 
ɢ ɫɨɞɟɪɠɚɳɟɝɨ 76 % ɩɨɥɢɦɟɪɢɡɨɜɚɧɧɨɝɨ ɚɤɪɢɥɨɧɢɬɪɢɥɚ ɢ 7 % ɩɨɥɢ-

ɛɭɬɚɞɢɟɧɚ, ɫ ɢɧɞɟɤɫɨɦ ɪɚɫɩɥɚɜɚ 5,5 ɝ/10 ɦɢɧ. (ɬɚɛɥ. 3.1). 

 

 
Ɍɚɛɥɢɰɚ 3.1. 
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Ɋɟɡɭɥɶɬɚɬɵ ɨɱɢɫɬɤɢ ɫɬɢɪɨɥɶɧɨɝɨ ɩɨɥɢɦɟɪɚ ɦɟɬɨɞɨɦ  

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ. 
 

ȼɚɪɢɚɧɬɵ 1 2 3 4 5 6 7 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ɋɈ2 ɋɈ2 ɋɈ2 ɋɈ2 CO2 SF6 SF6 

Ɋɚɡɦɟɪɵ ɱɚɫɬɢɰ, 

mesh. 

7 12 16 16 12 7 16 

Ɍɟɦɩɟɪɚɬɭɪɚ, 0ɋ 61 61 61 60 60 66 66 

Ⱦɚɜɥɟɧɢɟ, ɛɚɪ 100 100 100 100 100 85 85 

ȼɪɟɦɹ ɷɤɫɬɪɚɝɢ-

ɪɨɜɚɧɢɹ, ɦɢɧ. 

30 30 

 

30 120 120 

 

60 60 

Ɉɫɬɚɬɨɤ ɞɨ ɨɱɢ-

ɫɬɤɢ, ppm: 

Ⱥɤɪɢɥɨɧɢɬɪɢɥ 
ɗɬɢɥɛɟɧɡɨɥ 
ɋɬɢɪɨɥ 
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Ɉɫɬɚɬɨɤ ɩɨɫɥɟ 
ɨɱɢɫɬɤɢ ppm: 

Ⱥɤɪɢɥɨɧɢɬɪɢɥ 
ɗɬɢɥɛɟɧɡɨɥ 
ɋɬɢɪɨɥ 
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ȼ ɷɬɨɣ ɠɟ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ 

ɨɱɢɫɬɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɤɫɬɪɚɝɟɧɬɚ ɜ ɫɭɛɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ. 

Ɋɟɡɭɥɶɬɚɬɢɜɧɨ, ɧɨ ɦɟɧɟɟ ɭɫɩɟɲɧɨ. 
ɇɢɡɤɨɟ ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɦɨɧɨɦɟɪɨɜ, ɹɜɥɹɸɳɢɯɫɹ ɨɫ-

ɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɝɥɭɛɨɤɨɣ ɨɱɢɫɬɤɢ ɩɨɥɢɦɟɪɨɜ ɨɬ 
ɩɪɢɫɭɬɫɬɜɢɹ ɩɨɫɥɟɞɧɢɯ ɞɢɫɬɢɥɥɹɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ, ɜ ɪɚɛɨɬɟ [236] 

ɬɚɤɠɟ ɩɪɟɨɞɨɥɟɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ. Ⱦɥɹ ɨɱɢɫɬɤɢ ɩɨɥɢɦɟɪɚ (ɫɡɨ+α-

ɨɥɟɮɢɧ/ɦɚɥɟɢɧɨɜɵɣ ɚɧɝɢɞɪɢɞɧɵɣ ɫɨɩɨɥɢɦɟɪ) ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɩɪɨɩɚɧ. 

ɇɚɩɨɦɧɢɦ, ɱɬɨ ɩɪɨɰɟɫɫ ɢɡɜɥɟɱɟɧɢɹ ɨɫɬɚɬɨɱɧɵɯ ɦɨɧɨɦɟɪɨɜ ɢɡ ɫɨ-
ɩɨɥɢɦɟɪɨɜ ɫɬɢɪɨɥɚ ɢ ɜɢɧɢɥɩɢɪɢɞɢɧɚ ɫ ɩɨɦɨɳɶɸ ɩɚɪɚ ɢɦɟɟɬ ɧɢɠɧɢɣ 

ɩɪɟɞɟɥ ɩɨ ɦɢɧɢɦɢɡɚɰɢɢ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɪɹɞɤɚ 10 ppm. Ɉɬɦɟɬɢɦ 

ɬɚɤɠɟ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤɨ ɜɫɟɦɭ ɦɨɠɟɬ ɢɦɟɬɶ ɦɟɫɬɨ 
ɞɟɝɪɚɞɚɰɢɹ ɢɧɢɰɢɚɬɨɪɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢ ɩɨɹɜɥɟɧɢɟ ɧɨɜɵɯ ɩɨɛɨɱɧɵɯ 
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ɩɪɨɞɭɤɬɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ, ɡɚɬɪɭɞɧɹɟɬɫɹ ɢɡɜɥɟɱɟ-
ɧɢɟ ɨɥɢɝɨɦɟɪɨɜ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɫ ɩɚɪɚɦɟɬ-
ɪɚɦɢ Ɍ = 60 °ɋ ɢ Ɋ = 220 ɛɚɪ ɩɨɡɜɨɥɹɟɬ ɜ ɫɨɩɨɥɢɦɟɪɟ ɫɬɢɪɨɥɚ ɢ ɜɢ-

ɧɢɥɩɢɪɢɞɢɧɚ ɫɨ ɫɪɟɞɧɟɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ɨɬ 100 000 ɞɨ 150 000 

ɞɨɜɟɫɬɢ ɫɨɞɟɪɠɚɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɫɬɢɪɨɥɚ ɞɨ ɡɧɚɱɟɧɢɹ ɦɟɧɶɲɟɝɨ 1 ppm 

(1 ppm – ɦɢɧɢɦɚɥɶɧɚɹ ɞɨɥɹ ɩɨ ɦɚɫɫɟ) [239]. 

ɂɡɭɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨ-

ɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɜ ɰɟɥɹɯ ɢɡɜɥɟɱɟɧɢɹ ɢɡ ɜɭɥɤɚɧɢɡɨɜɚɧɧɨɣ ɪɟɡɢɧɵ 

ɪɚɡɥɢɱɧɵɯ ɜɤɥɸɱɟɧɢɣ: ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ, ɫɬɚɛɢɥɢɡɚɬɨɪɚ ɢ ɨɫɬɚɬɤɨɜ 
ɭɫɤɨɪɢɬɟɥɹ ɜɭɥɤɚɧɢɡɚɰɢɢ [249]. Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɢɥɫɹ ɷɥɚ-
ɫɬɨɦɟɪɧɵɣ ɦɚɬɟɪɢɚɥ, ɩɨɥɭɱɟɧɧɵɣ ɢɡ ɷɬɢɥɟɧ-ɩɪɨɩɢɥɟɧ-ɞɢɟɧɨɜɨɝɨ ɦɨ-
ɧɨɦɟɪɚ (ɋɄɗɉɌ) ɢ ɩɪɨɲɟɞɲɢɣ ɜɭɥɤɚɧɢɡɚɰɢɸ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 433 Ʉ. 

ɉɨɫɥɟ ɜɭɥɤɚɧɢɡɚɰɢɢ ɩɨɥɢɦɟɪ ɛɵɥ ɩɟɪɟɪɚɛɨɬɚɧ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ 

ɤɪɨɲɤɭ. ɉɨ ɨɰɟɧɤɚɦ ɚɜɬɨɪɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɱɚɫɬɶ ɷɬɨɣ ɜɭɥɤɚɧɢɡɨɜɚɧ-

ɧɨɣ ɪɟɡɢɧɵ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɜ ɫɨɫɬɚɜɟ ɷɤɫɬɪɚɤɬɚ, ɛɭɞɟɬ 
ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ ɫɬɟɚɪɢɧɨɜɭɸ ɤɢɫɥɨɬɭ; ɦɢɧɟɪɚɥɶɧɨɟ ɦɚɫɥɨ, ɜɵɩɨɥ-
ɧɹɸɳɟɟ ɪɨɥɶ ɩɥɚɫɬɢɮɢɤɚɬɨɪɚ; ɬɪɢɦɟɬɢɥ 2,2,4 ɞɢɝɢɞɪɨ 1,2 ɤɢɧɨɥɟɢɧ ɢ 

ɰɢɧɤ 2-ɦɟɪɤɚɩɪɨɛɟɧɡɨɬɢɚɡɨɥ (ɫɬɚɛɢɥɢɡɚɬɨɪɵ), ɚ ɬɚɤɠɟ 2-

ɦɟɪɤɚɩɪɨɛɟɧɡɨɬɢɚɡɨɥ ɢ ɬɟɥɥɭɪ ɞɢɷɬɢɥ ɞɢɬɢɨɤɚɪɛɨɧɚɬ (ɭɫɤɨɪɢɬɟɥɢ 

ɜɭɥɤɚɧɢɡɚɰɢɢ), ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ. ɋɬɟɩɟɧɶ 
ɢɡɜɥɟɱɟɧɢɹ ɜɵɲɟɩɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜɤɥɸɱɟɧɢɣ «R» ɞɥɹ ɜɵɫɭɲɟɧɧɨɝɨ 
ɨɛɪɚɡɰɚ ɨɰɟɧɢɜɚɥɚɫɶ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ: 
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ɝɞɟ m0 – ɧɚɱɚɥɶɧɵɣ ɜɟɫ ɨɛɪɚɡɰɚ; m1 – ɜɟɫ ɨɛɪɚɡɰɚ ɩɨɫɥɟ ɨɫɭɳɟɫɬɜɥɟ-
ɧɢɹ ɩɪɨɰɟɫɫɚ ɷɤɫɬɚɝɢɪɨɜɚɧɢɹ; M – ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ, ɤɨɥɢɱɟɫɬ-
ɜɟɧɧɨ ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟ ɱɚɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ ɜɭɥɤɚɧɢɡɨɜɚɧɧɨɣ ɪɟɡɢɧɵ, 

ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɜ ɩɪɢɧɰɢɩɟ ɢɡɜɥɟɱɟɧɚ (22,0 % < M < 22,6 %). 

ɉɪɢ ɢɡɭɱɟɧɢɢ ɜɥɢɹɧɢɹ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ (200 – 1250 µm) ɛɵɥɨ ɭɫ-
ɬɚɧɨɜɥɧɨ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɋɈ2 – ɷɤɫɬɪɚɝɨɪɨɜɚɧɢɹ ɩɪɢ 270 ɛɚɪɚɯ ɢ 353 Ʉ, 

ɚ ɬɚɤɠɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɜ 30 ɦɢɧ., ɧɚɢɥɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ 
ɞɨɫɬɢɝɚɟɬɫɹ ɞɥɹ ɩɨɪɨɲɤɚ ɫ ɪɚɡɦɟɪɚɦɢ ɱɚɫɬɢɰ ɦɟɧɶɲɟ 800 µm. Ɉɞɧɚ-
ɤɨ, ɨɤɚɡɚɥɨɫɶ, ɱɬɨ ɷɬɨɬ ɩɨɤɚɡɚɬɟɥɶ ɭɫɬɭɩɚɟɬ ɪɟɡɭɥɶɬɚɬɭ ɩɨɥɭɱɟɧɧɨɦɭ 
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ɩɪɢ «ɫɨɤɫɥɟɬ»- ɢɡɜɥɟɱɟɧɢɢ (R ≈  96%). Ⱥɜɬɨɪɵ [249] ɫɜɹɡɵɜɚɸɬ ɩɨ-
ɫɥɟɞɧɟɟ ɫ ɧɢɡɤɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɢɡɜɥɟɤɚɟɦɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɜ ɨɫɨ-
ɛɟɧɧɨɫɬɢ, ɩɨɥɹɪɧɵɯ ɜ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ ɢ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨ-
ɛɥɟɦɵ ɩɪɟɞɥɚɝɚɸɬ ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɷɤɫɬɪɚɝɟɧɬɚ (ɪɢɫɭɧɨɤ 3.17), ɚ 
ɬɚɤɠɟ ɦɨɞɢɮɢɤɚɰɢɸ ɩɨɫɥɟɞɧɟɝɨ ɩɨɥɹɪɧɵɦ ɫɨɪɚɫɬɜɨɪɢɬɟɥɟɦ. 

 
 

Ɋɢɫ. 3.17. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ ɢɡɜɥɟɱɟɧɢɹ ɜɤɥɸɱɟɧɢɣ ɨɬ ɪɚɫɯɨɞɚ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ  
(Ɍ = 353 Ʉ; Ɋ = 270 ɛɚɪ). 1 - 1 ɦɥ/ɦɢɧ; 2 - 3 ɦɥ/ɦɢɧ. 

 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɷɮɮɟɤɬ ɛɵɥ ɢɡɭɱɟɧ ɥɢɲɶ ɞɥɹ ɫɥɭɱɚɹ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɹ ɱɢɫɬɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ. ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɷɤɫɬɪɚɝɟɧ-

ɬɚ (ɫɨɩɪɨɜɨɠɞɚɟɦɨɟ ɫɧɢɠɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɩɪɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɞɚɜɥɟ-
ɧɢɹɯ) ɜ ɢɬɨɝɟ ɩɪɢɜɟɥɨ ɤ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɢɡɜɥɟɱɟɧɢɹ (ɪɢɫɭɧɨɤ 3.18). 

ɉɨɫɥɟɞɧɟɟ ɨɛɴɹɫɧɹɟɬɫɹ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɭɜɟɥɢɱɟɧɢɟɦ ɥɟɬɭɱɟɫɬɢ 

ɜɤɥɸɱɟɧɢɹ ɢ, ɱɬɨ ɛɨɥɟɟ ɜɟɪɨɹɬɧɨ, ɧɚɛɭɯɚɧɢɟɦ ɩɨɥɢɦɟɪɚ, ɭɫɢɥɢɜɚɸ-

ɳɢɦ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɚɫɫɨɨɛɦɟɧ. 
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Ɋɢɫ. 3.18. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ ɢɡɜɥɟɱɟɧɢɹ ɜɤɥɸɱɟɧɢɣ ɨɬ ɡɧɚ- 
ɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɪɨɰɟɫɫɟ (Ɋ = 270 ɛɚɪ; ɞɥɢɬɟɥɶɧɨɫɬɶ  

ɩɪɨɰɟɫɫɚ 55 ɦɢɧ.; ɪɚɫɯɨɞ ɷɤɫɬɪɚɝɟɧɬɚ – 3 ɦɥ/ɦɢɧ). 

 

ȼɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ ɩɪɟɞ-

ɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 3.19. 

 
Ɋɢɫ. 3.19. ȼɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɡɜɥɟɱɟɧɢɹ 
ɜɤɥɸɱɟɧɢɣ: 1 – «ɫɨɤɫɥɟɬ» - ɢɡɜɥɟɱɟɧɢɟ ɜ ɩɪɨɰɟɫɫɟ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 16 ɱɚ- 

ɫɨɜ; 2 – ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɟ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɟ ɜ ɬɟɱɟɧɢɢ 15 ɦɢɧɭɬ; 3 - ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɨɟ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɟ ɜ ɬɟɱɟɧɢɢ 50 ɦɢɧɭɬ (ɋɈ2/ɫɨɪɚɫɬɜɨɪɢɬɟɥɶ =  

83/17; Ɋ = 80 ɛɚɪ; Ɍ = 353 Ʉ; ɪɚɫɯɨɞ ɷɤɫɬɪɚɝɟɧɬɚ – 1 ɦɥ/ɦɢɧ). 

 

Ȼɨɥɟɟ ɜɵɫɨɤɢɣ ɩɪɨɰɟɧɬ ɯɥɨɪɨɮɨɪɦɚ, ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ ɜ ɤɚɱɟɫɬɜɟ 
ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ, ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɢɡɜɥɟɱɟɧɢɹ ɞɨ 30 ɦɢɧ. 

(ɪɢɫɭɧɨɤ 3.20). 
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Ɋɢɫ. 3.20. Ɂɚɜɢɫɢ-

ɦɨɫɬɶ ɫɬɟɩɟɧɢ ɢɡ-
ɜɥɟɱɟɧɢɹ ɜɤɥɸɱɟ-
ɧɢɣ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 
ɯɥɨɪɨɮɨɪɦɚ ɜ ɷɤɫɬ-
ɪɚɝɟɧɬɟ (Ɍ = 353 Ʉ; 

Ɋ = 270 ɛɚɪ; ɪɚɫɯɨɞ 

ɷɤɫɬɪɚɝɟɧɬɚ – 1 

ɦɥ/ɦɢɧ). 

 

 

 

ɉɪɨɛɥɟɦɚ ɩɨɠɟɥɬɟɧɢɹ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɚ ɧɚ ɫɜɟɬɭ ɛɵɥɚ ɪɟɲɟɧɚ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɩɨɛɨɱɧɨɝɨ ɩɪɨɞɭɤɬɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ, ɫɨ-
ɞɟɪɠɚɳɟɝɨɫɹ ɜ ɧɟɦ, ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ [26]. 

ɒɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɪɭɛ, ɩɥɟɧɨɤ, ɫɜɟɬɨɜɨ-
ɞɨɜ, ɤɨɧɬɟɣɧɟɪɨɜ ɢ ɬ.ɞ. ɩɨɥɢ(ɦɨɧɨ-α-ɨɥɟɮɢɧɵ) ɧɟɪɟɞɤɨ, ɤɚɤ ɷɬɨ ɢɦɟ-
ɟɬ ɦɟɫɬɨ ɜ ɨɛɥɚɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɭɩɚɤɨɜɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɠɢɞ-

ɤɢɯ ɢ ɬɜɟɪɞɵɯ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, ɧɚɬɚɥɤɢɜɚɸɬɫɹ ɧɚ ɨɝɪɚɧɢɱɟɧɧɨɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨ ɩɪɢɱɢɧɟ ɱɚɫɬɨ ɩɪɢɫɭɳɟɝɨ ɢɦ ɧɟɩɪɢɹɬɧɨɝɨ ɡɚɩɚɯɚ. 
ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɭɞɚɥɟɧɢɹ ɡɚɩɚɯɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɦɨɝɭɬ 
ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. Ȼɨɥɟɟ ɬɨɝɨ, ɜ ɩɨɞɚɜ-
ɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɪɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɩɪɟɞɩɨɥɚɝɚɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɤɢɫɥɢɬɟɥɟɣ ɩɪɢ ɨɱɟɧɶ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ (ɛɨɥɟɟ 
1000 ɛɚɪ). 

ɉɪɟɞɥɨɠɟɧ [250] ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɞɟɨɞɨɪɢɪɨɜɚɧɢɸ ɬɜɟɪɞɵɯ ɩɨ-
ɥɢ(ɦɨɧɨ-α-ɨɥɟɮɢɧɨɜ), ɨɞɧɢɦ ɢɡ ɩɪɟɢɦɭɳɟɫɬɜ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɧɟ-
ɢɡɦɟɧɧɨɫɬɶ ɜ ɩɪɨɰɟɫɫɟ ɚɝɪɟɝɚɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɧɢɠɚɟɬ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɪɚɫɯɨɞɵ. ɉɨ 
ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ ɦɟɬɨɞ ɩɪɢɦɟɧɢɦ ɩɪɚɤɬɢɱɟɫɤɢ ɤ ɥɸɛɨɦɭ ɩɨɥɢ(ɦɨɧɨ-
α-ɨɥɟɮɢɧɭ), ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɢɩɚ ɦɨɥɟɤɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ. Ɉɬɦɟɱɚɟɬ-
ɫɹ, ɱɬɨ ɩɪɟɞɥɚɝɚɟɦɨɦɭ ɦɟɬɨɞɭ ɞɟɨɞɨɪɢɪɨɜɚɧɢɹ ɨɬɜɟɱɚɸɬ ɩɨɥɢɦɟɪɵ ɫ 
ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ, ɢɡɦɟɧɹɸɳɟɣɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 103 ɞɨ 20·106. ȼ 

ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɨɜ ɩɨɥɢ(ɦɨɧɨ-α-ɨɥɟɮɢɧɨɜ), ɜ ɫɥɭɱɚɟ ɤɨɬɨɪɵɯ ɢɦɟɟɬ 
ɦɟɫɬɨ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ, ɚɜɬɨɪɵ ɩɪɢɜɨɞɹɬ ɩɨɥɢɷɬɢ-

ɥɟɧ, ɩɨɥɢɩɪɨɩɢɥɟɧ, ɩɨɥɢ(α-ɛɭɬɟɧ), ɩɨɥɢ(3-ɦɟɬɢɥ- α-ɛɭɬɟɧ), ɩɨɥɢ(α-

ɩɟɧɬɟɧ), ɩɨɥɢ(5-ɦɟɬɢɥ-α-ɩɟɧɬɟɧ), ɩɨɥɢ(4-ɦɟɬɢɥ-α-ɩɟɧɬɟɧ), ɩɨɥɢ(α-
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ɝɟɤɫɟɧ), ɩɨɥɢ (3-ɷɬɢɥ-α-ɝɟɤɫɟɧ), ɢɯ ɫɦɟɫɢ ɢ ɜɦɟɫɬɟ ɫ ɬɟɦ ɭɤɚɡɵɜɚɸɬ, 
ɱɬɨ ɩɟɪɟɱɟɧɶ ɞɚɥɟɤɨ ɧɟ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɥɢɲɶ ɷɬɢɦɢ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ. 

ɋɨɝɥɚɫɧɨ ɢɡɨɛɪɟɬɟɧɢɹ [250] ɞɟɨɞɨɪɢɪɭɸɳɟɟ ɜɟɳɟɫɬɜɨ (ɚɦɦɢɚɤ; 
ɬɪɢɮɬɨɪɢɞ ɛɨɪɚ; ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ; ɤɪɢɩɬɨɧ; ɮɨɫɮɢɧ; ɯɥɨɪɬɪɢɮɬɨɪ-
ɫɢɥɚɧ; ɫɢɥɚɧ; ɬɟɬɪɚɮɬɨɪɢɞ ɫɢɥɢɤɨɧɚ; ɤɫɟɧɨɧ; ɦɨɧɨɯɥɨɪɞɢɮɬɨɪɦɟɬɚɧ; 

ɬɪɢɮɬɨɪɦɟɬɚɧ; ɦɨɧɨɮɬɨɪɦɟɬɚɧ; ɞɢɯɥɨɪɞɢɮɬɨɪɦɟɬɚɧ; ɦɨɧɨɛɪɨɦ-

ɞɢɮɬɨɪɦɟɬɚɧ; ɦɨɧɨɮɬɨɪɬɪɢɯɥɨɪɦɟɬɚɧ; ɬɟɬɪɚɮɬɨɪɦɟɬɚɧ; ɚɰɟɬɢɥɟɧ; 

ɷɬɢɥɟɧ; 1,1-ɞɢɮɬɨɪɷɬɢɥɟɧ; ɷɬɚɧ; ɞɢɦɟɬɢɥɨɜɵɣ ɷɮɢɪ; ɩɪɨɩɚɧɞɢɟɧ; ɦɟ-
ɬɢɥɚɰɟɬɢɥɟɧ; ɩɪɨɩɢɥɟɧ; ɩɪɨɩɚɧ; ɢɡɨɛɭɬɚɧ; ɩɟɪɮɬɨɪɛɭɬɚɧ; ɦɟɬɚɧɨɥ; 
ɷɬɚɧɨɥ; ɩɪɨɩɚɧɨɥ; ɜɨɞɚ, ɚ ɬɚɤɠɟ ɢɯ ɫɦɟɫɢ), ɧɚɯɨɞɹɳɟɟɫɹ ɜ ɫɭɛ- ɢɥɢ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ (Ɍ = ( )2,50,5 ÷ Ɍɤɪ; Ɋ = ( )51 ÷ Ɋɤɪ), ɧɟ 
ɞɨɥɠɧɨ ɪɚɫɬɜɨɪɹɬɶ ɨɛɪɚɛɚɬɵɜɚɟɦɵɣ ɩɨɥɢ(ɦɨɧɨ-l-ɨɥɟɮɢɧ). Ȼɨɥɟɟ ɬɨ-
ɝɨ, ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɪɟɠɢɦɵ ɨɛɪɚɛɨɬɤɢ ɩɨɥɢɦɟɪɚ ɧɟ ɞɨɥɠɧɵ ɩɪɢɜɨ-
ɞɢɬɶ ɤ ɟɝɨ ɩɥɚɜɥɟɧɢɸ. ɉɪɟɞɩɨɱɬɢɬɟɥɶɧɵɟ ɪɚɫɯɨɞɵ ɷɤɫɬɪɚɝɟɧɬɚ ɨɰɟ-
ɧɢɜɚɸɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 4,0 ɞɨ 50,0 ɦ3/ɫ, ɚ ɜɪɟɦɹ ɩɪɨɰɟɫɫɚ ɜ ɢɧɬɟɪɜɚ-
ɥɟ ɨɬ 10 ɦɢɧ ɞɨ 120 ɦɢɧ.. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɟɚɥɢɡɚɰɢɢ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɞɟɨɞɨɪɢ-

ɪɨɜɚɧɢɹ ɩɨɥɢɩɪɨɩɢɥɟɧɚ (ρ = 0,9 ɝ/ɫɦ3; ɢɧɞɟɤɫ ɪɚɫɩɥɚɜɚ 1,8 ɝ/10 ɦɢɧ), 

ɩɨɥɭɱɟɧɧɨɝɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɥɨɪɢɞ ɬɢɬɚɧɨɜɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ. ɉɪɢ 

ɷɬɨɦ ɨɱɢɳɟɧɧɵɟ ɨɛɪɚɡɰɵ ɩɨɥɢɦɟɪɚ ɛɵɥɢ ɩɨɞɜɟɪɝɧɭɬɵ ɬɟɫɬɚɦ ɧɚ ɡɚ-
ɩɚɯ ɫɨɝɥɚɫɧɨ ɫɬɚɧɞɚɪɬɧɨɣ ɩɪɨɰɟɞɭɪɟ «ASTM». ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɨɰɟ-
ɧɢɜɚɥɚɫɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɡɚɩɚɯɚ, ɚ ɫ ɞɪɭɝɨɣ - ɟɝɨ ɤɚɱɟɫɬɜɨ. ɂɧɬɟɧɫɢɜ-
ɧɨɫɬɶ ɡɚɩɚɯɚ ɨɰɟɧɢɜɚɥɚɫɶ ɩɨ 9-ɬɢ ɛɚɥɶɧɨɣ ɲɤɚɥɟ (0 – ɨɬɫɭɬɫɬɜɢɟ ɡɚ-
ɩɚɯɚ, 9 – ɦɚɤɫɢɦɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ). Ʉɚɱɟɫɬɜɨ ɡɚɩɚɯɚ ɨɰɟɧɢɜɚɥɨɫɶ 
ɡɧɚɱɟɧɢɹɦɢ ɨɬ –5 ɞɨ +5, ɝɞɟ –5 – ɩɪɨɬɢɜɧɵɣ ɡɚɩɚɯ; 0 – ɧɟɣɬɪɚɥɶɧɵɣ 

ɡɚɩɚɯ; +5 – ɩɪɢɹɬɧɵɣ ɡɚɩɚɯ. Ɇɢɧɢɦɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢ ɛɥɢɡɤɨɟ ɤ 
ɧɭɥɸ ɤɚɱɟɫɬɜɨ ɡɚɩɚɯɚ ɨɬɜɟɱɚɸɬ ɬɪɟɛɨɜɚɧɢɹɦ ɤɨɦɦɟɪɱɟɫɤɨɣ ɩɪɨɞɭɤ-
ɰɢɢ. 

ɂɫɯɨɞɧɵɟ ɨɛɪɚɡɰɵ ɢɦɟɥɢ ɢɧɬɟɧɫɢɜɧɵɣ (+5) ɢ ɧɟɩɪɢɹɬɧɵɣ (-1,5) 

ɞɥɹ ɭɩɨɬɪɟɛɥɟɧɢɹ ɡɚɩɚɯ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ ɢ ɪɟɡɭɥɶɬɚɬɵ ɞɟɨ-
ɞɨɪɢɪɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2. 

ȼ ɢɬɨɝɟ ɛɵɥɚ ɩɨɥɭɱɟɧɨ ɢɡɦɟɧɟɧɢɟ (ɫɧɢɠɟɧɢɟ) ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɡɚ-
ɩɚɯɚ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 1 ɞɨ 4 (ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ = 2,5); ɤɚɱɟɫɬɜɨ ɡɚɩɚɯɚ 
ɭɥɭɱɲɢɥɨɫɶ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 0,5 ɞɨ 2,5 (ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ = 1,25); 

ɜɥɢɹɧɢɟ ɡɚɩɚɯɚ ɫɧɢɡɢɥɨɫɶ ɛɨɥɟɟ ɱɟɦ ɫ 20 ɩɨɱɬɢ ɞɨ ɧɭɥɹ. 
 

Ɍɚɛɥɢɰɚ 3.2 
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ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ ɢ ɪɟɡɭɥɶɬɚɬɵ ɞɟɨɞɨɪɢɪɨɜɚɧɢɹ 

ɩɨɥɢɩɪɨɩɢɥɟɧɚ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ 
 

ɩ/ɩ ɉ ɨ ɤ ɚ ɡ ɚ ɬ ɟ ɥ ɢ 

 1 2 3 4 5 6 7 8 9 

11 398,4 15,30 2,07 318 1,05 4,72 4 -1 17 

12 423,8 15,30 2,07 297 0,98 4,72 4 -1 17 

13 423,1 11,82 1,60 308 1,01 4,72 3 0 9 

14 419,1 8,31 1,13 318 1,05 4,72 3 0 9 

15 404,2 8,31 1,13 297 0,98 4,72 3 0 9 

16 423,9 15,30 2,07 308 1,01 28,32 2 -1 5 

17 418,0 11,82 1,60 308 1,01 28,32 2 0 4 

18 434,2 11,82 1,60 308 1,01 28,32 1 1 2 

19 426,2 11,82 1,60 308 1,01 28,32 2 0 4 

20 421,2 11,82 1,60 297 0,98 28,32 2 0 10 

21 426,0 8,31 1,13 308 1,01 28,32 2 0 4 

22 414,4 15,30 2,07 318 1,05 47,20 3 0 9 

23 434,8 15,30 2,07 297 0,98 47,20 1 0 1 

24 417,0 11,82 1,60 308 1,01 47,20 2 -1 5 

25 422,9 8,31 1,13 318 1,05 47,20 3 -1 10 

26 421,4 8,31 1,13 297 0,98 47,20 2 1 5 

 
ɝɞɟ 1 – ɦɚɫɫɚ ɩɨɥɢɦɟɪɧɨɝɨ ɨɛɪɚɡɰɚ ɜ ɝɪɚɦɦɚ; 2 – ɞɚɜɥɟɧɢɟ ɜ 

ɷɤɫɬɪɚɤɬɨɪɟ, Ɇɉɚ;  3 – Ɋ/Ɋɤɪ; 4 – ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɷɤɫɬɪɚɤɬɨɪɟ, Ʉ; 5 – Ɍ/Ɍɤɪ;  
6 – ɪɚɫɯɨɞ ɷɤɫɬɪɚɝɟɧɬɚ,   10

5
 ɦ3

/ɫ; 7 – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɡɚɩɚɯɚ «ɂ»; 8 – ɤɚɱɟɫɬɜɚ 
ɡɚɩɚɯɚ «Ʉ»; 9 – ɜɥɢɹɧɢɟ ɡɚɩɚɯɚ = ɂ2

 + Ʉ2
. 

 

Ɉɞɧɨɣ ɢɡ ɩɟɪɜɵɯ ɪɚɛɨɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɭɞɚɥɟɧɢɟɦ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢɡ 
ɩɨɥɢɦɟɪɨɜ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɹɜɢɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ [226]. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɡɚɞɚɱɟɣ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɹɜɥɹɥɨɫɶ 
ɭɞɚɥɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɨɫɥɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ 
ɩɪɨɰɟɫɫɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɩɨɥɢɷɬɢɥɟɧɚ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ, 
“ɨɬɩɚɪɢɜɚɸɳɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ” ɋ2–ɋ5, ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɞɥɹ ɷɬɨɣ ɰɟɥɢ 

ɜ ɷɤɫɬɪɚɤɬɨɪɟ, ɩɪɢɦɟɧɹɥɢɫɶ ɬɚɦ ɢɦɟɧɧɨ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹ-
ɧɢɢ. ȼɵɞɟɥɟɧɢɟ ɩɨɥɢɦɟɪɚ ɢɡ ɩɨɥɢɦɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɢɥɢ ɞɪɭɝɢɦɢ 

ɫɥɨɜɚɦɢ ɭɞɚɥɟɧɢɟ ɨɫɧɨɜɧɨɣ ɱɚɫɬɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɛɵɥɨ ɪɚɡɜɢɬɨ ɜ ɞɚɥɶɧɟɣɲɟɦ ɜ ɪɚɛɨɬɟ 
[248]. 

ɒɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɢɝɨɬɨɜɥɟɧɢɢ ɤɪɚɫɨɤ, ɱɟɪɧɢɥ, ɚɞɝɟɡɢɜɨɜ 
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ɢ ɞɪɭɝɢɯ ɧɚɯɨɞɹɬ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ, ɯɥɨɪɢɪɨɜɚɧɧɵɟ ɫɦɨɥɵ. ɋ ɬɟɯ ɩɨɪ 
ɤɚɤ ɨɧɢ ɫɬɚɥɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɦɟɬɨɞɨɦ ɯɥɨɪɢɪɨɜɚɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ 
ɫɦɨɥ ɜ ɫɪɟɞɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜɨɡɧɢɤɥɚ ɚɧɚɥɨɝɢɱɧɚɹ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɦ 

ɩɪɨɛɥɟɦɚ ɭɞɚɥɟɧɢɹ ɨɫɬɚɬɨɱɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ. 
Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɦɟɬɨɞ ɜɵɩɚɪɢɜɚɧɢɹ ɨɫɬɚɬɨɱɧɨɝɨ ɪɚɫ-

ɬɜɨɪɢɬɟɥɹ ɨɝɪɚɧɢɱɟɧ ɩɨ ɫɜɨɢɦ ɜɨɡɦɨɠɧɨɫɬɹɦ ɜ ɩɥɚɧɟ ɞɨɫɬɢɠɟɧɢɹ 
ɠɟɥɚɟɦɨɝɨ ɪɟɡɭɥɶɬɚɬɚ (ɧɟɜɨɡɦɨɠɧɨ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɨɫɬɚɬɨɱɧɨ-
ɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɞɨ ɡɧɚɱɟɧɢɣ ɦɟɧɶɲɢɯ ∼ 1%). ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɷɬɨɦɭ 
ɩɪɢ ɢɦɟɸɳɢɯ ɦɟɫɬɨ ɡɧɚɱɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬɚɯ ɷɧɟɪɝɢɢ ɜɟɥɢɤɚ ɜɟɪɨɹɬ-
ɧɨɫɬɶ ɞɟɝɪɚɞɚɰɢɢ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

ȼ ɪɚɛɨɬɟ [237] ɩɪɟɞɥɚɝɚɟɬɫɹ ɪɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɩɨɫɪɟɞɫɬɜɨɦ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ. 
ɉɪɢ ɷɬɨɦ ɭɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɷɬɨɬ ɩɨɞɯɨɞ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɧɚ 
ɯɥɨɪɢɪɨɜɚɧɧɵɟ: ɩɨɥɢɨɥɟɮɢɧɵ ɢ ɪɟɡɢɧɵ, ɩɨɥɢɷɬɢɥɟɧ, ɩɨɥɢɩɪɨɩɢɥɟɧ 

ɢ ɫɨɩɨɥɢɦɟɪɵ ɩɨɥɢɷɬɢɥɟɧɚ ɢ ɩɨɥɢɩɪɨɩɢɥɟɧɚ, ɧɚɬɭɪɚɥɶɧɵɣ ɢ ɫɢɧɬɟ-
ɬɢɱɟɫɤɢɣ ɤɚɭɱɭɤ, ɩɨɥɢɢɡɨɩɪɟɧ, ɩɨɥɢɛɭɬɚɞɢɟɧ, ɫɨɩɨɥɢɦɟɪ ɷɬɢɥɟɧɜɢ-

ɧɢɥ ɚɰɟɬɚɬɚ ɢ ɢɯ ɫɦɟɫɢ. Ʉ ɪɚɫɬɜɨɪɢɬɟɥɹɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɟɦɵɦ 

ɩɪɢ ɯɥɨɪɢɪɨɜɚɧɢɢ ɢ ɪɚɫɫɦɨɬɪɟɧɧɵɦ ɜ ɪɚɛɨɬɟ [237] ɨɬɧɨɫɹɬɫɹ ɱɟɬɵ-

ɪɟɯɯɥɨɪɢɫɬɵɣ ɭɝɥɟɪɨɞ, ɯɥɨɪɨɮɨɪɦ, ɦɟɬɢɥɟɧ ɯɥɨɪɢɞ, ɯɥɨɪɷɬɚɧ, ɞɢ-

ɯɥɨɪɷɬɚɧ, ɬɪɢɯɥɨɪɷɬɚɧ, ɬɟɬɪɚɯɥɨɪɷɬɚɧ ɢ ɢɯ ɫɦɟɫɢ. Ɋɟɤɨɦɟɧɞɭɟɦɵɟ 
ɨɩɟɪɚɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɨɫɬɚɜɥɹɸɬ t = -40 °ɋ ÷ 30 

°ɋ, Ɋ = 5 ÷ 250 ɛɚɪ ɢ t = 32 ÷ 1200ɋ, Ɋ = 75 ÷ 250 ɛɚɪ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢ-

ɦɟɪɚ [237] ɩɪɢɜɨɞɢɬɫɹ ɩɪɨɰɟɫɫ ɨɱɢɫɬɤɢ ɯɥɨɪɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɢɡɨɩɪɟ-
ɧɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 8,0 % ɋɋl4 ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ 
(ɬɚɛɥ. 3.3). 

 
Ɍɚɛɥɢɰɚ 3.3. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɨɱɢɫɬɤɢ ɯɥɨɪɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɢɡɨɩɪɟɧɚ ɢ ɯɥɨɪɢɪɨɜɚɧɧɨɝɨ ɩɨ-
ɥɢɷɬɢɥɟɧɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ 

 

 Ɋ, ɛɚɪ t, 
0ɋ Ɋɚɫɯɨɞ ɷɤɫɬɪɚɝɟɧɬɚ,

ɥ/ɦɢɧ. 

ȼɪɟɦɹ  
ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ, 

ɱɚɫ 

ɋɋl4, %

1 100 30 5,0 1,5 0,30 

2 80 30 0,5 5,0 >0,10 

3 200 80 0,5 0,5 0,20 
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4 150 40 0,5 1,0 0,50 

5 150 40 5,0 0,5 0,30 

6 150 40 0,5 1,0 >0,10 
 

ȼɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɢ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɨɱɢɫɬɤɢ ɩɨɥɢɦɟɪɚ ɨɬ 
ɨɫɬɚɬɨɱɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɦɟɬɨɞɨɦ ɜɵɩɚɪɢɜɚɧɢɹ ɩɨɫɥɟɞɧɟɝɨ ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɦɟɧɹɟɬɫɹ ɰɜɟɬɧɨɫɬɶ ɩɨɥɢɦɟɪɚ, ɬɨɝɞɚ ɤɚɤ ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɹ ɩɪɨɰɟɫɫɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɨɧɚ ɫɨɯɪɚɧɹɟɬɫɹ 
ɩɪɟɠɧɟɣ. 

Ɉɞɧɚɤɨ, ɤɚɤ ɨɬɦɟɱɚɟɬɫɹ ɜ ɪɚɛɨɬɟ [251], ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɧɟɤɨɬɨ-
ɪɵɦ ɦɚɬɟɪɢɚɥɚɦ, ɨɱɢɫɬɤɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ ɤ 
ɩɪɢɦɟɪɭ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɧɟɠɟɥɚɬɟɥɶɧɵɦ ɹɜɥɟɧɢɹɦ. Ɋɟɱɶ ɢɞɟɬ ɨ 
ɬɨɦ, ɱɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɥɢɦɟɪɵ ɩɨɝɥɨɳɚɸɬ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɢ ɜ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɯ ɢɥɢ ɢɧɵɯ ɭɫɥɨɜɢɣ ɷɬɨ ɦɨɠɟɬ ɹɜɢɬɶɫɹ ɩɪɢɱɢɧɨɣ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɢɥɢ ɠɟ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɫɚɦɨɦ ɩɨɥɢɦɟɪɟ 
ɜ ɩɪɨɰɟɫɫɟ ɢɥɢ ɠɟ ɩɨɫɥɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɛɪɚɛɨɬɤɢ (ɨɱɢɫɬɤɢ). ɉɨ-
ɷɬɨɦɭ, ɞɚɠɟ ɟɫɥɢ ɞɨɫɬɢɝɧɭɬ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɨɱɢɫɬɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟɦ ɫɭɛ- ɢɥɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ, ɜɫɟ ɠɟ ɧɟɦɚɥɨɜɚɠɧɵɦ 

ɤɪɢɬɟɪɢɟɦ ɨɫɬɚɸɬɫɹ ɜɨɡɦɨɠɧɵɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɢɡɞɟ-
ɥɢɢ (ɦɚɬɟɪɢɚɥɟ). 

 

3.6. ɎɊȺɄɐɂɈɇɂɊɈȼȺɇɂȿ ɉɈɅɂɆȿɊɈȼ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ 

ɋȼȿɊɏɄɊɂɌɂɑȿɋɄɂɏ ɎɅɘɂȾɈȼ 
 

ɉɪɨɰɟɫɫɵ ɩɨɥɭɱɟɧɢɹ ɩɨɥɢɦɟɪɨɜ, ɚ ɬɚɤɠɟ ɢɯ ɞɟɫɬɪɭɤɰɢɹ ɢɦɟɸɬ 
ɜɟɪɨɹɬɧɨɫɬɧɵɣ ɯɚɪɚɤɬɟɪ. ɉɨɷɬɨɦɭ ɥɸɛɨɣ ɫɢɧɬɟɬɢɱɟɫɤɢɣ ɩɨɥɢɦɟɪ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟ ɢɧɞɢɜɢɞɭɚɥɶɧɨɟ ɜɟɳɟɫɬɜɨ, ɚ ɧɚɛɨɪ ɩɨɥɢɦɟɪ-
ɝɨɦɨɥɨɝɨɜ ɫ ɧɟɤɨɬɨɪɨɣ ɫɪɟɞɧɟɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ɢ ɨɩɪɟɞɟɥɟɧ-

ɧɵɦ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ. ȼ ɫɥɭɱɚɟ ɫɨɩɨɥɢɦɟɪɨɜ, 
ɤɚɤ ɷɬɨ ɢɡɜɟɫɬɧɨ, ɬɚɤɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɨɫɥɨɠɧɹɟɬɫɹ ɧɟɨɞɧɨɪɨɞɧɨ-
ɫɬɶɸ ɦɚɤɪɨɦɨɥɟɤɭɥ ɩɨ ɫɨɫɬɚɜɭ. 

Ɏɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ, ɩɨɡɜɨɥɹɸɳɟɟ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɩɨɥɢɦɟɪ ɩɨ 
ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɟ ɢ ɫɨɫɬɚɜɭ, ɚ ɬɚɤɠɟ ɜɵɞɟɥɢɬɶ ɝɨɦɨɨɛɪɚɡɰɵ ɢ, 

ɢɦɟɸɳɟɟ ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɲɢɪɨɤɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ, ɫɬɚɧɨ-
ɜɢɬɫɹ ɜɦɟɫɬɟ ɫ ɬɟɦ ɜɫɟ ɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɤɚɤ ɫɜɨɣɫɬɜ ɩɨɥɢɦɟɪɨɜ, ɬɚɤ ɢ ɦɟɯɚɧɢɡɦɨɜ ɢɯ ɫɢɧɬɟɡɚ. 

ɉɪɟɠɞɟ ɱɟɦ ɤɨɫɧɭɬɶɫɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɨɜ ɮɪɚɤɰɢɨɧɢɪɨɜɚ-
ɧɢɹ, ɤɪɚɬɤɨ ɨɫɬɚɧɨɜɢɦɫɹ ɧɚ ɧɟɤɨɬɨɪɵɯ ɫɜɨɣɫɬɜɚɯ ɩɨɥɢɦɟɪɨɜ, ɡɚɜɢɫɹ-
ɳɢɯ ɨɬ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ ɨɛɪɚɡɰɚ. ɇɟ ɩɪɟɬɟɧɞɭɹ ɧɚ ɪɚɡɛɨɪ ɜɫɟɯ ɚɫ-
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ɩɟɤɬɨɜ ɷɬɨɣ ɩɪɨɛɥɟɦɵ, ɨɝɪɚɧɢɱɢɦɫɹ ɥɢɲɶ ɬɟɦɢ ɢɡ ɧɢɯ, ɤɨɬɨɪɵɟ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɫ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ. 

Ⱦɥɹ ɷɬɨɝɨ ɩɪɢɜɟɞɟɦ ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɜ ɪɚɛɨɬɟ [252] ɢɧɮɨɪɦɚɰɢɸ 

(ɬɚɛɥ. 3.4) , ɞɟɦɨɧɫɬɪɢɪɭɸɳɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɫɜɨɣɫɬɜ ɩɨɥɢɦɟɪɨɜ ɨɬ 
ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɢ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ȼ 

ɬɚɛɥɢɰɟ 3.5 ɷɬɨ ɜɥɢɹɧɢɟ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɧɚ ɩɪɢɦɟɪɟ ɩɨɥɢɷɬɢɥɟ-
ɧɚ. 

Ɍɚɛɥɢɰɚ 3.4. 
 

ȼɥɢɹɧɢɟ ɆɆ ɢ ɆɆɊ ɧɚ ɫɜɨɣɫɬɜɚ ɩɨɥɢɦɟɪɨɜ [252-254] 
 

 ɍɜɟɥɢɱɟɧɢɟ  Ɋɚɫɲɢɪɟɧɢɟ ɆɆɊ 

ɉɨɤɚɡɚɬɟɥɢ ɆɆ ɩɪɢ ɫɨ-
ɯɪɚɧɟɧɢɢ ɆɆɊ 

ɩɪɢ  

nM = const 

ɩɪɢ  

WM = const 

ɏɥɚɞɨɬɟɤɭɱɟɫɬɶ - - + 

ɗɥɚɫɬɢɱɧɨɫɬɶ + + - 

ɉɥɚɫɬɢɱɧɨɫɬɶ - - + 

ȼɚɥɶɰɭɟɦɨɫɬɶ - - + 

ȼɹɡɤɨɫɬɶ ɩɨ Ɇɭɧɢ + + - 

Ʉɨɝɟɡɢɨɧɧɚɹ ɩɪɨɱɧɨɫɬɶ + + - 

ɍɫɚɞɤɚ + + + 

Ɋɚɡɛɭɯɚɧɢɟ + + - 

ɀɟɫɬɤɨɫɬɶ + + - 

ɋɤɥɨɧɧɨɫɬɶ ɤ ɩɨɞɜɭɥɤɚɧɢɡɚɰɢɢ + + - 

ɉɪɨɱɧɨɫɬɶ ɩɪɢ ɪɚɡɪɵɜɟ + + - 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɜɵɧɨɫɥɢɜɨɫɬɶ + - - 

Ɂɧɚɤ «ɩɥɸɫ» ɭɤɚɡɵɜɚɟɬ ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɢɥɢ ɭɥɭɱɲɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ, ɡɧɚɤ 
«ɦɢɧɭɫ» – ɧɚ ɟɝɨ ɭɦɟɧɶɲɟɧɢɟ ɢɥɢ ɭɯɭɞɲɟɧɢɟ.  

Ɍɚɛɥɢɰɚ 3.5. 

 

Ɂɚɜɢɫɢɦɨɫɬɶ ɫɜɨɣɫɬɜ ɩɨɥɢɷɬɢɥɟɧɚ ɨɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ [255] 

 
 

nM  
 

Ɍɟɦɩɟɪɚɬɭɪɚ 
 ɪɚɡɦɹɝɱɟɧɢɹ 

ȼɹɡɤɨɫɬɶ 
ɪɚɫɩɥɚɜɚ 
ɩɪɢ 130

0ɋ,

ɩɭɚɡɵ 

ɉɪɟɞɟɥ 
ɩɪɨɱɧɨɫɬɢ 

ɩɪɢ ɪɚɡɪɵɜɟ,
ɤɝ/ɫɦ2

 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 
ɭɞɥɢɧɟɧɢɟ ɩɪɢ 

ɪɚɡɪɵɜɟ, 
% 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɯɪɭɩɤɨɫɬɢ, 

0ɋ 

1000 37,5 0,4 - - - 

4000 93,0 5,2 - - - 

7000 98,0 120 43 40 -16 

10 000 100,0 800 - - - 
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12 000 104,0 3⋅10
3
 64 100 -18 

14 000 104,0 14⋅10
3
 - - - 

16 000 106,0 5⋅10
4
 - - - 

19 000 108,0 4⋅10
5
 98 500 -55 

21 000 110,0 1⋅10
6
 112 500 -75 

23 000 111,0 15⋅10
5
 126 500 -85 

28 000 112,0 3⋅10
7
 140 500 -100 

34 000 112,0 1⋅10
8
 210 625 <-105 

38 000 112,0 3⋅10
8
 210 625 <-105 

 

Ɉɞɧɨɡɧɚɱɧɨ ɫɭɳɟɫɬɜɭɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɫɜɨɣɫɬɜ ɩɨɥɢɦɟɪɨɜ ɨɬ ɢɯ 
ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ. ɉɨɫɥɟɞɧɟɟ ɞɟɥɚɟɬ ɨɫɨɛɟɧɧɨ ɜɚɠɧɵɦ ɜɵɹɜɥɟɧɢɟ 
ɧɨɜɵɯ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɩɨɞɯɨɞɨɜ ɤ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɸ ɩɨɥɢɦɟɪɨɜ 
ɜ ɩɥɚɧɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨɥɭɱɟɧɢɹ ɲɢɪɨɤɨɝɨ ɚɫɫɨɪɬɢɦɟɧɬɚ ɦɚɬɟɪɢɚ-
ɥɨɜ, ɨɬɜɟɱɚɸɳɢɯ ɪɚɡɥɢɱɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 

Ɉɛɳɢɦ ɧɟɞɨɫɬɚɬɤɨɦ ɛɨɥɶɲɢɧɫɬɜɚ ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ ɮɪɚɤ-
ɰɢɨɧɢɪɨɜɚɧɢɹ (ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɨɫɚɠɞɟɧɢɟ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɪɚɫ-
ɬɜɨɪɟɧɢɟ ɢ ɞɪɭɝɢɟ) ɹɜɥɹɟɬɫɹ ɧɟɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɢɡɛɢɪɚɬɟɥɶɧɨɫɬɢ. ɉɨ-
ɫɥɟɞɧɟɟ ɧɟ ɩɨɡɜɨɥɹɟɬ ɜɵɞɟɥɹɬɶ ɮɪɚɤɰɢɢ ɫ ɭɡɤɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 

ɦɚɫɫ. Ʉ ɜɚɠɧɵɦ ɧɟɞɨɫɬɚɬɤɚɦ, ɩɪɢɫɭɳɢɦ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɦ ɜɵɲɟɩɟ-
ɪɟɱɢɫɥɟɧɧɵɦ ɫɩɨɫɨɛɚɦ, ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɢ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ 
ɡɧɚɱɢɬɟɥɶɧɚɹ ɬɪɭɞɧɨɫɬɶ ɜ ɨɬɞɟɥɟɧɢɢ ɜɵɞɟɥɟɧɧɨɣ ɮɪɚɤɰɢɢ ɢɡ ɪɚɫɬɜɨ-
ɪɚ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɡɚɜɟɪɲɚɸɳɟɣ ɫɬɚɞɢɢ ɩɪɨɰɟɫɫɚ. ɉɨ-
ɫɥɟɞɧɟɟ ɬɪɟɛɭɟɬ, ɤɚɤ ɨɬɦɟɱɚɟɬɫɹ ɜ ɪɚɛɨɬɟ [256], ɡɧɚɱɢɬɟɥɶɧɵɯ ɷɧɟɪɝɟ-
ɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ, ɨɫɨɛɟɧɧɨ, ɤɨɝɞɚ ɞɟɥɨ ɤɚɫɚɟɬɫɹ ɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜ 
ɧɚɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɟɪɟɱɢɫɥɟɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɩɨ ɫɭɳɟɫɬ-
ɜɭ ɥɢɲɟɧ ɦɟɬɨɞ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ. 

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɬɨɝɨ ɩɨɞɯɨɞɚ ɜ ɪɚɛɨɬɟ [257] ɨɫɭɳɟɫɬɜɥɟɧɨ 
ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ ɩɨɥɢɷɬɢɥɟɧɚ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɜ ɢɡɨ-
ɬɟɪɦɢɱɟɫɤɨɦ (ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ) ɢ ɢɡɨɛɚɪɢɱɟɫɤɨɦ 

(ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ) ɩɪɨɰɟɫɫɚɯ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ 
ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɩɪɨ-
ɩɚɧ. 

ɂɡɨɬɟɪɦɢɱɟɫɤɨɟ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɩɨɥɢɦɟɪɚ (t 

= 130°ɋ) ɜ ɢɧɬɟɪɜɚɥɟ ɞɚɜɥɟɧɢɣ ɨɬ 83 ɛɚɪ ɞɨ 639 ɛɚɪ ɩɪɢɜɟɥɨ ɤ ɜɵɞɟ-
ɥɟɧɢɸ 14 ɮɪɚɤɰɢɣ ɫ ɭɡɤɨɣ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɶɸ. Ɋɟɡɭɥɶɬɚɬɵ ɮɪɚɤɰɢɨ-
ɧɢɪɨɜɚɧɢɹ [257] ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.6. 
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ɉɨɩɵɬɤɚ ɜ ɚɧɚɥɨɝɢɱɧɨɦ ɩɪɨɰɟɫɫɟ (t = 105 °ɋ) ɫɮɪɚɤɰɢɨɧɢɪɨɜɚɬɶ 
ɬɜɟɪɞɵɣ ɨɛɪɚɡɟɰ ɩɨɥɢɦɟɪɚ ɭɞɚɥɚɫɶ ɥɢɲɶ ɞɥɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢ-

ɱɟɫɬɜɚ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɮɪɚɤɰɢɣ (ɬɚɛɥ. 3.7) [257]. 
 

Ɍɚɛɥɢɰɚ 3.6. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɥɢɷɬɢɥɟɧɚ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ  

ɩɪɢ t = 130 °ɋ (ɜɵɲɟ ɜɬɨɪɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɤɨɧɟɱɧɨɣ ɬɨɱɤɢ). 

 

Ɏɪɚɤɰɢɢ Ⱦɚɜɥɟɧɢɟ, 
ɛɚɪ 

Mn  MW  M

M

W

n
 

1 83 NA NA - 

2 194 1 700 2 700 1,59 

3 321 2 900 5 100 1,76 

4 373 4 000 7 300 1,83 

5 408 4 400 9 300 2,11 

6 432 - 11 000 - 

7 446 7 000 14 800 2,11 

8 477 9 300 19 800 2,13 

9 494 12 100 25 100 2,07 

10 518 26 300 34 200 1,30 

11 542 34 700 45 000 1,30 

 

 

 

 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɚ 3.6. 

 
12 570 42 800 56 500 1,32 

13 570 49 300 64 600 1,31 

14 639 93 400 151 000 1,62 

ɂɫɯ. ɩɨ-
ɥɢɦɟɪ 

 7 300 43 000 5,89 

 

 
Ɍɚɛɥɢɰɚ 3.7. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɥɢɷɬɢɥɟɧɚ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ ɩɪɢ  
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t = 105 °ɋ (ɧɢɠɟ ɜɬɨɪɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɤɨɧɟɱɧɨɣ ɬɨɱɤɢ) 

 
Ɏɪɚɤɰɢɢ Ⱦɚɜɥɟɧɢɟ, 

ɛɚɪ 
Mn  MW  

1 121 - <1000 

2 294 400 2000 

3 415 600 1100 

4 553 500 1000 

5 663 1100 1400 

ɂɫɯɨɞɧɵɣ 

ɩɨɥɢɦɟɪ 
 7300 43000 

 
ɏɚɪɚɤɬɟɪ ɮɚɡɨɜɨɝɨ ɩɨɜɟɞɟɧɢɹ [257] ɩɨɥɢɷɬɢɥɟɧɚ ɭɤɚɡɵɜɚɟɬ ɧɚ 

ɧɢɡɤɭɸ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɬɜɟɪɞɨɣ ɮɚɡɵ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɮɥɸɢɞɟ. 
ȼɦɟɫɬɟ ɫ ɬɟɦ ɮɨɪɦɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɨɡɜɨɥɹɟɬ ɭɬɜɟɪ-
ɠɞɚɬɶ ɨ ɡɧɚɱɢɬɟɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ  ɨɬ  ɫɨɫɬɨɹɧɢɹ  ɩɨ-
ɥɢɦɟɪɚ  ɢ  ɛɥɢɡɨɫɬɢ  ɟɝɨ ɤɨ ɜɬɨɪɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɤɨɧɟɱɧɨɣ ɬɨɱɤɟ. Ⱦɪɭ-
ɝɢɦɢ ɫɥɨɜɚɦɢ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɦɨɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɬɶɫɹ ɞɥɹ 
ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɩɨɥɢɦɟɪɚ, ɱɬɨ ɢ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɚɯ ɮɪɚɤɰɢɨ-
ɧɢɪɨɜɚɧɢɹ ɬɜɟɪɞɨɣ ɢ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɮɚɡ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ ɭɜɟɥɢɱɟɧɢɟ 
ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɩɨɥɢɦɟɪɚ ɜɟɞɟɬ ɤ ɢɡɜɟɫɬɧɨɦɭ ɮɚɤɬɭ ɫɧɢɠɟɧɢɹ ɪɚɜ-
ɧɨɜɟɫɧɨɝɨ ɧɚɛɭɯɚɧɢɹ ɟɝɨ, ɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɤ ɦɟɧɟɟ ɷɮɮɟɤɬɢɜɧɨɦɭ 
ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɸ. 

ȼ ɪɚɛɨɬɟ [257] ɬɚɤɠɟ ɩɨɤɚɡɚɧɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɟɪɟɞ ɨɫɭɳɟɫɬɜɥɟɧɢɟɦ ɩɪɨɰɟɫɫɚ 
ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ. ȼ ɱɚɫɬɧɨɫɬɢ ɪɟɤɪɢɫɬɚɥɥɢɡɢɪɨɜɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɜ 
ɜɢɞɟ ɪɚɮɢɧɢɪɨɜɚɧɧɨɣ ɩɭɞɪɵ (ɜɦɟɫɬɨ ɤɚɩɥɟɜɢɞɧɵɯ ɝɪɚɧɭɥ ɞɢɚɦɟɬɪɨɦ 

ɩɨɪɹɞɤɚ 4 ɦɦ) ɫɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɢɦ ɡɧɚɱɟɧɢɟɦ ɨɬɧɨɲɟɧɢɹ ɩɥɨɳɚ-
ɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤ ɟɝɨ ɨɛɴɟɦɭ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ 

ɫɬɟɩɟɧɢ ɫɧɢɦɚɟɬ ɩɪɨɛɥɟɦɭ ɦɚɫɫɨɨɛɦɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɰɟɫɫɚ. 
Ɋɚɛɨɬɵ [258, 259] ɛɵɥɢ ɩɨɫɜɹɳɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɪɨɰɟɫɫɚ 

ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɥɢɷɬɢɥɟɧɨɤɫɢɞɚ ɧɨɧɢɥɮɟɧɢɥɷɮɢɪɚ. ȼ ɩɟɪɜɨɦ 

ɫɥɭɱɚɟ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ 

ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɢ ɩɪɨɰɟɫɫ ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪ-
ɜɚɥɟ 45 ÷  60 °ɋ ɢ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ ɨɬ 8 ɞɨ 30 Ɇɉɚ. ȼɨ ɜɬɨɪɨɦ 

ɫɥɭɱɚɟ ɩɪɢ ɬɟɯ ɠɟ ɞɚɜɥɟɧɢɹɯ ɧɚ ɢɡɨɬɟɪɦɟ 150 °ɋ ɩɪɨɰɟɫɫ ɛɵɥ ɨɫɭɳɟ-
ɫɬɜɥɟɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ 1-ɯɥɨɪ-1,1-ɞɢɮɬɨɪɷɬɚɧɚ. 
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ɉɪɢ ɷɬɨɦ ɚɜɬɨɪɚɦɢ ɪɚɛɨɬ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɡɧɚɱɟɧɢɹ 
ɫɪɟɞɧɟɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɮɪɚɤɰɢɢ ɨɬ ɞɚɜɥɟɧɢɹ ɮɥɸɢɞɚ ɩɪɢ ɤɨɬɨ-
ɪɨɦ ɢɦɟɟɬ ɦɟɫɬɨ ɟɟ ɜɵɞɟɥɟɧɢɟ, ɚ ɬɚɤɠɟ ɨɫɨɛɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ (ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɩɨɞɯɨɞɚɦɢ) ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɤɚɡɚɧɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɞɥɹ ɜɵɞɟɥɟɧɢɹ ɩɨɥɢɷɬɢɥɟɧɨɤɫɢɞɚ ɞɟɧɞɪɢɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢɡ 
ɟɟ ɫɦɟɫɢ ɫ ɥɢɧɟɣɧɵɦ ɩɨɥɢɷɬɢɥɟɧɨɤɫɢɞɨɦ. 

Ɏɪɚɤɰɢɨɧɢɪɨɜɚɧɢɸ ɩɨɥɢɩɪɨɩɢɥɟɧɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ 
ɩɨɫɜɹɳɟɧɚ ɪɚɛɨɬɚ [260]. 

ȼ ɪɚɛɨɬɟ [261] ɛɵɥɚ ɫɮɨɪɦɭɥɢɪɨɜɚɧɚ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɛɚɡɚ ɩɪɨɰɟɫɫɚ 
ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɟɣ ɫ ɪɚɡɥɢɱɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ 

ɦɚɫɫɨɣ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ. ȼ ɱɚɫɬɧɨɫɬɢ, ɧɚ ɛɚɡɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɚɜɨɜ ɪɚɜɧɨɜɟɫɧɵɯ ɮɚɡ ɞɥɹ ɫɢɫ-
ɬɟɦ: “ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɶ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 400 – ɞɢɨɤɫɢɞ ɭɝɥɟ-
ɪɨɞɚ”; ɉɗȽ600 – ɋɈ2 ɢ ɉɗȽ1000 – ɋɈ2 ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɜɡɚɢɦ-

ɧɵɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɨɥɢɦɟɪɚ ɢ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɚ ɬɚɤɠɟ ɩɨɜɟɞɟɧɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɚɡɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɟɣ. 

ɍɫɬɚɧɨɜɥɟɧɵ ɫɢɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɨɬ ɦɨɥɟɤɭɥɹɪ-
ɧɨɣ ɦɚɫɫɵ ɩɨɥɢɦɟɪɚ ɢ ɧɚɥɢɱɢɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɜɵɲɟ ɤɨɬɨ-
ɪɨɝɨ ɥɢɲɶ ɦɨɠɧɨ ɨɛɧɚɪɭɠɢɬɶ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɩɨɥɢɦɟɪɚ ɞɚɧɧɨɣ ɦɨɥɟ-
ɤɭɥɹɪɧɨɣ ɦɚɫɫɵ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɮɚɤɬɟ ɭɜɟɥɢɱɟɧɢɹ 
ɡɧɚɱɟɧɢɹ Ɋmin ɜɞɨɥɶ ɢɡɨɬɟɪɦɵ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɩɨ-
ɥɢɦɟɪɚ, Ɋmin ɞɥɹ ɉɗȽ400 ɫɨɫɬɚɜɢɥɨ ɩɨɪɹɞɤɚ 10 Ɇɉɚ ɢ ɞɥɹ ɉɗȽ600 – 15 

Ɇɉɚ. 
ɉɪɢ ɷɬɨɦ ɚɜɬɨɪɵ ɪɚɛɨɬɵ [261] ɤɨɧɫɬɚɬɢɪɭɸɬ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ 

ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɨɛɪɚɡɰɨɜ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɟɣ ɨɬ ɞɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ 
ɫɥɨɠɧɨɣ ɮɭɧɤɰɢɟɣ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɨɛɪɚɡɰɟ. 
ɇɚ ɪɢɫɭɧɤɟ 3.21 ɩɪɟɞɫɬɚɜɥɟɧɨ ɦɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɉɗȽ600. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɚɧɚɥɢɡɢɪɭɟɦɚɹ ɜ ɪɚɛɨɬɟ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɹɜɥɹ-
ɟɬɫɹ ɫɥɨɠɧɨɣ ɮɭɧɤɰɢɟɣ, ɭɱɢɬɵɜɚɸɳɟɣ ɜɤɥɚɞɵ ɪɚɡɥɢɱɧɵɯ ɮɪɚɤɰɢɣ. 

Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɹɜɧɨ ɫɭɳɟɫɬɜɭɸɳɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɥɢ-

ɷɬɢɥɟɧɝɥɢɤɨɥɟɣ ɪɚɡɥɢɱɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɞɚɜ-
ɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ ɩɪɨɰɟɫɫɚ ɮɪɚɤɰɢɨɧɢɪɨ-
ɜɚɧɢɹ ɢɫɯɨɞɧɨɝɨ ɩɨɥɢɦɟɪɚ. 
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Ɋɢɫ. 3.21. Ɇɨɥɟɤɭɥɹɪɧɨ-ɦɚɫɫɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ  
ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɹ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 600 [261]. 

 

ɍɫɬɚɧɨɜɥɟɧ ɜɢɞ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɚɡɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɟɣ ɨɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɩɨɥɢɦɟɪɚ (ɪɢɫɭɧɨɤ 
3.22).  

ɂɡ ɧɟɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɜɨ-ɩɟɪɜɵɯ ɫɭɳɟɫɬɜɭɟɬ ɧɟɤɨɬɨɪɵɣ ɤɪɢɬɢɱɟ-
ɫɤɢɣ ɦɨɥɟɤɭɥɹɪɧɵɣ ɜɟɫ, ɧɢɠɟ ɤɨɬɨɪɨɝɨ ɨɬɫɭɬɫɬɜɭɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨ-
ɷɮɮɢɰɢɟɧɬɚ ɮɚɡɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɬ ɡɧɚɱɟɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫ-
ɫɵ ɢ ɜɨ-ɜɬɨɪɵɯ ɜɵɲɟ ɷɬɨɝɨ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ 
ɦɨɥɟɤɭɥɹɪɧɵɯ ɜɟɫɨɜ ɜɵɫɨɤɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɮɚɡɨɜɨɝɨ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɹ ɫɨɱɟɬɚɟɬɫɹ ɫ ɧɢɡɤɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ; ɜ ɨɛɥɚɫɬɢ ɠɟ ɜɵɫɨ-
ɤɢɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɜɟɫɨɜ ɫɢɬɭɚɰɢɹ ɨɛɪɚɬɧɚɹ (ɧɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɮɚɡɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɜɵɫɨɤɚɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶ). 
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ɉɨ ɫɭɳɟɫɬɜɭ ɚɧɚɥɨɝɢɱɧɚɹ 
ɡɚɞɚɱɚ ɪɟɲɚɥɚɫɶ ɜ ɪɚɛɨɬɟ [262]. 

Ɉɞɧɚɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜ ɰɟɥɹɯ 
ɛɨɥɶɲɟɣ ɝɢɛɤɨɫɬɢ, ɚ ɫɬɚɥɨ 
ɛɵɬɶ ɢ ɷɮɮɟɤɬɢɧɨɫɬɢ ɩɪɨɰɟɫɫɚ 
ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ (ɪɚɡɞɟɥɟ-
ɧɢɹ) ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɨɩɟɪɢ-

ɪɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɡɧɚɱɟɧɢɹɦɢ 

ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ 
ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ 
ɢɧɫɬɪɭɦɟɧɬɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨ-
ɰɟɫɫɨɦ ɫɨɫɬɚɜ ɷɤɫɬɪɚɝɟɧɬɚ. Ʉɚɤ 
ɨɬɦɟɱɚɸɬ ɚɜɬɨɪɵ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɮɨɪɦɢɪɨɜɚɬɶ ɪɚɫɬɜɨɪɢɬɟɥɶ ɫɨɫɬɨɹ-
ɳɢɣ, ɤɚɤ ɦɢɧɟɦɭɦ ɢɡ ɞɜɭɮ ɤɨɦɩɨɧɟɧɬɨɜ: ɩɪɟɩɹɬɫɬɜɭɟɳɟɝɨ ɪɚɫɬɜɨɪɟ-
ɧɢɸ («ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹ») ɢ ɫɩɨɫɨɛɫɬɜɭɸɳɟɝɨ ɪɚɫɬɜɨɪɟɧɢɸ («ɫɨɪɚ-
ɪɚɫɬɜɪɢɬɟɥɹ»). ɉɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɞɨɥɠɧɚ 
ɩɪɟɜɨɫɯɨɞɢɬɶ (ɛɵɬɶ ɛɥɢɡɤɨɣ) ɤɪɢɬɢɱɟɫɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɯɨɬɹ ɛɵ ɨɞ-

ɧɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ, ɚ ɜ ɥɭɱɲɟɦ ɠɟ ɫɥɭɱɚɟ ɤɪɢɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ 
ɞɥɹ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɰɟɥɨɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɢɡ ɚɧɚɥɢɡɚ ɩɚɪɚɦɟɬɪɨɜ 
ɤɪɢɬɢɱɟɫɤɨɣ ɤɪɢɜɨɣ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ ɩɨɥɢɦɟɪɨɜ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɚɦɢ 

ɫɬɟɤɥɨɜɚɧɢɹ ɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ, ɚɜɬɨɪɵ ɷɬɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɭɫɬɚɧɨɜɢɥɢ ɜɟɳɟɫɬɜɚ ɧɚɢɛɨɥɟɟ ɩɪɢɝɨɞɧɵɟ ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢ- ɢ ɫɨɪɚɫ-
ɬɜɨɪɢɬɟɥɟɣ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɩɨɥɢɨɥɟɮɢɧɚɦ, ɩɨɥɢɞɢɟɧɚɦ ɢ ɩɨɥɢɫɬɢ-

ɪɨɥɚɦ (ɩɨɥɢɦɟɪɚɦ, ɦɚɤɪɨɦɨɥɟɤɭɥɵ ɤɨɬɨɪɵɯ ɧɟ ɫɨɟɞɢɧɟɧɵ ɦɟɠɞɭ ɫɨ-
ɛɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɤɨɜɚɥɟɧɬɧɨɣ ɫɜɹɡɶɸ ɢ ɜ ɷɬɨɣ ɱɚɫɬɢ ɫɜɨɛɨɞɧɵ 

ɞɥɹ ɫɨɥɸɛɢɥɢɡɚɰɢɢ). Ʉ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹɦ ɨɬɧɟɫɟɧɵ ɞɢɨɤɫɢɞ ɭɝɥɟ-
ɪɨɞɚ; ɚɥɤɚɧɵ ɢ ɚɥɤɟɧɵ ɫ ɱɢɫɥɨɦ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɨɬ ɨɞɧɨɝɨ ɞɨ ɬɪɟɯ; 
ɨɤɢɫɶ ɚɡɨɬɚ; ɝɟɤɫɚɮɬɨɪɢɞ ɫɟɪɵ ɢ ɢɧɟɪɬɧɵɟ ɝɚɡɵ; ɧɟɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚ-
ɜɢɬɟɥɢ ɯɥɨɪ- ɢ ɮɬɨɪɡɚɦɟɳɟɧɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ȼ ɩɟɪɟɱɟɧɶ ɫɨɪɚɫ-
ɬɜɨɪɢɬɟɥɟɣ ɜɯɨɞɹɬ: ɚɥɤɚɧɵ ɢ ɚɥɤɟɧɵ ɫ ɱɢɫɥɨɦ  ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ 
ɛɨɥɶɲɢɦ 3-ɯ; ɰɢɤɥɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ; ɫɩɢɪɬɵ; ɷɮɢɪɵ; ɤɟɬɨɧɵ; 

ɚɦɢɧɵ; ɬɟɬɪɚɝɢɞɪɨɮɭɪɚɧ; ɱɟɬɵɪɟɯ ɯɥɨɪɢɫɬɵɣ ɭɝɥɟɪɨɞ; ɯɥɨɪɨɮɨɪɦ; 

ɮɨɪɦɚɦɢɞ; ɞɢɦɟɬɢɥɮɨɪɦɚɦɢɞ. 

ȼ ɬɚɛɥɢɰɟ 3.8 ɩɪɢɜɟɞɟɧ ɢɫɯɨɞɧɵɣ ɫɨɫɬɚɜ ɢɫɫɥɟɞɨɜɚɧɧɨɝɨ ɩɨɥɢɨ-
ɥɟɮɢɧɚ, ɚ ɬɚɤɠɟ ɷɤɫɬɪɚɤɬɚ ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɩɪɨɰɟɫɫɟ, ɪɟɚɥɢɡɨɜɚɧɧɨɦ 

 
Ɋɢɫ. 3.22. Ʉɨɷɮɮɢɰɢɟɧɬ ɮɚɡɨɜɨɝɨ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɹ ɮɪɚɤɰɢɣ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɹ 

ɩɪɢ 313 Ʉ ɢ 27,03 Ɇɉɚ [261]. 
 



 

 

200 

ɩɪɢ 200 °ɋ ɢ 200 ɛɚɪɚɯ ɜ ɫɢɫɬɟɦɟ ɫɨɞɟɪɠɚɜɲɟɣ 15 % ɩɨɥɢɦɟɪɚ; 15 % 

ɷɬɢɥɟɧɚ ɢ 70 % 1-ɝɟɤɫɟɧɚ (ɩɪɨɰɟɧɬɵ ɦɚɫɫɨɜɵɟ). 
 

Ɍɚɛɥɢɰɚ 3.8. 

 

ɋɨɫɬɚɜ ɩɨɥɢɨɥɟɮɢɧɚ ɢ ɷɤɫɬɪɚɤɬɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ 

 

Ɇɨɥɟɤɭɥɹɪɧɵɣ ɜɟɫ 
ɩɫɟɜɞɨɤɨɦɩɨɧɟɧɬɨɜ 
ɩɨɥɢɦɟɪɚ, ɝ/ɦɨɥɶ 

ɋɨɫɬɚɜ ɢɫɯɨɞɧɨɝɨ ɩɨɥɢɦɟɪɚ ɋɨɫɬɚɜ ɷɤɫɬɪɚɤɬɚ  
(1,3% ɜɟɫɨɜɵɯ) 

500 0,0007 0,0380 

1000 0,0093 0,4240 

2000 0,0200 0,4093 

3000 0,0200 0,1274 

8000 0,0500 0,0003 

20000 0,9000 0,0000 

MW  18500 16000 

 

ȼ ɪɚɫɫɦɨɬɪɟɧɧɨɦ ɫɥɭɱɚɟ ɢɦɟɟɬ ɦɟɫɬɨ ɭɞɚɥɟɧɢɟ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪ-
ɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢɡ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɩɨɥɢɦɟɪɚ. 

ɇɚ ɫɥɟɞɭɸɳɢɯ ɩɪɢɦɟɪɚɯ (ɬɚɛɥ. 3.9, 3.10 ɢ 3.11) ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ 
ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ (ɩɪɢ ɩɪɨɱɢɯ ɧɟɢɡɦɟɧ-

ɧɵɯ ɩɚɪɚɦɟɬɪɚɯ) ɧɚ ɪɚɫɬɜɨɪɹɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ 
ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ. 

 

Ɍɚɛɥɢɰɚ 3.9. 
 

ȼɥɢɹɧɢɟ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚ ɩɪɨɰɟɫɫ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ  

ɩɨɥɢɨɥɟɮɢɧɚ [262] 
 

ɋɨɞɟɪɠɚɧɢɟ ɷɬɢɥɟɧɚ, % 10 15 20 30 85 

Ʉ(500) 0,827 0,791 0,732 0,545 0,016 

Ʉ(1000) 0,449 0,895 0,323 0,158 0,000058 

Ʉ(2000) 0,132 0,0987 0,0627 0,0134 0,79 10⋅ -9
 

Ʉ(3000) 0,0388 0,0246 0,0122 0,00113 0,1·10
-13

 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.9

Ʉ(8000) 0855 0,238 0,338 0,483 0,5·10
-38

 

Ʉ(20000) 0,36 0,14 0,98 0,63 < 0.1·10
-50

Ɋɚɫɬɜɨɪɢɦɨɫɬɶ  0,29 0,25 0,20 0,10 < 0.1·10
-4

 



 

 

201

ɩɨɥɢɦɟɪɚ, ɜ % 

ȼɵɯɨɞ ɷɤɫɬɪɚɤɬɚ, % 1,5 1,3 1,0 0,5 < 0,1·10
-2

 

Ʉ(2000)/Ʉ(3000) 

(ɫɟɥɟɤɬɢɜɧɨɫɬɶ) 
3,4 4,0 5,1 11,9 0,8·10

5
 

Ʉ(3000)/Ʉ(8000)         

ɫɟɥɟɤɬɢɜɧɨɫɬɶ 
454 1034 3609 0,2 10⋅ 6

 0,2·10
25

 

 
ɉɪɢɦɟɱɚɧɢɟ. Ʉ(…) - ɪɚɧɟɟ ɨɛɫɭɠɞɟɧɧɵɣ ɭɠɟ ɤɨɮɮɟɰɢɟɧɬ ɮɚɡɨɜɨɝɨ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ ɩɫɟɜɞɨɤɨɦɩɨɧɟɧɬɵ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɦɨɥɟɤɭɥɹɪɧɵɦ ɜɟɫɨɦ (ɨɬ-
ɧɨɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜ ɫɜɟɪxɤɪɢɬɢɱɟɤɨɣ ɮɚɡɟ ɤ ɫɨɞɟɪɠɚɧɢɸ ɜ ɪɚɮɢɧɚɬɟ). 

 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɷɤɫɬɪɚɝɟɧɬɟ ɪɚɫ-
ɬɜɨɪɹɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɚɞɚɟɬ, ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɭɜɟ-
ɥɢɱɢɜɚɟɬɫɹ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɪɚɡɞɟɥɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɝɢɛɤɨɫɬɶ ɩɪɨ-
ɰɟɫɫɚ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɦɨɠɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶɫɹ ɢɡɦɟɧɟɧɢɟɦ ɫɨ-
ɫɬɚɜɚ ɪɚɫɬɜɨɪɢɬɟɥɹ. 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɬɜɨɪɹɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 
ɷɤɫɬɪɚɝɟɧɬɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɧɨ ɢɦɟɟɬ ɜɦɟɫɬɟ ɫ ɬɟɦ ɦɟɫɬɨ ɫɧɢɠɟɧɢɟ 
ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ. ɇɚɩɨɦɧɢɦ, ɱɬɨ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɹɜ-
ɥɹɟɬɫɹ ɦɟɪɨɣ ɫɬɟɩɟɧɢ ɬɨɱɧɨɫɬɢ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ 1 

(ɨɬɫɭɬɫɬɜɢɟ ɪɚɡɞɟɥɟɧɢɹ) ɞɨ ɛɟɫɤɨɧɟɱɧɨɫɬɢ (ɫɨɜɟɪɲɟɧɧɨɟ ɪɚɡɞɟɥɟɧɢɟ). 
ɇɚɩɪɢɦɟɪ, ɩɪɢ ɩɨɩɵɬɤɟ ɪɚɡɞɟɥɟɧɢɹ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɦɟɫɢ ɫɟɥɟɤ-
ɬɢɜɧɨɫɬɶ ɛɭɞɟɬ ɪɚɜɧɚ ɟɞɢɧɢɰɟ, ɟɫɥɢ ɫɨɫɬɚɜ ɷɤɫɬɪɚɝɟɧɬɚ ɛɭɞɟɬ ɜɬɨɱɧɨ-
ɫɬɢ ɨɬɜɟɱɚɬɶ ɫɨɫɬɚɜɭ ɢɫɯɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ. ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɛɭɞɟɬ ɨɫɨɛɨ 
ɜɵɫɨɤɨɣ, ɟɫɥɢ ɪɚɫɬɜɨɪɢɬɟɥɶ ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɶ ɥɢɲɶ ɨɞɧɭ ɤɨɦɩɨɧɟɧɬɭ 
ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ ɩɪɢ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɦ ɨɬɫɭɬɫɬɜɢɢ ɞɪɭɝɨɣ ɤɨɦɩɨ-
ɧɟɧɬɵ. ɇɚ ɩɪɚɤɬɢɤɟ ɫɟɥɟɤɬɢɜɧɨɫɬɶ, ɨɰɟɧɢɜɚɟɦɚɹ ɨ 2,0 ɞɨ 10,0, ɫɱɢɬɚ-
ɟɬɫɹ ɩɪɢɟɦɥɟɦɨɣ, ɚ ɡɧɚɱɟɧɢɹ ɠɟ ɜɵɲɟ 10 ɹɜɥɹɸɬɫɹ ɯɨɪɨɲɢɦɢ. 

 

 

 
 

Ɍɚɛɥɢɰɚ 3.10. 

 

ȼɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚ ɩɪɨɰɟɫɫ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɥɢɨɥɟɮɢɧɚ [262] 

 



 

 

202 

Ɋ, ɛɚɪ 100 200 250 300 

Ʉ(500) 0,514 0,791 0,836 0,861 

Ʉ(1000) 0,134 0,395 0,465 0,511 

Ʉ(2000) 0,00904 0,0987 0,144 0,180 

Ʉ(3000) 0,000612 0,0246 0,0445 0,0636 

Ʉ(8000) 0,871 10⋅ -9
 0,238 10⋅ -4

 0,126 10⋅ -3
 0,347 10⋅ -3

Ʉ(20000) 0,81 10⋅ -23
 0,14 10⋅ -11

 0,97 10⋅ -10
 0,128 10⋅ -8

Ɋɚɫɬɜɨɪɢɦɨɫɬɶ  
ɩɨɥɢɦɟɪɚ,% 

0,085 0,063 0,30 0,34 

ȼɵɯɨɞ ɷɤɫɬɪɚɤɬɚ,% 0,5 0,37 1,6 1,8 

Ʉ(2000)/Ʉ(3000)  

 (ɫɟɥɟɤɬɢɜɧɨɫɬɶ) 
15,0 21,0 3,2 2,8 

Ʉ(3000)/Ʉ(8000) 

(ɫɟɥɟɤɬɢɜɧɨɫɬɶ) 
0,7 10⋅ 6

 0,4 10⋅ -7
 353 183 

 

Ɍɚɛɥɢɰɚ 3.11. 

 

ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɪɨɰɟɫɫ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɥɢɨɥɟɮɢɧɚ [262] 

 

Ɋ, ɛɚɪ 100 200 250 300 

t, °ɋ 200 220 200 220 

Ʉ(500) 0,514 0,471 0,791 0,834 

Ʉ(1000) 0,134 0,104 0,395 0,431 

Ʉ(2000) 0,00904 0,00503 0,0987 0,115 

Ʉ(3000) 0,612 10⋅ -3
 0,244 10⋅ -3

 0,0246 0,0308 

Ʉ(8000) 0,871 10⋅ -9
 0,65 10⋅ -10

 0,126 10⋅ -4
 0,422 10⋅ -4

Ʉ(20000) 0,81 10⋅ -23
 0,11 10⋅ -25

 0,14 10⋅ -11
 0,56 10⋅ -11

 

Ɋɚɫɬɜɨɪɢɦɨɫɬɶ  
ɩɨɥɢɦɟɪɚ,% 

0,085 0,063 0,25 0,27 

ȼɵɯɨɞ ɷɤɫɬɪɚɤɬɚ,% 0,5 0,37 1,3 1,4 

Ʉ(2000)/Ʉ(3000)  

 (ɫɟɥɟɤɬɢɜɧɨɫɬɶ) 
15,0 21,0 4,0 3,7 

Ʉ(3000)/Ʉ(8000) 

(ɫɟɥɟɤɬɢɜɧɨɫɬɶ) 
0,7 10⋅ 6

 0,4 10⋅ -7
 1033 730 

 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ  ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɹɯ (100, 200 

ɛɚɪ) ɫɧɢɠɟɧɢɟ ɪɚɫɬɜɨɪɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɷɤɫɬɪɚɝɟɧɬɚ ɫɨɱɟɬɚɟɬɫɹ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ. ȼ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ 
ɞɚɜɥɟɧɢɣ ɢɦɟɟɬ ɦɟɫɬɨ ɨɛɪɚɬɧɨɟ ɩɨɥɨɠɟɧɢɟ ɜɟɳɟɣ, ɬ.ɟ. ɬɟɦɩɟɪɚɬɭɪ-
ɧɵɣ ɷɮɮɟɤɬ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɦ ɞɥɹ ɩɪɟɞɫɤɚɡɚɧɢɹ ɢ ɜ 
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ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɜɵɛɪɚɧɧɨɣ ɩɚɪɵ: ɚɧɬɢɪɚɫɬɜɨɪɢ-

ɬɟɥɶ/ɫɨɪɚɫɬɜɨɪɢɬɟɥɶ. 
Ƚɨɜɨɪɹ ɨ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɢ ɜɨɨɛɳɟ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɧɨ 

ɜɨɡɦɨɠɧɨ ɧɟ ɬɨɥɶɤɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɧɚɱɟɧɢɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ, 

ɦɨɠɟɬ ɨɧɨ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɢ ɩɨɥɭɱɟɧɢɟɦ ɮɪɚɤɰɢɣ ɪɚɡɥɢɱɧɨɝɨ ɯɢɦɢ-

ɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. 
ȼ ɪɚɛɨɬɟ [263] ɧɚ ɭɫɬɚɧɨɜɤɟ, ɪɚɛɨɬɚɸɳɟɣ ɜ ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢ-

ɦɟ ɫ ɨɩɟɪɚɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ (t ɞɨ 200 °ɋ ɢ Ɋ ɞɨ 650 ɛɚɪ) 
ɨɫɭɳɟɫɬɜɥɟɧɨ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫɨɩɨɥɢɦɟɪɨɜ ɩɨɥɢɷɬɢɥɟɧ-

ɫɨɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ, ɤɚɤ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɥɭɱɟɧɢɹ ɮɪɚɤɰɢɣ ɫ ɪɚɡ-
ɥɢɱɧɵɦɢ ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɦɚɫɫɚɦɢ, ɬɚɤ ɢ ɪɚɡɥɢɱɧɵɦ ɯɢɦɢɱɟɫɤɢɦ ɫɨ-
ɫɬɚɜɨɦ. ȼ ɤɚɱɟɫɬɜɟ ɷɤɫɬɪɚɝɟɧɬɨɜ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɩɪɨɩɚɧ, ɛɭɬɚɧ ɢ ɞɢɦɟɬɢɥɨɜɵɣ ɷɮɢɪ. Ɋɟɡɭɥɶɬɚɬɵ 

ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.12.  

 
Ɍɚɛɥɢɰɚ 3.12. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɨɩɨɥɢɦɟɪɚ ɩɨɥɢɷɬɢɥɟɧ-ɫɨɚɤɪɢɥɨɜɨɣ  

ɤɢɫɥɨɬɵ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɩɪɨɩɚɧɟ, ɛɭɬɚɧɟ ɢ ɞɢɦɟɬɢɥɨɜɨɦ ɷɮɢɪɟ [263]. 
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Ⱦɚɜɥɟɧɢɟ, 
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ɮɪɚɤɰɢɢ, 

ɝɪɚɦɦ 

 

MW  

M

M

W

n

Ⱥɤɪɢɥɨɜɚɹ 
ɤɢɫɥɨɬɚ, 
mol. % 

Ʉɪɢɫɬɚɥ-
ɥɢɱɧɨɫɬɶ, 

% 

t  

ɩɥɚɜɥɟɧɢɹ,
°ɋ 

ɂɫɯɨɞ-

ɧɵɣ 

ɨɛɪɚɡɟɰ 

 13,43 94,150 5,5 3,1 39 105 

ɉɪɨɩɚɧ, t = 120 °ɋ 

1 482 0,19   0,5 35 104 

2 538 0,22   1,7 42 106 

3 590 0,32 6,430 2,0 1,4 43 107 

4 647 0,41 11,000 3,0 2,1 43 107 

ɉɪɨɩɚɧ, t = 150 °ɋ 

5 415 0,24    36 107 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.12
 

6 488 0,20    44 108 

7 564 0,29   2,2 42 106 

8 646 0,46   2,1 43 107 

Ȼɭɬɚɧ, t = 158 °ɋ 
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9 448 0,45 25,400 1,8  35 104 

10 521 0,77 28,400 1,6 2,0 41 105 

11 590 1,19 30,500 1,5 2,6 41 104 

12 636 1,11 51,400 3,0 2,7 41 102 

Ⱦɢɦɟɬɢɥɨɜɵɣ ɷɮɢɪ, t = 135 °ɋ 

13 246 0,20   2,0 32 100 

14 280 0,25   3,1 38 100 

15 315 0,43 31,800 1,3 3,2 38 100 

16 351 0,95 52,700 1,6 3,2 38 102 

17 388 2,00   2,8 37 101 

18 406 1,30 154,000 1,6 2,7 37 99 

19 430 1,41   2,8 36 98 

20 452 1,03 954,000 2,3 2,7 34 101 

21 612 0,03    35 96 
 

ɂɡ ɧɟɟ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɨɩɚɧ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ <150 °ɋ ɹɜɥɹɟɬɫɹ 
ɫɥɚɛɟɣɲɢɦ ɞɥɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɩɨɥɢɦɟɪɚ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɢ ɫɩɨɫɨɛɟɧ ɜ 
ɢɫɯɨɞɧɨɦ ɩɨɥɢɦɟɪɟ ɪɚɫɬɜɨɪɹɬɶ ɥɢɲɶ ɨɥɢɝɨɦɟɪɵ ɫ ɧɢɡɤɢɦ ɤɢɫɥɨɬɧɵɦ 

ɫɨɞɟɪɠɚɧɢɟɦ. Ⱦɢɦɟɬɢɥɨɜɵɣ ɷɮɢɪ ɹɜɥɹɟɬɫɹ ɥɭɱɲɢɦ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɜ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ. 

Ⱥɧɚɥɨɝɢɱɧɵɣ ɩɪɢɧɰɢɩ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ ɜ ɪɚ-
ɛɨɬɟ [264], ɝɞɟ ɫ ɩɨɦɨɳɶɸ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɯɥɨɪɞɢɮɬɨɪɦɟɬɚɧɚ ɛɵ-

ɥɢ ɫɮɪɚɤɰɢɨɧɢɪɨɜɚɧɵ ɫɨɩɨɥɢɦɟɪɵ ɩɨɥɢɦɟɬɢɥ ɦɟɬɚɤɪɢɥɚɬ-ɬ-
ɩɨɥɢɞɢɦɟɬɢɥɫɢɥɨɤɫɚɧɚ. 

Ⱦɪɭɝɢɟ ɩɪɢɦɟɪɵ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɥɢɦɟɪɨɜ ɫ ɩɨɦɨɳɶɸ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɲɢɪɨɤɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɨɛɡɨɪɚɯ [26, 47, 

196] ɢ ɜɤɥɸɱɚɸɬ ɫɨɩɨɥɢɦɟɪ ɩɨɥɢ (α-ɨɥɟɮɢɧ-ɦɚɥɟɢɧɨɜɨɝɨ ɚɧɝɢɞɪɢ-

ɞɚ); ɩɨɥɢɤɚɪɛɨɫɢɥɚɧɵ ɢ ɩɨɥɢɫɢɥɚɧɵ; ɩɨɥɢɯɥɨɪɬɪɢɮɬɨɪɷɬɢɥɟɧ ɢ ɩɨ-
ɥɢɫɬɢɪɨɥ; ɩɨɥɢ-ɩ-ɛɭɬɚɤɪɢɥɚɬɵ; ɝɢɞɪɨɤɫɢɩɨɥɢɛɭɬɚɞɢɟɧ ɢ ɞɪɭɝɢɟ. 

Ɇɧɨɝɢɟ ɢɡ ɨɛɫɭɠɞɟɧɧɵɯ ɜ ɷɬɨɦ ɪɚɡɞɟɥɟ ɩɨɥɢɦɟɪɨɜ ɨɬɧɨɫɹɬɫɹ ɤ 
ɩɨɥɢɦɟɪɚɦ ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. Ʉ ɩɪɢɦɟɪɭ, ɩɨɥɢɫɢɥɚɧɵ ɢɫ-
ɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɮɨɬɨɪɟɡɢɫɬɨɪɨɜ ɜ ɷɥɟɤɬɪɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨ-
ɫɬɢ; ɩɨɥɢɤɚɪɛɨɫɢɥɚɧɵ ɜɫɟ ɛɨɥɶɲɟ ɢ ɛɨɥɶɲɟ ɢɧɬɟɪɟɫɭɸɬ ɢɧɠɟɧɟɪɨɜ ɢ 

ɬɟɯɧɨɥɨɝɨɜ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɟɪɚ-
ɦɢɤɢ, ɚ ɬɚɤɠɟ ɤɪɟɦɧɢɣ-ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ; ɩɨɥɢɯɥɨɪɬɪɢɮɬɨɪɷɬɢɥɟ-
ɧɵ ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɫɦɚɡɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤɨɫɦɢɱɟɫɤɢɯ 

ɝɢɪɨɫɤɨɩɨɜ ɢ ɞɪɭɝɢɟ. 
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ȼ ɧɟɦɚɥɨɣ ɫɬɟɩɟɧɢ, ɢɦɟɧɧɨ ɧɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɢ 

ɮɪɚɤɰɢɣ ɩɨɥɢɦɟɪɨɜ ɩɨɥɭɱɚɟɦɵɯ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɹɜɥɹ-
ɸɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɞɥɹ ɫɜɨɣɫɬɜ, ɞɟɥɚɸɳɢɯ ɢɯ ɩɪɢɝɨɞɧɵɦɢ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɜɵɫɨɤɢɯ ɬɟɯɧɨɥɨɝɢɹɯ ɢ ɢɦɟɧɧɨ ɤɥɚɫɫɢɱɟɫɤɢɟ ɩɨɞɯɨ-
ɞɵ ɤ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɸ ɡɚɱɚɫɬɭɸ ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ ɢɦ ɭɞɨɜɥɟɬɜɨɪɢɬɶ 
(ɜ ɫɦɵɫɥɟ ɩɨɥɭɱɟɧɢɹ ɮɪɚɤɰɢɣ ɫɨ ɫɬɨɥɶ ɧɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɨɥɢ-

ɞɢɫɩɟɪɫɧɨɫɬɢ). 
 

3.7. ɈɋȺɀȾȿɇɂȿ ɉɈɅɂɆȿɊɈȼ ɂɁ ɊȺɋɌȼɈɊȺ ɉɈ ɆȿɌɈȾɍ  

ɋȼȿɊɏɄɊɂɌɂɑȿɋɄɈȽɈ ȺɇɌɂɊȺɋɌȼɈɊɂɌȿɅə 
 

ȼ ɨɛɥɚɫɬɢ ɩɨɥɭɱɟɧɢɹ ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɣ ɩɭɞɪɵ ɫ ɤɨɧɬɪɨɥɢɪɭɟɦɵ-

ɦɢ ɦɨɪɮɨɥɨɝɢɟɣ ɢ ɪɚɡɦɟɪɚɦɢ ɨɞɧɢɦ ɢɡ ɦɧɨɝɨɨɛɟɳɚɸɳɢɯ ɩɪɟɞɫɬɚɜ-
ɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɨɫɚɠɞɟɧɢɹ ɢɡ ɪɚɫɬɜɨɪɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɨɝɨ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹ. ɉɪɢɧɰɢɩ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɞɨɫɬɚɬɨɱɧɨ 

ɩɪɨɫɬ: ɜɧɚɱɚɥɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɚɫɬɜɨɪɟɧɢɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
(ɬɜɟɪɞɚɹ ɡɚɝɪɭɡɤɚ) ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ ɠɢɞɤɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ; ɡɚɬɟɦ ɷɬɨɬ 
ɪɚɫɬɜɨɪ ɜɜɨɞɹɬ ɜ ɤɨɧɬɚɤɬ ɫɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɮɥɸɢɞɨɦ, ɩɥɨɯɨɪɚɫ-
ɬɜɨɪɹɸɳɢɦ ɢɥɢ ɧɟ ɪɚɫɬɜɨɪɹɸɳɢɦ ɬɜɟɪɞɭɸ ɡɚɝɪɭɡɤɭ. ȼ ɢɬɨɝɟ ɩɨɥɭɱɚ-
ɟɬɫɹ ɞɜɟ ɮɚɡɵ: ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɫɨɫɬɨɹɳɚɹ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɨɝɨ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹ ɫ ɧɟɤɨɬɨɪɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɨɪɝɚɧɢɱɟ-
ɫɤɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɚ ɫ ɞɪɭɝɨɣ, ɫɨɞɟɪɠɚɳɚɹ ɨɛɪɚɛɚɬɵɜɚɟɦɵɣ ɦɚɬɟɪɢ-

ɚɥ, ɨɫɧɨɜɧɭɸ ɞɨɥɸ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɜɚɠɧɭɸ ɤɨɧɰɟɧ-

ɬɪɚɰɢɸ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ, ɫɧɢɠɚɸɳɟɝɨ ɜ ɰɟɥɨɦ ɪɚɫɬɜɨ-
ɪɹɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɠɢɞɤɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɜɵɡɵɜɚɸɳɟɝɨ ɨɫɚɠɞɟ-
ɧɢɟ ɡɚɝɪɭɡɤɢ ɜ ɨɫɚɞɨɤ ɜ ɜɢɞɟ ɤɪɢɫɬɚɥɥɨɜ ɢɥɢ ɱɚɫɬɢɰ. 

ȼɚɪɶɢɪɭɹ ɭɫɥɨɜɢɹɦɢ ɜ ɪɟɚɤɬɨɪɟ (ɞɚɜɥɟɧɢɟ, ɬɟɦɩɟɪɚɬɭɪɚ, ɧɚɥɢɱɢɟ 
ɜɢɛɪɚɰɢɢ ɢ ɬ.ɞ.) ɦɨɠɧɨ ɞɨɫɬɢɝɚɬɶ ɛɨɥɟɟ ɢɥɢ ɦɟɧɟɟ ɛɵɫɬɪɨɝɨ ɨɫɚɠɞɟ-
ɧɢɹ ɢɫɯɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ ɜ ɜɢɞɟ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɜ ɨɛɴɟɦɟ 
ɢɥɢ ɠɟ ɪɟɚɥɢɡɭɹ ɪɚɫɩɵɥɟɧɢɟ. 

ɉɵɬɚɹɫɶ ɧɟɫɤɨɥɶɤɨ ɪɚɫɤɪɵɬɶ ɹɜɥɟɧɢɹ, ɥɟɠɚɳɢɟ ɜ ɨɫɧɨɜɟ ɷɬɨɝɨ 
ɩɪɨɰɟɫɫɚ ɫɥɟɞɭɟɬ ɭɤɚɡɚɬɶ ɧɚ ɫɥɟɞɭɸɳɟɟ: ɜɜɢɞɭ ɪɚɫɬɜɨɪɟɧɢɹ ɧɟɤɨɬɨ-
ɪɨɣ ɱɚɫɬɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ ɜ ɠɢɞɤɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ ɢɦɟɟɬ 
ɦɟɫɬɨ ɧɟɤɨɬɨɪɨɟ ɪɚɫɲɢɪɟɧɢɟ ɩɨɫɥɟɞɧɟɝɨ. ȼɫɥɟɞɫɬɜɢɢ ɷɬɨɝɨ ɨɪɝɚɧɢ-

ɱɟɫɤɚɹ ɠɢɞɤɨɫɬɶ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɧɚɱɢɧɚɟɬ ɜɵɩɨɥɧɹɬɶ ɮɭɧɤɰɢɸ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɩɨɥɢɦɟɪɚ ɢ ɬɟɦ ɫɚɦɵɦ ɮɨɪɦɢɪɭɸɬɫɹ 
ɭɫɥɨɜɢɹ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɨɫɚɠɞɟɧɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɪɢ 

ɷɬɨɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɨɫɚɠɞɟɧɢɹ ɩɨɥɢɦɟɪɚ 
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ɪɚɫɲɢɪɟɧɢɟ ɠɢɞɤɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨ 
ɩɭɬɢ ɧɟ ɝɪɨɡɹɳɟɦɭ ɬɟɪɦɢɱɟɫɤɨɣ ɞɟɝɪɚɞɚɰɢɟɣ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ 

ɧɟ ɨɬɥɢɱɚɸɳɟɦɭɫɹ ɡɧɚɱɢɬɟɥɶɧɨɣ ɷɧɟɪɝɨɡɚɬɪɚɬɧɨɫɬɶɸ, ɩɪɢɫɭɳɢɦɢ 

ɪɟɲɟɧɢɸ ɬɨɣ ɠɟ ɩɪɨɛɥɟɦɵ ɦɟɬɨɞɨɦ ɩɪɨɫɬɨɝɨ ɧɚɝɪɟɜɚɧɢɹ. 
ɉɪɨɰɟɫɫ ɨɫɚɠɞɟɧɢɹ, ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɢɦɟɸɳɟɝɨ ɦɟɫɬɨ ɮɚɡɨɜɨɝɨ ɪɚɡ-

ɞɟɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ «ɠɢɞɤɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ – ɩɨɥɢɦɟɪ» ɦɨɠɟɬ ɛɵɬɶ 
ɪɚɫɫɦɨɬɪɟɧ ɫ ɩɨɦɨɳɶɸ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ. Ɋɢɫɭɧɨɤ 3.23 ɢɥɥɸɫɬɪɢ-

ɪɭɟɬ ɬɢɩɢɱɧɨɟ ɮɚɡɨɜɨɟ ɩɨɜɟɞɟɧɢɟ, ɫɜɨɣɫɬɜɟɧɧɨɟ ɛɨɥɶɲɢɧɫɬɜɭ ɛɢɧɚɪ-
ɧɵɯ ɫɦɟɫɟɣ «ɠɢɞɤɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ – ɩɨɥɢɦɟɪ». 

Ɉɛɥɚɫɬɶ ɫɦɟɲɢɜɚɟ-
ɦɨɫɬɢ ɩɨɥɢɦɟɪɧɨɝɨ ɪɚɫ-
ɬɜɨɪɚ ɫɭɳɟɫɬɜɭɟɬ ɦɟɠ-

ɞɭ ɢɡɨɥɢɧɢɹɦɢ ɜɟɪɯɧɟɣ 

(ȼɄɌɊ) ɢ ɧɢɠɧɟɣ 

(ɇɄɌɊ) ɤɪɢɬɢɱɟɫɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪ ɪɚɫɬɜɨɪɚ. 
ȿɫɥɢ ɩɨɥɢɦɟɪɧɵɣ ɪɚɫ-
ɬɜɨɪ ɢɡɨɛɚɪɧɨ ɧɚɝɪɟɜɚɬɶ 
ɢ, ɬɟɦ ɫɚɦɵɦ, ɩɟɪɟɫɟɱɶ 
ɥɢɧɢɸ ɇɄɌɊ, ɬɨ ɪɚɫ-
ɬɜɨɪ ɪɚɡɞɟɥɢɬɫɹ ɧɚ ɛɨ-
ɝɚɬɭɸ ɩɨɥɢɦɟɪɨɦ ɫ ɨɞ-

ɧɨɣ ɫɬɨɪɨɧɵ ɢ ɛɨɝɚɬɭɸ 

ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɫ ɞɪɭɝɨɣ 

ɮɚɡɵ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɚ-
ɪɚɦɟɬɪɵ ɥɢɧɢɢ ɧɢɠɧɢɯ ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɪɚɫɬɜɨɪɚ ɨɩɪɟɞɟɥɹ-
ɸɬɫɹ ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɨɣ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ, ɦɨɥɟɤɭɥɹɪɧɵɦ ɜɟɫɨɦ 

ɩɨɥɢɦɟɪɚ ɢ ɤɪɢɬɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹ. 
Ɉɛɵɱɧɵɣ ɩɪɨɰɟɫɫ ɇɄɌɊ-ɮɚɡɨɜɨɝɨ ɪɚɡɞɟɥɟɧɢɹ (ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹ) ɜ ɩɪɨɦɵɲɥɟɧɧɨɦ ɦɚɫɲɬɚɛɟ 
ɧɟɜɵɝɨɞɟɧ, ɩɨɫɤɨɥɶɤɭ ɧɚɢɥɭɱɲɢɟ ɩɨɥɢɦɟɪɧɵɟ ɪɚɫɬɜɨɪɢɬɟɥɢ, ɬɚɤɢɟ 
ɤɚɤ ɰɢɤɥɨɝɟɤɫɚɧ, ɤɫɢɥɨɥ ɢ ɦɟɬɢɥɟɧɯɥɨɪɢɞ ɢɦɟɸɬ ɫɥɢɲɤɨɦ ɜɵɫɨɤɢɟ 
ɡɧɚɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (ɨɩɪɟɞɟɥɹɸɳɟɣ ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ 
ɜɟɥɢɱɢɧɭ ɬɟɦɩɟɪɚɬɭɪɵ ɇɄɄɌ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɧɚ ɥɢɧɢɢ 

ɇɄɌɊ). ɉɨ ɩɪɢɱɢɧɟ ɩɨɫɥɟɞɧɟɣ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɫɬɟɩɟɧɢ 

ɪɚɫɲɢɪɟɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ ɛɵɜɚɟɬ ɱɚɫɬɨ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɜɚɬɶ 
ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɥɢɦɟɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɞɨ ɡɧɚɱɟɧɢɣ, ɩɪɟɜɵɲɚɸɳɢɯ 200 

 
Ɋɢɫ. 3.23. Ɏɚɡɨɜɨɟ ɩɨɜɟɞɟɧɢɟ ɫɦɟɫɢ 

«ɪɚɫɬɜɨɪɢɬɟɥɶ – ɩɨɥɢɦɟɪ». 
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°ɋ, ɱɬɨ ɤɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ ɢ ɷɧɟɪɝɨɡɚɬɪɚɬɧɨ ɢ ɝɪɨɡɢɬ ɬɟɪɦɢɱɟɫɤɨɣ 

ɞɟɝɪɚɞɚɰɢɟɣ ɩɨɥɢɦɟɪɚ. 
ɉɪɢ ɜɜɟɞɟɧɢɢ ɠɟ ɜ ɩɨɥɢɦɟɪɧɵɣ ɪɚɫɬɜɨɪ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ 

ɮɥɸɢɞɚ ɥɢɧɢɹ ɇɄɌɊ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɦɟɳɚɟɬɫɹ ɜ ɨɛɥɚɫɬɶ ɛɨɥɟɟ ɧɢɡɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ. Ʉ ɩɪɢɦɟɪɭ ɞɨɛɚɜɥɟɧɢɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɬɚɧɚ ɤ ɪɚɫ-
ɬɜɨɪɭ ɩɨɥɢɫɬɢɪɨɥɚ ɜ ɬɨɥɭɨɥɟ [47] ɩɪɢɜɟɥɨ ɤ ɫɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 

ɪɚɡɞɟɥɟɧɢɹ ɛɨɥɟɟ, ɱɟɦ ɧɚ 200 °ɋ. ɋɦɟɳɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɥɢɧɢɢ ɇɄɌɊ 

ɪɚɫɬɜɨɪɚ ɩɨɥɢ(ɷɬɢɥɟɧ-ɫɨɩɪɨɩɢɥɟɧɚ) ɜ ɝɟɤɫɚɧɟ (tɇɄɄɌ ≈ 185 °ɋ) ɜ ɫɥɭɱɚɟ 
ɞɨɛɚɜɥɟɧɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɩɪɨɩɢɥɟɧɚ, ɷɬɢɥɟɧɚ ɢ ɞɢɨɤɫɢɞɚ ɭɝɥɟ-
ɪɨɞɚ [47] ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 3.24. 

ɉɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɟɦ ɤɨɥɢɱɟɫɬɜɟ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɨɝɨ ɚɧɬɢɪɚɫ-
ɬɜɨɪɢɬɟɥɹ ɥɢɧɢɢ ȼɄɌɊ ɢ 

ɇɄɌɊ ɦɨɝɭɬ ɫɥɢɬɶɫɹ. ȼ 

ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɹɜɥɹɟɬɫɹ 
ɛɨɥɟɟ ɲɢɪɨɤɚɹ ɨɛɥɚɫɬɶ ɜ 
Ɋ-Ɍ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɝɞɟ ɩɨ-
ɥɢɦɟɪɧɵɣ ɪɚɫɬɜɨɪ ɦɨɠɟɬ 
ɛɵɬɶ ɷɮɮɟɤɬɢɜɧɨ ɪɚɡɞɟ-
ɥɟɧ [47]. Ȼɨɥɟɟ ɱɟɦ 99 % 

ɩɨɥɢɦɟɪɚ ɦɨɠɟɬ ɛɵɬɶ 
ɜɨɫɫɬɚɧɨɜɥɟɧɨ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɷɬɨɝɨ ɩɨɞɯɨɞɚ, 
ɩɪɢ ɷɬɨɦ ɮɚɡɚ ɛɨɝɚɬɚɹ ɨɪ-
ɝɚɧɢɱɟɫɤɢɦ ɪɚɫɬɜɨɪɢɬɟ-
ɥɟɦ ɫɨɞɟɪɠɢɬ ɥɢɲɶ ɧɟ-
ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɨɥɢ-

ɝɨɦɟɪɨɜ. 
ȼ ɪɚɛɨɬɟ [265], ɢɫɩɨɥɶɡɭɹ ɜ ɤɚɱɟɫɬɜɟ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɢɣ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɩɵɥɟɧɢɹ ɪɚɫɬɜɨɪɚ ɩɨɥɢ-

ɫɬɢɪɨɥɚ ɜ ɬɨɥɭɨɥɟ ɱɟɪɟɡ 100 ɦɢɤɪɨɧɧɵɣ ɜ ɞɢɚɦɟɬɪɟ ɤɚɩɢɥɥɹɪ ɛɵɥ 
ɜɵɪɚɛɨɬɚɧ ɩɨɪɨɲɨɤ ɫ ɪɚɡɦɟɪɚɦɢ ɱɚɫɬɢɰ, ɜɚɪɶɢɪɭɟɦɵɦɢ ɜ ɩɪɟɞɟɥɚɯ 
ɨɬ 0,1 ɞɨ 20 ɦɢɤɪɨɦɟɬɪɨɜ. Ɍɨɬ ɠɟ ɫɚɦɵɣ ɦɚɬɟɪɢɚɥ ɞɥɹ ɢɧɵɯ ɭɫɥɨɜɢɣ 

ɛɵɥ ɩɨɥɭɱɟɧ ɜ ɜɢɞɟ ɜɨɥɨɤɨɧ ɢ ɩɥɟɧɤɢ. 

Ɋɢɫ. 3.24 ɗɮɮɟɤɬ ɞɨɛɚɜɥɟɧɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɨɝɨ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹ ɤ ɪɚɫɬɜɨɪɭ ɩɨ-

ɥɢ(ɷɬɢɥɟɧ-ɫɨɩɪɨɩɢɥɟɧɚ) ɜ ɝɟɤɫɚɧɟ. 1 - ɞɢɨɤɫɢɞ 

ɭɝɥɟɪɨɞɚ; 2 - ɷɬɢɥɟɧ; 3 - ɩɪɨɩɢɥɟɧ. 
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ȼ ɰɟɥɨɦ ɪɚɫɫɦɨɬɪɟɧɧɵɣ ɩɨɞɯɨɞ ɹɜɥɹɟɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɞɥɹ ɩɪɨ-
ɰɟɫɫɚ RESS, ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧ ɜ ɫɥɟɞɭɸɳɟɦ ɩɚɪɚɝɪɚɮɟ, ɨɫɨ-
ɛɟɧɧɨ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɢɦɟɟɬ ɦɟɫɬɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɥɚɛɚɹ ɪɚɫɬɜɨ-
ɪɢɦɨɫɬɶ ɤɨɧɤɪɟɬɧɨɝɨ ɩɨɥɢɦɟɪɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɮɥɸɢɞɟ. 

 
3.8. ɉȿɊȿɊȺȻɈɌɄȺ ɉɈɅɂɆȿɊɈȼ ɉɈ ɆȿɌɈȾɍ RESS. 

 

ɉɪɢɧɰɢɩ ɩɪɨɰɟɫɫɚ RESS (Rapid Expansion of Supercritical 

Solutions) ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɩɨɥɢɦɟɪɚɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɪɝɚɧɢɡɚɰɢɢ 

ɛɵɫɬɪɨɣ ɞɟɤɨɦɩɪɟɫɫɢɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɨ-
ɥɢɦɟɪɚ ɱɟɪɟɡ ɦɢɤɪɨɧɧɵɯ ɪɚɡɦɟɪɨɜ (5 ÷ 50) ɨɬɜɟɪɫɬɢɟ ɢ ɨɫɧɨɜɚɧ ɧɚ 
ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɛɵɫɬɪɨɦ ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɢ ɬɜɟɪɞɨɣ ɮɚɡɵ ɜ ɭɞɚɪ-
ɧɨɣ ɜɨɥɧɟ, ɝɟɧɟɪɢɪɭɟɦɨɣ ɜɵɲɟɨɬɦɟɱɟɧɧɨɣ ɞɟɤɨɦɩɪɟɫɫɢɟɣ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɞɟɤɨɦɩɪɟɫɢɢ, ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɫ-
ɲɢɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɩɪɢɪɨɞɵ ɬɜɟɪɞɨɝɨ ɦɚɬɟɪɢɚɥɚ ɦɨɝɭɬ ɛɵɬɶ 
ɩɨɥɭɱɟɧɵ ɦɟɥɤɨɞɢɫɩɟɪɫɧɚɹ ɩɭɞɪɚ, ɜɨɥɨɤɧɚ, ɩɥɟɧɤɚ, ɚ ɜ ɧɟɤɨɬɨɪɵɯ 
ɫɥɭɱɚɹɯ ɢ ɜɵɫɨɤɨɩɨɪɢɫɬɚɹ ɩɟɧɚ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɷɬɨɬ ɦɟɬɨɞ ɛɵɥ ɨɬɤɪɵɬ ɛɨɥɟɟ ɜɟɤɚ ɧɚɡɚɞ 

[266], ɬɨɥɶɤɨ ɜ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɨɧ ɫɬɚɥ ɨɛɴɟɤɬɨɦ ɩɪɢɫɬɚɥɶɧɨɝɨ 
ɢɡɭɱɟɧɢɹ ɢ ɤɨɧɤɪɟɬɧɵɯ ɩɪɢɥɨɠɟɧɢɣ, ɤɨɬɨɪɵɟ ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɜɫɟ ɠɟ 
ɩɪɟɠɞɟ ɜɫɟɝɨ ɜ ɨɛɥɚɫɬɢ ɩɨɥɭɱɟɧɢɹ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ ɩɭɞɪ [24, 26, 

267÷274]. 

ɉɭɞɪɵ ɠɟ, ɩɪɨɢɡɜɨɞɢɦɵɟ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ, ɩɨ ɪɚɡɦɟɪɭ ɢ ɝɪɚ-
ɧɭɥɨɦɟɬɪɢɢ ɱɚɫɬɢɰ ɱɚɫɬɨ ɨɫɬɚɜɥɹɸɬ ɠɟɥɚɬɶ ɥɭɱɲɟɝɨ ɢ ɧɟ ɨɬɜɟɱɚɸɬ 
ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. ɇɟɨɛɯɨɞɢɦɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɦɟɥɤɨɞɢɫ-
ɩɟɪɫɧɚɹ, ɝɨɦɨɝɟɧɧɚɹ, ɦɢɤɪɨɧɧɵɯ ɢɥɢ ɞɚɠɟ ɞɨɦɢɤɪɨɧɧɵɯ ɪɚɡɦɟɪɨɜ 
ɱɚɫɬɢɰ ɩɭɞɪɚ. Ɉɞɢɧ ɢɡ ɩɭɬɟɣ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɛɵɥ ɨɛɫɭɠɞɟɧ ɜ 
ɩɪɟɞɵɞɭɳɟɦ  ɩɚɪɚɝɪɚɮɟ. Ɉɞɧɚɤɨ ɨɧ ɧɟ ɥɢɲɟɧ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɧɟɞɨɫ-
ɬɚɬɤɚ, ɡɚɤɥɸɱɚɸɳɟɝɨɫɹ ɜ ɡɚɝɪɹɡɧɟɧɢɢ ɨɛɪɚɡɰɚ ɨɪɝɚɧɢɱɟɫɤɢɦ ɪɚɫɬɜɨ-
ɪɢɬɟɥɟɦ. Ɉɛɪɚɛɨɬɤɚ ɩɨ ɦɟɬɨɞɭ ɞɪɨɛɥɟɧɢɹ ɬɚɤɠɟ ɧɟ ɦɨɠɟɬ ɜ ɩɨɥɧɨɣ 

ɦɟɪɟ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɢ ɧɟ ɢɫɤɥɸɱɚɟɬ ɡɚɝɪɹɡɧɟɧɢɹ 
ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ ɦɚɬɟɪɢɚɥɨɦ ɦɟɥɶɧɢɱɧɵɯ ɠɟɪɧɨɜɨɜ. 

ɉɪɨɰɟɫɫ RESS ɩɟɪɫɩɟɤɬɢɜɟɧ ɜ ɨɛɥɚɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɨɜɵɯ ɦɚɬɟ-
ɪɢɚɥɨɜ ɢ ɨɫɨɛɟɧɧɨ ɜɚɠɟɧ ɬɚɦ, ɝɞɟ ɫɭɳɟɫɬɜɭɸɳɚɹ ɬɟɯɧɨɥɨɝɢɹ ɧɟ 
ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ ɩɭɞɪɚ, 
ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ ɜ ɷɬɨɦ ɩɪɨɰɟɫɫɟ, ɢɦɟɟɬ ɧɚɦɧɨɝɨ ɛɨɥɟɟ ɨɞɧɨɪɨɞɧɵɣ 

ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɤ ɤɨɬɨɪɨɦɭ ɩɪɟɞɴɹɜɥɹɸɬ ɜɵɫɨɤɢɟ ɬɪɟɛɨ-
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ɜɚɧɢɹ ɨɫɨɛɟɧɧɨ ɜ ɮɚɪɦɚɰɟɜɬɢɤɟ, ɧɟɠɟɥɢ ɬɚ, ɱɬɨ ɩɪɨɢɡɜɟɞɟɧɚ ɦɟɯɚɧɢ-

ɱɟɫɤɢɦ ɞɪɨɛɥɟɧɢɟɦ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɦɟɬɨɞ 

RESS ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɪɚɛɚɬɵɜɚɬɶ ɜɵɫɨɤɨɥɚɛɢɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ. əɪɤɢɦ 

ɩɪɢɦɟɪɨɦ ɩɪɨɬɢɜɨɩɨɫɬɚɜɥɟɧɢɹ ɷɬɢɯ ɦɟɬɨɞɨɜ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɡɚɞɚɱɚ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɪɨɲɤɨɜɵɯ ɜɡɪɵɜɱɚɬɵɯ ɜɟɳɟɫɬɜ. ȼ ɩɪɨɞɭɤɬɟ, ɩɨɥɭ-
ɱɚɟɦɨɦ ɜ RESS ɩɪɨɰɟɫɫɟ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɚɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟ ɨɫɬɚ-
ɬɨɱɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɟɝɨ ɜɵɩɚɪɢɜɚ-
ɧɢɹ [275]. ȼɚɠɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɢ ɬɨ, ɱɬɨ 
ɨɧ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧ ɢɡ ɪɚɫɬɜɨɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɞɜɚ ɢɥɢ ɛɨɥɟɟ 
ɪɚɫɬɜɨɪɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. Ɉɞɧɚɤɨ, ɤɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜ ɩɪɟɞɵɞɭ-
ɳɟɦ ɩɚɪɚɝɪɚɮɟ, ɦɟɬɨɞ RESS ɨɝɪɚɧɢɱɟɧ ɪɚɫɬɜɨɪɹɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɤɪɟɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
Ȼɨɥɟɟ ɬɨɝɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɧɟ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɨɤɚɡɵ-

ɜɚɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɜɜɢɞɭ ɫɭɳɟɫɬɜɭɸɳɟɣ ɨɩɚɫɧɨɫɬɢ ɦɨɞɢɮɢɤɚɰɢɢ 

ɩɨɥɭɱɚɟɦɨɣ ɩɭɞɪɵ. 

ɉɪɨɰɟɫɫ RESS ɤɚɱɟɫɬɜɟɧɧɨ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧ ɜ ɬɟɪɦɢɧɚɯ ɡɚɪɨ-
ɞɵɲɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɤɨɧɞɟɧɫɚɰɢɢ ɦɚɥɨɥɟɬɭɱɢɯ ɦɨɧɨɦɨɥɟɤɭɥɹɪɧɵɯ 

ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɮɚɡɟ ɦɚɬɟɪɢɚɥɚ. 
ɉɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɲɢɪɟɧɢɹ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɞɟɥɟɧ ɧɚ ɬɪɢ ɨɫɧɨɜɧɵɯ 
ɷɬɚɩɚ: ɩɟɪɟɫɵɳɟɧɢɟ ɪɚɫɬɜɨɪɚ ɪɚɫɬɜɨɪɟɧɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɜɫɥɟɞɫɬɜɢɟ 
ɟɝɨ ɫɜɟɪɯɛɵɫɬɪɨɝɨ ɪɚɫɲɢɪɟɧɢɹ; ɝɨɦɨɝɟɧɧɨɟ ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɟ, 
ɨɛɟɫɩɟɱɢɜɚɟɦɨɟ ɧɚɥɨɠɟɧɢɟɦ ɛɵɫɬɪɨɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɝɨɫɹ ɦɟɯɚɧɢɱɟ-
ɫɤɨɝɨ ɛɟɫɩɨɪɹɞɤɚ, ɩɨɪɨɠɞɟɧɧɨɝɨ ɬɚɤɠɟ ɩɪɨɰɟɫɫɨɦ ɪɚɫɲɢɪɟɧɢɹ, ɧɚ 
ɢɦɟɸɳɟɟ ɦɟɫɬɨ ɩɟɪɟɫɵɳɟɧɢɟ ɪɚɫɬɜɨɪɚ; ɞɚɥɶɧɟɣɲɢɣ ɪɨɫɬ ɡɚɪɨɞɵɲɟɣ. 

ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɵɲɟɭɤɚɡɚɧɧɵɟ ɷɮɮɟɤɬɵ, ɞɨɫɬɢɝɧɭ-
ɬɵɟ ɩɨ ɫɭɳɟɫɬɜɭ ɥɢɲɶ ɢɡɦɟɧɟɧɢɟɦ ɞɚɜɥɟɧɢɹ, ɡɧɚɱɢɬɟɥɶɧɨ ɬɪɭɞɧɟɟ 
ɪɟɚɥɢɡɭɟɦɵ ɱɟɪɟɡ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɮɚɤɬɨɪ. 

RESS ɪɚɫɲɢɪɟɧɢɟ ɫɯɟɦɚɬɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 3.25 

[275]. 
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Ɋɢɫ. 3.25. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ. ɚ) 
ɢɞɟɚɥɶɧɨɟ ɫɨɩɥɨ; ɛ) ɤɨɪɨɬɤɢɣ ɤɚɩɢɥɥɹɪɧɵɣ ɪɟɫɬɪɢɤɬɨɪ; 1 – ɫɜɟɪɯ- 
ɤɪɢɬɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪ; 2 - ɞɢɫɤ Ɇɚɯɚ; 3 - ɦɨɥɟɤɭɥɹɪɧɚɹ ɫɬɪɭɹ; I 

- ɪɚɫɲɢɪɟɧɢɟ (ɢɡɨɷɧɬɪɨɩɧɵɣ ɩɪɨɰɟɫɫ); II - ɪɚɫɲɢɪɟɧɢɟ 
ɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɮɨɧɨɜɵɦɢ ɝɚɡɚɦɢ. 

 

ȼ ɫɥɭɱɚɟ ɫɨɩɥɚ, ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɜ ɜɢɞɟ ɤɚɩɢɥɥɹɪɚ, ɢɡɦɟɧɟɧɢɟ ɷɧ-

ɬɚɥɶɩɢɢ ɩɨɬɨɤɚ ɜɧɭɬɪɢ ɧɟɝɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɡɦɟɧɟɧɢɸ ɤɢɧɟɬɢɱɟɫɤɨɣ 

ɷɧɟɪɝɢɢ [276]. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɫɜɟɪɯɡɜɭɤɨɜɨɣ ɫɤɨɪɨɫɬɢ 

ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɫɨɩɥɚ ɩɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ ɪɚɛɨɬ [276] ɬɪɟɛɭɟɬɫɹ 
ɢɡɦɟɧɟɧɢɟ ɟɝɨ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɞɟɫɹɬɢ ɩɪɨ-
ɰɟɧɬɚɦ ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɢ. ɉɪɢ ɷɬɨɦ ɩɚɪɚɦɟɬɪɵ ɩɪɟɞ-

ɪɚɫɲɢɪɟɧɢɹ (Ɋ ɢ Ɍ) ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɸ ɨɞɧɨɮɚɡɧɨɫɬɢ 

ɪɚɫɬɜɨɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɚɩɢɥɥɹɪɚ (ɜ ɤɨɧɰɟ ɫɨɩɥɚ ɢɦɟɟɬ ɦɟɫɬɨ ɩɚɞɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɬɨɤɚ ɜɜɢɞɭ ɪɟɡɤɨɝɨ ɫɧɢɠɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɪɚɫɬɜɨɪɢɬɟ-
ɥɹ). 

Ⱦɚɥɟɟ ɨɛɥɚɫɬɶ ɢɡɨɷɧɬɪɨɩɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɫɨɯɪɚɧɹɟɬɫɹ ɞɨ ɦɨɦɟɧ-

ɬɚ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɩɨɬɨɤɚ ɫ ɮɨɧɨɜɵɦɢ ɝɚɡɚɦɢ [276, 277]. ɂɦɟɧɧɨ, ɜ 
ɷɬɨɣ ɩɨɫɥɟ ɫɨɩɥɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɨɛɥɚɫɬɢ ɪɚɫɲɢɪɟɧɢɹ ɢɦɟɟɬ ɦɟɫɬɨ 
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ɩɟɪɟɫɵɳɟɧɢɟ ɩɨɬɨɤɚ ɪɚɫɬɜɨɪɟɧɧɵɦ ɦɚɬɟɪɢɚɥɨɦ, ɜɵɡɵɜɚɸɳɟɟ ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ ɩɪɨɰɟɫɫ ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɹ. 
ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɨɬɨɤɚ ɫ ɮɨɧɨɜɵɦɢ ɝɚɡɚɦɢ ɮɨɪɦɢɪɭɟɬ ɭɞɚɪɧɭɸ 

ɜɨɥɧɭ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɤ ɨɫɢ ɫɬɪɭɢ (ɞɢɫɤ Ɇɚɯɚ), ɢ, ɯɚɪɚɤɬɟɪɢɡɭɟ-
ɦɭɸ ɩɪɨɰɟɫɫɚɦɢ, ɜɟɞɭɳɢɦɢ ɤ ɧɚɝɪɟɜɚɧɢɸ ɢ ɪɚɡɪɭɲɟɧɢɸ ɦɟɥɤɢɯ ɤɥɚ-
ɫɬɟɪɨɜ (ɢɥɢ ɧɟɛɨɥɶɲɢɯ ɤɚɩɟɥɶ) ɜ ɪɚɫɬɜɨɪɢɬɟɥɟ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɫɮɨɪ-
ɦɢɪɨɜɚɬɶɫɹ ɧɚ ɧɚɱɚɥɶɧɵɯ ɫɬɚɞɢɹɯ ɪɚɫɲɢɪɟɧɢɹ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɤɨɧɰɚ 
ɫɨɩɥɚ ɞɨ ɞɢɫɤɚ Ɇɚɯɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɚɜɥɟɧɢɟɦ ɜ ɫɢɫɬɟɦɟ (PSS), ɮɨɧɨ-
ɜɵɦ ɞɚɜɥɟɧɢɟɦ (PS) ɢ ɞɢɚɦɟɬɪɨɦ ɤɚɩɢɥɥɹɪɚ ɢ ɦɨɠɟɬ ɛɵɬɶ ɚɩɩɪɨɤɫɢ-

ɦɢɪɨɜɚɧɨ ɜ ɜɢɞɟ ɫɨɨɬɧɨɲɟɧɢɹ: 
 

 l=0,67dȼɇ(PSS/Pȼ)0,5 . (3.35) 

 

ȼɧɟ ɞɢɫɤɚ Ɇɚɯɚ ɩɪɨɰɟɫɫ ɫɧɨɜɚ ɫɬɚɧɨɜɢɬɫɹ ɧɟɨɛɪɚɬɢɦɵɦ (ɢɦɟɟɬ 
ɦɟɫɬɨ ɭɜɟɥɢɱɟɧɢɟ ɷɧɬɪɨɩɢɢ ɜ ɩɪɨɰɟɫɫɟ ɫɦɟɲɟɧɢɹ ɝɚɡɨɜ). 

Ⱥɩɩɚɪɚɬɭɪɧɨɟ ɨɮɨɪɦɥɟɧɢɟ RESS ɩɪɨɰɟɫɫɚ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨɟ: 
ɚɜɬɨɤɥɚɜ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ ɩɨɥɢɦɟɪɚ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɮɥɸɢɞɟ; ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɩɪɟɞɪɚɫɲɢɪɟɧɢɹ ɢ ɫɨɩɥɨɜɨɟ ɭɫɬɪɨɣɫɬɜɨ. Ɉɞɧɚɤɨ, ɡɚ ɜɧɟɲ-

ɧɟɣ ɩɪɨɫɬɨɬɨɣ - RESS ɬɟɯɧɢɤɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ 
ɜɨɡɦɨɠɧɨɫɬɢ, ɬɪɟɛɭɟɬ ɞɟɥɢɤɚɬɧɨɝɨ ɫ ɫɨɛɨɣ ɨɛɪɚɳɟɧɢɹ, ɨɫɨɛɟɧɧɨ, ɟɫ-
ɥɢ ɦɵ ɯɨɬɢɦ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɦɨɧɨɞɢɫɩɟɪɫɧɨɫɬɶ ɩɨɥɭɱɚɟɦɨɣ ɩɭɞɪɵ ɢ 

ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɵɪɚɛɚɬɵɜɚɟɦɵɯ ɨɛɪɚɡɰɨɜ. 
Ɂɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ ɢɡɭɱɟɧɢɸ ɢ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɸ RESS ɩɪɨɰɟɫɫɚ, ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɢɦɟɸɬ ɪɚɡɥɢɱɧɵɟ ɩɨɥɢɦɟɪɵ (ɛɢɨɩɨɥɢɦɟɪɵ [270], ɩɨɥɢɷɬɢɥɟɧ 

[278], ɩɨɥɢɩɪɨɩɢɥɟɧ [275, 78], ɩɨɥɢɫɬɢɪɨɥ [275, 278], ɩɨɥɢɜɢɧɢɥɯɥɨ-
ɪɢɞ [278], ɩɨɥɢɤɚɪɛɨɫɢɥɚɧ [196, 279], ɩɨɥɢɤɚɩɪɨɥɚɤɬɚɦ [280], ɩɨɥɢ-

ɚɦɢɞ 12 [278] ɢ ɞɪɭɝɢɟ), ɩɪɢ ɷɬɨɦ ɞɥɹ ɦɧɨɝɢɯ ɢɡ ɧɢɯ ɧ-ɚɥɤɚɧɵ ɫ ɧɢɡ-
ɤɢɦ ɦɨɥɟɤɭɥɹɪɧɵɦ ɜɟɫɨɦ ɨɤɚɡɚɥɢɫɶ ɩɪɟɤɪɚɫɧɵɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ. 

Ɉɪɝɚɧɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɵ ɨɫɨɛɟɧɧɨ ɢɧɬɟɪɟɫɧɵ ɜ ɩɥɚɧɟ ɢɯ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɹ ɜ ɩɪɨɰɟɫɫɟ RESS ɞɚɠɟ ɩɨ ɬɨɣ ɩɪɢɱɢɧɟ, ɱɬɨ ɩɨɡɜɨɥɹɸɬ ɮɨɪɦɢɪɨ-
ɜɚɬɶ ɜɨɥɨɤɧɚ, ɩɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɧɟɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ ɜ 
ɨɫɧɨɜɧɨɦ ɨɝɪɚɧɢɜɚɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɩɨɥɭɱɟɧɢɹ ɥɢɲɶ ɱɚɫɬɢɰ ɢɥɢ 

ɩɥɟɧɨɤ. ȿɫɥɢ ɭɫɥɨɜɢɟɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɨɤ ɹɜɥɹɟɬɫɹ ɫɢɥɶɧɨɟ ɪɚɡ-
ɛɚɜɥɟɧɢɟ ɪɚɫɬɜɨɪɚ ɢ ɡɚɤɨɪɚɱɢɜɚɧɢɟ ɫɨɩɥɚ, ɦɢɧɢɦɢɡɢɪɭɸɳɟɟ ɜɪɟɦɹ 
ɪɚɫɲɢɪɟɧɢɹ, ɬɨ ɜɨɥɨɤɨɧɧɚɹ ɦɨɪɮɨɥɨɝɢɹ ɞɨɫɬɢɝɚɟɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, 
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ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɩɨɥɢɦɟɪɚ ɜ ɪɚɫɬɜɨɪɟ, ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɩɪɟɞɪɚɫɲɢɪɟɧɢɹ ɛɥɢɡɤɢɯ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ ɩɨɥɢɦɟɪɚ (ɧɟ ɹɜ-
ɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɩɪɟɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ) ɢ ɧɢɡɤɢɯ 
ɡɧɚɱɟɧɢɹɯ ɨɬɧɨɲɟɧɢɹ ɞɥɢɧɵ ɤɚɩɢɥɥɹɪɚ ɤ ɟɝɨ ɜɧɭɬɪɟɧɧɟɦɭ ɞɢɚɦɟɬɪɭ 
(ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɚɤɨɜɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɫɨɩɥɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ) 
[276]. 

Ɉɞɧɨ-ɩɹɬɢɦɢɤɪɨɧɧɨɝɨ ɞɢɚɦɟɬɪɚ ɜɨɥɨɤɧɚ ɩɨɥɢɫɬɢɪɨɥɚ, ɚɰɟɬɚɬɚ 
ɰɟɥɥɸɥɨɡɵ ɢ ɩɨɥɢɩɪɨɩɢɥɟɧɚ ɛɵɥɢ ɫɮɨɪɦɢɪɨɜɚɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɛɵɫɬ-
ɪɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɞɨ ɤɨɦɧɚɬ-
ɧɵɯ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ ɜ ɪɚɛɨɬɟ [275]. Ɋɚɫɬɜɨɪɵ ɛɵɥɢ ɩɪɢɝɨ-
ɬɨɜɥɟɧɵ ɱɟɪɟɡ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɩɨɥɢɦɟɪɨɜ ɜ ɩɟɧɬɚɧɟ 
ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɜ ɫɥɭɱɚɟ ɠɟ ɦɚɥɨɪɚɫɬɜɨɪɢɦɵɯ ɩɨɥɢɦɟ-
ɪɨɜ ɩɪɨɰɟɫɫ ɪɚɫɬɜɨɪɟɧɢɹ, ɤɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ 
ɚɜɬɨɤɥɚɜɟ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɢ). Ⱦɢɚɦɟɬɪɵ ɩɨ-
ɥɭɱɟɧɧɵɯ ɜɨɥɨɤɨɧ ɨɤɚɡɚɥɢɫɶ ɧɚɦɧɨɝɨ ɦɟɧɶɲɢɦɢ ɞɢɚɦɟɬɪɚ ɫɨɩɥɚ, 
ɢɦɟɹ ɬɟɧɞɟɧɰɢɸ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɲɢɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ (ɬɚɛɥɢɰɚ 3.13). 

 
Ɍɚɛɥɢɰɚ 3.13. 

 

Ɂɚɜɢɫɢɦɨɫɬɶ ɞɢɚɦɟɬɪɚ ɜɨɥɨɤɨɧ ɩɨɥɢɩɪɨɩɢɥɟɧɚ ɨɬ ɜɧɭɬɪɟɧɧɟɝɨ ɞɢɚɦɟɬɪɚ  
ɤɪɟɦɧɢɟɜɨɝɨ ɤɚɩɢɥɥɹɪɚ ɞɥɹ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ ɩɪɟɞɪɚɫɲɢɪɟɧɢɹ: t=225 °C;  

P=173 ɛɚɪ (ɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɟɧɬɚɧɚ Ɍɤɪ = 477,0 K; Pɤɪ = 33.7 ɛɚɪ). 
 

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɫɨɩɥɚ ɞɥɢɧɨɣ 6 µm,  

µm 

Ⱦɢɚɦɟɬɪ ɜɨɥɨɤɨɧ (±0,2 µm), 

µm 

5 

10 

25 

50 

1,3 

2,1 

2,3 

4,5 

 
ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ ɪɚɛɨɬɵ ɜɟɥɢɤɚ ɜɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɩɚɪɚ-

ɦɟɬɪɵ ɜɨɥɨɤɧɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɚɤɠɟ ɜɢɞɨɦ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɩɨɥɢɦɟɪɚ 
(ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɟɝɨ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ), ɚ ɬɚɤɠɟ ɪɚɫɯɨɞɨɦ ɱɟɪɟɡ ɫɨ-
ɩɥɨ. 

ɇɚ ɪɢɫɭɧɤɟ 3.26 ɩɪɟɞɫɬɚɜɥɟɧɵ ɮɨɬɨɝɪɚɮɢɢ ɜɨɥɨɤɨɧ: a – ɩɨɥɢɫɬɢ-

ɪɨɥɚ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ 50000; b – ɩɨɥɢɫɬɢɪɨɥɚ ɫ ɦɨɥɟɤɭɥɹɪɧɨɣ 
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ɦɚɫɫɨɣ 300000; c, d – ɩɨɥɢɩɪɨɩɢɥɟɧɚ ɫ ɪɚɡɥɢɱɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ 

ɩɪɟɞɪɚɫɲɢɪɟɧɢɹ; ɟ – ɚɰɟɬɚɬɚ ɰɟɥɥɸɥɨɡɵ [275]. 
 

 
Ɋɢɫ. 3.26. ȼɨɥɨɤɧɚ ɩɨɥɢɦɟɪɨɜ, 
ɩɨɥɭɱɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ  

ɦɟɬɨɞɚ RESS [275]. 

 
 

Ⱥɧɚɥɢɡ ɫɨɞɟɪɠɚɧɢɹ ɨɫɬɚɬɨɱɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɜɨɥɨɤɧɚɯ ɩɨɥɢ-

ɫɬɢɪɨɥɚ ɩɨɤɚɡɚɥ ɟɝɨ ɩɨɥɧɨɟ ɨɬɫɭɬɫɬɜɢɟ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɩɨ-
ɥɢɩɪɨɩɢɥɟɧɨɜɨɝɨ ɜɨɥɨɤɧɚ ɨɤɚɡɚɥɚɫɶ ɜ ɩɪɟɞɟɥɚɯ 10 °C ɧɢɠɟ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɢɡɨɬɚɤɬɢɱɟɫɤɨɝɨ ɩɨɥɢɩɪɨɩɢɥɟɧɚ. ɉɟɪɟɯɨɞ 

ɨɬ ɪɟɠɢɦɚ ɩɨɥɭɱɟɧɢɹ ɜɨɥɨɤɨɧ ɤ ɪɟɠɢɦɭ ɩɪɨɢɡɜɨɞɫɬɜɚ ɱɚɫɬɢɰ ɨɤɚɡɚɥ-
ɫɹ ɧɟ ɪɟɡɤɢɦ ɫ ɫɭɳɟɫɬɜɨɜɚɧɢɟɦ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ, ɜ ɤɨɬɨɪɨɦ ɨɞɧɨ-
ɜɪɟɦɟɧɧɨ ɦɨɝɭɬ ɩɨɥɭɱɚɬɶɫɹ ɢ ɩɨɪɨɲɤɢ ɢ ɜɨɥɨɤɧɚ. ɉɪɢɱɟɦ ɷɬɚ ɨɛ-

ɥɚɫɬɶ ɦɨɠɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɤɚɤ ɜɵɲɟ, ɬɚɤ ɢ ɧɢɠɟ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɥɨɤɨɧ. 
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ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɫɥɟɞɧɢɯ ɥɟɬ [26, 273] ɨɬɤɪɵɜɚɸɬ ɧɨɜɵɟ ɜɨɡɦɨɠ-

ɧɨɫɬɢ ɦɟɬɨɞɚ RESS ɜ ɩɥɚɧɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɦɢɤɪɨɱɚɫɬɢɰ 

ɢ ɦɢɤɪɨɫɮɟɪ (ɪɚɡɦɟɪɵ ɦɟɧɶɲɟ 100 ɦɢɤɪɨɦɟɬɪɨɜ), ɫɨɞɟɪɠɚɳɢɯ ɪɚɡ-
ɥɢɱɧɵɟ ɮɚɪɦɩɪɟɩɚɪɚɬɵ ɢ ɩɨɡɜɨɥɹɸɳɢɯ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɜɨ ɜɪɟɦɟɧɢ ɢ 

ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɨɫɬɚɜɤɭ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɢɯ 
ɩɪɢɦɟɧɟɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɥɟɤɚɪɫɬɜɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɪɚɜɧɨɦɟɪɧɨ ɪɚɫ-
ɩɪɟɞɟɥɹɟɬɫɹ ɜ ɩɨɥɢɦɟɪɧɨɦ ɧɨɫɢɬɟɥɟ. ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɩɨɥɢɦɟɪ ɜ 
ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ ɜ ɬɟɥɟɫɧɵɯ ɠɢɞɤɨɫɬɹɯ ɞɟɝɪɚɞɢɪɭɟɬ ɜ ɧɟɬɨɤɫɢɱɧɵɟ 
ɩɪɨɞɭɤɬɵ. Ɍɢɩɢɱɧɵɦ ɩɪɢɦɟɪɨɦ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɩɨɥɢɦɨɥɨɱɧɚɹ ɤɢɫɥɨ-
ɬɚ ɩɪɟɜɪɚɳɚɸɳɚɹɫɹ ɜ ɨɪɝɚɧɢɡɦɟ ɜ ɦɨɥɨɱɧɭɸ ɤɢɫɥɨɬɭ, ɧɟɡɚɩɪɟɳɟɧ-

ɧɭɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɧɨɪɦɚɬɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ 

ɥɟɤɚɪɫɬɜɨ ɨɫɜɨɛɨɠɞɚɟɬɫɹ ɢɡ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɜ ɫɨɜɦɟɫɬɧɨɦ ɩɪɨ-
ɰɟɫɫɟ ɞɢɮɮɭɡɢɢ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɪɨɡɢɢ ɩɨɥɢɦɟɪɚ. 

Ɉɞɢɧ ɢɡ ɨɛɳɟɩɪɢɧɹɬɵɯ ɩɨɞɯɨɞɨɜ ɤ ɩɨɥɭɱɟɧɢɸ «ɩɨɥɢɦɟɪ - ɥɟɤɚɪ-
ɫɬɜɟɧɧɵɯ» ɦɚɬɪɢɰ ɜɤɥɸɱɚɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɩɨɥɢɦɟɪɚ ɢ 

ɥɟɤɚɪɫɬɜɚ ɜ ɨɪɝɚɧɢɱɟɫɤɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ. ɉɪɢ ɷɬɨɦ ɦɢɤɪɨɫɮɟɪɵ ɮɨɪ-
ɦɢɪɭɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɭɞɚɥɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɱɟɪɟɡ ɞɨ-
ɛɚɜɥɟɧɢɟ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹ. Ɇɢɤɪɨɱɚɫɬɢɰɵ ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɫɮɨɪ-
ɦɢɪɨɜɚɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɨɜɦɟɫɬɧɨɝɨ ɩɥɚɜɥɟɧɢɹ ɩɨɥɢɦɟɪɚ ɢ ɥɟɤɚɪɫɬɜɚ 
ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɢɯ ɪɚɡɦɚɥɵɜɚɧɢɹ. Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɷɬɢɯ ɢ ɞɪɭɝɢɯ ɢɦ 

ɩɨɞɨɛɧɵɯ ɦɟɬɨɞɨɜ ɨɬɧɨɫɹɬɫɹ ɮɚɤɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 

ɪɚɫɬɜɨɪɢɬɟɥɹ, ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ, ɧɟɩɪɟɦɟɧɧɨ ɩɨɞɥɟ-
ɠɚɳɢɯ ɩɨɫɥɟɞɭɸɳɟɦɭ ɭɞɚɥɟɧɢɸ, ɢ ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɝɪɨɡɹɳɢɟ 
ɬɟɪɦɢɱɟɫɤɨɣ ɞɟɝɪɚɞɚɰɢɟɣ ɮɚɪɦɩɪɟɩɚɪɚɬɨɜ. ɉɪɨɰɟɫɫ RESS ɥɢɲɟɧ 

ɜɫɟɯ ɜɵɲɟɧɚɡɜɚɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ. 
ɂɦɟɧɧɨ ɩɨɥɢɦɨɥɨɱɧɜɚɹ ɤɢɫɥɨɬɚ, ɚ ɬɚɤɠɟ ɟɟ ɫɦɟɫɶ ɫ ɩɢɪɟɧɨɦ ɛɵ-

ɥɢ ɪɚɫɬɜɨɪɟɧɵ ɜ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɯɥɨɪɞɢɮ-

ɬɨɪɦɟɬɚɧɨɦ ɢ ɨɫɚɠɞɟɧɵ ɜ ɨɛɫɭɠɞɚɟɦɨɦ ɩɪɨɰɟɫɫɟ ɜ ɪɚɛɨɬɟ [273]. 

Ɇɨɪɮɨɥɨɝɢɹ ɩɪɨɞɭɤɬɚ (ɦɢɤɪɨɱɚɫɬɢɰɵ, ɦɢɤɪɨɫɮɟɪɵ, ɚɝɥɨɦɟɪɚɬɵ 

ɢ ɞɟɧɞɪɢɬɵ) ɢɡɭɱɟɧɚ ɜ ɮɭɧɤɰɢɢ ɬɢɩɚ ɪɚɫɲɢɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
(ɨɬɜɟɪɫɬɢɟ ɢɥɢ ɤɚɩɢɥɥɹɪ), ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɟɞɪɚɫɲɢɪɟɧɢɹ ɢ ɫɨɫɬɚɜɚ 
ɪɚɫɬɜɨɪɢɬɟɥɹ. Ⱦɚɜɥɟɧɢɟ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 55 °ɋ ɤɨ-
ɥɟɛɚɥɨɫɶ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 165 ɛɚɪ ɞɨ 240 ɛɚɪ; ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɟɞɪɚɫɲɢ-

ɪɟɧɢɹ ɢɡɦɟɧɹɥɚɫɶ ɜ ɞɢɚɩɚɡɨɧɟ 80 ÷ 140 °ɋ. ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪ ɪɚɫɲɢɪɹɥɫɹ ɞɨ ɞɚɜɥɟɧɢɹ, ɛɥɢɡɤɨɝɨ ɤ ɚɬɦɨɫɮɟɪɧɨɦɭ 
(ɦɟɧɟɟ 5 ɛɚɪ). ɉɪɢ ɞɚɜɥɟɧɢɢ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɛɨɥɶɲɟɦ 150 ɛɚɪ ɦɨɪ-
ɮɨɥɨɝɢɹ ɱɚɫɬɢɰ ɨɤɚɡɚɥɚɫɶ ɧɟɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɤ ɡɧɚɱɟɧɢɸ ɞɚɜɥɟɧɢɹ, 
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ɢɦɟɜɲɟɦɭ ɦɟɫɬɨ ɩɨɫɥɟ ɪɚɫɲɢɪɟɧɢɹ, ɟɫɥɢ ɨɧɨ ɛɵɥɨ ɦɟɧɶɲɟ 50 ɛɚɪ. 
Ɍɢɩɢɱɧɵɣ ɪɚɫɯɨɞ ɱɟɪɟɡ ɫɨɩɥɨɜɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɨɫɬɚɜɥɹɥ 0,5 ÷ 1,0 

ɥ/ɦɢɧ. 

ɋɨɩɥɨɜɨɟ ɭɫɬɪɨɣɫɬɜɨ ɜ ɜɢɞɟ ɨɬɜɟɪɫɬɢɹ ɩɪɟɞɫɬɚɜɥɹɥɨ ɫɨɛɨɣ ɞɢɫɤ 
ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ɞɢɚɦɟɬɪɨɦ 4,76 ɦɦ ɢ ɬɨɥɳɢɧɨɣ 0,25 ɦɦ ɫ 25 

ɦɢɤɪɨɧɧɵɦ (ɩɪɨɞɟɥɚɧɧɵɦ ɥɚɡɟɪɨɦ) ɨɬɜɟɪɫɬɢɟɦ. Ʉɚɩɢɥɥɹɪɵ ɩɪɟɞ-

ɫɬɚɜɥɹɥɢ ɫɨɛɨɣ ɤɪɟɦɧɢɟɜɵɟ ɬɪɭɛɤɢ ɫ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ ɨɬ 30 ɞɨ 
50 ɦɢɤɪɨɦɟɬɪɨɜ. ȼ ɫɥɭɱɚɟ ɨɬɜɟɪɫɬɢɹ ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɢɧɵ ɨɬɜɟɪɫɬɢɹ ɤ 
ɟɝɨ ɞɢɚɦɟɬɪɭ ɛɵɥɨ ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɢ ɫɨɫɬɚɜɥɹɥɨ 9,4, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 
ɞɥɹ ɤɚɩɢɥɥɹɪɚ ɷɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɢɡɦɟɧɹɥɨɫɶ ɨɬ 100 ɞɨ 500. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɞɟɧɞɪɢɬɨɜ ɧɚɛɥɸɞɚɥɨɫɶ ɜ ɞɜɭɯ ɫɥɭɱɚɹɯ: ɜ ɨɛɥɚɫɬɢ 

ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɣ (230-240 ɛɚɪ) ɢ ɩɪɢ ɧɢɡɤɨɦ ɫɨɞɟɪɠɚɧɢɢ ɋɈ2 ɜ ɪɚɫ-
ɬɜɨɪɢɬɟɥɟ (ɦɟɧɟɟ 75% ɜɟɫɨɜɵɯ). Ɉɛɚ ɷɬɢɯ ɭɫɥɨɜɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɛɨ-
ɥɟɟ ɜɵɫɨɤɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɨɥɢɦɟɪɚ ɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɞɢɨɤɫɢɞɟ 
ɭɝɥɟɪɨɞɚ. ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ ɪɚɛɨɬɵ [273] ɨɛɪɚɡɨɜɚɧɢɟ ɞɟɧɞɪɢɬɨɜ 
(ɪɢɫɭɧɨɤ 3.27) ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɤɨɬɨɪɚɹ 
ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɣ ɤɨɥɟɛɚɥɚɫɶ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 20°ɋ ɞɨ 60 °ɋ, ɢ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɟɞɪɚɫɲɢɪɟɧɢɹ. Ɋɚɡɦɟɪɵ ɩɨɥɭɱɟɧɧɵɯ ɞɟɧɞɪɢɬɨɜ ɭɤɚ-
ɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ ɨɧɢ ɨɛɪɚɡɭɸɬɫɹ ɜɧɟ ɨɬɜɟɪɫɬɢɹ (ɪɚɡɦɟɪɵ ɞɟɧɞɪɢɬɨɜ 
ɩɪɟɜɵɲɚɸɬ ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɨɬɜɟɪɫɬɢɹ). 

Ɇɢɤɪɨɫɮɟɪɵ ɢ ɦɢɤɪɨɱɚɫɬɢɰɵ (ɪɢɫɭɧɨɤ 3.27) ɜɵɪɚɛɚɬɵɜɚɥɢɫɶ ɜɨ 
ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɞɚɜɥɟɧɢɣ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɟɞɪɚɫ-
ɲɢɪɟɧɢɹ, ɢɡɦɟɧɹɸɳɟɦɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 100 ɞɨ 120 °ɋ, ɩɪɢ ɬɟɦɩɟɪɚ-
ɬɭɪɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 25 ÷ 40 °ɋ ɢ ɫɨɞɟɪɠɚɧɢɢ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ 
ɪɚɫɬɜɨɪɢɬɟɥɟ, ɩɪɟɜɵɲɚɸɳɟɦ 75% ɜɟɫɨɜɵɯ. ɂɦɟɧɧɨ ɦɢɤɪɨɫɮɟɪɵ ɩɨ-
ɥɭɱɚɥɢɫɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɚɩɢɥɥɹɪɨɜ ɫ ɦɚɥɵɦ ɨɬɧɨɲɟɧɢɟɦ ɞɥɢɧɵ 

ɤ ɞɢɚɦɟɬɪɭ ɢ ɤɨɝɞɚ ɩɥɨɬɧɨɫɬɶ ɫɪɟɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɫɲɢɪɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɨɤɚɡɵɜɚɥɚɫɶ ɜɵɫɨɤɨɣ ɢ ɪɟɚɥɶɧɨɟ ɨɫɚɠɞɟɧɢɟ ɩɪɨɞɭɤɬɚ 
ɢɦɟɥɨ ɦɟɫɬɨ ɜɧɟ ɤɚɩɢɥɥɹɪɚ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɤɪɚɣɧɟ ɬɪɭɞɧɨ 
ɭɩɪɚɜɥɹɬɶ ɦɨɪɮɨɥɨɝɢɟɣ ɜ ɨɩɵɬɚɯ ɫ ɜɵɯɨɞɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɜ ɜɢɞɟ ɨɬ-
ɜɟɪɫɬɢɹ. 

ȼ ɬɚɛɥɢɰɟ 3.14 ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɥɨɜɢɣ ɢ ɩɪɨɞɭɤɬɚ 
ɩɨɥɭɱɚɟɦɨɝɨ ɜ ɩɪɨɰɟɫɫɟ RESS ɫ ɪɚɫɲɢɪɢɬɟɥɶɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɜ ɜɢɞɟ 
ɤɚɩɢɥɥɹɪɚ ɫ ɜɧɭɬɪɟɧɧɟɦ ɞɢɚɦɟɬɪɨɦ 30 ɦɢɤɪɨɦɟɬɪɨɜ [273]. 
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Ɋɢɫ. 3.27. Ⱦɟɧɞɪɢɬɵ (ɚ), ɦɢɤɪɨɱɚɫɬɢɰɵ (b), ɦɢɤɪɨɫɮɟɪɵ (ɫ)  
ɢ ɚɝɝɥɨɦɟɪɚɬɵ (d) ɩɨɥɢɦɨɥɨɱɨɣ ɤɢɫɥɨɬɵ ɩɨɥɭɱɟɧɧɵɟ RESS  

ɦɟɬɨɞɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɜɟɪɫɬɢɹ ɜ ɤɚɱɟɫɬɜɟ  
ɪɚɫɲɢɪɹɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

 
Ɍɚɛɥɢɰɚ 3.14. 

 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɥɨɜɢɣ ɢ ɩɪɨɞɭɤɬɚ, ɩɨɥɭɱɚɟɦɨɝɨ ɜ ɩɪɨɰɟɫɫɟ RESS. 
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µm 

1 2 3 4 5 6 7 

81 190÷200 15,0 126 43÷45 Ɇɢɤɪɨɱɚɫɬ. 2÷5 

76 190÷200 15,0 116 35÷39 ɚɝɝɥɨɦɟɪɚɬɵ 10÷20 

42 200÷220 15,0 123 36÷41 ɜɨɥɨɤɧɚ  

56 190÷20

0 

10,5 106 35÷38 





.

.

Ɇɢɤɪɨɱɚɫɬ
Ɇɢɤɪɨɫɮ

 
10÷100 

<1 

 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.14

56 190÷200 10,5 85 25÷31 





.

.

Ɇɢɤɪɨɱɚɫɬ
Ɇɢɤɪɨɫɮ

 
10 

<1 

61 200÷210 8,0 95 22÷30 Ɇɢɤɪɨɫɮ. <10 
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54 200÷210 7,5 120 30÷35 Ɇɢɤɪɨɫɮ. <100 

70 190÷200 5,0 94 22÷25 





.

.

Ɇɢɤɪɨɱɚɫɬ
Ɇɢɤɪɨɫɮ

 
<50 

<1 

 
ȼ ɪɚɛɨɬɟ [273] ɩɨ ɫɭɳɟɫɬɜɭ ɜɩɟɪɜɵɟ ɩɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɹɜɢɥɨɫɶ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɭɫɥɨɜɢɣ ɩɪɨɰɟɫɫɚ ɧɚ ɫɨɫɬɚɜ ɩɨɥɭɱɚɟɦɨɝɨ 
ɩɪɨɞɭɤɬɚ ɧɚ ɩɪɢɦɟɪɟ ɨɫɚɠɞɟɧɢɹ ɩɨɥɢɦɨɥɨɱɨɣ ɤɢɫɥɨɬɵ ɫ ɩɢɪɟɧɨɦ. 

Ɉɩɵɬɵ ɹɫɧɨ ɩɨɤɚɡɚɥɢ ɜɨɡɦɨɠɧɨɫɬɢ RESS ɤ ɨɫɚɠɞɟɧɢɸ ɫɥɨɠɧɵɯ ɩɨ 
ɫɨɫɬɚɜɭ ɱɚɫɬɢɰ.  

Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɦɟɬɨɞɚ RESS ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨ ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɜ ɪɚɛɨɬɚɯ [274, 281]. 

ȼɚɠɧɵɦ ɤɥɚɫɫɨɦ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɸɬɫɹ ɩɨɥɢɦɟɪɧɵɟ 
ɫɦɟɫɢ. Ⱦɨɫɬɚɬɨɱɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ 1985 ɝɨɞɭ ɢɯ ɨɛɴɺɦ ɧɚ Ⱥɦɟɪɢɤɚɧ-

ɫɤɨɦ (ɋɒȺ) ɪɵɧɤɟ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɤɚɭɱɭɤɚ ɫɨɫɬɚɜɥɹɥ ɨɤɨɥɨ 20,0 %. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɢɡ ɤɨɦɦɟɪɱɟɫɤɢ ɜɚɠɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɫɦɟɫɟɣ ɩɪɟɞɫɬɚɜ-
ɥɹɸɬ ɫɨɛɨɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɧɟɫɦɟɲɢɜɚɸɳɢɟɫɹ ɝɟɬɟɪɨɝɟɧɧɵɟ ɫɦɟ-
ɫɢ. ɗɬɢɦ ɦɚɬɟɪɢɚɥɚɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɜɨɣɫɬɜɟɧɧɵ ɧɟɩɪɨɡɪɚɱɧɨɫɬɶ ɢ 

ɧɢɡɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ. 

Ȼɥɚɝɨɞɚɪɹ ɩɪɢɦɟɧɹɟɦɵɦ ɧɵɧɟ ɦɟɬɨɞɚɦ ɩɨɥɭɱɟɧɢɹ ɨɞɧɨɪɨɞɧɵɯ 
ɫɦɟɫɟɣ ɧɟɫɦɟɲɢɜɚɸɳɢɯɫɹ ɩɨɥɢɦɟɪɨɜ, ɨɫɧɨɜɚɧɧɵɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚ 
ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɚɯ ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ ɢ ɦɚɫɫɵ, ɭɞɚɺɬɫɹ ɪɟɲɚɬɶ 
ɥɢɲɶ ɩɪɨɛɥɟɦɵ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɬɟɪɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ. 
ɗɬɢ ɦɟɬɨɞɵ ɨɬɥɢɱɚɟɬ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɢ ɨɧɢ ɨɤɚ-
ɡɵɜɚɸɬɫɹ ɧɟɫɩɨɫɨɛɧɵɦɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɭɳɟɫɬɜɭɸɳɢɣ ɡɧɚɱɢɬɟɥɶɧɵɣ 

ɩɨɬɟɧɰɢɚɥ ɜ ɩɨɥɭɱɟɧɢɢ ɩɨɥɢɦɟɪɧɵɯ ɫɦɟɫɟɣ ɫɨ ɫɩɟɰɢɚɥɶɧɵɦɢ: ɨɩɬɢ-

ɱɟɫɤɢɦɢ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ; ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɶɸ ɢɥɢ ɧɚ-
ɩɪɨɬɢɜ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɛɢɨɪɚɡɥɨɠɟɧɢɸ. Ɂɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɤ ɩɨ-
ɥɭɱɟɧɢɸ ɨɞɧɨɪɨɞɧɵɯ ɫɦɟɫɟɣ ɧɟɫɦɟɲɢɜɚɸɳɢɯɫɹ ɩɨɥɢɦɟɪɨɜ ɨɛɴɹɫɧɹ-
ɟɬɫɹ ɟɳɺ ɢ ɬɟɦ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɫɜɨɣɫɬɜɚ ɦɚ-
ɬɟɪɢɚɥɚ ɩɪɢɧɢɦɚɸɬ ɡɧɚɱɟɧɢɹ, ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɞɥɹ ɫɜɨɣɫɬɜ ɤɨɦɩɨ-
ɧɟɧɬɨɜ ɫɦɟɫɢ ɢ, ɩɨ ɫɭɳɟɫɬɜɭ ɨɬɩɚɞɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɫɢɧɬɟɡɢɪɨɜɚ-
ɧɢɢ ɧɨɜɵɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɰɟɥɟɣ. 

ȼ ɪɚɛɨɬɟ [282] ɩɪɟɞɥɨɠɟɧ ɩɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɦɚɤɪɨɩɟɪɟɧɨɫɟ, 
ɩɨ ɫɜɨɟɣ ɫɭɬɢ ɪɟɚɥɢɡɭɸɳɢɣ ɩɪɢɧɰɢɩ "RESS", ɢ, ɩɨɡɜɨɥɹɸɳɢɣ ɪɟ-
ɲɚɬɶ ɜɵɲɟɨɬɦɟɱɟɧɧɵɟ ɩɪɨɛɥɟɦɵ. Ʉ ɨɬɦɟɱɟɧɧɵɦ ɭɫɥɨɜɢɹɦ ɨɫɭɳɟɫɬ-
ɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɛɵɫɬɪɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɧɨ-
ɝɨ ɪɚɫɬɜɨɪɚ ɩɨɥɢɦɟɪɧɨɣ ɫɦɟɫɢ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɧɟ ɛɨɥɟɟ, ɱɟɦ 5% ɜɟɫɨ-
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ɜɵɟ ɫɨɞɟɪɠɚɧɢɟ ɩɨɥɢɦɟɪɚ ɜ ɪɚɫɬɜɨɪɟ; ɧɟ ɛɨɥɟɟ ɱɟɦ 30 °ɋ ɩɪɟɜɵɲɟ-
ɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɤɥɨɜɚɧɢɹ ɩɨɥɢɦɟɪɚ ɜ ɭɫɬɶɟ ɫɨɩɥɚ ɢ ɪɚɫɯɨɞ ɪɚɫ-
ɬɜɨɪɚ, ɢɡɦɟɧɹɸɳɢɣɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 46 ɞɨ 460 ɦɥ/ɱɚɫ. 

ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɢɹ ɫɥɟɞɭɸɳɢɯ (ɩɨ ɮɚɤɬɚɦ ɫɬɨɣ-

ɤɢɯ ɢ ɨɞɧɨɪɨɞɧɵɯ)ɩɨɥɢɦɟɪɧɵɯ ɫɦɟɫɟɣ:  

- ɩɨɥɢɫɬɢɪɨɥ/ɩɨɥɢ (ɦɟɬɢɥ ɦɟɬɚɤɪɢɥɚɬ) ɛɥɨɤɫɨɩɨɥɢɦɟɪɚ ɩɪɢ ɫɨɨɬ-
ɧɨɲɟɧɢɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɤɚɤ 1:1 ɢ ɨɞɢɧɚɤɨɜɵɯ ɡɧɚɱɟɧɢɹɯ ɦɨɥɟɤɭɥɹɪ-
ɧɨɝɨ ɜɟɫɚ - 1500 ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɯɥɨɪɞɢɮɬɨɪɦɟɬɚɧɟ, ɩɪɢ ɞɚɜɥɟ-
ɧɢɢ 136 ɛɚɪ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɥɢɦɟɪɧɨɣ ɫɦɟɫɢ ɜ ɪɚɫɬɜɨɪɟ 1 %, ɜɧɭɬ-
ɪɟɧɧɟɦ ɞɢɚɦɟɬɪɟ ɫɨɩɥɚ 30 ɦɢɤɪɨɦɟɬɪɨɜ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɟɝɨ ɭɫɬɶɟ 
110 °ɋ; 

- ɩɨɥɢɫɬɪɨɥ/ɩɨɥɢ(1,2-ɛɭɬɚɞɢɟɧ) ɛɥɨɤɫɨɩɨɥɢɦɟɪɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɨɦ ɛɭɬɚɧɟ (ɛɟɡ ɩɨɞɪɨɛɧɨɫɬɟɣ);  

- ɩɨɥɢɫɬɪɨɥ/ɩɨɥɢ(ɦɟɬɢɥ ɦɟɬɚɤɪɢɥɚɬ) ɛɥɨɤɫɨɩɨɥɢɦɟɪɚ ɢ ɩɨɥɢ (ɦɟ-
ɬɢɥ ɦɟɬɚɤɪɢɥɚɬɚ). 

Ʉ ɩɨɥɢɦɟɪɚɦ, ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɵɦ ɩɪɟɞɥɚɝɚɟɦɵɦ ɫɩɨɫɨɛɚɦ, ɚɜɬɨ-
ɪɵ ɨɬɧɨɫɹɬ ɫɦɟɫɢ, ɫɨɞɟɪɠɚɳɢɟ ɩɨɥɢɨɥɟɮɢɧɵ, ɩɨɥɢɫɬɢɪɨɥɵ, ɩɨɥɢ-

ɚɦɢɞɵ, ɫɢɥɢɤɨɧɨɜɵɟ ɩɨɥɢɦɟɪɵ, ɩɨɥɢɷɮɢɪɵ, ɩɨɥɢɚɤɪɢɥɚɬɵ, ɩɨɥɢɰɢɚ-
ɧɨɚɤɪɢɥɚɬɵ, ɩɨɥɢɦɟɬɚɤɪɢɥɚɬɵ, ɩɨɥɢɰɢɚɧɨɦɟɬɚɤɪɢɥɚɬɵ, ɩɨɥɢɤɚɪɛɨ-
ɧɚɬɵ, ɩɨɥɢɞɢɟɧɵ, ɜɢɧɢɥɨɜɵɟ ɩɨɥɢɦɟɪɵ, ɩɨɥɢɭɪɟɬɚɧɵ, ɩɨɥɢɫɭɥɶɮɨ-
ɧɵ, ɩɨɥɢɚɦɢɧɨɤɢɫɥɨɬɵ ɢ ɞɪɭɝɢɟ. 

Ɇɟɬɨɞ [282] ɩɨɡɜɨɥɹɟɬ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɫɦɟɫɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢ 

ɧɟɨɛɹɡɚɬɟɥɶɧɵɟ ɢɧɝɪɚɞɢɟɧɬɵ: ɫɬɚɛɢɥɢɡɚɬɨɪɵ, ɤɪɚɫɢɬɟɥɢ, ɩɥɚɦɹɝɚɫɢ-

ɬɟɥɢ, ɚɧɬɢɨɤɫɢɞɚɧɬɵ, ɚ ɬɚɤɠɟ ɚɧɬɢɫɬɚɬɢɱɟɫɤɢɟ, ɚɧɬɢɦɢɤɪɨɛɧɵɟ ɢ ɩɨ-
ɩɟɪɱɧɨɫɲɢɜɚɸɳɢɟ ɚɝɟɧɬɵ. ɂɯ ɫɨɞɟɪɠɚɧɢɟ ɨɛɵɱɧɨ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 0,01 

% ɞɨ 2,0 % ɜɟɫɨɜɵɯ. 
 

 

 

 

 
3.9. ɉɊɈɉɂɌɄȺ ɉɈɅɂɆȿɊɈȼ ɇȺɉɈɅɇɂɌȿɅəɆɂ ɂ 

ɆɈȾɂɎɂɄȺɌɈɊȺɆɂ ȼ ɋɍȻ- ɂ ɋȼȿɊɏɄɊɂɌɂɑȿɋɄɂɏ ɍɋɅɈȼɂəɏ 
 

ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɩɪɨɩɢɬɤɢ ɩɨɥɢɦɟɪɨɜ ɪɚɡɧɨɨɛɪɚɡ-
ɧɵɦɢ ɞɨɛɚɜɤɚɦɢ. Ʉ ɩɪɢɦɟɪɭ, ɧɟɤɨɬɨɪɵɟ ɩɨɥɢɦɟɪɵ ɦɨɝɭɬ ɛɵɬɶ ɩɪɨ-
ɩɢɬɚɧɵ ɜ ɩɪɨɰɟɫɫɟ ɩɨɦɟɳɟɧɢɹ ɢɯ ɧɚ ɞɨɫɬɚɬɨɱɧɨ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɜ 
ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɜɵɲɟɧɚɡɜɚɧɧɭɸ ɞɨɛɚɜɤɭ. Ʉɪɨɦɟ ɬɨɝɨ, ɷɬɢ ɞɨ-
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ɛɚɜɤɢ ɦɨɝɭɬ ɛɵɬɶ ɜɜɟɞɟɧɵ ɜ ɫɨɫɬɚɜ ɩɨɥɢɦɟɪɚ ɜ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɩɨ-
ɫɥɟɞɧɢɣ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɫɩɥɚɜɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɢɥɢ ɠɟ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɬɪɭɡɢɢ. ɋɭɳɟɫɬɜɭɸɬ ɢ ɞɪɭɝɢɟ, ɨ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɧɟɞɨɫɬɚɬɤɚɯ ɤɨ-
ɬɨɪɵɯ ɛɭɞɟɬ ɨɬɦɟɱɟɧɨ ɧɢɠɟ, ɧɚ ɷɬɚɩɟ ɫɪɚɜɧɟɧɢɹ ɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɩɪɢɫɭɳɢɦɢ ɧɨɜɵɦ ɩɨɞɯɨɞɚɦ, ɫɜɹɡɚɧɧɵɦ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ. 

ɉɪɨɩɢɬɤɚ ɩɥɟɧɤɢ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɚ ɞɢɦɟɬɢɥɮɬɚɥɚɬɨɦ, ɪɚɫɬɜɨ-
ɪɟɧɧɵɦ ɜ ɫɭɛɤɪɢɬɢɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ ɨɫɭɳɟɫɬɜɥɟɧɚ ɜ ɪɚɛɨɬɟ 
[24]. Ⱦɢɦɟɬɢɥɮɬɚɥɚɬ ɹɜɥɹɟɬɫɹ ɩɥɚɫɬɢɮɢɤɚɬɨɪɨɦ ɞɥɹ ɩɨɥɢɜɢɧɢɥɯɥɨ-
ɪɢɞɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɫɬɜɨɪɢɦ ɜ ɩɨɥɢɦɟɪɟ. Ʉɨɷɮɮɢɰɢɟɧɬ ɧɚɛɭ-
ɯɚɧɢɹ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɚ ɜ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ ɫ ɱɢɫɬɵɦ ɞɢɦɟɬɢɥ-
ɮɬɚɥɚɬɨɦ ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 300 %. Ɉɞɧɚɤɨ ɫɤɨɪɨɫɬɶ ɚɞɫɨɪɛɰɢɢ ɞɢɦɟ-
ɬɢɥɮɬɚɥɚɬɚ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɨɦ ɩɪɢ ɨɛɵɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢɫɤɥɸ-

ɱɢɬɟɥɶɧɨ ɦɚɥɚ. ɉɨ ɢɫɬɟɱɟɧɢɢ 64 ɱɚɫɨɜ ɜ ɩɪɨɰɟɫɫɟ ɩɨɝɪɭɠɟɧɢɹ ɚɞ-

ɫɨɪɛɰɢɹ ɞɢɦɟɬɢɥɮɬɚɥɚɬɚ ɧɟ ɩɪɟɜɵɲɚɟɬ ɨɞɧɨɝɨ ɩɪɨɰɟɧɬɚ ɩɨ ɜɟɫɭ. 
ɑɚɫɬɢɱɧɚɹ ɫɦɟɲɢɜɚɟɦɨɫɬɶ ɞɢɦɟɬɢɥɮɬɨɥɚɬɚ ɫ ɫɭɛɤɪɢɬɢɱɟɫɤɢɦ ɞɢ-

ɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ (ɯɚɪɚɤɬɟɪɢɡɭɟɦɚɹ ɩɪɢ 25 °ɋ ɡɧɚɱɟɧɢɹɦɢ ɤɨɷɮɮɢ-

ɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ CO2/ɞɢɦɟɬɢɥɮɬɚɥɚɬ, ɪɚɜɧɵɦɢ 94/6 ɢ 

43/57 ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɤɚɠɞɨɣ ɮɚɡɟ) ɢ ɩɪɟɠɞɟ ɜɫɟɝɨ ɫɜɨɣɫɬɜɚ ɩɨ-
ɫɥɟɞɧɟɣ ɹɜɢɥɢɫɶ ɛɚɡɨɣ ɞɥɹ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɜɵɲɟɨɬɦɟɱɟɧɧɨɝɨ ɩɪɨ-
ɰɟɫɫɚ ɩɪɨɩɢɬɤɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɥɟɧɤɚ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢ-

ɞɚ ɩɪɢɜɨɞɢɬɫɹ ɜ ɤɨɧɬɚɤɬ ɫ ɢɡɛɵɬɨɱɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɞɢɦɟɬɢɥɮɬɚɥɚɬɚ 
ɜ ɫɪɟɞɟ ɫɭɛɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (t = 25°C; Ɋ = 7,5 Ɇɉɚ). 
ɉɨ ɢɫɬɟɱɟɧɢɟ 64 ɱɚɫɨɜ ɚɞɫɨɪɛɰɢɹ ɞɢɦɟɬɢɥɮɬɚɥɚɬɚ ɞɨɫɬɢɝɚɟɬ ɪɚɜɧɨ-
ɜɟɫɧɨɝɨ ɭɪɨɜɧɹ, ɛɥɢɡɤɨɝɨ ɤ 45 % ɨɬ ɜɟɫɚ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɚ. ɉɪɢ 

ɷɬɨɦ ɱɟɪɟɡ 24 ɱɚɫɚ ɩɨɫɥɟ ɜɵɜɨɞɚ ɫɢɫɬɟɦɵ ɧɚ ɧɨɪɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ 95 

% ɋɈ2 ɞɟɫɨɪɛɢɪɭɟɬɫɹ, ɬɨɝɞɚ ɤɚɤ ɞɟɫɨɪɛɰɢɹ ɞɢɦɟɬɢɥɮɬɚɥɚɬɚ ɨɫɬɚɟɬɫɹ 
ɤɪɚɣɧɟ ɦɟɞɥɟɧɧɨɣ (ɩɨ ɢɫɬɟɱɟɧɢɟ 1000 ɱɚɫɨɜ ɞɨ 80 % ɞɢɦɟɬɢɥɮɬɚɥɚɬɚ 
ɨɫɬɚɟɬɫɹ ɜ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɟ). 

ɂ ɜɫɟ ɠɟ ɢɦɟɧɧɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ, ɚ ɧɟ ɫɭɛɤɪɢɬɢɱɟɫɤɢɟ ɮɥɸɢɞɵ 

ɧɚɯɨɞɹɬ ɛɨɥɶɲɟɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɩɢɬɤɢ ɩɨɥɢɦɟɪɨɜ ɪɚɡ-
ɥɢɱɧɵɦɢ ɞɨɛɚɜɤɚɦɢ. Ɉɫɬɚɧɨɜɢɦɫɹ ɜɤɪɚɬɰɟ ɧɚ ɦɟɯɚɧɢɡɦɟ ɩɪɨɰɟɫɫɚ ɢ 

ɬɪɟɛɨɜɚɧɢɹɯ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɩɨɥɢɦɟɪɭ, ɤ ɦɚɬɟɪɢɚɥɭ ɩɪɨɩɢɬɤɢ ɢ ɤ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦɭ ɮɥɸɢɞɭ. 

Ʉɚɤ ɛɵɥɨ ɧɟɨɞɧɨɤɪɚɬɧɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ 
ɮɥɸɢɞɵ ɨɛɥɚɞɚɸɬ ɧɢɡɤɨɣ ɜɹɡɤɨɫɬɶɸ, ɜɵɫɨɤɨɣ ɞɢɮɮɭɡɢɨɧɧɨɫɬɶɸ ɢ 

ɧɭɥɟɜɵɦ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɧɚɬɹɠɟɧɢɟɦ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɦ ɜɵɫɨɤɭɸ 
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ɫɤɨɪɨɫɬɶ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɧɭɬɪɶ ɩɨɪɢɫɬɵɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɨɥɢɦɟɪɧɵɯ 
ɦɚɬɪɢɰ. ȼɵɲɟɨɬɦɟɱɟɧɧɵɟ ɮɚɤɬɨɪɵ ɞɨɩɨɥɧɹɸɬɫɹ ɟɳɟ ɢ ɬɟɦ, ɱɬɨ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɮɥɸɢɞɵ ɨɤɚɡɵɜɚɸɬɫɹ ɧɟ ɦɟɧɟɟ ɫɢɥɶɧɵɦɢ ɚɝɟɧɬɚɦɢ 

ɧɚɛɭɯɚɧɢɹ ɩɨɥɢɦɟɪɨɜ, ɧɟɠɟɥɢ ɨɪɝɚɧɢɱɟɫɤɢɟ ɠɢɞɤɨɫɬɢ [283]. 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɫɚɦɨɝɨ ɩɪɨɰɟɫɫɚ, ɬɨ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɦɚɬɪɢɰɚ ɩɪɨ-
ɦɵɜɚɟɬɫɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɪɚɫɬɜɨɪɨɦ ɩɪɨɩɢɬɤɢ, ɚ ɧɚ ɜɬɨɪɨɦ ɷɬɚɩɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɟɡɤɚɹ ɞɟɤɨɦɩɪɟɫɫɢɹ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɪɨɩɢɬɤɟ ɨɫɟɫɬɶ 
ɜɧɭɬɪɢ ɦɚɬɪɢɰɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɬɟɪɢ ɮɥɸɢɞɨɦ ɪɚɫɬɜɨɪɹɸɳɟɣ ɫɩɨ-
ɫɨɛɧɨɫɬɢ ɢ ɛɵɫɬɪɨɝɨ ɟɝɨ ɢɫɱɟɡɧɨɜɟɧɢɹ ɢɡ ɩɨɥɢɦɟɪɚ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ 

ɫɨɫɬɨɹɧɢɢ. 

ɉɪɢ ɷɬɨɦ ɦɚɬɟɪɢɚɥ ɩɪɨɩɢɬɤɢ ɞɨɥɠɟɧ ɢɦɟɬɶ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɭɸ 

ɥɟɬɭɱɟɫɬɶ, ɱɬɨɛɵ ɫɨɯɪɚɧɢɬɶɫɹ ɜɧɭɬɪɢ ɩɨɥɢɦɟɪɚ ɜ ɩɪɨɰɟɫɫɟ ɭɞɚɥɟɧɢɹ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ. ȿɫɬɟɫɬɜɟɧɧɵɦ ɭɫɥɨɜɢɟɦ ɞɥɹ ɦɚɬɟɪɢɚɥɚ 
ɩɪɨɩɢɬɤɢ ɜ ɷɬɨɦ ɩɨɞɯɨɞɟ ɹɜɥɹɟɬɫɹ ɟɝɨ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɩɨɫɥɟɞɧɟɦ. ȼ 

ɨɫɧɨɜɧɨɦ ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɚɬɟɪɢɚɥɚ ɩɪɨɩɢɬɤɢ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ 

ɮɥɸɢɞɟ ɤɨɥɟɛɥɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0,1 % ɞɨ 50 % ɜɟɫɨɜɵɯ (ɩɪɟɞɩɨɱɬɢ-

ɬɟɥɶɧɨ ɨɬ 10 % ɞɨ 30 % ɞɥɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɞɨɛɚɜɨɤ; ɨɬ 0,1% ɞɨ 3,0 % 

ɞɥɹ ɮɚɪɦɩɪɟɩɚɪɚɬɨɜ) [284]. 

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɪɢɥɨɠɟɧɢɢ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɜɵɲɟɩɟɪɟɱɢɫ-
ɥɟɧɧɨɦɭ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɮɥɸɢɞɵ ɞɨɥɠɧɵ ɛɵɬɶ ɫɨɜɦɟɫɬɢɦɵ ɫ ɩɨ-
ɥɢɦɟɪɨɦ, ɢɦɟɬɶ ɜɵɫɨɤɭɸ ɥɟɬɭɱɟɫɬɶ ɢ ɧɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ. ɉɨɫɥɟɞɧɟɟ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ, ɤɨ-
ɝɞɚ ɪɟɱɶ ɢɞɟɬ ɨ ɩɪɨɩɢɬɤɟ ɩɨɥɢɦɟɪɨɜ ɬɟɪɦɨɥɚɛɢɥɶɧɵɦɢ ɞɨɛɚɜɤɚɦɢ. Ʉ 

ɜɟɳɟɫɬɜɚɦ, ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɦ ɷɬɢɦ ɬɪɟɛɨɜɚɧɢ-

ɹɦ, ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɷɬɢɥɟɧ, ɨɤɢɫɶ ɚɡɨɬɚ ɢ ɞɪɭɝɢɟ. 
ɂɦɟɧɧɨ CO2 ɢ N2O ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɪɚɛɨɬɟ [284] ɜ ɤɚɱɟɫɬɜɟ 

ɜɵɫɨɤɨɥɟɬɭɱɢɯ ɧɨɫɢɬɟɥɟɣ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɩɢɬɤɢ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ ɩɨ-
ɥɢɦɟɪɨɜ ɤɨɧɫɟɪɜɚɧɬɚɦɢ, ɚɪɨɦɚɬɚɦɢ ɢ ɮɚɪɦɩɪɟɩɚɪɚɬɚɦɢ ɢ ɢɦɟɧɧɨ 
ɭɦɟɪɟɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɪɟɠɢɦɵ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɜ ɷɬɨɦ 

ɫɥɭɱɚɟ (t = 20 ÷ 60 °C) ɹɜɢɥɢɫɶ ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɩɪɢ ɜɵɛɨɪɟ ɩɨɞɯɨɞɚ ɤ 
ɪɟɲɟɧɢɸ ɩɪɨɛɥɟɦɵ. ɇɟɤɨɬɨɪɵɟ ɪɟɡɭɥɶɬɚɬɵ ɷɬɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3.15 ɢ 3.16. 

Ⱥɧɚɥɨɝɢɱɧɚɹ ɨɛɫɭɠɞɟɧɧɨɣ ɡɚɞɚɱɚ ɛɵɥɚ ɪɟɲɟɧɚ ɜ ɪɚɛɨɬɚɯ [285÷
288]. 

Ɍɚɤɠɟ ɜ ɨɛɥɚɫɬɢ ɮɚɪɦɚɰɟɜɬɢɤɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɮɥɸɢɞɵ ɛɵɥɢ 

ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɪɚɛɨɬɚɯ [289, 290]. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ 
ɩɪɨɩɢɬɤɚ ɤɚɬɟɬɟɪɨɜ ɚɧɬɢɛɢɨɬɢɤɚɦɢ, ɚɧɚɥɶɝɟɬɢɤɚɦɢ, ɚ ɬɚɤɠɟ ɩɪɨɬɢɜɨ-
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ɜɨɫɩɚɥɢɬɟɥɶɧɵɦɢ, ɚɧɬɢɫɩɚɡɦɚɬɢɱɟɫɤɢɦɢ ɢ ɫɨɫɭɞɨɪɚɫɲɢɪɹɸɳɢɦɢ 

ɩɪɟɩɚɪɚɬɚɦɢ. 
 

Ɍɚɛɥɢɰɚ 3.15. 
 

ɋɬɟɩɟɧɶ ɩɪɨɩɢɬɤɢ ɩɨɥɢɦɟɪɧɨɣ ɩɥɚɫɬɢɧɵ (ɫ ɨɬɧɨɲɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɤ 

ɨɛɴɟɦɭ 10 1/ɫɦ) ɚɪɨɦɚɬɢɱɟɫɤɢɦ ɦɚɬɟɪɢɚɥɨɦ ɜ ɫɪɟɞɟ CO2 ɢ N2O ɩɪɢ 25 °ɋ 

ɢ 173 ɛɚɪ ɡɚ 2 ɱɚɫɚ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ ɦɚɫɫ «ɋɈ2 – ɚɪɨɦɚɬ – ɩɨɥɢɦɟɪ», 

ɪɚɜɧɨɦ 60:5:1. 
 

ɉɨɥɢɦɟɪ ɋɪɟɞɚ ɩɪɨɩɢɬɤɢ 

 Ⱥɪɨɦɚɬ ɜ ɫɪɟɞɟ 
ɨɤɢɫɢ ɚɡɨɬɚ 

8 % ɚɪɨɦɚɬɚ+ 

+92 % ɋɈ2 

ɋɨɩɨɥɢɦɟɪ I 
[ɷɬɢɥɟɧ – ɜɢɧɢɥ – ɚɰɟɬɚɬ 

(9% ɜɢɧɢɥ ɚɰɟɬɚɬɚ)] 

 

0,74% 

 

0,89% 

ɋɨɩɨɥɢɦɟɪ II 
[ɷɬɢɥɟɧ – ɜɢɧɢɥ ɚɰɟɬɚɬ 
(18% ɜɢɧɢɥ ɚɰɟɬɚɬɚ)] 

 

4,37% 

 

6,49% 

ɋɨɩɨɥɢɦɟɪ III 
[ɷɬɢɥɟɧ – ɷɬɢɥ – ɚɤɪɢɥɚɬ 

(18% ɷɬɢɥ ɚɤɪɢɥɚɬɚ)] 

 

3,80% 

 

4,86% 

 

Ɍɚɛɥɢɰɚ 3.16. 
 

ɋɬɟɩɟɧɶ ɩɪɨɩɢɬɤɢ ɩɨɥɢɦɟɪɧɨɣ ɩɥɚɫɬɢɧɵ ɚɪɨɦɚɬɢɱɟɫɤɢɦ ɦɚɬɟɪɢɚɥɨɦ ɜ 

ɫɪɟɞɟ CO2 ɢ N2O ɩɪɢ 60 °ɋ ɢ 173 ɛɚɪ ɡɚ 2 ɱɚɫɚ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ ɦɚɫɫ  
«ɋɈ2 – ɚɪɨɦɚɬ – ɩɨɥɢɦɟɪ», ɪɚɜɧɨɦ 50:5:1 

 

ɉɨɥɢɦɟɪ ɋɪɟɞɚ ɩɪɨɩɢɬɤɢ 

 Ⱥɪɨɦɚɬ ɜ ɫɪɟɞɟ ɨɤɢɫɢ ɚɡɨɬɚ 9 % ɚɪɨɦɚɬɚ+91 % ɋɈ2 

ɋɨɩɨɥɢɦɟɪ I 4,19 8,65 

ɉɨɥɢɩɪɨɩɢɥɟɧ 0,20 1,47 

ɩɨɥɢɷɬɢɥɟɧ 1,35 2,65 

 

Ⱥɜɬɨɪɵ ɢɫɫɥɟɞɨɜɚɧɢɹ [291] ɩɪɟɞɥɨɠɢɥɢ ɜɚɪɢɚɧɬ ɩɪɨɩɢɬɤɢ ɞɪɟɜɟ-
ɫɢɧɵ ɫɬɢɪɨɥɨɦ ɢ ɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬɨɦ, ɪɚɫɬɜɨɪɟɧɧɵɦɢ ɜ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɢɯ ɩɨɥɢɦɟɪɢɡɚɰɢɟɣ ɜ ɰɟ-
ɥɹɯ ɭɥɭɱɲɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɇɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɞɭɝɥɚɫɫɤɨɣ ɫɨɫɧɵ (20 ÷ 30 

% ɫɬɟɩɟɧɶ ɩɪɨɩɢɬɤɢ ɨɛɪɚɡɰɚ ɫ ɪɚɡɦɟɪɚɦɢ 38×38×63 ɦɦ ɡɚ 10 ÷ 20 ɦɢɧ) 

ɛɵɥɢ ɞɨɫɬɢɝɧɭɬɵ ɩɪɢ ɛɚɪɛɨɬɢɪɨɜɚɧɢɢ ɜ ɪɟɚɤɬɨɪɟ ɱɟɪɟɡ ɞɪɟɜɟɫɧɵɣ 

ɦɚɬɟɪɢɚɥ, ɩɨɝɪɭɠɟɧɧɵɣ ɜ ɢɡɛɵɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɧɨɦɟɪɚ, ɫɜɟɪɯ-
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ɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (t = 40 °ɋ; Ɋ = 105 ɛɚɪ). Ɋɚɫɬɜɨɪɢ-

ɦɨɫɬɶ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɦɨɧɨɦɟɪɨɜ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝ-
ɥɟɪɨɞɚ (t=35 °ɋ; Ɋ=140 ɛɚɪ) ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 10 % ɜɟɫɨɜɵɯ [292]. 

ɉɨɫɥɟ ɞɟɤɨɦɩɪɟɫɫɢɢ ɜ ɪɟɚɤɬɨɪɟ ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (∼  

100 °ɋ) ɜ ɫɪɟɞɟ ɚɡɨɬɚ ɨɫɭɳɟɫɬɜɥɟɧɵ ɩɪɨɰɟɫɫ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢ ɩɨɫɥɟ-
ɞɭɸɳɚɹ ɫɭɲɤɚ ɜ ɰɟɥɹɯ ɢɫɤɥɸɱɟɧɢɹ ɨɫɬɚɬɤɨɜ ɦɨɧɨɦɟɪɨɜ. 

Ɋɟɡɭɥɶɬɚɬɢɜɧɨɫɬɶ ɩɪɨɜɟɞɟɧɧɨɣ ɩɪɨɩɢɬɤɢ ɛɵɥɚ ɨɰɟɧɟɧɚ ɱɟɪɟɡ ɫɬɟ-
ɩɟɧɶ ɧɚɛɭɯɚɧɢɹ «ɞɟɪɟɜɨ–ɩɨɥɢɦɟɪɧɨɝɨ» ɤɨɦɩɨɡɢɬɚ ɜ ɜɨɞɟ. ɉɨ ɢɫɬɟɱɟ-
ɧɢɢ 23 ɞɧɟɣ ɩɨɝɪɭɠɟɧɢɹ ɨɛɴɟɦɧɨɟ ɧɚɛɭɯɚɧɢɟ ɫɨɫɬɚɜɢɥɨ 10 % (ɬɨɝɞɚ 
ɤɚɤ ɪɚɧɟɟ ɨɧɨ ɪɚɜɧɹɥɨɫɶ 15%). ɉɪɢ ɷɬɨɦ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɛɨɥɟɟ ɜɵ-

ɫɨɤɨɟ (ɜ ɫɥɭɱɚɟ ɫɬɢɪɨɥɚ) ɫɨɫɪɟɞɨɬɨɱɟɧɢɟ ɩɨɥɢɫɬɢɪɨɥɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɨɛɪɚɡɰɚ, ɩɪɟɩɹɬɫɬɜɭɸɳɟɟ ɩɪɨɧɢɤɧɨɜɟɧɢɸ ɜɥɚɝɢ. ɉɨɤɪɚɫɤɚ ɬɤɚɧɟɣ ɢɡ 
ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɜɨɥɨɤɨɧ [293], ɯɥɨɩɤɚ ɢɥɢ ɲɟɪɫɬɢ [294] ɦɨɠɟɬ ɛɵɬɶ 
ɞɨɫɬɢɝɧɭɬɚ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɟɦ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɤɪɚɫɢɬɟɥɹ ɬɚɤɠɟ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɮɚɡɟ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ. 

ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɪɚɤɟɬɧɵɯ ɫɨɩɟɥ, ɧɨɫɨɜɵɯ ɱɚɫɬɟɣ ɫɧɚɪɹɞɨɜ, 
ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɣ ɤɨɫɦɢɱɟɫɤɢɯ ɤɨɪɚɛɥɟɣ ɢ ɞɪɭɝɢɯ ɢɡɞɟɥɢɣ ɫɭ-
ɳɟɫɬɜɭɟɬ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɦɚɬɟɪɢɚɥɚɯ, ɤɨɬɨɪɵɟ 
ɦɨɝɭɬ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶɫɹ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɨɬɥɢɱɚɬɶɫɹ 
ɜɵɫɨɤɢɦɢ ɚɧɬɢɨɤɢɫɥɢɬɟɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

ȼ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɷɬɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɭɞɨɜɥɟɬɜɨɪɹɸɬ, ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɟ, ɭɝɥɟɪɨɞɧɨ-ɦɚɬɪɢɱɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɩɨɥɭɱɚɟɦɵɟ ɦɧɨɝɨ-
ɤɪɚɬɧɨɣ ɩɪɨɩɢɬɤɨɣ ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɨɧ ɩɨɥɢɦɟɪɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ 

(ɩɨɥɢɤɚɪɛɨɫɢɥɚɧ, ɩɨɥɢɫɢɥɚɧ, ɫɢɥɢɤɨɧɵ) ɢ ɩɨɫɥɟɞɭɸɳɢɦ (ɫɬɨɥɶ ɠɟ 
ɦɧɨɝɨɤɪɚɬɧɵɦ) ɩɢɪɨɥɢɡɨɦ ɩɨɫɥɟɞɧɢɯ. 

Ɉɞɧɚɤɨ, ɜ ɪɚɦɤɚɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ ɞɚɠɟ ɩɪɢ ɞɨɫɬɚɬɨɱ-
ɧɨ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɹɯ ɞɨɫɬɢɝɚɟɦɨɣ ɩɥɨɬɧɨɫɬɢ ɦɚɬɪɢɰɵ (∼  95 % ɨɬ 
ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ) ɜ ɩɨɫɥɟɞɧɟɣ ɦɨɝɭɬ ɢɦɟɬɶ ɦɟɫɬɨ ɢɡɴɹɧɵ ɜ 
ɜɢɞɟ ɫɬɪɭɤɬɭɪɧɵɯ ɦɢɤɪɨɩɭɫɬɨɬ ɢ ɦɢɤɪɨɬɪɟɳɢɧ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ 

ɪɚɡɦɟɪɚɦɢ, ɨɰɟɧɢɜɚɟɦɵɦɢ ɜ 0,1 ÷ 10 ɦɤɦ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ ɩɨɜɵ-

ɲɟɧɧɨɦɭ ɨɤɢɫɥɟɧɢɸ ɢ ɭɫɤɨɪɟɧɧɨɦɭ ɢɡɧɚɲɢɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ. 
ɍɱɢɬɵɜɚɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɞɚɠɟ ɞɚɜɥɟɧɢɟ ɜ 700 ɛɚɪ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟ-

ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɩɪɨɞɚɜɥɢɜɚɧɢɹ ɜɵɫɨɤɨɜɹɡɤɨɝɨ ɩɨɥɢɦɟɪɚ ɜɧɭɬɪɶ 
ɜɵɲɟɨɬɦɟɱɟɧɧɵɯ ɦɢɤɪɨɬɪɟɳɢɧ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɧɟɜɨɡɦɨɠ-

ɧɨɫɬɢ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɛɳɟɩɪɢɧɹɬɨɝɨ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɦɟ-
ɬɨɞɚ ɦɧɨɝɨɤɪɚɬɧɨɣ ɩɪɨɩɢɬɤɢ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ. ɍɤɚɡɚɧɧɚɹ 
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ɩɪɨɛɥɟɦɚ ɛɵɥɚ ɩɪɟɨɞɨɥɟɧɚ ɜ ɪɚɛɨɬɚɯ [295÷300] ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɩɪɨɩɚɧɚ. 
ɂɡɜɟɫɬɧɚɹ ɮɪɚɧɰɭɡɫɤɚɹ ɮɢɪɦɚ «Separex», ɫɩɟɰɢɚɥɢɡɢɪɭɸɳɚɹɫɹ 

ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢ ɜɵɩɭɫɤɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ 

ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɛɨɬɚɟɬ ɧɚɞ ɩɪɨɰɟɫ-
ɫɨɦ ɢɫɤɥɸɱɟɧɢɹ ɤɢɫɥɨɬ ɢ ɜɦɟɫɬɟ ɫ ɬɟɦ ɩɪɨɩɢɬɤɢ ɜ ɰɟɥɹɯ ɭɩɪɨɱɧɟɧɢɹ 
ɫɬɚɪɟɸɳɟɣ ɛɭɦɚɝɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɜɢɞɟ ɞɨɤɭɦɟɧɬɨɜ ɢ ɤɧɢɝ (ɫɨɬɧɢ 

ɦɢɥɥɢɨɧɨɜ ɞɨɤɭɦɟɧɬɨɜ ɜ ɦɢɪɨɜɨɦ ɦɚɫɲɬɚɛɟ ɤɚɠɞɨɞɧɟɜɧɨ ɫɬɚɪɟɸɬ) 
[26]. 

Ɂɚɜɟɪɲɚɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɱɟɪɟɞɧɨɝɨ ɦɟɬɨɞɚ ɩɪɨɩɢɬɤɢ, ɧɟɨɛɯɨɞɢ-

ɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɣ ɩɪɨɰɟɫɫ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ ɩɪɢ ɜɫɟɦ ɦɧɨɝɨɨɛɪɚɡɢɢ, ɩɪɢɫɭɳɢɯ ɟɦɭ 
ɞɨɫɬɨɢɧɫɬɜ, ɜɫɟ ɠɟ ɨɝɪɚɧɢɱɟɧ ɜ ɫɜɨɟɦ ɩɪɢɦɟɧɟɧɢɢ ɫɥɟɞɭɸɳɢɦɢ ɭɫ-
ɥɨɜɢɹɦɢ: ɦɚɬɟɪɢɚɥ ɩɪɨɩɢɬɤɢ ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɫɬɜɨɪɢɦ ɜ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɨɦ ɮɥɸɢɞɟ, ɚ ɷɬɚ ɫɦɟɫɶ ɜ ɰɟɥɨɦ «ɪɚɫɬɜɨɪɢɦɚ» ɜ ɩɨɥɢɦɟɪɟ. 
Ɉɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɚɜɧɨ ɜ ɪɚɛɨɬɟ [301] ɩɪɟɞɥɨɠɟɧ ɩɨɞɯɨɞ, ɩɨɡɜɨ-

ɥɹɸɳɢɣ ɩɪɟɨɞɨɥɟɬɶ ɢ ɷɬɢ ɩɪɟɩɹɬɫɬɜɢɹ. ȼ ɱɚɫɬɧɨɫɬɢ, ɛɵɥɨ ɨɛɧɚɪɭɠɟ-
ɧɨ, ɱɬɨ ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɮɥɸɢɞɟ ɦɚɬɟɪɢɚɥɵ ɩɪɨ-
ɩɢɬɤɢ ɦɨɝɭɬ ɛɵɬɶ ɜɜɟɞɟɧɵ ɜ ɩɨɥɢɦɟɪɵ ɜ ɩɪɨɰɟɫɫɟ ɤɨɧɬɚɤɬɚ ɩɨɫɥɟɞ-

ɧɟɝɨ ɫ ɪɚɫɬɜɨɪɨɦ ɦɚɬɟɪɢɚɥɚ ɩɪɨɩɢɬɤɢ ɜ ɠɢɞɤɨɫɬɢ-ɧɨɫɢɬɟɥɟ (ɬɢɩɚ ɜɨ-
ɞɵ) ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ. ȿɳɟ ɛɨɥɟɟ ɭɞɢɜɢɬɟɥɶ-
ɧɵɦ ɹɜɥɹɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɩɪɨɩɢɬɤɚ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɚ ɞɚɠɟ 
ɜ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɦɚɬɟɪɢɚɥ ɩɪɨɩɢɬɤɢ ɧɟɪɚɫɬɜɨɪɢɦ ɜ ɩɨɥɢɦɟɪɟ; ɤɨɝɞɚ 
ɠɢɞɤɨɫɬɶ-ɧɨɫɢɬɟɥɶ ɜ ɨɫɧɨɜɧɨɦ ɧɟɪɚɫɬɜɨɪɢɦɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ 

ɮɥɸɢɞɟ ɢ/ɢɥɢ ɧɟɪɚɫɬɜɨɪɢɦɚ ɜ ɩɨɥɢɦɟɪɟ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɲɟɨɬɦɟɱɟɧɧɨɝɨ ɤɨɧɬɚɤɬɚ ɜ ɫɨɫɭɞɟ ɞɚɜɥɟɧɢɹ ɜ ɬɟ-

ɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɢɦɟɟɬ ɦɟɫɬɨ ɧɚɛɭɯɚɧɢɟ ɩɨɥɢɦɟɪɚ ɢ ɩɪɨ-
ɧɢɤɧɨɜɟɧɢɟ ɜɧɭɬɪɶ ɧɟɝɨ ɠɢɞɤɨɫɬɢ-ɧɨɫɢɬɟɥɹ ɢ ɦɚɬɟɪɢɚɥɚ ɩɪɨɩɢɬɤɢ. ȼ 

ɩɪɨɰɟɫɫɟ ɞɟɤɨɦɩɪɟɫɫɢɢ ɠɢɞɤɨɫɬɶ-ɧɨɫɢɬɟɥɶ ɩɨɤɢɞɚɟɬ ɩɪɟɞɟɥɵ ɩɨɥɢ-

ɦɟɪɧɨɣ ɦɚɬɪɢɰɵ, ɨɫɬɚɜɥɹɹ ɜɧɭɬɪɢ ɩɨɥɢɦɟɪɚ ɦɚɬɟɪɢɚɥ ɩɪɨɩɢɬɤɢ. ɉɪɢ 

ɷɬɨɦ ɨɫɧɨɜɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ ɜ ɷɬɨɦ ɩɨɞɯɨɞɟ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɧɢɰɢɢɪɨɜɚɧɢɢ ɧɚɛɭɯɚɧɢɹ ɩɨɥɢɦɟɪɚ. 

ɉɨ ɫɭɳɟɫɬɜɭ ɥɸɛɨɣ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ ɩɨɞɯɨɞɢɬ ɤ ɞɚɧɧɨ-
ɦɭ ɢɡɨɛɪɟɬɟɧɢɸ ɢ ɬɟɦ ɧɟ ɦɟɧɟɟ ɩɪɟɞɩɨɱɬɟɧɢɟ ɨɬɞɚɟɬɫɹ ɜɟɳɟɫɬɜɭ ɧɟ-
ɬɨɤɫɢɱɧɨɦɭ ɢ ɢɧɟɪɬɧɨɦɭ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɦɚɬɟɪɢɚɥɭ ɩɪɨɩɢɬɤɢ, ɠɢɞ-

ɤɨɫɬɢ-ɧɨɫɢɬɟɥɸ, ɢ ɩɨɥɢɦɟɪɭ. Ɏɚɤɬɢɱɟɫɤɢ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɢɧɟɪɬɧɨɫɬɶ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ ɨɫɨɛɟɧɧɨ ɜɚɠɧɚ, ɤɨɝɞɚ ɪɟɱɶ ɢɞɟɬ ɨ ɩɪɨ-
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ɩɢɬɤɟ ɩɨɥɢɦɟɪɨɜ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɦɢ ɞɨɛɚɜɤɚɦɢ. ɇɚɩɪɢɦɟɪ, 
ɩɪɢ ɩɪɨɩɢɬɤɟ ɩɨɥɢɦɟɪɚ ɢɧɫɭɥɢɧɨɦ ɧɟɢɧɟɪɬɧɵɣ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ 

ɮɥɸɢɞ ɡɚɦɟɞɥɹɟɬ ɢɥɢ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɚɟɬ ɠɟɥɚɟɦɭɸ ɛɢɨɥɨɝɢɱɟ-
ɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ. ȼ ɫɥɭɱɚɟ ɢɧɫɭɥɢɧɚ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɢ ɬɟɦɩɟɪɚɬɭɪ-
ɧɵɣ ɞɢɚɩɚɡɨɧ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ, ɜɜɢɞɭ ɫɭɳɟɫɬɜɭɸɳɟɣ ɨɩɚɫɧɨɫɬɢ 

ɟɝɨ ɬɟɪɦɢɱɟɫɤɨɣ ɞɟɝɪɚɞɚɰɢɢ. 

Ɉɬɧɨɫɢɬɟɥɶɧɨ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ ɜ ɩɨ-
ɥɢɦɟɪɟ, ɬɨ ɷɬɨ ɢɡɨɛɪɟɬɟɧɢɟ ɩɪɟɞɩɨɱɢɬɚɟɬ ɧɚɥɢɱɢɟ ɦɢɧɢɦɚɥɶɧɨɣ ɪɚɫ-
ɬɜɨɪɢɦɨɫɬɢ, ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɢɧɢɰɢɢɪɨɜɚɧɢɹ ɧɚɛɭɯɚɧɢɹ ɩɨɥɢɦɟɪɚ ɢ 

ɩɨɹɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜɧɭɬɪɶ ɩɨɥɢɦɟɪɚ ɫɦɟɫɢ ɦɚ-
ɬɟɪɢɚɥɚ ɩɪɨɩɢɬɤɢ ɢ ɠɢɞɤɨɫɬɢ-ɧɨɫɢɬɟɥɹ. ɋ ɞɪɭɝɨɣ ɠɟ ɫɬɨɪɨɧɵ ɪɚɫ-
ɬɜɨɪɢɦɨɫɬɶ ɧɟ ɞɨɥɠɧɚ ɛɵɬɶ ɫɬɨɥɶ ɛɨɥɶɲɨɣ, ɱɬɨ ɷɬɨ ɩɪɢɜɟɥɨ ɛɵ ɤ ɩɨ-
ɬɟɪɟ ɮɨɪɦɵ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟɣ ɤ ɪɚɫɩɚɞɭ ɩɨɥɢɦɟɪɚ ɜ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɨɦ ɮɥɸɢɞɟ. ɉɨɞɯɨɞɹɳɢɦ ɜ ɷɬɨɦ ɩɥɚɧɟ ɹɜɥɹɟɬɫɹ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨ-
ɞɚ, ɢɧɢɰɢɢɪɭɸɳɢɣ, ɛɭɞɭɱɢ ɢɧɟɪɬɧɵɦ, ɧɚɛɭɯɚɧɢɟ ɲɢɪɨɤɨɣ ɪɚɡɧɨɜɢɞ-

ɧɨɫɬɢ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜɤɥɸɱɚɹ ɝɨɦɨ- ɢ ɫɨɩɨɥɢɦɟɪɵ, ɬɢɩɚ 
ɩɨɥɢɷɬɢɥɟɧɚ, ɩɨɥɢɩɪɨɩɢɥɟɧɚ, ɩɨɥɢɚɦɢɞɚ, ɩɨɥɢɭɪɟɧɬɚɧɚ, ɛɟɥɤɚ, ɩɨ-
ɥɢɦɟɪɨɜ ɦɨɥɨɱɧɨɣ ɢ ɝɥɢɤɨɥɟɜɨɣ ɤɢɫɥɨɬ. 

ɉɨ ɫɭɳɟɫɬɜɭ, ɧɟɬ ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɦɚɬɟɪɢɚɥɭ ɩɪɨɩɢɬɤɢ. ɉɪɟɞɩɨɱ-
ɬɢɬɟɥɶɧɵɦɢ ɜɫɟ ɠɟ ɩɪɢ ɷɬɨɦ ɹɜɥɹɸɬɫɹ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɩɪɟ-
ɩɚɪɚɬɵ, ɬɚɤɢɟ ɤɚɤ ɚɧɬɢɛɢɨɬɢɤɢ, ɚɧɚɥɶɝɟɬɢɤɢ, ɚɧɬɢɞɟɩɪɟɫɫɚɧɬɵ, ɦɨɡ-
ɝɨɜɵɟ ɫɬɢɦɭɥɹɬɨɪɵ, ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ, ɩɪɨɬɢɜɨɩɚɪɚɡɢɬɚɪɧɵɟ, 
ɚɧɬɢɜɢɪɭɫɧɵɟ, ɛɪɨɧɯɨɥɢɬɢɱɟɫɤɢɟ, ɚɝɟɧɬɵ ɚɧɬɢɩɚɪɤɢɧɫɨɧɢɡɦɚ, ɮɟɪ-
ɦɟɧɬɵ, ɝɨɪɦɨɧɵ, ɜɢɬɚɦɢɧɵ, ɞɢɟɬɢɱɟɫɤɢɟ ɞɨɛɚɜɤɢ ɢ ɞɪɭɝɢɟ. 

ɀɢɞɤɨɫɬɶ-ɧɨɫɢɬɟɥɶ, ɤɚɤ ɩɪɚɜɢɥɨ, ɠɢɞɤɨɫɬɶ ɩɪɢ ɚɬɦɨɫɮɟɪɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɢ ɨɫɬɚɟɬɫɹ ɬɚɤɨɜɨɣ ɠɟ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɤɨɧɬɚɤ-
ɬɚ ɫɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɮɥɸɢɞɨɦ. ɉɪɟɞɩɨɱɬɢɬɟɥɶɧɨ, ɱɬɨɛɵ ɷɬɚ ɠɢɞ-

ɤɨɫɬɶ ɛɵɥɚ ɫɩɨɫɨɛɧɨɣ ɤ ɱɚɫɬɢɱɧɨɦɭ ɢɥɢ ɩɨɥɧɨɦɭ ɪɚɫɬɜɨɪɟɧɢɸ ɦɚɬɟ-
ɪɢɚɥɚ ɩɪɨɩɢɬɤɢ. Ɉɞɧɚɤɨ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɩɪɨɩɢɬɤɢ ɜ ɠɢɞ-

ɤɨɫɬɢ-ɧɨɫɢɬɟɥɟ ɫɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɪɚɛɨɬɵ [301] 

ɧɟ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɨɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɨɧɧɵɟ ɢ ɦɨɥɟɤɭɥɹɪɧɵɟ 
ɪɚɫɬɜɨɪɵ ɦɚɬɟɪɢɚɥɚ ɩɪɨɩɢɬɤɢ ɜ ɠɢɞɤɨɫɬɢ-ɧɨɫɢɬɟɥɟ ɦɨɝɭɬ ɛɵɬɶ ɞɨ-
ɩɨɥɧɟɧɵ ɤɨɥɥɨɢɞɧɵɦɢ ɫɭɫɩɟɧɡɢɹɦɢ ɢ ɞɜɭɯɮɚɡɧɵɦɢ ɞɢɫɩɟɪɫɢɹɦɢ. 

Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɮɥɸɢɞɨɦ ɠɢɞɤɨɫɬɶ-ɧɨɫɢɬɟɥɶ 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɞɨɥɠɧɚ ɛɵɬɶ ɞɟɲɟɜɨɣ ɢ ɢɧɟɪɬɧɨɣ (ɧɟɬɨɤɫɢɱɧɨɣ ɢ 

ɧɟɪɟɚɝɢɪɭɸɳɟɣ) ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɦɚɬɟɪɢɚɥɭ ɩɪɨɩɢɬɤɢ, ɩɨɥɢɦɟɪɭ ɢ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦɭ ɮɥɸɢɞɭ. Ȼɨɥɟɟ ɬɨɝɨ, ɠɟɥɚɬɟɥɶɧɨ ɱɬɨɛɵ ɠɢɞ-
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ɤɨɫɬɶ-ɧɨɫɢɬɟɥɶ ɧɟ ɢɦɟɥɚ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɨɦ ɮɥɸɢɞɟ ɜ ɭɫɥɨɜɢɹɯ ɩɪɨɰɟɫɫɚ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɠɢɞ-

ɤɨɫɬɶ-ɧɨɫɢɬɟɥɶ ɛɵɥɚ ɛɵ ɭɧɟɫɟɧɚ ɢɡ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ, ɨɫɬɚ-
ɜɢɜ ɦɚɬɟɪɢɚɥ ɩɪɨɩɢɬɤɢ ɩɨɱɬɢ ɜ ɫɭɯɨɦ ɢ ɧɟɫɩɨɫɨɛɧɨɦ ɤ ɩɪɨɩɢɬɤɟ ɜɢ-

ɞɟ. 
ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ 

ɜɨɞɚ ɨɱɟɧɶ ɩɨɞɯɨɞɹɳɚɹ ɫɪɟɞɚ: ɞɟɲɟɜɚ, ɢɧɟɪɬɧɚ, ɩɥɨɯɨ ɢɥɢ ɧɟɪɚɫɬɜɨ-
ɪɢɦɚ ɜ ɨɫɧɨɜɧɨɦ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɢ ɩɨɥɢ-

ɦɟɪɨɜ. Ʉɪɨɦɟ ɬɨɝɨ ɜɨɞɚ ɩɪɟɜɨɫɯɨɞɧɵɣ ɪɚɫɬɜɨɪɢɬɟɥɶ ɞɥɹ ɲɢɪɨɤɨɣ 

ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɝɟɬɟɪɨɩɨɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɥɟɝɤɨ ɫɩɨɫɨɛɧɚ ɤ ɮɨɪ-
ɦɢɪɨɜɚɧɢɸ ɦɨɥɟɤɭɥɹɪɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɤɨɥɥɨɢɞɧɵɯ ɫɭɫɩɟɧɡɢɣ ɢ ɪɚɡ-
ɥɢɱɧɵɯ ɞɜɭɯɮɚɡɧɵɯ ɞɢɫɩɟɪɫɢɣ. 

Ɋɹɞ ɢ ɞɪɭɝɢɯ ɠɢɞɤɨɫɬɟɣ-ɧɨɫɢɬɟɥɟɣ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɫɨ-
ɝɥɚɫɧɨ ɷɬɨɣ ɪɚɛɨɬɵ [301], ɜɤɥɸɱɚɹ ɛɟɡ ɨɝɪɚɧɢɱɟɧɢɹ ɦɟɬɚɧɨɥ, ɷɬɚɧɨɥ, 
ɝɟɤɫɚɧ, ɢ ɢɯ ɤɨɦɛɢɧɚɰɢɢ. ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɠɢɞɤɨɫɬɢ ɢɦɟɸɬ ɧɟɤɨɬɨɪɵɟ 
ɧɟɞɨɫɬɚɬɤɢ (ɬɨɤɫɢɱɧɨɫɬɶ, ɪɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɤɨɦɦɟɪɱɟɫɤɚɹ 
ɞɨɪɨɝɨɜɢɡɧɚ, ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɩɨɥɢɦɟɪɟ ɢ/ɢɥɢ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ 

ɮɥɸɢɞɟ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɨɞɨɣ, ɩɨɷɬɨɦɭ ɨɧɢ ɦɟɧɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵ. 

Ɉɞɧɚɤɨ, ɩɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ ɧɟɤɨɬɨɪɵɟ ɧɟɞɨɫɬɚɬɤɢ ɦɨɝɭɬ ɛɵɬɶ 
ɭɦɟɧɶɲɟɧɵ ɢɥɢ ɩɪɟɨɞɨɥɟɧɵ ɱɟɪɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɠɢɞɤɨ-
ɫɬɢ-ɧɨɫɢɬɟɥɹ ɫɦɟɫɟɣ, ɧɚɩɪɢɦɟɪ ɜɨɞɵ ɢ ɷɬɚɧɨɥɚ. 

Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɩɨ ɫɭɬɢ ɥɸɛɨɣ ɧɚɛɭɯɚɸɳɢɣ ɩɨɥɢɦɟɪ-
ɧɵɣ ɦɚɬɟɪɢɚɥ, ɜɤɥɸɱɚɹ ɝɨɦɨ- ɫɨɩɨɥɢɦɟɪɵ, ɢɫɩɨɥɶɡɭɟɦ ɜ ɞɚɧɧɨɦ 

ɩɨɞɯɨɞɟ. ɗɬɨɦɭ ɢɡɨɛɪɟɬɟɧɢɸ ɨɬɜɟɱɚɸɬ ɩɨɥɢɨɥɟɮɢɧɵ, ɩɨɥɢɚɦɢɞɵ, 

ɩɨɥɢɷɮɢɪɵ, ɩɨɥɢɭɪɟɬɚɧɵ, ɩɨɥɢɚɤɪɢɥɚɬɵ, ɩɨɥɢɤɚɪɛɨɧɚɬɵ, ɩɨɥɢɚɰɟ-
ɬɢɥɟɧɵ, ɩɨɥɢɢɡɨɩɪɟɧɨɜɵɟ ɤɚɭɱɭɤɢ, ɩɨɥɢɫɬɢɪɨɥɵ, ɫɬɢɪɨɥɛɭɬɚɞɢɟɧɨ-
ɜɵɟ ɩɨɥɢɦɟɪɵ, ɯɥɨɪɨɩɪɟɧɨɜɵɟ ɩɨɥɢɦɟɪɵ, ɩɨɥɢɷɮɢɪɚɦɢɞɵ, ɜɢɧɢɥ-
ɯɥɨɪɢɞɧɵɟ ɩɨɥɢɦɟɪɵ, ɧɚɬɭɪɚɥɶɧɵɟ ɤɚɭɱɭɤɢ, ɛɭɬɢɥɤɚɭɱɭɤɢ, ɧɢɬɪɢɥɶ-
ɧɵɟ ɤɚɭɱɭɤɢ, ɫɢɥɢɤɨɧ, ɩɨɥɢɦɟɪɵ ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ ɫɩɢɪɬɚ, ɩɨɥɢɦɟɪɵ 

ɩɪɨɢɡɜɨɞɧɵɯ ɰɟɥɥɸɥɨɡɵ, ɩɨɥɢɦɟɪɵ ɦɨɥɨɱɧɨɣ ɢ ɝɥɢɤɨɥɟɜɨɣ ɤɢɫɥɨɬ ɢ 

ɢɯ ɤɨɦɛɢɧɚɰɢɢ. ɉɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦɢ ɜɫɟ ɠɟ ɹɜɥɹɸɬɫɹ ɛɟɡ ɨɝɪɚɧɢɱɟ-
ɧɢɹ ɩɨɥɢɷɬɢɥɟɧ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɢ, ɩɨɥɢɩɪɨɩɢɥɟɧ, ɩɨɥɢɚɦɢɞ, ɛɟɥɨɤ ɢ 

ɩɨɥɢɦɟɪɵ, ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɦɨɥɨɱɧɨɣ ɢ ɝɥɢɤɨɥɟɜɨɣ ɤɢɫɥɨɬ, ɚ ɬɚɤ-
ɠɟ ɫɨɩɨɥɢɦɟɪɵ ɩɨɫɥɟɞɧɢɯ. 

ɉɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɨɥɢɦɟɪɵ ɦɨɝɭɬ ɛɵɬɶ ɩɪɨɩɢɬɚɧɵ ɛɟɡ ɨɫɨɛɵɯ 
ɢɡɦɟɧɟɧɢɣ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ ɫɚɦɨɝɨ ɩɨɥɢɦɟɪɚ. Ɍ.ɟ. ɩɨɥɢɦɟɪɧɵɟ 
ɩɥɟɧɤɢ, ɝɪɚɧɭɥɵ, ɢɡɞɟɥɢɹ ɢ ɬ.ɩ. ɦɨɝɭɬ ɛɵɬɶ ɫɮɨɪɦɢɪɨɜɚɧɵ, ɚ ɡɚɬɟɦ 
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ɥɢɲɶ ɩɪɨɩɢɬɚɧɵ. ɗɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ, ɤɨɝɞɚ ɪɟɱɶ ɢɞɟɬ ɨ ɩɪɨɩɢɬɤɟ 
ɦɚɬɟɪɢɚɥɚɦɢ, ɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɤ ɩɨɜɵɲɟɧɧɵɦ ɬɟɦɩɟɪɚɬɭɪɚɦ ɜ 
ɫɦɵɫɥɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɟɝɪɚɞɚɰɢɢ ɜ ɩɪɨɰɟɫɫɚɯ ɷɤɫɬɪɭɡɢɢ, ɩɪɟɫɫɨɜɚɧɢɹ 
ɢ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨɥɢɦɟɪɚ. 

ȼ ɫɥɭɱɚɟ ɤɨɥɥɨɢɞɧɨɣ ɫɭɫɩɟɧɡɢɢ ɢɥɢ ɞɜɭɯɮɚɡɧɨɣ ɞɢɫɩɟɪɫɢɢ ɫɨ-
ɝɥɚɫɧɨ [301] ɬɪɟɛɭɟɬɫɹ ɨɪɝɚɧɢɡɚɰɢɹ ɩɭɥɶɫɚɰɢɣ ɢɥɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɩɟ-
ɪɟɦɟɲɢɜɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɩɢɬɤɢ, ɝɚɪɚɧɬɢɪɭɸɳɢɯ ɪɚɜɧɨɦɟɪɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɡɜɟɲɟɧɧɵɯ ɱɚɫɬɢɰ ɦɚɬɟɪɢɚɥɚ ɩɪɨɩɢɬɤɢ ɜ ɠɢɞɤɨɫɬɢ-

ɧɨɫɢɬɟɥɟ. 
ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɰɟɫɫɚ ɢɦɟɟɬ ɦɟɫɬɨ ɛɨɥɶɲɟɟ 

ɧɚɛɭɯɚɧɢɟ ɩɨɥɢɦɟɪɚ ɢ ɛɨɥɶɲɚɹ ɫɬɟɩɟɧɶ ɟɝɨ ɩɪɨɩɢɬɤɢ. Ɉɞɧɚɤɨ ɩɪɟɞɟ-
ɥɵ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɞɟɝɪɚɞɚɰɢɢ 

ɦɚɬɟɪɢɚɥɚ ɩɪɨɩɢɬɤɢ (ɨɫɨɛɟɧɧɨ ɷɬɨ ɤɚɫɚɟɬɫɹ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ 
ɜɟɳɟɫɬɜ) ɢ ɩɨɥɢɦɟɪɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɩɨɫɥɟɞɧɟ-
ɝɨ. 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɞɚɜɥɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ, ɬɨ ɥɢɲɶ ɞɨ ɧɟɤɨɬɨɪɵɯ ɩɨɜɵ-

ɲɟɧɧɵɯ ɟɝɨ ɡɧɚɱɟɧɢɣ ɨɧɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɶɲɟɦɭ ɧɚɛɭɯɚɧɢɸ ɩɨɥɢ-

ɦɟɪɚ. Ɇɧɨɝɢɟ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ, ɬɢɩɚ ɩɨɥɢɩɟɩɬɢɞɨɜ, 
ɪɚɡɥɚɝɚɸɬɫɹ ɢɥɢ ɠɟ ɬɟɪɹɸɬ ɫɜɨɟ ɞɟɣɫɬɜɢɟ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɝɨ ɞɚɜ-
ɥɟɧɢɹ, ɨɫɨɛɟɧɧɨ ɟɫɥɢ ɷɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɞɥɢɬɟɥɶɧɨɝɨ 
ɜɪɟɦɟɧɢ. 

Ȼɨɥɶɲɟɟ ɜɪɟɦɹ ɩɪɨɰɟɫɫɚ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟ ɝɥɭɛɨɤɨɣ ɩɪɨɩɢɬɤɟ 
ɩɨɥɢɦɟɪɚ. ȼɪɟɦɹ ɩɪɨɰɟɫɫɚ ɫɜɹɡɚɧɨ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɪɚɡɦɟɪɚɦɢ ɩɨ-
ɥɢɦɟɪɧɨɝɨ ɨɛɪɚɡɰɚ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɩɪɨɩɢɬɤɢ ɜɨɞɧɵɦ ɤɪɚɫɹɳɢɦ ɪɚɫ-
ɬɜɨɪɨɦ ɲɚɪɢɤɚ ɩɨɥɢɷɬɢɥɟɧɚ (ɞɢɚɦɟɬɪɨɦ 3 ɦɦ) ɬɪɟɛɭɟɬɫɹ 2 ɱɚɫɚ. Ⱦɥɹ 
ɬɨɣ ɠɟ ɫɬɟɩɟɧɢ ɩɪɨɩɢɬɤɢ ɩɨɥɢɷɬɢɥɟɧɨɜɨɣ ɩɥɚɫɬɢɧɵ (25×25×5 ɦɦ) 

ɬɪɟɛɭɟɬɫɹ 6 ɱɚɫɨɜ [301]. Ɉɞɧɚɤɨ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɜɫɟ ɠɟ ɤ ɭɫɬɚɧɨɜɥɟ-
ɧɢɸ ɜɪɟɦɟɧɢ ɩɪɨɩɢɬɤɢ ɹɜɥɹɟɬɫɹ ɫɬɟɩɟɧɶ ɞɟɝɪɚɞɚɰɢɢ ɦɚɬɟɪɢɚɥɚ ɩɪɨ-
ɩɢɬɤɢ ɢɥɢ ɩɨɥɢɦɟɪɚ ɩɪɢ ɭɫɥɨɜɢɹɯ ɩɪɨɰɟɫɫɚ. 

ɑɟɦ ɜɵɲɟ ɩɥɨɬɧɨɫɬɶ, ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɶ, ɨɪɢɟɧɬɚɰɢɹ ɢ ɞɪɭɝɨɟ ɩɨ-
ɥɢɦɟɪɚ, ɬɟɦ ɫɥɨɠɧɟɟ ɟɝɨ ɩɪɨɩɢɬɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɤɨɦɩɨɧɟɧɬɨɦ. 

ȼ ɨɩɢɫɚɧɧɨɦ ɩɨɞɯɨɞɟ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɭɛɤɪɢɬɢɱɟɫɤɨɝɨ 

ɮɥɸɢɞɚ ɜɦɟɫɬɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ. Ɉɫɨɛɟɧɧɨ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɢ ɬɨɬ 
ɮɚɤɬ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɪɟɞɵɞɭɳɟɝɨ, ɨɬɫɭɬɫɬɜɭɟɬ ɧɟ-
ɠɟɥɚɬɟɥɶɧɨɟ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɟ ɞɨɛɚɜɨɤ ɢɡ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɩɨɥɢɦɟɪɚ. 

ɇɢɠɟ (ɬɚɛɥɢɰɵ 3.17 ɢ 3.18) ɛɭɞɭɬ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɩɢɬ-
ɤɢ ɩɹɬɢɝɪɚɦɦɨɜɵɯ ɨɛɪɚɡɰɨɜ ɪɚɡɥɢɱɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɩɨ-
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ɥɢɷɬɢɥɟɧ, ɩɨɥɢɩɪɨɩɢɥɟɧ ɢ ɩɨɥɢɚɦɢɞ ɜ ɝɪɚɧɭɥɚɯ ɞɢɚɦɟɬɪɨɦ 3 ɦɦ) ɪɨ-
ɡɨɜɵɦ ɛɟɧɝɚɥɶɫɤɢɦ ɤɪɚɫɢɬɟɥɟɦ [301]. ȼɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɨɛɪɚɡɰɵ 

ɩɨɦɟɳɚɥɢɫɶ ɜ ɨɬɤɪɵɬɭɸ ɫɬɟɤɥɹɧɧɭɸ ɩɪɨɛɢɪɤɭ, ɨɛɴɟɦɨɦ 300 ɫɦ3, ɤɨ-
ɬɨɪɚɹ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɨɦɟɳɚɥɚɫɶ ɜ ɫɨɫɭɞ ɩɨɞ ɞɚɜɥɟɧɢɟɦ. ɉɪɢ ɷɬɨɦ 

ɩɨɥɢɦɟɪɧɵɟ ɨɛɪɚɡɰɵ ɤɨɧɬɚɤɬɢɪɨɜɚɥɢ ɫ ɦɚɬɟɪɢɚɥɨɦ ɩɪɨɩɢɬɤɢ, ɩɪɟɞ-

ɫɬɚɜɥɹɸɳɢɦ ɫɨɛɨɣ 0,25 ɝ ɛɟɧɝɚɥɶɫɤɨɝɨ ɪɨɡɨɜɨɝɨ ɤɪɚɫɢɬɟɥɹ ɢ, ɧɚɯɨ-
ɞɹɳɭɸɫɹ ɜ ɫɭɯɨɦ ɩɨɪɨɲɤɨɜɨɦ ɜɢɞɟ, ɢɥɢ ɠɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɜ ɜɢɞɟ 
ɟɝɨ ɪɚɫɬɜɨɪɚ ɢɥɢ ɞɢɫɩɟɪɫɢɢ ɜ 15 ɦɥ ɠɢɞɤɨɫɬɢ-ɧɨɫɢɬɟɥɟ (ɞɟɢɨɧɢɡɢɪɨ-
ɜɚɧɧɚɹ ɜɨɞɚ, ɝɟɤɫɚɧ ɢɥɢ ɷɬɢɥɨɜɵɣ ɫɩɢɪɬ). ɉɨɫɥɟ ɪɚɡɦɟɳɟɧɢɹ ɩɨɥɢ-

ɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɤɪɚɫɢɬɟɥɹ (ɫ ɢɥɢ ɛɟɡ ɠɢɞɤɨɫɬɢ-ɧɨɫɢɬɟɥɹ) ɜ ɫɨ-
ɫɭɞɟ, ɩɨɫɥɟɞɧɢɣ ɛɵɥ ɡɚɤɪɵɬ, ɡɚɩɨɥɧɟɧ ɋɈ2 ɢɥɢ N2. Ⱦɚɥɟɟ ɭɫɥɨɜɢɹ 
ɩɨɞɜɨɞɢɥɢɫɶ ɤ ɫɭɛ- ɢɥɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ, ɩɪɢ ɤɨɬɨɪɵɯ ɦɚɬɟɪɢɚɥ 
ɫɨɞɟɪɠɚɥɫɹ ɜ ɬɟɱɟɧɢɟ 2-ɯ ɱɚɫɨɜ. Ɂɚɬɟɦ ɫɥɟɞɨɜɚɥɢ ɞɟɤɨɦɩɪɟɫɫɢɹ ɞɨ 
ɤɨɦɧɚɬɧɵɯ ɭɫɥɨɜɢɣ, ɢɡɜɥɟɱɟɧɢɟ ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɟɝɨ ɩɪɨ-
ɦɵɜɤɚ, ɫɭɲɤɚ ɩɪɢ ɤɨɦɧɚɬɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 12 ÷ 18 ɱɚɫɨɜ 
ɢ ɢɡɭɱɟɧɢɟ ɧɚ ɩɪɟɞɦɟɬ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɬɟɩɟɧɢ ɩɪɨɩɢɬɤɢ ɤɪɚɫɢɬɟɥɟɦ. 

ɉɨɫɥɟ ɜɢɡɭɚɥɶɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɤɚɠɞɚɹ ɢɡ ɝɪɚɧɭɥ ɚɧɚɥɢɡɢɪɨɜɚ-
ɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɡɦɟɪɢɬɟɥɹ ɰɜɟɬɧɨɫɬɢ ɦɚɪɤɢ Ɇɢɧɨɥɶɬɚ CR-

200 (CR-231). ȼ ɤɚɱɟɫɬɜɟ ɚɛɫɨɥɸɬɧɵɯ ɩɪɟɞɟɥɨɜ ɰɜɟɬɧɨɫɬɢ ɛɵɥɢ ɩɪɢ-

ɧɹɬɵ ɜɟɥɢɱɢɧɵ «Z», «a», «b». Ɋɚɡɥɢɱɢɟ ɜ ɰɜɟɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɧɚɱɚɥɶ-
ɧɨɝɨ ɢ ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɨɰɟɧɢɜɚɥɢɫɶ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ: 

 

 ∆E=(∆Z)2+(∆a)2+(∆b)2  , (3.36) 

ɝɞɟ ɭɫɥɨɜɢɹ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬɵ «Z», «a», «b» ɫɥɟɞɭɸɳɢɟ: Z = 0 ɞɥɹ 
ɱɟɪɧɨɝɨ ɰɜɟɬɚ; Z = 100 ɞɥɹ ɛɟɥɨɝɨ ɰɜɟɬɚ; + a ɞɥɹ ɤɪɚɫɧɨɝɨ ɰɜɟɬɚ; - a 

ɞɥɹ ɡɟɥɟɧɨɝɨ ɰɜɟɬɚ;  + b ɞɥɹ ɠɟɥɬɨɝɨ ɰɜɟɬɚ; - b ɞɥɹ ɝɨɥɭɛɨɝɨ ɰɜɟɬɚ. 
ȼɵɲɟɩɪɢɜɟɞɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɨɱɟɜɢɞɧɨɫɬɶɸ ɞɟ-

ɦɨɧɫɬɪɢɪɭɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɩɪɨɩɢɬɤɢ (ɨɛɪɚɡɰɵ 

ɩɨɞ ɧɨɦɟɪɚɦɢ 1, 5, 6). 

ȼ ɷɬɨɣ ɠɟ ɪɚɛɨɬɟ [301] ɨɫɭɳɟɫɬɜɥɟɧɚ ɩɪɨɩɢɬɤɚ ɦɢɤɪɨɫɮɟɪ ɛɟɥɤɚ 
ɫɵɜɨɪɨɬɤɢ ɛɵɱɶɟɣ ɤɪɨɜɢ (ȻɋɄ) ɢɧɫɭɥɢɧɨɦ, ɬɪɢɩɫɢɧɨɦ ɢ ɝɟɧɬɚɥɢɰɢ-

ɧɨɦ.  
 

Ɍɚɛɥɢɰɚ 3.17. 
 

ɍɫɥɨɜɢɹ ɨɛɪɚɛɨɬɤɢ ɩɨɥɢɦɟɪɧɵɯ ɨɛɪɚɡɰɨɜ 

ɢ ɧɚɛɥɸɞɚɟɦɨɟ ɢɡɦɟɧɟɧɢɟ ɢɯ ɰɜɟɬɚ 
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ʋ 

ɉɨ-
ɥɢɦɟɪ 

ɋɪɟɞɚ-
ɧɨɫɢ-

ɬɟɥɶ 

Ⱥɝɟɧɬ 
ɧɚɛɭ-
ɯɚɧɢɹ 

t, 

°ɋ 

Ɋ, 

Ɇɉɚ
ɍɫɥɨɜɢɹ ɨɛɪɚɛɨɬɤɢ ɇɚɛɥɸɞɚɟɦɨɟ 

ɢɡɦɟɧɟɧɢɟ ɰɜɟɬɚ 

1 2 3 4 5 6 7 8 

1. ɉɗ ɜɨɞɚ ɋɈ2 60 13,8 ɝɪɚɧɭɥɵ ɉɗ ɩɨ-
ɝɪɭɠɟɧɵ ɜ ɜɨɞɧɵɣ ɪɚɫ-

ɬɜɨɪ ɤɪɚɫɢɬɟɥɹ 

ɝɪɚɧɭɥɵ ɉɗ ɨɤɪɚ-
ɲɟɧɵ ɜ ɬɟɦɧɨ-
ɪɨɡɨɜɵɣ ɰɜɟɬ 

2. ɉɗ ɨɬɫɭɬ-
ɫɬɜɢɟ 

ɋɈ2 60 13,8 ɝɪɚɧɭɥɵ ɉɗ ɢ ɫɭɯɨɣ 

ɤɪɚɫɢɬɟɥɶ ɜ ɪɚɡɥɢɱɧɵɯ 
ɫɨɫɭɞɚɯ 

ɝɪɚɧɭɥɵ ɉɗ, ɫɨ-
ɯɪɚɧɢɜɲɢɟ ɦɨɥɨɱɧɨ-
ɛɟɥɭɸ ɨɤɪɚɫɤɭ 

3. ɉɗ ɜɨɞɚ ɋɈ2 60 13,8 ɝɪɚɧɭɥɵ ɉɗ ɢ ɜɨɞɧɵɣ 

ɪɚɫɬɜɨɪ ɤɪɚɫɢɬɟɥɹ ɜ 
ɪɚɡɥɢɱɧɵɯ ɫɨɫɭɞɚɯ 

ɝɪɚɧɭɥɵ ɉɗ, ɫɨ-
ɯɪɚɧɢɜɲɢɟ ɦɨɥɨɱ-
ɧɨ-ɛɟɥɭɸ ɨɤɪɚɫɤɭ 

4. ɉɗ ɨɬɫɭɬ-
ɫɬɜɢɟ 

ɋɈ2 60 13,8 ɝɪɚɧɭɥɵ ɉɗ ɢ ɫɭɯɨɣ 

ɤɪɚɫɢɬɟɥɶ ɜ ɨɞɧɨɦ ɫɨ-
ɫɭɞɟ 

ɝɪɚɧɭɥɵ ɉɗ, ɫɨ-
ɯɪɚɧɢɜɲɢɟ ɦɨɥɨɱ-
ɧɨ-ɛɟɥɭɸ ɨɤɪɚɫɤɭ 

5. ɉɉ ɜɨɞɚ ɋɈ2 60 13,8 ɝɪɚɧɭɥɵ ɉɉ ɩɨ-
ɝɪɭɠɟɧɵ ɜ ɜɨɞɧɵɣ ɪɚɫ-

ɬɜɨɪ ɤɪɚɫɢɬɟɥɹ 

ɝɪɚɧɭɥɵ ɉɉ ɫ ɪɨ-
ɡɨɜɨɣ ɨɤɪɚɫɤɨɣ 

6. ɉȺ ɜɨɞɚ ɋɈ2 60 13,8 ɝɪɚɧɭɥɵ ɉȺ ɩɨ-
ɝɪɭɠɟɧɵ ɜ ɜɨɞɧɵɣ ɪɚɫ-

ɬɜɨɪ ɤɪɚɫɢɬɟɥɹ 

ɝɪɚɧɭɥɵ ɉȺ ɫɨ 
ɫɜɟɬɥɨ-ɪɨɡɨɜɨɣ ɨɤ-

ɪɚɫɤɨɣ 

7. ɉɗ ɷɬɚɧɨɥ ɋɈ2 60 13,8 ɝɪɚɧɭɥɵ ɉɗ ɩɨɝɪɭɠɟɧɵ 

ɜ ɷɬɚɧɨɥɶɧɵɣ ɪɚɫɬɜɨɪ 
ɤɪɚɫɢɬɟɥɹ 

ɝɪɚɧɭɥɵ ɉɗ ɫɨ ɫɜɟ-
ɬɥɨ-ɪɨɡɨɜɨɣ ɨɤɪɚɫ-

ɤɨɣ  

 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.17
 

8. ɉɗ ɝɟɤɫɚɧ ɋɈ2 60 13,8 ɝɪɚɧɭɥɵ ɉɗ ɩɨɝɪɭɠɟɧɵ ɜ 
ɞɢɫɩɟɪɫɢɸ ɤɪɚɫɢɬɟɥɹ ɜ 

ɝɟɤɫɚɧɟ 

ɝɪɚɧɭɥɵ ɉɗ ɫ ɪɨ-
ɡɨɜɨɣ ɨɤɪɚɫɤɨɣ 

9. ɉɗ ɜɨɞɚ ɋɈ2 35 13,8 ɝɪɚɧɭɥɵ ɉɗ ɩɨɝɪɭ-
ɠɟɧɵ ɜ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ 

ɤɪɚɫɢɬɟɥɹ 

ɝɪɚɧɭɥɵ ɉɉ ɫ ɪɨ-
ɡɨɜɨɣ ɨɤɪɚɫɤɨɣ 

10. ɉɗ ɜɨɞɹ-
ɧɨɣ 

ɩɚɪ 

ɋɈ2 60 13,8 ɝɪɚɧɭɥɵ ɉɗ ɢ ɫɭɯɨɣ 

ɤɪɚɫɢɬɟɥɶ, ɜɨɞɹɧɨɣ ɩɚɪ 
ɝɪɚɧɭɥɵ ɉɗ, ɫɨ-
ɯɪɚɧɢɜɲɢɟ ɦɨɥɨɱ-
ɧɨ-ɛɟɥɭɸ ɨɤɪɚɫɤɭ 

11. ɉɗ ɜɨɞɚ ɋɈ2 60 13,8 ɝɪɚɧɭɥɵ ɉɗ ɩɨɝɪɭ-
ɠɟɧɵ ɜ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ 

ɤɪɚɫɢɬɟɥɹ 

ɝɪɚɧɭɥɵ ɉɗ ɫɨ 
ɫɜɟɬɥɨ-ɪɨɡɨɜɨɣ ɨɤ-

ɪɚɫɤɨɣ 

12. ɉɗ ɜɨɞɚ N2 60 13,8 ɝɪɚɧɭɥɵ ɉɗ ɩɨɝɪɭ-
ɠɟɧɵ ɜ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ 

ɤɪɚɫɢɬɟɥɹ 

ɝɪɚɧɭɥɵ ɉɗ, ɫɨ-
ɯɪɚɧɢɜɲɢɟ ɦɨɥɨɱ-
ɧɨ-ɛɟɥɭɸ ɨɤɪɚɫɤɭ 



 

 

229

13. ɉɗ ɷɬɚ-
ɧɨɥ 

ɋɈ2 60 13,8 ɝɪɚɧɭɥɵ ɉɗ ɢ ɷɬɚ-
ɧɨɥɶɧɵɣ ɪɚɫɬɜɨɪ ɤɪɚɫɢ-

ɬɟɥɹ ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɫɭɞɚɯ 

ɝɪɚɧɭɥɵ ɉɗ, ɫɨ-
ɯɪɚɧɢɜɲɢɟ ɦɨɥɨɱ-
ɧɨ-ɛɟɥɭɸ ɨɤɪɚɫɤɭ 

 

Ɍɚɛɥɢɰɚ 3.18. 
 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɰɜɟɬɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɩɨɥɢɦɟɪɨɜ, 

ɩɪɨɩɢɬɚɧɧɵɯ ɤɪɚɫɢɬɟɥɟɦ 

 

ɉɨɥɢɦɟɪɧɵɟ ɨɛɪɚɡɰɵ Z a b ∆E 

ɂɫɯɨɞɧɵɣ ɉɗ 68,82 -0,52 +0,84  

1 53,52 +24,22 -9,58 30,90 

2 75,58 +0,73 -0,97 7,10 

3 72,95 +1,66 -1,61 5,27 

4 70,28 +6,90 -2,84 8,41 

ɂɫɯɨɞɧɵɣ ɉɉ 70,28 -1,42 +6,52  

5 53,85 +18,44 -3,18 27,54 

ɂɫɯɨɞɧɵɣ ɉȺ 52,74 -1,14 +29,35  

6 30,16 +32,22 +9,56 45,10 

7 68,75 +3,22 -1,00 4,17 

8 66,77 +14,11 -7,61 17,12 

9 – – – – 

10 51,69 +28,05 -10,17 35,08 

11 51,83 +12,82 -5,19 22,43 

12 63,33 +4,05 -4,25 8,18 

13 73,99 +1,81 -1,59 6,67 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɰɟɫɫɚ ɩɪɨɩɢɬɤɢ ɢɧɫɭɥɢɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɧɢɠɟ-
ɫɥɟɞɭɸɳɟɣ ɬɚɛɥɢɰɟ 3.19. 

Ɍɚɛɥɢɰɚ 3.19. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɩɢɬɤɢ ɦɢɤɪɨɫɮɟɪ ɛɟɥɤɚ ɫɵɜɨɪɨɬɤɢ ɛɵɱɶɟɣ ɤɪɨɜɢ 

ɢɧɫɭɥɢɧɨɦ [301] 

 

ʋ ɀɢɞɤɨɫɬɶ-
ɧɨɫɢɬɟɥɶ 

Ⱥɝɟɧɬ  
ɧɚɛɭɯɚɧɢɹ 

t, 

°ɋ 

Ɋ, 

Ɇɉɚ 
ɍɫɥɨɜɢɹ 
ɨɛɪɚɛɨɬɤɢ 

ɋɬɟɩɟɧɶ ɩɪɨ-
ɩɢɬɤɢ, % 

14. ɜɨɞɚ ɋɈ2 35 8,3 Ɇɢɤɪɨɫɮɟɪɵ ȻɋɄ 

ɩɨɝɪɭɠɟɧɵ ɜ ɜɨɞɧɵɣ 

ɪɚɫɬɜɨɪ ɢɧɫɭɥɢɧɚ 

14,730 

15. ɨɬɫɭɬɫɬɜɢɟ ɋɈ2 35 13,8 Ɇɢɤɪɨɫɮɟɪɵ ȻɋɄ ɢ 

ɫɭɯɨɣ ɢɧɫɭɥɢɧ  

ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɫɭɞɚɯ 

0,000 
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16. ɨɬɫɭɬɫɬɜɢɟ ɋɈ2 35 13,8 Ɇɢɤɪɨɫɮɟɪɵ ȻɋɄ ɢ
ɫɭɯɨɣ ɢɧɫɭɥɢɧ  

ɜ ɟɞɢɧɨɦ ɫɨɫɭɞɟ 

0,475 

17. ɨɬɫɭɬɫɬɜɢɟ ɋɈ2 35 8,3 Ɇɢɤɪɨɫɮɟɪɵ ȻɋɄ ɢ
ɫɭɯɨɣ ɢɧɫɭɥɢɧ 

 ɜ ɟɞɢɧɨɦ ɫɨɫɭɞɟ 

0,400 

ɇɚ ɮɨɧɟ ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɚ ɩɪɨɩɢɬɤɢ ɢ ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɥɢɦɟɪɨɜ
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɭɦɟɫɬɧɵɦ ɨɛɫɭɠɞɟɧɢɟ ɩɪɨɰɟɫɫɚ ɩɪɨɩɢɬɤɢ ɢɧɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ ɢ ɢɡɞɟɥɢɣ, ɧɨ ɨɩɹɬɶ ɬɚɤɢ ɩɨɥɢɦɟɪɚɦɢ. 

Ʉ ɩɪɢɦɟɪɭ, ɬɪɚɞɢɰɢɨɧɧɨ ɩɪɨɩɢɬɤɚ ɤɟɪɚɦɢɱɟɫɤɢɦ ɦɚɬɟɪɢɚɥɨɜ
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɩɨɝɪɭɠɟɧɢɹ ɤɭɫɤɚ ɤɟɪɚɦɢɤɢ ɜ ɺɦɤɨɫɬɶ ɫ
ɯɢɦɢɱɟɫɤɢɦ ɪɚɫɬɜɨɪɨɦ, ɠɢɞɤɢɦ ɲɥɚɦɨɦ ɢɥɢ ɪɚɫɩɥɚɜɨɦ, ɤɚɤ ɩɪɚɜɢɥɨ
ɜ ɭɫɥɨɜɢɹɯ ɜɚɤɭɭɦɚ ɫ ɰɟɥɶɸ ɭɞɚɥɟɧɢɹ ɜɨɡɞɭɯɚ, ɡɚɞɟɪɠɚɧɧɨɝɨ ɤɨɪɚɦɢ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɨɛɵɱɧɨ ɬɪɟɛɭɟɬɫɹ ɦɧɨɝɨɤɪɚɬɧɨɟ ɩɨɝɪɭɠɟɧɢɟ. 
ɉɪɢ ɷɬɨɦ ɡɚɱɚɫɬɭɸ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɩɢɬɤɢ ɢɦɟɟɬ ɦɟɫɬɨ ɡɚɤɭɩɨɪɤɚ ɩɪɨ-
ɯɨɞɨɜ ɜɧɭɬɪɶ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɋɩɨɫɨɛɫɬɜɭɸɬ ɷɬɨɦɭ ɢ ɜɵɫɨ-
ɤɚɹ ɜɹɡɤɨɫɬɶ  ɧɟɤɨɬɨɪɵɯ  ɩɪɨɩɢɬɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɡɧɚɱɢ-

ɬɟɥɶɧɵɟ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɡɦɟɪɚɦɢ ɩɨɪ) ɪɚɡɦɟɪɵ ɱɚɫɬɢɰ ɲɥɚɦɚ. 
ȼ ɩɚɬɟɧɬɟ [302] ɩɪɟɞɥɨɠɟɧ ɩɪɨɰɟɫɫ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɨɛɫɭɠɞɺɧɧɵɯ

ɜɵɲɟ ɩɪɢɧɰɢɩɚɯ; ɩɪɢ ɷɬɨɦ ɪɟɱɶ ɲɥɚ ɨ ɬɚɤɢɯ ɩɨɥɢɦɟɪɧɵɯ, ɧɚɩɨɥɧɢ-

ɬɟɥɹɯ ɩɨɪɢɫɬɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɚɤ ɩɨɥɢɫɢɥɚɧɵ, ɩɨɥɢɤɚɪ-
ɛɨɫɢɥɚɧɵ, ɩɨɥɢɤɚɪɛɨɫɢɥɚɡɚɧɵ. ȼ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɩɪɨɩɢɬɤɢ ɧɢɬɪɢɞɚ
ɤɪɟɦɧɢɹ ɢ ɛɨɪɨɫɢɥɢɤɚɬɚ ɚɥɸɦɢɧɢɹ ɩɨɥɢɫɢɥɚɧ ɛɵɥ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ
ɪɚɫɬɜɨɪɺɧ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɩɪɨɩɚɧɟ ɢ ɞɚɥɟɟ ɩɨ ɩɪɨɰɟɞɭɪɟ. ɋɤɚɧɢ-

ɪɭɸɳɢɣ ɷɥɟɤɬɪɨɧɧɵɣ ɦɢɤɪɨɫɤɨɩ ɡɚɮɢɤɫɢɪɨɜɚɥ ɨɫɚɠɞɟɧɢɟ ɩɨɥɢɦɟɪɚ
ɧɚ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ  ɩɨɪ ɜ ɜɢɞɟ ɩɥɺɧɤɢ ɫ ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨ-
ɫɬɶɸ. ɉɪɢɱɺɦ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɩɨɥɢɦɟɪɧɵɣ ɦɚɬɟɪɢɚɥ ɨɫɚɠɞɚɥ-
ɫɹ ɧɚ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɫɨɜɟɪɲɟɧɧɨ ɨɞɢɧɚɤɨɜɨ ɢ ɧɟɡɚɜɢɫɢɦɨ
ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɜɧɟɲɧɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɍɚɤɢɦ
ɨɛɪɚɡɨɦ, ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɨɩɢɬɤɚ ɩɨɪɢɫɬɨɝɨ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɦɚ-
ɬɟɪɢɚɥɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɧɨɝɨ ɪɚɫɬɜɨɪɢ-

ɬɟɥɹ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭɳɟɫɬɜɥɟɧɚ ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɩɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ
ɡɚɤɭɩɨɪɤɨɣ ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. 
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ɗɤɫɬɪɚɝɢɪɨɜɚɧɢɟ ɧɟɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɬɜɟɪɞɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ
ɩɨɦɨɳɶɸ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɦɨɠɟɬ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ
ɩɪɢɜɟɫɬɢ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ, ɫɨ ɫɜɨɣɫɬɜɟɧɧɵɦɢ ɟɣ
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɨɥɢɦɟɪ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ
ɫɦɟɫɶ ɜɵɫɨɤɨ- ɢ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɰɟɩɟɣ, ɦɨɠɟɬ ɛɵɬɶ ɨɛɪɚɛɨɬɚɧ
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɮɥɸɢɞɨɦ, ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɢɯ ɭɫɥɨɜɢɹɯ ɪɚɫɬɜɨɪɢɬ ɥɢɲɶ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɫɨɫɬɚɜɥɹɸ-

ɳɢɟ. ɂɡɭɱɟɧɢɟ ɷɬɨɝɨ ɬɢɩɚ ɩɪɟɞɥɨɠɟɧɢɹ ɛɵɥɨ ɨɫɭɳɟɫɬɜɥɟɧɨ [35] ɧɚ
ɩɪɢɦɟɪɟ ɩɨɥɢɩɪɨɩɢɥɟɧɚ, ɜɜɟɞɟɧɧɨɝɨ ɜ ɤɨɧɬɚɤɬ ɫ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ
ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɨɩɟɪɚɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɚɯ: t = 135 ÷ 155 °ɋ; Ɋ = 20,0 ÷ 

45,0 Ɇɉɚ. Ɋɟɡɭɥɶɬɚɬɵ ɷɬɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɸɬ ɨɫɧɨɜɚɧɢɟ ɩɨɥɚɝɚɬɶ ɨ
ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɜɵɪɚɛɨɬɤɟ ɦɟɦɛɪɚɧ. 

Ⱦɪɭɝɨɟ ɢɧɬɟɪɟɫɧɨɟ ɩɪɢɥɨɠɟɧɢɟ ɤɚɫɚɟɬɫɹ ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɝɢɞɪɨɮɨɛɧɨɝɨ ɩɨɥɢɦɟɪɚ ɫ ɰɟɥɶɸ ɩɪɢɞɚɧɢɹ ɟɣ ɝɢɞɪɨɮɢɥɶɧɨɫɬɢ. 

Ɉɛɪɚɡɟɰ ɩɨɥɢɩɪɨɩɢɥɟɧɚ ɩɨɦɟɳɟɧ ɜ 5 % ɪɚɫɬɜɨɪ ɜɢɧɢɥɩɢɪɢɞɢɧɚ ɜ
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ (t = 80 °ɋ; Ɋ = 350 ɛɚɪ) [303]. 

ɉɨɥɢɦɟɪɢɡɚɰɢɹ ɜɢɧɢɥɩɢɪɢɞɢɧɚ ɧɚ ɩɨɥɢɦɟɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɨ-
ɢɡɨɲɟɞɲɚɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɢɡɥɭɱɟɧɢɹ, ɩɪɢɜɟɥɚ ɤ ɝɢɞɪɨɮɢɥɶɧɨɫɬɢ ɭɤɚ-
ɡɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

3.11. ɉɈɄɊȺɋɄȺ ɉɈɅɂɆȿɊɇɕɏ ȼɈɅɈɄɈɇ ɂ ɎɈɊɆɂɊɈȼȺɇɂȿ
ɉɈɊɈɒɄɈȼɕɏ ɉɈɄɊɕɌɂɃ 

 

ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɧɟɭɞɨɛɫɬɜ ɜ ɬɪɚɞɢɰɢɨɧɧɨɦ ɩɪɨɰɟɫɫɟ ɩɨ-
ɤɪɚɫɤɢ ɩɨɥɢɦɟɪɧɵɯ ɜɨɥɨɤɨɧ, ɢɫɩɨɥɶɡɭɸɳɟɦ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɜɨɞɵ. ɉɪɢ ɷɬɨɦ ɢɡɞɟɪɠɤɢ, ɨɤɚɡɵɜɚɸɳɢɟɫɹ ɡɧɚɱɢ-

ɬɟɥɶɧɵɦɢ, ɢɦɟɸɬ ɦɟɫɬɨ ɩɪɟɠɞɟ ɜɫɟɝɨ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ ɜɨɞɵ ɩɪɢ
ɩɨɥɭɱɟɧɢɢ ɪɚɫɬɜɨɪɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɨɤɪɚɫɤɟ, ɞɚɥɟɟ ɜ ɩɪɨɰɟɫɫɟ ɨɛ-

ɪɚɛɨɬɤɢ ɨɬɪɚɛɨɬɚɧɧɨɣ ɜɨɞɵ ɞɥɹ ɩɪɢɜɟɞɟɧɢɹ ɟɟ ɜ ɨɬɜɟɱɚɸɳɟɟ ɧɨɪɦɚɦ
ɫɨɫɬɨɹɧɢɟ ɢ ɨɛɪɚɛɨɬɤɢ ɨɤɪɚɲɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɫɬɢɪɤɚ ɢ ɫɭɲɤɚ). 

ɉɪɟɞɥɚɝɚɟɦɚɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɚɹ ɮɥɸɢɞɧɚɹ ɩɨɤɪɚɫɤɚ ɜ ɡɧɚɱɢɬɟɥɶ-
ɧɨɣ ɫɬɟɩɟɧɢ ɫɨɤɪɚɳɚɟɬ ɡɚɬɪɚɬɵ ɩɨ ɩɪɢɱɢɧɟ ɧɟɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɨɞɵ ɢ
ɨɬɫɭɬɫɬɜɢɹ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɩɨɫɥɟɞɭɸɳɟɣ ɨɛɪɚɛɨɬɤɟ ɨɤɪɚɲɟɧɧɨɝɨ
ɦɚɬɟɪɢɚɥɚ. ɂ ɧɚɤɨɧɟɰ ɷɬɨɬ ɩɨɞɯɨɞ ɦɨɠɟɬ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɜ ɩɪɢɧɰɢɩɟ ɜ
ɫɥɭɱɚɟ ɬɟɯ ɩɨɥɢɦɟɪɧɵɯ ɜɨɥɨɤɨɧ, ɤɨɬɨɪɵɟ ɜɨɨɛɳɟ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨ-
ɤɪɚɲɟɧɵ ɨɛɵɱɧɵɦɢ ɦɟɬɨɞɚɦɢ. 

3.10. ɂɁȽɈɌɈȼɅȿɇɂȿ ɆȿɆȻɊȺɇ ɂ ɆɈȾɂɎɂɄȺɐɂə  

ɉɈɅɂɆȿɊɇɕɏ ɉɈȼȿɊɏɇɈɋɌȿɃ
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ȼ ɝɟɪɦɚɧɫɤɨɦ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦ ɬɟɤɫɬɢɥɶɧɨɦ ɰɟɧɬɪɟ 
DTNW ɜ Ʉɪɟɮɟɥɶɞɟ ɪɚɡɜɢɬ ɩɪɨɰɟɫɫ ɩɨɤɪɚɫɤɢ ɩɨɥɢɦɟɪɧɵɯ ɬɟɤɫɬɢɥɶ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟ-
ɪɨɞɚ [304]. ɗɬɨɬ ɩɪɨɰɟɫɫ ɫɜɨɛɨɞɧɨ (ɛɟɡ ɨɝɪɚɧɢɱɟɧɢɹ) ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɞɥɹ ɩɨɤɪɚɫɤɢ ɜɨɥɨɤɨɧ ɢɡ ɩɨɥɢɷɮɢɪɨɜ, ɩɨɥɢɩɪɨɩɢɥɟɧɚ, ɩɨɥɢɷɬɢɥɟɧɚ, 
ɩɨɥɢɚɤɪɢɥɧɢɬɪɢɥɚ ɢ ɚɰɟɬɚɬɚ. ɉɨɥɢɚɦɢɞ ɢ ɚɪɚɦɢɞ ɦɨɝɭɬ ɛɵɬɶ ɨɤɪɚ-
ɲɟɧɵ ɷɬɢɦ ɫɩɨɫɨɛɨɦ ɩɪɢ 300 °ɋ. ȼɨɡɦɨɠɧɨɫɬɶ ɨɤɪɚɫɤɢ ɧɚɬɭɪɚɥɶɧɵɯ 
ɜɨɥɨɤɨɧ (ɯɥɨɩɨɤ, ɲɟɪɫɬɶ) ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɫɥɟɞɭɟɬɫɹ. 

ɇɢɠɟɩɪɢɜɨɞɢɦɚɹ ɫɯɟɦɚ (ɪɢɫɭɧɨɤ 3.28) ɭɛɟɞɢɬɟɥɶɧɨ ɞɟɦɨɧɫɬɪɢ-

ɪɭɟɬ ɩɪɟɢɦɭɳɟɫɬɜɚ ɧɨɜɨɝɨ ɩɨɞɯɨɞɚ, ɡɚɤɥɸɱɚɸɳɟɝɨɫɹ ɩɪɟɠɞɟ ɜɫɟɝɨ ɜ 
ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ ɫɬɚɞɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɩɪɢ «ɞɜɢɠɟ-
ɧɢɢ» ɨɬ ɫɵɪɨɝɨ ɦɚɬɟɪɢɚɥɚ ɤ ɨɤɪɚɲɟɧɧɨɦɭ ɩɪɨɞɭɤɬɭ. 

ɉɪɢɧɰɢɩ ɪɟɚɥɢɡɚɰɢɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɮɥɸɢɞɧɨɣ ɩɨɤɪɚɫɤɢ ɫɜɨ-
ɞɢɬɫɹ ɤ ɫɥɟɞɭɸɳɟɦɭ: ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ (ɜɚɪɢɚɧɬ, 
ɪɟɚɥɢɡɨɜɚɧɧɵɣ ɜ UHDE HOCHDRUCKTECHNIK GmbH, Ƚɟɪɦɚɧɢɹ) 
ɪɚɫɬɜɨɪɹɟɬ ɜ ɫɟɛɟ ɤɪɚɫɢɬɟɥɶ ɜ ɷɤɫɬɪɚɤɬɨɪɟ; ɞɚɥɟɟ ɢɦɟɟɬ ɦɟɫɬɨ ɫɟɩɚɪɚ-
ɰɢɹ ɢ ɜɵɩɚɞɟɧɢɟ ɤɪɚɫɢɬɟɥɹ ɜ ɫɨɫɭɞɟ ɩɨɤɪɚɫɤɢ ɢ, ɜ ɬɨɦ ɱɢɫɥɟ, ɧɚ ɨɤ-
ɪɚɲɢɜɚɟɦɵɟ ɜɨɥɨɤɧɚ. Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɟɩɟɧɶɸ 

ɞɨɫɬɢɠɟɧɢɹ ɪɟɡɭɥɶɬɚɬɚ. 
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Ɍɢɩɢɱɧɵɟ ɭɫɥɨɜɢɹ 
ɩɨɤɪɚɫɤɢ ɩɨɥɢɷɮɢɪɧɨɣ 

ɩɪɹɠɢ ɫɥɟɞɭɸɳɢɟ: t = 90 

÷ 120 °ɋ; Ɋ = 280 ÷ 300 

ɛɚɪ; ɪɚɫɯɨɞɵ ɞɢɨɤɫɢɞɚ 
ɭɝɥɟɪɨɞɚ ɢ ɤɪɚɫɢɬɟɥɹ ɫɨ-
ɫɬɚɜɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

3 ɤɝ/ɤɝ ɢ 20 ɤɝ/ɤɝ; ɜɪɟɦɹ 
ɩɪɨɰɟɫɫɚ ɩɨɤɪɚɫɤɢ ɨɬ 30 

ɞɨ 60 ɦɢɧɭɬ. 
ȼ ɫɪɚɜɧɟɧɢɢ ɫ ɬɪɚɞɢ-

ɰɢɨɧɧɵɦ ɩɨɞɯɨɞɨɦ ɜ 
ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɤɪɚɫɤɭ ɨɬ-
ɥɢɱɚɟɬ ɛɨɥɶɲɚɹ ɝɨɦɨɝɟɧ-

ɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɛɨɥɟɟ ɜɵ-

ɫɨɤɚɹ ɫɬɨɣɤɨɫɬɶ ɤ ɢɡɧɨɫɭ 
ɩɪɢ ɬɪɟɧɢɢ, ɱɢɫɬɤɟ (ɫɬɢɪ-
ɤɟ) ɢ ɨɫɜɟɳɟɧɢɢ (ɫɬɨɣ-

ɤɨɫɬɶ ɩɪɨɬɢɜ ɫɜɟɬɨɜɨɝɨ 
ɜɵɝɨɪɚɧɢɹ). 

ɉɨ ɞɚɧɧɵɦ ɪɚɛɨɬɵ 

[304] ɞɥɹ ɩɨɥɢɷɮɢɪɧɨɣ ɩɪɹɠɢ ɫɜɟɬɨɜɚɹ ɫɬɨɣɤɨɫɬɶ ɨɰɟɧɢɜɚɟɬɫɹ ɩɨɤɚ-
ɡɚɬɟɥɟɦ 5; ɫɬɨɣɤɨɫɬɶ ɩɪɢ ɬɪɟɧɢɢ 5; ɫɬɨɣɤɨɫɬɶ ɤ ɢɡɦɟɧɟɧɢɸ ɰɜɟɬɚ ɩɪɢ 

ɫɬɢɪɤɟ 4 ÷ 5. 

ȼ ɧɚɱɚɥɟ 60-ɯ ɝɨɞɨɜ ɷɬɨɝɨ ɫɬɨɥɟɬɢɹ ɩɨɹɜɢɥɫɹ ɧɨɜɵɣ ɜɢɞ ɥɚɤɨɤɪɚ-
ɫɨɱɧɵɯ ɫɨɫɬɚɜɨɜ – ɩɨɪɨɲɤɨɜɵɟ [305]. ɉɥɟɧɤɨɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɜ ɧɢɯ 
ɤɚɤ ɩɪɚɜɢɥɨ ɫɥɭɠɚɬ ɬɜɟɪɞɵɟ ɩɨɥɢɦɟɪɵ, ɯɨɬɹ ɢɦɟɸɬ ɦɟɫɬɨ ɢ ɞɪɭɝɢɟ. 
ɋɜɨɟɨɛɪɚɡɧɵɦ ɨɠɢɠɚɸɳɢɦ ɚɝɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɜɨɡɞɭɯ. ɇɟɫɦɨɬɪɹ ɧɚ 
ɬɨ, ɱɬɨ ɩɨɪɨɲɤɢ ɩɨ ɮɢɡɢɱɟɫɤɨɦɭ ɫɨɫɬɨɹɧɢɸ ɨɬɧɨɫɹɬɫɹ ɤ ɬɜɟɪɞɵɦ ɬɟ-
ɥɚɦ, ɢɦɟɟɬɫɹ ɪɹɞ ɩɪɢɡɧɚɤɨɜ, ɫɛɥɢɠɚɸɳɢɯ ɢɯ ɫ ɠɢɞɤɨɫɬɹɦɢ: ɫɩɨɫɨɛ-

ɧɨɫɬɶ ɩɟɪɟɦɟɳɚɬɶɫɹ ɩɪɢ ɪɚɡɨɛɳɟɧɢɢ ɱɚɫɬɢɰ ɫ ɩɨɦɨɳɶɸ ɝɚɡɨɜɨɝɨ ɩɨ-
ɬɨɤɚ, ɡɚɪɹɠɚɬɶɫɹ ɩɨɞɨɛɧɨ ɝɢɞɪɨɡɨɥɹɦ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ ɜɵɫɨɤɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɪɨɲɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɨɬɥɢɱɢɟ 
ɨɬ ɬɪɚɞɢɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨɤɪɵɬɢɹ ɩɟɪɟɜɨɞ ɬɜɟɪɞɵɯ ɩɥɟɧɤɨɨɛɪɚ-
ɡɨɜɚɬɟɥɟɣ  ɜ ɜɹɡɤɨɬɟɤɭɱɟɟ ɫɨɫɬɨɹɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟ ɜɧɟ ɩɨɞɥɨɠ-

ɤɢ, ɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɧɟɣ. 

Ɋɢɫ. 3.28. ɉɪɢɧɰɢɩ ɩɨɤɪɚɫɤɢ ɜɨɥɨɤɨɧ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɮɥɸɢɞɧɨɦ ɢ ɬɪɚɞɢɰɢɨɧɧɨɦ 

ɜɚɪɢɚɧɬɚɯ ɢɫɩɨɥɧɟɧɢɹ. 1 - ɟɦɤɨɫɬɶ ɫ ɋɈ2; 2 – 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɚɹ ɮɥɸɢɞɧɚɹ ɩɨɤɪɚɫɤɚ; 3 - ɫɟ-
ɩɚɪɚɰɢɹ; 4 - ɨɛɪɚɛɨɬɤɚ ɜɨɞɵ; 5 - ɟɦɤɨɫɬɶ ɫ ɜɨ-
ɞɨɣ; 6 - ɜɨɞɧɚɹ ɩɨɤɪɚɫɤɚ; 7 - ɫɬɢɪɤɚ; 8 - ɫɭɲɤɚ; 
9 - ɨɛɪɚɛɨɬɤɚ; I - ɫɵɪɨɣ ɦɚɬɟɪɢɚɥ; II - ɋɈ2; III - 

ɜɨɞɚ; IV - ɨɤɪɚɲɟɧɧɵɣ ɩɪɨɞɭɤɬ; V - ɜɨɞɹɧɨɣ 

ɩɚɪ; VI - ɨɬɪɚɛɨɬɚɧɧɚɹ ɜɨɞɚ. 
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ȼɫɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɩɨɪɨɲɤɨɜɵɟ ɩɥɟɧɤɨɨɛɪɚɡɨɜɚɬɟɥɢ ɩɨɥɢɞɢɫ-
ɩɟɪɫɧɵ. Ɋɚɡɦɟɪ ɢɯ ɱɚɫɬɢɰ ɨɛɵɱɧɨ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 5 ɦɤɦ ɞɨ 
350 ɦɤɦ. ɋɬɟɩɟɧɶ ɞɢɫɩɟɪɫɧɨɫɬɢ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɟɬ ɜɵɛɨɪ ɫɩɨɫɨɛɚ 
ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ; ɩɨɪɨɲɤɢ ɫ ɞɢɚɦɟɬɪɨɦ ɱɚɫɬɢɰ ɞɨ 
100 ɦɤɦ ɧɚɧɨɫɹɬ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɦ ɪɚɫɩɵɥɟɧɢɟɦ, ɬɨɝɞɚ ɤɚɤ ɩɨɤɪɵ-

ɬɢɹ ɢɡ ɝɪɭɛɨɞɢɫɩɟɪɫɧɵɯ ɩɨɪɨɲɤɨɜ, ɤɨɬɨɪɵɟ ɦɟɧɶɲɟ ɫɥɟɠɢɜɚɸɬɫɹ ɢ 

ɥɟɝɱɟ ɩɫɟɜɞɨɫɠɢɠɚɸɬɫɹ, ɩɨɥɭɱɚɸɬ ɜ ɚɩɩɚɪɚɬɚɯ ɤɢɩɹɳɟɝɨ ɫɥɨɹ. Ȼɨɥɟɟ 
ɝɪɭɛɨɞɢɫɩɟɪɫɧɵɟ ɩɨɪɨɲɤɢ, ɟɫɬɟɫɬɜɟɧɧɨ, ɨɛɪɚɡɭɸɬ ɢ ɛɨɥɟɟ ɬɨɥɫɬɵɟ 
ɩɨɤɪɵɬɢɹ. 

ɉɨɪɨɲɤɨɜɵɟ ɩɨɥɢɦɟɪɧɵɟ ɩɨɤɪɵɬɢɹ, ɧɚɧɨɫɢɦɵɟ ɚɷɪɨɞɢɫɩɟɪɧɵɦɢ 

ɦɟɬɨɞɚɦɢ ɢɦɟɸɬ ɦɧɨɝɨ ɩɪɟɢɦɭɳɟɫɬɜ [306] ɩɟɪɟɞ ɞɪɭɝɢɦɢ ɬɢɩɚɦɢ 

ɤɪɚɫɨɤ. ɉɪɟɠɞɟ ɜɫɟɝɨ, ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɧɟ ɫɜɹɡɚɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ (ɢɥɢ ɢɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɱɟɧɶ ɦɚɥɨ), ɱɬɨ 
ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɚɟɬ ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɢ ɫɧɢɠɚɟɬ ɜɡɪɵɜɨɩɨɠɚɪɨɨɩɚɫ-
ɧɨɫɬɶ. 

Ɍɟɯɧɨɥɨɝɢɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɨɪɨɲɤɨɜɵɯ ɤɪɚɫɨɤ ɜɟɫɶɦɚ ɩɪɨɫɬɚ: 
ɢɫɤɥɸɱɚɟɬɫɹ ɪɚɫɬɜɨɪɟɧɢɟ, ɡɚɦɟɲɢɜɚɧɢɟ, ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɟ («ɩɟɪɟ-
ɬɢɪ»), ɮɢɥɶɬɪɨɜɚɧɢɟ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ ɬɪɭɞɨɟɦɤɢɟ ɨɩɟɪɚɰɢɢ. Ɍɟɯɧɨ-
ɥɨɝɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɭɯɢɯ ɤɪɚɫɨɤ ɬɚɤɠɟ ɩɪɨɫɬɚ. ɉɨɤɪɵɬɢɟ ɜ ɩɫɟɜɞɨ-
ɨɠɢɠɠɟɧɧɨɦ ɫɥɨɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɡɚ 5-10 ɦɢɧɭɬ, ɩɪɢɱɟɦ 2 - 3 

ɫɥɨɹ ɨɤɚɡɵɜɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɫɩɥɨɲɧɨɫɬɢ, ɜɦɟɫɬɨ 6 - 8 ɫɥɨɟɜ, 
ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɦɟɫɬɨ ɜ ɢɧɵɯ ɫɥɭɱɚɹɯ. ɍɩɪɨɳɟɧɵ ɯɪɚɧɟɧɢɟ ɢ ɬɪɚɧɫ-
ɩɨɪɬɢɪɨɜɤɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɠɢɞɤɢɦɢ ɦɚɬɟɪɢɚɥɚɦɢ. ȼɟɫɶ ɩɪɨɰɟɫɫ 
ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɭɯɢɯ ɤɪɚɫɨɤ ɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɮɨɪɦ-

ɥɟɧ ɧɚ ɩɨɬɨɤɟ ɫ ɦɚɥɨɣ ɡɚɬɪɚɬɨɣ ɩɥɨɳɚɞɟɣ, ɷɧɟɪɝɢɢ, ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 

ɬɪɭɞɚ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɤɚɱɟɫɬɜɟ ɩɥɟɧɤɨɨɛɪɚɡɨɜɚɬɟɥɹ ɦɨɠɟɬ ɛɵɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɨɣ ɩɨɥɢɦɟɪ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɨɝɪɚɧɢ-

ɱɟɧɧɨɝɨ ɱɢɫɥɚ ɫɥɭɱɚɟɜ, ɨ ɤɨɬɨɪɵɯ ɛɭɞɟɬ ɫɤɚɡɚɧɨ ɧɢɠɟ. ȼ ɱɚɫɬɧɨɫɬɢ 

[307], ɛɨɥɶɲɢɧɫɬɜɨ ɩɨɪɨɲɤɨɜ ɩɨɥɭɱɚɸɬ ɢɡɦɟɥɶɱɟɧɢɟɦ ɷɤɫɬɪɭɞɢɪɨ-
ɜɚɧɧɵɯ ɪɚɫɩɥɚɜɨɜ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɬɟɪɦɨɪɟɚɤɬɢɜɧɵɟ ɤɨɦɩɨɡɢɰɢɢ 

ɞɨɥɠɧɵ ɜɵɞɟɪɠɢɜɚɬɶ ɩɪɨɰɟɫɫ ɩɥɚɜɥɟɧɢɹ, ɚ ɫɬɚɥɨ ɛɵɬɶ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɪɢ ɷɬɨɦ ɩɪɨɰɟɫɫ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɤɨɦɩɨɧɟɧ-

ɬɨɜ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɪɨɲɤɨɜɨɟ ɩɨɤɪɵɬɢɟ, ɬɪɟɛɭɟɬ ɜɵɫɨɤɢɯ ɫɢɥ ɫɞɜɢ-

ɝɚ. ɗɬɢ ɞɜɚ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɨɝɪɚɧɢɱɢɜɚɸɬ ɜɨɡɦɨɠɧɨɫɬɢ 

ɩɪɢ ɜɵɛɨɪɟ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɪɨɲɤɨɜɨɝɨ ɩɨɤɪɵ-

ɬɢɹ. ȼ ɞɨɩɨɥɧɟɧɢɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɫɟ ɢɫɩɨɥɶɡɭɟɦɵɟ ɤɨɦɩɨ-
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ɧɟɧɬɵ ɢ ɨɫɨɛɟɧɧɨ ɝɨɬɨɜɵɟ ɤɨɦɩɨɡɢɰɢɢ, ɞɨɥɠɧɵ ɛɵɬɶ ɬɜɟɪɞɵɦɢ ɢ 

ɫɬɟɤɥɨɨɛɪɚɡɧɵɦɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɗɬɨ ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɯɨ-
ɪɨɲɟɝɨ ɢɡɦɟɥɶɱɟɧɢɹ ɢ ɫɨɯɪɚɧɟɧɢɹ ɫɵɩɭɱɟɫɬɢ ɩɨɪɨɲɤɚ ɩɪɢ ɯɪɚɧɟɧɢɢ. 

ȼ ɫɜɹɡɢ ɫ ɩɨɫɥɟɞɧɢɦ ɫɦɟɫɶ ɧɟ ɞɨɥɠɧɚ ɪɚɡɦɹɝɱɚɬɶɫɹ ɢɥɢ ɚɝɝɥɨɦɟɪɢɪɨ-
ɜɚɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɢɠɟ 40 °ɋ. 

Ʉ ɩɪɨɛɥɟɦɚɦ ɢ ɧɟɞɨɫɬɚɬɤɚɦ ɜ ɩɪɢɦɟɧɟɧɢɢ ɩɨɪɨɲɤɨɜɵɯ ɩɨɤɪɵɬɢɣ 

ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɬɚɤɠɟ [307]: ɬɪɭɞɧɨɫɬɶ ɩɨɞɛɨɪɚ ɰɜɟɬɚ; ɬɪɭɞɧɨɫɬɶ ɩɟ-
ɪɟɤɪɚɫɤɢ ɢ ɲɩɚɬɥɟɜɤɢ; ɬɪɟɛɭɟɬɫɹ ɬɳɚɬɟɥɶɧɚɹ ɲɥɢɮɨɜɤɚ ɞɥɹ ɞɨɫɬɢ-

ɠɟɧɢɹ ɧɚɞɥɟɠɚɳɟɝɨ ɜɧɟɲɧɟɝɨ ɜɢɞɚ ɩɨɤɪɵɜɧɨɝɨ ɫɥɨɹ; ɢɦɟɸɬ ɦɟɫɬɨ 
ɧɟɷɤɨɧɨɦɢɱɧɨɫɬɶ ɩɪɢ ɨɤɪɚɫɤɟ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ ɮɨɪɦɵ; ɜɡɪɵɜɨɨɩɚɫ-
ɧɨɫɬɶ ɩɵɥɢ ɢ ɞɪɭɝɢɟ. 

ȼ ɪɚɛɨɬɟ [308] ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɩɨɥɭɱɟɧɢɸ ɩɥɟɧɤɨɨɛ-

ɪɚɡɭɸɳɢɯ ɩɨɪɨɲɤɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ 
ɭɝɥɟɪɨɞɚ, ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɫɧɢɦɚɸɳɢɣ ɜɵɲɟɨɬɦɟɱɟɧɧɵɟ ɩɪɨ-
ɛɥɟɦɵ. ɂɫɩɨɥɶɡɨɜɚɧɧɚɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɪɟɞ-

ɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.29. 

1.ɂɫɯɨɞɧɨɟ ɫɵɪɶɟ: 
a).ɩɨɥɢɦɟɪ ɢɥɢ ɫɦɨɥɚ; 
b).ɨɬɜɟɪɞɢɬɟɥɶ; 
c).ɧɚɩɨɥɧɢɬɟɥɶ; 
d) ɞɨɛɚɜɤɢ. 

2.ɋɚɦɨɪɚɡɝɪɭɠɚɸɳɢɣɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɨɛɴɟɦ ɫ ɫɵɪɵɦ ɦɚɬɟ-
ɪɢɚɥɨɦ. 

3.Ⱦɜɢɝɚɬɟɥɶ ɦɟɲɚɥɤɢ 

4.ȿɦɤɨɫɬɶ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ 
5.ȿɦɤɨɫɬɶ ɞɥɹ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɩɥɟɧɤɨɨɛɪɚɡɭɸɳɟɣ ɫɢɫɬɟɦɵ. 

6.ɋɢɫɬɟɦɚ ɭɩɚɤɨɜɤɢ ɩɨɪɨɲɤɚ. 
ɉɪɢ ɷɬɨɦ ɩɪɨɰɟɫɫ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧ, ɚ ɤɨɧɬɪɨɥɶ ɡɚɩɪɨɝɪɚɦɦɢɪɨ-

ɜɚɧ. ɋɵɪɶɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɥɟɧɤɨɨɛɪɚɡɭɸɳɟɝɨ ɩɨɪɨɲɤɚ – ɷɬɨ ɜ ɨɫ-
ɧɨɜɧɨɦ ɫɭɯɢɟ ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ, ɜ ɢɬɨɝɟ ɡɚɝɪɭɠɚɟɬɫɹ ɜ ɫɨɫɭɞ ɜɵɫɨɤɨ-
ɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɨɛɪɚɛɨɬɤɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɞɢɨɤɫɢ-

ɞɨɦ ɭɝɥɟɪɨɞɚ, ɝɞɟ ɭɫɥɨɜɢɹ ɩɪɨɰɟɫɫɚ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɞɢɚɩɚɡɨɧɨɦ 

ɬɟɦɩɟɪɚɬɭɪ ɨɬ 55 ɞɨ 80 °ɋ ɢ ɢɧɬɟɪɜɚɥɨɦ ɞɚɜɥɟɧɢɣ ɨɬ 165 ɛɚɪ ɞɨ 210 

ɛɚɪ. Ⱥɧɚɥɨɝɢɱɧɚɹ ɡɚɞɚɱɚ, ɪɟɲɚɟɦɚɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɰɟɫɫɚ ɷɤɫ- 
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ɬɪɭɡɢɢ, ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭ-
ɪɚɯ ɨɬ 90 °ɋ ɞɨ 130 °ɋ. Ȼɨɥɟɟ ɬɨɝɨ, ɜ 
ɪɟɚɥɶɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɷɤɫɬɪɭɞɟ-
ɪɟ ɨɤɚɡɵɜɚɟɬɫɹ ɧɚɦɧɨɝɨ ɛɨɥɶɲɟɣ ɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɜɧɟɲɧɢɦ ɧɚ-
ɝɪɟɜɚɧɢɟɦ, ɧɨ ɢ ɬɟɩɥɨɜɵɦ ɷɮɮɟɤɬɨɦ 

ɩɪɨɰɟɫɫɚ ɫɦɟɲɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɫɵ-

ɪɶɹ. ȼ ɷɬɨɦ ɤɨɧɬɟɤɫɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨ-
ɞɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɧɬɟɧɫɢɜɧɵɣ ɬɟɩ-

ɥɨɨɛɦɟɧ,  ɧɢɡɤɢɣ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ 
ɩɪɨɰɟɫɫɚ ɫɦɟɲɟɧɢɹ ɢ ɥɢɲɶ ɜ 1 ÷ 3 °ɋ 

ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɜ ɫɢɫɬɟɦɟ ɪɚɫ-
ɬɜɨɪ – ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ (ɧɚ-
ɝɪɟɜɚ). 

ɉɪɢɫɭɬɫɬɜɢɟ ɤɪɭɩɧɵɯ ɱɚɫɬɢɰ ɢ 

ɚɝɪɟɝɚɬɨɜ ɜ ɩɨɪɨɲɤɚɯ, ɩɨɥɭɱɚɟɦɵɯ 
ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɫɥɭɠɢɬ 
ɩɪɢɱɢɧɨɣ ɞɟɮɟɤɬɨɜ ɩɨɤɪɵɬɢɹ («ɲɚɝ-
ɪɟɧɢ» – ɜɨɥɧɢɫɬɨɫɬɢ; ɤɪɚɬɟɪɨɜ ɢ 

ɬ.ɩ.). Ȼɨɥɟɟ ɬɨɝɨ ɝɪɭɛɨɞɢɫɩɟɪɫɧɵɟ 
ɩɨɪɨɲɤɢ ɮɨɪɦɢɪɭɸɬ ɩɨɤɪɵɬɢɹ ɡɚ 
ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟ-
ɦɟɧɢ ɢ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚ-
ɬɭɪɚɯ. 

ȼ ɚɧɚɥɢɡɢɪɭɟɦɨɣ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɨɣ ɫɯɟɦɟ [308] ɪɟɚɥɢɡɨɜɚɧɚ ɩɪɢɧ-

ɰɢɩɢɚɥɶɧɨ ɜɚɠɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɧ-

ɬɪɨɥɹ ɡɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɜ RESS-ɩɪɨɰɟɫɫɟ ɢ ɨɛɟɫɩɟ-
ɱɟɧɢɹ ɜɵɫɨɤɨɣ ɞɢɫɩɟɪɫɧɨɫɬɢ ɩɨɪɨɲɤɚ. 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɢɦɟɧɧɨ ɜɵɫɨɤɚɹ ɞɢɫɩɟɪɫɧɨɫɬɶ ɩɢɝɦɟɧɬɚ, ɫɨɞɟɪ-
ɠɚɳɟɝɨɫɹ ɜ ɢɫɯɨɞɧɨɦ ɫɵɪɶɟ, ɨɩɪɟɞɟɥɹɟɬ ɭɪɨɜɟɧɶ ɛɥɟɫɤɚ (ɢ ɨɬɪɚɠɚ-
ɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ) ɮɨɪɦɢɪɭɟɦɨɝɨ ɩɨɤɪɵɬɢɹ, ɤɨɬɨɪɵɣ ɨɫɨɛɟɧɧɨ 
ɜɚɠɟɧ ɜ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜɵɩɭɫɤɚɸɳɢɯ ɨɫɜɟɬɢɬɟɥɶɧɵɟ ɢ 

ɷɥɟɤɬɪɨɛɵɬɨɜɵɟ ɩɪɢɛɨɪɵ. ȼ ɬɚɛɥɢɰɟ 3.20 ɩɪɢɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɨɬɪɚ-
ɠɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɭɪɨɜɧɹ ɛɥɟɫɤɚ ɩɨɥɢɷɮɢɪɧɵɯ ɩɨɤɪɵɬɢɣ, ɩɨ-

Ɋɢɫ. 3.29. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ 
ɫɯɟɦɚ ɩɨɥɭɱɟɧɢɹ 

ɩɥɟɧɤɨɨɛɪɚɡɭɸɳɟɝɨ ɩɨɪɨɲɤɚ. 
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ɥɭɱɟɧɧɵɯ ɧɚ ɛɚɡɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɷɤɫɬɪɭɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɩɪɨɰɟɫɫɚ, 
ɜ ɤɨɬɨɪɨɦ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ. 

ȼɵɲɟɨɬɦɟɱɟɧɧɨɟ ɭɫɩɟɲɧɨ ɪɟɲɚɟɬ ɢ ɫɭɳɟɫɬɜɨɜɚɜɲɭɸ ɪɚɧɟɟ, 
ɩɪɨɛɥɟɦɭ ɰɜɟɬɨɜɨɝɨ ɤɨɧɬɪɨɥɹ. 

ȼɨɡɜɪɚɳɚɹɫɶ ɤ ɩɨɥɭɱɚɟɦɨɦɭ ɩɨɪɨɲɤɭ ɫɥɟɞɭɟɬ ɞɨɛɚɜɢɬɶ, ɱɬɨ ɷɬɨɣ
ɩɪɨɞɭɤɰɢɢ ɫɜɨɣɫɬɜɟɧɧɨ ɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ (∼  ɧɚ 
10 %), ɤɨɬɨɪɨɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟ ɛɵɫɬɪɨɦɭ ɫɥɢɹ-
ɧɢɸ ɱɚɫɬɢɰ ɜ ɩɪɨɰɟɫɫɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɤɪɵɬɢɹ. ɇɚɛɭɯɚɧɢɟ ɱɚɫɬɢɰ ɜ
ɫɪɟɞɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ ɬɚɤɠɟ ɨɛɥɟɝɱɚɟɬ ɩɥɟɧɤɨɨɛɪɚɡɨɜɚ-
ɧɢɟ ɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɩɨɤɪɵɬɢɹ ɩɪɢ, ɨɬɦɟɱɟɧɧɵɯ ɜɵɲɟ, ɩɨɧɢ-

ɠɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

Ɍɚɛɥɢɰɚ 3.20. 

Ɉɬɪɚɠɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɛɥɟɫɤ ɩɨɥɢɷɮɢɪɧɨɝɨ ɩɨɤɪɵɬɢɹ, 

ɩɪɨɢɡɜɟɞɟɧɧɨɝɨ ɧɚ ɛɚɡɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɷɤɫɬɪɭɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ (1) ɢ
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (2) 

Ȼɚɡɨɜɵɣ
ɩɪɨɰɟɫɫ 

Ɍɨɥɳɢɧɚ  
ɩɨɤɪɵɬɢɹ, ɦɦ 

Ɉɬɪɚɠɚɬɟɥɶɧɚɹ
ɫɩɨɫɨɛɧɨɫɬɶ 

Ȼɥɟɫɤ ɩɨɞ ɭɝɥɨɦ
ɧɚɛɥɸɞɟɧɢɹ 20° 

Ȼɥɟɫɤ ɩɨɞ ɭɝɥɨɦ
ɧɚɛɥɸɞɟɧɢɹ 60°

 

(1) 1,1 93,69 60 91 

(2) 1,1 93,92 66 91 

(1) 1,3 95,59 69 90 

(2) 1,3 95,72 72 92 

(1) 1,6 95,96 71 90 

(2) 1,6 96,12 73 92 

Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ [308] ɤɨɧɫɬɚɬɢɪɭɸɬ ɮɚɤɬ ɭɜɟɥɢɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭ-
ɪɵ ɫɬɟɤɥɨɜɚɧɢɹ ɩɨɥɢɦɟɪɚ ɜ ɧɨɜɨɦ ɩɪɨɰɟɫɫɟ ɢ ɨɬɦɟɱɚɸɬ ɩɪɟɢɦɭɳɟɫɬ-
ɜɚ, ɫɜɹɡɚɧɧɵɟ ɫ ɷɬɢɦ. ȼ ɱɚɫɬɧɨɫɬɢ ɭɤɚɡɵɜɚɟɬɫɹ ɧɚ ɦɟɧɶɲɭɸ ɬɟɧɞɟɧ-

ɰɢɸ ɤ ɫɩɟɤɚɧɢɸ ɩɨɪɨɲɤɚ, ɟɝɨ ɥɭɱɲɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɢ ɭɥɭɱɲɟɧɧɵɟ
ɩɨɬɨɱɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɜ ɨɛɫɭɠɞɚɟɦɨɣ ɪɚɛɨɬɟ ɨɬ-
ɫɭɬɫɬɜɭɟɬ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɨɝɨ ɧɟɝɚɬɢɜɧɨɝɨ ɜɥɢɹɧɢɹ [306] ɭɜɟɥɢɱɟɧɢɹ
ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɤɥɨɜɚɧɢɹ ɩɨɥɢɦɟɪɚ ɧɚ ɤɚɱɟɫɬɜɨ (ɩɪɨɡɪɚɱɧɨɫɬɶ, ɷɥɚ-
ɫɬɢɱɧɨɫɬɶ, ɭɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ, ɚɞɝɟɡɢɹ) ɮɨɪɦɢɪɭɟɦɨɝɨ ɩɨɤɪɵɬɢɹ. 

ɋɬɚɪɟɧɢɟ (ɬɟɩɥɨɜɨɟ ɢ ɫɜɟɬɨɜɨɟ) ɩɨɪɨɲɤɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɜ ɷɬɨɦ
ɫɥɭɱɚɟ [308] ɧɚɫɬɭɩɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɡɠɟ, ɧɟɠɟɥɢ ɷɬɨ ɢɦɟɟɬ ɦɟɫɬɨ
ɞɥɹ ɛɚɡɨɜɨɝɨ ɷɤɫɬɪɭɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. 
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ɉɪɨɰɟɫɫ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɷɤɫɬɪɚɤɰɢɢ ɩɪɟɞɥɚɝɚɟɬ ɨɬɥɢɱɧɵɟ ɜɨɡ-
ɦɨɠɧɨɫɬɢ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ (ɩɪɨɰɟɫɫɚ ɨɛɪɚɬɧɨɝɨ ɩɪɨɩɢɬɤɟ ɩɨɪɢɫɬɵɯ
ɫɬɪɭɤɬɭɪ) ɬɚɤɢɯ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɚɞɫɨɪɛɟɧɬɨɜ, ɤɚɤ ɚɤɬɢɜɢɪɨ-
ɜɚɧɧɵɟ ɭɝɥɢ ɢ ɫɢɧɬɟɬɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɧɵɟ ɚɞɫɨɪɛɟɧɬɵ [309÷322]. 

Ɉɛɵɱɧɵɟ ɦɟɬɨɞɵ ɪɟɝɟɧɟɪɚɰɢɢ, ɬɚɤɢɟ, ɤɚɤ ɨɛɪɚɛɨɬɤɚ ɨɫɬɪɵɦ ɩɚ-
ɪɨɦ, ɚ ɬɚɤɠɟ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ (ɢɧɨɝɞɚ ɢ ɜ ɭɫɥɨɜɢɹɯ ɜɚɤɭɭɦɚ) 
ɜɟɫɶɦɚ ɬɪɭɞɨɺɦɤɢ ɢ ɞɨɪɨɝɢ. Ⱥ ɧɟɤɨɬɨɪɵɟ ɧɢɡɤɨ ɥɟɬɭɱɢɟ ɠɢɞɤɨɫɬɢ ɢ
ɬɜɺɪɞɵɟ ɬɟɥɚ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɭɫɩɟɜɚɸɬ ɬɟɪɦɢɱɟɫɤɢ ɪɚɡɥɨɠɢɬɶɫɹ, ɧɟ-
ɠɟɥɢ ɞɚɜɥɟɧɢɟ ɢɯ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɫɬɚɧɟɬ ɡɚɦɟɬɧɵɦ ɢ ɞɨɫɬɚɬɨɱ-
ɧɵɦ ɞɥɹ ɢɯ ɭɞɚɥɟɧɢɹ ɢɡ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ. 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɷɬɢɦɢ ɦɟɬɨɞɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ
ɷɤɫɬɪɚɤɰɢɢ ɩɨɡɜɨɥɹɟɬ, ɧɚɩɪɢɦɟɪ, ɛɨɥɟɟ ɱɟɦ ɜ 2 ɪɚɡɚ ɫɧɢɡɢɬɶ ɡɚɬɪɚɬɵ
ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ ɚɞɫɨɪɛɟɧɬɚ ɜ ɩɪɨɰɟɫɫɚɯ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ ɩɟɫɬɢɰɢɞɨɜ ɨɬ ɬɚɤɢɯ ɡɚɝɪɹɡɧɢɬɟɥɟɣ, ɤɚɤ ɚɬɪɚɡɢɧ, ɞɢɧɢɬɪɨɛɭ-
ɬɢɥɮɟɧɨɥ, ɚɥɚɯɥɨɪ ɢ ɞɪɭɝɢɯ [25]. ȼɟɫɶɦɚ ɫɭɳɟɫɬɜɟɧɧɵɦ ɩɪɟɢɦɭɳɟɫɬ-
ɜɨɦ ɩɪɢɦɟɧɟɧɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɷɤɫɬɪɚɤɰɢɢ ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɬɨ, ɱɬɨ
ɦɧɨɝɨɤɪɚɬɧɨ ɭɞɥɢɧɹɟɬɫɹ ɫɪɨɤ ɫɥɭɠɛɵ ɚɞɫɨɪɛɟɧɬɚ, ɩɨɫɤɨɥɶɤɭ ɨɧ ɧɟ ɬɟ-
ɪɹɟɬ ɡɚɦɟɬɧɨ ɫɜɨɢɯ ɫɜɨɣɫɬɜ ɞɚɠɟ ɩɨɫɥɟ ɦɧɨɝɢɯ ɰɢɤɥɨɜ ɪɟɝɟɧɟɪɚɰɢɢ. 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɜ ɩɪɨ-
ɰɟɫɫɟ ɪɟɝɟɧɟɪɚɰɢɢ ɚɞɫɨɪɛɟɧɬɨɜ ɧɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɤɚɤɢɯ-ɥɢɛɨ ɮɚɡɨɜɵɯ
ɩɟɪɟɯɨɞɨɜ ɭ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɩɨɷɬɨɦɭ ɬɪɟɛɭɟɬ ɦɢɧɢɦɚɥɶɧɵɯ ɡɚɬɪɚɬ
ɷɧɟɪɝɢɢ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨ-

ɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɚɞɫɨɪɛɚɬɚ, ɟɫɥɢ ɜ ɷɬɨɦ ɫɭɳɟɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ. 
ȼɵɪɚɛɚɬɵɜɚɟɦɵɟ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɦɚɫɲɬɚɛɚɯ ɩɨɥɢɦɟɪɧɵɟ ɚɞ-

ɫɨɪɛɟɧɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɜɺɪɞɵɟ, ɧɟɪɚɫɬɜɨɪɢɦɵɟ, ɫ ɜɵɫɨɤɨɣ
ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɨɪɢɫɬɵɟ ɩɨɥɢɦɟɪɵ ɢ ɫɨɩɨɥɢɦɟɪɵ ɫɬɢɪɨɥɚ ɢ
ɞɢɜɢɧɢɥɛɟɧɡɨɥɚ ɢɥɢ ɩɨɥɢɦɟɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɚɤɪɢɥɨɜɵɟ ɷɮɢɪɵ; ɬɪɢ-

ɦɟɬɢɥɩɪɨɩɚɧ ɬɪɢɦɟɬɚɤɪɢɥɚɬ; ɬɪɢɦɟɬɢɥɩɪɨɩɚɧ ɞɢɦɟɬɚɤɪɢɥɚɬ.  
ɇɚɩɪɢɦɟɪ [310], ɫ ɩɨɦɨɳɶɸ ɩɨɥɢɫɬɢɪɨɥɨɜɵɯ ɚɞɫɨɪɛɟɧɬɨɜ ɦɚɪɨɤ

ɏȺȾ-2 ɢ ɏȺȾ-4 ɫ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵɣ
330 ɦ2/ɝ ɢ 750 ɦ2/ɝ; ɫɪɟɞɧɢɦ ɞɢɚɦɟɬɪɨɦ ɩɨɪ 90

o

A  ɢ 50
o

A ; ɫɤɟɥɟɬɧɨɣ 

ɩɥɨɬɧɨɫɬɶɸ 1,08 ɝ/ɫɦ3 ɢ 1,09 ɝ/ɫɦ3 ɭɫɩɟɲɧɨ ɢɡ ɜɨɞɧɵɯ ɩɨɬɨɤɨɜ ɦɨɝɭɬ
ɛɵɬɶ ɭɞɚɥɟɧɵ: ɫɩɢɪɬɵ (ɝɟɤɫɢɥɨɜɵɣ; 2-ɷɬɢɥɝɟɤɫɚɧɨɥ; 2-ɨɤɬɚɧɨɥ; ɞɟɰɢ-

ɥɨɜɵɣ; ɞɨɞɟɰɢɥɨɜɵɣ; ɛɟɧɡɢɥɨɜɵɣ; 2-ɮɟɧɨɤɫɢɷɬɚɧɨɥ), ɚɥɶɞɟɝɢɞɵ ɢ
ɤɟɬɨɧɵ (2,6-ɞɢɦɟɬɢɥ-4-ɝɟɩɬɚɧɨɧ; 2-ɭɧɞɟɤɚɧɨɧ; ɚɰɟɬɨɮɟɧɨɧ; ɛɟɧɡɨɮɟ-
ɧɨɧ; ɛɟɧɡɢɥ; ɛɟɧɡɚɥɶɞɟɝɢɞ; ɫɚɥɢɰɢɥɚɥɶɞɟɝɢɞ), ɫɥɨɠɧɵɟ ɷɮɢɪɵ (ɛɟɧ-

3.12. ɊȿȽȿɇȿɊȺɐɂə ɉɈɅɂɆȿɊɇɕɏ ȺȾɋɈɊȻȿɇɌɈȼ 
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ɡɢɥ ɚɰɟɬɚɬ; ɞɢɦɟɬɨɤɫɢɷɬɢɥ ɮɬɚɥɚɬ; ɞɢɦɟɬɢɥ ɮɬɚɥɚɬ; ɞɢɷɬɢɥ ɮɬɚɥɚɬ; 
ɞɢɛɭɬɢɥ ɮɬɚɥɚɬ; ɞɢ-2-ɷɬɢɥɝɟɤɫɢɥ ɮɬɚɥɚɬ; ɞɢɷɬɢɥ ɮɭɦɚɪɚɬ; ɞɢɛɭɬɢɥ
ɮɭɦɚɪɚɬ; ɞɢ-2-ɷɬɢɥɝɟɤɫɢɥ ɮɭɦɚɪɚɬ; ɞɢɷɬɢɥ ɦɚɥɨɧɚɬ; ɦɟɬɢɥ ɛɟɧɡɨɚɬ; 
ɦɟɬɢɥ ɞɟɤɚɧɨɚɬ; ɦɟɬɢɥ ɨɤɬɚɧɨɚɬ; ɦɟɬɢɥ ɩɚɥɶɦɢɬɚɬ; ɦɟɬɢɥ ɫɚɥɢɰɢɥɚɬ; 
ɦɟɬɢɥ ɦɟɬɚɤɪɢɥɚɬ), ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ (ɧɚɮɬɚɥɢɧ; 2-

ɦɟɬɢɥɧɚɮɬɚɥɢɧ; 1-ɦɟɬɢɥɧɚɮɬɚɥɢɧ; ɛɢɮɟɧɢɥ; ɩɥɸɨɪɟɧ; ɚɧɬɪɚɰɟɧ; ɚɰɟ-
ɧɚɮɬɟɧ; ɬɟɬɪɚɝɢɞɪɨɧɚɮɬɚɥɢɧ), ɚɥɤɢɥɛɟɧɡɨɥɵ (ɷɬɢɥɛɟɧɡɨɥ; ɤɭɦɨɥ; Ɋ-

ɤɭɦɨɥ), ɤɢɫɥɨɬɵ (ɨɤɬɚɧɨɜɚɹ; ɞɟɤɚɧɨɜɚɹ; ɩɚɥɶɦɟɬɢɧɨɜɚɹ; ɨɥɟɢɧɨɜɚɹ; 
ɛɟɧɡɨɣɧɚɹ), ɮɟɧɨɥɵ (ɮɟɧɨɥ; ɨ-ɤɪɟɡɨɥ; 3,5-ɤɫɢɥɟɧɨɥ; ɨ-ɯɥɨɪɮɟɧɨɥ; ɪ-
ɯɥɨɪɮɟɧɨɥ; 2,4,6- ɬɪɢɯɥɨɪɮɟɧɨɥ; 1-ɧɚɮɬɨɥ), ɷɮɢɪɵ (ɝɟɤɫɢɥɨɜɵɣ; ɛɟɧ-

ɡɢɥɨɜɵɣ; ɚɧɢɡɨɥɨɜɵɣ; 2-ɦɟɬɨɤɫɢɧɚɮɬɚɥɢɧ; ɮɟɧɢɥ), ɝɚɥɨɝɟɧɨɫɨɞɟɪ-
ɠɚɳɢɟ ɫɨɟɞɢɧɟɧɢɹ (ɛɟɧɡɢɥ ɯɥɨɪɢɞ; ɯɥɨɪɛɟɧɡɨɥ; ɢɨɞɨɛɟɧɡɨɥ; ɨ-
ɞɢɯɥɨɪɛɟɧɡɨɥ; ɬ-ɞɢɯɥɨɪɛɟɧɡɨɥ; 1,2,4,5-ɬɟɬɪɚɯɥɨɪɛɟɧɡɨɥ;  -ɨ-
ɯɥɨɪɬɨɥɭɨɥ; 1,2,4- ɬɪɢɯɥɨɪɬɨɥɭɨɥ), ɧɢɬɪɨɫɨɟɞɢɧɟɧɢɹ (ɝɟɤɫɚɞɟɰɢɥɚ-
ɦɢɧ; ɧɢɬɪɨɛɟɧɡɨɥ; ɢɧɞɨɥ; ɨ-ɧɢɬɪɨɬɨɥɭɨɥ; N-ɦɟɬɢɥɚɧɢɥɢɧ; ɛɟɧɡɨɬɢɚ-
ɡɨɥ; ɤɢɧɨɥɢɧ; ɢɡɨɤɢɧɨɥɢɧ; ɛɟɧɡɨɤɫɚɡɨɥ). 

Ʉ ɩɪɢɦɟɪɭ [310], ɩɪɢ ɪɚɫɯɨɞɟ ɜɨɞɵ ɜ 4 ɦ3/ɱɚɫ ɱɟɪɟɡ 1 ɦ3 ɩɨɥɢɫɬɢ-

ɪɨɥɶɧɨɝɨ ɚɞɫɨɪɛɟɧɬɚ (ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɨɛɴɺɦ ɩɨɪ ɪɚɜɟɧ 51 %; ɫɤɟɥɟɬ-
ɧɚɹ ɩɥɨɬɧɨɫɬɶ ɪɚɜɧɚ 1,08 ɝ/ɫɦ3; ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɩɨɪ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 

50
o

A  ɢ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɜɧɚ 780 ɦ2/ɝ) ɚɞɫɨɪɛɢɪɭɟɬɫɹ ɩɪɢɦɟɪɧɨ
12,5 ɤɝ/ɦ3 ɮɟɧɨɥɚ ɫ ɧɭɥɟɜɵɦ ɩɪɨɰɟɧɬɨɦ ɭɬɟɱɤɢ ɩɪɢ ɧɚɱɚɥɶɧɨɣ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɮɟɧɨɥɚ ɜ ɜɨɞɟ 250 ɪɪm. ɗɬɨɬ ɠɟ ɚɞɫɨɪɛɟɧɬ ɚɞɫɨɪɛɢɪɭɟɬ
ɛɨɥɟɟ 190 ɤɝ/ɦ3 2,4,6-ɬɪɢɯɥɨɪɮɟɧɨɥɚ ɫ ɧɭɥɟɜɵɦ ɩɪɨɰɟɧɬɨɦ ɭɬɟɱɤɢ
ɩɪɢ ɷɬɨɦ ɠɟ ɪɚɫɯɨɞɟ ɜɨɞɵ.  

ɋɯɟɦɚ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɪɟɝɟɧɟɪɚɰɢɢ ɜɵɲɟɩɪɢɜɟɞɺɧɧɨɝɨ ɚɞ-

ɫɨɪɛɟɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.30 [310].  

ɉɪɨɰɟɫɫ ɪɟɝɟɧɟɪɚɰɢɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ 35 °ɋ ɢ ɞɚɜɥɟɧɢɢ, ɨɩɪɟɞɟɥɹɟɦɨɦ ɬɢɩɨɦ ɚɞɫɨɪ-
ɛɟɧɬɚ ɢ ɞɨɫɬɢɝɚɸɳɟɦ 30 Ɇɉɚ ɜ ɫɥɭɱɚɟ ɭɞɚɥɟɧɢɹ ɮɟɧɨɥɚ. ɗɬɚɩ ɫɟɩɚ-
ɪɚɰɢɢ ɪɟɚɥɢɡɭɟɬɫɹ ɱɟɪɟɡ ɩɨɧɢɠɟɧɢɟ ɞɚɜɥɟɧɢɹ ɞɨ 6,0 ÷ 8,0 Ɇɉɚ ɢɥɢ
ɠɟ ɭɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 45 °ɋ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɞɫɨɪɛɟɧɬ ɜ
ɩɪɨɰɟɫɫɟ ɪɟɝɟɧɟɪɚɰɢɢ ɧɟ ɩɨɞɜɟɪɝɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɬɟɩɥɨɜɨɦɭ ɢɥɢ
ɯɢɦɢɱɟɫɤɨɦɭ ɜɨɡɞɟɣɫɬɜɢɹɦ, ɫɧɢɠɚɸɳɢɦ ɟɝɨ ɚɤɬɢɜɧɨɫɬɶ ɢ ɩɪɨɢɡɜɨ-
ɞɢɬɟɥɶɧɨɫɬɶ. 
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ɐɟɥɥɸɥɨɡɚ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɢ ɲɢ-

ɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɪɚɫɬɢɬɟɥɶɧɨɦ ɦɢɪɟ. ɇɚɢɛɨɥɟɟ ɰɟɧ-

ɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɰɟɥɥɸɥɨɡɵ ɹɜɥɹɟɬɫɹ ɜɨɥɨɤɧɨ ɯɥɨɩ-

ɱɚɬɧɢɤɚ, ɜ ɤɨɬɨɪɨɦ ɫɨɞɟɪɠɢɬɫɹ ɞɨ  97 ÷ 98 %  ɱɢɫɬɨɣ  ɰɟɥɥɸɥɨɡɵ.  ȼ  

ɞɪɟɜɟɫɢɧɟ  ɪɚɡɥɢɱɧɵɯ  ɩɨɪɨɞ  ɰɟɥɥɸɥɨɡɵ ɫɨɞɟɪɠɢɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ 
ɦɟɧɶɲɟ 45 ÷ 55 %, ɨɫɬɚɥɶɧɭɸ ɱɚɫɬɶ ɫɨɫɬɚɜɥɹɸɬ ɥɢɝɧɢɧ, ɝɟɦɢɰɟɥɥɸ-

ɥɨɡɚ, ɦɢɧɟɪɚɥɶɧɵɟ ɫɨɥɢ ɢ ɞɪɭɝɢɟ. ɋɨɫɬɚɜ ɢ ɫɨɞɟɪɠɚɧɢɟ ɰɟɥɥɸɥɨɡɵ ɜ
ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɚɯ ɞɚɠɟ ɨɞɧɨɝɨ ɬɢɩɚ ɦɨɝɭɬ ɢɡɦɟɧɹɬɫɹ ɜ ɲɢɪɨ-
ɤɢɯ ɩɪɟɞɟɥɚɯ. ɇɚɩɪɢɦɟɪ [323], ɫɨɫɬɚɜ ɯɥɨɩɤɨɜɨɝɨ ɜɨɥɨɤɧɚ ɪɟɡɤɨ ɢɡ-
ɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɝɨ ɡɪɟɥɨɫɬɢ: 97,9 %; 77,9 %; 46,2 %. 

Ɋɢɫ. 3.30. ɋɯɟɦɚ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɪɟɝɟɧɟɪɚɰɢɢ ɩɨɥɢɦɟɪɧɨɝɨ ɚɞɫɨɪɛɟɧɬɚ ɜ
ɫɢɫɬɟɦɟ ɨɱɢɫɬɤɢ ɫɬɨɱɧɨɣ ɜɨɞɵ, ɝɞɟ 72-ɩɨɞɜɨɞ ɫɬɨɱɧɨɣ ɜɨɞɵ; 70 ɢ 71-

ɩɨɨɱɟɪɺɞɧɨ ɪɚɛɨɬɚɸɳɢɟ ɚɞɫɨɪɛɰɢɨɧɧɵɟ ɤɨɥɨɧɧɵ; 75 ɢ 78-ɨɬɜɨɞ ɨɱɢɳɟɧɧɨɣ
ɜɨɞɵ; 84-ɪɟɡɟɪɜɭɚɪ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɚɞɫɨɪɛɟɧɬɚ; 10-ɞɟɫɨɪɛɰɢɨɧɧɚɹ ɤɨɥɨɧɧɚ; 15-

ɩɨɞɚɱɚ ɝɨɪɹɱɟɝɨ ɜɨɡɞɭɯɚ ɞɥɹ ɭɞɚɥɟɧɢɹ ɨɫɬɚɬɨɱɧɨɣ ɜɥɚɝɢ; 21-ɩɨɞɚɱɚ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɨɣ ɞɜɭɨɤɢɫɢ ɭɝɥɟɪɨɞɚ; 85-ɪɟɡɟɪɜɭɚɪ ɯɪɚɧɟɧɢɹ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɚɞɫɨɪ-
ɛɟɧɬɚ; 25-ɪɚɫɲɢɪɢɬɟɥɶ; 26,38-ɬɟɩɥɨɨɛɦɟɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ; 29-ɫɟɩɚɪɚɬɨɪ; 35-

ɤɨɦɩɪɟɫɫɨɪ; 20-ɪɟɫɫɢɜɟɪ ɋɈ2. 

3.13. ɉȿɊȿȻɈɌɄȺ ɐȿɅɅɘɅɈɁɕ ɂ ȿȬ ɉɊɈɂɁȼɈȾɇɕɏ
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ɉɨ ɫɨɜɪɟɦɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ [324, 325] ɰɟɥɥɸɥɨɡɚ ɹɜɥɹɟɬɫɹ 
ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɦ ɩɨɥɢɦɟɪɧɵɦ ɜɟɳɟɫɬɜɨɦ. Ɇɨɥɟɤɭɥɚ ɩɪɢɪɨɞɧɨɣ 

ɰɟɥɥɸɥɨɡɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɥɢɧɟɣɧɭɸ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɭɸ ɰɟɩɶ, 
ɩɨɫɬɪɨɟɧɧɭɸ ɢɡ ɨɫɬɚɬɤɨɜ Ⱦ-ɝɥɸɤɨɩɢɪɚɧɨɡɵ. ɋɬɟɩɟɧɶ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 

ɞɥɹ ɯɥɨɩɤɨɜɨɣ ɰɟɥɥɸɥɨɡɵ ɢ ɜɵɞɟɥɟɧɧɨɣ ɢɡ ɥɭɛɹɧɵɯ ɜɨɥɨɤɨɧ ɪɚɜɧɚ 
10000 ÷ 12000; ɞɪɟɜɟɫɧɨɣ ɰɟɥɥɸɥɨɡɵ- 300 ÷ 500. ɉɪɢ ɷɬɨɦ ɰɟɥɥɸɥɨɡɭ 
ɨɬɥɢɱɚɟɬ ɡɧɚɱɢɬɟɥɶɧɚɹ ɩɨɥɢɦɨɥɟɤɭɥɹɪɧɨɫɬɶ.  

Ȼɨɥɶɲɨɟ ɱɢɫɥɨ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ, ɢɦɟɸɳɢɯ ɦɟɫɬɨ ɦɟɠɞɭ ɫɨ-
ɫɟɞɧɢɦɢ ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɵɦɢ ɰɟɩɹɦɢ, ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɤɪɢɫɬɚɥ-
ɥɢɱɧɨɫɬɢ ɰɟɥɥɸɥɨɡɵ (ɫɬɟɩɟɧɶ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɯɥɨɩɤɨɜɨɣ ɰɟɥɥɸɥɨ-
ɡɵ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 70 %; ɞɪɟɜɟɫɧɨɣ 60 %; ɩɟɪɟɨɫɚɠɞɟɧɧɨɣ 40 ÷ 

45 % [325]), ɤɨɬɨɪɚɹ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɝɪɚɧɢɱɢɜɚɟɬ ɞɨɫɬɭɩ ɯɢɦɢɱɟ-
ɫɤɢɦ ɫɨɟɞɢɧɟɧɢɹɦ ɜ ɟɺ ɫɬɪɭɤɬɭɪɭ, ɨɩɪɟɞɟɥɹɹ ɬɟɦ ɫɚɦɵɦ ɫɥɚɛɭɸ ɪɟ-
ɚɤɰɢɨɧɧɨɫɬɶ ɢ ɜ ɱɚɫɬɧɨɫɬɢ, ɧɟɪɚɫɬɜɨɪɢɦɨɫɬɶ ɰɟɥɥɸɥɨɡɵ ɜ ɜɨɞɟ, ɪɚɡ-
ɛɚɜɥɟɧɧɵɯ ɤɢɫɥɨɬɚɯ ɢ ɳɟɥɨɱɚɯ, ɚ ɬɚɤɠɟ ɜ ɨɛɵɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɪɚɫɬɜɨɪɢɬɟɥɹɯ. ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ  ɪɟɚɥɢɡɭɸɬɫɹ ɥɢɲɶ ɦɟɞɧɨ-
ɚɦɦɢɚɱɧɵɟ ɪɚɫɬɜɨɪɵ ɰɟɥɥɸɥɨɡɵ ɜ ɰɟɥɹɯ ɩɨɥɭɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟ-
ɝɨ ɜɨɥɨɤɧɚ. 

ɉɨɷɬɨɦɭ ɧɟɭɞɢɜɢɬɟɥɶɧɨ, ɱɬɨ ɭɫɢɥɟɧɢɟ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɰɟɥɥɸɥɨɡɵ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɫɬɚɥɢ ɢɫɤɚɬɶ ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜ 
ɧɚɩɪɚɜɥɟɧɢɢ ɪɚɡɪɭɲɟɧɢɹ ɟɺ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ. ȼ ɱɚɫɬɧɨ-
ɫɬɢ, ɜ ɪɚɛɨɬɚɯ [326] ɢ [327] ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɦɟɬɨɞɢ-

ɤɚ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ «ɜɡɪɵɜɨɜ» ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ ɜɨɞɹɧɵɦ ɩɚɪɨɦ, ɜ ɞɪɭ-
ɝɨɦ ɚɦɦɢɚɤɨɦ. Ɉɞɧɚɤɨ ɡɚɦɟɬɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɭɜɟɥɢɱɟɧɢɢ ɪɟɚɤɰɢ-

ɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɰɟɥɥɸɥɨɡɵ ɭɞɚɥɨɫɶ ɞɨɫɬɢɝɧɭɬɶ ɥɢɲɶ ɩɪɢ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɩɪɨɰɟɫɫɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ 
ɭɝɥɟɪɨɞɚ [328].  

Ɍɨɬ ɠɟ ɦɟɬɨɞ ɢ ɬɚ ɠɟ ɫɪɟɞɚ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ «ɜɡɪɵɜɚ» ɛɵɥɢ ɢɫ-
ɩɨɥɶɡɨɜɚɧɵ ɜ ɪɚɛɨɬɟ [329]. Ɉɫɬɚɧɨɜɢɦɫɹ ɧɚ ɧɟɤɨɬɨɪɵɯ ɟɺ ɩɨɞɪɨɛɧɨ-
ɫɬɹɯ. Ɉɛɴɟɤɬɨɦ ɢɡɭɱɟɧɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɹɜɢɥɢɫɶ ɨɛɪɚɡɰɵ ɱɢɫɬɨɣ, ɦɟɪ-
ɫɟɪɢɡɨɜɚɧɧɨɣ ɢ ɨɦɵɥɺɧɧɨɣ ɚɦɦɢɚɤɨɦ ɰɟɥɥɸɥɨɡɵ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ 
ɰɟɥɥɸɥɨɡɚ ɩɨɦɟɳɚɥɚɫɶ ɜ ɫɨɫɭɞ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɝɞɟ ɜ ɤɚɠɞɨɦ ɤɨɧ-

ɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɮɨɪɦɢɪɨɜɚɥɚɫɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ (Ɋ, Ɍ) ɫɪɟɞɚ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ. ȼ ɨɩɪɟɞɟɥɺɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, 

ɢɦɟɜɲɚɹ ɞɨ ɷɬɨɝɨ ɦɟɫɬɨ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 10 ɦɢɧɭɬ ɩɪɨɰɟɞɭɪɚ ɩɟɪɟɦɟ-
ɲɢɜɚɧɢɹ ɫɨɞɟɪɠɢɦɨɝɨ ɫɨɫɭɞɚ, ɞɨɩɨɥɧɹɥɚɫɶ ɪɟɡɤɢɦ ɫɛɪɨɫɨɦ ɞɚɜɥɟɧɢɹ 
(«ɜɡɪɵɜ»). Ⱥɧɚɥɢɡ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɜ ɨɛɪɚɡɰɚɯ ɰɟɥɥɸɥɨɡɵ 
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ɛɵɥ ɩɪɨɜɟɞɟɧ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɢɡɭɱɟɧɢɹ ɢɯ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɨɛɪɚɡ-
ɰɚ, ɤɪɚɬɧɨɫɬɢ «ɜɡɪɵɜɨɜ» ɢ ɩɥɨɬɧɨɫɬɢ ɨɤɪɭɠɚɸɳɟɣ ɰɟɥɥɸɥɨɡɭ ɫɪɟɞɵ. 

ȼ ɢɬɨɝɟ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɱɢɫɬɚɹ α-ɰɟɥɥɸɥɨɡɚ ɧɟ ɬɟɪɹɟɬ ɫɜɨɢ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɩɢɤɢ (ɞɢɚɝɪɚɦɦɚ ɏRD-ɚɧɚɥɢɡɚ) ɞɚɠɟ ɩɨɫɥɟ ɬɪɺɯ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɵɯ «ɜɡɪɵɜɨɜ». ɉɪɢ ɷɬɨɦ «ɜɡɪɵɜɵ» ɦɟɪɫɟɪɢɡɨɜɚɧɧɨɣ ɰɟɥ-
ɥɸɥɨɡɵ ɩɪɢɜɟɥɢ ɤ ɡɚɦɟɬɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɩɢɤɨɜ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ. 

Ⱥɜɬɨɪɵ ɨɬɦɟɱɚɸɬ, ɱɬɨ ɹɜɧɵɦ ɨɛɪɚɡɨɦ ɦɨɠɧɨ ɛɵɥɨ ɧɚɛɥɸɞɚɬɶ ɩɨɫɬɟ-
ɩɟɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨ ɦɟɪɟ ɨɫɭɳɟɫɬɜɥɟ-
ɧɢɹ ɨɱɟɪɟɞɧɨɝɨ «ɜɡɪɵɜɚ» ɧɚ ɬɨɦ ɠɟ ɫɚɦɨɦ ɨɛɪɚɡɰɟ. Ɉɬɦɟɱɚɥɨɫɶ ɢ ɬɨ, 
ɱɬɨ ɜ ɫɥɭɱɚɟ ɨɦɵɥɟɧɧɨɣ ɰɟɥɥɸɥɨɡɵ ɷɮɮɟɤɬ ɛɵɥ ɟɳɟ ɛɨɥɟɟ ɫɢɥɶɧɵɦ. 

ɗɮɮɟɤɬ ɩɥɨɬɧɨɫɬɢ ɫɪɟɞɵ ɧɟ ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɫ ɩɨɦɨɳɶɸ ɏRD-ɚɧɚɥɢɡɚ, 
ɛɵɥ ɨɱɟɜɢɞɧɵɦ ɩɪɢ ɢɡɭɱɟɧɢɢ ɨɛɪɚɡɰɨɜ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤ-
ɪɨɫɤɨɩɚ ɫ 2000 ɤɪɚɬɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ. Ⱥ ɢɦɟɧɧɨ: ɧɢɡɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɢ ɜɵɫɨɤɢɟ ɞɚɜɥɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɢ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ, ɫɨɩɭɬɫɬɜɭɸɬ ɛɨɥɶɲɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

«ɜɡɪɵɜɚ» ɜ ɰɟɥɹɯ ɞɟɫɬɪɭɤɰɢɢ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ.  

ɉɪɢ ɭɱɟɬɟ ɬɨɝɨ ɮɚɤɬɚ, ɱɬɨ ɰɟɥɥɸɥɨɡɨɫɨɞɟɪɠɚɳɢɟ ɩɪɢɪɨɞɧɵɟ ɦɚ-
ɬɟɪɢɚɥɵ ɫɨɞɟɪɠɚɬ ɢ ɢɧɵɟ ɧɟ ɦɟɧɟɟ ɜɚɠɧɵɟ ɩɨɥɢɦɟɪɧɵɟ (ɥɢɝɧɢɧ, ɝɟ-
ɦɢɰɟɥɥɸɥɨɡɚ), ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɢ 

ɜɟɳɟɫɬɜɚ, ɹɜɥɹɸɳɢɟɫɹ ɧɟɢɫɬɨɳɢɦɵɦ ɢɫɬɨɱɧɢɤɨɦ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨ-
ɞɭɤɬɨɜ ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɬɨɝɨ, ɱɬɨ ɜɵɞɟɥɟɧɢɹ ɩɨɫɥɟɞɧɢɯ 
ɩɨ ɫɭɳɟɫɬɜɭ ɩɪɟɞɫɬɚɜɥɹɟɬ ɲɢɪɨɤɨɪɚɫɩɪɚɫɬɪɚɧɟɧɧɵɣ ɩɪɨɰɟɫɫ ɤɨɧ-

ɰɟɧɬɪɢɪɨɜɚɧɢɹ ɰɟɥɥɸɥɨɡɵ ɜ ɢɫɯɨɞɧɨɦ ɦɚɬɟɪɢɚɥɟ, ɫɬɚɧɨɜɢɬɫɹ ɩɨɧɹɬ-
ɧɵɦ ɩɨɜɵɲɟɧɧɨɟ ɜɧɢɦɚɧɢɟ ɢ ɤ ɷɬɨɦɭ ɩɪɨɰɟɫɫɭ ɬɨɠɟ. 

Ɍɪɚɞɢɰɢɨɧɧɵɣ ɜɚɪɢɚɧɬ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ, ɫɜɹɡɚɧɧɵɣ ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟɦ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ (ɷɬɚɧɨɥ, ɮɟɧɨɥ, ɭɤɫɭɫɧɚɹ ɤɢɫɥɨɬɚ ɢ 

ɞɪɭɝɢɟ), ɨɬɥɢɱɚɟɬ ɝɪɨɦɨɡɞɤɨɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɜ 
ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɩɪɨɦɵɜɤɢ ɩɭɥɶɩɵ), ɚ ɬɚɤɠɟ ɫɭɳɟɫɬɜɟɧɧɚɹ ɷɧɟɪɝɨɡɚ-
ɬɪɚɬɧɨɫɬɶ ɫɢɫɬɟɦɵ ɪɟɝɟɧɟɪɚɰɢɢ ɜɵɲɟɨɬɦɟɱɟɧɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. 

ɉɟɪɟɱɢɫɥɟɧɧɨɟ ɢ ɜ ɷɬɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɹɜɢɥɨɫɶ ɩɪɢɱɢɧɨɣ ɢɡɭɱɟ-
ɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɩɨɫɪɟɞɫɬɜɚɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ. Ɉɩɟɪɟɠɚɹ ɩɪɟɞɩɨɥɚɝɚɟɦɵɣ ɚɧɚɥɢɡ ɩɨɤɚ-
ɡɚɬɟɥɟɣ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ [327÷337] ɦɨɠɧɨ ɡɚɪɚɧɟɟ 
ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ ɮɚɤɬ ɞɨɫɬɢɠɟɧɢɹ ɩɨɡɢɬɢɜɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ.  

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫ-
ɬɪɚɝɢɪɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɟɥɨɜɨɣ ɞɪɟɜɟɫɢɧɵ ɚɰɟɬɨ-
ɧɨɦ, ɬɟɬɪɚɝɢɞɪɨɮɭɪɚɧɨɦ, ɞɢɨɤɫɚɧɨɦ ɢ ɬɨɥɭɨɥɨɦ [331] ɛɵɥɨ ɨɬɦɟɱɟ-
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ɧɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ ɠɢɞɤɨɝɨ ɩɪɨɞɭɤɬɚ ɢɦɟɥ ɦɟɫɬɨ ɜ ɫɥɭɱɚɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɚɧɚ (tɤɪ = 314,0 °C; Ɋɤɪ = 52,0 

ɛɚɪ).  
Ȼɨɥɟɟ ɞɟɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɛɵɥɨ ɩɪɟɞ-

ɩɪɢɧɹɬɨ ɜ ɪɚɛɨɬɟ [330] ɨɛɴɟɤɬɨɦ ɢɡɭɱɟɧɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɹɜɥɹɥɚɫɶ 
ɞɪɟɜɟɫɢɧɚ ɷɜɤɚɥɢɩɬɚ. ɉɪɨɰɟɫɫ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ 

ɫɦɟɫɢ ɋɈ2 - 1,4 ɞɢɨɤɫɚɧ ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ 
160 ÷ 180 °ɋ ɩɪɢ 17,0 Ɇɉɚ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɜɪɟɦɟɧɢ, ɫɨɫɬɚɜɚ ɮɥɸɢɞɧɨɣ ɮɚɡɵ ɢ ɟɝɨ ɪɚɫɯɨɞɚ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɩɪɨɰɟɫɫɚ, ɚ ɬɚɤɠɟ ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɩɪɨɰɟɫɫɨɦ ɷɤɫɬɪɚ-
ɝɢɪɨɜɚɧɢɹ (ɫɨɥɶɜɨɥɢɡ) ɩɪɨɬɟɤɚɸɬ ɩɪɨɰɟɫɫɵ ɝɨɦɨɥɢɬɢɱɟɫɤɨɝɨ ɪɚɫɳɟ-
ɩɥɟɧɢɹ ɢ ɝɢɞɪɨɥɢɡɚ, ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ ɢɦɟɟɬ ɦɟɫɬɨ ɪɟɚɤɰɢɨɧɧɨ-
ɷɤɫɬɪɚɤɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ. 

Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 

ɞɢɚɩɚɡɨɧɟ ɨɤɚɡɚɥɚɫɶ ɞɨɫɬɚɬɨɱɧɨ ɫɥɚɛɨɣ. ɑɬɨ ɠɟ ɤɚɫɚɟɬɫɹ ɫɟɥɟɤɬɢɜɧɨ-
ɫɬɢ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ, ɬɨ ɨɧɚ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɚɜɚ ɮɥɸɢɞɧɨɣ ɮɚ-
ɡɵ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ ɫɦɟɫɢ ɧɚɛɥɸ-

ɞɚɥɨɫɶ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɟ ɜɩɥɨɬɶ ɞɨ ɩɨɥɧɨɝɨ (ɩɪɢ 45,5 % ɋɈ2) ɢɡɜɥɟ-
ɱɟɧɢɟ ɝɟɦɢɰɟɥɥɸɥɨɡɵ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɢɡɜɥɟɱɟɧɢɟ ɥɢɝɧɢɧɚ (ɞɨ 75,0 % 

ɨɬ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ) ɢɦɟɥɨ ɦɟɫɬɨ ɩɪɢ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ 
ɱɢɫɬɵɦ ɞɢɨɤɫɚɧɨɦ. ɉɪɢ ɷɬɨɦ ɢɡɜɥɟɱɟɧɢɟ ɰɟɥɥɸɥɨɡɵ ɨɫɬɚɜɚɥɨɫɶ ɩɪɢ-

ɦɟɪɧɨ ɩɨɫɬɨɹɧɧɵɦ ɢ ɫɨɫɬɚɜɥɹɥɨ ɩɨɪɹɞɤɚ 7 %. ɍɜɟɥɢɱɟɧɢɟ ɜɪɟɦɟɧɢ 

ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɦɭ ɢɡɜɥɟɱɟɧɢɸ ɝɟɦɢ-

ɰɟɥɥɸɥɨɡɵ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɥɢɝɧɢɧɨɦ). ɋɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɨɤɚɡɵɜɚɥ ɢ ɪɚɫɯɨɞ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ 

ɮɥɸɢɞɚ. 
ɇɚɩɨɦɧɢɦ, ɱɬɨ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɩɨɥɭɱɚɟɦɵɦ ɯɢɦɢɱɟɫɤɢɦ ɩɪɨɞɭɤ-

ɬɚɦ ɞɟɥɢɝɧɢɮɢɤɚɰɢɹ ɩɪɟɜɪɚɳɚɟɬ ɞɪɟɜɟɫɢɧɭ ɜ ɛɨɥɟɟ ɬɟɯɧɨɥɨɝɢɱɧɭɸ ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɟɪɟɪɚɛɨɬɤɢ ɢ ɤɨɧɟɱɧɵɯ ɡɚɞɚɱ ɜɨɥɨɤɧɢɫɬɭɸ ɦɚɫɫɭ. 

Ⱦɟɥɢɝɧɢɮɢɤɚɰɢɢ ɞɪɟɜɟɫɢɧɵ ɩɨɫɜɹɳɟɧɚ ɢ ɪɚɛɨɬɚ [332]. ȼ ɷɬɨɦ 

ɫɥɭɱɚɟ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɞɪɟɜɟɫɢɧɵ ɛɟɥɨɣ ɩɢɯɬɵ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɩɪɨɬɨɱɧɚɹ ɫɢɫɬɟɦɚ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɬɪɟɬɛɭɬɢɥɨɜɵɣ ɫɩɢɪɬ (tɤɪ = 

233,05 °ɋ; Ɋ = 3,97 Ɇɉɚ). Ⱦɪɟɜɟɫɢɧɚ ɜ ɷɬɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ  ɜ 
ɜɢɞɟ ɱɚɫɬɢɰ ɜ ɮɨɪɦɟ ɩɚɪɚɥɥɟɩɢɩɟɞɚ ɞɜɭɯ ɬɢɩɨɪɚɡɦɟɪɨɜ: 
0,47ɯ1,13ɯ3,64 ɦɦ ɢ 1,03ɯ1,96ɯ6,62 ɦɦ ɫ 29 % ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɧɢɯ 
ɥɢɝɧɢɧɚ. Ɋɟɚɥɢɡɚɰɢɹ ɪɟɚɤɰɢɨɧɧɨ-ɷɤɫɬɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢɦɟɥɚ ɦɟ-
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ɫɬɨ ɜ ɢɧɬɟɪɜɚɥɟ ɞɚɜɥɟɧɢɣ 4,17 ÷ 6,76 Ɇɉɚ ɢ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 
185,0 ÷ 275,0 °ɋ. 

Ⱥɜɬɨɪɚɦɢ ɪɚɛɨɬɵ ɨɫɭɳɟɫɬɜɥɟɧɨ ɬɚɤɠɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɵɲɟɨɬ-
ɦɟɱɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɯɢɦɢɱɟɫɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɥɢɝɧɢɧɚ ɜ ɤɨɬɨɪɨɦ 

ɜɟɞɭɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɪɚɡɥɢɱɧɵɯ ɮɟɧɨɥɶɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ (ɮɟɧɨɥɵ; 

ɦɟɬɢɥɮɟɧɨɥɵ; ɞɢɦɟɬɢɥɮɟɧɨɥɵ; ɝɢɞɪɨɤɫɢɥɮɟɧɨɥɵ ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɟ).  
ɋɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚ ɨɛɳɢɣ ɭɪɨɜɟɧɶ ɪɟɚɤɰɢɨɧ-

ɧɨ-ɷɤɫɬɪɚɤɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɟ ɫɬɨɥɶ ɜɵɪɚɠɟɧɚ, ɤɚɤ ɷɬɨ ɢɦɟɟɬ ɦɟɫɬɨ 
ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ. ɇɨ ɩɪɢ ɜɫɟɦ ɷɬɨɦ ɫ ɪɨɫɬɨɦ Ɋ ɢ Ɍ ɪɚɫɬɟɬ ɤɨɥɢɱɟɫɬɜɨ, 
ɢɡɜɥɟɱɟɧɧɨɝɨ ɥɢɝɧɢɧɚ (ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɨɜ). ȼɥɢɹɧɢɟ ɪɚɡɦɟɪɚ 
ɱɚɫɬɢɰ ɧɚ ɭɪɨɜɟɧɶ ɷɤɫɬɪɚɤɰɢɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. Ⱦɥɹ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ 
ɪɚɫɯɨɞɨɜ ɩɨɥɭɱɟɧ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɵɣ ɭɪɨɜɟɧɶ ɩɪɨɰɟɫɫɚ. 

Ɉɫɧɨɜɧɵɦɢ ɠɟ ɜɵɜɨɞɚɦɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɚɧɚɥɢɡɚ ɞɢɧɚɦɢɤɢ ɢɡ-
ɜɥɟɱɟɧɢɹ ɹɜɥɹɸɬɫɹ: 

1) ɩɨɥɧɚɹ ɫɤɨɪɨɫɬɶ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɡɚɜɢɫɢɬ ɢ ɭɩɪɚɜɥɹɟɬɫɹ ɪɟɚɤ-
ɰɢɟɣ ɪɚɡɥɨɠɟɧɢɹ (ɤɚɤ ɨɛɨɛɳɟɧɧɨɟ ɩɨɧɹɬɢɟ); 

2) ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɦɚɫɫɨɨɛɦɟɧɚ ɥɢɲɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ 
ɩɪɨɰɟɫɫ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɧɚɱɢɬɟɥɶɧɚɹ ɞɟɥɢɝɧɢɮɢɤɚɰɢɹ ɞɪɟɜɟɫɢɧɵ ɦɨɠɟɬ 
ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ ɩɨɫɪɟɞɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɷɬɢɯ ɰɟɥɟɣ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɨɝɨ ɪɟɚɤɰɢɨɧɧɨ-ɷɤɫɬɪɚɤɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɉɪɢ ɷɬɨɦ ɜɨ 
ɦɧɨɝɨɦ ɦɨɝɭɬ ɛɵɬɶ ɢɫɤɥɸɱɟɧɵ ɭɠɟ ɨɬɦɟɱɟɧɧɵɟ ɢ ɫɜɨɣɫɬɜɟɧɧɵɟ ɬɪɚ-
ɞɢɰɢɨɧɧɵɦ ɩɨɞɯɨɞɚɦ ɬɪɭɞɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɩɪɨɛɥɟɦɵ ɤɢɫɥɨɬɧɨɝɨ ɤɚɬɚ-
ɥɢɡɚɬɨɪɚ ɢ ɤɨɪɪɨɡɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɉɢɪɨɥɢɡ ɬɚɤɠɟ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɨɞɧɨɦɭ ɢɡ ɬɪɚɞɢɰɢɨɧɧɵɯ ɩɨɞɯɨ-
ɞɨɜ ɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ ɥɢɝɧɨɰɟɥɥɸɥɨɡɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɨɥɟɡɧɵɟ 
ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɞɭɤɬɵ ɢɥɢ ɠɢɞɤɢɟ ɬɨɩɥɢɜɚ. Ⱦɨɫɬɢɠɟɧɢɹ ɜ ɢɡɭɱɟɧɢɢ 

ɩɢɪɨɥɢɡɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɚɜɧɨ ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɜ ɪɚɛɨɬɚɯ 
[338, 339]. ɉɪɨɰɟɫɫ ɩɢɪɨɥɢɡɚ ɪɟɚɥɢɡɭɟɬɫɹ ɱɟɪɟɡ ɪɹɞ ɩɚɪɚɥɥɟɥɶɧɵɯ ɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɪɟɚɤɰɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɧɚ ɜɵɯɨɞɟ ɤɨɤɫɨɨɛɪɚ-
ɡɨɜɚɧɢɟ ɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɹɞɚ ɥɟɬɭɱɢɯ ɩɪɨɞɭɤɬɨɜ [340]. Ʉɨɤɫɨɨɛɪɚɡɨ-
ɜɚɧɢɟ ɫɧɢɠɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɩɨ ɥɟɬɭɱɢɦ ɩɪɨɞɭɤɬɚɦ ɢ 

ɭɯɭɞɲɚɟɬ ɬɟɩɥɨɨɛɦɟɧ [338]. ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ [340] 

ɫɢɬɭɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɭɥɭɱɲɟɧɚ, ɟɫɥɢ ɨɛɫɭɠɞɚɟɦɚɹ ɡɚɞɚɱɚ ɛɭɞɟɬ ɪɟ-
ɲɚɬɶɫɹ ɱɟɪɟɡ ɬɟɩɥɨɜɨɟ ɪɚɡɥɨɠɟɧɢɟ ɰɟɥɥɸɥɨɡɵ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ 

ɪɟɚɤɰɢɨɧɧɨ-ɷɤɫɬɪɚɤɰɢɨɧɧɨɦ ɩɪɨɰɟɫɫɟ. 
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ȼ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ, ɹɜɥɹɸɳɢɟɫɹ ɛɚɡɨɜɵɦɢ ɩɪɢ ɤɨɤɫɨɨɛɪɚɡɨɜɚ-
ɧɢɢ, ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɩɪɨɞɭɤɬɵ ɪɟɚɤɰɢɢ, ɛɥɚɝɨɞɚɪɹ  ɢɯ ɜɵɫɨɤɨɣ ɪɚɫ-
ɬɜɨɪɢɦɨɫɬɢ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɮɥɸɢɞɟ, ɦɨɝɭɬ ɛɵɬɶ ɢɡɜɥɟɱɟɧɵ ɧɚ 
ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɷɬɚɩɟ. ȼ ɪɚɛɨɬɚɯ [340, 335] ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɩɨ-
ɤɚɡɚɬɟɥɟɣ ɩɪɨɰɟɫɫɨɜ ɩɢɪɨɥɢɡɚ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ 
ɰɟɥɥɸɥɨɡɵ ɚɰɟɬɨɧɨɦ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɷɤɫɬɪɚɤɰɢ-

ɨɧɧɨɦ ɩɪɨɰɟɫɫɟ ɤɨɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɛɵɥɨ ɫɧɢɠɟɧɨ ɞɨ 2,0 %, ɬɨɝɞɚ ɤɚɤ 
ɜ ɩɪɨɰɟɫɫɟ ɩɢɪɨɥɢɡɚ ɜ ɚɬɦɨɫɮɟɪɟ ɚɡɨɬɚ ɢ ɜ ɭɫɥɨɜɢɹɯ ɜɚɤɭɭɦɚ ɮɨɪɦɢ-

ɪɨɜɚɥɨɫɶ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 34 % ɢ 18 % ɭɝɥɹ. ȼ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɪɟ-
ɚɤɰɢɨɧɧɨ-ɷɤɫɬɪɚɤɰɢɨɧɧɨɦ ɩɪɨɰɟɫɫɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɰɟɬɨɧɚ ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɚɧɝɢɞɪɢɞ ɝɥɸɤɨɡɵ ɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ, 
ɧɟɠɟɥɢ ɜ ɫɥɭɱɚɟ ɩɢɪɨɥɢɡɚ, ɝɥɸɤɨɡɚɧɵ. 

Ɉɫɬɚɧɨɜɢɦɫɹ ɩɨɞɪɨɛɧɟɟ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɢ [341], ɝɞɟ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɨɟ ɬɟɩɥɨɜɨɟ ɪɚɡɥɨɠɟɧɢɟ ɰɟɥɥɸɥɨɡɵ ɨɫɭɳɟɫɬɜɥɟɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟɦ ɭɠɟ ɢɡɜɟɫɬɧɨɝɨ ɧɚɦ ɬɪɟɬɛɭɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟ-
ɪɚɬɭɪ 220 ÷ 300 °ɋ ɩɪɢ 6,76 Ɇɉɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɬɨɱɧɵɣ ɪɟɚɤɬɨɪ ɫ 
ɩɨɫɬɨɹɧɧɵɦ ɪɚɫɯɨɞɨɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ (1,67ɯ10-7 ɦ3/ɫ) 
ɩɪɟɞɫɬɚɜɥɹɥ ɫɨɛɨɣ 0,45 ɦ ɞɥɢɧɵ ɧɟɪɠɚɜɟɸɳɭɸ ɬɪɭɛɭ ɫ ɜɧɭɬɪɟɧɧɢɦ 

ɞɢɚɦɟɬɪɨɦ 0,029 ɦ. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɢɡɜɥɟɱɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɰɟɥɥɸ-

ɥɨɡɵ ɧɟɩɪɟɪɵɜɧɨ ɤɨɧɬɪɨɥɢɪɨɜɚɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɩɨɬɨɱɧɨɝɨ ɫɩɟɤɬɪɨ-
ɮɨɬɨɦɟɬɪɚ. Ɉɛɪɚɡɰɵ ɰɟɥɥɸɥɨɡɵ ɩɪɟɞɫɬɚɜɥɹɥɢ ɫɨɛɨɣ ɞɪɟɜɟɫɧɭɸ 

ɩɭɥɶɩɭ, ɫɨɞɟɪɠɚɳɭɸ 96 % ɰɟɥɥɸɥɨɡɵ (ɥɢɝɧɢɧ ɢ ɝɟɦɢɰɟɥɥɸɥɨɡɚ ɛɵ-

ɥɢ ɢɡɜɥɟɱɟɧɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ) ɫɨ ɫɪɟɞɧɟɣ ɫɬɟɩɟɧɶɸ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 

ɪɚɜɧɨɣ 2630. Ɋɚɡɦɟɪ ɱɚɫɬɢɰɵ ɜ ɨɛɪɚɡɰɟ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧ ɩɨɜɟɪɯɧɨ-
ɫɬɶɸ ɜ 3 ɦɦ2 ɩɪɢ 1,5 ɦɦ ɬɨɥɳɢɧɟ. ɍɫɥɨɜɢɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɢ ɩɨɤɚɡɚ-
ɬɟɥɢ ɢɡɭɱɚɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.21. 

ɂɡ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɜɟɫɨɜɚɹ ɩɨɬɟɪɹ ɨɛɪɚɡɰɚ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟ-
ɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɩɪɢɜɟɞɟɧɧɨɣ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɦɟɧɶɲɢɯ 1,03 ɧɚɛɥɸɞɚɟɬɫɹ ɡɚɦɟɬɧɨɟ ɩɚɞɟɧɢɟ ɫɤɨɪɨɫɬɢ ɷɤɫ-
ɬɪɚɝɢɪɨɜɚɧɢɹ. Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɢ ɜ ɫɥɭɱɚɟ ɞɟ-
ɥɢɝɧɢɮɢɤɚɰɢɢ ɞɪɟɜɟɫɢɧɵ ɛɟɥɨɣ ɩɢɯɬɵ [332] ɩɨɥɧɚɹ ɫɤɨɪɨɫɬɶ ɷɤɫɬɪɚ-
ɝɢɪɨɜɚɧɢɹ ɡɚɜɢɫɢɬ ɢ ɭɩɪɚɜɥɹɟɬɫɹ ɪɟɚɤɰɢɟɣ ɪɚɡɥɨɠɟɧɢɹ. Ⱥ ɨɞɢɧɚɤɨ-
ɜɵɟ ɡɧɚɱɟɧɢɹ ɜɟɫɨɜɵɯ ɩɨɬɟɪɶ ɨɛɪɚɡɰɚ ɩɪɢ 300 °ɋ ɢ ɪɚɡɥɢɱɧɵɯ ɞɥɢ-

ɬɟɥɶɧɨɫɬɹɯ ɩɪɨɰɟɫɫɚ ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ ɩɪɨɢɡɨɲɥɨ ɩɨɥɧɨɟ ɢɡɜɥɟ-
ɱɟɧɢɟ ɩɪɨɢɡɜɨɞɧɵɯ ɰɟɥɥɸɥɨɡɵ. ɂɦɟɜɲɟɟ ɜ ɪɟɚɤɬɨɪɟ ɦɟɫɬɨ ɜ ɜɢɞɟ 
ɱɟɪɧɨɝɨ ɬɜɟɪɞɨɝɨ ɨɫɬɚɬɤɚ ɤɨɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɨɰɟɧɢɜɚɟɬɫɹ ɚɜɬɨɪɚɦɢ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ 20 %. 
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Ɍɚɛɥɢɰɚ 3.21. 
 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɚɤɰɢɨɧɧɨ-ɷɤɫɬɪɚɤɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ 
 

T, °C Tr m0 ,ɝ τ, ɦɢɧ ɯ, % 

220 0,97 0,1725 100 5,45 

240 1,01 0,1788 100 11,4 

250 1,03 0,1754 100 16,8 

275 1,08 0,1780 100 72,0 

285 1,08 0,1016 100 77,4 

285 1,10 0,0672 100 77,2 

300 1,13 0,0574 100 80,5 

300 1,13 0,0627 100 80,3 

 

ɉɪɢɦɟɱɚɧɢɟ: m0 – ɦɚɫɫɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɫɭɲɟɧɧɵɯ ɩɪɢ t = 95 °ɋ ɧɚ 
ɩɪɨɬɹɠɟɧɢɢ 24 ɱɚɫɨɜ ɨɛɪɚɡɰɨɜ; τ - ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ; ɯ – ɫɷɤɫɬɪɚɝɢɪɨɜɚɧ-

ɧɚɹ ɰɟɥɥɸɥɨɡɚ (ɜɟɫɨɜɚɹ ɩɨɬɟɪɹ ɨɛɪɚɡɰɚ). 
 

Ɋɚɧɟɟ [342, 343] ɞɥɹ ɩɪɨɰɟɫɫɚ ɩɢɪɨɥɢɡɚ ɰɟɥɥɸɥɨɡɵ ɜ ɭɫɥɨɜɢɹɯ 
ɜɚɤɭɭɦɚ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɫɥɟɞɭɸɳɚɹ ɫɯɟɦɚ ɪɟɚɤɰɢɢ: 

 

ɐɟɥɥɸɥɨɡɚ →  Ⱥɤɬɢɜɧɚɹ  →  ɥɟɬɭɱɢɟ ɤɨɦɩɨɧɟɧɬɵ  

 ɰɟɥɥɸɥɨɡɚ →  ɭɝɨɥɶ + ɝɚɡɵ (3.37)

 

ɝɞɟ ɩɨɞ ɥɟɬɭɱɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɩɨɧɢɦɚɥɢɫɶ ɭɠɟ ɜɵɲɟ ɨɬɦɟɱɟɧɧɵɟ 
ɚɧɝɢɞɪɢɞɵ ɝɥɸɤɨɡɵ. ɉɪɢ ɷɬɨɦ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɨɫɥɟɞɧɢɯ, ɚ ɬɚɤɠɟ 
ɤɨɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɨɬɧɨɫɢɥɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤ ɩɪɨɰɟɫɫɚɦ ɞɟɩɨɥɢɦɟ-
ɪɢɡɚɰɢɢ ɢ ɞɟɝɢɞɪɚɬɚɰɢɢ. Ɋɟɚɤɰɢɨɧɧɵɣ ɲɚɝ ɨɬ ɰɟɥɥɸɥɨɡɵ ɤ ɚɤɬɢɜɧɨɣ 

ɰɟɥɥɸɥɨɡɟ ɨɛɴɹɫɧɹɥɫɹ ɫɧɢɠɟɧɢɟɦ ɫɬɟɩɟɧɢ ɩɨɥɢɦɟɪɟɡɚɰɢɢ ɰɟɥɥɸɥɨ-
ɡɵ (ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɞɨ 200) ɛɟɡ ɦɚɫɫɨɜɨɣ ɩɨɬɟɪɢ ɜ ɫɚɦɨɣ ɰɟɥɥɸɥɨɡɟ 
ɧɚ ɪɚɧɧɢɯ ɫɬɭɩɟɧɹɯ ɩɢɪɨɥɢɡɚ [339]. 

ȼ ɨɛɫɭɠɞɚɟɦɨɣ ɪɚɛɨɬɟ [341] ɧɚ ɨɫɧɨɜɟ ɩɨ ɫɭɳɟɫɬɜɭ ɩɨɞɬɜɟɪ-
ɠɞɟɧɧɨɝɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨɛ ɨɩɪɟɞɟɥɹɸɳɟɣ ɪɨɥɢ ɬɟɩɥɨɜɨɝɨ ɪɚɡɥɨ-
ɠɟɧɢɹ ɜ ɪɟɚɤɰɢɨɧɧɨ-ɷɤɫɬɪɚɤɰɢɨɧɧɨɦ ɩɪɨɰɟɫɫɟ ɩɪɟɞɥɨɠɟɧɚ ɬɪɟɯɪɟɚɤ-
ɬɢɜɧɚɹ ɦɨɞɟɥɶ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ: 

 

 ɚɤɬɢɜɧɚɹ  
ɰɟɥɥɸɥɨɡɚ 

→   ɩɪɨɢɡɜɨɞɧɵɟ  
       ɰɟɥɥɸɥɨɡɵ Ɋ  

       (ɪɚɫɬɜɨɪ) 
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ɐɟɥɥɸɥɨɡɚ  
Ⱥ (ɬɜɟɪɞɚɹ) 

 

→       
       

 ȼ (ɬɜɟɪɞɚɹ) →  ɭɝɨɥɶ  S  

      (ɬɜɟɪɞɵɣ) 

(3.38) 

 

Ɋɟɚɤɰɢɹ ɪɚɡɥɨɠɟɧɢɹ  ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɭɪɚɜɧɟɧɢɹɦɢ: 

 

 dCȺ/dτ = - k1CA ,                     (3.39) 
 

 dCB/dτ = k1CA – (k2 + k3)CB ,                     (3.40) 
 

 dCP/dτ = k2ɋB ,                    (3.41) 
 

 dCS/dτ = k3ɋB ,                     (3.42) 
 

 ki = k0,i exp(- Ea,i/RgT), (i = 1÷3),                   (3.43) 

 

ɝɞɟ ɋA, ɋB ɢ ɋS - ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɜɟɪɞɵɯ  ɤɨɦɩɨɧɟɧ-

ɬɨɜ, ɮɢɤɫɢɪɭɟɦɵɟ ɜ ɪɟɚɤɬɨɪɟ, ɋP- ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɨɢɡɜɨɞɧɵɯ ɰɟɥɥɸ-

ɥɨɡɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɚɹ ɜ ɩɨɬɨɤɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɟɚɤɬɨɪɚ. 
ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɡɧɚɱɟɧɢɣ ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɮɚɤɬɨɪɚ k0 ɜ 

ɫɨɨɬɧɨɲɟɧɢɢ ɞɥɹ ɤɨɧɫɬɚɧɬ ɫɤɨɪɨɫɬɟɣ ɪɟɚɤɰɢɣ (ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨɛ 

ɨɞɢɧɚɤɨɜɨɫɬɢ ɡɧɚɱɟɧɢɣ ɞɥɹ ɜɫɟɯ ɪɟɚɤɰɢɣ) ɢ ɷɧɟɪɝɢɣ ɚɤɬɢɜɚɰɢɢ ȿɚ,i ɜ 
ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ (ɬɚɛɥɢɰɚ 3.22). 

 

 

 

 

 

 

 
Ɍɚɛɥɢɰɚ 3.22. 

Ʉɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ  

ɪɟɚɤɰɢɨɧɧɨ-ɷɤɫɬɪɚɤɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ [341] 

 

Tr 10
-8

 k0, 1/c Ea1, ɤȾɠ/ɦɨɥɶ ȿɚ2, ɤȾɠ/ɦɨɥɶ ȿɚ3, ɤȾɠ/ɦɨɥɶ 
0,97 5,09 128 85,3 130 

1,01 5,15 130 82,3 127 

1,03 4,99 131 97,3 130 
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1,08 4,80 124 125 133 

1,08 5,17 124 124 131 

1,10 4,91 125 123 129 

1,13 4,84 125 125 132 

1,13 5,05 122 122 129 

0,97 - 1,03 4,85 130 85,2 129 

1,08 -1,13 5,04 123 125 131 

 

ɋɨɝɥɚɫɧɨ ɷɬɨɣ ɬɚɛɥɢɰɵ ɩɨɜɟɞɟɧɢɟ k0, ȿɚ1 ɢ ȿɚ3 ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɬɨɝɞɚ ɤɚɤ ɡɧɚɱɟɧɢɹ ȿɚ2  ɞɥɹ ɜɵɫɨɤɢɯ (Ɍr ≥ 

1,08) ɢ ɧɢɡɤɢɯ (Ɍr ≤ 1,03) ɬɟɦɩɟɪɚɬɭɪ ɡɚɦɟɬɧɨ ɨɬɥɢɱɚɸɬɫɹ. ɉɨɫɥɟɞɧɟɟ 
ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɯɚɪɚɤɬɟɪ ɪɟɚɤɰɢɣ ɜ ɪɚɡɥɢɱɧɵɯ ɞɢɚɩɚɡɨɧɚɯ ɬɟɦ-

ɩɟɪɚɬɭɪ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɨɞɢɧɚɤɨɜɵɦ. 

Ⱦɚɥɟɟ ɧɚ ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɧɟɟ [342] ɨɰɟɧɤɢ ɤɢɧɟɬɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɩɪɨɰɟɫɫɚ ɩɢɪɨɥɢɡɚ (ɪɟɚɤɰɢɨɧɧɚɹ ɫɯɟɦɚ (5)) ɩɨɪɨɲɤɨ-
ɜɨɣ ɰɟɥɥɸɥɨɡɵ ɜ ɭɫɥɨɜɢɹɯ ɜɚɤɭɭɦɚ (ɬɚɛɥɢɰɚ 3.23) ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟ-
ɧɢɟ ɡɧɚɱɟɧɢɣ ɤɨɧɫɬɚɧɬ ɫɤɨɪɨɫɬɟɣ ɪɟɚɤɰɢɣ ɞɥɹ ɩɪɨɰɟɫɫɨɜ ɩɢɪɨɥɢɡɚ ɢ 

ɨɛɫɭɠɞɚɟɦɨɝɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɪɚɡɥɨɠɟɧɢɹ (ɬɚɛɥɢɰɚ 
3.24).  

Ɍɚɛɥɢɰɚ 3.23 

 

Ʉɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɩɢɪɨɥɢɡɚ [342] 

 

ɉɚɪɚɦɟɬɪɵ Ɋɟɚɤɰɢɹ 1 Ɋɟɚɤɰɢɹ 2 Ɋɟɚɤɰɢɹ 3 

k0 ,1/ɫ 2,83·10
19

 3,17·10
14

 1,32·10
10

 

ȿɚ, ɤȾɠ/ɦɨɥɶ 243 198 153 

 

 

 

 
Ɍɚɛɥɢɰɚ 3.24 

 

ɋɪɚɜɧɟɧɢɟ ɤɨɧɫɬɚɧɬ ɫɤɨɪɨɫɬɟɣ ɪɟɚɤɰɢɣ ɞɥɹ ɩɪɨɰɟɫɫɨɜ ɩɢɪɨɥɢɡɚ ɢ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɪɚɡɥɨɠɟɧɢɹ 

 

 T, °C k1, 1/c k2, 1/c k3, 1/c k2/k3 

[341] 200 1,31·10
-5

 7,71·10
-6

 1,68·10
-6

 4,60 

[341] 250 2,61·10
-4

 1,61·10
-4

 4,06·10
-5

 3,97 

[341] 300 3,09·10
-3

 1,99·10
-3

 5,64·10
-4

 3,52 
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[342] 200 4,13·10
-8

 4,31·10
-8

 1,67·10
-7

 0,258 

[342] 250 1,52·10
-5

 5,31·10
-9

 6,90·10
-6

 0,769 

[342] 300 1,99·10
-3

 2,82·10
-4

 1,49·10
-4

 1,900 

 

ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɜɟɥɢɱɢɧɵ ɨɬɧɨɲɟɧɢɹ k2/k3  ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, 
ɱɬɨ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɬɟɩɥɨɜɨɦ ɪɚɡɥɨɠɟ-
ɧɢɢ ɰɟɥɥɸɥɨɡɵ ɢɦɟɟɬ ɦɟɫɬɨ ɬɟɧɞɟɧɰɢɹ ɭɫɢɥɟɧɢɹ ɤɨɤɫɨɨɛɪɚɡɨɜɚɧɢɹ. 
Ɉɛɪɚɬɧɨɟ ɩɨɥɨɠɟɧɢɟ ɜɟɳɟɣ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɩɢɪɨɥɢɡɚ. ȼ ɰɟ-
ɥɨɦ ɠɟ ɨɱɟɜɢɞɧɵɦ ɨɛɪɚɡɨɦ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɦɧɟɧɢɟ ɨ ɦɟɧɶɲɟɦ ɤɨɥɢ-

ɱɟɫɬɜɟ ɭɝɥɹ (ɨɫɨɛɟɧɧɨ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ) ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɜ 
ɩɪɨɰɟɫɫɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɬɟɩɥɨɝɨ ɪɚɡɥɨɠɟɧɢɹ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɩɪɨɰɟɫɫɨɦ ɩɢɪɨɥɢɡɚ). 

ɇɢɱɬɨɠɧɨ ɦɚɥɵɣ ɩɪɨɰɟɧɬ ɤɨɤɫɨɨɛɪɚɡɨɜɚɧɢɹ (2 %) ɜ ɪɚɛɨɬɟ [340] 

ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɛɪɚɛɨɬɤɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɚɰɟ-
ɬɨɧɨɦ ɛɵɥɚ ɩɨɞɜɟɪɝɧɭɬɚ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɰɟɥɥɸɥɨɡɚ, ɦɟɧɟɟ 
ɫɩɨɫɨɛɫɬɜɭɸɳɚɹ ɮɨɪɦɢɪɨɜɚɧɢɸ ɭɝɥɹ [343]. 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 250 °ɋ ɫɤɨɪɨɫɬɶ ɪɚɡɥɨɠɟɧɢɹ ɰɟɥɥɸɥɨɡɵ 

(2,61·10-4, 1/ɫ ɢ 1,61·10-4, 1/ɫ) [341] ɨɤɚɡɚɥɚɫɶ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜ 10 ɪɚɡ 
ɦɟɧɶɲɟɣ ɫɤɨɪɨɫɬɢ ɪɚɡɥɨɠɟɧɢɹ ɥɢɝɧɢɧɚ (1,8·10-3, 1/ɫ) [332]. 

ɇɚ ɪɢɫɭɧɤɟ 3.31 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɤɚɠɞɨɣ ɤɨɦɩɨ-
ɧɟɧɬɵ ɜɨ ɜɪɟɦɟɧɢ, ɩɪɟɞɫɤɚɡɚɧɧɨɟ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɶɧɨ [341] ɞɥɹ 
Tr = 1,08. 

Ɂɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɟɚɥɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɪɚɡɥɨ-
ɠɟɧɢɹ ɰɟɥɥɸɥɨɡɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɜɨɞɵ 

[344÷346]. ɂɦɟɸɬ ɦɟɫɬɨ ɢ ɞɪɭɝɢɟ ɧɟ ɦɟɧɟɟ ɭɫɩɟɲɧɵɟ ɪɚɛɨɬɵ 

[347÷350], ɩɨɫɜɹɳɟɧɧɵɟ ɩɟɪɟɪɚɛɨɬɤɟ ɥɢɝɧɨ-ɰɟɥɥɸɥɨɡɧɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ. 
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ȼɦɟɫɬɟ ɫ ɬɟɦ ɞɥɹ 
ɰɟɥɥɸɥɨɡɵ, ɜ ɫɢɥɭ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɦɨɥɟɤɭ-
ɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɟ-
ɪɚɫɬɜɨɪɢɦɨɣ ɜ ɜɨɞɟ ɢ 

ɛɨɥɶɲɢɧɫɬɜɟ ɨɪɝɚɧɢ-

ɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, 

ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɢ 

«ɤɨɫɜɟɧɧɵɟ» ɦɟɬɨɞɵ 

ɟɟ ɩɟɪɟɜɨɞɚ ɜ ɪɚɫɬɜɨ-
ɪɢɦɨɟ ɫɨɫɬɨɹɧɢɟ, ɩɪɟ-
ɞɭɫɦɚɬɪɢɜɚɸɳɟɟ ɩɪɟɞ-

ɜɚɪɢɬɟɥɶɧɵɣ ɫɢɧɬɟɡ 
ɷɮɢɪɨɜ ɰɟɥɥɸɥɨɡɵ, 

ɩɨɫɥɟɞɭɸɳɟɟ ɢɯ ɪɚɫ-
ɬɜɨɪɟɧɢɟ ɜ ɨɛɵɱɧɵɯ 

ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɢ ɩɟɪɟɪɚɛɨɬɤɭ ɷɬɢɯ ɪɚɫɬɜɨɪɨɜ ɜ ɜɨɥɨɤɧɚ ɢ ɩɥɟɧɤɢ ɫ 
ɨɛɹɡɚɬɟɥɶɧɵɦ ɨɦɵɥɟɧɢɟɦ ɷɮɢɪɧɵɯ ɝɪɭɩɩ ɜ ɫɜɟɠɟɫɮɨɪɦɢɪɨɜɚɧɧɵɯ 

ɢɡɞɟɥɢɹɯ. 
ɇɚɩɪɢɦɟɪ, ɜ ɬɪɚɞɢɰɢɨɧɧɨɦ ɩɪɨɰɟɫɫɟ ɜɵɪɚɛɨɬɤɢ ɩɪɹɠɢ ɢɡ ɚɰɟɬɚɬɚ 

ɰɟɥɥɸɥɨɡɵ ɪɚɫɬɜɨɪ ɚɰɟɬɚɬɚ ɰɟɥɥɸɥɨɡɵ ɜ ɚɰɟɬɨɧɟ ɢɥɢ ɯɥɨɪɢɞɟ ɦɟɬɢ-

ɥɟɧɚ ɩɨɞɜɟɪɝɚɟɬɫɹ ɷɤɫɬɪɭɡɢɢ ɱɟɪɟɡ ɦɟɥɤɢɟ ɮɢɥɶɟɪɵ ɜ ɝɚɡɨɨɛɪɚɡɧɭɸ 

ɫɪɟɞɭ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɮɨɪɦɢɪɭɸɬɫɹ ɧɢɬɢ ɚɰɟɬɚɬɚ ɰɟɥɥɸɥɨɡɵ, ɜ 
ɢɬɨɝɟ ɫɨɛɢɪɚɟɦɵɟ ɜ ɩɪɹɠɭ ɢ ɧɚɦɚɬɵɜɚɟɦɵɟ ɧɚ ɤɚɬɭɲɤɢ, ɚ ɬɚɤɠɟ ɢɫ-
ɩɚɪɹɟɬɫɹ ɪɚɫɬɜɨɪɢɬɟɥɶ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɹɠɢ ɜ ɪɚɡɥɢɱɧɵɯ ɬɟɤɫɬɢɥɶ-
ɧɵɯ ɢɡɞɟɥɢɹɯ (ɨɞɟɠɞɚ, ɞɪɚɩɢɪɨɜɤɚ ɢ ɬ.ɞ.), ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɢɝɚɪɟɬ-
ɧɵɯ ɮɢɥɶɬɪɨɜ, ɧɚ ɮɨɧɟ ɫɭɳɟɫɬɜɭɸɳɟɣ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɧɢɤɧɨɜɟɧɢɹ 
ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɬɪɟɛɭɟɬ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɩɪɨɮɢ-

ɥɚɤɬɢɱɟɫɤɢɯ ɦɟɪ. ɉɨɷɬɨɦɭ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɤɪɚɣɧɟ ɠɟɥɚɬɟɥɶɧɵɦ ɫɨ-
ɤɪɚɳɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɢ ɢɦ ɩɨɞɨɛɧɵɯ ɪɚɫɬɜɨ-
ɪɢɬɟɥɟɣ. ɉɪɚɤɬɢɤɚ ɭɠɟ ɪɚɫɩɨɥɚɝɚɟɬ ɩɪɢɦɟɪɨɦ ɩɨɥɧɨɝɨ ɨɬɤɚɡɚ ɨɬ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɯɥɨɪɢɞɚ ɦɟɬɢɥɟɧɚ ɜ ɩɨɥɶɡɭ ɩɪɢɦɟɧɟɧɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ ɩɪɨɰɟɫɫɟ ɞɟɤɨɮɟɢɧɢɡɚɰɢɢ ɤɨɮɟ [26]. 

ȼ ɪɚɛɨɬɟ [351] ɢɡɭɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɧɨ-

ɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ + ɫɨɪɚɫɬɜɨɪɢɬɟɥɶ) ɫɨ ɜɫɟ-
ɦɢ ɜɵɬɟɤɚɸɳɢɦɢ ɢɡ ɷɬɨɝɨ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɜ ɩɪɨɰɟɫɫɟ ɩɪɢɝɨɬɨɜɥɟ-

 
Ɋɢɫ. 3.31. Ɏɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ ɪɚɡɥɚɝɚɟɦɨɣ  

ɰɟɥɥɸɥɨɡɵ ɜ ɩɪɨɰɟɫɫɟ ɪɟɚɤɰɢɢ. 1 - ɰɟɥɥɸɥɨɡɚ;  
2 - ɩɪɨɢɡɜɨɞɧɵɟ ɰɟɥɥɸɥɨɡɵ; 3 - ɚɤɬɢɜɧɚɹ ɰɟɥɥɸ-

ɥɨɡɚ; 4 - ɭɝɨɥɶ; 5 - ɬɦɩɟɪɚɬɭɪɚ. 
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ɧɢɹ ɩɪɹɠɢ ɢɦɟɧɧɨ ɢɡ ɚɰɟɬɚɬɚ ɰɟɥɥɸɥɨɡɵ. Ɂɚɫɥɭɠɢɜɚɸɬ ɨɫɨɛɨɝɨ ɜɧɢ-

ɦɚɧɢɹ ɫɨɫɬɚɜɵ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɞɥɹ ɷɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɟɣ: 

1. 5 ÷ 50 % ɋɈ2 + 95 ÷ 50 % ɦɟɬɚɧɨɥɚ; 
2.5 ÷ 38% ɋɈ2 + 95 ÷ 62 % ɷɬɚɧɨɥɚ; 
3.5 ÷ 25 % ɋɈ2 + 95 ÷ 75 % ɚɰɟɬɨɧɚ; 
4.5 ÷ 30 % ɋɈ2 + 95 ÷ 70 % ɬɪɢɚɰɟɬɢɧɚ. 
ɉɪɨɰɟɫɫ ɪɚɫɬɜɨɪɟɧɢɹ ɩɨɥɢɦɟɪɚ ɜɨ ɮɥɸɢɞɟ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɪɢ 

ɫɨɨɬɧɨɲɟɧɢɢ ɢɯ ɦɚɫɫ, ɤɚɤ 1:25 ÷ 1:50. ɍɫɥɨɜɢɹ ɪɚɫɬɜɨɪɟɧɢɹ ɚɰɟɬɚɬɚ 
ɰɟɥɥɸɥɨɡɵ ɜ ɪɚɡɥɢɱɧɵɯ ɩɨ ɫɨɫɬɚɜɭ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛ-

ɥɢɰɟ 3.25. 
Ɍɚɛɥɢɰɚ 3.25. 

ɍɫɥɨɜɢɹ ɪɚɫɬɜɨɪɟɧɢɹ ɚɰɟɬɚɬɚ ɰɟɥɥɸɥɨɡɵ ɜ ɪɚɡɥɢɱɧɵɯ 
 ɩɨ ɫɨɫɬɚɜɭ ɪɚɫɬɜɨɪɢɬɟɥɹɯ 

 

Ɋɚɫɬɜɨɪɢɬɟɥɶ Ɇɨɥɶɧɵɣ  

ɫɨɫɬɚɜ 
Ɋ, 

ɛɚɪ 
Ɍɟɦɩɟɪɚɬɭɪɚ 
ɧɚɛɭɯɚɧ., °ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɪɚɫɬɜɨɪɟɧ., °ɋ 

Ɇɟɬɚɧɨɥ/ɋɈ2 

Ɇɟɬɚɧɨɥ/ɋɈ2 

Ɇɟɬɚɧɨɥ/ɋɈ2 

Ɇɟɬɚɧɨɥ/ɋɈ2 

50/50 

57/43 

63/37 

100/0 

70-310 

80-200 

70-260 

70-300 

105 

105 

47 

45 

105(ɱɚɫɬɢɱɧɨ) 
120(ɱɚɫɬɢɱɧɨ) 

88 

100 

ɗɬɚɧɨɥ/ɋɈ2 

ɗɬɚɧɨɥ/ɋɈ2 

ɗɬɚɧɨɥ/ɋɈ2 

50/50 

60/40 

100/0 

80-290 

85-200 

9-15 

100 

90 

48 

135(ɱɚɫɬɢɱɧɨ) 
98 

112 

Ⱥɰɟɬɨɧ/ɋɈ2 

Ⱥɰɟɬɨɧ/ɋɈ2 

Ⱥɰɟɬɨɧ/ɋɈ2 

50/50 

60/40 

70/30 

80-220 

85-230 

77 

ɇɟɬ 
25 

25 

ɇɟɬ 
120(ɱɚɫɬɢɱɧɨ) 

25 

Ɍɪɢɚɰɟɬɢɧ/ɋɈ2 

Ɍɪɢɚɰɟɬɢɧ/ɋɈ2 

Ɍɪɢɚɰɟɬɢɧ/ɋɈ2 

10/90 

20/80 

30/70 

80-261 

82-163 

83-340 

ɇɟɬ 
25 

25 

ɇɟɬ 
130(2 ɮɚɡɵ) 

98 
 

Ⱦɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɷɮɢɪɨɜ ɰɟɥɥɸɥɨɡɵ ɢɡ ɨɬɯɨɞɨɜ ɫɢɝɚɪɟɬɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɚɤɠɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɮɥɸɢɞɵ 

[352]. 
 

3.14. ɄɈɇȼȿɊɋɂə ɉɈɅɂɆȿɊɈȼ 
 

Ɉɱɟɜɢɞɧɵɣ ɪɨɫɬ ɪɨɥɢ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɫɮɟɪɟ ɩɪɨɢɡɜɨɞ-

ɫɬɜɚ ɢ ɩɨɬɪɟɛɥɟɧɢɹ ɫ ɧɟɢɡɛɟɠɧɨɫɬɶɸ ɩɨɪɨɠɞɚɟɬ ɫɥɨɠɧɟɣɲɭɸ ɩɪɨ-
ɛɥɟɦɭ ɭɬɢɥɢɡɚɰɢɢ ɨɬɪɚɛɨɬɚɧɧɵɯ ɩɨɥɢɦɟɪɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɱɟɪɟɡ ɢɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ ɩɨɥɟɡɧɵɟ ɩɨɛɨɱɧɵɟ ɩɪɨɞɭɤɬɵ. 
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ɉɪɨɫɬɟɣɲɟɟ ɭɧɢɱɬɨɠɟɧɢɟ ɨɬɯɨɞɨɜ ɩɨɫɪɟɞɫɬɜɚɦ ɫɠɢɝɚɧɢɹ ɧɚɪɹɞɭ 
ɫ ɧɢɡɤɢɦɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɩɪɨɰɟɫɫɚ ɩɪɢɜɨɞɢɬ 
ɤ ɨɛɪɚɡɨɜɚɧɢɸ, ɧɚɩɪɢɦɟɪ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ ɧɟɤɨɬɨɪɵɯ ɝɚɥɨɢɞɧɵɯ ɫɨ-
ɟɞɢɧɟɧɢɣ, ɬɚɤɢɯ ɨɩɚɫɧɵɯ ɬɨɤɫɢɤɚɧɬɨɜ, ɤɚɤ ɞɢɨɤɫɢɧɵ ɢ ɞɢɛɟɧɡɨɮɭɪɚ-
ɧɵ [25].  

Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɫɨɛɟɧɧɨ ɩɨɫɥɟɞɧɟɝɨ ɞɟɫɹɬɢɥɟ-
ɬɢɹ [353÷373], ɮɨɪɦɢɪɭɸɬ ɨɞɧɨɡɧɚɱɧɨɟ ɦɧɟɧɢɟ ɨ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ 

ɩɟɪɟɪɚɛɨɬɤɢ ɬɚɤɢɯ (ɧɟɛɟɡɨɩɚɫɧɵɯ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ) ɨɬɯɨɞɨɜ, ɤɚɤ ɯɥɨɪ-, 
ɛɪɨɦɡɚɦɟɳɟɧɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ, ɩɨɥɢɦɟɪɵ ɢ ɩɨɥɢɦɟɪɧɵɟ ɞɨɛɚɜɤɢ ɜ 
ɷɤɨɥɨɝɢɱɧɨɦ ɩɪɨɰɟɫɫɟ ɬɟɩɥɨɜɨɝɨ ɢ ɪɟɚɤɰɢɨɧɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɜ ɫɭɛ- ɢ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɜɨɞɟ. 
Ʉ ɬɨɦɭ, ɱɬɨ ɭɠɟ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɨ ɜɜɟɞɟɧɢɢ ɢ ɜ ɩɟɪɜɨɣ ɝɥɚɜɟ ɨ 

ɫɜɨɣɫɬɜɚɯ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ, ɩɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɜɨɞɟ (Ɍɤɪ 
= 647,1 Ʉ; Ɋɤɪ =  22,06 Ɇɉɚ) ɦɨɠɧɨ ɞɨɛɚɜɢɬɶ [25], ɱɬɨ ɩɨ ɪɚɫɬɜɨɪɹɸ-

ɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɧɚ ɩɨɞɨɛɧɚ ɧɟɩɨɥɹɪɧɵɦ ɨɪɝɚɧɢɱɟɫɤɢɦ ɫɨɟɞɢɧɟɧɢ-

ɹɦ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɪɚɫɬɜɨɪɹɟɬ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ ɢɨɧɧɨɣ ɩɪɢ-

ɪɨɞɵ ɢ ɩɨɥɧɨɫɬɶɸ ɫɦɟɲɢɜɚɸɬɫɹ ɫ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ, 

ɜɨɡɞɭɯɨɦ ɢ ɝɚɡɨɨɛɪɚɡɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ. ȼ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ 

ɜɨɞɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɬɨɤɫɢɤɚɧɬɵ ɫɩɨɫɨɛɧɵ ɨɤɢɫɥɹɬɶɫɹ ɤɢɫɥɨɪɨɞɨɦ ɜɨɡ-
ɞɭɯɚ ɞɨ ɩɪɨɫɬɟɣɲɢɯ ɩɪɨɞɭɤɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɋɈ2 ɢ ɞɪɭɝɢɟ. ɂɫɫɥɟɞɨɜɚ-
ɧɢɹ ɫɜɨɣɫɬɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɜɨɞɵ ɩɨɡɜɨɥɢɥɢ ɪɚɡɪɚɛɨɬɚɬɶ ɷɮɮɟɤ-
ɬɢɜɧɵɣ ɩɪɨɰɟɫɫ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɨɬ ɬɨɤɫɢɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɤɨɦɩɨɧɟɧɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɯɥɨɪɫɨɞɟɪɠɚɳɢɟ ɩɟɫɬɢɰɢɞɵ, ɩɨɥɢɯɥɨɪɢɪɨ-
ɜɚɧɧɵɟ ɛɢɮɟɧɢɥɵ, ɬɪɢɯɥɨɪɷɬɚɧ, ɩɟɪɯɥɨɪɷɬɢɥɟɧ ɢ ɞɪɭɝɢɟ. ȿɞɢɧɫɬɜɟɧ-

ɧɵɦ ɪɟɚɝɟɧɬɨɦ, ɢɫɩɨɥɶɡɭɟɦɵɦ ɜ ɞɚɧɧɨɦ ɩɪɨɰɟɫɫɟ ɹɜɥɹɟɬɫɹ ɫɠɚɬɵɣ 

ɜɨɡɞɭɯ. Ⱦɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɬɨɤɫɢɤɚɧɬɨɜ ɫɬɟɩɟɧɶ ɢɯ ɩɪɟɜɪɚɳɚɟ-
ɦɨɫɬɢ ɜ ɩɪɨɫɬɟɣɲɢɟ ɩɪɨɞɭɤɬɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɤɢɫɥɟɧɢɹ ɫɨɫɬɚɜɢɥɚ ɛɨ-
ɥɟɟ 99,99 %, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɟɬ ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ, ɪɟɚ-
ɥɢɡɭɸɳɢɟɫɹ ɜ ɩɪɨɰɟɫɫɚɯ ɫɠɢɝɚɧɢɹ ɬɨɤɫɢɱɧɵɯ ɨɬɯɨɞɨɜ. 

ɂ ɜɫɟ ɠɟ ɫɨɫɪɟɞɨɬɨɱɢɦɫɹ ɧɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɨɬɪɚɛɨɬɚɧɧɵɯ ɩɨɥɢ-

ɦɟɪɨɜ ɢ ɩɨɥɢɦɟɪɧɵɯ ɞɨɛɚɜɨɤ ɜ ɩɨɥɟɡɧɵɟ ɩɨɛɨɱɧɵɟ ɩɪɨɞɭɤɬɵ. ɂɫɫɥɟ-
ɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɡɥɨɠɟɧɢɹ ɥɢɝɧɢɧɚ, ɯɢɬɢɧɚ, ɯɢɬɨɡɚɧɚ, ɲɟɥɤɚ, ɩɨɥɢ-

ɷɬɢɥɟɧɬɟɪɟɮɬɚɥɚɬɚ, ɩɨɥɢɷɬɢɥɟɧɚ, ɩɨɥɢɩɪɨɩɢɥɟɧɚ, ɩɨɥɢɫɬɢɪɨɥɚ, ɩɨɥɢ-

ɭɪɟɬɚɧɚ, ɤɚɭɱɭɤɚ ɦɚɪɤɢ «ȿɊȾɆ», ɧɟɣɥɨɧɚ-6, ɧɟɣɥɨɧɚ-66, ɧɟɣɥɨɧɚ-12 

ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɜ ɪɚɛɨɬɟ [353]. ȼɵɲɟɨɬɦɟɱɟɧɧɵɣ ɩɪɨɰɟɫɫ ɛɵɥ ɪɟɚɥɢ-

ɡɨɜɚɧ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 380 ÷ 400 Ɇɉɚ. ɉɨɥɢɦɟɪɧɵɟ ɨɛɪɚɡɰɵ, 

ɫɨɞɟɪɠɚɜɲɢɟ ɷɮɢɪɧɵɟ ɢ ɚɦɢɞɨɤɢɫɥɨɬɧɵɟ ɫɜɹɡɢ, ɩɨɞɜɟɪɝɥɢɫɶ ɪɚɡɥɨ-
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ɠɟɧɢɸ ɡɚ ɩɟɪɢɨɞ ɜɫɟɝɨ ɥɢɲɶ ɨɬ 2 ɞɨ 10 ɦɢɧɭɬ. ɉɨɥɢɫɬɢɪɨɥ ɩɨɥɧɨɫɬɶɸ 

ɩɪɟɨɛɪɚɡɨɜɵɜɚɥɫɹ ɜ ɬɨɥɭɨɥ, ɤɫɢɥɨɥ, ɫɬɢɪɨɥ ɢ ɞɪɭɝɢɟ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɟ 
ɤɨɦɩɨɧɟɧɬɵ. ɉɪɢ ɪɚɡɥɨɠɟɧɢɢ ɩɨɥɢɷɬɢɥɟɧɬɟɪɟɮɬɚɥɚɬɚ ɜ ɩɟɪɜɭɸ ɨɱɟ-
ɪɟɞɶ ɜɵɞɟɥɹɥɢɫɶ ɫɨɛɫɬɜɟɧɧɵɣ ɦɨɧɨɦɟɪ, ɬɟɪɟɮɬɚɥɢɟɜɚɹ ɤɢɫɥɨɬɚ ɢ ɷɬɢ-

ɥɟɧɝɥɢɤɨɥɶ ɢ ɥɢɲɶ ɡɚɬɟɦ ɫɮɨɪɦɢɪɨɜɚɥɢɫɶ ɩɪɨɞɭɤɬɵ ɬɢɩɚ ɛɟɧɡɨɣɧɨɣ 

ɤɢɫɥɨɬɵ, ɛɟɧɡɨɥɚ, ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɢ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ.  
Ʉɚɤ ɨɬɦɟɱɚɟɬɫɹ ɜ ɪɚɛɨɬɟ [354], ɫ ɪɨɫɬɨɦ ɩɪɟɛɵɜɚɧɢɹ ɨɛɪɚɡɰɚ ɜ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɩɪɨɰɟɫɫ ɪɚɡɥɨɠɟɧɢɹ ɜɫɟ ɛɨɥɟɟ ɢ ɛɨɥɟɟ 
ɫɨɱɟɬɚɟɬɫɹ ɫ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɟɦ ɢɡ ɠɢɞɤɨɣ ɨɪɝɚɧɢɱɟɫɤɨɣ ɮɚɡɵ. ɉɨ 
ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ ɷɬɨɣ ɪɚɛɨɬɵ ɬɪɚɟɤɬɨɪɢɢ ɬɟɪɦɨɥɢɬɢɱɟɫɤɢɯ ɢ ɩɢɪɨɥɢ-

ɬɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɜ ɪɚɦɤɚɯ ɨɛɳɟɝɨ ɩɪɨɰɟɫɫɚ ɪɚɡɥɨɠɟɧɢɹ ɩɨɥɢɦɟɪɚ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɜɨɞɟ ɪɚɜɧɨɜɨɡɦɨɠɧɵ ɢ ɢɦɟɧɧɨ ɷɬɢɦ ɮɚɤɬɨɪɨɦ 

ɨɛɴɹɫɧɹɟɬɫɹ ɛɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ, ɩɨɥɭɱɚɟɦɵɯ ɜ ɩɪɨɰɟɫɫɟ ɨɪɝɚɧɢ-

ɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

ȼ ɷɬɨɣ ɪɚɛɨɬɟ [354] ɬɚɤɠɟ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɭɫɥɨɜɢɣ ɪɟɚɤɰɢɢ (ɞɥɹ 
ɞɢɚɩɚɡɨɧɚ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ 380 ÷ 500 °ɋ ɢ 15 ÷ 40 Ɇɉɚ), ɜɪɟɦɟ-
ɧɢ ɩɪɟɛɵɜɚɧɢɹ ɢ ɫɨɫɬɚɜɚ ɩɨɥɢɦɟɪɧɨɣ ɤɨɦɩɨɡɢɰɢɢ ɧɚ ɜɯɨɞɟ. ɉɪɨɰɟɫ-
ɫɵ ɛɵɥɢ ɪɟɚɥɢɡɨɜɚɧɵ, ɤɚɤ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɬɚɤ ɢ ɛɟɡ. 
ɉɨɥɢɦɟɪɧɵɟ ɨɛɪɚɡɰɵ, ɫɨɫɬɚɜɥɟɧɧɵɟ ɢɡ ɩɨɥɢɷɬɢɥɟɧɚ (ɧɢɡɤɨɣ ɢ ɜɵɫɨ-
ɤɨɣ ɩɥɨɬɧɨɫɬɢ], ɩɨɥɢɩɪɨɩɢɥɟɧɚ, ɩɨɥɢɫɬɢɪɨɥɚ ɢ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɚ 
ɫɜɨɢɦɢ ɫɨɫɬɚɜɚɦɢ ɷɦɢɬɢɪɨɜɚɥɢ ɪɟɚɥɶɧɨ ɫɭɳɟɫɬɜɭɸɳɢɟ ɩɨɥɢɦɟɪɧɵɟ 
ɨɬɯɨɞɵ, ɫɪɟɞɧɢɣ ɦɨɥɟɤɭɥɹɪɧɵɣ ɜɟɫ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɥ ɩɪɢɦɟɪɧɨ 
100000 ɝ/ɦɨɥɶ. ȼ ɤɚɱɟɫɬɜɟ ɬɜɟɪɞɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɚɥɸɦɨɫɢɥɢɤɚɬɵ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɛɵɥɢ ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɫɬɚɬɢɱɟɫɤɨɦ ɢ 

ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɚɯ. Ⱥɩɩɚɪɚɬɭɪɚ, ɢɡɝɨɬɨɜɥɟɧɧɚɹ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ 

ɫɬɚɥɢ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ «ɩɪɨɦɵɜɚɥɚɫɶ» ɫɠɚɬɵɦ ɢ ɝɨɪɹɱɢɦ ɚɦɦɢɚɤɨɦ. 

ɇɚɝɪɟɜ ɪɟɚɤɬɨɪɚ ɞɨ ɠɟɥɚɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɫɨ ɫɤɨɪɨ-
ɫɬɶɸ 8 K/ɦɢɧ. 

Ɂɧɚɱɢɬɟɥɶɧɨɟ ɪɚɡɥɨɠɟɧɢɟ ɩɨɥɢɦɟɪɧɵɯ ɦɨɥɟɤɭɥ, ɤɚɤ ɨɬɦɟɱɚɸɬ 
ɚɜɬɨɪɵ, ɢɦɟɥɨ ɦɟɫɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 459 ÷ 490 °ɋ ɢ ɞɚɜɥɟɧɢɹɯ 20,0 

÷ 30,0 Ɇɉɚ. ȼ ɫɢɥɭ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ 

ɠɢɞɤɚɹ ɮɚɡɚ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɚ ɧɚ ɩɚɪɚɮɢɧɵ, ɨɥɟɮɢɧɵ, ɧɚɮɬɟɧɨɜɵɟ 
ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ. ɇɚ ɪɢɫɭɧɤɟ 3.32 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧ-ɚɥɤɚɧɨɜ ɜ ɠɢɞɤɨɣ ɮɚɡɟ, ɩɨɥɭɱɚɟɦɨɣ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɩɪɢ 490 °ɋ (Tr = 1,31) ɡɚ ɪɚɡɥɢɱɧɵɟ 
ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ ɩɨɥɢɦɟɪɧɨɣ ɤɨɦɩɨɡɢɰɢɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ 50 % 

ɜɟɫɨɜɵɯ ɩɨɥɢɷɬɢɥɟɧɚ; 18,8 % ɩɨɥɢɩɪɨɩɢɥɟɧɚ; 18,8 % ɩɨɥɢɫɬɢɪɨɥɚ ɢ 
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12,4 % ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɚ ɜ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ Pr = 1,36 ÷ 1,67. 

ɂɦɟɜɲɟɟ ɦɟɫɬɨ ɜ ɪɟɚɤɬɨɪɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɚɫɫ ɩɨɥɢɦɟɪɧɨɣ ɤɨɦɩɨɡɢ-

ɰɢɢ ɢ ɜɨɞɵ ɛɵɥɨ ɨɰɟɧɟɧɨ, ɤɚɤ 1:4. 
 

 
Ɋɢɫ. 3.32. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɧ-ɚɥɤɚɧɨɜ ɜ ɠɢɞɤɨɣ ɮɚɡɟ ɩɪɨɞɭɤɬɚ  
ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɩɨɥɢɦɟɪɧɨɣ ɤɨɦɩɨɡɢɰɢɢ  

(ɫɨɫɬɨɹɳɟɣ ɢɡ ɩɨɥɢɷɬɢɥɟɧɚ, ɩɨɥɢɩɪɨɩɢɥɟɧɚ, ɩɨɥɢɫɬɢɪɨɥɚ  
ɢ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɚ) ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɜɨɞɟ ɩɪɢ 490 °ɋ. 

 

ȼ ɢɡɨɛɚɪɧɨɦ ɩɪɨɰɟɫɫɟ ɫ ɞɚɜɥɟɧɢɟɦ 30 Ɇɉɚ ɡɚ 30 ɦɢɧɭɬ ɩɪɟɛɵɜɚ-
ɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɜɨɞɵ ɨɛɧɚɪɭɠɟɧɨ ɫɧɢɠɟɧɢɟ ɜɹɡɤɨ-
ɫɬɢ ɦɚɫɥɹɧɵɯ ɨɫɬɚɬɤɨɜ ɧɚ ɜɟɥɢɱɢɧɭ ɞɨ 1000 Ɇɉɚ·ɫ ɩɪɢ ɩɨɧɢɠɟɧɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɞɨ 10 Ɇɉɚ·ɫ ɩɪɢ 763 Ʉ (490 °ɋ). 

ȼɵɲɟɨɬɦɟɱɟɧɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɢɬɨɝɨɜɨɝɨ ɩɪɨɞɭɤɬɚ ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɟɚɤɬɨɪɚ ɦɨɝɭɬ ɛɵɬɶ ɞɨɩɨɥ-
ɧɟɧɵ ɯɥɨɪɨɩɪɨɢɡɜɨɞɧɵɦɢ ɜ ɜɢɞɟ ɫɨɥɟɣ ɢ ɤɢɫɥɨɬ. Ɉɬɧɨɫɢɬɟɥɶɧɨ ɩɨ-
ɫɥɟɞɧɢɯ ɦɨɠɧɨ ɞɨɛɚɜɢɬɶ [374, 375], ɱɬɨ ɤɨɦɛɢɧɚɰɢɹ  ɫɜɨɛɨɞɧɵɯ ɢɨ-
ɧɨɜ ɯɥɨɪɚ ɢ ɨɤɢɫɥɹɸɳɟɣ ɚɬɦɨɫɮɟɪɵ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɤɢɫɥɨɪɨɞ ɫɠɚ-
ɬɨɝɨ ɜɨɡɞɭɯɚ) ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɡɧɚɱɢɬɟɥɶɧɨɣ ɤɨɪɪɨɡɢɢ ɬɟɯɧɨɥɨɝɢ-

ɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɇɚ ɪɢɫɭɧɤɟ 3.33 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 

[354] ɢɡɦɟɪɟɧɢɹ ɜɟɥɢɱɢɧɵ ɩɨɬɟɪɢ ɦɚɫɫɵ ɤɨɪɩɭɫɨɦ ɪɟɚɤɬɨɪɚ, ɢɡɝɨ-
ɬɨɜɥɟɧɧɨɝɨ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ, ɨɫɭɳɟɫɬɜɥɟɧɧɨɝɨ ɧɚ 
ɩɪɨɬɹɠɟɧɢɢ 120 ɱɚɫɨɜ ɩɪɨɰɟɫɫɚ ɪɚɡɥɨɠɟɧɢɹ ɩɨɥɢɦɟɪɧɨɣ ɤɨɦɩɨɡɢɰɢɢ 

ɢɡ ɩɨɥɢɷɬɢɥɟɧɚ, ɩɨɥɢɩɪɨɩɢɥɟɧɚ, ɩɨɥɢɫɬɢɪɨɥɚ ɢ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɚ 
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ɩɪɢ ɨɩɟɪɚɬɢɜɧɵɯ ɭɫɥɨɜɢɹɯ: 450 ÷ 490 °ɋ (Tr = 1,20 ÷ 1,31) ɢ 22 ÷ 30 

Ɇɉɚ (Pr = 1,00 ÷ 1,36). 

Ɉɫɚɠɞɟɧɢɟ ɫɨɥɟɣ ɢ ɩɪɨɦɟɠɭɬɨɱ-
ɧɵɯ ɩɪɨɞɭɤɬɨɜ ɜ ɞɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫ-
ɫɚɯ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɬɚɤɠɟ ɡɚɤɭɩɨɪɤɭ 
ɢɥɢ ɚɛɪɚɡɢɜɧɵɣ ɢɡɧɨɫ ɷɥɟɦɟɧɬɨɜ 
ɤɨɧɫɬɪɭɤɰɢɣ ɚɩɩɚɪɚɬɨɜ ɢ ɤɨɦɦɭɧɢɤɚ-
ɰɢɣ; ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ ɫɭɳɟɫɬɜɭɟɬ ɧɟ 
ɦɟɧɟɟ ɜɚɠɧɚɹ ɩɪɨɛɥɟɦɚ ɤɨɧɫɬɪɭɢɪɨ-
ɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟ-
ɧɢɹ ɞɥɹ ɩɨɞɨɛɧɵɯ ɩɪɨɰɟɫɫɨɜ [376].  

ȼ ɪɚɛɨɬɟ [357] ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ 
ɩɨɞɜɟɪɝɧɭɬɶɫɹ ɪɚɫɩɚɞɭ ɜ ɳɟɥɨɱɧɨɦ 

ɝɢɞɪɨɥɢɡɟ ɦɨɝɭɬ ɥɢɲɶ ɩɨɥɢɦɟɪɵ, ɫɢɧ-

ɬɟɡɢɪɨɜɚɧɧɵɟ ɜ ɩɪɨɰɟɫɫɚɯ ɩɨɥɢɤɨɧ-

ɞɟɧɫɚɰɢɢ ɢɥɢ ɩɨɥɢɩɪɢɫɨɟɞɢɧɟɧɢɹ, ɬ.ɟ. 
ɩɨɥɢɚɦɢɞɵ, ɩɨɥɢɷɮɢɪɵ, ɩɨɥɢɤɚɪɛɨ-
ɧɚɬɵ ɢ ɩɨɥɢɭɪɟɬɚɧɵ. Ʉɨɧɫɬɚɬɢɪɭɟɬɫɹ, 
ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɧɚ ɯɢɦɢɱɟ-
ɫɤɢɟ ɫɜɹɡɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚ-
ɥɚ ɢɡɜɥɟɤɚɸɬɫɹ ɢɫɯɨɞɧɵɟ ɦɨɧɨɦɟɪɵ, 

ɬɚɤɢɟ ɤɚɤ ɞɢɨɥ ɢ ɞɢɤɚɪɛɨɧɨɜɚɹ ɤɢɫɥɨ-
ɬɚ ɢɡ ɩɨɥɢɷɮɢɪɚ ɢɥɢ ɞɢɚɦɢɧ ɢ ɞɢɨɥ ɢɡ 
ɩɨɥɢɭɪɟɬɚɧɚ. ɉɪɢ ɳɟɥɨɱɧɨɦ ɝɢɞɪɨɥɢɡɟ ɩɨɥɢɭɪɟɬɚɧɨɜ ɜ ɫɭɛɤɪɢɬɢɱɟ-
ɫɤɢɯ ɭɫɥɨɜɢɹɯ ɢɡɨɰɢɚɧɚɬɵ ɧɟ ɜɵɞɟɥɹɸɬɫɹ ɩɨ ɩɪɢɱɢɧɟ ɢɦɟɸɳɟɣ ɦɟɫɬɨ 
ɞɟɤɚɪɛɨɤɫɢɥɢɡɚɰɢɢ. 

Ɋɚɞɢɤɚɥɶɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɨɥɢɦɟɪɵ (ɬɢɩɚ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɚ) 
ɦɨɝɭɬ ɪɚɡɥɚɝɚɬɶɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɳɟɥɨɱɧɨɝɨ ɝɢɞɪɨɥɢɡɚ, ɬɨɥɶɤɨ ɜ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. ɇɚɩɪɢɦɟɪ, ɢɫɫɥɟɞɨɜɚɧɢɟ [357] ɪɚɡɥɨɠɟɧɢɹ ɩɨ-
ɥɢɜɢɧɢɥɯɥɨɪɢɞɚ ɩɪɢ 150°ɋ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɦɟɧɟɟ 1 % ɨɪɝɚɧɢɱɟɫɤɢ ɫɜɹ-
ɡɚɧɧɨɝɨ ɯɥɨɪɚ ɦɨɠɟɬ ɛɵɬɶ ɨɬɞɟɥɟɧɨ ɨɬ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ. Ʉɨɝɞɚ ɠɟ 
ɳɟɥɨɱɧɨɣ ɝɢɞɪɨɥɢɡ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɞɨɩɭɫ-
ɬɢɦ ɩɪɢ 500 °ɋ, ɭɠɟ ɛɨɥɟɟ 93 % ɨɪɝɚɧɢɱɟɫɤɢ ɫɜɹɡɧɨɝɨ ɯɥɨɪɚ ɦɨɠɧɨ 
ɨɛɧɚɪɭɠɢɬɶ ɜ ɜɨɞɧɨɣ ɮɚɡɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɦɟɟɬ ɦɟɫɬɨ ɪɚɡɥɨɠɟɧɢɟ ɢ 

ɨɫɧɨɜɧɨɣ ɩɨɥɢɦɟɪɧɨɣ ɰɟɩɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɨɛɪɚɡɭɸɬɫɹ ɜɨɞɨ-
ɪɨɞ ɢ ɞɜɭɨɤɢɫɶ ɭɝɥɟɪɨɞɚ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɜɬɨɪɢɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɦɟɬɚɧ ɢ ɋ2 

 
Ɋɢɫ. 3.33. ɉɨɬɟɪɹ ɦɚɫɫɵ ɪɟɚɤ-
ɬɨɪɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɫɭɳɟɫɬɜ-
ɥɟɧɢɹ ɜ ɧɟɦ ɩɪɨɰɟɫɫɚ ɪɚɡɥɨ-
ɠɟɧɢɹ ɩɨɥɢɦɟɪɧɨɣ ɤɨɦɩɨɡɢ-

ɰɢɢ, ɫɨɞɟɪɠɚɳɟɣ ɩɨɥɢɜɢɧɢɥ-
ɯɥɨɪɢɞ, ɜ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɨɣ ɜɨɞɟ. 
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– ɭɝɥɟɜɨɞɨɪɨɞɵ. ɉɪɢ ɩɨɥɧɨɦ ɪɚɡɥɨɠɟɧɢɢ ɩɨɥɢɦɟɪɚ (ɝɢɞɪɨɥɢɡ ɞɨɩɨɥ-
ɧɹɟɬɫɹ ɨɤɢɫɥɟɧɢɟɦ) ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɫɬɟɩɟɧɶ ɜɨɫɫɬɚɧɨɜ-
ɥɟɧɢɹ ɯɥɨɪɚ ɦɨɠɟɬ ɞɨɫɬɢɝɧɭɬɶ 99 % (ɪɢɫɭɧɨɤ 3.34). 

ɇɟ ɦɟɧɟɟ ɜɚɠɧɵɦ ɤɪɢɬɟɪɢɟɦ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɨɬɪɚ-
ɛɨɬɚɧɧɵɯ ɩɨɥɢɦɟɪɨɜ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɜɨɞɨɣ ɹɜɥɹɟɬɫɹ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɩɨɩɭɬɧɵɯ ɪɟɚɤɰɢɣ ɞɥɹ ɩɨɛɨɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɨɥɢɦɟɪ-
ɧɵɯ ɨɬɯɨɞɨɜ, ɬɚɤɢɯ ɤɚɤ ɦɟɬɚɥɥɵ, ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɧɚɩɨɥɧɢɬɟɥɢ ɢ ɪɚɡ-
ɥɢɱɧɨɝɨ ɪɨɞɚ ɞɨɛɚɜɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɝɚɥɨɝɟɧɨ- ɢ ɚɡɨɬɨɫɨɞɟɪɠɚɳɢɦɢ 

ɤɨɦɩɨɧɟɧɬɚɦɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ ɪɚɛɨɬɟ [357] ɨɛɫɭɠɞɚɟɬɫɹ ɩɟɪɟɪɚɛɨɬɤɚ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɞɨɛɚɜɤɢ – ɩɥɚɦɟɝɚɫɢɬɟɥɹ ɬɟɬɪɚɛɪɨɦɛɢɫɮɟɧɨɥɚ – Ⱥ. 

ȼ ɧɟɣ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɜɨɞɟ ɦɨɠɟɬ 
ɪɚɫɩɚɞɚɬɶɫɹ ɞɨ ɞɜɭɨɤɢɫɢ ɭɝɥɟɪɨɞɚ, ɜɨɞɨɪɨɞɚ ɢ ɛɪɨɦɢɞɚ. ɉɪɢ ɩɨɥɧɨɦ 

ɪɚɡɥɨɠɟɧɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɤɢɫɥɨɪɨɞɚ ɛɨɥɟɟ 99 % ɨɪɝɚ-
ɧɢɱɟɫɤɢ ɫɜɹɡɚɧɧɨɝɨ ɛɪɨɦɚ 
ɛɵɥɨ ɧɚɣɞɟɧɨ ɜ ɜɨɞɧɨɣ ɮɚɡɟ. 

Ɉɞɧɚɤɨ ɢɦɟɸɬ ɦɟɫɬɨ ɢ 

ɫɥɭɱɚɢ, ɤɨɝɞɚ ɫɭɳɟɫɬɜɭɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ, ɚ ɝɥɚɜɧɨɟ ɰɟ-
ɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɢɡ ɨɬɨɛɪɚɧ-

ɧɨɝɨ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ 

ɩɨɥɢɦɟɪɧɨɝɨ ɢɡɞɟɥɢɹ ɜɨɫ-
ɫɬɚɧɚɜɥɢɜɚɬɶ ɧɟ ɢɫɯɨɞɧɵɟ 
ɞɥɹ ɩɪɨɰɟɫɫɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 

ɩɪɨɞɭɤɬɵ ɢɥɢ ɠɟ ɢɯ ɩɪɨɢɡ-
ɜɨɞɧɵɟ, ɚ ɩɨɥɭɱɚɬɶ ɤɨɧɤɪɟɬɧɵɟ ɩɨɥɢɦɟɪɵ, ɫɩɨɫɨɛɧɵɟ ɜɵɩɨɥɧɹɬɶ 
ɫɜɨɢ ɮɭɧɤɰɢɢ ɜ ɪɟɰɢɤɥɟ. 

ɉɪɢɦɟɪ ɢɦɟɧɧɨ ɬɚɤɨɝɨ ɫɥɭɱɚɹ, ɢɦɟɸɳɟɝɨ ɦɟɫɬɨ ɜ ɤɨɜɪɨɜɨɣ ɩɪɨ-
ɦɵɲɥɟɧɧɨɫɬɢ ɋɒȺ, ɩɪɢɜɟɞɟɧ ɜ ɪɚɛɨɬɟ [377]. ɋɬɚɬɢɫɬɢɤɚ ɩɨɤɚɡɵɜɚ-
ɟɬ, ɱɬɨ ɨɤɨɥɨ 1,1 ɦɥɧ. ɬ. ɩɨɥɢɦɟɪɧɵɯ ɜɨɥɨɤɨɧ, ɬɚɤɢɯ,  ɤɚɤ ɧɟɣɥɨɧ, ɩɨ-
ɥɢɷɮɢɪ, ɩɨɥɢɩɪɨɩɢɥɟɧ ɟɠɟɝɨɞɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɋɒȺ ɜ ɩɪɨɢɡɜɨɞɫɬ-
ɜɟ ɤɨɜɪɨɜɵɯ ɢɡɞɟɥɢɣ. ȼ ɢɬɨɝɟ ɷɬɨ ɜɨɩɥɚɳɚɟɬɫɹ ɜ ɬɚɤɢɟ ɟɠɟɝɨɞɧɵɟ ɩɨ-
ɤɚɡɚɬɟɥɢ, ɤɚɤ 1,2 ɦɥɪɞ. ɦ3 ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ ɢ, ɨɰɟɧɢɜɚɟɦɨɣ ɜ 14 

ɦɥɪɞ. ɞɨɥɥɚɪɨɜ ɮɢɧɚɧɫɨɜɵɣ ɨɛɨɪɨɬ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɫɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ 
ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɨɤɨɥɨ ɩɨɥɨɜɢɧɵ ɩɪɨɞɚɠ ɤɨɜɪɨɜɵɯ ɢɡɞɟɥɢɣ ɜ 
ɋɒȺ ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɦɚɝɚɡɢɧɵ, ɝɞɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɦɟɧ ɫɬɚɪɨɣ ɢ 

ɢɡɧɨɲɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɩɪɟɠɞɟ ɜɫɟɝɨ ɪɚɡɥɢɱɧɵɦɢ 

  
Ɋɢɫ. 3.34. ɋɬɟɩɟɧɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɯɥɨɪɚ  
ɜ ɪɟɚɤɰɢɹɯ ɝɢɞɪɨɥɢɡɚ (2) ɢ ɨɤɢɫɥɟɧɢɹ (1)  

ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞɚ [357].  
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ɭɱɪɟɠɞɟɧɢɹɦɢ. ȼ ɢɬɨɝɟ ɟɠɟɝɨɞɧɨ ɮɨɪɦɢɪɭɸɬɫɹ ɨɬɯɨɞɵ, ɨɰɟɧɢɜɚɟɦɵɟ 
ɩɨ ɜɟɫɭ ɜ 0,45 ɦɥɧ. ɬɨɧɧ. Ȼɨɥɶɲɢɧɫɬɜɨ ɢɡ ɧɢɯ ɡɚɤɚɩɵɜɚɟɬɫɹ ɜ ɹɦɵ ɩɨ 
ɜɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɋɒȺ. Ɉɞɧɚɤɨ ɷɬɢ ɹɦɵ ɛɵɫɬɪɨ ɡɚɩɨɥɧɹɸɬɫɹ ɢ ɫɬɨɢ-

ɦɨɫɬɶ ɡɚɬɪɚɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɢɡɛɚɜɥɟɧɢɟɦ ɨɬ ɨɬɯɨɞɨɜ ɫɬɪɟɦɢɬɟɥɶɧɨ ɪɚɫ-
ɬɟɬ. ɉɪɨɛɥɟɦɚ ɭɫɭɝɭɛɥɹɟɬɫɹ ɢ ɬɟɦ, ɱɬɨ ɜɜɢɞɭ ɦɟɞɥɟɧɧɨɫɬɢ ɪɚɡɥɨɠɟ-
ɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜɨɡɧɢɤɚɟɬ ɧɟɝɚɬɢɜ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɧɚ-
ɩɪɚɜɥɟɧɧɨɫɬɢ. ɉɨɷɬɨɦɭ, ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨ-
ɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɤɨɜɪɨɜɵɯ ɢɡɞɟɥɢɹɯ, ɜɟɫɶɦɚ 
ɩɪɢɜɥɟɤɚɬɟɥɶɧɚ ɢ ɦɨɠɟɬ ɩɨɡɜɨɥɢɬɶ ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɞɨɪɨɝɨɫɬɨɹɳɟɣ 

ɩɪɨɰɟɞɭɪɵ ɭɧɢɱɬɨɠɟɧɢɹ ɨɬɯɨɞɨɜ; ɫɧɢɦɟɬ ɷɤɨɥɨɝɢɱɟɫɤɭɸ ɩɪɨɛɥɟɦɭ ɢ 

ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɧɨɜɨɦ ɫɵɪɶɟ. 
Ʉɨɜɪɨɜɨɟ ɢɡɞɟɥɢɟ ɬɪɚɞɢɰɢɨɧɧɨ ɫɨɞɟɪɠɢɬ ɝɥɚɜɧɵɣ ɢ ɜɬɨɪɨɫɬɟ-

ɩɟɧɧɵɣ ɢɡɧɚɧɨɱɧɵɟ ɫɥɨɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɟ ɢɡ ɩɨɥɢɩɪɨ-
ɩɢɥɟɧɚ; ɥɢɰɟɜɭɸ ɩɪɹɠɭ, ɮɨɪɦɢɪɭɟɦɭɸ ɢɡ ɧɟɣɥɨɧɚ, ɩɨɥɢɩɪɨɩɢɥɟɧɚ 
ɢɥɢ ɩɨɥɢɷɮɢɪɧɵɯ ɜɨɥɨɤɨɧ, ɚ ɬɚɤɠɟ ɫɜɹɡɭɸɳɢɣ ɥɢɰɟɜɭɸ ɩɪɹɠɭ ɢ ɢɡ-
ɧɚɧɨɱɧɵɟ ɫɥɨɢ ɦɚɬɟɪɢɚɥ ɥɚɬɟɤɫɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ (ɢɥɢ ɢɡ ɫɬɢɪɨɥ-
ɛɭɬɚɞɢɟɧɨɜɨɝɨ ɤɚɭɱɭɤɚ). 

ɉɪɨɰɟɞɭɪɚ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ ɪɚɛɨɬɟ [377], ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɟɚɥɢɡɚ-
ɰɢɢ ɬɪɚɞɢɰɢɨɧɧɨɣ ɫɯɟɦɵ ɩɪɨɰɟɫɫɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚ-
ɧɢɹ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɨɩɟɪɚɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ (Ɍ ɢ Ɋ) ɨɬɜɟɱɚɸɬ ɪɚɫ-
ɬɜɨɪɟɧɢɸ ɢ ɜɵɞɟɥɟɧɢɸ ɫɦɚɡɨɱɧɵɯ ɦɚɫɟɥ ɢ ɠɢɪɨɜ, ɩɨɝɥɨɳɟɧɧɵɯ 
ɤɪɨɦɤɨɣ ɤɨɜɪɚ ɢ ɤɨɜɪɨɦ ɜ ɰɟɥɨɦ, ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɷɤɫ-
ɩɥɭɚɬɚɰɢɢ; ɞɚɥɟɟ ɢɧɵɟ ɩɚɪɚɦɟɬɪɵ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɢ ɫɟɩɚɪɚɰɢɢ ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɬ ɜɵɞɟɥɟɧɢɸ ɜɵɲɟɧɚɡɜɚɧɧɨɝɨ ɫɜɹɡɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ; ɬɪɟɬɢɣ 

ɷɬɚɩ – ɩɨɥɭɱɟɧɢɟ ɜ ɱɢɫɬɨɦ ɜɢɞɟ ɢɫɯɨɞɧɨɝɨ ɞɥɹ ɢɡɧɚɧɨɱɧɵɯ ɫɥɨɟɜ ɩɨ-
ɥɢɩɪɨɩɢɥɟɧɚ ɢ, ɧɚɤɨɧɟɰ, ɨɫɬɚɬɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɚɬɟɪɢɚɥ ɥɢɰɟ-
ɜɨɣ ɩɪɹɠɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɣ ɩɨɥɢɦɟɪɧɵɣ ɦɚɬɟɪɢɚɥ 
ɦɨɠɟɬ ɛɵɬɶ ɥɟɝɤɨ ɝɪɚɧɭɥɢɪɨɜɚɧ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɩɪɹ-
ɞɢɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɥɢ ɠɟ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɮɨɪɦɟ ɦɢɤɪɨɜɨɥɨɤɨɧ 

ɱɟɪɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ RESS ɞɥɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɚ. 
Ɉɛ ɭɪɨɜɧɟ ɨɩɟɪɚɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɠɧɨ ɫɭɞɢɬɶ ɩɨ ɪɢɫɭɧɤɭ 

3.35 ɢ ɩɚɪɚɦɟɬɪɚɦ ɬɚɛɥɢɰɵ 3.26. 
3.15. ɋɉȿɐɂɎɂɑȿɋɄɂȿ ɉɊɈɐȿɋɋɕ ɂ ɌȿɏɇɈɅɈȽɂɂ 

 

Ɉɛɥɚɫɬɶ ɜɨɡɦɨɠɧɵɯ ɩɪɢɦɟɧɟɧɢɣ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢ-

ɞɨɜ ɜ ɩɪɨɰɟɫɫɚɯ  ɩɟɪɟɪɚɛɨɬɤɢ   ɩɨɥɢɦɟɪɧɵɯ   ɦɚɬɟɪɢɚɥɨɜ   ɞɚɥɟɤɨ  ɧɟ   
ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɨɛɳɟɢɡɜɟɫɬɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɫɢɧɬɟɡɚ, ɦɨɞɢɮɢɤɚɰɢɢ, 



 

 

258 

ɨɱɢɫɬɤɢ, ɜɵɞɟɥɟɧɢɹ, ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ, ɦɢɤɪɨɧɢɡɚɰɢɢ, ɩɨɥɭɱɟɧɢɹ 
ɜɨɥɨɤɨɧ ɢ ɩɨɪɨɲɤɨɜɵɯ ɩɨɤɪɵɬɢɣ, ɚ ɬɚɤɠɟ ɤɨɧɜɟɪɫɢɢ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɨɡɦɨɠɧɨ ɨɯɜɚɬɢɬɶ ɜɟɫɶ ɫɩɟɤɬɪ ɭɫɩɟɲɧɵɯ ɩɪɢɥɨɠɟ-
ɧɢɣ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɢ ɫɥɟɞɭɸɳɢɯ ɩɨɫɥɟ ɨɫɧɨɜɧɨɝɨ ɷɬɚɩɚɯ ɜɵɪɚ-
ɛɨɬɤɢ ɩɨɥɢɦɟɪɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢɥɢ ɠɟ ɜ ɱɚɫɬɢ ɦɨɞɢɮɢɤɚɰɢɢ ɬɪɚɞɢɰɢ-

ɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɉɨɷɬɨɦɭ ɦɵ ɨɫɬɚɧɨɜɢɦɫɹ ɥɢɲɶ ɧɚ ɞɜɭɯ ɩɪɢɦɟɪɚɯ, 
ɩɨɞɬɜɟɪɠɞɚɸɳɢɯ ɜɵɲɟɫɤɚɡɚɧɧɨɟ. 

Ɋɢɫ. 3.35. Ɂɚɜɢɫɢɦɨɫɬɶ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɨɥɢɩɪɨ-
ɩɢɥɟɧɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɨɣ ɞɜɭɨɤɢɫɢ ɭɝɥɟɪɨɞɚ 
ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟ-
ɧɢɹ [377]. 1 - 165 °ɋ; 2 - 

170 °ɋ; 3 - 180 °ɋ; 4 - 190 

°ɋ; 5 - 200 °ɋ. 

 

 

 
 

Ɍɚɛɥɢɰɚ 3.26. 
 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɜɟɪɤɪɢɬɢɱɟɫɤɢɯ ɪɚɫɜɨɪɨɜ  

ɤɨɦɩɨɧɟɧɬɨɜ ɤɨɜɪɨɜɵɯ ɢɡɞɟɥɢɣ 
 

ɋɢɫɬɟɦɚ Ɇɚɫɫɨɜɚɹ ɞɨɥɹ 
ɩɨɥɢɦɟɪɚ 

Ⱦɚɜɥɟɧɢɟ, ɛɚɪ Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ 

ɋɈ2 – ɩɨɥɢɫɬɢɪɨɥ 0,02 – 0,06 666 – 688 100 – 144 

ɋ2ɇ6 – ɩɨɥɢɫɬɢɪɨɥ 0,07 – 0,41 187 – 382 100 – 201 

ɋ4ɇ10 – ɩɨɥɢɫɬɢɪɨɥ 0,13 – 0,29 88 – 123 155 – 201 

ɋɈ2 – ɩɨɥɢɩɪɨɩɢɥɟɧ 0,07 – 0,40 450 – 954 163 – 208 

ɋ2ɇ6 – ɩɨɥɢɩɪɨɩɢɥɟɧ 0,04 – 0,41 307 – 415 160 – 200 

ɋ4ɇ10 – ɩɨɥɢɩɪɨɩɢɥɟɧ 0,05 – 0,20 130 – 190 166 – 186 

ɋɈ2 – ɧɟɣɥɨɧ 6 0,14 – 0,17 400 – 510 233 – 241 

 

ȼɨ ɜɫɟɦ ɦɢɪɟ ɥɢɲɶ ɩɨɥɨɜɢɧɚ ɩɪɨɢɡɜɨɞɢɦɵɯ ɦɢɧɟɪɚɥɶɧɵɯ ɦɚɫɟɥ 
ɪɟɝɟɧɟɪɢɪɭɟɬɫɹ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɧɨɜɶ. ȼɬɨɪɚɹ ɠɟ ɬɟɪɹɟɦɚɹ ɩɨɥɨɜɢɧɚ 
ɢɡ-ɡɚ ɜɨɡɦɨɠɧɨɫɬɢ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɱɜɵ ɢ ɜɨɞɨɩɪɢɬɨɤɨɜ, ɚ ɬɚɤɠɟ ɜɨɡ-
ɞɭɯɚ ɩɪɢ ɟɝɨ ɫɠɢɝɚɧɢɢ ɜ ɩɥɨɯɢɯ ɭɫɥɨɜɢɹɯ ɹɜɥɹɟɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɨ 
ɨɩɚɫɧɨɣ. Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɢ ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɹ ɜɫɟɯ ɦɚɫɟɥ ɧɟɨɛɯɨɞɢɦɨ ɭɞɚɥɟɧɢɟ ɢɡ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɨ 
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ɜɫɟɯ ɫɥɭɱɚɹɯ ɬɚɤɢɯ ɩɪɢɦɟɫɟɣ, ɤɚɤ ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ, ɯɥɨɪɫɨɞɟɪɠɚɳɢɟ 
ɫɨɟɞɢɧɟɧɢɹ, ɫɟɪɚ, ɚɛɪɚɡɢɜɧɵɟ ɱɚɫɬɢɰɵ ɢ ɱɚɫɬɢɰɵ ɭɝɥɹ. 

ɇɚɩɪɢɦɟɪ, ɢɦɟɸɳɢɣ ɜ ȿɜɪɨɩɟ ɦɟɫɬɨ ɨɬɤɚɡ ɨɬ ɬɪɚɞɢɰɢɨɧɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɝɥɢɧɨɡɟɦɚ ɛɵɥ ɤɨɦɩɟɧɫɢ-

ɪɨɜɚɧ ɜ ɨɫɧɨɜɧɨɦ ɢ ɥɢɲɶ ɞɥɹ ɢɫɤɥɸɱɢɬɟɥɶɧɵɯ ɫɥɭɱɚɟɜ (30000 

ɬɨɧɧ/ɝɨɞ) [378] ɞɨɪɨɝɨɫɬɨɹɳɢɦɢ ɢ ɞɨɫɬɚɬɨɱɧɨ ɧɟɩɪɨɫɬɵɦɢ ɜ ɪɟɚɥɢ-

ɡɚɰɢɢ ɩɪɨɰɟɫɫɚɦɢ ɝɢɞɪɨɨɱɢɫɬɤɢ ɢ ɜɚɤɭɭɦɧɨɣ ɞɢɫɬɢɥɥɹɰɢɢ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɮɢɥɶɬɪɚɰɢɢ ɬɚɤɠɟ ɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɵɯ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɜɜɢɞɭ, ɤɚɤ ɩɪɚɜɢɥɨ, ɦɚɥɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɦɟɦ-

ɛɪɚɧ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɥɨɝɨ ɪɚɫɯɨɞɚ ɪɟɝɟɧɟɪɢɪɭɟɦɨɣ ɠɢɞɤɨɫɬɢ. 

Ɍɪɚɞɢɰɢɨɧɧɵɣ ɦɟɬɨɞ ɫɧɢɠɟɧɢɹ ɜɹɡɤɨɫɬɢ ɷɬɨɣ ɠɢɞɤɨɫɬɢ (ɦɚɫɥɚ ɢ ɞɪɭ-
ɝɢɯ) ɜ ɰɟɥɹɯ ɭɥɭɱɲɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɰɟɫɫɚ ɩɨɫɪɟɞɫɬɜɨɦ ɩɨɜɵɲɟ-
ɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ (ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɞɨ 350 °ɋ) ɧɚɪɹɞɭ ɫ ɜɵɫɨɤɨɣ 

ɷɧɟɪɝɟɬɢɤɨɣ ɫɨɡɞɚɟɬ ɭɝɪɨɡɭ ɬɟɪɦɢɱɟɫɤɨɣ ɞɟɝɪɚɞɚɰɢɢ ɦɚɬɟɪɢɚɥɚ. 
Ɏɢɪɦɨɣ ɋȿȺ [379, 380] ɪɚɡɪɚɛɨɬɚɧ ɩɨɞɯɨɞ ɤ ɫɧɢɠɟɧɢɸ ɜɹɡɤɨɫɬɢ 

ɮɢɥɶɬɪɭɟɦɨɣ ɫɪɟɞɵ ɩɨɫɪɟɞɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɠɢɠɢɬɟɥɹ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɹ ɢ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɫɮɨɪɦɢɪɨɜɚɧ ɩɪɨɰɟɫɫ, 
ɯɨɪɨɲɨ ɚɞɚɩɬɢɪɨɜɚɧɧɵɣ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɦɨɬɨɪɧɵɯ 
ɦɚɫɟɥ ɢ ɩɨɡɜɨɥɹɸɳɢɣ ɢɯ ɨɱɢɳɚɬɶ ɨɬ ɜɵɲɟɧɚɡɜɚɧɧɵɯ ɡɚɝɪɹɡɧɢɬɟɥɟɣ. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ [378] ɛɵɥɢ ɜɵɛɪɚɧɵ ɧɟɨɪɝɚɧɢɱɟ-
ɫɤɢɟ ɦɟɦɛɪɚɧɵ, ɱɬɨɛɵ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɛɟɡɨɬɤɚɡɧɭɸ ɪɚɛɨɬɭ ɜ ɠɟɫɬɤɢɯ 
ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ (ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɦɟɦɛɪɚɧɵ ɮɢɪɦɵ 

«ɌȺɆI» ɢ ɧɚɧɨɮɢɥɶɬɪɚɰɢɨɧɧɵɟ ɦɟɦɛɪɚɧɵ ɫ TiO2 ɫɥɨɟɦ. 

ȼɧɚɱɚɥɟ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɢ ɢ ɧɚɧɨ-
ɮɢɥɶɬɪɚɰɢɢ ɦɨɞɟɥɶɧɨɣ ɫɢɫɬɟɦɵ – ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɟɣ, ɧɚɫɵɳɟɧɧɵɯ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ. ɇɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ ɷɬɚɩɟ 
ɷɬɚ ɫɢɫɬɟɦɚ ɢɡɭɱɟɧɚ ɧɚ ɩɪɟɞɦɟɬ ɜɡɚɢɦɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢ ɜɹɡɤɨɫɬɢ 

ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɫɨɫɬɨɹɧɢɹ [381]. 

 

ɗɮɮɟɤɬ ɢɡɦɟɧɟɧɢɹ ɜɹɡɤɨɫɬɢ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɋɈ2 ɛɵɥ ɢɫɫɥɟɞɨɜɚɧ 

ɞɥɹ ɞɜɭɯ ɜɢɞɨɜ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɟɣ ɫ ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɦɚɫɫɚɦɢ ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ 200ɝ/ɦɨɥɶ (ɉɗȽ 200) ɢ 400 ɝ/ɦɨɥɶ (ɉɗȽ 400) (ɪɢɫɭɧɤɢ 

3.36 ɢ 3.37). 
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Ɋɢɫ. 3.36. Ɂɚɜɢɫɢ-

ɦɨɫɬɶ ɜɹɡɤɨɫɬɢ ɉɗȽ 

200 ɨɬ ɞɚɜɥɟɧɢɹ ɞɜɭ-
ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ ɢ 

ɬɟɦɩɟɪɚɬɭɪɵ. 1 - 40 

°ɋ; 2 - 60 °ɋ; 3 - 75 

°ɋ. 

 

 

 

 

Ɋɢɫ. 3.37. Ɂɚɜɢɫɢ-

ɦɨɫɬɶ ɜɹɡɤɨɫɬɢ ɉɗȽ 

200 ɢ ɉɗȽ 400 ɨɬ 
ɞɚɜɥɟɧɢɹ ɞɜɭɨɤɢɫɢ 

ɭɝɥɟɪɨɞɚ. 1 - ɉɗȽ 

200; 2 - ɉɗȽ 400. 

 

 

 

 

 

ȼ ɤɚɱɟɫɬɜɟ ɜɵɜɨɞɚ ɩɨ ɷɬɢɦ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ: 
1. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɚɜɥɟɧɢɹ ɞɜɭɨɤɢɫɢ ɭɝɥɟɪɨɞɚ ɜɹɡɤɨɫɬɶ ɭɦɟɧɶ-

ɲɚɟɬɫɹ; 
2. ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ (ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɤɪɢɬɢɱɟɫɤɨɦɭ 

ɡɧɚɱɟɧɢɸ) ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɷɮɮɟɤɬ ɩɨɧɢɠɟɧɢɹ ɜɹɡɤɨɫɬɢ; 

3. ɑɟɦ ɜɵɲɟ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ, ɬɟɦ ɜɵɲɟ ɷɮɮɟɤɬ ɩɨɧɢɠɟɧɢɹ 
ɜɹɡɤɨɫɬɢ. 

ɂɡɧɚɱɚɥɶɧɨ ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɹ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ 60 °ɋ ɢ ɫɤɨ-
ɪɨɫɬɢ ɮɢɥɶɬɪɚɰɢɢ ɜ 6 ɦ/ɫ ɧɚ ɦɟɦɛɪɚɧɟ ɫ ɪɚɡɦɟɪɨɦ ɩɨɪ, ɩɪɟɜɨɫɯɨɞɹ-
ɳɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɪɚɡɦɟɪ ɮɢɥɶɬɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɉɗȽ 400 

(20 ɧɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 1-2 ɧɦ) ɫ ɰɟɥɶɸ ɭɫɬɚɧɨɜɥɟɧɢɹ ɷɮɮɟɤɬɚ ɭɜɟɥɢ-

ɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɚ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɩɨ ɩɪɢɱɢɧɟ ɫɧɢɠɟɧɢɹ ɜɹɡɤɨ-
ɫɬɢ «ɮɢɥɶɬɪɭɟɦɨɝɨ» ɦɚɬɟɪɢɚɥɚ. Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɞɚɜɥɟ-
ɧɢɹɦ ɋɈ2 ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɛɨɥɶɲɢɟ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɨɜ ɱɟɪɟɡ ɦɟɦɛɪɚ-
ɧɭ. ȼ ɱɚɫɬɧɨɫɬɢ ɩɪɢ ɊɋɈ2 = 180 ɛɚɪ ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɚɬɦɨɫɮɟɪɧɵɦ ɞɚɜɥɟɧɢɟɦ ɢ ɬɨɣ ɠɟ ɬɟɦɩɟɪɚɬɭɪɨɣ) ɭɞɜɚɢɜɚɟɬɫɹ (ɪɢɫɭ-
ɧɨɤ 3.38). 
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ɉɪɢ ɷɬɨɦ ɢɦɟɸɬɫɹ ɜɚɪɢɚɧɬɵ ɭɜɟɥɢɱɟɧɢɹ ɞɨ 4 ɪɚɡ. 
 

Ɋɢɫ. 3.38. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬ-
ɧɨɫɬɢ ɩɨɬɨɤɚ ɉɗȽ 400 ɱɟɪɟɡ 
ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɨɧɧɭɸ 

ɦɟɦɛɪɚɧɭ (50 ɄȾ) ɨɬ ɞɚɜɥɟ-
ɧɢɹ ɞɜɭɨɤɢɫɢ ɭɝɥɟɪɨɞɚ. 1 - 

ɊɋɈ2 = 0 Ɇɉɚ; 2 – ɊɋɈ2 = 

10 Ɇɉɚ; 3 - ɊɋɈ2 = 12 Ɇɉɚ; 
4 - ɊɋɈ2 = 15 Ɇɉɚ; 5 - ɊɋɈ2 

= 18 Ɇɉɚ. 
 

ȼɨ ɜɬɨɪɨɣ ɫɟɪɢɢ ɨɩɵɬɨɜ 
ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɩɪɨɰɟɫɫɚ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɦɟɫɢ ɉɗȽ 400 ɢ ɉɗȽ 1000 ɫ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟɦ ɧɚɧɨɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɦɟɦɛɪɚɧɵ (ɞɜɭɯ ɬɢɩɨɜ) ɩɪɢ 60 °ɋ, ɫɤɨ-
ɪɨɫɬɢ ɮɢɥɶɬɪɚɰɢɢ ɜ 1 ɦ/ɫ. Ⱥɤɬɢɜɧɵɣ ɫɥɨɣ ɦɟɦɛɪɚɧɵ ɢɡ TiO2 ɜ ɨɞɧɨɦ 

ɫɥɭɱɚɟ ɛɵɥ ɧɚɧɟɫɟɧ ɧɚ ɮɢɥɶɬɪɭɸɳɭɸ ɩɟɪɟɝɨɪɨɞɤɭ, ɜɵɩɨɥɧɟɧɧɭɸ ɢɡ 
Al2O3, ɚ ɜ ɞɪɭɝɨɦ ɢɡ Al2O3 + TiO2 + ZrO2 («ATZ»). Ɋɟɡɭɥɶɬɚɬɵ ɷɬɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.27. 

Ⱦɥɹ ɫɦɟɫɟɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɹɡɤɨɫɬɢ ɮɚɤɬɨɪ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɢɥɶɬɪɭɸɳɟɣ ɩɟɪɟɝɨɪɨɞɤɢ «ȺɌZ» ɦɟɧɹɟɬɫɹ ɨɬ 1,1 ɞɨ 
1,3. ɉɨɞ ɮɚɤɬɨɪɨɦ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɩɨɞɪɚ-
ɡɭɦɟɜɚɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ ɞɜɭɯ ɨɬɧɨɲɟɧɢɣ, ɚ ɢɦɟɧɧɨ ɤɨɧɰɟɧɬɪɚɰɢɣ 

ɉɗȽ 100 ɢ ɉɗȽ 400 ɜ ɩɪɨɧɢɤɚɸɳɟɦ ɩɨɬɨɤɟ ɤ ɚɧɚɥɨɝɢɱɧɨɦɭ ɨɬɧɨɲɟ-
ɧɢɸ ɜ ɭɞɟɪɠɢɜɚɟɦɨɣ ɱɚɫɬɢ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɩɪɢ 120 ɛɚɪɚɯ ɮɚɤɬɨɪ ɫɟ-
ɥɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɨɤɚɡɚɥɫɹ ɫɢɥɶɧɨ ɡɚɜɢɫɹɳɢɦ 

ɨɬ ɦɚɬɟɪɢɚɥɚ ɮɢɥɶɬɪɭɸɳɟɣ ɩɟɪɟɝɨɪɨɞɤɢ, ɧɚ ɤɨɬɨɪɭɸ, ɤɚɤ ɛɵɥɨ ɨɬɦɟ-
ɱɟɧɨ ɜɵɲɟ, ɛɵɥ ɧɚɧɟɫɟɧ ɫɥɨɣ TiO2. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɛɨɥɟɟ ɝɢɞɪɨ-
ɮɢɥɶɧɨɦ ɦɚɬɟɪɢɚɥɟ ɩɟɪɟɝɨɪɨɞɤɢ (Al2O3) ɮɚɤɬɨɪ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɪɢ-

ɧɹɥ ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ - 1,4 (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɡɧɚɱɟɧɢɟɦ 1,1 ɞɥɹ 
«ȺɌZ»). 

Ɍɚɛɥɢɰɚ 3.27. 
 

ɉɨɬɨɤɢ ɢ ɮɚɤɬɨɪ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɦɟɫɢ ɉɗȽ 400 ɢ ɉɗȽ 

1000 ɫ ɩɨɦɨɳɶɸ ɧɚɧɨɮɢɥɶɬɪɚɰɢɨɧɧɵɯ ɦɟɦɛɪɚɧ 
 

 Ɋ, «ȺɌZ» Ⱥl2O3 

ɛɚɪ ɊɋɈ2 = 0 ɛɚɪ ɊɋɈ2 = 60 ɛɚɪ ɊɋɈ2 = 120 ɛɚɪ ɊɋɈ2 = 120 ɛɚɪ 
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 ɉɨɬɨɤ 
ɤɝ/(ɫɦ2

) 

ɋɟɥɟɤ-
ɬɢɜɧɨɫɬɶ 

ɉɨɬɨɤ 
ɤɝ/(ɫɦ2

)

ɋɟɥɟɤ-
ɬɢɜɧɨɫɬɶ

ɉɨɬɨɤ 
ɤɝ/(ɫɦ2

)

ɋɟɥɟɤ-
ɬɢɜɧɨɫɬɶ 

ɉɨɬɨɤ 
ɤɝ/(ɫɦ2

) 

ɋɟɥɟɤ-
ɬɢɜ-
ɧɨɫɬɶ 

5 

10 

20 

30 

- 

- 

- 

5 

- 

- 

- 

1,23 

- 

6,20 

8,27 

10,34 

- 

1,22 

1,20 

1,21 

12,40 

14,47 

17,57 

19,64 

1,03 

1,04 

1,11 

1,06 

- 

2,17 

3,07 

3,61 

- 

1,24 

1,36 

1,49 

 

ɉɪɟɞɫɬɚɜɥɟɧɧɨɣ ɩɪɨɰɟɫɫ ɢɦɟɟɬ ɨɱɟɧɶ ɯɨɪɨɲɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨ 
ɬɪɟɦ ɫɩɟɰɢɮɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ: 

1. ɉɨɬɨɤ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɥɚɧɫ; 
2. Ɏɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫ ɛɨɥɟɟ ɱɟɦ 95 % ɭɞɟɪɠɚɧɢɟɦ; 

3. ɇɚɥɢɱɢɟ ɤɨɧɰɟɧɬɪɚɬɚ ɜ ɜɢɞɟ ɫɭɯɨɝɨ ɨɫɬɚɬɤɚ. 
ɋɪɚɜɧɟɧɢɟ ɫ ɩɨɤɚɡɚɬɟɥɹɦɢ ɩɪɨɰɟɫɫɚ ɜɚɤɭɭɦɧɨɣ ɞɢɫɬɢɥɥɹɰɢɢ 

[378] ɝɨɜɨɪɢɬ ɜ ɩɨɥɶɡɭ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɪɟɲɟɧɢɹ. 
ɋɥɟɞɭɸɳɢɣ ɩɪɢɦɟɪ, ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ, ɫɩɟɰɢɮɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

ɡɚɬɪɚɝɢɜɚɟɬ ɩɪɨɛɥɟɦɭ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɬɟɤ-
ɫɬɢɥɶɧɵɯ ɢɡɞɟɥɢɣ, ɢɦɟɸɳɢɯ ɷɥɟɦɟɧɬɵ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɩɨɥɢɦɟɪ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ⱦɨɥɝɢɟ ɝɨɞɵ ɷɬɚ ɩɪɨɰɟɞɭɪɚ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɨɱɢɫɬɤɟ ɦɟɯɚɧɢɡɦɨɜ 
ɦɚɲɢɧ, ɜɵɫɨɤɨɬɨɱɧɵɯ ɢɡɞɟɥɢɣ ɢ ɬɟɤɫɬɢɥɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɝɚɥɨɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɉɨ-
ɫɥɟɞɧɢɟ ɨɰɟɧɤɢ, ɤɚɤ ɜɩɪɨɱɟɦ ɢ ɛɨɥɟɟ ɪɚɧɧɢɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɯ ɜɨɡɞɟɣ-

ɫɬɜɢɟ ɧɚ ɷɤɨɥɨɝɢɸ ɢ ɡɞɨɪɨɜɶɟ ɹɜɥɹɸɬɫɹ ɢɫɬɨɱɧɢɤɨɦ ɛɨɥɶɲɨɝɨ ɪɢɫɤɚ 
ɢ ɱɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɢɯ ɢɡɞɟɪɠɟɤ. ȼ ɷɬɨɦ ɫɦɵɫɥɟ ɲɢɪɨɤɨ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɧɵɣ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɩɟɪɟɞ ɞɪɭɝɢɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ ɢɦɟɟɬ 
ɛɟɫɫɩɨɪɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ: ɞɟɲɟɜɢɡɧɚ, ɧɟɬɨɤɫɢɱɧɨɫɬɶ, ɜɡɪɵɜɨ- ɢ ɩɨ-
ɠɚɪɨɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɦɧɨɝɨɟ ɞɪɭɝɨɟ, ɩɟɪɟɱɢɫɥɟɧɧɨɟ ɪɚɧɟɟ. 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɜ ɩɨ-
ɫɥɟɞɭɸɳɟɦ ɫɬɚɥ ɢɡɭɱɚɬɶɫɹ ɢ ɩɪɟɞɥɚɝɚɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ 

ɝɚɥɨɢɞɧɵɦ ɪɚɫɬɜɨɪɢɬɟɥɹɦ ɜ ɩɪɨɰɟɫɫɚɯ ɨɱɢɫɬɤɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨ-
ɜɟɪɯɧɨɫɬɟɣ ɢ ɬɤɚɧɟɣ ɨɬ ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɡɚɝɪɹɡɧɢɬɟ-
ɥɟɣ [382÷386]. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ ɪɚɛɨɬɟ [383] ɛɵɥ ɨɛɫɭɠɞɟɧ ɩɨɞɯɨɞ ɤ 
ɭɞɚɥɟɧɢɸ ɦɚɫɥɹɧɵɯ ɩɹɬɟɧ ɢ ɨɫɬɚɬɤɨɜ ɱɟɬɵɪɟɯɯɥɨɪɢɫɬɨɝɨ ɭɝɥɟɪɨɞɚ ɫ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. ɉɪɨɰɟɞɭɪɚ ɨɱɢɫɬɤɢ ɨɞɟɠɞɵ ɨɬ ɩɨɱɜɵ 

ɛɵɥɚ ɨɩɢɫɚɧɚ ɜ ɩɚɬɟɧɬɟ [386]. Ɉɞɧɚɤɨ ɷɬɢ ɢ ɞɪɭɝɢɟ ɩɨɞɯɨɞɵ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɬɪɚɞɢ-

ɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɧɟ ɜɫɟɝɞɚ ɨɬɜɟɱɚɥɢ ɜɵɞɜɢɝɚɟɦɵɦ ɬɪɟɛɨɜɚɧɢɟɦ 
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ɩɨ ɛɵɫɬɪɨɣ ɨɛɪɚɛɨɬɤɟ ɧɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɬɟɤɫɬɢɥɶɧɵɯ 
ɢɡɞɟɥɢɣ. ɉɨɫɥɟɞɧɟɦɭ ɧɟ ɫɩɨɫɨɛɫɬɜɨɜɚɥ ɢ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɪɚɫɬɜɨɪɹɸɳɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɩɪɢ ɨɝɪɚɧɢɱɟɧɧɵɯ ɞɚɜɥɟɧɢɹɯ ɧɟ ɪɟɞ-

ɤɨ ɭɫɬɭɩɚɥɚ ɚɧɚɥɨɝɢɱɧɨɦɭ ɩɨɤɚɡɚɬɟɥɸ ɠɢɞɤɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨ-
ɪɢɬɟɥɟɣ. 

ɉɨɷɬɨɦɭ ɩɨɹɜɢɥɢɫɶ ɪɚɛɨɬɵ [387, 388], ɩɪɟɞɥɚɝɚɜɲɢɟ ɜ ɤɚɱɟɫɬɜɟ 
ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɞɪɭɝɢɟ ɜɟɳɟɫɬɜɚ ɜ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢ-

ɹɯ. ɇɚɩɪɢɦɟɪ, ɜ ɩɪɢɥɨɠɟɧɢɢ ɤ ɩɚɬɟɧɬɭ [387] ɨɩɢɫɵɜɚɟɬɫɹ ɩɪɨɰɟɫɫ, ɜ 
ɤɨɬɨɪɨɦ ɞɥɹ ɨɱɢɫɬɤɢ ɨɞɟɠɞɵ ɢɥɢ ɬɟɤɫɬɢɥɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɢɣ ɮɥɸɢɞ ɫ ɩɨɥɹɪɧɨɣ ɞɨɛɚɜɤɨɣ. Ⱥ ɜ ɪɚɛɨɬɟ [388] ɩɪɢ ɪɟɲɟɧɢɢ 

ɩɪɨɛɥɟɦɵ ɨɱɢɫɬɤɢ ɨɬ ɪɚɡɥɢɱɧɵɯ ɩɨ ɩɪɢɪɨɞɟ ɡɚɝɪɹɡɧɢɬɟɥɟɣ ɜɦɟɫɬɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɰɟɥɨɝɨ ɧɚɛɨɪɚ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɩɪɢɦɟɧɹɸɬ ɥɢɲɶ ɨɞɧɨ 
ɜɟɳɟɫɬɜɨ, ɫɨɫɬɨɹɧɢɟ ɤɨɬɨɪɨɝɨ ɦɟɧɹɟɬɫɹ ɨɬ ɫɭɛ- ɞɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ 

ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɧɟɧɢɹ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ. 

ȼɨ ɜɫɟɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɥɭɱɚɹɯ ɟɳɟ ɨɞɧɢɦ ɞɨɫɬɚɬɨɱɧɨ ɫɟɪɶɟɡ-
ɧɵɦ ɩɪɟɩɹɬɫɬɜɢɟɦ ɤ ɩɪɨɦɵɲɥɟɧɧɨɦɭ ɩɪɢɦɟɧɟɧɢɸ ɩɪɨɰɟɫɫɚ ɨɱɢɫɬɤɢ 

ɩɥɨɬɧɵɦɢ ɝɚɡɚɦɢ ɹɜɥɹɥɨɫɶ ɬɨ, ɱɬɨ ɧɚɩɪɢɦɟɪ, ɤɨɝɞɚ ɧɟɤɨɬɨɪɵɟ ɷɥɟ-
ɦɟɧɬɵ ɨɞɟɠɞɵ ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɩɨɥɢ-

ɷɮɢɪɧɵɟ ɩɭɝɨɜɢɰɵ, ɡɚɫɬɟɠɤɢ, ɞɟɤɨɪɚɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɢ ɞɪɭɝɢɟ) ɜ 
ɩɪɨɰɟɫɫɟ ɨɱɢɫɬɤɢ ɜɪɟɦɟɧɧɨ ɧɟ ɭɞɚɥɹɸɬɫɹ, ɨɧɢ ɫ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ 

ɜɟɪɨɹɬɧɨɫɬɶɸ ɦɨɝɥɢ ɛɵɬɶ ɩɨɜɪɟɠɞɟɧɧɵɦɢ (ɩɨɹɜɥɟɧɢɟ ɦɭɬɧɨɫɬɢ, ɩɭ-
ɡɵɪɟɧɢɹ ɢ ɪɚɫɬɪɟɫɤɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ). 

ɗɬɚ ɢ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɛɵɥɢ ɞɨɫɬɚɬɨɱɧɨ ɭɫɩɟɲɧɨ 
ɪɟɲɟɧɵ ɜ ɪɚɛɨɬɟ [389]. ɋɨɝɥɚɫɧɨ ɧɟɟ ɩɪɨɰɟɞɭɪɚ ɨɱɢɫɬɤɢ ɬɟɤɫɬɢɥɶɧɵɯ 
ɢɡɞɟɥɢɣ (ɨɞɟɠɞɵ) ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: ɨɞɟɠɞɚ ɩɨɦɟɳɚɟɬɫɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɤɚɦɟɪɭ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; ɞɚɥɟɟ ɨɧɚ ɨɪɨɲɚɟɬɫɹ 
ɫɨɫɬɚɜɨɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ (ɨɬɛɟɥɢɜɚɬɟɥɶ ɢ ɚɤɬɢɜɚɬɨɪ ɨɱɢ-

ɫɬɤɢ ɨɬ ɩɪɢɦɟɫɟɣ); ɫɥɟɞɭɸɳɢɣ ɷɬɚɩ- ɡɚɩɨɥɧɟɧɢɟ ɤɚɦɟɪɵ ɩɟɪɜɨɣ ɠɢɞ-

ɤɨɫɬɶɸ. ɉɟɪɜɚɹ ɠɢɞɤɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɥɨɬɧɭɸ ɫɪɟɞɭ ɜ ɠɢɞ-

ɤɨɦ ɢɥɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ (Ɋ1, Ɍ1). Ⱥɜɬɨɪɚɦɢ ɭɫɬɚɧɨɜɥɟɧɚ 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɚɹ ɨɛɥɚɫɬɶ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ, ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ, 

ɩɟɪɜɨɣ ɠɢɞɤɨɫɬɢ, ɜ ɫɥɭɱɚɟ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɨɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟ-
ɞɭɸɳɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ: 55 ÷ 350 ɛɚɪ ɩɪɢ 0 ÷ 100 °ɋ ɢɥɢ 70 ÷ 173 ɛɚɪ 
ɩɪɢ 20 ÷ 60 °ɋ. Ɉɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɣ ɠɢɞɤɨɫɬɢ ɦɨɝɭɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɟɬɚɧ, ɷɬɚɧ, ɩɪɨɩɚɧ, ɧ-ɩɟɧɬɚɧ, ɧ-ɝɟɤɫɚɧ, ɰɢɤɥɨ-
ɝɟɤɫɚɧ, ɧ-ɝɟɩɬɚɧ, ɷɬɢɥɟɧ, ɩɪɨɩɢɥɟɧ, ɦɟɬɚɧɨɥ, ɷɬɚɧɨɥ, ɢɡɨɩɪɨɩɚɧɨɥ, 
ɛɟɧɡɨɥ, ɬɨɥɭɨɥ, ɯɥɨɪɬɪɢɮɬɨɪɦɟɬɚɧ, ɬɪɢɯɥɨɪɮɬɨɪɦɟɬɚɧ, ɩɟɪɮɬɨɪɩɪɨ-
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ɩɚɧ, ɯɥɨɪɞɢɮɬɨɪɦɟɬɚɧ ɢ ɞɪɭɝɢɟ. Ʉɨɧɬɚɤɬ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɫ ɩɟɪɜɨɣ ɠɢɞɤɨɫɬɶɸ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɚɩɩɚɪɚɬɟ ɫɭɯɨɣ ɱɢɫɬɤɢ [390]. 

ȼɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɩɟɪɜɨɣ ɠɢɞɤɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɟɩɟɧɶɸ ɢ ɜɢɞɨɦ 

ɡɚɝɪɹɡɧɢɬɟɥɹ. ɉɪɢ ɪɚɛɨɬɟ ɫ ɬɤɚɧɹɦɢ ɜɪɟɦɹ, ɤɚɤ ɩɪɚɜɢɥɨ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 
1 ɞɨ 120 ɦɢɧɭɬ (ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ 10 ÷ 60 ɦɢɧɭɬ).  

ȼ ɫɥɭɱɚɟ ɧɚɥɢɱɢɹ ɜɨɞɵ ɧɚ ɬɤɚɧɢ ɜɜɢɞɭ ɟɟ ɩɥɨɯɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɜ 
ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ ɜ ɤɚɦɟɪɭ ɞɨɛɚɜɥɹɟɬɫɹ ɝɢɝɪɨɫɤɨɩɢɱɟɫɤɚɹ ɠɢɞɤɨɫɬɶ. 
Ⱦɚɥɟɟ ɜ ɤɚɦɟɪɭ ɡɚɤɚɱɢɜɚɟɬɫɹ, ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɜɬɨɪɚɹ ɠɢɞɤɨɫɬɶ (ɫɠɚ-
ɬɵɣ ɝɚɡ) ɩɪɢ ɬɟɯ ɠɟ ɩɚɪɚɦɟɬɪɚɯ ɫɨɫɬɨɹɧɢɹ (Ɋ1, Ɍ1), ɡɚɦɟɧɹɹ ɫɨɛɨɣ 

ɩɟɪɜɭɸ ɠɢɞɤɨɫɬɶ. ȼɬɨɪɚɹ ɠɢɞɤɨɫɬɶ ɢɦɟɟɬ ɛɨɥɶɲɢɣ ɦɨɥɶɧɵɣ ɨɛɴɟɦ 

ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ. ɇɚ ɷɬɚɩɟ ɩɨɥɧɨɣ ɡɚɦɟɧɵ ɩɟɪɜɨɣ 

ɠɢɞɤɨɫɬɢ ɧɚ ɜɬɨɪɭɸ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɞɟɧɚ ɞɟɤɨɦɩɪɟɫɫɢɹ, ɤɚɦɟɪɚ ɨɬ-
ɤɪɵɬɚ ɢ ɱɢɫɬɚɹ ɨɞɟɠɞɚ ɭɞɚɥɟɧɚ.  

ȼ ɨɛɫɭɠɞɚɟɦɨɣ ɪɚɛɨɬɟ [389] ɨɛɴɟɤɬɨɦ ɢɫɩɵɬɚɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ, 
ɹɜɢɥɢɫɶ ɛɟɥɵɟ ɢ ɤɪɚɫɧɵɟ ɩɨɥɢɷɮɢɪɧɵɟ, ɚ ɬɚɤɠɟ ɩɪɨɡɪɚɱɧɵɟ ɚɤɪɢɥɨ-
ɜɵɟ ɩɭɝɨɜɢɰɵ, ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɪɟɠɞɚɜɲɢɟɫɹ (ɫɬɚɧɨɜɢɥɢɫɶ ɧɟɩɪɨ-
ɡɪɚɱɧɵɦɢ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɥɢ ɩɭɡɵɪɢ ɢ ɬɪɟɳɢɧɵ) ɩɪɢ ɩɪɟɠɧɢɯ 
ɩɨɞɯɨɞɚɯ ɤ ɨɱɢɫɬɤɟ (ɜ ɱɚɫɬɧɨɫɬɢ ɫɭɛɤɪɢɬɢɱɟɫɤɢɦ ɋɈ2 ɩɪɢ 70 ɛɚɪɚɯ ɢ 

22 °ɋ; ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɋɈ2 ɩɪɢ 140 ɛɚɪɚɯ ɢ 40 °ɋ ɢɥɢ ɫɭɛ- ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɢɦ ɋɈ2 ɩɪɢ 130 ɛɚɪɚɯ ɢ 20 ÷ 40 °ɋ). ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨ-
ɰɟɫɫɚ ɫɨɝɥɚɫɧɨ [389] (ɩɟɪɜɚɹ ɠɢɞɤɨɫɬɶ - ɫɭɛɤɪɢɬɢɱɟɫɤɢɣ ɋɈ2 ɩɪɢ 70 

ɛɚɪɚɯ ɢ 22 °ɋ; ɜɬɨɪɚɹ ɠɢɞɤɨɫɬɶ- N2 ɩɪɢ 70 ɛɚɪɚɯ ɢ 22 °ɋ ɢɥɢ ɩɟɪɜɚɹ 
ɠɢɞɤɨɫɬɶ - ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɋɈ2 ɩɪɢ 140 ɛɚɪɚɯ ɢ 40 °ɋ; ɜɬɨɪɚɹ 
ɠɢɞɤɨɫɬɶ- N2 ɩɪɢ 140 ɛɚɪɚɯ ɢ 40 °ɋ ɢɥɢ ɩɟɪɜɚɹ ɠɢɞɤɨɫɬɶ - ɫɭɛ - 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɋɈ2 ɩɪɢ 120 ɛɚɪɚɯ ɢ 40 ÷ 20 °ɋ; ɜɬɨɪɚɹ ɠɢɞɤɨɫɬɶ - 
N2 ɩɪɢ 120 ɛɚɪɚɯ ɢ 20 °ɋ) ɧɢɤɚɤɨɟ ɩɨɜɪɟɠɞɟɧɢɟ ɩɭɝɨɜɢɰ ɧɟ ɛɵɥɨ ɨɛ-

ɧɚɪɭɠɟɧɨ. 
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Ƚɥɚɜɚ IV 

ɗɄɈɇɈɆɂɑȿɋɄɂȿ ȺɋɉȿɄɌɕ ɋɍȻ-  

ɂ ɋȼȿɊɏɄɊɂɌɂɑȿɋɄɂɏ
ɗɄɋɌɊȺɄɐɂɈɇɇɕɏ ɉɊɈɐȿɋɋɈȼ 

Ɉɞɧɢɦ ɢɡ ɷɬɚɩɨɜ ɩɟɪɟɯɨɞɚ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ ɥɚɛɨɪɚɬɨɪɧɨ-
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɤ ɩɪɨ-
ɦɵɲɥɟɧɧɨɦɭ ɜɧɟɞɪɟɧɢɸ ɹɜɥɹɟɬɫɹ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚ-
ɧɢɟ ɩɪɨɟɤɬɚ, ɩɪɟɞɩɨɥɚɝɚɸɳɟɟ ɨɰɟɧɤɭ ɜɫɟɯ ɜɢɞɨɜ ɡɚɬɪɚɬ, ɫɜɹɡɚɧɧɵɯ ɫ
ɪɟɚɥɢɡɚɰɢɟɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɢ ɫɪɚɜɧɟɧɢɟ ɟɝɨ ɪɟɡɭɥɶɬɚɬɨɜ
ɫ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɚɧɚɥɨɝɨɜ.   

ɉɨɫɤɨɥɶɤɭ ɬɟɨɪɢɹ ɢ ɩɪɚɤɬɢɤɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɧɚ-
ɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɟɪɟɠɢɜɚɟɬ ɥɢɲɶ ɷɬɚɩ ɫɜɨɟɝɨ ɫɬɚɧɨɜɥɟɧɢɹ, ɱɬɨ, ɜ ɫɜɨɸ
ɨɱɟɪɟɞɶ, ɩɪɟɞɨɩɪɟɞɟɥɹɟɬ ɧɟɩɨɥɧɨɬɭ ɫɭɳɟɫɬɜɭɸɳɟɣ ɢɧɮɨɪɦɚɰɢɢ, ɬɨ
ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɦɚɬɟɪɢɚɥ ɧɚɫɬɨɹɳɟɣ ɝɥɚɜɵ ɪɚɫɫɦɨɬ-
ɪɟɬɶ ɜ ɟɞɢɧɨɦ ɤɥɸɱɟ, ɫ ɟɞɢɧɵɯ ɩɨɡɢɰɢɣ ɢ, ɬɟɦ ɛɨɥɟɟ ɨɝɪɚɧɢɱɢɜɲɢɫɶ
ɥɢɲɶ ɚɧɚɥɢɡɨɦ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨɥɢɦɟɪɨɜ. ɉɨɫɥɟɞɧɟɟ ɨɬ-
ɧɸɞɶ ɧɟ ɭɦɚɥɹɟɬ ɰɟɧɧɨɫɬɢ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɚɧɚɥɢɡɚ, ɩɨɫɤɨɥɶɤɭ ɧɟ
ɜɵɡɵɜɚɟɬ ɫɨɦɧɟɧɢɣ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɟɝɨ ɨɫɧɨɜɧɵɟ ɜɵɜɨɞɵ ɛɭɞɭɬ ɧɨɫɢɬɶ
ɫɬɨɥɶ ɠɟ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ, ɫɤɨɥɶ ɭɧɢɜɟɪɫɚɥɶɧɨ ɤ ɩɪɢɦɟɪɭ
ɨɤɨɥɨɤɪɢɬɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɜɟɳɟɫɬɜɚ. 

Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜɨ ɜɜɟɞɟɧɢɢ, ɢɡɭɱɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɹ ɫɭɛ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢ
ɷɤɫɬɪɚɝɟɧɬɨɜ ɜ ɩɪɨɰɟɫɫɚɯ ɜɵɞɟɥɟɧɢɹ ɨɱɢɫɬɤɢ ɢ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɹ
ɩɪɟɠɞɟ ɜɫɟɝɨ ɛɵɥɨ ɫɜɹɡɚɧɨ ɫ ɩɨɢɫɤɨɦ ɩɭɬɟɣ ɫɨɡɞɚɧɢɣ ɷɧɟɪɝɨɫɛɟɪɟ-
ɝɚɸɳɢɯ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɯ ɦɟɬɨɞɨɜ ɩɟɪɟɪɚɛɨɬɤɢ ɪɚɡɥɢɱɧɵɯ, 
ɜɤɥɸɱɚɹ ɢ ɩɨɥɢɦɟɪɧɵɟ, ɦɚɬɟɪɢɚɥɨɜ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜ ɩɨɞɚɜɥɹɸɳɟɦ
ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɫɭɛ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɫɨ-
ɫɬɨɹɧɢɹɯ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɩɪɢɞɚɥ ɩɪɨɰɟɫɫɚɦ ɨɞɧɨɡɧɚɱɧɨ ɟɫɬɟɫɬ-
ɜɟɧɧɵɣ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɫɨɜɦɟɫɬɢɦɵɣ ɯɚɪɚɤɬɟɪ, ɨɫɬɚɧɨɜɢɦɫɹ ɩɟɪɜɨ-
ɧɚɱɚɥɶɧɨ ɧɚ ɩɪɨɛɥɟɦɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɷɬɢɯ ɩɪɨɰɟɫɫɚɯ. 
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ɉɪɟɞɩɨɥɨɠɟɧɢɟ ɨɛ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɢ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɷɤɫ-
ɬɪɚɤɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɚɯ ɩɪɟɞɟɥɶɧɨ ɥɨɝɢɱɧɨ ɨɫɧɨɜɵɜɚɥɨɫɶ ɧɚ ɫɪɚɜɧɟ-
ɧɢɢ ɜɟɥɢɱɢɧɵ ɪɚɛɨɬɵ, ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɧɚ ɩɨɥɭɱɟɧɢɟ ɫɠɚɬɨɝɨ ɝɚɡɚ (ɜ 
ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɧɚ ɷɬɚɩɟ ɪɟɝɟ-
ɧɟɪɚɰɢɢ ɷɤɫɬɪɚɤɬɚ ɢ ɷɤɫɬɪɚɝɟɧɬɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɷɤɫɬɪɚɤɰɢɨɧɧɨɦ 

ɩɪɨɰɟɫɫɟ) ɫ ɩɪɢɫɭɳɟɣ ɬɪɚɞɢɰɢɨɧɧɵɦ ɩɨɞɯɨɞɚɦ ɜɟɥɢɱɢɧɨɣ ɷɧɟɪɝɨɩɨ-
ɬɪɟɛɥɟɧɢɹ ɧɚ ɷɬɚɩɟ ɬɨɣ ɠɟ ɪɟɝɟɧɟɪɚɰɢɢ, ɧɨ ɫɜɹɡɚɧɧɨɣ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫ 
ɢɫɩɚɪɟɧɢɟɦ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɩɪɨɰɟɫɫɟ ɞɢɫɬɢɥɥɹɰɢɢ. Ʉ 

ɩɪɢɦɟɪɭ ɪɚɛɨɬɚ ɫɠɚɬɢɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ ɨɬ 6 

ɞɨ 20 Ɇɉɚ ɫɨɫɬɚɜɥɹɟɬ 54 ɤȾɠ/ɤɝ, ɬɨɝɞɚ ɤɚɤ ɩɪɢ 20 °ɋ ɢ ɞɚɜɥɟɧɢɢ ɧɚ-
ɫɵɳɟɧɢɹ ɬɟɩɥɨɬɚ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɠɢɞɤɢɯ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɯɥɚ-
ɞɨɧɚ-11, ɚɦɦɢɚɤɚ ɢ ɢɡɨɛɭɬɚɧɚ ɨɤɚɡɵɜɚɟɬɫɹ ɪɚɜɧɨɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

155,20; 183,17; 1189,0; ɢ 335,7 ɤȾɠ/ɤɝ [391]. ɗɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɣ ɯɚ-
ɪɚɤɬɟɪ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɨɱɟɜɢɞɟɧ. 

ȼɵɲɟɩɪɢɜɟɞɟɧɧɨɟ ɤɨɫɜɟɧɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɮɚɤɬɚ ɩɪɟɞɩɨɥɚɝɚɟ-
ɦɨɝɨ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɦɨɠɧɨ ɩɨɞɤɪɟɩɢɬɶ ɩɨɤɚɡɚɬɟɥɹɦɢ ɪɟɚɥɶɧɵɯ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ȼ 1956 ɝɨɞɭ ɛɵɥ ɜɩɟɪɜɵɟ ɪɟɚɥɢɡɨɜɚɧ ɜ 
ɩɪɨɦɵɲɥɟɧɧɨɦ ɦɚɫɲɬɚɛɟ ɩɪɨɰɟɫɫ ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɢ ɬɹɠɟɥɨɣ ɧɟɮɬɢ 

ɩɭɬɟɦ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɚɫɮɚɥɶɬɟɧɨɜ ɢ ɫɦɨɥ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɩɪɨ-
ɩɚɧɨɦ (ɩɪɨɰɟɫɫ ROSE). ȼ ɬɚɛɥɢɰɟ 4.1 ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɪɚɜɧɟɧɢɟ ɷɧɟɪ-
ɝɨɡɚɬɪɚɬ, ɢɦɟɸɳɢɯ ɦɟɫɬɨ ɜ ɨɛɵɱɧɨɦ (ɠɢɞɤɨɫɬɧɨɦ) ɢ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɨɦ ɜɚɪɢɚɧɬɚɯ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɞɟɚɫɮɚɥɶɬɢɡɚɰɢɢ ɬɹɠɟɥɨɣ ɧɟɮ-

ɬɢ [392]. 
                                                                                      Ɍɚɛɥɢɰɚ 4.1. 

 

ɋɪɚɜɧɟɧɢɟ ɷɧɟɪɝɨɡɚɬɪɚɬ ɜ ɩɪɨɰɟɫɫɚɯ ɠɢɞɤɨɫɬɧɨɣ  

ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɷɤɫɬɪɚɤɰɢɣ 

 

ɉɪɨɰɟɫɫ 
 ɠɢɞɤɨɫɬɧɨɣ 

ɷɤɫɬɪɚɤɰɢɢ 

ɗɧɟɪɝɨɡɚɬɪɚɬɵ 

ɩɪɢɯɨɞɹɳɢɟɫɹ 
ɧɚ 1 ɦ3

 ɡɚɝɪɭɡ-
ɤɢ 

ɍɞɟɥɶɧɚɹ  
ɫɬɨɢɦɨɫɬɶ 

ɷɧɟɪɝɨɧɨɫɢɬɟɥɹ, 
ɭ.ɟ. 

ɋɬɨɢɦɨɫɬɶ  
ɩɟɪɟɪɚɛɨɬɤɢ 1 ɦ3

 

ɡɚɝɪɭɡɤɢ, ɭ.ɟ. 

ɗɥɟɤɬɪɨɷɧɟɪɝɢɹ, ɤȼɬ
 

17,6 

 

0,050 

 

0,88 

 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4.1 

  

ȼɨɞɹɧɨɣ ɩɚɪ, ɤɝ 
Ɍɨɩɥɢɜɨ, ɆȾɠ 

610,0 

910,0 

0,018 

0,006 

10,98 

5,46 
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Ɉɯɥɚɠɞɚɸɳɚɹ ɜɨɞɚ, ɦ3
 37,0 0,013 0,48 

ɂɬɨɝɨ   17,80 

ɉɪɨɰɟɫɫ  
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ 

ɷɤɫɬɪɚɤɰɢɢ 

   

ɗɥɟɤɬɪɨɷɧɟɪɝɢɹ, ɤȼɬ 
ȼɨɞɹɧɨɣ ɩɚɪ, ɤɝ 
Ɍɨɩɥɢɜɨ, ɆȾɠ 

17,6 

34,0 

640,0 

0,050 

0,018 

0,006 

0,88 

0,61 

3,84 

ɂɬɨɝɨ   5,33 

  

ȼ ɩɪɨɰɟɫɫɟ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɜɨɞɧɨ-ɷɬɚɧɨɥɶɧɨɣ ɫɦɟɫɢ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɷɤɫɬɪɚɝɟɧɬɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɩɪɨɩɚɧɚ (ɢɥɢ ɛɭ-
ɬɚɧɚ) ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ 100 %-ɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɰɟɥɟɜɨɣ ɤɨɦɩɨɧɟɧ-

ɬɵ, ɪɚɫɯɨɞɭɹ ɩɪɢ ɷɬɨɦ ɨɤɨɥɨ 3400ɤȾɠ/ɤɝ, ɬɨɝɞɚ ɤɚɤ ɜ ɬɟɯ ɠɟ ɰɟɥɹɯ ɧɚ 
ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɚɡɟɨɬɪɨɩɧɨɣ ɞɢɫɬɢɥɥɹɰɢɢ ɡɚɬɪɚɱɢɜɚɟɬɫɹ 
ɨɤɨɥɨ 10000 ɤȾɠ/ɤɝ [393]. 

ɉɟɪɟɯɨɞɹ ɤ ɪɚɫɫɦɨɬɪɟɧɢɸ ɜɫɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɢɡɞɟɪɠɟɤ ɢ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ, ɨɫɬɚɧɨɜɢɦ ɫɜɨɟ ɜɧɢɦɚɧɢɟ ɧɚ ɱɚɫɬɧɨɦ 

ɫɥɭɱɚɟ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɞɟɝɢɞɪɚɬɚɰɢɢ ɧɚ ɩɪɢɦɟ-
ɪɟ ɞɟɝɢɞɪɚɬɚɰɢɢ ɢɡɨɩɪɨɩɚɧɨɥɚ. Ɉɩɟɪɟɠɚɹ ɪɚɫɫɦɨɬɪɟɧɢɟ ɷɤɨɧɨɦɢɱɟ-
ɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2 [392], ɩɪɨɰɢ-

ɬɢɪɭɟɦ ɝɥɚɜɧɵɣ ɜɵɜɨɞ, ɫɞɟɥɚɧɧɵɣ ɚɜɬɨɪɚɦɢ ɷɬɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ: «... 

ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɨɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚ-
ɧɢɹ, ɜ ɞɚɥɶɧɟɣɲɟɦ ɜɵɧɭɠɞɚɸɬ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɞɢɫɬɢɥɥɹɰɢɢ ɜ ɰɟɥɹɯ ɞɟɝɢɞɪɚɬɚɰɢɢ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ». 

         
 Ɍɚɛɥɢɰɚ 4.2. 

 

ɋɪɚɜɧɟɧɢɟ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɰɟɫɫɨɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ  
ɷɤɫɬɪɚ-ɝɢɪɨɜɚɧɢɹ ɢ ɞɢɫɬɢɥɥɹɰɢɢ, ɢɫɩɨɥɶɡɭɟɦɵɯ 

 ɜ ɰɟɥɹɯ ɞɟɝɢɞɪɚɬɚɰɢɢ ɢɡɨɩɪɨɩɚɧɨɥɚ. 
 

ɉɨɤɚɡɚɬɟɥɢ ɋɜɟɪɯɤɪɢɬɢɱɟɫɤɨɟ 
ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɟ 

Ⱦɢɫɬɢɥɥɹɰɢɹ 

ɱɢɫɬɨɬɚ ɩɪɨɞɭɤɬɚ, % 98,7 98,5 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4.2 

 

ɋɬɨɢɦɨɫɬɶ ɩɪɟɞɩɪɢɹɬɢɹ, ɭ.ɟ.  3.540.000 2.500.000 

ɋɬɨɢɦɨɫɬɶ ɪɚɛɨɬɵ ɨɩɟɪɚɬɨɪɨɜ, ɭ.ɟ.  262.000 262.000 
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ɋɬɨɢɦɨɫɬɶ ɜɨɞɹɧɨɝɨ ɩɚɪɚ, ɭ.ɟ./ɝɨɞ - 1.400.000 

ɋɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɭ.ɟ./ɝɨɞ 248.000 1.440 

ɋɬɨɢɦɨɫɬɶ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɭ.ɟ./ɝɨɞ 32.000 340.560 

ɋɬɨɢɦɨɫɬɶ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɭ.ɟ./ɝɨɞ  30.500 - 

ɋɬɨɢɦɨɫɬɶ ɰɢɤɥɨɝɟɤɫɚɧɚ, ɭ.ɟ./ɝɨɞ - 69.120 

ɋɬɨɢɦɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ 
ɭ.ɟ./ɝɨɞ 

 

70.800 

 

50.000 

ɇɚɥɨɝɢ ɢ ɫɬɪɚɯɨɜɚɧɢɟ, ɭ.ɟ./ɝɨɞ  70.800 50.000 

ɋɬɨɢɦɨɫɬɶ ɚɦɨɪɬɢɡɚɰɢɢ, ɭ.ɟ./ɝɨɞ 354.000 250.000 

ɉɨɥɧɚɹ ɫɬɨɢɦɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 
ɩɪɟɞɩɪɢɹɬɢɹ, ɭ.ɟ./ɝɨɞ 

 

1.036.420 

 

2.432.12 

ɋɪɟɞɧɟɝɨɞɨɜɚɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤ-
ɰɢɢ, ɭ.ɟ./ɦ3

 

 

13,8 

 

32,2 

 

Ⱥɧɚɥɨɝɢɱɧɵɣ ɜɵɜɨɞ ɞɟɥɚɟɬɫɹ ɢ ɜ ɪɚɛɨɬɟ [394]. Ⱥɜɬɨɪɵ ɷɬɨɝɨ ɢɫ-
ɫɥɟɞɨɜɚɧɢɹ, ɩɨɫɜɹɳɟɧɧɨɝɨ ɜɨɩɪɨɫɚɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɭɫɬɚɧɨɜɨɤ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ, ɭɬɜɟɪɠɞɚɸɬ, ɱɬɨ ɫɬɨɢɦɨɫɬɶ ɤɚ-
ɩɢɬɚɥɶɧɵɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɭɫɬɚɧɨɜɤɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ 

ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɸɳɟɣ ɋɈ2 ɩɪɢ ɞɚɜɥɟɧɢɢ 300 ɛɚɪ ɢ ɬɟɦɩɟ-
ɪɚɬɭɪɟ 40 °ɋ ɩɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ 12 ɱɚɫɨɜ, ɜ 
1,75 ɪɚɡɚ ɦɟɧɶɲɟ ɬɨɣ, ɱɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ 
ɠɢɞɤɢɦ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ ɩɪɢ 160ɛɚɪ, 15 °ɋ ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨ-
ɰɟɫɫɚ 23 ɱɚɫɚ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɪɨɛɧɟɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɚ ɩɪɢɦɟɪɟ 
ɭɫɬɚɧɨɜɤɢ ɞɟɝɢɞɪɚɬɚɰɢɢ ɚɰɟɬɨɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨ-

ɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ [395]. ȼɵɛɨɪ ɚɰɟɬɨɧɚ ɜ ɤɚɱɟɫɬɜɟ ɰɟɥɟɜɨɣ ɤɨɦ-

ɩɨɧɟɧɬɵ ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɨɛɴɹɫɧɹɟɬɫɹ ɚɜɬɨɪɚɦɢ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɚɥɢɱɢɟɦ ɟɝɨ ɫɜɨɣɫɬɜ, ɚ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɢ-

ɧɚɪɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɫɢɫɬɟɦɵ «ɚɰɟɬɨɧ-ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ». ɉɪɨɰɟɞɭɪɟ 
ɧɟɥɢɧɟɣɧɨɣ ɦɢɧɢɦɢɡɚɰɢɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢ ɨɛɳɢɯ, ɜɤɥɸɱɚɹ ɤɚ-
ɩɢɬɚɥɶɧɵɟ, ɡɚɬɪɚɬ ɛɵɥɚ ɩɨɞɜɟɪɝɧɭɬɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ, ɪɚɛɨ-
ɬɚɸɳɚɹ ɜ ɞɢɧɚɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ, ɢ ɫɭɬɶ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ 
ɤɨɬɨɪɨɣ, ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɫɥɟɞɭɸɳɟɦ: ɪɚɡɛɚɜɥɟɧɧɵɣ ɪɚɫɬɜɨɪ ɚɰɟɬɨɧɚ 
(10 % ɚɰɟɬɨɧɚ ɢ 90 % ɜɨɞɵ) ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ 
ɤɨɧɬɚɤɬɢɪɭɸɬ ɜ ɩɪɨɬɢɜɨɬɨɤɟ ɜ ɷɤɫɬɪɚɤɬɨɪɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. ȼ ɪɟ-
ɡɭɥɶɬɚɬɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɚɰɟɬɨɧɚ ɜ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨ-
ɞɚ, ɧɚɫɵɳɟɧɧɵɣ ɚɰɟɬɨɧɨɦ ɷɤɫɬɪɚɝɟɧɬ ɜ ɞɚɥɶɧɟɣɲɟɦ ɪɚɫɲɢɪɹɟɬɫɹ ɜ 
ɞɪɨɫɫɟɥɶɧɨɦ ɭɫɬɪɨɣɫɬɜɟ ɢ ɩɨɞɚɟɬɫɹ ɜ ɞɢɫɬɢɥɥɹɰɢɨɧɧɭɸ ɤɨɥɨɧɧɭ ɫ 
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ɰɟɥɶɸ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ ɰɟɥɟɜɨɣ ɤɨɦɩɨɧɟɧɬɵ. ɉɪɢ 

ɷɬɨɦ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɤɚɤ ɷɬɨ ɩɪɢɧɹɬɨ, ɩɨɞɚɟɬɫɹ ɧɚ ɪɟɰɢɤɥ. 
Ⱥɜɬɨɪɚɦɢ ɪɚɛɨɬɵ ɤ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɪɨɰɟɫɫɚ, ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɨ 

ɜɥɢɹɸɳɢɦ ɧɚ ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ, ɛɵɥɢ ɨɬɧɟɫɟɧɵ ɬɟɦɩɟɪɚɬɭ-
ɪɚ ɢ ɞɚɜɥɟɧɢɟ ɜ ɷɤɫɬɪɚɤɬɨɪɟ, ɪɟɰɢɪɤɭɥɢɪɭɸɳɢɣ ɩɨɬɨɤ ɞɢɨɤɫɢɞɚ ɭɝ-
ɥɟɪɨɞɚ, ɞɚɜɥɟɧɢɟ ɢ ɨɛɪɚɬɧɵɣ ɩɨɬɨɤ ɜ ɞɢɫɬɢɥɥɹɰɢɨɧɧɨɣ ɤɨɥɨɧɧɟ, ɚ 
ɬɚɤɠɟ ɱɢɫɥɨ ɫɬɚɞɢɣ ɩɪɨɰɟɫɫɨɜ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ. 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɰɟɞɭɪɵ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ ɧɟɤɨɬɨɪɵɟ 
ɢɡ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɱɢɫɥɨ ɜɵɲɟɨɬɦɟɱɟɧɧɵɯ ɫɬɚɞɢɣ ɩɪɨ-
ɰɟɫɫɨɜ ɛɵɥɨ ɡɚɮɢɤɫɢɪɨɜɚɧɨ. 

ȼ ɬɚɛɥɢɰɟ 4.3. ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɢɧɢɦɢɡɚɰɢɢ ɷɤɫɩɥɭɚ-
ɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɞɥɹ ɫɥɭɱɚɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɚɰɟɬɨɧɚ ɞɨ 98 % ɫɨɞɟɪ-
ɠɚɧɢɹ ɢɡ ɢɫɯɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ (ɫ ɜɵɲɟɨɬɦɟɱɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɰɟ-
ɥɟɜɨɣ ɤɨɦɩɨɧɟɧɬɵ), ɩɨɞɚɜɚɟɦɨɝɨ ɜ ɷɤɫɬɪɚɤɬɨɪ ɫ ɪɚɫɯɨɞɨɦ 100 

ɦɨɥɶ/ɦɢɧ. ȼ ɫɤɨɛɤɚɯ ɩɪɟɞɫɬɚɜɥɟɧɵ, ɩɪɟɞɲɟɫɬɜɨɜɚɜɲɢɟ ɢɬɟɪɚɰɢɨɧɧɨɣ 

ɩɪɨɰɟɞɭɪɟ ɡɧɚɱɟɧɢɹ ɨɩɪɟɞɟɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ. ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚ-
ɧɨ ɢɯ ɜɥɢɹɧɢɟ ɧɚ ɤɨɧɟɱɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨ-
ɰɟɫɫɚ (ɫɥɭɱɚɢ 1 ɢ 2). 

 
                                                                                       Ɍɚɛɥɢɰɚ 4.3. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɦɢɧɢɦɢɡɚɰɢɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɜ ɩɪɨɰɟɫɫɟ  
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɚɰɟɬɨɧɚ ɢɡ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɞɨ 98 % ɫɨɞɟɪɠɚɧɢɹ  

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɋɈ2 

 
ɉɨɤɚɡɚɬɟɥɢ ɋɥɭɱɚɣ 1 ɋɥɭɱɚɣ 2 

Ɋɞ, ɚɬɦ. 65 65 

N 1,8 1,8 

Ɋɷ, ɚɬɦ.  105 (80) 103 (80) 

Ɍɷ, Ʉ 350 (333) 310 (310) 

Fɪ, ɦɨɥɶ/ɦɢɧ 391 (772,4) 200 (400) 

Fg, ɦɨɥɶ/ɦɢɧ 27,1 (30,9) 30,1 (30,9) 

 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4.3

ɋɨɫɬɚɜ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ, ɦɨɥ/ɦɢɧ   

ɋɈ2 25,6 28,1 

ɚɰɟɬɨɧ 9,80 9,80 
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ɇ2Ɉ 3,81 1,23 

ɇɚɝɪɟɜ:   

ɧɚɝɪɭɡɤɚ, ɤȾɠ/ɱ 1,25 ⋅10
5
 1,58 ⋅10

5
  

ɫɬɨɢɦɨɫɬɶ, ɭ.ɟ./ɝɨɞ 1950 2460 

ɋɠɚɬɢɟ ɋɈ2:   

ɧɚɝɪɭɡɤɚ, ɤȾɠ/ɱ 2,77⋅10
4
 1,92⋅10

4
 

ɫɬɨɢɦɨɫɬɶ, ɭ.ɟ./ɝɨɞ 3230 2240 

Ɉɯɥɚɠɞɟɧɢɟ ɜɨɞɨɣ:   

ɧɚɝɪɭɡɤɚ, ɤȾɠ/ɱ 1,08⋅10
5
 1,49⋅10

5
 

ɫɬɨɢɦɨɫɬɶ, ɭ.ɟ./ɝɨɞ 180 248 

Ɉɯɥɚɠɞɟɧɢɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦ 

ɯɥɚɞɨɚɝɟɧɬɨɦ: 

  

ɧɚɝɪɭɡɤɚ, ɤȾɠ/ɱ  1,92⋅10
5
  9,71⋅10

4
 

ɫɬɨɢɦɨɫɬɶ, ɭ.ɟ./ɝɨɞ 258000 131000 

ɷɤɫɩɥɭɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ   

 (ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ), ɭ.ɟ./ɝɨɞ 236000 135000 

ɡɚɬɪɚɬɵ ɧɚ 1ɤɝ ɚɰɟɬɨɧɚ, ɭ.ɟ./ɤɝ 0,92 0,47 

 

ɉɪɢɦɟɱɚɧɢɟ: Ɋɞ ɢ N – ɞɚɜɥɟɧɢɟ ɢ ɧɨɪɦɚ ɨɛɪɚɬɧɨɝɨ ɩɨɬɨɤɚ ɜ ɞɢɫɬɢɥɥɹɰɢ-

ɨɧɧɨɣ ɤɨɥɨɧɧɟ; Ɋɷ ɢ Ɍɷ – ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɷɤɫɬɪɚɤɬɨɪɟ; Fɪ ɢ Fg – ɪɟ-
ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɩɨɬɨɤɢ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ. 

 

ɋɦɨɞɟɥɢɪɨɜɚɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɫɬɚɜɚ ɷɤɫɬɪɚɤɬɚ ɨɬ ɨɩɟɪɚɰɢɨɧ-

ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ (Ɋɷ ɢ Ɍɷ) ɞɥɹ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɫɨɨɬɧɨɲɟɧɢɹ 
ɦɚɫɫ ɷɤɫɬɪɚɝɟɧɬɚ ɢ ɢɫɯɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɜɧɵɯ 8 ɢ 2 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɚɯ 4.1 ɢ 4.2. 
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Ɋɢɫ. 4.1. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɨ-
ɞɟɪɠɚɧɢɹ ɚɰɟɬɨɧɚ ɜ ɷɤɫ-
ɬɪɚɤɬɟ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɷɤɫɬ-
ɪɚɝɢɪɨɜɚɧɢɹ ɞɥɹ ɫɨɨɬɧɨ-
ɲɟɧɢɹ ɦɚɫɫ ɷɤɫɬɪɚɝɟɧɬɚ ɢ 

ɢɫɯɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɪɚɜ-
ɧɨɝɨ 8 [395]. 
 

 

 

 
 

 

 

 

 

Ɋɢɫ. 4.2. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɨ-
ɞɟɪɠɚɧɢɹ ɚɰɟɬɨɧɚ ɜ ɷɤɫ-
ɬɪɚɤɬɟ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɷɤɫɬ-
ɪɚɝɢɪɨɜɚɧɢɹ ɞɥɹ ɫɨɨɬɧɨ-
ɲɟɧɢɹ ɦɚɫɫ ɷɤɫɬɪɚɝɟɧɬɚ ɢ 

ɢɫɯɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɪɚɜ-
ɧɨɝɨ 2 [395]. 

 

 

 

ɉɨ ɨɰɟɧɤɚɦ ɚɜɬɨɪɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ [395] ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɭɪɨɜɧɟɣ 

ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɜ ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ ɬɪɚɞɢɰɢɨɧɧɵɯ ɩɨɞ-

ɯɨɞɚɯ ɨɞɧɨɡɧɚɱɧɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɶ ɫɜɟɪɯɤɪɢɬɢ-

ɱɟɫɤɨɝɨ ɜɚɪɢɚɧɬɚ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ. Ȼɨɥɟɟ ɬɨɝɨ, ɜ ɪɚɛɨɬɟ [396] ɨɬ-
ɦɟɱɚɟɬɫɹ, ɱɬɨ ɟɫɥɢ ɞɚɜɥɟɧɢɟ ɜ ɞɢɫɬɢɥɥɹɰɢɨɧɧɨɣ ɤɨɥɨɧɧɟ ɞɨɜɟɫɬɢ ɞɨ 
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70 ɚɬɦ., ɬɨ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɚɟɬɫɹ ɬɟɩɥɨɨɛɦɟɧ ɫ ɭɱɚɫɬɢɟɦ ɧɢɡɤɨɬɟɦ-

ɩɟɪɚɬɭɪɧɨɝɨ ɯɥɚɞɨɚɝɟɧɬɚ ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ 

ɜ ɱɚɫɬɢ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɫɨɫɬɚɜɹɬ ɜɫɟɝɨ ɥɢɲɶ 0,014 ɭ.ɟ./ɤɝ. 
Ɉɞɧɚɤɨ ɢ ɜ ɷɬɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɵɲɟɨɬɦɟɱɟɧɧɨɟ ɢɡ-

ɦɟɧɟɧɢɟ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɧɟɤɨɬɨɪɨɟ ɭɫɥɨɠɧɟɧɢɟ ɚɩɩɚɪɚɬɭɪɧɨɝɨ 
ɨɮɨɪɦɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɨɨɛɳɟ, ɤɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɫɥɟɞɭɟɬ ɩɪɢɡɧɚɬɶ ɢ 

ɭɱɢɬɵɜɚɬɶ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɩɪɨɰɟɫɫɵ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚ-
ɧɢɹ ɬɪɟɛɭɸɬ ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɟɤɨɪɪɨɞɢɪɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɫ-
ɫɱɢɬɚɧɧɨɝɨ ɧɚ ɜɵɫɨɤɢɟ ɞɚɜɥɟɧɢɹ. ɉɨɷɬɨɦɭ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɤɪɚɣɧɟ ɰɟ-
ɥɟɫɨɨɛɪɚɡɧɵɦ ɧɟ ɨɝɪɚɧɢɱɢɜɚɬɶɫɹ ɥɢɲɶ ɚɧɚɥɢɡɨɦ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ 
ɢɥɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɜ ɰɟɥɨɦ, ɚ ɧɟɩɪɟɦɟɧɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ 
ɨɰɟɧɤɭ ɨɛɳɢɯ, ɜɤɥɸɱɚɹ ɤɚɩɢɬɚɥɶɧɵɟ, ɢɡɞɟɪɠɟɤ. ȼ ɬɚɛɥɢɰɟ 4.4 ɩɪɟɞ-

ɫɬɚɜɥɟɧɵ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɢ ɨɛɳɢɟ ɢɡɞɟɪɠɤɢ ɜ ɰɟɥɨɦ ɞɥɹ ɩɪɨ-
ɰɟɫɫɚ ɞɟɝɢɞɪɚɬɚɰɢɢ ɚɰɟɬɨɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ 

ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ (ɫɥɭɱɚɣ 2). 
                                                                                                  Ɍɚɛɥɢɰɚ 4.4. 

 

Ɉɛɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɞɟɝɢɞɪɚɬɚɰɢɢ ɚɰɟɬɨɧɚ, ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ 

 

ɉɨɤɚɡɚɬɟɥɢ ɋɥɭɱɚɣ 2 

ɋɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ:  

ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ, ɭ.ɟ. 123000 

ɷɤɫɬɪɚɤɬɨɪɵ, ɭ.ɟ. 216000 

ɱɢɫɥɨ 2 

ɞɢɚɦɟɬɪ, ɦ 1,87 

Ⱦɢɫɬɢɥɥɹɰɢɨɧɧɵɟ ɤɨɥɨɧɧɵ, ɭ.ɟ. 670000 

ɱɢɫɥɨ 4 

ɞɢɚɦɟɬɪ, ɦ 2,55 

Ʉɨɦɩɪɟɫɫɨɪɵ, ɭ.ɟ. 145000 

Ɉɛɳɢɟ ɡɚɬɪɚɬɵ, ɭ.ɟ./ɝɨɞ 1309000 

ɋɬɨɢɦɨɫɬɶ 1 ɤɝ ɚɰɟɬɨɧɚ, ɭ.ɟ./ɤɝ 1,08 

 

ȼ ɢɬɨɝɟ, ɧɚ ɮɨɧɟ ɭɫɩɟɲɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɞɟɝɢɞɪɚɬɚɰɢɢ 

ɢɡɨɩɪɨɩɚɧɨɥɚ [392], ɩɪɢɜɟɞɟɧɧɚɹ ɜ ɬɚɛɥɢɰɟ 4.4, ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɞɟɝɢɞ-

ɪɚɬɚɰɢɢ ɚɰɟɬɨɧɚ ɨɤɚɡɚɥɚɫɶ ɜɵɲɟ ɬɨɣ, ɱɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɞɥɹ ɬɪɚɞɢɰɢ-

ɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ ɬɨɝɨ, ɧɚɫɤɨɥɶɤɨ ɨɩ-

ɬɢɦɢɡɚɰɢɨɧɧɵɣ ɩɪɨɟɤɬ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɷɬɚɩɨɦ ɢ ɢɧɫɬɪɭɦɟɧɬɨɦ ɞɥɹ 
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ɨɰɟɧɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɢɯ ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ. ȼɦɟ-
ɫɬɟ ɫ ɬɟɦ ɩɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɨɬɧɸɞɶ ɧɟ ɢɫɤɥɸɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ 

ɦɨɞɢɮɢɤɚɰɢɢ ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ, ɪɚɫɲɢɪɟɧɢɹ 
ɫɩɟɤɬɪɚ ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɞɨɫɬɢɠɟɧɢɹ ɜ ɤɨɧɟɱɧɨɦ ɫɱɟ-
ɬɟ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ. 

Ɉɱɢɫɬɤɚ ɜɨɞɵ ɨɬ ɫɥɟɞɨɜ ɬɨɤɫɢɤɚɧɬɨɜ ɧɟ ɜɫɟɝɞɚ ɨɤɚɡɵɜɚɟɬɫɹ ɜɨɡ-
ɦɨɠɧɨɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɥɚɫɫɢɱɟɫɤɢɯ ɩɨɞɯɨɞɨɜ, ɨɫɨɛɟɧɧɨ ɤɨɝɞɚ 
ɬɨɤɫɢɤɚɧɬɵ ɧɟ ɹɜɥɹɸɬɫɹ ɛɢɨɪɚɡɥɚɝɚɸɳɢɦɢɫɹ. Ɍɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɨɰɟɧɤɢ [25] ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɡɚɬɪɚɬɵ ɧɚ ɫɠɢɝɚɧɢɟ 
ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɸɬ ɪɚɫɯɨɞɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɜɨɞɵ ɜ ɚɧɚɥɨɝɢɱɧɵɯ ɰɟɥɹɯ. 
ɋɜɟɪɯɤɪɢɬɢɱɟɫɤɨɟ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɟ ɜ ɰɟɥɹɯ ɪɟɝɟɧɟɪɚɰɢɢ ɚɞɫɨɪ-

ɛɟɧɬɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɞɜɭɯɫɬɚɞɢɣɧɨɦ ɩɪɨɰɟɫɫɟ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ 
ɜɨɞ ɨɬ ɬɚɤɢɯ ɡɚɝɪɹɡɧɢɬɟɥɟɣ, ɤɚɤ ɚɬɪɚɡɢɧ, ɞɢɧɢɬɪɨɛɭɬɢɥɮɟɧɨɥ ɢ ɚɥɚ-
ɯɥɨɪ, ɛɨɥɟɟ ɱɟɦ ɜ 2 ɪɚɡɚ ɫɧɢɠɚɟɬ ɡɚɬɪɚɬɵ ɦ ɦɧɨɝɨɤɪɚɬɧɨ ɭɞɥɢɧɹɟɬ 
ɫɪɨɤ ɫɥɭɠɛɵ ɚɞɫɨɪɛɟɧɬɚ [25].  

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɩɨɞɨɛɧɵɣ ɚɧɚɥɢɡ (ɩɪɹɦɨɟ ɫɪɚɜɧɟɧɢɟ) ɩɪɢɦɟɧɢɬɟɥɶ-
ɧɨ ɤ ɨɛɥɚɫɬɢ ɩɟɪɟɪɚɛɨɬɤɢ ɩɪɢɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɪɨ-
ɢɫɯɨɠɞɟɧɢɹ (ɩɪɟɞɥɚɝɚɟɦɵɣ ɧɢɠɟ) ɜɜɢɞɭ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɭɳɟɫɬɜɟɧɧɨɝɨ 

ɨɬɥɢɱɢɹ ɤɚɱɟɫɬɜ ɩɨɥɭɱɚɟɦɵɯ ɩɪɨɞɭɤɬɨɜ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɫɥɟɞɫɬɜɢɣ 

ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ, ɧɟɥɶɡɹ ɫɱɢɬɚɬɶ ɤɨɪɪɟɤɬɧɵɦ ɢ ɧɟɨɛɯɨɞɢɦɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɥɢɲɶ ɤɚɤ ɧɟɤɨɬɨɪɨɟ ɩɪɢɛɥɢɠɟɧɢɟ. 

Ƚɨɜɨɪɹ ɨ ɤɚɱɟɫɬɜɟ ɩɨɥɭɱɚɟɦɵɯ ɷɤɫɬɪɚɤɬɨɜ, ɞɨɫɬɚɬɨɱɧɨ ɩɪɢɜɟɫɬɢ 

ɩɪɢɦɟɪ ɫ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɟɦ ɜɚɧɢɥɢɧɚ ɢɡ ɛɨɛɨɜ [397]: ɜɚɧɢɥɢɧ, ɩɨɥɭ-
ɱɟɧɧɵɣ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɟɦ, ɫɨɞɟɪɠɢɬ ɞɨ 97 % ɚɪɨ-
ɦɚɬɢɡɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ ɩɪɨɬɢɜ 61 %, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɷɤɫɬɪɚɤɬɟ, ɩɨ-
ɥɭɱɟɧɧɨɦ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɫɩɢɪɬɚ. 
ɋɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɢɡɜɥɟɤɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɟ 
ɤɨɥɢɱɟɫɬɜɨ ɰɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɯɦɟɥɹ, ɱɟɦ ɷɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɤɥɚɫ-
ɫɢɱɟɫɤɨɦ ɜɚɪɢɚɧɬɟ ɞɢɯɥɨɪɦɟɬɚɧɨɦ (98,9 % ɚɥɶɮɚ-ɤɢɫɥɨɬ ɩɪɨɬɢɜ 39,5 

%; 94,4 % ɛɟɬɚ-ɤɢɫɥɨɬ ɩɪɨɬɢɜ 42,5 %) [398]. Ȼɨɥɟɟ ɬɨɝɨ ɢɡ ɷɤɫɬɪɚɤɬɚ, 
ɩɨɥɭɱɚɟɦɨɝɨ ɜ ɩɪɨɰɟɫɫɟ ɠɢɞɤɨɫɬɧɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɞɢɯɥɨɪɦɟɬɚ-
ɧɨɦ ɫɭɳɟɫɬɜɭɟɬ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɭɞɚɥɟɧɢɢ ɨɤɨɥɨ 20 % ɨɫɬɚɬɨɱɧɨɝɨ ɪɚɫ-
ɬɜɨɪɢɬɟɥɹ [398]. 

ȼ ɪɚɛɨɬɟ [399] ɨɛɴɟɤɬɨɦ ɪɚɫɫɦɨɬɪɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɟɞɩɪɢɹɬɢɟ, 
ɩɪɨɢɡɜɨɞɹɳɟɟ ɩɪɹɧɨɫɬɢ ɢ ɥɟɤɚɪɫɬɜɟɧɧɵɟ ɩɪɟɩɚɪɚɬɵ. ɉɪɨɰɟɫɫ ɫɜɟɪɯ-
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ɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ ɪɟɚɥɢɡɨɜɚɧ ɩɪɢ 

ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɚɯ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ: Ɋ= 60÷300 ɛɚɪ; t=20÷80 °ɋ 

ɢ ɫɟɩɚɪɚɰɢɢ: Ɋ = 45÷150 ɛɚɪ; t = 15÷40 °ɋ. 

ɉɪɢɜɟɞɟɧɧɵɟ ɧɢɠɟ ɤɚɩɢɬɚɥɶɧɵɟ (ɬɚɛɥ. 4.5) ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɪɚɫɯɨɞɵ (ɬɚɛɥ. 4.6), ɪɚɫɫɱɢɬɚɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɰɟɧ 1988 ɝɨɞɚ ɞɥɹ ɨɛɨ-
ɪɭɞɨɜɚɧɢɹ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ, ɮɨɪɦɢɪɭɸɬ ɜ 
ɢɬɨɝɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɫɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɤɫɬɪɚɤɬɨɜ (ɬɚɛɥ. 
4.7, 4.8). 

                                                                                           Ɍɚɛɥɢɰɚ 4.5. 

 

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɩɪɟɞɩɪɢɹɬɢɹ ɩɢɳɟɜɵɯ ɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɷɤɫɬɪɚɤɬɨɜ 

 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ Ⱦɚɜɥɟɧɢɟ ɜ ɚɩɩɚɪɚɬɟ, 
ɛɚɪ 

ɋɬɨɢɦɨɫɬɶ 
ɨɛɨɪɭɞɨɜɚɧɢɹ,  

1000 ɭ.ɟ. 
ɗɤɫɬɪɚɤɬɨɪɵ 330,0 333,8 

ɗɤɫɬɪɚɤɬɨɪɧɵɟ ɤɨɪɡɢɧɵ - 10,0 

Ɍɟɩɥɨɨɛɦɟɧɧɢɤɢ 240,0-330,0 55,6 

ɋɟɩɚɪɚɬɨɪɵ 240,0 148,0 

ɋɛɨɪɧɢɤɢ ɩɪɨɞɭɤɬɚ 1,0 15,0 

ɉɪɨɞɭɤɬɨɬɪɚɧɫɩɨɪɬɟɪɵ  - 1,3 

Ɏɢɥɶɬɪɵ ɚɩɩɚɪɚɬɨɜ 330,0 3,8 

ȼɨɡɞ. ɨɯɥɚɞɢɬɟɥɶ ɪɚɫɬɜɨɪɢɬɟɥɹ 69,0 28,0 

Ɉɫɭɲɢɬɟɥɶ ɪɚɫɬɜɨɪɢɬɟɥɹ  69,0 60,0 

Ʉɨɧɞɟɧɫɚɬɨɪ 69,0 28,0 

Ɋɟɫɢɜɟɪ 69,0 60,0 

ȼɚɤɭɭɦɧɚɫɨɫ - 6,1 

ɉɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ 330,0 38,1 

Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ - 792,4 

Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ ɭɫɬɚɧɨɜɤɢ - 2800,0 

 

ȼ ɜɵɲɟɨɬɦɟɱɟɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ [399] ɩɪɟɞɫɬɚɜɥɟɧ ɚɧɚɥɢɡ ɱɭɜ-
ɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤ ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɹ 
(ɬɚɛɥɢɰɚ 4.9). 

ɂɡ ɬɚɛɥɢɰɵ 4.9 ɫɥɟɞɭɟɬ ɭɜɟɥɢɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɤɚɩɢɬɚɥɨɜɥɨ-
ɠɟɧɢɣ ɩɨ ɦɟɪɟ ɜɨɡɪɚɫɬɚɧɢɹ ɪɚɡɦɟɪɨɜ ɡɚɜɨɞɚ, ɜ ɱɚɫɬɧɨɫɬɢ ɞɜɭɯ – ɢ ɱɟ-
ɬɵɪɟɯɤɪɚɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ  ɦɨɳɧɨɫɬɢ  ɩɪɟɞɩɪɢɹɬɢɹ  ɜɟɞɟɬ ɤ ɫɧɢɠɟ-
ɧɢɸ  ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ 25 % ɢ 40 %. ɗɤɫ-
ɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɩɟɪɟɪɚɛɨɬɤɭ 1 ɤɝ ɡɚɝɪɭɡɤɢ ɩɪɢ ɱɟɬɵɪɟɯ-
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ɤɪɚɬɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɦɨɳɧɨɫɬɢ ɫɧɢɠɚɸɬɫɹ ɫ 1,10 ɭ.ɟ. ɞɨ 0,50 ɭ.ɟ. ȼ 

ɢɬɨɝɟ ɱɟɬɵɪɟɯɤɪɚɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɜɵɲɟɨɩɢɫɚɧɧɨɝɨ ɩɪɟɞ-

ɩɪɢɹɬɢɹ ɜɟɞɟɬ ɤ ɫɧɢɠɟɧɢɸ ɪɚɫɯɨɞɨɜ ɧɚ ɩɪɨɢɡɜɨɞɢɦɭɸ ɩɪɨɞɭɤɰɢɸ ɜ 
ɫɪɟɞɧɟɦ ɧɚ 54 %. ɉɪɢ ɷɬɨɦ ɜ ɫɬɨɢɦɨɫɬɢ ɩɪɨɞɭɤɰɢɢ, ɩɪɨɢɡɜɨɞɢɦɨɣ 

ɩɪɟɞɩɪɢɹɬɢɟɦ ɫ ɱɟɬɵɪɟɯɤɪɚɬɧɨɣ ɦɨɳɧɨɫɬɶɸ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚ-
ɬɪɚɬɵ ɫɨɫɬɚɜɥɹɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ (ɞɨ 87 %) ɞɨɥɸ. 

 
                                                                                             Ɍɚɛɥɢɰɚ 4.6 

 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɩɪɟɞɩɪɢɹɬɢɹ ɩɢɳɟɜɵɯ 
 ɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɷɤɫɬɪɚɤɬɨɜ 

 

ɋɬɚɬɶɢ ɪɚɫɯɨɞɨɜ 1000 ɭ.ɟ./ɝɨɞ ɍ.ɟ./ɱɚɫ % ɨɬ ɷɤɫɩɥɭɚɬɚ-
ɰɢɨɧɧɵɯ ɡɚɬɪɚɬ 

Ɍɪɭɞ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɢɤɚ 39,0 287,0 33,0 

Ɍɪɭɞ ɨɩɟɪɚɬɨɪɚ 10,0 72,0 8,0 

ɋɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 6,0 43,0 5,0 

ɋɬɨɢɦɨɫɬɶ ɜɨɞɹɧɨɝɨ ɩɚɪɚ 4,0 32,0 4,0 

ɋɬɨɢɦɨɫɬɶ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨ-
ɞɵ 

1,0 4,0 < 1,0 

ɋɬɨɢɦɨɫɬɶ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ 11,0 83,0 10,0 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ 25,0 185,0 22,0 

ɇɚɥɨɝɢ ɢ ɫɬɪɚɯɨɜɚɧɢɟ 6,0 42,0 5,0 

ɋɨɞɟɪɠɚɧɢɟ ɩɪɟɞɩɪɢɹɬɢɹ 15,0 111,0 13,0 

Ɉɛɳɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫ-
ɯɨɞɵ 

115,0 858,0 100,0 

           

Ɍɚɛɥɢɰɚ 4.7. 

ɋɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɤɫɬɪɚɤɬɨɜ ɫɩɟɰɢɣ 

 

ɉɟɪɟɪɚɛɚɬɵɜɚɟɦɵɣ ɦɚɬɟɪɢɚɥ ȼɪɟɦɹ 
ɩɪɨɰɟɫɫɚ, 

ɱ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶ-
ɧɨɫɬɶ, ɤɝ/ɱ 

ɋɬɨɢɦɨɫɬɶ 
ɩɪɨɰɟɫɫɚ ɩɨ 
ɷɤɫɬɪɚɤɬɭ, 
ɭ.ɟ./ɤɝ 

ɑɟɪɧɵɣ ɩɟɪɟɰ 6,0 75,0 12,8 

Ƚɜɨɡɞɢɤɚ 3,0 150,0 3,5 

ɋɬɟɛɥɢ ɝɜɨɡɞɢɤɢ 2,5 180,0 8,0 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4.7

Ɇɭɫɤɚɬ 6,0 71,0 4,0 

Ɇɭɫɤɚɬɧɵɣ ɰɜɟɬ 6,0 77,0 3,9 
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Ɇɭɫɤɚɬɧɨɟ ɦɚɫɥɨ 4,0 116,0 4,5 

ɂɦɛɢɪɶ 6,0 83,0 23,0 

Ⱦɭɲɢɫɬɵɣ ɩɟɪɟɰ 4,0 125,0 10,2 

Ⱥɥɟɤɫɚɧɞɪɢɣɫɤɢɣ ɥɢɫɬ 4,0 125,0 30,7 

Ɍɦɢɧ 4,0 109,0 4,6 

Ʉɨɪɢɚɧɞɪ 4,0 100,0 5,0 

Ʉɨɪɢɰɚ 5,0 95,0 40,4 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 4,5 103,0 6,2 

           

Ɍɚɛɥɢɰɚ 4.8. 
 

ɋɬɨɢɦɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɤɫɬɪɚɤɬɨɜ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɪɚɫɬɟɧɢɣ 

 

ɉɟɪɟɪɚɛɚɬɵɜɚɟɦɵɣ 

ɦɚɬɟɪɢɚɥ 
ȼɪɟɦɹ  

ɩɪɨɰɟɫɫɚ, ɱ 
ɉɪɨɢɡɜɨɞɢɬɟɥɶ-

ɧɨɫɬɶ, 
ɤɝ/ɱ 

ɋɬɨɢɦɨɫɬɶ 
ɩɪɨɰɟɫɫɚ ɩɨ 
ɷɤɫɬɪɚɤɬɭ, 
ɭ.ɟ./ɤɝ 

Ɍɢɦɶɹɧ 4,0 59,0 92,3 

Ɋɨɦɚɲɤɚ 5,0 46,0 57,9 

Ɏɟɧɯɟɥɶ 2,0 113,0 6,4 

ɉɟɪɟɱɧɚɹ ɦɹɬɚ 6,0 46,0 64,4 

ɗɜɤɚɥɢɩɬ 4,0 72,0 43,3 

ȼɚɥɟɪɶɹɧɤɚ 4,5 70,0 35,3 

Ⱥɪɧɢɤɚ 7,0 27,0 113,1 

ȼɚɧɢɥɢɧ 4,5 103,0 18,7 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 4,625 60,0 34,5 

 

Ɍɚɛɥɢɰɚ 4.9. 

ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɫɬɨɢɦɨɫɬɢ ɩɪɨɰɟɫɫɚ ɤ ɪɚɡɦɟɪɚɦ ɩɪɟɞɩɪɢɹɬɢɹ. 
Ɉɛɴɟɦ  

ɷɤɫɬɪɚɤ-
ɬɨɪɚ, ɥ 

Ƚɨɞɨɜɚɹ 
ɦɨɳɧɨɫɬɶ, 
ɦɥɧ.ɤɝ 

Ʉɚɩɢɬɚɥɶ-
ɧɵɟ ɡɚɬɪɚ-
ɬɵ, ɦɥɧ.ɭ.ɟ

ɗɤɫɩɥɭɚ-
ɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ, 

ɭ.ɟ./ɱɚɫ 

Ʉɚɩɢɬɚɥɶɧɵɟ 
ɡɚɬɪɚɬɵ, ɭ.ɟ. 
ɧɚ ɬ. ɜ ɝɨɞ 

ɗɤɫɩɥɭɚɬɚɰɢ-

ɨɧɧɵɟ ɡɚɬɪɚ-
ɬɵ ɩɨ ɡɚɝɪɭɡ-
ɤɟ, ɭ.ɟ./ɤɝ 

970 0,77 2,8 115 3620 1,10 

1950 1,53 4,1 153 2700 0,75 

2880 2,27 5,2 184 2280 0,60 

3890 3,06 6,2 215 2010 0,50 

 

ȼ ɪɚɛɨɬɚɯ [400÷401] ɩɪɨɜɟɞɟɧɵ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 
ɩɨɥɭɱɟɧɢɹ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɠɢɞɤɨɫɬɧɨɝɨ ɷɤɫɬ-
ɪɚɝɢɪɨɜɚɧɢɹ ɧɚ ȺɈ «Ɍɚɬɯɢɦɮɚɪɦɩɪɟɩɚɪɚɬɵ» ɧɚ ɩɪɢɦɟɪɟ ɧɚɫɬɨɟɤ ɤɚ-
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ɥɟɧɞɭɥɵ ɢ ɩɭɫɬɵɪɧɢɤɚ, ɚ ɬɚɤɠɟ ɫɢɪɨɩɚ ɫɨɥɨɞɤɨɜɨɝɨ ɤɨɪɧɹ ɢ ɩɨɫɥɟ-
ɞɭɸɳɟɟ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɫ ɢɡɞɟɪɠɤɚɦɢ ɜɵɲɟɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ [399]. Ⱦɚɠɟ ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɜɨɞɧɨ-ɫɩɢɪɬɨɜɵɟ ɢ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɢɟ ɮɥɸɢɞɧɵɟ ɷɤɫɬɪɚɤɬɵ ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɮɚɡɨɜɨɦɭ ɫɨɫɬɨɹ-
ɧɢɸ, ɩɪɟɞɩɨɥɚɝɚɟɦɨɟ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɢɦɟɟɬ ɛɟɫɫɩɨɪɧɵɣ ɫɦɵɫɥ ɜ ɩɥɚ-
ɧɟ ɨɩɪɟɞɟɥɟɧɢɹ ɩɟɪɫɩɟɤɬɢɜ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɢɧɜɟɫɬɢ-

ɰɢɨɧɧɨɣ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɢ ɚɧɚɥɨɝɚ. 
ȼ ɩɪɨɰɟɫɫɟ ɠɢɞɤɨɫɬɧɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɜɨɞɧɨ-ɷɬɚɧɨɥɶɧɚɹ 

ɫɦɟɫɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɞɚɟɬɫɹ ɜ ɷɤɫɬɪɚɤɬɨɪ ɩɪɟɞɜɚ-
ɪɢɬɟɥɶɧɨ ɡɚɩɨɥɧɟɧɧɵɣ ɪɚɫɬɢɬɟɥɶɧɵɦ ɫɵɪɶɟɦ. ɇɚɫɬɚɢɜɚɧɢɟ ɩɪɨɞɨɥ-
ɠɚɟɬɫɹ 24 ɱɚɫɚ ɫ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ ɪɚɫɬɜɨɪɚ. Ɂɚɬɟɦ 

ɧɚɫɨɫ ɩɟɪɟɤɚɱɢɜɚɟɬ ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɜ ɨɯɥɚɠɞɚɸɳɢɣ ɬɟɩɥɨɨɛ-

ɦɟɧɧɢɤ, ɨɬɤɭɞɚ ɨɧ ɫɥɢɜɚɟɬɫɹ ɜ ɨɬɫɬɨɣɧɢɤ. Ɉɬɫɬɚɢɜɚɧɢɟ ɩɪɨɞɨɥɠɚɟɬɫɹ 
7÷8 ɱɚɫɨɜ. ɉɨɫɥɟ ɨɬɫɬɚɢɜɚɧɢɹ ɩɪɨɞɭɤɬ ɪɚɡɥɢɜɚɟɬɫɹ ɜ ɛɭɬɵɥɢ ɢ ɩɨɞɚ-
ɟɬɫɹ ɜ ɮɚɫɨɜɨɱɧɵɣ ɰɟɯ. 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜɟɞɭɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɝɨɞɨɜɨɣ ɜɵɩɭɫɤ 
ɩɪɨɞɭɤɰɢɢ ɫɨɫɬɚɜɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ ɧɚɫɬɨɣɤɟ ɤɚɥɟɧɞɭɥɵ: 0,245 

ɤɝ/ɱɚɫ ɢ 6963 ɤɝ/ɝɨɞ; ɩɨ ɧɚɫɬɨɣɤɟ ɩɭɫɬɵɪɧɢɤɚ: 0,131 ɤɝ/ɱɚɫ ɢ 3809 

ɤɝ/ɝɨɞ; ɩɨ ɫɢɪɨɩɭ ɫɨɥɨɞɨɜɨɝɨ ɤɨɪɧɹ: 1,34 ɤɝ/ɱɚɫ ɢ 7990 ɤɝ/ɝɨɞ. ȼ ɬɚɛ-

ɥɢɰɟ 4.10 ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɢ ɫɭɦɦɚ ɚɦɨɪɬɢɡɚɰɢɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ [400, 401]. 
                                                                                              Ɍɚɛɥɢɰɚ 4.10. 

 

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɢ ɫɭɦɦɚ ɚɦɨɪɬɢɡɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɠɢɞɤɨɫɬɧɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ 

 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ʉɨɥɢɱɟ-
ɫɬɜɨ, ɲɬ. 

ɋɬɨɢɦɨɫɬɶ ɚɩ-

ɩɚɪɚɬɨɜ, ɪɭɛ. 

ɇɨɪɦɚ  
ɚɦɨɪɬɢɡɚ-
ɰɢɢ, %   

ɋɭɦɦɚ 
ɚɦɨɪɬɢɡɚɰɢɢ, ɪɭɛ. 

 I-II III I-II III I-II III I-II III 

ɗɤɫɬɪɚɤɬɨɪ 5 1 34180 19278 16,7 13,9 5708,06 2679,64 

ɇɚɫɨɫ 2 1 34112,6 17036 13,9 13,9 4771,57 2319,66 

Ɍɟɩɥɨɨɛɦɟɧ-

ɧɢɤ 
1 - 4431 - 9,0 - 399 - 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4.10

Ɇɟɪɧɢɤ 2 1 11546 5773 6,3 6,3 727 368 

ɋɛɨɪɧɢɤ 1 - 4292 - 13,9 - 597 - 

Ɉɬɫɬɨɣɧɢɤ 2 - 35360 - 16,7 - 5905 - 
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ɂɬɨɝɨ:   123921 42107 - - 18077 5363 

 

I – ɧɚɫɬɨɣɤɚ ɤɚɥɟɧɞɭɥɵ; II – ɧɚɫɬɨɣɤɚ ɩɭɫɬɵɪɧɢɤɚ; III – ɫɢɪɨɩ ɫɨɥɨɞɨɜɨɝɨ  
ɤɨɪɧɹ. 
 

Ɋɚɫɯɨɞɵ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.11. 

                                                                                             Ɍɚɛɥɢɰɚ 4.11. 

 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɜ 

ɩɪɨɰɟɫɫɟ ɠɢɞɤɨɫɬɧɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ 

 

ɋɬɚɬɶɢ ɪɚɫɯɨɞɨɜ Ɂɚɬɪɚɬɵ, 1000 ɪɭɛ./ɝɨɞ % ɨɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧ-

ɧɵɯ ɡɚɬɪɚɬ 
 I  II III I II III 

Ɍɪɭɞ ɚɩɩɚɪɚɬɱɢɤɚ 43,9 42,5 87,8 0,037 0,033 0,006 

Ɍɪɭɞ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ 
ɪɚɛɨɱɢɯ 

 

4785 

 

8934 

 

120244 

 

4,06 

 

6,94 

 

7,86 

ɋɬɨɢɦɨɫɬɶ ɷɥ./ɷɧɟɪɝɢɢ 33330 35767 428183 28,31 27,78 27,98 

ɋɬɨɢɦɨɫɬɶ ɜɨɞɹɧɨɝɨ ɩɚɪɚ  

25188 

 

27558 

 

758727 

 

21,39 

 

21,40 

 

49,57 

ɋɬɨɢɦɨɫɬɶ ɨɯɥ. ȼɨɞɵ 4775 5224 159816 4,06 4,05 10,44 

Ⱥɦɨɪɬɢɡɚɰ. Ɉɬɱɢɫɥɟɧɢɹ  

18078 

 

18077 

 

5362 

 

15,35 

 

14,04 

 

0,004 

Ɉɬɱɢɫɥɟɧɢɹ ɜ ɛɸɞɠɟɬ 1862 3474 46766 1,58 2,70 3,06 

ɋɨɞɟɪɠɚɧɢɟ ɩɪɟɞɩɪɢɹɬɢɹ  

29685 

 

29685 

 

11343 

 

25,21 

 

23,05 

 

0,74 

ɂɬɨɝɨ: 117747 128761 1530528 100,0 100,0 100,0 

 

ɉɨɫɬɚɬɟɣɧɵɣ ɚɧɚɥɢɡ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɨ-
ɝɨ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɜɚɪɢɚɧɬɨɜ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɟɧ 

ɧɚ ɪɢɫɭɧɤɚɯ 4.3, 4.4, 4.5. 
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Ɋɢɫ. 4.3. ɍɪɨɜɟɧɶ ɬɪɭɞɨɜɵɯ ɡɚɬɪɚɬ ɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ  

ɢɡɞɟɪɠɤɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ: IV-ɩɨɥɭɱɟɧɢɟ  
ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɷɤɫɬɪɚɤɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ  

ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ [399]. 
 

ɍɪɨɜɟɧɶ ɬɪɭɞɨɜɵɯ ɡɚɬɪɚɬ (ɪɢɫ. 4.3) ɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢɡɞɟɪɠ-

ɤɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɠɢɞɤɨɫɬɧɨɦ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɢ ɝɨ-
ɪɚɡɞɨ ɧɢɠɟ. ɇɨ ɷɬɨ ɫɤɨɪɟɟ ɜɫɟɝɨ ɫɜɹɡɚɧɨ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɧɢɡɤɢɦ 

(ɜɨ ɦɧɨɝɢɟ ɞɟɫɹɬɤɢ ɪɚɡ) ɭɪɨɜɧɟɦ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɜ Ɋɨɫɫɢɢ ɢ ɧɟ ɦɨ-
ɠɟɬ ɫɥɭɠɢɬɶ ɨɫɧɨɜɚɧɢɟɦ ɞɥɹ ɧɟɩɪɢɹɬɢɹ ɬɟɯɧɨɥɨɝɢɢ, ɛɚɡɢɪɭɸɳɟɣɫɹ 
ɧɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɷɤɫɬɪɚɤɰɢɨɧɧɨɦ ɩɪɨɰɟɫɫɟ. 

ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ ɜ ɬɪɚɞɢɰɢɨɧɧɨɦ ɩɨɞɯɨɞɟ (ɪɢɫ. 4.4) ɫɨ-
ɫɬɚɜɥɹɸɬ ɛɨɥɟɟ 50 %, ɨɧɢ ɨɫɨɛɟɧɧɨ ɜɟɥɢɤɢ ɜ ɫɥɭɱɚɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɢ-

ɪɨɩɚ ɫɨɥɨɞɨɜɨɝɨ ɤɨɪɧɹ (87,99 %). ȼ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɜɚɪɢɚɧɬɟ ɪɟɚ-
ɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɷɬɢ ɡɚɬɪɚɬɵ ɨɤɚɡɵɜɚɸɬɫɹ ɜ 5÷8 ɪɚɡ ɦɟɧɶɲɢɦɢ. 

Ⱦɚɧɧɵɣ ɮɚɤɬ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɤɨɦɦɟɪɱɟɫɤɭɸ ɩɪɢɜɥɟɤɚ-
ɬɟɥɶɧɨɫɬɶ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɤɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɫɜɹɡɢ ɫ ɩɨ-
ɫɬɨɹɧɧɵɦ ɪɨɫɬɨɦ ɰɟɧ ɧɚ ɷɧɟɪɝɨɧɨɫɢɬɟɥɢ ɜ Ɋɨɫɫɢɢ. 

Ȼɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɞɥɹ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɨɣ ɷɤɫɬɪɚɤɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ (ɪɢɫ. 4.5) ɨɛɴɹɫɧɹɟɬɫɹ ɞɨɪɨ-
ɝɨɜɢɡɧɨɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ȼ ɢɬɨɝɟ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ ɞɥɹ ɧɚɫɬɨɣɤɢ ɤɚɥɟɧ-

ɞɭɥɵ ɫɨɫɬɚɜɥɹɟɬ - 134,54 ɪɭɛ/ɤɝ; ɞɥɹ ɧɚɫɬɨɣɤɢ ɩɭɫɬɵɪɧɢɤɚ – 210,67 

ɪɭɛ/ɤɝ ɢ ɞɥɹ ɫɢɪɨɩɚ  ɫɨɥɨɞɨɜɨɝɨ  ɤɨɪɧɹ – 839,68 ɪɭɛ/ɤɝ. ɍɱɢɬɵɜɚɹ,  
ɱɬɨ ɪɚɫɱɟɬ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɞɭɤɰɢɢ ȺɈ «Ɍɚɬɯɢɦɮɚɪɦɩɪɟɩɚɪɚɬɵ» 

ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ ɪɭɛɥɹ ɢ ɭɫɥɨɜɧɨɣ ɟɞɢɧɢɰɵ ɤɚɤ 
6:1, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 
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Ɋɢɫ. 4.4. ɍɪɨɜɟɧɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 

ɢɡɞɟɪɠɤɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ. 
 

 
Ɋɢɫ. 4.5. ɍɪɨɜɟɧɶ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ  

ɡɚɬɪɚɬɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ. 
 

- ɜ ɞɚɧɧɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɡɧɚɱɟɧɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɞɭɤ-
ɰɢɢ, ɩɨɥɭɱɟɧɧɨɣ ɜ ɩɪɨɰɟɫɫɟ ɠɢɞɤɨɫɬɧɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ, ɧɚɯɨɞɹɬɫɹ 
ɜ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɚɧɚɥɨɝɢɱɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ 

ɮɥɸɢɞɧɵɯ ɷɤɫɬɪɚɤɬɨɜ; 
- ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨ ɰɟɥɟɜɨɣ ɤɨɦɩɨɧɟɧɬɟ ɢ 

ɨɞɧɨɡɧɚɱɧɨ ɛɨɥɟɟ ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɩɪɨɞɭɤɰɢɢ ɩɪɢɫɭɳɢɟ ɧɨɜɨɦɭ 
ɩɨɞɯɨɞɭ ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɡɜɨɥɹɸɬ ɭɬɜɟɪɠɞɚɬɶ ɨɛ ɢɧɜɟɫɬɢɰɢɨɧɧɨɣ 

ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. 
ȼ ɪɚɛɨɬɟ [402] ɩɪɟɞɫɬɚɜɥɟɧɚ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨ-

ɫɬɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɱɢɳɟɧɧɨɝɨ ɥɟɰɢɬɢɧɚ ɢ ɪɚɫɬɢ-

ɬɟɥɶɧɨɝɨ ɦɚɫɥɚ ɢɡ, ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ, ɧɟɨɛɪɚɛɨɬɚɧɧɨɝɨ ɩɥɚɫɬɢɱɧɨɝɨ 
ɥɟɰɢɬɢɧɚ ɫɨɞɟɪɠɚɳɟɝɨ 65 % ɥɟɰɢɬɢɧɚ ɢ 35 % ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚ. 
Ɉɰɟɧɤɚ ɩɪɨɜɟɞɟɧɚ ɞɥɹ ɫɥɭɱɚɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɫɜɟɪɯɤɪɢ-
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ɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɜ ɩɪɨɰɟɫɫɟ ɪɟɚɥɢɡɨɜɚɧɧɨɦ ɜ 100 ɥɢɬɪɨ-
ɜɨɦ ɷɤɫɬɪɚɤɬɨɪɟ ɩɪɢ 70 °ɋ ɢ 69,0 Ɇɉɚ ɫ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ ɞɟɣɫɬɜɢɹ 1 

ɰɢɤɥ/ɱɚɫ. 
Ʌɟɰɢɬɢɧ ɜɫɬɪɟɱɚɟɬɫɹ ɜɨ ɦɧɨɝɢɯ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɚɯ. Ɉɫɧɨɜɧɨɣ ɢɫ-

ɬɨɱɧɢɤ ɥɟɰɢɬɢɧɚ - ɫɨɟɜɨɟ ɦɚɫɥɨ. Ʌɟɰɢɬɢɧ ɤɨɦɦɟɪɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɟɧ 

ɩɪɢɦɟɪɧɨ ɜ 40 ɜɢɞɚɯ ɨɬ ɧɟɨɱɢɳɟɧɧɵɯ ɦɚɫɥɹɧɵɯ ɷɤɫɬɪɚɤɬɨɜ ɞɨ ɜɵɫɨ-
ɤɨɨɱɢɳɟɧɧɵɯ ɩɪɨɞɭɤɬɨɜ. Ɋɚɡɥɢɱɢɟ ɜɢɞɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɥɢɱɧɵɦɢ 

ɩɭɬɹɦɢ ɩɟɪɟɪɚɛɨɬɤɢ ɢ ɱɬɨ ɟɫɬɟɫɬɜɟɧɧɨ, ɩɨ ɪɚɡɧɨɦɭ ɨɰɟɧɢɜɚɟɬɫɹ. Ʌɟ-
ɰɢɬɢɧɵ ɢɦɟɸɬ ɲɢɪɨɤɭɸ ɫɮɟɪɭ ɩɪɢɦɟɧɟɧɢɹ. Ɉɧɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 
ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ; ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɤɨɠɢ, ɬɟɤɫɬɢɥɹ; ɜ ɩɪɨɢɡ-
ɜɨɞɫɬɜɟ ɤɪɚɫɨɤ, ɪɟɡɢɧɵ, ɦɵɥɚ, ɤɨɫɦɟɬɢɤɢ; ɜɯɨɞɹɬ ɜ ɫɨɫɬɚɜ ɫɦɚɡɨɱɧɵɯ 
ɦɚɫɟɥ ɢ ɞɪɭɝɨɟ. 

Ɍɪɚɞɢɰɢɨɧɧɨɟ ɩɪɨɦɵɲɥɟɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɥɟɰɢɬɢɧɚ ɜ ɨɫɧɨɜɧɨɦ 

ɨɫɧɨɜɚɧɨ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɩɪɨɞɭɤɬɚ ɫɟɦɹɧ, ɜ 
ɨɫɨɛɟɧɧɨɫɬɢ ɫɨɢ. ɇɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɷɬɨɣ ɰɟɥɢ, ɯɨɬɹ ɢ ɜ ɦɟɧɶ-
ɲɟɣ ɫɬɟɩɟɧɢ, ɯɥɨɩɨɤ, ɤɭɤɭɪɭɡɚ, ɩɨɞɫɨɥɧɭɯ ɢ ɪɚɩɫ. ɋɟɝɨɞɧɹ ɤɨɦɦɟɪ-
ɱɟɫɤɢɣ ɥɟɰɢɬɢɧ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɨɬɠɚɬɢɹ ɡɟɪɧɨɜɨɝɨ ɦɚɫɥɚ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɫɦɟɫɶ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚ ɢ ɥɟɰɢɬɢɧɚ. ȼ 

ɩɪɨɰɟɫɫɟ ɨɱɢɫɬɤɢ ɷɬɚ ɫɦɟɫɶ ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɝɨɪɹɱɢɦ ɝɟɤɫɚɧɨɦ. Ⱦɚɥɟɟ 
ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɪɚɫɬɜɨɪ ɫ ɰɟɥɶɸ ɭɞɚɥɟɧɢɹ ɡɟɪɧɨɜɵɯ ɯɥɨɩɶɟɜ, ɩɪɨ-
ɬɟɢɧɚ ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɮɢɥɶɬɪɭɟɬɫɹ. ɍɞɚɥɟɧɢɟ ɝɟɤɫɚɧɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɞɢɫɬɢɥɥɹɰɢɢ. ɉɨɥɭɱɟɧɧɵɣ ɬɚɤɢɦ ɨɛɪɚɡɨɦ 

ɥɟɰɢɬɢɧ, ɧɚɡɵɜɚɟɬɫɹ ɩɥɚɫɬɢɱɟɫɤɢɦ ɢ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ ɨɫɧɨɜɧɨɣ ɤɨɦ-

ɩɨɧɟɧɬɟ ɫɨɞɟɪɠɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɢ ɬɪɢɝ-
ɥɢɰɟɪɢɞɨɜ. Ⱦɥɹ ɭɞɚɥɟɧɢɹ ɩɨɫɥɟɞɧɢɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɨɰɟɫɫ ɷɤɫɬɪɚɝɢ-

ɪɨɜɚɧɢɹ ɚɰɟɬɨɧɨɦ. ɉɪɢɱɟɦ ɷɬɨɬ ɷɬɚɩ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɜɚɠ-

ɧɵɯ ɜ ɥɟɰɢɬɢɧɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ. 

ȼ ɢɬɨɝɟ: ɬɪɚɞɢɰɢɨɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ ɥɟɰɢɬɢɧɚ ɦɧɨɝɨ-
ɫɬɚɞɢɣɧɚ, ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 
ɬɪɟɛɭɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɢ 

ɧɚɤɨɧɟɰ ɩɨɥɭɱɚɸɳɢɣɫɹ ɩɪɨɞɭɤɬ ɫɨɞɟɪɠɢɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɞɨɥɸ ɬɚɤɢɯ 
ɧɟɛɟɡɨɩɚɫɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɤɚɤ ɝɟɤɫɚɧ ɢ ɚɰɟɬɨɧ. ɂ ɷɬɨ ɩɪɢ ɬɨɦ, ɱɬɨ 
25÷30 % ɜɫɟɝɨ ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɥɟɰɢɬɢɧɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɦɚɪɝɚɪɢɧɚ; 25÷30 % ɢɞɟɬ ɧɚ ɩɨɥɭɱɟɧɢɟ ɲɨɤɨɥɚɞɚ ɢ ɦɨɪɨɠɟɧɨɝɨ; ɩɪɢ 

ɪɟɲɟɧɢɢ ɩɪɨɛɥɟɦɵ ɩɢɬɚɧɢɹ ɠɢɜɨɬɧɵɯ ɥɟɰɢɬɢɧ ɧɚɯɨɞɢɬ ɲɢɪɨɤɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɡɚɦɟɧɢɬɟɥɹ ɦɨɥɨɤɚ ɞɥɹ ɬɟɥɹɬ [402].  
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ȼɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɩɪɨɛɥɟɦɵ (ɜɤɥɸɱɚɹ ɪɟɧɬɚɛɟɥɶɧɨɫɬɶ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ) ɦɨɝɭɬ ɛɵɬɶ ɭɫɩɟɲɧɨ ɪɟɲɟɧɵ ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ 
ɷɬɨɣ ɰɟɥɢ ɩɪɨɰɟɫɫɚ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɞɢɨɤɫɢɞɨɦ 

ɭɝɥɟɪɨɞɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɢɡ ɩɥɚɫɬɢɱɧɨɝɨ 
ɥɟɰɢɬɢɧɚ ɩɨɥɭɱɚɟɬɫɹ ɧɟɠɢɪɧɵɣ ɥɟɰɢɬɢɧɨɜɵɣ ɩɨɪɨɲɨɤ ɢ ɪɚɫɬɢɬɟɥɶ-
ɧɨɟ ɦɚɫɥɨ. ȼɵɲɟɨɬɦɟɱɟɧɧɵɣ ɩɨɪɨɲɨɤ ɢɦɟɟɬ ɩɪɢɦɟɪɧɨ ɜ 10 ɪɚɡ 
ɛɨɥɶɲɭɸ ɪɵɧɨɱɧɭɸ ɫɬɨɢɦɨɫɬɶ. ɗɤɨɧɨɦɢɹ ɨɬ ɩɨɥɭɱɟɧɢɹ ɧɟɠɢɪɧɨɝɨ 
ɥɟɰɢɬɢɧɚ ɜ ɩɪɨɰɟɫɫɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɞɢɨɤɫɢɞɨɦ 

ɭɝɥɟɪɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɩɨɤɚɡɚɬɟɥɟɣ ɬɚɛɥɢɰɵ 4.12. Ȼɨɥɟɟ ɜɵɫɨ-
ɤɨɟ ɤɚɱɟɫɬɜɨ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚ ɩɨɥɭɱɚɟɦɨɝɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɢ-

ɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɟɠɞɟ ɜɫɟɝɨ ɨɬɫɭɬɫɬɜɢɟɦ ɜ ɧɟɦ ɨɫɬɚ-
ɬɨɱɧɨɝɨ ɚɰɟɬɨɧɚ. 

  Ɍɚɛɥɢɰɚ 4.12. 

 

ɗɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ ɨɛɟɡɠɢɪɢɜɚɧɢɹ ɥɟɰɢɬɢɧɚ  
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ. 

 

ɉɨɤɚɡɚɬɟɥɢ Ʉɨɥɢɱɟɫɬɜɟɧɧɚɹ 
ɨɰɟɧɤɚ 

ɑɢɫɥɨ ɰɢɤɥɨɜ ɜ ɞɟɧɶ 24 

ɑɢɫɥɨ ɪɚɛɨɱɢɯ ɞɧɟɣ ɜ ɝɨɞɭ 250 

Ɋɚɫɯɨɞ ɫɵɪɶɹ ɜ ɰɢɤɥɟ, ɤɝ 90 

ɋɬɨɢɦɨɫɬɶ ɫɵɪɶɹ, ɭ.ɟ./ɤɝ 0,44 

ȼɵɪɚɛɨɬɤɚ ɥɟɰɢɬɢɧɚ ɤɝ/ɞɟɧɶ 1404 

Ɋɵɧɨɱɧɚɹ ɰɟɧɚ, ɭ.ɟ./ɤɝ 4,5 

ɋɭɬɨɱɧɚɹ ɩɪɨɞɚɠɚ, ɭ.ɟ./ɞɟɧɶ 6318 

ȿɠɟɝɨɞɧɚɹ ɩɪɨɞɚɠɚ, ɭ.ɟ./ɝɨɞ 1,58⋅10
6
 

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, ɭ.ɟ. 1,5⋅10
6
 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ:  

ɗɥɟɤɬɪɨɷɧɟɪɝɢɹ, ɭ.ɟ./ɞɟɧɶ (45 ɤɜɬ; 0,07 ɭ.ɟ./ɤɜɬ·ɱ.) 75,6 

Ⱦɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɭ.ɟ./ɞɟɧɶ (60 ɤɝ/ɱ; 0,05 ɭ.ɟ./ɤɝ) 72,0 

ȼɨɞɚ ɬɟɯɧɨɥɨɝɢɱ., ɭ.ɟ./ɞɟɧɶ (300 ɤɝ; 0,063 ɭ.ɟ./ɤɝ) 4,5 

Ɉɩɟɪɚɬɨɪɵ ɢ ɩɟɪɫɨɧɚɥ, ɭ.ɟ./ɞɟɧɶ (7 ɱɟɥɨɜɟɤ; 14 ɭ.ɟ./ɱɚɫ) 784,0 

Ⱥɪɟɧɞɧɚɹ ɩɥɚɬɚ, ɭ.ɟ./ɞɟɧɶ (2000 ɮɭɬ.2; 7,5 ɭ.ɟ./ɮɭɬ.2/ɝɨɞ) 60,0 

ɂɬɨɝɨ, ɭ.ɟ./ɞɟɧɶ 996,1 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ 1 ɤɝ, ɭ.ɟ./ɤɝ 0,71 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ 1 ɤɝ ɩɪɨɞɭɤɰɢɢ, ɜɤɥ. ɡɚ-
ɬɪɚɬɵ ɧɚ ɫɵɪɶɟ ɭ.ɟ./ɤɝ 

 

1,39 
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Ʉɨɦɟɧɬɢɪɭɹ ɬɚɛɥɢɰɭ 4.12, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɡ 10 ɤɝ ɩɥɚɫɬɢɱ-
ɧɨɝɨ ɥɟɰɢɬɢɧɚ (ɫɬɨɢɦɨɫɬɶɸ 0,44 ɭ.ɟ./ɤɝ) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 3,3 ɤɝ ɫɚ-
ɥɚɬɧɨɝɨ ɦɚɫɥɚ (ɫɬɨɢɦɨɫɬɶɸ 0,44 ɭ.ɟ./ɤɝ) ɢ 6,7 ɤɝ ɧɟɠɢɪɧɨɝɨ ɥɟɰɢɬɢɧɚ 
(ɫɬɨɢɦɨɫɬɶɸ 4,5 ɭ.ɟ./ɤɝ); ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɩɪɢ ɫɬɨɢɦɨɫɬɢ ɢɫɯɨɞɧɨɝɨ ɦɚ-
ɬɟɪɢɚɥɚ ɢ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ, ɨɰɟɧɢɜɚɟɦɵɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ 4,4 ɭ.ɟ. 
ɢ 31,6 ɭ.ɟ., ɧɚ 1 ɤɝ ɩɥɚɫɬɢɱɧɨɝɨ ɥɟɰɢɬɢɧɚ ɛɟɡ ɭɱɟɬɚ ɤɚɩɢɬɚɥɶɧɵɯ ɢ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɢɛɵɥɶ ɜ 2,72ɭ.ɟ. Ⱥ ɟɫɥɢ 

ɭɱɟɫɬɶ, ɱɬɨ ɜ ɝɨɞ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɪɚɛɨɬɚɧɨ 540 ɬɨɧɧ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɢ ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɫɮɨɪɦɢɪɨɜɚɧɨ 1468800 ɭ.ɟ. ɩɪɢɛɵɥɢ, ɚ ɬɚɤ-
ɠɟ ɩɪɢɧɹɬɶ ɜɨ ɜɧɢɦɚɧɢɟ ɤɚɩɢɬɚɥɶɧɵɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, 

ɬɨ ɧɚɩɪɚɲɢɜɚɟɬɫɹ ɨɞɧɨɡɧɚɱɧɵɣ ɜɵɜɨɞ: ɩɪɟɞɥɚɝɚɟɦɵɣ ɩɭɬɶ ɨɱɢɫɬɤɢ 

ɩɥɚɫɬɢɱɧɨɝɨ ɥɟɰɢɬɢɧɚ ɨɱɟɧɶ ɜɵɝɨɞɟɧ. 

ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɜɟɪɯ-
ɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɜ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɟ ɧɟ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɥɢɲɶ 
ɷɬɢɦ. ȼ ɧɟɠɢɪɧɨɦ ɥɟɰɢɬɢɧɟ, ɩɨɥɭɱɟɧɧɨɦ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɮɥɸ-

ɢɞɧɨɦ ɩɪɨɰɟɫɫɟ ɫɨɞɟɪɠɢɬɫɹ ɨɤɨɥɨ 20 % ɮɨɫɮɚɬɢɞɢɥɯɨɥɢɧɚ [403]. 
Ɏɨɫɮɚɬɢɞɢɥɯɨɥɢɧ ɧɚɯɨɞɢɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɤɚɩɫɭɥɢ-

ɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɮɚɪɦɚɤɨɥɨɝɢɢ, ɚ ɬɚɤɠɟ ɢɦɟɟɬ ɢ ɞɪɭɝɢɟ ɩɪɢɦɟ-
ɧɟɧɢɹ ɜ ɮɚɪɦɚɰɟɜɬɢɤɟ. ɇɟ ɦɟɧɟɟ ɜɵɝɨɞɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɚɫɩɟɤɬ 
ɜɵɞɟɥɟɧɢɹ ɮɨɫɮɚɬɢɞɢɥɯɨɥɢɧɚ ɫ ɩɨɦɨɳɶɸ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɮɥɸɢɞ-

ɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥɢɰɟ 4.13 [402]. 
 

                                                                                          Ɍɚɛɥɢɰɚ 4.13. 
 

ɗɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ ɨɱɢɫɬɤɢ ɮɚɫɮɚɬɢɞɢɥɯɨɥɢɧɚ. 
 

ɉɨɤɚɡɚɬɟɥɢ Ʉɨɥɢɱɟɫɬɜɟɧɧɚɹ 
ɨɰɟɧɤɚ 

ɑɢɫɥɨ ɪɚɛɨɱɢɯ ɞɧɟɣ ɜ ɝɨɞɭ 250 

Ɉɛɴɟɦ ɤɨɥɨɧɧɵ, ɥ 50 

Ɋɚɫɯɨɞ ɫɵɪɶɹ, ɤɝ/ɞɟɧɶ 166,65 

Ɋɵɧɨɱɧɚɹ ɰɟɧɚ, ɭ.ɟ./ɤɝ 425 

ɋɭɬɨɱɧɚɹ ɩɪɨɞɚɠɚ, ɭ.ɟ./ɞɟɧɶ 7000 

ȿɠɟɝɨɞɧɚɹ ɩɪɨɞɚɠɚ, ɭ.ɟ./ɝɨɞ 1,58⋅10
6
 

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, ɭ.ɟ. 2,0⋅10
6
 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ:  

ɗɥɟɤɬɪɨɷɧɟɪɝɢɹ, ɭ.ɟ./ɞɟɧɶ (45 ɤɜɬ; 0,07 ɭ.ɟ./ɤɜɬ ɱ) 67,2 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4.13

Ⱦɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɭ.ɟ./ɞɟɧɶ (60 ɤɝ/ɱ; 0,05 ɭ.ɟ./ɤɝ) 36,0 

ȼɨɞɚ ɬɟɯɧɨɥɨɝɢɱ., ɭ.ɟ./ɞɟɧɶ (200 ɤɝ; 0,063 ɭ.ɟ./ɤɝ)  3,0 

Ɉɩɟɪɚɬɨɪɵ ɢ ɩɟɪɫɨɧɚɥ, ɭ.ɟ./ɞɟɧɶ (6 ɱɟɥɨɜɟɤ; 16 

ɭ.ɟ./ɱɚɫ) 
768,0 

Ⱥɪɟɧɞɧɚɹ ɩɥɚɬɚ, ɭ.ɟ./ɞɟɧɶ (2500 ɮɭɬ2
; 11,5 

ɭ.ɟ./ɮɭɬ2
/ɝɨɞ) 

115,0 

ɂɬɨɝɨ, ɭ.ɟ./ɞɟɧɶ 989,2 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ 1 ɤɝ ɝɨɬɨɜɨɣ  

ɩɪɨɞɭɤɰɢɢ, ɭ.ɟ./ɤɝ 
 

59,41 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ 1 ɤɝ ɝɨɬɨɜɨɣ  

ɩɪɨɞɭɤɰɢɢ, ɜɤɥ. ɡɚɬɪɚɬɵ ɧɚ ɫɵɪɶɟ, ɭ.ɟ./ɤɝ 
 

81,91 
 

ȼ ɤɚɧɚɞɫɤɨɦ ɰɟɧɬɪɟ «St. Hyacinthe Food Research and 

Development» ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɩɨ-
ɥɨɦɚɧɧɵɯ ɧɢɡɤɨɤɚɥɨɪɢɣɧɵɯ ɨɪɟɯɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɞɚɥɟɧɢɹ ɢɡ ɫɵɪɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɨɬ 27 % ɞɨ 32 % ɦɚɫɥɚ ɜ ɩɪɨɰɟɫɫɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬ-
ɪɚɝɢɪɨɜɚɧɢɹ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ [404]. ɉɪɨɜɟɞɟɧɧɵɣ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɡɜɨɥɢɥ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɜɵɫɨɤɨɦ ɪɵɧɨɱɧɨɦ 

ɩɨɬɟɧɰɢɚɥɟ ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ, ɱɬɨ ɦɚɪɤɟɬɢɧɝɨɜɵɣ ɪɢɫɤ ɜɨ-
ɜɥɟɱɟɧɢɹ ɤɚɩɢɬɚɥɨɜ ɜ ɷɬɨ ɩɪɨɢɡɜɨɞɫɬɜɨ ɨɱɟɧɶ ɧɢɡɨɤ. ɉɨɞɪɨɛɧɟɟ ɨɫ-
ɬɚɧɨɜɢɦɫɹ ɧɚ ɷɬɨɦ ɚɧɚɥɢɡɟ [404]. 

ɉɨ ɫɭɳɟɫɬɜɭɸɳɢɦ ɨɰɟɧɤɚɦ [404, 405] ɤɚɠɞɵɣ ɝɨɞ ɜ Ʉɚɧɚɞɟ ɢ 

ɋɒȺ ɞɥɹ ɩɪɨɞɨɜɨɥɶɫɬɜɟɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ ɩɨɪɹɞɤɚ 70000 ɬɨɧɧ ɨɪɟɯɨɜ. Ⱦɨ 65 % ɨɪɟɯɨɜ ɩɟɪɟɪɚɛɚɬɵ-

ɜɚɟɬɫɹ ɜ ɨɪɟɯɨɜɨɟ ɦɚɫɥɨ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ɧɚɭɱɧɵɯ 
ɤɨɦɢɬɟɬɨɜ Ʉɚɧɚɞɵ ɢ ɋɒȺ ɩɨ ɞɢɟɬɨɥɨɝɢɢ ɤɚɥɨɪɢɣɧɵɣ ɜɤɥɚɞ ɠɢɪɚ ɜ 
ɡɞɨɪɨɜɨɣ ɞɢɟɬɟ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ    30 % [406, 407]. ȼ ɬɨ ɜɪɟɦɹ, 
ɤɚɤ ɨɛɵɱɧɵɟ ɨɪɟɯɢ ɢɦɟɸɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɦɚɫɥɨ, ɨɬɜɟɱɚɸɳɟɟ ɡɚ 70 

% ɤɚɥɨɪɢɣ. ȼ ɷɬɨɦ ɫɦɵɫɥɟ ɧɢɡɤɨɤɚɥɨɪɢɣɧɵɟ ɨɪɟɯɢ ɛɨɥɟɟ ɭɪɚɜɧɨɜɟ-
ɲɟɧɵ ɜ ɱɚɫɬɢ ɤɚɥɨɪɢɣ ɢ ɥɭɱɲɟ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɬɪɟɛɨɜɚɧɢɹɦ ɞɢɟɬɵ 

ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɨɪɟɯɨɜ. ɂɦ ɫɜɨɣɫɬɜɟɧɟɧ ɛɨɥɶɲɢɣ ɫɪɨɤ ɯɪɚɧɟɧɢɹ ɢ 

ɨɧɢ ɦɟɧɶɲɟ ɡɚɥɟɠɢɜɚɸɬɫɹ. 
ɇɚɱɢɧɚɹ ɫ ɲɟɫɬɢɞɟɫɹɬɵɯ ɝɨɞɨɜ ɢ ɩɨ ɫɭɳɟɫɬɜɭ ɛɟɡɭɫɩɟɲɧɨ ɢɫɫɥɟ-

ɞɨɜɚɬɟɥɢ ɩɵɬɚɥɢɫɶ ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɢɟɦɥɟɦɵɣ ɩɪɨɰɟɫɫ ɞɥɹ ɩɪɨɢɡɜɨɞ-

ɫɬɜɚ ɧɟɩɨɥɨɦɚɧɧɵɯ ɧɢɡɤɨɤɚɥɨɪɢɣɧɵɯ ɨɪɟɯɨɜ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɪɟɲɟɧɢɹ 
ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɜɚ ɩɨɞɯɨɞɚ: ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɟ 
ɦɚɫɥɚ ɨɪɝɚɧɢɱɟɫɤɢɦ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɢ ɦɟɯɚɧɢɱɟɫɤɢɣ ɨɬɠɢɦ.  
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ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧ-ɝɟɤɫɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɷɤɫɬɪɚɝɟɧɬɚ (ɤɚɤ ɷɬɨ ɪɚɧɟɟ 
ɢɦɟɥɨ ɦɟɫɬɨ ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɦɚɫɥɚ ɢɡ ɦɚɫɥɢɱɧɵɯ ɫɟɦɹɧ) ɟɫɬɟɫɬɜɟɧ-

ɧɵɦ ɨɛɪɚɡɨɦ ɩɪɟɞɩɨɥɚɝɚɥɨ ɨɱɢɫɬɤɭ ɨɛɪɚɛɨɬɚɧɧɵɯ (ɨɫɜɨɛɨɠɞɟɧɧɵɯ 

ɨɬ ɡɧɚɱɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɦɚɫɥɚ) ɨɪɟɯɨɜ ɨɬ ɨɫɬɚɬɨɱɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɞɨ 
ɞɨɩɭɫɬɢɦɨɝɨ ɟɝɨ ɫɨɞɟɪɠɚɧɢɹ ɦɟɧɟɟ 0,5 ɪɪm. Ɉɞɧɚɤɨ, ɧɟɨɛɯɨɞɢɦɵɟ 
ɞɥɹ ɷɬɨɝɨ ɱɪɟɡɦɟɪɧɚɹ ɞɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɨɱɢɫɬɤɢ, ɜɵɫɨɤɢɟ ɬɟɦ-

ɩɟɪɚɬɭɪɧɵɟ ɪɟɠɢɦɵ ɜ ɧɟɦ, ɩɥɨɯɨ ɜɥɢɹɥɢ ɧɚ ɨɪɝɚɧɨɥɟɩɬɢɱɟɫɤɢɟ ɫɜɨɣ-

ɫɬɜɚ ɨɛɟɡɠɢɪɟɧɧɵɯ ɨɪɟɯɨɜ, ɜɤɭɫ ɢ ɜɧɟɲɧɢɣ ɜɢɞ ɩɪɨɞɭɤɬɚ. ȼɫɟ ɷɬɨ 
ɫɬɚɥɨ ɩɪɢɱɢɧɨɣ ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɧɟɩɪɢɹɬɢɹ ɩɪɨɰɟɫɫɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢ-

ɟɦ ɧ-ɝɟɤɫɚɧɚ. 
ɋɨɝɥɚɫɧɨ ɞɪɭɝɨɝɨ ɩɨɞɯɨɞɚ ɨɪɟɯɢ ɫ 5 % ɜɥɚɠɧɨɫɬɶɸ ɫɧɚɱɚɥɚ ɩɨɞ-

ɜɟɪɝɚɥɢɫɶ ɦɟɯɚɧɢɱɟɫɤɨɦɭ ɨɬɠɢɦɭ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɭɞɚɜɚɥɨɫɶ ɢɡɛɚ-
ɜɢɬɶɫɹ ɨɬ 50 % ɞɨ 80 % ɦɚɫɥɚ. ȼɵɠɚɬɵɟ ɨɪɟɯɢ ɡɚɬɟɦ ɜɵɦɚɱɢɜɚɥɢɫɶ ɜ 
ɝɨɪɹɱɟɣ ɜɨɞɟ ɜ ɩɨɩɵɬɤɟ ɞɨɫɬɢɝɧɭɬɶ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɜɧɟɲɧɟɝɨ ɜɢɞɚ. 
Ɉɞɧɚɤɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɣ ɩɪɨɰɟɞɭɪɵ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɨɪɟɯɨɜ ɪɚɫ-
ɤɚɥɵɜɚɥɚɫɶ (12÷43 %), ɪɚɫɳɟɩɥɹɥɚɫɶ (4÷46 %), ɚ 5 % ɬɚɤɢɯ ɤɨɦɩɨ-
ɧɟɧɬɨɜ, ɤɚɤ ɫɚɯɚɪ ɢ ɛɟɥɤɢ, ɨɫɬɚɜɚɥɨɫɶ ɜ ɜɨɞɟ [404]. ɉɪɢ ɷɬɨɦ ɨɛɟɡɠɢ-

ɪɟɧɧɵɟ ɨɪɟɯɢ ɦɟɧɹɥɢ ɰɜɟɬ ɢ ɚɪɨɦɚɬ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɢɣ ɷɤɫɬɪɚɤɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ ɩɨɡɜɨɥɹɟɬ ɭɫɩɟɲɧɨ ɩɨɥɭɱɚɬɶ ɧɟɩɨɥɨ-
ɦɚɧɧɵɟ ɧɢɡɤɨɤɚɥɨɪɢɣɧɵɟ ɨɪɟɯɢ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ, ɯɨɪɨɲɟɝɨ ɜɧɟɲ-

ɧɟɝɨ ɜɢɞɚ, ɜɤɭɫɚ ɢ ɩɪɢɫɭɳɟɝɨ ɧɚɬɭɪɚɥɶɧɨɦɭ ɩɪɨɞɭɤɬɭ ɯɪɭɫɬɚ [208]. 
ɉɪɨɜɟɞɟɧ [404] ɩɨɞɪɨɛɧɟɣɲɢɣ ɚɧɚɥɢɡ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ ɩɪɟɞɩɪɢ-

ɹɬɢɹ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɷɤɫɬɪɚɤɰɢɨɧɧɨɦ ɩɪɨɰɟɫɫɟ ɢ 

ɪɚɫɱɢɬɚɧɧɨɝɨ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 1000 ɬɨɧɧ ɜ ɝɨɞ ɧɢɡɤɨɤɚɥɨɪɢɣɧɵɯ 
ɨɪɟɯɨɜ, ɚ ɬɚɤɠɟ 200 ɬɨɧɧ ɜ ɝɨɞ ɯɨɥɨɞɧɨ-ɨɬɠɚɬɨɝɨ ɨɪɟɯɨɜɨɝɨ ɦɚɫɥɚ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɛɨɱɟɝɨ ɨɛɴɟɦɚ        16000 ɥɢɬɪɨɜ (4 ɷɤɫɬɪɚɤɬɨɪɚ ɩɨ 
4000 ɥ ɤɚɠɞɵɣ). Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɞɥɹ ɬɚɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɪɚɡ-
ɦɟɳɚɟɦɨɝɨ ɧɚ 200 ɦ2 ɩɨ ɰɟɧɚɦ ɢɸɧɹ 1991 ɝɨɞɚ ɨɰɟɧɟɧɵ ɜ 6,1 ɦɥɧ. ɭ.ɟ. 
Ƚɨɞɨɜɨɣ ɨɛɴɟɦ ɩɪɨɞɚɠɢ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɱɢɫɬɵɣ ɝɨɞɨɜɨɣ ɞɨɯɨɞ 

ɨɰɟɧɟɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ 3,49 ɦɥɧ. ɭ.ɟ. ɢ 0,76 ɦɥɧ. ɭ.ɟ. 
ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɤ ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɹ (ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɟɞɩɪɢ-

ɹɬɢɹ ɫ ɪɚɛɨɱɢɦ ɨɛɴɟɦɨɦ 8000 ɥɢɬɪɨɜ ɢ ɤɚɩɢɬɚɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ 4 

ɦɥɧ. ɭ.ɟ. ɜɵɹɜɢɥɨ ɫɢɬɭɚɰɢɸ, ɝɪɚɧɢɱɚɳɭɸ ɫ ɧɟɪɟɧɬɚɛɟɥɶɧɨɫɬɶɸ ɩɪɨ-
ɢɡɜɨɞɫɬɜɚ), ɫɬɨɢɦɨɫɬɢ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ ɢ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ, ɝɨɞɨ-
ɜɨɦɭ ɞɨɯɨɞɭ ɢ ɬ.ɞ. ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ ɭɫɬɚɧɨɜɨɤ 
ɦɨɳɧɨɫɬɶɸ 16000 ɥ ɢ ɪɚɡɦɟɳɟɧɧɵɯ ɜ ɬɪɟɯ ɪɚɡɥɢɱɧɵɯ ɫɬɪɚɧɚɯ: ɋɒȺ 
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(ɜɵɫɨɤɚɹ ɨɩɥɚɬɚ ɬɪɭɞɚ; ɧɢɡɤɢɣ ɤɪɟɞɢɬɧɵɣ ɩɪɨɰɟɧɬ; ɜɵɫɨɤɢɣ ɧɚɥɨɝ ɧɚ 
ɤɨɪɩɨɪɚɬɢɜɧɵɣ ɞɨɯɨɞ); ɂɧɞɢɢ (ɧɢɡɤɚɹ ɨɩɥɚɬɚ ɬɪɭɞɚ, ɜɵɫɨɤɢɣ ɤɪɟ-
ɞɢɬɧɵɣ ɩɪɨɰɟɧɬ, ɧɢɡɤɢɣ ɧɚɥɨɝ ɧɚ ɤɨɪɩɨɪɚɬɢɜɧɵɣ ɞɨɯɨɞ) ɢ Ʉɚɧɚɞɟ ɫɨ 
ɫɪɟɞɧɢɦɢ ɞɥɹ  ɞɜɭɯ  ɩɪɟɞɵɞɭɳɢɯ  ɫɬɪɚɧ  ɩɨɤɚɡɚɬɟɥɹɦɢ.  Ɋɟɡɭɥɶɬɚɬɵ  

ɷɬɨɝɨ  ɫɪɚɜɧɟɧɢɹ [404] ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.14. 

ȼ ɂɧɞɢɢ ɦɢɧɢɦɚɥɶɧɚɹ ɪɚɫɫɪɨɱɤɚ ɩɥɚɬɟɠɚ, ɫɬɚɥɨ ɛɵɬɶ ɦɚɥ ɩɟɪɢ-

ɨɞ, ɜ ɬɟɱɟɧɢɢ ɤɨɬɨɪɨɝɨ ɢɧɜɟɫɬɢɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɩɨɞɜɟɪɝɧɭɬɵ ɪɢɫɤɭ. ȼ 

ɋɒȺ ɢ Ʉɚɧɚɞɟ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ, 

ɱɬɨɛɵ ɤɨɧɤɭɪɢɪɨɜɚɬɶ ɫ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɪɚɡɦɟɳɟɧɧɵɦ ɜ ɂɧɞɢɢ, ɧɟɨɛ-

ɯɨɞɢɦɨ ɢɦɟɬɶ ɛɨɥɶɲɢɟ ɦɨɳɧɨɫɬɢ. ɂ ɧɚɤɨɧɟɰ, ɨɛɳɢɣ ɜɵɜɨɞ - ɩɪɟɞɥɚ-
ɝɚɟɦɵɣ ɩɪɨɰɟɫɫ ɜɵɫɨɤɨ ɪɟɧɬɚɛɟɥɟɧ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɜ ɪɵɧɨɱɧɵɯ ɭɫɥɨ-
ɜɢɹɯ ɂɧɞɢɢ. 

 
                                                                                         Ɍɚɛɥɢɰɚ 4.14. 

 

ɋɪɚɜɧɟɧɢɟ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ ɭɫɬɚɧɨɜɨɤ,  

ɪɚɡɦɟɳɟɧɧɵɯ ɜ ɪɚɡɥɢɱɧɵɯ ɫɬɪɚɧɚɯ. 
 

ɂɧɞɢɜɢɞɭɚɥɶɧɵɟ ɩɪɟɞɩɨɫɵɥɤɢ Ȼɚɡɨ-
ɜɵɣ 

ɫɥɭɱɚɣ 

ɋɒȺ Ʉɚɧɚɞɚ ɂɧɞɢɹ 

Ɉɫɧɨɜɧɵɟ ɩɪɟɞɩɨɫɵɥɤɢ:     

ɋɬɚɜɤɚ ɧɨɪɦɵ ɞɨɯɨɞɚ, % 

 ɋɬɨɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ, % 

Ⱦɟɛɟɬ ɢɧɜɟɫɬɢɰɢɣ 

ɉɪɨɰɟɧɬɵ ɩɨ ɞɟɛɟɬɭ, % ɝɨɞ 
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15,00 

40,00 

20,00 

3,00 

9,00 

30,00 

35,00 

2,00 
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20,00 

50,00 

1,00 

15,00 

Ʉɚɥɶɤɭɥɹɰɢɨɧɧɵɟ ɫɬɚɬɶɢ ɢ ɩɪɟɞɩɨɥɚ-
ɝɚɟɦɚɹ ɫɬɨɢɦɨɫɬɶ: 

    

ɋɬɨɢɦɨɫɬɶ ɫɵɪɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɭ.ɟ./ɤɝ 
ɋɬɨɢɦɨɫɬɶ ɧɢɡɤɨɤɚɥɨɪɢɣɧɵɯ ɨɪɟɯɨɜ, 
ɭ.ɟ./ɤɝ 
ɋɬɨɢɦɨɫɬɶ ɨɪɟɯɨɜɨɝɨ ɦɚɫɥɚ, ɭ.ɟ./ɤɝ 
ɑɢɫɥɨ ɪɚɛɨɱɢɯ ɞɧɟɣ ɜ ɝɨɞɭ, ɞɧɟɣ/ɝɨɞ 

Ɉɩɥɚɬɚ ɬɪɭɞɚ, ɭ.ɟ./ɱ 
ɋɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɭ.ɟ./ɤȼɬ-ɱ 
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ɋɬɨɢɦɨɫɬɶ ɩɟɪɟɪɚɛɨɬɤɢ (ɩɪɨɰɟɧɬ ɨɬ ɨɛ-

ɳɟɣ ɫɬɨɢɦɨɫɬɢ ɩɟɪɟɪɚɛɨɬɤɢ, %): 

 

    

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4.14
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Ɉɩɥɚɬɚ ɬɪɭɞɚ, % 

ɗɧɟɪɝɨɡɚɬɪɚɬɵ, % 

ɉɨɫɬɨɹɧɧɵɟ ɪɚɫɯɨɞɵ, % 

33,67 

14,19 

52,14 

32,10 

19,07 

48,84 

26,55 

14,92 

58,53 

6,54 

25,92 

67,54 

Ɋɟɧɬɚɛɟɥɶɧɨɫɬɶ:     

ɉɨɫɥɟɧɚɥɨɝɨɜɵɣ ɞɨɯɨɞ ɩɨ ɚɤɰɢɹɦ, ɦɥɧ. ɭ.ɟ.
ɉɨɫɥɟɧɚɥɨɝɨɜɵɣ ɞɨɯɨɞ ɩɨ ɨɛɳɢɦ ɤɚɩɢɬ. 
ɂɡɞɟɪɠɤɚɦ, ɦɥɧ. ɭ.ɟ. 

3,76 

 

4,43 

2,78 

 

2,07 

4,03 

 

4,03 

6,62 

 

7,29 

ɉɥɚɬɟɠɢ ɩɨ ɚɤɰɢɹɦ, %  40,90 42,42 44,47 59,00 

ɉɥɚɬɟɠɢ ɩɨ ɨɛɳɢɦ ɤɚɩɢɬ. ɢɡɞɟɪɠɤɚɦ, % 24,05 17,98 23,16 30,38 

Ɋɚɫɫɪɨɱɤɚ ɩɥɚɬɟɠɚ, ɝɨɞɵ (ɩɨ ɚɤɰɢɹɦ) 2,93 2,71 2,54 1,88 

Ɋɚɫɫɪɨɱɤɚ ɩɥɚɬɟɠɚ, ɝɨɞɵ (ɩɨ ɨɛɳɢɦ ɤɚɩɢɬ. 
ɂɡɞɟɪɠɤɚɦ) 

 

5,82 

 

8,57 

 

6,17 

 

4,47 
 

ɇɚ ɪɢɫɭɧɤɟ 4.6 [404] ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ ɩɨɫɥɟ-
ɧɚɥɨɝɨɜɨɝɨ ɞɨɯɨɞɚ ɢ ɩɪɨɰɟɧɬɚ ɩɥɚɬɟɠɟɣ ɨɬ ɫɬɨɢɦɨɫɬɢ ɫɵɪɶɹ ɞɥɹ ɞɜɭɯ 
ɪɚɡɥɢɱɧɵɯ ɦɨɳɧɨɫɬɟɣ (8000 ɥ ɢ 16000 ɥ) ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ɉɨ ɨɰɟɧɤɚɦ ɚɜɬɨɪɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɨɥɶɤɨ ɜ ȿɜɪɨɩɟ ɢ ɋɟɜɟɪɧɨɣ 

Ⱥɦɟɪɢɤɟ, ɝɞɟ ɩɪɨɠɢɜɚɟɬ ɨɤɨɥɨ 700 ɦɥɧ. ɱɟɥɨɜɟɤ ɢ ɩɨɬɪɟɛɥɟɧɢɟ ɧɚ 
ɞɭɲɭ ɧɚɫɟɥɟɧɢɹ ɧɢɡɤɨɤɚɥɨɪɢɣɧɵɯ ɨɪɟɯɨɜ ɜ ɫɪɟɞɧɟɦ ɫɨɫɬɚɜɥɹɟɬ 100 

ɬ/ɝɨɞ, ɫɩɪɨɫ ɦɨɠɟɬ ɛɵɬɶ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧ ɰɢɮɪɨɣ 70000 ɬɨɧɧ/ɝɨɞ. 

ɉɨɫɤɨɥɶɤɭ ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɚ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɧɨɦ ɩɪɟɞɩɪɢɹɬɢɢ ɭɞɨɜ-
ɥɟɬɜɨɪɹɟɬ ɦɟɧɟɟ ɱɟɦ 2 % ɪɵɧɨɱɧɨɝɨ ɫɩɪɨɫɚ, ɬɨ ɦɚɪɤɟɬɢɧɝɨɜɵɣ ɪɢɫɤ 
ɜɨɜɥɟɱɟɧɢɹ ɤɚɩɢɬɚɥɨɜ ɜ ɷɬɨ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɤɚɤ ɷɬɨ ɭɠɟ ɛɵɥɨ ɨɬɦɟɱɟɧɨ 
ɜ ɧɚɱɚɥɟ ɨɛɫɭɠɞɟɧɢɹ, ɤɪɚɣɧɟ ɧɢɡɨɤ. 

 
Ɋɢɫ. 4.6.  ɗɮɮɟɤɬ ɫɬɨɢɦɨɫɬɢ ɫɵɪɶɹ ɧɚ ɩɨɫɥɟɧɚɥɨɝɨɜɵɣ ɞɨɯɨɞ (» - 8000 ɥ; ” - 

16000 ɥ), ɩɪɨɰɟɧɬ ɩɥɚɬɟɠɚ ɩɨ ɚɤɰɢɹɦ (t - 8000 ɥ; r - 16000 ɥ) ɢ ɩɪɨɰɟɧɬ ɩɥɚ-
ɬɟɠɚ ɩɨ ɨɛɳɢɦ ɤɚɩɢɬɚɥɶɧɵɦ ɢɡɞɟɪɠɤɚɦ (u – 8000 ɥ; s- 16000 ɥ). 
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ȼ ɬɚɛɥɢɰɚɯ 4.15 ɢ 4.16 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɟɡɭɥɶɬɚɬɵ 

ɨɰɟɧɤɢ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɜɵɪɚɛɨɬɤɢ ɬɜɟɪɞɨɣ ɩɪɨɞɭɤɰɢɢ ɜ ɦɟɥɤɨ ɢɡ-
ɦɟɥɶɱɟɧɧɨɦ ɜɢɞɟ ɩɨ ɦɟɬɨɞɭ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹ ɢ 

ɩɨɤɪɚɫɤɢ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɜɨɥɨɤɨɧ ɬɚɤɠɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɤɪɢ-

ɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 
                                                                                          Ɍɚɛɥɢɰɚ 4.15. 

 

Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ ɜɵɪɚɛɨɬɤɢ ɤɪɢɫɬɚɥɥɨɜ ɩɨ 
ɦɟɬɨɞɭ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹ [408] 

 

ɉɨɤɚɡɚɬɟɥɢ ɋɥɭɱɚɣ 1 ɋɥɭɱɚɣ 

2 

ɉɨɞɚɱɚ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹ, ɤɝ/ɤɝ 3,0 2,0 

ɉɨɞɚɱɚ 10% ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɚɬɟɪɢɧɫɤɨɝɨ ɪɚɫɬɜɨɪɚ, ɤɝ/ɱ 125,0 250,0 

Ɇɚɫɫɨɜɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɦɚɬɟɪɢɧɫɤɨ-
ɝɨ ɪɚɫɬɜɨɪɚ 

 

3/1 

 

2/1 

Ƚɨɞɨɜɨɣ ɪɚɛɨɱɢɣ ɮɨɧɞ, ɱ/ɝɨɞ 8400 8400 

ɋɬɟɩɟɧɶ ɜɵɯɨɞɚ ɤɪɢɫɬɚɥɥɨɜ, % 90,0 90,0 

ȼɵɪɚɛɨɬɤɚ ɩɪɨɞɭɤɰɢɢ, ɬ/ɝɨɞ 67,9 117,0 

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, ɭ.ɟ. 1,25⋅10
6
 1,25⋅10

6
 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɢɡɞɟɪɠɤɢ:   

Ʌɚɛɨɪɚɬɨɪɧɵɟ ɢɡɞɟɪɠɤɢ,    ɭ.ɟ./ɤɝ  
(25 ɭ.ɟ./ɱ; 210000 ɭ.ɟ./ɝɨɞ) 

3,09 1,80 

ɋɬɨɢɦɨɫɬɶ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ, ɭ.ɟ./ɤɝ 1,26 1,01 

ɋɬɨɢɦɨɫɬɶ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹ, ɭ.ɟ./ɤɝ (0,25 ɭ.ɟ./ɤɝ) 0,17 0,17 

ɇɚɥɨɝɢ, ɫɬɪɚɯɨɜɚɧɢɟ, ɜɵɩɥɚɬɚ ɢɧɜɟɫɬɨɪɭ, ɭ.ɟ./ɤɝ 3,68 2,13 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɬɚ, ɭ.ɟ./ɤɝ 8,20 5,11 
 

Ɂɚɜɢɫɢɦɨɫɬɶ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɨɥɭɱɚɟɦɵɯ ɤɪɢɫɬɚɥɥɨɜ ɨɬ ɫɬɟɩɟɧɢ 

ɢɯ ɜɵɯɨɞɚ ɜ ɩɪɨɰɟɫɫɟ ɨɫɚɠɞɟɧɢɹ, ɫɨɨɬɧɨɲɟɧɢɹ ɦɚɫɫ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟ-
ɥɹ ɢ ɦɚɬɟɪɢɧɫɤɨɝɨ ɪɚɫɬɜɨɪɚ, ɚ ɬɚɤɠɟ ɦɨɳɧɨɫɬɢ ɩɨ ɦɚɬɟɪɢɧɫɤɨɦɭ ɪɚɫ-
ɬɜɨɪɭ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.7 [408]. 
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Ɋɢɫ. 4.7. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɟɛɟɫɬɨ-ɢɦɨɫɬɢ 

ɩɪɨɞɭɤɰɢɢ ɨɬ ɫɬɟɩɟɧɢ ɨɫɚɠɞɟɧɢɹ:  ɚ) 
ɫɥɭɱɚɣ 1; ɛ) ɫɥɭɱɚɣ 2. 

Ɍɚɛɥɢɰɚ 4.16. 

 

Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɰɟɫɫɚ ɨɤɪɚɫɤɢ  

ɩɨɥɢɦɟɪɧɵɯ ɜɨɥɨɤɨɧ [304]. 
 

ɉɨɤɚɡɚɬɟɥɢ ɋɥɭɱɚɣ 1 ɋɥɭɱɚɣ 2 

Ɋɚɡɦɟɪ ɭɫɬɚɧɨɜɤɢ, ɦ3 
1,0 2,0 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ,  ɤɝ/ɝɨɞ 0,6⋅10
6
 1,5⋅10

6
 

ɉɟɪɫɨɧɚɥ, ɱɟɥ. 2 2 

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, ɭ.ɟ. 1,85⋅10
6
 3,1⋅10

6
 

ɉɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ, ɤɜɬ·ɱ/ɤɝ 6,2 6,2 

ɉɨɬɪɟɛɥɟɧɢɟ ɋɈ2, ɤɝ/ɤɝ 0,5 0,5 

ȼɵɩɥɚɬɚ ɢɧɜɟɫɬɨɪɭ, % 10,0 10,0 

ɋɪɨɤ ɚɦɨɪɬɢɡɚɰɢɢ, ɥɟɬ 5,0 5,0 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɰɟɫɫɚ ɨɤɪɚɫɤɢ, ɭ.ɟ./ɤɝ 2,0 1,5 

 

ɍɫɬɚɧɨɜɤɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɞɨɪɨɠɟ ɭɫɬɚɧɨɜɨɤ, ɪɟɚɥɢɡɭɸɳɢɯ 
ɬɪɚɞɢɰɢɨɧɧɵɣ ɩɨɞɯɨɞ. Ɉɞɧɚɤɨ, ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɜɚɪɢɚɧɬɟ, ɛɥɚɝɨ-
ɞɚɪɹ ɦɟɧɶɲɟɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɢ ɛɨɥɶɲɟɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨ-
ɫɬɢ, ɨɞɧɢ ɢ ɬɟ ɠɟ ɦɨɳɧɨɫɬɢ ɦɨɝɭɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɦɟɧɶɲɟɦ ɪɚ-
ɛɨɱɟɦ ɨɛɴɟɦɟ, ɚ ɫɬɚɥɨ ɛɵɬɶ ɢ ɫ ɦɟɧɶɲɢɦɢ ɤɚɩɢɬɚɥɶɧɵɦɢ ɜɥɨɠɟɧɢɹ-
ɦɢ. ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɢɡɞɟɪɠɤɢ ɜ ɧɨɜɨɦ ɩɪɨɰɟɫɫɟ ɨɤɚɡɵɜɚɸɬɫɹ 
ɦɟɧɶɲɢɦɢ, ɩɨɫɤɨɥɶɤɭ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɬɩɚɞɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɨɛɪɚ-
ɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɜɨɞɵ, ɱɢɫɬɤɟ ɢ ɫɭɲɤɟ ɨɤɪɚɲɟɧɧɨɝɨ ɦɚɬɟɪɢɚ-
ɥɚ. Ɍɚɤɨɟ ɨɬɫɭɬɫɬɜɢɟ ɧɟɤɨɬɨɪɵɯ ɫɬɚɞɢɣ ɨɛɪɚɛɨɬɤɢ ɟɳɟ ɜ ɛɨɥɶɲɟɣ 

ɫɬɟɩɟɧɢ ɫɧɢɠɚɟɬ ɧɟɨɛɯɨɞɢɦɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ. ɋɜɟɪɯɤɪɢɬɢɱɟɫɤɚɹ 
ɮɥɸɢɞɧɚɹ ɩɨɤɪɚɫɤɚ ɩɪɢɟɦɥɟɦɚ ɞɥɹ ɷɤɨɥɨɝɢɢ ɢ ɨɫɨɛɟɧɧɨ ɜɚɠɧɚ ɞɥɹ 
ɬɟɪɪɢɬɨɪɢɣ ɫ ɪɟɞɤɨɣ ɢ ɞɨɪɨɝɨɣ ɜɨɞɨɣ. 

Ɇɧɨɝɢɟ ɢɡ ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ ɧɟ ɹɜɥɹɸɬɫɹ ɨɩɬɢɦɚɥɶ-
ɧɵɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɯɨɞɨɜ. ȼ ɩɨɞɚɜɥɹɸɳɟɦ 
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ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɨɟɤɬɵ ɷɬɢɯ ɩɪɨɢɡɜɨɞɫɬɜ ɧɟ ɹɜɥɹɸɬɫɹ ɪɟɡɭɥɶ-
ɬɚɬɨɦ ɦɧɨɝɨɮɚɤɬɨɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɮɢɡɢɱɟɫɤɨɝɨ ɢ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɨɝɨ) ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨ ɢɡɞɟɪɠɤɚɦ. ɗɬɨ ɫɜɹɡɚɧɨ ɜ 
ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫ ɬɟɦ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɧɚɩɪɚɜɥɟɧɢɟ, ɢɫɩɨɥɶ-
ɡɭɸɳɟɟ ɫɭɛ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɧɚɯɨɞɢɬɫɹ 
ɧɚ ɷɬɚɩɟ ɫɜɨɟɝɨ ɫɬɚɧɨɜɥɟɧɢɹ ɢ ɬɪɟɛɭɟɬ ɦɧɨɝɨɫɬɨɪɨɧɧɢɯ ɢɫɫɥɟɞɨɜɚ-
ɧɢɣ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɦɨɠɧɨ ɭɤɚɡɚɬɶ ɧɚ ɧɟɤɨɬɨɪɵɟ ɩɭɬɢ ɨɩɬɢɦɢɡɚɰɢɢ 

ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ: ɷɬɨ ( ɜ ɬɨɦ ɱɢɫɥɟ ɭɠɟ ɨɬɦɟɱɟɧɧɵɟ) ɭɜɟɥɢɱɟɧɢɟ ɦɨɳ-

ɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɹ, ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ 
ɢ ɧɚɢɥɭɱɲɟɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɦɚɫɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɪɚɫ-
ɬɜɨɪɢɬɟɥɹ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɬɪɚ-
ɝɢɪɨɜɚɧɢɹ ɢ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ, ɩɨɞɛɨɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɰɢɤɥɚ ɢ 

ɤɨɧɫɬɪɭɤɰɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ, ɩɪɢɧɰɢɩɚ ɭɞɚɥɟɧɢɹ ɷɤɫɬɪɚ-
ɝɢɪɭɟɦɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɦɧɨɝɨɟ ɞɪɭɝɨɟ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ ɜ ɪɚɛɨɬɟ [409] ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɫɥɭɱɚɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɫɨɱɟɬɚɧɢɟ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɫɟɩɚɪɚɰɢɢ 

ɜɟɞɟɬ ɤ ɛɨɥɶɲɢɦ ɡɚɬɪɚɬɚɦ ɷɧɟɪɝɢɢ ɧɚ ɪɟɚɥɢɡɚɰɢɸ ɩɪɨɰɟɫɫɚ, ɧɟɠɟɥɢ 

ɷɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɫɥɟɞ ɡɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ 

ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɟɦ ɫɭɛɤɪɢɬɢɱɟɫɤɨɣ ɫɟɩɚɪɚɰɢɢ. ɉɨɷɬɨɦɭ ɜ Ƚɟɪɦɚɧɢɢ 

ɫɟɪɢɣɧɵɟ ɡɚɜɨɞɵ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɜɨɟɦ ɨɫɧɚɳɟɧɵ 

ɫɭɛɤɪɢɬɢɱɟɫɤɢɦɢ ɫɟɩɚɪɚɬɨɪɚɦɢ. ɗɬɨɣ ɫɯɟɦɟ ɫɜɨɣɫɬɜɟɧɧɨ ɜ ɞɨɩɨɥɧɟ-
ɧɢɟ ɤ ɬɪɚɞɢɰɢɨɧɧɨɦɭ ɬɟɩɥɨɨɛɦɟɧɧɢɤɭ, ɪɚɫɩɨɥɨɠɟɧɧɨɦɭ ɩɨɫɥɟ ɤɨɦ-

ɩɪɟɫɫɨɪɚ, ɧɚɥɢɱɢɟ ɬɚɤɢɯ ɷɥɟɦɟɧɬɨɜ, ɤɚɤ ɤɨɧɞɟɧɫɚɬɨɪ ɢ ɢɫɩɚɪɢɬɟɥɶ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɨ ɢ ɩɨɫɥɟ ɫɟɩɚɪɚɬɨɪɚ.  

Ⱥɧɚɥɨɝɢɱɧɨɟ ɦɧɟɧɢɟ ɜɵɫɤɚɡɵɜɚɟɬɫɹ ɢ ɜ ɪɚɛɨɬɟ [410], ɝɞɟ ɞɥɹ ɢɫ-
ɤɥɸɱɟɧɢɹ ɱɪɟɡɦɟɪɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɷɬɚɩ ɫɟɩɚɪɚɰɢɢ 

ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɟɪɟɜɟɫɬɢ ɫɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɜɚɪɢɚɧɬɚ ɧɚ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟ ɬɚɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɤɚɤ ɜɚɤɭɭɦɧɚɹ ɞɢɫɬɢɥɥɹɰɢɹ, ɚɞɫɨɪɛɰɢɹ, ɚɛ-

ɫɨɪɛɰɢɹ ɢ ɦɟɦɛɪɚɧɧɨɟ ɪɚɡɞɟɥɟɧɢɟ. 
Ɇɢɧɢɦɢɡɚɰɢɹ ɨɛɳɢɯ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ 

ɷɤɫɬɪɚɤɰɢɨɧɧɨɦ ɰɢɤɥɟ, ɢɫɩɨɥɶɡɭɸɳɟɦ ɜ ɤɚɱɟɫɬɜɟ ɷɤɫɬɪɚɝɟɧɬɚ ɞɢɨɤ-
ɫɢɞ ɭɝɥɟɪɨɞɚ, ɥɟɠɢɬ ɜ ɨɫɧɨɜɟ ɭɬɜɟɪɠɞɟɧɢɹ [411] ɨ ɛɨɥɶɲɟɣ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɢ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɧɚɫɨɫɧɨɝɨ (ɜ ɩɪɨɬɢɜɨɜɟɫ ɤɨɦɩɪɟɫɫɨɪɧɨɦɭ) 
ɰɢɤɥɚ. ȼɵɲɟɨɬɦɟɱɟɧɧɵɣ ɚɧɚɥɢɡ ɨ ɤɨɬɨɪɨɦ ɪɟɱɶ ɲɥɚ ɢ ɜɨ ɜɬɨɪɨɣ ɝɥɚ-
ɜɟ, ɛɵɥ ɨɫɭɳɟɫɬɜɥɟɧ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɞɨɩɭɳɟɧɢɹɯ: ɧɚɫɨɫɧɵɣ ɰɢɤɥ 
ɜɫɟɝɞɚ ɧɚɱɢɧɚɟɬɫɹ ɧɚ ɤɪɢɜɨɣ ɧɚɫɵɳɟɧɢɹ ɠɢɞɤɨɫɬɢ; ɤɨɦɩɪɟɫɫɨɪɧɵɣ 
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ɰɢɤɥ – ɧɚ ɤɪɢɜɨɣ ɧɚɫɵɳɟɧɢɹ ɩɚɪɚ; ɫɟɩɚɪɚɰɢɹ ɧɚɱɢɧɚɟɬɫɹ ɧɚ ɫɭɛɤɪɢ-

ɬɢɱɟɫɤɨɣ ɢɡɨɛɚɪɟ ɜ ɫɨɫɬɨɹɧɢɢ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ.  
ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɫɨɫɧɨɝɨ 

ɰɢɤɥɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.8; ɝɞɟ 12-ɩɪɨɰɟɫɫ ɩɨɞɚɱɢ ɷɤɫɬɪɚ-
ɝɟɧɬɚ ɧɚɫɨɫɨɦ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; 23-ɬɟɩɥɨɨɛɦɟɧ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ 

ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɪɟɠɢɦɵ ɩɪɨɰɟɫɫɚ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ; 34-ɩɪɨɰɟɫɫ ɷɤɫɬ-
ɪɚɝɢɪɨɜɚɧɢɹ ɢ ɪɚɫɲɢɪɟɧɢɹ ɜ ɞɪɨɫɫɟɥɶɧɨɦ ɜɟɧɬɢɥɟ; 45-ɫɟɩɚɪɚɰɢɹ ɫ  
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ɬɟɩɥɨɨɛɦɟɧɨɦ; 51-

ɤɨɧɞɟɧɫɚɰɢɹ ɷɤɫɬɪɚɝɟɧɬɚ. 
ɉɪɢ ɷɬɨɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ 
ɪɢɫɭɧɤɟ 4.8 ɩɨɥɭɱɟɧɵ ɞɥɹ 
ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ 

ɬɟɦɩɟɪɚɬɭɪɵ ɷɤɫɬɪɚɝɢɪɨɜɚ-
ɧɢɹ ɜ 100 °ɋ ɢ ɞɚɜɥɟɧɢɹ ɫɟ-
ɩɚɪɚɰɢɢ ɜ 7 Ɇɉɚ. 

Ɉɫɭɳɟɫɬɜɥɟɧɚ ɦɢɧɢɦɢ-

ɡɚɰɢɹ ɨɛɳɢɯ ɷɤɫɟɪɝɟɬɢɱɟ-
ɫɤɢɯ ɩɨɬɟɪɶ ɜ ɰɢɤɥɟ. ȿɟ ɪɟ-
ɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɜɢɞɟ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɧɢ-

ɦɚɥɶɧɵɯ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɯ 

ɩɨɬɟɪɶ ɞɥɹ ɧɚɫɨɫɧɨɝɨ ɰɢɤɥɚ 
(ɪɢɫɭɧɨɤ 4.9). 

ɋɪɚɜɧɟɧɢɟ ɥɢɧɢɣ ɪɚɜ-
ɧɵɯ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ 
ɞɥɹ ɧɚɫɨɫɧɨɝɨ ɢ ɤɨɦɩɪɟɫ-
ɫɨɪɧɨɝɨ ɰɢɤɥɨɜ ɜɵɹɜɢɥɨ 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɧɚɫɨɫɧɨɝɨ 
ɰɢɤɥɚ. ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ 
ɷɬɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɤɫɟɪɝɟ-
ɬɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɧɟ ɦɨɝɭɬ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɟɞɢɧɫɬ-
ɜɟɧɧɵɣ ɮɚɤɬɨɪ ɩɪɢ ɜɵɛɨɪɟ 
ɭɫɥɨɜɢɣ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɢ 

ɫɟɩɚɪɚɰɢɢ, ɢ ɧɚɞɥɟɠɢɬ ɩɪɢ-

ɧɢɦɚɬɶ ɜɨ ɜɧɢɦɚɧɢɟ, ɭɠɟ 
ɨɬɦɟɱɟɧɧɵɟ ɧɚɦɢ ɪɚɫɬɜɨɪɢ-

ɦɨɫɬɶ ɢ ɜɵɯɨɞ ɰɟɥɟɜɨɣ ɤɨɦ-

ɩɨɧɟɧɬɵ; ɫɨɨɬɧɨɲɟɧɢɟ ɦɚɫɫ 
ɷɤɫɬɪɚɝɟɧɬɚ ɢ ɷɤɫɬɪɚɤɬɚ; ɬɟ-
ɩɥɨ- ɢ ɦɚɫɫɨɨɛɦɟɧɧɵɟ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ; ɪɚɡɦɟɪɵ ɨɛɨɪɭɞɨɜɚɧɢɹ; ɧɟɩɪɟɪɵɜɧɨɫɬɶ ɩɪɨ-
ɰɟɫɫɚ ɢ ɬ.ɞ. 

Ɋɢɫ. 4.8. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɟ 
ɯɚ-ɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɫɨɫɧɨɝɨ ɰɢɤɥɚ [411]. 

 

Ɋɢɫ. 4.9. ɉɨɜɟɪɯɧɨɫɬɶ ɦɢɧɢɦɚɥɶɧɵɯ ɷɤɫɟɪ-
ɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɞɥɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ 
ɮɥɸɢɞɧɨɝɨ ɷɤɫɬɪɚɤɰɢɨɧɧɨɝɨ ɧɚɫɨɫɧɨɝɨ 
ɰɢɤɥɚ. 
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ɂɫɩɨɥɶɡɭɟɦɵɟ ɫɪɟɞɫɬɜɚ ɪɟɝɟɧɟɪɚɰɢɢ ɬɟɩɥɚ ɬɚɤɠɟ ɫɧɢɠɚɸɬ ɷɧɟɪ-
ɝɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ [409]. ɇɢɠɟ ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫ-
ɱɟɬɨɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ, ɢɦɟɸɳɢɯ ɦɟɫɬɨ ɜ ɫɥɭɱɚɟ ɩɟɪɟɪɚɛɨɬɤɢ 

ɯɦɟɥɹ. ɉɪɢ ɷɬɨɦ ɦɨɠɧɨ ɭɤɚɡɚɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞ-

ɩɪɢɹɬɢɹ: ɦɨɳɧɨɫɬɶ – 15 ɬ ɜ ɫɭɬɤɢ; ɩɚɪɚɦɟɬɪɵ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ: Ɋ = 

300 ɛɚɪ ɢ t=60 °ɋ; ɩɚɪɚɦɟɬɪɵ ɫɟɩɚɪɚɰɢɢ: Ɋ = 60 ɛɚɪ ɢ t = 20 °ɋ; ɦɚɫ-
ɫɨɜɵɣ ɪɚɫɯɨɞ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ – 10 ɤɝ/ɱ ɧɚ 1 ɤɝ ɯɦɟɥɹ; ɜɪɟɦɹ ɷɤɫɬ-
ɪɚɝɢɪɨɜɚɧɢɹ – 4 ɱ. 

ɋɪɚɜɧɟɧɢɟ ɩɨɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɢɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɨɫɭɳɟ-
ɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɯɦɟɥɹ ɩɪɟɞ-
ɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.10, ɝɞɟ l – ɩɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ ɜ ɜɢɞɟ ɦɟɯɚɧɢ-

ɱɟɫɤɨɣ ɪɚɛɨɬɵ; q1 ɢ q2 – ɩɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ ɜ ɜɢɞɟ ɩɨɞɜɨɞɢɦɨɣ ɢ ɨɬ-
ɜɨɞɢɦɨɣ ɬɟɩɥɨɬ, ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ 1 ɤɝ ɯɦɟɥɹ. Ɇɟɯɚɧɢɱɟɫɤɚɹ ɪɚɛɨɬɚ – 

ɷɬɨ ɪɚɛɨɬɚ ɤɨɦɩɪɟɫɫɨɪɚ (ɢɥɢ ɤɨɦɩɪɟɫɫɨɪɨɜ ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ ɜ ɰɟɥɹɯ ɪɟɝɟɧɟɪɚɰɢɢ ɬɟɩɥɚ). ȼɚɪɢɚɧɬ «Ⱥ» - ɩɪɨɰɟɫɫ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɛɟɡ ɪɟɝɟɧɟɪɚɰɢɢ ɬɟɩɥɚ; ɜɚɪɢɚɧɬ 
«ȼ» - ɩɪɨɰɟɫɫ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɫ ɪɟɝɟɧɟɪɚɰɢɟɣ ɬɟ-
ɩɥɚ ɩɨɫɪɟɞɫɬɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ ɦɟɠɞɭ ɤɨɧɞɟɧɫɚɬɨ-
ɪɨɦ ɢ ɢɫɩɚɪɢɬɟɥɟɦ; ɜɚɪɢɚɧɬ «ɋ» - ɩɪɨɰɟɫɫ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚ-
ɝɢɪɨɜɚɧɢɹ ɫ ɪɟɝɟɧɟɪɚɰɢɟɣ ɬɟɩɥɚ ɩɨɫɪɟɞɫɬɜɨɦ ɭɫɬɚɧɨɜɥɟɧɢɹ ɬɟɩɥɨɜɨɝɨ 
ɧɚɫɨɫɚ ɦɟɠɞɭ ɤɨɧɞɟɧɫɚɬɨɪɨɦ, ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ ɢ ɢɫɩɚɪɢɬɟɥɟɦ. 

Ɋɟɝɟɧɟɪɚɰɢɹ ɬɟɩɥɚ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɜɨɞɢɦɨɣ 

ɢ ɨɬɜɨɞɢɦɨɣ ɬɟɩɥɨɬ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɭɜɟɥɢɱɢɜɚɹ ɦɟɯɚɧɢɱɟɫɤɭɸ ɪɚɛɨɬɭ. 

 

 

 
 

 

Ɋɢɫ. 4.10. ɉɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ 

ɪɚɡɥɢɱɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ ɨɫɭɳɟɫɬ-
ɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɯɦɟɥɹ. 
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ɇɚ ɪɢɫɭɧɤɟ 4.11 ɩɪɟɞɫɬɚɜɥɟɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɡɚɬɪɚɬɧɨɫɬɶ ɜ ɰɟ-
ɥɨɦ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɯɦɟɥɹ. 
ɋɬɨɢɦɨɫɬɶ ɜɢɞɨɜ ɷɧɟɪɝɢɢ, ɩɨɥɨɠɟɧɧɚɹ ɜ ɨɫɧɨɜɭ ɪɚɫɱɟɬɨɜ ɢɦɟɥɚ ɫɥɟ-
ɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: ɦɟɯɚɧɢɱɟɫɤɚɹ ɪɚɛɨɬɚ – 0,13 ɭ.ɟ./ɤȼɬ·ɱ; ɩɨɞɜɨɞɢɦɚɹ 
ɬɟɩɥɨɬɚ – 36,0 ɭ.ɟ./ɆȾɠ, ɨɬɜɨɞɢɦɚɹ ɬɟɩɥɨɬɚ – 67,0 ɭ.ɟ./ɆȾɠ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɜɚɪɢɚɧɬɟ «ɋ» ɛɨɥɟɟ ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɚɟ-
ɦɨɝɨ ɩɪɨɞɭɤɬɚ ɞɨɩɨɥɧɹɟɬɫɹ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɦ ɯɚɪɚɤɬɟɪɨɦ ɩɪɨɰɟɫɫɚ 
(ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦ ɚɧɚɥɨɝɨɦ). 

 
Ɋɢɫ. 4.11. ɋɬɨɢɦɨɫɬɶ ɷɧɟɪɝɨɡɚɬɪɚɬ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɬɨɜ 

 ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɯɦɟɥɹ. 
 

ȼɥɢɹɧɢɟ ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɢ ɷɤɨɧɨɦɢ-

ɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɭɛɟɞɢɬɟɥɶɧɨ ɩɨɤɚɡɚɧɨ ɜ  ɪɚɛɨɬɟ [412], ɧɚ ɩɪɢɦɟɪɟ 
ɩɪɨɰɟɫɫɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɝɪɢɛɤɨɜɵɯ ɥɢɩɢɞɨɜ 
(ɬɚɛɥɢɰɚ 4.17). ɋɬɨɢɦɨɫɬɧɵɟ ɨɰɟɧɤɢ ɜ ɷɬɨɣ ɪɚɛɨɬɟ ɫɞɟɥɚɧɵ ɞɥɹ ɨɛɨ-
ɪɭɞɨɜɚɧɢɹ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ɩɨ ɰɟɧɚɦ 1993 ɝɨɞɚ. 

Ɉɛɳɢɦ ɢ, ɜɦɟɫɬɟ ɫ ɬɟɦ ɨɫɨɛɨ ɜɵɪɚɠɟɧɧɵɦ ɞɥɹ ɫɥɭɱɚɟɜ ɪɟɚɥɢɡɚ-
ɰɢɣ ɜ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɹɜɥɹɟɬɫɹ ɮɚɤɬ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɥɢ, ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ, ɫɜɹɡɚɧɧɵɯ 
ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɫ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ, ɚ ɫ ɞɪɭɝɨɣ - ɫ ɚɝɪɟɫɫɢɜɧɨɫɬɶɸ 

ɷɤɫɬɪɚɝɟɧɬɨɜ ɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɢɯ ɱɢɫɬɨɬɵ, ɩɪɟɞɨɩɪɟɞɟɥɹɸɳɢɦɢ ɧɟɨɛ-

ɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɚɩ-

ɩɚɪɚɬɨɜ ɢ ɤɨɦɦɭɧɢɤɚɰɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɵ. ɂɦɟɧɧɨ ɩɨɫɥɟɞɧɟɟ, 
ɨɫɨɛɟɧɧɨ, ɤɨɝɞɚ ɪɟɱɶ ɢɞɟɬ ɨ ɦɚɥɨɬɨɧɧɚɠɧɵɯ ɭɫɬɚɧɨɜɤɚɯ [412], ɹɜɥɹ-
ɟɬɫɹ ɩɪɢɱɢɧɨɣ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɢ ɷɤɫɬɪɚɤɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɦɟ-
ɬɨɞɨɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ (ɬɚɛɥɢɰɚ 4.18). 
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ɇɚ ɚɧɚɥɨɝɢɱɧɨɟ ɩɨɥɨɠɟɧɢɟ ɜɟɳɟɣ ɜ ɫɥɭɱɚɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ 

ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɥɢɩɢɞɨɜ ɭɤɚɡɵɜɚɟɬɫɹ ɜ ɨɛɡɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ [391], 

ɩɨɥɧɨɫɬɶɸ ɩɨɫɜɹɳɟɧɧɨɣ ɩɨɥɭɱɟɧɢɸ ɥɢɩɢɞɨɜ ɢɡ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɢ 

ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɫɵɪɶɹ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɨɬɦɟɱɚɟɬɫɹ ɢ ɬɨɬ ɮɚɤɬ, ɱɬɨ 
ɤɚɱɟɫɬɜɨ ɥɢɩɢɞɨɜ ɩɨɥɭɱɚɟɦɵɯ ɦɟɬɨɞɨɦ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɝɢ-

ɪɨɜɚɧɢɹ, ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ. ɉɨɞɬɜɟɪɠɞɟɧɢɟɦ ɹɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ 

ɪɚɛɨɬɵ [26], ɝɞɟ ɤɨɧɫɬɚɬɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɟɟ: ɜ ɫɥɭɱɚɟ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɨɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ ɩɨɬɟɪɢ ɛɟɥɤɨɜ ɢ ɫɬɟɩɟɧɶ 
ɢɯ ɞɟɧɚɬɭɪɚɰɢɢ ɨɤɚɡɵɜɚɸɬɫɹ ɦɟɧɶɲɢɦɢ, ɱɟɦ ɩɪɢ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɢ 

ɢɡɨɩɪɨɩɚɧɨɥɨɦ. 

 
Ɍɚɛɥɢɰɚ 4.17. 

 

Ⱥɧɚɥɢɡ ɫɬɨɢɦɨɫɬɢ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ 

 ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɝɪɢɛɤɨɜɵɯ ɥɢɩɢɞɨɜ [412] 

 

ɉɨɤɚɡɚɬɟɥɢ ɋɈ2  

(ɷɤɫɬɪɚɝɟɧɬ)
ɋɈ2 + 10 % 

ɷɬɚɧɨɥɚ (ɷɤɫɬ-
ɪɚɝɟɧɬ ɫ ɫɨɪɚ-
ɫɬɜɨɪɢɬɟɥɟɦ) 

ɋɈ2 + 10 % 

ɷɬɚɧɨɥɚ ɛɟɡ ɷɬɚ-
ɩɚ ɜɚɤɭɭɦɧɨɣ 

ɫɭɲɤɢ  

Ɍɟɦɩɟɪɚɬɭɪɚ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ, °ɋ 50,0 60,0 60,0 

Ⱦɚɜɥɟɧɢɟ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ, ɛɚɪ 608,0 200,0 200,0 

Ɋɚɫɯɨɞ ɷɤɫɬɪɚɝɟɧɬɚ, ɤɝ/ɦɢɧ 13,0 15,5 15,5 

ȼɪɟɦɹ ɩɪɨɰɟɫɫɚ, ɦɢɧ 212,0 93,0 93,0 

ɋɬɨɢɦɨɫɬɶ ɷɤɫɬɪɚɤɬɨɪɨɜ, ɭ.ɟ. 1,626·10
6
 0,43·10

6
 0,43·10

6
 

ɋɬɨɢɦɨɫɬɶ ɫɟɩɚɪɚɬɨɪɨɜ, ɭ.ɟ. 1,082·10
6
 0,332·10

6
 0,332·10

6
 

ɋɬɨɢɦɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɨɜ, ɭ.ɟ.  1,5·10
6
 1,572·10

6
 1,572·10

6
 

ɋɬɨɢɦɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ,ɭ.ɟ 0,162·10
6
 0,07·10

6
 0,07·10

6
 

ɋɬɨɢɦɨɫɬɶ ɜɚɤɭɭɦɧɨɣ ɫɭɲɤɢ, ɭ.ɟ 0,488·10
6
 0,488·10

6
 0 

Ɉɛɳɢɟ ɮɢɤɫɢɪɨɜɚɧɧɵɟ ɡɚɬɪɚɬɵ + 

18 % ɞɨɩɨɥɧɢɬ., ɭ.ɟ. 
 

5,724·10
6
 

 

3,401·10
6
 

 

2,824·10
6
 

Ɉɛɨɪɨɬɧɵɣ ɤɚɩɢɬɚɥ, ɭ.ɟ. 0,572·10
6
 0,341·10

6
 0,282·10

6
 

Ɉɛɳɟɟ ɜɥɨɠɟɧɢɟ ɤɚɩɢɬɚɥɚ, ɭ.ɟ. 6,296·10
6
 3,741·10

6
 3,107·10

6
 

ɋɬɨɢɦɨɫɬɶ ɫɵɪɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɭ.ɟ. 1·10
5
  5,9·10

4
 5,2·10

4
 

ɋɬɨɢɦɨɫɬɶ ɬɪɭɞɚ ɪɚɛɨɱɢɯ, ɭ.ɟ. 3,02 ·10
5
 3,02 ·10

5
 2,3 ·10

5
 

ɋɬɨɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ ɢ ɪɟɦɨɧɬɚ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɭ.ɟ.  

 

5,72 ·10
5
 

 

3,41 ·10
5
 

 

2,82 ·10
5 

 

 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4.17
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ɋɬɨɢɦɨɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɪɚɛɨɬ, ɭ.ɟ. 1,65 ·10
5
 1,01 ·10

5
 1,01 ·10

5
 

ɇɚɥɨɝɢ, ɫɬɪɚɯɨɜɚɧɢɟ, ɭ.ɟ. 7,84 ·10
5
 5,52 ·10

5
 4,71 ·10

5
 

Ⱥɦɨɪɬɢɡɚɰɢɹ, ɭ.ɟ. 5,72 ·10
5
 3,40 ·10

5
 2,82 ·10

5
 

Ɂɚɪɩɥɚɬɚ ɫɥɭɠɚɳɢɯ, ɭ.ɟ. 6,21·10
5
 4,34 ·10

5
 3,71 ·10

5
 

Ɉɛɳɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɭ.ɟ. 3,167·10
6
 2,146·10

6
 1,828·10

6
 

ɉɨɝɚɲɟɧɢɟ ɢɧɜɟɫɬɢɰɢɣ, % 20 20 20 

ɇɚɥɨɝ ɧɚ ɩɪɢɛɵɥɶ, ɭ.ɟ. 6,87·10
5
 4,08·10

5
 3,39·10

5
 

ɉɪɢɛɵɥɶ + 34 %, ɭ.ɟ. 1,041·10
6
 0,618·10

6
 0,514·10

6
 

Ɉɛɹɡɚɬɟɥɶɧɵɣ ɞɨɯɨɞ, ɭ.ɟ. 4,157·10
6
 2,764·10

6
 2,342·10

6
 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɤɝ/ɝɨɞ 19390 22533 22533 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ, ɭ.ɟ./ɤɝ 214,0 123,0 104,0 
 

ɉɨ ɦɧɟɧɢɸ ɛɨɥɶɲɢɧɫɬɜɚ ɚɜɬɨɪɨɜ ɪɚɛɨɬ, ɩɟɪɫɩɟɤɬɢɜɵ ɩɨɫɬɭɩɚ-
ɬɟɥɶɧɨɝɨ ɪɚɡɜɢɬɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɨɫɨɛɟɧɧɨ ɜ ɨɛɥɚɫɬɢ 

ɩɟɪɟɪɚɛɨɬɤɢ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, ɨɞɧɨɡɧɚɱɧɨ ɩɨɥɨɠɢɬɟɥɶɧɵ. ɗɬɨ 
ɦɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɟɳɟ ɛɨɥɟɟ ɭɛɟɞɢɬɟɥɶɧɵɦɢ, ɟɫɥɢ ɭɱɟɫɬɶ, ɱɬɨ ɜ 
ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɩɨɹɜɥɹɸɬɫɹ ɡɚɤɨɧɵ, ɩɪɟɞɩɢɫɵɜɚɸɳɢɟ ɡɚɩɪɟɬ ɤ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɸ ɧɟɤɨɬɨɪɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɜ ɷɤɫɬɪɚɤɰɢɨɧ-

ɧɵɯ ɩɪɨɰɟɫɫɚɯ ɩɢɳɟɜɨɣ ɢ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧ-

ɧɨɫɬɢ, ɬɚɤɢɯ ɤɚɤ ɛɟɧɡɨɥ, ɷɬɢɥɚɰɟɬɚɬ, ɯɥɨɪɢɞ ɦɟɬɢɥɟɧɚ ɢ ɞɪɭɝɢɟ. ȼɫɟ 
ɛɨɥɟɟ ɫɬɪɨɝɢɦɢ ɫɬɚɧɨɜɹɬɫɹ ɧɨɪɦɵ, ɤɚɫɚɸɳɢɟɫɹ ɞɨɩɭɫɬɢɦɨɝɨ ɫɨɞɟɪ-
ɠɚɧɢɹ ɨɫɬɚɬɨɱɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɤɨɧɟɱɧɨɦ ɩɪɨɞɭɤɬɟ, ɢ ɜɫɟ ɱɚɳɟ 
ɜɨɡɧɢɤɚɸɬ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɬɪɚɞɢɰɢɨɧɧɵɟ (ɤɥɚɫɫɢɱɟɫɤɢɟ) ɦɟɬɨɞɵ 

ɨɤɚɡɵɜɚɸɬɫɹ ɧɟɫɩɨɫɨɛɧɵɦɢ ɢɦ ɭɞɨɜɥɟɬɜɨɪɢɬɶ. 
Ɍɚɛɥɢɰɚ 4.18. 

 

Ⱥɧɚɥɢɡ ɫɬɨɢɦɨɫɬɢ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɠɢɞɤɨɫɬɧɨɝɨ  
ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ ɝɪɢɛɤɨɜɵɯ ɥɢɩɢɞɨɜ 

 

ɉɨɤɚɡɚɬɟɥɢ  

Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɷɤɫɬɪɚɤɬɨɪɟ, °ɋ 32,0 

Ɋɚɫɯɨɞ ɜɨɞɵ, ɤɝ/ɦɢɧ 0,726 

Ɋɚɫɯɨɞ ɥɢɩɢɞɚ, ɤɝ/ɦɢɧ 0,046 

Ɋɚɫɯɨɞ ɢɡɨɩɪɨɩɚɧɨɥɚ, ɤɝ/ɦɢɧ 0,038 

Ɋɚɫɯɨɞ ɝɟɤɫɚɧɚ, ɤɝ/ɦɢɧ 0,02 

ɋɬɨɢɦɨɫɬɶ ɷɤɫɬɪɚɤɬɨɪɚ, ɭ.ɟ. 81000 

ɋɬɨɢɦɨɫɬɶ ɞɢɫɬɢɥɥɹɰɢɨɧɧɨɣ ɤɨɥɨɧɧɵ, ɭ.ɟ. 173000 

ɋɬɨɢɦɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɭ.ɟ.  90000 

ɋɬɨɢɦɨɫɬɶ ɫɟɩɚɪɚɬɨɪɚ, ɭ.ɟ. 4000 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4.18

ɋɬɨɢɦɨɫɬɶ ɦɟɲɚɥɨɤ, ɭ.ɟ. 4000 
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Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɭ.ɟ. 352000 

Ɉɛɳɢɟ ɮɢɤɫ. Ɂɚɬɪɚɬɵ +18 % ɧɟɩɪɟɞɜ. Ɉɛɫɬɨɬɟɥɶɫɬɜ, ɭ.ɟ. 415000 

Ɉɛɨɪɨɬɧɵɣ ɤɚɩɢɬɚɥ, ɭ.ɟ. 42000 

Ɉɛɳɢɟ ɜɥɨɠɟɧɢɹ ɤɚɩɢɬɚɥɚ, ɭ.ɟ. 457000 

ɋɬɨɢɦɨɫɬɶ ɫɵɪɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɭ.ɟ. 213000 

Ɉɩɥɚɬɚ ɬɪɭɞɚ ɨɩɟɪɚɬɨɪɨɜ, ɭ.ɟ. 230000 

ɋɬɨɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ, ɪɟɦɨɧɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɭ.ɟ. 42000 

ɋɬɨɢɦɨɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɨɩɟɪɚɬɨɪɨɜ, ɭ.ɟ. 45000 

ɇɚɥɨɝɢ ɢ ɫɬɪɚɯɨɜɚɧɢɟ, ɭ.ɟ. 203000 

Ⱥɦɨɪɬɢɡɚɰɢɹ (ɧɚ 10 ɥɟɬ), ɭ.ɟ. 42000 

ɋɬɨɢɦɨɫɬɶ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɭ.ɟ. 12000 

Ɂɚɪɩɥɚɬɚ ɚɞɦɢɧɢɫɬɪɚɰɢɢ, ɨɪɝɚɧɢɡɚɰɢɹ ɩɪɨɞɚɠɢ ɩɪɨ-
ɞɭɤɰɢɢ, ɭ.ɟ. 

160000 

Ɉɛɳɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɭ.ɟ. 747000 

ɉɨɝɚɲɟɧɢɟ ɢɧɜɟɫɬɢɰɢɣ, % 20 

ɇɚɥɨɝɨɨɛɥɨɠɟɧɢɟ ɩɪɢɛɵɥɢ, ɭ.ɟ. 50000 

ɉɪɢɛɵɥɶ (+ 34 % ɤ ɫɬ. ɇɚɥɨɝɚ), ɭ.ɟ. 76000 

Ɉɛɹɡɚɬɟɥɶɧɵɣ ɞɨɯɨɞ, ɭ.ɟ. 823000 

Ƚɨɞɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɤɝ/ɝɨɞ 22080 

ɋɟɛɟɫɬɨɢɦɨɫɬɶ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ, ɭ.ɟ./ɤɝ 37,0 
 

ɉɨɷɬɨɦɭ ɛɟɡɜɪɟɞɧɨɫɬɶ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝ-
ɥɟɪɨɞɚ, ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ ɮɚɤɬɨɪɨɦ ɞɚɠɟ ɜ ɚɧɚɥɨɝɢɱɧɵɯ ɜɵ-

ɲɟɩɪɢɜɟɞɟɧɧɨɦɭ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɫɬɨɢɦɨɫɬɶ ɩɪɨɰɟɫɫɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟ-
ɫɤɢɯ ɭɫɥɨɜɢɹɯ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɬɭ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɩɪɨɰɟɫɫɟ ɠɢɞɤɨɫɬɧɨɝɨ 
ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɹ. Ɍɢɩɢɱɧɵɦ ɩɪɢɦɟɪɨɦ ɹɜɥɹɟɬɫɹ ɢ ɩɪɨɰɟɫɫ ɞɟɤɨɮɟɢ-

ɧɢɡɚɰɢɢ ɤɨɮɟ, ɫɬɨɢɦɨɫɬɶ ɤɨɬɨɪɨɝɨ ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ ɜɚɪɢɚɧɬɟ ɢɫɩɨɥɧɟ-
ɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɷɤɫɬɪɚɝɟɧɬɚ ɯɥɨɪɢɞɚ ɦɟɬɢɥɟɧɚ, ɭɫ-
ɬɭɩɚɟɬ ɢɡɞɟɪɠɤɚɦ, ɜɧɟɞɪɟɧɧɨɝɨ ɧɵɧɟ ɩɨ ɫɭɳɟɫɬɜɭ ɜɫɟɦɢ ɜɟɞɭɳɢɦɢ 

ɮɢɪɦɚɦɢ, ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɜɚɪɢɚɧɬɚ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ 
[413÷424]. Ʉ ɩɪɢɦɟɪɭ ɬɨɥɶɤɨ ɜ 1988 ɝ. Ⱥɦɟɪɢɤɚɧɫɤɚɹ ɤɨɦɩɚɧɢɹ 
«General Foods» ɩɟɪɟɪɚɛɨɬɚɥɚ 23000 ɬɨɧɧ ɤɨɮɟ ɜ ɰɟɥɹɯ ɟɟ ɞɟɤɨɮɟɢɧɢ-

ɡɚɰɢɢ. ȼɵɫɨɱɚɣɲɟɟ ɤɚɱɟɫɬɜɨ ɩɪɨɞɭɤɬɚ ɨɬɥɢɱɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɷɤɫɬɪɚɤɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. Ⱥɪɨɦɚɬ ɢ ɜɧɟɲɧɢɣ 

ɜɢɞ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɱɟɧɶ ɛɥɢɡɤɢ ɤ ɬɨɦɭ, ɱɬɨ ɫɜɨɣɫɬɜɟɧɧɨ ɧɟɞɟɤɨɮɟɢ-

ɧɢɡɢɪɨɜɚɧɧɨɦɭ ɤɨɮɟ. 
ȼ ɬɚɛɥɢɰɚɯ 4.19 ɢ 4.20, ɚ ɬɚɤɠɟ ɧɚ ɪɢɫɭɧɤɚɯ 4.12 ɢ 4.13 ɫɨɨɬɜɟɬ-

ɫɬɜɟɧɧɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ ɤɚɩɢɬɚɥɶɧɵɯ ɢ ɷɤɫɩɥɭɚɬɚ-
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ɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɧɚ ɡɚɜɨɞɟ, ɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɦ (97 % ɞɟɤɨɮɟɢɧɢɡɚ-
ɰɢɹ) 32 ɬɨɧɧɵ ɜ ɞɟɧɶ ɡɟɥɟɧɵɯ ɤɨɥɭɦɛɢɣɫɤɢɯ ɡɟɪɟɧ ɤɨɮɟ «Ⱥɪɚɛɢɤɚ» 

[425]. ɉɪɨɜɟɞɟɧɨ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɫɥɭɱɚɟɜ (16,0 ɬ/ɞɟɧɶ ɢ 64,0 ɬ/ɞɟɧɶ). ȼɵɲɟɭɤɚɡɚɧɧɵɟ 
ɢɡɞɟɪɠɤɢ ɨɰɟɧɟɧɵ ɛɟɡ ɭɱɟɬɚ ɜɨɡɦɨɠɧɨɫɬɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢ ɩɪɨɞɚɠɢ 

ɤɨɮɟɢɧɚ ɢ ɞɥɹ ɫɥɟɞɭɸɳɢɯ ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ ɢ ɫɟɩɚɪɚɰɢɨɧɧɵɯ ɭɫɥɨ-
ɜɢɣ: Ɋɷ = 14÷35 Ɇɉɚ; tɷ = 70÷130 °ɋ; τɷ = 6÷12 ɱ; Pceɩ = 5 ÷ 10 Ɇɉɚ;  
tceɩ = 15÷50 °C. 

 
Ɍɚɛɥɢɰɚ 4.19. 

 

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɩɪɨɰɟɫɫɚ ɞɟɤɨɮɟɢɧɢɡɚɰɢɢ ɤɨɮɟ 
 

Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ Ɇɨɳɧɨɫɬɶ ɩɪɟɞ-

ɩɪɢɹɬɢɹ, ɬ/ɞɟɧɶ. ɦɥɧ. ɭ .ɟ. ɭ.ɟ./ɮɭɧɬ /ɝɨɞ 

16,0 16,2 1,40 

32,0 22,0 0,95 

64,0 34,5 0,74 

 

 

 

 

 

 

 
Ɋɢɫ. 4.12. ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤɚ-
ɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɤ ɦɨɳɧɨɫɬɢ 

ɩɪɟɞɩɪɢɹɬɢɹ. 
 

 

 

 

 

 

 
Ɍɚɛɥɢɰɚ 4.20. 

 

ɗɤɫɩɥɭɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ ɩɪɨɰɟɫɫɚ ɞɟɤɨɮɟɢɧɢɡɚɰɢɢ ɤɨɮɟ 
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ɉɨɤɚɡɚɬɟɥɢ. Ɇɨɳɧɨɫɬɶ ɩɪɟɞɩɪɢɹɬɢɹ, 
ɬ/ɞɟɧɶ  

 16,0 32,0 64,0 

ɗɥɟɤɬɪɨɷɧɟɪɝɢɹ, 10
3ɭ.ɟ./ɝɨɞ  

(2000ɤȼɬ;4,3·10
-2

 ɭ.ɟ./ɤȼɬ·ɱ) 
ɉɚɪ, 10

3
 ɭ.ɟ./ɝɨɞ (10,2 Ɇȼɬ; 4,6 ɭ.ɟ./10

6 ɤȾɠ) 

ɏɨɥɨɞɧɚɹ ɜɨɞɚ, 10
3
 ɭ.ɟ./ɝɨɞ (1,95·10

-2 ɭ.ɟ./ɦ3
) 

Ⱦɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ,  
10

3 ɭ.ɟ./ɝɨɞ (1,1ɬ/ɱ;4,85·10
-2 ɭ.ɟ./ɤɝ) 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɜɨɞɚ, 10
3 ɭ.ɟ./ɝɨɞ (0,26 ɭ.ɟ./ɦ3

) 

430 

 

675 

90 

 

210 

5 

680 

 

1350 

175 

 

415 

10 

1085 

 

2700 

350 

 

835 

20 

ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɢɬɨɝ, 10
3 ɭ.ɟ./ɝɨɞ 1410 2630 4990 

Ɍɪɭɞ ɨɩɟɪɚɬɨɪɚ , 10
3
 ɭ.ɟ./ɝɨɞ (2 ɱɟɥɨɜɟɤɚ; 15 ɭ.ɟ./ɱ) 

Ʉɨɧɬɪɨɥɟɪ,10
3
 ɭ.ɟ./ɝɨɞ (25 % ɬɪɭɞɚ ɨɩɟɪɚɬɨɪɚ ) 

340 

85 

340 

85 

340 

85 

ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɢɬɨɝ ,10
3ɭ.ɟ./ɝɨɞ 425 425 425 

Ɍɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ, 10
3 ɭ.ɟ./ɝɨɞ (4 % ɨɬ 

ɤɚɩɢɬ. ɡɚɬɪɚɬ) 
ɇɚɥɨɝɢ ɢ ɫɬɪɚɯɨɜɚɧɢɟ, 10

3 ɭ.ɟ/ɝɨɞ (1,5% ɨɬ ɤɚɩɢɬ. 
ɡɚɬɪɚɬ) 
Ɋɭɤɨɜɨɞɫɬɜɨ ɡɚɜɨɞɨɦ, 10

3 ɭ.ɟ./ɝɨɞ (25 % ɬɪɭɞɚ ɨɩɟ-
ɪɚɬɨɪɚ) 

650 

 

240 

 

85 

880 

 

330 

 

85 

1380 

 

520 

 

85 

ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɢɬɨɝ, 10
3 ɭ.ɟ./ɝɨɞ 975 1295 1985 

Ɉɛɳɢɟ ɷɤɫɩɥɭɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, 10
3 ɭ.ɟ/ɝɨɞ 2810 4350 7400 

 

Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɷɤɫɩɥɭɬɚɰɢ-

ɨɧɧɵɯ ɢɡɞɟɪɠɟɤ ɩɪɢɯɨɞɢɬɫɹ ɧɚ 
ɷɧɟɪɝɨɧɨɫɢɬɟɥɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɟ ɫɪɟɞɵ. ȼ ɱɚɫɬɧɨɫɬɢ ɫɬɨɢ-

ɦɨɫɬɶ ɩɚɪɚ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫɨ-
ɫɬɚɜɥɹɟɬ ɨɤɨɥɨ ɩɨɥɨɜɢɧɵ ɜɫɟɯ 
ɷɤɫɩɥɭɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ. ɋɧɢɠɟ-
ɧɢɟ ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɹ ɧɢɠɟ 
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɛɚɡɨɜɨɝɨ ɩɨɤɚɡɚ-
ɬɟɥɹ ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɪɟɡɤɢɣ ɪɨɫɬ 
ɤɚɩɢɬɚɥɶɧɵɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧ-

ɧɵɯ ɡɚɬɪɚɬ. 

 
Ɋɢɫ. 4.13. Ɂɚɜɢɫɢɦɨɫɬɶ ɷɤɫɩɥɭɬɚɰɢɨɧ-

ɧɵɯ ɡɚɬɪɚɬ ɨɬ ɦɨɳɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɹ.
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ɁȺɄɅɘɑȿɇɂȿ 

ɉɨ ɨɛɪɚɡɧɨɦɭ ɜɵɪɚɠɟɧɢɸ ɜɢɞɧɨɝɨ ɭɱɟɧɨɝɨ – ɢɫɫɥɟɞɨɜɚɬɟɥɹ ɤɪɢ-

ɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ Ɇ.Ⱥ.Ⱥɧɢɫɢɦɨɜɚ [2]: "…ɹɜɥɟɧɢɹ, ɩɪɨ-
ɢɫɯɨɞɹɳɢɟ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɦɨɝɭɬ ɩɨɪɚɡɢɬɶ ɜɨɨɛɪɚ-
ɠɟɧɢɟ ɥɸɛɨɝɨ. Ⱦɨɫɬɚɬɨɱɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɨɛɴɟɤɬ ɜ ɤɨɬɨɪɨɦ ɜɡɚɢɦɧɚɹ
ɞɢɮɮɭɡɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɟɤɪɚɳɚɟɬɫɹ, ɡɜɭɤ ɩɨɥɧɨɫɬɶɸ
ɡɚɬɭɯɚɟɬ, ɩɪɨɣɞɹ ɪɚɫɫɬɨɹɧɢɟ, ɪɚɜɧɨɟ ɜɫɟɝɨ ɥɢɲɶ ɧɟɫɤɨɥɶɤɢɦ ɞɥɢɧɚɦ
ɜɨɥɧ, ɥɚɡɟɪɧɵɣ ɥɭɱ ɞɢɮɮɭɡɧɨ ɪɚɫɫɟɢɜɚɟɬɫɹ, ɧɟ ɭɫɩɟɜɚɹ ɜɵɣɬɢ ɢɡ ɨɩ-

ɬɢɱɟɫɤɨɣ ɤɸɜɟɬɵ, ɫɬɚɧɨɜɹɬɫɹ ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɢɦɢ ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ
ɢɡɨɬɟɪɦɢɱɟɫɤɚɹ ɫɠɢɦɚɟɦɨɫɬɶ, ɚ ɬɟɩɥɨɜɨɣ ɢɦɩɭɥɶɫ ɧɟ ɪɚɫɫɟɢɜɚɟɬɫɹ ɜ
ɬɟɱɟɧɢɟ ɦɧɨɝɢɯ ɱɚɫɨɜ ɢɥɢ ɞɚɠɟ ɫɭɬɨɤ…". 

ɍɠɟ ɫɟɣɱɚɫ ɦɨɠɧɨ ɜɵɫɤɚɡɚɬɶ ɧɟɱɬɨ ɩɨɞɨɛɧɨɟ ɨ ɜɨɡɦɨɠɧɨɫɬɹɯ, 
ɤɨɬɨɪɵɟ ɤɪɨɸɬɫɹ ɜ ɨɛɥɚɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ
ɮɥɸɢɞɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. Ɋɟɱɶ
ɢɞɟɬ ɨ ɧɨɜɨɦ ɩɨɞɯɨɞɟ ɜ ɬɟɯɧɨɥɨɝɢɢ, ɡɚ ɤɨɬɨɪɵɦ ɜ ɛɭɞɭɳɟɦ ɛɟɡ ɫɨ-
ɦɧɟɧɢɹ ɦɨɠɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɞɚɥɟɤɨ ɧɟ ɨɞɢɧ ɭɫɩɟɯ ɢɥɢ ɪɟɡɭɥɶɬɚɬɢɜɧɨɟ
ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦ ɜɵɪɚɛɨɬɤɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɯ, ɨɫɨɛɨɱɢɫɬɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ; ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɦɚɥɨɨɬɯɨɞɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢ-

ɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ; ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ. 
ɋɨɫɪɟɞɨɬɚɱɢɜɚɹɫɶ ɧɚ ɫɮɟɪɟ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 

ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɞɚɧɧɨɣ
ɪɚɛɨɬɟ ɪɟɲɟɧɢɣ ɬɪɚɞɢɰɢɨɧɧɵɯ ɡɚɞɚɱ ɧɚ ɧɨɜɨɣ ɨɫɧɨɜɟ ɪɟɚɥɢɡɨɜɚɧɵ
ɥɢɲɶ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɨɠɢɞɚɸɬ ɫɜɨɟɝɨ ɱɚɫɚ ɜ ɩɥɚɧɟ ɲɢɪɨ-
ɤɨɦɚɫɲɬɚɛɧɨɝɨ ɜɧɟɞɪɟɧɢɹ. ɇɨ ɩɪɢ ɜɫɟɦ ɷɬɨɦ ɭɠɟ ɢɦɟɟɬ ɩɪɚɜɨ ɧɚ ɫɭ-
ɳɟɫɬɜɨɜɚɧɢɟ ɦɧɟɧɢɟ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɪɟɚɥɶɧɵɯ ɮɚɤɬɚɯ, ɨ ɬɨɦ, ɱɬɨ
ɜɪɟɦɟɧɧɨɣ ɢɧɬɟɪɜɚɥ ɦɟɠɞɭ ɩɪɨɜɨɞɢɦɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɢ ɩɪɨ-
ɦɵɲɥɟɧɧɵɦ ɜɧɟɞɪɟɧɢɟɦ ɫɬɪɟɦɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɟɬɫɹ. 

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɧɟɞɜɭɫɦɵɫɥɟɧɧɨ ɭɤɚɡɵɜɚɟɬ ɢ ɧɚ ɬɨɬ ɮɚɤɬ, 
ɱɬɨ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɷɤɫɬɪɚɤɰɢɨɧɧɵɟ ɩɪɨɰɟɫɫɵ ɧɟ ɹɜɥɹɸɬɫɹ 
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ɩɚɧɚɰɟɟɣ ɞɥɹ ɜɫɟɯ ɤɨɧɤɪɟɬɧɵɯ ɫɥɭɱɚɟɜ ɢ, ɩɨ ɜɫɟɣ ɜɢɞɢɦɨɫɬɢ, ɢɯ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɬɚɦ, ɝɞɟ ɬɪɚɞɢ-

ɰɢɨɧɧɵɟ ɩɨɞɯɨɞɵ ɨɤɚɡɵɜɚɸɬɫɹ ɧɟɫɩɨɫɨɛɧɵɦɢ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɜɫɟ
ɜɨɡɪɚɫɬɚɸɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. ɋ ɷɬɢɦ ɜ ɫɜɹɡɢ ɫ ɨɫɨɛɨɣ ɨɫɬɪɨɬɨɣ ɜɫɬɚɟɬ
ɩɪɨɛɥɟɦɚ ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɨɥɨɝɢɢ ɢ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɟɞ-

ɜɚɪɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɧɨɜɨɜɜɟɞɟɧɢɹ, ɚ ɢɦɟɧɧɨ ɮɢɡɢɱɟ-
ɫɤɨɝɨ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ
ɧɚ ɭɫɥɨɜɢɹɯ ɦɢɧɢɦɢɡɚɰɢɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ
ɩɪɢ ɢɯ ɪɟɚɥɢɡɚɰɢɢ. 

Ɉɱɟɜɢɞɧɵɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɷɤɫɬɪɚɤɰɢ-

ɨɧɧɵɟ ɩɪɨɰɟɫɫɵ ɞɚɥɟɤɨ ɧɟ ɹɜɥɹɸɬɫɹ ɥɢɲɶ ɦɨɞɢɮɢɤɚɰɢɟɣ ɬɪɚɞɢɰɢɨɧ-

ɧɵɯ ɩɨɞɯɨɞɨɜ ɢ ɩɨɷɬɨɦɭ ɬɪɟɛɭɸɬ ɤ ɫɟɛɟ ɫɟɪɶɟɡɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ( ɩɨ
ɜɪɟɦɟɧɧɨɦɭ ɢ ɮɢɧɚɧɫɨɜɨɦɭ ɤɪɢɬɟɪɢɹɦ ) ɜ ɪɚɜɧɨɣ ɫɬɟɩɟɧɢ, ɤɚɤ ɧɚ
ɷɬɚɩɟ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɬɚɤ ɢ ɧɚ ɩɨɫɥɟɞɭɸɳɢɯ ɷɬɚɩɚɯ
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɧɚɤɨɧɟɰ ɜɧɟɞɪɟ-
ɧɢɹ. Ⱦɨɫɬɚɬɨɱɧɨ ɜɡɝɥɹɧɭɬɶ ɧɚ ɪɟɤɥɚɦɧɵɣ ɩɪɨɫɩɟɤɬ ɒɜɟɣɰɚɪɫɤɨɣ
ɮɢɪɦɵ «SITEC» (ɩɪɢɥɨɠɟɧɢɟ), ɢɡɝɨɬɚɜɥɢɜɚɸɳɟɣ ɩɢɥɨɬɧɵɟ ɭɫɬɚɧɨɜ-
ɤɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɭɛ- ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ ɩɪɨɰɟɫ-
ɫɨɜ, ɚ ɬɚɤɠɟ ɜɫɩɨɦɧɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬɵ, ɜɵɩɨɥɧɟɧɧɵɟ ɩɪɢ ɭɱɚɫɬɢɢ
LIMP CNRS ɜ ɪɚɦɤɚɯ ɩɪɨɝɪɚɦɦɵ «Ⱥɪɢɚɧ» ɜ ɤɨɫɦɨɫɟ [10], ɱɬɨɛɵ ɩɨ-
ɧɹɬɶ ɢ ɨɫɨɡɧɚɬɶ ɨɬɦɟɱɟɧɧɭɸ ɫɟɪɶɟɡɧɨɫɬɶ ɨɬɧɨɲɟɧɢɹ ɤ ɨɛɫɭɠɞɚɟɦɨɣ
ɩɪɨɛɥɟɦɟ ɜ ɫɬɪɚɧɚɯ ɫ ɩɟɪɟɞɨɜɨɣ ɬɟɯɧɨɥɨɝɢɟɣ. 

Ɇɚɬɟɪɢɚɥ ɞɚɧɧɨɝɨ ɧɚɭɱɧɨɝɨ ɢɡɞɚɧɢɹ ɩɨɞɝɨɬɨɜɥɟɧ ɜ ɪɚɦɤɚɯ ɜɵ-

ɩɨɥɧɟɧɢɹ ɞɨɝɨɜɨɪɨɜ ɫ ȺɈ «ɇɄɇɏ», ȺɈ «ɇɗɎɂɋ», ɞɟɹɬɟɥɶɧɨɫɬɢ
ɉɇɂɅ ɢ ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ ɫ ɥɚɛɨɪɚɬɨɪɢɟɣ ɢɧɠɟɧɟɪɢɢ ɦɚɬɟɪɢɚɥɨɜ ɢ
ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɣ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɰɟɧɬɪɚ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ
Ɏɪɚɧɰɢɢ (LIMP CNRS) ɜ 1995-2000 ɝɝ. 
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