


 47

гин И.М., Пиралишвили Ш.А. (Рыбинский государственный 

авиационный технический университет им. П.А. Соловьёва), Мар-

кович Д.М. (Институт теплофизики СО РАН им. С.С. Кута-

теладзе СО РАН, г. Новосибирск) 

19. Определение поля скорости в конвективной струе в жидкости 

различными методами. — Рег. № 101 

Пилипюк Д.С. (Московский государственный университет 

им. М.В. Ломоносова) 

20. Применение метода тонкоструктурной спектрометрии для 

определения ингредиентного состава атмосферных выбросов 

авиационных турбореактивных двигателей. — Рег. № 112 

Москаленко Н.И., Додов И.Р., Локтев Н.Ф. (Казанский государ-

ственный энергетический университет) 

21. Исследование процессов вихреобразования в канале перемен-

ного сечения. — Рег. № 116 

Митрофанова О.В., Подзоров Г.Д. (Национальный исследова-

тельский ядерный университет «МИФИ», Москва) 

22. Масштабный эффект в металлогидридных материалах для 

очистки и хранения водорода. — Рег. № 126 

Пыхтина А.И., Романов И.А. (Объединённый институт высоких 

температур РАН, Москва) 

23. Параметры электрических разрядов, формирующихся над сво-

бодной поверхностью расплавленного металла. — Рег. № 130 

Клементьева И.Б., Пинчук М.Э., Тепляков И.О. (Объединённый 

институт высоких температур РАН, Москва) 

24. Структура течения и теплоотдача за выступом в канале на пе-

реходных режимах в пульсирующем потоке. — Рег. № 134 

Малюков А.В., Душина О.А., Молочников В.М., Паерелий А.А. 

(Казанский научный центр РАН, Исследовательский центр проб-

лем энергетики) 



1 
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ɇ.И. Ɇɨɫɤɚɥɟɧɤɨ, И.Р. Дɨɞɨɜ, ɇ.Ф. Ʌɨɤɬɟɜ 
 

Ʉɚɡɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɋɨɫɫɢɹ 
 

ɉɊɂɆȿɇȿɇɂȿ ɆȿɌɈȾȺ ɌɈɇɄɈɋɌɊɍɄɌɍɊɇɈɃ ɋɉȿɄɌɊɈɆȿɌɊɂɂ ȾɅə 
ɈɉɊȿȾȿɅȿɇɂə ɂɇȽɊȿȾɂȿɇɌɇɈȽɈ ɋɈɋɌȺȼȺ ȺɌɆɈɋɎȿɊɇɕɏ ȼɕȻɊɈɋɈȼ 

ȺȼɂȺɐɂɈɇɇɕɏ ɌɍɊȻɈɊȿȺɄɌɂȼɇɕɏ ȾȼɂȽȺɌȿɅȿɃ 

 
ȺɇɇɈɌȺɐɂə 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɬɨɧɤɨɫɬɪɭɤɬɭɪɧɨɣ 
ɩɨɝɥɨɳɚɸɳɟɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɢɧɝɪɟɞɢɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɚɬɦɨɫɮɟɪɧɵɯ ɜɵɛɪɨɫɨɜ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɬɭɪɛɨɪɟɚɤɬɢɜɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. 
ɉɪɢɦɟɧёɧɧɵɣ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɧɝɪɟɞɢɟɧɬɧɨɝɨ 
ɫɨɫɬɚɜɚ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ ɚɩɩɚɪɚɬɭɪɵ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɡɦɟɪɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɡɥɢɱɧɵɯ 
ɢɧɝɪɟɞɢɟɧɬɨɜ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɫ ɩɪɟɞɟɥɶɧɨɣ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ 1–10 ppm. Ɉɛɫɭɠɞɚɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ 
ɜɵɩɨɥɧɟɧɢɹ ɢɡɦɟɪɟɧɢɣ ɢ ɨɛɪɚɛɨɬɤɢ 
ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɢɡɦɟɪɟɧɢɣ. 
Аɧɚɥɢɡɢɪɭɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɢɧɝɪɟɞɢɟɧɬɧɨɝɨ 
ɫɨɫɬɚɜɚ ɜɵɛɪɚɫɵɜɚɟɦɵɯ ɜ ɚɬɦɨɫɮɟɪɭ ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ ɬɭɪɛɨɪɟɚɤɬɢɜɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. 
 

1. ȼȼȿȾȿɇɂȿ 

ɂɧɝɪɟɞɢɟɧɬɧɵɣ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɪɚɫɱɟɬɚ 
ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɚɝɪɟɝɚɬɚɯ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɟɝɨ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ. ȼɵɛɪɨɲɟɧɧɵɟ ɜ ɚɬɦɨɫɮɟɪɭ 
ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ ɢɦɟɸɬ ɢɧɝɪɟɞɢɟɧɬɵ, 
ɨɤɚɡɵɜɚɸɳɢɟ ɬɨɤɫɢɱɟɫɤɨɟ ɢ ɤɚɧɰɟɪɨɝɟɧɧɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɮɥɨɪɭ ɢ ɮɚɭɧɭ, ɚ ɫɢɥɶɧɚɹ 
ɩɨɝɥɨɳɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɚɧɬɪɨɩɨɝɟɧɧɵɯ 
ɚɬɦɨɫɮɟɪɧɵɯ ɜɵɛɪɨɫɨɜ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɰɟɫɫɵ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɫɢɫɬɟɦɟ 
«ɋɨɥɧɰɟ-ɚɬɦɨɫɮɟɪɚ-ɩɨɞɫɬɢɥɚɸɳɚɹ ɩɨɜɟɪɯɧɨɫɬɶ». 
ȼ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɜɢɜɚɥɢɫɶ 
ɨɩɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ ɢɧɝɪɟɞɢɟɧɬɧɨɝɨ 
ɫɨɫɬɚɜɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɨɞɧɢɦ ɢɡ ɤɨɬɨɪɵɯ 
ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɬɨɧɤɨɫɬɪɭɤɬɭɪɧɨɣ ɫɩɟɤɬɪɨɦɟɬɪɢɢ 
ɢ ɫɩɟɤɬɪɨɪɚɞɢɨɦɟɬɪɢɢ, ɤɨɬɨɪɵɣ ɭɫɩɟɲɧɨ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɜ ɪɚɛɨɬɚɯ [1,2] ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɢɧɝɪɟɞɢɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
ɪɚɡɥɢɱɧɵɯ ɬɨɩɥɢɜ ɧɚ ɥɚɛɨɪɚɬɨɪɧɵɯ 
ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɤɨɦɩɥɟɤɫɚɯ [3] ɢ ɜ ɤɚɦɟɪɚɯ 
ɫɝɨɪɚɧɢɹ ɤɨɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ. ȼ ɧɚɫɬɨɹɳɟɣ 
ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ 
ɬɨɧɤɨɫɬɪɭɤɬɭɪɧɨɣ ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɞɥɹ ɢɡɦɟɪɟɧɢɣ 
ɢɧɝɪɟɞɢɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
ɬɭɪɛɨɪɟɚɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. ɉɪɢ ɷɬɨɦ ɩɪɨɞɭɤɬɵ 
ɫɝɨɪɚɧɢɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɚɧɚɥɢɡɚ ɨɬɛɢɪɚɥɢɫɶ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɫɨɩɥɚ ɬɭɪɛɨɪɟɚɤɬɢɜɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫ 
ɩɨɦɨɳɶɸ ɩɪɨɛɨɡɚɛɨɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɩɨ 
ɝɚɡɨɯɨɞɭ ɨɬɛɢɪɚɥɚɫɶ ɜ ɩɪɨɛɨɡɚɛɨɪɧɢɤɢ. 
ɉɨɫɥɟɞɧɢɟ ɞɚɥɟɟ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɥɢɫɶ ɜ 
ɥɚɛɨɪɚɬɨɪɢɸ ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ ɞɥɹ 

ɩɨɫɥɟɞɭɸɳɟɝɨ ɚɧɚɥɢɡɚ ɪɟɝɢɫɬɪɢɪɭɟɦɵɯ ɫɩɟɤɬɪɨɜ 
ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ. 

 

2. ɆȿɌɈȾ ɈɉɊȿȾȿɅȿɇɂə 
ɄɈɇɐȿɇɌɊȺɐɂɂ ɂɇȽɊȿȾɂȿɇɌɈȼ ɂɁ 
ɋɉȿɄɌɊɈȼ ɉɈȽɅɈɓȿɇɂə ȼɕɋɈɄɈȽɈ 
ɊȺɁɊȿɒȿɇɂə 

ɉɪɢɦɟɪɵ ɫɩɟɤɬɪɨɝɪɚɦɦ ɩɨɝɥɨɳɟɧɢɹ 
ɢɡɥɭɱɟɧɢɹ HCl ɢ CO ɜɵɫɨɤɨɝɨ ɫɩɟɤɬɪɚɥɶɧɨɝɨ 
ɪɚɡɪɟɲɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ 
ɜɨɡɦɨɠɧɨɫёɬɢ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1–2. 

 

Ɋɢɫ.1. ɉɪɢɦɟɪ ɫɩɟɤɬɪɚ ɩɨɝɥɨɳɟɧɢɹ CO ɜ ɞɢɚɩɚɡɨɧɟ 
2148–2167 ɫɦ-1 ɩɪɢ ɪɚɡɪɟɲɟɧɢɢ ∆= 0.06 ɫɦ-1 

 

Ɋɢɫ.2. ɉɪɢɦɟɪ ɫɩɟɤɬɪɚ HCl ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɱɚɫɬɨɬ 
2864 ɢ 2842 ɫɦ-1 ɢɡɦɟɪɟɧɧɵɟ ɫ ɪɚɡɪɟɲɟɧɢɟɦ  ∆=0.09 ɫɦ-1 

 

Ɏɭɧɤɰɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɩɪɨɩɭɫɤɚɧɢɹ (Ɏɋɉ) 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɢɡɦɟɪɟɧɧɵɯ ɫɩɟɤɬɪɨɝɪɚɦɦ ℐ(ν) 
ɩɨ ɮɨɪɦɭɥɟ 𝜏ሺ𝜈ሻ = ℐሺ𝜈ሻ ℐ଴ሺ𝜈ሻ⁄ , ɝɞɟ ℐ଴ሺ𝜈ሻ – ɛɚɡɨɜɚɹ 
ɥɢɧɢɹ. ȼ ɭɱɚɫɬɤɚɯ ɫɩɟɤɬɪɚ, ɝɞɟ ɫɩɟɤɬɪɚɥɶɧɵɟ 
ɥɢɧɢɢ ɨɬɫɭɬɫɬɜɭɸɬ (ɨɤɧɚɯ ɩɪɨɡɪɚɱɧɨɫɬɢ), Ɏɋɉ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɨɫɥɚɛɥɟɧɢɟɦ ɢɡɥɭɱɟɧɢɹ 
ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɨɣ ɢ ɢɡ ɡɧɚɱɟɧɢɣ 𝜏ሺ𝜈ሻ ɜ ɨɤɧɚɯ 
ɩɪɨɡɪɚɱɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɛɴɟɦɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɥɟɬɭɱɟɝɨ ɡɨɥɹ. Ⱦɥɹ ɚɩɩɚɪɚɬɧɨɣ 
ɮɭɧɤɰɢɢ ɫɩɟɤɬɪɨɦɟɬɪɚ 𝛿𝜈 𝜏𝛿𝜈 = 𝜏𝛿𝜈° 𝜏𝑎⁄ ሺ𝜈ሻ,            (1) 

ɝɞɟ 𝜏𝛿𝜈°  – ɮɭɧɤɰɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɨɫɥɚɛɥɟɧɢɹ 
ɢɡɥɭɱɟɧɢɹ ɫ ɭɱɟɬɨɦ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɢ 
ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɚɷɪɨɡɨɥɟɦ; 𝜏𝑎ሺ𝜈ሻ – 



2 

 

ɫɩɟɤɬɪɚɥɶɧɚɹ ɮɭɧɤɰɢɹ ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ 
ɚɷɪɨɡɨɥɟɦ. Ⱦɥɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɪɟɞɵ 

   𝜏𝛿𝜈 = ∏ 𝜏𝑖𝛿𝜈𝑖 ,             (2) 

ɝɞɟ 𝜏𝑖𝛿𝜈  – Ɏɋɉ ɞɥɹ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɝɚɡɨɜɨɣ ɮɚɡɵ. 
ȼ ɫɥɭɱɚɟ ɜɵɫɨɤɨɝɨ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɪɚɡɪɟɲɟɧɢɹ 
ɮɭɧɤɰɢɸ ܣ𝛿𝜈 = |ln 𝜏𝛿𝜈| ɪɚɡɥɨɠɢɦ ɧɚ ɨɬɞɟɥɶɧɵɟ 
ɫɨɫɬɚɜɥɹɸɳɢɟ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɦɨɦɟɧɬɨɜ. ɋ ɷɬɨɣ ɰɟɥɶɸ 
ɢɡɦɟɪɟɧɧɵɟ ɫɩɟɤɬɪɵ ɩɨɞɜɟɪɝɚɸɬɫɹ ɪɚɡɛɢɟɧɢɸ ɫ 
ɲɚɝɨɦ 𝛿 = ∆ 𝑆⁄ , ɝɞɟ ∆ − ɫɩɟɤɬɪɚɥɶɧɨɟ ɪɚɡɪɟɲɟɧɢɟ 
ɫɩɟɤɬɪɨɦɟɬɪɚ. ɍɦɟɧɶɲɟɧɢɟ ɫɥɭɱɚɣɧɵɯ ɲɭɦɨɜ 
ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɨɰɟɞɭɪɨɣ ɫɝɥɚɠɢɜɚɧɢɹ ɩɨ ɩɹɬɢ 
ɬɨɱɤɚɦ ɫɩɥɚɣɧɨɦ ɜ ɜɢɞɟ ɩɨɥɢɧɨɦɚ 5 – ɨɣ ɫɬɟɩɟɧɢ. 
ɉɨɥɭɱɟɧɧɵɣ ɜ ɰɢɮɪɨɜɨɦ ɜɢɞɟ ɫɩɟɤɬɪ 
ɩɨɞɜɟɪɝɚɟɬɫɹ ɪɚɡɥɨɠɟɧɢɸ ɩɨ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ 
ɤɨɦɩɨɧɟɧɬɚɦ ɥɢɧɢɣ 

ሺ𝜈ሻܣ         = ∑ ௠ெ௠=ଵܣ [∑ ௠௡ே௠=ଵܣ ሺ𝜈 − 𝜈௠° ሻ௡]−ଵ,  (3) 

ɝɞɟ ܣ௠ – ɦɚɤɫɢɦɭɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ m-ɝɨ 
ɤɨɦɩɨɧɟɧɬɚ, ܣ௠௡ − ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɛɨɛɳɟɧɧɨɝɨ 
ɤɨɧɬɭɪɚ 

           ݃௠ = ͳ ∑ ௠௡ܣ ሺ𝜈 − 𝜈௠° ሻ௡⁄ .           (4) 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ܣ௠௡ ɞɚɸɬ ɩɨɥɧɭɸ ɢɧɮɨɪɦɚɰɢɸ 
ɨɛ ɨɬɞɟɥɶɧɵɯ ɤɨɧɬɭɪɚɯ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɤ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɥɨɠɟɧɢɹ ɜ ɪɹɞ Ɍɟɣɥɨɪɚ 
ɧɟɤɨɬɨɪɨɣ ɮɭɧɤɰɢɢ ௠݂ሺ𝜈ሻ, ɨɩɢɫɵɜɚɸɳɟɣ m – ɵɣ 
ɤɨɧɬɭɪ: 

   ௠݂ሺ𝜈ሻ = ଵ௠ ∑ ௠௡ே௡=଴ܣ ሺ𝜈 − 𝜈௠° ሻ௡,           (5) 

ɡɧɚɱɟɧɢɟ ܣ௠௡ ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɭɦɨɦ ɚɦɩɥɢɬɭɞɵ 
ɤɨɧɬɭɪɚ. ɐɟɧɬɪ 𝜈௠°  ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 
ɪɚɜɟɧɫɬɜɚ ɧɭɥɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ܣ௠ଵ, ɡɧɚɱɟɧɢɟ 
ɩɨɥɭɲɢɪɢɧɵ m – ɨɣ ɥɢɧɢɣ ɩɨɥɭɱɚɟɬɫɹ ɢɡ 
ɫɨɨɬɧɨɲɟɧɢɹ 

௠√√𝐴𝑚22ܮ +ସ𝑚4−𝐴𝑚2ଶ𝐴𝑚4 .           (6) 

ɉɨɥɭɱɟɧɧɵɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɨɮɢɥɢ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɜɥɢɹɧɢɟ ɚɩɩɚɪɚɬɧɨɣ 
ɮɭɧɤɰɢɢ ɫɩɟɤɬɪɨɦɟɬɪɚ [1,2]. 

ɂɬɚɤ, ɦɵ ɢɦɟɟɦ ɨɬɞɟɥɶɧɵɟ ɤɨɧɬɭɪɵ ɮɭɧɤɰɢɢ ܣ௠ሺ𝜈ሻ ɫ ɰɟɧɬɪɚɦɢ 𝜈௠° , ɤɨɬɨɪɵɟ ɨɬɨɠɞɟɫɬɜɥɹɸɬɫɹ 
ɩɨ ɢɧɝɪɟɞɢɟɧɬɚɦ ɧɚ ɨɫɧɨɜɟ ɚɩɪɢɨɪɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɰɟɧɬɪɚɦ ɢɯ ɫɩɟɤɬɪɚɥɶɧɵɯ ɥɢɧɢɣ. 
ɂɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɟ ɥɢɧɢɢ ɩɨɝɥɨɳɟɧɢɹ 
ɨɛɨɡɧɚɱɢɦ ɡɧɚɤɨɦ i – ɧɨɦɟɪɚ ɢɧɝɪɟɞɢɟɧɬɚ ɢ ɢɯ 
ɰɟɧɬɪɵ, ɤɨɧɬɭɪɚ, ɩɨɥɭɲɢɪɢɧɵ 𝜈௠௢𝑖 ௠𝑖ܭ , ሺ𝜈ሻ, α௠𝑖  

ɫɨɞɟɪɠɚɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɢɧɝɪɟɞɢɟɧɬɚ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɞɥɹ ɥɨɪɟɧɰɟɜɫɤɨɝɨ 
ɤɨɧɬɭɪɚ 𝑏௠𝑖 ሺ𝜈ሻ ܭ௡𝑖 ሺ𝜈ሻ = ௠𝑖ܣ ሺ𝜈ሻ, 

  𝑆௠𝑖 = ∫ ௠𝑖ܭ ሺ𝜈ሻ 𝑑𝑣 = 𝜈௠𝑖ܭ ∙ ߨ ∙ 𝛼௠𝑖 ,          (7) 

ɝɞɟ 𝜔𝑖 = 𝑆௠𝑖 ,ܮ𝑖ߩ  – ɢɧɬɟɧɫɢɜɧɨɫɬɶ m – ɨɣ ɥɢɧɢɢ 
ɢɧɝɪɟɞɢɟɧɬɚ i; ܭ𝜈௠𝑖  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɜ 
ɰɟɧɬɪɟ ɥɢɧɢɢ; α௠𝑖  – ɩɨɥɭɲɢɪɢɧɚ m – ɨɣ ɥɢɧɢɢ 
ɤɨɦɩɨɧɟɧɬɚ i; L – ɞɥɢɧɚ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ ɜ 

ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ; α௢௠𝑖  – ɩɨɥɭɲɢɪɢɧɚ ɥɢɧɢɢ ɩɪɢ 
ɫɬɚɧɞɚɪɬɧɨɦ ɞɚɜɥɟɧɢɢ, ߩ𝑖 – ɨɛɴɟɦɧɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɧɝɪɟɞɢɟɧɬɚ i; α௠𝑖 = α௢௠𝑖 ∙ 𝑃э; 𝑃э – 

ɷɮɮɟɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ; 𝛼௢௠𝑖  – 

ɩɨɥɭɲɢɪɢɧɚ ɥɢɧɢɢ ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɦ ɞɚɜɥɟɧɢɢ 𝑃э = 𝑃𝑖ே2 + ∑ 𝑃𝐾ே𝐾=ଵ 𝑖𝑘ܤ ,           (8) 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɥɟɬɭɱɢɯ 
ɢɧɝɪɟɞɢɟɧɬɨɜ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɩɚɪɚɦɟɬɪɚɦ 
ɫɩɟɤɬɪɚɥɶɧɵɯ ɥɢɧɢɣ [7–10], ɩɟɪɟɫɱɢɬɚɧɧɵɟ ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɩɨ ɫɨɨɬɧɨɲɟɧɢɹɦ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ [7]. 

 

3. ɈɉɊȿȾȿɅȿɇɂȿ ɆɂɄɊɈɋɌɊɍɄɌɍɊɕ 
ȾɂɋɉȿɊɋɇɈɃ ɎȺɁɕ ɉɊɈȾɍɄɌɈȼ 
ɋȽɈɊȺɇɂə 

Ɉɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɚɠɟɜɨɝɨ ɡɨɥɹ ɜ 
ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɨɩɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɛɪɚɬɧɭɸ ɡɚɞɚɱɭ, ɬɪɟɛɭɸɳɭɸ 
ɞɥɹ ɫɜɨɟɝɨ ɪɟɲɟɧɢɹ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɨ 
ɨɩɬɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɫɚɠɟɜɨɝɨ ɡɨɥɹ 
ɪɚɡɥɢɱɧɵɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ, 
ɩɟɪɟɤɪɵɜɚɸɳɢɯ ɜɫɸ ɨɛɥɚɫɬɶ ɫɩɟɤɬɪɚɥɶɧɵɯ 
ɜɚɪɢɚɰɢɣ ɫɩɟɤɬɪɚɥɶɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɝɥɨɳɟɧɢɹ ɢ ɨɫɥɚɛɥɟɧɢɹ 
ɢɡɥɭɱɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɨɩɨɪɧɵɟ ɞɥɢɧɵ ɜɨɥɧ 
(ɤɚɧɚɥɵ ɢɡɦɟɪɟɧɢɣ) ɞɨɥɠɧɵ ɛɵɬɶ ɜɵɛɪɚɧɵ ɜ 
ɨɤɧɚɯ ɩɪɨɡɪɚɱɧɨɫɬɢ ɝɚɡɨɜɨɣ ɮɚɡɵ ɩɪɨɞɭɤɬɨɜ 
ɫɝɨɪɚɧɢɹ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɜɤɥɚɞɚ 
ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɜ ɪɟɝɢɫɬɪɢɪɭɟɦɵɟ ɫɩɟɤɬɪɵ 
ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɢ ɜɤɥɸɱɚɬɶ ɞɥɢɧɵ ɜɨɥɧ ɜ 
ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɦ ɜɢɞɢɦɨɦ ɢ ɢɧɮɪɚɤɪɚɫɧɨɦ 
ɞɢɚɩɚɡɨɧɚɯ ɫɩɟɤɬɪɚ [6]. Ɉɩɬɢɦɢɡɚɰɢɹ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɡɨɥɹ ɢɡ 
ɫɩɟɤɬɪɨɜ ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɩɪɨɜɨɞɢɬɫɹ ɢɡ 
ɭɫɥɨɜɢɹ 

   ∑ ∆𝜎𝑎𝜆𝑖𝜎𝑎𝜆𝑖𝑖 = ݉𝑖݊,            (9) 

ɝɞɟ ∆𝜎𝑎𝜆𝑖 – ɨɬɤɥɨɧɟɧɢɹ ɜ ɫɩɟɤɬɪɚɥɶɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɫɥɚɛɥɟɧɢɹ 
ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɫɩɟɤɬɪɚ 𝜎𝑎𝜆𝑖 ɨɬ ɢɡɦɟɪɟɧɧɨɝɨ; i – 

ɧɨɦɟɪ ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɣ. 
ɑɚɫɬɢɰɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɨɪɢɫɬɵɟ 

ɫɬɪɭɤɬɭɪɵ ɢ ɜɤɥɸɱɚɸɬ ɜ ɫɜɨёɦ ɫɨɫɬɚɜɟ 
ɪɚɫɬɜɨɪɢɦɭɸ ɮɪɚɤɰɢɸ ɢ ɜɤɥɸɱɟɧɢɹ ɝɚɡɨɜɨɣ 
ɮɚɡɵ. ɂɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɫɚɠɟɜɨɝɨ ɡɨɥɹ 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɧɚ ɡɚɜɢɫɢɬ ɨɬ ɪɟɠɢɦɚ ɝɨɪɟɧɢɹ [6] ɢ 
ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɡɧɚɱɟɧɢɣ ߩ ∈ {ͳ.9; ʹ.Ͷ} ɩɪɢ 
ɷɬɨɦ ɪɚɫɬɜɨɪɢɦɚɹ ɮɪɚɤɰɢɹ ɡɨɥɹ ɫɨɫɬɚɜɥɹɟɬ ≈ͳͲ% ɨɬ ɩɨɥɧɨɣ ɦɚɫɫɵ ɱɚɫɬɢɰ ɩɪɢ ɫɠɢɝɚɧɢɢ 
ɝɚɡɨɜɨɝɨ ɬɨɩɥɢɜɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɤɚɡɚɧɧɵɦ 
ɫɨɫɬɚɜɨɦ ɱɚɫɬɢɰ ɡɨɥɹ ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ Ɉɏ 
ɦɨɞɟɥɶɧɵɯ ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɱɚɫɬɢɰ ɫɚɠɟɜɨɝɨ ɡɨɥɹ 
ɞɥɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɝɚɦɦɚ-ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɫ 
ɦɨɞɚɥɶɧɵɦɢ ɪɚɞɢɭɫɚɦɢ ɱɚɫɬɢɰ ɨɬ 1.6∙ ͳͲ−ଷ ɞɨ 
2.25 ɦɤɦ. Эɥɟɤɬɪɨɧɧɚɹ ɛɚɡɚ ɞɚɧɧɵɯ [6] 
ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 
ɫɚɠɟɜɨɝɨ ɡɨɥɹ ɢɡ ɞɚɧɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ 
ɨɩɬɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ, ɤɨɬɨɪɚɹ ɛɟɪёɬ ɫɜɨё ɧɚɱɚɥɨ 



3 

 

ɫ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ Ɏɋɉ ɚɷɪɨɡɨɥɹ 𝜏𝑎𝜆 ɢɡɦɟɪɟɧɧɵɯ 
ɫɩɟɤɬɪɨɜ ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 𝜎𝑎𝜆. ȼɵɛɨɪ 
ɩɪɢɛɥɢɠɟɧɢɹ 𝜎𝑎𝜆଴  ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɫɨɨɬɧɨɲɟɧɢɟɦ (9). Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɨɩɪɟɞɟɥɟɧɢɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɚɠɟɜɨɝɨ ɡɨɥɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ 
ɭɬɨɱɧɟɧɢɹ ɪɟɲɟɧɢɣ ɦɟɬɨɞɨɦ ɜɨɡɦɭɳɟɧɢɣ (ɦɟɬɨɞ 
ɫɩɭɫɤɚ ɩɨ Ɍɢɯɨɧɨɜɭ) ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɧɨɪɦɢɪɨɜɤɢ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ ɩɨ 
ɫɨɨɬɧɨɲɟɧɢɸ ∑ ln 𝜏𝑎𝑘𝑘 ሺ𝜆 = Ͳ.ͷͷ ɦɤɦሻ = ln 𝜏𝑎 ሺ𝜆 = Ͳ.ͷͷ ɦɤɦሻ, 

ɝɞɟ k-ɧɨɦɟɪ ɮɪɚɤɰɢɢ, ɜɤɥɸɱɚɹ ɮɪɚɤɰɢɸ ɧɭɥɟɜɨɝɨ 
ɩɪɢɛɥɢɠɟɧɢɹ, 𝜏𝑎 – Ɏɋɉ ɚɷɪɨɡɨɥɹ ɞɥɹ 𝜆 =Ͳ.ͷͷ ɦɤɦ. 

ɋɭɬɶ ɡɚɞɚɱɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 
ɡɨɥɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɜɟɫɨɜɵɯ 
ɮɭɧɤɰɢɣ ɱɢɫɥɚ ɱɚɫɬɢɰ 𝑁𝑖ሺ𝑟ሻ, ɤɨɬɨɪɵɟ ɧɚɢɥɭɱɲɢɦ 
ɨɛɪɚɡɨɦ ɨɩɢɲɭɬ ɫɩɟɤɬɪɚɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ 
ɢɡɦɟɪɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɝɥɨɳɟɧɢɹ ɢ 
ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɡɨɥɟɦ. 

 

4. ɈȻɋɍɀȾȿɇɂȿ ɊȿɁɍɅɖɌȺɌɈȼ 
ɂɋɋɅȿȾɈȼȺɇɂɃ 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧ ɢɧɝɪɟɞɢɟɧɬɧɵɣ 
ɫɨɫɬɚɜ ɝɚɡɨɜɨɣ ɮɚɡɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
ɚɬɦɨɫɮɟɪɧɵɯ ɜɵɛɪɨɫɨɜ ɚɜɢɚɰɢɨɧɧɵɯ 

ɬɭɪɛɨɪɟɚɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ Ɋ-27ȼ-300, Ɋ-25-300, 

Ɋ-9ȼ. Ɉɫɧɨɜɧɵɦɢ ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɦɢ 
ɢɧɝɪɟɞɢɟɧɬɚɦɢ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɪɚɞɢɚɰɢɨɧɧɵɣ 
ɬɟɩɥɨɨɛɦɟɧ ɜ ɞɜɢɝɚɬɟɥɟ ɢ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɫɥɟɞɟ 
ɫɚɦɨɥɟɬɚ ɹɜɥɹɸɬɫɹ ɩɚɪɵ HଶO, COଶ, CO. 

Ɂɧɚɱɢɬɟɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ CO ɜ ɩɪɨɞɭɤɬɚɯ 
ɫɝɨɪɚɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ ɜɫɟɯ ɞɜɢɝɚɬɟɥɟɣ ɢ ɜ 
ɪɹɞɟ ɫɥɭɱɚɟɜ ɞɨɫɬɢɝɚɟɬ 50% ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ COଶ. 

ɋɥɟɞɨɜɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɹɜɥɹɸɬɫɹ ɨɤɢɫɥɵ ɚɡɨɬɚ NO, NOଶ, NଶO. Ʌɟɬɭɱɢɟ ɢ ɫɥɚɛɨɥɟɬɭɱɢɟ 
ɭɝɥɟɜɨɞɨɪɨɞɵ ɜ ɚɬɦɨɫɮɟɪɟ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɮɨɬɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ CHସ ɢ 
ɫɚɠɟɜɵɣ ɡɨɥɶ. CO ɜ ɩɪɢɫɭɬɫɬɜɢɢ NO ɬɚɤɠɟ 
ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ CHସ, ɜɵɡɵɜɚɹ ɭɫɢɥɟɧɢɟ 
ɩɚɪɧɢɤɨɜɨɝɨ ɷɮɮɟɤɬɚ ɚɬɦɨɫɮɟɪɵ. Ɍɹɠɟɥɵɟ 
ɭɝɥɟɜɨɞɨɪɨɞɵ (ɫɩɢɪɬɵ, ɮɟɧɨɥɵ) ɪɚɡɪɭɲɚɸɬɫɹ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɨɤɢɫɥɟɧɢɹ ɬɪɨɩɨɫɮɟɪɧɵɦ ɨɡɨɧɨɦ, 
ɜɵɡɵɜɚɹ ɫɧɢɠɟɧɢɟ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɢ. ȼ 
ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɧɚɛɥɸɞɚɸɬɫɹ ɬɚɤɠɟ ɫɥɟɞɵ 
ɩɟɪɟɤɢɫɢ ɜɨɞɨɪɨɞɚ HଶOଶ, ɨɤɫɢɞɚ ɫɟɪɵ SOଶ, 

ɮɨɪɦɚɥɶɞɟɝɢɞɚ HCOH. 

Ⱦɢɫɩɟɪɫɧɚɹ ɮɚɡɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
ɚɜɢɚɰɢɨɧɧɨɝɨ ɤɟɪɨɫɢɧɚ ɜ ɞɜɢɝɚɬɟɥɟ ɜɵɡɜɚɧɚ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɚɠɟɜɨɝɨ ɡɨɥɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɨɧɧɨɣ 
ɧɭɤɥɟɚɰɢɢ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ ɫ ɩɨɫɥɟɞɭɸɳɟɣ 
ɝɟɬɟɪɨɝɟɧɧɨɣ ɤɨɚɝɭɥɹɰɢɟɣ. ɋɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ 
ɩɟɪɜɢɱɧɨɝɨ 

 

Тɚɛɥицɚ 1. ɂɧɝɪɟɞɢɟɧɬɧɵɣ ɫɨɫɬɚɜ ɝɚɡɨɜɨɣ ɮɚɡɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɚɬɦɨɫɮɟɪɧɵɯ ɜɵɛɪɨɫɨɜ ɚɜɢɚɰɢɨɧɧɵɯ 
ɬɭɪɛɨɪɟɚɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 

Ⱦɜɢɝɚɬɟɥɶ Ɉɛɴɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɧɝɪɟɞɢɟɧɬɚ HଶO COଶ CO Nଶ Oଶ NO NOଶ NOଶ 

Ɋ-27ȼ-300 6.9% 4.77% 1.27% 75.9% 10.1% 80 

ppm 

25 

ppm 

3 

ppm 

Ɋ-25-300 6.1% 4.1% 1.95% 76.8% 11.1% 75 

ppm 

23 
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ppm 

Ɋ-9ȼ 5.3% 3.1% 2.2% 77.3% 12.1% 
60 

ppm 

20 
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– HCOH CଶHଶ CଶHସ CଶH଺ CHସ CHଷOH CଶHସO CସHଷO 
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ɫɬɢɪɨɥ SOଶ HଶOଶ ɛɟɧɡɨɥɶɞɟɝɢɞ 
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ɡɨɥɹ ɡɚɜɢɫɢɬ ɨɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɪɟɞɵ 
ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɢ 
ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɦɟɯɚɧɢɡɦɚ 

ɨɛɪɚɡɨɜɚɧɢɹ ɡɨɥɹ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɩɥɚɦёɧɚɯ 
ɜɵɠɢɜɚɸɬ ɱɚɫɬɢɰɵ ɪɚɞɢɭɫɨɦ 𝑟 ≥ Ͳ.ͲͲͳ ɦɤɦ. 
ɇɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɣ ɪɚɞɢɭɫ ɱɚɫɬɢɰ ɩɟɪɜɢɱɧɨɝɨ 
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ɡɨɥɹ 𝑟௠ = Ͳ.ͲͲ͵ ɦɤɦ [6]. Ⱦɚɥɶɧɟɣɲɢɣ ɪɨɫɬ ɱɚɫɬɢɰ 
ɩɟɪɜɢɱɧɨɝɨ ɡɨɥɹ ɨɛɭɫɥɨɜɥɟɧ ɝɟɬɟɪɨɝɟɧɧɨɣ 
ɤɨɚɝɭɥɹɰɢɟɣ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɬɨɪɨɣ ɡɚɜɢɫɢɬ ɤɚɤ 
ɨɬ ɱɢɫɥɨɜɨɣ ɩɥɨɬɧɨɫɬɢ ɱɚɫɬɢɰ ɩɟɪɜɢɱɧɨɝɨ ɡɨɥɹ, 
ɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɚɤ ɢ ɨɬ ɜɪɟɦɟɧɢ 
ɩɪɟɛɵɜɚɧɢɹ ɱɚɫɬɢɰ ɜ ɞɜɢɝɚɬɟɥɟ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɭ 
ɫɚɠɟɜɨɝɨ ɡɨɥɹ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫɨɨɬɧɨɲɟɧɢɟɦ 𝑓[𝑟ሺ𝑡ሻ]𝑓0ሺ𝑟ሻ = ∑ [ͳ + ଵଶ 𝑖݊௢𝑖ܭ ln {ଵ+𝛼𝑖𝑡𝛼𝑖 }]ଵ ଷ⁄ +𝑖∑ [ͳ + ଵଶ 𝑖𝑘ሺ݊௢𝑖ܭ ∙ ݊௢𝑘ሻଵ ଶ⁄ ∙ ln {ଵ+𝛼𝑖𝑘𝑡𝛼𝑖𝑘 }]ଵ ଷ⁄𝑖≠𝑘 ,      (10) 

ɝɞɟ ଴݂ሺ𝑟ሻ – ɧɚɱɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɢɫɥɚ ɱɚɫɬɢɰ 
ɩɨ ɪɚɡɦɟɪɚɦ ɩɪɢ ɝɨɪɟɧɢɢ ɬɨɩɥɢɜɚ, t – ɜɪɟɦɹ 
ɩɪɟɛɵɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɞɜɢɝɚɬɟɥɟ, ݂[𝑟ሺ𝑡ሻ] – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɢɫɥɚ ɱɚɫɬɢɰ ɧɚ ɜɵɯɨɞɟ 
ɢɡ ɫɨɩɥɚ ɞɜɢɝɚɬɟɥɹ, α𝑖−ଵ, α𝑖𝑘−ଵ ɜɪɟɦɹ ɜ ɬɟɱɟɧɢɟ 
ɤɨɬɨɪɨɝɨ ɪɚɡɦɟɪ ɱɚɫɬɢɰ i ɢɥɢ i – k ɭɞɜɨɢɬɫɹ, ܭ𝑖, ܭ𝑖𝑘 – ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɚɝɭɥɹɰɢɢ. Ɇɟɧɹɹ ɡɧɚɱɟɧɢɹ α𝑖ሺ𝑡ሻ, α𝑖𝑘ሺ𝑡ሻ, ܭ𝑖ሺ𝑡ሻ, ܭ𝑖𝑘ሺ𝑡ሻ ɜɨɡɦɨɠɧɨ ɭɱɟɫɬɶ 
ɜɥɢɹɧɢɟ ɝɟɬɟɪɨɝɟɧɧɨɣ ɢ ɝɨɦɨɝɟɧɧɨɣ ɤɨɚɝɭɥɹɰɢɢ 
ɧɚ ɜɪɟɦɟɧɧɵɟ ɜɚɪɢɚɰɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɡɨɥɹ. 
 

5. ɁȺɄɅɘɑȿɇɂȿ 

Ɋɟɚɥɢɡɨɜɚɧ ɦɟɬɨɞ ɬɨɧɤɨɫɬɪɭɤɬɭɪɧɨɣ 
ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɧɝɪɟɞɢɟɧɬɧɨɝɨ 
ɫɨɫɬɚɜɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɚɜɢɚɰɢɨɧɧɵɯ 
ɬɭɪɛɨɪɟɚɤɬɢɜɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɜɤɥɸɱɚɹ ɨɫɧɨɜɧɵɟ 
ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɟ ɢɧɝɪɟɞɢɟɧɬɵ ɦɚɥɵɟ 
ɤɨɦɩɨɧɟɧɬɵ: ɨɤɫɢɞɵ ɚɡɨɬɚ, ɥɟɝɤɢɟ ɢ ɬɹɠɟɥɵɟ 
ɭɝɥɟɜɨɞɨɪɨɞɵ, ɫɩɢɪɬɵ ɢ ɮɟɧɨɥɵ. Ⱦɥɹ ɫɚɠɟɜɨɝɨ 
ɡɨɥɹ ɚɧɚɥɢɡɢɪɭɟɬɫɹ ɟɝɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɢ 
ɜɨɡɦɨɠɧɨɫɬɶ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɨɩɬɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

 

6. ɋɉɂɋɈɄ ɈȻɈɁɇȺɑȿɇɂɃ ℐ𝜈 – ɫɩɟɤɬɪɨɝɪɚɦɦɚ ɩɪɨɲɟɞɲɟɝɨ ɱɟɪɟɡ ɫɪɟɞɭ 
ɢɡɥɭɱɟɧɢɹ; ℐ଴𝜈 – ɛɚɡɨɜɚɹ ɥɢɧɢɹ;  𝛿𝜈 – ɚɩɩɚɪɚɬɧɚɹ ɮɭɧɤɰɢɹ ɫɩɟɤɬɪɨɦɟɬɪɚ; 𝜏𝛿𝜈°  – ɮɭɧɤɰɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɩɪɨɩɭɫɤɚɧɢɹ 
ɢɡɥɭɱɟɧɢɹ ɫ ɭɱɟɬɨɦ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɢ 
ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɡɨɥɟɦ; 𝜏𝑎ሺ𝜈ሻ – ɫɩɟɤɬɪɚɥɶɧɚɹ ɮɭɧɤɰɢɹ ɨɫɥɚɛɥɟɧɢɹ 
ɢɡɥɭɱɟɧɢɹ ɡɨɥɟɦ; 𝜏𝛿𝜈 – ɮɭɧɤɰɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɩɪɨɩɭɫɤɚɧɢɹ 
ɝɚɡɨɜɨɣ ɮɚɡɨɣ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ; 
S, α, ν଴ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ, ɲɢɪɢɧɚ 
ɢ ɩɨɥɨɠɟɧɢɟ ɫɩɟɤɬɪɚɥɶɧɨɣ ɥɢɧɢɢ. 
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ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɢɧɝɪɟɞɢɟɧɬɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɟ 
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