
 



 

 

1 

ɆɂɇɂɋɌȿɊɋɌȼɈ ɇȺɍɄɂ ɂ ȼɕɋɒȿȽɈ ɈȻɊȺɁɈȼȺɇɂə ɊɈɋɋɂɃɋɄɈɃ ɎȿȾȿɊȺɐɂɂ 

ɆɂɇɂɋɌȿɊɋɌȼɈ ɗɇȿɊȽȿɌɂɄɂ ɊɈɋɋɂɃɋɄɈɃ ɎȿȾȿɊȺɐɂɂ 

ɆɂɇɂɋɌȿɊɋɌȼɈ ɉɊɈɆɕɒɅȿɇɇɈɋɌɂ ɂ ɌɈɊȽɈȼɅɂ 

ɊȿɋɉɍȻɅɂɄɂ ɌȺɌȺɊɋɌȺɇ 

ɎȽȻɈɍ ȼɈ «ɄȺɁȺɇɋɄɂɃ ȽɈɋɍȾȺɊɋɌȼȿɇɇɕɃ 

ɗɇȿɊȽȿɌɂɑȿɋɄɂɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ȺɈ «ɋɂɋɌȿɆɇɕɃ ɈɉȿɊȺɌɈɊ ȿȾɂɇɈɃ ɗɇȿɊȽȿɌɂɑȿɋɄɈɃ ɋɂɋɌȿɆɕ» 

ɉȺɈ «ɎȿȾȿɊȺɅɖɇȺə ɋȿɌȿȼȺə ɄɈɆɉȺɇɂə ȿȾɂɇɈɃ 

ɗɇȿɊȽȿɌɂɑȿɋɄɈɃ ɋɂɋɌȿɆɕ» 

ɊɈɋɋɂɃɋɄɂɃ ɇȺɐɂɈɇȺɅɖɇɕɃ ɄɈɆɂɌȿɌ ɆȿɀȾɍɇȺɊɈȾɇɈȽɈ ɋɈȼȿɌȺ 

ɉɈ ȻɈɅɖɒɂɆ ɗɅȿɄɌɊɂɑȿɋɄɂɆ ɋɂɋɌȿɆȺɆ ȼɕɋɈɄɈȽɈ ɇȺɉɊəɀȿɇɂə 

(ɊɇɄ ɋɂȽɊɗ) 
ȻɅȺȽɈɌȼɈɊɂɌȿɅɖɇɕɃ ɎɈɇȾ «ɇȺȾȿɀɇȺə ɋɆȿɇȺ» 

 

 

 

 

 

 

 

ȾɂɋɉȿɌɑȿɊɂɁȺɐɂə ɂ ɍɉɊȺȼɅȿɇɂȿ 

ȼ ɗɅȿɄɌɊɈɗɇȿɊȽȿɌɂɄȿ 

 

Ɇɚɬɟɪɢɚɥɵ XIII ȼɫɟɪɨɫɫɢɣɫɤɨɣ ɨɬɤɪɵɬɨɣ ɦɨɥɨɞɟɠɧɨɣ 

ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ 

 

 

2–4 ɨɤɬɹɛɪɹ 2018 ɝ. 
 

 
 
 
 
 
 
 
 
 
 
 

Ʉɚɡɚɧɶ  
2018



2 

УДК 621.31 

БКК 31.2 

Д48 

Рецензенты: 

Президент Энергетической Ассоциации «Работа под напряжением» Р.Ф. Ахметов 

канд. техн. наук, доцент, заведующий кафедрой электрических станций,  

сетей и систем ИрНИТУ В.В. Федчишин  

Редакционная коллегия: 

Э.Ю. Абдуллазянов (отв. редактор), Э.В. Шамсутдинов, А.Г. Арзамасова 

Д48 Диспетчеризация и управление в электроэнергетике: матер.

XIII Всерос. открытой молод. науч.-практ. конф. (Казань 2–4 октября 

2018 г.) / редкол. Э.Ю. Абдуллазянов (отв. редактор) и др. – Казань: 

Казан гос. энерг. ун-т, 2018. – 238 с. 

ISBN 978-5-89873-531-9 

Опубликованы материалы XIII Всероссийской открытой молодежной 

научно-практической конференции по научным направлениям: электрооборудо-

вание; РЗА, линии электропередач и подстанции; управление и экономика 

энергосистем; информационные системы и новые технологии. 

Предназначен для научных работников, аспирантов и специалистов, 

работающих в области энергетики, а также для обучающихся образовательных 

учреждений энергетического профиля. 

Материалы публикуются в авторской редакции. Ответственность за их содер-

жание возлагается на авторов.

УДК 621.31 

БКК 31.2 

 

 

 

 
ISBN 978-5-89873-531-9 © Казанский государственный энергетический 

университет, 2018 



 

74 

ɍȾɄ 535.34 

 

ɂɁɆȿɊɂɌȿɅɖɇɕɃ ɄɈɆɉɅȿɄɋ ȾɅə ɂɋɋɅȿȾɈȼȺɇɂɃ  
ɈɉɌɂɑȿɋɄɂɏ ɏȺɊȺɄɌȿɊɂɋɌɂɄ ɂ ɆɂɄɊɈɋɌɊɍɄɌɍɊɕ  

ȺɇɌɊɈɉɈȽȿɇɇɕɏ ɁɈɅȿɃ 

 
ɇ.ɂ. Ɇɨɫɤɚɥɟɧɤɨ, ɋ.ɇ. ɉɚɪɠɢɧ, ɂ.Ɋ. Ⱦɨɞɨɜ,  

Ɇ.ɋ. ɏɚɦɢɞɭɥɥɢɧɚ, ə.ɋ. ɋɚɮɢɭɥɥɢɧɚ 

ɎȽȻɈɍ ȼɈ «ɄȽɗɍ» 

Ʉɚɡɚɧɶ, Ɋɨɫɫɢɹ 

utisey@gmail.com 
 

Ⱥɧɧɨɬɚɰɢɹ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ ɞɥɹ ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɚɬɦɨɫɮɟɪɧɵɯ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɜɵɛɪɨɫɨɜ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 
ɤɨɦɩɥɟɤɫ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɧɬɪɨɩɨ-

ɝɟɧɧɵɯ ɡɨɥɟɣ, ɢɦɟɟɬ ɩɨɥɧɨɟ ɦɟɬɪɨɥɨɝɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ. ɉɨɥɭɱɟɧɧɵɟ ɫɜɟɞɟɧɢɹ  
ɩɨ ɫɩɟɤɬɪɚɥɶɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ ɷɮɮɟɤɬɢɜɧɵɯ ɫɟɱɟɧɢɣ ɩɨɝɥɨɳɟɧɢɹ, ɪɚɫɫɟɹɧɢɹ, ɨɫɥɚɛɥɟɧɢɹ 

ɢɡɥɭɱɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɡɨɥɟɣ. 

Ʉɨɦɩɥɟɤɫ ɨɩɪɨɛɨɜɚɧ ɞɥɹ ɢɡɦɟɪɟɧɢɣ ɢɧɝɪɟɞɢɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
ɧɚ Ɍɗɐ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɨɝɧɟɜɵɯ ɢɫɩɵɬɚɧɢɹɯ ɢ ɩɪɢ ɫɠɢɝɚɧɢɢ ɞɪɟɜɟɫɢɧɵ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɮɭɧɤɰɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɩɪɨɩɭɫɤɚɧɢɹ, ɝɚɡɨɜɚɹ ɮɚɡɚ, ɞɢɫɩɟɪɫɧɚɹ 
ɮɚɡɚ, ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɡɨɥɹ, ɚɧɬɪɨɩɨɝɟɧɧɵɟ ɜɵɛɪɨɫɵ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɧɝɪɟɞɢɟɧɬɨɜ.  
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Abstract. A measuring complex for spectrometric studies of atmospheric anthropo-

genic emissions is considered. The developed measuring complex, used for studying  

the optical characteristics of anthropogenic sols, has full metrological support. The obtained 

data on the spectral dependences of the effective absorption, scattering, and attenuation cross 

sections were used for reconstruct the microstructure of anthropogenic sols. 

The developed measuring complex is tested for measuring the ingredient composition 

of combustion products at CHP in laboratory fire tests and burning wood. 

Key words: spectral transmission function, gas phase, dispersed phase, sol microstructure, 

anthropogenic emissions, concentration of ingredients. 

ȼɜɟɞɟɧɢɟ 

ɉɪɢɪɨɞɧɵɟ ɢ ɚɧɬɪɨɩɨɝɟɧɧɵɟ ɜɵɛɪɨɫɵ ɜ ɚɬɦɨɫɮɟɪɭ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɨɬɪɚɫɥɢ, ɬɪɚɧɫɩɨɪɬɚ, ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɭɠɟ ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɜɥɢɹɸɬ ɧɚ ɪɚɞɢɚɰɢɨɧɧɵɣ ɬɟɩɥɨɨɛɦɟɧ ɜ ɚɬɦɨɫɮɟɪɟ, ɩɨɝɨɞɭ ɢ ɤɥɢɦɚɬ 
Ɂɟɦɥɢ, ɜɪɟɦɟɧɧɵɟ ɬɪɟɧɞɵ ɤɨɬɨɪɵɯ ɩɪɨɹɜɥɹɸɬɫɹ ɭɠɟ ɜ ɧɚɫɬɨɹɳɟɟ  
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ɜɪɟɦɹ [1–3]. ɂɧɮɨɪɦɚɰɢɹ ɩɨ ɢɧɝɪɟɞɢɟɧɬɧɨɦɭ ɫɨɫɬɚɜɭ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɬɨɩɥɢɜ ɧɟɨɛɯɨɞɢɦɚ ɬɚɤɠɟ ɞɥɹ ɪɚɫɱɟɬɨɜ ɪɚɞɢɚɰɢɨɧɧɨɝɨ 
ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɤɚɦɟɪɚɯ ɫɝɨɪɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɷɧɟɪɝɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɭɫɬɚɧɨɜɨɤ. ɇɢɠɟ ɪɚɫɫɦɨɬɪɟɧ ɫɩɟɤɬɪɚɥɶɧɵɣ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ  
ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɧɝɪɟɞɢɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɜɵɛɪɨɫɨɜ 
ɜ ɚɬɦɨɫɮɟɪɭ. 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɧɝɪɟɞɢɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ 
ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɜɵɛɪɨɫɨɜ ɜ ɚɬɦɨɫɮɟɪɭ 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɧɝɪɟɞɢɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ 
ɨɬɨɛɪɚɧɧɵɯ ɩɪɨɛ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɪɚɡɪɚɛɨɬɤɟ ɩɟɪɜɨɣ 
ɜ ɋɋɋɊ ɦɧɨɝɨɯɨɞɨɜɨɣ ɝɚɡɨɜɨɣ ɤɸɜɟɬɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɮɭɧɤɰɢɣ 
ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɩɪɨɩɭɫɤɚɧɢɹ (Ɏɋɉ) ɢɧɝɪɟɞɢɟɧɬɨɜ ɝɚɡɨɜɨɣ ɮɚɡɵ ɚɬɦɨɫɮɟɪɵ 
ɢ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɢ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. 
ɋɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɚɹ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɥɚɛɨɪɚɬɨɪɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɩɨɞɨɝɪɟɜɧɨɣ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ, ɢɫɩɨɥɶɡɭɸɳɢɣ 
ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɦɧɨɝɨɯɨɞɨɜɭɸ ɪɚɛɨɱɭɸ ɤɚɦɟɪɭ ɫ ɜɧɭɬɪɟɧɧɢɦ 
ɢ ɜɧɟɲɧɢɦ ɨɛɨɝɪɟɜɨɦ. ɋɢɫɬɟɦɚ ɨɛɨɝɪɟɜɚ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɧɹɬɶ ɬɟɦɩɟɪɚɬɭɪɭ 
ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 300–900 Ʉ, ɚ ɜɚɤɭɭɦɢɪɨɜɚɧɧɵɟ 
ɦɨɧɨɯɪɨɦɚɬɨɪ ɢ ɨɫɜɟɬɢɬɟɥɶ ɨɛɟɫɩɟɱɢɜɚɸɬ ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ 
ɚɧɚɥɢɡɨɜ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
ɨɬɨɛɪɚɧɧɵɯ ɩɪɨɛ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɩɨɞɨɝɪɟɜɧɨɣ ɪɚɛɨɱɟɣ 
ɤɚɦɟɪɵ ɜɨɡɧɢɤɥɚ ɜɫɥɟɞɫɬɜɢɟ ɩɨɬɪɟɛɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɝɨ 
ɫɨɫɬɚɜɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɜɤɥɸɱɚɸɳɢɯ ɜ ɫɜɨɟɣ ɫɨɫɬɚɜ ɥɟɬɭɱɢɟ ɢ ɧɟɥɟ-

ɬɭɱɢɟ ɜ ɨɛɵɱɧɵɯ ɚɬɦɨɫɮɟɪɧɵɯ ɭɫɥɨɜɢɹɯ ɤɨɦɩɨɧɟɧɬɵ ɫ ɬɟɦɩɟɪɚɬɭɪɚɦɢ 
ɤɨɧɞɟɧɫɚɰɢɢ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 30 ɞɨ 150 ɋ, ɚ ɬɚɤɠɟ ɡɨɥɶɧɭɸ ɮɪɚɤɰɢɸ 
ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ. ȼ ɨɛɵɱɧɵɯ ɚɬɦɨɫɮɟɪɧɵɯ ɭɫɥɨɜɢɹɯ ɦɧɨɝɢɟ ɤɨɦɩɨɧɟɧɬɵ 
ɨɤɚɡɵɜɚɸɬɫɹ ɡɚɯɜɚɱɟɧɧɵɦɢ ɡɨɥɶɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɢɥɢ ɪɚɫɬɜɨɪɹɸɬɫɹ  
ɜ ɤɚɩɥɹɯ ɜɨɞɵ. Ɍɟɦ ɫɚɦɵɦ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɦɢ 
ɬɟɯɧɨɥɨɝɢɹɦɢ ɫɬɚɧɨɜɹɬɫɹ ɧɟɪɟɩɪɟɡɟɧɬɚɬɢɜɧɵɦɢ ɢ ɧɟ ɨɬɪɚɠɚɸɬ ɪɟɚɥɶɧɨɝɨ 
ɢɧɝɪɟɞɢɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ. 

ɉɪɢɦɟɧɟɧɢɟ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɫ ɦɧɨɝɨɯɨɞɨɜɨɣ ɫɯɟɦɨɣ ɩɪɨɯɨɠɞɟɧɢɹ 
ɢɡɥɭɱɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɧɹɬɶ ɞɥɢɧɭ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ (ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 
ɢɡɦɟɪɟɧɢɣ) ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɢɡɦɟɪɟɧɢɣ. ȼ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɞɢɚɩɚɡɨɧ ɞɚɜɥɟɧɢɣ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɲɢɪɟɧ ɡɚ ɫɱɟɬ 
ɪɚɡɛɚɜɥɟɧɢɹ ɩɪɨɛɵ ɢɧɟɪɬɧɵɦ ɨɩɬɢɱɟɫɤɢ ɧɟɚɤɬɢɜɧɵɦ ɝɚɡɨɦ. ȼɵɫɨɤɨɟ 

ɫɩɟɤɬɪɚɥɶɧɨɟ ɪɚɡɪɟɲɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɤɨɦɩɨɧɟɧɬɵ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɨ ɬɨɧɤɨɣ ɫɬɪɭɤɬɭɪɟ ɫɩɟɤɬɪɨɜ ɩɨɝɥɨɳɟɧɢɹ. ɆɏɄ 
ɢɦɟɟɬ ɤɚɤ ɜɧɭɬɪɟɧɧɢɣ, ɬɚɤ ɢ ɜɧɟɲɧɢɣ ɨɛɨɝɪɟɜ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
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ɜɧɟɲɧɟɝɨ ɨɛɨɝɪɟɜɚ ɜɧɭɬɪɟɧɧɹɹ ɩɨɥɨɫɬɶ ɤɸɜɟɬɵ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɬɟɦɩɟ-

ɪɚɬɭɪɵ 120-150 ɋ, ɚ ɜɧɭɬɪɟɧɧɢɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɨɛɨɝɪɟɜ ɩɨɡɜɨɥɹɟɬ 
ɩɨɜɵɫɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɞɨ 800 Ʉ. ȼɧɭɬɪɟɧɧɹɹ ɩɟɱɶ ɫɦɨɧɬɢɪɨɜɚɧɚ 
ɦɟɠɞɭ ɡɟɪɤɚɥɚɦɢ ɨɩɬɢɱɟɫɤɨɣ ɫɤɚɦɶɢ ɍɚɣɬɚ ɆɏɄ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɦ 
ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɦ ɤɨɠɭɯɟ, ɢɡɝɨɬɨɜɥɟɧɧɨɦ ɢɡ ɚɫɛɨɰɟɦɟɧɬɚ, ɩɪɨɤɚɥɟɧɧɨɝɨ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ = 1000 Ʉ. ɇɚ ɬɨɪɰɚɯ ɩɟɱɢ ɩɨɫɬɚɜɥɟɧɵ ɨɬɪɚɠɚɸɳɢɟ 
ɞɢɚɮɪɚɝɦɵ. Ɍɟɦɩɟɪɚɬɭɪɚ ɜɞɨɥɶ ɨɩɬɢɱɟɫɤɨɝɨ ɩɭɬɢ ɥɭɱɚ ɪɚɞɢɚɰɢɢ 
ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɩɹɬɶɸ ɬɟɪɦɨɩɚɪɚɦɢ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ±3 ɋ. ɉɨɫɥɟ 
ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɬɨɪɰɚɯ ɩɟɱɢ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɟё ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɩɪɢ Ɍ = 300 ɋ ɫɨɫɬɚɜɥɹɟɬ ~20 ɋ. 

Ʉɨɧɫɬɪɭɤɰɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɟɱɢ ɢ ɦɧɨɝɨɯɨɞɨɜɨɣ ɤɸɜɟɬɵ ɜɵɩɨɥɧɟɧɚ 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɩɪɢ ɞɚɜɥɟɧɢɹɯ Ɋ < 0,1 Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɝɚɡɨɜɨɣ 
ɫɦɟɫɢ Ɍ ≤ 800 Ʉ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɨɧ ɤɸɜɟɬɵ ɛɥɢɡɤɚ ɤ ɤɨɦɧɚɬɧɨɣ, 
ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɪɩɭɫɚ ɧɟ ɩɪɟɜɨɫɯɨɞɢɬ 80 ɋ. Ʉɨɪɩɭɫ ɤɸɜɟɬɵ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɫɛɨɪɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɢɡɝɨɬɨɜɥɟɧɧɭɸ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ. 
ȼɫɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɭɡɥɵ ɫɨɟɞɢɧɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɝɟɪɦɟɬɢɱɧɵɯ 
ɭɩɥɨɬɧɟɧɢɣ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɡɢɧɨɜɵɯ ɩɥɚɫɬɢɧ. 

ɋɬɟɩɟɧɶ ɧɚɝɪɟɜɚ ɪɟɝɭɥɢɪɭɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɧɚɩɪɹɠɟɧɢɹ, ɩɨɞɜɟɞɟɧɧɨɝɨ 
ɤ ɷɥɟɤɬɪɨɩɟɱɢ ɨɬ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɢɩɚ ȺɈɆɇ-40-220. Ɉɬɤɚɱɤɚ 
ɦɨɞɭɥɟɣ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɢ ɡɚɩɭɫɤ ɢɫɫɥɟɞɭɟɦɨɣ ɫɪɟɞɵ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɚɤɭɭɦɧɨ-ɞɨɡɢɪɭɸɳɟɣ ɫɢɫɬɟɦɨɣ, ɤɨɬɨɪɚɹ ɫɨɟɞɢɧɹɟɬɫɹ 
ɫ ɤɸɜɟɬɨɣ ɫ ɩɨɦɨɳɶɸ ɩɨɞɨɝɪɟɜɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ. 
ɉɟɪɟɞ ɜɜɟɞɟɧɢɟɦ ɩɪɨɛɵ ɜ ɆɏɄ ɩɪɨɛɨɡɚɛɨɪɧɢɤɢ ɩɨɞɨɝɪɟɜɚɸɬɫɹ 
ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ = 150 ɋ. ɉɪɨɛɚ ɜɜɨɞɢɬɫɹ ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɝɪɟɬɭɸ 
ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ = 150 ɋ ɢ ɜɚɤɭɭɦɢɪɨɜɚɧɧɭɸ ɪɚɛɨɱɭɸ ɤɚɦɟɪɭ. 

Ɉɩɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1. Ɉɫɜɟɬɢɬɟɥɶ I 

ɢ ɦɨɧɨɯɪɨɦɚɬɨɪ III ɫ ɩɪɢɟɦɧɨɣ ɤɚɦɟɪɨɣ IV ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɝɨ 
ɫɩɟɤɬɪɨɦɟɬɪɚ ɂɄɋ-31 ɪɚɡɧɟɫɟɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ. ɂɡɥɭɱɟɧɢɟ, 
ɦɨɞɭɥɢɪɨɜɚɧɧɨɟ ɫ ɱɚɫɬɨɬɨɣ f = 12,5 Ƚɰ, ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɧɚɝɪɟɜɚɟɦɭɸ 
ɤɸɜɟɬɭ II ɢ ɡɟɪɤɚɥɚɦɢ 10 ɢ 11 ɮɨɤɭɫɢɪɭɟɬɫɹ ɜ ɩɥɨɫɤɨɫɬɢ ɜɯɨɞɧɨɣ ɳɟɥɢ 
23 ɦɨɧɨɯɪɨɦɚɬɨɪɚ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɜ ɮɨɤɭɫɟ ɫɮɟɪɢɱɟɫɤɨɝɨ ɡɟɪɤɚɥɚ 
15 (I). Ɂɟɪɤɚɥɚɦɢ 13 ɢ 15 (I) ɢɡɥɭɱɟɧɢɟ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɞɢɮɪɚɤɰɢɨɧɧɭɸ 
ɪɟɲɟɬɤɭ 14. ɉɨɫɥɟ ɞɢɮɪɚɤɰɢɢ ɩɭɱɨɤ ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɭɱɟɣ ɫɨɛɢɪɚɟɬɫɹ 
ɫɮɟɪɢɱɟɫɤɢɦ ɡɟɪɤɚɥɨɦ 15 (II) ɢ ɧɚɩɪɚɜɥɹɟɬɫɹ ɩɨɜɨɪɨɬɧɵɦ ɡɟɪɤɚɥɨɦ 16 
ɜ ɩɪɢɟɦɧɭɸ ɤɚɦɟɪɭ IV ɢ ɞɚɥɟɟ ɡɟɪɤɚɥɨɦ 18 – ɧɚ ɩɪɢɟɦɧɭɸ ɩɥɨɳɚɞɤɭ 
ɩɪɢёɦɧɢɤɚ 20 ɜ ɦɨɞɭɥɟ ɩɪɢёɦɧɢɤɨɜ ɢɡɥɭɱɟɧɢɹ V. Ⱦɥɹ ɫɪɟɡɚɧɢɹ ɫɩɟɤɬɪɨɜ 
ɧɚɥɚɝɚɸɳɢɯɫɹ ɩɨɪɹɞɤɨɜ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɢ ɩɨɫɥɟ ɜɵɯɨɞɧɨɣ ɳɟɥɢ 
ɦɨɧɨɯɪɨɦɚɬɨɪɚ ɭɫɬɚɧɨɜɥɟɧ ɛɥɨɤ ɫɦɟɧɧɵɯ ɨɬɪɟɡɚɸɳɢɯ ɫɜɟɬɨɮɢɥɶɬɪɨɜ 17. 
ɉɪɢɦɟɧɹɥɚɫɶ ɝɪɚɮɢɱɟɫɤɚɹ ɮɨɪɦɚ ɪɟɝɢɫɬɪɚɰɢɢ ɫɩɟɤɬɪɨɜ ɨɫɥɚɛɥɟɧɢɹ 
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ɢɡɥɭɱɟɧɢɹ. ɋɩɟɤɬɪɚɥɶɧɚɹ ɨɛɥɚɫɬɶ ɪɚɛɨɬɵ ɫɩɟɤɬɪɨɦɟɬɪɚ ɂɄɋ-31 ɛɵɥɚ 
ɪɚɫɲɢɪɟɧɚ ɡɚ ɫɱɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɤɨɦɩɥɟɤɬɚɰɢɢ ɞɢɮɪɚɤɰɢɨɧɧɵɦɢ 
ɪɟɲɟɬɤɚɦɢ, ɫɦɟɧɧɵɦɢ ɩɪɢёɦɧɢɤɚɦɢ ɢɡɥɭɱɟɧɢɹ, ɨɬɪɟɡɚɸɳɢɦɢ 
ɢ ɩɨɥɨɫɨɜɵɦɢ ɫɜɟɬɨɮɢɥɶɬɪɚɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɟɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ 
ɜ ɫɩɟɤɬɪɚɥɶɧɨɦ ɞɢɚɩɚɡɨɧɟ 0,25–50 ɦɤɦ ɫ ɩɪɟɞɟɥɨɦ ɫɩɟɤɬɪɚɥɶɧɨɝɨ 
ɪɚɡɪɟɲɟɧɢɹ Δ𝜈 = 0,2 ɫɦ–1

. 

 

Ɋɢɫ. 1. Ɉɩɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ: 2–5 – ɡɟɪɤɚɥɚ ɨɩɬɢɱɟɫɤɨɣ 
ɩɪɢɫɬɚɜɤɢ ɨɫɜɟɬɢɬɟɥɹ I ɫ ɢɫɬɨɱɧɢɤɨɦ ɢɡɥɭɱɟɧɢɹ 1 (ɝɥɨɛɚɪɚ); 8–11 – ɡɟɪɤɚɥɚ ɨɩɬɢɱɟɫɤɨɣ 
ɩɪɢɫɬɚɜɤɢ ɞɥɹ ɫɨɝɥɚɫɨɜɚɧɢɹ ɆɏɄ II ɫ ɨɫɜɟɬɢɬɟɥɟɦ I; 12, 19 – ɡɚɳɢɬɧɵɟ ɨɤɧɚ ɦɨɞɭɥɟɣ 
ɤɚɦɟɪɵ ɫɩɟɤɬɪɨɦɟɬɪɚ ɂɄɋ-31; 6, 7 – ɩɟɪɟɞɧɟɟ ɢ ɡɚɞɧɢɟ ɫɮɟɪɢɱɟɫɤɢɟ ɡɟɪɤɚɥɚ 
ɨɩɬɢɱɟɫɤɨɣ ɫɤɚɦɶɢ ɍɚɣɬɚ ɆɏɄ-1; 21 – ɬɟɪɦɨɩɚɪɵ; 22 – ɨɤɭɥɹɪ ɞɥɹ ɧɚɛɥɸɞɟɧɢɹ ɱɢɫɥɚ  
                               ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɩɪɨɯɨɠɞɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɜ ɆɏɄ 

 

Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɥɚɛɨɪɚɬɨɪɢɹ ɛɵɥɚ ɢɫɩɵɬɚɧɚ ɩɪɢ ɢɡɦɟɪɟɧɢɹɯ ɫɨɫɬɚɜɚ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɬɨɩɥɢɜɚ, ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
ɫɨɫɧɨɜɨɝɨ ɛɪɭɫɚ ɜ ɦɨɞɟɥɶɧɵɯ ɨɝɧɟɜɵɯ ɢɫɩɵɬɚɧɢɹɯ ɜ ɤɚɦɟɪɚɯ ɫɝɨɪɚɧɢɹ  
[5–8], ɜ ɧɚɬɭɪɧɵɯ ɨɝɧɟɜɵɯ ɢɫɩɵɬɚɧɢɹɯ ɮɪɚɝɦɟɧɬɚ ɡɞɚɧɢɹ ɫɢɫɬɟɦɵ 
«ɉɅȺɋɌȻȺɍ» [8]. ȼ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ ɢɡɦɟɪɟɧɢɹ ɜɵɩɨɥɧɹɥɢɫɶ ɜ ɬɟɱɟɧɢɟ 
ɜɫɟɝɨ ɩɟɪɢɨɞɚ ɩɨɠɚɪɚ ɩɪɢ ɩɨɥɧɨɦ ɤɨɧɬɪɨɥɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɜ ɬɨɱɤɚɯ 
ɨɬɛɨɪɚ ɩɪɨɛ ɢ ɜ ɨɤɪɟɫɬɧɨɫɬɹɯ ɨɝɧɟɜɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɇɨɧɢɬɨɪɢɧɝ 
ɢɧɝɪɟɞɢɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɦɟɬɨɞɨɦ 
ɬɨɧɤɨɫɬɪɭɤɬɭɪɧɨɣ ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɫ ɦɨɦɟɧɬɚ ɡɚɝɨɪɚɧɢɹ ɞɨ ɤɨɧɰɚ ɩɨɠɚɪɚ. 
ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɨɛɧɚɪɭɠɟɧɵ 
ɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ 34 ɨɩɬɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɢɧɝɪɟɞɢɟɧɬɨɜ, ɛɨɥɶɲɭɸ 
ɱɚɫɬɶ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɸɬ ɥɟɬɭɱɢɟ ɢ ɬɹɠɟɥɵɟ ɫɥɚɛɨɥɟɬɭɱɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ. 

ɇɚ ɪɢɫ. 2 ɢɥɥɸɫɬɪɢɪɭɟɬɫɹ ɩɪɢɦɟɪ ɡɚɩɢɫɢ ɫɩɟɤɬɪɨɝɪɚɦɦɵ ɨɫɥɚɛɥɟɧɢɹ 
ɢɡɥɭɱɟɧɢɹ ɩɪɨɞɭɤɬɚɦɢ ɫɝɨɪɚɧɢɹ ɫɨɫɧɨɜɨɝɨ ɛɪɭɫɚ ɩɪɢ ɝɨɪɟɧɢɢ ɜ ɫɜɨɛɨɞɧɨɣ 
ɚɬɦɨɫɮɟɪɟ (ɤɪɢɜɚɹ 1) ɜ ɫɩɟɤɬɪɚɥɶɧɨɦ ɞɢɚɩɚɡɨɧɟ 3,9–5,5 ɦɤɦ. Ⱦɥɹ ɩɨɥɭ-

ɱɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɡɚɩɢɫɵɜɚɟɬɫɹ ɛɚɡɨɜɚɹ 
ɥɢɧɢɹ (ɤɪɢɜɚɹ 2) ɨɫɜɟɬɢɬɟɥɹ ɩɪɢ ɜɚɤɭɭɦɢɪɨɜɚɧɧɨɣ ɆɏɄ ɢ ɛɚɡɨɜɚɹ ɥɢɧɢɹ 



 

78 

ɞɥɹ ɪɚɫɱɟɬɚ ɫɩɟɤɬɪɚ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɝɚɡɨɜɨɣ ɮɚɡɨɣ ɨɬɨɛɪɚɧɧɨɣ 
ɩɪɨɛɵ (ɤɪɢɜɚɹ 3). ɋɩɟɤɬɪɚɥɶɧɚɹ ɮɭɧɤɰɢɹ ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɡɨɥɟɦ 

,/ 23 vvvs jj  ɮɭɧɤɰɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɩɪɨɩɭɫɤɚɧɢɹ ɝɚɡɨɜɨɣ ɮɚɡɵ 

vvva jj 31 / . ɇɢɠɟ ɨɫɬɚɧɨɜɢɦɫɹ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɨɩɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟ-

ɪɢɫɬɢɤ ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɚɬɦɨɫɮɟɪɧɵɯ 
ɜɵɛɪɨɫɨɜ. 

 

Ɋɢɫ. 2. ɋɩɟɤɬɪɨɝɪɚɦɦɚ ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɩɪɨɞɭɤɬɚɦɢ ɫɝɨɪɚɧɢɹ ɫɨɫɧɨɜɨɝɨ ɛɪɭɫɚ 
ɩɪɢ ɝɨɪɟɧɢɢ ɜ ɫɜɨɛɨɞɧɨɣ ɚɬɦɨɫɮɟɪɟ: 1 – ɜ ɫɩɟɤɬɪɚɥɶɧɨɦ ɞɢɚɩɚɡɨɧɟ 3,9–5,5 ɦɤɦ;  

    2 – ɛɚɡɨɜɚɹ ɥɢɧɢɹ ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ; 3 – ɛɚɡɨɜɚɹ ɥɢɧɢɹ ɩɨɝɥɨɳɟɧɢɹ ɢɡɥɭɱɟɧɢɹ 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɩɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɧɬɪɨɩɨɝɟɧɧɵɯ ɡɨɥɟɣ 

ɋɩɟɤɬɪɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ 
ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɨɣ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɪɚɡɞɟɥɢɬɶ ɟɟ ɧɚ ɮɪɚɤɰɢɢ, 
ɨɬɜɟɱɚɸɳɢɟ ɦɟɯɚɧɢɡɦɚɦ ɢɯ ɝɟɧɟɪɚɰɢɢ: ɡɨɥɶ ɦɢɧɟɪɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɱɚɫɬɢɰ ɬɨɩɥɢɜɚ; ɮɪɚɤɰɢɹ, ɜɵɡɜɚɧɧɚɹ ɥɨɩɚɧɢɟɦ ɩɥɟɧɨɤ ɩɪɢ ɞɟɝɚɡɚɰɢɢ 
ɝɨɪɹɳɢɯ ɱɚɫɬɢɰ ɬɨɩɥɢɜɚ; ɮɪɚɤɰɢɹ, ɝɟɧɟɪɢɪɭɟɦɚɹ ɦɟɯɚɧɢɡɦɨɦ ɢɨɧɧɨɣ 
ɧɭɤɥɟɚɰɢɢ ɱɚɫɬɢɰ ɫɚɠɢ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ.  

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɚɬɦɨɫɮɟɪɧɵɯ ɜɵɛɪɨɫɨɜ ɚɧɬɪɨɩɨɝɟɧɧɨɝɨ ɫɚɠɟɜɨɝɨ 
ɡɨɥɹ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ: ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɬɨɩɥɢɜɚ, ɜɪɟɦɟɧɢ 
ɩɪɟɛɵɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɩɥɚɦёɧɧɨɣ ɡɨɧɟ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɫɤɨɪɨɫɬɶ ɤɨɚɝɭɥɹɰɢɢ 
ɢ ɚɝɥɨɦɟɪɚɰɢɢ ɩɟɪɜɢɱɧɨɝɨ ɫɚɠɟɜɨɝɨ ɡɨɥɹ. Ɇɟɯɚɧɢɡɦɵ ɨɛɪɚɡɨɜɚɧɢɹ 
ɫɚɠɟɜɨɝɨ ɡɨɥɹ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɧɚ ɩɥɚɦёɧɧɵɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɤɨɦɩɥɟɤɫɚɯ, 
ɪɚɛɨɬɚɸɳɢɯ ɜ ɪɟɠɢɦɚɯ ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɢ ɫɩɟɤɬɪɨɪɚɞɢɨɦɟɬɪɢɢ, ɨɩɢɫɚɧɧɵɯ 
ɜ [4]. Ƚɨɦɨɝɟɧɧɚɹ ɤɨɚɝɭɥɹɰɢɹ ɱɚɫɬɢɰ ɡɨɥɹ ɨɩɢɫɵɜɚɟɬɫɹ ɩɪɨɫɬɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ 
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krr n                                   (1) 

ɝɞɟ k  – ɤɨɷɮɮɢɰɢɟɧɬ ɛɪɨɭɧɨɜɫɤɨɣ ɤɨɚɝɭɥɹɰɢɢ, 0n  – ɱɢɫɥɨ ɱɚɫɬɢɰ ɜ ɟɞɢɧɢɰɟ 

ɨɛɴɟɦɚ, 1  – ɜɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɪɚɞɢɭɫ ɱɚɫɬɢɰ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɞɜɚ 

ɪɚɡɚ. 
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Ⱦɥɹ ɝɟɬɟɪɨɝɟɧɧɨɣ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ ɤɨɚɝɭɥɹɰɢɢ ɱɚɫɬɢɰ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɢɫɥɚ ɱɚɫɬɢɰ   trf  ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 
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ɝɞɟ   trf  – ɜɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɢɫɥɚ ɱɚɫɬɢɰ 
ɩɨ ɪɚɡɦɟɪɚɦ; i  – ɧɨɦɟɪ ɮɪɚɤɰɢɢ; ik  – ɤɨɷɮɮɢɰɢɟɧɬ ɛɪɨɭɧɨɜɫɤɨɣ 
ɤɨɚɝɭɥɹɰɢɢ ɞɥɹ ɤɨɦɩɨɧɟɧɬɚ i ; 

ki
k  – ɤɨɷɮɮɢɰɢɟɧɬ ɛɪɨɭɧɨɜɫɤɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɱɚɫɬɢɰ ɪɚɡɧɵɯ ɮɪɚɤɰɢɣ ki, . 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɫɱɟɬɨɜ   trf  ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ 
ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɜ ɪɚɫɱɟɬɚɯ ɩɨ ɜɪɟɦɟɧɢ ɫ ɲɚɝɨɦ t . 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚ ɤɨɚɝɭɥɹɰɢɸ ɱɚɫɬɢɰ ɡɨɥɹ ɫɢɥɶɧɨɟ 
ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɸɬ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɱɚɫɬɢɰ. 

ɉɪɢ ɝɨɪɟɧɢɢ ɝɚɡɨɜɨɝɨ ɬɨɩɥɢɜɚ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɟɟ ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɣ 
ɡɨɥɶ ɫ ɦɨɞɚɥɶɧɵɦ ɪɚɞɢɭɫɨɦ mr 0,003 ɦɤɦ ɩɪɢ ɫɠɢɝɚɧɢɢ ɦɟɬɚɧɚ. 
ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɨɬɧɨɲɟɧɢɹ ɋ/ɇ ɦɨɥɟɤɭɥ ɭɝɥɟɜɨɞɨɪɨɞɚ ɦɨɞɚɥɶɧɵɣ ɪɚɞɢɭɫ 

mr  ɱɚɫɬɢɰ ɫɚɠɢ ɜɨɡɪɚɫɬɚɟɬ. 
Ɉɩɬɢɦɢɡɚɰɢɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɡɨɥɹ 

ɢɡ ɫɩɟɤɬɪɨɜ ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɩɪɨɜɨɞɢɬɫɹ ɢɡ ɭɫɥɨɜɢɹ: 

min








i ia

ia
,                                           (3) 

ɝɞɟ ia  – ɨɬɤɥɨɧɟɧɢɟ ɜ ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɨɫɥɚɛɥɟɧɢɹ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɫɩɟɤɬɪɚ 

ia  ɨɬ ɢɡɦɟɪɟɧɧɨɝɨ; i – ɧɨɦɟɪ 
ɤɚɧɚɥɚ ɢɡɦɟɪɟɧɢɣ. 

ɉɪɨɰɟɞɭɪɚ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɚɠɟɜɨɝɨ ɡɨɥɹ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ. Ɂɚɞɚɟɬɫɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɛɚɡɵ 
ɞɚɧɧɵɯ ɧɭɥɟɜɵɯ ɩɪɢɛɥɢɠɟɧɢɣ ɢ ɝɚɦɦɚ-ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɡɧɚɱɟɧɢɣ 

0 ( 0,55 ɦɤɦ) 1      . ȼɵɛɢɪɚɟɬɫɹ ɧɭɥɟɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɷɮɮɟɤɬɢɜɧɵɟ ɫɟɱɟɧɢɹ ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɞɥɹ ɜɵɛɪɚɧɧɵɯ ɤɚɧɚɥɨɜ 

(ɞɥɢɧ ɜɨɥɧ). ȼɵɱɢɫɥɹɸɬɫɹ ɜɟɥɢɱɢɧɵ 






i ia

ia
 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɩɬɢɱɟɫɤɨɣ 

ɬɨɥɳɢɧɵ i  ɜɵɛɪɚɧɧɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ N1(r) [8] ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ 

min , ɞɥɹ ɤɨɬɨɪɨɝɨ min








i ia

ia . Ⱦɚɥɟɟ ɜɵɱɢɫɥɹɟɬɫɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ 

N(r) ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ: 

min1min0 )()1)(()(  rNrNrN .                             (4) 
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ɉɨɥɭɱɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ N(r) ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɧɭɥɟɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ 
ɢ ɩɪɨɰɟɞɭɪɚ ɩɨɜɬɨɪɹɟɬɫɹ ɞɥɹ ɫɥɟɞɭɸɳɟɣ ɜɵɛɨɪɤɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ. 
ɉɪɨɰɟɞɭɪɚ ɨɩɪɟɞɟɥɟɧɢɹ N(r) ɡɚɜɟɪɲɚɟɬɫɹ ɩɨɫɥɟ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪ ɝɚɦɦɚ-ɪɚɫɩɪɟɞɟɥɟɧɢɣ [8]. ɉɨɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ 

ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ 
i

i



 ɩɨ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɦ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚɦ 

ɫɨɫɬɚɜɥɹɟɬ 3–4 %. 

ɇɚ ɪɢɫ. 3 ɩɪɢɜɟɞɟɧɵ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɢɫɥɚ ɱɚɫɬɢɰ 
ɩɨ ɪɚɡɦɟɪɚɦ ɞɥɹ ɦɟɬɚɧ-ɜɨɡɞɭɲɧɨɝɨ, ɩɪɨɩɚɧ-ɜɨɡɞɭɲɧɨɝɨ, ɚɰɟɬɢɥɟɧ-

ɜɨɡɞɭɲɧɨɝɨ ɩɥɚɦёɧ, ɜ ɜɵɛɪɨɫɚɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɛɟɧɡɢɧɨɜɨɝɨ 
ɞɜɢɝɚɬɟɥɹ ɢ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɫɨɫɧɨɜɨɝɨ ɛɪɭɫɚ. ɇɨɪɦɢɪɨɜɤɚ f(r) 

ɜɵɩɨɥɧɟɧɚ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ   1 drrf . 

 

 

 
 

Ɋɢɫ. 3. Ɏɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ f(r) ɱɢɫɥɚ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ: r – ɪɚɞɢɭɫ ɱɚɫɬɢɰ. 

ɉɥɚɦёɧɚ: А – ɦɟɬɚɧ-ɜɨɡɞɭɲɧɨɟ; В – ɩɪɨɩɚɧ-ɛɭɬɚɧ-ɜɨɡɞɭɲɧɨɟ; ɋ – ɚɰɟɬɢɥɟɧ-ɜɨɡɞɭɲɧɨɟ; 

1 – ɜ ɜɵɛɪɨɫɚɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɛɟɧɡɢɧɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ; 2 – ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ  
                                                            ɫɨɫɧɨɜɨɝɨ ɛɪɭɫɚ 
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Ʉɪɨɦɟ ɫɚɠɟɜɨɝɨ ɡɨɥɹ, ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɚɫɛɟɫɬɨɜɨɝɨ ɡɨɥɹ, 
ɤɨɬɨɪɵɣ ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɥɨɠɟɧɢɹ ɚɫɛɨɰɟɦɟɧɬɧɵɯ ɫɬɪɨɣ-

ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ Ɍ > 500 ɋ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɧɚ ɪɢɫ. 4, ɢɡ ɤɨɬɨɪɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɨɛɪɚɡɭɸɳɢɣɫɹ ɚɫɛɟɫɬɨɜɵɣ ɡɨɥɶ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɤɚɥɢɜɚɧɢɹ ɚɫɛɨɰɟɦɟɧɬɧɵɯ ɩɥɢɬ ɹɜɥɹɟɬɫɹ ɬɨɧɤɨ-

ɞɢɫɩɟɪɫɧɵɦ ɢ ɫɢɥɶɧɨ ɝɢɝɪɨɫɤɨɩɢɱɧɵɦ, ɚ ɟɝɨ ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ 
ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ. 

 

Ɋɢɫ. 4. ɇɨɪɦɢɪɨɜɚɧɧɵɣ ɫɩɟɤɬɪɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ 
a  ɚɫɛɟɫɬɨɜɨɝɨ ɡɨɥɹ 

ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɜɥɚɠɧɨɫɬɢ f ɜɨɡɞɭɯɚ, ɝɞɟ  ɚ – ɤɪɢɜɚɹ ɪɨɫɬɚ        
                                                    ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ 
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Ⱥɧɧɨɬɚɰɢɹ. ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɨ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɭɫɢɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɫɟɬɢ ɇɨɜɨɫɢɛɢɪɫɤɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ, ɩɨɜɵɲɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɷɥɟɤɬɪɢ-
ɱɟɫɤɨɣ ɫɟɬɢ ɩɪɢ ɜɵɞɚɱɟ ɦɨɳɧɨɫɬɢ ɫ ɷɬɨɣ Ɍɗɐ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ. Ɋɚɫɫɦɨɬɪɟɧ ɜɚɪɢɚɧɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ 110 ɤȼ ɫ ɭɩɪɚɜɥɹɟɦɵɦ ɬɨɤɨɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɪɟɚɤɬɨɪɨɦ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ, ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ ɪɟɠɢɦ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ, ɚɜɬɨɦɚɬɢɤɚ ɨɝɪɚɧɢɱɟɧɢɹ ɩɟɪɟɝɪɭɡɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
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