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ɊȺɁȾȿɅ III 
ɋɌɊɈɂɌȿɅɖɋɌȼɈ ɂ ȺɊɏɂɌȿɄɍɌɊȺ  

 

ɍȾɄ 625.73 
 

ɋɈɋɌɈəɇɂȿ ɉɊɈȻɅȿɆɕ ɍɑȿɌȺ ȾɂɇȺɆɂɑȿɋɄɂɏ ɉɊɈɐȿɋɋɈȼ 
ȼ ɊȺɋɑȿɌȺɏ ȾɈɊɈɀɇɕɏ ɈȾȿɀȾ ȺȼɌɈɆɈȻɂɅɖɇɕɏ ȾɈɊɈȽ  

ɇȺ ɉɊɈɑɇɈɋɌɖ 
 

Ⱥ.ɘ. Ȼɚɠɟɧɨɜɚ, Ⱥ.ȼ. ɋɦɢɪɧɨɜ 
ɎȽȻɈɍ ȼɈ ɋɢɛȺȾɂ, Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ. 

 

Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɩɪɟɞɩɨɫɵɥɤɢ ɤ ɟɞɢɧɨɦɭ ɦɟɬɨɞɭ ɪɚɫɱɟɬɚ 
ɤɨɧɫɬɪɭɤɰɢɣ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɜɨɡɛɭɠɞɟɧɢɢ ɜ 
ɧɢɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɨɬ ɩɨɞɜɢɠɧɨɣ ɬɪɚɧɫɩɨɪɬɧɨɣ ɧɚɝɪɭɡɤɢ. ɉɨɤɚɡɚɧɚ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɟɬɚ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɪɚɫɱɟɬɚɯ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ ɩɨ ɞɟɫɹɬɢ 
ɩɚɪɚɦɟɬɪɚɦ ɢ ɩɨɤɚɡɚɬɟɥɹɦ. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɭɫɥɨɠɧɹɟɬ ɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 
ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɢ ɩɨɤɚɡɚɬɟɥɹɦ, ɨɞɧɚɤɨ ɩɪɢɜɧɨɫɢɬ ɜ ɧɟɝɨ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ 
ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɚɡɜɢɬɢɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɤɚɠɞɨɦ ɫɥɨɟ ɦɧɨɝɨɫɥɨɣɧɨɣ 
ɤɨɧɫɬɪɭɤɰɢɢ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ. Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɞɨɫɬɢɝɚɟɬɫɹ ɪɚɫɱɟɬɨɦ ɩɚɪɚɦɟɬɪɨɜ 
ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɜɨ ɜɪɟɦɟɧɢ ɫ ɲɚɝɨɦ ɨɬ 0,1 ɞɨ 0,001 ɫ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ ɧɚɝɪɭɡɤɢ. 

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɠɟɫɬɤɨɫɬɶ ɛɢɬɭɦɚ, ɜɹɡɤɨɫɬɶ, ɞɢɧɚɦɢɱɟɫɤɢɣ ɩɪɨɝɢɛ ɞɨɪɨɠɧɨɣ 
ɨɞɟɠɞɵ, ɫɤɨɪɨɫɬɶ ɢ ɭɫɤɨɪɟɧɢɹ ɤɨɥɟɛɚɧɢɣ, ɱɚɫɬɨɬɚ. 

 
ȼɜɟɞɟɧɢɟ 
Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɛɵɫɬɪɨ ɦɟɧɹɸɳɢɟɫɹ ɜɨ ɜɪɟɦɟɧɢ ɩɨɥɹ 
ɧɚɩɪɹɠɟɧɢɣ ɢ ɞɟɮɨɪɦɚɰɢɣ ɩɪɢ 
ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɢɥɢ ɭɞɚɪɧɨɦ ɧɚɝɪɭɠɟɧɢɢ 
ɫɥɨɢɫɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ 
ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ 
ɩɨɞɜɢɠɧɨɣ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɝɪɭɡɤɨɣ ɨɬ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ. 

ɉɪɨɹɜɥɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɩɪɨɞɨɥɶɧɨɣ 
ɜɨɥɧɵ ɫɠɢɦɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, 
ɩɪɨɧɢɤɚɸɳɟɣ ɜɨ ɜɫɟ ɫɥɨɢ ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ 
ɫ ɩɨɫɬɟɩɟɧɧɵɦ ɡɚɬɭɯɚɧɢɟɦ ɢ ɩɨɪɨɠɞɚɸɳɟɣ 
ɩɨɩɟɪɟɱɧɵɟ ɜɨɥɧɵ ɪɚɫɲɢɪɟɧɢɹ (ɫɞɜɢɝɚ). ɗɬɢ 
ɜɨɥɧɵ ɩɨɪɨɠɞɚɸɬ ɜɟɪɬɢɤɚɥɶɧɵɟ ɢ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɜ ɫɥɨɹɯ 
ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ  
ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɧɟɫɬɚɰɢɨɧɚɪɧɨɦ 
ɤɨɥɟɛɚɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ Д1Ж. 

ȼɩɟɪɜɵɟ ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɨɛɥɟɦɵ ɭɱɟɬɚ 
ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ 
ɞɨɪɨɝɚɯ ɨɬ ɩɨɞɜɢɠɧɨɣ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ, 
ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɘ.Ɇ. əɤɨɜɥɟɜɵɦ Д1Ж ɢ        
Ⱥ.ȼ. ɋɦɢɪɧɨɜɵɦ Д2Ж ɩɭɬɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
ɪɟɝɢɫɬɪɚɰɢɢ ɤɨɥɟɛɚɧɢɣ ɤɨɧɫɬɪɭɤɰɢɣ 
ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɩɪɢ ɞɟɣɫɬɜɢɢ ɭɞɚɪɧɵɯ ɢ 
ɩɨɞɜɢɠɧɵɯ ɧɚɝɪɭɡɨɤ.  

ɘ.Ɇ. əɤɨɜɥɟɜɵɦ ɩɨɤɚɡɚɧɨ, ɱɬɨ, ɩɪɢ 
ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɨɞɜɢɠɧɵɯ ɧɚɝɪɭɡɨɤ 
ɛɨɥɟɟ 55 ɤɦ/ɱ ɢ ɜɪɟɦɟɧɢ ɭɞɚɪɧɨɝɨ ɧɚɝɪɭɠɟɧɢɹ 

ɧɟɠɟɫɬɤɢɯ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ 0,022 ɫ ɢ ɦɟɧɟɟ, 
ɞɨɪɨɠɧɚɹ ɨɞɟɠɞɚ ɫɬɚɧɨɜɢɬɫɹ ɭɩɪɭɝɨɣ.  

Ⱥ.ȼ. ɋɦɢɪɧɨɜɵɦ ɭɫɬɚɧɨɜɥɟɧ ɭɩɪɭɝɢɣ 
ɤɨɥɟɛɚɬɟɥɶɧɵɣ ɜɨɥɧɨɨɛɪɚɡɧɵɣ ɩɪɨɰɟɫɫ ɜ 
ɤɨɧɫɬɪɭɤɰɢɹɯ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ ɩɪɢ 
ɜɨɡɞɟɣɫɬɜɢɢ ɩɨɞɜɢɠɧɨɣ ɧɚɝɪɭɡɤɢ ɨɬ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɩɪɢ ɫɤɨɪɨɫɬɢ 40 ɤɦ/ɱ ɢ 
ɛɨɥɟɟ. ɇɟɨɞɧɨɤɪɚɬɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 
ɩɨɞɬɜɟɪɠɞɚɥɢ ɭɩɪɭɝɢɣ ɯɚɪɚɤɬɟɪ ɪɚɛɨɬɵ 
ɫɥɨɢɫɬɵɯ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɢ 
ɰɟɦɟɧɬɨɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɣ M. SХКМСЭК Д3Ж, 
GüЧЭСОr BКЮЦ Д4Ж, L.А. EаОrs Д5Ж, Dr. H. Just [6] 
ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɭɞɚɪɧɵɯ ɢ ɩɨɞɜɢɠɧɵɯ 
ɧɚɝɪɭɡɨɤ. 

ɉɪɟɞɩɨɫɵɥɤɢ ɤ ɭɱɟɬɭ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɜ ɊɎ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɟ ɩɨɤɪɵɬɢɹ ɢ ɨɫɧɨɜɚɧɢɹ 
ɞɨɪɨɝ ɫɤɥɨɧɧɵ ɩɪɨɹɜɥɹɬɶ ɭɩɪɭɝɨ-ɜɹɡɤɢɟ 
ɫɜɨɣɫɬɜɚ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
ɛɢɬɭɦɧɵɯ ɩɥɟɧɨɤ ɜ ɚɫɮɚɥɶɬɨɛɟɬɨɧɟ ɢ 
ɜɪɟɦɟɧɢ ɢɯ ɧɚɝɪɭɠɟɧɢɹ. Ɏɭɧɞɚɦɟɧɬɚɥɶɧɨɫɬɶ 
ɷɬɢɯ ɫɜɨɣɫɬɜ ɩɨɤɚɡɚɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ȼɚɧ 
ɞɟɪ ɉɨɥɹ Д7Ж. 

ɉɨɡɞɧɟɟ Ȼ.ɋ. Ɋɚɞɨɜɫɤɢɣ ɢ Ȼ.Ȼ. Ɍɟɥɬɚɟɜ 
ɨɰɟɧɢɥɢ ɪɨɥɶ ɜɹɡɤɨɫɬɢ ɢ ɭɩɪɭɝɨɫɬɢ ɜ ɨɛɳɟɣ 
ɞɟɮɨɪɦɚɬɢɜɧɨɫɬɢ ɚɫɮɚɥɶɬɨɜɵɯ ɛɟɬɨɧɨɜ, ɚ 
ɉɪɢɜɚɪɧɢɤɨɜ Ⱥ.Ʉ. ɢ Ɋɚɞɨɜɫɤɢɣ Ȼ.ɋ. Д8Ж 
ɫɨɡɞɚɥɢ ɫɯɟɦɭ ɪɚɫɱɟɬɚ ɜɹɡɤɨ-ɭɩɪɭɝɨɝɨ 
ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɨɫɧɨɜɚɧɢɹ ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɩɨɞɜɢɠɧɨɣ ɧɚɝɪɭɡɤɢ. 



ɋɌɊɈɂɌȿɅɖɋɌȼɈ ɂ ȺɊɏɂɌȿɄɌɍɊȺ 

 

Веɫɬɧиɤ СиɛАДИ, ɜыɩɭɫɤ 4 (50), 2016                                                                            97 

Ɍɢɩɢɱɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɩɪɭɝɢɯ ɢ ɜɹɡɤɢɯ 
ɫɜɨɣɫɬɜ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɩɪɢɜɟɞɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 1 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 15° ɋ. ɉɪɢ ɦɚɥɨɦ 
ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ ɩɨɫɬɨɹɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɢ 
Э→0 ɦɨɞɭɥɶ ɠɟɫɬɤɨɫɬɢ ɨɛɪɚɳɚɟɬɫɹ ɜ 
ɦɝɧɨɜɟɧɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ. ɉɪɢ Э→, ɬɨ 
ɟɫɬɶ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ 
ɧɚɩɪɹɠɟɧɢɣ, ɜɨɡɪɚɫɬɚɟɬ ɜɤɥɚɞ ɜɹɡɤɨɝɨ 
(ɧɶɸɬɨɧɨɜɫɤɨɝɨ) ɬɟɱɟɧɢɹ ɜ ɞɟɮɨɪɦɚɰɢɸ ɢ 
ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ. 
Ɉɛɥɚɫɬɶ, ɨɝɪɚɧɢɱɟɧɧɚɹ ɤɪɢɜɨɣ ɪɢɫɭɧɤɚ 1 ɢ 
ɞɜɭɦɹ ɤɚɫɚɬɟɥɶɧɵɦɢ ɤ ɧɟɣ (ɩɭɧɤɬɢɪɧɵɟ 
ɥɢɧɢɢ) ɟɫɬɶ ɨɛɥɚɫɬɶ ɤɨɦɩɥɟɤɫɧɨɝɨ ɦɨɞɭɥɹ 
ɭɩɪɭɝɨɫɬɢ. ȼɫɟ ɬɨɱɤɢ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 
ɤɚɫɚɬɟɥɶɧɨɣ ɢ ɜɵɲɟ ɟɟ – ɷɬɨ ɡɧɚɱɟɧɢɹ 
ɦɝɧɨɜɟɧɧɨɝɨ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ. ɂɫɩɵɬɚɧɢɹ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧɨɜ ɩɪɢ ɜɪɟɦɟɧɢ ɞɟɣɫɬɜɢɹ 
ɧɚɩɪɹɠɟɧɢɣ ɞɨ 0,02 ɫ, ɜɵɩɨɥɧɟɧɧɵɟ               
Ɋ. Ƚɟɪɢɤɟ Д9Ж ɧɚ ɩɭɥɶɫɚɬɨɪɟ ɧɚ 
ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɛɚɥɨɱɤɚɯ, P. PТХг Д9Ж ɞɥɹ 

ɬɪɟɯ ɬɢɩɨɜ ɚɫɮɚɥɶɬɨɛɟɬɨɧɨɜ, ɚ ɬɚɤɠɟ       
ɘ.Ɇ. əɤɨɜɥɟɜɵɦ Д1Ж ɭɞɚɪɧɨɣ ɧɚɝɪɭɡɤɨɣ, 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɤɚɫɚɬɟɥɶɧɨɣ (ɫɦ. ɪɢɫ. 1) ɢ 
ɨɬɧɨɫɹɬɫɹ ɤ ɦɝɧɨɜɟɧɧɵɦ, ɛɟɡ ɫɭɳɟɫɬɜɟɧɧɨɝɨ 
ɜɥɢɹɧɢɹ ɜɹɡɤɨɫɬɢ ɚɫɮɚɥɶɬɨɜɵɯ ɛɟɬɨɧɨɜ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɱɟɬ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
ɜɩɨɥɧɟ ɤɨɪɪɟɬɧɨ ɩɪɨɢɡɜɨɞɢɬɶ, ɪɚɫɫɦɚɬɪɢɜɚɹ 
ɫɥɨɢɫɬɭɸ ɫɪɟɞɭ ɤɚɤ ɭɩɪɭɝɭɸ.  

Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɦ ɭɛɟɞɢɬɟɥɶɧɵɦ 
ɞɨɤɚɡɚɬɟɥɶɫɬɜɨɦ ɪɚɛɨɬɵ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ 
ɧɟɠɟɫɬɤɨɝɨ ɬɢɩɚ ɤɚɤ ɭɩɪɭɝɢɯ ɫɥɨɢɫɬɵɯ ɫɢɫɬɟɦ 
ɩɪɢ ɞɟɣɫɬɜɢɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
ɹɜɥɹɸɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ȿ.ȼ. ɍɝɥɨɜɨɣ ɢ       
Ⱥ.ɇ. Ɍɢɪɚɬɭɪɹɧɚ Д10Ж, ɩɨɤɚɡɚɜɲɢɟ 
ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɭɩɪɭɝɢɣ ɞɢɧɚɦɢɱɟɫɤɢɣ ɩɪɨɝɢɛ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɣ 
ɜ 2 ɪɚɡɚ ɦɟɧɶɲɢɣ ɩɪɨɝɢɛɚ ɨɬ ɫɬɚɬɢɱɟɫɤɨɝɨ 
ɞɟɣɫɬɜɢɹ ɧɚɝɪɭɡɤɢ. 

 

 
 

Ɋɢɫ. 1. Ɍɢɩɢɱɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɞɭɥɹ ɠɟɫɬɤɨɫɬɢ ɜɹɡɤɨɝɨ ɛɢɬɭɦɚ 
ɨɬ ɜɪɟɦɟɧɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ: ɬɨɱɤɢ – ɞɚɧɧɵɟ ȼɚɧ ɞɟɪ ɉɨɥɹ; ɲɬɪɢɯɨɜɵɦɢ ɥɢɧɢɹɦɢ ɩɨɤɚɡɚɧɵ 

ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ (ɭɩɪɭɝɚɹ) ɢ ɧɚɤɥɨɧɧɚɹ (ɜɹɡɤɚɹ) ɚɫɢɦɩɬɨɦɵ ɤɪɢɜɨɣ 

 – ɩɨ ɘ.Ɇ. əɤɨɜɥɟɜɭ;  – ɩɨ Ɋ. Ƚɟɪɢɤɟ (ɩɟɫɱ. ɚ/ɛɟɬɨɧ); 
 – P. Pilz (ɚɫɮ. ɛɟɬɨɧɵ) 

 

ɋɨɜɪɟɦɟɧɧɵɣ ɚɩɩɚɪɚɬ ɩɨ ɪɚɫɱɟɬɭ 
ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɪɢ 
ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɧɢɯ ɫɬɚɬɢɱɟɫɤɢɯ 
(ɧɟɩɨɞɜɢɠɧɵɯ) ɜɟɪɬɢɤɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ 
ɨɫɧɨɜɚɧ ɧɚ ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ Д11Ж. ɗɬɨɬ 
ɚɩɩɚɪɚɬ ɧɟ ɩɨɡɜɨɥɹɟɬ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɭɱɟɫɬɶ 
ɞɢɧɚɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ 
ɤɨɧɫɬɪɭɤɰɢɹɯ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɞɜɢɠɧɵɯ 
ɧɚɝɪɭɡɨɤ.  

ɉɪɨɛɥɟɦɚ ɭɱɟɬɚ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
ɜ ɫɥɨɢɫɬɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ 
ɩɪɢ ɢɯ ɪɚɫɱɟɬɚɯ ɧɚ ɩɪɨɱɧɨɫɬɶ ɭɫɭɝɭɛɥɹɟɬɫɹ 
ɧɟɞɨɫɬɚɬɨɱɧɵɦ ɡɧɚɱɟɧɢɟɦ ɮɚɤɬɢɱɟɫɤɢɯ 
ɦɨɞɭɥɟɣ ɭɩɪɭɝɨɫɬɢ ɫɥɨɟɜ, ɫɭɳɟɫɬɜɟɧɧɨ 
ɨɬɥɢɱɚɸɳɢɯɫɹ ɨɬ ɧɨɪɦɚɬɢɜɧɵɯ, ɱɬɨ ɜɟɞɟɬ ɜ 

ɪɚɫɱɟɬɚɯ ɤ ɹɜɧɨɦɭ ɡɚɧɢɠɟɧɢɸ ɬɨɥɳɢɧ ɫɥɨɟɜ 
ɤɨɧɫɬɪɭɤɰɢɣ. ɉɨɥɭɱɚɸɬɫɹ ɷɬɢ ɪɚɫɯɨɠɞɟɧɢɹ 
ɢɡ-ɡɚ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɞɭɥɟɣ ɞɟɮɨɪɦɚɰɢɣ ɩɨ 
ɪɚɡɥɢɱɧɵɦ ɦɟɬɨɞɢɤɚɦ ɢ ɡɚɤɪɟɩɥɟɧɧɵɯ ɜ ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɯ «ɧɨɪɦɚɬɢɜɧɵɯ ɦɟɬɨɞɚɯ» Д11Ж. 
Ⱦɨɥɹ ɢɫɬɢɧɧɨ-ɭɩɪɭɝɢɯ ɫɜɨɣɫɬɜ ɞɨɪɨɠɧɨ-
ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
Eɭ) ɜ ɢɯ ɞɟɮɨɪɦɚɬɢɜɧɨɫɬɢ ɫɭɳɟɫɬɜɟɧɧɨ 
ɦɟɧɶɲɟ «ɧɨɪɦɢɪɭɟɦɵɯ» ɦɨɞɭɥɟɣ 
ɞɟɮɨɪɦɚɰɢɣ. ɉɨɷɬɨɦɭ ɜɨɩɪɨɫ ɩɪɚɜɢɥɶɧɨɝɨ 
ɧɚɡɧɚɱɟɧɢɹ ɜ ɪɚɫɱɟɬɚɯ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ 
ɦɨɞɭɥɟɣ ɭɩɪɭɝɨɫɬɢ ɟɫɬɶ ɱɚɫɬɶ ɩɪɨɛɥɟɦɵ 
ɭɱɟɬɚ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, 
ɜɨɡɛɭɠɞɚɟɦɵɯ ɜ ɧɢɯ ɩɨɞɜɢɠɧɵɦɢ ɧɚɝɪɭɡɤɚɦɢ. 
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Ɇɟɠɞɭ ɬɟɦ, ɞɢɧɚɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɪɹɞɨɦ ɩɨɤɚɡɚɬɟɥɟɣ ɢ 
ɩɚɪɚɦɟɬɪɨɜ ɤɨɥɟɛɚɧɢɣ Д12Ж. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 
ɩɥɨɫɤɢɦ ɫɥɨɢɫɬɵɦ ɭɩɪɭɝɢɦ ɤɨɧɫɬɪɭɤɰɢɹɦ 
ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ ɷɬɨɬ ɪɹɞ ɫɨɫɬɨɢɬ ɢɡ: 
1) ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɝɢɛɚ ɩɨɜɟɪɯɧɨɫɬɢ  Uɞɢɧ; 

2) ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɝɢɛɚ ɫɥɨɹ  Uɞɢɧ.У;  

3) ɧɚɩɪɹɠɟɧɢɣ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɫɠɚɬɢɹ ɫɥɨɹ    

                                      ɫɠ

jɞɢɧ .

 ; 

4) ɢɦɩɭɥɶɫɚ ɧɚɩɪɹɠɟɧɢɣ ɫɠɚɬɢɹ                                 

                               
t

dtJ
ɫɠ

jɞɢɧm
0

.
 ; 

5) ɢɦɩɭɥɶɫɚ ɜɧɟɲɧɟɣ ɭɞɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ                              

                                 
0

0

T

m dtqJ ; 

6) ɫɤɨɪɨɫɬɢ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ 

ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɫɥɨɟɜ  
dt

dU ɞɢɧ ,
dt

dU jɞɢɧ .
; 

7) ɭɫɤɨɪɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ                               

                                     
2

2

dt

Ud ɞɢɧ ; 

8) ɱɚɫɬɨɬɵ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ  ν; 
9) ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɪɚɫɬɹɠɟɧɢɹ-

ɫɠɚɬɢɹ ɜ ɫɥɨɹɯ  2

2 R

hEr

jɞɢɧ




.
 ; 

10) ɩɚɪɚɦɟɬɪɚ ɡɚɬɭɯɚɧɢɹ ɤɨɥɟɛɚɧɢɣ   

(ɞɟɤɪɟɦɟɧɬɚ)        
t

U

U

D
ɞɢɧ

i
ln

 . 

ɂɫɯɨɞɧɵɦɢ ɩɪɟɞɩɨɫɵɥɤɚɦɢ ɤ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɤɨɥɟɛɚɬɟɥɶɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ 
ɪɹɞɨɦ ɩɨɤɚɡɚɬɟɥɟɣ ɢ ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹɸɬɫɹ 
ɪɚɛɨɬɵ ɜ ɨɛɥɚɫɬɢ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɤɢ 
ɩɥɚɫɬɢɧ ɢ ɩɥɢɬ, ɜɵɩɨɥɧɟɧɧɵɟ Ȼɥɨɯɨɦ Ɇ.ȼ. 
Д13Ж, Ȼɥɹɯɦɚɧɨɦ Ɋ.ɂ. Д14Ж, Ʉɪɢɰɭɤɨɦ Ɂ.Ⱥ. Д15Ж, 
Ɇɭɪɚɜɫɤɢɦ Ƚ.Ȼ. Д16Ж, ɇɚɣɜɟɥɶɬɨɦ ȼ.ȼ. Д17Ж, 
ɇɢɤɨɥɚɟɧɤɨ ɇ.Ⱥ. Д18, 19Ж ɢ ɞɪ. 

Ɉɩɢɫɚɧɢɸ ɭɞɚɪɧɵɯ ɜɨɥɧ ɜ ɭɩɪɭɝɢɯ ɫɪɟɞɚɯ, 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢ 
ɡɚɬɭɯɚɧɢɹ ɫɟɣɫɦɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ, ɚ ɬɚɤɠɟ 
ɨɬɪɚɠɟɧɢɹ ɢ ɩɪɟɥɨɦɥɟɧɢɹ ɨɬ ɝɪɚɧɢɰ ɪɚɡɞɟɥɚ 
ɩɨɫɜɹɳɟɧɵ ɪɚɛɨɬɵ Ȼɪɨɛɟɪɤɚ Ʉ.Ȼ. Д20Ж, 
Ƚɭɪɟɜɢɱɚ Ƚ.ɂ. Д21, 22Ж, Ɂɜɨɥɢɧɫɤɨɝɨ ɇ.ȼ.              
Д23, 24, 25Ж ɢ Ɉɝɭɪɰɨɜɚ Ʉ.ɂ. Д26Ж. 
ɉɨɜɟɪɯɧɨɫɬɧɵɟ ɜɨɥɧɵ ɩɪɢ ɫɨɭɞɚɪɟɧɢɢ 
ɭɩɪɭɝɢɯ ɬɟɥ ɩɨɤɚɡɚɧɵ ɜ ɪɚɛɨɬɚɯ Ʉɢɥɶɱɟɜɫɤɨɝɨ 
ɇ.Ⱥ. Д27Ж. Ɉɛɳɚɹ ɬɟɨɪɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ 
ɤɨɥɟɛɚɧɢɣ ɭɩɪɭɝɢɯ ɫɢɫɬɟɦ ɢɡɥɨɠɟɧɚ ɜ 
ɪɚɛɨɬɚɯ ɉɚɧɨɜɤɨ ə.Ƚ. Д28Ж ɢ                  
Ɏɢɥɥɢɩɨɜɚ Ⱥ.ɉ. Д29Ж. 

ɂɡɜɥɟɱɟɧɢɹ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɪɚɛɨɬ 
ɩɨɥɟɡɧɵɯ ɢ ɞɨɫɬɨɜɟɪɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɞɟɫɹɬɢ ɩɚɪɚɦɟɬɪɨɜ ɢ ɩɨɤɚɡɚɬɟɥɟɣ 
ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɦɧɨɝɨɫɥɨɣɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɹɯ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ ɧɟ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɩɨ ɫɥɟɞɭɸɳɢɦ 
ɩɪɢɱɢɧɚɦ: 

1. Ɋɚɛɨɬɵ Д13, 14, 15, 16, 17, 18, 19, 20Ж 
ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɬɨɥɶɤɨ ɩɟɪɜɭɸ 
ɢ ɜɬɨɪɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɢ ɬɨɥɶɤɨ ɞɥɹ ɞɜɭɯɫɥɨɣɧɨɣ ɞɨɪɨɠɧɨɣ 
ɤɨɧɫɬɪɭɤɰɢɢ. 

2. Ɇɨɞɟɥɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɧɢɠɧɟɝɨ ɫɥɨɹ 
ɞɜɭɯɫɥɨɣɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢɧɹɬɵ ɤɚɤ ɦɨɞɟɥɢ 
«ɦɟɫɬɧɵɯ» ɞɟɮɨɪɦɚɰɢɣ (ɤɨɷɮɮɢɰɢɟɧɬ 
ɉɨɫɬɟɥɢ) ɢ ɪɟɠɟ ɤɚɤ ɭɩɪɭɝɨɟ 
ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨ. 

3. ȼ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɹɯ 
ɤɨɥɟɛɚɧɢɣ ɞɜɭɯɫɥɨɣɧɨɣ ɫɪɟɞɵ 
ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɪɚɛɨɬ ɩɨ-ɪɚɡɧɨɦɭ 
ɭɱɢɬɵɜɚɟɬɫɹ ɜɹɡɤɨɫɬɶ ɢ ɢɧɟɪɰɢɨɧɧɨɫɬɶ ɞɜɭɯ 
ɫɨɫɟɞɧɢɯ ɫɥɨɟɜ. 

ȼɦɟɫɬɟ ɫ ɷɬɢɦ ɢɡ ɪɚɛɨɬ ɜ ɨɛɥɚɫɬɢ 
ɝɟɨɮɢɡɢɤɢ Д21, 22, 23, 24, 25, 26Ж ɫɥɟɞɭɸɬ 
ɩɨɥɟɡɧɵɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ, ɨɬɪɚɠɟɧɢɸ, ɩɪɟɥɨɦɥɟɧɢɸ 
ɢ ɡɚɬɭɯɚɧɢɸ ɜɨɥɧ ɧɚɩɪɹɠɟɧɢɣ.  

ȼɵɜɨɞɵ 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɢɡɥɨɠɟɧɧɨɝɨ ɫɥɟɞɭɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɡɞɚɧɢɹ ɬɟɨɪɢɢ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɥɨɢɫɬɵɯ 
ɞɨɪɨɠɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ 
ɧɢɯ ɩɨɞɜɢɠɧɵɯ ɧɚɝɪɭɡɨɤ. ɂɡ ɧɟɟ ɫɥɟɞɭɸɬ 
ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɭɱɟɬɭ 
ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ 
ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɵ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ. 
ɉɪɚɤɬɢɱɟɫɤɢ ɪɚɡɪɚɛɨɬɤɚ ɬɟɨɪɢɢ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɞɨɪɨɠɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɧɚɱɚɬɚ ɬɪɭɞɚɦɢ ȿ.ȼ. ɍɝɥɨɜɨɣ ɜ 
ɊȽɋɍ, ɋɦɢɪɧɨɜɚ Ⱥ.ȼ. Д30Ж, Ɉɫɢɧɨɜɫɤɨɣ ȼ.ȼ. 
Д31Ж ɜ ɆȽɌɍ-ɆȺȾɂ. Ɋɚɛɨɬɚɸɬ ɜ ɷɬɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ Ʉɨɥɦɨɝɨɪɨɜ Ƚ.Ʌ. ɫ ɭɱɟɧɢɤɚɦɢ ɜ 
ɉɟɪɦɫɤɨɦ ɧɚɰɢɨɧɚɥɶɧɨɦ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦ 
ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ Д32, 33Ж. 

Ⱥɜɬɨɪɚɦɢ ɪɚɫɫɦɨɬɪɟɧ ɩɪɨɰɟɫɫ ɫɜɨɛɨɞɧɵɯ 
ɡɚɬɭɯɚɸɳɢɯ ɤɨɥɟɛɚɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ 
ɞɨɪɨɠɧɨɣ ɨɞɟɠɞɟ ɨɬ ɞɜɢɠɭɳɢɯɫɹ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɫɜɨɣɫɬɜ 
ɦɚɬɟɪɢɚɥɨɜ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜɹɡɤɨɭɩɪɭɝɚɹ 
ɦɨɞɟɥɶ Ɏɨɣɝɬɚ. ɋ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ 
ɪɚɡɧɨɫɬɟɣ ɩɨɫɬɪɨɟɧɵ ɪɟɤɭɪɪɟɧɬɧɵɟ 
ɨɩɪɟɞɟɥɹɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ. ɉɪɟɞɫɬɚɜɥɟɧɚ 
ɝɪɚɮɢɱɟɫɤɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɉɨɤɚɡɚɧɨ 
ɜɥɢɹɧɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ. 
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ɉɪɨɛɥɟɦɚ ɭɱɟɬɚ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
ɜ ɪɚɫɱɟɬɚɯ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ ɚɜɬɨɦɨɛɢɥɶɧɵɯ 
ɞɨɪɨɝ ɧɚ ɩɪɨɱɧɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ 
ɚɜɬɨɦɚɝɢɫɬɪɚɥɢ ɢ ɫɤɨɪɨɫɬɧɵɟ ɞɨɪɨɝɢ (ɞɨɪɨɝɢ 
I ɚ, ɛ ɤɚɬɟɝɨɪɢɣ), ɡɚɬɹɠɧɵɟ ɩɟɪɟɝɨɧɵ II ɢ III 
ɤɚɬɟɝɨɪɢɣ ɩɪɢ ɫɤɨɪɨɫɬɹɯ ɞɜɢɠɟɧɢɹ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɨɬɨɤɨɜ 100, 80 ɢ 60 ɤɦ/ɱ. ɇɟɬ 
ɨɫɧɨɜɚɧɢɣ ɞɥɹ ɩɨɞɨɛɧɨɝɨ ɭɱɟɬɚ ɧɚ ɞɨɪɨɝɚɯ IV 
ɢ V ɤɚɬɟɝɨɪɢɣ ɛɟɡ ɤɚɩɢɬɚɥɶɧɵɯ ɞɨɪɨɠɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ, ɚ ɬɚɤɠɟ ɧɚ ɝɨɪɨɞɫɤɢɯ ɞɨɪɨɝɚɯ 
ɩɪɢ ɫɤɨɪɨɫɬɹɯ 40 ɤɦ/ɱ, ɜ ɦɟɫɬɚɯ ɨɫɬɚɧɨɜɨɤ, 
ɫɬɨɹɧɨɤ ɢ ɪɟɝɭɥɢɪɭɟɦɵɯ ɩɟɪɟɤɪɟɫɬɤɚɯ ɭɥɢɰ. 

ɂɬɚɤ, ɩɪɨɛɥɟɦɚ ɭɱɟɬɚ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ ɜ ɪɚɫɱɟɬɚɯ ɞɨɪɨɠɧɵɯ ɨɞɟɠɞ 
ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɧɚ ɩɪɨɱɧɨɫɬɶ ɫɜɨɞɢɬɫɹ 
ɤ ɩɪɢɦɟɧɟɧɢɸ ɞɢɧɚɦɢɱɟɫɤɢɯ ɡɚɞɚɱ 
ɦɧɨɝɨɫɥɨɣɧɨɣ ɫɪɟɞɵ, ɢɡɥɨɠɟɧɧɵɯ ɜ Д34Ж, ɢ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɰɟɧɢɜɚɟɬɫɹ ɜɟɥɢɱɢɧɨɣ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɨɱɧɨɫɬɢ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɡɚɞɚɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ (ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɩɨ 
ɩɪɨɱɧɨɫɬɢ) ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɱɧɨɫɬɢ 
ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɨ ɤɚɠɞɨɦɭ ɢɡ 
ɪɚɫɱɟɬɧɵɯ ɤɪɢɬɟɪɢɟɜ ɧɟ ɞɨɥɠɟɧ ɛɵɬɶ ɧɢɠɟ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɬɪɟɛɭɟɦɨɝɨ ɡɧɚɱɟɧɢɹ. 
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THE CURRENT STATE OF CONSIDERING 
DYNAMIC PROCESSES IN CALCULATIONS  
OF MOTOR ROAD PAVEMENT STRENGTH 

 

A.Y. Bazhenova, A.V. Smirnov  
 

Abstract. Background of a single method for 
motor road pavement structural strength calculations 
when dynamic processes are being excited by traffic 
live load is considered in the article. The necessity of 
ten parameters and indices to be considered in 
calculations of pavements is shown. In this case the 
dynamic analysis becomes more complex but the data 
on dynamic processes in each layer of a multilayer 
pavement structure turns to be more adequate. The 
adequacy is obtained by determining parameters and 
indices in the process of load application, with the time 
step being from 0.1 to 0.001 from the beginning of 
loading. 

 

Keywords: hardness of bitumen, viscosity, 
dynamic deflection of pavements, speed and 
acceleration of vibrations, frequency. 
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Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɚ ɦɟɬɨɞɢɤɚ ɭɩɪɚɜɥɟɧɢɹ ɫɨɫɬɚɜɨɦ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɤɨɦɩɥɟɤɬɨɜ ɞɨɪɨɠɧɵɯ ɦɚɲɢɧ (ɋȾɄɆ) ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɞɨɪɨɝ ɡɧɚɱɢɬɟɥɶɧɨɣ ɩɪɨɬɹɠɟɧɧɨɫɬɢ (50 ɢ  
ɛɨɥɟɟ ɤɦ) ɜ ɫɥɨɠɧɵɯ ɩɪɢɪɨɞɧɵɯ ɭɫɥɨɜɢɹɯ ɜ ɬɟɱɟɧɢɟ ɪɹɞɚ ɥɟɬ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɦɨɜ 
ɪɚɛɨɬ ɧɚ ɩɟɪɟɯɨɞɹɳɟɦ ɨɛɴɟɤɬɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɚɥɟɧɞɚɪɧɵɦ ɝɪɚɮɢɤɨɦ ɜ ɩɪɨɟɤɬɟ 
ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɧɚɪɚɛɨɬɤɢ 
ɡɚɞɟɣɫɬɜɨɜɚɧɧɵɯ ɦɚɲɢɧ, ɢɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɜ ɤɚɠɞɵɣ ɝɨɞ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɉɪɟɞɥɨɠɟɧɧɵɟ ɦɨɞɟɥɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɪɚɰɢɨɧɚɥɶɧɭɸ ɤɨɪɪɟɤɬɢɪɨɜɤɭ 
ɫɨɫɬɚɜɨɜ ɋȾɄɆ ɢ ɩɨɡɜɨɥɹɸɬ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɝɧɨɡɢɪɭɟɦɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ 
ɜɧɨɫɢɬɶ ɢɡɦɟɧɟɧɢɹ ɜ ɫɬɪɭɤɬɭɪɭ ɩɚɪɤɚ ɦɚɲɢɧ ɜ ɩɪɨɟɤɬɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɬ.  

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɤɨɦɩɥɟɤɬɵ ɦɚɲɢɧ, ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɨɣ ɩɚɪɤɚ, 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɷɤɫɩɥɭɚɬɚɰɢɹ ɦɚɲɢɧ, ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɲɢɧ. 
 

ȼɜɟɞɟɧɢɟ 
ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɜ 

ɭɫɥɨɜɢɹɯ ɋɢɛɢɪɫɤɨɝɨ ɪɟɝɢɨɧɚ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɥɨɠɧɵɦɢ ɩɪɢɪɨɞɧɨ-
ɤɥɢɦɚɬɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ, ɧɟɪɚɜɧɨɦɟɪɧɵɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɨɛɴɟɦɨɜ ɢ ɜɢɞɨɜ ɡɟɦɥɹɧɵɯ 
ɪɚɛɨɬ ɩɨ ɞɥɢɧɟ ɞɨɪɨɝɢ, ɡɧɚɱɢɬɟɥɶɧɨɣ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɫɬɪɨɢɬɟɥɶɫɬɜɚ (ɜ 
ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 
ɤɪɭɩɧɵɯ ɦɚɝɢɫɬɪɚɥɟɣ), ɩɪɢɦɟɧɟɧɢɟɦ ɬɢɩɨɜɵɯ 
ɢ ɭɧɢɤɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. 

ȼɵɩɨɥɧɟɧɢɟ ɞɨɪɨɠɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɪɚɛɨɬ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚɱɢɧɚɟɬɫɹ ɫɢɥɚɦɢ  
ɩɨɞɪɹɞɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ ɫ ɭɠɟ 
ɫɮɨɪɦɢɪɨɜɚɧɧɵɦɢ ɩɚɪɤɚɦɢ ɬɟɯɧɢɤɢ. 
ɍɱɢɬɵɜɚɹ ɨɫɨɛɟɧɧɨɫɬɢ ɨɛɴɟɤɬɨɜ, ɦɚɲɢɧɧɵɟ 
ɩɚɪɤɢ ɩɪɢɫɩɨɫɚɛɥɢɜɚɸɬ ɤ ɦɟɧɹɸɳɢɦɫɹ 
ɭɫɥɨɜɢɹɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. ɂɡɦɟɧɟɧɢɟ 
ɫɬɪɭɤɬɭɪɵ ɩɚɪɤɚ ɱɚɫɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 
ɪɚɡɧɨɜɨɡɪɚɫɬɧɵɦ ɢ ɧɟɪɟɝɭɥɹɪɧɨ 
ɨɛɧɨɜɥɹɟɦɵɦ ɫɨɫɬɚɜɨɦ ɩɚɪɤɚ ɫɪɟɞɫɬɜ 
ɦɟɯɚɧɢɡɚɰɢɢ, ɷɤɫɩɥɭɚɬɚɰɢɟɣ ɦɚɲɢɧ ɫ 
ɩɪɟɜɵɲɟɧɧɵɦ ɫɪɨɤɨɦ ɫɥɭɠɛɵ, 
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